1. O01mue cBeaeHus

PaguoanexrponHoe YCTPOMCTBO, IIPEIHa3HAYEHHOE TUISL YJIaBJINBAHHUSA
AIIEKTPOMArHUTHBIX KOJeOaHUI BBICOKOW YacTOTHI, MX NMPEoOpa3oBaHMs M U3BJICUCHHS M3 HUX
NoJie3HOH WH(GOpMAIMK, Ha3bIBACTCA PAJAUONPUEMHBIM yCTpOHCTBOM. OHO COCTOMT U3
INPUEMHON  AHTEHHO-(QHUIEPHON CUCTEMbI, COOCTBEHHO paJUONPHEMHUKA, OKOHEYHOIO

YCTpOﬁCTBa W UCTOYHHMKOB IIUTaHUA.

C nmnomoupl0 aHTEHHBl OCYUIECTBISIETCS IPHEM BBICOKOYACTOTHBIX —KOJIeOaHUUN
(paIMOCHUTHATIOB),  PAacCHpPOCTPAHAIONUXCA B CBOOOJHOM  TNPOCTPAHCTBE B  BHJIE
AJIEKTPOMArHUTHBIX BOJIH. OOBIYHO BBICOKOYACTOTHBIE KOJIEOAHUS B MPUEMHOM aHTEHHE UMEIOT
CJIO)KHBIM XapakTep M, KpPOME IIOJIE3HOTO CHUTHala, COAEp)KaT LEJbld psAA COCTaBISIOIIUX,
O0O0yCJIOBJICHHBIX ~BCEBO3MOXKHBIMHM IIOMeXaMu. B mnpueMHuKe BbLAEISAETCS  IMOJIC3HBIN
paznoCUTHAM, SBISIOUIMICS MOIYJIHMPOBAHHBIM BBICOKOYACTOTHBIM KOJIEOAHHEM, Yy KOTOPOTO
OJIMH U3 MapaMeTpoB (aMIUTUTYAA, YacTOTa WiIM (haza) M3MEHSETCS 10 3aKOHY Iepe1aBaeMoro
COOOLIEHNs. DTOT CUTHAJI AETEKTUPYETCs, M Ha BBIXOJI€ MPUEMHHUKA BO3ZHUKAET HU3KOYACTOTHBIN
CUTHaJI, COOTBETCTBYIOLIUI NPUHATOMY cooOIeHnt0. HU3k0uacTOTHBIN curHai oOpabaTbiBaeTcs

B OKOHEYHOM yCTPOMCTBE U U3 HETO U3BJIEKaeTCa HeoOXxoaumas HH(opMarus.

B coBpemMeHHBIX pagUONpPUEMHBIX YCTPOMCTBAX TIpaHMIA MEXIY HNPUEMHUKOM H
OKOHEYHBIM YCTPOMCTBOM B 3HAYMUTEIBHOM CTENEHU yciaoBHA. lIpHHATO cuMTark, 4TO B COCTaB
COOCTBEHHO PAAMONPUEMHHKA BXOAST T€ JIIEMEHTHI, IPUHIIMIT JEHCTBUS KOTOPBIX HE 3aBUCUT OT
Ha3HA4YEeHUs] PaJUOTEXHUUECKON cucTeMbl. (OKOHEYHOE YCTPOMCTBO COCTOUT U3 3JIEMEHTOB,
OPUHLMI ~ JIEHCTBUS KOTOPBIX ONpENENsieTcs Ha3HAYeHWEM CHUCTEMbl M XapaKTepoM

nepeaaBacMbIX CUTHAJIOB.

IIpu yxa3aHHOM pa3[eleHUH OCHOBHBIMM y3J1aMH PaJUONPUEMHHUKA SBISAIOTCS BXOJHOE
YCTPOUCTBO, YCHIIUTEINb PAHOYaCTOThI, IPeoOpa30BaTelb YaCTOThI, YCUIUTENb IPOMEKYTOUHOM
YacTOThl, JI€TEKTOpP, CHUCTEMbl ABTOMATUYECKOTO PETYJIHPOBAHMS, PYUHBIE PETYJIATOPHl U
BUJCOYCWINTENb. B KauecTBe  OKOHEUYHBIX  YCTPOWCTB  HCIOJIB3YIOTCS  Tele(OHBI,
I'POMKOT'OBOPUTEINH, TejierpadHble amnmaparbl, 3JEKTPOHHOJIYYEBbIE TPYOKM U 3JIEKTPOHHBIE
BBIUHCIIUTEIbHBIE MALIUHBI.

Paguonpuemnsle  ycTpoiicTBa IPUMEHSIIOTCS B paJUOBEIIAHUM, PAAUOCBA3H,
paavoOHaBUTAlUH, paavoIOKalNH, paauoTeneynpaBIeHIH, pasnoacTpOHOMUM, B
PaaMON3MEPUTEIIBHBIX YCTaHOBKAax M T. J. Takoe HIMPOKOE HX INPUMEHEHHE IPHUBEIO K
CO3JIaHUI0 PAa3HOOOPA3HBIX PATUONPHUEMHBIX YCTPOICTB, KOTOpbIE KIACCU(UIMPYIOT MO ALY

IMPU3HAKOB, OMPCACIIAOINX UX TCXHUYCCKUC XaPAKTCPUCTHUKU.



Ilo  Hasnwauenuro  pajUONPUEMHUKH  JIeSATCS Ha JBe  OOJbIlIME  TPYMIbI:
paauoBeniatenbHble  (HempodeccroHanbHble) U mpodeccuonansHbie. [IpodeccuonanbHbie
OPUEMHHUKH TpeAHAa3HA4YaroTCsd JUIsl  BBIOJHEHMS CIEHUANbHBIX TEXHHMYECKUX  3aad,
a paJuoBelaTeNIbHbIE MTPUEMHUKY CITy>KaT JJI IPUEMa 3BYKOBBIX U TEJIEBU3MOHHBIX IIPOIPAMM.

Ilo 6udy mooynsayuu paguopUEMHUKN TTOAPA3IEISIIOTCS HA IPUEMHUKN aMILTUTYTHO-
MOJIYJIUPOBAHHBIX,  YaCTOTHO-MOJYJIHUPOBAHHBIX,  ()a30-MOIYJIMPOBAHHBIX,  UMIYJIbCHO-

MOAYJIUPOBAHHBIX CUTHAJIOB U IIPUCMHHUKHN OJAHOIIOJIOCHBIX CUT'HAJIOB.

Ilo ouanasony npunumaemvix 60JH PA3NIUYAIOT JIMHHOBOJIHOBBIE (A ~ 3 KM),
cpenHeBosHOBBIE (A =0,2-3kM), KOpoTKOBONHOBbIE (A =10-100M) M yIbTPAaKOPOTKOBOJHOBBIE
(A <10m) npuemnuku. [locnennue nmoapasaenstoTcs Ha MPUEMHUKHA METPOBBIX, JCITUMETPOBBIX
M MWUIMMETPOBBIX BONH (B HAcrosdmiee BpeMsi BEAyTCS HWHTCHCUBHBIE pa3pabOTKH
PaZvONPUEMHUKOB ONITHYECKOTO JUAara3oHa).

PaI[I/IOBeHIaTeJ'H)HI)Ie U CBA3HBIC MPUCMHUKH YaCTO HMCIOT KOM6I/IHI/IpOBaHHI)Ie
Juarra3oHbl MIPUHHUMACMBIX BOJIH, a TaKHue HpO(l)eCCI/IOHaJ'IBHI)IG IMPUEMHUKU, Kak
panuoIOKaIllMOHHBIE, panuoTeneMeTpuIecKue, panuoacTpOHOMHYECKHE, OOBIYHO

npeaHasHa4YaroTCAa I pa6OTLI Ha OJTHOM UJIM HECKOJIBKHX (1)I/IKCI/IpOBaHHBIX BOJIHAX.

Ilo yciosuAam skcniayamayuu PaaAONPUCMHUKA JCIATCA Ha CTAllMOHAPHBIC, 60pTOBI>Ie

(xopabenbHbIE, CaMOJIETHbIE, aBTOMOOMIIbHBIE, KOCMUYECKHE) U IEPEHOCHBIE.

Ilo ocobennocmsam cxemvbl PA3NAYAOT  CICAYIOIIAE BUABl  PaTUONPHEMHHUKOB:
NETeKTOpHBIC,  TPSIMOTO  YCWICHHUS,  pEreHEpaTHUBHBIC,  CyNEeppereHepaTHBHbIE  H
cynepretepoaunnbie. [locienHue ObIBalOT JIMOO € OJHOKPATHBIM JIMOO C MHOTOKPATHBIM
npeoOpa3oBaHUEM YaCTOTHI.

Ilo muny ucnonvb3yemvix akmugHbIX 1eMeHmos PATUOTIPUEMHUKH JCTSTCS Ha JIAMITOBBIE,
TPAH3UCTOPHBIC U KOMOMHHPOBAHHBIC, B KOTOPHIX OJHOBPEMEHHO MPUMEHSIOTCS W JIAMITBI, H
TPaH3UCTOPHI.

KpoMe TOro, pajHOnpUEMHHKH KIACCH(PHUIUPYIOT TO POAYy paboThl (TenerpadHeie,
tenedoHHble, QororenerpadHbie W Ap.), COCOO0y NMHTaHUs (CETEBbie, OaTapeWHbIC) U PALY
JIPYTHX TPU3HAKOB.

He3aBucuMo oOT Ha3HAYeHUsS, CXEMbl M KOHCTPYKIIMM BCE paJWONPHUEMHUKH, Kak
OTMEYaJIOCh BO BBE/ICHUH, BBITIOIHSIOT TPU OCHOBHBIC (DYHKIIMHU: CEJICKIIMIO MOJIC3HOTO CUTHAJIA,
€ro JICTCKTHPOBaHWE M ycuieHHe. KadecTBO BBIMONHEHUS 3TUX (YHKIUA ompeaensercs
XapaKTePUCTUKAMU PaTUONIPUEMHHUKA.

OCHOBHBIMU  DJICKTPUYCCKUMHU  XAPAKTEPUCTHUKAMH  PATUONIPUCMHHUKA  SBIISIOTCS
YyBCTBUTEILHOCTh, HM30MPATEIBHOCTh, TIOMEXOYCTOWYMBOCTh, KAadyeCTBO BOCIPOW3BEICHHS

CHUTHAJIOB, AHMAIla30H pa60‘lI/IX YaCTOT U BBIXOAHBIC ITAPAMETPHI.



UyBCTBUTEABbHOCTH IO paauoTpUEeMHIKA Ha3bIBACTCS €r0 CIIOCOOHOCTh
obecrneynBaTh HOPMAJIbHBIN MpreM cIabbIX CUTHAJIOB, €€ OLIEHUBAIOT MUHUMAILHOW BETMYMHON
CUTHAJIa B aHTEHHE, KOTOpas HeOOXOoArMa ISl MOTYYCHHs] HOMHHAILHOW MOIITHOCTH HA BBIXOJIC
MpUEMHUKA TIPU 33JaHHOM TPEBBIIICHUH CUTHAJIA HaJ IIymMamu (MpU 3aJaHHOM OTHOIIEHUU
CUTHAJI/TIIyM).

C TeopeTnyecKOd TOYKHU 3pPEHUsl KaXEeTCs, YTO MOXHO CO34aThb PaJAHONPUEMHUK,
YYBCTBUTENBHBIA K CKOJIb YTOJHO cia0bIM curHanaMm. [[jas sToro TpeOyercs JHIb YBETUYHUTH
YHUCJIO €r0 YCHWIMTENbHBIX KackagoB. OQHAKO B peasIbHBIX PAAUONPUEMHUKAX, KPOME MOJIE3HOrO
CUTHAJIa, HAa BBIXOJIE BCEI/a UMEIOTCS IIYyMbl, KOTOpPBIE CKJIAJBIBAIOTCS W3 BHEIIHUX MOMEX U
COOCTBEHHBIX IIIYMOB paauornpueMHuka. st oOHapykeHus curHaia Ha (GOHE IIyMOB HYXKHO,
YTOOBI MHTEHCUBHOCTH CUTHAJA OblIa 00JIbIlIe MHTEHCHBHOCTH IIIyMa.

[TosTOMYy YyBCTBUTENBHOCTh PAJUONPUEMHHKOB B PA3JIMYHBIX JUANa30HAX BOJIH
OIICHUBAIOT MO-pa3HoOMy. B auamna3zoHe MJIMHHBIX, CPEJHUX M KOPOTKUX BOJIH, TJ€ YPOBEHb
BHEIIHUX TIOMEX M OCOOCHHO BHYTPEHHUX IIYMOB IPUEMHHUKOB MaJjl, YyBCTBUTEIBHOCTH
paIUONPUEMHUKOB OIEHUBAIOT MHUHMMAJIbHOW BEJIWYMHOM 3.1.C. E4 CHUrHajlla B aHTEHHE,
oOecreuynBaronieii HOMUHAJIBHYIO BBIXOJAHYIO MOIIHOCTh. B amamasone YKB, rame ypoBeHb
BHYTPEHHUX IIYMOB JIOCTATOYHO BEJHUK, YyBCTBUTEIBbHOCTh PAAUONPUEMHHUKOB OMpEIEIsAeTCs
MOIIHOCTBIO CHTHAJIa B aHTCHHE, KOTOpas 00eCIeunBaeT 3aJaHHOE OTHOIICHUE CHTHAI/IIYM Ha
BBIXOJIE MPUEMHHKA, COOTBETCTBYIOIIEE OOHAPYKEHHUIO C 3aJJaHHON BEPOSTHOCTHIO CHTHAJIa HA
¢dboHe urymoB.

N30upaTenbHOCTH IO paaMoONPHEMHHKA HA3bIBAETCS €ro CIIOCOOHOCTh
BBIZICJISITh TIOJIE3HBIA CHUTHAJd W3 MHOXKECTBA CHUTHAJIOB JPYTHUX PagUOCTaHIIMH U TIOMEX,

HaBOJHWMBbIX B aHTCHHEC.

FSIF 0 AF

Puc. 1

B pagmonpueMHuKax HCHONb3yeTCsl 4acTOTHas W30MpaTenbHOCThb. M30MpaTenbHOCTh
OLICHMBAIOT II0 PE30HAHCHOW XapaKTEPUCTHKE MPHUEMHMKA, KOTOPYIO CHMMAIOT CIIEHYIOIIHUM
oOpa3zom. Ilpu HeM3MEHHOM HAcCTpOIKe MPUEMHUKA B LIENb YKBUBAJICHTA €r0 aHTCHHBI MOAAIOT

paguoOCUTHAII CO CTaHAAPTHOM MoZAyJysAnuei. M3meHss Hecyllyl0 4acToTy 3TOr0 CHUIrHaja,



KaXblil pa3 MoAOMparOT TaKyl aMIUIMTYAy HANpsDKEHUS B SKBUBAJICHTE aHTEHHBI, YTOOBI
BBIXOJHAsI MOILHOCTh NPUEMHMKA OblIa MOCTOSIHHOM M paBHOM HoMMHanbHOH. Ilomyuennas
TaKuM 00pa30M 3aBUCHUMOCTH 3. JI. C. CHUTHajla B QHTCHHE OT BEJIUYMHBI PACCTPOHKU MEXITY
HECyIle 4YacTOTOM M YacTOTOM HAaCTPOMKM TNPHEMHHMKAa Ha3bIBa€TCAd €ro PpPEe30HAHCHOU

xapakrepuctukon (Puc.1, a).

