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PGS. TS. LE VAN BANG

Giao trinh
LY THUYET MACH DIEN

Sich diing cho cdc trudng Cao dang va hé Trung hoc chuyén nghiép
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Cdng ty C8 phan séch Dai hoc - Day nghé - Nha xudt ban Gido duc gitr quyén
céng bé tac pham.,

Moi G chifc, c& nhén mudhn str dyng thc pham dudi moi hinh thirc phéi duoe sy déng ¥ ciia
chl & hizu quyén tac gia.
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L gior thigu

Ném 2002, Vu Gido duc Chuyén nghiép — B¢ Gido duc va Pao tao dd phéi
hop vdi Nha xudt bdn Gido duc xuét bdn 21 gido trinh phue vi cho dio tao hé
THCN., Cdc gido trinh trén dd duge nhiéu trudng stz dung vé hoan nghénh. D&
tiép tuc b6 sung ngudn gido trinkh dang con thiéu, Vy Gido duc Chuyén nghiép
phéi hop citng Nha xudt bdn Gido duc tiép tuc bién sogn mot 86 gido trinh, sdch
tham khdo phuc vu cho dao tao & cde nganh : Dién - Dién ti, Tin hoc, Khai thdc
co khi. Nhitng gzao trinh nay trude khi bién sogn, Vu Gido duc Chuyén nghzep
da gii dé cuong vé trén 20 truong va t6 chitc hoi thdo, ldy ¥ kién diéng gop vé noi
dung dé cuong cde gido trinh néi trén. Trén co s¢ nghién citu ¥ kién dong gop
ciia cdc trudng, nhom tdc gid da diéu chinh néi dung cdc gido trinh cho phit hop
vdi yéu cdu thue tién hon.

Vo kmh nghiém gidng day, kién thic tich luy qua nhidu ném, cdc tde gid
da ¢ gang d€ nhitng néi dung dude trinh bay ld nhitng kién thic co bdn nhdt
nhing vén cép nhat duge véi nhitng tién b6 cua khoa hoc ky thudt, vdi thuce i€
san xudt. N6i dung ciia gido trinh con tao su lién thong tu Day nghé lén THCN.

Cdc gido trinh duge bién sogn theo hudng md, kién thite réng va cd gdang chi
ra tinh tng dung cia néi dung duge trinh bay. Trén co s& d6 tao didu kién dé
cdc trieong stz dung mot cdch phit hgp vdi didu kién co s vt chdt phuc vy thuc
hanh, thute tap ve dic diém ciia cde nganh, chuyén nganh dio tao.

DéE vite d6i mdi phuong phdp day va hoc theo chi dgo ciia Bg Gido duc va
Béo tao nhdm néng cao chdt lugng day va hoc, cdc trudng can trang bi du sdch
cho thu vién va tao didu kién d¢€ gido vién va hoc sinh ¢6 du sdch theo nganh dao

tao. Nhu‘ng gido trinh nay ciing la tai liéu tham khdo tét cho hoc sinh da t6t
nghiép can dao tao lai, nhan vién k¥ thudt dang tryc tiép san xudt.

Cdc gido trinh dé xudt ban khéng thé tranh khdi nhitng sai sot. Rdt mong
cdic thdy, cb gido, ban doc gop ¥ dé lan xudt bdn sau duge t6t hon. Moi gop ¥ xin
giii vé : Cong ty CP sdch Dai hoc - Day nghé, 25 Han Thuyén, Ha Noi.

VU GIAO DUC CHUYEN NGHIEP - NXB GIAO DUC



Chuong 1 '

CAC KHAI NIEM VA DINH LUAT CO BAN
VE MACH DIEN

1.1. MACH DIEN. CAC BIEN CO BAN : DONG DIEN VA DIEN AP

Pé tinh 1od4n mot cach gan diing cdc qud trinh dién tir trong cdc thiét bi dién
ngudi ta ding moét mé hinh todn hoc don gian hod goi la mach dién. O day,
ngudi ta chi quan tAm dén mot s& (hitu han) cdc dai lugng dién 12 cic dong dién
va cac dién dp. '

Dong dién (hay cuong do dong dién} i(t)
Trong H.1.1.] v& mot doan day dan S
AB c6 tiét dien 1a S. Goi q(v) 1a luong | < ;
dien tich duong chuyén dong qua tiét _)'() @, ) —
.dién S theo chiéu tir A dén B (chi béi mii A B
tén trén hinh v&) d thai diém t va Hinh 1.1.1

Aq = q(l + At) - q{1)'1a lugng dién tich chuyén dong qua S theo chiéu tir A
dén B trong khoang thdi gian At thi tri 86 trung binh cita cuong d6 dong dién
theo chiéu AB trong At la :

. Aq
LABmungbinh = E

Tri $6 trung binh nay cang chinh xdc néu ta ldy At cang nho. ChoAt— {0,
ta dinh nghia cuwong dé dong dién theo chiéu AB 1ai thdi diém t 12 dao ham cia
{uang dién tich q(1) theo thot gian . :

. . Ag  dg(v)
1 = hm =2 = -2 1.1.1
AB( ) At At dt ( )

Theo quy udc, ngudi ta ldy chiéu cia dong dién 1a chiéu chuyén dong cla
cac dién tich duong. Chiéu duong ciia dong dién trong mbi phdn tir ciia mach
dién duge vé bing mot miii tén.

- Viduy ¢ H.1.1.2a, trong doan mach giita hai diém A va B nguti ta chon
chiéu di tit A dén B lam chifu duong cta dong dign. Chiéu ndy dugc vé bang
mot mii tén hudng ir A dén B di kém vdi ki hiéu i(t). Ta ciing ¢c6 thé diing chi
sd AB dé€ chi chiéu duong dd chon cho dong dién i(t), tic 12 : i(t) = i,g(1).



it) i)

o—— }——o0
A B

k I 1
A

o

a) b)
Hinh 1.1.2
Ngudi ta thuomg chi chiéu duong clia dong dién bang mot mii tén dat nhu &
H.1.1.2b. Don vi cua cudng dé dong dién trong hé don vi quéc € SI 14 ampere,
viét tat 1a A.

Dong dién néi chung ¢6 tri s6 thay déi theo thdi gian. Vi dy
Iap(t) = 1(t)y = 10\/§sin[100m +gJA,lé biéu thitc cha mot dong dién hinh

$in (thudng goi 1a dong dién xoay chiéu), c6 bien d6 1a 10v2 A. Duomg biéu
dién cia i(t) dugc vé trén H.1.1.3.

A i(t)

10V2
12,25

5\/'2_/
1
600

12,25

-10V2

" Hinh 1.1.3

Tai thoi diém ¢, = %{5 s ta co

I =
t, = _ =
ot; =100mx 00

va i(t,)= IO\ESin[mtl +%] =
B3

= Ioﬁsini;f= 10\/§><T3=-. 12,25A



Vii(t,) = 12,25A > 0 neén tai thoi di€m ¢, dong dién i(t) c6 chiéu thuc triing
véi chiéu duong cia nd, wic 1a tai thoi diém 1, dong dién co tri s6 1a 12,25A va
chay theo chiéu tir A dén B.

aen | 1 7
Tai tht diém t, =8ES+TO—OS:?)%S
ta co wt, = 100“'3% = ?_675
va i{t, )= 10\/§sin[mt2 +g)= lO\ESini;-

:10&[——?}:—12.25;&

Vii(ty) = —12.25 A < 0 nén tai thoi diém t, dong dién i(t) c6 chiéu thyc
nguoe voi chiéu duong cia nod, téc 1a tai thdi diém t,, dong dién (1) cb tri s6
tuyét doi 1a 12,25A va chay theo chiéu tit B dén A.

Trong trudng hop don gian nhat, dong dién c6 chiéu va tri 56 khong d61
theo thoi gian

i(t) = I = hiing 56, duoc goi 1a dong dién khong doi (thudng goi 12 dong dién
mét chiéu).

(V)
i(t) =1 1

—1 I
o | I

o
A

Cwd

Y

a) b)
Hinh {.1.4

Dién ap u(t)

Ngudi ta goi hicu s6 di¢n thé' tir di€ém A dén diém B cia mot mach dién Ja
dién dp usp(l).

usp() = VAL — VgD (1.1.2)

3 day, v, (hoac vg) 1a dién thé cia diém A (hodc diém B) duoc tinh d6i vai
dién thé cua mot didm O nio do c6 dién thé chon bang khong v(t) = 0.

Don vi cita dién th€ va dién 4p trong hé don vi quéc 1€ Sl la volt, viét tat 1a
V. Chiéu duong cta dién ap u,p gidia hai diém A va B dugc chi bang mot mii

ten huéng tir diém A dén di€m B v& uén doan mach kém theo ki hi¢u u(t) nhu
vé 0 H.1.1. 5,



Khi chiéu duong cia dién dp giita hai 0—*'*-1:}—_—3
diém dd duwge chi rd bang mot midi tén rén -
hinh v& thi ngudi ta 6 thé b qua chi s6 AB uw
ma chi viét u(t) (hay cho u,g(t).

Hinh 1.1.5

Trong truong hop chung, dién 4p giita hal diém cta mach dién 13 mot ham
s0 cla thoi gian t.

Vi du u(t)=uAB(t)=220ﬁsin(!00m+g]V la mot dién ap hinh sin cé
bién do 1a 220V,

O thai diém t, :g(!J-{j stacé u(t )= ZZO\ESing- =269,44V

Viu() = 269,44V > 0 nén tai thoi diém t, dién 4p u(t,) c6 chiéu thuc triing
vdi chiéu duong di chon, tic 1A tai thoi diém t, dién the diém A cao hon dién
the diém B 12 269,44V,

Tai thei di€m t, :63_0‘; ta ¢é

u(tz):ZZOﬁsin-‘g—ﬂ=220\/§[-%—i}=—269,44V
Vi u(ty) = - 269,44V < 0 nén tai thoi di€m 1, dién dp u(ty) 6 chiéu thuc
nguoc véi chiéu duong da chon. Tic 13, tai thdi diém 1y dién dp ult,) cd tri 80

tuyét doi 1a 269,44V nhung hudng tir B dén A néi cach khac dién thé diém B
cao hon dién thé diém A 13 269,44V,

Trong trudng hop don gidn nhat, mot dién dp u(t) c6 chidu va tri s& khong
thay déi theo thdi gian :

u(t) = U = hing s&
dugc goi la dién dp khong doi, thudng got 14 dién dp mor chiéu.
Dong di¢n i(t) va dign 4p u(t) 13 hai bién co bin ciia mach dién. Céc dai
lugng khdc déu ¢6 thé dinh nghia thong qua hai bign co ban ny.
Dudi day ta s& xét mot s& phan tr co ban nhat clia mach dién.

1.2. NGUON DIEN AP (HAY NGUON s(fc DIEN PONG)

DE tao ra dién ap dat vao mach dién, ngudi ta ding cic ngusn dién. Vi du
céc pin va cdc acquy cung cdp cho ta cdc dién dp khong ddi (theo thoi gian).
Cic mdy phdt dién xoay chiéu cung cép dién dp hinh sin c6 tan s6 = 50Hz
dung trong céng nghiép va sinh hoat.



Trong mach dién. ngudi a goi nguon dién dp (ngudn dp) hay nguon s
dién dong (viét 1at 12 sdd) 1a phdn uf i tedng tao ra mot dién dp u(t) gida hat
ce cia 16 la mor ham dd cho cia thoi gian (khong phu thude vao dong dién
i(t) di qua nguon).

Nguén dién 4p thudng duge bidu dién bing mot vong trdn véi mot mii én
nhu ¢ H.1.2.1a. i)

——————a A . ——————8 A
+
et) CD u(t) E —— U
¥ Y
L B L . B
a} Hinh 1.2.1 b)

Chiéu cia miii tén 12 chiéu duong cla sdc dién dong e(t) hodc chicu tang
cta dién theé. Vi chiéu duong cha sdd e(t) va chiéu duong cua dign dp u(t) chon
nhu g H.1.2:1a,tacd:

u(t) = upg(t) = vall) — vglt) £1.2.1)
vi VA1) = vg(t) + e(D) (1.2.2)
uic la u(t) = e(t) {(1.2.3)

Viduudt) =e(t) = 220\/§sin(100m + a) V & mot ngudn dién ap hinh sin ¢6
bién do la 220+/2 V va 6 tén s6 f = 50 Hz.

P&i véi cdc pin hoac acquy 1a cdc ngudn dign ap hay ngudn sdd khong dai
theo thdi gian ngudi ta con ding ki hiéu nhu & H.1.2.1b.

1.3. NGUON DONG DIEN i 4(t)
Trong mach dién, ngudi ta dinh nghia
“nguon dong dién (hay nguon dong) in(U) 12
mot phan ur 1i tuong tao ra mot dong dién la
mot ham da cho cha thoi gian (khong phu
thudce vao dién ap gilta hai cuc clia nd). ing (1) bog
Nguén dong dien thuong duoc ki higu
béng mot vong tron trong dé ¢ mot mii tén
kép ciing véi chi i,,(t) nhu & H.1.3.1a. 8
Chiéu ctia miii tén kép chi chiéu duong a) b)
cua dong dién cua ngudn dong.

Hink 1.3



Vi du iy, (1) = 10¥25in(1007t + &) A Ta mot nguén dong dién hinh sin 6
bién do 1a 1052 A va ¢6 tdn s6 f = 50 Hz.

P61 voi ngubn dong khong déi theo thoi gian (thudng quen goi 1 ngudn
dong mét chi€u), ngudi ta cén dung ki hiéu nhu H.1.3.1b.

Khédi niém vé nguén dong ciing quan trong nhu khii niém vé ngudn 4p.
nhung ngudn dong thudng it duge diing trong sdch vat 1§ & cdc trudng phd
thong. Hoc sinh, sinh vién cdc trudng k§ thuat thudng gap khé khan khi giai cdc
mach di¢n ¢6 cic ngudn dong. Khi d& quen vdi nguén dong ta sé thdy né rét c6
ich trong vigc 1ap cdc phuong trinh cho mach-dién vi trong nhiéu trudmg hgp nd
s€ gidp cho vigc tinh toan mach dién dugce don gidn va dé dang hon.

1.4. DIEN TRG R. BINH LUAT OHM

Phdn tit dién tro (resistor) Ya phin tir co ban cua mach dién ma dién ap trén
noé ti 1¢ thuan véi dong dién di qua né.

V6i cdc chiéu duong cia dign dp ug(1) trén phdn tir dién tr& va coa dong
dién 1(t) chay qua ndé dugc chon cung chidu véi nhau nhu ¢ H.1.4.1 thi gilta
ug(t) va 1 g(t) cé quan he :

' ug(1) = Rig(t) (1.4.1)

He s& ti 1é R > 0 trong (1.4.1) 12 thong 6 dac trung cha
phan tir di¢n tr& duoc goi 1a dién trd (resistance) cua phin tlr
dién tro. u []

34 R

Heé thic (1.4.1) ¢6 tén la dinh lugt Ohm.

Pon vi cha dién trd trong hé SI 12 ohm, viét tt 1a Q.

A —

fiR

Hg thite (1.4.1) con c6 thé viét dudi dang sau : B e—o1H |
Ig()= uRR([) =Gug(t) (1.4.2) Hink 1.4.1

Trong d6: G z—lliduqc goi 1& dién ddn. Don vi clia dien dén trong he SI 1a
siemens, viét tt 1a S.
V6i chiéu duong cla ug(t) gidng vdi chiéu duong cha ip(1) thi cong sudt
tiéu thy b dien tr& R 13 :
PR (1) = g (thig (1) = RiZ (1) (1.4.3)

Pon vi cha cong sudt trong hé SI 12 watt, viét tit 1a W.



Vi R20va ig(t)>0nén:

pr{)20

(1.4.4)

Piéu nay c6 nghia la dién trd R ludn tiéu thy dién nang. Dién nang nay dugc
bién déi thinh nhiét ning, tidu tin vao méi trudng xung quanh. Vi the, ngudi ta
néi ring dién tr& R dac trung cho hidu tng nhiét cha dong dién (hiéu ung Joule).

Ning luong toa nhiet trén dién trd trong thdi gian tir thai diém ¢, = 0 dén

thai diém t dugc tinh theo cong thic :
, .
Wp = pr (t)dt = I ng (Dig{tydt =R f izR(l)dt =0
) 0 0

Don vi chia nang lugng trong hé SI 12 joule, viet tat 1a J.

Ta cé : 1 joule = lwatt x 1gidy hay 1J = 1Ws

(1.4.5)

Khi dién dp Uy va dong dién I trong dién trg la dién dp va domg dign

khong ddi theo thoi gian thi dinh luat Ohm dugc viét dudi dang :

UR = RIR
U
hay I =—ER—=GUR

Vidy 1.4.1:

(1.4.6)

(1.4.7)

Xét mach dién & H.1.4.2 gdm mot dién
trd R = 102 dat vao ngudn sic dign dong E

= 12V. Tinh dién dp Up, dong dién Ip trén E CT)

Ug
die¢n tro. Tinh cong sudt toa nhiét trén dién
trd va nang lugng tiéu thy bdi dién 16 trong
mot gid. ¥
Gidi: Hinh 1.4.2

Taco:Ug=E=12V
Theo dinh luat Ohm (1.4.7)taco :

Up 12V
Ip = =7on ~ 1-20A
Cong sudt toa nhiét trén dién trd :
P, =RI% =10x(1,2)* =14,40W

hay Pp =Ugly =12x120=14,40W



Dién nang tiéu thu bai dién trd nas trong thoi gian T =1 givria

W =P, T=14,40x60x60 = 51.84x 107}

Vidy 1.4.2: s
Dién trd R =10Q duge néi vac mét ngudn
dong di¢n c6 tri 56 I, = 5A (H.1.4.3). Tinh di¢n
.4 A 3 ; a 2 IL: 4 H 5 FAN
d}‘)‘ Ug Ercn dién tr¢ va cong sudt tod nhiét Py trén l g C,TD Un [] R
di¢n trg
Gidi : | v

Déng dién chay qua dién tré R chinh la dong
dién cua ngudn dong di cho :

‘[R = Ing=5A

Hink 1.4.3

Diép dp trén dién trd Uy bing :
Ug = R.Ip = 100 % 5A = 50V
Cong sudt tod nhiét trén dién trd la

hay Py =RIZ =10x(5)% = 250W

1.5. DIEN CAM L. DINH LUAT LENTZ

Phan 1 dién cdm (inductor) thiong goi la cuén day dién cdm 1a phéan tir co
ban cla mach dién ma dién 4p trén nd ti lé vdi tdc d6 bién thien theo thoi gian
cua dong dién chay qua né.

Néu got uy la dién 4p giita hai cyc coa phin t& dién cam va i, la dong dién
chay qua né, véi quy udc chiéu duong cita u_ ciing chiéu véi chiéu duong cia I
nhu ¢ H.1.5.1a ta ¢6 phwong trinh (vi phan tuyén tinh cap 1) :

di,
u =Lk (1.5.1)
L
i L . i
A o—-l:—fWL-———. B A .—»L—@—q B
—-—h —'_b
Uy u,
a) Hinh 1.5.1 b)

Trong (1.5.1), hé 56 ti 1¢ L > O dugc goi 12 dién cdm (inductance) cia phén
tr di¢n cam. Don vi clia dién cm trong hé SI 13 henry, viét tat [a H.

12



Heé thic (1.14) 12 hé qua cua dinh luat cam ing Lentz vé sitc dién déng 1u
cam, thuding viét 14 :

VT e — i = e —— )
el N @ (Lip) (1.5.2)

Trong d6 : @ 14 tir thong, ¢ 1a stic dién dong ty cam, véi chicu duong
chon giéng véi chiéu duong ciia ip, nhu & H.1.5.1b.

That vay, vi cdc chiéu duong cla u; vi e chon nhu & H.1.5.1b, 1a ¢6 :

VBZV;\ +CL (1.53)
Tirdé : €, = Vg = Vu (1.5.4)
Trong khi d6 : UL = Uap =Va — VR . (1.5.5)
Tir (1.5.4) va(1.5.5), ta c6 :
U =-—ep (1.5.6)
Tir (1.5.6) va (1.5.2) ta c6
di di
=gy = | =L =k 1.5.6
ML TEL [ le dt (1.5.6)

. . di . .
Vi the ta ciing c6 thé goi hé thic : u, :1,%15 dinh luat Lentz va dién
cam L la théng s& dac trung cho hién tiwong tw cdm.
Vdi chiéu dvong cha up va iy chon giong nhau nhv & H.1.5.1a thi céng suat
dua niang lugng vao phdn tir dién cam 1a :
. ) di di df1l dw
sipa =i |L=% |=Lig —F=—| S Li{ |=—M 1.5.7
Pr=iu ‘L( dt ] Tt dt[Z L BT (-7

dday:
Wi =%Lii ' (1.5.8)

la nang luong tir truomg tich luy trong phan tir dién cam.

Do hé thic (1.5.7) ma dién cam L cling dac trung cho hién wtrong tich triv
nang lugng tir trudng trong mach dién.

Vidy 1.5.1: _

Xét mach dién & H.1.5.2 gom mot cudn day dién cdm cé dién cam L = 0,1H
néi véi mot ngudn dong i, (t)= lO\fisin(IOOOt) mA. Hiy tim dién dp u trén
cuon day dién cam, céng sudt p; va ndng lugng tir trudng w,, trong cudn day ?
VE cdc duong cong iy (t), up_(t), pL{t).



Gidi :

Dong dién i; chay qua phdn tlr ¢ién cam
chinh 12 dong dién cfia nguén dong :

. N
()= i“g{t)ZIO\[Z sin(1000t) mA C’I‘ [ ng(t) ug
Chon chiéu dwong cia dién 4p ug trén
dién cim cing véi chiéu duong cia dong ¥

-

dién i, nhu & H.1.5.2. Theo dinh luat Lentz -
(1.5 taco: Hinh 1.5.2

u =LIL g 1x 8

p dl(l(}\ﬁx 107 sinlOOOt)

=0,1x 10v2 % 10~* x 1000 cos 1000t

=+/2cos1000t V

Cong suat dua nang lugng vao tir trudng ctia phén tir dién cam Ia :

P =up-ir. =2 cos(1000t)x (10v2.107 sin 1000t

=20x 10" sin 1000t cos 10001 W
=20xsin1000tcos 1000t mW

hoac PL =20-S-1-r1220ﬂ: 10sin2000t mW

Nang lugng tir trudng trong cudn day dién cam :

‘ _1

2 2
wy = =LiZ :lxo,lx(m\/isinioom) => x0,1x (1072} sin? 10001

2 2
= 10sin? 1000t =10[1i9522—0@]=5(1—c052000t) J
Céc dudng bidu dién ciia iy (1), up (1) va p (1) duoc vE trén H.1.5.3 véi
I, =10v2 mA
Up=+2 V
P,=10 mW

v @ = 1000 rad/s.



Hinkh 1.5.3

1.6. DIEN DUNG C. DONG DIEN CHUYEN DICH

Phan ti dién dung {capacitor) thudng goi 1a tu dién 1a phén tr co ban cia
mach dién ma dong dién qua nd ti 1¢ thuan vdi toc do bién thién theo thoi gian
cua dién ap trén nd. _

Néu i-(t) la dong dién chay qua tu dién va uc(1) 12 dién 4p gilta hai cuc caa
tu dién v6i chiéu duong cia ic va chiéu duong cia ue chon giéng nhau nhu ¢
H.1.6.1 thi phuong trinh vi phan tuyén tinh ¢4p mot lién hé gifa ic(t) va uc(t) la:
dug(t)

dt

Trong d6 hé s6 ti 1& C > O duge goi la dién

dung (capacitance) cha tu dién. Pon vi cua dién

- i + -q
dung trong he SI Ia farad, viét tat 1a F. A -——f——q—i |—. B

He thiic (1.6.1) la h¢ qua cha gia thiét coa

ic()=C

(1.6.1)

—_—
Maxwell vé dong dién chuyén dich Ug
(displacement current) qua moi trudng dién Hinh 1.6.1
mdéi gitra cdc ban cuc cbha tu dién.
dq d du-
=1 _“opy=Cc=< 1.6.2
o =g =g (e dt (1.6.2)

G day +qla dién tich trén cdc ban cuc cia tu dién.

Do (1.6.2) ma dién dung C dac trung cho hién tugng dong dién t_:huyén dich.
V6i chiéu duong cia uc va ic chon giong nhau nhu & H.1.6.1 thi cong suat dua
nang lugng vao dién trudng trong khong gian giita hai ban cuc cia tu dién 1a .
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. du dft W
Pe = iU =UCC—dtC :HE[EC“%J: ?Il:" (1.6.3)
O day wp = %c:ug; (1.6.4)

la nang lugng dién trudng tich lu¥ trong tu dién.

Do hé thic (1.6.4) ma dién dung C cing dic trung cho hi¢n tugng tich luy
ning lweng dién trudng trong mach dién.

Vi dy 1.6.1:

A
Mot ty dién ¢6 dién dung C = 10uF ¢ i (1)
duoc ndi vao mot ngudn ap hinh sin : ¢
u(t}=100\/53in1000[ v CT u(t u(t)
. : ¢!
Hay tim dong dién qua tu ic va cong
sudt dua nang lugng vao dién trudng cua
1y dién. .
Giai : B
Hinh 1.6.2

Ta ¢6 : ue = u(t) = 1002 5in 1000t V

Chen chiéu duong clia ic(t) tring vdi chiéu duong cia uc(t) nhu & H.1.6.2
ta c6
du

d
C _ —6 -1
aL =10x10 xdl(lc}OJismlOOOt)

=10x107% x 10042 x 1000 cos 1000t = 2 cos 1000t A

Cong sudl tich luy nang lugng vao dién trudng cua tu dién :

Pe = e = (lOOﬁsinlOOOl)x (\ECOSIOOOI) _ 2Oo(sm 2000}_]

=100sin 2000t W
Niang luong dién trudng tich luy trong tu dién
|

| —

2
W =5 Cug =2 x10x107 x(100v2 sin 1000t )

o
B

| . 2 .
=5 x10x10 6 x(looﬁ] sin® 1000t = 0, 1sin? 1000t
:O,I(I—COSZOOOI

> Jz0,0S(I*COSZOOOt)_ J



1.7. DINH LUAT KIRCHHOFF CHO CAC DONG (HAY DINH LUAT
KIRCHHOFF THU NHAT)

H.1.7.1 v& mét mach dién phuc tap. Ta goi nhdnh cta mach dién 14 bo phan
chia mach dién giiia hai diém bat ki trong d6 cd citng mot dong dién chay qua.

R, i1® i @

e(t)

Hinh 1.7.1 Hirh 1.7.2

Mach dién & H.1.7.1 gédm cé 3 nhdnh. Nhdnh thi nhit (nhdnh 1) gém c6
ngudn sdd e(t) ndi tidp véi dién tré R, trong hai phdn tir nay ¢6 cling mot dong
dién i; chay qua. Nhanh thit hai (nhdnh 2) gém c6 dién ir& R, ndi ti€p vai dién
cam L, trong hai phdn tir ndy ¢6 ciang dong dién i, chay qua. Nhanh thi ba
(nhinh 3) gém cé dién 6 R4 nét ti€p v6i dién dung C, trong hai phan tir nay ¢6
cung mot dong dién i, chay qua.

Ta goi diém ma & d6 cac nhdnh ndi v6i nhau 4 nir cia mach dién. Trong
mach dién & H.1.7.1, cic nhank 1, 2 va 3 dugc n6i vao hai nit @ va @

Pé thdy 16 cdc nhdnh va cdc nit cha mot mach dién va sy ndi cha cic
nhdnh v&i nhau tai cdc nit, ngudri ta ¢6 thé dung mot loai so d6 don gian hod
cia mach dién goi la graph clia mach dién. Vi du graph ciia mach dién ¢
H.1.7.1 dugc vé& nhu ¢ H.1.7.2. M&i nhanh cua graph tuong ing véi moét nhanh
cia mach dién va dugc v& bing mot doan dudng cong hay thing. Chiéu cua
nhanh trén graph tuong @ng vdi chiéu duong clia dong dién cla nhénh.

Dinh luat Kirchhoff cho cac dong (hay dinh luét Kirchhoff th(t nhat)

Su rang buéc giita cdc dong dién cia cdc nhdnh trong mét mach dién dugc
thiét 1ap theo dinh Iuat Kirchhoff vé cdc dong (hay dinh luat Kirchhoff thit nhat).

Dinh luat nay c6 thé phat biéu nhu sau : J mét thei diém bdt ki va tai mot
nit bdr ki cia mach dién, téng cdc dong dién cé chiéu duong di to1 niit bang
t16ng cde dong dién cé chiéu duong roi khoi nir.
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Tai nuit 1 trén H.1.7.3 ta co

Phuong trinh (1.7.1) ¢cé nghia la :
d dq, dq; d
—(%L + d—[2 = —d—l}' + _(?[i hdy dql + dQ2 = dq1 + dCh

tic 12 wong lugng dién tich di t6i ndt phadi bang Hink 1.7.3
16ng lugng dién tich rdi khoéi nit vi khong ¢6 su tich
fu¥ dién tich tai nac

Phuong trinh (1.7.1) con c6 thé vigt 1a :
- 11([)‘ — iz([) + 13(1) + i4(t) = 0
hay D (=0 (1.7.2)
) il
tic 1a : Tai mot nit bat ki, & mot thai diém bat ki, téng dai 3¢ cdc dong dién
c6 chiéu dwong roi khoi mét nat bdng khong.
- Trong phuong trinh (1.7.2) : cac dong dién c¢6 chiéu duong roi khoi mit
dugc lay v6i dau duong (+), cdn cic dong dién ¢ chidu duong di vio nit ducc
ldy v diu am (-).

P6i v6i it (D trong mach dién trén H.1.7.1 ta ¢6 phuong trinh :
=1 () + 13(0) + 13(1) = O (1.7.3)
P61 véi nt (27 ta ¢6 phuong trinh :

) —i{t) -1y =0 . (1.7.4)
Chu ¥ ring. phuong trinh (1.7.4) ¢ thé suy ra tir phuong trinh (1.7.3) bang
cach nhan 2 v€& coa (1.7.3) véi —1. Vi vay, phuong trinh (1.7.3) khong déc Iap
tuyén tinh v6i phuong trinh (1.7.4). Vi thé, d6i v6i mach dién & H.1.7.1 ta chi
cén viét 1 trong 2 phuong trinh (1.7.3) hodc (1.7.4) 1a da. _
Tuong ty nhu vay. doi véi mach di¢n & H.1.7.4 ta chi cdn viét cdc phuong
trinh Kirchhoff cho cdc dong ddi vdi 3 trong 4 nit (D, @, @ va @ 1a du.
Vi du, vi€l cac phuong trinh theo dinh luat Kirchhoff cho cdc dong cho cdc

~

mit 11, (2 va 3 (H.1.7.3) 1a:

—h+is—ig=0 (1.7.6)
—ii—iy—ig=0 (1.7.7)
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a) ) Hinh 1.7.4 b)_
Ta khong can viét phuong trinh theo dinh luat Kirchhoff cho cdc déng cho

nit @ nita vi né 5& khéng doc tap tuyén tinh ddi véi cde phuong trinh da viét
cho céc nidt ), @ va 3.

That vy phuong trinh theo dinh luat Kirchhoff cho cdc dong déi voi nut

—'i]"iz"i?':O (1?8)

Phuong trinh nay c¢é thé€ ¢6 duge tir viéc cong cac phuong trinh (1.7.5),
(1.7.6) v (1.7.7).

Noéi mét cich téng_quél : néu mach dién c¢é n nit thi chi viét duge (n - 1)

phuong trinh doc Igp tuyén tinh theo dinh luat Kirchhoff thd nhat cho (n — 1)
~ niit cia mach.

1.8. BDINH LUAT KIRCHHOFF CHO CAC DIEN AP (HAY BINH LUAT
KIRCHHOFF THU HAI)

Su rang budc giita cdc dién dp trén cdc nhdnh chia mot mach dién duoc thiét
lap theo dinh luat Kirchhoff cho céc dién ap (hay dinh luat Kirchhoff thit hai).

Xét mach dign ¢ H.1.8.1a. Cdc nhanh 1 vi 2 tao thanh mot vong (dudng
khép kin) goi la vong I. Cic nhdnh 2 va 3 ciing tao thanh mot vong goi 1a vong
II. Cic nhanh 1 va 3 ciling tao thanh mot vong goi 12 vong 111

D¢ thay 16 cdc vong cha mot mach dién & H.1.8.1a ta ciing ¢6 thé sir dung
graph cla né vé 6 H.1.8.1b.
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Vé_rjg 111 @

Ry iy iz F
R
eCD vong I | 7 1 112 u) 13
—
L
a) ' b)

Hinh 1.8.1
Ta c6 thé dinh nghla vong Ia mér bo phan ciia mach dién gém mot s6 nhénh
sao cho (trong bo phan dé) & méi nit chi ¢6 hai nhankh néi vao.
Vi du & mach dién & H.1.8.2a ta xét mot bo phan cha né chi gdm cic nhanh
t va 2 (hdy tudng tugng rang nhdnh 3 bi cit khéi mach).

Ry i, () - C)

- - - - = - - - -
™

e(E) veng I L 1)Y2

® @

a) Hinh 1.8.2 b)

Ta thdy (xem H.1.8.2) trong b6 ph&n mach dién nay, & cic nit 1) va (2 déu

chi ¢é hai nhdnh n6i vao. Vay, cdc nhanh 1 va 2 hop thanh mot vong. Trong méi
vong ta hiy chon mot chiéu di vong tuy ¥ qua cdc nhanh cha vong. Vi du ta cé
thé chon chiéu di vong qua vong I 1a chiéu kim déng hé nhu & H.1.8.2b. Ta s&
goi chiéu nay 14 chiéu cia vong I.

Chii y rang chiéu cta cdc nhanh trong mét vong c6 thé cing chiéu hay
ngugc chiéu vdi chiéu clia vong. Vidu ¢ H.1.8.1 nhdnh | va nhdnh 2 déu cing
chiéu vdi vong [; nhanh 3 cing chiéu vdi vong II, nhung nhédnh 2 nguogc chiéu
véi vong 1L '
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Vidu 1.8.1:

Véi mach dién ¢ H.1.8.3 ta viét dugc cac phuong trinh sau day theo dinh
luat Kirchhoff cho cac dp :

Vong I: U +u,=90 . (1.8.1)
VongIl: —uy+u=0 (1.8.2)
Vong 111 : up+ Uy = (1.8.3)

: . Hinh 1.8.3

Chu ¢ rang trong hé 3 phuong trinh trén, chi ¢6 2 phuong trinh déc ldp
tuyén tinh, phuong trinh con lai khong doc 1ap tuyén tinh, tic la phu thuoc
tuy€n tinh d6i v§i hai phuong trinh da viét.

That vay, phuong trinh (1.8.3) cho vong III c6 thé nhan dugc bang cich
cong hai phuong trinh (1.8.1) va (1.8.2) cho cdc vong I va I

Mot cach tong qudt, néu mach dién c6 m nhdnh va n nit thi ta chi cé thé
viét dugcm —(n — 1) = m —n + | phuong trinh déc Idp ruyén tinh theo dinh
lugr Kirchhoff thit hai cho cdc vong.

Vé&i két cdu cu thé cha cac nhanh nhue v& & H.1.8.3, néu ta chon chiéu
duong cha cac dong dién 1|, i, va i cling chiéu vé&i cic chiéu duong di chon cho
cic diéndpu,u; va o, ,tacd:

u, = - e +Ri (1.8.4)
- Rai di,

uy = Ryip +L (1.8.5)

s = Raix +u (0)+lfi dt (1.8.6)
3 T I3z v C ]3 b

Thay (1.8.4), {(1.8.5) va (1.8.6) vao (1.8.1) va (1.8.2) ta dugc céc phuong
trinh sau day cho cac vong I va II :
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di
~e+Ri, +Ryi, +L=2 =0

: di . 1 r K
-R,i, _Ld—12+ Riy +up (0)+E- jl3dl =0

Dé chon dugc mot hé théng cac vong déc ldp (utc 12 cdc vong ma hé
phuong trinh viét theo dinh luat Kirchhoff cho cdc dp cua ching hop thanh mot
hé phuong trinh doc lap tuyén tinh) ta c¢6 thé 1am nhu sau :

Budc 1 : Ddu tién, ta v (n — 1) nhdnh nao d6 ndi lién n nit cha graph cha
mach déd cho ma khong hop thinh mot vong. Tap hep (n — 1) nhdnh cé tinh chat
nhu thé dwge goi 1a mot cay (a tree) clia graph di cho.

_ Bude 2 : Cit mdi lan ta ndi thém mot nhanh mdi (tdc khong phai 1a mot
trong (n — 1) nhdnh thudc vao cay did chon & buéc 1). B8 sung vao giita hai nat
cua cay ta s& dugc mot vong co bdn (a fundamental loop).

Visdnhdinhméilam—~{(n-1)=m-n+ 1,tas& céd m—n+ ] vong co ban. Vi
méi vdng co ban ¢6 mot nhanh khéng thudc vao cac vong co ban khdc nén hé théng
cac vong co ban s& 1am thanh mot hé théng cdc vong doc lap.

Vidy 1.8.2:

P61 véi mach dién & H.1.8.4 ta ¢6 s6 nhanh m = 6, s6 niit n = 4.

— Dau tién, ta chon cay gém cdc nhdnh 3. 4, 5 vé bang nét 1ién 0 H.1.8.4.

— Bay git ta ndi thém nhdnh 1 vao cay & H.1.8.1, 1a s& duoc vong co bdn [
gdm cdc nhidnh 1, 4 va 3 d H.1.8.5 va ta viét dugc phuong trinh sau day :

Uy +ly—uz =0 _

— Ta néi thém nhanh 2 vao cay ¢ H.1.8.4 ta s& duge vong co ban If gém cic

nhinh 2, 5 va 3 (H.1.8.6) va 1a viét dugc phuong trinh :
U +Uu5-uy=0

| ®
Q 2@ O

@ ®

Hinh 1.84 Hinh I.8.5

— Cudi ciing, ta n6i thém nhdnh 6 vao cay & H.1.8.4 ta sé dugc vong co bdn
11l gébm céc nhdnh 6, 5, 4 (H.1.8.7) va viét dugc phuong trinh :

Ug +Us— Uy =0
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Hinh 1.8.6 Hinl 1.8.7

1.9. CAN BANG CONG SUAT TRONG TOAN MACH DIEN. DINH LY
TELLEGEN
Xét mot nhdanh bat ky cua mot mach

i i
dign. >—»“—|::1—<

Né&u u (t) 12 dign 4p trén nhanh va i (1) _
ta dong dién trong nhanh (v4i chiéu duong Uy

cha ug va chiéu duong cia iy chon giong
nhau nhy & H.1.9.1) thi cong suit tirc thai
tiéu thy bGi nhanh k s& 1a :
Pty = w1
Tuy theo két cdu cu thé, mot nhdnh cé thé gdm dién trd Ry (dign cam Ly,
dien dung C,) néi tiép vdi ngudn sdd e, nhu & H.1.9.2a hoac néi song song vdi
ngudn dong iy,, nhu & H.1.9.2b.

Hink 1.9.1

e
R b A

® 0 -
It

- Hinh 1.9.2

[ kng b}

Né&u p(t) > O thi & thdi diém t xét nhdnh k thyc sy tiéw thu nang luong.
Néu p,(t) < O thi & thdi diém t xét nhdnh k lai cung cép nang lugng cho
phdn cdn lai ciia mach.
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Xét mot mach dién c6 m nhinh va n ndt. Tix cdc phuong trinh lap theo dinh
luat Kirchhoff cho cdc dong cho (a — 1) nit cha mach dién
i =0
nit

va cac phuong trinh 13p theo dinh luat Kirchhoff cho céc 4p cho (m — n + 1)
vong co ban cita mach :
> u =0

ving

ta c6 the chitng minh dinh 1y Tellegen vé sy can bing cong suét trong mach
di¢n sau'day : “Trong mot mach dién bat ky..d mot thoi diém bt k3, tdng cdc
cong sudt tiéu thy bdi 1dt cd nhdnh cia mach bang khéng”.

D PO =2 u (Ui (1) =0 (1.9.1)
k=1 k=1

hay néi cdch khdc, 1éng cong sust phét ra bdi cdc nguén trong mach bing 16ng
cong sudt tiéu thu bdi cdc phdn tir khdc trong mach,

Ta hay chiing minh sy can bang céng suit cho mach dién & H.1.9.3.

Hinh 1.9.3

Ta viét phuong trinh theo dinh luat Kirchhoff cho cde dong cho nit @ :

i~y +i3=0 (1.9.2)
va cdc phuong trinh theo dinh luat Kirchhoff cho cdc dp cho céc vong Ivall:

Uy —uy=0 (1.9.3)

u;+u3 =0 (1.9.4)
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Céc phuong trinh (1.9.3) va (1.9.4) cling twong duong vai vige biu dién dién
4p cac nhanh qua dién the cdc nit (U va @ sau day:

Uy = vy -V,

U =V = vy

Uy = v, ~Vy
Téng cong sudt tiéu thy bdi tit ca cdc nhdnh cia mach la:

3

Zpk =00 + Uyiy +Usly
k=l

= (V2 — Vl)il + (V2 — vl)iz + (Vl - V2)13

= Vl(— ii —.iz + h) + \-"2(4' i] + iz - 13)
Ché y dén (1.9.2) ta c6 :

3
Zpk =0
k=1

Vay déng thitc (1.9.1) clia dinh 1y Tellegen da dugc ching minh.
V&i cdu tric cha cdc nhdnh 1, 2 va 3 nhu ¢ H.1.9.3 ta cé
' u =-e, +Rji,
Uy = - €5 + Roip
uz = Raiy
va
3

Zpk = ugiy + gy + Ugiy = (€, + Ryl Jiy +(—ey + Ryl )iy + (Rsiy )i =0
k=1

T do :
- . a2 .2 2
i + e,y =R(i] +R;i; +R;i5 (1.9.5)

O vé€ trai cha phuong trinh (1.9.5) 1a tdng cong sudt phdt ra cua cac ngudn

sic dién dong e, va e,, con & v& phai cla (1.9.5) 1a tdng cdc cong sudt tiéu thy
trén cac dién trd R, R, va R; cia mach dién.
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CAU HOI KIEM TRA

1.1. Mach dién 13 gi ? CAc bién cd ban cixa mach dién la gi ?

1.2. Dong dién Ja gi ? Chiéu duong cla dong dién 1a gi ?

1.3. Bién ap Ja gi ? Chiéu duong clia dién ap la gi ? Cho mét sé vi du.

1.4. Nguén dién ap 1a gi ? Quan hé gitra dién ap va sic dién doéng ? Cho
mot 86 vi du vé ngudn dién ap.

1.5. Ngudn déng dién fa gi ? Cho mét s8 vi du v& ngudn dong dién.

1.6. Bién trd R 13 gi ? Phat bidy dinh luadt Chm.Viét bi€u thic ctia céng
suat va nang lugng tidu thy trén dién trd.

1.7. Dién cam L 1a gi ? Phat biu dinh luat Lentz. Viét bidu thic cia dién
ap trén dién cam up. Viét biéu th(fc clia cong sust va nang lugng tir trudng
trong dién cam theo L va i, .

1.8. Bién dung la gi ? Viét biéu thic cha dong dign chuyén dich ie theo C
va ue. Viét bidu thic cla cong suat va nang lugng dién trudng trong dién
dung theo C va uc.

1.9, Phat biéu dinh luat Kirchhoff vé cac dong hay dinh lu&t Kirchhoff thir
nhat. Néu mach dién cb n nat thi s6 167 da cac phuong trinh déc lap tuyén tinh
c6 thé 1ap dudgc theo dinh luat Kirchhoff thir nhat 1a bao nhiéu ? Cho mét s§ vi
du vé hé phu‘dng trinh déc 1ap tuyén tinh viét theo dinh {uat Kirchhoff thir nhat
cho mét sd mach dién.

1.10. Phat biéu dinh luat Kirchhoff vé cac ap hay dinh luat Kirchhoff thir
hai. Néu mach dién cé n ndt va m nhanh thi sé t8i da cac phuong trinh doc 1ap
tuyén tinh ¢6 thé 1ap dugc theo dinh luat Kirchhoff thit hai |4 bao nhiéu ?

Béng cach nao ¢ thé xac dinh dugc c4c vong déc 1ap cho mét mach dign?
Cho mét s6 vi du vé hé phu'dng trinh déc ap tuyén tinh viét theo dinh Juat
Kirchhoff thir hai cho mot s8 mach dién.

1.11. Phéat biéu dinh Iy Tellegen

1.12. Chimg minh su can bang céng suat trang mét s& mach dién don gian.
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BAI TAP

BT.1.1. Lugng dién tich g(t) chuyén
ddng qua tiét dién S clia doan day dan AB
theo chiu tif A dén B (H.BT.1.1a) cb db
thy theo thdi gian cho & H.BT.1.1b. Hay
tinh déng dién izg(t) va vé da thi ciia dong
dién theo thdi gian.

b) ¢

H.BT.1.1
BT.1.2. H3i nhu bai tap BT.1.1 véi g (t) = 1072sin1000t C.
BT.1.3. Cho biét dién thé ciia cac diém A, B, C va O nhu sau: Vg = 0.

Vi = 100V, Vg = 80V, V¢ = 50V. Hay tinh cac dién ap: Usg, Use, Uac: Uga. Ucs
va Uga.

BT.1.4. H&i nhu bai tap BT.1.3 voi:
Vo = 0, va = 100+/2 sin1000t V

v (1) =80v2 5in 10001V

ve (1) = 5042 sin 1000tV

&

BT.1.5. Mot dién trd R = 100Q ducc ndi vai ngudn dién ap u{t) = e(t) nhu
g H.BT.1.5a. D& thi cla e(t) duge v& d HBT.1.5b. Tinh déng dién isp(t) va
iga(t) trong dign trd. V& dudng cong ie(t) va igalt). Tinh cong sudit va dién
nang tiéu thu bcﬂ dién trd trong khoang thai gian 0 <t < 20ms.

A
e(t)
e{t uit) R 100V ——

| |

| |

| 1 Al
B 0 5 15 20ms
-a) b)

H.BT.1.5
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BT.1.6. Gidi bai tap BT.1.5 trong truéng hap e(t) = 100v2 sin100nt V.

BT.1.7. Mot dién trd R = 10 Q duge ndi vao mot ngudn dong dién j(t) nhu
¢ H.BT.1.7a. Budng cong j(t) duoc cho & H.BT.1.7b.

Tinh dién &p uag(t) va uga(t) trén dién trd. Vé dudng cong uag(t) va upa(t).
Tinh céng suat va dién ning tiéu thu trén dién tré trong khoang thdi gian
0<t<20ms,

b |(1)
1A

A R B

10 ms 20ms 30ms _1
Y 0 -

(—
i AAF —— — S S S —
a) b)

H.BT.1.7
BT.1.8. Giai bai tap BT.1.7 trong trudng hgp j(t) = 52 sin 1007t A.

BT.1.9. Mét phan tir dién ¢dm c6 L = 100 mH

u
duge néi vao mét ngudn dong Gién j(t) nhu & A "_m_"r*\:ff\ B
H.BT.1.9. Bé thj cla j(t) cho d H.BT.1.7b. Tinh dién | i L
ap Uas(l) va uga(t) trén dién cam. V& dudng cong N
Uaa(t) va uga(t). Tinh céng sudt p (t) va nang lugng J(l)®
wy dua vao tu truang cla dién cam trong khodng
thdi gian 0 <t < 20 ms. H.BT.LY

BT.1.10. Gidi BT.1.9 trong trudng hdp j(t) = 5vZ sin100nt A

BT.1.11. M6t tu dién c6 dién dung C = 10 uF
dugc ndi v&i ngudn dién ap u(t) = e(t) nhu &
H.BT.1.11. ©6 thi clia e(t) dugc cho & H.BT.1.5b.

Tinh dong dién ixp(t) va iga(t) qua dién dung. Vé 9(‘@)
dudng cong iag(t) va iga(t). Tinh cdng sudt pe(t) va
nang lugng we dua vao dién trudng cia tu dién
trang khoang thdi gian 0 <t < 20 ms.

U(t) :: (o

my - p I

H.I11
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BT.1.12. Giai bai tap BT.1.11 trong
trudng hgp e(t) = 100+/2 5in 100t V.

BT.1.143. Cho mach dién d

HBT.1.13 v8i R = 100 Q, C = 5 uF va
e(t) = 1002 sin 10007t V.

Tinh ig(t}, ic(t) va i(t). V& cac dudng
cong cla ig(t), ic{t) vai(t).

BT.1.14. Cho mach dién &
HBT114vdi R = 100 Q, L =02 Hva

J(1) = V25in1000mt A, Tinh ug(t), u (t) va

u(t). V& cac dudng cong cla ug(t), u,{t)
va u(t).

[ -9

o [T

me

H.BT.1.13

it @

u(y)

ey —
X
-
=
=

H.BT.1.14

BT.1.15. Cho mach dién § HBT.1.15v8i R, = R, = Ry = 1 0, R, = Rs = Ry

=20 Q. Biftl, = 1Ava lg = 2A, |, = 3A.
Hay tim I,, I, lg, Eq, E, va Es.

E R s
Ot

H.BT.1.15

BT.1.16. Tinh céc cdng suat trén cac dién trd va cong suét cla cac nguén
sdd trong mach dién cla BT.1.15, Kiém tra can bing cong suat trong toan

mach,
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- Pl

Chuong 2

DONG DIEN HINH SIN TRONG CAC MACH DIEN
PON GIAN NHAT

2.1. DONG DIEN HiNH SIN. TR| SO HIEU DUNG

Pién nang thuong duge cung cdp cho cac thiét bi k¥ thuat duéi dang dién
dp va dong di¢én hinh sin, thuong got 1a dién dp va dong dién xoay chiéu
(alternating current, viét tit 1a a. ¢ hay AC).

Dong dién hinh sin ¢6 biéu thic todn hoc 14 :

() =1 sin{ot +y,) _ (2.1.1)
trong d6 1, la bién do cha dong dién; ot + y,; 12 géec pha cia dong dién tai
thoi diém . Tai t = O thi goc pha bang v, dugc goi 13 géc pha ddu cia dong
dién, o duge goi 1a tdn 56" gée cha dong dién. Don vi cha o 13 rad/s.

bai lugng T :g la c/ue ky cua dong dién hinh sin. Ngudi ta con ding dai

lugng f = T & la tan s6 cua dong dién hinh sin. Pon vj cla tdn s6 f trong hé
SI la hertz, viét at 1a Hz.

Tén s6 cia dong dién hinh sin diing trong coéng nghiép & da s¢ cic nudce 1a
50 Hz, & M¥ 1a 60 Hz.

Dudmg biéu dién dong dién hinh sin duoe v& trén H.2.1.1

o | :
4 - T -

| i
Im.\‘in\p
v / :

TN

Hinh 2.1.1

/
© o~

T
|
1
t
|
|<
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Nguoi ta goi tri sé hiéu dung 1 cia dong dién hinh sin 13 trj s6 trung binh
cta il trong mot chu ky

T T
1 ¢ I ,
Iz\j:féflz(t)dl :\/;l: IIE“ sin’ (mt+wi)dl {2.1.2)

0

—cosZ(wt+wi)]dt
2

T "E[l
Ta ¢6 _‘llﬁ1 sin® (ot + y, )dt zlfn_[
] (}
2% I2
:_Zm{ Idt- IcosZ(mt +y; Jdt =T
0 0
T
vi tich phan thit hai fcos2(wt+y;)dt=0.
4]

Vay I=—= (2.1.3)
J2
tic la tri 8 hiéu dung I caa dong dién hinh sin bang bién do I, cta néd chia

cho /2 .

He thite (2.1.2) duge rit ra tir su tuong duong vé€ nang lugng toa nhiét cia
dong dién hinh sin trén mot dién trd R trong mot chu k¥ T va nang lugng toa
nhiet cua mot dong dién c6 i s6 khong déi I trén dién trd R trong thoi gian T:

T
R |i3(t)dt = RI?T
0

T
hay 12 =% Iiz(t)dt
0

St dung he thic (2.1.3) ngudi ta thudng viét biéu thitc cita dong dién hinh
sin dudi dang

i(t) = 2Isin(ot + ;) ' (2.1.4)
Vi du, véi itt)zzoﬁsin[loom%] A thi

tri s6 hieudunglal=20 Avabiéndolal, = 2072 A,

tdin s¢ goéc la w = 100m %. géc pha ddu Lpi:%rad. tin 6

o 100= o1
f:—: = A 3 V =—=—=1, .
- om 50Hz vachuky T 7750 0,02s
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Tuong tu véi (2.1.1), ngudi ta cling dinh nghia tri s6 hiéu dung U cua dién

ap hinh sin 12 :
1 |
_ 2
U= T ju (t)dt (2.1.5)
0]

=
- \/% ‘[Uf“ sin® (@t + 1y, )dt
0

va ta ciling cd

U=U—m (2.1.6)

V2

2.2. BIEU DIEN DONG DIEN HiNH SIN BANG VECTO VA SO PHUC
Pé thuc hién cdc phép tinh (cong, trir, dao ham va tich phan) d6i vdi cdc
dong dién hodc dién 4p hinh sin dugc dé dang, ngudi ta cdn ding cach biéu dién
cdac ham s hinh sin bing vécto va s phirc.
2.2.1. Biéu dién déng dién hinh sin bing vécto
XéL mot dong dién hinh sin ¢6 biéu thiic cita tri 6 tirc thoi la;
i(t)=1,sin{ot +y)= \[ilsin(ml +y)
trong dé I, 1a bién do, I 14 tri s6 hiéu dung, © 12 tdn s& g6c va y 1a goc pha déu.
Ta hay l1ay mot hé truc toa dé doc cyc ¢6 truc 0x dat ndm ngang (H 2.2.1).
e . —_—
Ta v& mét vécto OM véi do dai OM=|OM| biéu dién cho tri 56 hiéu dung [ clia

dong dién theo mot ty 1é& xich m; d chon sao cho do dai OM ¢6 trj s& thich hop.

+j A I

3]

45
W I

300 +1 .
a) b)
Hinh 2.2.1

‘Vidu, v6i I = 10A, néu ta chon ty 1¢ xich 1a m, =2i thi:
cm

— 1 10A
OM = e = =
m; 2A/cm 5.cm
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— —>

Ta dat vécto OM & vi tri sao cho géc hop boi OM va truc Ox tinh theo
. . N
chiéu tir truc 0x dén OM bang géc pha ddu wy, tic 1a (0x,0M)=vy . Theo quy

uGc, ngudi ta chon chiéu duong cia géc la chiéu nguoc véi chiéu quay cia kim
dong ho.
s , R
Vécto OM xdc dinh nhu trén dugc goi la vécto dong dién hidu dung 1,
—

hodc mot cach van tat hon, la vécto dong dién 1 .

Vi du hai dong dién hinh sin ¢6 ciing tdn s¢ géc » nhung ¢6 cdc tri s8 hiéu
dung va géc pha dau khiac nhau

i, (1) =1, V2sin{ot +y, ) = lOﬁsin(mt + 300) A
iy (1) =1,V2sin(ot +y,) =202 sin(wt +45° ) A
s€ twong Ung dugc bidu dién bang hai vécto dong dién hi¢u dung i:vél_; nhu &
H.2.2.1b.
2.2.2. Tinh téng clia hai dong dién hinh sin cé cung tin s& bing
phuong phap do thi vécto
Gia sif ta cdn (im téng clia hai dong dién hinh sin néi trén : _
i {O=i {(Q+iy (1) =1 \/Esin(mt +yy )+ szﬁsin(u}t +y,)
Tadat iy{t)=1I;v2sin(ot+y,). '

Pé tim tri s hiéu dung 14 va géc pha ddu s, ta chi cdn thuc.hién phép cong
vécto dSi vGi cac vécto dong dién (hiéu dung):

Mj

e T
hay OM; = OM, +OM,

biang phuong phap hinh hoc nhu vé § H.2.2.2.

Dé biét do 16n cia I, ta 16y d6 dai OM; nhan
v4i ty 1¢ xich my:

I, = m;. OM3 Hinh 2.2.2
Dé x4c dinh tri s6 clia w5 ta chi cdn do géc s trén hinh vé.
Hinh 2.2.2 dugc goi 1a dé thi vécto cho cac dong dién.
Cén chit ¥ rang, viéc cong vécto cdc dong dien nhu trén chi dp dung cho cédc
dong dién hinh sin c6 cung mot tdn s¢ géc ® (hodc cung tén s6 f).
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Tir dO thi vécto & H.2.2.2 ta thdy 16 ring néi chung I; 2 ) + [, val; = I, +
[2 chi khi Wy = Y. .

2.2.3. Biéu dién dong dién hinh sin bing s& phirc

Phuong phdp biéu dién cic dong dién hinh sin bing vécto néi trén cé wu
diém 12 n6 cho ta mot hinh anh 16 rang vé do 16n (tueng d6i) gira céc tri s6 hiéu
dung khic nhau cua cdc dong dién va anh hudng quan trong cta sy khac nhau
vé pha clia cdc dong di¢n hinh sin cé cing tdn s6. Nhung phuong phip nay c¢6
nhuge diém 1a viéc do vd v& thudng kém chinh xdc va khong tién ding cho
truong hop cdn tinh véi nhiéu dong dién hinh sin (vi dy tinh t6ng cla 10 dong
dién hinh sin ¢6 ciing tdn s6) nhung ¢6 cdc tri s6 hiéu dgng va cde géc pha ddu
rat khdc nhau,

Dé trinh nhugc diém nay ngudi ta can dung cich bidu dién dong dién hinh
sin bang sd phuec.

Bay givs ta hity bidu dién vécto 1 bang s6 phic
i=1e? ' (2.2.1)
la s6 phitc ¢6 moduyn (module theo tiéng Phdp, hoac modulus theo tigng Anh)
va dc - guy - men (argument theo ti€ng Phdp hodc argument hay angle theo
ti€éng Anh) la y.
Trong (2.2.1) e 14 co s6 cua 16garit ty nhién (e = 2,71828...),
Ngudi ta ciing thudmg ding cach viét tat:
' i=le? =1zy (2.2.2)
(doc 1a 1 géc ).
Chi ¥ rang, theo cong thic Fuler
e/t = oSy + jsiny (2.2.3)
véi j= V-1 ladon vi do
nén i=1Iel = I{cosy + jsiny)=
=Icoswy +jlsimp:Ix +jly (234
nén s6 phic [ con duoc biéu dién bing 2 thanh phan trong hé toa do chir nhat
Oxy la
I, =Icosy
_ I, =Isiny
nhu & H.2.2.3.

Nguoti ta goi truc Ox 12 truc cic s6 thuc hay
truc thuc O +1 va tryc Oy 1a truc cdc s6 4o hay truc .
4o 0 +} hay 0j. Hinh 2.2.3
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Ngudi ta goi I, ka phdn thyc chia s6 phic 1:
I, =Icosy =Re{i} (2.2.5)
véi Re la ky hieu viét tit clia partie réelle hay real part ¢6 nghia 1a phén thue.
Ngudi ta goi I, 1a phén 4o cua s6 phitc I: '
I, =Isiny = Im{i} (2.2.6)

vdi Im 1a ky hi¢u vi€t tit cla .partie imaginaire hay imaginary part cé nghia la
phén ao.

