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CHUGNG 1. KHAI NIEM VE PO LUONG (2,0,0)

1.1 Pai lugng do luong
Do ludng 1a sy so sdnh gid tri cla dai luong chua biét v6i gid tri cua dai lugng da
dugc chudn héa.
Trong linh vuc do ludng dién, dua trén tinh chit cd bdn clia dai lugng do, ngudi ta
phan biét thanh 2 loai:
* Dailugng dién (Electrical Measurand)
* DPailugng khdong dién (Non-Electrical Measurand)
Gia tri do
Bai lwgrng vat Iy Tin higu (Measurament)

[F‘!'?:'.rs'ﬁl:an’ Measurement {Shgral Varlable) ‘
Variable)
M
—- (oo |

X s

Qua trinh tw nhién Hién thj
(Physical Process) (Display)
Hinh 1.1. M6 hinh thiét bi do

1. Dai lugng dién

DPai lugng dién dudgc chia lam 2 loai:

» Dai lugng dién tich cuc (Active). Pai lugng dién 4p, dong dién, cong suit l1a
nhitng dai lugng mang nang lugng dién. Khi do cdc dai lugng nay, ning lugng
ciia nhitng dai luong cAn do nay sé cung cAp cho cdc mach do.

» Dai lugng dién thu dong (Passive). Pai lugng dién trd, dién dung, hd cdm... cdc
dai lugng nay, ban than ching khong mang ning lugng cho nén cin phdi cung
cip dong hoidc dp khi dua cdc dai lugng nay vao mach do.

2. Dai luong khong dién

bay la nhfrng dai lugng hién hitu trong ddi song (nhiét do, 4p suat, trong lugng, do

4m, dd pH, ndng d9, tdc do, gia toc..). PE do nhitng dai lugng khong dién, néi chung ta
ph i st dung nhitng mach chuyén déi &€ bién nhitng dai lugng nay thanh dong dién hoic
dién 4p rdi 4p dung phuong phap do nhu ddi vé6i dai lugng dién.

Dai lwvgng Tin hiéu Tin hiéu Tin hiéu sé
vt ly twrong tur twong tw
AD

Sonsor | wem—ie- | AMpiifier — |Converter | — -

Physical Analog Analog Digifal -

Measurement Signal Signal Sigral O utp ut
Varliable Variable Varlable Varable

Hinh 1.1. M6 hinh thiét bi do thuc té, sit dung mdy tinh

1.2 Chic niang, dic di€m cia thiét bi do

Chitc ning va dic di€m cd ban clia thi€t bi do néi chung 13 cung cAp théng tin chinh
xdc va kip thdi vé dai lugng dang duoc khdo sdt. K&t qua do c6 thé dugc luu trit, hién thi
va truyén d€ diéu khién.
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1.3 Chuén héa trong do luong

Su chinh xdc cda thi€t bi do ludng dudc xdc dinh thdong qua viéc chudn héa
(calibration) khi thié€t bi dugc xuat xudng. Viéc chuin héa dugc xdc dinh thong qua 4 cip
nhu sau:

» Cap 1: Chudn quéc t¢ (International Standard). C4c thi€t bi do ludng mudn dudc
cip chuin qudc t&€ déu phai dugc thuc hién dinh chudn tai Trung tam do luong quéc
t¢ tai Paris (Phdp). Nhitng thi€t bi do dudc chudn héa theo cdp 1 déu duge dinh ky
ki€m tra va d4nh giddinh ky.

» CAp2: Chudn quéc gia (National Standard). Céc thi€t bi do ludng tai cac Vién dinh
chudn quéc gia & cdc nudc trén th€ gigi dugc dinh theo chuin qudc t& va cdc thiét
bi do ludng trong mdt qudc gia dudc Vién dinh chudn qudc gia kiém tra, dinh gid
v cAp gidy chitng nhan dat chuén.

o Cap 3 : Chudn khu vic (Zone Standard). Trong mot qudc gia cé thé ¢ nhiéu chuin
khu vuc, va thi€t bi ding d€ dinh chudn déu phai dat Chudn quéc gia (Cp 2).

o Cap 4 : Chudn phong thi nghi¢m (Laboratory Standard). Trong mdt khu vyc c6 thé
c6 nhiéu phong thi nghiém dugc cdp phép d€ dinh chudn cho cic thiét bi ding
trong cong nghiép.

Tém lai: Thi€t bi do ludng khi dugc sdn xuit ra dugc chuin héa tai cAp niao s& mang

chat lugng tiéu chuin do ludng cla cAp d6. Ngoai ra, d€ ddm bio @6 chinh xdc va tin cdy,
céc thiét bi do ludng déu phai dinh ky chuin héda.

1.4 Sai s6 trong do ludng

Sai s6 trong do luong néi chung 12 su khdc biét gitta gid tri do dugc v6i tri s6 tin cdy
(expected value). Nhin chung, mot gid tri do ludng bi dnh hudng bdi nhiéu thong s&, din
dén k&t qua do c6 thé khong ding nhu mong mudn. Cé 3 loai sai s6 co ban: sai s6 chil
quan, sai s6"hé théng, va sai s6 ngdu nhién.

Sai s& chii quan x3y ra do 16i ciia nguoi sit dung thi€t bi do va phu thudc vao viéc
doc sai két qud hodc ghi két qud khong diing theo quy trinh hoat dong ciia thiét bi do.

Sai 56 hé thong phu thudc vao thiét bi do, ciing nhu diéu kién moi truong. Ngoai sai
s6 chl quan va sai s& hé thdng thi sai s6 con lai dudc phdn logi la sai s6 ngdu nhién. Doi
v6i sai s6 ngdu nhién, viéc ddnh gid ciing nhu phan tich dudc thuc hién dua vao phuong
phdp thong ké.

Cdc nguoén gay sai so-

» Thiét bi do dudc van hanh khdng diing.

 Gid tri cAn do nim ngoai viing 1am viéc thi€t k& clia thiét bi do.

+ Thié€t bi do khong dugc bao tri, ki€ém dinh dinh k.

+ Thié€t bi do hoat dong khong 6n dinh hoic d6 6n dinh kém.

