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OnuceiBaeTcsl yCTPOMCTBO, MpeacTanisioniee codoit MOHHbIM MHXeKTOp Ha ocHoBe DIIP-paspsaa
B KOAKCHAJIbHOM pe3oHaTope. Ero addekTuBHOCTh 00ycIoBIeHa TPUMEHEHUEM HECKOJIbKUX OPUTH -
HaJIBHBIX PEIIeHUI: NCITOIb30BAHO MPSMOE IMOAKITIOYeHNE MarHeTpOHA K MIOHHOMY UCTOYHUKY, OPUTH-
HaJTbHasi MATHUTHAS CHCTeMa NMeeT KOH(PUTYPALINIO ¢ TOYHOM HACTPOMKOM Ha MaKCUMAaJTbHBII MOHHBIM
TOK, KpPOME TOTO, OHa MUHUMU3UPYET 30HY TOPEHUST Y SMUCCUOHHOTO OTBEepPCTHs. Takke CyIeCTBEHHO
MOBBIIIAETCS MOHHBIN TOK 3a CUET MPUMEHEHMST KepaMMUeCKMX BCTAaBOK B 30He pa3psina. B ycTpoiicTBe
OTCYTCTBYET cTaHaapTHbI TpakT CBY, a renepaTop CBY (MarHeTpoH) MoaKJI0OueH HEeMOCPeACTBEHHO
K TIeTJIe CBSI3W KOAKCHaJbHOTO pe3oHaTopa. M3BiekaeMblii TOK MOHOB BOIOPO/A MPU BKJIaIbIBAeMOit
B pazpsg CBY-momHocTr okosio 100 BT coctapisieT 8.5 MA.
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1. BBEAEHUE

B HacTosimiee BpeMsi MOHHBIE MCTOYHUKU
Ha OCHOBE 3JIEKTPOHHO-IMUKJIOTPOHHOTO pPe30-
HaHca (O1IP) 3aHMMaOT TOMUHUPYIOIIEE MOJIOXKE-
HuUe. B 9TUX UCTOUHMKAX, B OTJIUYME OT UCTOUYHUKOB
JYTOBOTO WJIY TJICIOIIEro pa3psiaoB, HE MPOUCXOAUT
3pO3Ms CTEHOK ra3opas3psiiHON KamMephl. DTo obe-
CIeYMBaeT BO3MOXHOCTD UX IJIUTEIbHOI paOOTHI.
BMmecTe ¢ TeM CTOMMOCTb MX BBICOKA, a TAKXKE TpeOy-
eTcs 00JIBIIIOe MPOCTPAHCTBO JJIST UX Pa3MEIECHUS
B BBICOKOBOJIBTHOM 4YacCTU 3JEKTPOCTATUYECKOIO
YCKOpUTEJIs.

KoakcuanabHble MOHHBIE UCTOYHUKH, IIPENCTaB-
JIEHHBIE B paHee OIMyOJMKOBAHHBIX padoTax [1—3],
HE COOTBETCTBYIOT TPEOOBAHMSIM, IIPEIbIBIICMBIM
K HayYHBIM M MPOMBIIIJIEHHBIM 3JEKTpPOCTaTUYe-
CKUM YCKOPUTEJISIM.

HMcTouHMK nmoikeH uUMeThb OOJbIIOH pecypc
HeTIpepbIBHOM pabOThI, MOCKOJIbKY BCKPBHITUE Oaka
TOJ JaBJIEHHEM — BeChbMa TpyaoeMKasl IIpolenypa.

CymecTByeT “kjlaccuMyeckass” cxema MUTaHUs
DI P-uctouHMKa, KOTOopask COCTOUT U3 BJIEMEH-
TOB, 00€CITEUMBAIOIIMX COIIACOBAaHUE UMIIENAHCOB

CBY-TpakTa 1 3a1IUTy MarHeTpoHa OT pa3pylieHus
MOIITHOCThIO OTPaXXeHHOI1 BOJIHBI.

