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CO SO KY THUAT PIEN 1

BACH KHOA

NoOi dung chwong trinh:

Chuwong 1: Khai niém vé md hinh mach Kirchoff.
|. Khéai niém vé mé hinh truong - mé hinh hé thong.
I1. Cac hién tuong co ban trong mo hinh mach Kirchoff.
I11. Cac luat co ban trong m6 hinh mach Kirchoff.

IV. N6i dung bai toan mach.

Chuwong 2: Mach tuyén tinh & ché @9 xac lap diéu hoa.
|. Ham diéu hoa va cac dai luong dic trung.
1. S6 phtc - Biéu dién ham diéu hoa trong mién anh phuc
I11. Phan tmg ctia mot nhanh véi kich thich diéu hoa.

IV. Dang anh phtrc cua cac luat co ban trong mo6 hinh mach Kirchoff.
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BACH KHOA

NoOi dung chwong trinh:
Chuong 3: Phuwong phap co ban tinh mach tuyén tinh & ché @6 xac lap diéu hoa-Graph Kirchoff

|. Phuong phap dong nhanh.

. Phuong phap thé nut.

[1l. Phuong phap dong vong.

IV. Khai niém vé graph Kirchoff.

V. Cé4c dinh ly vé 1ap phuong trinh Kirchoff.
VI. Ma tran céu tric A, B.

VII. Lap phuong trinh bang ma tran cau trc.

Chuong 4: Tinh chat co ban ciia mach dién tuyén tinh.
I. Khai niém chung.
1. Tinh chat tuyén tinh.
I11. Khai niém ham truyén dat.
|V. Truyén dat twong hd va khéng twong hd.

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010
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Noi dung chwong trinh:
Chuwong 5: Mach dién tuyén tinh c6 kich thich chu ky
|. Khai niém vé ngudn kich thich chu ky.
1. Cach phan tich mach dién tuyén tinh c6 kich thich chu ky.
1. Tri hiéu dung - cdng suat dong chu ky

IV. Ham truyén dat va dic tinh tan so.

Chuong 6: Mang mét cira Kirchoff tuyén tinh.
|. Khai niém vé mang mdt ctra Kirchoff.
1. Phuong trinh va so d6 tuong duong mang mot cira ¢4 ngudn.

111. Piéu kién dua cong suat cuc dai ra khoi mang mot cua.
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BACH KHOA

NoOi dung chwong trinh:
Chuwong 7: Mang hai cira tuyén tinh
|. Khai niém vé mang hai cira.
11. M ta toan hoc ctia mang hai cira - Phuong phap tinh c4c bd s dic trung.
111. Tinh chat mang 2 ctra tuyén tinh tuong hd.

V. Ham truyén dat dong - p. Tong trd VAo ctia mang hai ctra. Van dé hoa hop
nguon Vva tai bang mang hai ctra.

V. Mang hai ctra phi ho.
Chwong 8: Mach dién 3 pha.
|. Khai niém.
1. Mach 3 pha d6i xtmng va khéng dbi xung tai tinh.
1. Tinh va do c6ng suat mach dién 3 pha.
IV. Mach 3 pha c6 tai dong - Phuong phép thanh phan doi xtmg

V. Mot s6 su ¢b trong mach dién 3 pha.
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Noi dung chwong trinh:
Chuwong 9: Khai niém co ban vé qua trinh qué do trong hé thong
|. Qua trinh qua dd trong hé thong.
I1. Tinh lién tuc va mé rong tinh kha vi cia qué trinh.

I1l. So kién va phuong phap tinh so kién.

Chuwong 10: Cac phwong phap tinh qua trinh qué dd trong mach tuyén tinh hé s hing.
|. Phuong phap tich phan kinh dién.
I1. Phuwong phéap tich phéan Duyamen va ham Green.

[11. Phuong phap toan tr Laplace.
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Chwong 1: Khai niém vé md hinh mach Kirchoff

|. Khai niém vé md hinh trwong - mo hinh hé thong.
I1. Cac hién twong co ban trong mo6 hinh mach Kirchoff.
[11. Cac luit co ban trong mo hinh mach Kirchoff.

V. Noi dung bai toan mach.
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Chwong 1: Khai niém vé md hinh mach Kirchoff

I. Khai niém vé mé hinh truong - mé hinh hé thong.

» Mach dién gém mot hé théng cac thiét bi ndi ghép véi nhau cho phép trao doi nang lugng va tin

hiéu.
Thiét bi dién
u(t), i(t), p(t) ... E(X, Y, Z, t), HX,Y,2t) ...
C
hinh h¢ th =~ = 6000(km) hinh ru
M6 hinh mach
tin hiéu
Hinh vé mo6 phéng
A4 thiét bi dién
e hogme) Krehoff > JISe.a0 mael———
(nang lwong) Kirchoff > |<<i > Luat Ohm
Xet sy truyén dat ning lwgng Orb > Grmoi truong > Luit Kirchoff 1, 2

giira CAC thiét bj dién
> Hiru han cac trang thai. » Luat bao toan cong suat
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Chuong 1: Khai niém vé mé hinh mach Kirchoff.

|. Khai niém vé mo hinh truong - mo hinh hé thong.
I1. Cac hién twong co ban trong mo6 hinh mach Kirchoff.
11.1. Nguon dién.
11.2. Phan tir tiéu tan trong mach dién R.
11.3. Kho dién. Pién dung C.
11.4. Kho tir. Dién cam L.
[11. Cac luat co ban trong mo hinh mach Kirchoff.

V. Noi dung bai toan mach.
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Chwong 1: Khai niém vé md hinh mach Kirchoff

BACH KHOA

I1. Cac hién twong co ban trong mach Kirchoff.

> M0 hinh mach Kirchoff duoc xem xét trén phuong dién truyén dat ning luong giita cac thiét bi
trong mot mach dién.

> CO rat nhiéu hién tuong trong cac thiét bi dién: Hién twong tiu tan, hién twong tich phong dién tir,
hién tiwong tao song, phat song, khuéch dai, chinh heu, diéu ché ... nhung thuc té cho thdy thuong
ton tai mot Nhom dii hién twong co bdn, tir 36 hop thanh moi hién tuong khéc, dé la:

< Hién twong tiéu tan: Niang luong dién tir dua vao mot ving va bién chuyén thanh nhiing dang
nang luong khac nhu nhiét nang, co nang, quang nang ... tiéu tan di, khong hoan nguyén lai nita.
Vi du : Bép dién, bong dén neon, dong co kéo ...

% Hién twong phat: LA hién tuong bién céc dang niang luong khac thanh dang ning luong dién tir.
Hién tugng phét tuong Gmg voi mot ngudn phat.
Vi du : Pin, acqui, nha may thily dién, nhiét dién, coi xay gio ...

% Hién twong tich phong cia kho dién: Nang luong dién tur tich vao mot vung tap trung dién
trrong nhu 1an can cac ban tu dién hoac dua tir vung do tra lai truong dién tir.

% Hién twong tich phong cia kho tir: Nang luong dién tur tich vao mot vung tap trung tur truong

nhu 1an can mét cuén day cé dong dién hoac dua tra tir vang do.
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BACH KHOA

I1. Cac hién twong co ban trong mach Kirchoff.

> M0 hinh mach Kirchoff nghién ctru qué trinh truyén dat ning luong va tim cach md hinh héa céc
hién tuong trao doi ning luong bang nhitng phan tr sao cho quan hé giira c4c bién trang thai trén
chdng cho phép biéu dién qua trinh truyén dat ning luong tai ving ma ching dugc thay thé.

» V&i 4 qua trinh nang Iuwong co ban khao sat duoc trong mach Kirchoff, mé hinh mach Kirchoff sé
co 4 ph?m tir co ban, do la :

% Nguon dién (nguon suat dién dong, ngudn dong) <> Hién tuong phat

%  Phan tir tiéu tan (dién tro R, dién dan g) < Hién tuong tiéu tan

< Phan tir kho dién (dién dung C) < Hién tuong tich phong ctia kho dién

% Phan tir kho tir (dién cam L, hd cam M) < Hién tuong tich phdng cua kho tir
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11.1. Nguon dién.

> Trong md hinh mach Kirchoff, cac thiét bi thuc hién qué trinh chuyén héa cac dang ning luong
khac thanh dién nang duoc goi 1 nguon dién.
> Quy udc: Chiéu dong dién chay trong ngudn chay tir noi c6 dién ap thap dén noi c6 dién &p cao.
P
P

=u.i<0 - phat cong suat

nguon

nguon — U - I >0 - nhan cbng suat

» Phan loai:

< Nguon doc 1ap: Céc trang thai cua ngudn (bién do, tan sb, hinh dang, géc pha ...) chi tly
thudc vao quy luat riéng cua ngudon ma khdng phu thudc vao trang thai bat ky trong mach.
Vi du: Ngudn ap, ngudn dong ...

% Nguon 1¢ thudc: CAc trang thai ctia ngudn bi phy thudc (diéu khién) boi mot trang thai nao do
trong mach dién.
Vi du: Ngudn &p bi diéu khién boi dong, ngudn &p bi diéu khién boi ap; ngudn dong bi diéu
khién bai dong, ngudn dong bi diéu khién bai ap ...
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11.1. Nguon dién.

> Nguon ap:

% Dinh nghia: Nguon &p e(t) 1a mot phan tir so dd mach Kirchoff c6 dic tinh duy tri trén hai cuc
ctia N6 mot ham dién ap, con goi la strc dién dong e(t) xac dinh theo thoi gian, va khéng phu
thudc vao dong dién chay qua no.

% Bién trang thai: Dién ap trén hai cuc cua ngudn. DPbi vai mot ngudn &p ly tudng, gid tri cla

dién ap trén hai cuc cua ngudn khéng phu thudc vao gia tri cua tai ndi voi ngudn.

% Phuong trinh trang thai: u(t) = - e(t) e(t) e(t)

i(t) i(t) Rng
s Ky hiéu:
PRGN ) u(t)
Ngudn ly twéng Ngudn thue
(Ryg =0) (Ryg # 0)

(Chiéu ciia miii tén 1& chiéu quy wéc ciia dONg dién sinh ra béi nguon)

% C&ch noéi: Ngudn ap duoc ndi trong nhanh cua mach dién (tranh ngan mach ngudn ap)
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BACH KHOA

11.1. Nguon dién.

> Nguon dong:
% Dinh nghia: Nguon dong j(t) 1a mot phan tir so d6 mach Kirchoff c6 dic tinh bom qua né mot
ham dong dién i(t) xac dinh, khéng tuy thudc vao dién ap trén hai cuc cua no.
% Bién trang thai: DONg dién chay qua ngudn. Pbi véi mot nguon dong Iy tudng, gid tri cia
dong dién sinh ra boi nguon khong phu thudc VAo gid tri cta tai ndi véi nguon.

% Phuong trinh trang thai: i(t) = j(t)

J(®) _ w R
< Ky hiéu: l_@_;@‘ ( ) i(t) T
Nguon ly tuéng Nguon thye
(Rng = o) (R“g < )

(Chiéu ciia miii tén 1& chiéu quy wéc ciia dONg dién sinh ra béi nguon)

*

% C&ch noi: Ngudn dong duoc ndi vao hai cap dinh ctia mach dién (tranh ho mach ngudn dong)
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11.2. Phan tir tiéu tan - Pién tré' R - Pién dén g.

> Hién twong: Khi c6 mot dong dién chay qua mot vat dan dién = vat dan ndng lén do cd su chuyén
hoa dién ning thanh nhiét ning. Vi du: Bép dién, ban 14 ...
Pinh nghia: Pién tro 12 phan tr do kha ning tiéu tan caa vat dan.

Bién trang thai: u(t), i(t).

Phuwong trinh trang thai: ¢ = au_(t) = al_(t) > Ky hiéu.
ai(t) ou(t) i)y R
[A] . —>— }—
> Thir nguyén: :M: 9 g=_——=[Si] —_—
r A (] V] )

Pon vi dan xuét: 1KQ = 103Q

> Phan loai: Dua theo mdi quan hé giita 2 bién trang thai.

X8 Tuyén tinh: r= @ — const g= ﬂ = const
it) u(t)
< Phi tuyén: r=R(u,i) g =G(u,i)
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BACH KHOA

11.3. Kho dién - Pién dung C.

> Hién twong: Xét 2 vat dan dit twong dbi gan nhau, c6 bé mit dbi nhau rong va ngan cach nhau boi

chan khéng hoic chat dién méi. Néu dit 1én ching mot dién ap u(t) thi trong 1an cin bé mat vat dan
s€ tap trung mdt dién truong = hinh thanh mot kho dién.

» Dinh nghia: Bién dung C la thdng s6 dic trung cho kha nang phong - nap dién cta kho dién.

> Bién trang thai: u(t), i(t). it)=C du(t)
» Phuong trinh trang thai:  i(t) = dat) - oq .8u(t) dt » Ky hiéu:
dt ou ot 1. _
u(t) =Ej|(t)dt i) C
; An- [Culon] ”
»  Thir nguyén: C=o[F] T
Pon vi dan xuat: 1pF = 10-5F 1nF = 10°F
> Phdn logi: Dua theo mdi quan hé giita 2 bién trang thai. » Nang luong:
< Tuyén tinh: _a_ 1
g €=y oot dw, =u.dg=u A gu=1ca
ou 2

< Phituyén: C= C(q,u)
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I1.4. Kho tir - Pién cam L - HO cam M.
>

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010

Hién twong: Khi mot ddy dan hoidc mdt cudon day co dong dién i(t) chay qua = trong ving lan can
ctia vat dan tap trung mot tir trudng (kho tr).

Pinh nghia: Pién cam L 13 théng sb dic trung cho kha ning tich liy ning lugng tir trudng cudn day

Bién trang thai: u(t), i(t). ut) = L di(t)
. dy Oy ai ~dt
Phuwrong trinh trang thai:  u(t) = o8 o 1
I i = —
0= ju(t).dt
Thirnguyén: L= [Wh] =[H] » Ky hiéu:
[Al
< . i) L

Pon vi dan xuat: 1mH = 10-3H S MY
Phdn logi: Dua theo mbi quan hé giita 2 bién trang thai. u(t)

< Tuyéntinh: | — K — const » Nang luong:

|
» . A _ - . . alﬂ . 1 -2
< Phi tuyen. L= L(l,l//) dWL :ldl/lzla—dl :ELdl
|
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I1.4. Kho tir - Pién cam L - HO cam M.

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010

A . Y(t
» Hién twong tu cam: o 9_(_)_ .

. (" L Y

2 Xét mét cudn day L, c6 dong dién bién thién i(t). i)~ NN
T 7 T
¢ Theo luat Lenx: Dong dién i(t) sinh ra tr thong y(t) : Uge(t) R :
bién thién c6 chiéu chong lai sy bién thién cua dong dién ! !
sinh ra NG (chiéu cuia tir thong dwoc xac dinh theo quy tac
van nut chai).
% Tu thong bién thién sinh ra mot sic dién dong ty cam u,(t) trén cudn day.
dy . di(t)
u (t)=—=1L ¥(t)

. ( )

% Nguoc lai, Xét mot cudn day L, va ton tai mot tir thong '(t)l N m -
N

y(t) moc vong qua cudn day.

% Néu mach kin, tir théng w(t) s& sinh ra mot dong dién tu cam i (t) bién thién cd chiéu chong lai
su bién thién cuaa tir thong sinh ra no (chiéu cua dong dién tw cam dwoc Xac dinh theo quy tdac van
nat chai)

19
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I1.4. Kho tir - Pién cam L - HO cam M.
> Hién twong hé cam:
oens Wy (1)

< Xét 2 cudn day L, va L, dit di gan nhau trong khong gian, cuén day L, c6 dong dién bién
thién i (t).
< Theo luat cam tmg dién tur: i;(t) sinh ra tir thdng y,(t) bién thién méc vong qua cac vong day
ctia cudn L, = sinh ra dién &p tu cam uy,(t).

di (t)

Uy, (1) = L. —=

< Do L, dat da gan L,, c6 mot phan tir thdng ,,(t) moc vong qua cac cudn day L, = sinh ra sirc
dién dong cam ung U,,(t).

dy 8{// di, di, AOALE o . -
t) = 21 21 =M M,,: hé s0 ho cam cua cudn L, do i, gay ra
Ua) =g i, dt P dt “ T
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Chwong 1: Khai niém vé md hinh mach Kirchoff

BACH KHOA

IL4. Kho tir - Pi¢n cim L - Ho cim M. 1)
»  Hién twong ho cdm: ___ _—=--==-=="7"7"77"7"77 AT T

1;(t)

AN
I

Uy (1) Uyp(T)

c
|_\
|_\
~~

—+
N

c
|_\
N
~~

—+
N

o u(Y) , U,(t)
% Tuong ty, néu trong cudn day L, c6 dong dién bien thién i,(t) chay qua => sinh ra tir thong
y,,(t) bién thién méc vong qua cac vong day cia L, = sinh ra dién 4p cam (mg U,,(t)
di, (t
uzz(t) =L,. éf )
% Mot phan cua n6 y,,(t) moéc vong qua cac vong day cia cudn day L, = sinh ra stic dién dong
cam ung Uy,(t) trén cudn L,

u, (t) = dyy, _ oy, _diz Y % M,,: hé s6 hd cam ctia cudn L, do i, gay ra
. d 6, dt  *dt
di,

. di
% Dién 4p tong trén 2 cudn day: u(t) =u, ) tu,t)=L.—+M;, =
dt dt
_ _ M, =M, =k /L.L,
U, (t) =u,, (1) u, (t) = I—z-%i My d k: h¢ sb quan h¢ khong
dt dt gian gitra L, va L,
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11.4. Kho tir - Pién cam L - H6 cam M.

» Cuec tinh ciia cuon day:

< Thuec té, cac cudn day khdng cd cuc tinh, tuy nhién dé xac dinh duogc chiéu cua cac dién &p tu
cam va hd cam, ngudi ta dua vao khai niém cuc tinh cta cudn day.

< Trong khéng gian, viéc x4c dinh chiéu cta tir thdng duoc thuc hién theo quy tic van nat chai:
Néu biét chiéu cta dong dién so véi vi tri cta cudn day (chay qua cudn day theo chiéu thuan hay
nguoc kim dong ho) thi ta s& x4c dinh dugc chiéu dién &4p cam tGng.

< Khi md hinh hoa cudn day trong so ¢6 mach Kirchoff, chiing ta mdt di thong tin vé khéng gian
(chiéu qudn cia cudn day) > dé xac dinh dugc chiéu dién ap hay tir théng, nguoi ta dung dau *
dé danh dau. Vay ta s& biét duoc chiéu ctua dong dién so véi vi tri ctia cudn day (chay tir cuc ¢ *
sang cuc kia hodc nguoc lai). Chiéu dién ap tw cam va dién ap hé cam sé lubn cung chiéu véi
chiéu ciia dong dién sinh ra no.

Vidu 1: Xét 2 cudn day L, va L, dit canh nhau, giira chiing ¢6 hd cam My, = M,; = M. Tinh uy(t), u,(t).

di, di, "
U, (t) = Uy, (t) — Uy, (t) = L1 E o M12 E i,(t) % L /\‘rlw_rz'\* ,(t)
i i U ® e U@y Ua®)
uz(t) =u22(t)—u21('[) = Lzﬂ_ leﬂ U12;(t) e 2‘
dt dt TR TEONM
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I1.4. Kho tir - Pién cam L - H6 cam M.

Vidu 2: Tinh dién dp trén 2 cuon ddy L, va L, trong cdc truong hop sau.

BACH KHOA

X R i5(t)
i(t) 1, — L =
a's) *~ I L,
7 * 3 L, *
> "~
u(t) = 2?2
M
. L 12 .
W) , e el i)
oﬁ—m_
u,(t) = 2?? U,(t) = 2??
*
M, 3 L, M.,
U,(t) = 2?77
i)Y
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CO SO KY THUAT PIEN 1

Chuong 1: Khai niém vé mé hinh mach Kirchoff

|. Khai niém vé mé hinh truwong - mé hinh hé thong.
I1. Cac hién twong co ban trong mo hinh mach Kirchoff.

[11. Cac luat co ban trong mé hinh mach Kirchoff.
[11.1. Luat Ohm.
[11.2. Luat Kirchoff 1 & 2.
111.3. Luat can bang cong suat.

V. Noi dung bai toan mach.

24
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111.1. Luat Ohm.

> Phat biéu: Luat Ohm biéu dién mdi quan hé gitra hai bién trang thai dong dién va dién ap trén clng
mot nhanh.

> S0 phirong trinh: Mach Kirchoff c6 n nhanh = C6 (n) phuong trinh luat Ohm.

Vi dy 1: Xét mach dién nbi tiép nhu hinh v&. Viét phuong trinh quan hé dong - ap.

. di(t - L C
u.(t)=Ri(t) u (t)=L—= (t) U (t) = jl(t) dt LOR s
T TG Tig )
d 1 . as(t !
Une () = U (1) + Uy (1) +Uc (1) = (R i LEJ“EIdtj-l(t) 0
_ 1 ) e ’ A it) Zas B
I(t) = T U (t) :IUAB(t)
R+L- -+~ [dt L rdn o
dt C ag: 10ng tré twong duong cua nhanh AB
Yao Y,g: Tong din twong duong ctia nhanh AB
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Chwong 1: Khai niém vé md hinh mach Kirchoff

BACH KHOA

II1L.1. LuAt Ohm.

Vi dy 2: Xét mach dién song song nhu hinh v&. Viét phuong trinh quan hé dong - ap.

ly () = 0.l (1) iL(t)=%JUAB(t)-dt i (t)=c. Je®

dt A0
Ty iy Yic
i(t) =i, (t) +i, (t) +ic (1) = (g +%Idt +C %).uAB (t) U 0| LyC=
YZB B
1 : i(t)
Uy () = ————— (1) nt
g+— j dt+C —
N L ~ dtJ UAB(t) YAB []
ZAB
Y,g: Tong din twong duong ciia nhanh AB B
Z ng: Tong tro tuong duong cta nhanh AB
26
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BACH KHOA

111.2. Luat Kirchoff 1 va Kirchoff 2.

> Ludt Kirchoff 1: Tong cic dong dién tai mot ndt bang khéng, vai quy udc:

% DOng dién di vao nGt mang ddu am.
% Dong dién di ra nit mang ddu dwong.

Y (t)=0

nut
> Ludt Kirchoff 2: Tong dién ap roi trong mot vong kin bang tong cac nguodn ap c6 trong vong kin Ay,
vo1 quy udc:
% Dién ap (nguodn 4p) clng chiéu véi chiéu ctia vong kin thi mang ddu dwong

% Dién ap (ngudn &p) nguwoc chiéu v4i chiéu cua vong kin thi mang dau am.

Zuk(t) - Zek (t)

vong vong

> Chuy: Mach Kirchoff c6 (n) nhanh va (d) dinh = Sé phuong trinh da cho:
¢ Luat Kirchoff 1: (d - 1) phuong trinh.
¢ Luat Kirchoff 2: (n - d +1) phuong trinh.
< Tong: (n) phwong trinh = du s phuong trinh dé giai va tinh mach Kirchoff c6 (n) nhanh.
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Chwong 1: Khai niém vé md hinh mach Kirchoff

111.2. Luat Kirchoff 1 va Kirchoff 2. ()
Vi du: Lap phuong trinh mach theo luat Kirchoff 1 va 2 cho mach dién sau. @
Phuong trinh luat Ohm: R, r'er%\ |Cl R | R i, (t)
ul(t)z(Rl+Lla+Ejdt).ul(t) u,®)=(R,+L, — +—jdt)| ) 'C 1
1 i1(t) ‘T
N L
u, (t) = (L, a. 1 j dt).i, (t) u, (t) =R,.,(t) 3 3
dt C, L,
Phuong trinh luat Kirchoff 1: <T> i(t) :
_ | _ | _ _ _ e (t) ( )
- )+ I, (t)+ 1, (t)- Js (t)=0 —l3 (t) - (t) + 1, (t) =0 R,
Phuong trinh luat Kirchoff 2: {0
L0+ (1) =& 1) S6 dinh: d = 3. S6 nhanh: n = 4
U, (t)+ Us (t)- Y, (t)= & ) S6 pt luat Ohm: n = 4 pt
Chon bién 1a dong cac nhanh: SéptluatKl:d-1=2pt.
_|1+|_2+|‘_‘_J4:O S6ptluat K2:n-d+1=2pt
—l =1+, =0 2n pt < 2n bién (i, )
(R1+L1di+—jdt)| +(R, +L, +—Idt)| =g, (1)
(R,+L,— d Idt)l (L3—+—Idt)| 21, =65(1) -
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Chwong 1: Khai niém vé md hinh mach Kirchoff

BACH KHOA

I11.3. Luit cAn bing cong suat.
> Phdt biéu: Tong cong suat trong mdt hé ¢d 1ap bang khong.

Z pk(t):O

hekin
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CO SO KY THUAT PIEN 1

Chuong 1: Khai niém vé mé hinh mach Kirchoff

|. Khai niém vé md hinh truwong - mé hinh hé thong.
I1. Cac hién twong co ban trong mo6 hinh mach Kirchoff.
[11. Cac luat co ban trong mo hinh mach Kirchoff.

V. Noi dung bai todn mach.

30

Co 56 ky thudt di¢n 1 - Nguyén Viét Son - 2010



BACH KHOA

V. Noi dung bai toan mach.
> So dd mach Kirchoff md ta véi cac bién nhanh ciing cac luat K1, K2 va luat Ohm mé rong duoc st
dung nham nghién ctru cac qua trinh ning luong trén céc thiét bi dién.

» Co hai loai bai toan mach:
< Bai toan fong hop: La bai toan cho biét tinh quy luat ctia quan hé giira cac tin hiéu dong, ap
hodc cho biét nhitng nghiém dong, &p can c6 tmg voi nhitg kich thich cu thé. Yéu cau can lap
phuong trinh ctia hé hodc 1ap so d6 mach véi két cau va thong sd cu thé cho phép thuc hién
dugc nhiing quy luat do.

0

» Bai toan phan tich mach: La bai toan cho mot thiét bi dién hodc so d6 mach cua né véi két
ciu va thdng sb di biét, can lap phuong trinh mach, dya vao d6 khao séat cic hién tuong va
quan hé gitra cac bién hodc tim 101 giai vé mot sb bién, dOng &p cu thé. Bai toan phan tich lién
quan toi viéc khao sat dinh tinh, dinh Iwgng mét hé phuong trinh vi tich phan hoac giai nghiém

cu thé.

> Chuong trinh hoc nay ch trong xét bai toan phan tich va chi néu so lugc vé bai toan tong hop.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 2: Mach tuyén tinh & ché do xac lap diéu hoa.

|.  Ham diéu hoa va cac dai lwgng diic trung.
I1. So6 phitc - Biéu dién ham diéu hoa trong mién anh phire
I11. Phan tng ciia mdt nhanh véi kich thich diéu hoa.

V. Dang anh phirc cia cac luat co ban trong mo hinh mach Kirchoff.
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Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

BACH KHOA

I. Ham di€u hoa va cac dai lwgng dac trung.
> Ham diéu hoa 13 cac ham ma biéu dién toan hoc ctia nd c6 dang sin hoic cos cua bién thoi gian t.
Vidu: i(t) = |,.sin(ot + ¢) hodc e(t) = E,.cos(ot + @) te(t)

> Cdc thong s dic trung:

% Gia tri bién do cuc dai: [, E,,.
Gia tri hi€u dung: I, E. / )
Quan hé: I, = 1.V2 ; E,=E+2 ! >
o
% GOc pha: ot + ¢ (rad) i
3\ /4 3\ I
Goc pha ban dau: ¢ [rad] cho biét trang thai ban dau !
cua ham diéu hoa khit=0 <
Tan s6 goc: o [rad/s] do tdc d6 bién thién ctia ham
diéu hoa.
. ] 1 ) X , N Y N , N by X N
Chuky: T = 2—”[3] Tin s&: z?zz_[HZ] Néu cac ham diéu hoa co cung tan s’o thi
@ 4 ching dugc phan biét bai 2 thong sb duy

> Cap thong sb bién d6 - pha 1am thanh mot cap thong s6  nhat: Bién do - Pha ban dau.

dac trung cua ham di€u hoa.

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 33



Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

BACH KHOA
I. Him diéu hoa va cac dai lwong diic trung.
» Biéu dién cac ham dieu hoa bang do thi vector:
< MBObi ham diéu hoa dic trung bai 2 thdng sb: Tri hiéu dung va goc pha (I, ot + @) > cho phép
biéu dién bang nhiing vector trén mit phang pha: A PO
v' Do dai vector ty 1& voi tri hiéu dung ctia ham diéu hoa.

v GAc gitra vector vai truc hoanh ty 1€ vai goc pha (ot + ¢).

vidu: ()= 1LN2.sin(ot+9) < 11, ot+9)

i, (t) = 1,~2.5in(0,t +9,) & L(1,, ot +0,)

n

(I,a)t+gp)<—>«/§.l.8i S(a)’[+(p)

(6{0)

> Néu cac ham diéu hoa clng tan s6 > ching dic trung boi cap thdng sb #ri

hiéu dung - goc pha ban dau (1, ) > Cho phép ta thuc hién cac phép toan
céng triv cAc ham diéu hoa cung tan sé.

Vidu: i(t) = 1,~/2.5in(ct + @)
i, (t) = 1,./2.5in(at + @,)

iI(t) = i1 (t) + iz (t)
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BACH KHOA

Chwong 2: Mach tuyén tinh & ché do xac lap diéu hoa

|.  Ham diéu hoa va cac dai lwong dic trung.
I1. So6 phitc - Bi¢u dién ham diéu hoa trong mién anh phire
11.1. Khai niém.
11.2. Cac phep toan co ban.
111.3. Biéu dién c4c ham diéu hoa trong mién anh phire.
I11. Phan ing ciia mét nhanh véi kich thich diéu hoa.

