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HaBuranus no cOOpHuKy:
HHCTPYKUMS IS YuTATe el

1. lns ObicTporo mepexoia K HYXKHOW CTaTbe HCIOJNB3YHTE MHTEPAKTHBHOE COJECp)KaHUE
cOopHHKa:

— HQOXXMUTE KHOIKY «3aKJIaIKin» (MKOHKA UMEET BUJ] [ wn [ ) na GoxoBoit (eBoit) manen;

— B OTKpBbIBILEHCS aHenu, npokpyuuBas CojaeprkaHue, HailiuTe Ha3BaHUE CTATbhH,

— KJIMKHYB 10 HA3BaHUIO CTATbU, MEPEUTUTE K €€ TEKCTY.

2. Ecnu GokoBasi maHeNnb ¢ KHOMKOW «3akKiIaJKu» OTCYTCTBYET, HACTPOWUTE €€ CISAYIOUIUM
obOpazoM:

— ecli BBl MCHOJB3yeTe paHHIO Bepcuto Adobe Reader, zaiiaure B MeHio «IIpocmotpy,
BbIOepuTe «IlaHenu HaBUTALMIY, HAKMUTE KHOMKY «3aKIIaIKn»;

— ecaM BbI Ucnonb3yere nocinennue Bepcun Adobe Reader, 3aiiaute B menwo «IIpocMoTpy,
BbIOepuTe «Ilokaszars / CkpbITh», nanee — «O0MacTH HABUTAIIMKY, B BBINAIAIOIIEM MEHIO HAXKMUTE
«3aKIIaIKuy.

Jlanee nelicTBYHTE B COOTBETCTBUHU C YKA3aHUSAMMU II. 1.



OBWWE METOONYECKUE PEKOMEHOAUUU U YRASAHUA
MO BbINO/THEHUIO JIABOPATOPHbIX PABOT

HeoTpemsieMoii  4acThi0O  TOATOTOBKH  CICIUAUCTOB  KOMITHIOTEPHBIX
CTCIMAILHOCTEH SBISICTCS TONYYCHHE TEOPETUYSCKUX 3HAHUH W TMPAKTHUYECKHUX
HABBIKOB WCIIOJB30BAHUS JJICKTPUUCCKUX IICTICH I BBIACIEHUS DIICKTPUUECKUX
CUTHAJIOB B ONPENEICHHOM JWana3oHe YacTOT. B JaHHOM H3MaHWM B KadyeCTBE
KOMITBIOTEPHOM Cpebl M3yYEHUSI OCHOB Pa0OThI C TAKUMH DJICKTPHUSCKUMH HETISIMHU
(punsrpamu) BeIOpana cuctema Electronics Workbench, paspaborannas dupmoit
Interactive Image Technologies. OcCoOOEHHOCTBIO CHUCTEMBI SBIISICTCS HalW4YWe
KOHTPOJIbHO-U3MEPUTEIBHBIX MPUOOPOB, MO BHEIIHEMY BHUAY U XapaKTEPUCTHUKAM
MPUOMMKCHHBIX K WX MPOMBIIUICHHBIM aHaioram. lmeromuecss B MporpaMme
OMOIMOTEKN BKIIOYAIOT B ce0s OOJbIION HAO0Op MIMPOKO PACIPOCTPAaHEHHBIX
AIIEKTPOHHBIX KOMITOHCHTOB.

JlabGopaTtopHblii TPAKTUKyM BKJIIOYaeT B Ce€0S OCHOBHBIE TEOPETUUYECKHE
CBelCHUSI 00 DOJIEKTPUYECKUX (QUIbTpaX W 3aJaHUS K BBINOJHEHUIO YEThIpEX
naboparopubix pabot. Kaxnas mabopatopHas paboTa COACPKUT TEOPETUUYECKOE
BBEJICHHUE, YKa3aHHsS MO pacdyery M O(QOpMIICHHIO OTYeTa, a TakKe KOHTPOJIbHBIC
BOIIPOCHI I TPOBEPKH YCBOSHHOTO Marepuaia. Ilepen TeM Kak MPUCTYNHTH K
BBITIOJTHEHUIO JIa0OPaTOpHOM paldOThl CIEAYyeT BHUMATEIBHO O3HAKOMUTHCS C
TEOPETHUECKUM MarepuajioM. Bce mnpeaBapuTenbHbIE pacyeTbl HYKHO CHIeaTh
3apanee. B oTdeTe k maboparopHoil paboTe HEOOXOAMMO yKa3aTh Ha3BaHUE PadOTHI,
1eJb paboThl, KPAaTKOE HW3JIOKEHHE TEOPUHU, CXEMBI JAJICKTPUUECKUX IIeNell U Bce
pacueThl. 3anucu U3MEPEHUH JTydllie BCEro BECTU B BUJIE TAOIUIL C YKa3aHUEM €IUHHUII
U3MEpeHUs BeaWYHMH. [ paduku peKoOMEHAyeTCs YepTUTh, CHaOXas 3aroJioBKaMu U
MOSICHEHUSIMHU, COJIEP KAIMMH TOYHOE M KPAaTKOe OMUCAHWE TOTO, YTO MOKA3bIBACT
rpaduk. OOs3aTENBHO YKa3bIBAIOTCS OTKJIAIAbIBACMBIC IO OCSM BEJIMYHMHBI M HX
pasMepHOCTH. B KOHIlE OT4eTa HYXHO TEPEUYUCIUTH BBIBONBI, CJEJIAHHBIC TIO

MpOJICIaHHON paboTe.



OBJIACTWU NPAKTUYECKOTO NPUMEHEHWA
INNEKTPUYECKUX ®PUNBTPOB

[IpakTueckoe TpPUMEHEHUE DJJICKTPUYECKUX (PIIBTPOB BechMa IMHPOKO U
pazHoo0Opa3Ho. OHU MPUMEHSIOTCS KaK B PAJAMOTEXHUKE U TEXHUKE CBSI3U, ITI€ UMEIOT
MECTO TOKH JOCTaTOYHO BBICOKMX 4YaCTOT, TaK M B CHJIOBOW DJJICKTPOHUKE W
AJIGKTPOTEXHUKE. Tak, B pPAAUONPUEMHUKE U3 CHUTHAJIOB MHOTOYHCIICHHBIX
paaroCTaHIMil (UIBTPHI BBIIEISAIOT CUTHANT OJHOM NpUHMUMaeMol craHuuu. B
DHEPTETUYECKUX CUCTEMAaX IPH Mepeaade CUTHAIIOB TEJICYTPABICHUS, TEIICU3MEPCHUN
M aBTOKOHTPOJS IO JIMHUSM DJIEKTPOIEepeaadyd BBICOKOTO HAMPSKEHHS (PUIBTPHI
OTJEJISIIOT 3TU CUTHAJIBI OT TOKa MpoMbiuIeHHOW yacToThl (50 T'r). B ycranoBkax
JaCTOTHOTO TEJEYIPaBICHUSI MHOTHMH OOBEKTaMM, HAlpuUMeEp Ha Ta30MpOBOJIAX,
KEJIE3HOJIOPO)KHOM TPAHCIIOPTE U JIp. (DUIBTPHI BBIAETSAIOT CUTHAJIBI YIIPABICHUS,
MpeIHa3HAuYCHHbBIE KaXIoMy 00BekTy. IIpu opraHuM3amuu 1mo BO3AYIIHBIM JTHHUSM
AIIEKTPOIIPOBOAHON CBSI3U OJAHOBPEMEHHO HECKOJBKO TEJIEPOHHBIX Pa3roBOPOB
(BpICOKOUACTOTHAsI TenedOHHAsT CBS3b) HA MPUEMHON CTAHIIMM YCTaHABIMBAIOTCS
GUIBTPEI I pa3aeneHus TeaehOHHBIX CUTHAIOB OTIACIBHBIX aOOHEHTOB. Kpome
TOTO, IIMPOKOE TMPUMEHEHHE OHU HaxXoAsIT B OOJACTH pacClO3HABAHUS PEUH.
CoBepIIICHCTBOBAHUE  JJICKTPUYECCKUX  (PMIIBTPOB  HEPa3phIBHO  CBS3aHO C
MOCJICIYIONUM Pa3BUTHEM BBICOKOYACTOTHOW TEXHHMKH W ANEeKTpoHUkH. Co3maHue
MHOTOKaHaJIbHOM TPOBOIHON CBSI3M U PAJAMOCBI3U COMPOBOXKIAIOCH pa3zpabOTKOH
TEOPUHU DIIEKTPUYECKUX (PUIBTPOB M METONOB UX pacuera. OcoOeHHO ObIcTpoe U
MJIOJJOTBOPHOE PA3BUTHE METOAOB CHUHTE3a DJIEKTPUUYECKHUX IIeTeil, 1 B YaCTHOCTHU
AIIEKTpUUYECKUX (DUIBTPOB, JOCTUIIIO B pe3yabTare nmpumeHeHus IBM u pazpabotku
CHeIMaIbHBIX METOJOB pacyeTa. Pa3mnyaroT aHalloroBble (UIIBTPHI, B KOTOPBIX
oOpabaTbIBaeMbIii CHUTHAJI WMEET aHaJloTOBYIO (opmy, u TUGPOBBIE (UIBTPHI,
npeAHa3HauYeHHble 11 00paboTKu HUGPOBBIX CUTHANIOB. B Hacrosmieit yueOHOM

MocoOUM paccMaTPUBAIOTCS aHAJIOTOBBIC (DUITBTPHI.



KNACCUOUNKALUKA SNEKTPUYHECKUX ®UNBTPOB

DJIeKTPUYECKUMU ¢puasTpamu Ha3bIBAIOTCS YEeTBIPEXTTOIIOCHUKA
MIPEIHA3HAYEHHbIE Il NPOINYCKAHHS CHUTHAJOB B OIPEACIIEHHBIX YaCTOTHBIX
auana3oHax ¢ BO3MOKHO MaJibIM 3aTyXaHUEM M MOJABJICHHS CUTHAJIOB HAa 4acTOTax
BHE 3TUX Auana3zoHoB. [lojoca yacToT, mpomnyckaeMbIx GUIBTPOM 0€3 3aTyXaHus WU
IIpY MaJjioM 3aTyXaHWHW, HA3bIBACTCS MOJOCOM NPONMYCKAHMSA (UM IOJIOCOH
npo3paynoctu). Ilomoca wyacToT, mnpomyckaeMbiXx QWIBTPOM C 3aTyXaHUEM
Ha3bIBACTCS MOJIOCON 3aaepKUBaHMsl (M0JIOCOH HENMPO3PAYHOCTH WU IOJIOCOI
3atyxanus). Yacrtora, nexamas Ha rpaHULE TOJIOC NPOITYCKaHUS U 3a4EPKUBAHUS
Ha3bIBACTCSI 4YACTOTOM cpe3a Wi TIpaHM4yHoil 4yacrtotoil. KawyectBo uubTpa
CUMTAETCSI TEM BBIIIE, YEM SIpUE BBIPAKEHBI €ro (PUIBTPYIOLIME CBOKCTBA, T. €. YEM
CUJIbHEE BO3PACTAET 3aTyXaHHE B MOJIOCE 3aEP>KUBAHMS.

Kaaccupukanus 3jekrpudyeckux (GUILTPOB MOXET OBITh MpPOBEJCHA IO
pa3nuYHbIM Npu3HaKaM. Hanprumep, B 3aBHCHMOCTH OT NMPONYCKAEMOI0 IMANa30HA
YacTOT PA3INYAIOT CJIEAYIONINE TUIIHI (PUIBTPOB:

e unempwur Hudchux ywacmom (OHY) mpomyckator curHan 0e3 ociiabneHus Ha
4acTOTax HHXKE YaCTOThI Cpe3a;

o Qurempsl eepxuux yacmom (OBY) He OKa3bIBAIOT BIMSHUS HA aMILTUTYIIbI
CUTHAJIOB, UMEIOLIUX YaCTOTY BBIILIE YACTOTHI CPe3a, U HE MPOMYCKAIOT CUTHAJIbI
C YaCTOTOM HUXE, YEM 4acTOTa Cpe3a;

e nonocHo-nponyckaowue unbmpuol (nonocoswie) (I1INAD) npomyckaroT CUTHATIBI,
4acToTa KOTOPBIX HAXOAWUTCS B MHTEpBaJC MEXKAY HWKHEM U BepxHen
4acTOTaMU Cpe3a U HE MPOITYyCKAaIOT CUTHAJIbI OCTAJIbHBIX YaCTOT;

e nonocHo-3acpadcoarowue guibmpsl (pescekmopnsie) (I113D) He mpommyckaroT
CUTHAJIBI C IIOJIOCOM YacCTOT, 3aKJIIOYCHHOM B MHTEpPBAJIE MEXAY HUKHEU U
BEPXHEH 4aCTOTaMHU Cpe3a, a CUTHANIBI BCEX OCTAJIBHBIX YaCTOT MPOITYCKAIOT 0e3
ocialneHus.

B 3aBucHMOCTH OT THMIIOB BXOASAIIMX 3JI€MEHTOB D3JIEKTPUYCCKUE (UIBTPHI

MOAPA3ACIIAOT HA CIEIYIOIIUE TPYIIbI:



e naccugHvle @OUILMPLI PEATUIYIOTCS HA OCHOBE IACCHUBHBIX 3JEMEHTOB —
pPE3UCTOPOB, KOHAEHCATOPOB M KAaTylleK WHAYKTUBHOCTH, TIPOCTHI B
peanuzanuu, pabOTalOT B IIMPOKOM JAMANa30oHe 4acToT (0T MHGPa3ByKOBBIX
4acTOT JI0 YJABTPAaKOPOTKOBOJIHOBOTO JHAala3oHa pPaguodyacToT), o0magaroT
OOJIBIINM TMHAMUYECKUM JUATIa30HOM;

e aKmuseHvle GUILMPbLL COACPKAT OANH UM HECKOJIbKO AKTUBHBIX KOMIIOHEHTOB
(TpaH3UCTOp WM OINEpPAUMOHHBIA YCHINTENb), OHU CIIOCOOHBI YCHJIUBATH
IPOXOIAIIME Yepe3 HUX CUTHAJIBI MO MOIIHOCTH 3a CYET SHEPIHMHM BHEIIHETO
MCTOYHUKA;

e unbmpsl, ucnonvsyrwue paziuitvle uzureckue Igghexms B TBEPAIX TEIIAX
(MbEe303EKTPUUECKHUE, MATHUTOCTPUKIIMOHHBIE, aKyCTOOIITUYECKHUE U JIP. ).

Knaccudukanuio s1eKkTpudyeckux (UIBTPOB TaKXKE MPOBOJAT IO YHUCITY
PEaKTUBHBIX 3JIEMEHTOB B CXEM€, M0 TUIy NEpeJaTOuHON (PyHKUUH, 10 CTPYKType
AJIEMEHTOB, 110 TUITY UMITYJIbCHON XapaKTEPUCTUKHU U T. 1.

B kauecTBe maccuBHBIX (PUIBTPOB OOBIYHO MPUMEHSIOTCS YETHIPEXIIOTIOCHUKH
Ha OCHOBE KaTyllIeK MHAYKTMBHOCTH M KOHAEHcaropoB. IIpumHuunm padorbl Takux
(puIbTPOB OCHOBAH HA PA3JIMYHBIX 3aBUCUMOCTAX WHIYKTUBHOTO M E€MKOCTHOIO
COTIPOTUBJICHUM OT YaCTOThI, @ TAKKE Ha Pa3IMUHbIX ()a30BbIX COOTHOIIECHUSAX MEKIY
HanpspDKEHHWEM M TOKOM Ha KaTylIKe WHJIYKTUBHOCTH M Ha KOHJAEHcarope. B Hawaie
HAIIEro CTOJIETHSI TAKUE DIEKTPUUYECKHUE (PUIIBTPBI MOJTYUYHUIIU IHUPOKOE IPUMEHEHUE B
TeXHUKe. brmaromaps HMX NPUMEHEHHIO O0Ka3aloChb BO3MOXKHBIM OCYILECTBICHUE
MHOTHUX Maructpaiei nanpHel TeneoHHo, TenerpadHoN U JPyruX BUIOB CBS3U.

DJNEeKTpUYECKUd CUTHAl — 3TO M3MEHSIONIAasicsi BO BpPEMEHHM (Qu3nyecKas
BeJIMUYMHA (Yallle BCEro HampsHKeHHE WM TOK), B 3aKOHE H3MEHEHHUS KOTOpOM
COIEpXKUTCS  cooOmeHnne wiM uHbopmanus. B ciayyae mepuoauyeckoro
HECHMHYCOUAAJIBHOTO CUTHAJIA UCTIOIB3YETCs pa3IokeHUEe (PYHKUNHU (HAMPsHKEHUS WK
TOKa) B TrapMoHWYeckuil psag Dypbe. OnekTpuyeckas Lelb, Ccoaep Kalas
WHIYKTUBHOCTh W/WJIM €MKOCTh, OOJIaJaeT pa3IMYHBIMU CONPOTUBICHUSMU JIs

pa3MYHBIX TAapMOHWK, TaK KaK WHIYKTHUBHOE compoTuBieHue X, = kwl
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YBEIIMYMBACTCS C yBEJIWYEHHEM HoMmepa rapmMoHukud K, a emkoctHoe X = —
kwC



YMEHbIIAETCS. DTO JaeT BO3MOKHOCTh MPHU BKIIOYEHHH SJIEKTPUUECKOTO (HIBTPA
MEX/1y HCTOYHUKOM U MOTPEeOUTENEeM HE TOIBKO MPOMYCKaTh CUTHAJIBI OMPEAECIEHHOTO
YaCTOTHOIO HHTEpBaja, HO M YOMpaTb M3 CHUTHaJla HEKOTOPbIE T'apMOHHUYECKHE

COCTAaBJIAIOIIHC.

