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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.
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Neuyén I¥ mach diéu khién
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1. Nguyén 1y mach diéu khién :

B0 diéu khién 13 bo bién doi tin hiéu diéu khién U, thanh goc diéu khién
a _duoc tinh tir thoi diém chuyén mach tu nhién cua van dong luc. Dé xéc
dinh duoc géc a cén phai biét thong tin vé pha cua dién ap dat 1én van
dong luc. Tic 14 bo diéu khién phai tao ra xung dong pha véi dién ap dién
ap dat 1én van dong luc. Bo didu khién ciia so do chinh luu ciu 1 pha
khong dbi xing duoc thiét ké theo nguyén 1y diéu khién doc (c6 ciu tric

nhu hinh v€)

B dicu khién nay gom : bd tao xung rang cua -_JI RC ‘ U_i ss ‘
hoac con goi la dién ap tua (RC) va bd so sanh
(SS). Tin hiéu dong bo s& dong bd qua trinh T
lam viéc cua may phat xung rang cua. Xung P
rang cua (U, ) s€ dugc so sanh vdi tin hiéu e <V

A .2 A . >
diéu khién trong bd so sanh. TN

© 1o gi R ~ , ~ - ' .

Tai thoi diém U, =U, , b0 so sénh s€ tao ra : =~ -
mot xung ma vi tri cua nd trén truc thoi gian sé ]

phu thudc vao gié tri cua tin hiéu diéu khién.

2. Céc khau ctia mach diéu khién :
2.1. Khau so sanh : )
Dé so sanh cac tin hiéu tuong tu, nguoi ta OUT v
6 thé dung trazitor hoaft’c khénh dai thuét . N 4T—
toan nhu & hinh v&. Khéch dai thuat dai ! e

c6 cac vu diém sau: .

- bi¢n tré vao vo cung 16n: R, = o ( thuc ‘

té Ry = 10° - 10°02)

- Hé s6 khéch dai K = oo ( thuc té K = 10°) Uy
- Pién trd ra Rg = 0 ( thyc té Ry = 0 + 2002
)

- Thoi gian chuyén mach tir A dén B bang
khong ( thyc té vo cing nho ) Uy
Nén ngay nay mach so sanh chu yéu la A
dung khéch dai thuat toan. Tin hiéu so

sanh duoc méc hau dau vao cua khéch dai

thuat toan ( U1 va U2 ) khi Ul = U2,

khéch dai thuét toan sé& lat trang thai va UR s€ d6i ddu. DAu cua hai tin

hl@u nay trung nhau. o - {Formatted: Font: Times New Roman

2.2. Khau tao tin hiéu déng bo :



Dung chinh luvu mot pha hai ntra chu ky

c¢6 diém trung tinh (D,,D,) dé tao ra dién

ap chinh luu Uy nhu hinh vé.

- Pién 4p U(1) duoc so sanh véi U0 dé

tao ra céc tin hiéu twong tmg véi thoi - '

diém ma dién ap nguén di qua diém /\//ﬂ\ \//\\ w
khoéng. _ e
- UO cang nho thi xung U(2) cang hep Ut

pham vi diéu chinh cang 16n. )

Cl ' %_]756-{-1’-1-‘1—1 o

2.3. Khau tao di¢n ap rang cua dung khéch dai thuét toan va transistor :
Nguyén ly co ban cta n6 1a dung mach tich K
phan va khoa K. Khéa K duoc diéu khién bang . .
tin hiéu déng bd. Khi xung dong bo két thuc, ' ;
khéa K mé ra, tu C s€ dugc nap dién bo dong : R 082

(2]

E £ .
I, =—=1, =const Ir

t t
U, =U, :Clllcdt :clli‘“ :R—Et
Tai thoi diém t,, khoa K dong lai va U, =0.
Nén thay khoa K bang bong truong cong nghé
MOS. Vi dién tré vao cua bong truong 16n nén
tin hiéu déng b 1a tin hiéu ap va ngudn dong bod
s& bi ngan mach qua cdc mach phu khac. Trong
truong hop dung bong kénh cam Ung n thi

(=]
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Uddng bo > U0, bong s& ma (U0 1a dién ap ngudng mé cua bong truong

).

A , N . 1 | L
Poravio-consthire rénvort = — = — virde=F-tred—
¥ 2f R

o | —

E 1 _ oo L _ 1
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2.4. Khau phat xung dung khéch dai thuat toan :

B§ phat xung la macht dao dong ra cac xung vuéng va lap lai theo chu ky.
Mach tao dao dong dung khéch dai thudt toan dugc mo ta nhu trén hinh

ve :

Tu C Vf‘i dién trd R1 tao thanh mach tich phan. Mach R2, R3 Ia mg_lch
phan hoi. Nguyén ly 1am viéc cua mach nhu sau: Gid st ¢ thoi diém 0,

dién ap cua khéch dai thuat toan dat gia tri cuc
dai UR = Umax ~ +E
Thong qua mach phan hoi R3, R4 dau vao "+"
ctia khéch dai thuat toan s& c6 tin hiéu phan hoi

E__ duy tri cho khéch dai thudt toan

R, +R,
nam & ché d6 bio hoa duong. Lic nay tu C
dugc nap thong qua dién tro R1 tdi gia tri
URmax. Khi t =t1, dién &p UC dat gia tri UO,
khéch dai thuét toan lat trang thai va UR = -
Umax ~ -E. Dién ap trén tu C khong thé thay
d6i dot ngodt va luc nay tu C lai phong dién qua
R1. O thoi diém t = t2, khi
E

U, =-U, =———R,, khéch dai thuat toan lai
R, + R,

+U, =

lat trang thai va UR = Umax ~ +E va sau do
qua trinh Iap lai.

Thoi gian phong tu C :
t = R.C.ln(UR‘“aXJrUO]
Rmax _U 0

Thay gia trj U0 va biéu thtrc trén ta 6 :

R11

OAd

ot

Ry
Ri2

Uy

N




2R
t, = R.C.1n[1+3J
RZ

va chu ky may phat s€ 1a :

2

T =2t = ZR.C.ln[l +2R3J

1 1 1 )
T 2RC.In3 9 "3

Uy

2.5. Khau khéch dai xung :

Pé nang cao hé s6 khéch dai ciing nhu cong sut ciia xung ra, ngudi ta
thuong ndi kép hai bong theo kiéu so @4 Darlington (nhu hinh v&)
Luc nay :
I C

Iz =

BB
B, - hé sb khéch dai ctia bong T1
B, -h¢ s6 khéch dai cua bong T2
n - hiéu suat thuong lay xap xi 0,7
Nguoi ta thudng chon bong T2 ¢ cong suat 1on thoa mén véi cong suit
clia xung ra, con bong T1 1am nhiém vu khech dai dong. SH luong cac
cudn dau ra co thé chon tuy y phu thudc vao sO lwong transistor can diéu
khién. Pién tré RB duoc chon dé thoa man diéu kién bong T1 va T2 &
trang thai bao hoa khi bong mo :

Ry = ILJ—‘I’ , K thuong chon trong khoang 1,1 + 1,2. R1c6 thé mac nbi tiép
*'B

v6i cudbn W1 dé han ché dong qua bong, khi bién ap xung bi bdo hoa va

1am phan 4p khi ta mudn giam dién ap trén cuén W1.

Mach khéch dai trén c6 nhuoc diém 1a khi truyén mot xung cd do rong

qua 16n ( t, > 1ms ) thi kich thuéc may bién ap xung s& bi x4u di. Pé khic

phuc nguoi ta thuong ding bd tron cao tan nhu so do sau :



W‘_ .wz ' o1

Uy ~ Ty

Bl

AR

bién ap UV la xung c6 d9 dai bang tx dugc tron voi xung c6 chu ky Tt
nho hon rat nhiu so voi tx thong qua mach logic AND.

B phat xung thudong dung khéch dai thuat toan co tan so f =5+10kHz. | Field Code Changed

Bicn 4 ap xung duoc tinh voi d rong xung bing .
2.6. Bién 4p xung :

Bién 4p xung dung dé cach ly mach Iy

tro khang giita cuc diéu khién cua tiris " i ¥ ( e
thay d6i cyc tinh cua xung. Yéu cau 16 it
tmyen xung tir mach diéu khién 1én cy

nhat. U

Gia su nguoi ta dat dién ap Ul(t) 1én so heo

dinh luat cam ung dién tu:

do . _| Field Code Changed
um=w, di ) I {
,,,,,,,,, t‘bm‘g/
Wl - 86 vong day so cap; ! -

- - 1
Ix

® - tir thong trong 16 may bién 4p Xt..g,
W2 - s6 vong day thir cap;

O day ta bo qua tir trd cac cudn day va coi tir thong tan 1a rat 16n.

Néu gia thiét tir thong phan bd déu trong 161 thép thi @ =B.S (S 1a tiét
dién cua 161 ), thay vao cong thure ta c6_:

U,t)=wSs— dB Py {Field Code Changed

Gia sir U, la Xung-:  Field Code Changed




vudng gbe co bién d6 bang U, vadorong la Ty, tich phén hai vé clia | Field Code Changed

Dhu'O'IlE trlIlh ta dlIO'C - { Field Code Changed

/{ Field Code Changed

Wsj—dt_ju dt—)B(t)——jU dt + B, K

Thong thu’orng bién 4p xung truyén xung ¢ cuc tinh nén 15i thép sé lam
viéc theo duong cong tir hoa riéng (hinh vé).

Khi c6 xung, 1i thép s& bi tir hoa va cam (g tir s8& thay doi tir diem B, | Field code Changed
dén diém B,,_luén ung véi thoi diém ma két thic ( OA 1a dudng tir hofaf | Field code Changed
mgmi *************************************************

Sau khi két thiic xung, cam tng tir tai B, giam vé B, (duong ddm nét | Field code Changed

- { Field Code Changed

trén hinh ). Do d6 trong cong thirc tren, gigi han tren cua tich phan 1a B, (
A= ~ | Field Code Changed

va gidi han dudi la B,

- { Field Code Changed

LAy tich phan hai Ve :

WS(B, —By) =U,Ty [ Field Code Changed

\ u.,T _ Field Code Changed
vaW, =—tX AB=B_ - B, {
A __ ,A,B,S, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _1
W Field Code Changed
W2=—1,_(_n— L 14 hé s& may bién ap ) { _
n U2 P { Field Code Changed
Neéu str dung nhttng bién phap dac biét dé B(T)

dua diém lam viéc cua 15 thép vé diém C
trong thoi gian khdong ¢d xung thi :

AB 2B, Field Code Changed

=

Thong thudng ngudi ta ché tao thém mot (Afm)

cudn day phu va dat vao n6 mot st tur

dong chuyén dich H,y 0 gid tri dm dé | Field Code Changed

-1 a 1 30

dua diém lam viéc ban dau vé diém C ( Eyuhg cong % Hoa ki o8 Featl

khi khdng c6 xung dit vao so cip ). Bién
phép nay rat hﬁ’u hiéu doi véi 161 thép cd mach tur tré gan hinh vudng, tic

la B co gid tri gan tiém can voi B _ { Field Code Changed

7777777777777777777777777777777777777777777777777777777777 - { Field Code Changed

Trong thuc té xung di qua bién 4p xung bi méo va c6 dao dong do tu ky
sinh trong bién ap xung gy ra. Dé giam dao dong va d6 dinh xung, can
ting cudng cc gia tri dién cam cua bién 4p xung.

Dién cam cta bién 4p xung ddi véi 13i tron duoc tinh nhu sau :

| = MW ’S ) | Field code Changed

o =47 107H/m .- { Field Code Changed

/{ Field Code Changed

S - tiét dién 15i;




1 - chiéu dai mach tir;
Nén chon 16i ferit ¢6 d0 tir tham x 16n.

A - _

Khi mic bién 4p xung va mach colecto cua trazito thi dién cam ctia nd
phai théa man diéu kién :
L > UlTX

(1-Ax)

ICmax

| - dong cho phép cua tranzito.

C max

- {Field Code Changed

/{ Field Code Changed

= /[ Field Code Changed

L Cmax ——o —— —~L ~—— ———~—~—+ _

Dong tir hoa 16i may bién &p xung bing :
— UITX

3. Tinh todn mach diéu khién :
3.1. Tinh toan bién ap xung :
e Céc thong sb ctia may bién ap xung :
Dién ap so cdp : U, =+E =12V

AL _

Dién ap thtr cip : U, =U, =3V

Dong dién thir cip : I, =1, =150mA

A _ _ 7 _ o ____________ -

DO rong xung : T, =T, =0,2ms

e Chon vt liéu may bién ap xung 13 sit Ferit HM, 16i dang hinh xuyén,
Theo dac tinh tir hda, xac dinh duoc :

AB = 03T;AH =30 A/m — 1= 2B~ %3 _ g 01H/m

A \ A A : 7,( 777777777 -I: 777777777777777777777777777777 -
e SO vong day cudn so cap : W, = Uég =500
e Dién cam cua bién 4p xung :
UlTX

P m —->L> 4,8mH N ChOIl L=5mH ( th()a man dléu klén khéng
— AX
s Cmax\™ =MV S Z

lam bdo hoa mach tir)

2 2
e Chidu dai trung binh mach tir: L = 2£4M°S | _ sW'S _

e Dua vao cic thong sb tinh duoc & trén, chon mach tir OA-20/25-6.5 ¢
cac kich thude nhu hinh vé :

| Field code Changed

s

- {Field Code Changed

- {Field Code Changed

< {Field Code Changed

- { Field Code Changed

L J

| Field Code Changed

/{ Field Code Changed

_ { Field Code Changed

/{ Field Code Changed

_{ Field code changed

_{ Field code changed

| Field code Changed

/j// { Field Code Changed

/{ Field Code Changed



a=2,5mm
- ’ b=6,5mm

_afl\_ I d =20mm
k'/ l D =25mm

S =16,2mm’
I =81lcm

| 4
L1
1

Hxh 1.79 .Hxh chiCu 1ai bidn | p xung

e Chon mét d6 dong dién so cap va thir cap : J, = J, = 4 A/mm?

e Tiét dién day quan so cip : S, = % =0,009375mm’
1

. =1/4—Sl =0,109mm . Chuén hoa theo tai liéu: d, =0.12mm;S, =0,01131mm’
T

T3, T4, T5 14 loai PN2222 c6 céc thdng sb nhu sau :
Trazitor loai NPN. vt liéu ban dan Si.
Dong dién lon nhat ¢ colecto @ 1., =600mA

A -

Hé s6 khéch dai : B=50

Dong lam viéc cua colector : I, =50mA

Dong lam viéc cua bazo : Il =—==1mA

Cong suét tiéu tin & colector : P, = 625mW

p { Field Code Changed

/{ Field Code Changed

. [ Field Code Changed

/{ Field Code Changed

L/ /, { Field Code Changed

/{ Field Code Changed

/{ Field Code Changed

/{ Field Code Changed

| Field Code Changed

- [ Field Code Changed

_ { Field Code Changed

- {Field Code Changed

- [ Field Code Changed

| Field code Changed

L L J L J

= [ Field Code Changed

/{ Field Code Changed




3.3. Chon OPAMP, c¢dng AND, diode :
e Do tr1 sO dong dién trong mach diéu khién nhé nén chon diode loai
1N4001 c6 cac thong so nhu sau :

Dién ap dit nguoc 16n nhét : U Ng = S0V

Dién dp mo thong diode : U, = 0,6V
e Chon cdng AND loai CD4081 ho CMOS do hing Texas Instrusment
ché tao, mdi IC ¢6 4 cdng véi cic thong sb nhu sau :
Nguon nudi : Ve =3+18V. Chon V¢, =12V
Nhiét d6 lam viéc : —40°C +80°C
Pién ap img véi muc logic "1" @ > 8V
bién ap tng véi murc logic "0" : <3V
Dong dién : <lmA
Cong suit tiéu thu : 2,5 nW/Cong
So d6 chan cam IC CD4018 :

1] L]

+Vcc 14

[13 | 12 11 10 9 | 8
T

e g
&

Hxh 1.38 .S- ®3 ch©n IC 4081 e Chon OPAMP

loai LM324N do hing do hing Texas Instrusment ché tao, mdi IC gdm 4
OPAMP c6 cac thong s6 nhu sau :
Dién 4p nguon nuodi : V. =+1,5V ++16V , chon V.. =+12V

AT ___ _________T"=-——C A2 ___

Hiéu dién thé giita hai ddu vao : +32V

> { Field Code Changed

. { Field Code Changed

P [ Field Code Changed

P [ Field Code Changed

- { Field Code Changed

| { Field Code Changed

s { Field Code Changed

- { Field code Changed

- { Field Code Changed

0 U

- [ Field Code Changed

| { Field Code Changed

| { Field Code Changed

== { Field Code Changed

L — = [ Field Code Changed

o U L




Dong diénra : I, =30nA

Nhiét d6 lam viéc : —65+150°C

Tdc d6 bién thién dién ap cho phép : SR=0,4V /s
So d6 chan cam ciia IC LM324:

1 [ N [] 14
2[D_H_@:] 13
3 [ ] 12

4 [ [1 11
s [ [] 10
<
7 [ [] 8

3.4. Tinh todn may phat xung chum :
e Tan s0 bd tao xung chum : f =5kHz

¢ Chon R, =R,; =50k suy ra :

T-Lor com1+2R2 | Zor .35 R,C = —91.10°
f R12 fIn3
9,1.107
e Chon C, =0,luF >R, = 10" =910Q, Dé tién diéu chinh chon R,, 12

3.5. Tinh toan khau tao dién ap rang cua :

N, e . . , . T \
e Theo do thi tai ciia xung rdng cua tai t = TX =0,01s thi U, =E suyra:

A__ = _________ A_ _ _ _ _ _________ g

E=—2% RC—7—001 Chon C=0,1uF thi R= 0_ =100k

3 6. Tinh toan khéu so sanh va khau tao tin hiéu dong bo :
e Chon @, =175°suyra: U, =2U , sin5° = 1,48V

Ry _12-148

: = = 7. Dé tién diéu chinh chon
R 148

u, -~ _¢ 12 8 _573v
RC 360.f  100.10%.0,1.10° 360.50

e Dé han ché dong ra, vao cac OPAMP va cong AND (<1mA)ta méc thern

céc dién tré. Cac dién tré ndy cb gia tri bang :

R,=R, =R, =R, =R, =R, == =12 _ 15

> { Field Code Changed

- { Field Code Changed

5 { Field Code Changed

| Field code Changed

. [ Field Code Changed

/ [ Field Code Changed

/{ Field Code Changed

s /, [ Field Code Changed

- { Field Code Changed

. { Field Code Changed

|~ B { Field Code Changed

/{ Field Code Changed

- | Field Code Changed

- { Field Code Changed

{ Field Code Changed

{ Field Code Changed

P [ Field Code Changed

- [ Field Code Changed

- { Field Code Changed

‘[ Field Code Changed

/{ Field Code Changed

- [ Field Code Changed

| Field code Changed
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e Tranzito trudng T1 chon 12 IRF540 véi hiéu dién thé dé tranzito dan

ted: Font: (Default) Times New Roman }
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qusa tr<inhnftap.,

a. Nlap viéi dBong ®diOén kh«ong ®daedi:

Khi nlap vidi chOé ®déd dBong ®didén kh«dng ®dadi, dBong
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1
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1

h&di ti0ép ©am dBong ®dideén,

U4 Udk
BBD Rs ;

Ta ca:
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I
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{ Field Code Changed

)
{ Field Code Changed ]
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L
U,,: $DiOén -4p chuEan ®d06¢ so s-anh, Uy = const,

- {Formatted: Font: (Default) Times New Roman
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I DBong ®didén cCan gi=ir kh«ong ®deedi trong qu-4

trxinh nlap. 77777777777777777777777777777777777777777777777777 B -- {Formatted: Font: (Default) Times New Roman }

R.: §DiOén tréo sun cad t-ac déung biOén dBong ®diOén cCan

haoi tiOép thuanh ®diOén -ap. ta ph¥ai t¥inh to-dn R, sao cho khi dBong

Id ®dlat Qi—é trPi1 &20n ®dPkinh mong mueon thxi U'm =U - {Formatted: Font: (Default) Times New Roman ]

SS _ ___________ —

Chetlrc n“ing cfitia mlach: Mlach hadi tiOép ©am dBong ®didén caod

chelrc ndng thay ®dedi gadc ®diOéu khidén a - thay ®dedi ®didén | Field Code Changed )

—4p ®dCAu ra céna ch@inh l-uu nh»am duy tr<i dBone ®didén kh«dng

®d{%él tléén mlach tﬁ{él kh] t%é,] thay ®da%é)1 - {Formatted: Font: (Default) Times New Roman ]

Field Code Changed

o 7, 77777 S 77777‘77;, 77ii?777?:;7777.7?77*!'\”"[FieIdCodeChanged
Up. qua béd so szanh khi Ugg > U, thxi gddc ®diO¢u khiOén o gifam - { Field Code Changed

- ang Uy lgdm cho dBong ®diOén I, Cang. $DOén khi [, ®diat trlang | Field Code Changed

o U L

777777777777777777777777777777777777777777777777777 o { Field Code Changed

th-4i ee6n ®dPinh mong muédn thxi Uy, = 1,.R, =U, 16tc ngay Ugg = U
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i ’ Chuwong 1 ‘
NHUNG VAN DE CHUNG CUA HE TRUYEN
PONG DIEN

1.1 Cau tric cua hé truyén déng dién

1.2 Phan co cua hé truyén déng dién

1.3 Phwong trinh chuyén ddng cta hé truyén
dong

1.4 DTC va cac trang thai lam viéc cua hé
truyén dong dién
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1.1 Cau tric cia hé truyén déng dién

1.1.1 Pinh nghia hé truyén ddng dién
1.1.2 Hé truyén déng ctia may san xuat
1.1.3 Cau tric chung cua hé truyén déng dién

1.1.4 Phan loai cac hé truyen doéng dién

Vé dau chuadng
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1.1.1 Pinh nghia hé truyén déng dién

Hé truyén déng dién ...

Vé dau chuadng
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1.1.2 Hé truyén déng ctiia may san xuat
Xet 3 vidu:

a) Truyén ddng cua may bom nwéc

b) Truyén déng can truc

c) Truyén ddng mam cap may tién

Vé dau chuadng
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a) Truyén ddong ciia may bom
nwo'c

1

————— —

/

Bién doi

8/14/2007

&

M

T:

| CT (Canh bom)

Khép néi truc

Q
| N L
]'C) !I Uf"

I ) Mcr(Me)

<z

Vé dau chudng




b) Truyén ddéng can truc

Bo truyén lwe TL

béng co b TN
M} -
b e B
[
(/l) » F
Tréng t&i TT L 1L

o= \

Daycap C

vh
Tai trong G
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c) Truyén ddng mam cap may
tién

- A .
M . @ - PhOI\PH MCT
o ) A
2 T — =5 = ]
MC —-— v 4 N
- F—
=1 *M*—— Mam cap MC Jdo
] Cao cat DC
[ i L || L L Co cau cong tac CT
1 B 1
g Y,
TL
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1.1.3 Cau truc chung cua hé truyén déng dién

Ludi Phan dién | Phan co

e re N NN EieEEEsNsEAEERsEEESsNSESRSEESESESSESESRSEEEEERssEaus *4 ............................................................................................ >

_>- _>._> CT

PK
I

|Lénh dit

8/14/2007
Vé dau chucng




1.1.4 Phan loai cac hé truyén
dong dién
a) Theo dac diém déng co’
b) Theo tinh nang diéu chinh
c) Theo muc 4o tw déng hoa

d) Mét s6 cach phan loai khac
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1.2 Phan co’ cta hé truyen dong dién

1.2.1 Cé4c dai lwong dac trwng cho cac phan

tr co hoc
1.2.2 So d6 tinh toan phan co

1.2.3 Phan loai mémen can

8/14/2007
Vé dau chucng




1.2.1 Cac dai lweng dac trwng
cho cac phan twr co’ hoc

Chuyén dong thing Chuyén dong quay
Dai lugng Ky Don vi | Dailwgng Ky hiéu | Don vi
hi¢u

Luc F,P,G | N, KG Momen M, M, Nm

o . n vong/phut
Van toc \% m/s Toc do

® rad/s s’!
Gia toc a m/s? Gia toc goc g rad/s> s
Trong lugng m kg Momen quan |J kgm?
tinh

Qui dbi: 1KG=9,81N; 1 rad/s=9,55 vg/ph:
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1.2.2 So’ do tinh toan phan co’

a) Qui d6i mémen can Mc vé (toc dod) truc
dong co’

b) Qui d6i mémen quan tinh ve (toc dd) truc
dong co J
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a) Qui d6i mémen can vé truc déng co’ Mc

Nguyén tac qui doi:

Ta coO:

8/14/2007

P4

C:

Vé dau chuadng




a) Qui d6i mémen can vé truc déng co’ Mc

* Qui d6i mémen M. :

1
Mi.qd = Mi .
1.m

» Twong tw, néu phan t& i chuyén ddng thang voi
toc do V. va co lwc tac dong la F, thi:

Pac = Mi.qd'm = i = Y hay M =F—

N M ’ pM

trong do p = wW/Vi
8/14/2007
Vé dau chugdng




Tong quat, momen can tong quy
doi ve truc dong co’

Mc = ZMk
k

1

1 Ty

1

2.h

1

P1-Th
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Vé dau chuadng




b) Qui d6i mémen quan tinh vé truc déng co’ J

+ DAng nang cla phan tlr quay thi i:
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b) Qui d6i médmen quan tinh ve truc déng co’ J

* Quy d6i mémen quan tinh J;- cla phan to thir
i lam viéc voi toc do w, vé toc do w

J i.qd J 1 IT
 Twong tw néu vat chuyén dong thang V,, m =
w
1
J i.gqd m; R

« Tong mémen quan tinh, k — s6 phan t& chuyén
olp
dong Jt:Jd_I_ZJi.qd
k

8/14/2007
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So do tinh toan phan co don khoi

Bo truyén lwe TL

boéng cob N
M ) - J
o Il
Tréng t&i TT I
\ T S\ M,
prm———
— —_\ L A
o=l =t A==
'&r Mer 4 =, ln'v- :}-—
f —
DaycapC M
Vﬂ_— ——
Tai trong G
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Vi dy 1 Lap so d6 tinh toan don
khéi cho phan co cua can truc

B qua trong lugng
day cap, hay qui

- - 1 N . R
Ja,0,M tdpr ddi mémen can M.
n . va mémen quan
. ! —— i T Jit, Oc1, Mt tinh J; trén truc
Z }; —..IE.... N / . dong ca.
T T -
: 1 e 1
{ |
Jb2
i i G
Loe o2 c
m[ v
'G
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Giai

*) Qui d6i mémen cén:

+ Qui d6i G = trong toi McT
D, 1
2 my
+ Qui d6i McT = truc ddng co w
1

MC — MCT s n : hiéu suat cua hop giam toc;
1.M I = w/wg

Mcr =G. Véi G [N]; Dt [m]; nt

Hoac: I
0ac MC :G_/ véi p = w/v; n' = n.n,
p-N
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*) Qui d6i mémen quén tinh:

+ Momen quan tinh cua réto dong co J4 va cua banh rang 1 (J,¢)
khéng phai quy dbi, vi ching quay cung toc dé réto o.

+ Momen quan tinh banh rang 2 (J,,)
dugc quy dbi tu toc do w vé€ w nhu sau:

|
Jb2.qd = Jbz'i—z

+ Tuong tu, momen quan tinh ], cua tréng tdi dugc quy
ddi thanh: |

Jtt.qd = Jtt'i_z
+ Momen quén tinh quy ddi cla tai trong G c6 khdi lugng
m va van toc v:
|
JG.qd — m_2
8/14/2007 P
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M&men quan tinh tong cla hé

Je = Ja + Jp1 + Jpoqd T ttqa T JG.ad

Két qua ta thu duoc so do tinh toan don khoi

Jy M
pr——nery
» it y
Frrr r
7 7
M
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Vé dau chucng




Bai tap 1:

Xac dinh mémen can va mémen
quan tinh cua tai trong va day cap
quy dm vé truc dong co blet rang
co' cau nang ha ¢ so dd déng hoc Fe- -
nhw trén hinh bén, trong do bo a0, M | 1
truyen gom 1capbanhrangcoty — ml

sO truyen i =5, trong lwong cua I
M —
t

vat nang G= 10kN trong Iuo’ng

day cap Gc = 10%G toc dd nang m

v = 16,5m/s; Hiéu suat cap banh o Gc
rang n = 0, 95 Hiéu suat trong toi

nt = 0,93; Puwdng kinh trong tdi Dt m ]}
=0,6m. lG

Dap an
8/14/2007
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Bai tap 2

Bo truyén lwe TL

Pong co ® ——— Cho hé thong truyén dong dién
M ., nhu hinh vé bén. Tinh mdmen
D =,—= can Mc va momen quan tinh J,
’ ® Ja 15 Mo quy dobi vé truc dong cd. Biét ty
Trong “""{T " + LefL s6 truyén clia 2 cap banh rang i,
| ‘ el Y =i, = 5, trong lugng vat nang G
= //// =yl {fL = 22k, trong wgng cdp
— v | N G.=10%G, van toc nang v =
@ Nt 20m/s. Hiéu suat moi cap banh

rang n; = n, = 0,96; hiéu suat

trong tdi ne; = 0,93. Budng kinh

Day cép C trong tGi D = 0,58m. Momen
quan tinh cua roto, cac khdp nai,
cac banh rang, va trong tgi lan

B luot 1a 0,102; 0,01; 0,01; 0,03;

VH"_T'_§.I 0,06; 0,03; 0,07; 0,252 kgm?;

G

Tai trong

Vé dau chuadng




Bai tap 3

Cho hé thong truyén dong dién nhu hinh vé& bén.

_ Tinh mémen can M_ va momen quan tinh J,
Canh quy do6i vé truc dong co khi déng cd quay & toc
P || |= quat d6 n = 955 vong/pht.
Biét ty sO truyén cia cip banh ring i = 0,4; tai
/ N TN quat c6 phuong trinh dac tinh co:
TUTY 2
T B n,
M, =M, + MdeLJ
dmQ

Voi M =0; My =72 Nm; n, , =2000 vong/phut.
Hi¢u suat cua cap banh rang n = 0,96. Momen quan tinh cua
roto, cac banh rang, canh quat lan luot 13 0,07; 0,05; 0,03; 0,02.
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1.2.3 Phan loai mémen can

a) Phan loai mdmen can M_ theo chiéu tac
dung

b)Phan loai theo ham s6 phu thudc gitra
mémen can va toc do- DTC clia may san
xuat

c) Phan loai mémen can theo thdi gian tac
dung - Do thj phu tai

d) Phan loai khac
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a) Phan loai mémen can Mc theo
chiéu tac dung

0)‘\\M () ‘0)
-
Nang tai tv M. Mc
G M |
\\“MC U 0 M
- Ha tai v
G
a) b)
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b)Phén loai theo ham s6 phu thuéc giita mémen
can va toc do- BTC cua may san xuat

Quan hé gitra Mc =f(w) dwoc goi la DTC clia may san xuét.

- Momen can loai may tién NIc :M00+Mdm°®dszdm.®dm
@ @

- Momen can loai can truc M.=M,_ = const

kd . 4 7 (D M
- Momen can loai ma sat nhot M, =M _, + My, ~ 4

®dm ®dm
2 2
? = - 7 0) 0)
- Momen can loai quat gio M,=Mg , +Mg| — | *Myn| —
dm ®dm
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Dién ta tdng quat ca 4 loai tai bang
cong thurc chung

q
M.=M +Mdm{(’°j q=-1,0,1, 2.
®
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Cau hoi

* Gia str dong co quay
véi toc dd khéng doi.

rrrrr

Ja,0M I Momen can trén truc
1 == woe Mo déng co Mc co thay
drr HE=)] }= @i theo thoi gian

ELJZZ j 6o khong?
~[]v ¢ Dong co dang keo
‘o loai tai gi? ="
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¢c) Phan loai mémen can theo thoi
gian tac dung - D6 thi phu tai

A MC A MC A MC

~~ ¥

0 Tex 0 1, t 0 t, Tox
a) b) c)

+ MOt dong co dién chay lién tuc trong 1 nam r6i nghi 1 thang
sau do chay tiép. Bong cd lam viéc ¢ ché do nao?

+ POng cd mot chiéu dudc cap dién theo chu ky nhu sau: Bong
dién trong 1ms, roi cat dién trong 3ms. Hoi dong cc lam viéc &
ché d6 nao?
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d) Cach phan loai khac!’

Tai mémen khoéng dodi, toc do thay doi

Tai mdémen thay doi, toc do thay doi

Tai cdng suat khong doi

Tai cong suat khédng doi, mdmen khéng doi
Tai momen kh&i déng Io'n theo sau mémen
khong doi

8/14/2007 Vé dau chucng

(*) AC Induction Motor Fundamentals, 2003, Microchip Technology Inc.



= Tai mémen khdng doi, toc do thay doi

A » mdmen khong ddi bat
chap toc do thay doi.
momen - Tai cau truc, thang may,
van thang, cac may
Cong suat nang h’a! bang tai va
— may cap liéu,...
Toc do
8/14/2007
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= Tai mémen thay doi, toc dé thay doi

A

ITIO1T1e1]

Cong suat
-

Toc do

8/14/2007

Momen ty I€ binh
phwong lan toc do,
cdng suat ty 1& bac
ba v&i toc db.

Tai quat, bom,...
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= Tai cdng suat khéng doi

* Momen ty 1& nghich v
toc d6 va cong suat gitr
khéng ddi khi mémen va

Momnen toc do thay doi.
» Loai tai thwong gap trong
Cone sudt nganh giao thong van tai,
\:3 loai tai co yéu cau
mémen I&n & toc dd thap
dac biét luc khoi dong de
Tacdn o gia toc; sau do giam dan

khi d& khoi dong xong.
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= Tai cOng suat khdng ddi, mémen khdng

A

Nomen

Cong snat

8/14/2007

doi

- Pay la loai tai rat hay gap
trong nganh coOng nghiép

san xuat giay.

« Khi toc d6 nhd

no'n Mot

muCc Xac dlnh thi mOmen

gitr khong déi,

<hi toc do

vurot qua mot ngudng xac
dinh thi mémen giam ty 1€
ngh|ch v&i toc do dé dam
bdo cdng suat khdong dbi.

Vé dau chuadng




= Tai momen khai dong I&n theo sau
momen khong doi

A « Pay la loai tai co dac t,l’nh
co mOmen co gia tri rat lon
khi toc dd thap, khi toc dd
vwrot qua mot nguwdong xac
dinh thi mGmen gilr KhOng

Momen dé\)l .
« Pay la dac tinh tai cua cac
aeas loai may duc ép, may dun
chat deo,...
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1.3 Phuong trinh chuyén ddéng cua hé truyén ddng
- V&t chuyén ddng thang

m

e A 2 Fi=ma

- V&t chuyén ddong quay

Jt@)g YM; =],

- Vi hé truyén dong dién ZMZ. =M-M_ =M,

do
8 - —
8/14/2007 dt

- Gia t6c cua hé
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1.3 Phwong trinh chuyén déng cta hé truyén dong

= Ta thu dugc

do

M-M,=J.

J,- mOmen quan tinh cua
ca hé thong

"phuong trinh chuyén déng cua hé truyén dbng dién”
"phuong trinh dong luc hoc cua hé théng truyén dong dién”

- Qui udc dau:

+ Chon mét chiéu quay cua roto ddng co lam chuan duong (w>0)

+ M6men dong co sinh ra M>0 khi M cung chiéu védi w.

+ Mémen can Mc>0 khi M_ ngudgc chiéu vai w.

+ Cbng suat dién P;>0 khi dién nang truyén tu [uGi vao déng co.

+ Cbng suat co P_,>0 khi cd nang truyén tu dong cd dén may san xuat.

- Cau hoi:

+ Khi ndo déng cg tang téc, giam téc, va quay 6n dinh (quan hé
gitta mémen ddng ca sinh ra va mdmen tai phai nhu thé nao)?

8/14/2007
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1.4 PDTC va cac trang thai lam viéc
cua hé truyen déng dién

1.4.1 DTC clia may san xuat

1.4.2 DTC cua déng co dién

1.4.3 D6 cirng cua BTC

1.4.4 Cac trang thai lam viéc cua déng co

1.4.5 Khai niém vé dd on dinh tinh hé truyén
doéng dién

8/14/2007
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Dac tinh co: BTC la guan hé giltra hai dai luong co hoc
momen (can hoac doéng co sinh ra) va téc do quay
roto dong co

1.4.1 PTC cua may san xuat
Mc = f(w)
- B0 cung dac tinh co B, = dM_/dw

1.4.2 PTC cua dong co dién
M=f(w)

- BDTC tu nhién?

- BDTC nhan tao?

8/14/2007
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1.4.3 PO cung cua PTC
. dM’

g dM _AM hay 3
do Ao do

trong do M* = M/My.; 0*=w/wy,; hoac w*=w/w,

o, e\ © B=0
p<0 "2 p=co
02 o, p>0
M, M, M, M, v
M, -M M, -M
B~ 2 L<0 B~ 2 150
0y — O Wy — M

Do hau hét cidc BDTC clia dong co dién co B<0, nén dé so sdnh dd ciing
gitra cac BTC ta qui udc dung tri tuyét doi cua Ipl thay cho B:
g_|dM aM”

do d(D*

& B =
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1.4.4 Cac trang thai lam viéc cua
dong co’

« Diém lam viéc

xac lap & giao N {5\5\”
cua 2 dU’C‘)’ng )MC M ()
PTC:PTCcla wa
tai va BTC .
cua dong co

Moo My M
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1.4.4 Cac trang thai lam viéc cua déng co

oy}
M
. NN
N N
— M(o)
\
. 1
Trang thai may phat s Trang thai dong co
Mo <0: M.0<O0 T Mc(o) Mo>0; M.0>0
v
Trang thai dong oo Tran:\;théi may phat
>0: M.o>0 M v
. cle Mo <0; M .0<O0
Mc Mc
WV T— | Mo 5\“"\'
N 1\ \
—
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1.4.4 Cac trang thai lam viéc cua dong co’

,@NC \B\NC DY . A >
ﬁ H ﬁ  Mién lam viéc cua
I Y déng co bj gioi
0ty 1w e han b&i nhirng
s | e YEU 10 N20?
N | S (Pong co co thé
ﬁ T ﬁ lam viéc dwoc-an
toan-trong toan
bO mat phang
[M,®])?
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1.4.5 Khai niém v

D>
Q,
O
O
-
=
-
-
=
-
-

Xét diém A:
Q M. (B>0) ® M. (B.>0)
A T w2 A/
(DA (DA
Ll / | M (p<0) N(M)
My My M; M My M, Mg M

= Diém A la én dinh (B<B.)
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1.4.5 Khai niém vé

Xét diém B:

s

0p

Y
Nn

Mc (Bc>0)

Ml Mcl MB

M

Q)

)

dé on din

h tinh

M. (B.>0)

/ -
B Z (B>0)
Mg' M M, M

— Diém B la khéng 6n dinh (B>pc)

Piéu kién on dinh:
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Bal tap

» Timcacdiém .| v |, /I
lam viéc On
dinh trong s M.,
cac diém lam
Viéc xac lap-
cac diém cat 4
hinh bén.

c2

N

Mc3
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LOI GIOI THIEU

Ly thuyét mach 1a mgt trong s6 cac mon co sG cua ky thuat dién tu, vién thong, tu dong
hod, nham cung cép cho sinh vién kha ning nghién ctru c4c mach twong tu, dong thoi
né 1a co s¢ ly thuyét dé phan tich cac mach s6. V&i y nghia 1a moét mon hoc nghién
ctru c4c hé thdng tao va bién d6i tin hiéu, ndi dung co sé ly thuyét mach (basic circuits
theory) chu yéu di sdu vao cac phuong phap biéu dién, phan tich, tinh toan va téng hop
cac hé thong dién tao va bién doi tin hiéu dya trén md hinh cac cac théng sb & cac phan
tir hop thanh dién hinh.

Tap bai giang nay chu yéu dé cp téi ly thuyét cac phuong phap biéu dién va phan tich
mach kinh dién, dwa trén cac loai phan tir mach tuwong tu, tuyén tinh c6 théng sé tap
trung, cu thé l1a:

- Céc phan tir & mang hai cuc: Hai cuc thu dong, ¢ hodc khdng cé quén tinh nhu phan
tir thuan trd, thuan dung, thudn cam va cac mach cong hudng; hai cuc tich cue nhu céc
ngudn dién ap & ngudn dong dién 1y tudng.

- Céc phan tir & mang bén cuc: Bon cuc twong hd thu dong chira RLC hodc bién ap ly
tuong; bon cuc tich cuc nhu cac ngudn phu thudc (ngudn co diéu khién), transistor,
mach khuéch dai thuat toan...

Cong cu nghién ciru Iy thuyét mach 1a nhitng c6ng cu toan hoc nhu phuong trinh vi
phan, phuong trinh ma tran, phép bién doi Laplace, bién d6i Fourier... Cac cong cu,
khai niém & dinh luét vat ly.

Mic di ¢6 rat nhiéu ¢d ging nhung ciing khong thé tranh khoi nhiing sai s6t. Xin chan

thanh cam on cac ¥ kién dong goép cua ban doc va dong nghiép.

Nguwoi bién soan



CHUONG I: CAC KHAI NIEM VA NGUYEN LY CO BAN CUA LY
THUYET MACH

GIOI THIEU
Chuong nay dé cap dén cac khai niém, cac thdng sb va cac nguyén ly co ban nhat cua

ly thuyét mach truyén théng. Bong thoi, dua ra cach nhin tong quan nhitng van dé ma
moén hoc nay quan tdm cing véi cac phuong phap va cac loai cong cu can thiét dé tiép can

va giai quyét cac van dé do.

NOI DUNG
B Thao luan quan diém hé théng vé cac mach dién xt Iy tin hiéu.
. Thao luan céc loai thong s tac dong va thu dong cia mach dudi géc do ning
luong.
B cach chuyén mé hinh mach dién tir mién thoi gian sang mién tin s va nguoc lai.
B Cac thong sé caa mach trong mién tn sé.
B Ung dung mién tin sé trong phan tich mach, so sanh véi viéc phan tich mach

trong mién thoi gian.

1.1. KHAI NIEM TiN HIEU

Tin hiéu

Tin hiéu 1a dang biéu hién vat ly caa théng tin. Thi du, mot trong nhitng biéu hién vat ly
cuia cc tin hiéu tiéng noi (speech), am nhac (music), hoac hinh anh (image) c6 thé la dién
&p va dong dién trong cac mach dién. Vé mat toan hoc, tin hiéu dugc biéu dién chinh xac
hoac gan dang boi ham cua céc bién doc lap.

Xét dugi goc do thoi gian, mac di trong cac tai lidu 1a khéng giéng nhau, nhung trong
tai liéu ndy chlng ta s& thong nhat vé mat dinh nghia cho mot sb loai tin hiéu chu yéu
lién quan dén hai khéi niém lién tuc va roi rac.

Tin hiéu lién tuc



Khéi niém tin hiéu lién tuc 1a cach goi théng thuong cua loai tin hiéu lién tuc vé mat
thoi gian. N6 con duoc goi 12 tin hiéu twong tw. Mot tin hiéu x(t) duoc goi 1a lién tuc vé
mat thoi gian khi mién xac dinh cua bién thoi gian t 12 lién tuc.

Hinh 1.1 md ta mot sé dang tin hiéu lién tuc vé mat thoi gian, trong d6: Hinh 1.1a md
ta mot tin hiéu bat ky; tin hiéu tiéng n6i 1a mot thi du dién hinh vé dang tin hiéu nay.
Hinh 1.1b mé ta dang tin hiéu diéu hoa. Hinh 1.1c md ta mot ddy xung chit nhat tuan
hoan. Hinh 1.1d m6 ta tin hiéu dang ham budc nhay don vi, ky hiéu la u(t) hoac 1(t):

20

1,
n{z‘]=<:D <0 (1.1}

Con hinh 1.1e m6 ta tin hiéu dang ham xung don vi, con goi ham delta. Ham nay c6
phan bd Dirac va ky hiéu 1a 5(t):
gy =10, t=10

[ Bt =1 (1.2)

Can luu y rang, vé& mat bién do, tin hiéu lién tuc vé& mit thoi gian chua chic da nhan céc
gia tri lién tuc. Néu bién do cua loai tin hiéu nay 1a lién tuc tai moi thoi diém, thi tin hiéu

d6 mai la tin hiéu lién tuc thuc su.
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Hinh 1.1. Mot s6 dang tin hiéu lién tuc theo thoi gian.
Tin hiéu roi rac
V& mit todn hoc, tin hiéu roi rac 12 mot ham trong do6 bién thoi gian chi nhan céc gia tri
ri rac. Thong thuong, loai tin hiéu roi rac don gian nhat chi duoc dinh nghia céc gié tri
tai cac diém thoi gian roi rac t =n.Ts, trong d6 n nguyén; do d6 trong céc tai liéu, tin hiéu
roi rac x(nTs) thuong duoc ky hiéu 1a x(n). Hinh 1.2a md ta dang mdt tin hiéu roi rac vé

mat thoi gian.



