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1. HABHAUYEHUE U COCTAB
PAJIMOIIEPEJIAIOIIEIO YCTPOUCTBA PJIC

Panuonepenatomee ycrporictso (PITY) PJIC npeactasiser co60il KOMIUIEKC
o0opynoBaHus, TpeAHA3HAYCHHBIM i  (GOPMUPOBAHUA U HU3JIYUYCHHS
paauoIOKAIMOHHBIX cUTHANIOB. B PITY mpoucxoaar Tpu OCHOBHBIX Ipolecca:

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

— ycunenue konebanuit CBY 1o Heo6XxoauMon MOITHOCTH;

— yIpaBiieHHe nmapameTpamu konebanuit CBY (aMrmiuTynoit, 4acToTo uiu
(haz3oii) B COOTBETCTBUH C MepeiaBaeMoi nHpopMaIiuei.

Pangnonepenaomum yCTPOMCTBOM (paauoriepelaTYuKoOM) Ha3bIBACTCS
OJIHOKACKaJHO€ WM MHOIOKAaCKaJHOE€ YCTPOMCTBO, IMPEIHA3HAYCHHOE [JIA
co3/laHusl KOJIeOAaHUM BBICOKOM YacTOTHI TpeOyeMOW MOIIHOCTH W M3JTY4YCHUS B
MIPOCTPAHCTBO ITUX KOJICOAHUI B BUJIC SJIEKTPOMArHUTHBIX BOJIH.

Crpykrypa u (QYHKIUM TiepefaTIMKa ONPEeACISIIOTCS TpeOOBaHUSIMH,
peabsIBIsIeMbIMU K HeMy. TpeboBanus k nepenarunkam PJIC Bo MHOTOM CXOJTHBI,

BO BCEX CTaHIMAX HeoOxoaumo chopmupoBath 3C:

Ha 3aJIaHHOM Hecyllel yacTore (4acToTax);

— C 3aJJaHHBIM 3aKOHOM (3aKOHAMU) MOAYJISIIUY;



— C SaHaHHOﬁ MOIITHOCTBIO.

CrnenoBarenbHO, BO Bcex PIIY mcnonb30BaH CXOIHBIM MPUHIUI TOCTPOCHUS

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

Bo3zoyoumens 3TO 3amaroniuii  reHepaTtop, KOTOPBIM  oOecreyuBaeT
dbopMmupoBaHuEe CTAaOWJIBHOIO IO 4YAacTOTE€ HEMPEPHIBHOIO CUTHANIAa Majoi
MoIlHocTH ¢ napamerpamMu f, u P,. OCHOBHBIMH (akTOpamu, BIMSIOUIMMHU Ha
BBIOOp cxeMmbl BO3OyauTens misg KoHkpeTHoro PIIY, sBnsioTCs: YacTOTHBIN
auana3oH M TpeOOBaHMSA K CTAaOMJIBHOCTHM 4YacTOThl MepeJaTyhKa, a TakkKe
KOJIMYECTBO paboyMX YacTOT MepeAarouiero KaHaia.

Mooynsmop 310 GYHKIIMOHAIBHBIN y3€ll 00ecleunBaronuii  yCUJICHHE
CUTHAJIa BO3OYAUTEINS U BBOJ B HETO 3aIaHHOT0 3aKOHA MOIYJISIIMU WIH €r0 YacTH
(HampuMep, MOAYJIATOp OOecrneynBaeT W3MEHEHHWE YacTOThl CHUTHajla, a
npeoOpa3oBaHUE HEMPEPHIBHOIO CUTHAJNAa B HMITYJIBCHBIM OCYIIECTBISETCS B
nocienytonmx kackagax PITY). OcHoBHbIMU (pakTOpaMu, BIUSIOIIMMU Ha BBIOOP
CXeMbl MoayJiATopa st KoHkpeTtHoro PIIY, saBnstorcs: TpeOyemblil 3aKOH WM
3akoHbl Monaymsiuu 3C, TpeOoBaHUS K CTAOMWJIBHOCTH YacTOThI IepeaT4HKa,
Bo3MOxxHOCTH PIIY 110 nepectpoiike 4acTOTBI.

Ycunumenv mowmnocmu 310 (QYHKUMOHANBHBIA y3ell OO0ecrneduBaroOIInii
OCHOBHOE€ YCWJIEHHME CHUTHaJa II0 MOIIHOCTM M B HEKOTOPBIX CIy4asx

(1)OpMI/IpOBaHI/IC HUMITYJIBCOB u3 HCTIPCPBIBHBIX KoaeOaHui. OCHOBHBIMH



dbakTopamMu, BIUSIONIMMU Ha BBIOOP CXEMBI YCHJIHMTENS] MOIIHOCTH JJIst
koHkpeTHoro PIIY, sBnsroTcs: Tpebyembiit 3akoH moaymsiuu 3C, TpeOoBaHUS K
BbIXOJTHOU MomHOCTH PITY, Bo3amoxkHocTu PIIY mo nepecTpoiike 4acTOTHI.

s nomnepockux PJIC BaxkHOM XapaKTEpUCTHKOW paauoIepeIaroiero
YCTPOUCTBA SIBJISIETCS CTAOWIBHOCTh 4YacTOThl (OpPMUPYEMBIX KojiebaHuii. B
IIEPBYIO0 OUYepelb OHA 3aBUCUT OT I1apaMETPOB 3aJAIOLIEr0 I'eHepaTopa, KOTOPHIN
MOXET 00€CIIEYUTh JOCTATOYHO BBHICOKYIO CTAOMIBHOCThH TOJIBKO TIPU HEOOJBIION
OT/aBa€MOM MOIIHOCTH.

JIns  TOBBIMICHUS  CTaOWMJIBHOCTH  YaCTOTHI  3aJalOIIUi  TeHepaTop
MPOEKTUPYIOT MHOTJa Ha Oojiee HU3KOM YacToTe, YeM Ta, Ha KOTOpou paboraer
nepegaTyuk. B 3ToM ciydyae BBOJAT JIOTOJIHUTENIBHBIE KAaCKalbl JJI1 YMHOXKEHHUS
YaCTOTBHI.

