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Uro ke Takoe (puabTpanus?

cI)I/IJ'II:TpEII_II/Ifl — BBIICJICHHUC JKCJIATCIIbHBIX KOMIIOHCHTOB CIICKTPA
SJIICKTPHUYCCKOI'O CUTI'HAJIAa C ITIOAAaBJICHHUC HCKCIIATC/IbHbIX.

CnekTp curHana —pe3yJibTaT pa3jiokKeHUs CUTHajla Ha psij OoJiee
OPOCTBIX  Oa3WCHBIX  OPTOrOHAIBHBIX  (QyHKOUWA.  Jlns
JICKTPOTEXHUKHW TaKUMH (PYHKIHUSMH 4Yallleé BCEro SBISIOTCS
CUHYCOHWJIaJIbHBIE (PYHKIIHH.

Jlis  pa3nokeHus  CUTHalla  4alle  BCEro  MCIOJIb3YIOT
npeoopazoBanue Dyprbe, pazaokeHHE MO (PYHKIUIM YoIIla U
BEMBIIET-IIPEOOPA3OBAHUS.



A
Buabel GUIETPOB

- AHaJI0TOBBIE U LIU(POBHIE

AmnasioroBele  (UIBTPHl 00pa0aTHIBAIOT aAHAJIOIOBBIC CHUTHAJIBI M
cTposiTcsi Ha OCHOBaHMHM RLC KOMIIOHEHTOB, TpPaH3UCTOPOB,
ONEPAIMOHHBIX YCUIMTEIIECH U Mp.

[udgpoBsie GUIbTPEl  00padaTHIBAIOT IUQPPOBBIC CUTHAIBI U
UCIIOJIB3YIOT B KaueCTBE crienuanuzupoBanHoro [10.

- IlaccuBHBIC 1 AaKTUBHBIC
ITaccuBHBIC CI)I/IJII)TpBI HC HUCIIOJb3YIOT BHCIMTHHUX MCTOYHHUKOB ITUTAHMAI.

AKTUBHBIE (DUIBTPHI MCIIOJB3YIOT BHEIIHWE MCTOYHUKH IHUTAHUS HU
MOTYyT OBITh CIA00TOYHBIMHM (NIPUMEHSIOTCS B HM3MEPUTCIbHBIX
KaHaJlaXx) JMOO CHJIOBBIMHU (A1 (DUIBTpAllMy BBICIINX TapMOHHUK B
CHUJIOBBIX IICIISX.)

- KUX u BUX
BUX-bunabTppl ¢ OECKOHEYHOW HMITYJIbCHOM XapaKTEPUCTUKOMN

(pexypcuBHbie) W KHUX-Quabrpel ¢ KOHEYHOM  HMMMOYJbCHOHN
XapaKTEPUCTUKOMN (HEPEKYPCUBHBIC)



PHUHIAII paOOTHI HACCUBHBIX
(UIBTPOB

OcHOBaH Ha CITIOCOOHOCTSIX EMKOCTH IHoAaBJIATH HU3KUC YaCTOTHhI
1 CIIOCOOHOCTH HMHIAYKTUBHOCTHU IIOAABJIATH BBICOKHC YaCTOTDI.
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[lo TNy BblAeNeHns 1 nogaBreHns
4YaCTOTHOrO crnekTpa punsTpbl ObiBAOT:

A|H¢qu'w)| A|qu3q(w)|
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Cpenu peKypCHBHBIX (PHIIBTPOB 110 THUITY
[IepeaaTOYHON (PYHKIIUM BBIACIISIOT

g

- (punbTpsl Yeoniiera 1To u 2ro nopsijaka BESSEL

BUTTERWORTH

- (puasTpel beccens CHEBYSHEV

ELLIPTIC
- @uneTpsl barrepBopra

- DImunTu4Yeckue PuiabTphb

- (puneTp I'aycca

FREQUENCY IN Hz ———»
Frequency Response Curve

www.CircuitsToday.com

Yro xe Takoe nepeaaroyHas QyHkius))??