V. Dang anh phirc ciia cac luat co ban trong mo hinh mach Kirchoff.
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Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

BACH KHOA

I1.1. Khai niém
> Nguén goc: Giai phuong trinh bac 2, c6 Deltal am.

> SO phirc 12 mot cip 2 thanh phan, s6 thuc a, va so 4o j.b, vdi dinh nghia n6 1a tong a + j.b, trong d6
j2=-1, vaa, b 1a nhitng s6 thuc.

> Biéu dién trén mat phang phic: A

% Dang dai so: V=a+jb

% Dang modul-goc: V =V el? :Vlip

% Quan hé:

V =+va’+b*> a=V.cosg

b=V.sin
go:arcth 4
a

» Sb phitc lién hop: V, =a, + jb, V, VAV, 13 2 s6 phitc {a1=a2

V2 _ a2 + Jb2 lién hO’p néu
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Chwong 2: Mach tuyén tinh & ché d xac 1ap diéu hoa

BACH KHOA

I1.2. Cac phép toan co ban.

» Phép cong - trir. , . i M i
p cong Vidu: V, =a,+ jb =Vi|p, V, =V,+V, = (a,+a,)+ j.(b, £b,)

Phép nhén - chia. . _
V,=a,+]b, =V2@

>
> Phép nghich dao.
>

V,=V,.V, =V.V, g + ¢,

’ \; V. . 1 1
V5:. :_1(01_(02 VGZT:—\—_%
V. v, V, Vi

Chuy:
< Batky sb phu:c nao nhan VO’l j thi goc ctia nd quay nguoc chiéu kim dong ho 1 goc 90°.

Vi du: A= lOI_—)jA 1e210|_0 10220

< Bat ky s6 phtrc nao chia cho j thi goc cuia né quay thuan chiéu kim dong ho 1 goc 90°.

Vidis 3103052 A=~ 10[30-10-60
J

=
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Chwong 2: Mach tuyén tinh & ché d xac 1ap diéu hoa

BACH KHOA

I1.3. Biéu dién cac ham diéu hoa trong mién anh phic.
> Céac ham diéu hoa cung tin so i(t), e(t), j(t), u(t) dac trung boi cap sb: Tri hiéu dung - géc pha ban
dau = c6 thé dién chung bang nhiing s6 phirc (anh phtrc ctia ham diéu hoa) co:
% Modul = Tri hiéu dung.
< Pha = Géc pha ban diu.

e(t) = EV2.sin(wt +¢) <> E=E|gp
Cha y: Néu so phtrc 13 anh cta 1 ham diéu hoa trong mién thoi gian t

E\/E.sin(a)t + @)
E=E|p thie®t)= hodc
E/2.cos(at + @)
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Chwong 2: Mach tuyén tinh & ché d xac 1ap diéu hoa

BACH KHOA

I1.3. Biéu dién cac ham diéu hoa trong mién anh phic.
> Xét ham diéu hoa:
i(t) = 1.V2.sin(ot+9) © | =g

% =w.l .\/E.COS(a)t+g0) = a).l.\/i.sin(a)t+(p+%) > I = ja)l
[i@dt =2 .1N2.cos(@t+ @) = —— | V2.sin(at+ p+ D) > | =—=.0.j =i
0] 0] 2 ) jo
Mién thoi gian Mién anh phikc
Ham diéu hoa < > Anh phtrc
d :
— < > J.®
dt
1
jdt < > —
J.
. J . J
Y Y

Hé phuong trinh vi tich phan H¢ phuong trinh dai so anh phire
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CO SO KY THUAT PIEN 1

Chwong 2: Mach tuyén tinh é ché d¢ xac lap diéu hoa.

.  Ham diéu hoa va c4c dai lwong dic trung.
1. So phitc - Biéu dién ham diéu hoa trong mién anh phic
I11. Phan éng ciia mét nhanh véi kich thich diéu hoa.

111.1. Kich thich diéu hoa.

111.2. Mach thuan tré.

111.3. Mach thuan cam.

111.4. Mach thuin dung.

111.5. Mach néi tiép R-L-C

I11.6. Mach song song R//L/IC

IVV. Dang anh phirc ciia cac luat co ban trong mé hinh mach Kirchoff.

40
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Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

111.1. Kich thich diéu hoa.
> Cac kich thich trong mach Kirchoff la cac phan tir nguon dién (ngudn dong, ngudn &p)
> Kich thich diéu hoa trong mach Kirchoff 1 cac ngudn dién e(t), j(t) c6 biéu dién toan hoc la cac
ham diéu hoa dang sin hoic cos theo thoi gian t.
e(t) = Ev/2.sin(at + @)
j(t) = IV2.cos(wt + )
I11.2. Mach thuan tré.

iR R
X ﬁ
e v e

Ur(t)
u(t) = Ri(t) .
i(t) = 1V2sinot(A) «——> | =10 =1|0(A)

u(t):R.I\/isina)t LJR:R-i:R-”g

R
N
7

U

»

L]
IR

dong - &p cung pha

R
LI
—
UR

Céng sudt tic dung:
p(t) = u(t)i(t) P=RI*
=R.1%(1—cos 2mt)
1 T
:?j p(t)dt = R.I?
0
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Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

I11.3. Mach thuan cam. .
] o’
NOR e
u () U |
di, (t) Dién ap s¢m pha hon
u (t)=L dt dong dién 1 goc /2

i ()= 1V2sinat(A)  «——> 1, =1]0(A)

u (=L Lt N2wcospt  Yi=obllzl2=jX 1 =21,
dt Z = jol

=w.L.12 sin(a)t+%)

Cong suit phén khdng: Do cudng d6 cta qua trinh dao dong ning luong trong kho tir.

Q =X_.I]
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Chwong 2: Mach tuyén tinh & ché d xac 1ap diéu hoa

» Mach c6 ho cam:

M .
i,(t) % L, _— L * ip(t) |l « L, _— L * |.
Nifg g Yy —\, YNy
ull(t)<_uli(t) u22(tL>U21ft) U1<—1 LlJ.l‘2 U.zz_’U 21‘
u,(t) U,(t) U'l sz
I, (t) = |1\/§Sin(a)t)(A) ; L(t) = Iz\/ESin(a)t"'(D)(A) < |.1 =1,|0(A); |.2 = |2\£(A)
di (t ) . .
u,(t) = Q%=Q.L1.|lsln(a)t+%) U, = jolL.l,
u, (t) =M, % E a).Mlz.Izsin(a)t+go+%) U, =]oM,l,
di di U =U,-U, = joL.l—joM,.I
ul(t):ull(t)_u12(t): le_tl_Mlzd_f .1 il 1.2 J_ Ll l. J_ N 2.
_ _ U,=U,-U, = JoL.l,-]JoM,,.l
di, di,

u,(t) =u,(t)—u,(t)=L, m MZlE
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Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

I11.4. Mach thuan dung.

. I
ic(t) (I:I IC\ C| -
> gl
LN Uu.—— :
uc(t) UC
1 ¢. DPién 4p cham pha hon
Uc ()= EJ"C (t).dt dong dién 1 goc n/2
i () = 1 V/2sinwt(A) < > 1. =1]0(A)
1. 1 S T
uC(t)—E_[lc(t).dt——E.I.\/E.coscot UC:E.IC.e 2=—jE.|C
1 . . .
:_'af sin(t-2) Tjec e T ek

Cong sudt phén khdng: Do cudng d6 cta qué trinh dao dong niang luong trong kho dién.
2
Q. = X..I¢
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Chwong 2: Mach tuyén tinh é ché

I11.5. Mach ni tiép R- L - C. | Vs Y
L c!l

n
>

U :UR+UL+UC Tam giac di€n ap Tam giac tro khang Tam giac cong suit
U=RI+jX_ 1+(=j.X.).1 U, ix.
° . ° U T I
U=[R+ J(X, —X.)].I R > R
[R+j(X, ~Xc)] , S
. ‘ ° Z 1
Z=R+j(X, —X.) 0 : Xc
X Ue
R =1|Z|.cosp
X = |Z].sing@

Cac tam giac dong dang véi nhau

> Céng sudt:
% Cong suat tac dung: P =R.J2 = U.l.cosp [W].

0’0

< Cong suat phan khang: Q = X.I12 = U. L.sing [Var].

>

s Cong suit toan phﬁn: é =P+ J(QL - Qc) [VA]

>

S=[R+ j(X, - X)]1?=Z12=U.1"
45
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II1.6. Mach song song R // L. // C.

1 - .
l.=—U=g9g.U
RTR g

l. = joCU = jb..U
——j—U=-jb.U
I— j-b,

I

=1 +1 +1.=[g+j(b.—b)]U =Y.U

Tam giac dong dién
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A

0 xac lap diéu hoa

/4

BACH KHOA

Tam giic tong din
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CO SO KY THUAT PIEN 1

Chwong 2: Mach tuyén tinh é ché d¢ xac lap diéu hoa.

I.  Ham diéu hoa va cac dai lwong dic trung.

1. S6 phitc - Biéu dién ham diéu hoa trong mién anh phirc

I11. Phan &ng ciia m§t nhanh véi kich thich diéu hoa.

V. Dang anh phirc cia cac luat co ban trong mo hinh mach Kirchoff.
IVV.1. Luat Ohm.
I1V.2. Luat Kirchoff 1.
1V.3. Luat Kirchoff 2.

1V.4. Luat can bang cong suit.

a7
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Chwong 2: Mach tuyén tinh é ché d9 xac 1ap diéu hoa

BACH KHOA

IV.1. Luat Ohm.
L.J =7Z. | Lz tong tré tuong dwong cua nhanh
vOi ..
=Y .U Y: tong dan twong duong ctia nhanh
1V.2. Luat Kirchoff 1. S (1+3)=0

nut

(dong dién di vao niit mang ddau ém, di ra nit mang diu dwong)

I\V.3. Luét Kirchoff 2. YU=YE

vong vong

(dién dp ciing chiéu vong mang diu dwong)

> Vay hé phwong trinh mach Kirchoff tuyén tinh 6 ché dé xac ldap diéu hoa khi chuyén sang mién
anh phtrc 1a hé phwong trinh dai sé tuyén tinh dnh phirc. Diéu nay giup ta tranh duogc viéc giai hé
phuong trinh vi tich phén trong mién thoi gian.

I\VV.4. Luat can bang cOng suat. S P=0
Z S _ 0 RN kin
kin ZQ =0
kin
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BACH KHOA

Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché do
xac 1ap diéu hoa - Graph Kirchoff
|. Phwong phap dong nhanh.
I1. Phwong phap thé nut.
[11. Phwong phap dong vong.
V. Khai niém vé graph Kirchoff.
V. Céac dinh ly vé 1ap phwong trinh Kirchoff.
VI. Ma tran cau tric A, B.

VII. Lap phwong trinh bing ma tran cau truc.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

|. Phwong phap dong nhanh.

» Phuong phap dong nhanh la phuong phap 1ap phuong trinh mach theo luat Kirchoff 1 va Kirchoff 2

v6i bién 1a dong dién trong cac nhanh.

» N¢i dung phwong phap:
< Pit an 12 anh phtrc cua dong dién trong cac nhanh ciia mach dién. (Véu nhanh c6 nguon, nén
chon chiéu dong dién cung chiéu véi chiéu ciia nguon).
% Lap hé phuong trinh theo luat K1 va K2.
v S6 phuong trinh luat K1: d - 1.

, } Tong so: (n) pt <——> (n) bién dong dién
v S6 phuong trinh luat K2: n-d + 1.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

I. Phwong phap dong nhanh.
Vi du: Lap phuong trinh mach theo phuong phép dong nhanh cho mach dién sau.

> Chon chiéu dong dién trong cac nhanh. J
» Lap phuong trinh mach theo luat K1: Y . (:) .
. . . . Il Zl A |3 B I5 o
o NOtA: —l+1,+1,=1 —>—|:I——>—|; ; > E,
i . ° . ° I 3 4\/
s Nut B: —|3+|4+|5:_J 2 Y
Z Z
> Lap phuong mach theo luat K2: CD ! 2[] 4[] e,
\ y * ° E 5
< Vvongl 1,.Z+1,Z,=E, . C |

“ vong2: 1,.Z,+1,Z2,-1,2,=0
% vong3: I..Z.-1,.Z,=E
» Nhan xét:
% Nguon chinh tac:
v/ Ngudn dong: Puoc viét & phuong trinh can bang dong, K1.
v/ Ngudn ap: Puge viét & phuong trinh cin bang ap, K2.

% Phuong phap ndy thuong ap dung véi cac bai toan ¢ sd nhanh (n) va sd dinh (d) nho.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 3: Phuwong phap co ban tinh mach tuyén tinh é ché do
xac 1ap diéu hoa - Graph Kirchoff
|. Phwong phap dong nhanh.
|1. Phwong phap thé nut.
[11. Phwong phap dong vong.
V. Khéi niém vé graph Kirchoff.
V. Céc dinh Iy vé 1ap phwong trinh Kirchoff.
V1. Ma trén cau trac A, B.

VII. Lap phwong trinh bing ma tran cau truc.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

I1. Phwong phap thé nut.

Phuong phép thé nit (dinh) 12 phuong phap 1ap phuong trinh mach theo luat Kirchoff 1 voi bién la
dién thé ciia cac nat trong mach.

» N¢i dung phwong phap:

% Ngudn chinh tic: Nguon dong. (Néu ¢ cac ngudn ap = d6i thanh ngudn dong twong duong):

v' Nguon 4p 6 chiéu di vao dinh nao thi nguon dong tuong dwong ¢ chiéu di vao dinh do.

v Do 16n: ‘Jtd = Enh
nh

% Chon mét dinh bat ky, coi dién thé ctia dinh d6 bang 0.

% Viét phuong trinh mach theo luat Kirchoff 1 (d - 1 phwong trinh) vai bién 1a dién thé cia cac
dinh con lai trong mach.
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I1. Phuwong phap thé nut.

Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

Vi du: Lap phuong trinh mach theo phuong phéap thé nat cho mach dién sau. @J
> Chuyén ngudn ap thanh nguén dong tuong duong: |.1 v R |.3 XS - !
° . ~ 1 SN °
° E]_ ° . . E5 ° +: . - ITI I. i E5
Jj=—=EY, ; Jy==—=E.Y, I, ¥ 3 1Y
1 5
g 06 @ 2l 2]
» Chon dinh C c6 thé bang 0: 9. =0 A Z.
» Lap phuong trinh mach theo luat Kirchoff 1 véi 2 C |
bién Ia dién thé cac nit: F\j
o NatA: DL, =>J < —L+lL+1;=J+], : @
nut nut INELE B
° ° ° ° ° . ° ° e | . > ITI . .
(0= @) Y1+ (@a— @)Y, +(Pa—0s).Y; =J+E.Y, J, L Ly S Y ‘
[ ] [ ] [ ] [ ] /\) Y Y [] Y []
Y, +Y,+Y).0,—Y, .05 =J+E.Y; C/\ . ? ) \
N -~ J —_— — Y5 J
YKK YKL J' C 5
- T
[ ) o [ ) [ ) 1 . 1 . 1 .
% Nt B: _Y3-¢A+SY3+Y4+Y52-¢BZTJ_Es-Ysj Yy 7 Y2=Z—, Y3:Z_’
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

r A r j
II. Phwong phap thé nut. . @
° . ° A |3 B
Yi+Y,+Y, —Y, Pa| | I+ — Al s lTl =) S
_Y3 Y3—|—Y4 +Y5 . ° ° ° \]1 Il |2\/ 3 |4\/ |5 ‘
~ 4 (05 - \.] - \]5 /\
Ynut * . @ Y1 YZ[] Y4[]
¢nut \]nut C Y5 Jos
> Nhan xét: L

¢ Giai hé phuong trinh ta dugc nghi€ém: @, @g

- Can tim dong dién trong cac nhanh:
v Nhinh khéong nguon: 1, =0, Y, ; L=(0,~0,)Y, ; l,=¢,Y,

v' Nhdnh cé nguon:

L,z @,
; (E (DA) |.
CD, . L= Z, i
5 @c =0
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

| 4 A r j
I1. Phwong phap thé nut. . o . @
(\(1+\(2 +Y, -Y, j O I+, oAl Bl
. — . ° [ S— ° °
Ynut ¢ ] * @ Y Yz[] Y, []
> Nhan xét: Prut nut YJ ?
. ~ C [ J
% Ma trén tong dan Y, °
i F,

v Y\ = 2 cac tdng dan ndi véi dinh k.
v Y,y = 2 céc tong dan ndi dinh k véi dinh | (luén am).
% Ma tran ngudn dong: Z

Jnutk = 2. cac ngudn dong ndi voi dinh k.

v/ Nguén dong di vao dinh > dau duong.
v/ Nguon dong di ra dinh = dau am.

% S6 phuong trinh: d - 1 = thuong ding giai cAc mach ¢6 so dinh it, véi nhiéu nhanh mac song
song vai nhau.

< Phuong phap thé nit it duoc str dung khi mach c6 hd cam.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 3: Phuwong phap co ban tinh mach tuyén tinh é ché do
xac 1ap diéu hoa - Graph Kirchoff
|. Phwong phap dong nhanh.
|1. Phwong phép thé nut.
[11. Phwong phap dong vong.
V. Khéi niém vé graph Kirchoff.
V. Céc dinh Iy vé 1ap phwong trinh Kirchoff.
V1. Ma trén cau trac A, B.

VII. Lap phwong trinh bing ma tran cau truc.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

[11. Phwong phap dong vong.
> Phuong phap dong vong la phuong phap lap phuong trinh mach theo luat Kirchoff 2 véi bién la

dong dién quy udc chay trong cac vong cua mach Kirchoff.

» N¢i dung phwong phap:
% Ngudn chinh tic: Nguon ap. (Néu c6 cac ngudn dong = can doi thanh ngudn ap twong duong)
v/ Ngudn dong c6 chiéu di vao dinh nao thi ngudn ap twong duwong c6 chiéu di vao dinh do.
v Do lon: E.td = 'J.nh Lo
% Chon chiéu cua dong dién vong twong Gmg véi cac vong caa mach (Nén chon chiéu dong vong
cung chiéu véi chiéu ciia da sé Cac nguon ap co trong vong).
% Viét phuong trinh mach theo luat Kirchoff 2 (n - d + 1 phwong trinh) véi bién 13 dong dién

vong da chon.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

[11. Phwong phap dong vong.
Vidu: Lap phuong trinh mach theo phu’ong phap dong vong cho mach di¢n sau. @J
> Chuyén ngudn dong thanh nguon ap tuong duong: | ~ ) A% |
1 1 A B 5 .
E,=2,.) B e g B ey
> Chon chiéu dong dién vong: I, ¢ s Ly
> Lap phuong trinh mach theo luat Kirchoff 2 voi bién CD Zz[] Z, []
la dong dién trong cac vong: E'l Zs
° ° ° ° ° C I
< Vong 1: ZUk=ZEk < Uz+Uz =E .
vong vong Z, A Z, 3 5
L | — E.

iv1.Z + iv1.Z + |.v2.Z2 = E.1
(Z,+2,). |v1-|—Z |v2— él CD lva ZZI:I ivz Z“I:I ivs

— : Zs
ZKK ZKL Evong El I
. . C
s ong 2: s Vong 3:
Z, \n+(Z,+Z,+2,).Iva+2Z,.1v3 =E, Z, W+ (Z,+2Z;).lvs=E
59
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

[11. Phwong phap dong vong.

[ ) [ ] 5 .
| E >
Z,+2, Z, 0 v 1 5,
Z, Z,+72,+7Z, Z, || Iv2|=]E; .
lvs
0 Z Z,+7Z . :
A 4 P s E. 5
Zvong . . |
I E
> Nhan xét: vond Yo
< Gial hé phu’ong trinh ta dlIQ’C nghlém IVl, |V2, lvs
= Can tim dong dién trong cac nhanh.
v Nhénhkhong nguon: | =1y1 ; I, =lvi+lve ; 1, =—(lva+1Iva) ; 1. =lvs
v' Nhanh c6 nguén: @J
, [ ) [ ] L) [ ) , [ ] L] [ ] [ ] [ ) \_/ L]
NatA: —1,+1,+1,-J=0 NatB: —1,+1,+1,+J =0 LAl s Bl s
° ° ° ° ° ° ° ° ° ° > ® >ITI * >
l,=Jd+ lvimlvi—lv2  hoge I, =J—lva—lva+ lvs Ly 2y
l,=Jd—1v2 l,=J—1v2 [vo2
60

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010



Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

[11. Phwong phap dong vong. ] K
[ ] [ ] 1 A 3 B .

Z,+Z, Z, 0 vl B — 1 Z E,
Z, Z,+Z,+Z, Z, ||lv:|=]|E, CD i . .
. ° Vi ZZ[] I 24[] I

\ 0 ZV4 Z4+ZSJ s E, < V2 V3 5

Zvong . . 1 |
> Nhé:ln Xét: I vong Evong C

, . o n X R .
< Ma tran tong tr&é VONg Z, 4 ** Ma tran nguén ap vong:

v Z, = 2. tbng tro ¢ trong vong thi k. Eyongk = 24 C4C ngudn &p cd trong vong K

v v' Duong néu ngudn 4p cling chiéu dong vong
vV Zy= 2 tong tr&d chung gitta vong k va vong 1. - L, N .
v" Am néu nguon ap ngugc chiéu dong vong.

= Duong neu Igng Va lgng | cing chicu nhau.

= Amneu [yq g V2 lygng | NgUOC chi€u nhau.

< S6 phuong trinh: (n —d + 1) = thudng ding dé giai nhitng mach ¢6 sb vong it
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 3: Phuwong phap co ban tinh mach tuyén tinh é ché do
xac 1ap diéu hoa - Graph Kirchoff
|. Phwong phap dong nhanh.
|1. Phwong phép thé nut.
[11. Phwong phap dong vong.
V. Khai niém vé graph Kirchoff.
V. Céc dinh Iy vé 1ap phwong trinh Kirchoff.
V1. Ma trén cau trac A, B.

VII. Lap phwong trinh bing ma tran cau truc.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

V. Khai niém vé Graph Kirchoff.

> Graph la 1 tap d dinh (nGt) va n nhanh (cung) cé hodc khong dinh chiéu ndi gitta cac dinh do.

> Graph Kirchoff 12 1 graph mé ta cach chap ndi gavanic giira c4c vat dan, su phan bd cac ving ning
luong va su phan bo cac cap bien dong, ap nhanh cta hé. |

Vidu: Z Z, 1
. 1

v

Z e(t)
DS
So @6 mach Kirchoff = Cau tric + thong sé Graph Kirchoff = Cau tric
» Nhanh: 2

% Vat ly: Nhanh dac trung cho mét vung nang luong.
< Hinh hoc: Nhanh 1a mét cung ndi gitra 2 dinh, c6 dinh chiéu.

> Pinh: La chd chap ndi caa 3 nhanh trg [én. 1
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

V. Khai niém vé Graph Kirchoff.
> Cay: La tap hop cac nhanh cua graph ndi du gitta cac dinh nhung khong tao thanh vong kin.
> Canh: La tap hop cac nhanh cua 1 cdy. Ty theo cach chon canh khac nhau ma mot graph cé thé co

nhiéu cay khéac nhau.

Vi du: I
1

Sé canh trong 1 cay: d - 1

» Bu cay: La tap cac nhanh cung véi cay tao thanh graph da cho.
> BU canh: La tap hop cac nhanh tao nén bl cdy. Nhu vay mdi bl canh cling véi canh tao thanh 1

vong kin,
So bu canh trong 1 graph: n-d +1
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CO SO KY THUAT PIEN 1 7

BACH KHOA

Chwong 3: Phwong phép co ban tinh mach tuyén tinh & ché do xac 1ap diéu
hoa - Graph Kirchoff

|. Phwong phap dong nhanh.

I1. Phwong phap thé nut.

[11. Phwong phap dong vong.

V. Khai niém vé graph Kirchoff.

V. Céc dinh ly vé 1ap phwong trinh Kirchoff.
V.1. Pinh ly vé 1ap phwong trinh Kirchoff 2.
V.2. Pinh Iy vé 1ap phwong trinh Kirchoff 1.

V1. Ma tran cau triac A, B.

VII. Lap phwong trinh bang ma tran cau truc.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

V.1. Pinh Iy vé 14p phwong trinh Kirchoff 2.
> Dinh ly 1: Cac ap canh trén mgr cay lam thanh 1 #dp du ap nhanh déc lip.
Churng minh:
% Cac ap canh trén 1 cay khong tao thanh 1 vong kin = ching déc ldp voi nhau.
% Cac ap bu canh khac cung vgi ap canh tgo thanh vong kin = chung phu thudc vao ap canh
theo luat Kirchoff 2.

% S6 phwong trinh déc ldp viét theo ludt Kirchoff 2 1a: n - d + 1.

> Dinh Iy 2: Cac hé phwong trinh can bang ap trén cac vong kin khép béi méi bu canh lam thanh
1 hé du phwong trinh déc lip.
Churng minh:
< Moivong chira riéng va duy nhdt 1 4p bu canh va n6 phu thuée vao ap canh = ching déc Idp
voi nhau.
% CAc phuwong trinh can bang &p trén cac mdt ledi ciia 1 graph phdng tao thanh 1 hé di va déc
lap.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

V.2. Pinh ly vé 1ap phwong trinh Kirchoff 1.
> Dinh ly 1: Cac dong bu canh trén mét bu cay tao thanh mét tdp dong nhanh déc lip.
Churng minh:
< BU canh khéng chira tdp cat dinh nén ching khéng bj rang buéc béi ludt Kirchoff 1 = ching
doc lap voi nhau.,

% 86 phwong trinh déc ldp viét theo ludt Kirchoff 1: d — 1.

> Dinh ly 2: Phwong trinh can bang dong trén cac #dp cit ikng véi méi canh lam thanh hé di va
dje ldp.
Churng minh:

/

< Do moi tdp cdt chira riéng mét dong nhanh.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 3: Phuwong phap co ban tinh mach tuyén tinh é ché do
xac 1ap diéu hoa - Graph Kirchoff

|. Phwong phap dong nhanh.
I1. Phwong phap thé nut.
I11. Phwong phap dong vong.
V. Khai niém vé graph Kirchoff.
V. Céc dinh ly vé 1ap phwong trinh Kirchoff.
VI. Ma tran cau tric A, B.
VI.1. Ma tran dinh - nhanh A.
V1.2. Ma tran bu - nhanh B.
VII. Lap phwong trinh bang ma tran cau truc.
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

VI. Ma tran cau tric A.

ch d

n KIF <

VI1.1. Ma tran dinh - nhanh A. .

1 néunhanh j di ra khoi nut i
a. =< 0 néunhéanh j khong dinh voi nit i

—1 néu nhénh j di vao nut i

.

Vidu: Lap ma tran dinh - nhanh A cua graph cho boi hinh bén.

Nhanh 1 1 2 | 3| 4 | 5| 6 L
Dinh

I -1 0 0 1 0 -1
I 1 1 1 0 0 0 | i
i 0 0 -1 0 -1 1
v 0 -1 0 -1 1 0
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

VI.1. Ma tran dinh - nhanh A.

> Tinh chit: Ma trin A, = Ma tran A, - 1 hang

% Cot: Nhanh thir i noi 2 dinh nao véi nhau, va chiéu duong ctia nhanh.
% Hang: Pinh thtr j c6 nhiing nhanh nao va chiéu ciia moi nhanh tai dinh do.

% Moi hang cua ma tran A 1a t0 hgp tuyén tinh cua cac hang con lai = ma tran A,

-1 0 0 1 0 -1

Vidu:
O 0 -1 0 -1 1
: [\ v J v J
Nhanhi 4 2 | 3 4 5 6 cay bl canh
Pinh

H 14—+ T6—T0—90
Ao o |alo |11 |
SYiv [0 |alo |11 o0
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

VI1.1. Ma tran dinh - nhanh A.
> Ung dung:
% Ldp phwong trinh theo ludr Kirchoff 1:

Al =0 trongdd 1, =

N _/1xn

X/

< Ldp phwong trinh quan hé giiva di¢n dp cdc nhdanh va dién thé nit:

[ ] ¢1 [ ] Ul
[ ] [ ] U
t 4 J— . J—
— trong do Do = - =
U nh A 'gDnut g nut J nh
[ ) [ ]
Pa1 1x(d-1 Un 1Xn
(d-1)
bo di dinh cé
thé bang 0
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

VI.1. Ma tran dinh - nhanh A.
> Chuy:
T ma tran Ay, ta c6 thé khoi phuc lai duoc cau triic ctia graph bang cach:
% Khoi phuc lai ma tran Ay.,-
% S6 hang ctia ma tran bang s dinh cta graph

% SO cOt cua ma tran bang so nhanh cta graph. 0

Vidu: Cho ma tran Ay, Ve lai graph.

(-1 -1 -1 -1 0
Ad“_l 1 0 0 1

|
I [ |||

SAL=[1 1 0 0 1|un
0 0 1 1 -1

1 2 3 4 5
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

V1.2. Ma tran bu - nhanh B.
» Mot graph hoan toan xac dinh néu ta chi rd tap cac nhanh c6 dinh chiéu va tap cac bu canh khép kin

qua mdt cay va chi rd mo1 vong kin gobm cac nhanh nao.

F ,I\ , . . N\ N Y . /‘\ r.. \ \ .
1 néunhanh i tham gia vong va cung chiéu v&i bu canh j

b. =<{ () néunhanh i khong khong tham gia vong vdi bu canh |

—1 néu nhanh i tham gia vong va nguoc chiéu véi bu canh j

\

Vi du: Lap ma tran bu - nhanh B cua graph cho bé1 hinh bén.

Nhanhi ¢ | 2 | 3 | 4 | 5 | 6
Bil

3 12011100l o

4 1 1o0o]lo| 1|0 o0

5 0 -1 0 0 1 0 |
6 1 0l1 o]0 |0 |1

N Y J N Y 4
Canh Bu canh
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché do
xac lap diéu hoa - Graph Kirchoff

BACH KHOA

V1.2. Ma tran bu - nhanh B.
> Tinh chat:

< Cot: Nhanh j tham gia nhitng vong nao, va chiéu cua no so voi chiéu ciia vong (quy udc chiéu
ctia vong | chiéu cua bo).

