Jleknusa 6
OIIEPAIIMOHHBIE YCUIIMTEJIN

OnepanMoHHBIMUA  ycuauTeaasMu (OY) Ha3bIBalOT HHTETPAIbHBIC
MHUKPOCXEMBI, KOTOPBIE UMEIOT B MOJIOCE YacTOT OT 0 O COTEH KWJIOTEPII

y /
(Merarepir) coOcTBeHHBIH Ko3hdumueHT ycunenus K, He MeHee HECKOIb-
kux ThICSY (panpiie OY HazpiBM YIIT —ycuimTenn mocTOSHHOIO TOKA).

) +En Bxox 1, o003HaueHHBINM 3HaKOM (-), Ha3bIBAKOT UH-
.  6epmMUpYIOWUM. )
< —» Bxopa 2, 0003Hau€HHBIN 3HAKOM (), Ha3bIBAIOT He-
T 3 UHBEPMUDYIOULUM.
O Usex | Bxombl muTaHua +En 1 —En Ha cXxemax 3JeKTpu-
- l - 'E”*_‘ o UCCKHX [ene 4acTto He 0003HAYAIOT.
Rex —l— |Reex ™ BrixomHOE HANIPSKEHUE U =K/ (U,-U,).

/
Tak kak K, >> Becbma Benuk, a U

—6blX

orpa-
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< ‘EH‘ — 2B), 10 pasnocteU, —U, =U  — 0 u nazmi-

BACTCS BUPMLYAIbHBLIL HYb.
CroiicTBa naeajabHoro OY:
1. JIudpdepeHnmanbHbiii KOOPPUIIMEHT YCUICHUS PAaBEH OECKOHEYHO-

/ o
CTH KU — OO W Ppa3HOCTh BXOJHBIX HAIIPAXKCHHUNW pPaBHa HYIIO
uz — L_Jl =0.

2. Bxoausie Toku OV pasHbl Hymo: |, = 0,

HUYEHO (‘L_nglx

=0.

/
3. Bxoanoe conporusiaenne OV Geckoneuyno 6onsioe: R

6X

8x?2
= 00;

4. BeixosiHO€E conpotuBiaeHre OY paBHO HYIIIO: R’ =0.

6blX
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Texnuyeckue XapaKTepUCTHKH peajbHbIX OY:
Jugppepenuuanvnustit koaghpuyuenm ycunenus:

K/ = AUur  ~10°-10°
A(UZ_Ul)

Bxoonoe conpomuénenue Rg’x ~10xOm—1000MOwm.
Buixoonoe conpomusnenue R. ~100m—n-1000m.

6blX

Yacmoma edunuunoz2o ycuienusa OtT COTEH KU-

4 Ky(0)
------------------ JIOTEPIL IO COTEH MErarepil.
0,707Ky(0) i
oo U_(_)_: B I'panuunan wacmoma 1o ypoBHIO -3710 OT MaK-
| CHMQIbHOTO yCHJICHMS: Ky(T,)=0,707K,(0)
0 o f JIOCTUTaeT COTEH MeTarepil.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



put)  us(t) Ckopocmbv Hapacmanus HANPAINCEHUS

Ugere(t) (B/MKc), ompeaensronias mepexoaHble Xapak-
|
B TepucTUKU OY, MOXET COCTaBISATh OT JECST-
| » KOoB MB/MKc 110 coTen B/MKc.
MKC t
415| UBbx, B +Em Cmamuueckas nepedamovHass Xapaxkmepu-

cmuKa  TIOKa3bIBa€T 3aBHCUMOCTBH BBIXOJHOI'O
HarnpspkeHuda OY oT HampspkeHud Ha Bxoje. [Ipu
BXOJIHOM HampsikeHun nopsjaka 0,2MB BbIXOHOE
HANPSHKCHUE JOCTUTACT MPEICTBHOTO 3HAYCHUS

AU

HanpsokeHuil mtanus E,=+/-15B nmamno3oH BEI-
XOJJHOT'O HAIPSKECHUSA

~ ‘ E 17‘ —2B. JIna  craHmapTHBIX

6blX

AU ~=+12-+13B.