MuHMMYM KpUBOM XapakTepu3yeT 4YyBCTBUTEIbHOCTb IPHUEMHUKAa TIPU TOYHOM
HacTpoiKe Ha yacToTy curHajia. OcrajbHble TOUKM KPUBOI ONpeNeNsioT ero 4yBCTBUTEIbHOCTD
IOpU PACCTPOMKE OTHOCUTEIBHO YacTOThl CUTHama. s ynoOCcTBa CpaBHUTENLHOW OLIEHKU
U30MPATETFHOCTH PA3IMYHBIX TPUEMHHKOB WX PE30HAHCHBIE XapPaKTEPUCTHKH CTPOST B
crienuanbHOM KoopauHaTHOUM cucteme (Puc.l, 6). I[To ocu aGciuce OTKIIAIBIBAIOT PACCTPONKY
+ Af=f— fy TOe fy- 4acToTa HaCTPONUKH MPUEMHHKA, a 10 OCU OPJUHAT - Benuuuny d = E4/E 4,
KOTOpasi HasbiBaeTcsi ociabienueMm. Tak kak BOMM3W  fy 9. 4. ¢. E4 cUTHama B aHTCHHE
U3MEHSETCS B COTHHU U THICAYM pa3, yJOOHO MCIOJIB30BaTh JIOrapupMuieckuii Macmrad no ocu
OpAMHAT, OTKIanbiBas d B jenubenax. [Ipy 3TOM MHUHMMYM pE30HAHCHOW XapaKTEPUCTHUKH
OyZeT COOTBETCTBOBATH HYJIIO.

UeMm yxe pe30HAHCHAs XapakTepUCTHKA paJUONPHEMHHKA, TEM BBIIIE €ro
n3oupaTenbHocTh. OHAKO B CBSI3M C TEM, YTO IIOJIE3HBI CHUTHAJ BCETJa MMEET HEKOTOPBIN
CIEKTP 4YacTOT, YPE3MEPHOE CY>KEHUE PE30HAHCHOM XapaKTepUCTUKU Hejomyctumo. Ilostomy
JUIs  KOJIMYECTBEHHOM OLIEHKHM U30MpaTEeIbHOCTH BBOJAT IMOHATHE T O J O C Bl
OPONYyCKaHUSIA IpUEMHHKA T0JT KOTOPOW MOHMMAIOT IIUPUHY MOJOCHl YaCTOT BOIM3H
rae ocnabnenne m3MeHsercss B /2 pas (~3 nb). Jlns yiyumeHus W3GHpaTEIbHOCTH NP
3aJJaHHOH MOJI0Ce MPOIyCKaHHsl MPUEMHUKA HE00X0AUMO MPUOIIKATh GOPMY €ro pPe30HaHCHOM
XapaKTEPUCTHKH K MPSIMOYTOIBHOM.

[foMexoycTONHUYHMBOCTDH IO paIUONPUEMHUKA HA3bIBAETCS €r0 CIIOCOOHOCTD
o0ecrieunBaTh JOCTOBEPHBIH MMPHEM NOJIe3HON HH(DOPMAITUH MTPH JCHCTBUU PA3THIHBIX TOMEX.
Konn4ecTBeHHO MOMEXOYCTOMYMBOCTh NPUEMHHMKA OLIEHUBAIOT BEPOSATHOCTHIO IPABHIBLHOIO
npreMa CUrHaja IpH 3aJaHHOM OTHOIIEHUH 110 MOIIHOCTH CUTHAJI/IITyM Ha €ro BXOJe.

KadyecTBO BOCHNpPOHM3BEJECHUS CUTHAJNOB 3aBUCUT OT  BEIMYHUHBI
UCKQ)KEHUH, BHOCHUMBIX  Pa3IMYHBIMH  DJIEMEHTaMH  paJUONpHEMHHUKA. Tak ke Kak B
YCWINTENSIX, PAa3IM4yaloT HEJWHEWHBbIE, YacTOTHbIE U (pa3oBble HCKaxeHHs, llepBble M3 HUX
BBI3BIBAIOTCS] HEJIMHEHMHOCTBIO AMIUIMTYIHBIX XapaKTEPUCTUK 3JIEMEHTOB NPUEMHUKA, BTOpBIE
HEMOCTOSHCTBOM €ro Ko3(h(duiueHTa ycuiaeHus Ui pasInYHbIX MOJIYJUPYIOIIMX YacToT, a
nocjiaeIHIue — HeMTMHEHHOCTHIO (ha30BOM XapaKTEPUCTUKU PUEMHHKA.

Junana3zoHoM pabouux YacTOT PAJUMONPUEMHHUKA HA3bIBACTCS MHTEpPBAl 4YacToOT, B

npejaenax KoToporo: 1) mprueMHUK MOKET OBITh HACTPOEH Ha JIFOOYIO 4acTOTy; 2) €ro OCHOBHBIC



nokasarenu (4yBCTBUTENIBHOCTb, HU30MPATEIbHOCTh, IOMEXOYCTOHYMBOCTh M  KayecTBO
BOCTIPOM3BEICHUS CUTHAJIOB) BO BCEM TUAaNa30He YAOBIETBOPSIOT 3aJaHHBIM HOPMaM.

BrixoaHble mapaMeTpsl paMONPUEMHUKA OMPENSISIOTCS €ro Ha3HAYCHHEM M THUIIOM
OKOHEYHOTO yCTpoHcTBa. [|JIsi paHoBeNaTeIbHBIX M CBSI3HBIX NMPUEMHHUKOB Ba)KHA BBIXOJHAS
MOIITHOCTh, KOTOpasi B peajbHbIX ycTpoicTBax kojebnercs ot 0,1 mo 10 Br. B mpuemuukax,
paboTaromMx Ha SJICKTPOHHONMYUYEBBIX TpyOKax (paJuOJIOKAllMOHHBIE U TEJICBHU3UOHHBIE),
CYILIECTBEHHA BEIMYMHA BBIXOJHOTO HAMPSDKEHUS, KOTOPOE YMPaBIseT IEKTPOHHBIM JTydoM. B
psize ciydaeB BaXKeH BBIXOJHOU TOK.

[ToMuMO TPUBEICHHBIX OCHOBHBIX JJICKTPUYCCKUX XAPAKTCPUCTUK, PATHOTPHEMHUKH
XapaKTEePU3YIOTCSI yCTOWYHUBOCTBIO PabOThI, 3(h(HEKTUBHOCTHIO PAOOTHI BCIIOMOTATEIbHBIX
YCTPOICTB, MOIIIHOCTHIO M MTapaMeTpaMy UCTOYHUKOB MUTAHUS.

Kpome Toro, mo6oe paguonpueMHOE YCTPOWCTBO  XapaKTEPHU3YeTCs  PAIOM
KOHCTPYKTHUBHBIX TOKa3aTellel, K KOTOPBIM B MEPBYIO OYepeb OTHOCATCS HAJIEKHOCTh PaOOTHI,
yA00CTBO yMpaBleHHUs, METOJ MOHTaXXa, TUIIBI HUCIOJIb3YEMbIX 3JIEMEHTOB, 3amac MpPOYHOCTH,
rabapuThl U BeC.

[Ipu 3TOM psI XapakTePUCTHK, KaK »JJICKTPUYECKUX, TaK M KOHCTPYKTHBHBIX,
HAXOIUTCS BO B3aUMOCBS3M W NPOTHBOPEYHH, TOITOMY 3a/adya CO3JaHUS pEealbHOTO
PaAMONPUEMHOI0 YCTPONWCTBA YaCTO OKA3bIBAETCS JOCTATOUHO CIIOKHOIA.

[lepeiineM K pacCMOTPEHHIO OCHOBHBIX CXEM DPaTUONPUEMHHUKOB. B cOOTBETCTBHH C
U3TIOKEHHBIM ~ BBINIE TPUEMHUK JODKEH OCYIIECTBISATH OOJNBIIOE YCHUJICHHE CIIa0bIX
PaZMOCHUTHAJIOB TIPH MaJlbIX COOCTBEHHBIX IIyMax. BmecTe ¢ TeM OH JOJDKEH OCYIIECTBISTH
YaCTOTHYIO HM30HpaTENbHOCTh, T. €. BBIICIATH IMOJE3HBIA CUTHAT U3 MOMEX M0 MPU3HAKY
pa3inuus WX CIEeKTpoB. YacToTHas M30MpPATEIbHOCTh JOCTUTAeTCs Onaronaps MPUMEHEHUIO
PE30HAHCHBIX 3JIEMEHTOB B BBICOKOYACTOTHOM TpaKTe MpHEeMHHKA (0 aerekropa). Taxoii
BBICOKOYACTOTHBIN TPaKT TMEpeJacT ¢ HauOOJBIIUM YCHWJICHHEM KoJieOaHWe, Ha YacTOTy
KOTOPOTO HACTPOEHBbl PE30HAHCHBIE DJEMEHThI, a KoyjeOaHus ¢ JAPYTMMH YacTOTaMHU
YCUIIMBAIOTCS TEM MEHBIIIE, YeM OOJbIIe UX YaCTOTa OTIUYAETCSA OT Pe30HAHCHOW. 3aBUCUMOCTD
KOX(PPUIMEHTA YCHUIICHHS BRICOKOYACTOTHOTO TPaKTa MPUEMHHUKA OT YaCTOTHI BXOJHOTO CUTHAJIA
n300pakaeTcs B BUAC AaMIUIUTYJAHO-YaCTOTHOM XapakTepucTuku. [lyis mpuema >keinaeMoro
paavocurHalia pEe30HAHCHbIE 3JEMEHTHl HACTpPauBalOT Ha €ro 4acToTy, T. €. COBMEMIAloT
aAMIUTUTYIHO-YaCTOTHYIO XapaKTepUCTHKY MPUEMHHKA CO CIEKTPOM curHaia. B stom ciydae
NPUEMHHUK HamOojee BOCHPUUMYHMB K TOJIE3HOMY DPaJMOCHTHATY, a TOMEXH BBI3BIBAIOT Ha
BBIXO/IE €r0 BHICOKOYACTOTHOTO TPAKTa TeM Oosiee CIadblil OTKIIMK, YeM OOJIbIIe OTINYAIOTCS UX

YaCTOTHl OT PE30HAHCHOM M Ye€M pe3de CMaJaroT OOKOBBIC BETBU PE30HAHCHOW KpuUBOM. UTOOBI



IPUHATH APYTrod paguoCUrHall, HeOOXOAUMO U3MEHHUTh HACTPOIKY NPUEMHHMKA, T. €. HACTPOHKY
€r0 PE30HAHCHBIX 3JIEMEHTOB.

CrekTp MOIyJIMPOBAHHOTO PAJMOCHTHANA 3aHMMAET HEKOTOPYHO IIOJIOCY YacToT.
UTo0B! cUrHaNI HE UCKAXaJICs, BCE COCTABJISIONINE CIEKTPA JTOJKHBI MPOIYCKAThCs K IETEKTOPY
C OJUHAKOBBIM YCWJIEHHEM, T. €. aMIUIMTYJHO-4aCTOTHAsl XapaKTEPUCTHKA BBICOKOYACTOTHOIO
TpakTa JI0JKHA OBITh PaBHOMEPHOM B IMOJIOCE YacTOT cHekTpa. [ Hawilydiero moaaBlIeHUs
IIOMEX, YaCTOTHI KOTOPBIX JIEXKAT BHE IOJIOCHI YACTOT CIEKTPa MOJIE3HOIO CUTHAJIA, AMILIUTY JHO-
YaCTOTHAs XapaKTEPUCTHUKA JOJKHA UMETh HYJIEBYIO OpJIMHATY BHE YTOU I10JIOCHI 4acTOT. Takum
o0pa3oMm, JUIsi HEHCKa)KEHHOTO MpUEMa CUTHala U MOJABJICHUS YKa3aHHBIX ITOMEX KEeNIaTeIbHO,
YTOOB! aMIUIUTYAHO-4YaCTOTHAsl XapaKTEpPUCTHKA IMPUEMHHMKA MMeJa MPsIMOYTOJbHYI0 (GopMy, a
ee LIMpUHA PaBHsIACh M10JIOCE YacTOT CHEeKTpa curHana (kpusast A Ha Puc.2).

Ecnu aMmimuTyHO-4acTOTHAs XapaKTepUCTHUKA NMpUEMHHKa H300paxaercss KpuBod b
(cm. Puc. 2), To curnan noyTH He UCKa)KaeTcsl, HO MOMEXHU, UMEIOIINE YaCTOThl, PE3KO OTIUYHbIE
OT YacTOThl CHMTHaJa, IMPOMYCKAIOTCA K JETEKTOPY C HE3HAUUTEIbHBIM OCJIa0JIeHUEM IO
CpaBHEeHMIO ¢ curHaisoM. HaoOopot, eciau 3Ta XapakTepucTUKa UMeeT BUJ KpuBO# B, To Takue
IIOMEXU IPAKTUYECKH HE IPOIYyCKAIOTCA K JIETEKTOpPY, HO M CUTHAJ IOABEPraercs CUJIbHBIM

HCKaAXCHUSAM.

YacTtoTHass W30MpaTeNbHOCTh HE YCTPAHSIET JEHCTBHE IOMEX, CIEKTPhI KOTOPBIX
MOJIHOCTHIO MJIM YACTUYHO MPOITYCKAKOTCS BBICOKOYACTOTHBIM TPakTOM. OMAacHOCTh 3THX MOMEX
TeM OoJblle, YeM IMIMpe TO0JI0ca MPOIYyCKaHHUs NMpUeMHHKA. [103ToMy mMoJjocy MpoIrycKaHHs
4acTo JENar0T 0oJiee Y3KOH, YeM CIEKTP CUTHAja; MPU 3TOM CHTHAJ MPOIYCKAETCS K IETEKTOPY
C HWCKaXEHUsSMH, HO OCJIa0iseTcs MaelcTBHe TMoMex. HMHorma BBICOKOYACTOTHBIM TpakT
MPUEMHUKA JeNIal0T C MEePEMEHHON IMOJ0COM MPOIMyCKaHUs, YTO TMO3BOJISET MPU OTCYTCTBUU
IIOMEX UCIIOJIB30BAThH LHHpOKyIO HO.HOCy IJIA HCUCKAXXCHHOT' O an/IeMa, a HpI/I ImoMexax — y3KyIO

MOJIOCY JIJIsl OCJIa0JICHUS UX JIEUCTBHSL.

lll By Ihl h TSsa ”2%%””HJPVH4HW}+
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W3noxenHoe  mo3BoisieT  cOpMysuMpoBaTh  ClEyOLIHMe — TpeOoBaHUS K
BBICOKOYACTOTHOMY TPAKTy paJiMONPUEMHHUKA:

1) ycunenue TOMKHO OBITH OOJIBIINM MIPU CIIA0BIX COOCTBEHHBIX IIyMax;

2) nmoJioca MpoIycKaHus AOJKHA COOTBETCTBOBATH CIIEKTPY CUTHAJIA;

3) dopma aMITUTYIHO-9aCTOTHON XapaKTEPUCTHUKHU JOKHA OBITh ONHM3Ka K TMPSIMO-
YTOJIBHOM;

4) npu HacTpOMKe Ha pa3HbIe YaCTOTHI AMaNa30Ha BeIMUMHA K03 duiueHTa ycuneHus,
10JI0ca MPOMYCKaHUS NMpUEMHHKA M (opMa €ro aMIUTUTYAHO-4YaCTOTHOM XapakTepUCTUKHU HE
JIOJIKHBI TIOJIBEPTaThCsl 3HAUYUTEIbHBIM H3MEHEHUSIM.

