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BBEJIEHUE

®unbTpoM  Ha3bIBaCTCS  JJCKTPOHHAS  CXeMa, IMPOITyCKaromas WIN
YCHJIMBAIONIAsl CHHYCOHIAIBHBIC CUTHAJBI B OMPEICICHHOM TUana3oHe 4acTOT U
ocla0Jsoas CHrHajabl C YacTOTAMH, BBIXOASINMMH 3a MPEAelbl 3aJaHHOIO
JMarna3oHa.

O6nactp mpuMeHEHHS (QUIBTPOB B DJICKTPOHHUKE M BBIYMCIUTEIHHON
TEXHUKE OYEHb IIMMPOKA M CXEMbl OTJIWYAIOTCS OOJBIIMM pa3zHOOOpa3ueM.
IIpocThie maccuBHBIE GUIBTPHI CTPOSATCS Ha PE3UCTOpaxX, KOHJCHCATOpax H
KaTylllKaX WHIAYKTUBHOCTH. bojee crnokHble, aKTHBHBIE - 0a3e OMepaliOHHBIX
YCUJIUTEIIEN U LENEN U3 pe3UCTOPOB U KOHJIEHCATOPOB.

B xypcoBOM IpOEKTE CTyJIeHTaM MPENIAraeTcsi COPpOEKTUPOBATh AKTHUBHBIC
(GUIbTPHl pa3HBIX THUIOB C 3aJaHHBIMU MapamMeTpamMu, CMOJEIUPOBATH U
HCCIIEIOBATh UX XapaKTEPUCTHUKH B CIICLIUAIIA3UPOBAHHOM IMAKETE NPOTPAMM.

1 OCHOBHbLIE TEOPETUYECKHUE CBEJEHMA

1.1 XapakTepuCTHKH, MapaMeTpbl U MaTEMaTUYECKOE OMUCaHue QUITBTPOB

OCHOBHOW XapaKTEpPUCTUKOM (UIbTpAa CUMUTAETCS €ro AaMIUTUTYIHO-
yacTOTHas Xapaktepuctuka (AUX), oToOpakaromas 3aBUCUMOCTh KOA(DPHUIIHEHTA

nepenaun ¢punpTpa K (@) or yrioBoi 4acToTel curHaima @. Ilo Bumy AUX
YCTpOMCTBAa OOBIYHO pa3fenstoTcss Ha rpynnsl. Hampumep, QuiabTp HUBKOU
gactoTel (®HY) mpomyckaeT HU3KOYACTOTHBIE CHUTHABI M Ocladiser
BBICOKOYACTOTHBIE (puUCyHOK 1.1a), dunbTp Bbicokoi yacToThl (OBY) mpomyckaer
CUTHAJIbl BBICOKOYACTOTHBIE U 0CJIA0JIIeT HU3KOYaCcTOTHBIE (pUCcyHOK 1.10).

Kw) K(w)
Ko
Ko/ V2

0 w Yo w

Pucynok 1.1 - AMIUIUTYTHO-4aCTOTHBIE XapaKTEPUCTUKHU (a — PUIBTP HU3KOW YaCTOTHI,
0 — GUIBTP BHICOKOUM 4aCTOTHI).

Jis onucanus ®HY u ®BY BBOguTCA MOHATHE YacTOTHI cpe3a o -
YacTOThl CUTHAJA, HA KOTOPOM HaOII0/1aeTCsl YMEHBIIIEHUE MOIITHOCTH B JIBa pasa.
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Koadpduuuent korpdunuenta nepegaun GuiibTpa Opu 3TOM YMEHBIIAETCS B V2

pa3 Mo cpaBHEHHIO ¢ KO3PDUIIMEHTOM MepeIadn Ky Ha HyneBo# (nis ®HY) unu
Ha OeckoHeuHoi (st @BY) vactore.

[IpoexTupoBanue (GuiIbTpa OCHOBBIBAETCA HA pacyeTe €ro MnepeaaTOuHOM
(GyHKIIMU, KOTOpast SIBISIETCS] OTHOLIEHHEM H300pakeHus mo Jlamiacy BBIXOJIHOTO
CUTHaJ K n300paxkeHuto o Jlammacy BXOAHOTO CUTHajA!

U, ()}

_L
L0, ()]

Jlist mepexona OT mepenaTtoyHoi (PyHKIMU K YaCTOTHBIM XapaKTepUCTHKaAM
npoussoiar 3ameny P =J® rpe: j=+-1,
I[Ipu paccmorpeHun GUIBTPOB B OOOOIIEHHOM BHJE KOMIUIEKCHYIO

nepeMeHHYI0 ~  0OBLIMHO HOPMHpPYIOT, BBOIA Oe€3pa3MepHOE 3HAueHHUE

P=jo/wy jQ rpe Q=0/a. oraocurensuas yactora.

[lepenaTounyto (YHKIIMIO MOXKHO NPEACTAaBUTh B BHUJE KOMIUIEKCHOIO

BBIPKCHHUS, COACPIKAIIETO BEIIECTBEHHYIO A(®) u MHUMYIO B(®) vactu:
W (jo)=A(0)+jB(o),
WJIM B TIOKa3aTelbHOM hopMe:

W (jo)=K (o)’

rre: K(@) o). COOTBETCTBEHHO, MOJYJIb U apTyYMEHT KOMIIJIEKCHOU
BEJINYMHBI, YKa3bIBAIOIIWE BEJIMYMHY W HAIIPABICHHE BEKTOpa

W(] 50) Ha KOMIUIEKCHOM TUIOCKOCTH.

Mopayne mnepenarounoit ¢yHkiuun K (a)):\/ A? (w)+B 2 (w) sBIseTCs

B(w)
onucanueM AUYX ¢unbtpa, a aprymeHTt ¢(w)=arcig (mj OMNUCBHIBAET €r0

(azouactoTHyI0 XapakTepucTuky (OUX).

N3-3a Gosbiioro quarnasoHa u3MeHeHus: koddduirienta nepenauu GpuibTpa
€ro 3HadeHue 0O0bIYHO JorapudmMupyercss U yMHOkaetcs Ha 20. DTO MO3BOJISIET

U3MEPSATh K(w) g nenudenax — JorapuPMUUEcKuX eIUHUIAX, UCTIOIb3YEMBIX NS
OIIEHKH HW3MEHEHHWS MOIIMHOCTH CUTHalla B paauoTexHuke (1 Oen — enuHUIIA,

COOTBETCTBYIOILAsA JECATUKPATHOMY YBEIMYEHHIO MOUTHOCTH curHana; 1 16 = 0,1
oemn).



[Ipu ckaukooOpa3HOM M3MEHEHHUH BXOJHOTO CUTHala B (PUIbTPE BOSHUKAET
nepexoHbIi mpotiecc. TpeboBaHus, peabsaBisieMble K UIbTpaM, Ipu padoTe UX
B TEPEXOIHBIX pEeKUMAx OOBMUYHO TmpoTuBOpeurBhl. C OAHOW CTOPOHHI,
1esecoo0pa3Ho, YTOOBI MEPEXOAHBIN MPOIEeCC IIUCS KaK MOXHO MeHbie. C
JAPYTOH, 3TOTO MOXHO JOCTHYh TOJIKO, €CIM M3MCHEHUS BBIXOAHOW BEITHMYWHBI
MPOUCXOJIAT C OONBIION CKOPOCTHIO, YTO MPUBOJIUT K MOSIBIICHUIO KOJICOaHUH.