Hinh 1.2a. Minh hoa tin hiéu ro1 Hinh 1.2b. Minh hoa tin hiéu sb nhi phan
Tin hiéu s6
Tin hiéu sb 1 loai tin hiéu roi rac chi nhan c&c gié tri trong mot tap hiru han xéac dinh.
Néu tap gia tri cua tin hiéu s chi 12 hai gi4 tri (0 hodc 1) thi tin hiéu d6 chinh 14 tin hiéu
s6 nhi phan. Hinh 1.2b 1a mét thi du minh hoa cho truong hop nay.
Sw 1y mau
Lay mau la thuat ngit dé chi qua trinh roi rac héa tin hiéu lién tuc. N6i cach khac, day la
qua trinh chuyén doi tin hiéu lién tuc s(t) thanh tin hiéu roi rac s(n) tuong ung. Ta goi
s(n) 1a phién ban duoc mau hoa tir tin hiu gdc s(t).

Néu s(n) quan hé vai tin hiéu gbc s(t) theo biéu thuc:
s(m)=s()| _ .

thi ngudi ta goi day 1a qua trinh 1dy mau déu, trong d6 Ts duoc goi 12 bude ldy mau hay
chu ky 1y mau. C6 thé mé hinh héa qua trinh 1dy mau nay thanh bo Idy mau nhu hinh

1.3. Trong d6, phan tir hat nhan 13 mot chuyén mach hoat dong déng/ngit theo chu ky Ts.
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Tin lnéu goe s(z)

Phién ban dwoc miu héa s(n)
Hinh 1.3. M6 hinh hda qua trinh lay mau

Chuyén d6i AD/DA

Chuyén dbi AD la qué trinh s6 hoa tin hiéu lién tuc. No6i cach khac, day 1a qué trinh
chuyén d6i tin hiéu lién tuc s(t) thanh tin hiéu s6 twong ung. Thong thuong, trong cac hé
thng dién tir, qua trinh nay bao gom ba cong doan: Truéc tién 1a cong doan roi rac
hoa tin hiéu vé mat thoi gian. Ké tiép 1a cong doan lam tron cac gia tri d& lay mau thanh
cac gia tri mai thuéc mét tap hiru han; céng doan nay con goi la céng doan lugng tu
hoa. Cudi cing, tly thuéc vao hé théng sé duoc sir dung ma cac gia tri dd duoc lugng

tir hoa sé& duge ma hda tuong thich véi thiét bi xir Iy va mdi truong truyén dan.



Nguoc lai qua trinh chuyén d6i AD 1a qué trinh chuyén d6i DA. Pay Ia qua trinh phuc
hoi tin hiéu lién tuc s(t) tir tin hiéu s6 twong tng.

Xir 1y tin higu

Xt ly tin hiéu 1a mot khai niém rong dé chi cac qué trinh bién doi, phan tich, tong hop
tin hiéu nham dua ra céc théng tin phuc vu cho cac muc dich khac nhau. Cac hé thong
khuéch dai va chon loc tin hiéu; Céc hé théng diéu ché va giai diéu ché tin hiéu; cac hé
théng phan tich, nhan dang va tong hop théng tin phuc vu cc linh vyc an ninh-quéc
phong, chan doan bénh, dy bao thoi tiét hodc dong dat... 1a nhiing thi du dién hinh vé xa ly
tin hiéu.

Mach dién

Su tao ra, tiép thu va xu 1y tin hiéu I1a nhitng quéa trinh phtc tap xay ra trong céc thiét
bi & hé thdng khac nhau. Viéc phan tich truc tiép céac thiét bi va hé théng dién thuong
gip mot sé kho khan nhat dinh. Vi vay, vé mit ly thuyét, cac hé thdng dién thuong

dugc biéu dién thong qua mdt mé hinh thay thé.

+E
r:-._.- B
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Hinh 1.4. Mach tich phan.

Trén quan diém hé théng, mach dién 1a mé hinh toan hoc chinh xac hoic gan ddng
ctia mot hé thong dién, nham thyc hién mot todn tir ndo do6 1én cac tac dong & dau vao,
nham tao ra cac dap tmg mong mudn ¢ dau ra. Mo hinh d6 thuong duoc dic trung bai
mot hé phuong trinh md ta mbi quan hé giita c4c tin hiéu xuat hién bén trong hé thong.
Trong mién thoi gian, cac hé thong mach lién tuc duoc dic trung boi mot hé phuong
trinh vi tich phan, con cac hé thong mach roi rac duoc dic trung bai mot hé phuong trinh
sai phan.

Vé mat vat Iy, mach dién 1a mot mé hinh tuong duong biéu dién sy két ndi cac théng sb
va c4c phan tir cia 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



tuong vat ly xay ra, dong thoi 13 co so dé tinh toan & thiét ké hé théng. Thi du hinh 1.4
la md hinh mot mach dién lién tuc thyc hién toan tir tich phan, trong d6 mdi quan hé
vao/ra thoa méan dang thirc: ura =k uy dt.

Hinh 1.5 12 mét trong nhitng mé hinh twong dwong cua bién &p thuong. Trong mo
hinh twong duong cua phan tr ndy c6 sy ¢6 mit cua cac thong sé dién tré R, dién cam
L va hd cam M. Nhitng théng s d6 dic trung cho nhiing tinh chét vat ly khac nhau
cling ton tai trén phan tir ndy va su phat huy tac dung cia ching phu thudc vao cac diéu

kién lam viéc khac nhau.

. M 5
—* I gy B
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Hinh 1.5. M6t mé hinh twong duong cta bién ap thudng.
Can phan biét sy khac nhau cua hai khéi niém phantir va théng sb. Phan tir (trong tai liéu
nay) 1a md hinh vat ly cua céc vat liéu linh kién cu thé nhu day dan, tu dién, cuén day,
bién &p, diode, transistor... Théng sb la dai luong vat Iy dac trung cho tinh chét cua
phan tr. Mot phan tir ¢6 thé c6 nhiéu thdng sb. V& mit dién, v& mach tuong dwong cua
cac phan tir c6 nghia 1a biéu dién céc tinh chat vé dién cua phan tr d6 thong qua céac
thong sé e, i, r, C, L, M, Z, Y ... ndi vé6i nhau theo mot cach nao d6. Cudi cing dé biéu
dién cach dau ndi tiép nhiéu théng sé nguoi ta v& cac ky hiéu cia ching dau no ndi véi
dau kia tao thanh mot chudi lién tiép, con trong cach dau ndi song song thi cac cip dau
tuong tng duoc ndi voi nhau. Trong so do mach dién cac doan lién nét ndi cac ky hiéu
thong sb dac trung cho cac day néi co tinh chat dan dién Iy tuong.
Ciing nén leu y, vé mat hinh thac, so dd mach dién trong ly thuyét mach khéc véi so do
chi tiét cua mot thiét bi. So d6 mach dién (trong Iy thuyét mach) l1a mot phuong tién Iy
thuyét cho phép biéu dién va phan tich hé théng thong qua cac théng sé va cac phan tir
hop thanh, con so d6 chi tiét caa thét bi 1a mot phuong tién ki thuat biéu dién su ghép
ndi cac linh kién cua thiét bi thdng qua cac ky hiéu caa céc linh kién do.
Mach twong tw & mach roi rac
Xét trén phuong dién xir ly tin hiéu thi cic hé thong mach 1a mé hinh tao va bién doi
tin hiéu chu yéu thdng qua ba con duong, do 1a:
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- Xt ly tin hiéu bang mach tuong tu (analog circuits).
- X1r ly tin hiéu bang mach roi rac (discrete circuits).
- X1 ly tin hiéu bang mach sb (digital circuits), goi la xir 1y sé tin hiéu.
Nhu vay, cach thic xt 1y tin hiéu s& qui dinh tinh chat va két cau cua cac hé thong

mach. Trén hinh 1.6 la su phan loai mach dién x1r ly tin hiéu lién tuc.

[ —— Tin hiéu lién me .
xz':t:"ﬁ"-\j .-'ﬁ'-, f ‘.'C:,_E‘[f]
; w  Mach fiwomg tir Y .
— tin hién ro rac —
| Mach liy - Mach rériac o] Machkhéi |—
min ple

| ADC Mach 56 —lm

— tnhiguso —

Hinh 1.6. Cac hé théng mach dién xur ly tin hiéu lién tuc
Mach c6 théng s tap trung & mach cé thong sé phan b6
Mot hé théng mach duoc cau thanh tir phan 16n cac phan tir mach tuyén tinh & khéng
tuyén tinh. Trong d6, mach tuyén tinh lai duoc chia thanh mach c6 théng s6 phan bb (nhu
day dan, ng dan song, dung cu phét ning luong...) va mach c6 thong sb tap trung.
O dai tan sd thap, khi kich thudc cua cac phan tir ciing nhu khoang céch vat Iy tir phan
tir ndy téi cac phan tir 1an can 14 rdt nho so véi bude song cua tin hiéu, cac mach dién
dugc phan tich nhu tap hop cac théng sb tap trung. Lac nay khéi niém dong dich trong hé
phuong trinh Maxwell 1a khéng dang ké so véi dong dan (dong chuyén dong cé huéng
cuia cac dién tich trong day dan va cac phan tir mach, quy udc chay trén tai tir diém co
dién thé cao dén diém c6 dién thé thap), nhitng bién thién cua tir truong va dién truong
trong khong gian c6 thé bo qua dugc.
O tan s rat cao, kich thuéc ciia cac phan tir ciing nhu khoang cach vat ly tir phan tir ndy
ti cac phan tir 1an can co thé so sanh véi budc song cuaa tin hiéu truyén lan, cac mach
dién dugc xem nhu ¢d thong sé phan bd. Lic nay niang lugng tir truong tich trit duoc lign
két v6i dién cam phan b trong cau tric, nang luong dién truong tich trir duoc lién két
v6i dién dung phan b, va sy ton hao ning luong duoc lién két voi dién tré phan bd
trong cau tric LGc nay khai niém dong dich (nhimg bién thién caa tir truong va dién

truong phan bd trong khdng gian) trd nén cd y nghia. Nhiéu trudng hop cac vi mach
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dugc coi 1a ¢ cac tham s phan bd di nd 1am viéc ¢ dai tan thap vi giéi han kich thuéc
cua no.

Cac trang thai hoat dgng ciia mach

Khi mach ¢ trang théai 1am viéc can bang & 6n dinh, ta n6i rang mach dang ¢ Trang thai
xéc lap. Khi trong mach xay ra dot bién, thuong gap khi déng/ngat mach hoic ngudn
tac dong co dang xung, trong mach s& xay ra qua trinh thiét lap lai su can bang mdi,

lic nay mach ¢ trang thai qua do.

oL L e

_C:)l ey T C B[] r (/‘

Hinh 1.7. Mach dién c6 khoa dong ngit.

Cac bai toan mach

C6 hai 16p bai todn vé mach dién: phan tich va tong hop mach. Phan tich mach c6 thé
hiéu & hai goc do, véi mot két cdu hé théng sin co thi:

- Céc qué trinh nang luong trong mach, quan hé dién a4p & dong dién trén cac phan tu
xay ra nhu thé nao? Nguyén Iy hoat dong ctia mach ra sao? Day la cac van dé cua ly
thuyét mach thuan tuy.

- Ung véi mdi thc dong & dau vao, ching ta can phai xac dinh dap ¢ng ra cua hé théng
trong mién thoi gian ciing nhu trong mién tan s6 1a gi? Qua trinh bién déi tin hiéu khi di
qua mach ra sao?

Nguoc lai, tong hop mach Ia ching ta phai xac dinh két cau hé thong sao cho tng Voi
mdi tac dong ¢ dau vao sé& tuong ung voi mot dap tng mong mudn ¢ dau ra théa man
cac yéu cau veé kinh té va k§ thuat. Cha y rang phan tich mach 1a bai toan don tri, con

tong hop mach 1a bai toan da tri.

1.2. CAC THONG SO TAC PONG VA THU PONG CUA MACH
Xét vé mat phan ung cia phan tir khi chiu tdc dong kich thich, cac thdng sé thu dong

dic trung cho phan tng thy dong cia phan tir doi véi tac dong kich thich cia nguon va
thé hién qua mdi quan hé giira dién ap va dong dién chay trong né. Nguoi ta phan cac

thong s6 thu dong nay thanh hai loai théng s6 quan tinh va thong sé khéng quén tinh.
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Hinh 1.9. Ki hiéu dién tro.
a. Thong s6 khong quén tinh (dién tré):
Thong sé khdng quén tinh dic trung cho tinh chat cua phan ti khi dién 4p va dong dién
trén no ti & truc tiép voi nhau. N6 duoc goi la dién tro (r), thuong cd hai kiéu ki hiéu
nhu hinh 1.9 va théa mén dang thic:

u(t) = r.aft)
i(t) = —u(t) = gu(t) (1.3)

r c6 thir nguyén von/ampe, do bang don vi 6m (Q). Thong sé g= L goi la dién dén, co tht
nguyén 1/Q, don vi la Simen(S).

Vé mat thoi gian, dong dién va dién &p trén phan tt thuan tré 13 tring pha nén ning
lugng nhan dugc trén phan tir thuan tré 1a ludn ludn duong, r dic trung cho sy tiéu tan
nang lugng dudi dang nhiét.

b. Céc théng sb quan tinh:

Céc théng s6 quén tinh trong mach gom cé dién dung, dién cam va hd cam.

() C

E——

| |
|
—_—
ult)
Hinh 1.10. Ki hi¢u di¢n dung
Pién dung 1a théng sé dic trung cho tinh chat cia phan tir khi dong dién trong né ti l¢
Vi toe do bién thién cua dién ap, ¢ tht nguyén ampe.gidy/von, do bang don vi fara

(F), ki hiéu nhu hinh 1.10 va duoc xac dinh theo cbng thuc:

it) = c v (1.4)
dt

I . q(r) -

u(t)=— | i(t)dt = —= 1.5

) CJ ) C (13)



Trong do:
g(t) =J' i(t)dt

|l dién tich tich luy duoc trén phan tir & thoi diém t va niang luong tich luy trén C:

W, = [p(t)dt = [C.d—”_u{t}_dt = LCu? (1.6)

. < dt r)

Xét vé mit ning luong, thdng sé C dic trung cho sy tich luy ning lugng dién truong,
thong sé nay khéng gay dot bién dién ap trén phan tir va thudc loai théng sé quén tinh .
Xét v& mit thoi gian dién ap trén phan tir thuan dung cham pha so véi dong dién 1a /2.
- Théng s6 dién cam (L):
Dién cam dic trung cho tinh chat cua phan tir khi dién &p trén no ti 1& véi toc do bién
thién cua dong dién, co thi nguyén von x gidy/ampe, do bang don vi hery(H), ki hiéu
nhu hinh 1.11 va dugc xac dinh theo cong thic:

(1) L
— Y VY
ut)
Hinh 1.11. Ki hi€u dién cam.
di(t
u(t) = L &Y (1.7)
. l ¢
i(6)=—| u(t)dt (1.8)
L.
va nang lugng tich luy trén L:
e di. |
W, = | L—i(t)dt =—=L1" 1.9
n = Lri(dt =3 (1.9)

Xét vé mat nang luong, théng sé6 L dic trung cho su tich luy ning luong tir truong,
thong s6 nay khoéng gay dot bién dong dién trén phan tir va thuoc loai thong sé quén
tinh. Xét vé mat thoi gian, dién ap trén phan tir thuan cam nhanh pha so véi dong dién
la n/2.

-Thong so hé cam (M):

Hb cam 14 thdng s6 ¢ cling ban chat vat ly véi dién cam, nhung né dic trung cho su anh

huong qua lai cia hai phan
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Hinh 1.12. Hai cudn day ghép hd cam.
tar dat gan nhau khi ¢ dong dién chay trong ching, ndi hoic khéng ndi vé dién. Vi du
nhu trén hinh 1.12 ta thiy dong dién i1 chay trong phan tir dién cam tht nhat s& gay ra
trén phan ta tha hai mot dién ap hd cam 1a:
Uy, =M i (1.10)
21 dt
Nguoc lai, dong dién i2 chay trong phan tir dién cam thir hai s& gay ra trén phan tir thir
nhat mot dién ap hd cam la:
u =M df—z (1.11)
12 dt
Nhu vay do tac dung ddng thoi cua céc thdng sb dién cam va hd cam, trén mdi phan
tir s& c6 tuong ing Mot dién &p tu cam va mot dién ap hd cam. Tong hop ta c6 hé phuong
trinh:

df] di

u, =L, — +tM —= (1.12)
O dt
| di iy

Ua =M —+L,—= 1.13

2 dt 2 dr { )

Trong d6: M=k /LL, (k Ia hé s6 ghép, thuong co gid tri nho hon 1). Néu cac dong
dién cung chay vao hoic cliing chay ra khoi cac dau cung tén thi dién ap hd cam lay dau
“+’, néu nguoc lai ldy du *->. Trong cac so do, cac dau cing tén thuong dugc ky hiéu
bang cac dau *.

¢. Thong s6 cua cac phan tir mic ndi tiép va song song:

Trong trudng hop c6 mot sé cac phan tir cling loai mac néi tiép hoic song song véi nhau

thi cac thdng sé duoc tinh theo céc cong thirc ghi trong bang 1.1.
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Céch mac Thong so dién tro Thong s6 dién cam | Thong so6 dién dung
Noi tiép r:- L:- l:!
C k
Song song 1:- Ez! c:-
r k L k

Bang 1.1. Thong s6 cua cac phan tir mac ndi ti€p va song song.

1.2.2 Céc thong sb tac dong cua mach dién
Thong s6 tic dong con goi la théng sé tao ngudn, nd dic trung cho phan tir c6 kha
nang tu noé (hoic khi nd duogc kich thich bai céc tic nhan khong dién bén ngoai) cé thé
tao ra va cung cap ning lugng dién tac dong téi cac ciu kién khac cua mach, phan tir d6
goi 1a ngudn dién. Théng s tac dong dic trung cho ngudn ¢ thé 1a:
+ Strc dién dong cuia ngudn (eng): mot dai luong vat ly c6 gia tri la di¢n ap hé mach cua
ngudn, do bang don vi “von” va duogc ky hiéu 1a V.
+ DoOng dién ngudn (ing): mot dai lwong vat Iy co gid tri 1a dong dién ngan mach cua
ngudn, do bang don vi “ampe” va duoc ky hiéu 1a A.
1.2.3 M0 hinh ngudn dién
Su xac dinh cac théng sb tao ngudn dian dén sy phan loai ngudn tac dong thanh hai loai
sau:
+ Ngudn dién &p, bao gom ngudn &p doc lap & ngudn ap phu thudc (tic 1a ngudn
&p co diéu khién).
+ Ngudn dong dién, bao gdm ngudn dong doc lap & ngudn dong phu thudc (tac 1a ngudn
dong c6 diéu khién).
Nguon dién Iy tuong la khdng c6 ton hao ning luong. Nhung trong thuc té phai tinh dén
ton hao, c6 nghia Ia con phai tinh dén sy ton tai ndi trd trong cia nguén (Rng).
Trong tai lidu nady, qui wéc chiéu duong stc dién dong ciia nguon nguoc lai véi chiéu
duong dong dién chay trong ngudn.
a. Nguon doc lap

« Nguon ap doc lap: ky hiéu ngudn ap doc 1ap co hai kiéu nhu hinh 1.13.

14




Eng$ Eng E. l R,

Hinh 1.13. Ngudn ap doc lap Hinh 1.14. Nguén ap ndi véi tai
Bay gio ta xét dién 4p ma ngudn nay cung cap cho mach ngoai (hinh 1.14):
E
Uap = =

R IR

Nhu vay ta thay ring trong truong hop ngudn &p Iy tudng, tc ndi trd ngudn bang khdng,
dién 4p ma ngudn cung cip cho mach ngoai s& khong phu thudc vao tai.

« Nguén dong dac lap: ky hiéu ngudn dong doc 1ap c6 hai kiéu nhu hinh 1.15.

= 4 "

Ing T [I RI II‘IE R, ]'IE T@ R: R:
L~ — 14 b

Hinh 1.15. Ngudn dong doc lap Hinh 1.16. Ngudn dong ni véi tai

Bay gio ta xét dong dién ma ngudn nay cung cap cho mach ngoai (hinh 1.16):

- Ing R

lp = )
S

Nhu vay ta thay rang trong trudng hop ngudn dong Iy tudng, tac noi tré ngudn bang vod
han, dong dién ma ngudn cung cap cho mach ngoai s& khong phuy thudc vao tai.

Trong céc tng dung cu thé, cac nguon tac dong co thé dugc ky hiéu mot cach rd rang
hon nhu ngudn mot chiéu, nguon xoay chiéu, ngudn xung... Ciing can chd y rang, trir
truomg hop nguodn 1y tudng, nguon &p co thé chuyén ddi thanh ngudn dong va nguoc lai.
Ban doc hoan toan c6 thé ty minh chtng diéu nay.

b. Nguon phu thudc

Nguén phu thugc con dugc goi 1a ngudn cé diéu khién va n6 duoc phan thanh cac loai

Sau.
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Nguin A-A

Hinh 1.17. Nguén A-A.
+ Ngudn ap dwge diéu khién bang ap (A-A), biéu dién trong hinh 1.17. Trong d6
Strc dién dong ciia nguén Eng lién he voi dign dp diéu khién U1 theo cong thirc: Epg
= k U; (k: La hé sd ty 18). Trong truong hop 1y tudng thi R1=c0, R2=0 va khi d6 11=0, U2
= Eng = KU1
+ Ngudn ap dwge diéu khién bang dong (A-D), biéu dién trong hinh 1.18. Trong d6

suat dién dong cua nguén Eng lién hé véi dong dién diéu khién 11 theo cong thuc:

Ngudin A-D

Hinh 1.18. Nguén A-D.

Eng =l (r 12 hé s6 ty 18)
Trong truong hop ly twong thi R1=0, R2=0, khi d6 U1 =0 va U2 =Eng = rl1.
+ Nguén dong dwec diéu khién biang ap (D-A), biéu dién trong hinh 1.19. Trong d6

dong dién nguoén Ing lién hé véi dien ap diéu khién U1 theo cong thic:

Ngudn D-A
Hinh 1.19. Nguén D-A.
Trong truong hop ly tudng thi R1=00, R2=00 va khi do6
l1=0;]12]=Ing=9gU,.
+ Ngudn dong duge diéu khién bing dong (D-D), biéu dién trong hinh 1.20. Trong

d6 dong dién ngudn Ing lién hé véi dong diéu khién 11 theo cong thuc:
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.\'guﬁn D-D

Hinh 1.20. Nguén D — D.
Ing = all (o 12 hé s6 ty 18)
Trong truong hop ly tudng thi R1=0, R2=c va khi d¢6 :
Ur=0,|1y|=lyg=all

1.3. BIEU DIEN MACH TRONG MIEN TAN SO
Trong céc phuong phéap phan tich mach dién, c6 mot phuong phap rat c6 hiéu qua dua

trén cach biéu dién phirc, vi vay truéc khi budc vao phan nay sinh vién can nam chic cac
kién thire toan vé s phic.

1.3.1 Céch biéu dién phire cac tac dong diéu hod

Theo ly thuyét chudi va tich phan Fourier, cac tin hiéu ngau nhién theo thoi gian va hitu
han vé bién do déu co thé phan tich thanh céc cac thanh phan dao dong diéu hod. Boi vay
viéc phan tich sy hoat dong cua mach, dic biét 1a mach tuyén tinh, duéi tic dong bat ky,
c6 thé dugc quy vé viéc phan tich phan tmg cua mach dudi cac tic dong diéu hoa.

O mot goc do khéc, xuat phat tir cong thirc cua nha toan hoc Euler:
exp(j®) = cosy + jsing (1.20)

bat ky mot dao dong diéu hoa x(t) trong mién thoi gian véi bién do Xm , tan
s6 goc

N

[-1=“—I[rad 5]

T

va pha dau 1a @y [rad], déu c6 thé biéu dién dudi dang phirc trong mién tan so.
X=X, expljot+p,)= X, expljot) (1.21)

trong d6 bién do phuc cua x(t) dugc dinh nghia:

X.“ = Xﬂ.e\{p[..fr:a} []22}
Thi du, mot ngudn sirc dién dong diéu hoa cé biéu dién phirc

E =Enexp[jlot + ¢.)]
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thi biéu thirc thoi gian caa né sé Ia:
e{t) =Epsin{ot + @) < Im| E ]

git) =Encosimt + ) < Re| E]

Viéc phan tich ngudn tac dong thanh céc thanh phan diéu hoa va biéu dién ching dudi
dang phtic 1am cho sy tinh toan céac thong sé trong mach dién tro nén thuan loi dya trén
cac phép toan vé sb phuc. Diac biét khi cac ngudn tac dong 1a diéu hoa co cung tan s, thi
thanh phan exp(jot) trd nén khdng con can thiét phai viét trong cac biéu thic tinh toan
nira, lUc nay bién do phuc hoan toan

dac trung cho céc thanh phan dong va ap trong mach.

1.3.2 Tré khang va dan nap

Bay gio hdy noi dén dinh luat 6m tong quét viét dudi dang phc:

U=271 (1.23)

trong d6 Z chinh 12 mot toén tir c6 nhiém vu bién d6i dong dién phirc thanh dién ap phirc
va goi la
trg khang ctia mach, don vi do bang 6m (€2), con

Y’:i
Z

la mot toan tir ¢6 nhiém vu bién d6i dién ap phuc thanh dong dién phirc va goi 1a din

nap cia mach, don vi do bang Siemen (S). Chiing duoc biéu dién dudi dang phurc:

Z=R+jX = |Z|exp(jargZ) =|Z|exp(jp,) (125)

Y=G+jB=|V|exp(jargl) = |V|exp(joy) (1.26)

trong do :
R la dién tré, X 1a dién khang,G la dién dan va B la dién nap.

Mait khac:

y (1.27)
m EXP ] m
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(1.28)

m EXP ] m

Nhu vay, tir cac biéu thirc trén ta c6 thé rut ra:

U _
= = T = = 4 = —_—= - (12
Z R™+X T ?, arg £ .ﬁrclgR ¢, =9 (1.29)
I
I
- . 2 2 oA
VE: |1'[| =G~ +B° = T_Ii . @y = arg'f = arctg%: ;l'\l -y = =P L]J[J}
‘m

Sau day ta xét tro khang va dan nap cua cac phan tir Iy tudng tuong Gng véi cac tham sb
thu dong:
-Doi véi phan tir thuan tro:
f;]_ = z]_.T =rl
véy Z,=r  va Y.,=lr (1.31)

-Péi véi phan tir thuan dung:

-~ 1 .- 1. _ 1 _ 1 - -
U =—=[Idt=—=|1 exp[jlet+p)|dt=—=1 exp|jlot+p)l=—=I=2LZ1
t C C° m ’ JmC m ’ JoC €
vAy al— ] :_I‘X (1.32)
¢ jac e
Y[z_'ili']f: =_1BC L]33}
trong do |X,.|=—]q . Be=woC (1.34)
N gl
- V&i phan tir thuan cam:
- { e i
_ di d}Im exp| (ot + m]]- _ . o ~
U =L—=L = joll _exp[ilot+e)]=joLl =Z |
L dt di - m - - L
viy Zi=jol =X, (1.35)
‘B ‘ (1.36)
PR (

Trong do:
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a

X =mlL ‘B'lz (1.37)

ol
Nhu vay nho ¢6 cach biéu dién phirc, ta da thay thé cac phép 1ay dao ham bang toan tir
nhan p, con phép lay tich phan duoc thay thé bang toan tir nhan 1/p (trong trudng hop
cu thé nay thi p=jw). Tong quat hon, véi p 1a mot bién nam trén mit phang phirc, s&
duoc dé cap chi tiét trong cac chuong sau.

-Tré khang twong dwong ciia nhiéu phan tir:

+Trudng hop mic ndi tiép (hinh 1.24):

Vay:
Z,=27, (1.38)
K
+Trudng hgp mic song song (hinh 1.25):
Y
— Y2
a b
Y-::
Hinh 1.25

.
ab

1.3.3 Pic trung ciia mach dién trong mién tan sé

Khi phic hda mach dién sang mién tan s, tat ca cac thong sé cia mach déu duoc phirc
hoa. Mach duoc dic trung boi dong dién phuc, dién ap phtrc va céc thanh phan tre khang
hay dan nap tuong tng véi cac thong sé thu dong ciia mach.

Y nghia cta viéc phitc h6a mach dién lién tuc trong mién thoi gian (con goi 1a mach dién
truyén thdng) chinh I1a chuyén cac hé phuong trinh vi tich phan thanh hé phuong trinh dai
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s6 (trong mién tan sb).

1.4 CAC YEU TO HINH HQC CUA MACH

Mot khi mach twong dwong cia mot hé thong da duoc xay dung, viéc phan tich n6 dugc
tién hanh dya trén mot s6 cac dinh ludt co ban va cac dinh luat nay lai duoc xay dung
theo céc yéu td hinh hoc cua so d6 mach. Pay 1a nhitng khéi niém mang tinh chat hinh
hoc, tao co so cho viée phan tich mach dwoc thuan tién, chlng bao gom:

+ Nhanh: 1a phan mach gdom cac phan tir mic nbi tiép trong dé co ciung mot dong dién
chay tir mot dau toi ddu con lai ciia nhanh.

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

+ Cay: 1a phan mach bao gébm mét sé nhanh di qua toan b cac nit, nhung khong tao
thanh vong kin. Xét mét cay cu thé, nhanh thudc cay dang xét goi 1a nhanh cay va nhanh
khong thudc cay goi la nhanh bu cay.

+ Vong: bao gdm cac nhanh va cac nut tao thanh mot vong khép kin. Vong co' béan
(tmg vSi mot cay) 1a vong chi chita mot nhanh b cdy. Néu mach dién c6 sé nhanh Nnh,

s6 nat Nn, tng véi mot cay ¢6 sé nhanh bu cay 1a Nb va s vong co ban 1a Ny thi ta co:

Mp =Ny =Npp- Npt+ | (1.40)
V3
= 7 =
7. 7 L L Z
N | =S = €
— N e | S B §—— "

n] zZ 0z a [z 1%

,—"‘; P E— P e | . T ——

0 / 20 0 \

A v V4
Hinh 1.26

Dé minh hoa, ta xét mach dién hinh 1.26.

Mach dién nay c6 cac nat A, B, C, O (tic N, =4); ¢6 c&c nhanh Zy, Z,, Z3 Z4, Zs, Zg (tlic
Ny, =6). Cac nhanh Z;, Zs, Zs tao thanh mot cy c6 ba nhanh, gbc tai O, cac nhanh con lai
1a cac nhanh bu cay. Ung véi ciy ¢ goc O, cac vong Vi, V,, Vs, 14 cic vong co ban; con

vong Vg, chira 2 nhanh bu cdy, nén khong phai vong co ban.
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1.5 TINH CHAT TUYEN TINH, BAT BIEN VA NHAN QUA CUA MACH PIEN
Tinh tuyén tinh

Mot phan tir dugce goi 1a tuyén tinh khi cac thong sb ctia né khong phu thudce vao dién ap
va dong dién chay qua n6, néu khong thoa min diéu nay thi phan tir d6 thudc loai khong
tuyén tinh. Mach dién dugc goi la tuyén tinh khi céc thong $6 hop thanh cta n6 khong
phu thudc vao dién &p va dong dién chay trong mach. Nhu vay, trudc hét mach tuyén tinh
phai gdm céc phan tir tuyén tinh, chi can trong mach c6 mot phan tir khong tuyén tinh thi
mach d6 cling khong phai 1a mach tuyén tinh. Dé hiéu rd khia canh nay, ta xét ngay ddi

v6i cac phan tir thu dong:

s i[mA] o

)

7 v

Hinh 127

+Dién tré 13 phan tr tuyén tinh néu dic tuyén Von-Ampe cua né 1a mot duong thiang nhu
truong hop (a) trén hinh 1.27 quan h¢ gitra dién ap va dong dién trén nd c6 dang:

U : . :
U=EI hay 1 =R (vdi K 1a mét hang =0)

va no sé& 1a khong tuyén tinh (phi tuyén) néu dic tuyén Vén-Ampe ciia né 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 n6 c6 dang mot ham:

U=f(I) hay R=f{U.])
+Tuong tu nhu vay, mdt tu dién duoc goi la tuyén tinh néu c6 quan hé:

q=CU  hay % =C (voiC 13 mét hing sd)

va no s€ 1a phan tur phi tuyén néu c6 quan h¢ ham so:

q=f(U) hay C=f{U.I)
+Ciling nhu thé, mdt cudn cam duge goi la tuyén tinh néu co quan hé:

¢p=LI  hay % =L (vdiL 13 mdt hing sd)
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va no s€ l1a phan tir phi tuyén néu c6 quan hé ham so:

¢ =1(I) hay L=fUI)

* Cdc tinh chat ciia cdc phan tir va mach tuyén tinh bao gom:

+C6 thé ap dung nguyén 1y xép chong

+Pic tuyén dic trung cho phan tir |3 mot duong thang

+Phuong trinh ciia mach 1a phuong trinh vi phéan tuyén tinh

+Dudi tac dong voi tan sd bat ky, trong mach khong phat sinh ra cac hai moi

* Doi voi mach khong tuyén tinh, thi cac tinh chdt néi trén khéng con diing nita:

-Khéng ap dung duoc nguyén 1y xép chong

-Dic tuyén dic trung cho phan tir khong 1a duong thang

-Phuong trinh ctia mach 1a phuong trinh vi phan khong tuyén tinh

-Duéi tac dong véi tan sb bat ky, trong mach c6 thé phat sinh ra cac hai méi.

Tinh bat bién

Mot mach dugc goi la bt bién néu cac thong sb ctia mach khong phu thudc thoi gian, khi
mdt trong cac thong sé ciia né chiu anh hudng cia thoi gian thi mach d6 13 mach khéng
bét bién (mach thong s6). V&i mach bét bién, gia thiét mach khong c6 ning lugng ban
dau, néu y(t) 1a dap ung cua mach twong Gmg véi tac dong x(t), thi y(t-t;) s& 1a dap tmg
ctiia mach tuwong trng vai tac dong x(t-ty).

Tinh nhan qua

Mach dién (voi gia thiét khong c6 ning lugng ban dau) duoc goi 13 c6 tinh nhan qua néu
dap ung ra ctia mach khong thé co trude khi co tac dong & dau vao. Ciing can phai nhéc
rang tinh chat tuyén tinh va bat bién ciia mach dién chi dung trong diéu kién lam viéc
nhat dinh, khi diéu kién lam viéc bi thay doi thi cac tinh chat d6 c6 thé khong con ding
nita. Viéc phan chia tinh tuyén tinh /khong tuyén tinh va bat bién /khong bét bién chi
mang tinh chat tuong déi.

1.6 KHAI NIEM VE TINH TUONG HO CUA MACH PIEN
Phan tir twong hé 1a phan tr c6 tinh chat dan dién hai chiéu, thoa min diéu
kién: Z,, - . Mach dién twong hé 1a mach dién bao gdm cac phan tir tuong hd. Noi
mdt cach tong quat n6 thoa man diéu kién:
Zy =7y bhay Yipr= Y (1.41)

trong do:
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Zy: tr&d khang chung gitra vong I va vong k,

Zy: tr&d khang chung gitra vong k va vong 1,

Ywn: dan nap chung gitra nit M va nat N,

Ynm: dan nap chung gitra ntit N va nat M.

Nhu vay trong mach twong hd, dong dién trong vong 1 (sinh ra béi cic ngudn dit trong
vong k) bang dong dién trong vong k (sinh ra boi chinh ngudn d6 chuyén sang vong 1).
Hay néi mot cach khac, dong dién trong nhanh i (sinh ra boi ngudn E dat trong nhanh j)
bang dong dién trong nhanh j (sinh ra bai chinh ngudn dé chuyén sang nhanh i). Cac
phan tr va mach tuyén tinh c6 tinh chat twong hd (nhu cac phan tir thu dong dan dién hai
chiéu R, L, C ...) dd 1am cho viéc phan tich mach trong cac phan di dé cip tré nén thuin
loi. Dbi v6i cac phan tir va mach khong twong hd (nhu dén dién tir, tranzito, didt...) thi
viéc phan tich kha phrc tap, khi d6 can phai cé thém céc thong s6 moi.

1.7 CONG SUAT TRONG MACH PIEN PIEU HOA

Xét mot doan mach nhu hinh 1.28.

i)

—

Boan
uit) mach

Hinh 1.28

O ché 6 xac lap diéu hoa, dong dién va dién ap trén mach dugc biéu dién dudi dang:
u(t) =Uycos(ot — @y,)
1(t) =Iycos(eot + @)

-cong sudt tike thoi trén doan mach tai thoi diém t 1a:

(1) = u(t).i(1) (1.42)

Trong khoang thoi gian T = t, — t;, nang luong ma doan mach nhan duoc la:

o
t

-Céng sudt trung binh, con goi 13 céng sudt tic dung trén mach nay la:

P =

T

I
;]r*_ p(t)dr = %L-'mfm.ms{ @, —@;)=Ul.cos @ (1.43)

Y =

I

—_
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trong do U,I 1a cac gid tr1 hiéu dung cua dién ap va dong di¢n, con @ la goc 1éch pha gilra
dién ap va dong dién trong doan mach.

Céng sudt tac dung c6 y nghia thuc tién hon so véi cong sudt tire thi. Trong mach thu
déng, sw léch pha cia dp va dong luén nam trong gidi han qnén P luon luon duong.

Thuee chat P chinh la téng cong sudt trén cdc thanh phcfn dién tro cua doan mach. Pon vi
cong sudt tac dung tinh bang W.

-Céng sudt phén khdng trén doan mach nay dwoc tinh theo cong thirc:

mom

0, = la I, .sin(@, —@,)=Ul sin @ (1.44)

Trong mach thu dong, cong suit phan khang c6 thé c6 gia tri duong hodc 4m. Néu mach
c6 tinh cdm khéang, tirc dién 4p nhanh pha hon so véi dong dién, thi q s€ c6 gia tri duong.
Néu mach c¢6 tinh dung khang, tic dién 4p cham pha hon so vdi1 dong dién, thi Qr s€ co
gia tri am.Thyuc chat Qr chinh 13 cong suit ludn chuyén tir ngudn tdi tich liy trong cac
thanh phan dién khang cta mach va sau d6 lai dugc phong tra vé ngudn ma khong bj tiéu
tan. N6 c6 gia tri bang hiéu dai sb giira cong suét trén cac thanh phan dién cam va cong
sudt trén cac thanh phan dién dung. Khi Q, bang khéng, c6 nghia 1a cong suit trén cac
thanh phan dién cam can bang voi cong sudt trén cac thanh phan dién dung, hay luc d6
mach 13 thuan tr&. Pon vi cong suat phan khang tinh bang VAR.

-Céng sudt biéu kién, con goi 1a cong sudt toan phdn trén doan mach nay duoc tinh theo

cong thuc:

S = .JPJ +Q} = %L-'_,Hfm =7 (1.45)

Pon vi cong suat toan phan tinh bang VA. Cong suat toan phan mang tinh chat hinh thirc
vé cong suat trong mach khi cac dai lugng dong va ap dugc do riéng ré ma khong chu y

t6i su léch pha giita chung. Tong quéat cong suat trong mach con dugc biéu dién dudi

dang phuec:

S=P=+jO, (1.46)
-H¢ s6 cong sudt 13 ti s6 giira P va S:

§= cos @ (1.47)

25



Vé mat 1y thuyét, mic du Qr khong phai 1a céng suat tiéu tan, nhung trong thyuc té dong
dién luan chuyén ning luong giita cac thanh phan dién khang va ngudn lai gy ra su tiéu
hao cong suat ngudn do ndi trd trén cac dudng day dai tai dién. Vi vay trong ky thuat
dién, dé nang cao hiéu sut truyén tai dién ning (giam dong dién trén dudng day) ngudi
ta thuong phai sir dung bién phap dic biét dé nang cao hé s6 cong suit.
1.7.2 Piéu kién dé cong suit trén tai dat cue dai
Xét mot ngudn didu hoa co sirc dién dong E (gia tri hiéu dung). Gia thiét ring nédi tré
trong cluia nguén la Z _ Trong trudong hop khong chu trong dén hiéu suét cua
ngudn, néu tré khang tai ndi voi ngudn thoa man diéu kién:

z. I (1.48)
khi d6 cong suét trén tai s& dat cuc dai va co gia tri bﬁng:

E?

4R,

(1.49)

P, =

1.8 KY THUAT TiNH TOAN TRONG LY THUYET MACH
1.8.1 K¥ thuit chuin héa qua cac gia tri twong doi

Ta biét ring gia tri cia cac phan tir va cc thong sb trong mach dién thuong nam trong
mot khoang rit rong va lién quan tdi cac gia tri mii cta 10, didu nay giy kho khin nhiéu
1am anh huéng dén tdc do tinh toan. Dé khic phuc nhuoc diém nay trong Iy thuyét mach
thuong st dung mot $6 ky thuat tinh toan, dac biét 1a s dung cac gia tri da duoc chuin
hoa.
Nguyén tic: Bang viéc chon cac gia tri chudn thich hop, ngudi ta thay viée phai tinh toan
trén cac gia tri thuc té bang viéc tinh toan qua cac gia tri tuong d6i, diéu d6 cho phép
giam do phtic tap trong biéu thirc tinh toan. Sau khi di tinh todn xong, ngudi ta lai tra két
qua vé gia tri thuc cta né.
<Gia tri twong d6i> = <Gia tri thyc t&> / <Gia tri chuan>.
Sau day ta xét truong hop mach dién tuyén tinh chtra cac thong s6 R,L,C, va ®. Nhu vay
can phai lya chon bén gié tri chuan. Bén gia tri chudn d6 c¢6 mdi lién hé:

R,=wo,.L,

1 (1.50)
w 'C:I:

o

R, =
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Nhu vay trong bon gia tri chuén, c6 hai gia tri dugc chon tu do va hai gia tri chuan con lai
duogc suy ra tir h¢ thuce trén.

Thi du: dé chuan hoa cac thong sb ctia mach dién hinh 1.29, ta c6 thé chon hai gia tri
chuan mot cach tuy v, chéng han ta chon: Rch = 100Q2; Lch = 4mH, va ta c6 hai gia tri

chuan con lai:

K. 100 -
0, =—-=——-=25 Krad /s
L, 4107
c.o=—t 1 _o4uF
"o, R, 2510°100
2000 L6mH
N 08F _YYVYYL
— | | [04uE
J |l )
YT —
4 10002
Hinh 1.29

T hé don vi chudn vira tinh duge, ta c6 thé biéu dién gia tri cac phé“m tir cua mach dién
theo cac gid tri dd dugc chudn hod, tic 1a theo cac gia tri twong d6i nhu hinh 1.30. RS

rang viéc tinh toan trén cac gia tri tuong doéi dugc don gian di kha nhiéu.

- 4
- 2 YL

15 ¥
[ || !

I ||
VY YL —

1 1

Hinh 1.30

1.8.2 Cac dai lwgng logarit

Trong 1y thuyét mach ta luon gip nhiing dai lugng c6 gia tri nam trong mdt khoang rat
rong, hon nita cic khau khuéch dai thudng dugc ndi ghép theo kiéu day chuyén. Viéc
ding cac don vi 16garit s& gitup cho sy tinh toan va biéu dién cac dic tuyén dugc thuan
loi. Sau day 1a mot so dai luong logarit thuong dung:

-Déi véi ti s6 cong sudt:

P
a= lD.ngP—], dB (1.51)

0

P
hodc a=— In—. Np (1.52)
P,

b | =

-Doi vdi ti s6 dién dp: xuat phat tir hai cong thirc trén, nguoi ta dinh nghia:
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.
a=20log—. dB (1.53)
Ul:l

U,

heac a= ].I.‘LU— Np (1.54)
Quan h¢ gitra dB va Np:
INp=8,7dB  hay 1dB=0.115Np (1.55)
-Déi vdi ti s6 ciia tan so:
v =log, ° [oct] {1.56)
m,
hoiic v=1e-> [D] (1.57)
®
Quan h¢ gifra [oct] va [D]:
loct=0_3D hay 1D=3 330ct (1.58)

CAC THI DU MINH HQA
Thi du 1.1: Tinh dién cam tvong duong cua cua hai phan tir dién cam L, va L, trong hai

truong hop méc ndi tiép va mic song song (gia sir giita chung c6 hd cam M).
Giai:
a. Trong trudng hop méc nbi tiép (hinh 1.31):
— M
— "y —

L1 LE
Hinh 1.31
i ot d &
Taco: u :L—1 M — ;x'éu,}:L,,—l + M =
1 1 dt dt 2 2 dt dt

mit khac: « I

Vay L, I (1.59)

Dau ‘-’ 1ay khi dau nbi chung giira hai phan tir 1a cing cuc tinh, ngugc lai thi liy dau “+’.
b. Trong trudng hop mac song song (hinh 1.32):

Ta xét trong cach biéu dién phirc:
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Twr cac phuong trinh trén rut ra:

T Z,Z,-Z;
Z,=joL, _U__ah i (1.60)
I Z+Z,+2Z,
Viy L= ﬁ (1.61)
Jia
L
SIIIIA
3 M .
T
L,
Hinh 1.32

trong d6: Z;=joL,, Z,=joL, 1a tré khang cua hai phan tir trong cach biéu dién phuc.
Zyv=ioM 1a tré khang hd cam giita hai phan tir. Zig =joLy 1a trd khang twong dwong cua
hai phan tt.