Noéi chung, mot s6 phitc c6 dang a + jb duge goi s& phitc o dang toa do chi
nhadt hay dang dai sé (algebraic form), mot s§ phuc & dang re® =1z dugc goi

12 s6 phic & dang toa d¢ déc cuc (polar form), con mot s6 phitc & dang re®
dwoce goi 1a s6 phiic & dang ham mii (exponential form). '

Ta ¢6 quan he sau day gita ba dang cta ciing mot s& phitc (H.2.2.4) :
rel = r(cose +jsir19)

=rcosB+rjsinO=a+jb (2.2.7)

vt a=rcosB (2.2.8)
' b= rsind : 2.2.9
va r=va?+b? (2.2.10)
g6 ZE 2.2.11) Hinh 2.2.4

hay 9=arctg[§) =tan™" (EJ (2.2.12)

Ta ¢ thé bd qua budc trung gian 12 vécto T va coi ring ddng dién hinh sin
¢6 biéu thic 12

i(t) =1, sin{ot+y)

duoc biéu dién bing mot dnk (image) ciia n6 1a mot s6 phic I, goi 1a dong dién
hiéu dung phitc hay mot cdch vén tdt hon 1a dong dién phitc .

i=feV =12y =1, +]l, (2.2.13)
Vi du, cdc dong dién hinh sin:
iy (1)=10vZsin{wt +30°) A

vi ip(t)=20v2sin{wr+45°) A
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duoc biéu dién bing dong dién (hiéu dung) phic
. . cal? :
I, =Le™ =10 =10430° A

o 0,200} _ V31
_10(00530 +jsin 30 )—IO[THE]

= (8,66025 + j5,00000) A
va dong dién (hiéu dung) phire
i, =Lez =206 =20.,45° A
= 20(cos450 + jsin45° ) = 20[%-2- + Jiz_z—-]
=(14,14214 + j14,14214) A

2.2.4. Tinh téng cla hai dong dién hinh sin cung tdn s& béng
phuong phap sé phirc

Muén tim téng chia hai ddng dién hinh sin ¢6 cling tin s&:
i (1) +iy (1) =1, V2 sin{ot+y, )+ 1, 3/2 sin(wt +, )
ta s& tim 16ng cua cdc dnh phitc clia chiing duéi dang dai s6:
I, +1, =1,eM +1,e"2
=1; (cosy, + jsiny, }+1,{cosy, + jsiny, )
=(I, cosy, +1, cosyy )+ j(I, siny, + 1, siny,)
r6i chuyén ket qua ndy sang dang s6 mii hodc dang toa do doc cuc dé dugc:
el =1, y, =1,

V&i cac may tinh bé nii (scientific calculators) viéc tinh todn nay cé thé
thuc hién duge rdt nhanh chéng va ¢6 d6 chinh xdc cao (xem Phu luc ).

Sau ciing, vdi I va y; di tim dugc ta s& viét biéu thifc tri 58 titc thoi:

is(t)= I3ﬁsin(mt+w3)

Vi dy 2.2.1: |
Tinh tdng cta 2 dong dién hinh sin :
i (1)=10v2sin{0t+30°) A va i, (1)=20V2sin(wt+45°) A

36



Tacs 1, =(10£30°) A
i, =(20245°) A
v i, =1, +1, =10£30% +20£45°
= (8,66025 + j5,00000) +{14,1421 + j14,1421)
={22,8024 + j19,1421) A

= (20.7720240,0128°) A =(29.7720¢7091% ) A

Vay iy (t)=29,772042 sin{wt +40,0128° ) A

Trén thue t€, nguoi ta thudmg viét két  +j A
qud vdi bon chit s6 ¢ nghia: p

I, =(22,80+j19.14) A - .

=(29,?7440,01°) A X \4oor

va i (1)=29,77V2sin(0t +40,01°) A —£— -
D6 thi véctd cho cdc dong dién 30

I, I,val, duge vé 9 H.2.2.5. Hinh 2.2.5

Nhimg diéu ndi trén d6i véi cdc dong dién hinh sin cung tan s6 cling ap
dung dugc d6i voi cdc dién 4p hinh sin ciing tan sé.

Vi du, dién dp hinh sin u(t)zZZOﬁsin(mt-ﬂSOD) V s& dugc bidu dién
_..>
bang vécto dien 4p U cé moduyn la 220V va &c - guy - men 12 60°, hodc dugc
biéu dién bing dién dp hiéu dung phitc:

U = 22065 = (220260°) v

=220{c0560° + jsin 60'-])

=220[% +j§}= (110,00 +190,53) V
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Vidy2.2.2:
Tinh t6ng cta hai dién 4p hinh sin

o, (1)=220V2 sin{ @t +60°) v

i uy(1)=180V2sin(w1-30°) v

Gidi :
Ta ¢6 céc dién dp (hi¢u dung) phiic
U, =22061%" =220./60° v
va U, =180e"®" =180,-30° v
Ta tinh t8ng ciia hai dién 4p (hiéu dung) phirc
Uy,=0,+0, =(2204600)+(1804—300)

= (110,00 + j190,53) + (155,88 - }90,000) =

= (265,88+j100,53) V =

=(284,2542b,?1°) v

vay u3(t)=284,25J55in(mt+20.71°) V.

D6 thi vécto cho cic dien dp U, , U, va U, duoc v& § H.2.2.6.

2.3. MACH DIEN CHi cO BIEN TRG R
2.3.1. Dong dién va dién ap. Dinh luat
Ohm duéi dang phirc

Xét mach dién don gidn nhat chi c6 mot
phén tir ¢6 dién trd R ndi vao mot nguén dién ap
hinh sin (H.2.3.1)

Ta cé
ug{t)=u(t)=U,sin{ot+y,) (2.3.1)

Tir biéu thifc clia dinh luat Ohm cho dién tro

ug{t)=Rig 1)

3R

0,
\‘\f ijs
~220,71° 7
60 B -
-30° ’.“ +1
U,
Hinh 2.2.6
R
u(t)| R[] ug(®)
Hink 2.3.1
(2.3.2)



ta rdt ra ip (t)= uRR(t) U%Siﬂ(mt‘ﬂpu,{)

" sin{ ot + 1y, )

=lppsinf{ot+y, ) (2.3.3)
véi Iy = UE'“ :I{Tm (2.3.4)
va Vi =Wy =Wy (2.3.5)

Vay dong dién hinh sin trong dién tr& R cé cung tin s¢ va cung pha vdi
dién ap hinh sin dat vao dién trd.

Ta ky hiéu Ig, Ug 12 cdc tri s6 higu dung claig (t)va ug (1), nic

Iy :1\%1— (2.3.6)
Ugp = UE (2.3.7)

Heé thitc (2.3.4) c6 thé viér la
U _
I, =—R 2.3.8
R=q (2.3.8)
Ta dinh nghia cdc dién 4p hiéu dung phitc U, Ug va dong dién hi¢u dung

phitc 1, nhu sau
U=Ue=Usy,

J‘IJuR _

UR -_—URe = URZWUR

Vi iR = IRejwiR = IRZwIR
He thic (2.3.8) tuong img vdi hé thic sau
I = E:]L = E
_ R™R R
He thic (2.3.9) duge goi 1 biéu thic cla dinh ludt Ohm dudi dang phic
cho dién tré R. N6 tuong duong vdi tap hgp 2 hé thitc (2.3.4) va (2.3.5).

(2.3.9)

Cic dudmg cong cta ig (t)vd ug(t)=u(t) duge vé trén H. 2.3.2 va d6 thi

vecto cba clialy vd Uy = U duge v& 6 H. 2.3.3.
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Hinh 2.3.2 Hinh 2.3.3

2.3.2. Cong suat tirc thdi va cdng suat tac dung _
Véi cdc chieu duong claip (t)va ug (t) chon gidng nhau nhu & H. 2.3.1 thi
cong sudt uic thoi py (t) tiéu thy bdi dién ré R s& bing
Pr(t) = ug (1) ig ()=
=Urm sin(mt + Wiy ) Iim sin(wt +yi )=
=RI,, sin? (ot +y,) (2.3.10)
(G day v, =y =y,
Ta nhéan thiy pg ()20 véi moi t. Pudng cong cha pg (l) duge vé ¢ H.2.3.2.

Nguti ta dinh nghia cong sudt tdc dung (active power) Py 1a tri s6 trung

binh clia cong sudt tirc thai py (t) trong mét chu ki clia dong dién
. T
P, :;r—IpR(t) a (2.3.11)
0
Ta dé thay ring

Pr =7 [R T} sin* oot +y,) d=
0

1" '

=Rl [T sin® (ot +y,) dt]
0

tifc la

Py =RI§ (2.3.12)
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Vi dy 2.3.1 : Cho mot dién trd R = 100 Q n6i vao ngudn dién 4p
u()=220+/2 sineot V. Hay tim ig (1), Iz, Iz, pr(t) va Pg .

Gidi :
Tacd iR(,)z%t—)-zz—zl%g—Esinm =
=2,2~/2sinwt A.
Iz%z%%zZ,Z A
va iR=%=gz%%u=2,240" A

Cong suat tic thoi ;
Pr(D=ug(Dig ()= Riz(1)
=100x(2,2/2)? sin ot= 968sin’ ot W
Cong sudt tic dung :
Py =RI% =100x(2,2)* =484 W

Ta ciing c6 thé tinh dugc Py tir cong thiic dinh nghia clia né theo (2.3.11) :
1 T . 1 T
- _t .2 _
Pr =7 [!pR(t) dt T J%Ssm ot dt

T
1 (1-cos2wt)
=— 968 ——— dt =
T ety
0
1" L
. =T 6[484 dt T 6[484 cosZ2ot dt

Chi ¥ ring tich phan thit hai bing khong

_ T
sin2ot|” _ ﬂ(sin 4m-sin0)=0
20) 2(&)

{

.
]'484 cos 2ot dt =484
1]

nén ta cé

T
1
Py =T(!484 dt=484 w
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2.4. MACH PIEN CHi CO PIEN CAM L

2.4.1. Dong dién va dién 4p. Pinh luat Ohm dudi dang phirc

Ta xét mach dién don gidn chi gém c6

X . . X ' i ()
mét phan 1r ¢6 dién cam L néi vao mot ngudn & ot
dién 4p hinh sin (H.2.4.1).
Ta cé U(l}] L uL(T_)
ug (t)=u()=U,sin{owt+y,) (2.4.1)
dip (t
véi ug (t)=L (1) (2.4.2) Hinh 2.4.1

dt

V4t ngudn dién 4p hinh sin thi & ché do xde lap dong dién trong mach ciing
la mot dong dién hinh sin ¢6 clng tin s6.

Pat i (1) =1 sin(ot+y, | (2.4.3)
u (1) = Uppsin(ot +y, ) (2.4.4)
va thay vo (2.4.2) va (2.4.1) ta dugc
L%[ILm sin{ot +y, )]:ULm sin{ot +y, )=U,sin(ot+y, )
hay
(o)1, sin(mt +y, +g} =U, sin(ml +yy, ) =U_ sin{ot+y,)(2.4.5)

Tix (2.4.5) ta it ra:

U, =Up, =(al}],, C(2.4.6)
N ' i
va ' wiL +-5:WUL =\|_{u (24?)
U
hay I = li)‘if‘ == (2.4.8)
. H T
va \]JiL = IIJUL '-E = Wu —'E (249)
Vi cdc kY hi¢u I, Uy I céc tri s6 hiéu dung ciia i (1) va ug (1):
N
NG
UL - ULm

5
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hé thic (2.4.8) chota:
YL

= ©(2.4.10
e (2.4.10)
Ta dinh nghia cdc dign ap hi¢u dung phiic
U, =U e =U 2y, (2.4.11)
U=Ue¥ =U2Ly, (2.4.12)
va dong dién hiéu dung phiic
i, =M =1 2y, (2.4.13)
Tir (2.4.9), (2.4.10) va (2.4.11) ta cé
I 1
. - iwi +5
UL =Ue™™ =(m.L)1LeL - ZJ
. 7
= (GJL)(ILEN"— )ej'-
hay U, ={jeL)i (2.4.14)
ju b T
{Chil y rdng e ? =C055+j5;n:£ =0+jl=j).
He thiec (2.4.14) cdn c6 thé viét 1a:
J
|~ 4.15
L7 joL @ )

Cic hé thifc (2.4.14) va (2.4.15) cho ta quan hé gita U v 1. ¢6 dang

gidng vdi biéu thifc cia dinh luiat Ohm dudi dang phic cho dién tré R. Ngudi ta
dua vao ky hiéu

X, =oL (2.4.16)
goi 12 dién khdng cua dién cdm (inductive reactace)
va Z, =jolL =jX_ (2.4.17)

goi 12 téng ré phitc (complex impedance} hay ‘6ng tré (impedance) cia dign
cam L. ’

Ta c6 thé viét (2.4.15) duéi dang

v, U U
L7 T iXL joL
hoac U, =20 =X ), = (jel)i, (2.4.19)
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Céc he thic (2.4.18) va (2.4.19) duoc goi la cdc bidu thic clha dinht lugt
Ohm dudi dang phite cho dién cdm.

Tir (2.4.9) ta thdy rang dong dién hinh sin trong dién cam cham vé pha so

> hay néi cach khéc, dién 4p hinh sin trén dicn

voi dién ép trén né mat goéc la >

cam vuot trudc vé pha so vdi dong dién trong né mot goc 1a — . Didu nay duge

Y]

LT
the hién bai thira s6 j=¢"2 trong biéu thifc cta téng trd phitc cia dién cam:

Zy =jol =X, =oLsZ= X 45 (2.4.20)
D4 thi vécto cho U va 1, dwoc vé 3 H.2.4.2.
Bi¢u thifc ca tri s6 tifc thdi ciia dong dién iy (t) U =U
1a : *
P Ty _ 2
iL(t)=1,_ sm(mtﬂpuL ~§]— .
]'L
_ ULm L[ Ty .
| &L sin| ot +-l|JuL —5 = Hinh 2.4.2
:%sin[mt fy, -;J @421

Céac dudmg cong clia uj (1) va ir (1) cho trudmg hgp v, =y, =0 duge v& &
H.2.4.3.

uL' iL'pL
LILrn ILm __________ pL(U
Tl e ¥y
ILm ------ e e
N . t
u ) !
T >
Hinh 2.4.3
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2.4.2. Cong suat tuc thai p(t) va céng suit phan khang Q;

Véi cac chidn duong ci'l_a up (1) va i (t) chon gidng nhau nhu & H.2.4.1 thi

cong sudt titc thdi py (t) trong dién cam béng
pr{t)=ug (t) i (1)

- ULm sin(cﬂl +y, ) x ILnrl sin(mt Wi )
= XLllz-m sin(ml +yy + ngin(mt ¥ )

= XLlim cos(m{ +yg )sin(ml +y )
hay -
pL(t)=(XL1 Jsin2(wt+y; )=Qsin2{wt+y; ) (2.4.22)
Ta nhan thay réng cong suft tic thoi py(t) dao dong hinh sin véi tan s6
géc 2a (gdp doi tAn s6 gée clia ngudn dign 4p), vdi bien do bang :
Q =X.1? (2.4.23)
Ngudi ta dinh nghia céng sudt tic dung Py 1a tri s& trung binh clia cong suat
tdc thdi py (1) trong mét chun k¥ cia dong dién:
LT 2.4.24
PL—TIOPL(t)dt (2.4.24)
Thay (2.4.22) vio (2.4.24) ta dé thdy rang
1 T 2 . -
P =T.L X, I sin2(ot+y; )dt=0 (2.4.25)

V& mat vat 1y diéu nay cé nghia la & dién cam khong c6 sy tiéu hao nang
lugng ma chi ¢6 su trao ddi ning lugng giffta ngudn va tir trudng. Trong mébi chu
- k¥ lugng nang lugng do nguén dura vio tir trudng cia dién cam ciing bang luong
nang lugng ma tir trudmg trd lai ngudn. Diéu nay thé hién & sy bing nhau cla
cidc phan dién tich duong (gidi han gifra‘ duong cong py (t) va truc thoi gian) va
cdc phén dién tich am (gidi han giita dudng cong pp(t) va truc thai gian) trong
mot chu ky T & trén H. 2.4.3



bé dac trung cho cudmng d¢ clia sy trao ddi nang luong gitta ngudn va tir
truimg cua dién cam ngudi ta ding hién d¢ ciia cong sudt tite thavi py(t) tife:
QL=X._I? ' (2.4.26)
201 1a céng sudt phdn khing (reactive power) ca dién cdm. Cong suat phan
khdng Qy ¢6 don vj 12 volt - ampere phan khang (volt - ampere réactif) viét tit
la VAr.
Vidy 2.4.1:

Mot dién cam L = 200 mH dugc ndi vao ngudn dién dp hinh sin
u(t)=220v2sinot V v6if=50 Hz. Hay tim Zy., I, , ip(1), pp(t) va Q,.
Gidi :
Tong tro phitc cha dién cam bang
Zy, = joL = j(2rfL) = j(27x 50x 0,2) = j62.832 ©
Dong dién hi¢u dung phic trong dién cam bang

_ U 22020°
L7z, 62,832

=~j3,5014 A =(3,5014.4 -325] A

Dong dién hi¢u dung IL =3,5014 A,

Biéu thifc clia ddng dién tiic thai trong dién cam 13
iL(t):3.5014\/§sin(100m—~;] A

Cong suit tire thai

p, (t)=ug ()xip (1)
=[220Jisin(100m)]x[3,5014~/§sin{ 100m ‘gﬂ

:(’?70,31)sin2[100m—%J

Cong suit phan khdng cua dién cdm
QL =X, I? =(62,832)(3,5014)" =770,31 VAr
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2.5. MACH BIEN CHi CO DIEN DUNG C

2.5.1. Dong dién va dién ap. Pinh luat Ohm duéi dang phirc

Ta xét mach dién don gian chi gdm cé mot

o

_:l_c([)

phan tir ¢cd dién dung C ndi vio mot ngudn
dién ap hinh sin (H.2.5.1)

Ta co: it}
uc(ty=u(t)=U_ sin(ot+y,) (2.5.1)
d
v ic(t)=C%(‘) - (2.5.2)

Hinh 2.5.1

| — luc“)

Vdi ngudn dién 4p hinh sin thi 6 ch€ d6 xdc lap dong di¢n trong mach clng

1a mot dong dién hinh sin ¢6 cling tan s0.

Dat ue(t) = Ugp sin(miwuc) (2.5.3)
ic (1) =Igy sin{ot+y,) (2.5.4)
va thay vao (2.5.2) va (2.5.1) ta dugc
. d .
ic (t) = CHE]:UCN sm(ml Y. ):]
— d 3 |
= Ca[Um sin(ot+y, )]
hay
e sin(mt Vi ) ={wC) UCmcos(mt Wy ) =
=(mC)UCm sin[wt+1|1uC +—T2£J (2.5.5)
Tir (2.5.5) taritra
Ieym =@CUq, =aCU, (2.5.6)
N . n s
va Wi =qu+E=\yu+§ (2.5.7)
hay Loy = Yen___Un (2.5.8)
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Véi cac ky hiéu I, Ug 12 céc tri s6 hiéu dung clia ic(t) va n(t)

Ie :IC_m
V2
U
U, = Cm
2
hé thic (2.5.8) c6 thé viét 1a
U
Ic =—1‘3~_ (2.5.9)
=)
Ta dinh nghia cdc dién ap hi¢u dung phiic
UC N Ucejll-"uc = UC‘ﬁqu (2.5.10)
U=Uev =Uzy, = | (2.5.11)
va dong dién hiéu dung phiic
o =T =1o2y;_ (2.5.12)

T (2.5.9)tacé
. T
ic = Icejwic :———~—Ulc eJ[WUC+2]
[R]
\ ud
= (mC)(UCeN“C )e z
hay ic =(joC)U¢ (2.5.13)
iz T n
(Chi ¢ rang e’z = cos-2—+jsir15=0+j1 =j)

Heé thitc (2.5.13) con ¢6 thé viét la:

Ic Ulc = UCI (2.5.14)
(we) (s
ho3 Up = =2 i = - i (2.5.15)
0dcC c= _](,D—C c= '—R C i
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Cac he thc (2.5.14) va (2.5.15) cho ta quan hé gita Ui vai. c6 dang
giong vdi cdc bidu thite cla dinh luat Ohm duéi dang phifc cho dién tré va cho
dién cidm. Ngudi ta dua vao ky higu

1
Xp=—0r 5.
C =%l (2.5.16)
goi 1a dién khang cua dién dung (capacitive reactance)
l -
2 Ze=-jXc=—]— 2.5.17
va ¢ == Xc=-j—= ( )

goi 12 dng trd phitc (complex impedance) hay téng tré (impedance) cla dign
dung C. '
Ta c6 thé viét (2.5.14) dudi dang

U U U
[z =tC = < 2.5.18
©Ze X (1 e
J wl
hoac Uc =Zcle =(-iX¢)ic =(_j61€}ic (2.5.19)

Céc he thitc (2.5.18) va (2.5.19) dugc goi 1a cdc biéu thitc cla dinh ludt
Ohm dudi dang phire cho dién dung.

Tir (2.5.19) ta thdy rang, ddong dién hinh sin trong dién dung vuot trudc vé

s gia s A . N TR P . . . R .
pha so vai dién ap trén nd mot goc la 7 hay néi cdch khéac, dién ap hinh sin trén

dién dung cham sau vé pha so véi dong dién trong né mot gdc la — . Diéu nay

T
2
i
dugc the hién ¢ thita s6 ~j=¢ ~2 trong biéu thifc ctia tdng 1rd phitc clia dién dung :
| . I s i3
Le=-j="c ‘[EE)Z_E_XCZ_E (2.5.20)
D6 thi vécta cho Ug va i dugc vé 8 H.2.5.2. |

Biéu thiic ciia tri s8 tirc thdi clia dong dién i(1) la:

. . n

1C(t)=ICm sin| ot +y, +— :
2 B

UCm

L
wC
U, . 1 )

=--1—-—sm cot+q;u+5 (2.5.21) Hink 2.5.2

. n
sm(mt Wy EJ

—
o
N3
rC‘.
L]
[
c

N
M

©C
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Céc dudng cong ciia uc(t) va ic(t) cho trudmg hop y, =y, =0duge vé &
H.2.5.3.
y Uc.ig.Pe

t
UCmICm k- - pc{)
Uem uc ()

ICm +
/ 4

ic ()

Hinh 2.5.3

2.5.2. Céng sudt tire thdi pe(t) va céng suit phan khang Q¢
Vd&i cac chiéu duong clia uc(t) va ic(t) chon giéng nhau nhu & H.2.5.1 thi
cong sudt tic thisi pe(1) trong dién dung bing
Pcl{t) = uc(t) ic(1)

= Ugp sin{ot+y, ) xIg, sin(mi v )
=Xl sin(ot+y, ) cos{ot +y,_ )
hay pe(t) =Xl sin2(ot +y, |
=Qc sin2(mt+qu) (2.5.22)

Ta nhin thiy rdng cong sudt tdc thoi po(t) dao dong hinh sin v6i tan s6
géc 2w (gdp doi tdn sG géc clla ngudn dién dp) véi bien do bang:
| Q¢ =Xcl? | 2.5.23)
Ngudi ta dinh nghia cong suit 1dc dung P 12 tri 58 trung binh cla cong suit
tic thoi py (1) trong mét chu ky clia dong dign:

1 ¢T
Pe=r fo pe(t)dt (2.5.24)
Thay (2.5.22) vao (2.5.24) 1a dé thiy rang:
. 1 4T 3, '
Po = L XcIgsin2{at+y, ) dt=0 (2.5.25)
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Ve mat vat 1y, diéu nay cd nghia 12 & dién dung khong cé su tiéu hao nang
lugng ma chi c6 sy trao d6i nang luong giita ngudn va dién iredng. Trong mdi
chu ky, lugng nang lugng do ngudn dua vao dién trudng ciing béing lugng ning
lugng ma dién trudng tra lai ngudn. Diéu nay thé hién & sy bing nhau cha céc
phan di¢n tich duong giSi han gitta dudng cong pe(t) va truc thdi gian va lcéc
phan di¢n tich 4m gidi han gitta dudng cong pc(t) va tryc thoi gian trong mot
chu ky T & trén H. 2.5.3. ‘

D¢ dac trung cho cudng do cla sy trao d6i nang lugng giita ngubn va dién
truong cia dién dung, ngudi ta diing bién d¢ ciia cong sudt tic thoi pe(t) ic 1a:

Qe =X I ' (2.5.26)

goi 12 céng sudt phdn khdng (reactive power) cua dién dung. Cong suat phan
khang Qe ¢ don vi 1a volt - ampere phan khdng {volt-- ampere réactif), viét tat
la VAr.

Vidy 2.5.1:
Mot dién dung C = 20 pF dugce ndi vao ngudn dién 4p hinh sin

u{t) =2202sinet V, véi f = 50 Hz. Hay tim Z¢, 1., ic(t), pe(t) va Q.
Gidi ¢

Téng trés phiic cla ;‘Iién dung bang

1 1 -1
ZC:—J—-——:-—

| _ T 2 50x20x107°
-D(‘jng'di{‘:n hi¢u dung phire trong dién dung bing

' = —i159,15 O
oC _ V3mc ]

U 22020° n
:4,_:_—2'1’3823: 1,38234— A
Je=7 = Tisers I [ 2)

Dong dién hiéu dung I~ = 1,3823 A.
Biéu tﬁ'l’rc chia dong dién tirc thdi trong dién dur_ig"l:}{"
()= (1,38232 sih{lOOm-Jﬁ%}_A_ =(1,3823)v2 cos(100mt) A
Cong sudt tic thoi | |
P{D) = ue(t) ic(t)
= 220+/2 5in(1007) x 1,3823/2 cos(100m)
= 304,11 sin(200nt) W ‘
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Cong suat phan khang

Qc =Xclt

2.6. MACH RLC

=(159,15) (1,3823) = 304,11 VAr

2.6.1. Binh luat Ohm dang phirc va téng trd phirc cho mach RLC

gian gom cdc phdn tr dién tré R, dién
cam L va dién dung C noi tiép, goi tat la

Bay gid ta xét mot

mach RLC (H.2.6.1).

dp hinh sin u(t) =
ché do xdc lap dong dién trong mach

Khi di¢n 4p dit vao mach u(t) 1a dién

U, sin{ot+y, )thi &

mach dién don

-

Uty U
— —
ity R L

uft) ) C= }uc(t}l

ciing 14 dong dién hinh sin c6 ciing tan s6

géc o.

Hinh 2.6.1

Néu dat i(t) =1, sin(mt +y, ) Ia dong dién trong mach (& che d6 xac lap) ta

can tim I, va y; theo U, v, R, L, C va © dd cho.

Ap dung dinh luat Kirchhoff vé cdc dp (hay dinh luat Kirchhoff thir hai)
cho vong RLC ta ¢6

uR(r)+uL(t)+ﬁ_c(t)=u(t)

(2.6.1)

Vi cdc dién 4p ug, up va up va u(t) déu 1a cic ham hinh sin ¢6 ciing tdn s6

géc o nén ta cé thé diing cdc anh phic Ug, U, ,U.va U ciia ching va viét

phuong trinh theo dinh luat Kirchhoff cho cdc 4p dudi dang phic:
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- (2.6.2)

Theo dinh luat Ohm dang phiic cho cdc phén i R, L va C ta lan lugt ¢6:

vai

U =joLl=jX,1=2Z,1
|

Z, =)X, =joL
| 1
Ze=iXe="IgG wC -_]—(,0?

(2.6.3)
(2.6.4)

(2.6.3)
(2.6.6)

(2.6.7)



T (2.6.2) va(2.6.3) + (2.6 7Y ta céd :

Ri+jX, I-jX-i=U (2.6.8)
hay  (R+jX, —iX)i=[R+i(X, -X)]I=(R+X)i=U 269
hay Z1=0 (2.6.10)
véi Z:R-rjX:R+j(XL—XC):R+j[mL——(DlCJ (2.6.11)

e thic (2.6.2) dugc goi 1a dinkt fudgt Ohm dang phicc cho mach RLC va Z
xé4c dinh boi (2.6.11) dugc goi la tdng 1rd phirc (complex impedance) hay 16ng
tro {impedance) cha mach RLC.

Ta ciing ¢ thé viél (2.6.10) dudi dang:

.U
=— 2.6.12
I 7 { )
Pat Z=2e! =2/0 (2.6.13)
taco
. 2
2=17)=VRZ 4 X2 = R? + (X, ~ Xc )’ = \]RZ +{mL_ 03‘—5) (2.6.14)
t& moduvn (modulus) cia tong trd phic
ol L
X X X, —X¢ * oC
; _ 2, . = arcte 2.6.15
vid @ ‘a:ctg{ RJ arctg R arctg R ( )
duogc goi 1a dc - gu - men (argument) clia tdng (rd phic.
Heé thirc (2.6.12) twong duong vt hal hé thic sau day
=Y U | (2.6.16)
z e
2
. ‘jR +[mL u)CJ
va Y=y, -0 : (2.6.17)

Viy dong dién i{t) cham vé pha so véi dién 4p u(t) géc ¢. Chi ¥ ring, géc
@ ¢6 thé c¢6 tri s6 duong hoac am.

Néu X > X thi X = X| - X > 0 va ¢ > 0. Trong trudng hgp nay, dong
dién chim pha sau dién dp.

Néu X) < Xethi X = X[ - X¢c <0 va ¢ < 0. Trong trudng hop nay, dong
dién vuot truge dién ap.

Trong trudng hop dac biét X; = Xcthi X = X; - X =0 va ¢ = 0 tic [a dong
dién ciing pha vai dién 4p.



Céc d6 thi vectd vé& cho mach RLC cho 3 trudng hgp nay nhue & H.2.6.2.

Truong hop dac biét (X = X¢) s€ duge xét k¥ hon trong muc 2.7.

L'J L L.JC l.JL

. CJL '

U

g I U i

N . - I‘J <0 . .
Ue U, Ye
Oet Jev
a) b} c)
Hinh 2.6.2

Vi dy 2.6.1 :

Cho mach dién RLC (H.2.6.1) v6i R = 100 Q; L = 200 mH; C = 20 uF. Biét
u(t)=120v2sinot V vi f = 50 Hz. Hay tinh Z, i, Ug, U, vaUc.

Gidi ;

Ta cé m = 2xnf = 2nx50 = 314,16 rad/s.
Xy = ol =314,16x0,2 = 62,832 Q.
_r_ 1
~oC 314,16x20x1078
X=X -Xc=62,832-159,15=-96,318 Q.
Vay téng trd phitc ca mach 1a ;
Z=R+jX=100~j96,318= 138,842 -43,93° Q
Dong dién hiéu dung phic trong mach bing :
U_  1202£0°
Z 100-j96,318
Dién 4p hiéu dung phic trén cdc phan tir :
Ug =RIi=100x(0,8643243,93°)=86,43.243,93° V

U, = joLi=(j62,832)(0,6225 + j0.5996)

Xe =159,15Q

i= = 0,6225 + j0,5996 = 0,8643.£43,93° A

=-37,674+j39,113= 54,3062133,93° vV
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Ue = {—jglé-]i =(—j159.15)(0,6225 + j0,5996)
— 95,426 - j99,071 = 137,552 — 46,07 V
Biéu thiic clia dong dién wic thoi:
i(1) = 0,8643V2 sin( 0t +43,93°) A

Biéu thitc cta dién ap tic thoi
trén cac phéin tir:

up =86,43v2sin(wt +43,93°) v

u, = 54,3062 sin{or +133,93°} V.

ue = 1375542 sin{wx - 46,07°) V

D6 thi vecto biéu dién cdc dong
dién va dién 4p phic trong mach dugc
vé 0 H.2.6.3.

Chii ¥ ring vi X, < Xc

hay X = X| - X¢c <0 nén ¢ <0, dong
dién i(t) vuot pha ruée dién ap u(t).

Hinh 2.6.3

2.6.2. Céng sudt tirc thdi p(t). Cong suat tac dung P. Cong suat
phan khang Q va céng suat biéu kién S tron g mach dién

a) Cong sudt tirc thoi p(t)

Cong suét tic thoi, k¢ hiéu 1a p(t), cia mot bo phan i
mach dién giifa hai cuc A va B 12 tich s6 cha dién 4p tic A —
thesi dat vao mach u(t) = usgp(t) va dong dién i(t) = i4g(t). u(l)]

V&i chidu duong céa u(t) va i(t) chon giéng nmhau B
(huéng tir A dén B) nhu & H.2.6.4 thi p(t) la cong sudt nfc
thdi tieu thu bsi bo phan mach dién giita 2 cuc A va B. Hinh 2.6.4

Trong trudng hop mach RLC & H.2.6.1 ta c6:
p(1) = u(t) i(t) = (ug (1) +uL (1) +uc (V)i()
= ug (Vi(t)+u @.i(t) + uc0.i(r)

=pr () +pL (1) +pc (1) (2.6.18)
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Gid sir i(1)=1,, sinwt

ta ¢ ur =RI sinot

up =Ll sin[mt + g] =X, I, coset

! L T
Uc = (EEJI'“ sin (ml - 5] = —Xclm cosat
va |

1 —-cos2mt

Pr =uRi(l)=RI§15in2mt=RIi( 2

]: Rlz(l —costh) (2.6.19)

pr =ug (1) i(t) =X, 2 sinotcosot = X, [2 S’“zz““ =X Psin20t (2.6.20)
va
pc =uc{t})i(t)=-X L2 sinwteosat = -X 13, fff?: X Psin2ot (2.6.21)

Vay ta ¢
P(t)=pr{(t)+pL{t)+pc(t)
=RI*(1~-cos20t)+(X, - X¢ ) sin2ot
= RI*(1 - cos2wt } + XI? sin 20t (2.6.22)

Ta nhéan thdy cong sudt uic thoi p(t) cha mach RLC gém hai thanh phan cé
tinh chéat khac nhau, '

Thanh phdn thif nhat py (t)=RI*(1-cos2wt)luon khong am pg (t)> 0 va
c6 tri sd trung binh trong mot chu ky bing

1T LT R
P= | pr di=g [ RP(1-cos20t) di=RI (2.6.23)
Thanh phéan thit hai dac dong véi tdn 56 20 |

PLc = P + Pc = XI% sin 2ot (2.6.24)
c6 bien do bang Q = XI? va c6 tri sG trung binh trong mot chu k¥ bang khong

T T
%—fﬂ pLc dt =% J'O XI% sin2wt dt =0 (2.6.25)
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Thanh phdn thd nhat pg(t) cia cong suft tic thdi 12 cong sudt tiéu thu
thuc sy trén dién trg R twong dng voi hiéu ing Joule (bién d6i dién nang thanh
nhi¢t nang). Thanh phén thi hai p; - (t)cda cong suat tic thoi 1a cong suft "tiéu
thu” bai dién cam L va dién dung C tuong dng véi sy trao ddi nang lugng giita
tr truong va dién trudng cita mach dién va ngudn dién.

b} Céng sudt tic dung P

Nguti ta dinh nghia céng sudt tdc dung (active power) P 1a tri s6 trung binh
cua cong sudt tic thdi trong mot chu ky T cia dong dién.

1 ¢t .
P=r [ p(0)dr (2.6.26)

T (2.6.22), (2.6.23) va (2.6.25) ta dé thily ring
1 ¢l 1 7 s .
P—TL pdt—TL pr (1) dt=RI . (2.6.27)

Pon vi cua cong sudt tic dung la watt (viét tat 1a W), _
Dé dac trung cho cong sudt trao déi nang luong gitta dién trudng va Lir
truong cua mach véi ngudn dién, ngudi ta diing bién do '

Q=X (2.6.28)
cta thanh phan p, (l) Dai lugng Q nay dugc goi 1a cong sudt phdn khdng
(reaclive power) va co don vi [a VAr (volt - ampére réactif).

Chii ¥ réang, tir d6 thi vecto d H.2.6.2 ta c6:

"Ugp =RI=Ucosop (2.6.29)

U, =XI=Using (2.6.30)

nén P =RI? = Ulcosg (2.6.31)
Vi Q = XI1? = Ulsing (2.6.32)

Ta dinh nghia
S=yP?+Q% =l (2.6.33)
12 céng sudt biéu kién (apparent power) vSi don vi 13 VA (volt - ampere) ta ¢é
P =Scosg ' (2.6.34)
vi Q=Ssing {2.6.35)
Thira s& cosotrong (2.6.34) dugc goi la hé 56 cong sudt {power factor).
Hé¢ s cong sudt ¢6 ¥ nghia rit quan trong va s€ dugc xét ky hon & muc 2.10.
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¢) Céng sudt phiic

Pé tinh P, Q va S theo cac dién 4p hicu dL_mg phitc Uva dong dién hiéu
dung phifc, ngudi ta dinh nghia cong sudt (biéu kién) phicc (apparent complex

power)
§=UI (2.6.36)
trong dé I 1as6 phirc lién hop ciia dong dién hiéu dung phirc.
Gia thiét [=LeM vaU=UeW
la cé
§=UI = (Ue™ ) x (e ™) =Ulell¥e i) — e (2.6.37)
hay S=UlI(cos ¢ + jsing)=Ulcosg + jUlsing=P+jQ  (2.6.38)
Vay P=Re{§}=R.e{UI} (2.6.39)
Q=Im{8}= Im{Ul} (2.6.40)

3 day Re { }1a phdn thuc (real part) va Im { }1a phdn do (imaginary part)
cha mot s& phifc.

Vidy 2.6.2:
Tinh cdc cong suft tic thoi p(t), cong sudt tic dung P, cong sudt phén

khang Q, céng suat biéu kién S va § trong mach RLC & vi du 2.6.1.
Gidi :
Ta ¢6 u(t)=120v2sinot V
i(1)=0,8643V2 sin (0t +43,93°) A

Vay cong suat tirc thoi
p(t)=u(t)i(t)= (120\[2_3111 ml)(0,8643\[2_)sin(wt +43,93° )

_=2(103,D(sinwt)sin (ot + 43,93 )
=103,7 [cos (~43.93") - cos(20 + 43,93° )]
=103, 7c03(—43, 930 ) - 103,7(:05(2(0{. + 43,93”)

=74,7-103, ?cos(Zml +43,93" ) w
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Cong sudt tdc dung
P =RI® = 100x(0,8643) =74,70 W
hay  P=Ulcosg=120x0,8643x cos(—43, 93° ) =747 W
Cong sudt phan khdng
Q=X1? =-96,32 x (0,8643)" =-71.95 VAr
hay Q = Ulsing =120 x 0.86435in(v43,93“ ) = 71,95 VAr

Cong sudt.biéu kifn
S=UI=120x0,8643 =103,716 VA~

hay  S=yP?+Q? =\/(?4.70)2 +(-71,95)° =103,7 VA
Hé 53 cong suit

o P _P_T4T0
®= U s 1037

Cong suét (biéu kién) phiic

=0,7203

§-U1-= (120.20°)(0.8643.2 - 43,93

=103,7£ - 43,93" =(74,70 - j71,95) VA.

2.7. CONG HUGNG PIEN AP TRONG MACH RLC

Trong mach dién ¢6 dién tro R, dién cam L va dién dung C ndi ti€p, goi tat
1a mach RLC (H.2.7.1) c¢6 mot tinh trang dac biét khi dién khing X, cua.dién
cam bang dién khdng Xc cla dién dung, tic la ;

XL =X hay szé 2.7.1)
Luic nay, dién khdng cia todn mach triét tiéu
X=X, -X¢ =0 (2.7.2)
va t10ng rd cua mach bing dién trd
Z=R+jX=R (2.7.3)
Dong dién trong mach sé& ciing pha véi dién dp cua ngudn
i= % =% (2.7.4)
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¥

Upy
Hinh 2.7.1
Dién ap hiéu dung phiic trén dién cam UL va dién dp hiéu dung phic trén

dién dung Uc ¢6 moduyn bang nhau nhung nguge pha nhau:

U =X I (2.7.5)
Ue ==jXc1 (2.7.6)
e U, =-U. (2.7.7)
va do dd UL + UC =1{) _ (2.7.8)

Do (2.7.7) va {2.7.8) ngudi ta goi tinh trang nz‘iy la cong hwong dién dp.

D¢ thi vecto tuong ng véi tinh trang cong huong dién dp duge vé &
H.2.7.1. :

Gia thiet ring dién 1rd R, dién cim L va dién dung C 13 cdc hang s6. tri $6
hiéu dung U cita dién dp nguén khong d6i nhung tan s6 goc ® cta ngudn cé thé
bien thi¢n tir 0 d&n . Ta hiy khdo st sy bica thién cha dong dién hi¢u dung [
theo vai tdn s& gdc . '

Ta cd

=Y | (2.7.9)

va I= _ (2.7.10)

R?+[oL_ L)
oC

Tan s6 goéc o & day x4y ra cong hudng dién ap duge xdc dinh tir he thic

1
L= —— 2.7.11
@y 2C { )
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Tir d6 w2 - (2.7.12)

v Wy :*ﬁ (2?13)

Ngudi ta goi o, la tan s6 géc cong hudng cua mach RLC, con tdn sd f,
dugc xac dinh béi
) 1
£, :,2.%:5“@ (2.7.14)
duge goi la tan s6 céng huwong cua mach RLC.
Tir (2.7.10) va (2.7.11) d& dang thiy ring, khi ¢6 cong huéng dién 4p thi
dong dién hiéu dung dat tri s6 cuc dai va bang

u

I, =~- 2.7.15
0= g ( }

Tri s6 1, duoc goi 1a dong dién cong huong.

Ky hiéu U, la dién 4p hiéu dung trén dién cam khi cong hudng, Ug, 12
dién ap hiéu dung trén dién dung khi cong hudng, ta c¢é:

Upp =ayLl, = Uf?() =Xeolo (2.7.16)
Chii ¥ rang, khi cong hudng
U = RIU (2'?'17}

" Ta dinh nghia hé s6 phdm chét Q bing :
Uo _Ugp _@pl _ 1 1 /L

_ U _ - 1L 7.18
Q=L""U "R TR RVC (2.7-18)
. L . N
Néu E > R thi Q >1va ULU = UCU >U (2.? 19)
/L . R
Néu E <RthiQ<1va ULU = UC‘O < U (2.7.20)

. Dé thdy ro y nghia cta hé sé phim chdt Q ta cin khio sit dac tinh
L:f[_"i]‘
Iy oy
O day 1 12 ty 4 cla dong dién hiéu dung I vdi dong dién khi cong hudng I,
i}

con 12 ty sO ca tan s6 géc o vdi tan s6 gbéc cong hudng oy,
0
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Chu y rang

mL=w0L[—0~J—) - (2.7.21)
Wy
va L[ 9, [ C(2.7.22)
oC o,Cl o) "l o o
u | l CUOL m (JJO O COD
AL |2 Qo[ @ Do) _ 5[ © @ 272
nen R oL wC] R [mn m) Q[mﬂ 6} ¢ 7
Ta c6 thé viet
I= U - U (2.7.24)

2 2
2 L 2 W g
JR o) JQ (2
Tir (2.7.24) va (2.7.15) ta ¢6
1 1 2 =f[£) (2.7.25)

Ly ®
(+Q? m—o“z |

Céac dudng cong Ii_f(m ) twong Img véi Q = 1 Q 2va Q =10 duge vé
0 0

dH.2.7.2,

Hinkh 2.7.2
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Ta nhan thay ring, néu Q cang 16n thi dudng cong cang nhon hon. Diéu nay
c6 nghia ring néu @ 16n thl mach ¢é tinh chon loc cao doi véi tdn 36 (high
frequency selectivity). Do d6, Q dudc goi 12 hé sé phdam chdr (quality factor)
cua mach RLC.

Trong phu luc PL.2.2 ¢6 cho chuong trinh viét bing MATLAB dé tinh va vé
cdc duding cong céng huéng cha mach RLC biang mdy vi tinh.

Vi dy 2.7.1:

Xét mach dién RLC v6i R = 10 Q, L = 400 mH. Tim tri s6 cla C d¢ c6
cong hudng dién 4p & tan s6 = 50 Hz. Tinh [, Ug, Uy va Ug khi cong hudng
néu dién dp cha nguén U =220 V.,

Gidi

Tir diéu kién dé ¢ cong hudng dién dp trong mach RLC :
|
L=—rs
o w0 C

. 1 |

ta rat ra C=—2-=———2—
wyl (an) L

Vay, ta phai chon

C= 21 - =25,33x 107 F=25,33 pF

(ZT:XSO) x 400x 10~

Tri s6 cla dién khdng cla dién cam va trj s6 cla dién khdng cua dién dung

khi cong hudng la

X\ o = 0oL = 27fL = 2tx 50x 400 x 107 = 125,7 Q

R 1

T ©eC 21fC " 2mx50x25,33x 107

Tri s6 ciia dong dién khi cong hudng dién dp bang
U220

ID E—WIZZA

bién dp trén dién tré R khi cong hudng
Ug =RIp=U=220V

Céc dién ap trén dién cam va trén dién dung khi cong hudng ta
UpLo = Xiolp =125,7x22=2,765 kV
Uco =Xeoly =125,7x22=2,765 kV

Hé s6 pham chat clia mach

, -3
Q:_.l_v{_f-_zLx 20010 _ 1,57
RYC 10 Y2533x10”

Xeo =125,7Q
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U 10°
hoac Q- UL“ - l‘j“ 2 76252; ~12,57

‘Ta nhan thdy rang, v&i hé s6 pham chdt Q = 12,57 > 1 thi cdc dién 4p trén
dién cam va dién dung khi cong hudng 16n gdp 12,57 ldn dién dp cha nguén.
Biéu nay c6 thé gay nguy hiém déi véi ngudi hoac thiét bi.

Vidy 2.2.2;

Trong mach dién & vi du 2.7.1. gia s& cdc tri s6 cla cac thong s6 L., Cva U
van gilt nguyén nhu cii nhung R = 200 Q. Tinh I, Ug,. Uy va Ug, khi cong
huomg dién 4p?

Gidi :

Cong hudong dién dp xay ra & tan so:

1 1
2nVLC 27 J400x 107 x 25,33 % 109
Dong dién khi cong huéng bang:
Lu_20

Cic di¢n 4p trén R, L, C khi cong hudng bang:
Upg=U=220V
He s6 pham chat ciia mach bay gid la:

I /L 1 {400xi07?
Q=== = =0.6283 <1
RNC 200¥25133x107°°

va: Upo = U = QU =0,6283x220 = [38.3 V.

Ta nhan thdy ring véi Q < 1 thi khi cong hudng, dién 4p trén dién cam va
dién 4p trén dién dung bé hon dién dp cha ngudn.

Hai vi du 2.7.1 vd 2.7.2 cho ta thdy rang khi ndi mach RLC ta cdn tinh
trudc xem 0 tdn s6 da cho trong mach c6 xay ra céng hudng dién 4p khéng, va
néu xay ra cong hudng thi dong dién I va cdc dién ap U, Uc khi cong hudng 1a
bao nhiéu.

28. MACH R, L, C SONG SONG VA o—

CONG HUSNG DONG DIEN 1 ic
_ \ U R L ==c
Xét mach dién gébm 3 nhdnh R, L. C néi [IJ
song song o ch&€ do xdc lap hinh sin (H.2.8.1). o

Hinh 2.8.1
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Goi 1, I,. I val la cac dong dién nhdnh, theo dinh luat Kirchhoff vé céic

dong, ta co .
Theo dinh ludt Ohm cho méi nhdnh ta c6
.U
=— 2.8.2
Ia R | .( )
A AR 1
= = = S Pt g -3
=g " el U[ ‘lmL] (2.8.3)
. U U .
== = jwC 284
le=7 =7 777 V(eC) (284
oC
Vi i=| Lo ceoc||lu=yU ' (2.8.5)
y = _R ] oL s
o 1] y
véi Y = E—j(——f~mCJ=()——J( -—BC) G-jB (2.8.6)
O day G= % (2.8.7)
B = (2.8.8)
L_'_ mL - -
v Be = oC (2.8.9)

Y dugc goi 12 1dng ddn phitc (complex admittance} cia mach, G la dién déan
tdc dung va B a dién dan phan khang.

Tir cic dé thi vecto, ta nhan thdy rang néu I, > I thi I cham sau U
(H.2.8.2a). Néu [ < I¢thi I vugt truge U (H.2.8.2b).

- Trong truéing hogp dac bigt, khil| =1 (2.8.10)
thi I +ic=0 (2.8.11)
va i=Ig+{I_+1c)=Tq (2.8.12)

titc 12 1 ciing pha véi U (H.2.8.2¢). Tinh trang dic biét ndy duoc goi & cdng
huong dong dién.

Tir (2.8.6) va (2.8.11) ta suy ra rang dleu kién dé c6 cong huéng dong dién
trong mach R, L., C song song la:

B:L—mC=O (2.8.13)
ol
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|
hay oo - (2.8.14)

Ta cAn chi ¥ rAng khi cong hudng dong dién thi dong dién I ¢6 tri s6 nho

nhat va bang I, =—

. ic‘ IL iC
T4 to
1
e 0 <0 0 =1 v
’q’nbO ’i - R
I . . R le
1
1.4 " I
. I I
1y
ay - b) c)
Hinh 2.8.2

2.9. CONG HUGNG DONG DIEN TRONG MACH SONG SONG CO
CUON DAY VA TU DIEN

Xét mach dién gém 2 nhdanh-néi song song (H.2.9.1). G day Ry la dién trdy
bidu dién cho cic tdn hao nang lugng trong cuon day dién cidm vd R [& mot
dién trd biéu dién cho 16n hao nang lugng trong tu dién. Ta c6:

. T ) U R, —iX . ; .
i, = 9 U ( L—J L) .U[ Ry ]_JU[ZLLXT} (2.9.1)
R+ X[

Z, R +iX R] +X] RZ +x2
. X ! U Re +iX : i
) P Re+Xe) ol Re o[ Xe | 2o
Z¢ Re- Xc R¢ + X6 R +x¢ c+Xe

. . [ R R X X
vay i=1 +1c 20| 5t b s |- U 5 -5 | 293)
R +X{ Rg +Xg Ri +X{ Rg+Xg¢

Tu (2.9.1) ta nhan thay rang, néu cic T
théng s6 ciia mach thoa mén diéu kién: O I .
X X . e
2 L2: 3 Cz (2.2.4) '
RL+XL RC +XC ) E] RL RC
R R
thi [=U| — L4 - c > (2.9.5) L c
: R:+X? RE+XZ ! ‘I‘
tic 1a [ cung pha véi dién dp U. o -
cung p <11 4P Hinh 2.9.1 -
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Tinh trang dac biét nay dugc goi 14 cdng hudng dong dién trong mach song
song cla cudn day dién cam va tu dién.

P& thi vecto cla céac dong dién cho mach nay & tinh trang khong cOng
hudng duge vé & H.2.9.2a va d6 thi vecto cho tinh trang cong hudng dong dién
duoc vé 6 H, 2.9.2b.

I(‘ rk f

10 pk 1 §
. U .
S
S SR ':'
, ok 1,
a) b)
Hinh 2.9.2
Piéu kién cong hudng dong dién (2.9.4) c6 thé viét la:
1
oL B oC
R} +(mL)2 g2 [ L ?
' €l eC
hay oL o€ (2.9.6)

R +(oL)  1+(0CR:)?
N6i chung diéu kién (2.9.6) din t6i mot phuong trinh bac hai déi véi o, L,
C, Rl. hOZ:flC RC-
Vidy 2.9.1:
Xét mach dién & H. 2.9.1 véi R|_ = 15 Q, Rec = 30 Q, X = 30 Q. Hay tim iy
s& cua dién cam dé cé cong hudng ddng dién O tdn s6 f = 50 Hz. Tinh tri s cta
dong dién cdc nhanh tuong ung véi tinh trang cong hudng néu U=10020"V
Gidi ;
Tri 568 X, d& ¢6 cong hudng dong dién duge xdc dinh tir he thitc (2.9.4):
X, X
R? +X2 RL+Xi
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X, 30 i

I.]:IC lEl = = -
157+ X{ 307 +307 60

Ta dugc mot phuong trinh bac hai d6i voi X
X} 60X, +225-0
Phuang trinh nay cd 2 nghiém 13

_ 60+60° —900

X 5 =55,98 Q)
va Xu:ﬁo"‘/ggz "'9(5:4,0199
Céc tr1 s6 clia dién cam tuong Ung sé la
L, = %: 257;5;9:0 =0,1782H = 178,2 mH
L,= % = -241;21590- =12,79x107 H=

=12,79 mH
Véi Ly = 178,2 mI thi dong dién cdc nhdnh s€ 13

- u 100
: LR 43Xy, 15+)55.98

=(0.4466 — j1.667) A

i .U _ 100
C T Re-jXe  30-j30

= (1,667 — j1.667) A

vi =1 +10=0.4466+1.667=2,114 A
Vé&i L, = 12,79 mH thi dong dién cdc nhdanh sé la

iU w0
TR +jX, 15+54.019

(6,220 j1,667) A

: U 100
f.= - = (1,667 + jl,
CTRe-jXc 30-,30 ( ”1_66?)A

va [=1, +1.=6220+1,667=7.887 A
2.10. NANG CAO HE SO CONG SUAT

Tai cha hé théng dién trong cong nghiép chi yé&u 1a cdc dong co dien khong
dong bo. D6 1a cic tai ¢6 tinh chdt dién cam, ¢6 thé biéu dién bang dién ud R
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ndi tiép véi dien khang X (H.2.10.1a). Dong dién I, cung cip cho dong co

cham sau dién ap Umot géc @ véi 0 <@, <12t- nhu vé& & do thi vécio 1.2.10.1b

ICJ

¥y —-

& :

iwd

yC-

[anf ]
@]
bl
-

& . L pk I
a) b}
Hinh 2.10.1
Dong dién chay vio dong co dién la

. U -N. . ' .
_Uu_ YR JXL),:L{ R \jU[ XL ] (2.10.1)

LUR+X, R +X{ R2+XiJ R +Xi

Ta phin tich [, thanh 2 thanh phin:

5 } ciing pha véi dien dp U

Thanh phén tac dung I, , = U} ———
Lt {R -+ XzL

va thanh phan phan khang I, =-jU {-—ﬁ} cham sau dién 4p U goc z.
' R?+ X} 2

Chinh do thanh phdn phan khing 1ka nay ma hé¢ s§ cong sudt cos@ cua
dong cd thudng nho hon 1, vidu cosg = 0,8 (hay ¢ =36,87").

Néu goi P 12 cong suit tic dung cla dong cd thi dong dién I cé tri 56
(moduyn) bang:

P

= 2.10.2
Ucose ( : )

I

Heé thirc (2.10.2) chiing td rang, v&i P va U da xdc dinh thi I cang 16n khi
cos; cang nho. Dong dién I, 10n s€ gy ra 16n hao dién nang tren dudng day
dién, Hon nita n€u hé $6 cong suél cha ca hé théng dién c6 tri s6 thap thi cdc
nha mdy phét dién s& khéng thé phat duge cong sudt tdc dung lén nhu da thiét
ké& gdy ra lang phi rat 1on.
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Vi thé cin phai dat vin dé nang cao hé s6 coéng sudt clha cdc tai trong hé
thong dién.

Dé nang cao he s6 cong sudt cia dong co dien khong déng bo, ngudi ta ndi
song song vOi nd voi tu dién cé'dién dung C nhu vé  H.2.10.1a.

Khi ¢6 tu dién thi dong dién trén dudmg day sé 1a I = 1L+ ic, dong dién I
s€ cham sau dién d4p mot goc @ <@ vdi coso > cosQ; .
Tir d6 thi vecto (H.2.10.1) ta dé thdy ring:
I =1 — Iy =Lateo, —Tgtgo =1, (tgp, —1gp) (2.10.3)

Chi ¢ rang 1, =% (2.10.4)

va Ie = 0CU (2.10.3)
Tir(2.10.3);(2.10.4) va (2.10.5) 1a ¢6

oCU = —g(lg(pl_ —tgp) (2.10.6)
Tix d4, ta xdc dinh duoc tri s8 cia dién dung C cén thi€t d€ lam tang hé s§
cong sudt tir cos, 1én cosg 1a;

P
C=—{tgp —tey (2.10.7)
mUz(g L )

Vi du 2.10.1:

Mot dong co dién khéng déng bo c6 cong sudt P = 5 kW va hé s6 cong suit
bang 0,8 l1am vi¢c & dién dp U = 220 V, tdn s& f = 50 Hz. Hay tim trj 56 cla dién
dung C cin ndi song song vdi dong co dé nang cao hé s& cong suat [én 1di 0.90

Gidi :

Ta cé

sm(pL \!'l—coc PL \} 08

t
g(p CD‘;(p COS(P[
e \/1—
tgo = 0@ cos’ —0,4843
" cos@ cosQ

Ap dung cong thic (2.10.7), ta c6:

5x10°
21 x 50 x 2207

=87,37x10"°F =87,37 uF

C= (0.75-0.4843)
w

P
0 (te0. - t80) =
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CAU HO!I KIEM TRA
2.1. Dong dién hinh sin & gi ? Déng dién hinh sin dugc dac trung bdi nhiing
dai lugng gi.
2.2. Dinh nghia tei s& hiéu dung cba dong dién hinh sin. Quan hé gitra tri sé
higu dung | va bién do i, cla dong dién hinh sin.

2.3. Cach bidu dién mdt ddng dién hinh sin bang vectd. Cac uu didm va
nhugc diém cha cach bidu dién nay. Cho mét s6 vi du.

2.4. Cach bidu didn mot dong dign hinh sin béng s6 phife. Cac uu diém cla
céch bidu didn nay so vdi cach biéu dién bang vectd. Cho mot s& vi du.

2.5 Phat bidu va vidt cong thic cba dinh luat Ohm dang phic cho dién trd
R. N6i 1 cac quan hé vé mdduyn va vé pha gilta U va Iz . Cho vidu.

2.6. Cong sut tlc thai pg(t) trén dién trd R c6 dac didm gi ?

Dinh nghia céng sudt tac dung P va viét bidu thic vé quan hé gilta Pr voi
R va Ig. Cho mét vi du.

2.7. Phat bidu va viét cong thitc clia dinh luat Ohm dang phic cho dién
cam L. N&i ré cac quan hé vé moduyn va vé pha gitla U, va I .

2.8. Cong sudt tiic thai p, (t) trong dién cam L ¢ dc diém gi ?

Giai thich qua trinh nang lugng trong dién cam.

Binh nghta céng suét phan khang Q, trong dién cam va viét biéu thic vé
quan hé gitta Q, vdi X va I, Cho mét vi du.

2.9. Phat bidu va viét cong thifc dinh luat Ohm dang phic cho dién dung C.
Nbi 16 cac quan hé vé md - duyn va vé pha gilia U va 1. Cho mét vi du.

2.10. Cong suat tic thdi pe(t) trong dién dung C ¢ dac diém gi ? Giai thich
qua trinh nang lugng trong dién dung.

Binh nghia cong suat phan khang Qg trong dign dung va viét biéu thic vé
quan hé gita Q¢ v&i X va I, Cho mét vi du.

2.11. So sanh cac dai ludng R, Z_ va Z¢. Su khac nhau gita Z va X . gitra
Ze va X nhi thé nao va cb ¥ nghia gi 2 Cho mot s6 vi du.

2.12. Phat biéu va viét cong thifc cia dinh luat Ohm dang phifc cho mach

RLC. Néi B cac quan hé vé mdduyn va vé pha giita U va 1 trong mach RLC.
. Minh hoa béng @6 thi vectd.