DTO OIWH W3 CIIOCOOOB MAaTeMAaTHYECKOTO OITMCAHUSI JTUHAMUYECKOU
cucteMbl U JaudPepeHIHraIbHbIA ONepaTop, BBIPAXKAIOIIUNA CBS3b
MEXY BXOJIOM U BBIXOJAOM JIMHEMHOW CTAIIMOHAPHOU CUCTEMBI

Y(s) oy, T

W(s) = U(s)’ Uz’




UeObllLeBa

OJIMH W3 TUIIOB JIMHEWHBIX aHAJIOTOBBIX UJIU
U (PpOBBIX GUIBTPOB, OTIIMUUTEIIHLHOM
0COOEHHOCTBIO KOTOPOTO SABJISIETCS 00JIEe
KPYTOU CIIaJl AMIUIUTYAHO-4aCTOTHON
xapakTepucTuku (AYX) u CylieCTBEHHbIE
NyJAbCAI[UU AMIUIUTYIHO-4YaCTOTHOM
XapaKTEPUCTUKU HA YACTOTaX MOJIOC
nponyckanus (punasTp Yebbména [ poga) u
nonasieHus (pusrp Yeodsimépa 11 pona),
4yeM y GUIBTPOB JPYTUX TUIIOB.
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[TlepexogHaa n nmnynbcHaa PyHKUMS
dounnetpa HebobiweBa
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MNbTP
beccens

OTJIUYUTEIHHON 0COOCHHOCTHIO KOTOPOTO
SIBIISICTCSI MAKCUMAJIBHO TIIaJIKast TPYIIIOBast
3aJiepKKa 1 TMHeHHas (pa3o-dyacToTHas
XapaKTEePUCTHKA.

Magnitude

WX rpynmoBas 3a1ep>KKa IPaKTUYECKHU HE
VU3MEHSIETCA MO YaCTOTAM ITOJIOCHI
MPOMYyCKaHus, BCIAEACTBUE yero ¢hopma
(UIBTPYEMOro CUTHajia Ha BBIXOJ/IE TAKOTO

(GuIBTpa B moNoCe NPOIyCKaHUS COXPAHAETCT  10° 0 | 0
o Frequency(rad/sec)
NPAaKTHYCCKHA HEU3MEHHOM I —
Display Parameters: Frequency: 22.4Hz (1/24th Octave) Mer: 0° Par 0*
6,.(0) 15 : =
H(s)=——+— H(s)=— 5 s L
6, (s/wo) 83 +6s2+155s+15 o [«
= 15 -0
8 [ @
3 15 o | @
G(w) = [H(jw)| = — - [
Vb + 6w + 45w? + 225 : i
50 -180




PunbTp G*(w) = (i) = — 2
baTtTtepBopTa

AYX ¢dunsrpa barrepBopra MakCHMAaJIbHO
IJ1aJIKasi Ha 4acTOTaX MOJIOCHI NPOMYCKAaHUS U 55 \
CHM)KAETCS  NPAKTUYECKU [0 HyId Ha \\
4acTOTaXx I10JIOCHI ITOJAaBICHU. \

1st order
2nd order
3rd order
-60 | 4th order
5th order

Gain (dB)
A
S

AUYX ¢unsrpa barrepBopra — MOHOTOHHO
yobIBaromass  (yHKIUs 4acToThl. DUIbTp \ \
barrepBopra — C€IMHCTBEHHBIX U3 QUIBTPOB, \
coxpanstonuii  ¢popmy  AUX s Oosee o1 0.1 ! 10 100
BBICOKHX TOPSJKOB (3a MCKIIIOYEHHEM OoJiee S

KPYyTOTO CIlaJla XapaKTepUCTUKH Ha T0JIOCE

NOJABJCHUs) TOIJla Kak MHOTHE JIpyrue

pasHoBuaHOCTU (GuiIbTpoB (punstp beccens,

bunerp YeOblm€Ba, SIIUNTUYSCCKUN (PUIBTD) ’ A o

UMEIOT  pasnuuHble  Qopmbl  AUX  1ipu

Pa3JIMYHLIX ITOPAAKAX

e - - o




L
ANNNNTUYECKUN PUNBLTP

SIIEKTPOHHBIN (QUIIBTP, 1 /)
XapaKTEePHOH 0COOEHHOCTHIO k
G

KOTOPOTO SABJISIFOTCS ITYJIbCAIIUN 8
aMIUTATYTHO-4YaCTOTHOMN
XapaKTEPUCTUKHU KaK B MOJIOCE G
MIPONYCKaHUs, TaK 1 MOJI0CE 0.4l
MoJIaBJicHUs. BennuuHa nmyibcanun G=
B KQXJI0M U3 T10JIOC HE3aBUCHUMA 0.2} (
apyr ot apyra. Jlpyroi {\//
OTJIMYUTEIBLHON 0COOCHHOCThIO o P ' ' '
Takoro (hUIbTpa SBIISETCA OUYCHb /ey

KPYTOU CHaJi aMILUTUTYIHOMN

XapAKTEPUCTUKH, TIOITOMY C 1

TIOMOIIIBIO 3TOTO (PHIIBTPA MOKHO Gn(w) = —

nocTurarh 6oiee 3GYEKTUBHOTO \/1 + € Bn (& w/wo)
pa3IeICHUs YaCTOT, YEM C

ITOMOIIBIO APYTUX JIMHEHHBIX

(UIBTPOB.