Mét vai cdch tinh sai sé.

e Saiséd
e=Y,— X,
e : saisd
Y, : tri s6 tin ciy dudc
X,, : tri 80 do dugc
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e Sai 56 tuong doi (tinh theo %)

Yo = Xal %1009

€ =

n

e D¢ chinh xdc tuong doi

Y, - X,
Y

n
do chinh xac tinh theo % : a = 100% - e, = Ax100%
VD: DBién dp roi trén dién tré cé tri sé tin cdy dugc la 50V. Khi diung Volt k& thi dién dp
do dugc la 51V. Tinh sai s6 tuyét doi, va do chinh xdc tuong doi.
Sai s0 tuyét ddi | | = [50-51 =1V

A=1-

Sai s6 twong doi e, = 1;(/ x100%= 2%

Do chinh xdc tuong d6i A =1 - 0.02 = 0.98 hodic a = 100% — 2% =98%

e Tinh chinh xdc cia phép do
X0 =X,

X

n

1_

X, tri s8 trung binh cla n lan do
VD: Xdc dinh tinh chinh xdc ciia phép do, khi biét X, = 97, X_n = 101.1 (gid tri trung binh
ciia 10 lan do).
97-1011
1011
VAy tinh chinh xdc cia phép do ldn thit 1012 96%.

Phén tich thong ké trong do luong.

Ly thuyét thong ké dugc d4p dung d€ phan tich do chinh x4c clia mot thiét bi do
hoiic phép do thong qua nhitng gid tri nhan dudc. Thdng qua viéc phan tich s& liéu gid tri
nhan dudc, ta c6 thé biét @6 chinh xdc clia phép do hodc cia thi€t bi do va tir d6 c6 thé
dua ra dugc nhitng sy thay ddi/di€u chinh d€ phép do hoic thi€t bi do dat két qua chinh
xdc hon trong tuong lai.

e Tri s trung binh
S KX X,

=0.96

n
X: tri s6 trung binh, x,: tri s& cta lan do tht n
e Do léch
d, = x, —X

* D¢ léch trung binh
ol +]a .+,
n
e D¢ léch chudn (Standard deviation)
+ Né&u s6 1an do Idn hon hodc bing 30 (n = 30)
oo \/df +d? +..+d?
n
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+ N&u sd 1an do nhé hon 30 (n < 30)
e \/df +d2 +..+d?
n-1

o Sai s6 ngdu nhién

2 |d} +dZ+..+d?
€Rd= —
T3 n(n-1)

VD: Két qud do chiéu dai ciia mot chi tiét co khi, dugc thuc hién trong 8 ldn do nhu sau:
116,2mm; 118,2mm; 116,5mm; 117,0mm; 118,2mm; 118 4mm; 117,8mm; 118, 1mm
Tinh do léch trung binh va dé léch chudn ciia cdc lan do.

Gidi
- 1162+1182+1165+1170+1182+1184+1178+1181 _
X = 3 =117,6 (mm)
T Gid tri do Dé léch (dy)
R S TR 162 | LA
_____ 2 g2 06
3 16,5 | LU
_____ 4 7o 06
_____ Sl g2 06
_____ 6 (.84 08
_____ T a8 02
8 118,1 0,5
ol 141+|0,:|+...+|0,5| —0.7 (mm)

2 2 2
e \/(—14) +(06) +..+ (05 )=O,86 )
8-1

VD: Mét Volt ké duogc kiém dinh bing cdch do mot nguon chudn trong nhiéu truong hop
khdc nhau, gia tri do dwoc nhuw sau: 14,35V; 15,10V; 15,45V; 14,75V; 14,85V;
16,10V; 15,85V; 15,10V; 14,45V; 15,20V. Xdc dinh dé léch trung binh, dé léch chudn
va sai s6 ngdu nhién.Tit cdc két qud trén, hdy dua ra két ludn vé do chinh xdc ciia
Volt ké.

Gidi
14,35+15;L0+...+15,20:15,12 v

1C

X =
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T Gid tri do Dj lech (dy)
RO S 1435 1 077
_____ 2 o110 o 002
3 1545 | 033
_____ . A 5. Y/~ R I = 7 A
_____ S o148 027
_____ 6 | 1610 | 098
_____ ToooooAs8s 073
B S 1510 | 002
_____ 9 |.o.144 067

10 15,20 0,08

o[- o7t+| 01%4 * 008 ) )

o~ \/ (= 077 +(002) +...+(008)
10-1

Eryq = E\/(_ 0,77)2 + (— 0,22)2 +..+ (0,08)2
o 10(10-1)

=0,56 (V)

=0,12(V
3 V)
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CHUONG 2. CAC CO CAU PO LUONG (4,0,0)

2.1 Co cAu chi thi kim
1. Co cdu ti dien

\\\\}Hflf// o Vpehchi th)
\\ / / gl (Scals)
__Kim
[ Pointer)
L&l sét non
o 1_ L _[.I'mn Cﬁm
. Cuﬁngﬁi .
{Moving caoll)
“ MNam cham
\' " (Magnet}
_ [\
Lé xo
/ | .- //‘ [ Springs)

(Magnet Polas)

Hinh 2.1. Co cdu tir dién
Nguyén ly hoat dong: Khi c6 dong di€n di vao cudn day trén khung quay s€ tao ra
luc tir trudng 13 dich chuyén kim. Co c4u tir dién chi hoat dong vSi dong dién mot chiéu
(DC).
Uu diém:
» Tu trudng clia nam chidm vinh cttu do ¢d ciu do tao ra manh nén it bi 4nh hudng
cta tr trudng bén ngoai.
» (Cong suit tiéu thu nhd, tr 25pUW+200UW.
* Do chinh xdc cao, c6 thé dat dudc dd chinh x4c 0.5%.
« C6 gbc quay tuyén tinh theo dong dién nén thang do c6 khodng chia déu.
Khuyét diém:
» Cudn day ctia khung quay c¢6 dong chiu dung nhd nén dé bi hdng khi c¢6 dong
dién qud mic chay qua.
» Chi hoat dong v6i dong mot chiéu (DC), khong hoat dong vSi dong xoay chiéu
(AC).
» Khung quay d& bi hu hdng khi ¢6 chan dong manh, vi vdy phdi st dung cin
than va trdnh lam rét, hodc va dap manh.
Ung dung:
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2. Co cdu dien ti

5 La dém
]

/l
1§

n [D —<+—Nam cham
'

" N Truc quay

Hinh 2.2. Co cdu dién tir

Nguyén Iy hoat dong: Cau tao cd badn gdm gdm mot cudn diy cd dinh va miéng sit
di dong (moving iron) gin trén truc quay mang kim chi thi.

Uu diém:

» Cong nghé ché tao dé hon cd ciu tir dién.

e Chiu dugc dong 16n.

» C6 thé hoat dong véi dong DC hoic AC.

Khuyét diém:

e T trudng tao ra bdi cudn diy nhd nén dé bi dnh hudng bdi tir trudng bén

ngodi. Do viy cd ciu dién tif cAn phai cé bo phan chdn tir d€ bio vé.

+ Tiéu thu ning lugng nhiéu hon co ciu tir dién.

» Do chinh xdc kém hon cd ciu tir dién do c6 hién tugng tir du trong 14 sit non.

e Thudng chi dugc dung trong linh vuc cong nghiép.

