9. TPaHCKOHAYKTAHCHH ONEPANMOHH MOjayaBaAYH

9.1. Oxpenutu ycioB koju Tpeba Ja 3aJI0BOJbE elieMEHTH KoJia ca ciuke 9.1.1 Tako
Ja OHO mpenctaBiba (pasHu Kopekrop. CMaTpaTH Ja Cy TPaHCKOHIYKTAaHCHHU
OTepaloHy 10jayaBayy HJCATHU.

|

out

L Va 1
ER

Cmuka 9.1.1
Pewere:

Uneannn tpaHcKoHAyKTaHCHH onepanmonu nojadaBad (OTA) ce monmenmpa
CTPYjHHUM r€HEepaTopoM KOHTPOJIMCAHUM AH(EPEeHINjaJHUM HAIOHOM. 3a Pa3jIuKy
Ol CTaHAAPIHOT ornepanuoHor nojadasada, OTA nMa KOHaYuHO TOjavyame Yuja ce
BPEIHOCT MOXKe MEHhaTH noJyiapu3anujoM. HakoH 3ameHe 1Ba TpaHCKOHAYKTaHCHA
orepalyoHa rmojayaBaya MojJenuma goouja ce mema ca ciamke 9.1.2.
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Cnuka 9.1.2

Koo ca cnuke Moxe ce onmcaTu cieehiM CHCTEMOM jeJHaYNHA!
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%+gm2Vout =0 (911)
g (Ve =V )+5C (Vo =V, ) =0 9.1.2)

HaxkoH mito ce jeiHaYMHa YBOpa @ 3aMEHU Y jeTHAUYMHY U3JIa3HOT YBOpa J00HjaMO
Ja je:

gml(Vg +gm2RVout)+SC(Vout_Vg):0 (913)

CpehuBameM ropme jerHaqrHe T0J1a3H ce 0 MPEeHOCHe QYHKIHje Koa:

H(S)ZI/:mt(S)z Sc_gml (914)
Vg (S) SC+gm1gm2R

[IpenocHa ¢yHKIHja KOTa ce MOXKe MTpHKa3aTu y cieneheM o0nnKy:

s
H(s)=H, —== (9.1.5)
1+
@p
rie je GpeKBeHIja Hye:
Em1
W, == 9.1.6
: = (9.1.6)
(pekBeHMja moJja:
o, =—gm1imzR (9.1.7)
Y JeTHOCMEPHO I10javuame:
H,=- ! (9.1.8)
ngR

Kono he ¢yHkunmonucatu kao ¢a3sHu KOpPeKTOp Kama (ppeKBeHIHja Mmoja H
(pekBeHIja HyJIe UMajy HCTY BPEAHOCT:

0, =0, 9.1.9)
onaxie ce u3 (9.1.7) u (9.1.8) noduja:
gmR =1 (9.1.10)
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Kapa je ucymen ycnos (9.1.10) ammurtyacka u ¢pa3Ha KapaTepuCTHKa KoJia
MoCTajy:

|H (s) =1 (9.1.11)

argH (jow)=—-2arctg (gij (9.1.12)
ml

9.2. Ha cnuuu 9.2.1 npukasaH je KOHBEPTOp UMIIEAAHCE peaTu30BaH IPUMEHOM 3
TPAHCKOHIyKTaHCHA omnepaluoHa rnojavaBaya. Onpenutu BPEIHOCTH
tpanckoHaykrancu OTA Tako 1a ce Koo IpecTaBba Hey3eMJbeHY HHAYKTHUBHOCT
BpeaHoctn L =1mH . KanmauuTuBHOCT KoOHAeH3aTopa wu3Hocu C=0,1uF .

CMmaTtpaTu Aa Cy TPAaHCKOHIYKTaHCHH OTIEPallMOHH NI0ja4aBavy HJICaTHH.

Ciuka 9.2.1
Pewere:

ExBuBaseHTO KOO KOHBEpPTOpa HMIenaHce MoOyheHo HaIOHCKUM
TeHepaTopoM MpHKa3aHo je Ha ciuuu 9.2.2. TpaHCKOHAYKTAaHCHH OIEpalyuoHU
nojayaBayd Cy MOJEJOBaHH CTPYJHUM TeHEepaTOpUMa KOHTPOJHUCAHUM
JU(epeHIINjaTHIM HAIOHOM.