1. ®uabTPHI HUKHUX U BEPXHUX YACTOT

s Toro, 4TtoObl OTQHUIBTPOBATH BBHICIINE TAPMOHHUKH HECHHYCOUJATBHOTO
HanpspKeHUs,, T. €. He NPOMYCTHTh HX K MOTPEOUTENIO, MOCIENI0BaTeIbHO C
MOTPEeOUTENEM BKIIOYAETCS MHAYKTUBHOCTh, & HapajuIeIbHO €MKOCTh (cM. puc. 1).
[Ipu 5ToM yeM BbINIE HOMEP TAPMOHUKH, TEM OOJBIINM COMPOTUBICHHUEM O0IagaeT
MHAYKTUBHOCTB U T€M OOJIbLIIE HANPSXKEHUE ATOM FapMOHUKH NAAA€T HA MHIYKTUBHOM
COTIPOTUBJICHUH U TE€M MEHbIIIEe HANpsHKEHUE MOCTyMaeT Ha Harpys3ky. Kpome toro,
YeM BBILIE HOMEP FapMOHUKH (4acTOTa), TEM MEHBIIE COIIPOTUBICHUE KOHJIEHCATOPA,

TeM OOJIBIITUHA TOK YTOH YaCTOTHI IMPOXOAUT YCPEC3 KOHACHCATOD, OT(bI/IJIBTpOBBIBaHCI) oT

noTpeOuTeNs.
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Puc. 1. OUnpTpbl HUKHUX YaCTOT

OHY wucnonws3yrorcss Uil MONABICHUSA IYJbCALMKA HANPSKEHUS HA BBIXOAC
BBIIPSMUTENIEH TEPEMEHHOTO TOKa, JJISI Pa3fCiICHUs YaCTOTHBIX II0JIOC B
AKyCTUUYECKHUX CHUCTEMaxX, B CHUCTEMax Mepelayd JaHHbIX Ul IIOJABJICHUSA

BBICOKOYACTOTHBIX ITOMEX W OI'PaHUYCHUS CIICKTpa CUIHajia, a TAKKEC HMCIOT OoJIBIIOE



YHCIIO APYTuX npuMeHeHuil. Paanonepenarunku ucnons3ytor @HY st 610KkupoBKU
rapMOHUYECKHUX U3ITYyYEHUH, KOTOPbIE MOTYT B3aUMOJIEHCTBOBATh C HU3KOYACTOTHBIM
[IOJIE3HBIM CUTHAJIOM U CO3J1aBaTh IIOMEXU APYTUM PaJUO3IEKTPOHHBIM CpeAcTBaM. B
00paboTke HM300paKeHUI HU3KOYACTOTHBIC (DUIIBTPBI HCIIONB3YIOTCS AJII OYMCTKU
KapTUHKH OT LIyMa U co3JaHus crnend((eKToB, a TaKKe IpU CKATUU N300paKeHUH.
Ecnu Hy’KHO OTQUIBTPOBATh NOCTOSIHHYIO COCTABIISIIOILYIO0 HECHUHYCOUJAIBHOTO
HaNPSHKCHUS WM €T0 HU3KUE YacTOThI (TApMOHMKH), TO B GuibTpax (puc. 1) MeHAIOT

MECTaMH UHJIYKTUBHOCTb U €MKOCTb (pHC. 2).
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Puc. 2. unprphl BEpXHUX 4aCTOT

O®OBY wucrnonp3yeTcss A BBIACICHHUS BBICOKMX YaCTOT W3 CHUTHAJla M 4acTo
UCIIONIb3YeTCs B 00pabOTKe ayAMOCHUTHAJIOB, ISl YCTPAHEHHS JUIIb IOCTOSHHON
COCTaBJISIOIEH CUTHAJIA, JIJIsl YEro YacTOTy Cpe3a BHIOMPAIOT JOCTATOUYHO HU3KOM. X
HCIIOIB3YIOTCS TIpH  00paboTKe H300pakKeHUH Il TOTO, YTOOBI OCYIICCTBIISATH
npeoOpa3oBaHus B YACTOTHOM 00JacTH (HarIpuMep, JJ1sl BBIJACICHUS TPAHMUIT).

Ha npakrtuke ropa3no yamie ucnonb3dyeT RC-puibTpsl mo cpaBHenuto ¢ RL-
¢unsrpamu. [IpeumymiecTBamu mpuMeHeHUs MAacCUBHBIX RC-QUIBTPOB SBISIOTCS
HeOoybIIMe TabapuThl, TMPOCTOTA M3TOTOBJICHUS W  PETYJIUPOBKH,  Masias
YyBCTBUTEJIBHOCTh K HOCTOPOHHUM MarHUTHBIM MOJISIM U BO3MOYXHOCTb M3TOTOBJICHHUS

¢bunpTpoB, paboTarlMX Ha O4YeHb HU3KUX YacToTax. IIpumenstor RC-puibTpsl B
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OCHOBHOM B JIMala30HaX HH(Pa3BYKOBBIX M 3BYKOBBIX YacCTOT, MHOTAA W Ha Ooiee
BBICOKHMX YaCTOTax. B MaJIOMOIIHBIX HCTOYHUKAX ITUTAHUSA JIEKTPOHHOMN anmnaparypsl
UX WCHOJB3YIOT JUIsl (PUIIBTpallMy BBIIPSMIIEHHOTO HAIpsDKEHUS. B ycunuTensx oHu
IIPUMEHSIOTCS. B LEIAX MEXKKACKaJAHBIX CBSA3€H, B LEIMSX KOPPEKIUU AMIUIMTYIHO-
YaCTOTHOM XapaKTEPUCTUKH, B Pa3BsI3bIBAIOIINX (PUIBTpaAX MO LEMNsAM NuTaHus. B atux
kKe auanazoHax 4actoT RC-QuiubTpbl HMCHONB3YIOT B CHCTEMax YINpaBICHUS IJis
GuabTpalii CUTHAJIOB OT JIaTYUKOB COCTOSHUSA OOBEKTOB ympaieHHs. OCHOBHBIM
HenocTtaTkoM RC-QuiubTpoB sBIsieTCs Manass KpyTHU3Ha CIaja XapaKTEpUCTUKU
ko3 uirenTa 3aTyxaHusl.

[Ipu peanuzaumm RL-QpuasTpoB cienyer yduThIBaTb UX  HEKOTOPBIE
crnenuduueckue 0coOeHHOCTU. DTO OoJiee BBICOKAs TPYIOEMKOCTh M3TOTOBJICHUS U
0oJbIIas CTOMMOCTbh KaTylIEK WHAYKTHUBHOCTH IO CPABHEHHUIO C PE3UCTOPAMU H
KOHJIeHcaropaMu. B Takux (uiabTpax HCHOJIB3YIOTCS KaTyIUKHM WHAYKTHBHOCTH,
[IOJIy4yaeMble IIyTEM OJHOCIOMHOM WM MHOIOCIIOMHOM HAaMOTKH TOHKOIO
M30JIMPOBAHHOIO IPOBOJA HA HEKOTOPBIM KapKac WM HEMOCPEICTBEHHO Ha
MarHMTHbIN cepaeyHuk karymku. Kak mpasuiio, RL-GuibTpbl BecbMa rpoMO3JIKH U
3a4acTyl0 HE MOTYT O0O€CIEeYUTh XOPOIIMX KaueCTBEHHBIX MOKAa3aTesei, MOCKOIbKY
OOOpPOTHOCTh KaTyIIEK WHAYKTHUBHOCTH Mana. OTW (QUIBTPl B OCHOBHOM
INPUMEHSIOTCSI B KAauecTBe  TIPYNNOBBIX,  HApaBISIIOIIUX,  JIMHEWHBIX,

BCIIOMOTI'aTCJIbHBIX 1 OYCHb PCAKO — B KAYCCTBC KaHAJIbHBIX (1)I/IJ'IBTpOB.

2. Pe3onancubie LC-puabrpsbl

Ecnu B HanpspkeHHH, MOCTyNaomEeM Ha BXo (GUiIbTpa, MeeTcs k-s1 TapMOHMKA,
KOTOPYI0 HYXHO HE TNPONYCTUTh K TOTPeOUTENt0, TO MOCIEI0BAaTEIbHO C
noTpedUTeIeM MOXKHO BKIIIOUMTH MapajulebHbIA pPE30HAHCHBIM KOHTYp (puc. 3, a),
HAaCTPOCHHBIA B PE30HAHC TOKOB HA YacTOTy k-l rapMOHMKHU. B pe3ynbrare yero Ha
OOJIBIIIOM CONPOTUBIICHUU PE30HAHCHOTO KOHTYpa (OJIIM3KOTO K OECKOHEYHOCTH — TIPH
OTCYTCTBUU AaKTHUBHOI'O CONPOTUBJIIEHUS B KOHTYypE) HampsskeHUe k-l TapMOHUKU

MajJaeT Ha KOHTYype, He ToMa/iasi Ha Harpy3Ky.
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Takoro >xe a(dexra MOXKHO TOOUTHCSA, €CIHM MapalieNbHO C HOTpeduTenem
BKJIIOYUTH TOCJIEOBATENbHBIN PE30HAHCHBIA KOHTYp (puc. 3, 6), HaCTPOCHHBII B
pPE30HAHC HaNpsHKEHWM Ha 4acToTy k- rapMmoHuku. [Ipum pe3oHaHce HampsKeHH
COIIPOTHBIICHHUE MOCJIEA0BATEIBHOIO KOJIe0aTeIbHOTO KOHTYpa MaJlo, CIeI0BATENIbHO,
YMEHBIIAETCSl HANpsOKEHUE k-1 TapMOHMKM Ha HEM, a CJeJoBareibHO, U Ha
norpedurene. ONHOBPEMEHHOE BKJIIOUEHHE O00OUX KoJeOaTelnbHbIX KOHTYpPOB

(puc. 3, 8) obecrieuynBaeT 3HAYUTEIHHO JIYUIITYIO (DHITIBTPAITHIO.

a) L 0)

9
Q

u, (t) i, (L)
X =l
2 9 ? ?
L
B)
°—+ I f i
II (' Z‘ :
w, 1) ”em'“]
——
? %

Puc. 3. [lonocHo-3arpaxaatomue GUIbTpsl

Ecnu HyXHO YMEHBIIUTh WJIH YCTPaHUTh Cpa3y HECKOJIBKO TapMOHUK, TO
BKJIIOUAIOT MOCJEAOBATEIbHO WIM MapajuleIbHO C TOTPEOUTENIEM HECKOIBKO
KOJICOATEeNbHBIX KOHTYPOB, KaXIblii U3 KOTOPBIX HACTpPauMBaeTCs B PE30HAHC

OITPEIIEIIECHHOW TaPMOHUKH.
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Puc. 4. IlonocHo-nponyckaromiye GuibTpbl

Ecnu pe3oHaHCHBIE KOHTYpHI MOMEHATH MecTamMu (puc. 4 1O OTHOILICHHUIO K
puc. 3), To MOTy4YaroTCs MOJIOCOBbIE (DUIIBTPHI, KOTOPBIE, HAOOOPOT, CIIYKAaT JIJIsl TOTO,
YTOOBI MPOMYCTUTh K MPUEMHUKY k-10 TapMOHUKY, Ha KOTOPYIO OHU HACTPOECHBHI B
PE30HAHC U HE MPOILYCTUTh BCE JPYTrUe FapMOHUKH.

OuIbTPbI, MOCTPOCHHBIE HA OCHOBE KaTylIEK MHIYKTUBHOCTU U KOHIEHCATOPOB
ycioBHO Ha3biBatOT LC-dunbrpamu. OHM 001a1at0T 0051e€ BEICOKOU CEIEKTUBHOCTHIO
o cpaBHeHut0 ¢ RC- u RL-dunbTpamu n3-3a UCTONB30BaHUS B CBOEM COCTaBE JIBYX
AJIEMEHTOB, COMPOTUBIICHUE KOTOPBIX 3aBUCUT OT YaCTOThI CUTHAJIa — KOHAEHcaTopa u
KaTylKd UHAYKTUBHOCTH. LC-punbTphl 0071aa10T MEHBIIUM 3aTyXaHUEM B IOJIOCE
MPOITYCKaHUsI ¥ OOJBIINM 3aTyXaHHEM B TOJIOCE 3ajiepKaHus 1o cpaBHeHUto ¢ RC-
(bunpTpamu.

[Tpumenstor LC-GunbsTpel, B OCHOBHOM, B YJIETPa3ByKOBOM U PaAHMOYaCTOTHOM
Juarna3oHax, B KOTOPBIX OHHM OOJIQaloT MpHEMIIEMbIMU rabaputamu. XOTS B TeX
cinyuasx, korga RC-punbstpel He o0ecrneunBaroT HEOOX0AUMON cenekTuBHOCTH, LC-
(UIBTPHI UCTIONB3YIOT U B TMANIa30HE 3BYKOBBIX 4acTOT. YacToTHast M30UPaTeIbHOCTD
(cenextuBHOCTh) LC-GUABTPOB MO3BOJSET € WX IOMOIIBI peniaTh MPOOIEMBI

JaCTOTHOTO PpPa3acICHUA KaHaJOB B MHOIOKaHaJIbHBIX CHUCTEMaAX CBA3H. 910

13



HE0O0XOJMMO, B YACTHOCTH, JJIsI peaju3allii YaCTOTHOTO YIUIOTHEHHs KaHAJOB CBSI3U
IIPU OCYLIECTBJIECHUU TEJIEYIPABICHUS CIOKHBIMH TEPPUTOPUATILHO-PACIIPEIEIICHHBI-
MU TEXHOJOTMYECKUMHU OO0beKkTamMH. [Ipu HCIONB30BaHUM TENEyNpaBiEHUs IO
KaHajmam paauocBs3u  LC-punbTpbl MO3BONAIOT  00ECMEUUTh  HEOOXOAMMYIO
[IOMEXO0YCTONYHBOCTb.

[Ipu peanuzanuu NacCUBHBIX (QUIBTPOB CIEAYET YUMTHIBaTb, YTO Ha HX
AIIEMEHTaX paccermBaeTcss dSHeprus curHana. [loaTomMy HEOOXOAMMO YYHUTHIBAThH
ocJla0JieHuEe TOJIE3HOTO CHUTHaja B I0JIOCE IPOIYCKAaHUS IMACCUBHOTO (PUIIBTPA,
KOTOpOE YyBEIWYMBACTCS NpPH YBEIMYECHWHM YHWCIa 3BeHbeB ¢uibTpa. llpu sTtom
ocialleHre TOJIE3HOr0 CHrHaja B TIOJIOCE MpOoNyckaHus Oousblie y (HUIBTPOB,
peann30BaHHBIX HA PE3UCTOPAX U KOHAEHCATOPaX, YeM Y (HIBTPOB, pealu30BaHHbIX
Ha KaTylIKax MHAYKTUBHOCTH M KOHAeHcaTopax. [I03ToMy MHOTO3BEHHBIE TACCUBHBIE

(bI/IJII)TpBI PCAIn3yIOT B OCHOBHOM Ha KaTyIIKaX MHAYKTHBHOCTH M KOHACHCATOpPAaX.

3. AKTHBHbBIE QUIBTPHI HA ONEPANUOHHBIX YCHIUTEISAX

AKTUBHBIC (QUIBTPBI PEaTU3yIOTCS Ha OCHOBE maccUBHBIX RC-GunbTpoB u
AKTUBHBIX KOMITOHCHTOB, B KAYE€CTBE KOTOPHIX UCIIOIB3YIOT ONIEPAITHOHHBIC YCUITUTEIN
(OY) wmm Ttpan3uctopel. IlombopoM CBOMCTB Imenu OOpaTHOM CBS3HM MOXKHO
peanr3oBaTh aKTUBHBIC (DYIIBTPHI PA3IMYHBIX THUIIOB: HIDKHHX W BEPXHHUX YaCTOT,
MTOJIOCOBBIC M PEKEKTOPHBIE.

Cpeny mpeuMyIIecTB aKTHBHBIX (HIIBTPOB MO CPaBHEHHUIO C ITACCUBHBIMH
CJIETyeT BBIJCIUTHh OTCYTCTBHE KaTyIIeK HHIYKTUBHOCTH, JIYUIIYIO N30MPaTEIhbHOCTD,
KOMIICHCAITUIO 3aTyXaHUs TOJIC3HBIX CHTHAJIOB M JaXKe WX YCUJICHHUE, TPUTOIHOCTD K
peanu3anyd B BHJIE MHTETPAIbHBIX MHUKpocxeM M Ap. OCOOCHHO MpPEeHMYyIIEeCTBO
akTUBHBIX (QUILTPOB Ha OY MpOSBIAECTCS HA CaMBIX HU3KHX YacCTOTax, BIUIOTH JO
JOJIEN TepIl.

K HemocTrarkaM akTUBHBIX (DHIIBTPOB MOYKHO OTHECTH MOTPEOICHUE YSHEPTHUH OT
WCTOYHWKA TIUTAHWS, OTPAHWYCHHBIH TWHAMWYECKWUH JWana3oH (OTHOIICHUE
HauOOJIBIIIEr0 JOMYCTUMOTO 3HAUYCHUS BXOJHOTO HAMPSHKEHUS K HAUMEHBIIEMY

,I[OHyCTI/IMOMy') u JOITOJIHUTCIIBHBIC HCJIMHEWHBIC HCKaXXCHUA CHUI'HaJia.
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Hcnonp3oBanue akTuBHBIX PuiibTpoB ¢ OY Ha 4acToTax CBBIIIE JAECATKOB Merarepil
BOOOIIIE 3aTPyAHEHO HM3-3a MaJIOM YacTOThl €AMHUYHOTO YCHIJICHHS OONBIIMHCTBA

OIICPpAIIMOHHBIX YCI/IJII/ITGJIeﬁ U POKOTO IIPUMCHCHHA.

4. JIpyrue BUabI JJIEKTPHIECKUX (PHUIBTPOB

B nactosiiee BpeMs anekTpudeckue (PUIIBTPhI peaau3yroTcsi He TOJIKO B BHUJE
ANEKTPUYECKUX LENEH C KAaTyIIKaMUA UHAYKTUBHOCTH U KOHAEHCATOPAaMH, HO TAK¥KE
NPAKTUYECKOE NMPUMEHEHUE TOJYUYHIIM KBApPLEBbIC, JICKTPOMEXaHUUECKUE U IPYTHE.
Bo MHOrmX BBICOKOYACTOTHBIX YCTPOWCTBAX, HAIpUMEp B paauoNepeaTUYMKax |
MIPUEMHUKAX, TPaJULIUOHHbIE TaccuBHbie RC-QuiabTpbl 3aMEHSIOT KBapileBbIMU

(bI/IJII)TpaMI/I )51 (I)HHI;TpaMI/I Ha ITIOBCPXHOCTHBIX AKYCTHYCCKHUX BOJIHAX.

