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LOI GIOI THIEU

Ly thuyét mach 1a mot trong s cdc mon co sé cua ki thuat dién tir, vién thong, tu dong
hoa, nham cung cip cho sinh vién kha ning nghién ctru cac mach twong tu, dong thoi no 1a
co s 1y thuyét dé phan tich cac mach sb. Véi ¥ nghia 1a mot mén hoc nghién ctru cac hé
thdng tao va bién ddi tin hiéu, ndi dung co s& 1y thuyét mach (basic circuits theory) chu yéu
di sau vao cac phuong phap biéu dién, phan tich, tinh toan va tong hop cac hé thong dién tao
va bién di tin hiéu dua trén mé hinh céac cac thong s6 & cac phan tir hop thanh dién hinh.

Tap bai giang nay chu yéu d& cap t6i Iy thuyét cac phuong phap biéu dién va phan tich
mach kinh dién, dya trén cac loai phan tir mach tuong tu, tuyén tinh ¢6 thong s tap trung, cu
the la:

- Céc phan tr & mang hai cuc: Hai cuc thy dong, ¢6 hodc khong co quéan tinh nhu phan
tir thudn trd, thudn dung, thuan cam va cac mach cong hudng; hai cuc tich cyc nhu cac ngudn
dién ap & ngudn dong dién 1y tuong.

-Céc phan tir & mang bon cuc: Bn cuc twong hd thu déng chira RLC hodc bién ap 1y
tudng; bdn cuc tich cuc nhu cac nguén phu thudc (nguén ¢ diéu khién), transistor, mach
khuéch dai thuat toan...

Cong cu nghién ctru 1y thuyét mach 1a nhiing cong cu toan hoc nhu phuong trinh vi
phan, phuong trinh ma tran, phép bién d6i Laplace, bién doi Fourier... Cac cong cy, khai
niém & dinh luat vat ly.

M&i chuong cua tip bai giang ndy gdm bén phan: Phan gidi thiéu néu cac van dé chu
yéu cta chuong, phan ndi dung dé cap mot cich chi tiét cac van dé& d6 cung voi cac thi du
minh hoa, phan tong hop ndi dung hé thong héa nhimg diém chii yéu, va phan cudi cing dua
ra cac cau hoi va bai tap ren luyén k¥ nang. Chuong I dé cap dén cac khai niém, cac thong sb
co ban cua 1y thuyét mach, déng thoi gitp sinh vién c6 mot cach nhin tong quan nhimng van
dé ma mén hoc nay quan tim. Chuong II nghién ctru méi quan hé giira cac thong s trang
thai cua mach dién, cac dinh luat va cac phuong phap co ban phan tich mach dién. Chuong
[T di sau vao nghién ctru phuong phap phan tich cac qué trinh qué do trong mach. Chuong
IV trinh bay cac cach biéu dién ham mach va phuong phap vé dic tuyén tin sb ctia ham
mach. Chuong V dé cap t6i 1y thuyét mang bon cuc va ng dung trong nghién ctru mot s6 hé
théng. Cudi cung la mot ) phu luc, cac thuat ngt viét tit va tai liéu tham khao cho cong viéc
bién soan.

Mic du c6 rat nhiéu ¢ gang nhung ciing khong thé tranh khoi nhitng sai sot. Xin chan
thanh cam on céc ¥ kién déng gop cua ban doc va dong nghiép.

Nguwoi bién soan
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THUAT NGU VIET TAT

AC  (Alternating Current) ché 46 dong xoay chiéu.

ADC (Analog Digital Converter) bo chuyén dbi twong tu -sd.
DC  (Direct Current) ché d6 dong mot chiéu.

FT (Fourier transform) bién d6i Fourier

KDTT B¢ khuéch dai thuat toan.

LT (Laplace transform) bién ddi Laplace.

M4C Mang bdn cuc.

NIC  (Negative Impedance Converter) bo bién doi tro khang am.
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

CHUONG 1

CAC KHAI NIEM VA NGUYEN LY CO BAN CUA LY
THUYET MACH

GIOI THIEU

Chuong nay d& cap dén cac khai niém, cac thong sd va cac nguyén Iy co ban nhat cua Iy
thuyét mach truyén thong. Dong thoi, dwa ra cach nhin téng quan nhitng van dé ma mén hoc nay
quan tim ciing v6i cac phuong phap va céac loai cong cu can thiét dé tiép can va giai quyét cac van
dé do. Cu thé 1a:

e Thao luén quan diém hé théng vé cac mach dién xtr 1y tin hi¢u.

e Thao luén céc loai thong s tac dong va thu dong ctia mach dudi goc do nang luong.
e  Céch chuyén mo hinh mach dién tir mién thoi gian sang mién tan s6 va nguoc lai.

e Céc thong sd clia mach trong mién tan s6.

e Ung dung mién tan so trong phan tich mach, so sanh v&i viéc phan tich mach trong mién
thoi gian.

NOI DUNG
1.1 KHAI NIEM TIN HIEU VA MACH DIEN
Tin hiéu

Tin hi¢u la dang biéu hién vat 1y cua thong tin. Thi dy, mét trong nhiing biéu hién vat ly ctia
cac tin hiéu tiéng noéi (speech), am nhac (music), hodac hinh anh (image) c6 thé 1a dién ap va dong
dién trong cac mach dién. V& mat toan hoc, tin hiéu dugc biéu dién chinh xé4c hodc gén ding boi
ham cua céc bién doc 1ap.

Xét dudi goc d6 thoi gian, mic du trong céc tai lidu 1a khong giéng nhau, nhung trong tai
lidu nay ching ta s& thong nhat v& mat dinh nghia cho mét s loai tin hiéu chil yéu lién quan dén
hai khai niém lién tuc va roi rac.

Tin hiéu lién tuc

Khai niém ¢in hiéu lién tuc 1a cach goi thong thuong cua loai tin hiéu /lién tuc vé mat thoi
gian. N6 con dugc goi la tin hiéu twong tw. Mot tin hi€u x(t) dugc goi 1a lién tuc vé mat thoi gian
khi mién xac dinh ciia bién thoi gian t 1 lién tuc.

Hinh 1.1 mé ta mot sé dang tin hiéu lién tuc vé mit thoi gian, trong d6: Hinh 1.1a mo ta
mot tin hiéu bat ky; tin hiéu tiéng néi 13 mot thi du dién hinh vé dang tin hiéu nay. Hinh 1.1b mo
ta dang tin hiéu diéu hoa. Hinh 1.1c mé ta mot ddy xung chit nhat tudn hoan. Hinh 1.1d mo ta tin
hi€u dang ham buoc nhay don vi, ky hi¢u 1a u(t) hoac 1(t):

S_L =0 L
“O=10" (<o (1.
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Con hinh 1.1e mo6 ta tin hiéu dang ham xung don vi, con goi ham delta. Ham nay c6 phdn
bo Dirac va ky hiéu 1a 8(t):

5(t)=0, t=#0

va TS(t)dt =1 (1.2)

Can luu y rang, vé mat bién d9, tin hi€u lién tuc vé& mat thoi gian chua chac da nhan cac gia
tri lién tuc. Néu bién do cua loai tin hi¢u nay la lién tuc tai moi thoi di€m, thi tin hi¢u do moi la #in
hiéu lién tuc thuc su.

\

(@) (b) (©)
u(t) (1)
1 A
0 =t 0 t
(d) (©
Hinh 1.1

Mot sb dang tin hi¢u lién tuc theo thoi gian

Tin hiéu roi rac

Vé madt toan hoc, tin hiéu roi rac 1la mot ham trong do bién thoi gian chi nhan cac gia tri roi
rac. Thong thuong, loai tin hi€u roi rac don gian nhat chi duoc dinh nghia cac gia tri tai cac diém
thoi gian roi rac t =n.Tg, trong d6 n nguyén; do do trong céc tai li¢u, tin hi¢u roi rac x(nT) thuong
duoc ky hiéu la x(n). Hinh 1.2a m6 ta dang mot tin hi€u roi rac vé mat thoi gian.

o
° ° ° ° > ° °
10 i1 2 3 4  qn -0 1 2 3 4 n
°
°
Hinh 1.2a Hinh 1.2b
Minh hoa tin hiéu roi rac Minh hoa tin hi¢u so nhi phan
Tin hiéu sb
6

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Tin hiéu sé 14 loai tin hiéu roi rac chi nhan cac gia tri trong mét tap hiru han xac dinh. Néu
tap gia tri cua tin hiéu sb chi 14 hai gia tri (0 hodc 1) thi tin hiéu d6 chinh 1a tin hiéu so nhi phan.
Hinh 1.2b 1a mét thi du minh hoa cho trudong hop nay.

Sw lay mau

Ldy mdu 13 thuat ngir dé chi qua trinh rdi rac héa tin hiéu lién tuc. N6i cach khac, day 1a qua
trinh chuyén doi tin hiéu lién tuc s(t) thanh tin hiéu roi rac s(n) twong tng. Ta goi s(n) la phién
ban dwoc mau héa tix tin hiéu gdc s(t).

Néu s(n) quan hé véi tin hidu gbc s(t) theo biéu thirc:
s(n)=s@)|_,,

thi nguoi ta goi day 1 qud trinh ldy mdu déu, trong d6 T, duoc goi 1a budc ldy mdu hay chu ky ldy
mau. C6 thé mo hinh hoéa qua trinh 1dy mau nay thanh bo 1dy mau nhu hinh 1.3. Trong d6, phan tir
hat nhan 13 mot chuyén mach hoat dong déng/ngit theo chu ky Ts.

Phién ban dugc mau héa s(n)

v

Tin hiéu gdc s(t)

S

Hinh 1.3
Mo hinh hoa qua trinh lay mau

Chuyén déi AD/DA

Chuyén d6i AD la qua trinh s6 héa tin hiéu lién tyc. No6i cach khac, day 1 qué trinh chuyén
dbi tin hiéu lién tuc s(t) thanh tin hiéu sb twong tng. Thong thudng, trong cac hé thong dién tir,
qua trinh nay bao gdm ba cong doan: Trudc tién 1a cong doan roi rac héa tin hiéu vé mit thoi
gian. Ké tiép 1a cong doan lam tron cac gia tri da lay mau thanh cac gia tri mdi thudc mot tap hiru
han; cong doan nay con goi 1a cong doan liwong tr héa. Cubi cing, tuy thudc vao hé thdng sd
dugc st dung ma céac gia tri da dugc lugng tir hoa s€ dugc ma hoa twong thich voi thiét bi xt ly
va moi trudng truyén dan.

Nguoc lai qua trinh chuyén d6i AD 1a qua trinh chuyén d6i DA. Pay 1a qua trinh phuc hoi
tin hiéu lién tyuc s(t) tir tin hiéu sb twong tng.
Xir 1y tin hiéu

Xtr Iy tin hiéu 1a mot khai niém rong dé chi cac qua trinh bién d6i, phan tich, tong hop tin

hiéu nhim dua ra céc thong tin phuc vu cho cac muc dich khac nhau. Céac h¢ théng khuéch dai va

7
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

chon loc tin hiéu; Cac hé théng diéu ché va giai diéu ché tin hiéu; cac hé théng phan tich, nhan
dang va tong hop thong tin phuc vu cac linh vuce an ninh-qudc phong, chan doan bénh, du bao thoi
tiét hodc dong dat... 1a nhitng thi du dién hinh vé xtr 1y tin hiéu.

Mach dién N
|
|

Su tao ra, tiép thu va xt 1y tin hiéu 1a nhimng
quéa trinh phtic tap xay ra trong cac thiét bi & hé
thdng khac nhau. Viéc phan tich truc tiép cac thiét

Ura

bi va hé théng dién thuong gip mot sé kho khin

nhat dinh. Vi vay, vé mit 1y thuyét, cac hé thong

dién thuong dugc biéu dién thong qua mot md hinh
thay thé.

7 , Hinh 1.4
Trén quan diém h¢ thong, mach dién 1a mo Mach tich phan
hinh toan hoc chinh xac hoac gén ding ctia mot h¢

théng dién, nham thyc hién mot toan tir nao dé 1én

cac tac dong & ddu vao, nham tao ra cac dap mg mong mudn ¢ dau ra. M6 hinh d6 thudng duoc
dic trung boi mot hé phuong trinh moé ta méi quan hé giira cac tin hiéu xuat hién bén trong hé
théng. Trong mién thoi gian, cac h¢ théng mach lién tuc duoc dac trung boi mot hé phuong trinh
vi tich phan, con cac hé théng mach ro1 rac dugce dac trung bdi mot hé phuong trinh sai phan.

V& mit vat 1y, mach dién 1a mot md hinh tuong dwong biéu dién sy két ndi cac thong s6 va
cac phén tir cua hé théng theo mot trat tu logic nhat dinh nham tao va bién ddi tin hiéu. M6 hinh
d6 phai phan anh chinh xac nhat & cho phép phan tich duoc cac hién twong vat 1y xay ra, dong
thoi 13 co s¢ dé tinh toan & thiét ké hé théng. Thi du hinh 1.4 12 mé hinh mot mach dién lién tuc

thuc hién toan tir tich phan, trong d6 mdi quan hé vao/ra thoa man dang thic: u,, =k Iu ,dt .

Hinh 1.5 12 mot trong nhitng md hinh twong dwong cua bién 4p thuong. Trong mé hinh
tuong duong cua phan tir ndy c6 sy ¢ mat cia cic thong

sd dién tro R, dién cam L va hd cam M. Nhiing thong s6 M
Rl —~ R

d6 dic trung cho nhitng tinh chat vat Iy khac nhau cing * *
ton tai trén phan tir ndy va sy phat huy tac dung ctia ching U l l U
\ 1 2
phu thude vao céc di€u kién lam viéc khac nhau. L L,

Can phan biét sy khic nhau cta hai khai niém phan
tir va thong s6. Phan tir (trong tai lidu ndy) 1a md hinh vat Hinh 1.5
Mot m6 hinh twong
i J ] , ’ duong cua bién ap
cudn day, bién ap, diode, transistor... Thong so la dai thuong

ly cua cac vat li€u linh kién cu thé nhu day dan, tu dién,

lwong vat 1y didc trung cho tinh chit ctua phan tir. Mot phan

tir ¢6 thé c6 nhidu thong sd. V& mat dién, v& mach tuong dwong ciia cac phan tir c6 nghia 1a biéu
din cac tinh chat vé dién cua ph?m tir do6 thong qua cac thong sbe,i,r,C,L,M, Z, Y ... ndi véi
nhau theo mét cach nao d6. Cudi ciing dé biéu dién cach dau ndi tiép nhidu thong sb nguoi ta vé
cac ky hi¢u cua ching dau no ndi v4i dau kia tao thanh mot chudi lién tiép, con trong cach d4u nbi
song song thi cac cap dau tuong ung duoc ndi véi nhau. Trong so dd mach dién cac doan lién nét
ndi cac ky hiéu thong sé dic trung cho cac diy ndi c6 tinh chéat dan dién 1y tuong.
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Ciing nén Iuu ¥, vé mat hinh thirc, so d6 mach dién trong 1y thuyét mach khac véi so do chi
tiét ctia mot thiét bi. So d6 mach dién (trong 1y thuyét mach) 1a mot phuong tién 1y thuyét cho
phép biéu dién va phan tich hé théng thong qua cac thong sd va cac phan tir hop thanh, con so do
chi tiét cua thét bi 1a mot phuong tién k¥ thuat biéu dién su ghép ndi cac linh kién cua thiét bi
thong qua cac ky hiéu cta céc linh kién do.

Mach twong tu & mach roi rac

Xét trén phuong di¢n xu 1y tin hi¢u thi cac hé théng mach 12 mé hinh tao va bién ddi tin
hiéu chu yéu théng qua ba con dudng, d6 la:

- Xir Iy tin hiéu bang mach twong tw (analog circuits).
- Xt ly tin hi¢u béng mach roi rac (discrete circuits).
- X1t Iy tin hiéu bang mach sé (digital circuits), goi 1a xir 1y s6 tin hiéu.

Nhu vay, cach thuc xir Iy tin hi¢u s€ qui dinh tinh chat va két cau cua cac hé théng mach.
Trén hinh 1.6 1a sy phan loai mach di¢n xur 1y tin hi¢u lién tuc.

— Tin hi¢u lién tyc =

0/ / AVALC

Mach tuong tu

A 4

A

—— tin hiéu roi rac —_—

. Macf} lay ‘ Mach roi rac ‘ Mach khoi
mau phuc

A 4
4

.| ADC Mach s6 | DpAC

Y

‘« tinhi€uso —

' Hinh 1.6
Céc h¢ thong mach dién xur 1y tin hiéu lién tuc

Ghi chii: ADC - Analog to Digital Converter: mach chuyén doi tiwong tir - s6. DAC - Digital
to Analog Converter: mach chuyén doi sé - twong tir.

Mach c6 thong sb tip trung & mach cé thong sé phan bd

Mot hé théng mach duoc cu thanh tur phﬁn 16n cac phﬁn tir mach tuyén tinh & khong tuyén
tinh. Trong d6, mach tuyén tinh lai dugc chia thanh mach c6 thong sé phan bd (nhu day déin, ong
dan song, dung cu phat ning lugng...) va mach c6 thong s tap trung.

O dai tan s6 thap, khi kich thudc ciia cic phan tir cling nhu khoang cach vat 1y tir phan tir
nay toi cac phﬁn ttr 1an can la rat nho so véi bude song cua tin hi¢u, cac mach dién duoc phan tich
nhu tap hop cac théng sé tdp trung. Luc nay khai niém dong dich trong hé phuong trinh Maxwell

9
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

1a khong dang ké so véi dong dan (dong chuyén dong co hudng cua cac dién tich trong day dan va
cac phan tor mach, quy udc chay trén tai tir diém co dién thé cao dén diém co dién thé thap),
nhing bién thién cua tir trudng va dién truong trong khong gian c6 thé bo qua duoc.

O tan s6 rat cao, kich thudc cta cic phan tir ciing nhu khoang cach vat Iy tir phan tir nay toi
cac phén ttr 1an cén c6 thé so sanh véi budce song cua tin hi¢u truyén lan, cac mach dién dugc xem
nhu ¢6 théng sé phdn bé. Lic nay ning lugng tir trudng tich trit dugc lién két voi dién cam phdn
bé trong cau tric, ning luong dién trudng tich trir duoc lién két voi dién dung phan bé, va sy ton
hao ning lugng dugc lién két voi dién tré phdan bé trong cau tric. Lic nay khai niém dong dich
(nhitng bién thién cia tir trudng va dién trudng phan bd trong khong gian) trd nén ¢ ¥ nghia.
Nhiéu truong hop cac vi mach duoc coi 1a co cac tham s6 phan bo dii né lam viée ¢ dai tan thap vi
gi6i han kich thuéce ctia nd.

Cac trang thai hoat dong ctia mach

Khi mach ¢ trang thai 1am viéc can bang & 6n dinh, ta néi rang mach dang & Trang thdi xdc
lgp. Khi trong mach xay ra dot bién, thuong gip khi dong/ngit mach hodc ngudn tic dong co
dang xung, trong mach s& xdy ra qué trinh thiét 1ap lai sy can bang mdi, lic nay mach & Trang
thdi qua do.

Xét mach dién nhu hinh 1.7. ngué)n tac R R,
dong 1a mot chiéu hodc diéu hoa. Ban dau khoa Lot Lt
K hé, mach & trang thai xéc lap (én dinh). Khi -+ <£ K
khoa K dong, trong mach s€ xdy ra qua trinh CDl e(t)
qua d6 dé thiét 1ap lai trang thai xac 1ap méi.
Qua trinh qua d6 1a nhanh hay cham tuy thudc

|

[l
(@]
Z

I 1

—

vao cac thong s6 noi tai ciia mach.
Hinh 1.7
S, Mach dién c6 khoa dong ngat
Cac bai toan mach

C6 hai 16p bai toan vé mach dién: phan
tich va tong hop mach. Phdn tich mach c6 thé hiéu ¢ hai goc do, véi mot két cau hé thong san cd
thi:

+ Céc qué trinh nang luong trong mach, quan hé dién ap & dong dién trén cac phan tir xay
ra nhu thé nao? Nguyén 1y hoat dong ctia mach ra sao? Pay la cac van dé cua 1y thuyét mach
thuan tuy.

+ Ung v6i mbi tac dong & dau vao, ching ta can phai xac dinh dap tng ra ciia hé thong
trong mién thoi gian cling nhu trong mién tan s6 1a gi? Qua trinh bién dbi tin hidu khi di qua mach
ra sao?

Nguoc lai, tong hop mach 1a ching ta phai xac dinh két cAu hé théng sao cho ting véi mdi
tac dong & dau vao sé twong ung v6i mot dap img mong mudn & dau ra théa man cac yéu cau vé
kinh té va k¥ thuat. Cha ¥ rang phan tich mach 13 bai toan don tri, con tong hop mach 13 bai toan
da tri.

1.2 CAC THONG SO TAC PONG VA THU PONG CUA MACH

10
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Nhu phan trén da néu, dé biéu dién hé thong phai xac dinh dugc cac thong s6 ctia nd. C6 hai
loai thong sb co ban 14 théng sb tac dong va thong sé thu dong.
. . o
Xét dudi goéc do nang lugng, mot phan tir (hinh 1.8), néu

dong dién trong phan tir 13 i(t) va dién ap trén né 13 u(t) thi cong
suét tic thoi trén phan tir tai thoi diém t 13: p(r) = u(¢).i(¢) . Trong u(t)

]

Hinh 1.8

Phan tir

khoang thoi gian T = t, — t;, ning luong c6 trén phan tur la:

t2
Wy = [ p(ar
t1

+ Néu u(t) va i(t) ngugc chiéu thi p(t) co gia tri am, thi tai thoi diém t phan tir cung cip
nang luong, nghia 13 nd ¢ chira cac thong so tdc déng (thong sb tao ngudn).

+ Néu u(t) va i(t) cung chiéu thi p(t) c6 gia tri dwong, tirc tai thoi diém t phan tir nhan ning
luong. Luong nang lugng nhan dugc do co thé dugc tich luy ton tai duéi dang nang lugng di¢n
truong hay ning luong tir truong, ma ciling c6 thé bi tiéu tan dudi dang nhiét hodc dang buc xa
dién tir. Pac trung cho su tiéu tan va tich luy nang luong d6 13 cic thong so thu déng clia phan tir.

1.2.1 Cac thong sb thu dong cua mach dién

-Xét vé mit phan ung ctia phan tir khi chiu tac dong kich thich, cac thong sé thu dong dic trung
cho phan tmg thu dong cua phan tir dbi véi tac dong kich thich ctia ngudn va thé hién qua mdi
quan hé gitra dién ap va dong dién chay trong nd. Nguoi ta

phan cac thong sé thu dong nay thanh hai loai théng s6 qudn AN A

tinh va thong sé khéng qudn tinh.

. i(t) r
a. Thong so khong quan tinh (dién tro): — —
Thong s6 khong quan tinh dac trung cho tinh chat cua phan tir u(t)
khi dién ap va dong dién trén no ti 1¢ tryc tiép vo1 nhau. N6
duoc goi 1a dién tro (r), thuong cd hai kiéu ki hiéu nhu hinh 1.9 Hinh 1.9
va thoa man dang thirc: Ki hi¢u dién tro
u(t) = r.i(t)
. 1
hay 1(t) = —u(t) = g.u(t) (1.3)
r

. . 1 5
r ¢ thir nguyén von/ampe, do bang don vi 6m (Q). Thong s6 g=— goi la di¢n dan, c6 thir nguyén
r

1/Q, don vi 1a Simen(S).

V& mat thoi gian, dong dién va dién ap trén phan tir thudn trd 13 tring pha nén ning luong nhan
duogc trén phan tir thuan trd 13 ludn ludn duong, r dic trung cho sy tiéu tan ning luong dudi dang
nhiét.

b. Cic théng sé qudn tinh:

Céc thong s6 quéan tinh trong mach gém c6 dién dung, dién i(t) C
cam va ho cam. — | |
—_—
11 u(t)
CuuDuongThanCong.com https://fb.com/tailieudientuckinh 1.10
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- Théng sé dién dung (C):

Dién dung 13 thong sé dic trung cho tinh chét cua phan tir khi dong dién trong no ti 16 véi toe do
bién thién cua dién ap, c6 tht nguyén ampe.gidy/von, do bang don vi fara (F), ki hiéu nhu hinh
1.10 va duoc xac dinh theo cong thirc:

. du(t)
1(t)=C 1.4
() ” (1.4)
hay  u(f)=— j i(t)dt = ‘m (1.5)
trong do q(¢) = J. i(¢)dt 1a dién tich tich luy dugc trén phan tir ¢ thoi diém t.
va nang luong tich luy trén C:
du 1
W, = | p(t)dt = | C.— .u(t).dt = = Cu’ 1.6
e = [ p(ode= [Ccu(t).de=2 (1.6)

Xét vé mit ning luong, théng sé C dic trung cho sy tich luy ning luong dién truong, thong sd
nay khong gy dot bién dién ap trén phan tir va thudc loai thong sd quéan tinh . Xét vé mat thoi
gian dién 4p trén phan tir thuan dung chdm pha so v&i dong

dién 1a /2. i(t) L
. —— Y YY)
- Théng so dién cam (L):
—_
Pién cam dic trung cho tinh chét cia phan tr khi dién ap u(®)
trén no ti 16 v6i toc do bién thién cua dong dién, c6 thir
nguyén von x gidy/ampe, do bang don vi hery(H), ki hiéu Hinh 1.11
nhu hinh 1.11 va dugc xé4c dinh theo cdng thirc: Ki hi¢u dién cam
di(t)
) =~is—— 1.7
u(t) = ¥ (1.7)
h )= [ u(ryar (1.8)
a it)y=—|u .
/ L
va nang luong tich luy trén L:
di 1
W, = | L—i(t)dt = —Li’ 1.9
o =L ihde=— (1.9)

Xét vé mit ning lugng, thong sé L dic trung cho sy tich luy ning lwong tir trudng, théng s nay
khong gay dot bién dong dién trén phan tr va thudc loai
thong sb quan tinh. Xét vé mat thoi gian, dién ap trén i
phan tir thudn cam nhanh pha so v6i dong dién 1a 7/2.

r o~ u;
-Thong so ho cam (M): L
1
H6 cam la thong s6 ¢ cung ban chat vat Iy véi dién cam,
nhung n6 dic trung cho su anh hudng qua lai ciia hai phan
Hinh 1.12
12 Hai cudn day c6 ghép ho cam
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tir dat gin nhau khi c6 dong dién chay trong ching, nbi hoic khong ndi vé dién. Vi dy nhu trén
hinh 1.12 ta thdy dong dién i, chay trong phan tir dién cam tht nhét s& giy ra trén phan tir thir hai
mot dién ap ho cam la:

di

—y L
uy =M — (1.10)

Nguoc lai, dong dién i, chay trong phan tir dién cam th hai s& gdy ra trén phan tir thir nhat mot
dién 4p hd cam la:
dz'2
U =M —= 1.11
. t (L11)
Nhu vay do tac dung dong thoi cta cac thong s dién cam va hd cam, trén mdi phan tir s& ¢
twong img mot di¢n ap tu cdm va mdt dién ap ho cam. Téng hop ta c6 h¢ phuong trinh:

dz1 a’i2
u, =L — +tM —% 1.12
171 g dt (1.12)
Ung=42M — L4, —= 1.13
2 dt 2 dt (1.13)

trong 46 M =ky/L,L, (k 1a hé s6 ghép, thuong co gia tri nhé hon 1). Néu cac dong dién cling
chay vao hodc cung chay ra khoi cic dau cung tén thi dién ap hd cam lay dau ‘+’, néu nguoc lai

3

lay dau ‘-’. Trong céc so do, cac dau cung tén thuong dugc ky hiéu bang cac dau *.

¢. Thong so cud cdc phan tir mdac noi tiep va song song:

Trong truong hop c6 mot s6 cac phan tir ciing loai méic ndi tiép hodc song song voi nhau thi cac
thong s6 dugc tinh theo cic cong thirc ghi trong bang 1.1.

Céach mic Thong sb dién tre Thong sb dién cam Thong s6 dién dung
nbi tiép r=>r L=>1I, lZZi-
k k c “4c,
song song l_z 1 l_zi C=>C
T La i K, ¢

Béang 1.1: Thong s6 cud cac phan tir mac noi ti€p va song song

1.2.2 Cac thong sb tac dong cua mach dién

Thong sb tac dong con goi 1a thong sé tao ngudn, nd dic trung cho phan tir c6 kha ning ty né
(hodc khi né dugce kich thich boi cac tac nhan khong dién bén ngoai) co thé tao ra va cung cép
nang lugng dién tac dong t6i cac cu kién khac cua mach, phan tir d6 goi 13 nguon dién. Thong sd

tac dong dic trung cho ngudn c6 thé la:

13
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+ Sirc dién dong cua ngudn (eng): mot dai luong vat Iy c6 gia tri 1a dién ap hé mach cta ngudn, do
béng don vi “von” va duogc ky hi¢u la V.

+ Dong dién nguon (Ing): mOt dai luong vat Iy co gia tri 1a dong dién ngin mach cua ngudn, do
bang don vi “ampe” va duogc ky hiéu 13 A.

1.2.3 M4 hinh ngudn dién
Su xéc dinh céc thong $6 tao nguén dan dén sy phan loai nguén tac dong thanh hai loai sau:

+ Ngudn dién ap, bao gdm ngudn ap doc 1ap & ngudn ap phu thude (tic la ngudn ap co didu
khién).

+ Ngudn dong dién, bao gdm ngudn dong doc 1ap & ngudn dong phu thudc (tire 1a ngudn dong cd
diéu khién).

Nguon dién Iy tudng 1a khong co ton hao ning lwong. Nhung trong thuc té phai tinh dén ton hao,
c6 nghia 14 con phai tinh dén sy ton tai ndi tré trong ciia ngudn (Rog).

Trong tai li€u nay, qui udc chiéu duong strc dién dong ctia nguon nguoc lai voi chiéu duong dong
dién chay trong nguon.

a. Nguon dpc lip
e Nguén dp dic ldp: ky hidu ngudn ap doc lap co hai kiéu nhu hinh 1.13.

Ri Ri Ri
—
+ i 2
eng¢ Cng Eqe l R;
- - b
Hinh 1.13 Hinh 1.14
Ngudn ap doc lap Ngudn ap ndi véi tai

Bay gio ta xét dién 4p ma ngudn ndy cung cip cho mach ngoai (hinh 1.14):

U —_tm g (1.14)
ab_R1+Rt ‘ '

(cong thirc phan 4p trén cac phan tr mac ndi tiép)

Nhu véy ta thiy rang trong truong hop ngudn ap 1y tuong, tic ndi tré ngudn bang khong, dién ap
ma ngudn cung cip cho mach ngoai s& khong phu thudc vio tai.

o Nguon dong dic ldp: ky hiéu ngudn dong doc 1ap c6 hai kiéu nhu hinh 1.15.

Iab
Lg T :IRi Lng R; L T@ [ R; R; ]
| — —14 b
CuuDuongThanCong.com Hinh 1.15 https://fb.com/tailieudientpgitih 1.16
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By gio ta xét dong dién ma ngudn nay cung cap cho mach ngoai (hinh 1.16):

I Lo R (1.15)
® R, +R, '

(cong thirc phan dong trén cac phan tir mac song song)

Nhu véy ta thdy rang trong truong hop ngudn dong 1y tudng, tirc ndi tré ngudn bang vo han, dong
dién ma ngudn cung cip cho mach ngoai s& khong phu thudc vao tai.

Trong cac ung dung cu the, cac nguon tac dong co6 the dugc ky hiéu mét cach rd rang hon nhu
ngudn mat chi€u, ngudn xoay chi€u, nguén xung... Ciing can cht y rang, trur truong hop nguodn ly
tudng, nguon ap co6 thé chuyén doi thanh nguon dong va nguoc lai. Ban doc hoan toan co6 thé tu

minh chimg diéu nay. I
1

b. Nguéon phu thuéc =

A A .1y A L o2iA U
Nguon phu thude con dugce goi 1a nguon co dicu : l R, >1Eng lUl
khién va n6 duoc phan thanh cac loai sau:

+ Nguén dp dwgc diéu khién bang dp (A-A), Ngudn A-A
biéu dién trong hinh 1.17. Trong d6 Strc dién Hinh 1.17
dong ciia nguon E,g lién hé véi dién ap dicu
khién U, theo cong thirc:
E,, =kU, (1.16)
(klahésdtylé)
Trong truong hop 1y tudng thi Rj=o0, R,=0 va khi L
do 11:0, U2 :Eng = KU1 -

R
+ Nguén dp dwoc diéu khién bing dong (A-D),
biéu dién trong hinh 1.18. Trong d6 suat dién Nguon A-D
dong cua nguén E,¢ lién hé v61 dong dién diéu Hinh 1.18

khién I, theo cong thuc:

Eng =rl (1.17)
(rlahésdtyle)
Trong truong hop 1y tuong thi R=0, R,=0, khi I I,
doé U] =0 va U2 :Eng = I’I]. p— —
U] Rl Ing R2 U2
15
Ngudn D-A
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+ Nguon dong dwoc diéu khién bang dp (D-A), biéu dién trong hinh 1.19. Trong d6 dong dién
ngudn I,¢ lién hé véi dién ap diéu khién U, theo cong thirc:

Ing :gUl (118)
(glahésotyle)
Trong truong hop 1y tudng thi R;=co, Ry=c0 va khi I, L
@6 1,=0, |1,| =I,,=gU,. 5 -
+ Nguon dong dwoc diéu khién bang dong (D-D), U R, g R, le
biéu dién trong hinh 1.20. Trong d6 dong dién
nguon I, lién hé véi dong didu khién I, theo cong ‘
. Ngudn D-D
thuc:
Hinh 1.20
Ing =O('Il (119)
(o lahésdtyle)
Trong truong hop 1y tuong thi R,=0, Ry=0 va khi d6 U; =0, |1L| =, =al;.
Zra
P L P
O——— +
AU A Zvao

N I l?‘}} || :@A.(Up Uy | Un

o—r—_ ra

l N

(a) (b)

Hinh 1.21
Ky hi€éu va m6 hinh twong duwong cia KDTT

-Trong thuc té thuong quy cac phan tir tich cuc vé cac loai ngudn c6 didu khién. Thi du, phan tir
khuéch dai thudt todan, ky hi¢u va moé hinh twong duong cuia n6 dugc mo ta thanh nguén ap dugc
diéu khién bang ap nhu hinh 1.21, trong d6 A 1a hé sé khuéch dai vong ho ctia phan tir nay. Con
v6i transistor, & mién tin hiéu nho va tan sd thip, ngudi ta hay dung so d6 twong dwong vt Iy
nhu hinh 1.22. Trong so d6 nay c6 ngudn dong phu thudc ol . Cac dién tré trén so dd 1a cac dién
tré vi phan cua cc thanh phan dong xoay chiéu c6 bién d6 nhé dam bao doan lam viée tuyén
tinh, va duoc xac dinh boi hé dac tuyén vao/ ra cua transistor.

(XIE

Hinh 1.22: M6 hinh twrong duong vét Iy cia transjstor
CuuDuongThanCong.com g g https:%%b.com/tajrﬁ'eud} entucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Tuong tu nhu cac nguén doc 1ap, cac loai nguén 6 diéu khién cling co thé chuyén ddi 1an nhau.
Khi phéan tich mach dién trén may tinh, thuong sir dung dang ngudn D-A 1am chuin. Vi vdy
nhitng loai ngudn con lai khi cin phai chuyén vé dang D-A theo yéu ciu.

1.3 BIEU DIEN MACH TRONG MIEN TAN SO

Trong cac phuong phap phan tich mach dién, c6 mdt phuong phap rat c6 hi¢u qua dya trén cach
bi€u dién phuc, vi vay trude khi budc vao phan nay sinh vién can nam chac céac kién thirc toan vé
sO phuec.

1.3.1 Céch biéu dién phirc cac tac dong didu hoa 4 X(0

4 X \ r A . 7 ’ [N X Xm |7
Theo ly thuyét chu6i va tich phan Fourier, cac tin hiéu ngau

nhién theo thdi gian va hitu han vé bién do déu co thé phan tich R
thanh cac cac thanh phan dao dong diéu hoa. Bdi vy viéc phan \/ t

tich sy hoat dong cua mach, dac biét 1a mach tuyén tinh, dudi

tac dong bat ky, co thé duge quy vé viéc phan tich phan tng
cua mach dudi cac tac dong diéu hoa. Hinh 1.23

O mot goc do khac, xudt phat tir cong thirc ctia nha toan hoc
Euler:

exp(j¢p) = cose + jsing (1.20)
bat ky mot dao dong didu hoa x(t) trong mién thoi gian véi bién do X, , tdn sd goc
co=2?n[rad / s], va pha dau 1a go[rad] (hinh 1.23), déu c6 thé biéu dién duéi dang phirc trong mién
tan so:

X=X exp(jot+o,)=X,.exp(jor) (1.21)
trong do bién d6 phurc cua x(t) dugc dinh nghia:

)?vm = Xm -exp(jCDO) (122)

Thi dy, mot ngudn sirc dién dong diéu hoa c6 biéu dién phitc E =Enexp[j(ot + @y)], thi biéu thirc
thoi gian cua no s€ la:

e(t) =Epsin(ot + ¢,) < Im[ E ]

hoac e(t) =Encos(ot + @,) < Re[E]

Viéc phan tich ngudn tac dong thanh cac thanh phan diéu hoa va biéu dién chung du6i dang phuc
lam cho sy tinh toan cac thong ) trong mach di¢n trd nén thudn loi dya trén cac phép toan vé sb
phirc. Pic biét khi cac ngudn tac dong 1a didu hoa c6 clng tan sd, thi thanh phan exp(jmt) trd nén

17
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khong con can thiét phai viét trong cac biéu thirc tinh toan nita, lic nay bién do phirc hoan toan
dic trung cho cac thanh phan dong va ap trong mach.

1.3.2 Tré khang va din nap
Bay gio hdy n6i dén dinh luat 6m tong quat viét dudi dang phirc:

U=21 (1.23)

hay [==—U=YU (1.24)

trong d6 Z chinh 1a mot toan tir c6 nhiém vu bién d6i dong dién phtrc thanh dién ap phirc va goi 1a
» ’ 5 . N A \ 1 \ A 7 5 7 s A < A A+ gen
tro khdang cua mach, don vi do bang 6m (Q), con Y :E la mot toan tir ¢ nhiém vu bién doi dién

ap phure thanh dong dién phirc va goi 13 ddn nap cua mach, don vi do bang Siemen (S). Chung
dugc biéu dién dudi dang phuc:

Z=R+jX= |Z|exp(jargZ):|Z|exp(j(pz) (1.25)
Y=G+jB= |Y|exp(jargY)=|Y|exp(j(py) (1.26)

trong d6 R 1a dién tré, X 1a dién khang, G 1a dién dan va B 1a dién nap.
Mat khac:

U U _expli(ot+o )] U _
Z=~= Im B “)] = ImeXp[J(cpu—cpi)] (1.27)
m XY Tt P, il
1 I__exp[j( ot + @.)] I
| P G :
VG T, eietr o] U, OPHe; ~ )] (29
U m SXP Yu m
Nhu véy, tir cac biéu thirc trén ta co thé rat ra:
U
|Z| =\/R2+X2 :I_m ;e :argZ:arctggchu—(pi (1.29)
m
I
va: |Y| :\/G2 +B2 ZUL 5 @y =argY = arctgg =P, = 0Pu=-9; (1.30)
m

Sau day ta xét tro khang va dan nap cua cac phan tir Iy tudng twong img véi cac tham sb thy dong:
-Déi véi phin tir thuan tré:

U =Z.1=r1
T T

vay Z,=r va Y.=l/r (1.31)

-Déi vi pht“in tie thudn dung:

18
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~ | R 1 1 1 - -
U =—|Idt=—|I exp[j(ot+e)ldt=—-1_ exp[jot+¢)]l=—-1=7Z1
o = odt= I expli(ot+)] oC mPPIE @I = R =7
a VA —L =— "X 1.32
vay ¢ = Tmc - e (1.32)
Yc=joC =jBc (1.33)
trong dé Xc|=—= ; Be=aC (134)
oC
-Déi véi phan tir thuan cim:
U =L di L d{lm eXp[j(wH(p)]} joLI i( )= joLl=Z I
=L—= = jo exp[j(ot+@)]= joLI =
ey " JoLl exp[j(ot+@)]=] .
vay 71 =joL =X, (1.35)
Y :_:_-‘B ‘ 136
ol L (1.36)
trong do XL =oL ; B|=— (1.37)
Ll oL

Nhu vay nhd co cach biéu dién phirc, ta dd thay thé cac phép 1y dao ham bang toan tir nhan p,
con phép lay tich phan duoc thay thé bang toan tir nhan 1/p (trong truong hop cu thé nay thi

p=jo). Tong quat hon, véi p 1a mot bién nam trén mit phang phuc, s& dugce dé cép chi tiét trong

cac chuong sau.

-Tré khdng twong dwong ciia nhiéu phan tir:

+Truong hop mic nbi tiép (hinh 1.24):

U,=LZ,=1>.Z,
k

vay Z,= Z Z,
k

(1.38)

+Truong hop mic song song (hinh 1.25):

I, = USO8, 20D Y,
k k

vay Yy = Z Y,
k

Tré khang va dan nap cua cac phan tir méc ni tiép va song song cho trong bang 1.2.

(1.39)

Zl Z2 Zn
a b
— —1 | —
Hinh 1.24
Y
l—lY2
a b
Ya
Hinh 1.25

Cach mac

Tré khang

Dan nap

CuuDuongThanCong.com
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nbi tiép thzsz izzi

¢ Y, T

song song L:ZL de:ZYk
th k Zk g

Bang 1.2: Tro khang va dan nap ctia cac phan tir méc ndi tiép va song song .

1.3.3 Dac trung ciia mach dién trong mién tan so

Khi phtrc hdéa mach dién sang mién tan sb, tit ca cac thong s6 ctia mach déu duoc phuc héa. Mach
duoc dic trung boi dong dién phirc, dién ap phirc va cac thanh phan tré khang hay dan nap twong
g v6i cac thong sd thu dong ctia mach.

Y nghia ctia viéc phtrc hda mach dién lién tyc trong mién thoi gian (con goi la mach dién tmyén
thdng) chinh 1a chuyén cac hé phuong trinh vi tich phan thanh hé phuong trinh dai s6 (trong mién
tan sd).

1.4 CAC YEU TO HINH HQC CUA MACH

Mot khi mach twong duong cua mot h¢ théng da dugc xay dung, viéc phan tich noé dugc tién hanh
dya trén mot sd cac dinh luat co ban va cac dinh luat nay lai duoc xay dung theo cdc yéu 16 hinh
hoc cua so dd mach. bay la nhiing khai niém mang tinh chat hinh hoc, tao co s& cho viée phan
tich mach duoc thuan tién, chung bao g@)m:

+ Nhanh: 1a phén mach g6m cac phﬁn tr mac ndi tiép trong d6 c6 cung mot dong di¢n chay tu
mdt dau t6i dau con lai cta nhanh.

+ Nut: 1a giao diém cua cac nhanh mach.

+ Cay: la phﬁn mach bao gém mot s6 nhanh di qua toan b cac nut, nhung khong tao thanh vong
kin. Xét mot cay cu thé, nhanh thudc cay dang xét goi 1a mhdanh cdy va nhanh khong thude cay goi
1a nhanh bu cay.

+ Vong: bao gdbm cac nhanh va cac nut tao thanh mot vong khép kin. Vong co bin (ing véi mot
cdy) la vong chi chira mot nhanh bu cay. Néu mach dién c6 s6 nhanh Ny, s6 ntit Ny, tng voi mot
ciy c6 sd nhanh bu cay 13 Ny va sd vong co ban 13 N, thi ta c¢6:

Nb :NV :Nnh-Nn+ 1 (140)
V3
Zs Zs
5 > , .
Al—— - B Al B — —C
e, g
211110 RV E B RS 1) 12 17
/ o / 20 o \
\%| V2 V4
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Dé minh hoa, ta xét mach dién hinh 1.26. Mach dién nay co cac nut A, B, C, O (tic N, =4); co
cac nhanh Z,, Z,, Z3 Z4, Zs, Z¢ (tdc Ny, =6). Cac nhanh Z,, Zs, Zs tao thanh mot cay c6 ba nhanh,
gbc tai O, cac nhanh con lai 1a cac nhanh bu cay. Ung véi cdy co gbe O, cac vong V1, V2, V3, 1a
cac vong co ban; con vong V4, chira 2 nhanh bu cay, nén khong phai vong co ban.

1.5 TINH CHAT TUYEN TiNH, BAT BIEN VA NHAN QUA CUA
MACH DPIEN

Tinh tuyén tinh 4 i[mA]
; . (a)
Mot phan tir dugc goi la tuyén tinh khi cac thong

s6 cta nod khong phu thudc vao dién ap va dong
dién chay qua né, néu khong thoa man diéu nay ;
thi phan tir d6 thudc loai khong tuyén tinh. ('b)

Mach dién dugc goi la tuyén tinh khi cac thong [/

s6 hop thanh ctia n6 khong phu thudc vao dién ap u[V]

va dong dién chay trong mach. Nhu vay, trudc Hinh 1.27

hét mach tuyén tinh phai gdm cac phan tir tuyén

tinh, chi can trong mach c6 mot phan tir khong tuyén tinh thi mach d6 ciing khong phai 13 mach
tuyén tinh. Dé hiéu rd khia canh nay, ta xét ngay ddi voi cac phan tir thy dong:

+Pién tro 1a phéan tir tuyén tinh néu ddc tuyén Von-Ampe cua né 1a mot dudong thang nhu trudng
hop (a) trén hinh 1.27, quan hé gitra dién ap va dong dién trén no6 c6 dang:

U D i ALk A
U=R.I hay % = R (v6i R 1a mot hang s0)
va né s& 1a khong tuyén tinh (phi tuyén) néu dic tuyén Von-Ampe ciia nd khong phai 1a mot

dudng thang ma 1a mot dudng cong nhu trudng hop (b) trén hinh 1.27, quan hé giita dién ap va
dong dién trén no c6 dang mdt ham:

U=f(I) hay R=f(U,I)

+Tuong tu nhu vay, mot tu dién duoc goi la tuyén tinh néu co quan h¢:
q=C.U  hay % = C (v6i C 12 mot hing s6)

va n6 s& 1a phan tir phi tuyén néu c6 quan hé ham sé:
q=f(U) hay C=f(U,D)

+Cling nhu theé, mdt cudn cam duogc goi la tuyén tinh néu c6 quan hé:

¢d=LI  hay %: L (véiL 1a mot hang sd)
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va né sé& 1a phan ttr phi tuyén néu c6 quan hé ham sé:
¢ =1(I) hay L=f(U)

* Cdc tinh chdt ciia cdc phan tir va mach tuyén tinh bao gom:
+C6 thé ap dung nguyén Iy xép chong.
+Pic tuyén dic trung cho phan tir 1a mot dudng thing.
+Phuong trinh cia mach 1a phuong trinh vi phan tuyén tinh.
+Duéi tac dong vai tan sb bat ky, trong mach khong phat sinh ra cac hai méi.
* Poi véi mach khéng tuyén tinh, thi cdc tinh chat néi trén khong con diing nita:
-Khéng 4p dung duoc nguyén 1y xép chong.
-Dic tuyén dic trung cho phan tir khong 14 dudng thang.
-Phuong trinh cia mach 1a phuong trinh vi phan khong tuyén tinh.

-Dudi tac dong véi tan s bat ky, trong mach c6 thé phét sinh ra cac hai méi.

Tinh bt bién

Mot mach duoc goi la bét bién néu cac thong s6 ciia mach khong phu thudc thoi gian, khi mot
trong cac thong sé ctia nd chiu anh hudng cua thoi gian thi mach d6 13 mach khong bat bién
(mach thong sb). Voi mach bat bién, gia thiét mach khong c¢6 ning lwong ban dau, néu y(t) 1a dap
ung cua mach tuong Ung voi tac dong x(t), thi y(t-t;) sé 1a dap tmg cua mach tuong Uing vai tac
dong x(t-t).

Tinh nhin qua

Mach dién (véi gia thiét khong c¢6 nang lwong ban dau) duoc goi la c6 tinh nhan qua néu dap ung
ra cia mach khong thé co trude khi ¢6 tac dong & dau vao.

Ciing can phai nhic rang tinh chit tuyén tinh va bat bién ciia mach dién chi diing trong diéu kién
lam viéc nhét dinh, khi diéu kién lam viéc bi thay doi thi cac tinh chat d6 c6 thé khong con ding
nita. Viéc phéan chia tinh tuyén tinh /khong tuyén tinh va bat bién /khong bat bién chi mang tinh
chat twong ddi.

1.6 KHAI NIEM VE TiNH TUONG HO CUA MACH DPIEN
Phdn tir twong ho 1a phan tir c6 tinh chat dan dién hai chiéu, thoa man diéu kién: Z,, = Zv.. Mach
dién twong hé 1a mach dién bao gdm céac phan tir twong hd. Noi mot cach tong quat nd thoa min
diéu kién:
Zlk = Zkl hay YMN = YNM (141)

trong do: Zj: trd khang chung gitra vong | va vong k,

Zy: trd khang chung gitra vong k va vong 1,

Yun: dan nap chung gitta nat M va nat N,

Ynum: dan nap chung gitta nat N va niit M.
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Nhu vay trong mach tuong hd, dong dién trong vong 1 (sinh ra béi cac ngudn dit trong vong k)
bang dong dién trong vong k (sinh ra boi chinh ngudén d6 chuyén sang vong 1). Hay noi mot cach
khac, dong dién trong nhanh i (sinh ra bi ngudn E dit trong nhanh j) bang dong dién trong nhanh
j (sinh ra bai chinh ngudn d6 chuyén sang nhanh i).

Céc phan tir va mach tuyén tinh c6 tinh chét twong hd (nhu cac phan tir thy dong dan dién hai
chiéuR, L, C ...) da Iam cho viéc phan tich mach trong cac phﬁn da dé cap tré nén thuén lgi. béi
v6i cac phan tir va mach khong twong hd (nhu dén dién tir, tranzito, dibt...) thi viéc phan tich kha
phire tap, khi d6 can phai c6 thém cac thong sb méi.