1
14

.

0.6




Peakmys pa3nu4HbIX (PUILTPOB HA
CIMHUYHOE CTYIICHYATOE BO3JAECHCTBUE

Ussix/Uex

Uebbiwes

battepBopT <

R

beccenb



[IpakTHYeCKHE aCHEKThl CUHTEC3UPOBAHHUS
(bUIBTPOB

IIpoiecc  cuHTE3WpoBaHUS  (UILTPOB  0€3  NPUMEHEHUS
JOTOIHUTEIBHBIX MPOTPAMMHBIX IIaKETOB SBISIETCS OYCHb-
OYEHBb-OYEHb CJIOKHBIM Tiporeccom!!! TpeOyrommii 3HaHUN
npeoOpazoBaHus IpeoodpazoBanuii Jlamnaca, Z-npeoOpa3oBaHuit
U pellIeHNs] MHOXKECTBA MOJUMHUAIBHBIX (PYyHKITHM.

Ha mnpakTuke CymecTByeT OrpOMHOE KOJIWYECTBO METOIUK
MOCBSIIECHHBIX ITPAKTHYECKUM pacueTam

[Ipy TIpOEKTUPOBAaHMHM AHAJIOTOBBIX U HUQPPOBBIX (UIBTPOB
IIPUMEHSTFOTCS:

- Multisim cuHTE3upyeT aHajJoroBble (IIAaCCHBHBIC M AKTHBHBIC
(UIBTPHI)



NHTepdenc Multisim
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Boibnpaem tpebyemyto AHX

[Defadt seﬂ'mgs] [ Build circuit ] [

Filter Wizard - Filter Wizard
Type: [Low pass filter ~|  1cain(ds) Type: |High pass filter v|  1Gains)
—— 0 — 0
Pass frequency: 1 kHz = «+—Pass band gain Pass frequency: 1.5 Rz B0 | .
Stop frequency: 1.5 kHz % Stop frequency: 1 kHz % \PBSS band gain
S N— top band gain
Pass band gain: -1 I Pass band gain: -1 dB
Stop band gain:  -25 dB 0 Freq.(Hz) Stop band gain:  -25 de ) / Freq.(H2)
Filter load: 50 @ [£]  Passfrequency Stop frequency Fiter load: 50 @ 2] stopfrequency Pass frequency
Type Topology Source impedance i Type Topology Source impedance |
(@ Butterworth @ Passive @ 10 times > Load (@ Butterworth @) Passive @ 10 times > Load
(") Chebyshev () Active (7) 10 times < Load (7) Chebyshev () Active (©) 10 times < Load
B Ealinicad © Equal toload
[Default settings| | suidcrcut |[ veify J[ close  J[ hHep | [Defeultsettings| | Buidcrcut | [ verfy | F . Cose [ Hep |
Filter Wizard | Filter Wizard |
- -
Type: [Band pass fiter ~|  1cain(ds) Type: [Band reject filter v]  1cain(s)
0 . 0 .
Low end pass frequency: 1.5 kHz [ ,_’f o= f’?z‘d gain e () iz || E;and gain
Low end stop frequency: kHz ‘é‘ top band gain Low end stop frequency: 1.5 kHz % top band gain f
High end pass frequency: 2 kHz % f ’ i High end pass frequency: 3 kHz % f i
High end stop frequency: 3 kHz =24 ] : High end stop frequency: 2 kHz E 2 :
A req.(Hz) ; 0 / req.(Hz)
Pass band gain: -1 dB Passband gain: -1 dB
= ] Low€nd stop freq / i i = 5 Low€nd pass freq / i
band gain: - e ss fre in: - s C
o S S Low end pass freq ./ P i Ston band gol: Low end stop freq ./~ 4
Filter load: 50 Q = High end stop freq Filter load: 50 Q E High end pass freq
Type Topology Source impedance Type Topology Source impedance
(@) Butterworth @) Passive @ 10 times > Load @) Butterworth @) Passive @ 10 times > Load
(") Chebyshev ) Active (7) 10 times < Load (") Chebyshev ) Active () 10 times < Load
(©) Equal to load (©) Equal to load
veify  |f Close  J[ hep | [Defouit settings| | Buidcrcut | [ verfy | [ Close  J[  Hel
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Filter solutions
B FiterSolutions 2009 Nuhertz Technologies, L