Déu ‘-¢ dugc lay khi dong dién ciing chay vao hodc cung chay ra khoi cac dau c6 ky hiéu
“** néu nguoc lai thi biéu thuc ldy ddu “+°.

Thi du 1.2: Tinh tré6 khang ctia doan mach hinh 1.33, biét R=100Q, X, =20Q, X=5Q
(lay theo gia tri modun)

R XL Xc
1
a — b
hinh 1.33
Giai:
Zpw=Zp+Z1 +Zc = R+ 31X, — 11X,
thay s ta co:

Z, =100+ j20- 5= (100+j15) O
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Thi du 1.3 : Cho mach dién hinh 1.34, trong do6:
z, I
Dién ap vao co bién d phtrc:

Uy, =927V,

a. Xac dinh U1(t), i1(t), 12(t) va i3(t).

b. Tinh cong suét tac dung cua doan mach.

Z,
| —
lL"-.:: Z, Z3
Hinh 1.34
Giai:
Taco:

-Vay:

u, (t) I

©

b.Cong suat tac dung

~ I

Thi du 1.4: Cho mach dién nhu hinh 1.35, véi cac s6 liéu viét dudi dang phuc:
z, I - V@ so do

twong duong chi tiét theo cac tham sb r, XL, XCb. Dat 1én mach dién ap diéu hoa co gia

tri hiéu dung 1a 5V, viét biéu thirc thoi gian cua dong di¢n chay trong mach.
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Hinh 1.35
Giai:

a. So d6 tuong duong chi tiét theo cac tham sé r, X1, Xc c¢6 dang nhu hinh 1.36, liy don
vi la Q.

Hinh 1.36
b. Ta co:

Z.Z. 20

5 &

= = :5Q
O Z,+Z, 4

Loy =2;+ 2y =5+ 0

3
Z,, =Dl _20_56q

Zy=Z)+ Zys=(5+57) 0L

—-

I =

i

542

U, _ 4
Z_r' S0 explj(ax E}]

Vay biéu thic thoi gian cta dién ap va dong dién trong mach 1a:
u(t) = 52 cosmt
i(t) = cos(ot —
1(t) = cos( 4}

Thi du 1.5: Cho mach dién nhu hinh 1.37, véi cac sb liu duédi dang phtrc (don vi la
Siemen):
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Y1=5 + 5 (=05+4

V=4 + 5 Ys=05-3

Y=1-]

a. V& so d6 trong duong chi tiét theo cac tham sé g, BL, BC

b. Cho dong dién diéu hoa chay qua mach c6 gia tri hiéu dung 1a 5A, hiy viét biéu

thire thoi gian cua dién 4p dat trén hai ddu mach dién.

Y Y: Y
—{1 1
Y, Ys
Hinh 1.37

Giai:
a. So d6 twong dwong chi tiét cia mach theo cac tham sb g, B, Bc c¢6 dang nhu hinh

1.38, (don vi l1a Siemen).

Hinh 1.38

Vay biéu thirc thoi gian cua dién 4p va dong dién trong mach la:
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i(t) = 52 cosot

u(t) = 2cos(mt —

ik
£

4}

Thi du 1.6: Hay xét cac dac tinh vé dién (theo tan sé) & ché do xac 1ap cua mach RLC

ndi tiép nhu hinh 1.39.

I R L

p— —1 DK

U T C
Hinh 1.39

Giai: Tro khang cia mach:

)

Z=—==R+jX,-X.)=R+,X

|

A, =al nam & mira diwong clia truc do;
X, =— nam nita dm cia trac ao.

X =X, — X_ 1a thanh phan dién khing cia mach.

|Z|:JR3+(XI—XC)3 =R+ X7 f;r:arg[z]wrrrg%

Moi twong quan cua cac thanh phan trd khang cua mach dugc biéu dién trén mit phang
phtc nhu hinh 1.40a. Con hinh 1.40b mo ta dic tinh cac thanh phan dién khang cua mach
theo tan sd. Khi tan s6 nho hon f0, XC 16n hon XL, khi d6 X c6 gia tri am, mach co6 tinh
dién dung, dién ap cham pha hon so voi dong dién. Khi tan s6 16n hon f0, XC nhé hon
XL, khi d6 X c6 gia tri duong, mach c¢o6 tinh dién cam, dién ap nhanh pha hon so voi

dong dién.

XL
A L
X £
/{P/F‘ -
! »R 0 ¥
Ve, @ ©
Hinh 1.40
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Tai tan s6 cong huéng ciia mach f, ‘ can bang véi XC, thanh phin dién khang

X cua mach bi tri€t tiéu, tré khang ciia mach 1a bé nhét va thuan tro, dong dién trén mach
dat cuc dai va dong pha vé6i dién ap. Khi tan s 1éch khoi gia tri cong hudng, phan dién
khang X ctia mach s€ tang, ttrc 1a tré khang ctia mach tang, nghia la dong trong mach s&
giam. Su phu thudc cua bién d§ dong di¢n vao tan s6 dan dén tinh chon loc tan sd cua
mach. Hinh 1.41 mé ta tinh chon loc tin s6 ctia mach (voi ngudn tac dong 1a ngudn ap 1y

tudng).

TR

f‘_ f|:| f? f
. BW

Hinh 1.41

-Ddi thong ctiia mach:

5

1.62
0 (1.62)

BW=f,-f =

trong do f1, f2 1a céac tan sb 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 (tc bang 0,710); con Q 1a dai lugng dic trung
cho tinh chon loc tan sb cia mach va goi la phcfm chdt ciia mach (tai tan sb cong huong).

Khi Q tang thi dai thong ctia mach cang hep, dd chon loc cang cao.

1[I
o=—.l% 1.63)
RIC (

-Tai tan s6 cong hudng, dién ap trén L va C ngugc pha nhau va déu gap Q lan dién ap tac

dong:
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U .= U (dién ap trén R bang dién ap tac déng ca vé bién d6 va pha).

U =- JQE_ d1én ap trén C chim pha n/2 so véea UL

U ;= JQE,_ d1én ap trén L nhanh pha n/2 so vér UL

Chuy ring, thuc té, tai tan s6 cong huong, dién ap téng U sé& dat cuc tiéu, nhung trong L
va C ton tai cac dién ap nguoc pha nhau véi do 10n bang nhau va gip Q lan dién ap tong.
Vi vy ngudi ta n6i mach RLC ndi tiép 12 mach cong hudng dién ap.

Thi du 1.7: Hay xét cac dic tinh vé dién (theo tan s6) & ché do xac 1ap cua mach RLC

song song nhu hinh 1.42.

I
—p
-[_T E g__ = r
Hinh 1.42
Giai: Dan nap cua mach:
B
“Bc c
B Y
/‘/‘ o
m | .
l >R 0 fi Tt
By
Y B () (b)
Hinh | 43

Moi twong quan cia cac thanh phan din nap cia mach dugc biéu dién trén mit phang
phttc nhu hinh 1.43a.Con hinh 1.43b mo ta dac tinh céac thanh phén dién nap cuia mach
theo tan s6. Khi tan s6 nhé hon fy, B, 16n hon Bc, khi d6 B ¢c6 gia tri am, mach c6 tinh
dién cam, dién ap nhanh pha hon so véi dong di¢n. Khi tan sb 1on hon fy, B, nho hon B,
khi d6 B c6 gia tri duong, mach c6 tinh dién dung, dién &p cham pha hon so vdi dong
dién. Tai tan sb cong hudong ciia mach f; ‘, B, can béng vo1 B, thanh phﬁn dién

nap B cia mach bi tri¢t ti€u, tré khang cia mach 1a lon nhét va thuan trd, dién ap trén
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mach dat cuc dai va déng pha véi dong dién. Khi tan sb léch khoi gia tri cong huong,
phén dién nap B cua mach s€ tang, trc 1a tr& khang cia mach giam, nghia 1a dién ap trén

mach sé gidm. Hinh 1.44 mo ta tinh chon loc tan sd cia mach (Vo1 nguén tac dong la

ngudn dong 1y tudng).
- Dai thdng ctia mach:
. fo
B :f]—fl:é (1.64)

- Phdm chat ctia mach (tai tin s6 cong huong):

O=R.

=

< (1.65)
L

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

- Tai tan s6 cong hudng, dong dién trén cac thanh phﬁn ctia mach déu dat cuc dai, trong
d6 dong trén L va C nguoc pha nhau va déu gip Q 1an dong dién tac dong:

I . =1 (dong dién trén R bang dong tac déng ca vé bién dd va pha).

I ; =—JjOI dongtrén L chim pha n/2 sové1 L

I o= j(._]_f dong trén C nhanh pha n/2 so vé1 L

Chu ¥ rang, thyuc té, tai tAn sb cong hudng, dong dién tong I qua mach s& dat cuc tiéu,
nhung ton tai mot dong dién ludn chuyén va khép kin trong LC véi d6 16n gap Q lan
dong dién tong. Vi vdy ngudi ta néi mach RLC song song 1a mach cong huéng dong
dién.

Cac dac tinh dﬁy du vé dién & ché do xac lap diéu hoa cua cac mach dao dong don co thé

tim thay trong phan phu luc.

TONG HQP NOI DUNG CHUONG I
* Mach dién la mot mo6 hinh chinh xac hoac gén ding cua mot hé théng dién, nham thuc

hi€n mdt toan tur nao do6 1én cac tac dong & dau vao, nham tao ra cac dap tng mong muén
& dau ra.

* Mach dién bao g6m cac thong sb tac dong va thu dong. Mdi loai thong sb dic trung cho
mdt tinh chat nhat dinh ciia cac phan tir néi riéng va mach dién noi chung.

* Dién tr¢ thude loai thong s6 thu dong khong quan tinh, dac trung cho su tiéu tan nang

luong, trén d6 dong dién va dién ap dong pha.
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« Pién dung thudc loai thong sé quan tinh, dic trung cho su phong va nap ning luong
dién truong. Trong ché d6 AC, trén dién dung dong dién nhanh pha hon 900 so v&i dién
ap.

« Pién cam ciing thudc loai thong sd quan tinh, ddc trung cho su phéng va nap ning
lugng tir truong. Trong ché d6 AC, trén dién cam dong dién cham pha 900 so véi dién ap.
. Nguén dién & ché do phat thudc loai phén tu tich cuc, nhung ban than no6 ciing co6 tdn
hao déc trung boi ndi trd cla nguén.

« Khi phan tich mach, thudng trién khai ngudn thanh so d6 twong dwong ngudn ap hoic
nguén dong. Khi Rng rat nho hon so v6i Rtai thi su Iwra chon nguén ap 1a thich hop nhét,
nguoc lai thi lya chon ngué)n dong lai c6 y nghia thuc tién hon.

« Sy phirc hoa cac dao dong diéu hoa c6 ban chit 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 sd.

« Mach dién truyén théng trong mién thoi gian dic trung bdi mot hé phuong trinh vi
phan, con trong mién tan sé dic trung bdi mot hé phuong trinh dai sb.

« Tro khang va dan nap ctia mot doan mach hoan toan dic trung cho tinh chét cua doan
mach do trong mién tan so tai tan s6 1lam viéc xac dinh. Tré khéng dai dién cho so dd
trong dwong nbi tiép, con dan nap dai dién cho so dd twong duong song song cua doan
mach.

« Viéc phan tich ngudn tac dong thanh cac thanh phan diéu hoa va biéu dién ching dudi
dang phtic 1am cho sy tinh todn cac thong ) trong mach dién tré nén thuan loi dya trén
cac phép toan vé sb phirc, dic biét 1a khi cac ngudn tac dong 1a didu hoa c6 cing tan sb.

« TUr mién thoi gian, bﬁng cach phurc héa mach di€n, ban co thé chuyén mach dién sang
mién tan s dé tinh toan dap Ung cua mach theo cac phép tinh dai sé don gian, sau do,
néu can thiét, ban c6 thé chuyén doi nguoc két qua vé mién thoi gian.

« Cong suét tac dung P ctia mach chinh 13 cong suét toa nhiét trén cac thanh phan dién tro
cua mach.

« Cong suat phan khang ctia mach khong phai dic trung cho su tiéu tan ning lugng, nd
dic trung cho sy chuyén héa ning luong giita cac thanh phan dién khang ctia mach va

nguon.
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« Tai tan s6 cong hudng, mach cong huéng LC ndi tiép cho tr¢ khang be nhét va thuan
trg, dong thoi 1am cho dién ap trén cac thanh phan dién khang gip Q 1an dién ap 16i vao
nhung ngugc pha nhau.

« Tai tan s6 cong huong, mach cong huéng LC song song cho trd khang 16n nhét va
thuan try, dong thoi 1am cho dong dién trén cac thanh phan dién khang gip Q lan dong
dién 16i vao nhung ngugc pha nhau.

« Hé s6 pham chat Q cua cac mach LC lién quan dén ndi trd' R gdy ra sy ton hao ning

lugng cua mach; né quy dinh tinh chit chon loc tin sd ctia mach.

CHUONG II: CAC PHUONG PHAP CO BAN PHAN TiCH MACH
PIEN

GIOI THIEU

Trong chuong mot chung ta da xét cac khai niém co ban cia mach dién, trong
d6 chu yéu dya vao hai thong sd trang thai co ban 1a dién ap va dong dién.
Sang chuong nay s& di sdu vao nghién ciru mdi quan hé cua cac thong sb trang
thai d6, mdi quan hé nay dwoc quy dinh boi cac dinh ludt co ban va chung la
cin cir dé xay dung cac phuwong phap phén tich mach dién. Cu thé la:

« GiGi thiéu hai dinh luat co ban vé dong dién va dién &p trong mach.

« Thao luan cac phuong phap phan tich mach kinh dién, bao gom phuong phap
dong dién nhanh, phuong phép dong dién vong, phuong phap dién 4ap nut. Co
s& cua cadc phuong phdp phan tich mach la cac dinh luat Kirchhoff.

« Ap dung céc bién d6i twong duwong dé tim dap tng trén mot nhanh mach.

« Van dung nguyén 1y xép chong trong phan tich mach tuyén tinh.

NOI DUNG

2.1 CO SO CUA CAC PHUONG PHAP PHAN TiCH MACH
Bao trum 18én hau hét cac hién tuong co ban trong mach dién 1a cac dinh luat
Kirchhoff, cac dinh luat nay lién quan tdi dong dién tai cac nut va syt ap trong

cac vong kin.
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2.1.1 Pinh luit Kirchhoff I

Pinh luit nay phat biéu vé dong dién, ndi dung cua nd 1a: “ Tong cic dong

b

dién di vao mot nut bang tong cic dong dién di ra khoi nut d6 ”. Hoac 1a:

b

“Téng dai sé cac dong dién tai mot nat bang khong”:
. @)

a, [ néu dong dién nhanh di ra khoi nut dang xét

Trong do:

a, B i dong dién nhanh di vao nut dang xét
a, Il néu nhanh khong thudc nut dang xét.

Nhu vay dinh luéat I co6 thé mo ta dudi dang ma tran:

Al =0 (2-2

trong d6 A la ma tran h¢ s6 ¢6 kich ¢ tbi da N, -goi 1a ma tran nut, va | c6 kich
cO N, B goi 14 ma tran dong dién nhanh. Trong khi phan tich mach dién, c6 thé quy
udc chidu duong dong dién trong cic nhanh mot cach tuy ¥, sau khi ap dung dinh luat I
thi két qua phan tich s& cho chiing ta biét chiéu thuc cua cac dong dién d6. Néu dong dién
sau khi phan tich tai thoi diém t c6 két qua duong thi chiéu thuc cta dong dién tai thoi
diém d6 chinh 1a chiéu ma chung ta da chon, nguoc lai, néu gia tri 1a am thi chiéu thuc
ctia dong dién nguoc chidu quy ude. Ching ta c6 thé thiy mic du #r dinh ludtKirchhoff 1
c6 thé viét dupe Nn phuong trinh, nhung chi cé6 N, B phuwong trinh doc ldp. Nhu vay
s€cd N, -d(‘)ng dién nhanh coi nhu nhitng gié tri tu do.

2.1.2 Dinh luat Kirchhoff I1

Dinh luat nay phat biéu vé dién ap, ndi dung ctia nd 13: “ Tong dai s6 cdc sut dp trén cdc
phan tir thu dong ciia mét vong kin bang tong dai sé cdc sirc dién dong cé trong vong kin
d6 . Hodc 1a: “Tong dai s6 cdc sut dp cia cdc nhanh trong mét vong kin bang khong™:

> by, =0 (2-3)
k

trong do:
b, Il néu chidu dien ap trén nhanh cing chiéu vong quy udc ,
b, [l néu chidu dien ap trén nhanh ngugc chiéu vong quy udc ,
b, [l néu nhanh d6 khong thude vong dang xét .
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Khi phan tich mach dién, dé viéc ap dung dinh luat II dugc thuén tién, néu trong mach
chtra ngudn dong thi can phai chuyén nd vé dang ngudn ap. Ta c6 thé chon cac vong co
ban hodc khong co ban voi chiéu vong kin tuy y. Nhung mic du c¢6 thé viét dinh luat II
cho nhiéu vong thi ciing nén chu ¥ ring khong phai tit ca cac phuong trinh d6 déu doc
1ap v6i nhau. Chung ta cling c6 thé chimg minh dwoc fir dinh ludt kirchhoff 2 chi ¢6 thé
viét duoe N, |l hvong trinh dsc 1dp (twong ing véi s6 nhanh bu cay, hay sb vong
co ban tuong tng voi mdi cay dugc lya chon). Nhu vay dinh luat Kirchhof 2 c6 thé mé ta

dudi dang ma tran:

=0 (2-4)

loy
[

nh
trong d6 B 1a ma tran hé sd thuong co kich ¢ N, xN_ goi 1a ma trdn mach, va Up,co
kich ¢c& N, [l oi 12 ma tran dién 4p nhanh. Thi du, xét mach dién nhu hinh 2-1a. Véi

qui u6c chidu cac dong dién nhanh nhu hinh v&, theo dinh luat Kirchhoff I ta ¢ thé viét

dugc bon phuong trinh, nhung trong d6 c6 mot phwong trinh phy thudc:

Zs
F Z: B £,
A ———T - —— C
Jz [%z I
0
Hinh 2.1a

MNut A: 11 +15 +15 =0
Nut B: -ig +i3 Ti4 =0
Nt C: -14 +15  -1g =)
Nuat O -11 13 -15 =0

Viét du6i dang ma tran:
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i
1 1 0 0 114,
-1 1 | EA
0 0 0 -1 -1|| %4
-1 0 -1 0 -1 0|
_‘fﬁ_

Tré lai mach dién d3 néu & trén, néu ap dung dinh luat Kirchhoff II cho cac vong co ban

mg vé6i cay gdc tai O (hinh 2-1b) thi ta c6 thé viét dugc cac phuong trinh twong tmg:

VI ;. tur fug =0
VII: -uz tus tus =(
VIII: -y +us  Fug =0
Zs
.-"/.-- E""""'"'".:'. """"""" - .
{ Ly IV Z,
-'115 — P : """"""" — C
[T B[ .l
L Yl 7
Z ] kS 1145. I
S III‘: --------------- 4 .
O
Hinh 2.1b
Viét dudi dang ma tran:
L, |
11 1 0 0 o0]"]
U, |
0 0 -1 1 1 0f * =0
[l 2, |
-1 0 0 0 1 1| f
HEER
g |

Cha y: Két hop cd hai dinh ludt Kirchhoff ta sé viét dwoc Nnh phwong trinh doc lap.
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2.2 CAC PHUONG PHAP PHAN TiCH MACH CO BAN
Xét bai toan tong quat:
Cho mach dién v&i sb6 nat mach 13 Ny, sé nhanh mach 1a Nnh. Hay tim dong dién chay

trong cac nhanh. Cac thong s6 ngudn gia thiét cho duéi dang hiéu dung phuc.

E
Ze S
— 7
Z, Z, Z,
z Z; Z;
Z;
: ] . £

Hinh 2 2a

- Trong mach hinh 2.2, ta co:
Np=5, Ny=8
nhu vy tuong tng s& c6 8 bién sb (12 8 dong dién chay trong 8 nhanh tuong tng). Dé
giai bai toan ndy, c6 mot sé phwong phap co ban sau day:
2.2.1 Phuong phap dong dién nhanh
Co so: ap dung truc tiép 2 dinh luat kirchhof dé 1ap hé phuong trinh trang thai cua mach,
an s6 1 cac dong dién nhanh. Chu ¥ rang s&é ¢c6 N B huong trinh theo dinh luat 1, va
N, - phuong trinh theo dinh luat 2. Cu thé nhu sau:
Buoc 1: Dat tén cho cac nat cua mach (A, B,C,D,0), chon mdt ntt bat ky lam géc (cu thé
ta chon O 1am nut gc) nhu hinh 2.2b. Cha ¥ riang cdy twong Gng voi nut gée O s& chira

cac nhanh 1¢, cac nhanh chan la cic nhanh bu cay.
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Z.1. 4 Zﬁ
B, — C — D
ZS Z-
E. E;
0
Hinh 2 2b

Buée 2: Gia dinh chiéu dong trong cac nhanh mét cach tuy ¥ (cu thé ta chon chiéu dong
trong 8 nhanh nhu hinh 2.2b). Chd ¥ rang viéc chon chiéu dong trong cac nhanh chi anh
hudng toi viée viét phuong trinh, con ddu cia két qua cudi cing méi cho ta biét chiéu
thuc té ctia dong trong cac nhanh.

Burée 3: thanh 1ap cac vong cho mach (mdi vong chira 1 nhanh méi). S6 vong phai thanh
lapla N, - Thuong vong lua chon 14 cadc vong co ban tng vo1 mdt cay nao do.

Chiéu vong c6 thé lira chon tuy ¥. Cu thé ta thanh 14p 4 vong nhu hinh 2.2c.

V1 V2 V4 V3

Hinh 2 2¢

Bur6c 4: thanh 1ap hé c6 Nnh phuong trinh dong dién nhanh, bao gom:

+ (N, -1) puong trinh theo dinh luat I (viét cho cac nit, trir nat gbc), cu thé nhu sau:
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Nut A Ii+L+Ig=0
Nut B: [-I3-1: =0
Nut C: Ls-I5-1I5 =0
Nut D Ig-I;+Ig =0
+ N, Il hvong trinh theo dinh luat 2 (viét cho cac vong da 1ap). Cu thé nhu sau:
p.trinh cho V; : z,.1, KGN
p.trinh cho V- : z,.1, KGN
p.trinh cho V5 : z,.1, KNG
p.trinh cho V, : (Z,.|, KK

Bur6e 5: giai hé phuong trinh d3 thanh 1ap dé tinh dong dién trong céc nhanh.
Thi du 2.1:Tinh dong trong cic nhanh cua mach dién nhu hinh 2.3a bang phuong phap

dong dién nhanh (gia thiét ngudn tac dong 1a mot chiéu co gia tri 10V).

R,=5 O R:=10 0
A
L1 L1
s
10V ) R>
o 100
O
Hinh 2 33

Giai: ach co N_ [ NGcNNG:
+Dat tén cac nat la A, O. Chon O lam géc.
+Gia dinh chiéu duong dong trong cac nhanh va thanh lap 2 vong ctia mach nhu hinh

2.3D.

44



— } ‘ﬂL e |
LI > < 1
E =10V : B
pc () R
— V1 10 Q V2
- —
O

Hinh 2.3b
+Viét hé phuong trinh:
[, +15=1,
R4 +R[-E=0
=RBalz- Ral=0
Thay s6 liéu ctia mach ta duoc:
I1+1:=1I-
L +2I:=2
I3-I,=0
Giai hé ta co :
=1A, L= 0.5A, I;=-0.5A.
Diéu nay chirc to dong |, thuc té chay nguoc lai
2.2.2 Phuong phap dong dién vong
Ta d3 biét tir hai dinh luat Kirchhoff c6 thé lap duoc cac phuong trinh cua mach, trong do
dinh luat Kirchhoff 1 cho N, -phu’ong trinh doc 1ap, dinh luat Kirchhoff 2 cho
N, - phuong trinh doc 1ap. Trén co s& cac phuong trinh do, nguoi ta da tim cach
bién d6i tir cac mbi quan hé giita dong dién va dién ap trong cac nhanh dé dua cac
phuong trinh nay vé dang c6 thé giai theo cac an sé mdi, d6 chinh 1a y tudng cho cac
phuong phap phan tich mach dién. Dién &4p nat hay dong dién vong la nhitng phuong
phap ddi an sb dién hinh.
Tro lai bai toan tong quat hinh 2.2, bay gio ta s& tim dong dién chay trong cic nhanh
bang mot phuong phap khac, trong d6 ta thay cac an sb thuc 1a dong trong cic nhanh

bang céc an s6 trung gian 1a dong dién vong gia dinh chay trong cac vong kin.
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Buée 1: Thanh 1ap cac vong cho mach nhu hinh 2.4 (mdi vong twong tmg v6i mot dong
dién vong gia dinh). Chu ¥ rang vong thanh 14p sau phai chta téi thiéu mot nhanh méi so
v6i cac vong da thanh lap trude. Cac vong co ban Gmg véi mdi cay s& thoa min diéu kién
nay. S6 vong phai thanh 1ap 13 N, [l Cu thé, ta thanh 13p bén dong dién vong cua

mach lal,, I, .11, .

Hinh 2 4
Buéce 2: Thanh lap hé gdm N, - phuong trinh cho mach tuong rng v6i cac vong
kin,trong d6 4n s6 1a cac dong dién vong gia dinh, dya trén co so chi 4p dung dinh luat
kirchhof 2. Dé 1am rd quy luét thanh 14p hé phuong trinh, ta hiy xét mot vong cu thé,
chang han ta xét vong thir tur (Iya).
Dinh luét 2 4p dung cho vong bén, nguyén thuy theo an sb thue (1a dong dién nhanh)
duoc viét nhu sau:
( ZgIg-Eg ) H(Z7.I7+E7)+(-E1 - Z1.1}) =0
Chu y rang: I, — Khi d6, phuong trinh ctia vong
bdn duge viét lai theo cac an s6 mdi (1a dong dién vong gia dinh) nhu sau:
Z1.Iy H0.La -Z7.La + (Z1+Z7+2Zg). s = E; +Eg-E7
Tir d6 ta thdy quy luat thanh lap vé trai va vé phai cia phuong trinh viét cho vong dang

xet (I,,):
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Cac dong dién vong lan can Dong dién vong

dang xet
A v A v _ Ve phai
1Ly H0Lg -Z7Ls + (L1 2g) T E; +Es-E;
ki v h v v
Tro kf}aﬂgflmfl% Elﬁﬂd cac leﬂf}g cac tro Vé phai 1a téng dai s chc stc dién déng 6
voug 1l cal va Vong cang tang trong trong vong dang xét, lay dau drong kiu
xét (lay dau dwong nén vong dang L . ., o
vong lan can cing chidu xét chifu dong cua ngudn cing chidu vong
vong dang xét, liy déu dm dang xét, 14y dau 4m khi chidu dong cia
néu hai vong do ngugce ngudn ngwroc chidu véng dang xét
chiéu nhau).

Tir quy luat o, ta viét dugce hé phuong trinh dong dién vong cho mach nhu sau :

Vi (Z+Z5+Z3) Ly -Z3lp  +01s +Z1Ly = Ey
V2: 731y +(Z3+Zs+Zs5)Io+Zsls  +0Lg  =-Es

V3: 0.5 +Zs5T2 + (Z5+Z6+Z7) 13- Z1Tes = E7-Es
V4: Z,1, 0L, -Z;ls +(Z;+Z++Zg)1u= E; +Eg-E;

Burée 3: giai hé phuong trinh dong dién vong dé tim gia tri cac dong dién vong gia dinh.
Burée 4: chuyén két qua trung gian vé dong dién trong cac nhanh, cu thé la:

|, I
.
1,
|, I N

Cha y: Hé phuong trinh dong dién vong co thé viét dudi dang phuong trinh ma tran

Z,+Z,+Z, -Z, 0 Z, I,] [E
- Z, Z,+Z,+Z, +Z, 0 I, |-E,
0 +Z, Z +Z+Z, —z, |1, |E -E,
Z, 0 ~Z, Z +Z,+Z||I,,| |E +E-E

trong d6 ta goi ma tran:



7, +Z,+Z, -Z, 0 z, ]
2] -z, Z,+Z,+Z, +Z, 0
0 +Z L.+ Z. +Z, -Z;

. Z 0 ~-Z, Z+Z;+Zg |

12 ma tran tro khang vong. Ma tran vudng nay c6 dic diém la:
-Nam trén duong chéo chinh 14 cac trd khang vong.
-Hai bén dudng chéo 1a tré khang chung d6i ximg nhau qua dudng chéo chinh.
Thidu 2.2: Tinh dong trong cic nhanh cta mach dién trong thi du 2.1 bang phuwong phép
dong dién vong.
Giai: Thanh 1ap 2 vong, twong ung 1, V& |, nhu hinh 2.5. Hé phuong trinh duoc viét
thanh:
(R4+R2) In-Rolyvo=E
-Roly1+(Ry+R3) Iyp=0

Thay s6 liéu, ta co:
15 Iy1-10Iy2= 10
-10Tyy+20 Iyy=0

Giai hé ta duoc:

It_.r'_= 1A, I1rz=[]. S5A.

Ri=50 N R:=100Q
1 — 1
E-10v [+
DC GD R,
- Vi Tio0Q V2
O
Hinh 2.5

Vay dong trong cac nhanh la:

Li=1Ivi=1A, Ii=lyi- Lin=0.5A. Ii=Iy»=0.5A.

Céc két qua nay hoan toan tring véi két qua trong cach giai bang phuong phap dong dién

nhanh.

48



Thi du 2.3: Cho mach di¢n 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 truong hop cé tinh dén ghép hd cam, cho

biét cac gia tri: R, | EEG——

Hinh 2.6

Giai:
a. Cac phuong trinh dong dién vong khi khong tinh dén hd cam:
(Rt XL Ryl -Rolin = E
-Rolyn #(XtRy)Le =0
b. Cac phuong trinh dong dién vong khi c6 tinh dén hd cam:
(Rt XL Rt (R )X = E
-(Fotj Xl +(XptRa)lo =0
trong d6 thanh phan | 12 dién 4p hd cam do dong dién 1, chay trong X, gay ra
trén X,,, con thanh phan |2 dién 4p hd cam do dong dién 1, chay trong X, gay
ratrén X, . Thay s ta co:
[(2+ L -1+ DL, =1
i—[l + L+ (1+2j)L,=0

ap dung quy tic Crame ta tinh duoc:

I,=="da G P
173 273

Theo cong thirc bién d6i vong:

7
I-X.-_l =1,= = 3 J

: . 1
Al =1, =TA: g, =4, =1, =EA

Thi du 2.4: hay tinh cidc dong dién nhanh ctia mach dién hinh 2.7.
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Giai: Trudc hét ta phai chuyén ngudn dong Ing2 vé dang ngudn ap: E, —, va
mach dién duoc vé& lai nhu hinh 2.8. Bay gio ta viét hé phuong trinh dong dién vong cho

mach moi:

J’(RI + X - 1XL, +(—jX, = jX )1, = E;
(1X, 2 1 X)L, + (R, + X, — jX0)L, = E,

LS

Kot B X

Xu ¢

Hinh 2.7

Theo quy tic Crame ta co:

|:'El —J(X X)) }
I = E, Ry+j(X,-X)
AZ,
|:R1 + J( X, - &) E1:|
-J(X, 2 X,) K

AZ.

vl T

I'.'2 =

Céc cong thirc bién dbi vong ciia mach dién:
In=Li =Ly Icn+ In.
Chu ¥ rang dong dién trong R2 ciia mach dién ban dau s& dugc tinh theo cong thirc:

Ipa= Iug] - L.
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Thi du 2.5: Tinh dong cac dién nhanh cia mach dién hinh 2.9 véi cac s6 liéu nguén dudi

dang hiéu dung phuec:
Ei=1V.Ee=) V. Zi=100 Zy=-jQ; Z3=)Q): Z&=10Q);

Z5=10: Zg&=10Q,
PN
- I.n‘ —— A
.\ I 7.
A h=4 B : ......... C

Hinh 2 9

Giai: Ta s& sit dung phuong phap dong dién vong dé giai bai toan nay:
(Z2,+2Z,+Z)1,-Z,1,-2]1,=E,
—Z1,+(Z,+Z,+Z)1 ,—ZI ;=0
‘E—ZJ‘.I —ZJI1,+(Z,+Z;+Z;)1,=-E;

Thay sb:
{[2 - jijl - jI-;: -I;=1
7 jI1.'1 T jI'-rE - jI\'S =0
L -, + 2+ DL =]

Giai hé phuong trinh ndy theo phuong phap dinh thtc:

2—-7 3 -1
AZ. =|j j] —=j|=2+4]
1 —j 2+]
Tinh duoc:
I | 2—-7 1 -1 2—-57 J 1
0 Jj -J j 0 —J g 7 0
I-=_j _'}. 2_JT-=3_“}I I = _1 _}- 2+j= 1+3‘} = _1 _Jf _j=]._?j
2+4j 10 2+4j 5 77 2+4j 10
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Theo céac cong thirc bién do1 vong ciia mach dién ta tinh dugc cac dong dién hi¢u dung

phuec:
3-j 1+ j 1+3] 1+3)
I:I\:l—[}j_ IE= Wl ‘_J=—2j:_ 13=I1.-2=_ Sj;I-J-:I'F!_I‘rl:_ __Jr
3
I.=1.— 1=u- I:l'-rm:l_—f""r
J v3 vi IGI ] 1 va 10

2.2.3 Phuong phap dién ap nut

Tro lai xét bai toan téng quat hinh 2.10a. By gid ta s& tim dong dién chay trong cac
nhanh bang mot phuong phap khac, trong d6 ta thay cac an sb thuc bang cac an sd trung
gian 13 dién ap ctia cac nat. Trong bai toan nay co6 mot su thay d6i nho d6 1a biéu dién cac

nhanh mach theo dan nap.

— T/
Y-E Y-—' 1’5
Y, Y ¥
Y,
i I

Hinh 2.10a
Buoc 1. danh ky hi¢u cho cac nut A,B,C,D,O va chon mdt nat lam géc nhu hinh 2.10b.
Nt gbe s& co dién thé quy wée 1a diém chung (0V). Dién thé cac nat con lai chinh 13 dién
ap cua no so voi goc. Trong trudng hop cu thé nay ta chon goc 1a nut O.
Buoc 2: thanh 1ap hé phuong trinh dién ap nat cho mach.
Hé phuong trinh viét cho N, o, tro nat gbc. Co so 1a dinh luat Kirchhoff 1. Pé tim

quy luat thanh 1ap, ta hiy xuat phat tir phwong trinh gdc ctia niit A:

L+L+Iz=0
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Hinh 2. 10b

Chu y rang cac dong nay co thé tinh tir dién &p cta cac nut:

1/Y,

Uy—E, _U;~Us, U, ~Up+Es
1/Y, /Y,

g =

khi d6, phuong trinh cta nat A duogc viét lai theo cac an s6 méi (1a dién 4p cac nat) nhu

sau:

U,~E Uy=Us U~Up+E _

/Y 1/Y, 1/7,

0

nhom s6 hang va chuyén vé ta duogc:

(Y1+Y2+Y3s) .Uy -Y,.Ug -0.Uc - Ys.Up = Lig-lies

trong d6, cac dong dién ngudn duoc tinh theo biéu thirc:

E E
Incr' =_1="E|'}71' Ingﬂ =_E=‘EE‘KE-
- Z'1 - EE

Ta rat ra quy luat thanh lap cac vé trai va phai ciia phuong trinh viét cho nut A:

T quy luat do, ta viét dugc hé phuong trinh di¢n ap nut cho mach nhu sau:
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(Y1tY+Yg).Uy -Y2.Ug -0.Uc - Y. Up = Ing1 - Ings
Y. Us AH(YotrYs;+Yy)Ug -YaUe -0Up = 0
0.Ua -Yo.Up +(Ys+¥Ys5+Ys).Uc - Y. Up = Lugs

-Ys.Us -0.Up -Y6.Uc + (YstY7+Ys).Up = Ing7+ Ings

oo w »

Cac dan nap chung giita
cac nat 1an can so vén nat

Nut 41 50 Vol 1l
dane dang xét. Tat ca deu lay
xét dau am.

Az (Y1tY>+Ys).Ua - Y2.Ug - 0.Uc - Ye.Up = Ing1-Ings
A & A F'y +
|

Vé phai 1a téng dai s6 cac I, noi
vao nit dang xét. Lay dau + néu
chiéu cnia I, di vao nit dang
xét, nguroe lai thi lﬁ}-' dau -

Tong cac dan Cac nut lan can
nap noi vao nut

dang xét

Burée 3: giai hé phuong trinh dé tim ra dién 4p cac nit.

Burée 4: Chuyén d6i két qua trung gian vé dong trong cac nhanh, cu thé 1a:

I = I‘;—_i — E'_ I. = & I. = LTC — Ej I. = ["_D — E?
' A A ’ Z. " z,
v,-u U, -U, U--U U, —Up+E
I} - 4 B I4 — B C IG — [ ] J-rg — A 0 g

Chu y: Hé phuong trinh trén c6 thé viét duéi dang phuong trinh ma trin:

Y +Y+Y,  -T 0 ~Y |[UL] [ —Ls |
-5 nh+nL+1 —71, 0 (Us | | 0 '
0 _y, Y, +% + 7, % U] | L |
- 0 Y, E+L+E Uy L+l

Chu y: Hé phuong trinh trén c¢6 thé viét dudi dang phuong trinh ma tran:

RS D AN ¢ 0 -y, ]
Y,  h+Y<eY, X, 0
0 Y,  L+L+Y, T
-, 0 Y, L+Y, Y

la ma tran dan nap nut, n6 c6 dac diém la:
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-Nim trén dudng chéo chinh 1a cac din nap nit.

-Hai bén duong chéo 14 dan nap chung d6i xtmg nhau qua dudng chéo chinh.
Thi du 2.6: Tinh dong trong cac nhanh ctia mach dién hinh 2.11 bang phuong phap dién
ap nut.
Giai: dat tén cac nat mach la A,O. Chon nut O lam géc. Mach chi ¢6 1 phuong trinh cho

nat A:

R;=50) R:=10 0
A
L1 L1
E T
10V G‘) R,
o 100
O
Hinh 2.11
1 1 1 E
(—+—+—) U, =—
R, R, R R,
Thay sb ta duoc:
1 1 1 10
(—+—+—0)U,;=— =U, =5V
5 10 10 & 5 ’

Cudi cung, ddi két qua trung gian vé dong trong cac nhanh:

N et NI P N SR A

]

R, * R, >R,

=0.54

Dau ‘- “ cta I, c6 nghia la dong thuc t€ cia I, chay vao nat A.

Thi du 2.7: Hay viét hé phuong trinh dién ap nat cho mach dién hinh 2.12.

AR
| S | 1\‘_-’/'
X1 X1a

e T ot

Hinh 212
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Giai:
Ky hi€u céc nut 1a A, B, C, O va chon nat O lam géc. Nhu vay ta sé c6 hé¢ ba phuong

trinh, ba 4n s U, U;U.

(11 1 | 1 E, E,
+ +—)U, —- Ug——Uc=—+—
R, R, Xy X1 R, R, R,
1 1 1 1
-—U, +(- + - +——) Uy ——U. =0
X X X —IX, 11X,
1 1 1 1 1 E,
__U‘:'l_ 1-‘TB ( - + )UC :Ing1 i
. Rf! - X 2 .]X;J_ Rg R_; R-,
Thi du 2.8:

Cho mach dién hinh 2.13. Hay tinh cac dong dién chay qua R1 va XL bang phuong phap

dién ap nut.

Hinh 2.13
Giai:
Chon nut gbc 1a O, khi d6 hé hai phuong trinh dién ap nut 1a:
1 1 | 1 _ E
i(_"' —+— W, ———Uz=—"
) R A X JX; R,
| 1 1 1 1 ) E
| — Uy T+t U =
| X R, R, JX; 2
Theo qui tic Crame ta co:
E, 1 1 1 1 E,
R .81 R X X R,
E, 11 1 1 E.
R, R R X X R,
- 1 3 I _ L 2
U,= 1 1 1 1 Us = 1 1 1 1
—_— — — - — —_—— - -
R, —-iX, JX; X, R, —-1X, 11X 1%
g 1,1 iy, 1,11
__,I'XL AQ] R “TX_[ J‘{_’ R] R.j _]X]-_
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Theo cong thirc bién ddi nit ciia mach ta tinh duoc:

U,—FE Uv,-u
IR-_ ='-1T1 IH-_ ZTFE
1 L

Thi du 2.9: Cho mach dién diéu hoa hinh 2.14 véi cac sb liéu dudi dang phuic:

e, | 1 e dong dién

nhanh bang phuong phéap dién ap nut.
Giai: Chon nut B lam gbc, khi do:

1 1 1 1 E, E,
(G+ ooy~ U=~ Up = -t ¢
Z1 Z-I- ZE - Zﬁ Z1 Zl Zﬁ
L1 11 1 1 E
{—— U, +(—+—+—)U -——U,=—"2
Z, * 'z, Z, Z Z, Z,
L1 1 11 E
|-——U, ——U_+(—+—+—)U, =—
z, * oz, ° 'z, z, Z Z,

Hinh 2.14
Thay s6 ta co:
(3Uy ~ U, ~Up=—1-]
1= Uy +(1-2))U + jUp = ]
-U, +jU +Up =1
Dung qui tac Crame:
—1- 1 1
i1 j
1 ' 1 ' U 1+3j
U, - ] __1+3) =1, (__1+3]
3 -1 -1 5 z, 5
-1 1-25 1
-1 ] 1

S7



-1 i ]

-1 1 1 14+3j U 3-
erz = — 'Jir :}I_\: r=_"j

3 -1 -1 10 . 10

-1 1-2 ]

-1 i 1

3 -1 -1-j

-1 1-2 i

-1 ) 1 1- U, 1+
Up= ! =] = ,=—-2-""J

3 -1 -1 2 Z, 2

-1 1-2j ]

-1 i 1

Va dong dién nhanh s¢ la:

C_Ua-Up+E _3-j 1/
: Z, 10 410 /=183
2

U -Uy 1+3;

1, =

: Z, 5 J10/71°55
. _Ua-Uc+E_ 1-7j_ 1
’ Z 10 2/98

Thi du 2.10: Cho mach dién hinh 2.15.
a. Thanh 13p h¢ phuong trinh dién ap ntt cho mach.
b. Duya véo céu a, hiy viét cong thirc tinh dong trong cac nhanh theo dién ap céc nut.

R, R; L
A B

CDIE'- T []R @llug_-

Hinh 2.15

Giai: -Chon 0 1am gbc: a. Hé phuong trinh dién ap nut:
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Ua(Y17Y2tY3) -UsY3z= Iy
-UaYs  +Ug(Ys+Ys) =-Ing
b. Dong trong cac nhanh:
I;=(Uas-E1)/Ry.
L=Us/Zco.
L=(Us - Up)/(R3*Z13).
L=Up/Ra.
Thi du 2.11:

Mach dién nhu hinh 2.16a, véi cac s6 licu: R, [ NG -

tinh dong dién trong cac nhanh bang phuong phap dong dién vong va phuong phap dién
ap nat?
Ry

Rs
1

Bo0e Qre

Hinh 2. 16a
Giai:
a. Theo phuong phap dong dién vong:
-Gia thiét chon chiéu cac vong nhu hinh 2.16b:
Rl RE

— L1 1

Hinh 2 16b

Xétvong 1: Iyi(Ri+Rs) - Tyn.R3 =Ei.

=

Xét vong 2 -IyiR3 + Iin(RatR3) =E;.

-Dong trong cac nhanh:
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Ip1 = In= 1A,

I3 == 1,25A.