1.7 CONG SUAT TRONG MACH PIEN PIEU HOA

1.7.1 Céc loai cong suit i(t)

Xét mot doan mach nhu hinh 1.28. O ché do xac lap diéu hoa,

dong dién va dién ap trén mach dugc biéu dién dudi dang: u(t) DO@E
mac

u(t) =Upcos(ot + ¢y)

i(t) =Lcos(mt + ¢;)

A A, N s e R 4 Hinh 1.28
-cong sudt tirc thoi trén doan mach tai thoi dieém t la:

p(t) = u(2).i(?) (1.42)

Trong khoang thoi gian T = t, — t;, nang lugng ma doan mach nhan duoc la:
t2
W, = [ p(dt
t1
-Cong sudt trung binh, con goi 1a cong sudt tdc dung trén mach nay la:
1 1
P=7J.p(t)dt =5Um1m.cos((ou —@,)=Ul .cos ¢ (1.43)
t1

trong d6 U,I 1a cac gia tri hiéu dung cua di¢n ap va dong dién, con ¢ la goc Iéch pha gitra dién ap
va dong dién trong doan mach. Cong suét tac dung c6 y nghia thuc tién hon so véi cong suat tic

thi. Trong mach thy dong, su léch pha cia ap va dong luén nam trong gidi han J_r% nén P luon

luén dwong. Thuc chat P chinh 14 tong cong suét trén cac thanh phan dién trd ciia doan mach. Pon
vi cong suét tac dung tinh bang W.

-Céng sudt phan khdng trén doan mach nay dugc tinh theo cong thirc:

0, =%Umlm.sin((pu —@,;)=Ul.sin ¢ (1.44)
Trong mach thu dong, cong sudt phan khang c6 thé co gia tri dwong hodc 4m. Néu mach c6 tinh
cam khang, tic dién ap nhanh pha hon so v6i dong dién, thi q s& c6 gia tri dwong. Néu mach c6
tinh dung khang, tirc dién ap cham pha hon so voi dong dién, thi Q, s€ c6 gia tri am.Thuc chét Q,
chinh 13 cong suat luan chuyén tir ngudn tdi tich liy trong cac thanh phan dién khang ciia mach va
sau d6 lai dugc phong tra vé nguon ma khong bi tiéu tan. N6 c6 gia tri bang hiéu dai s giita cong
sudt trén cac thanh phan dién cam va cong sudt trén cac thanh phan dién dung. Khi Q, bing
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khong, c6 nghia 13 cong sudt trén cac thanh phan dién cam can bing véi cong suét trén cac thanh
phan dién dung, hay luc d6 mach 14 thuan tré. Pon vi cong sudt phan khang tinh bang VAR.

-Cong suat biéu kién, con goi 1a cong suat toan phan trén doan mach nay duoc tinh theo cong
thire:

S =4P*+Q’ =%Umlm =Ul (1.45)

Pon vi cong suit toan phan tinh bang VA. Cong suit toan phan mang tinh chat hinh thic vé cong
suét trong mach khi cac dai luong dong va ap duoc do riéng r& ma khong cha ¥ toi su 1éch pha
giita chiing. Téng quét cong suat trong mach con duoc biéu dién dudi dang phic:

S=P+ /O, (1.46)

-H¢ 56 cong sudt 13 ti s6 gitta P va S:
? ~ cos (1.47)

Vé mit ly thuyét, mic du Q, khong phai 1a cong sudt tiéu tan, nhung trong thuc té dong dién luan
chuyén ning luong giita cac thanh phan dién khang va ngudn lai gdy ra su tiéu hao cong suét
ngudn do ndi tré trén cac dudng day dai tai dién. Vi vay trong k¥ thuat dién, dé nang cao hiéu sut
truyén tai dién nang (giam dong dién trén duong day) ngudi ta thudng phai sir dung bién phap dic
biét dé nang cao hé sb cong suat.

1.7.2 Piéu kién dé cong suit trén tai dat cue dai

Xét mot ngudn didu hoa co stc dién dong E (gia tri hiéu dung). Gia thiét ring noi trd trong cia
ngudn 1a Zys =RpgtjXoe. Trong truong hop khong chu trong dén hiéu sudt cua ngudn, néu tre
khang tai ndi v&i nguon théa méan dicu kién:

Z, W, =Ry jX, (1.48)
khi d6 cong sudt trén tai sé dat cuc dai va co gia tri béng:
E 2
P~ (1.49)
® 4R

1.8 KY THUAT TiNH TOAN TRONG LY THUYET MACH

1.8.1 K¥ thuat chuédn héa qua cac gia tri twong ddi

Ta biét ring gia tri cia cac phan tir va cac thong sd trong mach dién thuong nam trong mot
khoang rat rong va lién quan toi cac gia tri mii cia 10, diéu nay gay khé khan nhiéu 1am anh
hudng dén toc do tinh toan. Pé khic phuc nhuoc diém nay trong 1y thuyét mach thuong sir dung
mot sd ky thuat tinh toan, dac bi¢t 1a sir dung cac gia tri da duoc chuén hoa.

Nguyén tic: Bang viéc chon cac gia tri chuan thich hop, ngudi ta thay viéc phai tinh toan trén cac
gia tri thuc té bang viéc tinh toan qua cac gia tri twong ddi, diéu d6 cho phép giam do phuc tap
trong biéu thirc tinh toan. Sau khi d tinh toan xong, ngudi ta lai tra két qua vé gia tri thuc ciia no.
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<Gia trj twong d6i> = <Gi4 tri thuc t&> / <Gia tri chuan>.

Sau day ta xét truong hop mach dién tuyén tinh chta cac thong s6 R,L,C, va @. Nhu vy can phai
lua chon bdn gia tri chuén. Bén gia tri chuin d6 c6 mdi lién hé:

Rch = O‘)ch'Lch
1 (1.50)

Rch = C
('Och' ch

Nhu vay trong bon gia tri chuén, c6 hai gia tri dugc chon tu do va hai gia tri chuin con lai duoc
suy ra tur h¢ thirc trén.

Thi du: d& chuin hoa cac thong sb cua 2008 16mH
mach dién hinh 1.29, ta c6 thé chon hai 3500 0,8uF /Y YYY\_
gi4 tri chuan mot cach tuy y, chang han _” I I0’4“ F
ta chon: Ry, = 100QY; L, = 4mH, va ta co —
hai gi4 tri chuan con lai: At 1000
R 100 Hinh 1.29
Wy =—"=——"=25Krad /s
L, 410 5 4
— 2 Y Y'Y Y\
1 ! = | ||
C, = = 3 =04 pF | [ |
o,.-R, 2510°.100 Ly —
! 1
Tur hé don vi chuan vira tinh duoc, ta co Hinh 1.30

thé biéu dién gia tri cac phan tir cua
mach dién theo cac gia tri da dugc chuén hoa, tirc 1a theo céc gia tri tuong dbi nhu hinh 1.30. RS
rang viéc tinh toan trén cac gia tri twong doi duoc don gian di kha nhiéu.

1.8.2 Cac dai lwgng logarit

Trong 1y thuyét mach ta luon gap nhiing dai luong c6 gid tri ngm trong mot khoang rat rong, hon
nira cac khau khuéch dai thuong duoc ndi ghép theo kiéu diy chuyén. Viéc dung cac don vi
logarit s€ giup cho sy tinh toan va biéu dién cac dic tuyén duoc thuan loi. Sau day la mot s6 dai
luong logarit thuong dung:

-Doi voi ti 56 cong sudt:

P
a=10.log—-, dB (1.51)
0
< 1P
hodc a=—.In—, Np (1.52)
27 p,

U
a=20.log—-, dB (1.53)
UO
U
hoic a=In—-, Np (1.54)
UO
25
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Quan h¢ gitta dB va Np:
INp=8,7dB  hay  1dB=0,115Np (1.55)

-Doi voi ti 50 cua tan so:

v=log, @ [oct] (1.56)
®,
5 ®
hoac v=Ig— [D] (1.57)
W,
Quan h¢ gitta [oct] va [D]:
loct=0,3D hay 1D=3,330ct (1.58)
CAC THIi DU MINH HQA
Thi du 1.1: Tinh dién cam twong dwong cua cua hai phan tir dién
5 \ . \ < As oA \ < M
cam L, va L, trong hai trudng hop mac noi tiép va mac song song ¥ TN
(gia st gita ching c6 hd cam M). — NN —
L1 L2
Giai:
T Hinh 1.31
a. Trong truong hop mac ndi tiép (hinh 1.31):
. di : di
Taco: u, =L ﬂ +M 4 ;vau, =L E +M 5
I Tl dt 2 24t dt

Mat khac: u=u,+u, = (L, +L, iZM)% = Ltd%

Vay Ly=L,+L,+2M (1.59)

Dau ‘- lay khi dau ndi chung giita hai phan tir 1a cing cuc tinh, nguoc lai thi 14y du “+.

b. Trong truong hop méic song song (hinh 1.32): L,
Ta xét trong cach biéu dién phurc: TosT
T=T+1, — :) Mo
. 4 £ = = O
U=Z4*2,L,=*7,1 +7,1, L,
T cac phuong trinh trén rit ra: Hinh 1.32
] Z,Z,-Z;
Z,=joL, =g= 2z M (1.60)
I Z+Z,+%27,,
Z
Viy L, ==" (1.61)
jo

trong d6: Z;=joL,, Z;=jwL, 14 tr& khang cuia hai phan tir trong cach biéu dién phirc. Zy=joM la
tr& khang hd cam giira hai phan tir. Zy =joLy 13 trd khang twong dwong ciia hai phén tu.
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Dau ‘- dugc lay khi dong dién cung chay vao hodc cung chay ra khoi cac dau co6 ky hi¢u “*’, ncu
nguoc lai thi bieu thuc lay dau “+°.

Thi du 1.2: Tinh trd khang ciia doan mach hinh 1.33, biét R=100Q, X;=20Q, X=5Q (ldy theo
gia tri modun)
Giai: R X, X

Zw=Zat 7o+ Ze = R+ X, - jX — O

thay so ta co: hinh 1.33

Z, =100+ j20—j5=(100+ j15) Q
Thi du 1.3 : Cho mach dién hinh 1.34, trong d6: Z, = 1-5j Q; Z,=3+3j Q; Z;= 6+6j Q. Pi¢n ap
vio c6 bién do phuc: U, = 2.V,

a. Xac dinh U (t), 1;(t), i2(t) va i5(t). Z,
b. Tinh cong sudt tac dung ctia doan mach. —
e lU]m Z2 Z3
Giai:
Hinh 134
Z,7 Z z z
aTaco:Z, =7 +———>-=3-3j ng ala) c
) + Z3 LR LT LT
. Z, 7
ilm = Ulm 3.@1150
Zy
7 I 1 j15° Hinh 1.35
1, = n—7,=2e’ nf 1.
Z,+7Z,
. Vi i
I3m = = ZZ o l'ejls
Z,+7Z,
Vay:  u, () = 92 sin(er —30°)
i;(t) =3sin(ot + 15°) i>(t) =2sin(mt + 15°) i3(t) =sin(wt + 15°)

b. Cong suét tac dung:
P=U.Icosp=13,5W.

Thi du 1.4: Cho mach dién nhu hinh 1.35, vdi cac s6 lidu viét dudi dang phirc: Z,=(2.4 + 5j) Q;
2,=(5-)) 5 Z5=) Q; Zs=(2 - j4) Q; Zs~(2 + j4) Q.

a. V& so d0 tuong duong chi tiét theo cac tham sé r, X;, Xc¢

b. Pat 1én mach dién ap diéu hoa c6 gia tri hiéu dung 1a 5V, viét biéu thire thoi gian cua dong dién
chay trong mach.

Giai:
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a. So d6 twong dwong chi tiét theo cac tham sb r, X;, X, c¢6 dang nhu hinh 1.36, 1ay don vi 1a Q.

b. Ta co:
7,7 20
Z,= 5 _=_=50
Z,+7Z, 4
Zys=2,+Z,;=05+)Q
/7.7 26
s = 88 T =26Q
Z,+72,5 10
ZV :Zl + 22345: (5 + 5_]) Q. Hinh 1.36
= Um 52 . s
[, =—== — = exp[j(at ——)]
Z, 5(1+)) 4

Vay biéu thirc thoi gian ciia dién ap va dong dién trong mach 1a:

u(t) = 52.cosot

Y1 Y3 Y5
(1) = cos(@t - 1) —
i(t) = cos(ot — —
4 Y2 Y4
Thi du 1.5: Cho mach dién nhu hinh 1.37, voi cac s6 liéu
dudi dang phure (don vi 1a Siemen):
Hinh 1.37

Y,=5+5j Y,=0.5+4j

Y,=4 +5j Ys=0.5-3j

Ys=1-j

a. V& so d0 tuong duong chi tiét theo cac tham s6 g, By, B¢

b. Cho dong dién diéu hoa chay qua mach ¢6 gia tri hiéu dung 1a 5A, hdy viét biéu thic thoi gian
ctia dién 4p dit trén hai dau mach dién.

Giai:

a. So dd twong duong chi tiét cia mach theo cac tham sb g, By, Bc c6 dang nhu hinh 1.38, (don vi

la Siemen).
; =5 =1 =0.5
b.Taco: Y=Y, +Y,=1+] = : £
_ ) (W A
345 Y3 " Y45

Yous = Yo + Yyus =5+ 5] .
Hinh 1.38

_ le 'Y2345

= =25+25j
Yl + Y2345

\Y%

T
U =—=—""2  —Dexp[j(wt——
"y, 2501+ ) ply(@r =]
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i(t) = 5J2 cosot

T
u(t) = 2cos(mt — Z)

Giai: Tro khang cia mach:

/7 =

~i|

X, = wL nam ¢ nura duong cua truc 4o;

X . =—— nam nura am cua tryc 4o.

X = X, — X 1a thanh phan dién khang ctia mach.

2] =R + (X, = X,)* =R+ X7

Vay biéu thirc thoi gian ciia dién ap va dong dién trong mach 1a:

Thi du 1.6: Hiy xét cac dic tinh vé dién (theo tan sd) & ché do xac lap ctia mach RLC ndi tiép
nhu hinh 1.39.

R
—T I
Hinh 1.39

X
p=arg[/]= arcth

M&i twong quan ctia cac thanh phan tré khang ctia mach duge biéu dién trén mit phang phirc nhu
hinh 1.40a. Con hinh 1.40b mo ta dc tinh cic thanh phan dién khang ctia mach theo tan s. Khi
tan s6 nho hon fy, Xc 16n hon Xy, khi d6 X c6 gia tri 4m, mach c6 tinh dién dung, dién ap chim
pha hon so véi dong dién. Khi tan s6 16n hon fy, Xc nho hon X;, khi d6 X c6 gia tri duong, mach

c6 tinh dién cam, di¢n ap nhanh pha hon so véi dong di¢n.

XL
A

X

Xc

Tai tan sO cong huong cia mach f,

Hinh 1.40

1

cua mach bi triét tiéu, tr¢ khang cua

mach 13 bé nhat va thuan tro, dong di¢n

trén mach dat cuc dai va déng pha véi

dién ap. Khi tan s léch khoi gia tri

cong huong, phan dién khang X cua

mach s€ tang, tuc la tr6 khang cua

CuuDuongThanCong.com
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XL
X=X, -Xc
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__________________________________ ~

, Xo can bang v6i Xc, thanh phan dién khang X
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

mach tang, nghia 1a dong trong mach s€ giam. Sy phu thudc cta bién d§ dong dién vao tan s6 dan
dén tinh chon loc tan sb cua mach. Hinh 1.41 mo ta tinh chon loc tan s6 ctia mach (voi nguén tac
d6ng 12 ngudn ap 1y tuong).

-Dai thong ciia mach:

BW = f, - f, =£ (1.62)
0

trong do6 fi, f; 1a cac tan s6 bién cua dai thong, con goi la tan sé cat, duge xac dinh tai vi tri ma
bién d6 dic tuyén bi giam di 3dB (tirc bang 0,71y); con Q 1a dai lvong dic trung cho tinh chon loc
tan sb cia mach va goi la phcfm chdt ciia mach (tai tan sb cong hudng). Khi Q tang thi dai thong
cua mach cang hep, dd chon lgc cang cao.
1 |L
—_|= 1.63
R\NC (1.63)

-Tai tAn sb cong hudng, dién 4p trén L va C ngugc pha nhau va déu gip Q 1an dién ap tic dong:

0=

U =U (dién ap trén R bang dién ap tac dong ca vé bién do va pha).

r

U c = ]QU dién ap trén C cham pha /2 so véi U.

U ;= jQU dién ap trén L nhanh pha 7/2 so v6i U.

Chu ¥ rang, thuc té, tai tan s6 cong huong, dién ap tong U s& dat cuc tiéu, nhung trong L va C ton
tai cac dién ap nguoc pha nhau véi do 16n bang nhau va gap Q lan dién ap téng. Vi vay nguoi ta
n6i mach RLC nébi tiép 1a mach cong hudng dién ap.

Thi du 1.7: Hay xét cac dac tinh vé dién (theo tan sé) & ché do xac 1ap cta mach RLC song song
nhu hinh 1.42.

Giai: Dan nap ctia mach:

I 1 1
Y=—=—=—+j(B.—-B,)=G+ jB
=77 R J(Bc =B,) J
1 &, I—>
B, = wC = —— nam ¢ ntra duong cua tryc ao;
: T T
inzinémnfraémcﬁatrucéo.
oL X,

. Hinh 1.42
B = B. — B, lathanh phan di¢n nap cta mach.

|Y|:é:\/%+(BC—BL)2 =VJG*+B*; gozarg[Y]:arctgg

Méi twong quan cta cac thanh phan dan nap ctia mach dugc biéu dién trén mit phing phtrc nhu
hinh 1.43a.

Bc
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Con hinh 1.43b mo ta dac tinh cac thanh phén dién nap cua mach theo tan sd. Khi tan sb nho hon
fo, Br 16n hon B, khi d6 B c6 gia tri

am, mach co tinh dién cam, dién ap tu

nhanh pha hon so v6i dong di¢n. Khi

tan sb 16n hon fy, B, nhé hon B, khi Ug=IR .. BN

do B co6 gia tri duong, mach cé tinh 0,7U,
dién dung, dién 4p cham pha hon so / K

v6i dong dién. Tai tan sd cong hudng >
) i £ 6 f
, A 1S BW
cia mach f, = ————, By cdn bang
" 2zlLC
Hinh 1.44

v61 Bc, thanh phén dién nap B cua
mach bi triét ti€u, tré khang cua mach
13 16n nhét va thuan tro, dién ap trén mach dat cuc dai va dong pha véi dong dién. Khi tan s6 léch
khoi gia tri cong huong, phan dién nap B ciia mach sé& ting, tic 1a tro khang ciia mach giam, nghia
la dién ap trén mach sé giam. Hinh 1.44 mo ta tinh chon loc tan sd cia mach (voi nguén tac dong
1a ngudn dong 1y tuong).

- Dai thong ctiia mach:

BW=f2—f1=£ (1.64)

0

- Phdm chdt cia mach (tai tan s6 cong huong):

C
0= R.\/; (1.65)

Khi Q tang thi ddi thong cang hep, do chon loc ciia mach cang cao.

-Tai tan sb cong hudng, dong dién trén cac thanh ph?m ctia mach déu dat cuc dai, trong d6 dong
trén L va C nguoc pha nhau va déu gap Q lan dong dién tac dong:

I R = I (dong dién trén R bang dong tac dong ca vé bién do va pha).
fL = —jQi dong trén L cham pha n/2 so véi L.

I c= ]Qf dong trén C nhanh pha m/2 so voéi L.
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

Chuy réng, thuc té, tai tan sb cong huong, dong dién téng I qua mach s¢€ dat cuc tiéu, nhung tdn
tai mot dong dién luan chuyén va khép kin trong LC v6i d6 16n gap Q lan dong dién téng. Vi vay

nguoi ta ndi mach RLC song song la mach cong hudng dong dién.

Céc dic tinh day du vé dién ¢ ché d6 xac 1ap diéu hoa cua cac mach dao dong don co thé tim thiy

trong phﬁn phu luc.

TONG HQP NOI DUNG CHUONG I

Mach dién 1a mot mo hinh chinh xac hoac gz‘in ding ctia mot hé théng dién, nham thuc hién
mot toan tir nao d6 1én cac tac dong & dau vao, nhim tao ra cac dap img mong mudn & dau ra.
Mach dién bao gém cac thong sb tac dong va thu dong. M&i loai thong s6 dic trung cho mot
tinh chat nhat dinh cta cac phan tir ndi riéng va mach dién noéi chung.

bién tré thude loai thong s6 thu dong khong quan tinh, dac trung cho sy ti€u tdn ning luong,
trén d6 dong dién va dién ap dong pha.

Dién dung thudc loai thong s quan tinh, dic trung cho sy phéng va nap ning luong dién
truong. Trong ché 6 AC, trén dién dung dong dién nhanh pha hon 90° so véi dién ap.

Pién cam ciing thudc loai thong sé quéan tinh, dic trung cho su phong va nap ning lugng tir
truong. Trong ché 46 AC, trén dién cam dong dién cham pha 90° so véi dién ap.

Nguén dién & ché do phat thudce loai ph?m tu tich cuc, nhung ban than no ciing co6 ton hao dic
trung boi noi tré cia ngudn.

Khi phén tich mach, thuong trién khai ngudn thanh so do twong duong ngudn ap hodc ngudn
dong. Khi R, rat nho hon so véi Ry thi su lua chon nguén ap 1a thich hop nhét, nguoc lai thi
Iwra chon nguén dong lai c6 y nghia thuc tién hon.

Sy phitc hoa cac dao dong diéu hoa ¢6 ban chat khai trién tin hiéu thanh chudi Fourier hoic
tich phan Fourier. N6 cho phép chuyén mach dién va tin hiéu tir mién thoi gian sang mién tan
50.

Mach dién truyén thong trong mién thoi gian dic trung bdi mot hé phuong trinh vi phén, con
trong mién tan s dic trung béi mot hé phuong trinh dai s6.

Tré khang va dan nap cia mot doan mach hoan toan dic trung cho tinh chét cua doan mach
do6 trong mién tan sd tai tan sé 1am viée xac dinh. Tré khéang dai dién cho so dd tuong duong
ndi tiép, con dan nap dai dién cho so dd tuong duong song song ctia doan mach.

Viéc phan tich nguon tic dong thanh cac thanh phan didu hoa va biéu dién ching dudi dang
phuc 1am cho su tinh toan céc thong sb trong mach dién tré nén thuan loi dua trén cac phép
toan vé sd phire, dic biét 1a khi cac ngudn tic dong 1a diéu hoa c6 cung tan sd.

Tir mién thoi gian, bang cach phic hoa mach dién, ban ¢ thé chuyén mach dién sang mién
tan s6 dé tinh toan dap tmg ciia mach theo cac phép tinh dai s6 don gian, sau d6, néu can thiét,
ban c6 thé chuyén ddi nguoc két qua vé mién thoi gian.

Cong suét tic dung P ctia mach chinh 1a cong suit toa nhiét trén cac thanh phan dién tro cua
mach.

Cong suat phan khang cia mach khong phai dic trung cho sy tiéu tin ning luong, nd dic
trung cho su chuyén hoa nang lugng giira cac thanh phan dién khang ctia mach va ngudn.
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

e Taj tan sb cong huong, mach cong huong LC ndi tiép cho tr¢ khang bé nhét va thuan tro,
dong thoi 1am cho dién ap trén cac thanh phan dién khang gap Q lan dién ap 161 vao nhung
nguoc pha nhau.

e Tai tan s cong hudng, mach cong hudng LC song song cho tré khang 16n nhit va thudn tro,
ddng thoi 1am cho dong dién trén cac thanh phan dién khang gip Q lan dong dién 16i vao
nhung ngugc pha nhau.

e Hé s6 pham chat Q cta cac mach LC lién quan dén ndi trd R gay ra sy ton hao nang luong cta
mach; né quy dinh tinh chét chon loc tan sd cua mach.

CAU HOI VA BAI TAP CHUONG I
1.1 M6 hinh toan hoc ctia mach dién trong mién thoi gian ¢6 thé dic trung béi:
a. Céac thanh phan tro khang hodc din nap ctia mach.
b. Mot hé phuong trinh vi phan hodc sai phan.
c. Cac thanh phan dong dién va dién ap trong mach.
1.2 Hiéu qué khi chuyén mot mach dién analog tir mién thoi gian sang mién tan s 1a:
a. bién dbi Fourier.
b. su phurc héa dong va ap trong mach di¢n.
c. su thay thé cac thong s thu dong ciia mach bang cac dai lugng phtc.
d. sy thay thé hé phuong trinh vi phan bang mot hé phuong trinh dai s6.

1.3 Tré khang cuia phan tir thuan dung 14 :
1
a) Z.=joC b) Z,=——=—jX. o) Z.=—joC
joC
1.4 Tro khang cua phan tir thuan cam 1a :

a) Z, = b) Z, :ﬁ ¢) Z, = joL = jX,

JjoL
1.5 Dan nap cta phan tir thudn dung 1a :
1 1

)Y, =j—=jB. b) Y. =joC=jB. ¢)Y.=——=—jB.
oC jooC

1.6 Dan nap cta phan tir thudn cam 1a :

1 ) 1 ) . . 1 .
a)Y,=j—=jB;b)Y,=——=/B,; )Y, =joL=jB ; d) Y =——=-jB,
oL joL joL

1.7 Xéc dinh tré khang twong duong cua doan mach nhu hinh 1.45.

a.Z=1-j5 Q R=10 X =502 Xc=1002
39 WA 4119 |} o
Hinh 1.45
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

b. Z=14j5 Q
c. Z=1-j15Q
d. Z=1+j15 Q
1.8 Xac dinh tré khang twong duong ctia doan mach nhu hinh 1.46?

a. Y=54j5 (S) 58
b. Y=5+i15 (S)
58S
c. Y=5-15(S) I
g14A
Hinh 1.46

1.9 X4c dinh trong hinh 1.47 so d6 tuong duong cua doan mach co tré khang Z= 2+j2 Q?

R=20 X=202 R=20 X =20 X =202 X220
o 1 { { 0 o —1 500 0 a)o T { { 0
a) b) c)
Hinh 1.47

1.10 Xac dinh trong hinh 1.48 so db twong duong ctia doan mach c6 trd khang Z =3-j2 Q?

R=302  X=20 R=302 X =20 X =302 X220
e — 1 0 o C+——o0 a) o——M——oy}—o
a) b) c)
Hinh 1.48

1.11 Xac dinh trong hinh 1.49 so @6 twong duong ciia doan mach cé dan nap Y=2+j5 (S)?

G=2S G=28S Bc=2S
— — ||
oO——¢ o | < oO—=o
BLZS S BCZS S B1=5 S
LU I "
a) b) ©)
Hinh 1.49

1.12 Xac dinh trong hinh 1.50 so @6 twong dwong ciia doan mach c¢6 dan nap Y=3-j5 (S)?

G=3S

CuuDuongThanCong.com
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Chirong 1: Cdc khdi niém va nguyén 1y co ban cia 1y thuyét mach

1.13 Xét mot ngudn c6 Trd khang Z,=R,o+jXog. Diéu kién phdi hop dé cong suét tic dung trén tai
dat cuc dai la:

a. Tro khang tai 1a thudn khang.
b. Tro khang tai 13 thuan tro.
c. Tro khang tai bang tré khang ngudn (Z,= Zne= RygtjXng).
d. Tro khang tai bang lién hop cua tré khang ngudn (Z, =Rig-jXog ).
1.14 Trong mach cong huong RLC ndi tiép, néu Uy 16n hon Ug thi:
a. Mach c6 tinh cam khang.
b. Mach c6 tinh dung khang
c. Mach 1a thuén tré.
1.15 Tai diém cong hudng ciia mach cong huéng RLC ndi tiép:
a. Mach c¢¢ tinh dung khang, dong di¢n nhanh pha so véi ap.
b. Mach c6 tinh cam khang, dong cham pha so véi ap.
¢. Mach ¢ tinh thuan tro, dong v6i ap 1a dong pha.
1.16 Hé sb pham chit Q cuia mach cong huong RLC nbi tiép co thé ting bang cach:
a. Tang R.
b. Giam R.
c. Giam XL.
1.17 Tré khang ciia mach RLC song song tai tan s6 cong huong 1a
a. Cuc tiéu va thuén tré.
b. Cuc dai va thuan trd.
c. Khong xac dinh.
d. Bang khong
1.18 Mach dién hinh 1.51 ¢6 (nhiéu nhat) bao nhiéu nut va nhanh ?

a. 4 nit, 5 nhanh R ¢ R

b. 4 nut, 7 nhanh

¢. 3 nat, 7 nhanh ¢l ¢<> L Ry QN c2

d. 3 nat, 5 nhanh

Hinh 1.51
35
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1.19 doan mach nhu hinh 1.52. DPi¢n ap tac dong co6 bién do

phuc U o =3e " " Tinh dong dién va dién 4p trén cac phin Z=140

tir ciia mach. )
7,=2-2iQ

Hinh 1.52

1.20 Cho mach dién AC nhu hinh 1.53 voi Z,=1.5-2j(Q2);
Y,=14j (s); Ys= 1-j (s). Dién ap tac dong c6 bién do

phl:l'C: Ulm = 6\/5'87]'300 . —1 —1
Z, Y,
a. Xac dinh U (t), 11(t), 12(t) va i5(t). l Uinm Y,
b. V& so db twong duong doan mach theo tinh

chét céac thong ) thu dong. Hinh 1.53

c. Tinh cong suit tac dung ctia doan mach.
1.21 Poan mach dién nhu hinh 1.54, trong d6: Z, = 1+5jQ; Z,= 3-3jQ; Z;= 6-6j Q. Pi¢n ap vao
¢6 bién do phirc: U m = 6:/2.67" z,

a. Xéc dinh U;(t), 1y(t), ia(t) va i5(t). ﬂ

b. V& so d6 twong duong doan mach theo tinh chat lUl Z,
cac thong s6 thu dong.
c. Tinh cong sut tac dung ctia doan mach.
Hinh 1.54
1.22 Cho mach dién (hinh 1.55): Y;=0.5-0.5] (s); Y.=
0.5+0.5j (s); Z5=0.5-1.5j(Q2). Dat 1én mach mot dién ap co bién v
1

do phuec: Um =272 [z]

a. Xac dinh U(t), 15(t), 12(t) va i(t). lUm Y, z
b. V& so d6 tuong duong doan mach theo tinh chat cac

thong s6 thy dong.

c. Tinh cong suét tac dung ctia doan mach. Hinh 1 55
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CHUONG 11
CAC PHUONG PHAP CO BAN PHAN TiCH MACH PIEN
GIOI THIEU

Trong chuong mot chung ta da xét cac khai ni€ém co ban ctia mach dién, trong d6 chu yéu dua vao
hai thong s6 trang thai co ban 1a dién ap va dong dién. Sang chuong nay s& di sdu vao nghién ctru
mbi quan h¢ cua cac thong ) trang thai do, mbi quan h¢ nay dugc quy dinh bdi cac dinh ludt co
ban va chung 1a cin cir dé xay dung cac phuong phap phan tich mach dién. Cu thé 1a:

e  Gidi thiéu hai dinh luét co ban vé dong dién va dién ap trong mach.

e Thao luan cic phuong phap phan tich mach kinh dién, bao gdbm phwong phap dong dién
nhénh, phuong phép dong di¢n vong, phuong phap dién ap nut. Co sé cua cac phuong phap
phan tich mach la cac dinh luat Kirchhoff.

e Ap dung céc bién d6i twong duong dé tim dap tng trén mot nhanh mach.

e Van dung nguyén 1y xép chdng trong phan tich mach tuyén tinh.

NOI DUNG

2.1 CO SO CUA CAC PHUONG PHAP PHAN TiCH MACH

Bao trum 1én hau hét cac hién tugng co ban trong mach dién 1a cac dinh luat Kirchhoff, cac dinh
luat nay lién quan t&1 dong dién tai cac nlit va sut ap trong cac vong kin.

2.1.1 Dinh luit Kirchhoff I

Dinh luat nay phat biéu vé dong dién, ndi dung cua no la: « T (5ng cac dong dién di vao mot nut
bcfng téng cac dong dién di ra khoi nut do . Hoac la: “Téng dai s6 cac dong dién tai mot nut
bang khéng:

Da i, =0 (2-1)
k

trong do: a,= 1 néudong dién nhanh di ra khoi nat dang xét
a=-1 néu dong dién nhanh di vao nut dang xét
a=0 néu nhanh khong thude nit dang xét.

Nhu vay dinh luat I c6 thé mo ta dudi dang ma trén:

Al =0 (2-2)

= =nh

trong do é 1a ma tran hé s6 c6 kich ¢& t6i da [N, x Nyyu] goi 12 ma tran nit, va I . cokich ¢d [Ny
x 1] goi 1a ma tran dong dién nhéanh.

Trong khi phén tich mach dién, ¢6 thé quy udc chidu duong dong dién trong cac nhanh mot cach
tuy v, sau khi ap dung dinh luat I thi két qua phan tich s& cho chung ta biét chiéu thuc cia cac
dong dién d6. Néu dong dién sau khi phan tich tai thoi diém t c6 két qua dwong thi chiéu thyuc cua
dong dién tai thoi diém do6 chinh 13 chidu ma ching ta da chon, nguoc lai, néu gia tri 1a am thi
chidu thuc cia dong dién nguoc chidu quy wude. Chung ta co thé thdy miac du wr dinh ludt
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

Kirchhoff 1 c6 thé viét dwoc N, phwong trinh, nhung chi ¢6 N, -1 phuwong trinh déc ldp. Nhu vay
s€ c6 Nyp- Ny+1 dong dién nhanh coi nhu nhiing gié tri tu do.

2.1.2 Pinh luit Kirchhoff II
Dinh lut nay phat biéu vé dién ap, ndi dung ctia nd 1a: “ Tong dai s6 cdc sut dp trén cdc phan tir

thu dong cua mot vong kin bang tong dai so cac siwc dién dong co trong vong kin do . Hoac la:

“Tong dai so cdc sut ap cua cdc nhanh trong mot vong kin bang khong’:

D b, =0 (2-3)

trong do: by = 1 néu chiéu dién ap trén nhanh cing chidu vong quy udc,

by =-1 néu chiéu dién 4p trén nhanh nguoc chiéu vong quy udc,

by = 0 néu nhanh d6 khong thudc vong dang xét.
Khi phan tich mach dién, dé viéc ap dung dinh luat II duoc thudn tién, néu trong mach chtra
ngudn dong thi can phai chuyén né vé dang ngudn ap. Ta c¢6 thé chon cac vong co ban hodc khong
co ban véi chiéu vong kin tuy y. Nhung mic du c6 thé viét dinh luat IT cho nhiéu vong thi ciing
nén chu y rang khong phai tat ca cdc phwong trinh d6 déu doc 1ap véi nhau. Chung ta ciing c6 thé
ching minh dwoc #ir dinh ludt kirchhoff 2 chi c6 thé viét dwoc (Nu, - N, + 1) phuwong trinh déc ldp
(twong tmg v6i s6 nhanh bu cay, hay s vong co ban twong ng v&i mdi cay duoc lua chon). Nhu

vay dinh ludt Kirchhof 2 c6 thé mo ta dudi dang ma trén:

BU =0 (2-4)

=— —nh
trong do E 14 ma tran hé s6 thuong co kich c& [Ny, X Npyp| goi la ma trdn mach, va [=Jnh co kich co

[Nph x 1] goi 1a ma trdn di€n ap nhanh.

Thi du, xét mach dién nhu hinh 2-1a. Véi qui udc chiéu Zs
cac dong di¢n nhadnh nhu hinh v€, theo dinh luat —
Kirchhoff I ta ¢é thé viét dugc bén phuong trinh, nhung A Z, B Zy C
trong d6 c6 mdt phuong trinh phu thudc: Y
Z, Zs I Zs
Nut A: i] +i2 +i6 =0
Nut B: —i2 +i3 +i4 =0 m ?1 21
inh 2.1a
Nut C: -y s -l =0
Nut O -il -i3 -i5 =0
_il _
1 0 0 i,
) 0 -1 1 I 0 O i
Viét dudi dang ma tran: =0
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Tré lai mach dién da néu & trén, néu ap dung dinh luat Kirchhoff II cho cac vong co ban ung voi
ciy goc tai O (hinh 2-1b) thi ta c6 thé viét duoc cac phuong trinh tuong tng:

VI u +u, +u =0
VII: -us tuy  tus =0
VII: -u +us +ug =0

Viét du6i dang ma tran:

-
11 1 00 oll*
0 0 =111 ofl%|=0
U,
10 0 0 1 1
Us Hinh 2.1b
| Us

Chu ¥: Két hop cd hai dinh ludt Kirchhoff ta sé viét dwoc Ny, phwong trinh doc lap.

2.2 CAC PHUONG PHAP PHAN TiCH MACH CO BAN

Xét bai toan téng quat: Cho mach dién véi s6 nit mach 1a N,, sb nhanh mach 1a Ny Hay tim
dong dién chay trong cac nhanh. Cac thong

s6 ngudn gia thiét cho duéi dang hiéu dung Z4 Eg
phc. — &
- Trong mach hinh 2.2, ta c6: Z, Z4 Ze
N,=5, Ny=8 g g g
A , ~ oz ¥ & Wi Z, [] Zs Z
nhu vdy tuong tng s€ co6 8 bién so (la 8 7 []
dong dién chay trong 8 nhanh tusmg ung). E, () ’ Es E,
bé giai bai toan nay, c6 mot sd phuong

phap co ban sau day:

Hinh 2.2a

2.2.1 Phuong phap dong dién nhinh

Co s6: 4p dung tryc tiép 2 dinh luat
kirchhof dé 1ap hé phuong trinh trang thai

ctia mach, an sb 1a cac dong dién nhanh.
Chu ¥ ring s& ¢6 Ny-1 phuong trinh theo
dinh luat 1, va Npy-Ny+1 phuong trinh theo
dinh luat 2. Cu thé nhu sau:

Buoc 1: Pat tén cho cac nut cua mach (A,
B,C,D,0), chon mot nut bat ky lam géc (cu
thé ta chon O lam nut gdc) nhu hinh 2.2b.
Chu y rang cdy twong Ung véi nit gbc O s& Hinh 2.2b

chita cac nhanh 1€, cac nhanh chan 1a cac
nhéanh bu cay.
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

Buée 2: Gia dinh chiéu dong trong cdc nhanh mot cach tity ¥ (cu thé ta chon chiéu dong trong 8
nhanh nhu hinh 2.2b). Cha ¥ rang viéc chon chidu dong trong cic nhanh chi anh huong toi viéc
viét phuong trinh, con du cua két qua cudi cing méi cho ta biét chidu thyc t& cuia dong trong cac

nhanh. E
’ \ N , \ X ZS C\S\
Budc 3: thanh 1ap cac vong cho mach (moi - )

vong chira 1 nhanh moi). S6 vong phai
thanh 1ap 1a Nyp-Ny+1. Thuong vong lya

chon 1a cac vong co ban ting véi mot cay
nao d6. Chiéu vong co thé lwa chon tuy .
Cu thé ta thanh 1ap 4 vong nhu hinh 2.2c.

Bude 4: thanh 1ap hé c6 Ny, phuong trinh

dong dién nhanh, bao gdm:

+ (Ny-1) phuong trinh theo dinh luat I (viét Vi V2 va [ V3
cho cac nut, trir nat gbe), cu thé nhu sau:

Hinh 2.2¢
Nut A: II+I2+18 =0

Nut B: I-I5-14 =0
Nut C: 14-Is-I6 =0
Nut D: I¢-I;+1g =0
+ (Np-Ny+1) phuong trinh theo dinh ludt 2 (viét cho cac vong da 1ap). Cu thé nhu sau:
p.trinh cho V1: Zro.h + 7313+ (-Ei-Z..1) =0
p.trinh cho V2: Z4y+ (ZsIs+ Es) -Z313 =0
p.trinh cho V3: Zeo + (Z7.174E7) + (-Es - Zs.15) =0
p.trinh cho V4: ( ZsIg-Eg YH(Z7.J:4+E)+(-E1 - Z1.I)) =0

Budre 5: giai hé phuong trinh d4 thanh 1ap dé tinh dong dién trong cac nhanh.

Thi du 2.1:
R1:5 Q R3:10 Q
Tinh dong trong cac nhanh cia mach dién —3 A —3
nhu hinh 2.3a bang phuong phap dong dién E I+
nhanh (gia thiét ngudn tac dong 1a mot chiéu 10V QD_ [JR:
¢ gié tri 10V). 100
Giai: mach c6 Ny=2, Nyyi=3. 0
Hinh 2.3a
+Dit tén cac niit 14 A, O. Chon O lam gbc. R,=5Q R:=10Q
\ A
+Gia dinh chiéu duong dong trong cac 1 > < 1
nhanh va thanh 1dp 2 vong cua mach nhu E=10V |+ c
hinh 2.3b. pc® QR
, R TPAANE R LR )
+Viet h¢ phvong teinh: -~ = ] 0 I S—
0]
=l Hinh 2.3b

R111+R212-E:0
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

-R;l5- Ry1,=0
Thay sb liéu ctia mach ta duoc:

Ii+15=I

I+21,=2

I;-1,=0
Giai hé ta c6: I)= 1A, L= 0,5A, I;=-0,5A. Diéu nay chirc to dong I5 thuc té chay nguoc lai
2.2.2 Phwong phap dong dién vong

Ta d3 biét tir hai dinh luat Kirchhoff c6 thé lap duogc cac phuong trinh ctia mach, trong d6 dinh
luat Kirchhoff 1 cho N, - 1 phuong trinh ddc 1ap, dinh luat Kirchhoff 2 cho Ny, -N, + 1 phuong
trinh doc lap. Trén co s cac phuong trinh d6, nguoi ta dd tim cach bién do6i tir cac mdi quan hé
giita dong dién va dién 4p trong cac nhanh dé dua cac phuong trinh nay vé dang co thé giai theo
cac an s6 mai, d6 chinh 1a y tudng cho cac phuong phap phéan tich mach dién. Pién ap nat hay
dong dién vong 13 nhimg phuong phap doi an sb dién hinh.

Tré lai bai toan tong quat hinh 2.2, bay gid ta s& tim dong dién chay trong cic nhanh bang mot
phuong phap khac, trong d6 ta thay cac an sé thyuc 1a dong trong cic nhanh bang cac an sb trung
gian la dong dién vong gia dinh chay trong céac

vong kin. Eq
= 2
Buoc 1: Thanh 1ap cac vong cho mach nhu - AN,

hinh 2.4 (mdi vong tuong tmg véi mot dong
dién vong gia dinh). Ché ¥ rang vong thanh lap

sau phai chira toi thiéu mot nhanh méi so véi
cac vong da thanh lap trudc. Cac vong co ban
mg véi mbi cay s& thoa mén diéu kién nay. SO
vong phai thanh 1ap 13 N,,-N,+1. Cu thé, ta
thanh 1ap bon dong dién vong cia mach la Iy,

Iva, Ivs, Tva.

Iy Iy> Ivsg Lys

Buée 2: Thanh 1ap hé gom Ny-N,+1 phuong

trinh cho mach tuong ung véi cac vong kin, Hinh 2.4

trong d6 4n s 1a cac dong dién vong gia dinh, dua trén co s chi 4p dung dinh luat kirchhof 2. Dé
1am 5 quy luat thanh 1ap hé phuong trinh, ta hiy xét mot vong cu thé, chang han ta xét vong thu
tu (Iyg).

Dinh lut 2 4p dung cho vong bon, nguyén thity theo an sb thuc (1a dong dién nhanh) dugc viét
nhu sau:

( Zg.Ig —Eg )+(Z7.I7+E7)+(—E1 - ZI.II) =0

Chuy réng: Is=lva; 7= Lya-lys; va I1= -( Iy + Iva). Khi do, phuong trinh cua vong bdn duoc viét lai
theo cac an s6 méi (1a dong dién vong gia dinh) nhu sau:

711, +0.1,, -Z7.13 +(Zl+Z7+Zg).IV4 = E; +Es-E-

Tir d6 ta thiy quy luat thanh 1ap vé trai va vé phai ciia phuong trinh viét cho vong dang xét (Iy,):
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

Cac dong dién vong lan can Dong dién vong
dang xét
v v v v _ Ve phai
Zl-Ivl +O.IV2 -Z7.IV3 + (Zl+Z7+Zg).IV4 E1 +Eg -E7
v \ 4 v v v
Tro khang chung gitra cac Tong cac tro V& phai 1a tong dai s6 céc stc dién dong co
vong lan can va vong dang khdng trong trong vong dang xét, lay déu duong khi
xét (lay dau duong néu vong dang N , L N
vong lan can cing chiéu xét chiéu dong?r cua nguon cung Fh1eu vong
vong dang xét, 1ay diu am dang xét, lay dau am khi chiéu dong ctia
néu hai vong dé nguoc ngudn nguoc chiéu vong dang xét

chiéu nhau).

Tir quy luat do, ta viét duoc hé phuong trinh dong dién vong cho mach nhu sau

\%E (Z\+Zo+Z3) 1y -Z3ly, 01y +Zily = E,
V2: Zyly HZsHZy+Zs) o+ Zslyy  +0L,s = -Es

V3: 0.1, +Zs1yo + (Zs+Zs+Z7).1s= Z7.1ys = E7-Es
V4: Zila =01y 2,1 ¥(ZHZHZs) 1,=Ff +Es -E;

Bu6e 3: giai hé phuong trinh dong dién vong dé tim gia tri cac dong dién vong gia dinh.

Bude 4: chuyén két qua trung gian vé dong dién trong cic nhanh, cu thé 1a:

Ti=(Iy 1 +1y) L=l
L=1i-12 =1,
[s=Lyxt1ys le=-Ls
I=1vs-13 Is=14

Chii y: Hé phuong trinh dong dién vong c6 thé viét dudi dang phuong trinh ma tran

Z+Z,+7Z, & 0 Z, I, E,
-7, RN, +Z, 0 I,| |-E,
0 +Z, Z +Z,+7, -7, ||1,| |E,-E,
Z, 0 -7, Z,+Z,+Z ||1,| |E +E,—E,
trong d6 ta goi ma tran:
Z+Z,+7, -Z, 0 Z,
[Z ]_ -Z, Z,+Z,+Z, +Z 0
Vi 0 +Z, Z.+Z,+7, -7,
Z, 0 -7, L +72,+7Z
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

13 ma tran tro khang vong. Ma trn vudng nay c6 dic diém 1a:
-Nam trén duong chéo chinh 1a cic tré khang vong.
-Hai bén dudng chéo 1a tré khang chung d6i xtng nhau qua dudng chéo chinh.
Thidu 2.2:
Tinh dong trong cac nhanh ctia mach dién trong thi du 2.1 béng phuong phap dong dién vong.
Giai: Thanh 13p 2 vong, tuong tng Iy, va Iy, nhu hinh 2.5.
H¢ phuong trinh duoc viét thanh:
(Ri+Ry) Ivi-Roly>=E

-RzIVl+(R2+R3) IV2:0 RIIS Q A R3:10 Q

Thay s6 lidu, ta co: E= =:
RO E=10V | ¢
15 Iyi-10y= 10 pc 3 R,
= [ VETJ100¢ V2

-1 OIVl+20 Ivz:O R S | R R

Giai hé ta duoc: Y
Hinh 2.5

Ivi=1A, Iy,=0,5A.
Vay dong trong cac nhanh la:
Li=1Ivi=1A, L=lyi- [v,=0,5A, ©L=1y,=0,5A.
Céc két qua nay hoan toan trung véi két qua trong cach giai bang phuong phap dong dién nhéanh.
Thi du 2.3: Cho mach dién hinh 2.6.
a. Viét hé phuong trinh dong dién vong khi khong tinh dén hd cam giita cac cudn cam.

b. Tinh dong dién chay qua cac nhanh trong trudng hop c6 tinh dén ghép hd cam, cho biét cac gia
tri: Ri=1Q; Ry=1Q; X1 1=1Q); X1,=2Q; Xu=1Q); E=1V.

Giai:

a. Cac phuong trinh dong dién vong khi khong tinh
dén hd cam:

(Rl +j X1 +R2)IV1 Ryl »=E

-Rolyi (X2 tRo)L, =0

b. Céc phuong trinh dong dién vong khi co tinh dén Hinh 2.6
hd cam:

R XeitR)L -(Ry 1 Xwm)lv2 =E
R Xy H(XtRo)L, =0

trong d6 thanh ph?ln -1 Xwmly2 12 dién ap hd cam do dong di¢n Iy, chay trong X, gay ra trén Xi,,
coOn thanh ph?ln -1 Xwmly 12 dién &p hd cam do dong dién I, chay trong X, gay ra trén Xp,.

Thay s ta co:
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

@+ L, — 1+ L, =1
~(L+ L, + (1+2))1,, =0

ap dung quy tic Crame ta tinh duogc:

[ 2270 [L=—JA

vl 3 v2
Theo cong thic bién d6i vong:

J A . 1
) =1v2 =TA’ IRZ =Iv1 _Iv2 =§A

Iy, =1u Iy,

B :Z_JA;'
3

Thi du 2.4: hay tinh cac dong dién nhanh cua mach dién hinh 2.7.
Giai: Trudce hét ta phai chuyén nguén dong I,z vé dang nguén ap: E» = LRy, va mach dién dugc
v& lai nhu hinh 2.8. Bay gio ta viét hé phuong trinh dong dién vong cho mach moi:
{(Rl + X —IXOL, +(=iX, £ X, = E,
(=1X, £ IX)L + (R, + X, — jXO)I, = E,

Theo quy tic Crame ta co:
B XX } =0
. ng
I =_E2 R, + j(X,—-X.)
vl AZV
(R + (X, -X,) El} Hinh 2.7
L -axerx,)
v2 AZ

4
Céc cong thirc bién dbi vong cia mach dién:
I = L; Io= Lo Ie= 1 + L.

Chu ¥ rang dong dién trong R, ctia mach dién ban
dau s& duoc tinh theo cong thie:

Iry= Ing2 - L.
Hinh 2.8

Thi du 2.5: Tinh dong c4c di¢n nhanh cua mach di¢n hinh 2.9 v&i céc sb licu nguf)n dudi dang
hiéu dung phtic:

E]ZIV;E6:j V, Z]ZIQ; Zzz-jQ; Z3:jQ; Z4:1Q;
ZstQ; Z(,ZIQ.