Bo3Oyautens reneparopa ¢GopMHUpPYET HENPEPHIBHOE BBICOKOYACTOTHOE
KosebaHue, KOTOpoe Mmociie Mpeodpa3oBaHUM MOCTYMAET Ha BHIXOJHON YCHIIUTENb.
C ero moMomp OCYHIECTBIISIETCS HE TOJIBKO YCHUJIEHHE 30HAMPYIOLIErO0 CUTrHaja
M0 MOIIHOCTH, HO # (QopMHpOBaHHE €ro B BHUJE KOIEPEHTHOW MavKu
MPSMOYTOJBHBIX PATUOUMITYILCOB. YTIPABISIONINE UMITYJIbChI, HECOOXOAUMBIE ISt
KOMMYTAIIMM TOKa Jy4a BBIXOJIHOTO YCHJIUTEIBHOTO Kackaja, BhIpaOaThIBAIOTCS

MOIYJISITOPOM.

2. TEXHUYECKUE XAPAKTEPUCTUKU
PAJIMOIIEPETAIOINIMX YCTPOMCTB PJIC

Texunueckue xapakrepuctuku PIIY omnpenensrorcss TUIIOM HUCIOIb3YEMBbIX
B BO30yaWTENe, MOAYJISATOPE U YCUIUTEIE MOIIHOCTH TEHEPAaTOPHBIX U
YCHWJINTEIBHBIX TPUOOPOB.

Jlns reHepanuu W ycwieHHs KojeOanuii B nuamazoHe CBY  Obuim
pa3paboTaHbl M CO3/IaHbl CICIHAIBHBIC AJIEKTPOBAKYYMHBIE MPUOOPHI, KOTOPHIC
PEAUM3YIOT TaK HA3bIBAEMOE JTUHAMUYECKOE YIIPABJICHUE JJIEKTPOHHBIM MTOTOKOM.

B HMX paBHOMEpHBIM DJJIEKTPOHHBIA IIOTOK OT JJIEKTPOHHOM  MYIIKU
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npeoOpa3yeTcsi B MOTOK C MEPEMEHHOM IMIOTHOCTBIO, TO €CTh B MYJIbCUPYIOUIUN
ANEKTPUUECKU TOK. DTO MpeoOpa3oBaHHE OCYLIECTBISAECTCA C IOMOIIBIO
IIEPEMEHHOI0 AIEKTPUYECKOTO 0JI4, CO3/1aBaeMoOro CIIeLIUaJIbHBIMU
K0J1e0aTeNbHBIMU CUCTEMAaMU - OOBEMHBIMU pe3oHaTopamu. [lpu 3ToM jamna u
pE30HATOPhl KOHCTPYKTUBHO OOBEIUHSAIOTCS B OJHY cucteMy. Bce momoOHbIe
npuOopsl pa3aenstor Ha ABa Tuna O u M.

B mpubGopax tuma O »3IEKTPOHHBIA MOTOK JBUXKETCS NOJ ACHCTBUEM
AJIEKTPUYECKOT0 YCKOPSIOLIETO ITOJS WIM JJIEKTPUYECKOTO U MAarHUTHOIO IOJIEH,
JNEUCTBYIOIIMX COHANPABICHO. TpaeKkTopus IBUXKEHHUS DJIJIEKTPOHOB IIPU ITOM
0sM3Ka K npsAMoiauHeiiHoi, a ycuinenue CBY curnana obecrnieunBaeTcs 3a CUET UX
KHUHEeTUYecKor sHepruu. [Ipumepamu npubopoB tuna O SBIAIOTCS: KIUCTPOHBI,
namiel Oeryieit u oopatHoii BoiHs! (JIBB u JIOB).

B npubopax Tuna M sIeKTpOHHBIA TMOTOK JBHMXKETCA MOJ JEHCTBUEM
CKPCILUEHHBIX  DJJIEKTPUYECKOI0O M MArHUTHOIO  IIOJIEHW,  HalpaBJICHHBIX
MEPIIEHAUKYJIAPHO APYr Apyry. Tpaekropus ABUKEHUS JJIEKTPOHOB IIPU ITOM
SIBJISIETCSL CJIIOKHOM IuKinueckoi, a ycwienue CBY curnama obecrieuynBaeTcst 3a
CUeT MX MOTeHIManbHOU 3Hepruu. Ilpumepamu npubopoB Tumna M sBisSIOTCA:
MAarHeTpPOHbI U aMIUIUTPOHBI.

B PIIY PJIC nns renepanuu, MOIYNSIMU U YCUJICHHUS KOJIeOAHUU HAIUIA

MIPUMEHEHUE npojiemuble KIUCTPoHbI (pudop tuna O) (puc. 2).

Puc.2. YcrpoiictBo (a) 1 npuHLIun GopMUPOBaHUS TPYII

QJICKTPOHOB (B) ABYXPC30HATOPHOTO IIPOJICTHOTO KIIMCTPOHA



Karon K uznyyaer 37€KTpOHBI, KOTOpbIE MO JCUCTBUEM IOJI0KUTEIBHOTO
HaIpPsDKEHUST Ha YCKOPSIOIIEM 3JIeKTpojie Y MpHoOpeTaroT BHICOKYIO CKOPOCTh U,
npoiasa cerku C; u C,, ABUraroTcs B HampasiieHMH aHoja A. OH HaXOAUTCS MOJ
BBICOKUM MOJIOKUTEJILHBIM MOTEHIUAIOM E; U UTrpaet pojb KOJUIEKTOpa.

Cerku Ci u C; 3T0 cTeHKHM 00BEeMHOTO pe3oHaTopa Pi, sBistomierocs
BXOJHBIM  KOJEOATeNIbHBIM KOHTYpoM KiucTpoHa. K HeMy mnoaBoasTcs
yCWJIMBaeMbIe KOJICOaHMUS.

Ilpu omcymcemeuu exoonoco CBY cuenana 6 namne umeemcs pagHoOMepHblil
NOMOK 9]IeKMPOHO8, JTeMAUUX CO CKOPOCmbio V.

