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1. Paguonepenaroiee ycrporictso PJIC.

Panuonepenatomee ycrporictso (PITY) PJIC mpeacrasnsier co00it KOMILIEKC
o0opynoBaHus, TpeAHA3HAYCHHBIM i  (GOPMUPOBAHUA U HU3JIYUYCHHS
paauoIOKAIMOHHBIX cUTHANIOB. B PITY mpoucxoaar Tpu OCHOBHBIX Ipolecca:

— TeHepaius Kojaebanui ceepxBbicokoil yactoTel (CBY), T. €. ux co3nanue;

— ycunenue konebanuit CBY 1o Heo6xoauMon MOITHOCTH;

— yIpaBiieHHe nmapameTpamu konedbanuit CBY (aMmiuTynoi, 4acToToM uiu
(ha3oii) B COOTBETCTBUH C MepeaBaeMoi nHpopMariuei.

Pangnonepenaomum yCTPOMCTBOM (paauoriepeaTYNKOM) Ha3bIBACTCS
OJIHOKACKaJHO€ WM MHOIOKAaCKaJHO€ YCTPOMCTBO, TMPEIHA3HAYCHHOE [JIA
co3/laHusl KoJIeOaHUM BBICOKOM 4YacTOTHI TpeOyeMOW MOIIHOCTH W HM3TYy4YCHHUS B
MIPOCTPAHCTBO ITUX KOJICOAHUI B BUJIEC SJIEKTPOMArHUTHBIX BOJIH.

Crpykrypa u (QYHKIUH TepefaTUMKa ONPEeACISIIOTCS TpeOOBaHUSIMU,
peabsIBIsIeMbIMU K HeMy. TpeboBanus k nepenarunkam PJIC Bo MHOTOM CXO/JTHBI,

BO BCEX CTaHIMAX HeoOxoaumo chopmupoBath 3C:

Ha 33IaHHOM HecyIel yactore (4acToTax);
- C 3aJIaHHBIM 3aKOHOM (3aKOHAMM ) MOJTYJISIITUN;

— C SaI[aHHOﬁ MOIIIHOCTBIO.
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CrnenoBarenbHO, BO Bcex PIIY mcnonb30BaH CXOAHBIM MPUHIUI TOCTPOCHUS

(puc. 1).
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Puc.1. CrpykrypHas cxema paauonepenatouiero ycrpoiictsa PJIC

Bozoyoumens 3TO 3amaroniuii  reHepaTtop, KOTOPBIM obOecreyuBaeT
dbopmupoBaHUE CTAaOWJIBHOIO IO YacTOT€ HENPEPHIBHOIO CHUTHAIA Malloi
MoIlHOcTH ¢ napamerpamMu f, u P,. OCHOBHBIMH (akTOpamu, BIMSIOUMMHU Ha
BBIOOp cxeMbl BO3OyauTenss misg KoHkpeTHoro PIIY, sBnstoTCS: YacTOTHBIN
auana3oH M TpeOOBaHMSA K CTaOMJIBHOCTHM 4YacTOThl MepeJaTdyhKa, a TakkKe
KOJIMYECTBO paboyMX YacTOT MepeAarouiero KaHaia.

Mooynsmop 310 GYHKIIMOHAIBHBIN y3€ll 00ecleunBaronuii  yYCUJICHHE
CUTHAJIa BO3OYAMUTEINS U BBOJ B HETO 3aIaHHOTO 3aKOHA MOIYJISIIUU WIH €r0 YacTH
(HampuMep, MOAYJATOp oOOecrneynBaeT H3MEHEHHWE YacTOThl CHUTHala, a
npeo0pa3oBaHUE HEMPEPHIBHOIO CUTHAJAa B MMITYJIBCHBIM OCYIIECTBISETCS B
nocienytonux kackagax PITY). OcHoBHbIMU (pakTOpaMu, BIUSIOIIMMU Ha BBIOOP
CXeMbl MoayJiiATopa st KoHkpeTtHoro PIIY, saBnstorcsi: TpeOyemblil 3aKOH WM
3akoHbl Monayisiuu 3C, TpeOoBaHUS K CTAaOMJIBHOCTH YacTOTHI MepeaaTyHKa,
Bo3MOxxHOCTH PIIY 110 nepectpoiike 4acTOTBI.

Ycunumenv mowmocmu 3T0 (QYHKUMOHAIBHBIA y3ell 0O0ecrneduBaroOIInii
OCHOBHOE€ YCWJIEHHWE CHUTHaJla II0 MOIIHOCTA M B HEKOTOPBIX CIlIy4asx
dbopMHpOBaHME UMIYJIbCOB W3 HENPEPBIBHBIX KoseOaHuid. OCHOBHBIMU

@aKTOpaMI/I, BIIMAIOIIIMMHU Ha BBI60p CXEMbl YCHUIHUTCIII MOIIHOCTHU  IJIA



koHkpeTHoro PIIY, sBnsroTcs: Tpebyembiii 3akoH moaymsaiuu 3C, TpeOboBaHUsS K
BbIXOJTHOU MomHOCTH PITY, Bo3amoxkHocTu PIIY mo nepectpoiike 4acTOTHI.

s nomnepockux PJIC BaxkHOM XapaKTEpUCTHKOW paauoIepeIaroiero
YCTPOUCTBA SIBISIETCS CTAOWIBHOCTh 4YacTOThl (OpPMUPYEMBIX KojiebaHuil. B
MIEPBYIO OYEpElb OHA 3aBUCHUT OT MAPAMETPOB 3aJAKOLIET0 T€HEPATOPA, KOTOPBIN
MOXET 00€CIEYUTh JOCTATOYHO BBICOKYIO CTAOMIBHOCThH TOJIBKO TIPU HEOOJBIION
OT/1aBa€MOM MOITHOCTH.