Giai: Ta s€ sit dung phuong phap dong dién vong
dé giai bai toan nay:
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

(Zl + Zz + Z4)Iv1 - Zzlvz - Z4Iv3 = El
7,1, + (Zz +Z;+ Zs)Ivz -7, = 0
_Z4Iv1 - ZSIVZ + (Z4 + Zs + Zs)Ivs = _E6

(2 - j)Ivl + jIVZ - IV3 = 1
Thay s6: {jI,, +jl,, —jl; =0
_Ivl - jIVZ + (2 + j)IV3 = _.]

Giai h¢ phuong trinh nay theo phuong phap dinh thirc:

2—-3 3 -1
AZ =|j j -j|=2+4]
-1 -] 2+
Tinh duoc:
| S A | 2—-7 1 -1 =g o1
o ; -J Jj 0 —j i J 0
B A A S P B S A D G0 Y N G S At O
vl 2+4J 10 > 2 2-‘,—4] 5 g 2+4] 10

Theo céac cong thirc bién doi vong cua mach dién ta tinh dugc cac dong dién hi¢u dung phuec:

3—j 1+ 1+3; 1+3;)
1= vlzl_o‘; Ij= vl_]v2:T; [3:]\)2:_T; L =5k =- 5
3—j 1-7j
5 v3 v2 10 6 v3 10

2.2.3 Phuong phap dién ap nit

Tro lai xét bai toan tong quat hinh 2.10a. Bay gid ta s& tim dong dién chay trong cac nhanh bang
mot phuong phép khéc, trong d6 ta thay cac an sb thuc bang cac 4n sd trung gian 1a dién ap cia
cac nut. Trong bai toan nay c6 mot sy thay

doi nhé d6 1a bicu dién cac nhanh mach Y, =y

theo dan nap. —J N

Buoc 1. danh ky hi¢u cho cac nut Y, Y, Y
A,B,C,D,O va chon mét nit lam gbc nhu ! !

hinh ?.lOb. Nut goc s€ co dlél} the quy udce Y, [] Ys Y,
la diém chung (0V). DPién thé cac nit con Y, []

lai chinh 13 dién 4p-cia n6 so véi gbe.  E1(D Es Er
Trong trudng hop cu thé nay ta chon gdc 1a 7

nut O.

Buoc 2: thanh 1ap hé phuong trinh dién ap

Hinh 2.10a

nat cho mach. H¢ phuong trinh viét cho N,-1 nat, trir nhit géc. Co s6 la dinh luat Kirchhoff 1. Dé
tim quy ludt thanh lap, ta hiy xuét phat tir phwong trinh gdc ctia niit A:

11+Iz+18:0
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

Chu y rang cac dong nay c6 thé tinh tir dién

Eg
4p clia cAc nut: Ys N\
— \/
L _U-E, _U,-U,, _U,-Uy+E,
SR V2 2N VD A 1/7,

khi do, phuong trinh ctia nut A dugc viét lai
theo cac an so mdi (la dién ap cac nut) nhu
sau:

U,~E  U,~Uy U,~Up+E |,
1/, 1/Y, 1/Y, Hinh 2.10b

nhom s6 hang va chuyén vé ta dugc:
(Y1+Y2+Y8).UA - Yz.UB - OUC - Yg.UD = Ingl-Ingg
trong do6, cac dong dién ngudn dugc tinh theo biéu thic:

_E I :ﬂzEgy8

1° ng8 7
8

Ta it ra quy luat thanh I4p cac vé trai va phai ctia phwong trinh viét cho niit A:

Céac dan nap chung giita
Nt cac nut 1an can so voi nat
dang dang xét. Tat ca déu lay
x6t dau am.
A: (Y1+Y2+Ysg).Us - Y2.Ug -0.Uc - Ys.Up = Lngi-Ings
A A A A *
I
Téng cac din Céc nut 1an can Vé phai 1a tong dai s0 cdc I no i
nap ndi vao mit ' vao nut dang xét. Lay dau + néu
' dang xét chiéu cua I, di vao nit dang

xét, nguoc lai thi 1§y déu -

Tur quy luat do, ta viét dugc hé phuong trinh dién ap nut cho mach nhu sau:

A (Y1#Y2+Ys).Us - Yo.Ug - 0.Uc - Ys.Up = Tngt - Ings
B Y.Ux H(Yo+Ys+Y9).Us - YaUc -0Up = 0
C: 0.Ux -YaUp + (YatYstYe).Uc - Yo.Up = Iogs
D Ys.Us -0.Up -YeUc + (YetYrtYe)Up = Lugr+ Lngs

Buée 3: giai hé phwong trinh dé tim ra dién ap cac nut.

Bu6c 4: Chuyén d6i két qua trung gian vé dong trong cac nhanh, cu thé la:
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

-E -E -E
L UcE U LUE _UpE
Zl Z3 ZS Z7
12=UA—UB I4=UB—UC ]6:UC_UD 18=UA—UD+E8
Z, Z, Z Zy
Chu y: Hé phuong trinh trén c6 thé viét dudi dang phuong trinh ma tran:
Y+, + X -Y, 0 — Y U, Ingl_[ngS
-7, Y,+Y,+7Y, -7, 0 Ug | 0
0 _Y4 Y4+Y5+Y6 _Yé .Uc_ IngS
- YS 0 - Y6 Y6 + Y7 + YS UD Ing7 +1ng8

trong do, ta goi ma tran:

YI+Y2+Y8 _Yz 0 _Ys

-Y, Y, +Y, +7%, -Y, 0

0 -Y, Y, +Y, +7Y, =7,
Y, 0 -Y, Yo+Y, +7,

12 ma tran dan nap nat, n6 co6 dic diém la:
-Nam trén dudng chéo chinh 1a cac dan nap nat.
-Hai bén duong chéo 1a din nap chung di xtmg nhau qua dudng chéo chinh.
Thi du 2.6: Tinh dong trong cic nhanh cta mach dién hinh 2.11 bang phuong phap dién ap niit.

Giai: dat tén cac nit mach 1la A,0. Chon nat O

1am gdc. Mach chi ¢6 1 phuong trinh cho nut A: R=5Q R R=10Q
1 1 1 E 1 1
(—+—+—0)U, =— + — —
Rl R2 R3 Rl E
10V QD_ []Rz
Thay sé ta duoc: 100
111 10 0
Gt 10V I = Hinh 2.11

Cubi ciing, d6i két qua trung gian vé dong trong cac nhanh:

=UA_E=—1A, I, _Yi_os4

1 2

]l

Déu ‘- “cual; co nghia la dong thuc té cua I, chay

vao nut A.

Thi du 2.7: Hiy viét hé phuong trinh dién ap nut
cho mach dién hinh 2.12.

Giai:

Ky hi¢u cac nut 1a A, B, C, O va chon nut O lam
gbc. Nhu véy ta s& c6 hé ba phuong trinh, ba 4n sb

Hinh 2.12
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

Ua, Ug, Uc:
E E
(L+L+ 1 ) A_;UB_LUC:_I-’__Z
R, R, X, Xy R, R, R,
1 1 1 1 1
- U, +( + - WUy —- U.=0
JA& L Xy 1Xp 1X. X
1 1 1 1 1 E
-——U, ——U; +(= -F——i——)UC=Ing3——2
R, 1X1, X, R, Ry R,

Qua thi du trén ta thdy trong so do mach viéc biéu dién ngudn dong rat thuan tién dé ap dung
phuong phap dién ap nut, do d6 trude khi viét phuong trinh ban c¢6 thé chuyén ddi cac ngudn ap
vé ngudn dong.

Thi du 2.8:

Cho mach dién hinh 2.13. Hiy tinh cic dong dién chay qua R, va X, bang phuong phap dién ap
nut.

Gidi:
Chon nit gdc 1a O, khi d6 hé hai phuong trinh
dién ap nut la:

1 1 1 1 E
N T =
R, - X, X, JX R,
E \
Ly sl Ly 2k Hinh 2.13
JX, R, R, JX, 2

E, 1 1 1 1 E,
— 5 — ot —
R, Xy R, —-jX, X, R,
E, RE _ 1 E,
R R JX jiX R
U = 2 2 3 L U. = L 2
! 1 1 1 1 8 1 1 1 1
et — = e -

R, —-jX, JjX, JX, R, -1X. Xy 1Xy

1 1 1 1
_ Ly, gy N A -y, 1

X, R, R, jX, XL R, R; X,

Theo cong thire bién doi nhit ctia mach ta tinh duoc:

o 2YathE YUy
R, L .
R, X,
Thi du 2.9: Cho mach dién diéu hoa hinh 2.14 véi cac sb liéu dudi dang phuc: E1=1V; E5V;
Z=1Q; Zo=-jQ; Z5=iQ; 74=1Q; Zs=jQ; Ze=1Q. Tinh cac dong dién nhanh bang phuong phap
dién ap ntt.

Giai: Chon niit B 1am gdc, khi do:
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1 1 1 1 1 E, E 7% ~E
(—+—t—)U, ——U, ——U, = ——L——¢ =
Zl Z4 Zé ZG Zl Zl Z6 —

Ze 7N\Es C s

1 11 1 1 E, A o=
-——U,+(—+—+—0)U, ——U,=—

Z Z, Zs Zg Z, Zg Z, Zs 7, |

1 1 1 1 1 E
-—U,-——U +(—+—+—0)U, ==t B
Zl ZB Z1 ZZ ZS Zl -

Thay s ta co: Hinh 2.14
3U,-U,-U,=-1-j
U, +(1=-2)U,+jUp = j
-U,+jU.+U, =1
Dung qui tic Crame:
~1-j -1 -1
jo1-2 J
1 i 1 i ;
U, = J __1+3] 314:ﬁ:_1+3]
3 -1 -1 5 i 5
1 1-2j j
-1 i 1
3 -1-] -1
-1 j ]
-1 1 1 i -
U - _ 143 15=UC=_3—J
3 -1 -1 10 Z, 10
1 1-2j j
-1 ] 1
3 5 R
-1 1-2j j
-1 1 1 = U .
UD: J :1 4 :>12:_D:1+_]
3 -1 -1 2 Z, 2
-1 1-2j j
-1 ] 1

Va dong di¢n nhénh s¢€ 1a:

L _UssUp+B_3-j_ 1/
1 Z, 10 10 /=18°5

L _U.-Uy _143)_ 2 /
3 Z, 5 J10 /71°55

. U,-U+E, 1-7j 1

14 -

Z, 10 V2/98

Thi du 2.10: Cho mach dién hinh 2.15.

a. Thanh 1p h¢ phuong trinh dién ap nat cho mach.
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b. Dua vao ciu a, hiy viét cong thic tinh dong trong cac nhanh theo dién ap céc nit.

Giai:
-Chon 0 lam gdc:
a. H¢ phuong trinh dién ap nut:
R, R L;
UA(Y1+Y2+Y3) - UB.Y3 = Ingl — T B
-UA.Y3 + UB(Y3+Y4) = -Ing4 ‘I’
—_—C
b. Dong trong cac nhanh: C)l E, 4 I:I p: @llng“
IIZ(UA—El)/Rl.
IzZUA/Zcz. 9
Hinh 2.15

L=(Ua — Up)/(R3+Z13).
I4:UB/ R4 .

Thi du 2.11: Mach dién nhu hinh 2.16a, voi cac $b ligu: R;= R,=R3;=2Q; E\=1,5V; E,=3V. Hay
tinh dong dién trong cac nhanh bang phuong phap dong dién vong va phuong phéap dién ap nit?

Gidi:

a. Theo phuong phap dong di¢n vong:

-Gia thiét chon chiéu cac vong nhu hinh 2.16b:
Xeét vong 1: Iy1(R1+R3)

H Ivz.R3 & El.

Xétvong 2: -IviR;  + Iyv2(Ry+R3)  =E,.
-Dong trong cac nhanh:

Ir; = Ivi= 1A.

I, = Iyo= 1,25A.

Irs = Iyvo — Iyvi= 0,25A.
b. Theo phuong phap di¢n ap nut:
-Chon 0 1am gdc nhu hinh 2.16¢.
-Phuong trinh dién ap nut:

Ua(G1+GrtG3) = Ihg1-Tng
-Thay s tinh dugc:

Ua=-0,5V.

-V6i chiéu dwong cua dong trong cac nhanh chon nhu
hinh 2.16c¢, ta co:

I,=1,0 A.
L=1,25 A.
I;=-0,25A.
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

2.3 PHUONG PHAP NGUON TUONG DPUONG

Trong mdt s6 trudng hop, nhiém vu phéan tich mach khong doi hoi phai tinh tat ca dong va ap cua
tat ca cac nhanh, ma chi doi hoi tinh toan trén mot nhanh hay mot phﬁn mach nao do. Lac do viéc
van dung cac phuong phap néu trén s& dan dén cac phép tinh khong can thiét va cac két qua thira.
Phuong phép ngudn twong duong ma co s& cua né la dinh Iy Thevenine-Norton cho phép chung
ta giai cac bai toan nhu vy mot cach don gian hon bang cach thay thé phan mach c6 chira ngudn
bdi mot ngudn ap hay ngudn dong tuong duong.

Noi dung dinh ly Thevenine-Norton

Trong mach dié¢n, phﬁn mach AB c6 chtra ngu@)n (va ndi véi phﬁn con lai Z cua mach tai cap diém
AB, dong thoi giira hai phan khong c¢6 ghép hd cam véi nhau), c6 thé duoc thay thé twong duong
bang mot ngudn ap co stc dién dong bang dién dp hd mach trén cip diém AB (hay mot ngudn
dong c6 dong dién ngudn bang dong dién ngan mach trén cip diém AB), con tré khang trong cta
ngudn bang tré khang twrong dwong nhin tir cap diém AB vé&i nguyén tic ngin mach cac ngudn
sizc dién dong va hd mach cac ngudn dong cé trong phan mach ndy. Noi dung dinh 1y duoc mé ta
nhu hinh 2.17.

So d6 twong dirong v
Thevenine Zi=71ia aB
A
E=Upm aB |:| Z
Phén machcOd | X % |
chianguon | A
[z
A
Ing=Inm AB — I:I Z
Z;=7a a8
B :
So d6 twong dirong
Norton A

Hinh 2.17: Minh hoa dinh ly Thevenine-Norton

Dinh 1y nay c6 thé suy ra truc tiép tir sy md rong dinh nghia cua ngudn dién va néu phan mach
gbc chi chira cac phan tr tuyén tinh thi ngudn

X . A Zs B
tuong duong cua nd ciing 1a ngudn tuyeén tinh. —
Nhu véy, dinh 1y Thevenine-Norton cho phép bién Z, Zs
di phan mach dién c6 chira ngudn thanh 2 so dd o[l zl]
tuong duong: so do twong duong ngudn ap (con Ell lES
goi 13 so' @6 Thevenine), va so dd tuong duong
ngudn dong (con goi 1a so do Norton). Hinh 2.18a
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

Thi du 2.12: Cho mach dién nhu hinh 2.18a, hay tinh dong di¢n chay qua Zs.

Gidi:

Ta thiy & day chi tinh dong chay qua mot nhanh, do d6 dé don gian hiy 4p dung phuong phap
ngudn tuong duong.

_Trudc hét cit b6 Zs, phdn mach con lai chinh 13 A, oD
phan mach c6 chira ngudn nhu hinh 2.18b. 7 Zs
-Xac dinh di¢n 4p hd mach trén cép diém AB: Z, [] Zy []
b 13
E E
U =U,-U;= e :
hmAB A B Zl + 22 2 Z4 + 25 4
Hinh 2.18b
-Xac dinh Zgap nhin tir cap diém AB, ngén mach
ngudn sdd E; & Es nhu hinh 2.18c:
77 7,7 . i
Zyap = o Z 7
Z,+72, Z,+Z ! 5
| zll  z]
-Twr @6 suy ra dugc dong di€n ngan mach trén cap
diém AB la:
Uiz Hinh 2.18¢c
]nmAAB =
thAB
So db tuong dwong Thevenine va Norton ¢ dang nhu hinh 2.18d.
th AB N
A A
Z Z
l Ubm aB . Tlnm ap L2 AB 3
B B
So d6 Thevenine So d6 Norton
Hinh 2.18d

R4 rang viéc tinh dong trén Z; Iuc nay tré nén don gian hon nhicu:

UhmAB = [ nm.AB
thAB + Z3 thAB + Z3

3 Z tdAB

Thi du 2.13: Cho mach dién hinh 2.19a, véi cac sb liéu: Rj=Ry= 10Q; R3= R4 = 20Q; I,,5;= 3A;
Ee4=30V. Hay tinh dong dién ig, bang nguyén 1y ngudn tuong duong.

Giai: :R R
2
Bién doi twong duong thanh so d6 Thevenine @T Log1 R R, lEng4
1
hodc Norton:

- Tinh dién ap hdé mach tai cap diém AB nhu
hinh 2.19b. Ta c6:

Hinh 2.19a
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U Ahm:3 oVv.

Upm=15V. R,
Véy suy ra: UAma:Eng: 1 5V. 6 T Ingl [] Rl R3 lEng4

- Tinh dong dién ngian mach trén cip diém AB
nhu hinh 2.19¢, ta ¢6: I, =3/4 A. Hinh 2.19b
IAB ngm
A—>»B A ﬂ B
R, Ry

@T La  []R, R; | Enga R, R,

Hinh 2.19¢ Hinh 2.19d

- Tinh dién tré twong duong nhin tai cdp diém AB nhu hinh 2.19d, ta duge: Ri=20Q.

- Tong hop, so d6 tuong duong Thevenine va Norton c¢6 dang nhu hinh 2.19e:

eT Logi R, R, C) lEng4

Ri=20Q

>0
>

R=10Q = R; =200 R, =10Q
lEng=l sy 2 L, =3/4A T 2

Hinh 2.19¢

Vay ta tinh dugc: Iz, = 0.5A (A sang B).

Thi du 2.14: Cho mach dién hinh 2.20, hay

tinh dong I bang phuong phip ngudn tuong  Ei
duong.

Giai: E,
-Ngit Ry va X, ra khoi mach. Dé tinh Uypag, thi
truée hét ta tinh dong dién vong I, chay trong
mach theo cong thuc:

_ E -E, Hinh 2.20
" R +R,+j(X,+X,-2X,)
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Mit khac: (R, +jX, = jX )1, = U,as = E;

Vay: Upap=—E +(R +jX, - jX,)I, L R, X,

Xm
-Bay gi0 ta phai tinh Zyas. Sau khi ngén mach hai HI L R 4 A _l
ngudn sdd, nhin tir cip diém AB c6 hai nhanh mach

) o % o WX A A S —— B
nhu hinh 2.21a. Do c6 tinh dén ghép ho cam nén ta U
khong thé tinh Zap theo quan niém hai nhanh mach Hinh 2.21a

ghép song song v&i nhau ma phai &p dung phuong phap dong di¢n vong, dat:

Z, =R, +]X,
Z, =R, +jX, 2— B3
. I, /3T &7

Zy =JjXy : I :

khi d6 so' dd hinh 2.21a c6 thé v& lai nhu hinh 2.21b: 1 ES ¥ 57,
L:_
U =&/
Zigrs = T A U B
theo két qua cua thi du di xét trong chuwong I, 4p dung Hinh 2.21b
trong trudng hop cu thé nay ta co:
— A4 1Z 2 Z]|2/[

“E 7 +7,-27,,
Nhu vay theo so do tuong duong Thevenine ¢ hinh
2.21c ta tinh dugc két qua cudi cung: Ri=Z aB ~ L

UhmAB A RO
I, = . l -
Zias + Ry = JX, E=Uhn ap B =T X0
Hinh 2.21c
Thi du 2.15 Cho mach dién nhu hinh 2.22. Hay xac
A

dinh cac thong s6 cua mach Thevenine.

Giai:

-Hé mach tai Zs, ta xac dinh dugc suc dién dong cua
ngudn tuong dwong 13 dién 4p Uag ho mach:

VA Z
Etd:E( L ) hay

Z+Z, Z,+7Z, f_\> E
£ z,  Z N
“ Z+Z, Z,+Z, Hinh 2.22

Ngéan mach ngudn E, nhin tir cip diém AB ta xac dinh duoc ndi tré ciia ngudn twong duong:

— lez + ZSZ4
Z+7Z, Z,+Z,

td
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2.4 PHAN TiCH MACH TUYEN TINH BANG NGUYEN LY XEP
CHONG

Trong chuong I chiing ta d c6 dip ban dén khai niém phan tir tuyén tinh va mach tuyén tinh. Mot
trong nhitng tinh chit quan trong nhat cia loai mach nay 1a c6 thé 4p dung nguyén 1y xép chong
dé phan tich cac dap Gmg va cac qua trinh ning lugng xay ra trong hé thong.

Noi dung nguyén 1y xép chong

Trong hé thdng tuyén tinh, néu y; 1a dap tng twong tmg véi tac dong x;, thi a.y,+b.y, s& 1a dép tmg
twong Umg vo1 tdc dong a.x;+b.x,.

Cu thé, néu mot mach dién tuyén tinh c6 chtra nhiéu nguén tac dong, thi dong dién vong sinh ra
trong vong 1 boi tit ca cac ngudn cua mach bang téng cac dong dién vong sinh ra trong vong 1 boi
riéng cac ngudn dit trong mdi vong k ciia mach. Hay néi mot cach khéac, dong dién vong sinh ra
trong vong | nao d6 ctia mach, boi tat ca cic ngudn ciia mach bang téng cac dong dién vong sinh
ra trong vong 1 d6 bai mdi ngudn riéng ré cta mach ( khi d6 cac ngudn khong 1am viée s& ngin
mach néu n6 1a nguédn strc dién dong va ho mach néu né 12 nguon dong ).

Nguyén 1y xép chong hoan toan ding cho dong dién A Z B

nhanh, dong dién vong va ca dién é’p nut. Viéc mo ta Z, o z:
nguyén ly nay s€ thong qua mot s6 thi du minh hoa 2 [] 7. ]

du6i day. E, | | Es
Thi du 2.16: Cho mach dién tuyén tinh nhu hinh

2.23a, hiy tinh dong dién chay qua Z; bang cach ap Hinh 2.23a

dung nguyén 1y xép chong.

Giai: Néu nguon E; gy nén trong Z; mot dong dién Lig; va nguon Es gdy nén trong Z; mot dong
dién I5gs thi dong téng qua Z3 sé la su Xép ch@)ng cua I3g; va Lsgs.

-Dé tinh dong Isg trude hét ta ngdn mach ngudn Es, khi d6 mach tré thanh nhu hinh 2.23b:

7,7
45 = —= Z3ys =Lz + Zys A Zs B
Z,+Z, =
7.7 Z Zs
Zyys = —2 3 Zwa1 =71 + Zosss 2 (] z []
22 + Z345 E,; l
N 2/ /
vanhuvay: Ly =—- o (trAsang B) Hinh 2.23b

Zta’l ZZ +ZS45

-bé tinh dong I3gs ta phai loai bo nguén E;, khi @6 mach tré thanh nhu hinh 2.23c. Vi cach tinh
tuong ty ta s€ tinh dugc:

77 A Zs B
Z,= 7 :_; ; Zins=13+ 72 —1

1 2 Zl ZS

7.7, [l zll Ie

Ly =——; Lus=Zs+Ziy 5

Z,+7Zy,

Hinh 2.23¢
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vatacod: [y =
Nhu vdy néu tinh dén chiéu dong dién ta s& co:
Thi du 2.17: cho mach dién nhu hinh 2.24a véi

cac s6 ligu: Rj= Ry= 4Q; R3=Ry = 2Q. B,y = 6V
(ngudn mot chiéu). L= 3A (ngudn mot chiéu).

E, Z,

—————— (tu Bsang A).
thS Z4 +ZIZ3

[| =

13 :]3E1 _1355

OIETEE B O

Hinh 2.24a

Hay tinh dong dién Igs.

Giai: Mach 13 tuyén tinh, nén c6 thé van dung nguyén Iy xép chong:

-Khi E1 tac dong, I,e4 bi hé mach, lic nay mach c6 dang nhu hinh 2.24b:

Sau mdt vai phép tinh don gian, ta c6 dong dién trén R3 1a I3 ; =0,5A (chiéu tir A sang B).

-Khi I,,e4 tdc dong, E; bi ngén mach, lic nay mach c6 dang nhu hinh 2.24c¢. Ta ciing dé dang tim
dugc dong dién trén R3 12 I3, =1A (chiéu tir B sang A).

R1 A R3 B Rl A R3 B

— =

)l Engl R2 R4 Rz R4 e Ing4

Jan\

Hinh 2.24b Hinh 2.24c¢

- Vay khi ca hai ngudn dong thoi tac dong, ta c6 dong dién téng hop trén R3 1a:

=1L, -I3; = 0,5A (chiéu tir B sang A).

TONG HQP NOI DUNG CHUONG II

Phuong phap dong dién nhanh, dong dién vong va dién ap nut 1a cac phuwong phéap co ban dé
phan tich mach.

Phuong phap dong dién nhanh van dung cé hai dinh luat Kirchhoff v6i an s6 1a cac dong dién
nhanh, vi vdy s6 phuong trinh ctia mach chinh 1a s6 nhanh mach. Phuong phap nay khong
thuén loi khi sb nhanh cua mach tang 1én.

Dé giam s phuong trinh cia mach, c6 thé st dung cac phuong phap khac bang cach dua vao
céc an sb trung gian:

Néu an trung gian 1a cac dong dién gia dinh chay trong cac vong kin, thi hé gdm Nyy-Ny+1
phuong trinh. Co s¢ 1a dinh luét kirchhof 2. Phuong phap nay khong thuan loi d6i voi mach
¢6 chira ngudn dong.

Néu 4n trung gian 1a dién ap cac nut, thi hé gdm N,-1 phuong trinh. Co so 1a dinh luat
kirchhof 1. Phuong phép nay khong thuan loi dbi véi mach c6 ghép hd cam.
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

e Phuong phéap bién doi twong dwong mach dién (nhu phwong phap ngudn twong duwong) co thé
chuyén mach dién co cu trac phirc tap vé dang cau trac co ban. Phuong phap nay khong
thich hop trong mét s6 trudng hop ghép hd cam.

e  V&i mach tuyén tinh chiu cac tac dong phtc tap, thi viéc van dung nguyén 1y xép chdng ciing
12 mot phuong phap 1am don gian héa qua trinh phén tich va tinh toan mach. Khai niém tuyén
tinh 12 mang tinh twong ddi.

e Viéc van dung dinh 1y Thevenine-Norton hodc nguyén 1y xép chong rat thich hop dé tim dap
ung trén mdt nhanh mach don 1é.

e No6i chung, viéc van dung phuong phap phan tich nao dé dat dwoc hidu qua tbi wu 13 tiy thude
vao timg mach va yéu ciu cia tirng bai toan cu thé.

e (o nhing bai toan, néu can thiét, co thé phai van dung nhiéu phuong phap dé dat dugc két
qua nhanh nhét.

CAU HOI VA BAI TAP CHUONG II

2.1 Trong modt mach vong khép kin, tong dai s6 cac sut &p trén cac nhanh:
a. luon luon khéac khong.

b. bang khong néu co cac dong dién chay trong mach.

c. bién thién phy thudc vao dién ap ngudn.

d. bang khong.

2.2 Mot doan mach méc ndi tiép bao gom 3 phan tir thu dong. Néu dién ap ngudn cung cép va sut
ap ctia hai phan tir da biét, sut ap ciia phan tir tht ba:

a. khong thé xac dinh dugc

b. bang khong

c. ¢ thé xac dinh dugc béng cach ap dung dinh luat Kirchhoff vé dién ap.
d. khong phai cac phuong an trén

2.3 Néu tinh toan ctia ban cho thay tong dai sb cac sut ap trong mot mach vong 1a khac khong thi:
a. két qua cua ban 1a ding

b. mach vong d6 ¢ chira nguon

c. mach vong do khong chira ngudn

d. tinh toan ctua ban chua dung

2.4 Co s¢ chinh cua phuong phap dong di¢n vong dua vao :

a. Pinh luat Ohm

b. Pinh luat Kirchhoff vé dong dién

¢. PBinh luat Kirchhoff vé dién ap

d. Pinh 1y Thevenine- Norton

2.5 Néu khi giai mach dién thu dugc dong trong mot nhanh mach c6 gi tri 4m thi:
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a. Gia tri dong dién la diing nhung chiéu ban dau cta né 1a khong dung.
b. Gi4 tri dong dién 13 khong dung, nhung chiéu ban dau 1a dung.

c. Ca gia tri va chiéu déu ding.

d. Ca gié tri va chiéu déu khong ding.

2.6 Khi phan tich mét mach dién c6 N, nut va N, nhanh béng phuong phéap dién ap nut, thi s6
phuong trinh tao ra la:

a. Nyp-1 phuong trinh ddc 1ap

b. Ny-1 phuong trinh doc 1ap

. Nup-Ny-1 phuong trinh doc lap

d. Npp- Ny+1 phuong trinh doc 1ap

2.7 Khi phén tich mach dién tuyén tinh ap dung nguyén 1y xép chéng, thi:
a. Cac ngudn dién phai duoc loai bo dong thoi

b. Lan luot chi gilr lai mot nguén, cac nguén con lai can duge loai bo.

c. Cac ngudn duoc giit nguyén

d. Cac nguén dugc cong lai

2.8 Co s6 phan tich mach bang phuong phap ngudn tuong duong dya vao :
a. Binh ly Thevenine- Norton

b. Nguyén Iy xép chong

c. Pinh luat Kirchhoff vé dong dién

d. Pinh luét Kirchhoff vé dién ap

2.9 Trong mach hinh 2.25, ap dung dinh luat Kirchhoff vé dién ap, xac dinh dién ap roi trén R2.

a. 50 Vdc
b. 25 Vdc e e I
-
c. 15 Vdc
d. 10 Vde e =
Hinh 2.25

2.10 Hay tim phuong trinh nao duéi day 1a khong dung dbi voi mach dién hinh 2.26?

I 1 1 E R R

a. (—+—+—)\U,=— : A ’
R1 R2 R3 Rl — —
R,
b. (Ri+Ry) ;-R;,=E ®E
I
b. -R211+(R2+R3) 1220 ) I2
d. I]{z = 11+12 0
Hinh 2.26
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

2.11 Cho mach dién hinh 2.27, chon chiéu dong dién trong cic vong nhu hinh v&. Hay viét cac

biéu thirc dong dién vong cho mach. R, R,
RN T A
; « //
I
E, ¢G) \\ Ivi Rs [] '\ Iv: G)T E,
N // N ~__ //

2.12 Cho mach dién nhu hinh 2.28:
Hinh 2.27

a. Thanh 1ap hé phuong trinh dong dién vong cho mach.

b. Dua vao ciu a, hiy viét cong thic tinh dong trong cac nhanh then ~4e Adng dién vang,
R,

( Ivz /(bT E,

Hinh 2.28

Hinh 2.29

2.13 Cho mach dién hinh 2.29, chon chiéu dong dién trong cac vong nhu hinh v€. R;=R,=R;=2Q);
E=10 V; E,=4 V. Hay xéc dinh dong di¢n trén cac nhanh theo phuong phap dong di¢n vong ?

2.14 Cho mach dién hinh 2.30, chon chiéu dong dién trong cac vong nhu hinh vé. Hay viét cac
biéu thirc dong dién vong theo phuong phap dong dién vong ?

Xm
TN
R, XL1 Xp2 R;
P > “«-. N
I// \\ :: XC \\
E; l . (1 j Iv :' l E,
Hinh 2.30

2.15 Cho mach dién va chiéu dong dién trong cac vong nhu hinh 2.31. Hay viét cac phuong trinh
vong theo phuong phap dong di¢n vong ?

R, L, L, R,
— L +—0000——e——TTTOD T+
-«
Vad = N
// AN l // \\
\
1 | IVl | C { I\/2 ] EZ ()
| \ / \ /
\\ / \ /
~ ~—_ = - d 5 9 ~ N~ —_— - 7
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

2.16 Mach dién hinh 2.32 véi cac sd liéu: R, R,
R;= R,=R;=20Q. 1
E,=3V. | Ei 1 Ot e
E,=6V.

Hay tinh dong dién trong cac nhanh bing phwong phap Hinh 2.32
dién &p ntt.

2.17 Cho mach dién nhu hinh 2.33. Chon nut O 1a nat gbc, hiy viét cac phuong trinh nit theo
phuong phap dién ap nat ?

Rl XC R2

D X SOl

Hinh 2.33

2.18 Cho mach dién nhu hinh 2.34. Chon nut O lam nut gbc. Hay viét cac phwong trinh nut cho
mach theo phuong phéap dién ap nut.

A R, L, B R,

L1 l@ R, c; L D lEng4

(@)

Hinh 2.34

2.19 Cho mach dién nhu hinh 2.35. Tinh dién ap Ey va ndi trd trong Ry ctia ngudn tuong duong
khi chuyén sang mach Thevenine.

R1
AN O
10Q
+ .
1T Tai
=10V R2¢ 20Q R3 § 20Q
0
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

2.20: Xét mach dién nhu hinh 2.36. Tinh dién 4p E, va ndi trd trong Ry cia ngudn twong dwong
khi chuyén sang mach Thevenine.

R1 R3
% NN
oA
E ' «—
= 1ov R2 § é Tai = 10V
+
'—OB<_

Hinh 2.36

2.21 Cho mach dién hinh 2.37. Hiy tinh dong dién Iz theo phuong phap ngudn twong dwong véi
cac s6 lidu L= 4A; Ep=6V; RI=Ry=R3=R4=Rs=Rs=2Q.

w0 kD e O

Hinh 2.37

2.22 Cho mach dién nhu hinh 2.38. Tinh tr¢ khang twong duong R cia mach Thevenine.

A

R1 R2
E DO OB
D

R3 R4

C

Hinh 2.38
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Chwong 2: Cac phwong phdp co ban phdn tich mach dién

2.23 Cho mach dién nhu hinh 2.39 véi céc s6 liéu:
R1:R2: 5Q2.

A B

R;=R4=10Q. —3

Ot [Ix IO

=[|

Ing1: 6A.
Enes= 15V.

Hay tinh dong dién i,
bang nguyén 1y xép Hinh 2.39
chong.
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Chwong 3: Hién tuwong qua do trong cac mach RLC

CHUONG 1II

HIEN TUQONG QUA PQ TRONG CAC MACH RLC
GIOI THIEU

Trong chuong II chiing ta d3 xét cic phuong phap co ban phan tich mach dién ¢ ché d6 xac lap,
trong d6 cht yéu dua vao hai dinh luat Kirchhoff vé dién ap va dong dién. Sang chuong nay sé& di
sdu vao nghién ctiru phuong phap phan tich mach dién & ché do qua do. Cu thé 1a cac nodi dung
sau:

e Nhic lai co ban vé bién doi Laplace cua cac tin hiéu lién tuc, dac biét nhan manh phuong
phap bién d6i Laplace nguoc.

e Rén luyén k¥ ning phan tich cac qua trinh qua dé ctia mach bang phuong phép toan tir dua
trén cap bién doi Laplace.

e Di siu phan tich mét s6 bai toan qua d6 voi cac mach RLC dudi tac dong mot chiéu va xoay
chiéu.

NOI DUNG
3.1 BIEN POI LAPLACE

Nhu chiing ta da biét, viéc phan tich mach dién trong mién thdi gian di gay nén nhimg kho khin
vé tinh toan cho cic phuong trinh vi phan va tich phan. Nhd ¢6 cach biéu dién trong mién tan s6 o
ma xuét phat ctia né 1a cip bién d6i Fourier, ta da thay thé duoc cac phép lay tich phan va vi phan
bang cac phép toan dai s

i:> 10
™ -

1
dt = —F
jo
Nhu vay thuc chit ¢ day 1a nguoi ta da thuc hién toan tir hoa mach dién bang bién ddi Fourier.
Trong muc nay chung ta s& xét phuwong phap toan tir héa mach dién mot cach tong quat hon, thong
qua bién ddi Laplace. Cac ndi dung du6i day s& dugc dé cap mot cach ngin gon.

3.1.1 Bién ddi Laplace thuin

Bién d6i Laplace thuan (viét tat 1a LT) ctia ham goc f{t) trong mién thoi gian s& twong (mg 12 mot
danh F(p) trong mién tan so phirc p, dugc tinh theo cong thirc:

LTI ()]=F(p)= [ f(t).exp(~pt)dt (3.1)

trong do6 p 1a mot dai lugng phure duge dinh nghia: jo
p= o+jo va né duoc biéu dién trén mat phiang phuc nhu
hinh 3.1. | >

. c
Nhu vay F(p) 1a m¢t ham phtrc cua bién phtrc p. C6 nghia la
v6i mdi gia tri phirc p= o; + jo; ta s& ¢ F(p;)= aj+jb; tong Hinh 3.1:
quat ciing 1a mot sb phirc. Mit phang phirc
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Chwong 3: Hién tuwong qua do trong cac mach RLC

Bién d6i Laplace mot phia cua f(t) duoc dinh nghia:
F(p)= [ f(t).exp(~pt).dt (3.2)
e

trong d6 F(p) chi phu thudc vao gia tri cia f(t) voi 0, bat dau tir 1an can trai 0. Khac voi bién d6i
hai phia, bién d6i Laplace mot phia cho phép t6 hop mdt cach rd rang cac gia tri du cua f(t) va
céc dao ham ciia nd vao trong mién 1am viée p, do d6 nd dic biét hitu dung khi giai quyét cac bai
toan lién quan dén phuong trinh vi phan c6 diéu kién dau. Vi vy trong tai liéu nay chi dé cap toi
Bién dbi Laplace mot phia.

Chu ¥ ring mic du véi mdi ham gde x(t), anh F(p) twong tng chi dwoc dinh nghia cho cac gia tri
ctia bién phirc p nam trong vung hoi tu ( tirc 1a ving gia tri cta p ma tai d6 tich phan trong cong
thirc trén ton tai), nhung trong hau hét cac 4p dung khong can thiét phai can nhic t6i ving hoi tu,
vi vay trir truong hop dic biét, ving hoi tu cta cac bién ddi Laplace trong tai liéu nay s& khong
duoc nhic téi. Mat khac, bién doi Laplace la sy téng quat hoa cua bién ddi Fourier. Mic du mot
s6 truong hop ham sé t6n tai bién d6i Laplace nhung khéng ton tai bién d6i Fourier, nhung noéi
chung, co thé tinh toan truc tiép bién d6i Fourier tir bién d6i Laplace bﬁng cach thay thé p=j o:

F(w)=F(p)| (3.3)

p=jo
3.1.2 Céc tinh chit ciia bién d6i Laplace

Ngoai trir mot vai tinh chat, noi chung cac tinh chat cua bién d6i Fourier ciing 1 tinh chét cua
bién d6i Laplace. Sau day 12 m6 ta mot s6 tinh chat chu yéu cta bién doi Laplace:

+Tinh tuyén tinh: Néu LT[x,(t)]=Xi(p) va LT[x2(t)][=Xa(p), ta co:
LT[ax,(t)+bx,(t)]=aX,(p)+bX,(p) (3.4)
+Dich phai trong mién thoi gian: Néu LT[x(t)]=X(p) thi véi s6 thuc duong a bat ky, ta co:
LT[x(t—a)u(t—a)l=e 7. X(p) (3.5
chu ¥ rang khong c6 két qua cho truong hop dich trai trong mién thoi gian
+Thay d6i thang ti 18 trong mién thoi gian: Néu LT[x(t)]=X(p) thi v&i sb thuc duwong a, ta co:
L] =L x(2) (3.6)
a a
+Nhén véi ham mii: Néu LT[x(t)]=X(p) thi v&i sb a thuc hodc phirc bat ky, ta cé:
LT[e " x(1)]=X(p+a) 3.7

+Nhan voi ham diéu hoa: Néu LT[x(t)]=X(p) thi vdi sb thuc o bat ky, ta co:

LT[x(t).sin wt] =§[X(p+ja))—X(p—ja))] (3.8)
LT[x(t).cosa)t]:%[X(p+ja))+X(p—ja))] (3.9)

+Vi phan trong mién thoi gian: Néu LT[x(t)]=X(p) thi ta co:
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Chwong 3: Hién tuwong qua do trong cac mach RLC

LT[%x(t)] = pX(p)—x(0)

d2

LT[7X(f)] =p X(p)= px(07)-x(07)

di

+Tich phan trong mién thoi gian: Néu LT[x(t)]=X(p) thi ta c6:

+Gia tri dau: Néu LT[x(t)]=X(p) thi ta co:

x(0) = lim{p.X (p)]

LT[jx(t)dt] = %.X( P)

X (0') = im[p* X (p) - p.x(0")]

+Gia tri cudi: Gia st LT[x(t)]=X(p), néu ton tai lim[x(¢)] thi ta co:
t—0

lim[x(r)] = })igg)[p-X (p)]

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

can can than khi 4p dung dinh Iy ndy, bai vi ¢6 ton tai gidi han bén vé phai nhung chua hin da ton
gidi han bén vé tréi.

3.1.3 Bién ddi Laplace ciia mdt s6 ham thuong ding

CuuDuongThanCong.com

Ham goc f(t)
a.u(t) hay a.1(t)

t".u(t)

d(t)
(cosmot).u(t)

(sinmgt).u(t)

exp(-at).u(t)

n—1

(n—=1)!

exp(-at).coswt.u(t)

exp(—at) .u(t)

exp(-at).sinwt.u(t)
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Anh F(p)

4
p

n!

n+l1

_pr

p2

+ o,

2N

»’
1

+ o,

pta

(p+a)

! véi n=1,2,3...

pta

(p+a) +o’

@

(p+a)2 +w?
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Chwong 3: Hién tuwong qua do trong cac mach RLC

Day 1a bang bién d6i Laplace cia mot s6 ham thudng gip. Trong bang, trir truong hop dau tién,
viéc str dung ham budc nhay don vi u(t) thuc chét 1a dé loai bo phé‘m ung véi t<0 cua tin hi¢u.

3.1.4 Bién d6i Laplace ngwoc, phwong phap Heaviside

3.1.4.1 Bién doi Laplace nguoc

Tir anh F(p), ta c6 thé tim lai ham gbc trong mién thdi gian theo cong thirc bién dbi Laplace
nguoc (viét tat 1A LT™!):

ctjo

FO=LT (= [F(p).exp(prrdp (3.16)

c—jo

trong d6 ¢ 1a mot sd thuc bat ky sao cho tich phén trén theo dudng p=c+jw (tir c-joo dén c+joo)
nam trong ving hoi tu. Viéc tinh truc tiép f(t) theo cong thirc tich phan LT thuong rat khé khin,
vi vdy phan sau ta s& chi tip trung nghién ciru mot giai phap dai sé dé thay thé cho viéc tinh tich
phan, do6 1a phuong phap Heaviside. Phuong phap nay ap dung cho truong hop F(p) c6 dang phan
thire hiru ti. Trudce hét ta can bt dau tir mot s6 khai niém lién quan.

3.1.4.2 Dang phan thirc ciia dnh F(p)

Mot 16p nhiéu truong hop cac bién ddi Laplace ciia tin hiéu s& cho anh F(p) 1a mot phan thirc hitu
ty va thuong duoc dwa vé dang chuan tic:

” b,p*
_by+bp+ ... +b,p" _ Z;‘ _H,(p)
az'+ agp + = +Ha=p" - H,(p)
0 1 aqpq 2

q=0

F(p)

(3.17)

trong d6 a,=1 va bac cia mau s6 lon hon bac cua tir s6 (n >m).

Diém khong cua F(p) 1a cac diém p; 12 nghiém cua da thitc H(p) va duong nhién tai d6 F(p;)=0.
Diém cyc ctia ham mach 1a cac diém py 1a nghiém cta da thirc Ha(p) va tai ¢6 F(py)=co. Cac gié tri
pi va px co thé 1a nghi¢m don hay nghi¢m bdi, co thé 1a nghiém thyc hay cac cap nghiém phuec lién
hop, va sé& phirc tap hon néu ¢6 t6 hgp nhiéu loai nghiém.

3.1.4.3 Phuwong phdap Heaviside

Y tudng cua Heaviside la xudt phat tir ham mach F(p) c6 dang phan thic hitu ty, dé tim ra ham
gbc f(t) trude hét phai phan tich F(p) thanh nhitng phan thtc t6i gian. Sau d6 dwa vao bang cic
ham gbc - anh co ban da biét dé xac dinh cac ham gbc thanh phan, sau d6 st dung tinh chat tuyén
tinh ctia bién doi Laplace dé tong hop. Dé phan tich thanh cac phén thire tdi gian, ta s& phai xét toi
cac diém cuc py 1a nghiém ctia Ha(p). Sau day 1a mot sb truong hop thuong gap:
a. Truong hop H>(p) chi co cac nghiém don:
Viét lai Hy(p) du6i dang tich: Ha(p)=(p-p1)(p-p2) --. (p-Pn)
Khi d6 c6 thé khai trién:

4, A4, A LA,

F(p)= + ot —"—=
pP—P PP, P—P, =1 PP
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Chwong 3: Hién tuwong qua do trong cac mach RLC

Theo ham gbc - anh (truong hop sb 6): L_l—>exp( pit)
— P
Vay khi F(p) chi c6 cac nghiém don ta co:
fO)=) 4. (3.18)
k=1
Trong d6 cac hé sb A, dugc tinh theo biéu thirc:
: H,(p;)
A, =Lim,,, [F(p)(p-p)l=—+" (3.19)
oo T Hy(p)

Dé chimg minh Ay c6 dang (3.19) ta nhan ca hai vé cta (3.19) voi (p-py):

A A
F(p).(p—pk)=pl (P—p)+..+A, +..+ —(p=p)

1 n
khi cho p —>py thi vé phai ctia biéu thtrc trén chi con lai A, do do:

H,(p)
H,(p)

Ay =lim _ [F(p)(p-p)l=lm, [ (p—pi)]

i 0 , _
gidi han trén c6 dang 0 ap dung quy tac lopital ta co:

A ctim | O@=p] R p) () Hi(p)

o H,(p) ool H,(p) H,(p,)

vay cong thirc da dugc ching minh.

Thi dy 3.1: Tim ham gbe khi bidt F(p)= 2P0
p +4p° +3p
3p+6  _ 3p+6 _H\(p)

Gidi: Phan tich F(p)=—; = = =
p +4p +3p  p(p+D)(p+3) H,(p)

Nhu vay Ha(p) c¢6 3 nghiém don p,=0, p>=-1, p3=-3. Do dé:

F(p)Zﬁ-Fi-l—i
p p+l p+3
) 3p+6
A = Lim[F(p).(p-p)l=—2L2 1 =
p—p (p+D(p+3) =0
. 3p+6 3
A, = Lim|F . — =" = ——
) pm[ (p)-(p—py)] ppi3| 2
. 3p+6 1
A, = Lim[F(p).(p— py)]=—L ==
PP p(p+1) . 2
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Chwong 3: Hién tuwong qua do trong cac mach RLC

Vay ta co: f(t):2—%e_’—%e_3t, t>0

Thi du 3.2: Tinh u(t) néu biét anh cua no la:

p2 +1
pP2p+4)3p+9)(4p+16)

Giai: Trudc hét ta xir Iy dua mau so vé dang chuan voi cac hé so bang 1 va dat ham mach:

U(p) =

p2 +1
p’+1 _ 24 _H.(p)
234 p(p+2)(p+3)(p+4) pp+2)(p+3)(p+4) H,(p)

Nghiém cua Ha(p) 14 cac nghiém don nam bén trai mit phing phtic: p;=0, p,=-2, ps=-3, ps=-4.

U(p) =

Twr cong thue Heaviside cho truong hop nghiém don ta co:

u(t) = =2 1([71) it H(pz) el 4 2iPs) H,(p;) el 4 2\Pe) H (p,) o

H, (pl) H »(Py) H, »(P3) H, (p4)
Thay sb ta duoc: u(f) = B —i oy ie_3t 1% ey, t>0
576 96 36 192
b. Truwong hop H,(p) co cap nghiém phirc lién hop:
Pi= Ok +jok VA P = O - jox (3.20)

khi d6 Hy(p) c6 thé viét duéi dang: H,(p)=(p—p.)(p—p;)

*

A4, N Ak*
P=DPr P~ D

Coi nhu truong hop hai nghiém don, ta co: F(p) =

Do do, ta co:
f(t)=A.e"™ + A,te";’ = 2|Ak|.e""’.cos(a)kt +arg 4,) (3.21)

H (p,)

Trongds: 4, = Lim[F(B).(RP:)]= H.(p)
g 2\ Py

(3.22)
| A|_‘H(pk
H,(p,)

arg A, = arg{%}

(3.23)

p
p’+4

Thi du 3.3: Tinh u(t) néu biét anh ctia né 1a U(p) =

p _ H(p)

Giai: Dat ham mach c6 dang: U(p) = =
p'+4 H,(p)

H,(p) =p**+4 ¢ nghiém phirc lién hop:
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Chwong 3: Hién tuwong qua do trong cac mach RLC

{pk =2j {O‘k =0
* . =
Py =—2] w, =2
1
. 1 . A = —
R W
k Pr arg{Ak}=0

Vay  u(t) = 2|Ak |e”k’ cos(w,t+arg A, ) = 2%e°’ cos(2t +0) = cos 2t

c.Truong hop H(p) co nghiém boi p; (boi r):
Ha(p) c6 thé viét dudi dang:  Ha(p)=(p-p))"
Luc d6 F(p) c6 thé khai trién dudi dang:

+All (p—p)+..+ AIH (p_pl)r_l

Al
F== (p=p)

Viét lai ta co:
Alo All r=1
- — ...
(p—-p) (p—-p) (p p) =(p- p;)

F(p)= (3.24)

Néu p; 12 sb thuc, tir bang ham gdc - anh ta suy ra duoc:

0! Z Yoy e (3.25)

Cach xac dinh A, : Nhan ca hai vé clia (3.24) v6i (p—p,)" khi do:
AIO = limpﬁpl [F(p)'(p —pl)r]
1 d \
All - lmp—)p,%liF(p)(p_pl) ]

. & )
4, = Ehm,Hp, g[F(P)(P -p)']

Téng quét hod ta co:

18 d'

—lim,  —[F(p)(p—p)] (3.26)
dp

Azz.
ool

. 2
Thi du 3.4: Tinh u(t) néu biet anh ciand la U(p)=—

D
Giai: Hy(p) = p* ¢6 nghiém p;=0 (bdi r=2), do d6 c6 thé trién khai:
4, 4,

U(p) =
D= o=y oo
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Chwong 3: Hién tuwong qua do trong cac mach RLC

0

_ L y2u t_ it
suy ra u(t)=4, I e + 4 o e
, 4 = 1 T da’* 2 _5
trong do " = im, @[?p 1=
4, =llim i[2]=O
1 1| p=>p dp
Vay u(t)=2.t.e" +0.e™ =2t

-Chii y: Trong truong hop Ha(p) ¢6 nhiéu loai nghiém thi ham gdc can tim chinh 1a sy xép chong
ctia cac ham gbc thanh phan.

pi-2p+1
(P’ +2p+2)(p+1)

Thi du 3.5: Tinh ham gdc néu biét anh ctia nd: F(p) =

p’-2p+l p -2p+l _H\(p)
(P’ +2p+2)(p+1) (p+1-)j)(p+1+j))(p+]D) H,(p)

Giai: F(p)=

Ha(p) ¢6 cip nghiém phirc py=-1+j, px =-1-j, va nghiém don ps=-1 nén c6 thé khai trién:

£

Flpy=—t s Ay 4
P=Pr PP PP
Vay ta co: f(2)=2/4,]e7 cos(w,t+arg A,) + A;.e™

Trong do cac hé s6 duoc tinh theo biéu thirc:
5 j(1800+arctg?)

