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Teopnja enekTpuYHUX KOJIa
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JeqHayrHe eJICKTPUYHOI KOJia

IlocTaBibame U pelIaBamke
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IIpumep exekTpuyHOr KOJjIa ca
omnepaloOHUM I10jayaBavyeM
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OO0ee:xaBamke YBOPOBA, IPUCTYIIA,
yCBajamkbEe CMEPOBA CTpyja
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I'pad eaekTpudHOr KOja

Ry
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Ctabn0 rpada ei. koiaa, P-KOHType
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CucreM jeHa4YMHA KOJIa

K3C

()i +i,=0
(2)—i,+i,=0
(3)—i,+i. +i, =0
(4)—i;—i,+i, =0

K3H

() oy —uy —uy —ug =0
() u, +u, —us =0
(U3 u; —ug+u; =0

(
e

@

o

U, =

U = R, i
us = R, i
u, =R, 1,
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CucreM jelHa4YrMHA KOJIa

K3C
o : JE
(l)ll+l2 8 ll :O ........ . ul :ug
(2)—12 : 0 12 — O ---.é. ......... bu2 — R3 lz uz — O
(3)_1'3 +l6 +ZS O 1 :_l6 13 ‘:“‘Q HO
(4)—1 —i,+1, =0 ......... u3 ~
. K3H."§ S0t N 1 u,
ety 20 | ==y | O R
W) u, U, —u, = | = U o B 1
(W) 0 us =R, ig
W)Uy Uy —Us = _p
=R,
(Us)u; —ug +us =0 errreerresereeesreeeneens :

U, =g —Us = Riig— R, is = (R + Ry))ig =u, (R, + R,)/ R,
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CHara oTnopHuka R, v
CTpyja r€HepaTopa

U, =g —Us =R ig =R, is = (R + Ry))ig =u, (R, + R,)/ R

p; =u; 1, —u7/R

i =0
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ap Mujxka Iorpeouh, penoBuu npodecop, Teopuja enekmpuunux Kona, Be:xxkoe, Y Hupep3uret y beorpany — Enekrporexnuuku pakyJarer, 2020.

PemaBame €J1. KoJia ca oleparioOHUM

[I0jadyaBadyeM — PEAyKOBAaH CUCTEM JeJHAYNHA
1)i,=0— iy =0 (K3C, uB. 2)
Dy i,=0 — i, =0 (K3C, uB. 1)
@ @ OpAmp 2) u3—0—> V,=V;
il lu v v \/ °+ X + =R;i,=0— V2 V1=ug
+

Ry =0 —9
<> _ /{@ al Ry

i R, ©

4) ig+is=0—is=—u,/ R,
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IIpumep eneKTpuYHOTr KoJjia ca
3aBUCHHUM U3BOPOM
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IIpumep eneKTpuYHOTr KoJjia ca
3aBUCHHUM U3BOPOM
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['pad exekTpudHOr KOjIa
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CtabJ0 rpada ei. koja
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OyHIaMEHTAJIHE KOHTYPE
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ap Muixa Ilorpeouh, penoBuu npodecop, Teopuja enexmpuunux Kona, pe:xkde, Yuupep3urer y beorpany — Enextp

CucreM jeHa4YrMHA KOJIa
K3C

()i +i, =0

(2)—i,+i;+i, +i, =0
(3)—i.+i. +i, =0
(4)—i. +i,=0

K3H

() =ty g —us —u, =0
(M) uy —t; —ug —us =0
(Hy)ty —tty —ttg —us =0

(M) ug —u; —ug =0

I, =

us =R, i
u, =R, i,
u, =au,
u, = R i
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HerBOpononun

JelHaurHe U IpuMeHa
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HeTBOporiosm

ll l ) Yemeoponon nnu
@) 0BONPUCHYNHA MPeca |
MpeEXkKa ca YETUPH Kpaja

KOJM 00pa3y]y ABa
T + IPUCTYIIA

I'pad ueTBOpOIIOIIA ©), @
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—1 F—, JemHauymHE YETBOPOIOJIA

Ui %)
_ <
©) @

I = g1141 + 812U
Iy = 8o + 820Uy
g-napaverpy
up = ayuy +ap(—i)
[| = axuy +ax(—i)

IloroHcku nmapamerpu

up =nql +roly

Uy =1l +1ly

r-napaMeTrpu

Uy = hyqiy + hyouy
in = hyyiy + hyoy

19/49
XuOpUIHU mMapamMeTpHu



ap Muixa Ilorpeouh, penoBuu npodecop, Teopuja enexkmpuunux Kona, pe:xkde, Yuupep3urer y beorpany — Ejnexkrporexunuku gpaxkyarer, 2020.