Ung dung:

3. Cocdudién dong
Pay 1a c¢o ciu cé su phdi hop gitta co cau dién tir (khung quay mang kim chi thi) va
co cAu tir dién (cudn ddy c6 dinh tao tir truong cho khung quay). Do vay, c6 cAu nay mang
nhitng wu di€m va khuyé&t clia cd cdu dién tir ciing nhu tir dién.

A A

Kim chi thi

“\

Cudn [ Cudn day

iidong Cuctr | ==
Nl S

Lo xo xo&n Khung quay

Hinh 2.3. Co cdu dién dong
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2.2 Thié&t bi chi thi sé
Thié't bi chi thi s& bao gdm nhiéu khdi chifc ning bén trong, nhiém vu chinh 14 hién
thi thong tin do dugc theo yéu ciu, c6 thé theo dang s6 (digital) hoic dang tuong tu
(analog). Hinh 2.4 trinh bay sd db khdi tdng quat cia mot thi€t bi do chi s6.

X 1y tin X 1y tin Hién thi
hiéu dau vao hiéu s6 két qua

Hinh 2.4. So dob khéi thiét bi chi thi s6

Khéi xir 1y tin hiéu ddu vao c6 nhiém vu bién dbi thong tin can do thanh tin hiéu sé.
Sau d6, tin hiéu dugc tinh todn va hién thi thong tin do dudc, k&t qua hién thi c6 thé & dang
s0 hoic tuong tu.
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CHUONG 3. PO DONG PIEN VA PIEN AP (6,2,0)

3.1 Do dong mét chiéu (DC) — dong xoay chiéu (AC)
1. Dodong DC
TAt cd co ciu chi thi kim déu c¢6 kh3 ning do tryc ti€p dong DC nhung chi do dugc
nhitng gid tri nhd. Do vay, ta phdi md rong tAim do d€ c6 thé do dugc dong dién c6 gid tri
16n hon.

Hinh 3.1. Mach do dong
D€ md rong tam do clia co ciu tir dién, thong thudng ngudi ta s dung mat dién tré
phu, dudc goi 1a dién tr§ shunt R,, dugc mic nhu trong hinh 3.1.b.
Dong dién cin do:
I=1,+1

Trong do :

I, : dong qua co ciu chi thi

Is : dong qua dién trd shunt

bPién trd shunt, R, dugc xdc dinh qua cong thic sau:
—_ I max X an
RS |t - I max
Trong do :
Imax : dOng cuc dai clia cd ciu chi thi
I; : dong t8i da ctia tAm do
Ry ndi trd cla co ciu chi thi
VD: Xdc dinh gid tri ciia Ry trong mach hinh 3.1.b. Biét rdng, can do dong DC vdéi gid tri
la ImA, dong chiu dung t6i da va ndi tré ciia co cdu do tuong iing la S0UA va 1kQ.
Gidi
Ta c6 : I; = ImA, I ax = SOPA, Ry, = 1kQ.
: 50.10°x10° _ 50107 5

= - = —=—x10°=52,6 (Q)
IMmA-500A 95010° 95

Viay R,
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Hinh 3.2. Mach do dong cé nhiéu tam do

VD: Xdc dinh gid tri R;, R», R; trong mach hinh 3.2. Biét rdng, can do dong DC vdi gid tri
la ImA, 10mA, 100mA tuong ving vdi vi tri B, C va D. Dong chiu dung t6i da (L, ) va
néi tré ciia co cdu do (R,,) tuong ting la S0LA va 1kQ.

Gidi
+ Tai vitri B (/ImA)
50107
Ri+Ry+R3=————=52,6Q 1
PN T 950107 W
+ Tai vi tri C (/0mA)
+ 10°® +
R, 4R, = (1kQ R3)59610 _ (k@ +R) )
995(.1C 19¢

+ Tai vi tri D (100mA)
(IkQ +R, +R,)5010° _1kQ+R, +R,

3)

9995(.10°° 199¢
Tir (1) = Ry + Ry = 52,6 — Ry (4)
T 2)va ()= TR 56 g,
19¢
_ g, 104674-1000_ 0 o

20C
Tir (1) = R, + R3 =52,6 - R, (5)

1000-526-R, 10526

Th& (5) vao (3): Ry = =0,526 (Q)

199¢ ~200(
R, = 52,6 — (47,337 + 0,526) = 4,737 (Q)
Viy R; = 0,526 (Q); R =4,737 (£); R; = 47,337 (2)

2. Dodong AC
Cd cdu dién tir va cd ciu dién dong déu hoat dong dudc v6i dong AC. Co cau tir
dién khong thé hoat ddng truc ti€p véi dong AC, do @6 dong AC cin phai dugc bi€n ddi
thanh dong DC. Tri trung binh ctia dong dién:

1T
IcItb :?_([IcldtS Imax
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Re  + — -
o— > wW—)—o

Hinh 3.3. Dong chinh luu (bdn ky) qua co cdu
DP6i dong AC : i = I,sinot thi Iy = 0,318, = 0,318 \/E Iha

Hinh 3.4. Dong chinh luu (toan ky) qua co cdu
Dbai dong AC : i = I,,sinwt qua chinh lvu toan cdu thi Iy, = 0,636, = 0,636 \/Elhd

3. Anh hudng ciia Amper k& dén mach do
RLoac
O— " NWW\—#
I

Hinh 3.5. Cdch mdc Amper ké do dong
N6i chung, ndi tré clia Amper k& thay d6i theo thang do. Thang do cang 16n thi ndi
tré cang nhé va ngudc lai. N&u ndi tré clia Amper k& rdt nhé so véi dién trd tdi Ryo,q thi
sai s6’do dnh hudng cia Amper k& trd nén khong dang ké.
VD: Xdc dinh gid tri ciia cdc thang do tai diém B, C va D hinh 3.6. Biét rdng,R; = 0,050,
R>=0,450Q, R;=4,5Q. Dong chiu dung t6i da (L) va ndi tré cia co cdu do (R,,) tuong
ung la S0LA va 1kQ.
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Hinh 3.6.
Gidi
+ Taivitri B
V, =1 _ xR =50pAx1kQ =50mV
= V, _ 50mV —10mA
R+R,+R, 0050+ 045Q + 450
=1+ 1, = 10mA + 50LA = 10,05mA
+ Taivitri C
V, =1 %(R, +R,) =50uAx (IkQ + 45Q) = 50mV
| = Ve __ 50mv
°* R+R, 0050+ 0450
Vil, >> I, nénl = I, = 100mA
+ Taivitri D
V, =1, %(R, +R +R,)=50uAx (1kQ + 45Q + 045Q) = 50mV