2.13. Tdng trd phirc Z cGa mach RLC la gi ? Sy khac nhau gitra Zva R, X,
Xe, X nhu thé nao va cé y nghia gi ? Cho cac vi du.
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2.14, Doi vdi mdt mach RLC mbi cdng thirc sau day la dung hay sai. Giai thich,

.U U
a) | 7 )1 =
.U R
=RTx M=gT3x
e)I:__q_.._u f)I:_?_Bm___
JyRZ+X? JRZ+x3 4+ X2
U
g)lI= Y hyI=
IR +(X, — X ) JRZ +(X +Xc)?
U U
5= ay=U
) R+ X . i Z]
k) i:REJjX 1) (p:arctg[ixl'l_zxc]
m) (p—arctg[ L+XC] n) (p“arccosL
R /R + X?
. X
0} ¢ = arccos B) ¢ =arcsin ——
R+X JRZ+X?
} @ =arcsin X
@ e= R+X

2.15. Phan tich cac thanh phan pg(t) va p () trong cong sudt tic thei p(t)
cha moét mach RLC va néu y nghia vat Iy cla ching.

2.16. Dinh nghia cac cong suét tac dung P, cong suét phan khang Q,
cdng suét bidu ki€n S chia mach RLC. Cho cac ¢ang thite tinh P, Q va S theo
R, X va | hodc theo U, |, va gbc léch pha @ =1y, ~y,. Cho mdt s6 vi du.

2.17. Céng hudng dién ap cb dic diém gi. Diéu kién gilta cac thong sé R,
L, C va @ clia mét mach RLC dé xay ra cong hudng dién ap. Cho mot s& vi du.

2.18. Khao sat va vé dudng cong ¢dng hudng I{ ® ) clia mét mach RLC.
2.19. Hé s8 phdm chat Q cla mach RLC 1a gi? Khao sat va vé cac dudng

cong c¢éng hudng IL = f(mg) chocacmach RLC v@iQ =1, Q=2va Q=10
( 4]

Nhan xét vé anh hudng cla hé s6 phadm chat Q ddi vdi dang cla cac dudng
cong nay.

2.20. Viét biéu thirc v& quan hé gilta Ig, I, lc, 1 va U cda mét mach R, L,
C ndi song song. V& 46 thi vécto. Cho mét sd vi du.
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'2.21. Cdéng hudng dong dién cé nhitng dac diém gi? Xét diéu kién 4
H.CH.2.21a,b,c va d dé cé cong hudng dong dién trong cac mach song song cb
R, L va C. Cho mot s6 vi du.

o . o .
Ry
R L —p; —_—cC
o - o
a} ' b)
O o .
Re Ry Re
. .
C : L C
O —l_ O T
c) )
Hinh CH.2.21

2.22. Hé s6 cbng suat 1a gi va ¢6 ¥ nghia thé nao vé mat ky thuat va kinh
t&. Lam thé nao dé nang cao hé s6 cong sudt cho cac ddng co dién khdng déng
bd. Cho mdt s8 vi du.

BAI TAP
BT.2.1. Tinh tri 86 hidu dung cla cac dong dién sau day:

i () =5v2sint00mt A
iz(t)=10cos[100m+g] A

Tinh céng suét va dién nang tiéu thu bdi mot dign trd R = 10 Q khi ¢6 dong
dién i4{t) hoac ix(t) chdy qua trong mot chu ky clia dong dién.
BT.2.2. Biéu dién cac dong dién va dién ap hinh sin sau day bang céc
vectd va bang cac tri $6 hiéu dung phifc
i, (1)=5v2sin100nt A
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i, (t)= lOcos(lOOm —g] A

v (1) = 120\/5sin(100m+-TE

)

u, (l)=300605(100m—-g]

BT.2.3. Viét biéu thifc tri s& tic thai cla cac

v

dong dién va dién ap hinh sin

cd tan sé f = 60 Hz sau day néu biét cac tri 5§ hiéu dung phirc clia ching ja

i, =[104%) A 1 =(3+j4) A

U, =(120£60°) V, U, =(180+]110) V

BT.2.4. Tinh ix(t) & H.BT.2.4 néu bi&t:
i) (1) =2v2sin{wt+30°) A

iy (t) = B\Ecos(wt - 450) A
Vé do thi véctd cho cac dong dién nay.

BT.2.5. Cho mach dién & H.BT.2.5 vdi
R=10Q,L=10mH,

() = 0.2+/2sin1000t A.

Tinh céac dién ap ug(t), u (1), u(t) va cac

cong suat prit), p (1) va p(t).
BT.2.6. Cho mach dién & H.BT.2.6 v§i
R=300,L=40mH

va e(t) = 100+/2sin 1000t V.

Tinh i(t), ug(t) va u {t). Tinh cac cdng suét
tac dung P, cong sudt phan khang Q va cong
suat biéu kién S cda nguén.

BT.2.7. Cho mach dién § H.BT.2.7 vdi
R=100Q, C =10 uF
va e(t) = 200~/2 sin 1000t V.

Tinh i(t}, ug(t) vd ug(t). Tinh cac cdng
suat P, Q, S clia nguén.
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BT.2.8. Cho mach dién 8 HBT.2.8 v6i

R=50Q,L=100mH, C =20 uF SO —— oYY “_’_‘P
R L C
va e(t) = 1002 sin{1000t - 60° ) V.
)
o : e(t)
Tinh i(t}, urlt), us(t), ug {t} va cac cong suat
P, Q, S cha ngudn. H.BT.2.8

BT.2.9. Cho mach dién & H.BT.2.8 vdi

R=50, L =100 mH va e(t) = 100+2 sin(1000t) V.

Tim C dé& c6 cong hudng dién ap.

Tinh I, Ug, U va Ug khi cdng hudng. Tinh hé s phdm chét Q cla mach.

BT.2.10. Gidi bai tap BT.2.9 vdi R = 100  va v8i R = 200 Q. So sanh cac
két qua cla cac bai tap BT.2.8, BT.2.9 va BT.2.10.

BT.2.11. Cho mach dién & H.BT.2.8 véi R = 100 Q, C = 100 pF, L = 10 mH.
Tim tan s& cdng hudng dién ap.

Tinh |, Ug, U va Ug khi cong hudng.

Khao sat va vé cac dudng dac tinh tan sé l{n), U, (o) va Uc(w).

BT2 12. Ngudi ta dinh nghia gidi théng clia mach RLC la gidi tan 0 dé
—\/—_— vai I, —E l& dong dién céng hudng. Hay tim gidi thong ciha mach RLC

aBT.2.11.

'BT.2.13. Khao sat va vé duéng cong ¢dng hudng 1/1, =f(w/w,) cla cac
mach RLC vdi cac hé s6 phdm ch&t @ = 1, Q = 5 va Q = 50. Tinh cac tri 56 I/l
vli o/wg=08va w/wy= 12 tuong Ung véi cac tri $6 cla Q ndi trén. Cho

cac nhan xét vé& anh hudng ctia Q dai v6i tinh chon loc tdn s8 cla cac
mach RLC.

Huéng dn : Sir dung chuong trinh may tinh viét bang MATLAB & phu luc
PL.2.2

BT.2.14. Cho mach dién d H.BT.2.14 vdi ir i ii c

v
T

R=1kQ,L=20pH, C=20pF ' R C

va jit) = 10v2sinwt mA.
H.BT.2.i4

75



Tim tan s6 o dé cb cong hudng dong dién. Tinh dién ap u(t), in(t). i (1) va
ic(t) khi céng hudng.

13}

BT.2.15. Che mach dién & H.BT.2.15

v in

g
R FL —=cC

R =100 Q, L = 100 mH o

- [

va u(t) = 1002 sin 10001 V.

Tim dién dung C dé€ c6 cdbng hudng
dong dién,

-]

H.BT2.15

Tinh ig(t), iL(t), ic(t) va i(t) khi cdng
hyang.

BT.2.16. Cho mach dién & H.BT.2.16 véi

R=100Q,L=0,14
uit)
uft) = 100~2 sin 1000t V.
Tim tr} 8 cla dién dung C dé cd cong
hudng dong dién. Tinh i {t), ic(t) va i) khi
cdng hudng.

BT.2.17. Trong mach dién & HBT.217 1
cho i i,

R, =50, R,=10Q, C = 50 pF v R, R,
U=100£0" v 0

g - - C

Tim tri 88 cGa dién cdm L dé cb codng - T
hudng dong dién & tan s6 goc o = 1000 radfs. : _
Tinh 1,,1,,1 khi cong hudng. V& dé thi

H.BT.2.17

vécto,

BT.2.18. Cho mach dién d H.BT.2.17 vdi

Ri=50Q,Ry=10Q,

L = 100 mH, C = 50 pF.

Tim tdn 88 gbc oo d& c6 cong hudng dong dién. Tinh I, I, val khi cong

hudng néu U =100£0° V. V& dé thi vécta cho trudng hdp céng hudng.

76



Chuong 3

CAC PHUONG PHAP GIAI MACH DIEN
TUYEN TINH PHUC TAP

Giai mot mach dién la tim cic dong dién hoac cac dién dp cuas tal ca cic
nhianh hay cua mot sd nhanh ndo dé cua mach dién khi da biét so do cua
mach va cdc thong sd cua cdac phdn tir cia mach.

Trong chuong nay ta sé xét cic phuong phap dé giai cic mach dién tuyén
tinh phitc tap & ché dd xdc lap hinh sin trong trudng hgp mach dién khong cd
hé cam. Truong hop mach dién ¢é hé cam sé duge xét ¢ chuong tiép theo.
Diéu nay sé& giip cho viéc ti€p thu noi dung clia hai chuong ndy tr& nén dé
dang hon déi véi cdce sinh vién. '

'3.1. PHUGNG PHAP CAC DONG DIEN NHANH
Ta hay xét mot mach dién c6 dang tuong d6i phic tap & hinh 3.1.1a.

z, ii® Z, i3<@'z2 i,

©
®©

®
®

a) ' b)
Hinh 3.1.1

Graph ciia mach dién nay duge vé & hinh 3.1.1b.

Mach dién gém c¢6 m = 6 nhanh v n = 4 nidt. Gia thiét di cho tri s6 cla
sitc dién dong hiéu dung phic E, v E2 clia cdc ngudn vdi cdc chiéu duong
da chon, céc tri s6 cha cdc tong tr& phidc Z,, Z,, Zs, Z4, Zs v Z, ca cédc nhanh
va Can tim tri s6 clia cdc dong dién hiéu dung phifc clia cdc nhdnh.

77



Theo phuong phap ciac dong dién nhanh ta ti€n hanh cdc budc sau day:

- Budce 1: Ddar ky hiéu va chon chiéu duong cho dong dién cde nhdnh,

Ta ky hiéu i, I,, I,, I,, I, vd I, 1a cdc dong dién hiéu dung phic trong
cdc nhdnh c6 téng trés tuong tng 13 Z,, Zy, Zs, Zs. Zs v Z.

D61 voi dong dién trong mdi nhanh, ta ¢6 thé chon moét trong hai chiéu ¢é
thé 1am chiéu duong. _

D¢i v6t cdac nhdnh 6 ngudn sdd, ngudi ta thudng chon chidu duong clia
dong dién nhdnh giéng v&i chiéu dwong da chon cho cdc sdd. Vi vay, ta chon
chiéu dwong ctia I, gidng véi chiéu duong cia E; va chon chiéu dwong cua
I, giong véi chidu duong clia E,.

Déi v6i cdc nhdnh khong ¢6 ngudn sdd, thi ta o thé chon mot chiéu tuy v
1am chiéu duong cho ddng dién nhanh. Gia st ta chon cdc chiéu duong cho
I,, I,, I; va I, nhu cdc mii tén v& trén hinh 3.1.1.

- Budc 2 : Viér cdc phuong trinh doc Idp tuyén tinh theo dinh ludt
Kirchhoff thit nhdt (ciling got 1a dinh luat Kirchhoff cho cic dong) Cac
phuong trinh nay ¢é dang:

. Zlk = 0

niit
Ta quy udc ring cdc dong dién c¢d chiéw duong di ra khoi nit duge idy
vGi ddu duong (+), va cdc dong dién ¢6 chidu duong di vao nit duge lay vdi
dau am (-).

Cac phuong trinh theo dinh luat Kirchhoff thit nh4t viét cho cac nit O, @
va @ 14n lugt la: _
~I,+1,+1,=0 (3.1.1)

1, -, +1, =0 (3.1.2)
I,~1,+0,=0 (3.1.3)

Chi ¢ ring phuong trinh theo dinh luat Kirchhoff thit nhat viét cho nit @

I,-1,-1,=0 - (3.1.4)
khong doc 14p tuyén tinh véi hé cde phuong trinh (3.1.1), (3.1.2) va (3.1.3).
That vay, néu cong cdc phuong trinh (3.1.1), (3.1.2) va (3.1.3) lai ta s& duoc:
—1, +1,+1,=0 (3.1.5)
Pem nhan phuong trinh (3.1.5) v&i (-1) ta s& duge phuong trinh (3.1.4).
Piéu nay chiing t6 rang phuong trinh (3.1.5) 13 mét 16 hgp tuyén tinh cua cac
phuong trinh (3.1.1), (3.1.2) va (3.1.3).
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Mot ciach téng quit, néu mach dién cé n nut thi ta chi ¢6 thé vit duoc
(n - 1) phuong trinh d6c 1ap tuyén tinh theo dinh luat Kirchhoff thit nhat cho
{n - 1) nt.

- Bude 3: Viér cdc phuwong trinh déc ldp tuyén tinh theo dinh ludt
Kirchhoff thir hai (cling goi la dinh luat Kirchhoff cho cdc dién dp).

Pé chon cdc vong co bdn, ta hdy st dung @ 3 @
graph cia mach v& & hinh 3.1.1b. Dau tién, ta
chon mot graph con (goi la cdy) gbmn-1=4
- 1 = 3 nhinh n6i lién n = 4 nit nhung khong
tao thanh véng (dudng kin).

Vi du ta chon cay gém cdc nhanh 4, 5va 6
vé bang cic nét lién & hinh 3.1.2. Cdc nhanh 1,
2, 3 v& bang nét dit & hinh 3.1.2 dugce goi la
cdc cdu. Mdi GAu s& hop v&i mot s6 nhanh cda cay dd chon dé tao thanh mot
vong co ban.

Hinh 3.1.2

Da&i vai vong (co ban) 1 hgp bdi cac nhanh 1 va 2 v6i chiéu di vong chon
phi hgp véi chiéu cia cdu 1, ta vi€t dugc phuong trinh Kirchhoff thit hai dang
phuc sau day:

Zlil + 2414 = E| ' (316)

Dai véi vong (co ban) II hgp béi cic nhanh 2 va 5 véi chiéu di vong chon
theo chiéu cua cdu 2, ta cé phuong trinh:

Zyly + Zsls = Ey (3.1.7)

Cuéi cung, d6i véi vong (co ban) III hgp boi cac nhanh 3, 5, 6 va 4 vai
chiéu di vdng chon theo chiéu cna cdu 3, ta ¢é phuong trinh:

 Zaly — Zaly + Z51s + Zglg = 0 (3.1.8)

Tap hop cdac phuong trinh (3.1.1), (3.1.2), (3.1.3), (3.1.6), (3.1.7), (3.1.8)
hop thanh mot hé théng céc phuong trinh doc lap tuyén tinh déi vdi cac an s6
la cdc dong dién nhanh 1,, i,, I3, I, 15 va Ig.

Hé phuong trinh nay duoc goi la Aé phwong trinh dong nhdnh.

. Buéc 4 : Gidi hé phuong trinh dong nhanh.

Cudi cling ta giai hé phuong trinh dong nhdnh bing mét trong cac phuong
phdp cua dai s& tuyén tinh ta s€ dugc tri s ciia cdc dong dién phai tim.,
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Vi dy 3.1.1:
Cho mach dign & hinh 3.1.3a véi : E; = (10020") v, E, = 1002 _g_ Vv

vd cdc téng tr6 Z, = Z, = 50 + j30 Q, Z, = 100 Q. Viét hé phuong trinh dong
nhdanh va giai hé phuong trinh dé.

oz, O oz 4, @

- -—

Iy . N
. . { ‘LB \
b /s

® @
a) Hinh 3.1.3
Gidi:

Mach dién ¢6 m = 3 nhdnh va n = 2 nit. Graph clia mach dién duoc vé &
H.3.1.3b.

- Buec I _

Ta ky hiéu ddng dién cdc nhanh i I, I,va i, v6i cdc chiéu duong nhu
dia vé d H.3.1.3a.

- Buoc 2:

Ta ¢6 thé vi€t duge n - 1 =2 - 1 = | phuong trinh doc lap tuyén tinh theo
dinh luat Kirchhoff thit nh4t,

Ta viét phuong trinh theo dinh luat Kirchhoff thif nhit cho nat [:
~I, -1, +1,=0 (3.1.9)
Chon mot cdy la nhdnh 3, ta s€ xdc dinhdugcm-n+1=3-2+1=2
vong co ban 1 cdc vong [ va Il nhu v& & H.3.1.3b

Ta viét duge hai phuong trinh doc 1ap tuyén tinh theo dinh luat Kirchhoff
thit hai: :

Z,1,+Z,1, =E, (3.1.10)

Z,1, +Z,1;, =E, (3.1.11)

hay: (50 + j30)1, + 1001, =100£0° (3.1.12)
(50 + j30)1, +100i, = 1002 - 30° (31,13
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- Buoce 3: Gial hé cdc phuong trinh dong nhdnh,
Dé gidi hé cdc phuong trinh dong nhdnh gém cdc phuwong trinh (3.1.9),
(3.1.12) va (3.1.13) ta dung phuong phdp thay thé.
T (3.1.9) tarit ra
I,=1,+1, (3.1.14)
Thay (3.1.14) vao (3.1.12) va (3.1.13), ta dugc
(Z, +Z)1, + 2,1, = E,

va Z,1, +(Z, +Z,)1, =E,
hay (150 + j30)1, +1001, =100£0° (3.1.15)
va 1001, +(150 + j30)1, = 100£ - 30° (3.1.16)
Tit (3.1.15),ta rat ra:

i, =120° -{1,5+0,3) [ ARG

Thay (3.1.17) vao (3.1.16), ta duge:
1001, +(150+ j30)[ 1-(1,5+j0.3)1, ] =100 - 30°

* hay (—116 - j90)1, =-63,40 - j80
. —63,40 - j80 y 0
= T, ,1658 =0, ,80° A
Vay | = iejep = %6792 +10.1658=0.6952413

Thay két qua 'néy vao (3.1.17), ta duge
I, =(0,03695 - j0,4513) A =(0,4528~2-85,32") A

Ta cling ¢é thé giai hé phuong trinh (3.1.15) va (3.1.16) bing quy tic
Cramer:

100 100 |
_[100£-30°  150+j30] 6340 + {8000

' [150+j30 100 | 11600+ ;9000
100 150430

=(0.6752 +j0,1658) A =(0.6952213,80°) A

150+j30 100
100 1002-30°]  4490-j4902

b ="H5030 100 | 11600+ 19000
100 150430

={0,03698 - j0,4513) A=(0,4528£-85,32°) A
Cudi ciing, ta tinh ddng dién I, theo (3.1.14)
I;=1, +1, =(0,7122- j0,2855) A =(0,7672£-21,84) A

- B-LTMACH
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3.2. PHUONG PHAP DONG VONG

Phuong phdp dong nhdnh cé s& an s& va s6 phuong trinh bang s6 nhdnh,
nén néu mach dién ¢é s6 nhanh 16n thi viéc giai hé phuong trinh tuyén tinh
véi s& phuong trinh I16n sé tén nhiéu thdi gian v cong sic. Ngudi ta ¢é the
giam dugc s6 4n s6 vé cdc dong dién bang cach chon 4n s6 12 cdc dong vong
chit khong phai 1a cac dong nhanh.

Xét mach dién 0 H.3.1.1,

Ta hiy coi ring dong dién chia cac cau 1a I, I,, I, khong chi chay qua
cic cau wrong img 1, 2, 3 ma con chay gua cdc nhanh hgp thanh cic vong co
ban I, 11, III nhu vé & H.3.2.1 (tifc la coi ring 1»-; =1, chay qua cdc nhdnh 1

va 4, i\,z ={, chay qua cdc nhanh 2 va 5, va iﬁ =i, chay qua céc nhédnh 3, 5,
6 vad).

- = = = P — = = — -
/’ ~ \ *
’ s
! . - -
1 A Iv1 Y4 Iv3 51 I\,g * 2
1 !
\ f
hY /’
® ° ®
Hinh 3.2.1
Bay gio ta coi dong dién méi nhdnh 12 tong dai s6 cac dong vong chay
qua nhénh : i =1, (3.2.1)
=1, (3.2.2)
I =1, 1 (3.2.3)
i, =1, -1, (3.2.4)
I = 1»-2 w1, (3.2.5)
Ig=1,4 (3.2.6)

Cic hé thac (3.2.4), (3.2.5). 3.2.6) chinh la hf‘; qua coa dinh luat
Kirchhoff thi nhat viét cho cdc nif ¢ (3.1.1), (3.1.2) va (3.1.3).
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Thay (3.2.1) + (3.2.6) vao (3.1.6), (3.1.7) va (3.1.8), ta s& nban dugc h¢
phuong trinh sau day

Zli‘d +7‘_4(i"| _i"“{):E'
Z,1,, + Z_;,(i\H2 +i\,g)=E2

Zo,, - Zy (1, -1, )+ 25 (1, +1,, )+ 2614, =0

67v3
hay
(Z, +z4)i_v] —241'\,_3 = F, (3.2.7)
(:;2 + ;1_..,)1‘,2 +Zsl,, =K, | (3.2.8)
~Zy0, +Zsk,, (23 +Z4 + 25 + Zg)1,, =0 (3.2.9)

Hé phuong trinh (3.2.7), (3.2.8) v& (3.2.9) dugc goi la hé phuwong trinh
daéng véng viét cho mach dién 6 H.3.1.1.

D¢ thdy ¥ nghia cia cdc hé s6 clia cac phuong trinh ddng vdng ta dua vao
cdc ky hiéu sau day:

Z,1 =2, +Z,1a tdng cdc 1dng trd cia cdc nhanh thuoc vong L.

Zy3 = Z; + Z5 12 10ng cdc tong trd cha cac nhanh thuoc vong 11.

Zi3=Zy+ 74+ Zs +Z 12 tOng cdc t6ng trd ciia cdc nhanh thudc vong I11.

Z,3 =24, = - 2, la 1ong trd chung cia 2 vong I va lIl. Téng trd Z, dugc 1dy
véi dau trir (-) vi hai dong dién 1‘1 va i‘.z chay qua Z, theo hai chié¢u ngugc nhau,

Zyy =7y = Zs 12 téng tréchung chia 2 vong 11 va TIL. Téng trs Zs duge 14y
dau duong (+} vi hai dong dién vong i\,z va ih‘ chay qua Zs theo cing mét chiéu.
Zoy = Z45 = 0 vi hai vong I va II khong ¢6 téng trd chung nio.

F,\,I = ZEk =E, 1a tdng dai s6 cac sdd trong vong I
1

E‘,2 = ZF‘k =E, latdng dai s6 cic sdd trong vong II.
2

E\.] = ZEK =0 13 tong dai s6 cdc sdd trong vong II1L
3

V&i cdc ky hiéu ndy, hé phuong trinh dong vong cho trudng hgp mach
dién c6 3 vong co ban dugc viét la;

Zni\r, + leivz + Zl?-iv} =E,
Zoly, +Zyl,, +Zy31, =E,
Z}]i\fl +Z"2iv2 + Z_‘,;}iv} :E

I
(3.2.10)

2

¥3
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Ta dé suy ra hé phuong trinh dong vdng cho trudng hgp mach dién cé so
vong tuy y.

Uu diém cta he phuong trinh dong vong 1a s3 4n s6 va s6 phuong trinh
dong vong chi biang s6 cdu, tdc labing m-(n- 1)=m-n+ 1, ithonn - |
phuong trinh so vdéi hé phuong trinh dong nhanh,

Giai hé phuong trinh dong vong, ta sé& duge cdc dong V(‘)ng.. Sau dd néu
muodn tim dong cdc nhdnh ta sé tinh dong mdi nhanh bing cdch 14y téng dai
s& cac dong vong chay qua nhénh.

Tém lai, cdc budc giai mot mach dién bang phuong phip dong vong nhu sau:
- Bude 1: V& graph clia mach dién,

Chon mot cay va xdc dinh cdc vong cd ban tuong img.

- Bude 2: Vi€t he phuong trinh dong vong theo dang (3.2.10).

- Bude 3: Giai hé phuong trinh dong vong dé tim duge cdc dong dién vong.

- Budc 4: Tinh dong dién cac nhdnh theo cdc dong vong da tim dugc,

Vidy3.2.1:

Giai mach dién da cho & H.3.2.2a véi cdc thong s6 da cho d vi du 3.1.1
bang phuong phdp dong vong. '

5, D 3, O,

I I /,’ ‘\\
! Al
- L] ! » * b
ORI RIERSIOL NI A R N E
\\ /a‘
\\ ,I

a) b)
Hinh 3.2.2

Gial:

- Buwde I: Ta vé graph cua mach dién nhu ¢ H.3.2.2b. Chon cay la nhdnh
3, ta ¢6 hai vdng co ban vdi cdc dong vong i"| va i\'z nhu v& trén H.3.2.2b
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- Bude 2: Ta viét hé phuong trinh ddong vong.
Zniv, + leivz = Ev,
Zyl,, +Znl,, =E,,
voi 2y =Zy+7Z53=(50+ j30)+ 100 = (150 + j30) Q
Zyy = Zy + Z5 = (50 + j30) + 100 = (150 + j30) Q
2i2=Z5=2,=100Q

E, =E, =10020°V
E,, =E, =100£-30° v
hay Ia (150 +j30)1, +1001,, =100

: s 0
1001, +(150+J30)I‘,2 =1002-30 _
- Buoce 3 ¢ Giai hé phuong trinh dong vong trén day ta dugc:
i\,l =(0,6752 + j0,1658)A = (0,6952.£13,80%) A

i\,z =(0, 03695 - j0.4513) A =(0,4528~ - 85,32°) A
- Bugc 4: Tinh dong dign cdc nhdnh theo cdc dong vong.
il =iv|
i, =1,

va Iy =1, +1, =(0,6752+ j0,1658)+(0,03695 - j0,4153)

=(0.7122- j0,2855) A=(0,7672/-21,84") A

3.3. PHUONG PHAP DIEN THE CAC NUT

Trong nhiéu trudng hgp, ngudi ta cdn tim dién th€ cla cdc nit cla mot
mach dién (d8i vdi dién th€ cia mdt diém da chon c6 tri 56 bang 0) khi da
bi€t so d6é va cac thong s6 cia mach, Trong nhitng trudng hop nay, di nhién 1a
ta nén chon 4n s¢ chia bai todn ta dién thé cta céc nit ciia mach dién. Hon
nita, vi s& mit (n) ciia mot mach dién thudng it hon s nhanh (m) nén s6 an s6
1a cdc dién th€ bang (n - 1) thudng bé hon s6 4n sd& 12 cdc dong nhdanh m hay
bé hon s& 4n s6 1a cdc dong vong (m-n+ 1), (tic:n-1 <mhodacn-1 <m -
n+ 1)
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Vi thé, néu chon 4n s6 1a dién thé cdc ndt ta thudng chi can phai lap va
giai mot hé phwong trinh ¢6 s6 phuong trinh it hon.

Mot khi di tim duge dién the clia cdc niit, ta s& dé dang tim duoc dién 4p
cua cdc nhanh va dong dién céc nhdnh. D6 12 cic 1y do cda viéc gidi mach
dién bang phuong phap dién thé cédc niit.

Ta hiy xét mach dién & H.3.3.1.

Ta s& cho dién th€ cua nat @ bing khOn.g (V, =0) va lap céc phuong trinh
v6i dién the cac nit @, @ va ® 12 V., V,va V, la céc 4n s6.

. ©) 7, _'1} @ z, 1,

| s T . — ° -

e J - L
I Is

SORN ORI

N
o
—
=2

® ®
Hinh 3.3.1

Trudc hét, su dung dinh luat Ohm d€ tinh dong dién cdc nhdnh qua dién
thé cdc nit. V&i chiés duong ciia cdc dong dién cdc nhdanh da chon nhu @
H.3.3.1, ta co:

Tir d6 I, -—t——t=y, (-v, +E)) (3.3.1)
1
& day Y, = ZL 12 tong dén cha nhdnh 1.

1

Tién hanh mdt cch tuong tu, ta cé:

_ V. —V. +E o
.V, -V S

I = ]z1 2<% (Vi -V,) 13.3.3)
i,= VIZ"4V4 =Y,V (3.3.4)
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i =2 Vs v (v, - ) (3.3.5)

va i =3 oy Y (3.3.6)

Ta thay céc dong dién bang cdc biéu thic (3.3.1) = (3.3.6) vao cac phuong

trinh viét theo dinh luat Kirchhoff thir nhat cho cdc nit 113, 2 va 3. la:

__jl +i}+i4:{) (3.3.7)
. S (3.3.8)
va [,-Ig41,=0 (3.3.9)

Ta sé dugce cac phuong trinh
Y (- B )Y (V- 9) 4 Y, ¥ =0

Y, (Vs - Yy + By )= YV -V )+ Y5 (V, - V) =0

va Yo (V3= Vo + By )= Y5 (V= Vi) + YeV3 =0

Sau khi sap x&p lai cdc s6 hang ta dugc hé phuong trinh sau
(Y, + Y3+ Y, )V, = Y3V, = YE, (3.3.10)
SYLV (Y, Y Y)Y, - YV = YL E, (3.3.11)
(Y, + YV, +(Y, + Yo + Y5 ) Vy = - Y,E, (3.3.12)

He phuong trinh (3.3.10), (3.3.11) va (3.3.12) dugc goi 1a hé phuong trinh
th& ntit vi€t cho mach dién o H.3.3.1.

Trong trudng hop tong quat, mét hé phuong trinh thé nit vo1 3 an s6 1a
V,. V,va V, s& cd dang:

. 1 |
Yo V)4 YV - Yoa Ve =D Y B+ D, (3.3.14)
2 2
YV - YV Ya Vs = ) Y E 4D, (3.3.15)
3 3

vOi cac hé $6 ¢6 ¥y nghia nhu sau
Y, = tong cic tong dén cha cac nhanh ¢é noi vai niit 4,

Y,, = téng cac 18ng dn cia cic nhdnh 6 n6i voi nit (2.
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Y33 = tong cac t6ng din clia cdc nhanh ¢6 néi véi nit @).
Y2 = Y, = tong cic téng d4n cla cdc nhanh ndi giita nit @ va @.
Y23 = Y3, = tong cdc tdng din clia c4c nhanh ndi gita nit @ va @).

- Y53, =Y,; = tong céc tdng din clia cdc nhanh néi gitta nit @ va @
Ta dé thdy rang d&i véi mach dién & H.3.3.1 thi

Y=Y, +Y;+Y,

Y=Y, +Y3+ Y5

Yas= Y+ Y5+ Y

Y=Y, =Y,

Y3 =Y5=Yy+Y;

Y3 = Y5 =0 (khong c6 tong trd ndo néi tryc tiep mit L vai nit 3.

S6 hang ZYkEk & v€ phai ciia (3.3.10) la téng céc tich cia téng din va
[

sdd cia cic nhdnh néi vao nit (. Trong téng ndy, néu sdd E, cé chiéu
dwong hudng vao mit thi né dugc 1ay véi ddu +, nguoc léi néu sdd Ek co
chiéu dwong r&fi khoi niit thi né s& duge lay vdi ddu — .

Con s6 hang » J, & v& phdi cda (3.3.13) 12 téng dai s6 cta cic ddng
K
!

dién cha cdc ngudn dong c6 néi véi nit (O, trong d6 dong dién cia nguén
dong’ nao ¢6 chiéu duong di vao nit 1 s& duge 1y véi ddu +, dong dién coa
nguén dong nao cé chiéu duong rdi khoi nit s& duec 13y véi dau —.

Céc s6 hang & v& phai clia cic phuong trinh (3.3.14) va (3.3.15) ciing ¢6 ¥
- nghia tuong tu. '

Vi du, néu mach dién & H.3.3.1 cé thém mot ngudn dong noi giita nit
va nit @ nhu & H.3.3.2. thi ta phii thém s6 hang -J; vao v& phai ciia phuong
trinh (3.3.10) va thém s6 hang +J; vao v& phai cia phuong trinh (3.3.11).

Bi€t y nghia clia cdc h¢ s6 va cdc 56 hang & v& phai cha he phuong trinh
di¢n the cac niit ta ¢ thé viét duge cac biéu thic cha cdc hé s6 va cdc s6 hang
nay truc ti€p tir so d6 ctia mach dién da cho.
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-

Hinh 3.3.2

Vi du 3.3.1:
Tim dién th& cic nidt cua mach dién & H.3.3.3 v6i cdc thong so:

B, =(100£0°) V; E, =(100£n/2) V : Z,=Z, =j5Q; Zy=Z, = Zs = 10 Q.
1 2 2 E 4

Sau d6 tinh déng dién cdc nhdnh,

i1 z1 @ i3. 23 @ 22 i2

1®

Hinh 3.3.3

Gidi:
Mach dién did cho ¢6 3 nit. Chon dié;h the clia ndt @ bang 0 (V3 = 0). ta

c6 2 4n 56 13 cac dién thé V, va V2 cla cdc nit @ va @.

Hé phuong trinh dién thé cdc nut viét cho mach di¢n da cho c¢é dang:

anl “anz = ZYkEk
1

=Yy, Y + Yy, V, = ZYkEk
2

89



hay (Y, + Y3 +Y,)V, - Y;V, = Y|E,

véi: Y,'=Y2=-_%=—j0,2s

nz‘g:yﬁ:%:o.ls

Y,E, =(-j0.2)(100)=-j20 A
Y,E, =(-j0,2)(jl100)=20 A

Sau khi thay cic hé s6 bing cdc tri s6 ctia ching ta dugc hé phuong trinh:
(0.2-j0.2)V, -0.1V, =-j20 (3.3.13)

~0.1V, +(0,2 - j0,2) V, =20 (3.3.14)
Giai h¢ phuong trinh (3.3.13) v (3.3.14) ta duoe:
V, =(52,31-j18,46)V =(55,47£-19.44°) V
va V, =(67.69 + 58.46)V =(89,44.240,82°) v
Tinh dong dién cdc nhdnh theo cdc dién thé V] va V2 da tim dugc:
L =Y (B -V,)=(3692-9.538) A=(10,23/-68,84°} A
I, =Y, (E; - V) =(8.308 + jI3,54) A :(15,88458, 47“) A
b= Y3 (V) -V, )=(-1,538 - 7,692) A=(7.8442-101.3°) A
o =Y.V, =(5.231-j1.846) A=(5.547£-19,44°) A

I, = Y5V, = (6,769 + 5.846) A =(8. 944 £40, 82”) A

Truong hop ddc biét ciia phuong phdp dién thé cdc niit : céng thirc dién
dp hai nit.

Trong trudng hop dic biét cha cic mach dién c6 nhiéu nhanh ndi song
song gifta 2 nit @ vad @ nhu ¢ H.3.3.4 thi phuong phdap dién thé Sdc ndt sé
chi cé mét phuong trinh la:

Y V=2 NE + D0 (3.3.15)
1 1
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: EOAN

(2 V=0

Hinh 3.3.4

[Tt=

Véi Y|, = ZYk 12 téng cac tdng dan cla cic nhanh
Chi ¥ rang U,=V,-V,=V,
Tir ¢3.3.15) nit ra:
SYE +Y )
U=
12 ZYk

Cong thic (3.3.16) dugc goi ka cong thic dién ap hai nir. N6 cho ta tinh

(3.3.16)

duoc ngay dién dp gifta 2 nit 1 va @) cha mach dién.

Vidy 3.3.2: oz @D 2,
Tinh dién 4p gifta 2 nat L va &

cua mach dien & H.3.3.5. Sau d6 hay
tinh dong dién cdc nhanh. Cho,

B, =10020" V: £, =100£-7/6V ;
Z, =2, = (50 +j30) 0 Z5 = 100 Q.

Giai:

Hinh 3.3.5

Ap dung cong thitc dién ap hai nit (3.3.16) ta cé:

- _YE + E,
oY +Y,+ Y,
1 »
.- _ _ _ o -2
véi .Yi—Y2—50+j30-(l,4?l j0.8824).107 §
Y, =~ -0015
7100

91



Vay

(1,471 - j0,8824).10° [100 +100< - g]

UI2 = . -2 !
2.(1,471 - j0,8824).107° + 0,01

=(71,22-j28,54). V=76,724~21,84" V
Tinh dong dién cac nhénh:

i - ZU12 (0.6752 + j0,1658) A =0,6952.213,80° A
l

2 =(0,03695 - j0,4513) A=0,4528/-85,32" A

Ui

=(0,7122 - j0,2855) A =0,7672£ -21,84" A

3.4. PHUONG PHAP BIEN Dél TUONG BUONG CAC NHANH
NOI TIEP VA SONG SONG

Céc myc trén da xét ba phuong phdp co ban dé gidi mot mach dién phiic
tap. Cac phuong phdp nay rat téng qudt, ¢6 thé d4p dung cho mot mach dién cé
56 nhdnh va s6 nit bat ky. Nhung trong mét sS trudmg hop ta ¢6 thé 1am don
gian hod so d6 cha mach dién da cho nhim }am giam s6 nhanh va s6 nit cla
mach dién trudc khi sit dung mot trong ba phuong phdp co ban, khi dé so
phuong trinh cin vi€t theo méi phuong phdp co ban s& it hon.

Trong muc 3.4 va 3.5 s& xét hai phuong phdp lam don gidn ho4 céic so dé
mach dién duge goi ta cdc phuong phép bi€n déi tuong duong cac so d6 mach
di¢n. Trudc het; ta hdy xét phuong phdp bién déi tuong duong cac nhinh ndi
ti€p hoac song song.

3.4.1. Bién déi tuong duong cac nhanh néi tiép
Mach dién 6 H.3.4.1a gém 2 nhédnh néi ti€p. Nhanh thd nhat gdm cé tng trés
Z, noi ti€p vdi sdd E,, nhanh thit hai gém c6 tdng tr& Z, néi tiép véi sdd E,.

E E E
I Z1 1 Zz 2 I th id
‘-’-(:}-—@ﬂ—':b—@— -—--—4:|—@—~
A B A B
F - —r—
U, U, U
a) b)
Hinh 3.4.1
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Ta c6 thé thay thé€ s¢ d6 & H.3.4.1a bang so d6 tuong duong & H.3.4.1b,
gém cé mot téng trd tuong duong Z,4 néi ti€p véi mot sdd tuong duong E,, .

Diéu kién tuong duong & day la véi moi ddng dién I nhu nhau trong hai
so dé thi dién ap giita 2 cuc A va B trong 2 so d6 phai bing nhau.

Trong so d6 H.3.4.1a ta c6:

0, =2,i-E,

Vay
Uyg=Z1-E, +Z,i-E,
= (2,+2,)i-(E, -E,) (3.4.1)
Trong so d6 & H.3.4.1b ta ¢cé:
Uup =Zyl—Ey (3.4.2)
Cho bing nhau cédc hé s6 ciia I trong hai phwong trinh (3.4.1) va (3.4.2),

ta dugce

Cho bing nhau cdc s hang cén lai cia hai phuong trinh (3.4.1) va (3.4.2)
ta dugc

Eg=E -E, | (3.4.4)
Cac cong thic tinh Z va E,, c6 thé tdng quat hod cho truomg hop n

nhdnh néi ti€p

Zu=Y Z, (3.4.5)

k=1
n

Eq=) E, (3.4.6)
k=1

Vay

1. Téng tr& tuong duong cla cac nhdnh néi ti€p bing tdng cdc toéng irgd
ctia cic nhdnh.

2. Sdd tuong duong cha cac nhinh néi ti€p bing téng dai s6 cdc sdd cia
cdc nhanh, trong dé sdd Ek nao ¢é cung chiéu duong vdi sdd tuong duong
E, sé dugc 1dy véi ddu (+), con sdd E, nao cé chidu duong nguoc véi chidu

duong cla sdd tuong duong E,, s& dugc 14y v&i ddu (-).
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Vidy 3.4.1:
Tim E va 2y cla so d6 ¢ H.3.4.2b dé thay thé cho so d6é & H.3.4.2a vdi:
F, =10020" Vi E; =100230" V; By =100260" V vaZ, =7, =2, =3 +j4 Q.
Sau dé tinh dong dien 1 trong mach. V& Z = 15 Q.
Giai :
Ap dung cong thic (3.4.5) va (3.4.6), ta cé:
E, =E, +E, —E; =10020" +100230" —100260"
=100 +(86.60 + j50) — (50 + j86,60)
=136,60 - j36,60 =141,42/ -15" V
Zy=2Z,+Z,+7Z;=3(3+4)=9+j12 Q.

E,
zZ, A A

a) b)
Hinh 3.4.2

Tir sa d6 H.3.4.2b. ta co:

E, 141.42/-15"

= =(3, -3 - ) - 0
Zag+Z  9+j12+15 (3,943 j3,497) A=(5,270£-41,577) A

1=

H

3.4.2. Bi&n doi tuong duong cac nhanh néi song song

Ta hday chimg minh rang b phan mach dién 0 H.3.4.3a gém c6 nhiéu
nhinh néi song song giita 2 niit A va B ¢é thé dugc thay th€ bang so d6 tuong
duong ¢ 11.3.4.3b hoac H.3.4.3c.

bieu kién tuong duong & day 1a véi moi dién ap U,\B nhu nhau trong cac

sa d6 thi dong dién 1trong cic so dé phai bang nhau.
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}I—l
p-g

—-—
o

L=
X
[ve]
L
[8]
—w
FY
N
o
™ 1L
L
-
el
[0s)
(5)
=<
[~
J

+ . ] u .
;B B A8 B
I
a) b) c)
Hinh 3.4.3
O so dé H.3.4.3a, ta cé:
U.p -E .
I = ABZI L= Y, (UAB _El)
. Unsa +E :
I, = A322 2 ‘Yz(UAB+E2)

va I=0, +0, - Iy +J, +I
=Y,(UAB—E,)+Y2(UAB +Ey )= T3+ + YU 4
=(Y, + Y+ Ys)Uprg — VE, + V5B, - 15+ (3.4.7)
DS v6i so 46 H.3.4.3b, ta cé:
. Upp —Eu

i =Y,yUg — YuE (3.4.8)
z’ld
Cho bing nhau cdc hé s6 clia UAB trong 2 phuong trinh (3.4.7) va (3.4.8).
ta dugce; Ya=Y, +Y; + Y5 {3.4.9)
hay LI + l + ! (3.4.10)

Zy 2y 2y Zs

vi cho bang nhau cdc s8 hang con lai trong v& phai cha hai phuong trinh
(3.4.7) va (3.4.8), ta duoc:

—YldE.'td - _Y}Ei + Y2E2 “‘qu +j4
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. Y E ~Y,E, +],~]

hay B4 =L 2yz 374
td

hoac két hop véi (3.4.9), ta duge:

B Y, +Y,+Ys

Eyq (3.4.11)

Céc cong thifc tinh tdng 1rd tuong duong Z,, (hoac téng dan tuong duong
Y,s) va sdd tuong duong E,, cé thé téng quat hod cho trudng hop n nhdnh néi

song song:
n
Ye=2 Y (3.4.12)
k=1 -
hay =% L (3.4.13)
Zl[l k=1 Zk

tirc 1a 16ng dan tuvong duong cha cic nhdnh néi song song bang téng cdc tong
dén cua cdc nhanh thanh phan. Sdd twong duong cia cdc nhanh néi song song
 dugce tinh theo cong thitc sau day:

n It
Z:‘J[’,(Ek +ij
- v
PR

k=1

Ey (3.4.14)

Treng (3.4.14) cdc s6 hang Ek va jk s€ dugce 18y véi dau + né€u ¢6 chiéu
duong tring véi chiéu duong clia E,; . va sé dugc 14y véi ddu — néu ¢6 chiéu
duong nguge véi chiéu duong cia E ;.

Bay gid ta tim cdc thong s6 J, va Y,, trong sa dé H.3.4.3c.
D6i véi so d6 H.3.4.3¢ ta c6-

I=Y, Ung T (3.4.15)

Cho can béng cdc hé s§ cla U,y trong hai phuong trinh (3.4.7) va
(3.4.15) ta dugc . .

va cho bing nhau cdc s6 hang con lai trong v€ phai cua hai phuong trinh
(3.4.7yva (3.4.15) 1a duoc

hay Ju=Y,E -, E, +J,-1, (3.4.17)
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Cac cong thirc tinh tong din tuong duong Y, va nguén dong J,; c6 thé
téng quat hoa cho trudng hgp n nhdnh néi song song :

Yo=Y, (3.4.18)
k=1"
n . L .
va Ju= 2 Y E +D T, (3.4.19)
k=1 k=1 .

Trong (3.4.19) céc s6 hang E, va ], dugc 1Ay véi dau + néu cé chiéu
giong vdi chiéu duong cha T, vd duge 14y véi dau - néu cé chiéu nguoc vaéi
chiéu duong ctia J ;.

Tir (3.4.13), (3.4.14) va (3.4.18), (3.4.19) ta ciing suy ra ciac hé thitc sau

day gitra cc thong s6 E, Z,y ctia so dé H3.4.3b va cdc thong s6 J 4 va Y,
cla so d6 H.3.4.3¢c:

Yig :E% (3.4.20)
1

T :% (3.4.21)
t

Vi dy 3.4.2:
Cho mach dién & H.3.4.4a vai

E, =10020° V; E2=1004—g VVaZ, =Z,=50+j30 € Z; = 100 Q.

Tinh dong dién I, trong mach dién & H.3.4.4a bang céch thay hai nhanh 1
va 2 ndi song song bang mot nhanh tuong duong nhu & H.3.4.4b hoac H.3.4.4c.

EANOR2 IO
ig ig

@ P O wO® 2

a) b)
Hinhk 3.4.4

7-LTMAGH
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Gidi:

Ap dung cac cong thic bién ddi tuong duong cac nhanh song song (3.4.9)
va(3.4.14), ta cé:

1 i 1
Y{d _YI +Y2 _Z+Z_2[§)+J3O]

hay z,dzw;(zmﬂs) Q

I
Y, +YE, E +E, 100+100£-2

5 6
B = Y, +Y, 2 2

:%(100 + 86,60 — )50)

=(93.30 - j25) V=(96,592-15°) V
Theo sa d6 turong duong o H.3.4.4b, ta cé:

Bg  93,30-j25
Zig+Zs  (25+j15)+100

= (0,7122 - j0,2855) A=0,7672/ -21.84" A

Ta ciing ¢6 thé diing so dé tuong duong

vl nguon dong nhu o H.3.4.4c. X @
vdi Ji=YE+Y,E, = . i,
=[ L J(100+10041—n;’6): N Yi
50+ 130 ” z,
=(2,303 - 2,38) A
i Ye=Y, +Y2=2[§}—£]-3—6): | C;)

= (2,941 - j1,765)x10% S -
Theo so d6 H.3.4.4c ta tinh dugc :

Hinh 3.4.4¢

i, =] 0,01

0,01+(2,941 - j1,765)x 102

Y, .
ol Xm —(2,303—]2,382))(

=(0,7122 - j0,2855) A = (0.7672/-21,84) A.
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L

3.5. BIEN 6l TUGNG PUONG SAO - TAM GIAC VA TAM GIAC -
SAO :

Xét b phan mach dién & H.3.5.1a v6i 3 tdng trd Z,5, Zy3. Z3; n6i theo
hinh tam giac (A) giita ba nit 1, @ va 3.

a) b)
Hinh 3.5.1
~ Ta hay tim cdch thay th& bo phan so dé hinh tam gidc nay bang bo phan so
d6 tuong duong gbém ba t6ng trd Z,, Z,, Z; ndi theo hinh sao (Y) giita cac nit D,
‘2), {3) va niit chung O.
Dicu kién tuong dwong & day la: Véi cic dong dién I, I, va I, nhu
nhau timg doi mot trong hai so d6 thi cac dién dp Uy,, U,; va U, trong hai
so d6 phai bang nhau ting déi mot.

O 50 d6 hinh tam gidc ta cé:

Uy, =751, (3.5.1)

Uz =Zyplys (3.5.2)

Uy, = Zyydy, (3.5.3)

Uy + Uy +U,, =0 (3.5.4)

-i +1,,-13, =0 (3.5.5)

I, +1,, —ilz =0 . (3.5.6)

—Iy 41y ~1,,=0 _ (3.5.7)
Tir (3.5.1), (3.5.2), (3.5.3), (3.5.4) ta cé:

Zipliy + Zlyy + 2315 =0 (3.5.8)
Tir (3.5.5) ta riit ra:

Iy, =1, -1, (3.5.9)
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Tir (3.5.6) it ra:

[y =1, +1, (3.5.10)
Thay (3.5.9) va (3.5.10) vao (3.5.8) ta duoc:
(Zis +Zgs + Zy My + Zgaly =Z4y1, =0 (3.5.11)

T (3.5.11) nit ra:

. Z . Z .
I,= 3l ]1 —[ ~23 ]1 (3.5.12)
12 (le + 2oz + 4y : Zig +Zy+ 2y 2

Thay (3.5.12) vao (3.5.1) ta co:

. Z\-Z . Y4 . '
U, =] ———12731 Ol ¥y & BN | 3513
2 ( ]Il (le+223+23,] 2 )

O so'dé hinh sao c6:

Péng nhat cac hé s6 clia i, va 12 trong hai phuong trinh (3.5.13) va (3.5.14)
ta dugc

VAYY/
7. = ].2 ~31 515
VT Lyl + 2y @15
257
3 Z,=— 12723 .5.16)-
e P Zpp It Zy @ )
Béng cich trong ty ta dé tim duoc: .
27
A 312 (3.5.17)

P Ly T+ 2y,
Cac cong thic (3.5.15), (3.5.16) va (3.5.17) cho phép ta tinh dudgc céc
tdng tré clia hinh sao theo céc tong trd cha hinh tam gidc, chiing duge goi la
cac cong thirc bién déi tam gidc — sao (hayA > Y).
Tir cdc cong thite (3.5.15), (3.5.16) va (3.5.17) ta cling c¢ thé giai duge
7150 Z3 Vi Zs theo Z,. Zy va 737 - -

7,7
Zyy =L +Zy+ L2 (3.5.18)
Zy
7,7
Zyy =2y + 7y +-—22~l (3.5.19)
1
A 4
Zoyy =Ly + 2+ =220 (3.5.20)
Z‘Z

Cac cong thare (3.5.18), (3.5.19), (3.5.20) duge goi la cdc cong thic bién
déi sao —» tam giac (hay Y > A).
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Truiong hop ddc biét:

V&i hinh sao d6i xiing
Zy=2,=2,=2Zy

va hinh tam gidc d6i xding

Zyy=Zy=25 =2,

Z
ta ¢é: Zy = —34- (3.5.21)
hay Za=32y (3.5.22)

Vi dy 3.5.1:
Cho mach dién & H,3.5.2a voi:

Zy=2,=Zy=(1+]2)Q; Z, =Z5s =Z¢ =(12+9) Q; E, =120£0° V;

E, =120£-120° V; E; =120£120° V. Tinh céc dong dien 1,, 1, va I;.

E . E,
:1 21 I @ : :1 I, 21 @ Z‘i
L] 24 .
E . E, \
2 Zy | P 2 [ Z; @ Z;
0 4 @ [z 0 o—@—t—:I—Cl—u o
E . Z Ey -
2 Z; 1, 8 Ca I; 23 @ 23
—- . @
a) Hink 3.5.2 b)
Gidi:
E
Ta thay céc téng trd Z,, Zs, Z¢ néi 31 I4 Z1g
hinh tam gidc gita cdc nit @D, @, @
bang cédc tong trd Z,, Z,, Z; ndi hinh :2 Iz Z2q 0
[ b O
sao tuong duong. 0
C > I3 Ly
Z‘|=Z'2=Z'3=ZY,ta cé: _
7 12+ ) Hinh 3.5.2¢
O ik
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Mach dién & H.3.5..2b twong duong vdi mach dién & H.3;5.20 vai
Zig=Zoy=Zyg =2+ 2 =2y +Zy =2y + 7,
={4+3}+(1+j2)=(5+j5) Q
Ap dung cong thic dién ap hai nit (3.3.16) cho mach dién d H.3.5.2¢; ta c;c'):
_E Yy + Ep Y +EsYay

Uqin =
00 Yia + Yo + Yy
Vi Yig = Yo = Yy = Yy ta co
0o (E, +E, +E;) Y, By +E, +E,
0'0c "~ 3Y[d - 3
_100£0" +100.£ -120° +100.2120"
- 3
100 + (50 - j86,60) + (50 + j86,60)
_ . -
Tir so d6 H.3.5.2¢, ta cé:
. E 0
i, == =109 10— jioya =(14.142-45°) A
Zyg S5+}

E, 100£-120°

_ =(--13,66 - j3,660)A ={14,142 — 165°} A
L2 Zsy 5+ )5 (+13.66 - 3.660) A ( 165)
] E (] .
f, =2 - 1904120 =(3.660 + j13,66) A =(14,14475") A
) Z"'ld 5+J5 I

0 day, bang phuong phdp bién déi twong dwong A-> Yta da dua mot
mach dién ¢6 6 nhanh va 4 mit vé mot mach dién don gian hon chi ¢é 3 nhanh
va 2 nit lam cho vigc tinh cdc dong dién I,, 1, va I, dé& dang hon rét nhiéu.

Vi dy 3.5.2:
Cho mach dién & H.3.5.3a vai
Z)=Z,=2;=(2+j4)Q VA Z5 =25 =Zg, =(30+ j60)Q2.

Hay tim céc téng tr& Z,,, Zy3 va Z,, cba so d6 twong duong & H.3.5.3b.
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2, @

|
@ — Hg@ ] 2 @—10 [
® 1

®

Hinh 3.5.3a,b
Gial:
Pdu tién. ta hdy thay cic tong trd Zss, Zs, v Zgy n6i hinh tam gide 0 so

dé H.3.5.3a bang cac tdng tros tuong dudng Z4, Zs va Zg ndi hinh sao nhu ¢
H.3.5.3¢c.

o —2 516 ® —S—to
) z, (6) Zs ® Zy

c) d)
Hink 3.5.3c,d

Theo cong thidc bign déi A > Yta c6:

{30+ j60

Ta dé thay rang. so dé & H.3.5.3¢ tuong duong véi so d6 & H.3.5.3d véi:
Ly =2y Y24 =2y +Zs=2q+ 24

=(2+j4)+(10+ j20) = {12+ j24) Q

=(10+j20) Q@

Tiép theo, ta bi€n ddi cac tdng Zy ndi hinh sao (& hinh 3.5.3d) thanh cac
téng trd tuong duong ndi hinh tam gide Z, ¢ H.3.5.3b.

Theo cong thiic bién ddi Y —> A ta co:

Zyy =Zo3 =23 =2, =3Zy =3(12+j24) =36+ j64 Q
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CAU HOI KIEM TRA

3.1. Cac budc cén tién hanh khi gidi mét mach dién béng phudng phap
cac dong dién nhanh. S& phuong trinh ddc 1ap tuyén tinh can vidt cho
cac nat va cho cac vong cé quan hé gi v8i 6 nit n va s nhanh m coa
mach dién.

Viét hé phudng trinh cac déng dign nhanh cho mét s mach dién te don
gian dén phic tap. '

3.2. Cac budc can tién hanh khi giai mot mach dién biing phuong phap
déng vong. $6 phuong trinh dong véng can viét o quan hé gi véi $6 nat n
va s6 nhanh m cda mach dién.

Viét hé phuong trinh dong véng cho mét s6 mach dién tif don gian dén
phirc tap.

3.3. Cac budc cén ti€n hanh khi gidi maét mach dién bing phuong phap
thé nut. S6 phuong trinh th& nat cadn viét ¢6 quan hé gi vai s6 nat n coa
mach dién,

Viét hé phuong trinh thé ndt cho mét s§ mach dign tir don gian dén
phic tap. :

3.4. So sanh phudng phap dang vong, phudng phap dién thé cac nut
vdi phuang phép cac dong nhanh vé cac mat sau day:

- Cach chon cac an sé

- 84 c&c phuong trinh

- Y nghia cha cac phuong trinh
- 'I:hﬁ tuc gidi hé phudng trinh

Cho mét s6 vi dy cho thdy ré wu didm, nhuge diém cla méi
phuong phap.

3.5. Muc dich cla viéc bién i sd dd clia mach dién thanh mét so d6
tuong duong 1a gi. Cho mét 86 vi du.

3.6. Chitg minh cac cdng thirc vé sdd tuong duong, ngudn dong tucng
duang va tdng trd tuong duong hoac téng din tuong dudng cia cac nhanh
ndi tiép hodc song song. Cho mét s8 vi du.

3.7. Chiing minh céac céng thifc bi€n déi sao - tam giac (Y - A) va tam
giac - sao (A-Y). Cho mdt s6 vi du vé 4p dung bién ddi Y - A va A - Y
trong viéc gidi mach dién.
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BAI TAP
BT.3.1. Cho mach dién & H.BT.3.1 véi
Zy=2,=1+j1Q,2;=10+]20 Q,

E, =(100400) v, B, =(1104%) V va J=(54n/6) A

Tinh cac dang dién i, I, I; béng:
1. Phuong phap déng nhanh.
2. Phudng phap dong vong.
3. Phuong phéap thé nut.

Tinh cac cbng suat tac dung va cong sut phan khang cla cac nhanh
va ki€m nghiém can b&ng ¢ong suat trong toan mach,

I N
, s |
H.BT.3.1 .
! IO
g, '
@

BT.3.2. Cho mach dién d H.BT.3.2 vdi:

B, =(20020°) V, E, 5[2204%] \%
2,=2,=1+j2Q,
Z3=Z4=Z5=25=(18+j24)Q

Tinh dong dién cac nhanh bang:

1. Phugng phap déng nhanh.

2. Phuong phap dong vong.

3. Phuang phéap thé nat.

_ Tinh cac céng sudt tac dung va cong sult phan khang clia cac nhanh
va ki€ém nghiém su can bang cdng suét trong toan mach.
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HABT.32

BT.3.3. Cho mach dién 4 H.BT.3.3 vdi
. T . T : "
= —— _— — = 5 _—
E, (10{]46J V., E, [120£3J V., ] [ 44] A

Z21=22Z,=1+j20,2Z3=2Z;=25=(1+j20) Q
Tinh déng dién cac nhanh bang:
1. Phudng phap dong nhanh,
2. Phuong phap dong véng.
3. Phuong phap thé nut.

Tinh cac cong sudt tdc dung va cdng suédt phan khang cda c¢ac nhanh
va kiém nghiém su can bing céng suét trong toan mach.

i .
®
i, @ i @ I
- +—-—
25
H.BT.3.3 Z, Zy 2, z,
E4 i, 1, E2
B

BT.3.4. Gidi lai bai tap BT.3.2 vai Z{ = 0.
BT.3.5. Gidi lai bai tap BT.3.3 v6i Z, = 0.
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BT.3.6. Cho mach dién & H.BT.3.6 vdi:
Z, = (10 + j20) O, |
Z, = (20 + j40) Q,
Z5 =2, = (10 - j20)
Zs =100,
Ze=(1+j7)

E, =(10020°) v.

Tinh doéng dién cac nhanh, tinh cdng suat
tac dung va cong suat phan khang cta ngudn.

BT.3.7. Tinh dong dién I, trong mach dién
& BT.3.1 blng phuong phap bién déi tuong dudng cac nhanh song song.

BT.3.8. Tinh cac dong dién I, I,, I, trong mach dién & H.BT.3.2 béng
phuong phap bién ddi sao - tam giac.

