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LOI NOI PAU

Co sé Ky thuat dién (CSKTD) la mén hoc co so Ky thuat quan trong trong
chwong trinh dao tao K§ su nganh Ky thuat dién. N6 cung cip nhitng co s 1y luan
chung nhat, nhitng phuong phap co ban dé tinh toan, giai thich cac hién tuong dién tir
cua thiét bi dién.

Pic diém ctia mon hoc 1a dwa trén phuong phap ludn mo hinh toan hoc dé mo
ta cac qua trinh xet; nén cac cong cu toan hoc nhu dai sO phtrc, phép tinh vecto, phep
tinh toan tir, phuong trinh vi phén, phép tinh gan dung...dugc st dung rat phd bién.
Ngoai ra ciing rat can cac kién thuc vé vat Iy dé hiéu siu sic hon cac biéu thue giai
thich cac hién twong. Gido trinh CSKTD dugc bién soan theo dé cuong chi tiét da
duoc thong qua va dua theo kinh nghiém giang day nhiéu nim & Khoa Dién - Truong
bai hoc Bach khoa ba Néng. Gido trinh gdbm phan mé dau va 19 chuong in thanh hai
quyen tap I va I

O quyén tap I trinh bay nhimg déc trung, nhitng phuong phap tinh toan, téng
hop nhitng hién twong trong hé tuyén tinh hé s6 hing & ché do xac 1ap diéu hoa mot
pha va ba pha. Trinh bay vé& cac quan hé tuyén tinh, vé& 1y thuyét mang mot cta, 1y
thuyét mang hai ctra, mach loc dién.

0 quyen tap I trinh bay nhiing déc trung, cac phuong phép tinh toan mach phi
tuyén & ché d6 xac 1ap va giai thich mot sé hién tuong thudng gip, ing dung thuc té
cua chung.

Mot ndi dung rit quan trong ciia quyén nay nita 1a trinh bay nhing dac trung
cua qua trinh qua d6 (QTQD), cac phuong phap tinh QTQD cua mach dién tuyen tinh
cung nhu phi tuyén, cac hién tugng thuong gap ¢ cac QTQD mach cap 1, 2. Phan cubi
cua quyén tap II trinh bay vé duong day dai - coi 1a dang mach dic biét - Mach thong
sO rai.

Cubi mdi tap c6 ra mot sé dé bai tap va dap sd tuong tng véi mdi chuong cia
gi4o trinh dé sinh vién c6 thé ty lam va ddi chiéu két qua.

Chung t6i xin chan thanh cam on cac ban dong nghiép, cac t6 chirc thugc Khoa
Dién da gitip do rat nhiéu dé quyén sach dugc hoan thanh. Chung toi dic biét cam on
giang vién Phan Vian Hién va Tran Dinh Qué da doc ban thao va ché ban cho quyén
sach.

Gi4o trinh d3 duoc xuét ban 1an diu, chic chin con nhiéu thiéu sot; chung t6i
mong duoc nhimg dong gop dé cai tién ngay cang t6t hon.

Céc ¥ kién dong gop xin giri vé Khoa Dién - Truong Dai hoc Ky thuat - 54
Nguyén Luong Bang phuong Hoa Khanh - quén Lién Chiéu - thanh phé Pa Ning
hoic tac gia Nguyén Ngan - 138 Ly Tu Trong - dién thoai : 0511.825151.

Tac gia
Nguyén Ngan
Giang vién cao cip

, . CHUONGMOPAU '
KHAI NIEM VE MO HINH MACH VA LY THUYET MACH

§1. Mo hinh toan hoc mé ta mét vat thé vat 1y, ky thuat

1. Phu’o’ng phap ludn mé hinh toan hoc

— Mubn sur dung, dleu khién, cai tao mot vat thé vat 1y k§ thudt can phai nhan
thure, hiéu biét vé td chire, ciu trac, co ché, quy luat hoat dong ctia nd.
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—  Vat thé vat Iy hoat dong trong khong gian, thoi gian goi 1a qua trinh, mot vat
thé vat ly co nhiéu qué trinh, nhu .qua trinh dién tur, co, nhiét... Vé nguyén tic 1a vo
cung nhiéu cac qua trinh. Vi vay can nhén thtrc hiéu biét vat thé tire 1a nhan thire hiéu
biét cac qua trinh (v& nguyén tic chi nhan thirc duge mot s6 hiru han cac qua trinh do
cta vat thé).

Qua trinh mang déc diém, _quy ludt riéng cua vat thé goi 1a hién tugng. Mot
vat the c¢6 thé dugc thé hién qua nhiéu hién tuong.

— MBOi nganh chi quan tim dén mot sé hién tuong md ta qua trinh nao do.
Nhiing hién tugng do6 goi 1a nhitng hi¢n tugng co ban, vi vay nhan thuc vat thé 1a nhan
thirc cac hién tuong co ban ma ta quan tam. Dé 6 thé sir dung tdt cac nhan thirc can
duoc mo ta béng cac cong thure toan hoc. Vay biéu thirc toan hoc mo ta nhan thirc qua
trinh goi la mo6 hinh toan hoc ctia qua trinh d6. N6 1a cach quan niém va hinh dung
bang chu quan cua ta bang toan hoc vé mot loai qua trinh.

2. Pic diém ciia md hinh toan hoc

— Vi mo hinh l1a mé ta dinh lugng nhan thic clia con nguoi vé vat thé nén mo
hinh toan hoc c6 tinh chi quan. N6 1a san pham cua tu duy con ngudi, nd phan anh
trinh d6 khoa hoc k¥ thuat cta thoi dai. N6 cling tuy thudc vao nhitng yéu cAu cia viéc
van dung thuc tién. Vi du tuy theo d¢ ti€n dung va d6 chinh xac ma qua trinh dién tu
trong thiét bi dién c6 thé miéu ta bang hé phuong trinh Macxuel hodc phuong trinh
Laplace hodc hé phuong trinh Kirhof (KF), cic phwong trinh nay lai ¢ thé coi 1a tuyén
tinh hay phi tuyén...

— Bén canh tinh chil quan, md hinh toan hoc phai c6 tinh khach quan nhét dinh.
N6 phai phan anh duoc quy luat khach quan cua qua trinh véi do chinh xac can thiét,
can duoc kinh qua kiém nghiém thyc tién cong tac, va phai dugc xay dung du chat ché
vé logic.

— Do c6 tinh cha quan va khach quan d6 nén mot loai qué trinh cua vt thé c6
thé c6 nhiéu mo hinh toan hoc tity theo yéu cau vé do chinh xac. Ngugc lai nhimg quéa
trinh khac nhau lai c6 thé chung nhitng mé hinh toan hoc.

3. Y nghia ciia mé hinh toan hec

Mb hinh toan hoc c6 nhitng y nghia rat quan trong

— V& mit nhan thirc : m6 hinh ton hoc gitp ta nhén thirc, hiéu biét dung vé vat
thé.

— V& mat thyc tién cong tac : md hinh la mot co so 1y ludn dung vao viéc xét, su
dung, khdng ché vat thé.

— Vémat 1y Iuan : m6 hinh toan hoc khong nhitng 1a co sé 1y ludn ma con 1a ndi
dung va ddi tuong ctia mot Iy thuyét.

Vi du : xét qua trinh dién tir ciia Thiét bi dién (TBD) c6 thé 1ap nhitng cach mé ta
toan hoc khac nhau lam thanh ndi dung co so cho nhiing 1y thuyét khac nhau. Ta s&
théy stuc manh, d§ chinh xac... cta ly thuyét duoc quyét dinh b1 sttc manh, dd chinh
xac... cua mo hinh toan hoc. Mit khac mét ndi dung nira cua ly thuyét chinh 1a viéc
nghién ctru cach van dung mé hinh toan hoc dé phan tich tim thém nhiing hién tuong
clia qua trinh, st dung qué trinh vao nhitng muc dich thuc tién va dé khdng ché, tong
hop ra nhimg qua trinh can thiét.

82. Cach xay dung mo hinh toan hoc
Tir dinh nghia mé hinh toan hoc ta thdy phai qua cac bude dé xiy dung mo
hinh nhu sau :

1. Phan tich, 1iét ké nhom @du cac hién tuong co ban, 1a nhitng hién tugng tir do
hop thanh ra moi hién tugng khac thugc mat ta xét.
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2. Chon va dinh nghia cac bién trang thai. D6 1a nhitng ham hay vecto x(r.t...)
phéan bd trong thoi gian va khong gian dé do qua trinh. Vi du : E(r,t), B(r.t), ..., w(t),
ix(t)... )

3. MO ta toan hoc co ché céc hién tugng co ban, day chinh la phuong trinh lién
hé giita cac bién trang thai. Goi la phuong trinh trang thai.

4. MO ta viéc hop thanh cac qua trinh cu thé, thuong bang cach két hop nhiing
phuong trinh trang thai co ban trong mot phuong trinh can bang hodc noéi chung mot
hé phuong trinh trang thai.

5. Kiém nghiém lai mo hinh trong thuc tién hoat dong ctia vat thé xét.

§3. Hai md hinh toan hoc - Hé thong va truwong

Theo cach phan b6 khong, thoi gian ctia bién trang thai ¢6 thé xép mo hinh toan
hoc thanh hai loai :

1. Mo hinh h¢ théng (mé hinh Mach ) :

La mo6 hinh trong d6 qua trinh dugc do bdi hitu han cac bién trang thai x,(t) chi
phan bd trong thoi gian ma khong phan b trong khong gian. Vi bién chi phu thudc
thoi gian nén tuong tac cac bién chi quan hé nhan qua trude sau trong thoi gian, dé 1a
quan hé trudc sau, trang thai ¢ t chiu anh huong cia nhimg trang thai trude t ké cho
dén mot khoi dau t, nao do. Vi khong c6 quan hé nhén qua trong khong gian; cac bién
anh huong nhau tirc thoi, coi van tdc truyén twong tac trong md hinh nay 1a vo cing
16n.

V& mit toan hoc, hé chi phéan bd thoi gian thuong 1a h€ vi tich phan, vi sai phan
hoic dai s trong thoi gian Umg v6i bai toan so kién (diéu kién dau).

Trong thyc té rat hay gip nhiing hé théng ma qua trinh ngoai dang bién thién
theo thoi gian con gan v6i mot sy luu thong (chay, truyén dat) cac trang thai gitra
nhitng bo phan hé thong.

Vi duy : trong cac thiét bi dong luc co sy truyén dat nang lugng, c6 cac dong
dién chay, trong hé thong thong tin - do luong - diéu khién hodc hé thong role c6
truyén dat tin hiéu, trong cac hé thong may tinh co sy truyén dat nhitng con sb...ta goi
nhitng m6 hinh d6 1a mé hinh mach, mét dang kha phd bién ciia mé hinh hé théng.

bén day co thé dinh nghia mach dién 1a mot h¢ thiét bi dién trong do6 ta xét qua
trinh truyén dat bién d6i nang lugng hay tin hiéu dién tir, do boi mot s6 hitu han bién
dong, ap, tir thong, dién tich...chi phan b trong thoi gian.

2. M0 hinh trudng :

La md hinh trong d6 qua trinh dugc do bai mot s6 hiru han bién x(r,m,t,...) phan
b trong ca khong gian va thoi gian. V& mit tuong tac, ngoai quan hé nhan qua trudce
sau con thém quan hé trong khong gian. Trang thai & mot diém khéng gian (r,mt...)
con chiu anh hudng ctia nhiing trang thai & lan cén diém d6, ké cho dén mot by S, nao
do.

Vé mit toan hoc nhitng hé phan bé trong khong gian va thoi gian duoc mé ta
bang nhitng phuong trinh dao ham riéng phan trong khong gian va thoi gian tmg véi
bai toan vira c6 so kién vira c6 bién kién (bd). Xét mot qua trinh tiy vao yéu cau vé do
chinh xac ma c6 thé ding mé hinh truong hay mé hinh mach.

84 . Ly thuyét mach va diéu kién mach héa

Céc diéu kién mach hoa 1a nhiing diéu kién can thoa man dé co thé xay dung
mo hinh mach moé ta qua trinh. Cac diéu kién mach hoa bao gém :

1. Dbi voi qua trinh xét, vat thé phai 1a mot hé thdng theo nghia di néu.

2. C6 thé dinh nghia mot s6 hitu han bién trang thai phan bé trong thoi gian x,(t)
dé do qua trinh xét.
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3. C6 thé mo ta qua trinh bang mot hé hitu han phuong trinh trang thai riéng
theo thoi gian.
§5. Phén loai md hinh h¢ théng

Cin ctr theo phép tinh tic dong 1én bién trong hé phwong trinh, xép cac mo

hinh h¢ thong thanh 4 loai chinh :

1. Mo hinh mach truyén dat :

Loai nay ung v&i phuong trinh vi phan cé phép tinh 1a cac phép toan tu T nhu
phép tinh dao ham, tich phan hodc quan hé ham sb. N6i chung né 1a mot phép lam ung
v6i mot ham hay vecto x(t) véi mot ham hay mot vecto y(t). biéu dién & hinh M-1.

X Yy

T
inh M-1

2. Mo hinh mach ndng dong lvong ( M6 hinh mach KF) :

Loai nay tng véi phuong trinh vi phan véi phép toan tur T nhu trén nhung dac
biét & ddy qua trinh do bdi nhitng cip bién x,(t), yi(t) v6i ndi tich x,.yy = px 12 ning
lwong hay dong lwong thoa man ludt bao toan va lién tuc. Trong hé thng nay c6 su
truyén dat nang luong giira cac bd phan.(Co thé coi md hinh ning lugng 1a truong hop
riéng ctia mo hinh truyén dat - 1a mach chi quan tdm dén tin hiéu).

3. MO hinh mach 16gic :

Loai nay mg v&i hé phuong trinh dai sb 16gic voi phép tac dong 1én bién 1a quan

hé ham logic L.po1a phép lam tng v6i mét trong hai gia tri (0,1) ciia X vai mot trong
hai gi tri (0,1) cua y. Biéu dién ¢ hinh M-2.

X

—-?—y» L o0
inh M-2

4. MO hinh mang van tru :
Loai nay tng véi hé phuong trinh phiém ham c6 phép tac dong 1én bién la phép

phiém ham F . D¢ 1a cach lam tng mdt ham x(t) véi mot s6 a[x(t)] dé danh gia qua
trinh x(t). Biéu dién boi cong thirc sau :

<F ., xt)>=a[x@®].
§6. M0 ta qua trinh thoi gian (md hinh mach) bang so @6 hinh hoc, goi 1a nhirng
graph

Vi qua trinh khong phu thudc khong gian nén co thé ding nhiing hinh vé& trong
khong gian dé biéu dién mach.

Vi qua trinh chi phy thudc thoi gian, qua trinh ¢6 v =co 1a qua trinh tire thoi
nén hinh thanh cac ving nang luong - nén TBD dugce coi 1a su chip ndi cac vung nang
lugng v6i nhau. Mbi viing ning lugng 1a mot phan tir thi mach dién 1a sy chip nbi cac
phan tir thanh so do nghi¢ém ding hé phuong trinh mach. Vay mach dién c6 két cau
khung gém nhiing phan tir 1ap ndi thanh so d6 mach.

Céc yéu tb hinh hoc ctia so d6 gom :
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1. Phan tir : La phan ctua mach ma ta khong dit van dé chia nho thém - né biéu
dién mot vung nang lugng nhu: R, L, C, Z, Y, e, j.

2. Nhénh : La 1a tip hop cac phan tir ma trén d6 co ciing mot dong chay.

3. Dinh (nat) : La chd gip nhau cta cac nhanh.

4. Vong : La duong di kin qua cac nhanh.

Hinh hinh hoc chip ndi cac phan tir c6 dinh nghia cac bién va quy luat lién hé cac
bién, thi n6 biéu dién dugc hé phuong trinh thoi gian. N6 1a so d6 mach - dong nhét
v6i md hinh mach goi 1a cac graph. C6 nhiéu loai graph nhu : graph niang lugng, graph
tin hiéu, graph dinh chiéu, graph khong dinh chiéu.

Ngoai ra c6 thé dinh nghia thém mét sé yéu t6 hinh hoc khac nhu :

5. Cay mach dién : La mot tap hop ndi dii cac dinh nhung khéng tao ra vong kin
nao. Trong mot graph s cdy 14 hitu han va co thé c6 nhidu cdy khac nhau tng véi mot
graph. Mdi nhanh cta cdy goi 1a mot canh. Néu mach c6 m nhanh, d dinh thi sb canh
1a k; = d-1(néu 12 graph don lién), k;= d-1 (néu 1a graph da lién va 1 1a s6 lién) Graph 1a
don lién néu moi dinh déu lién thong voi nhau.

6. Bu cdy mach dién : La tap nhanh cua graph ghép ndi voi cay tuong tmg dé
hop thanh graph da cho. Nhanh cta bu cay goi 1a bu canh. S6 bu canh ciia mot bu cay
1a : k= m - k;=m-d +1 (ing v61 graph don lién), k, = m - d + 1 ing v6i graph da lién.
S6 canh va sb bu canh chi tuy thudc vao d, m, 1 cua graph, tuc 1a tay thudc vao cau
trac mach. Ta s& thdy chiing lién quan chit ché véi sd bién va sb phuong trinh doc 1ap
viét theo luat KF.

Tir dinh nghia cay, bu cdy ta thy :

— Céc ap canh trén mot cay lam thanh mot tip du ap nhanh doc 1ap. Hay sb ap
nhanh doc 1ap dung bang s canh k; = d-1.

— Cac dong bu canh trén mot bu cdy lam thanh mot tdp du dong nhanh doc 1ap.
Hay s6 dong nhanh doc 1ap chinh bang sb bu canh k, = m-d+1. Vi du & hinh v& M-3.1
la graph véim=8,d=5,1=1, M-3.2 1a cay, M-3.3 la bu cay :

87 . Hai bai toan ciia mach dién

Hinh M- Hinh M- Hinh M-

C6 hai dang bai toan : bai toan phén tich va bai toan tong hop.

1. Bai toan phan tich mach dién :

La bai toan cho biét so do (két cAu, thong sé), biét kich thich tac dong vao mach
(thudng 14 ngudn) can phai xac dinh ap, dong, cong sut & mot nhanh nao d6 (thuong
goi la dap tng).

2. Baitoan téng hop mach dién :

Day 1a bai toan da biét kich thich (coi la ngudn phat), va clng da biét dap Ung 6 mot
nhanh nao do ( thudng la mot yéu cau s dung nao do). Can phai xac dinh cau tric va
thong s6 cia mach dé thoa méan quan hé giira kich thich va dap tng da biét o trén.
88. Phan loai mach dién
C0 hai cach phan loai :
Theo tinh chit ciia mach dién chia lam hai loai mach dién :

/{Deleted: - Khoa A




GiaTo trgnh Cai sai KyT thuadt aiadn 1 6
Trang

1. Mach dién tuyén tinh : Gom tat ca cac phan tir trong mach 1a tuyén tinh, g
v61 hé phuong trinh vi phén tuyén tinh (truong hop dic biét 13 hé phuong trinh dai s6
tuyén tinh).

2. Mach dién phi tuyén : La mach dién c6 chira phﬁn tu phi tuyén, ung voi hé
phuong trinh vi phan (hay dai s6) phi tuyén..

Theo ché d 1am viéc cua mach dién ta chia ra cacloai :

1. Mach dién xac ldp : La mach dién lam vi€éc binh thuong, 6n dinh.

2. Mach dién qué d6¢ : La mach dién chua dat dén trang thai lam vi¢c xac 1ap on
dinh ma dang chuyén tir trang thai ndy sang trang thai khac.

/{Deleted: - Khoa A




GiaTo trgnh CAf sai KyT thuadt aiadn 1 28
Trang

. CHUONG2 o
MACH TUYEN TiNH G CHE PQ XAC LAP PIEU HOA

O hai chuong truéc ta da xay dung mo hinh todn hoc ma cu thé 1a mé hinh
mach dé tinh toan mach va giai thich mot sd cac hién twong trong thiét bi dién (TBD).
Pé di vao tinh toan cac mach dién cu thé trude hét ta xétai mach quan trong va thuong
gap la mach tuyén tinh hé sb héng, & ché dd co n 1a ché do xac 1ap vé1 dang kich thich
co ban nhat 1a kich thich diéu hoa. Kich thich diéu hoa la kich thich co ban vi mei kich
thich chu ky khong diéu hoa déu c6 thé phan tich thanh tong cac kich thich diéu hoa co
tan s va bién do khac nhau. Hon nita da s cac nguén trén thuc té nhu may phat dién,
may phat am tan ... déu 1a ngudn phat dicéu hoa hodc chu ky khong diéu hoa, miat khac
g v6i cac kich thich diéu hoa véi cac toan tir tuyén tinh thi dap ung ciing sé& 1a nhiing
diéu hoa khién cho viéc tinh toan khao sat rat don gian.

§1. Bién trang thai diéu hoa
Trong phan mé hinh mach ning luong (mach KF) ta da chon cip bién trang thai

ap u(t) va dong i(t) & do qua trinh ning luong dién tir. Tir biéu thic cia bién trang
thai diéu hoa i(t) = Isin(ot +y;) hay u(t) = Upsin(ot + y,) rat ra cac dic trung cua
bién diéu hoa la :

1. Dic trung cuia bién diéu hoa :

— Bién do cua ham diéu hoa (I, Up) 12 gid tri cyc dai ctiia ham, nd noéi 1én
cuong do cua qua trinh.

— Goc pha cia ham diéu hoa (ot + ) do bang Radian 1a mot goc xac dinh trang

thai (pha) cua ham diéu hoa & thoi diém t. O ddy o 1a tan sd goc (radian/s) , o = 2_:

T(ses) 1a chu ky cua ham diéu hoa. o = 2xf véi f=1/T 1a tan sb : s6 dao dong trong 1
ses ( tan sO cong nghiép thong thuong = 50Hz tmg v6i T = 0,02s, 6 mdt s6 nude khac
(My) thi f= 60Hz, trong v6 tuyén dién £ = 3.10'°Hz)

Vay céap sO ddc trung cta ham didu hoa 1a bién d6 - goc pha.

Biéu dién ham chu ky trén d6 thi thoi gian hinh 2-1.

i i
A A .
I, :
s o SN N\
0 'n\\/z g 0 w LA
<—>E t:
=1_sinot y, =0 izlmsin(wt+g) y, =n/2

2. So sanh céc bién diéu hoa cung tan sb.

Trong truong hop chi so sanh céc lwong ¢ ciing tan s6 thi lic d6 chung chi khac
nhau vé bién d6 va gbc pha dau. Vay ching dugc dic trung boi cdp s6 bién do - pha
déu (Ima Wi)a (Uma Wu)a (Ema \Ve)o

Vidu: i(t) = 1,5sin(ot + 45°) dic trung béi (1,5;45°).

u(t) = 220sin(ot -30°) dic trung boi (220;-30).
e(t) = 220cos(wt + 1/5) dac trung béi (220; 1/5).
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So sanh 2 luong diéu hoa cing tan sd 1a so sanh bién do cua ching v6i nhau xem
chung gép nhau bao nhiéu lan, so sanh goc pha ctia ham nay 16n hon (sém hon) hay bé
hon (cham hon) so véi ham kia bao nhiéu. Vi du ta so sanh giita hai ham diéu hoa
cung tan s6 u = Upcos(ot + ), i = Iycos(ot + ;) :

So sanh bién d : 1dy ti s6 Uy/I,,

So sanh goc pha : 1y hiéu (ot + ) - (ot + y;) =y, - y; =@

¢ : 1a goc 1&ch pha gitra ap va dong.

O =V, - VY; > 0= y, >y tandi dién &p sém pha hon dong di€n mot géc ¢.
Nguoc lai ¢ =y, - y; <0 = y, < y; ta ndi dién 4p cham pha thua dong di¢n mot goc
¢ ( Hay dong dién som pha hon di¢n ap mot goc ¢ ).

Khi ¢ =0 = y, = y; ta noéi &p va dong cung pha nhau.

Khi ¢ = 7 ta nodi ap, dong nguoc pha nhau.

Khi ¢ = n/2 ta n6i 4p, dong vudng pha nhau.

§2. Tri hiéu dung ciia ham diéu hoa

1. Tri hiéu dung cua ham chu ky :

V6i mach KF ta quan tdm dén cong suét, niang luong nhung cac bién lai phy
thudc thoi gian nén ching ta can dinh nghia mot gi tri trung binh theo nghia nao d6
dé gitip cho viéc do ludng tinh todn duge thuan lgi. Xét mot dong dién chu ky i(t) chay
qua mdt nhanh tiéu tan R trong thoi gian mot chu ky T.

Cong suét tiéu tan P(t) = u(t).i(t) = R.i%(t).

T T
Nang luong tiéu tan trong mot chuky la: A = j P(t)dt = I R..i(t)dt (2-1)
0 0
V6i nhanh R d6 nhung cho chay qua mot dong khong doi I trong thoi gian T thi
T
nang luong tiéu tan 1a RI°T, néu chon gia tri I ¢ RI’T = A = j R.i.i(t)dt (2-2) thi dong
0

khong ddi I twong duong dong i(t) vé mit tiéu thy. Ta goi I la gia tri hiéu dung cua
dong chu ky. Nhu vay tri hi¢u dung 1a mét thong s6 dong luc hoc cua dong bién thién.

-
Cong thuc tinh tri hiéu dung dong chuky : | = /%J‘ i2(t)dt (2-3)
0

Tur d6 ¢6 thé dinh nghia tri hi¢u dung cia mot lugng chu ky 1a tri trung binh binh
phuong cua ham chu ky.

=
Tri hiéu dung cua ap chu ky u(t) : U = /%J‘ u?(t)dt (2-4)
0
l T
Tri hiéu dung ctia Sdd chuky : E= /?J.ez (t)dt (2-5)
0

2. Tri hiéu dung cta ham diéu hoa :
Khi bién 1a mot ham di€u hoa, vi du 1 = [,;sinmt thi gia tri hi¢u dung I

T T . -
Te T To 2

T2 2
I :\/ljl—mdt :\/il—mT :I_m Tuong tutaco: U :h, E:E—m
Tp 2 T2 2 J2 V2
Vi quan hé gian don giita gia tri hiéu dung va gia tri bién do va xét dén ¥ nghia
dong luc hoc cua tri hiéu dung nén cac dung cu do luong hinh sin déu dugc thiét ké dé
chi ra gia tri hi¢u dung U, I chu khong chi gia tri bién dg. Ciing vi vay trong ky thuat
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dién khi n6i den tri s0 dong, ap hicu 1a gid tri hi¢u dung. Vi vy bién dicu hoa ddc

trung boi cap s6 hiéu dung - pha dau. Vidu : (I, w), (U, wo), (E, ye)

§3. Biéu dién cac bién diéu hoa bang db thi vecto

1. D thi vecto ciia ham diéu hoa :

Ta biét mot vecto duoc xac dinh trong mit phang vecto boi cip sé modun va goc giita
phuong cua vecto v6i truc hoanh nhu hinh (h.2-2). Vi vy c6
thé 14y vecto c6 modun (doan thing) c6 do 16n bang tri hiéu
dung cta ham diéu hoa lam vdi truc ngang mot goc o = y 1a

e goc pha dau ctia ham diéu hoa Va cho vecto nay quay quanh
h.2 gbc véi van toc goc © bang tan so goc ciia ham diéu hoa thi
” vecto d6 mang ddy du tin tirc vé ham diéu hoa. Vi du : i =

v

Iusin(mt + ;) ¢6 cap dac trung (I, y). Ta léy vecto ¢o do dai V21 = [, lam véi tryc
ngang goc ; va quay quanh gdc nguoc chiéu kim dong hd véi van tée goc o nhu (
h.2-3). Vecto quay Frenel.

Hinh chiéu cta vecto quay 1én céac truc s& biéu dién
cac ham diéu hoa cos, sin

Lot + i) < V25 (ot +y,) (2-7)

2. D thi vecto cua cac bién diéu hoa cung tan sb :

Khi ndy ta lay vecto c6 do dai bang gia tri hi¢u dung
(cia ham diéu hoa) lam v6i truc ngang mot goc y bang goc
pha ban dau. Vay mdi diém cd dinh trén mit phang vecto tng vi mot vecto phing s&
biéu dién mot ham diéu hoa v6i tri hidu dung tir 0 dén ¢ va gbc pha ban dau tir 0 dén
27.

(L) & V2% (0t +y,) (2-8)
cach biéu dién ham diéu hoa bang dd thi vecto dung nhiéu trong KTD vi :

- Biéu dién gon, 13, néu duoc gia tri hiéu dung, goc pha va goc léch pha céc
ham diéu hoa.

- G the sir dung cac phép cong trir trén dd thi vecto dé cong trir cac ham dleu
hoa cing tan sd. Song vi it phép tinh nhu v@y chi dung tinh toan nhimg bai toan rat
don gian, con chu yéu n6 dung biéu dién.

Vi du : Biéu dién trén do thi vecto cia dong dién nhu hinh (h.2-4)

— J2.3sin(t + 60°) < 1. (360°) |
> T
, =~/2.4sin(ot—30°) & | (4,—300) ) T,
=141, 1,(569°), 1, =1.-1., 4(|3,(p4) > \ T, g
§4._ Biéu dién cac bién diéu hoa bang s phirc z h.2-4

1. Khai niém vé sb phirc
La s6 ¢6 2 thanh phan thuc a, 40 jb ; V =a + jb. Trong do a, b 1a nhiing s thyc. Hai
thanh phan cua s6 phuc doc 1ap tuyén tinh. Co thé biéu dién so6 phtric trén mat phang
phtrc gdm mot truc thuc +1 va mot truc 4o j vuong goc véi nhau (toa do e cac) nhu

hinh v& (h.2-5). Vay sd phirc V xac dinh trong mat phang phuc khi biét phan thuc a
va phan 40 jb hodc biét modun V (khoang cach tir gbc dén vi 3

tri sO phtrc) va argument y (géc hop véi truc thyc). T do ta | 4 \Y%
rut ra quan h¢ : 1B

Treding Aali Holc Barch Khoa - Khoa Aialn - Baiu man Thiadt bg”§¥ain i
U a v
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a=Vcosy ;b=Vsiny; V=+a’+b*;y= arctg{ ) (2-9)
a

V =a+jb=Vcosy +jVsiny = V(cosy + jsiny)

cosy + jsiny = e (Cong thuc Ole)

V = Ve - dang mil viét gon V= V(y (2-10)

Viay s6 phirc c6 thé biéu dién ¢ dang dai s6 hodc dang mii. Tir dang mil thiy rd ngay
modun va argumen. S6 phtc dac biét V =e"la mot sd phtic ¢c6 modun V=1 va
argumen bang y —> V= Ky =e" =cosy + jsiny . S6 phirc V= j 12 mot s6 phirc c6
modun V=1 ¢é phan thyc bang 0, chi ¢ phan 4o b =1. S§ phirc ndy nam trén tryc ao

nén argumen bang /2, V = j 1a dang dai s6. Dudi dang mil ta biéu dién nhu sau :

V=g —cost +jsint =j=1"
2 2 2

Tuong twtaco: V =e 2 = coseg) + jsin(—g) —_j= 1<—g

T[

R L e B
J

T day ta ¢6 @ Vi.j= Vl““% duge mot sb phirc c6 modun bang Vi, con

argumen quay thém goc n/2.
- Cap phuec lién hop : Néu chiing c6 phan thuc bang nhau, phan 4o bang nhau
vé tri s6 nhu’ng trai ddu nhau. Tic 1a chung bing nhau vé médun nhung argumen

ngu:(_rcnhauV a+Jbth(;V a—Jb

- Cac phép tinh co ban cua s6 phirc :
Dang thirc ctia hai sb phtic :

Vi = a +jb, ,V =a, + jb,

Vi=V, nala, = a, vab, = b, hayV, =V, vaig, = ¢,

- Téng hiéu hai s6 phuc :
VitV.=(a,ta,)+j(b,£b,)

Thuyec hién tong dudi dang dai sb.

\'/+\A/ = 2Re\'/ X V—\A/ = 2j|m\./

- Nhan, chia s6 phuc :

ViV = Ve Ve = V.V, %) =V .V, (y, +v,

Vi V.en v, oy
Vi _ V1 — 1 ](W1W2):_1<\V1_\V2

v, V.€" VvV, Vv,

ViVi = Vg, + (y,) = V(O

Thyc hién phep nhan, chia dudi dang mil (goc).
2 Bleu dién bién diéu hoa bang sd phuc
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Ta thay so phtc dugc xac dinh bdi hai yeu to 1a médun va argumen nén néu lay
sO phttc ¢6 modun bang tri hi€u dung cua ham diéu hoa, con argumen bang goéc pha
dau thi s6 phirc 2y mang hai thong tin co ban cua ham diéu hoa.

i(t) = V2Isin(ot +y,) <> 1 = Iy, = 1.e"
Pay 1a quan hé dong ddi, gbc <> anh trong hai khong gian khac nhau.

u(t) = v/2120sin(wt + 30°) <> U =120(30° =120e""

Trong khong gian phire ( mat phang phuc) c6 du 4 phép tinh nén bleu dién ham
diéu hoa bang s6 phirc sé rat tién loi cho tinh toan. Pic biét Viéc dung s6 phirc c6 mot
vu diém co ban 1a cho phép chuyen mot hé vi tich phan vé mot hé dai sb. Viée nay
gitp ta tranh dugc giai h¢ vi tich phan kha phuc tap mo ta mach dién ma chi can giai
hé phuong trinh dai sé cac anh phirc.

3. Biéu dién phtrc dao ham cia ham diéu hoa :

Ta biét dao ham cua mot ham diéu hoa cling 12 mot ham diéu hoa nén s& c6 anh
phirc trong tng. Can xac dinh quan hé giita anh phirc ciia ham diéu hoa véi anh phirc
ctia dao ham ham diéu hoa do.

Vidu: i(t) = v2sin(ot+y, )< 1 = IQy, = 1.e"

i'(t) = V2losin@t + v, +1/2) & I'= loly, +1/2

I'= lo.e" ™% = ne™?1e" =jol (2-1))

Vay phép dao ham ham diéu hoa trong phan bé thoi gian khi chuyén sang khong
gian phirc s& twong (mg v6i phép nhan thém mot luong jo vao anh phirc cia ham diéu
hoa do.

Trong mach di¢n thu:ong gap :
=L. 3— 4 UL =Ljo. |

=C. % e = ](DC U
dt
4. Biéu dién tich phan ctia ham diéu hoa :
Tich phan ctia ham diéu hoa ciing 12 ham diéu hoa nén s& c6 anh phirc twong tmg.
Ta s& xac dinh quan hé giita anh phirc ctia ham diéu hoa va anh phirc cua tich
phan ham diéu hoa d6

i(t) = /2l sin(ot +y, ) <> | = Iy, =1.e"

J.idt=£|3in(0)t+\|/i —E)<—>i"=l<\lfi -7
thi - ® 2 ® 2
. .II I I\ —jn/2 e]n/z i _J v 1 N
"= —e" e’ = le" =—le" =—.1 (2-12
(0] 0] (0] [0)

Vay anh phirc cua tich phan ham diéu hoa bang anh phirc cia ham diéu hoa d6
chia cho jo. Ta thiy phép tich phan trong phan bd thoi gian khi chuyén sang khong
gian phirc no s€ 1a phép chia.

Trong mach di¢n thuong gép :
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uczljidteoczi.i
ICw
=—Judt<—>IL =_i
Lo

Nho cach biéu didn phirc ta chuyén duge hé phuong trinh vi tich phan theo thoi
gian md td mach sang h¢ phuong trinh dai sb6 v6i anh phtic, nén viéc phan tich, tinh
toan mach dién s& dugc thuc hién rat thuan loi. Tuy nhién vi¢c lam nhu vay la thuan
tay toan hoc khong lam rd y nghia vat ly ctia cdc qua trinh. Hon nita nguoi ta khong
mudn phai viét hé phuong trinh vi tich phan rdi méi phién dich ra phwong trinh dai s6
phirc ma muén dan ra mét so do (trong KTD hay dung so d0) dé tir d6 viét ngay hé
phuong trinh dai s6 phic.

Vi du : Viét hé KF dudi dang dai ) phtc cho 1,
mach dién hinh vé (h.2-6)

Hé phuong trinh KF dang phan b thoi gian va
chuyén sang dang phirc :

L .. h.2-6
I =1, —1,=0 li—l2—15=0

i R, +i,R, +|_— &t) SR +1LR, +joll, =E

. 1.. . di . I oo
|3R3+EJ'|3dt—|ZR LE=O I R,—joLl.=0

Nhu véy 14 chua tir so dd viét thang hé phuong trinh dai s6 phirc nén ta xét thém

phan rng cia cac nhanh.
85. Phin irng cia mot nhanh dbi véi kich thich diéu hoa

Trong phan dau chuong 2 ching ta da tim hiéu cac dic trung ctia bién trang thai
diéu hoa ciing nhu tim hiéu cach xac dinh tri hiéu dung cua mot ham diéu hoa, cach
biéu dién ham diéu hoa bang db thi vecto va bang s6 phirc. Nhitng nghién ciru trén tao
tién dé cho viéc xét phan tng ctia mot nhanh d6i voi kich thich diéu hoa.

O ché do xac lap, trong mach tuyen tinh c6 kich thich diéu hoa thi dong, 4p mdi
nhanh déu la ham diéu hoa cung tan so

I—\/_I ((ot+\|1)u:\/§.| ((ot+\|1u)

Ta biét méi nhanh KF thu dong tng véi mot toan tir Z hodc Y dic trung hanh vi

hay phan tng cta nhanh : u=272.i,1=Y.u.
Khi céc bién 1a diéu hoa quan h¢ toan tir rat don gian thé hién & hai mat phéan Gng :

1. Phan tng modul thé hién & ti s6 hiéu dung ciia ap va dong twong tmg (so sanh
vé d6 16n cua trj hiéu dung) :

Ul=z/U=y.

z=U/I goi 14 tong tr¢ hiéu dung; y = I/U goi la tong dan hiéu dung

2. Phan u:ng g6c pha, chi 10 goc 1éch pha gitra &p va dong : ¢ = Yu - Vi

Vay cép s6 phan ung cua mot nhanh la (z,¢) hodc (y,- @), cap so nay cho phep
tim bién nay khi biét bién kia. Hon nita qua cip quan hé niy cho biét hanh vi ctia ving
nang luong (ti€u tan hay tich phong nang lugng).
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Pé thiy rd cdp ddc trung phan img ctia mot nhanh (z,¢) hay (y,-¢) ta xét quan hé

cua cac bién phirc U v&iil nhu sau :
u® o U=Uly, i) < 1 =1y,

U Uy, U
7=<—=—<wu—wi =2(¢p=Z
I Wy,
Z goi 1a tong tré phirc, nd bao ham cip phan tmg (z, @) trong d6 z 1a modun cua
Z, ¢ la argumen. Tuong tu ta c6 :
IOV
T:té_*jj@ﬁ_Wm:W_¢:Y
U <\|]u
Y goi 1a tong dan phirc n6 bao ham cip phan tng (v,-¢ ).
Vay : Z= z(¢, Y =y(— ¢ 1a phan tmg cuia nhénh dbi véi kich thich diéu hoa.
, 1 1 1 1
Luy:Y="=—"==(-0=y(-0,y="
Z 2o z z
Phan tmg ctiia mot nhanh tuy thudc vao ban chat cta ving ning luong nén ta xét
phan tng doi voi ting ving nang luong.
86. Phan wng cia nhanh thuan tré
1. Phan ing cia nhanh R :
Tt phuong trinh trang thai cia nhanh ( dinh luat Om) : u = R.i bi€u dién phirc
quan hé nay rut ra cdp sO phan tng :
i =J/2.lsinot = u=Ri=RA2Isinot

i > 1=1(0,ue> U=RI0=U(0.

Lap ti s : Yv_ R. |<0 R<O= Z,
i 10
Cap phanimg 1a : zg=R, ¢ =y, - y; = 0.
Ti s6 hiéu dung ap trén dién tro dbi voi dong qua dién tro bang R. Goc léch pha
gitra ap trén tré voi dong qua trd ¢ = 0. Ta n6i dong qua tro trung pha vai ap trén tro.
D6 thi vecto ap trén trg va dong qua trd ( hinh 2-7) :

=1:|<—0=1<0=YR T Tz

I
Nguqclai:U Z R'|<O R
1
Y,=—(0=¢g(0,g=== -
R R< 9(0. g ==Y h.2-7

1

2. Qua trinh nang luong trong nhéanh tiéu tén :
Vi trong ving ndy u, i ciing pha (cing chiéu) nén cong suét tiép nhan Pp = ug.ig
= 2Uk. IRsm ot > 0. Ning lugng dién tir ludn dua tir ngudn
dén tai dé tiéu tan thanh nhiét ning, co ning... p A u p o
D6 thi thoi gian clia ug(t), ir(t), pr(t) nhu hinh h.2-8 . 2

Treding Aali Hoiic Batch Khoa - Khoa Ai&ln - Bal man Thiadt be aiaib—98
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Pr = 2UR|RSin2 ot :ZR-lzR sin® O)t=2UR|R(1_LZSZ(Dtj

= Ul (1-cos2ot) = R.I% (1- cos2et) > 0

Cong sudt  tiéu  tan  trung  binh  trong mot  chu  ky
1 T T
P=—ijdt=j|'g R(1-cos2mt) = 12.R=U,_l,

P goi la cong suat tac dung (cong suat tiéu tan). Cong suat chi kha ning sinh cong. Thur
nguyén [V].[A] = [W]. Qua day ta thdy vai tro cta tri hiéu dung dung dé tinh cong sut
trung binh.
§7. Phan &ng ciia nhanh thuin cim

1. Phén mg ctia nhanh thuan cam :

Tir phuong trinh trang thai (Dinh luat Om) duéi dang thoi gian : u, = L%
Chuyén quan hé nay sang dang phtc dé lam rd cip phan tng : i

:\/§|.5|n((0t+\|/i)(—)|L:|<\|/i,uL:L%(—)UL:J(DL.|L L
U joLi o
2 IO el =2, =ol(n/2 -

I I

. L U
TisO: &:ﬂ:i<wu _\Iji :ZL<(P
I |L<“ﬁ I,

Cip dic trung (oL = z;; ¢ = 1/2) duoc viét tong hop dudi dang phirc :Z; = oL {m/2 .
Vay z; = XL =0L, y,-yi= /2.

Ti s6 ap hi¢u dung trén dién cam véi dong hi¢u dung qua dién
cam bang oL = 7z, = x goi 1a dién khang dién cam, th nguyén >\
[V)/[A] = [Q], x. phu thudc vao tan s, x, = oL = 2nfL. Ap tréen —y——*>

cudn cam vuot trudc dong qua cudn cam goc ¢ = /2, Z; = jxp = UL :T
joL,bidu didn L trén so dd phic 1a joL nhu hinh (h.2-9) h.2-9
Nguoc lai : i :i<—n/2= Y =b (-n/2,b, L
U, oL ®

trong do6 :
by 1a dién dan phan khang cam. Cip dic trung (b, -11/2)
2. Qua trinh nang luong cua kho tu :
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Ag’
O\ Py
T t
— 0 >
¢ = Q) B
n/2 ST n/2 = oy
h.2-10a : Pd i yi nu(t), i(t), p(t) h.2-10b :

Pd thi vecto dp dong quad cudn cam

p, (t) = u,_ ()i (t) =2l oLsint +n/2)/2Isinot = 21wl sin(t + 1/ 2)sinot =
= 217X, sinot.coswt = 12X, sin2ot = U 1, sin2ot
Nhu vy cong suit dao dong voi tan sé 2. Cong suat trung binh trong mot chu ky :

T T
P= lj p, (t)dt = 1.[ U I, sin20tdt =0 (qua d6 thi thoi gian pi(t) trong mot

chu ky ta ciing thay diéu nay) Vay cudn cam thuan tay khong tidu thy cong suét
(khong tiéu tan) ma & day chi c6 su dao dong, tich phong cong suét giita nguén TDT
va tur trudng quanh cudn cam.