15



YACTOTHbIE XAPAKTEPUCTUKWN SNEKTPUYECKUNX ®UJIBTPOB

YacToTHbIE XapaKTEPUCTUKUA TOKA3bIBAIOT, KAKHWE 4YaCTOTHI MPOITYCKAIOTCS
AIIEKTPUUECKOH TIETBI0 (TTOCTIE TPOXOXKIACHUS Yepe3 MEKTPUUIECKUi GUIIBTP), a KaKue
ocmabmsitorcss.  OCHOBHBIMH ~ YaCTOTHBIMH ~ XapaKTEPUCTHKAMHU  AJICKTPUUECKUX
(GUIBTPOB SBJISIOTCS YaCTOTa Cpe3a WIIM TO0JI0Ca MPOMYCKaeMbIX (UIBTPOM YaCTOT,
KOd(PUIIMEHT TIepenavyn, KPyTHU3HA, aMIUIUTYIHO-4acTOTHas u (pa3o-dyacToTHAS
xapakTepucTuku (AUX u OYX).

YacroTra cpe3a — 3TO 4YacTOTa, Ha KOTOPOM MPOUCXOIUT CHaja aMIUIUTY/IbI
BBIXOJIHOTO CUTHaJIa JI0 3HaueHus paBHOro 0,7 oT BXoAHOro. OTHOILIEHUE BBIXOIHOU

BJIGKTpI/I‘{eCKOﬁ BCJINYHNHEBI (HaHpH)KGHI/IH NN TOKa) K BXOIIHOﬁ ITO3BOJIAACT BBIYUCIIUTD

KOMILTEKCHYI0 TepelaTounyio (yHkummio (kodduumuent nepenaun) K(jw) =

| K |- e/9(®) 3apucumocTs MOy KOMIIIEKCHOI ITepeaTouHoii dynkimu | K | or
YacTOThl (WHA3BIBAETCA AMILIMTYIHO-4ACTOTHOM Xxapakrepuctukoi (AUX), a
JaCTOTHAsI 3aBHCHMOCTh apTyMEHTa KOMIUIEKCHOMW TepenaTouHon GyHKImu @ (w) —
(dazo-yacToTHOl XapakTepucTukoi (OUX).

AUYX 1 ®UX He 3aBUCAT OT 3HAUCHUI aMIUTUTY/ U Ha4aJIbHBIX (a3 BO3JEHCTBUH,
a OMNPENEIISIIOTCS YUCIIOM, XapaKTepOM, 3HAYEHHUSIMH W BUJIOM COEAUHEHHUS APYT C
npyrom ee snementoB. Hampumep, mns RC-mienu, m3zoOpakeHHoil Ha puc. 1, 0,

KOMIIJICKCHAasA Hepe):[aTqua;I (bYHKHI/IH MOXKET 6BITB pacch/ITaHa TakK:
Uyox R R R-jwl R

K: = = . =
u,, R+jX, R+jwL R—jwL R?+ (wl)?

(R —jwl).

AUX u ®UX 1151 3TOM 11enu OyyT paBHbI, COOTBETCTBEHHO:

R wL
K(w) = Tt u @(w) = —arctyg -

Ha puc. 5 nmokazanbt AUX HEKOTOPBIX MACCUBHBIX DJEKTPUIESCKUX (DUITBTPOB.
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Puc. 5. AUX maccHBHBIX MEKTPUIYECCKUX (QUIBTPOB:

a — ®HY; 6 — ®BY; ¢ — IMID; 2 — [13D

VY pa3iauyHbIX 3JEKTPOHHBIX YCTPOUCTB KOAPDUIIMEHT Meperayr MOXKET ObITh
0O0JIbIlIe WJIM MEHbIIE eIUHUIIBI (OONbIlle WM MEHBIIEe HyNd Ui Koddduimenrta B
norapupmMuyeckoM  macmrade), Torga Kod(PQPUUUMEHT neperayd  Ha3bIBAIOT
KO3(POUIIMEHTOM YyCuJieHUus Wiu ociabineHus. OZHUM M3 OCHOBHBIX IMapaMETPOB,
HCTIONB3YEMBIX TMpPU aHaAJM3€ XapaKTepUCTUK (UIBTPOB CHUTHAJIOB, SIBIISICTCS
koahduiment ocnadnenus. Koapduuuent ocnabieHus mokasbiBaeT BO CKOJIBKO pa3
aMIUTMTY/la CUTHAJIa Ha BBIXOJIe (PHIIBTpa YMEHBIIIMIIACH 110 OTHOIIEHUIO K aMILTUTY/IC
CUTHAJIa Ha BXOJE.

Ha npaktuxe wacto mpuxomutcs ctpouth AUX u ®UX B norapudmuyeckom
macitade. JIAUX u JIOUX — 310 3aBUCUMOCTH KOA(h(HUIITMEHTA MOTYIISI KOMITJIEKCHOM
nepeaaToyHor PyHKIUU U (Ha3bl, COOTBETCTBEHHO, OT YACTOThI B JIOTApUPMUUECKOM

Maciitade. B atom ciydae koahdunrieHT nepegauu onpeaesstoT B aenudenax (nb).
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JlabopaTopHana pabota No 1
CNEKTPAJTIbHbIN AHANN3 NEPUOANYECKOIO
HECUHYCOUAOAIbHOIO HAMPAXEHUA

Heab padorbi: OCBOMTH OCHOBHBIE ITPaBUJIa COCTABIECHUS IEKTPUUECKUX CXEM
¢ nomorsio nporpammsl Electronics Workbench u mpousBectu criekTpaibHbIi aHATN3

MMEPUOJNICCKOI'0O HCCUHYCONAAJIbHOT'O HAIIPAKCHUS.

KpaTKne TCOPETUHYECCKUE CBEACHUSA

[lepuoguueckue Hecunycouanbuble curHansl (pynkunn I/C, HanpsxeHus u
TOKa) MOTYT OBITh NMPEACTaBICHbl CyMMOW MTHOBEHHBIX 3HAYEHUN TapMOHHYECKUX
KOJICOAHUH PA3NIMYHBIX YaCTOT wy = kw;, TA€ k =1,2,.. TOPAIKOBBII HOMED
rapMoHuKH. Teopernuecku psg Dypbe COAEPKUT OECKOHEUHO OONBIIOE YHUCIIO
cJIaraéMbIX, OJJHAKO (popMa MHOTHX 3JIEKTPUUECKUX CUTHAJIOB TAKOBA, YTO Psiji OBICTPO
CXOAMUTCS, WU MPH pacuyere MOKHO OIPAaHUYMUTHCS TOJIBKO HEOOJBIIMM YHUCIOM
rapMoHuK. [loaTOMy mpH pacuere 3NEKTPUUECKUX LIETIEH UCTIONb3yeTCs Pa3yIoKEeHUE
NEePUOINYECKOTO HECUHYCOUJAIbHOTO CUTHAJIA B OAHY U3 (hOpPM rapMOHHYECKOTO psizia
®dypbe. AMmnTynHo-(azoBast popma mpeacTasiaeHus psga Oypbe, Harpumep, s
IIEPUOINYECKOTO0 HECUHYCOUAAIbHOTO nctounnka JJ[C nMeeT cienyromuni BU:
e(t) = Eo + Xi=1 Enusin(kwy t + ), (1.1)
rae e(t) — 3HaucHue HecunycoummanbHoi DJIC B MOMeHT BpeMenu f;, w = 21 /T—
yIJoBasi 4acTOTa OCHOBHOW rapmMoHuku; E, — mocrtossHHas coctasistomas IIC
UCTOYHUKA; E,p,) — amruintyaa k-t rapMOHMKY; ), — HayalibHasl paza k-l TapMOHUKH;
Epmsin(kwt + Y, ) — rapmoHuka BbIcHIeTO Topsaka (k-si TapMOHUWKA), MMEOIIAs
4acTOTY B k pa3 OOJIbIITYyI0, YeM OCHOBHAS TaPMOHHUKA.
AMIUIUTYABl TapMOHMK Pa3HOTO TOpSAKa 3aBUCAT TOJNBKO OT (HOPMBI
HECHHYCOMIAJIbHON KPUBOH, a HaYaJIbHbIE (Da3bl U3MEHSIOTCA NMPU U3MEHEHUH Havalia

OTCYeTa BPEMEHU. 3aBUCUMOCTh Ej,, (kw) HA3BIBAIOT aMILUIUTYIHBIM CHEKTPOM, a
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3aBUCHUMOCTh Y (kw) — ¢a3zoBbiM cnekTpoMm. Ilepuonnyeckue xoneOaHUS UMEIOT
JTUCKPETHBIE CHEKTPhI, B KOTOPHIX PACCTOSHUE MO OCHU YaCTOT MEXAY CMEKHBIMU
CHEKTPaJbHBIMUA JUHUSIMHA paBHO Aw = w = 271 /T. C yBenuueHueM mnepuona I
IJIOTHOCTh CIEKTPAIbHBIX JIMHUWA BO3pAcTaeT, a AaMIUIUTYAbl TapMOHUYECKUX
COCTABJISIONMX yMeHbIIaloTca. [lo amMIuMTyqHOMY CHEKTpY MOXKHO HarIsAHO
YCTaHOBUTH COOTHOIICHUSI MEXAY aMILTUTYAaMU TAPMOHUK U CYIUTh O MOJOCE YaCTOT,

B IIpcaciiax KOTOpOﬁ CUTHAJ HCCCT OCHOBHYIO OOJIIO S9HCPIUH.

ITopsaok BbINOJIHEHUsI JIA00PATOPHOIl PadoThI

1. 3anyctute nporpammy Electronics Workbench (momgyns Multisim). IIpu sTom
aBTOMAaTU4YEeCKU OyIeT CO37aH U OTKPBIT HOBBIA (haiisi, KOTOPBIM CIe1yeT COXPAHUTD,
ucnonb3ys komanay ®Painn — CoxpaHMTh Kak.

2. Hapucyiite cxemy, IpUBEAEHHYIO Ha puc. 1.1. Mcnonb3ys MaHUITYISTOP MBIIIb,
MepeHecuTe HEOOXOJUMBIE AJIEMEHTHI Ha pabouyro 00sacTh. J{Jig 3TOro HeoOX0UMO
BBIOPATH pa3/iesl Ha MaHeJIn HUHCTPYMEHTOB, B KOTOPOM HaXOJIUTCS HY>KHBIN 3JIEMEHT, a
3aTeM MEPEHECTH ero Ha pabouyro 00JacTh.

3. YcTaHOBUTE CONPOTUBIECHHE PE3UCTOpPA COMIACHO CBOEMY BapuaHTy. /[lns
M3MEHEHUS HOMHMHAJIOB W CBOMCTB 3JIEMEHTOB HEOOXOIUMO JBAaXKIbl IIEIKHYTh
MBIIIBIO HAa HY>KHOM 3JIEMEHTE, IIPU 3TOM MOSIBUTHCS COOTBETCTBYIOIIAS 3aKJIaJIKa, Ha
KOTOPOW TPEICTABIAIOTCS HEOOXOJUMMBbIE CBOWMCTBA JAHHOTO 3JEMEHTA CXEMBI.
3azemiienne ocyuectnisierca kiemMmon GROUND.

4. B kayecTBe MCTOYHMKA MHUTAHUS B CXEME HUCIHOJIb3YeTCs (PyHKIIMOHAIbHBIN
rereparop (XFG1 na puc. 1.1). Beibop dhopmbl curnana ocymiecTBiIsieTcss OHON U3
TpeX KHONOK B BEpPXHEH 4YacTW I[IAHEIU: CHHYCOMJAJIbHAsA, TPEYrojpHas H
npsiMoyroJibHasi. Huxke ycTaHaBIMBAIOTCS 4aCTOTA BBIXOJJHOTO CUTHAJIA, KOG (OULIMEHT
3aIOJIHEHMS B POLEHTAX (A1 UMITYJIbCHBIX CUTHAJIOB 3TO OTHOLIEHUE JIIUTEIBHOCTH
UMITYJIbCa K MEPHOAY MOBTOPEHUS, a JJI1 TPEYTOJbHBIX CHTHAJIOB — COOTHOUIEHHE
MEXIy UIMTEIBHOCTAMU MEpEeIHEro M 3aJHero (ppoHTa), aMIUIMTyAa BBIXOJHOTO

CHTHaJIa U ITOCTOAHHAasA COCTaBJIAIOIIAasA (CMCH.ICHI/Ie) BBIXOJHOI'O CUT'HAJIa.
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5. CoenuHuTe BBIBOABI JJIEMEHTOB ISl TONYYEHHUS HEOOXOAUMOM CXEMBI
(cm. puc. 1.1). [Inst coearHeHus IBYX BBIBOJAOB HEOOXOAMMO IIEIKHYTh M0 OMHOMY H3
HUX JICBOW KHOIKON MBIIIM M, HE OTIyCKas KHOIIKY, JIOBECTH KypcOp /IO BbIBOAA
APYTrOro 3J1eMeHTa.

6. B OkHe (QYHKIMOHAIBHOTO TeHepaTropa YCTaHOBUTE TPEYToJbHYI0 (popmy
CUTHaja, 3ajaiite kod(puuueHT 3anoiaHeHus (anuTenbHocTh) 10 % UM 3HaueHus
aAMIUTATY/bI, YaCTOTHI U MOCTOSIHHOW COCTAaBISIONIEH (CMEIIEHHUsI) COTIIACHO CBOEMY

BapHUAaHTY.
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7. ABoitHbiM memukoM 1o ocumiorpady (XSCI1 Ha puc. 1.1) packpoiite ero u
YCTAaHOBUTE peXuUM pa3BepTku Y/T (B 3TOM pexkuMe OCHMIUIOrpad MOKa3bIBAET IO

BCPTHUKAJIM CHUIHAJI HAaIIPAKCHHUA, 3anuimTe

a 10 TOPU30HTaIu — BpEMA).
YCTaHOBJICHHbIE Ha OcLuUIOrpade MaciuTadbl HANPSKEHUSI U BPEMEHH.
8. 3amycTuTe MOAENIMPOBaHUE, HAXKaB Ha M300paKeHUE BHIKJIFOUATEINS B BEpXHEM
MpaBOM OKHE IMporpamMMbl WiuM U3 NyHKTa MeHio MopenupoBanune — Ilyck.
VY6enurtech, 4To Ha FKpaHe ocipuiorpada Hadmonaercsa curiai TpedyeMon (Gopmbl

(TOT, KHOTIKAa KOTOPOTO HakaTra B OKHE (PYHKIIMOHAIBLHOTO reHeparopa). OcTaHOBUTE
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MOJICTTUPOBAHKE, HAXaB Ha M300paKCHHE BBIKIIIOYATENISI B BEPXHEM IMPABOM OKHE
IPOrpaMMbl UK U3 TyHKTa MeHI0 MoaeanpoBanue — Crom.

9. CnenaiiTe CKpUHILIOT CUTHAJIA HAIPSIKEHUS U BCTaBbTE €ro B Tabm. 1.1.

Tabmuua 1.1

3HaueHUE
N306pakenune
N3obpaxkenue curHaia | ko3¢ duiimeHTa 3anolHeHUs
CIEKTpa CUTHAJIA
(ITUTETBHOCTH)
1 10
50
90
10
50

90

AN | KA W

10. IIpoBenute creKTpajabHbIN aHAINU3, BBIOpaB MyHKT MeHI0O MoaeJnpoBaHue
— Bua anaausza — @ypsee.... [losBUTCA 1UanoroBoe 0KHO, B KOTOPOM YCTaHOBUTE
3HAQUYE€HHE OCHOBHOM YaCTOTHI U 3aJJalTe€ KOIUYECTBO rapMoHuK 10. Haxxmure kHONKY
MonaeanpoBarhb U MOJIy4uTe N300pakKeHHUE CIEKTPa UCCIEyeMOro CUrHaja.

11. CnenaiiTe CKpUHIIIOT CIIEKTpa CUTHAJA U 3aHecuTe ero B Tabm. 1.1.

12. Tloropure mm. 8—11 nis curHana TpeyroibHOH (OPMBI CO 3HAUCHUAMHU
koadduimenta 3amonHeHus (murenbHocTH) 90 % m 50 %. s curHama ¢
koahuimentom 3anonHenus 50 % zanummre B Tabn. 1.2 3HaYeHUs aMIUIUTYd U
HavaJIbHbIX (a3 TapMOHUK.

13. ITo ocumsiorpamMme OIpPENENUTE aMIUIUTYy HAINpPSOKEHUS W 3allMIIUTE €€
3HaYeHue B Tabm. 1.2.

14. lns curnama c¢ xoddduimerTom 3anonHeHus (mmutenbHocTH) 50 %
3anuiuTe B Ta0. 1.2 mokazanus BoasTrMeTpa (XMMI Ha puc. 1.1) s AByX peXrUMOB

ero paboThI:
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- B PEXHME HM3MEPEHHUS] NEPEMEHHOIO HAMPSIKEHUS (BOJBTMETP MOKA3bIBAET
JEHCTBYIOIIEE 3HAYEHNUE U3MEPSAEMOI0O HAPSKEHHUS );
- B pEXUME HU3MEPEHMsI MOCTOSIHHOTO HAalpsKEHHs (BOJIBTMETP MOKa3bIBAaET

MOCTOSTHHYIO COCTABJISIIONIYIO U3MEPSEMOT0 HApPsHKEHUS).

Tabnuia 1.2
@®opmMa CUIHAJIA HANIPSKEHUA HA XO/1e Lenu Tpeyroabnas | [IpsimoyrosibHasi
S | Ammiutyna HanpsokeHus, Upay, B
2]
=
2. JleicTByromee 3HaueHue Hanpsbkenus, U, B
=
&
g [TocTtosannas cocraBnsromas Hanpsoxenus, Up, B
[Tocrosnnas cocrasisromas Hanpsoxenus, Uo, B
Ammiuryna | rapmonviku HanpskeHus, Uy, B
Hauanphas ¢asza 1 rapmMOHUKY HanpspKEHUS, W1, ©
3
5 AMIuiityna  rapMOHMKH HamnpspkeHus, Un, , B
A< |HauanpHas a3a  TapMOHMKH HANPSDKEHHSA, 1/ |, ©
AMIuiityna  rapMOHMKH HamnpspkeHus, Un , B
Hauanbhas ¢aza  rapMOHUKHU HanpspkeHus, i, °

15. U3menuTe (opMy BXOAHOTO CUTHAja HANpsHKEHUS HA MPSIMOYTOJIbHYIO U
nmosTopure nm. 8—14.
16. JIns 0ogHOTO M3 MCCIIEYEMBIX CUTHAJIOB PACCUUTANTE aMIUIUTYIHBIN CIIEKTP

Y TOJIyYE€HHBINA PE3yIbTaT CPABHUTE C PE3yIbTaTaMU MOACIUPOBAHUS.