JInst  OIlEeHKM KayecTBa MEPEXOJHBIX TMPOILECCOB OOBIYHO HCCIEAYIOT
MEePEXO/IHYI0 (PYHKIIUIO h(t) - PEAKLHI0 CUCTEMBI HA €JUHUYHOE CTYNEHYATOE

Bosmeiicraue 1(2),

B o0mem citydae nepexoHyro pyHKIHIO MOXKHO PACCYUTATB 110 (POpMyIIE:

h(t) = ET (o) sin(w-t)do

71'0 Q)

B npouiecce mpoekTupoBaHUs MapaMeTphl nepenaTroyHor GyHKIuu GuibTpa
MOT'YT BBIOMPATHCS U ONITUMHU3UPOBATHCS MO Pa3uyHbIM Kputepusm. Kpurepusimu
yarie BCEro BBICTYINalT paBHOMEpHOCTh AUX U KoJe0aTeNIbHOCTh MEPEXOTHON

XapaKTEePUCTUKU  (DHUIBTpa h(t). Haubonee wu3BECTHBI METOJIMKM PacyeTa,
OCHOBAaHHBIE Ha HCIIOJBb30BAHUU alTreOpandyecKuX ITOJTMHOMOB C HM3BECTHBIMU
CBOMCTBaMH, MNOPEIJIOKECHHBIX B CBOE BpemMsa MareMaThukamu beccernem,
BarrepBoproM m YeObieBbiM. PUIBTPHI C HCIOJIb30BAHUEM 3THX TOJHMHOMOB
MOJIYYMJIK COOTBETCTBYIOIINE UMEHA.

Ha pucynke 1.2 nns cpaBHeHus nokazanbl AUX GUIbTpOB HUKHUX YacCTOT
Pa3INYHBIX TUIIOB.



Yebrnuepa

Pucynok 1.2 - CpaBuurenbabie AUX QHIBTPOB HU3KOM YaCTOTHI

AUX ¢unbsTpa baTTepBopTa MMEET AOBOJBHO MJIUHHBIN TOPU30HTAIBHBIN
YYaCTOK M PE3KO CITaJaeT 3a 4acToTou cpe3a. llepexoqnas XxapakTepuCTHKA TAaKOTO
(dbunpTpa Npu CTyneH4aTOM BXOJHOM CUTHAJIE UMEET KosiebarenbHblid xapaktep. C
yBEJIMYEHUEM MopsiKa GUIbTpa KoJeOaHUs YCUIIUBAIOTCS.

Xapakrepuctuka (uibTpa YeObllieBa cramaer 0ojiee KpPyTO 3a 4acTOTOM
cpe3a. B monoce mpomyckaHus OHa HWMEET BOJHOOOpPA3HBIA XapakTep C
nocTositHHOM amruinTyioi. Konebanusi mepexoaHoOro mpoiecca mpu CTylneHYaToM
BXOJHOM CUTHaJIe CHIIbHEE, 4eM y GuibTpa barrepBopra.

Ounbtp beccenss xapakTepusyeTcs MEHbBIIEH IIUHONW TOPU3OHTAIBLHOIO
ydacTka, yem uibTp barrepBopra u 6osnee nosorum cmaaoMm AUYX 3a yacTtoTon
cpe3a, ueM ¢uibTpel bartepBopra m YeOnimeBa. [lepexonnblii mpoiecc Takoro
(bunbTpa NPaKTUUYECKU HE UMEET KOJeOaHUH.

1.2 ®OunbTphl HUKHUX YaCTOT

[lepenaTounsie pynkuus GHY

[lepenaTounas pynkus ®HY B 0611emM Buie 101KHA UMETh BUI:

K,y

W(P): 2 n
l+¢P+c,P"+..4+c P">

rae €1>¢2----C, — MoMOKUTEbHBIE TeUCTBUTENbHBIE KOA( DUITHEHTHI,

n — NOpsoK punbTpa,

baTTepBoOpTa
beccens



K- xosdurment nepenaun GuIbTpa Ha HYJIEBOH YacTOTE.

[Topsimok puiabTpa ompeaensieTcss MaKCUMaIbHON CTENEHBIO TIEPEMEHHOMN P.
OH 3amaer acuMmnToTHueckui HakJIoH AUX paBHBIN —20n  16/nex. Jlist
peanmuzanuu  (QUIBTpa HEOOXOAMMO PA3JIOKUTh IOJMHOM 3HAMEHATENs Ha
MHOXHTeIu. Eciu cpeaum KopHEH MOJIMHOMA €CTh KOMILUICKCHBIC, TO TOJHHOM
MPEJICTaBIsACTCS B BHUJIC TPOM3BEICHUS COMHOXXHUTEIEH IIEpBOTO U BTOPOTO
MopsiIKa.

K,

W (P) =
() (1+aP+5P*)-(1+a,P+b,P?)-...>

raie % wu bi— momoxurensHble nelcTBHTENbHDBIC kod(ppunuenTer. s
HEUYETHBIX MOPSAIKOB MOJIUHOMA KO3 DUITUEHT b PaBEH HYJIIO.
OunsTpsel barrepBopra, UeObimeBa u beccenss oTIMYarOTCS 3HAYCHUSIMU

koddpurmmenToB ¢ u b, nepeaaTouHor GyHKIuu. 3HaueHus Kod3(hPUIUEeHTOB AJis
(UIBTPOB 10 TPETHETrO MOpsiaka npuBenaeHbl B Tadiuue 1. s ¢unsTpoB Oosee
BBICOKOTO TMOPSJIKa UX MOKHO HaiTu B [3,4,5].
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Tabmuua 1. Koaddunments nepenarounoit GyHkuuu s pacuera GUIbTPOB Pa3IUYHBIX THIIOB

Tun puasTpa n| i a b,
OunbTp beccenst 1 1,0000 | 0,0000
2 1,3617 | 0,6180
3 0,7560 | 0,0000
0,9996 | 0,4772
®uneTp barTepBopra 1 1,0000 | 0,0000
2 1,4142 | 1,0000
3 1,0000 | 0,0000

1,0000 | 1,0000
1,0000 | 0,0000
1,3614 | 1,3827
1,8636 | 0,0000
0,6402 | 1,1931
1,0000 | 0,0000
1,3022 | 1,5515
2,2136 | 0,0000
0,5442 | 1,2057
1,0000 | 0,0000
1,1813 | 1,7775
2,7994 | 0,0000
0,4300 | 1,2036
1,0000 | 0,0000
1,0650 | 1,9305
3,3496 | 0,0000
0,3559 | 1,1923

OunpTp Yebnimena ¢ HepaBHOMepHOCTHIO 0,5 16 | 1

OunbTp YebrbllieBa ¢ HepaBHOMEPHOCTHIO 1 10 |

OunbTp YebrbllieBa ¢ HEPaBHOMEPHOCTHIO 2 10 |

OunpTp YeOnImeBa ¢ HEpaBHOMEPHOCTHIO 3 110 1

[N I e B B N e el S B el e e O B e Y e e B S I e N e Y e A B N I Y el )

Cxemortexuuka DHY

ITpocteie cxemblt ®HY nepBoro nopsiaka nokasaHnsl Ha pucyHke 1.3.



DA DA
Ri
D U@x
Rl : Usix AL > o
U e el

— 1+ .