6blX
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CaouctBa Kackaga ¢ OY onpencisiioT eHeuwiHue ooOpamuvle CEA3U
(OC).

Kackaapl ¢ OY MOryT BBIIOJHSTH Cl0JCEHUe, sbluumanue, oughgepen-
UUposaxue, UHMe2puposaHue CUSHAI08, C030A8amb pPa3luyHble (DYHKUUO-
HAJIbHblE 3ABUCUMOCMU W HA3BIBAIOTCS OnepauuoHHbvle ycuaumenu (pe-
wmawowue ycuaumelu).
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AudpepeHuuaIbHBIN YCHINTEIb

_ l / Kl / K2 L gi
) Py |
1'.}.',:| r}’l;.l"“‘l."' W2
b VI

T1BC140 2 BC140

ﬂ I‘Jl I/ 42 A‘ﬁ

Ul:lbl?i 1

Puc.6.1
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[Ipumensercs Ha Bxoae OV.
Heunnseprupyrommit Bxon U_;
Nuseprupyrommii Bxog U __,;
l,=1,+1,, =const.

9

[ U 6bIX — U eoix2 U ebix]l
2
- |} g T2eci40 |
! —

N cTouHUK
TOKAa

R31kOhm




Ha BX0abl MOTYT JIEMCTBOBATH JI1BA BU1A CUTHAJIOB:

Cungpaznvie u npomusoghasnvle (Oughpepernyuanvhole).
IlosiBIIIETCSI BBIXOIHOE HANPSKEHUE:!

U,.=U —U __KZUGxZ_(_Kluexl)

8bIX 8bix 2 ebixl

rre: K, ,K, - ko3bdunuents! ycuieHns KackagoB Ha IEPBOM U BTO-

POM TPAH3UCTOPE.
Paccmotpum cnyyau:

A)Eemu K, =K, =K, U _=K(U ,—-U ).
Cuenanvt ougpgpepenyuanvrvie: U, = —U

U

8bIX
ex?2

exl

2

CurnanbHble smurTepHsie Toku |, u |, nporuBodasubie n xommen-

U6x2

Jnddeperumnansasiii curnar: U b=

CHPYIOT ApyT apyra. Mcrounnk Toka | He Bimsier Ha ycuieHue.
YcuneHrne Hax04UM KaK B PE3UCTUBHOM YCHIIUTEJIE:
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R
K =K,=K, = “
1 2 ough R3_|_r9
R R
— - (U6x2 _Uexl): 2U0uqb - '
R9 _I_rQ R9 _I_rQ
U _ =18, R, =5%0m,R, =1k0Om, 1, =~ ZS—MB

|9

6blX

U =2.-5=108

6blX

Ha necummerpuunom seixone VF 2 ycunenune mensie B asa pasa:

_ Kduqb
K, = "/
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20.00— Cnyuain A: Uex1= - UBx2
' VF2 VFT ]
] VM1
10.00
- ]
=W
"5' -
o VGT
0.00—
VG2
-10.00-] : | . | , | : |
0.00 500.00u 1.00m 1.50m 2.00m
Time (s)
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B) EcmuU_, =U_, - cungpasnouii cuenan, U__ = 0.

6blX

VICTOUHHUK TOKA CO3JIa€T CUJIBbHYIO OTPHUILIATEIbHYI0 OOPAaTHYIO CBS3b.

R
U =U _ =— X U ; — 00.
6bix1 8bIX 2 R3 + r9 + RHT ch RI/IT

U =U__,—-U

=0.

