Dalex \ Elektronik (EE2) SS

M3noa3BaHu U3TOYHUII

INlekumn Ha ao-p PorenmaH, YHmnBepcuteT — Kaprncpye
Nekunun Ha a-p Knoc, YHuBepcuteT — Kapncpye
Nekunn Ha a-p Kpokon, YHuBepcuteT — Kapricpye
http://www.elektronik-kompendium.de/sites

http://www.swarthmore.edu/NatSci/echeeve1/Ref/LPSA/B
ode/BodeHow.html

0 http://sound.westhost.com/project22.htm
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Nzmmon3Badu o3HaAUYEeHU S

0 Tema, KOATO ce cpella 3a MbpPBU NbT

O Tema, KOATO Beye e rno3Hara
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YcunBareau 1 Komnaparopu

Llen pasrnexgaHeTo:
0 Ja MOXe Oa oTroBapsTe Ha Te3n nnn nogodHM BbNPOCH:

Kown ca OCHOBHUTE NapaMeTpu Ha ycuneBaTenuTe;

KakBu BugoBe obpaTtHu BPb3KN UMA;

Kak BnuasitT obpaTtHnTE BPBH3KM BbPXY NapamMeTpuTe;
KakBu ca npuHumnmuTe Ha pabdboTa Ha onepaumoHHUTE Y-Nu;
Kak pabotaTt ocHoBHUTE cxemu ¢ OY;

KakBa e pa3snukaTta mexay OY n komnapatop?

vV V. YV V VY V
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YcunBareiau 1 Komnaparopu

0 OcHOBHM NapamMeTpu Ha ycunBeaTenu
0 Ob6paTHU BPBb3KM

0 OnepaunoHHn yeuneatenu ¢ OOB
= VHBepTUupaly
s HewnHsepTtupaly
. duntpu

0 OnepaunoHHn yeuneaTtenu 6e3 OB (Komnapatopwu)
2 OnepauunoHHu ycuneatenu c NOB
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AHAJIOTOBH YCTPOMCTBA (YCHIIBATEN)

E,=i-(R.+R) E =i (R +R))
Re do |
—? ©
qi R, Ro u:O R
6
Rs>> R (reHepaTop Ha TOK) R,>> R,
Rs <<R (reHepaTop Ha HanpeXeHne) R, <<R_

Rs ~ R, R,~R,
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OCHOBHM NapamMeTpu

0 BxogHo cbnpoTuBneHne R(R,)=""

i
I

1

0 M3xogHo cbnpoTuBneHne R (R )=-e
l

o

0 KoeduumneHT Ha ycuneaHe no HanpexeHue k, ="

i

R #0=K, =K,

R +R,

0 KoeduumeHT Ha ycunBaHe o ToK K =

1

1

a0 KoeduumeHT Ha ycuneaHe no MOLWHOCT K, = £«
p,
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JlorapuTMHUYHO TIPEICTABSIHE

0 KaTto be3pasmepHa BennymHa e no yaobHo ga ce
nspassaear B dB

U .
K,.dB=20lg ' upn R =R K.dB=201g"> mpu R =R,
. l.

1 l

0 Ha npakTtnka ynobcTtBOTO € TOSfIKoBa rofisiMo, Ye Bcsika
be3pa3mepHa BenuymnHa ce npeacraBsa KakTo
HanpexeHneTo (201g)
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JlorapuTMHUYHO TIpEICTABIHE

o—ua——-I L O0—— o L —0
‘Uo K, !Lh K, _‘_Uz Ks 4U3
o— o o D
u, u, . _ Uy Uy
Kulz_’KMZZ_’Ku3__’ Ku___Kul.KuZ.kuZ%
U, U, u, U,
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OCHOBHM napamMeTpu

0 KoedumumeHT Ha nonesHo aencrtene Kla%:; n%

P )
n -100, TBii kaTO P, <<Pg

) K+PBAT

0 KoeduumeHT Ha HenuHenHu nskpmeasaHma KHN%; k%

2

2 2 2
:\/uz tuy Uy, o

75

1
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Q JIMHeWHU nskpmBaBaHUS
> AMNNUTYyQHO-4YecTOTHa Xapakrtepuctuka (A4YX)
> Pa3oB0-4eCTOTHa Xapaktepuctuka (PHX)
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AUX, OYX
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Low Frequency
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YcunBareiau 1 Komnaparopu

a OcHosHU rnapamempu Ha ycurneamersu
0 OOGpaTHu Bpb3KMU

0 OnepaunoHHn yeuneatenu ¢ OOB
= VHBepTUupaly
s HewnHsepTtupaly
. duntpu
0 OnepaunoHHn yeuneaTtenu 6e3 OB (Komnapatopwu)

2 OnepauunoHHu ycuneatenu c NOB
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OOpaTHa Bpb3Ka

o X

K =% nNpenaeatenna dyHkums IB =/ MpepnaBaTtenHa yHKLMS
X. HarnpasaTa Bepura X, Ha obGpaTHaTa Bpb3ka
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Bunose oOpaTHH BpB3KH