J

%+ BuU canh chi tham gia vao vong cua riéng minh ma khéng tham gia vao cac vong khac.
B = (Beann | Boa) = (Beann | 1)
% Hang: Cho biét graph c6 bao nhiéu vong, mdi vong c6 bao nhiéu nhanh tham gia va chiéu cta
no.
> Ung dung: . U,

% Ldp phwong trinh theo lugt Kirchoff 1: B.Unw =0 trongds: Um =

Un
Ixn
s Ldp phwong trinh quan hé giiva dong di¢n nhanh va dong dién bui:
° ° I 1 I bu,
t . *
|nh=B.|bu trong d6: | = C ol =
In Ibuk

1xn 1xk
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

VI1.2. Ma tran bu - nhanh B.

> Chuvy: Tirma tran B ta ciing c6 thé vé& lai dugc graph da cho.

Vi du:
-1 1 0 0O -1 01 0 0)3
B={-1 010 1}|=-11010\4
-1 0 0 11 -1 1 0 0 1)5
12 34 5

canh  bucanh
S6 nhanh: 5 (1, 2, 3, 4, 5).
S6 bu canh: 3 (4, 5, 6)
S canh: 5 —3 =2 > S dinh: 3
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 3: Phuwong phap co ban tinh mach tuyén tinh é ché do
xac 1ap diéu hoa - Graph Kirchoff

|. Phwong phap dong nhanh.

I1. Phwong phap thé nut.

I11. Phwong phap dong vong.

V. Khai niém vé graph Kirchoff.

V. Céc dinh ly vé 1ap phwong trinh Kirchoff.

VI. Ma tran céu tric A, B.

VII. Lap phwong trinh biang ma tran cau trac.
VII.1. Luat Ohm theo nghia rong.
VI1.2. Lap phwong trinh.
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dd xac lap diéu hoa - Graph Kirchoff

VII.1. Luat Ohm theo nghia rong.
> Nhanh khong nguén: . .
Unh:Znh.Inh Zh:Yn;]l

n

Lo =Y, .Um
> Nhanh c6 nguon ap:

L.Jnh:UZ—énh —> Onh:inh.znh—énh

I.nh:— — inh :Ynh.(L.Jnh‘Fénh)

> Nhanh c6 nguon dong:

[ ] [ ] L J ° L4 hd I nh - Y IU h J h

Unh :Znh(lnh+Jnh)

> Nhanh c6 nguon dong - ngudn ap:

L.Jnh :L.Jz—énh —> L.Jnh :(inh-l-jnh).znh —Enm

—>| I'm :Ynh'(U nh+ énh)—jnh

Co s¢ ky thudt di¢n 1 - Nguyén Viét Son - 2010

Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché

I nh Znh
——] }——
U nh
I nh Znh
R [ )
U I%"h
U nh

|nh

Z
N
N
>
> Cae
~

Inh Znh IZ N
+-:I+@
Unh



Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché
dd xac lap diéu hoa - Graph Kirchoff .

VIIL.2. Lap phuong trinh.

a. Ma trin thong so.

> Ma trgn tong tré nhanh: L, .. L, Z,.: Tong tré nhanh k
L, =| ... Z, Z,,: Tong tro twong hd nhanh k va nhénh 1
an e Znn nxn
=

> Ma trdn nguon dp nhanh: Em = E.: 1a gia tri ngudn ap nhanh i

1xn

> Ma trgn nguén dong nhanh: Jm = Ji: 1a gia tri ngudn dong nhanh i

1xn

78
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh é ché
dd xac lap diéu hoa - Graph Kirchoff

BACH KHOA

VIIL.2. Lap phuong trinh.

b. Lap phwong trinh voi ma tran A.

Trinh tw tinh todn biang Matlab:
Xuat phat tir phuong trinh: Al =0 > Vaosé licu: A, Z., Emy Jun.
Mait khac, ta c6: | :Ynh'(U nh+ Enh) —Jnh
» Tinh cac ma trgn:

Suy ra: AY,,.Um+AY,.Em—AJm=0 Y., =inv(Z,) Y., =AY, A

. ° B . ® . . .
—> A'Ynh'A '(Dnut - A-(J nh_Ynh- Enh) Jnut = A-(‘J nh_Ynh' Enh)

D{;lti Ynut = A'Ynh'At' ¢nut - ‘] nut \YnUt

Jnut = A('J nh_Ynh'Enh) . > KA’Z‘ 1
et qua:

* J nut

Ma: Jnut :Ynut'¢nut = P =

[ ] B t [ ]
nut U nh = A Dt
[ )

Nhu vay ta tinh dugc: U oh = At_¢nut Lo =Y (Unn+ Enn) — Jon

Inh :Ynh'(U nh+ Enh)—Jnh
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh &
ché @9 xac lap diéu hoa - Graph Kirchoff

VIIL.2. Lap phuong trinh.

b. Lap phwong trinh voi ma tran B.
Trinh tw tinh todn biang Matlab:

Xuét phét tir phuong trinh: B.U m =0 > Vao s6 licu: B, Z,, énh Jn
Cu. y nh? ' '

Mat khac, ta c6: Unh = (Inn+Jm).Z,,, — Enn )
» Tinh cac ma trgn:

Suy ra: B.Znh.inh+ B.Znh.jnh—B-énhZO Z..=BZ B
vong *=nh’
—> B.Znh.Bt. I bu = B.(Enh—znh-\]nh) évong = B.(énh—znh.jnh)
bit: ZVOng = B.Znh.Bt. o = Evong\zvong

Evong = B.(Emn—2Z, . mh ,

vong ( n nh*¥ N ) . » Keét qua:
° o ® E
Ibu _ Evong N |bu _ vong

Vay taco: Z inh:Bt.ibu

vong *
vong

Nhu vay ta tinh duge: [ = B'. I o, Unh =Z . (Inn+ Jnn) — Emn

Unh = Znh'(l nh+Jnh)— Enn
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 4: Tinh chat co ban ciia mach dién tuyén tinh.

I. Khai niém chung.
II. Tinh chat tuyén tinh.
I11. Khai niém ham truyén dat.

IV. Truyén dat twong hd va khong twong hd.
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Chwong 4: Tinh chat co ban ciia mach dién tuyén tinh.

BACH KHOA

I. Khai niém chung.
» Mach dién tuyén tinh 1a mach dién c6 mo6 hinh toan hoc gém hitu han cac bién trang thai voi1 tinh
chat:
% Cac thong s6 ctia mach (R, L, C) 1a héng sb.
% Quan hé giira cac bién trang thai trén cing 1 phan tir 1a phuong trinh vi tich phan tuyén tinh,

hé s0 hang.

Mién thoi gian

)
>  Céc thdng s6 cua mach 13 hang s6.
> Quan hé giira cac bién trang théi trén 1 }ep
phén tr 14 tuyén tinh.

_ TNIEXET

—
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BACH KHOA

Chwong 4: Tinh chat co ban ciia mach dién tuyén tinh.

|. Khai niém chung

I1. Tinh chat tuyén tinh.
11.1. Quan hé tuyén tinh giira kich thich va dap ung.
11.2. Quan hé tuyén tinh giira cac dap vng.

I11. Khai niém ham truyén dat.

V. Truyén dat twong hd va khong twong hd.
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BACH KHOA

I1.1. Quan hé tuyén tinh giira kich thich va dap wng:

>  Phdt biéu 1: Néu trong mach cé mot kich thich thi méi dap veng ciia mach déu cé quan hé tuyén

tinh voi kich thich do.

X« :anh phuc caa dap tng thir k

Xk = Tk F F :anh phuc cua kich thich trong mach

T, :ham truyén dat biéu dién mbi quan
hé gitra dap ung thir k va kich thich

Vidu: . é 22 +23 . Zy
|1 - Z Z = E S |
7, + 22 2.2,+2,2,+2,7, A 3
Z,+ 2, jl_f
: ®e ] 4]

I. B Z,+2Z, Z, E B Z, E
* 2,2,+2,2,+2,2, Z,+2,  2,2,+2,72,+7,Z,

A\ ~ J

T2
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I1.1. Quan hé tuyén tinh giira kich thich va dap wng:

>  Phdt biéu 2: Néu trong mach cé nhiéu kich thich cing tin soé tic dong dong thoi thi méi ddp iing

ctia mach déu cé quan hé tuyén tinh véi méi kich thich dé. (tinh chat xép chong)

X :anh phuc cua dap tng thir k

Xk :le' F1+T2k. F2-|- +Tnk' Fn Fi1,F2,...,Fn : anh phtrc cta cac kich thich trong mach
T., T

s Toreees Ty - NAM truyén dat bi€u dien moi quan h¢

gitta dap tng tha k va cac kich thich

Chii y: Néu cdc kich thich khéng ciing tan sé thi ta phdi xép chéng cdc ddp eng trong mién thoi gian.

>  Phat biéu 3: Néu trong mach cé nhiéu kich thich ciing tic dpng nhwng chi cé mot kich thich
bién dpng thi quan hé giita méi ddp irng véi kich thich bién déng diy cé dang:

X :anh phtc cua dap ing thir k

. . . F1 :anh phuic cta kich thich bién dong
Xk =T F+ Xok T, - ham truyen dat bieu dién moi quan hé gitra déap
tmg thtr k va kich thich bién dong

X ok : tong ctia nhitng s6 hang khac
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BACH KHOA

I1.2. Quan hé tuyén tinh giira cac dap wng:

>  Phdt biéu: Trong mach tuyén tinh, méi ddp irng ciia mach luén cé mét quan hé tuyén tinh vdi it
nhit mét ddp irng khdc trong mach theo dang:

. . Xk, X j: anh phtrc ctia 2 dap ng bét ky trong mach
Xk = Ajk- Xi+B A, B ham truyén dat biéu dién méi quan
h¢ gifta 2 dap tng

[

Vi du: Tim quan hé tuyén tinh giita |1 va |, khi Z, bién thién tir 0 dén oo.

AN
7
[EEN

Quan hé tuyén tinh giita 11va 1, codang: 11 = A l.+B

KhiZ;=0: —» i2=0 —> |.1=B=E Z;= 0>
Zl
Khi Z; = w0 > I.1=i2: E
L +7Z,
° ° ° . Z . E
— E = A L E%A:_é Vay ta co: I1:—Z—2,|2+Z_
Z +Z, Z,+72, Z, Z, L .
86
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CO SO KY THUAT PIEN 1

Chwong 4: Tinh chét co ban ciia mach dién tuyén tinh.

I. Khai niém chung.
II. Tinh chat tuyén tinh.
II1. Khai niém ham truyén dat.

IV. Truyén dat twong hd va khong twong hd.

87
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ITI. Khai niém ham truyén dat.
> Ham truyén dat 1 nhitng ham dic tinh tan phirc ddc trung cho hanh vi cia mach tuyén tinh hé s6
hang dudi tac dung kich thich cia mot pho tan di€u hoa.

> Ham truyén dat dugc dinh nghia 13 ty so riéng hodc dao ham riéng ctia anh dap tng trén anh kich
thich.

y X« (w) : anh phirc dap rng trén nhanh thir k ciia mach.
T 0 X«(w) i
i (@) = 3 IE (@) Fm (o) : @nh phtre kich thich trén nhanh thar m cua mach.
m\ D \
T . (@) : ham dic tinh tin phtrc gitra nhanh thir k va nhanh thir m
> Mach Kirchoff c6 4 ham truyén dat chinh: A1)
¢ Ham truyén dat 4p: Po kha ning cung cip ap trén nhanh k tir rieng mot Ky, = ——
nguon ap & nhanh m. OEnm
< Ham truyén dat dong: Po kha ning cung cip dong dién trén nhanh Kk tur K — 0 l«
riéng mot ngudn dong & nhanh m. Imk =
0Jdm
< Ham truyén dat téng din: Po kha ning truyén dong dién th K tir riéng mot v O I«
6n ap & nhanh m. k.
neuon ap OEnm
< Ham truyén dat tong tré: Po kha ning truyén ap tha Kk tir riéng mot ngudn 7 oU
dong ¢ nhanh m. mk e
g O0Jdnm
88
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CO SO KY THUAT PIEN 1

Chwong 4: Tinh chét co ban ciia mach dién tuyén tinh.

I. Khai niém chung.
II. Tinh chat tuyén tinh.
I11. Khai niém ham truyén dat.

IV. Truyén dat twong hd va khong twong ho.

89
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V. Truyén dat twong hd va khong twong hd.
> Mach dién Kirchoff tuyén tinh dugc goi 1a twong hd néu nhitng ham truyén dat tong trd, tong dan
trong mach Ia tuyén tinh va thuan nghich.

Ly =Lk ; . .
trongdc'):ZKL:& : ZLK:aUK Y, = a.IL : _0lk

i =Yk o1« ol oU « oU.

Vidu:
% Truyén dat ap gitta 2 cudn day dat gan nhau c6 hd cam 1a mét truyén dat twong hd.

M12 - M21 =k. L1-|—2

% Truyén dat ap (dong) trong may bién ap (bién dong), trong khuéch dai thuat toan ..., ham
truyén dat tong trd (tong din) trong transistor ... khong ¢ tinh twong hd.

> Tinh chat:
% Mach tuyén tinh twong hd c6 ma tran Zyong VA Y gy d6i xtng véi nhau qua dudng chéo chinh >
chi cAn tim mot nira cac ham truyén dat tong trd, tong dan.

% Nhin chung cic ham truyén dat dong, ap khong c6 tinh twong h.
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Chuong 4: Tinh chat co ban ciia mach dién tuyén tinh.

BACH KHOA

V. Truyén dat twong hd va khong twong hd.

Vi du: Cho mach dién tuyén tinh twong hd. Hay tinh dong dién trong nhanh 5 khi nguén kich thich dat
trong nhanh 6. R,=20Q | R,=20Q

Vé&i mach hinh (a) = ta c6 thé tinh I theo cac phuong phap dong nhanh, I
dong vong, thé dinh, tuy nhién du giai bang phuong phap nao ta ciing phai R.=8Q
gidi vé6i it nhat 3 phuong trinh. rR,=300 | (@)

Ap dung tinh chat twong hd: Dong dién | trong hinh (a) sé bang dong

dién |strong hinh (b). That vay, vi mach la tuyén tinh twong hd nén:

(b)

WO
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V. Truyén dat twong hd va khong twong hd.

Vidu:

I - =
"R +(R //R)+(RIR,)

=1

I3_

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010

| I = 0.02(A)

Chuong 4: Tinh chat co ban ciia mach dién tuyén tinh.

E

2 _0,08(a)
R, +R,

1= —0.4(A)
R +R;

0.2(A)

l,—1,=0.1-0.08=0.02(A)

R,=20Q

R,=20Q

|

I5

R,=200Q

|

R.=8Q
R,=30Q

|

m
m

\Y

!

®

R,=20Q

R,=20Q

|

i

ng
E=6V
R,=20Q

R.=8Q

R,=30Q

|

2

V—
o

BACH KHOA

()

(b)
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BACH KHOA

Chwong 5: Mach dién tuyén tinh cé kich thich chu ky

I. Khai niém vé nguoén kich thich chu ky.
II. Cach phén tich mach dién tuyén tinh c6 kich thich chu ky.
I1L. Tri hiéu dung - cong suat dong chu ky.

IV. Ham truyén dat va dic tinh tan so.
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|. Khai niém vé nguon kich thich chu ky.

> Dinh nghia: Nguon chu ky 1a nguén ma tin hiéu cua né lap lai nhu cii sau mot khoang thoi gian T
(T duoc goi la chu ky cua tin hiéu).

Vi du:

A

| T 1

I T !
€<—>|

v —+
=4
\ Amd

Ngudn chinh lwu nira chu ky

Nguon chinh lvu 2 nira chu ky Ngudn xung rang cwa

Ul . R
E U Ton U _ ___
Tofs Toff| t a t
~1 1 ! g | g
T > ﬁ. ' 2 T S :
Ngudn xung vudng

Nguon xung vudng

Ngudn xung ring cua
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BACH KHOA

I. Khai niém vé nguon kich thich chu ky.

> Theo khai trién chudi Furié, mot ham chu ky ludn cé thé phan tich thanh mot tong cac ham diéu
hoabac 0, 1, 2, 3, ... c0 dang:

f(t)=f,+ > F,.cos(kat+g,)
k=1

hoac

)= f,+ > Fosin(kot+g,)
k=1

> Do chudi hoi tu nén nhitng thanh phan diéu hoa bac cao s& nho dan. Vi vy, mot cach gan dung, chi

can ldy mot vai sé hang dau ciing du thoa man do chinh xéc yéu cau.
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Chwong 5: Mach dién tuyén tinh cé kich thich chu ky

I. Khai niém vé nguén kich thich chu ky.
II. Cach phan tich mach dién tuyén tinh c6 kich thich chu ky.
I1. Tri hiéu dung - cong suat dong chu ky.

IV. Ham truyén dat va dic tinh tan so.

96
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IL. Cach phan tich mach dién tuyén tinh cé kich thich chu ky.

> Chuong 3 d3 trinh bay phuong phéap s6 phtrc dung dé xét mach tuyén tinh c6 céc kich thich diéu
hoa cung tan s6. Phuong phap s6 phic ¢6 uu diém 1a dua viée giai mot hé phuong trinh vi tich phan
d6i v4i bién diéu hoa 1 tan s6 vé viée giai 1 hé phwong trinh dai s anh phrc.
> Dbi v6i mach tuyén tinh ¢ kich thich 1a nguon chu ky khong diéu hoa, ngudi ta ciing tim cach
dung phuong phap s phitc dé giai bang cach:
% Phan tich ngudn chu ky khong diéu hoa thanh tong nhiing nguén diéu hoa c6 tan s6 khac nhau.
< Dung phuong phap s6 phirc xét dap ung dbi véi nhitng nguon diéu hoa thude timg tan so. Chu
y tinh lua chon dbi véi tan s6 cia cac thong sb tong trd, tong dan.
v’ Thanh phan 1 chiéu:

L C
— Y\, ngfnmach | hé mach Khi xét thanh phan 1 chidu
U. = jol |° ~0 |l tac dong, cau tric cida
LT 1 mach c6 thé bi thay déi.
U.=——.lc =
J.w.C
\ A XA K ) . 1
v Thanh phan xoay chiéu tan s6 ko: ZL = J.o.L ; ZC =
J.w.C

% Xép chong trong mién thoi gian cac dap tmg i (t), u.(t) sé duge cac dap Gmg ciua mach.
P g 4 8 p ung 1 Kk p ung
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II. Cach phan tich mach dién tuyén tinh cé kich thich chu ky.
Vi dy: Tinh i(t), us(t) ciia mach dién hinh bén, biét: e(t) =100+100~/2 sin1000t + 200~/2 sin 2000t(V)
> Xét thanh phan 1 chiéu tic dong: E, = 100(V)

l,=0(A) ; U =100(V)

> Xét thanh phin ,=1000 rad/s: e(t) =100+/2sin1000t — E =100/0(V)
Z, =jw.L=jl00(Q) Z=R+Z +Z. =50+ j50="50+245°(2)

R=500 L=0.1H
(Y

BACH KHOA

—L 1

CD *0 c=2ou|§

7ot jso@) —1=—0 (B Ua =iz, 15042|-135°(v)

j.w,.C - 50245
> Xét thanh phin ©,=2000 rad/s: e(t) = 20052 sin 2000t — E = 200[0(V)
Z, = ja,L=j200(Q) 2z, - Cj S=-I25(Q)  Z=R+Z, +2, =50+ j175-18274°(Q)
@,
S, =% 11.1-74°(A) Ucz = 12.Z, =1.1]-74°.25/-90° = 27.5/-164° (V)

> Tong hop két qua:

i(t) =i, (t) +1i, (t) +1, (t) = 0-+[25in(1000t — 45°) +1.13/2 sin(2000t — 74°)(A)

Ug (t) = U, (t) + U, (t) + U, () 5100 +100sin(1000t —135°) + 27.5+/2 sin(2000t —164°)(V )
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CO SO KY THUAT PIEN 1

Chwong 5: Mach dién tuyén tinh cé kich thich chu ky

I. Khai niém vé nguoén kich thich chu ky.
II. Cach phén tich mach dién tuyén tinh c6 kich thich chu ky.

I1L. Tri hiéu dung - cong suat dong chu ky.
II1.1. Tri hi€u dung.
I11.2. Cong suit dong chu ky.

IV. Ham truyén dat va dic tinh tan so.
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II1.1. Tri hi€u dung.

> Dé do kha nang sinh cong cua dong dién chu ky ta dung khai niém gia tri hi¢u dung I vo1 dinh

1%, T: chu ky bién thién cua dong chu ky.
M 1= =[ifMd |
Ty 1(t): dong dién chu ky.

nghia nhu sau:

Tich phin 1 ham diéu hoa
trong 1 chu ky thi bang 0

> Vii(t) la dong chu ky = ¢6 thé phan tich theo chudi Furie. i(t) = Z i, (1)

A N\

L& ) 1 1T &
*) & 1I°’==. ( | (t)j dt o — | ’(t).dt+=. i, (t).i, (t).dt
0 T o A r. n
B L 3 [ 01 5 3 A [ EN[ERATRSSN ) o
k:OT 0 k=0 k=0

G‘ié tri hiéu dg,mglcljc‘)ng, ap bang ca“fn béc 2 tong U — Z”:ng . E- Zn:Ekz
binh phwong cac gia tri hiéu dung thanh phan ‘oo -
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I11.2. Cong suit dong chu ky.

> Theo dinh nghia gia tri hiéu dung, cong suit trung binh trong mot chu ky (goi 1a cong suit tac

dung) cta dong chu ky trén mdt nhanh bang:

P=RI?=RY I;=> RI}=> P =R +P+P,+..
k=0 k=0 k=0

= COng sudt tdc dung ciia ddng chu ky bang téng cac cong sudt tac dung cac thanh phan.

R=50Q L=0.1H
Vi dy: Tinh cong suit ciia nguon ——— "
e(t) =100 +100+/2 sin 1000t + 200+/2 sin 2000t(V) <T>e(t) —
C=20pF
i(t) = 2sin(1000t — 45°) +1.14/2 sin(2000t — 74°)(A)
P=P+P+P, P, =0 P =160.64(W)
P =E,.I,.cos ¢, =100./2.cos(45") =100(W).
P, =E,.l,.cos ¢, = 200.1,1.cos(74°) = 60.64(W) Lo1
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BACH KHOA

Chwong 5: Mach dién tuyén tinh cé kich thich chu ky

I. Khai niém vé nguoén kich thich chu ky.
II. Cach phén tich mach dién tuyén tinh c6 kich thich chu ky.
I1. Tri hiéu dung - cong suat dong chu ky.

IV. Ham truyén dat va dic tinh tan so.
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Chwong 5: Tinh chat co ban ciia mach dién tuyén tinh.

BACH KHOA

IV. Ham truyén dat va dic tinh tan so.

> Ham truyén dat dugc dinh nghia 1a ty so riéng hodc dao ham riéng ctia anh dap tng trén anh kich

thich.
Diic tinh tdn bién dé: M ta quan hé bién do (hiéu
T a) ‘ 2 A ’ Ve \
T( ) = X (0)) ‘T( )‘ plo(®) dung) gitra cac pho tan kich thich va dap ung.
|: (w) o(w) Dic tinh tan pha: M6 ta do 1éch pha giita pho dap

g va pho kich thich
> Céc ham truyén dat K (o), Ki(0), Z(®), Y(®) ciia mach Kirchoff thuong c6 dang:

T(s)=

8, +as+a,s’ +..+a,s"  F(s)
b, +bs+hb,s’+..+b s" F,(s)

n, m: Phu thudc vao két cau cua mach.

, S=jo

., b,: phu thude vao két cAu ciia mach va cac thong sOR, L, C.

> Diém cuc la nghiém ciia da thirc F,(s) = 0.
Diém khong 1a nghiém cia da thic F(s) = 0.

Dic trung . Piém cuc

Ham truyén dat P

Dung lai Piém khong
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 6: Mang mot cira Kirchoff tuyén tinh.

|. Khai niém vé mang mét cira Kirchoff.
|1. Phwong trinh va so o twong dwong mang médt cira CO nguon.

111. Piéu kién dwa cong suat cwe dai ra khéi mang mot cira.
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BACH KHOA

1.1. Khai niém.

> Thuc té thuong gap nhitng thiét bi dién hodc dong luc lam nhiém vu trao doi nang dong lugng hay
tin hiéu dién tur ra/vao ¢ mot ctra ngo.
Vi du: May phat dién cung cap ning dong luong ra trén cac cuc; moét may thu nhan ning luong tin

hiéu dwa vao cac cuc; mot duong day truyén tin; mot dung cu do ludng ...

> Tuy nhiing thiét bi y 6 cau trlic bén trong rat khac nhau, nhung diéu ma ta quan tam chung la qua
trinh ning luong tin hiéu trén ctra ngd. Nhu vay hé thong duoc coi nhu mdt ving ning luong va
duoc quan sét dua trén quéa trinh phan tng va hanh vi trén cira ngd, va khdng quan tam dén két cau

va tinh nang cac vung bén trong cua hé.
> Pé mbd ta qué trinh ay ta bo xung vao cac phan tr R, L, C ... trong mach Kirchoff mét phan tir

mang mét cira Kirchoff.
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Chwong 6: Mang mét cira Kirchoff tuyén tinh

BACH KHOA

1.1. Khai niém.
> Dinh nghia: Mang mét cira Kirchoff 1& mét két cau mach c6 mét cira ngd dé trao doi nang déng
lirong Va tin hiéu dién tir véi nhitng phan Khac ciia mach. (Cira ngd 1a mot bo phan cia so d6 mach

trén d6 ta dua vao hodc lay ra tin hiéu. Véi cac bién nhanh trong mach Kirchoff, cira ngd thuong 1a

mot cap dinh). i(t)
> Bién trang thai trén ctra: i(t), u(t). .
u
> Piéu kién mang mot ctra: DONg dién chay vao cuc ndy bang dong <

dién chay ra ¢ cuc Kia.

» MO hinh toan hoc:
% Qua4 trinh nang luwong tin hiéu trén cira Ngd ctia mang 1 ctra dugc thé hién & quan hé giita cap
bién trang thai trén ctra u(t) va i(t).

< Véi mach Kirchoff, quan hé nay 12 mot phuong trinh vi tich phan thuong trong mién thoi gian.

f(u,ut,u”,...,i,1'1"...,t)=0
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Chwong 6: Mang mét cira Kirchoff tuyén tinh

BACH KHOA

1.2. Phan loai. Mane 1 oita tuvén tinh
ang 1 cua tuyén tinh.
» Theo phuong trinh trang thai: /

~~

» Theo kha nang trao nhan nang dong luong dién tur trén cura:

Mang 1 ctra phi tuyén (khdng xét).

% Mang 1 cita khdng nguon: La mang mot cira khong c6 kha ning tu dua ning dong luong ra
khoi ctra ngo.

Y

ChU y: Mic du két cau bén trong ctia mang 1 ctra ¢6 thé chira .

cac phan tir ngudn e(t), j(t) nhung néu cac két cau d6 bi ngin u

mach ngay trude khi ra ctra va n6 khong con kha nang trao .

nang dong lugng dién tir ra bén ngoai thi nhitng mang 1 ctra

d6 van duogc coi 1a mang mot ctra khéng ngudn. i
LT —
% Mang 1 cira €6 nguon: La mang 1 ctra c6 thé chira tu dua u
nang dong luong ra khoi ctra ngd, dé la cac mang mot ctra €O
chtra cac phan tir ngudn e(t), j(t) va chiing khong bj triét tiéu.

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 107



BACH KHOA

|.2. Phéan loai.
» Cach xac dinh:

% H& mach cua (i = 0) = do dién ap trén ctra uy(t): =0
v Néu uy(t) = 0 = mang mot cira khong nguon. XUO(O
v Néu uy(t) # 0 = mang mot cira c6 nguon.

% Ngan mach ctra (u = 0) = do dong dién trén cira iy(t): io(t)
v Néu iy(t) = 0 = mang mot cira khong ngudn. ',’_>®
v Néu ip(t) # 0 > mang mét cira c6 ngudn. \\\u(t) =0
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 6: Mang mot cira Kirchoff tuyén tinh.

|. Khai niém vé mang mét cira Kirchoff.

|1. Phwong trinh va so o twong dwong mang médt cira CO nguon.
11.1. Phwong trinh trang thai mang 1 cira Kirchoff tuyén tinh.
11.2. So' @6 twong dwong mang 1 cira c6 ngudn.

111. Piéu kién dwa cong suat cwe dai ra khéi mang mot cira.
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11.1. Phwong trinh trang thai mang 1 cira Kirchoff tuyén tinh.

> Xét mang 1 ctra tuyén tinh véi kich thich la diéu hoa.

Y—-¢

BACH KHOA

> Theo tinh chat ciia mach tuyén tinh, quan hé giita 2 bién trang thai lu

trén ctra c6 dang hé phuong trinh tuyén tinh dai sé anh phuc:

U=AI+B (1)

l—cU+D (2

> Xetphu’ang trinh (1): > Xetphu’ang trinh (2):
Khi | =0 (ho mach cira) > B= U V]

Vay B la dién ap ho mach trén cira.
B:L-Jh_{:O Mang 1 ctra khdng nguon D=y =

#0  Mang 1 cira c6 nguon

QD < [N]=A[A]+[V] (2) < [A]=C.V]+[A]

A[Q], |a tré khdng vao nhin tir ciia.

Co s¢ ky thudt di¢n 1 - Nguyén Viét Son - 2010

Khi U 0 (ngan mach ctra) 2D = |

C[Sil, |a téng dén vao nhin tir cira.