8bIX CQh 8bIX 2 ebix1
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20.00—
1 | Cny4yan b-cuHdazHeI curHan:
1 |Uex1=Uex2=V(G1
: VF2
10.00— L
y _
o ]
S ] VIV
g_m_:%
VG
-10.00— . | : I : | . |
0.00 500.00u 1.00m 1.50m 2.00m
Time (s)

Ha xabenu u ABYXIpPBOAHBIC JIMHUHU IE€peIayd CUTHAJIOB HABOMSATCS
MIOMEXH OT BHEIIHUX DBJICKTPOMAarHUTHBIX IMOJIEH. DTU MOMEXH SIBJISIOTCS
cuH(pa3HbIMU U 0CHa0JIsI0TCsS B auddepenumnanbioM ycuiutene. Ilogas-
Jsis BHEIIHWE CHH(a3Hble MOMEXH, Au(@epeHlUraabHbld YCUIUTEIb Ha
IIPUEMHOM KOHIIE BOCCTAaHABJIMBAET I0JI€3HbIN CUTHAL.
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B) EcmuU_, =0,

K K
B o __ "Noud —  oug .
Uexl _VG]" Ueblxz =VF2= 4 ngl o 4 Vel
Eﬂm_; Cnyyait B: Usx1=VG1, Usx2=0, Usbix=\F2
] VF2

3 Z VF
2 ]
E _

VIV

VG

| T
200.00u

1.00m 1.50m 2.00m
Time (s)
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YacTOTHO-3aBHCHUMBIE 3BEHbA C oncpanmoOHHbIMHA YCHJINTC/ISIMA

NuaBeptupymun OY

BriBo (hopMyIsI:
L+1,=1,=0,

—sx1
U, =0,U, =0 - Bupryasnpusrii Hyb.

U U

—6X | —B6blX _O
I - y

Zl ZZ

= Uy =—_=2

— 6bIX Z —6X -

KommnnekcHbIi KOA(POUIMEHT Iepeaym:
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: U VA
K W) = =8 — _—_2
Ky (o) 0.z

OnepatopHas nepeaaTtoyHasi QyHKIIH:

K(p)=_22LP)

Z,(p)
[pumep: R, = R, =10x0Owm.

1.00—
+ 1
% V215 .
RZ 10kOh
e 0.00-]
R1 10kOhm %
£ L1 - VF1 =
P > £
& - U1 OPA301 -1.00- VA
" G
T V32 =11
- - - -2.00 T I . i : | : |
0.00 S500.00u 1.00m 1.50m 2.00m

Time (s)

Puc.6.2

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



20.00—

10.00- AMIUITUTY AHO-4aCTOTHAs Xa-
'z paktepuctuka (AUX)
.00

Gain (dB)

-10.00-]

_EGGG 1 T T TTTTIT TTTT T T IIIIII| T T IIIIII| T T IIIIII|
10 100 1k 10k 100k
Frequency (Hz)

1 100 100
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Heunpeptupyromuin OY
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2.00—
N 1 il
=V2isV = -
1.00—
RZ 10kOhm i
R1 10kOhm = 0.00-
—— ""“': VF1 = i
+ g 1 ﬂ'ﬂ—_
ol U1 OPA301 T
+ .
=1 15V -
T -2.004
VG i
B 3.00 . |
0.00 500 00w

Puc.6.3
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HOBTOpI/ITeJ'II) HAIIPSKCHU

U,
2 B HeunBeptupyromem OV caenaem:
R, =o0,R, =0
UBX lUBBIX U _ U Rl —I_ R2 _
4 6blX 6X R1
— Uex = — Uex'
1
B mosropurene manpsokenns R = o0o,R =0, koadpuument nepena-
Yy paBeH 1.
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+—_l_ 1.00— VIV
=vzisv = |
0.00
SW-SPSTT E
E H} 3
p +@ 1 U1 Opgs u (t)é -1.00-
[ w0 L O
2 BX = V115V - H
“ l RZ 1kOhm l v l .
. VG
% Aoy t = - T 200 . i ' ! ' ! ' !
I ec(t) 0.00 500.00u 1.00m 1.50m 2 00m
1 1 Time (s)
Puc.6.4

Hano: € (t)=1-sin(27-10°t)B, R, = R, =1xO0wm.
Onpenenurps HAPS)KEHUE HAa HArpy3Ke U MOIIHOCTh B Harpy3Ke.