KoHTpoabHBIE BONPOCHI
1. Yto Takoe 4aCTOTHBIN CIIEKTP HECUHYCOUAATBHOTO AIEKTPUUECKOTO CUTHAIA U
KaK ONPEIEIUTh €r0 aHATUTUYECKU?
2. Kakue cymecTByIOT BUABI CHMMETPUH KPUBBIX HECHHYCOUIAIBHBIX CUTHAJIOB
1 KaKOBBI 0COOEHHOCTU UX YACTOTHBIX CIIEKTPOB MPHU ITUX BUJIAX CUMMETPHUU?
3. Kak onpenenuth aHaTUTHYECKH MAaKCUMAJIbHOE, IEUCTBYIOIIEE U CPEIHEE TI0

MOAYJIIO SHAYCHNA HCCUHYCOUAAIIbHOI'O curHajua?
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4. Kakue cuctembl MpuOOPOB MPUMEHSIOTCS U U3MEPEHUS MaKCHUMaJbHOTO,
JEHCTBYIOIIETO U CPETHETO [0 MOAYJIO 3HAYCHUSI HECUHYCOUJANbHON BETUYUHBI?

5. Kakum 006pa3oM Mo 4acTOTHOMY CHEKTPY AJIEKTPUUYECKOTO CHUTHAIa MOYKHO
OTIPENETUTh MOJOCY YacTOT, B IMpeaeiax KOTOpPOH CHUTHAJl HECET OCHOBHYIO OJIO
SHEpPrun?

6. [lepeuncnure ocHOBHBIE ATaMbl padoThl B porpamme Electronics Workbench.

7. Kak 3aymaroTcsi TUIOBBIE ANEKTPUYECKUE CUTHAJIBI U CBOMCTBA (MapaMeTphl)

AJIEMEHTOB MOojieIupyeMoii cxeMbl B mporpamme Electronics Workbench?
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JlabopaTopHana pabota No 2
NMCCNEOOBAHUE NMPOXOXAEHNA NEPUOANUYECKOTO
HECWMHYCOMAA/IbHOTO CUTHAJIA YEPE3 JIMHEUHbIE

SNEKTPUYECKUE LUEMN C PASHbIMW STIEMEHTAMHU

Heanb padorbi: M3yunTh BIMSHHE MApaMETPOB HEPA3BETBICHHOW JMHEHHOU
Henu Ha (popMy KpHUBOHM TOKa IIPU NEPUOINIECKOM HECHUHYCOUJATbHOM HaIPSHKEHUU

HCTOYHHKA ITUTAaHHA.

Kparkue TeopeTuuecKkue cBeIeHUs

Ecnmn x JMHEHHOW LENU NPUIOKEHO MEPUOAUYECKOE HECHUHYCOUIAIBHOE
HAIPSDKEHUE, KOTOPOE MOYKHO PAa3JIOKUTh Ha PSAJ FAPMOHHUK, TO TOK B 3TOM XKE LEINU
JOJDKEH PACKJIaJbIBaThCSl HA TAKOE K€ KOJIMYECTBO TEX K€ TrapMOHUK. OJIHAKO
W3MEHEHUME BO BPEMEHM TOKA 3aBUCUT OT TOIO, KAaKHE JJIEMEHTBI COAEPXKATCsS B
ANEKTPUYECKOU LICTIH.

AKTHBHOE CONPOTHBJIEHHE R HE 3aBUCUT OT YaCTOTHI f, TOITOMY IMOJIHOE
COITPOTUBIICHUE LIENINA OCTAECTCS MOCTOSHHBIM JUJISI BCEX TapMOHHUK. Bciiencrsrue 3Toro
M3MEHEHUE BO BPEMEHU TOKa B LIEMH MOJJ00HO U3MEHEHHIO BO BPEMEHU HAPSIKEHUS.

PeakTuBHOE CONPOTUBIECHUE 3aBUCUT OT YacCTOTHI, II03TOMY IOJIHOE
CONPOTUBIICHUE 1I€MH OKa3bIBA€TCS 3aBUCUMBIM OT TOpsJKa TapMOHHUKU K.

NupykTUBHOE peakTUBHOE conpoTuBjienue (X;, = 2mkfL) pacter c yBeIH4YeHHEM

1
HOMCpA T'apMOHHUKH, 4 €eMKOCTHO€ PC€AKTHUBHOC€ CONPOTHBJICHHE (XCk = anfC) -

yMeHbIaetTcsi. [loaToMy MHAYKTUBHOCTh CHOCOOCTBYET OCJAOJICHUIO BBICIIMX
FapMOHUK TOKAa, 2 €MKOCTh — HU3IIMX TapMOHHUK. J[pyruMH CiI0BaMH, €MKOCTHBIN
AJIEMEHT TO3BOJISIET yOpaTrh MOCTOSHHYIO COCTABJISIONIYI0 W HU3KUE TapMOHUKH

(4acToTbl), @ UHTYKTUBHBIN — BBICIINE TAPMOHUKHU.
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Jloist sneKTpudecKux Iernei, n300pakeHHbIX Ha puc. 1, 6 u puc. 2, a (PHY u
®BY), BEIXOIHOE HANPSHKEHUE CHUMAETCS C PE3UCTOPA, MOATOMY KpHBasi HAIPSKEHUS

Ha HeM OyZIeT cCoBMaiaTh M0 GopMe C KPUBOM TOKa B LIETIH.

ITopsiioK BBINOJIHEHUS JIA00PATOPHOIT padoThI

1. 3amyctute mporpammy Electronics Workbench (momyns Multisim) wu
HapUCyWTe CXeMy, IPUBEACHHYIO Ha puc. 2.1. Bennuuny conpotusienus R, BeiOepuTe

COIVIaCHO CBOEMY BapHuaHTy. 3a3zemieHue ocyuiecTrisiercs kiemmoit GROUND.

&xllrm:i::..

- IR
"
S o SYGS [Pk ifeis Lot ST 2o
| Xl .............

XFGl

.............. ’r"“‘:’
""" 87 Rk BES d g . .
Lh R iVE

AN
Uosans soa SHRRRISAZY Bpe e s
Ry S ooy Sl aoel B
B Sns 2l AT SN

................... ‘:'_J?_‘

Puc. 2.1

2. B kayecTBe MCTOYHMKA MHUTAHUS B CXEME HMCHOJb3YyeTCs (DYHKIMOHAJIbHBIM
redeparop (XFGI1 Ha puc. 2.1). YcTaHOBHUTE CONIACHO CBOEMY BapUAHTY TPEYTOJIbHYIO
WIM TOPsIMOYTOJIbHYI0 (OpMYy CHUTHala, a TaKXe 3HAYEHUS €ro aMmIuIUTyAbl U
MOCTOSTHHOM COCTaBIIAIONIEN (CMEILIEHHUS).

3. ABoitabiM miemukoM 1o ocmiorpady (XSCI1 nHa puc. 2.1) packpoite ero u

YCTAHOBUTE peXuM pa3BepTku Y/T (B 3TOM pexkume OCUMIUIOrpad MoKas3bIBaeT MO
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BEPTUKAJIM CUTHAJ HANpsOKEHWs, a MO0 TOPU30HTAaId — BpeMs). 3aluUIUTe
YCTaHOBJIEHHbIE Ha ocluuiorpade macimtadbl HanpsbkeHUs U BpemeHu. Ha Bxon A
ocuwiorpada MomaeTcs HECHHYCOUWJANbHOE HampspkeHHE € (YHKIIMOHAIBHOTO
re’Heparopa, a Ha Bxoj B ocumsuiorpada — najgeHue HanpsHKeHUs] Ha CONPOTUBICHUU
R; =1 Owm (xpuBas majneHusi HalpsDKEHUS Ha pe3ucrope R, OyaeT coBmanarh IO
(dhopme ¢ KpUBOM TOKA B IICTIH).

4. CpenaiitTe CKpUHIIOTHI KPUBBIX BXOAHOIO HAIPSKEHUS (HECUHYCOUIATIBHOIO
HanpsHKEHWs TeHepaTopa) U BBIXOAHOIO HaNpsKeHUs (CoBIaaaeT o (opMe ¢ TOKOM B
LEenHu) JUIsl TPEX Pa3HbIX 3HAYEHUM 4YacTOThl CUTHala (YacTOTy BTOPOTO CHUTHala
yctaHoBute B 10 pa3 Oosple 4acTOThl NEPBOTO CUTHAJA, @ YACTOTY TPETHETO CUTHaja
— B 10 pa3 Oosbllie YaCTOTHI BTOPOIO CUTHANA) U COXpaHUTE uX B Tadiu. 2.1. CpaBHuTE

(GhOpMBI KPUBBIX U CIETANTE BBIBOJ.

Tab6nuia 2.1
R L C
Ugx(1)
h
uebzx(t)
Ug(1)
1
u@blx(t)
Ugx(1)
f3
ugbzx(t)

5. Cxonupyiite puc. 2.1 u B HEeM 3aMEHUTE COITPOTUBJICHHUE R, HA MHIYKTUBHOCTD
. R
L. PaccunTaiiTe 4acToTy BTOPOTO CHTHaja 1Mo Gopmyrne f, = py— [ToBTopurTe 1. 4.
7. Ckonmpyite puc. 2.1 u 3ameHute comnpotuBieHue R, Ha emkocTh C.
. 1
Paccuuraiite gactoty Broporo curtaia mo gopmyne f, = ——. [loBropure 1. 4.

2TTRC

8. CrenaiiTe BBIBOBI IO MPOICTIAHHOM padoTe.
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KoHTpoabHBIE BONIPOCHI

1. Yto Takoe MakCMMalbHOE, NEWCTBYIOUIEE U CPEIHEE MO MOIYII0 3HAYEHUS
HECHHYCOMIAJIBHBIX TOKOB M HapspkeHUN? Kak MOXHO UX U3MEpPUTH?

2. Kakue anekrpudecKkue ey Ha3bIBalOTCS TMHEUHBIMU?

3. Kak BnmusieT akTHBHOE CONPOTHUBIICHUE, HE 3aBUCSIIEE OT YAaCTOThI, Ha (hOpMy
KPUBOM TOKA IPU IPWIOKEHHOM HECUHYCOUIAJIbHOM HaIPSKEHUHU ?

4. Kak BiIusieT MHAYKTUBHOCTH Ha (OpPMY KPHBOW TOKa MPH MPUIOKECHHOM
HECHHYCOMIAJIbBHOM HalpsKEHUN?

5. Kak Bamser emkocth Ha (OpMy KpHUBOM TOKa IMPU MPUIIOKEHHOM
HECHHYCOMIAJIIBHOM HalpsKEHNUN?

6. MoryT 11 MHAYKTUBHBINA U €eMKOCTHBIN 3JIEMEHTBI UCIIOJIb30BaThCs B KAUECTBE
YaCTOTHBIX (DUIIBTPOB?

7. MOXXHO JM MOCTPOUTH YACTOTHBIA (PUIBTP, UCHOJB3YsS TOJIBKO PE3UCTOPHI?
[Touemy?

8. Bynet nu M3MEHAThCS CHEKTP MEPUOANIECKOTO HECHHYCOHIaJIbHOTO CHTHAA
nociie npoxoxaeHus @HY nnu ®BY?

9. Kak paccuntsiBarorcs AUX u ®UX snexTpudeckux GuibTpoB?
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JlabopaTopHana pabota No 3

ANOPEPEHUNPYIOWME U UHTETPUPYIOLLME LIEMW

Heab padorsi: MccnenoBars n3MeHeHue GopMbl IPSIMOYTOJIBHBIX CUTHAJIOB MPU
NPOXOXKJEHUU dYepe3 AuddepeHIUpYIOie U WHTETPUPYIONIME [N U H3y4UThb

YaCTOTHBIE XapaKTEPUCTHUKH LIETICH.

Kparkue TeopeTuuecKkue cBeIeHUs

Nuddepenuupyromas nenb npeacTapiaser co00i QrIbTp BBICOKUX YacTOT U
UCNONb3Yemcsl 68 UYeNnsax CUHXPOHU3ayuu, Ol HOMYYeHUs V3KUX UMNYIbCO8 U3
NPAMOY20/IbHBIX, & TAKXKE ISl TOTYUYECHHS] EPEKITI0YAIOIINX UMITYJIBCOB U METOK (114
yhpaBiieHus pabdOTOl psiia YCTPOWCTB MUMMYIbCHOM TexHUKH). UHTerpupyomas
nenb NpeacTaB/sieT c000il GUIBTP HU3KUX YACTOT M UCHONb3Yemcsl OJisl blOeIeHUs
NONEe3H020 CUCHANA HA (POHe WYMO8 8 paouo, menesudeHul, paouoiokamopax u 8
komnwvtomepax. Ilockonbky nuddepeHpoBaHie W HUHTETPUPOBAHUE SBISIOTCSA
JUHEUHBIMM MaTEeMaTUYECKUMHU OIEpalldsIMH, YyKa3aHHBIE BBIIIE NpeoOpa3oBaHus

CUTHAJIOB MOI'YT OCYHICCTBIIATHCA JIMHCUHBIMU OCIIsIiMH, T. €. CXEMaMH, COCTOAIIIMMHA

13 NOCTOSHHBIX NHIYKTUBHOCTEW, EMKOCTEN U COIPOTUBIICHUM.
1. Inddepenuupyromeii (ykopaunBarue) Ha3pIBACTCS TaKas L€, C BBIXO/1A
KOTOPOW MOYKET CHUMATHCSI CUTHAJ, MPOIOPLUHOHAIBHBIA IIPOU3BOAHOM OT BXOIHOIO

CHUTHaJIa:

A, (t
Ugyux(£) = T2 (3.1)

PaCCMOTpI/IM QICKTPHUUCCKYIO ICIIb, COCTOAIIYIO H3 II0OCJICAOBATCIBHO

COEIMHEHHBIX €MKOCTH U aKTUBHOTO conpoTuBiieHus (puc. 3.1).
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Uklt) C R Ui\ 1)

? 1 ?

Puc. 3.1. Iudpdepennupyromas RC-uenp

[TycTh Ha BXOME TOM LIETIH IEHCTBYET HAMIPSIKCHUE Uy, ().
. 1, .
Torma u,(t) = Ri(t) + z [i(t)dt m B pesymsTare mpeo6Gpa3oBaHMIA

dugy(t) _ R di(t)

1, _
dt — T i) 1 up(t) = Ri(t) = U, (1), mOTYdHM

duBX(t) duBbIX(t) 1
dt = dt + ; Ugpix (t), (3 2)

rae T = RC— nocTtostHHAast BpeMeHu i JanHo RC-nenm.

Ecnu nnst manHoro curHana BbIOpaTh 7 HACTOJBKO OOJIBIIMM, YTO BKJIAJIOM
BTOpPOro wieHa mpaBoii yactu (3.2) MOXHO OymeT mHpeHeOpeub, TO Uy, (t) =
& Uy, (). DTO 3HAUUT, 4TO MPU OONBIIMX 3HAYCHHUSIX 7 BBIXOJHOE HaIpsyKeHHE (Ha
CONPOTHUBIICHUH) TOBTOPSIET BXOJHOE HampsbkeHWe. B cBI3W ¢ TeM, 4TO uepes
KOHJIEHCATOp HE€ MOXKET MNPOTEKaTh MOCTOSHHBIA TOK, MOCTOSIHHAs COCTaBJISOIIAS
BXOJITHOTO HampshKeHUs He mepenaercs. Takyto IeKTPUUYECKYO 1eMb 1eIeco00pa3Ho
MPUMEHSATh TOIJA, KOTrJa HEOOXOAMMO Tiepelarh CHUTHal 0e3 IMOCTOSHHOM
COCTaBJISOLIECH.

[Ipu oueHb MalbIX 3HAUYCHHSX 7, BKJIAJOM NEPBOToO wieHa npaBoil yacTtu (3.2)

MOXKHO OyJeT npeHedpeyb, Torna

dugy(t) _ Tdusx(t)

uBbIX(t) ~ RC dt dt

, (3.3)

T. €. MIPU MaJIBIX MOCTOSHHBIX BPEMEHM 7 DJICKTpHUYECKas IeMb, U300pa’keHHas Ha
puc. 1, ocymectisieT AuddepeHIIUPOBAHUE BXOJHOTO CUTHANA U | Uy, [ <K Ugy .
Taxyro 1iemns 1nenecoodpa3sHo MPUMEHSTH TOT/Ia, KOT/Ia HEOOXOAMMO MepeaTh CIOKHBIN

CUTHaJI 0€3 MOCTOSIHHOW COCTAaBJISIOIEH U C OCIA0JICHHBIMUA HU3KUMU FaPMOHUKAMH.
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Ecnu B xauecTBe BXOAHOTO CHUTHAJIa MPWIOKEHO HAMPSIKEHHE MPSMOYTOJIbHOM
dbopmbl ¢ ieproioM 7, TO BHJT BBIXOJHOTO CHTHAJIA 3aBUCHT OT cOOTHOIIeHus T /2 U T.
Ecmu mepuon BxomHoro HampsokeHust T <K T, TO @ > 1/T ¥ Tako#l CHUTHAI MOXKHO
CUUTATh OBICTPHIM, TaK KaK KOHJCHCATOP B TedeHue T /2 He ycrneBaeT rnepe3apsuThbes
U Uy, (t) = Uy (t). Ecau nepuon Bxoauoro Hanpsukenust T >> T, 10 w < 1/7 u Takoit
CUTHAJI MO)KHO CUUTAaTh MeNJIEHHbIM, TaK KaK KOHJCHcaTop B TeueHue T /2 moytu
IIOJIHOCTBIO Tepe3apsKaeTes U | Uy, 1<K Ugy .