Ips =Lin —Ln=0.25A
b. Theo phuong phép dién &p nut:
-Chon 0 lam gbc nhu hinh 2.16c.

B IR (Dt E:

Hinh 2 16¢c

-Phuong trinh dién 4p nut:
UL (G +G,+G,) = 1 -1,
-Thay sb tinh duoc:
U, =-0,5V.
-Véi chiéu duong ctia dong trong cac nhanh chon nhu hinh 2.16¢, ta ¢
L=1.0A.
=125 A,

3= -0,25A.

2.3 PHUONG PHAP NGUON TUONG PUONG
Trong mot s6 trudng hop, nhiém vu phan tich mach khong doi hoi phai tinh tat ca dong

va &p cla tat ca cic nhanh, ma chi doi hoi tinh ton trén mot nhanh hay mot phan mach
nao d6. Luc d6 viéc van dung cac phuong phap néu trén s& dan dén cac phép tinh khong
can thiét va cac két qua thira. Phuong phap ngudn tuong duong ma co so cua né 1a dinh
ly Thevenine-Norton cho phép chung ta giai cac bai toan nhu vay mét cach don gian hon
bang cach thay thé phan mach c6 chira nguon bai mot ngudn ap hay ngudn dong tuong
duong.

Noi dung dinh ly Thevenine-Norton

Trong mach dién, phﬁn mach AB c6 chira nguén (va ndi voi phr:in con lai Z cua mach tai

cap diém AB, dong thoi giita hai phan khong c6 ghép hd cam véi nhau), co thé duoc thay
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thé trong duong bang mdt ngudn ap cé stc dién dong bang dién ap hé mach trén cip
diém AB (hay mot nguon dong c6 dong dién ngudn bang dong dién ngan mach trén cap
diém AB), con tré khang trong ciia ngudn bang tré khéng twong duong nhin tir cap diém
AB v6i nguyén tic ngin mach cac nguodn stc dién dong va hd mach cac ngudn dong co
trong phan mach nay. Noi dung dinh 1y dugc mé ta nhu hinh 2.17.

Dinh Iy nay co thé suy ra tryc tiép tir sy mé rong dinh nghia cia ngudn dién va néu phan
mach gdc chi chtra cac phan tir tuyén tinh thi ngudn twong duong cua nd ciing 1a ngudn
tuyén tinh. Nhu vy, dinh 1y Thevenine-Norton cho phép bién ddi phan mach dién c6
chtra ngudn thanh 2 so d6 twong duong: so dd twong duong ngudn ap (con goi 1a so do

Thevenine), va so d6 trong duong ngudn dong (con goi 13 so' @6 Norton).

So dé twong dicong
Thevenine

Phan mach co |
chira nguon | A

B} 1
NN
AN _ﬁz’l \{P" E S

3O

lngzlnmAB Z:Zrd B I:I z
1 £ :

Qw

Sor d6 neong dicong
Norton A

NortonHinh 2.17: Minh hoa dinh 1y Thevenine-Norton

A 45 B

el

7 [] z,[]

Ell Es

Hinh 2.18a

Thi du 2.12: Cho mach dién nhu hinh 2.18a, hay tinh dong dién chay qua Z, .
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Giai: Ta thiy ¢ day chi tinh dong chay qua mot nhanh, do d6 dé don gian hiy ap dung
phuong phap ngudn twong duong,

-Trudc hét cét bo Za, phén mach con lai chinh la phr:in mach c6 chira nguén nhu hinh
2.18Db. -Xac dinh dién ap ho mach trén cap diém AB:

E, E.

Z, -
Z,+Z, & Z,+Z,

U,s=U,-Ug= zZ,

B
-
Zs
Zy []
=
Hinh 2.18 b

-Xac dinh Z,,,, nhin tir cip diém AB, ngan mach nguon sdd E, & E, nhu hinh 2.18c:

2z, _Z.zZ

7o =
Zy+Z, Z,+Z

tdAB

Zs

Hinh 2 18¢c

-Ttr d6 suy ra dugc dong dién ngan mach trén cip diém AB la:

I _ U lmAE
nm AR
Z

148

So d6 twong duong Thevenine va Norton c6 dang nhu hinh 2.18d.
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i Ubm as [] % @Tlmﬁ.]} []ZFHB [:I Z
B B
So db Thevenine So d6 Norton

Hinh 2.18d
R rang viée tinh dong trén Z; lac nay tré nén don gian hon nhiéu:
LZ"

_ hnedB _ Irlm..:‘ﬁ
I, = = VA
Zus 23 ZgyptZ;

Thi du 2.13: Cho mach dién hinh 2.19a, v&1  cac s6  liéu:

R, Y -y tinh dong dién iR bing

nguyén 1y ngudn tuong duong.

@T La [] R, R, C) lEng_.

Hinh 2.19a

Giai:
Bién ddi tuong dwong thanh so d6 Thevenine hoic Norton:

- Tinh dién ap ho mach tai cap diém AB nhu hinh 2.19b.

Hinh 2.190

- Taco:;
1 =30V,

L_B].u.uz 15V.

Vay suy ra:

63



U_i_Bjszngz ]. 5 -‘;lvr

- Tinh dong dién ngén mach trén cdp diém AB nhu hinh 2.19c, ta co:
I =3/4 A.

ABngm

Hinh 2.19¢ Hinh 2.19d

- Tinh dién tré tuong duong nhin tai cap diém AB nhu hinh 2.19d, ta dugc: Ri=20Q.

- Tong hop, so d6 twong duong Thevenine va Norton c6 dang nhu hinh 2.19e:
A B

]

e T 11;51 R Rs lEug—'

e \

R;=200)
A A
= =3/ . =200) R, =1002
lEug=15V Seicon ke 3'4AT & B )
; B

Hinh 2.19e
Vay ta tinh dugc: |5, = 0.5A (A sang B).

Thi du 2.14: Cho mach dién hinh 2.20, hay tinh dong I, bang phuong phap ngudn tuong

duong.
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Hinh 2.20

Giai:
-Ngit R, va X, ra khoi mach. Bé tinh U, ., thi truéc hét ta tinh dong dién vong I, chay
trong mach theo cong thtrc:
J = El — EE
"R +R 4+ (X +X,-2X,)

Mat khac:
(R, +1X, - X, )I. - U_.z = E,

Vay:
U =—E, +(R + JX, - JX,, )Il_

|

B

Hinh 2 21a

-Bay gio ta phai tinh Z,,, . Sau khi ngan mach hai nguén sdd, nhin tir cip diém AB c6 hai
nhanh mach nhu hinh 2.21a. Do ¢6 tinh dén ghép hd cam nén ta khong thé tinh Z,,, theo
quan niém hai nhanh mach ghép song song v&i nhau ma phai &p dung phuong phép dong

dién vong, dat:
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Z, =R, T _]'Xl
Z, =R, X,
._z:..r = JX

khi d6 so d6 hinh 2.21a c6 thé v& lai nhu hinh 2.21b:

—
L 21
Ly
I
I Y 7
- I
A U "B
Hinh 2.21b
Ly =

|—|I|

theo két qua cua thi du d xét trong chwong I, 4p dung trong trudng hop cu thé nay ta cé:
ZZ, -Zy
Zi+Z,-2Z,

zZ B —

Nhu véy theo so d6 twong duong Thevenine ¢ hinh 2.21c ta tinh dugc két qua cudi cung:

I. = U hmdE
g =

Zoauz ~ Ry — I,

R=Zaas L
o——
A Ry
l E=Unman =X,
B
Hinh 2.21c

Thi du 2.15 Cho mach dién nhu hinh 2.22. Hiy xic dinh cac thong sd ciia mach
Thevenine.

Giai:
-H& mach tai Z5, ta xac dinh dugc stc dién dong cua nguén tuong duong la di¢n ap UAB

hé mach:
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Hinh 2.22
i
Z 4
E,=E| 2 —-———
L+ 2y, Zi+ 2y
i
Z, Z.
E,=E| *

L+ Z, Z,+Z,)
Ngén mach ngudn E, nhin tir cip diém AB ta xac dinh duoc ndi trd ciia ngudn tuong
duong:

7 - Z,Z, n Z,Z,
“Z,+Z, Z,+Z,

2.4 PHAN TICH MACH TUYEN TiNH BANG NGUYEN LY XEP CHONG
Trong chuong I ching ta di c6 dip ban dén khai niém phan tir tuyén tinh va mach tuyén

tinh. Mot trong nhimg tinh chat quan trong nhét cua loai mach nay 13 c6 thé ap dung
nguyén 1y xép chong dé phan tich cac dap mg va cac qua trinh ning lugng xdy ra trong
hé thong.

Noi dung nguyén ly xép chong

Trong hé théng tuyén tinh, néu y, 1a dap Gmg twong Ung véi tac dong xi, thi a.y, -sé
1a dap Gmg tuong tmg véi tac dong a.x, [

Cu thé, néu mot mach dién tuyén tinh c6 chira nhiéu nguén tac dong, thi dong dién vong
sinh ra trong vong 1 boi tat ca cac ngudn ciia mach bang tong cac dong dién vong sinh ra
trong vong 1 boi riéng cac ngudn dit trong mdi vong k clia mach. Hay néi mot cach khac,
dong dién vong sinh ra trong vong 1 ndo d6 ctia mach, bdi tat ca cac ngudn ciia mach

bing tong cac dong dién vong sinh ra trong vong 1 d6 bdi mdi ngudn riéng r& ctia mach (
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khi do6 cac ngudn khong lam viéc s€ ngan mach néu no6 la nguén suc dién dong va hd
mach néu noé la nguén dong ).
Nguyén ly x€p chong hoan toan diing cho dong dién nhanh, dong dién vong va ca dién ap

nat. Viéc mé ta nguyén Iy ndy s& thong qua mot sé thi du minh hoa duéi day.

Hinh 2.23a

Thi du 2.16: Cho mach dién tuyén tinh nhu hinh 2.23a, hiy tinh dong dién chay qua
Z,bang cach ap dung nguyén 1y xép chong.

Giai: Néu ngudn E1 gdy nén trong Z3 mot dong dién I,., ngudén E5 gdy nén trong Z3 mot
dong dién I3E5 thi dong tong qua Z3 s& 1a su xép chong ctia I, Va l.,.

-Pé tinh dongl,., truéc hét ta ngin mach ngudn ES5, khi d6 mach tré thanh nhu hinh

2.23b:

A 4L B
—_— >
Z Z.
Z, z. [

Hinh 2 230

7,7
ZJf.;:#: 2345=23+Z4j
L+ 2
Z.Z,,-
Zoyys = ———2— 1 Zagy = Z1 + Zo3ss
T Lyt Zyys
\ ~ — El ZZ \
Va nhu vay : l,=— (tr A sang B)
thl ZZ

-Pé tinh dong .., ta phai loai bo ngudn Ey, khi d6 mach tré thanh nhu hinh 2.23¢. Véi
cach tinh tuong tu ta s€ tinh dugc:
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Z,Z,

Zy=—"+: Zi3=Z3+ Z12
N Z +Z, ’
L7 an
Ly = —E . Zas=Zs + Zio
Z,+ 2y
A 4L B
*—
Z, Z
Z Zs
=
Hinh 2 .23¢
va ta co:
E. Z, 1 i
Iigs = — (tir B sang A).
Zas £y + 21

Nhu vay néu tinh dén chiéu dong dién ta s€ co6:

Thi du 2.17:
Cho mach dién nhu hinh 2.24a Vo1

R, I cuon  mot - chiéu).

chiéu). Hiy tinh dong dién Igs.

R,

Hinh 2.24a

cac sO

;I (ngun

PlE= ®lI R O

Giai: Mach 13 tuyén tinh, nén c6 thé van dung nguyén 1y xép chong:

- Khi E; tdc dong, 1,44 bi hé mach, lic nay mach c6 dang nhu hinh 2.24b:
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R A Ra R, A Rz B
— 1  —  —
O R, Ra] Ri O Le
Hinh 2 24b Hinh 2.24¢

Sau mot vai phép tinh don gian, ta c6 dong dién trén R 1 ls; =0,5A (chiéu tir A sang B).
- Khi lygs tac dong, E; bi ngén mach, lic nay mach c6 dang nhu hinh 2.24c. Ta ciing dé
dang tim dugc dong dién trén R, 14 1, Bl chiéu tr B sang A).
- Vay khi ca hai ngudn dong thoi tic dong, ta c6 dong dién tong hop trén Rs Ia:
l, =1,, - I,, =05A (chiéu tir B sang A)

TONG HQP NOI DUNG CHUONG II
* Phuong phap dong dién nhanh, dong dién vong va dién ap nut la cac phuong phép co
ban dé phan tich mach.
« Phuong phap dong dién nhanh van dung ca hai dinh luat Kirchhoff véi 4n s 1a cac
dong dién nhanh, vi vdy s6 phuong trinh ctia mach chinh 1 s6 nhanh mach. Phuong phap
nay khong thuan loi khi sb nhanh ctia mach ting 1én.
« Dé giam sb phuong trinh ctia mach, c6 thé st dung cac phuong phap khac bang cach
dua vao céc an sb trung gian:

- Néu 4n trung gian 1 cic dong dién gia dinh chay trong cac vong kin, thi hé gdbm
N, -phuzcrng trinh. Co s¢ 1a dinh luat kirchhof 2. Phuong phép nay khong thuan
loi d6i v6i mach c6 chira ngudn dong.

- Néu an trung gian 1 dién ap cac nat, thi hé gdm N,-1 phuong trinh. Co s& 1a
dinh luat kirchhof 1. Phuong phép nay khong thuan loi ddi vdi mach c6 ghép hd cam.
« Phuong phap bién d6i tuong duong mach dién (nhu phuong phap ngudn twong duong)
¢6 thé chuyén mach dién c6 ciu tric phuc tap vé dang ciu tric co ban. Phuong phép nay
khong thich hop trong mot sb truong hop ghép hd cam.
« Vi mach tuyén tinh chiu cac tac dong phic tap, thi viéc van dung nguyén 1y xép chong
cling 1a mot phuong phép lam don gian hoa qua trinh phan tich va tinh todn mach. Khai
niém tuyén tinh 1a mang tinh twong doi.
« Viéc van dung dinh 1y Thevenine-Norton hozc nguyén 1y xép chong rat thich hop dé

tim dap Ung trén mot nhanh mach don 1é.
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« Néi chung, viéc van dung phuong phép phén tich ndo dé dat dugc hiéu qua tdi wu 1a tiy
thudc vao timg mach va yéu cau cia timg bai toan cu thé.
« C6 nhitng bai toan, néu can thiét, c6 thé phai van dung nhiéu phuong phap dé dat duoc

két qua nhanh nhat.
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CHUONG III: HIEN TUQNG QUA PQ TRONG CAC MACH RLC

GIOI THIEU
Trong chuong II ching ta dd xét cac phuong phap co ban phan tich mach dién & ché do

xac lap, trong do chu yéu dua vao hai dinh luat Kirchhoff vé dién ap va dong dién. Sang
chuong nay s& di sdu vao nghién ctru phuong phap phan tich mach dién & ché d6 qua do.
Cu thé 1 cac ndi dung sau:

« Nhic lai co ban vé bién doi Laplace cua cac tin hi¢u lién tuc, dac biét nhin manh
phuong phap bién doi Laplace ngugc.

« Rén luyén k¥ ning phan tich cac qua trinh qua do ctia mach bang phuong phap toan tir
dwra trén cip bién ddi Laplace.

* Di sau phan tich mét s6 bai toan qué do véi cac mach RLC dudi tdc dong mot chiéu va

xoay chiéu.

NOI DUNG

3.1 BIEN DOI LAPLACE

Nhu ching ta d3 biét, viéc phan tich mach dién trong mién thoi gian di gdy nén nhing
kho khin vé tinh toan cho cac phuong trinh vi phan va tich phan. Nho ¢6 cach biéu dién
trong mién tan sé ® ma xuit phat ctia né 1 cip bién d6i Fourier, ta di thay thé duoc cac

phép 1ay tich phan va vi phan bang cac phép toan dai sb:

Nhu vay thuc chit & day la nguoi ta da thyc hién toan tir hoa mach dién bﬁng bién d6i
Fourier. Trong muc nay chiing ta sé xét phuong phdp toan tor héa mach di¢én mdt cach
tong quat hon, thong qua bién doi Laplace. Cac nodi dung duéi day s& duge dé cap mot
cach ngin gon.

3.1.1 Bién d6i Laplace thuin

Bién doi Laplace thuan (viét tat 1a LT) ctiia ham gbc f(t) trong mién thoi gian s& tuong
mg 12 mot anh F(p) trong mién tan s6 phirc p, dugc tinh theo cong thc:

LT[f()]= F(p)= [ f(1).exp(=pi).dt (3.1)
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trong do p 1a mdt dai lugng phirc dugce dinh nghia:

p= o+jo vané dugc biéu dién trén mit phang phirc nhu hinh 3.1.

jo

¥

Hinh 3.1:
Mat phang phirc

Nhu vay F(p) 1a mot ham phirc ciia bién phic p. Cé nghia 1a véi mdi gia tri phirc

p; _ta s€ co F p, - tong quat ciing 13 mot sd phic.

Bién d6i Laplace mot phia cua f(t) duoc dinh nghia:
trong d6 F(p) chi phu thudc vao gia tri cua f(t) v6i t=0, bat ddu tir 1an can trai OMKhac
v6i bién d6i hai phia, bién d6i Laplace mot phia cho phép t6 hop mot cach 16 rang cac gia
tri dau cua f(t) va cac dao ham cua no6 vao trong mién lam viéc p, do d6 n6 dac biét hiru
dung khi giai quyét cac bai toan lién quan dén phuong trinh vi phan c6 diéu kién dau. Vi
vay trong tai liéu ndy chi dé cap toi Bién ddi Laplace mot phia.
Chu ¥ ring mic du voi mdi ham gbe x(t), anh F(p) twong tGng chi dwoc dinh nghia cho
cac gia tri ciia bién phirc p nam trong ving hoi tu ( tirc 1a ving gia tri cia p ma tai do tich
phan trong cong thirc trén ton tai), nhung trong hau hét cac 4p dung khong can thiét phai
can nhic toi vung hdi ty, vi vay tru truong hop dac biét, ving hdi tu cia cac bién d6i
Laplace trong tai liéu nay s& khong dugc nhic toi. Mit khac, bién doi Laplace 13 su tong
quat hoa cta bién d6i Fourier. Mic di mot s trudng hop ham sd ton tai bién doi Laplace
nhung khong ton tai bién doi Fourier, nhung néi chung, ¢6 thé tinh toan truc tiép bién doi
Fourier tir bién d6i Laplace bang cach thay thé p =j o:

F(w)=F(p), (3.3)

3.1.2 Cic tinh chit ciia bién doi Laplace
Ngoai trtr mot vai tinh chét, noi chung cac tinh chét cua bién d6i Fourier cling 1a tinh chét
ctia bién doi Laplace. Sau dy 1a mo ta mot s6 tinh chat cha yéu ciia bién doi Laplace:
+Tinh tuyén tinh: Néu LT[x, (t)]=X,(p) va LT[x,(t)]=X,(p), ta co :

LT [ax, (t) [ (3.4)
+Dich phai trong mién thoi gian: Néu LT[x(t)]=X(p) thi v&i s thyc duong a bat ky, ta

7

Co:
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LT x(t-a).u(t-2)] ) (3.5)

chu ¥ rang khéng c6 két qua cho trudng hop dich trai trong mién thoi gian
+Thay doi thang ti 1é trong mién thoi gian: Néu LT[x(t)]=X(p) thi vé6i sb thuc duong a, ta
co:

LTIX(1)] H (3.6)

+Nhén véi ham mil: Néu LT[x(t)]=X(p) thi vdi s6 a thuc hodc phirc bat ky, ta co:
LT[e™ x(t)]= X(p+a) (3.7)
+Nhén véi ham diéu hoa: Néu LT[x(t)]=X(p) thi v6i sb thuc o bat ky, ta co:

LT[ x(t).sin cot] =;"jxrp+ jw)-X(p—jw)] (3.8)

(X(p+ jo)+ X(p-jw)] (3.9)

ot | =

LT x(t).cosawt]=

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

LTf;ixfs}]=p.Xfp}—xfﬂ} (3.10)
at
Ve )
LT_%IU}]=p‘.Xfp}—p.fo'}—xfﬂ'} (3.11)
ar

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

LT[ fxf:}d:]:i.)(fp} (3.12)
p

+Gia tri dau: Néu LT[x(t)]=X(p) thi ta c6:

(07 )y=lim[ p.X(p)] (3.13)
(07 )y=lim[p* X (p)=px(07)] (3.14)

+Gia tri cudi:
Gia s LT[x(t)[=X(p), néu ton tai lim[x(¢)] thi ta co:
f—
lim[x(¢)] = lim| p. X ( p}] (3.15)
P gl
can can than khi ap dung dinh 1y nay, bdi vi c¢6 ton tai gidi han bén vé phai nhung chua
han d3 ton gigi han bén vé trai.

3.1.3 Bién ddi Laplace ciia mjt s6 ham thuwong ding
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Ham gic (t) Anh F(p)

1. a.u(t) hay a.l(t) a
o)
2 EIL-L]lrt} n!
n+l
3. B 1
4. (coswmgt).ult) o)
,t:rz + mf
5. (sl o
B+

6. expl-at)ut)

p+a
. l
ol ] —1 9
7. expi—ar).ufr) (p+a) B
(n=1)!
% expl-at).cosmLuit) i

2 z
(p+a) +m

9. exp(-at).sinmtult) &

(p+a)y +a’

Day 1a bang bién di Laplace cia mot sé ham thuong gip. Trong bang, trir truong hop
dau tién, viéc sir dung ham budc nhay don vi u(t) thuc chét 1a dé loai bo phan tng véi t<0
cua tin hiéu.

3.1.4 Bién doi Laplace nguwoc, phwong phap Heaviside

3.1.4.1 Bién doi Laplace nguoc

Tu anh F(p), ta co thé tim lai ham gbc trong mién thoi gian theo cong thirc bién doi

Laplace nguoc ( viét tat 1a LT™):

_ 1
F(t)=LT '[Fl.’p}]=T_T_ [ F(p).exp(pt)dp (3.16)

trong d6 ¢ 1a mot sd thyc bét ky sao cho tich phén trén theo dudng p=c+jo (tir c-joo
dén c+joo)nam trong ving hoi tu. Viéc tinh truc tiép f(t) theo cong thirc tich phan LT™
thudng rat kho khan, vi vay phan sau ta s& chi tap trung nghién ctiru mot giai phap dai s6

dé thay thé cho viéc tinh tich phan, d6 1a phuong phap Heaviside. Phuong phap nay ap
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dung cho trudng hop F(p) c6 dang phan thic hitu ti. Trude hét ta can bat dau tir mot sb
khai ni¢m lién quan.

3.1.4.2 Dang phan thirc ciia anh F(p)

Mot 16p nhiéu trudng hop cac bién doi Laplace ctia tin hiéu s& cho anh F(p) 13 mot phan
thire hitu ty va thuong dugce dwa vé dang chuan tic:

trong d6 a,=1 va bac ctia mau s6 16n hon bac cua tir s6 (n >m).

Diém khong cua F(p) 1a cac diém pi 14 nghiém cua da thirc Hy(p) va duong nhién tai d6
F(pi)=0. DPiém cuc ctia ham mach 1a cac diém pk 1a nghiém cta da thirc Hy(p) va tai do
F(p)=c0. Cac gid tri pi va py co thé 12 nghiém don hay nghiém boi, c6 thé 1a nghiém thuc
hay cac cip nghiém phirc lién hop, va s& phuc tap hon néu c6 t6 hop nhiéu loai nghiém.
3.1.4.3 Phuong phap Heaviside

Y tudng ctia Heaviside 1 xuét phat tir ham mach F(p) c6 dang phan thuc hitu ty, dé tim
ra ham gbc f(t) trudc hét phai phan tich F(p) thanh nhimg phan thire téi gian. Sau d6 dua
vao bang cac ham gbc - anh co ban da biét dé xac dinh cac ham gdc thanh phan, sau d6
st dung tinh chit tuyén tinh ctia bién doi Laplace dé tong hop. Dé phan tich thanh cac
phan thire t8i gian, ta s& phai xét t6i cac diém cuc pk 1a nghiém cta Hy(p). Sau diy 1 mot
sd trudng hop thuong gip:

a. Truong hop Ha(p) chi c6 cac nghiém don:

Viét lai Ha(p) dusi dang tich: Ha(p)=(p-p1)(p-p2) -.. (p-Pn)
Khi d6 ¢6 thé khai trién:

.- b,+bp+ .. +b_p" _ ;.’;,_p" _H(p)

Fi(p) =

- = (3.17)
a,+ap+..+a p" ZG e H,(p)

Theo ham gdc - anh (trudng hop s6 6):
L expl p)
P= P

Vay khi F(p) chi c6 cac nghiém don ta co:

f=Y 4, (3.18)
k=l

Trong d6 cac hé s6 Ak duoc tinh theo biéu thirc:

Hlfpxj

. (3.19)
H:flnl-.}

"45' = L“”;—r;,rFf ,ll?)-l:',l'? - pm.}] =
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Pé chimg minh Ay c6 dang (3.19) ta nhan ca hai vé caa (3.19) véi (p-pu):

A
Fip)p=p)=——(p=-p)+..+4, +.+ (p=p.)

p - pl p - pll
khi cho p —py thi vé phai ciia biéu thirc trén chi con lai Ak do do:

) ) H ip)
A =lim_ [F(p)hip=p)l=lim _ [ p-p
P e HEEP}

giéi han trén c6 dang , 4p dung quy tic 16pital ta co:

Hi(p)p=p)+H(p) Hip)
H,(p) H,(p,)

[H, (p).(p-p.)]
H,(p)

=lim,,, [

A =lm -

vay cong thirc da dugc ching minh.

Thi du 3.1: Tim ham gdc khi biét
P

ip+6 3 Iip+6 _Hip)
p+dp’+3p  plp+lp+3) H,(p)

Giai: Phan tich

F(p)=

Nhu vay Hy(p) c6 3 nghiém don p;= 0, p,= -1, p3= -3. Do do:

F(pjzf_'+_i3_+_.“i
p p+l p+3
Ip+6

A =LimlF(p)ip=-p)|=———r =12
il (p+D(p+3),.,

Ip+6 3
A, =Lim[F(p)(p=p,)]= P _ — -
prn plp+3) - 2

4, = fi’;":[ﬂ plip=ps)= ;"’;ij . = -%
Vay ta co:
fity=2=-=¢" —%E_s' ., t=0
Thi du 3.2: Tinh u(t) néu biét anh cta no la:
p*+1

Ulp)=
pPL2p+4)3p+9)4p+16)

77



Giai: Trudc hét ta xir Iy dua mau s6 vé dang chuan véi cac hé so bang 1 va dit ham
mach:
p+1

U(p) = p’+1 _ 24 _Hip)
234 p(p+2)p+3ip+4) plp+dip+3)p+4) H,(p)

Nghiém cta Ha(p) 1a cac nghiém don nam bén trdi mit phang
phuc: p,=0,p,=-2,p,=-3,p,=-4.
Tur cong thirc Heaviside cho truong hop nghiém don ta cé:

— Hll:-pl-?l?p: + HIEPE%EF;: + HII:-FS}IEI'.:i! + Hll:-pwl-:.le;_:_,r
Hy(p) H,(p:) H,(ps) H,(ps)

Thay sb ta duoc:

=2 5 =31 ]T —dr

-—e e ——e
576 96 36 192

uit)=

b. Truong hop Ha(p) c6 cap nghi€m phtrc lién hop:
M= oy + jiog va p'L: oy - iy (3.20)
khi d6 Hy(p) c6 thé viét duéi dang:

Hy(p)=(p=p)p-p,)

Coi nhu truong hop hai nghiém don, ta co:

A4 A4,
Flp)=——+—=
=P P B
Do do, ta co:
f(f)= Ae™ + A e =2|4,|e™ .cos(w,t +arg 4,) (3.21)
Trong do:
H(p
A, = Lim{F(p).(p-p.)]= 1(Pe) (3.22)
' —E ' Hzfpt}
|At|:‘;jlf:‘pt-}
2P ﬁ (3.23)
VH (p)
arg 4, =arg, ﬁ r
L Hlfp.'k-}_l

Thi du 3.3: Tinh u(t) néu biét anh ciand 1a :
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Ulp)=—
P) p+4
Giai: Bat ham mach c6 dang:
U(p)=—E— =252
p-+4 H.(p)
Ha(p) = p'+4
c6 nghiém phtec lién hop:
’p&:h ‘o, =0
OO
[ Pe == L = =
1 ".4 -1
Ai:]inJ[Ffp}.fp-p_*}]:f—*::.ej: =4 2
S e £ Iargl =0

Viy :

]
u(t) =2|4,|e™ cos(ew, t+arg 4,) = 2—e" cos(2t +0) = cos 2t
s 2

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

A +4, (p=p)t+.+d_(p-p)~

Fip)= :
(p=p)
Viét lai ta co:
; A, ! A,
F(p)=———+ et =y — (3.24)
(p=p) (p-p) fF’ p} = (p=p)
Néu p, 14 s6 thuc, tir bang ham gdc - anh ta suy ra duoc:
=il
f(t)= Z A — (3.25)

rr-f-nr
Cach xé4c dinh Ay : Nhan ca hai vé cua (3.24) v6i (o[l kni do:
‘4."._ = ]in1;—1;-[F[p.}‘[p- P .}F]

. d -
A =lm__ —I[Fip)lip-p,}]
Lad dp

1., 3T
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Tong quat hoa ta co:
1., d_ _ -
A ==lim__, —[F(p).ip-p)] (3.26)
it dp
Thi du 3.4: Tinh u(t) néu biét anh cta nd 1a

-

Ulp)=—%
P

Giai: Hp(p) = p; c6 nghiém p;=0 (boi r = 2), do d6 c6 thé trién khai:

A, A
Ulp)= HE— '
(p=p) (p=pi)
suy ra
uit)=4, %EFE + .4, %.re'“
trong do
. -2,
4 :—r]]]TlF_” —[—=pl=2
P P
4, ==lim__ ij3]=lfl
1! " dp
Vay

u(t= 2.t.e" +0.e™ =2t
-Cht : Trong trudng hop Hy(p) c6 nhiéu loai nghiém thi ham gdc can tim chinh 14 sy
xép chong ctia cac ham gdc thanh phan.

Thi du 3.5: Tinh ham gbc néu biét anh ciia no:

p

pr=2p+l ~ pT=2p+1 _Hi(p)
(P> +2p+2(p+1) (p+l=jp+1+)p+l) H,y(p)

Giai:

F(p)=

Ha(p) c6 cdp nghiém phic pe=-1+j, p* = -1-j, va nghiém don ps= -1 nén co thé khai

trién:
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A A A
Flp)=—r—+—2—+—2
p=p. PP PP

Vay ta co:

fl)=24,

Trong do6 cac hé sb6 dugc tinh theo biéu thirc:

e coslw f+arg 4, )+ ;2™

i —
i 1RO +arciyr=—"
’ £ 3

£

b | L

A, = Lim _[Ffp}.fp+|-j}]='%+ 2j=

=l
A, = il_{':li:l[Ffp}.i'p-k )] =4
Thay s6 ta co:
f(t)y=5." cos[t+ (180" + arctg ?}] +4e”, tz0
Thi du 3.6: Tinh i(t) néu biét anh cta né:

_ p+l
(p+2)p°+9)

Giai: DPat ham mach:

| H
I{p)= -J:J+3 = tp)
(p+2)p~+9) H,(p)

Nghiém cua H2(p)=(p+2)(p2+9) la:

p =2
a=10
p, =33 =
=3
Vay
H H (p,
i(t)= _'[p'}e"'-"+2 _'fp‘}emcu5ffm+w}
Hy(p,) H,(ps)
trong do
H.,fp.}z pj,+| =-L=-D,DS
H,(p) p +9 13
Va
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H(p,) _ p,+1 1 1+3j
H,(p) (pl+9+2p,(p,+2) 2 -9+6]

[Hupo| 1 1+3i|_ 1 J]] _&Hms
H,(py)| [27-9+6i] 234
o= J (7, J'L_ .-.1]'”{ I 1+3j ]} _ arf{gf—ﬁj = —arctg3.37

Thay sd:
i(t)=-0,08e™" +03cos(3t — arctg3,37)

Thi du 3.7: Tinh f(t) néu biét anh cta né:

10°
F(p)=— -
P oY)
Giai:
A, A A
F(p)=——m= e 2y S
Hp+10') p* p o p+l10
Trong do:
Lm: [F(p)(p+10%)]=10
1 d” 3 5
A, :—]11'11 _[F{plLp =10
LT ﬂ,p__[ plp°]
1 d 2
A ——]11'11 Fiplpl=-
ey dp[ (p)-p7]
Vay:

flty=10°t=10(1—-e"")

Thi du 3.8: Tinh i(t) néu biét anh cta no la:

(p)=————
(p+ ip + 3)°

p p

Ha(p) c6 nghiém don p;= -1 va nghiém bdi p,= -3 (bdi r=2). Vay theo tinh chéat xép

Giai: dat ham mach:

chong ta co:
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i)zt P)ene g Lo p Lor
H,(p,) 1! ot
trong do:
1 d 3
A =—lim P =P | ==
LT dp p+ 1t pl| L 2
Viy:
A =—Ilim___, iL] =lim___, L]—[‘J =i
' ' T dp p+1 (p+1)° 4

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

IIImlF.l

NS

Hinh 3.2: Minh hoa vi tri diém cuc
Gidi han khi t—oo ctia f(t) c6 thé tinh duoc tir vi tri cac diém cyuc ctia F(p) trén mit phiang
phuc hinh 3.2. V& mit toan hoc, ta c6 thé chimgminh dugc rang:
Diéu kién can dé f(t) khong tién t6i vo han khi t—oo 13 cac diém cuc phai ndm bén nira
trai mit phang phirc, ctng ldm 13 trén truc 4o.
Ham géc f(t) s€ hoi tu vé 0 khi t—oo khi va chi khi moi diém cuc nam trén ntra trai mat
phang phirc, tirc 12 Re[p]<0, k=1,2, ...,n.
Ton tai giéi han f(t) khi t—oo khi va chi khi moi diém cuc nam trén nira trai mat phang
phtrc, ngoai trir c6 mot diém cuc don nam tai géc. Gi6i han d6 chinh 1a hé s tuong ng

véi diém cuc tai goc va dugce tinh theo cong thire tinh gia tri cuodi da biét:

Lad
[

1
-

lim[ £(#)]=lim p.F (p)]=[p.F(p)],~ (3.27
Thi dy, anh da xét trong muc trudc:

plp

F(p) c6 mot di€ém cuc nam tai goc (p1=0), cac diém cyc con lai ndm trén nra mdt phang

tréi (p,=-1, ps = -3), do d6 ton tai gidi han f(t) khi t—oo. Gidi han d6 chinh bang:
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A=Lim[Fi(p)(p=p)] =ﬂ =2
p—sp fp+]J|lfp+3J 0

Ban c6 thé kiém chung lai trén ham goc cua no:

filry= 2-%3': —%E_s: o ot=0

rin

3.2 CAC THONG SO CUA MACH PIEN TRONG MIEN P

3.2.1 M6 hinh cac phan tir thu dong trong mién p

Bay gid ta xét t6i mo hinh cta cac phan tir thu dong va cach biéu dién tré khang va din
nap cua chung trong mién tan sé phic p. Viéc chuyén mé hinh mot phan tir tir mién thoi
gian sang mién p dugc khoi dau tir viéc Laplace hoa phuong trinh trang thai cia no trong
mién thoi gian.

-Dbi voi phan tir thudn trd: Laplace hoa phuong trinh tir mién thoi gian:

u(t)y=Rit) = Ulp)=RI(p)

i 1(p)
—'. %‘
lLlE[J R —> iT_,'[pJ 7y =R

Hinh 3.3: Laplace hdéa méd hinh dién tra

Vay mo hinh cua dién tr¢ trong mién thoi gian va mién p ¢6 dang nhu hinh 3.3. Tro
khéng va dan
nap cua dién tré trong mién p c6 dang:

o
Z,(p)=K, h;l.’m=ﬁ (3.28)

- P6i voi phan tir thuan cam: 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 phan L.i(0) dong vai tro 1a mot ngudn sdd duogc sinh ra

do diéu kién dau cua phan tir thuan cam, nguge chiéu U(p).

ay =L & U(p) = pL.I(p) - L.i(0)
dt N
i(t) L I(m) Zi=p.L L.i(0)

—— YV p
|:"> :(YWV\_@_
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Hinh 3.4 : Laplace hod mo hinh dién cam

Tr6 khang va din nap cua dién cam trong mién p c6 dang:
_ ]
Zy(p)=pL. Y (p)=— (3.29)
pL

- D6i véi phan tir thuan dung: Phuong trinh va md hinh phan tir dién dung trong mién

thoi gian va mién p c6 dang nhu hinh 3.5. Trong d6 uc(0) 1a dién 4p tai thoi diém ban dau
va goi 1a diéu kién dau, con thanh phan %0 dong vai tro 1a mot ngudn sdd duogc sinh ra
p

do diéu kién dau cta phan tir thuan dung, cing chiéu U(p) .

N . U(p)=
_1 N pi=£ 1(p)+
u(e) C:[Imd! u (0) p
c —> u.(0)
it I(p P,
— || t_pi 1 £y
L ./
Z.=—
Y

Hinh 3.5: Laplace hoa m6 hinh dién dung

Tré khang va dan nap cua dién dung trong mién p c6 dang:

(Z, =R 'Z,=R

1 - 1
JZ. == . J Z.=—
| < _]EJ.'IC p=1a = F]C
£, = jwL Z, =pL
|Z,, = joM iz = pM

-Chti ¥ : Tro khang va dan nap ciia cac phan tir thy dong trong mién tan sd thuong o

hoan toan co thé suy ra tir cach biéu dién trong mién tan s phirc p bang sy thay thé p

=j.
[Z, =R (Z; =R
1 1
L =—: . L. =—
. oC — e pC
Z, =joL Z, =pL
|2y = JoM | Zy =pM

Tro khang ciia cac phan tir quan tinh thy dong trong mién tan s6 phuc p chi duoc tinh

bang biéu thirc Z=U(p)/I(p) khi ning lugng ban dau trong phan tir d6 bang khong.
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i) R L

1

CL’) elt)=1{1).E sincmt cC——

Hinh 3.6

3.2.2 Nguyén tic chuyén cac thong sb ciia mach tir mién thoi gian sang mién p
-Lay bién d6i Laplace hé phuong trinh dic trung cia mach trong mién thoi gian, cha y
t61 trang thai ban dau trong cac phan tir quan tinh thy dong .
- Chuyén mé hinh céc thong sd cia mach sang mién p.
Thi dy 3.9: Xét mach di¢n hinh 3.6. Phuong trinh dac trung cia mach trong mién thoi
gian khi xét t6i diéu kién dau iL(0) va uC(0) duoc viét dudi dang:

di(t) |

. . : | .
elt)=u, () +u, (t)+u(t) =R.n.‘:}+L.?+Ejffr).dr+u:m)

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

i i . o o (0)
E(p)=Ug(p)+U, (p)+U, I.’pj:H.Hpj+pl.f'fpj—L.JLEDH—C.HPHM
p p
lip) Zp=R Zi=pL L. ()
—> ~, +
O —%
-+ Ze=1/pC
A o 1 L
—<> (7 np"—a.:" u (0)
~ P
Hinh 3.7

Sau khi thuc hién Laplace hoa cac thong sd dong dién va dién ap trong mach, md hinh

mach dién trong mién p c6 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-Qua trinh qua do:

Qua trinh qua d6 trong mach di¢n la qué trinh mach chuyén tur trang thai ban dau nay toi
mdt trang thai xac 1ap khac dudi mot tac dong kich thich nao dé. Bai toan qua dd 1a bai

toan tim cac qua trinh qua do xay ra trong mach dién. Vé mat 1y thuyét, thoi gian quéa do
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ctia mach 13 vo cung 16n, song trong thyc té thuong chi tinh bang don vi nano gidy dén
mili gidy. Thong thudng loai bai todn ndy gin lién v&i mot khoa dong ngat cic nhanh
mach hoac la nguén tac dong lam viéc & ché do dot bién. Thoi diém trong mach xay ra
dot bién thudng dugc quy wée lam gbe (t=0). V& mat hinh thirc, qué trinh qua do trong
mach c6 thé coi nhu su xép chong cua dao dong tir do va dao dong cudng buc. Péi véi
cic hé on 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 biic va khi d6 mach
dat dén trang thai xac 1ap mai. Ddi véi cac hé khong on dinh tinh, dao dong tu do cé 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 todn qua do6 bang phuong phap nay dong nghia véi
viéc gidi mot hé phuong trinh vi tich phan co diéu kién dau, trong do6 cac thong sb nguff)n
tac dong thuong duoc xép sang vé phai. Thanh phan dao dong tu do chinh 14 nghiém cta
hé phuong trinh vi tich phan thuan nhit (img véi ngudn tac dong vao mach bi loai bo).
Thanh phan dao dong cudng birc chinh 13 nghiém riéng cta hé phuong trinh khong thuan
nhit va né phu thudc vao ngudn tac dong.
b -Luét déng ngit:
Khi giai cac bai toan qua do, dic biét theo phwong phap tich phan kinh dién, c6 mot diéu
quan trong la phai xac dinh dugc cac diéu kién dau. Piéu kién dau noi 1én c6 ton tai nang
lugng ban dau trong cac phan tir quan tinh thé hién dudi dang dong dién ip hay dién ap ug
tai thoi diém dong ngit mach dién hay khong. Cac diéu kién dau nay tuan theo luit dong
ngit cua cac phan tir quan tinh, cu thé nhu sau:
+Luét dong ngat cta phan tir thuan cam: “trong cudn diy khong c6 dot bién dong dién,
ké ca tai thoi diém dong ngit mach”.

i (0+)=i.(0-)=i.(0)
+Luat dong ngét cua phr:in tir thuan dung: “trong tu dién khong c6 dot bién dién ap, ké ca
tai thoi diém dong ngat mach”.

u.(0+) = u(0-) = u.(0)
Tuy nhién, trong mot sd truong hop dic biét (truong hop khong chinh) thi phat biéu trén
khong ap dung duoc. Khi d6 ta phai ap dung luat dong ngit téng quat: “Tong tir thong

moc vong trong mot vong kin phai lién tuc, ké cd tai thoi diém c6 dot bien trong vong.
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Tong dién tich tai mot nat ciia mach phai lién tuc, ké ca tai thoi diém co dot bién trong
cac nhanh néi vao nat d6”.

c- Sir dung phép bién ddi Laplace dé giai cac bai toan qua dd: Viéc st dung phép bién
d6i Laplace dé giai cac bai toan qua 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 gidi mach
dién qua d6 bao gdbm:

bl: Xac dinh diéu kién dau cua bai toan ( chinh 14 xac dinh gbc thoi gian, cung véi cac
gi4 tri ban dau ciia cac phan tir quan tinh). Ciing can chu ¥ rang, voi phuong phap toan tir,
gi4 tri ban dau cta cac phan tir quan tinh trong tit ca cac dang cac bai toan qua do déu
dugc quy vé tai 1an can bén trai thoi diém khong U, (0’ va iL(Oq

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

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

b4: Bién ddi Laplace nguoc dé tim ham gdc f(t) ctia dap tng 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 duéi cac tac dong mot chiéu,
hoic cac tic dong dudi dang xung. Nguoi ta da rat ra duoc mot két qua mang ¥ nghia vat
1y quan trong:

Dap tmg f(t) ciia cac mach RL & RC duéi tac dong mot chiéu bao gid ciing c6 dang:

f(t) = f(a0) + A.e - (3.31)

véi A =T(0)- f(x)

Lad
Lad
b3
—_—

r,=r,.L: T, =— (3.

Yu

L

f(0)=f(t)| g 12 gi4 tri ban dau cua dap ung .
f(- gia tri xac 1ap cua dap ung .

Ae‘ dac trung cho giai doan qué do xdy ra trong mach .
g la dién tré tuong duong nhin tir cap dau cua C hoic L,
khi d6 cac nguén suat dién dong bi ngén mach con cac
ngudn dong bi hé mach.

Thi du 3.10:
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Hinh 3.8a

Cho mach dién nhu hinh 3.8a, véi cac sb liéu
R=150 G L.=0,15H
Hay tinh dong di¢n i(t) chay qua mach néu dit vao hai dau n6 mot dién ap e(t)=300V,
cho biét i(0)=1,5A.
Giai:
Vi c6 dong i(0) nén ban dau cudn day co tich trir ning luong. Khi chuyén sang mién p

mach s€ c6 dang nhu hinh 3.8b.