CTpyKTypHBIE  CXEMbl  COBPEMEHHBIX  DPAJUONPUEMHUKOB  HMEIOT  MHOIO
Pa3sHOBUIHOCTEW, HO BCE OHM JEIATCA HA JBE OCHOBHBIE TIPYIIBI: MPUEMHUKH MPSIMOTO
YCHJICHHS U CylIepreTepoAMHHBIC IPUEMHHKH (C TPeoOpa30BaHUEM YaCTOTHI).

CrpykTypHas cxema paguolpieMHHKa MPSMOT0 YCUIeHUs n3o0pakeHa Ha Puc.3.

IlepBbIM 371€MEHTOM COOCTBEHHO NPUEMHMKA SBISETCS BXOJHAs LEMb, WIK BXOAHOE
YCTPONCTBO, Yepe3 KOTOPOE paJMOCUTHAN NEpeaeTcss K IepBOMY aKTHBHOMY 3JIEMEHTY (JlamIe
WIM TpaH3ucTOpy). BXomHoe ycTpoMCTBO XapaKTepU3yeTCsl TEMM JK€ IOKa3aTelsiMHu, 4TO U
JIpyrue KacKajbl, MO3TOMY €ro yA0O0HO BKJIIOYaTh B OAMH W3 KackaJoB INpueMmHHKa. [lanee
paZiMOCUTHATl YCUJIMBAETCSl OJHUM MJIM HECKOJBKMMH KacKaJaMH YCWJIEHHUsS PaJuo4acTOTHBIX
KoJIeOaHUH, KOTOpPBIE COKPAIIEHHO HAa3bIBAIOT yCHIUTENIMH paaunoudacToTsl (YPU), mocne yero
OH IOCTynaeT Ha Bxox Jerexkropa /. B HEKOTOpBIX ciaydasx IpU JOCTATOYHOM MOILHOCTHU
CHUTHAJIa JETEKTOP MPUCOCIMHSAIOT HEMOCPEICTBEHHO K BXOJHOMY YCTPOMCTBY 0€3 yCHIUTENeH
PaznoyacTOThl; TAKME IPUEMHHUKHU HA3bIBAIOT I€TEKTOPHBIMH.

BxoHoe ycTpOoHCTBO M yCHIIUTENHN PaAMOYacTOThl COAEPIKAT PE30HAHCHBIE 3JEMEHTHI,
HACTpanBaeMbl€ Ha HECYIYI0 YacTOTy IPUHUMAaeMoro curuana. Hazpanue «ipMeMHHK IPSIMOTO
YCWIECHHUS» MOJYEPKUBAET Ty OCOOCHHOCTh, YTO YCHUJIEHHME W (QUIbTpauus 10 AETEKTOpa
IPOMCXOJUT HA YAaCTOTE MPUHATOrO PaJUOCUTHAIA.

[Tpuniun gelcTBUS 3TOM cxeMmbl Hambosiee MPOCT, HO MMEET psii HexocTaTKoB. Jlis
IIpUEMa PAJUOCUTHAJIOB C Pa3HbIMM HECYIIMMH YaCTOTAMM HY’KHO HM3MEHSTh HAaCTPOMKY BCEX
KOHTYPOB BBICOKOYAaCTOTHOI'O TpakTa MpHEMHMKa. Bo3HMKalOUIMe MpU 3TOM KOHCTPYKTHBHbBIE
TPYAHOCTH HE IO3BOJIAIOT MCIIOJIB30BaTh OOJIBIIOE YUCIIO KOHTYPOB, a NPH MajoOM YHUCIE UX
HEeJb3s MOJIY4YUTh OJIM3KYI0 K MPAMOYTOJIbHOM (POPMY aMILIMTYAHO-4aCTOTHOM XapaKTepUCTUKU
pueMHHUKAa. Majoe 4Yucio KOHTYpPOB HPHUBOAUT K MaJOMY YMCIY YCHJIMTENIBHBIX KacKa/loB;

TIOATOMY YacTO HE YJaeTCs OJTYIHTh TpeOyeMoe YCHUIICHHUE JI0 JeTEKTOpa.
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IlupyHa pEe30HAHCHOW KPUBOM M PE30HAHCHOE CONPOTHUBIIEHUE KaKJOr0 KOHTypa
MEHSAIOTCSL IIPU HACTPOMKE HA pa3Hble 4YacTOThl. PE30HAaHCHOE CONPOTHUBIICHHE BIIUSAET HA
K03 PHUIIMEHT yCWIIEHUs] TOTO Kackaga, B KOTOPBIA BXOIHWT KOHTYp. B pesynbrare momoca
NPOMYCKaHUsl, N30UPaTEIbHOCTh M YCHJIEHHE BBICOKOYACTOTHOIO TPaKTa CHIBHO H3MEHSIOTCA
IpY HACTPOWKE Ha pa3Hble YaCTOTHI Juana3oHa. B auanazonax Hanbosee BBICOKMX PaguodacToT
IIPU  UCIIOJIB30BAHUU KOHTYPOB C KOHCTPYKTMBHO OCYLIECCTBUMBIMU IIOTEPSIMU  I10J0CA
IIPOIYCKaHUSI OKAa3bIBAETCA UYPE3MEPHO LIMPOKOM, a YCWICHHE HEAOCTATOYHBIM AK€ IPH
OonbIIOM uHuclie KackaaoB. HakoHel, yCHWJINTENM BBICOKMX pPagHOYacTOT HMMEIOT IJIOXYIO
YCTOMYUBOCTb.

Benencrsue 3TuX HEJOCTATKOB IPUEMHUK IIPSIMOTO YCUJIEHUS HAXOAUT OrPAHUYECHHOE
IpUMEHEHue, a 0ojiee yNnoTpeOUTENbHBIM SBISETCS NPUEMHUK C IPEoOpa30BaHUEM YacTOTHI,
Ha3blBa€Mbli CYNEPreTEpPOJHUHHBIM.

B cyneprerepoaMHHOM NPUEMHHKE HECyIIas 4acTOTa NMPUHMMAEMOIO paJHOCUTHaa
npeoOpas3yeTcsi B MOCTOSIHHYIO Ul JAaHHOTO MPUEMHHUKA IPOMEKYTOUHYIO YaCTOTY, Ha KOTOPOU
MPOM3BOJIATCS OCHOBHOE yCHUJICHUE, (PUIbTpaIHs U AeTeKTUpoBanue curHana (Puc.4.).

OgH¥M U3 OCHOBHBIX DJJIEMEHTOB CYINEPreTEPOJUHHOIO IPUEMHHUKA  SABIACTCSA
YCUIIUTENb MPOMexXyTOUHOH dacToThl YIIU. Ero KOHTYphl UMEIOT (PMKCHPOBAHHYIO HACTPOMKY
Ha IIOCTOSIHHYIO I JAHHOTO IIPUEMHUKA MPOMEXYTO4YHYI0 dactory. [lepen YIIU Bxirouaercs
npeoOpa3oBaTesib 4acTOThI, 3aJada KOTOPOTO COCTOMT B TOM, YTOOBI NPeoOpa3oBaTh YacTOTY
IPUHUMAEMOI0 paJMOCUTHAla B TPOMEXYTOUHYIO 0€3 MCKaKeHHs MOAYJALUU, T. €.
npeoOpa3oBaTh paAMOCUTHAI B CUTHAI HPOMEXKYTOUYHOW 4aCTOTHI.

biiaromapst MOCTOSIHCTBY HAaCTPOMKHM KOHTYPOB IIPOMEKYTOYHOM YacCTOTHI CHUMAKOTCS
KOHCTPYKTUBHBIE TPYJIHOCTH, CBSI3aHHBIE C HACTPOMKON MHOTMX KOHTYPOB HA pa3HbIC YaCTOTHI
Jiana3oHa. JTO MO3BOJIAET UCIOIb30BaTh OOJIBIIOE YUCIO KOHTYPOB NPOMEXYTOYHON 4acTOTHI
U TIOJIYYUTh OJU3KYIO K IPSIMOYTOJIbHON (JOpMY aMIUTUTYAHO-4aCTOTHOM Xapakrtepuctuku YIIY.
Bmecte ¢ TeM BO3MOKHOCTH MCIIOJIb30BaHHUS MHOTUX KOHTYPOB TO3BOJISIET ITPH HEOOXOJUMOCTH

YBCIIUYMUBATH YUCJIO KACKAJA0B AJI MOJTYYCHUS HYXKHOT'O YCUIICHUS.



ITyreM panuoHaibHOrO BbIOOpa BEITMYMHBI MPOMEKYTOYHOM YacCTOTHI MOKHO CO3/aTh
HaunOoJsiee BBIFOJIHbIE ycinoBus pa®oTel YIIY, T. €. MomyyuTh BHICOKOE YCTOMYMBOE YyCHIIEHHE,
HYKHYIO IT0JIOCY TPOITYCKaHHsI U XOPOIIYIO W30MPaTeIbHOCTh PU HEOOJIBIIIOM YHCIIEe KacKaloB.
N3-3a MOCTOSIHCTBAa HACTPOMKH KOHTYPOB XapakTepuCTHUKU YIIY He MEHAI0TCA MpHU HACTPOMKE
IIPUEMHHKA Ha Pa3HbIE YaCTOTHIL, a TaK KaK IOKAa3aTEJIM BCETO IPHUEMHUKA. ONPEIEISIOTCS B
OCHOBHOM Xxapakrepuctukamu YIIY, B cyneprerepoIMHHOM NIPHUEMHHUKE YJAETCS IOJy4YHUTh
BBICOKYIO YYBCTBUTEIBHOCTh M M30MPATEIbHOCTh DPATUONPUEMHUKA BO BCEM JAMaIla30HE
pabouunx 4acTor.

Henocratkom cyneprerepoiMHHBIX IPUEMHHUKOB SBISETCA HAIWYUE JTONOJHUTEIbHBIX

4acToT MpHueMa.

PaccMoTpuM cHauana 3epkaibHYIO YacTOTy MpHema. Tak Kak MpoMeXyTOYHas 4acToTa
paBHa aOCOJIOTHOW PA3HOCTH MEXIy YacTOTOM CHUTHalla U 4YacTOTOM TeTepojuHa, MPUEMHUK
MOET OJHOBPEMEHHO MPUHUMATh PAJAMOCUTHAIBI C JBYMSI pa3sHbIMH HECYIIMMH YacTOTAMH,
PACIIOIOKEHHBIMU CUMMETPUYHO MO OTHOIICHHUIO K YacTOTE TeTePOANHA; OJIHA U3 HUX MEHBIIE
YacTOThI TETEPOANHA HA MPOMEKYTOUHYIO YACTOTY fry, @ JIpyTras OOJbIIE YAaCTOTHI TeTEPOAMHA

Ha Ty ke Benuuuny (Puc.5.).
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Takue paguoCUrHalibl IIOCJIC HpCO6p330BaHI/IH CO3Jal0T CUTHAJBI C OJHWHAKOBBIMU
MMPOMEKYTOYHBIMH 9aCTOTAMHU, U UX YACTOTHOC Pa3ACIICHUC B VIIY HeBo3MoxHO. Ecnin onuH 3

CUTHAJIOB SBJIAETCS IOJIE3HBIM, TO APYTOM — 3€PKajbHbIN, MEIIACT €10 IPUEMY .

UToOB! YCTPaHHUTH TPUEM TIOMEXH 3ePKAbHON YacTOTHI, €€ HAJ0 JOCTATOYHO OCIaOHUTh
110 TIpeoOpazoBaHusi. DTO BBITIOIHAIOT KAaCKaJIbl, PEANIECTBYIONINE MMPEOOpa30BaTEI0 YacTOTHI,
T. €. BXOJHOE€ YCTPOICTBO U YCHIIUTENb paguodacToTel. OHU cOepkKAT pe30HAHCHBIC AIIEMEHTHI,
KOTOpBIC HACTPAMBAIOTCS HA YACTOTY JKENAeMOTr0 paJMOCUTHANA, HAIPUMED f.; U MPOIyCKAIOT
ero K npeodOpazoBareinro. BMecTe ¢ TeM OHM OCIAOIISAIOT CHTHAJ 3€PKaTbHON YacCTOTHI fz», TIO
OTHOIIIEHUIO K KOTOPOH 3TH KOHTYPBI pacCcTpoeHsl (cMm. Puc.5.).

Takum 00pa3oM, BXOJHOE YCTPOWCTBO M YCWIHTENb PaJAOYacCTOTBhl CO3/AOT

MMpEaABapUTCIIbHYTO I/136I/IpaTeJ'II>HOCTB, HWJIn NOpeABAPUTCIIBHYIO CCIICKIHUIO, IO OTHOLICHUIO K
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nmoMexe 3epkKajgbHOW dYacToThl.  OTCIOa TPOUCXOIUT  HMX COKpaIleHHOE€ Ha3BaHHE —

npeceneKkToDp.

B npunHnumne 6e3pa3nuyHO, KaKoW W3 JBYX CUTHAJIOB C CUMMETPUYHBIMH YacTOTaMH
OyIeT NpUHUMATBCS B KAauyecTBE IIOJIE3HOTO MW KaKOW TMOJAaBISAThCS Kak ToMexa. ITo
OTIpe/ICIIIeTCSl BEIOOPOM HACTPOWKH TPECEICKTOpa Ha Ty WIH JAPYTYIO U3 JIBYX CUMMETPHUYHBIX
4acToT.

[Ipy W3MEHEHMHM YacTOThl TE€TEPOJUHA COOTBETCTBEHHO MEHSIOTCS CHUMMETPHYHBIC
YacTOThl TIpHUEMa, IO3TOMY HAJA0 HU3MEHSTh TAaKXKe HACTPONKY PE30HAHCHBIX JJIEMEHTOB
npecenekTopa. B COBpeMEHHBIX NMPUEMHUKAX OOBIYHO TMPHUMEHSIECTCS COIPSIKCHHE HACTPOCK
IpeceyeKkTopa M TreTepoArHa. DJTO O3HA4yaeT, 4YTO NPUEMHUK HUMEET EIUHCTBEHHYIO PYUKy
yOpaBleHUs, KOTOpas OJHOBPEMEHHO W3MEHSAET 4YacTOTy KojeOaHuW TeTepoauHa H
PE30HAHCHYIO YacCTOTYy MPECEICKTOpa, COXpaHss MEXAY HAUMU HEU3MEHHYIO Pa3HOCTh, PABHYIO
HOMHHAJILHOU ITPOMEKYTOYHOH JacToTe.

W3 ckazaHHOro BHJHO, YTO B CYNEPreTepOJUHHBIX TMPUEMHUKAX TMPUXOIUTCS
pasnuyath JBa BUAa U30MpATENIbHOCTH: OcIa0IeHHe MprueMa oMex Ha 3epKajibHOM YacToTe U Ha
COCETHUX C TOJIE3HBIM CHUTHAJIOM YacTOTax. 3epKajbHas M30MpaTeTbHOCTh CO3AAETCA TOJBKO
PE30HAHCHBIMU  JJIEMEHTaMH  MPECENIEKTOpa H  XapaKTepu3yeTcs  OpIWHATOW  €ro
HOPMHPOBAHHOW PE30HAHCHOI KPUBOW NPU PACCTPOWKE, paBHOW 2fyy (cM. Puc.5.). Ocnabnenue
IpUeMa Ha COCEJHHUX YacTOTaX CO3JAeTCsi COBMECTHBIM JIEWCTBHEM PE30HAHCHBIX 3JIEMEHTOB
npecenekropa U YIIU. B GonpmmMHCTBE Cily4aeB MPU MallbIX PAacCTPOMKaX MPECerIeKTop AaeT
HeOOoIbIIIoe OcTabIeHNe MpueMa, ¥ MOKHO CUMTATh, YTO OcIablIeHre MprueMa TOMEX 4aCTOTaMH,
OJM3KMMHM K 4YacTOTE€ IIOJIE3HOIO CcHrHama, co3maer maumb YIIU; 310 ocmabnenue
XapaKTepU3yeTcsl OpIMHATOM HOPMHUPOBAHHOW pe3oHaHcHOW kpuBoil YIIYU mpu paccrpoiike,
pPaBHOM Pa3HOCTU MEXKIY YaCTOTAMU CUTHAJA U TIOMEXH.