Korna nHa cerke C: Oyner monoXUTENbHOE HampsbkeHue, a Ha cetke Cp -
OTPUIIATENIBHOE, JJICKTPOHBI, HAXOASIIMECS MEXKAY HHUMH, TOJIy4daT YCKOpEHHUE
+AV u nanee Oyayt asurathcsi co ckopoctbio V + AV. Korna xe Ha cetke Ci
OyJeT MOJIOKUTENIbHOE HanpshKeHue, a Ha ceTke Cz - OTpUIaTeIbHOE, DJICKTPOHBI
noytyyat 3amejyieHue -AV u B ganbHeieM OyayT IBUTAaThCs CO CKOPOCThIO V -
AV.

B Mex1y31eKTpogHOM MPOCTPAHCTBE KIUCTPOHA MPOUCXOAUT 0Opa3oBaHUE
TPYII 3JEKTPOHOB. BO3HUKIIIME TPyNIbl 3JIEKTPOHOB (MMITYJIbCHI) OTIAIOT CBOIO
KHHETUYECKYIO DHEPTUIO B IIETIH BBIXOJHOTO KoJjie0aTeabHOro KoHTypa Pa.

OH moMmemiaercs Ha y4acTKe HAuOOJbIIEeH TUIOTHOCTH TPYMI 3JIEKTPOHOB,
KOTOpbIe, UHAYKTUPYIOT B HeM CBUY curnan, otnaBas eMy 4acThb CBOE€H SHEPTIUH,
MOJY4YEHHOM OT aHOJHOTO UCTOYHUKA E,.

Koadpunuent ycunenus no moutHoctu K, AByXpe30HaTOPHOTO MPOJIETHOTO
KJIUCTpOHA He npesbimaet 3HaueHus 20 106, a KII - 50%.

3nauenue K, noseimaercs 1o 40-50 06, a KILJI no 60%, ecau ucnonb3oBaTh

MHOTOpe30HaTOpHbIE CXeMHI (puc. 3).



Bxod

Puc. 3. MHOrope30HaTOpPHBIN KIMCTPOH.

Ha nyTu 57€KTpOHOB, pacroiararoT €nie HECKOJbKO HE CBS3aHHBIX C
Harpy3Koil pe30HaTOpPOB, YTOOBI SJEKTPOHBI, IMpOJIeTas Yepe3 HUX, MOJTydaau
JOTIOTHUTENIbHYI0 CKOPOCTHYIO MOAYJsAIUI0. B KoHIE mnpocTpaHcTBa apeiida
IPYIIHAPOBKA AJIEKTPOHOB IO IUIOTHOCTM MAaKCUMaJlbHAa MW WMITYJbCHBIN
ANIEKTPOHHBIN MOTOK OTAAET OOJIBLIYIO YHEPTHUIO MO0 BEIXOJHOTO PE30HATOPA.

IJKcnayamayuouHvle Xxapakmepucmuxy KIACTPOHOB

Ilo pody pabomvi KIUCTPOHBI TNOAPA3ACIAIOT HA HUMIYJIbCHBIE H
HempepbiBHOTO  aeiictBus. MwmnynbcHas pabora oOecreuuBaercs mojayei
VMMITYJIbCOB HANPSHKEHUS HA PE30HATOPBI WM YIIPABIIAIOUIUN 3JEKTPOI.

Ilo ypoeHio mownocmu BBIIEIAIOT MaJIOMOUIIHBIE, CPEIHEN MOIIHOCTH U
CBEPXMOIIHBIE MPOJIETHBIE KIMCTPOHBI. MOIIHOCTh B UMIIYJbCE Y MaJOMOIIHBIX
MMITYJIbCHBIX KIUCTpOHOB MeHee 10 kBT, y KIMCTpOHOB CpelnHEN MOIIHOCTH OT
10 kBt - no IMBT, y cBepxmomnbix - Oonee 100 MBT. [Ins xaucTpoHOB
HEIMPEPBIBHOTO IEMCTBUS MOITHOCTh COOTBETCTBEHHO MeHbIIe 10 Bt, ot 10 Bt 1o
1 kBT, ot 1 1o 100 xBT.

Ilonoca nponyckanus NPOJIETHBIX KIIMCTPOHOB B CAHTUMETPOBOM JUAIIa30HE
JUTUH BOJIH COCTABIISIET AECATHIE JOJIM MPOLEHTA OT HECYILIEN YaCTOTHI.

3navenus numarowux Hanpsadicenuti Ajig pabOThl KIMCTPOHOB COCTAaBIISIOT

CAUHULBI-ACCATKHN KNUJIOBOJIBT.



B knuctponax npumensietcss GOKyCHpOBKa MOJEM MOCTOSHHBIX MarHUTOB,
OJIHaKO 3HadyeHHs KodhduimeHTa IymMa ais KIMCTPOHA JOCTATOYHO BEJIMKHU
(TBICSYM).

Jns BBoma u BeiBoga CBY-sHeprum HCHONB3YIOT KOAKCHAJIBHBIE,
BOJIHOBOJHBIE U KOAKCHAJIBHO-BOJHOBOJHBIE CHCTEMBI. OXJIaKI€HHE KIUCTPOHOB
KaK MPaBUJIO UCITOIb3YETCS IPUHYIUTEIBHOE KUIKOCTHOE.

BeiBO: docmouncmeamu TIPONETHBIX KIUCTPOHOB CIENYyET IpPU3HATH
BbICOKME 3HaueHus koddduimenta ycunenus u KII[A, unedocmamxamu —
Y3KOIOJIOCHOCTh M BBICOKHM KO3 PUIIUEHT IIyMa.