JIns  TOBBIMIEHUS  CTaOWMJIBHOCTH  YaCTOTHl  3aJalOIIMK  TeHepaTop
MPOEKTUPYIOT UHOTJAa Ha Oojiee HU3KOM YacToTe, YeM Ta, Ha KOTOpoW paboTraer
nepenaTyvk. B 3ToM ciydae BBOJAT JONOJIHUTENBHBIE KACKAJbl JJISI YMHOXKECHUSA
YacCTOTHI.

Bo3Oyautens reneparopa ¢GopMHUpPYET HENPEPHIBHOE BBICOKOYACTOTHOE
KosebaHue, KOTOpoe Mmociie Mpeodpa3oBaHUM MOCTYMAET Ha BHIXOJHOW YCUIIUTENb.
C ero moMmomp OCYHIECTBISIETCS HE TOJIBKO YCHJIEHHE 30HIMPYIOLIErO0 CUTHaja
M0 MOIIHOCTH, HO # (opMHUpOBaHHE €ro B BUJE KOIEPEHTHOW MavKu
MPSMOYTOJBHBIX PATUOUMITYILCOB. YTIPABISIONINE UMITYJIbChI, HECOOXOAUMBIE ISt
KOMMYTAIIMM TOKa Jy4a BBIXOJIHOTO YCHJIMTEIBLHOTO Kackaja, BhIpaOaThIBAIOTCS
MOZIYJIATOPOM.

Pannonepenaroniee ycTpoiicTBO CTAHIIUM HABEJEHUS PaKeT paboTaeT B

HUMITYJIbCHOM PCIKUME. BapI/IaHT TAKOTI'O II€pcaaTdrnkKa IpeaACTaBJICH HAa PUCYHKC 2.

AHTeHHAA CHCTEMA

39 JAFOINT . VeHImT ek BoHoB0THEII /_|
CMeCcHTeNb

TeHepaTop MOIIHOCTH TPAKT !

D OpPMII) OBATETTE

OIIOPHBIX MogynaTop
CHIHAJIOB
CHraan Crraan
TACTOTBI VIPABIIeHHA
CHHX] OHH3 ALIHH HITY IeHHeM

Puc.2. BapuaHT CTpyKTypHOI CXEMBI paAHOIIEPEIAIOIIEr0 YCTPOMCTBA
PJIC ynpaBnenus ctpenb0Ooit
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K PITY muorodyukiunonansnoit PJIC ynpaBnenusi ctpenb00il B yCIOBHSIX
MMOCTAHOBKHU IPOTUBHUKOM MOMEX MPEABIBISIETCS Psii TPEOOBAHMIA:

- opMupOBaHKE pa3IMYHBIX BUJIOB CUTHAJIOB:

pu noucke u Buzuposanuu uenu KIITPH;

IIPU 3aXBAaT€ U BUBUPOBAHUU PAKETHI [TAYKa 3aMPOCHBIX UMITYJIbCOB;
IpH nepeaadye KOMaH yIpaBlIeHUs Ha OOPT paKeThl UX UMIYJIbCHBIN
KOJI;

IpHU MOACBETE LIeNU i1 OOPTOBOM ammaparypbl pakeTbl OJUHOYHbIE
PaAOUMITYJIBChI OOJIBIION NTUTENBHOCTH;

- BBICOKasi HEpPrusi POpMHUPYEMBIX CUTHAJIOB, CPEIHSSE MOIIHOCTh JIOJKHA
COCTaBJISATh €IMHUIIBI KUIOBATT;

- BbICOKas CTaOWIBHOCTH YacToThl 3C sl HU3MEpEeHHs paaualbHON
CKOPOCTH;

- BO3MOXHOCTb OBICTpOMl cMeHBbl HOMHHaNa dYactoThl 3C B LemsIX
MOBBILLIEHUS CKPBITHOCTH paboThl U moMexoycToiunBoctu PJIC;

- pe3epBupoBanue kackaaoB PIIY, nis moBelleHUs HAJIEKHOCTH.

Jlnamna3oH IJIMH BOJIH — CAHTUMETPOBBI.

3aparomuii renepatop CBY (Bo30yauTensb), obecrieunBaeT GpopMupoBaHue
CTaOMJIBHOTO 10 YacTOTE€ HENPEepPhIBHOTO CHUTHajla Majiol MOIIHOCTH C
napameTtpami f, u Py. PeannzoBan Ha mpoJeTHOM JIBYXpE30HAaTOPHOM KIIUCTPOHE.

Monynsatop 3T0 (GYHKIMOHAIBHBIM y3ea 00ecneurBalolmnil yCUlIeHHue
CUTHAJIa BO30YIUTENSI U BBOJ B HErO 3aJJaHHOTO 3aKOHA MOIYJISLUU, MOIYJIATOP
oOecreynBaeT M3MEHEHHE YacTOThl CHUrHaja, a MpeoOpa3oBaHUE HEMPEPHIBHOTO
CUTHAJIa B HMIIYJIbCHBIA OCYIIECTBIIIETCS B IOcieayrommx kackagax PIIY.
Peann3oBaH Ha MPOJIETHOM MHOTOPE30HATOPHOM KIIMCTPOHE.