[ Ipumep weTrBOpoOIIOIIa: T-Mpexa

O

@
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ap Muaka Ilorpeouh, penosuu npodecop, Teopuja enekmpuunux xona, Bexode, Yuusep3uretr y beorpany — EjnekTporexuuuku gpakyaret, 2020.

Jennauune T-mpexe
) i u, = Rii, + Ry(i, +1,) ,
1 g s o 2 . . .
27 ik u, =R, +R,(i, +1,)
U, l Ry U,

'
~ 2" U, = (Rl + R, )il + Ry,
U, = Ryl + (Rz + R, )izq

. . "
l l -
o_1 2o =R+ R,
+ + U =N Tl _
“ "2 . . Iy = I
o— I Uy =11 +7’2212
® @ Yy = R3

JennaunHe r-napamMerapa . 2 — R2 T R3



ap Muaka Ilorpeouh, penosuu npodecop, Teopuja enekmpuunux xona, Bexode, Yuusep3uretr y beorpany — EjnekTporexuuuku gpakyaret, 2020.

OnpehuBame r-mapamerapa T-mMpexe

U
W= TRAR
ll i,=0
U
=" =K
L i,=0
U,
; ; 3 l_ = R,
| 2 1 1i=0
o_" Sialc 2
- | - X :
+ + U =T T2k u,
“ “2 : : Iy =7 =R R
To— —~ Uy =11l TNl b 1o
©) @
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ap Muaka Iorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yausep3uretr y beorpany — EjekTporexuuuku gpakyaret, 2020.

JeqHaunHe 4eTBOpOmoa:
g, h, a mapameTpu

JImHeapHa pe3uCTUBHA MpEXa ca IBa MPUCTYIIA
HE CaJIP>KM HE3aBUCHE U3BOPE.

Ilo3HaTu cy r-mapamMeTpu Mpexe.

* Onpenutu g, h, a napaMeTpe.

» Koju yciioB Tpeba 1a 3a10B0JbaBajy
r, g, h, a napameTpu Ja Ou Mpexa Omia
[TAaCUBHA

- Z 23/49




ap Muaka Iorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yausep3uretr y beorpany — EjekTporexuuuku gpakyaret, 2020.
g-napamMerpu

I = g1 + &12U>
I = go1Uy + &rU>

g-napaMeTrpu

U, =nl T,

U, =1yl Tyl
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ap Muaka Iorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yausep3uretr y beorpany — EjekTporexuuuku gpakyaret, 2020.

g-napamMeTpu

1 Voo =1 1 o  — 1o g 8

B det(’”) T hy T B det(’”) I | |8 8x
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g-napamMeTpu

e U, =10+ VA . 7
: 1 1171 1272 12: 21 M1‘|‘

Uy =1yl 10, ) det(r)

"

det(r) “2

000..05 l ." n 1

I v Sa = det(r)’ :"‘-,_gzz det(r)

Uy =Dt Iyply =15 Uy ———1 | Tl

i S8
S A v, .1 N & det( ) ] ( )
5 PR D _ 221012 45 21 - 1, = Uu..u
T " 0 M i
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u, = hyi, +h,u,

i, = hy I, + hy,u,

XuOpuIHU mapamMeTpu

hll
h21

h12
h22_

[ det(r) "o

Fy Fy
v 1

—

1
0

U

h-napamerpu

=14 T 10,

U, =1yl T1ypl,

l-u, —ryi, =140, +0-u,

0-u, —ry,i, =r,i —1-u,

— 1y

— Iy

J

SN

Uyl | i 0
_12___r21 -1
—
h=A"'B
27149




ap Muaka ITorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexode, Yausep3urer y beorpany — EjiekTporexuuuku gpakyaret, 2020.