2m2(-Va) < Em1Vy J‘
I

|||<— <

Cnuka 9.2.2
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CucTeM jemHauyMHA KOjH OMUCYje eKBUBAJICHTHO KOJIO je:

I, = 8,2V, 9.2.1)
I, =gV, (9.2.2)
VysC =gV, =0 (9.2.3)

OuurneHo je Ja KOO0 MOXe Ja (PYHKIHOHHIIE jeIUHO YKOJIHKO CY
TPAHCKOHYKTAHCE PYror ¥ Tpeher TpaHCKOayKTaHCHOT OMepalioHOr [ojayaBavya
jenHaKe:

Em2 = Em3 (924)

PemaBamem CI/ICTeMajeI[Ha'-H/IHa A0JIa3MMO 0 U3pa3sa 3a yJIa3Hy UMIICJAHCY KOJia:
V,(s

Z, (5) == (s) __sC 9.2.5)

Ig (S) - gmlng

3akbydyjeMo Ja je yia3Ha MMIIeaHca WHIYKTUBHOT KapakTepa. M3 (9.2.5)
Hasa3uMo noTpebaH ycioB aa 6u ce JoOuiIa 3a7aTa BpeIHOCT HHAYKTHBHOCTH:

C 0,1uF
Em8m2 =5 =

TR =107*s? (9.2.5)
m

YKOIUKO YCBOjUMO J1a Cy CBE TPAHCKOHIYKTaHCE jeTHaKe JOoO01jaMo:

Eml = 8m2 = Em3 =10msS (926)

9.3. 3a kono ocuuiaropa ca ciauke 9.3.1 oxpenut

Bpeanoctd Tpanckonpykrancu OTA, g u g,., +—
TaKo JIa Ce Y KOJIy OJip>ke ociuanuje GppexkBeniuje | m1
10kHz. Tlosmato je: C,=10nF, C,=0,1uF, R ]
R=1kQ. Cwmarparu Ja Cy TpPacKOHIyKTaHCHU 1

OINepaloH HOja‘{aBa‘II/I nacaJlHu.

L.
T

Cnuka 9.3.1
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Pewere:

3amenoM monena OTA y komy ca ciuke 9.3.1 100uja ce KOJ0 MpHKa3aHo Ha
ciunu 9.3.2.

o
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I I

Crnuka 9.3.2
OBoM KoOJIy ojiroBapa ciejiehu CucTeM jeHauuHa:
1 1
V| sCy+—- +V. + -— (=0 9.3.1
1( TR gmlj 2 (gmz Emi Rj ( )
V(—lj+V(l+sC)—0 (9.3.2)
TR 2( R 2 3.

Komo ocumnaropa hemo aHanmu3upaTd wH3jeJHAYABAKEM JIETCPMHHAHTE
MaTpHIIe CUCTEMA jeTHauMHa KOj! OITUCYje KOJIOo ca HyJIoM. /la 61 ce IpUMEHHO 0Baj
MOCTYIAaK HajIpe je MOTpeOHO KPEeupaTH CUCTEM jeJHAYHHA Y MATPUIHOM OOJIHKY:

1 1
SC1+—R—g,,,1 gm2+gm1__R v 0
[ 1}[ } (9.3.3)

1 l+SC2 £ 0
R R

C 003upoM 11a CHCTEM jefHAaYMHA KOjH ONHCYje KOJIO MMa HyITH CI000THU
BEKTOp, ACTCPMHUHAHTAa CHCTEMa jeJHAaYMHa Mopa OWTH jeJHaka HYJIHM Kajga ce
ycrocTaBe ocumianygje y koiry. Onapae mponsuias Ja Mopa OUTH UCITYHEHO:

1
SCI +E_gml Em2 T 8m —
A ~0+ /0 (9.3.4)

R R

Pa3Bojem netepMuHaHTe 10OHjaMoO:

1 1 1 1
= sC +—— —4sC, |- == + S — 9.3.5
(S 1R gmlj(R S 2) ( R)(gnﬂ Em1 Rj ( )
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Hakon rpymucama cabupaka y3 HCTH CTENEH KOMIUIEKCHE YYECTaHOCTU
JeTepMHUHAaHTa CUCTEMA jeJHaYMHA Ce MOX€e U3PAa3UTH Ha cliefehy HauuH:

A=s2C1C2+s(%+%—ngzj+%=0+]’0 (9.3.6)

PaznBajameM peamHoT W MMarnHapHor fena jenHadune (9.3.6) Hactajy cienehe
JIBE jeIHAYNHE:

