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Um<JIHqecRRe YCROPRTeJW co CTa~oHap!illM MarHRTHHM noneM npe~

cTaBJimOT co6oA HaR6onee pacnpocTpaHeHH!itl\ RMCC YCROPRTenett TSillteJlllX 

qacTRI{. B HB.CTOffillee Bp0MH B MRpe HacqRTliBaBTCH OROno ceM~eCHTR 

RSOXPOHHHX ~nOTPOHOB R CBHlllB ~eCHTR CRHXPO~RnOTPOHOB. XapaRTep

HHM HBJJJieTCH TO, qTo STR MamRHH, HeCMOTpH Ha co~!itl\ BOspacT • Ha

xo~cg B CT~ HenpepRBHOro pasBRTWI R ycoBepweHCTBOBaHrur, npaqeM 

~noTpOHH HaqaHa.DT saBOeBHBaTb nosH~H B npOMWllneHHOCTR a TeCHHTb 

mrze yCl!OPHTena D o6nacTR qJHSRRR cpeMRX aHepraA R qJR3RRR sui;pa. 

HcnOJU,SOBaHHe MarHRTHoro noJJJI C npocTpaHCTB8HHOtt BapRanaeA 

IlOSBOJIHno peSRO nOBliCRTb npe~eJU,HyID aHeprRID, ~OCTHraeMyID Ha TaRIDC 

ycROPRTenHX, a Hanzqae ROppeRTHpyJOl!lHX o6MOTOR c~eJ18.Jl0 RX YHHBepcaJll>

HliMR C TOqRR speHM nonyqeHrur ny'IROB YCROpeHHHX qacTRI{ nepeMeHHOtt 

aHeprRR a ycRopeHM pasnaqHHX ROHOB B O~Hott R Tott Ee MamRHe. 

. B nocneMee BpeMH nonyqzna pasBHTJ.rn ROHnenURH 6noqHoff ROMno

HOBRR MarHHTa i:nmnoTpOHa. B TaRRX MamRHaX npR ~OcTaToqHo HRSROM_ 

ypoBHe cpeMero MarHRTHoro noJJJI a snaqzTeJU,HOM Ha6ope aHeprHH sa 

o6opoT MOllHO nonyqRTb pas~eneHRe op6HT Ha KOHeqHmc pa~ycax ycRope

HM. IlpH ~OJllltHOff CTa6RJWSaURH MarHHTHoro noJJJI H aMilnHTY~ ycRopsro-

111.ero BliCORO~aCTOTHOro HanpmteHHH 8TO nosBOJJJieT BllBO~Tb HS ~Kno

TpoHa MOHO8HepreTHqecRHe ny'IRH ycRopeHHHX qacTRI{. .UM yBeJmqeHHH 

l!HTeHCRBHOCTR MOHO8HepreTHqecKHX nyqROB o6naCTb qias, B npe~enax RO

Topott HSMeHeHRe ycRopsmm.ero HanpHEeHM He npeBocxo~T ~onycTHMoro, 

HCRYCCTBeHHO yBenaqzmeTCH nyTeM HCllOJll,SOBaHHH ycROpm:>mero HanpSIJ1te

HHH cne~am,Hott qiOIJ,IH - "cn·nom.eHHott" cHHyco~~ TaKoe HanpSIJ1teHHe 

nonyqaeTCH npH HCilOJll,SOBaHRH ycKOp.lID[qRX aneRTpO~OB, BOs6yE~aeMmc 

na ocHOBHOft qacToTe a BTopol Rm! TpeTbeA rapMorumax aTott qacTOTli. 
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P.imoM cnew®:atJecxnx ocoOeHHocTeff OOJ!a.ItBJOT D;HKJIOTPOHH .n:M noizy

qelUUI BHCOKO.IIBT6HCHBHHX ny<mOB qacTHU B OOJI.aCTH cpe~x aHeprrui 

500-1000 raB. B CBlI3H C aRTHBaUReff B TaKax ycKOPHT0JlJDC .n;oJlllteH OHTb 

ooecneqeH 0JIB3KRff K 100% BHBO.n; ycxopeHHHX qacTHU, 003.D;aHa MO[ltHaH 

3all!RTa H npe~CMOTP6HH Mepa no ~cTaHUROHHOMy OOCJtylltlrnamuo H peMoH

Ty Maunrna. 

B8.l!UIHM BonpocOM HB.IIJieTCH paapaOOTRa BHCOKOSROHOMHqHoff YOKO~ 

mett CHCT0MH, T.K. MOIIUIOCTb, H~~aH Ha ycxopeHHe, MOllteT .n;ocTRraTb 

.n;ecHTKOB MeraBaTT. 

B HacTOJI!I100 BPeMH B CBlI3H C B03POCIIIRMH TpeOOBaliBRMH K xaqecT

BeHHHM xapaKT0PRCTHKaM IJ;RKJIOTPOHHHX nyqKOB - ycxopeHHe IlO}l.f!pH30BaH

HHX qacTRU, MOHOaHepreTaqHOCTb - IIIHPOK00 pacnpocTpaHeHHe no1tyq8ll'l' 

ycTaHOBKR C BHemHe~ ruD!(0KUR0ff nyqxa. CHCT0MH BHemueff HHllt0KUl!H Il03BO

JIH!OT C~OJf.lHPOBaTb nyqox Heooxo~off ~30BOtt npOTHllt6HHOCTH B Tpal<Te 

HHJK6KUHH H HHMeKTHPOBaTb ero B HyEHO! ~30 H c'Heooxo~HMH reOMeT

paqecKHMH xapaKT0PHCTHK8MH. 3TO OC000HHO BaXHO Wlll noizyqeHHH MOHO

aHepreT:atJ0CKIDC nyqxoB ycxopeHHWC qacTan • 

CepL03HH0 H3M0H6HHH npoasomna TaKEe B BHCORoqacTOTHHX YOKO~ 

tl{RX CHCTeMax H CHCTeMax reuepaum1 BHCOKoqacTOTHOtt MOIIUIOCTH. B CBH31'1 

C ueooxo~OCTbD ycxopeHHH paaJmtJHHX HOHOB B 0.IU!Oi H TOI ze Mannme 

Bq CHCT0MH CTaJIB IIIHPOK0~30HHHMH C nepecTpoaitoa qacTOTH B 2-3 

pasa. Ilpl'I OJIQqHOff ROHCTPYRUHH MarHHTHOff CHCTeMH .n;JIH ycxopeHIDI CTa

JlH HCilOJ1L30BaTLCH KOaKCHaJ1LHH0 pesoHaTOPH C BeprHRaJILHHM pacnoJIOllte

HH0M JlHHHH H 00~0MHH0 pesoHaTOPH C TE-BOJJHO!. B CBH31'1 C Tpeoo:saruieu 

no1tyqeuHH MOHOsHepreTaqecxax ny,moB BosruutJIH cnew®aqecxae Tpeoooo

HHH K cTaOHJILHocTH cacTeM reHepa.URH Bq MOIIUIOCTH. 

B HaCTOJI!I10i pa60Te pacCMaTpl'IBa8TCH xpyr BOnpocoB, CBR:38.HHBX C 

BHcoxoqacTOTHHMH npoOJieMBMH ycxopeHHH qacTan B UHKnaqecxmc ycxopa-
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TeJlHX co CTaUROHapHHM MarHHTHHM IlOJieM C npocTpaHCTB8HHOI BaPHaURett. 

AH8JIH3HPYDTCH B03MOEHH8 CXeMH nocTpoeHIDI BHCORoqacTOTHHX YCKOpmi(HX 

CHCT8M ycxopaTeJiei pasnaqHIDC TWIOB. IloKa3HBaDTCH nyTH H MeTO.I!H peme

HHH s~aq, npe~HBJIH0MHX R Bq ycROpJDll!HM Cl'ICT8M8M, B CBH3H C B03-

pacT8DJ!U™H TpeooBaHam.m K xaqecT:ey nyqxoB ycxoperurax qacTHU, Heoo

xo~ax .n;JIH ~asaqecxoro axcnepmi.1eHTa. 

.lu!ccepTanRH HBJIHeTcH o6oomeHHeM MHoroneTHero onaTa, cBHsaHHoro 

C paspaOOTROff BHCORoqacTOTHHX yCROPJl!OOIIDt CHCTeM B OT.n;eJie HOBHX ycxo

PHTeJiel Jia6opaTOPHH m:i;epHwc; npoOJieM Oo~e~HeHHoro HHCTHTyTa .imepHax: 

HCCJ18.D;OBaHHff. 