[A]
Vay D la dong dién ngin mach trén cira.
. {: 0 Mang 1 cira khdng ngudn

#0  Mang 1 cira ¢4 nguon
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BACH KHOA

11.1. Phwong trinh trang thai mang 1 cira Kirchoff tuyén tinh.

> M0 hinh toan hoc cua mang 1 ctra Kirchoff tuyén tinh:

-

"

U=2, .1+Us

=Y U+Jn

vao

Y —-¢

> Nhu vy mang 1 cira tuyén tinh c¢6 nguén hoan toan c6 thé dic trung bdi mot cip thong sd

Co 56 ky thudt di¢n 1 - Nguyén

(Z , Uh) hoic (Y, iN)
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BACH KHOA

I1.2. So’ d6 twong dwong mang 1 cira c6 nguon.

a. Dinh ly Thevenil.

» Xétphuong trinh: U =2Z_ .1+Un

> Phuong trinh ndy c6 dang luat Kirchoff 2, tng voi so d6 ndi tiép mang 1 cira ¢6 nguon véi:
% Tong trd VA0 Z,,, 1a tong tré ctia mang nhin tir cira.

< U, ladién 4p ho mach xét tai ctra (vdi mang 1 ctra khéng nguén, tacd U, =0)

> Phat biéu: CO thé thay thé twong dwong mét mang 1 cira tuyén tinh ¢6 nguon bang mét nguon dién
cO sudt dién dong bang dién &p trén cira khi hé mach mdc néi tiép véi mét tong tré trong bang tong

tro' Vao cua mang mot cia.

i} ° U h | Zvao
» Cdch tinh tong tro vao: | i = D L
, \ \ vao + Ztai . .
% Ngan mach nguon ap, hé mach ngudn dong. H Zai |V <T> Un
% Tinh tong tro twong duong ctia mang 1 ctra. L°J U 7
tai = - - Ly T
vao + Ztai
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BACH KHOA

I1.2. So’ d6 twong dwong mang 1 cira c6 nguon.
b. Dinh ly Norton.
» Xét phuong trinh: i =Y..0 L.J + j N

> Phuong trinh trén c6 dang luat Kirchoff 1, tmg véi so do song song mang 1 cira ¢6 ngudn véi:
% Tong dan vao Y,,, la tong dan ctia mang nhin tir cira.

< Jy ladong dién ngan mach xét tai ctra (véi mang 1 cira khéng nguén, tacd J, =0 )

> Phat biéu: CO thé thay thé twong dwong mét mang 1 cira tuyén tinh ¢6 nguon bang mét nguon dién

twong dwong ghép béi mét nguon dONY mdc SoNg SONg véi mot tong dan VAO ciia mang mot cira.

. AN
é ~ [ ] T T . 7
> Cich tinh téng dén vao: U = 1 |
TS M A 7 9 A \ vao + Yta' °
% Ngan mach nguon 4p, hé mach ngudn dong. |:|Y U V) Yvao[]
tai
% Tinh tong dan twong duong ctia mang 1 ctra. . | JIn
N
i =—F— VY L--1
vao + Ytai
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Chwong 6: Mang mét cira Kirchoff tuyén tinh

BACH KHOA

I1.2. So d0 twong dwong mang 1 cira c6 nguon.

c. Quan hé giiva so do Thevenil va Norton.

So' d6 Thevenil So’ d6 Norton
I Zvao e N
e 1 — ¢
I:I tai T U h U Zvao. I +U h []Ytai U .CV Yvaol:l I _ Yvao.U n J .
e — — — \J N
° U h ° U h . .
i = Ui = Z.. : X , .
vao T Ztai vao T Ztai | i = Ytau Uw =
vao + Ytai vao + Ytai
e 1 - 1
Yvao - 7 i Zvao - Y—
vao < Cong thirc chuyén giira > vao
9 - 3
. ! hai so do . *
U, I,
Iy =—— U, =
L Zvao L vao
114
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I1.2. So’ d6 twong dwong mang 1 cira c6 nguon.

Vi du: Tinh dong dién va dién dp trén Z,
» Catnhanh 3:

» Tinh U » theo phuong phap thé nt.

Ljh:;DA:El-Yl_Ez-Yz‘FJ trong do: lei : Yzzi
Y, +Y, Z, Z,

> Tinh tong tr& vao: Z..=211Z,= Zzl-zzz
+
1T &2

> Thay mang | ctra bang so d6 Thevenil:

> S ° ° ° °
e c Uy EY-EY,+]
2 +Z, (Y +Y).(Z,.. +Z,)
US=23.|°3= E.Y,-EY,+J 2,
(Yl +Y2)'(Zvao + ZS) -=

115
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I1.2. So d0 twong dwong mang 1 cira c6 nguon.

Vi du: Tinh dong dién va dién dp trén Z,
» Catnhanh 3:

» Tinh iN

" ] - : : 1
In =J+Y.E1-Y,.E> trongdd: Y, =— ; VY,=— :
Z, Z, |

» Tinh téng dan vao: Yvao :Y1 //Y2 :Y1+Y2 E E CA ‘] VI.N

> Thay mang | ctra bang so do Norton:

» Suyra:

3 3 1 Y3 .
Y3+ Yoo Y Ya+Yi CV)J N I]—-vaao Y,
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 6: Mang mét cira Kirchoff tuyén tinh.

|. Khai niém vé mang mét cira Kirchoff.
|1. Phwong trinh va so @6 twong dwong mang mdt cira C6 nguon.

111. Piéu kién dwa cong suat cwe dai ra khéi mang mot cira.

Co s6 k thudt dién 1 - Nguyén Viét Son - 2010 17



Chwong 6: Mang mét cira Kirchoff tuyén tinh

I11. Di€u kién dwa cong suat cwe dai ra khoi mang mot ciwra.

> Cho mang 1 cira c6 ngudn cung cap cho mot tai Z, bién dong. Neudn Tai
Zt E

> Theo dinh 1y Thevenil, ta c6 thé thay thé mang 1 ctra bang mot

nguodn twong duong (LJ WARE

> Khi d6 cong sut dua dén tai la: — >

— 2 _ U_ﬁ: 2 R Ljh T Z
PR TR T R R (X 4 X ®

> Dé cong suat dua dén tai 1a cuc dai thi:

_ X +X =0
Xt X, =0 ng t Xng =-X,
R .= t —
Rt 2 —> MaXx = n9 cons > d [ Rt QJZO Rng - RI
(R +RY) dR | (R, +R))
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Chwong 6: Mang mét cira Kirchoff tuyén tinh

I11. Di€u kién dwa cong suat cwe dai ra khoi mang mot ciwra.

» Vay diéu kién dua cong suat cuc dai ra khoi mang 1 cua la: .
Nguon zZ.—> Tai

Z., =<
% Cong suat dua ra tai la: Z, i,p
- ->
2 U’.R 2
i RUh.Rt =Ry 4UF: NO, Z,
( ng+Rt) ( : ng) *"‘ng

% Hiéu suat truyén ning luong tir ngudn tuong duong dén tai:

2
pott o R _ =50%
Py (Ry+R)I

ng

» Thyc t€ Z,, va R, thuong khong théa mén dicu kién trén > d¢ thoa min diéu kién nay thuong phai
ndi thém mot bo phan trung gian c6 thong sé thich hop gitta nguén va tai. Qud trinh nhu vy duogc

201 13 hoa hop nguon véi tii.
119
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 7: Mang hai cira tuyén tinh

|. Khai niém vé mang hai cira.

11. M0 ta todn hoc ciia mang hai cira - Phwong phap tinh cac b so
dac trung.

I11. Tinh chat mang 2 cira tuyén tinh twong hd.

V. Ham truyén dat dong - 4p. Toéng tré vao ciia mang hai cira. Van
deé hoa hgp nguon va tai bang mang hai cira.

V. Mang hai cira phi hd.

V1. Khuéch dai thuat toan.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I.1. Piit van deé.

» Trong cac chuong trudc ta da hoc:
% Cac phuong phap s phirc xét mach tuyén tinh hé s6 hang & ché d6 xac 1ap diéu hoa:
v Phuong phap dong nhanh.
v Phuong phap dong vong.
v Phuong phép thé dinh.
% Cach tinh dap ung ctia mach tuyén tinh khi nguon 1a kich thich chu ky khong diéu hoa.
% Xét c4c quan hé tuyén tinh ctia mach tuyén tinh, tir 46 xay dung mé hinh mang mét cira
Kirchoff tuyén tinh.

> Trong chuong nay ta s& xay dung thém mot so do cau tric méi, goi 1a md hinh mang hai cua
Kirchoff.

% Thé nao |4 mang 2 cira ??7?

% Tai sao ta phai xay dwng mé hinh mang 2 cira ???
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I.1. Piit van deé.

> Trong thuc té ta thuong gap nhirng thiét bi dién lam nhiém vu nhan nang luong hay tin hiéu dua

vao mot cira ngd va truyén ra mot ctra ngd khéc.

R
AA~— 2
R3 ‘f7 o R2 V.
7.5K 39K U+ 22K n
‘ Vout

QuUTPUT R

|

Second Order 1@8-Hz high-pass filter

Vidu:

INPUT R4 ? I
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I.1. Dit van da.
> Céc thiét bi trén c6 cdu tric bén trong rat khac nhau nhung diéu ma ta quan tAm khong phai 1a cu

tric cua n6 ma la qua trinh nang lugng, tin hi¢u trén 2 ctra va moi quan h¢ gitra 2 qua trinh do.

> Trong céc thiét bi do luong, diéu khién tinh toan hay tong quat hon 1a cac hé thong do luong diéu
khién thuong duogc tao bai nhicu khéi, trong d6 mdi khéi thuong c6 2 cira ngd, thuc hién mot phép
tac dong hay mot phép toan tir nao do 1én tin hi¢u ¢ ctra vao, dé cho mot tin hiéu khac & cira ra. Béng
cach phan tich nhu vay ta s& dé dang nhin thdy dugc ciu tric cua thiét bi (hay hé thong) cling nhur

hiéu duogc chirc nang cta thiét bi (hay hé théng) do.

» DE mo ta quan hé gitra cac qua trinh trén hai ctra ngd, nguoi ta sit dung moé hinh mang hai cura.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I.1. Piit van deé.

> Dinh nghia: M6 hinh mang hai cira 1& mét két cau so dé6 mach 6 hai cira ngd nhdt dinh dé truyén
dat hodc trao déi nang lwong, tin hiéu dién tir véi c4C mach khéc. Néu qua trinh ndng luong trén cac
cira dwoc do bang hai cdp bién trang thai dong, ap 1a u,(t), iy(t), u,(t), i,(t) thi ta c6 mang hai cira
Kirchoff. (Ctra ngd 12 mot b phéan ciia so 6 mach trén d6 ta dua vao hoic ly ra tin hiéu. Véi cac

bién nhanh trong mach Kirchoff, ctra ngé thuong 1a mot cap dinh).

, N (1) i(t
> Khi d6 moi phuong trinh lién hé 2 cap bién trang thai dong, ap —> 2(>)
2 % anh ti A t U, (t
trén ctra déu phan anh tinh truyén dat cia mang 2 cua. Do 2 ctra lul( ) 2 )l

ngd co6 thé ghép véi 2 phan tir ty Y nén theo tinh chat tuyén
tinh, mdi bién trang thai trén s& c6 quan hé tuyén tinh voi 2 bién

trang thai khac, co dang:

f (U Uy b Uy Uy, 1) =0 (M6 hinh toan hoc cua
fz(uliu]‘_""ilyijl_i'-wuz’u‘z;---;izyi'z,---,t):O mangZCﬁa)
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

1.2. Phan loai.

> Phan loai theo tinh chdt ciia md hinh toan hoc:  » Phan loai theo tinh chdt twong hé:

% Mang hai cira tuyén tinh. < Mang hai ctra tuong ho.
% Mang hai cira phi tuyén » Mang hai ctra phi ho.
> Phan loai theo cdu trlc ciia mang hai cia: » Phan loai theo nang dong lwong:
% Mang hai ctra d6i xtng. % Mang hai cira ¢4 nguon.
% Mang hai ctra thuan nghich. % Mang hai ctra khong nguon.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I.2. Phan loai.

> Pé phan loai mang hai ctra 6 ngudn hay khéng ngudn, nguoi ta 1am mot trong 2 thi nghiém sau:

% Ho mach trén 2 ctra (i, = i, = 0) = do dién ap trén 2 ctra: iL(t)=0 ()= 0
v/ Néu Uy, = Uy, = 0 > mang 2 cira khéng nguon
% < . \ Us(t) Uo(t)
v Néu u,, # 0 hoac u,, # 0 > mang 2 ctra ¢4 nguon

% Ngan mach trén 2 cira (u, = u, = 0) = do dong dién trén 2 cira:

i10(t) I0(t)
v/ Néu iy, = i,o = 0 = mang 2 cira khdng nguon
h | O SR,
v Néu iy # 0 hodc i,; 70 = mang 2 ctra CO nguon '\ul(t) -0 U (1) = 0 k
\ 2 B /
\ /

> Chuy: Mic du két cau bén trong ctia mang hai ctra ¢ thé ton tai ngudn e(t), j(t) nhung néu c4c phan
tir y bi triét tiu ngay trude khi ra khoi cira va nd khdng c6 kha ning cap niang dong luong dién tir

ra ngoai thi ta van coi nd 1a mang hai ctra khdng nguon.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I.2. Phan loai.

> Bang cich phan loai nhu trén, ta s& c6 nhiéu loai mang hai cira khac nhau:
% Mang hai ctra phi tuyén c6 nguon hoic khdng nguon.
% Mang hai ctra tuyén tinh c6 ngudn hodc khdng nguén.

% Mang hai ctra tuyén tinh twong hd.

R/
0‘0

Mang hai ctra tuyén tinh phi hd.

*

>

L)

> Trong chuong nay ta chi xét viéc mé ta va phan tich mang hai cita tuyén tinh, khong nguén, c hé

s6 hang & ché d xac Igp diéu hoa.

> CO thé dung phwong phap dnh phirc dé mo td va khdo sat.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 7: Mang hai cira tuyén tinh

|. Khai niém vé mang hai cira.
I1. M0 ti toan hoc clia mang hai cira - Phwong phap tinh c4c bé sé diic trung.
I1.1. H¢ phwong trinh trang thai dang A.
11.2. H¢ phwong trinh trang thai dang B.
11.3. H¢ phwong trinh trang thai dang Z.
11.4. H¢ phwong trinh trang thai dang Y.
11.5. H¢ phwong trinh trang thai dang H.
11.6. H¢ phwong trinh trang thai dang G.
I1.7. Ma tran cta hé cac mang hai cira.
11.8. Cac phwong phap tinh b sb dic trung.
111. Tinh chat mang 2 cira tuyén tinh twong hd.
V. Ham trl‘ly‘én dat dong - 4p. Tong tré vao ciia mang hai cira. Van dé hoa hop nguon
va tai bang mang hai cira.

V. Mang hai cira phi hé.
VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.1. H¢ phwong trinh trang thai dang A.
> Mang hai cira Kirchoff & ché do xac lap diéu hoa dugc do bdi 2 cip bién trang thai dong - ap:
Us, I, Ua, I
> Ta coi bai toan mang hai ctra tuyén tinh 1a bai toan mot hé thong tuyén tinh c6 2 phan tir bién dong

dit & 2 cira. Khi d6 theo tinh chat tuyén tinh, mdi bién trang thai s& c6 quan hé tuyén tinh véi 2 bién

trang thai khac. . .
, , , P 2
» Xét quan h¢ tuyén tinh cia céac bién thudc cura 1 theo cac bién g 2.
& cira 2. Khi d6 ta c6 hé phuong trinh trang thai dang: lU 1 A U 21

Ui=A, U2+A,. 124U
li=A, U2+ A, .12+ 110
> Do mang 2 ctra khong ngudn nén khi ngan mach 2 ctra ngd (le:sz:O) thi |.1: |.2 -0 2 U.10=U.20:O

> Vay hé phuong trinh trang thai dang A ctia mang 2 cira tuyén tinh khong ngudn la:

y . . Dang ma tran: [ - .

Ui=A,Us+ A, R V7 _(Au Azj U,

i1=A21.L.Jz+A22.|.2 I.l M iz
A
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.1. H¢ phwong trinh trang thai dang A.

> Tu phuong trinh trang théi ta thy bo sb Ajj ddc trung cho quan h¢ trang thai Ui=A,U+A,.I>
dong - ap giita ctra 1 va ctra 2, hay noi cach khéc, no dic trung cho su truyén .

dat cua mang 2 cura.

li=A U2+ A,.l2

> Néu 2 mang 2 cira c6 cau triic khac nhau nhung chiing c6 cung bo sd Aj; thi ta noi chung hoan toan

tuong dwong nhau vé mat truyén dat ning luong va tin hiéu.

> Y nghia ctia bd sO A:
+ Hdé mach cua 2: ig =0
0 L.J 1 L.J 1
Ay =—=-
oU. U
Do d6 bién thién dién ap trén cira
1 theo kich thich ap trén ctra 2.

A, =0 = s
oU, U,

Do d6 bién thién dong trén cura
1 theo kich thich ap trén ctra 2.

Co s¢ ky thudt di¢n 1 - Nguyén Viét Son - 2010

% Ngan mach cua 2: U 2 =0

oU
A,=—r=
(9|2 |2

Po d6 bién thién dién dong trén
ctra 1 theo kich thich ap trén ctra 2.

ol I1
Ay, =—r=1
ol 12
Do d6 bién thién dong trén ctra 1
theo kich thich dong trén ctra 2.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.1. H¢ phwong trinh trang thai dang A.

» Nhu vay bo sb Ajj; dugc tinh trong cac diéu kién dic biét cua mang 2 cua (d6 1a hd mach va ngén
mach ctra 2) nén chiing khong phu thudc vao phan tmg ctia cc phan tir ngoai.

» No6i cach khac, bo sd Ajj thuc sy la cac thong s6 dic trung cua mang 2 cua, va thé hién tinh truyén
dat gitta ctra 1 va ctra 2.
> Cach xac dinh thong 6 Ay
s Cach 1:
v’ Xuét phat tir so d6 mach cu thé, ta tim cach 1ap phuong trinh quan hé gitra cap bién trang
thai (U4, 1,) theo (U ,, I,).
v" Sau khi rit gon vé dang trén, cac h¢ s6 cua (U2, I2) chinh la cac bo $6 Ajj can tim.
% Cach 2:

v" Tién hanh thi nghiém do gia tri cac bién dong dién, dién ap trén 2 cuira trong cac diéu kién
ngan mach va hé mach tai ctra 2.

v' Ap dung cong thirc dinh nghia dé tinh ra cac théng sb Ajj-
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I1.1. H¢ phwong trinh trang thai dang A.
Vi du: Tinh b0 sb A cla mang 2 cua co so dd hinh T nhu hinh bén.

Céach 1: Lap phuong trinh mach

Ul—llz +II"I Z [ ] [ e N ’
" Ue=InZ 122, — |n:U2+|2'Zd2
Il—|n+|2 Zn
. L.Jz+i2.z . U2+|2Z ( .
Ui=2,,. - Ll |+ 7 2z, Ul—[1+zz ]U2+(Zdl+2d2+zZ'ZO'Z).I2
_)< " § (_) < n n
° ° ° 1 ° Z .
| U2+|2'Zd2+|. Il:Z_.UH—(l_F%j.IZ
1= L n n
! Z, i
N S Z,, 2 Zs,
Vay ma tran A cia mach hinh T la: 1+—=2= ZOll 4 ZOI2 4 —di*7d2
A=l O |
1 Zd2
— 1+ —=
Z, Z
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I1.1. H¢ phwong trinh trang thai dang A.

Vi du: Tinh bo s A cua mang 2 cua co so dd hinh T nhu hinh bén.

Céach 2: Tinh b6 s6 A theo cong thire dinh nghia.

» Homachcua?2: 12=0

U, Z,+Z. . Z L1
A =—= dlz :1"'% Ay =~ :Z
U2 n n U2 n

> Ngan mach cira 2: U > =0

( L..Z,, J .
. Lyt 1
9 = = =

bz,
° Z ° Z AZZ_ . T e Zn _1+
P —n 1 n P l1. n
Z +Z,, Zy+ 2y

..z
A12 :Zoll"'zolz"'M

n
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Chwong 7: Mang hai cira tuyén tinh

I1.1. H¢ phwong trinh trang thai dang A.

Vi du: Tinh bo s A cua mang 2 cua co so dd hinh T nhu hinh bén.

Z Z.Z
1+% Z,+2Z,,+—9—42
AI_ — n n
i 1+i
Zn Zn
Z.,..L Z Z VA4 Z Z
detA: . —1+ dl- d2 d1_|_ d2  =di1*=d2 “=dl “d2 -1
Auh ~ Ay Ay =1 S50y Sy Sin St S
Cha y: Dbi véi mang 2 civa tuyén tinh va twong ho thi ta ludn c6 tinh chat det A=+ 1
|1 | > |1 | >
—_— —>—e —_— ——
lUl A U 2 lUl A U 21
detA=1 detA=-1
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I1.2. H¢ phwong trinh trang thai dang B.

» Xét quan hé’ tuyén tinh cip trang théi. d(‘).ng ap cura hai (U ,, I ) |1

theo cap bién trang thai ¢ cira mot (U4, 11). Khi d6 ta co hé lL'J

phuong trinh trang thai dang B ctia mang 2 cira tuyén tinh :

khong ngudn:
. . . Dang ma tran: U B B U
U, = Bll.U1+ Blz'll 2 :[ 11 12 1
° ® ° [ B21 Bzz 1
12 =B, .Ui+B,,.I1 ) — =k

» Nhuvay taco: B = A_l det B=+1

> Quan hé gitta cac thong s6 B;; va A;;:

A11 = Bzz A&z = _Blz
A21 - _le Azz - Bll
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Chwong 7: Mang hai cira tuyén tinh

I1.3. H¢ phwong trinh trang thai dang Z. I I
[ ] L] 1 /2
» Xét quan hé tuyén tinh cdp trang thai dién ap trén ctra (U,,U ) R > S. 1
theo cap bién trang thai dong dién trén ctra (I1,12). Khi do ta lU 1 Z U
c¢6 hé phuong trinh trang thai dang Z ctia mang 2 ctra tuyén *
tinh khong ngudn:
. . . Dang ma tran: ‘ "
Ui=Z,lh+2Z,.12 e ' Ui :(le Zp )| It
y e e ’ Ly Ly 1
U.=2,.11+2Z,,.12 U: —y 2
> Y nghia b6 s Z:
7 — Us [Q Téng tré vao ctra 1 Y U, [Q] Téng trd tuong hd
ol khi cira 2 hé mach S khi hé mach cira 2
L liz=0 ol [P
7 - U, [Q] Tong trd tuong hd 7 U, [Q] Téng trd vao cira 2
12 iz ] khi hé mach ctra 1 22 iz . khi ctra 1 hd mach
11=0 11=0
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I1.3. H¢ phuwong trinh trang thai dang Z. I I
1 2
> Cach xé4c dinh thong s6 Z;: .._>_ e
lU 1 Z U 21
< Cach 1: |

v’ Xuét phat tir so dd mach cu thé, ta tim cach 1ap phuong trinh quan h¢ gitra cap bién trang

thai (U, U>) theo (I,1,).

\ 14 L4 L4 14 \
v" Sau khi rat gon vé dang trén, cic hé so cua (11,12) chinh la cac bd s6 Z;; can tim.,

«» Cach 2:

v’ Tién hanh thi nghiém do gia tri cac bién dong dién, dién ap trén 2 cira trong cac diéu kién

hé mach tai ctra 1 va cura 2.

v' Ap dung cong thirc dinh nghia dé tinh ra cac théng sb Z;.
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I1.3. H¢ phwong trinh trang thai dang Z.

Vi du: Tinh bo sb Z cua mang 2 cua co so dd hinh T nhu hinh bén.

Céach 1: Lap phuong trinh mach

X/

¢ Chon dong di¢n vong c6 chiéu nhu hinh vé.

X/

¢ Lap phuong trinh mach theo phuong phap dong vong.

y . * Mat khac ¢co: (- . y * *
U1:(Zd1+Zn).|v1+Zn.|v2 i li1=1u U1:(Zdl+Zn).|1+Zn.|2
—

Uz=Z Nt (Zy,+Z,) 1vo l2 =l Uz=Z .11+ (Zy, +Z,).12

Vay ma tran Z cta mach hinh T la:
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I1.3. H¢ phwong trinh trang thai dang Z.

Vi du: Tinh bo sb Z cua mang 2 cua co so dd hinh T nhu hinh bén.

Céch 2: Tinh b6 s6 Z theo cong thire dinh nghia.

¢ Homachcual: 11=0

U: :le.I1+le.Iz

L.Jl LJZ ° ° °
Zp="=4, Lo =" =lat s, Ur=2,.1142,,.12
P |2
% Ho mach cura 2: |.2=0
. . L. +7Z Z
Ul U2 ZT: d1 n n
Ly=—=~Ly+<L, Ly=—=1, Zn Zd2+zn
I

1

Chu y: Dbi véi mang 2 civa tuyén tinh twong hé ta c6 ma tran Z doi xirng qua dwong chéo chinh.

le — ZZl
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I1.4. H¢ phwong trinh trang thai dang Y.

> Xét quan hé tuyén tinh cdp trang thai dong dién trén cira (11, 12)

theo cap bién trang thai dién ap trén cua (U,,U ;). Khi do

ta

c¢6 hé phuong trinh trang thai dang Y ctia mang 2 cira tuyén

tinh khong nguén:
[ ‘ ° Dang ma tran: .
l1=Y,.Ui+Y,.U> g ta t |
2 =Y,,.Ui+Y,,.U> P
> Y nghiabdsdY:
Y, = |.1 [Si] Tong din vao cira 1 Y, = E
khi ctra 2 ngan mach .
2=0
Y, = !1 [Si] Téng dan tuong ho Y, = [2
khi ngan mach ctra 1
U 2 01=0 U 2
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[S1]

[Si]

Téng dan twong hd
khi ngan mach cira 2

Tong dan vao cura 2
khi ctra 1 ngan mach
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I1.4. H¢ phwong trinh trang thai dang Y.

» Céach xéc dinh thong s6 Y
ach xac dinh thong s6 Y :: .
J |U. Y
% Cach 1:

v’ Xuét phat tir so dd mach cu thé, ta tim cach 12p phuong trinh quan h¢ gitra cap bién trang

thai (11, 1,) theoUy,U>).

v" Sau khi rut gon vé dang trén, cic hé so cua (U1,U)chinh la cac b sd Yj; can tim.

«» Cach 2:

v’ Tién hanh thi nghiém do gia tri cac bién dong dién, dién ap trén 2 cira trong cac diéu kién

ngdn mach tai cua 1 va cura 2.

v' Ap dung cong thirc dinh nghia dé tinh ra cac théng sb Yij-

» Chuay: Doi voi mang 2 civa tuyén tinh twong ho ta c6 ma tran Y déi xirng qua dwong chéo chinh

Y12 — Y21
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.4. H¢ phwong trinh trang thai dang Y. A Yo g ’
Vi du: Tinh bd s6 Y cua mang 2 cua co so dd hinh 7 nhu hinh bén.

LJ’ °
Céch 1: Lap phuong trinh mach . Yo Y”ZI_}I Y,
% Lap phuong trinh mach theo phuong phap thé dinh.
. ° ] Mét khéC C(’): ° ° L] . L]
Il:(Yn1+Yd)'¢A_Yd'¢B Ui =0, N Il:(Ynl+Yd)'U1_Yd'U2
lo=—Y,.0,+ (Y., +Y,).0, Uz =04 12 ==Y, Ui+ (Y, +Y,).U>
Céch 2: Tinh b s6 Y theo cong thirc dinh nghia.
% Ngan mach cira 1: L.Jl =0 % Ngan mach cira 2: U » =0
|1 1
Yo =7—=—Y4 Yo=""=Yu+Yy
U- Ui
2 2
Yy == =Yy, +Y, Yy ==Y
U Ui
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I1.5. H¢ phuwong trinh trang thai dang H.

> Xét quan hé tuyén tinh cdp trang thai dong dién trén cira (Ui, 12)

theo cdp bién trang thai dién ap trén cira (1:,U2) . Khido ta = .
c6 hé phuong trinh trang thai dang H ctia mang 2 cira tuyén lU 1 H U 21
tinh khong ngudn: —

* ® ® D tran: \
U1=Hll.|1+H12.U2 ans ma trafl U :(Hn H12j 1
H22

° ° ) H
— |2 - 21 y] U2

H

> Chuy: Véi mang 2 cira tuyén tinh twong hd ta c¢6

Hy,=—Hy
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Chwong 7: Mang hai cira tuyén tinh

I1.6. HE phwong trinh trang thai dang G.

» Xét quan hé tuyén tinh c@p trang thai dong dién trén ctra (il,L.J 2) ;| 1 I,j .

theo cap bién trang thai dién ap trén cua (U4, |,) . Khi do ta 10 G lJ ,
c6 hé phuong trinh trang thai dang G ctia mang 2 ctra tuyén ' v
tinh khong ngudn:

. . . Dang ma tran: | G G U

Il:Gll'U1+Glz'|2 1 :[ 11 12) 1 G . H—l

° ° ¢ lJ Gz1 Gzz |.

UZ:GZl'U1+GZZ'|2 2 h e -\ 12

> Chuy: Véi mang 2 cira tuyén tinh twong hd ta c¢6

GlZ — _621
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.7. Ma tran caa hé cac mang hai cura.
a. Mang hai cira ndi xau chudi.

-—— e [ — n N
A, A, A, — A=TTA
- — k=1 ——e
Vidu: Tinh bo s6 A ciia mang 2 cua hinh 7. | - !
d
— > — T
Z . ° | |
T B AL 1z
1 U2 0 1/ ni| |, : n2
| |
I P | !
. | | .
Anl ! Ad I Mn2
|1 |2 A:AﬂAﬁAﬁ
° . 1 _ 2 q
Ul Zn U2 .« | i 10 1+Z— Zd
I Z, P A= n2
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.7. Ma tran caa hé cac mang hai cwra.
b. Mang hai cira ghép néi tiép.

