3auarue 6
OIIEPAIIMOHHBIE YCUIIUTEJINU

OnepannoHHbIMU  yeuuuTeJaaMu (OY) Ha3bpIBalOT HWHTETPAJIbHbBIC
MHUKPOCXEMBI, KOTOPBIE UMEIOT B I10JIOCE YAaCTOT OT ) 10 COTEH KHUIIOrepIl

. /
(Merarepiy) coocTBeHHbIH K03 duuneHt ycunenus K, He MeHee HECKOIb-
kux ThicsY (padpine OY HazpiBaM YIIT —ycuiuTenn mocTOSHHOIO TOKA).

+En Bxox 1, 0003HaYeHHBIN 3HAKOM (-), Ha3bIBAIOT UH-
gepmupyouiuM.
IBLIX o
—» Bxox 2, 0003Hau€HHBIN 3HaKOM (), Ha3bIBAIOT He-
> 2 UHEEPMUPYIOULUM.
O Usex | Bxombl muTaHud +*Eno v —En Ha cxemax 3ieKTpu-

- 'E”*_‘ - "UECKHUX LEMeH 4acTo He 0003HAYaIOT.
/
Rex 1 Reex” Brixonmoe Hanpsokerme U = K, (U,-U,).

—6blX

/
Tak xak K, >>> Becbma Benuk, a U _ orpa-

—6blX

B.A. Anexun. Onektponuka. [Ipaktuueckue 3anarus. 2014.



<|E,

BUPDMYAIbHBLI HYJlb.

HUYEHO (‘(_] - ), T0 pasHoctel,, —U, = U, — 0 u nasbiBaercs

K(’]:oo,(_fz—(_fle,
:(),

CpoiicTBa naeajabuoro OY: [ =01,
! /I
Rgx — OQ, R6blx =0

TexHuveckne XapaKTePUMCTHKH peajbHbIX OY:
Jugppepenuuanvnustit koagppuyuenm ycunenus:

K =AY 10108
A(U2_U1)

Bxoonoe conpomuenenue R;x ~10kOm—1000MOwm.
Buixoonoe conpomusnenue R ~100m—n-1000m.

6blX

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



Qacmoma eOuHUYHO20 ycuiieHusa 0T COTCH
KJjiorepm 40 COTCH MCrarcpil.

Ckopocmb HapacmaHus HANPAHCCHUA
(B/MKkc), onpeaensitonias nepexoHbIe Xapak-
| TepucTUKU OV, MOXET COCTaBIATh OT JCCST-

)
! { kOB MB/MKC 10 coTeH B/MKC.

CpoucTBa kackaga ¢ OY ONpeneiasoT @HeuiHue oOpamHvle CEA3U
(OC).

Kackanpel ¢ OY MOryT BBINOJHATD ClIOJCEHUE, sbluumanue, ouggepen-
UUPOBAHUE, UHMESPUPOBAHUE CUSHANO8, CO30a8amb pA3IUuUyHble (QYHKYUO-
Ha/lbHble 3A8UCUMOCMU W HA3BIBAIOTCS OnepauuoHHvle ycuaumenu (pe-
wiarouwiue ycuiumenu,).

B.A. Anexun. Onektponuka. [Ipaktuueckue 3anarus. 2014.



JAuddepeHuuaNbHBIA YCUINTEIb
IIpumensercsa Ha Bxoae OVY.
Heunseprupyromuii Bxon U _,;

HNuBeprupyromuu Bxogq U ,;
[ =1,+1,—=const,

[ gbix 8bix 2 gvixl®

FE SkOhm

SW-SPOT2

Puc.6.1
Ha BX0abl MOTYT JI€MCTBOBATH JIBA BUIA CUTHAJIOB:

CuH(a3Hble 1 IPOTUBO(a3HbIC (AU PepeHIINAIBHBIC).

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



[TosBnsteTcs BbIXOJHOC HAIIPAKCHHNC!

Ueblx — U6blx2 - Ueblxl — _K2U6x2 o (_Kerxl),

rae: KI,K2 - KO3 PUIIUEHTHI YCUICHUS KAaCKaJIOB HAa MEPBOM M BTO-

POM TPaH3UCTOPE.
Paccmorpum cnyyau:

A)Ecmm K, =K, =K, U,_=K(U_, —-U,_,).
Cuenanvt ougppepenyuanvnvie: U, = —=U .