E(p)

Hinh 3.8b

[(p)[R+pL]=E(p)+ Li(0)

@+D,]5.],S

E(p)+Li0)  p _210°+15p  H(p)
R+pL — 150+005p  p(p+10°)  H,(p)

I(p)=

H,(p) co6 hai nghiém don la
p =0 py=-10°

Vay

Thay s6

2 A . A ] ]
]“} — ...]l:l3 E'"I + DS.]E: E'_I" - 2 - D._EE'_I" 1
10 =10

Kiém tra lai két qua da tinh trén bang cong thirc (3.31) ta thiy két qua hoan toan tring
nhau, trong do:
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i(0)=1,5A

_e(t) 300
R 150
L 015

I =—=—"77T= 10_3

r, 150

i(e) =2A

& 1T

|5_//—\

0 T
&= S Il Y
T - T -

giai doan giai doan
qud dé xdc lip

Hinh 3.9
Do thi thoi gian cua i(t) 1a mot dudng cong ting tir 1,5A dén 2A theo quy luat ham sb
mii nhu hinh 3.9. Tai T du 16n, i(t) tién dén gia tri xac lap. Gia tri ndy thudng duoc quy
dinh1a 13 =T voitd RL=1 goi 1 hing s thoi gian cua mach RL, trong d6 Rtd 1a dién
tré twong duong cia mach nhin tir cip dau L.
Thi du 3.11:

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

R, =30
c=50l =300V
R4 K

Qlew T []®

Hinh 3.10a
Tai t=0 dong khoa K, hay xac dinh u(t)
Giai:
Xéc dinh diéu kién du cua bai toan:

ua(0)Fu(0)=300V
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Pong khoa K, khi d¢6 moé hinh mach trong mién p nhu hinh 3.10b cing véi ngudn
u, 0

E, ﬂ; s& ¢6 thém thanh phan

R,

| S|

1/pC

|
C‘DEEP} é”'—'m} [ R

Hinh 3.10b

Ap dung phuong phép dién ap nut:

1 1 E(p) u(0)
U,(p—+pC+—]=—=+—= C
A p}[R. p Rg] R, P
thay s6:
300 + 30050107 . ] _
30p _210°+310°p _ H,(p)

U,ip)=

& | 10* . H.(p)
— + 5010 p + — = 2
30 PT3 PR )

H2(p) co6 hai nghiém don

[']Iz[_:l pr=——

_ Hlfpl}.epl + HIEPE}-EF:I
Hzfpl} Hzfpzl

— 120+ 180.e ©

Ta c6 the kiém tra lai két qua vai céc so liéu sau:

u, (t) =u, (o) +[u,(0)=- u.,.f:x:}]e_*

trong do:
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', (0) = u,(0) = 300V

20
du, () =u, (o) =u, =300— =120V
W, (20) L) R, 30
' R.R,
1.=Cr, =C——2-=610"
|- R, +R,
Iy U.:“}
300 !
120
.
I:I.-" "-\.T . T
oiai doan giai doan
qud dé xdc ldp
Hinh 3.11

Do thi thoi gian cua ug(t) 1a mot duong cong giam (C phéng dién) tir 300V xudng 120V
theo quy luat ham sé mii nhu hinh 3.11. Tai T du 16n, uc(t) tién dén gia tri xac lap. Gia tri
nay thuong dugc quy dinh 1a 13=T, voi Crg.=71 goi 1a hing sb thoi gian cuia mach

RC. trong d6 Rtd 1a dién tr& twong duwong ctia mach nhin tir cip dau C. trong mach cu thé

nay ta co:
rmﬂ
Thi du 3.12:
R, a4 K 2, A

Qe Te,  TJoo QEw 7
Q

€
J 1/'p

Hinh 3.12a Hinh
Cho mach dién nhu hinh 3.12a, véi cac sb liéu:
R=1102 C=IF

C.=3F e(t)=1V

Tai t=0 dong khoa K, hay xac dinh ua(t)
Giai:
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Xac dinh diéu kién du cua bai toan:
uc(07=1V, ugs (0)=0V

Khi dong K, trong mién p mé hinh mach c6 dang nhu hinh 3.12b. Bang céc phuong phap

phan tich mach da biét ta c6 thé d& dang tim dugc:
i () =075
Va:
ua(t) =e(t) — () R=1-0.75%"
Chu ¥ rang két qua trén cho thay uC1(0+) = uC2(0+)=0,25V, tirc 1a dién 4p trén C1 va C2
khong thdéa man tinh lién tuc tai thoi diém dong mach. Bai toan nay thudc loai khong
chinh. Néu ap dung luat dong ngit tong quat: tong dién tich tai mot nut cua mach phai

lién tuc, ké ca tai thoi diém c6 dot bién trong cac nhanh ndi vao nut do, ta s€ co tai nat A:

q(0-)=q(0-)

trong do

[a(0.)=C u, (0)=11=1V

C,u, (0) _
|‘q{0_} =(C,+ Gy, (0)

025V
C,+C,

= {LIA{D—] =

Diéu nay chimg t6 két qua tinh toan trén 1a dung dén.

Thi du 3.13:

Mach dién vé6i: C=1pF, R1=R2=200Q, ngudn dién 4p tuin hoan e(t) nhu hinh 3.13. Xac
dinh uC(t). Gia thiét cac diéu kién dau ciia mach bang khong.

4 e(t)[Vol]

R 20
e(t) i R,| | C 7= |Ucl® /
o] 100 T000 1100 »t(us)
Hinh 3.13
Giai: a. Trong khoang 0 [ EENENEEEEEEEEE
-Nguén tac dong:
e(t)=2.10°t.

-Ngudn tac dong: U, (0)=0.
5
-Str dung phuong phap toan tir, véi E(p) *, mach c6 dang nhu hinh 3.14a:
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—_1
Ry 1/pC
E(p) R, H — | ucp)
Hinh 3.14a
Lap phuong trinh cho mach:
11 2.10°

5

(—+—+Co)U (p) =
2 R ). (p)
Bién db6i dan dén:
¢ 10° 10 10

10
L" = 5 = —
2 p'{p-!—l{]*} p- p p+10?

U (=10 r-10(1-¢7"")
-Tai tx=100ps:

U.(1,) = % =U, =37V

b. Trong khoang O |

-Géc thoi gian tai t,

-Ngudn tac dong: e(t )=0

-Diéu kién dau: UC(0)=U0.

-Str dung phuong phap toan tir, mach cé dang nhu hinh 3.14b:

— T
Ri
R, D T Fe
fji Uo'p
Hinh 3.14b
Lap phuong trinh cho mach:
s Lo (m=U,C
Rl .R_-_. o PN = Ly
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U S
.::EP} p+10°

U (5)=U, e’

-Tai t=T=1000ps:

, ~ 10
U(T)=U,e” =Fm::_

Nhan xét: két thiic mot chu ky mach tré vé trang thai ban dau. Chu ky sau dap ung cia
mach lai 1ap lai giéng chu ky trudce.

3.3.3 Thi du véi cac mach dao dong don

C6 mdt dang m6 hinh mach rat quan trong trong thuc té, d6 1a cac mach dao dong don.
Mach dao dong don déy du la cac mach gém co6 ba thong s6 thu dongr, L, C méc ndi tiép
hodc song song véi nhau.

Trong chuong I ta da xét td1 mat s6 dic diém cua cac mach dao dong don & ché dd xac
1ap diéu hoa. Trong phan nay, téng quat hon, ta s& tng dung phuong phap toan tir trong
mién tan sd phirc p dé xét qua trinh qua do cua 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, gia thiét ring ngudn tac dong co dang
ham:

e(t)= cosapt

r L
— 22288

| |
|
~

Dl

Hinh 3.15
Bay gid ta s& tim dong dién chay trong mach, véi diéu kién dau bang khong.ap dung
phuong phép toan tu:

_E(p}_ P 1 p:(:r

I(p)= =— — =
2 Z(p) p +o;

I

1 .l ) .l
+pLl+— LC(p +@;)p +
r+p. »C (p s Np 7

1
PTTe
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p'l
P -
I(p)=— ) :L 1. (@)
(p” +oy)p” +2ap+w;) H,(p)

Trong do:

(3.33)
-

Gia thiét rang ton hao trong mach rat nho, tic 1a r rat nho, sao cho:

o <<, (3.34)

nhu vay dan dén H2(p) s& co cac nghiém phic:

‘Fli'],: =Tjo,
|hl3'3,4 =-oz j‘l.llmc:h -o
Néu dit
o, =Jo, —a’ (3.35)
trong d6 o, 14 tan s riéng cua mach LC, ta s& c6 _Ta c6 thé viét lai
JP],: =1j0,
P54 =—0 1 jo,
Theo cong thirc Heaviside ta co:
: H ot H,(p:)| ..
1(t)= Zﬁ.e Ccos(@t+ @)+ Eﬁ.e ecos(@ t+0;)
H,(p,) H,(p:)
trong do
[6,=0 o.,=—a
|hfi'] =@, @; =m,
Thay s6 va tinh dén cac yéu t6 lién quan dén cac gia thiét ¢ trén ta co:
. 1 Am : Awm
1(t) = —————[cos{®;t —arctg—) — ™" .cos(®,t —arctg—)] (3.36)
o™ + Am” : y o o

o e
il

{2)

(1): 12 thanh phan cudng birc (xac 1ap)
(2): 12 thanh phan tu do

Ao 1a d0 I¢ch cong huong tuyét doi
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An=m, —m_ 3.37)
0 ch

Tir (3.36) ta thiy dong dién i(t) gdm c6 hai thanh phan:

+ Thanh phan cudng blc (xac 1ap) véi tan sd ®0. PO dich pha phu thudc vao do léch
cong huong Aw giita wo dic trung cho ngudn cudng blic va ¢, dic trung cho cac thong
s6 cua mach.

+ Thanh phan tu do, dao dong gan diéu hoa vdi tan sé dao dong riéng ctia mach w,, bién
do giam dan theo ham mii, do dich pha cling phu thudc vao do 1éch cong huéong Aw. Sau
day ta xét chi tiét timg thanh phan.

a. Dong dién ty do (hinh 3.16):

$ 14(t)

Hinh 3.16

i(t)=—1, e cos(m,t+@) (3.38)

-

I

3 l
| " 2ot + Ae?

VoL -«

A
0 = arctg—
L v

+Thoi gian tat (.): 1a thoi gian ma dong qua do chi con bang 0,1.1,:

I e =01l
-1, =1n0.1
.
- 01_,42L 46k (3.39)
o r r

+ Luong giam logarit (8): dic trung cho toc do suy giam cta dong dién qua do, do bang

In cua ti s0 bién d§ ¢ hai chu ky ke tiép nhau:
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—al,
- e [
0= ]-“T—T_'Zz &T[ = ZT[— (3.4":0
g T .

+ Dién trd to1 han (ry,): Dac diém quan trong nhét cua i,, 1a n6 dugce xac dinh chu yéu bdi
cac théng sb ciia mach. Ngudn tac dong & day chi c6 tac dung kich thich dé dao dong tu
do trong mach hinh thanh, nén n6 chi 4nh hudéng dén céc gia tri ban dau nhu Im, @. Vé
mat vat 1y, iqd dugc sinh ra nhd sy chuyén d6i nang luong dién va nang lugng tir tich luy
trong cac thong s6 L, C. Nang luong d6 chinh 13 nang luong ban dau do ngudn tac dong
cung cip tai thoi diém déng mach. Trong qua trinh trao d6i ning luong, né bi thong s r
1am tiéu hao nén giam dan. Tdc d6 suy giam phu thudc vao gia tri cua r, néu no ting qua

16m thi biéu thirc:

5 - ]. T
m_= QE - =
) : LC 4L°

s€ b1 gidm dan vé 0 va co6 thé bién thanh 4o, lic d6 n6 khong con y nghia tan s6 nita ma
tro thanh mgt hé s suy gidm. Di¢n trd td1 han 1a gia tri tai d6 né lam triét ti€u tan s6 dao

dong tu do (wr=0), tuc la:

a’ -, =0 =, = ZJ% (3.41)

Nhu vay néu ton hao trong mach cang it thi bién d6 va thoi gian cia dao dong tu do s&
tang lén.

b. Dong dién cudng buc

: 1 Awm
1, (t)= - ccos(m t—arctg—) =1 .cos(m,t— @) (3.42)
' 2afa’ + A’ [ o : E
'I.I _ 1
o I o ooLfal £ Ae’
A
|0 = arctg—
|., o

Thanh phan cudng biic 12 dao dong diéu hoa véi tin s ctia ngudn tac dong ©0. Bién do
va pha dau phu thudc chu yéu vao do léch cong hu’("mg_ . Hinh 3.17a biéu

dién sy phu thudc ctia Im vao do 1éch cong huong.
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Hinh 3.17a

-NéuI. t0c Aw=0 thi I, s& bang 1,

_ L1 (3.43)
) I A '

nhu vay mach ton hao cang it (r cang nho) thi bién d6 cong hudng cang 16n.

Su phu thudc ctia Im vao Aw din dén tinh chon loc tin sd cua mach: tan sb nao cang gﬁn
och thi cho di qua mach, tan s6 cang xa och thi s€ bi chan lai. DPé danh gia do chon loc
tan s6 ciia mach, ngudi ta ding khai niém dai théng: gia sir cac tin hiéu c6 cung bién do

tac dong, tan sO nao sinh ra dong dién c6 bién do:

L. (3.44)

thi tAn s6 d6 nam trong dai thong (xem hinh 3.17b). Bién cua dai thong thoa man:

o
2L

I
1
I, =—— |
ch I "‘\\
0.71,,
_;_/ S~
-Awy Aoy Awm
Hinh 3.17b
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Vay dai thong:

2Am, = (3.45)

r
L

Khi r giam thi dai thong cang hep, d6 chon loc cang cao. Dong dién cudng birc khac véi
dong dién ty do & chd no ton tai 1au dai, con dong dién ty do chi tdn tai trong giai doan
dau, vé sau nay trong mach chi con lai dong dién cudng birc.

c. Dong dién tong hop trong mach

Dong dién trong mach dugc phan ra thanh giai doan qua do va giai doan xac 1ap. Dong
dién tong hop trong giai doan qua d6 1 tong dong dién tu do va dong dién cudng birc,
kéo dai trong sudt thoi gian tt. Khi hai vecto thanh phan dao dong theo nhing tin s6 khac
nhau s& din dén hién twong phach, ndi dung ctia hién tuong nay nhu sau:

+ Khi hai vecto thanh phan cing phuong & chiéu (tirc cing pha) thi bién d6 vecto tong
hop sé& dat gia tri max (bang tong dai s6 cua hai thanh phan).

+ Khi hai vecto thanh phan cing phuong nhung ngugc chiéu (tirc ngugc pha) thi bién do

vecto tong hop s& dat gia tri min (bang hiéu dai s cta hai thanh phén).

I, tong hop
1 An=0
T ~
— T Am
1 / \".I e A =0
Lol - e’ (I N

Hinh 3.18

Nhung trong trudng hop phach cu thé nay c¢6 mot diéu can luu ¥ 14 vecto dong dién tu do
giam dan, 1am cho gi4 tri max giam dan, gia tri min ting dan. Cudi cung khi dao dong tu
do tit han, gia tri max tring véi gia tri min thi hién tuong phach khong con nira va mach
chuyén sang giai doan xac 1ap. Hién tuong phach néi trén giy ra trong mach dong dién

tong hop c6 bién do bién thién theo tan sé phach (hinh 3.18).
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Véi gia thiét mach ton hao it va lam viéc & ché do léch cong hudng nho, tan sb phach
duoc tinh theo biéu thirc:

@, =0, —0, ~ Ao (3.46)
Khi d6 1éch cong hudng bang 0, thi dong dién tong hop khong con bién thién nira. Nghia
1a tai cong huong khong xay ra phach -
Két luén:
- Trong truong hop léch cong hudng: bién d6 dong dién téng hop & giai doan qua do s&
dao dong theo wp trong khodng thoi gian .Tﬁn s6 dong dién tong hop duoc xac dinh boi
géc 0 (c6 thé tinh theo phuong phép vecto dya vao hai tan sb thanh phan):

B(t) = @yt (3.47)

Ta c6 thé biéu dién d6 thi thoi gian ciia dong dién trong truong hop 1éch cong hudong nhur

hinh 3.19:

1a(1)
F 3
A
e T = £
AT FoAm
1 ;"Jf -H'I (1=
= 7 ' 7 =
ldu2+.-i'..o}‘ | | i

g i :
B P - T
AL
m-‘md ﬂ:l'.x'. = mn
Giai doan qua 46 Giat doan xac lap
Hinh 3.19

- Trong truong hop cdng hudng (Aw =0), tac 1a _khi d6 biéu thire (3.36) ¢6
the viét lai:

. -2
ccos@ t(l-e7)= ©
2L 2La

irh (t} =

cos®, t=1  —cosm t (3.48)
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Nhu vay dong tong hop s& co tan s oth=wo, bién d6 cta né bién thién theo quy luat ham
mil va tién t6i gia tri xac 1ap 1a 1/r (tai thoi diém tt). Do thi thoi gian ctia nd biéu dién
trén hinh 3.20.

1g,(t)

1 4

T

4 =00,

i t

+— Giai doan qua d6 —*

Hinh 3.20
Chuy:
1. Néu ta thay d6i ngudn tac dong 1a mét chibu, thi du nhu e(t)=E0, khi d6 4p dung lai

cong thirc Heaviside thi dong dién trong mach chi 1a thanh phan dao dong tu do tit dan:

_ E, _. .
i(t)=—L ™ sine, ¢

@, L

2. Néu ngudn tac dong 1a mot diy xung (thi du ddy xung vudng tudn hoan nhu hinh 3.21),
khi d6 mét trong nhitng phwong phap giai 1 ta xét trong ting khoang thoi gian, cu thé
nhu sau: -Trong khoang 0-tl: gbc thoi gian tai 0, ngudn tac dong e(t)=E0, uc(0)=0,

iL(0)=0. Vi cac diéu kién nhu vay ta s& tim duoc dap Gng i(t) va uc(t) tuong tng.

s el)

Hinh 3.21
-Trong khoang t;-T: gbc thoi gian dich dén t;, ngudn tac dong e(t)=0 tirc dau vao bi ngan
mach, uc(0) va i (0) chinh 1a cac gia tri tinh dugc trong giai doan trudc dé tai thoi diém

t1.
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-Xét twong tu cho cac khoang ké tiép. Can luu ¥ rang, néu két thuc mot chu ky ma mach
tr& vé trang thai ban dau thi chu ky sau c6 dap tng 13p lai nhu chu ky trudce do.

3. Mach dao dong don song song 1a mach ddi ngau ctua mach dao dong don nbi tiép, do
d6 ta c6 thé ap dung tinh chat d6i ngiu dé suy ra két qua cua mach dao dong don song
song tir mach dao dong don nbi tiép hodc nguoc lai. Ly thuyét dbi ngiu c6 thé tim thiy

trong phan phu luc.

TONG HQP NOQI DUNG CHUONG III
« Viéc giai bai toan qua do co thé bat dau bang hé phuong trinh vi phan mo ta trang thai

mach dién trong mién thoi gian va viéc giai no thudng 1a gap kho khan. Dé giai dé dang,
ngudi ta thudng ding phuong phap toan ti, tirc 1a bién d6i hé phuong trinh vi phan thanh
hé phuong trinh dai sb. Mot trong nhitng céng cu thuong ding trong phuong phéap toan
ttr 12 bién d6 Laplace mot phia. Vé mat toan hoc, bién doi Laplace téng quat hon bién dbi
Fourier, vi vay thich hop dé giai cac 16p mach qué do.

« Cac bai toan qua do thudng rit da dang. Nhung luon tuan thu 4 budc co ban di néu
trong bai hoc, trong do can tuan tu luu y cac diéu kién dau cua mach, bao gém ca viéc
quy dinh gbc thoi gian; Laplace héa mach va 4p dung cac phuong phap phan tich mach
dé tim ra anh F(p) cua dap tng; cudi cung 1a bién d6i Laplace nguoc dé iy lai dap ung
gbc f(t) trong mién thoi gian.

« Dé giai quyét tot bai toan qua do, diéu cot 15i 1a phai ndm chic bién doi Laplace, dic
biét 1a bién d6i Laplace nguoc. Phuong phap Heaviside 1a mot phwong phap hitu hiéu dé
tinh bién d6i Laplace nguoc, phuong phap nay triét dé loi dung tinh chit tuyén tinh (xép
chdng) cua bién d6i Laplace dé khai trién F(p) thanh tong ciia cic thanh phan anh anh
don gian. Viéc khai trién ndy hoan toan dya trén tinh chat cac diém cuc cia F(p).

« Mach dao dong don c6 qua trinh qua do phirc tap. Du tac dong 1a mot chiéu thi trén
mach van c6 thé nay sinh cac dao dong tu do sinh bdi sy ap dat nang luong ban dau trén
mach. Thoi gian ton tai dao dong tu do tuy thude vao phém chat Q cua mach. Thong )
dién tro (r) s& quy dinh su t6n hao ning luong, pham chat (Q) va tinh chat chon loc tan s6
(dai thong) ctia mach.

* Mach dién s on dinh néu cac di€ém cuyc nam bén nira trai mat phang phuec.
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CHUONG IV: HAM TRUYEN PAT VA PAP UNG TAN SO CUA MACH

GIOI THIEU
Céac phuong phap phén tich va tong hop hé thong c6 mot tam quan trong dic biét trong

k¥ thuét dién tr. Noi dung dugc dé cap trong chuong nay bao gom:

« Khai niém ham truyén dat va mot sé yéu t6 lién quan dén ham truyén dat cua cac hé
thdng lién tuc, tuyén tinh, bat bién va nhan qua.

« Phuong phap phan tich mach trén quan diém hé théng qua viéc xac dinh dap Gng tan sb
cua mach.

« Cach v& dic tuyén tan sb ciia mach theo phuong phap d 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 nhin qua

Xét hé théng lién tuc, tuyén tinh, bat bién va nhan qua (bac hitu han n) trong mién thoi

gian nhu hinh vé:

o Heé thong
Tac dong x(t) —p) LT.TTBBNQ [—* Ddpung y(1)

Hinh 4.1
Quan hé giira dép tmg ra va tac dong vao co thé ton tai dudi hinh thirc 13 mot phuong
trinh vi phan tuyén tinh hé sé hang (bac n) chuin hoa:

", n-1 T ,n 1i_.
c:f|1..[fj+zajarl1{}zzbﬂm;r} 1)

dt" e’ S dr
4.1.2 Ham truyén dat ciia hé thong
Véi diéu kién dau cua hé thong bang khong, khi Laplace hoa hé thong cung cac phuong

trinh tuong ing sang mién p (bang bién doi Laplace (LT)) ta c6 ham truyén dat cta hé

théng:
Y(p) \
H(p)=— (4.2)
(P) X(p)
Chu y rang;
H(p)=Y(p)|, (4.3)

1 .:_:::-l
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Dang téng quat cia ham truyén dat thuong 1a mot phan thic hitu ty, co thé xac dinh truc

tiép tur cac hé s cua phuong trinh vi phan da néi ¢ trén:

7 B i i m-1 - +
H{‘U:IZJE_-F_J__‘EJ .. +b_.p + bm"; _H () (a4
ay tap+..ta pt +p H,(p)
Piém khong cua hé théng 1a cac didmpimataids  H, p, |
Piém cue cua hé théng 1a cac diém p, ma tai do6H,(p,) ]
Khi 6 H(p) c6 thé biéu dién duéi dang tich:
H{P - P;)
H(p}zb“.':— (4'5)
H (p—p:)
k=l
Néu céc nghiém khéac khong, dang tich con duogc biéu dién theo mdt cach khac:
f1o-2
H(p) =k, = : (4.6)
T10-2
Eal Py

4.1.3 Tinh 6n dinh cia hé théng

Tinh 6n dinh cta hé théng lién quan tdéi vi tri cia cac diém khong va cac diém cuc cua
H(p) trén mit phiang phirc nhu hinh 4.2. Chung 13 médt co sé quan trong dé xac dinh dic
trung ctia hé thong.

+ Trén cac hé thoéng 6n dinh, v6i moi tac dong hitu han thi dap tng ciing phai hitu han.
Hé théng 13 6n dinh khi va chi khi moi diém cuc cta H(p) nim bén nta trai ctia mit
phﬁng phtec, tic la Re[pk]-, voi moi k=1,2, ...,n.

+ Hé théng nam & bién gidi 6n dinh néu khi va chi khi cac diém cuc ciia H(p) nam bén
nira trai mat phang phirc, ngoai trir ¢ thé ton tai cac diém cuc khong lap nam trén truc

ao.
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4Im[p]
@ k'hién diém cuc
o 0y k/hiéu diém khéng
— l O—p O=Re[p]
o

Hinh 4.2: Mit phing phitc

+ Hé théng 13 khéng 6n dinh khi tdn tai diém cuc ciia H(p) nim bén nira phai mit phing
phtrc, hoac ton tai diém cuc lap nam trén truc &o.

Diéu kién On dinh cta cac mach dién tuyén tinh, bat bién, c6 thong $6 tap trung la moi
diém cuc cua H(p) nam bén nira trai ctia mat phrfmg phtc. Ddi véi cac mach thy dong, co
thé ton tai cac diém cuc (khong 1ip) nim trén truc 40 ma mach van 6n dinh bsi vi mach
khong bao gid bi tu kich v6i bat ky sy thay doi nao cua cac thong sb. Con ddi véi cac
mach tich cuc, néu ton tai cac diém cuc ndm trén truc 4o, thi dudi tac dong cua bat ky su
thay d6i nho ndo cua cac thong sb mach, cic diém cuc hoan toan cé thé nhay sang nira

mat phﬁng 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 (cting cac phuong trinh twong Gng) sang mién tn s ta c6 khai
niém dap tmg tan sé cua hé thong:

Yijen

H(jo)=FT[in] =+ TR |H ()| e ™50 (4.7)

trong d6 |H (jllla dap ung bien d6 va argH (jllla d4p tmg pha ciia hé thong. Tur dic
tuyén tan so, ta co thé nhan biét dugc dic trung ciia hé thong trong mién tan sb va phan
g cuia hé théng khi cac tac dong dau vao co dang diéu hoa.

4.2.2 Moi quan h¢ giira dap ng tan sé va ham truyén dat
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Tir két qua cta chuong trudc, ta thdy rang néu ving hoi tu cua H(p) bao ham ca diéu kién
ton tai bién doi Fourier thi ta co thé tinh truc tiép H(JJj tr H(p) bang cach thay
thé p I

H(jo)=H(p),_, (4.8)
Dbi véi cac hé théng nhan qua va 6n dinh, luon ton tai H (|}
Thi du 4.1 Xét mach dién nhu hinh 4.3. Khi d6 méi giira i(t) 13 dong dién tic dong, va
u(t) 1 dap tng ra s& 1a pt vi phan cap 1:

ey 1 1
i RO
x{t}=1‘{t)®} c —— R||v(D=ult)

Hinh 43

-Ham truyén dat twong tmg voi cac hé sb cuia phuong trinh la:

Hpy U@ __1C
Ip) . L
CR

Hé théng tuyén tinh, bt bién va nhan qua nay 1a 6n dinh vi c6 mot diém cuc don pk=-
1/RC nam bén nira mit phang trai.

- Do hé nhan qua 6n dinh nén ton tai dap g tan so:

: 1/C 1/C R e
H{jo) = H{PJL-;E = = giareERe
T L. »
CR (":.R]

Cho tan so6 bién thién tir 0 dén vo cung, dac tuyén tan s6 cua hé gom dac tuyén bién do va

dic tuyén pha c6 thé vé& dinh tinh nhu hinh 4.4.
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4 Hio) 4 argH(w)
K_Ex\\ e >0
~— ) \H‘u__
. . T ——
0 L i}
Hinh 4 4

Ddac tuyén nay mo ta moi tuong quan vé bién do va pha cua di¢n ap ra doi voi dong dién
vao theo tan so:

Uz G@)

HO= 7o)

.ovar argH(jw) =@, —@;

Tur dac tuyén tan so, ta c6 thé nhan biét dugc dac trung cua hé thong trong mién tan so la
mach loc thong thap. Vung tan s6 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 goc n/2.

Dé minh chung, néui(t) _, gid thiét hé khéng c6 nang lwong ban dau, tirc la
u, (O’, khi d¢ ta co:

. @,

Ulp)=H(p)X(p)= s —

P — T+ oy

CR
Bién doi Laplace nguoc ta duoc dap tmg ra 1a:
1 o L
u(r) = @e 2 — @, cos@,f + ——sin @t
Cloy +——) RC

rd rang ban c6 thé kiém chimg ¢ ché d6 xac lap thi thanh phan exp dau tién khong con
nita. O vung tan thap thi thanh phan sin c6 tic dung dang ké voi bién do gap R lan va
dong pha véi tac dong. Khi tan sb tang 1én thi thanh phan cos ¢6 tac dung dang ké nhung

c6 bién do gidm dan va cham pha dan t6i n/2 so voi tac dong.

4.3 PO THI BODE
Trong thi du trudc, ta da ngau nhién dé cap tdi phuong phap vé& dinh tinh dic tuyén tan sb

ctia h¢ thong mot cach truc tiép theo dap tmg tan s6 )(wjH. Trong muc nay, ching ta s&
no6i dén phuong phap vé dinh tinh dic tuyén tan s6 ctia mach trén co sé cac diém cuc va
diém khong cta H(p) theo phuwong phap vé& d6 thi Bode.
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-bac tuyén bién do:

4.3.1 Nguyén tic do thi Bode

Nguyén tic do thi Bode 1a v& dap tng tan sd (bién d6 & pha) ctia mach bang cach tong
hop truc tiép cac dic tuyén tan sb thanh phan ung véi cac diém cuc va diém khong cua

H(p), cu thé nhu sau:

a(®) = In|F(jo)| Np (4.9)
hoac
a(m) =20.1g[F(jo)| dB (4.10)
-Dic tuyén pha:
biea) = arg[F(je)] rad (4.11)

Cac dac tuyén nay duogc thuc hién trén thang ti 1€ logarithmic ddi voi o, ky hiéu la truc v,

don vi Decade:

v=1le-2 [D] (4.12)
@y

hoac don vi octave:

v=log, o [oct] i(4.13)
Y

trong d6 w0 13 tin s6 chuan dung dé chuan hoa gia tri cho w. Trong tai liéu nay, ta quy

ude cac thi du vé dd thi Bode duoc thuc hién trén hé truc toa do logarit nhu hinh 4.5.

a(@).dB b(w), rad

» V[D] | » V[D]

Dic tuyén bién dé Bac wyén pha

Hinh 4.5
4.3.2 Y nghia ciia phwong phap do thi Bode
Db thi Bode 12 mot cong cu dic lyc dic biét dé vé dinh tinh dic tuyén tan s cua hé
thong. Diéu d6 thé hién qua sy phan tich vé hé do luong ciia phuong phap nay: Xuat phat

tir biéu dién ciia H(p) dudi dang tich ctia cac thira s6 thanh phan:
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o m )
[1r—p) [Ja-=
H(p)=b,=——  hay Hp)=k =
- I
11z—p) [Ta-—)
kal el Dy
Tong quat:
H Hj' {‘U)
Hp)=K=>—— (4.14)
E H.(p)
Khi 0, v6i su thay thé p=jo, ta s& co:
H H.(jo)
H(jo)=K:—— (4.15)
E H.(ja)
-Vay déap ung pha sé la:
b(w) = arg[H(j@)] = arg[K] + iﬂrg[ﬁ' ;Jan]- E arg[H; (j@)] (4.16)
=l k=l
-Con dép g bién do sé la:
a(@) 5 = 0logH(jo)| =|K|, + S |H,Ge)| - |H. o), (4.17)
=l dB =l

V& mit toan hoc, viéc sir dung don vi dB cho phép phan giai tich cac thira sb thanh tong
dai s cua cac dai lvong thanh phan, lam don gian hoa phép nhan d thi bing phép cong
cac thanh phan dd thi Bode co ban. Ngoai ra sy 16garit hod con 1am don gian viéc phan
tich cac khau mic day chuyén (mic chudi xich) trong hé thong. Bay gid ta xét toi su biéu
dién tan sd. Hinh v& dudi day minh hoa cho mot ) gia tri tan sd theo don vi Decad va

tuong ung theo don vi rad/s ( tan sb chuén. duoc chon 1a 1rad/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

Vay truc Decade gitip cho viéc bi€u dién cac vung tan s0 dé dang hon du nd bién thién

trong mot khoang rat rong. Pong thoi cho phép cac duong phi tuyén trén truc o(dang
aq)bién thanh duong thing trén tryc (dang a(_.) va do d6 viéc tong

hop cac duong cong s& duoc don gian hoa thanh viéc tong hop cac doan thang tiém can
gin dung ciia cac do thi thanh phan co ban. Nhu vay do thi Bode ciia dap tmng tan s6

H(jo) dya trén cac thanh phan thira s6 K, H, p va H, p ctia ham truyén dat:
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fIH_- (»)
H(p)=K=—,

H H,(p)
& day con c6 mot sd chli y quan trong:
1. Ngoai trir thanh phén hé sb K, dang cua céac thanh phén con lai phu thudc hoan toan
vao vi tri cia cac diém khong p, ( nghiém ctia thira s6H, p ) va vi tri clia cac diém cuc
p, ( nghiém cta thira soH, p ).

2. X¢ét hai thanh phan:

H, p va db thi Bode (bién d va pha) cta hai thanh phan nay hoan toan d6i xtimg

j
nhau qua truc Decade. Vi vy chung ta chi cAn xét dang d6 thi Bode cua cac thanh phan
co ban tmg v6i diém khong, tir d6 suy ra dang do thi cua cac thanh phan tng voi diém
cuc theo nguyén tic lay d6i xtmg. Ciing can phai nhéc lai rang cac diém cuc khong nim
bén nira phai cia mit phang phic.
4.3.3 Cac thanh phén dé thi Bode co ban
1. Do thi cia thanh phc”in hé sé K:

v alm)[dB] 4+ b(e)[rad]
20.1g[K] T K=0
.v[D] E20  .vD]
0 0
Hinh 4.6

a(m) =20.1glK| dB

ki K=0

0
bim) = K=
(©) = are {:[ khi K <0

D6 thi Bode ciia thanh phan nay dugc minh hoa trén hinh 4.6.
2. D6 thi cua thanh phdn iimg véi diém khéng & goc toa dg: Trén hinh 4.7 md ta mot
diém khong & gbc, p, -, khi ¢6 ham truyén dat thanh phan s& c6 dang:
Hip)=p
suy ra:

Hjo)=o
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+ Xét dic tuyén bién do:

a(m) = 20.1g)jo| = 20.1ge = 20v [dB]

Luu y rang o viét & day da duoc chuan hoa, tirc 1a ti sO cua tan s6 dang xét va tan so

chuan. Nhu vay a(o) 1a mot dudng thang di qua gbe va c6 6 déc 20dB/D.

Im

a=Fe

Hinh 4.7

+ Bay gid ta xét sang dic tuyén pha:
b(e) = arg(jo) = %[rad]

Db thi pha 1a mdt dudng thing song song v6i truc hoanh. Db thi Bode cia thanh phan

nay dugc minh hoa trén hinh 4.8.

+ a(m)[dB] >0dB/D 4 b(w)[rad]

»v[D] »v[D]

Hinh 4.8
3. D6 thi ciia thanh phan vmg véi diém khong (khdc 0) nam trén truc o:
« Néu diém khéng nam trén nira trdi truc o
Trén hinh 4.9 m6 ta mot diém khong p, -trén nua trai cua truc o, voi .Ié mot

hang s6 duong, khi d6 ham truyén dat thanh phan sé& c6 dang:

H(p)=1++
@,

Hinh 4.9

+ Xét dic tuyén bién do:
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a(m)=20.1g

l—jﬂ(=1{?.1g[l+ (29?7 [dB]
0, ®,

a

ID khiw < 0.1,
a(@) =43dB khio=ao,

2012 khio>100,
)

L

a(o) co thé duoc xap xi 1a mot duong giy khic tai tan sé giy .trén tryc D, d6 doc bang

20dB/D nhu hinh 4.10. Puong chinh x4c ctua a(w) s€ 1a mot duong cong ti€ém can vdi

duong gay khic noi trén va di qua gia tri 3dB tai diém..

ta(w)[dB] 20dB/D

20

: 1070, o 100 e
Hinh 4.10

+ Bay gid ta xét sang dic tuyén pha:

b(m) = arg(l + E::l = an:tgi

I:lh h

-

0 khi @ < 0.1,
b(m}:<% khio = o,
% khi @ = 10e,
s+ blw)[rad]
w2

: +v[D

ID-ll:-J'_- 0y, 1'|:|'](;:||._ [ ]
Hinh 4 11

Vay dic tuyén pha ciling c6 thé xdp xi bang mot duong giy khic nhu hinh vé: Puong

chinh xac cta b(o) sé la mot duong cong tiém cén vdi duong gy khiic noi trén va co gia
tri 1a /4 tai diém[Jj}
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* Néu diém khong nam trén nua phdi truc c:

Im

o=Fe

o
Hinh 4.12

Khi diém khong nam trén nira phai ctia truc ¢ nhu hinh 4.12, ham truyén dat thanh phan

S€ c6 dang: H.(p) q

v61 oh 1a mot hang s6 duong.

b{m)[rad]
+a(w)[dB] s
20dB/D
1'3'-103|-_ q‘}h 1 I:I.'g}-_,.l Vv [D]
20 ”

3 -m/4
.: +v[D /2

1070y 0 1010}]1 (D] e

Hinh 4.13

Do thi
Bode trong truong hop nay c6 dang nhu hinh 4.13.

So voi truong hop H, q, d6 thi bién d6 ciia thanh phan H, q c6 dang khong

thay d6i, nhung do thi pha c6 dang ldy déi xtng qua truc hoanh.

4. D6 thi ciia thanh phan vmg véi diém khong la cdp nghiém phire lién hop:

« Néu diém khéng la cdp nghiém phirc lién hop nam trén nira trdi mdt phang phire:

Hinh 4.14 dudi diy minh hoa gia tri médun va argumen ciia diém khong 1 cip nghiém
phtc lién hop nam trén nira trai mat phang phc.

Im

-,.\lﬁi o=Re

)

Hinh 4.14

Luc d6 tich hai thira s6 twong (mg v&i cap nghiém nay trong mién tan s6 phirc c6 dang:
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H(p)=(-—L)1-—2 )=
@, e’ @,;.e’"

&

bl
:l—Zcus§l£+ -
@, o

Hay:

H (p)=1+2; |—+—
@;

Trong d6 : |

+ Pic tuyén bién do:

a(@) = 20.1g il

®; © :

0 khi @ < 0.1@,
= a(®)=1101g45” khio=o.

401g2  khio > 100,
€,

I

1+ 26— + 21 10.1g[(1 - 2)? + 42°
: —

(—2)?]  [dB]
ﬂ'.

a(w) c6 dang 1a cac doan cong va doan gy khuc tuy thudc vao gi tri ctia & ( voi 0<E<I)

duoc mo ta nhu hinh 4.15.

balom)[dB]

Hinh 4.15
+ Bay gio ta xét sang dic tuyén pha:
262
b(w) = arctg rJ,
o]
0 khia < 0.1o,
= b(@) =1 ?T khio=a,
; khi @ > 10e,
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b{)[rad]

B < b
o \ /
S
w2 :
l 1 -"'-f,f/ll : - \.‘_I [D]
107 @ 1ph,

Hinh 4.16
Dic tuyén pha ciing c6 thé x4p xi bang cac doan cong va gy khiic tuy thudc vao gia tri
cua & ( vo1 0<E<I) nhu hinh 4.16.

« Néu diém khéng la cdp nghiém phirc lién hop nam trén nika phdi mdt phdang phirc (nhw
hinh vé 4.17):

Im
ml
4 E?i i_:——Re
-0, i
Hinh 4.17
Ham truyén dat thanh phan s& c6 dang:
H,(p)=1-24+ 25
' @ @

trong do:

E=-cost; . (—1=&<0)

Hinh 4.18 1a thi du d6 thi Bode trudng hop tng voi || Gz

va(o)[dB]
A0dBD  o)rad]
40 / t
1070 o, 10 viD
. »v[D] e . [D]
10 lm__ oy 10 l{-}_ /2
6|
=TT
=025
Hinh 4.18
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So vé6i truong hop [ 6 thi bién d6 thanh phan ung v6i [ c6 dang khong
thay d6i, nhung do thi pha c6 dang lay ddi xtng qua truc hoanh.
5. Thanh phan vmg véi diém khong nam trén truc do:

Hinh v& 4.19 duéi day minh hoa diém khéng 13 cip nghiém phuc lién hop nam trén truc

ao.
Im
J0
g
-y
Hinh 4.19

Pay 1a truong hop dic biét cia thanh phan dd xét & trén khi & = 0, lac d6 ham mach

turong g voi cip nghiém nay trong mién p ¢ dang:

Hm=0-Lya+2y=1+2
JTI?_}_, J {?_1_, tEJ‘_,'

1—"1:{ [dB]
D

bac tuyén bién dd duoc mo ta nhu hinh 4.20.

+ Pac tuyén bién do:

al(a) =20.1g

4 a(w)[dB
(@)[dB] 40dB/D
40]
=] t »v[D
10" e \ml 10"e D]
Hinh 4.20
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0 khi @ < 0.1m,

:"}g(ﬁ_}}:*—x l«:him:m__
@ ,
40lg— khi@ > 10e,
;

-Ta1 @ :ﬁmf = alwi=0

+ Bay gid ta xét sang dic tuyén pha:

"
-

-
-

i

b(e@) = arg[l -

] [rad]

Dic tuyén pha c6 dang nhu hinh 4.21:

ki [

Tai - c6 sy nhay vot cua pha.

,bl@)[rad]

=

~ = = v[D]
107 ey W 100y

Hinh 4.21

4.3.4 Tong hop do thi Bode
Pic tuyén tan s6 H(jcia mot hé théng dugc tong hop bang phuong phap do thi Bode
nhu sau:
+ Phan tich ham truyén dat ctia hé thong H(p) thanh dang tich cta cac thanh phan co ban:

[TH, (p)

H(p)=KT—

1_11 H,(p)
+ V& dic tuyén bién do va pha cia timg thanh phan twong mg.
+ Tong hop dic tuyén bang phuong phap cong do6 thi. Cha y viéc cong do thi nén duoc

thuc hién tir trai sang phai, chu y cac diém gy khuc.
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Trd lai xét mach dién nhu hinh v€ 4.22, i(t) 1a dong dién tac dong, va u(t) la dap Gng ra

cua mach.
- p— u(t)
(At c R H ’
et 100uF| 100
Hinh 4.272

Up) 1/C
(p)= L
CR

-Phan tich ham truyén dat H(p) thanh dang tich ciia cac thanh phan co ban:

H(p) = R_;
s

1+ ———
1/RC

- Thanh phan (1) tng voi hé sé R, Hy(p)=R, db thi bién do va pha cua n6 c6 dang nhu
hinh 4.23:

4 a;(w)[dB] s by(@)[rad]

70 20 1gR

:‘k'[D] * ".-'[D:l

Hinh 4.23

-Thanh phan (2): tuong ting diém cuc nam trén nira trai truc o:

Hz(p)q trong do *

D6 thi bién d6 va pha ctia nd c¢6 dang nhu hinh 4.24 (d6i xtng véi do thi ciia diém khong

tuong g qua truc Decade):
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4 a:(w)[dB] 4 bs()[rad]

0 3 ""[D] 0 ""'[D]

E i —
220

\-2 0dB/D -2

]
[F¥)
4=

Hinh 4.24
—Xép chéng hai d6 thi thanh phén 1én nhau va thyc hién cOng dd thi (bét dau tir trai qua
phai, cht ¥ cac vi tri gdy khuc), do thi tong hop c6 dang nhu hinh 4.25.

* — +
a(ouy=a (o)t az(i) Bu=h g ()b
20 (1)
" o Aﬂl "-.-':[D] 1]
---------- ) 4
220 "
-20dB/D -2
()

Hinh 4.25
a(w) dwoc xdp xi la mot dwong gdy khiic tai tan s6 gdy, dé doc bang 0 khi
B : do dic bang -20B/D khi lnhv hinh vé. Buong chinh xac cua a(®) s&
la mét duong cong ti€m can voi duong gay khic noi trén.
b(o) duge xap xi 1a mot dudong gy khic tai cac tan sd giy -trén truc D. Puong

chinh xéc cta b(w) 1a mot dudng cong ti€ém cén voi duong gay khic noi trén.