=100mA

Vil >>1,nénl=1=1A

3.2Po dién ap DC - AC
1. Do dién ap DC
Nguyén 1y chung clia do dién dp 1a chuyén dién dp can do thanh gid tri dong dién di
qua co cdu do.
Ido = L = max
R+R,

~ Co cautir di¢n, dién tr vadién dong déu duoc dung lamvolt ké DC. Pién tro Rs dugc

noi vaodeé han dongchay qua © cau do. Mach do dién &pdugc minh lpa o hinh 3.7
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R

s
Cudndi _
déng
£ICCICICIN

a. Mach do di¢n dp b. Mach do di¢n dp ciia co ciu dién dpng

Hinh 3.7. Mach do dién dp
Tong trd vao cia Voltk&'1a : Z, = R, + R,,
Pé md rong tim do (do dugc nhitng gia tri dién 4p khac nhau), cach thong thudng
12 néi tiép vdi co cdu do nhitng dién tré cé gid tri thich hop. Tong trd clia Volt k€ s& thay
ddi theo tAm do, tong trd cang 16n thi gid tri cda tim do dién 4p cang cao va ngugc lai.
R. Vi

O Vdo

b)
Hinh 3.8. Mach mé rong tam do dién dp DC

VD: Tinh gid tri ciia dién tré R;, Ry, R; trong hinh 3.8.b. Biét rang, V; = 2,5V; V, = 10V va
V3 = 50V. Co cdu tir dién c6 L. = 100UA, R, = 0,5k

Gidi
+Tai Vi (2,5V):
R + Rl:|i: Rlzli-an :%—0,5@224,5@
+Tai V, (10V);
R VTV TV
e 1004A
+Tai V3 (S0V):
R3:V3 ~Vs = 40/ =40kQ
e 100UA
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VD: Mét Volt ké cé tam do OV-300V, I = 50mA, xdc dinh gid tri va cong sudt tiéu tdn
dién tré (R) néi tiép vdi co cdu do ciia Volt k& dé, biét rdang co cdu do cé nji tré la

100Q.
Giai
Taco:
|~ T T T T T T T T T T T T T T |
Imax : R Rir + - :
L o ______ I
Volt ké
O Vdo C
300 300
= =R=— - =6kQ-0 = 59kQ
50mA - 50mA Ry Q2

P, = RI? = 59kQ x (50mAf’ =14,73V
2. Do di¢n ap AC

Nguyén tic: P&i v6i co cau tir dién, dién dp AC dudc chuyén thanh DC r6i d4p dung
phuong phédp do dién dp DC.

[—————— — — — — — — — 1
| R, D, |
o—H\ N —e— > — O
A | I | 4
I Vi '“l I
| I
| Sk
~Vac : D: /\ . : Vin
| I
| X
| - I
I
(Y) :_ — _Q _______ L — O
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, v,
/\ /\ Vieus
/ + \ / + \ \
_ B

Hinh 3.9. Mach do dién dp AC
Ta c6:
Vac (RMS) = (R; + R,)1,0 + Vp(RMS)
Lty = Iyax = 0.318N/2 g
VD: Xdc dinh R;, biét riang R,=1kQ I,.=50LA. tdm do Vic = 20V (RMS), Vp=0,7V
(RMS,).
Giai
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R+R = Vie(RMS)-V,(RMS) _  20-07

I (o 314\/5) 501A /0,444

R, =1713%Q - 1kQ =1703%Q
3. Anh huéng ciia Volt k& dén mach do
Khi Volt k& dugc mic vao phan tif cin do dién dp, gia tri dién dp do dugc sé& bi dnh

huéng do ndi tré ciia Volt ké'. Néu téng trd ctia Volt k& cang Ion thi sai sé ciia gid tri do
cang nho va nguoc lai.

't

=17139%Q

&

&

Hinh 3.10. Mach tuong duong khi mdc Volt ké
VD: Xdc dinh sai s6 do dnh hudng ciia Volt ké. Biét V =20V, Rj= R, = 10kQ, Ry = 250kQ.

Giai
bién 4dp trén Ry: VRZ = \éiizz = 202><O]‘.<(§)2k§2 =10V
125

20x =
Chis6 Voltk&: Vg = VX(R/R) _ 1155 =39 9804/
R+(R/R) 104125 51
13

9’884} x100% = 196%

Sai s6 do 4nh hudng clia Volt ké: [1—

3.3 Po dién ap DC bing bién tré

Pién dp DC c6 thé dudgc do bing cach ding mot bién tré chuyén ding duge goi 1a
bién tré do luong.

] /'.!
|
B'| Rl Il
Vach do
}
| —— i -
B;: ngudn cdp cho mach do
Vac c ""]_ B:: nguéin chudn
R;: bién trd diéu chinh cho dong dién ]
R, I[E 2 2 Ra: ndi trd eda nguén chufn
=y G: dign ké (co cdu ti dign)
5
o |
a) Dinh chuin b) Do di¢n Gp

Hinh 3.11. Mach do dién dp bang bién tré
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+ Pinh chuidn: Ban diu céng tdc S dugc d€ & vi tri 1, bi€n trd R; va vi tri clia con
chay C cua bén tré do luong dugc diéu chinh sao cho kim ciia dién ké chi sé” “0”va vi tri
ciia con chay C & vi tri chudn (& vach “0”).

+ Do dién 4p: Cong tdc S dude chuyén sang vi tri 2, con chay C dugc thay ddi sao
cho dong qua dién k& chi “0”. Liic nay, gi4 tri cia 4p do dugc hién tri trén vach, tuong ng
V@i vi tri cia con chay C.

Uu di€m 16n nhat clia phuong phdp do nay 1a khong bi dnh hudng ndi tré ciia
nguon cdn do V,.