Hns ycunenuss CBY kone6anuit B PIIpY ucnons3yrorcs nammel Oeryien
(puc. 4) u obpatnoit BonHBl (JIBB u JIOB) (O Tum). OHM NOpUHIUIHATIBEHO
OTJINYAKOTCS OT KIMCTPOHOB JJIUTEIBHBIM B3aUMOAEHCTBHEM 3JIEKTpOHOB 1 CBU-
MOJI, YTO TMO3BOJIAET MOJYYUTh HEOOXOAMMOE TPYNIHUPOBAHUE BIEKTPOHOB IPHU
CpaBHHUTENIbHO ciaboM BxoaHOM curHaine. Paccmorpum ycunmutenun CBY nHa
npumepe JIbB.

B npubopax c 6eryiieil BOJIHON NPUMEHSIOT ClIELMaIbHbIEC IMHUU Nepeaadn
— 3aMeUISIIONINEe CUCTEMBbl, I TOHIKEHHsS (a30BOW CKOPOCTH BOJHBI 0
BEJINYMHBI CPABHUMOW CO CKOPOCTBIO 3JIEKTPOHHOIO IMOTOKA, YTO 3HAYUTEIBHO

MEHBIIEH CKOPOCTH CBETA.

Bxog CBY BbiBog CBY

3ameansauias cncrtema

g : ]

- XN Y Y Y Y Y Y Y Y Y NYNYNYNYYN____
Hakan o o KOMMEKTop
. w o :I

coneHoun nornoTnuTeEnb

Puc. 4. Jlamna Gery1ieil BOJHBI



DnexTpoHHas myiika (karoj) obecrnieunBaeT GOpMHUPOBAHUE, HEOOXOAUMYIO
HaYaJIbHYI0 (POKYCH-POBKY JIEKTPOHHOTO My4YKa U PEryJIUPOBKY €ro TOKa.

TpyOxa ¢ «aHTEHHKON» SIBISETCS SJIEMEHTOM CBSI3HM 3aMEJISIONIENH CUCTEMbI
(civpanu) ¢ BXOAHBIM BOJHOBOJOM. Takasi Ke «aHTEHHKa» HUCHOJb3yeTcs s
CBSI3H C BBIXOJIHBIM BOJTHOBOJIOM.

DNEeKTPOHHBIA MOTOK MPOXOIUT BHYTPU CIHPAIH, B3aUMOJCHCTBYET C e¢
CBUY-nosieM u 3aTeM MOMaJaeT HAa KOJUJIEKTOP, KOTOPBIM mMmeeT (opMy cTakaHa
WM KOHYCA.

dokycupytomias cucteMa  (cojeHoua) —obecnieurBaeT  (POKYCHPOBKY
AJIEKTPOHHOTO My4YKa Ha Bcell nmuHe npudopa.

3amemifroNiasi CUCTEMa BBIMIOJIHAET POJIM KaK BXOJHOTO, TaK U BBIXOJHOTO
PE30HATOPOB KIUCTPOHA, T.€. 0OecreurnBaeT U MOAYJISLHUIO SJIEKTPOHHOIO MOTOKA
M0 TIUIOTHOCTH, W TepeAady KHHETUYECKOW DSHEPruu  JJIEKTPOHOB  OT
MPOMOYJIMPOBAHHOTO MOTOKA BHIXOJTHOMY CUTHAIY.

Ixennyamayuonnvie xapakmepucmuxu JIbB (JIOB).

[To BenmuuuHe 6wvixooHnot mowrnocmu JIBB (JIOB) mompasnmensiorcs Ha
npubopsl Manoi MomHocTH (Hoau MuiuBarta - 1 Br), cpenneit mourHoctu (1-
100 Bt), 60nbmioi montHocTH (6omee 100 BT) u cBepxmomnsie (6osee 100 kBT).

[To pexxumy pabOThI pa3nUYarOT MPUOOPHI HEMPEPHIBHOTO M UMITYJIBCHOTO
JEVCTBUS.

JIBB co cnupanbHON 3aMeIAIONEed CUCTEMON XapaKTepU3YETCs UuUpoKou
noznocou nponyckanus (10 100% ot Hecylel 4acTOThl) U OTHOCHUTEIIBHO MaJIOH
BBIXOAHON MOIIHOCTHIO, JIOB mpu aHajIOrMYHOW BBHIXOAHOW MOIIIHOCTH HMEET
Y3KYIO MOJIOCY MPOIyCKaHUs (IeCAThIE T0IM MPOIEHTa OT HECYILEeH YaCTOThI).

3nauenus numarowux nanpsodicenui nas padotel JIBB (JIOB) cocrapisior
CIMHUIIBI KHJIOBOJIBT.

3naueHuss kooppuyuenma wyma a1 JIBB  (JIOB) HeBenuku, B
MaJtomryMsiux (BXoHbix) npudopax Ky,=2,5-20 (wim 4-13 nb). B Gonee MomHbIX

Ku=20-1000 (13-30 1B).



Jns BBoma u BeiBoga CBY-sHeprum HCHONB3YIOT KOAKCHAJIBHBIE,
BOJTHOBOJHBIE M  KOAaKCHAJIbHO-BOJHOBOAHBIE cucTeMbl. [IpuHynurenbHOE
oxnaxaeHue JIbB kak nmpaBuiio He UCIIOIB3YETCA.

BriBoa: docmouncmeamu npuOOpoB ciaeayeT Npu3HaTh MIUPOKOMOIOCHOCTD
U HU3KUH KO3POUUHEHT LIyma, He0oCmamkamu — OTHOCUTEIbHO HEBBICOKHE
3HaueHus kodpunuenrta ycunenus u KIITI.

B nepeparompx TpakTax HEKOTEPEHTHBIX CHUCTEM  HUCIIOJIb3YHOTCS
reHeparoppl CBU M Tuna — marnetrponsl (puc. 5, 6). OHUM NpPUHLIMUNHATIBHO
OTJINYAKOTCS OT KJIMCTPOHOB T€M, 4TO B dHepruto CBY-mosis HEmocpencTBEHHO
npeoOpa3yeTcsl MOTEHIMANbHAs SHEPTUs JIEKTPOHOB, a HE KUHeThuyeckas. Takoe
B3aumMojielicTBre 3ekTpoHoB U1 CBY-noss obGecreynBaeTcsi mpu UCIOJIb30BaHUHU
B3aMMHO MEPNEHAUKYISAPHBIX (CKPEUIEHHBIX) 3JIEKTPUYECKOTO0 W MAarHUTHOTO

OJIEN.