Bién d6 dao dong cua cong sut béng ULl ta ki hiéu la Q= UL c6 thir nguyén
[Var] goi 1a cong sudt phan khang Q= I’ 1-Xi, do cuong d6 cua qua trinh khac han vé
ban chat cong suat tac dung P = I°.R (dé chi vé tiéu tan). Tir day thiy X, = Q khi I, =
1A, nén X, co y nghia vé mét nang luong, X, cang lon chi rd kha nang trao d6i nang
luong tir trudng cang 16n. RS rang R va X; khac han nhau vé ban chét; Q ciing duoc
tinh qua gia tri hiéu dung Uy, I;.
§8. Phan trng ciia nhanh thuan dung

1. Phan tng ctia nhanh thuan dung C

Tu phuong trinh trang thai ciia nhanh duéi dang thoi gian : u(t) = éjidt

Khi ic 1a ham diéu hoa thi uc cling 1a ham diéu hoa, ta chuyén sang quan hé anh
phutrc dé xac dinh cap phan ing :

. . : _ iC j—C ¢

|C(t)<—>lc:uc(t)<—>Uc—j(DC ,Hi

Tesa_UC— |c. :'1 :ZC:_L — >
| joClc JoC oC

Xc = 1/oC : thtr nguyén [Q] goi 1a dién khang dién dung. Z¢ = -jxc = Xc (-1/2.
Cap phan tmg 13 (xc, -7/2). Viét gon trong s6 phirc Z¢ = xc (-1/2 = -jxc.
Zc duoc goi 1a tong tro phitc cta ty dién C, bicu dién C
trén so d6 phuec la -jxc nhu hinh (h.2-11) : T,
U C U C <\|] u U C
ZC = — =
le Ic<“ﬁ e
Vay Ud/lc = x¢c = z¢, - T/2 = WYu - Vi Ti s6 ap hiéu dung
trén ty dién véi dong dién qua tu bang xc, ap trén tu dién cham

(o v =xelomiz=—jx, I
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pha so v&i dong qua tu dién goc n/2. Ta cling c6 :
le _joc=Y, =jb. =b.(n/2
Uc

be= oC : dién dan phan khang dung. Cip phan tng 1a (bc, 7/2).
2. Qua trinh nang luong cua kho dién.
Cong suat cua nhanh thuan dung :
pe(t) = uc(t).ic(t) = v2I X Sin(et—n/ 2)./2l < Sinot = —212x . cosmt.sinot

=—4éngn2mt=—UCQsm2mt
Cong suat trung binh trong mét chu ky :

17 1t -
P:?lpc(t)dt: —?guclcsm&otdt: 0

u,
AJ a—
U
© c ®) Pc
T t
¢ v o
/2 T
h- a : boé thoi gian u(t), i(t), p(t) h.2-

12b : P& thi vecto 4p dong qua tu dién C

Nhu vdy mach thuan dung khéng c6 su tiéu thy cong sudt ma chi co dao dong
trao doi, tich phong giita TDT véi dién trudng kho dién. Kha ning dao dong trao doi
tich phong bang chinh bién d6 cua dao dong cong suat U, = Q. (2-41) goi 1a cong
suét phan khang. Thir nguyén la [VAr], Q.= U.l. = 1%, (2-42), Q. cling duogc tinh qua
gi4 tri hiéu dung cia Uy, I.. Tir Q. = I’ thiy x.= Q. khi I, = 1A nén x, c6 ¥ nghia vé
mit ning lugng, X, cang 16n kha ning trao d6i niang lugng dién tir cang 16n.

x = L _

* oC 2xfC
cong sut dao dong trén L va C ludn trai ddu v6i nhau.
§9. Phan ng ciia nhanh R-L-C dbi voi kich thich diéu hoa.

1. Phan rng cua nhanh R-L-C : Dudi tdc dung cua kich thich diéu hoa & ché do
xac 1ap, ap , dong trong nhanh ndi tiép R-L-C déu bién thién diéu hoa. Ta c¢6 quan hé
thot gian : u(t) =ug +up +uc

vy X, ti 18 nghich véi tan s6. O day ta ciing nhan thay rang
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R L
W '
> ||=>
™ Ue
(t ui————c —
\ S U
¢
v T
: A A , di 1.. 2 P
Theo dinh luatOm: u, =1.R,u, = La, Ue = Ejldt chuyén quan h¢ thoi gian sang

dang phuec :
U=iR+joli+——i=i.(R+joL.+——)=.(R+ joL ——)
JoC JoC oC

=1L(R+jx, —jxc)=L[R+j(X, —x.)]
Biéu thirc vecto : U =Ur + UL + Uc. D6 thi vecto nhu hinh v&. x = X, —X:(Q) goi la

dién khang (trong d6 x; va xc ludn nguoc dau). Lap ti s6 E =R+ jx =Z goi la tong
I

tro phire (€2). Tong tro phitc Z=R + jx noi rd R va x dac trung cho hai ving phan tmg

khac nhau vé ban chat nén phai duogc tong hop trong mét quan h¢ doc lap tuyén tinh.

Trong d6 can luu ¥ x; va x¢c nguoc ddu nhau dé tao nén dién khang x, ngoal dang dai

s6 c6 thé viét Z dudi dang mil : Z =+R* +x°€" =z€" = 2(p, ¢ = arctgﬁ

J U
H=%=%<wu -y, =Z<<P=Z<—>%=Z,cp=\vu -V, =arct9%,2=\/R2+X2
| Vi
Nhu vy cap phaninglazvag,zla tong trd hiéu dung.
Ti s6 ciia ap hiéu dung trén mach R-L-C v&i dong hiéu dung bang tong tro hidu dung z

dugc tinh theo cac vung ning luong hop thanh theo cong thitc z =+/R? +x* thir
nguyén [QQ] goc 1éch pha gitra ap trén mach R-L-C vdi dong qua n6 1a ¢ = arctg(x/R)
tuy thudc vao x, R.

— Khix;>xc—>x>0—> ¢ >0:ap vugt trude dong goc ¢, ta néi mach co tinh
cam

— Khixp <xc—>x<0-—> ¢ <0:4ap cham sau dong goc ¢, ta ndi mach c6 tinh
dung

— Khixp=xc —>x=0—> ¢=0:ap, dong trung pha nhau tya nhu mach dién tr¢
vi di¢n cam va dién dung vira bu hét cho nhau.

Nguoc lai lay ti sb : il :1 :i:£<—(p:y<—(p: Y. Y goi la tong dan phtc, y
4

u Z Zo
=1/z goi 1a tong dan hié¢u dung.
Dang dai s6 Y = ycos(-¢) + j.ysin(-¢) = y.cos - y.sing = g -j.b trong d6 :
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y.cosp = g =cosQ.1/z= ;COS@ : dién dan tac dung.
R? +x?

1
VR? +x?
Qua cong thire ta thdy cdp phan tng (z, ) va (y, -¢) phu thudc vio tan sd, z(w),
y(®), ¢(m), ta ndi rang phan tmg cia nhanh R-L-C co tinh lya chon d6i véi tan sb. Cac
quan h¢ trén goi la nhitng dac tinh tan so. So do biéu dieén tong trd phuc Z = R +jx
hodc tong ddn Y = 1/Z= g - jb nhu hinh (h.2-13).

y.sinp=b=sin.l/z= .sing : dién dan phan khang.

i

Y

U h.2-13

2. Tam gidc tr§ :
A , X X A e \ n
T cong thirc Z=+VR? +X*, ¢ = arctgﬁ ta thay quan hé gifta z, R, x 12 quan hé
trong mot tam giac vudéng c6 canh huyén 1a z, géc nhon ké canh R 1a

@ , canh con lai 13 x, goi 1a tam giac tong trd hinh (h.2-14). Tam giac
tong trd gitip xac dinh z, ¢ khi biét R, x va nguoc lai.

=x/R2+x2,cp:arctg% X

R =z.cos@ , x = z.sin@ P
CO&sz:B,Sin(szzi
Riexz 20 R 2 h.2-14
gzico&pz—l .E:B:—R bzisin(p: ! X_X__ X
z JR?2+x? z 2 R*P+x? z R2+x2 z 7% R?+X

3. Qua trinh nang lugng :

Trén nhanh R-L-C dong thoi ton tai hai qua trinh nang luong : qua trinh tiéu tan
va tich phong ning luong véi hai dang cong suét 13 cong suit tic dung va cong sut
phan khang. Ta c6 :

p=ui=(Ug+U_+U)i=Ppg+Pp +Pc=
p=21%.R.sinwt+ U I sin2ot - U_l_sin2ot

p=1?’R(1-cos2wt) + (Q, — Q.)sin2mt
§10. Cac loai cong suit trong mach dién.

Can dua ra mot s6 khai niém vé cong sudt dé do nhitng qué trinh ning luong
khéc nhau vé ban chat trong mach dién.

1. Cong suét tac dung P :

Cong suat tiéu tan trung binh trong 1 chu ky goi 1a cong suat tac dung. Theo
nghia 13 nd c6 hiéu luc bién ning luong dién tir thanh cac dang ning lwong khac va
sinh cong.

P=U_.l, =1’R VAiiR = zcosp ta daedlrR=1°zcosp = U.l cosp (2-51)
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_ Cong thie nay tién dung hon vi R cua tai thuong kho biét ma cose va z do dugc
dé dang nho do U, 1. Cong suat tac dung P co6 tht nguyén W, KW, MW.
P = Ul cosp = Ul COS(\VU —\I’i)z lj T (2-52). Cong suit tac dung P bang noi
tich cua hai vecto ap va dong trén nhanh.
2. Cong suat phan khang Q :
Bién d9 dao dong cong suit cuia kho tir, kho dién Q, =1°x,, Q. = —I1°X., ndi

chung Q= 1°x goi la cong suat phan khang. N6 do cudng d6 qué trinh dao dong ning
luong. Thir nguyén cua cong sut phan khang 1a VAr (hoic kVAr). Ciing vi x khong
duogc biét trude nén thudng dung cong thirc Q = x.1? = zsing.l? = U.Ising (2-53)
Khi mach ¢6 tinh cam : sing > 0, Q> 0, mach c¢ tinh dung singp < 0, Q< 0.

3. Cong suét biéu kién S :
Tir cong sudt P = Ulcose ta thay P t6i da bang UI khi cos =1, ta goi UL =S (2-54) 1a
cong suat biéu kién co thir nguyén VA (KVA).
S 1a cong sudt dé chi kha ning cua thiét bi dién. Vi du : may bién ap c6 S = 100K VA,
may phat dién c6 S = 30KVA. May bién ap c6 S = 100KVA tirc 14 kha ning MBA
phat ra dugc cong suét tac dung tdi da 1a P =100 KW néu cosp =1, con néu cosQ <
1 thi P < Py =100KW mic ddu MBA ¢6 S =100KVA.

4. Quan hé giirta cic cong suat P, Q. S :

To : P = Ulcose = Scosep va Q =Uising = Ssing (2-55) ta

duoc S=+/P*+Q° ¢ = arctg (Q/P), chl'mg lién hé v&i nhau trong

mat tam glac Vuong goi 14 tam giac cong suat (h.2-15). Qua tam glac S
cong suat ¢ thé xac dinh dugc 2 trong 4 dai lugng P,Q,S,¢ néu biét

hai dai lugng con lai. Cling thay dugc P va Q 1a 2 qua trinh khéc 0]
nhau vé ban chat nén khong thé cong thang ching véi nhau ma phai
liy theo tong binh phuong (twong ty nhu R va x cling khong thé
cong truc tiép voi nhau ma phai qua téng binh phuong nhu d néu ).

5. Cong suét biéu kién phic :

Tir biéu thirc S=+/P* +Q?%, ¢ = arctg%. Lay Scos + jSsing =P +jQ = S(cose
+ jsing) = S.¢/ =SZp =S (2-56) goi la cong sudt bidu kién phuc, S lién hé voi
U,l &> S=Se = Ule™ ™) = Ue le™ = U.I (2-57)

S lién hé v6i phan tmg Z, Y: S=U.le¥ = zLIe" = 122(p = 12.Z (2-58).

S-ule® =uYer —utip=ury (259
Z Z

h.2-15

6. Can bang cong suat trong mach dién :
Mach dién xét phai théa man luat bdo toan nang luong nén phdi c6 can bang
cong sudt tdc dung phat va tiéu tan trong toan mach : » P, => P, (2-60)

- Theo dinh Iy Langevin c6 su can bang cong suat phan khang cac ngudn phat
v6i cong suét phan khang thu trén céc phan tir: > Q= > Q,,, (2-61)

- Y.Su # 2. Sy,,doS=/P? + Q% (2-62)

- Nhu’ng S nghlem dung dinh 1y : " Tong dai s6 cong suét biéu kién phat va thu
cua mot hé thong cin bang nhau" D P+ i) Qu =2 Py + 1D, Qyy (2-63)
§11 Hé s6 cong suat
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1. Hé sb cong suit coso P o ’
V61 mot nhanh c6 thong s6 R, L, C dé cho ¢ tan s6 nhat dinh s& c¢6 thong s6 (r, x)
gbc 1éch pha xac dinh do d6 hé so cong suat xac dinh :
R R P P
3 JRZ+x*> S |PP+Q° (269
No 1a su phéi hop cac ving ‘nang luong P, Q khac nhau vé ban chit. N6 1a chi

tiéu kinh té, k¥ thuat quan trong vé& mit nang luong. Co thé thiy diéu d6 qua phan tich
sau :

P

t
LJCOS¢

P, , U xac dinh v6i mot tai, tir ddy thay néu cose cang nhd — dong I cang 16n
gdy mat mat nang luong Jun va tut 4p duong diy cang 1on. Ngoai ra I cang 16n thi doi
hoi tiét dién day phai 16n 1am tang khéi lugng day dan — kém kinh té.

Mit khac khi cose thip may phat phai cap ra mot dong dién I 16n ma van khong
phat ra dugc nhiéu cong suét tac dung, duong day phai truyén tai mot dong 16n ma
cong sudt truyén tai khong 1om.

Tir P = Scos thay rang cose cang 16n thi cong suat tac dung P cang gan S va
nguoc lai cose cang nhd thi P cang nho so voi S nén viéc st dung thiét bi kém hiéu
qua.

Nhu vay cosQ thap c6 hai vé kinh té, ky thuat nén khi tinh toan, thiét ké chon
lira, 1ap dat thiét bi dién phai bao dam cos@ trong khoang gia tri cho phep néu khong
dat thi phai tim moi bién phap nang cao hé s6 cos¢ cua moi TBD, moi phan xudng va
moi nha may.

2. Nang cao hé s cos :

C6 nhiéu bién phap nang cao cose nhu phat may bu v.v.. & ddy ta xét phuong
phap don gian nhét 13 ghép song song vdi tai cam (thudng sir dung cac tai cam nhu
dong co dién, MBA, cac cudn cam...) nhiing tu dién goi la tu bu.

R
VR? +x?
lam cho ¢ giam. Ty vao tinh chét cia tai (c6 tinh dung hay tinh cam) dé tim cach lam
cho coso giam.

Khi tai ¢6 tinh cam, ap vuot trudc nén dé ¢ giam ta ndi song song v4i tai mot ty
dién c6 dong qua nd vuot trude ap nén dong tong sé& 1éch pha so voi ap chung mot goc
nho hon.

Ta biét : cosp = 1a sy phdi hop giita R va x nén dé coso tiang tirc 1a

R L N > R L N
U . ILI:I AN ¢2 U
OF} e C 01 T
le, 4y L
K > 1 |
I U c
- g g
. I . I
h.2-16 b6 thi vecto ap, h.2-17 P6 thi vecto ap, dong

R rang ¢, < @; nén cos@, > cosp;. Chirg minh dugc biéu thirc lién hé giira gia
tri C can d€ nang tir cosq, lén cos@, cho phu tai ¢6 cong suat P dién &p dinh miac U




GiaTo trgnh CAf sai KyT thuadt aiadn 1 42
Trang

C= Uljm [tge, — tgo, ]
812. So’ do phirc, hé phwong trinh Kirhof dang phirc :

So d6 phic : Nguoi k¥ su quen dung so do mo ta qua trinh va mudn qua so
) Vlet hé phuong trinh dé giai chr khéng mudn dai s6 hoa hé phuong trinh. Nguoi ta
dai s6 hoa ngay trén so dd mach bang cach thay R, L, C trong so dd bang cac cip dic
trung qua sd phirc biéu dién cac phan tir 46 nhu : R, joL, j/oC nhu di néi & phan phan
tmg. Vi M ciing nhu L vé mat vat Iy nén thay M bang joM = jxy. Cac ngudn kich
thich ciing dugc biéu dién phuc.

Vi du : Lap so db phirc cho mach dién nhu hinh (h.2-18)

Rs

A

() ()
= Ny h.2-18 ?% N

2. HeE phuong trinh KF dang phtre :
Sau khi c6 so do phuc, voi cac chiéu duong da chon ta viét phuong trinh KF dudi
dang dai so :

=Y,

sz ik :ZEk
ZYk Uk :ij
U, =2E,

H¢ phuong trinh dang phtrc cho mach dién vi duy trén 1a :

|1_|2_|3 =0

(2-67) voi Zk = Rk +ij

(2-68) voi Yk: 1/ Zk

LR, +12R,+joLl: =R, +12(R, +joL)=E

i3R3—ji|’3—i2(R2+jcoL)=o
oC

813. Pic tinh tzin s0 ciia nhanh R-L-C :
1. Pac tinh tan cua cac phanta L, C :

1/C
Xc

h.2-19 h.2-20
X, = 0L, x(®w) la dudng xc= 1/0L, X ti 1& nghich vdéi o,
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2. Dic tinh tan cta nhanh R-L-C : xem hinh (h.2-21) va (h.2-22)

1 NP . . 1
X=X, —X¢ :mL—a,x(m) la dudng cong cit truc o tai ®, = c

oL_ L

o(m) = arctg% = arcthC")

814 . Hién twgng cfng huwéng trong mach dién :
1. Cong hudng ap : Khi trong mach noi tiép R-L-C c6 tan s6 ciia nguon o bang

Lz . , 1 - LA e .
tan sO dao dong riéng cua mach o, ic ta ndi trong mach c6 cong hudng ap. Khi
d6 x; = xc (6 tdn s6 wp) nén x =x; - X¢c =0, @ =0 nén Z= R+ jx =R =z / 0 nghia la
cong huong ap téng tr¢ chi co phﬁn thuc R = z, con jx = 0, goc 1éch pha gitia 4p, dong
¢ =0 — ap va dong trung pha U/l = R = z = z,;;, . Luc nay dong di¢n trong nhanh dat
gia tri cuc dai I = I, = U/R. Toan by di€n ap cua mach dat 1én dién tré R, Uy = U.
Trang thai cong hudng ap xem nhu trang thai mach & d6 dién khang dau vao bang 0.
Db thi vecto cta ap, dong khi cong huong ap nhu hinh (h.2-23).

Phuong trinh 4p : U=Ur+ UL+ Uc. Do xp = Xc nén

U.,Ucnguoc pha nhau UL +Uc =0«> UL =—Ucnén Uy =
LR<< Uy = Uc= Lx; = Lx¢ dan tdi 4p dat vao thuong ¢ tri s6
kha nho U = Ug << U = Uc so v6i dién ap 1ay & cudn day Up
hoac ¢ tu dién Uc. Hién tuong cdng hudng ap cod thé duoc st
dung dé khuéch dai ap khi can, nhu mach radio...Hién tuong
cong huong xuét hién khi hodc thay ddi tan sd nguén hodc thay ddi L hodc C dé dat
quan hé¢ :

X =Xt - Xc (2-69)
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Khi cong huong thi oL = LC = \/% = pkhong phu thudc tan sd, ky hiéu p goi la
(’00

2 o 4w ur . \ . A LJL LJC P' P N

tong tré dac tinh ctia mach vong. Ti s0 : — =—==—=-"==0Q (2-70) goi la hé so

7 , U U RI R
pham chat cua vong dao dong L - C.
Néu nhu khi cong hudng c6 dong i =1 _ sin(@,t+vy,),u. = U, Ssin(o,t+y, —n/2)
thi tong nang lugng cla tir truong va dién truong lién qua dén cam va dung 1a Wy, +
Li® . Cu? _ LI sin® (ot +v,) . CUZ_ coS (o,t + ;)
2 2 2 2
LI7, _ L(ogCU _CUgn . LIz CUZ
vi (©CUcm)” EM nanW,, + Wg = —m 4 =—¢m
2 o2 2 2 2
(2.72). Ttc 1a tong nang luong khong phu thudc vao thoi gian, nén sy giam (hay tang)
cua ap trén dung va sy giam nang luong cua dién truong s€ lam tang (hay giam) dong
nang lugng cua tir truong va ngugc lai. Nang luong mach nhén tir nguén sau mét chu
RIZT

WE:

= CUZ,, = const

ky Tla: W=PT=I°RT = =1%x = 0=12x, — %X chimg t6 hai kho khong

trao d6i nang lugng voi bén ngodi ma trao doi noi tai v6i nhau vira hét.
Wy +We LIz2 2L 2L 2lo, Q 2.73)
W RZT RT p2t 27R
®g

Lap ti s6 :

Tir day thdy hé s6 pham chét Q ti 18 v6i ty sb giita tong nang lugng tir trudong va dién
truong khi cong huong voi nang lugng ti€u thy trong mach trong mot chu ky. Quan he
cua dong I, 4p UL, Uc véi tan s6 goi 1a dic tinh cong huong. Ta co cac quan hé sau :

U
IOD):'__: 1 AT
\/R2+((DL—)2 Uy | Uc
oC
U, (@) = oLl = —2=— O\
\/R2+(0)L—)2 U AN
oC NN
| U 1 A ®
cl@)=—= — - - >
oC 5 1., oC Wc o Oy
R+ (oL -—2) h.2-24
oC
(2.74)
Céc dac tinh cdng huong I(®), U (w), Uc(®) nhu hinh v€ (h.2-24).
du L
Tu . L — 0x4c dinh duoc tan sb o, & d6 Up dat gid tri cuc dai Uppax
®

2
Tu C = 0xac dinh duoc tan s6 oc & d6 Uc dat gia tri Ugmay :

da)
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Q
Ta théy ®L> M) Va Oc< ) NZOoAi ra O ®c = ®y° (2.77)
Lap quan hé I/l ta c6 :

| U _ U _ lo (2.78)

R?+(Lo— 1 )? (woLj o o) of 0 o)
\/ Co R\/1+ R 0 © 1+Q 0y ©

Véi |y = %151 dong dién khi cong huong.

A s A I A A A \ A A
Ta thay ti sO — phu thu¢c tansé6 vah¢so [

I0
1/+/2 %

pham chat Q. V& quan hé Iltheo o, Q

0 i
nhu hinh v& (h.2-25) :
Trong pham vi tan s6 @, < ® < , ti s6 0 ' >
%21/\/5(2.79) h.2-25

0
Vung d6 goi la giai théng cua mach (nghia 1a trong pham vi tan s6 d6 téng tro cta
mach bang khong). Theo cac duong cong ta thiy khi hé sé pham chat Q cang cao th1
gidi thong cang hep, nghia 14 tinh chon loc ctia mach cang cao d6i véi tan s6 ® gan
bang .

0 0y (0-0g)(0+0g)

ki hiéu o - @y = Ao thi gin ding :

0y O 00,
@ _Oo 2080 ) g0) & bien gidi thong — = —— ! ritra ;
Wy O 0 lo 2 2A® ’
®o
2A®

1 T r 1A A 2 A \ Q)
=+—do d6 véi mach co6 hé s6 pham chat cao thi @, - ©; = 30 (2.81)
)

Tir biéu thirc xac dinh bién cua giai thong :
2
! _ 1 %Qz[&—ﬂ] =1(2.82)
® Oq

J2
a2

Thay rang cac tan s bién ®;, ®, phai thoa min quan hé o;.0, = o’y (2.83).
Trong k¥ thuat VTD, k¥ thuat loc, tach song ... thuong dung vong L-C ¢6 ti€u tan nhé
v6i Q ¢& 100, khi ¢ yéu cau cao thi Q > 1000. Véi o, va L, C di cho mudn ting Q thi
phai giam r cua cudn day va tu dién. Lam viéc v6i vong r-L-C 6 1an can oo phai luu y
hé s6 pham chat Q va tinh truée cho cudn day va tu dién chiu ndi dién ap Q.U.

2. Cong huodng dong :
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La trang thai ctia mach R//L//C khi tan s6 ngudn bang tan s6 dao dong ban than

cia mach vy == % . Vi ® = oy nén dién dan phan khang b =b;-bc =1/Lo - Co
= 0 (2.84) nén day la trang thai mach khi dién dan phan khang dau vao bang 0.
Tong din ciia mach licndy : Y =Yg + Y| +Yc =g—jb = y(-o
Khi cong huong dong : b =0 — phan 4o ctia tong dan phirc Y bang 0, chi con lai phan
thuc g=y =1/R va vi b= 0nén ¢ =0 nén &p va dong cung pha nhau.
Quan h¢ dong, ap :

| =lr+IL+lc =Yg U+Y, U+YCU=U[%—jLi+ij}=U[g—j(bL —be)]=U.Y
()]

vibp=bcnénb=0vay | =Ilr+IL+Ic =1Ir
D6 thi vecto dong, ap lic nay nhu hinh vé (h.2-26) T T
Néub =be>>gthil,=Ic>>Ig=1
3. Cong hudng trong mach phurc tap : h.2- 7
Mach dién c6 chta mét sO nhanh trén d6 co6 dién
cam va dién dung néu xac dinh tong trd Z = R + jx ma i
¢6 phuong trinh x = 0 (2.85) hodc tong dan Y = g - jb ? —
ma c6 phuong trinh b = 0 (2.86). Trong d6 x 1a di¢n
khang dau vao, b 1a dién dan phan khang dau vao. Néu phuong trinh (2.85) va (2.86)
c6 nghiém thyc thi trong mach xuét hién cac loai cong huong.
Vi du : Trong mach dién nhu hinh vé (h2.27)

v

o

AL A 1 C,
Khi ¢ tan s0 ®, = ——=thi c6 cong hudng ap & |

! LC, | RQEZZZF_

nhanh thir nhat. Qua véy vi tong tré' ctia nhanh thi nhat c,
. 1 1 }_I % Y E_

C \
. 1® LGy h.2-27
Xy =0oL———=0. Tuong tv nhu vay khi
oC;

1 .. .
w, =——=ValiilC=C,; + C, thi trong toan mach c6 cdng huong dong dién vi :
2 \/E 1 2

Y=Y +Y,=g-jb +g-]jby=(gitg) - j(bithy).
b1+b2:0:bL-bC: 1/(DL-(,0C1 -COCQZO.
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CHUONG 3
PHUONG PHAP TiNH MACH TUYEN TiNH HE SO HANG
O CHE PQ XAC LAP PIEU HOA

Ta da biét khi mach dién 12 mach tuyén tinh hé s6 hiang & ché d¢ xéc 1ap véi kich
thich diéu hoa thi mé hinh cta no chinh 13 hé phuong trinh KF 1, 2 dang dai s6 phurc.
Can phai néu nhitng phuong phap dé giai hé dai sé d6 cho ra nhing dap g ctia mach
dién. Vi mach KF c6 dic diém 13 co thé do trang thai ¢ nhitng yéu t6 két cau khac
nhau : ¢ nhanh, ¢ dinh, ¢ vong...Vi vy c¢6 hé phuong trinh tuong tng véi cac bién
nhanh, bién dinh, bién vong nén c6 cac phuong phap giai cho ting bién.

Chu y vi cac dinh luat KF dang phurc giong hét cho truong hop mach thuan tro
hoac mach c6 dong khong d6i. Chi c6 khéc 1a khi d6 cac bién trang thai va cac toan tir
déu 1a sb thuc U, I, E, R, 8. Vi vay nhimg phuong phap s€ néu cling dung cho mach c6
dong khong d6i hodc thuan tro.

Bién nhanh - phwong phap dong (ap) nhanh.

Mach c6 m nhanh, d dinh nén néu lay bién 1a dong (ap) nhanh thi s6 4n s6 dong
(4p) nhanh 1a m, vdy can viét m phuong trinh theo bién 1a dong (4p) nhanh theo cac
dinh luat KF1, KF2. Ta viét dugc (d-1) phuong trinh KF1 theo dong (4p) nhanh dang :

PARED NP (3-1)

Viét dugc (m-d+1) phuong trinh KF2 theo dong (4p) nhanh dang :
>z, 1, =YE  (3-2)
z Yk U K Zlk

Hodac : _ . (3-3)
2V =2E
Tat nhién d€ viét cac phuong trinh dai s0 trén can phai quy u6e chiéu duong
cac dong dién va chiéu duong cac vong.
Giai hé phuong trinh dai s6 trén ta s€ duoc gia tri phirc dong (ap) cac nhanh. Co
dong (ap) nhanh qua dinh luat Om tinh ap (dong) cta nhanh.
H¢ phuong trinh dang ma tran theo bién dong nhanh :
Kt inh = 0
(39
CZ, Lo = C, Em
Vi du : Lap hé phuong trinh bién nhanh dé giai mach dién hinh (h.3-1). Mach
diéncod=3, m=5.
y H¢ phuong trinh theo dang I, Z; a Is Zs b Zs I
bién nhanh :

Nata: li—l,—13=0
Natb: ls—la+15=0
Vong I : i121+i222:E1
Vong II
15Z,+142,—122, =—Ea

Vc‘)ng III : i525 + |.4Z4 = Es— E4
H¢ phuong trinh dang ma trén :
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1

— -1 1 1 0 O |,2 —i1+i2+i3=0
Aitlnn=0—> I3 |=
0 0 -1 1 -1]. o
[ —ls+14a=15=0
4
15
E, 'z, 0 0 0 0] 1 0 0]
E, 0 z, 0 0 O 1 -1 0
[Enh}: e, [Zwl=j0 0 z, 0 o0 |[c]=|o0 1 0
_E 0 0 0 2z, 0 0 1 1
o 0O 0 0 0 2z 0 0 1
_ES i - - - -
Cthh l nh: Ct Enh <«
'z, 0 o o0 o0 L _El
1 1 0 0 0]o0 Z, 0 0 0 |I,l [Tt 1 0 0 0]o
0 -1 1 1 0f0 © Z, 0 0 |j |=/0 -1 1 1 0o
0O 00 1 1{0 o0 © Z, 0 | 0 00 1 1|-E
4
0o 0 0 0 ZS—_iS_ E,

Y,Ui-Y,Us-Y,Us =0
Y,Us— Y, Ust Y, Us =0
H¢ phuong trinh theo 4p nhéanh : 01+ l:Jz = I'El

Us+ Us—U: = —Eq

Us+ Us = Es— Ee

A . A ik A . tYnhUnh 0
H¢ phuong trinh dang ma tran viét theo bién ap nhanh : ' . (3-5)

Bién vong - phwong phap dong dién vong :
Ta di biét cac dong bu ciy trén mot graph 1am thanh mot tap di dong nhanh doc lap.
Nhitng dong 4y chay khép kin qua nhitng vong xac dinh trén cdy da chon, lam thanh
mdt tdp dong vong bu canh. Ciing ¢ thé chon cac dong chay khép kin cac mat ludi
mot graph phing. Cac dong bu canh (dong chay trong cac mat ludi) goi 1a dong vong.
Sau khi biét dong vong co thé tinh duoc dong nhanh va ap nhanh. Vay dit bién 1a dong

vong (l,), nén s6 an so la |, chinh bang s6 vong ddc 1ap, chinh bang s6 bu canh = (m

-d+ 1). Ttc 1a ta can viét (m - d +1) phuong trinh theo i , - Qua khai niém dinh nghia
vé dong vong ta thiy ching da chira dung sy thoa man luat KF1 (tinh lién tuc) nén
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phuong trinh lién hé cac bién I , €0 ¥ nghia s€ 1a phuong trinh KF2. Ta c06 trinh tu giai
mach dién bang phuong phap dong vong nhu sau :

Chon va danh s6, quy udc chiu duong cta cac dong vong (dong bu canh hodc
dong mat ludi) ké ca cac ngudn dong dinh da cho khep kin qua nhing vong doc lap.

Viét (m - d +1) phuong trinh KF2 theo bién vong. Luu y c6 ca nhiing ap do ho
cam, ap do cac ngudn dong gy trén vong E i E = Z o Jm (3-6)

~ Giai h¢ phuong trinh duge cac dong vong sau do suy ra cac dong nhanh la tong dai
s0 cac dong vong qua nhanh do.
Vi du : Lap hé phuong trinh bién vong dé giai mach dién hinh (h.3-2)

Chon 3 dong vong theo mét luéi | s I 2o I a-
Phuong trinh KF2 cho cac vong :

vong1: | (Z,+2,+2,)+!,Z,-1,.Z,=E,

Vong Il : | ,(Z,+Z,+Z)+1,Z,+1,.Z,=E,
vong L : | j(Zy +Z,+2Z,)+]1,,Z,—1,Z,=0

Giai hé phuong trinh dugc cac dong vong Ivl,

l,,, | ,.sau d6 suy ra dong nhanh I=1, h.3-2

l=1,-1

v3» |6=|v3’|2=|v1+|v2’ |4:|v2' Ta

thdy (Z,+Z,+2 ) 1a tong tro tham gia vong I 1a vong dang viét co I , chay qua ta ki
hiéu la Z,;, Z, 1a tong tr¢ nhanh chung gitra vong I va vong II ki hleu la Zyn,=17,,

tuong tw Zs = Z,3 14 téng tré nhanh chung giita vong I va vong 111, Zs = Z,; la téng tro
nhanh chung gitra vong II va vong III. Luc nay phwong trinh vong I duge viét gon 12 :

IZ+IZIZE

v3T13 1

Tuong tuy nhu vay cho cac vong khac : I ,Z, +I Z, +I 3L s E4

I A I 2L o — 1 wli;=0
TI'Ol'lg do: sz = 22 + Z4 + ZS, ZV3 = Z3 + Z5 ‘I' Z6.
I nZ,;: la sut ap do dong vong gay ra trong ban than vong I, luén c6 dau duong.

Iva,m: 1a sut 4p do dong vong m c6 nhanh chung voi vong 1 dang viét gay ra trong

nhanh chung do, du + hay - tiy chiéu ctia dong vong m qua nhanh chung cung chiéu
hay nguoc chiéu véi dong V(‘)ng | dang xét. Tur day ta dua ra dang tong quat :

vk—zlvl ki zEvk

ZEvk 1a tong dai s6 Sdd thudc vong k, Sdd nao cung chiu véi vong thi co dau
duong, nguoc chiéu thi diu -. Néu trong mach dién co nhﬁ’r}g nguén dong kich thich
bom vao cdp nit nao dé thi coi d6 1a dong doc 1ap nhw da biét J. Vi phuong trinh KF2
1a viét cho &p nén phai cho dong J chay qua mot nhanh nao dé gitra hai nat ma J bom
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vao tao ra U = JZ = Edé & vé phai phuong trinh gidng nhu cac E. Luc nay co

phuong trinh : | ,Z, _ZI wZo =2 E,tE, (3-8)

Luu y trong mach r, L, M, C ta c6 xét tinh tuong hd nén Ziy = Zy nén hé s6 7, dbi
xung qua truc chéo cua [Z].

Phuong trinh dang ma tran : CthhCi .= C, Enh (3-9)
Khi ¢6 cac ngudn dong j thi vé phai co thém thanh phan CZnjun.

Vi du 2 :Lap h¢ phuong trinh bién dong vong
giai mach dién hinh (h.3-3).
Ta tuy y gid thiét nguon j khép mach qua nhanh Z; tao

nén ap U= |.Z,da biét . Z Z; Z3

Phuong trinh vong 1: | (Z, +Z,)—-1,,Z, =E—~E, _ ! _ !
. . . E, l E,

Phuong trinh vong I1: | ,(Z,+Z2,)-1,Z,=E,—|Z,

U,=1]Z, la dp roi trén Z; do ngudn dong j gy ra nam (h. 3_3>\J
& vé trai phuong trinh, vi j cung chiéu vong nén mang
dau +, chuyén sang vé phai nén doi thanh du -. Vé mit toan hoc ta thdy phuong phap
dong vong thuc chit 13 tinh cac dong phu thudc theo cac dong doc 1ap qua KF1 rdi
thay vao phuong trinh KF2 dé dugc phuong trinh KF2 theo bién vong, tirc 1a dua
phuong trinh KF1 vao phuong trinh KF2.

Bién dinh - phlr(rng phap dién thé dinh :

Ta da c6 moi lién h¢ gitra dién thé dinh v&i 4p nhanh nén néu chon bién 1a the
dinh lap hé phuong trinh thé dinh giai ra cc thé dinh thi suy ra dugc cac ap nhanh r01
dong nhanh. Mach dién ¢6 d dinh thi c6 d thé dinh, song phai so v61 mot thé mdc
(thudng chon mdc 1a 0), nén s6 thé can xéac dinh 1a (d -1), tirc 13 s6 an s6 thé dinh 1a (d-
1).

Viy ta can viét (d-1) phuong trinh theo 4n s 1a thé dinh. Khai niém thé tir tinh
chét thé nd da chira dung sy thoa man luat KF2 nén chi c6 phuong trinh KF1 lién hé
céc thé moi co y nghia. Vay can viét (d-1) phuong trinh KF1 theo bién 14 thé dinh.
Nhung ta méi chi c6 phuong trinh KF1 cho bién 13 cac dong nhanh, nén phai tim biéu
thirc gitta cac dong nhanh véi thé dinh dé c6 phuong
trinh KF1 theo bién la thé dinh. Ta da c6 dinh luat Om

A A e , . . Sk ha . I
lién hé gitta &p voi1 dong nhadnh ma 4p nhanh lai lién hé
PR St . A i 1y f ok > ——e
v6i theé nén ta 1ap duge quan hé gitra dong nhanh véi thé h.3-4
dinh.
Péi v6i nhanh khong ngudn hinh (h.3-4) ta ¢o :
- P~ @ - Ey
Uy=0¢ -0, _IkIZkI :>Ikl : ~= (0 — @)Yy k L Zxa N |
ki
(3-10) h.3-5

Déi véi cac nhanh c6 ngudn nhu hinh (h.3-5) ta c6 :
Q=@ — I Wl ~ Ek|:> I w=(0 —0,).Y, — EkI'YkI (3-11)
Nhu véy khi E,, cing chiéu véi |, thi |,= (¢, —¢,).Y, +E,.Y, (3-12)
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Tuc 13 Sdd Enao cung chiéu dong thi E.Y c6 ddu +. Sau khi ¢ biéu thirc dong
theo thé ta viét dugc hé phwong trinh KF1 theo
thé. i
Vi du : Lap hé phuong trinh theo bién thé
dinh dé giai mach dién nhu hinh (h.3-6)
Chon dinh d 1am méc, viét phuong trinh KF1 cho
cac dinh con lai :

Dinh a: il—is—i6=0

Dinhb: — | +1,+1.=0

Dinh c: i4—i5+i6:O

Thay cac dong dién trong phuong trinh trén theo
bien dinh :

Vi du thay vao dinh a :

1= (0-9.)-Y, +ELY,, 1= (0, = 0,)-Ys, = (0, =9.).Y,

Taco: (0-¢,).Y, + El'Yl = (0. —9,)-Y; = (¢, —¢.).Ys =0

—0, Y, +EY, =0, Y, + 9, Y, =9, Y + ¢, Y, =0

= =0, (Y, + Y, +Ye) +0,Y; +9, Y +E Y, =0

=0, (Y, +Y,+Ye) -0, Y, -0, Y, =E,Y,

Tuong tu nhu vay cho cac dinh khac :

Pbinhb: ¢, (Y, +Y,+Y,)-0.Y,—0.Y;,=0

binhc: o (Y, +Ys+Ye)—9,Ys—0,Ys =E,Y,

Qua cac phuong trinh viét theo thé cac dinh, vi du dinh a ta ¢c6 nhéan xét : s0 hang dau
tién (Y1 +Y3+Y,) 1a tich thé ciia dinh viét voi tong tong dan cac nhanh ndi véi dinh
viet, (Y+Y3+Ye) = Y, 1a tong tat ca tong dan ctia cac nhanh c6 ndi dén nat a. Céc sd
hang sau ctua vé trai : @p.Y3, ¢..Ye 1a tich thé ctia dinh c6 ndi véi dinh dang viét qua
mot nhanh véi tong dan cua nhanh dé. Ki hiéu Ok Yia , trong d0 Yy, la tong dan cta
nhanh nodi gitra nut dang viet a voi nat k, @Yy, ludn mang dau -. Con vé bén phai
E.Y, : 1a tich cia Sdd véi tong din ciia nhanh chira Sdd, n6 c6 ddu "+" khi Sdd E
huéng vao nut viét. Nguoc lai s& c6 ddu "-". Nut nao cé bao nhiéu nhanh cé chira Sdd
noi vao thi cé bay nhiéu so hang cua vé phai.

n [
Tong quat phuong trinhnatala: ¢,Y, = > ¢ Y. =D E Y.
1 1
n [
Natbla: @Y, - > ¢ Y, =D EY, (3-13)
1 1
n .
Natcla: oY, -D> 9,Y. =D EY,
1 1

Khi c¢6 nhitng ngudn bom vao dinh thi ta phai dwa dong j vao vé phai ctia phuong trinh
dinh do.
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n [
(paYa _Z(\DkYka = ZEmYma i‘]
1 1

n [ .
0,Y, _Z(kakb = ZEiYib tJ, (3-14)
1 1

Ta c6 trinh ty giai mach bang phuong phéap thé dinh 1a :
Chon mot dinh lam mdc véi thé 0.
Viét (d-1) phuong trinh dang (3-14) cho cac dinh con lai.
Qui udc chidu duong cua cac dong nhanh dé sau khi giai ra cac thé dinh tir hé (3-
14) thi tir (3-11) tinh dugc cac dong nhanh.
C6 thé biéu dién hé phuong trinh thé dinh dudi dang ma tran :

Y[(p]:[‘]:|+AtYnhEnh (3'15)
[Y] : ma trdn vudng tong dan dinh.
[¢] : ma tran cot dién thé dinh.

[J] : ma tran cot cac nguér} dong dinh. )
Truong hop dac biét khi mach gf)mrnhiéu nhanh noi // nhu hinh (h.3-7). Mach c6 hai
dinh nén chi c6 mdt phuong trinh thé dinh.
Phuong trinh dinh a: ¢, (Y, +Y,+Y,+Y,)=E,Y, -E,Y, +E,Y,
Xéc dinh dugc ngay 4p gitra hai dinh a,b 1a :

U o - CEY,-EYL,HEY, a ,
b Pa =P, =0, — (Y +Y +Y +Y) i |3 4
Zl 23 Z4

Tir d6 rit ra cong thirc tim ap cho mach c6 22 o
hai nut rat tién dung 1a : E: Es Ea

- >EY

U= S (3-16) ’

a h.3-7

So sanh 3 phuong phap giai mach :

Chung déu 1a phuong phap co ban vi déu duya trén cac dinh luat KF.

Phuong phap bién nhanh can 1ap va giai hé m phuong trinh nén khdi luong tinh
toan lon.

Phuong phap bién vong c6 (m-d+1) phuong trinh.

Phuong phap thé dinh c6 (d-1) phuong trinh. Phuong phép nay sé rat thuan tién
cho mach c6 hai dinh.

Phwong phap tinh mach tuyén tinh ¢é h cam :

Céc phuong phép tinh :

Ta d3 biét mach c6 hd cam chi khac mach khong c6 hd cam 1a c6 thém dién ap
hd cam trén cac cudn day c6 quan hé hd cam véi nhau. V& mit vat Iy ban chét tu cam
va hd cam nhu nhau. Nén mach c6 hd cam van nghiém dung cac luat KF1, KF2. Vay
c6 thé dung cac phuong phap tinh mach dién da néu trén dé tinh mach dién c6 hd cam.
Tuy nhién trong mach c6 hd cam, ap & mot nhanh (thé ¢ hai dau nhanh) khong nhing
phu thuoc dong qua nhanh d6 ma con tuy thudc vao dong cac nhanh khac, luc nay vi¢c
rit ra quan hé thé dinh theo dong sé& rat phirc tap nén lap phwong trinh mach theo
phuong phéap thé dinh rat phirc tap. Vi vay, thuong khong dung phuong phép thé dinh
dé tinh mach dién c6 hd cam.
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Khi dung phuong phap dong nhanh va dong vong dé tinh mach c6 hd cam nho
thém ap ho cam vao phuong trinh KF2. Ap ho cam c6 thé duong hay am tuy theo
chi€u dong dién, cuc cung tinh va chiéu duong cac vong. Ap ho cam viét dudi dang
phuc :

Uklzij(DMkl I.| JoM =X, (3-17)
Vi du : Lap phuong trinh d¢ giai mach dién hinh (h.3-8)
ij R2 i2
—[VV\_— job R,
J oM FhII Ry ; aYaYa 2
/ E 1 - i
Vs i oL R,
R (ﬁ’ VYV |
- A -
1 ! > ! u
' h.3-8 h.3-9 !

Hé phuong trinh theo bién dong nhanh :

I-1,—1,=0
IR+1,(R, +joL,)+joMI,=U

IR+1,(R, +joL,)+joMI =U

. ‘ o | (R+R, +joL,)+joMI ,+1,R=U
H¢ phuong trinh theo bién dong vong :

l,(R+R, +joL,)+joMI +1 ,R=U
Tong trd cuia cac cudn day mac noi ti€p c6 hd cam :
Khi mac ndi tiép thudn 2 cudn day thi dién cdm ctamach: L =L, +L, +2M

Khi mic nbi tiép nguoc 2 cudn day thi dién cdm ciamach: L =L, +L, - 2M

Nén suy ra tong tr& phire ciia hai cudn day méic ndi tiép : Z = Z,+72,+2Z,, (3-18).

LZ,=2,+2,+2Z,,>Z =7 +Z,-2Z nén néu cling ap dat vao U thi L, > Ly,
Tép,q tré hai cudn day c¢6 hd cam nbi song song :

Khi no6i song song thuan nhu hinh (h.3-9).