R2 Y
e -

Cl
a) 0)

Pucynok 1.3 - ®HY nepBoro mopsiika: a)Ha OCHOBE HHBEPTUPYIOIIETO YCHUIIUTENs, 0) Ha
OCHOBE HEMHBEPTHUPYIOLErO YCUITUTEIISL.

[lepenaTounas dyuknus guibtpa (puc. 1.3a) umeet BUI
1+CO0 'R2 'Cl 'P'

W(P)=-

OTky/na BbITEKAIOT (POPMYJIBI 1JI pacuera

Ko=—Ry)/ Ry

a;=0y-R,-Cy,

Koaddunment nepenaun 317oro puiibTpa OTpULIATEIBHBIN.

Jns  ¢dunetpa Ha puc. 1.30 mnepenarouHas (QyHKUUS ONpeaesercs
BBIpaXKEHUEM
Ry, /Ry +1

W(P)=
( ) 1+CO0'R1'C1'P'

dopmyItbl 1 pacdeTa (PrIbTpa 3aMuChIBAIOTCS B BUJIC
ay=0yR;-C;

[Ipumepom @OHY BTOporo mopsaka sBiseTcss (UIBTP CO CIOXKHOU
OTPUIIATEILHON 0OpaTHOM CBS3BIO, CX€Ma KOTOPOTO, M3BECTHA Kak cxema Payxa
(puc. 1.4.).
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R2 1l
—— |
RI R3

340 >,

EHLY
ik

Uﬁ,\’

—

Pucynok 1.4 -®OHY no cxeme Payxa
[lepenaTounas GpyHKIUS JaHHOTO PUIBTPA OMPENENAETCS BEIpaXKEeHUEM
R,/R,
% 'R3]-P+a)§-q -Cy Ry Ry - P* -

w(P)=-

1

CooTBeTcTBYyIOIIAsl CUCTEMA YpaBHEHUH JUIsl pacyeTa mapaMeTpoB (QHUibTpa

3aIIMCBhIBACTCA B BUJC

R,-R

1
Kosdpdunrent nepenauu GpuibTpa OTpULIATEIIbHBIN.

®HY BTOpOro nopsjika Ha OCHOBE OMEPAIMOHHOTO YCUIIUTEINS MOXKET ObITh
IIOCTpOeH Takke mno cxeme Canena - Kesd, B KOTOpOW MCHOJIB3yETCS

MOJIOKUTENIbHAST oOpaTHas CBs3b (pUcyHke 1.5).

— R2 DA

U@ bIX

R3 R4

Pucysok 1.5. ®HY o cxeme Camena-Kes
[lepenaTounas GpyHkusa GuibTpa UMEET BUJ
1+ R,/ Ry
1+ @y C, (R +R)—R Ry-Cy/Ry |- P+awy R -Ry-C-Cy- P

W(P)=
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OTKyZa BBITEKAET CUCTEMA YPABHEHUU JJIS pacyeTa:

Koadduinent mepemaum 3Toil CXEeMBbI Ky nomxen Gbite Menpume 3. B
MPOTUBHOM CJIydyae CXeMma MEPEXOJUT B PEKHUM TIeHepaTopa CHHYCOUJATbHBIX
KOJIeOaHUH.

Hns peanuzauuun @HY Tperbero u 0ojee BBICOKOTO MOPsAKAa OOBIYHO
(GUIbTPEI MEPBOTO W BTOPOTO MOPSIAKA COEIUHSIIOT MOchenoBaTenbHo. B sTom
ClIly4yae XapaKTEepUCTUKHU 3BEHbEB (QUIbTPA MEPEMHOKAIOTCH.

1.3. ®uabTphl BEPXHUX YACTOT

[lepenaTounsie pynxuuu GBY

[lepenaTtounsie ¢ynknun OBY MOXHO MOMYYUTh M3 aAHAJIOTUYHBIX
¢byukuit ®HY, 3amenus oneparop P na I/P. Ilpu 3ToM yacTota cpe3a QuibTpa

@y ocraercs HEM3MEHHOM, a K, CJIeTyeT MOHUMATh Kak KOd(h(UIMEHT mepeaadn
Ha OECKOHEYHO OOJIBIION YaCTOTE.

Ky
1 1 1 1
Ha,—+b— | I+a, —+b, — |
( IP lpzj( 2P 2P2j

Metoasl onTUMHU3aMK U pacdyeTa KOd(PPUIMEHTOB anmpOKCUMHUPYIOIIUX
MOJIMHOMOB (PUIJIBTPOB MPU ATOM HE U3MEHSIOTCHI.

K(P)=

Cxemortexuuka DBY

Cxewmpbl qs peanuzann @BY nepBoro u BTOpOro mopsiika moJIydaroTcs U3
cxeM @OHY, ecnum mnOMEHATP MECTaMU PE3UCTOPbI M KOHAEHCATOPBI BCEX
Bpemsizanaronmx RC-nenen.

[Tpumepsl cxem PBY nepBoro nopsiaka npeacTaBieHbl Ha pUCyHKe 1.6.
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1 e
U&L\’ I D
D A U(}‘ hixX

D> R/

U, R1 CI : Uspix
R2
a) 0)

Pucynok 1.6 - ®BY nepBoro nopsizika: a) Ha OCHOBE HHBEPTHPYIOLIETO YCWIHTENS, 0) Ha

OCHOBE HEUHBEPTUPYIOILETO YCUIUTENSA
[lepenaTounas ¢pyukius GuibTpa pucyHke 1.6a umeeT BU

B pesynbrare nmeeM ciaeayronyo CHCTEMY YPaBHEHUH Ul pacdeTa

K,=-R,/R,

W(P)=-

Cll :l/wo Rl 'Cl.
Jlist cxembl Ha puc. 1.60 umeeM

Ry /Ry +1
1+71 1)

W (P) =

al=1/a)0R1C1.

Cxema Payxa gns ®BY Broporo mopsiaka (cxemMa cO  CIOXKHOU
OTPULIATEILHOU 00paTHOM CBA3bI0) N300paxKeHa Ha pucyHke 1.7.
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Cl e
e
LITH BLX

E:

Pucynok 1.7 - ®BY Broporo nopsiika no cxeme Payxa

[lepenaTounas dyukus GuibTpa

C,/C,
W(F)=- LGHGHG T I 1
RC,Cw, P RRC,Cao P’
rac:

KO - Cl /C2 ’
a,=(C,+C, +C3)/ R,C,Cya0
b, =1/RIR2C,C30w; .

Eme omuum npumepom peanmszamuun PBY BTOpOro mopsjaka sBISETCS
¢unetp mo cxeme Camnena - Kes, moka3zanHelii Ha pucynke 1.8, KOTOpbId
noyyaercs 3ameHoit B cxeMe ®HY (pucyHok 1.5) KOHIIEHCATOPOB Ha PE3UCTOPHI,
a PE3UCTOPOB HA KOHAEHCATOPBI.