Ycunurenp MOIIHOCTH 3TO (PYHKUMOHANIBHBIA y3€d 00ecrneynBaromuii
OCHOBHOE YCWJICHHE CHUTHala MO MOIIHOCTH U (OPMUPOBAHUE HMITYJIHCOB W3
HEMpepbIBHbIX KoJieOaHui. Peann3oBaH Ha MPOJIETHOM MHOTOPE30HATOPHOM
kinuctpone. B PJIC nns komnencanuu yxonoB yactotsl PITY f; mogaercs na PIIpVy

B Ka4CCTBC I'CTCPOJINHHOIO CUTHAJIA.



2. Papnonpuemuoe ycrporctso PJIC

Panunonpuemnoe ycrpoiicto (PIIpVY) pannonokaiimoHHONW CTaHLMU pelIaeT
CJIEAYIOILME OCHOBHBIC 3aa4U:

— BBIJICJICHUE CHUTHAJOB, OTPAXKEHHBIX OT BO3AYIIHBIX OOBEKTOB, U3
MHO>KECTBA IPYTUX CUTHAJIOB (4aCTOTHAs CENEeKIus);

— YCWJIEHHE OTPaKEHHBIX CUTHAJIOB M UX MpeoOpa3oBaHUe M0 YaCTOTE;

— JIETEKTUPOBAHUE BBICOKOYACTOTHBIX CHUTHAJIOB M MpeoOpa3oBaHUE HX K
BUJY, YAOOHOMY JIJIsl OTOOpa’KE€HHUs Ha SKpaHe WHIAUKATOPHOIO YCTPONCTBA;

— 00paboTKa CUTHAJIOB C LIEJbIO MOAABICHUS TOMEX.

[IpuemHass  cucreMa  paguOJIOKAIMOHHOM  CTaHIMM  OOHApY>KEHUs
BO3JYIIHBIX  OOBEKTOB  BBINOJIHSETCS,  Kak  MpaBWio, MO  CXeMe
CyNepreTepoANHHOTO npuemMHuKa. CTpyKTypHas CxXeMmMa CYNepreTepoJauHHOrO

IMPpUCMHHUKA ITPUBCACHA HA PUCYHKC 1.
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Puc.1. CTPYKTypHaSI CXEMa THUIIOBOTO CYIICPIreTCPOANHHOTO ITPUCMHHKA

OTAMYUTENHFHON OCOOCHHOCTBIO CYNEPTeTEPOJUHHOIO MpHUEeMa SIBISICTCS
MEePEeHOC CHEeKTpa NPUHUMAEMOTO CHUTHajda H3 OO0JacTU BBICOKOW YacCTOTHI
(eIMHUIIBI - AECATKH TUrarepil) B 00JacTh MPOMEKYTOYHONW YaCTOTHI (€AUHUIIBI -
JECSATKM Merarepiy) ¢ I[OMOIIbI0 MECTHOTO MAaJOMOIIHOIO TeHepaTopa

(rereponuHa).



JIOCTOMHCTBO - IIpU M3MEHEHMM HECYLIEd YacTOThl CHUTHajJIa HET
HEOOXOIUMOCTH MEHATHh MapaMeTpbl HACTPONKKM ONTUMAJIBHOTO MPUEMHHKA,
NOCTaTOYHO U3MEHUTh YaCTOTY FeTepOArHA.

DTO JaeT BO3MOXKHOCTh CTPOUTh IPUEMHHMKH PAJTHOCUTHAIIOB C XOPOILIMMU
MOKAa3aTeNs MU YyBCTBUTEIBHOCTH M HM30UPATEbHOCTH, TaK KaK OCHOBHOE
YCUJIEHUE CUTHAJIA OCYLIECTBIISAETCS B [IOCTOSIHHOM JIMAIla30HE YacToOT.

Ha Bxox ycunurens Boicokoit yactotsl (YBY) noctynaer cMech CUTHANIOB U
IIOMEX OT aHTEeHHBbI. Y BY BBITOIHAET NpPEABAPUTENBHYIO CEJIEKIUIO 110 YacTOTe,

TEM CaMbIM, obecneunBas 3alIUTY HIPHUCMHHKA OT 3€pPKANbHbIX KAHAN06 npuemda

(puc. 2).

¢ [r-4acToTa AONONHUTENBHOD reHepaTopa - reTepoanHa;

¢ f4-4acToTa NPUHMMAEEMOro KaHana,

*  fo-UaCTOTA COCEAHErO KaHana,

¢ [2-y4acToTa 2epkancHoro KaHana;

¢ [ny-YacToTa HAacTPOWKM KacKafoE NPOMEKYTOYHOM YACTOThI.

friy fi F fr f3

Afny Afny Afry f

Puc. 2. IIpyHuun 4acTOTHOM CeJEKIMH B cynepretrepoanHHom PIIpV.

VYcunenune curtanoB B YBU oOecrneunBaeT BBICOKYIO YYBCTBUTEIBHOCTD
MPUEMHUKA B LIEJIOM 32 CUET CHIKEHUS KO3 (ULIMEeHTa ITyMa.