Tu:l=1+1,,U=1Z2+1,2,,U=1,Z,+12Z,
Xac dinh tong tro twong dwong ciia hai nhanh 14 :
2272,-7;
Z,,=—> >2—" (3-19)
Z,+72,-27,,
Tuong tu khi hai cuén ndi song song nguoc s& ¢ tong trd tuong duong 1a :
lez — Zi/l

= 3-20
"z, +2,+22, (3-20)
Nhu vay : Zjng < Zym N
Cong huong trong mach ho cam : N
Trong k¥ thuat dién tur va thong tin thuong dung cac mach dao dong c6 ho cam
v6i hé s6 pham chat cao nhu hinh (h.3-10).
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. . U Z:
Ta xac dinh dugc tong tré dau vao ctlamachla: Z, =—+ =2, - ="
I, Z,
Trong do: Z, =R, + joL, ———,Z,, = joM,Z, =R, + joL, ———
oC, oC,

2 2
Xy R . X1 X
Z, =R+ +jx, -S| (3-21)
RS + X5 R; +X;

Qua biéu thirc phﬁn thuc cua Zg, théy tro tac dung dau vao nhin tir hai cuc cudn
2

x5 R . - N A
—"—2-50 v6i R;. Sy tang nay la do sy tiéu tan nang luong

1 dugc tang thém luong
RS + X5

XuX,

2
trén tro tic dung cta mach vong 2. Trong phan 4o c6 thém thanh phan [_W
2 + X2

n6 lam ting hodc giam khang dau vao so véi x; diéu nay tily thudc vao dau cia x,. Su
tang hodc giam ndy twong (mg v4i su ting hodc giam cia tir thong tong so vai tir thong
ty cam (do hd cam gay nén). Mach c6 hd cam c6 thé co nhiéu dang cong huong do su
thay doi cac thong s6 phan khang hay tan sd.

, . X2 X . .
Néu cho C, thay doi dé dat (Xl —RZM—zzJ =0 (cac thong s6 vong 2 khong doi)
2 +X2
NS ~ .z ) U,
thi cac dong I;, I, s€ dat trisd cuc dai: I, = 5 5 5
R, + X, R, /(R +X3)
X

I _ M " Imax
2max
JRZ + X2
Pay 1a trang thai cong hudng dic biét thir nhét.
Trang thai cong hudng thir hai cé dugc khi thay doi C, (cac thong sé ctuia vong 1

2
giit khong d6i) dé tao ra : (Xl —%j =0. Khi do :
RS + X5
_ Y _ Y
lmax 1 i2max T
2R, 2JR,R,
*_,{ '7 M —— M
| |
! 1 x> *I2 ! x 4> *IZ
Uz L1§ Uz L1§
Rl Rl
— —
h.3-10 h.3-11

Khai niém vé truvén nang luong dién tu gitra cac cudn diy ho cam :

Dién 4p hd ciam gdy nén trén cudn thir k boi dong i,chéy trong nhanh 1 bang

U w=JoM il. Dién 4p nay (U ) vudng pha véi dong i,, nhung noéi chung ilvé ik
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khong trung pha nhau nén ap U  thuong khong vuong pha véi dong i . Piéu 4y co
nghia cudn k nhan mét cong sudt tac dung cua truong dién tu :

Pu = Uyl COS(Uk| ,|k)¢ 0(VC(Uk| ,|k)¢ nl2)

Vi trén dién cam L khong c6 ti€u tan nén cong suét nhan duge d6 bat budc
phai dugc truyén tai tir cudn k dén cac phén tir co hd cam vé&i nd. Khi Py > 0 ta noi
cudn k nhan cong suit Py dé truyén dén cac phan tir khac bang hd cam. Khi Py < 0
ta noi cudn k phat ra cong suét dién tir cho mach. T4t nhién lic nay cong suit phai do
céc phan tir khac c¢6 hd cam chuyén dén né.

Vi dy : Tinh mach dién & hinh (h.3-11) tir d6 nhan xét vé su truyén cong suit hd
cam.

1,(R, +joL,)+joMI,=U

Phuong trinh cho hai vong : o 1
joMI+1, R2+j(o)L2 P j =0
®

2
Véi @ U=10V, R;=100Q, R,=500Q, oL,=500Q, oL,=1500Q, oM =700Q,
1/0C=180092.
) (100+ j500)1 + j7001 ,= 10
Thay s0 ta duogc : _
j7001 +(500- j300)I ,= 0

Giai ra ta duoc : i =8.10°(-487°A, i ,=-9,7.10%(72° =9,7.10°%(-107,7°.
Do c6 hd cam nén & cudn L, c6 cong suét dién tur :

A

P2M = Ulezcos(Uzm’ I 2)

U,,= joM I = j7008.10°(-487° = 56(41°V
P,, =567.9,7.10° cod41’ - (-1077°)| = -4,7.10°W
Déu trir co nglﬁa L, phat ra pl(f)t céng su§t~dién tr 4,7mW qho mach thl;l' cép. Cong
suat nay do phan tor L; chuyén qua bang ho cam va dung bang cong suat tiéu tan &
mach thtr cp IR, =(9,7.10°)°.500=4,7.10°W .
Ta ciing thdy né bang P,, = U1, cos(U,.1,)
Thay thé d,elmg‘tri nhing lién h¢ hd cam : ] . ‘ N
Thay thé phan cua gian d6 c6 chtra ho cam bang mot gian d6 khong c6 ho cam,
trong mdt sO truong hop s€ lam cho su phan tich va tinh toan mach dién dugc don
gian. Phuong phap do goi la thay thé dang tri.
Vi du ta tim mot gian d6 khong c6 hd cam dang tri voi gian do ciia hai phan tir co
hd cam ctia mach ciing n6i chung vao mot nit nhu hinh (h.3-12)
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1 2
- - |2 ZZ $ZM
1 P 2
——{ +H
> 13

Zl Zz 1 - | |3 iZM

M I, 1 + 2y

«—>
h.3-13

I, h.3-12

. . cn U13:IlzliZM|2
Ta co ap glu’a cac cuc :

UzszizzziZM il

Céc dau phia trén khi cac cung tén noi vao nut, cac dau phia dudi khi cac cuc khac tén
noi vao nut (thr ty xép dat cua cac dau nay s€ dugc gilt trong tat ca cac biéu thirc tiép

sau). Tir phuong trinh | T+ I = I ,= 0 khtr dong I ,trong phuong trinh thir nhat va khir

dong I , trong phuong trinh thtr hai ta dugc :
LlJ13= il(zl$ZM)iZM I.3
U23=i2(ZZ$ZM)iZM I‘3 (3-22)

U12:i1(ZI$ZM)_|‘2(ZZ$ZM)

Ta dan ra duoc so d0 nghiém ding 3 phuong trinh thi n6 14 so d6 dang tri khong ¢ hd
cam can tim. Vay de loai trir lién h¢ ho cam phai thém + Z,, vao cac tong tré Z; va Z,,

ngoai ra con noi vao nit chung hai cudn day tong tré +Z,, noi vao cuc 3.

Vi du : Xéac dinh téng tré dau vao Z, = B ctia so d6 mach hinh (h.3-14).
|

Blét Xlz(Dle 209, X2:(,0L2: 1OQ, XM:COM = IOQ, X3:1/COC3 = 20Q, R3: IOQ, Z4: 10

+j10.
Dan ra so d6 dang tri khong hd cam nhu hinh (h.3-15)
LM Lo-M
I
v
U Rs
C3—|—
h_.3-15
Taco: Z, =j(X,—Xy), Z, = j(X,; =Xy ), Zs =Ry +j(X, —X¢)

thay s6 ta dugc Z, = 10 +j10 (Q)
Z,+7Z2,+7Z,

Nén tong tré dau vao : Z, = Z, +
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Do thi Topd ciia mach dién c6 dong diéu hoa :

Ta dé biét cach bicu dién bang dd thi vecto, anh phirc, qua do théy 13 su phan bd
bién d9, goc pha cua dong, ap. R6 rang cac phuong phap nay chi biéu dién dugc trang
thai, khong chi ra dugc cau triac. Do thi biéu dién dong thoi trang thai va cdu tric cia
mach goi 1a dd thi Topo N6 1a dd thi vecto cac anh phuc dién thé Pa, Po, .. cua cac
dinh trén so @6 mach (diém nut ciing nhu dinh ni giira hai phan tir so d0)

Cach v& db thi Topo nhu sau :

Chon mét dinh 1am mdc, bang nhitng phuwong phép da biét, tinh ra sy phan bd thé
cac dinh trén so dd roi v& tir dinh mbc. Vi du : V& do thi Topo cho mach dién hinh

(h.3-16).
b
t a
El@ EZ@ C3 -
d Lo a

R 9 R
1II R, 3

h.3-16 h.3-17
Chon dinh 0 1am mdc. Qua mot phan tr danh dau 1 dinh. Gia st bang phuong

phap dong nhanh tinh dugc cac dong dién | 1 I . I s» V€ dugc cac vecto dong I 1 I . I 3
va | +1,=1,. Db thi Tépd dugc v& nhu hinh (h.3-17). ¢,=0,U,=¢,— ¢ ,= ¢ ,—0,
(p =R, I ;trung phuong véi I 5> CO tri sO Ry.Is, 1y doan Rj.I5 trén phuong dong I 5ta
duge didm a. Pidm b khac diém a mot luong 4p bang ap trén tu C 1a — jl Xcnén
(I)b: (I)a— | I Xc ap trén tu C co tri s6 I3.xc va cham sau I 5, g0c m/2, ta x&c dinh duoc
diém b. Tuong tu ta xac thé diém d, léy trén phuong I ,doan R,.I; ta dugc diém d, tir d
qua E ,x4c dinh b. Xac dinh diém g lay trén phuong dong I ,doan I,.R, duoc diém g,
tir g xac dinh diém ¢ nam trén phuong vudng goc véi dong I ,V6i tri s6 I.x, dugc vi

tri diém c, tir diém ¢ qua nguon E ,xac dinh duoc diém b phai tring véi cac diém b da
xac dinh qua cac duong khac trén.

Vay do thi Topo cho biét ngoai thong tin vé trang thai nhu bién do, goc pha con
cho biét ciu tric ciia mach dién : c6 bao nhiéu nhanh, bao nhiéu dinh, bao nhiéu phan
tr, bao nhiéu vong. Ngoai ra tir thé phirc cua cac diém trén so dd dugc biéu dién boi

v

H .

Treal Rs Khoa Ai&an - Bau mah Thi aut\b" AEAGN
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mot vecto trén mat phang phuc ta co thé xac dinh ap gitra hai d1em bat ky ctia mach s&
bang hiéu 2 vecto thé phtrc. Dé tim hiéu d6 chi can vé vecto nbi hai dau cta hai vecto
thé phtrc 2 diém tuong tmg, chiéu cta vecto hiéu hudng vé dau cta vecto bi trir.

Vi du : V& do thi Topd cua mach dién nhu hinh vé sau :

thuadt aiaon | 59

Chon thé dinh 6 1am mébc (pez 0, thi:
P=0,t R I=R;1,0,=0,— X | = - X (P4+R I (P = Pt X,
¢=0,+R,I=EU,=0,-9,
Trén do thi Topd chi€u vecto ap tir 4 dén 2 nguogc chi€u véi chiéu duong cua ap trén

so dd (tir diém 2 dén diém 4) vi d6 1a quy tic trir vecto, vecto hiéu ctia hai vecto luén
hudng vé vecto bi trur.

Treding Aadi Hoiic Barch Khoa - Khoa Aidln - Bau man Thiddt bé aiadn
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CHUONG 4
TINH CHAT CO BAN CUA MACH TUYEN TiNH
Mach dién xét 1a mach tuyén tinh hé s6 hang nén can 1am rd tinh chit co ban

ctia n6 1a tinh tuyén tinh tirc 1 quan hé tuyén tinh gitra cac bién trang thai. P6i voi cac
bién diéu hoa, quan hé nay dic trung boi nhirg ham truyén dat anh phirc. Ngoai ra
con co tinh dbi xtng, tinh tuong hd, nén can phai nim that vimg dé van dung trong
phan tich, tinh toan mach tuyén tinh.

Quan hé tuyén tinh giira cac bién

Dinh nghia :

Céc bién trang thai x,(t), ..., x(t) goi 14 cac dap tng lién hé v6i nhau va véi kich
thich fy(t), ..., fit) boi mot hé phwong trinh vi tich phan tuyén tinh, ta bao cac bién ay
quan hé tuyén tinh v&i nhau.

Ta xet truong hop riéng rat pho bién 1a khi c6 cac hé s hang. Vi du dong, ap
trong mach Kirhof tuyén tinh lién hé véi nhau trong hé phwong trinh tuyén tinh dang :

{Z'—ZJ hay {Z u=3]
2zZi=Ye Xu=Xe

Trong d6c6: Z = R+Ld£+ Jdt—

(4-1)

-1

hay : Y=C.D+g+D

Y nghia céc quan hé tuyén tinh :

Mot quan hé tuyén tinh v&i nhitng toan tir va h¢ s6 di cho la dic trung toan bo
ctia mach tuyén tinh. Do d6 ding nhiing quan hé tuyén tinh 4y c6 thé xdy dung nhiing
phuong phép khao sat mach. Tir quan hé tuyén tinh d6 dua ra hai tinh chat co ban cua
moi qua hé tuyén tinh :

Tinh chét tuyén tinh giira dap Gmg va kich thich.

Tinh chit xép chdong dap ung dbi véi cac kich thich.

Quan hé tuyén tinh giira cic bién diéu hoa

Quan hé tuyén tinh giua cac anh phuc :
Khi bién diéu hoa dung biéu dién phtc thi hé vi tich phan tuyen tinh thanh hé dai s6
v6i anh phirc. Ta s& c¢6 quan hé giita cac bién v6i nhau qua hé s phic :

Si=3%3J SY.u=3J

. ~ hay _ _ (4-2)
Z Z|= Z E Z U= Z E
, . 1 1 - :
Trongdé: Z=R+joL-——|Y==,U=21,1=Y.U
oC Z
Mot sb dinh Iy vé quanrhé tuyén tinh giira cac dap ung va kich thich :
Duya vao quan hé tuyén tinh trén ta c6 cac dinh 1y :
Trong mdt mach tuyén tinh mo ta bdi hé phuong trinh tuyén tinh néu chi c6 mot

kich thich F_duy nhat (co thé Ehay J) thi mdi dap tmg X, (c6 thé U hay I,)

Trudng Pai Hoc Bdch Khoa - Khoa Pién - B6 mén Thiét bi dién
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sé lién hé tuyén tinh vé6i kich thich dang : X = T Fm(4-3). Trong d6 Tyn phu
thudc vao tan sd ®. Ty, 12 ham truyén dat riéng tir Fm ¢ nhanh m sang nhanh k tao ra

X,
Vi du : Lap quan hé tuyén tinh dong cac nhanh voi Sdd Eltrong so d6 mach hinh

(h.4-1). Tir d6 xé4c dinh cac ham truyén dat twong tng. Gidi ra cac dong dién theo Elz

B E@Z,+7)
l Zl+i 2,2, +2, 2+ 2,7,
Z,+27Z,
i _ 1.z, _ E.Z,
72,42, 22,+Z7Z,+7Z,Z,
o Nz, E.Z,
3
Z,+2, 22,+2,2,+Z,Z,
: : Z,+2 ‘
l=T,E, > T,= 2T % =Y,, 1a ham truyén dat
22,+2,2,+72,Z,
2oRTy R 77.422,+2,2, %
z

2

22,+2,2,+2,Z,

|3: T31E1 _>T31 =

Trong mach tuyén tinh néu c6 n ngudn kich thich Fl,..., Fn thi mdi dap ung X v

s& quan hé tuyén tinh v&i it nhét n kich thich dang :

X =Ty Ft ot Ty Fot ot T, F, (4-4)

~ Trong d6 Ty,(®) 1a nhitng ham truyén dat riéng tl‘,l”m(:)i kich thich & nhanh thu n
dén dap ung ¢ nhanh thtr k. R6 rang dang (4-4) la sy x€p chong nhimg dap ung dang
(4-3). Vay (4-4) 1a tinh xép chong dap ing d6i vai cac kich thich. Co thé phat biéu nhu
sau : " Trong mot mach tuyen tinh ¢ nhiéu nguon tac dung thi dap ing ¢ mot nhanh
do nhleu ngudn tac dong dong thoi giy ra bang tong dai s6 cac dap ung do ting

ngudn riéng ré giy ra tai nhanh do ".
Minh hoa tinh xép chong bang hinh (h.4-2) :

L3 | 1, 4 L3
Z;
= +
E E; 1,1 I3
h.4-2

- 13’|2 I +|23’|3 |33_|31
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Trong d6 : | 1w I ” I 518 dong do mot minh Elgay ra, | 13 I - I 3312 dong do mot minh

E ,gay ra. Vay nguyén ly xép chdng gitp thém mot giai phap tinh mach phtc tap.
Tir d6 suy ra : trong mach c6 nhiéu kich thich cung tan sd, néu chi c6 mot kich

thich Flbién dong thong sb (thay doi vé tri hiéu dung va goc pha) con céc kich thich
khac xac dinh, thi c6 thé viét mdi dép tng X  l1én hé tuyén tinh véi riéng Fldang :
X =T F+ X, (4-5).

Tir (4-4) ta thdy X ,,chinh 13 tdng nhimg s6 hang T, F, va X ,,1a mot s§ phuc
xac dinh vi cdc nguon tuong trng gy nén chung la khong doi.

Ciing suy tuong ty néu c6 hai ngudn bién thién 1a Fl , F2 thi :

X =Ty Ft T, Fot Xy (4-6).

Néucol nguén bién thién F Fz, ,F :

X =Ty Ft T, Fot et Ty Ft Xy (4-7)

Quan hé tuyén tinh giita cac dap tng :
Khi trong mach tuyén tinh c6 mot thong so bien thién (hodc mdt ngudn kich thich

thay d6i) thi dap tmg & nhanh k 13 X , lién hé tuyén tinh véi dép tmg X ; & nhanh j bt
ky dudi dang: X ,=A X +B  (4-8)
Quan h¢ nay dugc suy ra tir (4-5)
X =T, F+X . 7
T T coila F thay déi
X =T, F+X,

Thuc hién viée bién déi khir F,1ap quan h¢ giita X ,, X |
i X ijl = Tkl Flle + le X KO

X kal = Tkl Flle + Tkl X jo

: : : T, T .
X Ty =X Ty =T, X T, X —>X X T (Xko jOT—"l):Aijj+B
j1 j1
Khi trong mach tuyén tinh c6 hai thong sb (hodc hai nguon) bién thién. Thi ba dap
g & ba nhanh bat ky s& lién hé nhau trong biéu thirc tuyén tinh dang :

X =AY X FAL, X o+ X o (4-9).
Néu co | thong so0 bién thién thi cac dap tng lién hé nhau nhu sau :

X =A X +ALX 44 A, X + X, (4-10).
Vidu : Lap quan hé U véi | trén tai Z, bién dong O so dd mach nhu hinh (h.4-3)

Vi mach c6 mot phén ttr bién dong nén U(i) la quan hé bac nhét dang (4-8).

Treding Aati Hoiic Baich Khoa - Khoa Aidtn - B&i mdn Thidut bé aidin
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U=A.I+B

Can phai xac dinh cac hé sb A, B. Ta thiy
quan h¢ trén phai diing v4i moi ché do ctia mach
dién. Ta xét quan hé trén ¢ hai ché d6 hé mach
va ngén mach tai dé ratra A, B (tét nhién c6 thé
xét & hai ché do bat ky).

Khi hé mach tdi Z, =0 suy ra | = Oluc nay

. . EZ
hé mach cuc a, bnén: U=U =—""2 luc
1 2

nay c6 dang (4-8) 1a :

U,=A.0+B — B=U,,, cin tiép tuc x4c dinh A,

hai

. : - E
Khi ngan mach téi : Z;=0nén U =0, | —Z—l nén :

* ' ngasn
1

E E E.Z,

: - - _E.Z.Z z.Z
Us=0=Al_+B=—"tA+U =LA+ —0 A= el 2t
Z, Z, Z,+7Z, (Z.+7,)E, Z,+7Z,

-727, it E.Z,
Z,+Z2, Z,+Z,
Cac ham truyén dat ciia mach tuyén tinh hé s6 hang
Ta xét ham truyén dat Ty, trong nhitng trudng hop cu thé :
Ham truyén dat ap : Chi kha niang cp ap cho nhanh 1 tir riéng mot ngudn ap o
nhéanh tha k :
ouU, . o
Koy =—— (4-11) rd rang K, = U, khi E, =1V
O0E,
Ham truyén dat dong : Po kha ning cip dong vao nhanh I tir mot minh ngudn dong
o0 nhanh thu k :
al, . o
Kyk=— (4-12) ro rang K, =1, khi J, =1A
0J,
Ham tong din : Do kha ning truyén dong dén nhanh tht I tir mot minh ngudn ap &
nhanh th k :
ol

= a—_" (4-13) goi la tong dan twong hd. Khi Y,, =— (4-
oE, 0E,
14) goi 1a tong dan vao, chi 16 kha ning tao dong & nhanh k do mét minh ngudn ap &
chinh nhanh do.
Ham tong trd

Viay : U=

YIk

U,
8,

Tong tré vao : Z,, = (4-15)
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Téng trd twong ho : Z, = & (4-16)

0J,

Cac ham truyén dat 1a nhiing thong s6 dic trung cia mach co tinh toan cuc, né
phu thude cAu trac, thong sb, tan s, khong phu thudc vao kich thich, né biéu dién theo
tan s6 goi 1a dic tinh tan. C6 thé do, tinh bang thyc nghiém.

Hinh v& (h.4-4) cho m6 ta quan hé tao tong trd, tong dan :

I-k Ik
—» —»
- 7 -

U K U
h.4-4

Tinh d6i xirng, tinh twong hd ciia mach : ,
Tinh d6i xang : Truyén dat gitra nhanh k va | cia mach goi 1a d6i xtng khi thoa
man : Ty = Ty, voi tat ca 4 loai truyén dat. Tuc 1a bdo dam :
Kok =Ko K =Ky
Yo=Yy 2 =2,
Tinh twong hd : Mach c6 tinh tuong hd khi théa man quan hé :

{Ylk = Ykl (4-18)
Zlk = Zkl

(4-17)

Tir quan hé (4-18) thiy khi dit ap Ukvéo nhanh k gdy trong nhanh 1 dong
ilz \ U (thi khi chuyén 4p d6 dit sang nhanh 1 s& gdy trong nhanh k dong dién

=Y, U=Y, U-=1,.

Tinh twong hd d6i khi con goi 1a nguyén 1y twong hd nhiéu khi dugc van dung dé
gidi ra dap ung cua mot nhanh theo dap (mg cuia mot nhanh khac ung véi so d6 dé tinh
toan hon. Piéu d6 duoc minh hoa qua so dd ¢ hinh (h.4-5) :

— R
5
2 4 2 E 4
T | -
E@ 6 6 Is
h.4-5a h.4-5b

Viéc tinh | , & nhanh 5 so d6 hinh (h.4-5a) bang viéc tinh toan I ¢ 0 nhanh 6 cua
5o db hinh (h.4-5b). Tirc |6 hinh (h.4-5a) bang | (& hinh (h.4-5b).
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Luu ¥ chiéu cia E d3t vao nhanh 6 & hinh (h.4-5b) cung chiéu véi dong i 50 hinh
(h.4-5a). Ta thdy mach Kirhof chira c4c phén tir thy dong R, L, C déu c6 tinh twong hd.
Con mach chira c;ic den dién tir, ban dan 1a mach khong tuong ho. Mach tuong ho thi
bang Z.;, Y4 s€ doi xting qua truc chéo chinh.

le ZlZ Zln
2, Z,, . Z

[Z nh] — 21 22 2n (4_19)
z, Z z

nl
Cac phﬁn tor trén duong chéo chinh Zy, Z,,, ..., Z,, 12 téng tr¢ phuc cadc nhanh.
Céc phan tir ngoai dudng chéo chinh Zi = Z;; (vo1 1) 1a téng trd phirc hd cam giira
cac nhanhivaj suy ra Z1J =jXj= J(DM1J
Ma tran tong dan nhanh cta mach hd cam la nghich dio ctia ma trdn Z,,

Yaul=[2,]" (4-20).
Tu (4-17), (4-18) ta thdy mach c6 thé tuong hd nhung chwa chic da dbi xtmg.
Nhung mach d3 ddi xtng thi dwong nhién 1a twong hd. Vi du nhu mach & hinh (h.4-6)

n2 - nn

Co : M]2 = M21 nén Y12 = Yz] , 212 = Zz] Vay mach

M x
>, tuong héo Nhu’\l’/l\% :
Wy W KLuz_'_J;::__L
U2 WZ A A A
| U w — K., # K, vay mach khong doi
h.4-6 Kiy=—"2=—2
Ul 1

xung.
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CHUONG 5
MACH TUYEN TiNH CO NGUON CHU KY KHONG DPIEU HOA
Trong thyc té ngoai kich thich diéu hoa ta thuong gap cac kich thich chu ky

khong diéu hoa nhu cac ngudn chinh luu, ngudn xung chu ky, cac ngudn tin hiéu diéu
bién dung trong VTD ciing nhu trong KTD, nén can dan ra phuong phap tinh mach
nay o ché do xac 1ap, lam rd tinh lya chon cua phan ing mach d6i véi tan s, tir d6 dua
dén khai niém vé pho 12 mot cach biéu dién tin hiéu .

Phén tich kich thich chu ky khong diéu hoa thanh tong cac ham diéu hoa cé
cac tan s6 khac nhau

Theo toan hoc : Bat ky mot ham chu ky nao théa man diéu kién Diricle déu co thé
biéu dién duéi dang chudi v6 han cua cac ham luong gidc (diéu hoa, chudi Fourier)

fO=f(t+T)=A,+ Y.C,,, coskot+y,). (5-1)

trong do : A, thanh phan hing (0 =0, f=0,T=0)

k : s6 tht tu cua cac diéu hoa, Cy,, Wy : Bién d0 va goc pha dau
cua diéu hoa thir k.

Nhu vy mot ham chu ky khong hinh sin chinh 1 tong cta cac dudng hinh sin ¢
tan sb boi fi, = k.f, va gbc pha dau v Véi f; =1/ T la tan sb co ban (tr:in s6 cua song
béc nhit).

Vi mdi diéu hoa déu c6 bién d6 va pha ban dau cta nd nén chudi néi trén (5-1) co
thé dudi dang tong cac duong sin va cos, mdi duong déu c6 pha ban dau bang 0.

fO=Ag+D. Amcosko.t+ D By sinko.t (5-2)
P} o=

B
VOi Cim = AL +BZ i = arctgAi

km

Thanh phan hang A, 14 tri s6 trung binh cta ham trong mot chu ky tan s co ban :

Ag= %E fO.dt (5-3) A= %E £(t) cos kot.dt (5-4)

Bin= % 1‘ f() sinkot.dt (5-5)

Trong cac cong thirc trén, k ¢6 gia tri nguyén duong chay tur 1 dén o0. Khi chubi hoi
tu, nhing thanh phan diéu hoa cao phai nho dan. Do d6 mot cach gan dung chi lay mot
vai s6 han dau thuong cting du thoa méan do chinh xac yéu cau. Néu goi mdi duong
hinh sin (mg v&i mdi diéu hoa thtr k 1a mot song thi tip hop cac song tao nén ham chu
ky khong diéu hoa.

Song tng voi k =1, tan s6 f; v6i ; =27f; goi 1a song co ban.
Song tmg voi k=2, £, = 21 v&1 0, = 20, goi 1a song boi 2.
Soéng ung voi k=3, f; = 3f] voi ®; = 3w, goi la song boi 3.
Twr song bdi 2 trd 1én goi 1a song bac cao.

Trong thyc té thudng gip cac tin hiéu chu ky ddi xtng véi truc thoi gian nhu hinh
(h.5-1) tic 1a nhiing tin hiéu c6 d6 16n tai thoi diém ot bang do 16n tai thoi diém ot +1
nhung trai dau :

flot ) = -f(ot +1) (5-6)
Luc nay chudi Fourier khong c6 nhimng thanh
phﬁn diéu hoa chin, tic s& triét tiéu & cac

Ae

((ot+7c) or ©
Tradd y
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diém 2k. Vi néu ton tai nhitng thanh phan diéu hoa chan 2k ta s& c6 :
Jadot + 1) = Agmcos[2k(ot + 1) + yor] = Agm cos[2kot + o] = fa(ot)
diéu nay trai véi (5-6)

Vi vy ddi véi tin hiu chu ky ddi xtmg qua tryc thoi gian ta phan tich Fourier ra
cac song co ban + song bac 3 + soéng bac 5 + ...(no61 chung 1a song bac 1¢). Trong do
ngoai séng co ban rdi dén song boi 3 co bién do dang ké. That vay qua phén tich cac
diéu hoa thdy néu bién do ciia diéu hoa co ban ctia ap 1a 100% thi bién d6 cua diéu hoa
bac 3chi c6 15%, con bién do clia diéu hoa bac 5 chi con c6 10%. Con cac diéu hoa
khac vi bién d6 qua nho nén khong chu y dén.

Thong thuong cac chudi ctia nhitng ham chu ky duoc cho ¢ cac cadm nang toan hoc.
Ciing c6 thé phan tich tir (5-3), (5-4) , (5-5).

Tri hiéu dung va cong suit dong chu ky

Tri hiéu dung : Ta d3 biét dé do kha ning sinh céng cua dong chu ky ta dung tri

-
hiéu dung I 1a gia tri trung binh binh phuong ctia ham chu ky : [ = /% I i%dt (5-7).
0

Gia sir luong chu ky khong diéu hoa i duoc phan tich thanh tong cac diéu hoa co

T o0
tan s6 khac nhau ip, iy, i, ix :i= Y. i (5-8)  taduge I’= %J.(Zik)zdt (5-9)
0 0

0
Tach binh phuong cua téng cac s6 hang i thanh 2 tong, tong thir nhat gdm nhiing
s6 han i” va téng thir hai gdm nhitng s6 hang dang i i; v6i i # i. Ta dwa tich phan vé
dang :

Trong do i 1a nhitg ham diéu hoa timg v6i tan so khac nhau, nén : 12 = > I}
0

=2+ 124124 412 (5-10)
U=UZ+UZ2+U2+..+U2  (5-11)
Tuong twc6: E=/E2+E2+E2+..+4E}  (5-12)
Cong suit dong chu ky : Cong suét tac dung : P =R thay I*=3[’taco :
P= (%t Pl A ) R=Py+ P, + P+ .+ Pc= S P (5-13)
0

Vavi: Py=UgLcospy nén P=> U, cos¥y (5-14)
0

Tinh lua chon dbi véi tAn s clia céc thong sb tdng trd, tdne dan :
Tabiet X =olL, X=1/0.C, X;;=oL thi X =koL=kX, (5-15)
Xcl = 1/oC thi XCk= 1/ke C = XCI/ k (5-16)
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ZK :R+j(kx|_1_xc1/k):zk <@y
Nén tong tré voi song bac k z, = \/R2 + (koL _ﬁ)z (5-17)
)
koL -1/koC
¢, = arctg =

Phwong phap xét mach tuyén tinh ¢6 ngudn chu ky khong diéu hoa

Vi kich thich chu ky khong diéu hoa theo Fourier duoc phén tich thanh tong cac
kich thich thanh phan chu ky diéu hoa khéc nhau, nén co6 thé coi kich thich tac dong
vao mach gom cac kich thich thanh phan c6 tan sé khac nhau. Theo nguyen tic xép
chdng ta co thé tinh dap Gng tmg véi timg kich thich thanh phéan, xong xép chdng céac
dap tng thanh phan ta s& dugc dap tng chung, Gmg véi kich thich chu ky khong diéu
hoa. Viéc tinh dap tmg thanh phén g v6i khich thich thanh phan (kich thich tmg vo1
mot tan sO x4c dinh ) 1a chu ky diéu hoa nén dung phuong phap phire tinh rat thuén loi,
chi can luu y I tinh véi kich thich ¢ tan s6 nao thi tong trd phai dugc tinh theo tan s6
do.

Sau khi tinh duoc cac dap tng thanh phan dudi dang phirc ta chuyén sang dang
tac thoi dé xép chong duoc cac dap tmg chung (lwu y khong xép chong nhiing anh
phirc ciia nhitng diéu hoa tan s khac nhau).

1 (1) = Zig(t), u(t) = Zu(t), e(t) = Zex(t) (5-18)
Con gié tri hiéu dung thi ta c6 theo (5-10), (5-14). I=4/ZIZ , U= /ZU? ,P =3Py
Tir phan tich trén rat ra cac budc giai mach chu ky khong diéu hoa:

Phén tich kich thich chu ky khong diéu hoa thanh tong nhiing kich thich chu ky
diéu hoa c6 tan s khac nhau (théng thuong budc nay khong phai lam ma dugc cho
trudce)

Tinh tong tré phirc cac nhanh theo cac tan sb.

Dung phuong phap phue tinh cac dap ing thanh phan Ung véi timg tan sd.

Xép chong cac dap ung thanh phan dé duogc cac

dap ung chung. "( /\D[\

Vi du : Gidi mach dién nhu hinh (h.5-2). Biét u(t)y | ¢/

=100+141sin 100t, R=100, X,1= 20Q, Xer= VoC= |~ g c—L
10Q. Xac dinh i, I, P trong mach ? t) U T
Giai:

Pay 1a bai toan mach chu ky khong diéu hoa. Kich

thich gdm thanh phan 1 chiéu U=100V thanh phan h-5=2

diéu hoa tin sé o 13 u,(t) = 141sin100t (d3 dwoc phan
tich Fourier).
Ta tinh v&i ting kich thich thanh phan .
Khi chi c6 Uy=100V tac dung : [(=Uy/R =100/10 =10 A cong suét tiéu thu : Py= 120
R =10%.10=1000 W.

Khi chi co U,= 141 <0 tac dung :
Toéng trd nhanh L- C 13 : Z;;.=j (oL- /& C) =j(20 - 10) = j10Q.
Dong quanhanh L-Cla: I, = ZU_l: 141410 = 14,1 < - m/2.

iLc
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Dong qua tro R 13 : | .= %= 141/10 = 14,1 <0.
Dong trong nhanh chung : Il1 = luc+ lr= -114,1 + 14,1 = J2.141(-45°
< 13(t) = +/2.14.1 sin (100t - 45°%)

P, =’ xR = (14, 1/\/_)2 R=14,12.10/2 =980 W

P, =U,..I;. cosp (\/_) 14,1. cos45° =980 W

Tong hop két qua :
Gi4 tri tic thoi ciia dong dién trong mach :
i(t) =iy + 15(t) = 10 + ~/2..14,1 sin (100t - 45°)
Gia tri hiéu dung dong dién trong mach : [ = \/I 2412 =,10° +1412 ~ 17 A
Cong suat tac dung trong mach : P =P, + P, = 1000 + 980 =1980 W .
Pho tin ciia ham chu ky khong diéu hoa

Php bién do va phq pha : . N
Ta biét c6 the khai trién mgt ham thoi gian chu ky khong diéu hoa thanh chudi Fourier

dang : f(ot) = i F., cos (kot + 'Py).
0

trong d6 bién do va goc pha cua cac thanh phan diéu hoa phu thudc tan sé theo nhirng
qui luat hoan toan tuy thudc riéng dang f(wt) : Fin= Fin(®) , Vi = VPim(®)
(5-19)
goi  Fiu(o): phé bién do

Wim(®) : phd pha ctia ham chu ky - goi chung 1a phd tan sb. Véi cap phd tan
bién, pha x4c dinh twrong tng c6 ham thoi gian xac dinh .
Vi vay ta c6 quan hé dong doi gitra mot cap phé tan v&i mot ham thoi gian .

f(ot) [ Fin(®), Pim(®) ] (5-20)
Dbi v6i cac ham chu ky f(ot) thi Fym(o) va lI’km(oa) khong triét tiéu & cac diém roi rac
ko (k nguyén duong 0,1, 2, 3...) trén tryc tan so .

1-50<ot<n

Vi du : Tim pho tan ctia ham thoi gian hinh (h.5-3) : e(ot) =
O-on<ot<2n
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A€ A Exn \Kk
| 90"
| [ [ oseseo,
ol T
(,\)k -
o » 2 3 - T - -do 30 5o _
h_.5-3 h.5-4 anoh_5-5

Vay pho ctia ham chu ky 13 nhitng ham roi rac va gian doan cua tan sb nén goi
1a pho gian doan hay phé vach.

Twr d6 cling thay khi ham khong chu ky, tirc la ham ¢6 T = cothi luc d6 cac vach
pho s€ xit lai nhau, phé s& lién tuc theo tan s6. Vay mot ham khong chu ky s& c6 cac
pho tan lién tuc, con goi la pho dac.

Dang phirc cta phd :
O mdi tan sd ko phé tan xac dinh mot cap s6 modun - argumen (Fyy, Wim) Vi vay

c6 thé biéu dién bang s6 phic F,_=F_e"« . Cac sé phuc F, (») phan bd roi rac
theo tan s6 lam thanh mot phd tan phirc. Can xac dinh quan hé giita ham thoi gian

f(wt) va phd tan F, (o). Ti :
f(ot)=f, + Z F., coskot+wy,)="f, + %2 F_eveeh +%2 F_e gk
1 T n

:%Z kaej‘lfkejk(ﬂt :%Zka eikmt ,%Fomeiw =f0 N F0m= 2f0’\|/o =0 (5_21)

F km (('0) = ka ((D)ej‘vk(m)

Vay dang pht'rc ctia ph6 hay phé phuc 1a mot ham co6 gia tri phl’J:c 10i rac cua tan
sd . Tri tuy¢t d6i ctia ham do 1a phd bién d6 con argumen 1 phd pha. Phd _phuc la
mot cach biéu dién rat gon tin hiéu thoi gian bang mot ham gia tri phirc ciia tin s rat
tién dung trong tinh toan phan tich qua trinh.

Tinh phd phirc theo tin hiéu da cho :

Tir cong thue (5-21) ta tim dugc ham thoi gian theo phd phirc da cho. Nguoc lai

ta tim dugc phd phirc theo ham thoi gian di cho.

bé tim pho phtc F, (®) can tim so phuc F, ung voi cac tan sO ko. Mudn vay

A s Ao 7. 1 -i N 1A ’ A A S
nhan hai vé ctia (5-21) véi = e va 14y tich phéan theo ot trong mét chu ky ta duoc :

oc

2n 21 o
LTt te d(ot) = = [Fden+ Y — j F, el d(ot)
To 21

I:—oo k¢|

Theo Euler c4c s6 hang dang F,_ €™ véi Ik 1a tdng ciia hai ham didu hoa nén
. 1 2n .
tich phan cta ching trong mdt chu ky bang 0 va tich phan o J. F.,.d(ot)=F,, nén
o
ta dugc cong thuec :

2n
Fon= = [T (ot). " d(ot) (5-22)
Y
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Néu k 1a mét s6 da cho thi cong thirc (5-22) cho ka 1a mot sb phirc tmg véi tan
sO k. Néu coi k 1a thong sb chay thi (5-22) cho mdt ham sé phirc ciia ko hay cia o
va d6 chinh 12 phd phuc can tim cta ham thoi gian f(wt).

Treding Aadi Hoiic Barch Khoa - Khoa Aidln - Bau man Thiddt bé aiadn
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CHUONG 6
MANG MOT CUA TUYEN TINH

Khai niém :
Trén thuc té hay gap nhiing thiét bi trao ddi nang luong, tin hi€u qua mot cap cuc nhu
may phat dién, dung cu do luong ... Nhitng thiét bi, mach c6 2 cuc do goi la mang mot
cua (hay mang 2 cuc)
Véi mang mot cira da biét két cau, thong s, kich thich thi c6 thé tinh dép tmg can thiét
theo cac phuong phap tinh mach dé néu.
Nguoi ta quan tam chu yeu dén qua trinh trao d6i nang lugng, tin hi¢u trén ctra nén
néu dé mang 1 clra voi cau trac, thong sd cu the bén trong thi viéc 1p quan h¢ trén cac
bién trén cira s& rat phirc tap. V&i muc tiéu d6 can dan ra mot thong so ¢o tinh toan cuc
dé dic trung cho mang 1 cua, dé tir 36 mo ta qué trinh trao doi nang lugng, tin hi¢u tu
clra ra ngodi qua cac bién trang thai trén cira. Phuong trinh trang thai d6 chinh Ia
phuong trinh mé ta hanh vi, phan ng ciia mang mot cira. Qua phan tng do6 c6 thé biét
dai dé vé mang 1 ctra ma khong can biét ciu tric bén trong.
Trén thyc té c6 thé gip nhitng khdi mot ctra chi c6 chira ra 2 cuc con khong biét gi vé
bén trong (nhu la hop den). Luc nay néu dinh nghia dugc mot thong sd dac trung cho
mang 1 cta thi c6 thé bang do ludng dé xac dinh thong sb nay cho hop den. Khi da
biét thong sO dic trung cua no thi ta co thé tim mot mach c6 cau tric va thong sd cu
thé dé thuc hién quan hé truyen dat cia hop den. Viéc lam nhu vay tic la tong hop
mang mot cua.
Vay viéc dua ra Iy thuyét mang 1 cira 1a dwa ra thong sb dac trung cho né dé tir d6 néu
chi quan tdm dén su truyén dat ning luong trén cira thi ta thay thé mang 1 cira bang
thong ) dac trung lam cho mach dién don gian, tién lgi cho tinh toan, ngoai ra trén co
s& d3 biét thong s6 dic trung ta thyc hién bai toan téng hop mach di¢n, tuc la thiét ké
ra nhirng mach dién v1 mot quan hé truyén dat biét trude.
C6 thé phan mang 1 ctra ra cac loai sau déy :
Mang 1 cira tuyén tinh.
Mang 1 ctra phi tuyén.
Mang 1 cua khong ngué)n (con goi 1a mang 1 cua thu dong).
Mang 1 ctra ¢6 nguon (con goi la mang 1 cira tich cuc).
Trong chuong trinh chu yéu xét mang 1 cura tuyen tinh ¢6 va khong c6 ngudn.
Mang m{t cira tuyen tinh khong nguon & ché do xac lap diéu hoa.
Phuong trinh trang thai :

Mang 1 cira tuyén tinh khong ngudn duoc biéu dién nhu hinh vé& (h.6-1). N6 la
mang 1 cira bén trong khong c6 ngudn, tirc 1a khi ngan mach ctra thi dong I,= 0, hay
hé mach thi U, = 0.

Vi mach khong ngudn, tuyén tinh diéu hoa nén T -
ap va dong trén cua lién hé nhau trong bi€u thuc luat l tuyén
Om ctia nhanh khong nguon turc 1a : U tinh

U=2Z,.1 hayl=Y,.U (6-1). h.6-1

Trong d6, Zy, Yy 1a thong sd dic trung cho hanh
vi, phan rng ciia mang 1 ctra. Zy , Yy la thong so c¢6 tinh toan cuc cia mang 1 ctra.

U » s 2 A ,
Z,=—=12,.€"=2,(p latong tr¢ vao cua mang 1 cira

U.
ZV :T’(P:\I]u_“l"i
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Vay mang 1 cira tuyén tinh khong ngudn duoc dic trung boi Zy hay cip (zy, ¢)
hodc boi Yy hay cap (yv, - ¢).

So db thay thé mang mét ctra tuyén tinh khong nguon

Tir céc dic trung ciia mang 1 cira khong ngudn :

Z,=2,{0=R+jX =2,.c080+jz, Sing

Thédy rang c6 thé dan ra so do thay thé trong duong cho mang 1 cira khong
ngudn 13 mot nhanh c6 téng tré Zy gom dién trd R ndi tiép véi dién khang jX nhu hinh
ve (h 6- 2) \ s N 1 [ 1

_ Khi déc trung mang mot cira khong ngudn bang T R DS
tong dan phuec : o

Yv =Yy (-p= Yy-COSp— Jyv sinp=g-jb

Thi so d6 thay thé trong dwong lac nay 1a Yy
gom dién dan g ndi song song vai -jb nhu hinh v& h.6-2
(h.6-3)

Vi dy : Thi nghiém phan Gng cua mang 1 cta T
khong ngudn & mot tan s6 dugc U =220V, [=5A,P =
550W, ¢ > 0 nhu hinh (h.6-4). Hay xac dinh so do thay o
thé mang 1 cira do.