CranmaptHag CBY-nmuHug, obecreumBalonias
BBOJA MOIIHOCTU B DIIP-UCTOYHUK U corjacoBa-
HUE UMIIEJAHCOB, COAEPXKUT B cebe coracyloliee
ycrpoiictBo CBY-n1uHUM ¢ MarHeTpOHOM, BOJI-
HOBOJ, LIMPKYJIATOpP, TIOHEP, a TaKXe BBICOKO-
BOJIBTHBIN pa3pbiB B BOJHOBOAE [4], 4yTO Tpedyer
3HAYUTEJIBHOTO IIPOCTPAHCTBA IJIsS pa3MeIleHUS
3THUX BJIEMEHTOB. BMecTe ¢ TeM, KOrma IMOBBIIIEH-
HbII1 TOK MOHOB IS YCKOPEHUS He TpeOyeTcsl, BO3-
HUKJIa TIpUBJIEKaTeIbHas UAesl IPUMEHUTD pa3psia
B MajiorabapuTHOM KOaKCHaJbHOM YETBEPTbBOJ-
HOBOM p€30HaTOpe MpU HEeOOJbIIOW BBOAMMOW
MOIIHOCTHU (CyIIECTBEHHO MEHBIIIEH, YeM TpeOy-
eTcd B ciydae “kiaccuyeckoro” DIIP-ucTouHuka).
[Ipu 3TOM, eciu He MO3BOJISITh MaKCHUMAaJIbHOMY
TOKY MarHeTpOHa OBITh BbIlIE 3HAYEHUsI, IIPU KOTO-
POM 3TOT MarHETPOH MOXET ObITh pa3pyllieH IpU
MOJIHOM OTpPaXX€HUU DJIEKTPOMarHUTHON BOJIHEI,
TO TPOMO3OKMUI HUPKYISITOP MOXHO HCKIIOUYUTH
n3 CBY-nunun. /lanee Bo3HUKIA Uaess O0beAUHUTh
MarHETPOH ¢ KOAKCUAIbHBIM MOHHBIM NCTOUHUKOM
B MOHOOJIOK C MOACTPONKOM (ha3bl BOJTHBI 32 CUET
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IJIMHBI aHTEeHHBI. [JIsT 3TOro HeOOXOOAMMO OTpa-
HUYUTh MAaKCUMaJIbHBI TOK MCTOYHMKA MUTAHUS
MarHeTpoHa 10 YPOBHS, HEOOXOAMMOTO 111 paOOTHI
HWCTOYHMKA, HO HE pa3pylIalolIero MarHeTpoH mpu
MoracaHuu pa3psia.

B koakcmnaibHOM pe30HATOPEe OCHOBHBIM TUIIOM
KoJIeOaHU SABJISIOTCS YMCTO TOMepevyHbie Koyeba-
Hus (TEM), ns KoTopbIX IJMHA BOJIHBI B Ilepena-
IolIeil IMHUM paBHA IJMHE BOJHBI B CBOOOIHOM
MPOCTPAHCTBE.

[IpuMeHeHMe KOAaKCHUAIbHOTO pe30HATOpa B Kaue-
CTBe reHeparopa IJa3Mbl TakxKe MpUBJIEKaTeIbHO
C TOYKHM 3PEHUS ero HaAeXKHOCTU U CITOCOOHOCTH
JIATEIBbHOM pabOThI, YTO OCOOEHHO BAXKHO B Cllyyae
MPUMEHEHHS B 3JICKTPOCTATUYECKOM YCKOPUTEIIE.

2. TIOCTAHOBKA 3AJJAYHN

TpebyeTrcs pazpaboTaTb MOHHBII UCTOUHUK JIJIsT
DIEKTPOCTATUYECKOTO YCKOPUTEINSI, UMEIOInii
HeOOJIbIIINEe pa3Mephl, HAIEXKHBII B OKCIUTyaTallun
W TIPOCTOI B OOCITY>KUBAHWU.

ITorpebasiemast MOLIHOCTh JOJI?KHA ObITh MUHU-
MHU3MPOBaHa B CBSI3M CO CJIIOXKHOCTBIO €€ ITogayn
o[ BEICOKMIA TToTeHLIMa. OxJIaxXIeHue UICTOYHUKA
KenaTeJbHO OpPraHu30BaTh 0e3 MCITOJIb30BaHUSI
OXJIAXKTAIOLIMX KUIKOCTE.

3. KOHCTPYKLIHUA

IIpenmaraeMsblii BapyaHT MOHHOTO MCTOYHMKA
C TPUOJIHOI MOHHOM ONITUKOM U300paxkeH Ha puc. 1.

KoakcuanbHBIN YeTBEpTHBOJHOBOI pe3oHa-
TOp UMeeT BOJHOBOe compoTtuBiaeHue 50 Ow,
OH MOIKJIIOYEH HEIMOCPEICTBEHHO K MarHeTPOHY
C TIOMOIIBIO METJAU CBI3U Yepe3 MeTaIoKepaMu-
YEeCKMi1 BaKyyM-TLUIOTHbBIN BBOA. MIMeeTcst BO3MOX-
HOCTb MOJACTPONKM (pa3bl BOJTHBI TOIOOPOM JIJIUHBI
BCTaBKM B JJMHUIO aHTeHHBI MarHeTpoHa, pedopu-
CTBIII KOPITYC KOTOPO# CIYKMT TaKxkKe paguaTo-
POM [IIJISI BO3AYIIITHOTO OXJaxKAeHUST ra30pa3psiaHoi
KamMepbl. MarHeTpOH UMEET OXJIAXKIEHUE BEHTUJISI-
topoM. ILITEIph KOAKCHAILHOTO pe30HaTOpa M3ro-
TOBJICH M3 MEIU, OH KPEMUTCS K KOPITYCY C TTIOMO-
IIBI0 BUHTA, 32 KOTOPBIM BCcTaBlIeHBI SmCo-MarHAT
U KepaMU4YecKuit auck u3 Hutpuga odopa. Takas
BCTaBKa CYIIECTBEHHO CHUXKAeT PEeKOMOMHAIIMIO
aTOMOB B paspse.