Ha puc. 3.2 mokazaHa 3aBUCMMOCTb BBIXOJHOTO HANPSHKEHUS OT YaCTOTHI
BXOJHOTO CHTHaja IpsiMOyroiibHOH hopmbl it nuddepermupytomieit RC-mierm. Yem
MEHBIIIE TIOCTOSIHHAsI BpPEMEHU T, TeM OBICTpEE 3apspKaeTcss W pas3pspKaeTcs
KOHJIEHCATOp, MO3TOMY TEM MEHBIIYIO JJIUTEIbHOCTh UMEIOT BBIXOJHBIE UMITYJILCHI U

TeM 00Jiee OHH OCTPOKOHEUHBIE.

z/gm(r)T
g L I

| L

u. (t)4

GHIX

g )

B)

Puc. 3.2. Boixonnoit curnan guddepennupyromieit RC-ienu mpu:

a-w<10/t;6-w=wy=1/1;6—w =>0,1/7
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AHQJIOTUYHBIM  PE3yabTaT MOXKHO IOJYYHUThb, BBIUUCIAS KOMILIEKCHYIO
nepeaaToyHy0 QpyHkuuio (xkodpduumuent nepeaayu) K, KoTopas HaAXOIHUTCS KAK
OTHOILIEHUE BBIXOIHOM AJIEKTPUUECKOM BETMUNHBI (HAIPSKEHUS UM TOKa) K BXOIHOM.

st mupdepennmpyromieit RC-nenm (puc. 3.1):

> Uppix _ R _ R _ 1
K== = (3.4)
BX ¢ jwC jwt

[Tpu MabIX OCTOSHHBIX BpeMeHH T K 1/w, Beipakenue (3.4) npeobpaszyercs B
K =~ jwt. TIpu 3ToM (a3a BEIXOZHOTO HampspkeHns (aprymeHT K) paHa m/2. CiBur
rapMOHHYECKOro CUTHaja 1Mo (a3e Ha 1T/2 SKBHBaJICHTEH ero auddepeHInpOBaHHIO.
[Tpu T > 1/w xo3durment nepenaun K~ 1.

3aBHUCHMOCTh MOIYJSl KOMIUICKCHOU TepenaTtounoi ¢GyHKuu K (w)OT 4acToThI
Ha3bIBAECTCS AMILIMTYIHO-4aCTOTHOM xapaktepuctukoii (AUX). YacrorHas
3aBHCHMOCTh apTyMEHTa KOMIUIEKCHOW TepenaTtoyHoil ¢yHKmmu ¢ (w) Ha3bIBaeTC
(dazo-uyacrorHoii xapakrepuctTukoi (OUX). AUX u ®UX mna muddepenuupyroneit

L[eM1, U300paKeHHOI Ha puc. 3.1, paBHBI:

1
1
/1+—w212

YacToTHBIE XAPAKTEPUCTUKHU JIMHEMHBIX DSJIECKTPUUYECKUX LENEHd MO3BOJISIOT

K(w) = nu ¢(w) = arctg i

CYIUTH O TOM, KOJIEOAHUS KaKMX YacTOT MPOMYCKAIOTCA LEMNbIO, 8 KAKHE 0CTa0sI0TCS.
DnexTpuyeckas Iienb, HW300pakeHHass Ha puc. 3.1, ucmoiab3yeTcs Kak (UIbTP
BepxHux yactor (OBY). OHa nepenaer 0e3 U3MEHEHHS] CUTHAJIBI BHICOKUX YaCTOT U
o0OecreynBaeT 3aTyXaHue CUTHAJIOB HU3KUX YacCTOT.

TakuMu ke XapaKTepuCTUKaMH 00JaJaeT ANEKTPUYECKas Ielb, COCTOSINAs U3
MOCJIE0OBATEIbHO COCIMHEHHBIX AKTUBHOTO CONPOTUBIEHUS M HWHIYKTUBHOCTHU
(cMm. puc. 3.3) ¢ mocrosHHOM Bpemenu T = L/R. OnHako, B 00JaCTH HU3KUX 4acTOT
ANEKTPUUYECKUE 1IECTIH, COAEPKAIIINEe B CBOEM COCTAaBE MHIYKTUBHOCTH, UCIIONIB3YOTCS

pEIKo.
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Puc. 3.3. Iuddepennupyromas LR-nensb

2. MuTerpupyromeii (yIJIMHAOIIEH) Ha3bIBACTCS TaKasl LIENb, C BBIXO/1a KOTOPO
MOXKET CHUMAThCS CUTHAJL, TPONOPLIMOHAIBHBIM UHTErPAJTY BXOAHOTO CUTHANA!

U (1) = [ U (t)dt. (3.5)

B cnydae, korja BeIXOAHBIM AsieMeHTOM RC-1ienu siBisieTcst eMKocTh (puc. 3.4),

LIETIb MOJy4AETCS NHTETPUPYIOLIEH.

Ilgx(_r) —— ”ebrx(r}

Puc. 3.4. Unrterpupyromias RC-miens

Ona onuchIBaeTCs CAEAYIOIIUM 00pa3oM:

duc(t)
dt

Uy (t) = Ri(t) + uc(t) = RC + uc(t). (3.6)
g mennenHbix curdanoB (T >> T) BKJIaJ0M MEPBOTO CIaraéMoro NpaBoi 4acTu
(3.6) MOXHO TIpeHEOpEUh M Uy, (t) = Up(t) = Ug(t). s OBICTPBIX CUTHAIOB

(T < ) BKJIaIOM BTOPOTO cllaraeMoro mnpaBoit yactu (3.6) MoXHO mpeHedpeys u
—_— ~ 1
uBbIX(t) = Uc (t) ~ ;f uBX(t)dt' (37)
DTO 3HAYUT, YTO TPH MaNlbIX 3HAYEHUSX 7 BBIXOJAHOC HamNpsDkeHHe (Ha

KOHJICHCATOpE) TOBTOPSIET BXOAHOE HampspkeHue. C yBEIWYEHHWEM IMOCTOSTHHOU
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BPEMEHM 7  HAKJIOH IIEPEXOJHBIX Yy4YacTKOB yBenuuuBaercs. llpu Oonbmimx
MOCTOSTHHBIX BpEMEHH 7 DJJIeKTpuyeckas Ilenb, H300pakeHHas Ha puc. 3.4,
OCYIIECTBJISIET HHTErPHUPOBAHHE BXOJHOIO CUTHAJIa M BBIXOJHOE HAIPSDKEHUE LIETIH
CTAaHOBUTCS pPaBHBIM CpPEJAHEMY 3HAUYEHHIO BXOJHOrO HampspkeHus. Takyro 1enb
1eJIECO00pa3HO MPHUMEHATh TOINA, KOraa HEoOXOAMMO O00ecleunuTh 3aTyXaHHe
CUTHAJIOB BBICOKHX YacCTOT.

Ha puc. 3.5 mokasaHa 3aBUCMMOCTBH BBIXOJHOTO HANPSKEHUS OT YaCTOTHI

BXOJIHOTO CUTHAJIA NMPSIMOYTOJIbHOM (popMmbI Jutst uHTerpupytomeid RC-uemnu.

B)

Y

Puc. 3.5. BbIxoHO cUTHAJI MHTETPUPYIOIIEH LIENN TIPU:

a-w=>10/1,6 —w =wy=1/1;6—w <0,1/1

”ebzx(r)!r { \ / ~
|
l
|

Koagduuurent nepenaur HHTErpupyromen nenu:

1

y Uppix _ —jXc _ jwC __ 1
K= Uy  R—jX¢ R+  1+jor (3-8)
BX jwC

[Tpu ManbIX TOCTOSHHBIX BpeMeHH T K 1/w, Beipaskerue (3.8) nmpeobpasyercs B
K =~ 1.Tlpu T » 1/w xo>ddunuent nepenaun K =~ 0.
AUX u OUX nnst nuddepeHiupyroiei 1enu, n300pakxeHHon Ha puc. 3.4, paBHBI

K(w) = n @(w) = —arctgwr.

1
V1itw?t2
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DnexTpuyeckas Lenb, U300pakeHHas Ha pucC. 3.4, UCHOIb3yeTcs Kak (UIBTP
HkHUX 9acToT (PHY). Ona nepenaer 6e3 M3MEHEHHs] CUTHAJIBI HIDKHUX YaCTOT W
o0OecreynBaeT 3aTyXaHue CUTHAJIOB BBICOKUX YacTOT. TaKMMU ke XapaKTepUCTUKAMU

obnanaet anekrTpudeckas LR-11enb ¢ akTUBHBIM COMPOTHUBIICHUEM Ha BBIXOJE.

ITopsiioK BBINOJIHEHUS JIA00PATOPHOIT padoThI

1. W3yuure yactoTHble XapaktepucTuku auddepenuupyronmx RC-nemeit c
napametrpamu R, Cy, Cs, Cs, C4 1 MHTETPUPYIOIIKX € TTapaMeTpamu Ry, Cs, Cq, C7, Cs.
BenuunHbl CONMpOTUBIEHUM W €MKOCTEH BBIOEPUTE COINIACHO CBOEMY BapHaHTY.
BbIuncnnre MOCTOSIHHYIO BPEMEHHM 7 W 4acTOTHI cpe3a f, = 1/2mT nmms Beex
MapaMeTpoB.

2. 3anyctute nporpammy Electronics Workbench (Moagyns Multisim) u

HapUCyHTe CXeMy, TOKa3aHHYIO Ha puc. 3.6 (BeIMYMHBI COPOTUBIICHUS U EMKOCTHU T10

BAapUaHTY).

i EaCdesd YRR il UsUnRie UEieiis
. A A SR A

ek Sl i bl o

S e |l 00 o i
IR R e e
Py 1
il SReiian SEEin

7
Fonbaansl abaun lkatbetnd e Fesan
S R AT SRl A RS I
......... | [ e LT T R (B e

L SreieAnErcioa T Phmrchaas 2] S
lerasse i blisal s bl Usuilical of B
guomzzj::::::::::::::::::::::::
:::::::::::::0::::::::::::;;555

Puc. 3.6
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3. IIpy MOCTOSTHHOM aMIUTUTY/AE€ CUHYCOMJAJIIHOTO HaNpSUKEHUS Uy, HA BXOZE

RC-nienu v OCTOSIHHON YacTOTE, MOJMYYUTE HA OcHMIorpade n300pakeHUs Uy, ;, JUIS

pasubix emkocteit Cy, C, C3, C4. CnenaiiTe CKPUHIIOTHI C BXOAHBIM M BBIXOJIHBIM
HanpsbkeHusiMu 1t emkoctend Cp, Cy, Cs, C4 M COXpAaHUTE UX B TAOIUILY.

4. Ilonaiite Ha Bxo RC-11enu npsiMOYToJIbHBIN CUTHAJ, CIEJIANTE CKPUHIIIOTHI C
BXOJHBIM M BBIXOJHBIM HanpsikeHusAMU aiisi eMkoctent Ci, Cy, C3, C4 U COXpaHUTE UX B
Ta0IHILYy.

5. OnpenenuTe NOCTOSHHYIO BPEMEHU 7, PaBHYIO HHTEPBay BPEMEHH, B TCUCHHE
KOTOPOTO BBIXOJAHOE HAIpsHKEHWE H3MEHsieTca B e pa3. CpaBHHUTE NOJIYyYEHHBIE
PE3YJIBTATHI C pe3yJabTaTaMy pacyeTa.

6. Berunciure nis emxocren Ci, Cy, Cs, C4 MOAYNb B ApTYMEHT NEPENATOYHON
¢dbyskiuu nenu, noctpornte AUX n GUX.

7. llpoBemure wm3mepenne AUYX um OUX no wusmepuremo AUX. CpasHure
M3MEPEHHBIE YaCTOTHBIE XapaKTEPUCTUKU C BbIYUCICHHbIMUA. Ha opHOMl U3
m3MepeHHbix AUYX omnpenenure BEIWYMHY T M CPABHUTE JTO 3HAYEHUE C
PacCUYUTaHHBIM.

8. [Iponemaiite Takue e U3MEPEHUS U BBIYMCIEHUs 11 nHTerpupyronien RC-

enu ¢ napamerpamu R,, Cs, Cq, C7, Cs.

KoHTpoabHBIE BONPOCHI

1. Kak onpenensieTcs v 4To XapaKTEpHU3yeT NOCTOSIHHAS BPEMEHU T ?

2. [Ins yero HyxHbI AU (DHEPEHIUPYIOIINE U UHTETPUPYIOIIUE e ?

3. Kakue >nekTpuyeckre CUTHAIIbI B IAaHHOW JTAOOpaTOpHOM padoTe BbI CUUTAIIN
OBICTPBIMHU, & KAKWE MEJIJICHHBIMU?

4. Kakue 3JIeKTpUYeCKHUe LEMU Ha3bIBAOTCSI MHTErPUPYIOIIUMU ?

5. B 4eM cOCTOMT OTIMYHE u,,,(t) mocie mpoxoxkiaeHus PBY (u OHY),
cocrosamux u3 RC-aimemenToB u u3 RL-nimemenToB?

6. Kak paccuutbiBatrorcst AUX u @UX CI0KHBIX 3JIEKTPUUYSCKUX Lienei?

7. Kaxoii ¢opMmbl MOJydaeTCs CUTHaAJI TIOCTE TPOXOXKICHHS  4epes

muhdepeHIMPYIONIYIO 1IEeTh CUTHAJA TPEYTOJIbHON (HOpMBI?
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JlabopaTopHana pabota Ne 4
N3YYEHWUE PABOTbI ONMEPALLMOHHOIO YCUJTUTENA U AKTUBHbIX
dN1IbTPOB HA EO OCHOBE

Hean padorsi: M3yueHue pabOThl OMEPANMOHHOTO YCHUJIUTENS U CXEM Ha €ro

OCHOBE, UCCIICZIOBAHNE YaCTOTHBIX XapaKTEPUCTUK aKTUBHBIX (DUIIBTPOB.

KpaTKne TCOPETUYECCKUEC CBEACHUSA

OnepaliuoHHbBIE YCUJIMTENN BBIIOIHSAIOTCA B BUJIE MHTETPAJIbHBIX MUKPOCXEM, B
COCTaB KOTOPBIX BXOASAT HECKOJbKO JIECATKOB WJIM COTE€H TPaH3UCTOPOB.
[lepBoHauanpHO omnepauuoHHbI ycuiurenab (OY) mnpuMeHsuics B aHaJIOTOBBIX
BBIYMCIIUTENbHBIX MAIMHAX /I BBIIOJIHEHHS YHUCTO MAaTeMAaTUYECKUX OIeparuii,
TaKuX, KAK CYMMUPOBAaHHE, BHIYMTAHUE, UHTETPUPOBaHUE U U pepenuporanue. Ha
CETOHSIIHAN JI€Hb MHOTOCTOPOHHHME BO3MOYKHOCTH OIIEPAllMOHHOIO YCHJIMTEIS
CeJIalli €ro OCHOBHBIM YHU(DHUIIMPOBAHHBIM Yy3JIOM MPAKTHUYECKHU B J1000I obmactu
IEKTPOHUKH. ONEPALMOHHBIE YCUIIUTEIN UCIOJB3YIOTCS B COCTABE HOPMHUPYIOLIUX
npeoOpa3oBaTelieil, CTaOMIN3aTOPOB HAIPSHKEHH S, AKTUBHBIX (DUIIBTPOB, TEHEPATOPOB
¢GyHKUUMH, aHanoro-uM@poBbIX MpeolOpa3oBaresiedl U UU(PO-aHATOTOBBIX, a TaKXKe
MHOTHX JPYTHX YCTPOMCTB.

OnepannoHHbIi yCHJIUTEIb — 3TO YHU(DUIMPOBAHHBIA MHOI'OKACKaIHBIMI
YCUJIUTENb MOCTOSHHBIX U NMEPEMEHHBIX CUTHAJIOB C Ju(d(epeHIInaNIbHbIM BXOA0M U
HECUMMETPUYHBIM BBIXOJOM C HEMOCPEACTBEHHOM CBS3BI0 MEXIYy KacKaJami,
XapaKTEepU3YIOMMICS OONbIIMM  KO3(P(OUUHUEHTOM YCUJIEHUS IO HANpsSKEHUIO,
BBICOKMM BXOJHBIM W MAajblM BBIXOJHBIM CONPOTUBIECHUEM C IIMPOKOH MOJIOCOU
MPOIYCKAHMS, a TAKXKE C HU3KUM YPOBHEM IIYMOB NP XOPOLIEH TeMmIepaTypHOU
CTaOMJILHOCTH, CIIOCOOHBIN yCTONYMBO paboTaTh npu 3amkHyTo# 1enu OC. Cnenyer
OTMETHTb, YTO HA NPAKTUKE MEPEUUCICHHbIE XapaKTepucTUKU OY MpOSBIAIOTCS B

paszimuHou creneHn y OY pa3HbIX Mapok.
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Ha cxemax omnepamvoHHbIE YCHIHTENIH OOBIYHO O0003HAYalOT B BHUJC
TPEeYroJbHUKA WM MPSIMOYTOJbHUKA C U300paKEHHBIM Ha HEM TPeyroJbHUKOM. OY
MOXKET COJepXaTh OCHOBHOE ¥ OJHO WM JBa JONOJHUTEIBHBIX  IOJIA,
PACIoOJIOKEHHBIX IO 00€ CTOpoHBI OT ocHOBHOTO (puc. 4.1, a). OcHoBHOE
(GYHKIIMOHATFHOE Ha3HAuYeHHWE yCWiIHTelIsl 0003HadaeTcs TPEYroJIbHUKOM —Ha
ocHOBHOM Tiosie. CripaBa OT HEro YKasbIBalOT KOA(DPUIIMEHT yCuieHus (BMECTO
cumBoiia M). Ecnu KoHKpeTHOE 3HaueHne K03 PHUIIEHTa YCHUIIEHUS HECYIIECTBEHHO,
€ro JOMyCKaeTcs He YKa3blBaTh (MOXKHO TakK)Ke BIHCATh 3HAK OECKOHEYHOCTH).
JlononHuTenbHbIE (DYHKIMHU, BBITOJHSEMBIE MHKPOCXEMOMW, YKa3bIBAalOT CliEBa OT

OCHOBHO (BMecTo cumBoiia F).