BT.3.9. Tinh dong dién I trong mach dién & BT.3.3 b&ng phuong phap
bi€n ddi tuong duong.

BT.3.10. Tinh c4c ddng dién I va I trong mach dién & BT.3.6 bing
phugng phap bién ddi tuong duong.
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Chuong 4
MACH PIEN CO HO CAM

Trong chuong nay ta xét tdc dung cha hé cam & ch€ d6 xdc lap hinh sin.
Céc sinh vién thudong gap nhiéu khé khan va méc nhifu sai 14m khi giai cic
mach dién c¢é hd cam, vi th€ cdn dac biét chd ¢ va hiu rd ting muc trudc khi
nghién citu cic muc ti€p theo.

4.1. HO CAM. CAC cUC CUNG CC TINH. BIEU THUC CUOA DIEN
AP HO CAM

bé cho don gian ta hiy xét hai cuén day 1y tudng c6 dién cam L, va L, va
¢ cdc dien trd bang khong (R, = R, = 0). '

Ngudi 1a noi rang 2 cuon day 1., va L, ¢6 hd cam v6i nhau néu mot dong
dién 1) bién thién (theo thdi gian ~le1 #0) chay trong cuén day L, sé tao nén

mot dién dp hé cam uyy trong cudn day L,
Dé viét duge biéu thic

. . \ M
toan hoc lién he giita dién dp L, — T
*

. ) L2
hdé cam u,y, V&l t6c do bidn o Fveem ., . * .
di (1) a  i{t) b c —_» d
thién T cha dong dién Uom

. s s S Hinh 4.1.1
i) (t) theo thdi gian ngudi ta "

cén chi rd bang cich dinh ddu bing cling mét ddu nao d6 (vi du dau *) hai cuc
xdc dinh cha L va L, dugc goi 1a cde cuc cung cuc tink cha L, va L, vdi
nghia sau day :

Néu ta chon chiéu duong ciia i, {t) trong cuon ddy L; la chiéu di tir cuc ¢6
ddnh ddu * cua L; dén cuc con lai (khéng ddnh ddu *} cia L; va chon chiéu
duong cia dién dp hé cdm v,y (V)trong cuén day L, 1a chiéu di tir cuc c6 ddanh
ddu * dén cuc con lai (khong danh ddu *) cida L, nhie ¢ H4.1.1, th! dién dp hé
caAm Uy, S€ 6 bidu thirc la:

di; (1)

Uy (1) =My, o (v M,, > 0) (4.1.1)
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Hé s6 M,, trong phuong trinh (4.1.1) dugc goi 1a hé s6' 116 cdm hay hé cdm
(mutual inductance) gista Ly va L, . H6 cam M, lién quan véi L, L, boi hé
thic :

Hé cam M, ¢6 cting don vi véi dién cam L, L, [a henry (viét tat 1a H).

D6i v&i cac hé cdm tuyén tinh, ta cd :

Trong trudng hop chi ¢ 2 phén tir L, va L, ¢6 hd cam vdi nhau, ta chi cin
ding M dé chi hé cam gilta L, va L, :

Mj; =My =M

Gia sir da cho cuc a ciha L) va cuc ¢ cla L., la cuc cing cuc tinh cia L., va L,.
Ta dinh ddu hai cuc a va ¢ nay bang dau * nhu & H.4.1.1. Gia sif ta chon chiéy
duong cua i, (t) trong L, 14 chiéu di tir cyc ¢6 ddnh ddu * dén cuc kia (khong ¢6
dau *) cua L; (tic 12 chiéu di cuc a dén cuc b cia L;). Néu ta chon chidu duong
clia dién 4p hd cam u,), (t)trong L, 1a chiéu di tir cuc c6 danh dav * dén cuc con
lai (khong c6 ddu *) clia Ly, tic 1a chon chiéu duong cla u,y, (t) 14 chiéu di tir

cuc ¢ dén cuc d cha L. thi dién 4p hd cam uyy, (1) s& c6 biéu thic la:

4
Y =M2,~d—ltl~ v6i My, >0 (4.1.4)

Tir quy tac & H.4.1.1 ta dé& dang suy ra cdc biéu thic cha dién ap hé cam
trong H.4.1.2, H4.1.3 va H4.1.4.

*® *
—_—— o —_— Y o
a i, b c - d
di,
Uogp=-Moy—
M 21 dt
Hinh 4.1.2
/Mm\
* *
— Y Nt g . P -
a i, b € - d
di
uZM:le'd_tl
Hinh 4.1.3
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———— Y - . .
a iy b c _— d
di
= M ol |
217
Hinh 4.1.4

Trén thuc t€ cdc cuc cling cuc tinh cia hai cudn day phu thuoe vio chién
qudn ddy cva cdc cudn day dién cam L;, L., va phu thuoc vio vi tri tuong dai
cua hai cuon day trong khong gian. Trén so d6é mach dién khong thé chi 16 cic
y€u 8 ndy nén ngudi ta phai danh ddu cdc cuc ciing cuc tinh ciia hai cudn day
c6 hé cam bang cing mot ddu nao dé, vi du ddu * nhu da néi & trén.

Né€u khong biét chiéu quén day cha cdc cudn day L,, L, va vi tri twong d6i
cua ching trong khong gian ta cling ¢6 thé xdc dinh céc cyc cling cuc tinh cha
L, va L, bang céch thi nghiém dua vio ¥ nghfu di néi & trén.

K Ly L,
*){.__.__..____rv'\n - Y
a b c d
+ - ' (V)
ik . +\_/ -
E, Volmét V,
Hinh 4.1.5

That vay, gia sir da cho hai cuén day dién cam L, va L, véi cic cuc ctia L,z 1uoc
ky hiéu bang a va b, con cdc cuc cia L, duge ky hiéu bing ¢ va d (nhu H4.1.5).

Ta hdy n6i mot pin E| v6i cdc cuc clla cudn day L, sao cho néu khod K
dong mach thi cyc a cia L, duge ndi v6i cuc duong (+) clia pin, con cuc b cla
L, duge n61 véi cuc &m (-) cia pin. Ta néi mot voltmet mot chidu V5 v@i cic
cuc coa cudn day L, sao cho cyc ¢ cha L, duge ndi véi cuc duong: (+) cla
voltmet, con cuc d cha L, duoc néi véi cuc (-) cua voltmet.

+ Bay gi¥ ta hdy doéng nhanh khod K trong mach cia cu6n day L, vi quan st
xem kim cua voltmet trong mach cia cuén day L, s& quay theo chiéu nao

1. Néu kim cua voltmet V; quay thuin chiéu ma né da duogc ché tao, tirc 1a

vé phia bén phai cia vach OV thi ta két luan ring cgc ¢ cha L, ¢6 cing cuc tlnh
Vi cyc a coa cudn L.

2. Néu kim cta voltmet V, quay nguoc chiéu, tiic 1a vé phia bén trdi ciia vach
OV thi ta ket luan rang cuc d cia L, c6 cung cuc tinh v&i cuc a ciia cudn L;.

110



Gidi thich : Khi ta d¢6ng khod K thi dong dién i, v6i chiés duong chon theo
chiéu di tir cyc a d€n cuc b trong cudn day L, s& tang 1én bat ddu tir tri s6 ban

s o di
dau bang khéng cna noé nén EIEL > 0.

1. Néu kim cta voltmet V, quay thuan chiéu thi dién dp hd cam u,y (t) do
boi voltmet vdi chiéu duong di ti cuc + cia voltmet dén cuc - cia volmét (ciing
tizc 1a chiéu di tir cuc ¢ dén cyc d cla L;) ¢6 tri 58 duong:

uyy (1) =My, %1:_>0 vai My, >0 va %‘>0
~ Diéu nay phi hop véi.quy udc ve chiéu duong cia i, (1} vd uyy(t)trong
biéu thic ctia dién 4p hd cam da ndi trén.

Trong trudng hop niy, cuc a chia L, va cuc ¢ cla Ly 13 hai cyc ¢6 cling cyc tinh.

2. Néu kim cita voltmet V, quay nguoc chiéu thi dién 4p hd cam u,y (t)do
b&i voltmet v6i chiéu duong di tit cuc + cha voltmet dén cuc - ciia volmét {cling
tiic ka chiéu di tir cuc ¢ dén cuc d cta L,) ¢6 tri $8 am:

di
Usm (1)= M;, *5:_40
. . di
vai M,, >0 va m >0

Piéu nay c6 nghia 1a cuc a cha L, va cyc ¢ clia L, khong phai 12 hai cyc ¢
ciing cuc tinh.

Tir d6 suy ra ring, trong trudng hop nay cuc a cha L; va cuc d ciia L 12 hay
cuc cung cyc tinh.

Trong vi du 4.2.2 & phin dudi ta s& trinh bay mot phuong phdp xac dinh
cac cuc ¢ cung cuc tinh cha hai cuon day c¢é hd cam bang cdch dung dong
dién hinh sin.

Biéu thirc ciia dién dp ho cam trong truong hop dong dién hinh sin.

Xét hai cudén day Ly va L, ¢é hd cam M véi cdc cuc clng cuc tinh duge
dinh ddu * (H.4.1.6). Gia thiét dong dién chay trong cudn day L, 1a dong dién
hinh sin ¢ tdn s8 géc la © :

i, (1) =1, sin{wt+a,) (4.1.5)

véi chidu duong cha i, () dwoc chon 1a chiéu di tir cuc * dén cyc chn laicda L.

Dé tim bidu thitc cta dién dp hd cdm u,y (t)trong cuon day L,, ta chon

chiéu duong clia v,y 1a chiéu di tir cuc * cua L, dén cuc con lai coa L, (H.4.1.6).
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M
f1,, 1-1/ \:Lz

— Y Y . _a .—-—m-—_.
-
u
Hinh 4.1.6 M
Ta c6 :
di d
] o N
Uam =My =My a[llm sin(wt +a; )]

= oM,y ], cos{ot+a,) =Myl sin[wl +oy + g] (4.1.6)

Céc anh phiic cha i (1) va u,y, (1) twong dng 1a:

S AL o
=" =™ (4.1.7)
) 1 }[0(1+*2“]
vi U,y =0M,, ~Re
M ZI\/E
= joMy, (Le®1 ) = joM,, (4.1.8)

Vi vay ta cé quy tic sau day:
Néu ta chon chiéu duong cia I,va chiéy duong clia Usy déu la chiéu di ny
cyc cang tinh cila méi cudn ddy dén cuc con lai cia cudn day dé thi:
U,y = joMy, 1, (vé6i My, > 0) (4.1.9)
Quy tdc nay dugc biéu dién bing so d6 § H4.1.7
M2,

* '-1/ \:Lz
—— Y —— Y .
I —_—
Usm = joMy,l,
Hinh 4.1.7

‘Tir quy tic co ban nay ta ciing d€ suy ra bidu thic cia dién 4p hé cam trong
cac trudong hop vé 9 H4.1.8, H4.1.9 va H4.1.10.

M 21
* L4 / \ L2
— YN, . * -
I —
Usm = —joMyl,
Hinh 4.1.8
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N L4 N Lo
— Y g - Y -
i1 -1-——-—~—.-*—
Uon = joM, |
Hinh 4.1.9 2m = Sl
L1 L2
& *
> Yo g g W . . Y .
I ———
Upn = —joMyl,
Hinh 4.1.10

4.2. GIAI CAC MACH DIEN CO HO CAM

Dé giai cac mach dién c6 hé cam ta ¢6 thé diing phuong phip dong nhanh
va phuong phdp dong vong da xét & chuong 3. Phuong phdp thé niit chi c6 thé
dung cho mach ¢é hé cam néu viét hé¢ phuong trinh duéi dang ma tran.

O day trong chuong trinh cla cdc trudng Cao ding va Trung hoc chuyén
nghiép, ta chi xét phuong phdp dong nhanh.

4.2.1. Mach c¢é hai phdn tif c6 hé cam néi néi tiép

Ta s& xét viéc tinh mach dién cé hai phdn tir hé cam n6i néi ti€p qua vi du
cu thé sau day.

Vi dy 4.2.1

Cho mach dién cé hai cudn day c¢é hdé cam néi ti€p (H.4.2.1) véi :
Ry =100, R, =20 Q,L; = 100 mH, L, = 200 mH vda M = 50 mH dat vao
ngudn ¢é dién 4p hinh sin v6i U = 200 V va tdn s6 f = 50 Hz.

Tinh t6ng trd tuong duong clia mach trong hai trudng hop:

1) Khi hai cudn day ndéi tiép thuan (H.4.2.1a)

2} Khi hai cuén day ndi ti€p nguge (H.4.2.1b)

Tinh dong dién va dién ap trén tirng cudn day trong mdi trudng hop trén.

. . . . M . . .
Giél H U1M=]UJM12 - Ty ,U2M=le11
. . o ol —_———

1) Khi hai cudn day cé 0—-—~t:.I—_-—*""""'—-——-|:b—,—;f'm——
hé cam dugc ndi ti€p theo I R, 1, L R, IL* Lz
so d6 O H.4.2.1a, ngudi ta - . -
noi ching duge ndi ti€p | U, u,

. thuan. °* ' U
Hinh 4.2.1a
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Chon chiée dudng cla cdc dong dién i, va I,va chiéu duong clia cdc dién
dp hd cam Uy, va U,y nhu § H4.2.1a, ta c6:

Uy = joMI,
Uy = joMi,
Chii y ring 1= I,= 1 nén ¢é: U,y = Uy = joMI
Dién dp trén mbi cudn day 1a
U, =R,I+ joL,I+joMi
U, =Ryl + joL,I+ joMI
Do do '
U=U,+U,

=(R, +joL )1 +(R; + joL; )i +2(jeM)i

[(Ry+Ry)+jo(L, +L, +2M)]I
Tir 46 ta ¢o
(R; +Ry }+jo{L, +Ly +2M}  Zyyn

VO Zypyan = (R + Ry )+ jo (L +Ly +2M)=(Ry +Ry) + Xjpuan
véi xm;an =o(L, +L, +2M)
Ap dung bdng 56 :
V6iR; = 10Q, R, =20Q, L, = 100 mH, L, = 200 mH, M = 50 mH,
£=50Hzva U=20020° tacé o = 2nx50 = 100m rad/s.
Xy, =oL, =100%x100x107 =31,42 Q
X, =oL; =100mx200x 107 = 62,83 Q
Xy = oM =100nx50x 107 = 15,71 Q
thuan = (IJ(LI + L2 + 2M) = XLl + XL2 + ZXM =

=31,42 +62,83+2x(15,71})=125,7 Q o
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Zpagn = (R; +R, ) + X hugn =(10+20) + j125,7 =

=(30+j125,7) ©2=(129,2276,58%) Q
Déng dien
U 20040

[=— = =
Zinan 30+ J125,7

=(0,3593 - j1,505) A =(1,5482~-176,58") A
Bi¢n dp trén mdi cudn day la:
U, =[R, + j(wL, + oM))] =
= [10+ j(31,42 + 15,71))(0,3593 - j1,505) =
= (74,52 +j1,884) = (74,55/1,448%) V
U, =(R, + joL,)I + joMI =[R, + jl@L, + oM)]i =
=[(20 + j(62,83 +15,71)] x (0,3593 — j1,505) =
=125,4-j1,881 = (125,42 -0,8593") V

2) Khi hai cudn day c6 hé cam dugce néi tiép theo s0dd & H.4.2.1b, ngudi ta
néi ching dugc néi tiép nguoc.

. . M . -
Usm=joMI, =77 Uy =joMI

-—h ‘_—_
- - -
I Ry1," Lt R, L * 1,
E] U1 UZ

. Hink 4.2.10
Véi chiéu duong cla cic dong dién 1, va I, va chiéu duong cia cdc dién ap
hé cam U, va U, ), déd chon nhu & H.4.2.1b, ta c6 :
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Chi y rang I;= 1 va I, =-I nén
Usy, = joMi
“Dién dp trén mbi cudn day la :
U, =R I+ joL,I-joMl =[R, +jo(L, - ]i
va U, =Ryl + joL,i- joMi =[R, + jo(L, - ]1
Do d6
U= U, +U,
=[R, +jo(L, -M)]i+ [R, +jo(L, -M)]i
=[(R, +R,)+jo(L, +L, -2M)]i

Tir d6 ta c6 - U __ U
(R +Ry}+jo(L, +Ly —2M}  Zppuee
voi Zppuse = (R; +Ry) + joo(L; + L, —2M) =
= (RI + R2 ) + jxthuan '
vi X pgwoe = ©{Ly +L1; —2M) |

4.2.2. Mach dién cé hai phan tir ¢6 hd cam néi song song

Ta s& xét viéc tinh mach dién c6 hai cugn day c6 hé cim néi song song qua
hai vi du cu thé. :

Vidy 4.2.2 :

I
Cho mach dién gém hai cuén CA i1 . i
2

diay cé hé cam ndi song song nhu ¢

H422v6i: . Ry R,
R, =20Q; R, =40 Q; L*lw N *l_
. 1 » — 2 - —
oM =10Q; oL, =30 Q; Eg ‘-5
oL, =30 Qva U=180£0° v .
Cic cyc c6 cling cyc tinh cia @
hai cudn day dugc néi vdi nit @, Hinh 4.2.2

a) Tinh ddng dién cdc nhénh 1,, 1, va 1.

b) Tinh téng trd tuong duong ciia mach dién.
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Giéi_ :

Ta chon chiéu duong clha dong dién céac nhdnh nhu ¢ H.4.2.3. Ta viét duogc
hé phurong trinh dong nhidnh sau day:

I +1,=I | (N
Rl +joL,I, + joMI, = U (2)
R,1; +joL,l, + joMI, =U (3)
hay: '
I, +1,=1 (4)
z,i,+2yl,=U ‘ (5)
Zyl, +Z,1, =U (6)

voi: Z, =R, +joL,; Z, =R, +)joL, va Zy = joM.
Giai hé hai phuong trinh (5) v (6) ta dugc:

U Zy
. (U 2y o Z,-Zy
T, = 21 _ ) L2 M2
Zy Zy 2,2y~ Zy
Iy 2y
Z, U
oz U -Z
O Y Z M2
Zy Zy 212y =Ly
Zy 2, '
Str dung phuong trinh (1) ta cé:
. . 2, +2,-2Z
I=1,+1,= U ~1+2—2M Q)
Z\Zy~Ly

Téng tr&s tuong duong ciia mach theo dinh nghia 12 ty s& clia dién 4p U v6i
dong dién i trong nhanh chinh nén tir (7) ta cé:
U_ 7,7,-Z
I 7,+2,-2Zy

1:

Ap dung bing s6 :
Véi  Z, =R, +joL,= (20 +j30)
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Z, =R, + joL, = (40 + j30) Q
Zyy = joM=j10 Qva U=(1802£0") v

ta cd
2,2, — Z,Zw = (20 + j30) (40 + 30} - (le)2
= - 100 +j1800 - (-100) = ;1800 Q

Zy+ 2oy —2Zy = (20 +)30) + (40 + j30) - 2(j10)

= 60 + j60 - j20 = 60 + j40
Zy—Zy =40+ )30 - 310 =40+ j20) Q
Z,~Zy =20+ §30-j10=(20 + j20) OO

Vay

7,2, -7%

180[ 0+ JZOJ (2- j4)A =(4,4722-63,43") A

j1800

=(4-j6)a=(7.21112-56,31°) A
Téng urd wong duong clia mach & H. 4.2.2 béng:
E _ 47, - 212\4
I z,+2,-2Z,,
_ 'j1800
60+j40

Ly =

=(13,8462 + {20,7692) Q

- (24.9615,556,3 1° ) Q

U 18020"
I 4-j6

= (13,8462 + j20,7692} Q

:(24.9615456.31“) Q.
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Vi dy 4.2.3 :

Xét mach dién di cho ¢ vi dy 4.2.2 nhung v4i cac cuc ¢6 cung cuc tinh
n&i vio 2 mit khéc nhau nhur & H.4.2.3. Tinh cdc dong dién cac nhanh va
téng trd tuong duong cia mach. So sdnh tri s6 cha dong di¢n I wong
nhanh chinh cta 2 so d6 & H.4.2.2 va H.4.2.3, tir 46 rit ra mot phuong
phép xic dinh cdc cuc ¢6 clng cyc tinh cia 2 cudn day c6 hd cam.

o pF L T T
E T LS
2 El

@

Hinh 4.2.3

Gidi :
Ding céc k¥ hieu Z, =R, +joL,, Z, =R, + joL, va Zy = joM, véi chiéu

duong cia cac dong dién 1, I, vd Inhu wén H. 4.2.3, ta viét dugc céc phuong
trinh dong nhanh sau day: '

I +1, =1 (1)
Giai hé phuong trinh trén ta dugc

. Z,+2

=0 —2—2- (4)
22y -2y

. | Z

I,=U __LiMZ__ (3
22y - Ly

i=i,+i,=0 _ZI_+%L2_ZZ& (6)

VAV AR AW

Téng tro tvong duong cila mach & H.4.2.3 béng :

v Z,Z,-7Z%
Z"j:—.'“ 1442 M

= (N
I Z,+2,+2Zy
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Ap dung bing s6 ta c6 :

: 180(40 + j30 + j10)
I = . . RY
(20+j30)(40 + j30)-{j10)
40 + j40 . 0
=180 =4 j4=(4J22-45
18 71800 4-j4=(4J22 ) A
‘ 20+ j30 +j10 . o
=180 ————"—=4-j2=(4,47 -26.57") A
I, =180 1800 4-j2=(44721« )
va: i=i,+12

=(4-j4)+(4-j2)
=(8-j6)A=(102~36.87"} A
Téng tro tuong duong cba mach & H.4.2.3bang:
~ {20+ j30)(40 + j30)— (j10)°
Y 7 {20+ j30) + (407 j30)+2(ji0)

1800
60+ 80

=14,40 + j10,80 = 18,00.£36,87"

= 14,40 + j10,80 = (18,00.£36,87%) )

Ta thdy, dong dién trong nhinh chinh cia so d6 & H.4.2.2 ¢6 tri s§& higu-
dung I = 72111 A, trong khi dong dién trong nhdnh chinh cta so dé & H.4.2.3
¢6 trj 6 hiéu dung [ = 10 A,

Ta ¢6 thé it ra mot phuo’ng phip sau day dé xdc dinh cdc cyc ciing cuc tinh
cua hai cuén day c6 héd cam :

Ta ndi song song hai cu¢n day vdi nhau theo hai cdch ¢6 thé va dae vao
cung mot ngudn dién xoay chiéu cé tri s6 dién ap nac d6. Ta ding mot
ampemét do dong dién I trong mach chinh nhu & H.4.2.2 va H4.2.3

- Néu ampemét A chi tri s6 dong dién nho hon thi hai cyc ciung cyc tinh cla
hai cuon day 1a cdc cyc cing néi vao mét nit (vi du mit (D) ciia mach dién nhu
0sodé H4.2.2.

- N€u ampemét A chi tri s6 dong dién 16n hon thi hai cyc clng cuc tinh cia

hai cugn day n6i vao hai nit khéc nhau, tic 12 mot cue ndi vao it O con cuc

kia ndi vao nit @ cfia mach dién nhu & so dé H.4.2.3.
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4.2.3. Tinh mach dién phic tap cé hé cam

Ta s& xét viéc tinh mot mach dién phic tap ¢6 hé cam qua vi du cu thé
sau day :

Vidy4.2.4:

Cho mach dién nhur & H. 4.2.4 véi oL, = oL, = 140 Q, oM = 60 Q,
R; = 30 Q va U =200-0" V. Tinh cdc dong dién I;, I, v I; bing cach vi&t
hé phuong trinh dong nhanh vd dua hé phuong trinh ndy vé h¢ hai phuong
trinh d6i véi I, va 1,.

__1* 2 .

. Y, . -
L1 3 12 .
. \M - |
0 l ~—a* l-g [] R, 1 ) 3
L2 % g,
@ @
Hinh 4.2.4 Hinh 4.2.5

Gidi :

Ta chon chiéu duong ctia cdc dong dién 1,, I, va I, nhu vé wén H4.2.4.
Ta v& graph cliia mach dién nhu o H4.2.5 -

Chon cay gém nhanh 3 ta xdc dinh dugc hai vong co ban I va Il nhu vé
6 H.4.2.5.

Ta viét phuong trinh theo dinh luat Kirchhoff thit nhét cho nit (:

i+ L+ 1, =0 (1)
Ta viét cac phuong trinh theo dinh fuat Kirchhoff thi hai cho vong [ va II:
joL,1, +joMI, +R,I, =U (2)
joL,1, + joMI, —R4i; =0 (B
Tir (1) ta rit ra biéu thic cha I, theo I;va I,:
i,=1,-1, (4)

Thay i3 theo (4) vao cdc phuong trinh (2} va ‘.( 3} ta duoc:
joLy1, + joMi, + Ry (1, -1,) =0
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joLyl; + joMI, — Ry (T, ~1,)=0
hay (R +joL ), +(-R; +joM) 1, =U (5)
(R +joM) I, +(R; +joL,)i, =0 (6)

- Thay tri $6 cla cic théng' s vao hé hai phuong trinh (5) va (6) ta duoc hai
phuong trinh d6i véi 1, va I, :
(30 + j140}, +(-30+ j60)1, = 200 (N
(-30+ j60)1, +(30 + j140)I, =0 (8)
Giai h¢ hai phuong trinh (7) va (8) ta dugc:
200 -30+j60‘

0 30+j140

_A

i
LA ‘30+j140, -30+j60!

-30+j60  30+j140

_200(30+j140) - _ ) .
‘m—(osﬁom—ﬂﬁwo)f\—(1.43184—65,22 ) A

30+j140 200

A, | -30+j60 0O

A T [30+j140  -30+j60)
-30+j60  30+j140

_ -200(-30+j60) _ _ 0
= 16000+ 12000 (06000 +0.3000) A =(0.6708153,43°) A

va izz

Cuéi cling ta tinh dugc dong dién 1, theo (4):
I} = iI- 12 A
~(1,2000 - j1,6000) A = (2,000 - 53,13 ) A

Chi y rang, h¢ hai phuong trinh (5) va (6) chinh 1a hé phurong trinh dong
vong cho mach'dién ¢6 hé cam § H. 4.2.4. Heé phuong trinh dong vong nay ¢6
thé viét dudi dang sau:

Zi ll\"! + lei\fz = EV]
Zyl,, +Zzziv2 = E\r2
trong dé

Zy =R, + joL, =(30+ j140)
Zy; =Ry + joL, =(30+j140) Q
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E. =U=200,0"V

¥
B -0
2
So véi trudng hop hé phuong trinh dong vdng cho mach khong cé hd cam,
ta thdy ring v6i mach c¢6 hé cam trong téng tr& chung Z;, = Z,, cia haj vong |
va Il ngoai s6 hang (- R;) con phai thém s6 hang joM do tiac dung cta ho cam
giita hai vong I va 1L

CAU HOI KIEM TRA

4.1, Hién tugng hd cam trong mach dién 1a gi? Véi quy udc nhu thé nac vé
chiéu dugng clia dong dién i, va chiéu ducong clia dién ap hd cam uyy thi ta s& co
biéu thirc:

i
U2M = M% (Val M= 0}

4.2. Thé nao la hai cyc cling cyc tinh clia 2 phan tlr Ly va L, cd hd cam vdi
nhau. T dinh nghia cla cac cuc clng cuc tinh hay néu mdt s6 phuong phap dé
xac dinh céc cuc cling cuc tinh cha hai cudn day da cho.

4.3, Cho biéu thirc cla dién ap hd cam & ché dd xac lap hinh sin. Vi quy udc
nhu thé nao vé chidu duong cla U2M va chidu duong clia |, thita s& c6 biéu thic:

UZM = _]U)MII (V6| M > O)
4.4. Téng trd cla hai phan tlr c6 hd cam ndi tiép s& thay ddi nhu thé nao theo
cac cach ndi ching. Cho mét s6 vi du.

4.5, Téng trd tugng dudng clia hai phan tif ndi song song sé thay ddi nhu thé
nao theo cac cach ndi chiing? Cho mét sé vi du.

4.6. Cho mét vi du vé hé phuong trinh cac dong nhanh viét cho mét mach dién
phifc tap 6 hé cdm. So sanh vdi truang hop khéng ¢ hd cam thi hé phuong trinh
nay cé nhimg diém gi khac.
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BAI TAP

BT.4.1. Trong mach dién 6 H.BT.4.1 ngudi ta do dugc h=1AvalU,=30V.
Tim tri 55 clia hd cam M néu i, ¢6 tan s6 Ia 50 Hz (gia thiét ring voltmét dién trd vo
clng J6n). '

M

I
(M
o Ry R, .
*
o ' o
L, Ly '
H.BT.4.1

BT.4.2, Trong mach dién & H.BT.4.2a ngudi ta do dudc dong dién | = 5 A
va cbng suat P = 100 W O dién 4p U = 200 V va tan sd f = 50 Hz. N&u néi
day nhu & H.BT.4.2b ngudi ta do dugc cong sust P = 500W. Hay tim hé sd hd
cam M.

M

N

.- R,

N e

R, *Lz Ry «_ L1

e

a} b}
H.BT.4.2
BT.4.3. Cho mach dién 3 HBT.4.3 véi U=10020" v, R =100, oL,=30Q,

R, =100, oL, = 60 0, oM = 20 Q va Ry = 50 Q. GAC cyfc ¢ling ey tinh cda L, va
L, 1 cac cyc ¢6 ddu *. Tim cac dong dién I, I,, I,.

L4 R, * by

p
'

& w—
»
hen
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BT.4.4. Gii lai bai tap BT.4.3 khi cac cuc cung cyc tinh clla L, va L, 1a cac cuc
cd dau chim {e),

BT.4.5. Cho mach dién & HBT.4.5 véi E=200£0° V,R; = R, = R; = 10 Q,
= 30 Q (DL2 = 40 Q (DL:; - 50 Q (DM12 20 Q (DM23 = 40 Q (.OM13 = 0. T‘nh

cac dong dien 1,, 1,, 1,.

H.BT 4.5

BT.4.6. Gidi lai bai tap BT.4.5 véi oM, = 20 ©, oMyg = 40 Q, oM,y = 30 Q.

BT.4.7. Cho mach dién & HBT.4.7 véi E =10020° V, E, =(1204%) v

=R, =R, =40 Q, oL, =800, ol,=860Q, oM = sonvaic-mon Cac

cuc cling cuc tinh cla L, va L, 14 cac cuc cb ddu *. Tinh dong dién cac nhanh.

_ M
T P N R,

H.BT. 4.7

BT.4.8. Gidi lai BT.4.7 v8i cac cuc cuing cye tinh clia L, va L, 14 cac cure cb dau
chim
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Chuong 5
MANG MOT CUA (MANG HAI CUC) TUYEN TiNH

5.1. DINH NGHIA VA PHAN LOAI

Ngudi ta dinh nghia mang mdt cita (one-port network) hay mang hai cuc-
(two-terminal network) 1a bd phan mach dién gtita hai cuc A vi B cha mot
mach dién phiic tap véi dicu kién la dong dién di vio mang bdi cuc A phai
bang dong dién di ra khdi mang bdi cue B tic ;

ia(t) = ig(t) | (5.1.1)

Hdl cuc A va B vai diéu kién (5.1) dugc goi la mgt doi cuc (a pair of

terminals) hay 12 m¢r cita (a port). Dién dp u,g{(t) goi 1a dién dp trén cia

(xem H.5.1.1). . PR

Néu mot bo phan cla moét mach dién A AN
nao dé chi duoc nQ’i véi phan c¢on lai cua *—"—l'— Mang \‘
mach dién & hai diém (hai cuc) A va Bhi, ! o Ca ,
diéu kién (5.1.1) luoén duoc thoid man vi dé ! ; !
12 heé thitc rang bugc giita hai dong dién nay —— ,!
boi dinh luat Kirchhoff d6i véi cc dong B L L it
dién di vao (hay di ra khoi) mot mat kin cat Hink ;_; i -

qua hai day din néi vé6i hai cuc A va B.
Mang mot cita c6 ngudn va mang mot cia khéng nguon
Ngudi ta phan loai cdc mang mot clra thanh cdc mang mot cita ¢é ngudn
(active one-port networks) va cidc mang mét cita khéng ngudn (passive one-
port networks).

Pé xdc dinh xem moét mang mot cira da cho la mét mang mot cira cd
nguodn hay 12 mot mang mét clra khong nguon ngudi ta xct mot trong hai tinh
trang sau day.

ia=0- A
1. Thi nghiém hd mach :
. , .. Mang
Ta cat r&i mang mét clra dd cho khoi e Ung o
. - e e e mot cla |
bo phan mach dién néi véi né tai cac cuc A
va B nhu & H.5.1.2. Khi d6, ta duge mot . -
mang mot clta k3 mach (dong dién di ra ig=0 B8
Hinh 5.1.2
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hoac di vao mang mot cta ndy bang khong i, = 0 (hoac ig =0)).

Pién ap gida hai cuc A va B cia mang mdt cira khi hé mach dwge goi la
dién dp hé mach Upgny hay upg. Ta ¢6 thé xac dinh dién dp hd mach uy gy,
bang cdch tinh todn hay do bang mot voltmet ¢6 dién trd R, v6 cing 16n.

Néu u,ppy = O thi mang mét cra da cho 12 mot mang mot clira khong
nguon.

Neéu u,ppy # 0 thi mang mot cita da cho 12 mot mang mot cira ¢6 ngudn.

Vi dy 5.1.1: '

—

N

I,=08

Hinh 5.1.3 b)

Xét mach dién & ché d& xac lap hinh sin & H.5.1.3. Bo phan mach dién ¢
trong hinh ch®t nhat & mér mang mér cia cé nguén. That vay, néu lam ha
mach cdc cyc A va B, tirc 1a cho Z, =c0 nhu ¢ H.5.1.3bthi I, =1z =1, =0.
Nhung giifa cac cuc A va B cé mét dién dp hd mach khic 0:

- E,
L]
ABRS = [Z| Zz]zz =0

Vidy5.1.2:

Bé phan mach dién trong hinh chit nhat & H.5.1.4 12 mét mang mét cia
khong nguén. That viy, n€u cit dit mach dién tai cdc cuc A va B thi
Ly _IB —Ihs =0Ova UAB]H =0.

Hinh 5.1.4
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2. Tinh trang ngén mach : A

Sau khi cat rdi mang mot cita khoi
phan mach dién con lai tai cdc cuc A va Mang
B cia né ta ding mot day dén c6 t6ng tr& | métcla 1 AB ngén
bang khéng néi hai cuc A va B vdi nhau
nhu & H.5.1.5. I

Trong truong hop nay ngudi ta néi Hinh 5.1.5
rang cdc cuc A va B bi néi ngan mach "

(short-circuited). Ta c¢6 thé xac dinh dong dién ngdn mach iABngin DANE Cdc

tinh todn hoac bang cdch do bdi mot ampemét ¢6 dién trd bing khong.
NEUig .40 # O thi mang moét cira da cho 1a mot mang mot cira c6 ngudn.

NEU i4p,,in = 0 thi mang mét cira d& cho la mét mang mot clra khong ngudn.

Vi du véi mang mot clra & 7 :

H.5.1.6 khi céc cuc A va B bi Kal I T
- . T I

noi ngan mach thi I,5,.5,#0. | E,
Vay, né la mang mot clra co CT) 7 1 A8 ngéin* 0
ngudn. 2

Con vé mang mot cua & . .
H.5.1.7 khi n6i ngan mach cic B
cyc A va B thi lagpu, = 0. Hinh 5.1.6
Vay, nd la moét mang mot clra A z 7

1 k!

khdng ngudn.

Can chi ¢ rdng, trir moét
s6 trudng hop dic biét, thi  Iagngan=0 [z,
nghiéem ho mach thudng
khong gay hau qua gi nhung
thi nghiém ngin mach c6 thé B
gay hu hong thi€t bi nén cic Hinh 5.1.7
dong dién trong cdc nhanh cua
mang mot ctra ¢é nguodn dat tdi cdc tri s6 1dn. Vi thé, trén thuc t&€ nén tranh
lam thi nghiém ngén mach, chi nén thyc hién cdc tinh todn tuong ung vdi tinh
trang ngan mach ma théi. '

Mang mét ciea tuyén tinh v@ mang mot cua phi tuyén

Ngui ta con phan loai cdc mang mét cia thanh cdc mang mot cia tuyén
tinh (hnear one-port network) vi cdc mang mot cira phi tuyén (nonlinear one-
port network). Mot mang mot cwa duge goi 12 mang mot cita ruyén tinh néu

128



né chi chita cic phan tir (dién trd, dién cam, dién dung hay hé cam) tuyén
tinh. Trong trudng hop mang mdt clra chita it nhdt mot phan tir phi tuyén (nhu
mot dién trd phi tuyén, mot dién cam phi tuyé&n) thi né 12 mang mot clra phi
tuyén. Trong chuong nay, ching ta chi xét caic mang mot cita tuyén tinh.

52. TONG TRG VAO CUA MOT MANG MOT CUA TUYEN TINH
KHONG NGUON

Mét mang mét clra (mang hai cyc) khong ngudn thudng chi gém cédc tong
trd néi véi nhau theo mot so d6 don gian hay phiic tap nao 46 giita haj cuc da
cho. Céac hinh 5.2.1, 5.2.2 1a cdc vi du vé mot s6 mang mot clra khong ngudn.

,
L]
[}
]
]
]
1
1
1
1
1
]
]
]
]
]
1
1
1
.
1
1
1
1
1

:

p >

A

.

e

Hink 5.2.1 Hinh 5.2.2
O H.5.2.1 ta ¢6 mot mang moét clra chi gém céc téng trd noi Li€p va song
song. O H.5.2.2 ta c6 céc tdng trd n6i hinh sao hoac tam gidc.

O ché do xdc 1ap hinh sin d61 vdi phan mach dién bén ngoai thi mot mang
mot cita khong nguén cé thé duge thay th€ bing mot téng trd tuong duong goi
la téng trd vdo (input impedance) cia mang mot clta khong ngudn.

Néu goi Ula dién dp hiéu dung dat vao hai |
cyc cia mang mot clra khéng ngudén va I ladong Ae— o |
dién hi¢u dung phic di vio mot trong hai cuc cia
mang mdt clra khéng nguédn, véi quy uéde 1a chién U

duong cia dién ap Uva chiéu duong cia dong B

dién 1 cha mot mang mot cla khong nguén duge

chon theo ciing mét chiéu (vi du déu la chiéu di tir

cuc A dén cyc B nhu trén H.5.2.3) thi téng tré vao

(input impedance} cia mang mdt cita khong nguén duge dinh nghia bdi :
_u

vao — I

Hinh 5.2.3

Z

Ta ¢6 thé tinh dugc tdng tr§ vao clia mot mang mot clra khong nguén
bang cdch gia thiét dién apU dat vao mang mot cira khong ngudn 1a da cho va
tinh dong dién I di viio mang mot cira khéng nguén bing mot phuong phap
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niao dé. Sau dé ta tinh téng tréd vao bang ty sé cha dién ap U da cho va dong
dién I d3 tinh duoc.

Trong trudng hop so dé néi cac téng trd cha mang mot cira khong ngudn
tuong d6i don gian ta cé thé tinh dugc téng trd vao Z,,, cua né bing cich
diing cac cong thdc tinh t6ng trd tuong duong cua cac b phan cta mach dién
va tong trd twong duong cha cic bo phan dé.

Vi du & so d6 H.5.2.1, ddu tién ta tinh tdng trd twong duong Zs, cia hai
téng tr§ Z4 va Z, néi 1iép:

Zy=23+2,
Tiép theo ta tinh tong trd twong duong 7,54 clia Z4, ndi song song véi Z, :
o Lala
T T

Cu6i cing ta tinh dugc téng tr§ vdo bang téng tré tuong duong cua

7,4, 001 ti€p voi Z;:
Zv;'i() = 2“l + 2234

Vay :

. +Zz(7.3+24)
vao 1 Z2 + 23 +Z4

D€ tinh tong trd vao clia mang mét cira khong nguén cé & sa dé H.5.2.2
ta cdn phai dilng cong thic bién déi sao - tam gidc dé dua so do vé tru‘dng hgp
cdc tong trd néi tiép va song song.

7

Vi du, ta ¢é thé thay cic tdng trdr Z,, .7.3, Zs nsi tam gidc thanh cdc téng
tro Z,, Z¢c, Zp nol hinh saonhw g H. 5.2.4. Véi .

Z. = Z’] 7‘3 i
AT+ 2+ 2, A -
. ZZs |
Ze= Zy+ 25+ Zs
g o ZaZs U
Pz +Z,+ 74
Tir so d6 tuong duong 6 H.5.2.4 ta

dé tinh dugc Zys,: '

Ly (Zerzo)x(Zp2,) B*
W TR 2o+ Zy+Z2p+Z,

Hinh 5.2.4

130



5.3. PHUONG TRINH CO BAN CUA MANG MOT CUA TUYEN TiNH
CO NGUON. BINH LY THEVENIN VA BINH LY NORTON

5.3.1. Phuong trinh co ban ctia mang mat cira tuyén tinh cé ngudn

Ta xét mang mot cua tuyén tinh o

nguén bat k¥ & ché d¢ xdc ldp hinh sin LA
(H.5.3.1). Mvang m?t
cua tuyén .
Goi Z, 1a tdng trd ciia mot tai y y | thcod u Zui
ndi vao cdc cuc A va B cia mang mot ctra. ngudn
B

Goi Ula dién 4p hiéu dung phic giita hai
cwc A va B, va I la dong dién hiéu dung - Hinh 5.3.1
phic cung cap bdi mang moét cira ¢6 ngudn.

N&u mang mot cia chi gdm cdc phin tir tuyén tinh thi tir cic phuong trinh
bac nhat lién hé cac dong va cdc dp trong mach theo phuong phdp dong
nhdnh, phuong phip dong vong hay phuong phap the nit, ta ¢é thé nit ra mor
phuong irink bdc nhdt lién hé dién dp U va dong dién I tai cac clic (clra) cia
mang mdt clta tuyén tinh ¢6 ngudn. Phuong trinh nay cé dang:

U=Al+B (5.3.1)

hay [=CU+D (5.3.2)

O day A, B, C. D 1a cdc hing s6 phiic chi phu thudc vao céc thong s (sdd,
ngudn dong, cic 16ng tré) cha cac phdn tir & trong mang mot cira ¢é nguén.

Phuong trinh (5.3.1) hoac (5.3.2) dugc goi 1a phuong trink co bdn cia
mang mot ¢ifa c6 ngudn.

5.3.2. Dinh ly Thevenin
Ta hay xét phuong trinh co ban cda mot mang mot cita tuyén tinh c6
nguon ¢ ché€ do xac lap hinh sin (& H.5.3.1) viét dudi dang :

U=Al+B (5.3.1)

trong dé A va B la céc hang s¢ phic dic trung cho mang mot cira tuyén
tinh ¢6 nguon di cho.

- Hirh 5.3.2
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Ta c6 thé xdc dinh duge tri s6 vh ¥ nghia cha cic hing s6 phitc A va B
bang cdch tinh toan hodc thi nghiém véi mang mot cita tuyén tinh ¢é ngudn &
hai tinh trang dac biét la tinh trang hé mach (hay khong tai) va tinh.trang
ngin mach :

1. Tinh trang hd mach hay khéng ti

Ta cat bd Z,;; & giita cdc cuc A va B cla mang mot clta ¢é ngudn nhyu &
H.5.3.3. Nhu vay mang mét cira & trong tinh trang h& mach (open circuit)
hay khong 1ai. Vé Iy thuyét tinh trang hé mach tuong Ung vdi téng tré Z,; c6
tri 36 vd cing 16n Z;; = «©, V&1 mang mo6t clta hé mach thi dong dién trén
cura bang khong

[=Tame =Ths =0 (5.3.3)
‘va dién dp trén cua goi la dién dp ho mach
U =Uaps =Una {5.3.4)
|m:,=0 A A
' I__-_+. :
M’ang mot Mang mot
clra tuyén . . . clra tuyén i =i
tinh cé Dsans = Una tinh cé W 'ABngin = ‘ngén
nguén ngudn
I ' &
8 B
Hinh 5.3.3 Hinh 5.3.4

Ta dva vao ky hiéu E_| (hay E ) dinh nghia b&i dang thiic

Thevinin
Em =Um =pABh(r (5.3.5%)
goi 12 sdd cia sg dé Thevenin.
Thay (5.3.3), (5.3.4) vao (5.3.1) ta ¢6:

Um =AIn+B=A0+B=B | (5.3.6)
Tir (5.3.5) va (5.3.6) ta 6 :

Em=Uw=B (5.3.D
Vay hang s6 B trong phuong trinh co ban (5.3.1) cfia mang mot cira

tuyén tinh ¢é nguén chinh 1a dién dp I‘Jh(r hay sdd én :

2. Tinh trang ngdn mach cla mang mot cira ¢ nguén

Ta néi cdc cuc A va B cha mang mot cira ¢ ngudn bang mét day dan cé
téng tré bang khéng. Lic nay mang mot cira ¢6 ngudn & trong tinh trang
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ngan mach (short - circuit). Vé Iy thuyét tinh trang ngin mach tuong ting
vdi Z,; = 0. Liic nay dién 4p Utrén cira cla mang mot cita ¢6 ngudn bing
khong va dong dién T ¢6 tri s6 goi 12 dong dién ngan mach Ingin:

U = U a ogin =0 (5.3.8)

. i: iAH ngén = Ing&n (53.9)
Thay (5.3.8) va (5.3.9) vio (5.3.1) ta ¢6 :

{Jngén —_—0=Aing§n+B (5310}
Tir(5.3.10) ta ridt ra :

A= —- (5.3.11)
Inga'n
thay B bang tri s6 cha nd theo (5.3.7) vao (5.3.1 ) ta ¢6 :
A= — U" = F“‘ (5.3.12)
Inga‘in Ingin

Ta dwa vao ky hiéu Z,, (hay Zqy...in) dinh nghia bdi ding thic :

z, = _En (5.3.13)

Inlﬂn Il‘lgﬁl‘l

goi la téng trd clia so dé Thevenin.
Tir (5.3.12) va (5.3.13)ta c6d :
A=-Zq ' (5.3.14)

St dung cdc ky hiéu E va Z;, ta ¢S thé viét phuong trinh co ban
(5.3.1) cia mang mo6t cira tuyén tinh ¢6 nguén dudi dang sau :
U=En-2Z,1 (5.3.15)

Phuong trinh (5.3.15) twong \ng vdi so 36 tuong duong & H.5.3.3, trong
dé mang mét cira tuyén tinh cé nguén dugc thay thé bang mot so d6 tuong
duong (mdr mdy phdt dién twong duong theo danh tlr cia Thevenin) gom mot

nguén sdd E., ndi ti€p véi mot téng trd Zy,,. Vay ta da chitng minh dinh 1y
sau day, goi la dinh [y Thevenin : '
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“Mot mang mot cia tuyén tinh c6 ngudn cé thé dugc thay thé bang mot

s0 dé tuong duong gém cé mér ngudn sdd E,, néi tiép voi mot tong tré Zy,,

U, trén cita cia mang mét cia ¢6 nguon khi hd mach va téng 1rd Zy, ¢6 tri
s6 bdng ty 56 cita dién dp U, . Sdd E., c61ri sd bang dién ap U, vai dong

dién ngdn mach [, . cia mang mét ciea ¢6 ngudn khi ngdn mach”.

Ngudi ta goi so d6 tuong duong nay la so d¢ Thevenin ciia mang mot
clra tuyén tinh cé ngudn. Dudi day ta s& xét mot vi du vé tng dung dinh 1y
Thevenin,

Vidy 5.3.1:

Tim cédc théng s6 cla so d6 Thevenin tuong duong vdi mang mot cira

tuyén tinh c6 nguon & H.5.3.5a véi cic thong s6 E,=100£0°V,
E, =100230°V v Z, = Z, = (50+{30) ©. Ung dung dinh 1§ Thevenin dé tinh

I, véi a)Z,=10Q, b)Z,=(15+j15) Q.
Z, Z; Zmn
— ——
A A
E, Z, O Enn
B B
aj Hinh 5.3.5 b}
Gidi : |

So 46 Thevenin tuwong duong véi mang mot cira da cho duge vE & H.5.3.5b.

Dé tim tri s6 cha sdd Em ta cit bo Z, (hay cho Z; = o6) va tinh dién 4p
h& mach Uws =Unasws (H.5.3.6).

z, z, z, z,
— J — — ——

_ A L
E, Urs E; E, Qb v Ingén CD E.
I B th

Hinh 5.3.6 Hinh 5.3.7
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Ap dung cong thitc (3.3.16) clia phuong phdp dién ap hai mit cho so dé
O0H.5.3.6tacd:

© o« EY,+EY, EZ +EZ
Uh{! = U»‘\th'! = == . = - =
Y, +Y, Z, + 2,
_ (100£0°)(50 + j30) + (100230°)(50+ j30)
2(50 + j30)

=(93,30 + j25) V = (96.59 £15")V
Vay sdd I:Z'm bing :

11:'111 = l'Jh(r =(93,30+ j25)V =(96,5915")V

Tiép theo ta cho 7, = 0 (nGi ngan mach A va B) vi tinh dong dién ngan
maCh 1ngf|n= iAB ngin (HSS-?)'

Ta dé thay rang :

B —él«-», E- _ 100.20° . 100230"
w7, 50+j30 0 50+30

=(3,185-j0,911)

=(3,313/15.96°) A. (5.3.13)
Theo céng thitc (5.3.13) ta tinh dugc téng trd Zy,

S, _ Un _ 9330425
R 3,185-§0,9112

Ingnn

Ta ciing cé thé tinh dwoc Zp, bing cdch cho triét tiéu cdc ngudn 0 trong

=(25,00+ j15.00)C2

mang mot cita cé ngudn, tic cho E;=0vaE:=0, va tinh t6ng trd tuong
duong ciia mang moét cira khong nguén déi véi cdc cuc A va B (H5.3.8)

M+
1]
o
m
K
1]
o]

_ Hinh 5.3.8
Ta dé thdy rang téng trd Zq, la téng trd twong duong cia hai téng trd Z,
vi 7, nGi song song vO1 nhau :
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_Z)Z, _(50+30)(50 + j30) (50 + j30)
Wz, 2(50 + j30) 2

=(25+j15)Q

St dung so d6 Thevenin ta dé tinh dugc dong dién Is twong dng véi mot
tri 36 bat ky ciia Z, : is ZP—EL
Zn+Z,
a) V&iZ,=10tacd
P 9330425
=
(25+15)+10
b) Véi Z, = (15+j15)Q ta ¢6

P 9330425
T @515+ (154 j15)

=(2,511-j0,3617)A =(2,537/ - 8,198")A

=(L,793-j0,7196)A =(1.932,21,87°)A

5.3.3. Binh Iy Norton

Sir dung phuong trinh (5.3.2) va cdch lap luan trong tu nhu & muc 5.3.2 ta cé
thé chiing minh dugc dinh Iy Norton sau day :

"Mt mang mot cita tuyén tinh c6 ngudn cé thé dugc thay thé bdng mét so
dé nuong duong (sods Norton) gom cé mot nguon dong Jw (hay J o) néi
song song voi mot 16ng dan Yy (hay Yy, (H.5.3.9). Nguén dong Jycé tri so

bang dong dién ngdn mach I u clia mang mot cia ¢é ngudn khi ngdn mach, va
tong dan Yy ¢é tri 56 bdng 15 s6 cila dong dién 1,,, véi dién dp ho mach

Uis ctia mang mor cita c6 ngudn khi hd mach

Tn = Login (5.3.16)

A
* ingin
E Yo == (5.3.17)

_______________________________

Vv —

UH!‘
[] Zu Dinh 1y Thevenin va dinh 1y
Norton cho ta hai so dé tuong
duong cha cling mot mang mot
_ cira tuyén tinh ¢6 nguén. Di
______________________________ B nhién 1a hai so d6 nay phai
Hinh 5.3.9 twong duong v6i nhau. Giita céc
théng s6 cia so dé Thevenin va so dé Norton cia mat mang mot clrta tuyén
tinh c6 ngudn cé cac quan hé sau day :
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(5.3.18)

L] ; l
N _.l::l"__, Y, -—
ZT'h ZTh

va
[
(5.3.1%)

<]
Em=—r, Zp ==~
YN YN
5.4. TAIHOA HOP CUA MOT MANG MOT CUA TUYEN TINH CO NGUON
Gia sur da cho mét mang mét clra tuyén tinh ¢6 nguodn. Van dé thudng gap
12 cdn tim mot tai dac biét sao cho céng sudt tic dung ma tai nhan ducc tir
mang mot cita tuyén tinh c¢6 ngudn dd cho c6 tri 56 cyc dai. Tai dac biét nay
dugc goi 12 tdi hoa hgp cia mang mot clra ¢d ngudn di cho.
Bai todn nay dé giai dugc bang cdch ap dung dinh 1y Thévenin.
Ta hay thay th€ mang mot cua tuyén tinh ¢é ngudn da cho d H.5.4.1a

bang so d6 Thevenin ¢ H.5.4.1b.
A Zm A Iy
D — =
Mang
mdt cla . . _
tuy&n tinh U 1 ’H’Z“"i & m (D HZ @
o ngudn
B .
b) &
a) Hinh 5.4.1
Theo so d6 0 H. 5.4.1b ta dé tinh dugc dong dién tai:
R S
e ZTh + Ztéi
Gia sur ZTh = RTh + jXTh
va Zigi = Rz +iXyi
ta Cé ilaii = s ETh -
(R + X ) + (Rygi + X 145)
En
= Th (5.4.1)
(R +Ryai )+ (X + Xoai)
Tit (5.4.1) ta dé thay réng néu ta chon tat sao cho
' (5.4.2)

X+ X =0
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tifc X = - X - (5.4.3)

E'I‘h

thi I, = RTIR

(5.4.4)

Lai

s€ c6 tri sO tuyét doi (hic moduyn) [, 16n hon so v&i (5.4.1)

Bay gi0 ta chi can chon Ry sao cho cong sudt tdc dung trén tai dat cuc dai.

Ta co
2 EX
Pt:ii :Rldllldl :Rlai——m Th P
(R, +R ;i )
ClPI _E%'h d Rt.n
dR““ th‘“ (RTh+R|a|)
(RTh+Rta|) (RTh"'Rlaii)Rl;ii
(RTh +Rldl)
:(R'rh +R|ai)_2R:ai
3
(R, +R|ai)
va dR —O khi R4 =Ry, (5.4.5

Két hop hai diéu kién (5.4.3) va (5. 4 5) ta keét luan ring cong sudt tic
dung trén tai s& cuc dai khi :

¥

Zysi =2, (5.4.6)
tifc la tong trd cla thi bang tri 6 lién hop cia téng ud Z .

Tai thod mén diéu kién (5.4.6) duoc goi la tdi hod hop cha mang mét cifa
c6 ngudn.
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Vidy 5.4,1 :

Tim tong trd cla tai hoa hgp va tinh tri s6 cuc dai cia cong suat tac dung
trén tai cho mang mdt clta tuyén tinh ¢é ngudn & vidu 5.3.1.

Giai:

O vi du 5.3.1 ta da tim duoc

By =22t B2 20 g6 50 150w 7, -2 _ (254 15100
Z,+Z, "7, 42,

Téng trd cha tai hoa hgp duge xic dinh bdi (5.4.6) :

ZTa'u hui hugp = ZLm = (25 - j] S)Q
Dong dién tai hod hgp bang :

. - . . a
T Em _ Em =96,59£]5 - (1.9322159)A

R, +R, 2R, 2(25)

Céng sudt tdc dung cuc dai trén tai ciing 12 cong sufl tic dung trén tai
hoa hgp bang :

Ey > En _ (96,59

tai max — Pléi i hg I‘ - 293,30W
hod hop * Ligihed bop r‘n 2R'I‘h 4R 4%735

p

Th

139



CAU HOI KIEM TRA

5.1. Binh nghta mang mét clra? Khi nao hai cuc lam thanh mot clra?

5.2. Phan biét mét mang mot cita ¢6 ngudn véi mét mang mot cira
khdng ngudn? Cho mét s6 vi du. '

5.3. Téng trd vao cta mot mang mot clfa tuyén tinh khong ngudn ta gi?
Néu mét sé cach tinh t8ng tré nay? Cho mot s6 vi du.

5.4. Phuang trinh co ban cia mot mang mét clra tuyén tinh cé ngudn cb
dang nhu thé nao? Y nghia ciia cac hé s6 trong céc phuang trinh nay la gi?
C6 thé xac dinh ching bang cac phuong phap nao? Cho mét 56 vi du.

5.5. Phét bidu dinh ly Thevenin vé mét mang mét clra tuyén tinh cé
ngudn. Co thé xac dink Eq va Zry, béng cac phuong phap nao. Cho mot s6
vi du.

5.6. Phat bigu dinh ly Norton v& mét mang mét cifa tuy&n tinh c6 ngusn.
C6 thé xac dinh Jva Yy biing cac phuang phap nao. Cho mdt s& vi du.

5.7. Chiing minh réng gitta Ey,, Zy, va Jy, Yy cGia mot mang mét clra
tuyén tinh ¢6 ngudn cé quan hé sau day:

. E
], ==
N Zrm
1

5.8. Cho mot s8 vi du vé (ng dung dinh Iy Thevenin va dinh ly Norton
trong viéc gidi mach dién,

5.9. Téi hoa hop cla mang mét cifa c6 ngudn 13 gi? Ching minh rang

vGi Ziz; = Zmthi cong sudt tac dung Py, dat cuc dai. Cho mét sé vi du.
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BAI TAP

BT.5.1. Tinh t8ng trd vao cla cac mang mét cita tuyén tinh khéng ngudn
oHBT51a b, cwacjvéﬂz1 (2+]3)Q, Z,=(4+8)Q, Z; = (10 + j20) O,
={10-j10)Qva Z;=(5+j5 Q.

Z1 Za ’ Z1
19—} >

2, Zs z.,“

9

1

H.BT.5.1

BT.5.2. Tim cac théng s6 cla so dd tuong duong Thévenin va so dé
twgng duong Norton clla cac mang mét CLra tuyén tinh cé6 nguén &

HBT52abcvad Zs
Z3 1 2 1
1
Z Z
E Z :
= Ez
‘ — T
Y 21
a) b}
21 Za
— L & 21
Zy Zz
E'(D z | 2
v ] 3
I 2 3 £ I
I\ 1 . —a1
c) H.BT.5.2 =3]
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Cho E, =50£0°V, E, =(604%] v, j:[mz%) A,

Z1=(1+]2) Q. Z,=(3+)4)Q, Z3=(4 +)5) Q

BT.5.3. Tinh dong dién qua t8ng trd tai Z,; = (20 + j30) Q khi tdng trd
nay duge ndi vao mang hai cdia ¢6 ngudn & bai tap BT.5.2.

BT.5.4. Tim t8ng trd tai cho cac mang mdt clfa ¢6 ngudn & BT.5.2 dé
cho cdng sudt tac dung thu dudc trén tai dat cuc dai va tinh tri s6 cha cdng
sudt cic dai nay.

BT.55. Cho .mach dién & HBT55 vdi E, =(10040°) v,
E, =[1204%J V,R,=R,=40 0, oL, = 80 Q, oL, = 60 Q va oM = 50 Q.