MarauTHasi cucTteMa HCTOYHUKA COCTOUT
W3 BHEIITHETO KOJIbIIA ¢ aKCUATLHBIM HaIlpaBJIeHUEM
CWJIOBBIX IMHUI M BHYTPEHHET0 MarHNUTA, BCTABJICH-
HOTO B IITHIPh pe3oHaTopa. CyIepIio3uins Imojeit
MOCTOSTHHBIX MAarHUTOB M300pakeHa Ha puc. 2.
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29 cm

Puc. 1. Cxema uctoyHuka: / — MarHeTpoH, 2 — razopas-
psimHast Kamepa, 3 — IIThIPb Pe30HAaTOpa C MOCTOSTHHBIM
MarHuToMm, 4 — MeTyIst CBSI3U, 5 — KepaMHUuecKasl BCTaBKa
W3 HUTpHUIa 60pa, 6 — MarHUTHOE KOJIBIIO C HACTPOMKOM
BEJMYMHBI MATHUTHOTO TIOJISI HA OCH, 7 — TToayJa rasa.

\

1 \

Puc. 2. Pacnpez[eneﬁne MAarHuTHOTIO I10Jid UOHHOTIO
MNCTOYHUKA.

qupre MardHMUTHBIX 6pyCKa BHCIIHEIO KOJIblla
C IIOMOIIIBIO BMHTOB IIEPEMCIIAIOTCA I10 paauycy,
obecrieuyrBasi COBMECTHO CO BCTPpE€YHO HaMarHu-
YECHHbIM INMOCTOAHHBIM HUWJIMHAPUYECKMUM MarHu-
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TOM BHYTPHU IITHIPS 3JEKTPOHHO-UMKIOTPOHHBIN
pe3oHaHC B 00JIaCTM 3MUCCUOHHOTO OTBEPCTHSI.
MarnuTtHoe none Ha ocu pa3psiaa paBHo 0.0875 Tm,
YTO COOTBETCTBYET 3JCKTPOHHO-LIMKIOTPOHHOMY
pe30HaHCy Ha 4YacToTe TeHepaluu MarHeTpoHa
(2.45 I'Tw).

Puc. 3. Cxema MarHUTHOTO KOJIbLIA C HACTPOUKOI BEIH-
YUHBI TIPOIOJIBHOTO MAaTHUTHOTO TIOJIST HA OCH.
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JBUXXEeHUE MAarHUTOB OT LIEHTPA OCYILECTBIISICTCS
3a CYeT pacTajKuBalollei cuibl (puc. 3). Dmuccu-
OHHBII 3JIEKTPOJ TaKXKe 3aKPbIT UBHYTPU AUCKOM
W3 HUTpHUAA Oopa ¢ OTBepCTHUEM. BEITITMBaeMBbIi
MOHHBINA My4OK (POPMUPYETCI C TTOMOIILIO TPUOI-
HOI1 OTIITUYECKOM CUCTEMBI. BHEIITHMIT B MIOHHOTO
MCTOYHMKA MMOKa3aH Ha puc. 4.

4. BJIOK ITMTAHUA MATHETPOHA

Ha puc. 5 npencraBieHa mpocrasi cxeMa KOM-
MaKTHOTO 0JI0Ka MUTAHWSI MarHeTPOHA JJIsl CTEH/I0-
BOi1 paboOThl HA OCHOBE BBICOKOYACTOTHOTO MHBEP-
Topa, padoraromero rmpu yactote 30 KI11. [TockoabKy
MAarHeTPOH HAXOOUTCS ITOI BBICOKUM YCKOPSIIOIIAM
MOTEeHIIMAJIOM, BTOPUYHbBIE OOMOTKM HaKajia MarHe-
TpOHAa M BBICOKOYACTOTHOrO TpaHchopMaTopa
uHBepTopa Tp2 MMEIT BbICOKOBOJIBTHYIO M30JIs-
1. MakcuMaJlbHBIM TOK aHO/Aa HE MPEBbIIIACT
50 MA, uTO 0OecrieunBaeT COXpaHHOCTh MarHETPOHaA
IIPY JIOOBIX pexXKUMax paboThl UCTOYHMKA.