RI
" Cl - DA
ax
—I >
Usuix
R2
R4
R3
— -

Pucynok 1.7 - ®BY BToporo nopsaka no cxeme Cannena - Kest
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[lepenaTounas GpyHkusa GuibTpa UMEET BUJ

1+ R4/R3
1+RI(C1+C2)+R2C2R4/R3L 1 1

+ -
RIR2C1C2aw, P RIR2CIC2w; P’

W(P)=

CoOOTBETCTBEHHO pacyeTHbIE (POPMYJIbI 3aMUCHIBAIOTCS B BUJIE:

K,=1+R4/R3,

, _ RUCL+C2)+ R2C2R4/R3
1 RIR2CIC2w, 5

1
b, = 2.
RIR2CIC2w,

[lonyueHnHble pacueTHbie (POPMYJIIBI MO3BOJSIOT CUHTE3UPOBATh CXEMBbI MPHU
3aIaHHBIX KOA(ppULIeHTaX NepeIaTOuYHON (PYHKIIUU.

2 3AJIAHUE HA KYPCOBOU ITPOEKT

2.1 HcxonHwie qaHHBIE I pacyeTa

Hcxonnble nmaHHble AJisi pacyeTa NpuBeAeHbl B Tabi. 2. Bapuant
ompenensercs AByMs nociienHumu nudpamu mudpa 3auetku. [lopsanok ¢punbtpa
OMpENENACTCS CTYJIEHTOM CaMOCTOSITEIbHO. [l CTyneHTOB JHEBHOM (HOpMBI
oOy4eHus: Mg TOJY4YEHUs OTIUYHOM OIEHKHM HEO0OXOAUMO CIPOEKTHPOBATh
GunbTp MATOrO MOpPSAKA, XOpomied - uerBeproro. Jljisi CTyAEHTOB 3a04YHOTO
oOy4eHus MOpsAI0K (PUIBTPA MOKET ObITh YMEHBIIICH HAa €AUHUILY.

VY cioBHBIE 0003HAUECHUS

fo =210y _ yacrora cpe3a puiabTpa B I'm;
Ky — xoadduiment ycunenus: GUibTpa B MoJI0ce MPOMyCKaHuUs;
AYX — tunt AUX ¢punptpa (PHY, ®BY);

Metoasl ontumuzainuu GuibTpoB: ba — gunbtp barrepBopra, be- dunbtp
beccens, 05 — ¢unbtp YeOsimeBa ¢ HepaBHOMepHOCTHIO 0,5 10, Ul — dunbTp
YeObimeBa ¢ HepaBHOMepHOcThio 1 106, Y2 — ¢unetp UYeOblmeBa ¢
HEepaBHOMEPHOCTHIO 2 10, U3 — punbtp YeOblieBa ¢ HEPaBHOMEPHOCTHIO 3 0.

Cxembl puibTpoB: Pa — cxema Payxa, CK — cxema Cannena-Kes, I —
MHBEPTHUpYIOIIas cxema, Hell — HemHBepTUpylolas cxema.



Tabnuia 2 — BapuaHTHI 3aJaHHIA

=
2 : 3
S = =
= ) )
o & = =
Bapuanr | Fo (I'm) Ko =) = ~ _
< 5] o =
= = =
2 g g
s @] @]
0 780 29,6 OHY Ye05 CK )4
1 970 294 OBY Yel Pa neld
2 1160 29,2 OHY Ye2 CK neld
3 1350 29 dBY Ye3 Pa )41
4 1540 28,8 OHY be CK 41
5 1730 28,6 dBY ba Pa neld
6 1920 28,4 OHY Ye05 CK neld
7 2110 28,2 OBY Yel Pa )41
8 2300 28 OHY Ye2 CK )41
9 2490 27,8 dBY Ye3 Pa neld
10 2680 27,6 OHY be CK Held
11 2870 27,4 OBY ba Pa )4
12 3060 27,2 OHY Ye05 CK )4
13 3250 27 OBY Yel Pa neld
14 3440 26,8 OHY Ye2 CK neld
15 3630 26,6 OBY Ye3 Pa )4
16 3820 26,4 OHY be CK 4!
17 4010 26,2 OBY ba Pa neld
18 4200 26 OHY Ye05 CK Held
19 4390 25,8 OBY Yel Pa 4!
20 4580 25,6 OHY Ye2 CK 4!
21 4770 25,4 OBY Ye3 Pa el
22 4960 25,2 OHY be CK Held
23 5150 25 ®dBY ba Pa 4!
24 5340 24,8 OHY Ye05 CK 4!
25 5530 24,6 dBY Yel Pa neld
26 5720 24.4 OHY Ye2 CK el
27 5910 24,2 dBY Ye3 Pa n
28 6100 24 OHY be CK "
29 6290 23,8 ®dBY ba Pa neld
30 6480 23,6 dHY Ye05 CK Held
31 6670 23,4 dBY Yel Pa "
32 6860 23,2 OHY Ye2 CK )41
33 7050 23 dBY Ye3 Pa Hell
34 7240 22,8 OHY be CK el
35 7430 22,6 ®OBY ba Pa )4
36 7620 22,4 OHY Ye05 CK )4
37 7810 22,2 OBY Uel Pa Hell
38 8000 22 dHY Ye2 CK neld
39 8190 21,8 ®BY Ye3 Pa )4
40 8380 21,6 dHY Be CK )4
41 8570 214 ®OBY ba Pa neld
42 8760 21,2 OHY Ye05 CK nell
43 8950 21 ®BY Yel Pa )4
44 9140 20,8 OHY Ye2 CK )4
45 9330 20,6 dBY Ue3 Pa Held
46 9520 20,4 OHY be CK nell
47 9710 20,2 ®OBY ba Pa )4
48 9900 20 OHY Ye05 CK 41
49 10090 19,8 OBY Uel Pa nell
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50 780 29,6 OHY Ye05 CK )4
51 970 29,4 ®BY Yel Pa neld
52 1160 29,2 OHY Ye2 CK neld
53 1350 29 ®BY Ye3 Pa )4
54 1540 28,8 dHY be CK )4
55 1730 28,6 dBY ba Pa neld
56 1920 28,4 dHY Ye05 CK neld
57 2110 28,2 OBY Yel Pa )41
58 2300 28 dHY Ye2 CK )4
59 2490 27,8 dBY Ye3 Pa neld
60 2680 27,6 dHY be CK Held
61 2870 27,4 OBY ba Pa )4
62 3060 27,2 dHY Ye05 CK u
63 3250 27 ®dBY Uel Pa neld
64 3440 26,8 dHY Ye2 CK neld
65 3630 26,6 dBY Ye3 Pa )41
66 3820 26,4 dHY be CK 41
67 4010 26,2 dBY ba Pa neld
68 4200 26 dHY Ye05 CK Held
69 4390 25,8 dBY Yel Pa 4!
70 4580 25,6 dHY Ye2 CK )4
71 4770 25,4 dBY Ye3 Pa Held
72 4960 25,2 dHY be CK Held
73 5150 25 dBY ba Pa )41
74 5340 24,8 dHY Ye05 CK )4
75 5530 24.6 dBY Yel Pa Held
76 5720 24.4 dHY Ye2 CK Held
77 5910 24,2 dBY Ye3 Pa 4!
78 6100 24 dHY be CK 41
79 6290 23,8 dBY ba Pa Hell
80 6480 23,6 dHY Ye05 CK Hell
81 6670 23.4 dBY Yel Pa 4!
82 6860 23,2 dHY Ye2 CK 141
83 7050 23 OBY Ue3 Pa Hell
84 7240 22,8 dHY be CK Hell
85 7430 22,6 dBY ba Pa 4!
86 7620 22.4 dHY Ye05 CK )4
87 7810 22,2 dBY Yel Pa neld
88 8000 22 dHY Ye2 CK Hell
89 8190 21,8 dBY Ye3 Pa )41
90 8380 21,6 dHY be CK )4
91 8570 21,4 dBY ba Pa neld
92 8760 21,2 dHY Ye05 CK Hell
93 8950 21 dBY Yel Pa )41
94 9140 20,8 dHY Ye2 CK n
95 9330 20,6 dBY Ue3 Pa Hell
96 9520 20,4 dHY be CK Hell
97 9710 20,2 dBY ba Pa "
98 9900 20 dHY Ye05 CK )4
99 10090 19,8 dBY Yel Pa el