File Data License Options Window Parts

1

Transfer Function
Pole Zero Plots Frequency Response
Reflection Coefficient || Ing

| Brid

R0 BReeRRORERRe

m ERpom

File Data License Options Window Parts Help

Set Order v Standard Pass Band Atte “Ideal Filter B :
m » _ Pass F fl Transfer Function

_ el Fer Pole Zero Plots Frequency Response
Reflection Coefficient | [ Incl Sd

Add Tx Zeros

®
e

NP0 SRR RRRORNRe

Synthesize Filter Real Paramters

B ERpom




CI/IHTe3I/IpOBaHbIe CXeMbl

3rd Order Low Pass Chebysheyv |

Pass Band Frequency = 1.000 Rad/Sec
Pass Band Ripple = 1.000 dB

1.0008 994.1 mH

T2.024 F T2.024 F
5] [=}

1.000$2
R

Thu Nov 03 11:24:24 2016

Exit | [~ Balance [4 Digs [~ Fit
F(s) | Freezel Sens. l Inds Select  «
ICaps Select vl

s o

(= [© fimie)

3rd Order Low Pass Chebyshev I
Pass Band Frequency = 1.000 Rad/Sec  Stop Band Ratio = 1.1
Stop Band Frequency = 1.100 Rad/Sec
Stop Band Attenuation = 7.073 dB

916.3 mH
L2
1.000<2 — Y
RO,
b 6764mF 4
21

1T
1270 RIS

=
=

—Lss.z mF —Lss.z mF
<1 =]

Thu Nov 03 11:19:55 2016

\ 3rd Order Low Pass Chebyshev |

Pass Band Freguency = 1.000 Rad/Sec
Pass Band Ripple = 1.000 dB

2 024 H

TmﬂnF

1 00082

\/\/—

2024H

1.000&2
Re

Thu Nov 03 11:24:24 2016

lCapsSeIecl vl.

3rd Order Low Pass Chebysheyv Il
Pass Band Frequency = 1.000 Rad/Sec  Stop Band Ratio = 1.1
Stop Band Frequency = 1.100 Rad/Sec
Stop Band Attenuation = 7.073 dB

1.000$2 458.2 mH 4582mH
AN—
676 4 mH
1.000€2
R4
916.3 mF
1.270 RIS

Thu Nov 03 11:28:20 2016

Exit |~ Balance |4 Digs [~ Fit
F(S) Freeze| Sens. [ Inds Select  +
ICaps Select « |

4 Digs [~ Fit

¥ = = (—'ﬂ —
. Lumped FIterZ . ¢ =B f = Lumped Flte“
' w |_Freg Tl;'e Exit [~ Balance |4 Digs [ Fit | £ F' r:;";‘; Exit I™ Balance
Anno!e| ZDT,, Re?‘ o'xlt F(S) ‘Freeze| Sens. | Inds Select v AL"’EJ j_p_am Zout Retoutl_FIS) | Freeze| Sens. | Inds Select

ICaps Select « I




[TpoBepka nonyyeHHbIXx A4YX n ®HX

i Lumped Filter 1 Frequs Response
[~ GipDelay [ 'dB [ Deg Print
Lumped Circuit Frequency Response L B i

Continuous Frequency Resonse

0
Magnitude Magnitude (dB)

6 789
10

Thu Nov 03 11:20 2016

B Lo Fier 1 Frequency Response g ———

Print _Text | Freeze] Exit [~ Mag 3y
|~ Smith | Polar

581889
10

6789
1
Frequency (Rad/Sec)

v dé [ Deg
Continuous Frequency Response [ Smith [ Polar

4 5 6789 2
10

3
3rd Order Low Pass Chebyshev i Frequency (Rad/Sec) Thu Nov 03 11:202016 il 574 rder L Chebvahevi Frequency (Rad/Sec) Thu Nov 03 11:26 2016




BAYXHO ITOHUMATD, UTO HAITMJIMYNE
CIIEHAJIN3NPOBAHHBLIX ITPOI'PAMM HE
OCBOBOXIAET MHXXEHEPA OT HEOBXO/JIMMOCTHU
[TOHUMATDH OU3NYECKHUE ITPOLECCHI
I[TPOTEKAIOIIMX B ®NJIBTPAX.
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1 na npeOyaet ¢ Bamu CUJIA!



