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Abstract: When faced with a circuit analysis problem, the choice of the solution method is extremely
important because it determines the accuracy of the results and saves time. Among the traditional circuit
analysis methods, the circuit equivalent transformation method based on the Thevenine-Norton theorems
offers attractive advantages, including reduced circuit complexity, high computational efficiency with the
least amount of time. However; it requires engineers to apply these theorems flexibly and professionally.
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1. Pit vin dé

Khi dimg trudc mot bai toan phan tich mach, diéu
dau tién ddi v6i chung ta, d6 1a lya chon phuong
phap giai. Dui bai toan d6 co thé c6 mot vai cach giai
khac nhau, nhung su lwa chon phuong phép tét c6
thé gitp ching ta dua vin dé ban dau vé dang don
gian, tranh duoc sy tinh toan phuc tap v& mat toan
hoc, dong thoi tiét kiém thoi gian va giam thiéu duogc
su sai sOt trong qua trinh thye hién. Cac phuong phép
phan tich mach co ban thuong dugc van dung cé
thé ké dén bao gdm: Chuyén d6i mién; Thiét 1ap hé
phuong trinh trang thai; M6 hinh hoa hé théng; Bién
dobi tuong duong va han ché diém lam viéc trong cac
vung tuyen tinh hay phi tuyen

Dbi voi phu’ong phap bién ddi twong duong mach,
dau tién phai ke dén phep blen déi sao-tam gidc 1a
mdt giai phap tot dé bién céu hinh cac nhanh mach
dang phuc tap vé dang co ban ndi tiép hodc song
song. K& dén 1a bién doi tiwong diong nguén dya trén
cac dinh ly Thevenine & Norton. Du cac dinh 1y nay
da dugc mo ta chi tiét trong cac tai li€u, tuy nhién sy
van dung cua sinh vién trong trong cac bai toan thuc
té van con han ché. Vi vdy, myc tiéu cua bai bao nay
1a danh gia chi tiét bién doi thevenlne-Norton dong
thoi mo rong ving tmg dung sang ca mién tan so va
cac mach su dung linh kién tich cuc. Bang cach nay,
chung t61 hy vong nang cao k¥ nang van dung hi¢u
qua cac phuong phap phan tich mach dbi voi sinh
vién cac nganh K¥ thuat dién - Pién tir - Vién thong.
2. N§i dung nghién ctru
2.1. Cac dinh ly Thevenine-Norton
2.1.1. Pinh Iy Thevenin: C6 thé thay thé mot mang
dién hai cuc phtc tap cé chua ngudn (hinh 2.1(a))
bang mot stc dién dong ndi tiép voi mot ndi tré duy

nhét (hinh 2.1(b)). Trong do:

- E: Stc dién dong Thevenine, c6 gia tri bang
dién ap ho tai tai cap diém ab.

- Z: Tré khang Thevenine, c6 gia tri bang tro
khang tuong duong cua mang nhin tai cip diém ab
v6i diéu kién cac ngudn bi triét tiéu bang cach ngin
mach strc dién dong va hd mach dong dién dong.
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Hinh 2.1: Minh hoa dinh Iy Thevenine-Norton
2.1.2. Pinh Iy Norton: C6 thé thay thé mot mang
dién hai cuc phuc tap c6 chira ngudn bang mot dong
dién dong song song voi mot ndi tré duy nhat (hinh
2.1(c)). Cu thé:

- J: Dong dién déng Norton, c6 gi4 tri bang dong
ngan mach tai tai cdp diém ab.

- Z.: Tré khang Norton, ¢ gia tri bang tro khang
tuong du’(rng cuia mang nhin tai cap dlem ab véi diéu
kién cac nguon bi triét tiéu bang cach ngan mach stc
dién dong va ho mach dong dién dong.