> Hai mang 2 ctra ghép duogc goi 1a ghép ndi tiép néu dong dién chay vao mang thr nhat bang dong

dién chay vao mang thir 2, dong dién chay ra mang th& nhat bang dong dién chay ra mang thir 2.

— —>—
Lz | ; -
Y A —— l = Zl + Z2 l
v v ZZ l v
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.7. Ma tran caa hé cac mang hai cwra.

c. Mang hai cwra ghép song song.

> Hai mang 2 ctra ghép dugc goi 1a ghép song song néu chung c6 chung dau vao va dau ra.

! , , 1 , l — > .
7 A C—p l Y =Y, +Y, l
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I1.7. Ma tran cua hé cac mang hai ciwra.

d. Mang hai cira ghép néi tiép - song song.

Y

Y

H, }
— —————e
\% A D e l H=H,+H, l
v H2
e. Mang hai cira ghép song song - noi tiép.
| ] G ]
o c— ————e
' A G— l G — Gl + GZ l
GZ v
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA
I1.8. Cac phuwong phap tinh b so dac trung.
> Dé tinh bo sd ctia mang hai cira tuyén tinh khong ngudn, ta cé cac cach sau:

% Dung cong thuc dinh nghia.

% Lap phuong trinh mach, bién doi vé dang ctia phuong trinh bd s can tim.

¢ Tu b so nay tinh ra bo so khac.

% Phuong phép tong hop toan hoc.

Vi du: Tinh cac b0 so cua so do hinh bén.

» Tinh bj Z.
Lap phuong trinh dong vong

(R+R, + joL). 1+ (R+ joM).1.=Us (1)

(R+ joM).1:+ (R+R, + joL,).1.=U>  (2)

R+ joM R+R, + jolL,

Z_(R-I—Ri-l-ja)l_l R+ joM j
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I1.8. Cac phwong phap tinh b so dic trung.

Vi du: Tinh cac bd s6 cua so do hinh bén.

> Tinh bj H. W Za
° 1 ° Z ° 21— 222
Tu phuong trinh (2): = I =—.U,— =211 —>
Z 1
22 22 H —_—
22 Z
Thay vao phuong trinh (1): ) #
Z, . Z,.Z,, Z,
U1—Z |1+ Uz—Z 1 |=| 2, ——2& |1+ Uz
11T 11 ~
22 22 22
( Z.,ZL
H,=2,-——*
Zy,
— 9
H,, = L L., Z
22 11
H — Ly, Ly
ST
Ly Ly
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— N
Rx AR,

L3 L
U R U

Ui=H,.Ih+H,.U:

lo=H,.li+H,.U:
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I1.8. Cac phwong phap tinh b so dic trung.

Vi du: Tinh cac bd s6 cua so do hinh bén.

Us

I2 v

> Tinh b¢ A. (1
. 1 ° Z ° AZl B Z_
Tu phuong trinh (2): = l1=—.U—=%2.1, — - 21
Ly Ly A, = _Q
L i Ly
Thay vao phuong trinh (1):
° ° ° ° ° .Z °
U,= le.(i.uz—@. |2j+212_ |2 _ le U2+(212 + le 22 j
Z Z
21 21 21 21
( Z
A = —
Ny Zz1
Z.Z
AiZ = ZlZ p— i . 211-222
L Ly Z12
A= Z21 Zzl
1 4
Z21 Z21
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CO SO KY THUAT PIEN 1

S ———— e,

BACH KHOA

Chwong 7: Mang hai cira tuyén tinh

|. Khai niém vé mang hai cira.

11. M0 ta todn hoc ciia mang hai cira - Phwong phap tinh cac b so
dac trung.

I11. Tinh chat mang 2 cira tuyén tinh twong hd.

V. Ham truyén dat dong - ap. Tong tré vao ciia mang hai cira. Van
deé hoa hgp nguon va tai bang mang hai cira.

V. Mang hai cira phi hd.

V1. Khuéch dai thuit toan.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I11. Tinh chit mang 2 cira tuyén tinh twong hd.
> Néumang 2 ctra 13 tuyén tinh va twong hd thi:
det A=+1 Z,=2, Hy, =—H,,
det B = +1 Y, =Y, G, =-G,,
» Nhan xét: Vo1 mang 2 cua tuyén tinh tuong hd, ta ludn c6 1 rang budc ¢ mdi bd s6. Nhu vay mach

chi con 3 thong sé doc lap tuyén tinh = So do twong dwong ciia mang 2 civa tuyén tinh twong ho

chi gom 3 phdn tir mic theo so dé hinh T hodc hinh &

P . | — | 2 Py
Zy
. . Z. Z., S0dohinhn
|1 | >
T am— , ———e
. tuyén tinh y
lU 1 twong ho U 21
S B ey oy I
Zdl Zd2 .
Z, So' do hinh T

. : o 153
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

I11. Tinh chit mang 2 cira tuyén tinh twong hd.
> Mang 2 cira d6i xtmg 12 mang 2 cira ma khi ta thay doi chiéu truyén dat trén cac ctra 1 va 2, tinh
chét va phuong trinh truyén dat van khéng thay doi.

-

S I S
. . AZG AZG
A 1 1
I®@E 1 BY.H | ° Z —_— 1| GYr 2
(B, Y, H)
7/ \
| ] I Mang 2 cira doi xirng
— " 1 I
A, Z, G : ¢ =+ Z.=72
z, 1 (B.Y. H) 2 ECD Q&)\] A Ay 11 22
S — B,=1%B,, Yy = Yo
detH=1
det G=1

> Nhan xét: Véi mang 2 civa tuyén tinh twong hé va déi xirng, chi cé 2 thong sé déc lap tuyén tinh.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 7: Mang hai cira tuyén tinh

|. Khai niém vé mang hai cira.

I1. M6 ta toan hoc ciia mang hai cira - Phwong phap tinh cac bo so
dac trung.

I11. Tinh chat mang 2 cira tuyén tinh twong ho.

V. Ham truyén dat dong ap. Tong tré VAo ciia mang hai cira. Van
dé hoa hop nguon va tai bing mang hai cira.

1V.1. Ham truyén dat dong ap.

IV.2. Tong tré VAo ciia mang hai cira.

IV.3. Tong tré vao ngin mach va hé mach

IV.4. Van dé hoa hop nguon va tai bang mang hai cira.

V. Mang hai cira phi hd.

V1. Khuéch dai thuat toan.
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Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

IV.1. Ham truyén dat dong - ap.
> Trong nhiing hé truyén tin, do luong, diéu khién ... ta chi quan tAm dén tin hiéu truyén di thuong 1a

mot trong hai bién trang thai dong, ap trén mdi cira va qua trinh truyén dat chung qua mang 2 cira.

» Khi chi xét su truyén dat mot tin hi¢u dong, a4p nhu vay khong can ca hé 2 phuong trinh trang thai

vO1 4 ham truyén dat caic dang A, Z, G ... ma can rat vé mot phuong trinh vé1 mgt ham truyén dat.
> O day ta chi xét dén ham truyén dat dong, ham truyén dat dp va ham truyén dat céng sudt.

> Xét mot mang 2 cira tuyén tinh, khong ngudn truyén dat nang luong tin hiéu dén mot tai thy dong
c6 ham tré Z,. Ta viét mot quan hé tuyén tinh don gian giita tin hiéu cira ra theo cira vao dang.

0.

U: .

< Néu can xét su truyén dat dong - dong trén 2 cira, ta c6 ham truyén dat ap: K, = —2

<* N&u can xét sy truyen dat ap - ap trén 2 ctra, ta c6 ham truyén dat ap: K, =

- I
2

S1

< Véi mach Kirchoff ta quan tdm dén quan hé cong suét giita 2 ctra: K =
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BACH KHOA
IV.2. Tong tré vao ciia mang 2 cira.
> Khi xét qua trinh ning lugng (tin hiéu dua vao trén ctra 1 hodc cira 2) thuc chét ta xét hé mang 2
cira ciing véi nhitng b phin né truyén dat t6i nhw la mét mang mét civa trong quan hé trao doi

nang lwong tin hiéu voi mach ngoai.

» Qua trinh trén ctra s€ dac trung béi mot cap J

P A
bién dong - ap, do do6 sé dac trung bdi mot

ham tong tré vao hay tong dan vao Z, (Y,).

X/

< Khi mang 2 cira truyén dat tir ctra 1 dén tai Z, & clra 2, qué trinh nang lugng, tin hiéu & cua 1

dic trung boi mot ham tong trd vao ctra 1.

i _Ul A U, +A,. 12 U2=Zt.|.2 7 _All-zt+A12
vi T e - >

I1

. . vl
A, Ux+A, |2 Porli+ Ao

Xét moi lién hé gitta ngudn Va tai ta noi rang: Mang 2 cira di |am mét phép bién déi tong tré
Z,thanh Z .
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% Khi mang 2 ctra truyén dat tir ctra 2 dén tai Z; & cua 1, qua trinh nang lugng, tin hiéu ¢ cua 2

dic trung boi mot ham tong trd vao ctra 2.

U,

U, _-A Uit AL Ui=-Zi [, _AnZi+A,
[ ) - [ ] V2_
L1, AL U+A, L Audet A

»

Zv2

Nhu vay tir cira 2, mang 2 ctra cling 1am mot phép bién doi tong tré Z, thanh Z,,.
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BACH KHOA

IV.3. Tong tré vao ngin mach va hé mach.

» Khi ngan mach hodc ho mach phia tai, trén ctra ra s€ chi con mot tin hiéu dién ap hoac dong dién.

Luc do tong trd s€ khong tuy thudc vao tai nita ma la nhitng ham dac trung riéng ciia mang 2 cua.

o1 o | I I I T o .
il el LGN G DI Ian A &
\ A Z G \ \ ‘ y A Z G ‘

A U & U \ s U ></\>
Q\DCD ll (B, Y, H) ZL/ ' lUl (B, Y, H) l (DA

[ ® s \_—
% Xét ctra 2 hd mach: |.2 =0 s Xétcual hdmach: |; =0
7 AU+ A2 A 2, = —Ap Ui+ Ay I _ Ay,
1ho - ° ° - 2ho * ®
A U2+ Al Ay -A Ui+ A I Aoy
s Xétcua?2 ngén mach: lJz =0 s Xétcual ngén mach: L.Jl =0

7 = A11-U2+A12-|2 _ A12 YA _AZZ'U1+ A12'|1 A12
Ing - . ° _ 2ng - . °
AU+A I, P A UALL A
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BACH KHOA

IV.3. Tong tré vao ngin mach va hé mach.

> Cac ham tong trd Z,,4, Zings Langr Long1a 4 ham dac trung cua mang 2 cua, qua do ¢ thé tim cach
viét hé phuong trinh trang thai mang 2 ctra hodc tinh ra cac bg sb dic trung A, Z, G, ... cia mang 2

cua.

Vi du: Ta co thé tinh bo s6 A tir cac gia tri cia Z,, 4, Z1ngs Long theo cong thire sau.

L L

A, = — A, = AL,
1 Zan '(Zlho B Zlng) "

_ A A, = A
Ly, Z1ng

Ao

> Trong thuc té thuong sir dung cac cong thirc ndy vi mot mang 2 cira chua rd két cau (hdp den)
thuong 6 thé 1am thi nghiém ngan mach va hd mach dé do cac tong tré vao, tir d6 ¢ thé tinh bo Ay

hodc cac bd sb khac.
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BACH KHOA

IV.4. Van dé hoa hop ngudn va tii bing mang 2 cira.

> Nhu trong chuong 6 d3 dé cap, mot ngudn O tong trd y muon truyén cng suat 16n nhat dén tai Z,

thi phai thoa man diéu kién:

an = Zt \ :
I
. . _ Z,, — S
» Trong thyc té, nhicu khi Z,, va Z, khong thoa man P— A
didu kién hoa hop. et) Lo | . % []
> Noi thém mang 2 cira dé thuc hién phép bién doi : ~4

tong tré Vao.

> Can chon so d6 mang 2 cira va bo s6 A sao cho:

AN

% Tong trd vao nhin tir cira 1 Z,, bang lién hiép cta tong tré nguon Z ng

Z + >
Zv1: Ail t A12 :an
Ao L + Ay,
EZ
% Mang 2 ctra A la thuan khang d¢ toan bg cong suat tir nguon truyén dén tai. | P = 2 |£g
R,
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CO SO KY THUAT PIEN 1

Chwong 7: Mang hai cira tuyén tinh

|. Khai niém vé mang hai cira.

11. M0 ta todn hoc ciia mang hai cira - Phwong phap tinh cac b so
dac trung.

I11. Tinh chat mang 2 cira tuyén tinh twong hd.

V. Ham truyén dat dong - ap. Tong tré vao ciia mang hai cira. Van
deé hoa hgp nguon va tai bang mang hai cira.

V. Mang hai cira phi hd.
V.1. Khai niém.
V.2. C4c nguon phu thude.
V.3. So @6 twong dwong ciia mang hai cira phi hé.

VI. Khuéch dai thuat toan.
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BACH KHOA

V.1. Khai niém.
> Mang hai ctra phi hd 12 mang hai cra ma quan hé cé4c bién dong, ap trén cac ctra khdng c6 quan hé
twong ho voi nhau.

» Khi @6 cac bo so A, B, Z Y, H, Gc6 4 tham sé doc lap tuyén tinh > Mach twong dwong ciia
mang hai civa phi hé ta c6 4 phin tir.

V.2. C4c ngudn phu thude.

> Nguon phu thudc (ngudn bi diéu khién) 1a nguén ma trang thai dong, 4p ctia nd phu thudc vao trang
thai cia mot nhanh khéac trong mach.

» Phan loai:
< Nguén ap phu thujc ap: Pién &p trén hai cuc ciia ngudn phu \Ul(t) <t> e,(t) = k.uy(t)
thudc vao trang thai dién ap trén mot nhanh khac trong mach.
< Nguén &p phu thuéc dong: Pién &p trén hai cuc ciia nguén .T(>t)_ —
1
hu thudc vao trang thai dong dién trén mot nhanh khac tron :
mach.
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BACH KHOA

V.2. C4c ngudn phu thude.

» Phan loai:

< Nguén dOng phu thudc dp: DONng dién sinh ra béi ngudn phu
Plalt) = Y.uy()

eed.

thudc vao trang thai dién ap trén mot nhanh khac trong mach. \ul(t) [

< Nguén dong phu thujc dong: Dong dién ctia ngudn phu .T(>t)_ .
thudc vao trang thai dong dién trén mot nhanh khac trong [] <//§> Jo(t) = a.iy(t)
mach. —_ .
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BACH KHOA

V.3. So' @0 twong dwong ciia mang hai cira phi hd.
> Do mang hai ctra phi hd ¢6 4 tham s6 doc 1ap tuyén tinh nén so d6 twong duwong ciia mang 2 cira phi

hd s& bao gom 4 phan ti.

> So dé twong dwong diing 2 tré khdang + 2 nguén bi diéu khién.
iy(t) io(t)
> 1 —

U=2,L+2Z,l,

% b 7 le ZZZ
* Xétbo Z: U, () u,(t)
o ol b ]

€= Zyp.lp €= 2yl

3 g0
=Y. u-+Y,.,u
S Xétboy: )1 uth T Tt uy () LN A u,(t)
{iz =Yy U +Y,.U, S Yu J1<A> <A b [ Y2 |
Ji= YU, Jo= YUy
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BACH KHOA

V.3. So' @0 twong dwong ciia mang hai cira phi hd.

> So do ding 2 tré khdang + 2 nguén bi diéu khién.

(1) io(t)
e—?— —E—o
u=H..1+H..uU
% XétboH: J 1 1171 1242 uy(t) e u,(t)
{iZ - H21'i1 + H22'u2 : \ 1<T> </\ JZ H22
i) I,(t)
i =G .U +G,.i G2
% Xétbo G: 4 1 TuTL o I u, (t - u,(t)
{uz =G,,.u, +G,, ., ey, Jl<’/§> <T> %2 2
"j1= Gupp €= Gor.Uy
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BACH KHOA

V.3. So' @0 twong dwong ciia mang hai cira phi hd.

> So déo twong dwong ding 3 tré khdang + I nguén bi diéu khién.

s Xétbo Z:

{Ul - le'il + ZlZ'iZ ) 221 — le + Za‘ Ul — le'il + ZlZ'iZ
U, =2, +2Z,.1i, Uy = Zyp.dy + 255, +Z
‘Y
So do hinh T
V&1 bg Z da cho, ta ludn tinh dugc cac gia tri
Z 41, Zypy VA Z,, theo cong thic: iy (t) i,(t)

Z ]
Z,=21y Liy=Lyp—2Ly Ul(t)\ N Z e=Z,4 | u,n
Zdl — le - le Za — ZZl - le
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BACH KHOA

V.3. So' @0 twong dwong ciia mang hai cira phi hd.

> So déo twong dwong ding 3 tré khdang + I nguén bi diéu khién.

< XétboY:

{il =Y,,.U, + Yy, U, Yy =Y +Y, i, =Y, .U +Y, .U,
i, =Y, .U +Y,,U, I, =Y, Uy +Y, U, +Y_ .U,
‘Y
So do hinh n

V&1 bg Y da cho, ta luon tinh duoc cac gia tri

. . , i1(t) i5(t)
Y1, Yo, Va Y, theo cong thure: > T <

Ya i)
— — u,(t

Yn1 = Y11 +Y12 Ya — Y21 _Y12 .
J(£) =Y,.u, (1)

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 168



Chwong 7: Mang hai cira tuyén tinh

BACH KHOA

V1. Khuéch dai thuat toan , ‘
1. Khai niém »Khuéch dai thuat toan la mét phan tir phirc hop
' ciia mach dién, c0 2 ctra ngo.

P —1{+ > C4c thong s6 cia OPAM 1y tudng :
‘:’RVQO:OO ’IN:O’

“*R,=0 ;I1,=0;

< Hé s6 khuéch dai trong (. = o)

>Vi du : Khuéch dai thuat toan pA741 "
OFFSET NULL | 1 8 | NC
o Rvao = 2MQ INVERTING INPUT | 2 |— 7| v+
0:0 Rra = SOQ NON-INVERTING INPUT | 3 " 6 | QUTPUT
. v-| 4 5 | OFFSET NULL
< u=200000

TOP VIEW
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BACH KHOA

V1. Khuéch dai thuat toan
2. So do thay thé.

V +
1+ R,
> Rvéo <T \ura(t)
V*-V-
_ n V- B( )
So dd dau vao so dat
V +

So do vi sai
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BACH KHOA

Chwong 8: Mach dién ba pha.

I. Khai niém.

I1. Mach ba pha ddi xirng va khong ddi xirng tii tinh.

IIL. Tinh va do cong suit mach dién ba pha.

IV. Mach ba pha cé tiai déng - Phwong phap thanh phan déi xing

V. Phan tich mach ba pha khong d6i xirng bang phwong phap thanh
phan doi xurng.
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BACH KHOA

t

I.1. Dinh nghia.

» Mach dién ba pha la mach dién lam viéc voi nguén kich thich ba pha.

> Ngudn dién ba pha gdm 3 ngudn dién 1 pha co: yV

e (t) eg(t) et
% Cing bién d6 hiéu dung. A1) es(t) ec(t)

¢ Cung tan so.

«% Pha ban dau 1éch nhau 120° theo dung thir tu.

(e, () =E_.sinat(V). En=E[0°(V)
e, (t) = E_.sin(wt —120°)(V). <> {Es = E[-120°(V)
e. (t) = E,,.sin(et +120°)(V). Ec — E[120°(V)

» Nhin xét:

< Tai moi thoi diém, tong céc suat dién dong cua 3 day quan déu triét tiéu. . 1204-120° .
e,(t) +eg(t) + S (t)=0 EA(/\EAB

éA+ E.B+ E.C =0

.

¢ Thir ty pha: Pha B chdm hon pha A 1 goc 120°; pha C sém hon pha A 1 goc 1200.
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BACH KHOA

I.2. Cach tao nguon dién ba pha.
> DE tao ra nguodn dién ba pha, nguoi ta thudng ding may phat dién xoay chiéu dong bo ba pha d6i
xung.
> Céhu tao may phat dién dong bd ba pha dodi xirng:
¢ Stator: Co6 dang hinh tru, gén trén than may, trén do6 dat 3 cuon day AX, BY, CZ giéng nhau va
léch nhau 1 géc khong gian 120°,
% Rotor: C6 dang hinh tru tron, dat trong stator, co6 thé quay quanh 1 truc. Truc rotor duoc gén
v6i tude bin.
> Hoat dong ciia may phat dién dong b ba pha ddi xirng:
< Rotor dugc tir hda bang dong dién 1 chiéu lay tir ngudn kich thich bén ngoai, tré thanh mot
nam cham dién.
% Rotor quay déu (do tac dong ctia bén ngoai nhu hoi nude, thiy dién, hodc dong co kéo ...) véi
van toc o. Ttr trudng nam cham cia rotor quét qua mdi day quan stator tao ra suat dién dong

cam mg xoay chiéu hinh sin trén cac cuon day AX, BY, CZ.
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BACH KHOA

1.3. Pong co khong dong bd ba pha. (i,(t) =1_.cos .
i (t) =1_.cos(wt—120°).
i (t) = 1,,.cos(awt — 240°).

————

a. Tur trueong quay.
> Xét 3 cudn day stator cap boi hé thong dong dién 3 pha ddi xtmg.

N

”———~

1 s \ RN
I ¢ I~ \
L A® RN '
A ! I
|\ -7 X ,' ! A s \X I
Vo7 ;! SSu
< B / ‘\ Z A
. ® ’ \ ) S~
ROV / \ BD ~~.
e // \ S
AN ’ \\ //
s ~ ~ - - / S ~ - _ ~ 7’
o Tt T
= 2m » Quy woc: Dong dién duong la dong di ra
| khoi dau cudn day, di vao cudi cudn day.
o — m r J ~ r .
o = dp dung quy tac van nut chai
2T . o = .
> Tail= 3 —>l.=1;1,=1;= 2m = Tir trwong trong mdy dién la tir truong quay.
174
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1.3. Pong co khong dong bd ba pha.
b. Pong co khong dong bd ba pha.
> Cau tao:
% Stator: Gom cac cudn day co tac dung tao ra tir truong quay.
< Rotor: C6 cdu tao kiéu 16ng sdc doan mach. Cac thanh dan duogc lap

Xién so voi dudng sinh cta 16ng soc.

» Nguyén ly hoat dong:

< Tur trudng quay do cac cudn day stator tao ra cat cac thanh din day S ey
quan rotor 1am sinh ra cé4c suat dién dong cam tng.

L)

% DAy quan rotor ndi ngan mach nén c4c suat dién dong cam tng sinh
ra cac dong dién cam tmg trong cac thanh dan.

< Luc tac dung tuong hd giira dong trong thanh dan vaoi tir trudng quay 1am rotor quay cung chiéu
v6i chiéu quay cta tir trudng.
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BACH KHOA

I.4. Cach dau diy mach ba pha.

» Moi day quan stator co6 mdt cuc dau va mot cuc cuodi (cuc dau la cuc ¢ day chiéu duong dong dién

di ra, cuc con lai la cuc cudi).
» C6 2 cach dau day nguon dién ba pha:

+* Noi hinh sao Y:

v N6i 3 cuc cudi X, Y, Z chum lai mdt diém O, goi la diém trung tinh cua nguén.

A Pha A

@> €M) phaa

ea(t) (1)  phas

5 ) So' do twong duwong O '_@
X=Y=Z=0 Day trung tinh >

_@ec () Phac
B Pha B

C e (t) e;(t) Day trung tinh
Pha C

So d6 3 pha - 4 day

v’ Mang 3 pha - 4 day véi tai ndi hinh sao thuong dung cung cap dién mang dién sinh hoat.
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BACH KHOA

I.4. Cach dau diy mach ba pha.

% N6i hinh tam giac A:

v Noi dau day cua cudn trude véi diém cudi cua cudn sau.

=7 Pha A Pha A
€ (t . € (t
7 X)ea® So do twong dwong / X )ea(D)
C %'({) Pha B %\(t) Pha B
= a a
—_ —_
_/ B=X Pha C N Pha C

So dd 3 pha - 3 day

v/ Mang 3 pha - 3 day véi tai ndi hinh sao thuong ding dé cung cip dién cho mang dién

cdng nghiép, phuc vu nhu cu san xuat, voi tai 1a cac dong co 3 pha.
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BACH KHOA

I.4. Cach dau day mach ba pha.

> Céc tai ctia mang dién 3 pha ciing c6 thé duge dau ndi theo 2 cach: Hinh sao Y va hinh tam giac A

Pha A Pha A
ZA
Z, z,
ZC
Pha B
Pha C Pha C
So d6 hinh Y - 3 pha - 4 day So d6 hinh A - 3 pha - 3 day

> Cach dau day ctia nguon va tai khong phu thudc vao nhau va ¢ thé khac nhau.

Oa@_f
, gu il

Taindi Y Taindi Y Tai ndi A
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BACH KHOA

Chwong 8: Mach dién ba pha.

I. Khai niém.
I1. Mach ba pha ddi xirng va khong ddi xirng tii tinh.
I1.1. Khai niém mach ba pha doi xing.
I1.2. Pic diém mach ba pha d6i xing.
I1.3. Cach phan tich mach ba pha d6i xirng.
I1.4. Mach ba pha khong ddi xirng tai tinh.
I11. Tinh va do cong suiat mach dién ba pha.
IV. Mach ba pha c6 tai dong - Phwong phap thanh phan déi xing
V. Phan tich mach ba pha khong d6i xirng bang phwong phap thanh
phan déi xirng.
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BACH KHOA

I1.1. Kh4i niém mach ba pha d6i xing.

> MBObi bd phan ciia mach ba pha déu gdm ba phan hop lai; mdi phan hop thanh hé théng ba pha dugc
goi la mot pha cuia mach dién.
Vi du: Méy phat dién c6 3 diy quan, duong day truyén tai co 3 dy, tai 3 ba gom 3 tai mot pha hop
thanh.

> Mach dién ba pha déi xirng 13 mach dién ba pha c6 nguon déi xirng Va tdi déi xirng, trong do:

% Nguon ba pha ddi xtng 1 ngudn cé: % Tai ba pha d6i xting 14 tai c6
v’ Bién d6 bang nhau. v/ Bién d¢ bang nhau.
v’ Tan s6 bang nhau. v Pha bang nhau.

v’ Pha ban dau léch nhau 1200, dtng theo th{r tu pha.
> Khai niém vé dai luong pha va day.
% Cac dong dién chay trén day dan tir ngudn dén tai va dién ap gitra cac day ay duoc goi 1a dong
di¢én day va dién dp ddy. Ky hiéu: 1, U,.
< Dong dién va dién ap trén cac pha cta ngudn hodc tai dugc goi 1a dong dién pha va dién ap
pha. Ky hi¢u: I, Us.
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I1.2. Pic diém mach ba pha déi xing.
a. Mach néi hinh sao Y.

> Xét dién ap gitra 2 diém trung tinh nguon va tai:
L.J Y, EtY,.E +Y..E, Vi mach ba pha doi xiing
o Y, Y, +Y, Ya=Yg =Yc =Y
& Us ~Y.E,.+Y.Eg+Y.E. E,+Eg+E; 0 Trung tinh nguon
00~ 3Y - 3 - va tai trung nhau

» Lap phuong trinh Kirchoff 2 cho vong OAO’O ta co:

Ea=Ua+Uoo=Un H¢é théng dién ap pha
. . . . trén tai doi xung
» Tuongtuco: Eg =Us ; Ec=Uc

» Tu tam giac OAH ta c6 quan hé gitra dién ap day va dién ap pha:

U,, =2U,.c0s30° =+/3U, U s = J§U e

> Hé thong dong dién trong mach: 1a=Y.Ua ; |
» Dong dién trong day trung tinh: In =14+ 1
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H¢é thong dong
dién pha doi xirng

181




Chwong 8: Mach dién ba pha

BACH KHOA

I1.2. Pic diém mach ba pha déi xing.
b. Mach néi tam giac A

> VY

v O

|.d =\/§|.f el - Ug =U+
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Chwong 8: Mach dién ba pha

BACH KHOA

I1.3. Cach phan tich mach ba pha déi xing.

> Do nhitng dic diém trén, qué trinh phan tich va giai mach 3 pha d6i xtmg c6 thé dua vé bai toan xét
céc bién trang thai trén mot pha. Trang thai va cac qua trinh trén 2 pha con lai cling hoan toan gidng
trén pha dang xét nhung vé mat thoi gian chiing sé& 1éch nhau 1/3 chu ky.

> Thong thudng qua trinh phén tich va xét mach 3 pha thuong dugc thyc hién trén so d6 néi tai hinh
sao Y. Trong truong hop néu tai ndi tam giac A thi ta c6 thé dung cong thic chuyén doi.

% Cong thirc chuyén Y - A: % Cong thirc chuyén A - Y:

L.z
lezzlJrZZqul'z2 Z,=2+2,+1= 1=
3 2
Z..Z

Zyy=2,+2,+—2—3

1
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Chwong 8: Mach dién ba pha

I1.3. Cach phan tich mach ba pha déi xing.
» Vidu: Xét mach 3 pha c6 so dd nhu hinh bén. —@—:

; - Ea Zd
% Chuyén A - Y, xét riéng pha A. o»—.@—:
. Es Z,
s Dongdién day: | o = Ex 7 _Ec: Z
Z,+(2,117) d
. | 7 . |
— 1 = AZ =2 5 = —AZ'Zl .
3 3 Z. .
Zy v
. . | A C . 2
< Dongdiénphataiz,: lz, =1+ = - 0 1Ex . L]~ 3
J3.ei® la

E s
y
z +(21//232)

% Ton that doc duong day: AUy =Z,.la =Z,.1a=2Z

% Moi trang thdi dong - ap o pha B (C) sé quay di mot goc twong vng la g 112 (ej'lzoo)

184
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Chwong 8: Mach dién ba pha

BACH KHOA

I1.4. Mach ba pha khong d6i xirng tai tinh.