Céc cue cang cuc tinh cda L, va L, la cac cuc co dau sao (*).
1, Tinh 1, néu Z; = (30 + j50) Q

2. Tim Z, d& cong suét tac dung trén né dat cyc dai va tinh ¢ong suat
cuc dai nay.

M
R1 * L1 / \ L2 * Rz

H.BT.5.5

BT.5.6. Giai BT.5.5 v@i cac cuc clng cye tinh cda L, va L, 18 cac cyc ¢b
dau cham (e).
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Chuong 6
MANG HAI CUA TUYﬁN TINH KHONG NGU&N

6.1. DINH NGHIA CUA MANG HAI CUA TUYEN TiNH KHONG NGUON

Vi nhiéu 1¥ do khdc nhau nguén di¢n va tai thudng khong néi truc ti€p
véi nhau ma ndéi qua mot bd phan mach dién trung gian. Bo phan mach dién
trung gian nay c¢é hai déi cuc (two pairs of terminals). Doi cyc duge noi véi
ngudn thudng duge k¥ hiéu 1a 1 - 1, d6i cuc kia duge ndi véi tai thudng duge
ky hi¢ula 2 - 2' (H. 6.1.1).

i an 1 11

1

. Mang
E - T
ng (D Uy hai cita 2

—
~

1

e

]Ztéi

KNy —— e N
| o |

—
—
LI
1]
—
L2

Hinh 6.1.1
Trong trudng hgp nay, 0 ché d¢ xdc lap hinh sin, dong dién (hiéu dung
phitc) I,v6i chidu duong di ra khéi cuc 1' phai bang dong dién (hiéu dung
phitc) i, vdi chiéu duong di vao cuc 1 tic :

I=1i (6.1.1a)
Véi diéu kién (6.1.1a), déi cuc 1 - 1' 1am thanh mgr cua (a port).
Dong dién I,vé6i chiéu duong di vao cyc 2' bing dong dién I, véi chiéu
duong di ra khoi cuc 2 nic '
' I,=1i, - (6.1.1b)
V6i didu kién (6.1.1b), doi cuc 2 - 2' 1am thanh mdt cita.

Cac diéu kien (6.1.1a) va (6.1.1b) dugc goi 1a cdc diéu kién vé cia (port
conditions),
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Bo phan mach dién giita cac doi cuc 1 - ' va 2 - 2' thoa man cdc diéu
kién vé cta (6.1.1a) va (6.1.1b) dugc goi 1a mot mang dién hai cita (a two -
port network). D6i khi ngudi ta ciling goi bd phan mach dién nay 1a moér mang
bén cuc (a four - terminal network).

De trinh sy hiéu ldm véi truong hop 1 I, I, 3
mot bd phan mach dién ¢é bén cuc 1, = =
2, 3 va 4 ma cdc dong dien 1, I,, I, )
d - s S I
va I, (H.6.1.2) & cdc cuc chi thoa man L, ¢
———— -
dinh luat Kirchhoff thi nhat 2 4
-+ L+ L -0, =0 Hinh 6.1.2

ma khong thod man diéu kién vé cdc cita, vi du = I, va iy = 1.
ta s&¢ khong dung danh tir mang bén cuc nhu la tir ddéng nghia clia danh tir
mang hai cta. '

V&i mot mang hai cira, ngudi ta chi quan tam dén cac dong dién va dién
ap taicacclralal,, i: Gelral-1'va U2 , 12 O cua 2 - 2' ma khéng quan tim
dén cdc dong va dp khdc & bén trong mang hai cira. Ta s& goi U, , i, . U2 , 12
la cdc bién co bdn ciia mang hai ctta. He phuong trinh cho ta quan hé giita cac
bi€n co ban cha mang hai cira s& dugce goi 12 hé phuong trinh co bdn céa
mang hai cua.

Cic mang hai clta ¢6 thé dugc phan loai thanh cdc mang hai cita tuyén
tinh (linear two - port networks) va cic mang hai cita phi tuyén (nonlinear
two - port networks).

Mot mang hai cira duoc goi 14 tuyén tinh néu hé phuong wrinh co bdn cia
no la mét hé phuong trinh tuyén tinh. Trong trudng hop ngugc lai, ta ¢é mang
hai ctta phi tuyén.

Trong chuong nay ta chi xét cdc mang hai clra tuyén tinh.

Cac mang hai clrz con duge phan loai thanh cdc mang hai cira ¢6 nguén
(active two - port networks) va cdc mang hai clta khong nguén (passive two -
port networks).

D¢ x4c dinh xem mot mang hai clta 83 cho 12 mot mang hai clra ¢6 nguén
hay la m¢t mang hai cira khéng ngudn ta c6 thé dya vao mot trong hai tinh
trang sau day.

1. Tinh trang v&i cac clfra hd mach

‘Ta lam h& mach & cc clta 1 - 1' va 2 - 2" tic cho 1, =0, I, =0 va do hoac

tinh céc dien dp U, gilta cdc cye 1 - 1'va U, , gilfa cac cuc 2 - 2' (H.6.1.3)
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Uy = O thi ta ¢ mot
mang hai cwra khoéng
_ngudn. >

- Néu it nhat mot trong
hai dién 4p nay khidc
khong thi ta cé mot mang
hai cita c6 nguén.

Vidy 6.1.1:

. Voi mang hai cia &
H6.1.4, khi I,,=0 va
I =0tacé:

Uy =E; 20. Vay day
12 mét mang c6 ngudn.

Vi dy 6.1.2:

Véi mang hai cira &
H.6.1.5, khi 1,,=0 wa
iz_h& =0 tacod:.

Vay diy 1a mot mang hai
clra khéng nguén.

2. Tinh trang v&i cac cifa ngén mach

Ta lam ngin mach céc
déicyc 1 - 1"va2 -2 nic
cho Ulng =0 va 1:12,,3 =0
va do hodc tinh cic dong
dién ngdn mach ilng 3 clta

1-1'va izngé clra 2 - 2'.

1 i”,(, =0 =0 2
——— . ————
. Mang .
Ui hai clfa Uz ke
L — -
1 1 : 2|
Hinh 6.1.3
Tine=0 2, Z; I;ne=0
U 2hd
. i1h6=0 Z, Z; i2h5=0
. —r—{ ey
: []zs .
U, s U2 na
Hinh 6.1.5 '
Ling 1 2
» Mang L] hd
Ujn=0| haiciia | U, =0 | T I2ng
1 2
Hinh 6.1.6

- Néu ilng =0va ian = ( thi ta ¢6 médt mang hai cira khéng nguén.

10-LTMAGH
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- N€u it nhdt mét trong hai dong di¢n ngin mach ilng va 12%, khdc khong

thi ta cé mét mang hai cita cé nguén.
Vidy 6.1.3:

1_ I1t‘u; Z, ZZ Ian 2

Hinh 6.1.7

V6i mang hai cira & H.6.1.7 v6i cdc clra 1 - 1" va 2 - 2' bi ngén mach ta dé
thay rang:

I, =— E3 * %2 = _E3zz 20
tng 22y | Zy+Zy Z,Zy+ 27,427,
Zy+ 22 : -
Ly +2Z,
o E Z E.Z A
- I.. = 3 - 1 — Kt — 20
va BTN LTy | LrZy Tyl v ZyZayt 24l
S L I
T4+ 2,

Vay day la mét mang hai cira c6 ngudn. (Cén luu ¥ rang trit mét s6 trudng
hop dac biét thi nghiém ho mach trén cic cira thudng khong gay ra nguy hiém
gl trong khi thi nghiém ngédn mach c6 thé gay ra hu héng thiét bi néu cac
dong dién ngidn mach ¢é tri s& 16n).

Trong chuong nay ta s& xét cac mang hai cira tuyén tinh khéng nguén.

6.2. HE PHUONG TRINH CO BAN DANG A CUA MOT MANG
HAI CUA TUYEN TiNH KHONG NGUON. CACH XAC BINH CAC HE SO
A li,k=1,2)

Né&u mang hai ctra chi gém cdc phdn tir tuy€n tinh thi tir hé phuong trinh
dong nhanh hoac h¢ phuong trinh dong vong. hodc hé phuong trinh the nuit
vi€t cho phin mach dién bén trong mang hai cua (giifa cdc doi cyc 1 - 1' va
2 - 2') 0 ch€ do xéc lap hinh sin ta dé rit ra cdc phuong trinh tuyén tinh lién
hé céc dong va 4p trén cac clra U,, [va U,, I, duéi dang
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{U1:AHU2+A|212+A13 (6.2.1)

I = Ay Uy +Apl, + Ay,
vl Ay (i =1, 2 va k = 1, 2, 3) 14 cdc hé s6 phic hoan toan dac trung cho
mang hai cira tuyén tinh da cho.
Néu mang hai clra tuyén tinh dd cho 14 mét mang hai clta tuyén tinh
khong nguén thi voi I =1, =0 va I, =1,,, =0 ta phaicé U, =U,, =0 va
Ty =Uppe =0, tilc A3 =0 va Ay = 0.
Vay hé pkum:g trinkh co ban cia mdt mang hai cia tuyén .'mh khong
nguon cé the viét dusi dang
I = AMU2 + Asyyl,

H¢ phuong trinh (6.2.2) cho ta dién 4p & clra vao U, va déng dién & cira

(6.2.2)

vio I; 1a ham s& bac nhat cla dién ap & cira ra U, va dong dién & cia ra 1,
val cac he s6 duge ky hiéu bdi cac chir Ay (i, k = 1, 2). Ngudi ta goi he

phuong trinh nay la hé phuong trinh co bin dang A cla mang hai cita tuyén
tinh khéng ngudn.

Dé thay rd ¥ nghia cla cdc hé s6 Ay (i, k = 1, 2) trong hé phuong trinh ca
ban dang A ta xét cdc tinh trang sau day:

1. Tinh trang vé&i clta ra hd mach

1 Iyi=lype I; =lp=0 2
— ——— . . .
Uy IU:?hc
—_— -
1. 2'
Hinh 6.2.1

- Ta cho clra ra 2 - 2" hé mach (I, =1,,, =0) (H.6.2.1) va ta xdc dinh dién
dp U,y & cita ra va dong dién I,;, & cira vao, trong khi cira vao dugc ndi vao
mét ngudn cé dién dp U, nao dé.

Tirhé phuong trinh co ban (6.2.2) véi 1, =1, =0, ta cé:
Uy =AUz (6.2.3)
va . Line = Az Unng (6.2.4)

147



Tit (6.2.3) va (6.2.4) ta nit ra:

Ay = Y O (6.2.5)
Usg Uy i,=0

va g = e _ 1y (6.2.6)
U Uz iy=0

Cic cong thitc (6.2.5) va (6.2.6) cho ta xdc dinh dugc cdc he s6 A}, va Ay,
bing thi nghi¢m hoac bang tinh todn. Ti (6.2.5) ta thay rdng A, khong c¢6 don

vi, con tir {6.2.6) ta thiy ring A,; c6 thi nguyén cia tdng din vA c6 don vi la
siemens (S).

2. Tinh trang voi cifa ra ngén mach

Hinh 6.2.2
Ta lam ng&n mach cra ra 2 - 2' (U2 =Uan =0} (H.6.2.2) va xdc dinh
dong dién ngin mach I, = iingé clrta ra va dong dién ngén mach I, =1,,, & cira
vao, trong kln cira vio 1- 1" dugce d&t vao mot ngudn &p vdi dién dp U, nao do.

Tir hé phuong trinh co ban (6.2.2) véi U2 = Uan =0, ta cé:

Uy =Aply, (6.2.7)
va Ij0g = Aglzng (6.2.8)
Tir (6.2.7) va (6.2.8) ta riit ra:
U U
A, =_-,::L =1 (6.2.9)
Li  Lalo,-0
i - .
va Ay =2 L (6.2.10)
g Laly, -0

 Cdc cong thiic (6.2.9) va (6.2.10) cho ta xdc dinh dugc céc e s6 A, v
A, bing thi nghi¢m ho3c bing tinh toin. Tix (6.2.9) ta thiy rang A,, cé thu
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nguyén cia téng trd va cé don vi 13 ohm () con tir (6.2, 10) ta thdy ring A,,

khéng ¢é don vi.

Vi dy 6.2.1: 1 Zyr Zor 2
Cho mot mang hai ctra hinh T & * —F 1 — *
H.6.2.3 gém cac tdng td Z,;p = jl0 Q;
.Z2T =10 Q va Z3T =(5 +_]5) Q. Hﬁy XAc Zsr
dlnh Cac hé s& AikT (l, k= 1, 2)
Gidi ; : ; , 0 =2,
_ . \ Hink 6.2.3
1. Tinh trang vé&i clra ra hd mach
Tir sg d6 & H.6.2.4 ta dé tinh dugc:
: U
Iy =—i 6.2.11
T 2+ Zyy ( )
va Upeg = Zplipg = 52210 (6.2.12)
2hd = L31hha Zog +Zay ol
i1h6 Z1T ZZT i2m=0
U1 J [‘] Z3T l U2 hé
Hinh 6.2.4
Vay, theo cic cong thic (6.2.5) va (6.2.6) ta c6:
] Ay =t ZimtZsr iy (6.2.13)
U Zyy Zyr
Vé A21T = .ilhb =L (6.2.14)
Use Zar
2. Tinh trang vdi cita ra ngin mach
l,ng Zyt Zyy im
U
: [I]zaT
Hink 6.2.5
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Tir so d6 d H. 6.2.5 ta dé tinh duoc:

i = U, _ UI(Z2T+Z?-T)
ing — 7,7 _Z a 7.7 (6.2.]5)
7,0+ 2214an 112t + ZyrZar +ZarZyy _
Zyr+Zyy
: : Z U,z
L, =1, x T - 1231 (6.2.16)
e T Zor + 2y ZyrZop + LypZar + ZygZyg
Vay theo cdc cong thic {6.2.9) va (6.2.10) ta ¢c6:
U, Zy5Zyp+ZypZar +Z z
Apyp = e = 2ot Zzg ar +ZagZyy =77 +Zyy + 1ot (6.2.17)
Lng aT Zy
I
va Agyp =% = IntZyy Lo (6.2.18)
g Z7 Zyr

Ap dung béing s6' - V6i Zy1= j10 ©Q; Zyp = 10 Q@ va Zap = (5 + j5) O ta c6:

Z j10 .
A = —iT = =
IT I+Z:+T l+5+j5 2+]l
A —-l——;'—(o 1-j0,1) §
HT 7 (5+j5) ’
ZipZyr . (j10)(10) ‘
Ay =Zyr + Zoyp + T2 0+ 10+ 222 2L (204 120) Q
127 T 2T Z'_’,T J (5+_]5) ( i )
Ly 10
Ayt _l+_Z31- _1+5+j5 =2~jl

Vidy 6.2.2

Cho mang hai ctra hinh n & H.6.2.6 v6i céc téng trd:
Zin=j100) Zyr = 10 Q vi Zag = (5 + i5) Q.

Hiy xdt dinh cdc hé s6 Ay (i, k=1, 2).

1 11 Z3n ig 2
» z x Z »
U1l | 2m l U2
1 Hinh 6.2.6 2



Giai:
1. Tinh trang vdi cira ra hd mach
I Z in i?ha = 0 2

Iina

1
l.‘l1l Z]n 221( \UZhé
1 )

Hinh 6.2.7

Tusodé 6 H.6.2.7 ta dé tinh dugc:

- U U A
Lo = 5+ 5=, (:"——+,——:~*j
‘Z‘]n AZ?‘E +Z}1I .

O = UiZa,
2he ZZR + ZJn

Vay theo cdc cong thitc (6.2.5) va (6.2.6) ta co:

Ay =D Tt ly D - (6.2.19)
' Uana Zox Zon
U,[ L s l - J i
vi A, = Tine _ 2w ZantZan ) _Zow t Ly v i (6.2.20)
1T S = : = g s
2in U_Zh('.‘ U ) ZZT{ ZIHAZH .
"N Z,, +7Z;,

2. Tinh trang vdi clta ra ngidn mach

1 l1ng

: 1 Hinh 6.2.8
Tir so d6 H.6.2.8 ta dé tinh dugc:

U,
Ian =_i_;:"
. U, U 1 1
va I ,v_—*;'—“l—'+‘__—"'=U (—4- J
e Z‘I:t z‘h ] Zln Zﬁn
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V4y theo cic cong thic (6.2.9) va (6.2.10) ta c6:;

U _
Apy=rL1=Z, . (6.2.21)
Zng :
1,1
M Z, 7, Z,+Z Z
vi A " _ Zin 3x _ “3n In =14 iz (6.222)
22” Ian l Z1'.I'I: ZI‘-‘I
Z‘J'n:
Ap dung bdng s6': V6i Zyx =10 Zyn=10Qva Zyr = (5 + j5) Q ta c6;
Z 3+j5
A =1+%=1+ =1,5-j0,5
1ix 221: 10 .
Z, . +Z +Z j10+10+5+j5 .
A B, B R 2 =(0,15-j0,15) S
2in = Zlnzh: (]10)(10) ( J )
Apzx =23 =(5+j5) Q
Z
va Agy =1+§fl 1+ 5;1’(’)5 =1,5-j0,5
n

-

- 6.3, HE PHUONG TRINH CO BAN DANG Z CUA MOT MANG
HAI CUA TUYEN TINH KHONG NGUSN. CACH XAC PINH CAC HE sO

Zi (i, k=1, 2)
Ta ciing c6 thé viét he phuong trinh co ban cha mot mang hai cira tuyén
tinh khong ngudn duén dang sau:
U, =20, +2,,i, . (6.3.1)
Uy =71, + 7,50, | (6.3.2)
O day cdc di¢n 4p U, va U, trén céc cira 1 cdc ham s6 tuyén tinh ciia cdc
dong dién il v iz trén g¢éc cira. Cdc h¢ s6 clia he phuong trinh (6.3.1) va

(6.3.2) déu cd thi nguyen 13 céc t8ng tré nén duge ky hitu 1A Zy (i, k = 1, 2).
V1 th€ he phuong trinh (6.3.1) va (6.3.2) dugc goi 1a he phmmg trinh co ban
-dang Z clia mang hai cifa tuy€n tinh khong nguén.

Hé phuong trinh co ban dang Z c6 thé rit ra dugc tix he phuong trinh
dong nhénh hoic hé¢ phuong trinh dong vdng hoic he phwong trinh th& nit
viét cho phdn mach dién & bén trong mang hai cita (& giita céc doicyc 1 - 1’
va 2 - 2'). N&u ta 44 c6 hé phuong trinh co ban dang A cia mang hai cira thi ta

ciing ¢6 thé gidi h¢ phuong trinh 46 d6i v6i I, va i, d€ dugc he phuong trinh -
co bin dang Z (vdi diéu kién 13 A,, # 0).

152



That vay, gia sit dd cho hé phuong trinh co ban dang A:
U, =AU, +AL],

(6.3.3)
I, =AU, +Apl, ' (6.3.4)
Tir (6.3.4) ta it ra ‘
L I -A,l
U, =L 2222
Y

1Y, (A, -
i 22 ]I (6.3.5)
(AZI } ! [A21 2
Thay (6.3.5) vao (6.3.3) ta dugc:

] [, — Ayl .
Uy =A11['IIA—21222“)+A1212

Au}‘ ( AnAzzJ' '
=| —2 |1, +| Ay ~ 1 (6.3.6)
[A2l i 12 As, 2

Cho déng nhft cdc hé s6 clia phuong trinh (6.3.1) vdi cdc hé s6 cua
phuong trinh (6.3.6) ta c&:

A ALA
Zn*ﬁ"ﬂZu:Alz‘ 22122 :

Cho d6ng nhét cdc hé s6 cla phuong trinh (6.3.2) véi cdc hé s6 cha
phuong irinh (6.3.5) ta cé:

1 __An
Z2l""A21 vazn_ AZI'

Ta ciing c6 thé xac dinh cdc he s6 Z;, (i, k = 1, 2) cia h¢ phuong trinh co
ban dang Z bing cdch xét cic tinh trang hér mach vA ngén mach

Tir hé phuong trinh co ban dang Z véi .'12 =1,,, =0, tacé

Iy 1y 1y=0 .
vi Zy, = Upe _ Uz (6.2.8)
' Ilh('.l II i,=0 _
Tir he phuong trinh co bdn dang Z vé6i I, =1,,, =0 tacé
Zy, = IIJ“"" = IIJ' (6.2.9)
_ 2hd 2 Hj,=0
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U, U,
vh Zing = —2 Y (6.2.10)
llh('i 12 iI:{a
Vi dy 6.3.1:
Hay xac dinh cdc hé s6 Zyr (i, k = 1, 2) ¢la mang hai clta hinh T da cho
Gvidu6.2.1.

Gidi:
Tir so d6 & H.6.3.1 ta tinh duge 1
A i
|h(l ZIT + Z:;T
Vit

Hinh 6.3.1
Viy theo cdc cong thic (6.2.7) va "

(6.2.8) ta co:-

_ “lhiy -
2yt TF Zir +Zay
Thit
U
. : _ “2ha -
va Loy BN Zar
1ha

Tir s d6 0 H.6.3.2 ta tinh duoc:

, U,
s == 7 7 Hink 6.3.2
.,2»|~+ IT in .3

U {
Zygy = i = =Ly
2Zhis
, U
va Lyt = ‘I““Z_ = _(ZzT + Za’r)
2ha

Ap dung bdng s6': V6i Zy1=j10 Q: Zyr = 10 © va Zyp = (5 + j5) Q ta c6
Zir=Zyr+Z3r=jJ10+(5+j5)=(5+j15) Q
=2y =(5+j5Q
Zigr=-Zyr=-(5+)5)Q

v Zyyr = - (Zor + Zyp) = - (10 + 5+ j5) = - (15 + j5) Q.



6.4. HE PHUONG TRINH CO BAN DANG Y CUA MOT MANG
HAI CUA TUYEN TiNH KHONG NGUON. CACH XAC BINH CAC HE SO
Yik (i, k=1,2)

Ta c6 thé vi€t hé phuong trinh co ban cha mot mang hai clra tuyén tinh
khong nguén duéi dang sau:

i, =Y,U0,+Y,,U, (6.4.1)
I, =Y, U, +Y,,0, (6.4.2)

O day cic dong dién i] va iz trén cdc cira 14 cac ham s6 tuyén tinh cua
cdc dién ap U, va U2 trén cdc ctra. Cac hé s6 caa hé phuong trinh (6.4.1) va
(6.4.2) déu ¢6 thit nguyén la téng ddn (nghich dio cia tdng trd) nén dugc ky
hiéu 1a Yy, (i, k = 1, 2). Vi thé€ hé phuong trinh (6.4.1) v (6.4.2) duge goi 1a
hé phueng trinh dang Y cia mang hai cira tuyén tinh khéng nguén.

Hé phuong trinh co ban dang Y cé thé riit ra duge tir hé phuong trinh
dong nhdanh hoac hé phuong trinh dong vong hodac hé phuong trinh thé nit
viét cho phan mach dién 0 bén trong mang hai clra (& gita cdc déi cuc 1 - 1
vi 2 - 2"). Néu ta da ¢b hé phuong trinh dang 7 cda mang hai ctra thi ta cling
c6 thé giai he phuong trinh dé d6i v6i 1, va I, dé duge hé phuong trinh co
ban dang Y (v6i diéu kién 12 Z,Zy; - Z15Z5, # 0).

That vay, gia sir da cho hé phuong trinh co ban dang Z:

Uz = Zzli-l + 22212 t (6.4.4)

Giai hé phuong trinh (6.4.3) va (6.4.4) d6i v6i 1, va I, bang cich dp
dung quy tic Cramer ta dugc:

U, Z,
i U, Zyp
] =
Zy Zy,
Ly, Zy
ZzzJ‘ ( Zm]»
=122 |0, +|-22 |y (6.4.5)
[’—‘-z ! Ay )P
Zy, I:JI
. Z . .
vi : i, :“—UZ =[“QJU1 +[_Z‘_1_L]U2 (6.4.6)
Zn 212 Az Az
Ly Zy

voi Az =202y =732y
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So sanh cdc phugng trinh (6.4.3) va (6.4.4) vdi (6.4.5) va (6.4.6) ta riit ra
cdc hé s§ .

Z -Z
Y 22 \ Y, 12
VAV 127 70120y - 2452,
-7 Z
Y. = 21 , Yo = i
N 202y -22, 2T 702y — L1324

Céc cong thic trén cho ta tinh duge céc hé s6 Y, (i, k = 1, 2) theo cdc hé
50 Zik (l, k= 1, 2) néu 2”222 - 21222] # 0.

Ta ciing c6 thé xdc dinh cdc he s6 Y;, (i, k = 1, 2) ciia h¢ phuong trinh co
ban dang Y bang céch xét cac tinh trang hé mach va ngan mach.

Tir hé phuong trinh co ban dang Y véi U, =0 (2 - 2' ngin mach,
H.6.4.1a)ta cé

I' 3
= b (6.4.7)
. U U;=0
i
va Y, =%=%2- (6.4.8)
1 tly, =
1 I1ng IZny I1nq Izng
.—.——| Pr—i- -
U, ' Yik l U, =0 Us=0 Yik U,
1 : 1
a) b}
Hink 6.4.1

Tix he¢ phuong trinh co ban dang Y véi U, =0(1 - 1' ngén mach, H.6.4.1b)
ta cé '

L 0
Y, =t ==L (6.4.9)
U; U U, =0 '
iZn I
va Yy =—%=-% (6.4.10)
U2 Ualyo '
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Vidy 6.4.1:

Hay x4c dinh cdc hé s6 Yy, (i, k = 1, 2) clla mang hai cita hinh IT d3 cho &
vidu 6.2.2,

Gldal: 11, 2y, L, 2
Cho céc dién the V;. = V,.= 0 va \
col il va iz nhu 14 cdc ngudén ddng 0 Z1n Z ox U
1 2
ndi vao cdc nit @ va @, ta viét he
phuong trinh th& nit sau day cho ; ' ;
mach dién & H.6.4.2; ,
. Hinh 6.4.2
[ ! +-—1—]V +[— ! J\'f =1 (6.4.11)
Zln ZS:: : Z31: 2 : o _
1 ¢ 1 .
vi - Vv, + V, =~I {6.4.12)
{ Z3nJ I (ZZTI Z31|:J 2 2 :
Chi ¥ ring V, =U;, V, = U, ta c6 thé viét lai he phuong trinh (6.4.11) va
(6.4.12) duéi dang: '
. 1 1
I U, + U ' (6.4.13)
a (Zlu Z In J ! ( ZSn J 2 '
. 1 3. 1 1 Y.
I =( ]U +[— ——-—-]U (6.4.14)
2 Z3n : ZZ:: Z3x 2

Hai phuong trinh (6.4.13) va (6.4.14) hclp thanh hé phuong trinh co ban
dang Y cia mang hai cira hinh I1.

Vay tacé cc he s6 Y, (i, k = 1, 2) nhu sau:

Wegtg Yemoz,
R
Ap dung bdng s6 : V6 2y =j10Q; Zyn = 10 Q3 Zan = (5 +§5) Q tacéd
Y, = 1110+5:5 (0,1-j0,2) S |
Y, =-5—:j—5=(f°"_“'°’” s
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i .
Y2| = m—(O,l—_]O,l) S

11 :

6.5. CAC SO DO TUONG DUCONG HINH T VA HINH 11 CUA MOT
MANG HAI CUA TUYEN TINH KHONG NGUON TUONG HO

Gia sir da cho mét mang hai cira tuyén tinh khoéng ngudn véi cdc hé sa
Al Aps Agp va Ag

Néu A Az - AjpA,; = | thi mang hai cira di cho thod man rinh trong hé
(xem muc 6.10). Trong trudng hop nay ta cé thé thay th&€ mang hai cira di cho
bang mot s¢ d6 hinh T gém cdc t16ng trd Z 1, Zs1, Zap (H.6.5.1) hoac bang
mot so d6 hinh T1 gém céc 8ng trd Z, Zyy v Z4n (H.6.5.2) sao cho cic hé
$6 A Ay, Ay vl Ay, clia 5o d6 hinh T hodc hinh IT ldn lugt bang cdc hé sa
A, Ay Ay va Ay, clia mang hai clra (twong hd) di cho.

1 L] 2 L]
Hink 6.5.1 ' Hinh 6.5.2

T cdc cong thire (6.2.13, 6.2.14, 6.2.17, 6.2.18) di tim dugec & vi du
6.2.1 ta dé rut ra duge cdc cong thitc sau diy cho ta tinh duge tri s6 cia cac
téng tr& Zyy, Zyt vA Za1 & sd d6 twong duong hinh T theo cdc hé s6 A, (i, k
=1, 2) da cho:

Ay -1
7= 1l
IT A21
Ay =T
Zoyp = ;22[ (6.5.1)
|
Zyy =X2—l
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Tir cdc cong thie (6.2.19), (6.2.20), (6.2.21) va (6.2.22) da tim dugc O vi
du 6.2.2 ta rat ra duge cdc céng thuc tinh céc téng trd cha sa dé tuong duong
hinh IT:

A
“in = Azzn_l
‘A
7, =—12 6.5.2
2n A” _ 1 { )
Ly =Ap

Vi dv 6.5.)

Hay tim cdc t6ng trd clia so d6 twong duong hinh T cho mang hai cra c6:

All = (l +_]1)
A12=(l +_]2)Q
Ay =(DSs

Va A22=jl

Gidi:
Tacod A Ay - ApAy, =(1 + DGy - (1 H2)GL)y = L.

Mang hai clra dd cho thod min tinh twong hé nén cé thé thay thé bing
mot so d6 hinh T.

Diing cic cong thic (6.3.1) ta cé:

Ay -1 jl-1 .
—_— = e— +
Zyy A, f 1+ Q
s 1 | )
Ya Z3T=A—2I—j—l—-"]1 Q

Vi dy 6.5.2

Tim cdc tdng tr& cha so dé twong dwong hinh I1 cho mang hai ctra da cho
& vidu 6.5.1.

Gidi: ‘
Diing cdc coéng thite (6.5.2) ta cé:
A, 1+]2 .
=22 Tl _gs-n.50
Ln= g 1 g S O8Ik
= = = _e-ina
R N R TP o R
va Zoy =Ap =(1+j2)Q
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6.6. TONG TRG VAO CUA MOT MANG HAI CUA KHONG NGUSN

Ta xét bd phan mach dién e
gém mot mang hai cla gita cic 1 )
doicuc 1-1 va2-2 vaténg trd . -

Z;; cua nd ndi vao d6i cuc 2 - 2' ! Mang
- ] 7. »
{xem H.6.6.1) o, | | hai clia O l []Ztéi
{
I .
2

Ngudi ta goi ty s6 gita dién khéng ngudn
ap U, va dong dien I, v6i cic -—
chiéu duong chon nhu & H.6.6.1

1a tdng trd vdo ciia mang hai cira Lo - R e -
déivdidéicucl -1, Hinh 6.6.1
_ . |
Zlvhu =i_1" (661)

1

DI nhién 12 tr s6 cba t8ng tr§ vao Z,,,, phu thudc vio cic théng s6 dic
trung cila mang hai clra khong nguén (vi du cdc hé s6 A, Zy. Yip. ... (i, k =
1, 2)) va phu thuéc vao tri s6 clia Z;;.

Vi dy, n€u di cho cdc hé s6 A, (i, k = 1, 2) cha mang hai cira, ta c6 cdc
phuong trinh :

U, =AU, +A,l, - (662)

I= AnUs +Anpl, (6.6.3)
va ' U, =2, . (6.6.4)
thay (6.6.4) vao (6.6.2) va (6.6.3) ta duoc

U =(AyZa; +AN,; (6.6.5)
va I, =(A5,Z,; + AN, - (6.6.6)
Vay y AT U, _AnZgi+Ap 6.6.7)

i. B AnZyitAy

Trong trudng hop mang hai cira ngdn mach (Z,; = 0) thi tng tré vao d6i
vdi cic cyc 1 - 1" duge goi 1a 16ng trd vao ngdn mach.
_ _ . ,
Zyngin = = 2L e (6.6.8)
Ilngia Il U,=0 AZZ
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Cdn trong truérng hgp mang hai cita hé mach Z,;; = o thi t6ng trd vao d6i
v6i cdc cuc 1 - 1' duge goi la tdng trd vao hd mach

U U _Ay

Zlhﬂ O

(6.6.9)
Ing Ty feo Al

Vidy 6.6.1: :
Cho moét mang hai cira tuyén tinh khong nguén véi cdc he 56
' Ap=15 A =(10 +j15)
A, =0058 Ay =1+j05
Hay tinh cdc tdng tré vao d6i véicac cye 1 - 1 trong clc truefng hop
a) Zy = (6 +j8) Q
: b)Zy=0 O Zyi=
< Gl -
Ap dung cé(': ocdng thic (6.6.7) ta.cé

_ -(1,5)(6+j8)+(104:j15) -
(0,056 + j8) +(1+.§0,5)
- 19+327 .
1,3+30,9
7 _Ap_(0+jl5)
el T Ay 14§05y
| Al i

=(19, 6+]7 2) Q

(14 ¥ 13) Q

=30 Q

6.7. HAM TRUYE‘N DAT AP CUA MOT MANG HAI cua
Trong mach dién & H.6.7.1 1

ngudi ta goi ty s@ cha dién &p i

Uz Gelrara(ddicyc 2-2)cha | . Mana
‘mang hai cita véi dién 4p & cia U, . _ hai cifa
vio (d0i cyc 1 - 1")«ia mang hai . khéng ngudn
cira 12 Adm (hay hé sd) truyén = e

dat dp ciia mang hai cira, thub‘ng R _

- k\] hign 2 Ky : - - ' ' Hinh 6.7.1-

Ky==2 : 6.7.1
usy, | (6.7.1)

11.LTMACH
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Néu da cho cac thong s6 cha mang hai cira khong ngudn (Vi du Ay, 7,
Yie v.v.. (1, k =1, 2)) va cho tri s6 clia Z,; ta ¢6 thé tinh dugc tri s6 clia Ky
. theo cdc thong s6 dé. Vi du da cho cdc thong s6 A, (i, k = 1, 2) clia mang hai

ctra va Zy;, chi ¥ rang Uz =2, [2 ta cé:
U
K =—'.—2~
U 0,
_ _ U, o Zsil _
AUz + Al (AnZyg; T AR,
Vay
7. ..
Ky=—-24__ (6.7.2)
. AnZy T A

Tir cong thic (6.7.2) ta thdy 1o rang néu Ay (1, k = 1, 2) va Z,;; ¢6 cée tri
$6 hoan toan xac dinh thi Ky, s&é cé mot tri s6 hoan toan xdc dinh. Trong truong
hop nay Ky ¢6 thé dugc goi 1a #é 56 truyén dat dp. Néu Ay (i, k = 1. 2) va Zyy;
¢6 céc tri s6 thay d6i (vi du theo tan s6) thi K sé thay déi theo. Vi thé K
dugc goi la ham truyén dai dp. Diéu nay ¢6 ¥ nghia quan trong d61 vdi cac
mang hai cira dac bié¢t, vi dy nhu cac mach loc tdn sé.

Vidy 6.7.1:
DG6i v6i mang hai cita vdi cac hé s6 A,, dd cho & vi du 6.6.1, hay tinh he
s& truyén dat dp Ky véi
a)Zyui=6+j8)Q
b} vii Z; = o
Gidi
a) Ap dung cong thirc (6.7.2) v6i Z5; = (6 + j8) Q ta cé:
Lo 6+ j8

K = = =
v ApnZyitA,  (L3X6+38)+ (10 +j15)
_ b6+j8 . B 0
= —-—-————19+j27—-0.3028 j0.009174=0,3039 2 - 1,74

b) VGi 7,5 = o ta cd

U
Ky = =2 =AL= L 0.66667
Liy=0 1"
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6.8. HAM TRUYEN DAT DONG CUA MOT MANG HAI CUA

Trong mach dién & H.6.7.1 ngudi ta goi ty s6 cla dong dién I, dclara
v6i dong dién I, & cira vao cua mang hai clta 1a ham (hay hé s6) truyén dat

dong clia mang hai cira, thudmg k¥ higu 1a K:
K, =2 (6.8.1)

Di nhién 12 K; phu thudc vao céc thong s6 (vi du Ay, Zy, Yik. - (LK) =
I, 2) ciia mang hai clra va phu thudc vao tong trd Zy; cha tai. Vi du, néuw da
cho Ay (1, k = 1, 2), chi y rang U,=Z, iz ta co: "
K[ = i:—z =—"-12—"" =
L AyUy +AnL
i, _ 1
+AL AypZytAn

= 6.8.2)
(AyZ (

T&i
Vidy 6.8.1:
Péi véi mang hai cira v6i cdc hé s6 A, da cho & vi du 6.6.1, hdy tinh hé
s6 truyén dat dong K, vai
a)Z,,; =6+j8Q

Gigi:  a) Ap dung cong thitc (6.8.2), véi Z,; = (6 + j8) Q 1a cé:
K, 1 ] 1 _

B Ag s +Ap 0,056+ 8)+(1+j0.5)
=0,52 - j0,36 = 0,6325 £ -34,71°
Vay v6i Zy; = (6 + j8) Q thi

L _0.6325
l]

va I, cham san I, géc 34,71°
b) Véll Zli'li =0 tacd

1 1
Kipgsn = 7— = =
Ingdn = A, 1+j0,5

=0,8 - j0,4 = 0,8944 £ -26,57"
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Vay véi Z,; = 0 thi

—-—~-0 8944
Ilng

va I,,, cham sau 1, géc 26,57°.

6.9. MANG HAI CUA TUYEN TINH KHONG NGUON D01 XUNG

‘Mang hai clra & H.6.9.1 vdi Z,r = Zyr va mang hai cira & H.6.9.2 véi
Zgx = Zyy 12 céc vi dy v€ cdc mang hai clta khong ngudn d6i xiing.

1 z aT . - Z bT 2 1 : 4 abr
Lan Zon .
1 1 . 2!
Hinh 6.9.1 Hink 6.9.2

T cdc cong thdc tinh cdc hé s6 Ay (i, k = 1, 2) theo cédc téng'tré-cﬁa
mang hai cra hinh T (& vi du 6.2.1) va clia mang hai cita hinh 7 (& vi du
- 6.2.2) ta dé thdy ring d6i vdi mang hai clra lchéng nguon d6i Xtmg thi :

Ay =Ap S ©(6.9.1)
Do d6 hé phuong trinh co ban dang A clia mot mang hai ¢ira khéng nguén

déi xing s& & thanh )
U, = A“Ué +'A1'212 ' ' (6.9.2)

Téng trés dac tinh Z; va hé s8 truyén dat g cia mﬁt mang hai cira khdng
nguén dsl xiing.

a) Tong tro dgf: tinhZ, _

Xét mot mang hai cra khong nguén dsi xﬁng Ngudi ta goi téng try dac
tinh (characteristic impedance) clia mang hai cira nay la mét tri s6 téng tr&r
dac biét, ky hiéu 1a Z, sao cho khi né dugc néi vio mot trong hai cita (vi du ‘
2 - 2') thi t8ng trd vio céa mang hai cira d6i v6i cita kia (1 - 19 ciling lai chinh
bang Z. (xem H.6.9.3). ' '
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1 I, 2
— ]
Mang
’ hai cifa .
U ’ i=
! khéng nguén Zw=2Zc
dsi xing
—_—
1’ : 2
Hinh 6.9.3

Ta ¢6 thé dé tinh dugc téng trd dic tinh Z, cha mot mang hai clra kh()ng
ngudn déi xing theo cac hé s6 A, clha nd.

Ta hay tinh Z,.,, cia mang hai clla d6i xing vdi Z;; = Z,, chi ¥ rang
Uy=2-1r:

U] _ALL A,

Ly, =t - (6.9.4)
i I Zui=Zc AnZ +Ay
Chil § ving Z,,;, = Z ta cb
ALZ +A :
Z = 11<¢ " S22 695
¢ A_zlzq‘FAn . ( )
Tix d6 ta cé
ApZ: + ApZ. = ApZ + Ay
hay AnZE = A,
A
Ay
. (A,
va Z.= . N | (6.9.6)

Ngudi ta ciing thudng goi Zy; = Z 13 1di hoa hop ciia mang hai ciia
khong nguén déi xing. '

b) Hé s& truyén dat g

Khi mot mang hai céta khéng ngudn d6i xiing lam viéc véi tai héa hop
Zysi = Z thi quan hé gifta cdc ap va quan hé gifta cac dong & hai cita rat don
gian. Tru6c hét ta hiy ching minh ring véi Z,, = Z, thi |

U ’ .
-t :.I—l (6.9.7)
U, Zigi=Z, L Z;i=Z, '
Thﬁt vay, vGi Z"Iéi = Zc thi .
U2 = Zciz {6.9.8)
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va theo dinh nghia ctia Z_ thi

U _
Zivio = - =Z (6.9.9)
! Zy3i=Z,
tifc U, =21, (6.9.10y

Tir (6.9.8) vi (6.9.10) ta nit ra (6.9.7).
Ngudi ta ky hiéu ty s6 (6.9.7) bang s& phiic &® v3i g = a + jb tidc
U, _i

-— - =gt =gt
U2 IZ

Ziai=Zc Z15i=2Z¢

. =e%=e" L b (6.9.11)
Hé s6 a duge goi 1a hé 56" tdt va b duge goi 12 hé s6 pha.

Tix (6.9.11) ta dé& thdy rang

e' = i =;—l N (6.9.12)
U2 Zyai=Ze 2 Zyai=Z,
hay a= ln—U—L =1n;—' (6.9.13)
' . 2 Zeai=4e L Zygi=Le

va b 12 géc Iech pha (tinh bing radian) gitta U, vd U, khi Z;y; = Z_ hodc géc
léch pha (tinh bang radian) giita I, va iz khi Z; =Z,.
Hé¢ s& phirc
g=a+jb
duoc goi 1a hé sd truyén dat clia mang hai cira khong ngudn d6i xing.
Ta dé tinh duge g theo cdc he s¢ A;, cha.mang hai cira. Ta c6

Ul AU AR
Uz Zis=Lc Uz
© ANZAAR, _ANZ HAp
zZ.1, Z,
—A,+ D (6.9.14)
ZC
. Thay Z, theo (6.9.6) vao (6.9.14) ta cd
2=l A s JALA, (6.9.15)
_ Uz Zygi=Z,
Vay g=10(A,; +JAAL) (6.9.16)
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Hé phuong trinh c¢d ban cla mét mang hai cia tuyén tinh khong ngudn, dai
xlmg va tudng hd dudi dang ham hyperboiic.

Tir (6.9.15) ta cé

l
A+ A A

et (6.9.17)

Chi ¥ ring néu mot mang hai ctra tuyén tinh khong ngudn, d6i xing thoa
man tinh chat teong hé (xem muc 6.10) thi ta ¢6 hé thic

2
Sir dung (6.9.18) ta cé thé vigt (6.9.17) duéi dang
2
_ A -
et = A~ Aniy =A; — JARA (6.9.19)

A+ ARAY

Tir (6.9.15) va (6.9.19) 1a ¢6

£ g8
chg =2 +2e—-~=A” (6.9.20)
e? —et — .

Cudi cung tir (6.9.6) va (6.9.21) tanit ra

Ay =Zg shg ‘ ' (6.9.22)
va A, =hg (6.9.23)
ZC

Cac cong thitc (6.9.20), (6.9.22) va (6.9.23) cho ta cach biéu dién cdc hé
s& Ay, A|; vA Ay, cia mdt mang hai cira tuyén tinh khong nguén, d&i ximg
va tudng hé qua téng trd dac tinh Z va hé s6 truyén dat g cla né.

Thay cac biéu thic nay vao hé phuong trinh co ban dang A cia mot mang
hai cdra d6i xdng ta sé duge :

U, = (chg)U, +{(Zshg)l, (6.9.24)
I = U, +(chg)l, (6.9.25)
Z¢

Hé phuong trinh (6.9.24) - (6.9.25) dugc goi la hé phuong trinh co ban
dang ham hyperbolic clia mét mang hai clra tuyén tinh khong ngudn, d6i xitng
va tuong ho.
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Vidy 6.9.1:
Cho mét mang hai cira d6i xing vdi

An=Ayn=05
Ap=-j75Q
va - © Ay =-j0018

Tim tdng tr& dic tinh Z¢ va he s6 truyén dat g cia mang hai clra.
Gidi : Ap dung céng thic (6.9.6) ta c6

—i75.
_|0 01
1‘&0 = 86,603Q2

v 4p dung cong thic (6.9.15) ta o6
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LA, +y Aty
= 0.5+ J(-j75Xj0,01) =
=0,5+ \(1)0.75

= 0,5+/0, 754¢.-’23 :

=0, 5+ jo, 86603
Ta xét hai trudng hcp '

1. e8= 0,5 + j0,86603 = 1/ 33‘- = ot _en

tic e¥ =1 hay a; =0
n

3 b, =— rad.

va =3

2. e8=0,5 - j0,86603 = 1£ -g = P2t 2 e g,
tfc e* =1 hay a, =0 -

va b, = —g rad .
B¢ chon tri s6 diing cho hé s6 pha b ta c4n dua vaio hé s6

A =Zcshg



.. shg
: hoac A,y ==—=
L. : 21 ZC
Véi b, == tacéd:’
- 3
g=a +jb, =0+j-;i_
x

j_
eB =g 3

M T
: S e -
eB—eB ed_e 3 _ m 3
Shg= > = > .=J51n—3—:‘]—2

Ay =Zcshg= (86,603)(5—\?) =J15 S

‘ sh | Jﬁ -
va A21=—Z—f-=86,§03=j0,01 s o
Véfr b, =-—-g— tacé :
g=a~;, +jb2'=0—j—1:;E
et ——»ute_jg
P e—jg—ejg ., A3
shg = = 2 =jS-ll'l(—§)=—_|—2—.
Ay =Zshg =(86, 603)(4j\—/2~_3'-) ==j75 Q
L)
v Ay =le-’f»=-8—6T%3=—Jo,m s
D& dugc A, =—j75 Q hotic A,; =—j0,01S nhu d cho, ta cén chen
b =—% rad . |
Vay g=—j%
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6.10. MANG HAI CUA TUONG HO VA MANG HAI CUA KHONG
TUCONG HG
Cac mang hai cita tuyén tinh khong nguén ¢dn cé thé phan thanh hai loai:
1. Cac mang hai ctra twong hd
2. Cac mang hai clta khong tuong hé
Néu mang hai cira khong ngudn chi gém cdc phdn tir dién ud R, dién cdm
L. dién dung C va hd cam M, ta ¢4 thé chiing minh rang hé thic sau day sé&
dugc thoa min doi vai céc so dé d H.6.10.1a va H.6.10.1b

I, 1
f;— =L , (6.10.1)
1 U,
1 2 I 11, 2
-~ —i - - +—————»
. Mang Mang .,
U,y hai clfta hai clta U,
khéng nguén khéng nguén
— > f———e
1 2 1 2"
a) b)
Hinh 6.10.1

He thitc 6.10.1 thé hién tink chdt tuong hé (reciprocity) doi khi ciing goi
la nguyén Iy tuong hé.

(Chu ¥ r:?\ng‘ mang hai ctra trong hai so dé6 H.6.10.1a va H.6.10.1b la nhu
nhau. Ta chi déi vi trf cha cdc ngudn dp cho nhau ma thoi).

Mot mang hai cira théa man tinh chit tuong hé (6.10.1) duge goi 1a mang
hai ctra tuong ho (a reciprocal two - port network). Ngugc lai, mét mang hai
ctira khong nguén khong thdéa man tinh chat tuong hé s& duge goi la mét mang
hai cilra khéng tuong hé (a nonreciprocal two - port network).

C6 thé ching minh ring véi céc .
chiéu duong quy wéc cha U,I, va 1 T I, 2

U,.I, nhu da chon 0 H.6.1.1 (v lai & Mang
H.6.10.2) thi cdc hé s6 Ay, Zyo Yy U, hai cita U,
cha mot mang hai clra tuong hé thoa khéng nguén
man cdc h¢ thic sau day — —
1 2|
A“Azz - A|2A2| = 1 (6102)
Z2= 7o, (6.10.3) Hinh 6.10.2
Y|2=“Y21 (610.4)
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Mang hai cdra 12 mé hinh cta
cac transistor ban din 1a mét vi du
dién hinh vé mét mang hai cira
khong tuong hé. Vi duy, so do &
H.6.10.3 1a so db thay thé cia mdt
transistor ban dén.

Trong sd d6 nay cé mot
phan tr mdi 12 nagudn dp phu

thuée E, = Ry1, ¢6 tri s6 dién

Hinh 6.10.3

dp B, phu thusc vao dong dien I, .

Nh& su ¢é mat cha cdc ngudn phu thudc trong so d6 thay thé cla cac
transistor ban dan ma cac phan tir nay c6 tic dung khuéch dai dién dp hodc
dong dién.

Vi du 6.10.1 :
Dol v&i mang hai cira ¢ H.6.10.3 v61 R = 10Q, R, = 5Q, R; = 50Q va
Ry = 2.5 ) hdy tinh cdc théng s6 A; (i.k = 1,2) va thir nghiém tinh tuong ho.
Gidi :
Goi U, la dién 4p trén R trong so dé & H.6.10.3 ta cé
U,=U, +R,I,-R_],

Goi I, la dong dién trong R ta co

-l e ()
=il o U+ o2 1, | 2o i
3 R] R] 2 R3 2 R3 1

Ta viét phuong trinh theo dinh luat Kirchheff thit nhat cho nat O coa so do :
L. 1Y, R 1 [R ]
I =0, +l,=| = U, + 1+ 22 1, -] 32 |
BRI
R, ). 1y, R, 1.
1+ -2 |1, =[ = U, + l+—2JI
o ol oo
T d6 ta nit ra

- I Yoo (Ry+R; ),
o[ = - 6.10.5
L [Ra+RJU2+[RG+RJIZ (6.10.5)

hay
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Ta viét phuong trinh theo dinh Iuat Kirchhoff thi hai cho so dé :
U] :Rlil."‘US:Rli] +R212_~RGII+UZ
=U, +R,1, +(R, —R ),

Thay I, theo (6.10.5) vao phuong trinh cusi nay ta duoc :

. (. R,-R o (R —Ry )R, +Ry) ‘
Ul_[1+_~—RJU2 [ R ]2 (6.10.6)

Céc phuo‘ng trinh (6.10.6) va (6.10.5) hep thanh hé phuong trmh cd ban
dang A cla mang hai cira & H.6.10.3 :

_Ul = An]-_-lz + Alzl_z
I} =AU, +Apl

vOi cdc hé s8

R, -R ~ (R, -R_}R, +R;)
A =1+___1_t1, A, =R, -1 a v 3
"7 TR, +R, 2o R, +R,
Ao L " R, +R,
ZURL+R; T TRUR TR,
Ap dung bing s6' - v6i R =10 Q, Ry =5Q, Ry, =50 0, Ry = 2,5 Q, ta c6
: .. 10-25 8
An =1+ ' 2,5+50 7 ‘
(10— 25)(5+50) 90
= =0
A =5+ 2,54 50. 7
P2
A% =55750 " 105
5+50 22

22 :mzﬁ
Ta nhan thdy véi Ry = 2,5 Q thi _
Anhzn ~Apiy :%x%_%g 135 :Zg 41&3 3(1) .
Vay mang hai clra d cho vdi 12 mot mang hai cira khong trong hé
(NéuR, =0thitacé -
| ' 10

R,
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R, (R, +R;) L RiR

Ap =R+

=R,"+R
R3 l 2 R
21045+ 16 0
1 l
i Ry+Ry . R, . 5 _

 Tacéd o _ .
AnAg —ApAy = (L2Dx (LD~ (16)x(0,02)=1,32-0,32 =1

Vay né’u _Ra =0 thi'ma_l_ng ha.i cira da cho l:‘i 'mot'mja_mg.hai cira tuong hé)

6.11. NOI GHEP CAC MANG HAI CUA
Céc mang hal cira thudomg dugc néi ghép véi nhau theo nhléu cach

1. N&i xau chudi (cascade connection) H. 6.11.1(1)

2. N&i néi ti€p (series connection) H.6.11.1(2)

~ 3. N&i song song (paraHel connection) H.6.11.1(3)

4 N&i noi tiép - song song (series - paréllcl connection) H.6.11.1(4)
5. N&i song song - néi tiép (parallel - series connection) H.6.11.1(5)

Trong s6 cdc cdch n6i ghép nay chi cé & cich ndi xau chudi thi luon dam

bao dugc diéu kién 12 mbi mang hai cira thanh phin vin 12 mang hai‘clra nhu .
la trude khi ching duge ndi vdi nhau, cdn & cdc ciach néi khdc thi diéu kién
nay khong phai bao gidy ciing dugc dam bao. O day ta chi xét viéc néi Xau
chuéi cdc mang hai cira.

Hinh 6.11.2 v€ hai mang hai cita n6i xau chudi v4i nhau.

Cic dbng dién va dién dp ciia mang hai cita th nhat dugc mang thém chi

s6 I a, con cdc dong dién va dién 4dp cla mang hai cia thi hai' dugc mang
thém chi s61a b. '

Gia thi€t ring diéu Kién vé cdc cila
I, i, b, =1, - 61D

va .i.lbzilb; 12b=12b o . (5-1_1-2)
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duge théa min trude khi ndi x4u chudi thi cac diéu kién niy vin duge dam
bao sau khi n&i xau chudi. Piéu nay c6 thé ki€ém nghiém duge bang cach 4p
dung dinh luat Kirchhoff thit nhidt cho céc tap cdt gém hai day dan noéi véi
moét d6i cye (la - 1'a hodc 2a - 2'a, hodc 1b - 1'b hoac 2b - 2'b).

Nhu vay sau khi ndi xau chudi thi b phan mach dién giita cac doi cuc la
- I'a va 2a - 2'a van 12 mang hai clra nhu trude khi néi xau chudi va bo phan
mach di¢n gia cdc doi cyc 1b - 1'b va 2Zb - 2'b vén la mang hai cda nhu trudce
khi ndi xau chudi.

a b
1) N&i x&u chudi
a a
b b
2) Noi ndi tiép 3) N&i song song
a a
b b
4) NGt ndi tiép - song song 5) N&i song song - néi tiép
Hinh 6.11.1
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e Lo & & - i ——
- L] * b -
us A’y Ugl IU1 A Uz
[ o_= gl * -: b
Ta 1, I, 2a 1o I I 2P
Hinh 6.11.2

Diéu nay ¢é nghia la cdc he s§ A}, (i, k = 1, 2) cla mang hai cla thi
nh4t va cdc hé sd A}’k (G, k = 1, 2) cha mang hai cira thit hai van giir ngﬁyén
cdc tri s0 cua ching trude va sau khi ndi xau chudi.

Ta hdy tim cac thong sé A, (i, k = |, 2) cia mang hai cira tuong duong
giita doi cuc la - 1'a va ddi cuc 2b - 2'b.

Dbai v6i mang hai cra thit nhat ta cé

U, =A}U,, +ALL, (6.11.3)
va 1, = AL U,, + A%, (6.11.4)
P61 voi mang hai cira thit hai ta ¢é

U =AY U,y + AD L, _ (6.11.5)
va L = A2 U, + ARy, (6.11.6)
Do viéc n6i xau chudi ta ¢o .

Uy =U,, (6.11.7)
va I, =1y, (6.11.8)

Thay (6.11.7) va (6.11.8) vio (6.11.3) va su dung (6.11.5) - (6.11.6) ta
sé dugc :

U, = Al Uy, + Al L, =
: b 1h by b g
= AN AN U, + AR + AL (AL Uy, +AD,)
hay U, =(A} A}, +ALAS) Uy, + (AL AL +ALAL,  (6.11.9)

Thay (6.11.7) va (6.11.8) vao (6.11.4) va s dung (6.11.5) - (6.11.6) ta
ciing dugc '

. b .
I, =AUy +A%1, =
: : b b
= A3(ATUyg, + AL, + AL (A7 Uy + A1)

hay I, =(A}A] +ALAL U, HAZAY + ARAR,,  (6.11.10)
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Céc. phuong trinh (6.11.9) va (6.11.10) hop thanh hé phuong trinh co ban .
dang A cta mét'mang hai cita tuong duong v6i hai mang hai cira da cho néi
xau chudi. Ta c6 thé viét cdc phuong trinh nay dudi dang sau '
I, =AUy, +Apl,, (61112
véi’ : _

’ L af ab a ab
A =AnALL HARAY
b b
A =AL AL +AQAY,
b b
Ag = AQAL +ARAS
b '
Ay =A% AL+ A‘§2A22_

(6.11.13) .

Céc cong thic (6.11.13) cho'ta cdc he 56 Ay G k= 1, 2) ciia mang hai
- clra tuong duong tinh theo cic he s6 Aj (,k=1,2)va cdc he s6 Albk (i, k=

- 1L2) cua hai mang hai cira dugc n6i xau chudi. Cé.c ‘cong thic (6 11.13) co thé - a

- viét dudi dang ma tridnla

[Au Alz} [A 'ATZ- x A AL (6.11.14)
' A2|_ - A22 A21 . A;‘z Agl : Agz I

Vi dy 6.11.1: Cho hai mang hai cira v6i cdc he s6

A3=05S N A;1= 1
va AN =1 A=

'Azl_oss' A"__l |
néi xau chudi véi nhau nhu & H.6. lI 2. Tim cédc h¢ s8 Alk (1. = 1, 2) cBia
mang hai clra tuong duo’ng S

Gidl :

Ap dung cédc cong thic (6.11.13) ta tinh duge céc he s6 A, clia mang hai
clra tvong duong vdi mang hai cira di cho néi x4u chubi véi nhau;
An=015x1)+(1.x0,5)=2
CAR=(15x00+(0x1)=1Q
Ay=05x1)+(1x05=18
: A22-(05x0)+(1xl)-—1
hoéc dudi dang ma tran:

- [Aq A | _|L5 IIIQ*I' | 0= 2. 1Q
Ay Ax | l05ss 1 [Tlo5S 1 (1S 1
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Vi dy 6.11.2 : Cho mang hai cira
hinh To H.6.11.3 véi ;

Z, =100 Q
VA Z3=i200 Q
Tinh cdc hé s6 Ay (1, k=1, 2) cla ot 4 ——e
mang hai clra bang cach coi né 1a haj 1' “----- s
mang hai cita néi xau chuéi vdi nhau. Hinh 6.11.3
Gidi : Ta cé thé coi mang hai cira da 1 Iy Zy Ia 3

cho & H.6.11.3 1 su néi xau chudi cta hai
mang hai cia v& trong cédc hinh chit nhat.

D6} v6i mang hai cira thit nhat (H.6. 11.4)
ta c6 thé viét duge cdc phuong trinh
U?.a

3

=1, + (6.11.15)

Hinh 6.11.4

va U‘]’=U2a+Z!If:U2a+ZI(IZH+E2—“~] = (1+—'JU23+21123 (6.11.16)

Zs Z3
Tur cdc phuong trinh (6.11.16) va (6.11.15) ta riit ra cdc he 56
Z,
AT1_1+Z_{ Al =2,
a =_l__ Agz =1
21 23
P6i véi mang hai clra thit hai ta viét : :

dugc cac phuong trinh

va I, =1, 6.11.18) g l U,
T cdc phuong . trinh (6.11.17) va
{(6.11.18) ta rit ra cdc hé sO’ . .
b 1 1 . 2 ]
An=1, 12 =2, _
Hinh 6.11.5

Ay =0, A}=I

Ap dung cdc cong thic (6.11.3) hoac (6.11.4) ta tinh durge cdc hé s6 A,
cua mang hai clra hinh T di cho:

Z,Z
Z A12=Zl+22+ 172

=]
All +Z'; 23
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I

Z
Ay = 7, Axn —1"‘2—2
hodc dudi dang ma tran
[ Z
1+=L Z
Ay Al _ Zy l % 1 Z,
An  Ap 1 1 0 1
i -23
1+4 Z +Z, +—12
- Zy 3
I Z,
_Z_-,’ 1+Z_—,'

Ap dung bdng sé' 1 véi Z, = 100 Q
Z,=-jl00 Q va Zy = j200 Q
100

taco: A|1=1+%-1 30,5

(100)(=j100)

A2 =100 + (100) + S0 === (50 - 100) ©
1 .
A21 = m——j0,00S S
_ v, (£J100)
An =1+ 5= =05,

CAU HOI KIEM TRA
6.1. Binh nghia mdt mang hai clra. V@i diéu kién nao thi mdt bd phén
mach di&én cé bén cuc 1a mét mang hai cira.