[IpeoGpazoBaTenemM 4acTOThl HA3bIBAIOT YCTPOMCTBO, C MOMOIIBIO KOTOPOTO
CHEKTp MPUHUMAEMOr0 CHrHaja MEPEHOCUTCS, U3 00JIACTU BBICOKOM YacTOTHI, B
00JacTh MPOMEXKYTOUHOM YacToThl. Ecnu mpeoOpa3zoBaHue CUTHaIAa BBIMOJIHEHO
0e3 HMCKa)XeHUI, TO coXpaHseTcss BCS MHGPOpMAlMs, 3aJI0)KEHHAsl B IMapaMmeTpax
MOIYJISILAM TPUHUMAEMOI0 CHUTHAJIA, a 3HAYCHUE MPOMEKYTOYHOM YACTOTHI
fry OyzeT paBHO

fry = |fr - fcl, (1)



rae fc u fr - 4acToThl, COOTBETCTBEHHO, CUTHAA U T€TEPOIUHA.

Yeunurens npomexytouHoi uvactotel (YIIY) obecneunBaeT OCHOBHOE
YCUJIEHHE U YaCTOTHYIO M30UpaTENbHOCTh MPUEMHHUKA.

Hetextop () BblgenseT 3akOH MOAYJISLMU CUTHaNa, T.€. W3BIEKAeT
MOJIE3HYIO MHPOPMALIHIO.

OcHOBHBIE TEXHHUYECKHE XapakTepucTuku PIIpV:

Yyecmeumenvnocms TPUEMHUKA Prp min 3TO MHHMMaJIbHAasT MOIIHOCTb
CUTHaJla Ha €ro BXOJE, HPU KOTOPOM €lle BO3MOXKEH YCTOWYUBBIA IPUEM U
oOHapy’>KeHHE OTPAXKEHHBIX CUTHAJIOB C 3a/IaHHON BEPOSITHOCTHIO.

Paznuyaror npenenpHyIo U peajbHy YyBCTBUTEIBHOCTb.

IIpenenbHOM 4YYBCTBUTENBHOCTHIO MPUEMHUKA Prp.min Ha3bIBAIOT TaKylo
MUHUMAJIbHYIO MOIIIHOCTh CUTHAjla Ha BXOJle MIPUEMHUKA, KOTOpasi 00ecreynBaeT
Ha BBIXOJI€ €ro JIMHEMHOW 4acTu (BXOJle JETEKTOpa) OTHOIIEHHE MO MOIIHOCTH
CUTHAJIA K IIyMY, PaBHOE €IMHULIE.

Pupmin = KTpTgv(ty — 1+ Ky o)
rae: ta = (Kma — 1)/To- 5dpexrrBHas mymoBas TeMmepaTypa aHTCHHbI

IT ¢ - 3ppexTuBHas (1rymoBas) noaoca npomyckanus PIIpVY;

Kuwp- ko3pduuuent myma PIIpV;

vV -  Ko3(hPUIMEHT pa3InuyuMOCTH;

To =293 K - cranmpapTHas 1ryMoBasi TeMIeparypa;

k=1,38 102 1x/C - noctosinHas BonbpiMaHa.

PeanbHOWl  4YyBCTBUTENIBHOCTBIO  NPUEMHUKA Ppmin HA3BIBAIOT  TaKyO
MOIIIHOCTh CUTHAaJla Ha €ro BXOJe, KOTopas 00ecleynMBaeT Ha BBIXOJE JIMHEWHON
YacTM  NPUEMHUKAa  OTHOUIEHWE  CHUTHAJ/IIYM, paBHOE  KO3(P(PULHEHTY
Pa3IMYUMOCTH (.

PeanpHas u npenenbHas 4yBCTBUTEIBHOCTD CBSI3aHbI 3aBUCUMOCTbIO:

Pp.min = Pnp.minxq

Koa¢pduumenr  pa3aiu4uMoCcTHM  YHCIEHHO  PaBeH  MHHUMAJIbHO

JOIYCTUMOMY OTHOLIEHUIO CUTHAJI/IIIYM Ha BBIXOJI€ JIMHEWHON YacTu MPUEMHHKA,

IIpU KOTOPOM CUTHAJ HA BBIXOJAC IIPUCMHUKA MOKET OBIThH YBCPCHHO 06Hapy>I<eH.



UyBCTBUTEIBHOCT IPUEMHUKA TEM BBIIIE, YEM MEHBIIE BETUUMHA Prp min. B
coBpeMeHHbIX nTpueMHUKaX PJIC Pypmin = 101 — 104 Br.

YyBcTBUTENLHOCTh npueMHUKa PJIC orpaHM4uBaeTcs €ro coOCTBEHHBIMU
mwymamu. OHU BO3HHMKAIOT B AHTEHHO-BOJHOBOJHOM TPAaKTE, COINPOTUBJIECHMSAX,
5JIEKTPOHHBIX JIAMIIaX M MOJTYIPOBOIHUKOBEIX IPHOOpaXx.

[IpyunHAMU [IYMOB SBJIAIOTCS OECIOPSIOYHOE TEIUIOBOE JBHIKEHHE
5JIEKTPOHOB B IIPOBOJHUKAX, HEPABHOMEPHOE M3JIydE€HHE DJIEKTPOHOB KaTOJAMU B
5JIEKTPOHHBIX Jamiax # T.1. C yBeIUUeHUEM TEMIIEPATyPhl YPOBEHD COOCTBEHHBIX
IIYMOB BO3pacTaeT. IHTEHCHBHOCTD IIyMOB BechbMa Maja. OIHAaKO NPOXOs 4epes
IPUEMHMK C OOIBLIMM YCHJIEHHMEM, OHH CO3Ial0T Ha €ro BHIXOJE HalpsKEHHE,
CIIOCOOHOE NPUBECTH B JEHCTBHE OKOHEYHOE ycTpoiicTBo. Ha dkpane uHaukaTopa
OHHU HaOIIIOIAI0TCS B BUE IIYMOBOU JOPOXKKH.