> Ngudn ba pha cung cp cho cac bo dung dién 1 pha nhu thap sang, sinh hoat, cac dong co mot pha,
bién ap han, 10 ho quang ... thuong lam viée & trang thai khong d6i xting (khong dbi xtmg do tai
khong doi xtng).

> Khi d6, ta coi mach ba pha 13 mot mach phirc tap c6 3 nguoén 1 pha tac dong = c6 thé dung tat ca

cac phuong phap dé xét: Dong vong, thé nat, dong nhanh, xép chong, mang 1 cura ...

> Phuong phap thé nl'lt.thu’(‘mg dugc stir dung xét mach hinh sao. E@ Y:
% Néuz, =0->Ugo=0 A A
. . . of—(———=—0’
B T =i P DO F : Ye
A= ——, B——, C——, N—=1A B Cc
Z, Zy yAS ?@——'Y:'—
- Néu dut hay chap 1 pha thi khong anh hudng dén cac pha khac. © L ¢
& Néu Z, =0 - lJo-o :YA.EA+YB.EB+YC.EC & Néu Z. 0 - L.JO'o :YA.EA+YB.EB+YC.EC
Y, +Y +Ye Yy +Ys +Ye +Yy
|, = EazYoo . §_ Es—Uoo i _E,~Uoo . i _E;~Uoo
Z Zg z, Z
- . . — A g
* E _UO'O . ° ° : _ ’ ° . ° °
IC:CZ—’IN:O Icz—Ec Yoo ; In=la+ls+1c
C Zc 185
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Chwong 8: Mach dién ba pha

BACH KHOA

I1.4. Mach ba pha khong d6i xirng tai tinh.

> Thuc té nhiéu khi ta chi biét cac dién ap day ma khong biét dién 4p cia tirng pha cua ngudn. Luc d6
c6 thé thay thé hé thong dién ap ddy bang mot hé thong ba ngudn hoic hai ngudn ap twong duong,

mién sao dam bao dién ap day da cho.

Vi du: Cho mach dién ba pha dugc cung cip béi hé théng dién &p day khong dbi ximg (J u5:U ac » i

mac hinh sao ddi xtng.

> Ta thay hé thong dién ap diy khong d6i xtmg bang so d6 vdi 2 nguon ap: Eg =U as ; Ec =U ac

> Chon chiéu dong vong nhu hinh vé. .
A Z, |2,
______ S >
» Lap phuong trinh mach theo phuong phép dong vong, ta co: : E "
| B .
[ ] [ ] B
b-{) - ——
|zA =1lu O: . @ i IZB
M ! : v2
L, +Z2;) luw—2.. 1.2 =EBs . . . 1 E
Lo —.—I I+
(.A B) ' B. ' ° ° _) IZB:|V2_|V1 @— C Z i
—Zg lu+(Zg+Z.).1v2=Ec—Es I . ¢ lz,
e — _|v2
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CO SO KY THUAT PIEN 1

BACH KHOA

S ———— e,

Chuwong 8: Mach dién ba pha.

I. Khai niém.

I1. Mach ba pha ddi xirng va khong ddi xirng tai tinh.

IIL. Tinh va do cong suit mach dién ba pha.

IV. Mach ba pha c6 tai dong - Phwong phap thanh phan déi xing

V. Phén tich mach ba pha khong ddi xirng bang phuwong phap thanh
phan doi xirng.
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Chwong 8: Mach dién ba pha

I11. Tinh va do cong suat mach ba pha. A IW Pa
> (Co thé tinh cong suat mach 3 pha bang cach cong cong * Y _/QP
suit ctia ting pha lai. B = %V /) -
~ . ° ° ° . ° P
Ssta=Ua.la+Us.ls+Uc.lc C *QVR °
P3fa:PA+PB+PC N \I/
Q3 fa QA + QB + Qc So dd do cong suat mach 3 pha - 3 phén tir
> Voi mach 3 pha ddi xtmg, cong suit cac pha bang nhau, nén chi can do cong suét trén mot pha.
S3fa:3.UA.|A _/K
A Py
P, =3P, =3U,.l,.cosp=+3U,.l,.cos¢ RRRbhe- QVH o
: _ =5 p. | Taindi
QSfa:3'Q1fa:3'Uf'If'S|n¢:J§'Ud'|d'Sln§D 3 +(W)— Y hoic
Canak
> Vo6i mach 3 pha khong doi xtmg, bang cach thay hé LG _

thong ba pha bang 2 ngudn tuong duong, ta co: So db do cong suét mach 3 pha - 2 phin tir

Py =Pu =P +P. =Re{Uac.la}+RefUsc.le}

3fa
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 8: Mach dién ba pha.

I. Khai niém.

I1. Mach ba pha d6i xirng va khong d6i xirng tai tinh.

I11. Tinh va do cong suiat mach dién ba pha.

IV. Mach ba pha cé tiai déng - Phwong phap thanh phan déi xing
IV.1. Khai niém mach ba pha c6 tai dong.
IV.2. Hé dién ap co sé ciia phwong phap thanh phan déi xing.
IV.3. Cong thirc phén tich va tong hop.
IV.4. Tinh chit cic thanh phan d6i xing trong mach 3 pha.

V. Phan tich mach ba pha khéng d6i xirng bing phwong phap thanh
phan doi xirng.
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.1. Khai niém mach ba pha c6 tii dong.

» Trong h¢ théng mach dién 3 pha, thuc té co céc phﬁn ttr tai ma hé s6 hd cam, tu cam, va do do téng
tré cac pha ctia n6 khong cb dinh, chung thay d6i mot cach phire tap theo muc d6 khong dbi xing
ctia trang thai dong dién ba pha. Nguoi ta goi nhung phan tir d6 1a tai dong.

> Néu coi hé théng 13 tuyén tinh, vdi mot trang thai dong, ap khong ddi xtng, ta tim cach phan tich ra
nhitng hé thanh phan doi xtmg theo nhimg dang chinh tic ndo d6 sao cho vi mdi hé thanh phan

dong chinh tac 4y, tong trd cudn day la xac dinh.

> Khi d6 ta co thé dung tinh chat xép chong dé giai bai toan mach khong doi xtmg, bang cach:
% Phan tich ngudn ba pha khong ddi xtng ra nhiing thanh phan d6i xtmg dang chinh tic.

% Tim dap ung d6i voi mdi thanh phan 4y roi xép chong lai.
> Phuong phap thanh phan ddi xtmg cta Fortescue dua trén su phan tich chinh tic nhitng hé dong ap

ba pha thanh nhiing thanh phan d6i xtmg thuan, nghich va khong.
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.2. H¢ dién ap co s& ciia phwong phap thanh phan déi xing.

> Nhu d3 noi, phuong phéap thanh phan d6i xtng cua Fortescue 1a phuwong phap xét mach dién ba pha
khong doi xtmg bang cach phan tich chinh tic nhimg hé dong ap ba pha thanh nhitng thanh phan
d6i xtng thuan, nghich va khdng.

> Heé thanh phan dbi xtng thuan, nghich va khéng chinh 1a hé dién ap co so trong phuong phap thanh

phan doi xing voi:

«% Thanh phan thi tu thun: % Thanh phan thir tu ngugc: % Thanh phan tht tu khong:
tUn U a2 | .
U AO U BO
Uco
a a
U Cl azN B1 U B2 azN C2

LJAl:A|Q(V) L.JA2:A|9(\/) UAO:A@(V)
L.JBl:aZ.lJAl <LJBZZa.L]A2 <LJBO:LJAO
L)C1=a.lJA1 UCZZaZ.lJAz Uco=Uno
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.3. Cong thirc phan tich va tong hop.

> Theo cac cong thire trén, néu biét cac vector ctia pha chuan (vi du U a,U a2, U ao thi ta co thé tim

dugc cac vector cua hai pha B va C. Nhu vay, khi phan tich mot hé thong dién ap khong dbi xing

Ua,Ug,Uc tachi can tim 3 vector U a1,U a2,U a0

-

» COng thirc tong hop: Ua=Un+U a+U a0 Ua=Un+U a+U a
{Ug =Ug+Ug+Upry <« <UB=8.2.UA1+8..UA2+UA0

L]c 2001+0c2+0c0 ch :a.LJA1+a2.LJA2+LJAo

\ \

> Cong thire phan tich: Tinh (J x.U s, U 2 theo U a,Us U

L.JAl Z%(L.J A+a.L.J B+aZ.L.Jc)

<0A2 =%(LJ A+a2.LJ B+a.L.JC)

° 1 ° ° °
U no =§(U a+Us+Uc)

0 192
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.3. Cong thirc phan tich va tong hop.
> Vidy: Phan tich hé thong dién ap khong d6i xtng trén tai thanh cac thanh phan doi xtimg.

UA_120(V) Us =120 —120°(V) ; Uc =0

% Theo cong thirc phan tich, cac thanh phan d6i xtmg cta dién 4p pha A 1a:

Un =%(L°J araUs+aUc)= %(120+120|—1zo° 1£120°) =80(V)

.

U = %(L.J sratUg+aUc)= %(120+120|—120° 1 240°) = 40/60° (V)

U no =%(OA+L°J s+Uc) = 40/-60° (V).

% Tir d6 ta co thé tinh duoc cac thanh phan dbi xtng cua Ug,Uc :

U s = 80[—120°(V) Uc: =80[120°(V)
JUe2=401180°(V)  : {Ucz=40/-60°(V)
U so = 40/—60°(V). Uco = 40|-60°(V).
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.3. Cong thirc phan tich va tong hop.
> Vidu: Tim dong dién trong cac pha néu da biét cac thanh phan dbi xtng

Lo =5/90°(A) ; 12 =5/-90°(A) : I 0 =

% Theo cong thirc tong hop ta co:

| a =1 st | a2t 1 a0 =590° +5/-90° = O(A)

9 iB=az.|.A1+a.|.A2+|.Ao=5|—300—|—5|300=5.\/§(A)

lc =@l mta? | aot | a0 =5/=150° + 5150° = 5.4/3/180° (A)

"
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.4. Tinh chat cac thanh phan déi xirng trong mach 3 pha.
> Tiur cong thirc tong hop, ta co:

A=A+ A+ Ao A+I.3+(.3=(1+a2+a).A1+(1+a+a2).Az+3.Ao

N

B = aZ.A1+ a. A2+ Ao

— A+é+é=3.Ao

C= a.A1+a2.Az+ Ao

\

= Téng ba lwong pha ciia hé bang ba lin gid tri thanh phén thir tw khong.
» Xét hi€u 2 trang thai, ta c6: A—B = (Au+ A2+ Ao) —(B1+ B2+ Bo) = (Ac— B1) + (A2—B2)
> Higu hai lwong pha ciia hé khong chira thanh phén thir tw khong.

> T2 tinh chat trén ta c6 thé suy ra mot so tinh chat sau:
% Dong trong ddy trung tinh bang ba lin thanh phan thir tw khong ciia dong dién day.
I.N = iA+ iB+ |.c =3.|.0
< Dign dp ddy luén khong cé thanh phan thir tw khéng.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chwong 8: Mach dién ba pha.

I. Khai niém.

I1. Mach ba pha d6i xirng va khong ddi xirng tai tinh.

I11. Tinh va do cong suiat mach dién ba pha.

IV. Mach ba pha c6 tai dong - Phwong phap thanh phan déi xing

V. Ph‘f’in tigh mach ba pha khéng ddi xirng bang phwong phap thanh
phan doi xurng.
V.1. Mach ba pha c6 nguon khong doi xirng.
V.2. Cac sw c0 ngan mach, dirt diy trong mach ba pha.
V.3. Cac diéu hoa cao ciia dong - ap trong mach ba pha.
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V.1. Mach ba pha c6 ngudén khong doi xing.

> Gia sir mot ngudn 3 pha ¢ cac suat dién dong khdng dbi
xtng dat 18n mot tai nhu hinh bén. Can tim dong dién xac
lap trong cac pha cua tai.

> Ta phan tich hé suat dién dong khong d6i xung thanh cac

thanh phan d6i xtmg thuan, nghich khdng.

Un =%(lj aralUs+ aZ.L.Jc)

<L.JA2 =%(lj A+a2.L.J B+a.L.Jc)

. 1 e . .
U a0 Zg(UA-I-U B-I-Uc)

> Thay thé c4c nguodn suat dién dong vao so d6 > &p dung
tinh chét xép chong ta tach thanh 3 bai toan déi xung, trong
d6 mdi bai toan chi c6 mot bo thanh phan d6i xtng suat
dién dong.
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Chwong 8: Mach dién ba pha

V.1. Mach ba pha c6 ngudén khong doi xing.

s Baitoan 1: N |i\1
I r g
A 7 \ A A A N A r A Z
v" Ngudn t&c dung la mot hé suat dién dong thir ty thuin CT . .
° ° ° . , EA]_ 1t
E a1, Eg1, Eci- Khi d6 mach di¢n hoan toan doi xtng.
v/ Céach giai gibng hoan toan bai todn mach dién ba pha doi So db thit fu thudn

xtng: Dung so do tach riéng pha A, ta co:
Eam
+2Z,

| =
Zlng
+»+ Baitoan 2:

v Nguon tac dung 1a mot hé suat dién dong tht tu nguoc
Ea2,Es2, Ec2 <T> E a2 Zy

v' Tuong ty nhu trén, ta ciing c6 so dd tinh toan cho mach ba

‘. o So dd thir tw ngwoe
pha doi xing khi xet riéng pha A.

M E a2

| a2 =
L, .+,
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Chwong 8: Mach dién ba pha

V.1. Mach ba pha c6 ngudén khong doi xing.
% Baitoan 3:

A s N TP , . Z - Z
v" Nguon tac dung la mot hé suat dién dong thi tu khdng _%_@E A —
E a0, Eso, Eco, téng tré tai Zy va téng nguén Zong déu dbi Zong @Eso Lot
Xﬁ'Ilg ZOng C éco ZOt
ZN
v L0c nay mach dién c6 day trung tinh, dong dién trong day —1
trung tinh bang 3 lan dong dién th tu khong.
| I | o >
v' Xétriéng pha A ta co: . Zong | A0
° EAO ZOt
: E a0 3Zy
Long + Loy +3.2y So' @b thir tw khong

v Chay: Véiso d6 tht tu khong, néu khong cd day trung tinh, dong dién trong cac pha
sé bang khong.
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Chwong 8: Mach dién ba pha

BACH KHOA

V.1. Mach ba pha c6 ngudén khong doi xing.
> Sau khi tinh dugc cac thanh phan dong dién do timg hé théng ba pha thuan, nghich, khéng tac dung

riéng ré&, ap dung cong thirc tong hop, ta tinh duoc dong dién trong mdi pha:
r [ [ ] [ ]
| A+ a2+ | ao

[ ]
| A
[ ]

Jle=a’. lm+ala+1ao

lc =a. lm+a’ laz+1ao

L
> Cac budc giai bai toan mach ba pha c6 ngudn khong déi xtmg:
% Phan tich nguon d6i xtg thanh tong ctia cac thanh phan thuan, nghich, khong.
< Lap va tinh cé4c gia tri dong &p can thiét trén c4c so d6 thuan, nghich, khéng. (So do thuan va
nghich cd két ciu gibng nhau; so do thir tu khong c6 thém tong trd day trung tinh voi gié tri
ting gap 3 lan)

< Ap dung cdng thtrc tong hop dé tinh todn cac gia tri dong, ap can tim.
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V.1. Mach ba pha c6 ngudén khong doi xing.
Vi du: Tinh dong dién trong c4c pha ctia mach 3 pha khéng doi
Xu:ng nhu hinh bén, blet
EA —6500(\/) EB = 6800/—-135°(V); Ec =6300[130°(V)
Zyng = Zong = J-14(Q); Zpg = JUQ); Z, = J.10(Q);
Z, =40+ ].45(Q); Z,, =2+ ].8(Q2); Z,, = ].3(XY);
Gidi.
> Phan tich hé thong suat dién dong khong doéi xumg thanh

1ng

cac thanh phan thi tu thuan nghich khéng.

AL :%(I.EAJF a.Ea+a’ Ec)=64201-2°(V)

E n2 =%(éA+ a’.Ea+a. Ec) =800[13,50°(V)
éAO :%(EA-F éB+ éc) =—783(V)
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Ea Ea2 Eao
=06 A
Es1 Es2 Ego

—E—@@@—B:—

Eci Ec2 Eco

= OO0

I |




V.1. Mach ba pha c6 ngudén khong doi xing.

| I o7

< Xét so do thudn: Zing

O Z,

Chwong 8: Mach dién ba pha

So d0 thir tu thuin

. E a0 .
| m =————=90,2-57,50°(A
n= (A)

1ng + th

& Xétsodékhong: [ 5—
It A Ve
CT) E a0 ZOt[
3Z,,
So d6 thi tw khong
. E a0 0
| ao = =2390" (A
Long T Lo +3.Ly

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010

. — 1
s Xét so do nguwoc:. Zoyng a2

So dd thir tw ngwoe

Lo =— % 40.5-71°(A)

Zan + ZZt

> Ap dung cong thtic tong hop ta co:

a = Laa+ | ao+ 1o =111-56,20°(A)

le a2 lm+a laot | ao =81,2141,50°(A)

lc =alutalla+ a0 =11182,45°(A)
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.
» Khi mach ba pha doi xung bi su cd (su b dt day, ngén mach ...), phén mach & noi sy ¢d s& khong
doi xung nita. Bién ap tai phén mach sy ¢c6 lap thanh mot h¢ dién ap khong doi xung.
> Phwong phap xét bai toan mach dién ba pha sw cé:
% Phan tich thanh phan dién ap khdng dbi xung tai vi tri sy c¢b thanh cac thanh phan déi xing
thuan, nghich, khong.

J

< Ap dung phuong phap xét mach ba pha déi xtng.

> (C6 2 loai su ¢6 trong mach ba pha:

X/

< Swco doc dwong day: Vi du: S c6 dirt day 1 pha, dirt ddy 2 pha ...
v' Lam thay doi tong tré pha cua dudng day.
v' Thay thé vi tri su ¢6 bang hé théng dong, 4p méc ndi tiép vao duong day.
% Sw co ngang dwong day: Vi du: Sw cé ngan mach 2 pha, cham dat 1 pha ...
v' Lam thay doi tong tré cach dién gitta cic pha duong diy véi nhau va voi dat.

v' Thay thé vi tri su ¢6 bang hé théng dong, 4p méc song song vao dudng day.
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.
a. Sw co dirt ddy 1 pha.

U a
oA _ A A’
» Hién tuong: L p=0 .—I .
o 2 I A _ B Ue B’
% Tong trd tai vitri sw co:3 Z,, 5 =0
L Zfa C = C _U_C> C,

NS

» Dién ap tai vi trisw co: {Ug =0

> Phuong trinh su c6: (o (o . .
|a=0 | s+ a2+ 120 =0
Ug=0 —> <aZ.UA1+a.UA2+UA0=O
Uc =0 a.UA1+a2.UA1+UAo=O
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.

a. Sw co dirt ddy 1 pha.

Vi du: Cho mach dién 3 pha don gian, cho duong day bi dit pha A 1am thanh mot bd phan khéng doi
xtng biéu dién bang mot hinh chir nhat. Tim cac dong &p trong mach.

Phan mach

sur o Tai doi xirn
N ! Puing diy A A
Zlng:—:l—@l — | Z,,
: : Zy4, Logy Zog B B’ : :
Zanl—:l—@ , — 1 Zx
1 |
I C C ! 1
ZOng:—:l—@ . . 12,
[ I A L
[] [] [ Tai dbi
Zy xung
Z

> Trir phan su cb ra, mach dién con lai hoan toan dbi xtng.
> Mudn dua bai todn nay vé doi ximg > can thay thé hé thong dién ap khdng d6i xting & phan sy cd
bang nhitng thanh phan ddi xtmg thuin, nghich, khéng.
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Chwong 8: Mach dién ba pha

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.

a. Sw co dirt ddy 1 pha.
Vidu:

BACH KHOA

- 1_\1%“_011 - Tai dbi xirn
! ' Duong didy A Ao TTTT :
£ 2 G OOz,
! , Zar Zog Z s ;
1d» £2d» “od B B> 1 I
Zyng ' H=H) . - 'z,
I I I I
1 1 _ C C ! 1
ZO”QL____S__: Z o
[ Tai d6i
Zy xirng
Z
U ¥
,ﬁ, sz S ZOng ZOd 2
—_ |_|II
[ ) E ﬁ
thl:l z | 2 Zy 3Zy | a0 Zy
So do thir tw thuin So @6 thir tw nguoc So dd thir tw khong
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.
a. Sw co dirt ddy 1 pha.

Vidu:

> So do thir tw thudn: > So do thir tw ngwoc:
| o— | I
Z1ng

_Iz:|—)_|z:|_@_ Unat a2 (Zyg, +2Z,g+2,)=0| Z,=
| ;

> So do thir tw khong:

-
_/
[T] e
S
[
=
cC
=
N
=
1
e
N
3

° EAlZ . Zlng Z

Ing

Un+lm.(Z,,+2Z,+2Z,)=Eu

=

Unot 120.(3.2Zy + 2y +Zg, +2,) =0

Ong
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.
a. Sw co dirt ddy 1 pha.
Vidu:

> Vay c6 6 phuong trinh = 3 phuong trinh su ¢6 + 3 phuong trinh 14p tir so do thuan, nghich, khong.

, » Giai 6 phuong trinh nay ta tim duogc:

U+ A1.(th1 -I—Zld -I—th) = Ew iAl, iAz, iAo,L.J Al,L.J AZ,L.J A0

UA2+|A2.(th2+ZZd+ZZt):O > Thay Ua,Un2,Uno Va0 so dd thuan,

nghich, khdng - tim dugc dong ap tha tu

Unot 120 (3.2, + 2. +Zgs +24,) =0

ong thudn, nghich, khéng ¢ moi nhanh trong

| aa+ a2+ 1a0=0 mach.

. . . > Dé tim dong 4&p trén cac nhanh cia mach
aZ.UA1+a.UA2+UAo=O ) .

. . . dién, tao dung cong thic tong hop:
\a.UA1+a2.UA2+UAo:0 Ua=Unm+Ua2+U a0

lg =a’. lm+ala+]lao

) lc =a. lm+a’.la+1ao 208
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sur ¢6 ngin mach, dirt diy trong mach ba pha.
b. Sw cé diet diy 2 pha.

A U A A A K d. iw co ngan mach 2 phZ;
B lU_, B> B : : : B’ B N\ B’
N

C Uc C’

—

O
Lz
(@]
A

iA:O ; iBZO : L.Jc=0

c.Su co cham dit 1 pha.

A Yy
A A’ A A’ B B’
B B B B’ C _©
& C C C’ | )
DIOIO

o dnz | DIC D ®
Ual U

S| lUc DWW 010

TIT7T77 777077770 7707707 t 6 6

. . /7 iA:O ; L.JB:O , L.JC:O

1A=0: 1s=0: Uc=Z.lc
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Chwong 8: Mach dién ba pha

BACH KHOA

V.3. Cac diéu hoa cao ciia dong - 4p trong mach ba pha.
> CO nhiéu nguyén nhan sinh ra cac diéu hoa cao cta suat dién dong va dong ba pha:
< May phat dién ché tao khong hoan hao = sinh ra cac suat dién dong khong sin

0’0

» Phan tich suat dién dong do thanh chuoi Furie, ngoai song co ban c6 tan so ®, con chira nhiéu séng

bac cao co tan so 3w, 5w, 7o ...

> Do may phat dién c6 cau tao d6i xtmg, nén suat dién dong cac pha hoan toan giéng nhau, va léch

nhau vé thoi gian 1/3 chu ky nén:

e, (t) = E /2.sink.wt

e, (1) = E, N2.5inkao.(t —2) = E, /2.sin(k.ot — k.%”)
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Chwong 8: Mach dién ba pha

BACH KHOA

V.3. Cac diéu hoa cao ciia dong - 4p trong mach ba pha.
e, (t) = E, ~/2.sink.oot
e (t) = E, N/2.sinke.(t —%) = E, \/2.sin(k.ot - k.z'?ﬂ)
» Nhin xét:
% Cé&c song diéu hoa c6 k = 3n = ¢, = n.2.1 > tao thanh hé thong thir tw khéng.
< Céc song diduhdaco k=3n+1-> ¢, =n.2.1 + 2.1/3 > tao thanh hé théng thir ti thugn.
% Céc song diéu hoa co k=3n + 2 > ¢, = n.2.n + 4.1/3 > tao thanh hé thong thir tw nguwoc.

» Suy ra:

X/

< DONg dién trong day trung tinh chi chtra cac soéng diéu hoa bac 3.n ctia dong pha.
_ 2 2 2
% Dién ap pha bao gom tét ca cac song diéu hoa:

U, =JUZ+UZ+UZ+U2 +U2 +...

X/

% Dién ap day khong chtra thanh phan thr tu khong (3n)

Uy =3 U2 +UZ +U2 +U2 +..
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CO SO KY THUAT PIEN 1

A

Chuong 9: Khai niém co ban vé qua trinh qua do

trong hé thong

|. Qua trinh qua @9 trong hé thong.
II. Tinh lién tuc va m¢ rong tinh kha vi cua qua trinh.

III. So’ ki¢én va phwong phap tinh so Kién.
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A

Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I.1. Khai niém vé qua trinh qua d9.
> Qua trinh cua hé thong va mach duoc mo ta boi nhitng hé phwong trinh vi tich phan trong mién thoi

gian t.

Luat

K
t=t, eV —

Thay d6i két cau Ky
thong s6 ciia mach .

Pong tac dong mé

v
SEEOreE Luat H¢ phwong trinh méi
(Quy luat, tinh chat < > Y e 2
(H¢ so, toan tw, kich thich)

qua trinh maoi)

> MOdi dong tac dong mo két thiic mot qua trinh cil ing véi mot hé phuong trinh cii nao do, va khoi
dau mét qua trinh qua do hi¢n hanh g vé1 mgt h¢ phuong trinh mai.

> Qua trinh qua d6 ctia hé thong 1a qua trinh nghiém dung hé phuong trinh méi, khéi dau tir 1an can
thoi diém t,.
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

P e e e e — = ———— -
I
-
-
-

Quatrinhca ' / Qua trinh moi
\ 7
\/

5

Vr-r

Qua trinh moi
xac lap

I
,_Qua trinh qua d§

Thoi gian qua do

N-

> t=0: Trang thai ciia hé chuyén tir qua trinh cii sang qua trinh méi.

> Thoi gian qua do: Tinh tir thoi diém t = 0 cho dén thoi diém trudc khi hé xac 1ap o trang thai mai.

> Nghiém ctia qua trinh qua d6 12 nghiém hé phuong trinh vi tich phan ciia mach xét trong ché do
méi tinh tr thoi diem t = +0.
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A

Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I.2. Su ton tai ciia qua trinh qua d9.
» Trang thai xac 1ap ctua hé thuong khong thanh 1ap ngay sau qua trinh dong mé ma thudng phai trai
qua mdt qua trinh qua do vi:
< Vé mdt todn hoc:
v' Céc bién trang thai x(t), i(t), u(t) ... 12 nghiém cua hé phuong trinh vi tich phan trong
mién thoi gian t:
Chung phai kha vi dén nhiing cap nhat dinh.
Chang phai bién thién lién tuc tir nhitng gia tri dau x(+0), i(+0), u(+0) ... (duogc

quyét dinh boi trang thai cii va hé phuong trinh cii cia mach).

v Cac nghiém xac 1ap mai ctia mach x,(t), iy(t), Uy(t) ... 1a nghiém ctia hé phuong trinh vi

tich phan cta mach trong ché do méi (khong tiy thudc vao trang thai cii).

Qua trinh trong hé thwong phai chuyén tiép qua d6 dan dén qua trinh xac lap
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A

Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I.2. Su ton tai ciia qua trinh qua d9.

% Ve mat vt Iy:
v" Quatrinh hé thong trong mach Kirchoff 1a mot qua trinh nang dong luong.

v' Céc s hang dao ham thudng gan vai su €6 mit ctia nhitng kho trong hé théng (kho dién,
kho ttr ...).

v' Qué trinh nang luong trong mdi kho thuong bién thién lién tuc (néu khong, céng sut
nap vao kho s& 16n v6 han). Do d6 nhiing trang thai ning luong ban dau ¢ t = +0 cac kho

thuong phai chuyén tiép dan dén trang thai xac 1ap.

Qua trinh trong h¢ phai trai qua mot khoang thoi gian qua dg.
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I.3. Noi dung bai toan qua trinh qua do.

> C0 thé phan thanh hai loai bai toan:
% Bali todn phdn tich mach:
v' Lap hé phuong trinh mé ta qua trinh xét cia mach hay so d6 mach: D6 13 hé phuong
trinh vi tich phan trong mién thoi gian.
v" Tim nghiém qua trinh qua do x(t).
v' Phaén tich tinh chat, dic diém cta qua trinh qua d6: Qua trinh qua d6 dao dong hay
khong, nghiém qua do sé ting giam dan vo han hay tién dén xac 1ap, qua trinh ting giam

nhanh hay cham ...

/

% Bali todn tong hop mach: Yéu cau xac dinh so d6 cung cac thong so cua nd sao cho cé thé tao
ra dugc nhiing tinh chat can c6 cua qua trinh, hodc tao ra mdt quan hé can co6 gitra dap ting va

kich thich.

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 217



CO SO KY THUAT DPIEN 1

BACH KHOA

A

Chuong 9:Khai niém co ban vé qua trinh qua do

trong h¢ thong
|. Qua trinh qua do trong hé thong.
[1. Tinh lién tuc va mé rong tinh kha vi caa qua trinh.
II.1. Tinh lién tuc cua cac bac dao ham. Bai toan chinh va khong chinh.

I1.2. Ham bwéec nhay Hevixaid - Ham Dirac.

[11. So’ kién va phwong phap tinh so kién.
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I1.1. Tinh lién tuc cia cac bac dao ham. Bai toan chinh va khong chinh.