6.2. Lam cach nao d€ c6 thé phan bigét mot mang hai clra ¢6 nguén vdi
mdt mang hai clra khéng ngudn. Cho mét s6 vi du.

6.3. Cac phuong trinh co ban clia mdt mang hai clta tuyén tinh khong
ngudn 1a gi ? Chung cho ta lién hé gilta cac bign nao ? Chang ¢b dang toan
hoc nhu thé nao ?

6.4. Viét hé phuong trinh cd ban dang A cia mdt mang hai cira tuyén tinh
khéng ngudn. Lam thé nao dé xac dinh cac hé sé A, (i, k = 1, 2). Cho m6t sd
vi duy.

6.5. Hay dan ra hé phuang trinh ¢d ban dang A cho mét mang hai clra

tuy&n tinh khdng ngudn ¢é s dé hinh T va hinh IT tit cac phuong trinh 1ap
theo dinh luat Kirchhoff va theo dinh luat Ohm cho so 46 dé.
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6.6. Viét hé phuong trinh ¢co ban dang Z cho médt mang hai cra tuyén
tinh khéng ngudén. Lam thé nao dé xac dinh cac hé s8 Z;, (i, k = 1, 2). Cho
mét s6 vi du.

6.7. Hay dan ra hé phuong trinh dang Z cho mét mang hai ctfa khéng
ngudn c¢é sd d6 hinh T tir cac phueng trinh déng vang viét cho so do dé.

6.8. Viét hé phuang trinh dang Y cho mét mang hai ctta tuyén tinh khéng
ngudn. Lam th& nao dé xac dinh cac hé s8 Y, (i, k = 1, 2). Cho mat sé vi du.

6.9. Hay dan ra hé phuong trinh co ban dang Y cho mét mang hai clfa
khéng ngudn cd sa dd hinh I ti cac phudng trinh thé nat viét cho so dd d6.

6.10. Tim cac quan hé& gilta cac théng s8 A, Zy va Yy (i, k = 1, 2) cla
m&t mang hai clta tuyén tinh khéng ngudn. Cho mdt sd vi du.

6.11 _Tim cac codng thitc tinh cac t8ng trd cha so dd hinh T va hinh I1 theo
cac thong s& Ay (i, k = 1, 2) cla mdt mang hai clta tuyén tinh khéng ngudn.

6.12. Tong trd vao clia mdt mang hai clta khéng ngudn 1a gi ? Tim biéu
thirc cla t8ng trd nay theo cac hé s8 Ay, Zy Y (i, k = 1, 2) va Z;. Xét cac
trudng hop dac biét clia mang hai clfa khéng tai va mang hai cra ngan mach.
Cho mét s6 vi du.

6.13. BPinh nghia ham truyén dat dong va ham truyén dat ap cla mét
mang hai cifa khéng ngudn. Tim biéu thdc clGa cac ham truyén dat nay theo
cac hé sd Ak, Zik, Yie i,k =1, 2) va Zy3. Xét cac trudng hgp dac biét cla
mang hai ctfa khdng tai va mang hai clfa ngan mach. Cho mét sé vi du.

6.14. Thé nao la mdt mang hai clta doi ximg. Cac hé s6 Ay, Zik va Yy (i,
k = 1, 2) cha mang hai cia nay cé dac diém gi ? Cho mot s6 vi du.

6.15. Pinh nghia t8ng trd dac tinh Z¢ va hé sé truyén dat g cha mdt mang
hai cifa tuyén tinh khéng ngudn ddi xing.

6.16. Tai hoa hgp cia mdt mang hai cita ddi x(ng 1a gi. Véi tai hoa hop
thi quan hé gilta U, va U2 cling nhu gilfta T, va izcﬁa mang hai clra nay cé
gi dac hiét ?

6.17. Thé& nao ta mdt mang hai clfa tugng hd va mot mang hai cla khoéng -
tuong hd. Cac hé sé Ay, Zi . Yi (i, k = 1, 2) ctia mdt mang hai cifa tuong hd
phai thoa mén céac diéu kién gi ? Cho mét s6 vi du.

8.18. Chling minh réng vai hai mang hai cilfa néi xau chudi ta cé déng
thirc ma tran sau:

A= Aa X Ab

Cho mét sé vi du L’rng dung dang thirc nay dé xac dinh cac hé s& Ay,
(i, k = 1, 2) cGa mét s6 mang hai clra cd so dd phifc tap theo cic hé s& A,
(i, k = 1, 2) clta cac mang hai c(fa don gidn hon.
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BAI TAP
BT.6.1. Xac¢ dinh cac hé sd Ay, Zj va Yy (i, k = 1, 2) clla cac mang
hai clta tuy&n tinh khong ngudn d H.BT.6.1a va b. Cho 24 = (10 + j20) O,
Z, = (10 - j20) Q.

1 Ty 1, 2
N —T
Z
Ul [z, | v
I 2 I 7
a) b)

_ H.BT.6.1
BT.6.2. Céc cuc cla 2 - 2' ¢cla c4c mang hai clia & BT.6.1 dugc ndi véi
Zi = (30 + j40) Q. Vi U, =100£0° V hay tinh i, I, va U, biing céach s
dung cac hé s8 Ay, Zy, Yy (i,k = 1,2) da tim dudc & bai tap BT.6.1.
BT.6.3. Cho mang hai clta d H.BT.8.3 vdi: Ry = Ry = 10 Q, oLy = 20 Q,
wly = 30 Q, oM = 10 Q. Céc cuc cbé cung cue tinh clia Ly va L, 1a céc cuc cb

dau *’. . : R, L i
Y . 1 [ 'N‘Y'\ 2

Xac dinh caché sd 2y (i, x=1,2) * —— —

clia mang hai cira. \ R,
. M

Tinh I, 1, khi cac cyc 2 - 2' ), A *L U,
duoe ndi voi Zyy = (10 + j10) © va g
U, =100£0° V (S dung cac hé s& '
Z, (ik = 1,2) da tim dudc). I 2

H.BT.6.3

BT.6.4. Gidi lai bai tap BT.6.3 khi cac cuc cb cing cyc tinh cha L, va L,
l& cac cuc cb dau {e).

BT.6.5. Tinh t8ng trd vao clia cac mang hai clra & BT.6.3 d8i v8i cac cuc
1 - 1" khi céc cyc 2 - 2' dudce ndi vai Z; = (10 + j10) Q. Tinh hé s& truyén dat

U ; .
ap Ky = U—2 va hé s truyén dat dong K =-Iii v6i tai da cho.
I (
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BT.6.6. Xac dinh cac hé s8 A (i, k = 1, 2} cla mang hai clra ¢ bai tap
BT.6.3. Tim cac tong trd cda so d6 tuong dudng hinh T va sd dé tuong du’dng
hinh T cia mang hai clta nay.

BT.6.7. Cho mang hai clra d8i x(rng 6 H.BT.6.7 v&8i R =10 €2, E;(—: =200,
Tim hé s6 truyén dat g va tdng trd dac tinh Z, cla mang hai clra.

Tinh cadc hé s6 Ay cla mang hai

ctfa theo Z,, chg va shg. 1 L R R I, 2
Viét hé phuong trinh cd ban dang i

ham hyperbolic cho mang hai Cl;fa \.aré Y c Y

dung hé phuong trinh d6 dé tinh 1, I, ' - 2

va U, khi cac ocyc 2 - 2' dugc ndi voi Y T !

Za = (30 + j40) Q vacac cug 1 - 11 L 2

dugdc ndi véi ngudn ap U, =10020° V. H.BT.6.7

BT.6.8. Ciing hdi nhu & bai tap BT .6.7 d6i vGi mang hai cia d&i x{ng &
H.BT.6.8 véi R = 10Q va Jézzog.

1]

C C122

|

—
—y
sy

U, l R
I 2
H.BT.6.8
BT.6.9. Cho mang hai clta 6 H.BT.6.9 vdi:
R1 =R3=20.Q, R2=10§1,U=5.
1 Ly R, .[2 2
0,1 R, R, .|,
al,
l=' ‘2'

H.BT.6.9
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Tim cac hé sb Zix va Yy (i, k = 1, 2) cGa mang hai clfa. Hoi mang hai cita
nay la mét mang hai clfa tuong hé hay khéng tuong hé.

BT.6.10. Hai nhu & bai tap BT.6.9 d&i v8i mang hai clta 8 H.BT6.10 vdi
R, =10Q,R, =50, R, =25Qvaa=05.

1 i-‘ IQ‘| R2 iz 2
"} I —
011 [ﬁR3 102
¥ 2
H.BT.6.10

_BT.6.11. Hai mang hai clta & bai tap BT.6.7 va BT.6.8 dugc ndi xau chubi
vai nhau nhu & H.BT.6.11.

Tim cac hé s§ Ay (i, k = 1, 2) clia m'ang hai clfa méi.

1 R R IC! 1C 2
. — =y
- c R
1'!‘ " d '21

H.BT.6.11

BT.6.12. Ciing hdi nhu & bai tap BT.6.11 d8i vdi mang hai cta &
H.BT.6.12.

N

H.BT.6.12

2!
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Chuong 7
MACH DIEN BA PHA

7.1. HE THONG SBD BA PHA DOI XUNG VA HE THONG DONG BIEN
BA PHA DOI XUNG

Trong viéc sin xudt, truyén tai dién nang va sir dung dién nang, hé thong
dién ba pha ¢6 nhiéu wu diém vé mat k¥ thuat va kinh t€. Trong chuong nay
ching ta s& nghién cim viéc tinh cac mach dién ba pha d&i xung va khong doi
xdng thuong ding trong cong nghiép.

May phat dign ba pha tao ra hé thong suc dién dong (sdd) ba pha d6i
xtng. D6 13 mot he thong gém ba sic dién dong e4(t), eglt), ec(t) bi€n thién
hinh sin theo thdi gian c6 cing tan s§ (f = 50 Hz & da s6 cdc nuéc trén thé
gigi. f = 60 Hz & M§), cing bien do £, nhung léch pha di v6i nhau mgt goc

gé‘lr—lhecr thé ty pha A, B, C:

ea(t)=Eq sin(mt+1ueA)

eB(l)zﬁmsin[ml+weA -%“] (7.1.1)

ec(t)=E, sin(mt Y, %E-) =E_ sin[mt Y, +23£]
g day o = 2nf dugc goi 12 tin s6 goc.

Cic dudng cong biéu difn su bién thien clia e,(V), eg(t) va ec(t) duge v& O
H.7.1.1.

e}

Hinh 7.1.1
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Céc sirc dién dong hiéu dung phirc tuong #ng véi ca(t), ep(t) va eq(t) 1a

. _E
E, =7_'214weA =EZy,

G- <[

2n 2n
5 e v %)

(7.1.2)
: E 4 4n
e (O SR (8 %)
. E 2n 27
hay EC =-\—/-r§n-é(l|ch +~§-}=E£(l|}e“\ +?}
D6 thi vécto cha hé théng sdd ba pha A

d6i xing dugc v& & H.7.1.2. Chi y ring
theo quy wéc, chiéu duong ciia géc duge
chon la chiéu nguge chiéu kim déng hé. D
rang y, 6 thé ¢6 cdc tri s3 twy y ngudi

ta thuomg dat vécto E, 3 vi tri thing ding.

téng cdc tri s6 tfc thixi coa eA(t),'eB(t) v

H¢ théng sdd ba pha d6i xitng ¢6 tinh
chit dac biét 1a & mot thdi diém bat ky

ec(t) déu bang khong

ealt) +eg(t) +ec() = 0
hodc téng cdc tri s6 hiéu dung phic cia

cdcsdd E,, Eg va E bing khong

(7.1.3)

Hinh 7.1.2.

Er+Eg+ Ec=0 ' (7.1.4)

Nhitng tinh chit néi trén day ciing ding d6i véi cdc he théng dong dién ba
pha d6i xitng hodc hé¢ théng dién 4p ba pha d6i xing. Vi du, hé thdng dong
di¢n ba pha d6i xdng 1a h¢ thong cic dong dién hinh sin clng tan s¢, cing

bién do hay tri s6 hiéu dung nhung léch pha nhau ?3_:1: theo thit ty pha A, B, C:

184

ia(t) =1, sin(wt + Wi, )

ig(t)=1, sin(cot Wy, -

() =1, sin(mH\piA -

vi ta ¢é

?10;3(:

2%
3

w| &

] : (7.1.5)

: 2n
=1y sin| ot +y; S

iA(t) + ig(t) + ic(t) = 0 (7.1.6)
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7.2. MACH BA PHA BOI XUNG NOI HINH SAO (Y - Y)

Hinh 7.2.1 v& mdt mach ba pha g .
ndi hinh sao, thudng ky hieu A Y - Y. “C Ala  Za=Z
Hé thdng ba sdd ba pha ddi xiing
E., Eg va Ecduge ndi thanh hinh sao g, : 7 =7
o e N N B 's 8=
vol cdc cuc la A, B, C va diém trung 0 '——@—'—-——E:b— o
tinh Q.
Tai ba pha déi xitng dugc biéu éc i 2.=7
dién bang mot so dé tuong duong gém _@_‘f_f_é_
ba t6ng trd bang nhau: :

ndi thanh hinh sao gitta cdc cuc A, B, C va diém trung tinh O ",

Néu di biét cic sdd E,, Ep, B vicdc tdng 1 Z, = Zg = Z- = Z thi ta
dé dang tinh dugc céc dong dien I, , I va I trong so dé hinh sao.

Ap dung cong thic dién ap hai ndt cla phuong phap thé niit trong trudng

hgp mach chi ¢6 hai ndt {xem chwong 3, muc 3.3, cong thiic (3.3.16)). ta dé
thay rang:

E Y, +EpYy +EcYc

Yoo ==~y "7, (7.2.2)
Vai Y, =L YBzrl-vaYﬁL (7.2.3)
Za Zn Ze
Chi y rdng Z, = Zp =Zc = Z nén
Ya=Ygp=Yc=1/Z (7.2.4)
va Ugo = (Es +E3BY+EC)Y | (7.2.5)
Vi hé thong sdd ba pha doi xdng ta ¢6
E, + Eg + Ec =0 (7.2.6)
Vay Ugo =0 ' (7.2.7)

H¢ thite (7.2.7) 1a mot dic diém rdt quan trong cla mach ba pha d3i xiing
ndi hinh sao :

Trong mach ba pha d6i ximg ndi hinh sao, dién dp gifta hai diém trung
tinh bing khong.
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Heé thic (7.2.7) ciing ding cho cd Ex :
truémg hgp mach ba pha ndi hinh sao cé day ( ) A. . C:]Z
trung tinh, nhu vé ¢ H.7.2.2. g .

That vay, trong trudng hgp nay ta co: O 4 B( ) B. I,B I:IZ 3 o

E, Y, +EpYp +EcYc £

g c i Z
UOU YA+YB+YC+YN ->—<—3——~—>C—|:|—0
(EA+EB+EC)Y In Zn
= = .2. 3
3Y + Yy 0 @28 -~
' Hinh 7.2.2

vi EA+EB+EC=0
Piéu nay ching td réng v6i mach ba pha d6i xdng dong dién trong day
trung tinh bang khong
iy =290 _g | (7.2.9)
Zy
vi day trung tinh trd thanh khéng cdn thiét.

Cic dong dien 1, Iy, Ic duge tinh theo cdc cong thitc sau

5

_EA_LUO'O_EA _ VT
[y =000 =20 = YE,
T EB_UO'O EB -
=" VYU " -YE 7.2.1
Ip =2 PovE, (7.2.10)
. E.-Ugp E :
A I. = C o0 _~C _
va C —-_ZC _Z YEC

Chii § rang 1,, I, I hop thinh hé théng dong dién ba pha d6i xing va
I, + Iz + I =0. (7.2.11)

Pidu nay ciing giai thich tai sao dong dién iN trong day trung tinh sé
bing khong . .

Trong mach ba pha ndi hinh sao, ngudi ta goi iA va iB, ic 14 cdc dong
dién pha (cha cic pha A, B va C cla ngudn hodc ciia tai ba pha). Chi ¥ rang
véi mach ba pha n6i hinh sao th 1,, Iy, I cling déng thdi 12 cdc dong di¢n
ddy (line currents) clia cdc day din (A, B va C) clia dudng day tai dién ba pha
tr ngudn dén tai. _

Cic dién 4p U,q, Upgs Ugo duge goi 12 cdc dién dp pha cida ngudn, con

cdc dién dp UAO‘, UBO., UCO. duoc goi 1a cde dién dp pha cia tdi.
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G day ta ¢é

I:—IAO = _EA
Upo =Ep (7.2.12)
Uco =Ec

UAO' = ZAiA = ZiA
va  Ugy =Zply =Zlg (7.2.13)
Uco =Zcle =2l

Cic dién ap UAB, UBC. UCA dugc goi l1a cdc Hink 7.2.3
dién dp ddy (dién dp giilta céc day) cia h¢ thong dién ba pha.
Tir s¢ d6 hinh sao ta ¢é:
I:era = EA "EB
Upe = Ep —Ec (7.2.14)
UCA = EC _EA

Trén d6 thi vécto H.7.2.3 ta cdn chii § ring dién dp U,y duge bidu dién
—_— B ; .
bang véctd BA (ndi B v6i A v hudng tir B dé€n A), dién 4p Upge duge bicu
_) ) .
dién bing vécto CB (n6i C v6i B vA hudng tr C dén B) va dién 4p U, duge

. _ .
biéu dién bing vécto AC (n6i A vdi C va huéng tir A dén C).

Céc dien 4p day UAB, UBC, UCA ciing hop thanh mot hé thdng ba pha
ddi xing va

Uup + Uge + Ugy =0 (7.2.15)
V& quan heé giita cdc dién ap day véi cdc sdd pha thi ta ¢é, vidu :
UAB = EA - EB

S o o
. 1 V3) . (3 .3 . (V31
=EA|:1—[—§—JT]]ZEA(§+J"§"}=\/§EA[T+JE]

T
tiic Up =3E,e’ (7.2.16)
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Vay vé moduyn thi U,g 16n gdp v/3 l4n E, con vé pha thi U, vuat trude
E, mot géc bing g :

Viduvér E, =220V tacé

U, = ¥3x220V=381,05V.

Ngudi ta thuong lay tri s6 gdn ding la 380 V lam tri s6 cua dién dp day cita
hé théng ba pha ¢6 ndi hinh sao ¢6 sdd pha hay dién 4p pha 12220 V.

Vidy 7.2.1:

Cho mot mdy phdt dién ba pha d6i xing ¢é6 sdd pha A 13
E, =22020" V., tdn 56 f = 50 Hz va mot tai ba pha d6i xiing c6 téng tr& pha
Za=7p="2c=(8 +j6) Q ndi theo so dé hinh 'sao khong ¢é day trung tinh
(H.7.2.1). '

Tinh cdc dong dién day va cdc dong dién pha, cdc dién ap day va cac dién
ap pha cua ngudn va ciia tai. ‘Tinh cong sudt tdc dung va cong suidt phan khing
clha moi pha cita ngudn.

Giai ¢

Vi U - _E,\Y,\ + F‘}}YB + FJ(?Yr:

(EA +EB -FEC)Y 0
SR =
ta ¢d cdc dong dién day ciing dong thdi 1a cdc dong dién pha:

WoZ U7 T8

=17.600 — j13.200 = (22, 0002 - 36, 870) A
i ~Ep Ly _2202-120°
BTy 7 8+j6

Ec _Eo _2202120°

\'El I = - =
T Ze 7 8+ j6

=2.6315+j21,842 = (22.000.433,13”) A
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Cic dién 4p pha clha ngudn:
Uao =K, =(22020°) v
Ugo = By =(2202-120°) V
Ugo = Ec =(2204120“} v
Cidc dién dp pha cua 1ai:
Upg = Eg ~Ugeg =Eg =(2202-120°) V
Uco = Ec ~Ugg = Ec =(220£120°) v
Cic dién 4p day :
Uas=Ea~Ep
=220,0" -220£ -120" =(381,05230") V
UBC = EB - EC
=(220£-120° ) - (220£120° }=(381,05.£ - 90") V
vi Ugy =E¢ —E, =(2202£-120°) (22040 }=(381,05£150") V
Cong sudt biéu ki€n phitc ctia cdc pha cla ngudn:
S =EalLa =(22020") (17,6 + j13,20)

=(3872+)2904) VA

§5 =Bgls = (2204 -120") (20,232 + j8,642)

— (3872 + j2904) VA

Sc =Eclc =(2202120°) (2,6315 - j21,842)

= (3872 + j2904) VA
Ta nhan thdy cong suét biéu Kién phic ciia ba pha bang nhau
§, =85 - 5c
Vay céng sudt biéu ki€n phiic caa ngudn ba pha bang

§=8, +S5+5c =35, =3(3872+j2904) VA = (11616 + j8712) VA
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Cong suat tic dung ctia ngudn dién ba pha:
P=3P, =3x3872 =11616 W = 11,616 kW
Cong suit phan khéng clia nguén dién ba pha:
Q=3Q, =3x2904 = 8712 VA = 8,712 kVA.

7.3. MACH BA PHA 01 XUNG NOI HINH TAM GIAC (A - A)
Hinh 7.3.1 v& mt mach ba pha n6i hinh tam gidc, thudng k¥ hiéu [a A - A.

. | . 7,

14 Al
- .
-~ Ea Zap= :
A
] B 24 Iz B
- Z _Z
Ee (l) Tae CA
). Toa
EB Zd c ZB'C =7
C — - .
. c'
Hinh 7.3.1

Hé¢ théng ba sdd ba pha d6i xing EA. EB vi Ec duge ndi thanh hinh tam
gidc gilra cdc ndt A, B va C. Tai ba pha d6i xiing dugc biéu dién bing ba téng
trd bang nhau

Lyp=Zyc=2cy =2 (7.3.1)
ndi thanh hinh tam gidc gilra cdc ndt A’, B’, C".
Céc day din AA’, BB, CC’ nGi ngudn véi tai c6 tdng trd biing nhau
Zg, = Zgy = Zg. = Z, (1.3.2)

A

D€ tinh cdc dong dién day IA, IB va IC ta cdn bién déi so dé A - A vé
moét so dé tuong duong néi Y - Y.

A A Zy A A Z
@ » 1} > {1
E‘B - 1
B Zyg B B Z
Q Q - {3 o —1+—+ 0O

. N/

Ee C c Zy4 Ie c Z

Hinh 7.3.2
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" Tai ba pha d6i xiing n&i hinh tam gidc c¢6 thé thay th€ bing mot tai ba pha
d6i xiing tuong duong ndi hinh sao ¢6 téng & mdi pha 12
v IxZ 2
.= Z .= = = - . ,3
Zp=Zg=Ze=2 =" =7 (7.3.3)
Hé théng sdd ba pha d6i xiing twong dwong ndi hinh sao E, , Ey va E¢ phai
tao ra cdc dién 4p day d6i ximg U,g, Uge va Ugy nhur & so d6 hinh tam gidc.

Muén vay, ta phai chon (xem cong thic (7.2.17)):

y * R - LA

. e . (7.3.4)
A \/5 Ji
NET , '
. ' EA . P ,.. : . n
tic E4 =7§-va E, phai cham pha so voi E, mot géc &

Sau khi tinh dugc E;\ ta dé dang suy ra E'B vi E‘C tir tinh chat ddi xing:

.
Ey=E,e 3 - (1.3.5)
. ,

Bay gid ta tinh mach ba pha tuong dwong n6i hinh sao & H.7.3.2 bang
phuong phdp di trinh bay & muc 7.2.

Ta chi cén tinh dong dién cla pha A

i, = zf:Z' _ (7.3.7)
réi suy ra céc dong dién Iy va I tir tinh chat d6i xing:
an ;
fg=Ie * (7.3.8)
2m
va i =i,e® (7.3.9)

Ti€p theo ta tinh céc dién 4p day trén tdi UA'B.. I]B-C- va UC-A..
Ta chi c4n tinh dien 4p day U, 5 '

Upp =Z'1,-2'413 (7.3.10)
va suy ra cdc dién 4p day Up. v U, tit tinh chét d6i xing:
. . ytid
Uge=Uspge 3 | (7.3.11)
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2m
Uca =Upp €3 ‘ (7.3.12)

Sau dé ta c6 the€ tinh dwgc cdc cong sust tic dung cla ngudn va cia tai.

Vidy 7.3.1:

Cho mach di¢n ba pha n6i hinh tam gigc & H.7.3.3. Tai ba pha n6i hinh
tam gidc c6 cic tong tr& Z, 5 = Zpo = Zeigr =(24+j18) Q

Dudng day ba pha ¢6 cdc 1ng trd Zy, =Zyy =Zg =(1+jHQ

Cho hé¢ théng dién dp day UAB, UBC " va UCA doi xiing véi
U,p =380£0°V. Tinh cc dong dién day, cc dong dién pha, cic dién 4p day
trén taj va cong suft cia tai.

Hinh 7.3.3 Hinh 7.3.4
Giai: |
Ta bién d6i hinh tam gidc cla tai thanh hinh sao twong duong céc véi téng trd
Z'=—§—= 24?18 =8+j6 0

Ta xdc dinh mot h¢ théng sdd ba pha déi xing E,, Eg vd Ec néi hinh
sao 130 1a hé thong dién 4p day U,y, Ugeva Us, di cho.

Usg _ 38020°

J3.230°

EA = In
V3e's

. . 1an )
Bp=E,e ' =219,39/-150° v

=219,392-30° v

Be=E, e =219,39./90° v
Déi v6i mach ba pha d6i xitng néi hinh sao & H.7.3.4 ta dé thay ring
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i _ EBa _ 2194230
A‘zd+Z'_(1+j1)+(8+j6)

219,39/ - 30°

= 70 - j17.825=(19,242 £ — 67.875°
o 7.2470 - 17,825 = (19,2424 ') A

ip= 1Ae‘J'2.T“ -
=19,2424(-67,875-120°) =
=(19.242.2-187,88°)=(19,242.2172.13°) A

va
o
ic=1,¢"3
=19,2422(-67.875+ 120°) = (19.242452.125°) A
Cédc di¢n 4p day trén tai:
Upg =Z'1, -2'13 =2(i, -15)=
= (8+6)[ 19,2424 - 67.875" - 19.2422172,13" |
= (8 + j6)(26,308 - j20,460) =
- =(333,22-j5,8315)=
=(333.272-1,00°) v

2

. . -j
_ 3
Ugc=Uysp €

- 333,274(—1,00" -120“): 333,272 -121,00" vV

err
’ T K
Uga=Upp e

= 333,2'?4(-1,00“ + 120°)= 333,272119,00° V
Cac dong dién pha cla tai:

i .Uxp_333272-1,00°
AR Z T 24418

=8.7695 - j6,8195 = (11,109/ - 37,87°) A

T13-LTMACH : 193



.
Igpo=14pe ?
=11,1094(-37,370 -120°)=(1 1,109/ — 157.870) A

j?.rt
. . s 5
va looa=14p e

=1 1,1094(—37,8?0 + 1200) =11,109,82,13° A

Cdng suit cua tai ba pha:

- . * N LJ . *
Sui =Upp Iap+Ugc Inc+Uca loar
Do tinh d6i xidng ta c6:
Upp Inp=Upc Ipc=Ucp Ioa
vi

S = 3[UA'B' IA'B'J=

=3(333,27£-1,00")x(11,109437,87°) =
=3(2961,8+j2221,4) =
=(8885,5+j6664,1) VA =
= (8,885 + j6.664) kVA

Coéng suit tic dung cla tdi la
P = 8,885 kW

Cong sudt phan khéang ciia tai 1
Q = 6,664 kVAr

7.4. MACH BA PHA B0I XUNG PHUC TAP

Hinh 7.4.1 v& moét mach di¢n ba pha ddi xing phic tap. Hé thong sdd ba
pha déi xiing EA, EB va Ecduqc n&i thanh hinh sao giiva cic cuc A, B, C va
diém trung tinh O. T4i ba pha ddi xing thit nhat c6 18ng trd pha Z, dugc nbi
hinh sao giita céc niit A,, By, C; va diém trung tinh O,. Tai ba pha ddi xing
thi¥ hai ¢6 tng tr& pha Z, duge néi thanh hinh tam gidc giita cdc niit A,, B, va
C;. Doan duding day thif nhdt c6 céc tng td 12 Z, va doan dutmg day thit hai

cé céc téng ud 1a Zy, .
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RS
—
EB B Zd‘I B1
Oo—-——(:)—o—z
EC: c Zd1 C1
z, Nz, [z,
0,
Hinh 7.4.1

D¢ tinh mach dién ndy ta bi€n d8i né vé mo6t mach ba pha d6i xiing néi
hinh sao tuong duong.

Trudc tién ta thay cdc 18ng trd Z, ndi hinh tam gidc bing cdc téng trd

Z, (7.4.1)

Z'z =
ndi hinh sao gilta céc nit Ay, By, C; va diém trung tinh O, (H.7.4.2),

A,

A%

|

=4
L]
_—_ — —.- = = = = =

Hinh 7.4.2

Bay gidr cht ¥ rding trong mach ba pha d6i xing ndi hinh sao & (H.7.4.2)
néu ta néi cdc diém trung tinh O, O, v O, v6i nhau thi cd¢ dong dién chay
trong day trung tinh phai bing khong:
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Iy, =1, +1g +1c, =0 (7.4.2)
Iy, =1a, +15, +1¢, =0 (7.4.3)

va Iy=1,+1g+i-=0 (7.4.4)
do tinh chét ddi xiing cha cdc h¢ thdng dong dién tuong dng.

Vi the ta co thé ndi céc diém trung tink O, O, va O, v&i nhau bing cic
doan day din c6 t6ng trd bang khong ma khéng lam thay déi cdc dong. dien
trong mach,

Ta chi can tinh cdc dong dién iAl , I, va I, ciapha A,

2

Hinh 7.4.3
Ta c6 thé vé& so d6 tinh todn cho pha A nhu & H.7.4.3 va tinh duge
Ea
+.-—-—.«-.—_.___
L 2 47y

i, = (7.4.5)

, . Zy, +2 -
{y, =lgx———— (7.4.6)

(7.4.7)

Ta suy ra cic dong dién I, Ic ciing nhu Iy , Ie, va g, , ¢, lan luot
Iy, I, vd 1, tirtinh chét d6i xing.

Sau d6 ta ¢o thé tinh duge tat ca cdc dong dién, cdc dién 4p va cong suat
clia cdc bd phan cia mach dién da cho.
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Vidu 7.4.1 :

Cho mach dién & H. 7.4.1 vai
Zy=(8+j12) xZy=(36+j24) Q0 Zy = (1 +])Q; Zy, = (2+j4) Q.

He thong sdd ba pha d6i ximg véi E, =22040° V. Tim céc dong dién
trong mach, cong suit cia ngudn va cia cde tai.

Giai :
. ‘
Tacs 2=2%= 36?24 =(12+8) Q
Theo cong thitc (7.4.5) ta tinh duge
_ Ex

i, = =
A Z,(Zs, +7')

a * Z, +Z(12 +7Z'y
22020° ~

{8+ J12)(2+j4)+(12+j8))
B+ +(2+iH+12+)8)

(A+iD)+

22020° _
(8+j12)(14 +j12) ~
22+ 24

(1+)2)+

_ 220.£0° _
T (1 +j2)+(5,3132+ j6,2038)

=12,961~j16,843 =(21,252£-52,42%) A
Theo cong thitc (7.4.6) ta ¢é
) ) Z, +7
[, =i o 22
t Z +Zy, +Z,

2+j4)+(12+j8) _
B+jl2)+(2+jd)+(12+j8)
M4+j12
22+j24

={12,961 - jl16,843)x

=(12,961 - j16,843)x

=6,1435-j10,351 = 12,036 £-59,31° A
Theo cong thirc (7.4.7) ta cé
. . il
I, =1, x— =1 -
M S AN TN, v 2y
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8+jl2 _
B+12)+(2+j)+(12+8)
8+j12
22424

=6,8175—j6,4924 =9,4144/ - 43,60° A

Tir tinh chat d6i xing ta suy ra
An

ip=1,e 3 =21,2524-52,42° ~120°) =
=(21,252/ ~172,42°) A
i
[p=1,e 3 =21,2524(-52,42 +120%) =
=(21,252267,58°) A

2w
i, =1a €3 =12,036£(-59,31° ~120°) =

=(12,961 - j16,843) x

=(12,961-j16,843) x

=(12,036£-179,31%) A
.2n
Ig, =Ix € 7 =12,036.£(-59,31° +120°) =

=(12,036.£60,69°) A

2n :
Ip, =ipe "7 =9.4144.£(43,60° - 120°) =
=(9,4144 £ ~163,60°) A
.2n

e, =15,e"7 =9.4144.2(~43,60 +120%) =
=(9,4144.£76,40°) A
Di¢n dp day U,,p, dugc tinh nhu sau :
Ungp, =22 14, =22 15, =240, -15))
=(12+ j8)(9,4144.£ —43,60° —9,4144 £ — 163,60°) =

=220,86 + j80,781 = (235,17.£20,09%) v
Tir tinh chat d6i xiing ta suy ra
2n
-2

’ =1 3
UBzcz _UAsze -

= 235,17.£(20,09° ~120%) = (235,172 -99.91°) V
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jﬂ
va =U I =
UCzAz AB,©

=235,17£(20,09° +120%) = (235,174140,090)'V
Bay gi® ta ¢6 thé tinh dugc dong dién iAsz cua tai ndi hinh tam gidc :

Uns,  23517220,09°

Tas, = Z, 36 + j24

= 15,2830~ j1,2780 = (5,4354£ —13,60°) A
Tir tinh chat d6i xing ta suy ra :
2
Ipe, =lap,e  * =543544(-13,6°-120%) =

=(5,43542-133,6°) A
=
va g, =Tp,pe * =5.43542(-13,6° +120%) =

=(5,4354.2106,40°) A
Cébng sudt cha tai thi nh4t (néi hinh sao) :

Suin =3U4, Ia, =32 1414, =
=3Z,15, = 3(8+j12)(12,036)" =

= (3476,8+5215,2) VA
Cong suat cia tai thit hai (n6i hinh tam giac)
Suiz =3(Un,g, 1a8,) =
= :‘;(zzi),\sz)I,,iz]Bz =
=3Z,14,8, = 3(36 + j24)(5,4354)* =
=(3190,7 +j2127.1) VA
Cong sudt t6n hao trén doan dudng day thi nhat

Saay1 = 3Zd1 12A =

=31+ j2)(21.252)2 =(1354,9+2709,9) VA
Co6ng suit tén hao trén doan dudng day thir hai

Say2 =3Zy, 1, =32 +j4)9,4144)" =
=(331,79+1063,6) VA
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Cong suidt cia ngudn ba pha
énguén = SEA I, ==

=3(22020°)(21,252.252,42°) = (8554,2

+jl1116) VA

Ta c6 th€ kiém nghiém sy cin bing cong suat trong todn mach dién ;

Snguén = Suai1 + Suai2 + Saayt + Saay2

7.5. MACH BA PHA KHONG POl XUNG

Mach ba pha khong d6i xdng 1a mach ba pha c6 mot ngudn dién ba pha

khong déi xiing hoac c6 mot tai ba pha khong d6i

Hinh 7.5.1 cho vi du vé mé6t mach ba
pha khong d6i xiéng nSi hinh sao cé day
trung tinh. '

Chi cin cdc sdd EA, EB, EckhOng O «
phai 12 mot hé théng sdd ba pha d6i ximg
hodc 1a cdc tng tr& Z,, Zg vA Zc khong |
thdéa man diéu kién cla mot tdi ba pha d6i

xifng.

xing la;

AC Ala Z,
é -

Zg
IO"

ZA=ZB=ZC=_Z

thi mach dién nay tr& thanh mot mach dién
ba pha khéng d6i xitng.

Hinh 7.5.1

b€ tinh cdc dong dién trong mach nay ta nén dung phuong phdp th€ nut,

vi mach dién chi ¢6 hai nit.
Trudc tién ta tinh dién 4p Ug.q

CELY, +E Y, +ECY,

Yoo = Y, +Yp + Yo + Yy
. i I 1
trong dé YA =2:. YB =Z_B Vi ‘.{C =Z
Sau dé ta tinh duge dong dien cdc nhanh
i, = E, -Ugo
A ZA
i = EB - U0‘0
B ——“‘ZB
i.= EC - UO'O
C ZC
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b I _UO'O

va =—
N ZN
hay Iy=1, +Ig+1¢
Vidu 7.5.1: E .
A
L . . A Ia R

Cho mach dién ¢ H.7.5.2 véi nguon —@—0—»——:}—‘

sdd ba pha ddi ximg c6 E, = 220.0" v; éa .

R = 10 Q; X, = X¢ = 10 Q. Tinh dong _@E_ka_,
dién cdc nhanh.

Gidi : Ec : c

CC I¢ |
Ta cé }.—

E, =22020° V,

L.-‘,O‘O
Ey =220/ -120° V . Hinh7.5.2

va Eo=2202120" v,
Zoa=R=10Q:Zp =jX, =jl0Q; Zc = -jXc = -j10 Q.
Trudc hét, ta tinh dién dp gilta hai diém trung tinh :

EaYs +EpYy +EcYc

Yoo = Y, + Yg + Y¢
v6i YA—%:%zo,ls
A
11
57, "0 S
11
: == =018
va Yo Ze " Sjio jo.1
Vay
‘ (22020°}(0,1) + (2202 - 120°)(~j0.1) + (220.£120" ) jo.1)
Yoo = 0.1+ 0.1~ j0.1 -
16,105 _
== -161.05 V

Tié€p theo ta tinh dong dién cdc nhdnh:

_Es-Ugp _ 22020" ~(~161,05)

I = 38,105
A 7, 10 105 A
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i Eg —Ugpo _220/-120" —(~161,05) _ 51,050 ji90.53 _
B Zg ito j10

=—19,053 - 5.1050 =(19,7252 - 165") A

Ec-Ugo 2204120 ~(~161,05) 51,050 +j190,53

e le=——- 10 BETS)

= -19,053+ j5,1050 = (19,7252165") A
Ta c6 thé nghiém dugc ring
I, +g+ic =38.105+(~19.053 - j5,105) + (~19,053 + j5,1050) = 0

Trong mach dién & H.7.5.3a, gia st hoac cdc sdd EA . Eg. Eqkhéng phai
12 mot hé sdd ba pha déi xing, hoac céc téng trg Zg, » Zay» Zg. khoOng bang
nhau hodc Z, .5, Zgc V2 Zc., khong bang nhau thi ta déu cé mot mach ba
pha khéng dé&i xing.

Bing phép bién déi tam gidc — sao ta -s& thay cdc tdng (rd
Zapgs Ly vaZe 5. n6i hinh tam gidc bang cdc ong g Z', . Z'y. Z'¢ ndi
hinh sao nhu & H.7.5.3b v&i :

AR ZppgXep
AT
LA'B'+ZB'C'+ZC'A‘
70 = LZug*xlge
8=
Zag +ipe+Zea
. L XL ot

Zag +oyo +Zcn

:A A Z dn A‘ Z :Q
éB L
B z dg B’ Zgy
O~—@—o—|:b—o—|“_*l—< o
éc r
C : C z dc ¢ Zc
Hinh 7.5.3a Hinh 7.5.30

Sau dé ta sé& tinh duge dién dp Ug.o va cdc dong dién I,, Ip, I bang
phvong phdp da dung cho so dé 0 H.7.5.2.
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"Trong céc mach & cac H.7.5.2 va H7.5.3a.b néu ngudi ta cho cic di¢gn 4p
day U,z UBC va Uq, (c6 thé d6i xung hoac khong d6i ximg) ma khong cho
sin cac sdd E,, Eg. Ec thi ta c6 thé ty chon mot he théng sdd E, . Eg va
Ec néi hinh sao nao d6 tao ra h¢ théng dién 4p day da cho. Cic sdd nay chi
cdn thod méan cdc phuong trinh

P_iA I_::‘B:[_'IAB
Eg -Er=Ugc (7.5.10)
Ec _EA :UCA
Vi tong cidc dién ap day phai thoa man diéu kién
UM,+UBC + Ugy =0 (7.5.11)

nén chi ¢6 hai trong ba phuong trinh cia (7.5.10) 12 cdc phuong trinh doc lap
vi ta c6 bai todn hai phuong trinh véi ba dn sé 12 E,, Eg va Ec. Vi thé bai
todn cb vo 8 1di giai, |

Ta c6 thé tuy ¥ cho mot trong ba sdd EA . Eg hoac EC 18y mot tri s6 tuy y
nao dé va giai hai trong ba phuong trinh (7.5.10) d€ x4c dinh hai sdd con lai.

Vi du, néu cho EC = 0, thi tr phuong trinh thit hai cia (7.5.10) ta cé:

EB = UBC
va tilr phucng trinh thir ba cua (7.5.10) ta c6
' EA = "U(.A

Vidy 7.5.2:

Cho mach dién 6 H.7.5.4a v6i Zy = Zy = Z, = (1 +j2) <
Zpg =100Q; Zgc =Zca =(100+j100} Q2.

Cho tam gidc dién 4p day 0 H. 7.5.4b v6i

Uge = Ugy = 380V; U,y =380V2V.

Tinh dong dién cidc nhanh.

A

90

a) b)
Hinh 7.5.4
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Gidi :

Ta ldy Uge =380.£0° V thi U,, =380v22135% V va Ug, =380 -90" v
Chon E. = 0. ta s& xdc dinh duoec:

Ep=Uy =38020° v

Ta thay cdc 16ng trd Z,.5., Zygc V2 Zco 4 1n6i hinh tam gidc bing cic tdng
trg twong duong Z',, Z'g, Z'c ndi hinh sao. Theo cic cong thic (7.5.9) ta ¢6 :
i 100(100 + j100) ,
L, =2'g = =(38,4062 +j7.6923) O
A =28 = 1005 2100 + 5100) ¢ +IR692)
N (100 + j100)? ,
Z'o= ={30,769 + j46,154) ©
Y& £¢T 100+ 23100+ j100) ¢ i )
Theo so dé ¢ H.7.5.5 ta cé

1
YA=Y3= l

Zy +Z', (1+12)+(38,462+)7,6923

=(23,899 - j5,8699)x10"* S
1

sy -

va Tes Zyo +2'c

1
T {1+]2)+(30,769 + j46,154)

=(9,5458 - j14,469)x 10™* S

E 1

:A A P Zd,\ A Za

é " L}

2 B ls Zy, B' Zg

cle Zy, c Z;

——e—[3—

Hinh 7.3.5
Ta tinh dién ap giira hai diém trung tinh O' vd O ;

U CE Y, +EgY,
00T Y, v Y+ Y,
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B (j380 + 380)(23,899 — j5,8699) x 1073 B
2(23,899 - j5,8699)x 107 +(9,5458 — j14,469) x 107

=118,01+j173,41 = 209,76 £55,763°
Ti€p theo ta tinh cdc dong dién day
iA = YA(EA - Uo‘o) =
=(23,899 - j5,8699)x 107" x (j380 — 209,76 £55,763°) =
=-1,6078 + j5,6301 = (5,85522105,94") A
p = Yp(Eg ~Ugo) =
=(23,899 — j5,8699) x 10~ x (380 — 209,76.255,763°) =
5,2434 - j5,6823 = (7,73182-47,30°) A
va Ie=Yo(-Ugg)=
=(9,5458 — j14,469)x 107> x(~209,76.£55,763%) =
-3,6356 + j0,052186 = (3,6360.2179,18°) A
Ta tinh cdc dién dp day gifta cac diém A", B' va C' :
UA'B' =25 iA —Z'y i13 =
=-350,52 + j382,39 =518,74,132,51° V
UB'C' =Z'g i13 -Z'c ié =
= 359,65~ 12,024 =359,85/-1,9147° v
UC'A' =Z'c ic ;—Z'A iA =
=-9,128— j370,37 =370,48£-91,412° Vv

Cubi cling ta tinh cdc dong dién trong cdc pha ca tai n6i hinh tam gidc

[yp = UAB 35052+ j3,8230 =5.18742132,51° A
ZA'B‘

EB'C' =1,7381 - j1,8584 = 2,54452 — 46,915° A
B'C’

i13.'C' =

va e LI =-1,8975 - j1,8062 = 2,6197£-136,41° A
ZC'A‘
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CAU HOI KIEM TRA
7.1. Thé nao 1a mét hé théng sdd (dién &p, dong dién) ba pha ddi xing.
V& d6 thi vectd clia mét hé théng E,, Eg, Ec (U, , Uy, U hosic 1, Iy
i ) d8i xing.

7.2. Chimg minh réng d6i véi mot hé thdng sdd (dién &p, dong dién) ba pha
d6i xing ta ¢6
E, + Ep + E. =0
(Up +Ug+Uc=0)
(A, +1g+1.=0)
va . ‘
ealt) + eg(t) + ety = 0
(Ua(t) + up(t) + ug(t) = 0}
(ia(t} + ig(t) + ic(t) = 0)
7.3. Mot tai ba pha d6i xiing phai thod man diéu kién gi ? Cho mét s vi du vé
tai ba pha @6i x(mg va tai ba pha khdng dsi ximg.

7.4. MGi téi 8 H.BT.7.4a,b,c va d |a tii ba pha d6i xtiing hay khong d8i ximg.
Gidi thich.

R=100Q ' ~ R=1000Q
A e y— A e —
X =100 R=100Q
B s 7YY, O B — Yy O
Xc=1000 R=1000Q X, =100Q Xc=100Q
. T ~ ||
C il C —1r | |
a) b)
X, =100 Q X =100Q
A e LYY A e
X, =100Q ' X4 =1000
B » o an 0 B e £ O
Xc=100 Q X(,2200Q Xc=100Q
C o 1 C -
c) d)
HBT.74
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7.5. Mét mach ba pha dsi x{mg ndi hinh sao phai thod man cac diéu kién gi vé
ngudn va vé tai. Cho mét sé vi du. .
~ 7.6. Chimg minh rang ds8i voi mdt mach ba pha d8i xémg ndi hinh sao thi day
trung tinh khéng cé &nh hudng gi dén su phan bd déng dién trong cac nhanh.

7.7. Ta nén ding phuong phap gl d& tinh mét mach dién ba pha déi ximg ndi
hinh sac ? Ta ¢6 thé dung phuong phap déng véng dé gidi mach nay khéng ? Cho
cac vi du minh hoa.

7.8. Trong mét mach ba pha ddi x{mg néi hinh sao ta 6 quan hé gi gilta dién
4p day U,g(Upc,Ucy) va dign éppha U, (Ug, Uc).
Minh hoa cac quan hé nay bing cac d6 thj vecto.

7.9. Mdt mach ba pha d8i ximg ndi hinh tam giac phéi thod méan céc didu kién
gi vé ngudn va vé tai. Cho mdt s6 vi du.

7.10. Ta nén dung phuong phéap gi € giai mach dién ba pha @i x(ing ndi tam
giadc ? Visao ?

7.11. Thé nao Ia mdt mach ba pha khong d6i ximg. Cho mét s& vi du.

7.12. D€ gidi mot mach ba pha khéng d8i ximg ndi Y - Y ngudi ta thudng dong
phudng phap nac ? Tai sao ?

7.13. Mét mach ba pha ¢ tai khdng d6i xiing ndi hinh sao dat vao mét hé
thdng dién ap day ddi ximg hoac khdng ddi ximg da cho dudc giai bang cach nao ?
Cho mét s8 vi du.

7.14. Mét mach ba pha ¢6 tai khdng d8i ximg ndi hinh tam giac dugce gidi bang
cach nao ? Cho mdt 88 vi du.
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BAI TAP

BT.7.1. Cho mach dién nhu H.BT - 7.1 véi:
E, =(220£0%) v
Ep =(220£-120%) v
Be =(2202120%) v

Tinh cac déng dién pha, cac En
dong dién day, cac dién &p pha va : A Z,
. cac dién ap day, cac cong sust tac —@—O—E—
dung va cong sudt phdn khang cha :

mdi pha clia nguén va clia tai trong - Zs
cac trudng hop sau day; 0 o—@——o—:—o o'

1) Zy=25=Zc=10Q £ ,
3) Zp =Zg =Zc =(15-j20) Q H.BT.7.1
BT.7.2. Gidi lai bai tap BT.7.1 = A Zs
trong trudng hop cac diém trung tinh O _@_.__:7
va O' duge ndi v8i nhau bang mét day ;
trung tinh nhu @ H.BT.7.2 c6 téng trd: Ea
B Zg .
1)Zy=0 O P O
2Zy={(1+j2) 0 Ec
[ - - N e
CIn
H.BT.7.2

BT.7.3. Che mach dién ba pha & H.BT.7.3 v&i mét may phéat dién ba pha d6i
x(ng c6 sdd pha A la

E, =200£0° v

Tinh cac dong dién pha, céc dong dién day, cac dién ap pha va céc dién ap
day ctla ngudn va cla tai, cac cong suft tac dung va céng sudt phan khang cla
ngudn va cla tai néu téng trd méi pha cla dudng day

Zg, =Zg, =Zs. =(1+13) Q

va t8ng trd pha cla tai
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Zap =Zgc =Zca =(24+j36)Q

H.BT.7.3
BT.7.4. Gidi lai bai tap BT. 7.3 khi biét cac dién ap ddy

U,p =(380£0°) v
Uge =(3802-120%) v

Ucs =(3804120% v
(Xem H.BT.7.4)

. HBT.74
BT.7.5. Cho mach dién & H.BT.7.5 vdi cac dién ap

U,p =(380£0%) V, Upe =(380£-120°) V, Ug, =(380.2120%) V,

Zdl =(1+jl) Q, Zdz =(1+j2) Q;

Z, =(6+]8) Q, Z, =(18+24) Q.

Tinh céac dong dién day va cac dong dién pha, cac dién ap day va cac dién ap

pha, cac cong suét thc dung va cdng suét phdn khang cla tai ba pha ndi hinh sao,
cla tai ba pha néi hinh tam giac va cGia ngudn dién ba pha.

14-LTMACH
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H.BT.7.5
BT.7.6. Giai lai bai tap BT.7.1 trong cac trudng hop

1)Z,=10Q, 25 =10 Q, Z. =10 Q.
2Z2,=10Q,25=-10Q, 2, =j10 Q.

BT.7.7. Gidi lai bai tap BT.7.2 vdi
Zo=100,Z5=j10Q, 2. =-10Qva Zy = (1 +j1) Q.

BT.7.8. Gidi lai bai tap BT.7.3 vdi
Zy, =24, =Zg. =(1+]2)Q

BT.7.9. Gidi lai bai tap BT.7.4 vdi cac dién ap day cho bdi dd thi vécto &
H.BT.7.9.

BT.7.10. Gidi lai bai tap BT.7.5 khi tai ba pha néi hinh sao c6 cac tdng trd

pha la Z, =Zy =(16+j12) Q. Z,_=(16-j12) O
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Chuong 8

QUA TRINH QUA PO TRONG CAC MACH DIEN
- - E
TUYEN TINH DON GIAN
Né&u mot mach dién cé chia it nhat mot phén tir dién cam hay modt phén ti
dién dung thi khi déng cit mot ngudn kich thich hoac khi mét thong s cla
mach dién bi€n thién mot cdch dot ngot trong mach dién s& xdy ra mdt qud

trinh qud d¢. Trong chuong nay chi xét mét s6 qud trinh qud d¢ trong cic
mach dién don gian nhat.

8.1. QUA TRINH QUA DO KHI PONG MACH RL VAO MOT NGUON
AP KHONG DOI

Gia thigt mot mach dién gém cé dién

. . u
trés R va dién cam L ndi tiép (ta s& goi tit K iy _—B.
132 mach RL) dugc déng vao mét nguén T ° '; — )

dién 4p khong d8i theo thai gian: R
u(t):I:]=const ult) = U ] ilu
{(thudng goi 12 ngudn dién 4p mot chicu) L
(H. 8.1.1).
Ta chon géc thoi gian t = 0 1a thai —
diém doéng khod K. Ta cdn viét phuong Hinh 8.1.1

trinh vi phdn cho mach va gidi phuong
trinh vi phan nay d€ tim cdc dong dién va cdc dién 4p trong mach véit = 0.

Pai v6i mach 0 H.8.1.1 ta c6 cac phuong trinh sau day:

ug (1) =Ri(t) (8.1.1)

uL(t)=L% | (8.1.2)
va ug (t)+uy (t)=u(t)=U (8.1.3)
Két hop (8.1.1) — (8.1.3) cho ta

Ri(t)+Lg¥=U (8.1.4)
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Phuong trinh (8.1.4) 12 mot phuong trinh vi phan ruvén tinh cip mot ¢6
cdc he s6 1a c4c hiing s6. :

O ché do xic Idp thi cic dong dién va dién 4p trong mach bién thién theo
thoi gian theo quy luat cla ngudn kich thich tic déu 1a cic hing s6:

iy (t) =1 (8.1.5)
' _qul(t):Rixl(l):RI (8.1.6)

s dig (t)  dI
va U () =L ——=L—=0 (8.1.7)
Thay (8.1.5) - (8.1.7) vio (8.1.4) ta cd

RI+L£-RI U : (8.1.8)
Tir d6 ta tim dugce:

. U '

in(t)=T=% (8.1.9)

Nghiém téng quat i(t) cla (8 1.4) c6 thé coi 1a téng cla thanh phdn xdc
Idp va thanh phdn tu do.

i(t)=iy () +ig(t) (8.1.10)
trong d6 thanh phén ty do i (t) thod man phuong iy R

trinh (8.1.4) véi v€ phai bing khong got 1 phuong
trinh vi phdn thudn nhdt

L
diy
Rig(t)+L—2 T =0 (8.1.11)
tuong tng vOi mach RL khdng cé ngudﬁ kich Hinh 8.1.2

thich 6 H.8.1.2,
Ta c6 thé dat nghi¢m cla (8.1.11) dwéi dang ham ma:
ig(t)=Ae® (8.1.12)
trong d6 A la mot hing s6 goi 12 hdng s tich phan
va p 12 mot hang s6 duoc goi 1a 56 mi ddc trung..
Thay (8.1.12) vao (8.1.11) ta dugc

R(Aep‘)+L (Ae?') 0

hay RAe™ +pLAe™ =0
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hay (R+pL)Ae™ =0 (8.1.13)

Phuang trinh (8.1.13) duge thoa méan néu

Aef' =0 (8.1.14)
hoac R+pL=0 (8.1.15)
VieP' = 0 nén (8.1.14) s& din dén

A=0
Diéu nay ¢é nghia la _

ig(t)=0 (8.1.16).

Ta s& loai bd nghiém tdm thudng nay.

Phuong trinh (8.1.15) duge goi la phuong trinh ddc trung cia mach RL, c6
nghiém la

R
p=-7 (8.1.17)

dugce goi 1a s6 mii ddc trung ciia mach RL.

Vay phuong trinh (8.1.11) s& ¢ nghiém khong tdm thudng néu s6 mii dic
trung p dugc xdc dinh bdi (8.1.17).

Ngudi ta dua vao hé s6'tdt

R
B-1 (8.1.18)

va viét nghiém tu do dudi dang:

R
ig(D=Ac® cAe T’ (8.1.19)
Dén day ta cé thé viét nghiem 6ng quat cha phuong trinh (8.1.14) dudi dang

i{t)=iq (1) +igq (1)

R )
=f+Ae P =l+Ae T (8.1.20)

Dé xdc dinh hdng s6 tich phan A trong (8.1.20) ta cin dua vio didu kién
ddu 13 tri s& ciia dong dién i(t) tai thoi di€m t = 0, k¢ higu 12 i(0).

Tri s6 i(0) niy c6 thé duge cho trudce hoac 1a dugc xic dinh theo tri s6 cla
dong dién trong dién cam & thoi diém ngay trudc khi déng mach, ky hiéu 1a
i (0-) v6i ¥ nghia la

| i (0-)=lim i (1) (8.1.21)

=0
t<0
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Né&u ta gia thiét ring trude khi déng mach dong dién trong dién cam ¢6 tri
& 14 iy (0-) thi tir phuong trinh vi phan (8.1.4) véi gia thiét ring U = hitu han ta
phai ¢é

iy (0) =i, (0-) (8.1.22)
dé cho
di . o
DLl lim LO-i,0) (8.1.23)
dt g A0 At

c6 tri s6 hifu han.

Heé thirc (8.1.22) thudng dwgce phét biéu dudi dang dinh ludt déng md thir
nhdt : “Dong dién trong dién cdm phdi lién tuc tai thoi diém déng mach”.

Ta c6 thé gid thigt i; (0-) c6 mot tri s6 tuy ¥ nao d6. Trong trudng hop
trudc khi déng mach vio nguén dp khong d6i u(t) = U, mach RL chua duge
" n6i véi mot ngudn nio thi ta cé

i (0-) =0 O (8.1.24)
Véi gia thiét (8.1.24) theo (8.1.22) ta cé:
i, (M=0 (8.1.25)
Trong (8.1.20) chot=0va sit dung (8.1.25) ta cd
O0=1+A {8.1.26)
Tir 46 ta giai duge
U
A=-T=-— 8.1.27
R ( )
Thay (8.1.27) vio (8.1.19) ta dugc
R
i (1) = Ae P =—Je P =—%e i (8.1.28)

- Cu6i cung thay (8.1.9) va (8.1.28) vao (8.1.10) ta dugce

i{t) =iy (t)+iy(t)

LN _R
=l-TeL =Iji-e L

N O
hay i{t)=—=|[-¢ L : (8.1.29)
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Pé phan biét dong dién i(t) theo (8.1.29) v6i céc thanh phan xdc 1ap i,y(1)
theo (8.1.9) va thanh phén tu do iu(t) theo (8.1.28) ta s& goi i(1) 1a dong dién
qud do.

Vay
i{t) =igq (1) =g (t) +ig(t) (8.1.30)

Cic dudng cong cla dong dién
xdc 1ap i, (1) va cua dong dién tu do
1g(t) va cda i(t) duge vé trén
H.8.1.3. i(t)=%( 1 —e%t)

Hinh 8.1.3 cho ta thdy ring
dong dién qua do i(t) tang dan theo

3! i (0

v
R

- thoi gian bat ddu tit tri s6 ban dédu 1
bing khong :
i(0)=0
dén tri sO x4c lap
ixl (t) =I= % )
chit khong tang mot nhay vot tr O Hinh 8 .1.3

den U/R,

D& dénh gid vé 16c do tang cia dong dién qud d9 i(t) cling la téc dd tat
dén cha thanh phdn wr do ctia né ngudi ta diing hé s6 tat

R
=1
hoac hdng s6 thoi gian
1 L
_——=— ’ 8131
TTBTR ( )
Tir (8.1.28) ta co:
1
ig(t)=Ae P =Ae " (8.1.32)
Vait=t+1ttaco
(1+1) t .
L — i (1
ig{t+t)j=Ac T =Ae et = 'di ) (8.1.33)

Vay hdng sé thoi gian 712 khoang thdi gian ma dong dién tr do giadm di
e ~ 2,71828 lan so vdi tri sO trudc clia nd.