a9 Jkasamens s~ 0B03HAYCHUS PUHKLUL 3/8MEHMA
Alutius Betboda DAl/  _ Memka (HasHaverue) GsiBoda
MubepcHbil bxod — F[>/m / — Boixod
Mpsmou bxod ‘ FC Buibodw dns yened
BuBods dns ——+5B FC l— uacmomHol koppekyuu
3NeKMPONUMAHUS
3 ’ -58 NC Buibods danamcupobku
sy 7 NC b— no nocmosuromy moky
{ananozoBas 3emns)
flonosHumensHoe none —/ ! X AononvumessHoe none
OcHobHoe none
6) DAI &) Ve
‘ D> UuBepcubil
5 bxot? Bbixod
= 2 Npsimod
= 2 Bxod
A J

i ~Vee

Puc. 4.1. YcnosHoe rpadudeckoe uzodpaxenue OY Ha cxemax:

a — 1o’Hoe 0003HaueHue; O — yIpoIlleHHOe 0003HaYeHHE; 8 — 3apy0exHoe 0003HaUeHNE

BoJIbIIMHCTBO ONEPAllMOHHBIX YCUJIUTENIEM HWMEIT OJUH HECUMMETPUYHBIN
BBIXOJ M JIBa BXOJla, CAMMETPHUYHBIX IO OTHOIICHHIO K 001emMy mpoBoay. [Ipsmbie
BXOJbI W BBIXOJIbI O0O3HAYAIOT JIMHUSAMHU, TMPHUCOCAUHSIEMBIMU K KOHTYPY

rpaduaeckoro n3zobpaxenus OY 06e3 kakux-1O0 3HAKOB, a C yKaszaTelieM B BUJC

37



Kpyra B MECT€ NPUCOEAMHEHUS — WHBEPCHBIE BXOAbl M BbIXOAbl. IIpsiMoil BXOf
HA3bIBAIOT TAK)KE HEMHBEPTHPYIOUIUM, TaK Kak ¢a3a BEIXOHOTO CUTHAJIA COBMAIACT
c (Qazoit curxamza, NOJAHHOIO Ha OTOT BXxoA. /Jlpyroii BXoJI Ha3bIBaIOT
UHBEPTHPYIOIIMM, TaKk Kak (a3a BBIXOJHOTO CHrHaja ciaBuHyta Ha 180°
OTHOCHUTEJNBHO BXOAHOro curHaia. [[oaToMy BXOAbl OKa3bIBalOT HA BBIXOJAHOE
HaIPsHKEHHE PABHOE B KOJIMYECTBEHHOM OTHOLIEHUH, HO MPOTUBOIIOIOKHOE IO 3HAKY
BiusiHUE. Eciim K BX0JaM NMpUIIOKeHbl cMH(a3HbIe (IEHCTBYIOIINE OJTHOBPEMEHHO
OJIMHAKOBBIE IO BEJIMYMHE U (ha3e OTHOCUTEIHHO OOIIEro MpPOoBOJia) CUTHAIIBI, TO MX
BIIUSIHUE OyJeT B3aUMHO CKOMIICHCHPOBAHO W BBIXOA OYyIeT HMETh HYJIECBOU
noTeHuua, Onarojgapsa dyemy mnapamerpsl OY ManiouyBCTBUTEIBHBI K U3MEHEHUSIM
HaIpsHKEHUS MUTAaHUsS, TEMIIEpATyphl U IPYruX BHEMIHUX PakTopoB. Hanpskenue Ha
Bbixojie OY M0mKHO OBITH JIUIIL B TOM CJydae, KOrja Ha €ro BXoJax JACHCTBYIOT
pasnuyHble MO YpPOBHIO WM ¢aze CUTHaIbl. BbBIXOJHOE  HampshKeHHE
MPOTIOPIIMOHAIEHO PA3HOCTH YPOBHEW CUTHAJIOB, Ha3biBaeMou nuddepeHImaibHbIM
CUTHAJIOM. YCHWJIEHHOE BbIXOJHOE€ HampspkeHue OV wu3zMmepsercs OTHOCUTEIBHO
00111eT0 MPOBOJIa CXEMBI.

JIns Jiydiiero moHUMaHus M OOJbIIEH HarJISIAHOCTH MPUHIMITHAIBHBIX CXEM
JOIyCKaeTcsl ymnpolieHHoe oOo3HaueHne OV, B KOTOPOM COXPaHSIOTCS JIUILb
OCHOBHOE T0JI€ ¥ CUTHAJIbHBIE BBIBOIBI (pHC. 4.1, 6). OO11uii MpoBOI, UTPAIOIIUN POJIH
CUTHAJIBLHOTO BBIBOJIA, TAKXKE MOXET OBITh HE MOKa3aH. B 3apyOexHO# nuTeparype
UCIIOJIb3YETCs YCIOBHOE rpaduueckoe nzoopaxenue OV, npuBeneHHoe Ha puc. 1, 6.

C nenbro ynpouenus aHanusa cxem ¢ OY nocnennue 4acto uaeannsupyror. C
uneanbHbiM OY OOBIYHO CBSI3BIBAIOT CIEAYIONIME CBOMCTBA: OECKOHEUHO OOJIBIION
K03 GUIIUEHT yCHIIeHHsI B OECKOHEYHO OOJIBIIION MOJI0CE MPOMYCKaHus, 0€CKOHEYHOE
BXOJHOE€ U HYJIE€BOE BBIXOJTHOE CONPOTHUBIICHHUS.

OnepalioHHBIA YCWINTENb TMPEAHA3HAYeH B OCHOBHOM JUIsi palOOThl B
yCTpolcTBax ¢ mrybokoit orpuniarensHoir OC, T. €. curHanm oOpaTHOM CBSI3M BCEra
MOJAeTCSl HAa WHBEPCHBIM BXOA, M TapaMeTpPbl YCTPOMCTB  OMpPEACIISIIOTCS
npeumyniectBeHHO napamerpamu nenu OOC. B 3aBUCMMOCTH OT yCJIOBUU MOJa4H

YCHUIIMBACMOI'0O CUTHAJIa Ha BXOAbI OY u MOAKIIOYCHHUEC K HEMY BHCIHIHHUX DJICMCHTOB
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MOXXHO IIOJIyYUTb TPU OCHOBHBIE CXEMbl BKJIIOYEHHS: HHBEPTUPYIOLIYIO,
HeHMHBepTHPYIOLIYI0 U TuddepeHnnaNbHYI0. J[I000€ CXEMOTEXHUUYECKOE PEIICHHE
¢ npuMeHeHueM OV 0a3upyeTcs Ha 3TUX CXeMax.

B cxeme MHBepTHpPYIOLIEro ycujauTesas (puc. 4.2, a) BXOIHOE HaIPSKECHUE

yepe3 pe3uctop Ri mojaeTcs Ha WHBEPTUPYIOMIMMA BXOJ, KOTOPBIM € MOMOIIBIO
pesuctopa oOpatHoi cBsizu R; oxBaueH mnapamensHoit OOC 1o HanpspKEHHIO.
HewnnBeptupyromuii (TIpsiMoii) BXOJl COSIUHSAETCS ¢ OOIMM TpOBOAOM. BxomHo# u
BBIXOJTHOM CHUTHAJIbl YCUJIMTEINS HaxoaTcsa B mpotuBodase (casunyThl Ha 180°), uTo
OoTpakaeT 3HaK MHUHYC B Qopmyne KodhduimeHTa yCWICHHS IO HaIPSKECHUIO
K = — R,/R;. B pe3yibraTe BBIXOIHOE HANPSHKCHUE WHBEPTUPYIOIIECTO YCHIIATEIIS
Upuix = — RZ/Rl Upy-

Takum 00pa3oM, HHBepTUPYIOIMIA yewiuTeab — 310 OY ¢ OOC, y koToporo

BXOIHOC U BBIXOAHOC HAIIPAKCHHUSA HAXOIATCA B HpOTHBO(i)EBG.

ajl 5

R2 —»
RI DAl
> o
e
3|05
v v R3
o Q

s

Puc. 4.2. OcHOBHBIE CXEMBI HHBEPTUPYIOIIETO YCUIIUTEIS

Jlist mpaBuibHOM paboThl cxem ¢ OY HeoOxoauMo, YTOObI CMELIEHUE HYJS Ha

BBIXOJC OBUI0O MUHHMAJILHBIM. I[J'ISI 9TOro, HalIipumcEp, B HpHMOﬁ BXOJ BKJIIOYAIOT

R, = JafRe 42.6
CONPOTHBIIEHUE R3 = -~ .-, KOMICHCHPYIOIISE HAIP:DKEHAE CMEINEHUA (puc. 4.2, 6).

Touky A NOAKIIOYEHUST PE3UCTOPOB R U R, K MHBEPTUPYIOLIEMY BXOJY Ha3bIBAIOT
MHHUMOH 3eMJIei.

OcHOBHBIE CBOWMCTBA MHBEPTUPYIOLIETO YCUIIUTEIIS:

— BBIXOJIHOM CHUTHAJ B IPOTUBO(Aa3e OTHOCUTEIHHO BXOIHOTO;

— OTCYTCTBYET CUH(]a3HbIN CUTHAT (MHUMASI 3eMJIs);
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— HU3KOE€ BXOJHOE COTIPOTUBIICHUE;

— mpocTas peanm3anusi KodPQPUIMEHTAa YCUJICHUS 10 HAMPSKEHUI0, KOTOPBII
MOJKET OBITh KaK OOJIbINIe, TAK M MCHBIIIE SIUHUIIBI,

— MacmTabupoOBaHUE MOXKET OBITh COBMEIIICHO C CYMMHPOBAHUEM.

[TpocToif MHBEPTUPYIOMIUN YCHIUTENh JBOSKO HCIIOJB3YETCS B aHAJIOTOBBIX
IETISIX: BO-TIEPBBIX, KaK YCTPOHCTBO, U3MEHSIONIEE 3HAK (HHBEPTOP) O6€3 N3MCHEHHUS
BEJTMYMHBI CUTHAJA IPHU R1 = Ry; BO-BTOPBIX, Koraa TpeOyeTcss yMHOKHUTH IEPEMEHHYIO
(curHan) Ha KOHCTaHTy, e¢ BbIOMpaioT paBHoi R; / R;. Ecim xoHcTranTta
MOJIOKUTENbHAS,, TO BCIE 32 dTOM CXEMOW CJIEIyeT BKJIIOYUTh WHBEPTOP, YTOOBI
CKOPPEKTHPOBATH 3HAK.

JUiss  CyMMHMPOBAHHUSI HECKOJBbKHX HANPSKEHWH MOXHO TMPUMEHHUTH

cieaymoryio cxemy OV B HUHBepTUPYIOIIEM BKItoUeHUH (puc. 4.3).

Rn
b
. R2 RN
5 N DAl
3 ol B o

-q
-
4
‘?4 Bx |
e
Unux
(o]

Puc. 4.3. UuBepTupyromuii cyMmMarop

Bxoansie HampsikeHus: uepes n1od6aBouHbie pe3ucTopsl Ri, Ry, ..., R, momarorcs

Ha MHBEPTUPYIOLIMKA BXOJ YCWJINTENS. BBIXOIHOE HANpPsOKEHUWE TaKOIO YCHIIMTEIS

R
onpenensiercss BoipaxkenueM U, = — 2 Ugy R—A_' . Ecnm conmpotuBieHus Bcex
l
PE3UCTOPOB PaBHBI MEXKTy COOOH, TO mosyuaercs 9to Uy, = — Divg Upyi-

B HeMHBEpTHPYWIUMM YCWIMTEIE BXOJHOM CUTHAJ IMOCTYIIAET HA MPAMOHU

BXOJI, @ UHBEPTUPYIOIIHNI BXOJ] C IOMOIIBI0 PE3UCTUBHOTO fenutens Ri, Ry oxBaueH

nocneaoBatenbHoli OOC mno HanpspbkeHuto (puc. 4.4, a). Y HEMHBEPTHUPYIOIIETO
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yceuutesst Ko3ppuiueHT ycuiaeHus no HanpsokeHuio K = 1 4+ R, /R, W BBIXOAHOE

Hanpspkerne Uy, = (1 + R, /R;) Uy

DAl

BX
URHX

Puc. 4.4. OcHOBHBIE CXEMbI HEHHBEPTUPYIOILIETO YCUITUTENS

HeunnBepTupyrwummii ycemauredab (puc. 4.4) — sto OY ¢ OOC, y kotoporo
BXOJIHO€ U BBIXO/JHOE HANPSKEHUS COBIAJAIOT 1O (ase.
Jlist mpaBuibHOM paboThl cxem ¢ OY Heo0xoaumo, 4TOObI CMELIEHUE HYJS Ha

BBIXOJC OBIJI0 MUHUMAJIBLHBIM. I[J'If[ 9TOro, Halpumep, B HpHMOﬁ BXO4 BKIIIOYAIOT

R1R;
R{+R;

COIIPOTHUBIICHUC R 3 = KOMIICHCHPYIOIICC HAIIPAKCHUC CMCIICHU.

OcCHOBHBIE CBOMCTBAa HEUHBEPTUPYIOLIETO YCUIIUTEIIA:

— BBIXOJHOW CUTHAJ COBMAJIAET MO (paze ¢ BXOJHBIM;

— Ha BXOJI€ CXEMbI IPUCYTCTBYET CUH(DA3HBIN CUTHA;

— BBICOKO€ BXOJHOE€ CONIPOTUBIICHUE;

— KO3 (DULIMEHT YCUIICHUS IO HAMIPSKEHUIO HE MOXKET ObITh MEHBIIIE €IUHUILIBL;

— I10JIOCA MTPOIYCKaHUSI HEMHBEPTUPYIOLIETO YCUIIUTEIS HECKOJIBKO MEHBIIE, YEM
Y UHBEPTUPYIOILETO.

IMoBTOpPUTE/NIL HATPsI’KeHUs] (OMEPANMOHHBII MOBTOPHUTENb) — YAaCTHBIM
ciiy4ail HemHBepTupytouero ycunurens (puc. 4.4, 6). On obpazyercs npu Ry = o,
R, = 0. Ha cxeme moBTOpUTENsI BCE BBIXOAHOE HAIpsKEHHE OOpAaTHO IMOJAETCs Ha
WHBEpTUPYOMUA BX0. OnepannoHHbIN TOBTOPUTENH IEPEIAeT BXOTHOW CUTHAI 0e3
u3MeHeHHs (a3bl U aMIUTHTYIBI (TO eCTh KOG GUIMEHT ycrieHus Hanpspkerus K = 1)

U SIBJIIETCA YCWIIMTEINEM ¢ TiIyOokoi nocnenoBareabHoit OOC 1o HanpsHKeHUIO.
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Cxema nnddepenumnanbioro Brawdenus OV npuseneHa Ha puc. 4.5. B atom

Ry+R;)R R R, R
cllydae BBIXOJHOE Hampshkenue Uy, = RarRo)Ra gy _Fayy [Tpn =X = = BRIXOHOE
BEIX " R (Rs+Ry) 2 Ry 1 R, R

2 4

R
HarpsbKkeHue onpenensercs kak Uy, = (U, — Uy) R_i'

R B
{}
L pi DAl
] 1
o—{:—o—l > o
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1 :
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Puc. 4.5. luddepenunanpHoe BximoyeHne OY

Cxema Ha puc. 4.5 (daxTUYeCKu MPECTaBISIET COOOM KOMOMHAIIUIO CXEM
WHBEPTHPYIOIIETO ¥ HEWHBEPTHpYIOIIero ycwiutened. Bxoxg 1  sBasercs
MHBEPTUPYIOIIUM BXOJIOM, a BXOJ 2 — HEMHBEPTHUpYIouuM. Eciii BXxoa 2 3a3eMIInTh, a
Ha BX0J 1 mogaTh CUTHAJ, TO MOTYYHUBIIASICS CXeMa SKBUBAJICHTHA HHBEPTUPYIOLIEMY
YCHIHTENIO ¢ Koddduimentom ycunenus — R, /R, . Eciou Bxoz 1 3a3eMinTh, a Ha BXO
2 TMo/AaTh CUTHAJ, TO MOJYYUTCS HEMHBEPTUPYIOMIMA YCHUIUTENh C KOIPPHUIIECHTOM
ycunenus R, /R;.

[Ipu Beimonuenun yciaous R, /R, = R3/R, ycuneuue nuddepeHnnaIbHOro
(T0JIe3HOT0) CUTHAJIa HAMHOTO OOJIbIlI€ YCUJIEHUS CUH(A3HOTO CUTHAIA (ITIOMEXH), U
npu 3ToM KoddduireHt ocnabieHusi cuHpa3zHOro curHajga OyJeT MaKCUMaIbHBIM.
Takum o0pazom, auddepeHIanbHbIi YCWINTENb YCHUJIMBAET TOJBKO Pa3HOCTh
HaIpsHKESHUH, TTOaHHBIX HA €r0 BXOJBI, U HE pearupyeT Ha cCuH(a3HOE HANPsDKCHHUE.
Ha ocnoBe muddepenuuansuoro BrmrodeHuss OY  cTposST Tak Ha3bIBacMbIe
U3MEPUTEILHBIC YCUITUTEIH, IPUMEHSIEMBIC B U3MEPHUTEIILHON TEXHUKE JIJIS1 YCUIICHUS
CUTHAJIOB C JIATYMKOB U MPOYUX YCTPOMCTB.

bonbmioit kodhGUIMEHT yCUIICHUS, BBICOKOE€ BXOJHOE W HU3KOE BBIXOJHOE
COMPOTHUBIICHUS onepatiioHHoro ycunutens (OY) no3BoJisioT ¢ yCIEeXoM CTPOUTh Ha

€ro OCHOBE TaK Ha3blBacMble aKTHBHbIe RC-puabrpbl. [IpeuMymiecTBOM Takux
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GuiabTPOB TMepen NACCUBHBIMU SIBISIETCS BO3MOXKHOCTH TOJY4YEeHHS OOJBLION
KPYTH3HBI CI1aJI0B aMIUIUTYIHO-4aCTOTHOM XapaKTEPUCTUKH NMPU YCHJIEHUH CUTHAJA B
noJjioce mpornyckanus. AKTUBHbIE GUIBTPI Ha ocHOBe OV cojepxart, Kak MpaBuiio, HE
Oo0JIbIIIe PE3UCTOPOB U KOHJIEHCATOPOB, YE€M ITACCUBHBIE, TPUYEM HX COMIPOTUBICHUS U
€MKOCTH OKa3bIBAIOTCS CPABHUTEIHLHO HEOONBITUMU Ja)Ke HA OYEHb HU3KUX YacTOTaX.
BcnenctBue 3Toro rabapuThl M Macca aKkTUBHBIX (DUIIBTPOB MOTYYAIOTCS HEOOIBIITUMH.