2.1.3. Moi quan hé giita nguon Thevenine & Norton:
Hai dinh Iy nay du hoan canh ra doi khac nhau, nhung
ca hai déu dugc st dung dé don gian hoa mach dién
khi phan tich va thiét ké. Giira hai ngudn nay c6 mdi

quan hé:
= Z!' Thevenine -ZJ =E (D)

Zi' Norton
2.2. Van dung dinh ly Thevenine-Norton
2.2.1. M6 hinh héa nguon dién thuc
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Tir cac dinh 1y trén, c6 thé suy ra hé qua la:
Nguon dién thyc c6 thé khai trién thanh hai m hinh
tuong duong (ddi véi rnach ngoai) 13 so d6 ngudn
Thevenine va S0 dd ngudn Norton.

Vi du: Mot dc quy c6 dién ap ho mach 1a 12V, noi
tré ic quy 1a 2Q. Tinh dong dién ic quy nay cip cho
tai 10Q.

Dé giai bai toan nay, chung ta c6 thé mé hinh hoa
dc quy thanh ngudn Thevenine hodc ngudn Norton.
Trong d6 noi tré nguon 1a2Q, E=U  ho machla 12V,
J=12V/2Q=6A=I  ngdn mach. Mach tuong du’ong
c6 tai nhu hinh 2. 2 hodc hinh 2.3. Ca hai m hinh déu

cho két qua dong d1¢n trén R 1a 1A.
Zab 20

—
Usphm Rt Rt
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O

Hinh 2.2: Mach Theven/ne Hinh 2.3: Mach Norton

2.2.2. Bién d6i twong dwrong mach

Céc dinh ly Thevenine-Norton cho phép ching ta
van dung dé bién d6i nham dwa mach dién vé dang
ciu trac don gian. Dé minh hoa, hay xét mach dién
nhu hinh 2.4. Tinh dong qua dién tré R3.

Dé giai bai toan nay, c6 kha nhiéu cach. Sau day
chuing t6i s€ trinh bay su van dung dinh 1y Thevenine-
Norton ¢ cac goc do khac nhau:

00

R1=4Q R'E‘ZQ
E1dc R2 R4 Jade
6V 4Q 20 3A
Hinh 2.4

o
a
Ban 149
0
Hinh 2.6 Hinh 2.7

-Géc d¢ dau tién: Coi mach dién ban dau bao
gdm hai thanh phan, mot thanh phan 1a mang hinh
2.5, mot thanh phan két ndi tai 1a dién tro R3 tai
cip diém ab. Khi d6 c6 thé khai trién mang hinh 2.5
thanh ngudn Norton hodc Thevenine co cic thong s6
J=-3/4A, E=-3V, Z=4Q. Nhu vay mach dién hinh 2.4
c6 thé thay thé tuong duong bang mach dién Norton
hinh 2.6 hoac mach dién Thevenine hinh 2.7. Sy thay
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thé nay cho két qua 1a cic mo hinh mach co ban nén
chiing ta dé dang tinh dugc dong trén tai R,1a-0.5A.

- Goc do thu hai: Quay lai mach dlen ban dau
hinh 2.8. Ta s& nhom cac thong s6 E1 R1 trong dudng
bao (a) nhu mot ngudn ap va chuyén déi ngudn ap
nay thanh ngudn dong. Mit khac, ta nhom céc thong
s0 J4 R4 trong dudng bao (b) nhu mot nguon dong
va chuyén doi ngudn dong nay thanh ngudn ap. Két
qua mach di¢n ban dau sé& duoc thay thé br?lng mach
dién hinh 2.9. Ké tiép ching ta nhom R1R2 thanh
dlen tr¢ R ,=2Q nhu hinh 2.10. Sau do6 chuyén 601
ngudn dong J R, trong dudng bao (c) thanh nguon
ap E R , nhu hmh 2.11. Luc nay mach dién ban dau
da duoc thay tuong duong bang mach dién don gian
hon nhiéu va chung ta ciing d& dang tinh dugc dong
dién qua R, 1a -0.5A.