a-HapaMETpI/I :
Up =Nl T hply e
Uy =ap iy = Cllz(—iz) S - Uy =Tl T Il
i| = apuy +an(—i) S (.
=L+ 2()
IToroncku mapamMerpu v 7, 7,
—— ——
ds 5%
. . 1 vy . .
Uy =l Tl = —— Uy =1, | Tyl Groreernaenid
51 3
l; V. VA — 15T
_ " 11722 — "2fo1 |(
U =—u,+ ( 12)
3 3
= - — ~ 28/49
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ap Muixa Ilorpeouh, penoBuu npodecop, Teopuja enexkmpuunux Kona, pe:xkde, Yuupep3urer y beorpany — Ejnexkrporexunuku gpaxkyarer, 2020.

I lacuBHOCT yeTBOpOIIOIA

* OTHOPHUYKHK YETBOPOIIOJ J€ TTACKBAH AKO ]€
HErOBa yJla3Ha CHara HeHeraTuBHA

* U3 ycioBa macMBHOCTH MOKEMO OJAPEAUTH BE3Y
napamMeTapa, 1 OOpHyTO, Ha OCHOBY ITO3HATHX
mapaMmeTapa MO>K€MO MCIIUTATH Aa JIM |€
4ETBOPOIIOJI ITAaCHBaH

e YeTBOPOIIOJ CAUYME-EH OJ1 OTIIOPHHUKA € MaCUBaH

* YeTrBoporo je 0e3 ryouTaka ako j€ lberona
yJja3Ha CHara jeiHaKa HyJIu

< 29/49




ap Muaka Ilorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yuusep3uretr y beorpany — EnekTporexuuuku gpakyaret, 2020.

Y CIIOB MACUBHOCTU IPEKO r-IapaMerapa

u, =r,l, +n,l, 9 =l Ry

. . . > ()
U, =1yl Tl P

P =ul +u,l, = (’illl 1,0 )ll T (’"2111 T 7, )lz

2
2 .. 20 L ( L
P =ni4 +(’”12+r21)1112+’”2212 =L | — | *Hha+r ) —|+5, |20
—~\ I, —— i, Syl
A B C
\ x* X J

A>0, 1 20,

B*—44C<0  4rpy>(r,+1,) =71, >0 *

®° 54°©



ap Muaka Ilorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yuusep3uretr y beorpany — EnekTporexuuuku gpakyaret, 2020.

Y CII0B MAaCUBHOCTU IPEKO g-mapaMerapa

L = 83U T 8,

L, =8yl T &)U,

p =ujly +ujiy
p=0

p =ul, +u,l, =u, (gllul +g12”2)+“2 (gzlul "'gzzuz)

B 2 2 2
P = &Y, +(g12 +g21)u1u2 T 8pU, =U,

A>0, g, 20,

B> —44C<0 48,2, =(g, +g21)2 = 2,5, 20

u
1
—j +g,, |20
u H,_J
2 C
—_
X
ol T2
i K
(3] Up
_ =
@




ap Muaka Ilorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yuusep3uretr y beorpany — EnekTporexuuuku gpakyaret, 2020.

Y CIIOB MAaCUBHOCTU NPEKO A-napamMerapa

uy = hyly + hyu,

Iy = Myl + hyyu,

p =ujl) +usiy

p=0

p=ul +u,l, = (hllil + hy,u, ) L +u, (hZIil + hy,ut, )

) . 2 2
p="h +(I’42 +h21)11”2 + hyu, =u,

A>0, h, 20,

/

hy,

—
A

2
l l
(_1] _|_(h12+h21)(_1
U, ——\ U,
T B —_—
X

X

B*—44AC<0 4hhy, 2 (hy+hy,) = hy 20

+h, |20
——
C
J
O -0
+ +
U Uy
_ =
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Y CII0OB MAaCUBHOCTU IPEKO a-mapaMerapa

ip = AUy +ay (—i) p=0

p=ul +uyl, = (an“z +da, (_iz)) (a21u2 T a,, (_iz)) +u,1,

. 2 : 2
P =a,a,u, + (1 —dpdy — Ay )”zlz T a,ant,

N
2 A=>0,
. u U
p:lz2 a, a, | —= —I—(l—alzazl—allazz) —= |+a,a,, |20 B2—44C<0
¥\ kb ‘ ~ L )
—_——— B —_— ¢
N E ; )
I in
>0 P
ady =Y, - o