Uexl - U6x2
2

CurnansHble smutTepHble Tokd [, u [ , mporuBodasHble U KOMIICH-

Juddeperumanshbnii curnar: U, b=

CUPYIOT ApYT Apyra. MicTounnk Toka /| He BIHMSCT HAa yCHIICHHE.
YcuineHne HaX0AUM KaK B PE3UCTUBHOM YCHUIIUTEJIE:

K =K,=K K,

0
up R, +r,

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



R
_ K L _ K
gbIx R (U6x2 exl) T 2U()uqb R .
5 T 5T
20.00—
Cnyuait A Usx1=-Usx2
10.00—
3
0.00
10,00 ' | ' | ' | ' |
0.00 500.00u 1.00m 1.50m 2.00m
Time (s)

Ha mecummeTprunoM Beixone V2 ycuinenue MeHbIIE B 1Ba pa3a

_ K()uqf/
K, ="

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



B)Ecrm U, = U __, - cungpasneiii cuenan, U

= 0.

8bIX
M cTouHuK TOKa CO31aCT CHUJIbHYIO OTPHULIATCIIBHYIO O6paTHYIO CBA3b.
R
u =U__ =— . U.., R_ — o0
evix1 8bIX 2 ch? UT )
R3 _I_ 7"3 —I_ RI/IT
Uebzxcqb — U6b1x2 — Yiexl — O
20.00—
B) Cundasnbiii cursan
] VF2
10.00

Uutput

-10.00- .
0.00 500.00u 1.00m
Time (s)

B)Ecm U, =0,

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



K K
U,y =VG1LU,,, =VF2=""4/ U ="/ -VGl.

20.00—

] Cnyuaii B. Upx1=V(G1, Usx2=0, UBeix=VF2

VF2

Output

-10.00—

0.00 500.00u 1.00m 1.50m 2.00m
Time (s)

B.A. Anexun. Dnektponuka. [Ipaktudeckue 3anstus. 2014.



YacToTHO-3aBHMCHUMBbIE 3BEHBA C OoNncpannOHHBIMHA YCHIINTCIAMU

NuaBeptupymuu OY

BeiBog opmMysr:
ll + 12 — lexl — O’
U, =0,U, =0 - BupryanbHsIii Hyb.
l—jex | erlx — O,
Z 4,

L U —_ %2207

—6bIX = 6x.
Z 1

KoMmiaekCHbIN KO3(PPUIIMEHT nepeaadm:

’ U@blx Z
]_<U(]0)) — z]— — _72-
=]

—6X

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



OneparopHas nepeaatoyHast (QyHKIHS:

[Ipumep: R, = R, =10x0m.

1.00—
+ 1
= V218V - |
gkﬂrm 0.00-]
R1 10kOhm E
[1E]
- =
[ m
2 <
@ =
% -1.00-] ¢ VF1]
-2. GEI | T | T I T |
0.00 500.00u 1.00m 1.50m 2.00m

Time (s)

Puc.6.2

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



20.00—

10.00- AMIUTUTY JHO-4aCTOTHAs Xa-
'z paktepuctuka (AUX)
0.00-

Gain (dB)

-10.00-]

20,00 ———rrm

10 100 1k 10k 100k 1 1
Frequency (Hz)

on 100

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



Heuwnpeptupyromuin OY

I R, U~U,=U_;
II o I 6X
_ O B UGX [ - U@blx o ng
&,2 R,
[, +1,=0;
6blX ng _ UGX - O
2 R, R |
_ R, + R,
—— 6blX 6X R

B.A. Anexun. Dnektponuka. [Ipaktudeckue 3anstus. 2014.



R1 10kChm

RZ 10KChm

/.

WF1
+ ::
U1 OPA30

N

+
=115

2.00—
1.00-
= 0.00-
~ 1
m -
= i
< .1.00-
-2.00—
'Sﬂﬂ T | T | T |
500.00u 1.00m 1.50m
Time {s)

Puc.6.3

B.A. Anexun. Dnektponuka. [Ipaktudeckue 3anstus. 2014.



HOBTOpI/ITGHB HAIIPAKCHU A

Us
? B HennBeptupytromem OV caemaem:
- R, =00,R, =0
I
Up lU o oy RAR
4 6blX 6X Rl
0
& _I_ 7/} l_l_ e
— Uex 100 — Uex'

B nosropurene nHanpspkenus R = 00, R
Yy paBeH 1.

= 0, xo>pdurment nepena-

6blX

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



1.00—

| VM1
=vaisy = VG1
AM1
0.00
-
g
E ' £ -1.00
=i . -2.00 : I ; T . ] T |
-[ 0.00 S00.00u 1.00m 1.50m 2.00m
S Time (s)
Puc.6.4

Nano: e (t)=1-sin(27-10°t )B, R, = R, = 1xOwm.
OnpeaeanTh HaOPsDKEHUE HAa HArPy3Ke M MOIIHOCTh B Harpy3Ke.