; ; 3 5
A= Lim [F(p)(p+1=jl=--+2j="-e
po-1+j 2 2

Ay = Lim[F(p).(p+1)] = 4

Thay sd taco:  f(t)=5.e".cos[t+ (180° + arctg _74)] +4e’, t>0

Thi dy 3.6: Tinh i(t) néu biét anh ciané: 1(p)=— 2L
(p+2)(p~ +9)
p+l1 _H\(p)

Giai: Dat ham mach: I(p) =

(p+2)(p>+9) H,(p)

P =-2
Nghiém cta Hy(p)=(p+2)(p>+9) la: , c=0
p,=13j = _
=73
H H
Vay i(t) = ———= (Py) el 42— 2s (P,) e” cos(wt + @)
H,(p,) H,(p,)
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Chwong 3: Hién tuwong qua do trong cac mach RLC

H(p) _p+1 __L

trong do , == = =-0,08
H,(p,) p;+9 13
w H(p,) _ ps+1 11+
Hy(p)) (p3+9+2p,(p,+2) 2 -9+6j
H(p)| |1 1435 1 s 1 34,2
, =|-. = — 97 +332 = — 1170 =222 2 0,15
\H,(p,)| [27-9+6j| 234 234 234
=
H + 3
@ = arg M = arg l 1 3J. =arctg(—£)=—arctg3,37
H,(p,) 2 -9+6j 9
Thay sé: i(t)=—-0,08¢™" + 0,3cos(3t — arctg3,37)
10°

Thi du 3.7: Tinh f(t) néu biét anh cua né: F(p) = 27 (p+10°

10° A A A
Giai: F = e L ke | Rl B
(P) pzip+104i p2 p erIO4

Trong do: A, = Lim [F(p).(p+10")]=10
p——10*

@

4, ol lim ?[F(P)Pz] =10’

1 d .
Ay = ylim, 2 1F(p).p?] =10

Vay: F()=10%t—10(1=e"")

Thi du 3.8: Tinh i(t) néu biét anh cua né 1a:

P
o) —— &
R A B

Giai: dat ham mach:

I(0) = p _H ()
= o Der 3 B,

Ha(p) c6 nghiém don p;=-1 va nghiém boi p,=-3 (bdi r=2). Vay theo tinh chat xép chong ta co:

H
i =ThP ) ne  p Lomiya Lom
H,(p,) T ol
trong do:
0
Alozilimp%% do[ P 1= P | —é
0! dp” p+1 p+1|
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Chwong 3: Hién tuwong qua do trong cac mach RLC

1. d_ p .
A, =—Ilim —[——]=1im
o dp [p+1] P“[(pﬂ)2 4

Ll—p]l

) 1 1
Vay: 1(t):—ze't +§t.e_3t +Ze_3t

3.1.5 Moi quan hé¢ giira vi tri cac diém cuc va tinh xac 1ap ciia ham goc

Gidi han khi t—oo ciia f(t) c6 thé tinh duoc tir vi tri cac diém cuc cua F(p) trén mit phiang phirc
hinh 3.2. V& mit toan hoc, ta ¢ thé chung

minh duoc rang: $1m{p]

Diéu kién can dé f(t) khong tién tdi vo han
khi t—o0 14 cac diém cuc phai nam bén nira
trai mat phang phirc, cung 1am 1a trén truc PN

»5=Re[p]
ao.
:

////

Ham gbc f(t) s& hoi tu vé 0 khi t—o0 khi va
ch17 khi moi diém cuc nam trén nira trai mat Hinh 3.2: Minh hoa vi tri diém cuc

phang phuc, tic 1a Re[pi]<0, k=1,2,...,n.

Tdn tai gi61 han f(t) khi t—oo khi va chi khi moi diém cuc nam trén nura trai mat phéng phtc,
ngoai trur c6 mot diém cuc don nam tai géc. Gi6i han @6 chinh 14 hé sb tuong Ung voi diém cuc tai
gbc va dugc tinh theo cong thirc tinh gid tri cudi da biét:

lim[ /()] = lim( p.F ()] =[p-F(p)],, (3:27)

Thi dy, anh da xét trong muc trudc:

F(p): 3p+6 :i+i+i
p(p+t)(p+3) p p+l p+3

F(p) c6 mdt diém cyc nam tai goe (p,=0), cac diém cuc con lai nim trén nira mat phang trai (p,=-
1, ps=-3), do d6 ton tai gidi han f(t) khi t—c0. Gii han d6 chinh bang:
3p+6

Al =££,;?[F(p).(p‘p1)]=mp_o =

Ban c6 thé kiém chung lai trén ham géc cua no:
3 1
DN, nlep A Lo =y {2 ()
S @) : 3

3.2 CAC THONG SO CUA MACH PIEN TRONG MIEN P
3.2.1 M6 hinh cac phin tir thu dong trong mién p

Bay gid ta xét téi mo hinh cia cc phan tir thu dong va cach biéu dién tré khang va dan nap cua
chung trong mién tan sé phtc p. Viéc chuyén mé hinh mot phan tir tir mién thoi gian sang mién p
dugc khoi dau tir viée Laplace hoa phuong trinh trang thai ciia n6 trong mién thoi gian.

-Déi véi phan tir thudn tré: Laplace hoa phuong trinh tir mién thoi gian:

u(®)=Ri(t) = U(p)=RI(p)
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Chwong 3: Hién tuwong qua do trong cac mach RLC

itt) I(p)
—> —’

lu(t) R —> lU(p) Zx =R

Hinh 3.3: Laplace héa m6 hinh dién trd

Vay mé hinh cua dién tré trong mién thoi gian va mién p c¢6 dang nhu hinh 3.3. Tr khang va dan
nap cua dién tré trong mién p c6 dang:

1
Zy(p)=R, Yp(p)= 2 (3.28)

- Doi véi phin tir thudn cdam: Phuong trinh va mo hinh phan tir dién cam trong mién thoi gian va
mién p c6 dang nhu hinh 3.4. Trong d6 i(0) 1a dong dién tai thoi diém ban dau va goi 1a diéu kién
dau, con thanh phﬁn L.i(0) dong vai tro 1a mot nguén sdd duoc sinh ra do diéu kién dau cua ph?m
ttr thudn cam, nguoc chiéu U(p).

u(t) = L—ji U(p) = pL.I(p) - L.i(0)
' _ L.i(0)
i® A~k 1p) 2Pl
—/YYYY L —
—> —

Hinh 3.4: Laplace hoa m6 hinh dién cam

Tré khang va dan nap cia dién cam trong mién p c6 dang:

1
Z((p)=pL, Y (p)=— (3.29)
pL

- Doi véi phin tir thudn dung: Phuong trinh va mo hinh phan tir dién dung trong mién thoi gian

va mién p c6 dang nhu hinh 3.5. Trong d6 u.(0) 1a dién 4p tai thoi diém ban dau va goi 1a diéu

u.(0)

kién dau, con thanh phan dong vai tro 1a mot nguon sdd duoc sinh ra do diéu kién dau cua

phén tir thuan dung, cung chiéu U(p) .

’ .(0)
u(t):%_([i(t)dt+uc(0) U(p)zzc_j(p)Jr”T
o C —> u,(0)
LY (p) P
— 11 b) 2
LY

Z, =——

p.C

Hinh 3.5: Laplace hga2 mo hinh dién dung
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Chwong 3: Hién tuwong qua do trong cac mach RLC

Tré khang va dan nap cua dién dung trong mién p c6 dang:
1
Zc(p)=—, Yc(p)=pC (3.30)
pC

-Chii y : Tré khang va dan nap cua cac phan tir thu dong trong mién tan s6 thuong o hoan toan c6
thé suy ra tir cach biéu dién trong mién tan sb phtic p bang su thay thé p =jo.

Z, =R Z, =R
1 1
Z,=—— _ Z, =——
joC —=e pC
Z, = joL Z, =pL
Zy = joM Zy =pM
Tré khang cta cac phan tir quan tinh thy 0 L
dong trong mién tan sd phtic p chi duoc ! 5
tinh bang bi¢u thue Z=U(p)/I(p) khi nang .
luong ban déu trong phan tr d6 bang 7y 1
khéng, () e(t)=1(t).E,.sinwt cC —_—
3.2.2 Nguyén tic chuyén cac thong sb
ciia mach tir mién thoi gian sang mién Hinh 3.6

p
-Lay bién dbi Laplace hé phwong trinh dic trung ctia mach trong mién thoi gian, cha ¥ tdi trang
thai ban dau trong cac phan tir quan tinh thu dong.

- Chuyén mé hinh cac thong sé cia mach sang mién p.
Thi du 3.9: Xét mach dién hinh 3.6. Phuong trinh déc trung ciia mach trong mién thoi gian khi

xét toi didu kién dau i (0) va uc(0) duoc viét dudi dang:

e(t) = uy () +u, () +ug(t) = Ri(t)+ L. d;g)

1¢.
+E-(|).z(t).dt+uc(0)

Lay bién d6i Laplace phuwong trinh ctia mach trong mién thoi gian:

E(p)=Up(p)+ U, (p)+Uc(p) = RI(p)+ pLI(p)~ Li, (0) + plc'f( p)+ 2O [<9°>

I(p) Zz=R Z=pL L.ir(0)
» — +
T
_|_ __ZC=1/pC
A 0 T
_g Y +
D rw-=, P u.(0)
~p
Hinh 3.7
73
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Sau khi thyc hién Laplace hoa cac thong s6 dong dién va dién ap trong mach, mo hinh mach dién
trong mién p c¢6 dang nhu hinh 3.7.

3.3 UNG DUNG BIEN POI LAPLACE PE GIAI CAC BAI TOAN MACH
QUA PO RLC

3.3.1 Khai niém chung

a-Quad trinh qua dj: Qua trinh qua d6 trong mach dién la qua trinh mach chuyén tur trang thai ban
dau nay toé1 mot trang thai xac 1ap khac dudi mot tac dong kich thich nao dé. Bai toan qua do la
bai toan tim cac qua trinh qua do xay ra trong mach dién. V& mit Iy thuyét, thoi gian qua do cua
mach 13 v6 cung 16n, song trong thuc té thudng chi tinh bang don vi nano gidy dén mili giay.
Thong thuong loai bai todn nay gin lién vi mot khoa dong ngit cac nhanh mach hodc 1a ngudn
tac dong lam viéc & ché do dot bién. Thoi diém trong mach xay ra dot bién thuong dugc quy udc
lam gbc (t=0). V& mit hinh thtrc, qué trinh qua do trong mach c6 thé coi nhu su xép chdng cia
dao dong tuy do va dao dong cudng biic. Ddi v6i cac hé én dinh tinh, dao dong tu do khong co
nguén duy tri nén tat dan theo thoi gian. Khi dao dong tu do tat han, trong mach chi con lai dao
dong cudng buc va khi d6 mach dat dén trang thai xac 1ap mai. DBdi voi cac hé khong 6n dinh
tinh, dao dong tu do co thé tang dan theo thoi gian va trong mach xuét hién hién tuong tu kich.

C6 nhiéu phuong phap phan tich mach qua do. Pau tién, can phai nhic dén 1a phuong phap kinh
dién. Viéc giai quyét bai toan qua do bang phuong phdp ndy dong nghia véi viée giai mot hé
phuong trinh vi tich phén c6 diéu kién dau, trong d6 cac thong sé ngudn tac dong thuong duge
xép sang vé phai. Thanh phan dao dong ty do chinh 14 nghiém cua hé phuong trinh vi tich phan
thuan nhat (g voi ngudn tac dong vao mach bi loai bo). Thanh phan dao dong cudng birc chinh
la nghiém riéng cua hé phuong trinh khong thuan nhit va n6 phy thudc vao ngudn tac dong.

b -Ludt déng ngidt: Khi giai cac bai toan qua do, dic biét theo phuong phap tich phan kinh dién,
c6 mot diéu quan trong la phai xac dinh dugc cac diéu kién du. Diéu kién du noéi 1én ¢6 ton tai
nang luong ban diu trong cac phan tir quan tinh thé hién duéi dang dong dién iy hay dién ap u, tai
thoi diém dong ngat mach dién hay khong. Cac diéu kién dau nay tuan theo ludt dong ngat ctia cac
phan tir quan tinh, cu thé nhu sau:
+Luat dong ngat cia phan tir thudn cam: “trong cudn day khong co dot bién dong dién, ké ca tai
thoi diém dong ngit mach”.

i (0+) =i (0-) = 1.(0)
+Luat dong ngét cua phﬁn ttr thuan dung: “trong ty dién khong c6 dot bién dién ap, ké ca tai thoi
diém dong ngit mach”.

uc(0+) = ue(0-) = u(0)
Tuy nhién, trong mot sd trudng hop dic biét (truong hop khong chinh) thi phat biéu trén khong ap
dung duoc. Khi d6 ta phai ap dung luat dong ngit tong quat: “Tong tir thong moc vong trong mot
vong kin phai lién tuc, ké ca tai thoi diém co6 dot bién trong vong. Téng dién tich tai mot nlt cua
mach phai lién tuc, ké ca tai thoi diém c6 dot bién trong cac nhanh ndi vao nat do”.
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c- Str dung phép bién doi Laplace dé gidi cic bai todn qud dj: Viéc st dung phép bién dbi
Laplace dé giai cac bai toan quéa do 1a mot giai phap hiru hiéu vi né cho phép bién hé phuong trinh
vi tich phan thanh hé phuong trinh dai s6. Cac budc co ban dé giai mach dién qua d6 bao gom:

bl: Xac dinh diéu kién dau cua bai toan ( chinh 1a xac dinh gdc thoi gian, cing véi cac gia tri ban
dau ctia cac phan tir quan tinh). Ciing can chii y rang, véi phuong phap toan tir, gi4 tri ban dau ctia
cac phé‘m ti quan tinh trong tat ca cac dang cac bai toan qua do déu duogc quy vé tai lan can bén
trai thoi diém khong uc(07) va i (0).

b2: Chuyén mé hinh mach dién sang mién p (ttc 1a Laplace hoa mach dién).

b3: Sir dung cac phuong phap phan tich mach da biét dé tim anh F(p) cua dap tng.

b4: Bién d6i Laplace ngugc dé tim ham gdc f(t) cua dap ing trong mién thoi gian.

3.3.2 Thi du véi cac mach RL, RC

Sau day ta xét mot s6 thi du cu thé trén cac mach RL, RC dudi céc tac dong mot chiéu, hodc céac
tac dong dudi dang xung. Nguoi ta di rat ra dugc mot két qua mang y nghia vat Iy quan trong:
Bdp iing f{t) ciia cdc mach RL & RC duwdi tic dong mét chiéu bao gio ciing c6 dang:

t

f(t)=f(0)+ A.e * (3.31)
véi A =T1(0)— f(e0)

. =1,.C; T, =— (3.32)

f(0)="f (t)|t= , 12 gid tri ban dau cua dap ung.

f(o0)= f(t)|t_m gia tri xac 1ap cta dap ung.

t
A.e *  dac trung cho giai doan qua d¢ xay ra trong mach.

rg la dién tré twong duong nhin tr cap dau cua C hodc L,

khi @6 cac nguén suat dién dong bi ngén mach con cac R i(0)
ngudn dong bi hd mach. -
Thi dy 3.10: le(t) L
Cho mach dién nhu hinh 3.8a, véi cac s6 liéu

R=150Q2 L=0,15H Hinh 3.8a
Hay tinh dong dién i(t) chay qua mach néu dat vao hai R I(p)

dau n6 mot dién ap e(t)=300V, cho biét i(0)=1,5A.

Giai:
l E(p)

Vi ¢6 dong i(0) nén ban dau cudn day cé tich trir ning

lwong. Khi chuyén sang mién p mach s& c6 dang nhu hinh
3.8b. Hinh 3.8b

I(p)[R + pL]= E(p) + Li(0)
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300 +0,15.1,5 ;
I )_E(p)+Li(0)_ p 210" +1,5p  H,(p)
P R+ pL 150+015p  p(p+10°)  H,(p)
Ha(p) c6 hai nghiém don la
p1=0 p=-10°
Viy i(t)= 1(p1) 1(p2)
H. (pl) H. (pz)
. 2.10° o0 0,510°
Thay s0 i(t)= f 2 et =2-0,57"""
Y AT -10°
Kiém tra lai két qua da tinh trén bang cong thirc (3.31) ta thay két qua hoan toan tring nhau, trong
do:
i(0)=1,5A 4 i
e(t) 300
= —=2A
i(o0)= 150 2
1,5
L 0I5 g
T == 10_3
Ty 150
| - t
D6 thi thoi gian ciia i(t) 1a mot dudong cong 0 T
tang tor 1,5A dén 2A theo quy luat h?lm §6 giai doan giai doan
mi nhu hinh 3.9. Tai T dua 16n, i(t) tién dén qua do xac lap
ia tri xac lap. Gid tri nay thuong dugc qu
gia tri ap 1 nay g dugc quy Hinh 3.9

dinh 1a T =37 véi 7= L goi 1a hang s6
td

thoi gian ctia mach RL, trong d6 Ry 12 dién tré twong dwong ctia mach nhin tir cap dau L.

Thi du 3.11:

Cho mach dién nhu hinh 3.10a, véi cac sb liéu:

R;=30Q2 R,=20Q2

C=50uF e(t)=300V
Tai t=0 dong khoa K, hay xac dinh u(t)
Giai:

Xac dinh diéu kién dau cuia bai toan:

uA(0)=uc(0)=300V

Pong khoa K, khi d6 mé hinh mach trong mién p nhu

\ 300
hinh 3.10b cung véi nguon E(p) =—— s€ c6 thém
P

u.(0)
—

thanh phan

CuuDuongThanCong.com
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Ap dung phuong phép dién ap nut:

0
UA(P)[RL+pC+L]:@+uc_()pC

1 R2 Rl

thay sé:

300 +300.50.10°° s 5

30p 2.10°+310°p H,(p)

UA(p): 1 1 = 104 :H (p)

— +5010°p+ — b ?

30 Proe PO+
H,(p) c6 hai nghi¢m don

10*
=() —_—
P1 p2 5
H H L
Vay u, (t)=.lel)eplt +,‘Lh)epzt ~120+ 180.¢ &
H,(p,) H, (p,)
Ta c6 thé kiém tra lai két qua véi cac s liéu sau:
_t
U, (6) = u, (0) + [, (0)—u, (0)]e ™ 4 ()
, 300
trong do:
120
u, (0)=u,(0)=300V L
0 T
u,(0)=u (0)=u, = 300.§ =120V
50 giai doan giai doan
1 Hinh 3.11

Do thi thoi gian cua ug(t) 1a mot dudng cong giam

(C phong dién) tir 300V xudng 120V theo quy luat ham s6 mil nhu hinh 3.11. Tai T di 16n, uc(t)

tién dén gia tri xac 1ap. Gia tri ndy thuong duoc quy dinh 1a 7 =37, véi 7 =r,.C goi 1a hang s6

thoi gian ciia mach RC. trong d6 Ry 1a dién tré trong duong ciia mach nhin tir cip dau C. trong

mach cu thé nay ta co6:

Thi du 3.12:

Cho mach dién nhu hinh 3.12a, véi cac s6 liéu:
R=1Q C=1F
C,=3F e(t)=1V
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Tai t=0 dong khoa K, hay xac dinh ux(t)

Gidi:

Xac dinh diéu kién dau cua bai toan:
uci1(0)=1V, ue(0)=0V

Khi dong K, trong mién p mo hinh mach c6 dang nhu hinh 3.12b. Bing cac phwong phap phéan
tich mach da biét ta co thé d& dang tim duoc:

iR (t) — 0975.8_0'25t
va  ua()=e()—ir().R=1-0,75.¢"

Chu ¥ rang két qua trén cho thdy uc;(07) = uc2(01)=0,25V, tirc 1a dién ap trén C, va C, khong thoa
man tinh lién tuc tai thoi diém dong mach. Bai toan nay thudc loai khong chinh. Néu ap dung luat
dong ngét té)ng quat: t(fng dién tich tai mot nut cua mach phai lién tuc, ké ca tai thoi diém cé dot
bién trong cdc nhanh noi vao it do, ta s& cé tai nat A:

q(0)=q(0-)

{q(O) =Cu,(0)=11=1V
q(0.)=(C, + C,).u, (0,)

Diéu nay chimg t6 két qua tinh toan trén 1a diing dan.

Ci.u,(0)

=0,25V
C +C,

trong do

= {uA (0+) =

Thi du 3.13:

Mach dién v6i: C=1puF, R;=R,=200Q, ngudn dién 4p tudn hoan e(t) nhu hinh 3.13. Xac dinh
uc(t). Gia thiét cac diéu kién dau cia mach bang khong.

— 1 A e(t) [VOl]
R, 20

e(t) R2H C = |uc(®

ol 100 T000 1100 > t(us)

Hinh 3.13
Giai:

a. Trongkhoang 0<¢< 7, (r, =100us):
-Ngudn tac dong: e(t)=2.10t.

-Diéu kién dau: Uc(0)=0.

5

-Str dung phuong phap toan tir, véi E(p) = mach c6 dang nhu hinh 3.14a:

2 9

Lap phuong trinh cho mach: —
R 1/pC
11 2.10° ! p
4 CP)WU (D)= E — | uc(p)
G R TP =" (v) R, H
Bién ddi dan dén:
Hinh 3.14a
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10° 10° 10 10
Uc(p)= =5
c p2(p+104) p2

+ 4
p p+10
U.(t)=10°1—10(1—¢ ")
-Tai t,=100ps:

Uc(tx):%:UO ~3,7V .

b. Trong khoang ¢ <¢<T:

-Géc thoi gian tai ty.

-Ngudn tac dong: e(t)=0

-Diéu kién dau: Uc(0)=Us.

-Str dung phuong phép toan tir, mach c6 dang nhu hinh 3.14b:

Lap phuong trinh cho mach:

1 1
—+—+Cp)U =U,C
(R > PU.(p)=U,

. R, —__]
R,
Bién d6i dan dén: D L 1/pC
R, -
U

Uelp) =05 ]| vor

U.(t)=U, o 10t Hinh 3.14b
-Tai t=T=1000yus:

10

10

U.(T)=U,e”’ =—=0.
e

Nhan xét: két thuc mot chu ky mach tré vé trang thai ban dau. Chu ky sau dap tmg ciia mach lai
lap lai giéng chu ky trude.

3.3.3 Thi du véi cac mach dao dong don

C6 mot dang mo hinh mach rat quan trong trong thuc té, d6 1a cac mach dao dong don. Mach dao
dong don day du la cac mach gom c6 ba thong s6 thu dong r, L, C mic ndi tiép hodc song song
v6i nhau. Trong chuong I ta da xét to1 mot s6 dic diém cua cac mach dao dong don & ché do xac
1ap diéu hoa. Trong phan nay, tong quat hon, ta s& Gmg dung phuong phap toan tir trong mién tan
s6 phirc p dé xét qua trinh qua d6 cia cac mach dao dong nay dudi cac tic dong diéu hoa va dot
bién mot chiéu.

Thi du 3.14:

Xét mach dao dong don ndi tiép nhu hinh 3.15, L

I

gia thiét ring ngudn tic dong c6 dang ham:

e(t)= cosmot C)l e(t) L c

79 Hinh 3.15
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Bay gio ta s& tim dong dién chay trong mach, v6i diéu kién dau bang khong.

ap dung phuong phap toan tur:
ipy=EW __p 1 _ p’C
Z(p) p2+a)°2'r+p[,+L LC(p2+a)2)(p2+£p+L)
pC ‘ L LC
p2
H,(p)
1(p) = > =

(> +o2)(p* +2ap+02) H,(p)

1
P =\TIC
(3.33)

r
o=—
2L

Trong do:

Gia thiét rang t6n hao trong mach rat nho, tirc 13 r rit nho, sao cho:
o<<O, (3.34)

nhu vay dan dén Ha(p) sé co cac nghiém phirc:

Pi> =tjo,
. 2
Py =—0 L o —a

Néudit o, =40’ —a’ (3.35)

T

trong do o, 1a tan so riéng cua mach LC, tas€ c6 ®, = o, . Ta co thé viét lai:

Pip = tjm,
Py =—0t jo,

Theo cong thurc Heaviside ta co:

H H
i(t)=2ﬁ.e°‘t.cos(wlt+(pl)+2 ,1(p3).e°3t.cos(co3t+(p3)
H,(p,) H,(p;)
) {Gl =0 {63=—0L
trong do )
L a0 0; =0,

Thay s0 va tinh dén cac ye€u to lién quan dén cac gia thiet ¢ trén ta co:

. 1 Aw A®
i(t)= ——————[cos(®,t — arctg—) — e *'.cos(m t — arctg—)] (3.36)
2LVa? + Aw? ’ a a

M )
(1): 1a thanh phén cudng birc (xac 1ap)
(2): 1a thanh phan ty do

Ao : 1a d6 léch cong huong tuyét ddi
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Ao=0,-0, (3.37)
Tir (3.36) ta thay dong dién i(t) gdm c6 hai thanh phan:

+ Thanh phan cudng birc (xéc 1ap) v6i tan sd wo. PO dich pha phu thudc vao do léch cong huong
Ao gitra 0y dic trung cho ngudn cudng birc va o, dic trung cho cac thong s6 cua mach.

+ Thanh phﬁn tu do, dao dong gﬁn diéu hoa véi tan s dao dong riéng cua mach w,, bién do giam
dan theo ham mi, do dich pha cling phu thudc vao d6 Iéch cong huong Am. Sau day ta xét chi tiét
ting thanh phan.

a. Dong dién tw do (hinh 3.16):

i,()==1I e .cos(m,t+p) (3.38)

$ig(t)
- 1
wil | 2la’ +Ae’
Ao
¢ = arctg——
o

+Thoi gian tat (to): 13 thoi gian ma dong qua

v

t d6 chi con bang 0,1.1,:
[ .e ™ =0,I_
—at, =In0,1
; In0,1 2L L
Hinh 3.16 =m0l 552k 46k 339
o r r

+ Luong gidm logarit (8): dac trung cho toc do suy giam cua dong dién qua do, do bang In cua ti
s6 bién d6 ¢ hai chu ky ké tiép nhau:
e o
0= lnm = (XTr =2n— (340)
cm o

T

+ Dién tré t6i han (rp,):  Pac diém quan trong nhat cia iy 14 n6 duoc xac dinh chii yéu boi cac
thong s6 ctia mach. Ngudn tic dong & day chi co tac dung kich thich dé dao dong ty do trong
mach hinh thanh, nén né chi anh huéng dén cac gid tri ban dau nhu I, ¢. V& mit vat 1y, i dugc
sinh ra nho sy chuyén dbi nang lugng dién va nang luong tur tich luy trong cac thong s6 L, C.
Ning luong d6 chinh 14 ning luong ban dau do ngudn tic dong cung cp tai thoi diém dong mach.
Trong qua trinh trao d6i nang lugng, no bi thong s r 1am tiéu hao nén giam dan. Toc d6 suy giam
phu thudc vao gid tri cia r, néu no ting qua 16n thi biéu thirc:

2
3 3 1 r

O, =40, —0° =,[——
ch LC 412

T

s& bi giam dan vé 0 va c6 thé bién thanh 4o, lac d6 n6 khong con y nghia tan sd nita ma trd thanh
mot hé s6 suy giam. Dién tré téi han 1a gia tri tai d6 n6 1am triét tiéu tan s dao dong tu do (©=0),
tie la:
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a’-w;, =0 =1, = 2\E (3.41)

Nhu vy néu ton hao trong mach cang it thi bién d6 va thoi gian ciia dao dong tu do sé& ting 1én.

b. Dong dién cuong birc

. 1 A®
1,(t)= .cos(m,t —arctg—)=1_.cos(®,t — @) (3.42)
2LV + Ao’ ! a ;
[ - 1
wi 1 2lal + A’ I
= arct Ao
¢ &7 1/r

Thanh phan cudng btc la dao dong dicu
hoa véi tan sO cua ngudn tic dong .
Bién d6 va pha dau phu thudc chu yeu vao .

do léch cong huong Aw=we-wq. Hinh Y A®

3.17a biéu dién sy phu thudc cua I,,, vao do

léch cong huong. Hinh 3.17a

Néu =0 , titc Ao=0 thi I, s& bang L, :

1 1
g cnan_- 3.43
T JLo ot (343)

nhu vay mach ton hao cang it (r cang nhd) thi bién d¢ cong hudng cang 16n.

Su phu thudc cua I, vao Aw dan dén tinh chon loc tan s6 ciia mach: tan s6 nao cang gan oy, thi
cho di qua mach, tan sO cang xa ®., thi s€ bi chan lai. P& danh gia do chon loc tan so ciia mach,
nguoi ta dung khai ni¢m dai thong: gia sur cac tin hi€u c6 cung bién d¢ tac dong, tan so nao sinh ra
dong dién c6 bién do:

1
I,2—=I1 (3.44)

b \/E mg,

thi tan sb d6 nam trong dai théng (xem hinh 3.17b). Bién cua dai thong thoa man:

1 1 1

& v I,

2L\Jo* + Aw; PRy K
hay 1 1 ch r \

JaZ a2 2a2 Q
r

A(’Od =0 =— >
2L —A(Dd AO)d A(D
Vay dai thong:
Hinh 3.17b
r
200, = (3.45)
82
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Khi r giam thi dai thong cang hep, d6 chon loc cang cao.

Dong dién cudng birc khac voi dong dién ty do ¢ cho né ton tai lau dai, con dong dién tu do chi
ton tai trong giai doan dau, v€ sau nay trong mach chi con lai dong dién cudng buc.

c. Dong dién tong hop trong mach

Dong dién trong mach dugc phan ra thanh giai doan qua d6 va giai doan xac 1ap. Dong dién tong
hop trong giai doan qua d6 1a tong dong dién ty do va dong dién cudng birc, kéo dai trong subt
thoi gian .. Khi hai vecto thanh phan dao dong theo nhitng tan s khac nhau s& dan dén hién
tuong phach, ndi dung cia hi¢n tugng nay nhu sau:

+ Khi hai vecto thanh phan ciing phuong & chiéu (tirc cting pha) thi bién dé vecto tong hop sé& dat
gi4 tri max (bang tong dai s6 ciia hai thanh phén).

+ Khi hai vecto thanh phan ciing phuong nhung ngugc chiéu (tirc ngugc pha) thi bién do vecto
téng hop s& dat gia tri min (bang hiéu dai sé cua hai thanh phén).

Nhung trong truong hop phach
cu thé nay c6 mot didu can luu ¥
la vecto dong dién ty do giam
dan, lam cho gia tri max giam

Ao =0

dan, gia tri min ting dan. Cudi
cung khi dao dong tu do tat han,

gia trl max trung voi gia tri min Ao £ 0

thi hién tugng phach khong con

nlta va mach chuyén sang giai

doan xéc lap. Hién tugng phéach

noéi trén gay ra trong mach dong >
dién tong hop co bién do bién
thién theo tin sd phach (hinh
3.18). Véi gia thiét mach ton hao
it va lam viéc & ché d6 léch cong huéng nho, tan s6 phach dugc tinh theo biéu thirc:

Hinh 3.18

0,=0, -0, ~Ao (3.46)
Khi d6 léch cong huong bang 0, thi dong dién tong hop khong con bién thién nita. Nghia 1a tai
cong huéng khong xay ra phach (,=0).
Két lugn:

- Trong trudng hop léch cong huong: bién d6 dong dién tong hop & giai doan qua d6 s& dao dong
theo m, trong khoang thoi gian .. Tan s6 dong dién tong hop duge xac dinh bdi goc 0 (co thé tinh
theo phuong phap vecto dua vao hai tin sb thanh phén):

B(t) = © gt (3.47)

Ta c6 thé biéu dién d6 thi thoi gian ctia dong dién trong truong hop léch cong hudng nhu hinh
3.19:

- Trong trudng hop cong huéng (Aw =0), tic 1a o, =, ~®,: khi d6 biéu thic (3.36) co thé

viét lai:
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. 1 _ l—e™
1, (t)= .cosm t.(1-e™*)= .coso t=1 .cosm t (3.48)
2La 2La "
1n(t)
_2n
AN P A®
1 /F'\\
2o +Aw? \_ /
0 t
)~
l \1_4// Tt
LV
®
(had Oy = O,
"~ Giaidoanquaddo Giai doan xac lap
Hinh 3.19

Nhu vdy dong tong hgp s€ co tan sO mu=wm,, bién do ctia nd bién thién theo quy luit ham mi va

tién toi gia tri xac 1ap 13 1/r (tai thoi diém t,). P thi thoi gian ciia nd biéu dién trén hinh 3.20.

WOH=0,

[ Giai doan qua do -
o Hinh 3.20

Chu y:

1. Néu ta thay d6i ngudn tac dong 13 mot chiéu, thi du nhu e(t)=E,, khi d6 ap dung lai cong thirc

Heaviside thi dong dién trong mach chi 1a thanh phan dao dong ty do tt dan:

E .
i(t)=—"".sinw,t
o. L

A
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2. Néu ngudn tac dong 1a mot diy xung (thi du diy xung vudng tuan hoan nhu hinh 3.21), khi d6

mot trong nhitng phuwong phap gidi 1a ta xét trong timg khoang thoi gian, cu thé nhu sau:

-Trong khoang 0-t;: gbc thdi gian tai 0, ngudn tac dong e(t)=E,, uc(0)=0, i (0)=0. V4i cac diéu

kién nhu vay ta s€ tim dugc dap tng i(t) va u.(t) tuong tng.

A e(t)

E,

0 t, T T+t,

Hinh 3.21

-Trong khoang t,-T: gdc thoi gian dich dén t;, ngudn tac dong e(t)=0 tirc ddu vao bi ngan mach,

u,(0) va i (0) chinh 1a cac gia trj tinh dugc trong giai doan trudc do tai thoi diém t,.

-Xét twong tu cho cac khoang ké tiép. Can luu ¥ rang, néu két thiic mot chu ky ma mach tré vé
trang thai ban dau thi chu ky sau co dap tng lap lai nhu chu ky trude do.

3. Mach dao dong don song song 1a mach d6i ngiu cua mach dao dong don ndi tiép, do do6 ta c6

thé 4p dung tinh chat d6i ngiu dé suy ra két qua cia mach dao dong don song song tir mach dao

dong don nbi tiép hodc nguoc lai. Ly thuyét d6i ngau co thé tim thy trong phan phu luc.

TONG HOP NOI DUNG CHUONG III

Viéc giai bai toan qua do c6 thé bat dau bang hé phuong trinh vi phdn mé ta trang thai mach
dién trong mién thoi gian va viéc giai n6 thuong 1a gap kho khan. Dé giai dé dang, nguoi ta
thudng dung phuong phap toan tir, tic 13 bién ddi hé phuong trinh vi phan thanh hé phuong
trinh dai s6. Mot trong nhitng cong cu thuong ding trong phuong phap toan tir 1a bién doi
Laplace mot phia. V& mit toan hoc, bién d6i Laplace tong quat hon bién d6i Fourier, vi vay
thich hop dé giai cac 16p mach qua do.

Céc bai toan qua do thuong rat da dang. Nhung ludn tudn tha 4 budc co ban da néu trong bai
hoc, trong do can tuan tu luu y céac diéu kién dau cua mach, bao gém ca viéc quy dinh géc
thoi gian; Laplace hoa mach va ap dung cac phuong phap phan tich mach dé tim ra anh F(p)
ctia dap mg; cudi cung 13 bién d6i Laplace nguoc dé lay lai dap Gmg gdc f(t) trong mién thoi
gian.

Dé giai quyét tot bai toan qua do, dicu cdt 15i 1a phai nim chéc bién doi Laplace, dac biét 1a
bién ddi Laplace ngugc. Phuong phap Heaviside 1a mot phuong phap hiru hiéu dé tinh bién
ddi Laplace nguoc, phuong phap nay triét dé loi dung tinh chét tuyén tinh (xép chdng) cia
bién d6i Laplace dé khai trién F(p) thanh tong cua cac thanh phan anh anh don gian. Viéc khai
trién nay hoan toan dua trén tinh cht cac diém cuc cua F(p).

Mach dao dong don c6 qua trinh quéa do phirc tap. Du tac dong 1a mot chiéu thi trén mach van
¢6 thé nay sinh cac dao dong ty do sinh boi su ap dit ning lugng ban dau trén mach. Thoi
gian ton tai dao dong tu do tiry thudc vao pham chit Q ciia mach. Thong sé dién trd (r) s& quy
dinh su ton hao nang lugng, phém chét (Q) va tinh chat chon loc tan sb (dai thong) cua mach.

Mach dién s€ 6n dinh néu cac diém cyc nam bén ntra trdi mdt phang phuec.
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CAU HOI VA BAI TAP CHUONG III

3.1. Khi moi diém cuc ctia ham mach F(p) nam bén nira trai mat phiang phirc (khong bao ham truc
40), dap ung f(t) sé:

a. hoi tu vé 0 khi t—o0.

b. hoi tu khi t—oo0.

c. khong hoi tu khi t—oo.

d. tién dén vo han khi t—oo.

3.2. Khi moi diém cuc ctia ham mach F(p) nam bén nira trai mat phang phirc, cung 1am nam trén
truc ao, dap ung f(t) sé:

a. hoi tu vé 0 khi t—o0.

b. hoi tu khi t—>o0.

c. khong hoi tu khi t—oo.

d. khong tién dén vo han khi t—oo.

3.3. Khi ton tai diém cuc ctia ham mach F(p) nam bén nira phai mat phang phtc, dap tmg f(t) sé:
a. hoi tu vé 0 khi t—o0.

b. hoi tu khi t—oo0.

c. khong hdi tu khi t—oo.

d. tién dén v6 han khi t—>oo.

3.4. Luat dong ngit ciia cac phan tir quan tinh dugc phat biéu :

a. Trong cudn day khong c6 dot bién dién ap, trong tu dién khong c6 dot bién dong dién, ké ca tai
thoi diém dong ngit mach.

b. Trong cudn day khong c6 dot bién dong dién, trong tu dién khong c6 dot bién dién ap, ké ca tai
thoi diém dong ngit mach.

c. Trong cudn day, tu dién khong c6 dot bién dién ap, ké ca tai thoi diém dong ngét mach.

d. Ca ba phat biéu trén déu khong ding

3.5. Xéc dinh ham gdc Uc(t) néu biét anh ctia n6 1a UC(p):L
p(2p+6)

11 5 115

a. U.(t)y=———e¢ b. U.(t)=—+—e
c(® 6 2 () e 3

1 173[ 1 173[
c.U.(t)=—+—e d U.(t)=———e
c(®) 2 c(®) P

3.6. Dung cong thirc bién d6i Heaviside hodc bang gdc- anh, hdy xac dinh ham gbc iL(t) néu biét
p
(p+2)(p+3)’

anhcianola i,(p)=
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a. i, (t)=-2e"" +3e” +2te”™

c.i,(t)y==2e"" +3e”" +2¢

3.7. Cho mach dién nhu hinh 3.22, véi cac s6 lidu:
Ri=10Q; R,=90Q; C=2pF

e(t)=100V  (DC).

Tai t=0 ngit khoa K, hiy xac dinh uc(t) ?

3.8. Cho mach dién nhu hinh 3.23, véi cac s6 liéu:
R;=30Q

R,=20Q

C=50uF

e1(ty=60V (DC)

ex(t)=10V (DC)

Tai t=0 dong khoa K, hay xac dinh uc(t) ?

3.9. Cho mach dién nhu hinh 3.24, v&i céc s6 liéu:
R;=10Q; R,=90Q; C=2uF

e(t)=100V (DC).

Tai t=0 dong khoa K, hay xac dinh uc(t) ?

b. i,(t)=-2e" +3te™ +2e

d. i (t)=-2e" =3te™ —2¢™

R,

—1

K

S

Ole)

oL,

R,

Hinh 3.22

Hinh 3.23

C)l e(t)

Hinh 3.24

3.10. Cho mach dién nhu hinh 3.25, véi cac s6 liéu:

R=30Q

R,=20Q2

C=50pF

ei(ty=6V (DC)

ex(t)=1V (DC)

Tai t=0 ngit khoa K, hiy xac dinh uc(t) ?

3.11. Cho mach dién nhu hinh 3.26 véi céc s6 lidu:

R;=5Q

Hinh 3.25

R2:R3: 10Q2
C=0,1uF ¢

87

CuuDuongThanCong.com

Hinh 3.26

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chwong 3: Hién tuwong qua do trong cac mach RLC

e()=10V (DC).
Tai t=0 ngat khoa K, hiy xac dinh uc(t)?

3.12. Cho mach dién nhu hinh 3.27 véi cac sb liéu:

R, tK
Ri=5Q — O—>»0—
R,=Rs=10Q 4 R,
R3
L=1,5mH _CDle(t) L J
e(H)=10V (DC). I
Tai t=0 ngit khoa K, hiy x4c dinh i (t) ? Hinh 3.27

3.13. Cho mach dién nhu hinh 3.28 véi céc s6 lidu:

R]ZSQ

R2:R3: 10Q2
L=2mH

e(t)=10V (DC).

Tai t=0 ngat khoa K, hdy xac dinh i(t) ? Hinh 3.28

3.14. Cho mach dién nhu hinh 3.29 véi céc sb liéu:

T K
R]Z R2:R3: 10Q2 —

L=2 mH R; Ry
ei(t)=es(t)= 15V (DC). PDleo L | ext)

Tai t=0 ngit khoa K, hiy xac dinh i (t) ?

Hinh 3.29

3.15. Cho mach dién nhu hinh 3.30 v6i cac s6 liéu:

R,=5Q R, T K

R,=10Q R,
L=1 mH Lei(t) L | ex(t)
ei(H)=ex(t)= 10V (DC). |

Tai t=0 ngat khod K, hdy xac dinh ir(t)? Hinh 3.30

3.16. Cho mach dién nhu hinh 3.31 véi cac s6 liéu:

R,= R,=R;=10Q R, R,

C=2pF
Qley TE R
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Chwong 3: Hién tuwong qua do trong cac mach RLC

e(t)=30V (DC).
Tai t=0 dong khoa K, hay xac dinh uc(t)?

3.17. Xét mach dién nhu hinh 3.32. Néu
i(t)y=sinw,t, t>0, gia thiét hé khong i(t) @ c —— R[] u(t)
¢6 ning lugng ban dau, tirc uc(0)=0, tinh
u(t).
Hinh 3.32
3.18. Mach dién cép hai, RLC ndi tiép nhu
hinh 3.33a véi L=0.5mH, R=50), C=2nF. R~
-Ngudn tac dong: e(t)=1(t).s(t) [Vol]. e(t)l A
—_ [YC
-Dang cua s(t) nhu hinh 3.33b.
As(H)[Vol] Hinh 3.33a
10
> t(ms
) 1.2 0 0.8 2 2.8 (mns)
Hinh 3.33b

a. Tinh va v& d0 thi dong dién i(t) sinh ra trong mach va dién ap Uc(t).

b. Trong trudng hop R=1Q ( tirc 13 pham chat cua mach ting 1én 5 1an ), cac thong sd khac khong

thay d6i, hiy xét i(t) va Uc(t) trong trudng hop nay.

3.19. Mach dién cap hai, RLC song song

hinh 3.34a véi C=10nF, R=50KQ. Ngudn

tac d(f)ng qIng(t)=1(t).s(t). Nhu mo ta ¢ hinh Lng() R L C

3.34b, biéu thuc cua s(t) trong mot chu ky:
{103 cos10%t,  0<¢<2x (ms)

s(t) =

— |uc(t)

0, 27 (ms) < t <67 (ms) Hinh 3.34a
As(t)[mA]
1__
' ’ »t(ms)
-4n -2m 2 4m  6m
-1
Hinh 3.34b

a. Véi gia tri dién cam L=0.1mH, hay xac dinh va v€ dong dién i (t) sinh ra trong di¢n cam L va
dién ap Uc(t) trén dién dung C.
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Chwong 3: Hién tuwong qua do trong cac mach RLC

b. Gia tri dién cam L duoc diéu chinh dé mach léch cong hudng:
w,, =10°+10)[rad/s]

Céc s6 liéu khac khong thay d6i. Hay xét Uc(t) trong trudng hop nay.
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Chirong 4: Ham truyén dat va ddp vmg tan sé ciia mach

CHUONG IV
HAM TRUYEN PAT VA PAP UNG TAN SO CUA MACH
GIOI THIEU

Céc phuong phap phan tich va tong hop hé thong c6 mét tim quan trong dic biét trong ki thuat
dién tir. Noi dung duogc dé cép trong chuong nay bao gom:

e Khai niém ham truyén dat va mdt sO yeu to lién quan dén ham truyén dat cua cac hé thong
lién tuc, tuyén tinh, bat bién va nhan qua.

e Phuong phap phén tich mach trén quan diém hé théng qua viéc xac dinh dap tng tan sd cua
mach.

e Cach v& dic tuyén tan sb ciia mach theo phuong phap do thi Bode.
NOI DUNG
4.1 HAM TRUYEN PAT CUA HE THONG

4.1.1 Biéu dién hé thong lién tuc, tuyén tinh, bat bién va nhan qua

Xét hé thong lién tyc, tuyén tinh, bt bién va nhan qua (bac hiru han n) trong mién thoi gian nhu
hinh vé:

o Hé théng
Tac dong x(t) —p) LT.TT.BBNQ [ Ddp ung y(t)

Hinh 4.1

Quan hé giita dép tmg ra va tic dong vao c6 thé ton tai duéi hinh thirc 1a mot phuong trinh vi
phan tuyén tinh hé sb hang (bac n) chuan hoa:

d"y(t . d y(t) N X(t)
4.1
4.1.2 Ham truyén dat cia hé théng

Véi diéu kién dau cua hé théng bang khong, khi Laplace hoa hé thong cing cic phuong trinh
tuong (mg sang mién p (bang bién ddi Laplace (LT)) ta c6 ham truyén dat cua hé thong:

Y(p)
H(p)=—"— 4.2
(P)=~ ) (4.2)
Chu ¥ rang: H(p)= Y(p)|X(p):1 (4.3)

Dang tong quat ciia ham truyén dat thuong 13 mot phéan thirc hitu ty, c6 thé xac dinh truc tiép tir
cac hé sb ctia phuong trinh vi phan d néi & trén:
m-1
by +bp+ ... +b,,p™ +b,p" H\(p)
a,+a,p+..+a_p" +p" H,(p)

H(p)= (4.4)

e Diém khong cia hé thdng 14 cac diém p; ma tai d6 H,(p;)=0.
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

e Diém cwe cua hé théng 1a cac diém py ma tai d6 Ha(py)=0.

Khi d6 H(p) c6 thé biéu dién dudi dang tich:

[1-»)

H(p)=b, 1;1— 4.5)
H(p - D)
k=1

Néu cac nghiém khac khong, dang tich con duoc biéu dién theo mot cach khac:

[Ta-29

H(p) =k, —— P (4.6)
[Ta-5
k=1 Dy

4.1.3 Tinh 6n dinh ciia hé thong

Tinh 6n dinh ctia hé thdng lién quan t6i vi tri cia cac diém khéng va cac diém cuc ctua H(p) trén
mit phang phirc nhu hinh 4.2. Ching

12 mot co s& quan trong dé xac dinh Alm[p]
dic trung cua hé thong. @ k/higu diém cuc

A , ~ 4 2 . L. . O A R A
+ Trén cac hé thong on dinh, v6i moi O K/hicu diém khong

tac dong hiru han thi dap Ung cling
phai hitu han. Hé théng 1a én dinh
khi va chi khi moi diém cuc cta H(p) —o
nam bén nira trai ciia mit phang

» 0=Re[p]

@)

phtc, tirc 12 Re[pe]<0,  v&i moi 0
k=12, ...n. ©

+ Heé thdng nam & bién giGi on dinh ) o 12 ,
L & A g 3 Hinh 4.2: Mat phang phirc

néu khi va chi khi cac di€m cuc cia

H(p) nam bén ntra trai mat phang phue, ngoai trir ¢ the ton tai cac diem cuc khong ldp nam trén

truc do.

+ Hé théng 1a khong on dink khi ton tai diém cyc ciia H(p) nam bén ntra phai mat phang phirc,
hodc ton tai diém cuc lap nam trén truc ao.

Piéu kién 6n dinh cua cac mach dién tuyén tinh, bat bién, co thong sb tap trung 1a moi diém cuc
ciia H(p) nim bén nira trai ciia mat phang phirc. Ddi v6i cac mach thu dong, c6 thé ton tai cac
diém cuc (khong lap) nam trén truc 40 ma mach van on dinh boi vi mach khong bao gio bi ty kich
véi bat ky su thay d6i nao cua cac thong s6. Con ddi véi cac mach tich cuc, néu ton tai cac diém
cuc nam trén truc 4o, thi dudi tac dong cua bét ky su thay ddi nhé nao cua cac thong s6 mach, céc
diém cuc hoan toan c6 thé nhay sang nira mat phing phai va mach s& bi tu kich.