Puc. 5. Bocbmupesonatopusiii MarHeTpoH Puc. 6. [lpunuun paboTel MarueTpona

KonebarenbHass cucreMa MarHeTpoHa oOpa3oBaHa psJioM OOBEMHBIX
PE30HATOPOB, BBIMOJHEHHBIX B Marepuaie aHoAa. OJEKTPOHBI SMUTHUPYIOTCS
UWIMHAPUYECKUM  KaToJoM. Mexay KaTroAOM M aHOJIOM  IPOCTPAHCTBO
B3auMoJielicTBUs. Pe3oHaTophl cBs3aHbl ¢ HUM dYepe3 mienu, Tak yto CBY-mone

«IIpOBHUCACT» B 9TO NPOCTPAHCTBO.
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DHeprusi BHIBOAUTCS C MOMOIIBIO BUTKA CBSI3M, HAXOISIIETOCSd B OJTHOM U3
pe3oHaTopoB. BakyymHas KaMmepa MAarHeTpoHa ITOMELIEHAa MEXIy MOJICcaMu
MarHuTa, HalpaBJIEHUE MArHUTHOTO MOJISI COBIAIAET C OChIO KATO/A.

B mpocTpaHCTBE B3aMMOJEUCTBUS AJIEKTPUYECKOE W MArHUTHOE IOJS
B3aUMHO  MEPHEHIAUKYJSIPHBI.  DJIEKTPOHBI, HAXOIsICb B  MPOCTPAHCTBE
B3aUMOJICHCTBUS, ABMXKYTCS MO TPACKTOPUSIM, HAINOMHUHAIONIUM LHUKIOUAY, U
00pa3yIoT ANEKTPOHHBIN OTOK, BpalIalOUMHACI BOKPYT KaTo/a.

OcymiecTBasieTcss MOIYISALUUA CKOPOCTH DJJEKTPOHOB W H3MEHEHHE
TPAaEGKTOpUU HUX JABWKEHHsS. B pe3ynprare 4ero Bpallaromeecs 3JIEKTPOHHOE
«00JIayKo» M3 KOJIBLIEBOIO TMpeBpamiaercs B 3y0yaToe. YHCIO 3IEKTPOHHBIX
«CTHI» PaBHO MOJOBUHE YHCIIA PE3OHATOPOB.

DNEKTPOHHOE «O00Ja4YKO» BPAIAETCS C TAKOW CKOPOCTBIO, YTO «CIHUIBD»
MIPOXOAAT MUMO IIIEJIEN B TOT MOMEHT, KOT/Ia TaM CYIIECTBYET TOPMO3SILIEE MOJIE.
[IpoMeXyTKH MEXAY «COULUAMH», TMPOXOIAT YEpPe3 YCKOPSAOUIUE MOJS.
[Ipoucxonut otaava 3ME€KTPOHHBIM «00JIAYKOM» IHEPTrUU PE30HATOpPaM U MOTEPS
HHEPrUU Ha Pa3orpeB KaToJa W aHOJAA OT AJNEKTPOHHOM OoMOapaupoBku. Bes sta
AHEPrus NOTpeOIsSeTCss OT AHOAHOTO UCTOYHUKA.

IKChyamayuonusle Xapakmepucmuky MarHeTpoHa

Bvixoonas mownocms MarHeTpOHOB HEMPEPBHIBHOTO JIEUCTBHSI COCTABIISET
OT J0JIEH BaTTa 10 HECKOJBKUX JECATKOB KUJIOBATT, @ MArHETPOHOB UMITYJIBCHOTO
nerictBug - or 10 Bt mo 10 MBT. Onexrponssiii KIIJI mMarHeTpoHOB MOXKET
npeBbimath 70%. CobcTBeHHast JOOPOTHOCTH pe3oHaTopoB mopsiaka 1000.

MarHeTpoH XapakTepHU3yeTCsl V3KOU Noaocol nponyckanus (€IUHULBI
MPOLIEHTA OT HECYIIEH YaCTOTHI).

3nauenus numarowux Hanpsodicenuti 1jist paboOTbl MArHETPOHA COCTABIISIIOT OT
€IUHUL 0 IECATKOB KUJIOBOJIBT.

MaruetpoHsl HaxogAT wmUpokoe mnpuMmeHeHnne B CBU-yctpolicTBax B
KAaueCTBE T€HEPATOPOB B MEPENAIONIUX TPAKTaX HEKOTEPEHTHBIX CUCTEM.

Jns BBoga u BeiBoga CBY-sHeprum HCHONB3YIOT KOAKCHAJIBHBIE,

BOJTHOBOJHBIC U KOAKCHAJIbHO-BOJTHOBOJHBIC CUCTCMEI.
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BeiBoa: odocmouncmeamu  MarHeTpoHa CleAyeT NPHU3HATh  BBICOKHE
sHaueHus: KIIJI ¥ BBIXOJHOW MOIIHOCTH, HeOOCMAamKaMu — Y3KOTOJOCHOCTb U
HEBO3MOKHOCTb I'€HEPALIMU KOTEPEHTHBIX CUTHAJIOB.

Crnenyromum npubopoM M Tuna, npuMeHsieMbM B HekorepeHTHbIX PIIpV,
apngercss ycunurenab CBUY — ammutpon (puc. 7). CxemaTH4eCcKd aMILTUTPOH
MMeeT MHOro 0011ero ¢ MarHeTpoHoM. OH UMeeT 3aMeIISIONIYI0 CUCTEMY B BUJIE
LIETIOYKU PE30HATOPOB, HO B OTJIMYME OT MarHETPOHA 3TA LIETIOYKA PA30MKHYTa U B
aHOJTHOM OJIoKe 00pa3oBaHbl BXOJ U BBIXOJ. UYTOOBI YCTpPaHUTh BO3MOXKHOCTb
caMOBO30YKJeHUsI KOJeOaHUii, B aMIUTUTPOHE JEIal0T OOBIYHO HEUYETHOE YMCIIO
PE30HATOPOB.