Tur ap, dong, cong suét do duoc ta xac dinh : téng h.6-3

tro dau vao Z, = % = 2—50 = 44Q); Goc léch pha ¢ =

Y

P 550 0
arccos— =arccos—— =60
u.l 2205

Tong tré vao phic : Z, =z, (¢ = 4460° = 44c0s60° + j44sin60° = 22+ j38(Q)
Vay so d6 thay thé nhu hinh (h.6-5)

*
ENY /v}q\ — e B
T\ uyén R e R
. v tinh U - b
khéng
ngudn
h.6-4 h.6-5
A X R X ) 1 1 0
Biéu dién tong dan phuac: Y, = =0,0227-60

Z, A460°
v =0,0196-j0,0114

So d6 thay thé nhw hinh v& (h.6-6) :
Mang mt cira tuyén tinh c6 nguon & ché d§ xac

Y

lap diéu hoa. 1
Phuong trinh trang thai : U 0,019 | -
Mang 1 cira c¢6 ngudn dugc biéu dién trén - A
hinh (h.6-7). N6 14 mang 1 cta gdém nhiing phan el
tlr tuyén tinh bén trong c6 ngudn, tuc 1a khi ngan )
mach ctra thi I,; # 0 va khi hé mach ctra thi Uy, # 0.
T 7 tuyén

[Jl tinh

Tr®ding Aali Holuc Barch Khoa - Khoa Ai&Gn - BAU man THIAUT bA oo I
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Vi ¢6 nguodn nén dap tmg & cira phu thudc nguodn, voi kich thich diéu hoa ta c6
quan h¢ (4-5) nén quan h¢ gitra U va | trén cira 14 quan hé bac nhat :

U=A.lI+B(6- 2) hay | =C.U+D(6-3)
Can xac dinh cac hé sé dic trung A, B,C,D.
Vay déc trung cho mang 1 cua c6 nguon la cap hé s6 A, B hoic cap hé s6 C, D.
Ta thay quan hé trén phai diing cho moi ché d6 ctia mach dién nén xét ¢ hai ché
d6 dic biét dé dan ra cac hé sb xac dinh A, B :
Truong hop khi hé mach cua :

| =0, U = Unathay vao (6-2) ta ¢6 :
Uha| AO+B=>B= Uha|

Cac ngudn bén trong mang 1 ctra 1a xac dinh thi Unala xéc dinh nén B 1a xac
dinh v&1 mdt mang 1 ctra.
Truong hop ngan mach cua :

U=0,1=-I ngasthay vao (6-2) ta c6 :
O:A.(— ingaan)Jr B A= o = w_7
| ngaon Ingéa()n

Nén ta dugc dang phuong trinh trang thai thir nhat : U= Z,. I+ Una (6-4)
Xac dinh C, D:

Truong hop khi ngan mach cua :
U =0, I = Ingothay vao (6-3) ta c6 :

ingéﬁn: CO+D=D=1 ngas; D hoan toan dugc xac dinh véi mang 1 ctra co nguén
xac dinh.
Truong hop khi hé mach cua :

| =0, U = —Unathay vao (6-3) ta ¢6 :
0=C.(—Uhaij+D:>c= D Dy L
Uns  Una

Ta dugc dang phuong trinh trang thai thtr hai : | =Y. U+ I ngas (6-5)
So dd twong duong va cic dinh 1y vé mang mét cira tuyén tinh tich cuc :
Cac phuong trinh trang thai (6-4), (6-5) chi 16 co thé mo ta mang 1 cira tuyén
tinh c6 ngudn bang hai so d6 mang 1 cira twong duong dudi day :
So @6 Thevenin - Pinh 1y Thevenin : ( Thevenin (1857-1926) K§ su vién thong Phap) :
Phuong trinh trang thai dang (6-4) c6 dang luat Kirhof 2, n6 mg véi so d6 ndi

tiép mang 1 ctra khong ngudn c6 téng tré vao Zy v6i ngudn ap U, U= Z,. I+ U
nhu hinh vé (h.6-8)

Trong do Zy la téng trd vao cla mang 1 cua > (<)
khong nguon twong Gmg tirc 1a bo nguoén ap béng
cach ndi tit, bo ngudn dong bang cach cat duat
mach dong trong so @6 mang 1 ctra c6 ngudn s&

U Une .

Treding Aali Hoiic Batch Khoa - Khoa Aialn - Bai man Thiaut Be &i&un
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dugc so d6 mang 1 cira khong ngudn tuong ung. Tur d6 c6 dinh Iy Tévénin " Co thé
thay tuong duong mot mang 1 cua tuyén tinh ¢ nguon bang mot ngudn dién c6 Sdd
bang dién ap trén hai cuc khi ho mach, nbi nbi tlep v6i mot tong trd trong bang tong
tré vao ciia mang 1 ctra khong ngudn tuong tng".

So @6 Norton - Pinh 1y Norton :

Tur dang phuong trinh trang thai (6-5) | = Y, - U+ L ngas, €O dang dinh luat Kirhof

1 cho 3 dong dién I , Y. U, lngas, 0O g v6i so do ngudn dong gdm ngudn dong ndi
song song véi tong dan vao Yy nhu hinh v& (h.6-9).

»-
»

Trong d0, lngschinh 1a dong ngén I
mach trén ctra, Yy la téng dan vao cua
mang 1 cira khoéng ngudn twong Ung v D v @Ingén
v- L

Zy h.6-9

Tur d6 c6 dinh ly Norton (Norton 1898 Ky
su dién, Cong ty dién thoai Bell - My) :
" Co the thay thé mang 1 cua tuyén tinh c6 ngudn bang nguon dién twong duong ghep
boi ngudn dong bang dong dién ngan mach trén ctra nbi song song véi tong dan vao
Yy ctia mang 1 cira khong ngudn twong tng.

Ta thiy hai so d0 trén 13 tuong duong nhau, c6 thé bién dbi qua lai cho nhau,

chon dung so dd nao 1a tuy sy tién loi. T4t nhién khi khong nguén : Ingasn=0, Unai=0
thi ta tré lai so d va phuong trinh mang mot ctra tuyén tinh khong ngudn da xét.
Ung dung cac phwong trinh trang thai va so d6 twong dwong ciia mang mdt cira
tuyén tinh c6 nguon.
Khi gip mot mach dién phirc tap c6 nhiéu nhanh nhiéu nat nhung chi can tim ap hodc
dong ¢ mot nhanh nao do thi van dung phuong trinh va so dd Tévénin - Norton dé tinh
toan s€ duoc thuan lgi. That vay vi du nhu ta can tinh dong dién ¢ nhanh co téng tréd Zy
trong mach nhu hinh v& (h.6-10) ‘ 2

Néu nhu theo cac phuong phap da hoc ta can .
phai gidi h¢ 13 phuong trinh méi xéc dinh dugc dong ﬂ 7

b

lvqua Zy. Ung dung Tévénin (Norton) ta cit nhanh can 1
quan tam ra, phﬁn con lai cua mach s€ 1a mang mdt ctra
véi hai cuc a, b dé ndi vao nhanh Z, can xét. Ta s& co
dugc mach dién don gian va tinh dugc dong
o= I ( 6-6)

Z,+7Z,

h.6-10

| — . Hoac c¢o thé .
Ly 2 duing so do

Uns 7 Norton nhu C I, Y v
“ LI hinh vé (he O ! *

b 12): b

h.6-11 . h.6-12

\ : - Z
Tur so do ta tinh duoc dong qua Zy 12 : 1k = lngaor———— (6-7)

V+ K
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Tir d6 ¢6 cac budc tinh dong mot nhanh theo phuong phap may phat dién dang
tri nhu sau :

Tinh ngudn ap U nshodc ngudn dong | ngasclia mang mot ctra da tach ra khoi nhanh can

xét.

Tinh téng tré Zy hoic tong dan Yv cua mang mét cura khong ngudn trong ung (Tu

mang 1 ctra sau khi cit nhanh can xét ta ngan mach cac ngudn ap va cat mach céc

ngudn dong dé co mang | cura khong ngudn) néu mang mot cira da biét cau tric, thong

sO thi dung céac cach bién d6i tuong duong dé xé4c dinh Zy, Yy néu la hop den thi dung

cac phuong phap do ludng dé xac dinh Z,=2,(0;Y, = Zi =Y, (-0

Cubi cung tinh dong nhanh x¢ét bang cong thirc (6-6), (6-7). o
Vi du : Cho so d6 cau nhu hinh (h.6-13). Hay tinh dong dién qua di¢n ké bang

phuong phép Tévénin

\

Zq Z

&=,

E

()
&

(S
_/
h.6-13 h.6-14 h.6-15

Ta quan tam dén dong qua dién ké lsnén cit nhanh Zg ra tai hai cuc b va d s8
dugc mang mot ctra ¢6 ngudn nhu hinh (h.6-14). Tir d6 tinh dugc : Unsi= Ung

Unsi= Upg = Uaa— U = Isz3 — I121
-

mai i3 = 1 =
Z,+7Z, Z +7Z,

N U EZB__Ezl::%?JL+ZQ—ZAL+ZQ}
Z,+2, Z+Z, Z,+2,)Z,+2,)
Nbi tat ngudn ap E trong so d6 (h.6-14) ta duoc so (}’6 (h.6-15) dung dé tinh tong
trg vao. Tu hai cuc b, d nhin vao mach ta xac dinh dugc tong trd turong duong:
Zy = (Z\/1Z,y) nt (Z5/174)
— leZ + ZBZ4 — ZlZZ(ZB+24)+ZSZ4(Zl+ZZ)
Yz,+72, Z,+Z, (Z,+2,)Z,+2,)
Theo (6-6) ta tinh dugc dong dién qua dién ké :
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ls = Una - E Z,(Z,+2,)-2,(Z,+2,) 1

ZV +ZG (Zl+ZZ)(ZS+Z4) Z +leZ(Z3+Z4)+Z3Z4(Zl+ZZ)

© (Zl+ZZ)(ZB+Z4)
|'G — E ZB(Zl +ZZ)_Zl(Z3+Z4):| (Zl +Zz)(Z3+Z4)
(Zl+ZZ)(Z3+Z4) ZG(Z1+Zz)(zs+z4)+zlzz(zs+Z4)+Zsz4(z1+zz)

& 2,(2,+2,)-2,(Z,+Z,) }

_ZG(Zl+ZZ)(Z3+Z4)+ZIZZ(ZS+Z4)+Z3Z4(ZI+ZZ)

Qua biéu thire lsta thdy cdu s& can bang (tic 1e= 0) khi Una=Otirc 1a khi :
zZ, Z
Z3(Z] + Zz) V4 (Z3 + Z4) 0— Z3Zz VAV 0 hoac 7 22 (6 8)

3 4
Vay dé cau can bang thi phai thoa man (6-8). ’
C0 thé van dung dinh ly Tévénin - Norton dé tinh dong trong tat ca cac nhanh
Dé chung minh di€u do theo dinh ly bu ta thay mot nhanh bat ky bang mot ngudn dong

| nhu hinh (h.6-16). Theo tinh chat xép chong, dong trong mdi nhanh bat ky ctia mach
dién trong (h.6-16) s& 1a tong hai thanh phan do cic ngudn trong mang mét ctra (h.6 -

17) gy ra cong v6i do ngudn dong I (h.6-18) gay ra.

PN N nguon
nguon nguon

h.6-16 h.6-17 h.6-18
Chu y khi tinh cac dong giy ra bai cac ngudn bén trong mang mot cira (h6-17)

can ngat mach ngudn dong |.

Khi xét riéng ngudn dong I (h.6-18) ta c6 ngudn dong | = ZU i

\Y

Iz & day Unala

ap ho mach ¢ (h.6-17), Zy tinh tir so do hinh (h.6-17) 7
nhung loai bod cac ngudn bén trong, Z 1a tong tr¢ nhanh ta .
. . ) : : Khéng Une
cat dé thay thé bang nguon dong. Vi Unsi=I1(Z,, + Z)nén nguén |4
\
ta c6 thé thay ngudn dong | bang ngudn ap Unanhu hinh

(h.6-19) dé tinh. h.6-19
Céc budc tinh toan nhu sau :
Cat hé mach mot nhanh bat ky, tim cac dong gay bdi cadc ngudn trong mach, dong thoi

tinh U nai.

Triét tiéu cac ngudn trong mach, dat vao nhanh da cit Sdd Unasau d6 tinh dong do no
gay ra trong cac nhanh cuia mach.
Cong dai s6 cac dong thanh phan trong mdi nhanh tng véi hai truong hop ta duge cac
dong dién.
Piéu kién dwa cong suit cuc dai ra kh6i mang mot cira

Cho mang mot ctra co nguon cung cap cho mot tai co thé bién dong Z,. Xac dinh
dleu k1en ta1 Zt can thoa min dé mang mot cua dua duoc den tai cong suit cuc dai.
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Hé thong dugc mé ta nhu hinh (h.6-20a)

L >
N < I
Ngudn Zy . w - 7
an Uhé t
h.6-20a
h.6-20b

Theo dinh ly Thevenin ta thay mang mot ctra bang mot nguon tuong duong U héty
Zyy , 6 day Z, 1a tong tré vao mang mot cira. No1 chung : Z,,, = 1y + jXye ta dugc so dd
hinh (h.6-20b) v&i Z; = 1, + jX,.

2
hai _ 112 I

b 72 1)+ (X X))

Tir biéu thirc ctia P thay rang mudn dua dén tai cong sudt 16n nhét can co hai didu
kién :
Thoéa man : Xp, + X = 0 = Xpg = -Xy

Cong suat dua dén tai bang : P=r,.1> =7

r
Thoa min : ———— 16n nhét.
(r +1, )?

I
Vi 1, = const nén diéu kién (b) duoc théa man khi : d l:ﬁ} =0— giai
r +r
ng

ra ta dugc r,, =1 .
Viét gop hai diéu kién dudi dang phtc : Ing T JXng =Tt - JXchay 2 =2, (6-9)
Khi diéu kién nay thoa min thi cong suét dua ra dén tai s& cuc dai va bang :
2 2 2
Uhal t Uhal t _Uha|
(rng +1,)? ,(2.rt)‘ 4 ‘ ) .
Ltc nay hi¢u suat truyén tai ndng lugng tr nguodn dién tuong duong dén tai bang

P rl? r

n=—-=—+"——-=-=05
P, (rg+rol* 2r

Tur cong thu:c cho thdy s& c6 hiu suét cao hon khi r; > r,,,. Khi cong suét truyen
dén tai dat 16n nhat thi hiéu suat dat duoc rat nho. Can nim rd dic diém nay de tuy
truong hop yéu cau cu thé ma can d6i Iya chon giita hai mat. Vi du nhu khi truyén tin
hiéu thong tin, khi thiét ké cac bd khuéch dai cong suat nho, khi phat tin hiéu c6 cong
suét nho, ta quan tam sao cho cong suét phéat ra la cuc dai con khong luu tam dén hiéu
SUAL.

Trén thyc t& Z, va Z, ¢ thuong khong tu thoa man quan hé (6-9), vi vay dé thoa
man diéu kién do ta phai n01 thém giira nguon va tai mot bo phan trung gian co thong
s thich hop dé tao quan hé trén. Viéc 1am nhu vay goi la hoa hop nguén vai tai.

Pic tinh tin mang mot cira thuin khang gom L-C nédi song song nhau (Fosto
song song)

Nhanh L-C nbi song song nhau duoc Fosto dua ra goi 14 so dd Fosto.

Dbac tinh tan nhanh Li-Cy:
Biéu thirc : Vi Ly ndi tiép voi Cy nén téng tré cia nhanh L -C; béng :

. 1
Z (o) = joL, + ij

(6-10) chia ca tr va mau cho L,C ta duoc :
k
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(jo)* +
Z (0)=L, ——*—_ Trong d6:

Jo k 2k
ap cua nhanh Li-Cy, ¢ tan sb nay téng tro Zy(®) = 0—> ta goi do la diém khong cua
tong tro va duong nhién d6 la diém cyc cta tong dan (dlern ¢6 tan s lam cho tong dan
Yi(®) = o< ). Qui udc danh sb nhitng diém zéro cia ham tong dan Y, (o) bang chi s 1é
tu thép dén cao ®;, W;,..., Wy va cac diém cuc cua nd bﬁng céc chi sb chin : @, oy,

1a binh phuong tan s6 cong hudng

., W2y V6i nhanh thir k c6 diém cuc cia tong din w?, = %
Vay n6 dugc déc trung boi diém cuc oy va mot trongkhaki hé sb L, Cy.
Ta ki hiéu : L_lk = Nk,...,l_il =N,,... jokihi¢ula$S
Z (jo)y=2Z,(5 =L M (6-10)
Y (S) = 1 5 N2 (61

z (S) L S+0’ S+l
Y, (@)= ijﬁ (6-12)

2k
Ve dac tinh cia Z(®), Y(@) :
Vi thuan khang nén Z(o) = jX(®) = j[X (o) =X (oa)]

~

DPuong x(®) nhu hinh (h.6-21) tir d6 dua vao cong thic Y (w) = y(o) = % vE
X(®
duong y(®) nhu hinh (h.6-22)

1A |
X((DA X1, J i
' X |
o}
W2k xcr i
Olo; :
h.6-21
Ly  Cy !
| ke
h.o-22
Ta thay :

Tong dan Y(m) thuan khéng 1a mot ham gid tri 4o ctia bién ®
Ham Y(®w) moi nhanh déu triét ti€u & ®,;= 0 va ® = oc, moi nhanh deu cé riéng mot

s 1 \ ;o \
diém cuc o,, = O tan sO thap ® < wy nhanh cé tinh dung véi Yi(w) > 0, ¢ tan
VL. C,

sO cao ® > my, nhanh co tinh cam véi Yk((o) <0.
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Zy =Xy > Z =X > z(m) la nghich dao cua y(®) nén moi nhanh déu co tong trd vo
cung 16n & ®; va ©, va mdi nhanh déu co diém zéro rleng ctia tong trd 1 moy

Z(®) ctia nhanh thuan khang 12 ham gia tri 40 cua tan sd

Z(®) ludn tang theo tan s6 nhu hinh (h.6-22).

Dic tinh tin cua so d6 L-C ndi song song : (goi 1 Fosto song song)

Biéu thirc : Néu so dd gdm n nhanh L-C song song thi ham tong din c6 dang :

YO =X,
1
S S n
Y(S =N + N =>»N 6-13
®) 'S+l 232 +(o4 21: “ 2k( )
hoadieY (S) = JmZN . (6-14
-

2k
Qui dong mau sb cho (6-13) roi cong lai ta dwoc mot phan thirc ddi voi bién S.
Mau thirc 12 mot da thirc bac n d6i véi bién S°. Sép xép lai t&r thire no6 s€ c6 dang tich
cua S voi mot da thirc ¢6 bac (n-1) dbi véi S*. He sb cua S* trong mau thirc va tir thirc
déu duong va thyc.
Vi nhan xét d6, co thé viét ham Y(S) Fosto song song dudi dang phan thirc hitu
ti d6i v6i S (bac chén dbi véi S)
2n-2

Vg —sleS B STt )
(s° +o )(s +a)) (S +o )
hodic Y(s) =S a, ,S"’+a, St +..+a, (6-16)

s +b, ,$"?+..+b,s* +b,

Trong d6 cac hé s6 a, b co quan hé Vé’i Nk :
% “)03 O . 2 2 2
a, , ZNk, a, —ZN —2 AT b = 050505,
2k
Ngoai nhitng nhanh du Ly - C so d6 con c6 thé thém mot nhanh thuan cam ki

hiéu L, (lay chi s0 0 vi dién dan nhanh nay Y, = co cuc & wy = 0, va thém mot

0

nhanh thuan dung ki hiéu C,, (vi
L, L, L, cuc cua dién dan
——c.. %Lo Y, = joC, &b, =x). D6 1a

nhitng nhanh thiéu va ngoai 1é
nhu hinh vé (6-23)
Luc d6 dic tinh tan c6 dang :

1

N
Y(s)= SZN o +?+SC
2k

Cy Co Cs

h.6-23

(6-17)
Trong do: N, =

zo'_|l—‘

Y (o) = jmz —]——I—jO)C (6-18)
1 2k'_(D

Phén tich cac dac tinh tan trén ta thiy ham tong dan Fosto thuan khang song
song co nh&ng tinh chat sau :
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Véi so d6 Fosto song song gém nhirng nhanh du hogc c6 thém nhanh thqﬁn cam thi tu
thirc kém mau thirc mot béc doi véi bién s. Riéng khi c6 thém nhanh thuan dung thi tir
thirc cao hon mau thuc mff)t bac. N(’)i chung bac tir thic va mau thirc luén sai khac
nhau khong qua mot bac doi vaoi bién s.

Tt thirc va mau thic 14 nhimg da thic hé sd duong, thuc ddi voi bién s (s = jo).
Trudng hop dy nghiém mau thic 1a nhimg sé thuc am s° = —02;s° = —w’...(hoic
S=tjo,,tjo,,...). Do 1a nhing diém cuc ctia ham téng dan.

Suy ra nghiém ciia tir thirc d6i véi s ciing 1a nhimng s6 thuc dm : —o?,~02,...D0 1a
nhitng diém zéro ciia ham téng dan Y(s).

(s* + 02)(s* + ®2)...(s* + w3, ;)
(S* + @2)(S* + 2)...(s° + ®3,)

Y(s) =sa,,, (6-19)

Nénchuy:
s? = (jo)? = —0°,s° = —0°,s° = —0..vais' = n*,s* = 0°,...s"" =0® khi chuyén
sang v4i bién o thi dic tinh ’tﬁn Y (o) 1a mot ham gié tri 40 cta tAn s o v6i mau va tir
thirc 1a nhiing da thirc dan dau.

Y(0) = jo_ a, 0" +a, o -..+a,

M —b, ,0"?+..+b,

(6-20)

() —0*)(0; - 0°)...(5, ; —©°)

(03 — 0% )(0F — ®?)...(03, —»?)

Dac tinh tan so d6 Fosto song song vdi cac nhanh du.

Theo (6-14) ¢6 Y(®) = jod N,
1

Y(w) = joa,,,

(6-21)

——— €0 bao nhi€u nhanh du c6 bay nhiéu
2k

Sé hang Y(CO) = ijl%“r ijz%ﬁ‘...‘l‘ ]Q)Nk — 7

®, —® ®, —® ®,, — O
Céc duong dac tinh Y (), Ys(®),...,Y(®) da biét trén dd thi nén béng cach cong
tung do cac dac tinh tan Yk(u)) ta duqs: dic tinh tan cta nhiéu nhanh du song song.
Vi du : V€ dac tinh tan cua so d6 2 nhanh du song song nhu hinh (h.6-24)

ELl E L2
Cy C,

h.6-24a

Ta rut ra nhan xét :
Y(®) thuan khang 1a mdt ham gi4 tri|do cia tan s

: : 4 Vl nglirgglglémicir W), My, ..., M.
biém o= 0 va ®w,= o la hai diém zéro ctia moi nhanh.

Tong din Y(w) ludn ting theo tan sb vi né 1a tong cac ham Y (o) ting theo tan sd. Vi
vay suy ra cac diém zéro va cac diém cuc cua tong dan Y(w) xen ké nhau trén tryc tan
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s0. Vi Y(o) ludn ting nén khi ting tir -co dén + oo giita hai diém cuc né phai cit truc o

6 mot diém zéro nao do.

Vi so do0 m nhanh song song c6 m diém cyc nén duong Y(®) c6 m+1 diém zéro 1a o,

= 09 ®3, @s,..., Wp = O

bac tinh tan cua so d6 Fosto song song c6 thém nhanh L, Cy :

Khi c6 thém nhanh L, véi Y (o) :% duong
®

hypebol Y(®) s& tao dugc bang cach cong tung do
cua cac Yi(®) voi Yi(®) nhu hinh vé& (h.6-25)

Nhanh L, lam thay doi di€ém

zZrom®=0vi Y (0)= 1 nén tai
0

® = 0 n6 bién thanh diém cyc, do d6
diém zéro dau tién s& nam giira 2
diém cuc my =0 va m,.

Khi ¢6 thém nhdnh C, — c¢o
Y.(®) =wC— dang duong thang.
Ta tong hop dugc Y(m) nhu hinh vé&
(h.6-26).

Nhanh C,, 1am thay dbi tinh chat
diém zéro m, = o bién nd thanh mot
diém cuc, do d6 diém zéro cudi cung
s& nim gitra hai cuc m,, va ., = .

Ll L2
——C
Cq C,

Khi c6 théfreads, C,, ta sé duge dic
tinh tan Y(o) nhu hinh v& (h.6-27)

Jig]Jl J§§L2

Lo——c¢C,
Cc,——C, BB
Y

A

Ta

0

AJ

h.6-25b

A
i G
e . 3

h.6-26b

Vi du : Xé4c dinh déc tinh tan Y(w) cua
mang mot cuia hinh (h.6-28). Cho C,, =
Cl = C2 = 0,1HF, L] = 25mH, L2 =

4mH.

2 W3

Ll L2

Tr#éinéLAaOi HFUC Barch Kh?a - Khoa

h.6-27b

Aida0n - Bau man TRIaut-b& aiatn

h.6-28
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: . N,o . N,o
Y(0)=joC, +j—5— —2—
0, —® 0, —O
C.=107F,
Nl:i: 1_3:405/!2
L, 2510
sziz%zzwslﬂ,mﬁ: o 1_3 — =4.10°Rad/s
L, 410 L,C, 2510710
o] = 1 13 — =2510°Rad/s
L,C, 410710
: . 40w . 2500
Vay: Y(o)=j.10 "o+ +
e Y(e)=] 210 -0 510 -0 o ,
Dic tinh tan cia mang mgt ctra thuan khang Ly // Ci noi tiep nhau (Fosto noi

tiép)
Dic tinh tin nhanh L // Cy :

Hinh (h.6-29) v& so dd Ly // Cy 1a nguyén t6 co ban cua so dd Fosto ndi tiép. Biéu

=sC, + % (6-22)

k Sk
Cong thuc (6-22) hoan toan gidng dic tinh Z(®) ctia nhanh L,-Cy trong (6-10)
trong d6 luong Cy, Ly d6i chd cho nhau. Ta goi hai mang mot cira ¢6 ham Y () cia cai
no bang ham Z(w) cua cai kia nhu vay 1a d6i ngau nhau.

thire ddc tinh tan : Y (®) = joC, +

Ll 7 Ay

h.6-29a Ta  thiy
dic tinh tan
Z(®) & hinh (h.6-29b) gidng hét dang
Y(o) ¢ hinh (h.6-22). Vay dac tinh tan
tong dan cua L,-C, giéng hét dic tinh
tan tong tréd cua Ly // Cy..
Suy ra dic tinh tin tong tro Zi(o)
caal,//Cila:

S
Z,(s) =S T2 2
%, +5 623)
Z(0)=]S—5—=
2k
Trong d6 : s, = i; 05 = 1 (6-24)
Ck Lka
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Tir biéu thuc thiy dic tinh tan Z (o) ciia nhanh Ly // Cy c6 3 diém bat thuong : &

1

V L ka
diém zéro cua tong dan Yi(wa) = 0 nhung 1a diém cuc cia tong trd Zi(myy) = + joo.
Ltc do ¢ Ly // Cy c6 cong hudng dong. P(mai) = 0, Q(m,i) = 0. Khong co su trao doi
nang luong gitra nhanh voi bén ngoai ma chi c6 dao dong ndi bo gitra hai kho Ly, Cy .
Pic tinh tAn mang mét cira thuan Khang gom L, // C, nbi tlep nhau :

Mang mét ctra Ly // Cy ndi tiép nhau 1a so dd Fosto ndi tiép. Co thé co cac trudng
hop sau day :
Khi Fosto noi llep gom cdc nhanh day di :

Ta c6 biéu thirc dic tinh tan va duong cong dd thi nhu hinh v& (h.6-30) :

Z(s)= ZZ (s) = SZS !

2k4—S

®)=0—>Z(m09) =06 o, = — Z(0y) =0 Va 0 0y, = 0 = Z(0y) = 0, 0y 12

] 1 (6-25)
Z(w)= jmz S
Wy —

So sanh Z(w) ¢ (6-25) voi Y(o) 6 (6-14) ta thay chung i ngau nhau, do do co
thé van dung tat ca ket qua xet tong dan cua so d6 Fosto song song cho viéc xét tong
tro cua so d6 Fosto ndi tiép. Tir d6 ta viét duoc Z(s®) dudi dang phan thire hitu ti ddi
voi s”:

a,, S +a, S +..+4,

Z(s) = s—>2
s + b2n S+ +bsP+D

. ° (6-26)
a,, " +a,, St +..+a,

Z(S):S 2 2 2 2 2 2
(8" +05)(s" +®})...(5" + ®3,)

Khi so do Fosto néi tiép con thém nhdnh don thuan dung C, :

Lay chi so 0 vitong tré Z, = c6 cuc & y = 0.

0
Ltc nay ta c6 dac tinh tan 1a :
S
Z(s z s+——s S, ———+—
() Z () z w2k+S S
Ll L2

Hoiic : NN NN
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L& .S
Z(w) = joY S, % —j— (6-27) 6 day S, = i Puong dic tinh Z(®) nhu hinh
T 0, —O® ® C,

ve (h.6-31) o
Khi so do Fosto noi tiép con |,

A : |

thém nhanh don thuan cam L, : )Z (© i i
Lay L, vi Yi, = joL, co

cuc tal @, = . Tur do ta co bicu
thirc dac tinh tan 1a : : :

s 1 : HON Q]
Z(S)ZS;SI( mﬁ'SLw O(DO (O] 50)2 (OF i >
Z(0)=j03'S, >+ +joL, i i

1 05 — O E E
(6-28) i i
bac tinh nhu hinh vé (h.6-32) : :
h.6-31b |
Ly L, [2to e
A N Lo | | |
N I R B —— i i
I I i i
"h.6-32a ° 0 5 | O ©
[OF 10y ~03 M5 "
h.6-32b
Khi so do Fosto néi tiép con thém cd L.,, Cy ni tiép:
n S
Z(S) = SZSk 2—12 '|'S|_DO +—O
¥ , <« .7 A 1a 1 S+, S
Bicu thuc dac tinh tan 1a : ) L S (6-29)
Z(@)=jo> S, ————+joL_ —j—=
( ) J ; k (D;k _(02 J £ J ®
D thi dic tinh tAn nhu hinh (h.6-33)
A : I
Ly Lo 2(o : :
AN ?{V\ L, Co | i |
C1 C2 E 5034 ®
0 ®y ~; 50)2 (QF) : [OF >
h.6-33 i i
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Do tinh d6i ngﬁu giita hai so d6 Fosto song song va Fosto ndi tiép nén co thé
chuyen cac dac tinh tan Y(o) cta so do song song 1am dudng dic tinh Z(m) cla cac so
d6 ndi tiép.

Khi chuyén cén luu y trao d6i nhitng thong s6 Ly, Cy v6i nhau trong 2 so d0 va
trao doi cach ghép ndi tiép cap Ly, Cy thanh cach ghép song song.

Viduy : Lap biéu thtrc ddc tinh tin cia mang mot ctra hinh (h.6-34). Xac dinh
nhiing didm bét thuong céa ching.

L L, Biét L, = L, =lmH, C, = 25.10"F, C, =
AN AN 4.107F.
Theo cong thirc (6-25) ta co :
| | | | . S . S
| ] ] Z(o) = Lt jo——
C1 h.6-34 C (©) wg o 0 — o
sl:i: 1_7=4.1OSQ/5;S3=i——
C, 2510 ,
o, = 1 . ! =2.10'Rad/s
JL.C, +10%2510"
o, = 1 . ! =5.10'Rad/s
JL,C, +1034.107
4.10° . 25.10°

Z(®)=jo

Qui ddng mau s6 dua vé dang (6-26) ta duoc
. —2910° 0|0’ - (2,61.10")?]

Z(O)) :J 2 4\ 2 2 4\ 2

lo? - (210%)? |o? - (5.10°)?]

Tu day théy téng tro Z(m) co cac diém z&rd & tan s6 @, = 0, ; = 2,61.10* ws—>
o Z(m) co cac diém cuc & ©, =2.10%, 4 = 5.10".
Téng hop mang mdt cira

Bai toan tong hop mach dién theo nghia don gian nhat 13 xac dinh két cdu, thong
sd cac phan tir cia mang mot ctra dé thuc hién mot quan hé truyén dat da cho nhu’ Z(oa)
hay Y(0) , Ky(®), Ki(®)... Nhu vay r6 rang mudn thyc hién bai toan tong hop can nam
chiac cac dic tinh tan mang mdt clra nhu di xét trén. Bai toan tong hop thudng co
nhleu 101 g1a1 turc la co nhleu S0 a6 cung thyc hlen mot ham Z(oa) hay K(m). V1 Vay

.....

hop. Vi du chon so do de thuc hién nhat, so do it phan tir nhat hay c6 do tin cay cao...
Ta xét so luge vé tong hop mang mot cira tuyen tinh.

Tbng hop mang mét ctra thuin khang theo so d6 Fosto :
Ta chirng t6 mang mot cura thuan khang L, va Cy ndi song song nhau c6 dac tinh

tan téng dan Y, (0) = jmz N,
1

. Va mang mot cura thuan khéng Ly // Cy ndi

2
tiép nhau thi dic tinh tan tong tr

1 o .
Z(o) = j(DZS ———— cho nén nguoc lai khi biét cdc ham truyén dat Y(w),
@5 —
Z(®) neu ta phan tich ra dang chuin nhu trén thi ta dugc so d6 Fosto voi cdu trac va
thong sO xac dinh thoa man quan hé truyen dat do.

210) -0 Y (B10Y — o’
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Thuee hién so do Fosto song song:

F
Ta phan tich ddc tinh tin tong dan di biét Y(s) ra dang chuan Y(S)=s——~ ((S;
S
thanh nhimg phan thc t5i gian : Y(s) = s> N, — ! -
1 W, +S
Trong d6 Ny 1a nhitng hé s6 khai trién cac phan thuc. Tu Ny xac dinh
L, = i, o2, 12 nghiém ctia phuong trinh F,(s) = 0. Biét 2, = va N, = Li
k k ~k k

: . A . : N
xac dinh L, Cy ; ngoai ra néu c6 s6 hang joB va —>thi twong tng c¢6 thém nhanh
®
A , . 1
khongdu C,=Bva L, =—.
0
Co the khai trién Y(s) thanh phén thtc t6i gian bang phuong phéap can bang hai
vé v6i hé sb Ny bat dinh hoac nhimg phuong phap dai s6 khac.
Thiee hién so' do Fosto noi tiép

F,(s)

Ciing twong ty nhu trén tir truyén dat Z(s) da biét : Z(s) = s—2— =

1

ta khai trién no

thanh nhitng phan thtre t0i gidn dang Z(s) =sy S, % Trong d6 3, 1a nghiém
1 W, —O

cua phuong trinh F,(s) = 0.

. . 1 . . 1 ... x . .
Tt Sy ¢6 duge C, = —cung véi o3, = ——— gidi dugc Ly ta s& duoc cac nhanh
k k ~k

S,
Ly // Ci nbi tiép nhau. Khi trong biéu thirc khai trién c6 thém sé hang —2ta suy ra c6
jm
thém nhanh C, = S—n61 ti€p thém vao, khi trong biéu thirc c6 thém s6 hang joA ta
0
suy ra L,= A la cuon cém‘néi thém vao. ‘
Vidu : Tim cac so d0 Fosto thoa man dac tinh tan :
o 6 2 4
Z(0) = 120(2.10 (02 5.10")
(0° -10°)(0® — 4.10°)
So db Fosto ndi tiép :
Phan tich Z() :
. 210°0w° —5.10" . So . S0
Z(w) =—jo 2 2 =-]— s 1=
(0® -10°)(0® — 4.10°) o’ -10° “o*-4.10°
Can bang cac s6 hang cung bac dbi voi o’ ta dugc hai phuong trinh cho S, Ss :
{s +S, =2.10°

4.10°S, +10°S, =5.10"

Giai hé nay ta duoc S; = S;=10° Q/s

. 10w . 10°w
Nén cong thuc : Z(w) =— - to day xac dinh theo
s @) =) a0y s aagryr vy e d
A . 1 1 6. 1 6
congthuctadugc: C,=—=—=10"F C,=—=10"F
1 S 6 2 S
1 3
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L, = 21 = 81 — =00MH;L, = 21 = 412 — =0,002H

»,C, 10710 0,C, (210%)°10

Ll LZ |

NN NN L % Coo

L §Lo

I i o= T

o C, —|_

(A) (B)

So dd Fosto song song :

1 . (0*-10")(0® - 4.10°)
Z(0) = ©(210°w?-5.10%)
Vi béc tir cao hon bac mau nén chia tir thirc cho mau thire ta duoc :

2 0
Y(0) = 5107 j 122~ 210
oo -25.10%)

Khai trién thanh phén thic tbi gian :
1250° —2.10"° N,o N

Tu Z(o) rat Y(m) cong thie : Y (w) =

Y(®)=j510"0- =j510"0-j— 32— -2
(©)=] Jco(co2 -25.10°) : Ja)z -25.10° : ®
Can béng cac sd hang cung bac déi voi o° ta duge hai phuong trinh cho Ny, Ny

N, +N, =125 o
Giai ra ta duoc : Ny =80 1/Qs ; N; =45 1/Qs

25.10°N, = 2.10"°

C. -5107;L, -~ -1 _ 00128
N, 80

1 1 ‘
Tudosuyra: C, = = _1810°F = 018uF tme véi so dd (B).
Y T w2Ll, 25.10°.0,022 8uF ung (B)
L1::;£':‘l-=(10224
N, 45

Téng hop mang mot cira theo so dd Cauer :

Cong thiec tro, dén so dé Cauer :

Khoang nam 1927 Cauer d3 dua ra so do méc xich (nhu hinh cai thang) trong dé cac
téng tré doc mang chi $6 14 : Z, Z3, Zs, ...cAc téng dan ngang mang chi s6 chén : Y,
Y4, Y, ... nhu hinh v& (h.6-35). Xét so d6 don gian hinh (h.6-36) ta c6 tong dan 1a Z =
Z+ Ze

Trong d6 : Z 1a tong trd trong duong ca mach, Zc, 14 tong tré tuong duong phan mach
sau nhat cét C,.

C,

7, 74 Zione 71y 73
N S S S ol = — 1
w o] e -

h.6-35 h.6-36
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1 1 1

Z., = = =2, +———
Yo+ Y, Y2+i Y2+i
ZS ZB
Téng trd twong ctia mach 1a :
VL ;1
z Z + 1
Y, +——
Z3
Ciing nhu vay véi ddy chuyén gdm n phan tir (gia st n chin) ta c6 cong thic (6-30)
=27 + 1
1
Y, +
1
Z,+
1
Y, +
1
Z,+
Y. ,+ !
1
Z  +—
Y

Voi Y = % cling c6 dang phan thirc day chuyén nhu vay.

Vay voi quy udc danh sé va ki hiéu cac phan tir doc, ngang so dd moc xich
Cauer c6 dang phan thirc ddy chuyén. Pay 13 co so dé phién dich mét phan thtc day
chuyen sang dang so d6 moc xich, tic 1a thyc hién bai toan tong hop mach.

Tong hop theo so do Cauer :

Ttr phén tich trén cho thiy viéc tong hop mach dé thyc hién quan hé truyén dat Z,Y da
cho theo so @ Cauer la tim cach Vlet chung dudi dang phén thace day chuyén, sau do
phién dich sang so dd gdm cac tong trd, tong din ndi moc xich (con goi 13 ndi xau
chudi).

Luu ¥ rang phan thirc day chuyén (6-30) dtng cho ca truong hop cé tiéu tan.

Véi Z(o), Y(o) da biét ta thuc hién phép chia hét phan thic hitu ti theo thuat
toan chia Oclid dé c6 phan thirc day chuyen

Khi Z(®) hay Y(») c6 bic cua tir s6 va mau s ludn sai khac nhau 1 bac (véi Z,
Y thuan khéang), gia str bac ctia tir thirc 1a n + 1, bic ctia mau thirc 1a n thi :

F
Z(o) = #(a;) (6-31) tir day ta thuc hién phép chia Oclid nhu sau :
®

n
L4y s6 hang bac cao nhat ctia F,,.; chia cho mau thirc F, ta duoc mot s6 hang bac
nhat doi véi o.

F X o F F F
Foa(@) _ a,0+R, déthady R, =" nén = (©) _ ao+ Fu(©)
F, (®) F, F, () F, ()
Co thé viét dudi dang sau va thuc hi¢n phép chia thir 2 :
F F
Foal®) _ g s ot — iR, = (@)1
F () F(©) 8,0+ R, Fra@)  Fa(©)
N (0)) ()
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F .y
Nén : I;L((D) =a,0+ ! 1 Ctr nhu the tiép tuc ta s€ dugc phan thuc
n ((’0) a2 +
I:n—l ((D)
. anz (O))
day chuyén.

ra ao 1a dién khang Z, = joLy hay dién dung Yy = joCy ta s& dugc so dd Cauer. Hoan
toan tuwong ty c6 cach chia tir va mau theo thir tuy ting dan bic clia ®. RS rang phuong
phap téng hop Cauer don gian hon phuong phap Fosto vi khdi phai giai phuong trinh
dai s Fy(0) = 0 1a mot viée lam kho khan khi no 1a phuong trinh bac cao. Lic Fx(w) =
0 bac cao mudn giai pha1 dung céc phuong phap gin dung hodc may tinh s6. Phuong
phap Cauer con c6 wu diém 13 c6 thé dung cho truong hop Z(o), Y(w) co tiéu tan. Vi
du : Xéc dinh so @6 Cauer thuc hién quan hé truyén dat :

2(9) = st +3982 +8_Fi(9)
S+3 Fz (S)
Thuec hién thudt chia Oclid theo thur ty giam dan :

Sau khi c¢6 phan thirc day chuyén tiy vao 1a téng tré hay tong dan dé suy

trong d6 S = jo

s*+9s* +8 s*+3s
s* +3¢° s=Z,=joL,
s’ +3s 0+6s*+8
s® +8s/6 s/I6=Y,=jo/6
6s’ + 8 0+10s/6
6s? 36s/10=2Z, = j0.36
10s/6| 0+8
%9§£§ 10s/48=Y, = j©.10/ 48
0

TeZ,=S=joL, > L, =1H; Y2—j(x)é—)Cz—éF,Z3=jm3,6—>L3:3,6H

Y, :ja)%—>C4 :%BF suy ra dang so d6 Cauer nhu hinh v& (h.6-37a)
le le C]_ C3
VYR V3NeH | | | |
7, 7, | | | |
Y, 41 43
Y, — E— Y, Ly Yy <Ly
T Co= ] Cp=
1/6F 10/48F
h.6-37a h.6-37b

Thuc hién thuat chia Oclid theo thur tu tang dan :
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le_i—> Z, phai la cua tu dién c6 C; =:—3F
3jo 8
9 1 19
Y, =——=—"—>3Y,phailacuonday L, =—H
2 191.(0 . 19 2P 3 y 2 9
Jo—
9
Zo=————> Zsphailacoatudiénco C —EF
3= 30 P + A 37 361
Jo_—
361
Y4:_—119—>Y4phéilécu€)nd?1y L4:i—(9)
Jo—
10

Tir d6 c¢6 dang so d6 Cauer nhu hinh vé& (h.6-37b).
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CHUONG 7

MANG HAI CUA KIRHOF TUYEN TiNH
Khai niém vé mang hai cira :
Mo hinh mang hai cua :
Trong thyc té hay gap nhimg thiét bi dién c6 bén cyc 1am nhiém vu nhan ning lugng,
tin hiéu tir 2 cyc nay dé truyén dat ra 2 cyc kia dwa dén cho mot bd phan khac, vi du
nhu mot duong ddy tai dién nang hodc tin hiéu tir may phat dén tai (may thu), mot may
bién ap, mot bo khuéch dai nham ting cuong do tin hi¢u tur dau vao nho dén dﬁu ra 16n
dé dap tng cho yéu cau st dung. Mot cau Wheatstone co mot cuc (2ctura) ndi véi bd
ngudn cung cAp va ctra ra (2 cuc thir 2) ndi vao dién ké do luong .. . Nhiéu thiét bi do
luong - diéu khién - tinh toan gdm nhimg khdi ghép lai, mbi khoi thuong co hai cua
(4cuc) thuc hién mot phép tac dong nao do 1€n tin hi¢u ¢ cura vao dé cho mot tin hiéu
khac & ctra ra. Nhitng mach nhu vay goi 1a mang hai ctra.
Néu biét ciu tric, thong sd ctia mang hai cira ta c6 thé van dung cac phuong phap da
hoc dé xac dinh dap ung can thiét. Song diéu ma ta quan tdm 1a qua trinh ning lugng,
tin hiéu trén hai ctra va mdi lién hé gifra cac bién trén 2 cira. Nén can thiét phai dinh
nghia phan tir mang hai ctra - La phan tir co ban c6 tinh toan cuc dé mo ta qua hé
truyén dat giira hai ctra. Luc ndy xét quan hé truyén dat ta tranh duoc viéc sa vao bai
toan phirc tap voi cu tric noi tai rat phirc tap bén trong mang.
Viéc xac dinh cac dac trung cho mang hai cira khong can biét cau tric, thong s noi tai
bén trong chang nhiing giup vige tinh truyén dat gitra hai cira d& dang ma chinh 13 co
so dé thye hién bai toan tong hop mang hai cira. Tirc 1a v6i mot mang hai ctra khong
biét cau trac, thong sO bén trong (goi la hop den) co thé lam thi nghiém dé xac dinh
dugc thong s6 dic trung. Vi b6 thong s6 dédc trung do co the xdy dung mot mang hai
clra voi cdu tric va thong sd ndo d6 thuc hién quan hé truyén dat da biét.
Trong KTP qua trinh ning luong trén cac cira thuong dugce do boi hai cip bién trang
thai u;(t), 1;(t) va uy(t), i»(t). P6 1a mang hai cura Kirhof nhu hinh (h.7.1)

i i Vi mang hai ctra thuong lam nhiém vu
1 2

) L truyén dat tir ctra vao 1 sang ctra 2 nén chon chiéu

Ui} Y2 dwong nhu hinh vé& (h.7.1). Luu y vi la nhiing ctra
ngd trao, nhan nang luong, tin hi¢u nén " don

(h.7.1 g : g luong C g

chay vao mot cuc trén cira phai bang dong chay
ra cuc kia". Pay chinh 1a diéu kién ciia mang hai
ctra la mang 4 cyc (cling nhu goi mang mét cira 1a mang hai cyc). Cach goi nay khong
duogc 13 vi trén thyc té co nhitng mang hai cira ma chi ¢6 ba cuc vi du nhu bd khuéch
dai dién tir hodc ban dan.