4.4 UNG DUNG PO THI BODE PE KHAO SAT MACH PIEN
Trong nhiéu truong hop, dép tng tan s6 dudi dang cac dic tuyén giy gan dung theo

phuong phap Bode ciing du dé khao sat tinh chat ctia hé thong, vi vay khong can phai v&
dic tuyén chinh xac cta nd. Trong thi du vira xét trén: Khi tan sb ting thi dic tuyén bién
d6 bi suy hao. Tai diém . d6 suy giam 1a 3dB (so v6i gbc). Tir dic tuyén tan sd, ta c6 thé
nhan biét duoc dic trung cia mach trong mién tan s6 13 mach loc thong thap. O ving tan
sO thap tin hiéu vao va ra dong pha, & viing tin s cao tin hié¢u ra cham pha so véi tin hiéu
vao mdt goc w/2. Ciing can chl ¥ rang dic tuyén bién d6 c6 doan a(w) >0dB, tuy nhién
diéu nay khong minh ching duoc rang day 1a mach khuéch dai boi dinh nghia ham
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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 x4c dinh dd thi Bode cua ham truyén dat dién 4p cua mach di¢n hinh
4.26. Cho céc s6 lidu: R;=40kQ, R,=10kQ2, C=100nF.

R
U, o — R:H Uy
Hinh 4.26
Giai:
Ham truyén dat dién 4p cua mach:
£
U, 1+R,pC R,
Mp)y=77= R, R <R +pRR,C
1 R + = 1 1 1-%2
"7 1+ R,pC
R,
R, +E,
RE, _° :
1+ 12 cp 1+ 2
R, +R, oy
trong do:
E,
k= » 10 =02
R,+R, 40+10
_ R +R, (40+10).10° :

=1250rad s~

a,

" RR,C  40.10.10°100.107°
Do thi Bode ctia ham truyén dat di€n ap cua mach dién biéu thi trén hinh 4.27 gém co hai

d6 thi thanh phan, trong d6 gia tri bién d6 thanh phan thir nhat ctia d6 thi la:

a; = 201gk=201g0.2=-14dB.
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+3.dB s b.rad

1 2 3 4 v[D] 1 2 3 4 vID]

-/l \
-101 \ (1) T

Thi du 4.4:
Hay xéc 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).

A —
U LS R ] ©
51k
>
r
Hinh 4 28
Giai:
Ham truyén dat dién 4p cua mach:
Rlp
U, R+ L LC.p
R =5-=7 Ri T L -
1 =P 1y Zp+lCp’
pC R+Lp R

a. Truong hop L=1H:

Khi d6 mau s6 c6 dang: H, (p) [ ENGcGGTNGNG
tam thtrc bac hai nay co6 hai nghiém don: p, _

2
bat Tir s6 c6 dang H(p) ‘
1.0,1.10

P’ 2
K(p) = @, _ @,

i-Ha-L a+Ha+H

P ! |P1| Py

Thay s0, K(p) c6 thé viét lai:
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K(p)=107 2E

r P
1+ 1+
( 112':}}( 891}{?]

Db thi Bode ctia ham mach gdm c6 nam db thi thanh phan twong tmg voéi:

K (p)=107
K:(P:‘ :-Kz'[P:' =p
. .. D
K. =1+1155

va d thi tong hop ctia chung nhu hinh v& 4.29.

&+ El.dB & b-rﬁd N A
W) ' D
40dB/D T

v[D]

-0 (3]

-20dBD

Hinh 429

Nhu viy & ving tan thip, dién 4p ra bi suy giam nhiéu, dong thoi nhanh pha hon so véi
dién 4p vao. Khi tan so ting thi do suy giam tién gan dén khong va do dich pha ciing tién
dan dén khong. Mach dong vai trd 1a bo loc thong cao (HPF).

b. Truong hop L=4mH:

1 1
"JLe Jar0Go110°

@

Mau s6 ¢6 dang:
Ha(p)=1+4.10% p+4.10"° p° (1)
tam thtrc bac hai ndy c6 cdp nghiém phuec lién hiép:

p1=-0.5.10"+j0.5.10° p2 = -0.5.10%-§0.5.10°
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Vay ta s& dua vé dang;

-

H,(p) =1+ 28—+ @)
o, o]
Thuc hién ddng nhat hai biéu thic (1) & (2) ta co:
@;=5.107; E=0,1;
Vay K(p) c6 thé viét lai:
P
K(p) = Do hay  K(p)=410" 2
1+2:6 2 4 2 1+20 2 L 2
W, ] ;@

Db thi Bode ctia ham mach gom c6 4 d6 thi thanh phan twong tmg voéi:

K (p)y=4107"
K.(p)=K,(p)=p

K(p)=1+262 2
@, o

va tong hop d6 thi Bode ctia ching nhu hinh v& 4.30.

FY a_dB ) . -~ b_l"ﬂd
RS = =0+3)
1 v[D] 3 |4 s\ 6
10; (1
w2
(4) i4)
A0dBiD
-T
Hinh 4.30

Nhu vay tai lan can tan s6 ®i = 5.104 , trong mach xay ra hién tugng dac biét, do6 1a dién

ap ra c6 bién do 16n hon dién ap vao . Piéu d6 nghia 1a c6 sy khuéch dai dién ap (cong
hudng dién 4p) tai ving tan sé lan cén*, d6 1a mot trong nhimng tinh chat quan

trong ctia cac mach thy dong bac hai RLC. Luc nay mach van dong vai tro 1a bo loc

thong cao, nhung dac tuyén tan so ctia nd xuat hién vung biru vong 1én.

c. Truong hop L=0,4H:
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1 1 ;
M, = = =,J0.2510° = 510°
vLC  ./0.401107°

Mau s6 c6 dang:

Ha(p)=1+4.10" p+4.107 p°

tam thirc bac hai nay c6 nghiém kép:

p12=-5.10°
Vay K(p) c6 thé viét lai:
p]
o
K(p)=———
1+ 21
|P1|

Do thi Bode ctia ham mach gém ¢6 bdn d6 thj thanh phén nhu hinh 4.31.

ta.dB s brad (1D
(1)

404dB/D

=
*r—
—
(o]
L
|
[

v[D]

-101

Hinh 4 31

Qua thi du trén ta théy réng, khi c6 tam thtrc bac hai xuét hién trong ham mach thi trudc

hét ta dua vé dang: 1 _Vé sau d6 tim nghiém cua da thirc ndy. C6 thé xay ra ba

truong hop:

- Pa thtic ¢6 hai nghiém don (p, va p,): khi d6 viét lai da thic dudi dang:

1+bp+ap’ = (1-20-£

o o

va d6 thi Bode s& c6 hai d6 thi thanh phan tach biét.
- Pa thirc ¢6 nghiém kép (p, I khi do viét lai da thic du6i dang:
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l+bprap =1-Ey-2y=a-£y
P F2i po)

va d6 thi Bode s& c6 hai d6 thi thanh phan tring nhau, hay néi cach khac twong duong
mot dd thi c6 d6 dbc gap doi.
-Pa thirc ¢6 hai nghiém phuc lién hiép: khi d6 can phai viét lai da thirc du6i dang:

l+bp+ap’ <1+2F z +‘D—?

C@ @

va thuc hién dong nhét da thirc dé tim ra cac tham s6 tuong ung.

TONG HQP NOI DUNG CHUONG IV
« Ham truyén dat cua mach tuong tu-tuyén tinh-bat bién va nhan qua dugc dinh nghia

tryc tiép tir ti s6 gitta dap tmg va tac dong trong mién p. Ham truyén dat hoan toan dic
trung va thay thé cho mach dién vé& mat toan hoc trong céc bai toan phan tich va téng hop
mach. N6 cung cép mot cach nhin toan dién mach dién trén quan diém ly thuyét hé théng.
« Pap tng tan sd cta mach duoc dinh nghia truc tiép tir ti s6 giita dap ung va tac dong
trong mién tan sb. Pap ung tin sb c6 thé suy ra tir ham truyén dat bang cach thay thé
p=jo. N6 md ta cac dic trung cua mach d6i v6i tan sé théng qua dic tuyén bién do va
pha .

« Phuong phéap do thi Bode 1a phwong phép v& gan dung dic tuyén ctia dap tng tan sb cia
mach. Muc ti€u ctia n6 1a don gian hoa cong viéc thuc hién vé dac tuyén cua cac dap ung
tan sb phirc tap (bic cao) trén co sé phan tich ham truyén dat thanh tich cua cac thanh
phan co ban tvong tmg véi cac diém cuc va diém khong, ddng thoi bién phép nhan do thi
thanh phép cong do thi trén hé don vi logarit.

« D6 thi Bode 1a mot cong cu hiru hiéu dé phan tich mach dién trong mién tan so.
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CHUONG V: MANG BON CUC VA UNG DUNG

GIOI THIEU
Mang bon cue, con goi 1a mang hai cira 13 mot hé thong mach c6 bon dau ra twong (mg

v6i hai ctra ( théng thuong dugc phdi ghép véi ngudn tin hiéu va tai ) dién ta nhu hinh

5.1, trong do:
I L
o—= | |+
U, Mac U,
o— ——0

Hinh 5.1: M6 hinh mang bén cue

U,, I,: dién 4p va dong dién tai ctra 1

U,, I,: dién &p va dong dién tai cura 2

Trong tai liéu nay, ta quy udc mang tinh théng nhat nhu sau: chiéu duong cua dién ap tur
trén xudng, chidu duong ctia dong dién di vao M4C. Véi muc tiéu trang bi kha ning
nghién ctru cac mach di¢n dudi goéc do hé théng mang bdn cuc, cac ndi dung duoc dé cap
trong chwong niy bao gdm:

« Thao luan cac tham sb co ban cta bén cyuc tuyén tinh, bat bién, khong chira ngudn doc
lap, twong hd va khong twong ho.

« Su phéi ghép gitta cac khdi chirc ning trong hé théng mang bon curc.

« Nghién ctru tinh chat va tinh toan cac thong s6 ctia mot s6 mang bon cuc thuong gap.

5.1 MANG BON CUC TUYEN TINH, BAT BIEN, TUONG HO
5.1.1 Cac hé phwong trinh dic tinh va thong s6 twong ng cua bon cue:

Dang téng quat ciia phuong trinh dic tinh:

a,,U, +a,u, +b,l, +b,l, =0

a,U, +a,U, +b,l, +b,l, =0
Tir 4 dai lwong: U, U, I, I, ta c6 thé rat ra hai thong sd bat ky theo hai thong sb con lai.
Nhu vay c6 tat ca 6 hé phuong trinh dic tinh mo ta mdi quan hé giira dong va ap trén cac
ctra cia M4C nhu bang 5.1. Tuy theo timg dang bon cuc ma ta sir dung hé phuong trinh
dic tinh phii hop nhét dé phan tich. Mdi hé phuong trinh dic tinh twong Gmg v6i mot loai
thong s6 phu hop.
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Heé phwong trinh dic tinh

Thong so twong vng

;U: =zl + 2,1,
l: U'. = Z]]_I T Z_—_\.:_I

Trd khang hé mach z;

]’U1 =a; U, +apl,
|¥Il =ayU, +a,l,

Truyén dat ay;

-fL_l = h'.lI] ™ hle:
1'..1_? = h_'-".I] - h:; U:

Hoén hap hy

Jfll =yuU; +vp U,
|‘I: =yuU, +¥uU,;

Dan nap ngan mach vy

,-Il =gy U, +enl;

%

'Uz = g_f"_Ul T EJ:I:

Hén hop nguoce Eij

-fl:: = bl]L_l 'H-"]:I]
:..I_? =by, U, +b,I,

Truyen dat nguoc by;

Bang 5.1: Céac hé phuong trinh dic trung ctia mang bon cuyc.

Sau déy ta s& xét mot s6 hé phuong trinh dic tinh cu thé:

- Hé phuwong trinh dac tinh tro khdang

Duéi dang ma trén:

trong do

Z, Z
7 1 12 |
— |
= |lzy IZpn

Dud¢i dang hé phuong trinh:

(zot 1a ma trin trd khang he mach)

Céc hé sd (thong sd tro khang hé mach) dugc tinh theo cac cong thirc:
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=
1
Z,, =—
I,
Z]:_ =I_1
U,
Zy =
I

1

I,

S A

:|-|:'

I,-0

(tr khang vao ha mach cia cira 1)

(tr& khang vao hé mach cna cita 2)

(trd khing truyén dat hé mach)

(trér khang truyén dat hé mach)

Dbi voi trudng hop bodn cuc twong hd ta co:

- Hé phuwong trinh ddc tinh dan nap

Duéi dang ma trén:

trong do

V,

C

zz{}'u

Duéi dang hé phuong trinh:

1,
I,

Z12= I

v, + v U,

= }’:LUJ + F:zUJ

Céc hé sd (thong sé dan nap) duoc tinh theo cac cong thirc:

I . :
¥y =— (din nap vio ngan mach cia cira 1)
Ul Uy=D
I, . .
Yy =—— (dan nap vao ngan mach cia cira 2)
Uiy e
2 |u,-0
_ _ I]_ d: L &
Vs =—— {dan nap truyén dat ngan mach)
U, e
2lu,-0
I, . . :
Yy =— {dan nap truyén dat ngan mach)
Ul Uy=0

Pbi voi trudng hop bdn cuc twong hd ta co:
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(5-9)

(5-10)

(5-11)

(5-12)

(5-13)



Y2 =Ya (5'14)
- Hé phirong trinh déc tinh truyén dat

Duéi dang ma tran:

U1 U, o
Il I:il I_l I [3—13)
Trong do :
dpp 4ap - N
A= ( ma trin truyén dat)
Dud1 dang hé phuong trinh:
.fUl =alLT- _a]'l:[-.
i ™2 T Ant (5-16)
Jy=a,U, +ayl,
Céc hé sd (thong sb truyén dat) duogc tinh theo cac cong thirc:
U I u I,
5'1'.:_] n = l a]::_l ay =—— (5-17)
Ul To=0 Il Uyl Il Uymi Ul I=0
Dbi voi trudng hop bodn cuc twong hd ta co:
Aa=-1 (5-18)

- H¢ phirong trinh ddc tinh truyén dat nguoc

E:}:E[H (5-19)

Duéi dang ma tran:

trong do

‘b by R :
( ma tran truyén dat ngwoc)

Du¢i dang hé phuong trinh:

.rU: = bl]L—L ™ bl_'-'Il

] (5-20)
I =byU; +by,1
Céc hé sd (thong sd truyén dat nguoc) duge tinh theo cac cong thirc:
by, L___ by =I_3 b, = e by = Ij (5-21)
Ll =i Il =0 Il- Uy=0 ! [ =0
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Pbi voi trudng hop bdn cuc twong hd ta co:

Ab= -1 (5-22)

- Hé phirong trinh ddc tinh hén hop

Duéi dang ma trén:

Dud1 dang hé phuong trinh:

trong do

;UJ = h'.II] T h:zuz

i (5-24)
L =hyI, +hy, U,
Céc hé sd (thong sb hdn hop) dugce tinh theo cac cong thirc:
U, I, U I,
hu_I_' :-_?:LT_' b, :U_] hllzI; (5-25)
N L 210 i1 =0 Péi
v6i trudng hop bdn cuc twong hd ta co:
hy =-hn (5-26)
- H¢é phuwong trinh ddc tinh hén hop nguoc
Duéi dang ma trén:
L1 [y
= (:]' [::'_2_“
v,
trong do
! B En 1 - .
G= |: | ( ma tran hon hop nguge)
= [Bn Bxn |
Du¢i dang hé phuong trinh:
l.-I- =g U +{_’C'-:I':
o LoEnT o Ea (5-28)

4
\u, =g, U, +g,,1,
Ll &1 1 £131

Céc hé sb (thong s6 hdn hop) dugc tinh theo cac cong thic:
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I] U'_\- I]_ 2 —
&n =1 Bn =1 &n =7 Bn =77 (5-29)
Ul 1,0 I.‘. U,=0 I_'-' U,=0 Ll =)
D061 véi truong hop bon cyce tuong ho ta co:
Biz—-8n I:-"F'--J":')
- Quan hé giita cdc thong so cua mang bon cuc
- Quan hé giita cdc thong sé cud mang bon cire
Trd khing "Ul =z,1, +z,1, 1 Zn Z12 z;l; Z22 Az
hé mach |~U3 =zyl) + 21,
Hén hop fIl =g,U, + g, £11 1 -E12 g1 Ag 32
nguac U o U el
Truyén dat (U, =b,,U; + b, by -bas 1 Ab by -bi2
nguac }._Iz = an: B bzzll
Truyéndat | (U, =a, U, +a,l, a an -Aa 1 -axn -an
) 1 ala
o =ay Uy +ayl,
Hén hop I'[_,'__ =h,I, +h,U, hs- Ah his -y 1 hny
\'.I: =hyl, +h,U,
Din nap (1, =y, U, +v,U, Ay Va2 V12 Y2 ¥n 1
ngan mach L =yu U +yuU,

Bang 5.2: Bang quan hé giita cic théng s6 cua mang bén cue

Bang 5.2 duoc sir dung dé thiét 14p mdi quan hé giira cac thong sb. Dic diém cua bang

nay la:

+ Trong mot hinh chit nhat bat ky thudc bang, tich cac thong sé trén duong chéo bang

nhau. Chang han nhu -z,,.h,, = h,,.z,,.

+ Cac hang ti I¢ v6i1 nhau theo mot hé s6 nhat dinh. Hé sb ti 1& chinh 1a thong sb trén hang

da biét nam cung moét cdt voi chit so 1 trén hang thong so chua biét.

Chéng han, cho biét z

i dé tim hij ta lam nhu sau: Lay chir s6 1 trong hang h;, dugc hoi,

chiéu 1én hang z; zij da cho ta s€ tim duoc z,, 1a h¢ s6 ti 16. Dong theo ¢t ta s€ co gia tri

cac thong sd tuong tmg, két qua la:

h

11

=E h]::i_

Zy L1
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+ Su ti 16 theo quy tic trén ciing dung v6i cac cot. Nhu vay co thé tim cc thong sb trén
mot cot dua theo mot cot khac da biét (nhu quy tic da néu dbi v6i hang).

5.1.2. Piéu kién twong hd cua bon cuc

Bén cuc twong hd dugce xay dung tir cac phan tir twong hd ( tirc 14 cac phan tir ¢6 tinh
chat dan dién hai chiéu (nhu RLC)). Ta c6 thé tom tit diéu kién cta bon cuc twong hd
nhu sau:

213 =Zy

Aa=-1

Jij=]

Yo =¥n

g1
. 531
=—h,, Ab=-1 531

2l
3

=

(trong d6 ky hiéu Aa, Ab 1 dinh thtrc ctia ma trén thong s6 a;, by)

Nhu vay, dé xac dinh mot bdn cuc tong quat, ta can phai biét bén théng s (twong tng
v&1 mot hé phuong trinh dac tinh). Véi bdn cuc tuong hd, ta chi cAn xac dinh ba thong $6.
5.1.3 So dd twong dwong ciia bén cuwc tuyén tinh, thu dong, twong hd

Nhu phan trén ta dd biét biét bon cuc tuyén tinh, twong hd hoan toan dugc xac dinh boi
ba thong sb6. Quan hé giita dong dién va dién ap & hai ctra cta bén cuc sé& tuong duong
v6i quan hé cua ba thong s6 ndy trong mang bén cuc c6 ba trd khang duoc chon mot cach
thich hop. Cac so dd twong dwong don gian nhit chira ba tré khang thuong gip 13 bdn
cuc hinh T va hinh 7.

- 8o’ d6 chudn hinh T: Ki hiéu cac trd khang ctia bon cuc hinh T 1a Z,, Z,, Z, (hinh 5.2):

:;[ Z.[] U,

O

Hinh 5.2
Bay gid ta tinh cac thong s6 z;cua bdn cuc twong hd theo céac trd khang trén. Theo dinh

nghia ta co:

U
Z), = IL =Z,+Z; {5-32)
L
U,
IJ I,=0
U
z,=—+ =Z, (5-34)
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I

Ulan
Va ta c6 thé suy nguoc lai, xac dinh cac tré khang cta so d6 twong dwong hinh T theo cac
thong s6 z; cua bén cuc:

Zy=711-212 Zry=70-212 Zy=2)7=7n (5-36)

Pay 1a cac thong sb cta so d6 trong duong chuan hinh T cta bdn cuc twong hd, su tuong

duong nay thé hién trén hinh 5.3.

I Mang bén cuc I —— Zl::ZJ — Z;='_|Z3;—2‘i o
O—"— twonghd [ ° L L
Ul dac tnmg bon PJ: — U, [] Zy=2n=1y U;
¥ Cac Z;
o 0

Hinh 5.3: So do twong dwong chuin hinh T ciia bon cue nrong hod

- So' db chudn hinh

Ki hiéu cac din nap ctia bon cuc hinh 13 Y,, Y,, Y, (hinh 5.4).

L—l{ dv. v |u

Hinh 5.4
Bay gid ta tinh cac thong sd yij cua bdn cuc twong hd theo cic dan nap trén. Theo dinh

nghia ta co:

I
¥nu —Tl =Y, +Y; (5-37)
L' o mi]
I,
Vo =— =Y, + ¥, (5-38)
27y, o 2
v =l _ v (5-39)
¥12 U, " 3 -
Yu = IE =¥, =Y, (5-40)
Ll gm0
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Va ta c6 thé suy nguoc lai, xdc dinh cic dan nap cia so d6 tuong duong hinh 7 theo cac

thong s y; cua bon cyc:

Yi=vut vz : Y= vart yia (3= -¥12= -¥11 (5-41)
Il Y.= Viz=-¥z I:
. 0 — —
L Mang bon cuc ‘Iﬂ_
nrong ho U Y=yt |:| U
- . — 2
U, dic treng bot le H v =y
. V..tV =1,
cac vy I YaT¥z 2
o o

Hinh 5.5: So d6 trong dwong chuan hinh m cia bén cuc trong hd

Pay 1a cac thong sb cia so dd twong duwong chuan hinh 7 cia bdn cuc twong hd, su tuong
duong nay thé hién trén hinh 5.5.

5.1.4 Cac phwong phap ghép ndi bén cuc

Bén cuc phirc tap c6 thé coi nhu dugc ghép ndi tir cac bon cuc don gian theo nhimg cach
khac nhau. V&i mdi hinh thirc ghép ndi s& c6 mot hé phuong trinh va mot hé thong sb
thich hop nhat. C6 ndm cach ghép ndi bon cuc, bao gom:

Ghép noi tiép - néi tiép (N-N)

Céc bdn cuc dugce goi 1a mic ndi tiép-ndi tiép véi nhau néu ddi véi mdi ctra c6 dong dién

1a chung, con dién ap 13 téng cac dién ap thanh phan (hinh 5.6).

I L’ L I
| o I oA
U, . L | U,
l U, II U, l
= O ]

Hinh 5.6: Ghép N-N
Hé phuong trinh thich hop nhéat dic trung cho dic diém cta cach néi nay 1a hé phuong

trinh tro khang. Vi cach ki hiéu cac thong sd nhu trén hinh v&, ta co:

P01 véi bon cuc I:

P01 véi bon cuc 11:
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Cong hai phuong trinh ma tran theo ting vé va nhom thira s6 chung, ta co:
U, D
=[Z +Z
[LT1:| [= =]|:I..:|

Vay ta rtt ra:

It

:i-}

I~

Mot cach tong quét ta c6 thé viét cho n bdn cuc mic N-N véi nhau:

Z

k

Z= (5-42)

L

Ghép song song - song song (S-S)
Céac bon cuc duoc goi la mic theo kiéu S-S v&i nhau néu ddi véi mdi cira co dién ap la

chung, con dong dién 1a tong cta cac dong dién thanh phan (hinh 5.7).

L

II

Hinh 5.7: Ghép 8-S

Hé phuong trinh thich hgp nhat dic trung cho dic diém cia cach nbi nay 1a hé phuong

trinh dan nap. Véi cach ki hiéu cac thong s6 nhu trén hinh v&, ta c6:

MRk
HEak

Cong hai phuong trinh ma tran theo timg vé va nhom thira s6 chung, ta co:

P01 véi bon cuc I:

D061 véi bon cuc 11:
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Vay ta rit ra:

(B

-Y Y
Mot cach tong quét ta c6 thé viét cho n bon cuc mic S-S véi nhau:

L

&

®
2
k-1

(P

Ghép néi tiép - song song (N-S) Cac bdn cuc duoc goi 13 mic theo kiéu N-S v6i nhau
néu d6i véi cira 1 c6 dong dién la chung, con dién ap 1a tong cac dién ap thanh phan. Con

ctra 2 c6 dién ap 1a chung, con dong dién 14 tong cta cac dong dién thanh phan (hinh 5.8).

(5-43)

ol om o)

Hinh 5.8: Ghép N-§
Hé phuong trinh thich hop nhét dic trung cho dic diém cta cach ndi nay 1a hé phuong

trinh hdn hop. Vi cach ki hiéu cac théng sé nhu trén hinh v, ta co:

D061 véi bon cuc I:

D061 véi bon cuc 11:

U p
L |

Cong hai phuong trinh ma tran theo ting vé va nhom thira s6 chung, ta co:
U : w1
"l=[H +H]
L | — —lu,
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Vay ta rlt ra:

(5-44)

Ghép noi song song - noi tiép (S-N)
Céc bon cuc dugc goi la mac theo kiéu S-N voi1 nhau néu doi1 voi cua 1 ¢ dién ap la
chung, con dong dién 1a tong ctia cac dong di¢n thanh phan. Con cua 2 c¢6 dong dién la

chung, con dién 4p 1a tong cac dién 4p thanh phan (hinh 5.9).

I 1.
———— 3
I U, l
L U,
Or—+—| —0
II U l
—O———0

Hinh 5.9: Ghép S-N
Hé phuong trinh thich hop nhat dic trung cho dic diém cua cach ndi nay 1a hé phuong
trinh hon hop ngugc.
Véi cach ki hiéu cac thong s6 nhu trén hinh v&, ta co:

D061 véi bon cuc I:

D061 véi bon cuc 11:

Cong hai phuong trinh ma tran theo ting vé va nhom thira s6 chung, ta co:

Vay ta rit ra:

[[®)

Mot cach tong quét ta c6 thé viét cho n bén cyc mac S-N véi nhau:
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Ghép noi theo kiéu ddy chuyén
Cac bon cuc dugc goi la mac theo kiéu day chuyén vdi nhau néu cua ra cua bon cuc nay

duoc ndi véi ctra vao cua bon cuc kia theo thtr tu lién tiép (hinh 5.10).
I, .
O — O

.I'- I, —1—(]::. J—':.]_"_I:"
O A R A 5 B
& o I g S— C
119
Hinh 5.10: Ghép diy chuyén

Hé phuong trinh thich hop nhat dic trung cho dic diém cua cach ndi ghép nay 1a hé

phuong trinh truyén dat. Vi cach ki hiéu cac théng sé nhu trén hinh v&, ta co:

Ddi véi bén cuc |;
U, U,
Pl=Al 7 (1)
I | =1
Ddi véi bon cuc 1I:
vl .Ul
MEY Y (2)
I] i | I] a

By gio ta doi dau cét hai ciia ma trdn A' ta s& dugc A", va (1) c6 thé viét lai:
Ul L JU ]
Hl=aT (3)
I] ] =|__I: _I

Phuong trinh (3) lai ¢ thé viét thanh:
'I'I 9 I "
UrloafY (4)
I] _I I]

Thay (2) vao (4) ta co:
Phuong trinh (5) duoc viét lai thanh:

Vay ta rlt ra:
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AN

Mot cach tong quat ta co thé viét cho n bon cuc mac day chuyén voi nhau:

i:ﬁA;.AL (5-46)

k]l — —

Thi du 5.1: Hiy néu phuong phap xac dinh cac thong sb y; Va z;ctia M4C nhu hinh

5.11:
Z, e
= z
Il Z}l Z'. 12
o 0
U Zy] U, : Z.h Z,
_'*ﬂ_f ;
o 0
Hinh 5.11 Hinh 5.12

Giai: C6 thé c6 vai phuong phap dé xac dinh cac thong sb Yy» Z;- Thi dy nhu:
-Céch 1: Tach mang dién trén thanh hai bn cuc thanh phan mic song song-song song
v6i nhau nhu hinh 5.12. Xac dinh cac théng s yij cta cac bdén cuc thanh phan, sau do

téng hop lai thanh cac thong sb y; cua bdn cuc theo cong thirc:

N

=> T

I+

s

=l
-Céch 2: Tach mach dién trén thanh hai bon cuc thanh phan méc nbi tiép-ndi tiép véi
nhau. X4c dinh cac théng sd Z;cua cac bdn cyc thanh phan, sau d6 tong hop lai thanh cac

thong s6 z; cua bon cyc theo cong thire:

p)

1N
[

(-

Zy

Khi biétz; ta c6 thé tinhy; (hodc nguoc lai) theo bang quan h¢ thong so.
-Cach 3: Xéc dinh céc yij tryc tiép theo dinh nghia trong hé phuong trinh tré khang hodc

dan nap dic tinh cta bon cuc.
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4 L L+ L)+ L (L 1 L, + 2y)

T Z,+Z,+2Z
1ton 1 1 4
U, 22+ 2)

Zoy = = '3 —_—

Ty =— =F., =

S, ¢ Z,+Z,+Z,

Thi du 5.2: Cho mang bon cuc hinh 5.13, hay xac dinh céac thong s6 dan nap ngén mach

y; va cac  thong s truyén  dat a; cua mang. Cho biét
R |
R,
I, | R R, L
O i TR o B

Hinh 5.13

Giai:
Nhin véo so dd ta nhan théy mach dién c6 thé phan tich thanh hai mang bdn cuc thanh
phan hinh T va 7 mic song song-song song nhu hinh 5.14.
Ta co:

Y=Y:+Y;
Nhu véy ta s& phai tinh cac thong sd y;cua tung bon cyc thanh phan.
-Xét mach hinh T: 1a so do chuan cta bén cuc (hinh 5-15) véi cac cac thong sb z; dugc

tinh theo phan tir ciia mach:

m=R:+Rs
z;;=Rs
m=R;+Rs

AZ=R,R, +R,R, +R,R,

Theo bang quan hé thong sb ta c6 cac thong sb y; cua mach hinh T:

141



Zy R; +R; 8

1""][ _—— = = _:D_Ejg
AZ BLE,+R,EL+E;R, 6+10+15
& | R.' :‘: —
O - 5 = = —0.1615
. .+ E. 7
v = Zun_ R, *R; - _p2s
_ Zl'l-_z}: Z:z—'il; o
Il Iz
U []213=3:1 Uz
2
Hinh 3-15

-Xét mach hinh 7: day 13 so do chuan ciia bn cuc (hinh 5-16) véi cac cac thong sb Yij

dugc tinh theo phan tir ciia mach:

}'1]:—+—:—:F—:|:|,3S
R, R, R,R, 50

I Yz I:
—_—r 0
1ty
U |
¥ vz
s 0
Hinh 5-16

-Nhu vay ta c6 cac thong sb yij ciia mang dua vao cac bon cuc thanh phan la:

[0258 01617 [03 -01] [0558 -0261]
|-0161 0226 | |-01 02| |-0261 0426 |

Y=Yr+Y, =

AY =05580426—-0261° =0178°

-Theo bang quan h¢ thong s6 ta tinh dugc cac thong sd a;

142



a,=——"= =1.635
vy, 0261
1 1

A, =—=— =-384
v, 0261

al——ﬁ— 017 =0.633S

: vy, 0.261

L _Yu_ 0558

? Ty, 0261

Aa=aya,, —a,a, =—1635214+ 3 840,653 =—1 (phi hop vdi dien kién nrong ho)

5.1.5 Mang bon cwe ddi xirng

- Khdi ni¢m bon cwe doi xirng

Mbt bdn cuc duge goi la ddi xung vé mit dién néu cac clra ctia n6 c6 thé ddi chd cho

nhau ma cac thong sb ciia bén cuc hoan toan khong thay dbi.

Cu thé ta xét hé phuong trinh tré khang hé mach:
J’UL =z I, + 2,1,
|LU_? =zyl; +z,1,

(1)

Néu bdn cuc d6i xtng, ta co thé doi ctra 1 thanh cira 2, nghia 14 trong hé phuong trinh
trén cac chi s6 1 va 2 cla cac dai lugng dién ap va dong dién co thé ddi 1an nhau ma cac
thong sb Z; van gilt nguyén:

J’UZ =zl +zp,

1 2
Uy =zy15 + 2] @

Tur (1) va (2) ta rat ra diéu kién doi xing vé mat dién cua bon cyc:
Zn =2y va I =2In (5-47)
Nhu vay doi véi bon cuc doi xting ta chi can xdc dinh hai trong s6 bon thong so.

Bon cuc goi 1a doi xtirng vé mat hinh hoc néu né ton tai mdt truc doi xung qua truc dung

chia bdn cyc thanh hai nira giéng nhau (hinh 5-17a).

L, L
O Lc, —] —a
- 12 12
U l luz _
) BCDX ECBX
D] 0 [ —0

Hinh 3-17a
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Thi dy vé mot M4C d6i xtimg vé mat hinh hoc nhu hinh v& 5-17b duéi day:

Zl Zl Zl Zl

3 3 O [ —3 —3

o

Z, 2z | [) 22,

Hinh 3-17b
Chuy réng mot bdn cuc dbi xung vé mit hinh hoc thi duong nhién doi xung vé mit dién,
nhung diéu nguoc lai thi khong ding,
Thi du 5-3:
Hay xéc dinh diéu kién dé mang bon cuc (M4C) hinh 5-18 thoda man diéu kién d6i xung

vé mat dién.

s K
IR, [,
o o
Hinh 5-18
Giai: Ta co:
_R,R.+R))

=

* "R, +R, +R,

_ Ri(Rb +R::|
®R,+R_+R,

bicu kién mach dién thoa man diéu kién doi xtmg vé mat dién la z,, - tue la:

R + R":I{R-: _Rd}_ Rd{Rb-l_R-:}
*"R,+R.+R, R,+R. <R,

Tur d6 ta rut ra moi quan hé gitta cac dién tré d€ mach dién doi xing dién la:

p _RR FRRFRR,
’ RE - R.’.

Ta thiy: Néu R, [l thi mach dién khong thé déi xing duoc. Néu R, [ thi diéu
kién sé 1a R, || va mach tro thanh déi xtng v& mat hinh hoc. Con néu R, [N
R, V2 mach ciing tro thanh d6i xtmg v& mat hinh hoc.

- Dinh ly Bartlett - Brune
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I | I, 0 1 o
0—"— Man= bén ——0 —
- cyee 351 wimg - 10} zl z‘t[ U
U, I =E {[__ g — 1 Ty
L
D— D
‘ o L 0
! Z,

Hinh 5.19 .so do cau trong duong
Néi dung: Bén cuc d6i xtmg vé mit hinh hoc bao gid cling c6 thé thay thé bang so d cau
trong duong ( con goi 1a hinh X, hinh 5-19). Tro khang Z, bang tro khang vao cla nira
bdn cyc ddi ximg khi ngin mach cac day dan ndi hai nira bon cuc va cudn day tht cp
ctia bién ap 1:1, con ddi v6i cac diy dan chéo va bién ap 1: -1 thi phai hd mach. Tro
khang Z, bang tro khang vao cta nira bon cuc ddi xtmg khi hé mach cac day dan ndi hai
nira bdn cuc va cudn ddy tht cap cua bién ap 1:1, con dbi v6i cac diy dan chéo va bién
&p 1: -1 thi phai ngin mach.
Noi dung dinh 1y Bartlett-Brune dugc minh hoa trén hinh 5-20:

X
™ e ™ 1n .
Z, bén Zy bén

—+  |cuc d@bi P » |cue dé1

xmng ;{ ,\I Xung DCI
— 0—

Hinh 5-20: Minh hoa cach tinh cic tr& khang cia so dé caun

Trong dinh 1y trén chung ta thdy sy c6 mat cia bién ap, ddy 1a mot trong s6 cac phan tir
bon cuc co ban cua mach dién. Bién ap 1y tuong theo dinh nghia 1a mot bon cuc duoc

cach dién mot chiéu gitra clra vao va cura ra va c6 hé phuong trinh déc trung:

(5-48)

Mo hinh bién 4p 1y tudng minh hoa trén hinh 5-21a. B phan chu yéu ciia bién ap thuc
g6m hai cudn diy ghép hd cam véi nhau, néu boé qua dién tré cia cac cudn day thi bién

ap dugc v& nhu hinh 5-21b (n 1a ti s6 vong day gitta cudn thi cip va so cap)
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L, L
S0 I T Y
L
Hinh 5-21a Hinh 5-21b

D01 véi bién ap 1y tudng ta co:

Néu n=1 thi :
(5-49)

Néu n=-1 thi:

U, =-U,

: 2 5-50
11 (5-50)

LS

Vay bién ap 1:1 twong duong véi bon cuc ¢6 hai day dan song song hinh 5-22a, con bién

&p 1:-1 tuong duong voi bon cuc ¢6 hai day din chéo nhau nhu hinh 5-22b.

Il I-. I'. I:

. - "l £l

o * %+ (¥ - -4
bl R XCE
O { G 1]

Hinh 5-22a Hinh 5-22b

Bay gio ta s¢ xét to1 quan hé gitra cac thong so trong so d6 cau cuia bon cuc doi xung.
Nhu ta da biét, do1 voi bon cuc doi xtg chi can xac dinh hai thong s6, chang han hai
thong so do laz,, va z,,. Trong so do twong duong cau cua bon cuc doi xtng (hinh 5-23)

ta co:

Hinh 5-23
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1
=~ (Zg-Z) (5-52)

“

Zp =

Uy
Il I,=0
Nhu vy suy ra mdi quan hé nguoc lai:
Zi=zn-In (5-33)
In=zin +In (5-54)
Sau day ta xét mot thi du vé ung dung cua dinh ly Bartlett-Brune.
Thi du 5-4: Hiy xac dinh cac thong sd z; cua mach dién hinh 5-24a.

R, Ri2 | R
— ——
I, |R R |1 R R
R o S N o — O o
U, R:[] U, é,, 3R:[] [] 2R,
0 o
Hinh 5-24a Hinh 5-24b

Gidi: Theo két qua tinh duogc tu cac thi du trude, ta da biét mot sb cach dé giai:

-Céch 1: Tach mach dién trén thanh hai mang bon cyc thanh phan mic nbi tiép-ndi tiép
v6i nhau. Xac dinh cac thong sb Z; cua cac bbn cuc thanh phan, sau d6 tong hop lai
thanh cac thong sd Z; cua bbn cuc.

-Céch 2: Xac dinh cac truc tiép z; theo dinh nghia trong h¢ phuong trinh tr¢ khang dac

tinh cua bon cuc.

_RR+R;)+R,(2R+R,)
T 2JR+R,

R'+R,2R+R,)
2TTTORIR

-Bay gid ta st dung cach dung dinh 1i Bartlett-Brune dé giai bai tap nay. Trudc hét ta bo

d6i dé 1ay mot nira bon cyc (hinh 5-24b), sau d6 tinh Z, va Z,, :
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z = Z . = = -
I Vnzm Rl IR + Rl

-

i

Zy=Zy. =R+2R,

R R R(R+R,)+R,QR+R,
tn =2+ Zy) =t L RyoR, - DRI ROSRGRAR,
T 2 IR +R, : JR+R,
1 I RR, . R'+R,QR+R
2 == (Zg -Z;) =—[R+2R, ————1]= 2@R*R,)
2 )

JR+R, " JR+R,

Vay két qua nay hoan toan triung vé&i két qua ¢ céch trén.

5.1.6 Bon cuc c6 tai

Trong muc ndy ta s& dé cp toi cac thong sb ctia bdén cuc khi ndi bdn cuc vao giira ngudn
va tai (hinh 5-25). Gia st Z,1a tré khang ctia ngudn tin hiéu ¢ ctra 1, con Z, 1a trd khang

cua tai ¢ cua 2 cua M4C, trong do:

Z, =R "X,
Zy =R +1X;
L
Mang bén o
clec co tai U"l ZJHI]

Hinh 525
a. Tro khang vao M4C:

Tré khéng vao cua cua 1:

Z,=—= (5-55)
Tré khéng vao cua cua 2:
U, z,.2.+ Az g2+,
'Zf'] = = = b 12 [5'56)
I, Iy T £ —ayZ; —ay
Trudng hop riéng khi cira 2 bi ngdn mach hoic hé mach thi tré khang vao ctra 1:
2 apn c
zr'l.um = JEr"r'l.il.'r.l = I:-\'_:'?j
n 1

Tuong tu nhu vay, khi cura 1 bi ngén mach hodc hd mach thi tré khang vao ctra 2:
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b. Ham truyén dat di¢n dp ciia M4C:

K{‘U:I :L._:'— 'Z: ! [5_59)

E (zy+Z)an +2Zy)—2n.2n

Truong hop riéng: khi Z1=0, ta co:

U, _ Z,.zy Z, Y

K, (p)=—2= = 2 = (5-60
: Uy zplen+Zy)—zp.2y :

ayZ, —ay yp 1/ Z,

Thi du 5-5: Cho M4C nhu hinh v€ 5.26a

+ Xéc dinh cac thong sd a; cua M4C.
+ V& dinh tinh diic tuyén bién do ctia ham truyén dat dién 4p T( j“ khi dAu ra
ny

Mac c6 Z, IR

+ Nhan xét tinh chit cuia mach (d6i véi tan sb).
R,

—1

| B |

U, C— [|Rr, \ U,

Hinh 5.26a
Giai:

Theo dinh nghia, d& dang tinh dwgc ma tran thong s truyén dat:

R +R, +RR,Cp 1

R —A
[A]= * |
pC+— -1 |
R, |
Ham truyén dat dién ap dugc tinh theo biéu thirc:
R,

| z,
T'{jo)= =3 —

Dic tuyén bién do dinh tinh nhu hinh vé 5.26b.
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.-'T[_i L] _',l'l

F 3
Rz,_.-’l[ 2R, +R,)
0 T~ pl0
Hinh 5.26b

Nhan xét: ddy 1a mach loc thong thip, & ving tan sé thp tin hiéu vao va ra dong pha, &
viing tan s cao tin hiéu ra chiam pha so véi tin hiéu vao mot goc /2.

c. H¢ sé truyén dat, lwong truyén dat ciia bon cuc

Néu tir ngudn 1y tuong ta co thé lay duoc cong suat 1on bat ky, thi voi ngudn khong 1y

tudng c6 thé d& dang chimg minh céng suit tic dung 16n nhét tai co thé nhan duoc la:

E?
P, = (5-61)
"T 4R,
Cong sudt tiéu thu trén tai & dau ra M4C duoc tinh theo cong thic:
U?
P, =2 5-62
) (5-62)
- Hé 56 truyén dat cua bon cuc theo dinh nghia dbi v6i mach thu dong:
. B,
I'" =— =1 (5-63)
=3
Tir d6 c6 thé rut ra:
P R,
= ot = 2
P, 2U, R,
C6 thé viét lai biéu thirc trén theo ham ciia tan sd phc p:
E (R
[(p)=— - 5-64
®)=35x (5-64)

Hé s6 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 str dung thém biéu thirc ciia ham truyén dat dién
ap da néu ¢ muc trudc.

Ta c6 thé viét lai hé sb truyén dat cho mach dién téng quat:

(zy +R))(zy +Ry)— 2.2y

2.2, R, R,
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Nhu vay hé s truyén dat va ham truyén dat dién ap ti 16 nghich v6i nhau. Trong céc
mach khuyéch dai va tich cyc thi K(jo) 16n hon 1, con trong cic mach thy dong thi T'(jo)
16n hon 1. Hé sb truyén dat 13 mot ham phtic va ¢ thé biéu dién theo bat ky loai thong sd
nao ctia bon cyc dwa theo bang quan hé giira cac thong sd.

X¢ét riéng dbi v6i truong hop bén cyc dbi xung, trong truong hop R, |

(Z; +R).(Z; +R)

I = 3-66
e A% 560
- Luong truyén dat duoc viét dudi dang 16garit ty nhién ctia h¢ $b truyén dat:
g(@)=InT = In|l| + j.arg(T") = a(0) + b(e) (5-67)

trong do a(_ goi 13 suy giam, do bang Népe (Néu tinh theo Péxiben thi

a(—cc‘)n b(w) = arg(") goi 1a dich pha, do bang rad.

d. Cdc thong so séng (cdc théng sé dic tinh) ciia M4C
Trudc hét ta xét t6i khai niém phdi hop tré khang trong 1y thuyét duong day, khi co
ngudn tac dong dién ap E véi ndi trd trong 13 Z, duwge mic vao tai co tré khang Z, (hinh

5-27a) .

Z'.
{1 #
(DlE 2
#
Hinh 5-27a

Dé c6 su phdi hop tré khang dam bao khong c6 su phan xa tin hiéu thi phai thoa man
diéu kién: Z, B . khi do cong suit trén tai s& 1a:
— :E: : R“i
COARI+XD)
I:Hil'l Z:=F;+ jK,- ).

va hé sb phan xa khi PHTK s¢ la:

Bay gio ta xét mang hai ctra nhu hinh 5-27b.