3a.n;aqeff BHCOKoqacTOTHOtt ycxop~ea CHCTeMH HBJIH8TCH nepeMqa 

3HeprHH BHCOROqacTOTHoro IlOJIH YCROPH0MLIM qacTl'Ir(aM. B UHKJIHqecxmc 

YCROPHTeruDC TaRaH nepe.n;aqa oc~e~Tl3JIH8TCH npa MHOrORpaTHOM npoxoz

.n;emm qacTl'Ir(aMH 06.11acTH .Bq noJIH, cos.n:aooeMoro npa nOMoll!R Bacoxoqac

TOTHoro pesoHaTopa Toro HJIH HHoro TWia. 

Ba6op ycKOPJDJ!tel CHCT0MH onpe.n;eJIHeTCH ueJWM p.imoM ~TOPOB a 

C000pallt8Haff: ROHCTPYRTHBHHX, !6XH:atJ6CKHX, axcnJJyaTaUROHHHX, 3KOHOMl'I

qecKl'IX H npHHU1,UU!aJ1J,Hsx, OCHOBHHMH H3 ROTOPHX HBJ!JDJTCH: 

1) paSMep H ROHqlHrypaURH OOJJaCTH ycxopemm, 

2) pa6oqaff ~anasoH qacToT {.n;eBaanu qacToTa .n;JIH cIIBXpoURKJIO-

TpoHoB), 

3) Ha6op aHeprD sa o6opoT, 

4) nocTOHHCTBO Ha.dopa 8Hepru; 

5) y.n;odC'l'BO HCilOJILSOBaHHH H 8RCilJJyaTaUHH, 

6) CTOHMOCTb coopyllt8HM a axcnJJyaTaUROHHl:le pacxo.n;a. Ilpa 8TOM 

B saBHCHMOCTH OT THIIa YCKOpl'ITeJIH, ero aHeprHH, HHT8HCHBHOCTH, Tpe

doBalid K xaqecT:ey nyt!Xa .D;OMHHHPYDI!HMH MOryT OHTb pa3JJHqHae Tpedo

llaJDIH K Bq CHCTeMe. 
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B nepBoit rmBe ,ll;Hccep-r~ pacCMOTpeHH H6ROTOJ)He 0611tRe BOnpo

CH, CBfI38.HHHe C ycKopeHHeM sapJDKeHHHX qacTim B UHKJIH'l6CRRX ycKOPH

T6JllIX C llOCTOJIHHHM BO BpeMeHH MarHHTHHM llOJieM. JleTaJII,HHe ll0.lij)06HO

CTH, HM61X!lH6 OTHOmeHHe K onpeneJieHHOMy Tmiy YCROPHTeJiel, pacCMOT

peHH B llOCJ16~IallIDC rm:aax npH a.HaJil!Se YCRO.PJID!lHX ]3q CHCTeM ROHRP'eT

HHX Mallllil:H, nM ROTOPHX OHR HMeDT onpe~eJIHD~ee 3HaqeHHe.B CBH3H C Ha

M6THBmeitCH B nocxe~ee BP8MH Te~eHitBeit R noxyqeimD MOHOSHepreTMe

CRWC ny'IKOB ycKopeHHHX qacTim, a TB.KEe BHCOROHHTeHCHBHWC ny'IROB 

qacTHU cpe~eit saeprHH npz aHaJIHse aitueHT cne118B HMeHHo Ha sTHX 

acneRTaX npo6JieMH paspa60TRH Bl! CHCTeM YCKOPHTeJieit pacCMaTpHBaeMO

ro xxacca. 

Bo ooex URKJmqecKHX ycROPHTeJllIX C llOCTO.llHHHM BO BpeMeim MarimT

HNM n~JieM BSam.lOnelcTBHe YCKOPHeMHX qacTim C yCKOPHllllliL~ Bq llOJleM 

npoHcxonHT B OTne.m,Hwc 06JiaCTHX - "ycKOPHIX!lHX meJIHX", npoTmteHHOCTL 

KOTopwc, KS.K npammo, saaqHTeJILHo MeHLme nJIHHH op6HTH. HciiJllOlleime 

COCTaBJIJtDT TOJILKO nepBHe odopOTH B MamHHax C BHYTP6HHRMH HOHHHMH 

HCTOqHHRBMH, pacnoxoxeHHNMH B ueHTpe YCKOPHT6JII,HOit RaMeps, llPH Bq 

HJIH HHSKOllOTeHUHaJll,HOM npHHy.Il;HT6JlI,HOM OTcoce HOHOB. YcROPH6MHe qac

THUH MHOrOKpaTHO npoXOnHT ycKOP.fllllIIYD mem,, Ha6HpaJI SHeprHD B COOT

B6TCTBHH C aMllJIHTynoit H !p8.30it Bq llOJIH B MOMeHT npoxeTa meJIH. 

HaH6oxee pacnpocTpaaeHHHMH B ycxopaTeJlJll paccMaTpHBaeMoro TH

rui SIBJISIDl'CH ycKOPHIX!lH6 Bl! CHCTeMH B BHn6 qeTB6PT1>BOJIHOBHX (llOJiyBOJI

HOBHX nXH CHHXPOUHRJIOTPOHOB) pesoHaHCHHX JlllHlll!,· Ha ROHUe ROTOPHX 

pacnoxoxea ycKOPm>lltRit sJieRTpon - ~aaT. BsaHMoneilcTBHe qacTim c no

JieM npoHCXO,ll;HT y panaaJII,HHX Rpa.!OR ~aHTa, a qacTL nyTH qacTHUH 

npoXOnHT BHyTPH ~aHTa, qacTOTa Bq HanpJD!teHWI Ha ROTOPOM BH6HpaeT

CH TaKHM o6pasoM, qTo6u 06ecneqaT1> sqxl)eRTHBHoe ycxopeHHe qacTHU 

R8.K Ha Bxone B ~aHT, TaR H Ha BHXOne HS Hero. 
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IlpaBHJlI>HHe lp8.30BH6 COOTHOmeHM C Toqxa speHM o6ecneqeHWI sip

~eRTRBHoro ycKopeHHH MOryT 6HT1> noxyqeHH npa pasJmqHoll ~asonon npo

TmteHHOCTH ~rurron, Onff8.KO C TO'IRH speHWI noxyqeHHH MOHOSHepreTaqe

CRHX nytraOB ycKopeHHHX qacTHU SIBJIJlDTCH He6espasJIHqHHMH RB.K lp8.30BaH 

npoTIDJteHHOCT1, yCKOpHeMoro crycTRa, TaK H lp8.30BaH npOTH~eHHOCT1, ycKO

pm:JlllRX sJieKTPOnoB. 

B ,ll;HCCepTaUHH pacCMOTpeH pel!WM ycKopeHHH B UHKJIOTPOHe c 6Jioq

HOll KOMllOHOBROit MarHHTa H ycKOPHDmHM 3Jl6KTponOM, pacnoxoxeHH!iM B 

CB060~0M OT llOJIH npocTpaHCTBe, KaR STO npruurro B npoeKTax MOHO

SHepreTaqecKHX UHRJIOTPOHOB. Ilpz STOM OKasuBaeTCH, qTo ycKOPHDmaJI 

CHCTeMa BHOCHT SHepreTaqecKHI pas6poc B ycKOPHeMHll nyqoK, B6J1HqHHa 

KOTOporo saBHCHT OT !p8.30BOI npOTffilt6HHOCTH ycKOP.Jm!J16rO 3Jl6KTpona. 

B xaqecTBe npHMepa paccqaTaHH saepreTHqecKHe pas6pocu, cMsaH

HHe c Bq CHCTeMOI, nM YCKOPHTeJIJt c MaKCHMaJII,HOit SHeprHeit 80 MsB, 

8MllJIHTynol ycKOPJ'ID!t6ro HanpmceHM 100 KB, lp8.30BOll npoTmteHHOCTl>ID 

crycTKa npH HHE6KUHH 10° H SHeprHeit HHX6RURH 5 H 10 MsB B saBHCHMO

CTH OT ~SOBOi npoTmteHHOCTH YCKOPHnmero 3Jl6RTpona. Pas6poc yMeHLma

eTCH npz npa6,mgemm yrxa nponeTa qacTHU B sJieKTpone K 180°. 

B ueJIOM PH,I{e cxyqaeB npa aHaJIHSe pa60TH YCROP.Jm!J16it BHCORoqac

TOTHOit CHCTeMH H pellWMa ycKopeHM Heo6xonmio yqHTHBaTl, BOSMYmamtee 

BosnelcTBHe nyqRa Ha YCKOP.fllllIIYD CHCTeMy. 