HNuTerpupyrommum ycujauTeaeM (MHTErpaTOPOM) HA3bIBACTCS DIICKTPOHHBIN
YCUJIUTEND, BBIXOJJHOM CUTHAJ KOTOPOTO MPOIMOPIUOHATIEH UHTErPAILY IO BPEMEHH OT
ero BxoAHoro curHaia. IIpocreiimas cxema HMHTErparopa, BhIIOJHEHHOro Ha OV,
npuBeaeHa Ha puc. 4.6, a. JlaHHas cxema SBIISIETCSI MHBEPTUPYIOIIUM YCHIIUTEIIEM, B

riertb OOC KOTOPOTO BKJIFOYEH YaCTOTHO-3aBHCHUMBIN diieMeHT (KoHaeHcaTop Ci).

1
R1Cy

Brixonnoe Hanpspkenne Uy, = — [ U dt + U, (0), tne U,,,(0)

HayaJlbHOE 3HAUEHUE BBIXOJHOTO CHTHajia B MOMEHT BpeMeH t = 0. CienoBarensHo, B
HayaJile MHTeTpUpOBaHusl, kKorjaa koHaeHncatop Ci paspsokeH u Uc = 0, Ha Beixone OY
umeetcst HanpspkeHue Uy, (0), 3HaUeHUE KOTOPOro PaBHO HAMPSDKEHUIO CMEUICHUS
Hyssg OY. OtpunareiabHblil 3HaK 00YCIIOBJIEH TEM, YTO B OCHOBE MHTErpaTopa JICKUT
WHBEPTUPYIOMIMK ycuiuTenb. l[IpenenamMu WHTErpUpOBaHUS SBJISIOTCS MOMEHTBI
BPEMEHU HavyaJla ¥ OKOHYaHUsI HaOmoieHus curnana. Benmuunna t = R, C; Ha3bIBaeTcs
NMOCTOSIHHOM BpeMeHu u orpezaensieT padboty RC-nienn. Cunraercs, 4To KOHIEHCATOP

3apspkaeTcs u paspsbxaercs Ha 99 % 3a BpeMsi, paBHOE TISTH MOCTOSITHHBIM BPEMEHH.
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Puc. 4.6. nrerparopsl

43



NHTerpatop ABISETCA NPOCTEUIIMM BapUAHTOM aKTUBHOI0 GUIbTPA HUXKHHX
yacTor. C poCTOM 4YacTOTBl CONPOTUBIIEHUWE KOHJAEHCATOpPA YMEHBIIAETCS U
YMEHBIIAETCS KO3PPUIMEHT yCUJIEHUSI UHTETPUpYIOIIero ycuaurens. HTerpaTopsl
LIMPOKO NPUMEHSAIOTCS MPU CO3IaHUU T'€HEPATOPOB CMHYCOUIAIBHOTO HAIPSKECHHUS,
TOYHBIX ()a30CABUTAIOLIUX LIECTIEH, B KaUeCTBE (PUIBTPOB HU3KUX YACTOT.

[Ipu nmocTpoeHUM pa3iIMyYHBIX YCTPOUCTB YacTO ObIBAET HEOOXOAUMO MOIYUYHUTh
BBIXO/JIHOW CHTHAJI, PaBHBIM MHTETPATy OT CyMMbI HECKOJIBKMX HANpPsDKEHUU. B aTOM

ClIydae MO>KHO BOCIIOJIb30BaThCA CXEMOH CYMMHPYIOIIEro mHrerparopa (puc. 4.6,

1
0). Hamipsoxenue Ha Beixojae cxeMbl Uy, , = — §V=1 (ﬁ | UBXidt).
iti
IIpu paBeHCTBE COINPOTUBIIEHUM BCEX pe3uctopoB R; = R, =... =Ry =R
1
BBIXOJHOE HANPSIKCHUE Uy = — —— J &M, Uy)dt.
1

IlonyyeHne  TPEYroiabHBIX  MMIIYJIBCOB B IPOLECCE  HMHTETPUPOBAHUS
IPSIMOYTOJIBHBIX ~ COOTBETCTBYET  MAareMaTHYECKOMY HWHTETpHpoBaHHi0. Ecim
UHTETPUPYETCsS. IIOCTOSIHHAs BEIWYMHA, TO B pE3YylbTare IOJYy4acTCs JIMHEHHO
M3MEHSOAsACcs QYHKIIMSL.

Huddepenuupyrompe  ycTpoiicTBa  peanu3yloT  (QyHKUuH,  OOpaTHbIE
uaTerpupoBanuio. Juddepenuupyrwmmum ycuiaureaem (auddepeHIHaATOPOM)
HA3bIBAETCA  yYCTPOMCTBO, BBIXOJHOW CUTHAI  KOTOPOTO  MPONOPIMOHAJICH
MIPOM3BOJHON OT €ro BXOAHOro curHaia. Cxema upaeanbHoro nuddepeHmaropa,

BbINOJTHEHHAst HAa OV, mpuBenieHa Ha puc. 4.7.

loc R
—

Cl DAl
L P

4 T

Ne—t

Puc. 4.7. luddepenuunarop

UB bIX
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Cxema muddepenmnuaropa npeacrasiser coboit RC-menouky, ¢ pe3suctopom B
pOJIM BBIXOJHOTO 3JIEMEHTA W sBisieTcss nHBepTUpyromuMm ycuiutenem ¢ OOC, B
MHBEPTUPYIOIMN BXOJ KOTOPOTO BKJIIOUYEH YaCTOTHO-3aBUCHUMBIM 3JIEMEHT —

koHgeHcatop  Ci;.  BeixogHoe — HampsbkeHue — auddepeHmmparopa  IpsiMO

dUpgy
dt ’

IPOMOPIMOHAIBHO ~ MPOM3BOJIHOM  BXOJHOTO  HAampspKeHUs: Uy, = —R,C;

@daxtuuecku AuQepeHnraTop SBISETCd MNPOCTEHIIUM aKTHBHBIM (UIBTPOM
BBICOKHX YaCTOT.

[Ipouecc monaydyeHUss HMITYJIbCOB MaJOM JJIUTEIBHOCTH W3 NPSIMOYTOJIbHBIX
UMITYyJIECOB COOTBETCTBYET MaTeMaTH4ecKou omepanuu auddepenuuposanus. Eciu
audepeHIupyercs MOCTOSHHAs BEJIMYHMHA, TO PE3YyJIbTaT ONEpalld PaBeH HYIIIO.
Ecnu Ha Bxoa nuddepeHunaropa nogaTe CUrHaI TPEYTOJAbHON OPMBI, TO Ha BBIXOJIE
MOJIy4yaeTcsl MpsMOYrojbHOE KojiebaHue. 37ech OYEBUACH MPOIECC, OOpaTHBIN
MHTETPUPOBAHUIO.

Huddepenunaropsl Ha ocHOBe OY NpHUMEHSIOTCA B YCTPOMCTBAX aBTOMATHKH,
TEJIEMEXaHUKU M CBSI3U JUIS BBIIIOJIHEHUS CIEAYIOUX (QYHKUUN: MOIyYEHHE JIEK-
TPUYECKUM IyTEM IMPOU3BOJHON Kakoh-1MO0 (YyHKIMHM BPEMEHU B CXEMaX aBTO-
MAaTUYECKOIO PEryJUpOBaHMs; YKOPOUYEHUS [UIMTEIBHOCTH HMITYJIBCOB I TOJY-
YEHUS CHHXPOHM3UPYIOIIMX WIA 3allyCKAOMMX HWMIYJbCOB TPUITEPOB, METOK
BPEMEHU; CENEKIIMH UMITYJIbCOB MO JIUTEIbHOCTH.

OTMeTuM, YTO C MOMOIIBIO Takux cxem (puc. 4.6, 4.7) UHTETpUPOBAHUE U
g depeHIrpoBaHNE CUTHAJIOB OCYILIECTBIISIETCS C MOTPEUIHOCTHI0, MPUOIU3UTEIBHO

B K pa3 MeHblIlIel, yeM ¢ moMoIIbo 00bIYHbIX RC-1ienei ¢ Takumu ke R u C.

IHopsinok BbINOJTHEHHS J1A00PATOPHOI PadOTHI

1. 3anmyctute mnporpammy Electronics Workbench (momyne Multisim) u
HapUCyHTEe CXeMy MHBEPTUPYIOIIEro MaciiTadHoro ycwiutens (puc. 4.8). Benuuuny
COTIPOTHUBJICHHSI BTOPOTO PE3UCTOpa BEIOEPUTE COMIACHO CBOEMY BapHaHTY.

2. [lonaiiTe Ha BXOJ YCUJIMTENSI CHHYCOUAAIBHBIM CUTHAM ¢ aMILTUTYIO0U U,y py U

9aCTOTOM f, BETUYMHBI KOTOPBIX BEIOEPUTE COTIIACHO CBOEMY BapHaHTY.
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3. 3amycTuTe MOJCITHPOBAHUE CXEMBI U COXPAHUTE OCITUIIOTPAMMBI BXOHOTO H
BBIXOJIHOTO CHUTHAJIOB. YKQXXWUT€ 3HAYEHUs aMIUIATYIbl W IIEPUOAA BXOJHOIO U

BBIXOJHOI'O CUTHAJIOB.

XSC1
B Tiig|
——
X Kat
beo L
R2
—AAA
5k
............ RI
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Aol BESSSE | )
€¢ s v !,—? > 3 =
i COMPARATOR VIRTUAL
g 104

R3 R4 -
k0 10K( |

T

ot

Puc. 4.8. Cxema nHBEpTHPYIOLIETO MaCIITAOHOTO YCUIUTENS

4. Paccuuraiite k02hOUIIMEHT YCUICHHS HAMPSHKEHUS, UCTIONbB3Ys aMIUTUTYIHbIC
3HAUEHUS BXOAHOTO U BhIXOMHOTO HanpspkeHUi: K = — Uppi/ Umexe

5. Paccunraiite k0dhGUIIMEHT YCUIICHUS HANPSDKCHUS, WCIONb3ysd 3HAUYCHUS
HOMHUHAJIOB PE3UCTOPOB, KOTOpbIE ycTaHOBIEHbI B ien OOC u Ha MHBEPTHUPYIOLEM
Bxone: K = —R,/R;.

6. [Ipou3BenuTe cpaBHEHUE MOTYUYEHHBIX B MIl. 4 U 5 3HaUYeHUN Kod(pduimenHTa
YCHJICHHS TI0 HanpshkeHuto. CraenaiiTe BBIBOJ.

7. I3MeHsiss 3HAYeHUs] aMIUTMTYAbI BXOJHOTO CHHYCOHMJIALHOTO HAMPSIKEHUS
Uk 0T 0,01 1o 10 B, u3meppTe 3HaueHNE aMIUTATY Ibl BBIXOAHOTO HANPSIKEHUS U,y 5y -

8. M3menute 3Hauenue conporuienus B e OOC R, u moBTopuTe 11. 7.
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9. Ilo pe3ynpraraM H3MepEeHUN MOCTPOITE HA OAHOM Tpaduke NepenaTouHbIe
xapakTepuCTuk  Upppux = f(Upmsx)  YCHWIIMITENE € pa3HBIMH  3HAYCHUSMU
conpotusiieHus B enu OOC R,.

10. Cpenaiite BbIBOA O 3aBHCHUMOCTH KOX(PGUIIMEHTA YCUIICHUS YCHIIUTEIS OT
BEJIMYMHBI COMPOTUBICHUI PE3UCTOPOB.

11. HapucyiiTe cxeMy HEMHBEPTUPYIOIIETO MaciiTabHoro ycunutens (puc. 4.9).

Comnportusnenue 4-ro pesucropa Beidoepute paBHbiM R, = 10R,.

A

7 o
g 104

Sl 10K(} L
f‘o—‘
R4

Puc. 4.9. Cxema HEMHBEPTUPYIOIIETO MACIITAOHOTO YCUITUTEIIS

12. Bemonuute nn. 2—-10 nns HewmHBepTHpyoniero ycunutens. [Ipu pacuere
K03 dUIIMEHTA YCUTICHUST HEMHBEPTUPYIOIIETO YCHIIUTENS CJIEAYeT BOCIOIb30BaThCS
cootHommeHUSIMA: K = Uppp/Umsx U K = Ry /R;.

13. Hapucyiite cxemy unTerparopa (puc. 4.10). [lomaiite Ha BXOM MHTErparopa
MPSAMOYTOJIBHBIA curHajia. Ha 3Tol cxeme KoHJeHcarop B lienu oOpatHoil csizu OY
MOJICOE/IMHEH MEKTy CYMMHUPYIOILIMM BXOJIOM U BBIXO/IOM UHTErparopa. CienoBarenbHo,

HaNpsHKEHUE Ha KOHCHCATOPE MPUOIU3UTENIHO PABHO BBIXOTHOMY HANPSHKEHUIO.
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Puc. 4.10. Cxema unrerparopa

14. 3anycTuTe MOIETUPOBAHUE CXEMBI U COXPAHUTE OCLUIIOTPAMMbl BXOJITHOTO
Y BBIXOJIHOTO CUTHAJOB. VI3MEHUTE BEIIMYMHBI CONMPOTHUBIEHUS R; u emkoctu C; 1O
CBOEMY YCMOTPEHHMIO, C/IEJIANTE BBIBOJIBI.

15. [lpoBenuTe W3MepeHUE aMIUIUTYAHO-4aCTOTHOM U  (Pa30BO-4acTOTHOM
xapakrepuctuk (AYX u ®YX) nnrerpupyromieil nenu no namepurento AUX.

16. Hapucyiite cxemy mnaccuBHoro RC-dunbrpa HIWKHHX 4YacToT (CM.
naboparopHyro padoty Ne 3) ¢ TakuMH k€ BeTMYMHAMH CONPOTUBJICHUS R| U EMKOCTHU
(. 3aMepbTe U cpaBHUTE YacTOTHbBIC XapakTepucTUku (AYX n ®UX) maccuBHOTO U
aktuBHOTO RC-(unsTpos.

17. HapucyiiTe mnpakTHYECKyr0 cxemy AudPepeHIUpYONero yCuauTems
(puc. 4.11). R, m (C, BHOCAT [ONOJHUTEIHHOE 3aTyXaHHe, O00eCIeUnBaIOIIEe
YCTOWYMBOCTh YCUJICHHS U MOAABICHHS BBICOKOUACTOTHBIX MOMEX.

18. IlomaiiTe Ha BXOA YCWIMTEIS TPEYrodbHBIM CHUTHald. 3alyCTHTE
MOJIEJIMPOBAHUE CXEMBl M COXPAHUTE OCHWJIJIOTPAMMBbl BXOAHOTO M BBIXOAHOTO
CUTHAJIOB. V3MeHsAs BeIMYMHY €MKOCTH KoHjaeHcatopa Cj, mocMmoTpute (opmy

BBIXOOHOI'O CUT'HaJIa U cz[eﬂaﬁTe BBIBO/IBI.
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Puc. 4.11. Cxema auddepeHunpyromero ycuinTens

19. Hapucyiite cxemy AByXBXOJHOTO cymmaropa (puc. 4.12).

Puc. 4.12. Cxema 1ByXBXOJIHOTO CyMMaropa
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20. IlpoBenure pacyeT BBIXOJHOTO HAMpPsDKEHUST cymMMaTopa 1o ¢opmyne

R
Upix = — 2req Ui R—I\i' P YKa3aHHBIX Ha CXEME U B BallleM BapUaHTE MapaMeTpax u

CPaBHUTC ITOJIYUCHHBIC JaAHHBIC C PC3YJIbTATAMHU MOICIINPOBAHUSI.

KoHTpoJbHBIE BONIPOCHI

1. Kakoe HampspkeHHE HYXKHO MPHIIOKUTH KO Bxomam OV, 4ToOBI BBIXOJHOU
curdai osu1 oTin4deH ot Hyinsa? [louemy?

2. Kakoe HampspKeHHE HYKHO MPUWIOKHUTH KO BxogamM OV, uroObl BBIXOIHOM
CUTHAJI OBLT PaBEH HYIIO?

3. 1511 yero npuMeHsIETCs] OTpULIATENbHAs 00paTHas CBA3b B YCUJIUTENSAX?

4. Yto takoe AUX u ®UX ycunurens?

5. B KkauecTBe KakMX YCTPOMCTB MCHOJB3YIOTCA CXEMbl Ha OCHOBE
WHBEPTUPYIOLLErO YCWIATENA?

6. [louemy WHBEpTUPYIOIUI YyCHWINTEIh O007aJaeT HHU3KUM  BXOIHBIM
COINPOTUBJICHUEM?

7/.B xauecTBe KakMX YCTPONCTB HCIIOJIb3YIOTCS CXEMbl Ha OCHOBE
HEWHBEPTUPYIOLLETO YCUIIUTENSA?

8. CpaBHUTE  JOCTOMHCTBA U HEJAOCTAaTKM  WHBEPTUPYIOLLETO U
HEHWHBEPTUPYIOLLETO yCUIIUTENEH.

9. [IpuHIMIIBEI paOOTHI MHTETPUPYIOMIETO U AUPPEPEHIIUPYIOMIETO YCUITUTETCH.