Kak M3MEHUTHCS MOIIHOCTh, €CJIY HATPY3Ky MOJKJIIOUYUTH HEMOCPEICTBEH-
HO K HICTOYHHKY CHUTHaja?

Pemenue
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B noBTopHTENIE BXOJIHONW TOK PaBE€H HYJIO, KOA(PPUIUMEHT Nepeaadyu paBeH

emaanne: U _(t)=e (t)=u_ (1).
2

MomHocTs B Harpyske: P = —2 — () 5.107° Bm.

H
H

Ecinu Harpy3Ky nOJAKIIFOYUTE K TEHEPATOPY, TO:

R .
u(t)=-e(t » —05-sin(27-10°t)B:
(t)=¢e( )RH+R ( )

ZcCH 2
PH’ = 2’—: = 0,125- uBm.

H
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NuBepTHPYOIHUA CYMMATOP

U@bzx :_(&Ul +&U2 —i_&US)
R R, ° R,

2

Boiuutaromuum OY

\
Ueblx — 1+& / 1—'_& .&UZ-
RZ/ 3/ R3
Ry,
QZ
Ecm R =R, =R, =R,,U__=U,-U,
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JHuddepeHnupyromee 3BEHO

R ﬁ} | | -BBIBOI[ bopMyI:
i =i +i,.
i . L
e C Bxonuoii Tox 1, = 0.

Hanpsxenne Mexay BXxoaamMu (BUP-
ryansHbil Hynb): U =0.

l UBBIX I L duex . u

6blX

| .
¢ d¢ R

& ® _T_ 7
du,  du

Moayunm: U, = —RC =7 —=
dt dt

T = RC - IOCTOsJAHHAA BPCMCHH LCIIN.
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1.00— A B
_ x[1112m  y:|43868m

+
% V215N T ]
RZ 10kOhm 500.00m - / \

C1 Z20nF /
| | [ VE 0.00
+ VG . ]
L U1 OPAIMM
A1 ey -500.600m -
= -1.00 :

I ' I ' I ' |
0.00 10.00m 20.00m 20.00m 40.00m
Time (s)

PHC65

du AU
o= — =" =2008
dt At Swuc /

r=RC =10%-220-10"°=2,2-10"2c,

W 5 9.107%.200 = —440B.

6blX
t
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CUHyCOUaIbHBIA CUTHA

1.00— o

|
] B
% : X |1E|,El?m 1Jr:|l392rﬂ
g 000-
g ]
-500.00m-]
1.00- . . | . | . |
0.00 10.00m 20.00m 30.00m 40 00m
Time (s)
Ugblx — —RC d—(l SN 272' . 50t ) —

= —RC-27-50-cos(27z-50t) =
=—2,2-10 °27-50-cos(27-50t ) = —0,690- cos(27 -50t ) B.
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HNurterparop

8bIX
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u, .
= =l =
du@blx




1.00 !
—_—+-. FRATEE ]
T i1 220nF 0.00-] /
[ ]
| | ]
< -1.00
R1 10kOhm = i
1 [ W1 E-" -2.':":'—_
: . +} = 1
ol U1 OPA3D1 -3.00-] B
. ] x [1.01 y:|-4,51
=Viisv ]
1 1 -4.00- \/

5.00~ | . |

1.00 1.01 1.02 1.03
Time (s)

1072
u6leMuH — _i 1.dt 1
RC 5%
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ynpaBHHCMBIG HCTOYHHUKH HAIIPAKCHHUA U TOKA

R2 12
—_—
i

11 —
R1
a D)
l uBex
Ml

c

UBbIX l

7 d

Puc.4.25. UHYH (U = —&ng =KU,)

6blX R1

U
n UTYH (I, = —&

R,
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R2 12
 —

11
a @—L)
l uUsx
b & 4[

Puc.4.26.MHYT (U

6blX

:—lle) 4.27. UTYT (IH :(1+%)|1)

2

I
L, =1L+, =1+ ;51 :(1+%)I1:k|1
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P
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[
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AKTHBHbIE PUIBbTPHI
AxtuBHbiM ®HY nmepBoro mopsiaka