Junamuveckuii  Ouanazon — NpueMHUKA — TOKA3BIBAET  OTHOIUEHUE
MaKCHMAaJIbHOTO ¥ MHUHUMAIbHOIO BXOIHBIX CUTHAJIOB, B IIPEAENaX KOTOPOrO OH
enle 0OeCEeYnBAET HOPMANbHYI0 paboTy. BaKHOCTh IMHAMMYECKOTO IUaa3oHa
CBA3aHA C HAJIMYMEM Ha €ro BXOJ€E MOMEX M OONBLIIOro pa3bpoca aMILIUTY.L
IOJE3HBIX CHUTHAIOB. KOJNMYECTBEHHO IMHAMMYECKHI [MAIa30H OIEHHBAETCH
BBLIPOKEHHBIM B Jelu0enaaX OTHOLIEHHEM MAaKCHMMAlIbHOTO BXOJHOIO CHIHAJA,
00paboTKa KOTOPOTrO MPUEMHUKOM IIPOM3BOAUTCS €HI€ C  JOIyCTUMBIMH
MCKQKEHHMAMH, K UyBCTBUTEILHOCTH IIPUEMHHUKA,:

I[=10><lg (Pnp.max /P np.min)

JlMHAMUYECKUH [Mana3oH IPHEMHBIX CHCTeM coBpeMeHHbIX PJIC momkeH
obiTh He Menee 70 - 80 nb. Ero pacmmpenue mOCTUraercst 3a CYET IIOBBILECHUS
YyBCTBUTEIBHOCTY NPUEMHHUKA, IPUMEHEHHSI CXEM PErYIMPOBAHUS YCUICHUS U
YCIIOIb30BaHMS CIEMHUAIBHBIX YCUIUTENBHBIX IPUOOPOB.

VCUIMTENBHBIE CBOMCTBA MPUEMHHUKA XapaKTEPU3YIOTCS Kod(uuuenmom
yeunenusa. Pazmuyaror ko>GpuuuenT ycunenus no Momnoctd Kp u koddpupent
YCHJIEHHUS 10 HanpsukeHuo Ky.

Ko>((puuuenT ycuiieHHsi M0 MOIIHOCTH — JTO OTHOUIEHHE MOLIHOCTH

CUT'HAJIa Ha BBIXOJC IIPUCMHHKA PBHX_ K MOIIHOCTH Ha €10 BXOJIC PBX_:



Kp=Psrx/Psx
Ko3gpduuueHT ycnsaeHus mo HanmpsizKeHUIO ONPEISISICTCS aHAIOTHYHO:
KU=UBBIX/ UBX

KoadhdurmenT ycuneHus onpeaesieTcss B OTHOCUTCIIBHBIX CIUHUIAX WIIH
nernuobenax:

Kus=20 lg Ku
KPH5=10 lg Kp

B coBpeMeHHBIX TpHEMHHKax oOOIee YCWICHHE MOXET JOCTHraTh
Kp=(0,1-10)x10" unu coorserctrenno Kp = 120 - 140 nb.

HszoupamenvrHocms  TOKa3bIBa€T BO3MOXHOCTh YCTOHYHMBOTO IpHEMa
MOJIC3HOTO CUTHAJIA B YCIOBUSAX HAJU4Ms APYrux curHaioB. (M30uparenbHOCTH
MOKET OBITh MPOCTPAHCTBCHHAS, YaCTOTHAS, BpEMEHHAS U T. I1.).

YacToTHyI0O  M30HMpATEIbHOCTh  TO3BOJISICT  OICHHWTH  IIMPUHA €TI0
aMIUTUTYHO-4aCTOTHON XapaKTePUCTHUKH. AMIITUTYTHO-4aCTOTHOM
XapaKTePUCTUKOW HAa3bIBAIOT 3aBUCHUMOCTH MOJYJISI KOd(DUIIMEHTa YCHIICHUS OT

4acTOThl (PUCYHOK 4).

AK(” Algl](f)

I&l‘nﬂl I\—l)max

Kmax Kp -
—_— Pmax

2 2
fl'[ Trz rlT Irz
af @ af 7

Puc.4. AMInuTy AHO-4aCTOTHAs! XapaKTEPUCTUKA

KonudectBeHHO yacTOTHass M30MPaTEIbHOCTh MPUEMHUKA XapaKTepU3yeTcs
ero moJiocoii mnpomyckaHusi Af. Ilomoca mnpomyckaHus onpeaensercss Kak
pasHocts wactot f u fi, s koTopsix K ymenbimaercst B V2, a Kp — B 1Ba pasa ot
CBOET0 MaKCHMMAaJIbHOTO 3HaueHus. M30upaTeabHOCTh MPUEMHHKA TEM BBILIE, YEM

osxe hopma ero aMIUIMTYAHO-4YaCTOTHOM XapakTepucTuku Kk [1-o6pa3Hoil.
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Juanazon pabouux uacmom onpenensercs 3HAYCHHEM KpaWHUX YacToT,
oOpabaTbiBaeMbIX MpUueMHUKOM. OH OIpeAenseTcs CleayIIUMI TPEOOBAaHUSIMU:

— MPUEMHUK JIOJDKEH JOMYyCKaTh HACTPOMKY Ha JI00YI0 4acTOTY MaIa3oHa;

— XapaKTEpPUCTUKH NPHEMHUKA B 3TOM JUAIa30HE JOJKHBI U3MEHSTHCS B
3aIaHHBIX IIpeAeNax.