213



Sau th¥i di€m t = 0 mot khodng thai gian bang 3t thi dong dién tu do s&
chi cdn bing
iy (0) _ i(0)
& 20,0835
titc 1a nho hon 5% tri s6 ban ddu cla né.

~0,0498 i, (0)

Trong thuc 1€, véi sai sd nhd hon 5% ngudi ta coi Ja sau 3t thi dong dién
tr do c6 tri s6 khong dang ké c6 thé bo qua duge. Do d6, sau thai didm t = 0
mot khoang thdi gian 12 3t dong dién qua d0 i(1) s& dat t6i trén 95% trj s6 x4c
13p cta né. Vi thé, véi sai s6 nhd hon 5% ngudi ta cé thé cho rang ch& do xdc
lap trong mach RL duge thanh lap saus khi dong mach mot khoang theri gian
bing ba l4n hing s6 thdi gian cha mach.

Vidy, v6i R=100QvaL =100 mH=0,1 H thi hang s& thai gian
L 01
R 100
va ché do xédc lap c6 thé coi 1a gén dat dugc sau khi déng mach mot khoang
thdi gian bang 3t = 3ms.

. T

=0,00ls=1 ms

Ve 1y thuyét chi khi t —> o thi dong dién tu do mdi tién dén khong va
dong dién qud do mdi 1i€n dén tri s6 dong dién x4c lap.

V& mat vat 1y so di ché do xac 1ap trong mach RL khong thé thanh lap
mot cach tic thoi ngay sau khi déng mach 13 vi véi ngudn dién ¢S cong sudi
hire han thi can phai ¢6 thai gian dé 1am tang nang lugng tir trudng trong dién
cdm L tir tri s6 ban ddu dén tri s& x4c lap
1
2

Lif =%LI2 (8.1.34)

WMxI =
Vi dy 8.1.1:

Mot cudn day c6 dién rd R = 10 Q va dien cam L = 0,1 H dugc déng vao
ngudn dién mot chidu U = 10 V (H.8.1.1). Tinh dong dién qud d9 i(t), dién 4p
qua do uy (1) trén dién cam. Gia thi€t i, (0-) = 0. Tinh trj s6 cia i(t) va uy (1) tai
cdc thdi di€m t = 0, 7, 27, 31, 5t v 107, véi T 1 hing s6 thdi gian cia mach.
V& dudng cong clia i(t) va uy (1)

Gidi :
Phudng trinh vi phan chia mach viét cho dong dién i(t) 1a:

Ri(t)+L¥=U

i dift
hay: 101(t)+0,1—a(t—)=10
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G che do xac lap
U 10 _

iXI(t):I:E=_iE_lA
Phuong trinh dac trung
R+pL=0
hay _ 10+0,1p=0
cé nghi¢m Ia
R 10 ]
=——=—— =] -
P=-1 =g, 1905
Heé s& tat clia mach 1a
R 1
=—=100-
P L Os
Hang s& thoi gian clia mach:
1 L 0l
=-—=—-:;:0,01 = §
T B R°10 s=10 ms

Dong dién qua 46

V&i diéu kién diu

ta cd
O0=—+A=1+A
U
A=——=—1 A
hay R
R
U T ({_ .-1001
Vay 1(1)—E[l—e ]—(I e )A
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Dién dp qua do trén dién cam bing

o (1=

dt
R
_ __E _B_ e._.t[
R L
L
Viay u {t)=Ue L =10e7'%" v

Cdc tr1 s cua (1) va u t) vdi 1=0, 1, 21, 31, 51 va 101 duogc ghi trong
bang 8.1.1.

Cic dudng cong i(t) va ug(t) duge vé & H.8.1.4

Bdng 8.1.1
((ms) 0 10 20 30 50 100
1(A) ] 0.63212 | 0,86466 | 0,95021 | 0,99326 0,99995

u(V) i0 3.6788 1,3533 | 0,49787 | 0067379 | 4,540x107*

(MG

0.6 +

04 +

02 +

Uy (U

44+ uity =10 v

[
!
T
—

0 } + t } + } ] t 3 } -
0 5 10 15 20 25 3¢ 35 40 45 50 ™
Hinh 8.1.4
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8.2. QUA TRINH QUA DO KHI BONG MACH RL VAO NGUON BIEN AP.
HINH SIN
Néu mach RL duge déng viio mot nguda dién dp hinh sin u(l) =U_ sinot

& thoi diém t = 0 (H.8.2.1) thi phuong trinh vi phan viét cho qud trinh qud do
cha mach sé 13

| K o 2R,

_ di{t) _ .___.?Q—p—:
Rl(t)+LT=Umsmml {8.2.1) R
Nghigém téng quit cua (8.2.1) c6 thé .

coi 1a tdng cua dong dién xac lap v dong UM L §lu .
dién tu do
i) =i, () +ig (1) (8.2.2) o
O ché do xdc lap dong dién xdc lap Hinh 8.2.1
cta mach RL 1a dong dién hinh sin ¢é tan s6 goc o
iy (t) =1, sin{wt—9) (8.2.3)
vai | 1 =A——— vé(p=arclg%]:

Dong dién tu do i4(t) 14 nghiém tdng qudt ciia phuong trinh vi phan thuin

nhat
: dild
Riq +LT=_U (8.2.4)
Nhu da xét trong muc 8.1, ta cé:
R 1
iy ()=Ac P =Ae L =Ac M = Ac T (8.2.5)
véi hé s6 tat
R
= 8.2.6
p-1 (8.2.6)
va hing s6 thoi gian
L
- 8.2.7
=R ( )

Thay (8.2.3) va (8.2.7) vace (8.2.2) ta dugc
R

(1) =i, (t)+ig(t)

=1, sin(wt - )+ Ae L (8.2.8)
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D¢ xdc dinh hang s6 tich phan A trong (8.2.8) ta cdn biét diéu kién ddu
ciia bii todn. Gia thiét da cho diéu kién ddu

=i (0)=i (0-)=0 (8.2.9)
Theo (8.2.8) vGit =0 ta cod -
0=T,sin{-@)+A
Tir do _
A=-1,sin(~p)=1_sing (8.2.10)
Thay (8.2.9) vao (8.2.10) ta dugc:

R
i(ty=1I,sin{owt—¢)+1,sin(p)e L' (B.2.11)
Ta g01 nghiém i(t) theo (8.2.11) 1a dong dién quéd do dé¢ phan biét VU] cic
thanh phan xdc lap va thanh phén tu do cta né.
Cdc dudng cong cua i(t) theo (8.2.11) va cila cdc thanh phidn xdc lap va wy
do cita n6 duge vé & hinh 8.2.2,
4l
i{n

Valal
N

Hinh 8.2.2
Tir H.8.2.2 ta thdy ro rang dong dién qud do trong mach RL bat ddu tir ki
s6 ban dau i(0) = O chuyén ddn dén mot dong dién hinh sin & ché do x4c lap
theo vGi sy 1at dan cha thanh phin déng dién tu do.

Vidy 8.2.1:
Mot cudn day cé dién tré R = 10 €, dién cam L = 0,1 H dugc déng vao
dién dp u(1)= lOOv’Esin(ml+300) V v6i tAn s6 f = 50 Hz tai thoi diém 1 =0

(H.8.2.1). Tinh dong dién qud do6 i(t) va di{:ﬁ ap qud do u, (t). V& cdc dudng
cong cua i(t) va ug(t) trong ba chu ki clia dién 4p ngudn. Gia thiét i (0-) = 0
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Gidi :
Phuong trinh vi phan cta qua trinh quad do d6i v6i dong dien i(t)

Ri(t)+Lg—: =U, sin(mt +30“)

hay 10i(t)'+0,1% =100v2 sin(3141+ 30" )
Dé tinh dong dién xdc lap I ta ding phuong phap s8 phiic
Rl +joLl=U
~ hay (R+joL)I=U
Tt dé j-— Y
(R +joL)
100-30°  100.£30°

T10+j(314x0.1) 10+ 31,4

=2,2432 - j2.0436 = 3,03452-42.33" A

Vay iy (1) =3,03452 sin(3141 - 42,33°) A
Dong dién tix do ¢é dang
[
iy =AeP =Ac P =Ae *
R

:Ae_fl — AeT100
v
R 10 1
i T TR
He s6 tit
R 1
B—I—IOO N
va hang s6 thoi gian
1 L
t—E~E—0,015—10 ms -

Vay dong dién qua do
i{t) =i {t}+iy (1)

=3,0345v/2sin(3141 - 42,33} + Ae™ 1™ A
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bé xdc dinh hang s6 tich phan A ta dung diéu kién diu
i(0) = i (0) = iy (0-) = 0
Ta co

0=3,0345\2 sin(—42,330 ) +A
Tir d6 _ .
A =-3,0345V2sin(-42,33° ) = 2,8898 A
Cudi cung ta dugc dong dién qué do
i(t):3,0345\/Esin(314t-42,33°)+2,8898e“'°°‘ A
Dién d4p qua do trén dién cam

ug (1) -

:La
= 0,1%[3.0345ﬁsin(314t —42,330)+2,8898e'm°‘]
= (0.1)(3.0345v2) (314)cos 3141 - 42,33° ) +(0,1)(2,8898)(~100) ¢ 7'*"

- 95,2832 c05(3 14t —42,33° ) ~28.898e 100t v/

Cédc dudng cong cua i(t) va up(t) duge vé trén cdac H.8.2.3a va H.8.2.3b.

A
10 T R 1 T T T 1 l
s R L NG e
W AR ENSG IR S
' ' \'--I‘-\‘I ' ;f-;“\ i ' :/.--" i
e Lo e s \/ |
¢ R PRI Y o i A e SR et 5000
0 0005 001 0015 002 0025 0.03 0035 004 0045 0DO5s

LN N b
P TR i I RSV T oo VTR
200 RN AN SRR Tk L80 SHRCY WP B U & (o0
0 0005 D01 0015 002 0D25 003 0035 004 0045 005

Hinh 8.2.3



8.3. QUA TRINH QUA B KHI PONG MACH RC VAO NGUON PIEN AP
KHONG Bd1

Gia thiét mét mach dién gom cé
dién tr& R va dién dung C ndi tiép (ta I
s& goi tdt 1a mach RC) duge déng vio + '_'VQ_'_[:]—
mot ngudn dién dp Khong déi theo thoi -
glan
u(t) = U = const v _ C__luc

(thudng goi 1a'ngudn dién dp mot chiéu

H.8.3.1). —»
Ta lap phuogng trinh vi phan viét Hinh 8.3.1
cho quad trinh qud do clia mach. Ta ¢6 cac phuong trinh :
ug (t)+ue(t)=U (8.3.1)
ug =Ri{t}) (8.3.2)
' oy ~due :
va i(t)= = (8.3.3)
Két hop cde phuong trinh (8.3.1) - (8.3.3) ta duge
du(t
RC%+uc(t)=U (8.3.4)

Phrong trinh (8.3.4) 12 mot phuong trinh vi phan ruyéh tinh cdp mor ¢6
cdc heé s6 1a cdc hdang s8. Nghiém téng quat us(t) cla (8.3.4) c6 (hé coi a 1dng
ctia thanh phan xdc 14p va thanh phén tr do

D€ tim uc, (t) ta chi ¥ ring & ch€ do xéc 1ap v&i ngudn 4p hing thi dién
ap xdc 1ap trén dién dung 13 hing s6 va dong dién xdc lap qua dien dung bing
khéng:

Uey (t)= Uc (8.3.6)

ig(1)=C—SC==C—C=0 (8.3.7)

Thay (8.3.6) va (8.3.7) vao (8.3.4) ta duge
0+ugy(t)=Ue =U
tirc uey (t)=U (8.3.8)
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Thanh phédn dién 4p ty do weén dién dung

la nghiém tdng quét cia phuong trinh vi phan —e——w  —3
thudn nhit

duCId (t) ¢ ::. l u Ctd

RC— "+ (t)=0  (8.3.9)

tuong tng v6i mach RC-khong cé nguédn kich Hinh 8.3.2
thich (H.8.3.2).

Ta dat nghiém cua (8.3.9) dudi dang ham ma
Vg (1) = Ae? (8.3.10)

trong do A 12 moOt hing s& goi 1 hding s6 tich phan
va pla mot hing s6 goi 12 s6 mi dic trung.
Thay (8.3.10) vao (8.3.9) ta duoc:

RC—;Y(ACP‘)+Aep' =0

hay ' RCpAe® + AeM =0
hay (RCp+1}Ae™ =0 (8.3.11)
Phuong trinh (8.3.11) dugc thod man néu

Ael' =0 _ (8.3.12)
hodc (RCp+1)=0 (8.3.13)

VieP' # 0 nen (8.3.12) sé din dén A = 0.
Piéu nay cé nghia 1: .
Ucy (1)=0 (8.3.14)

Ta s& loai bo nghiém tdm thudng nay.

Phuong trinh (8.3.13) duoc goi la phl.rdng trinh dac trung ctia mach RC, ¢6
nghiém la

_ 1
, P="Re

dudc goi 1a 56 mid ddc trung cua mach RC.

V4y phuong trinh (8.3.11) s& cd nghiém khong tdm thudng néu s6 mi déc
trung p duge xac dinh bdi (8.3.15).

Ngudi ta dua vao he s6 tét

1

(8.3.1%)

B=%c (8.3.16)
va hing s thoi gian 1 =~[1§=‘RC (8.3.17)
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va viét nghiém cua (8.3.9) dudi dang
1 1
Ugy =Ae RC = Ae ™M = Ae T (8.3.18)
Bay gidf 1a ¢ thé viét nghiém 16ng quél ctia phuong trinh 8.3.4 duéi dang
e (t) = ue () +ucy (1) _
f ]
=U+Ae ™ =U+Ae T=U+Ae RC  (83.19)
D€ xdc dinh hing sd tich phan A trong (8.3.19) ta cin dva vao diéu kién
ddu 14 trj s6 ciia dién 4p uc(1) tai thoi diém déng mach t = 0, k¥ hiéu 12 u(0).
Tri s6 u(0) ndy ¢6 thé duge cho trude hoac 1a duge xdc dinh theo tri s
cia dién 4p trén dién dung & thoi diém ngay trude khi déng mach, ky hiéu la
uc(0-) véi ¥ nghia la:
ue (0-)=limuc(t) (8.3.20)

1—{
[E8]

Ne&u 1a gia thiél rang truéc khi déng mach dién &p trén dién dung cé tri s6
13 u{0-) thi tir phuong trinh vi phan (8.3.4) v6i gia thiét rdng U = hitu han. 1a
phai cé

e (0)=ue (0-) (8.3.21)
dé cho
duc . uc(0)-uc(0-) '
= ‘3‘
a o Am At (8.3.22)

¢ tri 86 hiu han,

He thic (8.3.21) thudng duge phat biéu du6i dang dinkh ludt déng mé thit
hai : “Dién dp trén dién dung phdi lién tuc tai thoi diém déng mo”.

Ta ¢6 thé gia thi€t uc(0-) ¢6 mét trj s6 tuy ¥ nao dé. Trong trudng hop

truée khi déng mach vao ngudn dp khong déi u(t) = U mach RC chuwa duoc néi
vGéi mot ngudn nao thi ta €6:

uc(0-y=10 (8.3.23)
V6i gia thiét (8.3.23), theo (8.3.21) ta ¢6: B

uc(®) =0 (8.3.24)
Trong (8.3.19) cho t = 0 va sir dung (8.3.24) ta ¢6

0=U+A . (8.3.25)
Tir d6 ta giai duoc

A=-U o (8.3.26)
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Thay (8.3.26) vao (8.3.18) ta dugc:

1 %

Uy () =Ae™P =-Ue™ = _Ue ¥ = —Ue RC (8.3.27)
Cudi cung, thay (8.3.8) va (8.3.27) vao (8.3.5) ta duoc

1
uc{t)=ucy (1) +ucy (t) =U-Ue RC

hay uc(1)=U

I_C_EEJ (8.3.28)

Dé phan biét dién dp uc(t) theo (8.3.28) véi céc thanh phdn xdc lap
Ucy (t) theo (8.3.8) va thanh phan ty do ug, (t) theo (8.3.27) ta s& goi uc(t)

12 dién dp qua do trén dién dung.

Vay .
b () = uggq (1) =ugy (1) +ucy (1) (8.3.29
Cac duong cong cua dig¢n dp u ‘
c
xde 1ap ug, (1), cha dién dp ty  § Uenlt)

do ugy (1) va coa dién dp quéd do
t
ue(t) duge vE trén H.8.3.3. m:u (1-e RG)

Hinh 8.3.3 cho ta thiy ring
dién ap qua dd uc(t) tang ddn theo t
thdsi gian bt ddu tix tri s6 ban ddu 0 -

uc(0) = 0 dén tri s6 xdc lap Yoy (1) = U e_?:ﬁ
ugy (t) = U

ch¢ khong tang nhdy vot tir

khong dén U. -U Hinh 8.3.3

Hing s6 thai gian cita mach RC 1a t = RC 12 khodng thdi gian ma dién ap
iy do trén digén dung giam di e ~ 2,71828 1dn so véi tri s§ trude cla né.
Sau thoi diém t = 0 mot khodng théi gian bang 3t thi dién 4p ty do trén
dién dung s& chi con bang:
ucy (0) - Ucy(0)
e’ 20,0855

tic 12 nho hon 5% tri s¢ ban ddu cia né.

= 0,0498u,, (0)

226



Trong thuc t&€ vdi sai s6 nhd hon 5% ngudi ta coi 12 sau 3t thi dién ap tu
do c6 tri s6 khong ding ké c6 thé bd qua duge.

Do dé sau thoi diém t = 0 mot khodng thdi gian bing 3t dién 4p qud do
uc(t) s& dat tdi trén 95% tri s6 xdc lap cla né. Vi th€ vdi sai s6 nhd hon 5%
ngudi ta cé thé cho ring ch& do xic 14p trong mach RC duge thanh lap sau khi
d6ng mach mot khodng thoi gian bing ba 14n hiing s6 thoi gian cia mach.

Vidy, vdi R = 100 Q va C = 10 uF thi hing s& thoi gian

1=RC=100x10x10° =107 s=1ms
vi ch€ d6 xdc lap <6 thé coi 1a gin dat duge sau khi déng mach mot khoang
th&i gian bing 3t = 3 ms.

V& 1¥ thuyét chi khi t — oo thi dién dp ty do mdi tién dé€n khong va dién
dp qud d6 trén dién dung mdi ti€n dén tri s6 dién 4p xdc lap.

Vé mat vat 1, ché d6 xdc 1ap trong mach RC khong thé thanh lap mot
cdch tirc thoi ngay sau khi déng mach la vi v&i ngudn dién ¢é céng suat hitu
han thi cdn phai cé thoi gian dé lam tang ning lugng dién trudng trong dién
dung tix tri s6 ban ddu dén trj sé xac 1ap.

1
2

Cul, = %CUZ

Wex =
Vidy 8.3.1:

Mot tu dién ¢6 dién dung C = 10 pF duge ndi ti€p véi dién ¢ R = 1 kQ va
duge déng vao ngudn dién 4p khong déi u(t) = U = 100 V 1ai thdi diém t =0
(H.8.3.1). Cho u(0-) = 0.

Tinh dién 4p qud do uc(t) v dong dién qud 46 i(t). Tinh tri s6 cva uc(t) va
() voi t = 1, 21, 31, 5t vA 107 v6i 1 1a hing s6 thdi gian cha mach. V& dudng
cong cha uc(t) va i(t).

Gidi:

Phuong trinh vi phan cia qué trinh qué d6 d6i v&i dién dp qua do trén dién
dung la

dup(t
re2el) Ly (0)=u
dt
Dién dp xdc 14p trén dién dung

uc (1)=U=100 V

Phuong trinh dac trung cha mach
RCp+1=0
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c6 nghiém la
1 1 i
UL S |y
RC  10*x10x107° s

Hé s¢ tat
| 1
= =100 -
B RC 8
Hang s6 thoi gian clha mach:
1 1
= — = C e :O‘ = .
T B R 50 015=10 ms

Pién 4p tu do trén dién dung c6 biéu thirc 1a
. |
uctd (t) = Aepl = AC"BI - Ac T )
I
_ Ae RC _ pe-1001
Di¢n dp qud do trén dién dung:
uc (t)=ucy (1) +ucy (t)
1
=U+Ae RC =100+ Ae™'"
Theo diéu kién ban dau
uc(0) = uc(0-)=0
ta co 0=U+A=100+A
Tir dé A=U=-100V,
Cudi cung ta dugce dién dp qud do trén dién dung

t ] 1
ue{t)=U+4Ae RC = -Ue RC :U[l*c_EJ
uc(t)=100(1-¢'*") v

D¢ tinh dong dién qud do trong mach ta st dung quan hé giira i va uc

(1) -c et

Ta.cé
d -
l([)ZCaT U l-e RCJ
1) — U -~ 100
= CU| - e RC =2 RC = 1001
[ RC)e R® 1000 ©
Vay i) =0,1e7'" A =100e7'®" mA
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Céc tri 56 cla ut) va ic(1) tai cdc thyi diém t=0, t = 1, 27, 31, 51 va 10t
dugce ghi o bang 8.3.1.

Bdng 8.3.1
t(ms) 0 10 100
uc(V) 100 63,212 99,995
i(mA) | 100 | 36,788 4,540x107*
Céc dudng cong cna uc(t) va i(t) duge vé trong H.8.3.4 .
0.1 :
0.08 [ L
] ERRnRE REEEEEE
07§ S N O P SR
i) WL R IR
p 006 s
a) b}
Hinh 8.3.4

Ta nhan thiy uc(t) lién tuc tai t = O trong khi ddéng dién i(t} nhay vot tis
1(0-) =0dén1(0) = U/R =0, A.

8.4. QUA TRINH QUA BO KHI DONG MACH RC VAO NGUON BIEN AP
HINH SIN

Néu mach RC duge déng vao mot ngudn dién dp hinh sin:
uw(t) = U sin{ot +y)

& thoi diém t = 0 (H.8.4.1) thi phuong trinh vi phin viét cho qua trinh qua d¢
cila mach sé& 1a

RC-d;—tC+uC(t)=Umsin(mt+w) (8.4.1)

Nghiém t6ng quét uc(t) cha (8.4.1) c6 thé coi 12 tdng cha dién 4p xdc lap
va dién dp tu do trén dién dung

uc (t) =ueq (1) +ucu(t) (8.4.2)
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u(t) ' C::luc . L\(U,d /\ ; _f

Hinh 8.4.1 Hinh 8.4.2

O ché do xdc lap dong dién xédc 1ap ciia mach RC 12 mot dong dién hinh
sin ¢6 biéu thite 1a

L (O=1sin{ot+y-¢) | (8.4.3)
vdi I, =—-——-Um—2
R2+(Zo%)
1
va ' ¢ = arctg (')C

Dién dp xdc 14p trén dién dung 12 mot dién dp hinh sin ¢6 biéu thie 12

e g () =Uq, sin(mt+w—cp—%} (8.4.4)

véi Uy, = [é}lm

Di¢n dp tu doucy ()12 nghiém tdng quit ciia phwong trinh vi phan thudn
nhat
d

tuong dng vdéi mach RC khﬁng c6 ngudn kich thich (H.8.3.2). Nhu da xét
trong muc 8.3, nghiém cia (8 4.5) c6 dang

t
ucg(t)=Ae® = Ae Re - Ae M = peT (8.4.6)
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v&i hé s tat

B=—s _ (8.4.7)
va hang sd thoi gian
t=RC (8.4.8)
Thay (8.4.4) va (8.4.6) vao (8.4.2) ta dugc

uc (1) = vy (1) +uca (1)

t
=Ugn sin[mt - (p—%] + Ae RC (8.4.9)

Pé xac diﬂh héng s& tich phan A trong (8.4.9) ta cén sit dung:diéu kién
dau la tri s6 cha dién 4p trén dién dung tai thoi diém d6éng mach uc(0). Gia
thi&t da cho trj s6 clia dién 4p trén dién dung ngay trudc khi déong mach uC(O -),
theo dinh luat déng m¢ thi hai ta c6

u{(0) = uc(0-) (8.4.10)

Vi du, da cho uc(0-) = 0, ta s& ¢b

ue(0) = 0 (8.4.11)
Thay t = 0 vio (8.4.9) va sit dung (8.4.11) ta c6
O=UCmSin[\|J—Lp—%)+A (8.4.12)
~ a4 n
Tiur dé A=-Ucq, Sln(lpl - 2] (8.4.13)

Cudi ciing, thay (8.4.13) vao (8.4.9) ta duge

t
uc(t)=Uep sin({nt Y- —%] ~Ucm sin(\p -p- %Je RC (8.4.14)

Céc dudng cong clia uc(t), ugy (1) vaugy(t) duge vé trén hinh H.8.4.2

cho ta thiy ring dién dp qua do uc(t) bit ddu tir trj s6 ban c‘lﬁuL uc(0) = 0 chuyén
ddn dén quy luat hinh sin & ché do xdc lap theo v6i qud trinh tat ddn cua thanh
phdn dién 4dp ty do. Vi sau khi déng mach mét khoang thdj gian 3t = 3RC thanh
phin di¢n dp tu do chi cdn nhd hon 5% tri 56 ban ddu cla né nén véi sai 56 nhd
hon 5% ta c6 thé coi ring ché do xdc 1ap hinh sin duge thanh lap sau khi déng
mach mot khoang théi gian bing ba 14n hing s6 thoi gian cia mach RC.

V& mat 1§ thuyét chi khi t = o thi dién 4p ty do trén dign dung méi tién
dén khong va dién dp qua do trén dién dung mdi tién dén dign dp xac lap.
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Vidv 8.4.1;

Mot tu dién c6 dién dung C = 10 pF duge ndi tiép vdi mot digntré R = 1 kQ
va dugc dong vao ngudn dién 4p hinh sin u(t)le()ﬁsin(mt+300)véi tan

$6 f = 50 Hz tai thoi diém t = 0 (H.8.4.1). Cho u-(0-}=0.

Tinh dién dp quéd d¢ uc(t) va dong dién qud do i(t). V& céc dudng cong

ciia uc(t) va ic(t) trong khoang thoi gian bang 3t = 3RC.

Gldi :

Phuong trinh vi phan ciia qué trinh qud d6 d6i vdi dién ap qud d¢ trén dién

dung 1

232

duc(t .
RC%+uc(t)= U,y sin(ot+30°)

G ché do x4c lap hinh sin ta ¢6:

Ri—j[é]izfj

Tir d6 i=_._U"l_=
-i—e
_ 100.230° _100£30°
' 1000 — | 1 1000 - j318,3

2nx50x10x107°
=(64,185+70,430)x10™ A =(95.29x 107 £47,66" | A
bien dp xéc 1ap hi¢u dung phitc trén dién dung
Ue =(-ja%J =
=(-j318,3)(64,185 +j70,430)x 107
=22,42 - 20,43 = (30,334 - 42,340) s
Vay dién dp xdc 1ap trén dién dung
uc,d(l)=(30,33)ﬁsin(ml—42,3400) \

Phuong trinh déc trung cha mach
RCp+1=0



c6 nghiém 12
Heé s6 tat

Hing s6 thoi gian

1
t—RC-—m—0,0I s=10 ms

Dién dp tu do trén dién dung cé biéu thirc 12

]
Ueg (1) = Ae™ =Ae™ = Ae T = A

Vay dién 4ap qua do trén dién dung cé biéu thic 1A
e (t)=ucy () +ucy(t)
= (30,332 sin ot - 42,347 | + Ae™*"
Theo diéu kién ddu
' U0} = u(0-} =0
ta cd

0=30,33v2sin{-42,34° ) + A
Tir dé

A =-30,33V2sin(—42,34) = 28,89 V
Cudi cung, ta ¢6 dién dp trén dién dung bing

uc (t)=ucy (t}+ugy (1)

= 30,332 sin(t - 42,34° ) + 28,89 4% v

Pé tinh dong dién qud d¢ i(t) ta st dung quan h¢ gitta i(t} va uc(t):

i(t-)=CduC—(t)

dt
Ta cd

i(t) =10 10‘6)%[(30,33)\/5 sin( ot -42,34%) + 28,89e"°°‘}

=(10x107 )[(30,33)\5 x 2mx50cos(wt - 42,34" )+ 28,89(~100)e %" J
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hay  i(1)=95,29V2sin(wt+47,66°) - 28,89¢ ' mA

Cac duong cong clia uc(t) va i(t) duge vé ¢ hinh 8.4.3

WV
100 1 | |
Ug : : b : i
.. P \ b2l e bt el el A TRt B -y
e o ! : T
e o | .A\\‘\ ' / 1 P I
el s I e "\ RT-ars NS < MEFABPENN
a7
H
0

003 s

200

100 -":- B T

I = = =

N

-100

-200

Hinh 8.4.3

8.5. QUA TRINH QUA PO KHI PONG MACH RLC VAO NGUON DIEN
AP KHONG DO

Ta xét qua trinh qud do i Ug ._U_L__
khi déng mot mach gém co6 +.—.?§—>—|:|—/'V‘h—
dién trg R, dién cam L va dién R - .
dung C néi ti€p (s& goi tat la
mach RLC) vao mot ngudén y C::lu
dién 4p khong déi u(t) = U = "
const (thudong goi la dién dp
mot chiéu). = e

Hinh 8.5.1
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Ta chon g6c thdi gian t = 0 12 thasi diém déng khod K. Trudc tién ta hay
lap hé phuong trinh vi phan cho qua trinh qud d¢ trong mach. D&t véi so d6 ¢
hinh 8.5.1 ta ¢6 cdc phuong trinh sau day

ug () +u {)+uc{t)=U (8.5.1)
trong dd
ug (1) =Ri(t) (8.5.2)
di{t)
UL(l):L——d-t— (85"3)
du.-

va i(t)zc%(t) (8.5.4)

Thay (8.5.2) va (8.5.3) vao (8.5.1) ta duoc

) dift
R1(t)+L-—d£t—)+uC(t)=U (8.5.5)
Thay (8.5.4) vio (8.5.5) ta duge
| duc(t) | duc(t) '
= 5.
RC—2=+1C " +uc(t)=U (8.5.6)
2
hay LCd zcz(t)‘i'RC dust(t)+uc (l)=U {857)
t

Phuong trinh (8.5.7) 1a mot phuong trinh vi phdn tuyén tinh cdp hai d6i
vai uc(t) vdi cdc he s0 1a cdc hang s6.

Nghiem téng quét us(t) ciia (8.5.7) ¢ thé coi 12 tdng clia cac dién dp xdc
1ap uey(t) va dién ap tf do ugy (t) trén dién dung

e (1) =y () +ucia(t) (8.5.8)
V&t nguén kich thich 12 mot dién d4p khong d6i theo thoi gian thi dién dp
xac 14p ey (t) phai1d mot dign 4p hing

ucy (1) = Ug = const (8.5.9)
D¢ xac dinh trj 56 clia Uc ta thay R L
(8.5.9) vao (8.5.7) va chd ¥ rang: R e, W ' ' N
duca(t) -de g -
dt dt _ c— lu Cid
du? t 2
va cle( ) -E?UC = .
dt dt .
Hinh 8.5.2
ta dudc Uc=U (8.5.10)
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‘Thanh phén di¢n dp ty do trén dién dung 12 nghiém téng qudt clia phuwong
trinh vi phan tuyén tinh thudn nhat -

- 2
LC d uCtd (t) +RC duCld (t)
dl2 dt
tuong dng voi mach RLC khong ¢ ngudn kich thich (H.8.5.2).
Ta 6 thé dat nghiém tdng qudt ciia (8.5.11) duéi dang ham mii:
Ugg ()= AcP! (8.5.12)

trong d6 A la mot hang s& goi 12 hdng 56 tich phdn v p 13 hing s& goi 1a 50
mit ddc trung.

+lgg (1) =0 (8.5.11)

D¢ tim s6 mil dac trung p ta thay (8.5.12) vao (8.5.11) chi ¥ rang:

du t
(“(;i( )=_§{Aepl:pAepl (8.5.13)
d’u. (¢ :
va %:%pmm = p?Ac” (8.5.14)

Thay (8.5.12) - (8.5.14) vao (8.5.11) 1a dugc:
LCp®AeP + RCpAe™ + Ae™ =0

hay - (LCp2+RCp+])AeP' =0 (8.5.15)

Phuong trinh (8.5.15) dirge thod man néu '
Ae? =0 (8.5.16)

hoic LCp? +RCp+1=0 (8.5.17)

Vi e™ # 0 phuong trinh (8.5.16) s& din dén A = 0. Didu ndy ¢6 nghia la
Ueg (1) =AeP =0 (8.5.18)

Ta s& loai bd nghi¢m tdm thuong nay.

Phuong trinh (8.5.17) dwoc goi 1a phuong trink ddc trung tuong ng véi

phuong trinh vi phan thufin nhét (8.5.11), con cé thé vit 1a

p? +%P+$=0 (8.5.19)

Pay 1a mét phuong trinh bac hai d6i vé6i p. Cac nghiém cia (8.5.19) phu
thudc vao tri sS clia biét thic:

Ao (RY_ L
Tl 2L LC
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C6 3 trudng hop:

Truong hop 1 : Néu R>2J% thi A'>0 va phuong trinh dic tring
(8.5.19) ¢6 2 nghi¢m thuc khac nhau:
__R_RY 1
' P==2c "z ) "1
va (8.5.20)
R R 1

2
P=rylar) e

Trong trudng hgp nady, nghiém tdng qudt cla (8.5.11) cé dang khéng dao
déng: :

Uggg (1) = AP +A,eP (8.5.21)

v6i A\, A, 12 cdc hang s& tich phan.

Truong hop 2 : Néu R 42\/% thi A'<0 va phuong trinh dic trung cé

hai nghidm phic lién hgp

R 1. R Y
=3 +ije(ar)
2L ¢ (8.5.22)

hay
it | @329
2 0
véi a =% (8.5.24)
201 12 hé s tdt.
2
v ®p = é—(%) (8.5.25)

goi la tdn sé dao dong riéng.

Trong trudng hop ndy nghiém téng quat cha (8.5.11) cé dang dao dong
(tit ddn):
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e {t) =7 (A sinayt+ A, cosogt) = Ae™' sin{@gt + ) (8.5.26)

v&1 A\, A; hoac A, B 14 cdc hing s6 tich phan.

Tricong hop 3 : N&u R= 2\/%_ thi A'=0 va phuong trinh dac trung co6
hai nghiém thuc bing nhau hay mét nghiém kép:

p,=p, =—0G= -—-21-} (8.5.27)

Trong truong hop nay nghiém tong quédt cha (8.5.11) ¢6 dang khoéng dao
dong 1oi han.

uc (1) =(A, +Azt)e™ (8.5.28)
vdi A, Ay 1a cdc hidng s6 tich phan.

Nhu vay. tuy theo quan h¢ gifta cdc thong s6 R, L. va C cta mach RLC ma
dién 4p tr do ugy{t) cé thé c6 biu thitc dang (8.5.21) hay (8.5.26) hay
(8.5.28).

Thay biéu thic cha Ueg (I) theo (8.5.21) hoic (8.5.26) hoac (8.5.28) 1uy
theo trudng hop cu thé clia mot mach RLC da cho va biéu thic ug, (l) theo
(8.5.10) vao (8.5.8) ta s& dugc nghiém tdng qudt cha (8.5.7) trong d6 ¢6 hai
hang s tich phan.

Dé xdc dinh hai hang 6 tich phan niy ta cdn biét hai diéu kién du l1a

1) Tr1 $6 ciia dién 4p trén dién dung tai thai di€m déng md u(0).

2) Tri s6 clia dao ham cap mot cia up(1) tai thai diém déng mor

u-c (0) _ duC (t)

dt I:U (8.5.29)
Theo djnh luat déng mé thit hai ta cé
{0} = uc(0-) (8.5.30)
Con u'(0) duge suy ra tir (8.5.4) va tir hé thic
i(0) = i.(0) = i (0-). ' (8.5.31)
theo dinh ludt déng md thit nhat, :
Nhur vay ta ¢o -
u'c(o)zigglz-@=$j (8.5.32)

Céc tri s6 cita uc(0-) va i (0-) hodc 13 di dwgc cho trude hodc 13 dugce
tinh theo tinh trang cla mach dién truée khi déng mach.
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Vi du, trong trudng hop trudc khi déng mach RLC vao ngudn dién ép
hang u(t) = U mach dién chua duge ndi véi mot ngudn dién nao khic thi ta cé
i0)=0
uc(0-) =0
va ta ¢6 cdc didu kién ddu bdng khéng
uc(0)=0
va u'(0)=0
cho phuong trinh vi phan (8.5.7).
Sit dung cdc diéu kién (8.5.30) va (8.5.32) ta s& xdc dinh dugc cdc hing s6
tich phan trong nghiém téng qudt uc(t) ciia phuong trinh vi phan (S.S.?).

(8.5.33)

Cudi cing, néu mudn tinh dodng dién qua do i(1) rrong mach ta chi can sur
dung (8.5.4). Mudn tinh dién dp qud do trén dién trd ug(t) va dién dp qua do
trén dién cam ta sir dung (8.5.2) va (8.5.3).

Vidy 8.5.1:
Mot mach RLC v6i R = 100 , L = 0,1 H duge déng vao ngudn dién dp
khong d&i u(t) = U = 100 V tai théi diém t = 0 (H.8.5.1). Gia thiét u-(0-) = 0

v iy (0-} = 0. Tinh dién dp qué dd trén dién dung uc(t) va dong dién qua do
trong mach i(t) trong mach tuong ung vai ba trudng hgp:

1) C = 47,62 pF

2) C =20 puF
3) C = 40 pF.
Giai:

Phuong trinh vi phan déi véi dién dp qud do trén dién dung uc(t) la:

d’uc(t d
LC :fz()mc —Ctuc=U

Trong ch€ do xac lap hing ta c6

iy (t)=0

ey (1)=Ue=U=100 V
1) Truong hap 1 (C = 47,62 uF)

V&i R =100 Q, L = 0,1 Hva C=4762 pF, phuong trinh dic trung cua
mach 1a
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; R 1
p +Lp+LC 0
.. R 100 4]
L= opt -
vGi T 1 0 5
. 1 1 s 1
v —= =2.1x10° =
LC 0,1x47.62x10°° s2
tiic 13 P’ +10°p+2,1x10° =0

Vi R=IOOQ>2JE=2 -Ajzm,ssg
C 47,62 x10

nén phuong trinh dac trung c¢é hai nghiém thuc khdc nhau:
__R_IRYy_ 1
Pi="3C"yl2L | "Tc
— 500+ 5002 — 2,1x10° = =500 + 200 = —300 é

N __R_RY 1
P2==3074l3C) "Lc

= =500 - 200 = ~700 %
Quad trinh 1 do ¢6 tinh chédt khong dao dong. Pién dp ty do trén dién dung
c6 biéu thic la
ueg (1) = AP + A,eP?
= A0 + AT
Di¢n dp qué d9 trén dién dung ue(t) ¢§ bidu thic 1a
ue (1) = vy () + ey (1)
=U+ AP +A,eP
=100+ A, ® 4+ A,
Ta cé hai diéu kién ddu la:
() =u(0-) =0
_duc{y)l i)

dt C
t=0

véi i{0) = 1,.(0) =i (0-) = 0
ticla  uwe(0)=0

va 2) u'c(0)
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Str dung hai diéu kién ddu nay ta lap dugc hai phuong trinh sau day doéi
Vdi Al va A2

Uc(0)= 100+A1 +A2=0

va u'c(0) = - 300A, - 700A, =0
Giai hai phuong trinh nay ta dugc
A =-175V
va A =75V

Viy dién 4p qud do trén dién dung la
uc(t) = 100 - 1757300 4 7570 v
D& tim dong dién qud do i(t) trong mach ta sit dung quan hé

! : du
i(1)=ic (1)=cie
Ta dugc
o et 6\d P 300 ~700t
i(1) = (47,62x107 ) [ 100=175¢ 7 +75¢ 7" |

e 2,5(3-300t 0 6-70{}[) A

Cic dudng cong cua uc(t) va i(t) dugce vé trén hinh 8.5.3

Vv
100 I | | I i T, i T I
T N LR B Rt s
bgr----- T e e b el b b el Bl B fETRs s Aaabit
L e S S S e
- - - R 9 Ty 2 :-""_'“""T-"":"-"_‘f_"“i ------
ElIZ] 0002 0004 0006 0008 001 0.012 0014 0016 0018 s
A
0.8 : | 1 : : l : :
R R T Y (LS e e e e
- NS g PRI
: B ot bt P en s Aotk bt i aAssge
by ' i : | i i | i
UU 0002 0004 0006 0008 0.01 0012 0014 0016 0018 s

Hinh 8.5.3
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2) Truong hop 2 ( C = 20 uF)
V6i R =100, L = 0,1 H va C = 20 uF phuong trinh dac trung clta mach la

, R 1
2he i -0
PHIP*ic

=p’+ 10%p + 5x10° =0

Vi R=1000<2\E=2/L-6=141,429
C 20x10”

nén phuong trinh dac trung c6 hai nghiém phic lién hgp

P1a =0 oy,

vdi o :'in-: 500%
/ 1 R Y 5 2 rad
uitc p; ={-500 + j500) é
va p, ={~500 - j500) é

Quad trinh ty do ¢6 tinh chat dao dong. Pién 4p ty do trén dién dung cé
bidu thic la
ey () =™ (A, sinwgt+ A, coswyt) =
=¢ """ (A, sin 5001 + A, cos 5001
Vay dién ap qua d¢ trén dién dung c6 biéu thitc 14
uc(t)=ucy () +ucy (1)
=U+e ™ (A sinogt + A, cosmgt)=
=100+ e > " (A, sin 500t + A, cos 500t )

D¢ xdc dinh cdc hang s6 tich phan A, vA A, trong biéu thic cha uc(t) ta
sir dung hai di€u kién dau:

1) ue(0) = 0

va 2) u'C(o)zdugl(t) =0

t=()

*
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Tit cdc phuong trinh
uc(0) =100+ A, =0
va w'c(0) = - 500A; + 500A, =0
ta ¢ . A=A =-100V
Vay uc (t) =100 + 7> (~100sin 500t — 100 cos 500t )
hay ue(t)=100- 100e 300 (sin 5001 + cos 500t)

=100 — 100+/2e 3" sin(SOOt + 450) \V

Dong di¢én qud 40 trong mach 1a:
duc
dt

i= =(20x107)(~100){ (~500) ™" (sin500t + cos 5001)
+¢7% (500055001 - 5005in 500t) |
=(267™"sin500t) A

Ciéc dudng cong clia up(t) va i(t) dugevé trén hinh 8.5.4

180 T ] i T T T ; T
- ' ' 1 [} 1 1 ' ' 1
' ' ' ' 1 1 4 y |
1 1 uc{t)- 1 1 1 ) 1 '
1 1 . ' 1 ' 1 ' i
dm e [ i . L L L + -
I [ 1 1 3 ] 1 1
1 | ' 1 v : 1 1 1
1 1 ' 1 [l ' 1 1 1
| ' 1 1 1 ' 1 1 1
i ' 1 1 ' ) 1 1 '
.......... T o e T
d 1 1 ) ] 1 ¥ [} |
' 1 1 ] 1 1 1 1 '
1 1 1 1 1 1 [l 1 '
) 1 1 1 ' 1 ' 1 '
1 1 1 1 ' t 1 1 ' :
1 1 1 1 I H 1 1 1
0

0 -
0 0002 0.004 0.006 0.

1 \ i i H i H
1 ) 1 1 ] 1 ]
] 1 1 1 1 1 ]
g-m==- e L e ——— PR . pEp—
L] 1 L] L] 1 1 )
L] 1 L] ] 1 1 1
PR e cwa Lommmdeomooboo oo oa [T
] 1 1 1 1 ] 1
1 1 ] 1 13 L] 1
1 ) 1 1 L] ) L]
$mmmmgmm——— femcmm g ——— Frmmm g m = R
1 1 ] 1 1 1 1 ]
1 1 1 1 1 ) 1 1
1 1 1 L] 1 1 1
O : ! - + ! -
1] (] 1 1 L] ) 1 1 1
(] [ ] 1 1 1 ] 1 13 1
[ 1 L 1 1 1 L L _'

0° 'B.002-0:004 006 0.008 D01 0:012 0014 0.016 0018 002 s

Hink 8.5.4
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€ trén hinh 8.5.5

=500 A

100~@00+5x104qe5m‘v

1000t e

d¢ i(t) trong mach

ue-(t)=U +(Al + Azt)e_“' =

én qui

g

Vay dién 4p qud do trén dién dung béng
Cic duding cong cla uc(t) va i(t) dugev

Dong di

80f----
80F----
40-----
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8.6. QUA TRINH QUA DO KHI BPONG MACH RLC VAO NGUON DIEN
AP HINH SIN

. Ug up
\i ; 1 —_— —
e
R L
u(t) ¢ uc
Hinh 8.6.1

Gia sir mot mach RLC duge déng vao mot ngubn dién 4p hinh sin
u(t)=U,,sin{ot+y)
 thei diém t = 0 (H.8.6.1) thi phuong trinh vi phan d6i vdi dién 4p trén dién

dung s& 1a;

2
duc +RC~C~1—1~1§-

LC
dt? dt

+uc{t)=U_ sin{ot +y} (8.6.1)
Nghiém t6ng qudt uc(t) ciia (8.6.1) c6 thé coi Ia téng ciia cdc dién 4p xdc
1ap va dién 4p tu do trén dién dung

“C(t)=“cm(‘)+“cm (l) (8.6.2)

V6i ngudn kich thich 12 mot dién dp hinh sin thi ddng dién x4c 14p trong
mach s& 12 mot dong dién hinh sin c6 biéu thirc 12

i(t)=Imsin(mt+t|J—(p) (8.6.3)
véi

I, = Un

1V

R2+ oL-—

s for- )
oL ——
vir (= arctg R“’C
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Dién 4p xdc lap trén dién dung 1a mot dién 4p hinh sin ¢6 biéu thie la:

e ) =Ugqy Sin[ml+\p——(p—%) (8.6.4)

voi  Ug, :[é)lm

Dién 4p ti do uc (1) 12 nghiém téng quét cha phuong trinh vi phan thudn aht

d? d
cSucult), peiealt) L (1)=0

o - (8.6.5)
Tuy theo cdc nghiém cita phwong trinh dac trung
2 R 1.
TPTT == 6.6
p-+ i p+ TC 0 (8.6.6)
ma ugy(t) ¢6 thé c6 mot trong cdc dang sau:
1) ueg(t)= AP + AP néu R>2\/—E (8.6.7)
2) gy (Y =e"" (A sinwyt + A, cosmgt) =
—at ' L
= Ae”*sin{wgt +B) néu R<2\/; g (8.6.8)
SRV |7
3) ugg{t)=(A; +Ajt)e néu R=2Jg (8.6.9)

trong d6 p, # p, 1 hai nghiém thuc khdc nhau
-atjog 1a hai nghiém phic lién hgp va
-o. 1a mét nghiém kép
chia phuong trinh dac trung, con A, A; hodc A va B la cic hing so tich phan.
Thay céc biéu thic chia ucg(t) theo (8.6.4) va clia ugy(t) theo (8.6.7)
hodc (8.6.8) hodc (8.6.9) vao (8.6.2) ta s& duge bidu thic clia nghiém t8ng
quét cba phuong trinh vi phén (8.6.1),
Dé xac dinh cac hing s& tich phan trong bi€u thifc cia uc(t) ta cdn sir dung

dug (1)

=0 nhu di néi 0
dt

t=0

cdc didu kién dau 1a cde tri s6 uc(0) = 0 vau'c (0)=

muc 8.5.
Sau khi tinh dugc dién 4p qud d¢ trén dién dung u(t) ta ¢6 thé tinh dugrc dong
dién qud do i(t) va dién 4p qué do trén dién cam bang céch 1ay dao ham cua u(t):
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due

_ 1=C It
. 2
u = Lﬂ:ﬂ:ﬂg_
dt d[z

Vi dy 8.6.1:

Tinh di¢n dp qud do uc(t) va dong dien qué do i(1) trong mach dién & vi du
8.5.1 khi nguén dién 4p 12 u(t)zlooJisin(loont+3o°) \

Gidi :

1) Truong hop 1 { C = 47,62 uF)
Phuong trinh vi phan d6i véi dien 4p qud d6 trén dién dung la:

LC dz:tcz(t) +RC d"dct(t) +ue(t)=U,, sin{wt +y)
hay
4,762 10"’d2—;t%@+4,762x 10_3du—flt(-tl+uc(t)= 10032 sin( 100t + 30°)
Trong ch€ do xac 12p hinh sin, dong di¢n hieu dung phitc bing
L S
R+j[c0L—E)
_ 100.230°
100+j{100n><0,1— L _6J
100 % 47,62 % 10

_ 100.£30° _100£30°
100+j(31,416 - 66,844) ~ 100 j35,428

=0,6121+j0,7168 = 0,9426.249,51° A
bién dp x4c lép hi¢u dung phitc trén dién dung bing:

UC = _'}(EJI

=(~j66,844)(0.6121 + j0,7168)
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= 47,914 - 40,915 =63,012-40,50° V
Vay dién dp xac lap trén dién dung la
ucy (1) =(63.01)V2 sin(100m - 40,50%) v

Phuong trinh dac trung cta mach

2+5 +o=
PrLPrie”
=p’+10°p + 2,1x10° = 0
¢ hai nghig¢m thuc khic nhau

1
p =-300 s

va P, = ~700 é

. Qua trinh tu do ¢ tinh chat khéng dao déng. Pién dp tv do trén dién dung
6 biéu thirc la:
Ugg (1) = APt + Agef?!
= Alc'Jm‘ + Azez'mot
Dién dp qua do trén dién dung up(t) ¢6 biéu thic 1a
uc(t) =gy (t)+ucy(t)
= 63,0142 8in(100m - 40,50° ) + A, e 4+ AT
Pé xdc dinh céc hing s6 tich phan A, va A, trong biéu thitc clia u(t) ta
str dung hai diéu kién ddu l1a
1) ue(0) = 0

dug .
va 2) u'c(0)= u(c“(l) =0
t=0

nhw trong vi du 8.5.1.
Ta lap duogc hai phuong trinh sau day d6i véi-A| va A,

uc(0)=(63,01)v2sin(~40,50° ) + A, + A,
hay A, +A, =57,872

va uw'c(0)=(63,01)2(100m)cos(-40,50° ) - 3004, - 700, =0
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hay 300A, +700A, =2,1287x10* V/s
Giai hai phuong trinh nay ta dugc
A, =48,059V
va A, =98135V
Vay dién dp qua 4¢ trén dién dung la
ue(t) = (63,01)J§sin(100m —40,500)+48,059e“300' +9,8135¢770%
Dong dién qua do trong mach bang

i()=c el

dt

" =47,62x107° %[(63,01)\/5 sin(lOOm - 40,50“') +48,059¢ % 4+ 9,8135¢77% ] -

= (0, 9426)J5cos( 1007t — 40,50° ) +(~0,68657e730% _0,32712¢ 7"y A

Ciéc dudng cong clia uc(t) va i(t) dugce vé trén hinh 8.6.2

100 |
50 Joemmmmm o
! A
: ‘_/'
50 .% ...........
!
o 02 0.0255s
.
H
Q.02 0025 s

Hinh 8.6.2
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2} Truong hop 2 ( C = 20 uF)
Phuong trinh vi phan déi véi dién 4p qud d6 trén dién dung 12

LC dzzfz(t) +RC d"gl(t) rug(t)=
~2x10° dzzg(t) +2x 10'-‘%0—)4- uc(t)=
= 1002 sin( 1007t + 30°)
Trong ché€ do xac lap hinh sin, dong dién hiéu dung phitc bang:
e
R+j[mL-mJ
__100430°
100-j127,73

=0,08641+j0,6104 = 0,6165281,94° A
Pié¢n 4p hiéu dung phifc trén dién dung béang:

. 1),
={~j159,15)(0,08641 + j0.6104)

=(98,11£-8,06") V
Vay dién ap xac l4p trén dién dung la:
ey (£)=(98,11)v2 sin(100m - 8,06°) V
Phuong trinh dac trung ciia mach la
2, RO,
PrYPTICT
=p?+10°p +5x10° =0

¢é hai nghiém phiic lién hop :

p = (r500+j500)

7| =

va p, =(~500 - j500)
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QQua trinh tr do ¢6 tinh chat dao déng c6 hé so tit o = - 500 ! v tin s6
5

. d
dao dong riéng o, = 500 i‘:—

Dién 4p ty do trén dién dung c6 biéu thic la

Uca (t) =™ (A, sino t+ A,cosw,t)
=e 7" (A, sin500t + A,cos500t )

Vay dién 4p qua do wrén dién dung cé biéu thiic 1a:
uc{t)=ucy (1) +uey(t)
= (98,1 1)J§sin(100m—8,06°)

+e 7% (A sin 500t + A,c0s500t)

- D€ xdc dinh cdc hiing s6 tich phan A, va A, trong biéu thic cha uc(1) ta
sir dung hai diéu kién ddu 1a

1) us(0) = 0

d t
D we(o)- 250~
1=0

nhu & vi du 8.5.1. '

Ta lap duge hai phuong trinh sau day d6i véi A va A, :
1) ue(0)= (98,1 V2 sin(-8,06°) + A, =0
hay A, = 19,454
2) u'c(0)=(98,1 1}J§(100n)cos(—s,06°) +(=500A, +500A,)=0
hay S00A, - S00A, = - 4,3158x10% V/s.

Ta giai dugc |

Aj=-66862V

Az = 19,454 V
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Vay di¢n 4p qué d6 trén dién dung bing
e (1) = (98.11)¥2 sin (1007 - 8,06° ) +
+e77%0"(_66,8625in 500t + 19,454c0s500t) V
hay
uc (1) =(98,11) V2 sin(100m -8,06° ) +
+69,635¢ % 5in(500t +163,78%) V
Dong dién qué d6 trong mach bing

duc (1)

.i(l)=CT

=(0,6165)J55in(100m+81,94°)+0,9848e'5“°'sin(5001—61.22°) A

Cédc dudmg cong cua uc(t) va i(t) dwge vé trén hinh 8.6.3

Y . .

200 ! 1 | i |
Uy(t) : , ! ' -

100 s TG b e e aeeoees TG At SERERRE
/( ) ' e X

0 b : 4 HE
|-F‘ 1 /_ I
AU N e :

Aggb---es RS N P L]
200 : : : : :

1] 0.005 0.o1 0.015 g.02 0.025 g03 s

Hinh 8.6.3
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3) Truong hop 3 ( C = 40 uF)
Phuong trinh vi phan ddi véi dién 4p qué do trén dién dung 1a

LC dzucz(t) +RC duc(t}
dt dt

d?uc(t duc(t '
= 4x 10_6_—35‘3&+4x10*3%()+uc(t)= 10032 sin(100mt + 30°)
' t
Trong ché do xdc 1ap hinh sin dong dién hiéu dung phiic bang:
U 100£30°

. 1) 100-j48,161
R+‘][G)L—m—c"]

+uc(t)=

I=

. =(0,5075 + j0,7444) = 0,9010255,72° A
Dién 4p hi¢u dyng phic trén dién dung bing :

. 1,
= (~§79,577)(0,5075 + j0,7444)
=(59,237 - j40,385) = 71,6942 - 34,28" V
Bién ap xdc lap trén dién dung béng
ey (t) =(71.694) 2 sin(100%t - 34,28°) v
Phuong trinh dac trung ciia mach la
2 R, L.
PHLPrIc™
=p’ +10°p +2,5x10°= 0
cd hai nghiém thuc bing nhau (hay mot nghiém kép)
1

Qua trinh tir do ¢é tinh chat khong dao dong tSi han.
bién dp tu do trén dién dung ¢ biéu thic 12

uga ()= (A, +Ast)e™ =(A, +Ayt)e™ ™"
Vay dién 4p qué do trén dién dung c6 biéu thic 1a:

uc(t) =ugy (t)+ucq(t)

= (71,6939)2 sin(100mt - 34,28°) + (A + A,t)e™®"
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Si dung céc diéu kié;n ddu:
1) uc(0) =

2 u c(o)_d“‘:(‘) =0

1=0
ta x4c dinh dugc cac hang s@ tich phan
A, =57.107 V
va A, = 2,2335%10% Vs
Vay, dién dp qué do trén dien dung bang

ue (1) = (71,694) V2 sin{100m ~34, 28°)+ (57,107 +2,2335x10° 1) 500ty
Dong dién qua dg trong mach bing
=(0,9010)Jisin(100m+55,72°) _(1,0528+44,67) " A

Céc dudng cong ctia ug(t) va i(t) dugc vé trén hinh 8.6.4.

200

i ap——"—

Hinh 8.6.4
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CAU HOI KIEM TRA

8.1. Viét phuong trinh vi phan cho qua trinh qua d¢ khi déng mach RL vao mét
nguén dién ap khéng d8i. Vi sao phuong trinh nay duge goi la phuong trinh vi phan
tuyén tinh cap mot vdi cac hé sé 1a cac héng 8.

8.2. Tinh dong dién xac lap trong mach RL véi cac ngudn ap khdng ddi,

8.3. Phudng trinh vi phan ddi v8i dong dién tu do trong mach RL dudc tap nhu
thé nao ? Tai sao phuong trinh nay duoc goi la phuong trinh vi phén thudn nhat

8.4. Phuang trinh dac trung clia mach RL ¢6 dang nhy thé nao. Nghiém cia
phuong trinh nay goi (4 gi.

8.5. Nghiém t8ng quat clia dong dién tu do trong mach RL cé dang nhu thé
nao ? Hang sé thdi gian ctia mach RL 13 gi?

8.6. Biéu kién ddu cha qué trinh qua dd trong mach RL 13 gi?

8.7. Tai sao dong dién trong dién cadm phai lién tyc (tc khéng bién thién nay
vot) tai thdi diém déng mé ?

8.8. Lam thé nao dé x4c dinh hang s8 tich phan trong biéu thitc clia dong dién
qua dé trong mach RL. Cho mét s8 vi du.

8.9. Sau khi dong mach RL mét thai gian bang bao nhiéu thi dong dién qua db
dat t8i 95% tri s6 dong dién xac lap. Giai thich hién tugng nay.

8.10. Sau khi ddng mach RL mét théi gian bang bao nhiéu thi dong dién qua
a6 dat t6i 99% tri s6 dong dién xac l4p. Giai thich hién tuang nay.

8.11. Viéc tinh dong dién qua 44 trong mach RL khi déng mach vao mét ngudn
dién ap hinh sin c6 diém gi khéac so vdi viée tinh dong dién qua d6 trong mach RL
khi déng mach vao mét ngudn dién ap khéng ddi.

8.12. L3p fai cac cau hdi (8-1) + (8-11) cho mach RC va thay dong dién qué dd
trong dién cam bang dién ap qua dd trén dién dung.

8.13. Viét phuang trinh vi phan d6i véi uc(t) (hofic i (1)) cia mach RLC khi déng
mach vao mét ngudn dién ap khang ddi (hoc dién ap hinh sin).

8.14. DOng dién xac lap.trong dién cam va dién ap Xac lap trén dién dung
trong mach RLC véi nguén dién ap khéng ddi hodc ngudn dién ap hinh sin dugc
tinh bang cach nao ? Cho mét sé vi du.

8.15. Phugng trinh vi phan déi véi dong dién tu do trong dién cdm ho#c dién
ap tu do trén dién dung trong mach RLC dugc lap bing cach nao ?