10. Kakum  oOpa3oM  HHTETPUPOBAHHME  MPSMOYTOJIBHBIX  UMITYJIBCOB
COOTBETCTBYET MATEMAaTUYECKOMY ?

11. B kayecTBe KaKMX YAaCTOTHBIX (PHIIETPOB MOXKHO HCIIOJIH30BaTh MHTETPATOP U
g depenuuatop?

12. HazoBUTE OCHOBHBIE HEAOCTATKH TACCUBHBIX AUQPGEPEHIUPYIONIUX U

MHTETPUPYIOLIUX LETEHN IT0 CPABHEHUIO C AKTUBHBIMH.
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O/1A BbINO/THEHWA TABOPATOPHbIX PABOT

BAPVMAHTbI 3ALAHUN

JlaGoparopHnas patora Ne 1. CneKkTpajibHbI AaHAJIHU3 NIEPUOAUYECKOTO

HECHMHYCOHUIAJTbHOI'0 HANIPHKCHHUSA

Bapuant
1 2 3 4 5 6 7 8 9 10
Um, B 10 9 8 7,1 9,5 11 8,5 7,5 8,2 5
Uo, B 2 1 0 0,1 1 0,5 1,5 0,2 1,2 0,4
T 50 40 30 20 25 10 60 70 80 90
R,Om | 200 205 215 100 180 150 160 140 130 120
Bapuant
11 12 13 14 15 16 17 18 19 20
Um, B 12 13 14 15 16 17 18 19 19,5 20
Uo, B 2,5 3 1,4 1,5 1,6 1,7 1,8 1,9 0,5 -1
£ T 15 14 13 12 11 20 16 17 18 19
R,Om | 110 210 220 225 240 250 255 270 280 300

JlaboparopHasi padora Ne 2. McciienoBaHue NpoXoxKIeHU NMEPHOINYECKOTO

HECHHYCOUIAJTBbHOI'0 CUI'HAJIa Y€epe3 JIMHEHHbIe AICEKTPHYECCKHUE LHECIIN

C Pa3HBIMH 3JIEMCHTAMHU

Bapuant
1 2 3 4 5 6 7 8 9 10
Um, B 10 9,5 8 7,1 9 8,8 11 7,5 8,2 6,6
Uo, B 2 1 0 0,1 1 0,5 1,5 0,2 1,2 0,4
R>2, OMm 2 2,5 1,5 1,7 1,8 1,5 1,6 1,4 1,3 1,2
L, mI'n 10 11 12 15 16 18 20 22 25 28
C,Mx® | 22 27 30 9 10 31 33 38 20 15
Bapuant
11 12 13 14 15 16 17 18 19 20
Um, B 12 13 10,6 12,5 11,4 15 7,2 14 15,5 20
Uo, B 2,5 3 1,4 1,5 1,6 1,7 1,8 1,9 0,5 -1
R, Om | 1,1 2,1 2,2 2,5 2,4 2,9 2,6 2,7 2,8 3
LymI'n | 20 30 33 36 39 47 50 60 75 100
C,Mmx® | 10 11 12 13 14 15 16 18 19 20
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JladoparopHas padora Ne 3. ludg¢epeHuupyromme 1 MHTErpUpyoOUIUe Henu

Bapuant R, R>, C1, 2, Cs, C4, Cs, Ce, Cr, Cs,
kKOm | kOMm Hd Hd nd® n® Hd Hd Hd MKD

1 470 200 150 6,8 240 68 1 24 51 0,51
2 475 200 130 6,2 220 62 1 27 56 0,47
3 510 210 160 6,2 200 75 1 22 47 0,56
4 500 210 180 7 270 82 2 30 47 0,62
5 500 220 200 7 300 75 2 30 51 0,68
6 400 220 150 6,8 200 82 2 27 56 0,75
7 410 230 120 6,3 210 64 1 21 48 0,48
8 420 230 110 6,4 200 65 1 21 49 0,49

9 430 220 140 6,4 230 70 1 23 50 0,5
10 440 220 115 6,5 230 72 1 25 51 0,51
11 450 210 125 6,5 240 75 2 23 52 0,52
12 460 210 135 6,6 240 78 2 25 53 0,53
13 480 205 145 6,6 250 78 2 26 54 0,54
14 490 205 150 6,7 250 80 2 28 55 0,55
15 495 200 155 6,7 260 80 3 29 55 0,65
16 445 210 180 7 270 67 1 21 48 0,49
17 465 220 200 7 300 69 1 22 50 0,5
18 475 220 150 6,8 200 71 1 24 51 0,55
19 485 230 120 6,5 210 73 2 23 52 0,52
20 450 230 110 6,4 200 66 2 25 53 0,53
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JlaGopaTopHas padora Ne 4. U3ydyenune padoThbl ONEePAIIMOHHOTO YCUJINTEJIS

U AKTMBHBIX (UJIBTPOB HA €r0 OCHOBE

Bapuant Ry, | Unm, f, dopma nepBoro BXoAHOro ®opMa BTOPOro BXOHOI0
kOm B | I'n curnaja (puc. 4.12) curnaJa (puc. 4.12)

1 5 | 0,1 1000 CHUHYCOMIAJIbHBIN IPSIMOYTOJIbHBIN
2 4 10,2900 CHUHYCOUJIaJIbHBIN npAMOYTOIBHBIN ¢ Upo=Um1/2
3 3 103|800 CHUHYCOMIAJIbHBIN npsIMOYTONbHBIN € Upa=2Um1
4 2 104|700 TPEyTrOIbHbIN CHUHYCOU/JIaJIbHbBIN
5 6 | 0,5 | 600 TPEYToJbHBII cuHycouaanbHbiid ¢ Uno=Upn1/2
6 7 | 0,6 | 500 TPEyTrOIbHbIN cuHycouaanbublid ¢ Uyn=2Uni
7 8 | 0,7 | 400 CHUHYCOUIAJIbHBIN TPEYTOJbHBIN
8 9 | 0,8 | 300 MPSMOYTOJIBHBIN CHHYCOU/JIaJIbHBIN
9 10 | 0,9 | 200 MPSAMOYTOJIbHBIN cuycouaanbHbiid ¢ Upp=Un1/2
10 2,5 1 100 MPSMOYTOJIbHBIN TPEYTOJIbHBII
11 1 0,5 | 200 CHUHYCOUIAJIbHBIN TpeyronbHbIil ¢ Uno=Un1/2
12 5 0,6 | 300 CHHYCOUIaJIbHBIN TPEYTOJbHBII
13 4 10,7 | 400 CHUHYCOUIAJIbHBIN TpeyrodabHbIi ¢ Uyp=Uni1/3
14 3 0,8 | 500 MPSMOYTOJIbHBIN CUHYCOMIAJIbHBIN
15 2 10,9 | 250 MPSAMOYTOJIbHBIN cuHycouaanbHbIi Un=Uu1/2
16 6 1 1000 IIPSAMOYTOJIbHBIN cunycouanbHblil Upp=2Unm
17 7 |04 | 800 CHUHYCOUJIAJIbHBIN TpeyrodabHbId Uyn=Un1/4
18 8 | 0,3 | 500 CHUHYCOUIAJIbHBIN TpeyroibHbI Umn=4Un
19 9 102750 CHUHYCOUIAJIbHBII npAMOYToabHbIN ¢ Upa=Un1/5
20 10 | 0,1 | 1000 TPEYTOJIbHBIN npsIMOYTONbHBIN C Una=Un1/2
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KOHTPO/JIbHO-U3MEPWUTE/IbHBIE MPUBOPHI
B MNPOTPAMME ELECTRONICS WORKBENCH

[laHens  KOHTPOJILHO-U3MEPUTENBHBIX  MPUOOPOB  CONEPKUT  HUPPOBOH
MYJABTEMETpP, (QYHKIIMOHAIBHBIA  TeHEpaTop, JBYXKAHAIBHBIA  OcHuuiorpad,
U3MEPUTENh aMIUTUTYIHO-4aCTOTHBIX U (Pa30-4aCTOTHBIX XapaKTEPUCTHUK, TEHEPATOP
CIOB (KOIOBBIA TE€HEPATOp), 8-KaHAJbHBIM JIOTUYECKUN aHAIM3aTOp M JIOTHYECKUI
npeobpasoBarens. OOl MopsAa0K paboThl ¢ MPUOOpPaMH TaKOW: MKOHKa mpudopa
KypCOpoOM TIEpEHOCUTCSI Ha pabodee IoJie W MOJKIOYAeTCs IPOBOJHUKAMHU K
uccnexyemoit cxeme. Jlist mpuBeneHus mpuoopa B padouee (pa3BEpHYTOE) COCTOSHUE
HEO0OXOMUMO JBAXK/IbI IMIEIKHYTh JIEBOM KHOTKOWM MBIIIN HAa €70 UKOHKE.

MyasTumerp (Multimeter) wucnons3yeTcss JUisi HW3MEpPEHUS HANPSHKCHUS
(TOCTOSITHHOTO U TIEPEMEHHOT0), TOKa (IMTOCTOSTHHOTO U IEPEMEHHOT0), COMPOTUBIICHUS],
YpOBHSI HanpsKeHUs B ennbenax. Jluiesas maneab MyJbTUMETpa MoKa3aHa Ha puc. 1.
Ha nuueBoii maHenu MyJIbTUMETpa pAacHoONIOKEH JHUCIIEH Uil OTOOpa)KeHUs

PE3YIBbTATOB N3MCPCHMS, KIICMMBI JJISI ITOAKIIIOYCHHA K CXCMC U KHOIIKHW YIIPABJICHUA.

eV o] =]
o

A -
-~ MapamMeTpobl... | ~

Puc. 1. JIuuesas nanens MyJapTUMETpa

[Ipn HaxkaTum Ha KHOMKY Settings OTKpPBIBAETCS AMAIOrOBOE OKHO HACTPOEK
npubopa:
- Ammeter resistance — BHyTpEHHEE COIPOTUBIIEHUE BOJIBTMETPA;

- Voltmeter resistance — BXOJIHO€ COMPOTHBIICHUE BOJIBTMETPA;
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- Ohmmeter current — TOK 4epe3 KOHTPOIUPYEMbIN OOBEKT;
- Decibel standard — ycTaHOBKa ATaJIOHHOTO HampsDKEHUS TPU HU3MEPEHUH
ocnabiIeHns WK YCUIICHUS B leruoenax.

@dynkuuoHaabHblii reHeparop (Function Generator) ucnomb3yercs AJis
MOJY4EHHUs] CUTHAJIOB CHHYCOMJAIBbHOW (BBIOpaHa MO YMOJYaHUIO), TPEYTOJIbHON U
HpsSIMOYTOJIBHOM (OpPMBI, TIOKa3aH Ha puc. 2. Ha nuieBoit nanenn reHeparopa MOXHO
ycTaHaBiIuBaTh 4acTtoTy (Frequency) curnana, koaddunuent 3anonnenus (Duty cycle)
B % (7151 UMITYJIbCHBIX CUTHAJIOB 3TO OTHOILIEHUE JUTUTEIIbHOCTU UMITYJIbCa K TIEPUOLLY
MMOBTOPEHUS — BEJIMUMHA O0paTHAsi CKBAXKHOCTH), aMIuTyny (Amplitude) curaana u

cMelleHne (MOCTOSIHHYIO cOoCTaBisitoNTyo) curnana (Offset).

DYHKUMOHANbHDBIM FeHePaT(
PopMa curHana

~MNapaMeTpel cMrHana

YactoTa | 100 | Hz
AmreneHocTs | S0 | %
AMPAMTY A8 [10 | Vp
Crewerme IO | ¥
DpoHT/Cnaa
+ Qb =
g (o C

Puc. 2. JIunesas nanens GyHKIMOHAIBHOTO TeHeparopa

Ocuuniorpag (Oscilloscope) (cM. puc. 3) umeer aBa kanama (Channel A wu
Channel B) ¢ pasnmenpHOU peryimpoBKON UyBCTBUTEIBLHOCTH B auamna3zoHe ot 10
MkB/nen (WV/Div) no 5 kB/nen (kV/Div) u peryaupoBkoil cMelieHus: o BEpPTUKATIU
(Y position). Bei6op pexxuma 1o BXoy ocyiecTsisercst HaxkatueM kaomnok [AC], [0],
[DC]. Pexxum [AC] npenHa3zHadyeH 151 HAOMIOAEHUS TOJIBKO CUTHAJIOB MEPEMEHHOIO
TOKa (€ro eIie Ha3bIBalOT PEKUMOM «3aKphITOro BXxona»). B pexume [0] BXxomHoM
3aKUM 3aMblKaeTcsi Ha 3eMito. B pexume [DC] (BKIIOUEH MO YMOJIYAHHUIO) MOKHO
MIPOBOAUTH OCHIIIOrpadUICCKUE U3MEPEHUS KaK IMMOCTOSHHOTO, TaK U TIEPEMEHHOTO

TOKa. DTOT PCXKHUM CUIC HA3BIBAIOT PCKHUMOM «OTKPBITOI'O BXOAA».
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Puc. 3. JIuuesas manenp ocrmuiorpada

Pexum pasBeptku BweIOupaeTcs kHonkamu Y/T, B/A, A/B. B pexume Y/T
(OOBIUHBIN peXUM, BKIIOYEH O YMOIYAHUIO) PEATHU3YIOTCS CIEAYIOIIUE PEXKHMbI
pPa3BEPTKU: MO BEPTUKAIM — HAINPSDHKEHUE CUTHAJIA, IO TOPU30HTaIuM — Bpems. B
pexume B/A: no BepTHKaiu — curHan KaHaia B, Mo ropu3oHTain — CUTHAI KaHana A.
B pexume A/B: o BepTHKaIM — CUTHAJ KaHajia A, 10 TOPU30HTAJIM — CUTHAJI KaHaja
B. B pexume paseeptku Y/T mnurensHoCTh pasBepTku (Time base) MoxkeT OBITH
3ajana B guanasone ot 0,1 He/men 10 1 ¢/aen ¢ BO3MOXKHOCTh YCTaHOBKHM CMEIIEHUS B
TEX K€ eIMHMIAX Mo ropu3oHTand (X position).

N3mepurear AUX u ®UX (Bode Plotter) npennaznaden nist uamepenus AUX u
PUX snexTpuyeckux nemnei. Jinuesas nanens nuzmepurens AUX n ®UX nokazana Ha
puc. 4. IIpubop umeet yetbipe 3axuma: a8a BxonHbix (IN) u aa Beixogasix (OUT).
JUist ©u3MepeHusi OTHOIICHUS] aMIUTUTYJ WM (pa30BOTO CABUIA HY)KHO MOJAKJIIOYUTH
noJjioxkuTeNbHble BbIBOABI BX0J0B IN m OUT (11eBble BBIBOJBI COOTBETCTBYIOIIUX
BXOJIOB) K MCCJEIYEeMbIM TOYKaM, a JIBa APYTMX BbIBOJA 3a3eMJiUTh. [Ipu nBoitHOM
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IIEJTYKE MBIIIBI0 TI0 YMEHBIIEHHOMY H300paXEHUI0 M3MEPHUTEINSI OTKPHIBAETCS €r0
yBeIM4YeHHOE n300paxxenue. Bepxuss manens miorrepa Pexxum (MODE) 3anaet Bun
noinydaeMoi xapakrepucTuku AUX winm OUX. [ nonydenuss AUX HaXMHUTE KHOTIKY

Ammumutyna (MAGNITUDE), nns nonyyenust @YX — kHonky ®aza (PHASE).

MnorTep boge-XBP1 x|

L e ~Pexmh - -
\_‘ l AMNANTY A8 hasa I
\‘ Mo ropusoHTaNnK Mo BepTHKANK

il | F [mHz | y]-200 |[dB
Ynpagnerue
| SKpan ICoxpanwrb] YT, I
| tmHz | -ode | +6 B G - + & Boix & -

Puc. 4. zmeputens AYX u GUX

JleBast manens ynpasinenus (HORIZONTAL) 3anaer nadanshoe (I — initial) u
koHeuHoe (F — final) 3HaueHus napameTpoB, OTKIIAIbIBAEMBIX IO BEPTUKAIBLHOM OCH, a
TaK)Xe BHUJ LIKAJIbl BEpTHKaIbHOU ocu — jorapupmuyeckas (LOG) wmnu nuHeitHas
(LIN). IIpaBas nanens ynpasnenus (VERTICAL) nacrpauBaercsa ananoruuso. [lpu
nonydeHud AUX mo BEpTHKAJIbHOM OCH OTKJIAIBIBAETCS OTHOUICHHWE HANPSIKEHUN B
nmuuaeiinoM maciTade ot 0 1o 10° u B norapudmuueckom macmrade ot —200 m0 200 ab.
IIpu nomyyennn OUX 1o BEpPTUKAIBHOW OCH OTKJIAABIBAIOTCS TPagyChl — OT
—720° no 720°. I1o rOpU30HTAIBHON OCH BCETAA OTKJIAIBIBAETCS YACTOTA B TepLiax Wi
MPOU3BOJIHBIX €IMHUIIAX. B Hayaie ropu30HTaIbHOM IIKAJIBI PACIOI0XKEH Kypcop. Ero
MOXKHO MEepEeMEIaTh Ha)KaTUEM HA KHOIIKHM CO CTPEIKaMH, PacloJIOKEHHBIMU CIIpaBa
OT PKpaHa, JMOo nepemMeniarb ¢ NOMOUIBI0 MbIIIH. KoOpAHHATEI TOUKH MepeceyeHust
Kypcopa ¢ rpadMKOM XapaKTEPUCTHKHU BBIBOJSATCS Ha WH()OPMAIIMOHHBIX TOJISIX BHU3Y

cripasna.
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Pa3menienre KOMIIOHEHTOB:

1. Ha maHenu WHCTPYMEHTOB OTKPBITh MUKTOrPaMMy TPYIIIbI, COAEpIKAIIUN
HEOOXOIUMBI KOMIIOHEHT.

2. YCTaHOBUTH HA HEM KYpPCOD, HAXKATh JIEBYIO KHOIIKY MBIIIY U YIEPKUBAs €€ B
Ha)KaTOM COCTOSHUM TIepEeTallluTh KOMIIOHEHT Ha pabouyro o00JIacTh SKpaHa.
OTnycTUTh KHOIKY MBIIIH.

3. [Ins coequHeHns KOMIIOHEHTOB CIIETYET MOIBECTU KypCOpP K BBIBOJLY OJHOTO U3
Hux. [losBuTca yepHas Touka. HaxkaTh JIEBYyIO KHOIIKY MBIIIM W, YAEPKUBas €€ B
HA)XKaTOM COCTOSIHMH, MOJBECTH KypcOp K BBIBOAY BTOPOro KOMMOHEHTa. llpum
TMOSIBJICHUU YE€PHOU TOYKH OTIYCTUTh KHOIIKY MBIIIIH.

4. TlogkIIOYUTh COEAMHUTEIIBLHBIA MPOBOJHUK MOXHO M K YK€ HMEIOIIEMYCS
MPOBOAHUKY. B mMecTe, K KOTOpOMY MOXHO HOJIKIIOUYUTHCS, MOSBISAETCS MaJeHbKas
OKPYKHOCTb.

5. CBOICTBa KOMIIOHEHTOB OTKPBIBAIOTCS IBOMHBIM HIESTYKOM.

6. [Ipu BBO/IC 3HAUCHMIT MTAPAMETPOB B KAUECTBE PA3ACIUTEINS IECATUIHON TpoOU

CJICAYyCT UCIIOJIb30BATh TOYKY.
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