3adacTylo Juana3oH pabo4yuMx YacTOT HAa3bIBAIOT MO JIJIMHE BOJIH,
oOpabaTbiBaeMblX MpueMHUKOM. B nmanazone CBY, Hampumep, pasziuyaioT
MIPUEMHHUKHN CAHTUMETPOBOT0, AEMUMETPOBOIO U METPOBOIO THUANA30HOB.

Ilomexoycmouuusocmvio  npueMHuka  Ha3bIBAlOT €ro  CIIOCOOHOCTH
oOecreynBaTh JOCTOBEPHOE BBIJEIECHUE IIOJIE3HOTO CHUTHaja NpH JIEUCTBUU
Pa3JIMYHOTO poja MOMEX.

Takum o006pa3om, KauecTBO BBIMOJTHEHUS NPUEMHOM CHCTEMOW 3ajady B
coctaBe PJIC ompenensieTcs ee TEXHUYECKUMHU XapaKTEPUCTUKAMH, OCHOBHBIMU W3
KOTOPBIX SBIISIIOTCS: YyBCTBUTEIBHOCTh, TMHAMUYECKHUM JTHana3oH, KodGpuuueHT
yCUJICHUS, U30MPaTEIbHOCTD, TUANIA30H PaO0YMX YACTOT, TOMEXOYCTOMYUBOCTb.

K OCHOBHBIM »HKCIUTyaTallMOHHBIM XapaKTEPUCTUKAM PaJUONPUEMHUKOB
OTHOCSTCS:

Onexkmpomacnumnas — cosmecmumocmo  (OMC) - 3TO  BO3MOKHOCTH
COBMECTHOW pPabOThl PaJMO’IEKTPOHHON ammaparypbl C Jpyroil ammapaTypom,
KOTOpasi CO3Ja€T MEIIAONIEE PAAUOU3ITYyUYCHHE.

Haoeosicnocms  paboThl, KOTOpask OLEHUBAETCS CPEIHUM BpPEMEHEM WIIU
BEPOSITHOCTBbIO 0€30TKa3HOM paboThl. DTa XapaKTepUCTUKA 3aBUCUT KakK OT
BBIOPAHHON CTPYKTYpHO-(YHKIIMOHAIBHOW CXeMbl TMpPUEMHHMKA, TakKk © OT
HAJICKHOCTU OTACJIbHBIX DJJIEMEHTOB CXEMbI, HX KOJIMYECTBA, OOJIETYCHHBIX
pEXUMOB pabOThl HambOJee BAXKHBIX IJEMEHTOB, B OCOOEHHOCTH AJIEKTPOHHBIX
npuOopoB. [JlaBHBIM  HampaBICHUEM TOBBIIICHUS HAJIEKHOCTH  SBISETCS
UCIIOJIb30BAaHUE  WHTErPAJIbHOM  TEXHUKH, a Takke JyOnupoBaHHEe U
pEe3epBUPOBAHNE HAUMEHEE HAJIEKHBIX 3JIEMEHTOB WM LENBIX y3J0B IPUEMHHUKA.

l'abapumul u macca npueMHuka. JIuHelHbIE pa3Mepbl, 3aHUMAEMBbI 00beM,

a TakKKC MacCCa 4YacCTO ABJIAIOTCA OAHUMH W3 OCHOBHBIX XadpPAKTCPUCTHUK
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MPUEMHUKOB, YCTAHABIMBAEMBIX Ha JIETaTEJbHBIX almapatax, OCOOEHHO
Majopa3MEpHBIX.

Pemonmonpueoonocme, onpenensonas Xapakrep YCTpaHEHUS
HEUCIIPaBHOCTEH, T.€. BO3MOXKHOCTb 3aMEHBI AJIEMEHTOB, IEJIbIX OJIOKOB WIIU
MIPUEMHHKA B LIEJIOM.

K OCHOBHBIM MNpPOW3BOACTBEHHO - JSKOHOMHMYECKHE XapaKTEPUCTUKAM
PaOUONPUEMHUKOB OTHOCATCS: CTOMMOCTh IIPUEMHHKA, CPOKHM MOPAJIbHOTO

HU3HOCA, COOTBCTCTBHUC MHUPOBBIM CTaHIApPTaM, CTCIICHb YHI/I(i)I/IKaLII/II/I.

PIIpV PJIC ynpasnenus ctpenbooi

Ucnonb3yercss B coctaBe MHoropyHkuuoHanbHoi PJIC ympasnenus
CTpenbOOii B YCIOBUSX TOCTAHOBKU TPOTUBHUKOM NomeX. JluanmazoH JUIMH BOJH —
CaHTUMETPOBBIN.

OcHoBHbIE TpebOBaHMs, pebsBisieMble kK ee PIIpV:

- onTuMajbHas 00pabOTKa M M3MEpPEeHHE MapaMETPOB PA3IMYHBIX BHUIOB
CUTHAJIOB:

nipu noucke nenu KIITIPH;

nipu BusupoBanuu uenu KIIITPU;

IIpY 3aXBaT€ U BU3UPOBAHUHN PAKETHI ITAUKa OTBETHBIX UMITYJIbCOB;
npu npueMe 00pToBOI MHPOPMALIMK PAKETHI - €€ UMITYJIbCHBIN KOJI;

- BBICOKAsi YyBCTBUTEIIBHOCTD;

- BO3MO>KHOCTB OBICTPOM MEepecTpORKH YaCTOTHI.