> Qua trinh mach md ta bai mot hé phuong trinh vi phan chira nhitng s6 hang dao ham dén cip m cua
bién X, (t), X, (1), ....x ™(t) thi n6i chung cac dao ham ciia nd dén cap m-1 phai lién tuc.

» Trong thuc té thuong gap nhitng phép dong mé bao dam duge tinh lién tuc cac $6 hang dao ham.
Ta goi do 1a nhiing phép dong mo chinh, twong Gng vo61 bai toan qua do chinh.

> Tuy nhién, doi khi c6 nhimg dong tac dong mé so do khién mot sd luong dang 18 phai lién tuc & (-
0,+0) thi lai budc phai gian doan. Phép dong mo nhu vay duoc goi la khong chinh, tuong ing véi

bai toan qua do khong chinh.

—— " —— ) L
e(t) C—=—/— j(t) C—=— CT) e(t)
Kt Kt

> Dé co thé ap dung duoc cach giai phuong trinh vi phan cua Toan giai tich, ta s& coi nhitng qua trinh

bién thién budc nhay (khong lién tuc) d6 1a lién tuc va kha vi theo mot nghia nao do.
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I1.2. Ham bwéc nhay Hevixaid - Ham Dirac

a. Ham bwoc nhdy Hevixaid:

(0 v6it<0 (0 v6it<T » Ham Hevixaid 1(t-T) c6 tinh kha
1t) =<1 véit>0 1t-T)=<1 v6it>T vi, va dic trung boi 2 yéu to:
kha vi tai t=0 | kha vi tai t="T % Thoi diém nhay T.
£ AT % Bién do budc nhay 1.
1 11]--
t t
0 > - >

> Dé phan 4nh qua trinh vat ly, vé giai tich ta hiéu budc nhay Hevixaid 12 gidi han rit ngan lai v han

¢ quanh t = 0 hay t = T cua nhitng qua trinh lién tuc kha vi ¢,(t). o(t)
Vidu: ¢ (t)=0.5.1+th(kt) _ 0 Khit<O 1r~
11 limg, (t) = .
o, (t) ==+ —arctg (k) o 1 khit>0 1
2 2 ¢
lo g
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Chwong 9: Khai niém co ban vé qua trinh qua do

trong h¢ thong =
I1.2. Ham bwéc nhay Hevixaid - Ham Dirac (0 v6it<0
a. Ham bwéc nhdiy Hevixaid:
m bude nhay Hevixaid: 1) =11 véi >0
> Ung dung ham budc nhiy Hevixaid:
. kha vitait=0

% Thay thé cho khoa dong, ngit:

e(t) e,(t) e,(t)
N N\ N\

> AN [N,
O\/t OT\/t OT\/t

e(t) = E~2.sin(w1).1(t) e, (t) = EA/2.sin(wt).1t-T) &, (t) = E2.sin[@.(t-T)].1(t-T)

% Bicu dién cac xung:

u(t) u(t)
A A u,(t) = 20.1(t) (V)
20.1(t)

20V 207 !
! U,(t) = - 20.1(t-50) (V)
1

> 5 >
0 50 t >0 Eut) =u,(t) +u,(t) =20.1(t) - 20.1(t-50) (V)
- 20.1(t-50)
20V |- o
221
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I1.2. Ham bwéc nhay Hevixaid - Ham Dirac
b. Ham Dirac: 4(t), o(t-T).
> Khai niém ham Dirac dugc dinh nghia nham biéu dién nhitng xung tac dong trong mot thoi gian

ngan quanh thoi diém t, v6i xung luong I.

|, = j f (t).dt
4
o(t)
o(t) f(t) o(t)
fi(t) f(t)
L t G t, G t, t; G &, G t, G G G, G

> Néu do dai xung T =t, - t; di nho so véi thoi gian quén tinh cia hé thi ta c¢6 thé dong thoi rdt ngan
d6 dai xung va ting thich dang cudng d6 xung mién sao dam bao twong duong vé mat xung luong,

va vé thoi diém t, quanh d6 xung tac dong.

t, t,
l, :jgo(t).dt =l =j f (t).dt
ty t
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I1.2. Ham bwéc nhay Hevixaid - Ham Dirac
b. Ham Dirac: 4(t), o(t-T).

» Dinh nghia:. Ham Dirac la dao ham cta budc nhay Hevixaid.
o) = i1(t) , o(t-T) = il(t -T)
dt ’ dt
> Tinh chit:

> Céc xung Dirac tac dong tai cac thoi diém khac nhau la doc 1ap tuyén tinh véi nhau.

> Cac xung Dirac tac dong tai cing mot thoi diém, nhung & cac cap khac nhau 1a doc 1ap tuyén

tinh va4i nhau.
> Nhan () voi hing sé A thi duge mot xung Dirac ¢6 do 16n xung luong ting 18n A lan.

> Nhan mot xung Dirac voi mot ham thoi gian thi ta ¢d gid tri ctia ham d6 tai thoi diém t.

f (t).5(t) = f(0).5(t)
f().5t-T)=f(T).5t=T)
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CO SO KY THUAT DPIEN 1

Chuong 9: Khai niém co ban vé qua trinh qua do

trong h¢ thong
|. Qua trinh qua d6 trong hé thong.
I1. Tinh lién tuc va mé rong tinh kha vi cia qua trinh.
III. So kién va phwong phap tinh so kién.

I11.1. Khai niém so kién.

I11.2. Phwong phap tinh so kién.
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A

Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

IT1.1. Khai niém so kién.

> S0 kign cua bai toan qua trinh qua do cua hé thong 13 gia tri qua trinh va cac dao ham & lan can nho
quanh khoi diém cua bai toan, trong do can biét riéng ré so kién tai t =+0 va t = -0.
> Qua trinh hién hanh bit dau tir cac so kién x(+0), x’(+0), ..., x"D(+0) trd di. Viéc tim so kién nham

muc dich xac dinh cac héng s6 tich phan, tr d6 xac dinh duoc qua trinh hién hanh.

> Céc so kién x(-0), x’(-0), ..., xD(-0) tai t = -0 tuy thudc qua trinh cii, nhung chung can thiét dé tim

cac so kién 6 t = +0.

> Vay, dé xac dinh duoc cac hang sb tich phan trong nghiém cta qua trinh qué do, ta can phai xac
dinh duoc so kién moi tai t = +0 theo cac so kién tai t = -0.

> So kién djc Igp 13 nhitng so kién c6 thé tinh truc tiép tir nghiém cua qua trinh xac 1ap cil.
Vidy:1.(-0), y(-0), uc(-0), q(-0), ...

> So kign phu thuc 13 nhiing so kién con lai tinh bang cach giai hé phuong trinh véi cac so kién doc
1ap di biét.
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I11.2. Phwong phap tinh so kién.
a. Luat dong mé
> Viéc xac dinh duogc so kién méi tai t = +0 theo cac so kién cii tai t = -0 & can thiét nham tinh cac

hang s6 tich phan trong nghiém ctia qué trinh qua do.

» Giatri cac so kién ddc lap tai t = +0 duoc tinh theo cac gia tri cii tai t = -0 thdng qua ludt dong mg.

» Ludtdong mo 1: T ong tir théng méc vong trong moi vong kin lién tuc tai thoi diém dong mé.

S pE0)= Y p(0) hay Y Li (0= Li,(-0)

vongkin vongkin vongkin vongkin
> Hé qud: Néu vong xét ¢d 1 cugn day, thi dong dién qua cuén day sé bién thién lién tuc tai thoi

diém dong mé. I, (+0) =i, (-0)

> Ludt dong mé 2: Tong dién tich ¢ mét dinh phdi lién tuc tai thoi diém dong mé.

Z g, (+0) = Z q(=0) hay Z C, U (+0) :Z C, Ug (-0)

dinh dinh dinh dinh
> H¢ qua: Néu tai dinh chi c6 mét tu dién thi dign ap trén tu dién sé bién thién lién tuc tai thoi
diém dong mo'. U (+0) =u c (-0)
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Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I11.2. Phwong phap tinh so kién.
b. Cac buwdrc tinh so kién:
> Xét mach & ché do cii. Tinh so kién doc 1ap tai t = -0.

Vi du: V&1 mach Kirchoff, cac so kién dgc 1ap la: i, (-0), y(-0); uc(-0), q(-0).

> Ap dung luat dong mo dé tinh gia tri so kién ddc lap tai t = +0.

> y(+0)= > w(-0) hay i, (+0)=i (-0

vongkin vongkin
Z Oy (+0) = Z 0, (—-0) hay Uc (+0) = Uc (-0)
dinh dinh

> Lap phuong trinh vi tich phan cta mach trong ché dé6 méi (cha yéu theo phuong phap dong nhanh).
» Tait=+0: Thay cac so kién da biét vao phuong trinh dé tinh céc so kién phu thudc.
> Dao ham hé phuong trinh dén cap can thiét dé giai ra cac so kién phu thudc khac.
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Chwong 9: Khai niém co ban vé qua trinh qua do

trong h¢ thong
I11.2. Phwong phap tinh so kién.
b., Cac budc tinh so kién: (YI'_\ ——
Vi du 1: it R
A0
> Tait=-0:i,(-0)=0 (A). K «k
> Ap dung luat dong mo: i (+0) = i (-0) = 0. CT =
> Lap phuong trinh mach & ché 46 méi: R.i+ L.i’ = E
> Xéttait=+0: Ri(+0)+Li'(+0)=E — 1i'(+0) =%
Vidu2:ChoR;,=R,=R=4Q, L, =L,=2H, E =12V ‘L' L ‘L‘ )
: 1 R 2
| | 12 | iL(~0) A0 1 5O
> Tait=-0: iy (-0)="2=2(A)  i,(-0) =1 = 1A K
OL ]
> Ap dung luat déng mo: Z y(+0) = Z w (-0) R
vong vong

(L1 T Lz)-i(+0) = Ll'iLl(_O) T Lz'il_z (_O)
L (F0)+ L ,(-0)
—>1(+0) = L =1.5(A)
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Chwong 9: Khai niém co ban vé qua trinh qua do

trong h¢ thong .
I11.2. Phwong phap tinh so kién.
b. Cac bude tinh so Kkién: R, K)(.
Vidu3:ChoR,=R,=1Q, L,=1H, C, = 1F, E = 1V. (0
N
. . L,
Tinh so kién dén dao ham cap 1. . C
<T> i5(t) :

, ) ) Uc (-0) =0(V) E

» Tinh so kién ddc lap tai t = -0: £ R, i,(t)
iL (—O) = ﬁ = OS(A)

> Ap dung luat déng mé: u. (+0) = u. (—0) = 0(V)
i, (+0) =i_(-0) =0.5(A)

> Lap phuong trinh mach & ché d6 méi: > Xéttait=+0:
—1,(+0) +1,(+0) +1,(+0) =0 .
a4 = _ _ y I,(+0) =-0.5
L+, +1; =0 i,(+0) +1i,(+0) +i,(+0) =1 _2(+ )
_ _ di . I3(+0) =0.5
(%) Rl.|l+R2.|2+L2.d—§: E ,(+0) =1
1 t
Ry +Ug (+0) + = [ i, dt =
L C3 +0
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A

Chwong 9: Khai niém co ban vé qua trinh qua do
trong h¢ thong

BACH KHOA

I11.2. Phwong phap tinh so kién.
b. Cac bude tinh so Kkién: R,

Vidy3: ChoR,=R,=1Q, L,= 1H, C, = 1F, E= 1V.

AN
7

. A A \ X C
Tinh so ki¢n dén dao ham cap 1. <T> i () 3

> Pao ham hé phuong trinh vi tich phan ¢ ché do méi E R, (D)«

N

-

—i, +i, +i, =0
R.i,+R,i,+L,i,=0

/\

. 1.
k Rl'll + C_3.I3 - 0
i, (+0) = —i,(+0) = —0.5(A/s)

» Xéttait=+0: b . .
I,(+0) =1,(+0) -1,(+0) =-0.5+0.5=0
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Chwong 9: Khai niém co ban vé qua trinh qua do

trong hé thong
I11.2. Phwong phap tinh so kién. K
b. Ciic bude tinh so kién: — ol
Vi du 4: Tim so kién ciia bai toan sau. Aia(®) R
Cho e, (t) =100.+/2.5in(10%t — 45)(V) R, = 1000, R, = 200, L, = 100mH. D L, 3 Ra[]
» Tinh so kién doc 1ap tai t = -0: i,(t) i) 4,
I'n E__100v2|45° =1-90°(A)
R+Ja)L 100+ j.100
S i) =Lsin(L0%t—907)V) ——2 5[ i (0)=1(A)
> Lap hé phuong trinh vi tich phan ¢ ché d6 moi: > Xettait = +0:
(Ri, +Li, =e(t) 100.i,(+0) +0,1.i, (+0) = —100
JLi, ~Ri, =0 J 0.1 (+0) 1001 (+0) =0
—i, +i, +i, =0 —1,(+0) +1,(+0) +1,(+0) =0
> Néu mudn tim cé4c so kién dao ham cép 1, 2 ... thi ta dao N i3(+0) = 0 ; i,(+0) = -1 (A)
ham hé phuong trinh vi tich phan & ché méi dén cép can i,(+0) =-1 (A)
thiét.
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CO SO KY THUAT DIEN 1

BACH KHOA

A

Chuong 10: Cac phuwong phap tinh qua trinh qua do
trong mach dién tuyén tinh.

I. Phwong phap tich phén kinh dién.
I1. Phuong phap tich phan Duyamen va ham Green.

II1. Phwong phap toan twr Laplace.
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

» Tw twéng chung cua phwong phap:
% MBS hinh toan hoc cta bai todn qué trinh quéa do trong mach tuyén tinh 13 H¢ phwong trinh vi
phan + so' kién.
< Doi v6i phuong phap tich phan kinh dién, ta sir dung nguyén tic xép chéng trong mach tuyén
tinh dé giai.
|. Phwong phap tich phan kinh dién.
|.1. Noi dung phwong phap:

> Tim nghi¢m cua qua trinh qua dd X 4(t) dudi dang xép chong nghiém cta qué trinh xac 1ap X4(t) va
nghiém cua qua trinh tu do X4(t).

Xqd (t) =X, (1) + Xid (t)

> Y nghia:
% Nghiém xac lap x,,(t):
v' Vé mat vt ly:
0 Nghiém xac lap duoc tim & ché do méi (sau khi dong cat khoa K).
0 Nghiém xac lap duoc ngudn (kICh thich) cua mach duy tri = quy luat bién thién cta
no dic trung cho quy luat bién thién ctia nguodn.
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong

mach tuyén tinh hé s6 hang

BACH KHOA

1.1. N¢i dung phwong phap. Xqq (1) = X (£) + X4 (1)
> Y nghia:

% Nghiém xac lap x,(t):
v’ Vé madt toan hoc:

0 Nghiém X4c 1ap 12 nghiém riéng ctia phuong trinh vi phan cé vé phai l1a kich thich

ctia mach > ta da biét cach tinh nghiém xac lap khi kich thich cua mach 1a nguon

hang, ngudn diéu hoa, hay ngudn chu ky.

% Nghiém tw do X4(t):
v Vé mdt vt ly:
0 Nghiém ty do khéng duoc ngudn duy tri.
0 Nghiém ty do ton tai trong mach |a do qua trinh dong cat khoa K 1am thay doi két
cau hay thdng s6 ciia mach.
v’ Vé mdt toan hoc:
v/ Nghiém ty do 1a nghiém riéng cta phuong trinh vi phan thuan nhat (phwong trinh vi
phén c6 vé phai bang 0)
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

I.1. Noi dung phwong phap.
> V& mit todn hoc, nghiém ty do ciia phwong trinh thuan nhét c6 dang: X, (t) = Ae P

» Mat khac, ta c6 dao ham, tich phan ctia ham A.ePtluén co dang ham md:

X (1) _ p.Ae”

dt = P-Xyg (t)
! A Lot _ Xa(D)
I Xig J. . 3

> Nhu vy, phuong trinh vi phan thuan nhét sé c6 dang:

P(Xgs DX P* Koo P Xg) =0
> Dé phuong trinh vi phan c6 nghiém khong triét tiéu = cac hé s6 ctia no phai triét tiéu.
Ap =0 (phuong trinh dic trung)
> Giai phuong trinh ta ¢ dugc (n) nghiém {p, ...p,}. Vi mdi p, cho ta mot nghiém dang A, .eP, !

» Vay nghiém cuia qua trinh quéa do s€ co6 dang:
n A A 1 ) ‘
_ pt 2 Canlap va giai phwong trinh
Xqa (1) = X () + kZ_; AR™ " i trume dé fim nehiom tw do.
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

|.2. Lap phwong trinh dac trung.
> Nghiém tu do 1a nghiém cua phuong trinh vi phan thuan nhat (khong c6 vé phai). Vay doi véi bai
toan mach, d6 1a phuong trinh vi phan duoc 1ap cho cac mach dién triét tiéu nguon.

» CAac cach lap phwong trinh dic trung ciia mach:

< Dai s6 hoa phwong trinh thudn nhit:
v’ Lap (hé) phuong trinh vi tich phan cta mach ¢ ché d6 moi.
v Loai bo c4c nguon kich thich = thu dugc phuong trinh vi phan thuan nhét.
v’ Thay thé:
d
—()=p()
dt

1 > = Rut ra dugc phuong trinh dac trung
I(.).dt =—(.) (ma tran d3c trung)
P

v' Cho: Ap = 0 = tim duoc cac sé mil dic trung p,.
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|.2. Lap phwong trinh dac trung.
Vi du:
Lap phuong trinh mach:

Phuong trinh v nghiém tu do:

—hyy Tl Tl = 0

d|2td

L. +R ... +L =0
RI. 1td 2td " 2td 2 dt

AN

<~

: 1 ¢.
\&ﬁm+agpmdtHkGO):O

Viét dang ma tran:

-1 1 1 by 0
R, R,+plL, 0 ||l =0
Rl 0 i i3td O
B pC_
- ~ M_,_l
Ap g
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

—1,+1,+1,=0

. . di
R.i+R.i +L.—2=E
J 1'1 22 2 dt C

N

i(t) L
Ryl + = [yt + U (+0) = E DE 2
G Ry 15(t)
_iltd + i2td + i3td =0
3 Rl'iltd + R2'i2td + p'L2'i2td =0
i 1 .
Rl'lltd +—C'I3td +Uc (+O) =0
Péiy#0>Ap=0
1 1
Ap=——+p-1-= & p°+p+2=0
P P
—> [ Pyp = -1+
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong

mach tuyén tinh hé s6 hang

BACH KHOA

|.2. Lap phwong trinh dac trung.
» Cac cach lap phwong trinh dac trung ciia mach:
% Dai sé h6a mach dién:
v/ Phuong trinh mach dién c¢6 dang phuong trinh vi phan la vi trong mach dién ton tai cac
phan tir c6 quan tinh L (quan tinh tr truong), C (quan tinh dién truong).
v' C6 thé 1ap phuong trinh dic trung truc tiép mach dién (da triét tiéu ngudn) ¢ ché do xéac

1ap méi bang céch dai s6 héa mach dién: L < p.L; C « 1/p.C.

ZKvao(p) = O
YKvao(p) = O

Chirng minh: Khi xét mach & ché d6 moi, da triét tiéu ngudn, néu ta nhan dong tu do (hodc dién &p tu

v Tinh tong tré vao hoic tong dan vao cia 1 nhanh bat ky va cho bang 0.

do) ctia 1 nhanh bat ky vai tong trd vao (hodc tong dan vao) ciia nhanh d6 thi phai bang 0 vi mang 1
ctra Xét trong trudng hop nay 1a khdéng ngudn.

Z 1. =0 ) Z =0
{ ciao (P g Pé nghiém tu do khong triét tiéu thi: % (p)
YKvao ( p)'uth = O YKvao ( p) =0
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

|.2. Lap phwong trinh dac trung.

Vi du: Lap phuong trinh ddc trung cua mach sau.

AL o
i
) N Cs dai so hoa 11 P.LZ 1
<T> i,(t) — - > T I2tg p.C3::
= R, i3(t) V R, %
S 1
— Zva01=R1+{(p.L2+R2)// oC }
Zvaol p.LZ 1 1 3
' '21d p.C,T Z..0o =(R,+p.L)+(R// B )
R, N 1 T3
Zvao?; = pC3 +[R1 //(RZ + pLZ)]
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong

mach tuyén tinh hé s6 hang

I.3. S6 mii dic trung va dang diéu nghiém tv do.

qu (t) =Xy (t) + Xy (t)

>  Giatri ctia s6 mil dic trung s¢€ quyét dinh dang diéu cua qua trinh ty do - quyét dinh dén dang di¢u
cua qua trinh qua do trong mach:
% Dau cta s6 mil dic trung quyét dinh qua trinh tu do sé& ting hay giam khi t > oo (qué trinh qua
d6 sé tién dén 0 hay tién dén nghiém xac lap).
< Do 16n cha sd mil dic trung quyét dinh téc do bién thién cta qua trinh ty do.

% Dang nghiém ctia sé mil dic trung quyét dinh qua trinh tu do 1a dao dong hay khong dao dong.
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyén tinh hé s6 hang

BACH KHOA

<pk<o t

I.3. SO mii diic trung va dang diéu nghiém tw do. X (1) )
Py =

a. Da thiurc dac trung c6 nghiém thwe don p,.

» Dang nghiém tu do: Ay

% ()= Ae™

» Dang diéu nghiém tw do:

< Néu p, < 0: Nghiém tu do s& giam vé 0
- qué trinh quéa do s& di dén nghiém Xac 1ap X,(t).
< Néu p, > 0: Nghiém 1
tu do tang 1én o khit 2 oo. A
< | p| quyét dinh toc d6 tang/giam nhanh cham cua nghiém ty do.
» Céch v€ ham: x4(t) = A.ePL,
% Tait=0->x4(0)=A < Dit hing s tich phan: 7 = 1 Aet
p‘ Ae?

. Ae néup >0 e |
* Tait=7—>X,(7)= 1 . T 2t 3t
Ae™ néup <0
- sau khoang thi gian t = 1 thi bién do cua x4 thay doi e lan. Qua trinh qua d¢ dwoc coi
la xac lap khi t =3t
241
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyén tinh hé s6 hang

BACH KHOA

I.3. SO mii diic trung va dang diéu nghiém tw do.

b. Pa thirc dac trung c6 nghiém thwe kép p; = p, = p.

» Dang nghiém tw do:

Xg (1) = (A +A1).e™

> Didng digu nghiém tw do: C6 dang gan giéng v4i trudong hop trén. Pay 1a gidi han giita qua trinh

giao dong va khong dao dong cua nghiém qua trinh qua do.

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 242



Chuong 10: Cac phuwong phap tinh qua trinh qua do trong

mach tuyén tinh hé s6 hang

I.3. SO mii diic trung va dang diéu nghiém tw do. t Xg (£)
. cos(B.t+@,)
c. Da thirc dic trung ¢6 nghiém phire: p, =, + )5, \ < A g
3 S o -~ .e K-
» Dang nghiém tw do: /\ Ny
- ’_— - ot
Xg (1) = Ae™".cos( t+0,) T ThE
///
' o, <0
» Dang diéu nghiém tw do:
o 18 a A ~ . oyt
Nghié¢m tu do sé€ dao do;g trong duong bao: +A.e 2 X (1) Apet
% Chuky dao dong: T = dd o’
, , .27\ cos(Bt+a)
% Neéu oy > 0 = nghiém tu do s& tang dan. ) ‘ ‘
% Néu o, < 0 = nghiém ty do s& tat dan. /\\//\ \ >t
» Cdch vé nghiém tw do: X
S —Ae%t
o, >0
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong

mach tuyén tinh hé s6 hang

BACH KHOA

I.4. Trinh tv gidi qua trinh qua d¢ theo phwong phap tich phan kinh dién.
» Dat nghiém qua d6 dang:

Xqa (£) = X, (£) + X4 (1)

» Tim céc gia tri dong, ap xac lap o ché d6 mai.
» Lap phuong trinh dac trung va tim nghiém tu do cua mach & ché d6 mai.
> Tinh cé4c hang sé tich phan: (bai toan tinh so kién)
% Xét mach ¢ ché d6 ci, tinh cac so kién doc lap tai t = - 0.
< Ap dung luat dong mé tinh gid tri so kién doc 1ap tai t = + 0.
< Lap phuong trinh mach & ché do méi. Tai t = + 0 thay cac so kién ddc 1ap dé tinh céc so kién

phu thudc khac. Néu can thi dao ham dén cap can thiét dé tinh cac so kién phu thudc khéc.
> Tong hop nghiém qua d6. V& va nhan xét dang diéu ciia nghiém.
> Chuy: Trong 1 mach dién, cdc bién cing dai lwong nhu dong, ap s& ¢ cing sé mii tit, ching chi
khac nhau hc%ng so tich phan.
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

I.5. Dung phwong phap tich phén kinh dién xét mét s bai toan qua trinh qua d9.

a. Péng mach R - C vao mdt nguon ap hing.

— K
> Dat nghiém: qu (t) = Xy (t) + Xig (t) > Nghi¢ém xdc 1gp: {uiCXI g; OE =
Cxl =

» Nghiém ty do:

1 1 ! (T E —
% Phuong trinh déac trung: R+—C—O—> p——ﬁ—n(td (t)=Ae RC'
P

> Tinh hang s tich phan:
“ Sokién: u.(-0)=0—-u.(+0)=0
« Lap phuong trinh mach & ché d6 méi:  R.i(t) +u. (+0) + = J. i (t).dt =

Xéttait=+0: R.i(+0)= E—>|(+O)_%

1
Ucqd (t)=E+Ae e’

1, > Tong hop nghiém:
I 1) =0+ A, e RC 1
o Use (1) =E.(1-¢ R-Ct)
U.(+0)=0=E+A —> A =—E. 1
Khit=+0: E : _E et /
() =2 =A, loga (1) = o€ e
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

I.5. Dung phwong phap tich phén kinh dién xét mét so bai toan qua trinh qua d9.
b. Péng mach R - C vao mjt nguon ap diéu hoa e(t) = E. sin(at + (pl)

» Nghiém xéc lap: » Nghiém tu do:
. Ue, (1) 1
o Em 1 Cxl 1 ——t
Ucm = —_— p=——x—>X, =Ae
) R—|—L JaC iC><| (t) :Cduc—)d(t) RC &
Ja) ° 1
> Tim hang sd tich phén:
. A C
% Sokién: U (—O) =U: (+0) . CT e(t) —
< Lap phuong trinh mach: R.i+U. (+0) + c J i (t).dt =e(t)
+0 .
: : : E. sin
Xét tai t =+0: R.i(+0)=e(0)=E_sing, —i(+0) = En >R
< Nghiém qua do: qud (t) = Ugy (t) + Uy (t) iqu (t) =gy, w T I (1)
Xéttai t=+0: Uggq (+0) =Ugy (+0) + A = A =—Uc, (0) Qua trinh déong mach
E_sing, R - L vao nguén &ap

iqu (+0) =i (+0)+ A, > A = — g, (+0). hz‘Vmg va diéu hoa duoc

Xét twong tu
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

I.5. Dung phwong phap tich phén kinh dién xét mét so bai toan qua trinh qua d9.

1.5.3. Xét qua trinh qua d9 véi mach cap haiR - L - C.
K R
X 1
» Phuong trinh dac trung: R+ p,L+i =0 p2 +E,p+i =0
p.C L L.C 3

. RY | 1
» Biénluan: A=| —| —4.— T E
(Lj LC <>

o A L .
@ Néu: R> 2\/; - ludn cd 2 nghlém am pl,z =—0,

—

Xid ()= A&-e_%t + Az-e_az't

o Ay- L R
« New R= 2\/2 - c¢6 nghiém kép p,, = TH =—a

Xg (1) = (A + A1)

NS Any- L , . , R . R2 1 .
» Néu: R< 2\/; —> ¢6 2 nghiém phuc p,, =—zi J'\/(ZL)Z Ic =—azx |f

X, (t) = Ae *'.cos(Bt+9)
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

I.5. Dung phwong phap tich phén kinh dién xét mét so bai toan qua trinh qua d9.
Vi du: Tinh dong dién qua do trong mach.

R,=1Q . lf)f
> Datnghiém: X, (£) =X, (£)+ X (1 )
- L,=1H
» Tinh nghiém xac lap: I, =1,, = ———=0.5(A)[;|i, =0(A) i2qa(t) C3_l';:
R +R,
» Tinh nghiém tu do: E=1V R,=1Q i3qa(ON
% Phuong trinh dac trung:

1

R1+{(R2+pL2)// }zO(—) p’+2p+2=0—>p,=-1%]

— X, (t) = Ae.cos(t + @)

¢ Tim hang so tich phan:

Y Tait=-0 Ug (<0)=0V) ; iy(<0) =i, (-0) = —

=0.5(A
R, (A)
v' Ap dung luat déng mé:

U (-0) = U, (+0) =0(V)

I (+0) =1,(+0) =1_(-0) =1,(-0) = 0.5(A)
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyén tinh hé s6 hang

BACH KHOA

I.5. Dung phwong phap tich phén kinh dién xét mét so bai toan qua trinh qua d9.
Vi du: Tinh dong dién qua do trong mach.

| | R,=1Q lf)f
% Tim hang so tich phan:
I1qd(t)
v" Lap phuong trinh mach & ché do mai: C.o1F
3_ ——
( —i, +i,+i, =0 T
. : . E=1V i (t
R, +R,i, +Li, = E sae by
(*) 5

. 1.
Rl.|1+uc(+0)+6+_[)|3.dt:E

\

Xet tai t =+0: (—j (+0) +i,(+0) +i,(+0) =0 i,(+0) = 0.5(A)
i,(+0) +i,(+0) +i,(+0) =1 — |4i,(+0) =-0.5(A/s)

i,(+0) =1 i, (+0) =1(A)

Pao ham hé phuong trinh (*): Xét tai t = +0:
(i, +iy +i, =0 > |1:(+0) =0(A/s)
i +i,+i, =0
i +i,=0 » [1,(+0) =—0.5(A/s)
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Chuong 10: Cac phuwong phap tinh qua trinh qua do trong

mach tuyén tinh hé s6 hang

BACH KHOA

I.5. Dung phwong phap tich phén kinh dién xét mét so bai toan qua trinh qua d9.
Vi du: Tinh dong dién qua do trong mach.