Ocnabnenne 3epKalbHOTO TIPUEMa B TPECETICKTOPE TeM JIy4Ille, YeM YXKE PEe30HaHCHAas
KpUBasl TIPECEICKTOpa M YeM JAJIbIIEe OTCTOUT 3epKaJbHAS 9acTOTa OT MpUHUMaeMol. Pa3HocTh
MEXIy HUMH paBHA 2fyy. [loaToMy ociabiieHne 3epKaJlbHOTO MpUeMa YIydIaeTcsl Mpu BBIOOpE
0ojiee BBICOKOM MPOMEKYTOYHOW YaCTOTHI fyy NpueMHHKA. OIHAKO YBEIWYCHHE fnq OTpa-
HUYHMBACTCS PSJAOM JPYTrUX MPUYMH, B YACTHOCTU HEXKEIATENbHBIM PACIIMPEHHEM IOJIOCHI
nponyckanus YIIU 1pu WCHONB30BAaHUM PE30HAHCHBIX KOHTYPOB C KOHCTPYKTHBHO
OCYIIECTBUMBIMU MOTEPSIMH.

JlpyruM MposIBIIEHHEM CUMMETPUYHOTO MpHUEMa SBISIETCS TBONCTBEHHOCTh HACTPOMNKH.
[Ipn pagmocurHane C YacTOTON f,, HOMHUHAIBHYIO TPOMEXKYTOUHYIO YAaCTOTY frq MOXKHO
HOJYYHUTh MIPU YaCTOTaX FeTePOANHA fr =fc — fild W fo = fc + fita. Takum oOpazom, oauH

U TOT K€ CUTHAJI C YaCTOTOU f;, MOXKET OBITh MPHUHST MPHU ABYX Pa3HbIX YACTOTaX IreTepOAMHA,
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T. €. B IBYyX Pa3HBIX TOYKAX IIKaJbl HACTPOWKH IIPUEMHHUKA, IPUYEM ITH YaCTOTBI OTCTOSAT OJHA
oT apyroil Ha 2f,y. Kak BunHO u3 Puc.5., npuMeHeHune npeceaekTopa ociadiiseT IpueM B 0JTHOM
U3 3TUX JBYX CIy4yaeB, IPU JOCTATOYHOM OCIA0JICHUN ABOHCTBEHHOCTh HACTPOMKHU MCUE3aeT.

HenocratkoM cynepreTepoJMHHBIX MPUEMHHUKOB SBJISIETCSI TaKXKE BO3MOXKHOCTb
MOCTOSTHHOT'O MpHUeMa MOMEXH C YaCTOTOM, paBHOW MUJTH OJIM3KON K MPOMEKYTOYHOM YACTOTE fIT4.
Ecnu Takas momexa aeHCTBYeT Ha BXoJle IpeoOpa3oBaTelis 4acTOThl, TO OHA MOXET MpoTH
yepe3 Hero 0e3 mpeoOpa3oBaHus 4acToThl M jaanee ycuiauBaTbes B YIIU. IlomoOHbli mpuem
IIOMEXHU IPOUCXOAMT IO CXEME NPSAMOI0 YCHJIEHHUS HE3aBUCHUMO OT 4YacTOTHl rerepoauHa. Bo
nU30eKaHNE STOTO TMPECENEKTOP JOJDKEH OCTATOYHO A(PQPEKTHBHO MOJABIATH IOMEXY C
4acTOTOW fild 0 BXoja mpeoOpazoBatens. Kpome Toro, skemaTenbHO BBHIOMPATH BEITUYUHY
HOMUHAJIbHOW IPOMEKYTOUYHOM 4acTOThI MPUEMHHUKA TaK, YTOOBI OHA HE COBIMAJiajia C YaCTOTaMH
MOIIIHBIX UCTOYHUKOB ITIOMEX.

[Ipu HeynauHOM BBIOOpE pekuMa paboThl MpeoOpa3oBaTesiss BO3MOXHO BO3SHUKHOBEHHE
psAa Ipyrux JOMOJHUTENbHBIX YacTOT IpuemMa. boppba ¢ HUMHU BeJeTCs MyTeM PallMiOHAIBHOTO
BbIOOpa pexrMa npeodpazoBaTels U yIIyUlIeHUs: H30UpaTeabHbIX CBOWCTB MPECeeKTopa.

s ocnabneHust mpuemMa Ha JOTOJHUTENBHBIX YacTOTaX MHOTNA MpH- MEHSIOT Oosee
CIIOXKHBIE CYNEpPreTepOJMHHBIE CXEMBbl, B KOTOPBIX IPOM3BOAUTCA JBYKpaTHOE U Jaxke

TPEeXKpaTHOE peoOpa30BaHUE YACTOTHI.

2. OcHOBHbBIE Y3JbI PATUHOIIPUEMHHUKOB U HX XaPAKTCPUCTUKHA

OCHOBHBIMU ~ y37IaMH  PAJMONPUEMHHUKOB SIBISIOTCS BXOJAHAs I€Nb, YCHUJIUTENb
paarovyacToThl, MpeoOpa3oBaTeslb YaCTOThl, YCHJIUTEIb NMPOMEKYTOUHON YaCTOTHI, JETEKTOP U

BUACOYCUIIUTCIIb.

Bxoanas nenn

BXOoaZHOW menbo HA3BIBAETCS YACTh CXEMbl PAAUONPUEMHHUKA MEXKIY TOUKAMHU
MOJKIIOYEHUSI AaHTEHHBI M [IEPBOr0 AKTUBHOI'O JIEMEHA TPUEMHUKA.

Bxonnas nenp npenHazHadeHa ans 3QQeKTHUBHON mepedaud CUTHalla U3 aHTCHHBI B
MEePBBIA KacKaj MPHUEMHHUKA U €ro MpeIBApPUTEIbHON M30MPATEIHHOCTH MO 4acToTe. B oOmem
Cly4yae BXOJHAs IIEMb MPEACTABISICT COOOM MACCHBHBIM YETHIPEXMOIIOCHUK, COCTOSIIUNA W3
Pa3IMYHOTO YHUCIIa KOJIeOATEeIbHBIX KOHTYPOB, HACTPOEHHBIX Ha (PMKCHPOBAHHBIE YACTOTHI WJIU
nepecTpanuBaeMbIX B Mpejeniax padodero quana3oHa 4acToT IPUEMHHUKA.

OcCHOBHEBIE XapaKTCPUCTHUKU BXOAHBIX neneu cleayromue.
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Kosddunuent mepegadu BXOTHOU LIETIH — ITO OTHOLIECHUE HATPSKEHUS
Usx panuocursana Ha BXOJZI€ MEPBOro Kackaja K 3. 1. C., HAaBOJUMOUM B NMPUEMHOW AHTECHHE
AJIIEKTPOMATHUTHBIM TOJIEM MPUHUMAEMOTr0 CUTHAJA!
K=U,/E4.

BxoaHoe ycTpoiicTBO 00Js1alaeT YacTOTHO-M30MPATEIbHBIMUA CBOMCTBAMHU, TOITOMY
K wusMmeHsercs mpu M3MEHEHUHM YacTOThl, a 3aBUCHUMOCTh K (f) uMMeeT BUA PE30HAHCHOM
KpuBOW. MakcuManbHoe 3HaueHue Ky COOTBETCTBYIOILEE PE30HAHCHOM YacToTe f,  Ha3bIBaeTCs
pPE30HAaHCHBM KodpPumueHTOM mepegadm.

N36mpaTensHOCTh BXOIHOW IeTH ompenensercss popMoil pe3oHaHCHOW KpuBoil. Ee
1ojioca TPOMYyCKaHUSA [JOJDKHA OBITh HE Yyke TpeOyeMol TMOJIOChl MPOITyCKAaHUS BCEro
BBICOKOYACTOTHOTO TpakTa. B cyneprerepolMHHBIX  MPUEMHUKAX BXOJHAs LE€Nb HUIPAET
pOJIb TIpECeJIeKTOpa M BHJl €€ PE30HAHCHOW KPHUBOM OMpenenseT oclablieHue CHUrHaia IIo
3epKaTbHOMY KaHaIy.

HAuama3zon paboumumx JacToOT BXOJIHOM IIENH JOJKEH COBIIAIATE C
JUana30HOM pabourX YaCTOT BCEro MPUEMHHUKA.

DKcniyaTalUOHHAas HAaJAEXHOCTH BXOJIHOM LIETIH OTIPEJEIISIET €€

CIIOCOOHOCTH paGOTaTB B TCYCHHUC OIIPCACIICHHOTO CPpOKa C 33I[aHHOI‘/JI BCPOATHOCTBIO OTKa3a.

=

;'!;-zkyp‘/ ;! ;f‘“’/"/ ;_1 ;_f K 9PY

Puc.6.

Kpome Ttoro, wacro tpeOyercs, uToObl BXOJHAs LENb I[O3BOJISIA HCIOJIb30BaTh
pa3IUYHbIE AHTEHHbl C HEOJAMHAKOBBIMH IapaMeTpamMH TIpPU COXPAHEHWH HEU3MEHHBIMU
OCHOBHBIX MTOKa3aTenei MprueMHHKA.

OueBUIHO, YTO OTACNBHBIC XapaKTEPUCTUKU BXOJHOM LEMHM B3aMMOCBS3aHBI; Ooliee
TOTO, TPEOOBAHUS, IPEIBIBISIEMbIC K HAM, YaCTO OKa3bIBAIOTCS MPOTUBOpeYnBBIMU. Harmpumep,
TpeOOBaHUE MOJIYYEHHUS] MAKCUMaJIbHO BO3MOKHOTO KO3 QUIMEHTa Mepenayd MNPUBOAUT K
YXYALIEHUI0 HM30MPATENIbHOCTH TO 3€pKaTbHOMY KaHaly M CHIBHOMY BIMSHHUIO pa3dpoca
[apaMeTpoB aHTEHHbl HA XapaKTEPUCTUKH BXOAHOHN menu. Iloaromy mpu KOHCTpyHMpOBaHUU
BXOJIHBIX IIeTIe He0OX0IMMO HaXOUTh KOMIIPOMMCHBIE PEIIEHUS.

[lo uMcny KOHTYpOB BXOJHBIE IIEMH JAETSATCS HAa OJHOKOHTYpPHbIE, ABYXKOHTYpHBIE U

MHOT'OKOHTYPHBIC. ITo BUAY CBA3U C AHTEHHOW OBIBAIOT BXOOHBIC LN C HHHYKTHBHOﬁ,
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aBTOTPAHC(HOPMATOPHON U EMKOCTHOU CBSI3bIO, @ TI0O METOIy HACTPOUKN — ¢ (PUKCUPOBAHHOUN U
IIEPEMEHHON HACTpPOWKOW. B paaumonpueMHHKax C IMEPEMEHHOM HACTPOMKOW, KaK IPaBUIIO,
UCTIONIB3YIOTCS.  OJHOKOHTYPHBIE BXOJHBIE 1M, a C (PUKCHUPOBaHHOW HACTPOUKOII-
JBYXKOHTYPHBIE I MHOTOKOHTYPHBIE.

BapuanTel mpocTeiimmx cxem BXOAHBIX LIeTel mpuBeneHbl Ha Puc.6.

Kak cnenyer u3 pucyHka, BXOJHas LI€Tb MPEACTaBIsIeT co00M crucTeMy JBYX CBSI3aHHBIX
KOHTYpOB (aHTeHHa M KonebarenbHblid LC-koHTYp). g s dexkTuBHOrO mopasieHus nomex u
NOJY4YeHHUsT MaKCUMalbHOrO Kod(duuueHTa Tmepesaud JKelaTrelnbHO paboTarh  mpu
MaKCUMallbHOM ~KOX((UIMEHTE CBSI3M W HACTPOWKE KaKJOTO0 KOHTypa Ha YacTOTy
OpUHUMAEeMOro paguocursana. OJHAKO Takod peXuM paboThl HENPUroJeH B Iepe-
CTpauBaeMbIX BXOJHBIX LEMAX, TaK KaK HPU €ro peajn3alud HeoO0XOIUMO OJHOBPEMEHHO
nepecTpanBaTh 00a KOHTYpa U KXl pa3 MoJ0MpaTh ONTUMAIBHYIO CBSI3b MEKIY HHUMH, UYTO
OYEHb CIOXKHO caenarb. [lo3ToOMy B pealbHBIX CXE€Max AaHTCHHBIM KOHTYp J€JaroT
HEHACTPAaNBaEMbIM, YTO MO3BOJISIET YMEHBIINTh U3MEHEHUE KO3 (UIMEHTa Iepeadl BXOIHON
LENU IPU NEPECTPOMKE NPUEMHHUKA, a JUIsl YBEJIMYECHUs IUana30Ha IEPECTPOMKU CBSI3b MEXIY
KOHTYypaMu JienatoT cinaboil. M30upaTenbHOCTh BO BXOJHOW IIETHM OCYIIECTBISCTCS TOJBKO 32
CYET BTOPOTO KOHTYpa, HapaMeTpbl KOTOPOTO MOAOUPAIOT IO 33JaHHBIM 3HAUCHUSM TPAaHUYHBIX

qacToT pa60qero Juara3oHa.

[Tpu pabote Ha (HUKCHPOBAHHBIX YACTOTAX CBI3b KOHTYpa BXOJHOH IIEMH C aHTEHHOMN
MOKHO BBIOMpATh ONTHUMAJBHOMW, 332 CUET Yero YJIYYIIAIOTCS XapaKTePUCTUKH BXOJHOU IICTIH.
Hanpumep, B YKB mnpuemMHukax onThMalbHasg CBS3b MO3BOJSET IOBBICHTh OTHOILICHUE
CUTHAJ/IIyM Ha BXOJ€ TMPUEMHHKA, YTO CIOCOOCTBYET YBEJIMYEHHUIO €ro peaibHON

YYBCTBUTCIIbHOCTHU.

Ycenaureasb paanovIacToThl

Yeunurensamu paauodactoTs! (YPY) Ha3bIBalOT Kackaabl palONPUEMHUKOB, B KOTOPBIX
YCUJICHHE CHUT'Hajla MPOMCXOJUT Ha Hecylled yacToTe. Y CHIINTENb PaJuoyvyacTOThl BKIHOUACTCS
HEMOCPEJCTBEHHO 3a BXOJHOM LEMbI0, a €ro BBIXOJ MHOJKIIOYAeTcs JIMOO K JAETeKTopy (B
NpUEMHHKE MPSIMOTO YCHJIICHHS), JIMOO K MpeoOpa3oBaTeio 4acTOTHl (B CyHepreTepoArHHOM

MPUEMHHUKE).