4.2 PAP UNG TAN SO CUA HE THONG

4.2.1 Khai niém

Khi Fourier hoa hé thdng (cing cac phuong trinh trong tmg) sang mién tan sb ta co khai niém dap
g tan s6 cua hé théng:
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

H(o) = FT{HO]= 22 [ o " (47)

trong do |H (j a))| 1a dap ung bién do va arg H(jw) 1a dap tng pha ciia hé thong.

Tu dac tuyén tan sd, ta c¢6 thé nhan biét dugce dic trung cua hé théng trong mién tan sb va phan
g ctia hé thong khi cac tac dong dau vao co dang diéu hoa.

4.2.2 Méi quan hé giira dap wng tin s6 va ham truyén dat

Tir két qua ciia chuwong trudc, ta thiy rang néu ving hoi tu cia H(p) bao ham ca diéu kién ton tai

bién ddi Fourier thi ta c6 thé tinh truc tiép H(jw) tir H(p) bang cach thay thé p =jo.

H(jw)=H(p)| (4.8)

p=jo
Dbi véi cac hé théng nhan qua va on dinh, ludn ton tai H(jw) .
Thi du 4.1

Xét mach dién nhu hinh 4.3. Khi d6 mdi giira i(t) 12 dong dién tac dong, va u(t) 1a dap tmg ra sé 1a
pt vi phan cép 1:

dy(t) 1 1
L ——y(t) = —x(t
o e 0 =it (v-u(t)
; x(t) =1(t —_— R||Y)7u
-Ham truyén dat twong tmg véi cac hé @ ¢ []
sd ciia phuong trinh 1a:
U 1/C Hinh 4.3
H(p) = (p) _
Ip) =
CR

Hé thong tuyén tinh, bat bién va nhan qua nay 1a 6n dinh vi c6 mot diém cuc don p=-1/RC nam
bén nira mat phang trai.

-Do h¢ nhéan qué 6n dinh nén ton tai dap Gng tan so:

. I/C I/C — jarct, @
H(jo) :H(p)|p:jw =g == o JareigRC
- 4+ a) 2
CR J 7C2R2 +w
A /H(jo)/ 4 argH(jo)
R 0 »
> -1t/2
0 L (l)
Hinh 4.4

Cho tan sb bién thién tir 0 dén vo cung, dac tuyén tan sb cua hé gém dac tuyén bién d0 va dac
tuyén pha c6 thé v& dinh tinh nhu hinh 4 4.
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

Dic tuyén nay mé ta mbi twong quan vé bién do va pha cia dién ap ra d6i voi dong dién vao theo
Up(jo)
I(jo)

Tur dac tuyen tan so, ta c6 thé nhan bict dugc dac trung cua hé thong trong mién tan so la mach

tan so: |H(]a))| = , var argH(jo) =@, —¢;

loc thong thap. Vung tin sb thp tin hiéu vao va ra dong pha, & ving tan s cao tin hiéu ra cham
pha so véi tin hi¢u vao mét goc n/2.

-Dé minh chimg, néu i(¢) =sinw,t, t>0, gia thiét hé khéng cé nang lwong ban dau, tirc la
uc(0)=0, khi d6 ta co:

1/C 10}
U(p)=H(p).X(p)= eI
)2 ON
pt—
CR

Bién d6i Laplace nguoc ta duge dép tmg ra 1a:

—ct (e
w,e *¢ —w, coswyt +——sinw,t
RC

u(t) = 1
2
C(a)O + RZCZ)

r& rang ban c6 thé kiém chimg & ché d6 xac 1ap thi thanh phan exp dau tién khong con nita. O
vung tan thap thi thanh phan sin c6 tac dung dang ké véi bién do gap R lan va dong pha véi tac

d6ng. Khi tan s tang 1én thi thanh phan cos 6 tic dung dang ké nhung c6 bién do giam dan va
cham pha dan téi 7/2 so v&i tac dong.

4.3 PO THI BODE
Trong thi du trudc, ta d3 ngau nhién dé cap téi phuong phap vé dinh tinh dic tuyén tin s6 cia hé
thdng mot cach truc tiép theo dap ung tan s6 H( jw). Trong myc nay, chung ta s€ nodi dén

phuong phép vé& dinh tinh dic tuyén tan sb clia mach trén co s cac diém cyc va diém khong cia
H(p) theo phwong phap vé& db thi Bode.

4.3.1 Nguyén tic do thi Bode

Nguyén tic d6 thi Bode 1a v& dap umg tan sb (bién d6 & pha) ctia mach bang cach tong hop truc
tiép cac dic tuyén tan sé thanh phan tmg véi cac diém cuc va diém khong cua H(p), cu thé nhu

sau:
-Dic tuyén bién do:
a(w) = In[F(jo)| Np 4.9)
hoic a(o) =20.1g/F(jo)| dB (4.10)
-Dic tuyén pha:
b(w) = arg[F(jw)] rad (4.11)

Cac dac tuyén nay dugc thuc hién trén thang ti 1€ logarithmic ddi véi o, ky hiéu la truc v, don vi
Decade:
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

v=lg— [D]
W,
< . ®
hodc don vi octave: v=log, — [oct]

0

trong d6 m la tan so chuan dung dé chuan hoa gia tri cho w.

(4.12)

(4.13)

Trong tai li¢u nay, ta quy udc céac thi du vé dd thi Bode duoc thuc hién trén hé truc toa do logarit

nhu hinh 4.5.
a(w),dB b(w), rad

Dic tuyén bién do Dic tuyén pha
Hinh 4.5

4.3.2 Y nghia ciia phuwong phap dé thi Bode

> V[D] » V[D]

Do thi Bode 1a mot cong cu déc luc dic biét dé vé dinh tinh dac tuyén tan sb cua hé théng. biéu

d6 thé hién qua sy phan tich vé& hé do ludng cia phuong phap nay:

Xuét phat tir biéu dién ctua H(p) dudi dang tich ciia cac thira s6 thanh phan:

- ITa-2

H(p)=b,=——— hay H(p)=k,~—Li 1;‘
[1p-po) [Ta-
k=1 k=1 Py

, HHi (p)
Tong quat: H(p)=K-=—
ElHk (p)

Khi d6, vdi sy thay thé p=jo, ta s& co:

H(jo) = K-+ ———
g H, (jo)

-Vay dap tng pha s€ 1a:

b(w) = arg[H (jw)] = arg[K] + Z arg[H,(j@)] - Z arg[H (jw)]

i=1

-Con dap tng bién do s¢ la:

a(®),; =20logH(jo)| = K|, + > |H,(jo)| - |H, (jo),
i-1 a3 k=1
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

V& mit toan hoc, viéc sir dung don vi dB cho phép phan giai tich cac thira sé thanh tong dai s6
clia cac dai lugng thanh phan, lam don gian hoa phép nhan dd thi bang phép cong cac thanh phan
dd thi Bode co ban. Ngoai ra su 16garit hoa con lam don gian viéc phén tich cac khau méc day
chuyén (méc chudi xich) trong hé théng.

Bay gio ta xét toi su biéu dién tan sb. Hinh v& dudi ¢y minh hoa cho mét s6 gia tri tin sé theo
don vi Decad va tuong ung theo don vi rad/s ( tan s6 chuan o, dugc chon 1a Irad/s):

2 -1 0 1 2 v[D]

>

0,01 0.1 1 10 100
rad/s rad/s rad/s rad/s rad/s

Viy truc Decade gitip cho viéc biéu dién cac ving tan sé d& dang hon du né bién thién trong mot
Ay A A \: , , \ . e A (4
khoang rat rong. Dong thoi cho phép cac duong phi tuyen trén truc o (dang a(w), = A.1g— )
W,
bién thanh dudng thang trén truc v (dang a(w), = Av) va do d6 viéc tong hop cic dudong cong
s& duogc don gian hoa thanh viéc tong hop cac doan thang tiém can gan ding cia cac do thi thanh
phan co ban.

Nhu vy dd thi Bode cua dap tng tan s6 H(jo) dua trén cc thanh phan thira s6 K, Hi(p) va Hi(p)
[1H,(p)

ctia ham truyén dat: H(p) =K ’ni—— , & day con c6 mot s6 chu ¥ quan trong:
g H,(p)

1. Ngoai trur thanh phﬁn hé sb K, dang cua cac thanh phﬁn con lai phu thudc hoan toan vao vi tri
clia cac diém khong p; ( nghiém cia thira sé Hi(p) ) va vi tri ctia cac diém cuc py ( nghiém cua
thira s6 H(p) ).

2. Xét hai thanh phan: Hi(p) va , @6 thi Bode (bién do va pha) cia hai thanh phan nay

J
hoan toan ddi xtng nhau qua truc Decade. Vi vdy ching ta chi can xét dang d6 thi Bode cua cac
thanh phan co ban tng véi diém khong, tir d6 suy ra dang dd thi ciia cac thanh phan tng voi diém
cuc theo nguyén tic lay dbi xtmg. Ciing can phai nhéc lai rang cac diém cuc khong nim bén nira
phai cia mat phang phic.

4.3.3 Cac thanh phan d6 thi Bode co ban
1. Dé thi ciia thanh phan hé s6 K:

t a(w)[dB] ¢ b(w)[rad]
20.1g[K] x K<0
- +v[D] - K0 v
Hinh 4.6
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

a(w)=20.1gK| dB

0 khi K>0
b(w) =argK = .

T khiK <0
Do thi Bode cua thanh phﬁn nay dugc minh hoa trén hinh 4.6.
2. Do thi ciia thanh phan vmg véi diém khéng & goc toa dé:

Trén hinh 4.7 mé ta mot diém khong & gbe, p; =0, khi d6 ham truyén dat thanh phan sé& c6 dang:

H(p)=p
suy ra: Hi(jo)=jo Im
+ Xét dac tuyén bién do:
a(w) = 20.1g|jo| = 20.1ge = 20v [dB] o=Re
Luu ¥ rang o viét & day da duoc chudn ho4, tirc 13 i I
sO cua tan sO dang xét va tan s6 chuan. Nhu vay Hinh 4.7

a(®) 1a mot duong thang di qua gdc va c6 do doc
20dB/D.

+ Béy gid ta xét sang dic tuyén pha:
: s
b(®) = arg(jo) = [rad]

Do thi pha 1a mot duong thing song song vdi truc hoanh. D6 thi Bode cua thanh phan nay duoc
minh hoa trén hinh 4.8.

4 dB 4 b d
a(o)[dB] e (w)[rad]
/2
20
»v[D] »v[D]
0 1 0
Hinh 4.8

3. Do thi ciia thanh phan vng véi diém khéng (khac 0) nam trén truc o

o Neu diem khong nam trén nua trdi truc o:

Trén hinh 4.9 md ta mot diém khong p; = @y trén Im

nura trai cua truc o, véi o, la mot héng ) duong, khi

d6 ham truyén dat thanh phan s& c6 dang: o=Re

_(f) t >
-Wn
H,(p)=1+ £ On
@,
Hinh 4.9

+ Xét dac tuyén bién do:
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

a(o) = 20.1g1 + 12 =10.1g[1+ ((2)?]  [dB]
Oy Wy
0 khi w < Ola)h A a((D)[dB]
a(w) =43dB khiw = o, 20dB/D
201g- 2 khiw > 100, 20
o0
K I P
. A £ s 1y A \ x — »V[D]
a(w) c6 thé dugc xap xi la mot duong gay 10w o 10"y,
khuc tai tan sb gdy oy trén tryc D, do dbc
Hinh 4.10

bang 20dB/D nhu hinh 4.10. Pudng chinh xac
cua a(m) s€ la mdt duong cong ti€ém can voi dudong gay khuc noi trén va di qua gid tri 3dB tai
diém oy,

+ Béy giod ta xét sang dic tuyén pha:

b(w) = arg(l + E) = atrctgg + b(o)[rad]
o O /2
0 khi @ < 0.1, '
- D]
b(w) = % khiw = o, 10'0, ®, 10'0y,
T Hinh 4.11
> khi w > 10w,

Vay dic tuyén pha ciing c6 thé xap xi bang mot duong giy khic nhu hinh vé:

Puong chinh xac ctua b(w) s€ 1a mot dudong cong tiém can voi duong gay khuc ndi trén va co gia
tri 1a /4 tai di€m oy,.

o Neu diem khong nam trén nua phdi truc o: Im

Khi diém khong nam trén nira phai ctia truc o nhu hinh

4.12, ham truyén dat thanh phan sé& c6 dang: o=Re
Op
H.(p)=1- R4 ‘
@ Hinh 4.12

voi o 1a mot hang so duong.

b(w)[rad]
ta(o)[dB] 4
20dB/D
00on @y 100, v[D]
20 >
R I T e -1t/4]|. N
RO .V D i N
1000, ©p 10'o, D] m/2
Hinh 4.13
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

Db thi Bode trong trudng hop nay c6 dang nhu hinh 4.13.

So véi truong hop H,(p) =1+-L-, db thi bién d¢ cua thanh phan H, (p)=1--L- c6 dang
w w

h h

khong thay d6i, nhung db thi pha c6 dang 1y di ximg qua truc hoanh.
4. D6 thi cua thanh phan iing véi diém khéng la cdp nghiém phire lién hop:
o Néu diém khong la cdp nghiém phirc lién hop nam trén niva trdi mdt phang phire:

Hinh 4.14 duéi ddy minh hoa gid tri mdédun va

argumen cua diém khong 1a cip nghiém phirc lién hop Im
nam trén nta trai mat phang phirc. Luc d6 tich hai thira Il
s6 tuong ng véi cip nghiém nay trong mién tan sd A\
phuc c6 dang: \ei ?:Re
Je i
_n__ b 4 _ T
H(p)=(-—Fo- P -
2 Hinh 4.14
= 1—2c:osﬁi£—|-p—2
®, o
p. 1
Hay: H,(p)=1+ 2|cf|—+—2, trong d6 & =-cosO;, 0 <& <1, va o>0:
a)i i
+ Pic myén bién do:
e O ® 0., , O,
a(w) =20.1g1 + j26— +—{=10.Ig[(1-—)" +4&°(—)"] [dB]
Y i i (Q) i () i
0 khiw < 0.1o,

= a(w)=4101g4&> khiw = o,

401g2 khio > 100,

a)i
a(w) c6 dang la cac doan cong va doan gy khuc tuy thudc vao gia tri cia & ( véi 0<E<I) dugc mod
ta nhu hinh 4.15.

ta(@)[dB] 0dB/D
40
Y .v[D]
10'o;
-6 |.
£=0,25
Hinh 4.15
+ Bay gio ta xét sang didc tuyén pha:
98
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

w
o b(w)[rad]
b(w) = arctg : 4
1— 12 &< &
o, r J
y ...........
0 khi @ < 0.1, w2 |
- _ »Vv[D]
= b(w) = 5 khi @ = o, 1070, @i 10,
T khi & > 10, Hinh 4.16

Pic tuyén pha ciing co thé xap xi bang cic
doan cong va gay khuc tuy thudc vao gia tri cua & ( v6i 0<€<1) nhur hinh 4.16.

o Néu diém khéng la cap nghiém phirc lién hop nam trén nira phdai mdt phang phire (nhie hinh
vé4.17):

Ham truyén dat thanh phz‘in s€ ¢o dang: &

2
Hk<p)=1—2|§|§+§

i i g=Re
trong d6: & =-cos;, (—1<<&<0)
Hinh 4.18 1a thi du d6 thi Bode truong hop tng voi
Hinh 4.17
£=-0.25.
ra(w)[dB]
$98B Dy, 4 (0)[rad]
40 1
IOI(Di V D
»> V[D] > [ ]
T2
6| "
_n .......
Hinh 4.18

So véi trudng hop & =0.25, do thi bién d6 thanh phan tng v6i & = —0.25 ¢6 dang khong thay

d6i, nhung d thi pha co6 dang lay d6i xtg qua truc hoanh.

Im

5. Thanh phan vmg véi diém khéng nam trén truc do:
Hinh v& 4.19 duéi ddy minh hoa diém khong 1a cap jo;
nghiém phic lién hgp nam trén truc ao. Pay la
truong hop dic biét cua thanh phan da xét ¢ trén khi ”
& =0, lac d6 ham mach tuong ng vaéi cap nghiém o,
nay trong mién p c6 dang:

Hinh 4.19
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

2

H,(p)=(1-La+E =1+ £
JO;

2

Jo; ;
+ Pic tuyén bién do: + a(w)[dB
(@)[dB] 40dB/D
a)2
107N, @i 10'w; (D]
Dic tuyén bién do dugc mé ta nhu hinh 4.20. %
0 khi w < 0.1, Hinh 4.20
= a(w)={—o© khi o = o,
401g2  khiw > 100
‘o, | b(©)[rad]
-Tai o = \/Ea)i = a(w)=0
T
: : »v[D]
) 10" o O 10"
+ Bay gio ta xét sang dac tuyén pha:
a)Z
b(w) = arg[l ——] [rad] Hinh 4.21
.

1

Dic tuyén pha c6 dang nhu hinh 4.21:

khi w < o,

{0
= b(w) =
T

khi 0 > o,

-Tai ® = ®; c6 su nhdy vot cua pha.

4.3.4 Tong hop do thi Bode
Dic tuyén tan s6 H(jw)cla mot hé thong duoc tong hop bang phuwong phap d6 thi Bode nhu
sau:
+ Phan tich ham truyén dat cta hé thong H(p) thanh dang tich ctia cac thanh phan co ban:

H H,(p)

H(p) =K~

[1H,(p)

k=1
+ V& dic tuyén bién do va pha cua timg thanh phan tuong tng.

+ Tong hop dic tuyén bang phuong phap cong do thi. Chu ¥ viée cong dd thi nén duoc thyc hién
tir trai sang phai, chii y cac diém giy khuc.
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Thi du 4.2
Tré lai xét mach di¢n nhu hinh v€ 4.22, i(t) 1a dong dién tac dong, va u(t) 1a dap ing ra ciia mach.

-Ham truyén dat trong ung la:

U 1/C
Hp) =0 =
_l_ R ——
Prcr @ity ¢ TR ]| uo
. 100puF|  10Q
-Phan tich ham truyén dat H(p) thanh dang tich
ctia cac thanh phan co ban:
Hinh 4.22

1
H(p)=R————
(p) >

———
1/RC

- Thanh phan (1) tng véi hé s6 R, Hy(p)=R, d6 thi bién d6 va pha ciia né ¢6 dang nhu hinh 4.23:

¢ ai(w)[dB] t bi(o)[rad]

20 20.1gR

v[D]

v

> V[D]

Hinh 4.23

-Thanh phan (2): trong ing diém cyc nam trén nira trai truc o:

14 . 1 3
H =1+—, trong d6 @, =——=10
,(p) g "~ RC

2
D) thi bién do va pha ciia n6 ¢6 dang nhu hinh 4.24 (dbi xtng véi do thi cua diém khéng twong
ung qua truc Decade):

» a(m)[dB] 2 by(®)[rad]
0 3 v[D] o 2 3 4 v[D]
20| .. —_—\
\—ZOdB/D /2
Hinh 4.24

-Xép chong hai d6 thi thanh phan 1én nhau va thuc hién cong do thi (bat ddu tir trai qua phai,
cha y cac vi tri gdy khiic), d6 thi tong hop c6 dang nhu hinh 4.25.
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

SRR D(w)=bi(w)tb(®)
20 (1)
0 ,2534 v[D] of 2 3 4 (4 V[D]
o7 ) SO
. \-20dB/D 2 ()
)

Hinh 4.25

a(o) duge xap xi 1a mot duong giy khuc tai tan sé gdy oy =3D, d6 dbc bang 0 khi o<<wy, va do
dbc bang -20B/D khi @>>wmy, nhu hinh v&. Puong chinh x4c ciia a(w) s& 1a mot dudng cong tiém
can voi duong gay khuc noi trén.

b(w) duoc x4p xi 1a mot duong giy khic tai cac tan sb gdy o, 1 trén truc D. Pudng chinh xac
cua b(m) 1a mdt dudong cong tiém can vdi duong gay khuc noi trén.

4.4 UNG DUNG PO THI BODE PE KHAO SAT MACH PIEN

Trong nhiéu truong hop, dap tmg tan sé dudi dang cac dic tuyén giy gan ding theo phuwong phap
Bode ciing dii dé khao st tinh chat cua hé thong, vi vy khong can phai v& ddc tuyén chinh xac
cua no.

Trong thi du vira xét trén: Khi tan sb tang thi dac tuyén bién do bi suy hao. Tai diém o, do suy
giam 1a 3dB (so v6i gbc).Tir dic tuyén tan sd, ta co thé nhan biét duoc dic trung ciia mach trong
mién tan s6 1a mach loc thong thap. O ving tin s thap tin hidu vao va ra ddng pha, & ving tan sd
cao tin hiéu ra chdm pha so véi tin hiéu vao mét goc n/2. Ciing can chii y rang dic tuyén bién do
¢6 doan a(®) >0dB, tuy nhién diéu nay khong minh chimg dugc rang day la mach khuéch dai boi
dinh nghia ham truyén dat ctia n6 khong phai ap dung cho hai dai lugng vao va ra ciing loai. Sau
day ta s€ xét mot vai thi du voi dinh nghia ham truyén dat cua hai dai lugng cung loai.

Thi du 4.3: Hay xac dinh dd thi Bode cia ham truyén dat dién ap ctia mach dién hinh 4.26. Cho
cac s6 lidu: R;=40kQ, R,=10kQ, C=100nF.

Giai:

Ham truyén dat dién ap cua mach:

R2 | S
1+ R, pC R,

U,
K(p)=—+= - €
(?) u o, R R +R, + pRR,C U C——RZ[] U
"1+ R,pC

R, Hinh 4.26
R, +R, B 1

R,R
#C.p 1+—
R, +R, 0,

1+
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

R, 10 _
R,+R, 40+10

trong do: k = ,
_ R +R,  (40+10).10°

w, = = - — =1250rad.s™
RR,C  40.10.10°.100.10

Do thi Bode ctia ham truyén dat dién ap cua mach dién biéu thi trén hinh 4.27 gém ¢6 hai dd thi

thanh phan, trong d6 gia tri bién d6 thanh phan tha nhat cua db thi la:

a; = 201gk=201g0,2=-14dB.

A a,dB A b’rad

VlD] 1 2

:4 Vl: D]

/4 \

| N
S0dED
Hinh 4.27

Thi du 4.4: Hay xac dinh dd thi Bode cua ham truyén dat dién ap cua mach dién hinh 4.28 trong

cac truong khac nhau cua L (L=1H; L=4mH; L=0,4H).
Giai:

Ham truyén dat dién &p cua mach:

U RRLE LC.p* | lC:O,lMF
Ko) == Rbp > .ch : ]
pC ReLp RSP . - 11;[] U
a. Truong hop L=1H:
Khi d¢6 mau s6 c6 dang: Hinh 4.28
Hy(p)=1+10>p+107 p?
tam thtrc bac hai nay c¢6 hai nghi¢m don:
p1=-1,12.10% p,=-8,9.10°
RS SRS LR ra N, _r
bit o, = \/ﬁ = m =+10" =3,16.10", Tirso c6 dang Hi(p) = (D—g

2 2
P P
2 2
Kip)= pa)o )4 - pa)o V4
(I-)1A-"=) A+ DA+
D )2 |p1| |p2|
103
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

Thay s6, K(p) c6 thé viét lai:

p p
1+ 1+
( 1120)( 8900)

Do thi Bode ctia ham mach gdm c6 nam db thi thanh phan twong tng véi:

Kl(p):10_7
K,(p)=Ks(p)=p
p
K =1+—
+(p) 1120
p
K =1+ —
s(p) 8900

va dd thi tong hop cua chung nhu hinh vé 4.29.

ta,dB s b,rad
ad S (H)H3) (H+2)+(3)
7 40dB/D s
w2 |
3 4 V[D] 1 ) V[D]
-101 0 /4
-m/2 1
- @ )
20dB/D  -20dB/D
Hinh 4.29

Nhu vay ¢ viing tan thip, dién 4p ra bi suy giam nhiéu, ddng thoi nhanh pha hon so véi dién ap
vao. Khi tan s ting thi do suy giam tién gan dén khong va d6 dich pha ciing tién dan dén khong.
Mach dong vai tro 1a b loc thong cao (HPF).

b. Truong hop L=4mH:

1 1 Jozsio .
o = i = J02510" =510
" JLC 41070110

Mau s6 ¢6 dang:
H,(p)=1+4.10C.p+4.10"° p? (D

tam thirc bac hai nay c6 cap nghiém phuc lién hiép:
p1=-0,5.10*+j0,5.10° ; p2=-0,5.10*-70,5.10°

Vay ta s& dua vé dang:
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2

Hz(p)=1+2é§+% @

Thuc hién dong nhét hai biéu thirc (1) & (2) ta co:
o; =5.10% £=0,1;
Vay K(p) c6 thé viét lai:

2

P
g pp
K(p) = E— hay  K(p)=4.10" E

1+26 2+ B 1+28 L/

QF 0, w; ;

D6 thi Bode ctia ham mach gdm c6 4 d thi thanh phan tuong tng véi:
K, (p)=4.107"
K,(p)=K;(p)=p
2
Ki(p)=1+26 £ 2o
a)i i
va tong hop db thi Bode cua chiing nhu hinh vé& 4.30.
+a,dB 4+ b,rad
(D+H2)H3) -
40dB/D - & (D+H2)+(3)
2 |
v[D] 304 5\ 6 v[D]
-104 a0
-n/2 4
_TE 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Hinh 4.30

Nhu vay tai lan can tan sé o; = 5.10% , trong mach xay ra hi¢n tuong dac bi¢t, d6 1a dién ap ra co
bién do 16n hon dién ap vao . biéu d6 nghia la c6 sy khuéch dai dién ap (cong hudng dién ap) tai

sz 1 .
vung tan so lan can o = f’ do 1a mot trong nhitng tinh chat quan trong ctia cac mach thu
L

dong bac hai RLC. Liac nay mach van doéng vai tro 1a bo loc thong cao, nhung dac tuyén tan s
clia nd xudt hién ving biru vong 1én.
c. Truong hop L=0,4H:

1 1
®, = - = J0.2510% =510°
" JLC 0401107
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Mau s6 ¢ dang:
Ha(p)=1+4.10"p+4.107® p

tam thure bac hai nay c6 nghiém kép:

pl,2 = -5.103
P
9 r 2
Vay K(p) 6 thé viét lai: K(p) = >
(1+- 2y
|p1

Do thi Bode cua ham mach gém ¢4 bén d6 thi thanh phﬁn nhu hinh 4.31.

A a’dB A b,rad (1)+(2)

(1) - 7

40dB/D,/
2|

s s v[D] 23 4\ 5 VD]
10l
-m/2 4
B)+E).,
-40dB/D ™ . B8 111
Hinh 4.31

Qua thi du trén ta théy réng, khi c6 tam thitc bac hai xuit hién trong ham mach thi trudc hét ta dua
vé dang: 1 +b.p +a.p® va sau do tim nghiém cua da thirc nay. C6 thé xay ra ba truong hop:
-Da thic ¢6 hai nghiém don (p; va p,): khi d6 viét lai da thirc du6i dang:
l+bp+ap’=(1-Lyi-Ly
b P>
va dd thi Bode s& c6 hai d6 thi thanh phan tach biét.
-Pa thirc c6 nghiém kép (p; = po): khi d6 viét lai da thie dudi dang:
l4bptap*=1-Ly-Ly=q-Ly
P P P
va do thi Bode s& ¢6 hai dd thi thanh phén tring nhau, hay néi cach khac twong dwong mot dd thi
c6 d6 doc gap doi.

-Pa thirc ¢6 hai nghiém phtrc lién hiép: khi d6 can phai viét lai da thic dudi dang:

2
1+bp+ap’ <:>1+2§£+p—2
w

i i

va thuc hién dong nhat da thirc dé tim ra cac tham s6 twong {ng.
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TONG HQP NOI DUNG CHUONG IV

e Ham truyén dat cia mach twong tu-tuyén tinh-bat bién va nhan qua dugc dinh nghia truc tiép
tir ti s6 gitra dap ung va tac dong trong mién p. Ham truyén dat hoan toan dic trung va thay
thé cho mach dién vé mit toan hoc trong cac bai toan phan tich va tong hop mach. N6 cung
cAp mot cach nhin toan dién mach dién trén quan diém Iy thuyét hé thong.

e Dap tng tan sd ciia mach duge dinh nghia truc tiép tir ti sd giita dap ung va tac dong trong
mién tan s6. Pap tng tan sb co thé suy ra tir ham truyén dat bang cach thay thé p=jo. N6 mé
ta cac dic trung ciia mach d6i véi tan s6 thong qua dic tuyén bién d6 va pha .

e Phuong phap do thi Bode 1a phuong phap vé gin dung dic tuyén cia dap tng tan sb cua
mach. Muc ti€u cua nd la don gian hoa cong viéc thuc hi¢n vé dac tuyén cua cac dap ung tan
s6 phuc tap (bac cao) trén co so phan tich ham truyén dat thanh tich cta cac thanh phan co
ban tuong tng vai cac diém cuc va diém khong, ddng thoi bién phép nhan dd thi thanh phép
cong dd thi trén hé don vi logarit.

e Do thi Bode 1a mot cong cu hiru hi¢u dé phan tich mach dién trong mién tan sd.
CAU HOI VA BAI TAP CHUONG IV

4.1 Xét cac diém cuc cua ham truyén dat H(p) ctia mach. Mach dién chi thuc su 6n dinh khi va chi
khi:

a. moi diém cuc nim bén nira trai mat phang phuc ( bao ham ca truc 4o).

b. moi diém cuc nam bén nira trai mit phang phirc (khong bao ham tryc o).
c. ton tai diém cuc nam bén nira phai mat phang phuc.

d. moi diém cuc la nghiém don ndm bén ntra trdi mat phang phirc

4.2 X4c dinh tinh 6n dinh cua hé théng dac trung boi ham truyén dat sau day:

H(p)= P

p p
1+ 1+
( 1120)( 8900)

4.3 X4c dinh tinh 6n dinh caa hé théng dac trung boi ham truyén dat sau day:

Hp)=— d P
a+ -5

4.4 X4c dinh tinh 6n dinh cua hé théng dac trung boi ham truyén dat sau day:

H(p)=—* .
p(1 +ﬁ)

4.5 X4c dinh tinh 6n dinh cta hé théng dac trung boi ham truyén dat sau day:

H(p)-— d .
p '(l+ﬁ)
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

4.6 DBdi voi cac mach dién nhan qua va 6n dinh, ta luon co thé tinh toan truc tiép dap tng tan sb
H(jw) th ham truyén dat H(p) bang cach:

a. nhanp vdi jo.

b. nhan H(p) voi jo.

c. thay thé p =jo.

d. thay thé p = -jo.

4.7 D6 thi Bode cua diém cuc c6 dang thira sé twong Gmg véi dang thira sé cia diém khong thude
nira trai mat phang phirc dugc suy ra tir do thi ciia diém khong theo nguyén tic:

a. D6 thi Bode bién d6 va pha déu duoc ldy dbi xtg qua truc hoanh

b. P4 thi Bode bién d6 va pha déu duoc giit nguyén dang

c. D6 thi Bode pha giir nguyén dang con d6 thi bién do phai 1ay déi xtng qua truc hoanh
d. B6 thi Bode bién do giit nguyén dang con d6 thi pha phai lay dbi ximg qua truc hoanh

4.8 Truong hop nao trong hinh v& 4.32 dudi dy twong tmg véi dd thi pha cua thanh phan Gmg véi
hé s6 K<0 ctia ham truyén dat?

b(w) rad b(w) rad b(w) rad
A .
A
/2
T >
> [D]
> s -
[D] (D]
a) b) 0
Hinh 4.32

4.9 Xac dinh ham truyén dat cta hé thong néu dd thi Bode cua n6 c¢6 dang nhu hinh v& 4.33.

{ a(w)[dB] 4+ b(w)[rad]
0 3\ y[D] of , 2 3 4 y[D]
0l -n/4
\-ZOdB/D 2
Hinh 4.33
fa(®) ()
20
0 2 y[D] 0 2 3 4 y[D]
) -20dB/D /2

Hinh 4.34
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Chuwong 4: Ham truyén dat va déap vmg tan sé ciia mach

4.10 Xac dinh ham truyén dat cia hé théng néu dd thi Bode cta no c6 dang nhu hinh v€ 4.34

4.11 Xac dinh ham truyén dat cia hé théng néu dd thi Bode cta no c6 dang nhu hinh v€ 4.35

+a,dB 4 b,rad
1
/2|
_ \ v[D] 3 4 5 v[D]
3 4\5
-40 N
\ -/2
-40dB/D _n
Hinh 4.35
. R;

4.12 vé dinh tinh tryc ti€p (khong dung hé —
truc toa do logarit) dac tuyén ham truyén
dat dién 4p cia mach dién hinh 4.36: U, C — R, [] U,

Hinh 4.36
4.13 V& db thi Bode ciia ham truyén dat dién ap
va nhan xét vé tinh chét cua mach dién hinh 4.37.

U, R U,

Hinh 4.37
4.14 V& d6 thi Bode cia ham truyén dat dién R
ap va nhan xét vé tinh chét cua mach dién hinh —
4.38.

U, L R U,
Hinh 4.38
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Chwong 5: Mang bon cuec va vmg dung

CHUONG V
MANG BON CUC VA UNG DUNG
GIOI THIEU

Mang bon cue, con goi 1a mang hai cira 13 mot hé théng mach c6 bdn dau ra twong tmg voi hai
ctra ( thong thudng duoc phdi ghép voi ngudn tin hiéu va tai ) dién ta nhu hinh 5.1, trong dé:

Uy, I;: dién ap va dong dién tai cua 1

U,, I,: dién &p va dong dién tai cura 2 I, I,
Trong tai liéu nay, ta quy udc mang tinh thong o= M4C F7—©
nhat nhu sau: chiéu dwong cta dién 4p tir trén Ull lUZ
xudng, chiéu duong cua dong dién di vao M4C. o— | N

V61 muyc tiéu trang bi kha nang nghién ctru cac

mach dién duéi goc d6 hé thong mang bén cuyc, Hinh 5.1: M6 hinh mang bon cuc

cac n6i dung duoc dé cap trong chuong nay bao
gom:

e Thao luén cac tham sb co ban cua bdn cuc tuyén tinh, bat bién, khoéng chtra nguén doc lap,
tuong hd va khong tuong ho.

e Su phdi ghép giita cac khéi chirc ning trong hé théng mang bén cuc.

e Nghién ctru tinh chét va tinh toan cac thong s6 cia mot s6 mang bon cuc thuong gap.

5.1 MANG BON CUC TUYEN TiNH, BAT BIEN, TUONG HO
5.1.1 Cac hé phuong trinh dic tinh va théng s6 twong rng cua bon cwe:
Dang tong quat ctia phuong trinh déc tinh:

anU; +apUs +byly + bk =0

ay Uy + anUs + byl + bnl, =0

Tir 4 dai lwong: U, U, 1, I ta ¢6 thé rat ra hai thong sé bat ky theo hai thong s6 con lai. Nhu vay
c6 tat ca 6 hé phuong trinh déc tinh mé ta méi quan hé giita dong va ap trén cac cira cia M4C nhu
bang 5.1. Tuy theo timg dang bon cuc ma ta sir dung hé phuong trinh dic tinh phit hop nhat dé
phan tich. M&i hé phuong trinh dic tinh twong tng véi mot loai thong sb phi hop.

Hé¢ phwong trinh déc tinh Théng s6 twong ting
{U1 =z,1, + 7,1, Tré khang hé mach z;
U, =z,1, +2z,1,

{Ul =a, U, +a,l, Truyén dat a;
I, =a,U, +ay,l,
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{U1 =h, I, +h,U, Hén hop h;
I, = hZIIl + hzzUz

I,=y,U, +y,U, Dﬁnnapngénmachyij

L =y,U +y,U,

Hén hop nguoc g;;

{Il =g, U, +g,l,

U, =g,U, +g,l,

2
{Uz =b,U, +b,,1, Truyén dat nguoc by

I, = b21U1 + bZZIl

Bang 5.1: Cac hé phuong trinh dic trung clia mang bon cuc.

Sau day ta s€ xét mot s6 hé phuong trinh déc tinh cu thé:
- Hé phuwong trinh ddc tinh tro khang

Dudi dang ma tran:

zZ, z
trong do Z= { 4 '2} (goi la ma tran tr¢ khang hé mach)

Zy Zpn
Du6i dang hé phuong trinh:

{Ul =zyl, + 2,1,
U, =2, +2z,I,

Céc hé sb (thong s tré khang hé mach) duoc tinh theo cac cong thirc:

U
z,, =— (tré khang vao hd mach cua ctra 1)
L 1,=0
U
z,, =—= (tré khang vao hd mach ctia cira 2)
I
2 11=0
U 3
Z,= I—l (tré khang truyén dat hé mach)
215=0
U 3
Z, = 1—2 (tré khang truyén dat hé mach)
1 l1,=0

Doi véi truong hop bon cuc tuong hd ta co:
Z12 = 221

- Hé phirong trinh ddc tinh dan nap
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Du6i dang ma tran:

L —YUI 5-8
L| = U, (>-8)

trong do Y= {y“ le} ( ma trdn din nap ngan mach)
= Ya Yo

Duéi dang hé phuong trinh:

{Il =ynU +y,U, (5-9)
L =y,U +y,U,
Céc hé s6 (thong s6 din nap) dugc tinh theo cac cong thirc:
Vi =— (dAn nap vao ngan mach ctia cira 1) (5-10)
1u,=0
IZ ~ \ 4 o )
Y, =— (dan nap vao ngan mach cua cua 2) (5-11)
U2 U,=0
Il x pY <
Y, =— (dan nap truyén dat ngan mach) (5-12)
U2 U,=0
I, x A 2
Yo = o (dan nap truyén dat ngan mach) (5-13)
1lu,=0

Dbi véi trudng hop bon cuc tuong hd ta ¢o:
Yiz2 = Y21 (5-14)

- H¢ phirong trinh ddc tinh truyén dat

Y —AU2 5-15
L | =1, (-13)

. a,;, ap A A
trong do A= ( ma tran truyén dat)

Duéi dang ma tran:

Dudi dang hé phuong trinh:

{Ul =a;, U, +a,l, (5-16)
I, =a,U, +ay,l,
Céc hé sb (thong s truyén dat) duoc tinh theo cac cong thirc:
U I U I
ap _U_l ay =—- ap _I_l ay _U_l (5-17)
211,=0 21u,=0 2 lu,=0 211,=0
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Dbi véi trudng hop bdn cuc tuong hd ta co:
Aa= -1
- H¢ phwong trinh ddc tinh truyén dat nguwoc

Dud6i dang ma tran:

trong do

Duéi dang hé phuong trinh:

{Uz :bllUl +b1211
Iz :bZIUl +b2211

( ma tran truyén dat nguoc)

Céc hé sd (thong s truyén dat nguoc) dugc tinh theo cac cong thirc:

Ul Il

1,=0 U,=0
Déi voi trudong hop bdn cuc twong hd ta co:

Ab= -1
- Hé phwong trinh ddc tinh hén hop

Du6i dang ma tran:

trong do H=

Du6i dang hé phuong trinh:

{Ul :hllll +h12U2
Iz :h2111 +h22U2

Céc hé sd (thong s6 hdn hop) dugc tinh theo cac cong thic:

L

22
U2

I

U,=0 1,=0
Dbi véi trudng hop bdn cuc twong hd ta co:

hiy =-hy
- Hé phwong trinh ddc tinh hon hop nguoc

Du6i dang ma tran:
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Il Ul
=G (5-27)
U,] =LL
. |81 8n A1 X
trong do G= (' ma tran hon hop nguoc)
- 8 8»
Dudi dang hé phuong trinh:
{11 =g, U, +gp,l, (5-28)
U, =g, U, +g,1,
Céc hé s (thong s6 hdn hop nguogc) dugce tinh theo cac cong thirc:
g, = g =2 - sl 2 (5-29)
[P E— 2 =5 | 12 77 % XF 4 -
Ul I,=0 IZ U,=0 12 U,=0 Ul 1,=0
Déi voi trudong hop bdn cuc twong hd ta co:
g12=- 82 (5-30)
- Quan hé giita cdc théng sé cud mang bon cuc
Tro khé.l’lg {Ul = Z”I1 + 21212 1 Z11 VAL 771 V%) Az
h mach U, =z,1, + 2,1,
Hén hop [,=¢g,U, +g,l, g 1 -212 201 Ag g2
nguoc =g, U, +gxl,
Truyén dat =b, U, +byl, | bu | -bn 1 Ab | bu | -bi
nguge I2 =b,,U, +b,,1[,
Truyén dat Ul = allU i a1212 s a -Aa 1 -ax -1
[, =a,U, +ayl,
Hén hop { =h, I, +h,U, h,, Ah hi, -hy, 1 hy
IZ " h2111 F h22U2
Dan nap {I =y,U;+y,U, Ay V22 -Y12 Y21 yi1 1

ngan mach

Bang 5.2: Bang quan hé giita cac thong sé cua mang bon cuc

Bang 5.2 dugc sir dung dé thiét 1ap mbi quan hé giira cac thong sd. Pac diém cua bang nay la:

+ Trong mot hinh chit nhat bat ky thudc bang, tich cac théng sb trén duong chéo bang nhau.

Chéng han nhu  -7;5.hy; = hyp.251.
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+ Céc hang ti 1€ voi nhau theo mot hé s6 nhét dinh. Hé s ti 1& chinh 1a thong sb trén hang da biét
nam cung mot ¢t véi chir s6 1 trén hang thong sb chua biét. Chang han, cho biét Zij, dé tim hjj ta
lam nhu sau:

Léy chit s6 1 trong hang h;; dugc hoi, chiéu 1én hang z;; da cho ta s€ tim dugc z; 1a hé s6 ti 16.
Déng theo cot ta s& c6 gia tri cac thong sb twong Gng, két qua la:

hnzg; hlzzzi; h, ==——=; h,,=—:; Ah=—

Zy Zy Zy Zy Zy
+ Sy ti 1& theo quy tic trén cling ding v6i cac cot. Nhu vy c6 thé tim cac thong sb trén mot cot
dira theo mot cot khac di biét (nhu quy tic da néu ddi v6i hang).
5.1.2. Diéu kién twong hé cui bén cuc
Bdn cyc twong hd duge xdy dung tir cdc phan tir tuong hd ( tirc 13 cac phan tir ¢6 tinh chat dan
dién hai chiéu (nhu RLC)). Ta c6 thé tom tit diéu kién ctia bon cuc trong hd nhu sau:

Zyy =2y g2 =8n Yo=Y

(5-31)
Aa=-1 h,, =—h,, Ab=-1

(trong d6 ky hiéu Aa, Ab 14 dinh thirc ciia ma tran thong s6 ajj, by)
Nhu vay, dé xac dinh mot bon cuc tong quat, ta can phai biét bon thong sd (twong tmg véi mot hé
phuong trinh dic tinh). V&i bon cuc twong hd, ta chi can xac dinh ba thong sb.
5.1.3 So d0 twong dwong ciia bon cuwe tuyén tinh, thu dong, twong hd
Nhu phan trén ta da biét biét bon cuc tuyén tinh, twong hd hoan toan duoc xac dinh boi ba thong
$6. Quan h¢ gitra dong dién va dién ap & hai ctra cua bon cuc s& tuong duong véoi quan hé cua ba
thong sd nay trong mang bén cuc c6 ba trd khang duge chon mét cach thich hop. Céc so dd twong
duong don gian nhit chira ba tr¢ khang thuong

gip 1a bén cyc hinh T va hinh 7. I, Z Z, 1,
- 8o do chuin hinh T: = ==
Ki hi¢u céc tré khang ciia bén cye hinh T 14 Z;, U, Al U,
Zz, Z3 (hil’lh 52)
/ b (e,
Bay gio ta tinh cac thong so z;; ctia bon cuc tuong
hd theo cac tr& khang trén. Theo dinh nghia ta Hinh 5.2
co:
U
z,=— =7 +7Z, (5-32)
L 1,=0
U
z,=—2 =7Z,+7Z, (5-33)
2 1=0
U
z,=— =7, (5-34)
I, 1,=0
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Zy = =2z, =21, (5-35)

Va ta ¢6 thé suy nguoc lai, xac dinh cac trd khang cua so dd tuong dwong hinh T theo cac théng
$6 zjj cua bdn cuc:

2,=211-Z12 2,=70-71» 73771777 (5-36)

Day 1a cac théng sb cia so d6 trong duwong chuan hinh T ciia bon cuc tuong hd, su tuong dwong
nay thé hién trén hinh 5.3.

I ) I Z|'=_Z||1 Ly, 2,=2y"Z,,
_', |Mangboncyc| 2 O—14 T
° tuong hd —0 I I,
Ull dac trung boi lUZ = U [] Z2y="11,=2y U,
o cac Zjj :

Hinh 5.3: So d6 twong dwong chuan hinh T ciia bon cuc trong hd

- S0 db chuén hinh r:

L Y, I,
Ki hiéu cac dan nap cia bon cuc hinh 1a Yy, g — —°
Y>, Y3 (hinh 5.4). By gio ta tinh cac thong sd U, Y, Y, U,
yij cua bdn cuc tuong hd theo cac dén nap
trén. Theo dinh nghia ta c6: ° ©
Hinh 5.4
Y 1 - =Y, +Y, (5-37)
lu,=0
IZ
Y T/ =Y, +Y, (5-33)
U, U, =0
I1
Yo =7 ==Y, (5-39)
U2 U,=0
IZ
Yau =71 =Y =Y, (5-40)
Ul U,=0

Vi ta c6 thé suy nguoc lai, xac dinh cac dan nap ciia so d6 twong duong hinh 7 theo cac thong s6
yij cua bon cyc:

Yi=yntyn; Yo =yt yi; Ys3=-y12= -y2i (5-41)
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Il Y3=-y1,=-Yo IZ
I] A I O > E -
Mang bon cuc| _2
. : cL -
twong ho — U Y =yutye [] U
o J— 2
U dac trung boi lUQ ! []
CAC Vi Yautyn =Y,
oO—— Yij ——o0
O

Hinh 5.5: So d6 twong duong chuan hinh 7 ctia bon cuc tuong hd

Pay 1a cac thong sb cua so d6 tuong duong chudn hinh 7 ciia bon cyc tuong hd, sy twong duwong
nay thé hién trén hinh 5.5.

5.1.4 Cac phuwong phap ghép ndi bén cuc

Bén cuc phirc tap c6 thé coi nhu dwgc ghép ndi tir cac bon cye don gian theo nhirng cach khac
nhau. Vi mdi hinh thirc ghép ndi s& c6 mot hé phuong trinh va mot hé thong sb thich hop nhét.
C6 nam cach ghép ndi bdn cuc, bao gdm:

Ghép néi tiép - néi tiép (N-N) I, L I, L
Céc bdn cuc duoc goi 13 mic ndi tiép-ndi l U, | U, l

tiép voi nhau néu doi voi moi cira c6 dong

dién 1a chung, con di¢n ap la téng cac dién U, | 7 L’ | U,
ap thanh phan (hinh 5.6). H¢ phuong trinh . .

thich hop nhat dic trung cho dic diém cua l U 11 v l

cach nbi nay 1a hé phuong trinh tré khang. N © °

Vi cach ki hiéu cac thong so nhu trén

Hinh 5.6: Ghép N-N

hinh V¢, ta co:

Poi voi bon cuc I:

Poi voi bon cuc 11:

(5-42)
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Ghép song song - song song (S-S)

Céac bon cuc dugc goi 1a mac theo
kiéu S-S véi nhau néu doi véi moi cira

c6 dién ap la chung, con dong dién la

tong cua cac dong dién thanh phan
(hinh 5.7). H¢é phuong trinh thich hop
nhat dic trung cho dac diém cua cach

nbi nay 1a hé phuong trinh dan nap.

Hinh 5.7: Ghép S-S

Vi cach ki hi¢u cac thong s6 nhu
trén hinh vé, ta co:

N Ll J[u
Poi voi bon cuc I: L= ,
I2 - U2

A rs A Il " Ul
Po6i vai bon cuc II: =Y .
I2 - U2

Cong hai phuong trinh ma tran theo timg vé va nhom thira sé chung, ta co:

L] o ]y,
HESth

Vay ta rat ra: ‘):(:L+Y:

Mot cach tong quat ta co thé viét cho n bén cuc méc S-S véi nhau:
(5-43)

Ghép néi tiép - song song (N-S)

Il Il
Céc bon cuc duge goi la mac theo kiéu o o *
e A ks e A ¥ U,
N-S v6i nhau néu doi véi cira 1 c6 dong l ] I

dién 1a chung, con dién ap la tong cac U
dién ap thanh phan. Con cira 2 c6 dién ap : I

1a chung, con dong dién 14 tong cua cac l U, I

dong dién thanh phan (hinh 5.8). H¢ 0

phuong trinh thich hop nhat dic trung
cho dic diém cua cach ndi nay 1a hé Hinh 5.8: Ghép N-S
phuong trinh hon hgp. V6i cach ki hiéu

cac thong s nhur trén hinh v&, ta co:

o U T
P61 voi bon cuc I: |=H ,
_IZ _ - U2
, , u']
Poi voi bon cuc 11: l=H L
L Iz | - Uz

118

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chwong 5: Mang bon cuec va vmg dung

Cong hai phuong trinh ma trén theo ting vé va nhom thira sé chung, ta co:

Vay ta rat ra: E:£+H=

(5-44)

Ghép néi song song - néi tiép (S-N)

Céc bon cuc duoc goi la mac theo kiéu
S-N v&i nhau néu doi véi cira 1 ¢6 dién

ap 1a chung, con dong dién 1a téng cia

cac dong dién thanh phan. Con ctra 2

c6 dong dién la chung, con dién ap la

tong cac dién 4p thanh phan (hinh 5.9). II Uy l

Hé phuong trinh thich hop nhit dic
trung cho dic diém cua cach ndi nay 1a Hinh 5.9: Ghép S-N
hé phuong trinh hdn hop ngugc.