Pannonpuemuoe YCTPOMUCTBO MHOTO()YHKIIMOHAJILHOT O JI0KaTopa
MpeacTaBisier coOOM  COBOKYNMHOCTb  HECKOJBKMX  CHEIMATM3UPOBAHHBIX
MIPUEMHHKOB (pHC. 5):

— JUIsl IapajulebHOro 0030pa MPOCTPAaHCTBA IO KOOPAMHATAM JajJbHOCTh-
CKOpPOCTb IPHU IMOMUCKE LEJEH HCIOJIb3YETCS MHOTOKAHAJIBHBIM KOPPEJSLHOHHO-

(GUIBTPOBON MPUEMHUK;
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— VI U3MEPEHUs] KOOPJIMHAT IEJeHd MCIOJb3YEeTCd KOPPEIAUOHHO-
(GUIBTPOBON MPUEMHHK, PEATU3YIOMINN TUCKPUMHUHATOPHI JI BCEX U3MEPSEMbIX
KOOpJMHAT;

— JUIS 3axBaTa pakeT, HM3MEpPEHUs HMX KOOpJUHAT, MpueMa OOpPTOBOI
nHpopManu 1Mo JUHUU CBs3M pakeTa-PJIC wucnons3yercss HIMPOKOMOJIOCHBIN

MMPUCMHUK C HCKOI'CPCHTHBIM HAKOINICHUCM CHUI'HAJIOB.

Pripy nepBuYHas
0b3opa ' PN Ha LY
ot AC PlMpY ]
__ | BYPIMpY N3MepeHus KoOpAMHATbI Lienen
f f > koopguHat [ Ha LIBK
" ™ uenm
m;) ;I)Z:m KOOpAMHAaThI pakeT U
koopauHat [ b6opToBas MHOPMaLMs
pakeTbl pakeT Ha LIBK

Puc. 7. Ctpykrypa PIIpVY

IIepecTpoiika 4acTOThl BCEX MPUEMHUKOB OCYIIECTBISETCS CHUHXPOHHO C
M3MEHEHHEM Hecytei yactorsl 3C.

Hns 3amuter ot AUII, npeiictByrommux 1mo OokoBbiM Jernectkam JIH, B
BbICOKOYacToTHOM 4actu PIIpY peanu3oBaH MHOroOKaHajabHBIM KBaIpaTypHBIN
aBTOKOMIIeHcaTop nomex. B ciyuae Bo3zgeiictBust ALl mo riiaBHOMY JenecTKy
JIH, npueMHMK, COBMECTHO C BBIUMCIUTEIBHBIMU cpenctBamMu Y YuC,
obOecrieyrBaeT OMpeae/ICHUE HANpaBICHUS HAa MOMEXOMOCTAHOBIIUK (OMpeaesieT
nejnexe TOCTAaHOBIIHMKA TIOMEXH).

Jlns 3amuTel oT maccuBHBIX nomex (III1) B coctaB BceX KaHANIOB IIEJIEBBIX

MMPUCMHUKOB BKIITOUCHBI YaCTOTHO-BPCMCHHBIC CCIICKTOPLI.
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Bo Bcex mpueMHHKaxX UCIMOJIB3YIOTCS LENU aBTOMATHYECKOW PEeryaupoBKU
ycunienus (APY) u aBromatuueckoil perynupoBku $aszel (APD):

— B HU3MEPUTENbHBIX MPUEMHUKAX JMJIg YCTpPAaHEHMs ammapaTHeIX (T.e.
BHOCUMBIX HEKOPPEKTHBIMU HACTPOMKaMM amnmaparypbl) OIIMOOK B H3MEpPEHUU
KOOp/JIMHAT;

- B 0030pHOM mpHEMHHKE (Mcmojib3yeTcs Toibko APY mo mymam) amns
CTaOMJIM3AIMK YPOBHSI JIOKHBIX TPEBOT IPU aBTOMAaTUYECKOM MPUHATUU PEIICHUS

O HAJIMYUU HUIIKX OTCYTCTBUU LCIIN.

3. [IpuHIMIIBI TOCTPOEHUS CUCTEM aBTOMaTuueckoro peryiauposanus (CAP)

B PIIY pomnepoBckux PJIC cuctemMbl aBTOMaTHYECKOTO PETYJIHPOBAHUS
UCIIOJIB3YIOTCS  JUIsl  CTAaOMJIM3allMM  4YacTOThl BO30YIWTENs W HA3bIBAIOTCS
CHUCTEMaMH aBTOMAaTUYECKOM moacTporku yacToThl (AITY).

Paboty AITY paccMoTpuM Ha nmpuMepe MOACTPOUKH YaCTOThI KIUCTPOHHOTO

reHepaTopa.
KnucTpoH
A fKJ'I
NcnonHuT. CO YacToTHbIN
YCTPOUCTBO |[* AOUCKPUMUHATOP
fon

Puc.8. Ynpomennas crpykrypHas cxema AITH
DTajl0HOM YacTOThI CIY>KUT curHai fo,, nocrynatouuit or YYucC.