0.00 H B
7 VF1
+ I -
=V215V -10.00—
C1 22nF -
|| i A
RZ 10kOhn = -20.00 x. |7,26k v:|-20,07
11—t =) ] -
R1 10kOhm) © - = i x [73,71k v:[-40,16
o ; L9 s0.00-
$o Ve o ¢ 6,45k 20,09
: i X -BE, y. 20,
= U1 OPA301 ]
HNPR -40.00
% V15N i
1 -Eﬂ.ﬂﬂ T T ||||||| T T ||||||| T T ||||||| T T |||||||
' 10 100 1k 10k 100k

Frequency (Hz)

Puc.6.7

[Tosmoca mporyckanus 1o ypoBHIO -310 coctasisier /25 I'n. B mosnoce

3agepxkuBanus g OHY mepBoro mopsiaka Jorapupmuyeckas AUX
(JIAUX) nmeeT HakJIOH -2010/0eK.
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R
K(joy=-Ze——d& R
Zl (R2 - _1 )Rl (1‘|‘ chle)Rl
JaC,
Fy
K(w)=— R
J1+(aCR,y

[IepenaTtoynass GyHKIUA
3amenseM @ — P:

o 1
Z,(p) " pC, R,
K(p)=— — _ .
‘) Z(p) (R, + 1 )R, (1+ pCR, )R,
* pC,

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



AKTUBHBIA (UJIBTP BBICOKMX YaCTOT IEPBOTO MOPAJaKa

j—_
+
= V212V
R2 10kOhm
0.00— & e
R1 10kOhm ©122n
2 -10.00
3 o) R
£ -20.00 x [22,84 v.[-20,02
© B
. ¥ |23?.?3 ¥ |—1U.11
-30.00 A-B
) VG ® 214,89 v 19,91
'4000 |||| T T T IIIIII T T T IIIIII
10 100 1k 10k

Frequency (Hz)

Yacrora cpesa no ypOBHIO -310 paBHa 7251'. Haknon JIAUYX B nioJioce
3a7epkuBanus -2010/1ex.
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AxTuBHBIH ®PBY BToporo nmopsAakKa

2
\/ (0" — ) + o ( / )’
—_— V2 12V
R3 10kOhm
T 0.00— H ®
OP1 LM301A 3 VF1
2 VE1 -20.00
C322nAH C2 22nF S
e g
- = -40.00-] A
m = 8 x [225 v:[-60,31
ST .- e _
= e 50,00 x: [256,27 y:|-20,31
+ o A-B
+ ] X -23377 ¥ -40
VG = V112V
-80.00 "'| — —

10 100 1k 10k

-+ - A{ Frequency (Hz)

YacrtoTa cpesa COCTaBJISICT 826I'11. Hakmon JIAUX -4010/nek.
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3arpak1aromnu QUIbBTP BTOPOTO NOPAAKA

L—“:

A VAT
R3 10KOhm
R4 10kqghm OPTLM30IA 5 o B
el ] VFT
- VA 0.00-]
23 22nH C2 22nF / —{ =
| | - -10.00-]
P1 10kOhm o ]
R1 10kOhm = o000
R2 10k0Oh R'w \l':l (f_rJE“ 20.00— x [725.05 v[2082
" R"w ol 30,00
C B + .
S S = V112V 3
5 o — -40.00
VGT O ]
-s0.00+——————f——————— |
M 0 500 1he 2k 2k
Frequency (Hz)

Ha gactote 72811 mporcxoauT ociabjieHre BXOAHOIro curnajia ao -40710.
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Jlorapupmuyecku yCHJIuTe b

+

- V2 15V
In 0.00 @
D1 1N1183 UBBIX -
IBx ] ] x [5.02 v[-227,05m
—, L1

R1 100kOhm 000
=

L =

-200.00m—

V32V

U1 OPA301

J -

V1 15V -300.00m . | . . | . |
0.00 2.50 5.00 7.50 10.00

+
Input voltage (V)

_Ueblx
| =Te o, =1 (e /1)

U
UGblx — _gDT(In Rglx - In IS )
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