Taxk xak YCUIIUTEIb Ppaguov4acTOThl JOJIKCH O6J'Ia,Z[aTI> IIElCTOTHO-I/I36I/Ip€lTeJ'IBHI>IMI/I
CBOﬁCTBaMH, B Ka4Y€CTBC HAI'PY3KHU B €0 KaCKadaX MPUMCHAIOTCS KosiebaTebHbIE KOHTYPBI, T. €.
YCUIIUTCIIN paguOv4aCTOThI ABJISIFOTCA PC30HAHCHBIMU YCUIIUTCIIAMMU. HpI/I 9TOM I/I36HpaTeJIBHOCTI>

YCWINTENCH Pao9acTOThI JOJDKHA OBITh IOCTATOYHO BBHICOKOW, MO0 BXOJIHAS IEITh TPHUEMHHKA,
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KOTOpasi B OOJBIIMHCTBE CIIy4aeB COJAEPKHUT JIMIIb OAMH KojeOaTelnbHbI KOHTYp, HE B

COCTOSIHUH 00€CIIEUHTH H606XOHHMOﬁ I/136I/IpaTeJ'IBHOCTI/I.

B mnpuemHuke, KOTopblii paboTaer B JHMana3oHe YacTOT, KOHTYPBl PE30HAHCHOTO
YCUJIUTENST JOJDKHBI TepecTpauBaThesl. Takash mepecTpoiika OOBIYHO OCYUIECTBISIETCS IPH
MIOMOIIM KOHJIEHCATOPOB IEPEMEHHONW eMKOCTH. [lyisi yMeHbIIeHHs 4YHclla KOHAEHCATOpOB B
COBPEMEHHBIX PaJMONpPHUEMHUKAX OOBIYHO NMPUMEHSIOT OJMH, MAKCHUMYM JBa OJHOKOHTYPHBIX

Kackaza YPU.

Yceunurenu  paguodyacTOThl  OCYHIECTBISIOT — HM30MpaTellbHOE  YCWJICHHE  Ccl1aboro
MOJIE3HOTO CUTHAJIA M YBEJIIMYMBAIOT UYBCTBUTEIBHOCTh MPUEMHHKA 32 CUYET CHIXKCHHS €ro
kodpduimenTa mryma. OCHOBHBIMH DJIEKTPUYCCKUMH Xapakrepuctukamu YPU  sBistoTcs
pe30HaHCHBIH KOADDHUIMEHT yCUIICHUS, W30UPATEIbHOCTh, KOAIPOUIIMEHT IymMa, WCKaKCHHS,
BHOCHMBIE YCUITUTENIEM, U YCTONYHUBOCTH PaOOTHI.

Pe3onancHbIM  KOA((UIIMEHTOM yCHICHUS HA3bIBACTCS OTHOIICHHE aMIUTHTYIBI
HampsDKEHUsT Hecymiedl 4YactoTel panuocurHania Ha BbIXOAE€ YPYU (Uggwy) K aMIUIUTYZIE
HaIpsHKEHUsT HECYIeW 4acTOThl paguocurHaia Ha ero Bxoae (U,s) IpH HAaCcTpPOKe KOHTYpPOB

YPY B pe30oHaHC HA HECYILYIO YaCTOTY:

KO = UOBle/UOSX:
e Tt Kod(hpUIMeHTa yCUICHHS 10 MOIITHOCTH
Kp: PSle/PEX.

Koapdpumment K, ucronssyercs anst xapakrepuctuku YPU B mpueMHHKax JJIMHHBIX,
CPEIHMX M KOPOTKHUX BOJH, a K, — /1 npuemuukoB YKB.

N30upatensHocTb YPU onpenensoor mo ero amriuTyAHO-4aCTOTHOM
xapakrepuctuke. [lo ocum abcuucc OTKIAAbIBAlOT BEIMYMHY PACCTPOMKH HeCylled 4acTOThI
panuocurHana f., IO OTHOLIEHUIO K PE30HAHCHOM 4acToTe ycuwnurens f, (Af=|f.—f,|) ano
ocu opauHAT — ociabnenne d = K/K,,.

Kosdbdunuent myma N, onpenenser MIyMOBbIE CBOWCTBA YCHIIUTENS, a B
cBsi3u ¢ TeM, uto YPY saBugercs oIHMM M3 TEPBBIX KacKaJoB paJUONPUEMHHUKA, €ro
KOXPUIIMEHT IIymMa ompeneiser oOmuid KodpGUIMEHT IIymMa Bcero mnpuemMHuka. Jlus
YMEHbUIEHUSI N,,, HUCIONb3YIOT CIELUUAIbHBIE CXEMbl YCUJIHMTENIEH BBICOKOM YacTOThI WM
CHeIMaJIbHbIE TUIIbl YCUIIUTENCH.

MckaxXeHHUs B YCHWIUTCIIX PaIAOYacTOTHl UMEIOT BCE TPU BO3MOXKHBIX BUIA:

amnaumyounvle, ¢hpazosvie u HeluHelHble.
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Yeunurenun paauoyacToThl MOXKHO KJIACCU(PHUIMPOBATH MO Py NPU3HAKOB: THILY
AKTUBHOTO 3JIEMEHTa (JIaMIOBBIC, TPAH3UCTOPHBIC, NMapaMETPUUIECKUE U JIP.), YUCIY KacKaoB,
BUJY CXEMBI.

B YPY npumeHstOT 1aMIIOBbIE CXEMBI C OOIIMM KaTOJOM, KOI/Ia Harpy304HbIA KOHTYP
BKITIOYAETCS] MEXTy KaToJIOM W aHOJOM, U C OOIIeH CEeTKO, KOTJa TOT K€ KOHTYp BKIIIOUACTCS
MEXIy CETKOM M aHOAOM. TpaH3UCTOpHBIE YCHJIMTEIN PaJWOYacTOTHl BBIMOJHSIOTCA KakK IO
CXeMe C OOIIUM SMHUTTEPOM, TaK M MO cxeme ¢ obmel O6azoit. [Ipu paboTe mMpHEMHHUKOB B
JMana3oHax JUIMHHBIX, CPETHUX U KOPOTKUX BOJIH MCIIOJIB3YIOT CXEMBI C OOIIUM KaTOJOM MJIH C
o0uM sMuTTEpOM. B namMnoBoM BapuaHTe OOBIYHO MPUMEHSIOT NeHToAbl. [Ipu mepexone k
0oJiee BICOKMM YacTOTaM, KOT'/la CYIIECTBEHHBIMU CTAHOBATCA COOCTBEHHBIE LITyMbl IPUEMHUKA,
KOX(PUIIMEHT IIymMa TMEHTOAA CTAHOBUTCS CIHUIIKOM OOJIBIIUM M JKeJIaTelbHO TMEepelTH K
TPUONY, IIyMbl KOTOPOTO 3HAYMTEIbHO MEHbBIIE HIyMOB NeHTona. OmHako u3-3a OOJIBILION
eMkocTH C,; KOI(G(QUIMEHT YyCTOWYMBOIO yCUIIEHHS TPHOAA HAa BBICOKUX YaCTOTaX B CXEMeE C
00IMM KaToJOM OKa3biBaeTcss MaibiM. [ToaTomy B mpuemaukax YKB mepexonmar cucremam c
o0riel CeTKoM, B KOTOPBIX €MKOCTh MEXAY BXOJOM M BBIXOJOM 3HAuUTENbHO MeHbIIE C,(3TO
€MKOCTb I10CJIEI0BATENBHO COEIMHEHHBIX KOHAEHCATOPOB Coe U Cy). IIpu 3TOM cOOCTBEHHBIN.
ko3 Punment myma YPY nomyuaercs mMeHpmM. Ho K03 (GUIIMEHT yCHIICHHSI IO MOIIHOCTH
CXEM C O0IIeH ceT- KOU TaKkKe MaJjl, YTO MOXKET MPUBECTH K OOJBIIIOMY 00I1eMy KodhuiueHTy
mymMa B TPHUEMHHUKE. YKa3aHHOE IIOJIO)KEHHE NPUBEIO K pa3paboOTKe TaK Ha3bIBAEMbIX
KaCKOJ/HEB X CXeM, KOTOpble NMPEACTaBIAI0T cO00il JBa MOCIEA0BATENFHO BKIIOUEHHBIX
kackana. OOuH W3 HUX SBISICTCS KAcKaJoM C OONIMM KaToJOM (3MHTTEPOM), a BTOPOH — C
obmieli ceTkoi (0a30if), IpH ATOM HArpy3KOW MEPBOTO AKTUBHOTO AJIEMEHTA CIIYKHUT BXOJHAs
MPOBOAMMOCTE BTOpOro. [Ipu TakoMm coueTaHuu MepBbIil Kackaa uMeeT KodhGUIUEHT yCulleHus
M0 HAaIpPsHKEHUI0, ONMM3KUN K eqUHHIE, HO OONbIIoN KOA((UIMEHT YCUICHHUS MO MOIIHOCTH.
Bropoii xackaag umeer 0omnbioil k03UIMEHT ycuieHus Mo HampspkeHuio. Tak kak B 000uX
KacKa/lax MOYHO HCII0JIb30BaTh OTHOCUTENILHO MAJIOIIYMSIIINE aKTUBHbBIE JIEMEHTHI, KACKOHbIE
CXEMBI TIO3BOJISIIOT CO3/1aTh MAJIOUIYMSIIUE YCUIUTEIU ¢ OoNbIMU 3HaueHussMu K u Kp.

BapuaHT TpaH3uCTOPHOM KaCKOAHOM CXEMBI ITOKa3aH Ha Puc.7

[,’2 7} rz 2 ==€5
b s te . 2
/ 2 165 (yA310, B £,
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Puc.7.



16

Tpanzuctop 7; BKIIIOYEH 110 CXeMe C O0ILUM AMUTTEPOM, a TPAH3UCTOp T2 — IO CXeMeE C
oOmeit 6a3oi. 1o mocTossHHOMY TOKY 00a TpaH3HCTOpa BKJIIOYEHBI MOCIEI0BATENbHO. Tak Kak
eMKOCTh KoHAeHcaTopa C, BBIOMPAIOT JIOCTATOYHO OOJIBIION, HAarpy3Kol TpaH3uctopa 1; 1o
IIEPEMEHHOMY TOKY SBJIICTCSI BXOJHAsl MPOBOJAUMOCTb TpaH3ucTtopa 715.

IIpn nmanpHelmeM yBeNWYEHMM 4YacTOThl B YPY  uCHoib3yroT crnenuaibHbe
MaJIOUIyMAIINE YCWINTENH, MapaMeTpUUYECKUe.

KoHcTpykuuu ycunuteneil paguodyacToThl OYEHb CHUIIBHO MEHSIOTCS B 3aBUCHMOCTH OT
JMarna3oHa BOJH, Ha KOTOPBIX paboTaeT pajuONpHUEMHUK.

B 1mana3zoHe [UIMHHBIX, CPEIHHUX M KOPOTKHX BOJIH HCIOJB3YKOTCS JIAMIIOBBIC WM
TPaH3UCTOPHBIE PE30HAHCHBIE YCHIUTENIH, COOpaHHbIE MO cXeMe ¢ OOIMM KaTtoaoM (0oOumm
SMHUTTEPOM) WIIM KacKojaHble cxeMbl. Tak kak oObyHO paauonpuemuuku [IB, CB u KB
ABIIAIOTCA TIEPECTPaUBAEMbIMU, MpPU HUX KOHCTPYMPOBAHUM NPUXOJIUTCS YAEHATh OOJbLIOE
BHUMaHME pa3OMBKE AMana3oHa pado4yMX YacTOT NPHEMHUKAa Ha IOJJMANA30HBI, a TaKXKe
TOYHOCTH €r0 HACTPOWKHM M KOHCTPYKLMSAM LIKaJIbHOIO M BEPHBEPHOIO yCTpoMCTB. [Ipu sToM
coOcTBeHHBIE IIyMbl Y PU He UMEIOT CyIIeCTBEHHOT'O 3HAYEHUSI.

B nnanazone YKB ocHOBHyIO pojib UTpaloT COOCTBEHHBIE WIyMbl NMPUEMHHUKA U JUIS
YMEHbIIEHNsT KO3 PUIMEHTa LIyMa NpUEMHHMKA HCIOJb3YIOT, KaK OTMEYaJIOCh, CIElHaIbHbIE
MaJIOUIyMAIUE yCUauTeau. KOHCTpYKIMY TaKuX yCUIIMTEIIEH OYEHb CIIOXKHBI. J[1 yMEeHbIIEHUS
N B HUX 4acTO NPHUMEHSIOT OXJIAKICHHUE JKUJIKUM a30TOM WIH KXUAKUM renueM. s nutaHus

YCHITUTEJICH CITy)KaT CIeUaIbHbIE TEHEPATOPHI.
IIpeoGpa3oBaTte/ib 4acTOTHI

B cymepreTepoIuHHBIX TpPUEMHHKAX 3a YCHJIHTEIEM pPaJHO4acTOThl  CIIEIYeT
npeoOpa3oBaTe)ib  YacTOThI, KOTOPBIA Mpeodpa3yeT TEePEMEHHYI0 4YacTOTy  BXOJHOTO
paavioCcUTHAlla B TIOCTOSIHHYIO Uil JAHHOTO TMPHEMHHKA TPOMEXYTOUYHYIO YacTotry 0e3
W3MCHCHUS BHJIA U Xapaktepa moxayysnuu. [Iporecc mpeoOpa3oBaHUs 4aCTOThI PAacCMOTPEH B
m.1.

BaxxHpIM mlapamMeTpoM mpeoOpa3zoBaTesicii YaCTOThI SBISIOTCS COOCTBEHHBIC IITYMBI, TaK
KaK mpeoOpazoBaTeh 4acTOTHI MPEACTaBIseT COO0M ONMH M3 MEPBBIX KAaCKaJIOB MPHEMHHUKA U
€r0 IIYMBI MOTYT CHJILHO BIIUATEH Ha OOIINK KOAPPHUITUSHT IITyMa BCETO PaJHONPUEMHHUKA.

CyIIeCTBEHHBIM SBJISCTCS TO OOCTOSITENILCTBO, YTO YPOBEHb COOCTBCHHBIX IIIyMOB
npeoOpa3oBaTelis YaCTOThl 3aBUCUT OT reTepoauHa. [103ToMy B paHONPUEMHHKAX UCTIOIB3YIOT
CHeIMalibHbIe OaJlaHCHBIE CXeMbl MpeoOpa3oBaTelield YacTOTH, B KOTOPHIX MOXHO MOJYYHUTh

MEHBIITHI YPOBCHL HIyMa. OTH CXEMBI COACpKAT JABa AMOJA, KOTOPLIC BKIIIOYCHBI TaK, YTO B
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oMU Harpy3kd IMIpPOUCXOOUT CJIOXKCHUC TOKOB HpOMCXQYTOqHOfI HaCTOThI H B3aHMMHasd
KOMIIEHCAIUSI TOKOB C YaCTOTOMU rerepoiruHa U myMoOB.

OnHa u3 Takux cxeM npuBeaeHa Ha Puc.8.

=

Puc.8.

K namonmam mnpuioxkeHbl paBHBIE IO aMIUIUTYAE€ M TNPOTHBO(A3HBIC HANPSIKECHHUS
paauocurHanga, a HampsDKeHHE TeTepojarHa MoJaHo cuH$pa3zHo. TOKH AMONOB MPOXOMAAT IO
NEePBUYHON OOMOTKE BBIXOJIHOTO TpaHC(hOpMaTOpa BO BCTPEYHBIX HANPABICHUSAX, ITO3TOMY B
BBIXOJIHOM HAIPSHKCHUH MPOUCXOIUT KOMIICHCAIMS CHH(A3HBIX M CIOXKEHHE MPOTHBO(A3HBIX
COCTaBJIAIONMX. OTO, B YAaCTHOCTH, NPHUBOJUT K KOMIIEHCAIlUM IIYMOB TETEPOJUHA, YTO
ylydmiaeT Kodp@UIMEHT IIyMa MpHeMHuKa rnpuMepHo B 1,5 pasza. Kpome Toro, B 6anmaHcHOM
CXeMe TMPOUCXOAUT KOMIICHCALUS TIapa3sUTHOM aMIUTMTYIHOH MOMIYJISIUN TEeTepOANHA H

OTCYTCTBYET IPOHUKHOBEHHE KOJIEOaHUI TeTepo/IMHA B aHTCHHY .