0 B 3aBUCUMOCT OT pasuTe Ha Xg U Xp

[MonoxntenHa obpaTHa Bpb3ka OTtpuuyartenHa obpaTHa Bpb3Ka

N N
JARR N

A 4
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Bunose oOpaTHH BpB3KH

0 B 3aBMCMMOCT OT Ha4YMHa Ha B3UMaHe Ha curHana oT
N3Xoda

> ObpaTHa Bpb3Ka No HanpexeHme
> ObpaTHa Bpb3Ka No TOK

0 B 3aBMCUMMOCT OT Ha4YMHa Ha BPpbLWaHE HA CUIT'HAlla Ha
BXOA4da

> [NocnepoBaTtenHa obpaTHa Bpb3ka
> [NapanenHa obpaTtHa Bpb3ka
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OOpartHa Bpb3Ka O HAIIPEIKCHUE

U, |jRL

_UB _ Rl
U, R +R,
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OOpaTtHa Bpb3Ka MO TOK

17
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Otpunareiada ooparHa Bpb3ka (OOB)

xl:xG_'xB1 K :xoz xo = xo = K :5
#0) Xo X +X, 1+xﬂ.x0 1+ pK F

X, £

l X,.X,

F=1+pK - pbnbouvHa Ha oTpuuaTenHa obpaTHa Bpb3ka
F>1 — KF(_)<K ’
B cnyyauTte, korato K >>1 3a koeduumeHTa Ha ycuneaHe crnejsa:

1
KF(—) zE .
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[Tonoxxuteana ooparHa Bpb3ka (110B)

K

F=1- K - nbnGouymHa Ha nonoxuTenHa obpaTHa Bpb3ka

F<l — Ky >K;

anﬁK~1 :>KF(+)—>OO
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I Ipumep

[TocnegoBaTenHa oTpuyatenHa obpaTHa Bpb3ka NoO HaNpeXeHme

g

I i KU Ro
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u0~" 1

20N 0

‘ R =7
UB Rlﬁ] 2B Uo R1+R2
c  U_ U U 1 _ K K, —0
“ U, U+U, U, 1 Us 14PK, F
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Bansauaue Ha OOB Bppxy AUX

[NponsBeneHne ycuneaHe-vyectota: GBP = K Af = K f, = const.

21
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YcunBareiau 1 Komnaparopu

0 OcHosHU napamempu Ha ycurneamersiu
0 ObpamHu 8pb3KU

0 OnepauuoHHu ycunsatenu ¢ OOB
= VHBepTUupaly
s HewnHsepTtupaly
. duntpu
0 OnepaunoHHn yeuneaTtenu 6e3 OB (Komnapatopwu)

2 OnepauunoHHu ycuneatenu c NOB
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OnepannoneH ycunatea (OY)

CuMeTpuyHO 3axpaHBaHe CUMBOJSTHO O3HayeHne

@ +
NHBepTHpaly

E1 BXOA +E

IE1]=|E2] U iaxon
id
+
+
=2 HenHBepTupaly
° . BXOA E

OnepaLunoHHUTE ycuneaTtenu ca MHTerpanHy enekTpoHHU CXeMN C ronsam
koeduumeHT Ha ycuneaHe no HanpexeHune (K, = 10.000...500.000), kouTo ca
4eCTOTHO 3aBUCMMU. HYpe3 BKMoYBaHe Ha AOMbHUTENHN BbHLLHW €NeMeHTH
yCcuUnBaHeTo MOXe [a Ce Harfnacu cbriacHo aafeHa Matematuyecka onepawus.
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W aeanen onepaliioOHEH YCUIIBATEII

a0 R —w(liyy, = 0! EkBMBanNeHTHa cxema
A Kyg— o (Ug = 01) . bc VirBepTvpaLy
aR,—0 \/\ Bx0A (-)
O Af - o
Ui

Peanen OY +DC

o R —»102Q M
7 HenHBepTUupa

o Kg— 10 axo (+)
a0 R, »> mQ
a Af -7 [oneMuHaTa Ha M3XO4HOTO HamnpexeHue ce orpaHuyasa oT

3axpaHBalLUUTE HaNpexXeHus. YcuneatenaT Beye He paboTu B
nuHenHata obnacTt, KoedULUMEHTBT HaA YCUNBaHE € Hyna.
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IIapameTpu Ha peanen OY

2
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CKOpOCT Ha HapacTBaHe Ha
na3xogHusi curHan (Slew-Rate)
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IIapamerpu Ha peaseH OY

Y >KenaHa oopma Ha
N3XOOQHUS CUrHar

PeanHal|dopma / At /
nopagm jMarka cKkopoc
Ha HapacTBaHe
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IIapameTpu Ha peanen OY

Offset-HanpexeHune

Vg = 215V

N

P

-20 20 60 100 140
TEMPERATURE - °C

Offset-Tok
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N3nom3Bade ga OY

0)%

C OOB

Ycunesartenu

be3 OB

C NoB
Kown. ¢ xwotepeaic.