Vi cach ki hi¢u cac thong so nhu trén hinh vé, ta co:

, , 1] _Ju
Doi véi bon cuc I: ! :i|:1'1:|
2

, , 1, |0,
Dai véi bon cuc II: = G_{ I,.I}
2

Cong hai phwong trinh ma trén theo ting vé va nhom thira sé chung, ta co:

el

Vay ta rit ra: + G_

Mot cach tong quat ta c¢6 thé viét cho n bon cyc méc S-N véi nhau:

IIQ

G_ (5-45)

=1

~

Ghép néi theo kiéu diy chuyén

Céc bon cuc dugc goi la mac theo ki€u day chuyén véi nhau néu cua ra cia bon cyc nay dugc noi
véi ctra vao cua bon cuc kia theo tha ty lién ti€p (hinh 5.10).

I, I I, I, L L,

malnetERGE

o——O0—— O- O O o
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H¢ phuong trinh thich hop nhat dic trung cho dic diém cuia cach ndi ghép nay 1a hé phuong trinh
truyén dat.

Vi cach ki hi€u cac thong s6 nhu trén hinh vé, ta co:

, , vl U
Dai véi bon cuc I: Jl=A (1)

L I1 a - I2

, , vl Ul
Doi vai bon cuc 11 Iﬂl = A={ IHZ} ()

L 11 2

Bay gio ta ddi d4u cot hai cua ma trdin A ta s& duge A™, va (1)co thé viét lai:

vl .U
M==AY 3)
Il =__Iz

Phuong trinh (3) lai ¢6 thé viét thanh:

.—(::I

Il |

>

NS

1
€

Thay (2) vao (4) ta co:

U | e T
HE S

Phuong trinh (5) duoc viét lai thanh:

U, | a8 Sk,
Wl

A (5-46)

Thi du 5.1: Hay néu phwong phép xéac dinh cac thong sb yij va zjj cia M4C nhu hinh 5.11:

Z,
I] ZZ Zl 12 Il
O—r— —<—0 lUl
Ul Z3 U2
[0,
120
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Giai: Co thé c6 vai phuong phap dé xac dinh cac thong sb yij, zij. Thi du nhu:

-Céch 1: Tach mang dién trén thanh hai bon cuc thanh phan mic song song-song song v4i nhau
nhu hinh 5.12. Xé4c dinh cac théng s6 y; ctia cic bon cuc thanh phan, sau d6 tong hop lai thanh
cac thong sb yij cua bbn cuc theo cong thirc:

~

2
_k
k=1 =

-Céch 2: Tach mach dién trén thanh hai bon cuc thanh phan méc nbi tiép-ndi tiép véi nhau. Xac
dinh céc thong sb zjj cua cac bbn cyuc thanh phéan, sau d6 tong hop lai thanh cac thong sb zjj cua
bbn cuc theo cong thirc:

2
£:Z k

k=1 =
Khi biét zjj ta co thé tinh yij (hodc nguoc lai) theo bang quan hé thong s0.

-Céch 3: X4c dinh céac yj; truc tiép theo dinh nghia trong hé phuong trinh tro khang hodc din nap
dic tinh cta bén cuc.

, & L, + L)+ L2+ 2, + 1))
R O A Z,+2,+7Z,
_U2 B Z (ZH Y
Z22__ - 3+—
I, =0 YA s N
1 ZZZI+ZS(ZI+ZZ+Z4)
Zyp =7 =Zy =
I, =0 Z,+72,+27,

Thi du 5.2: Cho mang bdn cye hinh 5.13, hiy xéac dinh cac thong sé dan nap ngén mach yij va cac
thong sb truyén dat ajj cua mang. Cho biét R, = 10Q,

R,=2Q, R;=3Q, Ry=5Q, Rs=5Q, Re= 10Q. R,
Giai: I, | R, R; |1,

Nhin vao so do ta nhan théy mach dién c6 thé phan — —

tich thanh hai mang bon cuc thanh phan hinh T va n
< N .. Ul R4 [] R5 [] R6 [] U2
mac song song-song song nhu hinh 5.14. Ta cé:

Y=YT+YE (o,

Nhur vay ta s& phai tinh cac thong s6 y; clia timg bon Hinh 5.13
cuc thanh phan.

R2 R3
0 1 1
H‘Ell 3

| R,

CuuDuongThanCong.com l Ul
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-Xét mach hinh T: 13 so d6 chuén cua bdn cuc (hinh 5-15) véi cac cac thong sO z;j dugc tinh theo

phan tir cia mach:

711 =Ry + Rs © Tl’ = = <I_ °
2
Z12 =Rjs U, VAYSTSY U,

Z» =Rz +Rjs

AZ=R,R; +R,R, + R;R; Hinh 5-15

Theo bang quan hé thong sb ta co cac thong sb
yij cia mach hinh T:

Czy R, +R, 8

y, =2 = = = 0,258
AZ R,R,+R,R,+R,R. 6+10+15

Z,, E 5
Yo =~ == =- =-0,1615
AZ  R,R,+R,R,+R,R, 6+10+15
R, +R 7
y,, =-U 2 T 3 = 0,226

"AZ R,R, +R,R.+R,R. 6+10+15

-Xét mach hinh 7 dy 1a so d6 chuan ctia bon cyc (hinh 5-16) véi cac cac thong sb yij dugc tinh

theo phan tir ciia mach:

1 1 R,+R, 15 h i b
yw="—"+—=—"—"=—7=0738 o— 1 o0
R, R, R,R, 50
yutyn [] U
U 2
y, = b — L =-0,1S : [] yotyn
R, 10
o o

yllzi_,_izm_gzoﬁs Hinh 5-16

R, R, RR, 50

1 1 R, +R, 20
Yo =5t = =

= 0,28
R, R, R,R, 100

-Nhu vay ta c6 cac thong so y;j cia mang dua vao cac bon cyc thanh phan la:

0,258 —0,161} {0,3 —0,1} {0,558 —0,261}
+ =

Y= YT + Yn =
-0,161 0,226 -0,1 0,2 -0,261 0,426

AY =0,558.0,426 - 0,261 =0,17S’
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-Theo bang quan h¢ thong s ta tinh dugc cic thong s6 aj;:

g, =Y 0420,
y, 0,261
alzziz— L _ 384
y,, 0261
a,, __AY 07 639
y, 0,261
a :h:_@:_zm
2oy, 0201 7

Aa=a,a, —a,a, =-1,6352,14 +3,84.0,653 = —1 (phu hop véi diéu kién twong hd)
5.1.5 Mang bon cwe dbi xirng
- Khdi nigm bon cwe déi xirng

Mot bon cuc dugce goi 1a doi xung vé mat di¢n néu céac ctra cia nd cd thé doi chod cho nhau ma céac
thong so ctiia bon cuc hoan toan khong thay doi.

Cu thé ta xét hé phuong trinh tré khang hd mach:

{UI =zl +z,1, )

U, =z,I, + 2,1,

Neéu bon cuc doi xung, ta c¢6 thé doi ctra 1 thanh cura 2, nghia 1a trong hé phuong trinh trén cac chi
sO 1 va 2 cua cac dai luong dién ap va dong dién c6 thé doi lan nhau ma cac thong so6 z; van gitr
nguyén:

{Uz =z,l, + 2,1,
U, =2z,1, +2,I,
Tir (1) va (2) ta rat ra diéu kién d6i xting vé& mat dién cia bdn cuc:

Z12= 2 va 711 =Zp (5-47)
Nhu vay d6i v6i bon cue ddi xtng ta chi can xac dinh hai trong s6 bon thong sd.

Bén cuc goi la dbi xung v€ mit hinh hoc néu no tdn tai mot truc ddi xung qua truc dung chia bdn
cuc thanh hai ntra giéng nhau (hinh 5-17a).

I I
1 2
o—=— —<+— o 00— — —0
12 12
U, U, ==
BCHX BCHX
o— ——o 0— > —o0

Hinh 5-17a

Thi du vé mot M4C ddi xtmg vé& mit hinh hoc nhu hinh vé& 5-17b dudi day:
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O— ’e) o, + + O

Hinh 5-17b
Chu ¥ rang mot bén cuc ddi xting vé mit hinh hoc thi dwong nhién déi xtng vé mat dién, nhung
didu nguoc lai thi khong ding.

Thi du 5-3:
Hay xé4c dinh diéu kién dé mang bén cyc (M4C) hinh 5-18 thoa man diéu kién dbi xung vé mit
dién.
Giai: Taco: & _E. éc o

R, (R, +R

le — . + b( c d) Rb Rd
R, +R,+R,
R, (R, +R.) ° ' °
+
=—4 b <7 Hinh 5-18

2R TR 4R
b + c + d
biéu kién mach dién thod man diéu kién doi xing vé mat di¢n 1a z;; = zy,, thc la:

L RUR +R,) R, (R, +R))

R
" R,+R_+R; R,+R,+R,

Twr d6 ta rt ra moi quan h¢ gitra cac dién tré dé mach di¢n doi xtmg di¢n la:

_ R, R, +R,R. +R R,

R
‘ RC_Ra

Ta thiy: Néu R, > R, thi mach dién khong thé ddi xing dugc. Néu R, = 0 thi diéu kién s& 1a R, =
R4 va mach tré thanh doi xung vé mat hinh hoc. Con néu R, = R, thi Ry = o0 va mach cling tré
thanh d6i xtmg vé& mit hinh hoc.

- Dinh ly Bartlett - Brune

Ngi dung: Bbn cuc d6i xtng vé mat hinh hoc bao gid cling c6 thé thay thé bang so d6 cau twong
duong ( con goi 13 hinh X, hinh 5-19). Tré khang Z; bang trd khang vao ciia nira bén cuc ddi xing
khi ngan mach cac day dan néi hai nira bon cuc va cudn day thtr cap cua bién ap 1:1, con dbi voi
céc day dan chéo va bién ap 1: -1 thi phai hé mach. Tro khang Z;; bang tré khang vao cta ntra bon
cuc dbi xtng khi hd mach cac day din ndi hai nira bon cuc va cudn day thir cip cia bién ap 1:1,
con d6i véi cac day dan chéo va bién 4p 1: -1 thi phai ngan mach.

Z,
I ! I2 0 L 0
o— Mang bén —+—0 7 4
U, cuc doi xing U, - U, 1 1 U,
0— —O0
124 o L | 0
Z
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Noi dung dinh ly Bartlett-Brune dugc minh hoa trén hinh 5-20:

X

172 1/2

Z bén Zy bbn

—— |cuc doi |::> —— |cuc doi

xung >< A xung
0— 0—

=

Hinh 5-20: Minh hoa cach tinh céac tré khang cua so d6 cu

Trong dinh ly trén chung ta théy su cO mit cua bién ap, day 1a mot trong sb céc phén ttr bdn cuc
co ban ctia mach dién. Bién ap ly tuong theo dinh nghia la mot bdn cuc duoc cach dién mot chiéu
gilra cura vao va ctra ra va c¢6 hé phuong trinh dac trung:

U, =nU;
1 5-48
I, =——1I, (5-48)
n
Mb hinh bién 4p 1y twéng minh hoa trén hinh 5-21a. Bo phan chi yéu cua bién 4p thyc gdm hai
cudn day ghép hd cam véi nhau, néu bo qua dién tré cta cac cudn day thi bién ap duge v nhu
hinh 5-21b (n 1a ti s6 vong day giita cudn thir cip va so cap)

L, In L I, I:n I,
Hinh 5-21a Hinh 5-21b
Dbi véi bién ap 1y tuong ta co:
£ s U, =0,
Néu n=1 thi : (5-49)
I, =-I,
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, U, =
Neéu n=-1 thi:

(5-50)

Vay bién ap 1:1 twong duong véi bdn cuc co hai day din song song hinh 5-22a, con bién ap 1:-1

tuong dwong véi bdn cuc co hai diy dan chéo nhau nhu hinh 5-22b.

I, I,
0—> < 0
b s
0 0
Hinh 5-22a

Bay gio ta s& xét t6i quan hé giita cac thong sb

trong so do cau cua bon cyc doi xing. Nhu ta da

bict, doi voi bon cuc doi xtrng chi can xac dinh

hai thong sd, ching han hai thong sb d6 1a z;, va

z12. Trong so do twong duong cau cua bon cuc

dbi xtmg (hinh 5-23) ta co:

U

Zy =—1 :l(ZI +ZII
I, =0 2
U

Zyy =— :l(zu _Zl
I, 1,=0 2

Nhu vay suy ra moi quan hé nguoc lai:
Zi=12y - Z12

Zy =1z + 212

)

)

Hinh 5-22b
I, Z I,

U, l Zy Zy le
(o L1 o
Z,

Hinh 5-23

Sau day ta xét mot thi du vé ing dung cua dinh 1y Bartlett-Brune.

Thi du 5-4: Hay xac dinh céc thong s6 z; cia mach dién hinh 5-24a.

Giai: Theo két qua tinh dugc tir cac thi du trudc, ta da biét mot sb cach dé giai:

(5-51)

(5-52)

(5-53)
(5-54)

-Céch 1: Tach mach dién trén thanh hai mang bdn cuc thanh phan mic ni tiép-ndi tiép voi nhau.

Xac dinh cac thong sb Zjj cua cac bdn cuc thanh phén, sau d6 téng hop lai thanh cac thong sb Zjj

cua bon cuec.

-Céch 2: Xac dinh céc zj truc tiép theo dinh nghia trong hé phuong trinh trd khang dic tinh cta

bon cuec.

~R(R+R)+R,(2R+R))

" 2R +R

1

R’ +R,(2R+R,)

7z =
. 2R +R,

CuuDuongThanCong.com
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-Béy gio ta sir dung cach dung dinh li Bartlett-Brune dé giai bai tap nay. Trudc hét ta bo doi dé
léy mot nira bdn cuc (hinh 5-24b), sau d6 tinh Z; va Zy;:

R, R,/2  R,/2
— — 11—
I, |R R |1, R R
o - <0 o - - 0
U, R, U, ﬁ 2R, 2R,
O O O O
Hinh 5-24a Hinh 5-24b
1
7 _7 B R 2 R.R,
I Vngm R+ Rl 2R + R1

Zn = Zth =R+ ZRz

R.R R(R+R,)+R,2R+R
z”:%(ZI+ZH):%[ﬂ+R+2R2]: ( 12)R 12{( D)
+ K, + R,

R.R R’ +R, 2R +R
lezl(zn_zl):l[R"'sz_ : 1= £R, @GR+ R,)
2 2 2R +R, 2R +R,

Vay két qua nay hoan toan trung vdi két qua o cach trén.
5.1.6 Bon cuc cé tai

Trong myc ndy ta s& dé cap t6i cac thong

s6 cua bdn cuc khi ndi bdn cuc vao gitra Z I L
A , , —> | «—

ngudn va tai (hinh 5-25). Gia st Z, 1a tré Mang bon
khang cua ngudn tin higu & cira 1, con Z; El lUl cuc co tal U2l Z,
la tr& khang cua tai ¢ cua 2 cua M4C, 5
trong do:

Z, =R+X, Hinh 5.25

Z, =Ry tjXs

a. Tro khang vao M4C:
Tré khang vao cua ctra 1:

U zyZ,+Az -a,Z,+a,

Z,, = (5-55)
I, Zp + 2, —ayZ, +ay,
Tré khang vao cua ctra 2:
Z,, :& _ ZpZ + Az _ anZ, +ap (5-56)

I, z, +Z, —ay,Z, —a,

Trudng hop riéng khi cira 2 bi ngan mach hodc hd mach thi tré khang vao cira 1:
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ZVlnm = ai ZVlhm = h (5-57)
ay ay
Tuong tu nhu vay, khi ctra 1 bi ngén mach hoac ho mach thi tré khang vao ctra 2:
ZVan = _ai ZVth :_ai (5-58)
ay ay
b. Ham truyén dat di¢n dp ciia M4C:
U Z,.
K(p)=—2= 2221 (5-59)
E  (zy+Z )2y +Z,))— 2,2y
Truong hop riéng: khi Z,=0, ta c6:
U Z,. Z
K, (p)=—*= 21 = 2 Sy (5-60)

U zy(zpt+Zy)—zp2y ayZ,—ay yn +1/Z,
Thi du 5-5: Cho M4C nhu hinh v€& 5.26a
+ Xac dinh cac thong sb a;; cua M4C. R,

+ V¢ dinh tinh dac myén bién d6 cua ham truyén dat

Yaie) U c=—=[Jr, |U
Y, (j,a)) khi dau ra M4C c¢6 Z=R,. H 2 2
U,(jo)

diénap T(jo)=

+ Nhan xét tinh chét cta mach (d6i véi tan s6). Hinh 5.26a
Giai:
Theo dinh nghia, dé dang tinh dugc ma tran thong $6 truyén dat:

R, +R,+RR,Cp
RZ

_Rl
[4]= |
C+— -1
P R

2

Ham truyén dat dién ap duoc tinh theo biéu thuc: /]: Ejm)/

T(jw)= Z, = R,
IO 4 Z —a, 2R +R + RR.Cw R,/(2R +R,)

Pac tuyén bién d0 dinh tinh nhu hinh v€ 5.26b.
Nhan xét: day 1a mach loc thong thap, & ving tan 0

sO thap tin hi¢u vao va ra dong pha, & vung tan so
cao tin hi€u ra cham pha so véi tin hiéu vao mot Hinh 5.26b
goc /2.

c. Hé 5o truyén dat, lwong truyén dat ciia bon cuwe

Néu tir ngudn 1y tudng ta co thé 1ay dugc cong suét 16n bét ky, thi voi ngudn khong 1y tuong cd
thé dé dang chtirng minh cong sut tac dung 16n nhét tai co thé nhan duoc 1a:

128

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chwong 5: Mang bon cuec va vmg dung

E 2
P, = 5-61
° 4R, (-ol)
Cong suét tiéu thy trén tai & dau ra M4C dugc tinh theo cong thic:
UZ
P =—2 5-62
-y (5-62)
-Hé s truyén dat ciia bbn cuc theo dinh nghia ddi véi mach thu dong:
P
0] =—2 >1 (5-63)
PZ
. P E |R
Tur d6 ¢6 the rit ra: Ir|= |-t=—wr -2
P, 2U, \R,
C6 thé viét lai biéu thirc trén theo ham cua tan s phirc p:
E|R
I'(p)= L -2 (5-64)
20, \ R,

Hé sb truyén dat tinh theo cong thirc trén chi dung cho cac mach thu dong, dé dic trung cho mach
dién tong quat ngudi ta phai st dung thém biéu thirc cua ham truyén dat dién ap di néu & muc
trudc.

Ta c6 thé viét lai hé sb tmyén dat cho mach dién téng quat:
(z,, +R)).(z +R,) = 2),.2,

2.2, R |.R;

Nhu vay hé ) truyén dat va ham truyén dat dién ap ti 1€ nghich v&i nhau. Trong cic mach

I'(p)=

(5-65)

khuyéch dai va tich cuc thi K(jo) 16n hon 1, con trong cac mach thu dong thi I'(jo) 16n hon 1. HE
s6 truyén dat 13 mot ham phirc va c6 thé biéu dién theo bat ky loai thong sb nao cua bdn cuc dua
theo bang quan hé giita cac théng s6.

Xét riéng d6i véi trudng hop bdn cue d6i xtng, trong trudng hop Ry = Ry:

_(Z+R).(Z, +R)

I'(p) (5-66)
(ZII - ZI )-R
- Luong truyén dat duoc viét dudi dang 16garit ti nhién cua hé sb truyén dat:
gw)=Inl= 1n|F| + j.arg(l') = a(w) + jb(w) (5-67)

trong d6 a(w) = 1n|F| goi 1a suy giam, do bang Népe (Néu tinh theo Déxiben thi
a(m) = 20. 10g|F ,dB); con b(w) = arg(I") goi 1a dich pha, do bang rad.

d. Cdc théng sé séng (cdc théng sé dic tinh) ciia M4C

Trude hét ta xét t6i khai niém phdi hop trd khang trong 1y thuyét dudng day, khi c6 ngudn tac
dong dién ap E v6i ndi trd trong 13 Z; dwoc méc vao tai co trd khang Z, (hinh 5-27a) . Dé o su
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phdi hop tré khang dam bao khong c6 su phan xa tin hiéu thi phai thoa man diéu kién: Z, =Z; khi
d6 cong sudt trén tai s& la:
2
_ E°.R, 7
4R} +X7) i

(Vé’l Zi :Ri +in ) <>l E Zt

va hé sb phan xa khi PHTK s¢€ la:

0

®
Zt B Zi .
r=———= O Hinh 5-27a
Z +Z,
Bay gio ta xét mang hai ctua nhu hinh 5-27b. Zyg
Dé c6 su phdi hop trén ca hai cira (tirc khong M4C
r 3 v A ISR c 3 A CAL L Z=Z ZVQZZN []
c6 phan xa) thi can phai c6 hai dicu kién: E v1=L1o Zro
-Véi tai ¢ ctra 2 1a Zy thi tré khang vao ¢ ctra | e |
1 phél la ZIO,
Hinh 5-27b
-Véi tai ¢ ctra 1 1a Z thi tré khang vao ¢ ctra
N6i mot cach khac, didu kién dé co su phdi hop tro khang & ca hai cira 1a:
AES A
{ i 10 (5-68)
Z, =12,

trong d6 Zy goi la tro khang song cua cwa I va tinh theo cong thurc:

Zy, =,/—a”'a” (5-69)
as1-dy

va Zy goi la tro khang song cua cira 2 va tinh theo cong thirc:

ad,,.a
Zy =202 (5-70)
a'21'a'11

Khi Bén cuc duoc phéi hop tro khang & ca hai ctra thi h¢ sb truyén dat duoc goi 1a hé 56 truyén

dat song va ky hi¢u 1a I'y:
7 (2 +Z210)- (23 +Z5) =252y (5-71)
F -
2.25,.4] 21y 2y
a, +2,,.a, +2Z,.a,,+a,.2,.2
hay FO — 12 10 22 20 11 21 10 20 :\/alz.a21 +\/a”.322 (5_72)
2.,Z,,.Z,,
Luong truyén dat lic nay s& 1a liwong truyén dat séng:
g, =InI", :ln(\/aua21 +\/a11a22): ln|F0| +jarg(l'y) =a, + jb, (5-73)
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trong do: a, = ln|F0| goi 1a suy giam song, do bang Népe.

bo=arg(I'y) goi la dich pha séng, do bfing rad.

e. Moi quan hé gitva cdc logi thong so ciia bon cuc:

Z,= '\/ZVIngm'ZVIhm 52y = Zv2ngm-Zv2hm (5-74)

V4 Z
thgo _ \/ Vingm _ \/ V2ngm (5_75)
ZVlhm ZV2hm
Trong do Zy1ngm: tré khang vao cua ctra 1 khi ngin mach ctra 2.

Zyinm: tréd khang vao cta cua 1 khi hé mach cta 2.
Zyongm: tré khang vao cua ctra 2 khi ngdn mach ctra 1.
Zyonm: tréd khang vao cia cura 2 khi hd mach cua 1.

Cac thong s6 song Zyo, Z20, go hoan toan xac dinh bdn cuc tuyén tinh c6 thong ) tap trung, thu
dong va twong hd. Tir cac thong sb song ta co:

Z 1 Z
Zy = Y=g a; = i-Chgo
thg, Z,,thg, Zy

Z,Z 1
B 10 S SR A T (5-76)
shg, VZ10-Zy Shg,

Zy = L y R, a 1 shg
2" thg, 2 e N
ZZO
a,, = |—=—.chg,
ZlO
f. Cdc théng so séng ciia M4C doi xirng
Néu 1a bén cyc ddi xting voi so dd tuong duong 1a
mach ciu (hinh 5-28), khi do: . Z .
1
Zyinm = Lyopm = E(Zl +Zy) Zy Zy
Z L Z i ZI'ZII [ L0 O
Vingm V2ngm y ZI + ZH ZI
Hinh 5-28

Twr d6 suy ra tro khang song dugc tinh:

a
ZlO :Zzo :Zo :\/ZI-ZH :1/_ai (5-77)
21

Néu cac tro khang cua mach cau la cac phan tir 461 ngau, nghia la:

Z,Z, =R} = const
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khi d6 Zo = Ry, tré khang song cia mach cau trong trudng hop nay khong phy thude vao tan sd.

Hé sé truyén dat song cia mach cAu duoc tinh theo cong thuc:

(2,42, 2,) (2, +Z,.2,)

1—‘ODX -
(ZII - ZI)"\/ZI'ZII
- ZI
bat q=_|—
ZII
1+
Khidé:  Topy=—ot
1-q

Mit khéc, trong M4C ddi ximg c6 phdi hop tro khang, Z,o = Zy,, do dé:

L _E [z, E 0
o0, \ 2z, 20, U,

Pong thoi lugng truyén dat song duoc xac dinh theo biéu thirc:

: U )
+ ].arg(_—l) = Aopy + Jbopx
U,

—1

U
Zopx =InTypy = an_l =In

2 2

Thi du 5-6: Xac dinh cac thong s song ctia mach dién hinh 5-29.
Giai: Ta xac dinh cac tré khang vao ctra 1:
: & X, =10 X,=20
Zyingm=) X1 0t [ X1 // (X)) =T o—LYYY Y \__/YYY Y\,
Zyinm=) X1 nt (-JX¢) = -2j

U, —
Vay  tré khang song ctra 1 1a: X=3Q
o
Z, = '\/ZV1ngm'ZV1hm =v14.
Hinh 5-29

Tuong ty doi voi cua 2:

) ) ) 71
Zymen=iX12 1t [} X1 / (GX0)] = 31

Zyonm=) X12 nt (-] Xc) = -

Vay  tré khang song ctra 2 1a:

7
Ly, = \ ZVanm‘ZVth :\E

Luong truyén dat song ciia mach duoc tinh theo cong thirc:

Z Z [ 7
thg :\/ Vingm :\/ V2ngm _ | :j (3,5 ‘
’ ZVlhm ZVth 2
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Thi du 5-7: Cho mét bdn cuc ddi xing co trd khang song Zo = 1000Q, lugng truyén dat song
g, =1+ J% , trd khang tai Z, = 1000Q. Bén cuc mic vao nguén c6 E,, =100V, dién tr¢ trong cua
ngudn 1a 1000Q2. Hiy tinh dién ap va dong dién ¢ cira 2.

Giai: Theo d& bai, Z, = Z= Z, , nhu vy bén cuc ddi xting nay duoc phdi hop trd khang & ca hai
ctra. Theo 1y thuyét da phan tich ta co:

U
g, =Inl—1 +jb, =1+ j=
s 2
U
Vay In|—4 =1ni =1 suyra U, :E:S—O:IS,SV
5 2U, 2.¢5 27,
. T T
va by=¢y —@y, =— suyra Py, =0p——
2 2
Vay ta co U,=185¢ 2 (V)

Thi du 5-8: Cho M4C nhu hinh 5-30, cho biét R = Idon vi chuan, C = 1 don vi chuan.
a. Xac dinh cac thong sb song ciia M4C.

b. Tinh hé s6 truyén dat I'(p) khi mic M4C trén vao nguén va tai voi cac gid tri Rj =R =Ry =1
don vi chuén.

Giai:
a. Pay 1a bon cuc ddi ximg, nén cé thé ap dung dinh 1y Bartlett-Brune dé dua vé bdn cuc hinh X
v6i cac thong sb:

C C
1 | | | |
Zi=[C/R]=—— | [
p+1
o 1 1 O
Zu=[(CntR) / (CntR) = PHL R IR U
2p U, 2C—T— ] R/2 2
Vay tro khang song cta bon cuc 1a: ° °

f 1 Hinh 5-30
Zm:zzo:Zo:\/ZI-ZH F ?p n

Hé s truyén dat séng duoe tinh theo cong thirc:

+1+4/2 V4
FODX=1+q:p P (trongdo q=_ |-+ )
l-q p+1-42p Zy

b. Trong trudng hop nay khong con sy phdi hop trod khang nén hé sb truyén dat cuia mach dugc

tinh theo cong thirc:

_(ZI+R0)'(ZII+R0)_(p+2)'(3p+l)
 (Z,-Z).R,  1+p’

I'(p)
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Bay gio ta bién d6i I'(p) vé dang chira cac thanh phan chuan:

Pyas+ P
L+ D+ )

_(p+2).3p+1) 5
- 2 - 2
I+p I+p

I'(p)

Dic tuyén I'(jo) trong truong hop nay gdm cé mot thanh phan tuong Gmg véi hé s6 k, hai thanh
phan tng v6i diém khong nam trén truc -o, va mot thanh phan tuong tng voi diém cuc 1a cap
nghiém phirc lién hop nam trén truc ao.

5.2 MANG BON CUC TUYEN TiNH KHONG TUONG HO
Tro lai hé phuong trinh dic trung cta bdn cuc tuyén tinh, khong chira ngudn tac dong doc 1ap
g6m c6 hai phuong trinh tuyén tinh, thuan nhat:

anUp +apU; + byl +bppl, =0

ay Uy +anU; + byl +bypl, =0
Tir hai phuong trinh trén ta c6 thé 1ap nén 6 hé phuong trinh dic tinh. M&i mot hé phuong trinh
dic tinh ctia bon cuc twong tmg véi mot tap thong sd dic tinh. Trong phan trudc ta di nghién ciru
céc hé phuong trinh dic tinh ctia bon cuc véi gia thiét vé su twong hd ctia mach dién. Bay gid ta
s& xét & goc do tong quat hon, tirc 1a trong mach co thé ton tai cac phan tir khong twong hd. Luc
nay cac diéu kién tuong hd:

Zyp =2y g2 = "8n Y =Ya

Aa=—1 h,, =—h,, Ab=-1

s& khong dugc thoa man, nhu vy mach tuong duong cta bon cuc khong twong hd can phai xac
dinh boi bdn phan tir (twong tng véi bon thong sd). Pa s cac mach khong twong hd 1 tich cuc,
do @6 trong phan nay ciing s& xét mot sd phan tir tich cuc.

5.2.1 Cac ngudn c6 diéu khién

Bdn cuc khong tuong hd can co bon phan tir dé biéu dién, trong d6 c6 it nhat mot phan tir khong
tuong hd. C6 mot loai phan tir khong twong hd, tich cuc da dugc nhic t6i trong chwong 1, d6 1a
ngudn diéu khién. Pic trung cia ngudn diéu khién 13 cac thong s cua né chiu sy diéu khién boi
mach ngoai Va ban than no ciing la mot bdn cuc khong tuong hd. Cu thé né duoc chia thanh:

-Ngudn 4p duoc didu khién bang ap (A-A), hinh 5-31a. Strc dién dong ciia ngudn E, lién h¢ véi
dién ap diéu khién U, theo cong thtrc:

Eng :kUl (5-83)

-Ngudn ap duge diéu khién bang dong (A-D), hinh 5-31b. Trong d6 sirc dién dong ctia ngudn Eng
lién hé voi dong dién diéu khién I, theo cong thirc:

Epe =1, (5-84)

-Ngudn dong duogc didu khién bang ap (D-A), hinh 5-31c. Trong d6 dong dién ngudn I, lién hé
v6i dién ap diéu khién U, theo cong thirc:

Ing :gUl (5-85)
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-Nguon dong dugc diéu khién bang dong (D-D), hinh 5-31d. Dong dién ngudn I, lién hé véi
dong diéu khién I, theo cong thirc:

I =al; (5-86)
i, — b L L
Ull 1<k, le U] ik, le
A-A A-D
L, L__ L g/
R P N
= -Iel

Hinh 5-31 M6 hinh héa cac ngudn c6 diéu khién

5.2.2 Cac so' do twong dwong ciia mang bon cwe khong twong hd, tich cue

Tat ca cac loai M4C khong tuong ho, tich cuc déu co thé biéu dién twong duong c6 chira nguon
dicu khién. Ta s€ bicu dien so d6 tuong duong ctia bon cuc véi sy ¢ mat cia ngudn dicu khien.

a. So dé twong dwong gom hai tré khang va hai nguon diéu khién

Néu xuit phat tir hé phuong trinh tré khang:

L L,
{Ul =zl + 2,1, ‘VZ” 7 o
22
U, =z,1, + 2,1, U, U,
L x ‘ 7,1
ta s€ biéu dien dugc so do tuong duong cua 1272 l 122111
bdn cuc nhu hinh 5-32a.
Hinh 5-32a
Néu xuét phat tir hé phuong trinh dan nap: I, I,
{11 =yuU; +ynU, U Vi y
2
L=y, U +y,U, ! Ilezl lIZIUl U,
thi so dd twong duong ciia bon cyc s& biéu dién
dugce nhu hinh 5-32b. Hinh 5-32b
Tuong ty nhu vdy ciing c6 thé biéu dién I I
mang bdn cuc khong twong hd theo hé i_’_% 2
phuong trinh hén hop H nhu hinh 5-32c.
U, has | i J U,
h21U1
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b. So dé twong dwong gom ba tré khdng va mét nguon diéu khién

Céc so d6 co thé duoc thanh 1ap tir cac so d6 chuan hinh T va hinh 7 bang cach gin ndi tiép
ngudn dién 4p diéu khién vao mot trong ba nhanh ctia so @6 hinh T, hodc mic song song ngudn
dong diéu khién vao mot trong ba nhanh ctia so d6 hinh 7. Nhu vay sé& c6 rat nhiéu cac truong hop
c6 thé, nhung trong thuc té thuong gip 13 cac so dd hinh 5-33, twong ng voi cac hé phuong trinh
tré khang va dan nap:

{Ul =zl +z,1, £ 2,1, {Il =y, U, +y,U, y,U,
U, =z,1, +z,1, £2,1, £ 2,1, L =y,U +y,U, £y,U, ty,U,
_ Il -Yi2 12
I, Zu-Zyo Zp-Zp I,
O— 1 1 «—0 o—r 1 «—0
D +
YTy
U, 71> ] (Zan-Z1)ly U, U, [ ] %l(yzl—ylz)Ul U,
Yoty
O O O 0}
Hinh 5-33

Theo céc so dd trén, néu z;, = 75, hodc V12 = Y21 thi cac so dd nay lai tr& vé dang bdn cuc tuong ho
d3 biét. Sau day ta xét mot s6 phan tir phan turong hd, tich cuc.

5.2.3 Mt s6 bon cwe khong twong hd, tich cuc thuong gip:

a. Bj bién déi tré khdng am (NIC)

I, I, I, I,
o0—— —~—0 0—— —+—o
Ull INIC le Ull UNIC le
=1 =-1
Hinh 5-34

Ki hiéu cua bd bién ddi tré khang am nhu hinh 5-34. H¢ phuong trinh dac trung cua NIC la h¢

phuong trinh hon hop:
U, =kU,
(5-87)
I, =kI,
£ ~ U =0,
-Néu k =1, ta s€ co:
I, =1
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theo quy udc vé dau cua bdn cuc, dién ap ¢ hai cua s€ cung chiéu con dong dién ¢ hai ctra s€
nguoc chidu, phan tir NIC trong truong hop nay duoc ky hiéu 1 INIC.
U, =-U,

Néuk=-1, ta co:
I, =1,

truong hop ndy dién ap & hai cira s& nguoc chiéu con dong dién ¢ hai cira s& cung chiéu, phan tir
NIC véi k=-1 duoc ky hi¢u la UNIC.

o 0 k 0 1/k
Tordotaratra: [H]ye = K ol [Glye = Uk 0

D6i v6i NIC cac hé phuong trinh tro khang va dan nap khong c6 ¥ nghia.
Trd khang vao & ctra 1 khi méc tai & ctra 2:

U U
Z,=—t=k*—2=-k>Z

5-88
I L ‘ (5-88)

Nhu vay NIC déng vai trd 12 mach bién ddi tré khang 4m. Ching han néu tai 1a dung khang thi
dau vao twong dwong la dung khang am.

b. Transistor Ig -Ic

Transistor dugc coi 1a mot bdn cuc tich cuc. Hinh 5-35 1a

ky hiéu chidu dong dién trong transistor PNP. Dong I
Emitter duoc phan phdi giita Base va Collector, thoa man ° B °
hé thirc: Hinh 5-35
]C
a=—=0,98+0,998
]E
Iy =(1-a)l,
I
f == %
I, l-a

(5-89)

Dong Emitter chii yéu duge xac dinh boi dién ap Ugg , ngoai ra con phu thudc vao dién ap
Collector, tir d6 dong I¢ cting phu thuoc mot it vao dién ap Ucg.

-Tir cac tinh chat d6, ¢ thé c6 nhidu cach biéu dién so d6 twong duwong cua transistor, tiiy thude
vao ting diéu kién lam viéc cu thé (tuyén tinh/ phi tuyén, tan sb cong tac, hay cach mic mach) va
yéu cau tinh toan ma ngudi ta sir dung so dd twong duong thich hgp. O mién tin hiéu nho, tan sd
thip, nguoi ta hay dimg so do twong duong hdn hop H véi hai ngudn diéu khién (da néi ¢ trén),
hoic dung so d6 twong duwong vt Iy v6i mot ngudn diéu khién nhu hinh vé 5-36a.

aly
I=I Inle
L=l L=I¢ =l opg < =lc
E o—————— —} “—o (O E C
e Ic
Ul I'B U2 Ul I‘B U2
O 4 ‘o) O - o}
B 137 B
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Trong so dd nay c¢6 ngudn dong phu thudc ol . Cac dién tro trén so dd 1a cac dién trd vi phan cua
cac thanh phan dong xoay chidu ¢ bién d6 nho dam bao doan lam viéc tuyén tinh va dugc xac
dinh boi hé cac dac tuyén cua transistor. Pién trd rg ¢6 gia tri vai 6m dén vai chuc 6m, g khoang
vai trim 6m, trong khi dé rc c6 gia tri cao (tir hang traim kQ dén vai MQ). Ngudn dong ciing ¢
thé dugc thay thé boi ngudn ap nhu hinh 5-36b, voi €ng= I'c.0g = I I, trong d6 11, = aL.1c.

Tuy theo cach chon dau vao va dau ra, co6 thé c6 ba loai mach khuéch dai transistor:

-So 6 bazo chung (hinh 5-37a). Dudi day la r.I
I,=I ~E =
ma tran tré khang cua transistor twong tng voi E 'o 5 :lrE : E
truong hop nay: Ic
r, +1 r U s [] Y
Z] _ E B B
125 [rB+rM rB+rJ o o
B
Hinh 5-37a
o |
I, - S
-So db Emitter chung (hinh 5-37b). Duéi day B O—'—':'—':'—@—‘—Or C
c
la ma trén tré khang cua transistor tuong Ung U c U
véi truong hop nay: ! E ?
O 4 O
I +1 T
[Z]gc :|: fr : :| E
LN | & Hinh 5-37b
-So @6 collector chung (hinh 5-37¢). Dudi day 1a I, Iy . L
ma trén tr¢ khang cua transistor tuong ung: Bo——1 {1 —0 E
I'c
| Te Tty Ic = Iy U, U,
[Zec = T FenbETg =T
Q E c M I.mI
(o, 1 l £ O
C
Hinh 5-37c¢
Trong thuc té, tiy vao ché d6 phan cuc
bang cac ngudn mot chiéu, transistor cé thé
dugc tmg dung dé lam cac mach khoa,
mach khuéch dai, mach bién ddi tan sb...
Trong hinh 5-38 1 mot thi du mach khuéch )y, ~ rifUr
dai tin hi€u st dung transistor mic Emitter

13R
Hinh 5-38: mach khuéch dai méic E chung
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chung ghép RC. Viéc lua chon céc gia tri linh kién bén ngoai ddm bao sao cho transistor lam vi¢c
trong mién khuéch dai.

Céc tng dung cu thé cua transistor s& dugc nghién ctru chi tiét trong cac hoc phan ké tiép.

¢. Mach khuéch dai thudt todn:

Mach khuéch dai thuat toan 13 mot trong nhirng bon cuc khong twong hd, tich cuc dién hinh. Tén
goi cua mach 1a dung dé chi nhitng mach khuéch dai lién tuc da nang dugc ndi truc tiép voi1 nhau,
c6 hé sd khuéch dai 16m, tro khang vao lon va tré khang ra nhd, va vdi cac mach phan hdi khac
nhau thi mach khuéch dai thuat toan s& thuc hién nhitng chiic nang khac nhau. Ky hiéu va dac
tuyén vong ho 1y tuong ctia mach duge vé trén hinh 5-39.

+ Ura
AU,
Yo » AU
U
Hinh 5-39: Ky hiéu va dic tuyén truyén dat cia KDTT
O ché d6 tuyén tinh, mach khuéch dai v6i hé sé khuéch dai A>0 s& cho dién 4p dau ra:
U_ =AAU=A(U,-U)) (5-90)

NéuU,=0thi U,=A.U, nghiala dién ap ra ddng pha voi dién ap vao, do d6 dau vao (+) dugc
goi 1a dau vao khéng dao pha (P).

Néu U, =0 thi U, =-A.U, nghia la dién 4p ra nguoc pha véi dién ap vao, do d6 dau vao (-)
duogc goi 1a dau vao dao pha (N).

Mach khuéch dai thuat toan s& 1a 1y twong khi hé s6 khuéch dai A bang o, dong dién & cac dau
vao bang khoéng, tré khang vao 14 oo, trd khang ra bang khong. Trong thuc té hé s khuéch dai cua
mach 13 mot s6 hiru han, déng thoi phu thudc vao tan s6. Mo hinh ciia mach thuc té mo ta trong
hinh 5-40, trong d6 dic tuyén tan s6 ctia A ¢ thé coi nhu c6 dang gan dung:
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A
A(p)=—-> (5-91)

I+
W,

$201gA,dB

ra

vao lA.(Up “Uy) | Una

o —0 0)0 0‘)C

Hinh 5-40: M6 hinh twong duong KDTT va dic tuyén tan sb ham truyén dat ctia no
Mach khuéch dai thuét toan co6 rat nhiéu céc ung dung trong thuc té ca & ché do tuyén tinh va phi
tuyén nhu céc bd so sanh, khuéch dai cac thut toan xu 1y, loc tich cuc, dao dong...

Pé gitr cho mach lam viéc ¢ mién tuyén tinh thi ngudi ta phai tim cach gim mirc dién ap vao (AU)
sao cho dién ap ra khong vuot qua ngudng bio hoa duong Vy hodc bio hoa am Vi. Pidu nay c6
thé thuc hién dugc nho cac vong hoi tiép am trong mach.

Thi du 5-9: Hay xét chitc nang cua mach dién

hinh 5-41a. Z,
Giai: 1, 4 N
. ) : o1 -
Né}l coi ’KDTT la ly tudng va lam vi¢c trong Uy Auzol o -
mién tuyén tinh thi ta co: l
+ U,
AU=0
2 2 r c o
va khi d6 diém N dugc goi la diem dat ao.
Hinh 5-41a
U U
Dong dién vao: I, = — =~ —=
Zl ZZ
Z Z
Tudotaratra: U :_Z_zUV ) K(p):—Z—2

1 1
-Néu Z,, Z, 1a thuan tré thi churc nang cua mach la khuéch dai dao pha.
-Néu thay Z, 13 thuan tré, Z; 1a thuan dung khi d6 ham truyén dat ctia mach:

1

K(p)= TOCR

Nghia 14 mach trén thyc hién chirc ning ctua mach tich phan. Trong mién tan s6 mach dong vai trd
12 b6 loc thong thap tich cuc bac 1.

-Néu thay Z, 13 thudn dung, Z, 14 thuan tré thi:
K(p) =-pRC
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Nghia 1a mach trén thuc hién chirc ning cia mach vi phan. Trong mién tdn s6 mach dong vai trd
1a b loc thong cao tich cuc bac 1.

Thi du 5-10: Hay xac dinh ham truyén dat dién 4p cia mach dién hinh 5-41b, coi KDTT Ia ly

tuong va lam viéc trong mién tuyén tinh.
Giai:

Dong dién chay trong nhanh hoi tiép:

u, U

Z, Z,+7Z,

ra

Ham truyén dat cia mach la:

Hinh 5-41b

U Z
1422
U, Z,

K(p) =

Nhu vay, béng viéc thay dbi tinh chit ctia nhanh hoi tiép ma mach co thé thuc hién duogc cac thuat
toan ung dung khac nhau. D6 la mot vai thi du vé tinh da nang cua loai linh ki¢n nay

bé nghién ctru sau hon vé cac ung dung ctia mach khuéch dai thuat toan va transistor, dic biét 1a
cac thong sb ciia mach twong duong trong mdi cach mic, hoc sinh can doc thém trong céc gido
trinh va céc tai liéu tham khao cua cac hoc phan ké tiép.

5.3 MANG BON CUC CO PHAN HOI

Mang bdn cuc ¢o phan hoi 12 mot dang két cau phé bién cua cac hé théng mach. Trong d6 mot
phan tin hiéu ra s& duogc dua quay vé khéng ché dau vao. M6 hinh tong quat clia mang bbn cuc co
phan hoéi nhu hinh v& 5-42:

X 7] X, Mang bdn cuc }(
'\‘ K i
Xt
Khau h.tiép
B <
Hinh 5-42: M5 hinh tong quat M4C ¢ phan hoi
Gia
thiét: M4C ban dau c6 hé sb truyén dat ho:
.Y
K=— (5-92)
XV
Khau phan héi ¢6 hé sé hoi tiép:
n )_(; ht
=t (5-93)
d Y
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Nhu vay, hé théng kin (c6 phan héi) s& co hé sb truyén dat moi:

- Y K

Kht === (5-94)
X 1-K.p

Trong truong hop hdi tiép 4m (tin hiéu hdi tiép lam suy yéu tin hiéu vao), khi do ‘1 - 1%[3‘ >1, tri

s6 ham truyén dat cua hé kin s€ nhé hon so véi hé ho.

Trong trudng hop hdi tiép duong (tin hiéu hdi tiép 1am ting cudng tin hiéu vao), khi d6

‘1 — kﬁ‘ <1, tri 6 ham truyén dat ctia hé kin s€ 16n hon so vdi hé hé.

Néu Kﬁ =1, khi d6 tri s6 ham truyén dat cta hé kin s& tién dén vo cing. D6 1a trudng hop hdi
tiép duong gay ra hién twong ty kich, mach roi vao trang thai khong 6n dinh. Néu cit bo tin hiéu
vao trong trudng hop nay, thi hé ¢6 thé tur dao dong cho ra tin hiéu ma khong can tin hiéu vao.
Néu ‘EB‘ >> 1, khi d6 tri s6 ham truyén dat ciia hé kin s& chi phu thuoc vio khau hdi tiép. D6
thuong 1a trudng hop hdi tiép 4m sau.

Néu xét t6i két cdu va cac thong sb tham gia, nguoi ta chia hoi tiép thanh cac loai sau:

+Hoi tiép ndi tiép dién ap: tin hidu hoi tiép ndi tiép vai tin hidu vao va ti 18 v6i dién ap dau ra. Mo
hinh ctia n6 dugc minh hoa nhu hinh 5.43a.

+Hoi tiép ndi tiép dong dién: tin hiéu hdi tiép ndi tiép véi tin hidu vao va ti 18 voi dong dién dau
ra. M6 hinh ctia n6 duoc minh hoa nhu hinh 5.43b.

:Il oL, :Il oL I, 0 L, :
l Ul’ K l Ul K Uz’l
Y Ty U I, L I U
fu| B fue| B v
o——O0— o——O0— —O—0°
Hinh 5.43a Hinh 5.43b

+HOoi tiép song song di¢n ap: tin hi€u hoi ti€p song song voi tin hi€u vao va ti I¢ vaoi dién ap dau
ra. M6 hinh cia n6 dugc minh hoa nhu hinh 5.43c.

L, L
< 0——
K K |u]

Hinh 5.43c¢ Hinh 5.43d
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+Hbi tiép song song dong dién: tin hiéu hdi tiép song song vdi tin hidu vao va ti 1& voi dong dién
dau ra. M hinh cta né duge minh hoa nhu hinh 5.43d.

5.4 MOT SO UNG DUNG LY THUYET MANG BON CUC

Noi dung chinh phan nay 13 nhitng tng dung dua trén 1y thuyét cia mang bon cuc, dic biét di sau
vao cac tmg dung ctia mang bén cuc thu dong va tuong hd.

5.4.1 Mang bon cue suy giam

Mang bdn cuc suy giam c6 thé dinh nghia mot cach tong quat 1a cac mach chia dién ap chinh xac
ma khong 1am thay ddi noi trd trong R; cia ngudn. Mach suy giam phai thoa min cac yéu cau sau:

-Mach suy giam phai 1a bon cuc ddi ximg véi tro khang dic tinh bang dién tr trong ciia ngudn.

-Két cAu don gian va tinh toan dé& dang, dong thoi khong yéu cau dich pha giira tic dong vao va
dap ra, nghia 1a truyén dat dic tinh:

g=a>0 (5-95)

bé dap ung duoc yéu cau nay thi cac phan tir cua bd suy giam phai 1a cac thuan tréd. Cac phan tir
cua b suy gidm dugc tinh toan theo cac so d6 chuan ctia bon cuc nhu sau:

a. So'd@6 hinh T (hinh 5-44a):

R.
I, R, R, I, R,=—1 (5-96)
O——1"3 ———o0 sha
U, R; [] U, R, =R, :&_ﬁ (5-97)
tha sha
(o,
Hinh 5-44a
b. So d@6 hinh z (hinh 5-44b):
1
I G I G, = 5-98
o 1, :3 ‘2 o ’ R.sha ( )
U, G, G, U, G, =G, = b1 (5-99)
R,tha R;sha
O O
Hinh 5-44b

Thi du 5-11: Hay tinh mach suy giam lam viéc v&i ngudn c6 dién tro trong 1a R=600Q, suy giam
dac tinh 1a 2,75 Népe.

Giai: Theo cac diéu kién cua bai toan:
R; =600Q ; a=2,75Népe.