Ycuaureanb l'[pOMe)KyTO‘IHOi/i 4acTOThI

Yeunutens  npomexyTouHoi  uactotel  (YIIU) sBiseTrcss OOHMM M3 Y3JIOB
CYNEpreTepoJUHHOTO  NPUEMHHKA,  KOTOpbI  oOecredynBaeT  OCHOBHOE  YCHJICHHE
BBICOKOYACTOTHBIX CUTHAJIOB.

VII4Y, Tak xe kak u YPU, sBustoTcs m3buparensHbiMu ycunurensmu. OgHako YITU
paboTaloT B YCJIOBHUAX, 3HAUUTENBHO OTJIMYAIOLIMXCSA OT yciaoBuiM paborel YPU. Ycunurenu
IPOMEXYTOYHOM 4acTOThl PabOTaIOT HAa (PUKCUPOBAHHOM YACTOTE M MX OCHOBHBIMHU CXEMaMHU
ABJISIFOTCS  CXEMBI TIOJIOCOBBIX ycwinTened. IIpu 3TOM wyacTtoTa HACTPOMKHM IOJOCOBOIO
YCHUJIUTENS] MOXKET ObITh BEIOpaHa OJIM3KOM K ONTUMAJIBHOM [l JAHHOTO — NPUEMHHUKA.

OTO NO3BOJISAET UCTIONB30BATh CIOKHBIE KOJIEOATEIbHbBIE CUCTEMBI, C TIOMOIIBIO KOTOPBIX
yaaercs co3/1aTh XOpOIIYIO bopmy aMIUIATY JHO-4aCTOTHOM XapaKTEPUCTHUKH,
00eCTeUnBaOIIyI0 BBICOKYI0 H30MpaTeNbHOCTh W, KpPOME TOro, TIOJYYUTh OOJIbIION
k03 dunmeHT ycrounBoro ycuinerus. YIIU coBpeMeHHBIX CynepreTepoAnHHBIX MPUEMHHKOB

paboraroT Ha ¢ukcupoBaHHbIX Yactorax OoT 110 k[ mo 200 MIn, umeror kodhduIHEHT
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YCUJICHHS OT 10% o 108(80 + 100 nb) mpu monoce mMpomycKaHus OT COTEH, T'epIl A0 ECATKOB
Merarepli 1 COJepKar 10 AE€CATH YCUIUTEIbHbIX KacKal0B.

VYIIY uMeroT clieyIonre OCHOBHBIE SJIEKTPUIECKHE XapaKTePUCTUKH: K03 G GumueH
ycunenus K,, KoTopeM Ha3bsiBaeTcs Kodddunment ycunenus YI1Y Ha cpeqHeii yactoTe
HIOJIOCHI MIPOIYCKAHUSA; 30 M paTe b HOCT b, KOTOPYIO OLEHUBAIOT LIMPUHON MOJIOCHI
OPOMyCKaHUsI U KO3(PPHUIHUEHTOM MPSMOYTOJIBHOCTH PE30HAHCHOW KpHUBOH; K03(dduuumeHt

ryMa; HCKaKCHHU CUT'HaJIa, yCTOﬁqHBOCTL U HAACKHOCTD paGOTH.

B Hacrosiee BpeMs MUPOKO HUCIIOIB3YIOTCS YEThIPE THUIA YCUIIUTEIIEH IIPOMEKYTOYHON
YaCTOTHI: PE30HAHCHBIE  YCWIHTEIM C KOHTYpaMH, HACTPOCHHBIMH Ha OJHY 4YacTOTY;
PE30HAHCHBIE YCHIUTEIN C IONAapPHO PACCTPOCHHBIMM KOHTYPaMH; IOJIOCOBBIC YCHIIMTEIH C
JIBYXKOHTYPHBIMU (DMIIBTPAMU; YCHIIUTENHU C (PUIABTPAMH COCPEIOTOUEHHON CENEKIUH.

JIOCTOMHCTBOM pPE30HAHCHBIX YCHUIIUTENEW C KOHTypaMH, HaCTPOCHHBIMM Ha OJHY YacTOTY,
SIBIISIETCS TIPOCTOTA CXEMBI U €€ PETYJIMPOBKH, a TaKkKe cllaboe BIMSIHNE HECTAOMIBHOCTH KOHTYPHBIX

eMKocTei Ha xapakTepucTuku ¥YITU. OCHOBHOW HETOCTATOK TAKWX CXEM - Majiasi u30UpaTeIbHOCTD.

Pe3oHaHCHBIE yCHJIMTENM C pacCTPOEHHBIMH KOHTypaMH 00jafaioT  Oosblueit
U30MpaTETbHOCTHIO, HO OHHU CIIOKHEE B PETyJIUMPOBKE M MX XapaKTEPUCTUKU MPU W3MEHEHHU

KOHTYPHBIX €eMKOCTEH 3HaUNTEIbHO MEHEE CTAOUIIBHBI.

[TosocoBble yCUIUTENN C ABYXKOHTYPHBIMU (PHIBTpaMH SIBJSIOTCS 3HAUUTENBHO OoJiee
Y3KOMOJOCHBIMH IO CPaBHEHHMIO C PE30HAHCHBIMM YCWIHTEISIMH, a HUX YacTOTHad
XapaKTepUCTHKa ONrxKe K MpsAMOYyroabHOUH. OJIHAKO 3TH YCHIUTENHN CIOXKHEE B PETYIHPOBKE U

YCM BBILIC MPOMEKYTOUHAA 4aCTOTA, TEM XYKC OHU pa60Ta10T.

B mnacrosmee Bpems, B VYIIYU, mupoko NPUMEHSIOT YCHIUTEIH C (QUIBTPAMH
cocpenoroueHHoit cenexkuun (PCC), KOTOpble TO3BOISIOT TMONYYHTh Y3KYH TMOJOCY
nponyckanus. B xauectBe @CC uCHONB3YyIOT MHOI'O3BEHHYIO LIENb PEAKTUBHBIX 3JIEMEHTOB,
Harpy>KeHHYIO Ha CONPOTUBIICHUE, PABHOE XapPaKTEPUCTUICCKOMY, a Ka)I0€ 3BEHO TaKOH e
HAaCTpPamBalOT Ha 4acTOTy f,,. OmaHa u3 Hambosiee ynmoTpeOuTenpbHBIX cxem ycunutens ¢ ®CC

npuBeneHa Ha Puc. 9.

Puc.9.
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B xkagectBe DCC 3mech HCIONB30BaHBI TPHU KOJEOATEIbHBIX KOHTYpa C BHEIIIHE-
eMKocTHOU cBs3bl0. [lockonbky B @CC conepkarcs TpU CBSI3aHHBIX KOHTYpa, PE30HAHCHAas
KpHBasi BCETO KackaJla UMEeT TPU MaKcUMyMa U ee popMa MOXKeT ObITh JOCTaTOUYHO OJIU3KOM K
IIPSIMOYTOJIBHOM.

B kauectBe ®CC MOTyT CHOYyXHTh W DJICKTPOMEXaHUYECKHE (DHIBTPBI, KOTOpPHIC
MO3BOJIAIOT TOMYYUTh PE30HAHCHBIE XApAaKTEPUCTHKU C OYECHb XOPOIIMM KOA(PPUIIUEHTOM
NPSIMOYTOJIBHOCTH. B HacTosIee BpeMs 3NeKTpoMeXaHu4eckre (GUIbTPHI BBITYCKAIOTCS B BHJIE
3aKOHYEHHBIX KOHCTPYKIMH, UMEIOT HEOONbIINE pa3Mephl U XOPOIIO padOTAIOT HA YacTOTax OT

10 k[’ mo 1 MI'm.

HderexTop

[IpuHATBIA cHUrHaQJI, YCWIEHHBII B BBICOKOYACTOTHOM TpakTe (B Kackazax YPY
MpUEMHUKA MPSIMOTO0 ycusieHus uiu B kackanax YPY u YIIY cyneprerepoIMHHOTO MPUEMHHUKA),
MoCTynaeT Ha JeTeKTop. B 1erekrope NpoUCXOAWT MpeoOdpa3oBaHHE MOIYJIUPOBAHHOTO
BBICOKOYACTOTHOTO KoJieOaHMs B KojeOaHHWE HU3KOW YacCTOThI, COOTBETCTBYIOIIEE M3MEHEHUSIM
MOJIBEPTHYTOI'0 MOJYJISIIIMK TapaMeTpa BICOKOYACTOTHOTO KosiebaHus. B 3aBUCMMOCTH OT BUAA

MOAYJIAIUH PA3JIN4arOT aMIINIMTYAHBIC, YaCTOTHEIC, (1)2130131,16 1 UMITYJIbCHBIC JCTCKTOPLI.

Puc.10.

B ciydae mpuema paauouMIyIbCOB UMITYJIbCHBIN JETEKTOP JOJDKEH MPeoOpa3oBhIBAThH
UX B BHJICOMMITYJIbCHI, (hOpMa KOTOPBIX COOTBETCTBYET HM3MEHEHHSIM (OPMBI OTHOAIOMICH
NPUHUMAEMBIX PAaJHOUMITYJIbCOB. Ecnu paguonmmyabebl 0671a1at0T MOAYJIISIIMEN IO aMILTUTYAE,
JUTUTEIIBHOCTH, 4acToTe, ¢aze Wik oO0pa3yloT KOJOBbIE KOMOMHAIMHU, TO ACTEKTOP HOHKCH
npeoOpa3oBEIBaTh WX B IMOCIIEAOBATEIILHOCTh BUACOMMITYJIBCOB, OOJANAIONIMX TEM XK€ BHIIOM
MOIYJISIIMM WM O0pa3ylolMX Takue ke KoMmOuHanuu. JlanpHeliimee mpeoOpa3oBaHue
MOCJICAOBATCIIBHOCTU BUACOUMITYJIbCOB B CUT'HAJI HU3KOM Y4aCTOTHI MPOU3BOAUTCA CIICHUAJIbHBIM
YCTPOMCTBOM W HE BXOJHT B 33J[a4H JETCKTOpPA.

[lpy  n1ETEeKTHPOBAaHWW  AMIUIUTYTHO-MOJYJIHPOBAHHBIX CHUTHAJIOB  HauWOOJbIICe

pacnpocTpaHeHHUe MOYYUITU JUOHBIE IETEKTOPbI, XapaKTEPUCTUKH KOTOPHIX ONTHUMAJIbHBI ITPH



20

«JIMHEHHOM» peKuMe AeTekTupoBaHus. /s cozmanust moloOHOTO pekuMa Ha BXOJ JIETEKTOpa
HEOOXOJUMO TOJaBaTh JOCTATOYHO OOMNBIION CHTHAN, YTO JOCTHTaeTcs 3a Ccuer
COOTBETCTBYIOIIETO KOA((DUIIMEHTA YCUICHHS BBICOKOYACTOTHOTO MPUEMHUKA.

JleTekTUpOoBaHWE  YACTOTHO-MOAYJIUPOBAHHBIX  CHUTHAJIOB  OCYIIECTBISIETCS €
MOMOIIIBbIO YaCTOTHBIX JETEKTOPOB, HAWITYYIIIUM U3 KOTOPBIX SBIISETCS TUCKPUMHUHATOP.

B mnocnegnee Bpems IIMPOKO pPACHpOCTPaHEHBbl PaJUOBEIIATENIBHBIC MPUEMHUKH,
KOTOpbIE MOTYT NPHUHHMAaTh KaK aMIUIUTYJHO, TaK U YaCTOTHO-MOAYJUPOBAHHBIE CUTHaIBL. B
HUX UCIOJIB3YIOTCS JI€TEKTOPBI, CXEMbl KOTOPBIX 3a CUET MNEePEeKII0YEHUs HU3MEHsTcs. B
muanazone JIB, CB u KB  3t10 OymyT cxemMbl AM-neTekTopoB, a B quamna3zone YKB —
UM-aeTeKTopoB.

B kauecTBe UMITYJIbCHBIX I€TEKTOPOB MPUMEHSIOTCA OOBIYHBIE AUOAHBIC IETEKTOPHI.
OnHako  JIETEKTUPOBAaHUE  PAJUOMMIIYJIbCOB  BCErJa  COMPOBOXKIAETCS  MCKaKECHUSMH,
CBSI3aHHBIMU C TIEPEXOIHBIMH TpoOIeccaMu B JaeTekTope. JlJis MX yMEHBIICHUS MPUXOIUTCS
YMEHBINIATh TOCTOSHHYIO BpeMeHH BbeIXogHOW menu jgetekropa (RC), urto cHmkaer
KodUIMEeHT nepeaayun aerekropa Ky.

Kpome TOoro, mnpu J€TEKTHPOBAHUU PATUOUMITYJIHCOB CIEKTP MOAYIHPYIOIIETO
CUTHaJla 4acTO OKa3bIBae€TCS BEChMa IIMPOKUM, a IPOMEKYTOUYHAS YaCTOTAa MOMKET OBITh
OJIM3KOM K MAaKCUMAaJIbHBIM MOJYJIUPYIOIIUM YacToTaM. B 3ToM cirydae HE0OX0IMMO MTPUHUMATH
JOTIOTHUTEIbHBIE MEPHI M0 (QUIBTPALIMU MPOMEKYTOUYHONW YacTOThI Ha BBIXOJE AeTekTopa. s
3TOTO CIy’)KaT CIelualbHbIE CXeMbl ¢ apocceneM Lg (Puc. 10, a) wnam AByXmomaynepuoaHbIe

CXEMBI UMITYJIbCHBIX 1eTeKTopoB (Puc. 10, 0).

Buneoycunurens ( ycHJauTeab 3BYKOBOi 4acToThl — Y3Y)

Hu3kouacTOTHBIN CUTHall Ha BBIXOAE JETEKTOpAa, Kak IPaBUIIO, MMEET HEOOJBIIYIO
BeNUYMHY. [[nd mpuBeneHUs B eiiCTBUE OKOHEYHOIO YCTPOWCTBA €ro HEOOXOAMMO YCHIIUTb.
OTy 3ajady pelmarT ¢ IMOMOIIbI0 BUAECOYCHIIUTENS, OCHOBHOW (YHKIMEH KOTOpPOTro sIBISETCS
PaBHOMEpPHOE YCUJICHUE BCEX CIIEKTPAJIBHBIX COCTABIAIOIIMX HU3KOYAaCTOTHOIO CHUrHaia. B
npocTeiiieM ciydyae UM MOXeT ObITh RC-ycuiauTenb ¢ 4uMCiIOM KacKajoB, OIpPENEIsieMbIM
BBIXOJHOM MOIIHOCTBIO paJMONpUEMHHMKA. B 0ojee CIIOXHBIX Cilydasx BHIEOYCHIUTEISIMU
ABIIAIOTC MHOTOKAacCKaJHble YCHIUTEINM C IIUPOKOM IIOJIOCOM MpPOITyCKaHus, KOTopas
JOCTUTAeTCs 32 CYET NPUMEHEHHUS OTPULATENbHOW OOpaTHOM CBSI3M WM CXEM 4YacTOTHOM

KOPPEKLHUH.
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3. PyuHble 1 aBTOMaTHYeCKHeE PeryJIHPOBKH B PaJHONPHEeMHHKAX

Bce BHIBI peryiaMpoBOK, MCIOIb3yEMbIX B COBPEMEHHBIX PaJHONPHUEMHHKAX, MOXKHO
pa3OuTh Ha JBE TPYNIbL: HAYAIbHblE pecyIupO6KY, KOTOPbIE MPOU3BOAATCS MPU W3TOTOBICHUU
WIM PEMOHTE INPUEMHMKA, M PETYJIUPOBKH 6 npoyecce sxcnayamayuu. IlocnenHue B CBOIO
ouepeb JeNATCsA Ha py4yHble U aBToMaThueckue. [Ipu 3ToM pydHble peryaupoBKH NPUMEHSIOTCS
napajIeNIbHO ¢ aBTOMaTHYECKUMM, B3aUMHO JOMOJIHAA APYT Apyra.