+ [1OB = sin reHepaTopH

+ OOB = []_reHepartopu

28
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YcunBareiau 1 Komnaparopu

0 OcHosHU napamempu Ha ycurneamersiu
0 ObpamHu 8pb3KU

a OnepauyuoHHu ycuneamersnu ¢ OOB
s NHuBepTupaw
s HewnHsepTtupaly
. duntpu

0 OnepaunoHHn yeuneaTtenu 6e3 OB (Komnapatopwu)
2 OnepauunoHHu ycuneatenu c NOB
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NuBeptupam ycunsarea (OOB)

OrU,=0cneggalUy =U,=0V

u, = 1.R4; u, = 1,.R,

K,=u,/u=i.R, /iR,
U= 'R2 /R1
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MuBepTupaiy ycuiBarea (mpumep 1)

U=+2V,R=R,=10kQ; U, =7, =7, I,=7, K, =7
l=U/R,;=0,2mA

.= U /R,=1

UO=-2V I
+ i

K, = -1
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MuBepTupain ycuaBaren (mpumep 2)

U=-2V;R,=10kQ; R, =20kQ; U, =7 =7, 1,="7?
l=U/R,;=0,2mA
,=U,/R,=1
Uo=+4YV

+0 O —
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uBepTHpall ycuiBartel (mpumep 3)

U=+2V;R,=10kQ; R, =20 kQ; R, =2 kQ;
U, =7 1L=721,=7 lgy="7

l=U/R,=0,2mA
L=U,/R,=1
U,=-4V +
l,=U,/R,=2mA

loy = L+ 1.=2,2 mA
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uaBeptupain ycunsaren (nmpumep 4)

=-2V; R;=10kQ; R, =20 kQ; R, =2 kQ;
=2 L= 1,=? 15y =7

U

U, 2;
l=U,/R,;=0,2mA
L=U,/R,=1,
U,=+4V —o—<{]
l,=U,/R,=2mA

loy = L+ 1.=2,2 mA

+O
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CyMupall HHBEPTUPAIL] YCHUIBATE

R12

[ocokaTa Ha i, 1 NoNApHOCTTa Ha U, 3aBUCAT
OT ronemMmHaTa Ha OBeTe BXOAHU HanpexXeHus
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HuTerparop

U, dU dU U,
—
R dt dt RC
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HuTerparop

CuHycomaanHo = KocuHyconaanHo
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YcunBareiau 1 Komnaparopu

0 OcHosHU napamempu Ha ycurneamersiu
0 ObpamHu 8pb3KU

a OnepauyuoHHu ycuneamersnu ¢ OOB
m VIHeepmupauw
m HemHBepTHUpawy
. duntpu
0 OnepaunoHHn yeuneaTtenu 6e3 OB (Komnapatopwu)

2 OnepauunoHHu ycuneatenu c NOB
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HewHBepTHUpALLl YCUIIBATE

Ot U, =0cnepgBa Uy =U; =u
Ot loy=0cnepBa |, = |,
Uy=Uu,.R;/R*+R, =u
K, =u,/u = (R+R,) / R,
K= 1+R, /R, U,
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HewHBepTHUpAalll yCUIIBATEN

To3n ycuneaTten nMma n3BbHpPeaHo
BMCOKO BXO[HO CbMPOTUBMNEHMNE U
HUCKO MU3XOHO CbMNPOTUBIIEHME.

N3nonsBa ce 3a CblnacyBaHe Ha
ycurnartesin ¢ BUCOKO U3XOOHO
cbrnpoTtusIyieHne n HUCKOOMEH ToOBap

bydepeH ycunearten

NMpu R, =0 R,=0 = K, =1
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JlndepeHaneH yCuiaBaTel

N3xoaHOTO HanpexeHmne ce onpeanend
Ha rNnpuHUuuna Ha cyneprno3numndaTta.