R,=1Q K
% Nghiém qua do: ok
o (1) =05+ A.e.cos(t+¢,) Co1F
o (1) =—A 7 cos(t+¢,) + Ae™ .sin(t +¢,) T
” i3qa(O\
Xeét tai t = +0:
g (+0) =1=0.5+A.cos ¢, A.cosp =05 (1)
iy (+0) = A.(sing, —COs @) =—05  |A.sing =0 (2)
: _ ¢ =0 : _ ~t
Chia (2) cho (1): tgp, =0— {Ai 05 —> | (1) =0.5+0.5.67.cos(t)(A)
Tinh toan twong tu ta c6: — -
I, () =0.5-0.5.e7sin(t)(A)
34 (1) = g.et.sin(t +45°)(A)
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Chuong 10: Cac phwong phap tinh qua trinh qua d¢ trong

mach tuyén tinh hé s6 hang

BACH KHOA

1.6. Nhan xét.

> Phuong phap tich phan kinh dién 14 phuong phap don gian, st dung truc tiép todn hoc dé tim

nghiém qua do.
> Nghiém qua do duoc tach thanh hai thanh phan: Nghiém tu do + nghiém xac lap >¢6 nhuoc diém:

% Chi 4p dung duoc cho cac bai toan quéa do tuyén tinh: Thoa méan tinh xép chong cac dap ung

trong mach.

< Ap dung cho cac bai toan tim nghiém xac 1ap mot cach dé dang: Mach c6 kich thich 12 nguén

hang, ngudn diéu hoa.
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CO SO KY THUAT PIEN 1

BACH KHOA

Chuong 10: Cac phwong phap tinh qua trinh qua do¢ trong mach
tuyen tinh hé so hang

I. Phuwong phap tich phan kinh dién.

I1. Phuwong phap tich phan Duyamen va ham Green.
I1.1. Phuwong phap tich phan Duyamen.
I1.2. Phwong phap ham Green.

II1. Phwong phap toan twr Laplace.
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.1. Phwong phap tich phan Duyamen.

> Phuong phap tich phan Duyamen 1a phuong phap dua trén viéc xép chong dap tng dbi véi kich

thich (bt ky) duoc khai trién thanh chudi budc nhay nguyén té.

a. Phan tich ham f(t) bat ky thanh cic buéc nhiy nguyén to.
> Thuc hién khai trién kich thich f(t) bat ky thanh nhitng budc nhay nguyén t6 Hevixaid 1(t-t).df(z).

1(t). f (t) =1(t). F (0) + Zt:l(t —7).Af (7)
+0 +f(t)

/4_
T 4= £ (2)dr dg)(/ |

f(0) |=

Taco: Af(r)=

N l(t).f(t):l(t).f(0)+'t[f'(r).dr
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.1. Phwong phap tich phan Duyamen.

a. Phan tich ham f(t) b4t ky thanh cic buée nhay nguyén tb. 410
> V6i ham c6 nhidu bude nhay. Ll I IR
Y t ! ,
10).F (1) =10).,00) + [ £, (2).dr+1t—t).AF () + [ fi(2)de T ]
+0 +t, 0 t, t, .
> Ta coi ham nhiéu budc nhay f(t) 12 tong ctia cac ham @(t) lién tyc.
1(t). f (t) = (t) = D o, (t) R
1
trong do: @, (t) = [1(t _tk—l) _1(t -t )] fk (t) y ?,
Q3
. t (I
> Vaytach (). f (1) = pt) = J. ¢ (7)d7 t, t, ”
0
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.1. Phwong phap tich phan Duyamen.

b. P4p tmg Hevixaid .
> Pap tng Hevixaid h(t) 1a dap ung qua do khi kich thich ctia mach 1a ham budc nhay nguyén t6.
> Pap tmg Hevixaid h(t) cho biét tinh chit qua trinh dao dong dudi tac dung kich thich budc nhay:

J

¢ Dao dong hay khong dao dong.
% Bién thién nhanh hay cham.

X/

< Tién dén x4c 1ap hay khong xac 1ap khi t > oo

> Viéc tim dép tmg Hevixaid h(t) thuong khong kho khin, va duoc thuc hién bang phuong phap tich
phan kinh dién.
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.

b. Pap ing Hevixaid .
N
Vi dul : Tinh dap tmg Hevixaid hy(t) biét trudc khi dong khoa K, tu C chua nap dién. <T> R
» Phuong trinh trinh déc trung: » Phuong trinh c’); ché d6 méi: 1)y C—==
1 1 1 ¢. :
—+R=0->p=-—F=—0 U.(0)+—=|i.(t)dt+Ri(t)=E
- p=-r s O+ [ie®dt+Ri()
: : : -a.t 1
> legg (t) =l (1) iy () =0+ Ae > Xéttait=+0: i(+0) :E —|h(t)= %.e_R.C't
» Sokién doc lap: U, (+0) =u.(-0)=0
Vi du2 : Tinh dap ing Hevixaid h;(t) cua mach dién hinh bén. FS)(
» Phuong trinh trinh dac trung: > Xettait=+0:
R+plL=0—>p-= R i (+O)—1+A — A= L1 R[]
| L i « R R (D
: i ] 1 BRAY "
= g () =13(O) +14 (1) = R +Ae " 1 R, Ot 3
—> hi(t):E(l—.e L)
» Sokiéndoclap: 1 (+0)=1i, (-0)=0
256
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.1. Phwong phap tich phan Duyamen.
C. Cong thirc tich phan Duyamen .

Dap ung Pép ting

\ 4

1(t) > h(t) 1(t- 1) h(t- )

i
1(t- 7).£(7) e

£(t).h(t- 7)

> Taco: U(t). f (t) =1(t).F(0) —2PUNE _ 11t).x(t) =1(t). f (0).h(t)

Dép ung

t
> Viy néukich thich f(0) dang:  1(t). f (t) =1(t).f () + [ f'(z).dr
+0

1(t).x(t) = 1(t). f (0).h(t) + j f'(2)h(t-7)dr | e——0

(Cong thuce tich phan Duyamen nghia hep)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.1. Phwong phap tich phan Duyamen.

t
A S Tichxép: f'*h= [ f'(r).h(t—7)dz
C. Cong thirc tich phan Duyamen. %

» CA&c dang cong thire tinh phan Duyamen nghia hep.

1(t).x(t) = 1(t). f (0).h(t)+ j ' (e)ht—7)dr  1(t).x(t) =1(t). f (0).h(t) + j f'(t—7)h(z)dz

1(t).x(t) = h(0). f (t) - j f(2)h(t—7)dr 1(t).x(t) = h(0). f (t) - j f(t—7)h'()dz

+0 +0

» CA&c dang cua cOng thire tinh phan Duyamen nghia rong.

1(t).x(t) = j o (7).h(t—7)dr 1(t).x(t) = j o (t—7).nh(r)dr
1(t).x(t) = —j h(7).pt-7)dr 1(t).x(t) = —j h(t—7)e(r).dr
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.

C. Cong thirc tich phan Duyamen.

Vidu 1: Tinh dong qué do6 trong mach R - C khi tac dong la xung ap nhu hinh vé. > R
1
> Tacé: e(t)=U.[1(t)-1(t-T)] C ety C—=
1 1
h(t)==e“"véi a=——
R RC Ae(t)
> Ap dung cong thuc tich phan Duyamen nghia hep: U

v —+

1(6).x(t) =1(t). f (O).h(t) + j f'(r)ht—7)dr
+0 0 T

> At)d, () =U .%.e“'t +jjo &Si)’.h(t —7)dr—-U .%.e“'“” +jT ‘u_'s_r)’.h(t _7)dr

0 0
S Ay, () = %[e‘“'t A1) —e 11 -T)]
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.

C. Cong thirc tich phan Duyamen. T R
Vidy 1: Tinh dong qua do trong mach R - C khi tdc dong la cac xung ap nhu hinh v&. <T>
e(t) C==
> Ap dung khai niém dao ham nghia rong:
e(®) =U.[1t)-1(t-T)] — e'lt)=U.00t)-U.o(t-T) se(t)
¢ U
> Ap dung cong thirc tich phan Duyamen nghia rong: 1(t).X(t) = j o (7).h(t—7)dr
t
-0 g
0 T

1(t).i(t) = U[5(t)—5(t—T)]*[l(t).%e“'t} = %[e“-‘.1(t)—e“-<”).1(t—T)]

(Tich xép cua phan bo Dirac voi mot ham thoi gian sé cho ham do voi doi so cua phan bo Dirac)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.

C. Cong thirc tich phan Duyamen.

Vidu 2: Tinh dong qué do6 trong mach R - C khi tac dong la xung ap nhu hinh vé. R
> h.(t) L et yoi L <T>() C
Taco: hn(l)=—e " voT a=—— e(t —
R R.C
> Ap dung cong thuc tich phan Duyamen nghia hep: o
AQG
t
1(t).x(t) =1(t). f (0).h(t) + J- f (r)h(t—7)dr ===~~~
+0
< Trong khoang 0 <t <T ta co: ; t
=

1)y (1) = — ] e et = (1-e)
R 3 RaT

X/

% Trong khoang t > T ta c0 budc nhay Au(T) =-U:

100 (1) = U . e—a.(t—r).d __.e—a.(t—T) _ ).ea.T 1 .e_“'t
( ) qd ( ) RT _(‘; [ = — — I e —
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.
C. Cong thirc tich phan Duyamen.

Vidu 2: Tinh dong qué do6 trong mach R - C khi tac dong la xung ap nhu hinh vé. R

> Ap dung c6ng thuc tich phan Duyamen nghia rong: e() C=/

e'(t) = %[1(0 -1(t-T)]-U.5(t-T)

i(t) = F\l’J—T j. (1) -2z -T)]e " dr— UE_I[5(T ~T)e*“ dr

v —+

U

(0= |Ue)e "] -1 -T)e
(t) T (7). (z-T).

U
~1(t-T).—.e*tT
e

0= o [10(e " ~1) -H-T) (Lo 7)]-20-T). 27
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.

C. Cong thirc tich phan Duyamen.

Vi du 3: Tinh dong qué d6 trong mach R - C khi tac dong la xung &p ham mii R
» Dap uing Hevixaid cia dong trong mach R-C c0 dang: <T>e(t) c—
1 _
hi(t):E-e & 'B_ﬁ
> Taco: ut)=Ue* — u'lt)=—ale™ e
> Ap dung cong thirc Duyamen theo nghia hep ta co: R
1(t).x(t) =1(t). f (0).h(t) + j. f (r).h(t-7)dr 5 R
+0

t
iI(t) = v ety f—a.U .e““.i e dr
R ) R

i(t) =

o .e ! _ﬂ.e—ﬂ.t)

U
R(a ﬂ)<
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.1. Phwong phap tich phan Duyamen.

C. Cong thirc tich phan Duyamen.

Vi du 3: Tinh dong qué d6 trong mach R - C khi tac dong la xung &p ham mii R

> Ap dung cdng thirc Duyamen theo nghia rong véi: ey C==

u'(t) =u.s(t)—alU.e ™

» Taco:
t t Ue™
i(t)=u *h = v f S5(r)e " dr— ay J- e “ e P dr .
R 0 R 0 0 >
t

i(t) — B.e—ﬂ.t _ alU .e‘ﬂ" .e(ﬂ—a)r U Bt al . —pt |:e(ﬂ—a).t _1]

R R(B-a) 0 R R.(f—a)
. U
i(t) = (et — g

R.(a—p) ( )

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 264




Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

11.2. Phwong phap ham Green.
> Phuong phdp ham Green dua trén viéc khai trién kich thich 1(t).f(t) thanh nhimg xung Dirac
nguyén to, va tim qua trinh qué do x(t) bang tong nhitng dap tmg d6i v4i nhitng Xung nguyeén to ay.
a. Phan tich ham f(t) bat ky thanh day xung Dirac nguyén to.
> Thuc hién khai trién kich thich 1(t).f(t) thanh mdi day xung v6 han nhitng xung Dirac nguyén té:

< MGJi xung c6 do rong dr, tac dong tai thoi diém t =1

% Chiéu cao xung Dirac f(t). 4 (D)
f(r).dt
% Xung luvgng = dién tich cta xung = f(t).dt
> Khi d6 ta co: /
t t 0 " > t

— |1t (1) = j f().5(t—7)dr = j f(t—7).0(z)dr

-0 -0

Dang tich xép: 1(t) f (t) =f*6=0*f1

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 265



Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.2. Phwong phap ham Green.
b. Pap img ham Green g(t).

> Dap ung ham Green g(t) la dap tng cua mach khi kich thich trong mach la ham Dirac 6(t).
> Vi ham g(t) 1a dap tng mach khi kich thich 1a xung Dirac (tdc dong trong mot thoi gian rat ngan)

nén ham g(t) md ta dac diém, hanh vi cia mach mot cich thuan khiét hon.

o(t- 1)
‘ (R o(t-T)

T
Kich thich xung Dirac

Kich thich ; Pap ung
f(z).5(t- 7).d(v) >l Mach tuyén tinh >
J_ﬂ_t
dt , dx(t) = f(r).dr.g(t- T)
Kich thich nguyén to
t
mlf(t) LO)x®) = [ f(@).gt-).dr=f*g
Tinh giao< 0
L hoan t
Kich thich 1(t).f(t) 1(t) x(t)=g* f = J g(z).f(t—7)dr
-0
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I1.2. Phwong phap ham Green.
b. Pap irng ham Green g(t).
» Nhin xét:

< Viéc st dung va tinh toan véi ham Green s& ngin gon hon do khéng c¢6 c4c sé hang lién quan
dén budc nhay cua kich thich va ham truyén dat: f(0).h(t), h(0).f(t) ...

Cong thirc Duyamen Ham Green
1(t).x(t) =1(t). f (0).h(t) + j f (r).h(t-7)dr X(t) = t f(r)g(t-7)dr
1(t).x(t) =h(0).f (t) - j f(z).h(t—7)dr X(t) = t g(7).f(t—7).dr

/

< Cong thac ham Green ding chung cho moi quang thoi gian t ma khdng can chl Y toi nhitng

doan chap ndi ctia ham ¢(t)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.2. Phwong phap ham Green.

c. Cach tim ham Green g(t).

» S0 sénh cong thire ham Green va cong thic tich phan Duyamen nghia rong, ta co:

Cong thirc Duyamen Ham Green

/_-—N ’_-—~

~~__’ ~~—_’

-

1(t).x(t) _'{ Lh (0).ot — 7). X)) 9() f(t 7).dz
dh(t—7z) dh(t-7)
dz  dt

—_——

9(t-7)=-

S| g(t) = (o)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.2. Phwong phap ham Green.
C. Cach tim ham Green g(t).

Vidu 1: Tinh ap uc(t) quéa do trong mach R - C khi tdc dong la xung ap nhu hinh vé. <T> R
> Tacé: e(t)=U.[1(t)-21t-T)] ety C—=
> Biét dap Gmg Hevixaid véi ap trén tu: h, (t) =1-e“'véi o= N
' R.C “e(t)
> Vay ham Green tuong (mg: g, (t) =h, () =ae™
U

> Ap qua do trén ty la:

t t

1(t).us () =u*g, = j ae “IU () -z -T)].dz 5 T
0

t t
1(t).Ug (t) = U j e ) 1(7).dr —alU j e 1t —7).dr
0 0

1(t).u () =U.e > ; 1t —7)U.e vt

=U.(1-e)-1(t-T)U [1-e D]
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I1.2. Phwong phap ham Green.

C. Cach tim ham Green g(t). N
R
Vi du 2: Tinh &p qua do uc(t), ug(t) trong mach R - C khi tac dong la xung &p ham mii <T>
t C—=—
> Dap tng Hevixaid cua cac ap uc(t), ug(t) trong mach R-C c6 dang: et
1
h (t)=1t)e?" , h (t)=1-e” |, B=

L (0 =10) L ® pe—t o

> Viy céc ham Green tuong img 1a: g, (t) =5(t)-p.1t)e” g, ()=pe” U et

> Apquadotrén R la:

v —+

1
1), () =U [[60) - pe# Je“tdr=Ue 0 - L getgens
-0

> Apqué do trén C la:

t
1)U () =U [ B’ e Ddr =Ly e el
-0 o — ﬂ
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CO SO KY THUAT PIEN 1

BACH KHOA

Chuwong 10: Cac phwong phap tinh qua trinh qua do trong mach
tuyeén tinh hé so hang.

I. Phuwong phap tich phan kinh dién.
I1. Phwong phap tich phan Duyamen va ham Green.

II1. Phwong phap toan twr Laplace.
IIL1. Tinh than ciia phwong phap toan tir Laplace.
I11.2. Cac dinh ly vé quan hé énh - goc.
IIL3. Céach tim goc theo anh Laplace.
IIL.4. Tinh qua trinh qua dd bang phwong phap toan tir Laplace.
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

111.1. Tinh than ciia phwong phap toan tir Laplace.
> Lam phép song anh bién d6i cip “phan bo thoi gian ¢(t) = 1(t).f(t) (ham gdc thoi gian) va so

phitc p” voi mot sé phire F(p) (ank Laplace) sao cho:

0
—af < > p.F(p)
1
[odt - JF)

Hé¢ phwong trinh vi
tich phan hé so hiang

Hé phwong trinh dai
s0 tuyén tinh anh F(p)

v

» Nho quan hé song anh do:
> Giai phuong trinh dai s6 tim anh F(p) = tim duoc nghiém gdc o(t).
> Xét tinh chat vé dai s6 cua anh F(p) = khdo sat dugce dang diéu nghiém cua phuong trinh vi

tich phan.

Co s¢ ky thudt di¢n 1 - Nguyén Viét Son - 2010 212



Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.2. Cac dinh ly vé quan hé anh - goc. A ()

a. Pao ham goc. /\

> Xét ham f(t) bat ky. 1(t).f(t) < > F(p) }Af = 1(+0)-1(-0)
\ -0]+0 g

» Dao ham cua f(t):

[1¢t). f ()] =1(t).F '®)+5(t).f (0) ——  1t).f ') =[1(t).f )] —5(1).f (0)

1(t).f '(t) > p.F(p)— f(+0)
» Tait=0: Af = f(+0)— f(-0)

1(t).f '(t) > p.F(p)— f (+0) +[f (+0) — f (-0)]

1(t).1°(t) > p.F(p)— 1(-0)
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I11.2. Cac dinh ly vé quan hé anh - goc.
a. Pao ham goc.
> Ung dung:

% Xét cudn day:

d. .
u (t) = L.al(t) = L.1 (t)

J

¢ Chuyén sang mién anh:

i (t) > 1, (p)
U (p)=L[p.l (p)-1(-0)]

Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

i(t) L
u(t)

v

u, (t) > U (p)

U (p)=p.LI(p)-Li(-0)]

i(-0) Uy (p)

| —
L(P) ) oL

L.i(-0
© R
U(p) ~

Ll
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.2. Cac dinh ly vé quan hé anh - goc.
b. Tich phén goc.
> Xét ham f(t) batky. 1(t).f(t) < > F(p)

» Tich phéan cua f(t):

[10.f@O.dt — ZF(p)
J p

> Ung dung: ) ic\(t) (I:I
e : >
& Xét tu dién. uC(t):u(O)+E.j I (t).dt ue®
% Chuyén sang mién anh.
ic(t) > 1c(p) uc(t) > Uc(p)
1 u. (-0
Ue(m =t 2] [16(p) = PO (p)-Cuc (0
1 w0 p.C
) PC " p ®) —|
>—| @ (<)
Uc(p) R \— C.uc(-0)

. U
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.2. Cac dinh ly vé quan hé anh - goc.

b. Pinh 1y vé dich goc.

> Xétham f(t) bitky.  1(t). f (t) < > F(p)
> Viy: 1(t-T).f(t-T) < > ¢ P F(p)
Vi du: se(t)
1(t).e(t) =10.1(t) —10.1(t —0.2) 10
R
_)E_E.e—O.Zp :E.(l_e—O.Zp) 0 0.2
P P P
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.2. Cac dinh ly vé quan hé anh - goc.

c. Pinh ly vé dich anh.

> Xétham f(t) batky. 1(t).f (t) < > F(p)

> Viy 1t).f(t).e™" < > F(p*a)

d. Pinh ly vé sy dong dang.

> Xétham ft) batky. 1(t).f (t) < > F(p)

> Viy: 1(t).f (at) < > i-F (g)

ToR (%) . . aF(ap)

e. Pao ham anh.
> Xétham ft) batky. 1(t).f (t) < > F(p)
> Vay: 1(t).(-t).f(t) < . LF (p)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.2. Cac dinh ly vé quan hé anh - goc.
f. Tich phan anh.

> F(p)
> [F(p)dp

AN

> Xétham f(t) bitky. 1(t). f (1)
- Vi 1(t).%f(t)

g. Pinh ly tich xép.

N

N

> F(p)
> F(p).F(p)

> Xétham f(t) bitky. 1(t). f (t)
t

AL RAGR AKX,
-0

N

g. Pinh Iy vé c4c gia tri bo.

> Xétham f(t) batky.  1(t). T (t) < > F(p)
> Vay liml(t). f(t) > Lim p.F(p)
limi(t). f(t) < > lim p.F(p)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.3. Cach tim goc theo anh Laplace.

a. Phep tich phan Riman-Mellin.

a+ joo
10.f(0)= " | F(p)edp
2.70.) o2
b. Tra bang quan hé anh - goc.
1(t) < 1 cos(at) <> —; P >
P p°+a
1 -
t(_)F sin(at) & 7ol
_at 1
5(t) &1 et T
p+a
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.3. Cach tim goc theo anh Laplace.
¢. Dung cong thirc Hevixaide

» Khi xét mach, ta thuong gap phan thirc hiru ti dang:
F(p) = b, +b.p+b,.p° +...+b_.p" _ F.(p) 8 ..., by ...b,: hing so thuc
8, +a.p+a,p°+..+a,.p"  F(p)
> Cong thirc Hevixaide cho goc ctia anh Laplace F(p) khi da thuc tir s6 F,(p) ¢6 bac nho hon da thuc

mau s6 F,(p) (M < n) (trong truong hop m > n, ta sé thwc hién phép chia da thirc).

< Néu F,(p) = 0 cO nghiém thuwe, don: p,, p,. ** Néu F,(p) =0 c6 nghiém thwe kép: p, = p, = py.

1(t).f(t) = A e + A eP 1(t). f (t) = (A + A 1).e™
.. T 1 e) _ . . d | F(p) 2
vO1 = | —_— = vai — 1 . _

AT e *°2 A r!'»”?kdp{w)(p pk)}

< Néu F,(p) = 0 co phikc: Pi,=-azx)p

: F )
1(t). f () =2.|A |.e“".cos(Bt+@,) A= lim {%.(p— P) }
. . F(p)
véi = lim 2=£ = )
A pLTk Fz(p) Ak\ﬂ
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.3. Céch tim goc theo anh Laplace. p2+2 F.(p)
c. Dung cong thirc Hevixaide E(p)= p.(p+4)? N F,(p)
Vi dy: Tim ham gdc ctia C4C anh sau. p, =0 , ,
F(p)=0— " F,(p)=3.p" +16.p +16
(-—20 _F 2 p,=py=—4
(p+5).(p+6) F,(p) .
: S oAt)et)=A +(A+A e
Pp=- -
F2(|o)=0%pl:_6 F,(p)=2p+11 A —lim (P _1
? B P—>0 F(p) 8
=1t =Ae™ +Ae™ (p) 7
lim . -
2 , A de{F(p)(p )} 3
A = lim 0 =20 A =Ilim o ___
>52.p+ P>62.p+11 (p)
A = lim L= (p+4)* =—
>4 F,(p) 2

— 11).i(t) =20.(e>"' —e*)

Co s¢ ky thudt di¢n 1 - Nguyén Vigt Son - 2010 281



Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I11.3. Cach tim goc theo anh Laplace.
¢. Dung cong thirc Hevixaide
Vi dy: Tim ham gdc cta cac anh sau.

100 _ FR(p)
p°’+2.p+10 F,(p)

U(p)= F(p)=0—>p,=-1%).3
F(p)=2.p+2

— 1t).i(t)=2.|A.e".cos(3t+¢)

A

_ lim 100 :1-002100|_900
p>-1+j32.(p+1) J6 6

> 1(t).i(t) =33.333.e'.cos(3.t - %)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.4. Tinh qua trinh qua d$ bang phuong phap toan tir Laplace.
a. So' do toan tir.
> So d6 toan tir 1a so d6 mach & ché do méi trong d6 cac Kich thich j(t), e(t) da dugc chuyén sang

mién anh J(p), E(p); c4c phan tir R, L, C dugc chuyén sang mién anh kém theo so kién.

» Kich thich ciia mach: e > E(P)
A i® J(p)
» Cac phan tw "0 R ) L®) R
Ur(® T T U
Ue(p)=RI1:(p) .
(0 o U
uL(t) 9_ulc;l(t)_
/\ /\
1
= C
e pL I (p) — LB Ic(;)_l 1 UC(p_O) () pH
I— +
) -~ (- )
ue TN, Ue)~ . \&/Cu-0)
] p Ulp) - (p) = —I ()+ ;( 0) Uc(p) R
U (p)=p.LI.(p)—-Li(-0)] (D) i(-0) UL(,p) Ue (P P p l.(p) = p.CU.(p)-C.u.(-0)
LP)=
p.L
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.4. Tinh qua trinh qua d$ bang phwong phap toan tir Laplace.

b. CAc luét trong mién anh Laplace.

» Luat Ohm: {U(p) =Z.1(p)
1(p)=YU(p)

> Luat Kirchoff 1: ) 1(p) =0

nut

> LuatKirchoff 2: > U(p) =D E(p) (co tinh dén sokién)

vong vong
Mién thei gian Mién dnh Laplace
Hé¢ phuwong trinh - H¢ phwong trinh
vi tich phan + so kién dai s6 anh phirc + so kién
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.4. Tinh qua trinh qua d$ bang phwong phap toan tir Laplace.
c. Trinh tw giai bai toan qua trinh qua d¢.

»> Tim so kién doc ldp ciia mach tai t = -0: u-(-0) ; i, (-0)
< Xét mach & ché do cii va tinh cac dap ung uc(t), i (t)

< Thay tai t = -0 dé tinh cac so kién doc lap uc(-0), i, (-0)
> Ldp so dé toan tir cho mach dién ¢ ché dj mdi.

> Ldp va gidi phwong trinh mach trong mién dnh Laplace dé tim nghiém X(p)
% Lap phuong trinh mach theo phuong phap: Dong nhanh, dong vong, thé dinh, mang 1 cira, 2
cua ...
> Tim nghiém qua dg X,4(t).
< Tra bang quan hé anh - gdc.
% Dung cdng thirc Hevixaide.
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.4. Tinh qua trinh qua d$ bang phwong phap toan tir Laplace. . .
1 1 2 2

c. Trinh tw gidi bai toan qua trinh qua dJg. — 11—

Vi dy: Tim igyq(t) khi dong mach tr vi tri 1 sang vi tri 2, biét: CT o) . | e () D
e (t) =100.sin10%t(V) ; &,(t) =100.>** (V) T
R =10Q; R, =100Q ; X, =10Q

— Uc (_O) - _50(\/)

Giai: .
N A ~ ~ ' Elmax 1 100 0
» Tim so kién doc 1ap us(-0): Uc = - = —45 t) = sm 10°t —45°
C C Rl .\ 1 j(()C ﬁ C ( ) \f_ ( )
. joC 2
> Lap so do toan tu.u (0) il 1 E,(p)
E,(p)-—= C CD
2 1,5.p+10 F.(p) P
I(p) = b - =2 U (-0)
Re L (p+20)(p+100) F,(p) Ok
p.C
_im B(P) _
Uicy (1) = A L™ + Ao AR T
—> l(t).ich (t) = —O, 25.e—20.t +l, 75.87100't — lim Fl( p) — 1’ 75
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

I11.4. Tinh qua trinh qua d$ bang phwong phap toan tir Laplace.

c. Trinh tw gidi bai toan qua trinh qua dJg.

Vi du: Tinh dong qua d6 trong mach, biét:

E=10V =const; R, = 5Q; R, = R, = 10Q; L, = 2H; L, = 2H; M=1H. DE

=
S
] }—1¢
0 &5

Giai: K L
> Tim so kién déc 1ap: ﬁ )

. E 10

L(-0)= = =1(A)

R +(R,/IR;) 545
L0 o1 oM Mi0)

| i, (-0) )AL A (0D

,(-0) = > - 0.5(A) —/ N
> Lap so d6 toan tu: R, R; []

— E( p) + L1'i1(_0) -M -iz (_O) + L2'i2 (_O) -M 'il(_o) 10
(P)= R+R,+pL+pL —2.pM Q

0.75.p+5 ) SAS
2>PEY L, 1t)(t) = 0,667 +0,0833e 754 (A) ~
p.(p+7.5)
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Chuwong 10: Cac phuwong phap tinh qua trinh qua do trong
mach tuyen tinh hé so hang

BACH KHOA

I11.4. Tinh qua trinh qua d$ bang phwong phap toan tir Laplace.
d. Nhin xét chung vé phwong phap.
> Ul diém:
< Giai bai toan qua trinh quéa do vai ngudn kich thich bat ky (tang khdng nhanh hon ham e maii)
% Chi can tinh so kién doc 1ap tai t = - 0.
< Giai duoc truc tiép nghiém qué do.

% CO thé thay thé dugc cho moi phuong phép tich phan.

> Nhuoc diém:
< Khi F,(p) la da thirc bac cao, ta phai ding phuong phép gan dang dé tim nghiém p,.
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