Curnain omuoKy NPONOPIMOHANICH Pa3HOCTH YacTOT fi — fon.
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HcnonHUTENbHBIM ~ YCTPOMCTBOM  CIIYXKWT  INAroBbIA  JBHUIaTellb,
NepEeMENAONMM  MOpIIeHb B 00BEMHOM pe3oHarope. Yacrora KIHCTpPOHA
U3MEHSETCS B PE3YJIbTaTEe U3MEHEHUSI T€OMETPUYECKUX Pa3MEPOB PE30HATOPA.

Cucrembl aBTomatudeckoro perynuponanusi PIIpV mno3Bossitor oGecreunTsb
TpeOyeMyI0 TOUHOCTb OIPEEIICHNs] KOOPAUHAT LIeJIe€H B IPOCTPAHCTBE.

KpomMe TOro, cuctemMbl aBTOMATHYECKOI'O PETYJIMPOBAHHUS IO3BOJIAIOT B
aBTOMAaTHUYECKOM pexume (0e3 ydacTus 4enoBeKa) MOAAEepKUBaTh TpeOyemble
3HaueHUs KOd()PUIUMEeHTOB ycuneHus u (pa3oBbIX CABUTOB B KaHaaX.

[IpyHOMNBI  WCHOJIB30BAHUSI CUCTEM ABTOMATHUYECKOTO PEryJIMpPOBAHUS

PIIpV paccMoTpuM Ha MX pUMEpPE MPUMEHEHNS B YIJIOBBIX CIEAAIINX CUCTEMAX.

Uz(Ag)

[IpHeMHBLIH KaHAT (P

Uz(Ag) UF (Ap) LLA
OA—

U,(A@) ){ [IpHeMHBIH KaHam >

Puc. 9. CtpykTypHas cxeMa TUCKpUMHUHATOPA YTIOBOW KOOPIMHATHI

JUis  ManbIx  yIJoOBBIX — paccorjacoBaHudl  (QA) AUCKpUMHUHATOpHAs
xapaktepuctuka CCo (puc. 10) BoIpaxkaeTcsi COOTHOILICHUEM:

UCO@A~Kpz=@pA- Koy «(K@/KZ)-UqyCos(Yo-yz)QA- L.
rae: Koy — koadpunuent nepenaun ®/] no HanpsxeHuto;

Ko, KXY - xoadpdunuent nepemaun mo HaNpsSKEHUIO PA3HOCTHOTO U

CYMMAapHOT'O KaHAJIOB;

U, — aMIiuTy1a CUTHaJIa OOPHOTO KaHalIa;

Yo-Vs - (pa30BBIE CIBUTH B PA3HOCTHOM M CYMMapHOM KaHajnax;

L - KO3QOUUMEHT, XapaKTepU3YIOIUA CYMMapHYI0 JuarpaMmmy
HaIPaBJICHHOCTU aHTEHHBI,

([)A - YroJj Mexy HallpaBJICHUCM Ha LCJIb U paBHOCUT'HAJIbHBIM.
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Ap

v

Puc. 10. JluckpuMuHaTOpHas XapaKTepUCTUKA

To4HOCTP H3MEpPEHHUS YIIOBBIX KOOPAMHAT CYHIECTBEHHO 3aBHUCHUT OT
cootHomenus K¢ wu KX, crabunpHOocTH amruutyasl U, ¥ pa3HOCTH
ANEKTPUUYECKUX JIJIMH TPUEMHBIX KaHAJOB (Ye-Ys), KOTOphIE B IMpoIecce
(YHKIIMOHUPOBAHUS MOTYT MEHSATHCS TI0 CIIy4aliHOMY 3aKOHY.

J171s1 TOBBINICHUSI TOYHOCTH U3MEPEHUsI HE0OXOAUMO 00€CTICUHTh:

paBeHCTBO Kodduimento nepenaun Ko u KZ,
crabmipHOCTh U,
paBHBIN (a30BbIN CABUT B KaHaJax.

Jlna pewieHus ykaszaHHbIX 3amady B coctaB PIIpY BBeneHsl cUCTEMBI
aBTOMAaTUYECKOTO0 peryiaupoBanus (puc. 11):

APY — aBTOMaTHYECKOW PEryJUMpPOBKH YCUIEHUS JJIsl TOANCPHKAHUS
MOCTOSSHHOW aMIUTUTYAbl OMOPHOTO CUTHAaja CyMMapHOro kanaina Ha Bxoje ]I
(Uo);

ABY — aBTOMaru4eckoro BbIPABHUBAHMS YCWIEHHS ISl MOJCTPOMKHU
kod(punuenToB mnepemnaun kaHaimoB [, ¢B, ¢H moa KodhuUIMEHT mepenadu
kanana X (Ko = K= KX);

AP® — aBroMaTH4eCKOro peryiaupoBaHus (a3bl OMOPHOIO CHUTHama s

BBIpABHHUBAHUA «OQJICKTPUUCCKUX MJIMH» KaHAJIOB (B, (PH, I[ OTHOCHUTCIIBHO KaHalla

Z. (Yyn=Ye=7z).
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|

IpHeMHBL KaHan (D.

Use) | U (00) — T
() Iu_’—A—)

U, (Ag) > TIpHeMHBIT KaHam >

Uz(Ap)

¥Ynp. curHan APY Ynp. curHan AP® ¥Ynp. curHan ABY

Y

ANY (APY, ABY, AP®)

Puc. 11. Cucremsl aBToOMaTuueckoro peryiauposanus PIIpy