Viy cac phan tir ciia mach suy giam theo so do hinh T la:
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R.
R,=—= 600 =77Q;
sha sh2,75

R. R.
R, =R, =i Ri_ 600 600 5270
tha sha th2,75 sh2,75

Tuong ty ban co thé tinh cac phz‘in tr cua mach suy giam theo so d hinh .
5.4.2 Mang bon cuc phéi hop tré khang
Khac v6i bdn cuc suy giam, nhiém vy ciia bén cuc phdi hop tré khang 13 két hop v6i ngudn dé
lam thay d6i noi tré trong (Rj;) cua ngudn thanh gia tri méi (Ry), hodc nguoc lai, bién doi tro
khang tai thanh tré khang ngudn. Do d6 dic diém chii yéu cua bon cuc phdi hop tro khang 13 tinh
khoéng dbi xung. Ngoai ra, yéu cau khi két hop véi nguén thi truyén dat dic tinh cta no 1a thuan
ao:

g=]jb (5-100)
Véi cac yéu ciu ndy, cac phan tir ciia bd phdi hop tré khang dugc tinh toan theo cac so dd chuin
ctia bdn cuc nhu sau:

a. So' d@6 hinh T (hinh 5-45a):

1 Z, Z, 1 AR, -R,
o o Zy=— (5-101)
U, Z, U, ( R, R, R”) (5-102)
o o L7 sinb tgb
Hinh 5-45a R.R. R.
Z,=j~——=-—5) (5-103)
sinb tgb
b. So' do hinh 7 (hinh 5-45b):
1
I Y I Y, = j—o— (5-104)
o—s = 2 ’ JR; R, sinb
U Y, Y, U, : 1 1
1 Y, = i( — ) 6109
o , 7 5 JR; R, sinb atg
: . 1 1
Hinh 5-45b Y2 = J( ) (5-106)

JR,R,, sinb R, tgb

Thi du 5-12: Hiy tinh mach phdi hop trd khang giira ngudn co dién tré trong 1a 5000Q va tai
75Q. Gia sur dién 4p dién ap ra cham pha hon dién 4p vao 45°.

Giai: Theo cac diéu kién cua bai toan ta co:
Ri; =500002; Rip =75Q; b = /4 [rad/s].

Vay cac phan tir ciia mach phdi hop tré khang theo so @b hinh T la:
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\/Rﬂ Ry, \/5000 75

Z =—j866Q
’ sinb \/_/ .
ARuRy, Ry, 4/5000.75 5000 )
Z, =j(— - )— i ) =—j4134Q
sinb tgb J272 1
_vRuR;, R, .. A5000.75 75
Z, =) -—=)=i( ——)_ i791Q
sinb tgb J272

Tuong tu ban c6 thé tinh cac phan tir ciia mach phdi hop theo so db hinh 7.

5.4.3 Mach lgc thu dong LC loai k

a. Khdi niém chung

Moi mach c¢o6 chira cac phén ta dién khang sao cho tré khang ctia n6 phu thude vao tan s déu co
thé coi nhu ¢6 tinh chat chon loc d6i voi tan sb. Mot cach dinh tinh ¢ thé dinh nghia mach lgc tan
s6 1a nhitng mach cho nhiing dao déng c6 tan s6 nam trong mot hay mot sé khoang nhét dinh (goi
1a dai thong) di qua va chin cac dao dong co tan s6 ndm trong nhitng khoang con lai (goi 1a dai
chén). V& mat két cau, mach loc tan sb 1y tudng 1a mot bon cuc cd suy giam déc tinh thod man:

0  trong dai thong
a(w) = ' (5-107)
o  trong dai chan
Hay n6i mot cach khac, h¢ sb truyén dat dién ap cua mach loc tan sd thoa man:
1  trong dai thong
K (w) =2 = , (5-108)
A 0 trongdaichan

Dic tinh tan s6 |K(c0)| ctia mach loc 1y tuong biéu thi trong

4 /K(w)/
hinh 5-46. V6i mach loc thu dong, tinh chit chon loc ly
A . y A 5 A A 1
tuong chi dugc thuc hién khi cac phan tir xay dung nén
mach }é thuan khang, dong thoi tai phdi hop trong d‘éi thong o G 5
la thuan tré. Chung ta s€ xét cac mach loc ma so d6 ctua no h—
c¢6 dang hinh cai thang nhu hinh 5-47a, két ciu nay gitip cho Hinh 5-46
mach loc 1am viéc 6n dinh do d6 nd duoc sir dung rat rong
rii trong thyec té.
Zd Za Za
(e} { {e}
Z, Z, Z, Z,
o] lo}
— T —» <— T —>
Hinh 5-47a

Pé phan tich mot mach loc phirc tap, thudng dung phwong phap cét thanh nhitng doan nho don
gian theo cac so dd hinh T hodc hinh 7, hinh I thuén hodc hinh I' nguoc (hinh 5-47b) két ndi véi
nhau theo kiéu day chuyén.
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7,2 7,2 Z, Z,/2 Z.J2
(> 1 1 0 o 1 0 0 I 0 o 1 0
Z, [ 27y, 27, 27, 27,
[0 0 (o] 0] (o 0 O— —_—0
Hinh 5-47b

Céc so d6 hinh T va hinh © thudng duge sir dung dé nghién ctru vé mit 1y thuyét mach loc. Cac
thong sb dic tinh cua hai loai so dd nay dugc tinh theo cac cong thuc:

VA 47
Z (T)=="~ 1+—= 5-109
(== Z (5-109)
1
Z,(n)=2Z, ——— (5-110)
Zb
l+—>
Za
1+4Zb
th = Za 5-111
gT,/z'_ 2Zb (- )
1+—=
zZ

b. Piéu kién dii thong ciia mach lpc

Vi két cdu cac phan tir tao thanh Z,, Zy dd cho, can xac dinh diéu kién vé dai thong (hay dai
chin) ctia mach loc. Trong dai thong ta phai co:

{azO
g=jb

Rt ra hai diéu kién trong dai thong:
Thit nhit: Cac phén t Z,, Zy, 14 thuan khéng.
Thit hai: Z ,(T) va Z,(r) phai thuan tré.
va diéu kién nay s& tvong duong véi:
Z Z
13—42—”300 hay —-1<—2<0 (5-112)

a Zb

Pay 1a dicu kién dai thong cua mach loc c6 két cau hinh cai thang.
Tai tan sO . cta mach loc, ta sé co:

Z,(®,)
Z,(0,)

-1 (5-113)

¢. Mach loc logi k

Mach loc loai k 14 loai mach loc thuan khang néi trén c6 cac phﬁn tir thoa man diéu kién:
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ZoZn=k> (5-114)
(trong d6 k 1a mot hang sé thuc)

Dé thoa man diéu kién trén, don gian nhét 14 chon cac nhanh Z,, Zy, 13 cac phﬁn ttr thudn khang ma
trg khang co tinh chét ngugc nhau. Sau day ta xét cu thé loai mach loc nay.

d. Ciu tric ciia mach loc logi k

- Mach loc théng thép:

Z,=joL, ; Z, =— (5-115)
JoC,
L,/2 L,/2 L,
o_/VWVil__fVYW\_O ° _EYYY Y\ s S
T G T GR: = qn
O o) O O
Hinh 5-48
Hinh 5-48 md ta mot mat loc hinh T va hinh 7t ciia mach loc thong thép.
Tan s cit cia mach loc duge xac dinh theo cong thuc:
4 Z(o) 4
Z, (w,) a)zLaCb
, 2
Rutra o, = (5-116)
La Cb
- Mach loc thong cao:
1 .
Z,=—=m v joly (5-117)
joC,
Hinh 5-49 mé ta mét loc hinh T va hinh 7 cua mach loc.
2C, 2C, C
o—} i ° i}
g L; é 2L, § 2L,
o o O- —0
Hinh 5-49
Tan sb cit ciia mach loc duge xac dinh theo cong thuc:
Z
—4 b(wc) 240)2LbCa =1
Z,(o,)
, 1
Rut ra 0, =—— (5-118)
2,L,C,
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- Mach loc thong dai:

1 1
Z,=j(oL, —T); Z, = (5-119)
w .
“ J(@Cy———)
oL,
Dé thoa man diéu kién ctia mach loc loai k, can ¢o:
1 1
= =w (5-120)
\/Laca \/Lbcb '
Hinh 5-50 mé ta so dd mach loc.
c. L, c, L.
PEg— JT |_.le_| l_.('o’mLa .............................. o
“g o b3 To bF 76
o o
Hinh 5-50
Tan s cit ciia mach loc duge xac dinh theo cong thuc:
Z,(®) _ 4
Za (0)) La Cb 2 B & i
LC\o, o
L c
Dt N bh Na 5-121
: P NC, ( )
Rit ra o, =0,p+17p (5-122)
Dai thong ctia mach loc thong dai: Ol <0< O
Va ta cé quan hé sau:
a)cleZ ™ a)g
(5-123)
a)c2 _a)cl = Lacb - 20)0'\/;
- Mach loc chan dai:
1 ) 1
Z, = —; Z,=j(®L, - ) (5-124)
J@C, ~— ) )
oL,
Tuong tu dé thoa man diéu kién ciia mach loc loai k, can c6 thém diéu kién:
1 1
w, (5-125)

\/LaCa =\/Lbe )
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Hinh 5-51 mé ta so dd mach loc chin dai.

L, L,
L — L —
° C, C A— o
|| 1
G, G, G
L, L, L,
- o
Hinh 5-51

Tan so0 cat cua mach loc dugc xac dinh theo cong thurc:

_4Zb(a))_4 LbCa 2_& ’
Z (o) LC\o, o
L, C ‘ C

Cung dat =—=—2: va = 5-126
g dz pP=7 C, p 16p ( )

a

Rut ra @, =0,/p +1Fp (5-127)

Dai thong ctia mach lgc thong dai c6 hai khodng: 0 <. ; © 2> 0

Va ta cling c6 quan hé:

| , (5-128)
O — D1 88 N 20)0\/;

e. Tinh chit ciia mach loc loai k
Ta s€ xét tréd khang dac tinh va truyén dat dac tinh cua tirng loai mach loc.

- Doi v6i mach loc thong thip

* Xét tror khang dic tinh ctia mét loc hinh T (hinh 5-52a): L./2 L(2
Z 47 ) o’ T C
Z,(T) =22 4220 2 jp=e 1- 2 b
d( ) 2 Za J 2 a)z o o

-Trong dai chin (@ > ®.): Zq(T) mang tinh dién cam. Hinh 5-52a
-Trong dai thong (o < ®.): Z4«(T) mang tinh di¢n tré va
dugc tinh theo cong thirc: 4 Z(M
L 0) 2 L . R(w) //,;,,,
Z,T)=|—,|l-— =R(w
o= | 1= =R @) .
/"‘ (i)
Su phu thudc cua Z4(T) theo tan sé duoc biéu thi trong 0 o, .
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* Xét tro khang dic tinh cia mat loc hinh &t (hinh 5-53a):

1 2 1
Z,(r)=22, —— Ly
4Zb ja)Cb 602
I+— /1 ——< | |
VA P a)2 -1 Cb/ 2 -1 Cb/2
O O
-Trong dai chin (® > ®.): Z4(m) mang tinh dién dung.
g ( ): Zy(mr) mang en dung Hinh 5-53a
-Trong dai thong (o < ®¢): Zg(m) mang tinh dién tré va
duogc tinh theo cong thirc: £
L, 1
Z,(x)= [ = R@)
bo_e L, | r@
2
, C,
$
Su phy thudc ciia Zg(r) theo tan sé dugc biéu thi trong v o )
hinh 5-53 b.
% A i , A < i1
Bay gio ta xét sang truyén dat dac tinh: Hinh 5-53b
-Trong dai thong (o < ®.): suy giam dac tinh a =0, khi
do:
1- “’j wz ~1
! 0] 0]
thg,,=jigh=-——— hay (gb=+t—"—+
1 @ - @
20° 20°

-Trong dai chan (® > ®.): dién ap trén cua ra giam nho mdt cach dang ké sao cho luc d6 khong
can de y toi su dich pha gilra n6 vdi dién ap vao. Nguoi ta quy ude 1a b gilt nguyén gia tri ciia nd

tai o, sao cho sang dai chan tgh =0 va thg =

tha. Khi do: tarr, brr !
2
1~ 4 n
a= arl‘h—w2 (b)
&~ / | | ®,
20 0 ®
Hinh 5-54 biéu dién su phu thudc ctia a va b Hinh 5-54
theo tan s trong cac dai khac nhau.
- Doi v6i mach loc thong cao
* Xét tro khang ddc tinh caa mét loc hinh T (hinh 5-55a):
Z 4z 1 o’
Z,(T)="%1+—2>= l-— 2C, 2C

D) 2\ z, 2jeC,\ @ o—] I

-Trong dai chin (o < @.): Za(T) mang tinh dién dung. éLb
o o
Hinh 5-55a
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-Trong dai thong (o > ®.): Z4(T) mang tinh dién tré va dugc tinh theo cong thirc:

/L f o’
Z. (M= |- 1-—<=R
d( ) Cu a)z (0))
4 Zo(T)

Su phu thudc ciia Zy(T) theo tin sb dwoc biéu thi T
trong hinh 5-55 b. -
. Ca R(w)

* Xét trd khang dac tinh ctia mat loc hinh 7 (hinh 5- ®
56a): 0 3y !

1 . 1 :

Z,(n)=2Z,———==2joL, ——
4Zb a)z : fEnk
1+ 12 inh 5-55b
Z, >

c

-Trong dai chin (o < o.): Za(r) mang tinh dién cam.

-Trong dai thong (® > ®.): Zg4(mw) mang tinh dién tro
va duogc tinh theo cong thirc:

L, 1
Z,(m) = [ —
a /l_a)c
a)z

Su phu thudc cua Zy(m) theo tan s6 dugc biéu thi
trong hinh 5-56 b.

= R(w)

* Bay gio ta xét sang truyén dat dic tinh: Hinh 5-56b
-Trong dai thong (o > ®.): suy gidm dac tinh a =0, khi d6:
o’ w’
thg,,=jigb=-——— hay igh=+t——+
1 2 1 @
2w] 20

-Trong dai chin (o < ®.): nguoi ta cling quy udc b giir nguyén gia tri ctia né tai ., sao cho sang
dai chén tgh =0 va thg = tha. Khi d6:

] b arc, brc
@
|- —= @
a = arth -
(02 0‘):
1- 20° 0
_TE 1

Hinh 5-57
Hinh 5-57 biéu dién su phu thudc cua a va b theo tan sb trong céc dai khac nhau.
- Doi véi mach loc théng dii
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Xét mét loc hinh T va hinh = cua mach loc thong dai (hinh 5-58):

2C, L/2 2C, L2 C, L,
Cb 2Lb Cb/ 2 2Lb Cb/ 2

_ i o

Hinh 5-58

Do viéc tinh toan kha phure tap, nén ¢ day khong thuc hién tinh toan tryc tiép ma chi dua vao tinh
chat twong duong ciia n6 ddi véi cac mach loc théng thap va thong cao trén cac doan tan s khac
nhau. Cu thé 1a:

-Trén doan ® > ) : nhadnh Z, mang tinh di¢n cam, con Z, mang tinh chét dién dung, do d6 mach

loc thong dai s€ twong duwong nhu mot mach loc thong thz}p.
C Ot M3 C 190
£ Zy(T)
R(®)
R {
L, (@) / L,
C
b j C,
/ ® ®
0 [on [0 Ocy ’ 0 @y o ()8
"4_ thong cao —, <— thong thép_> <«— thongcao —» <«— thong thép —

Hinh 5-59a

-Trén doan ® < ®, : nhanh Z, mang tinh dién dung, con Z;, mang tinh chét dién cam, do d6 mach
loc thong dai s€ twong duong nhu mot mach loc thong cao. Hinh v& 5-59 biéu dién su phu thudc
cua cac thong sb dic tinh cua mach loc thong dai theo cac dai tan s6 khac nhau.

t amp, brp
TE “‘\
N2 (b)
\\' 1 e 0\2
0 (S N ()
-TT
<«—— Thong cao —»4— Théng thip ——»

Hinh 5-59b
- Doi véi mach loc chin dii

Xét mét loc hinh T va hinh 7t cua mach loc chén dai (hinh 5-60):
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L,/2 L,/2 L,
U — T — — 09503 —
°—| 2C”|'r J_ 2C“|'r |—-= CJ_ CaI | J_ °
G, C,/2 Gy/2
L, —% 2L, —% 2L,
I I

Hinh 5-60

Tuong ty nhu mach loc thong dai, dua vao tinh chét twong duong cua mach loc chin dai ddi vai
cac mach lgc thong thép va thong cao trén céc doan tan s6 khac nhau. Cu thé la:

-Trén doan ® > ®y : nhadnh Z, mang tinh di¢n dung, con Z, mang tinh chét dién cam, do d6 mach
loc chin dai sé tuong duong nhu mot mach loc thong cao.

-Trén doan ® < ®y : nhadnh Z, mang tinh dién cam, con Z, mang tinh chét dién dung, do d6 mach
loc chén dai s& twong dwong nhu mot mach loc thong thép.

Hinh v& 5-61 biéu dién su phu thudc ctia cac thong so dic tinh ctia mach loc chan dai theo cac dai
tan s6 khac nhau.

4 Zy(m)
A Zy(T)
R(w)
L, R(o) R(w) L, R(w)
C, C,
®
/ ® >
2 = > 0 ©cy g (oY Ocy
0 (N Wy O
<« Théng thip —» /<—Th6ng cao —» .
<« Thong thap » <«— Thong cao —»
Hinh 5-61a
A .
acps bep @ ||
A 5@
(b)
____________ Oc 03;
0 Qu ®o
(b)
-
<«—— Thong thép — <«——— Thongcao —»

Hinh 5-61b
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Trén day ta da xét cac tinh chét cua bo loc loai k, trong d6 cac thong s6 dic tinh dugc dinh nghia

dwra vao diéu kién phdi hop tré khang & ca hai ctra. Nhung diéu kién nay lai rat kho thyuc hién, boi

vi thong thuong tréd khang tai va ndi khang cia nguon cé gia tri 1a thuan tréd cé dinh, hay néu co

phu thudc tan s thi ciing theo quy ludt riéng cua né. Trong khi d6 tré khang dic tinh cia mach

loc loai K cho du ¢6 tinh chat thuan tré trong dai thong nhung van bi phu thudc kha nhiéu vao tan

$6. Vi vay nhuogc diém cua loai bd loc nay la tr¢ khang déc tinh va sy truyén dat tin hiéu bi anh

hudng nhicu boi tan so.

Thi du 5-13: Tinh cac phan tir ciia mach loc
thong thap loai k c6 dai thong tir 0 dén 1000Hz,
tré khang dic tinh & dau dai thong 1a 600Q. V&

khau T va mt ctia mach loc.

Giai: Theo cac gia thiét ta co:

f. S S 1000

L, C,

L
Z,(0)=_[—=600

a(0) C,
b = 61106 =53nF

Rut ra Z.l(.)’z
L,=— =19mH

T

Céc so do mit loc thong thap dwoc vé& ¢ hinh 5-62

5.4.4 Mach lgc thu dong L.C loai m

L./2 L.,/2

9,5mH 9,5mH

—— C,=53nF

L=19mH
o——YYYY 4

=—/C,2 ——GC,2
26,5nF 26,5nF

Hinh 5-62

bé khac phuc nhuge diém cia b loc loai k, nguoi ta da cai tién mét budc vé mat két cau dé dat

duoc chét lugng cao hon. Cac mach loc dé duoc goi la mach loc m.

a. Cac phwong phap xdy dung bo loc loai m

Dé xay dung bd loc m, ngudi ta diing cac phuong phap chuyén tir bo loc loai k.

- Chuyeén noi tiép: Bao gdm cac budc nhu sau:

+Chon khau co ban hinh T va tinh toan dya vao tré khang ctia nhanh.

+Giir lai mot phan trén nhanh ndi tiép, sao cho tré khang cuia né tré thanh:

Z,=mZ,

(vo1 m <)

+Chuyén mdt phan ciia Z, xudng nhanh song song sao cho tao thanh Z, .

(5-129)

+Xéc dinh Z, dua vao di¢u kién cin bang céc tré khang ddc tinh ctia cac khau loai k va loai m:

Z

d(Ty)

Bay gio ta tinh Z, , diéu kién trén dugc viét thanh:
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Zo 1132 M2, |, A2, (5-131)
2 zZ 2 mZ,
A

2

Rt ra 7, =, 4 (5-132)
4m m
Z,/2 Z./2 Z,/2=mZJ2 Z,/2=mZ,/2
o - - 0 o —1 - o
Zy, Zyry) = Zaay) Zy
o— —o0 ° ©
Hinh 5-63

Khau loc m duoc xay dung bang cach nay goi la khau loc m nbi tiép. Né ciing ¢ két cau hinh T.
Hinh 5-63 m6 ta qua trinh chuyén ndi tiép vira trinh bay & trén.

- Chuyén song song: Bao gém cac budc nhu sau:
+Chon khau co ban hinh 7 va tinh toan dwa vao dan nap ciia nhanh.
+Giir lai mot phan trén nhanh song song, sao cho dan nap cia nd tré thanh:

Y, =mY, (véi m<1) (5-133)
+Chuyén mot phan cta Yy, 1én nhanh ndi tiép sao cho tao thanh Y;.

+Xéac dinh Y; dua vao di€u kién can bang cac tré khang dic tinh cua cac khau loai K va loai M:

Zyo) =Lt (5-134)
Bay gio ta tinh Y; , diéu kién trén dugc viét thanh:
Yi 14Y = ZY ! , (5-135)
m
b1y e v s 4y,
b mY,
2
4 Y
Rt ra y=Lemy L (5-136)
4dm m
Y,
Y. —
00— 1 —0 o o)
_D_
[Yb/z Y2 Zne) = Lagay,) Y, /2 [] [] Y, /2
0 0 O 0]
Hinh 5-64
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Khau loc M duoc xay dung bang cach nay goi 1a khau loc M song song. N6 ciing c6 két cu hinh
7. Hinh 5-64 mé ta qua trinh chuyén song song vira trinh bay & trén.

b. Cdc tinh chit ciia mach loc loai m

Trong phén trén ta da xét cach xay dung mach loc loai M tir mach loc loai K, trong do can cha v
réng diéu kién can béng trd khang ddc tinh cua cac khau loai K va loai M s€ lam cho hai loai
mach loc s€ c¢6 cung dai thong. Tuy nhién diéu do chua thé hién nhitng cai thién ciia mach loc loai
M so véi mach loc loai K mot cach thuyét phuc. Bay gio ta hdy xét toi cac thong sd dic tinh cua
mach loc M theo mét canh nhin khéc, trude hét 1a tre khang dac tinh cua mat loc hinh 7 trong
cach chuyén ndi tiép (hinh 5-65).

Z,=mZ,
Za Zu Za
[o] f ] e 0 o { J { - 0
z)| ozl oz H z, z, Uz U ezpl) o g
[o} o [o} o]
<+ n —> <— T —
Hinh 5-65
. . 1 1—-m? Z 1
Z, ) =27, _ = 4’" Z, +2by & 4
47 m m 47
[ wA S Tl ¥
Za Za

trong d6 néu chu y dén dicu kién can bang tré khang dac tinh ta sé co:

| -m*, Z 27 7
Z"(”’”)zz(lzt—ZZ“+7b)' m4z T 4z (Hl A Zaj
1+-—2 b
Z, Z,
' 1-m* Z
hay La o) = de)(l / a J (5-137)
4 Z,

Két qua trén no6i 1én rang, trd khang dic tinh ciia bo loc loai M trong cach chuyén ndi tiép con phu
thudc hé sé m. Didu nay chi ra kha nang, néu chon m thich hop c6 thé lam cho Z’d(nM) it phu thudc
vao tan sb nhat.

Déi voi tro khang ddc tinh cia mit loc hinh T trong cach chuyén song song (hinh 5-66) ta ciing
co:

Y, Y,

T Lo

IYb Ybl [Yb Y,

[l

«— T —

A
—
v

Hinh| 566
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: A A7, 4y 4y
Z,my =% 1+—2 = 1, l+—< = L1+ —==
2 Y4 2Y Y, Y Y,
a a b 711) b
m
4y 4Y
\/1+ Y“ \/1+ Y“
' 1 1
hay  Zymo = sy mh: 2Yb l—m’ ¥
2y 4 tay 1+ /2
4m m 4/ =),
. : 1
tire 14 Z/ w0 =Zyr - ; (5-138)
K l-m~ Y,
1+ —
4 Y

Két qua trén ciing no6i 1én ring, trd khang dic tinh ciia bo loc loai M trong cach chuyén song song

phu thude hé¢ s6 m.

Cu thé ta xét bd loc thong thép, c6 cac tré khang Xuét phat tur loai K:

1

Z,=joL,; —
joC,

ZJs
-Theo cach chuyén ndi tiép s€ ¢c6 bo loc loai M,
tuong Ung:

Z, = jomlL,
1-m? 1

Z =jw L +
b .] 4m a

JjomC,

2

[-(1=-m )—]

Zd () —1/ \/7

1 ZDT(TC)
<+———m=I(loai K)
< m=0,6
R(w) /
L, - m=04
\/ P =0,
C b
o
0 o,
Hinh 5-67a

Hinh 5-67a 1a d6 thi biéu dién su phu thudc cua tré khang dac tinh mit loc hinh 7 mach loc thong

thap ndi tiép theo gia tri cua m.

-Theo cach chuyén song song s& cd by loc loai M,

tuong ing:
1-m? 1
Y = jo—"C
4m jomL
Y, = jomC
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1
: [1—(1—m2)~wfz]
()

c

Hinh 5-67b 13 d6 thi biéu dién sy phu thudc cua tré khang dic tinh mét loc hinh T mach loc théng
thip song song theo m.

Nhu vay, néu chon m=0,6 thi s€ cac khang dac tinh cta cac mat loc néu trén s€ it phu thoc vao tan
s0 nhat. D61 v&i1 mach lgc thong cao cling c6 két qua tuong tu.

Bay gio ta xét tdi truyén dat dic tinh (g) cta mach loc loai M, trong d6 chu yéu xét dén suy giam
dac tinh (a). Khau loc M phure tap hon khau loc K, do d6 trén cac nhanh ndi tiép va song song cua
mach loc c6 thé xay ra cong hudong lam hé mach Y, hoic ngén mach Z . Khi d6 suy giam dac
tinh s& 16n vo cing, vi vy cac tin sb cong hudng nay dugc goi ®,. Ching la nghiém cua cac

phuong trinh
_ 2
Y _1-m Y, +£:0
4m m
2
, - Z
hoc 7 =Em g, LAy
4m m
47
Hay la b —1-m? <1 (5-139)

Z

a

R rang cac tan sd o, nam trong dai chin (vi biéu thiic trén khong thoa man diéu kién dai thong)
cac tan s6 nay phu thudc vao gia tri cua m. Hinh 5-68 minh hoa sy tdn tai clia cac tAn s6 ®. va suy
giam dac tinh cua cac mach loc loai M. Chu y rﬁng cac thong s6 dic tinh ciia mach loc thong dai
va chan dai loai M déu c6 thé suy ra tir mach loc théng thip va thong cao cing loai.

1

0 Mg (1)0 Mooy ()] 0 (OS] Moo O () (V) Q)]

v

Hinl 3363
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Nhan xét:

Trong khoang tan sb giita . va o, suy giam dic tinh ting tir 0 dén co. Do d6 d6 dbc cua dic
tuyén phu thudc vao bé rong cta khoang (., ©..), ma bé rong nay lai phu thudc vao m, tir d6 ta co
thé chon do doc cua dic tuyén mot cach tuy y theo m. Pay la mot uu diém 16n cua mach loc M so
v6i mach loc K. Tuy nhién khi di sau vao dai chin thi suy giam déc tinh lai giam kha nho. Day 1a
nhuoc diém cia bd loc M so vé6i bo loc loai K.

5.4.5 B{ loc thu dong LC day du

a. Nguyén tic thiét ké chung

Nguyén tic tinh toan mot bd loc 1a phai dam bao cac yéu cau ki thudt, sao cho chét luong ciia nd
cang dat t6i Iy tudng cang t6t. Noi mot cach cu thé:

1/2 khau Khau K Khau M 1/2 khau
w2 0
DE | | m=0s YAV ZJZ o com
» » ®Oc o
VANV AT
Z d(rn,T) Zd(T,n) Zd(T,n) Zd(T,Tc) Z’d(TC,T)

Hinh 5-69: B6 loc Lc day du
-Suy giam dic tinh (a) phai hoan toan triét tiéu trong dai thong va rat 16n trong toan bd dai chan.
-B0 loc phai dugc phdi hop tré khang tot voi ngudn va tai.

Trong thuc té, dé dap ung ddy du cac yéu cau ky thuat, thuong phai xay dung cac bo loc phic tap
g6m nhiéu khau khac nhau va ¢ cac tinh chit bd xung cho nhau. Nhin chung mét bd loc nhu vay
phai c6 hai khau khong ddi ximg ¢ hai dau lam nhiém vu phéi hop tro khang véi ngudn va tai, va
mot s6 khau loc d6i xtmg loai M hodc K (hinh T hodc hinh ) ndi v6i nhau theo kiéu day chuyén
(hinh 5-69). Sau day ta di sau vao cac khau trong bo loc:

Khau loc M (ddi ximg) duoc dua vao dé dam bao ra khoi dai thong suy giam dic tinh ting rat
nhanh. Do dic tinh cang di sau vao dai chan thi suy giam dic tinh ctia n6 cang ting, do dé6 Khau
loc K (dbi xtng) dugc dua vao trudc khau loc M dé khic phuc nhugc diém vé su giam cua suy
giam dic tinh khi di siu vao dai chin cua khau loc M. Nhu vay dé dam bao cac khau nay cé ciing
dai thong va sy phdi hop tré khang thi khdu M s& dugc thuc hién bang cach chuyén tir khau K

theo cach chuyén twong mg. Hé sé m do tan s suy giam vo cing ., quyét dinh.
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Hai khau 1/2 M (khéng ddi xtng): dugc dat ¢ hai dau bo loc dé phdi hop trd khang giita bo loc
v6i ngudn va tai. Do ban than nhiém vu phdi hop tré khang dan dén né phai co tinh khong dbi
xung. Mit khac dé vira dam bao phéi hop véi ngudn va tai, dong thoi vira dam bao phdi hop déu
ndi n6 véi cac khau K va khau M & phia trong bd loc mgt cach binh thuong, nguoi ta tao ra cac
khau nay béng cach: tao ra khau M tir khau loc K theo cach chuyén tuong ung, voi hé s6 m=0,6,
sau d6 bd doi khau M vira tao trén dé chi giir lai mot nira. Vi hé s6 m=0,6 thi tré khang déc tinh
& clra vao va cira ra ctia bo loc s& dam bao thudn tré va 6n dinh, dam bao su phéi hop tré khang
v6i ngudn va tai.

Viéc ghép ndi cac khau trong bd loc sao cho nhin tir ngodi vao c6 tré khang dic tinh Z 4=Ri=R;
trong truong hop chuyén ndi tiép (hinh 5-70a) va Z 41=Ri=R; trong truong hop chuyén song song

(hinh 5-70b).

z. 7. Z, z, & /5%

2 2 2 2 & 2/ 2
RS R RO S 1 pet i Y
Zaw — Zam Zam Zam Zaw

Hinh 5-70a
2y, Yy 2Y’,
S
=t
TYb"/z — Y2 Y2 [Je——s[] Yo 2 Yo 2[] e |IV72 «» R, H
Ld(T) Zatn) Zy(ny Zaw ~Lam
Hinh 5-70b

b. Cich tinh todn bg loc ddy dii

Thong thudng cac sb liéu sau day s& duoc cho trude: Dai thong (tan sb cét), tré khang ddc tinh
trong dai thong, dién trd trong ciia ngudn va dién trd tai, tin sd suy giam v clng, cac yéu cau vé
suy giam dic tinh va phéi hop tré khang ... Dau tién viéc tinh toan khau K s& duogc thuc hién
trude, sau d6 mdi chuyén sang tinh toan cac khau M. Sau day la cac cong viéc tinh toan can thiét
trén cac loai b loc:

1. Bé loc thong thip:

L 2R
a = Rl = Rl‘ = R La = —
Cb a)c
- Khau loc K: =
2 2
W, = C,=—
LC, Ro,
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2

. A a, [0
-Céac khau loc M: 0, =—— :>m=1/1- 20
1-m’ @

(Véikhau 1/2M thi  m=0,6)

Hinh 5-71 14 cau trac cta cac khau (K, M va 1/2M) ciia bd loc thong thap dy du trong cac trudng
hop chuyén néi tiép va chuyén song song.

L,=mL,
X 2 Lo ok ' 1- m2
Néu chuyén néi tiép: L, = L,
4m
C, =mC,
L./2 L./2 L, /2 L2 LE /2
,_/vvvvj__rwv\’m_, -
o_/vwvj__ww‘/\_,, = ,_rwwICb /2
—|_ Cb E Lb’ 2Lb
Hinh 5- 71a
C, =mC,
Néu chuyén song song: 4 L, =mlL,
2
C; = o G,
4m .
L, L, /2

T T o £ !
T T2 — , +—é:|72[2_1+cb’/2 ) I_”_%cg”/z

Hinh 5-71b

O

2. Bg loc thong cao:

- Khau loc K: = 1'
ME oL
2./L,C, 2Ro,
a)2
-Céac khau loc M: o, =oN1-m> =m=,|1- 200
e

(Véikhau 1/2M thi m = 0,6)
Hinh 5-72 14 céu trac cua cac khau (K, M va 1/2M) cta bo loc théng cao ddy du trong trudng hop

chuyén noi ti€p va chuyén song song.
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. L
L =—"
m
4 A L. -k ' 4m
Neéu chuyén noi tiep:  {C, = -C,
l-m
' C
C,=—*
m
g 3G 2. ac 2€,
1l | — it T it T
%Lb — c, C, 12
o o L. 2L,
Hinh 5-72a
. L
L, =—"
m
£ X ' 4m
Néu chuyén song song: L, = ~L,
1—-m
' C
C,=—
m
L, /2
e
é 2Lb’ zca” 2Lb

Hinh 5-72b
3. B9 loc thong dai:
A 2 1 1
- Khau lgc K: 0; =0,.0, F LN o
a~a b™~'b
D= @, = :
g2 Sl - \/—
LaCb
L L
“=|--=R =R =R
C, /!
Rut ra Y= 2R = @ —
WDy — O 2R0)clwc2
L =_]e(a)c2 _wcl) C — 2
’ 26001&)02 ’ R(a)cZ - wcl )
2 1 -
-Cac khau loc M: 0,0, = \/L = \/1 — = a:/clz
a~'b —m —m
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, @, —®
rat ra mz\/l—(u)2
Wy = Wy

(Véikhau 1/2M thi  m = 0,6)

Neéu chuyén noi tiep:

L,=mL, C, _S
m
. L .
L, = C, =mC,
m
L= C,=-" ¢
b2 4m a b2 1—m2 a

Trong hinh 5-73a minh hoa cach chuyén ndi tiép khau loc thong dai .

2c, L/2 2C, L2 2C, < L/2 2C, L2

oA

Lbl

é Gy
L, :Cb l C.
Lb27
o T o —%

0

Hinh 5-73a
Néu chuyén song song:
, ; C
Lal = mLa Cal = <
m
L .
L =-1 C, =mC,
m
Y A L= 1
a2 4m b a2 l_mz b

LaZ’
C L, I —
o— 1 ——— Cofp—
I
“__Ljhfvmr—ji“
2L, 49 1 C/2 2L,4 1LCJ/2 L
o3 TCR2 2L 3 TG

Hinh 5-73b
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4. Bj lpc chin dai:

A ool _ —
-Khauloc K: o) =0,0,=——=

@D, =W, =

“2/LC,

L L
«~ |Z5 R =R =R
Cb Ca

R

Rit ra L=——
2(6062 _a)cl)
Lu — 2R(w02 _a)cl)
a)cleZ

-Cac khau loc M:

2)/L,C,

C,

W, —0
rat ra m=\/1—(—°°2 L)

— 2(6002 _a)cl)
Ro, o,

cl

1

C,=Z [f8—£
2R(wc2 . a)cl)

Wy — Wy :; Vl_mz :(a)CZ_wcl)Vl_mz

0)02 _a)cl
(V6ikhau 1/2M thi m = 0,6)
Néu chuyén nbi tiép:

. C ,

c,=—~ L,=mL,
m
Cyy =mC, L, ="
m

S & L, =

b2 1_ m2 a b2 4m a

Trong hinh 5-74a minh hoa cach chuyén ndi tiép khau loc chan dai.

L,2 L,/2 Lo/ b/
P~ o o, e
oAI 2C, 2, 1 J_ 1
=I5 "
Cb Lbl
Ly Coy % Ly,
o | 0 ° [ °
Hinh 5-74a
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Néu chuyén song song:

Cal = ‘ L'al ZMLa
m
L
C, =mC, L, ==t
m
, 4m \ l-m’
La2 = 1—m? Lb Ca2 = 4m Cb

Trong hinh 5-74b minh hoa cach chuyén song song khau loc chan dai.

La Lal7
- S Weay
o_—\suuuu— TE
[T T
Cb/2 Cb/2 Cb,/z
gsz 2L, gsz’
I |, |,

Hinh 5-74b

5.4.6 Mach lgc tich cuc

O vung tan sb thép, loai mach loc thu dong LC thuong khong thich hop cho cac img dung thuc té
vi su cong kénh ciia cac phéan tir trong mach va pham chat cia mach bi suy giam kha nhiéu, thay
vao d6 1a cac loai mach Igc tich cuc RC dung KDTT.

a. Khdi niém chung:

Ham truyén dat téng quat cua mach loc tich cuc RC ¢6 dang:

K(p)= b, +bp+ .. +b_,p™ +b, p" (0> m) (5-140)
a, +a1p+...+an_1p“'l +p" ’

Bac ciia mach loc 13 bac 16n nhat ciia mau sé (n). Thong thudng n6 duge quyét dinh boi sb luong
dién dung C trong cac vong hoi tiép cua mach. Dbi v6i mach loc tich cuc RC, thudong khi ham
mach co6 bac cang cao thi do nhay cua céac dai luong dic trung cia mach doi véi ph?m tir tich cuc
cang ting manh, d6 sac cuia ddc tuyén tan sb cang tién dan dén 1y tudng.

Trong 1y thuyét tong hop mach, phuong phap thuong dung dé xay dung mach loc tich cyc RC 1a
phuong phap phan tach da thirc va mic ddy chuyén cic khau bac mot va bac 2. Gia sir tir ham
mach K(p) 14 phan thtrc hitu ti, khi d6 c6 thé phan tich ra thanh tich:

N(p) e H(p+0)]_[(p +bp+c,)
D(p) H(p+0)l_[(p +b;p+c,)

K(p)= =F(p).K,(p) (5-141)
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-DAu tién tach ra ham F(p) co thé thuc hién béng mach thu dong RC. Trong doé céc diém cuc cua
F(p) phai la thyc:

_P(p) __ P
Ap) [[(p+o)

F(p)

Trong d6 Q(p) chira cac nghiém thyc 1a diém cuc thyc cua K(p). Con P(p) chira mot phan cac
nghiém cua N(p), va bac ciia P(p) nho hon hodc bang bac cia Q(p). Khi d6 F(p) co thé duoc thuc
hién bang cac phuong phép tong hop mach thu dong. Néu P(p) chi chira cic diém khong thuc thi
¢6 thé thuc hién béng mach hinh céi thang.

-Con lai K;(p) 14 t6 hop cac ham truyén bac hai va s& dugc thuc hién bang cic khau bac hai (chira
cac phan tir tich cuc) v6i uu diém co dién tro ra rat nho.

b. Khau lgc tich cuc RC bdc 2:

Khau loc bac hai c6 mot y nghia dac biét quan trong vi do 1a khau co ban dé téng hop cac ham
bac cao bt ky. Téng quat, khau loc bac hai twong tng véi ham truyén dién ap:

K, (p)= 3 (5-142)
a,taptp
Ilby Mach phan
hoi
(b)
L, cC
o— < O —
M4C o
Y (a) + U,

Ham mach nay hoan 1 rc hien duoc béng mach KPTT vo1 cac Vé)ng phan hdi va mach

RC. Mach phan héi cia KPTT ¢6 thﬁiﬁﬂ@i@rﬁﬁqu@@ﬂi@{lg-
-Khéu ding phéin hoi mét vong: Hinh 5-7‘56H1%qé1ﬂ6{%héu tich cuc RC ¢6 mot vong phan hoi
am dung KDTT; (a) 1a mach thu dong RC; (b) 1a mach phan hoi.

Viét lai ham truyén dudi dang:

K, (p) :kM (5-143)

D(p)
Trong d6 hé s6 ciia s6 hang bac cao nhat & N(p) va D(p) bang 1; D(p) 1a da thirc Hurwitz ¢ cac
nghiém & nira mat phang trai; N(p) khong c6 nghiém trén truc o dwong dé c6 thé thuc hién mach
dién co day dit chung. Dé d& dang thuc hién ham mach bang khau mach béc hai, nguoi ta thudng
chon mét da thire phu P(p) c6 cac nghiém thuc, khong dwong va bac i (téng quat, i = max {bac N,
bac D)F -1; C6 thé chon bac i cao hon, nhung khi d6 s6 linh kién sé& tang lén), sao cho:

N(p)
N(p) ' P(p)
=k =
K,(p) Dy D(p) (1)
* P(p)
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[P

Theo hé phuong trinh din nap ciia mach “a” ta co:

L= y21aU1 + y22sUc = y21.U1 (do C la diém dat a0, Uc =0)
Theo hé phuong trinh din nap ctia mach “b” ta co:

Lib = y1sUc * y126Uz = y120Us

Chuy ré‘mg Iip = -Ips; va ddi voi mach thy dong tuyén tinh y126=y21p, nén:

U
K, (p)=—2=—2= @)
U, Yo
Tu (1) va (2) ta rat ra:
k
Yaa = 1-N(p) ) Yo = Ky D(p) ) —=-k (5-144)
P(p) P(p) k,

Nhu vay mach “a” 1a sy thuc hién y;;,. Mach “b” 1a sy thuc hién y,;,. Con k; va k; 1a cac héng sb
s€ dugc tim ra khi thyc hi¢n mach RC. Con y;;, va y,1p phéi 1a cdc ham cho phép cia mach thy
dong RC. R0 rang tuy thudc vao vi¢c Iya chon da thic P(p) ta co thé c6 rt nhiéu mach RC thuc
hién ham truyén dat trén. Viéc chon mach nao 12 tdi wu duoc dua theo mot quan diém thiét ké nao
do.

-Khéu c6 phin héi nhiéu vong: So d6 hinh 5-76 1a mot thi du khau bac hai dugc thyuc hién voi
nhiéu vong phan hoi.

Tuy theo viéc lya chon céac phén tr Yy, Ya,...,Ys ta co thé thuc hién dugc ham mach K(p) co6 cac
chirc nang mach khac nhau nhu loc thong thap, théng cao, thong dai, chian dai ... Tuy nhién ciu
trac nay khong thuc hién duge ham phan thirc hitu ti bat ky.

Hinh 5-76: Khau loc ¢6 phan
ho6i nhi€u vong

Thi du 5-14:
Xéc dinh chuc nang cua mach di¢n hinh 5-77a.

Gia thiét vi mach 1a Iy tuong va lam viéc & ché do C +E

tuyén tinh.

R A Ll
L

CuuDuongThanCong.com https://fb.com/tal '1%‘8}?@99”}5


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chwong 5: Mang bon cuec va vmg dung

Giai:

Tinh ham truyén dat: Lap phuong trinh trang thai tai cac nat theo dinh luat Kirchhoff I, tir d6 rat

ra:
+ Trong mién p:
_U,(p) _ RCp
I(p)= T p22 2 A .
U(p) RC’p>+2RCp+2 T(jo)
+ Trong mién o: 2
. jwRC
T(jow)=-
(o) 2-R°C’w’ +2jRCw
0 ®o S
Gia tri bién do: Hinh 5-77b
R 2 1
T(jw) = Co , tai @, = £ thi |T'(jw)| max =—.
JQ-0’R*C?)? +40°R*C? RC 2

Do thi dinh tinh c6 dang nhu hinh 5-77b. Nhu vay day la khau loc tich cyc thong dai bac 2.

TONG HQP NQI DUNG CHUONG V
o Dé dic trung cho M4C c6 thé dung céac loai thong s6 Z, Y, A, B, G, H. Mdi loai gém co 4
thong s6. Voi mang bén cuc twong hd ta chi can xac dinh 3 thong s6.

e Cac thong sb dic tinh ( cac thong s song) cling hoan toan dic trung cho M4C & ché do
PHTK tai cac ctra cua M4C.

e Dua vio cic thong s6 dic trung cia M4C clng voi ché d6 clia ngudn va tai, ta hoan toan c6
thé xac dinh duoc céac tinh chét truyén dat tin hidu tir ngudn téi tai théng qua M4C.,

e Khi phén tich , nguoi ta thudng trién khai cac M4C thanh cic so dd twong dwong. Mang
turong hd thu dong thuong dung so dd twong duong hinh T, hinh 7t (hodc hinh ciu véi M4C
d6i xtmg). Mang khong tuong ho tich cuc thi viée trién khai thanh cac so d6 twong dwong kha
da dang, tiy thudc vao diéu kién lam viéc va dai tin cong tac cing véi cac khuyén cao cua
nha san xuat.

e Céc hé théng phiic tap chinh 1a su ghép ndi cua nhiéu khau lai ma thanh. Trong d6 tin hiéu &
dau ra c6 thé duoc to chirc quay tré vé dau vao nham thay doi cac tinh chét truyén dat tin hiéu
cua mach hodc tao ra cac hiéu ing dac bi¢t cho mach hoac xay dung nén cac mach tao dao
dong.

o Tt ca cac hé thong tao va bién doi tin hidu déu c6 thé phén tich va tong hop dua trén 1y thuyét
mang bdn cyc.

CAU HOI VA BAI TAP CHUONG V
5.1 Mang bdn cuc ¢6 chira diode 1a loai M4C:
a. Thy dong. c. Khong twong hd
168
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b. Tuong ho. d. Khéng tuong hd, tich cuc.
5.2 Mang bdn cuc ¢6 chira transistor 1a loai M4C:
a. Thu dong. c. Khong twong hd
b. Tuong ho. d. Khéng tuong hd, tich cuc.
5.3 Transistor la loai M4C:
a. Thu dong. c. Khong twong hd
b. Tuong ho. d. Khéng tuong hd, tich cuc.
5.4 Mot mang bdn cuc tuyén tinh, bt bién, tuong hd théa méan:
a. Y= y2u C. Z12= 721
b. Aa=-1 d. Ca 3 phuong 4n trén déu dung

5.5 Cong thic nao dudi day dung voi MAC duoc ghép tir n M4C don gian theo cach ghép ndi
tiép- song song?

a. Y: zYk c. A ZZZk
= k=1 = k=1

b. H = ZHk d. A=T14
= k=1 = ke

5.6 Cong thirc nao dudi day dung voi M4C duoc ghép tir n M4C don gian theo cach ghép ndi
tiép-nbi tiép

a. szz;yk c. Z:;Zk
b H-Ym, d. 4-T[4
= k=1 = k=1

5.7 Mang bdn cyc tuyén tinh, twong hd, thu dong cé thé khai trién thanh so d6 twong duong:

a.Hinh T c. Hinh cau

b. Hinh " d. Ca ba phuong 4n déu sai
5.8 Mang bdn cyc tuyén tinh, twong hd, thu dong va ddi xing c6 thé khai trién thanh so d6 twong
duong:

a. Hinh T ¢. Hinh cau

b. Hinh &t d. Ca ba phuong 4n déu dung

5.9 Mang bon cuc doi xting va so do tuong duong hinh cau c6 moéi quan hé:

Z, 21(21 +Z11)

Z, =7, -7
L
=7, +
I 11 12 Z, =5(ZH _Z1)

c. Ca hai phuong 4n trén déu dung
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5.10 Céc tro khang song cia M4C c6 thé dugc tinh theo cong thuc:

* Zv2hm Zl 0 = Z

vlingm
C

a. .

ZZO = \[ Zvlngm * Zvlhm ZZO = Zv2ngm * Zvlhm
= %k =
b ZlO \’ Zvlngm Zvlhm ZlO - Zvlngm * Zv2ngm

d.
Z20 = Zv2ngm * Zthm Z20 = Z * Zv2hm

*Z

v2hm

Z,=.Z

v2ngm

vlihm

5.11 Tré khang séng cuia mang bon cuc dbi xtimg c6 thé duoc tinh theo mach twong duong cau:

a. ZO:ZIOZZZOZVZI/ZII C. Zy=Zy,=2Zy=Z,*Z,

b. Zozzlozzzoz\jzl+zll d. Z,=2,=2,=\Z2,-2,
5.12 Xét mot nguén phat c6 ndi tro thuan Z,,=Ry va mot tai thuan tré Z= R, . Khi do:
a. cong suét trén tai dat cuc dai.
b. khong c6 su phan xa tin hiéu tir tai vé ngudn.
c. khong can thém khau phéi hop tré khang gitta ngudn va tai.
d. tAt ca cac diéu trén déu ding.
5.13 Khi tan s tin hiéu vao mach loc thong thép tang, dién ap 16i ra s&:
a. Giam c. Gilr nguyén.
b. Téang d. Gan bang dién ap 1i vao.

5.14 Dé loc ldy dai tin Audio (tir 0 kHz dén 20 kHz) va loai bo cac tdn sé khac, phai sir dung loai
mach loc nao ?

a. Thong thap. c. Thong dai.
b. Thong cao. d. Chan dai.

5.15 V& mit két cau, mach dién c6 hoi tiép nbi tiép dong dién phu hop véi kiéu ghép nao?
a. ghép nbi tiép-song song c. ghép song song-song song

b. ghép ndi tiép-nbi tiép d. ghép song song-ndi tiép

5.16 Cho mang bon cuc nhu hinh v& 5-78. Hay x4c dinh cac thong sé hdn hop Hjj cua mang bbn

cuc
I, R, I,
o»— 1 y <0
Ul R2 U2
o} . 0
Hinh 5-78
170
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5.17 Hay xac dinh so d0 twong duong hinh T ctia mang bdn cuc nhu hinh v& 5-79.

R, R,

Hinh 5-79

5.18 Cho mang bdn cuc nhu hinh vé 5-80. Xéc dinh diéu kién cua Zns VA 7, dé co su phéi hop tro
khang trén ca hai cua cia M4C.

R
{1  —
U, Z,|] J U, U, C=— []2r |V,
Hinh 5-80 Hinh 5-81

5.19 Cho bdn cuc nhu hinh 5-81:
a. Xac dinh céc thong sb yij cia M4C.
b. Vé dinh tinh dac tuyén bién d0 va dac tuyén pha cua ham truyén dat dién ap

—~ khi dau ra M4C c6 Z=2R.
U,(jo)

c¢. Nhan xét tinh chat cia mach (d6i voi tan so).