151



M4C _
zf:_zm [1Z5

Hinh 5-27b
Dé c6 su phdi hop trén ca hai cira (tirc khong c6 phan xa) thi can phai c6 hai diéu kién:
-Véitaidewa 2 la Z,, thi tréd khang vao & ctra 1 phailaz,,,
-Véitai ¢ cua 1 1a Z), thi trd khang vao ¢ ctra 2 phai la Z,,
No6i mot cach khac, diéu kién dé co su phéi hop tré khang & ca hai ctra la:
[Z: =2,

|z, =2,

1

(5-68)

trong d6 Z,, goi la tro khang song cua cira 1 va tinh theo cong thirc:

4 5-69

va Z,, goila tro khang song cua cira 2 va tinh theo cong thirc:

Z (5-70)
? ﬁaﬂau

Khi Bén cuc duge phéi hop tro khang ¢ ca hai ctra thi hé $6 truyén dat duoc goi la hé $6
truyén dat séng va ky hiéu 1a .:
_ (2 +Zy) (2 +Zy) — 2.2y

(5-71)
0
2.2y Lyg- Ly
Hay
s L Ay + Ly ay Ay L Eyy
[ = it R i Vi S { :Nn'lau.a_?l —Ja“.au (5-72)
2.0jZyg- Ly

Luong truyén dat lac nay sé 1a leong truyén dat song:

g, =InT :111[..Ja1:a_?-_ + .jallax | :l11|1"_]| +jarg(l',)=a, + ib, (5-73)

trong do:
a, = 111|T_]| got 13 suy giam séng. do bang Népe.

bo=arg(Ty)  goi 13 dich pha séng. do bang rad.
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e. Moi quan hé giira cdc loai thong so ciia bon cuc:

zl: = Z‘r’l:\;:l:'z‘t-".h:a ?zzn = Zt:::gm-zvz':.m (5-74)

Zy Zm Z /2nEm
the, :\[ = :J ke (5-75)
Z Z Vihm z‘-.—']'_'r_“l

Trong do6 :

Zyingm: tro khang vao cua cua 1 khi ngén mach ctra 2 .
Zyinm: tréd khang vao cua cua 1 khi hd mach cura 2 .
Zyongm: tr6 khang vao cua cua 2 khi ngén mach cira 1 .
Zyonm: tréd khang vao cua cua 2 khi hd mach cua 1.
Céc thong sd song Z,,, Z,,, g, hoan toan xac dinh bon cyuc tuyén tinh c6 thong sb tap
trung, thu dong va tuong hd. Tir cac thong sb song ta co:

Z, 1
the,

iy =

Yu=g5g—/] ap =
Zythg,

N A
E"]:_ :# .}Il_'-" = —; al:_ = .||le:| _Z:: -5;113.3 [ﬁ_}',ﬁj
shgq 2y Ly Shgy

_Z, 1

Yoy = ———— a, =—fF——shg,

© Zythg, ) ﬂll'El,].Ezz- -

f. Cdc thong so séng ciia M4C doi xirng
Néu 1a bbn cuc d6i xtimg vdi so dd twong duong 1a mach cau (hinh 5-28), khi do:

Tu d6 suy ra tro khang song dugc tinh:

Z;
o 1 0
ZII Z11
o 1 0
Z
Hinh 5-28
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1
Ly = Ly = :(ZI +Zyp)

_, 2l

7z . —r-m
Vingm Z,+Z;

=7

Vingm

Tu do6 suy ra tro khdang song dugc tinh:

Ly=ZLy=2Ly=\Z; Ly =, —:L (5-77)
il

Néu céc tré khang ctia mach cau 1a cac phan tir d6i ngau, nghia la:

Z.Z; =R} = const

khi d6 Z, -, tré khang song ctia mach ciu trong truong hop nay khéng phu thudc vao

tan s0. Hé so truyén dat song cua mach cau dugc tinh theo cong thurc:

(Zy+fZ1.29).(Zg ++Z;.25)

Dopx = (5-78)
(Zy-Z)AfZ, Z,
Dit Zy (5-79)
a = |— 5-
: q Zy /
4 l+q .
Khi do: g =— (5-80)
1,
Mit khac, trong M4C d6i xtng c6 phdi hop tré khang, Z,, -, do do:
: (7 _ 1
Lopx = J?- J== L: =L (5-81)
S, \Z, 2w, U,
Pong thoi lugng truyén dat song duoc xac dinh theo biéu thic:
[?1 _] - [_P:l - -
8opy =Inlipy = lﬂ—T = lﬂ—T + J-ETE(L—T} = agpy + J-bypx (5-82)

Thi du 5-6: X4c dinh céac thong sd song ctia mach dién hinh 5-29.
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XL;:].Q XHZZQ

WH__.JWH_G
Ul U:
X=30
& ‘)
Hinh 5-29

Giai: Ta xac dinh cac tré khang vao cua 1:
Zylpew=1 X0 it [1X /(X)) =T

Zinw—=1 X1 nt (-1Xc) = -2

Vay trd khang song ctra 1 1a:

Tuong tu ddi voi cira 2:

: : o 73
Zyame=1 X2 0t [1Xn 1 (1X)] = 5
Zyyyuny=1Xpa 0t (X)) = -

Vay tro khang song ctra 2 la:

2.,

Luong truyén dat song ctia mach duoc tinh theo cong thic:

AN A —
thgzz\j " =\j S VL]

5
Z Vikm Z‘\I:.:ﬂ.'l =

Thi du 5-7: Cho mot bon cuc dbi xing c6 trd khang song Z, . luogng truyén dat

son tr6 khang tai Z _Bén cuc mic vao ngudn cOE -,
9 g t g m

dién tro trong ctia nguodn 1a 1000Q. Hay tinh dién ap va dong dién & cira 2.
Giai: Theo dé bai, Z, . nhv vay bén cuc déi xung nay dwoc phédi hop tro

khang & ca hai cira. Theo 1y thuyét da phan tich ta co:

U,
Ep = T_T_

i _T
+1by=1+)—
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U, E 50
lnf[— =1n E =1 suvra U, =—=—=1835V
U, 2U, . © 2e 27
suy ra
n T
by =@y, —Qy, = suyra Qu, =@z —
Va
U, =185e 2 (V)
suy ra
1
Zi=[C/R]—
p+l
p+1

Zp=[([CmtR) /{(CntR)]= ——
2p

Vay ta co

2., I

Thi du 5-8: Cho M4C nhu hinh 5-30, cho biét R = 1don vi chuan, C = 1 don vi chuan.
a. Xac dinh cac thong sb song cua M4C.

b. Tinh hé sb truyén dat I'(p) khi mic M4C trén vao ngudn va tai véi cac gia tri

R, N don vi chuin

C C
| |
N i
R R
U, 20— H R/2 U,
Hinh 5-30

Giai:
a. Pay 1a bon cuc doi xtng, nén c6 thé ap dung dinh 1y Bartlett-Brune dé dua vé bon cuc

hinh X v&i cac thong so:

+ +1+.42 Z
[ox = ! a_p P (trong d6 q= |— )
l-q p+1-.2p Zy
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Vay tré khang song cua bon cyc 1a:
. 1
Zi=[C//IR]=——
p+1
|

Zn=[(C atR) // (CntR)] = 2
2p

Hé sd truyén dat song duoc tinh theo cong thic:

+14+.,/2 'z
ltq_P q\l_p (trong do q = |||_1
I=q p+1-42p \Z,

)

Lopx =
b. Trong truong hop nay khong con su phdi hop tré khang nén hé sd truyén dat cia mach
duogc tinh theo cong thirc:

_ (£, +R ) (Zy +Ry) _ (p+2).03p+1)
(Z; - Z,).R, 1+p°

T'(p)
Bay gio ta bién d6i I'(p) vé dang chira cac thanh phan chuan:

Py, P

Cp+2.Gp+n _ TPUITH)

r(p}_ " _— = ]
1+p° 1+p°

Dic tuyén I['(jo) trong trudng hop ndy gdm c¢6 mot thanh phan tuong tmg voi hé s6 k, hai
thanh phan tng véi diém khéng nim trén truc -o, va mot thanh phan tuong tmg v6i diém

cuc la cap nghiém phure lién hop nam trén truc o.

5.2 MANG BON CUC TUYEN TINH KHONG TUONG HO
Tré lai hé phuong trinh dic trung ciia bon cuc tuyén tinh, khong chtra ngudn tac dong

doc 1ap gdm c6 hai phuong trinh tuyén tinh, thuan nhat:

annUy +apUa+byly + bl =0

an Uy +apUs +byly +bnl =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 bén cuc twong tng véi mot tap thong sé dic tinh. Trong phan
trudc ta da nghién ciru cac hé phuong trinh dic tinh ctia bon cuc voi gia thiét vé su tuong
hd clia mach dién. Bay gio ta s& xét & goc do tong quat hon, tirc 1a trong mach c6 thé ton

tai cac phan tir khong tuong hd. Liic ndy céac diéu kién twong hd:
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L1y =€y €1 = "En Y =%
Aa=-1 h,, =-h,, Ab=-1

s€ khong dugc thod man, nhu vdy mach tuong duong cua bdn cuc khong tuong hd can
phai x4c dinh boi bdn phan tir (twong tng véi bdn thong s6). Pa sb cac mach khong
turong hd 1a tich cuc, do d6 trong phan niy ciing s& xét mot s phan tir tich cyec.

5.2.1 Céc ngudn c6 diéu khién

Bén cuc khong twong hd can co bén phan tir dé biéu dién, trong d6 c6 it nhat mot phan tir
khéng twong hd. C6 mot loai phan tir khong twong hd, tich cuc di dugc nhic téi trong
chuong I, @6 12 ngudn diéu khién. Pic trung ctia ngudn diéu khién 1 cac thong sd cta nd
chiu su diéu khién boi mach ngoai Va ban than né ciing 13 mot bén cuc khong tuong hd.
Cu thé n6 duge chia thanh:

-Ngudn ap duge diéu khién bang ap (A-A), hinh 5-31a. Strc dién dong ctia ngudn E, lién

hé véi dién ap diéu khién U, theo cong thuc:

-Ngudn 4p duoc didu khién bang dong (A-D), hinh 5-31b. Trong d6 sirc dién dong cua
ngudn E,, lién h¢ v6i dong dién diéu khién I; theo cong thirc:

Epe =1y (5-84)
-Ngudn dong duoc diéu khién bang ap (D-A), hinh 5-31c. Trong d6 dong dién ngudn Ing
lién hé véi dién ap diéu khién U, theo cong thirc:

Ing =2Us (5-85)

i [=]

-Ngudn dong duoc diéu khién bang dong (D-D), hinh 5-31d. Dong dién nguén Ing lién hé

v6i dong diéu khién 11 theo cong thirc:

L, =al; (5-86)
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U._l ] % oU; l U, U, D%‘(ﬂl le
et L - L

Hinh 5-31 M6 hinh hoa cac ngudn c6 diéu khién
5.2.2 Cac so' d6 twong dwong ciia mang bon cwe khong twong hd, tich cue
Tat ca cac loai M4C khong twong h, tich cuc déu c6 thé biéu dién tuong duong co chia
nguén diéu khién. Ta sé& biéu dién so do tuong duong cua bdn cuc véi sy cd mat cua
ngudn diéu khién.
a. So do twong dwong gom hai tré khdng va hai nguén diéu khién
Néu xuét phat tir hé phuong trinh tré khang:

;L; =zyl, + 2,1,
U, =21, + 25,1,

ta s& biéu dién duogc so dd trong dwong cta bdn cuc nhu hinh 5-32a.

I, I,

le le

Z;EIE l 1 22111

Hinh 5-32a

Néu xuét phét tir hé phuong trinh dén nap:

thi so dd twong duong cta bdn cuc sé& biéu dién duge nhu hinh 5-32b.
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Hinh 5-32b
Tuong ty nhu vay ciing c6 thé biéu dién mang bdn cuc khong tuong hd theo hé phuong

trinh hon hgp H nhu hinh 5-32c.

Il hy, If
s “
U, h,,U, l <> l i U,
h.E].L'_l
Hinh 5.32¢

b. So do twong dwong gom ba tré khing va mét nguon diéu khién

Céc so dd co thé dugc thanh 1ap tir cac so do chuén hinh T va hinh 7 bang cich gin ni
tiép ngudn dién ap diéu khién vao mot trong ba nhanh cta so d6 hinh T, hodc mic song
song ngudn dong diéu khién vao mot trong ba nhanh cia so dd hinh . Nhu vy s& co rat
nhidu cac truong hop cé thé, nhung trong thuc té thuong gip 1a cac so d6 hinh 5-33,

twong Uung véi cac hé phuong trinh tré khang va dan nap:

:lUl =zl +z,1, 22,51 {I; =ynU; +yuU, =y, Uy

d

Uy =2yl + 21, 22,1, 22,41, L =y4U, +¥,U, £y, U, ¥, U,
I, ZuzZn Zn-Zop L L -ye I
T} — —0 o — o

(;Z )i Yty )
U, Z1 a2l | U, U, [] [] %l(}’u-}u]U] U,
ytyiz

o o 0

Hinh 5-33

Theo cac so dd trén, néu z,, -hoéc Vi -thi cac so d6 nay lai tro vé dang bon
cuc twong hd di biét. Sau day ta xét mot sé phan tir phan twong hd, tich cuec.

5.2.3 Mot s6 bon cuwe khong twong hd, tich cuwe thwong gip:
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a. Bj bién doi tré khang am (NIC)

I I, L I,
0—s —0 O — ] ] | -— 1
Ulj INIC le U{ URIE U,
k=1 : =-1 :
Hinh 5-34

Ki hiéu cta bd bién doi tro khiang 4&m nhu hinh 5-34.

Hé phuong trinh dic trung cua NIC 1a hé phuong trinh hon hop:

:.U; = kUz

5-87
?_IJ. = kI'_ L )

-Néu k =1, ta s€ co:
IU1 =1,
I_Iz =1

theo quy udc vé dau ctia bon cuc, di€n ap ¢ hai ctra s€ cung chiéu con dong dién & hai

ctra s& nguoc chiéu, phan tr NIC trong trudng hop nay dugc ky hiéu 1a INIC.
-Néu k = -1, ta co:

(U, =-1,
xl_Iz =-1I,

truong hop nay dién ap ¢ hai ctra s€ ngugc chi€u con dong dién ¢ hai ctra s€ cung chiéu,

phan tir NIC v6i k=-1 duogc ky hiéu 1a UNIC.

Tu do ta rit ra:
H].. = 0 k G = 0 1/k
NET kool MC sk 0

Pbi v6i NIC cac hé phuong trinh trd khang va dan nap khong co ¥ nghia. Tré khang vio

& ctra 1 khi mac tai ¢ cua 2:

al L el
Z,=—t=k'—2t=-KkZ (5-88)

Nhu vay NIC déng vai tro 1a mach bién doi tré khang 4m. Chang han néu tai 1a dung
khang thi dau vao twong duong 14 dung khang am.
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b. Transistor

I -Ic

Iz
B
Hinh 5-35

Transistor dugc coi 1a mot bdn cue tich cyc. Hinh 5-35 1a ky hi¢u chiéu dong dién trong

transistor PNP. Dong Emitter dugc phin phdi giita Base va Collector, thoa mén hé thirc:

I
o =-"=0098=-0.998
iTE
Iz =(1-a)I
I
=_C=i;:.1
I, l-«a

Dong Emitter cha yéu duoc xac dinh boi dién ap Uge , ngoai ra con phu thude vao dién
ap Collector, tur d6 dong I¢ cling phu thudéc mdt it vao dién ap Ucg.

-Ttr cc tinh chat d6, c6 thé co nhiéu cach biéu dién so dd twong duong cua transistor, tiy
thudc vao timg diéu kién 1am viée cu thé (tuyén tinh/ phi tuyén, tan sd cong tac, hay céch
mic mach) va yéu cau tinh toan ma ngudi ta st dung so d6 twong duong thich hop. O
mién tin hiéu nho, tin s thip, nguoi ta hay dung so d6 twong duong hdn hop H véi hai
ngudn diéu khién (d3 néi & trén), hodc dung so dd twong duong vit 1y voi mot ngudn diéu

khién nhu hinh v& 5-36a.

OEIE
—
I]_:IE J'E J—ml}: ]: :'Ic
E ¢——"~1"7 n C
C
U, J Ip [] U,
O i
B
Hinh 5-36a Hinh 5-36b

Trong so dd nay c6 ngudn dong phu thudc . Cac dién tré trén so dd 1a cac dién tro vi
phan cta cac thanh phan dong xoay chiéu c6 bién do nho dam bao doan 1am viéc tuyén
tinh va duoc xac dinh boi hé cac dac tuyén cua transistor. Dién tr¢ rE c6 gia tri vai 6m
dén vai chuc 6m, B khoang vai trim 6m, trong khi d6 rC c6 gia tri cao (tir hang traim kQ
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dén vai MQ). Ngudn dong ciing ¢ thé dugc thay thé bai ngudn ap nhu hinh 5-36b, véi
€ng _trong d6 rm = 0.rC. Tuy theo cach chon ddu vao va dau ra, c6 thé co

ba loai mach khuéch dai transistor:

-So d6 bazo chung (hinh 5-37a). Dudi ddy 13 ma tran trd khang cua transistor twong tng

v&i truong hop nay:

r. +
[Z]zc =| N

Il—IE e fmIE I —'IC
Eo——T3—T31<—> +—0 (O
I'c
U, 15 (] U,
- O

B

Hinh 5-37a
-So @6 Emitter chung (hinh 5-37b). Dudi ddy 1 ma trin tré khang cia transistor tuong

ung voi trudng hop nay:

Ip + Iy Ig
[Z]ec = ) ) ]
Ig =Ty Ig +1¢ — Iy
Il fB ME I:
L T, . N —
B = C
fc
LTI I'E ] LT:
O O
E

Hinh 5-37b
-So d6 collector chung (hinh 5-37¢). Dudi diy 12 ma tran tré khang cua transistor tuong

ung:
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Bo— 1 lﬁ —0 E
I
U, © U,
ll‘n'_IE
4t ! el
C
Hinh 5-37¢

Hinh 5-38: mach khuéch dai mac E chung

Trong thyc té, tiy vao ché do phan cuc bang cic ngudén mot chibu, transistor c6 thé duoc
ung dung dé 1am cac mach khoa, mach khuéch dai, mach bién d6i tan sb... Trong hinh 5-
38 1a mot thi du mach khuéch dai tin hiéu st dung transistor miac Emitter chung ghép RC.
Viéc lua chon céac gia tri linh kién bén ngoai dam bao sao cho transistor lam vi¢c trong
mién khuéch dai.

Céc g dung cu thé cia transistor s& dugc nghién ctru chi tiét trong cac hoc phan ké tiép.
¢. Mach khuéch dai thudit todn:

Mach khuéch dai thuat toan 13 mot trong nhirng bon cuc khong twong hd, tich cuc dién
hinh. Tén goi ctia mach 1a dung dé chi nhitng mach khuéch dai lién tuc da ning dugc ndi
truc tiép v6i nhau, c¢6 hé s6 khuéch dai 16m, tro khang vao 16n va tré khang ra nho, va voi
cac mach phan hoi khac nhau thi mach khuéch dai thuat toan s& thuc hién nhirng chirc
ning khac nhau. Ky hiéu va dic tuyén vong hé 1y tuong ciia mach duoc vé& trén hinh 5-

39.
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4 17

|

AU,

Uy » ALT

Hinh 5-39: Ky hiéu va dic tuyén truyén dat cia KDTT

O ché do tuyén tinh, mach khuéch dai v&i hé sd khuéceh dai A>0 sé& cho dién ap dau ra:
u,. I (5-90)

Néu U, B U, - nghia 1a dién ap ra déng pha vé6i dién ap vao, do d6 dau vao

(+) duogc goi 1a dau vao khong dao pha (P).

Néu U, [Jlh U, B otz 12 dién 4p ra ngugc pha véi dién ap vao, do do dau

vao (-) duoc goi 1a dau vao dao pha (N).

Mach khuéch dai thuat toan sé& 1a 1y tudng khi hé s6 khuéch dai A b%mg o, dong dién &

cac dau vao bang khong, tré khang vao 1a oo, tré khang ra bang khong. Trong thuc té hé

s6 khuéch dai ctia mach 1a mot s6 hitu han, déng thoi phu thudc vao tan s6. M hinh cua

mach thyuc té mo ta trong hinh 5-40, trong d6 dic tuyén tdn s ciia A co thé coi nhu c6

dang gin dung:
A,
Alp)=—vo (5-91)
1+ B
@y
201zA dB
P
- A
oo A(Up-Uy) | U "

N, - .
o 0, we

Hinh 5-40: M6 hinh twong dwong KDTT va dic tuyén tin 56 ham truyén dat cia no

Mach khuéch dai thuét toan c6 rat nhiéu cac ung dung trong thuc té ca & ché do tuyén
tinh va phi tuyén nhu cic bd so sanh, khuéch dai cac thuat toan xir 1y, loc tich cuc, dao

dong...
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Pé giit cho mach 1am viéc & mién tuyén tinh thi nguoi ta phai tim cach gim muc dién ap
vao (AU) sao cho dién ap ra khong vuot qua ngudng bao hoa duong VH hodc bao hoa am
VL. Diéu nay c6 thé thuc hién dugc nho cic vong hdi tiép am trong mach.

Thi du 5-9: Hay xét chuc nang ciia mach dién hinh 5-41a.

Z,
12 [
U,\_, AUI=0 oo )
T+ U,
o o
Hinh 5-41a

Giai:
Néu coi KPTT la Iy tudng va lam viéc trong mién tuyén tinh thi ta co:

AU=0

va khi d6 diém N duoc goi 1a diém dit 4o.

Il#
1 2

Dong dién vao:

T d6 ta rat ra:

W
1 1

-Néu Z1, Z2 1a thuan trd thi chic nang cua mach la khuéch dai dao pha.
-Néu thay Z1 1a thuan tr¢, Z2 1a thuan dung khi d6 ham truyén dat cia mach:

1
Kipl=——
() SCR

Nghia 1a mach trén thyc hién chirc nang ctia mach tich phan. Trong mién tan sé mach
dong vai tro 1a bo loc thong thap tich cuc bac 1.
-Néu thay Z1 1a thuan dung, Z2 13 thuan trd thi:
K(p)=-pRC
Nghia 1a mach trén thuc hién chirc ning ctia mach vi phan. Trong mién tan sé6 mach dong

vai tro 1a b loc thong cao tich cuc bac 1.
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Thi du 5-10: Hay x4c dinh ham truyén dat dién ap cuia mach di¢n hinh 5-41b, coi KDTT

1a 1y twong va lam viéc trong mién tuyén tinh,

Hinh 5-41b

Giai:
Dong dién chay trong nhanh hoi tiép:

U, I

I:—: ra

Z, Z,+Z,

Ham truyén dat cua mach la:

U i
K(p)= =1+

¥ 1

Nhu vay, b?lng viéc thay ddi tinh chat cta nhanh hoi tiép ma mach c6 thé thue hién dugc
cac thuat toan ung dung khac nhau. D6 1a mdt vai thi du vé tinh da nang cua loai linh
kién nay.

bé nghién ctru sau hon vé cac ung dung ctia mach khuéch dai thuét toan va transistor,
dac biét 1a cac thong s6 cua mach twong duong trong mdi cach mic, hoc sinh can doc

thém trong cac gido trinh va cac tai liéu tham khao cua cac hoc phan ké tiép.

5.3 MANG BON CUC CO PHAN HOI
Mang bon cuc c6 phan hoi 1a mot dang két cau phd bién ciia cac hé théng mach. Trong

dd mot phan tin hiéu ra s€ dugc dua quay ve khong ché dau vao. M6 hinh tong quat cua

mang bdn cuc ¢6 phan hoi nhu hinh vé 5-42:
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X X : N
R oy }-,-f[ang bon CLC a
--.\;;_-I » K o
XJ:II:
Khau h.tiép
¥ -

Hinh 5-42: M6 hinh téng quat M4C c6 phan hoi

Gia thiét: M4C ban dau c6 hé sb truyén dat ho:

K= _}— (5-92)
X,
Khau phan hoi ¢6 hé sd hdi tiép:
e
g="2 (5-93)
7

Nhu véy, hé théng kin (c6 phan hoi) s& c6 hé s truyén dat méi:

Ki,..:}fz — (5-94)
- X 1-Kp

o]

Trong trudng hop hdi tiép am (tin hiéu hoi tiép 1am suy yéu tin hiéu vao), khi d6
‘1_tri s6 ham truyén dat ciia hé kin s& nho hon so véi hé ho.
Trong truong hop hdi tiép dwong (tin hiéu hoi tiép lam ting cudng tin hiéu vao), khi d6

‘1_ tri sO ham truyén dat cta hé kin s€ 16n hon so vdi h¢ ho.

Néu K . khi d6 tri s6 ham truyén dat cia hé kin s& tién dén vé cung. D6 1a truong
hop héi tiép duong gy ra hién tugng tu kich, mach roi vio trang thai khong on dinh. Néu
cat bo tin hiéu vao trong truong hop nay, thi hé co thé tu dao dong cho ra tin hiéu ma
khong can tin hiéu vao.

Néu K khi 46 tri s6 ham truyén dat cua hé kin s& chi phu thudc vao khau hdi tiép.
D6 thudng 14 truong hop hoi tiép am sau.

Néu xét t6i két cau va cac thong s6 tham gia, ngudi ta chia hdi tiép thanh cac loai sau:
+Hbi tiép nbi tiép dién ap: tin hidu hoi tiép ndi tiép véi tin hiéu vao va ti 1 véi dién ap

dau ra. M6 hinh cta n6 duoc minh hoa nhu hinh 5.43a.
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+Ho1 ti€p ndi ti€p dong dién: tin hi€u hoi ti€p nd1 ti€p véi tin hiéu vao va ti 1€ vo1 dong

dién dau ra. M6 hinh caa n6é duge minh hoa nhu hinh 5.43b.

-:,L—f: IJ—- IIz. 0 11 .
(A K K U |
Ul Ih. Iz" U_'-‘
VB |
[ —E— —0
Hinh 5.43a Hinh 5 43b

+HO1 tiép song song dién ap: tin hi¢u hoi ti€p song song voi tin hi¢u vao va ti 1€ véi dién

ap d4u ra. M6 hinh cta né6 duge minh hoa nhu hinh 5.43c.

2. 0 2
K K v |
I:' LT:
B B
L —o
Hinh 5 43¢ Hinh 5 43d

+Hoi ti€p song song dong dién: tin hi¢u hoi ti€p song song voi tin hi€u vao va ti 1€ voi

dong dién dau ra. M6 hinh cta n6 dugc minh hoa nhu hinh 5.43d

5.4 MOT SO UNG DUNG LY THUYET MANG BON CUC
Noi dung chinh phan nay 1a nhitng tng dung dua trén 1y thuyét cia mang bdn cuc, dic

biét di sau vao cac ing dung cia mang bdn cuc thu dong va tuong ho.

5.4.1 Mang bon cuc suy giam

Mang bdn cuc suy giam c6 thé dinh nghia mot cach tong quat 1a cac mach chia dién ap
chinh x4c ma khong 1am thay d6i noi tré trong Ri ctia ngudn. Mach suy giam phai thoa
mén cac yéu cau sau:

-Mach suy giam phai 14 bon cuc ddi ximg voi tré khang dic tinh bang dién trd trong cia
nguon.

-Két cau don gian va tinh toan dé dang, dong thoi khong yéu cau dich pha giita tic dong
vao va dap ra, nghia la truyén dat dic tinh:

Pé dap tmg dugc yéu cau nay thi cac phan tir ctia bd suy gidm phai 13 cac thuan tro. Cac

phan tir cua bd suy giam dugc tinh todn theo cac so d6 chuan cua bon cuc nhu sau:
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a =0 (5-95)

g =
a. So do hinh T (hinh 5-44a):
R
I, R, R, I, R,=—L (5-96)
O — sha
U1 R; [] UJ B, =R, = i — R_ (5-97)
" tha sha
s 0
Hinh 5-44a
b. So do hinh 7 (hinh 5-44b):
1
I G- - G, = 5-
o—s — L * 7 R,sha (-98)
U, G, G, U, G, =G, =L 1 (5-99)
° R;tha R sha
Hinh 5-44b

Thi du 5-11: Hiy tinh mach suy giam lam viéc voi ngudn cé dién tré trong la
R, -suy giam dac tinh 1a 2,75 Népe.
Gidi: Theo cac diéu kién cta bai toan:

E;= 60002 a=2,75Népe.

Vay cac phan tir ciia mach suy giam theo so do hinh T 1a:
R, 600
sh2 .73

=770

R, R,
R,=R,=—-—= ﬁﬂ‘},— 600 =52202
° tha sha th2.75 sh2.73

Tuong tu ban c6 thé tinh cac phan tir cia mach suy giam theo so d6 hinh 7.
5.4.2 Mang bon cuc phoi hop tré khang
Khac voi bon cuc suy giam, nhiém vu ciia bén cuc phdi hop trd khang 1a két hop véi
ngudn dé 1am thay doi noi tré trong (Ri1) cia ngudn thanh gia tri méi (Ri), hodc nguoc
lai, bién ddi tré khang tai thanh tro khang ngudn. Do d6 dic diém chi yéu cia bdn cuc
phdi hop tro khang 1a tinh khong dbi xtmg. Ngoai ra, yéu cau khi két hop véi ngudn thi
truyén dat ddc tinh cta no 1a thuan ao:

z=1b (5-100)
Véi cac yéu cau ndy, cac phan tir cia bo phdi hop tré khang duge tinh toan theo cac so
dd chuén ctia bon cuc nhu sau:
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a. So' d6 hinh T (hinh 5-45a):

[ Z Z, L B R Ry

— — Z,=—] 5-101
- =" : sinb ( )
LTl Z3 [] LTJ R-]R--. R'l
Z=—— 5-102
o L= sinb tgl:r}I ( )
Hinh 5-45a R R. R.
Z, =R ey (5-103)
: sinb tgb
b. So do hinh 7 (hinh 5-45b):
. 1
I, Y, L Y, =——— (5-104)
e — — manb
U, Y. Y, U; Y, = i( l L (5109
{ ) U JR,R, sinb Ryteb

Hinh 5-45b Y, = je— L) (5-106)

JRyR; sinb B R, tgb ]
Thi du 5-12: Hay tinh mach phdi hop tr& khang giira ngudn cé dién trd trong 1a 50000
va tai 75Q. Gia st dién ap dién 4p ra cham pha hon dién ap vao 45°.
Giai: Theo cac diéu kién cua bai toan ta co:
R =50000); B =750 b=mn/4 [rad/s].

Vay cac phan tir ciia mach phdi hop tré khang theo so d6 hinh T la:

S, _ _j*/R._l.R.__? /500075

. ——— =—18660
: sinb ! 272 :
_AfRyRs R 300075 5000 e
sinb tab S22 1

ARaRy R,-g}_ .{r\fﬁlﬁllﬁllﬁl.?ﬁ

Z, =i _
T e

—%}:ﬂgm

Tuong tu ban c6 thé tinh cac phan tir ciia mach phéi hop theo so dd hinh 7.

5.4.3 Mach lgc thu dong LC loai k

a. Khai niém chung

Moi mach co chwra cac phcfn twr dién khang sao cho tro khang cua no phu thudc vao tan
s6 déu cé thé coi nhuwr c6 tinh chdt chon loc déi véi tan so6. Mét cach dinh tinh ¢6 thé dinh
nghia mach loc tan sé la nhitng mach cho nhitng dao déng cé tan sé6 nam trong mgt hay
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mét s6 khodng nhat dinh (goi la dai théng) di qua va chén cdac dao dong cé tan s6 nam
trong nhitng khodng con lai (goi la dai chan). Vé mdt két cdau, mach loc tan sé Iy twéng la

mot bon cuc co suy giam dac tinh thoa man:

t dai th
5 rong a! ong (5-107)
ong dai chan

Hay n61 mot cach khac, h¢ so truyén dat dién ap cua mach lgc tan s6 thod man:

|K rong dai thong (5-108)
] rong dai chan

& E@N

v 2

W

i théme |,

F

Hinh 5-46
Pic tinh tan sb K(-cﬁa mach loc ly tuong biéu thi trong hinh 5-46. V&1 mach loc thy
dong, tinh chét chon loc 1y tudng chi dugc thuc hi¢n khi cac phﬁn tir xay dung nén mach
1a thuan khang, dong thoi tai phdi hop trong dai thong 1 thuan tré. Ching ta s& xét cac
mach loc ma so d0 ctia né c6 dang hinh cai thang nhu hinh 5-47a, két cAu nay gitp cho

mach loc 1am viéc 6n dinh do d6 n6 dugc st dung rat rong rai trong thuc te.

Z z, Z,
= I £
Z Z, Z Z,
o 2
N
Hinh 5-47a

Pé phan tich mot mach loc phire tap, thuong dung phuong phéap cat thanh nhiing doan
nhé don gian theo cac so dd hinh T hodc hinh 7, hinh I thuin hodc hinh T nguoc (hinh 5-

47b) két ndi voi nhau theo kiéu day chuyén.

Z Z2 ZJj2
@ — @ — 0 +—u
2z, 1z 32-:# 42,:
o 0 o O
Hinh 3-47b

Céc so d6 hinh T va hinh 7 thuong dugc sir dung dé nghién ctiru vé mat 1y thuyét mach
loc. Cac thong sb dic tinh cia hai loai so dd nay dugc tinh theo cac cong thuc:
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(5-109)

Z,
Z,(T) =Tf
Z(m =22, ———— (5-110)

4Z,

1+—=
Zf‘l
1

L. 4z,

1+—2
z!?

the, = (5-111)
i 22
1+ —=
Z

a

b. Piéu ki¢n ddi théng ciia mach loc
Vi két cdu cac phan tir tao thanh Z,, Z, di cho, cin x4c dinh diéu kién vé dai thong

(hay dai chan) ctia mach loc. Trong dai thong ta phai co:

Thir nhat: Cac phan tir Z,, Z, 1a thuan khang.

Rt ra hai diéu kién trong dai thong:

Thir hai: Z(T)va Z,(T) phai thuan tré.
va diéu kién nay sé& tuong duong véi:

Z,

Z
1<—4—"%<ew hay -1=—=<0 (5-112)
V4 47

a b

bay la diéu kién dai thong cia mach loc c6 két cau hinh cai thang.
Tai tan sO wc cua mach loc, ta s€ co:

—4 zb ((g:} -1
Z (m.)

(5-113)

c. Mach loc loai k
Mach loc loai k 13 loai mach loc thuan khang néi trén co cac phﬁn ttr thoa méan diéu kién:
ZoZy=k (5-114)
(trong d6 k 1a mot hang s6 thyc)
Dé thoa man diéu kién trén, don gian nhat 1a chon cac nhanh Z,, Z, 1 cac phan tir thuan
khang ma tr& khang co tinh chat nguoc nhau. Sau day ta xét cu thé loai mach loc nay.
d. Céu triic ciia mach loc logi k

- Mach loc théng thép:
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(5-115)

1
Z;=1mL Z, =
a ] ] Jfﬁ:fb
L? 7 L 1.-". ) L.a
a— VY Y L Y Y Y Y g & Y Y Y e 5
—c, —=C2 =/ cp
@ o k= =]
Hinh 5-48

Hinh 5-48 md ta mot mat loc hinh T va hinh 7 ctia mach loc thong thap.

Tan so cat cia mach loc dugc xac dinh theo cong thuec:

Z(w.) o' LC,

* (5-116)
a b
- Mach loc thong cao:
Z, ‘ = (5-117)
J
Hinh 5-49 mé ta mét loc hinh T va hinh & ctia mach loc.
2C. 2C C
° [ R o 11 o
[l T Il T 1] I
3L, 0L, 3oL,
- L o o L [
Hinh 5-49
Tan s6 cat ciia mach loc dugc xac dinh theo cong thuec:
_45@) _yur.c, -1
L (@)
. 1
Rutra w = (5-118)
“afLc,
- Mach loc thong dai:
Z,=j0l,~—):  Z,=—— (5-119)
L ‘a . ({}{-,- _
J(@C, al, )

bé thoa man di€u kién cua mach loc loai k, can co:
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1 1

= = ._':'_)I
JLC,  JLC, T
Hinh 5-50 m6 ta so d6 mach loc.
c L c, L

=]

r—fmnr r—-’ﬂ‘m —
I | :%
Lb § Eib L':p g I:h I—'t: g Ct:
T hETS MT

Hinh 3-50

Tan so cat ciia mach loc dugc xéac dinh theo cong thure:

_42},{::—)} B 4
Z,@ [1C,( e muﬂ
I‘.EIC.:I x_mlil @ 4
L, C
Dt S Bl & 5-121
a P=1°C, (5-121)

Riit ra @, =0,([p+154/p (5-122)

Dai thong cua mach loc thong dai: _
Vata c6 quan hé sau:

l I"ﬁﬂlfl':"';'rl = m-i

4 g
¥ — {7 = — = 2 T
'Iﬂ-: @ LG, Uc-w'{;
- Mach loc chan dai:
Z, = Z,= oL, ——)
JoC, ———) @y
el

Tuong tu dé thoa man diéu kién cua mach loc loai k, can c6 thém diéu kién:
1
JL.C, LG,

a-a

=@,

Hinh 5-51 m6 ta so d6 mach loc chin dai.
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L. L.

TR fn — G —
gy Ry R
- 1] | ] C
TG TC,: T4
9L, =L, 3L,
e | L.
Hinh 3-51

Tan s6 cat ciia mach loc dugc xéac dinh theo cong thure:

-

4Z¢.(m] 4 LC, | @ @, |
Z(@ VL.Gleo, o)

Ciling dat

p=—=—" va plz—

Rt ra

@y, =0,(Jp +1Ffp

Dai thong cua mach loc thong dai c6 hai khoang: -

Va ta cling ¢6 quan hé:

e. Tinh chit ciia mach loc loai k
Ta sé& xét tro khang dac tinh va truyén dat dac tinh cua ting loai mach loc.

- Déi véi mach loc thong thép

L2 {2
Q_:vv“‘vv*_a fv*;\i‘\r_‘_,

TG

=] o

Hinh 5-52a

* Xét tro khang dic tinh ctia mat loc hinh T (hinh 5-52a):

z 47 L ;]
Z,(N)=22 42t = jo=z f1-2
i 2 Z, 2 "
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-Trong dai chan (_' mang tinh dién cam.

-Trong dai thong _ ) mang tinh dién tr¢ va dugc tinh theo cong thure:

I @°
Z,(T) === 1-Z_ = R(w)
C, o

Su phu thugc cia Z, T theo tan s6 dugc biéu thi trong hinh 5-52 b.

4 ZJT
-
L, R-:m__% f/
C, JI'r
! &
;
Hinh 3-52b

* Xét tro khang dic tinh ctia mat loc hinh 7 (hinh 5-53a):

1 B 2 1
’ ~ jec, J iy
l_ﬁ . : 1_’:}{
Z, -
L

-"1"“(“!’1’“
EET

Hinh 5-33a

-Trong dai chin _mang tinh dién dung.

-Trong dai thong (_) mang tinh dién tr¢ va dugc tinh theo cong thurc:
L 1
Z.; )= _-2 = R o
() .ch ——=R@)

Su phu thudc cua Zd(- theo tan sd dugc biéu thi trong hinh 5-53 b.

Z,(1)=2Z
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b Zg(m)

=
AN

M

Hinh 5-53b

* By gio ta xét sang truyén dat dic tinh:

-Trong dai thong (_ suy gidm ddc tinh a =0, khi do:

hay rgb=1%

1 _
2@’

-Trong dai chan (_dién ap trén ctra ra gidm nhd mdt cach dang ké sao cho luc
do6 khong can dé y to1 su dich pha gitra n6 véi dign &p vao. Nguoi ta quy ude la b giir

nguyén gié tri cia no taif|, sao cho sang dai chén tgh =0 va thg = tha. Khi do:

1
a
1
t g brp | /

T

4
— -'-Fd-.. m -

0 ®,

Hinh 5-54

Hinh 5-54 biéu dién sy phu thudc cia a va b theo tan sb trong cac dai khac nhau.
- Doi véi mach loc théng cao

* Xét tro khang dic tinh ctia mat loc hinh T (hinh 5-55a):

z.n<=Ze 2 1 @
’ 2 Z, 2jeC, @
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Hinh 5-33a

-Trong dai chin (_' ) mang tinh di¢n dung.

-Trong dai thong (_' mang tinh di¢n tr¢ va dugc tinh theo cong thuec:

Z.(T) = é— fl—z = R(@)

theo tan s6 duoc biéu thi trong hinh 5-55 b.

Su phu thugc cuia Z, T

& ZEITI

L,
Ca o
_r
0 /ffH Q. )
.Irlln'
/
Hinh 5-55b
* Xét tré khang dic tinh cua mit loc hinh @ (hinh 5-56a):
. 0 .
T I T
20L, 20L,
o [ r o
Hinh 5-56a

-Trong dai chan (_ mang tinh dién cam.
-Trong dai thong _ mang tinh di¢n trd va dugc tinh theo cong thuc:
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Z.(m)= 'é— L == R(®)
a {’Uc._

1 1_
\ o

Su phu thudc cua Z d(- theo tan s6 duoc biéu thi trong hinh 5-56 b.

* Zhm)

" e
C, / “r

0

——

Hinh 5-56b

* By gio ta xét sang truyén dat dic tinh:

-Trong dai thong (_ suy gidm déc tinh a =0, khi do:

t arc. brc
2 |.n|
@
e o, @,
& = arth = 0 T
1- @ /()
2 o T
Hinh 5-57

-Trong dai chin (_ nguoi ta cling quy udc b gitr nguyén gia tri cia no tai . , Sa0
cho sang dai chén tgb =0 va thg = tha. Khi dé:

thg,

Hinh 5-57 biéu dién su phu thudc cia a va b theo tan sb trong cac dai khac nhau.
- Doi véi mach loc thong dii

Xét mat loc hinh T va hinh 7 cia mach loc thong dai (hinh 5-58):
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2C, L2 2C, L

o =1 =T -}—lj—u——frﬂﬂ—
C D 23 L2

A

Hinh 5-58
Do viéc tinh toan kha phtc tap, nén & day khong thuc hién tinh toan truc tiép ma chi dua
vao tinh chét twong duong ctia né ddi voi cac mach loc thong thap va théng cao trén céac

doan tan sb khac nhau. Cu thé 1a:

E ] 2':[-::.
& Z(T)

- Eimn
L R{@) X L
: - f 2
C, / \w ; C, /
Il' |'.!' g;- CEI-

[u] // i, 0, W i @, i, m‘;/-*"

o DONZ cEe . a— thing thap e +— thinzcac —w| +— thingthip _,

Hinh 5-59a

-Trén doan-: nhanh Z, mang tinh dién cam, con Z, mang tinh chét dién dung,
do d6 mach loc thong dai s& twong duong nhu mot mach loc thong thap.

&

o /

T
\ EY] |E|//"
\ S 0}
D ) /f o M

+———  Thingthip ————

4——— Thongcac —»
Hinh 3-39b

-Trén doan-: nhanh Z, mang tinh dién dung, con Z, mang tinh chat dién cam, do
d6 mach loc thong dai sé tuong duong nhu mot mach loc thong cao. Hinh vé 5-59 biéu
dién sy phu thudc cta cac thong sé dic tinh ctiia mach loc thong dai theo cac dai tan sb

khac nhau.
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- Doi véi mach lpc chin ddi
Xét mit loc hinh T va hinh @ ctia mach loc chin dai (hinh 5-60):

L2 L2

4‘_\.15_5.1_:_ — R T (_:‘ Q-
. ﬁ 2 | |
C, T G2 T G2
ng 3 2L, 3 2L,
| {

[
I .

| O L=

Hinh 3-60
Tuong tu nhu mach loc thong dai, dua vao tinh chét tuong duong cua mach loc chan dai

do1 voi cac mach loc thong thap va thong cao trén cac doan tan s6 khac nhau.