3.4 Volt k& dién td DC
1. Do dién dp DC dung Transistor

? O Voo —
B1 B2
Q; Q;

+

Rs + - Re: by
—© 5!
m R (A7)
av RE+ " Re; |nput
O-VEE<_

Hinh 3.12. Mach do dién dp DC dung BJT (ngé vao don cuc)

Re1

? O Ve =

B1 B2
Q; Q;

+

Re1

Rs + - Re: by
O +
" R, Vv
Input Req Re; Input
O_VEE<—

Hinh 3.13. Mach do dién dp DC dung BJT (ngé vao vi sai)
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* O +Vcc

R: “Chinh 0"

® O -Vee

Hinh 3.14. Mach do dién dp cé bién tré chinh “0”
2. Do dién dp DC dung FET

Rq

—O Vg -—

Hinh 3.15. Mach do dién dp DC c6 tdng ngé vao JFET
3. Do dién dp DC ding khuéch dai thudt todn (Op-amp)
+Vec

Vout

[

Hinh 3.16. Ky hiéu mach ciia Op-amp
Cdc budc phan tich mach co chita Op-amp
» Viét phuong trinh Kirchhoff (KCL) tai mit clia ngé vao ddo v. va ngé vao
khéng ddo v,
e Chov.=v,

'VCC
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O +V¢e

O O<«+—0O N
A A * \ L
R: '// b T
R: 0
R; ) +
) R
R4 -
v Y Rc: bién tré calib \
O

Hinh 3.17. Mach do dién dp DC ding Op-amp cé hé s6 khuéch dai biing 1

Hé s khuéch dai : Yo =1
V,
O +Vee
o Oe—o— 2\
A A + \
R -// A l Imax
R
vin Vi V
Rg ? +
Rf; \ Rn,
Ra i
\/ Y Rc: bién tré calib v

O
Hinh 3.18. Mach do dién dp DC dung cho tin hiéu nho
. . R
Hé s6 khuéch dai: Yo =| 1+ 12
V, R,
4. Do dién dp DC gid tri nhé diung phuong phdp “Chopper”
Da6i v6i dién dp DC c6 gid tri nhé, khodng vai mV, viéc do truc ti€p gip nhiéu kho
khin va sai s6 16n. Do vay, phuong phdp Chopper dudc st dung dé do dién ap DC c6 gid
tri nhd, so dd khdi dugc mo t3 sau diy:
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Phdi hop Mach Khuéch dai Gidi diéu ché Co ciu do
Vin trd khédng Chopper AC \ (Demodulation) \
DC
o JUUL
_— av v

Hinh 3.19. So dob khéi mach do dién dp DC sit dung phiong phdp Chopper
3.5 Volt k& dién tw AC
1. Khdi qudt
Pé do dién 4p AC, ching ta can chuyén sang dién 4p DC, c6 3 phuong phdp
thuong dugc st dung:
* Chinh luu diode

e Tri hiéu dung thuc (True RMS)
e Tridinh
2. Phuong phdp chinh luu diode
+Vec

R:

O ®

a) Chinh lwu truwée khi khuéch dai b) Khuéch dgi chuyén tir dp sang
dong co cau chinh luu

Hinh 3.20. Po dién dp AC sit dung phuong phdp chinh luu trung binh

Ta c6:
Vi =igpR
| iR
"R

Trong d6:  i.y dudc tinh nhu phan do dién dp AC dung phuong phdp chinh luu.
3. Phuong phdp tri hiéu dung thuc
Gia tri hiéu dung cla dién dp v;,(t) dugc tinh:

V,.(RM9) = j[ () dt

So dd khdi cia phuong phap dugc md td & hinh 3.21.
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Vin Binh phuong

LAY tri trung binh

Via(RMS)

LAy cin béc 2

Cd cau do

Hinh 3.21. Po dién dp AC suit dung phuong phdp tri hiéu dung thuc

4. Phuong phdp tri dinh

Pién dp AC cdn do dudc bi€n d6i thanh dién dp DC, gid tri cia dién 4p DC bdng
gid tri dinh clia dién 4p AC. So dd khoi dugc tém tit trong hinh 3.22.
Vpc(dinh)

Vin

LAy gi4 tri dinh

/

Co cau do

Hinh 3.22. Do dién dp AC sit dung phuong phdp tri gid tri dinh
3.6 Amper k& dién tif do DC-AC

1. Dodong DC

Nguyén ly do dong DC siz dung Amper ké dién tit 12 chuyén dong dién thanh dién

dp, sau d6 ap dung cac phudng phdp do 4p DC.
r

1 do

1 do

2. Dodong AC

Mach do
dién ap DC

Hinh 3.23. Mach do dong DC

Dong AC dugce chuyén sang dong DC, sau d6 4p dung phuong phdp do dong DC.
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CHUONG 4. PO PIEN TRO (4,1,0)

4.1. Po dién tré biang Volt k& va Amper ké&

T ! @/T Tl\b;??\'lﬂ "
E (v) Vat Vi Vx §Rh E <V> Vi §Rx
LT |
Oo—e O ¢

a) b)

Hinh 4.1. Mach do dién tré R,
Déi vdi hinh 4.1.a, gia tri dién trd R, dudc tinh:

R =

X
Trong d6: I, - chi s6 clia Amper ké
Né&u noi tré cia Amper k€ rdt nhé so v6i R, thi ta ¢6 thé 14y V, = V (V 1a chi s6 clia
Volt ké). Cong thitc tinh R, c6 thé dudc viét lai nhu sau:

R, =\|/— (4-1)

Tuong ty ddi véi hinh 4.1.b, ta cling ¢6 két qud tinh R, theo cong thifc (4-1)
4.2. Mach do R trong Ohm k&
R,

ANN——

A B

| +

Hinh 4.2. Mach Ohm ké
Trong d6 : R; — dién tr§ chudn clia tam do
e KhiR, - 0Q =1, - I, (dOng cuc dai chay qua co ciu do)
e KhiR, - © =1, — 0 (khong c6 dong chay qua cd ciu do)
VD: Mot Amper ké c6 cdc thong sé sau: E = 3V; Rj+R,,=20kQ. Xdc dinh:
a. Xdc dinh vi tri ciia kim chi thj trén thang do ciia Amper ké khi R, = 0.
b. Gid tri ciia R, tuong vung vdi I,=1/4 L,y Ly =1/2 Loy Ly = 3/41,4..
Gidi
oy = E = 3 =150uLA
R+R*R, 0+200

a.
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b. Gid tri Ry
E
R=1"(R+R,)

m

3
375LA

e Khil, = 1/2 Iy = T5PA = &_S—ilA—zokQ 20kQ

e Khily= 34 Ipp=112,50A = R =—
11250A

e Khil,=1/41,,=375DA= R = - 20kQ = 60kQ

- 20kQ = 667kQ

R,

I lb T
Bién tré chi’nh\g\Rz Vo

((0 ”»

] II-|-

Hinh 4.3. Mach do Ohm ké thuc té&
VD: Thoéng s6 ciia mot Amper ké&: E=3V; L,=100UA; R;= 15kQ; Ry=1kQ; R,=1kQ. Xdc
dinh tri s6 ciia R, tuong ving v6i L,=1/4 Lna Ly =1/2 Loy Ln = 3/41 .
Gidi
e Khil, = 1/4 L, =25UA
V. =1 xR =250Ax1kQ = 25mV

V. 25mV
I2=E—W—25,UA | =1, +1, = 25uA+ 250A = 50LA

=(R+R)+(R,//R,)
ViRu/R,=500Q va (R +R)>>(R //R)=R=R +R
rR=E_R=3 _150=450
| 50LA
e Khil, = 1/2 Ly = S0pA
V, =1, xR, =50uAx1kQ =50mV