5.20 Cho mang bdn cuc nhu hinh 5-82:

a. Xac dinh cac thong $b a;j cua M4C. R L
y ) 2R
b. V& dinh tinh ddc tuyén bién d¢ va dac tuyén pha cua Ui U
\ U,(j X
ham truyén dat dién &p 7'(jo) =M khi dau ra .
U,(jo) Hinh 5-82

MA4C c6 Z=2R.

c. Nhan xét tinh chat cia mach (doi véi tan so).

R
5.21 Cho bén cuc nhu hinh 5-83: —
U, L 2R[] U,
171
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a. Xac dinh céc thong sb yij cia M4C.
b. Vé dinh tinh dac tuyén bién d0 va dac tuyén pha cua ham truyén dat dién ap

1(jo)= 22U2)

khi dau ra M4C ¢6 Z=2R.
1 (o)

c¢. Nhan xét tinh chat cia mach (d6i véi tan so).

5.22 Thiét ké mach loc thong dai loai k biét tro khang dac tinh tai tan sb trung tam béng 10kQ2,
dai théng ctia mach nam trong khoang (10 - 12)kHz.

5.23 Tinh cac phan tir cia mach loc thong dai M vé6i cac sb lidu: Za(wg)=6009, f.;=10kHz,
f,=12kHz, f,,,=9,5kHz, f,,=12,8kHz.
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HUONG DAN TRA LOI
CHUONG 1: CAC KHAI NIEM VA NGUYEN LY CO BAN
1.1 M6 hinh toan hoc cua mach dién trong mién thoi gian co thé dic trung boi:
b. Mot hé phuong trinh vi phan hodc sai phan.
1.2 Hi¢u qua khi chuyén mdt mach di¢n analog tur mién thoi gian sang mién tan s6 la:
d. sy thay thé hé phwong trinh vi phan bing mot hé phuong trinh dai s6.
1.3 Tro khang cuia phan tir thuan dung 1a :

1

b)) Z.=——=
) Ze joC

—JXc

1.4 Tré khang cua phan tir thuan cam 12 :
c) Z, =joL=jX,

1.5 Dan nap cta phan tir thun dung 1a :
b) Y. = joC = jB,

1.6 Dan nap cta phan tir thudn cam 14 :

1
dHY =——=—-jB
) Y, ol Jb;

1.7 Tré khéng tuong duong ciia doan mach hinh 1.45.
a.Z=1-j5Q
1.8 Tr¢ khéng tuong duong ctia doan mach hinh 1.46.
d. Y=5-j5(S)
1.9 So d6 twong dwong cta doan mach c¢6 tro khang Z=2+j2 Q 14 hinh 1.47.b.
1.10 So dd twong duong ciia doan mach cé tré khang Z =3-j2 Q 1a hinh 1.48.a.
1.11 So db twong duong ciia doan mach c6 dan nap Y=2+j5 (S) 1 hinh 1.49.b.
1.12 So dd tuong duong ciia doan mach c6 dan nap Y=3-j5 (S) 14 hinh 1.50.a.
1.13 biéu kién phéi hop dé cong sut tac dung trén tai dat cuc dai la:
d. Tro khang tai bang lién hop cua tré khang ngudn (Z, =Rpg-jXog )-
1.14 Trong mach dién RLC ndi tiép, néu Uy 16n hon Uc thi:
a. Mach c6 tinh cam khang.
1.15 Tai diém cong huong ctiia mach cong huong RLC nbi tiép:
¢. Mach c6 tinh thuén tré, dong véi ap 1a dong pha.
1.16 Hé sb pham chat Q ctia mach cong huong RLC nbi tiép co thé ting bang cach:
b. Giam R.
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1.17 Tro khang ciia mach RLC song song tai tan s6 cong huong 1a
b. Cuc dai va thuan tro.

1.18 Mach dién hinh 1.51 c¢6 (nhiéu nhét):
d. 3 nat, 5 nhanh

1.19 Tro khang twong duong ciia mach: Z,, =3-3;

- |
-Bién do phtic dong dién trong mach: [, = —.e’"
V2

[N , A Ty —730°
-bignaptrénZ;: U,, =e”’

A A . A —j30°
-Dién ép trén Z,: U,, =2e

120 a. 1.5Q 20
|
|

u, (£) = 6+/2 sin(r —30°) s |is | 1s | s

i, () = 3sin(ar +157) 1= [

3 e o
i,(1) = ?/E sin(r +60”) Hinh 6-1

i,(t) = %ﬁ sin(wt —30°)

b. So d6 twong duong chi tiét theo cac tham sb c6 dang nhu hinh 6-1.

c. Cong suét tac dung:

P=U.Icosp=9W. r=1 X, =
1.21 a —D T
r=3 LJ] r=6 f]
u, (£) = 62 sin(wrt +60°)
X= -
i1(t) =2.sin(wt + 15°) 3 T Xe=6 T
i5(t) =4/3.sin(mt + 15°)
Hinh 6-2

i3(t) =2/3.sin(wt + 15°)
b. So dd twong dwong chi tiét theo cac tham sb c6 dang nhu hinh 6-2, don vi 1a Q.

c. Cong suét tac dung:

P=U.Icosp=6W. ._,O’SS
122 a | p .
) ' _05s —'l
u(t) = 24/2 sin(wt —30%) 0,55 0.50
i ()= isin(a)t +157%)
3 Hinh 6-3
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(1) = %/E sin(wt —30°)

i, (1) = %/E sin(awt +60°)

b. So d6 twong duong chi tiét theo cac tham sb c6 dang nhu hinh 6-3.
c. Cong suét tac dung:

P=U.I cosp =4/3W.

CHUONG II: CAC PHUONG PHAP CO BAN PHAN TiCH MACH PIEN

2.1 Trong mdt mach vong khép kin, tong dai sb cac sut ap trén cac nhanh:
d. bang khong.

2.2 Néu dién ap ngué)n cung cép va sut ap cua hai phz‘in tir da biét, syt ap cua phz‘in tu thtr ba:
c. ¢6 thé xac dinh duoc bang cach ap dung dinh luat Kirchhoff vé dién ap.

2.3 Néu tinh toan ciia ban cho thay tong dai s cac sut ap trong mot mach vong 1a khac khong thi:
d. tinh toan cta ban chua dliing

2.4 Co s¢ chinh cua phuong phap dong dién vong dua vao :
c. Pinh luat Kirchhoff vé dién ap

2.5 Néu khi giai mach dién thu dugc dong trong mot nhanh cé gia tri am thi:
a. Chiéu ban dau cua n6 1a khong ding.

2.6 Khi phan tich mot mach dién ¢6 N, nait va Ny, nhanh bang phuong phap dién ap nit, thi sb
phuong trinh tao ra la:

b. Ny-1 phuong trinh doc lap
2.7 Khi phan tich mach dién tuyén tinh 4p dung nguyén ly xép chéng, thi:
b. Lan luot chi gitr lai mot nguén, cac nguén con lai can duge loai bo.
2.8 Co so phan tich mach bang phuong phap ngudn twong duong dua vao :
a. Binh ly Thevenine- Norton
2.9 Trong mach hinh 2.25, dién ap roi trén R2.
d. 10 Vdc
2.10 Phuong trinh khong dung d6i vi mach dién hinh 2.26:
d. Irpp=1+hL
2.11 Cac biéu thirc dong dién vong cho mach:
I, (Rl + R, ) -1,,R,=E,
~I,R,+1,,(R,+R,)=E,
2.12
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a. H¢ phuong trinh:
-Xét vong 1: vi(Ri+Zui+Zc) - Zc =E,.
-Xét vong 2: IviZe  +Tv(RytZiotZc) =-E,.
b. Dong trong cac nhanh:
Iy = vy
Iz = Iva.
Ie =Ivi—Iv2
2.13 Dong dién trén cac nhanh theo phuong phap dong dién vong:
I, =1, =44
I, =1,,=34
Iy =1,-1,=14
2.14 Céc biéu thire dong dién vong:
Ly (R + X,y = jXc )+ 1y (- X - jX, ) = E,
Ly (=jXe = Xy )+ 1y (R, + jX = jX ) = E,

2.15 Céc phuong trinh vong:
I, (Rl + joL, +Lj +1,, L =FE,
jooC joC
I, ‘L+IV2 (RZ + joL, +Lj =F,
joC joC
2.16 Dong dién trong cac nhanh bang phuong phap dién ap nut
-PTrinh dién ap nut:
Ua(G1+G21G3) = Ingi-Ing2
-Thay s6 tinh duoc:
Ua=-1V.
-Vay ta co:
[,=0,2A.
[,=0,25A.
1;=0,05A.

2.17 Céc phuong trinh nut:

R jX, JX¢ X R,
1 1 1 1 E
e UA+(—+—+ ' jUB——Z
—JjXc R, s —JX¢ 2

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Hurémg dan tra loi

2.18: Cac phuong trinh nut:

1 1 1
. (Eﬁ]"ﬁ’
. N tjoL, » TJOL,

1 1 1 . Eng4
U, ————+U,| —+———+joC |=
R, + jol, R, R,+jolL, R,

2.19 Ey va Ry ctia ngudn tuong duong:
Ew= 5V; Rig=5 Ohm.
2.20: Tré khang tuong duong ciia mach Thevenine:
Ri=Ry/ Ry // Rs
2.21 Tinh dong dién Ig4 theo phuong phap ngudn twong duong:

Néu tinh theo thevenine khi dé:

36
Ui = 7V
12
thAB = 79

Viy theo so d6 twong duong Thevenine ta c6:

I L UhmAB = 36 b 5
R4
Zgus T+ Ry 7(2_,_ 2) 13
g/

Két qua twong ty néu ta trién khai theo Norton.
2.22 Tr&é khéang tuong duong Ry cia mach Thevenine.
Ri= 1250 Q
2.23 Tinh dong dién ir, bang nguyén 1y xép chong:
Khi I, tac d0ng (E,e4 bl ngin mach): dong dién trén R2 tinh dugc 1a 2A (chiéu tir A sang B).
Khi E,4 tac dong (I,e bl hd mach): dong dién trén R2 1a 0,5A (chiéu tir B sang A).
Tdong hop: dong dién trén R2 1a 1,5A (chiéu tir A sang B).

CHUONG IHI: HIEN TUQNG QUA PO TRONG CAC MACH RLC

3.1. Khi moi diém cuc ctia ham mach F(p) nam bén ntra trai mit phang phuc (khong bao ham truc
40), dap ung f(t) sé:

a. hoi tu v& 0 khi t—o0.

3.2. Khi moi diém cyc ctia ham mach F(p) ndm bén nira trai mat phing phtc, ciing 1dm nam trén
truc 4o, dap tng f(t) sé:

d. khong tién dén vo han khi t—oo.

3.3. Khi t6n tai diém cuc ctia ham mach F(p) nam bén ntra phai mat phing phire, dap tmg f(t) s&:
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d. tién dén vo han khi t—>o0.
3.4. Luat dong ngit ctia cac phan tir quan tinh dugc phat biéu

b. Trong cudn day khong c6 dot bién dong dién, trong tu dién khong c6 dot bién dién ap,
ké ca tai thoi diém dong ngat mach.

3.5. Ham géc Uc(t) néu biét anh cua no:
1 1 5
b.U.(t)=—+—e
() P

3.6. Ham gdc i (t) néu biét anh cua no la:
b. i, () =—2e +3te™ +2e7
3.7 Xac dinh uc(t):
-Diéu ki¢n dau:
Uc(0) =90V.

-Ngit khoa K, viét phuong trinh cho mach:

(o + PO (p) = 2L 4 CU(0)

1 1
Két qua tim dugc:

90p+5.10° 100 10
p(p+5.10) p p+5.10°

Uc(p)=

-Chuyén v& mién thoi gian:
U, (1) =100—10e 51"
3.8 Xac dinh uc(t) ?
-Diéu kién dau:
Uc(0) =60V.
-Pong khoa K. Str dung cac phuong dd hoc dé tim anh cua dap ung. Két qua tim duoc:

60p +5.10°

10*
+7
p(p 3 )

Uc(p) =

-Chuyén vé mién thoi gian:

104

U.(t)=30+30¢ ©
3.9 Xac dinh uc(t):
-biéu kién dau:
Uc(0) =100V.
-Pong khoa K. Str dung cac phuong dd hoc dé tim anh cua dap ung. Két qua tim duoc:
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90 10
U =—+
C(p) P 106

+7
T

-Chuyén vé mién thoi gian:
10,
U-()=90+10e '
3.10 Xac dinh uc(t):
-Diéu kién dau:
Uc(0) =3V.
-Ngit khoa K. Sir dung cac phuong da hoc dé tim anh ciia dép tmg. Két qua tim dugc:

6 3
Up(p)=—-
C(p) p 104

+7
P 15

-Chuyén vé mién thoi gian:
10t
U-(t)=6-3e
3.11 Xéc dinh uc(t):
-Diéu kién dau:
Uc(0) =5V.
-Ngit khoa K. Sir dung cac phuong da hoc dé tim anh cua dap tng. Két qua tim dugc:

10 5
Up(p)=——
C(p) P 1()7

+7
p5

-Chuyén v€ mién thoi gian:

107

U-(t)=10-5e ?*
3.12 Xéc dinh 1.(t):
-Diéu kién dau:
I.(0) =0,5A.
-Ngit khoa K. Sir dung cac phuong da hoc dé tim anh ciia dép tmg. Két qua tim dugc:

2/3 1/6

I (p)="12—

-Chuyén v€ mién thoi gian:

2 1 4
[ ¢ =___e—10t
L () 376

3.13 Xac dinh i (t):
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-Diéu kién dau:
I.(0) =0,5A.
-Ngit khoa K. Lap phuong trinh cho mach. Két qua tim dugc:

0,5
p+10*

I,(p)=
-Chuyén vé mién thoi gian:
1 0
]L (t) — Ee 107 ¢

3.14 Xac dinh iL(t):
-Diéu kién dau:
I.(0) =1A.
-Ngit khoa K. Sir dung cac phuong da hoc dé tim anh cua dap tng. Két qua tim dugc:

3/4 1/4

1 =—+

-Chuyén v€ mién thoi gian:

3.1 Lov
I,()==+—e
LB=7+7

3.15 Xéac dinh i (t):
-Diéu kién dau:
I.(0) =3A.
-Ngit khoa K. Sir dung cac phuong phap da hoc dé tim anh cua dap tmg. Két qua tim duoc:

1 2
1 =—+

-Chuyén vé mién thoi gian:
1,(t) =1+2¢e71"
3.16 Xac dinh uc(t):
-Diéu kién dau:
Uc(0) =20V.
-Pong khoa K. Str dung phuong phap dién ap nit da hoc dé tim anh cua dap tmg. Két qua tim
duoc:
20p +15.10° _I5 5
p(p+10°) p p+10°

Uc(p)=

-Chuyén v€ mién thoi gian:
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U (6)=15+5¢"""

3.17. Gia thiét hé khong c6 ning luong ban dau, tic uc(0)=0:

1/C 0]
U(p)=H(p)X(p)= . —
L ptw,
p+
CR

Bién d6i Laplace ngugc ta dugc dap tng ra 1a:

1
-—t

I .
u(t) = : wee ¢ —w, cosa)ot+R—Csma)0t
)

3.18
a. Xac dinh dong dién i(t) sinh ra trong mach va dién ap Uc(t).

- Trong khoang 0 <¢ < 7 ;(r, = 0.8ms) : Sir dung phuong phép toan tir, cac diéu kién dau cua

mach bﬁng 0:
U (1)~ 10(1—e*"" cos10°7)
i(t) ~ 0.02¢>1"" 5in10°¢
Tai thoi diém 1,=0.8[ms]:
U.(z,)~10[Vol]
i(r,)~0

- Trong khoang 7 <t <T; (T =2ms):Céo thé van dung nguyén ly xép chdng, hodc st dung
phuong phép kinh dién:

U, (£) #10e 1707 cos10° (1 — 7,)

i(f) ~ =0.02¢ 1" sin10°( - 7.)
Tai thoi diém T=2[ms]:

U.(T)~0

i(T) ~ 0

Két luan: Bat dau tir chu ky thar 2 ciia diy xung tic dong, phan tmg qua do ctiia mach 13p lai mot
cach tuan hoan. Dinh tinh dd thi cua i(t) va Uc(t) c6 dang nhu hinh 6-4:

A UVol]

10

Hinh 6-4a
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AN o A
ICUTIHIA]

Hinh 6-4b

b. Khi pham chit ciia mach tang 1én 5 1an, lac d6 qua trinh qua d6 ctia mach s& bi kéo dai hon so
v6i trudng hop da xét ¢ trén. Diéu nay 1am cho trong cac khoang ton tai va trong cuia chu ky xung,
hién tugng xdy ra trong mach chua dat dén xac 1ap, do d6 dap ung cua chu ky trude s& kéo dai
chdng 1én dép tmg ctia chu ky sau, lam méo dang tin hiéu mot cach dang ké.

3.19
a. Xac dinh dong dién i(t) sinh ra trong mach va dién ap Uc(t).
- Trong khoang 0 <t <7, (r, =27ms):
i,(t) ~0.5(1—e'")sin10°¢
U (1)~ 50(1—e ") cos10°s
Tai thoi diém t,=2n[ms]:
U.(r,) = 50[Vol]
i,(z,)=0
- Trong khoadng 7 <t <T (T = 6mms):
i, (1)~ 0.5 sin10°(t - 7,)
U, (t) =50 ™) cos10°(1 — 7,)
Tai thoi diém T=6n[ms]:
U-(T)=0
i(T)=0
Két luan: Bat dau tir chu ky thir 2 ciia ddy xung tic dong, phan tmg qua do ctia mach 13p lai nhu

chu ky trude d6. Pinh tinh do thi cua i(t) va Uc(t) ¢o dang nhu hinh 6-5:

il(H[mA] Uc(D[Vol]
500

-500

Hinh 6-5
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b. Mach bi 1éch cong hudng:

+Trong giai doan 0 <t <7 _, biéu thtrc dién ap trong mach co6 dang:

5.10*
Na® + Aw?

Trong d6 do léch cong hudng: |Aa)| = |a)0 -,

A 3 A
U-(t)= [cos(10°t — arctg 7(0) —e """ cos(m,t — acrtg 760)]

=10°[rad / s]. Pién ap Uc(t) 1a tong hop cia hai

vecto dién 4p thanh phan co hai tan s6 khac nhau, vi vy sé& xay ra hién twong phéach. Tan sb
phach bang 10° [rad/s]. Bién do phach giam dan va mach s& chuyén dan sang giai doan xac lap. O

giai doan nay bién dd Uc(t) chi bang — bién do cong huong, nghia 1a tan so6 cua nguon tac dong

NG

nam tai bién dai thong ctia mach dao dong.

+ Trong giai doan 7, <t <T', viéc xét Uc(t) gidng nhu da thuc hién & trén.

CHUONG IV: HAM TRUYEN PAT VA PAP UNG TAN SO CUA MACH
4.1 Mach dién chi thuc su 6n dinh khi va chi khi:
a. moi diém cuc nam bén nira trai mit phang phirc (khong bao ham tryc o).
4.2 Hé théng on dinh.
4.3 Hé thong khong 6n dinh.
4.4 Hé thong & bién gioi on dinh.
4.5 Hé thong khong 6n dinh.
4.6 Dbi v6i cac mach dién nhan qua va on dinh, ta lubn c6 thé tinh toan truc tiép dap tng tan sb
H(jw) tr ham truyén dat H(p) bang cach:
c. thay thé p = jo.

4.7 D6 thi Bode cua diém cuc ¢6 dang thira sé twong Gmg véi dang thira sé ciia diém khong thudce
nira trai mat phang phirc duoc suy ra tir do thi ciia diém khong theo nguyén tic:

a. Do thi Bode bién d6 va pha déu dugc lay dbi ximg qua tryc hoanh
4.8 Hinh v& 4.32b twong g voi d6 thi pha cia thanh phan tng véi hé s6 K<0.

4.9 Xac dinh ham tmyén dat cua hé théng:

H(p)=

, trong 46 @, =10’

I+~
@,

4.10 Xac dinh ham truyén dat cia hé théng:

H(p)=*k. , trong 6 @, =10° va k=10.

1+ 2
),

4.11 Xac dinh ham tmyén dat cua hé théng:
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1
H(p)= —, voi w, =10* va 0<é<l

1+2§£+1L
@

2
i i

4.12 v& dinh tinh tryc tiép (khong dung hé truc toa do logarit) dic tuyén ham truyén dat:

\ / R

+ Thanh phén bién do: |T'(jw)| = v, (/ o) _ 2
U,Gi@)| (R, +R,)* + (R R,Co)?

: R R

+ Thanh phan pha: arg[T(j®)]= @y, — @, = —arctgﬂ
R, +R,
-Dic tuyén tan s6 nhu hinh 6-6:
4 TGo)/ Y oua-oui
Ry/(R1+R2) 0 >
g ¥0 -1t/2
Hinh 6-6

4.13 D6 thi Bode ciia ham truyén dat dién ap nhu hinh 6-7:

H(p)=k. , trong d6 w, :2—R va k=0,5.
I+ L
@,
4 a(o)[dB] 4 b(w)[rad]
D
0 , v ]: 0 V:[D]
-20dB/D -t/2

Hinh 6-7
Nhan xét: Mach loc thong thap.

4.14 D6 thi Bode ciia ham truyén dat dién 4p nhu hinh 6-8.

H(p)=k—L ,trongdéa)hziva p=L
P 2L R
+ F-
w,,
% a(o)[dB] Y b(o)frad]
0 V[D]~ /2
T4 | b :
0 v[D]
20dB/D 5 :

Hinh 6-7
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Nhan xét: Mach Igc thong cao. Vung tan so cao tin hi¢u vao va ra dong pha, ¢ vung tan s6 thap
tin hi€u ra nhanh pha so véi tin hiéu vao mét goc n/2.

CHUONG V: MANG BON CUC VA UNG DUNG
5.1 Mang bdn cuc c6 chira diode 1a loai M4C:
c. Khong tuong hd
5.2 Mang bon cuc ¢ chira transistor 1a loai M4C:
c. Khong tuong hd
5.3 Transistor la loai M4C:
d. Khéng tuong hd, tich cuc.
5.4 Mot mang bdn cuc tuyén tinh, bét bién, tuong hd théa man:
d. Ca 3 phuong an.
5.5 Vi M4C duoc ghép tir n M4C don gian theo cach ghép nbi tiép- song song:
b. H - kZ:: H,
5.6 V&i M4C duoc ghép tir n M4C don gian theo cach ghép nbi tiép-nbi tiép:
C. Z _ kZ::Z"
5.7 Mang bdn cuc tuyén tinh, twong hd, thu dong c6 thé khai trién thanh so d6 tuong duong:
a.Hinh T
5.8 Mang bdn cuc tuyén tinh, tuong hd, thu dong va débi xung co thé khai trién theo:
d. Céa ba phuong an.
5.9 V6i mang bbn cuc ddi ximg va so d6 twong duong hinh cau:
c. Ca hai phuong 4n trén déu dung
5.10 Céc trd khang song ctia M4C ¢6 thé duoc tinh theo cong thic:

ZlO = Zvlngm *Zvlhm

b.

Z Z *Z.

20 — v2ngm v2hm

5.11 Tré khang séng ctia mang bon cuc dbi xtmg c6 thé duge tinh theo mach twong dwong cau:

Cc. Zy=Z,=2,,=+/Z,%Z,
5.12 Khi do:
d. tat ca déu dung.
5.13 Khi tan s tin hiéu vao mach loc thong thap ting, dién ap 16i ra sé:

a. Giam
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5.14 Dé loc lay dai tan Audio (tir 0 kHz dén 20 kHz) va loai bo cac tan sd khac, phai sir dung loai
mach loc:

a. Thong thap.
5.15 V& mat két ciu, mach dién c6 héi tiép ndi tiép dong dién phu hop vai kiéu ghép:

b. ghép ndi tiép-ndi tiép
5.16 Thong s6 hon hop Hjj cia mang bdn cuc

R 1
[H ij} =l L
R2

5.17 Tu h¢ phuong trinh hd cam ctia mach, so sanh véi hé phuong trinh tré khang ctia M4C, rat
ra:

211=Ry+Zy;.

207=Rot+Zy5.

215=221= 2.
-So d6 twong duong hinh T gém ba tro khéng:

Z,= 711712

Zy= 22-71).

2= 712173

5.18 Piéu kién cua Zog va Zy dé c6 sy phdi hop tré khang trén ca hai cira cia M4C:

an = \/ZI(ZI +ZZ)

Z,=\2,212,+2,)

5.19

a. Ma tran thong so:

1 &} TGy t ov-our
= & &
R 2R
b. Ham truyén dat dién ap: 0—,@ 2 I —
T(jo)=— Hinh 6-8
2+ jRCw

Dic tuyén tan s6 nhu hinh 6-8:

c. Nhan xét: Mach loc théng thip. Ving tan s6 thap tin hiéu vao va ra dong pha, & ving tan sb cao
tin hi¢u ra chdm pha so véi tin hi¢u vao mét goc n/2.
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5.20

a. Ma tran thong so:

1
l1+(R+ pL).— —(R+ pL)
[4]= 2K

1 O

2R
b. T(jo)=——"

(o) 2R+ jLw
Dic tuyén tan s6 nhu hinh 6-9:
. A
/T(Gw)/ Pu2-Pui
12 0 >
0 > O -m/2
Hinh 6-9

c. Nhan xét: Mach loc thong thdp. Ving tan sb thap tin hiéu vao va ra dong pha, & viing tan s cao

tin hi€u ra cham pha so véi tin hiéu vao mdt géc n/2.
5.21

a. Ma tran thong s6:

r 1
=l 5

"R pL 2R

R+ j2wL

Dic tuyén tan s6 nhu hinh 6-10:
4 /T(jw)/ 4 Pu2-Pui

& " X
0 0

» O

» O

Hinh 6-10

c. Nhan xét: Mach loc thong cao. Vung tan so cao tin hi¢u vao va ra dong pha, ¢ vung tan so thap
tin hi€u ra nhanh pha so v6i tin hi¢u vao mét goc m/2.
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5.22
2 _ _ 3 2, L2 26 Lp
L C =0, O, = 27‘[(12 - 10).10 0,261?1F 0.8H 0.26nF 0,a8H
VLa b . e—||—-amLﬁ|—-/mrL—o
Taco e /—b:zd(mo):lo.lo3
Cb Ca Ly — Ch
1 1 13,2 16nF
— = =0, =0,0,=41".10.12.10°
LaCa Lbe o —l_ 0
b = 2 = ! —=16nF
(@, —0,).Z,(®,) w210 Ca L,
2Z ] 4 0,13nF 1,6H
L, = cl((’oo)= 2.10 = 1,6H A || v
, 0,—-0, 21210 I
Rut ra
‘' L,.o,0, 26,4mH 8nF  264mn 8nF
Lb:;=13’2mH o _I_ —l_o
C,o0,0,,
Céc so dd mit loc thong dai duge vé ¢ hinh 6-11. Hinh 6-11
5.23
-Ta tinh cac thong sb xuat phat tir mach loc thong dai loai K:
2 1 1
Wy =00, = =
mC L. Cy
0,0, = %
c2 cl \/m
L Ex
2= —=Z,(®,)=R
V¢, \c, 1(@0)
Rt ra L =-S5 seemi C, =229 _oup
O‘)CZ e 0‘)01 2R0)clo‘)02
R "
ERCsTO) _rgnm cpsie 2 - 026F
2(’001(’002 R(O‘)CZ _mcl)

-Tinh mach loc thong dai loai M:

mz\/l—(—fCZ “lay =\/1—(—12_10 )2 =0,76

f

02

Neéu dung cach chuyén noi tiép ta co:

L, =mL, =73mH C, = <, =2,6nF
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L ,
L, =—>=ImH C,, =mC, = 02F
m
2
L, =12 _133mH C,=—*M ¢ _14nF
4m 1-m?®

Hinh 6-12 minh hoa mit loc thong dai loai M theo cach chuyén ndi tiép tir khau loc thong dai loai

K.
2, L2 2C, L2 2, L2 2 Lp
o—] ] -— = 3_1—” =
Lb1! Cbl’
Ly — Gy Cp
Ly
o —I_ 0 o v
Hinh 6-12
188
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PHU LUC 1
MACH PIEN POI NGAU
-Cic yéu té ddi nglu:
Hai phan tir Z, va Z, dugc goi 1a d6i ngau néu:
ZoZp = K (v6i k 1a mot hing sd)
Tir d6 suy ra cac thong sé sau day tao nén tinh ddi ngau:
Lo C E,ol, Y
{r g ui
Pong thoi cac yéu té hinh hoc sau day ciing tao nén tinh dbi ngau:
Nuat <« Vong
Ndi tiép <> Song song
-Mach dién déi ngiu:

+ Hai mach dugc goi 1a d6i ngau néu ching théa man hai dicu ki¢n sau day:

(7-1)

1. Phuong trinh theo dinh luat Kirchhoff I & cac nit cua mach nay ciing chinh la phuong trinh

theo dinh luat Kirchhoff II & cdc vong ciia mach kia sau khi da thay dién ap nit bang dong

dién vong.

2. Quan hé giita dong dién nhanh va dién 4p trén nhanh ctia mach nay sau khi d6i 1an chiing cho

nhau s€ cho quan h¢ gitra dién ap trén nhanh véi dong dién nhanh cua mach kia.

+ Sau day la thi du cu thé vé sy dbi nga:lu cua hai mach dién hinh 7-1:

2
(1) () 3. @ M ) 3)

Cng l() s ing T@ ef] c-

“4)

@ (b)

Hinh 7-1: Mach RLC nbi tiép va mach d6i ng?tu cua no
Viét phuong trinh déc trung cho ting mach:
di 1
e.,=r.i+L—+—|idt a
" dt C I @)
du 1
I =gu+C—+—|udt b
w=gutC ot (b)

R& rang phuong trinh (b) 14 phuong trinh d6i ngau cua (a) va nguoc lai.
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-Nhan xét: Bang sy thay thé cac yéu t dbi ngau, ta c6 thé chuyén doi tir hé phuong trinh dong
dién vong sang hé phuong trinh dién 4p nut, tir mach mac nbi tiép sang mach mac song song. Tinh

chat nay cho phép suy ra két qua phén tich cia mot mach tir mach d6i ngau cua né.

PHU LUC 2

CAC THONG SO CUA MACH DAO PONG PON O CHE PQ XAC LAP PIEU HOA

a. Véi mach dao dpng don néi tiép:

Khi mach dd chuyén sang ché d6 xac 1ap, ta hiy xét cac thong sd va quan hé trong mach duéi

dang phirc (ban c6 thé xem lai thi du da néu trong chuong I va chwong IIT):

+ Tré khang ciia mach:

Z=rt+j®,L-— )=+ ) =1+ jt)
o C r

(4]

%/—/
X
1
X=0o,L-——
, o C
trong do ©
X
==
r
X=0 khi ® L—~—1— =0 —L—co
o (DOC 0 /LC ch

va X # 0 khi 1éch cong huong. Vi vay & goi 1a do 1éch cong huong téng quat.

%A:mh+a2

arg Z = arctgg

aTE

+ Dién tr¢ dédc tinh: p=X,, = |XCch

x . 1 1
+ Dan nap citamach: Y=G+ jB=—=——
Z r(l+j&)
Y 1 Y 1
¥=re Y. 1+] Y. |~ :
== N .
7l w1+ =4 b 5 e I+
‘0 Y
arg Y = —arg Z = —arctg§ voi Y, = . arg( ) = —arctgg
ch
Y
Ych
1 -argY

1 4

\Pudng cong hudng van nang

0.7 T

)
-1 1 120 :
CuuDuongThanCong.com s comltai,l,i.wdi_eng_acntt
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Ta c6 thé v& d6 thi biéu dién cac biéu thic (7-6) & hinh 7-2.

nghia khac: dai thong (2&4) 13 dai tan s6 ma & do

_— > —

+ Dai thong (2&4): Ngoai khai ni¢m dai thong (2Amy) da néu ¢ chuong I, ta con cd cach dinh
, nghia la:
V2

ch

L
Jivgz V2

= §,=%l

()

(7-7)
+ Do 1é€ch cong huong tuong dbi (v): Ngoai khai niém d¢ léch cong hudng tuyét dbi (Aw) va do
léch cong huong tong quat (&), ta con co do 1éch cong hudng tuong dbi:
vV=—>2

0y 2A0

(Och wo (Dch

(7-8)
+ Pham chét ctia mach (Q): 1a ti s6 giita cong suit phan khang luén chuyén gitra L va C véi cong
suét tiéu hao trén mach tai tin sb cong hudng:

P X (0, X (o, 1 o,L 1 [L
Q:—X:| ( h)|:| L( h)|: “x ch :_.\/: (7_9)
Py r r o, Cr r £ o (o
Ta c6 thé suy ra cac mdi quan hé:
2Am
E=Qv~Q. (7-10)
Y ch
rY o,
2A0, =— = Qh (7-11)
Tir (7-11) ta thdy khi pham chat ctia mach cang cao thi dai thong cang giam, nghia 1a d chon loc
tan sb tang lén.
+ Dong dién trong mach:
3 E E :
[=—=———-= Le e 7-12
Z|z.e™*  rfiver 712
+ Dién ap trén r:
I AN E .
U =ILr= e e (7-13)
1+&°
+ Dién 4p trén C:
— E 1
U,=1

~j(aretgg+ ) .
- = ) .e 2 nhan ca tir va mau véi o
jo,C rf1+g? 0,C
CuuDuongThanCong.com

191

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Phu luc

. QE o, i)

») . n > . T
. = . Eo L i@z  QE o e—J(arctgi—E)

U, =Tjo,L=——"1¢ ==

rf1+82 Ji+e? o4

-Chtl ¥: tai ®e=wen, thi d6 1éch cong huong téng quat £=0, khi do:

E
T

I=

U, =E dién ap trén r bang E (ca vé bién d¢ va pha).

T
-j=

U, =QE.e 2 =—jQE dién ap trén C cham pha m/2 so voi E.

U, = Ql:j.eJE = jQE dién ap trén L nhanh pha 7/2 so v6i E.

dong dién trong mach dat gia tri max va cung pha voi E.

(7-14)

(7-15)

(7-16)

(7-17)

(7-18)

(7-19)

Do tai tan sd cong hudng thi dién ap trén C va trén L déu gip Q lan sic dién dong E (chi khac
nhau vé pha) nén ngudi ta goi cong hudng ¢ mach dao dong don ndi tiép 1a cong huong dién ap.

b. Véi mach dao dong don song song

Mach dao dong don song song 13 mach ddi ngau ciia mach dao dong don ndi tiép. do d6 ta c6 thé

ap dung tinh chat d6i ngau dé suy ra két qua. Sau déy la cac ham dic trung ctia né (& ché do xac

lap):
+ Tan sb cong huong: o, = £
v . ch W \/_
LC
L.

+Dannap: Y=g+ j(®,C— T L)= g(1+j§)= g(l+j&)

o

1
voi B=o ,C-—+
o/ L
A B 2A
+ D9 1éch cong hudng tong quat: E=—=Qv=Q ®
g O‘)ch
1 1
Z=V+jX:?:(1—‘§)
+
+ Tr& khéang: s
1 1
==
Yl gi+e

+ Phuong trinh dudong cong huong van nang:
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%ZZL ljy;Z (V6i Z, =r)
ch '\/

arg(zi) = —arctgg

+ Pién dan dic tinh:

+ P06 léch cong huong tuong ddi:

+ Phim chét tai fip:

+ Dai thong:

+ Dién 4p trén mach:

+ Dong dién trén dién dan:

+ Dong dién trén C:

+ Dong dién trén L:

+ Tal W=Wep:

ch

v 0, 04 2A0
(Dch (’00 (Och
r C
=—=r0,C= =T,[=
Q T o,L \/:
)
200, = §_Ze
Q
Cq =%l
ﬁ: Ing — Ing'r efjarctgé
Y o J1+8?
_I' T ﬁg: I“g e—jarctg?’;
J1+&°
18 Ql, o, e—j(arctg&—%)
1+ &2 0‘)ch
T% QL, o, e—j(arctg&%)
JI+E? O,
1 _Ing . .
W= dién ap dat max, cung pha voi I,
g
=1, I,=-jQL,; I =j0I,

(7-25)

(7-26)

(7-27)

(7-28)

(7-29)

(7-30)

(7-31)

(7-32)

(7-33)

(7-34)

(7-35)

Do tai tin sb cong huong thi dong dién trén C va trén L déu gip Q lan dong dién ngudn (chi khac

nhau vé pha) nén ngudi ta goi cong hudng & mach dao dong don song song 13 cong hudng dong

dién.

c. Dién tro twong dwong cud mach dao dong don song song

Trén ta da xét toi mach dao dong don song song 1y tuong gdm ba phan tir r,L,C. Trong thuc té

thuong gip dang mach mo ta nhu hinh 7-3a, nhu vay khong thé ap dung cac cong thire da néu trén
mot cach may moéc duge ma trude hét phai chuyén twong duong vé dang 1y tuéng nhu hinh 7-3b.
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. 1 ) 1
boi véi mach 7-3b: Y, =—+ j(0 ,Cy ——) (1
wd o,Ly
O 1 1
boi véi mach 7-3a: Y = : +
r+jo, L 1
‘¢ jo,C
p <<o,L
véi diéu kién 1 ta s€ co:
r, <<——
o, C
I, +r o L 1 rC 1
Y b —¢ 4 j(——— =—+jlw C——— 2
R (l)OCi o
C C C

Hai mach trén twong duwong nhau khi Y=Y, tir (1) va (2) ta suy ra:

L,=L

c,=C (trongdd r=r.+r.) (7-36)
L 2

R =--=F-=0p=0"
40 & 3

Ry 1a dién tré tuong duong cua mach cong hudng hinh 7-3a.
bé nghién ctru mo6 hinh cidc mach dao dong khac (nhu mach ba diém dién cam, mach ba diém
dién dung...) hoc sinh c6 thé tham khao trong céc tai lidu.
Thi du: Mot nguf‘m suc dién dong diéu hoa, bién d6 1V dat 1én mach dao dong don ndi tiép cor=
200, dién dung C = 60pF, tan sé cong hudng f,, = 3MHz. Gia thiét mach c6 d6 léch cong hudng
Af = f, - f;,= 6kHz. Khi d6:

-Pham chat cua mach:

1 1 1

Q= o Cr 2af.Cr 27310°6010°220

44,25

-D6 léch cong huong téng quat:

_ Q2Af  44252610°
£, 3.10°

g = 0,177

-Bién d¢ dong dién trong mach:
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I = £ = ! =49mA
"1+ 201+(0,177)
-bién khang ctiia mach:
X=E&r=0,17720=3540Q
-Bién d¢ dién ap ra trén ty:
U QE o, 4425 _ 43V

g 0, 14(0177)
-Cac d¢ léch pha:
¢, , = argZ = arctgt = arctg0,177 = 10°

0, y, = arctgt +g = 10" +90° = 100°

Dong dién trong mach cham pha so véi strc dién dong nén mach mang tinh chét dién cam (dién
khang X=3,54Q > 0).
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PHU LUC 3

VAN PE TONG HQP MACH TUYEN TINH

Luu d6 hinh 7-4 mé ta cac budc tong quat trong toan bd qua trinh thiét ké mach.

CuuDuongThanCong.com

Bit dau tir cac
chi tiéu cho
trude

Di thiét ké bao gio
chua ?

= Tai liéu co san

Dua ra mét mo hinh trén co s6 téng
hop mach hodc trén co s¢ kinh
nghiém thiet ke

v

)

Phén tich

v

Pa thoa man cac chi
ti€u chua ?

CAu tric cu thé

!

Phén tich mach

v

Pa thoa man cac chi
tiéu chua ?

Lap rap mach

4

Do dac

v

Pa thoa méan cac chi
tiéu chua ?

Hinh 7-4: Qu4 trinh thiét ké mach
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Nhu vy, phan tich va tong hop mach 13 hai qué trinh khong thé tach roi trong thiét ké mach dién
tu.
a. Tinh chit ciia bai toan tong hop mach

- Khac voi két qua duy nhat cua bai toan phan tich mach, doi véi bai toan tong hop mach cé thé
tim ra nhiéu so do thoa man yéu cau dat ra.

- Cac qua trinh truyén dat trong mach tuyén tinh thuong bi phu thudc vao tinh chat tin sb cua
mach, do d6 bai toan tong hop thudng quy vé viée tim cac théng sé ciia mach theo dic tuyén tan
s0 da cho.

- Bai toan tong hop mach thudng tuan tu giai quyét ba van dé, bao gom:

1. Van d€ xap xi: can phai tim ham mach gan ding F(p) vira thoa man céac chi ti€u cho trudc,
vira thoa man cac dicu kién 1a ham cho phép. Ham cho phép 1a ham mach théa man mot so
dicu kién can va da deé co thé thuc hién dugc voi cac phan tir mach yéu cau.

2. Vén dé thyc hién mach theo ham mach cho phép: d6 1a cong viéc thiét 1ap so dd mach dién
theo ham F(p) va xac dinh gia tri ciia cac phan tir.

3. Van dé chon so do toi uu: Viéc chon mach thuong dua trén cac quan di€ém toi wu vé cong
nghé, st dung, do nhay va dung sai.

Trong cac van d& néu trén, van dé thuc hién mach theo ham mach cho phép chi 1a su thuc hién
mot cach may moc theo cac phuwong phap biét trudc, con xdp xi 1a van dé kho khin hon ca. Do
cac dac tuyén cua tré khang, dan nap hoic cac ham truyén dat duogc cho dudi dang graph, dd thi...
con ham cho phép duoc viét dudi dang phan thirc hitu ti, nén bai toan xap xi s& tim ra dugc cac
ham cho phép gﬁn ding vaéi cac tiéu chuén cho truéc dé thuc hién duoc dudi dang mach mdt ctra
hodc hai cura.

- Piém cuc va diém khong dic trung cho ham mach: Ta dé biét cac phuong phap dé biéu dién cac
ham dic trung cia mach dién, bao gom f(t) trong mién thoi gian véi cong cu chinh 1a phuong
trinh vi phan, F(m) trong mién tan s6 voi cong cu chi yéu 13 cap bién do6i Fourier, va F(p) Trong
mién tan s6 phirc sir dung cong cu 1a cap bién doi Laplace. Trong d6 viéc biéu dién ¢ mién tan sd
phirc p 1a dé dang nhat cho cc qua trinh tinh toan va thiét ké mach dién, hon nita tir mién tan s
phirc nay ta hoan toan co thé chuyén mot cach don gian sang cac mién khac bang bién doi Laplace
nguoc hay bang su thay thé p=jo. Do d6 nguoi ta thudng chon cach dic trung cho mach dién
bang ham mach F(p). Ham nay c6 thé 1 trd khang hodc dan nap néu 1a mach hai cyc, c6 thé 1a
ham truyén dat gitra dai lugng dau ra va dai luong dau vao néu 1a mach bdn cuc. Mot cach téng
quat F(p) 12 mot phan thirc hitu ti va c6 thé biéu dién dudi nhiéu dang khac nhau theo cac diém
cuc va diém khong:

[Te-po  [la-P
~K, i=1 _K. = P

m

Dap

r=0

m 2 m

2 b,p [Te-p) [Ta-2
q=0 j=1 j=1 pj

Trong d6 diém khong ctia ham mach 1a cac diém p; ma tai d6 tir sé bang khong va F(p;))=0. Diém

F(p) = (7-37)

cyc cua ham mach 1a cac di€ém p; lam cho mau s6 bang khong va tai d6 F(p;)=cc. Céc diém cuc va
diém khong dugc hoan toan xac dinh doi véi moi ham mach, cho nén chiung dac trung cho mach
dién. Dya vao chung c6 thé v€ dugc dac tuyen tan so cua F(p) va dac tuyén tan so cua mach dién.
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b. Van dé xﬁp Xi trong t(R)ng hop mach
Xép xi vat ly 1a sy lya chon mé hinh toan hoc cho mot hi¢n twong vat 1y. Néu su Xép xi nay 1a hop
1y thi mé hinh toan hoc mé ta dung hién twong. Néi chung khong c6 biéu thirc chinh xac danh gia
sai sO cua su Xép xi vat ly. Can phan biét gitira xép xi vat ly va Xép X1 toan hoc. Xé'lp Xi toan hoc la
su thyc hién gﬁn ding cac qua trinh tinh toan trong toan hoc, sai s6 clia nd noi chung c6 thé danh
gia duogc. bé thuce hién xép xi todn hoc, nguoi ta thuong dung chudi Taylor va chudi Fourier.
Véan dé xép xi trong téng hop mach, khéc véi xép Xi toan hoc, XUAt phat tir cac chi ti€u cho trudc
dudi dang @6 thi trong mién thoi gian hodc trong mién tan s, cong viéc dau tién phai tién hanh 1a
xép xi béng cac ham mach cho phép. Néu ham xép X1 gﬁn ding cac chi tiéu (voi sai sb € yéu cﬁu)
ma thod man 12 mot ham mach cho phép F(p) thi mach dién thudc ham F(p) d6 c6 thé thyuc hién
duoc. Néu xép xi khong c6 phuong phap thi s€ din dén két qua 1a mot mach di¢n khong dat cac
chi tiéu dé ra. Do d6 van dé xap xi 1a mot vin d& quan trong nhat nhung ciing kho khin nhat.

Céc phuong phap xap xi co thé chia lam hai nhém: Xap xi theo cach thir va xdp xi bang con

duong truc tiép.

*Nhém xdp xi theo cdach thit, thuong co cac phuong phap sau day:

1. Thiét ké trén co sé phan tich: Trong truong hop nay mach nguyén ly xéip xi cac chi tiéu cho
trude da duge biét do kinh nghiém. Tién hanh phan tich dé tim ra mdi lién hé giita cac phan tir
mach va céc chi tiéu cho trude. Tir d6 xac dinh duoc ham mach va mach dién cu thé.

2. Xap xi bang db thi Bode.

3. Xép xi ndi suy.

*Nhom xdp xi theo con dwong truec tiép: Viée xAp xi ham mach cho trudce |F( JO))| bang ham mach

F(p) c6 thé theo phuong phap truc tiép, thi du nhu:

1. Xép xi voi do béng phéng cuc dai (con goi la xép xi Butterworth).

2. Xép xi déu (xép xi Chebyshev).

3. Xép xi €liptic (Cauer)

4. Xép xi Chebyshev nguoc...

Tuy theo tinh chét cua tung loai mach can phai téng hop ma cac phuong phap nay sé cho cac biéu

thirc tinh toan khac nhau.

¢. Vén dé thuc hién ham mach:

Sau khi giai xong bai toan x4p xi, ching ta nhan dugc ham F(p) mot mat thoa man céc chi tiéu
cho trudce, mit khac thoa mén diéu kién ham cho phép. Budce tiép theo s€ 1a thuc hién ham mach
da tim duoc, tirc 12 x4c dinh ciu tric va gi tri cac phan tir trong cau tric do.

-Véi hai cuc thy dong RLC, ham mach thuong dugc biéu dién qua trd khang Z(p). Viéc thyc hién
cac ham mach nay c6 thé sir dung cac phuong phap FOSTER, CAUER hoic BRUNE.

- Vi bbn cuc thu dong, ham mach thuong duogc biéu dién qua cac thong $6 zij va y;j. Nguoi ta
thuong dung phuong phap Cauer hodc phuong phap khir diém cyc va ddy diém khong dé thuc
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hién bén cuc LC va RC. Nhin chung mdi mot phuong phap tong hop c6 mot wu thé nhét dinh, tuy
theo tinh chat cia ham mach ma ap dung sao cho phu hop nhat.

d. Vin @& chon so do t6i wu: Sau khi thyc hién dugc cac kiéu so dd tuong duwong nhau thoa mén
ham mach, cAn phai xem xét cac yéu to ciia no, cong thém cac diéu kién phu (nhu diéu kién san
xudt, tiéu chuan kinh té) dé lya chon ldy phuong an tdi uvu dua vao san xuat. Ciing can chu ¥ rang
trong tong hop mach, s6 lwong phan tir trong mach ciing 1a mot yéu té quan trong dé danh gia két
qua, do d6 t6i uu mach véi sb phan tir it nhat 1a mot trong nhimng van dé can nghién ctru trong
tong hop va thiét ké mach.

e. Tong hop mach tich cue

Céc bude chinh ctia qua trinh tong hop mach tich cuc vé co ban ciling gidng nhu tong hop bdn cuc
thu dong. Ngoai ba vin dé da néu, trong truong hop mach tich cuc do thuong ding cac phan tir
tich cuc, vi vdy can phai diéu chinh mot chidu mach vira tong hop. Luu do hinh 7-5 mo ta cac
budc tong quat tong hop mach tuyén tinh, ddy 1a mot trong cac cong doan chu yéu trong toan b
qué trinh thiét ké mach.

Ta c6 thé thuc hién duoc ham mach
¢6 dang phan thirc hitu ti bang mach

Cac chi tiéu

i Cac ham cho
cho trudce

phép

dién gém cac phan tir: dién dung, dién
tré, nguén diéu khién, NIC, mach
khuéch dai thuat toan... Thong thuong
ngudi ta ldy mot hodc nhiéu phan tir

tich cuc va mac ching véi cac mach n 5P X

ctra thu dong, sau do tu K(p) xac dinh

gi tri cac phdn tir tich cuc va cac ham K(p) >

cho phép ctia ciac mach n cua thu

dong va thuc hién cy thé cac ham nay. \1/

O dai tan thép, viéc téng hop mach Thue hién Khio sit do nhay, dung
tich cuc RC dung bo KDTT la sy lua mach ¥ sai, Cée qEZ‘ﬁ édlém cong
chon t6i vu. V&i cac ham mach béc | '

cao, nguoi ta thuong st dung cac Céc so dd tuong duong -

phuong phap tach da thirc va mac ndi chon tdi uu )

day chuyén cac khau bac hai va bic 4

mot. Diéu chinh mot chidu

Ddi voi mach tich cuc cling cin phai T

chu y dén mo hinh ctia n6 trong céac RN

didu kién 1am viéc khac nhau. Thong <S" igéfgach>

thuong cac phan tur tich cuc ly tudng

thuong chi dugc thuc hién thich hop ~_—

v&1 mo hinh ctia nd trong mot dai tan
s0 nhat dinh cung vé1 mdt so6 phan tu

- Hinh 7-5: Cac budc tong hop
thu dong ho tro.

mach tuvén tinh
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