2
da,a,a,0, 2 (1-aja, —aa,) = apa,, 20w ©
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lIpencrasipame yeTBOPOIIOIIA 3a
r-rmapameTpe

I I
—_ 7 12 <
@ 11 22 o

+o— AN AMA-—o +

+ +
Uy U,

nalo o3U
—o—§ | | o

€) @

YeTBOpOMOJI MO3HATUX MTapaMeTapa MOXKEMO Y OMIITEM CIy4ajy IPeICTaBUTH U MPEKO 3aBUCHUX CTPYJHUX U3BOPA.
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ap Muixa Ilorpeouh, penoBuu npodecop, Teopuja enexkmpuunux Kona, pe:xkde, Yuupep3urer y beorpany — Ejnexkrporexunuku gpaxkyarer, 2020.

lIpencrasipame yeTBOPOIIOIIA 3a

; g-lapameTpe
#

(ISR

Lo

@
 o—

] ]
U — — Uy

811 1 20))

o | | o

® iUy &1l @

YeTBOpOMOJI MO3HATUX MTapaMeTapa MOXKEMO Y OMIITEM CIy4ajy IPeICTaBUTH U MPEKO 3aBUCHUX CTPYJHUX U3BOPA.
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ap Muixa Ilorpeouh, penoBuu npodecop, Teopuja enexkmpuunux Kona, pe:xkde, Yuupep3urer y beorpany — Ejnexkrporexunuku gpaxkyarer, 2020.

lIpencrasipame yeTBOPOIIOIIA 3a
h-TlapameTpe

Ol
=
Lot

—) —

YeTBOpOMOJI MO3HATUX MTapaMeTapa MOXKEMO Y OMIITEM CIy4ajy IPeICTaBUTH U MPEKO 3aBUCHUX CTPYJHUX U3BOPA.
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ap Muixka Ilorpeouh, penoBuu npodecop, Teopuja enexkmpuunux Kona, pe:xkde, Yuupep3urer y beorpany — Enexkrporexunuku gpaxkyarer, 2020.

IIutama

(4) JeHauMHe olepalMOHOL 1I0jaYaBaya
(KapakTepuCcTHKe eleMeHTa, KOHCTHTYTHRHE
jenHaunHe, ne)HHHITHOHE je/THAYHHE) CY

(a) 4, =0, =0,
6) =0, u =0,
(B) i =0, u,=0,
(r) =0, =0,
(m) 1, =0, u,=0,
h) u, =0, iL=07

(6) Konuko je nmojavame, 4= 2 , OTA

Uy

nojauaBaya MO3HATHX MapaMerapa’

4=_81
g2
® R ©
—— @
g 82V2
© - VCCS(()TA)lT VCCS(OTA)2:

(5) lra je uerBoponon? Kojum
jenqHayMHaMa (mapaMeTpuma) ce OH
onucyje? Hanpratu memMarcky npercraBy
(rpadpuuku cumOOJT) YETBOpOIMOIA,
00€eJIeKUTU KpajeBe, IPUCTYIIE, CMEPOBE
HAIlOHA U CTpYja MPUCTYIIA, U HATIOHE U
CTpyj€ NMpHUCTYyNA.
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(4) JennaunHe onepalnHoOHOr [10jayaBaya (a) iy =0, i,=0,
(KapaKTEpPUCTHKE €JIeMEHTa, KOHCTUTYTUBHE 6) i, =0, =0
jenHaunHe, Ne()UHULHOHE jeTHAYHHE) CY L= 1
‘ (B) il=0, u2=0,
| .
D1 - (t) u; =0, i,=0,
— (1) 1, =0, uy=0,
N ) u, =0, ;=072

(5) Upeanan ornepaniioHu nojayanay je a) He

aKTUBaH CJICKTPUYHU €JIEMEHT?
‘ 0) Jla

YCi10B TACUBHOCTHU:

& JL( \ a,a, 2 0,
u =0 Up = ay Uy +ap (T
_ o L 1505, 20
=0 ij = Gy Uy +apy ()

—— = 2
0 0 4a,,a,a,,a,, =2 (1-ay,a, —a,a,,) 1



ap Muaka Iorpedouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yausep3uretr y beorpany — EjekTporexuuuku gpakyarer, 2020.