V&i mang hai ctra Kirhof cac qui luat vé truyén dat duoc mo ta boi hé phuong trinh
lién hé 4 bién uy, iy, uy, ip. Ttrc 12 hanh vi cua mang dugc mo ta bdi cap phuong trinh vi
tich phan lién hé 2 bién nay voi 2 bién khac dang tong quat :

fl(ul’u’ 7'1’ 11" u2’u2’ 72’.2t) 0 (7_1)
fo (U U el e Uy Uy i, i5.8) = 0

H¢ phuong trinh trang thai (7-1) 1a m6 hinh toan hoc ctia mang hai ctra, n6 1a co so
xay dung 1y thuyét mang hai cira.

Phén loai cdc mang hai ctra :

Vé mdt ning dong heong ta chia ra :

Mang hai cira khong ngudn (con goi 12 mang hai cira thu dong).

Mang hai cira 6 ngudn (mang hai cira tich cuc).
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Mubdn xac dinh mang hai cira ¢c6 nguon hay khong thi can 1am thi nghién khong tai
hoac ngfm mach trén cura.

Vi du : H&é mach cua (ttrc 1a cho 1; = 1, = 0) do &p trén ctra 1 uyo(t), trén ctra 2
Uno(t) néu uye(t) # 0 hodic us(t) # 0 ta c6 mang hai ctra 6 ngudn, néu u;o(t) = uy(t) = 0
ta co mang hai ctra khong nguon Hoac ngan mach ctra (cho u; = u, = 0) do cac dong
ngan mach 1ijpg, 1one trén cura. Néu i iing # 0 hodc i dong # 0 ta c6 mang hai cira c6 nguon,
NeU 1y, = 1ong = 0 ta ¢ mang hai cira khong nguon.
Vé mat tinh chat ta chiara :
- Mang hai cira tuyén tinh : khi hé phuong trinh trang thai tuyén tinh.
- Mang hai cira phi tuyén : khi hé phuong trinh trang thai phi tuyén.

Trong chuong nay s& xét mét sO van dé mo ta va phan tich nhitng mang hai cira
khong ngudn tuyén tinh hé sé hing xac 1ap diéu hoa. Lic nay ta dung phuong phap
anh phtrc dé mo ta va khao sat mang hai cira.

Mang hai cira Kirhof tuyén tinh xac l1ap diéu hoa :
Hé phuong trinh trang thai dang [A] ctia mang hai cira Kirhof tuyén tinh :
Vi mang hai ctra tuyén tinh xac 1ap diéu hoa nén phuong trinh trang thai 1a

phuong trinh lién hé giita 4 bién U . I » U . I ,. Do dau vao va dau ra ndi vao hai phan
tr tiy y nén néi chung mang hai ctra lac ndy nhu mot mach c6 hai phan tir bién thién
nén ta c6 quan hé gitra hai bién nay theo hai bién kia dang (4-9). Vi nhiing cap bién
chon khac nhau s€ c6 nhitng dang phuong trinh trang thai khac nhau. Vi c¢6 4 bién
u,l,U
phuong trinh trang thai ctia mang hai ctra. Tuy bai toan cu thé s€ chon dung dang nao
thuan tién.

Hé phuwong trinh trang thadi dang [A] :

. I , nén ta co thé t6 hop dugc 6 cip quan hé khac nhau tng véi 6 dang

Hé phuong trinh quan hé giita céc bién U . I , theo U . I , g0i 1a h¢ phuong trinh
trang thai dang A.

U=A, U, +A,l+A,

l=A U+ A1+ A
Nhu dé biét 6 chuong 4 ¢ (4-9) cac hé s6 Ay chi phu thude két cau, thong so cac
phan bén trong mang hai cira. Vay A la thong sO dic trung mang hai cira. Voi mang
hai ctra khong ngudn tuyén tinh dé thay Ay3 = Ay = 0. Cho nén hé phuong trinh trang
thai dang A ctia mang hai cira khong ngudn tuyén tinh 13 :
_Ul: All.U 2t A12.I 2 (7-3)
l=A,U,+A,l,
Y nghia cdc thong s6 ddc trung Ay : i
1. Ta khang dinh A, 1a thong s6 dac trung cua mang 2 cura tur (4-9). Ciing c6 thé lam
10 y nghia dinh lugng cua chung tir cac thi nghiém ngan mach, khong tai ¢ hai cira dé
c6 cac bicu thuce sau :
u, | ‘ .t
11:._1 I2:OVa A21=l—l I2=O
U, U,

A
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A12:$ U,=0va A22=_'—1 U,=0 (74
|

l 2

Luu y khi hé mach (1,=0), ngian mach (U ,= 0) 1a khi khong truyén ning luong

dén phan tir ndo ca, nén khong tily thudc phan tng cta phan tr & ngoai khdi hai cira.
Vay tur (7-4) khang dinh Ay thyc sur la déc trung riéng cua mang hai cira.
2. Cac thong s6 Aj phu thude két cau, thong s6 cuia mang hai ctra, do d6 n6 phu thugce
vao tan sb. Ching 1a ham gia tri phire cua tan s6. Tt su truyén dat cua mang hai ctra
¢o tinh chon loc d01 v6i tan sd. Pé nam vimg hanh vi ctia mang d6i véi ca phd tan cac
bién trang thai, can tinh hodc do xac dinh dic tinh tan Ai(m).

3. Co6 A cia mdt mang hai ctra thi tim duogc 2 trong 4 luong U, 1,,U,,I,theo 2
lugong kia.

4. Khi 2 mang hai cua véi két cAu ndi tai khac nhau nhung c6 Ay tht tu br:ing nhau thi
ching twong duong vé mat truyén dat nang luong va tin hiéu.

5. Hé phuong trinh dang A tién dung dé xét cac mang hai cira ndi xau chudi. Tinh
dugc ap, dong ctra vao theo 4p dong ctra ra.

Tinh chdt céc thong $6 Ay :

Vi cac mang hai cira ghep boi cac phan tir tuyén tinh, tuong hd (thuong 1a cac
phan tir thu dong R, L, C) ta thiy trong bd Ay chi co 3 thong sb doc 1ap vi gitra chiing
cd quan hé ndi tai AjAxn - ApAy = |A] =1 (7-5). Ching minh hing dang thire trén
bang cach sir dung tinh twong hd ctia mach xét & hai trang thai dic biét : ngan mach
clra 2-2' va ngén mach ctra 1-1' nhu hinh (h.7.2).

l--Jlni Ion 1,4 l U-an U1n
(h.7.2)

Khi ngin mach ctra hai (h.7.2a) U ,= 0, ap dit vao ctra mot U, theo (7-3) ta co

1ng

U Ao [y 00
1ng 12 ° 2ng 2ng 'Al2
Khi ngan mach ctra 1 (h.7.2b) U 0, dat vao ctra 2 ap U ong= U ngtheo (7-3) ta
) 0=A, U1ng+A12I2ng
co:
l 1ng_ A U 1ng+ A22 l 2ng
A
Rat |’ 2ng= — All U ,,, thay vao p/t dudi ta duoc :
12
A AA
. ng= A, U 1ng+ A ( A] U, 1ng= U lng(A Mj
A12 A12
, . u,, ALALN
Theo tinh chat twong hd 1,,,=— 1, nénco: —= = A, ——1=2 1y,
A12 12
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Rutra: A A, -AL A, =1
Cdch xac dinh cac thong 56 Ay :

Co thé dung hai phuong phap dé xac dinh Ay :

Phuong phap thir nhit : Dya vao mach cu thé viét quan hé giira cac bién (U o I ,) theo

(U,,1,) rat gon vé dang chuan (7-3) cac hé sb ciia U i I ,chinh 13 cac théng sb Ay can
tim.
Phuong phap thir hai : Theo cong thire (7-4) 1am cac thi nghiém khong tai, ngian mach
ctra, do céac s6 liéu can thiét dua vao biéu thire tinh Ay . Phuong phap nay dung dugc
cho ca truong hgp mang hai cira chura biét cdu tric, thong so.

Vi du : Xéc dinh Aj cua mang hai ctra
hinh T & hinh (h.7.3). Biét Z, =j20Q, ; :

Z,, = 50,2, = -[100 Fh' — 2,
Xac dinh Aj theo phuong phap viét d1 d2
ghép dang chuan : U, D Z. U,
N N s J, z
| =1+ % =%+|{1+Z—d2]
n n n (h_7_3)

. .
U=U,+1,2,+1,Z,=U,+1,Z,+Z, LZJZ+I2[1+Z—"ZJ

: S A . 7.7 : 7 , z,Z
U1=U2+IZZdZ+Z—d1U2+IZZdl+I2%=U2(1+Z—“1)+I(Z +Z,+ anzJ

n n n

So sanh v&i dang chuan rut ra :

Z Z.Z
A11:1+—Z“1; A,=2,+2Z,+— 2%
1 Z
A21=Z_n; A22=l+z_d:

Thay sd vao ta duoc :

A, =1+320 1 o1 AL =20+ 543225 o5 j10- 15
1 15
A jo A, =1+ =1-05=05
21— _ le J :L 22 —le

ALA,,-ALA, =-1.05-(j15j01)=-05+15=1
Xéc dinh Aj, qua thi nghiém khong tai, ngén mach ctra 2 nhu hinh (h.7-3a):

Khi hé mach ctra 2 (1,=0) :
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a_Yn 1Zu+2) Zu+Z, | Zy
11 U I 7 Zn Zn
2h 1=n
' i 1
A12 = - = . : :Z_
Uzh Ilzn "
|-1 -|2 = — Il IZ
1 » l—c} Z_I > IZI——I
. Zy1 dz2 - - di 9
Uin |:| Zn Uzn U |:| Zy I-Jz =
a)
h.7-3a '

Khi ngan mach cira 2 (U ,=0):

. 1.Z .
|+ zzdz Z,+1.2,,

:izllzdl—I_IZZdZ: " -7 47 +ZdlZd2
. d1 d2 7

i n

' 2
N Ay
I 2
Céc hé phuong trinh trang thai khac cua mang hai cira :
Hé phuwong trinh trang thai dang B :

Quan hé gitra U . I ,theo U . I , 1a hé phuong trinh dang B cua mang hai ctra tuyén tinh
khong nguon :

U 2= Bn U 1t BlZ I 1 (7-6)

l,=B,U+B,I,

Trong d6 B la nhiing thong s6 dac trung ciia mang hai cra. C6 thé dugce (7-6) tur (4-9)
viet ngay dugc phuong trinh trang thai dang B. Song ciling c6 thé dugc dang B bang
cach tir hé phuong trinh dang A giai U . I ,theo U iy I .. Ta thay giita Ay va By, c6 quan
hé v61 nhau nhu sau :

Bi.=Ay B, =-As

B., :’An B,,=-A, ) )
B thong so By, cling ¢6 y nghia, tinh chat va cach xac dinh tuwong tu b so Ay. HE

(7-7)

phuong trinh dang B tién dung tinh trang thai ctra 2 (U . I ,)theo cua 1 (U » I -
Hé phuwong trinh trang thai dang Z :
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Quan hé giita cac ap (U » U ,)theo cac dong (I 1 i ,) s€ 1a hé phuong trinh trang
thai dang Z. ) .
Ta c6 h¢ phuong trinh trang thai dang Z mang 2 ctra tuyén tinh khong nguon 1a :
L.Jl: Z, |.1+ Z, l. (7-8)
U=2,1+2,1

< r u. | U. |
Dé dang thay rang : Z,, =—|1,=0va Z,, =—=2(1,=0
|l 1
U, | u,|
Zzzzl—zll:OVéAu:.—lIl:O

l 2 I 2
Z11 , Z», chinh la cac téng tré vao, Zy, , Zo; la téng trg twong ho cua mang hai cua.
Ching 1a nhitng ham dac tinh tan cla mang hai ctra. Viéc st dung dang Z s€ dic biét
tién dung cho trudng hop 2 mang hai cira ndi tiép nhau. D6 13 nhitng mang hai ctra c6
clra vo va cira ra twong ing ndi tiép nhau nhu hinh (h.7.4).

I I,
— P R EEEE—
lU 1 z ik lU 2
i1 i2
—> >
Uy ; ; Uz Us Zik = Z'a + U,
I I, Z ik
v lu"'l' Z ik g lu"'zv

(h.7.4)

bicu kién thé hién mang hai ctra 1a n6i ti€p 1a dong chay vao mang hai cura nay
cling chinh 14 dong chay vao mang hai ctra kia, dong chdy ra mang hai ctra nay cling
chinh l1a dong chdy ra mang hai cura kia.

Thcla: I'=1;=1, val U+U,=U_;l,=1,=1, vai U,+U,=U,

Trong d6 1;,U,1;,U’1a 4 bién ciia 1 mang hai cira ghép ndi tip thir nhat va

1,,U,,1,,U}la 4 bién ctia mang hai ctra ghép nbi tiép thur hai. 1,,U,,1,,U,l1a 4 bién

clia mang hai ctra tuong duong véi hai mang hai ctra ghép ndi tiép.

Ko pe o en . RN TR U . Uf=Z£h+Zﬁ|

D01 v6i riéng mang hai ctra thir nhat véi cac hé s6 Z, taco :
U=2,1+2Z,1

| +Z 1

171 1272

| +Z° 1

2171 22 72

Ui=2
Ao yo en L , . o A A " r 1
Do1 véi riéng mang hai cura thtr hai vé1 cac hé s6 Z,, ta co :

U,=Z
T do suyra:
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U 1= U I1+ U 1: l 1(Z'11 + le) +1 2(Z'12 + le)
U 2= U I2+ U “2: l 1(ZI21 + Z"21) + l 2(ZI22 + anz)
Z'11 + le = le;zllz + Ziz = le ;ZI21 + Z"21 = 221;2'22 + Z"22 = Zzz .
Nen cb - Uu=2,1+72,1
U=2,1+2,1I
Suy ra ha,i mang hai cfra'néi tiép Zu,Z thi tuong duong véi mot mang hai ctra
cO cac thong so bang : Zy =Zy + Z i (7-9).
Luu y cOng day la cong tuong ing.
Hé phuwong trinh trang thai dang Y :

Nguogc voi hé phuong trinh trang thai dang Z, khi viét quan hé giﬁa(i o I ,)
theo(Ul, U ,)ta dugc hé phuong trinh trang thai dang Y cua mang hai cua khong

ngudn : = YUt Ve U, (7-10)
=Y, U+Y,U,
Y chinh 14 tong dn vao va tong dan tuong hd gitra cac cira. N6 1a thong s dic
trung cho mang hai cura.
Hé phuong trinh dang Y dung rét tién loi cho trudng hop cac mang hai cira ndi
song song nhu hinh (h.7.5)

I il I 0L ‘
U l Y lUZ I P

> >
i" i U-l l Yik :Y"Y-ik + lU-Z

Y
A 4

Y

(h.7.5)

e s o n U1:U1:U1’U2:U2:U2
Mang hai cira n6i song song khi thda mén quanhé¢: -~~~ °
L+l =1,1+1=1,

Mang hai ctra tuong duong vé mit truyén dat v6i 2 mang hai cira ndi song c6 thong sd
Yic=YiutY i (7-11).

Luu ¥ cong tuong Ung :
Yo=Y+t Y Y, =Y+ Y Y =Y + Y, Y =Y, + Yy,
Hé phuwong trinh trang thadi dang H :
Lap quan hé gifra cap (U o I ,)theo cép (I b U ,)ta c6 h¢ phuong trinh trang thai dang H
91: H11.| +Hy, .Uz (7-12)
l,=H,l+H,U,

cua mang hai ctra khong nguon :
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Trong d6 Hi 1a thong s6 dic trung cho mang hai ctra. N6 phu thude két cau,
thong s clia mang hai ctra, phu thudc vao tan sb. o
H¢ phuong trinh trang thai dang H tién dung cho cac mang hai ctra noi tiép -

song song nhu hinh (h.7.6)

I P
— > ) > >
Uy Ve M | U, I i
i i U | Hix :H"l_* i+ U,
 / lU"l H i
(h.7.6)
(a (b
AN AN

NGi tiép ddu vaonénco: U+ U.=U I =1.=1,

Song song dauranén co : | ,+ 1 ,=

1, U,=U;=U,

Chung minh dugc co thé thay 2 mang 2 cira nbi tiép - song song (h.7.6a) bang

mang 2 cira tuong dwong (h.7.6b) trong d6 : Hy = Hy + H i (7-13)
, U=H I+H U, |U=H I+H U,
Tu hinh (h.7.6a) viét phuong trinh: ¢+ ™ Yo tvagy b v
|'2=H‘21|1+ HIZZU2 |"2= H"21|1+ H"22U2
s - X \ U1:H11|l1+H12U2 Ul:UIl—i_UI:IL
Ttr hinh (h.7.6b) viét phuong trinh : < _ - “thay
l,=H, I, +H,U, |2:|'2+|"2

. (U1+U1): 11|1+H U < 2z H, _H +H11’H12:HI12+H12
Taco: trdoratra : , :
(|+|): 21|1+H U 0 =Hy +HyHy =Hy, +H,,

Nén : Hy = Hy + Hy

) Trén thuc té ta hay gap mach phan hoi dién ap - no chinh la hai mang 2 ctra ndi
ti€p song song.
H¢ phwong trinh trang thdi dang G :
LU )theo(U ,1,)ta s& dugc hé
phu:ong trinh trang thai dang G clia mang 2 ctra tuyén tinh khong nguén :

(;lllJ +(512 2

Nguoc lai v6i dang H, khi viét quan hé (i

(7-14)
U GZlU +622 5

Trong d6 Gy 1a thong sé dic trung clia mang 2 cura, n6 phy thuge cdu triic, thong
s6 ctia mang 2 cira, phu thudc vao tan sb.
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Phuong trinh dang G tién dung cho cac mang 2 cira ndi song song - ndi tiép nhu
hinh (h.7.7)

I, 1 I,
> ] —>
U-1l G ik lU-z I P
i" i2 U2 Ul l Gik :GG ik + le
G ik lu"'z
Y Xh.7.7)
(a (b
AN AN

Pauranditiépnénco: | ,=1,=1,U,+U,=U,

Pau vao ndi song songnéncd: U =U.=U I+ 1.=1,

Ching minh rang co the tim duoc mang 2 cura (h.7. 7b) tuong duong véi 2 mang
2 cira ndi song song, noi tiép nhu hinh (h.7.7a) vé mit truyen dat nang luong, tin hi¢u.
Mang 2 ctra tuong duong c6 thong ) dac trung : Gy = le +G ik (7-15)

Tac la :

G,=G,+G,,;G,, =G, +G,,

117

G, =G, +C521,GZZ=G'22+G"22
M(_)t két cdu hai cira nbi song song - ndi tiép thuong gip 1a mach phan hoi dong
dién. Puogc str dung trong tu dong diéu khién va do luong.
Quan hé cic thong sb dic trung giira céc dang :
Mot mang 2 ctra dugce ddc trung bdi nhiing bd 3 thong s6 doc lap A, B, Z, Y, H,
G. Chung déu phy thudc cdu truc, thong sé cia mang nén nhimng thong sd doc lap
thuoc dang nay déu lién quan va c6 thé tinh theo cac thong s6 thudc dang khac. Moi
quan hé giita cac thong sb ctia cac dang cho ¢ bang (7-1) sau :

Béang 7-1
Z Y H A

7 & _Y12 ﬂ H12 A11 ﬂ
le le |Y| |Y| H22 H22 A21 A21

Zz1 Zzz — Y21 h —-H 21 i i A22

|Y| |Y| Ho, Ho, Ay Ay

Y ﬁ __212 i _H12 Azz ﬂ
4 2 Y Ve H, H, Ae A

Zy Iy Ya Ya Hy  H| 1A,

|2Z| |ZZ| Hy, H, A, A,

w| Az | LY A Al
Z& Zn Yﬂ YH HM HH An A&

“Za 1 Yo M Ha He -1 Ay

Z, Z, Yy Yy, A, Ay

Treding Aadi Hoiic Barch Khoa - Khoa Aidln - Bau man Thiddt bé aiadn
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A é ﬂ __YZZ __1 M — Hll
Z21 221 Y21 Y21 H21 H21 All A12
i ﬁ _|Y| -Yy -H,, -1 An Asy
Z Zy Y21 Yo HZl H,,
. |Z| = lezzz 211|A| - A12A21
Trong do :
|H| = H11H 2 21’|Y| - Y12Y21

Mo ta mang 2 cira baing ma tran :

Céc ma tran dac trung qué trinh 2 cura tuyén tinh :

Neéu coi bang s6 cac h¢ s6 dac trung ciia mang 2 ctra 1a nhirng ma tran dac trung nhu :
A

s e s 2
R A g e LS

va thém nhitng ma tran cot cc bién trang thai nhu :
RICRICRIIRICR IR
Lo, LU L], ]|,
Thi co thé viét hé phuong trinh trang thai mang 2 ctra cac dang dudi dang ma
tran rat tién va gon gang, hon nira nd con mo ta viée ghép cadc mang 2 ctra Kirhof nbi
xau chudi, song song, ndi tiép ..

N

1

H¢ phuong trinh trang thai dang A : l_Jl =[A, U 2
L I 1 I 2
. ‘ y U, u,
Hé phuong trinh trang thai dang B: | ~ 2 |=[B, ] -
L I 2 | I 1
X ‘ . U, l,
Hé phuong trinh trang thai dang Z: | ~* |=([Z, ]
U 2] I 2
. . .. iR U,
Hé phuong trinh trang thai dang Y : | ' |=[Y, ] !
1 U,
A 3 + . U 1 | 1
H¢ phuong trinh trang thdidang H: | ~ ' |= [H o
L1, U,
. ‘ . L U,
Hé¢ phuong trinh trang thai dang G : | * |=[G, | -
U, 5 ]

D@ thiy rang ma tran A, Z, H 1a nghich d4o cac ma tran B, Y, G.
Ma tran hé sb dic trung mot hé mang 2 cira ndi xau chudi :

Hai mang 2 cira 12 nbi xau chudi (hay ndi tang - néi moc xich) khi dau ra cua
mang nay 1a dau vao ciia mang 2 cira kia, vi du nhu hinh v& (h.7.7)
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Déi véi cac mang 2 cua ndi xau chudi dung hé s0 Eiang A 13 tién dyung nhét. Ta
chung minh c6 thé thay thé 2 mang 2 ctra noi xau chuodi bang 1 mang 2 ctra tuong
duong co6 :

[A ik ] = [A ik ]'[A ik ] (7_16)

That vay tir (h.7.7a) ta c6 :

U=A,l+A,U| U=All+A,U,

I1=A'21I'+A'22U' I'=A"21I2+A"22U2
I, 1 I, I I,
—> A = A — ﬁA—A' —
W ul G Ju AR -] U
(a (h.7.7) (b
AN AN

e tinft] [l

Rutra: Ay = Alk A’ ik (nhan ma tran)

Ttr cong thirc (7-16) dan ra phuong phap xac dinh Aj ctia mot mang 2 cira bat ky
duogc coi 1a chap ndi xau chudi cta nhitng mang 2 ctra don gian nhat 1a mang 2 cira c6
mot phan tir doc hinh (h.7.8a) va mang 2 ctra c6 mot phan tir ngang hinh (h.7.8b)

Véi hinh (h.7.8a) c6 dic diém i = i ,nén c6 phuong trinh dang A :

U=U+I1,Z 1 Z
A nénco'[Ad]z{ d}

| =0+1, 0 1
1 |-1 I-2 2 1 |-1 I-2 2
T | > > >
_ Zg .
ull 0, U{ ZD 0,
1 2 1T 2
(h.7.8) (b
AN AN

V6i hinh (h.7.8b) ¢6 dic diém U = U ,nén phuong trinh dang A 1a :

Uu=U,+0 1 0
U nancofA ]=| 1 4
|1:Z—2+|2 Zn

n

Nhu Véy ma tran [Ad] [A,] duoc xéc dinh dé déng
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Tir d6 néu coi mang 2 cira I thudn 14 su ndi xau chudi 1 mang 2 cira 1 phan tir ngang
voi 1 mang 2 cua 1 phz‘in tir doc thi van dung (7-16) ta c6 Ar = A, Aq biéu dién & hinh

(h.7.9a).

---------- & (h.7.9)
A Y
1 0 1z
l Z d2
A=A A,=1 1.{ dz}_i Zy
zZ 0 1 7 7. +1
i Zdl
1z, [ O] Mz %
A=A, A, = ' oal=
0 1]z = 1
n Zn

Tuong tw coi mang 2 ctra hinh T 1a sy ndi xau chudi cua 3 mang 2 ctra 1 phan tir
Aq1, An, Agp, mang 2 ctra hinh 1t 1a sy noi xau chuodi cia 3 mang 2 ctra 1 phan ti thu tu

13 Ay, Ag, Apo biéu dién trén hinh vé (h.7.10)

Z Z
l+Z—dl Za |1y z, 1+Z—dl
n 2 _ n
A, AdlAn'AdZ _AF"AdZ = i . {0 1 }— i
Zn Zn
An =Anl'Ad'An2 :Ar'Adz

Z,+Z4, +

""""""" (a“'l (h.7-10)““'““I"“(b““l‘““'““'

AN

Z,Z

di1=d2

_Trén thuc télta gap cac h¢ ’théng n(f)i x4u chudi nhu : hé thél}g MBA, duong day
truyén tai cung cap dién, h¢ thong khuéch dai - duong day truyén tin, do luong, bd

khuéch dai nhi€u tan - bd loc nhiéu mat loc.
Ma tran cac hé mang 2 ctra ghép song song, noi tiép :

Céc mang 2 cira ndi tiép twong duong voi 1 mang 2 ctra ¢6 : Z=Z, + Z, +...

Céac mang 2 ctra noi song song nhau s€ tuong duong véi I mang 2 ctraco: Y =Y, +

Y, +...

Céac mang 2 cura ndi ti€p - song song nhau s€ tuong duong véi 1 mang 2 cura c6 : H =

H,+H, +...

Céac mang 2 ctra ndi song song - nodi tiép s€ tuong duong voi 1 mang 2 ctracéd : G =G,

+Gy + ..
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So do thay thé hinh T ciia mang 2 cira :

Mot mang 2 cua Kirhof dugc déc trung boi 3 thong s6 doc 1ap 1a nhiing dac tinh
tAn & cac dang A, B, Z, Y, H, G. Cac mang 2 ctra c6 nhiing by thong sb tuong Ung
bang nhau 1a twong duong nhau vé mit truyén dat ning luong va tin hiéu. Thuong 3
thong s6 doc 1ap cia mang 2 ctra c6 thé biét dugc nho tinh toan hay lam thi nghiém do
dac xac dinh ma khong can biét ciu trac va thong s bén trong. Yéu cau 1a 1ap mot
mang 2 cua véi cAu tric va thong sb cu thé thuc hién quan h¢ truyén dat da biét. Mang
2 cira d6 chinh 1a so d6 thay thé tuong duong.

Vi mang 2 ctra dac trung b1 mot bd 3 thong s6 doc 1ap nén co thé lap mot so dd
2 cira gom 3 thong s6 nbi voi nhau. Két ciu don gian nhat 1a so d6 gdm 3 tong tré ndi
hinh T (con goi 12 ndi hinh sao - Y) hodc so do gdm 3 tong tré ndi hinh IT (con goi 1a
nbi hinh tam giac).

Vi du : Biét Ay ciia 1 mang 2 ctra. Hiy xé4c dinh gia tri cac tong trd trong so dd
dang tri hinh T nhu hinh vé& (h.7.11).

Tir so d6 hinh T ta viét hé phuong trinh dang A :
+—U2+ 20z = L'J2i+l'2(1+ﬁ

Z Z

n n n

1 2

I-]_ I-2 Il IZ
77__| > > 1 —p
di d2 ZdZ
U N T sl ] o

(h.7.11) (h.7.12)

UmUti,2, 412, =U 40,2, + u2%+ | 2(1+%)zdl

n

. . 7 . 7 7
U=U,0+=2)+1,(2,+Z, +—£-92)
Zn Zn
1. 7
l=U,—+1,(1+=%
1 ZZn 2( Zn
Tt hé phuong trinh chuan dang A ta rut ra quan h¢ gitta Ay voi céac téng tréd hinh
T.
Z 2.2 1 Z
A, :1+Z_c:]l; Ap,=2,+2Z, +d£—nd2; A, :Z_n; 22 :1+Z_d:
Tir ddy tinh ra cac tong tré ctia mang hinh T tuwong duong :
1 A -1 A, -1
Z, :A_;Zdlz;\l—;zdzz : (7-17)
21 21 21

Tuong tu nhu vay xac dinh téng trd mang hinh IT twong dwong nhu hinh (h.712)
Viét hé phuong trinh dang A cho mang 2 ctra hinh (h.7.12) :
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- .U, . U
S .U l ==L+ ,+=%
U1:U2+(|2+Z_2)Zd ! Z, 2 an)

n2
R S 1 Z,. . Z, . U
U1:U2+UZZ—“+IZZd & I1=UZZ (1+Zd)+|22d +I2+Z—2

n2 nl n2 nl n2

: : Z : . . .
U1:U2(1+Z_d)+|2zd ulzu{ 1, % 1 }+I2(1+Zz—d)
nl

n2 an anznz Zn2
Rutra:
Z Z Z Z Z Z
A11:1+_d;A12:Zd;A21: L + L + L= ut ¥ d;A22::|-+_d
Zn2 an Zn2 anznz anznz an
NI A12 . A12
Tohétréngiaira : Z, =A,,Z,=—— 2, =—— (7-18)
11_1 A22 -1

C6 thé ding bién ddi Y <> A tinh qua lai cac tong tr6 Zg, Zn1, Zus Va Zy, Za1, Zao.
- Viéc thay thé mang 2 cira bang mot so dd twong duwong hinh T hodc hinh IT s& tién
lg1 cho viéc khao sat mang 2 ctra xét.
- Thuc chét viéc tim mot so dd tuong duong thyc hién mot bo thong sb truyén dat da
cho chinh 1a thuc hién bai toan tong hop mang 2 cira.
Vi du : Cho mot mang 2 cira biét céc thong $6O Ay = Ay =05 A= -j75. Hay
xac dinh cac thong s6 so d6 hinh T, hinh IT twong duong ?
| | | | | |
ol irm bl

zng znlg znzé

(h.7.13 (h.7.14
Tu quan hé 1'161 tal A11A22 - A12A21 =1 xac dlnh .
1 1 .
An=m(AA, D)= - (05.05-1) = —j0,01S

12

Tir (7-17) tinh céc thong s6 so dd hinh T tuong dwong :

z, =t =X _jooayz, =2ut o051 s
A, -j001 A,  -j001
Z,= Ap-1_ O’_S_l = —j500
A, -jo01

So d6 thay thé hinh T nhu hinh (h.7.13)
Tir (7-18) tinh céc thong s6 so d6 hinh IT tuong duong :

Z =A, ——j7Ez, =P I gy o Aw SIS gy,
A,-1 05-1 A,,-1 05-1
So d6 thay thé nhu hinh (h.7.14)
Cic ham truyén dat ap, dong cia mang 2 cira :
Khi chi quan tdm dén sy truyén dat tin hiéu dong hodc 4p giita hai cira ma dung
ca hé phuong trinh v6i 4 bién theo cac dang A, B, Z, Y, H, G thi khong tién, nén ta can

1ap quan hé gitra hai bién qua mot ham truyén dat dé viéc xét duge dé dang.
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Khi chi xét su truyén dat ap trén 2 cira ta can 1ap quan hé : U =K, U V61 Ky 1a ham
truyén dat ap.

Khi chi xét su truyén dat dong trén 2 cura ta can 1ap quan hé : I =K, I ,v61 K 1a ham
truyén dat dong.

V61 mach nang lugng c6 thé c6 thém quan hé gilta cong suat gilra hai ctra :
S,= K S,vdi K 1a ham truyén dat cong suat.

Su truyén dat tir mot cira dén cira kia voi mot phu tai Z, nao do dé thuc hién mot
muc dich nao d6 thi méi c6 y nghia, nén ta can xét cac ham truyén dat trong hé thong
mang 2 cua co6 tai Z, nao dé nhu hinh (h.8.15)

Lic nay c6 ham truyén dat dong :

i l, l, 1

K':-_2: - - . = =f,(A,.Z,,0)
I, AU +A,lL AulZ, +ALl, Azlz + Az
(7-19)
I, I, 1 Iy 2 I,
lul Aik Uzl ZZ [_]1 Zn:: Uz |::| R2
5
(h.7.15) (h.7.16)

Ham truyén dat dong phu thudc thong sb Ay (tirc phu thudc ciu tric, thong sb
mach), phu thudc phu tai, phu thudc vao tan so.
6. Co6 ham truyén dat ap :

U2 U2 iZZZ ZZ

KU = — = — —
U, A, U,+A,I ALlL,Z,+A,l AZ,+A,
(7-20)

Ham truyén dat ap phu thudc thong s6 Ay, phu thude tai, phu thudc vao tan so.
7. Ham truyén dat cong suat :

é1 U 1I 1
Ham truyén dat cong suét phu thudc thong s6 Ay, phu tai va tan sb.
Vi du : Xac dinh ham truyén dat cua mang 2 ctra hinh (h.7.16).
Cho biét : Zg; =141 = 10°Q, Z, = -j10°Q, tai Z, =1, = 10°Q.
. Z
i 'Z.+r, Z - j10° - jX

K|:__2: n _ n _ — c —J
I1

=f,(A.Z,,®)

=Ky K =1s(Ay.Z;,0) (7-21)

i Z,+r, 10-j1C r,-jX, roC-]
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K v, v, u, u, 1
,=—2= = - =
u, U+1,z, . I U 14 Lo
' S U2+72IZd1 U,+ r2 2| Zy r,K,
K = r,K, o B r,
’ LK +Zy r2+idl r2+rd1(r20‘)$:_j)
I -
r 1
Ko = r rzo)C T
r+-4*—+r, 1l+joCr,+-*
_J r2
r ' . X
KhioaCrdl>>ﬂ+1hayooC>>i+iTthU:ﬁz_ L =—j=c
r 2 Ta Ul JoCry Mg

T biéu thic thay ap ra U ,cham pha 90° so vdi ap vao U ,va c6 bién do 16n 1én
1 X s
=—=lan.
oCry, 1y

Khi d6 so dd xét thanh mot mach tich phan don gian nhét vi r, >> X, va rq >>

- U u, . N 1,. . u
X.nén dong qua ty | .~ —=—=i_. Biétap trén tu : U, :Ejlcdt , thay i, =—+
r r ry,

d1

vaotacod: U = —J u,dt, rd rang dién ap trén tu ti 1 vdi tich phan dién ap vao u,
dl
theo t.

. I . 1
Khi kich thich di€u hoa dung anh phtrc chuyén dugc quan hé u,. = C_'[ u,dt<

d1

U.=- Y, vaiK _Y. _ 1 nhu da xét ¢ trén.
joCry, U1 joCry,

Tong tré vao ciia mang 2 cira :
Tong tré vao : Khi chi xét qua trinh nang lwong, tin hiéu tir cira 1 dén ctra kia cap cho
mot tai thi hé théng gdm mang 2 cira véi tai nhu 1 ‘mang 1 cta.

Luc nay phan tng, hanh vi cua hé thong thé hién & phuong trinh trang thai lién
h¢ gitra 2 bién ap, dong trén cuira. Thong s6 lién h¢ gitra 2 bién ap, dong trén cira 1a
tong tré vao (hodc tong dan vao). Ta xac dinh biéu thirc tong tré vao tir ctra 1 nhu hinh
veé (h.7.17a).

1 I P | 1>, =>
RS _<_I_
. Zn - Z2 - VAVER
b [ !
| — 2

(a (h.7.17) (b
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U, A U +A,l, A 1LZ,+A,l, A Z,+A
Zv1:__1 2T AL, _Mul2 TARl, _A Z +A12—f(A.k'Zz'®)
I, A, U,+A I, A, l1,Z,+A,l, 21 22
(7-22)

Nguoc lai néu truyén tir ctra 2 sang cira 1 ta xac dinh tong tré vao tir cira 2 nhu hinh
(h.7.17b)

Uz Uz B U+812|1_ A22U_A12i1 _A22(_Zli1)_A12i1

Zyy=—"=——"=- = = . .
I 0, ByU+B,I, —A,U+ALl,  —Au(-Zi)+A,l,
. - AZ I +ALl, ALZ +A

v6i: U=12,=-1,2, 7, = AL 2 (A, Z,,0)

AZ ALl RalithAy
(7-23)

Téng tré vao ngan mach va hd mach : Ngin mach va hé mach ctra 14 2 trang thai dac
biét ctia tai, tong tré vao phu thudc tai nén ¢ 2 trang thai dic biét ciing s& co tong trd
vao dac biét.

1. Khi ngin mach tai ¢ cra2: Z, =0— U = 0th¢Z,, = Z,

1ng -
22

- A

2. Khiho machtaictra2: Z, =oo,l,=0theZ,, =Z,,,,.,= — (7-25)

AZl
, : A
3. Khinganmachtdiéciral: Z, =0—»U,=0theZ,, =2, =—% (7-26)
11

- A

4. Khihd machtaictal: Z, =o,l,=0th¢Z,, =2, = A_ZZ (7-27)

21

Ta thay ng, Zihes Zzng, Zns chi phu thudc Ay, khong phu thudc tai nen chung la
nhiing théng s dac trung riéng ciia mang 2 ctra, nén qua ching c6 thé viét hé phuong
trinh trang thai mang 2 ctra, hodc qua ching tinh ra bd thong s6 dac trung A, B, X, Y,
H, G.

Vi du : Xac dinh Ay theo téng tréd vao ngén mach, hé mach. Theo cac quan hé
(7-24), (7-25), (7-26) taco :

A A A A ALA.-A_A
ZyngZansi = Alz All Linai— Ling = All - A12 =1 ;2 A 127 2 A 1A
22" 21 21 22 21" 22 21 29
7 - A12 Zlngzlhal _ ALA, _ A2
A (Zos—Zing) 1
11 2ng 1hai 1ng A22 A21

A,
All A21 A22

Z. 7. . A A
All B \/ - ;Al A Z A — ;Azz =+
2ng

(Z 2ng? 21 = 7

Trén thyc té hay sir _dung cong thirc dé tién xac dinh Ajx cho mang 2 ctra chua
biét ket cau (hop den). Bang cac thu nghiém khong tai va ngan mach ¢ cira do duoc
céc tong tré vao ngan mach va ho mach r6i dua vao cong thire tinh Ay

Vi dy : Xac dinh b thong sb Ay bang cong thirc téng trd vao ngin mach, ho
mach cho mang 2 ctra hinh (h.7.18).

1h&i 1ng ) 1hai ing
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Tir so d6 xac dinh cac tong trd vao ngan mach 1 —— 2
va hé mach. Za1
Lyy=Ly+Z, Zy
Zlng = Zdl 1 2'
Z i = L4 (h.7.18
Z,Z
Zyo=ZyllZ, = —arn
Z,+7Z,
Dung cong thue (7-28) tinh dugc :
A11: Z ZZdl(Zdl+Zn) — Zdlz+zn :1_’_%
_Tdi*™n Z.+7Z -Z n n
Zdl + Zn ( dl n dl)
Z,+Z, 1 Z,+2, Z,Z,
21 = = _;Alz = All'Zan =—= — —4&an
1hai (Zdl +Z )Z Zn Zn Zdl +Zn
A, =R _Za_, Cuindénraeedilc, = _ Lo (8-29)
22 Z Z 1 Z _Z

1ng di 2hai 2ng

Theo cong thic nay va cong thirc (7-28) s€ c6 2 gia tri cuia Ay do d6 cac hé sO
con lai cling c6 2 gia tri, s¢ di cac h¢ sO ¢6 tinh da tri vi chiing chang nhiing phu thudc
vao cac thong s ctia mang ma con phu thudc vao viée chon chiéu duong cua dong, ap
d6i véi cac cuc ctia mang.

Ta ciing thiy co6 hé thirc sau day : L _ L _ 2“ (7-30)
2ng 2hai 22
Mang 2 cira ddi xing :

Mang 2 ctra d6i xtmg 1a mang 2 cira khi thay ddi chidu truyén dat trén cac cira thi
tinh chét va phuong trinh truyén dat van khong thay doi.

Tir cic so dd mang 2 ctra hinh T va IT tuong dwong thiy ngay dic diém cia
mang 2 ctira doi xtng la cd Ay = Agp.

Vay mang 2 ctra d6i xtng chi dic trung boi 2 thong sé doc 1ap. Ta tim cach xac
dinh 2 thong s6 dic trung riéng cho mang 2 cira dbi xting va qua chiing viét hé phuong
trinh trang thai dé mo ta mang 2 ctra d6i xtng.

Di nhién vi mang 2 cira d6i xtmg ciling 12 mang 2 cira nén c6 thé ding cac dang
A,B,Z,Y, H, G d¢ khdo sat.

Téng trd dic tinh Zc:

" . AZ,+A
Tu biéu thuc tong tro vao : Z,, = ——2—1%
AZIZZ + A22
Ta thay no6i chung Zy, # Z, , & day Z, c6 thé thay doi, nén c6 thé tim mot gia tri
. : ALZ +A, A
tai Z, = Z.nao d6 dé Zy, = Z tac 12 : 2, =Z_=————% >taruitaZ_ = |2
A,Z . +A, A,

(7-31).

Ta théy Z. chi phu thuoc Ay , khong phu thudce tai. Vay véi mdt mang 2 clra ddi
xung xac dinh thi ¢6 Z, hoan toan xac dinh. Vay Z 1a thong sd dic trung riéng cho
mang 2 cua d6i xtmg, Z, duoc goi la téng trd ddc tinh hay tong tré 1ap lai (theo nghia
néu ly tai Z, = Z, thi tong trd dau vao s& c6 gia tri ding ngay Z. do).

Mang 2 clra ddi ximg c6 tai hoa hop :
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Ta xét mot ché do dic biét cua mang 2 clira dbi xtng la no truyén dat dén mot tai
c6 tong tré ding bang tong trg dac tinh Z. cua mang. Goi d6 1a ché do mang hai ctra
truyén dat dén tai hoa hop.

Vé6i Z,=2_ = 2 ta c6 phuong trinh dang A 1a :

21

AlZ

U=A U, +A,l,=A U,+A, Lé =U,(A,

L A :
U=U,A,+ Al? —U,A,+JALA,) (8-32

12

A21

I—AZlU +A11I2 A,Z. I +A11 .= 2(A11+AZlZ)

il:i [A11+A211}A j_lz(An""\/Alezl) (8_33)
21

O day ta thiy phuong trinh dang A lai cho quan hé tuyén tinh riéng giira 2 bién
cung loai 4p U ,VO1 U ,va gilra dong ilvéri i 5-
Tir d6 rat ra cac ham truyén dat ap, dong va thiy chiing bang nhau :
u i 1
K,=—%2=K, =-%2= (7-34)
Ul | A11+\/A12'A21
R6 rang K, = Ky chi phu thudc mang 2 cua. Né,n no la d;ic trung riéng cia mang 2
ctra d6i xtrng. O ché d6 nay ham truyén dat cong suat ciling rat dac biét.

o=t =Sl ok K=K = 50 (039
S, Ul

K thuc duong. Piéu nay chi thoa man khi goc 1éch pha :

(Uhll}—([)l—(Uz, |2J—(p2

Lac ndy ta cb : Kszi:%=%=%=&>o (7-36)
S1 1<(P1 (! 1 Ql

Ttr d6 suy ra néu mang c¢o tiéu tan P, <P nén :

P
0<2_P_Q_y =K, =K <1 (7-37)
S1 F)l Ql

Vay két luan mang 2 ctra ddi xung co tiu tan tai hoa hop thi :
Cong suat phan khang dua ra cung dau va c6 gia tri nhd hon & cira vao.

Hé sb truyén dat g =a +ib :
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. . 1
Ta cting thay khi mang 2 cura doi xung tai hoa hop thi K, =K, = la
All + V AlZ'AZI

mot didc trung riéng. Va vi vy co thé dung né cing véi Z, dé viét cac phuong trinh mé
td mang 2 ctra doi xung.
I A in z 1 1 - <A
Dé c6 dang cho thuén tién ta lay : K"K - A +A,.A, noichung la mot
U |

s6 phtic nén c6 thé viét dudi dang mii: A, +.JA ,.A,, =¢e° =e*.e”(7-38)

g=a+jb: goila hé sb truyén dat (goi 1a hé sé chir khong goi 1a ham vi g khong
phu thudc tai ma chi phu thudc mang 2 ctra doi xtng).

U I -
. : :_1:A11+\/A12-A21 e’ =¢e"e”

U, 1,

. U, U U
eg :ea.e]b :—1 :&:_1<Wul_\vu2

U2 Uy, U,

i |l<\|]il |l

ef=—= :_<\|’i -V,
iz Uy, 1, ' ’
o Uil
U, I,
T doratra : | (7-39)
Bpepe = LN—==Ln—+
U, I

Vay a la s6 do murc do tat tin hiéu truyén dat qua mang 2 cira di xtng & ché do

hoa hop tai. Goi a 1a hé so tat, a dugc do theo don vi nepe hoac bel, decibel =0,1 bel.