Tak kak OONBLIIMHCTBO NMPUEMHUKOB PAOOTAaeT B IIMPOKOM [UANa30HE YacTOT, MPH
BO3/ICUCTBUM TIOMEX M 3HAYUTENIBHBIX KOJICOAHUSAX HANpPSHKEHHOCTHUCTH 3JIEKTPOMArHUTHOTO
[0JIsl CUTHaJa B TOYKE IIPpUEMa, HEOOXOAUMO B OOILEM Cilydae UMETh CIAEAYIOLIUE PEryIsTOPbI:
peryJsTop, NepecTpauBarOUi MPUEMHHUK C OJJHOM 4acTOThI HA JIPYTYI0, PETYJISATOP YCHICHHS U
PETYJISATOP MOJIOCHI TPOMYCKAHUS.

Bribop BapuaHTa SKCIUTyaTallMOHHON HACTPONKM Ha 3aJaHHYI0 4YacTOTy CHTrHaja
3aBUCHUT OT Ha3HAUEHUS IPUEMHUKA U CWIIBHO BIMSIET HA €70 KOHCTPYKIIMIO.

Ecaum mpuemMHMK npenHasHadeH JUisi IIpUEMa CHTHAJIOB OJHOM 3apaHee W3BECTHOU
YacTOThI, OH MOXKET UMETh (PMKCUPOBAHHYIO HACTPOMKY, KOTOpasi MPOU3BOAMUTCS IIPU HayaIbHOM
pEryJIupOBKe U He TpeOyeT Kakoil-m10o apyroil sKCIuTyaTallMOHHOW HaCTPOUKH.

B cnywyae mpuema CHUTHAJOB pa3jIMYHONM YacTOTHI HEOOXOIUMO HMETh PEryJsTop,
MO3BOJIAIOIIMN HAacTpauBaTh MPUEMHHUK Ha pa3Hble 4dacToThl. Hambosnee pacmpocTpaHeHHOU
SBJISICTCS py4YHass HACTpOWKa, KOTOpass OOBIYHO TPOW3BOAMTCS OJHOW pydkoil. Ilpum sTom
HacTpoiika KosebaTeabHbIX KOHTYpOB (YPU B npueMHHMKaxX OpsSMOro yCHJICHUs, IPECcEIeKTopa U
reTepofiHa B CYNEpPreTepOAMHHBIX NPUEMHHMKAX) MPOM3BOJUTCA TMPH TOMOLIM OJoKa
KoHAeHcaTopoB nepeMeHHoi eMkocTu (KIIE) ¢ o0mieit ocklo, Ha KOTOPO# pacIioyioKeHbl pOTOPbI
Bcex KoHaeHcaTopoB. Ock Onoka KIIE mexannuecku cBs3aHa 4epe3 BEPHBEPHOE YCTPOWCTBO C
PYUKO# TUIaBHOW HACTPOUKHU U € yKa3aTeJeM LIKaJIbl IPUHUMAEMBbIX 4acToT.

B cBsa3u ¢ TeM, uYTO TUIaBHOE HM3MEHEHHE HACTPOWKHM KOJIeOATENbHBIX KOHTYPOB B
IIMPOKOM JIMalla30He YacTOT HEOCYIECTBUMO, NMPU HEOOXOJUMOCTU BeCh pabO4Mil nuana3oH
OpUeMHHKa pa30MBalOT Ha MOAJMANa3oHbl. B KaxkaoM nojauana3oHe  HacTpoWKa
OCYILECTBIJIACTCSl ONMMCAHHBIM BbIIIE crocoboM. CMeHa MOIMANa30HOB MPOU3BOJUTCS
HepeKyroYaTesieM, KOTOPbI CMEHSET KOMIUIEKT KaTymeK BceX KOHTYpoB. OOBIMHO MpH
NEPEKIIIOUEHUH TOANANIa30HOB MPOU3BOAUTCS TAK)KE CMEHA LIKAJIbl HACTPOMKH.

[Tpu GonbIIOM YHMCIIE TOAJUANA30HOB HEPAOOTAOLINEe HHIYKTUBHBIE KaTyIlIKH BMECTE C
HOJCTPOYHBIMU KOHJIEHCATOpaMHU OOpa3yloT KojeOaTelbHble KOHTYPhI, PE30HAHCHBIE YaCTOTHI
KOTOPBIX MOTYT OKa3aThCs B JiMana3oHe pabo4yMx 4acTOT MpUEMHHKA. V3-3a mapa3uTHBIX CBA3EH

¢ paOoTaromMMH KaTyIIKaMU TaKhe KoJieOaTeabHble KOHTYPbl MOTYT UCKa)XaTh XapaKTEPUCTUKU
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npuemMHuka. IloaToMy Hepabortaromye KaTyImIKH HYXHO JiMOO 3aKopadumBaTh, JHOO
3KpaHUPOBATb.

KoHCTpYKTHBHO mepekitoyaTeb MOXKET OBITh BBIIOJHEH B BHJE KJIaBHATYPHI,
KHOIIOK, BpalIaloIIerocsi YCTPONCTBA C COOTBETCTBYIOLIMM YHCIOM  (PUKCHUPOBAHHBIX
MOJIOKEHUH U T. 1.

KrnaBuiiHble mepeknoyaTeNd AUana3oHOB HMCHOJB3YIOT B BEIIATENbHBIX MPUEMHHUKAX,
IJ€ YUCIO MOJIIMAINAa30HOB JOCTATOYHO BEIMKO, a BBHJY OTHOCHUTEIBHO HU3KOW YaCTOTHI
BXOJIHOTO CUTHaJIa JJINHA COEUHUTEIBHBIX IPOBOIOB HE UTPAET CYIIECTBEHHOU POJIH.

B npuemHukax 6osee BbICOKOI 4acTOTHI (TEIEBUSHOHHBIE, KOPOTKOBOJIHOBBIE CBSI3HBIE U
JIp.) YacTO TPHUMEHSIOT OapabaHHBIC MEPEKITIOYATEIN IOANANa30HOB, B KOTOPBIX JJIMHA
COEIMHUTENIbHBIX IPOBOJOB MHUHHMMalIbHa. B 3THUX mepekitouarensix KOMIUIEKThl KaTyHIEK
OTJENbHBIX IOJMANIa30HOB BMECTE C MOACTPOYHBIMHM KOHJIEHCATOpaMH paclojlaratoT Io
OKpykHOCTH Oapabana. IIpu moBopoTe OapabaHa MPOUCXOIUT MOIKIIOUCHHE TOW WU HHOU
IpyNIbl KOHTAKTOB, PACIOJIOKEHHBIX Ha OOKOBOW MOBEPXHOCTH OapabaHa, K HEMOJBUKHBIM
KOHTaKTaM, COEJUHEHHBIM C ONpPECICHHBIMU 3JIEMEHTAMU CXEMBbI IPUEMHHUKA.

B Tex cmywasx, Korza NpHUEMHHUK IIPEIHAa3HAYaeTCsl s YCTAHOBKM BIAJIU OT
orepaTopa, NPUMEHSIOT TUCTAaHIIMOHHYIO py4HYI0 HacTpoiky. IIpu 3ToM y omnepatopa umeercs
MyJIBT YMPaBICHUS, HA KOTOPOM HAXOAHWTCS pydka HACTPOWKH, CBsi3aHHas ¢ ockio Osoka KIIE
NPUEMHUKA 3JEKTPOMEXAHUYECKUM NPHUBOJOM C JIOCTaTOYHO TOYHOM mepenayed yria.
[lepexnroueHne noaauana3oOHOB TaKKe MPOU3BOAMTCA C IyJbTa YIPaBJIECHUS IOCPEICTBOM
AIIEKTPONPUBOA.

JIsl TOBBIIIEHUS] TOYHOCTH HACTPOWKH COBPEMEHHBIE NPUEMHHUKH MMEIOT BU3yallbHbIC
WHAMKATOpPBl HacTpoiiku. Hambomnee pacmpoCTpaHEHHBIMH SIBISIFOTCS 3JIEKTPOHHOIYYEBBIC
UHIUKAaTOphl HAacTpoWku. OOBIYHO Ha TaKUe WHAMKATOPHI MOJAETCS HANpsHKEHHWE C BBIXOJA
JETEKTOpa, KOTOPOE OKA3bIBAETCS MaKCUMAJIbHBIM MPU TOYHOW HACTPOIKE NPUEMHHUKA.

Kpome pyuHO#i, HCTIONIB3YIOT aBTOMAaTHYECKYO MOACTPOiKy dacToThl (AITY) mpuemHuuka.
OcHoBHOe HazHayeHHe AIIY cOCTOMT B KOpPpEKLMHM HETOYHOW NEPBOHAYAJIBHON HACTPOWKH U
YMEHBIUICHUN PacCTPONKHM, MOSABISIOMICHCS BO BpeMsl IpueMa BbIOPAHHOW paaMOCTAHIUH.
PaccTtpoiika cBsi3aHa TIaBHBIM 00pa3oM ¢ HECTAOMIBHOCTHIO TETEPOIMHA.

CrpykTypHas cxemMa CyNnepreTepoaMHHOrO MPUEMHHKA aMIUTUTYAHO- MOJTYJIMPOBAaHHBIX
konebanuii ¢ AIIY npuBenena na Puc.11.

B cucremy AIIY BXOAST YacTOTHBIM NETEKTOp, (UIBTP U PETYJIATOP YacCTOTHI

TeTCpOorHA, B KAYCCTBC KOTOPOT'O MOKET CIIYKUTh CXEMa JIF0OOOT0 YaCTOTHOT'O MoAayJiiaTopa.
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Cucmema ANY

Puc.11.

Ha BxXoj yacToTHOro neTeKTopa MOJAeTCsl HAMpPsDKEHHWE MPOMEKYTOYHOM YacTOTHI.
Ipu frnu = (f u)uopw HANPSDKEHHE HA BBIXOAE YACTOTHOTO JETEKTOPA PABHO HYJIIO U 4acTOTa
TreTeponHa HC MCHSACTCA. HpI/I OTKJIOHEHHUH YaCcTOTHI OT HOMHUHAJIILHOU Ha BBIXOA€ 4aCTOTHOT'O
ACTCKTOpA IMOABIIACTCA IMOCTOAHHOC HAIPSXKCHUC, BCIIMYMHA KOTOPOIrO IMMPONMOpHUOHATIbBHA
paccTpoiike MNPHEMHUKA, a TOJISIPHOCTh 3aBHCUT OT 3HAaKa PACCTPOMKH. ITO HaNpsHKEHUE
BO3JICHICTBYET Ha PEryJsTOp YacTOThl, KOTOPBIA TMOJCTpPaMBAaeT 4YacTOTy TeTepOAMHA.
Ha3nauenue ¢unbTpa COCTOMT B TOM, YTOOBI OT(UIBTPOBATH MEPEMEHHBIE COCTABIISAIOLINE
BBIXOJJTHOTO HAIIPSKEHUSI YAaCTOTHOI'O JIETEKTOpa, KOTOPBIE MOTYT IPUBECTH K HEYCTOMYMBOM,
paboTte nmpueMHHUKa.

B paguonpuemMHMKax IIMPOKO TNPUMEHSIOT PEryJIHpOBKY ycuieHus. Tak Kak
COBpPCMCHHBIC MPUCMHUKHA O6BI‘-IHO npeaHa3HauYCHblI JIA  HpUCMa 6OJII:LHOFO qucia
paI[HOCTaHIII/IfI, CUTHaJIbl KOTOPBIX CO3JAar0T HAa BXOAC IMPUCMHUKA HAIIPAKCHHA, MCHAIOIIUCCS B
OUYEHb IIUPOKUX Mpenaenax (OT HECKOJBKHUX MHKPOBOJIBT 10 COTEH MWIIMBOJIBT), HEOOXOAMMO
UMETh BO3MOXKHOCTh U3MEHATh YCHJIEHHE KaK BBICOKOYACTOTHOTO, TaK M HU3KOYACTOTHOTO)
TpakTa IpHeMHUKa. bonbinoe ycuienue, TpeOylomieecs i MpHeMa CilIa0bIX CHTHAJIOB,
OKa3bIBACTCA BPCAHBIM B ClIydac MpHEMa CHJIIbHBIX CHUIHAJIOB, ITIOCKOJIBKY IIPU 3TOM BO3HHUKACT
3HaYUTeNlbHAs Teperpy3ka yCHINTENbHBIX KAacKa/JoB, MPUBOASIIAS K MOSBICHUIO HEIMHEHHBIX
uckaxxeHuii. [loaToMy B NpUEMHUKAaX NPUMEHSIOT PETYNIATOPbl YCUJICHHS, IMO3BOJISIOIINE
YMCHBIINUTL YCUJICHUC IIPU MTPUCME CUJIBHBIX CUTHAJIOB, YCTPAHIA UX MCPCTPY3KY.

PCFy.TISITOpI)I YCUJIICHUA MOT'YT OBITH Kak PYYHBIMH, TaK W aBTOMAaTUYCCKHUMMU. B
OPOCTEHIINX  KOHCTPYKUMSX TNPUEMHUKOB PEryJHpPyIOT TOJBKO BEIMYMHY  yCHIICHUS
HU3KOYACTOTHOTO TpPaKTa, Ui Yero CIy>KaT NEIUTENTH HampsHKeHUs, KOd(QOUIUEHT IeleHus
KOTOPBIX TUIABHO MEHSETCS BpyuHYI0. B Oojiee coBepIIeHHBIX MPUEMHUKAX U3MEHSIOT YCUIICHHUE

HC TOJIbKO HHU3KOYAaCTOTHOI'O, HO M BBICOKOYACTOTHOI'O TpaKTa. ITocnennee OCYHICCTBIIACTCA
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ABTOMATHYECKN 3a CYET M3MEHEHHUS IIOCTOSHHOIO HAIPsUKEHUS CMEIIEHUS Ha JlamMIax WIn
TpaH3ucTOpax. ABTOMaTHyecKas peryiupoBka ycuieHus (APY) HeoOxoauma B TeX cCiydasx,
KOTJ]a MPOUCXOAUT HETIPEphIBHOE OECIOPSIOYHOE U3MEHEHHE HANpPsHKEHHOCTH TOJI CUTHANA B
TOYKE IpHEMa, YTO MOXKET OBbITh CBSI3aHO KaK C WM3MEHEHHMEM YCIIOBUH pacrnpOoCTpaHEHUs
PaaMoOBOJIH, TAK U C U3MECHCHUEM B3aMMHOI'O PACIIOJIOKECHUS NEPEJAIONIe U IPUEMHON aHTCHH

(HampuMep, IpU CaMOJIETHOM paavo- CBS3H).

T

Lmam 1 Loy Letdemen L yyy
P e i e yﬂJ—r e s
1 , B —]
I ; . = emexmap)|

Ugox [ : ounemplel” 4 py |
Cycmema APY
/a E-
Puc.12.