(S) HanoHcku n3BOp yrpaBbaH HAllOHOM a) He
(ngeanaH HarmoHCku rmojayasad, VCVS,
Voltage Controlled Voltage Source) je 6) ITa
aAKTHBAH eJIEKTPUYHU eJIeMEHT?

YCi10B TACUBHOCTHU:

7 L/ ,_(,L( \ a,,a,, =0, \
u =— U =ap Uy +ap (1,
q w— N (.)—Dalzazzzo\/
h =dy Uy Tdy\—h
1 0 0 4a,,a,,a,,a,, = (1-ay,a, —a,a,,) 1

(5) Kako cy gedprmHHCaHN TOTOHCKH
napameTpu (a-napamerpu, ABCD-
napaMeTpH) PE3MCTUBHOI YETBOPOII0Jia?
Haupratu notpeOHy 1iemMy ca 03HaKama 1
CMEpOBHMMA U HamucaTu oAronapajyhe [lomenatu npenaBame!
jeIHaYnHE. |
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(5) IIta je uwerBoponona? Kojum
jenHauyrHaMa (TlapaMeTpuMa) ce OH
onucyje? HampraTu 1memMaTcKy nIpeTcTaBy
(rpadpuuku cuMO0JT) UETBOPOIIOJIA,
00€JIC)KUTH KpajeBe, MMPUCTYIIC, CMEPOBE

HaroHa W CTPyja MPUCTYIIa, U HAIOHE U
CTpyj€ MpUCTyMa.

[Tornemaru npenaBame!
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3agaiu

OTA xuparop, PuopmaHoB xupartop,
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OTA xuparop
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OTA xuparop

Bpengnoctu eneMeHara (ImapaMeTpu) MpeKe ca CIUKE
Cy mo3HaTu. Mpeska nMa JiBa IpUCTYyIIa (IIopTa): MpBU
npuctyn ynHe kpajeu O u ©, a Apyru IpUCTYII YNHE
kpajeBu @ u ©.

(a) OgpenuTn g-rapamMeTpe MpEXKeE.
(0) UcnutaTu 1a 11 j€ MpeKa IacuBHA.

(B) McnimTaTn na mm je Mpexa 0e3 ryouTaka.
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OTA xuparop
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OTA xuparop
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MACHBHA MpeXXa M 0e3 ryouraka

45/49



ap Muaka Iorpeouh, penoBuu npodecop, Teopuja enekmpuunux xona, Bexoe, Yausep3uretr y beorpany — EjekTporexuuuku gpakyaret, 2020.

PuopaaHoB xxupatop
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3amaTak

3apartak 1

OTMOPHOCTH OTIOPHUKA €JIEKTPUIHE MPEXKE Ca
cnuke cy R . Mpexa uma aBa npucryra
(mopta): npBu npucTym ynHe kpajeeu O u @, a
IPYTH IPUCTYIT YnHEe KpajeBu @ u .

(5) OmpenuTn OTIOPHUYKE MapameTpe ( 7 -
napaMeTpe) Mpexe.

(5) Ucnuratu 1a u je Mpeska rmacuBHa.

(5) Ucniutatu na nu je Mpexa 06e3 ryouTaka.
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OTHOpHUYKHY MapaMeTpH ( 7 -lrapamMeTpH) Cy

Jla mu je mpexxa nacuBHa? OOpa3ioKUTH.

Ha nu je mpexa 0e3 ryourtaka? OOpas3inoxKuTy.
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PropmaHoB xuparop
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PuopaaHoB xxupatop
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