—02C,C, + 812 = (9.3.7)
R

Cvl C2

SLyX2 g €, =0 93.8

R R Em“2 ( )

U3 jennaunne Koja oArOBapa peasHoM ey AeTepMUHAHTE 1001jaMo pesauujy
KOja noBe3yje GpexBeHIHjy OCIMIOBAmbA Ca TPAHCKOHAYKTAHCOM g, 5

w, = |[-En2_ (9.3.9)
RC,C,

W3 ropme jennaunne oapehyjemo noTpebHy BpeIHOCT TPAaHCKOHIYKTaHCE g, , Kao:
2,2 = W.RC,C, =3,94mS (9.3.10)
U3jennavyaBameM IMarHHAPHOT JieJia IETePMUHAHTE ca HYJIOM HaJIa3u ce yCIIOB
OCIIMJIOBAA!

G G
—+—=— C,=0 9.3.11
R R EmL2 ( )

OJlaKie CIeqy Ja je MOTpeOHa BPEIHOCT TPAaHCKOHIYKTaHce g,, Aa Ou Hacrtaie
ocHuIaIyje:

C )1
= 1+—=L |—=1,1mS 9.3.12
gml ( CZJR ( )
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9.4. Ha cmunu 9.4.1 mpukazaH je akTHBHH (uiITap Ipyror pena peain3oBaH

npumeroM Tpu OTA. Onpeaut npeHocHy QYHKIH]jY KaJa je u3a3 Ha YBopy 1 Kao
W y CiIy4ajy Kaja je u3naz Ha 4Bopy 2. HaBecTw TN M3BEJEHUX NPEHOCHHX

(yHKIHMja, ¥ OAPEANTH BUXOB MOIYO mojia U Q akTop moma.

Cnuka 9.4.1

Pewere:
Ha ciuiu 9.4.2 npuka3aHo je eKBUBAJICHTHO KOJIO 337aTOT (PUIITPA KOJI KOTa Cy
TPAHCKOHYKTAHCHH OTIEPAI[MOHU M0ja4aBayy MPEICTAB/LECHH UICATHIUM MOJICIIOM.

+

+
m1(VeV1) 8m2V2 J_ I 3 J_ 5
: IC] i Icz

Ciuka 9.4.2
3a 4BOpOBE y KOITy Ca MPETXO/IHE CIIUKE, MOTY Ce HAMUCaTH ciesehe jeJHaunHe:
_gml(Vg _Vl)_ngVZ +1sC =0 (94.1)
gnaV1 +V2sCy =0 (94.2)

KomOuHOBameM jenHaunHa 100Hjajy ce MOTeHIMjaau YBoposa 1 u 2:

—Em1 Em3
—— ml Em v, (9.4.3)
TGy +5C,8,1 + &2 Ems

V
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5Cr 81

==
s7CC +5C3 81 + 82 &3

v, (9.4.4)

AHAIMTHIKH M3pa3K 32 IPEHOCHY QyHKUMje Kaja je n3nasuu usop 1, H,(s), n

3a IpeHOCHY (QyHKIMjy Kaja je u31asHdu 4Bop 2, H, (s), MOTY C€ NpHUKa3aTH y
cienehem o0MuKy:

s
h(s) o,
H,(s)= _ : (9.4.5)
) Vg(s) S2+sw’v+a)f7
_Ns) k
Hz(s)—Vg(s)— — (9.4.6)

IJie Cy M3pa3sH 3a: MOAYO 10MIA @,

nggm3
o, = /— (9.4.7)
g CICZ
Ci828m3
0, = /u (9.4.8)
g ngril

Ky-(akrop nona, 0,

(bpeKxBeHIHjy HyTIE, @,

8m1
w, == 9.4.9
e 9-4.9)
KOHCTaHTy, k
fo= —EmEm3 (9.4.10)
GG

H, (s) je mpeHocHa GyHKIHMja GIITpa IpoIyCHHKa orcera GpeKkBeHIuja, T0K je

H, (s) IpeHocHa (pyHKIMja GUITpa NPOIyCHUKA HUCKUX (pEeKBEHII]a.
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9.5. Komo nHa ciauum 9.5.1 npukasyje Guiatap NpoImyCHUK HUCKUX (DpeKBeHLHja
peanu3oBaH nmpuMeHoM uHTerpucanor koja NES517 koje cagpxu mopen OTA u
HarmoHcku Oadep. IlpopauyHaTn HemosHaTe eneMeHTe (uUiITpa Tako Ja:
JjenHocMepHo mojavame usHocu H, =1, rpanuuna ¢pekseHuuja f, =10kHz .