3TO Ji!MeeT M6CTO, Hanpm.,ep, npH paCCMOTpemm BOnpocoB, CM3aH~wc

c noxyqeHlleM llyqKOB ycKopeHHHX qacTHU BHCOKOI MOHOSHepreTaqaocTH 

(MOHOSHepreTMeCKHI UHRJIOTpOH) HJIH B6C1>Ma BHCOROit HHTeHCHBHOCTH 

(M630HHrut<p,a6pHRa HJIH HelTpOHHHll reHepaTop). 

B KaqecTBe OCHOBHoro HHCTpyMeHTa aHaJIHsa BSaHMoneitCTBHH nyqoK -

Bq CHCTeMa B pa6oTe HCll0JlI,30BaH saKOH HaBeneHHoro TOKa B npH6JIHge

mm san8.IUioro llOJIJt, qTo nocTaToqHo xopomo COOTB6TCTBJ6T YCJIOBHRM, 

cymeCTBYlOll!l!M B paccMaTpHBaeMHX yCROPHTeJIHX. 
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nJIR: ynponteHWI aHaJlllsa a c neJII,llJ npH.IJ;aHHJI et.zy o6~ocTH ycxoJ).fI!r 

I.UlfH pesoHaTop paccMaTpH:saJ!cSI KaK napa}!}!eJ1I,ami LCT<-xoHTyp, r,D;e 

L , C. , It - SKBH:saJieHTHHe napa.MeTpH pesoHaTopa, OTHeceHHHe K soHe 

B3ruu.!O.n;effCTBM c ny,mOM (nyqHOCTH HanpmteHHJI). B STOM npH6muteHHB: 

npoaHaJ1Rso:eaHa paccTpofflta H uarpysxa ycxopm>mero pesoHaTopa nytmoM, 

pacCMOTpeHH cornacOBaHHe reuepaTopa c pesoHaToPOM, narpyxeHHllM nyq

KOM, H ycTaHOBJ!eHHe ROJ!e68.Hltlt B pesoHaTopax, HarpyxeHHHX nytmOM. 

Ilo.nyqeHH BHpaJ[8HHSI .D;JIR: aKTHBHO! H PeaKTHBHOA KOMilOHeHT Harpys

KH, o6ycJ!OBJ!eHHWC HaBe,D;eHHHM TOKOM; nocTpoeHH rpaq>HKH,xapaKTepasyJ0-

1.Ulfe HanpmiteHHe Ha KOHType H MO~OCTI, OTpallteHHott BOJ!HH, B samicm.io

CTH OT MO~OCTH na.n:a.JOOteli BOJ!HH .D;J!SI HOMHHaJII,Horo H HyJ!eBoro TOKa Ha

rpysRH. nJ!SI aHaJ1Hsa nepexo.!Ulmc nponeccoB B pesouaTopax, narpyxeuumc 

ny'¾ROM, HCilOJ!L30BaJ!CSI acHMnTOTH'leCKd MeTO,ll;, pasBHTwl: H.H.Boro.m:x:so

BHM. IlpH .D:BYX npe,D;nOJ!OllteHHSIX OTHOCHTeJII,HO xapaxTepHCTP.X IlHTaJOOtero 

BHCOKOqacTOTHoro reuepaTopa - HanpmteHHe Ha KOHType IlOCTOSIHHO, 'l'OK 

renepaTOpa IlOCTOJIHeH - IlOJiytleHH KPHTepaa ycTO!'iHB?CTil, HJ!JIDCTPHpye

MHe COOTBeTCTBYl)[JtHMH rpaq>mtaMH. 

IIo.nyqeHHe BHCOKOro yCKOPJmlllero HanpmiteHHJI B SBaKYHPOBaHHHX pe

SOHaTopax YCROPHTeJ1ea sapallteHHmc qaCTJ!n OCJ!OlltHSieTCSI nellliM PSI.D;a.! He

llteJiaTeJrbHHX paSPJI.D;HHX JlllJ!eHHtt. H BHCOKOqaCTOTHHM npo6oeM. Tpy.14HOCTH 

ycyry6J1HJJTca TeM, qTo pesoHaTopH HMem sHaqaTeJII,HHe reOMeTpaqecxne 

paSMePH, a B RaMepe YCKOPHTeJ!SI npncyTcT:eyeT SHaqHTeJrbHl:lff q>OH HOHHSH

PYllll.UlfX lfSJJyqeHH! paSJ!H'lHO! SHeprrui. 

Cpe,ItH pasp.imuwc SIBJ!euaa cne.D;yeT OTMeTHTI, pasp;m B OCTaTO'lHOM 

rase (B o6~eMe H B6J!RSH "rpasHHX" SJleRTPO.D;OB) H pesOHaHCHl:lff BHCOKO

'laCTOTHWi pasPJI.D; (PBP) B BHCOKOM BaKYYMe. 

B pa6oTe ,D;eTaJII,HO pacCMOTpeHH xapaxTepHCTHKH H yCJ!OBHJi BOSHHK

HOBeHHSI PBP. C IlOMODtLlll acHMilTOTH'leCROro MeTo,D;a HCCJle,D;OBaH peJmM 

ycTaHOBJieHHJI KOJle6aHHtt B pesoHaTope, HaxO)tHllleMCSI no,D; BOS.D;effcTBHeM 
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BtI renepaTopa a TORa PBP. IIp:ime.n:enu pexOMen.n;aium no cnoco6aM 

6opi,6H c PBP • 
IIocJ1e npeo.n;oJ1eHHJI PBP a BHXO.D;a Ha BHcoxaa ypoBeHI, ycRopmoote

ro HanpJtllteHIDI OCHOBHHM q>aKTOPOM, OrPaHH'lHBallll.UlfM BOSMOlltHOCTI, IlOBll

meHIDI HanpmteHHJI, SIBJ!SieTcst BHCOKoqacTOTHWi npo6oa. ITOCKOJ1I,Ky B 

HaCTOJmtee BPeMSI HeT CTporoi! KOJ!H'leCTBeHHOi! TeopHH npo6osr, oco6Htt 

HHTepec npao6peTam sxcnepHMeHTaJI&HHe accJ1e.D;oBaHIDI sToro stBJ!eHIDI. 

B ,ItHccePTaium npaBe,D;eH o6mHpH!:rli sxcnepHMeHTam;HHtt MaTepaaJ1 

no HCCJ18.D;OBaIDU> npo6oeB B na:KJlOTpoHHOi! BtI CHCTeMe, no.nyqeHHHtt B 

CMSH c paspa60TKOi! peJ!SITHBHCTCKOro na:KJ!OTpOHa. BOJlI,mHHCTBO HCCJle

.D;OBaHHi! npOBO.D;l!J!OCI, Ha na:KJ!OTpOHe - Mo.n;eJ!R PU co CJ18.D;yJrutHMH xapax

T8PRCTHKaMH: qacToTa ycxopm>ntero aanpmiteHIDI - 12 MI'u, sanaceHHast 

B pesoHaHCHOli CHCTeMe SHeprHst - 1 ~. BllCOTa sasopa - 32;t.1 MM,IlJ!O

IIta.itE> sasopa - 0,5 M2, pa6oqzff BaKYYM (napocTpyffHHe Hacocu) -

(0,5+1).10-5 MM PT.CT. tiacTI, HCCJ18)'.(0BaHHtt BHilOJIHeHa Ha UHKJ!OTpoHe 

Y-150 IDIP OIDIB. 

llccJ1e.n;o:eaHHJt npoBO.n;RJ!HCl> KaK npn uenpePHBHOM, TaK H npa HM'-' 

IlYJII,CHOM peJmMax pa60Tll BtI reaepaTopa. 

HaOpa.Ha suaqurenaHM cTaTHCTHKa (cBHme 10 Tuc.npo6oeB), Ha 

OCHOBaHHR KOTOpoa c.n;eJUlHH BHBO.D;H O xapaxTepe npo60eB npa pas;mq-

- HHX nanpmteHIDIX, o .n;onycTHMHX uanpJtllteHHRX a cnoco6ax TpeHHpOBKH 

SJ!eKTPO.D;OB, 0 Tpe60BaHHSIX K KOHCTpyKTHBHHM SJ!eMeHTaM pa6oqax SJ!eR

TPO.D:OB. 

B KaqecTBe ycTpottcTB, reHePHPYlOlllHX BtI MO~OCTI,, npe,nHasHaqen

HYlll .n;M nonyqeHHJI Heo6xo.D;HMoro ycxopm>ntero nanpSillteHHst a_ycKopeHruI 

qacTan, acnom.symcst MO~He pa.n;HO'laCTOTHue reaepaTOPH H aBToreae

paTopu. 