& ZE' I‘[:;
& Z5T) : |
| !
) : le B
L 2 Fefcah [' Ri{@) L a Ri{@) i
Cb \ Iﬂ'l / Cb /f
41 . / [
[ f .
I.,-"f | C: 0 o, /f' 0, o #
0 B |0 /’ 0z S :
!
I
| /
Thang tha " 4 Thé _
T ke = a— Thing thap - 4 Thing can —s
Hinh 5-61a
£
Acps bep &) /
T ()
= | o _ m__
{] L6} 1 mﬂ //
=
«—— Théng thip | - Théng cac — -
Hinh 5-61b
Cu thé la:

-Trén doan ® > ®q : nhdnh Z, mang tinh dién dung, con Z, mang tinh chit dién cam, do
d6 mach loc chin dai s& trong dwong nhu mot mach loc thong cao.
-Trén doan ® < ®g : Nh&nh Z, mang tinh dién cam, con Z, mang tinh chat dién dung, do
d6 mach loc chin dai sé& tuong dwong nhu mot mach loc thong thap.
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Hinh v& 5-61 biéu dién su phu thudc cua cac thong sb dic tinh cta mach loc chin dai
theo cac dai tan sé khac nhau.
Trén day ta da xét cac tinh chit cua bo loc loai k, trong do6 céac thong s6 dic tinh duge
dinh nghia dua vao diéu kién phdi hop tré khang ¢ ca hai cira. Nhung diéu kién nay lai
rat kho thuc hién, boi vi thong thuong tré khang tai va noi khang cia ngudn c6 gia tri 1a
thudn tré ¢b dinh, hay néu c6 phu thudc tan s thi ciing theo quy luat riéng ctia nd. Trong
khi do tr¢ khang dac tinh cua mach loc loai K cho du c6 tinh chit thuan tré trong dai
thong nhung van bi phu thudc kha nhiéu vao tan sd. Vi vay nhuogc diém cua loai bo loc
nay la tro khang dac tinh va su truyén dat tin hi¢u bi anh huong nhiéu béi tan sd.
Thi du 5-13: Tinh cac phan tir ciia mach loc thong thip loai k c6 dai théng tir 0 dén
1000Hz, tré khang dac tinh & dau dai thong 1a 600Q. V& khau T va m cua mach loc.

L2 L2

2
o IYYYYL_YYY Y
9 5mH 9. 5mH
—— C=533nF
o o
L =19mH
— YV
—— Y7 ——G2
26,5nF 26,5nF
(=2 L]
Hinh 5-62

Giai: Theo cac gia thiét ta co:

‘f =;=11}1}1}

T mfL.C,

L
Z,(0)=,/=> =600
LS Cb

[ 1
C, = 107 53nF
Rut ra - L,
‘Ld _&10 19mH
i

Céc so d6 mat loc thong thap dugc vé& ¢ hinh 5-62
5.4.4 Mach lgc thu dong LC loai m
Dé khic phuc nhugc diém cua bo loc loai k, nguoi ta da cai tién mot bude vé mat két cau

dé dat duoc chét lugng cao hon. Cac mach loc d6 dugc goi 1a mach loc m.
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a. Cac phwong phap xdy dung bg loc loai m

Pé xay dung bo loc m, ngudi ta dung cac phuong phap chuyén tir bo loc loai k.
- Chuyén néi tiép: Bao gdm céac bude nhu sau:

+Chon khéu co ban hinh T va tinh toan dua vao tr¢ khang cia nhanh.

+Gitr lai mot phan trén nhanh ndi tiép, sao cho trd khang cuia n6 trg thanh:

Z =mZ, (véi m=1) (5-129)

+Chuyén mot phan cia Z, xuéng nhanh song song sao cho tao thanh Z, .
+Xéc dinh Z,' dua vao diéu kién can béng cac tréd khang dic tinh ctia cac khau loai k va

loai m:

Zyry=Zag (5-130)

L T

Bay gio ta tinh Z, ', diéu kién trén duoc viét thanh:

Z 47 V4 47,
La [j o T8 _MEq T (5-131)
2 zZ, 2 mZ,

. 1—m’ Z
Riit ra Z,=—" 7 +2& (5-132)

dm " m

Z,/2 Z./2 Z.2=mZ/2 Z.2=mZ,?

> 1 1 0 s 1 LI 4

Z, || 8Tg) = S dT) Zy
o o o “
Hinh 5-63

Khau loc m duoc xdy dung bang cach nay goi 1a khau loc m nbi tiép. N6 ciing c6 két cau
hinh T. Hinh 5-63 mé ta qua trinh chuyén nbi tiép vira trinh bay & trén.

- Chuyén song song:

Bao gom cac budc nhu sau:

+Chon khau co ban hinh 7 va tinh toan dua vao dan nap cta nhanh.

+Gitr lai mot phan trén nhanh song song, sao cho din nap cta nd tré thanh:
¥, =ml, (vor m <1) (5-133)

+Chuyén mdt phan cta Y, 1én nhanh ndi tiép sao cho tao thanh Y, '.
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+Xac dinh Y, "' dya vao diéu kién can b?mg cac tr¢ khang dac tinh cta cac khau loai K va
loai M:
Zy4 (5-134)

Bay gio ta tinh Y, ', diéu kién trén dugc viét thanh:

Iir 14} = 2} 1 (5-135)
— " mr
Pl > e e
T, ml;
Rt ra p=lmy ks (5-136)
dm m
Y,
Y. ’—:I—
i [} 0 0 0
0 0 o o
Hinh 5-64

Khau loc M duoc xdy dung bang cach nay goi 1a khau loc M song song. N6 ciing c6 két
c4u hinh 7. Hinh 5-64 mo ta qua trinh chuyén song song vira trinh bay & trén.

b. Cdc tinh chét ciia mach loc logi m

Trong ph?m trén ta da xét cach xay dung mach loc loai M tir mach loc loai K, trong do
can cht ¥ rang diéu kién can bang tré khang dic tinh cta cac khau loai K va loai M s&
1am cho hai loai mach loc s& c6 cung dai thong. Tuy nhién diéu d6 chua thé hién nhiing
cai thién cua mach loc loai M so véi mach loc loai K mdt cach thuyét phuc. Bay gio ta
hay xét tdi cac thong s6 dic tinh ciia mach loc M theo mot canh nhin khac, trude hét 1a

tré khang dic tinh ctia mat loc hinh © trong cach chuyén ndi tiép (hinh 5-65).

Z, =mZ,
Z, Z Z,
—_—
0 — —— —0
y Z, ] Z, ] 7 Z Z Z, Z,
o o W | 0
- r — “— T —h-|

Hinh 5-65
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Z\ =27 1 5 l—m‘z +E¢ 1

@ : 47 =X 4m ° EJT
1+—& 1+—=%
zZ Z

a

trong d6 néu cha ¥ dén diéu kién can bang trd khang dic tinh ta s& co:

2wy =20 Mz, ey M 2 g T 2
dn " m 4Z, 4z, \ 4 Z,)
14222 s '
ZfT Zﬂ
- 2 &
hay Zd.,-.“.=zd,.,r,,[1—1 m Z, (5-137)
-.J_-'I 4 zﬁ/]

Két qua trén noi lén réng, tré khang déc tinh cua bd loc loai M trong cach chuyén ndi tiép
con phu thudc hé s6 m. Diéu nay chi ra kha nang, néu chon m thich hop co thé 1am cho
Z , it Phu thudc vao tan s nhat.

Dbi voi tro khang dic tinh cia mat loc hinh T trong cach chuyén song song (hinh 5-66) ta
cling co:

e

S T T
TJT L T Thed Tl

a— T —=

« T
Hinh 5-66
. Z, 4Z, 47, 47,
Zomy=—= 1+—> = 1. 1+—=% = ,1 — [1+—=
' 2 Z 27 T, 1—-m"~ ¥, I
b 2( b __} &
dm m
47 43
1 'Jl-l- I'ﬂ ‘Jl 1 ﬂ 1
hav Lomy = 1 5 T b= 3 b 1 Ty
X —m y,+ 1o m 27, jlmm L
4m " 4 T,
s ' 1
fire 14 Z =2y ————— (5-138)
TR l_]—m‘ T,
4 T,



Két qua trén ciing no6i 1én ring, troé khang dic tinh cta bd loc loai M trong cach chuyén
song song phu thudc hé sé m.
Cu thé ta xét bo loc thong thép, co cac trd khang Xuét phat tu loai K:

1
JjaC,

Z;=joLg; Z, =

-Theo cach chuyén nbi tiép s& c6 bd loc loai M, tuong tng:

Z = jeomL,
1-m’ 1
‘z;: jo— 1 +—
dm JemC,
Zd.( —

% Z:II:ITI
[4— n=lilom K}
|I ]
/ [ m=0.6
|
Rm/ ,j
L = = £ m=0 4
_\-\_\-\_\_\_""‘-hh._._,‘l'qu_ T
C.,
a
o i,
Hinh 5-67a

Hinh 5-67a 1a @6 thi biéu dién su phu thudc cia tré khang dic tinh mét loc hinh @ mach
loc thong thap ndi tiép theo gi tri clia m.

-Theo cach chuyén song song s& c6 bd loc loai M, twong ng:

‘IL' :,r'ml_m_ C, + 1
4 dm  joml,
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m=J,4

A

: \:\} 4

0 o,
Hinh 3-67b
5-67b 13 d6 thi biéu dién su phu thudc cua tr¢ khang dac tinh mit loc hinh T mach loc
thong thap song song theo m.
Nhu vay, néu chon m=0,6 thi s& céc khéng dic tinh cua céc mét loc néu trén sé it phu

thoc vao tan sb nhat. Doi vi mach loc thong cao ciing c6 két qua tuong tu.

Bay gid ta xét toi truyén dat dic tinh (g) ctia mach loc loai M, trong d6 chu yéu xét dén
suy giam dic tinh (a). Khau loc M phuc tap hon khau loc K, do d6 trén cac nhanh nbi tiép
va song song cua mach loc c¢6 thé xay ra cong huong lam hé mach Y', hodc ngin
mach Z',. Khi d6 suy giam dic tinh s& 16n vo cung, vi vy cac tin sd cong huong nay

duoc goi moo. Chung 1a nghiém cua cac phuong trinh

LI e P,
' dmn i
heoic Z;:l_m- EG—Z* =0
: dm i
Hay 13 —%:1—;??-’ <1 (5-139)

a
R& rang cac tin sd moo nam trong dai chan (vi biéu thirc trén khong thoa man diéu kién
dai thong) cac tan sb nay phu thudc vao gia tri cuia m. Hinh 5-68 minh hoa su ton tai cua
cac tan sd woo va suy giam dic tinh ciia cac mach loc loai M. Chu ¥ rang cac thong sb dic
tinh ctia mach loc thong dai va chan dai loai M déu c6 thé suy ra tir mach loc thong thap

va thong cao cung loai.
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Hp [ dep | m
||| | I'. | I' i
.'I | I| I'l. II \ / |I
TR f \
1 | | 1
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0 WDy (g g ) 0l e Wz O T ) 0]

Hinh 5-68
Nhan xét:
Trong khoang tin sb giita mc va woo, suy giam dic tinh ting tir 0 dén co. Do d6 do dbc
cua dac tuyén phu thudc vao bé rong cua khoang (wc, ®), ma bé rong nay lai phu thude
vao m, tir d6 ta c6 thé chon d6 déc cua dic tuyén mot cach tuy v theo m. Pay 1a mot uu
diém 16n ctia mach loc M so v&i mach loc K. Tuy nhién khi di sdu vao dai chén thi suy
giam dac tinh lai giam kha nho. Pay 1a nhuoc diém cua bd loc M so vai b loc loai K.
5.4.5 B) loc thu dong LC day da
a. Nguyén tic thiét ké chung
Nguyén tic tinh toan mot bd loc 13 phai dam bao cac yéu cau ky thuit, sao cho chét luong

clia nd cang dat t6i Iy tudng cang tot. Noi mot cach cu thé:

1/2 khau EKhiu K Khau M 1/2 khaun
M, M,
PHTK |. ., we| m |, |PHIK |« R H
m=0.6 LT ZyZ /o m=0.6
; ; O .
Za-':zb F.0Zy
Zaytm ZyTm Zatm Z.d:r[."l'}

Hinh 5-69: B6 loc Lc day du
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-Suy giam dic tinh (a) phai hoan toan triét tiéu trong dai thong va rat 16n trong toan bo
dai chén.

-Bo loc phai dugc phdi hop tro khang tot v6i ngudn va tai.

Trong thyc té, dé dap ung day du cac yéu cau ki thuat, thudng phai xdy dung cac bo loc
phtc tap gdm nhiéu khau khac nhau va c6 céc tinh chit bd xung cho nhau. Nhin chung
mdt bd loc nhu vy phai c6 hai khau khong ddi xtmg ¢ hai d¢au 1am nhiém vy phdi hop
tré khang v6i ngudn va tai, va mot s6 khau loc dbi ximg loai M hodc K (hinh T hodc hinh
) ndi v6i nhau theo kiéu day chuyén (hinh 5-69). Sau dy ta di siu vao cac khau trong
bd loc:

Khau loc M (d6i xtmg) 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 chin thi suy giam dic tinh cua nd cang
tang, do d6 Khau loc K (déi xung) dugc dua vao trudc khau loc M dé khic phuc nhuogc
diém vé sy giam cua suy giam dic tinh khi di siu vao dai chan cua khiu loc M. Nhu vay
dé dam bao cac khau nay co6 cung dai thong va su phdi hop tré khang thi khau M s& duoc
thuc hién bang cach chuyén tir khau K theo cach chuyén twong Gmg. Hé s6 m do tn sb
suy giam vo cung woo quyét dinh.

Hai khau 1/2 M (khong déi xtimg): dugc dit ¢ hai dau bo loc dé phdi hop tré khang giita
bd loc voi ngudn va tai. Do ban than nhiém vu phdi hop trd khang dan dén né phai c6
tinh khong d6i xtmg. Mit khac dé vira dam bao phdi hop véi ngudn va tai, ddng thoi vira
dam bao phdi hop ddu ndi n6 véi cac khau K va khau M & phia trong bod loc mot cach
binh thuong, ngudi ta tao ra cac khau nay bang cach:

tao ra khau M tir khau loc K theo cach chuyén tuong tng, voi hé sé m=0,6, sau d6 bd doi
khau M vira tao trén dé chi gilr lai mot nra. V&i hé s6 m=0,6 thi tr& khang dac tinh & ctra
vao va ctra ra cua bo loc s& dam bao thuan tré va 6n dinh, dam bao su phéi hop tré khang
vGi ngudn va tai.

Viéc ghép ndi cac khau trong bd loc sao cho nhin tir ngoai vao c6 tré khang dic tinh
7’d(m)=Ri=Rt trong trudng hop chuyén ndi tiép (hinh 5-70a) va Z’d(T)=Ri=Rt trong
truomg hop chuyén song song (hinh 5-70b).
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za:T} ZaT) z-a{n;.
Hinh 5-T0a

s e e
Y N I S o I S I

f

b. Cdch tinh todn b loc ddy dii

aTy Z-:II:I.'] ZEI_".‘T‘J ZE{:II} Z diT)

Hinh 5-70b

Thong thudng cac s liéu sau day s& duoc cho trude: Dai thong (tan sb cit), tré khang
dic tinh trong dai thong, dién tré trong cua ngudn va dién tré tai, tan sd suy giam vo
cung, cac yéu cau vé suy giam dic tinh va phdi hop tro khang ... Pau tién viéc tinh toan
khau K s& duogc thuc hién trude, sau d6 méi chuyén sang tinh toan cac khau M. Sau day
la cac cong viéc tinh toan can thiét trén cac loai bo loc:

1. B loc théng thip:

- Khau loc K:
L i
~2 _R =R =R r =28
C, S la}
4 A
2 c 2
=T C " Ro,
-Cac khau loc M:
@,
@, = L
1—n

(Vé6i khau 1/2M thi m = 0,6)
Hinh 5-71 1a ciu tric ciia cac khau (K, M va 1/2M) ctia bo loc thong thap diy du trong

cac truong hop chuyén noi ti€p va chuyén song song.
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Néu chuyén noi tiép:

{La =mlL,
L, = 1—m~ L
dm "
'[: L = ??’.‘Ca
Néu chuyén song song:
=m(,
1L, =mL,
c, -,
4m
L2 L./2 L,/2 L,/ L, /2
e NPTV, — T — T
I Tivgw TG /2
T6 g L, g 2L,
Hinh 5- 71a
2. Bo loc thong cao:
- Khau loc K:
L, L. /2
FAR AN

-Cac khau loc M:

~. [ o
@ =afl-m :>m=.lll— -
o)

(Vdt khau 1/2M thi m=10.6)
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Hinh 5-72 1a céu trac cta cac khau (K, M va 1/2M) cta bd loc thong cao day du trong

truong hop chuyén nbi tiép va chuyén song song.

. I
L =—
m
= x L I3 - 4?‘??
Néu chuyén no1 tiep: (= n —C
— "
O
Cc,=—
i m
r-L
Y oom
: : ' dm
Néu chuvén song song: L, = ~L,
o 1-m
. C
c,=—
i m
oG e o e
g—i . | T . l -TI(:-I t £
g Lh —g I':ih i icb J."Tl_j
. [ . [ L [ 2L,
Hinh 5-72a
3. Bo loc thong dai:
- Khau loc K:
-
Rut ra L = i
@, — @,
La — R(ﬁ}:.‘. _(5_}(])
zmr] m("
-Cac khau loc M:

o= 2 1 e,-a,
N = Jl;{:} 'u'rl—m: WJ"l—m‘?
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Néu chuyén noi tiép:

_ @, — .
it ra m:\[l—{(‘—'l}]
(QI? _mxl

(Vor khau 1/2M thi m=0.6)
Trong hinh 5-73a minh hoa cach chuyén ndi tiép khau loc thong dai .

Néu chuyén song song:

L =mL, C, :&
m
. L
L,=""% C,, =mC,
m
Z, zl—m‘ L c = 4??1" c.
dm 1—-m~
2¢, L2 ac, L2 ¢, L./2 2¢, L2

o} T A

L L., %tlj—lf Ci;
L. 3 =G T C,y
A
0 o o .

Hinh 5-73a

Trong hinh 5-73b minh hoa cach chuyén song song khau loc thong dai.

L,
C, L, — 0009 —
o— — N ——— Coyp I
- |\ IS H%
Ao LG2 Ay Loz L ]G La |
T f‘l L% TCR 2Ly § TGP
[ L
o —|_::| o —|_ —|_‘-"‘
Hinh 5-73b

4. Bj loc chin ddi:

- Khau loc K:
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LcC, LC,
1
'mf_'-' _'mcl =
2,/L.C.
Lo _ |l _p-R =R
Cb C.:l
ey - —a
Rt ra L, =L C. = @, —a,)
Ao, —@,) Ro o,
_2R(@,, —@y) c o= 1
T e, T 2Rw, —@)
-Cac khau loc M:
@, — @, =;1.‘1—m: = (., — @ W1—m
2/L,C,
mitra m= \(l—{—mﬂ _m"l:}j
Dy — @y
(Vat khau 1/2M thi m=0.6)
Néu chuyén ndi tiép:
C .
C,=— L, =mL,
m
L,
Cﬁ'] = mCi I“"b] = —
m
, 4 ) 1—m?
Chy=—0"C, L,=—"1I
S l-mT dm

Trong hinh 5-74a minh hoa cach chuyén ndi tiép khau loc chan dai.

L2 L2 L./2 L,/2

Tl — AR —

STTTE RN TTIY o xc x| f
c-_{ aC, ac, }—c =] — I
T c
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Néu chuyén song song:

f:'_’v:;ll = Cﬂ Lln'. = lTWI’.:'
b
. - L
C, =mC, L, =—
m
LIa:: 4m'~£b C;ﬁzl_m-“:&
1-m~ ) dm

Trong hinh 5-74b minh hoa cach chuyén song song khau loc chan dai.

L, L.
I — T RARR
- ]

1 G 7" o e e
%Cbﬂ . %Cw’l -:‘.b';z% ¢ Lo —l[li‘b';"z
= 2L = 2L, = 3oL,
| | | |

Hinh 5-74b

5.4.6 Mach lgc tich cue

O vang tan sd thap, loai mach loc thu dong LC thudng khong thich hop cho cac tng dung
thue t& vi sy cong kénh cta cac phan tir trong mach va phdm chat cia mach bi suy giam
kha nhiéu, thay vao do la céac loai mach loc tich cuc RC dung KDTT.

a. Khai niém chung:

Ham truyén dat téng quat cua mach loc tich cuc RC c6 dang:

by +bp+  +b_,p™ +b_ p"

— - (n=m) (5-140)
a, teayp+.Ta,p +p

K(p)=

Bac ctia mach loc 1a bac 16n nhat ciia mau s6 (n). Thong thudng né dugce quyét dinh bai
s6 luong dién dung C trong cac vong hoi tiép ctua mach. P6i véi mach loc tich cuc RC,
thuong khi ham mach c6 bac cang cao thi d0 nhay cua cac dai lugng dac trung cua mach
d6i voi phan tir tich cuc cang ting manh, do sac cia dic tuyén tan sb cang tién dan dén ly
tudng.

Trong 1y thuyét tong hop mach, phuong phap thuong dung dé xay dung mach loc tich
cuc RC 13 phuong phap phan tach da thirc va mic day chuyén cac khau bac mot va béc 2.

Gia sir tir ham mach K(p) 1a phan thic hitu ti, khi d6 c6 thé phan tich ra thanh tich:
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Ny, , LL@r oI vbwre)

P T T b pee =FOK @) (14D

K(p)=p)_
)

-Dau tién tach ra ham F(p) c6 thé thuc hién bang mach thu dong RC. Trong d6 cac diém

cuc cua F(p) phai 1a thyc:

_Pp __ Pl
Q) JIp+ao)

Fip)

Trong d6 Q(p) chira cac nghiém thue 13 diém cuc thuc cua K(p). Con P(p) chira mot phan
cac nghiém ctia N(p), va bac cua P(p) nho hon hodc bing bac ciia Q(p). Khi dé F(p) co
thé duoc thuc hién bang cac phuong phéap tong hop mach thu dong. Néu P(p) chi chua
cac diém khong thyc thi ¢6 thé thuc hién bang mach hinh céi thang.

-Con lai K1(p) 1a t6 hop cac ham truyén bac hai va s& duoc thuc hién bang cac khau bac
hai (chtra cac phan tur tich cyc) voi wu diém c6 dién trd ra rat nho.

b. Khdu loc tich cuc RC bdc 2:

Khau loc bac hai c6 mdt y nghia dac biét quan trong vi do 1a khau co ban dé téng hop cac
ham bac cao bat ky. Tong quat, khau loc bic hai tuong tng véi ham truyén dién ap:

by +bp+b,p’
iy + a]‘v—pl

K.,(p)= (5-142)

Ham mach nay hoan toan co thé thuc hién duge bﬁng mach KDTT véi cac vong phan hdi

va mach RC. Mach phan hdi caa KDTT ¢6 thé 1a mot vong hodc nhiéu vong.

I“J, Mach phin
hés
(b)
I:a c \
o] £ -
: MAC -
Y (a) + \ U,
] > 3

Hinh 5-75 : Khau loc ¢6 mot vong phan hoi
-Khéu ditng phdn hoi mét vong: Hinh 5-75 mo ta mot khau tich cyc RC ¢6 mot vong
phan hdi am dung KDTT; (a) 1a mach thu dong RC; (b) la mach phan hoi.

Viét lai ham truyén duéi dang:
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N(p)
D(p)

Trong d6 hé s cua sé hang bac cao nhat & N(p) va D(p) bang 1; D(p) 1a da thirc Hurwitz

K (p) =k (5-143)

c6 cac nghiém & nira mat phang trai; N(p) khong co nghiém trén truc o duong dé c6 thé
thuc hién mach dién c6 day dat chung. Dé dé dang thuc hién ham mach bang khiu mach
bac hai, nguoi ta thuong chon mot da thic phu P(p) ¢ cac nghiém thuc, khong duong va
bac 1 (téng quat, i=max {bac N, bac D }-1 co thé chon bac i cao hon, nhung khi do sb
linh kién s& tdng 1€n), sao cho:

€69

Theo hé phuong trinh dan nap ctia mach “a” ta co:
I.= V21aU1 + ¥22:.Uc = Va1 (do C 1a diém dat a0, Uc=0)
Theo hé phuong trinh dan nap ctia mach “b” ta co:
Inp = y1inUe + YUz = yinUs

Cht y rang 11b = -12a; va d6i voi mach thu dong tuyén tinhy,,, [}, nén:

17, V.
K. =—2 - 2
@) U, Vo @
Tu (1) va (2) ta rat ra:
v =g, N@). . D). ke (5-144)
J2a T *1- 2 J2lp — B2 : = 23
P(p) P(p) k,

Nhu vay mach “a” 1a su thuc hién y,1,. Mach “b” 1a su thuc hién y,1,. COn k; va ks 1a cac
hang sb s& duoc tim ra khi thuc hién mach RC. Con y1, VA Y1, phéi 14 cac ham cho phép
cua mach thu dong RC. RO rang tuy thudc vao viéc lya chon da thic P(p) ta co thé c6 rat
nhiéu mach RC thyc hién ham truyén dat trén. Viéc chon mach nao 1a t6i vu duge dua
theo mot quan diém thiét ké nao do.

-Khdu cé phdin hoi nhiéu vong: So dd hinh 5-76 1a mot thi du khau bac hai duoc thyc
hién v&i nhiéu vong phan hoi.

Tuy theo viéc Iya chon cac phan tir Y,, Y,,...,Y; ta c6 thé thuc hién dugc ham mach K(p)
¢6 cac chirc nang mach khac nhau nhu loc thong thap, thong cao, thong dai, chan dai ...

Tuy nhién cau trac nay khong thyuc hién dugc ham phan thirc hiru ti bat ky.
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Hinh 5-?‘:6: Kh_ﬁu loc cé phan
ho1 nhiéu vong

Thi dy 5-14:

Xéc dinh chure nang cua mach dién hinh 5-77a.

1
— AN ‘,_n_' ’_1 }'“‘a

E L >
LU-_

Hinh 5-77a
Gia thiét vi mach 13 Iy tuong va lam viéc & ché d6 tuyén tinh.
Giai:
Tinh ham truyén dat: Lap phuong trinh trang thai tai cac nuat theo dinh luat Kirchhoff I, tir
do rut ra:

+ Trong mién p:

U, RC
T(p) = '_.(p}:_ __ P
Uf(p) R Cp"+2RCp+2
+ Trong mién :
. RC
T(jo)=— 2 { 3 )
2-RC@w +2jRCw
Gia tri bién do6:
RCw 2

|T{jﬁ!}| = . tar @, :ﬁ thi |T(jm}| max =%_

JO-0’RC?Y +40°RC?
Db thi dinh tinh c6 dang nhu hinh 5-77b. Nhu vay day 1a khau loc tich cuc thong dai bac
2.
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Hinh 5-77b

TONG HQP NQI DUNG CHUONG V
« Bé dic trung cho M4C c6 thé dung cac loai théng sd Z, Y, A, B, G, H. Mdi loai gdm c6

4 thdng s6. Vi mang bdn cuc tuong hd ta chi can xac dinh 3 thong s6.

« Cac thong sb dic tinh ( cac thong sd song) ciing hoan toan dic trung cho M4C ¢ ché do
PHTK tai cac ctra cua M4C.

« Dya vao cac thong sb dic trung cia M4C cung v6i ché do cia ngudn va tai, ta hoan
toan c6 thé xac dinh dugc cac tinh chit truyén dat tin hiéu tir ngudn t6i tai thong qua
M4C.

« Khi phan tich , ngudi ta thudng trién khai cac M4C thanh cac so d6 twong duong. Mang
trong hd thu dong thudng dung so d6 twong dwong hinh T, hinh 7 (hodc hinh cau véi
MA4C dbi xtng). Mang khong twong h tich cyc thi viée trién khai thanh cac so d6 tuong
duong kha da dang, tuy thudc vao diéu kién 1am viéc va dai tin cong tac cing véi cac
khuyén cdo ctia nha san xuat.

« Cac hé thdng phirc tap chinh 13 sy ghép ndi ciia nhiéu khau lai ma thanh. Trong d6 tin
hiéu ¢ dau ra c6 thé duge to chire quay tré vé dau vao nhiam thay ddi cac tinh chat truyén
dat tin hiéu cua mach hodc tao ra cac hi€u trng dac bi¢t cho mach hoac xay dung nén cac
mach tao dao dong.

« Tét ca cac hé thong tao va bién doi tin hidu déu c6 thé phén tich va tong hop dua trén 1y

thuyét mang bén cuc.

200



TAI LIEU THAM KHAO

1. Pham Thi Cu, Mach dién (tap 1, 2), NXB KHKT, 1996.
2. Pham Minh Ha, K§ thuat mach dién tir, NXB KHKT, 2002.
3. Pd Xuan thy, K§ thuat dién tir, NXB Gido duc, 1997.

4. H6 Anh Tuy, Ly thuyét Mach (tap 1, 2), NXB KHKT, 1997.

201



TRUONG DPAI HOC BACH KHOA HA NOI
KHOA PIEN
BO MON DIEN KHI HOA Xi NGHIEP

LOP PO LU(‘)’NG & THCN 2
KHOA 44

BAO CAO THI NGHIEM
CO SO TRUYEN DONG DIEN

BAI THI NGHIEM SO 1
XAY DUNG DAC TINH CO CUA PONG CO DIEN
MOT CHIEU KiCH TU POC LAP

I. MUC DiCH THi NGHIEM:

bang thuc nghiém v& cac dic tinh co cua dong co dién mot chiéu kich tir doc lap &

cac ché d lam viéc khac nhau.

Dung cu thi nghiém:

e dong co thi nghiém (DTN), cac phu tai F1, F2 déu la kiéu [In-45T, cac thong s6
cling nhu nhau : Pam=2,5 kw, Uim=220 V, lam=14,4 A, ndm =100 v/ph, dong
kich tir dinh muc Iktdm=0,72 A, 1dm=79%, Ru=1,56Q;

e cac bién tr¢ dung trong so d6 thi nghiém cho theo bang :




Thi Neghiém Co S& Truyén DPong Dién

STT Mach str dung Ma3 hiéu Diéntr6 = Idm @ Ky hiéu trén so do
1 Phan tng cia DTN | Dién tré xoay 2x9 20 Rf
Mic song song vé6i
phan tng DTN Rs 16 20 Rs
Mach kich tir ctia
1 DTN va FI 1 POC 39 4 R3,R4
1 Mach kich tu F2 VEB 1150 0,5 R2

II. NOI DUNG TiNH TOAN LY THUYET VA THUC NGHIEM:
e V¢ dac tinh co tu nhién ctiia dong co :
Uam=220 V=const; Ikam=0,72 A=const; R=0;
Ta can xac dinh hai diém :
diém thir nhat: cho M=0, ®=o:
v, —-1,-R, _220-14,4.1,56
K.(I)dm— o, = 1000 =

1,89; wo=h=@ =116 (rad/s).

9,55
diém thtr hai: M=Mdm, ©O=0dm:
Man=K.Qdm.lam=1,89.14,4=27 (Nm);

Odm=—4_ =105 rad/s.
9,55

nbi hai diém ta s& dwoc dudng 1.
e V&2 dic tinh co gidm tir thong Gng v :
» Iku=0,65 A, Uim=220 V=const, R=0.
— Iktdm 0972

Hé s6 xuy giam x=—ken ="= =] ]
PR 8 I, 065

diém khong tai : M=0, ®=X.mo=1,1.116=128 (rad/s);

dlém ngén maCh . (X):O M: nmdm_ — K¢dm 'Inmdm
. . b
X X

KUy 1892200
xR, 111,56

noi hai diém ta s€ dugc duong 2.

M

> Ik2=0,55 A, Uam=220 V=const, R=0.

A K ., I,
Hé s0 xuy giam x=—44n =~ = =] 3;

I, 055
Ta ciing x4c dinh hai diém:
diém khong tai : M=0, ®=X.mo=1,3.116=151 (rad/s);

M nmdm_ — K¢dm I nmdm

X X

diém nge"m mach : ®=0; M=
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v K iU 189220
x.R, 1,3.1,56
ni hai diém ta s& dugc duong 3.

=205 (Nm);

e V&2 dic tinh co bién tro tng voi hai truong hop :
» Rf1=4 Q, Uim=220 V=const, Iktdm=0,72 A=const.
diém khong tai : M=0, ®=wmo
diém thtr hai tng v6i Mdam :Mdm= Man=K.(Qdm.Iam=1,89.14,4=27 (Nm);
u,-1,(R,+R, -
w=coin Lo TRt Rp) 5 220-14,4(1,56 + 4) =74,4 (rad/s);
v, -1,R, 220-14,4.1,56

no6i hai diém ta s€ dugc duong 4.

» Rn=18 Q, Uim=220 V=const, Iktdm=0,72 A=const.
diém khong tai : M=0, ®=®o
diém thir hai tng voi Mdm :Mdm= Mam=K.(Qdm.ldm=1,89.14,4=27 (Nm);
Up =Lin(R, +Ryy) 220-14,4(1,56 +18)

O=Wdn —2 =105 >~ =-33 (rad/s);
v, —1,-R, 220-14,4.1,56

dm*

ndi hai diém ta s& dugc duong 5.
e Vg dac tinh co khi dong co dugc ham dong nang.
» Rn1=4 Q, Iktdm= const;
Phuong trinh dac tinh co :
_ R+ hal M=- 1.56424
(kP 1,89
ta cho M=-50 suy ra ©=80 (rad/s).
ndi diém nay voi gde toa do ta s& duge duong 6.
» Rm2=8 Q, I= const;
Phuong trinh dac tinh co :
__ R+ haz M=- 1.56 -i; 8
(ki) 1,89
ta cho M=-50 suy ra @=135 (rad/s).

nbi diém nay voi gbc toa do ta s& dugc duong 7.
III. CAC KET QUA THI NGHIEM:

M=-1,6M (rad/s).

M=-2,7M (rad/s).

Bang 1: Udam=220 V=const; Iktam=0,72 A=const; Rf=0; (dudng I)

I 5 7 9 11

M 9.5 13.2 17.0 20.8
n 880 840 820 800
\\4 92.1 88.0 85.9 83.8

Bang 2: 1kt1=0,65 A, Udam=220 V=const, R=0. (duong II)

I 5 7 9 11

M 9.5 13.2 17.0 20.8
n 940 880 860 840
W 98.4 92.1 90.1 88.0
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Béang 3: 1kt1=0,55 A, Udm=220 V=const, R=0. (duong III)

I 5 7 9 11
M 9.5 13.2 17.0 20.8
n 980 940 900 860
W 102.6 98.4 94.2 90.1

Bang 4: Rfi=4 Q, Uam=220 V=const, I ktam=0,72 A=const. (dudong I'V)

I 4 6 8 10
M 7.6 11.3 15.1 18.9
n 840 740 660 600
W 88.0 77.5 69.1 62.8

Bang 5: Rfi=18 Q, Uim=220 V=const, I ktdam=0,72 A=const. (dudng V)

1 2 4 6 8

M 3.8 7.6 11.3 15.1
n 940 860 460 300
\\4 98.4 90.1 48.2 31.4

Bang 6: Rni=4 Q, Iktdm= const; (duong VI)

1 3 6 8 10 12
M 5.7 11.3 15.1 18.9 22.7
n 80 140 220 270 340
w 8.4 14.7 23.0 28.3 35.6

Bang 7: Rh1=8 Q, Iktdm= const; (duong VII)

I 3 4 6 8 10 12
M 5.7 7.6 11.3 15.1 18.9 22.7
n 100 180 290 380 420 560
Y 10.5 18.8 30.4 39.8 44.0 58.6
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v

IV. NHAN XET, SO SANH VA KET LUAN

Tir s lidu do duoc ta tinh ra gid trj Mdt va @ bang cac cong thuc :

n
Mdt :K‘¢dm‘]do mzﬁ >

khi da co6 cac gia tri nay ta vé dugc dd thi cua sb lidu thuc nghiém.

So sanh voi sb liéu di tinh toan ta thiy :

Céc duong thuc nghiém noi chung c6 toc d6 thap hon 1y thuyét, didu nay co thé do
sai s6 ciia phép do va do ma sat thuc té 16n hon 1y thuyét. Tuy vay nhitng duong vé

dugc ciing ¢ nhimng quy luat twong tng vai 1y thuyét da hoc:
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Vi dac tinh gidm tu thong :khi dong kich tir cang gidm thi duong déc tinh cang
xoay dung hon.
Véi dic tinh bién tré :khi dién tré cang 16n thi duong dic tinh cang déc.

Véi dac tinh ham dong nang: khi dién tré cang 16n thi déac tinh cang dbc hon.

BAI THi NGHIEM SO 2
XAY DUNG PAC TiNH CO CUA DONG CO
KHONG DONG BO ROTO DAY QUAN

I. MUC PiCH:
T tinh toan ly thuyét va thuc nghi¢m v€ céc dac tinh co cua dong co khong dong
b0 roto day quan 6 cac ché do lam viéc khac nhau:

1. SO LIEU KY THUAT CUA PONG CO:
Pam=1,7 KW, Udm=220/380V, lam=7,45/4,3A,
Ndm=1430v/phat, E2dm=192V, I2dam=8A.

R1=3,16 Q, R2’=2,14 Q, X1=4,03 Q, X2’=6,7 Q, X,=103 Q.

2. CAC PIEN TRO BIEN TRO:
R2,R4 (nhu ¢ bai 1).
R=3x2,5 Q, (dién trd 3 pha).
Rhe=250 Q, [am=2,4A,

3. SO LIEU CUA MAY PHU TAI F1:
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Kiéu may TTH42-T:
Pam=2,5kW, Udm=115V, 1dm=22,6 A, Nam=1450V/phut, Ikedm=1,9A.

Hi¢u xuét dinh mirc Tam=78,5%
(dong co ma dau sao Udm=380V)

II.NOI DUNG TiNH TOAN LY THUYET VA THUC NGHIEM:

1. vé&dac tinh co tu nhién voi dién ap day dinh mic Uaim=380V=const,R=0 Q.
Phuong trinh déc tinh co:

3U,,” 3.220°

Min= =32,23 (Nm)
20,(R +(R*+X,,” 22H50(316+\/3162+(403+67)
k=095 Jan 095380 _ g5, R2=Fa — 214 4 605 ().
E,, 192 K2 3,54

_R 316 5o
R, 0,605

Sih=—— 12 2,14 =0,19 ()
JRP+X,2) 316 1 (4.03167)

Ve 2M,(+as,) | 2322301+522019) _ 1284
S Suinas, S M9 500009 s, 0l9 +1,98
S, S 019 S 019 s

S 0.17 ' 024 036 049 062 075 | 0.87 @ 1.00
w 130 120 100 80 60 40 20 0
M 322 319 291 259 232 209 189 173

V& trén do thi ta duoc duong 1.
2. VE€ dac tinh co bién tro voi Uim=380V=const,

e Rf1=0,9 Q:
R, +R
Stmi= 2t 0005409 ) 47 )
JRI+ X2 {316 +1037°
g R 316,
R, +R, 0605+09
Ve 2Mth(+aySy) 232231421047 _ 1281
S Swa oy 5 0 04T o4 5L 04T
S 0,47 K 0,47 K

S 0.17 024 036 049 062 0.75 | 087 1.00
" 130 120 100 80 60 40 20 0
M 253 287 317 322 316 306 293 28.0

V& trén do thi ta dugc duong 2.
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o Rn=25Q:
R +R,
Smi=—2 P 0605425 4 4¢
JRI+ x> |316°+1037
e R 316,
R, +R,, 0605+2,5
Ve 2Mih(4ay,Sy)  _ 23223(141,02.098) _ 1289
S Smr oy s S5 098 s 102098 s 098,
Snr 0,98 K ,98 K
s 024 | 036 049 = 062 081 1.00
W 120 100 80 60 30 0
M 201 | 254 287 306 @ 319 | 322

V& trén dod thi ta dugc duong 3.

3. Vg dac tinh co khi dong co dugc ham dong nang tng voi:

a. Rr=22Q
Re=D2+Rn  => R, =r, +R, .k’ =2]14+22.188°=99 (Q)
w =2 suy ra a)=a)1.a)*=2'H'50.a)* =1570"
, 2
V20 2
=22 =223 =46 (A)
N
317X 2.103?
Mu= I (/6103 _ 5,54 (Nm)
20,(X,+X,) 2.157.109,7
. R, 99
Oy = T =Y
X,+X, 103+6,7
M= 2M, 2554 11,08
SC “’m 0,07.0) 1413 0,07.00 + 14,13
a)TH a) w w

W 0 1.1 173 319 545 1068 125.7
M 0.0 54 5.5 4.1 2.7 1.5 1.2

V& trén do thi ta dugc duong 4.

b. Rp=2,5 Q,dong mot chiéu khi him Imc=3A.
Re=2+Re  => R, =r, +R, k' =214+25.188 =1097 (Q)
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O=0,.0 = 2.112.50 o =157
V2. 2
1= Ime=—=3= \/_ (A)
BB
31°X? 21032
Mui= Lo _3.J6)".103 =5,54 (Nm)
20,(X,+X;)  2.157.109,7
. R, 10,97
Oy = T =U,
X,+X, 103+6,7
Mo 2My 2554 11,08
@ Om 15,7 0,064.00 + 15,7
a)TH ) w w

'Y 0 4 26 4 07 111 1267
M 0.0 55 51 35 27 L5 1.3

V& trén do thi ta dugc duong 5.
c. Rf3=2,5 Q,dong mét chiéu khi hdm Imc=4A.

Re=2+Re  => R, =r, +R, k' =214+25.188=1097 (Q)
. 21150 .

=00 === =1570"
V2. 2
1= Ime=—=4= \/_(A)
R
31° X2 2 2
_ X _3.+/8).103 _7.39 (Nm)
20,(X, +X,) 2.157.109,7
. R 1097
a)TH = —= = ,
X, +X, 103467
Vo 2M, 2739 1478
O Om 00640+ " 00640+

Wy 0 a) w
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\%
M

0
00

115
70

17.8
73

V& trén d6 thi ta duoc dudng 6.

III. KET QUA THi NGHIEM:

Béang 1: Udam=380V=const,Rt=0 Q.

I
M
n

W

0
0.0
1260
131.9

2
7.6
1240
129.8

4
15.2
1200

125.7

398
50

6
22.9
1140
119.4

524
4.0

8
30.5
1100
115.2

11
20

10
38.1
1020
106.8

125.7
1.8

343
940
98.4

10
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dd thi L.
Bang 2: Udam=380V=const,Rf1=0,9 Q.

I 0 2 4 6 8
M 0.0 7.6 15.2 22.9 30.5
n 1260 = 1220 = 1200 @ 1150 | 1080
W 131.9 | 127.7 @ 1257 @ 1204 @ 113.1
do thi 11
Bang 3: Udam=380V=const,Rf1=2,5 Q.
Iu 1 3 5 7 9
Mat 3.8 114 19.1 26.7 343
n 1000 920 800 640 500
\V 104.7 | 96.3 83.8 67.0 52.4

do thi I11.

Bang 4: ham dong nang voi Rr=2,2 Q.
I 2 4 6 8 10
M 7.6 15.2 229 30.5 38.1
n 0 106 165 305 520
Y 0.0 11.1 17.3 31.9 54.5

dd thi IV.
Béang 5: ham dong nang véi Rp=2,5 Q, Imc=3 A.

I 2 4 6 8 10
M 7.6 15.2 22.9 30.5 38.1
n 0 134 225 420 580
\" 0.0 14.0 23.6 44.0 60.7

dd thi V.

Béang 6: ham dong nang voi Rp=2,5 Q, Imc=4 A.

I 2 4 6 8 10
M 7.6 15.2 22.9 30.5 38.1
n 0 110 170 380 500
Y 0.0 11.5 17.8 39.8 524

10
38.1
970

101.6

12
45.7
1020
106.8

12
45.7
1060
111.0

15
57.2
1060
111.0

343
860
90.1

22.9
1200
125.7

22.9
1210
126.7

18
68.6
1200
125.7

11



Thi Neghiém Co S& Truyén DPong Dién

dd thi VL
Bang 7:dudng hi¢u chinh

I 2 2.5 3 3.5
M 7.6 9.5 11.4 13.3
n 170 365 520 800
W 17.8 38.2 54.5 83.8
dd thj VIL
A
()]

IV. NHAN XET SO SANH VA KET LUAN:

tir s liéu thu duge ta tinh ra duge M valw theo cac cong thuc sau:

= n .
9,55°
P _Uu 380 =2,375
U, 160

R =0,5(1- n)% =0,51- 0,785)21i =0,55

dm H

v

12
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(K gy Y= Rolay _115-055226_
. 145y
n 9,55

M=K, (K$).I=3811.

Tir cic cong thirc ndy ta s& v& dugc cac duong dic tinh twong tng. dé ré rang so
sanh duong thuc nghiém véi duong 1y thuyét ta s& v& chung trén cing mot hé truc toa
do.

So sanh gitra cac hinh vé ly thuyét va thue nghiém ta thiy tuy toc d6 thuc té luén
nho hon so véi ly thuyet nhung nd van dung véi nguyén ly chung:

V6i dic tinh bién tré : n6 nam dudi duong dic tinh ty nhién, khi dién tré cang 16n
n6 cang thip hon dic tinh ty nhién.

Véi dic tinh co him dong nang: khi dién trd him cang 16n van tdc goc cang 16n
nhung c6 cing M t&i han néu c6 cing dong Ime. Con néu dién trg khong doi ma dong
cang lon thi M téi han cang 16n theo.

Nhitng sai s6 d6 c6 thé 1a do phép do va do ma sat cia may.

13