(a) R3—2Q
R1—4Q
E R4 J4dc
1 de 20 3A

Hinh 2.8
Ri=2Q  Re=20
Ril Rz
e 4Ql 40 E4
1.5A 6V
Hinh 2.9
(c) R3—ZQ R4=2Q
J1 Ri2
158 |2Q
Hinh 2.10
R12 R3=20Q R4=2Q
20 —
E12
3V
Hinh 2.11

2.2.3. Phat trién ving dung dinh Iy Thevenine-Norton:

Pinh 1y Thevenine-Norton khéng gidi han mién
ing dung. Ching ta co thé tng dung dinh ly nay
trong mién tan sd thuong cling nhu trong mién tan sb
phirc voi cac dai lugng trd khang tong quat. Sau day
la mot thi du minh hoa:

Xét mach dién xoay chiéu co cac thong sb (tai tan
s6 hoat dong cia mach) nhu hinh 2.12. Hay xac dinh

cong suat toi da ma tai Z c6 theé nhan duoc.
100 50 j10Q a

élOV IOQ z

Hinh 2.12
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an =Rng+jxng

Hinh 2.13

Dé giai bai toan nay, giai phap t6i uu la thay
thé mang bén trai cip diém ab bang mot nguon
Thevenine. Khi d6 mach dién ban dau sé& tuong
du’cng véi mé hinh ¢ hinh 2.13 voi cac thong sd
nguon E =5V, Z =10+10jQ. Tr m6 hinh nay ching
fa c6 thé xac dlnh duogc cong suat trén tai s& bi chan
boi P

P,<F =— —O.625W 2)
4Rng
Déu “=” chi xéy rakhi Z, bang lién hop Z. nghia
la khi Z=10-10jQ
Chung ta ciing co thé phat trién tmg dung dinh
Iy Thevenine-Norton trén cac mach tich cuc. Sau day
14 thi du minh hoa: Xét mach dinh diém lam viée tinh
cho BJT dung phan ap nhu hinh 2.14.

Vcc
R1 Rc 12V
100k 3k
=99
Ugeo=0.6V
R2 Re
20k 1k
Hinh 2.14

Hinh 2.15
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Viéc tinh toan ché d6 DC cho mach thuong ding
phuong phap gan dung 1a coi dién tré vao BIT 1a rat
16n so v&i R2. Tuy nhién diéu nay cho két qua c6 do
sai léch nhat dinh. Pé khic phuc nhugc diém nay,
ta c6 thé dung phwong phap bién do6i twong dwong
Thevenine nhu hinh 2.15. Trong d6:

Vee RiRa
Vra = R1+R2 R1+R2 €)

23 Ry =

Bang dudi day tong hop két qua tinh toan ché
do DC cta mach hinh 2.14 theo m6 hinh Thevenine,
kém theo d6 1a két qua khi ding cach tinh gan dung
thong thuong.

Phuong phap I, I, U, U, U,
tinh toan

Néu gia thiét | 0.014mA | 1.4mA | 2V | 7.8V | 1.4V

dién tré vao
BIT 16n

Néu ap dung |0.012mA | 1.2mA | 1.8V | 843V | 1.2V

Thevenine

3. Két luan

Bai bio dd thong qua cic bai toan cu thé dé
phan tich danh gia kha nang vén dung cac dinh ly
Thevenine-Norton. Ching ta co thé théy, phuong
phép phan tich mach dya trén cac dinh ly Thevenine-
Norton mang lai nhiing loi thé hap dan trong sd cac
cac phuong phap truyén thong, bao gdm giam do
phuc tap cua mach, linh hoat trong van dung, hiéu
sut tinh toan cao, ap dung cho ca mach thu dong
va tich cyc. Tir goc do nay, bién doi twong dwong
Thevenin-Norton 1 mot trong sé nhimg wu tién khi
thuc hién cac nhiém vu phan tich va thiét ké mach.
Thong qua bai bao, ching téi hy vong nang cao k¥
nang van dung hi¢u qua cac phuong phap phéan tich
mach dbi véi sinh vién cac nganh Ky thuat Dién -
bién tur.
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