16
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2.2 TlporpamMmma paGOTHI

1. CopoektupoBaTh AaKTUBHBIM (QUIBTP 1O HCXOAHBIM  JIAHHBIM,
MPUBEJICHHBIM B Ta0JI. 2 1 3. B COOTBETCTBUM C 3a/laHHBIMH MapaMeTpaMu U TUIIOM
dbunpTpa paccuutarh ero nepeaaTounyo GyHkiuo. CocTaBUTh NPUHIUIUAIBHYIO
ANEKTpUYEecKyro cxemy. Ilpu BbIOOpEe 3JIEMEHTOB CXEMBI PYKOBOJCTBOBATHCS
oubnuorekamu 31eMeHToB nakera Multisim 8.0 pupmbr National Instruments.

2. BbiOpaTh peanbHble KOMIIOHEHTHI [Jis co3faHus cxembl. OdopMUThH
NPUHLIUNHAIBHYIO JJICKTPUYECKYI0 cXxeMmy (UIbTpa B BHJAE YepTexka B
COOTBETCTBHUHU C ACHUCTBYIOIINMU CTAHAAPTAMM.

3. CobOpars Momens ¢(uibTpa B makere Multisim 8.0. IlpoBeputh ero
paboTOCTIOCOOHOCTh TMPU CHUHYCOUJAIBHBIX BXOAHBIX curHanax. OmnpenenuTb
4acTOTy cpe3a U Kod(PPUIUEHT ycuJeHUs B mojoce mporyckanus. [lonmyueHnHbie
3HAYEHUs HE JIOJKHBI OTJIMYAThCS OT 3aJaHHBIX Oojiee, yeM Ha 5%. 3apucoBaTh

OCLIULIOTpaMMBI  curHamoB mpu  uactorax J = Olfo> fo,10/0.  Onmpenenurs
IUana3oH W3MEHEHHS aMIUIUTYIbl BXOJIHOTO CHTHalIa, B KOTOpOM (ibTp
paboTOCIIOCOOEH.

4. Hcnonp3ys moOCTpoUTENh 4acTOTHbIX xapaktepuctuk (Bode Plotter),
noctpouth B Multisim AUX u ®UX ¢dunbtpa B jorapudmuyeckoMm macuitade.
OrnpenenuTs HEPAaBHOMEPHOCTh YAaCTOTHOM XapakTepUCTUKH ¢uiabTpa. CpaBHUTH
pEe3yAbTAThl C TEOPETUUECKUMHU JTAHHBIMHU, COOTBETCTBYIOUIMMHU 3aIaHHOMY THUITY
¢dunpTpa.

5. Ucnonb3ys QpyHKMOHAIBHBIN reHepaTop Function Generator B pexume
reHepanuu IpsIMOYTOJIbHBIX UMITYJIBCOB U OCHUIIIOrpad, MOCTPOUTH MEPEXOIHYIO
XapakTepucTuky ¢puibtpa. OnpeaenauTs BpeMs NepexoHOTO Ipoliecca Ha BBIXOJIE
¢dunsTpa u nepeperyaupopanue. OObICHUTDH PE3YIbTATHI.

6. UccnenoBars paboty (uibTpa MpU TPEYrojJbHOM BXOJHOM CHUTHAJE C
4acTOTOM, HAXOASAIIEHCS B MOJIOCE MPOMyCcKaHus (GUibTpa.

7. OdopMUTHh TOSCHUTENBHYIO 3alUCKy K MPOEKTy B COOTBETCTBUHU C
TpeboBaHusMu [ 7 ]. [losiCHUTENbHYIO 3alIUCKy B JICKTPOHHOM BHjE B dopmate
Word u daitn moxenn B makere Multisim ¢ pacmupenuem .ms8 (uim .msl0)
BBUIOKUTh Ha MOpPTAJIe JUCTAHIIMOHHOTO OOpa3OBaHUsI YHUBEPCUTETa B Kypce
«DneKTpoHUKa U cxeMoTexHuKa» http://do.vstu.edu.ru/course/view.php?1d=202.


http://do.vstu.edu.ru/course/view.php?id=202
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3 METOJMYECKUE PEKOMEHIALINUN

3.1 Pacuer mapameTpoB PpuiIbTpOB

[Ipu pacuere mapameTpoB (GUIBTPOB CIEAYET YyU€CThb, YTO PACUET CXEMBI
TpeOyeT pelIeHUus] CUCTEMbl YpPaBHEHUM TIEPBOrO WM BTOPOTrO TMOPSIKA.
KonuuectBo paccuMThiBaeMBIX 3JIEMEHTOB CXEMbl Bcerja Oojblie, YeM
KOJINYECTBO ypaBHEHUH. [l0o3TOMY 4YacTh 3JIEMEHTOB CXEMbI IPEABAPUTEIBHO
BbIOMpaeTca. PexoMeHnyeTcs 3aaBaTh 3HAUYEHHS €MKOCTEH KOHIEHCATOPOB U
BBIYUCIISITh HEOOXOJMMbIE 3HAUEHHUS COMNPOTUBIEHHN pe3uctopoB. [lpu
MPOEKTUPOBAHUM (UIBTPOB BTOPOTO MOPSIKA CIEIYyeT y4ecTh, YTO pEIICHUE
3a/1aud CBS3aHO C MOMCKOM KOpHEW KBaJIpaTHOro ypaBHeHUs. Bbibop emkocTeit
KOHJICHCATOPOB OKa3bIBAET CYIIECTBEHHOE BIIMSIHUE HA XAPAKTEP PEIICHMUS.

3.2 Bb100p KOMIIOHEHTOB

IIpn mepexone OT pacyETHBIX 3HAYEHHN CONMPOTUBICHHN M eMKocTer RC-
Lenel clelyeT y4YUThIBaTh KOHCTPYKTHBHBIE U TEXHOJIOTMYECKHE OCOOEHHOCTHU
DJIEMEHTOB.

Konnencatopbl 0OBIYHO HM3rOTaBIMBAIOTCS € TOYHOCTHIO 20% U mpu uxX
M3TOTOBJIEHUU OOBIYHO ucnob3yeTcs psan E12, paspematoniuii BeIOOp TOJbKO 12
HOMHUHaNOB eMkocTteit: 10, 12, 15, 18, 22, 27, 30, 33, 39, 47, 56, 68 82.

Psan E24 npumensieTcs mpu HM3rOTOBIECHHHM PE3UCTOPOB. OH JTOMyCKaeT
HCTOJIb30BaHUE 24 HOMUHAIBHBIX 3HaUueHUM conportusienuit: 10, 11, 12, 13, 14,
15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 68, 82, 91.