2
Qe = Igi = IgU_; = 2|g$
SZ U 2 U 2

U (7-40)
ay, =10a,, = 20lg—
U,

Chtrng minh dugc (7-40) tur :

S, _ 1 :[ijz = (A, +JALA, S =10° :(3_:}2 :[:_1]2

KU

2
3y =19 % = Ig(%} =2lg %
2 2 2

_ I
Tu e'e” = %<\|}ul Ve = |_1<\|/i1 — ¥, con rat ra dugc
2 2
b =argU —argU ,=argl —argl, (7-41)
b= ViV =V~ Vi,
b goi l1a hé so pha, b dugc do theo don vi Radian hay do goc.
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Vay ham phirc g = a + jb biéu dién su truyén dat vé bién, pha cua tin hiéu qua
mang 2 cta d6i xtng tai hoa hop. Tat nhién g phu thudc vao tan sé g(w) = a(o) +
jb(w)

H¢ phuong trinh trang thai dang ham hyperbol :

Ta da lam o Z, va g 1a cap thong sb dic trung cho mang 2 ctra ddi xtimg nén ¢
thé 1ap hé phuong trinh trang thai lién hé cac bién qua cap thong s6 d6 mo ta mang 2
cua.

Viét phuong trinh trang thai dang A ctia mang 2 ctra dbi xtng voi hé s6 Z, va g.
Ta: U=A U, +A,ll=A,U,+A,l,

Tim cach chuyén A theo Z , g.

Taco: e® =Chg+Shg=A,, +A_,.A,,

Ail —ARA, = }I’U'ﬂl‘ {An =Chg

a
Ch’g-Sh’g=1 Shg=A_LA,,
A Shg JALA
ShgZ, = JALA L Z, = ALA,. A1221 = A Z. = 1152\1221 =Ay
A

21

Thay A,, =ChgA,, =Z_.ShgA,, = Sz—hgve‘lo h¢ phuong trinh dang A ta c6 :
U,= ChgU,+Z_Shdl,
. : : (7-42)
II:S—th2+Cth )
ZC
) Tu (7-42) théy Z.vagcod thé xac dinh truc tiép tr cac thi nghiém ho mach va
ngan mach ctra.
Khi h¢ machctra2 - 1,=0—> U, .= ChgU ;| .= ~ U

C

2héi

_ Ulhéi_ Chg'zc _ Zc

Tong trd vao lac nay : Z

V1ih&i — | -

| Shg Thg
, 1hai
Khi ngan mach ctra 2 thi :
_ U, =2,.l,.Sh U
U,=o0 "™ J >Z,, = :ZC—CS:EQZZC.Thg
l lng: l 2ng'Chg I 1ng g
TU Zins , Zing do dugc xac dinh Z , g.
Z,

Zypg L s = £ Thg. Thg = Zi -7 = \lzlng L s (8-43

Z Z
Zlng — ZCZThg _ Tth N Thg: ﬂ (8_44)

1hai c 1h&i

Thg
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Chg Z_.Shg
Vay ta c6 bang [A]=| Shg Chg (7-45)

H¢ phuong trinh dang ham hyperbol dung rong rai mé ta va xét qua trinh truyép
dat ndng luong, tin hi¢u qua cic mang duong day truyén tai, h¢ thong loc dién doi
xung... )

Vidu : Xac dinh Z. , g cilia mang 2 ctra doi XI'Ing c6 A;1=0,5, Ay =j0,02 Sm.

Az -1 _05° -
Trude hét xac dinh: A, = = j375Q
N j0, 02

2
Téng tré dic tinh : Z, = A 1375 = 4325
V 2 V j0,02

g=a+jb=Ln(A,+A,.A, =Ln(05+)0869
g=LnEe"*) > a= O,bzg

Hé s6 truyén dat :

Vi du : Xac dinh Z, , g cia mang 2 ctra d6i xang hinh T trong hinh v& (7-19).
Biét L =0,01H, C = 4uF ¢ tan s6 o = 10 rad/s.
V61 mang 2 ctra hinh T ¢6 :

Zy=2Z4=]o LZ =Z, 1 _[Yy\ /U\
2

j(,OC 2 2
Xac dinh dugc Ay tir cac téng tré : C—
Z 2
A11=A22:1+i: _wLC
: 2 (h.7.19)
Z,7Z, L

. 2
A,=Z,+Z,,+ 2:ij+(]&} joC
Z 2

. o’LC (R
AlZZJCOL(l— 4 j;Am:Z—:jcoC

A ij(l_ 4 L(. o’LC
T d6tinh Z_ = [~ = : = =1-2
A, joC C 4

2 2
g=a+jo=Ln(A,+ /A, A, )= Ln{(l ® chj n \/ijLC(l— ® :Cﬂ

o= 23]

Thay s6 vao ta c6 :

% = % =250QLC =0,014.10° =4.10%Z_=50/1-10"°w*

g=a+jb=Ln(Ae")=LnA+jy
g=Lnl-210%w? +2.10*oV10%w? —1)
O tan sé w 2103 Rad/s :
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Thi Z, = 50,/1-10°.(10°)? = 490
e = Ae™ = [1-210°(10°)? + 2.10°10°\[10°(10°)* 1
e? = Ae" = (1-002+0,2/=0,09)= 0,98+ j0,2 = 1"?
Tudayratra: a=LnA =Lnl=0;b =y =0,2Rad
O tan s6 @ =10°Rad/s:
Z. =501-10°.(10') = 0
& = [1-210°(10')? + 210°10'/10° (10°)* — 1]
e =(1-2+0)=-1=1€"
= a=LnA=Lnl=0;b=y=nRad
O'tan s6 @ =10° Rad/s :
Z. =50/1-10°.(10°) = j498
& = [1-210°(10°) + 2.1010°10° (10°)* 1]
e’ = ~399-= 39%"
= a=LnA =Ln399=6,03nepeb =y = tRad
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CHUONG 8
BIEN POI TUONG PUONG MACH TUYEN TIiNH
Phép bién doi twong dwong :

Ta da biét viéc xét, tinh toan mach dién 1a 1ap va giai hé phwong trinh Kirhof 1, 2
ma sd phuong trinh nay tity thudc vao s nit, nhanh ciia mach dién. S6 phuong trinh
cang it thi viéc giai cang nhanh, gon, don gian.

Vi s6 phuong trinh tity thudc sé nat, nhanh ciia so dd mach nén ta dat van dé tim
cach dan ra mot so dd khéc it nhanh, it nat hon nhung twong dwong véi so d6 da co,
nén co thé giai mach dién twong duong do6 rdi suy ra dap tng ¢ mach dién da c6. Viée
lam nhu vay goi la bién dbi tuong duong mach dién. Chi co thé dan ra duoc so dd
tuong duong khi viéc bién d6i théa mén diu kién nhit dinh goi 1a diéu kién bién ddi
tuong duong. Thuong giit nguyén khong dung cham mot s6 nhanh hodc nat can xét
dong, ap, chi tim cach bién doi nhimg nhanh, nut khac sao cho viéc xét dong, ap &
nhanh xét dugc tién, gon nhét. Tt d6 théy & diéu kién bién d6i tuong duong la : "
Nhiing trang thai dong, ap trén nhitng nhanh, nat khong bi bién ddi phai giit nguyén
gia tri von c6 ciia nd".

Thoa mén diéu kién trén thi :

Cong suat dua vao mdi bd phén cing nhu dua vao tat ca nhitng bo phan khong bi
bién ddi, giit nguyén gia tri von co.
Do toan mach thoa mén diéu kién Z P, =0, nén cong sut tong dwa vao nhitng bd

phan bi bién d6i clng gitr nguyén khong doi.
Phép bién d6i thoa man diéu kién d6 goi 1a phép bién ddi tuong dwong.
Cac bién d6i twong dwong thuong gip :
Van dung nguyén tic bién doi tuong duong ta c6 dugc cac so do tuong duong
thuong gap nhu sau :
Mach dién gom cac tong trd ndi tiép Z, tuong duong voi tong trd Zyg = Z, + Z, +

ot Z =37, (8-1).

i
I
i

N | I |
U (h.8.1) U
U=(Z,+Z,+..+2Z,)I o U=2,I

Mach dién gém cac nhanh c6 téng dan ndi song song nhau twong duong véi tong
dan )Y, (8-2).

o1 T N
| e ]
""" E (h.8.2)
i=(Y1+Y2+...+Yk)U “ i=YtéU

Mot nhanh gdm céc Sdd E,,E,,...,E,nbi tiép twong duong véi 1 nhanh co Sdd
E.=> E, (8-3)
R

Treding AaUTK\/)C'Bai\_/kﬁdh - Khoa Ai&tm 2 Bai man Thia_>oe*aidln

(h.8.3) Etq
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Nhitng ngudn dong Jl,JZ, ...,kaorm vao mét nut twong dwong voi mot ngudn dong

Ju= D J, (8-4).

"""" (h.8.4)

Mot nhanh gdm E ndi tiép Z (ngudn Sdd - So dd Tévénin) twong duong mot so dd

ngudn dong Jndi song song v&i Y (ngudn dong dién - So do Norton) va nguoc lai.

. Tig
7 E - - | —
I I | I |
I o
S
U (h.8.5 p
V)
Z.=1Y Y, =1/Z
. AR . (8-5)
E,=JY=2J |J,=E/Z=E.Y

Céc nguon ap gom E |, Z, ndi song song E ,, Z, ..v61 E , Z; tuong duong voi so

Yo=Y =S17Z,

d6 ngudn dong Jté nbi song song tong dan Yq : { (8-6).

‘]ta: ZJK = ZEkYk

D . . T
UL e e
(

h.8.6)

Tir hinh (h.8.6) thay c6 thé tim mét so do twong duong

nguén Sdd E,néi tiép Zq nhu hinh (h.8.7) véi quan hé : z. B
Z,=1Y, _:l_@_>
o | (8-7). 4
Eu=du/ Yo=Y EY, /DY, U

(h.8.7)

Bién d6i trong duong Y - A :
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+—>
2
. L2 T
(h.8.8) //1E; fgk\
Z,=24,+2,+—= 212,
3
NP R , Z,Z,
Bién doi tir Y sang A theo cong thiic: {Z,, =72, +Z,+ —— = (8-8)
1
Z,=Z,+7Z,+ Zo,
2
— Z12213
1
ZlZ + ZZ3 + Z31
. X Ao 4N A . Z12223
Bién doi tir A sang Y theo cong thiic : 17, = (8-9)
ZlZ + ZZ3 + Z31
— ZZBZIS
’ ZlZ + Z23 + ZBl

Thay tuong dwong mot so d6 hinh sao khong ngudn n canh bang mot so d6 da giac

toan chinh n dinh.

Pa giac toan chinh 1a mot graph c¢6 n dinh va mdi dinh déu c6 nhiing nhanh nbi
du (n-1) dinh khac. Suy ra da giac c6 n(n-1)/2 nhanh. ‘
Vi du : So do hinh sao 5 canh c6 thé doi thanh mot so d6 ngii giac toan chinh nhu

hinh (h.8.9).

Trong d6 Yy, ..., Y la tong dan cac nhanh hinh sao, Zl, .

., Zy 13 tong trd cac

nhanh hinh sao, Y1, ..., Yix 12 tong dan cac nhanh da giac ndi cac dinh ghi ¢ chi $0,
Z13,..., Ly 1a tong trd cac nhanh da gidc twong Ung.

C6 thé chtng minh ra cong thirc bién doi :

Yk| — Ynk YI
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Trong truong hop tong quat bai toan nguoc lai : bién d6i hinh da giac thanh hinh
sao n canh dang tri. Khi n > 3 1a khong duoc vi s6 tong tro (hodc tong dan) can tim ciia
céc nhanh hinh sao bé hon s6 diéu kién n(n-1)/2 ma ching phai thoa man. Nhung khi
n=3 thi s6 diéu kién bang n(n-1)/2 = 3 do d6 ludén ludn c6 thé bién doi Y - A.

Vi du : Xac dinh chi s6 ciia ampemét trong mach hinh (h.8.10). Biét :

(h.8.10) (b

Z, =7, =)10Q,Z2, =72, =200Q0,Z, = -j]10Q,E = E,= E,=120V,J = 10A
BiéNn d6i cac nhanh nbi song song giira hai nut a, ¢ va b, d dwa vé so d6 tuong

duong d€ dang tinh dong dién qua ampemét :

Y.=Y,+Y,=1/Z,+1/Z, =1/j10+1/20= 0,05- j0,1= 011263 S.

nén Z_=1/Y, =1/0112-63 =8,9563 = 4+ j8Q2.
E,Y,-E,Y, —j01-0,05 0112-1166° 6 .
= = 120= 2222227 120=120-536° = 72— j96(V
« Y. 0112-63 011263 054 198(V)
Y., =Y,+Y,=1/Z,+1/Z, =1/- 10+1/20= 0,05+ j0o1= 011267
nén Z,, =1/Y,, =1/011263 =8,95-63 = 4— j8Q

E

. l : 1 0
E, - E,Y,+J _ 120j0,1+10 _ 156(50 _139-1% =136- j32(V)
Yoo 011263 011263
Tir so d6 hinh (h.8.10b) tinh duoc dong qua ampemét :
_ at Epg (72+'196).+(136 132) _ 208 .1128: 244 3162 _191(-8F (A)
Z.+Z2,+Z,, (4+])8)+j10+(4-]8) 8+ j10 12,8(513
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CHUONG 9

LOQC DIEN
Cac khai niém co ban va dinh nghia
Ta da xét mang 2 cura, thay 16 thong s dic trung cia chung A(w), Z(o), Ky(®), Ki(w)
ty thudc két cau, thong s ciia mang va co tinh chon hra tan s6. Nhimg mang 2 cta
ma truyen dat Ky(w), Ki(w) co tinh Iya chon véi tan s6 theo mot luat dédc biét : Cho
truyén dat qua mot cach dé dang phd tin hiéu dong (ap) thudc mot dai tan nao do goi 1a
dai thong va lam tat nhitng tin hiéu thudc nhitng dai tan khac goi 1a dai chin. Mang 2
ctra dac biét a ay goi la mach loc dién.
Trong linh vyc KTD nhu thong tin tai ba, k¥ thuat dao dong, ky thuat tao xung, chinh
luu... can nghién curu sir dung va thiét ké loc dién.

Phan loai cac bd loc dién theo nhiéu cach :
Tuy theo phd tin duge chia ra 4 loai mach loc :
B¢ loc tan sé thap (loc théng thdp) : Cho thong qua tan s6 tir 0 dén 0, —> 0 < ® < o,
va chan dai tan sb cao hon.
B¢ loc thong cao : Cho thong qua mot dai tan cao ® > ®, va chin nhiing dai tan thép
hon w,.
Bo loc mot dai thong : Cho thong qua mdt dai tan o; < ® < ®, va chin nhirng dai tan
thip ® < o, ciing nhu cao hon ® > ©,.
Bo loc mot dai chdn : Chin mot dai tan o £ ® < ®; va cho thong dai tan thép 0<o<
o cling nhu dai tan cao hon @, < ® < oo,
Hinh v& (h.9-1) v€ dai thong va chén cta cac loai loc dién d6 :

0 o © ’ o o ©
Loc théng Loc théng mdt
1A a2
| > | | >
4 QI)O ® 0 (DVl 03'2 ®
Loc théng (h.9-1) Loc ch&n mdét

~ P I
Tuy theo cac phan tir ding dé ciu tric bd loc chia ra cac loai :
Bé loc thuan khang - Gom céc phan tir L, C.
B¢ loc ap dién : Céu trc chu yéu tir cac phién thach anh.
Bé loc khéng cam ieng, thu déng : Gom cac phan tir r, C.
Bo loc tich cuc rC
Ciing phan loai theo cach thirc lién két cac phan tir : Nén c6 loc dang T, T, IT, hinh
cau.
Theo dang dic tinh tan thi c6 cac bd loc loai K. loai m.
S& di mang 2 cira c6 dugce tinh chat dic biét trén vi chiing duogc ghép boi cac phan tir L
va C nén X, Xc ¢o tinh lya chon véi tan sd. Dién cam d& dang cho thong qua tan sb
thip vi X, = oL, nguoc lai dién dung cho thong qua d& dang tan sb cao vi Xc = 1/oC.

5 5 \ . 1
Nhanh L-C dé dang cho thong qua mét dai tan quanh tan s6 cdng huon =—
g gq : q ong g 0, Jic’
nhanh L // C chén cac dong thudc dai quanh dai tan sé cong huong.
Ta d& dang khao sat bo loc thuan khang 14 loai loc gom hop thanh bai cac phan tir L va
C. Tir loai loc ndy c6 thé xem xét cac bo loc c6 chét luong cao thuong cé tiéu tan rat
bé c6 thé bo qua. Viéc xét bd loc thuan khang cho ta phén doan dugc nhitng nét chu
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yéu cua qua trinh loc coi 1a ¢6 tiéu tan. Trén thuc té loai trir loc thong thép r- Cracon
viéc khao sat loc 6 ti€u tan kha phurc tap. Khi tinh toan thiét ké bo loc co tiéu tan phai
str dung céac bang s, duong cong dic biét.
Thuodng cac bo loc duge ndi theo dang ddy chuyén (moc xich) dé nang cao chat lugng
loc nhu hinh (h.9-2)

Trong d6 cac tong trd ndi doc ki I F+— 1 ] -
hiéu Z, , nbi ngang Z, . P& nghién ctru 21 21 21 21
bd loc ta cit ching thanh nhitng céi loc D D D
thanh phan dé néi xau chudi lai thi thanh 22 Z2 Z2
cai loc chung, c6 hai cach chia nhu sau :
Céch thi nhét 1a cit qua cac tong trd doc
Z, ta s€ duoc cac bd loc thanh phé‘ln hinh

7
]

(h.9-3)

|

777

N
NJ
it

1

2 ]

T nbi véi nhau nhu hinh (h.9-3)
Céch chia thi hai 1a cit qua cac tong trd ngang Z, ta s& dugc cac b loc thanh phan
hinh IT nhu hinh (h.9-4)

Vay 10 rang viéc xét bd loc hinh T, I1 ddi xung la rit co ban trong toan bd viéc
nghién ciru bo loc vi né 1a co so cho viée xét cai loc hinh T va nhirng chudi loc.
Piéu kién dé mang 2 cira d6i xirng thanh b loc tin s

Ta cin xac dinh nhimng diéu kién dé mot mang 2 ctra ddi ximg c6 nhing dai
thong tirc 13 ¢6 tac dung loc tan sd.
Quan hé giita ap, dong & clra vio, clra ra ciia mang 2 cira d6i xtng tai hoa hop :

Trong mang 2 cira dbi xtmg tai hoa hop ta co biéu thic lién hé :

1 1 1 1
| | | | | | | I
Z1 Zq Zq 21

27, | 27, 27.| | 217, 27| | 27,
(h.9-4)
u, |

Ti s6 modun : Yo L e (9-2)
2 2
Tir day thay khi tai hoa hop c6 thé c6 nhitng diéu kién nao d6 dé trong mot dai
tan nhét dinh duoc a(®) = 0 tic @ =1 thi ¢6 : Uy(w) = Uj(w) va (o) = I;(w).
Khi d6 tin hi¢u dong, ap thudc dai tan d6 s& tir cira vao dén ctra ra ma khong b1
tat, luc ndy mang 2 cira 1a mot mach loc tin. Mach cho thong qua tin hi¢u thudc dai tan
do con s¢€ khong cho qua (chan) nhiing tin hleu thudc dai tan khac.
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Vay hé sO tat trén mot dai tan ctia mot mang 2 cua ddi xung tai hoa hop triét
tiéu (a(o) = 0) chinh 13 diéu kién dé mang 2 ctra d6 thanh bo loc dién.
Diéu kién dé a(m) = 0 trén mot dai tan :
Voi mang 2 cira co tiéu tan thi : P, < Ppnén U, < Uy, I, <Ij nén a(w) > 0, théy ngay
khong thé ding mang 2 cira ¢6 tiéu tan lam loc dién 1y tuong véi a(w) = 0.
Vay chi con mang 2 cira thudn khang doi xieng tdi hoa hop la cé thé lam cdi loc.

V6i mang 2 cira thuan khang d6i xtmg tai hoa hop ta c6 tong trd dic tinh 1a

/A . N ,
Z.= A—12 , trong d6 Ay, , Ay 1a nhitng s6 4o (vi thuan khang) nén Z¢ chi c6 thé co
21

hai loai gia tri :
A, (o)

21

O dai tan ma A»(w), Ayj(w) 12 40 cung diu thi > 0nén Z¢(w) c6 gid tri thyc.

A, ()

O dai tan ma A,(»), Ayj(®) 13 4o trai diu nhau thi A
()]
21

< 0nén Z¢(w) cb gia tri do.
Xét mang 2 cia thuan khang tai hoa hop voi Z¢ do :
Luac l'léy Alz((,O) va Azl((D) la trai dau nhau nén A]z.Azl > (0 nén tur A2]] - A]z.Az] =1
ma A;; = Chg rat ra Chg=,/1+ A,A,, >1Chga+ jb) > 1nana(o) = Reg(w) > 0—
tin hiéu bj it khéng‘lém cai loc duoc.
Xét mang 2 cuwa thuan khang tai ho‘la hop voi Z. thuc :

Tc Ay, va Ay 12 4o cung dau nhau nén A,.Ay; < 0. Do mang 2 ctra khong tiéu
tan nén P; =P, co :

(%} :U_lJ :%:1_) U, (o) = U, (0),], (o) =I1,(o)vaia(w) = 0, ta co

mach loc tan sd.
T d6 phat biéu diéu kién thong cua mach loc ddi xung 1a :
Mang hai cira 13 thuin khang.
Va trong nhitng dai tin 4y tai hoa hop Z(w) 1a thudn tro.
Tat nhién ¢ nhimg dai tin ma Z (o) thuin a0 s& c6 a(m) > 0, tin hiéu s& tat, khong
cho qua.
Tiéu chuén doan nhan dai théng va dai chn :
Dai thong 1a dai tan s6 dé a(m) = 0.
Dai chén 13 dai tan s6 dé a(w) > 0.
Ta goi nhing tan sb phan gidi cac dai thong va dai chan 14 nhitng tin s cit o,
®eo ... . , ,
Tur nhitng phat bicu trén ta dua ra nhiing tiéu chuan dé doan nhéan dai thong va
dai chin cua loc ddi xtmg thuan khang :
Dai thong la dai tan trong d6 Z.(®) cua bd loc 1a thuan tro, tc cd gia tri thyc :
, ‘ Zo(@)=rf) (9.
Dai chan 1a dai tan trong d6 Z.(w) 1a thuan khang, tirc c6 gia tri 4o :
Z(0) = jX() (9-4)
Hién tuong cong hudng toan phan trong toan dai thong :
Qua phan tich trén ta thiy trong dai thong co Z,(0)=2Z,(»)=r,(o)ching to

trén moi ctra khong co su trao d6i ning luong, dao dong qua lai (ma trén cira chi co
ti€u thu).
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Trong khi d6 vi 1a 2 cira thuan khang nén c6 cac kho L, C trong mach déu co
dao dong tich phong nang luong. Vay cac kho chi trao d6i nang lwong voi nhau va
phai trao doi vira hét véi bat ké mang 2 ctra c6 két cdu don gian hay phuc tap. Ta noi
mang 2 cira cong hudng ndi bo toan phan vO1 nhau trén ca mot dai thong cua tan sd
hay cong huong toan mang trén ca mot dai tan (c6 thé hiéu rang cong hudng xay ra khi
Z=R+jX coX=0déZ=R =thyc).

Khac voi cong huong thong thuong ma ching ta da xét trude day la chi cong
huong trén mot s6 hitu han tan s6, con cong huong nodi bd toan phan la cong hudng
xay ra trén ca mot dai tan Gmg véi dai théng. Cong hudng toan phan 13 hién twong dic
sdc cua nhiing mang 2 cira thuan khang va cling 1a mot hién tugng dac trung dai thong
ctia mach loc thuin khéang, dong nhét v6i tiéu chuin doan nhan dai thong Z.(®) =
().

Dii thong va tin so cit ciia loc doi xing hinh T va Il :

Ta xét dai thong, tan sd cit cho loc d6i xtmg hinh T va IT chuan nhu hinh (h.9-

3) va (h.9-4).
Dai thong, dai chén, tan sd cit :
Tir so d6 loc ddi xtng hinh T va IT ta ¢6 dugc téng tré dac tinh :

Z
ZcT = \/lez( 421 j
2

z.z, (9-5)

Z_ =
cIl Zl
4z,

vi la thuan khang : Z, = jx, Z, =jx, nén co :

X
ZCT=\/—X1XZ[ 4):}
2

Z = — XX,

c1
1+ %
ax,

Piéu kién ton tai dai théng :
Tir cac cong thirc trén ta thiy néu & moi dai tan cd X1(®) va Xy(®) ludn cung
dau, trc nhanh nhanh doc va nhanh ngang co két ciu giéng nhau véi thong sb ti 1é

X, (@)
(

2

(9-6)

nhau thi s€ludn cé x;(®).x(w) > 0, > 0nén Z, (o) ludn cod giad tri 4o, vi vay
khong ton tai dai thong.
Tu do rat ra voi mang 2 cora ma nhanh doc va nhanh ngang cung loai ( cung L
hodc cung C hoac cung L-C...) thi khong thé 1am loc dién dugc.
X, (®)

2
Ttc 13 x,(®) va X»(®) phai trai ddu nhau, ma x;, x, déu 13 khang nén chung trai
dau nhau khi khac tinh chat nhau, tirc chung phai twong nghich nhau (vi dy : nhanh
doc L thi nhanh ngang 1a C...).
Vay dé ton tai dai thong Z(®) = r.(m) thi phai st dung mang 2 ctra thudn khang
d6i xtg hinh T hodc IT ¢6 cac nhanh doc va ngang tuong nghich nhau.

Dé Z.r va Z.y thuc thi bude phai co quan hé : x,(0).x2(0) <0, <0(9-7).
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Bat phwong trinh dai théng va dai chan :
T diéu kién dai thong thay dé Z.(w) thuc budc xi(®), xo(®) khac dau va

(1+ X ]zomcla: X)) _gqiXal®@) Sy

4x, X, (w) X, (@)
£ X 1t 1A X, (o)
Ta duoc bat phuong trinh dai thong : —4 < ) <0 (9-8)
2
. Ak . N 1 ()
Nguoc lai c6 h¢ bat phuong trinh dai chan : (9-9)
%, ()
hoalie——- <-4
X, (o)
Phurong trinh ciia tan sé cdt (tan sé bién) :
Xl((’ocl) = _4X2 (O‘)cl)
Tir (9-8) ta duoc hé phuong trinh tan sb cit : x (o) 0 (9-10)
X 2 ((Dc )
, X, (o,) , . C g
Trong d6 ﬁ = 0c6 nghiém o, trong hai truong hop : x;(®.) = 0 hodc
X2 O)C

X>(®,) = 00 v6i X;(®,) hitu han. ) )
Vi du : Xac dinh dai thong va chan cua cai loc hinh (h.9-5). Biét L; = 10mH, C, =
IpF, C, =0,5pF.

Dién khang doc X, = oL, - i, di¢n khang ngang X, = ————.
oC, oC,

Tan so0 cat o, m, la nghi€ém cua cac phuong trinh :

Tu X,(®,) =0cow,L —L:Onéncoi}) =—
1 1 11 1
®,C, L.C,

JR— +_
Ll C1 C2
Thay s6 ta dugc @, = 10* Rad/s, », = 3.10" Radss.

Vatr X,(o,) =-4X,(o0,)cob, = i( 1 4]

Ax
L./
o) 1
Co—
(h.9-5)

Dai thong 1a dai tan [o;, ;]
Cac dic tinh tan cia lgc dién :
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Dé khao sat va st dung céac bd loc can nam cac dic tinh tan cta chung, tuc sy
phu thudc vao tan sd ciia cac dic trung cta bo loc nhu Z(0), g(®) = a(o) + jb(w).
Muc dich xét cac dic tinh tan :
Trong dai thong can biét Z,(o) = r.(») dé phdi hop bd loc véi tai Z, sao cho thoa man
Z5(w) = Z.(®) =r1(®) trén toan bd dai thong.

Vi trong dai thong a(®) = 0 nén can quan tdm hé s6 pha b(®) = Wy - Yuw = Vi -
Wi, chi goc 1éch pha gitra tin hiéu ra va tin hiéu vao.

Do c6 sy léch pha nay din dén lam méo tin hiéu khong diéu hoa (thuong tin
hiéu dau vao cua loc 1a chu ky khong diéu hoa)

Tuy nhién ting thanh phan diéu hoa trong dai thong déu khong suy giam (vi
a(®) = 0) . Bé khoi méo tin hiéu thi b(m) ti 1& v6i tin s6 .

Co thé théy mot thanh phén diéu hoa tan sd o khi vao bd loc ¢o gbc pha ot thi

khi ra c¢6 goc pha ot—b= w(t - Ej, b = At(m) 1a thoi gian tré. Néu b ti 16 voi  thi
®) ©

thoi gian tré d6 s& nhu nhau voi moi thanh phan diéu hoa khién cho ca tin hiéu s& chi
bi tré mot quing thoi gian ma khong bi méo.

Trong dai chin dd tit q(®) cang 16n nhanh & tan s6 cét thi tac dung chén cua loc cang
tdt, ta noi cai loc cang sic.

Vay d6 16n q(w) va tdc do ting ctia n6 1a thong sbé quan trong do do sic va pham
chat cua bo loc.
Dac tinh tan cua tong tr¢ dac tinh Z (o) :

. 2 X
Tu biéu thue : Z ; = \/—X1X2[1+ 2 -

]vaiZcn =

2

Ta thay dic tinh tan sb Z,(o) c6 cac tinh chat sau :
Trong dai thong Z(w) ¢ gié tri thuc, con trong dai chan nd ¢ gid tri o.
Trong dai chan Z.(®) = jx(») ludn ting theo tan sb.
O tan sd cat 1+ X =0nénZ.; =0, Z.5 = .
4ax,
Dic tinh tan truyén dat g(®) = a(®) + jb(w) :
V&i mang 2 cira thuan khang d6i ximg tai hoa hop c¢6 dang chuan T, IT nhu da

) Z
xét ta ¢6 Chg = Ay, md Ay, ciia hinh T va T déu 1a : A, =1+ 22 =14 % nén -
27, 2X,
Chg=1+ X ch(a+ jb), ndncoi chacosb + jshasinb =1+ 1 it ra cho
2X, 2X,
Xl
N chacosb =1+
phuong trinh can bang thuc, 4o : 2X, ¢ (9-11)
shasinb=0
Tir quan hé (9-11) ta xét dic tinh tan a(o), b(o).
Trong dai thong :
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L rat
2X

Trong dai thong a(w) = 0 nén cha(w) =1, sha(w) =

2

b X, (o) )
ra: b(w) = arco{1+ . (m)} (9-12)

2
b(®) cung dau dién khang doc x;(») va ludn ting theo tan sd.
Trong dai chan :
Trong dai chin a(w) # 0 nén sha(o) # 0, nén dé théa méan (9-11) suy ra trong dai
chén luén c6 sinb(w) = 0.
b(w) =0

Tir d6 thdy b(®) c6 mot trong hai gia tri : (9-13)
b(w)==xn

2

dw):am%: le (9-14)
2X,

. X
Ln L >0
2X, 2X,

tic 1a x;(®) phai cung dau véi x,(m) va dai chan nay ¢ 1an can tan sb cat ., ang voi
X(®c1) = 0.

Khi b(®) = £ nén cosb(®) = -1 nén suy ra : chaw) = —(1+ Zx—lj rat ra dugc
X

a(oa):arc?{—( al H (9-15)
2X,

X,(©) <-lruita——— Xy (@ )
2%, (w) X (60)

Tic 1a trong dai chin nay x;(®) va x,(®) trai ddu nhau va & 1an can tin sb cat
®¢,; Ung véi phuong trinh tan sb cat X1(0e) = -4%,(®)).
Bo lgcloai K :

D6 12 bd loc thuan khang ma tich dién khang doc x,(®) véi dién khang x,(m)
luon 13 mot hang sb thuc, dwong K* nao d0 : Z;(0).Zx(0) = jxi(w).jx:(0) = -
x1(0).x(®) = K* > 0 (9-16).

Dé bao dam (9-16) thi x;(®) va x,(®) ludn nguoc ddu nhau trong ca dai tan 0 —
o va ching ¢6 modun la nghich ddo ctia nhau véi phuong trinh K. D6 1a nhanh tuong
nghich nhau véi tich dién khang bang K°.

Vi cha(w) >1 nén trong dai chan nay c6 : 1+ ————

: 1 L
Vi du : nhanh doc 1a L, thi nhanh ngang 1a C, véiwL,.—— = —* = K? = consl
oC, C,
Vay mot b loc loai K hoan toan xac dinh boi x;(®) (hodc x,(®)) véi phuong
tich K2, vi dic diém loc loai K ¢6 x;(®), x»(®) trai diu nhau trong ca dai tan tir 0 — oo
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, . X
nén trong dai chan hé so pha b chi ¢o6 gia tri b(w) ==+, ta c6 chaw) = —( 5 L ]Vé
X2

c6 a(o) = arck{—( al ﬂ = arc}‘(—l— &j
2X, 2X, (o)

Loc théng thip loai K :
So' do : nhu hinh (h.9-6) :

I, I, I I

I % A R
L/ L/ L
- f) f) - - -
Uy e U, U, | ¢/ == C/—=— u,
(9] o}

(h.9-06)

Pé loc thong thép ta két cAu bo loc nhu hinh vé. Trong do céac téng tréd doc la
dién cam dé dé dang cho thong qua tan sd thap (x, = ®Lnho khi @ nho). Con nhanh

[N r l A A \ r 3 \ 5 A X \
ngang dung tu dién khang X, = oc’ tan sO cang lon thi x. cang nho nén tu dé dang

cho thong qua céac tan s6 cao. O trong mach loc thong thap nay no cd vai tro cho khép
mach céac song cao tan dé chi cho cac song tan thap chay dén cua ra.

T X, = oL, X, =—®—1C COF X, (@)X, (®) =c£:= K? nanK = \/% = const

C6 thé ndi voi moi cdp L, C bit ky so d6 xét déu 1a loc loai K.

Dai thong :

Tinh tan so cat : b—b%%ﬁ%“
Cho X, (0,)=w,L =0coiw, =0 o ©
Cho

Xl((DCZ) = _4X2((Dc2) CO'ix)ch = iaaam@cz = i =0

(DCZC \Y LC °

Vay dai thong 1a doan tan s6 0 — w, con tr ®, — oo 1a dai chan.
Cac dac tinh tan :

X
Z; :\/—xlx{ 4xl J
2

Trong d6 -x,(0).xx(0) = K*

X, (@) = oL :—cozLC:—o)zi2 dico: o, =inénLC=iz
X,(0) 1 @, LC o>
oC

2
Puoc Z_. (0) = K 1—(ﬁj vaiz (o) =
0\)O
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2
& dai thong ¢6 : a(w) =0, b(w) = arccoE X, j = arccoEl— Zm—zJ
2X, (O

2
& dai chdn 6 : b(w) = +7, a(w) = arc}{— X j = arc}{—1+ 20)_2J
2X, o,
Céc dic tinh tan nhu hinh v& (h.9-7) :

A A
Zz(® alb
\ Trd a(m
em f1 L \
K TN b =
, ZcT T
7 / (Cam)
cT K o b(® o
0 o I o 5 = o
o 0
/” Zen
) (D1iner) (h.9—7)

Loc thong cao loai K :
So do : Dé cho thong qua cac tan s cao thi so dd gom cac phan tr doc, ngang phai
tuong nghich véi cac phan tir twong tng & loc thong thap nhu hinh (h.9-8)

I]_ | 12 | | I]_
i% ol
5, L% 5, 5, 2L§ 2L§ 5,

(h.9-8)

I,

»

o

Toéng tré doc 1a tu dé thong qua dé dang tan sd cao, chin tan sb thap, tong trd
ngang 13 cam dé khép mach dai tan s6 thap vé nguodn.

T X, = —ic,x2 = oL coF X, (®)X, (o) =%= K? nanK = \/% = consi
(Q)

Dai thong :
Cho X, (0,,) = 1C=Oéaeél'dl;2=oo 577 e

c2

1 2 1
Cho x,(®,) =-4X,(0,) cOBo L = ———aseais, = ———— = o,
1( l) 2( 1) 1 0)ch 1 2\/@
Viy dai thong cta b loc 1a [0, — o ]
Cac dac tinh tan :
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-1
X

1 _ OJC — 21 _ QZO nén ZcT(O)): K l_[o‘)oj ,ch((l)): K
4, 4oL 4o’LC o ® ®,)
1-| 2o

2
& dai thong a(w) = 0, b(w) = arccoEl— 2%

®>
(@)

2
& dai chan b(o) = —m,a(m) = arc}‘[— 1+2 ‘2’]
®

Dic tinh tan nhu hinh (h.9-9)

A A

Z(® alb
\ ZCH i ZCH
(cam, [+ &0 a(ow
Y\ \
K \
ZCT ,/I E a =
- Q 0 ®
0 ®, ” 0 ®o i
/ b(®
(dbin - )
# b
/ (h.%9-9)

Loc thong mot dai loai K :
Sor do : Nbi xau chudi bo loc thong thép ¢6 tan sd cit o, voi b loc thong cao co tan s6
cit ; voi @, > @, thi ta duoc bo loc thong mot
dai v6i dai thong tir o, dén ..

So d6 bo loc théng mot dai nhu hinh (h.9- eeseseey

10) (O5) ()
Ll/ 2C, Ll/ 2C, L1 C1
I |

Co—— Lo Co/ 2L, Cyo/ —— 2Ly
— S L
| |

VL £ £ £ L L /) Ly
Y7s7777777%

(OF) ()

O

M

(h.9-10)
Vi céc tong tré doc va ngang tuong nghich nhau nén tai diém z&rd cua tong tro

SR P < A 5 A 5 1 \ r 7
phdi 1a diém cuc cua tong tré ngang ®, = ——=tur do6 ta co :

1
V LlCl L2C2

doc o, =
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1 1 y . \ , s
= ruitaL,C, =L,C, vay céc thong s6 cua so dO phai théa man diéu
\/Llcl \/LZCZ
L, o’LC -1 « -olL,

L
kién trén. Tacod Z. (0).Z,(0) = —2, K = [=2,X = )
. (240 = 5 K= [, = O = e

Dai thong :

©’L,C, -1 4oL,
oC, o’L,C, -1

Bién ddi ta dugc : (2L,C, —1) = 40°L,C, - 0’L,C, —1=+20,/L,C,

Chia hai vé cho L,C; ¢6 : ® — 1 + 2

L.C, JLGC,

Giai ra chon nghiém duong ta dugc tan so cat : o, =

Tinh tan s cat tir : X, (0) = -4, (®) cO} chuyiL,C, = L,C,

L + L ¥ ! qua
I‘IC:Z L 2C1 \/ L1C2
cac duong cong x;(®), X,(®) théy duogc dai thong 1a [w;, ®,]. Hoac léy mot tan sb
_a< K@)
X, ()

trong quang [, ®,] dé phuong trinh dai thong : < Onéu nghiém dung thi
két luan dai thong 13 [0, @,].

Vi loc loai K ¢6 Xy, X, ludn trai dau, tuong nghich nhau, vi vay néi chung diém
khong o, cua x;(®) hay diém cuc ctua x,(®) thuong thudc dai thong, w, cd dugc tu

1
VLG

thong, tir bi€u thirc ®,, m,, ®, thdy o, = /0,0, , ®, 1a trung binh nhan cta ;, ®, .

xi(w) =0, o’L,C, —1= 0 deediis, = do d6 néu o, < ®, < w, thi [0}, ©,] 13 dai
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Pc tinh tan : duoc vé ¢ hinh (h.9-11)

X A
X1
X2
(h.9-11)
0 1
A
Zepi Lro
ka (® /
s /
b(w !
4 = ' a(ow cam ori trd 7o
/ n \ » s ] 03;
v (O] o () (1; Y (OVF (O (V) - -
dun ! “dun
-m bfm Ao SZen”
(h.9-12) '
L2
. 2
L C,(o o C
R o e ey e e
: e © _Cfo o
C o, o
C 2 2
o o O o
a(w) =arc 1——2[———"} ,b(w) =arccosl - —= ———°J K= =2
2C\o, o No, o C,
Loc chan mot dai
So do : Neéu noi song song loc thong cao co tan s
sO cat m, véi loc thong thap cé tan so cat ®; ma ! @
®; < o, thi ta s€ c¢6 bd loc chan mdt dai voi dai 67777777777777® o
chén 14 (w1, ©,). So dd loc chén mét dai nhu hinh ’
(h.9-13) co tong tr¢ doc, ngang tuong nghich vaoi
so do thong mat dai.
= -olL, « _ooszCz—lX “ = -olL, mszCz—l_Ll
' ’L,C,-1"7 oC, ' oL,C -1 oC, C,
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L
viL,C,=L,C, K= |+
2L = LGy C,
— YN\ — Y\ iaYaVa
Ll/ Ll/ Ll
- ? 2 I—
| L | | N
| ’ || 2L I 2L
2Cl 2C1 Cl
Cz Cz/ Co/
1 > | > |
(h.9-13)
L Ho’L,C, -1
Ddi thong : Tu X, (o) = —4X, (o) COI—; ob, _ (0°L,C, 1)
o’L,C -1 oC,
DPuoc o —1 1 + 16 ¥ 1 ® = 1 _ 1 — .0
T2 T, L,C, L.G, /L;E: 10 LC, L,C, 102

Th?iy dai thong 1a [0, o] va [w,, =], dai chin 1a [®;, @], ta duge loc chin mot
dai.

Cdc ddc tinh tan :

Trong dai thong : a(w) = 0, b(w) = arccosl—

Trong dai chin : b=+n, a(w) = arch 1-

Céc dic tinh tan nhu hinh v& (h.9-14)
Ta thay trong dai tan ® > ®, cac dac tinh tan giong loc thong cao, trong dai tan
o < o, thi lai giong loc thong thap.
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aAb
a a
T
b
a =
/ a)
S IBVARE (G (D8 ©; Ol
a)
...................... (a
\
Zrh A
j Trd Cémff Trd
cam; d
K K
Trd T
v (O] Wy 7102 ® v (O] ®; Q7] ®
Dun ‘
(b ; Dun
\ o ( C
(h.9-14)

Nhan xét vé cac bd loc :
Nhan xét vé loc loai K :

Qua viéc phan tich loc loai K dbi xtmg c6 vu diém 1a don gian, d& ché tao, thiét
ké, trong ving chin cang xa tan sb cit a(w) ting dén co. Tuy nhién ching c6 mot sb
nhugc diém sau :

Trong dai chin vi a(w) tang theo ham arch nén 1an can tan s6 cit tbe do tang cham, doi
khi khong du théa man yéu cau vé do sic cua loc.

Trong dai thong tong trd dic tinh Z (o) bién thién nhiéu, chi ¢6 thé coi gan ding Z,(m)
= r(w) = K trong doan chimg < 0,4 dai thong. Trong khi do ngudn va tai thuong co tre
thudn tiéu tan ry, 1, coi nhu 1a khong d6i subt dai thong, nén trong phan kha 16n dai
thong c6 r.(®) # 12, 1y # 17 tc 1a loc khong hoa hop gitra tai va nguon khién cho thuc
té a(w) >0, loc kém chat luong.

Céc cudn day, tu dién lam loc thudng co tiéu tan nén hé sb pham chit Q bé (c& 100 tré
lai) kho théa man yéu cau cao vé loc thuan khang. Do Q nhd nén khoé thyc hién chinh
X4c cac tan sd cit ., W trong loc thong hodc chin mot dai & vung thong cao va
chung sat nhau.

Véi nhitng cach ché tao L, C thong thuong, khi loc & tan sé cao can L,C rat nho
(cd mH, pF) nén khé ché tao chinh xac, khi loc tan sb thép can L,C 16n (co 1-10 mH,
uF) thi phai ghép cong kénh, tén kém.

Vé cic bo loc khiac :
Néng cao chdt lwong loc bang cach thiee hién cdc phan tir L,C véi chat heong cao hon

Treding Aadi Hoiic Barch Khoa - Khoa Aidln - Bau man Thiddt bé aiadn
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Dung nhig 161 dac biét nhu alsifer, oxyfer.. .dé ché tao cac cudn cam cao tan

Dung nhitng lat ap dién, ap tur, gom .ché tao nhirng mach dao dong cao tan voi thong
s0 chinh xac, d6 on dinh cao, hé so pham chét Q cao (t4i 10°).

Diing nhitng doan cap dong truc, ong dan song kim loai ché tao nhirg mach dao dong
hodc nhimng phan tir x(®) & siéu cao tan.
Duing mang 2 cira khéng doi xieng hinh I:

Loc hinh I" sao cho vtra lam nhiém vu loc nhu mang doi xung vira bdo dam hoa

hop phu tai.