V. 50mV
IZ:E_W_E’O"A | =1, +1,=50uA+50uA=100uA

=(R+R)*(R.//R,)
ViRn/R, =500Q va (R, +R)>>(R //R)=R=R +R

R_E R=—5 15 =15@Q

100A
e Khily, = 3/ Ly = T5SHA
V. =1 xR =75uAx1kQ = 75mV
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= Vo - OV 25 A1 =141, = 75uA+ 75uA = 1500A

R=(R+R)+(R,//R,)
ViRn/R, =500Q va (R, +R)>> (R //R)=R=R +R

E

3

R=— =R =—> -15Q =5kQ
1500A

|
4.3. Cau Wheatstone

1. Cdu Wheatstone cdn bang

Nguyén 1y dugc trinh bay & hinh 4.4

Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

% Ll. lb
vl
L ¢ Q ®
| & ]
N

Hinh 4.4. Cdu Wheatstone cdn bing

Diéu kién d€ ciucanbing: R xR, =R, xR, = %:%

Khi cin biing, dién k€ G chi gia tri 0 va khdng cé dong dién chay qua dién ké. CAu
do dién trd Wheatstone 13 mdt phuong phap do dién tré chinh xdc thudng dung phd bién
trong phong thi nghiém. K&t qua do khéng phu thudc vao nguén cung cdp E va gia tri dién

tré nhé nhdt do dude vao khodng 50Q.
2. Cdu Wheatstone khong cin bang

Cau Wheastone khong can bing thudng dugce st dung trong cong nghiép dé do dién

tré hoic su thay doi dién tré cla phan tit can do.

¢ O

%

a) Dién dp ngé ra dé ho

Hinh 4.5. Cau Wheatstone khéng cdn bdng

b) Mach twong dwong Thevenin
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Dién 4p ngd ra clia ciu do:

V4—V3:E{ R R }

R+R R+R

Téng trd ngd ra cla cu do:

r=[RIR]+[RIR]
Dong dién I, chay qua dién ké:

_V.—V,
|, =42
r+r,

Trong d6 : r, — ndi trd cla dién k&' G
4.4. Cau déi Kelvin

Hinh 4.6. Cdu déi Kelvin do dién tré nhé
Khi ciu can bing:
LR =i,n +IR, = IR, =R —i,n, = Ri(il _izrllRi)
va
LR, =0, + IRy = IRy =R, —i,r, = R4(i1 _i2r4/R4)
IR, - Ri(il_izrllRl)
IR, R4(i1 _i2r4/R4)

V6i diéu kién cAu cAn bing va r; = Ry va ry = Ry

Viytaco:

R_R_1
R R 1,
VD: Xdc dinh gid tri R, biét rdng R;= 23,50; Rs=1mQ; R=1kQ.
Gidi
R, =R R, = 235 4 1m0 = 235%10°Q
R, 1000

4.5. Po dién tré cé tri so 16n (SV tu tham khdo sdch)
1. Dung Volt ké, A k&

2. Megaohm chuyén dung

4.6. Do dién trd noi dat (SV tu tham khdo sdch)
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CHUONG 5. PO PIEN DUNG, PIEN CAM, HO CAM (3,1,0)

5.1 Po C, L va M dung Volt k&, Amper ké&
1. Do tu dién

v, @ <v> C,

Hinh 5.1. Mach do C. ding Volt ké va Amper ké
Téng tr§ dién dung C, :

Trong dé:
V — chi s6 ciia Volt k&
I — chi s6 clia Amper k&
Ngoai ra, néu bi€t dudc dién trd 1i R, clia dién dung C, thi Cy c6 thé dugc x4c dinh:

2., =3 =R+ e

Z R

C =
w

2. Do dién cam

IO .

o—o
Hinh 5.2. Mach do L, diung Volt k& va Amper ké
Téng trd dién cdm L, :

=V
|

2. =Y = R f oL,

X

Trong do:
Z, — dugc xdc dinh bang Volr k&' va Amper ké

R, — dién trd thuin cda L,, dudc do bing Ohm ké
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3. Do hé cam

n
o—( A M
\J*’/\

%
v, @ Ly Lon; <v>

@
Hinh 5.3. Mach do hé sé hé cam M ding Volt ké' va Amper ké

Hé s6 hd cdm dudc xdc dinh:
M=
a
Trong do:
V — chi & clia Volt k&
I — chi s6 cia Amper k&

Ngoaira, M con cé thé dugc x4c dinh
M =
R
Trong do:
ny, nz — s6 vong day quan cudn 1 va cudn 2
R — tir trG ctia mach ti

5.2 Po C va L dung cau do
1. Cdu Wheatstone xoay chiéu

Hinh 5.4. Cau Wheatstone xoay chiéu
biéu kién d€ ciu cin biing:
242,222,
Trié€n khai s& phiic cia phuong trinh cin bing:
{Rdzl ° Zs] = Rd:zz ° Z4]

Im(z,+ Z,]=Im[z,+ Z,]
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VD: Xdc dinh gid tri Z», biét ring Z,=(5+j3)82: Z;=1082: Z,;=(10+j10)82
Gidi
10(5+ j3)=Z, x(10+ j10) = 50+ j30=10Z, + j(10Z,)
50=10z ReZ,)=5 ,
2 — d 2) = Z2 =5+ J3
30=10Z,  |Im(z,)=3
VD: Xdc dinh gid tri Z4, biét ring Z;= (5+j3)82; Z3=(4-j3)2: Z,=(1+j)2.
Gidi
(5+j3)(4-j3)=2,x(3+]) = 29-j3=2,+(z,)

{29: Z, :{Re(z4): 29 Z,=29-j3

-3=7, |Im(z,)=-3
2. Cdudon gian do Cva L
L 4 L

I___'I I___'I I___'I I_
| | | | | | |
Z“::: | == :Z‘ Z; : |
:C; | :C\ | |L1 | :
4 —_——d I___J -

G G

254 Zr 254

:R4 [ R | :R4 | R;
a) Ciu do C, don giin b) Ciu do L, don giin

Hinh 5.5. Cdu dién dung va dién cdm don gidn
D061 vdi hinh 5.5.a:
Z, - tu dién miu C,; Z, — tu dién can do tri s6
73, Z4 — dién trd miu thay ddi dugc tri s&
Khi ciu cin bing:

1 1
2o Z;=2,%7,< jaC RB:]&C
1 X

&:Q=%Q

D67 vdi hinh 5.5.b:
Z; — cudn day miu L;; Z; — cudn diy cin do tri s6
73, Z4 — dién trd miu thay ddi dugc tri s&