Kak M3MEHUTBHCS MOITHOCTD, €CJIM HArPY3KYy IOJKIIOYUTE HEITOCPEICTBEH-
HO K UCTOYHHUKY CUTHaJIA?

PemeHue

B.A. Anexun. Dnektponuka. [Ipaktudeckue 3anstus. 2014.



B noBropurene BXOJHOM TOK paBeH HYII0, KOOQQUIMEHT MEpeaadn paBeH
enunnne: U, _(t)=e (t)=u, (t).
2

MoumHoCTh B Harpy3ske: P, = ﬁ =0,5-10" Bm.

H

Ecnu Harpy3Ky noJIKJIIFOYUTh K TEHEPATOPY, TO:

u(t)=e/(t) &, =0,5-sin(27-10°t ) B;

RH _|_R3€H
2
P = 0.5 _ 0,125- mBm.
2R

H

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



JlupdepeHnupyromee 3BEHO

R _ir BriBoag hopMmy:
- lo =1, T1,.
e C Bxonnoit Tox i, = 0.
z_
Hanpsokenue Mexay BXogaMu (BUp-
TyanbpHbld Hynb): U, = 0.
UBX
lUBHX i =C duex S Ui
C R °
dt R
& _T_ 2z
du du
Honyuum: u, = —RC dgx = —7 dgx :
! [

7= RC - nocTosHHas BpeMeHHU LEMH.

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



1.00— 5
: | : . x [1azm v[s3s68m
%"4"2 15V . — ] -\ulrF‘]
2 1Ko 500.00m - / \
1 220nF /
|| ™ VE 0.00-
1 >—<|._.._( ]
ol U1 DPA301 ]
L ey -500.00m—]
= -1.00 : | ; | . | . |
0.00 10.00m 20.00m 30.00m 40.00m
Time ()

Puc.6.5
~Au 1B

6X

— 2008/,
dt At 4

r=RC=10"-220-10"°=2,2-10"c,
du,_
dt

du

5 mc

—RC —2,2-107-200 = —440mB.

u6 blx

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



CUHYCOUJAIbHBIN CUTHAJ

1.00— &
|
500.00m VF / X \
% _ X |1|:|,I:I?m V: |592m
=4 0.00-
E ]

-500.00m—

1.00]

T I | T | I |
0.00 10.00m 20.00m 30.00m 40.00m
Time (s)

Uge = _RC%(I Sin2r- 501‘) —

= —RC-27-50-cos(27x-50t ) =
=—-2,2-10727-50-cos(27-50t )= —0,690-cos(2z-50t ) B.

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



HNuTerparop

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.

b

o RC 6x
[u, dt = . [u, dt
0 0



1.00
+ —
g V2 15W . — 7
C1 220nF 0.00]
] -
-1.00
= )
R1 10kOhm a E
1 [~ WE1 E -E.ﬂ'l:'—_
ey + +>—0—u—{ :g .
ul U1 OPA30 -3.00] B
. 1 x 1,01 y:|-4,51
=Viisw i
== -4.00— \/
= 5.00-] : . . | . | |
1.00 1.01 1.02 1.03 1.04
Time (s)

Puc.6.6

uebzx:_ 1 —3.1.10_2:_ -
2,2-10 2,2

B.A. Anexun. Dnektponuka. [Ipaktudeckue 3anstus. 2014.



AxtuBHbBIM OHY nmepBoro mopsaka

0.00 G ©
R 7 VF1
+ -
=V215v o~ -10.00—
C1 220F .
|| : A
R2 10kOhm = -20.00 X |7,26k y:|-20,07
I =3 4 =
R110KORm) = | x [7371k v:[-40,16
I WFA O 3000
Vel >—<»—-—( 007 A-B
g i ¥ -G6 45k y. 20,09
ot U1 OPA301 ]
L -40.00
g W1 15V 4
1 'EGGG T T IIIIII| T T IIIIII| T T IIIIII| T T IIIIII|
' 10 100 1k 10k 100k
Frequency (Hz)
Puc.6.7
B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



R2.—

K(jo)=-2-—— o K
N Z, (R, + .1 )R, (1+ joCR, )R,
joC,

R,
K(w)=— &
\/1‘|‘((0C1R2)2.

IIepenatouHas GyHKIIHS
3ameHsieM J@ — P:

1
7 % C R
K(p):_ 2(p):_ pl — 9) .
Z(p) R L 1 R (1+ pCR, )R,
( 2 | ) 1
pCI

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