Hcnonp3yemblie 3HaU€HHE COMPOTUBIICHUS M €MKOCTH U3 Psifla MOTYT OBbITh
ymHOkeHBI Ha 10", rie 7 — 1enoe monoKuTenbHOE YUCIO WM Hylb. Hampumep,
MO’KHO MCIOJIB30BaTh pe3ucTopbl: 13 Om, 130 OmMm, 1,3 kOm, 13 kOwm, 130 kOM u
T.1.

Hcnonb30BaTh B CXEME PE3UCTOPBI C COMPOTUBIEHHMEM MeHee | KOM

HCKCJIAaTCIIbHO, T.K. 3TO HCMHHYCMO IMPUBECACT K YBCIUMUICHUIO 3HepFOHOTpC6J'IeHI/IH
CXCMBbI U 3aTPYAHUT BI>I60p ONCPAIMOHHOI'O YCUIIUTCIIA.

Jlnst BbIOOpa OMEpalMOHHBIX YCUIUTENEeH HEOOXOIMMO MPEIBAPUTEIHHO
ONpPEAECIUTh MX TMApPaMETPbl: BBIXOJHOE COIMNPOTUBIICHUE Ry, BxOmHOE

CONIPOTUBIICHUE R, YacTOTy eJWHMYHOTO ycuieHHs Jr. OpHEeHTHPOBOYHO
MOXHO OTPEJIETUTDb 3TU MapaMeTphl 0 GopMyJiaMm:

R, <R,/10. R 210R . [ 2Kf

B8blX
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rne Ruw u Ruwe — COOTBETCTBEHHO HOMHHANBI MHHHMAIBHOTO U
MaKCHUMAaJIbHOT'O PE3UCTOPOB B CXEME CIIPOEKTUPOBAHHOTO (DUIIBTpA.

IIpu  BbIOOpPE  KOHKPETHBIX  OSJEMCHTOB  IPHUHIUIIAAIBHOM  CXEMBI
1enecooOpa3HoO MCIHONIb30BaTh pecypchl MHTepHer, Hanpumep: www.chip-dip.ru,
www.platan.ru u ap.

3.4 OdopmieHue mpoekTa

KypcoBoii mpoeKT COCTOUT W3 MOSACHUTEIBHON 3alUCKU U Tpaduueckoro
Marepuaia

IlosicuuTebHAdA 3amTUCKa

[loscHuTenbHass  3amWcka  SBISETCA  JOKYMEHTOM,  COACpIKaIluM
000CHOBAaHHME MPHUHATHIX MPH pa3pabOTKe pelIeHWi, OomrcaHue pa3paboTaHHOTO
YCTpPOMCTBA.

[losscauTenpHasg  3ammcKa KypCOBOTO IIPOCKTa JOJIZKHA  COJACPKATb
ClIeayromue pa3acibl:

— BBEJICHHE,

— TEXHUYECKOe 3aJlaHue,

— pacyeT NPUHIUIHATBLHOU CXEMbI U BHIOOP KOMIIOHEHTOB,
— HccienaoBanue GUIbTpa,

— 3aKJIIOYEHUE,

— CIIMCOK HCIIOJIB30BaAHHBIX HCTOYHHKOB I/IH(i)OpMaI_[I/II/I.

Bo BBemeHMM KypcOBOro TMpOEKTa HEOOXOAUMO CcPOpMYIUPOBATH
MOCTABJICHHYIO 3a]1a4y, €€ 0COOCHHOCTh U BBIOPATh KPUTEPUHN MIPOCKTUPOBAHUS.

Pacuer wu3genus MOMKEH CcoAEp)XaThb pPAaCUYETHBIE CXEMBbI, pacuUeTHBIC
dbopMymIbl, pe3ylbTaThl pacyeToB, OOOCHOBAHHME BBIOOpA KOMIIOHEHTOB W3
CIIPaBOYHMKOB. B pasznene mpuBOASITCA BCE HEOOXOIMMBIE PacUeThl OTIACIbHBIX
y370B  NPUHIUIHAIBHOM CXEMbl M  pacyeTbl [apaMeTPOB  AJIIEMEHTOB,
o0ecrneunBaloIINX UX COBMECTHYIO paboTy.

[TosicauTenbHasg 3amucka AOJDKHA cOCTOITh W3 10-12 cTpaHuil Tekcra ¢
WUTIOCTPAIIMSIMH, BBINIOJTHEHHBIMH Ha OJHOM CTOpOHE JHucCTa Oenoil Oymaru
dbopmata A4.


http://www.chip-dip.ru/
http://www.platan.ru/
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Odghopmnenue uepmedsiceii

- I'paduueckuit MaTepuall IPOEKTa JIOJDKEH COZlepKaTh
MPUHIUNHAIBHYIO cXeMy, 0OpPMIICHHYIO Ha JIUCTE cTaHaapTHoro (opmara. Jlucr

qepTCiKa N0JDKCH HMCTh PpaMKY 1 OCHOBHYIO HAJIIHUCh.

Bce uyeprexmn, pa3zpaboTaHHBIE B TMPOEKTE, JOJDKHBI OBITh IOIANHCAHBI
CTYAEHTOM W NPENOJABaTEIEM - PYKOBOJIMTEIEM NPOEKTA C YKA3aHUEM JaThbl

IIOAIIMCaHHA.

[ToapoOHbIe mpaBUiia BHITIOTHEHUS CXEM U3TI0XKEHBI B [ 7 |.

4 TIPUMEPBI PACYHETOB U UCCJIEJIOBAHUI
4.1 ®WIbTp HU3KON YAaCTOTHI IIEPBOTO MOPSIIKA

HcxonHple na"HHbBIE:

— Tun ¢puibtpa — GuabTp HU3KOM yactoThl (OHY);

— MeroA ontuMuzanuu ¢punsrpa — GunsTp barrepBopra;

— 4YacToTa cpesa (puibTpa Jo=35 kI
— kod(pduuuent ycunenus GpuiabTpa B ronoce npomnyckanus Ky =5;
— cxema puibTpa — QUIBTP C OTPUIIATEIHLHON 00pAaTHOMN CBSI3bIO

DA

>
R] : Usix

S
R2

o

Cl

Pucynok 4.1- Cxema ¢punbtpa
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[lepenaTounas pyHKIUSA:

W(P)=—

rae:  koa(duuuent nepenaun Ko =K, /R =5 o YCJIOBHSIM 3a/IaHUS;
kodhdumment ¢ = 0o R,C =1 10 tabmuue 1.

Pacuer mapameTpos:

wy =27 f, =31415,9 1/c.

N3 psana E12 Beibupaewm: C1=2,2 yo,
Haxomum: o= 1/ w,C, =14,5 kOwm;
R =R,/K,=2,89 vOm.

N3 psana E24 Beioupaem: Ry =15x0m, R =3 xOm.

Pucynox 4.2. Monens punbtpa

Pe3ynbprartsl nccnenoBanmit

UccnenoBanus dunbtpa npoBoasTca B nporpamme Multisim/ Uccnenyercs
paboTa ¢ CUHyCOUIalIbHBIMU BXOJIHBIMU cUTHaaMu. AHanusupyercss AUX u ®UYX
¢unbvrpa. Pe3ynbraThl OTpakeHbl Ha pucyHkax 4.1 —4.7.