Khi ciu cin bing:

2,0 Z2,=2,*Z,= joLR = Jd R= Lx:%l‘l

VD: Xdc dinh gid tri C,, biét rang C;= 100uF; Z;=10Q; Z,=15Q
Giai
Tacé :C, :éCl :1—5><1OO,uF =150uF
Z, 10
VD: Xdc dinh gid tri L., biét rdng L= 100mH; Z3=108; Z,=50
Giai
(o 45, _ O _
Tacé:L, ==L, =—x100mH =50mH
Z, 10
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3. Cdudo LC phé qudt

| |
25 &
R

P p—

b) Ciu Nernst

Hinh 5.6. Cdu do dién dung phd qudt
Hinh 5.6.a, khi cAu cin bing:

a) Cau Sauty

2,2, _R-jllec)_R-jl(aC))
Z, Z R, R
Can biing phan thuc:
X
RKzRi Rs
R,
Can bing phin 4o:
L1 o R
CR, CR Rs
° °
T Ty T e
z1 & b3z, z1 & L R_‘EZ;
&[] 02 &[] . A
) o ) ()
(o) G I IR Ax ! G Cl
24:%41 2z z # | 2z
L TR R[] LC_T | R[]
°

a) Cau Maxwell-Wien b) Ciu Hay
Hinh 5.7. Cdu do dién cdm phd qudt
Hinh 5.7.a, khi cAu cin bing:

2.2, R{i+ jagjzm
Z, 4 R, R,
Can bing phan thuc:
X
R = R xR,

R,

Can bing phin 4o:

Rﬁﬁ%: L, =RRC,
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CHUONG 6. PO CONG SUAT VA PIEN NANG (6,2,0)

6.1 Po cong suat mot chiéu (DC)
1. Phuong phdp diung Volt k& va Amper ké

O RS oS X
i Sl T
E (v R, v, H Tai R, (v) v, D Tai

O ® O ®

a) Volt ké mac trwéc Amper ké b) Volt ké mac sau Amper ké

 —>Q

Hinh 6.1. Po cong sudt bing Volt ké' va Amper k&
Hinh 6.1.a, chi s6 Voltké&: V=V, + V_
Néu V, <<V thi V= V.
Cong suit clia tdi: P = VXIp (I — chi s6 ciia Amper k&)

Hinh 6.1.b, chi s6 Amper k&: 1 =1, + I

Néul, <<I thil =1;.

Cong suit clia tdi: P = VXIp (V — chi s8 cda Volt k&)
2. Ding Watt ké&

a) Cupn dp mdc sau b) Cupn dap mdc trudc

Hinh 6.2. Po céng sudt bing Watt ké
Pau 1, 2 : cudn dong dién (cudn cé dinh)
Pau 3,4 : cudn dién dp (cudn di dong)
R — dién trG gidi han dong qua cudn dién dp (cudn di dong) va thay theo thang do.
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6.2 Po cong suit xoay chiéu (AC) mét pha
1. Dung Volt k&' va Amper ké

Vi
a) Mach do cong suat tai xoay chiéu b) Gidn do vecto dién dp va dong dién

Hinh 6.3. Do cong sudt tdi xoay chiéu mot pha bing Volt ké va Amper ké

Phuong phap thuc hién:
* DPodiéndp Vi, V2, Vzva dong dién I
* Tinhcosp

2 2 _\/2
V2 ZV2 +V;? - VN, CoSp, = cosp, = 3 V2.
2\/1V3

V, cosp =V, cosp, -V,
V;cosp -V, _ \/32 _V22 _V12
V2 2\/1V2

Viy |cosp =

« Tinh cong suit cia tdi Pygaq
PLoaa = Valcosd

2 _\/2 _\/2
Pros= V,I| Y2 Ve TV
NlVZ
P _ I V32 _V22 _V12
Load 2\/1

2. Ding Watt ké&

Cong suit clia tdi xoay chiéu mot pha c6 thé dugc do truc tiép bing Watt ké’ mot
pha. Céch Idp ddt van hanh va doc tri s6 cia Watt k& dudc huéng din cu thé trong tai liéu
keém theo.

3. Dung phéi hop bién dong, bién dp két hop Watt ké dién dong
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L 4

Nguén

Bién dong

i) l M, M,

*|3

(A=)
1

Hinh 6.4. Po cong sudt tdi xoay chiéu diung bién dp, bién dong va Watt ké&
Céng sudt ciia tdi bing cong sudt do bdi Watt k& nhdn véi ti s6 bién dp va ti s6 bién

dong.
4. Do cong sudt hiéu dung ciia tdi bang bp bién doi nhiét dién
Khi can do cong sudt cla tdi cé tin hiéu cao tan hoic/va dang tin hiéu bdt ky ngudi
ta thudng st dung phuong phdp do cong suat bing by bién doi nhiét dién.
6.3 Po cong suat tdi ba pha

B O —{(W; Tai

ba
Co - pha
N O .

Hinh 6.5. Po cong sudt tdi xoay chiéu 3 pha

K&t qua do 1a téng cla tri sé do béi 3 Watt ké’ mot pha
P =P, +R,+PF. =V,l,cosp, +V;l|;cosp, +V.I.cosp.
6.4 Do cong suat phan khiang cua tai
1. Cong sudt phan khdng tdi mot pha
Cong sudt phdn khang mot pha dugc dinh nghia:
Q=UlI sing =Ul codo0® - ¢)
Trong do :
U, - dp va dong hiéu dung
¢ - gbc 1éch pha gitra dp va dong
Pon vi do cua Q l1a var (volt ampers reactive)
Cong suat phan khang mdt pha c6 thé do bing Volr k&' va Amper ké, v6i luu y:

sing =1-cos ¢
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Quan hé giita cong sudt biéu kién S, (cong sudt dinh), cong sudt tac dung P (cong
sudt thic) va cong sudt phdn khdang Q:
S=P+jQ
2. Cong sudt phdn khdng tdi ba pha
*

A O W, @
*
\T/ h
B O—e :@— Tai
* ba

Co ® *Q%i_ pha

N O

Hinh 6.6. Po céng sudt phdn khdng tdi xoay chiéu 3 pha diing Watt ké
Céng sudt phdn khdng Q ciia tdi 3 pha:

Q=Qa+Qs+Qc
Pha A:
P, =1,UgccoSQ0’ - ¢) = IA\/_&/ASin¢ :\/_SQA
Pa

Qu = NE
Tuong ty cho pha B va pha C:
I:)B I:)C

QB - \/5 QC - \/5
Q=&f%+%
3
Trong do:
Py, Pg, Pc : cOng sudt hiéu dung clia pha A, pha B va pha C.
6.5 Do dién ning