VYna3uu HanoH je y omncery o -2.5 V o 2.5 V. Jla Ou ce ymamuia HeIUHEApHA
n300IMYeHma NOTPEOHO je 00e30eIuTH Ja cpeliba BpeaHOCT yaasHor HarmoHa OTA
He Oyzne Beha on 25mV u na crpyja nonapusauuje 6yne 1, =1mA. Ilo3nato je:

Vee =12V, R, =10kQ, R, =10kQ.

—o
out

Cnuka 9.5.1

Pewere:

W3 jenHaumHe uBOpa HEHWHBEpTyjyher ymaza W ycjoBa JAa HAaloH Ha
HenHBepTyjyhem ymasy OTA He mpemamm 3aiaTy BpEIHOCT HallOHA OJ

Vpmax =25mV 1pu Hajsehoj BpeAHOCTH yiIa3Hor HanoHa V., Ao0uja ce:

R <V 9.5.1)

VP = RA T Rin Vinmax pmax

CpehuBameM ropme HejeJHauYuHE JI0JIa3UMO JI0 OTpeOHE BPETHOCTH OTIIOPHOCTH
R,
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meax meax
Ry <" K, ~ P R, <1000 (9.5.2)
inmax — " pmax inmax

Ha ocHoBy wu3paza koju moBesdyje TpankoHaykrancy OTA ca crpyjom

noJapu3alyje HaJa3uMo Ja je BPEIHOCT TPAHCKOHYKTaHCe:

e _ ImA g 508 (9.5.3)

& oy, T somy
e je ¥ TeMIepaTypcKu IOTEHIU]jall KOji H3HOCH 26 mV Ha COOHO] TeMIepaTypH.
Kana ce OTA nonapuiiie, HalloH Ha IUHY 3a CTPYjy Mojlapu3aluje je jeHaK:
Vg =2V —Vee (9.5.4)
T je V, HaloH JUPEKTHO MoJIapucaHe Auoze o npuommkuo 0,7 V.
OtnopHocT R, oapeauheMo Ha OCHOBY 3a[aTe BPEIHOCTH CTPYje MoNapHu3aIuje
Iy 1(9.5.4), kao:
Vee Wy _Wee =2Va _y) 610 (9.5.5)
Tyias Lyias

ExBuBaseHTHA memMa Kojia 33 HAM3MEHUYHH paJl IpUKa3aHa je Ha ciauuu 9.5.2.
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I oQut
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ER/\ ERP
Cnuka 9.5.2

[Ipumenom MeToma MOTEHIMjajla YBOpOBAa HaJ KoJoM (uiTpa noduja ce

cnenehu cuctem jeqHaYMHA!
v, V, -V
—— (9.5.6)
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v, V.-V

g lnTo o 9.5.7
Rt R, 957)
V,sC-g,(V,-7,)=0 (9.5.8)
PenraBamem cuctema jeiHauMHA JOJIa3UMO JI0 TIPEHOCHE (DYHKITH]e:
V. (s) R,+R 1
H(s)= u(8)_ &+ Ry (9.5.9)
V;‘n (S) Rin+RA C<Rf +RA)
l4s—2L 2
gm RA

Jobujena npenocHa QyHKIMja MMa OOJIMK NPOIMYyCHUKA HUCKUX (PpEKBEHIIMja ca
JjEIHUM TIPOCTHM ITIOJIOM:

H(s)=H, (9.5.10)

N3 (9.5.9) u (9.5.10) cnese aHANUTUYKH U3pa3H 3a jeIHOCMEPHO I0jadame, H,

¥ TPaHn4HY QPEKBEHLH]Y, @,

R, +R
,=—L1—4 (9.5.11)
R, +R,
R
0y =—SmTA__ (9.5.12)
C(R, +Ry)

Ha ocHoBy m3pasa 3a jeqHocMepHO nojadame (9.5.11) u 3agaTor yciosa na je
H, =1 Hama3umo Jia je moTpeOHa BPEAHOCTH OTIIOPHUKA R

R, =R, =10k (9.5.13)

VY aHaNUTHYKOM M3pasy 3a TpaHuvHy GpekBeHuujy (9.5.12) jenuHu Henmo3HaTH
napamerap je KarmaluTHBHOCT KOHIEH3aTopa, O1aKJIe CIEIH:

ngA

= omP4 _30uF (9.5.14)
27rfg(Rf+RA)