Tak »ke, Kak M B MarHeTpoOHE, BO3HUKAECT 3aMKHYTOE Bpallarouieecs
ANEKTPOHHOE «00JauK0», KOTOPOE B3aUMOJEHCTBYET C ABUXKYILEWUCS HaBCTpeuy
AJIEKTPOMAarHUTHOW BOJIHOM. Ilpu mepenade 3>HEPruM HJIEKTPOHOB ITOM BOJIHE

MPOUCXOJIUT YCUIICHHE KOJIeOaHUH.

Puc. 7. YopolueHHas cxema aMIIMTpOHa

IKCnyamayuoHHble Xapakmepucmuxky aMIIuTpoHa

KII/[ amuutpoHOB He MeHee 55%, a B MOIITHBIX M CBEPXMOIIHBIX MTpUOOpax
mocturaet 85%.

B HenpepbIBHOM pekuMe aMIUTUTPOHBI TAIOT 8blx00HYI0 MowHocms 10 500

kBT, a B umnynscHom — 10 MBT u gaxe Goblie.
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Koagppuyuenm ycunenus - necatku. OTHOCUTENbHAS WUPUHA NOJIOCHL
yacmom 5 - 10%.

Anoonoe Hanpsdicenue - €AMHUIBI WIA JECITKUA KUJIOBOJBT, & TOK aHOJA -
JICCSATKH aMIIep.

BreiBoa: odocmouncmeamu  aMIUTpOHA CJEAYyeT TMPU3HATH BBICOKUE
3HaueHust KIIJ[ 1 BbIXOAHON MOIIHOCTH, JOCTATOYHO HIMPOKYIO MOJOCY YacCTOT,
Hedocmamkamuy — Majoe 3HadyeHue Kod(pduimeHTa ycuiaeHus, HeoOXOAUMOCTh

(1)OpMI/IpOBaHI/IH BBICOKHX ypOBHeﬁ BXOJHBIX CUTHAJIOB.

3. CTPYKTYPHBIE CXEMBI PAJTUOIIEPEJAIOIINX YCTPOMCTB,
NCIIOJIB3YEMbIX B CUCTEMAX BOOPYKEHUA 3PB

3.1. PITY PJIC ¢ uMnynbCHBIM 30HAUPYIOIIUM CUTHAJIOM

Ucnonwizyercs B PJIC oOHapyxeHHs Ha CpeIHHX W OOJIBIIMX BBICOTAX Ha
MaKCUMAaJIbHO BO3MOYKHBIX JTAJIBHOCTSX B YCJIOBHUAX INOCTAHOBKH IPOTHBHUKOM
noMex. Jlnamas3oH JUIMH BOJH — JELUMETPOBBIN.

OcHoBHbIe TpeboBaHusl, npeabsiBisieMble K PITY:

- ¢hopmupoBanue umnyiabcHOro 3C ABYX BHJOB: IPOCTOM MPSIMOYTOJbHBIN
PaIMOUMIIYJIBC U PAJUOUMITYJIBC C IMHEWHON YaCTOTHOW MOAYJISILIUEN;

- BBICOKasl JHeprusi (pOpMUPYEMBIX CHUTHAJIOB, HMIIYJIbCHASI MOIIHOCTh
JOJIKHA COCTAaBJISITh COTHU KMJIOBATT, CPEIHA - IECSATKU KWIJIOBATT;

- TOYHOE coriacoBaHue napamerpoB 3C M XapaKTEpPUCTHK ONTUMAIbHOTO
(buIbTpa MPUEMHOTO YCTPOICTBA;

- BO3MOXHOCTb OBICTpOl cMeHBbl HOMHUHaNa dactoTel 3C B IemsIX
MOBBIILIEHUS CKPBITHOCTH paboThl U momexoycToiuuBoctu PJIC;

- pe3epBupoBanue kackaaoB PIIY, nis moBelIeHUs HAJEKHOCTH.

Oco0eHHOCThIO paauonepeaauero yCTpoicTBa CTAHIUN 00HAPYKEeHHU S

ue.ﬂei/i Ha CpPECAHHUX H 00JbIIMX BBICOTAX SBJISICTCS HGO6XOI[I/IMOCT]'::
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(dbopmupoBaHus 11€J1I0r0 Ha0Opa YacTOT CUTHAJIOB JJiA OOECIeYeHUs] U3IIYyUYEHUs B

pa3nu4HbIX pexxumax padotsl PJIC (pucyHoxk 8).

KomaHabI Hero muk
{oprIpoBaAHAA EBICOKOT 0 TR B
CeTRH TacToT HANP LR CHIA
] | I
N2 NG N N 2N 7 S
" ”
3 aMARIIIT
Mogynarep i V] Moayarop Moaynarop
reHepaTop Ay I Moyaarop Ay I Ay I
J1...fi
[ BT pOEGIT, Jeosi, Vermire s VelHTe b VonmHTe s | Vonmmre s
m’rHa.rm MOINEHOCTH > MOITHO CTH ? MOLTHO CTH MOLTHOCTH
EOTOVIHTeA

Kacragsl FCILTeHIA

CHTHATBI
YIPABTeHHAA
PeRHMAMI

padoTsl

DREHBATICHT
HATPY3KH

BoHoB0JHLIE
e PRI IATE TH DHAepHOE
YCTpoilcTRO

AHTeHHAA CHCTeMA

Puc.8. BapuaHTt cTpykTypHOI1 cXeMbI paauonepenaromero ycrpoiicrtsa PJIC
oOHapyXeHUS 1eJIel Ha CpeTHUX U OOJIBIINX BBICOTAX

3anaromuii renepaTop Ha KBapleBbIX T€HEPATOPAX U YMHOKUTEISAX YaCTOTHI
dbopmupyeT HabOp CHUTHANOB pa3MYHbIX YacToT. M3 momydeHHoro Habopa
CUTHAJIOB  (pOpMUpOBATENb CHUTHANa BO3OYAMUTENs BbIACNIAET CUTHAJI Ha
HEOOXOIUMON HECYIIEH YacCTOTE fgrs5, COOTBETCTBYIOLIMNA TEKYIIEMY PEXKUMY
pa6otel PJIC. 3akon monynsiiuu 3C popMHUpyeTCsi ¢ MOMOIIBIO TOTO K€ PUIbTPA,
KOTOpBIN NpUMEHseTcs sl 00paOOTKM MPHUHSATOrO CHUTHANA B MPUEMHHUKE, YTO
MO3BOJISIET JIOCTUYb TOYHOTO COOTBETCTBHs mapameTrpoB 3C M YyCTpoHcTBa €ro
00paboTKH.