ABToreHepaTOPJ:l, KaK ycTpOi!CTBa 60J1ee npOCTH8 B HSrOTOBJ18HHH 

H SRcn.nyaTanaa, noaaqa.ny HCilOJII,SOBaJ!HCI, B ycKOPHT8JlstX BCeX KJlaCCOB, 
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O,!Ui8.KO cefiqac, B CBSISH c BOSPOClllID,IH Tpe6OBB.HIDIMH R CTa6nm.HOCTH 

8MIIJIRTy~ H qacTOT, OID! IlpaRTnqecRn He npHMeHJmTc.fI B ~JlOTpoHax, 

6espa3~8Jll,HO rocno~CTBj'.fI TOJll,RO B Bq CHCTeMax cnmcpo~JIOTPOHOB. 

Ka.K 3Jl8M8HT cnrucpo~JIOTPOHa, OHH ~OJ!lltHH YCTOfiqHBo BO36yllt)l;aTbC.fI, 

saqacTyD, B oqeffb lllHPOROM ~nasoHe pa6oqmc qacToT, o6ecnetraBaH 

npn 3TOM sifxiieRTHBHylO reaepaIUllll ~ecJITROB RHJlOBaTT M MOIIUIOCTH. 

B ~ccepTannH paCCMOTpeHH YCJIOBIDI CTaqHOHapHOCTH ROJie6aTem.

Horo peJKHMa n Tpe6OBaID!H, npe~~HBMeMse R sneMeHTaM reaepaTopa,npn

MeHHTeJU,HO R aBToreHepaTopy C saseMneHHOtt CeTRoff H eMROCTHOff o6paT

HOit CBH3bl0 ( eMROCTHM "TpeXTO'IBa") t npHHHTOMy B Bq CHCTeMe CHJll,HO

TOqHoro qiasoTpoHa OIDIB (ycTaHOBRa "~"). 

Ilo.nyqeHH COOTHOmeHHJi, CBSISHBaIOIIUle npOBO~OCTb eMROCTH o6paT

HOff CBSISH C PeaRTHBHOff ROMilOHeHTOH npoBO~OCTH ceTRa-RaTo~. npn 

ROTOPHX BHilOJlHJIIOTC.fI ycnoBHH BOSHHRHOBeID!.fI Rone6al1Hff, ~M c.nyqaa, 

ROr~a HMeDTC.fI 3HaqnTem.HHe 8.KTHBHHe npOBO~OCTR.aHo~-CeTKa (npoBO

~OCTb HarpysRn) H ceTRa-RaTo~. 

KoHRpeTHHe qncneHHHe pesym.TaTH npHBe~eHH B r.naBe, IlOCBSI1118HHOff 

Bq CHCTeMe ycTaHOBRH "~". 

MOIIUIHe KOPOTROBOJlHOBHe reaepaTOPH ~JlOTPOHOB B SHaqHTeJU,HOff 

Mepe n~eHTnqHH co CBSISHHMH ~onepe~aTqHRaMH, MeTo~a pacqeTa H 

npoeKTHPOBaHHH ROTOPHX ,ItOCTaToqao mnpoRo OCBemeRa B cneqnam.aott JIR

T,epaType. 0,nHa.KO M reHepaTOpH, pa6oTa:mtne B YCROPHTeMX sap.imeHHHX 

qacT~, ,ItOJllKHH O6JJa,l(aTb n HeROTOPHMH cnenH{f)HqecRHMH qePTBMH, HS KO

TOPHX HaH6onee BB.l!HOH B nocne,nHee BpeM.fI CTaHOBHTC.fI CTa6HJU,HOCTb 

aMilJIRTy~ reaepHpyeMoro Bq Hanp.FD![eHHH. B ~CC8PTaqnH xapaRTepHCTH

RH M reHepaTopa, R8.K 3JleMeHTa ~nOTpoHa, paccMaTpHBaDTC.fI HMeHHo 

C 3TOtt TQqRH speHHJI. 
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Ilo.nyqeHH saBHCHMOCTH, ycTaHaBJIRBaIOmHe CBH3b aMilJIRTY~ reHepH

pyeMoro Hanp.imeHHH C IlHTamtHMH Hanpmlt8HW!MH H conpoTHBnBHHeM Ha

rpy3RH ~ He~oHanpJD1teHHoro n nepeHanpm1teHHoro pelltHMOB. 

JlaHH peROMBJWl.nHH no BH6opy Toro HJm HHoro peJKHMa B saBncHMo

CTH OT xapaRTBPHCTHR aarpySRH n HCTQiHHROB IlHTaHHH. 

Bo BTOpott r.naBe ~CCBPTaqnH paccMaTpRl38JOTC.fI BOilPOCH, C BSIS8HHH8 

c paspa6OTKOtt BHCORoqacTOTHHX CHCTeM nsoxpOHHHX qHKJIOTPOHOB, ROTO

pHe B HaCTOsmtee BPewI HBJlllllTC.fI Han6onee pacnpocTpaH.eHHHM THilOM cpe

~ qnxnnqecKHX ycKOpHTenea. B CMSH C TeM, qTo B TaRHX MamnHax Toq

HHff Sa.KOH HSMeHeHWl: MarHHT~oro IlOM {fiOIJMHpyeTc.fI C IlOMOmblO TOROBHX 

o6MOTOR H MO%eT 6HTb m,n;epllt8H npn paSHHX ~KqnHX, nx CTpeMJITC.fI 

"yHRBepcannsnpoBaTb", T.e. HMeTb pelltHMH c nepeMeHHoff saeprnen ycRo

peHHHX 'iaCTHQ n ycxopHTb qacT~ c pasnnqHH?,IH SHaqeHHJIMH 2 /A. CooT

BBTCTBeHHo, BHCOKoqacTOTHHe ycRop~e CHCTBMH ,ItOJllWH o~ecneqnBaTb 

Heo6xo~yJO nepecTpoffRy qacTOTH n ajxpeKTHBHOCTb pa6OTH B mHPOROM 

~HanasoHe qacToT. 

B 6om.mnHCTB8 COBpeMeHHHX ~eHCTBj'lllllHX n coopyataeMHX nsoxpoHHHX 

qHKJIOTPOHOB Ha sHeprHIO B ,necJITRH M8B Hcnom.syeTC.fI lli-o6pasHutt MarHHT 

co cnnolllHHM IlOnIOCHHM HaROUeqmmOM, a ,ItM COS,ItaHHH asHMyTam.HOH Ba

pHaqnH MarHHTHOro IlOM npm.1ewnoTC.fI C8R!OPHH8 nnH cnnpaJU,HHe {fieppo

MarHHTHHe llllmMN. IlpH Ta.ROM cnoco6e lpOif,IHPOBaHM MarHHTHOro IlOM 

CB06O,ItHHH sasop B MelltilOJllOCHOM npOCTpaHCTBe MeJK,cy ceRTOPHUMH illHMMaMH 

oKasHBaeTC.fI ManHM, .O,!Uia.KO npn y~aJieHHH xoppeKTHPY!OlltIDC O6MOTOR OT 

Me~aHHOH nnocKOCTH sasop B ,nonHHax M8llOJY IJIBMMaMH MOX8T 6UTb ,ItOBOJll,

HO saaqHT8Jll,HHM. 

B CBSISH c TeM, qTo npn lli-o6paSHOM MarHHTe o6rqrur ROMilOHOBKa H 

pasMepH ycxopnTem.Hott KaMepH HSOXPOHHHX ~JlOTPOHOB 6XHSKH K HM8B

lllm,I MecTo y x.naccnqec1rnx, oc·raeTc.fI onTnMaJU,HOH n KJiaccnqecxaa cxe-
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Ma ycRopmo~en Bq CHCTeMH B BH,Jte qeTBBPThBOJIHOBOtt ROPOTRO3aMRHyTott 

pesOHaHCHOit JmHHll C YCKOpmDll!ID,I 3J18RTPO.I{OM B B~e ~aHTa Ha pasoMK

HyTOM Roime. 

IlpR CBKTOPHHX HID! c.na6o CilR~HHX 111RMMax HapSJJJY co 180-rpa

~CHHM ~ya.Hrrom,xapaKrepHHllH ,IVI8 OOHqHwc ~HKJIOTpOHOB, B H3OXpOHH!lX 

UHKJIOTPOHax mRpOKO Hcno.m,syIOTCH ~aHTH Melibmett yrJIOBOtt npoTmtBHHO

CTH, pacnOJIOEeHHHe B ,I{OID!Hax. 

3TO yMelibmaeT MO~OCTh noTeph R npo6JieMY Bq npo6oeB, OMaKO 

ycJIO~HHeT reoMeTpmo ~eHTpaJU,HOfi O6.naCTR R npo6JieMy nonyqem,:g MOH0-

3HepreTRqecRRX ny'lliOB. 