8.16. Phuang trinh d&c trung cda mach RLC cé dang nhu thé nao, Vdi didu
kién gi d6i vdi cac thdng s6 R, L, C thi qua trinh ty do trong mach RLC sé cé dang
khéng dao ddng, dao ddng hoéc khdng dao dong 14i han. Cho mét sé vi du.

8.17. Cac diéu kién dau clia qua trinh qua dd clia mach RLC 12 g ? Ching
dudc xac dinh nhur thé nao ? Cho mét s6 vi du.

8.18. Lam thé nao dé€ x4c dinh cac hiing s& tich phan cda dién ap trén dién
dung (ho#c cla dong dién trong dién cam) clia mach RLC ? Cho mét & vi du.
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BAI TAP

BT.8.1. Cho mach dién ¢ H.BT.8.1 K

véi 7< Y R
-—

R=500;,L=02H;,ut)y=U=50V, (

Tinh dong dién qua do it} va dién
ap qua do trén dién cam u (1) ndu khog U L %luL(t}
K déng mach tai thai diém t = 0. Gia thiét
i(0-}y=0.

Tai cac thdi diém nao dong dién tu
do gidm dén 5% va 1% trj s6 ban d4u H.BT. 8.1

cla nd. V& céc dbd thi theo thdi gian cla
cac dong dién xac 1ap, i/ do va qua dé.

BT.8.2. Gidi lai bai tap BT.8.1 v6i u(t)=50+2 sin(mt +%] V v6if=50Hz.

BT.8.3. Cho mach dién & H.BT.8.3 vdi

R=100Q;C=10pF ?<‘ |:|R

vau{ty = U =100V,

Tinh dong dién qua do i(t) va dién
ap qua do trén dién dung ug(t) néu khoa Ul C— l Ug
K déng mach tai thdi diém t = 0. Gid '
thiét uc(0-) = 0.

Tai cac thdi diém nao déng dién tuy
do va dién ap t do trén dién dung giam
d&n 5% va 1% tri s& ban dau cia né,

H.BT3.3

Vé cac d6 thi theo thdi gian cla cac dién ap xac lap, tuw do va qué dd trén dién
dung.

BT.8.4. Gidi lai bai tap BT.8.3 v6i u(t)=100v2sin (m +;J V véif=50Hz.

BT.8.5. Cho mach dién & H.BT.8.5 vdi
R=250Q;,L=01H;C=10puFvau(t)j=U=100V.

Tinh dong dién qua dd i(t), dién ap qua dd trén dién cam u, () va dién ap qua
d6 trén dién dung uc(t) néu khoa K déng mach tai thdi diém t = 0.

Gié thiét i (0-) = 0 va uc(o-) =0.
Ve cac dudng cong i {t), u.(t) va uc(t).
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u(t) c::luc

"H.BT.8.5
BT .8.6. Giai lai bai tap BT.8.5 véi R = 200 Q.
BT.8.7. Giai lai bai tap BT.8.5 véi R = 100 Q.

BT.8.8. Giéi lai bai t3p BT.8.5 vi u(t)= IOOﬁsin(1000t+%) \%
BT.8.9. Giéi lai bai tap BT.8.6 véi u(t)= 100Jisin[1000t +%J \Y%

BT.8.10. Gidi lai bai tap BT:8.7 vi u(t) = lOOﬁsin(lOOOt +—:-J v

258



PHU LUC 1

TiNH CAC SO PHUC BANG MAY TiNH BIEN TU BO TUi
(SCIENTIFIC CALGULATOR)

Trong phu luc nay hudng din sir dung mdy tinh dién & joai bo tui
{sctentific calculator) dé tinh cdc s6 phitc va giai hé phuong trinh bac nhit véi
cic hé s6 phiec.

(6 nhiéu loai mdy tinh dién tr bo tii cho phép thue hién cdc phép tinh vdi cic
s6 phuc, vi du nhu CASIO fx - 570MS, CASIO fx - 2300, SHARP EL - 506 v.v...

Cho dén nay, mdy CASIO fx - 570MS cho phép thuc hién cdc phép tinh
todn véi cdc s6 phitc mot cach thuan lgi nén dudi day sé hudéng dan cich su
dung may nay. '

PL 1 - 1. D6i mot sé phirc tix dang dai so a + jb sang dang
toa do cuc rsb

Mét s6 phiic c6 thé viét dudi dang dai s6 ¢ = a + jb, trong d6 a la phédn
thuc (real part) va b 1a phdn ao (imaginary part) (H.PL.1.1.1).

Ngudi ia viét j
a=Relc},

jb
b =Im{c}.

SG phiic ¢ = a + jb ciing ¢6 thé viét dudi dang
toa dé cuc (polar coordinates)

c=rel =10 HPLLLI

trong dé: r la bdn kinh vécta, goi la moé - duyn (modulus) vd B 14 ac - guy -
mang (argument}.

Giita a, b va r, 0 cd cdc quan hé sau diy:

a=rcos9,b=rsing,
va r=va’ +b?

b
0 =arctg—
arctg
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Vidu PLI1.1.1.V6is6phiicc=4+j3tacéa=4,b=23,
Vay r=v42 432 =5

va 9=arctg%=36,870
Do d6 4+ j3=5,36,87°

Vidu PL.1.1.2. V6i s6 phic ¢=5230° tacér=35, 8=130°

Vay  a=5cos30° = 4,3301 '

va b = 5sin30° = 2,5000

Dodé 5230 =4,3301 + j2,5000.

D¢ thye hién phép bién ddi mot s6 phirc tir dang dai s6 sang dang toa d¢
doc cuc bang mdy tinh CASIO fx - 570MS 1a ti€n hanh nhy sau:

- Trugc tién, ta c4n thyc hién mot 6 thao tic dé chon ché dé (MODE) cho
mady tinh.

- Sau khi 4n niit dé cho mdy tinh bt dfu hoat dong, ta &n nit
MODE]|, tren man hinh ciia mdy tinh s& xu4t hién cdc thong tin sau day:

COMP CMPLX
1 2

Ta 4n vao nit dé chon mode CMPLX (viét tit ciia COMPLEX, cé
nghia la 56" phukc). Trén man hinh s& xudt hien chit CMPLX bio ring mdy tinh
di chuyén sang ché& do tinh vdi cic s phic.

- Ti€p theo ta 4n niit bon l4n lien ti&p titc

[IMODE|  [MODE| [MODE] [MODE
dé cho trén man hinh xut hién céc thong tin sau day:

Deg Rad Gra -
1 2 3

Ta sé& an nit El dé chon Deg (viét tit ciia Degree c6 nghia la "do" tic
la cdc géc s& duge tinh bing 46 va cdc phan Ié thap phan cha d6). Trén man
hinh clia mdy tinh s& xu4t hién chir IE] (c6 nghia 12 Degree).

- Tiép theo ta lai 4n ndit [MODE| nam [4n lién ti€p dé man hinh xu4t hién
cdc théng tin sau day:
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,

Fix Sci Norm
1 2 3

Ta s& dn niit dé chon "SCI", viét tit cia "Scientific”, cé nghia l1a
chon cich biéu dién s6 dudi dang scientific notation. Biy gi®, trén man hinh
s€ xuat hién thong tin

7Sa 0=9 7

Ta s& 4n niit III dé chon cach biéu dién s6 v&i nam chit s6 ¢é nghia
(5 significant digits) dé cho cdc két qua tinh khéng c6 qué nhifu chir s6 ma
van dam bao d6 chinh xdc kha cao.

Sau khi chon cdc ché do (MODE) cho mdy tinh nhu trén, ta c6 thé bat dau
tinh todn voi cdc 56 phic.

Dé déi sa phitc 4 + j3 sang dang rZ0, ta thuc hién cdc thao tdc lién ti€p
sau day:

4 [+ |3 [ [samr] [rz0] [=]

Ta s& dugc két qua sau day hién trén man hinh |
4+31 >r/0 .

5.0000 - w®

tirc 1a r = 5,0000
Pé tim géc O ta dn
| SHIFT }{ Re & Im |
ta s& dugce ké’t qua sau day xuit hién trén man hinh

4431 >rs8
£ 3.6870 "

tiic 1a 6 = 36,870".
Vay 4+ j3 =5,00036,870"
Du6i day la mét s6 vi du vé dd1 sd phirc tir dang a + jb sang dang 1£0:
4+ j3=5,0000236,870"
4 - j3=5,0000/ - 36,870"
~4 + j3 =5,0000£143,13°
-4 - j3=35,00002 —143,13°
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Hinh H.PL.1.1.2 minh hoa cé4c
trudng hop nay. Cin chd y doi vdi 4413

trudng hop s6 phic - 4 - j3 : -

Ta c6 thé viét; :
-4-§3 =—(4+j3)= !
. ;

=-(5436,870°) = by
=5.2(36,870° - 180° ) = |

=54-143,13°
Doi khi ngudi ta cling viét:

+j A
i3 4+j3
|
143.13° |
|
36877
wart 1t 41
| i
143,13 i
t |
“““ ot
-4-3 -3 4-j3
H.PL.1.1.2

—4-j3=-5,36,870"
thay cho cach viét chit ché:

4= j3=~(4+[3)=—(536,870°)

Trong trudng hop t8ng quit ta ¢cd:
~(r£0)=r£(0+180°)

Tuy theo tri s6 clia § ta sé chon géc 6 +180° hay géc 6-180" sao cho két

qua 5& c6 tri s6 tuyét dsi bé hon 180°.
Vidu:

~(5260%) =5.2(60° - 180°) = 5.2 ~120° = ~2,5000 - j4.3301

-{5£-60°)=52(-60° +180° ) = 5.£120° = —2,5000 + j4,3301
(54-60")=s54( J=5: |

Bai tap PL.1.1

Ddi cdc s8 phic sau day tir dang dai s6 (a + jb) sang dang toa d¢ doc cuc

r£0:
1)2+j3
2)3-j8
3y-5+34
4) -4 - j4
5y0-j12
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Pép 5o

1) 3,6056256,310°
2) 85440/ - 69.,444°
3) 6.40312141,34°-
4) 5,6569.2£ —135,00°
5) 122 -90°

PL 1 - 2. Pdi mot so phitc tir dang toa d¢ doc cuc r-0 sang
dang dai s6 a + jb
Vi du PL.1.2.1 Dé d8i s6 phiic 5.,30%sang dang dai s6 bing mdy tinh

CASIO fx - 570MS ta thuc hién céc thao tdc sau day (sau khi di thyc hién viéc
chon cic che do CMPLX, D, Sci nhu dé ndi & phéan trén).

s mrr] [2] o [=]

Trén man hinh s& xudt hién cdc thong tin sau day

CMILX D ST R&eri

5/30

4.3301 0%

titc 1a phan thue (a) = 4,3301.
Pé tim phan ao (b) ta &n cdc nit
[ SHIFT | [ Re ¢ Im |

ta s& dugc man hinh véi cdc thoéng tin sau day:

CMPLX M) SCI Rl

5230

2.5000 i"“]oo

tic la b = 2,5000
Viay 5£30=4,3301+)2,5000
Dudi day 13 mot s8 vi du khéc:

52-30° =4,3301 - j2,5000

~5.230° = -(5£30°) = -(4,3301 + 2.5000) = ~4,3301 - j2.5000
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—52-30° = -(54 - 30°)= —-(4.3301 - j2,5000) = —4,3301 + j2,5000
hay -52-30° = 54(—300 +180°) =52150° = -4,3301 + j2,5000

Bai tap PL.1 - 2

Déi cac 56 phiic sau day tir dang 126 sang dang a + jb
1) 10£45°

2) 15£-120°

3) —20260°

4) 40.210°

5) 30£-90°

BDdp 56"

- 17,0711 +j7,0711

2) - 7,5000 - 12,990
3) - 10,000 - 17,321
4) -34,641 -j20,000
5) -i30.

PL.1 - 3. Cong va trir cic s6 phitc

D¢ cong va trir cde s6 phitc bing may tinh CASIO fx - 570MS ta lAm nhu

sau (sau khi déd chon cdc ch€ d¢ CMPLX, D va Sci).

Vidu PL.1.3.1
Dé tinh (5 + j4) + (6 - j10) ta thuc hién cdc thao tdc

s )+ (1] [ o =] w0 (3] [=]

Ta s& ¢4 vai cdc thong tin sau day

CMPLX D SC1 R&l

54+4i+6—10i

1.1000 %

tdc 1a phén thyc (a) = 11,000
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D€ dugc phan 4o (b) ta thuc hién cédc thao tic
| SHIFT |[Re ¢ Im |

ta s& dugec man hinh véi cdc thong tin sau

CMPLX D : 54 =1

5+4i+6-10i

-6.0000 ;0™

tic 13 b = - 6,0000
Vay (5+ja)+(6-j10)=11-j6

Vidu PL.1.3.2

.

Pé tinh 10£60° +5245% bing mdy tinh CASIO fx - 570MS ta thyc hién
céc thao tic san day:

10 [sarFt] [2] 60 s [smFr] [2] 45 [=]

ta s€ dugc man hinh vdi cdc thong tin sau day

CMPLX D K1 R&1

10460 +5£45
8.5355 o™

titc 1a phin thuc (a) = 8,5355.
Dé dugc phén 4o (b) ta thuc hién thao tdc

| SHIFT || Re > Im

ta s& dugc man hinh vdi cac thoéng tin sau

CMPLX - D SCT Rl

10£60+5245

1.2196 i«

tic 1a phan ao (b) = 12,196
Vay 10£60° +5.245° =8,5355 + {12,196

Phép trit hai s phitc ciing dwge thyc hién twong te nhu trén chi cdn thay
viéc 4n nit d6i v6i phép cong bing viéc dn nit [ — | d6i v6i phép trir
va phai ding ddu m& ngodc don va déng ngoac don sau phép trir.
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Vidu PL.1.3.3 _
Dé tinh 5 + j4 - (6 - j10) ta cdn thuc hi¢n céc thao tic sau
sl dal i Jl-Jlcfe-wol i [[H][=]
dé duge a = -1,000 réi thuc hién cédc thao tic
| SHIFT |[Re & Im |

dé duge b = 14.000.
Viy 5 +jd4-(6-jl0)=-1 +jl4

Vidu PL.1.3.4
Dé tinh 10£60" - 52459 ta thue hién cdc thao tic
0 [SHIFT| | 2] 60 [ - |5 [SHIFT|[ 2 ] 45[ = |

dé duge a = 1,4645 rdi thye hién cic thao téc
| SHIFT |[Re ¢ Im |
dé duge b =5.1247
Vay 10£60° - 5245° = 1,4645 + j5,1247

Bai tap PL.1.3

Thue hién cdc phép cong (hoac trir) cdc s& phic sau day:
D (5-j2)+(6£30")

2) (4460°)-(2-3)

3) (5230°) + (82 - 45°)

4y (10445“)—(134—30“)

5) -(152-30%)- (202~ 120°)
Pdp 56

1) 10,196 + j1,000

2) 0,0000 + j6,4641

3) 9,9870 - j3.1569

4)-8,5174 + 316,071
5) - 2,9904 + j24 821
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PL.1.4. Nhan hai so phoc
D¢ nhan hai s6 phic bing miy tinh CASIO fx - 570MS ta lam nhu suu
(sau khi da chon cac ché do CMPLX. D va SCIy.
Vidu PL.1A4.1
Dé tinh (5 + j4)x(06 - j10) ta thuc hién cdc thao tac sau day
. 1 . .
Lofsp+Jal il = f[efoe-wopifin =]
ta s¢ dude phan thue a = 70,000.
Tiép theo, ta thuc hién thao tdc
| SHIFT | Re © Im |
dé dugc phdn do b = -26,000
Vay (5 + jx(6 - j10) = 70 - j26.
Vidu PL1.4.2

bé tinh (3 +j4)x(6é300) ta thuc hién céc thao tdc zau day

Ll Jali D T ix e jolsmrr]] £ {30]) ] = |

dé duge phan thuc a = 13,981
Tiép theo, ta thue hién thao tic

| SHIFT || Re © Im |
dé duge phan ao b = 35,785

Vay (5+4)x{6230"} = 13,981 + j35.785.
Vidy PL.1.4.3
Dé tinh (100430“]x(24—90°) ta thyc hién céc thao tic sau day

[ J1oo[SHIFT][ 2 [30 [ || x |

Lo afsarer]f £ ] - Joo{ || =]
dé dugc phan thuc a = 100,00
Tiép theo, ta thuc hién thao tdc

| SHIFT [[Re & Im |
dé dugc phin do b =-173.21
Vay (100430“)><(24—90“) = 100.00 - j173.21
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Bai tap PL.1.4

Tim céc tich $6 clia cdc s§ phifc sau day

1) (5+j2)x(3- j4) | 2) (5245%)x(1 - jt)

3) (10+5)x(2£-90°) 4) (202-60°)x(32120°)
5) (100£-30°)x(-jo.1)

Ddp 56" ' :

1) 23,000 - j14,000 2) 7,0711 + j0,0000

3) 10,000 - j20,000 4) 30,000 + j51,962
3)-5- 38,6603 :

PL.1.5. Chia mét s6 phitec cho mot s6 phirc
Dé chia mot s6 phirc ndy cho mot s6 phitc khic bidng mdy tinh CASIO fx -
570MS ta 1am nhu sau (sau khi d3 chon céc ché d6 CMPLX, D va SCI).

Vidu PL.1.5.1
Dé tinh (5 + j4)/(6 - j10) ta thuc hién cic thao tic sau day

Ll e D =10 s [T D ][ =]
ta & dugc phan thuc a = -7,3529 x 1072,
Tiép theo ta thuc hién thao tic

| SHIFT |[Re < Im |

dé dugc phian do b =- 5,4412x 107\
Vay (5 + j4)/(6 - j10) = - 0,073529 - j0,54412
Vidu PL.1.5.2
Dé tinh (5+ j4);(6.430“) ta thyc hién cdc thao téc sau day
LCsi+ 141D 1 =] ] e[saFt] 2 )30 [ ] [= ]

ta sé€ duge phdn thuc a = 1,0550
Tiép theo ta thuc hién thao tdc

| SHIFT |[Re & Im |
dé dugc phdn ao b = 0,16068
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Vay (5+4)/(6230°) = 1,050 + j0,16068

Vidu PL.1.5.3

Pé tinh (1004300)[(24—900) ta thue hién cdc thao tdc sau day

[ Jroo[sHIFT] [ Z 305 ][+ ]
[ CJe[swFr] [ < [ =9[> ] =]

dé dugc phan thuc a = -25,000
Ti€p theo ta thuc hién thao tic

| SHIFT |[Re & Im |
dé duge phin 4o b = 43,301

Vay (100230°)/(2£-90%) = -25 + j43,301

Bai tap PL.1.5

Tim céc thuong s6 ciia cdc s6 phic sau day:
D) (5+j2)/(3-j4) |
2) (5245“)1(1-;‘1)

3) (10+j5)/(.2.£*90°)

4) (202£-60°)/(32120°)

5) (1004—30”)/(—j0,1)
bdp 56"

1) 0,28000 + j1,0400
2) 0,0000 + j3,5355

3) - 2,5000 + j5,0000
4) - 6,6667 + j0,0000
5) 500 + j866,03
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PL.1.6. Giai hé phuong trinh bac nhat véi cac hé sé phite

May tinh CASIO fx - 570MS ¢6 chiic ning EQN (viét tat clia Equations)
cho phép giai hé phuong trich bic nhat véi cde hé sé'la cdo 58 thue,

D¢ gidi h¢ phuong trinh bac nhat vdi cdc hé 56 phire ta can phai si dung
cic chie nang cong, trir, nhan va chia cdc s6 phitc di néi ¢ phin trén, Két hgp
v6i quy tic Cramer hodc phuong phip thé hoac phuong phip khir dn s6.

Dudi day trinh bay viéc giai mot hé hai phuong trinh hai 4n s¢ vdi cac he
s0 phiic qua mo1 s6 vi du cu thé.

Vidu PL.1.6.1
Giai h¢ phuong trinh bic nhat
(5+j3)1, +(2-j1)i, =3020° (D
(=i +(2~j2)i, =0 (2)
1) Phuong phap ap dung quy tic Cramer

Theo quy tic Cramer ta ¢o

A . A
I, :KI va I, =K2
rrong do AZS_“:.{G ,2,:::;!
=(5+3)(2-2)-(-inN(2-j1) =17-j2
_|30 2-]1
A'_‘o 2—;2‘
=30(2-j2) =60 - j60
. 5+j3 30
vit A, = _j{ OI ‘
=—{-j)(30) =330
. . A, 60-j60
Vay == l?—Jj2

= 3,8008 - j3,0717 = 4,9572£ - 38,290"
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A 30
A 1T-2

2) Phuang phép thé
Tir phuong trinh (2) 1a rit ra:

va I, =

=-0,20478 + j1,7406 = 1,7526.£96,710"

Thay (3) vao (1) ta duge

(5+3)1, + ((;—JJ)%Q =300

2y

hay [5+ﬁ (2 ) 11=30400'
(

hay (5 +13 +(-0,25+j0,75) }i, =30£0°

hay 4,7500 + j3,7500)1, =30.40°

30207 |
(4,7500 + j3,7500)

vay I =

=3,8908 - j3,0717 = 4,9572 2 - 38,290° (4)
Thay (4) vao (3) tacd

()
3,8908 - 13,0717
g PO

=—0.20478 + j1,7406 = 1.7526.£96.7 10”
3) Phuong phép khi in (Gauss elimination method)
Chia phuong trinh (1) cho (5 + j3) ta duge
(2-j1). _ 30
(5+3) 7 5+j3

I+ (39

Tiép theo ta nhan (3') véi -(-j1) rdi cong vio phuong trinh (2) ta s& duge
phuong trinh:

2- ]l)

(5+3)
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hay  [(2-j2)+(0.32353+0,20588) |1, =2.6471+ 4,418
hay (2.3235-j1,7941)1, =2,6471+ j4,4118

2,6471+j4,4118

Tt ds I, =
4 b =23535 17941

=-0,20478 + j1,7407

=1,7526.296,710° (4")
Thay (4") vio (1) ta co

(5+i3)1, =(3020°) - (2 j1)i, =

=(30£0%)-(2- j1)(-0.20478 + 1,7407)

=(3020°}-(1,3312 + j3.6864)

= 28,669 — j3,6864

Tidé 1, = 28,662;3!:;,6864

=3,8907 - §3,0717 = 4,9572 £ — 38,290°

Ca ba phuong phap giai déu cho ta cling mot két qua. o
Déi v6i h¢ hai phwong trinh bac nhdt v6i hai 4n s6 thi phuong phép 4p
dung quy tac Cramer 13 phuong phdp don gidn nhat. Nhung khi s6 phuong
trinh vi s6 dn 56 I6n hon hai thi phuong phép khir s& ¢6 s6 phép tinh it hon so
vdi phuong phép dp dung quy tic Cramer.
Vidu PL.1.6.2
Cho mach dign & H.PL.1.6.1 véi
E, =320020° v, E, =300040° V,Z, =Z,=j1 Q, Zy = (4 +j2,5) Q.
Tinh dong dién cic nhéanh: >
. 2
1) Bang phwong phdp dong vong

5, @
N - P i1 i3 12
2) Bang phuong phap thé nat
Gidi: E, 9 Z, 1o, E,
1) Phuong phdp dong vong

Ta lap hé phuong trinh dong
vong sau day cho iv, va ivz :

H.PL.16.1
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(Z)+Z3)1,, +Z51,, =E,
Z:1,, +(Z, + Z4)i,, =E,
hay |
(4+13,5)1, +(4+j2.5)1, =320020° v
- (4+2.5), +(4+j3,5)1,, =300040° V
Ta tinh dinh thitc A ciia cdc hé s cla hé phuong trinl; déng vong:

A=4+j3,5 4+j2,5
4+32,5 4+j35

=(4+3,5) ~(4+ j2,5)° =—6,0000+ j8,0000
(b€ tinh A bing mdy tinh CASIO fx - 570MS ta thuc hién cac thao tic sau
LClal+fasli | [l ][ -]

[Ja+2s G102 ][=]

ta s& duge phan thuc a = - 6,0000
Tiép theo ta thuc hién thao tic

| SHIFT || Re & Im |

dé duge phén 0 b = - 8,0000).
Ta tinh dinh thic A,:

3200£0° 4+j2,5
3000£0° 4+j35

(=

=(3200)x (4 + j3,5) - (3000) % (4 + j2,5)
= 800,00 +j3700,0
va dinh thitc A, '
4+j3,5 320020°
44325 300020°
=(4+]3,5)%(3000) - (4 + j2,5)x(3200)
" =-800,00 +j2500,0
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Ap dung quy téc Cramer ta c6 :

A 800+§3700 .o

L, =3 TR =(248-j286) A
, . A, -800+j2500 .
va I“I2 = A ——T_i-"g—“~+(248—]86) A

Ta tinh dong dién c4c nhéanh :
I, =1, =(248-j286) A=(378,552-49,070°) A
I, =1,, =(248-86) A=(262,49£-19,125°) A
v I =1, +1, =(248-j286)+(248-j86)
=(496-372) A=(6202-36,870°) A
2) Phuong phdp thé nit _
Theo cong thitc clia phuong phép dién 4p hai nit ta cé:
. (8,/2,)+(E,/Z,) )
P WZ)+(1UZ,)+(1/Z)
_(3200/j1)+(3000/j1) -§6200 )
(i) + (1) +1/4+ 2,5 017978 j2,1124
= 2914,0 - j248,00
Ta tinh céc déng di¢n cac nhdnh:
E, - Uy, _3200-(2914 - j248)
z, il
=(248,00 - j286,00) A =(378,552-49,070) A
E,-U, 3000-(2914-j248)
Z, jl
=(248,00 - j86,00) A =(262,49£-19,125) A
U, 2914-j248
T Z, 4+25 .
= (496,00 - j372,00) A = 620,002 -36,870 A

Ta dugc cic két qua triing vdi cdc két qua cho bai phﬁcng phap dong
vong.

izz

va 13
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Bai tap PL.1.6
Giai cdc hé phuong trinh sau day:

1) (40+ j20)1, +(30+ j70)I, =100£0°
(30 +j70) 1, +(50 + j140)1, = 100.£30°
2) (6-j8)i, +(=3+ j4)1, =2202120°
(=3+j4)1, +(6- 8}, =2200°
3) (5+j10)i, +(5+j0)I, =1020°
(5+30)i, +(5+j10)i, =10290°
Pdp s6:
1) I, =2,1461+j0,4023
i, =-0,59737-j0,5732
2) 1, =-20,323+15,242
I, =3,0386+j25,221
3) [, =-j0,5
i,=1+j0,5
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PHY LUC 2
HUGNG DAN SU DUNG MATLAB DE GIAI MACH DIEN

MATLAB (tén vi€t tat cia MATRIX LABORATORY) 14 mot phdn mém
ding cho cic tinh todn trong linh vuc khoa hoc va k¥ thuat duge phit trién boi
Mathworks.

MATLAB rdt tién diing d€ gidi céc bai todn vé k¥ thuat dién. Céc muc
dudi day hudng dén sir dung MATLAB dé€ gidi mot s6 bai todn cia 1y thuyét
mach dién,

PL.2.1. Tinh ché d¢ xéc 1ap hinh sin trong mach dién tuyén
tinh bing MATLAB

Cho mach dién & hinh H.PL.2.1.1 v6i
E =(10020°} v, B, =(1004g) v, j=[24~3’fj A,

Ri=10Q,0L =102 R;=5Q 0L, =5Q,R;=30Q, oLy =40 Q.
Gia thi€t khong ¢6 hé cam giita cdc dién cam L,, L, va L,.
Hay tinh dong dién trong cic nhanh:
a) Bang phuong phédp dong vong.
b) Bang phuong phép thé nit.
Tinh cdc cong sudt tic dung v cong sudt phan khing cha mdi nhanh va
kiém nghiém sy c&n bing cong suit trong toan mach.
i, R, L1 @ L, R, 1,
i,

H.PL21.1
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Gidi :
1. Tinh dong dién cdc nhdnh bdng phuong @
phdp dong vong -t

Ta v& graph cia mach dién did cho nhu o p N
H.PL.2.1.2 ’ *

Ta chen cay 12 nhdnh 3 va cdc vong co ban 1 f 1 13 1 b,
1a vong [ (gdm nhanh 1 va nhdnh 3) va vong II \ : /
(gébm nhanh 2 va nhdnh 3). Ta 14p ma tr4n B N d
{ma tran cdc vdng cd ban) nhu sau: N -

1 2 3 @

g (YomgD | 1 | 0 |1 HPL2.12
(VongI) | O 1 1

Duéi day la cdc 1&nh viét theo ngén ngit MATLAB d€ giai mach di¢n da
cho bing phuong phip dong vong (v6i don vi cla téng trd 14 ohm (Q), don vi
cha dién 4p 1a volt (V), don vi cua dong dién 12 ampere (A)):

B=[1 0 1
01 i];
Zi=10+j*10; Z2=5+j%5; Z3=30+j+*40;
El = 100; E2=100*exp(j*pi/6); J =2 *exp(j*pi/3);
Enh=[El; E2; 0} Juh=[0; O; I]:
Znh (1, 1) = Z1; Znh (2, 2) = Z2; Znh (3, 3) = Z3;
Zv=B+*Znh*B' .
Ev=B*(Enh—Zl{h*Jnh) J
Iv=Zv\Ev A
Inh=B'*lv
Unh = Znh *(Inh + Jnh) - Enh .

Ta s& th4y xu4t hién trén man hinh cla mdy vi tinh cdc k€t qua sau day
Zv=

404501 30+ 40i

30+ 401 35+45i

Ev =
139.28 - 91,962
125.88 - 41.962i
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Iv=
-1.0188-2.96111
1.6226 + 0.417461
Inh=
-1.0188-29611i
1.6226 + 0.41.746i
0.60372 - 2.5437%
Unh =
—80.577-39.8i
—80.577 - 39.8i
80,577+ 39.8i

2. Tinh dong dién cdc nhdnh bang phuong phdp thé nit
bé tinh cic dong dién cdc nhanh trong mach dién & H.PL.2.1.1 bing

phuong phdp thé€ niit ta sir dung céc énh viét theo ngén ngit MATLAB sau day

(vdi don vi cia téng trd 1a ohm (€2), don vi clia dién &p 12 volt (V), don vi cia
dong dién la (A)):
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A=[-1 -1 1}

Z1=10+)%10; Z2=5+j*5; Z3= 30+J=-40

El = 100; E2 =100 *exp(j * pi/6) ;

J=2*exp(j*pi/3); Enh=[EL; E2; 0]; Jmh=[0; 0 3
Zoh (1, 1) = Z1; Znh (2, 2) = Z2; Znh (3, 3) = Z3;

Ynh = inv(Znh),

Ynut=A*Ynh*A' .

Jnut = A *(Inh— Ynh»Enh) J

Vnut = Ynut \ Jaut

Unh=A"*Vnut 4

Inh = Ynh *(Unh + Enh) —Jnh 4

Ta s& duge cdc k&t qua sau day xudt hién trén mén hinh cua mdy vi tinh:
Ynut = 0.162 + 0.166i

Jnut = 19.66 - 6.92824§
Vnut = 80,577 + 39.8i
Unh =
—80.577 - 39.8i
-80.577 - 39.8i
80.577+39.81



Inh=
-1.0188-2.9611i
1.6226 + 0.41746i1
0.60372 - 2.5437i

3. Tinh cong sudt cdc nhénh va kiém tra cdn bdng cong sudt

Pé tinh cong sufit phitc clia cdc nhdnh va kiém tra sy can bing c6ng sudt
clia cdc nhdnh trong toan mach dién ta dung cdc lénh viét bing MATLAB sau
day trén MATLAB command window:

>> Snh = Unh. *conj(Inh) 4
>> Stong = Inh'* Unh ./

Ta s& dugc cdc két qud saw diy xuft hién trén MATLAB command
window (vdi don vi 1A VA):

Snh =
199.95 -198.05i
—147.36 — 30.94i
—52.592 +228.991
Stong =

0 +2.8422¢ - 014i

Vidu PL.2.1.2,
Tinh c¢h€ d6 xdc 14p hinh sin trong mach tuyén tinh c6 hd cam.

Trong mach dién & vi du PL.2.1.1 cho oM, = 0; ©M;3 = 20 2; @M»3; =10 2.
Céc cuc cung cuc tinh di cho nhu & H.PL.2.1.2. Céc thong s6 khéc cia mach

dién vin nhu ci.
i ROV
Y Y -y
R, “13 .
M, M
Ry ™3
JONERIOMNVEARNOL
L,

©)

HPL212
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Haiy viét chuong trinh bing ng6n ngit MATLAB dé€ tinh ddng dién cdc nhénh
1) Bing phuong phdp dong vong.
2) Béing phuong phip thé niit.

Tinh cong suat phic cla cdc nhdnh va kiém tra can bing cong suft cia
céc nhanh trong toan mach dién.

Gidi :
D& giii bai todn nay ta thyc hién cdc lenh sau day vi€t bing ngon ngir
MATLAB trén MATLAB command window (v&i don vi cia tdng tr& 13 ohm

(QY), don vi cla téng d&n 12 siemens (S), don vi cia dién dp 1a volt (V), don vi
cua dong dién 1a (A), don vi ctia cong sudt 1a volt - ampere (VA)):

>> disp (‘1. Phuong phap dong vong’) .J
>>B=[1 0 1
01 1]
Z1=10+j*10; Z2=5+j*5; Z3=30+j+40;
El = 100; E2 =100%exp(j *pi/6); J=2*exp(j*pi/3);
Enh=[ELl; E2; 0];Inh=[0; 0; J]; _
Znh (1, 1)=Z1; Znh (2, 2) = Z2; Znh (3, 3) = Z3;
Znh (1,2)=0; Znh (2, 1) =Znh (1, 2);
Znh (1, 3) = ~j*20; Znh (3, 1) = Znh (1, 3);
Znh (2, 3) = —j*10; Znh (3, 2) = Znh (2, 3);
Zv=B*Znh+B" 4
Ev=B=*(Enh—Znh *Jnh) J
Iv=2Zv\Ev
Inh=B*Iv
Unh = Znh*(Inh+Jnh)—En’h o
Snh = Unh., *conj(Inh)
Stong = Inh'*Unh .J
>> disp (2. Phuong phap the nut’)
Ynh = inv(Znh);
Ynut=A*Ynh*A' .
Inut = A *(Jnh - Ynh *Enh)
Vnut = Ynut \ Jnut J
Unh=A*Vnut .
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Inh = Ynh *(Unh + Enh) — Inh .
Snh = Unh. *conj(Jnh) J
Stong = Inh"™*Unh .J

Sau day 1a cac két qua tinh xudt hién ldn lugt theo thit tv tréen MATLAB
command window:

. Phuong phap dong vong

v =
40.0000 +10.0000i  30.0000 +10.00001
30.0000 + 10.0000i  35.0000 + 25.00001
Ev =
1.0e + 002 *
1.0464 — 0.71961
1.0856 —0.3196i
Iv=
0.9309 - 2.0788i
1.4173-0.4097i
Inh =

0.93089 - 2.0788i
1.4173 - 0.40968i
2.3482 - 2.4885i

Unh =
~85.032 - 78.4441)
—85.032 — 78.4441
85.032 +78.444i
Snh =

83.916 —249.79i
—88.382 - 146.02i
4.4657 +395.81i

Stong =1.1369e — 013 - 1.9895¢ - (}13i

2. Phuong phap the nut

Ynut =

0.11216-0.077027i
Jnut =

15.58 +2.2487i
Vnut =

85.032 + 78.4441
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Unh =
—85.032 - 78.444i
~85.032 - 78.444i
85.032 +78.444j
Inh =
0.93089 - 2.0788i
1.4173 - 0.40968i
2.3482 - 2.4885i
Snh =
83.916-249.79:
—88.382 - 146.021
4.4657 + 395,811
Stong =
1.1369¢ —013-1.9895e - 013i

PL.2.2. Nghién ciru dac tinh tidn sé6 cua mach RLC bang

MATLAB

Dudi day néu ra chuong trinh viét bing ngon nglir MATLAB dé vé cic

dudng cong cong hudng cta mach RLC

I I

I, © moz
1+Q[0 “)}

voiQ=1,Q=3vaQs=

Sau khi md MATLAB command wmdow ta vi€t vao cdc 1énh sau day:
% Chuong trinh viét bing MATLAB dé v& cac ducmg cong cong huong
% cia mach RLC

wid =0.0:0.1:

Q=1
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mauso=1+(Q*(wtd—(wtd).f‘—l))."‘2;
Itd] ={mauso).A(-1/2);

Q=3

mauso = | +(Q*(md—(wtd).'"—l)).“2;
Itd3 = (mauso). A (-1/2);

Q= 10;



mauso =1 +(Q*(wtd—(Wtd)."‘ —l))."\Z;

11d10 = {mauso). (-

1/2);

Bangso ={wtd' Itd1’ Itd3' Itd10']
plot{wtd, Itd1, wtd, [1d3, wid, Itd10) .

grid J

xlabel('md= w/wo') o
ylabel('Itd=IlIﬂ) o

tiltle(* Duong cong cong huong cua mach RLC’)

%EOF

Ta s& thiy xuét hién trén MATLAB command window bang s& liéu va cdc
dudng cong din ra dudi day

Bangso =
wig

0
0. 1000
0.2006)
0.3100
(.40K%)
{15000
0.6000
0.7000
0.8000
0.9000
1.0000
1.1000
1.2000
1.3000
14000
1.5000
t.6000
1.3
ERD0O
1K
2.0000
21600
2.2000
2.3000
2.4000
2.5000
260010
270K}
2.8300(K)
2.5000
3:0000
>

ud
Q=1

0
0.1005
(3.2040

03131

0.429%
1.5547
0.6839
0.8082
09119
0.9784
1.0000
0.0823
0.9389
0.5833
0.8247
0.7682
07160
O.6687
0.6264
(.5885
0.5547
0.5244
0.497¢
0.4725
0.4502
0.4299
0.4114
0.3944
0.37838
0.3644
0.3511

Q=3

0
0.0337
0.0693
0.1092
1.156¥
0.2169
0.2943
0.4160
0.5952
0.8448
£.0000
0.8678
0.6727
05318
0.4372
03714
0.3235
0.2872
0.2487
0.2358
0.2169
0.2011
0.1876
0.175%
0.1657
0.1368
0.1448
00416
0.1352
0.1294
0.1340

Qm=i0

0
0.0101
0.0208 ,

0.0329

0.0476
0.06465
G033
0.1 360
0.2169
04281
1.0000
0.4640
0.2631
0.i851
0.1443
0.1191
0.1020
0.0896
0.0801

(LU724
(L0665
00615
0.0572
0.0535
0.0504
0.0476
0.0451

00429
0.0409
0.0391
0.0375

283



Duong cong cong huong cua mach RLC

o

=3
o
T

ftd

wid = wiwg

PL.2.3. Tinh qua trinh qua d¢ trong mach dién tuyén tinh
bing MATLAB

Ta ¢6 thé sir dung chuong trinh giai hé phuong trinh vi phan tuyén tinh
bing MATLAB (bang phuong phdp sai phan) d€ tinh qua trinh qué do trong
mach di¢n tuyén tinh bing MATLAB. Mudn thé, trudc tién ta phai dua cdc
phuwong trinh vi phan ciha qud trinh qud d6 trong mach dién vé dang hé phuong
trinh trang théi

X = Ax + Bu
y =Cx + Du
véi cdc didu kien ddu x(0) = x0.
( day  x 1a vecto bién trang thai (state variable)
y 13 véc to bién ra (output)
u 1a véc to cdc kich thich (excitation)

A, B, Cva D la cdc ma tran v6i cdc hé s6 12 cdc hing s6,
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Nghiém gﬁﬁ diing cta hé phuong trinh trén c6 thé tim duge bing cdch s
dung lénh sau diay cia MATLAB

[y, x] = Isim (A, B, C, D, u, t, x0);
Dudi day cho hai vi du vé tinh qué trinh qud do trong mach RLC bing
MATLAB.
Vidu PL.2.3.1

Cho mach dién RLC 8 H.PL.2.3.1, véi R = 80 Q, L = 0,2 H, C, = 140 uF,
u(t) = U= 100V = const.

Khod K déng mach tai t = 0. Cho u(0-) =0 va i, (0-) = 0.
Tim cdc nghiém gin ding dudi dang bang s& va vé cdc dudng cong cua
Uc(t) va iL(t) va uRL(t) . .

‘o K i R L
Gidi: ; , . > r, L
Phuong trinh vi phan cita mach .
RLC 1a Urt
. di, .
R1L+L1—tL+uC:u u C,

d l“c
. duc
LRy

Chon cdc bién trang thdi Ia

H.PL23.1
Xy =Ug

vil Xy = iL
vibiénralay=up
Ta c6 hé phueng trinh trang thdi -
X4 =Lx2
C

X =—lx —Ex +-—u
2 L7 L 2L
va phuong trinh d6i v6i bién ra:
y=u—-Uc=-X;+u
hay hé phuong trinh dang ma tran:

- X = Ax + Bu
y=Cx +Du
. 1 0 1/C,
v{i A_[v—l;’L —R;’L}
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vi D=
Ta viét vao MATLAB command window céc 1énh sau day:
R =380; L=0.2; C=140e - 06:
U =100,
taul = 1/134.53; tau2 = 1/265.47;
tl = 0.0; t2 = 5*taul; step = taul/10;
x0=[0.0; 00];
A=[0 1/Cl; -1/L -R/L];
B=[0; 1/L];
C:[—l; 0]:
D=1,
t=tl :step:12;
u=U*ones(l, length(t));

[v.x]= lsim(A,B,C,D,u,t,xO);_

Bang _1 =[l',x,y] |

clf;

subplot (2, 1, 1}, plot (1, x(:, 1))

grnd J

subplot (2, 1, 2), plot (1, x(, 2)) J

grid J

pause J

clf;

subplot (2, 1, 1), plot (t, y)

grid J _
tiltle (*Qua trinh qua do trong mach RLC voi nguon ap khong doi’)
%EQF

Ta s& thay xuat hién trén MATLAB command window bang s6 liéu va céc
dd thi sau day:
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Bang_1
s}  uwlV) A} updlV)

0 0 0 100.0000
0.0007 08943 03204 99.1057
00015 3.2476 0.5530 96.7524
0.0022 6.6444 0.7163 93.3556
0.0030 10,7586 0.8255 89.2414
0.0037 153354 0.8924 84.6646
0.0045 20.1780 09270 79.8220
0.0052 25.1354 0.9368 74.8646
0.0059 30.0935 0.9282 69.9065
0.0067 349678 0.9060 63.0322
0.0074 39.6967 0.8740 60.3033
0.0082 44.2370 0.8354 55.7630
(0.00B9 48.5599 0.7924 351.440]
0.0097 52.6475 0.7470 47.3525
00104 56.4908 0.7006 43.5092
00111 60.087]1 0.6541 399129
0.0119 634386 0.6085 36.5614
0.0126 66.5512 0.5642 33.4488
0.0134 694332 0.5217 30.5668
0.0141 720949 °0.4813 27.905!
0.0149 745476 0.4430 254524
0.0156 76.8032 0.4070 23.1968
0.0164 78.8740 (0.3734 21.1260
0.0171 807722 0.3420 192278
0.0178 B82.509% 03129 17.4501
00186 84.0987 0.2859 138013
0.0193 855198 0.2610 14.4502
0,0201 86.8740 02381 13.1260
0.0208 88.0413 0.2170 (1.9187
0.0216 891812 0.1976 10.8188
00223 90.1825 0.1799 98175
0.0230 91.0937 O0.1636 B.9063
0.0238 91.9222 0.1487 B.0778
0.0245 92.6754 0.1352 7.3246
0.0253 933396 0.i228 6.6404
0.0260 939810 01115 6.019%0)
0.0268 94,5452 0.1012 54548
0.0275 950572 0.0918 4.9428
0.0282 955218 Q.0R33 4.4782
0.0290 959432 0.0756 4.0568
0.0297 96,3253 ,0.0685 1.6747
0.0305 96.6718 0.0621 3.3282
0.0312 96.9%859 0.0563 3.0141
0.0320 97.2706 0.0510 2.7294
0.0327 97.5285 0.0462 24715
0.0334 97.7623 00419 " 2.2377
00342 97.9740 0.0379 20260
0.0349 981658 (00344 18342
0.0357 983396 0.0311 1.6604
0.0364 984969 0.0282 ].503%
0.0372 98.0394 0.0255 1.3606

P
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v PL2.3.1 (R = 80om, L=0.2H, C = 140 uF)

<

50 'fwm"(t)i L SO S

40 N R— P S, N e e . E .- B |

20 S SR ]

100
80§ y
60
40 N
20 i [, ‘ S
+) i i i ! I
[ 0.005 0.01 0.015 0.02 0.025 0.03 0.035 004
A Qua trinh qua do trong mach RLC voi nguon ap khong doi
1 ! T 1 T T T
oAk s \ e : e e .
\\IL(t) :
0.008 0.01 0.015 0.02 0.025 0.03 0.035 0.04
v Qua trinh qua do trong mach RLC voi nguon ap khong doi
100 ! ! oo

; — :
u . i nl |--’-_-—_h-T_-—‘—‘__—§——
0 0.005 0.01 0.015 Q.02 0.025 0.03 0.035 0.04

Vidu PL.2.3.2

Cho mach dién & vi du PL.2.3.1 véi

u{t)=100sin(2nft +7/3) V véi £=50 Hz, cdn céc thong s6 khic vin nha
da cho & vidu PL.2.3.1.

Tim céc nghi¢m gan ding duéi dang bang s6 va vé& cdc dudng cong cia
uc(t), ip(t) va ugp(t). ' -
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Gidi:

Duéi day la cdc 1énh viét bing ngon ngit MATLAB dé giai bai todn nay:
R=80; L=02, C=140e -06;

U=100:f=50;, w= 2+*pi*f; T= I/f;

taul = 1/134.53; tav2 = 1/265.47,

tl =0.0; 12 = max ([3 *taul, 3*tau2, 1.25%T]);

step = (12 ~ t1)/100;

x0=[0.0; 0.0];

A=[0 1/C; -1/L -R/L};

B=[0: I/L];
c=[-1 0]
D=1

t=11: step : t2;
u="U=*sin{w*t+pi/3});
Bang_2=[t' X y] A

clf;

subplot (2, 1, 1}, plot (¢, x(:, 1)) .
grid J

subplot (2, 1, 2), plot (1, x(:, 2))
grid A

pause J

clf;

subplot (2,4, 1), plot {t, ¥) J

grid J

tiltle (*Qua trinh qua do trong mach RLC voi nguon ap hinh sin”)
%EQF

Ta s& thdy xudt hién tréen MATLAB command window bang sd liéu va cdc
dudng cong sau day:
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Bang_2
t(s)
0
0.0003
0.0005
0.0008
0.0010
0.0013
0.0015
(.0018
0.0020
0.0023
0.0025
0.0027
0.0030
0.0033
0.0G35
0.0037
(10040
0.0043
0.0045
0.0047
0.0050
0.0053
0.0055
0.0057
0.0060
0.0063
0.0065
00067
0.0070
0.0073
0.0075
0.0077
0.0080
0.0083
0.0085
0.0088
0.00%0
0.0092
0.0095
0.0098
0.0100

0.0103
00105
0.0108
00110
00113
0.0115
0.0118
6.0120
0.0123
0.0125
0.0128
0.6130

ue(V)
0
0.0948
0.3720
0.8201
1.4272
2.i812
3.0691
4.0778
3.1940
6.4039
7.6937
9.0493
10.4566
11.9015
13.3701
[4.8483
16.3226
F7.7795
19.2059
20.5892
21972
23.1782
24,3612
25,4558
26.4523
27.3417
28,1160
28.7679
29.2910
29.6797
29.9296
300312
29.9997
298157
29.4845
29.0066
28.3833
27.6169
26.7108
25,6693
24,4974

23.2012
21.7876
20.2641
18.6390
16.9215
151211
13.2481
11.3131
9.3272
7.3019
5.2489
3.1802

it(A) (V)
0 86.6025
.1052 90.1637
0.2042 929861
0.2966 95.0619
0.3823 96.3875
0.4609 96.9633
0.5323 96.7939
0.5963 958879
0.6526 94.2582
0.7012 9].92t5
0.7420 88.8989
0.7749 85.2149
0.7999 80.8930
08171 759802
0.8264 70.4970
0.8280 64.4870
0.8220 579919
0.8085 51.0560
0.7879 43.7262
0.7603 36.0514
0.7260 28.0828
0.6853 19.8729
0.6387 t1.4756
0.5864 2.9457
0.5289 -5.661]
0.4666 -14.2891
0.4000 -22.8824
0.3295 -31.3856
02538 -39.7438 -
0.1792 -47.9033
0.1004 -55.8115
00198 -63.4179
-0.0619 -70.6734
-0.1442 -T71.5316
-0.2266 -83.9484
-0.3085 -39.8827
-0.3894 95,2063
-0.4686 -100.1543
-0.5458 -104.4254
-0.6203 -108.0819
-0.6917 -111.1000

-0.7594 -113.4598
-0.8232 -115.1456
-0.8824 -116.1460
-0.9368 -116.4533
-0.9859 -116.0660
-1.0295 -114.9841
-1.0673 -113.2138
-1.0989 -110.7653
-1.1242 -107.6527
-1.1430 -103.8945
-£.1552 -99.5131

-1.1606 -94.5348



00133
0.0135
0.0138
0.0140
0.0143
0.0145
0.0t48
0.0130
0.0433
0.0155
0.0158
0.0160
0.0163
0.0165
0.0168
0.0170
00173
0.0175
00178
0.0180
0.0183
0.0185
0.0188
0.0190
0.0193
0.0195
0.0198
0.0200
0.0203
0.0205
0.0208
0.0210
0.0213
0.0255
0.0218
0.0220
0.0223
0.0225
0.0227
0.0230
0.0213
0.0235
0.0238
0.0240
0.0243
0.0245
0.0248
0.0250
b

1.1079
-0.9560
-2.9993
-5.0100
-6.9763
-8.8866

-10.7296

-12.4945

-14.1709

-15.7489

-17.2192

-18.5731

-19.8027

-20.9007

-21.8609

-22.6776

-23.3461

-23.8625

-24.2241

-24.4289

-24.4760

-24.3652

-24.0975

-23.6749

-23.1001

-22.3770

-21.5102
-20.5053
-19.3686
-18.1075
-16.7298
-15.2442
-13.6600
-11.9872

-10.2363
24182
-6.5442
-4.6261
-2.6758
-0.7055

1.2726
3.2461
5.2028
7.1305
9.0171
10.8510
12,6208
143153

-1.1593 -88.9896
11511 -82.9111
-1.1362 -76.3361
21,1147 -69.3045
-1.0865 -61.8592
-1.0520 -54.0455
-1.0112 -45.8110
-0.9645 -37.5055
-0.9121 -28.8802
-0.8543 -20.0879
-0.7915 -11.1824
0.7241 -2.2181
0.6524 - 6.7500
05769 15.6672
-0.4980 24.4786
-0.4162 33.1304
0.3321 41.5696
-0.2461 49.7444
-0.1587 57.6048
-0.0706  65.1026
0.0179 72.1918
0.106] 74.8291
0.1935 84.9736
0.2796 90.5879
0.3638 95.6375
0.4457 100.0916
0.5246 103.9228
0.6003 107.1078
0.6721 109.6272
0.7397 111.4655
0.8026 112.6117
0.8604 113.0589
0.9129 112.8045
0.9596 111.8502
1.0004 110.2020
1.0349 107.8704
1.0629 104.8697
1.0843 1012187
1.0989 96,9400
1.1067 92,0600
1.1076 86.6091
1.1016 80.6209
1.0887 74.1325
1.0691 67.1840
1.0428 59.8183
1.0101 52.0810
0.9710 440199
0.9259 35.6847
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MUC LUC

Lo gicri thiéu
Chuong 1. CAC KIIAI NIEM VA DINH LUAT CG BAN VIE MACH DIEN
{.1. Mach dién. Céc bién cu ban : dong dien va dién dp
1.2, Ngudn dién dp (hay ngudn sirc dién dong)
1.3. Ngudn dong dién ing(t}
1.4. Bién tro R. Dinh ludt Ohm
1.5. Bién cam L. Pinh luat Lentz.
1.6. Pién dung C. Dong dién chuyén dich
1.7. Binh luat Kirchhofl cho cac déng (hay dink luai Kirchhoff thit nhat)
‘1.8, Binh luat Kirchhoff cho cdc dién dp (hay dinh luat Kirchhotf thit hai)
1.9. Cin bang cong sudt trong 10an mach di_@n. _'Djnﬁ Iy Tellegen
Cau hoi kiém tra
Bai 1ap
Chuong 2. DONG DIEN HINH SIN ]
TRONG CAC MACH DBIEN DON GIAN NHAT
2.1. Dong dién hinh sin. Tri s& hi¢u dung
2.2. Biéu dién dong dién hinh sin bang vécts va s6 phitc
2.3. Mach dién chi cé dién trd R
2.4. Mach dién chi ¢é dién cam L
2.5. Mach dién chi cé dién dung C
2.6. Mach RLC
2.7. Coéng huamg dién dp rong mach RLC
2:8. Mach R. L. C song song va cong hudng dong dién
2.9. Céng hudng dong dién trong mach song song ¢é cudn day vit w dién
2.10. Nang cao hé s0 cong suit
Cau hoéi kiém tra

Bai tap

10
12
13
17
19
23
26
27

30

30
32
a8
42
47
52
- 59
64
66
68
71
73
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Chuong 3. CAC PHUONG PHAP GIAI MACH DIEN

TUYEN T{NH PHUC TAP
3.1. Phuong phap céc dong dién nhanh
3.2. Phuong phdp dong vong
3.3. Phuong phdp dién th€ cdc nrit
3.4. Phuong phap bién ddi trong duong cdc nhanh néi ti€p va song song
3.5. Bién doi twong duong sao - tam gide va tam gidc - sao
Ciu hoi ki€m tra
Bai tap

Chuong 4. MACH DIEN CO HO CAM

4.1. Hé cam. Céc cuc cing cuc tinh. Bi€u thic clia dién dp hé cam
4.2, Tinh cdc mach dién c6 hd cam
Cau hoi kiém tra

Bai 1ap

Chuong 5. MANG MOT CUA (MANG HAI CUC) TUYEN TINH

5.1. Pinh nghia va phan loai
5.2. Téng trd vao clia mot mang mot céra tuyén tinh kKhong nguén

5.3, Phuong trinh co ban cila mang mot clra tuyén tinh ¢d ngudn.
Dinh Iy Thevenin va dinh Iy Norton

5.4. Tai hod hop ctia mét mang mot cita tuyén tinh ¢6 ngudn
Cau hoi kiém tra
Bai tap

Chuong 6. MANG HAI CUA TUYEN TfNH KHONG NGUON
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6.1, Dinh nghia ca mang hai cia tuyén tinh khéng ngudén

6.2. H¢ phuong trinh ¢o ban dang A ciia mdt mang hai cira tuy&n tinh
khong nguén. Cich xdc dinh cdc hé s8 Aik (i, k=1, 2)

6.3. H¢ phuong trinh co ban dang Z ciia mot mang hal clra tuyén tinh
khong ngudn. Cich xdc dinh cic he s6 Zik (i, k=1, 2)

6.4. He phuong trinh co bdn dang Y cua mdt mang hai cira tuyén tinh
khong nguén. Cach xdc dinh cdc hé 56 Yik (i, k=1, 2)

6.5. Cdc so dd tuong duong hinh T va hinh T1 ciia mot mang hai clra tuyén
tinh khéng ngudn trong hé

6.6. Téng tro vao clla mot mang hai cira khong nguén

77

77

82
85

99
104
105

108

ro3
113
123
124.

126

126
129
131

137

- 140

141
143

143
146

152

158

160



6.7. Ham truyén dat dp cua mot mang hai cua 16]

6.8. Ham truyén dat dong clia mdt mang hai cira 163
6.9. Mang hai cita ddi ximg | 164
6.10. Mang hai cira Itucmg hé va mang hai clra khong twong hé 170
6.11. Ndi ghép cdc mang hai cira 173
Cau hoi kiém tra 178
Bai tdp ' LRO
Chuong 7. MACH DIEN BA PHA 183
7.1. Hé thdng sdd ba pha ddi xing va hé théng dong dién ba pha 461 xing 183
7.2. Mach ba pha d8i xing ndi hinh sao (Y - Y) 185
7.3. Mach ba pha d6i ximg néi hinh tam gidc (A - A) 190
7.4. Mach ba pha déi xing phic tap 194
7.5. Mach ba pha khong d6i xiing 200
Cau hoi kiém tra 206
Bai tap 208
Chuong 8. QUA TRTNH QUA DO TRONG CAC MACH DIEN 211
TUYEN TiNH BON GIAN
8.1. Qud trinh qui d6 khi déng mach RL vao mot ngudn ap khong ddi 211
8.2. Qud trinh qué 46 khi déng mach RL vio ngudn dién dp hinh sin 219
8.3. Qua trinh qué d6 khi dong mach RC vao ngudn dién dp khong déi 223
8.4. Qua trinh qué d6 khi ddng mach RC vao ngudn dién 4p hinh sin 229
8.5. Qud trinh qud do khi déng mach RLC vao ngudn dién 4p khong ddi 234
8.6. Qud trinh qud d¢ khi déng mach RLC vio ngudn dién 4p h‘lﬁh sin 246
Cau hoi kiém tra 256
Baj 14p 257
 Phy lyc 1. TINH CAC SO PHUC BANG MAY TINH DIEN TUBO TUL 59
(SCIENTIFIC CALCULATOR)
| ' 276

Phu luc 2. HUGNG DAN SUDUNG MATLAB DE GIAI MACH DIEN
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Chiw trdch nhiém xudt bdn :
Chu tich HDQT kiem Téng Gidm déc NGO TRAN Al
Phé Tdng Gidm d6c kiém Téng bien tap NGUYEN QUY THAO
10 chite bdn thdo va chiu trdch nhiém ndi dung :
Chu tich HDQT kiém Gidm déc Cong ty CP Sich PH-DN
TRAN NHAT TAN

Bién tdp noi dung -
TRAN TRONG TIEN
Bién tdp tdi bdn :
NGUYEN DUY MANH
Trinh bay bia :
TAO HUYEN
Stia bdn in :
HOANG QUY
Ché ban :

LE NGOC THANG

Gido trinh LY THUYET MACH PIEN
Ma 56 : 6H145y9 — DAI
In 1.500 cudn (QP : 02), khé 16 x 24 cm. In tai Cong ty CP In Thai Nguyen.
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In xong va nop hwu chiéu thang 1 nam 2009.
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CONG TY CO PHAN SACH DAI HOC - DAY NGHE

/TIM DOC GIAO TRINH DUNG CHO CAC TRUGNG BAO TAO Hg
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TRUNG CAP CHUYEN NGHIEP CUA NHA XUAT BAN GIAO Duc

. An toan dién

. Ky thuat dién

. May dién

- K¥ thuat lap dat dién

- Bién déan dung va céng nghiép -
. Cung cap dién

. Do ludng cac dai lugng dién va khéng dién
. Ky thuat didu khién dong co dién
. Bién tir cong suit

- Linh kién dién tir va ¢ng dung

. Bién tI dan dung

. K¥ thuat sé

. Ky thuat mach dién t(

. Co ki thuat

- An toan lao déng

. Vé ky thuat

. Vat li¢u va céng nghé cd khi

- Dung sai 1ap ghép va k¥ thuat do ludng
. Ky thuat sira chita 6 t6 may né
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