Jlanee 3TOT cUrHai MPOXOAMUT uepe3 Kackajwpl ycuieHus. Kaxnablii kackan
MpeacTaBisgeT coOOM YIpaBiIsieMbli MOJIYJIATOPOM HWMITYJIbCHBIM yCHIUTEIb
MOIIHOCTU. B pe3ynbrare paboOThl YCHIMTEIBHOTO KacKajJa Ha €ro BbIXOJIE

@OpMpreTCH Ha60p HUMITIYJIIBCHBIX CHUTHAJIOB MH3JIYYCHHA B COOTBCTCTBHUU C
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pPEXKUMOM pabOTHI CTaHIIMU. BXOHBIE KacKaabl yCHIIUTENSI MOIITHOCTH COOpaHbl Ha
JIbB, oKOHEYHbIE HA aMIUIUTPOHAX.

BonHOBOIHBIE MEPEKITIOYATENIM  BBIINOJHAKOT POJIb  MapLIPYTU3ATOPOB
W3Jy4aeMOro CuUrHaja. B OJXHOM ciy4yae CHUrHajdl MOKET MHUHOBATb YETBEPTHIN
KacKaJl YCWJICHUS, B IPYrOM CJIydae dTOT CUTHAJ MOXKET OBITh HAlpaBlIeH JTU0O B
Harpy3ky (nepearomui pynop) s U3IydeHHs, TM00 B SKBUBAJICHT HATPY3KU JIJIs

paboThl O6e3 BbIXo/a B 3up.

3.2. PIIY PJIC ¢ HenpephIBHBIM 30HIUPYIOIINM CUTHAIOM

Ucnonwzyercss B PJIC oOHapyxkeHHsT Ha MasibIX BBICOTAX Ha JaJbHOCTHU
NpSIMOKM BUAMMOCTH B YCIIOBUSIX IMOCTAHOBKM INPOTHUBHUKOM IOMeX. Jlnama3oH
JUTAH BOJIH — CAHTUMETPOBBIN.

OcHoBHbIe TpeOoBaHusl, npeabsiBiasieMble K PITY:

- ¢opmupoanue 3C AByX BHUAOB: HEMOIYJIMPOBAHHBIH HENPEPHIBHBIN
CUTHAJ U HEMPEPBIBHBIM CUTHAII C JIMHEWHOW YaCTOTHOW MOYJISALIUEH;

- BBICOKas dHEprus (HOPMUPYEMBIX CUTHAJIOB, CPEAHSS MOIIHOCTH JIOJDKHA
COCTaBJISITh €AMHUIILI KMJIOBATT;

- BBICOKas CTaOWIBHOCTh YacToThl 3C Isi HU3MEpPEHUsl paauaibHON
CKOPOCTH;

- BO3MOXXHOCTHb OBICTpOM CMeHbl HOMHHanma d4actoThl 3C B 1emsIx

MOBBILLIEHUS CKPBITHOCTH paboThl U oMexoyctoiuuBoctu PJIC.

3ATAKINNI TeHepaATop AHTeHHAA CHCTeMA

DUIETY <
Tenepatop [ Moaymarop 115 Vewmarens | Mogynsrop 2 poprmpyeMBIXF—> CHMITems | B o.IHOB 0 1
TP MOIIHO CTI TPAKT

OIOpPHBIH
TeHePaTop

Puc.9. Bapuant cTpykTypHOI1 cXeMbl paauonepenaromero ycrpoiictsa PJIC
oOHapyXeHUs 1eJIel Ha MajbIX BBICOTaX
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3anaromuii reHepatop GOpMUpPYET CUTHAJ OMOPHOM YacTOThI, U3 KOTOPOHl B
MOZYJIATOPE 2 CO3IAETCS CETKA JUTEPHBIX 4acTOT. KonnuecTBO JIUTEPHBIX Y4acTOT
or 4 po 6. Ilapamerppl MOAYJSLMM 3aJAKOTCS CUTHaJIOM Moaynstopom 2.
3agaolmuid  reHepaTop M JBYXKACKaJHBIA MOAYJATOP pEAJM30BaHbl Ha
MOCJIEIOBATENILHO BKJIFOUEHHBIX OTpa)XaTEJIbHOM KIUCTPOHE, IMpeoOpazoBaresne
YacTOTHI U TPOJIETHOM JIBYXPE30HATOPHOM KIIUCTPOHE.

OwibTp (QOpMUPYEMBIX YACTOT MO3BOJISIET BBIACIUTH [Jisl JalibHEUIen
paboThl HEOOXOJUMYIO JIUTEPHYIO YaCTOTy. ITO YCTPOMCTBO MOXET OBITH
BBIIIOJIHEHO B BUJI€ MEXAHUYECKH NEPEKIIOYAEMBIX BOJIHOBOIHBIX CEKIUMU, KaXaas
U3 KOTOPBIX HACTPOEHA Ha ONPEACICHHYI0 PE30HAHCHYIO YacToTy. Takum
00pa3oM, Ha €ro BbIXOJI€ MOSBUTCS CUTHAJ OJTHON BHIOPAHHOM JIMTEPHOM YaCTOTHI.