B RaqecTBe pe3OHaHCHHX BHCOROqacTOTH!lX CRCTeM Rcno.m,syJOTCH 

KaK ROaKCRallHHe IlHID!H~HqecRRB qeTBBPThBOJIHOBHe pesoHaHC!IEle JIRIDU!, 

nepecTpaRBaeMHe C llOMO!llDD no~ott SaKOPOTKH, TaK R llJIOCRHe JIRHRR 

c naHe.m,Hott nepecTpo:ltKott qacTOTH. 

B ,nHCCePTal:lHR npRBO~TCH OCHOBHHe COOTHOmeHRH, llO3BO~e 

paccqzTaTh Bq CHCTeMy YCROPRTeJUI RaK c.no,nBRlltHOtt 3aKOpOTROtt JtJ11{ 

nepecTpOARR qacTOTH, _TaK RC naHeJU,HOtt nepecTpo:lraol. 

C ToqRH speHRH 3J10RTPO~HaMHqecROro pacqeTa CHCTeMH HaR6o.m,

myro TPY~OCTh npe,ncTaBMeT pacqeT BXOM!lX xapaKTepRCTRK ~aH'l'a, RO

TOplitt npe,ncTaBnaeT cooon HeOMOPOWID nRHmo cnolltHott ROHWRrYpallHR. 

B ~ccepTa~ paccqnTaHH xapaKT0PHCTRKH ~aHTOB pJI,na TRnHqH!lX ~OJJ,! 

H noRasaHo, qTo B no,naB~eM 6OllmBHCTB0 cnyqaeB, B~ MaJIOCTH . 

reOMeTpzqecRRX pasMepoB ~aHTa no cpaBHeHHD c ~on BOJIHH ycRopsm

~ero HanPJIJiteHRH, ,nocTaToqHo xopomRM npz6JIHxeHReM HBJUieTcH npe,ncTaB

JieHHe ~aHTa B BH.ne cocpe,noToqeHHott eMROOTR. B RaqecT.B8 HJlJIDCTpa

IlHR nonyqeHH!lX COOTHomeHHA npzBe,neH pacqeT pesOHaHCHOA CHCTeMH C 

llO,nBHlltHOtt 3aKOPOTKOtt Mo,neJIR pemrrHBRCTCRoro UHKJIOTPOHa H llPHBe,neHH 

pesy.m,TaTH cpaBHeHW! C 3RcnepHMeHTOM. 
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CHCTeMa C naH8JII,HOA nepecTpo:lraott qacTOTH paccMOTpeHa Ha ROH

RP8THOM npHMepe IlHKJIOTPOHa Y-12CM. 3TOT yCROPRTeJII, npe,naasHaqeH 

JtM ycRopeHRH npoTOHOB, 3He, .nettToHoB n °'- -qacTim npa n.naBHOM BaphR

po:eamm 3HeprRR qacTm::t .B llIRPOROM ,nminasoHe R .BHCOROtt MOHoxpoMaTHqH()-'' 

CTH ny,ma ycKopeHHHX qacTim. TiacTOTH o6pa~eHM qacTJm JI0lK8.T B ,nHana

SOHe OT 26,3 Mm (npoTOHH MaKCHMaJIDHOtt SHeprHR) .no 8,8 MI'n (,nettTOHH 

MHHHManhHOit SHeprRR). 

Ilpo.Be,neHHHA .B ,nHccepT~ ,neTa1II>Hlitt aHaJIRs BOSMOlltHOcTett n xa

PaRTepzcTmt CRCT8M C naH8./I&HOA nepecTpoAKon qacTOTH llO3BOJIHJI OllTH

MaJll,HI,JM odpasOM BH6paTh pasMepH H ROHWllrY~ Bq CRCTeMH Y-12CM. 

B CBHSR C T8M, qTO np:e: pasMepax, xapaKTepHHX ,I{JIH CRCT8M C na

H8Jll,HOA nepecTpOIROI qacTOTH, cy~eCTBYIDIIIH8 BHpai!t8HM .I{JIH BOJIHOBHX 

conpoTRBJI8HHit pesOHaHCHOit JIRHRH ORaSHBalOTCH He TOqHHMR, 6HJI pasBRT 

RH~eHepHHI M8TO,n pacqeTOB BOJIHOBWC conpOTH.BJieHRA, ,naBmRtt xopomee 

coBna,neHRe c axcnepHMeH'l'OM. 

HaJIHqHe pesepBa MO~OCTH Ha 6OJII,llIHHCTB8 qacTOT pa6oqero ,nHana

SOHa c,ne.naJio BOSMOlltHHM npRMeHeHRe B Y-12CM HecTaH.naPTHHX TpRMMepHHX 

ROH,n8HCaTOPOB oqem, 6om.mott eMROCTH. 3TH TPRMM8PH, llOMRMO BHllOJIHe

HWI wmu~ru1 no,ncTpolRH qacTOTH, zcno.m,symca, oo-nepmnc, JtM nony

qeHWJ m,:imel qacTOTH ,nHanasoHa, qTo llO3BOJUl8T CHR3HTh MaKCHMaJIDHyID 

MO~OCTh llOT8Ph, H, BO-BTOPHX, JtM nepecTpOitRH CRCTeMH 6es CWiTW! 

HanPJIJitBHWI, qTo npH uaJlllqHR aBTOJJaTaqecRR nepecTpaRBaeMoro FI reHe

paTopa npa6JIHxtaeT ynpa.BJieHHe ycROPRT8J18M R ynpa.BJIBHHD sr. 
B ,nHccepr~ npH.Be,neHH pesy.m.TaTH pacqeTa OCHOBHHX xapaKTepR

CTRR Bq CRC'l'eMH Y-12CM. Mo,neJIHpOBaHRe B MacmTa6e 1/5 no,nTBep,nHJIO 

OCHOBHHe pesy.m.TaTH pacqeTa. 

HorzqecRJ11M pa3BHTH8M I:lHKJlOTPOHHOro MeTo,na ycRopeHM, CBH3aH

HHM C nporpecc<:14 Teopu ,IUlIDKBHR.fl qacTJm, MBTO.I{OB ~Op.lHpOBaHM H 
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CHCTeM CTa6HJIH3a.nHR MarHHTHHX nonea H pasBHTReM BUC0K0CTa6RJU,HI:VC 

CHCTeM reHepauim: BHC0K0'1acT0TH0I M0IIUl0CTR, .IIBJLCmTCH npoeKTU M0HO

aHepreTHqeCRIDC nHl(Jl0TP0H0B. 

B TpeT»el rmBe ,ItHCCePTa.nHH paCCM0TpeHI:l·B0ilP0CU, ·CBHSaHHUe C 

paspa60TK0I nq CHCTeMU M0H0BHepreTH'lecKoro nHl(Jl0TP0Ha. IIpoeKTCIA MO

H0aHepreTH'leCK0ro nHl(JI0Tp0Ha OHffii npe.n;ycMaTpHBaeTCH HCil0JII,30BaHHe 

MarHHTH0I CHCTeMu, C0CT0Hl!le! H3 qeTupex 0T~eJU,HHX MarHRTHWC ceKTO

P0B c 45~rpa.n;ycHol yrJI0B0H npoTmteHH0CT»D H HHTePBaJIOM pa6oqHX pa

.lUIYC0B 0,54+4, 1 Mo 

YcKopmoaiaa: CHCTeMa ~0JDltHa 06ecne11RBaTh Ha6op aHepr:im sa o6opoT 

100 KaB/sapH,It ~ Bcex ycK0PHeMUX qacTHn: p , ct , al.. , 3He, 6 Li.. 
Pas6poc aHeprHH npH ycKopeHHH He ~oJillteH npeBU!llaTh 10-4. Ha6op 

aHeprHH ~0JIJKeH ocy~eCTBHHThCH B MaKCHMyMe BUC0KoqacT0THoro ycK0p.!D)

~ero HaDpJDl[eHHH, DPH'leM BeKT0P HaDpJDl[eHH0CTR yCK0PHIOlllero aneKTPH'le

CK0ro Il0M ~0JDlteH 6UTh HanpaBJieH B~0JU, paBHOBeCH0I TpaeRT0PHH 11acTR

U}l. tJaCT0Ta o6pa~eHM YCK0PfieMUX 11acTHn paBHHeTCH 4,638. Mrn (P), 
~ . 

2,948 Mrn Cd., cJ.., Li.), 3,377 Mrn) (3He). 