Co thé ndng cao chdt lwong loc bang cach diing cdc bé loc nhiéu mdc loc song sé dan
dén so do phirc tap.
Dung bo loc logi m, nd dugc bién tudng tur loc loai K nhu hinh (h.9-15) véi hinh T.

| S| | S| S| L1

Z1/ Z1/ mZ,/ mZ,/ mL;/ % mL; /

1
2 2 P71 2 2 oL,

: |:| n7; 4|_C /n
_l_

(h.9-15)
V6i loc hinh T ta ndi tiép thém pZ, vao nhanh ngang, d6i gia tri Z, cit thanh
2
mZ, va Z, cii thanh nZ,. Hé s6 m léy trong khoang 0<m<1: n=—,p= ! 4m
m m

Véi loc loai m nay lam nang cao toc do ting hé sb tit a (& ving gan tan sb cat
lam tang do sic loc dong thoi 1am Z(®) b6t bién dong trong dai thong.

Ta thidy m cang bé hon 1 thi Z(®) cang gin w,, thi trong dai chin a(w) cang
dbc. Khi m = 0,6 thi dic tinh tin Z(®) twong ddi it thay dbi trén phan 16n dai thong.

Tir loc m hinh T chuyén sang loc m hinh IT nhu hinh (h.9-16)

mZ,/2 mZz,/2 mZ;
1 1 1
L | L | L I
le 2le szl
nz; 2n7 2nZo
(h.%-106)

Dung loc thudn khéng so dé cau : Nhu hinh (h.9-17)
Tacod: Z, =+/Z,.Z, . Hé sb truyén dat :
Z. -7,
Z.+2Z,
Tén tai dai thong voi : |K U| =1- a(w)=0.
La dai tAn ¢6 Zo(w) thuc, Z_ =/Z,.Z, v6i Z =
iX1; Zy = jX, nén X, X, thuan khang va trai dau nhau,
c6 thé chon X (®) va X,(w) thich hop dé tang do doc

K,=e%e’=
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a(o) trong dai chin. Co thé tao quan hé b(w) tuyén tinh theo ® dé lam giam méo vé
pha.
Dung loc R-C tan 56 thap (bg loc khong cam ing) :

Khi can loc (thong thap, cao, thong mét dai, chan mot dai) ¢ tan sb thap ching
vai Hz dén vai chuc KHz dung loc thuan khéng cong kénh vi L qua 16n, néu yéu cau
chinh xac cac dic tinh khong cao, c6 thé dung mach loc r-C gon nhe nhu hinh (h.9-18)

N ——
O —_—

(a (b (c

‘ (h.9-18) \|
(a) loc thong thap. N N
(b) loc thong cao. —
(d) loc chan mot dai. — 1] L —

(c) loc thong mot dai.

So db (a), (b) co thé 1a (a"), (b') d
— — | iy
7 7 | | | |

N 7 2C 2C
C—— ID
(a (b

Trén day chi néu 1én nhitng nét co ban nhét vé nguyén tic loc tan sd. Con trén thyc té
con co thé két hop nhing so d6 nguyén tic do voi cac mach dién t, ban dan. C6 thé

nghién ctru k¥ van dé loc qua cac tai liéu chuyén vé loc.
C
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CHUONG 10
MACH BA PHA O CHE PO XAC LAP PIEU HOA
Khai niém vé mach dién 3 pha :

Pé truyén ta1 nang lugng tur nguon den tai can phai co hai day dan : mot day
“di” va mot day “vé&” . Trong thuc té vi ngudn va tai thuong rat xa nhau nén day nbi co
thé rat dai.

Néu lién két mot sé mach hoan toan giéng nhau, trong mdi mach déu c6 nguén
va phu tai va dong dién bién thién cung tan sd nhung 1an luot 1éch pha nhau thi tong
cac dong trén day “v &” bang khong. Néu nhu vay o thé bo duong day “v ¢ “ ma van
dam bao cung cap dlen Va rd rang hé thong nay rat kinh té. D6 1 hé thong nhleu pha -
Mach nhiéu pha.

Vay tap hop cac mach dién trong do co6 su tac dung cua Sdd hinh sin cung tan
s6 va lan luot léch pha d6i voi nhau goi la hé thdng nhiéu pha. M&i mot mach dién do
( 2oi 1a mach mét pha ) tham gia hé nhiéu pha goi 1a mot pha ctia hé nhiéu pha.

May phat dién nhiéu pha co ban dugc cau tao nhu may phat dién mdt pha, trong
d6 Stato c6 mot sé cudn day dit 1éch nhau trong khong gian mot goc nao dé, khi may
phat lam viéc (Roto quay) thi trong mdi cudn diy cam tmg nén Sdd hinh sin léch pha
nhau mét goc phu thudc vao sd doi cuc va goc trong khong gian giira truc ciia cac
cudn day. Hé nhiéu pha dung rat loi khi bién dong xoay chiéu thanh dong mét chiéu
qua bo chinh luu c6 thé c¢6 s6 luong pha 13 6, 12, 24, 48.

Trén thyc té ta gip phd bién 14 hé thdng ba pha - mach ba pha. Mach ba pha 1a
mach dién ma phan tir tic dong 14 ngudn dién ba pha.

Nguon dién ba pha thuong la may phat dién xoay chiéu dong bd 3 pha d6i
xung. N6 gobm Roto la mét nam cham dién dugc tir hoa bang dong lay tir ngudn kich
thich bén ngoai. Roto dugc quay boi dong co so cap (dong co diezen, Tuabin hoi,
Tuabin nudec ... ) va stato co 3 cuon day : AX, BY, CZ giong hét nhau nhung dat léch
nhau trong khong gian goc 120° . Roto quay thi trong mdi day quan stato s€ phat sinh
mot Sdd cam g xoay chiéu hinh sin. Cac Sdd nay hoan toan gidng nhau nhung léch
pha nhau goc 120° tmg véi thoi gian 1/3 chu ky ( T/3 ) ta ¢6 biéu thirc cac Sdd cua
may phat dién 3 pha ddi xting: e - /2 Esinot

e - v 2 Esin(ot - 120°) (10-1)
ecq - V2 Esin(ot - 240°)

Biéu dién do thi thoi gian va db thi vecto nhu hinh (h.10-1a,b)

Tir (10-1) va tir cac do thi thdy & moi thoi diém tong cac Sdd 3 pha déu triét tiéu.
epteg Tt Cc— 0

Ea+Es+Ec =0 (10-2)

Ea+Es+Ec=0
Néu mbi day quin (mdi pha) cua ngudn déu ndi ra tai ta s& duoc mach ba pha
khong lién hé nhau. N6 nhu 3 may mot pha ghép lai. Nhu ta da phan tich ¢ trén mach
nay khong ding vi khong kinh té.
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e(lk ena € €c j?;
T t
5t 120
E 0" Jore
(a) (h.10- (b)

Vay phai ndi ddy quén stato lai v6i nhau sau d6 méi ndi dén tai thi ta méi duoc
mach ba pha ( h¢ théng ba pha ).

C6 hai cach n6i cudn day stato (n01 ngudn). Luu ¥ 3 cudn day stato nam trong
khong gian gan nhau nén c¢6 vin dé hd cam nén phai cha y dén cuc cung tinh khi ndi
chtng véi nhau. Ta quy uéc 3 dau day cua 3 cudn day cung tinh v6i nhau 13 dau dau
thuong ky hiéu A, B, C, thi cac dau con lai ciing cung tinh v6i nhau goi 13 dau cudi ky
hiéu X, Y, Z.

+ Cach nbi hinh (Y) la dem 3 cuc cudi X, Y, Z chum véi nhau lai tai mot diém
O goi la diém trung tinh (t'éit nhién co thé nguoc lai léy cac dau A, B, C chum nhau
cling dugc).

+ Cach nbi hinh () la lay dau cubi cta pha nay (vi du X) ndi v6i dau dau cua
pha ké tiép (V1 du B) 101 Y ndi vao C va Z ndi vao A thanh vong kin AX - BY - CZ -A.

S& di ndi ngudn hinh A ma khéng tao sy ngan mach vi trong vong kin nay c6
€ T eg T €c— 0.

Ba tdi ctia 3 pha ciing c6 thé ndi Y hodc A sau d6 ndi vao day dan cua ngudn ra.

Céch nbi day cua tai va ciia ngudn khong phu thudc nhau va c6 thé khac nhau,
cach ndi day cua tai sao cho dam bao ap trén mot pha cla tai bang ap dinh muc cia
mot pha la dugc.

Ta goi mdi bd phan (ngudn, dudng day, tai) hop thanh h¢ thong ba pha 1a mot
pha ctia mach dién ba pha. Vi du : mot pha ciia ngudn, mét pha cua tai...

Mang dién 3 pha 3 day thuong dung cung cép dién dé san xudt, c6 tai phan 16n
1a dong co dién 3 pha dé kéo cac may cong cu.

Mang dién 3 pha 4 day (mach nay v&i ngudn va tai déu ndi Y, c6 thém mot day
trung tinh) thuong dung dé cung cip cho nhu ciu sinh hoat, thip sang. Ludi dién nay
c6 ap 380/220V hoac 220/127V.

Trong mach 3 pha can phan biét hai loai dai lugng 1a cac lugng day va cac
lugng pha.

Céc dong, ap trén cac pha cta tai hodc ngudn goi 1a cac dong pha, ap pha I, Uy.

Céc luong day thong dung hon cac lugng pha vi mach 3 pha coi 1a mgt hé
thdng nhat va cac luong dy ddc trung qua trinh ning luong cta toan hé, khong can
biét két cAu pha nhu thé nao.

Mach 3 pha c6 ngudn déi ximg, tai d6i ximg, tong tré cic pha cua dudng day
bang nhau goi 1a mach ba pha dbi xtmg. Nguoc lai mach khong dap tng du 3 diéu kién
trén goi 1a mach 3 pha khong dbi xtmg.

Pic diém ciia mach ba pha di xing :

Mach ba pha thudng lam viéc & trang thai d6i xtmg : tirc 1a dam bao ngudn dbi
xung nhu dang (10-1a,b) Sdd bang nhau vé modul nhung goc pha lan lugt 1éch nhau
120°. Tong tré day dan ba pha nhu nhau va tai ba pha ddi xing tuc 1a :

Zp=77<Qp =72 = 28<Qp = Zc = Zc<Qc
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ZA = ZB—ZCVa(PA ®B = @c (10-3)
V6i mach ba pha d6i xung thi cac hé thong dong, ap 6 moi b phan cua mach
déu déi xung, tat ca cac diém trung tinh ciia ngudn va tai déu dang thé.
So @6 néi Y - Y : nhu hinh (h.10-2)

IA‘ A .
> A
120"
fB C B oY
> Et E
Ic (h.10

Ngufm 3 pha déi xung c6 cac Sdd trén cac pha A, B, C lién hé nhau qua (10-1)
¢6 thé biéu dién duéi dang biéu thic :

E =E_ e'“’a'E =E, e'"; E =E, e";
2n |« . . 2n
:Wa'Wb:Wb'Wc:Wc‘Wa:? (néu quan h¢ n pha thi p =—)
n

Néu goc pha dau bang 0 thi : éA =E,_ <0 I.EB =E, <-120;

E.=E_<120 =E_ <-240; vaip=12C°
Pé viét biéu thirc don gian ta sir dung toan tir quay :

2n
g3 =1<120° =a=cos120 + jsin120’ :—%+ jg

La sb phtic co modul = 1, arcgumen bang 120°, nén mot sd phirc bt ky nhan
v6i a s& c6 modul khong d6i nhung s& quay di mot goc 120° ( tirc arcgumen thay doi
120)

Tacothéviét: E, =aE,;E, =aE_.;E. =aE,; hayE, =aE, =a*E_;
Hé théng nguén ba pha theo thu tu A, B, C nhu xét trén day la hé théng thu tu thuan.
Vay nguodn ddi xting thudng gip 1a ngudn ddi xing thir ti thuan.
Dién 4p giira hai diém trung tinh ctia nguon va tai (van dung phwong phéap 2 nut)

g _YEY _EaY,+EsY,+EcY, Ea+Ee+Ec o
TSy Y.+ Y, + Y, 3
V,i Ya= Y}g =Yc, hai diém trung tinh ng1~16n O va trung tai O’ déng thé nhau, nén néu
ndi cac diém trung tinh bang mot day dan goi la day trung tinh thi dong trong day
trung tinh bang 0. )
Xac dinh dién 4p trén cac pha cua tai : Viét phuong trinh luat Kirhof 2 cho vong
OAO’Ataco:

EA :UA‘!'UO'O:UA EB,:UB+UO'O:UB Ec=Uc+U0'o=Uc
Vay h¢ thong trén tai cling d6i xtrng nhu hinh (h.10-3)
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Ua=U, <0; Us =U, <-120°; Uc=U, <120;
Tir 46 thi top6 ciia mach (h.10-3) thdy hé thdng

dién 4p day L.JAB , U BC, OCA cling d6i xtng. Rut ra duoc
quan h¢ gitra di¢n ap day va di¢n ap pha, qua tam gidc
vuong OHA c6 :

U,, =2U, cos30° =+/3U, — taeit), =-/3U,

vé tri sb hiéu dung 4p day 16n hon ép pha NEEIRYS
goc pha ta thiy Uap vuot trude Ua goc 30°. Nén c6 quan
hé chung gitra ap day va ap pha la :

Uas =+/3U4 % | aiplayveedit faiphateeangeingoi@0° (10-4)

UBC:\/§UBej3OO , UCA:\/§UC6j300

Hé thong dong dién trong mach ciing d6i xtng : la =Y Ua:ls =Y Us;lc =Y Ug;
Trén hinh (h.10-3) v& hé thong dong pha d6i xtmg vai tai cam. Trong mach ndi

Y dong dién pha bang dong dién day Iy = I,.

So d6 ndi tam gidc - tam giac (A-A) : hinh (h.10-4)

A Ia A
]::CA }EAB Uca [jAB
¥ S )
E-Bc Uec
-
C & |B C ] |B
Ic R IB >
(h.1 O: (h.10-

=Y

Hé¢ théng dién 4p trén tai cling d6i xtmg : Uas = Eas,Usc = Esc,Uca = Eca;
Heé thdng dong dién pha trén tai ciing d6i xting nhu hinh (h.10-5) :
Isp=YUga; Inc = YUpc ; Ica = YUca
Dua vao luat Kirhof 1 tinh dugc dong dién day theo cac dong dién pha

Onit A co: iA:iAB—iCA

OnutBco: iB:ch—iAB

O nit C c6 : iC:iCA—iBC
Tir d thi vecto thdy quan hé giira cac dong dién :

. . -
I a =\/§|AB e %
. . -
|B=\/§|Bce_l30
. . .
IC:\/§|CAeﬂ3O
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Tri s6 dong day 16n hon dong pha /314n. Dong day cham sau dong pha tuong
g goc 30°.
Do quan hé don gian gitra cac luong day va luong pha nén co thé do qua trinh
mach 3 pha ddi xtmg bang cac bién trang thai trén mot pha 1a du. Va chi can biét dong
ap trén mot pha 1a du. Con céc pha kia dugc suy ra ciing o tri s6 giéng pha da biét
nhung 1éch vé pha120°.
Vay 3 pha ddi xung ndi A thi : Ud =Us; Id = \/élf
Cong suat tire thoi cua mach doi xung bang PA =uaia; Pg =ugig; P =ucic;
us = Upsin(ot + ), iy = [psin(ot +y - ¢ )
up = Upsin(ot + y - 120°%) , ig = Iysin(ot + y - ¢ - 120°)
uc = Upsin(ot + y - 240% , ic = Lysin(wt + Y- - 240°%)

P =P, + Py + Pc= 3UlIcos - Ul[cos{2(ot + y) -} + cos{2(wt + y - 120°) -¢}

+ cos{2(wt + y - 240°) -9} ]

Vi tong ciia 3 ham cos cung bién d6 va léch pha nhau 120° bang 0 nén :
P =P, + Py + Pc = 3UlIcos¢ = const (10-6)

Heé ba pha thoa man diéu kién trén goi 1a hé ba pha can bang.

Tinh mach ba pha déi Xurng :

Do dic diém ciia mach ba pha ddi xtmg nén ta khong can phan tich mach dién trén

c4 ba pha ma tim cach dua vé bai toan cho mét pha gian tién hon.
VéimachndiY - Y :

Vé&i mach nay cac diém trung tinh ngudn va tai déng thé nhau, nén néu ndi chung
lai bang mot day dan co tong trd bang khong thi trang thai mach khong do6i. Tu day
thdy co thé tach moét pha ra thi khong anh huong gi dén mach. Va 6 rang co thé tinh
toan cho mot pha rdi suy ra dong, ap, cong suat & hai pha con lai qua quan hé dbi xtimg
trong hé thong.

Vi du : Mot mach 3 pha dbi xing nhu hinh (h.10-6) c6 Sdd E = 125V; tai Z, =
20Q
Tai Z, = 25<36°50°Q), duong day cé tong trd Z = 3,5<53°. Xac dinh dong, ap trén cac
nhanh ?

B, A Z A 22 N Z Taga
@ 1 :'_  —TIs >
Z Ta1
of * Ex Z B
N 1 . ’
‘E. C z c 2
() 1
1\ LI L
(h.10-7)
Z Z
7.
OII
(h.10-06)

Vi mach d6i xtmg ta ndi cac diém trung tinh lai roi tach ra so d pha A dé giai
nhu hinh (h.10-7)
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Pit Ea = E(0=1250. Tu (h.10-7) tinh dugc dong dién day pha A :

= 12;;2% 3650 00T OA
Z+ 172 3pcnP g SEOS .
Z,+2, 20+ 25< 36’50

Sut 4p trén tong tré dudng day : AU, = la Z =8,56<-26".3,5<53° = 30<27°
V)

Pién ap trén tai : Ua =U m =E,—AU4, =125 - 30<27° = 100<-7°50 (V)

U Al 100 < —7050

=5<-7°50 (A)
Z, 20

Dong dién qua tai Z; : 1a =

’ =0
Dong dién qua tai Z, : laz = Use = 100< 70 S0 =4< 4L (A)
Z, 25<36°50

Suy ra dong trén cac day pha B, C :
lo =1a e —g56e ™ " —856<-146"A

lc = 1x €™ =856 " =856<94°A

Do thi t6p6 va dd thi vecto nhu hinh (h.10-8)

V&i mach ndi A - Y vi ngudn ndi A nén E; chinh bang ap day cap cho tai - va vi
tai ndi Y nén ap trén mot pha cia tai = Uy/ V3. Tur day ta tinh duoc dong pha. Sau khi
c6 ap, dong cho mot pha ta suy ra cac dong pha con lai.

V&i mach ndi A - A : Nhu hinh (h.10-9)

bé giai mach nay ta can bién doi tai ndi A > Y, sau do nhap téng tré Z4 vao
tong tré timg pha duoc mach 3 pha ndi A - Y 606 ¢6 Uy = E; dé biét cap cho tai ndi Y
nén ap pha cua tai 1a Uy/ V3 tr day ta tinh dong pha sau d6 suy ra cac pha khac.

Vé&i mach ndi Y - A : vi nguon ndi Y nén Uy = V3E; , ap day nay dung cung
cap cho tai ndi A cho nén néu khong cé tong trd cac day pha thi thi ap trén pha cua tai

C c’

Lt

chinh bang ap day nguon néu ké ca téng tré cac ddy pha thi ta phai bién di tai A-Y roi
gop tong trg day voi tong tro mot pha tai va luc nay ap trén mot pha cua tai chinh bing
ap pha ngudn E. tir d6 giai bai toan tiép tuc.

Tinh mach ba pha khﬁng ddi xing :
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Mach dién khong thoa mén mét trong nhiing diéu kién d6i xtng s& 1a mach dién
ba pha khong d6i ximg. Mach ba pha thudng _gap cung cap dién cho thap sang, sinh
hoat, dong co dién mot pha, bién ap han, 16 hd quang dién... 1a nhitng mach lam viéc
thuong khong dbi xung.

Trong muc ndy ta xét mach ba pha khong d6i xting ma hd cam gitta cac pha
khong thay doi theo trang thai dong, ap pha. Ta goi la khong ddi xung tai tinh.

V&i mach ba pha khong dbi xtng tai tinh - n6 khong co ti dic diém nao cua hé
thong dbi ximg nén né nhu mot mach c6 nhidu ngudn phtic tap. Vay tinh toan né bang
cac phuong phap cua mach déa hoc nhu phuong phap dong nhanh, dong vong, thé dinh,
xép chong, may phat dién dang tri... Rd rang phai tinh mach ba pha khong déi ximg
theo mot thé thong nht ; khong thé tich ra mot pha dé tinh nhu mach ba pha déi xtng.
Ta dan ra cong thire tinh mach ba pha khong ddi ximg cho céc truong hop hay gip.
Tinh mach ba pha bén day : Y, - Y, nhu hinh (h.10-10)

Luc nay ta c6 mach hal nat, nén p dung phuong phéap dién thé dinh duoc biéu
thirc ap giira trung tinh ngudn O va trung tinh tai O' 12 :

Uoo :ZEY _ Ea Yy +EBYg +Ec Y,
DY Ya+Yg+Ye+Yy
Tir do6 xac dinh 4p trén tirng pha cua tai theo luat Kirhof 2 1a :

U—E UOO,U E U U—E U
D6 thi t6po6 nhu hinh (h.10-11)

o'o !

EA A IA

T Es B s

o_@_._._|:|_" 0

T B C e | RE

iN Yy C B
. —
- L

(h.10-10)

Sau khi c6 4p pha ta tinh dugc dong dién pha :
l,=Y, U, l,=Y, U, Il =Y. U,l =Y, U,

A''B B! ' C C’ ' N

Tir d0 thi topd thdy khi mach ba pha khong ddi xung dlern trung tinh ngudn va
tai khong trung nhau, doan O’O chinh Ia ap gitra hai diém trung tinh ( v61 mach ba pha
doi xung thi O, O' trung nhau ).

Ttr cong thirc tinh U vo O (10-7) thiy néu tong tré day trung tinh rit nho Zy = 0

2 x 1 : ‘.
thi tong dan cta n6 Y = - = o lic nay U ,=O0mdc du mach ba pha khong doi
N

xung.
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U,=E,-0

Thi 4p trén c4c pha tai :U ;= E,— 0 (10-8)

U~=E.-0

Thudng cic ngudn cung cap dién ba pha ddi xing cc‘)n tai cac pha khong ddi
xung : nén Zy~ 0 thi cac ap pha cua tai tuong ing ap pha nguon dbi xung. Vay truong
hop nay méac du tai khong ddi xung nhung ap trén ching van dbi xtmg bang tuong tng
ngudn Sdd ddi ximg. TUr dy thay rd vai trd cua ddy trung tinh, nd gitp giit cho ap trén
cac pha tai khong dbi xtng & gia tri twong Gng ap pha ngudn khong tuy thudc vao gia
tri cua tai. Nén néu mot pha co sy ¢ thi cac pha khac khong bi anh huong. Vi vay
mach ba pha bén day dung phd bién cho sinh hoat .

Tinh mach ba pha ba day :

Trong thyc té thudng dé biét dién ap day khong biét ap ting pha cta ngudn, d6
1a mach ba pha ba day. Ta can din ra cong thirc dé tinh toan trong trudng hop nay nhu
hinh (h.10-12) :

Biét céc ap day nguén UAB,UBC,UCA,biét Y, Ys, Yc can xac dinh
U,,U,U, I,,l,1

A' ' B'' C

Hé¢ thong dién ép day U AB U BCs U ca €O thé coi 12 do mot hé théng ba ngudn
hoic hé théng hai nguén tao ra (chon cac nguon sao cho dam bao di¢n ap day da cho la
dugc). Tic 1a ta dua hé théng ngudn ndi Y dé tao ra cac dién ap day di cho.

U-A, YA 'I [jAl YA
—»EI . A
GAB _ v :I
1 Unc Us /Y2 =) 5, B UesYe
1 F— Cee— I
UBCl U-c , Ye el - C Uc ,¥Yc N’
Ic EC >
y B g e
(h.10-12) (h.10-13)

D¢ tinh dién ap pha A trén tai ta thay hé thong dién ap day khong dbi ximg

bing 2 Sdd twong duong nhu hinh (h.10-13). Ly E = U ,,,E .= U ,. thi dam béo hai
nguén twrong duong nay cap ra hé thong ap day da cho nhu hinh hinh (h.10-14). Ti so
do 2 nut hinh (h.10-13) ta xac dinh dugc dién ap :

EBY +EcYC UABYB+UACY

UA :UO'O = z = < (10-9a)
Y, +Yg+Y, Yy+Yg+Y,

- Tuong tu nhu vy dé tinh 4p pha B thay EA: U BA,EC: U BC

UB=UBAYA+UBCYC (10-9b)
Y,+Yg+Y,
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Tuong tu cho pha C thay EA= U A EB: U sta c6 biéu thirc :

UCZUCA Y, +Ucs Y, (10-9¢)
Yo+ Yy +Y,

Sau khi c6 céc ap pha ta xac dinh cac dong qua tai :

1,=Y, U, l,=Y U, l =Y. U,
D thi topd hinh (h.10-15)

A
—_— — —
A UAB A UA
= B [aY4
—
Uc
?Cf/\ -
Und > B
rwA UBC
(h.10-14) (h.10-15) (h.10-16)%

Khi tai d6i xtmg Yo =Yg =Yc=Y thico:

UA:UAB+UAC; UB:UBA+UBC; UC:UCA+UCB;
3 3 3

Tir d6 c6 thé xac dinh cac ap pha cua tai bang hinh hoc nhu hinh (h.10-16).
Piém trung tinh O’ ciia tai ndm & giao diém 3 duong trung tuyén tam giac dién ap day.
Viy khi vé dugc tam giac nay thi ta xac dinh duoc dién ap pha cua tai.

Luu ¥ khi tai khong d6i xung thi diém trung tinh nam chd khéc (h. 10-15)
V1 du : mot mach dién 3 pha gdm ngudn déi xung, tai khong d6i xtng ndi hinh Y ¢

=jb. ; Y, = Y. = g Hiy xac dinh quy tich diém trung tinh O cua tai khi b, bién thién

tfr O dén .

Mach dién nhu hinh (h.10-17) :

A ? -UZ
J ﬁ:
5 | /C
nbc O_) A (bc_ OO)
C AC & :
' B
= (h.10-18)

Khi be bién thién thi dién 4p U, biéu dién bang vécto véi gbe A, mit O - ciing
bién thién ddu mut O s& v& nén quy tich diém trung tinh cta tai. Biéu thirc dién ap pha
U AB YB + U AC YC

Y, +Yg+Y,

cuatai: U,=
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b, g T
@ 2y o0

bang nita tong hinh hoc hai vecto U ,, va U - N6 chinh 13 vecto ndi tir dinh A dén
diém H nim giita doan BC. Ta thiy khi bc =0 thi U _,=U,,,.Khibc=ocothi U_,=0.

Vay khi be thay d6i tir 0 — oo thi U, chay tir H dén A (ttrc diém trung tinh O
chay tir H dén A trén mot nira dudng tron duong kinh Uy nhu hinh (h.10-18).

Trén hinh v& ly vi tri trung tinh O twong g véi mot gid tri be ndo d6 ma & do
U > Uc ; néu thay cac dién dan g béng hai bong den soi dbt nhu nhau, thi luc nay deén
pha B ¢o 4p 16n s€ sang hon den pha C.

Tu do théy réng néu ché tao mot thiét bi gém mot pha 1a ty, con hai pha kia la
dén soi d6t nhu nhau ndi sao thi co thé qua d6 chi duoc thir tu cac pha A 1a pha cé ty,
pha B 14 pha ¢6 dén sang, pha C 1a pha c6 dén t6i. D6 1a thiét bi chi thir tu pha.

Tinh va do cong suit mach ba pha :
Cong suit ciia mach ba pha bang téng cong suét ting pha :
S=Sa+Se+Sc =Uala+Usls+Uclc = P+jQ
Trong d6 : P =P, + Pg+ Pc=Uxlscospp + Uglgcoseg + Uclccosoe
Q=Qx +Qp+ Qc = Unlasing, + Uglpsingg + Uclcsingc

Mubdn do cong suat mach ba pha ta do cong sudt cta ting pha rdi cong lai.
Dung watmet dé do cong suit timg Ppha, thi nbi cudn diy ap cia watmet vao ap pha
clia tai, cuon day dong ciia watme iy dong cua tai. Phuong phap ndi watmet do nhu
vay goi la phuong phap mot watmet. Nhu hinh (h.10-19)

Khi mach ba pha ddi xing khong c6 trung tinh ta ding diém trung tinh gia nhu

Za A ,£ * Ba pha

N QO abs
B B xuang
* Pg B

khéng

B ;é;\
xS C trung
* Po C

tinh

(h.10-19) (h.10-20)

hinh (h.10-20) do c6ng suit mot pha.
Khi tai n6i A thi dung phuong phéap mét watmet do cong suat tirng pha nhu hinh
(h.10-21)
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A
A

Z;= - ™ Tai ndi

1 v

B . Y ho?c
- B.e A, doi

N * - XUng

C CD hoac
¢ khéng

(h.10-21) (h.10-22)

Khi mach ba pha 601 xung : cong suit cac pha bang nhau nén chi can tinh va do cong
suét trén mot pha rdi nhan ba lan duoc cong suat toan mach.

S:SA+SB+SC =3SA :3UA |A = P+]Q

P =3P, =3Udcosops
Q =3Qx = 3Udsings
Véi @ la argumen cua tong tré pha hay goc léch pha gitra di¢n ap pha va dong
dién pha. , , ‘ ’
Ttr do thay voi mach ba pha doi ximg chi can dung mot watmet do cong suat
mét pha nhu hinh (h.10-19) néu ¢6 trung tinh, nhu hinh (h.10-20) néu khong co trung
tinh; sau d6 nhan 3 (jua ra cong suat ca mach ba pha. , ‘
Trong thuc té thuong do trang thai mach ba pha doi ximg bang cac luong day,
nén ta dan ra cong thirc tinh cong suat theo cac lugng day Uy, I, :
+ Véi mach ndi Y ¢6 Uy = \/éUf; Ii=1
+ V6i mach néi A ¢6 Uy = Us; Iy = /31
Nhu vay ca hai cach ndi déu co Uyl = \/éUfIf nén
P = 3Udcos@r =+/3 Uglgcosoy
, Q = 3Udsingr=v/3Udlysing; | (10-11)
D61 v6i mach ba pha ba déy doi xumg hoac khong’ddi xtng : ta ¢6 thé sir dung cong
thirc tinh toan va do cong suat tién loi sau day nhu hinh (h.10-22) :
Ta thay thé h¢ thong dién &p day bang hai nguén Sdd tuong duong

. E1=UAC; E2=UB(E . )
Céc nguodn tuong duong s€ phat ra cong suat bang cong suat ti€u thu trén tai :

Ptal'i:PEl+PE2:R{UAC1IA}+R {UBCJB} (11-12)

tir day thay c6 mot cach do cong sudt nira 1a ndi watmet nhu hinh (h. 10-22), dong dién
qua watmet 1a dong dién day, dién ap trén watmet la ap day thi tong chi s6 cua 2
watmet s& 14 cong suat ctia ca mach ba pha. Phuong phap do cong suat nhu vy thuong
goi 1a phuong phap 2 watmet. Cong sut ctia ca mach ba pha bang : P =P, + P,

Ta c6 thé chimg minh didu d6 tr:  S=Sa+Ss+Sc =P +jQ
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éZ UA la+ UB ls+ Uc(—IA—IB)= P-I-jQ
é:tMIA+UBIE—UCIN_UCIB=(UA_UCNA+(UB_UCNB
é: UAC la+ UBc ls = P+jQ nan P= RE{UAC IA}‘I‘RE{UBC IB}

Tir day thdy rang dung phuong phap nay khi thoa man quan hé : I At I gt I =0
Do cong sudt phan khang mach ba pha ddi ximg bang 1 watmet : nhu hinh (h.10-23)

*A \; IJI\ Ba
pha
B * adi
xng
C
(h.10-23)

TT

Chi sb do = Ugclacos( CJ BC, TA ) = Ugclacos(90° - @) = Uglgsing = %

Vay Q : cong sudt phan khéng ctia mach ba pha ddi xung béng chi sb dung cu
do nhan véi /3.

Vi du : cho mach dién ba pha d6i xtng nhu hinh (h.10-24) c¢6 ap day ngudn
220V, tong tro tai 50<70° Q.

Xac dinh sb chi cac watmet, tinh cong sut tiéu thu trong mach.

AP I A e
A* 1 A‘
* \J o -
Uac
k
Ivi D. % 600
B * ® Zea Zan
*
P2 12
- o
C 7o ] B UCA UBC
h(1-24)

Gia thiét U ,,= 2200V, U ,.= 220-120°V ,U = 220120°V , U ,.= 220(60°V

P 220(00 =4,4-70° - laidoingpha
Z 5070

suy ra dong day tir quan hé d6i xtng :

| =31 .67 = J3e7%7.4.4 = 7,62<-100°

|, = /3e70cP0%I12 4.4 = 7,62<-220° = 7,62<140°
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A

P =U,.I, cosUnc, | n) = Re{Usxc, Ia}

P, = 2207,62c0460° — (—100°)] = 1284 W)
Chi sO watmet : Lo
P, = U,.l, cosUsc, | s) = 2207,62c04- 120° —140°)| = —292W)

P, =Ul a8 cos(UAB, I as) = 2204,4c0s70° = 332AW)

P ¢6 tri s6 am vi mac ngugc cuc cudn ap, dong watmet nén watmet s€ quay
nguoc; mubn doc duoc chi s6 can hoan vi 2 cuc cia cudn ap hoac cudn dong.

Ta dugc cong suit tiéu thu theo phuwong phéap 2 watmet :

P=P;+P,=1288-292 =996(W)

Cong suit tinh theo 1 watmet : P = 3P; = 3.332 = 996(W)
Tu truong quay trong may dién :

Ta da biét mdi cudn day c6 dong dién hinh sin chay qua deu tao ra trong nd
mot tir trudng dap mach. Bang giai tich chirng minh dwoc néu cung cip mot hé thong
dong dién ba pha dbi xtng 1éch nhau trong thoi gian 1/3 chu ky vao ba cudn day cua
may dién dit 1éch nhau trong khong gian goc 120° thi s& hinh thanh mot tir trudng
quay trong may dién nhu 1a t6 hop cac tir truong dap mach.

Ta mo ta sy hinh thanh tir truong quay bang viée xét mot may dién & Stato c6 3
day quan AX, BY, CZ gidng hét nhau dat 1éch nhau trong khong gian goc 120°, cac
day quin nay dugc cung cép bai hé thong dong dién ba pha ddi xung (tirc cac dong
1éch nhau vé thoi gian 1/3T). Trong timg cudn ddy s& tao ra cac tir trudng cac pha By,
Bg , Be (1a cac tr truong dap mach)

Téng hop tir truong cac pha s& dugc tir trudng chung ctia may. Biéu dién quan
hé gitra cac tur truong nhu hinh v& (h.10-26)

Dé tién ta coi mdi cudn ddy gém hai thanh din - may gém 3 cudn day 6 thanh
dan :

Cung cip vao 3 cudn diy AX,
BY, CZ hé théng cac dong dién ddi
xung theo thu tu i, , i, ic nhu hinh
(h.10-25). Ta xét tu truong may &
cc thoi diém :

+ Thoi diém t = 0, dong qua
cacphala:

ia = Iy srl dong qua pha A
dat gia tri I, — tao trong cudn day
pha A tir cam pha dat By, = By, ¢o
chiéu vudng goc véi truc diy quin (h.10-25)
pha A.

.. | o |
con ig =1¢c = -7““ — dong qua pha B va C dat gia tri 7”‘ — tao trong pha B, pha C tur

B .
cam B, = B¢= 7”“ c6 phuong vuong goc voi truc day quan tung pha B,C.

- -

Tir truong tong trong may lac ndy 1a By = Ba+Bs+Bc: ta ¢ thé cong ba

vecto Ba,Bs,Be dé duoc Bs nhu hinh (h.10-26a)
Luu y d(‘)ng pha Alaiy =1, quy ude chiéu di tir X dén A
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g =1c = —IE”‘ nén chiéu nguoc lai di tr B dén Y, C dén Z nhu hinh vé& (h.10-
26a)

Cong cac vecto éA , és , éc ta dugc tr trudng téng trong may tai t = 0 1a
B, = :—23 B,, ¢6 phuong trung phuong éA la phuong c6 dong dang cuc dai.

C6 thé xac dinh dugc chiéu‘ gz bang cach coi may luc nay thanh hai cuc tir : tir
d6 dung quy tdc xac dinh dugc chiéu tir truong chung trong may.

Tuong tu nhu vay xét & t = T/3 : dong pha B dat cuc dai ig = [,;, — tao tur truong
pha B la Bg = B,, c6 phuong vuong gbéc véi truc cudn day pha B, dong ig chay tor Y

I
dén B. Dong pha A, C dat iy = ic = —7”‘ chay tour A dén X, va tir C dén Z tao nén tur

.z B . A A%
truong pha A va C c6 tri sO : By = B¢ = 7”‘, c6 phuong vuong g6 vai truc day quan
pha va pha C, tong hop 3 tir truong tai thoi diém nay duogc tir truong téng co tri s6

B, = g B, vaco chiéu trung chiéu tir truong pha B 13 pha dang c6 dong cuc dai nhu

hinh (h.10-26b)

(X¢ét.6-2T/3 : dong pha C dat @ucldai ic = I, — tao ra tur truong Bcls B, cd

262\ 2 Gk I 2Gm)
phuong vudng goc truc pha C. Dong pha A, B dat iy =i = -7”‘ chay tir A dén X, va

. B )
tor B dén Y tao nén tir truong B, = Bg = 7”‘ c6 phuong vudng goc truc pha A, B tong
hop 3 tir trudng tai thoi diém nay dugc tir trudng tong trong may co tri sb
By =§BmVé_ c6 phuong trung phuong Bc 1a pha dang c6 dong cuc dai nhu hinh

(h.10-26¢)

Nhu vay phuong cua tir truong tong trong may ludn luon thay doi trong khong
gian. Cur sau thoi gian t = T/3 thi tir truong quay dugc mot goc khong gian 120°, nhu
vy sau mdi chu ky T thi tir trudng quay duoc 1 vong, ma tdn sb cia dong dlen la f,

A A o \ \ 1 s . e,
nén toc do quay cua tur truong la n = = =f voindsec= 60f voing/phit véi may co
mot doi cuc nhu vi du trén.

Néu may ¢ p déi cyc thi n= 60 voing phui
Y
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Khi cung cap vao may hé thong nguon ba pha thr tw A, B, C thi ta dugc tu
truong quay theo chiéu kim dong hd; néu ta thay d6i thtr ty hai pha thi s& tao dugc tir
truong quay nguoc lai. Pay chinh 13 cach dao chiéu quay cua dong co dién.

% . A oo s e X 3 . .
Ta thay trong vi du trén tir truong quay co tri s B, = 2 B, = const va quay vé1

tbc do n = 60f (v/p) = const ; tir trudng quay nhu viy goi 13 tir trudng quay tron.

Tur vi du ta ciing rat ra duge diéu kién dé tao nén tir trudng quay 1a phai c6 it
nhit hai cudn ddy dit léch nhau trong khong gian mot goc nao d6 va dong chay qua
chiing phai I¢ch nhau vé thoi gian.

Ung dung viéc tao ra tir truong quay ( ma khong phai ding dong co so cap nao
dé tao ra ) nguoi ta ché tao ra cic loai dong co dién - la dong co duge dung phé bién
trong cudc song, trong cong nghiép va san xuat...

May dién v&i 3 cudn day dat 1éch nhau trong khong gian goc 120° cung cip cho
n6 mot hé théng dong ba pha dbi xtmg , trong may dugc tao ra tir truong quay lam
phat sinh cac dong cam {mg trong cudn day roto, tao su quay roto voi toc do n, <n goi
1a dong co dién khong dong bo.

Nguoi ta cling van dung sy hinh thanh tir truong quay dé lam dong co dién 1
pha n6 c6 2 cudn day dat 1éch nhau trong khong gian nhung hai cuén day déu duoc
cung cap tir mot pha nén mudn hai dong léch nhau v€ thot gian thi mot cudn day dugc
nbi tiép thém vao mot ty dién. Ta goi cudn ndi tu 1a cudn khoi dong. Véi dong co co
mot pha cyc nhod nguoi ta ding vong ngin mach trén mdi cuc dé thay thé tu khai dong.
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CHUONG 11
PHUONG PHAP THANH PHAN POI XUNG

81. Khainiém chung :

Ta da xét mach ba pha khong dbi ximg véi tai tinh 1a tai ¢6 L, M xéac dinh nén
c6 thé dung phuong phap co ban dd hoc dé tinh toan nhu 1a mach nhiéu ngudn tac
dung.

Ta con gap nhitng mach ba pha khong ddi xing ma cac hé s6 hd cam, tu cam va
do d6 tong trd cac pha khong ¢d dinh. Chung thay d6i mot cach phire tap theo mirc do
khong d6i xtmg cia trang thai dong dién ba pha . C6 nghia 1a ta khong xac dinh duoc

téng trd Z ctia mot pha tai theo ti s6 ap chia dong khong ddi xing , tic 1a E =Z bién
I
thién; ma Z bién thién khong xac dinh thi khong thé tinh duoc dép Gmg bai toan.

Nhirng tai c6 dic diém nhu vy thudng la cac may dién ba pha : Cau tao chiing
gbm nhitng cudn day 16i thép, chiing duoc thiét ké, 1ap dat sao cho khi cac cudn ddy ba
pha 1am viéc & mot trang thai dong ba pha dbi xtg da dinh thi cac dong tir thong khép
kin mach trén 15i thép theo cac duong nhat dinh, véi d6 16n nhat dinh thi L, M va do
d6 tong tro xac dinh. C6 nghia 1a néu dit 1én cic cudn diy trang thai dong ba pha
khong ddi xtng thi cac dong tir théng s& khong di theo cac duong nhat dinh lam cho L,
M thay d6i ddn dén tong tré khong xac dinh.

Ta goi nhitng mach ba pha c6 L, M thay doi 1a mach ba pha khong ddi xing tai
dong, doi khi con goi 1a tdi c6 may - H¢ ba pha c6 may.

Pé giai bai toan nay phai tim cach xac dinh tong trd clia tai, ma ta da biét tong
trg chi x4c dinh Ung vdi cac hé théng kich thich nhat dinh vi vay can tim cach phan
tich nhting kich thich khong d6i xung thanh téng cac kich thich d6i xtmg thanh phan
ma mg véi moi kich thich thanh phan ta c6 dugc tong trd xac dinh nén s€ tinh dugc
dap ung thanh phan tuong ing va cudi cung xép chong cac dap Gng thanh phan s&
dugc dap tmg chung khong ddi ximg .

C6 nhiéu cach phan tich khac nhau: ta xét phuong phap Fortexkiu phan tich
kich thich ba pha khong d6i xing thanh ba thanh phan d6i xing thtr tu thuan, nghich
khong.

§2. Phan tich mdt hé trang thai ba pha khong d6i xirng thanh cac thanh
phan doi xtng :

Ta thanh 13p cong thuc dé xac dinh céc thanh phén ddi xtng thu ty thuln,
nghich, khong theo hé trang thai khong ddi xtmg . Va nguoc lai khi dd biét cac lwong
d6i xtng thanh phan can c6 cong thirc dé tong hop duge dap ing khong d6i xtng .

1. Cong thtrc phan tich :

Gia sir c6 hé thong ap ba pha khong ddi xing U A U B U c can tim hé théng d6i
xtg thir tw thuan U ,,U ,,,U ,, hé théng ddi ximg th ty nghich U ,,,U,,, U, va

h¢ théng dbi xang thir tw zero U, U B0’ U

Vi dinh nghia hé thong thir tu thuan 1a hé théng cac pha A;, By, C,; lién hé
nhau nhu hinh (h.11-1). Nghia 13 cdc pha bang nhau vé tri s6 nhung léch nhau 120°
theo thir tw A,, B, C;. Chinh 13 hé thong d6i xtng .
ma ta da gdp & mach ba pha ddi xtng da hoc. Uni

Biéu thirc quan hé giita chung : T

Treding Aali Holic Baich Khoa - Khoa Ai&ln - Bal man Thiaut

Uc:
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UA1+ UBl+ Uc1 = O, UBl = a2 UAl, UCl = aUA1
Uam(@+a+1)=0 (11-1)

_Hg¢ thdng d6i ximg thanh phan thr ty nguoc nhu dd thi vecto hinh (h.11-2). Céc
pha bang nhau vé tri sO nhung thu tu 1a A,, C,, B,.