Ycunurenb MOIIHOCTH B JAHHOM Cllydae MOXET padoTaTh C CUTHAJIAMH,
4acToTa KOTOPBIX HAaXOIWUTCS B JIOMyCTMMOM nuamnaszone. [Ipu HeoOxoaumocTu
MOXXET OBITh HCIIOJIb30BAHO HECKOJBKO YCWIHMTENEH, paboTallmuX B Ppa3HbIX
Zyara3oHax 4acTor.

VYcuneHHbI CHTHajd IOCTyNaeT B AHTEHHOE YCTPOWCTBO, C MOMOILIBIO
KOTOpPOTO (hopMHUpYETCs Jyd AUArpaMMbl HaIPaBICHHOCTH, B IMpejesiax KOTOPOTo
U TPOUCXOJUT U3Jy4eHHE CPOPMUPOBAHHON B MEpEeAATUYUKE DIEKTPOMATHUTHOU

SHEPIHH.

3.3. PITY PJIC ynpaBnenus ctpenbOoit

Paguonepenariiee yCTpOMCTBO CTAHIMH HABEJICHUA PAKeET, TAKKE KaK U
paauornepeaaioniee yCTpoMCTBO CTaHIMK OOHApY>KEHHUs LieNed Ha CpeIHHX U
OOJBIIMX BBICOTAX paboTaeT B UMIIYJIBCHOM pexume. BapuanT Takoro

nepeaaTurukKa NpeacTaBjICH Ha PUCYHKC 4,
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AHTeHHAA CHCTEMA

39 JAFOINT C'Me CHT eI VeHImT ek BoHoB0THEII

reHepaTop MOLIHOCTH TPAKT

D OpPMII) OBATETTE

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

Puc.4. BapuaHT CTpyKTypHOI CXEMBI PaANOIIEPEIAOIIETO YCTPOMCTBA
PJIC ynpaBnenus ctpenb0Ooit

K PITY muorodyukinuonansnoii PJIC ynpaBnenusi ctpenb00il B yCIOBHSIX
[IOCTAHOBKM IMPOTUBHUKOM IIOMEX MPEABABISETCS PAd  JOINOIHUTEIbHBIX
TpeOOBaHMUIA:

- opMupOBaHKE pa3IMYHBIX BUJIOB CUTHAJIOB:

pu noucke u Buzuposanuu uenu KIITPH;

IIpY 3aXBaT€ U BU3UPOBAHUHU PAKETHI [TAYKa 3aIIPOCHBIX UMITYJIbCOB;
IpH nepeaadye KOMaHJ yIpaBlIeHUs Ha OOPT pakeThl UX UMIYJIbCHBIN
KOJI;

IpHU MOACBETE 1LIeJK JJii OOPTOBOM ammapaTypbl pakeTbl OJUHOYHbBIE
PaAMOUMITYJIBCHI OOJIBIION NTUTENBHOCTH;

- BBICOKasi HEpPrusi GOpMHUPYEMBIX CUTHAJIOB, CPEIHSSI MOIIHOCTh JIOJKHA
COCTaBJIATh €IMHULIBI KUIOBATT;

- BbICOKas CTaOWIbHOCTH 4YacToThl 3C sl HU3MEpEeHHs paaualbHON
CKOpOCTH,;

- BO3MOXHOCTb OBICTpOMl cMeHBbl HOMHUHaNa dacToTel 3C B IemsIX
MOBBILLIEHUS CKPBITHOCTH paboThl U momexoycToiuuBoctu PJIC;

- pe3epBupoBanue kackaaoB PIIY, nis noBelIeHUs HAJIEKHOCTH.

Jlnamnas3oH IJIMH BOJIH — CAHTUMETPOBBIN.
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3aparomuii renepatop CBY (Bo30yauTensb), obecrieunBaeT (popMupoBaHue
CTaOMJIBHOTO 10 YacTOTE€ HENPEepPhIBHOTO CHUTHajla Majlol MOIIHOCTH C
napametpami f, u P,. PeannzoBan Ha mpoJeTHOM JIBYXpe30HATOPHOM KIMCTPOHE.

Mopynarop 5T0 (QYHKIMOHAIBHBIA y3ell 00eclneunBaronuii yCUICHUE
CUTHAJIa BO30YIUTENSI U BBOJ B HETO 3aJJaHHOTO 3aKOHA MOIYJISALUU, MOIYJIATOP
oOecrieynBaeT M3MEHEHHE YacTOThl CHUTHaja, a MpeoOpa3zoBaHUE HEMPEPHIBHOTO
CUTHaJIa B HUMIIYJIbCHBIM OCYIIECTBIIIETCS B Iocienyrommx Kackagax PIIY.
Peann3oBaH Ha MPOJIETHOM MHOTOPE30HATOPHOM KIIMCTPOHE.

Ycunurenp MOIIHOCTH 3TO (PYHKUMOHAIBHBIA y3ed 00ecrneynBaromuii
OCHOBHOE YCWJICHHE CHUTHaJa MO MOIIHOCTH M (OPMUPOBAHUE HMITYJIHCOB U3
HEeMpepbIBHBIX KoJieOaHui. Peann3oBaH Ha MPOJIETHOM MHOTOPE30HATOPHOM
KIINCTPOHE.

B PJIC nns kommnencauuu yxonoB yactoTel PITY f, monaerca na PIIpV B

Ka49CCTBC I'CTCPOANHHOIO CUI'HaJIa.

BrIBOABI, KOTOPBIE MOXKHO CI€JIaTh U3 MaTepralia 3aHITUSA

1. Texnumueckue mnapamerpsl nepeparomux yctporctBs PJIC onpenenstor
JOCTOMHCTBA WX MPUMEHEHHsI, HEOOXOAUMOCTh U 11eJ1eCO00Pa3HOCTb.

2. Ilapametrpsl PIIY omnpenenstor Takue BaXXHEHIIUE TAKTHYECKHUE
xapaktepuctukn PJIC, kak [#anbHOCTh OOHApy>KeHHs M  COIMPOBOXKICHUS,
IIOMEXO03alUIIEHHOCTh, TOYUHOCTh OIIPEACIICHU KOOPAUHAT LIEIU U pa3pellaronias

CITOCOOHOCTb.