YcK0pm:illlafl CHCTeMa, y~0BJieTB0PHIOlllafi H3JlOZeHHUM.Tpe6oBaHHRM, 

M0ZeT 6irrh ocy~eCTBJieua HH6o B ~e o.nttonpoJieTHoro pesoHaTopa c pa-

6oqHM sasopoM, HJJY~ B~0JU, pa,ItHyca B cepe,ItHHe npoMegyTxa Me:at.n;y cex

T0paMH, HH60 B B~e .n;yaHTa, yroJI npoJieTa qacTHn B K0T0POM C0CTaBM

~ (2K+1 )1i , K=1,2,3, ••• , a KpoMKH HJJYT B~0JU, pa,ItHyC0B B cepe,ItHHe 

npOMegyTR0B RHB B cepe,ItHHax MarHRTHUX ceKT0P0B. 

B ,ItHCCePTanim npHB0,ItHTCH 060CH0BaHHe BU6opa 8JieMeHT0B BtJ ycxo

pmo~ea CHCTeMu, ee aJieKTP0.ItHHaMHqecKHH pac11eT R pesyJU,TaTU M0~emi:

po:eaHR!i B MacmTa6e 1/4 • 

B cooTBeTcTBHH c nony11eHHUMR pesym,TaTaMH ~M MU OHID1 npHHHTa 

ycRop~ CRCTeMa C Il0JleM cne;wraJU,H0H ~0p..!U - "cnno~eHHaH CHHyC0H

.na". 3T0 D0Jie cos,naeTCH .IteyMH 0T~eJU,HUMH (pasHeceHHUMH B npocTpaH-
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CTBe) CHCTeMaMH ycK0pmllllHX aJieKTP0~0B, xa~as R3 K0T0PUX cos~aeT 

aJieKTpH11ecxoe noJie CHHyco~am,He>a ~op..!U. 

"0cHOBHaH" ycR0pm:illlafl CHCTeMa B036y~aeTCH Ha_ qacToTe, paBH~I 

y,JU3oeHH0I ,racT0Te o6p~eHu, "ra_I!,IOHH'leCKaH" YCK0P.fIIOll1aH CHCTeMa 

B036yg,naeTCH Ha TpeT»el rap..!0HHKe 0CH0BH0H ,racT0TU. KaK 0CH0BHaH, 

TaK R rapM0Jlll'leCRaH ycK0P.fIIOll1He CHCTeMU C0CT0HT xalK,ltaH H3 TJ:BYX CHM

MeTpHqHo pacnoJiozeHHHX yCK0PJmll!HX aJieKTP0~0B (.n;yaHTOB) anexTpHqe

CK0I npoTmteHH0CT»ll 180°; npR aTOM reOMeTpH11ecKHI yron 0CH0BH0ro 

J!YaHTa paBeH 9QO, a .I'ap..!OHH'leCKOrO - 300 • Ra~ .n;yaHT paCD0JI0ZeH 

TaK, 'ITO ero 0Ch cHMMeTPHH C0Bna,ItaeT C cepe,ItHHol npoMegyTKa MellrJJY 

MarmtTlWMH 6JI0KaMR, npH'leM rap..!0HHqeCKHli .n;yaHT neJIHK0M pacnoJiaraeT-
. ·-

CH B 3T0M npOMegyTKe, a 0CH0BH0I saxo~RT B MeMD0JIIOCH0e npocTpaHCT-

B0, R ero YCK0PHIDlltRe Kp0MKR JieMT B cepe,ItHHe MarHRTHoro 6JI0Ka. 

B ,ItHccePTa.nHH no~o6Ho pacCMoTpeHU oco6eHHocTa pelltHMa ycKope

HHH B TaR0I M CHCTeMe, npoa.HaJm3Hp0BaH0 BJll!JIHH.e pasnaqHUX ~TO

poB, CBJI3aHHUX C aea, Ha Ha6op aaeprHH R ~onyCTHMYD ~30BYD np0TH

zeHH0CTh crycTKa ycK0pHeMux ,racTHn. Ha 0CH0BaHHH nonyqeHHUX pe3yJU,

TaT0B H aHa.1ll!lsa HecTa6RJU,H0CTel, BH0CHMUX aJieMeHTaMH BtJ reHepaTopa, 

o60CH0BaHa 06~ cxeMa KOMD0H0BKH CHCTeMU BtJ DHTaHHH pesoHaT0P0B, 

~OpMyJIHpOBaBU TPOOOBaHl!H K TeMnepaTypHol H reoMeTpR11eCKOli CTa6HJU,

H0CTR aJieMeHT0B, CTa6RJU,H0CTR CHCTeM IlHTaHHH reHepaTopa, T0qHOCTH 

H KO~naeHTy CTa6HJIH38.ItHH CHCTeM APA H AIItJ. 

AHaJm3 Tpe6oBaHHI; npe,It7,HBJ1/leMUX K 3JleMeHT8M H ysJiaM BUC0R0-

11aCT0TH0A ~HCTeMU M0H0aHepreTH11eCRoro nHKJl0TP0Ha, Il0KasaJI, qTo 0HH, 

He . .lIBJJJmCh IlPHHHT!D.IH B HaCT0JIUtee BpeMH B YCKOPHTeJffiHOI H BUC0K0qac

T0TH0H TeXHHKe, He BUX0~, TeM He MeHee, sa npe~eJIU TeXHaqecKRX 

B03MOlll'.H0CTeA cero.nttmn11ero ~. . 
C neJU,ll 3KCnepHMeHTaJU,H0H npoBePKR nonyqeHHUX C00THomeHHI R 

peaJU,H0ro nonyqeHHH BUC0K0'laCT0TH0ro HanpJDl[eHWt C ~OJlI'0BpeMeHHol 
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CTa6am.HOCT.L!l 8MllJIHTy,nll nopn;znta 10-4 Ha cpe,n;HeM ypoBlle MOII!HOCTH 

6un paspa6oTaH, cnpoeRTapo:saH a asroToBneH ROMnneRT pa,naoannapa

Typu CTa6Hm.Hoii 8MllJIHTy,nll ("KPACA"), OCHOBHHMR 'W.CTm.uI ROToporo 

JIBJIJm'l'CH MO,n;em, 1:4 pesoHaTOpa nepBOff rap.,oHHRB MU a COOTBSTCT

BYJXJtHff Bl! reuepaTop. 

B OROHS'IHOM xacmme Bl! reuepaTopa l'ICllOJll,SYeTCH TeTpo,n; I'Y-47E, 

'ITO llOSBOJIHeT no.nyqaT.L Rone6aTem.Hyll MOII!HOCT.L B npe)tenax .n;o 4 xBr, 
qero, npaRTaqecRR, BUonue .n;ocTaToqHo ,n;JIH uoABOMacmTa6uoro Mo.n;eJIH

po:eaurur npo6neM cTa6HJIHsainm ycRopmomero HanpmteHHH. Pa6oqan: qacTo

Ta BU6paHa paBllOf 26,3 MI'n;, '!TO COOTBSTCTlJyeT cpe,n;Heil '!aCTOTe ~ana

SOHa MU, yMHOEeHHoil Ha '!eTepe, 6Jil!SRO R sua-qerum MaRCRMam.uott 11ac

TOTU pesoHaTOpa TpeT.Len rap.,OHHRH MU l'l paBHHSTCH BepxHeii 11acTOTe 

n:mtnoTpoHa Y-12CM. 

ROHCTpyRTilllHO OROHe'lHUil R npe.n;oxoueqHID! xacRB,ItH reHepaTOpa 

BHIIOnHSHH Ha RoaRcRam.HIDC Me,JVlllX ROHTypax B aHO.n;HOtt n:en:a C llJiyHEe

paMH, nepeMemaeMHMR np.H rpy6oil HaCTPOHRe, a saTeM sawHRcRpoBaHHHMH 

B pa6oqoo nonoxeHHH c noMOl!lI>D 6onToBoro coe~eHIDI. 

CxeMHWI -qacT.L 6noRa ManoMOII!HHX xacR~oB (Th!R) noMemeaa B aR

THBHW TeJl,IOCTaT, TeMriepa-rypa B ROTOPOM no~epmraaeTCH llOCTO.FIHHOil 

C TO'IHOCT.L!l 0,1. 

reHepaTop n:aTaeTcH OT cnei:nmm.Ho paspa6oTaHHUX a asroToBneH

HUX B JUilI OIDM HCTOqHHROB llOBIIIDSHHOff CTa6am.HOCTH a yCTaHOBneH B 

llOMSl!l8Hlilll, TeMnepaTypa BOS~ B ROTOPOM no~e.PDIBaSTCH llOCTO.llllllOii 

C llOMOlllI>!l RO~OHepa RT-2 (r.I{P). 