ABTOMaTHUECKas PETYJIMPOBKA YCHUJICHHUS CIYy>KUT Ui COXpPaHEHMsI NMPUOIU3ZUTEIBHO
IIOCTOSIHHOW BEJIMYMHBI HANPSDKCHWsI CHUTHAjda Ha BBIXOAE IPUEMHUKAa M 3alIUTHl €0
YCWINTENBHBIX KACKaJ0B OT NEPETrPy3KU IIPU U3MEHEHUAX MHTEHCUBHOCTH CUTHAJIA HA BXOJE.

CrpyKTypHas cxema CyNnepreTepoAMHHOIO NMPUEMHHUKA aMIIUTYJHO- MOAYIMPOBAaHHBIX
kosiebanuii ¢ APY npuBenena na puc.12.

Ha Bxox cucremsl APY mnopaeTcs curHaia ¢ BBIXOJA YCHIUTENIS HPOMEXKYTOUHOU
4acTOTBL. OTOT CHTHAJ CO3JaeT Ha BbIXOAE AeTekTopa APY mOCTOSHHOE HampsKeHUE,
IPONOPLHUOHATIBLHOE aMIUTUTY 1€ HeCylIero Konebanus. it Toro uToObl HANpsKEHNUE Ha BBIXO/IE
nerekropa APY He 3aBuceno oT riyOMHBI MOAYJALUH, ero nojgatoT Ha RC-punbTp, KOTOpSHIi
IPOIMYCKAEeT TOJBKO MOCTOSIHHOE HAaNpsyKEeHUE. JTO MOCTOSHHOE OTPHUILATEIbHOE HaIpsHKEHHE
IOCTYNAeT Ha KackKajpl, MpeauecTBytomue aerekropy APY, u ymensmaer ux xo3dduuueHt
ycusieHus. OHO MOXKET NoJjaBaThesl Kak Ha kackazapl YPY, Tak u Ha mpeoOpa3oBaTelib 4acTOThI U
VIIY. OpHako mojavya OTPULATEIBHOTO HANPSHKEHUS Ha MpeoOpazoBaTesb YacTOTHI U MEpPBbIC
kackanel YPY wnexemarenbHa. M3meHeHue pekrma akTHBHOTO SJEMEHTa MpeoOpa3oBaTes
YacTOThl NMPHUBOAUT K YCHWJICHUIO CHEUU(UYECKHX KOMOMHAIMOHHBIX IOMEX, a YMEHbILIECHUE
ko3(duuueHTa ycuieHus TnepBbIX KackagoB YPUY yBennuuBaer ko3dduuumeHt 1mryma

[IPUEMHUKA.
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PaccmoTpennas cucrema APY Ha3zwpiBaeTrcss mpocToil. Ee OCHOBHOW HEAOCTaTOK —
YMEHBIICHUE YCWJICHUS NPUEMHMKA Jake NPU caMbIX ClIa0bIX CHUTHajJaX. DTOT HEJOCTaTOK
ycTpansercss B Oonee cinoxHoi cucteme APY c 3amepxkoil. Cuctema APY ¢ 3amepxkoil He
paboTaeT Mpu CHUrHalIax, aMIUIUTYJa KOTOPBIX MEHBIIE OIpPENEICHHOIo, 3apaHee 3aJJaHHOTO
YpPOBHS, Ha3bIBAEMOI0 HamnpsbkeHueM 3ajepxku. Ilpm stom  perekrop APY  3amepr,
JIOTIOJIHUTEIPHOE OTPHULIATEIbHOE HANpPSOHKEHUE Ha €ro BBIXOAE PaBHO HYJIO U YCUIICHHE
BBICOKOYACTOTHOTO TpakTa MakcHMaibHO. Ecin HampspkeHue curHaina OoJiblle HamnpsKeHUs
3aepxKy, cucteMa APY ¢ 3amep:kkoit paboTaeT Tak ke, Kak nmpocras cucrema APY.

s ynyunieHus 1efcTBUs CUCTEMbl aBTOMAaTUYECKOTO PETYJIUPOBaHUs MOCIIE JIETEKTOpa
APY [OpuMEHSIIOT yCWIMTENW TMOCTOSIHHOrOo Toka. Takue cucteMbl APY  HazbpIBaioT
YyCHIIE€HHBIMH.

TunuyHble XapaKTEPUCTUKU pPAa3NWYHbIX cucteM APY, m3o0paxarommue 3aBUCUMOCTD
HaANPsDKEHUS. HU3KOW 4acTOThI HA BBIXO/E MPUEMHHUKA OT aMILIUTY (bl HECYILIEH 3. 1. C. CUTHaJIa B
aHTEHHE MPH NTOCTOSTHHOM K03((UIIMEHTe MOAYJISILUHU, IPUBEIEHBI HA TOM Xke Puc.12.

Kpuast 1 coorBercTByeT nmpueMHHKy 6e3 APY, kpuBas 2 — cucrteme npocroii APV,
kpuBas 3 — cucreme APY c 3anepkkoi, kpuBas 4— ycuiieHHoH cucteme APY.

Hakonen, B nmpueMHHKax MNPUMEHSIOT PYYHYIO PETYJIHMPOBKY IOJIOCHI IPOIYCKaHWUS,
MO3BOJIAIOINYIO ITPY CHJIBHBIX ITIOMEXaX YMEHBIIATh N0JI0Cy npomyckanus YIIY, yTo ymensiiaer
II0JIOCY TPOIYCKAaHHs BCETO IPHEMHHKA. YMEHBIIECHUE II0JIOCHI IPOIYCKAaHUS IPUEMHUKA
yIy4dlIaeT OTHOIIEHWE CHUTHAI/IIYM, YTO MPHBOAUT K YBEJIWYCHUIO IOMEXOYCTOWYMBOCTH
npuema. M3MeHeHne noiockl NpomyCKaH!s OCYIIECTBISETCS IU00 MyTeM NU3MEHEHUS BEJIUYUHBI
CBSI3M MEXKIy KOHTypamH B Kackamax YIIY, nmubo myTeM BKIIOUEHHUS B BHICOKOYACTOTHBIN TPAKT
JIOTIOJTHUTEBHBIX Y3KOMOJIOCHBIX (DMIIBTPOB

B BemarenbHbIX pagnoONpUEMHHUKAX ITPOU3BOJUTCS PETYJIHUPOBKA MOJOCHI MPOITyCKAHUS

Y HU3KOYACTOTHOTO TPaKTa, KOTOPasi Ha3bIBACTCS PETYJIUPOBKON TEMOPA.

B 3axnrodyeHne OTMETHMM, YTO CHCTEMBI aBTOMATHYECKONW IOJCTPOMKH YacTOTBI U
ABTOMATHYECKOTO PETYJINPOBAHMS SIBJISIOTCS Pa3HOBUAHOCTSIMHU CHUCTEMBI aBTOMATHYECKOIO
peryiupoBaHus, HCIIONB3YIOIIEH OTpUIATEIbHYIO 0OpaTHYIO CBsA3b. B Takoil cucreme, Tak xe
KaK B YCWJIUTEISIX, MOTYT TOSBUTHCS 3HAYHUTENBHBIE (ha30BBIE CIBUTH, KOTOPBIC MPEBPALIAIOT
OTPULIATENIBHYI0 OOpaTHYIO CBSI3b B IIOJIOKUTEIBHYIO M MPHUBOAAT K CaMOBO30YKICHUIO
npuemHuka. [Tostomy mpu mpoektupoBanuu cucteM AIIY um APY HeoOxoaumo mpoBOAMTH

HCCIICIOBAHUA UX Ha YCTOI\/JI‘-II/IBOCTB.

N3y4yenne npuHIuna padéoTsl CynepreTepoAMHHOr0 NPUEMHUKA

3amaunne 1
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CHATH aMIUIMTYAHO — YaCTOTHYIO XapakTepuctuky (AUX) ycunurens 3BykoBoi yactoTsl (Y3Y)

Hns aroro orkmounts APY u I'ereponun npuémunka. Ha konTponsayto Touky KT6 mogate
curHai c reeparopa 'HY (reneparopa HU3KOH 4acTOTHI). Y CTaHOBUTH BhIXOAHOE HampspkeHne I'HY
1B u nmopnepxxuBath €ro mocTosiHHbBIM B mporecce udmepenuss AUX. K xonrponbHoil Touke KT7
MOAKJIIOYUTH BOIBTMETP, B peskume usMepenuss HY — curnama. Perynsatop «I'poMKOCTE» yCTaHOBUTH
B TIOJIOKECHUE TIPH KOTOPOM Ha yactore [ = 20x[, Usux=0,015B. N3mensist yactoty reneparopa HU
B muamaszone oT 20I'm mo 6500 T'u, cHATL 3aBHUCHMOCTD Usix= Usux () npu Ug= const.

Pe3ynbraTsl 3aHeCTH B TaONHUILY:

fdy)

U(B)

Onpenenuts MakCUMaITbHBIN K03 punineHT nepenaun

U

K — BblXMAX ——
max

68X

Ilo pe3ynbrataM U3MepeHHs ONPEIEIUTD 110JIOCY Ipolryckanus Y 34.

3amanue 2.

Cuare AUX ycunutens npoMexyTouHoi yactotsl (YIIY).
Hnst atoro APY — Beikmounts, ['HY — BeIkItOUNMTH, ['eTepoanH — BbiKIOUNTh. Brimounts ['BY u ¢
Bbixoga  -20 nb mopate HampsbkeHue Ha KOHTposibHYIO Touky KT4. Bonbrmerp mepeBecTu B
pexum uaMepenus BYU (maxate kHonky BY) wu mogkmiounth K KOHTposibHOM Touke KTS. Ha
reHepatope BU ycTaHOBUTBH ypOBEHb BBIXOAHOIO cUrHasia coorBeTrcTBytouuii 0 1b (1o unaukaropy
ypoBHs BY). [IpokonTponupoBars BeixogHoe Hamnpsikenue ['BU (- 20 n1b) BonbTMETpOM, YCTaHOBUTH

Ug= 0,08 B. Cusate AUX 1 pe3yabTaThl 3aHECTH B TaOJIUILY:

f(xly)

U(mB)

Ornpenenutb 4acToTy, Ha KOTOPOM BBIXOJHOE HAMpsiKEHUE COOTBETCTBYET U,y st 3TOM

YaCTOThI OMMPECACIINTD

K‘/tax — 8blXMAX —
U

6x
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Omnpenemuts nonocy npomyckanuss YIIU Ha ypoBHe 0,7 0T Uyax.  fop= 455 k1.

Onpenenuth n3meHenne AK )

3amanue 3.

CHSATB IETEKTOPHYIO XapakTepucTuky. (APY BbIkiI.)

1. JInsg sroro Hy»HO Ha Bxox YIIY nmoxate aMIunTygHO-MoayaupoBanHoe (AM) konebanue ¢
reHepatopa BY (Bbixox -201b). Hactpouts reneparop BY nHa wacroty 455kI'n (1-if mogauamnason).
PerymupoBkoii «Ypoenb BU» yctanoButh — 0 1b (uto cooTBeTCTBYET Upgpy 6v= 0,08 B). Brimrounth
reneparop HY ¢ moMomipro KOTOpOro ocyuecTBisieTcsi BHyTpeHHAd Monyysauus I'BYU. Ycranosuts
ypoBeHb Uy ,w TeHEpaTOopa HY paBubiM 0 B ( o unaukaropy renepatopa HU). YcranoButh yactoty
renepatopa I'HY paBnoit 1x['u= 1000 I'm (2-i1 mogamanason). K xonrponsHoil Touke KT4 wyepes
TPOMHMK MOJKIIOUNTh KaHal-A ociuniorpada, a k KT7 — xanan-B nByxmydeBoro ocrmsuiorpada. C
HOMOIIBIO ocumiIorpaga HalI01aTh MOAYIUPOBaHHOE Koslebanue Ha Bxoje YIIY caumaemoe ¢ KT4
Y IIPOJIETEKTUPOBAHHOE, ycuieHHoe B Y34, caumaemoe ¢ KT7.

C xontposibHO# Toukn KT6 nmogars curnan Ha BTOpOM BXOJl BOJBTMETPA. Y CTAHOBUTH PEXUM
m3mepenust HY. ITlpenen uszmepenus 2B. CHTh 3aBUCUMOCTh Uy, NE€TEKTOpa MO BOJBTMETPY OT
aMIUTUTYAbl MOJYJIMPYIOIIEro KojeOaHus (M3MepsATh Mo ocuwuiorpady, amIjMTyaa paBHa 1/2

pa3Maxa kojebaHus). AMIUTUTY Iy MOAYJIUPYIOUIETro Konebanus u3MeHsITh pyukoid [HY — Uy,

Usvix (uB)

Usbix dem (B)

CHSATH TETEKTOPHYIO XapakTepucTUKy (APY BKIIOUHUTH)

Usvix(mB)

Usvix (B)

3ananue 4. I3Meputh 4acTOTy reTeponHa.
1. Bxmrounts TyMOnep «rerepomun». K konTponmbHoi Touke KT3 momkmtounts Bxon-1
yacToToMmepa. M3Mepurh 4acToTy reTepoArHa Mpu KpailHeM JIEBOM MOJIO0KEHUH PEryIUPOBKHU YaCTOTHI

U KpaifHeM MPaBOM IOJIOKEHUH (YepHast pydKa JieBee reTepoHHa).
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3aganue 5. CHATh aMIUIMTYJHO-4YACTOTHYIO XapaKTEPUCTUKY BXOJHOM LIETIH.

s atoro coenuanth Bbixoa (- 20 dB) I'BU ¢ konTponbHoit Toukoit KT1. K koHTpobHOM
touke KT2 moaxmounTs BXxoA-1 BONbTMETpa M MEpEBECTH €ro B pexkuM u3MmepeHuss BU ( Haxartb
kHoniky BY). M3mensist wactoty reneparopa ['BU ( II amanazon) ot 720 x['m  mo 830 x['11  cHATH

AYX BxonHO# nenu. JlaHHbIe 3aHECTH B TaOIHILY.

Sesu(Kly)

Usvix (uB)

3aganue 6. CHATh aMIUIUTYIHO-YACTOTHYIO XapakTEPUCTUKY npuemHuka. {ns storo APY
BeIKTIOUNTE. C Bhixoaa reHeparopa I'BU (- 40 dB) momats curnan Ha xoHTponbHyto Touky KT1. K
koHTposibHOM Touke KT3  moaxmiounts Bxom 1 wactoromepa. K kontpombHOM Touke  KT7
MOJKTIOYUTE BXOA-2 BombTMeTpa u mepeBectu ero B pexuM usMepenus HY (rHaxare kHomky HY).
Bxmrounts renepatop 'HY 1 yCcTaHOBUTH BBIXOAHYIO YaCTOTY fryq = 1000 I'y (1 xI'my) ( II nuanmazon
I'HY). YcranoButh Uy, = 1 B. YeranoButs yactory ['BU fzq = 1205 k1.
Perynupys wactoty rerepojuHa (uepHasi pydka) JOOMTHCS OKa3zaHus yactoromepa f =
1205 kI ( Ugux = 438 mB). Perymsitopom rereponuna otctpauBas B 00e ctoponsl = 10 k[ oT

cpenueit yactotsl f= 1205 k['11. CHATH 3aBUCUMOCTb:

Jr(kly)

Usbix

(mB)




KTI

KT2
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KT4

KT5 KT6 KT7
BII O CM O VI O JAET O VY34
A
KT3
= Bxn
s/ | TET APY |
Bk
APY
Brix

Puc. 13. Cxema 3kcniepuMeHTalIbHON YCTaHOBKHU.