Oscilloscope-X5C1

v

KN| ]
Time Channsl A Channs| B
E M 9257 me 598537 mv 4873V _Reverse | GND(”
* | 1:27Em: ETEETE MY 4853V
T2T1 | 5278%8us 1875V 972V Eas] et
Channal A _ Channel 8 Trigger
Scale| 1 ViDiv Scake [2 ViDiv Eige | R|[F 5]E4]
¥ position | 0 Ypaa'rﬁan]ﬂ ¥ position | 0 Level |0 | v
[T add| 8| aB||[AC o | bc|] & | Ac| 0 JDC - | ¥ | Type Sing!Mor.|AutofNone

Pucynok 4.3 - Ocumiorpammsl nipu yactore 1 kI
COOTHOLIIEHUE aMILUTUTY[ 4,89/0,998 0 4,89
3asiBJICHHOMY KO3 (OULIMEHTY YCUIICHHUS Ky=5.

Oscilloscope-X5C1

IPUMEPHO COOTBETCTBYET

ER| A B
Time Channsl A Channel B
L‘z ﬁﬂ II05ims 585027 mV 2488V _Reverse | GND ("
2178 ms  £E5.350 mV 3484V
T2T1 1243720 1884V 5353 _sae | Bar
— Channel B Triggar
Scale [2 ViDiv edge | 2[5 BEq]
¥ position |0 Level |0 | ¥
[YT #ad|mia| as||[ac 0| pe| & | ac| 0 fBC -| & | Type SinglNor|autofiions

Pucynok 4.4 - OcuniorpamMsl 1pu yactore 5 kI
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Ha w4acrore cpeza curHam ocna0usercs TMPUMEPHO B V2 pas:
5%0,99/3,46=1,43

Bode Plotter-XBP1 =
¥ — Mode
' ' Wagnituds Phase |
= Horizontal Werticsl
[ Leg tn || [Tea Lin_|
Fl10 MHz | |F|20 | 48
1E Hz | [-50 — 4B
- Controls
Rewsrss | Save | Bt |
| 4| 206.974 He | 13.87idB ]| +F W - T Ot =
Bode Plotter-XBP1 | eS|
L — Mode
= Horizontsl WVertical
[Teg | Lin || [Teg L |
Flz MHz |F[20 dB8
|10 Hz i dB
— Controls
Reverse | Save I Set.... I
5141 kHz | 10.871dB S T ol g e T e

Pucynok 4.5 - AUX ¢ubtpa

Makcumanbsbii ko3 uiuent ycwienus 13,97 a0 cooTBeTCTBYET

pacueTHOMY 201g5=13,97 = Ocnabnenne na wactote cpeza 13,97-10,67=3,3
(Teopetnuecku 3), HakJIOH — 20 10/a€eK.

Bode Plotter-XBP1 e

e | — lode
i Magnituds Fhazs
= Harizontal Wertical
[Tog Ln | log T Gn
Flz |MHz |F[180 [ Deg
o [H s | Deg
/I Centrols
Heversel Save I Set... l
il 5,141 kHz | 133.084 Deg | +Fn - +HF outi” -

Pucynok 4.6. ®UX dunbrpa

@®a30BbIN CIBUI B oJioce nponyckanns Mmensercs ot 180 no 133 rpanycos.
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. Oscilloscope-X5SC1 lﬁ

Kl T =
, Time Channsl_A Channel B
1Tj 1‘_2 45000 ms  -1000.000 mV 4985V _Reverse | GND
= 45226 ms 1000000 mV 4550V
i A Save
T2-T1 Z26.131 us 0.000 v 9.984 W 4 Exct £
Timebass - — Channel A - — Channel B — Trigge -

E-Galeitv:l usiDiv == } S:alel 1 ViDiv Srale |2 VD | Edge [_TF"E[_ B | Ex
¥ position | O o p{:-siti:-n]-:l—& ¥ position ]-31— Level r:l—r"-:_

[T add|s/a| a8||[AC o] Dc| & | ac| 0 JOC - | & | Type Sing|Nor. | Autoffione |

Pucynok 4.7 - IlepexoaHas XapaKTepUCTHKa GUIbTpPa

[lepexoiHast xapakTepucTUKa MOHOTOHHas!, 0€3 nepeperyiupoBanus. Bpems

nepexoaHoro npouecca npumepHo 150 mkc.

4.2 OWIbTP BBICOKOW YaCTOTHI BTOPOTO MOPSIIKA

Hcxonable na"HHbBIE:

— Tun ¢puibTpa — GUILTp BicoKoM yacToThl (DHY);

— Metoj ontumuzaiuu punbTpa — Gunetp beccens;

— yYacToTa cpe3a QpuiabTpa Jo=5 k'

— ko3 duuuent ycunenus GpuibTpa B mosoce npomnyckanus Ky =5;

— cxema ¢unbTpa — cxema Payxa.

C2 R2
Cl —— DA

s B > |

RI T

Puc. 4.8. Cxema punompa
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[lepenaTounas pyHKIUSA:

Cc/C
(R F o B N
RC.Caw, P RRCCal P
rac.
K,=C1/C2=5,

a; =(C +C, +Gy)/ R,C, Gy = 1,3617 .
b, =1/RIR2C,C3wy; =0,6180 (Ta6m. 1).
Pacuer mapameTpos:
wy =27 fy =31415,9 1/¢;
N3 psana E12 Beioupaewm: C =G5 =51 yo;

Haxomgum: ¢, =C/5=10,2 H®D; BEIOHpaeM ¢, =10 gy

R, =1/bhR,C,Cs00; = 6,251 xOm

N3 psana E24 Beibupaem: Ry =51x0Om, R =6,2 xOm.

Pucynok 4.9 - Mooenv ghunompa



Pe3ynbprartsl nccnenoBanmit

CooTHOILIIEHUE

Oscilloscope-X5C1

(==

LSRR 8

KX| 1 =
Time Channel_A Channel B
o S o5 swozemv  33e884my _Reuerss | GND I
| e sz 3BT 265 mV
T2TH 4R 8383 my 52371 my CEe] it
— Timehass Channsl A Channsl B Trigger
Scale [ 200 us/Div =| Seale[ 500 mVIDiv | goale [500 mViDiv | Edge [ Ed | N[
X position [0 Y position| 0 ¥ position | 0 Level |0 v
[T asd|Bia] A8 | Ac| 0 |[OC (% | AC| 0 JOC -| ¥ | Type Sing]Nor.| AutofFione

Pucynoxk 4.10 - Ocuumiorpammel ipu yactote 1 kI'ng

aMHHI/ITYI[ 996/387 = 2,57 -

ko3¢ unmenta ycunenus. Curnan ocnadisercs.