0sMepeHHe aMUJIHTy,nu llHCORO'laCTOTHoro HanpmteHIDI c TO'IHOCT.L!l 

10-4 HBJIHSTCJI oqeH.L. cnoEHoff CaMOCTOJITen.LHOff sa,;taqeff, pemeHHe ROTO

pon TeM He MeHee Heo6xo~o .n;JIH paspa6oTRa a accne,n;o:BaHWI cBepx

cTa6HJU,HHX CRCTeM Bl! llHTaHIDI ycRopaTenen. IIpo6neMa B ,IJ;aHHOM c.nyqae· 
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HSCROn.LRO o6nerqaeTc.a: TeM, 'ITO a6cOJDJTH08 8Ha'ieHHe Hanp.a:EeHHH MO

EST HSMep.a:T.LCJI C MeH.Lmen TOqHOCT.LID, onpe,n;eJIHeMOil ,IJ;OCTynHoll TO'IHO

CT.L!l RaJIH6pOBRR, a SHaqeHae 10-4 OTHOCRTCH R paspemruomeil cnoco6HO

CTli li )lpeMipy HSMepaTenJI • 

MHoro-qacneHHHe 8RCnep.0'.MeHTH, pesym.TaTU ROTOPUX npaBe~eHH B 

.n;accepTainm, noRasanm:, qTo Heo6xo~an: TO'IHOCT.L MOEST 6HT.L ,IJ;OCTHr

HyTa npa RCllOJll,3O:BaHRR RaR naMnOBUX, TaR R no.nynpoBO,n;HRROBHX TSIJMO

CTaTapoBaHHHX ,n;eTSRTOPOB. 

B pesyn.LTaTe n:RRJia accne.n;o:eaHaa cacTeMH "RPACA" np:a coBMecT

HOM BR1ID'IeHRR'cacTeM AIIll a APA sa nJIT.L qacoB pa6oTu (nocne npe.n;

:eapaTeJU,Horo nporpe:ea annapa-rypu) 6u.na noJJy'ieHa cTa6HJU,HOCT.L Hanp.a:

EeHR.a: Ha pesoaaTope no Ma.HCRMam.HOMY OTRAOHSHH!l 5.10-5, napaSHTHWJ 

MO.n;ynJID;IDI ra!)MOHHRBMH npoMumneHHott qacTOTH N0,5 B Ha ypoBHe 5 RB, 
-4 .n;peiigi 2 • 1 0 • 

TaRRM o6pasoM, llOJiy'iSHHID! pesym,TaT HBJISISTCJI, llO-B~OMY, 

HaHJiyqmRM HS ,IJ;OCTHI'HyTHX B HacTOlil!lee BPSMJI B D;RRnOTpOHHHX .na6opa

TOPHJIX M.Rpa. 

IlOMRMO cos.n;aHIDI cnen;aam.Hux D;RRJIHqecRHX ycROPHTenen - MSSOH

HHX gia6pHR, .n;JISI ROTOPHX xapaRTepHa 6nO'IHWJ ROHCTPYRn:IDI MarHHTa a 

y~KOPHlllJlaH cacreMa B BH,lt8 or.n;enLHHX pesoHaropoB C TE011-BOnHoR,B08-

MOl!tHO cos.n;aHRe Ta.HHX MaJIIHH, y ROTOPHX O6.nacT.L ycRopeHIDI 6JIHsRa no 

ROHq>:arypan:aa R o6JiaCTH ycRopeHM n::axnoTpOHOB co cnnomHHM MarHRTOM 

a npOCTO peKOHCTpyKIJ;l!SI cymecTBYBll!IHX CWlXPOD;RRnOTPOHOB B penJITH

BHCTCRHe RSOXPOHHHe n:mtnOTPOHH. Ilocne,n;HJIJI BOSMOlKHOCT.L 6u.na paccMOT

peHa B .rum OH.HK npHMeHHTSJU,HO R peKOHCTpyRD;liU! .n;eilCTlJy~ero CHHXPO

n::axnoTpoHa B peJlJITHBHCTCRRtt n::axnoTpOH (PU). 
lleTBSPTaH rJiaBa ~CCSPTaIOm nOCBlil!lSHa BOnpocaM, CBJISaHHHM C 

paspa6oTxott ycKOPH!ll!lett Bl! cacTeMH PU. 
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YcKOPJIICll!M cncTeMa PU .I(OJllltHa o6ecnetin:sa.TL pel!UlM HenpepHllHoro 

ycRopemm npOTOHOB npn TORe Ha MaKCHMaJll,HOM pa.nnyce .!(0 1 MA. Ilpn · 

3TOM Heo6XO,IUIMO HMeTL MaKCPJMaJJI,HO BOSMOlKHmi Ha6op 3Heprnn ycROpJie

MHX npoTOHOB sa o6opoT npn TeXH:INeCRH BOSMOl!tHOA H 8ROHOMll'IecRH npn

eMneMOtt MOfllHOCTH CHCTeMH BHCOR~aCTOTHOro IlllTaHIDI ycROpJn)lltIDC aneRT

pO.I(OB. 

Oco6eHHOCTLJl PU. ROTOplitt JmJUieTCR BHCORononeBOff Ma.mRHOH C Ma

noa :sapnanaett HanpmteHHOCTH MarHRTHoro noJUI n 6onmoa cnapaJJI,HOCTLD, 

JmJUieTCH Manaa BHCOTa 06.11acTH ycKopeHRa, OTCyTCTBHe :eapnanim sasopa 

no asHMyTy H HesHatIHTeJJI,HM :sap11anaa no pa~ycy c MaKCHMyMOM sasopa 

Ha cpe,IUmx pa,nnycax. 

IlpaRTll'JeCRll e~HCTBeHHott H Haa6onee uenecoodpasHOtt B 3TOM cizy

qae JmMeTCH ycKOPffiO!IIM CHCTeMa, B KOTOpott ncnOJJI,SYIOTCR pesoHaHCHHe 

CBOflCTBa KOpOTKOSaMKHYTWC qeTBePTLBOJIHOBWC HHHHA (Ha qacTOTe, pas

Hoff tiaCTOTe o6pameHM npoTOHOB), c JJYaHTaMH npocTOfi ~Op.Ill, T.e. CH

CTeMa, npHMeMeMM B o6wmux QHRnOTPOHax. 

YcRopmomee HanpmteHne, onpe.I(enmomee Ha6op aHepro npoTOHaMH sa 

o6opoT, B cizyqae Manwr MelltllOHDCHwc sasopoB, xapaRTepHwc .!(JUI PU, llR

MHTnpyeTca npo6oeM MelltJJY JJYaHTOM H KaMepott. B STOM cizyqae .!(JUI yBellR

qeHM nanpmtelilla Heo6XO,IUIMO MaKCHMaJlI,HOe yMeHLmem1e KOHCTPYKTHBHOtt 

BHCOTll JJYaHTa. Cos.I(aTL He06XO,IUWyJl KOHCTPYKnRJl MOlltHO, noHOlltHB Me.I(

HllEl JmCTH RpHmeR JJYaHTa c npanammHMH R HHM Tpy6RBMH BO,I(aHOro OXJ!allt

.I(eHRa Ha pacTmum, HaTHHYTHe MelltJJY u -o6pa3HHMR 6aJII{aMH, BHHeCeHHH

MH HS sasopa MarHRTa. B 3TOM cizyqae MHHHMaJJI,Hlitt sasop MelltJJY JJYaHTOM 

H nJJaRHPOBKOH RaMepll cocTaB.H.T 30 MM. llJUi o6ecnetieHHR He06XO,IUIMOrO 

Ha6opa 3HeprHH ycRopmomM CHCTeMa PU .I(OJIJKHa 6HTL .I(ByXJJYaHTHO:ff H yron 

nponeTa npoTOHOB BHYTPH JJYaHTOB .I(OJllKeH cocTaBHaTL 180°. Ha Bcex pac

CMOTpeHHWC B03MOlftHOCTefi nocTpoeHM ycKopm,mett CHCTeMH HaHnyqmRMH xa-
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paRTepHCTHRBMH B OTHomeHHH BeJIHtIHHll IlOTepL, B036yllt.I(eHM, KOHCTPYK

THBHOro ocymecTBneHM 06na,I(aeT YCKOPffiO!IIM CHCTeMa B BH.I(e npm,ioyroJJI,

H0:11 HeO.I(HOpO.I(HOH tieTBepTLBOJIHOBOtt nnocKoft llRHHR, np~HHHPOBaHHOH B 

COOTBeTCTBHR C np~aneM mHMM H C yBem:qeuHHM BOnHOBllM conpoTHBHeHH

eM BHe sasopa aneRTPOMarlll!Ta. llM pactieTa pesOHaHCHM MHM 61,ma 

ycnoBHO pas.I(eneHa Ha 8 ytiaCTKOB, BHYTPH RaJlt,I(Oro HS ROTOPHX sasop 

CtIHTanca nOCTOHHHHM H paBHllM cpe,I(HeMy • 

B nepHO.I( npoeRTHpOBaHM BHCOKOtiaCTOTHOtt CHCTeMH PU 6HHH nsro

TOBneHll .!(Be MO.I(enH B MacmTa6e 1:10 H 1:5, Ha ROTOPJ¥ Hccne,I(OBaJIHCL, 

rJJaBilllM o6pasoM, qacTOTHHe CBOHCTBa CHCTeMll. C ue}ll,Jl OROHqaTeJJI,HOro 

onpe.I(eneHM nonoJKeIIllll: 3aKOPOTRH H, rJJaBHllM o6pasOM, MOIJlHOCTll noTepL, 

611n HsrOTOBHeH nonnoMaCmTa6HHH .MaKeT BHCORoqacTOTHOfi CHCTeMu. 