1. Dién ndng ké mot pha

Pién ning k&€ mot pha hoat dong dua trén nguyén tic hién tuong cdm iing dién tir.
b€ dién k& hoat dong 6n dinh va chinh xdc, ngudi sit dung phai ndi cac dau vao dién ké
theo diing chi din cla nha sdn xudt.
2. Di¢n ndng ké ba pha

N6i chung, dién k& ba pha c6 thé xem nhu 13 16 hop cla ba dién nding ké mot pha
ghép lai véi nhau. Cach ldp ddt sit dung va vdn hanh cAn theo chi din cla nha sdn xudt dé
tranh tai nan va dién k& hoat dong &n dinh, chinh xac.
6.6 Po cong suit, dién niing bing Watt met, cong-te dién t& (SV 1w tham khdo sdch)
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6.7 Do hé so cong suit (cosd)
1. Do cos ¢ ditng Volt k& va Amper ké

| ® ] ®
0 . o«

Hinh 6.7. Po hé s6 cong sudt tdi mot pha
Hé s6 cong suit cos@ dudc xdc dinh theo cong thifc sau:
cos = V2 —V2 -\
2\/1V2
2. Cos¢ ké diung co cdu dién dong
Hé so cong suit cos¢ dude con duge xdc dinh tryc ti€p bing thi€t bi do cos@ dién
dong.
6.8 Thié&'t bi chi thi ddng b héa (SynchronoScope)
Trong thuc t&, khi can phai ghép nhiéu mdy phdt dién hodc hoa dién dp tir mdy phdt dién
vao ludi dién, ta phai ddm bdo hai yéu cau quan trong sau:
e Cung tan so
«  Cing bién db dién 4p
Thié¢t bi chi thi dong b s& gitip cho viéc két néi cdc ngudn dién ndng tit nhiéu
nguon khdc nhau mot cdch an toan.

1

o~0 o~©0
a) Khi dong b thi den sdng b) Khi dong b thi den tit

Hinh 6.8. Mach chi thi dong bé don gidn

6.9 Tan so k& (SV tu tham khéo sdch)
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CHUONG 7. DAO PONG KY (6,2,0)

7.1 6ng phéng dién ti (CRT - Cathode Ray Tube)

e s Luéi diéu Ban cuc Ban cuc Léch doc va Man hinh
I'im den =i S e R = — IS = D e = N
khién gia toc hoi tu léch ngang huynh quang

Hinh 7.1. So d khéi ciia CRT

7.2 C4c khdi chidce niing trong dao dong ky
1. Sodé chung

Khué&ch dai

doc (Y) CRT

Tin hiéu —p|

INT
Ve - > \

EXT / \

\ )

\ /
N /

~ ' —
Tao tin hi¢u xung kich
e T T

Mach Schmitt Mach vi Tao tin hiéu Khué&ch dai

Trigger phian : rang cua ngang (X)
[
Hinh 7.2. So do6 khéi dao dong ky
2. Khéi khuéch dai Y

o
[

[
[
Tin hi¢u ! Khuéch dai | |

vio = Mach giam == Tié¢n khué&ch dai [=—p»|

cong suat |

Khuéch dai doc (Y) |
Hinh 7.3. So d6 kho'i khuéch dai doc

3. Khoi khuéch dai X

AC
Tin hiéu Mach giam
vao
N -~

\s’ be ExT)-~_

4 \
! S / O \ | Khué&ch dai Khué'ch dai
2 \\ O/O:’_ ngang diy-kéo
Y
INT |~

Quét ring cua

Hinh 7.4. So d6 khdi khuéch dai ngang
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7.3 Su tao 4nh trén man hinh dao dong ky
1. Tin hiéuvao truc X, Y

Vip &

~y

/

/;/ Canh lén

2V ﬁ} Canh xudng
%
A »
7 ¥ .
2v
<
[\ 1
f \\ B Man hinh CRT
I
\ I
\ | {
N\ /

Hinh 7.5. Hinh thanh dnh trén man hinh CRT

2. Swdong bo gita X(t) va Y(t)
Sy ddng cda tin hiéu quét doc (Y) va tin hiéu quét ngang (X) s& lam cho dang tin
hiéu dudc hién thi trén CRT 6n dinh, ngudc lai s& cé hién tugng “trdi hinh” trén man 4nh
do su bat ddng bo clia tin hiéu Y va tin hiéu X.

(\Y .4__

ov ov

Hinh 7.6. Tin hiéu rdng cua dong bo vdi tin hiéu sin quan sdt
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7.4 Dao dong ky hai tia
1. Céutao
Vé c4u tao, dao dong ky (Oscilloscope) hai kénh c6 2 loai chinh:
e Hai tia, hai kénh.
e Mot tia hai kénh.
2. Sodé khoi

Kénh A Khuéch dai

doc (Y,)
Khuéch dai Tin hiéu dinh
ngang (X) thoi chuin
R Khué&'ch dai
Kénh B [—p doc (Yy)

Hinh 7.7. So d6 khéi dao dong ky hai kénh, hai tia

Kénh A Kh~ue?h dai
ngo vao (A)
Khuéch dai Khuéch dai
doc (Y) ngang (X)
Kénh B Kh~ue?h dai }) f
ngo vao (B)

Tin hiéu dinh
thoi chuidn

Hinh 7.8. So db khéi dao dong ky hai kénh, mot tia
7.5 Pau do
Pau do clia dao ddng ky c6 hai mitc thay doi dién dp ngé vao:
* Mucdiénap 1:1
* Miuc dién 4p 10:1
7.6 Bo tao tré
Pé€ do tin hiéu c6 tdn sd cao, ngudi ta thong thudng cho tin hiéu di qua bd tao tré.
B9 tao tré thudng c6 2 dang: ddy song hanh va day dong truc.
7.7 Dao dong ky s6 va dao dong ky c6 wng dung Vi xit 1y (SV tu tham khdo sdch)
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CHUONG 8. THIET BI PHAN TiCH TIN HIEU (2,0,0)
(SV tu doc sdch)

8.1 May do do méo

1. Dinh nghia

2. Mach nguyén ly do
8.2 Q-met

1. Nguyénly do Q

2. Thiét bi thuc t&
8.3 M4y phan tich phd

M4y phin tich ph6 theo nguyén 1y TRF

CHUONG 9. MQT SO THIET BI PO THONG THUGNG (4,0,0)
(SV tu doc sdch)
9.1. VOM (co dién, dién ti)
9.2. Amper kém
9.3. Megaohm
9.4. M4y phdt tin hiéu chudn cao tan, 4m tin
9.5. Tan k€ cao tin, Am tin
9.6. Thi€t bi do @6 sau diéu ché€ AM, FM
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