6 L
Uno4 Ugo4 Uco

12
laXel

U g

52 (h.11- c2 (h.11-

Biéu thtrc quan hé giira chiing :
UBz=aUA2,Uc2=a2UA2 (11_2)
Uaz+ Ug2e+Ucz =0
Heé théng thir tw khong : La hé théng 3 pha bang nhau va cung pha véi nhau nhu
hinh (h.11-3).
U =Un=Ua s
Uao+ Upo+ Uco =3Uxo
Goi 1a hé thong ddi xtng thir ty khong chi 1a dbi xting quy wée. Vi hé nay khong can
bang.
Ta c6 cong thirc lién hé giita ap khong ddi xtng va ap ddi xtng thanh phan trén
mot pha.
UA = UA1+ UA2+ UAO
UB =U51+ U|32+ UBO (11—4)

Uc = U01+ Ucz-i- Uco

vi cac thanh phan ddi xtmg nén ta chi can xac dinh mot pha nén ta viét (11-4) theo mot
pha. Vi du pha A :

UA = UA1+ UA2+ UAO
UB:a2 UA1+aUA2+ UAO (11—5)

Uc :aUA1+ a2 UA2+ UAO

Tur (11-5) ta gidira UAl,UAZ,UAOtheo UA,U B,UC

Treding Aali Hoiic Barch Khoa - Khoa Aiddn - Bal man Thiddt bé aialn
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A

l+a+a’=0;a’=a
Luu ¥ toén tr quay c6 cac quan hé sau: a’=1;a-a’=j/3;a*=a
1-a=a’jJ/3;a> —1=aj/3
Cong 3 phuong trinh (11-5) ting vé véi nhau :
Ua = Uni+ Uno+ Uno
+Us =a?Uar+aUaz+ Uao

Uc = aUA1+ a2 UA2+ UAO

UA+ UB+ Uc = UA1(1+6.+ 8.2)+ UA2(1+6.+ 8.2)+3UA0

Ruit ra Uao = L;JFUC (12- 6a)

Nhan phuong trinh 2 véi a, phuong trinh 3 véi a® 1di sau d6 cong 3 phuong trinh ta
duoc.

Uar =Unai+Unz+Unao
+ aUs =a’Uai+a” Uaz+aUao

a’Uc =a’Uam+a’ Uaz+a® Uao

Ua+aUs+a?Uc =Um@+a° +a°)+Un(1+a% +a*) + Uno(l+a+a?)

R
Ruit ra Ua = uA+au§+a Ue (12- 6b)

Luuy:1 +al+a’=3 ;1 +a2+a4=0; 1 tat a’=0
Nhan phwong trinh 2 v6i a® , phuong trinh 3 v6i a roi sau d6 cong 3 phuong trinh ta
duoc.

Uar =Unai+Unz+Uao
+ a’Ug=a'Um+a’Ua2+a’Uao

aUc =a’Um+a’Usz+aUao

Usta?Us+aUc=Umn(l+a®+a*)+Un(1+a%+a%)+ Uno(1+a+a?)

| . L .
Ruit ra U, = 2272 §B+auc (12- 6¢)
vay ta c6 cong thure phan tich dang (11-6a,b,c)
Cong thtrc phéan tich trén 1a cho moi hé thong bién trang thai ba pha : ap, dong,
sdd, tur thong... 7
2. Cong thirc tong hop :

Treding Aali Hoiic Barch Khoa - Khoa Aiddn - Bal man Thiddt bé aialn
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La cong thirc xép chong cac luong thanh phan dé duoc cac lwong mat ddi xtimg
;Fa c6 cong thire xép chong cac luong thanh phan céc pha :

Ua = Uai+ Unz+ Uno
Us = Ui+ Upa+ Uso (11-7)
Uc = Ua+ Ucz+ Uco

thuong ding cong thirc tong hop theo mot pha :
UA = UA1+ UA2+ UAO
UB =a2UA1+aUAz+ UAo (12-8)

Uc = aUA1+ a2 UA2+ UAO

Dang cong thirc tong hop ciing ding cho moi bién trang thai ba pha ap, dong, Sdd, tir

thong... )
3. Mot so thidu: ’ ’
Vidu 1 : Cho mach dién ba pha khong doi xung , biét ap pha trén tai :
Ua =120V,Us =120-120°V,Uc = 0V ; nhu hinh vé& (h.11-4)

Ap dung cong thuc phan tich ta duoc :

e T 5

UAl:UA+aUB+a2Uc:UA+aUB: @ —>|_ 8
3 3 Ug
L 120+ 120-12¢° + 120°) = 8OV & I
3 2
U UA+a2UB+aUc UA+a2UB ~ | —
A2 = = =

3 3 (h.11-4)

% (120+120-120° + 240°) = 40(60°V
Uno = LSUB _ % (120+120-120°) = 40(~-60°V

Suy ra thanh phan d6i xtmg ctia pha B, C :
Uss = a2 Uas = €280 =80(240° = 8%(-120°V

Ua =aUa =80(120°V

Usz =aUaz = e"40(60° = 40(180°V
Uc: = a%Uaz = €2°40(60° = 40(—60°V
Uso = Uco = Uao = 40(—60°V

Treding Aali Hoiic Barch Khoa - Khoa Aiddn - Bal man Thiddt bé aialn
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C6 thé phan tich ra cac thanh phan ddi xing bang hinh hoc nhu hinh (h.11-5)

A 301

Ua

aUB
120Y

Us

Us

aZUB

(h.11-5)

Vi du 2 : Mach dién ba pha d6i xtng tai dong c6 dong dién dbi xtimg thir tw ctia

céc pha tai la1 = X90°A, las = 5—90°A i
Str dung cong thirc tong : — ]
ig

iA = iA1+ iA2+iAO = iA1+iA2 =5(900 +5<—900 =0

ic

iB =a’ iAl+ aiA2+ iAO = a2.5(90° +a.5(—90° =
5—30° + 530° = 5/3A (h.11-6)

lc =alai+a? laz+ a0 =a590° +a? . 5—90° =

5-150° + 5150° = 5/3(180°
Co thé tong hop tir d6 thi vecto >
cac lwong thanh phan ddi ximg dé duoc 4
cac dong khong ddi xung nhu hinh
(h.11-7).
§3. Tinh chit cac thanh im2
phan ddi xirng ciia dong va ap trong +1
mach ba pha : T P
Tur cac cong thirc phan tich va o
téng hop ta rat ra cc tinh chat sau et i, TP
1. Tong 3 luong cua hé bang 3 |
1an gia tri thanh phén thir tu khong :

A+B+C=3A0 (11-9) ‘
2. Hiéu hai luong pha ciia hé khéng chira thanh phan th\r ty khong :

A— B = (A1+ A2+A0)—(Bl+ Bz+ Bo) =

la1

(h.11-7)

. . _ . (11-10)
=(A1—-B1)+(A2—-B2) = \/§A1 3 \/:_3A1 e 37
Hiéu hai lugng pha chi gdm thanh phéan th{r tur thuan, nguwoc nhu hinh vé.

A A,

A;-B1=Uq1 Ug2=A2-B>

Trading Aaﬂiéﬁ?EE/Bé?bh\nga-— Khoa Aiatn = %29/mﬁﬁ\{ni§ﬂ§ bé ai&dn
1 Bq 2 2
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3. Tu hai tinh chit trén ta rat ra nhitng dic diém cta ap, dong ba pha khong dbi
xung :
a. Dong trong ddy trung tinh bang 3 lan thanh phan thir ty khong :

iA+iB+iC = iN =3io theo (11—9)

Néu mach khong ¢ day trung tinh thi : la+le+1c =0do d6 In =310 =0 tic
1a dong trong cac pha s& khong c6 thanh phan thir tu khong ma chi c6 thanh phan thir
tu thuan va nguoc.

b. Pién dp day luén khong c6 thanh phan thir t khong

T tinh chat (11-10) thay rd trong ap day khong c6 thanh phan TTO ma chi c6
TT+va TT-

Trong moi hé théng thtr ty thuan, nguoc ta c6 Uy, = \/éUf] ; Up = \/éUfQ

d2

Mirc d6 khong di xtg dugc danh gia qua hé s6 : &= goi 1a hé sb khong
di
d6i xtng thuong tinh ra %. Khi & < 5% thi coi 1 hé thong ddi ximg .
c. Tinh chat di¢n ap pha cdc tai noi hinh sao ‘
Khi tai ba pha doi xtimg hinh (11-16) diém trung tinh O’ s& nam tai trong tdm
giac dién ap day. Do do6 trén do thi Topo tong hinh hoc ba vecto dién 4p pha tai bang 0

: Ua+Us+Uc =0. Vay hé théng dién ap pha cia tai doi xtmg khong c6 thanh phan
thtr tw khong. Nhu biéu dien ¢ hinh (h.11-8)
Khi tai ba pha khong doi xung thi trung tinh O” s€ 1éch khoi trong tam dién ap

day.
Ua =Ua+Uoo
Tur dd thi Topd ta cb + Us =Us+ Uoor
Uc = Uc+ Uoor

UA'+ UB'+ UC‘ = UA+ UB+ Uc+ 3UO'O"
Ua+ Us+Uc =3Uo (tinh chit 11-9)
Do Ua+Us+Uc =0 (theo muc trén)

nén 3Uo =3Uoo = Uo = Uoor
Vay thanh phan thtr ty khong dién ap pha ciia mot tai khong d6i xing bang dién ap
giita trung tinh ctia n6 véi trung tinh cia mot tai dbi xing ndi song song voi nd. Biéu
dién nhu hinh (h.11-8).

§4. Tong tré dong co va may
bién ap d6i véi cic ngudn kich thich ba
pha doi xirng :

1. Tong tré dong co dién khong
ddng bo ba pha :

a. T (fng tro thir tw thudn :

Cung cép cho 3 cudn diy cua dong C
co dién khong dong bo hé thong dién ap ddi
xtng thr tu thuan theo thtr tu A, By, C;.
Hé théng dong trong Stato s& tao ra trong
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may mot tir truong quay tron voi tde do o theo chiéu thuan kim déng hd Ay, By, C

Tir truong bién thién tao trong cudn day Roto dong dién cam tmg. Tac dung
dong luc hoc giira tir truong quay va dong cam tng roto 1am roto quay véi toc do o
theo cuing chiéu tir trudng quay o toc do ©; < © mot it nén © - ®; = s goi 1a hé sb
trugt rat nho (s thuong duoc tinh theo %, khoang 1,5 - 4%) nén chuyén dong tuong
dbi gitra rotd va tir truong quay nho nén dong cam tng trong roto nho, do do dong dién
trong stato ciing nho. Trong tinh trang ddi ximg ndy dong co co tong trd mot pha

Z = Un . Pay chinh 1a tong tré ta di dung trong tinh todn mach ba pha déi xtng

| a1
trude day ; Z; goi la téng tré thr tu thuan

b.Téng tré thir tir ngueoc :

Cung cip cho dong co hé théng dién ap dbi ximg thir tu nguoc. Thc 12 hé thong
c6 thtr ty pha nguoc lai A, - C, -B,

Lay Uaz = Uas ( vé ban chat 14 trao d6i 2 pha B,

C so vo6i truong hop thu tu thuan ) nén trong may sé tao Ve
nén tur truong quay o theo chiéu ngugc lai cho roto van T
quay theo chiéu ¢l voi tdc d6 ®; ~ ® ( mudn vay phai o
dung dong co so cAp quay truc roto) T

Néu khong quay roto theo chiéu cii thi roto s& quay - -
UBQ UCZ

theo chiéu tir truong quay. Luc nay s dao chiéu quay so
v6i trudng hop trén va tong tré pha ciing khong c6 gi thay
doi. Vi roto va tir truong quay ngugc chiéu nhau nén toc do trugt s = @, + © rat 1én so
véi truong hop trén. Vi s 16n nén dong cam g trong roto 16n — lam cho dong stato
cling 16n hon truong hop trén rat nhiéu. Trong tinh trang doi ximg nay dong co dién co

A , A \ UAZ UAl : . ~ : C o
tong tré mot pha la : Z,=—-<Z, =— do Uar =Uaz N@nlaz > la1; Z, goi la

I A2 | Al
tong tr¢ thir tw nguoc.
c. Tong tro thir tir khong :
Cung cép cho dong co dién hé thong
dién ap d6i xung tht tw khong. Tic 1a U,y Uso A

Uao = Ugo = Uco chling bang nhau va ciing i
pha nhau léy tri sO béng Uai = Uaz = Uno.
Hé thong ap ddi xtng ba pha thir ty

khong cung cip cho dong co dién nhu hinh ('((N
(h.11-9) thi hé thong dong trong cudn day C B
stato ciing ddi xtmg kiéu ciung pha nhu ap
nén tu truong do chung tao ra la tur truong
dap mach, nghia 1a trong may khong co tu
truong quay nén roto khong quay duge. Luc nay lay ti sd ap pha trén dong pha ta duoc

(h.11-9)

téng trd mot pha ﬂ =Z,goila téng tro thu tu khong Zy # Z, # Z, , Z, > Zo.

| a0
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Vay tong trd ctia dong co dién d6i voi cac hé thong trang thai d6i xtimg khac
nhau thi khac nhau. Véi mdi dong co cac téng tro Zy, Z,, Zy 1a xac dinh (thuong dugc
cho trong cAm nang).

2. Tong tré clia may bién ap ba pha :

a. To ong tro thir tw thuan :

Cung cap hé thong dién ap d6i xtimg thr ty thuan 1én may bién ap ba pha 3 tru
nhu hinh (h.11-10) thi trong may s& co 3 tir thong ¢4, ¢ , dc ddi ximg thir ty thuan
tuong tw nén s€ ¢ : da + ¢ + ¢c = 0 nén tir thong chi khép mach trong 161 thep la vat
lidu tir ¢6 tir dan 16n nén chi cAn mot hé thong dong dién kich thich du nho trong cudn
ddy cac pha. Trong tinh trang d6i xtmg nay tong tr& mot pha ciia may bién ap

Z = U— goi la téng tré thi tu thuan .

[ a1

b. Tong tro thir tu nguoc :

Khi cung cap cho may bién ap ba pha hé théng thir tw nguoc, tirc 1a hé thong
trao doi 2 pha B, C cho nhau so v6i hé théng thtr ty thuan thi trong 3 tru ciing duoc tao

ra cac tir thong da , dp , dc vi hé thong ap 1a ddi xing Uaz+ Usz+ Ucs = Onén hé
thong tir thong ciing dbi ximg ¢, + ¢ + dc = 0 nén hé thdng dong kich thich ciing du
nho. Trong tinh trang db6i xtng ndy tong tré mot pha cia may bién ap
UA2 :Zl _ UAl

| A2 I Al

Téng tro thir ty thudn va thir ty nguoc cua may bién 4p ba pha bang nhau. C6
thé thdy diéu nay ngay vi may bién ap 1a thiét bi khong quay (khac dong co dién) nén
su trao doi 2 pha khong tao nén sy khac biét nao vé phan bb tir thong .

Su phan bb tur thong khi cung cap hé thong ap a6i xtng thtr ty thuan va thu ty
nguoc nhu hinh (h.11-10).

Z,=

® A «q ° ® A, «> 0
[~ R~
T A A A
4l P q 4P 4/ P q P
c_\j ¢A d b (I)B q_ | P ¢C d_| b ¢A d b (I)C q_ | b ¢B
B ™ ] By N B
(h.11-10)

C. Téng tro thir tr khong cua may bién dp ba pha :
Cung cip cho méy bién ap ba pha 3 try hé thong ap ddi xung thir tw khéng nhu
hinh v& (h.11-11) Vi hé théng ap déng pha nén sinh ra trong may bién 4p céc tir thong
da , O, Oc cling dong pha nén da + da + do = 3da nén céc tir thong bat budc phai khép
mach ra ngoai khong khi.

Py D Ial

Ma khong khi 1a ving c6 tir tré 16n Ao ’ ’
hon 161 tir rat nhi€éu nén mudn cd ¢4 , P, dc
4a 10N tng voi dién ap dat vao thi dong dién A 3|
trong cac pha bat budc phai 16n, tirc cung P ] 41Pp

. [« b (I)A d b (I)B [« b ¢C

Ui = Upp = Upg thi I > Iy, T N T
Treding Aali Holic Baich Khoa - Khoa Ai&ln - BA&i
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Uao _7,<7,-7, - Ua1

l A0 I a1

Ta xéc dinh tong trd mot pha nay 14 :

Z, 2oi 12 tong trd thr tu khong.

§5. Tinh mach ba pha khong d6i xing tii c6 may biang phwong phap
thanh phén d6i xing :

1. Tinh ché dé xé4c 14p ciia mach ba pha c6 may khi ngudn khéng d6i ximg :

Gia st cho mach ba pha tai c6 may c6 cac téng tré thir tu Zy , Zy , Zo: duoc

cung cap boi ngudn ba pha khong dbi ximg co sdd Ea,Es,Ec co téng tré thic ty cla
nguén 18 Zing » Zong 5 Zong ndi nhu hinh vé (h.11-12). Can tinh dong dién trong cac pha
cua tai .

Z1 B 7
Y = I 1t
#2ns 15 B — ] Ze
ZOng Ec C Zot
> 1

ZN

1

| I |

(h.11-12)

Vi déy 1a mach ba pha khong d6i xung tai c6 may nén dau tién ta phai phan tich kich
thich khong doi xtng ra cac thanh phan doi xtmg thir tu (theo cong thirc phén tich)
Bi€u dién cac sdd thur ty trén so d6 nhu hinh (h.11-13).

Ea1 Eaz Eao
Zins D) —
- Z
7 Ep1 Erz Ego te
Ngudn “2ng 4:::]__{:X:€> Tai

0 i \ '_" :l_o' Zot
Eci Ec2 Eco
Zors H__+—OD —
Zn

1
| S|

(h.11-13)

Vi 12 mach tuyén tinh nén ta tach ra thanh ba bai toan d6i xtng tht ty :
a. Bai todan doi xung thu tw thudn :

Nguon tac dong 1a hé théng d6i xtng thir tu thuan Eai, Eer, Ec: voi tong trd ctia
nguén la t(x)ngq tré thir tu thuén Z,,, téng
trg cua tai la tong tro thu ty thudn Z, nhu Zin  Ea 21t
hinh (h.11-14).
V6i hé théng ddi xtmg thtr tuw thudn co

lai+ lei+lci =0 nén dong trung tinh

Treding Aadi Holic Baich Khoa - Khoa Ai&d
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bang 0, vi vy khong dua day trung tinh vao so do nay.

Pén day ta tro vé bai toan ddi xtmg da hoc & chuong 10 nén dé tinh dong, ap
ctia hé thdng ta tich ra mot pha nhu hinh (h.11-15) goi 13 so d6 thir ty thuan :
Tir so d6 nay tinh duoc dong thir ty thuin cua

. EAl Z1ng Ea1 Ta
phaAld lat = ————.Saudosuyra Z-

+2Z,

1ng
cho cac pha con lai.
b. Bai toan doi xung thwr tw nguoc :

Ngudn tac dong 1a hé théng doi xing thir

(h.11-15)

tu nguoc Eaz,Ess, Ecov6i téng tré cua nguén 14 Z5y,, téng trd cua tai la Z, nhu hinh
(h.11-16).

Zan }-EAZ Zot
-~ — . .
Zng - 772t Z2ng Exnz
o) Epoyo =1 0 2+
» L Zoe | :
Eho—' —
(h.11-16) (h.11-17)

Vi mach ba pha ddi xtg nén tach ra mot pha nhu hinh (h.11-17) goi 1a so dd thw ty
=
2ng + ZZt
c.Bai toan doi xung thir tw khong :

nguoc dé tinh cho mot pha laz =

Ngudn tac dong 1a hé thong dbi xtng thir tu khong Eno, Eso, Ecovéi tong tro
cua nguén 14 Zong » téng tr¢ cua tai la Zy, nhu hinh (h.11-18).

Zon R, Zot

T O—
LN o

e (2] L o

g B
()  —
— Zon | Em\(j L 3%y
Zx 1
1 e —
(h.11-18) (h.11-19)

Vi Eno =Eso = Econén tao ra trong cac pha dong dong di¢n the ty khong la
lao = lso = lco, Ino+ leo+lco =3lo, vi dong trong day trung tinh bang 3lonén so dd
tach ra mQt pha nhu hinh (h.11-19) goi 1a so d6 thir tu zéro.

Eno
Ong + ZOt + 32N
d. Tong hop cdc dap vng thanh phan duwoc dong cdc pha cua tai :

Tinh dugc dong dién thu tu khong Lo =
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Thudng dung cong thire tong hop theo mdt pha ta duoc dong dién cac pha la
iA = i/—\l+ i/—\2+ iAO
iB =a’ iA1+aiA2+ iAO

lc =¢':1|A1+8.2 laz+ lao

Ta thay dé tinh cac thanh phan tht tu thuong dua ngay ra cac so do thir tu cho
mot pha rdi tinh chir khong cin qua cac budc trung gian nhu 1y thuyét. Pung quén
trong so do th tw khong c6 3Zy

Vi du : Cung cap hé théng ap 3 day ba pha khong dbi ximg Uag = Uxc =365V,
Ugc = 312V vao mot dong co dién cod téng tro Z, = 3,6 +j3,6Q2 ; Z, = 0,15 + j0,5Q
mach khong co6 day trung tinh. Hay tinh cac dong dién day.

Giai : Bai toan cho ap nguén la ap day; trong cac cong thire tinh sir dung cac ap
pha nén ta c6 thé chon cac pha tuong mg mot cach tiy y chi can hiéu sb ciia chung
bang céc dién ap day di cho 1a dugce nhu hinh vé& (h.11-20). Viéc chon tly ¥ céc ap pha
nhu vay khong anh hudng dén thanh phén thtr ty thuan, thr ty nguoc nhung n6 anh
hudng dén thanh phan tht tu khong. Nhung vé6i bai toan nay khong co dong dién thir
tu khong nén tuy y chon nhu vay la dugc.
Tur tam giac ABC x4c dinh dugc :

U, =U. = 3;'2—156\/ U, =365 —156° = 330V

Gia thiétU =3300°V; thi Us = —j156V,Uc = j156V
Theo cong thirc phan tich xac dinh dugc cac thanh phan ddi
xtng thu ty thuan 1a : C

: 1 - : :
UA1=§(UA+aUB+a2Uc) (h.12:-20)
Uni = %[330+ j156(-a+a?)]

Ups =2 330+1156(1—J@—1— @ =220V
3 2 "2 2

ap thir ty nguoc 13 : Uas, = é(UA+az Ua+aUa) = é[330+ j156(—a® +a)] = 20V

Tir so dd th ty thuan

TN 1
Tinh dugc dong tha tu thuan pha A : e — i
. A\ 4 IAl
= DAL 22,0 = 39,3(-45°
Z, 36+])36
> » | —
Tur so do thr tu nguoc pha A : o — _
Tinh duoc dong thir tw ngugc : Y In2
[y = 022 _ 20_ =383(-7318
Z, 015+j05

Ta dung cong thirc tong hop dé xac dinh dong cac pha :
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Ian =i+ laz+lao = lai+ Iz = 393(-45° + 3837318 = 388— j645A — |, = 752A

ls =a%lar+alas+lao =a’la+ala =393195 +38346°42=-117—- j17,7A
o =212A

icz—iA—iB=—338+j645+117 j17,7=-271+ j46,8A — | . =541A

Qua vi du trén thay rang truong hop khong c6 day trung timh (Zy = ) va khi da
cho céc dién 4p day trén nhiing cuc cua no, dé tinh cac dong dién chi can dung so d6
thir ty thuan va tha ty nguoc .

2. Tinh mach ba pha tai c6 may bi su ¢d :

Céc mach ba pha tai c6 may thuong 1a hé thong ddi xung (d6i xtng binh
thuong la do6i xung thir ty thuén ) it khi gép phu tai khong d6i xtmg, nhung khi hé
thong bi cac su ¢d nhu ngan mach, dit day, 1am viéc voi duong day hodc may bién ap
cit mach mot pha v.v..thi s& xuét hién hé théng ba pha khong dbi xtmg tai dong Vay
can dua ra cach tinh mach ba pha tai c6 may binh thuong lam viéc ddi xtng, khi c6 sur
cd thi ap, dong chd d6 trd nén khong ddi xtng nén bai toan 1a khong d6i xing tai co
may.

a.Cdc sw cé thuong gap, phwong trinh mé td s co:

- Sy cb dirt ddy mot pha nhu hinh (h.11-21)

Vi dut day pha A 1am cho tong tré

doc day pha A tr¢ thanh v6 cung 1én, con Ua
A — A’
téng trd day pha B, C 6 noi su co Van bang . | A *
khong nhu trudc. Ving ¢ su ¢d mat ximg 5 _ — _ B’
S , . Uc *
nén Ua,Us,Ucla 4p ¢ ba pha vung su co c . —_— =C
(h.11-21)

méat dbi xung Un ;tO,UB =Uc =0.

Phuong trinh mo ta sy ¢d:1a=0,Ug =Uc=0

Nhing su ¢ 1am thay doi tong tré' cac pha doc duong day goi 1a sy ¢ doc.

- Ngoai ra con ¢o6 2 dang su ¢6 doc khac biéu dién ¢ hinh vé& (h.11-22) va hinh
veé (h.11-23).

. - : Zn
Phuong trinhmétaswco: Um =Z,1a 2 —— Y
| —
Uss =0 B, - .o
C Te c’
Uce =0 R R
’ . .
Phuong trinh mé ta sw ¢ : Um: = Z, a
(h.11-
Uss =Z, ls 7
. A ° ’
, Uee=0 P .
- Sy cb6 ngan mach 2 pha vi tri g Ta -
gitta pha B va C nhu hinh (h.11-24). . L .
14 CI

Giong nhu mac vao vung sy co 1

tai khong doi xing ndi Y tai diém M véi ——> )
Zam= 0 ; Zgy = Z om = 0 nén h¢ thong ap (h.11-
2\

Ua , Us , Uc cling lam thanh mot h¢ théng
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khong d6i xtmg .

iAZO A A’

Phuong trinh mo ta su ¢0 : Lle =0 X M‘/{J/
Uc =0 C EE/”
Su cb nay lam thay ddi tong tro cach dién gitra cac (h.11-24)
pha duong day voi nhau va voi dat. Nhiing sy ¢o
c6 dic diém nay goi la sy c¢b ngang.

- Su c6 ngan mach mét pha qua tong  a I
tro tip xac Z, nhu hinh (h.11-25) 8

CI

. . B Ua B’

UC :ZN le C [-JB c’
Phuong trinh mo ta su cb:la=0 - lUC

Zy

le =0 v v
aUA1+a2UAz+ UAO :ZN(aiAl+a2iA2+iAo) 2 (h.11-25) ar
. . , iy
lait laz+1la0 =0 _

Ia c’

a2 lai+alaz+1a0 =0

Ngoai ra con ¢ su ¢d ngang nhu hinh (h.11- v
26). ’
Phuong trinh mo6 t4 su ¢0 :

lar+laz+1a0 =0
Us =ZB le < a®Uai+aUaz+ Uao =ZB(a2 [ar+alaz+ |AO)

Uc = Zc lc & aUa+a’Uaz+Uno = ZC(aIA1+a2 a2+ IAO)

Qua phan tich cac sy cb ta thdy : cac su cb ngang duong day glong nhu mic
vao duong day tai ba pha khong d6i xung (tai tinh) n61 Y. Tai nay khong d6i xtmg nén
ap ba pha trén ving su c¢d 1a khong dbi ximg .

Néu ta dé tai ba pha khong db6i xtg d6 trong mach dé tinh toan thi rat phirc tap
(vi lién quan dén cac thanh phan thir tu ). De don gian tan dung nguyén ly bu thay thé
phu tai ba pha khong d6i xing bang ngudn dién ap chinh 1a hé thong dién ap khong
d6i xtng trén tai khong dbi xtimg ma ta chua biét.

Sau khi thay thé nhu vy toan mach s& trd thanh dbi xtmg va ddi véi mach ay
nhitng thanh phan dbi xting khac nhau cta dong dién va dién 4p s& khong phu thudc
13n nhau. Trén co s& d6 ta sé& tach ra timg so do th tu dé tinh toan.

Tic 1a thay thé chd sy ¢6 ngang nhu hinh (h.11-27)
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Tuong ty nhu vay su ¢ hinh (h.11-24), (h.11-26) cling dugc thay thé vung su

A A’ A A’
B B’ B B’
C c’ C c’

UAl A UBl A UCl A
UAZ A UBZ A UC2 g
Uao Ugo Uco

Zn

»)

A [

)

(h.11-27)

¢ nhu trén. ) o ) )
Tuong tu nhu vay cac su co doc dugc thay thé bang h¢ thong ap khong doi
xtng doc day nhu hinh vé (h.11-28).

, Ua , Ua1 Ua2 ,
A A A A A A
S — o ooy
B B’ B B’ Up1 Usy

— s e s Aan
C c’ C ¢ c’ o
- o—@—c C Uc1 Uceo cr
(a (b — P

' ‘(h.11-28) (c
\
Tuong tu su co c}oc 0 hinh (h.11-22), (h.11-24) cling dugc thay thé r;hu‘ vay. )
Vi sy ¢0 co ca doc va ngang nhu hinh (h.11-29) ta thay thé bang ca hé thong

A A

A @@ A
B ! B ,
i oeo—
B C B
, oe—

)
()
®

S
D

(h.11-29)

doc va ngang
b.Tinh mach ba pha tai co may bi su co :
Ta bi€t trir phan sy c6 ra, mach dién con lai hoan toan doéi xung ; nén néu thay

thé hé thong dién ap khong ddi xtimg chd sy ¢ Ua,Us,Uc bang nhiing thanh phan
d01 xung cua né thi s& dugc hé thong mach dién d6i xing thanh phan va lac nay chi
can tach timg so do tht ty s& tinh dugc dap tng thir ty cho mot pha va cudi cung tong
hop céac dép ung thur tu s€ dugc dap Gmg can tim.

Can nh('y rs‘ing hé théng dién ap chS su cé Ua,Us,Ucla chua biét va phai tinh
nén luc nay sO 4n s6 cua bai toan ngoai 3 a an s6 nhu bai toan thong thuong con thém 3
an sb vira néu nira (neu su ch ‘vua doc vira ngang thi sO an s6 s& 14 6). Vay dé co du sO
phuong trinh g v&i s6 an s6 thi ngoai 3 phuong trinh c6 dugc tir so d6 thir tw can c6
thém céc phuong trinh phu lay tir phuong trinh mé ta su cb.
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C6 thé minh hoa phuong phap tinh mach ba pha tai c6 may bi su ¢6 bang vi du

giai mach hinh (h.11-30) Trong d6 ngudn sdd 1a d01 xung Ea + Ee+ Ec = 0.Tai ddi
xtmg ndi Y (tai tinh), tai may nbi Y. Ving c6 su ¢b (gia su sy ¢ doc - dit mach mot
pha A) nén I, = 0.

Zing K:NEA 2y vun A’ | — 21t
| I | U v | I |
1 g
Z2nd  — \ o 5 B’ | 2ot
I ) —4 I
E C su c’
ZOng ¢ ZOt
 — () 4  —
I \/ ¢ co I
Z
D N z|l |z |2
77
Ta thirc hién theo cac budc tinh toan nhur sau :
- Thay thé vung su c¢0 bang h¢ thong thanh phan thu ty nhu (h.11-31)
- Unr Unz Uno
E I4
Z1ng — @ A A e (Y= AT — Zit
Exg B Usr Usz Uso g
Zan — @ —(< - ] Z2t
Zong Ec C Ucr Ucz Ueo  C7 Zo
t
—1—® aCOC ]
Z
D N z| |z| |z
(h.11- S
/77 ‘ s
- Téchra céc SO d6 thtr tu thuan ,nghich, khong cho pha A nhu hinh (h.11-32)
Zlng Zan
So &b thu tu thuin So dé thu tu nguoc
ZOng UAO
® |
a0 (h.11-32)
375

- 1tr nguyén nhanh c6 su cd, phan con lai ¢6 thé blen
d6i tuong duﬁng déchoumactddion gian, tir 46 1ap biéu thirc dong, ap nhanh c6 sy cb.
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Z1tq Eang In Zotda Ua2 Ino
TT. . 7. 7~

So dbé tht ty thuén So dé tht tu ngugc
EA Ylng EA
Atd =
+ Ylng Zlng (i + 1)
Zlng Z
- ErZ Z, 2z Z,.Z
Ena = —— s Ly = < Ly = =
+Z Z+7Z Z+7Z

1ng
Viét phuong trinh Kirhof 2 cho céc so dd thr tu thuan, nguoc, khong dugc ba
phuong trinh :

EAtd = UA1+ iAl(thd +th)
O=Unz+ iAZ(sz +Zy)

0= UAO+iAO(Z

+Z, +32,)

Oong

Ta théy c6 3 phuong trinh nhung 6 an sb : UAl, UAZ, UAo,iAl,iAz,iAonén can su dung
3 phuong trinh sy ¢6 dé c6 du 6 phuong trinh

iA =0= iAl+ iA2+ iAO

UB 2028.2 UA1+aUA2+ UAO

Uc =0= aUA1+ a2 UA2+ UAO

Giai hé 6 phuong trinh dugc : UAl,UAZ,UAO,iAl,iAZ,iAO

- Sau d6 thay Uai,Uaz,Uaovira tim duoc vao so d6 thir tu thudn, thir ty
nguoc, tht ty khong & hinh (h.11-32) dé tim cac dong ap thtr tu thuan, thtr ty nguoc,
thtr ty khong & moi nhanh cta so dd.

- Cudi cung dung cong thirc tong hop tinh cac dong, ap khong dbi ximg :

Ua =Uar+Unz+ Uao
s =a® lar+alaz+lao

lc =aIA1+a2 laz+lao

Vidu 1: Mot may phat di¢n van hanh khong tai bi ngén mach dau cuc pha C
v6i dat hinh (h.11-33). May phat dién d6i xing c¢6 Sdd ddi xtmg E=230V, ¢6 tong trd
tha tu 1a : Z,=j2Q, 7, =j0,5Q, Z, = j0,2Q2.Hay tinh dong dién ngén mach va dién ap
pha cua may.

- Thay thé viing sy ¢ bang hé thong dbi xtng thanh phan nhu hinh (h.11-34)
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O 2 O e
T O A o W B
T i N - c
OO
Uc| Us| Ua Uca Uss Uns
gt v Geo 8 )0eo(F) Uo
(h.11-

(h.11-

N
[ Vo

EA = UA1+ iAlZl

- Téach cac so d6 tht tu thuén, thu tu nguoc, thir tu khong :

Tur cac so dd thr ty viét 3 phuong trinh Kirhof 2 : 0= Uaz+ 1a2 Z,

0= UAo+iAon

- Viét phuong trinh sy ¢ - vi ngdn mach mot pha cham dat nén co phuong
trinh :

Uc =0la =0l =0
Viét cac phuong trinh su ¢6 theo cac thanh phan thu ty :

Uc=aUai+ 8.2 Uaz+ Uao
la =0=1lat+laz+1a0

ls =0=8.2 lai+alaz+ lao

- Giai h¢ 6 phuong trinh bang cach thé dan ta dugc :

Ea 230

= =852(-9C
Z+Z,+Z, ]2+])0,5+]0,2

la1 =
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Uai = Ea—Ia Z, = 230-852(-90°.2(90° = 60V
Uaz =-a2laZ, =-a’852(-90°.0,590° = —42,6a°V
Uao = —ala1Z, = —a852(-90°.0,2(90° = —17,4aV

[y = a2 _ 4262 =852a%(-90° A
Z, j0,5

o = — 020 10488 oo oA
Z, j02

- Téng hop cac luong thanh phan dugce dong ngan mach 1a :
lc =alai+a® las+ lao = a852(-90° + a%.a2852(—90° + 87a(—90° = 852(—90°
+852(-90° +87a(—90° ~ 3l a1 = 256(20° A

Dién ap gitra cac pha véi dt :
Ua = Uar+ Uao+ Uno = 60— 426a° —17,4a= 9251350V

Ue =a’ Uar+aUaz+ Uao =a°60-426-17,4a=925-13350V

- D thi vecto duge v& nhu hinh (h.11-35)

Trong d6 4p d6i xung 1a dudng nét dut, ap i
lac ngan mach 13 dudng nét lién. AUz

Vi du 2 : Mot hé thong dién ap day ddi
xtng Usg = Upe = Uca = 380V cung cap cho Ic
dong co dién khong dong bd 3 pha c6 cac tong tre
pha thu tu Z; = 3,6+3,6Q, Z,= 0,15+j0,5Q =
0,522<73°18'". Day dan pha A bi dirt. Hay tim cac

Ch
\ >
\

Uc= 0 13°50

dong dién trong cac day din va cac diénap Um:, ., - Us ™.
. . . Uc» (h.11- %b'
Uao,Uso,Uco nhu hinh v€ (h.11-36). -~

Ta coi nhirng ap day giita cac cuc A, B, C duoc tao nén boi ba ngudn dién ap

380
V3

Thay thé viing su ¢ bang so do th ty - luu ¥ & day so do thir tu khong khong
c6 vi khong c6 day trung tinh nhu hinh vé h(13-37)

pha d6i ximg c6 Sdd E, = = 220V nhu hinh vé h(13-26b).
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L-]Al UAZ UAO le 22

Ea
(= 5, U )
. Uss Usz Uso % B O “ > o
Exr 0
(D
. Ua U Un AT I o
Ec
(DD
(h.11-37) (h.11-38)

Tach céc so d6 thir tu thuén, nguoc nhu hinh (h.11-37)

, Ea=Ei =Un+1mZ

Viét phuong trinh mach : g _ f . MEIAS
O0=Uaz+laz 22

la =lai+laz+lao =lar+1az2=0

Phuong trinh su ¢ : Uee =0=2a% Uai+aUaz+ Uao

Ucc =0= aUA1+a2 UA2+ UAO

Giai h¢ phuong trinh dugc : Uai = Uaz = UAothay Us = U1va las =—la1 véo
phuong trinh 0= Uaz+ la2 Z,dwgc 0=-Z, lar+Uas ciing Er = Z, Ia+ Ua: ta dugc
=
Z, +7Z,

. Er = (Z,+2,) | a1 — ténhazediic =

220
Al =
36+ j36+015+)0,25

Tinh Uas = —la2Z, = 39,6(-47°33.0,5227318 = 20,6 7(25°45= U a1 = U ao

= 39,6(—47°33A = —l

ls =a2la+alaz = Ia(a? —a) = —j+/339,6(-47,33= 685-137°33= I

Uan = Uar+ Unz+ Uno = 3Uns = 3.2067%25°45V

Uno =laZ, +1a2Z, =(Z,-Z,) a1 = Uno,+ Uno, =

Uao = (36+ j36—-015-j0,5).39,6(-47°33=1835-5°36'V

Uso = Ugo,+Uso, =11 Z, + 1822, =@ s Z, +ala2 Z,

Uso = lai(a’Z, —aZ,) = 2035-116°43V

Uco =laZ, +1cZ, =almZ, +a a2 Z, = (aZ, —8°Z,) I a1 = 219-114°26V

§6. Tinh cong sué"l,t mach ba pha theo cac thanh phan doi xing :
Tt biéu thirc cong suat phure tong quat ciia mach ba pha :
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S=Sa+Se+Sc =Unla+Usls+Uclc =P+jQ

Thay thé ap, dong bang cac lugng thanh phan ddi ximg :
UA =UA1+ UA2+ UAO la =lar+ laz+lao
UB =a’ UA1+aUA2+ UAO vailg = a’ [ai+alaz+ lao

S

Uc:aUA1+a2UAz+ Uao |c=a|A1+az|A2+|A0

Trong do luuy: a=a’,a’=a

Taco: éz 3UA1?A1+ 3UA2 /I\A2+ 3UAO /l\AO =é1+é2+éo = P+jQ
P=3U,,l,, cosp, +3U,,l,, cosp, +3U ,,l,,Cosp, =P, +P, + B,

Q = 3UA1 Al SIn(Pl + 3lJAZI A2 SIn(PZ + 3lJAOIAO SIn(PO = Ql + QZ + QO

@1, P2, Po 12 goc 1€ch pha gilra ap v6i dong thir tu twong Gmg.

Vay c6 cong suit cia mach ba pha bang tong cac cong suat thi ty trong mach.

§7. Cac diéu hoa bic cao ciia 4p va dong trong mach ba pha :

Ta biét may phat dién 3 pha thuong phat ra Sdd 3 pha d6i xtng hinh sin. Tuy
nhién vi nhiéu 1y do nén c6 thé tao ra Sdd chu ky khong diéu hoa. Co nghia 14 Sdd s&
gbm nhiéu diéu hoa c6 tan sd khac nhau.

Ttc 14 ngoai song co ban tin s @ con ¢6 nhidu séng bac cao tan s 3o, 5o. Ta
s& xem xét trong tinh trang 3 pha d6i xtmg nhimg song diéu hoa nay c6 nhitng tinh
chat gi. Vi may phat dién c6 cau tao ddi ximg, nghia 1a suit dién dong cac pha hoan
toan gidng nhau, chi 1éch nhau vé thdi gian 1/3 chu ky nén biét song diéu hoa thi K
cua pha A 1a ega = ExsinKot thi song diéu hoa thu K cua pha B 1a exp = Eg,sinKo(t
- T/3) va song diéu hoa thtr K cta pha C s€ 1a : exc = ExpsinKo(t + T/3) = Egpsin(Kot
+2Km/3).

Tuc 13, dbi voi song didu hoa thir K, pha sau cham pha so véi pha trudc mot
goc 2Kn/3. Ta xét quan hé 3 pha véi song bac K khac nhau s& c¢6 dic diém gi.

1. Khi K = 3n (voi n 12 sé nguyén duong, 18) : Goi 1a nhitng song bdi 3 gdm
bac 3, 9, 15, 21...Luc nay goc 1éch pha : @3, = K27/3 = 3n.2nt/3 = 27n.

exa = ExmsinKomt, exg = EKmsm(Kcot -2mn), ke = EKmsm(Kcot + 27tn).

Ca 3 pha & moi thoi diém déu c6 cung tri s6 cung chidu. Vay cac song bdi 3 clia
3 pha hop thanh nhiing hé théng dbi xtmg thir tw khong.

2. Nhiing song diéu hoa bac 1é K =3n +1 : Gom céc séong bac 1,7, 9, 13,19 ...

Luc nay goc 1éch pha gitta cac pha : ¢ =K 2—; =(3n +1)2—,;T = 21N+ 2—3“ tuc la

pha sau cham sau pha truéc mdt géc ¢ = 2nn + 2—;, nén 3 pha hop thanh nhiing h¢
thong thir ty thuan.

: : 2n . 2n
e, = Ey, SinKot,e, =E,  sin(Kot —2rn —?),eKC = E,, sin(Kot + 2rn + ?)

3. Nhiing song diéu hoa bac 1&¢ K =3n + 2: Gdm cac song diéu hoa bac 5, 11,
17, 23...
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Luc nay goc 1éch pha gilra cac pha: ¢ =K 2—;5 =(3n+ 2)2_;5 = 27N+ 4—5—) turc

la pha sau cham pha so v6i pha trudec mdt goc 4—3“ nén 3 pha hop thanh nhiing hé

thdng thir ty nguoc.

Vay cac diéu hoa cao trong mach 3 pha tiy theo tin sé hop thanh cac hé thong
thtr ty thuan, nguoc, khong.

€ka = €ao T a1t ear T ... DT | DT oo T |

€k = €go T €p1 tem t ... +

ekc = €co t €c1 e t.

4. Ap dung tinh chat cla CAC '-oo____ o0 . thanh
phan thi ty rat ra mot s6 tinh chét cua cac dong, 4p trong mach 3 pha d6i xtrng khong
hinh sin nhu sau :

a . Néu ngudn Sdd ba pha ddi ximg khong hinh sin ndi tam giac ho, thi dién

ap trén hai cuc hd cua ngudon Uaz s€ gdm tong tat ca cac song dicu hoa bac 3n cua

dién ap. Tuc la UAZ = UAX + UBY+ Ucz = 3Uo (tinh chat 1)

Gia trj higu dung : U,, = 3,/U% + U2 + UZ +... nghia 5 ¥
la trong Uxz chi cd cac ap boi ba, tirc 1a cac ap tha tu
khong.

b. Dong dién trong day trung tinh chi chira A
cac song diéu hoa bac 3n cua dong pha.

|N—|A+|B+|c—3|0 Y AN R
Tri hiéu dyng : N C Z

Vay dong dién day trung tinh chi chura cac luong thu N .
tur khong. Khi khong c6 day trung tinh thi cac dong thir ty khong trén moi pha déu
bang 0. o ‘

c. Dién 4p cac pha co theé gdm tat ca cac song dicu hoa, nén gia tri hi¢u dung
ciadppha 1a: U, = /U + U2+ U2+ U2+ U2 +...

d . Dién 4p day khong chira thanh phan thir tu khong, tirc 13 khong chira song

A A U
b0i3: U, =+/3,/UZ +UZ +U? + U% +... nén ndi chung U_d <+/3.
f
5. Néu cac cudn day ciia may phat dién ndi A thi cac Sdd sé tao nén dong thir
tu khong chay trong cac cudn day. Khi nay ap trén cuc cua A khong chira thanh phan
thr tu khong boi vi Sdd thu tu khong tao nén trong A bang voi 4p giang trén cac trd
trong cudn day may phat dién. Nén lac nay c6 :
U,=U, = JU2+UZ+U2+...
Néu trén cac cuc may phat ndi A co ndi phu tai thi do trong ap khong cé cac
thanh phan thtr tuw khong nén cac dong & mach ngoai khong chira thanh phan thu tu
khong.
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