R
R Ry
uo — M o 1 _|_ _2 u —
R +R, R, 1
deﬂ:trmeﬂ [gu
u, 'Rz (Rl + Rz) Rz R1
uo - - u?_ U2 +
(Rl + Rz )Rl Rl uo
R
Unm 2
O O

R
u :_2(”2 _“1)

0
1
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YcunBareiau 1 Komnaparopu

0 OcHosHU napamempu Ha ycurneamersiu
0 ObpamHu 8pb3KU

a OnepauyuoHHu ycuneamersnu ¢ OOB
m VIHeepmupauw
m HeuHeepmupauw
m OunTtpun
0 OnepaunoHHn yeuneaTtenu 6e3 OB (Komnapatopwu)

2 OnepauunoHHu ycuneatenu c NOB
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HuckodecTtoTeH GuiaThp

[=
R2|_| 1
[ 1 I ®
R1 1
oy . —+ joC
Ku — — R2 —
Ui l R,
Uo
o & o] o R2 1 B _R2 | 1
R (1+joCR)) R ( ®
1+ j—
(Dg
[pn HUCKM YecToTUn ©® << ®, [pn BMCOKMN YEeCTOTU ®>> O,
5. R P

u

R JoCR,
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HuckouecTtoTreH GUaThHp

AYX dYyX

-60 \
o N

=75

=30
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BHCOKOYECTOTEH (DUIITHD

(,_I %

L K =— Rz __ Rz ) ](DC _
u; luo “ R + 1 R -(1+ joC-R)
° ¢ ° joC
~ R, jo/o, o - 1
. g
Rl-(1+](o/(og) C-R,
[pn HUCKM YecToTn © << ®, [pn BMCOKMN YEeCTOTU ®>> O,
] ° R
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BHCOKOYECTOTEH (DUIITHP

AYX dYyX

10
'l 90 —
” T
S S
J/ 7 AN
0 / N
/ N
60 Y
\
-10 45
//
//
/ 30 \
=20 / \
/ ’
N
0
—30 1 10 100 1e10° 1010

1 10 100 1°10 L, 1e10
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CuHyCOHIAJIEH TEHEPATOP

NHuBepTupaly ycunsarten + [NOB ¢ mocT Ha BuH

=
%
r (WNal]:
_ &
== [T]F‘ R2
R
f 1 1 i R2 =2R1, 3a ga

- 27RC ce nonyun Ku = 3
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YcunBareiau 1 Komnaparopu

0 OcHosHU napamempu Ha ycurneamersiu
0 ObpamHu 8pb3KU

a OnepauyuoHHu ycuneamersnu ¢ OOB
m VIHeepmupauw
m HeuHsepmupauw
m Qunmpu

0 OnepauuoHHu ycunBaTtenu 6e3 OB (Komnapatopu)
2 OnepauunoHHu ycuneatenu c NOB
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Komrmaparopu

© + Uo |
Ui Uomax ——

________________________________________ _ T, -
Urer'

(E Uomin

OT ocobeHOo 3HaveHne ca rofiemMmHaTa Ha:

K,y = 3a 4a Moxe ga pearnpa Ha no-Markv pasnvkun Mexay ABeTe HanpexXeHus

S/R = 3a ga ce Hamanu BpeMeTO 3a NpeMnHaBaHe OT €4HOTO B APYroTO CbCTOAHME
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YcunBareiau 1 Komnaparopu

0 OcHosHU napamempu Ha ycurneamersiu
0 ObpamHu 8pb3KU

a OnepauyuoHHu ycuneamersnu ¢ OOB
m VIHeepmupauw
m HeuHsepmupauw
m Qunmpu

a OnepayuoHHu ycuneamersu 6e3 OB (Komnapamopu)
0 OnepauuoHHu ycunatenu c NOB
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[IIMut Tpurep (Schmitt-Trigger)

Bxop

t0 | t1 t2 t3
Up,) =Up - RU/(R1+ R2)

Upy=Ugy,-R1/(R1+ R2)

T)Y®) 1 S UR—— N

H=U,, ~U,_, =Uy, —Uy.) RU(R1+R2)
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Schmitt-Trigger

A

L}

N\

VC

A

A\ 4

[penaBaTenHa xapakTepucTuka
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MyaTuBHOpaTOp

R
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+Ucc
C
< 11 —_
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+
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T =2RC-In(1+2R1/R2)

Dalex \ Elektronik (EE2) SS

t1
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IIpemu3en Schmitt-Trigger (Timer 555)

8 t 4 (Reset)
5|<[[|
6 + 7
K1 L
5° - R R
5KH
. s Q Do—- 3 (U3xon)
K2 |
2° -

5KQ
1



MynatuBuoparop ¢ timer 555

(8) +Ucc
Ra (4)
(7)
Rg 555
N3xon
3
C (2) N
IU)
t,=R,.C.In2

t,=(R,+R,)C.In2

T=(R,+2R,)C.In2

Dalex \ Elektronik (EE2) SS

A

Uc

2/3 Ucc

1/3 Ucc

Un

| | 1
t
t1 {2 t3 t4
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