5. PE3VJIBTATHI

Bo Bpemst paboThI TTO ONITUMMU3AIIUN KOHCTPYK-
LIMA MOHHOTO MH3KEKTOpa OIpPEeAe/ISINCh pa3Mephl
2JIEMEHTOB MOHHOTO MCTOYHUKA C 1IEJIbIO TMOJIY-

Puc. 4. BHenHuMi BUJ MIOHHOTO UCTOYHMKA.

MPUBOPBI U TEXHUKA SKCITEPUMEHTA ~ Ne 2
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Puc. 5. CxeMa 6J10Ka MUTaHUSI MarHETPOHA.

YeHUSI MAaKCUMaJIbHOTO MOHHOTO TOKa IPY MUHM-
MaJIbHOM Bxomsieil MomHoctu CBY.

YcraHOBIEHA JOBOJILHO BBICOKAsI UyBCTBUTEIIb-
HOCTb HACTPOMKMU BUHTAMU MarHUTHOI CHUCTEMBI
Ha MaKCUMAaJIbHBIN TOK, UTO OOBSCHSIETCS CUJILHOM
3aBUCUMOCTbIO BEJIMYMHBI MATHUTHOTO I10JISI HA OCU
OT MOJIOKEHUST MAarHUTOB.

OmnpeneneHbl ONTUMAaJIbHBIC pa3Mephl JIEMEH-
TOB KOAKCHAJIbHOTO pe30HaTopa: JJIMHA IITBIPS —
30 MM, IJMHaA MeTAU CBSI3U — 14 MM, AuameTp
IITBIPpS — 6.3 MM, BHYTPEHHUI OUaMeTp ra3opas-
pSIHOM KaMephl — 16 MM.

ITonyyeH My4oK MOHOB BOAOPOJA C CHJIOK TOKa
8.5 MA TIpu BRITITMBaeMOM HampsokeHUM 13 kB,
IIPU 3TOM pacXol ra3a 6bUI OKOJIO 2 ¢cM> /MHMH a TOK
marHeTpoHa — 10 50 MA. J{oJisl IpOTOHOB B My4YKe
cocrasiisiia 26.4%.

HeBricokasa moisg mMpoOTOHOB B Iy4Ke OOBSIC-
HSIETCS TeM, YTO IPY MUHUATIOPU3ALU MOHHOIO
WCTOYHWKA CHMXaeTcsd ero 3p¢peKTUBHOCTH (3TO
CBSI3aHO C YBEJIMYEHUEM OTHOIICHUS ILIOIIAIU
MOBEPXHOCTH K 00BbEMY Pa3psiiHOIl KaMephl), 4YTO
cokpaiiaeT 3¢hOEeKTUBHYIO MPOIOKUTEIbHOCTh
yIep:KaHUsI BBICOKOOHEPTeTUYECKUX “TIePBUYHBIX”
BJIEKTPOHOB, KOTOpas Heobxommuma st 3POEeKTUB-
HOI TeHepanuu Ia3Mbel. CocTaB MOHHOTO ITyYKa
HU3MEPSIJICS METOIOM, aHAJIOTMYHBIM ONMCAaHHOMY
B pabore [4].

WccnenoBanack Takxke, aHajaoru4yHo paodote [3],
MarHMTHasl CUCTeMa, CoaepxKallias KOJbLO C paau-
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aJIbHOM HAMarHMYEHHOCThIO. B 3TOM ciyyae Makcu-
MaJlbHbII U3BJeKaeMblii MOHHBIN TOK ObLI ITPpUOJIM-
3UTEJIbHO Ha MOPSIA0K HUXKE.

Ha puc. 6 mokazana oGyiacTh, 3aHMMaemasi
CBY-paspsaom. BugHo, 4To ero momnepevyHblii pa3-
MEpP OIPaHUYEH TUAMETPOM IIThIPS KOAKCUATIbHOIO
pe3oHaTopa.

[Tocne murenbHOiT paboTh (0onee 200 9) 3arps3-
HEHUI BHYTpU ra3opa3psiiHON KaMepbl He 0OHapy-
JKEHO.

Puc. 6. CBeuenue paspsiga cHapyxu. 11 HaGoneHus

BCTaBJIeHA CeTKa BMECTO YMUCCUOHHOTO 3JeKTPOIa:

1 — wTHIph pe3oHaTopa, 2 — KOPIIyC Ta30pa3psiaHOi
KaMephbI-pe30HaTopa.

Ne 2 2025
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