CooTHOILIIEHUE

MCHbBIIC

Oscilloscope-XSC1

=X

e

AVAY

KN | 3
o = = e | 00
T2 #H| seaEms  ssnE0EmV BORZV

T2 9548w -1533V 10131 ¥ ] e

— Timehaze Channs=l & Channel B Trigger
5ca|e}5 usiDiv  — 5eale | 0D mVIDiv | Seale [2 VDIV Fige [F R|[* B|Eq|
X pasition |0 Y position] 0 ¥ position | 0 Level [0 [v
[¥7T Add| mia| AB|| ac] 0 |[BC | Ac| 0 O -| @ | Type Sing|Mor.|AutofFlone

Pucynok 4.11 - Ocimmnorpammsl ipu yactote S0 kg
5,092/0,999 =5,097

COOTBETCTBYET pacueTHOMY Ko3(ppuuueHty ycunenus ¢punptpa Ky =5.

aMIUTATY 1

qTo
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3as41BJICHHOI'O

PUMEPHO



CooTHOILIIEHUE

Oscilloscope-X5C1

27

X
'l
EH| MEE
Time Channel_A Channel B
g M e e 1573V _Reverse | GND (
1778s  S4MEmV 452V
T2-T1 138191us 1305V 4725V [ e
~ Timsbaze Chanrnsl & Channel B Trigger
Scake[ 50 us/Div scale| 1 ViDiv Scale [2 VD =l Eage  [FR|[F 8]En]
Xmsi‘tbnlﬂ Ypesitian]a ¥ position | 0 Level |o iV
[¥ acd|sa] aB|| ac| o |[OC | Ac| 0 JOC -| ¥ | Type Sing!Mor.|Autoffiane

Pucynok 4.12 - Ocriumnorpammsl ipu yactote S Kl 1t

AMIUTHTY 3,571/0,994 =3,59 _

MCHbBIIC

3asBJIEHHOTO
ko3¢ punmenta ycunenus B 1,39 pa3. Teopernyuecku curHai 10KEeH 0CIa0UThCS B
2 pas.

Bode Plotter-XBP1

S g Weooe
—— | Mlagrtyde Phase |
f,-’( — Horzontal ————— Vertical - -
¥ e tn || [Toa Lin_|
5 [0 [em= dE] [==
p,
s 1E] | B | ==
/,.-' Controls !
i Reverse l Save l Set i
4-' 28 T44 kHz 14114 gB ] +F mn - (= Oum (™ -
Bode Plotter-XBP1 [
— Mode
t= Horimontal Werticsl
‘ [ tea tin || [ tom Lin |
F| 100 [kHz Fl20 S
1E3 [ H= 1|50 | @&
‘ — Controds:
Reverse | Save I Set... I
«] sk [ 111748 [E=El e ) Db

Pucynok 4.13 -AUX ¢unspa

AXX He umeer kosiebaHul, Ha Xapakrepuctuke 14,1 16 npumepHO

COOTBETCTBYET 3asBJIECHHOMY KO3(D(QUIIMEHTY YCHICHHUS

npumepHo 40 n6/aex.

201g5=13,98  1a

4acToTe cpe3a ociablieHHe =14,1-11,17=2,93 1B Haknon XapaKTePUCTUKHU
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Bode Plotter-XBP1
7 ~Mode
Magnitude Fhazz
= Horizontal Vertical
| ]
Fl 100 kHz | F[o Deg
NEl Hz || [-180 Deg
— Controls
Reverss I Save I Set... I
| 4| 5.055kHz | -105.876 Deg +{® In - +(v Out{ -

Pucynok 4.14 - ®UX ¢unsrpa

3ajgepkKa curHajza B MOJIOce mpomyckaHnuss Mensercs ot 105 go 180

IpaycoB.
: )

-
Oscilloscope-X5C1
-
= I
Time Channsl A Channel B
n %'—’I 208Tms 1000V 1349V Reverse | GND{~
'] T2 4| 32315 ms 1.000V 384T0 mV
LTi PTATus 0000V AEEEV _Save | Bar
— Timebase ——— Channsl A — Channsl B Trigger
usd Div S-D-alelfm mW/Div | Sesle IE- ViDiw Edge r_fllﬁ B Bﬂl
X position ¥ positi anrs'rbinnl'?— Level |-::_']*.r_
(77 sesi sl w5l 0] 0 |55 | Aol 0 I35 -1 | rom sogiver o

Pucynok 4.15. TlepexoaHasi xapakTepuCTHKa QUIBTPa

[lepexonHblii poliecC UMEET OAHO KoJiebaHue; nepeperynupoBanue 18,5%,

Bpems mepexonHoro nponecca - 150 mke.
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Oscilloscope-XSC1 lﬂj :

LI

B N

EE| =
1 B Time Channsl_A Chann=l_B
TI EM so5: 450001 mv 103118 mV _Reverse | GND (
T2 #| 3808=  B40.805mV 508 260 mV/ EovE Ext (™
T2-Ti 195580 us  160.804 mV -1.008 v

Timebaze- — Channel & — Channel B . Trigger - .
Scale [P0 usiDiv —| seate] 1 ViDiv | seate [5 ViDiv Eage [ 2|[* B|E4]|
_; X position [0 Y position] 0 | ¥ position [ 0 Level [0 v

ﬁ?’T M'j] E‘-"E‘J_A'Ej _ﬂE_j ,,ij FD‘? (s _ M—J i | Type Sing] Nar.j.!«utf_bﬁane:

Pucynox 4.16 - Peakius ¢puinbTpa Ha TpeyroiabHbIi curaai yacrotoit 10 kI’
[Ipu npoxoxaeHun yepe3 PUiIbTP TPEYTOJbHBIA CUTHAT UCKaXKaeTCs M3-3a
pa3IUYHbIX (Pa30BBIX CABUTOB PA3HBIX TAPMOHMUK.
NCTOYHUKN NTHO®OPMAIINN

1. Onamuuii, I0.®. AmnanoroBas u 1udpoBas IJIEKTPOHUKA/
10.®.Onagunii. — M.: I'opsiuas nuaus — Tenekom, 2005.- 768 c.

2. BonoBozoB, A.M. OcHoBHI 31eKkTpoHUKH. — Bosoraa, Bol'TY, 2002 r.

3. 3aans, P. CopaBounuk no pacuety ¢GpunbTpoB. — M. Panuo u cBs3b,
1983 r.

4. Mommn, I'., Xopu II. IlpoekTupoBaHHe aKTUBHBIX (UIBTPOB/

I".'Momwu, I1. XopH. — M., Mup, 1984 r.

5. Tutne, Y., llenk K. [MonynpoBognukoBas cxemorexuuka/ ¥Y.Turtne,
K. Illenk. — M., Mup., 1982 r.

6. Brenenue B Multisim. Pexum JIOCTYIIA:
htpp:\\Ccsfs\publish\MeToanueckue ykazanus\DIeKTpOHUKA.

7. Meroauueckne peKOMEHAAMU 1O  O(OPMIICHUIO  BBITYCKHBIX
KBaTU(UKAIMOHHBIX Pa0d0T, KypCOBBIX MPOECKTOB/PA0OT sl OYHOM, OUHO-3a0YHOMU
(BeuepHeit) u 3a04HOM popm oOyueHus.- Bonorna, Bol'TY, 2012 r.
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OHM| Lenw
) Bxood
2 R 2 Buixood
cr T DA
C3 " 3 +15B
= & |
ouT 4 -15B
RI _rﬁ 5
S+ 5 Obuyui
2 —
VS-
Ios.
obosna- Haumenosanue Kon. Ipumeuanue
yeHue
Konoencamopor K10-175 M1500
Cl 5100 n® 10% 1
2 1000 n® 10% ]
C3 5100 n® 10% 1
DA Muxpocxema 3554AM 1
Pesucmoper C2-23 — 0,125 Bm 1
R1 51 kOm 10% 1
R2 6,2 kOm 10% 1
03.230101.022.001.93
Jlumepa| Macca |Macwma6
Usm.|Tucm |  Ne ooxym. Hoonuce |[ama Dunbmp 8bICOKOU YACMOMUL.
Paspab. Yyenoe Cxema anexmpuyeckas 2 1:1
llpogepun | Bo0060306 NPUHYUNUATIbHAS
Jluem 1 Jlucmos 1

H. xonmp

Vme.
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