MHorOtIHCHeHHlle 3RcnepHMeHTaJJI,HHe HCCHe,I(OBaHHH, BllllOJIH8HHUe Ha 

MO.I(enax H MaKeTe, noRasanH, tITO BH6paHHMBq CHCTeMa OllTHMaJlI,HHM 06-

pasoM y.I(OBneTBopaeT nocTaBneHBHM Tpe60BaHWIM: HanpmteHHe B.I(OJll, YCRO

pm:lll(eff RPOMRH nocTORHHO C TQqHOCTLJl 2%, 3KcnepHMeHTaHLHM .I(HliHa CH

CTeMll COBlla,I(aeT C pactieTHOfi H TaKOBa, tITO.JJYaHTH C pesouaHCHllMH HH

HHRMH pasMemamca MelltJJY BePTHRaJII,HllMH CTOfiRaMH JipMa aneKTpOMarHHTa, 

tITO Kap,I(HHaHLHO o6nerqaeT sa.I(atiy pa.I(HanROHHOff samHTH; CHCTeMa y.I(06HO 

BOs6yllt.I(aeTca C nOMO!ltLD 60KOBOH neTHH CBR3H. 

3RcnepHMeHTanLHO H3MepeHHM MOlllHOCTL noTepL B MaKeTe, BHOOnHeH

HOM HS M8.I(HHX JIHCTOB, cnaaHHHX onoBHHHO-CBilllUOBHM npHnOeM, C OCTaBH

.na 1150±100 RBT. 

Ilpo6neMa noBHmeHRa HHTeHCHBHOCTH nytIKa ycKopeHHHX qacTHn B 06-

JJaCTH 3Hepraff .!(0 1 raB, HacTomeHLHO ~KTyeMM Tpe6oBaHHRMH noBHme

HHR TOtIHOCTH ~RsHqecKoro 3KCnepHMeHTa, BH.nBHHyJJa B nocne,I(HHe ro,I(H 

Ha nepe.I(HHH nnaH sa.I(atiy peKOHCTPYRUHH .!(8HCTBYIOlllHX CHHXPOUHKHOTPOHOB. 
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B HacTORlllee BpeMH peROHCTPYHPYIDTCH CHHXPOUHKJlOTpOHH B HeBHce 

(ClllA) a UEPH'e a no,IU'oTaBxaBaeTcH pexoHcTpyRUM cHmcpoummoTpona 

JIBII mum. 
B rurroil rnaBe ,naccepTarom paccMaTpa:aamcH Bonpocu, cBHsaHHHe 

C paspa60TKOH BHCOKoqacTOTHOH CRCTeMH CRHXPOUHKJlOTPOHa co cnapam,

HOH Bapaa]lHeH :aanpSD!teHHOCTR MarHRTHoro noM. 

B TaKOM ycKopnTeJle, RaK CHHXPOUHKJlOTPOH, JilHTeHCHBHOCTL ny~a 

ycKopeHHHX qacTHU, Ha,nelKHOCTL a CTa6HJII,HOCTL pa60TH ycxopnTeM B 

sHaqHTeJII,HOH cTeneHR saBHCJlT OT napaMeTpOB R xapaKTepHCTl!K BHCOKO

qaCTOTHOH ycxopSIJOllleH CHCTeM!il. 
CoBepweHHO oqe:ea,nHHM a He BHSaBa!OIIIHM COMHeHHH cnoco6oM yBenH-

qBHM RHTeHCRBHOCTR ny~a qaCTHU, yeKopeHHHX B cmrxpo]lHKJlOTPOHe, 

HBMeTCH noBHllleH.He aMnnHTy~ yc1<0pmintero HanpmteHHH. IIpa STOM yBe

JmqRBaK)TCH SJleKTpmecKH8 ~OKYCRPYIOlllHe CRnH, IU'~e onpe~eJl.lll)leyD 

poll Ha nepBHX o6opoTax, BospacTaeT OTCOC ROHOB RS ROHHOrO RCTOq

HRKa, yBeJmqaBaeTCH nno~a.nL o6nacT.H ~SOBOH ycTOHq.HBOCTR H IlOBblllla

eTCH qacToTa MO.DYJUlUl'll\ sa cqeT coxpaineHHH BpeMeHH ycxopeHHH. 

Hs cxasaaHoro BH~O, qTo noBH!lleHae ycKoPJI!OO!ero aanpmteHM npa

BO.nHT K uenOMy pmi;y IlOJlOJKRTenLHHX aqxpeRTOB, o~o. HeCMOTPH Ha oqe

BH,ll,HYIO nonesHOCTL IlOB!lllleHM ycROPSIJOlllero HanpJD1teHM, BOSHRKairome npa 

STOM pa~HoTexlm'leCKHe H KOHCTPYKTHBHl:ie TPY~OCTH He nOSBOXRJIH ~o 

HaCTORlllero BpeMeHH ~aneKO npo~TLCH no STOMY nyTH. 
,ll,RanasoH pa6oqax qacToT caHXpO]lHRJlOTPOHa, onpe~eMeMHH saaqe

HHeM MarHHTHOro noM B ueHTpe H Ha KOHeqHOM pa,wce R sHepr.11ea yc

RopeHHHX qacTRU, ~ 6onnmx MamIDl qpes~aaHo mnpoK, a cos,na.ane 

aneMeHTa nepeCTPOHKH qacTOTH (BapRaTopa qaCTOTH) ~M TaROrO ,naana

soHa HBMeTCH oqem, CJlOlltHOH nplilHURnHaJII,HOH H Texrut'lecxoa 3a,t(aqea. 

20 

Bo Bcex ~effCTBYD!ltl!X ycRopaTeJIHX RMeHHO BapHaTOp qacTOTH, B 

RaqecTBe KOToporo acnom,sy10TCH BH6papyD~e HJIB Bpama~aecH nepe

MeHHHe KO~eHcaTOPH, orpaaa,mBaeT BOSMOlltHOCTL llOBHWeHHH yCROpgD

~ero HanpmitelUUl. 

B ycTaHOBRe "~" ROHeqHHH pa.nayc YCROP8HM COCTaBJJJI8T 2,7 M, 

a cpe~Hee MarHRTHOe none pacTeT c yBenaqeHHeM pa.nayca, qTo o6ecne

qaBaeT ycxopeHRe npoTOHOB ~o SHeprna 700 MaB npa H3M8H8HHH qaCTOTH 

ycxopSDJ!llero HanpmiteHRH B ,naanasoHe 18,18+14,41 Mru. 

BBe~eH.Re BaPHallHR .11 pacTy~ero c pa~aycoM MarHHTHoro nong npa

BO.nHT K cyllteHRD pa6oqero ,naanasona qacToT no cpaBHeHRIO c o6uqawa 

CWiXPOUHKJlOTpoawm. 0~8.KO 9TO conpoBOJmaeTCH pesRHM yM8HI,W8HR8M 

MelltllonIOCHoro sasopa MarHRTa, a npa BH6paHHott anepType .nyaHTa, paB

Hott 100 MM, sa.sop MelK.llY .nyaaTOM a nnrurnpomcoa KaMepu 6y~eT cocTaB

JIJITL BCero OKOJlO 8 CM. 

EHJIH npoallBJIHSHPOBaHH pasnaqHHe B03MOlltHOCTH nocTpoeHM Bq CH

CTeMH npn yxasaHHHX napaMeTpaX H Hail~eHO, qTo B RaqecTBe yCKOPHIO

~ea pesOHaHCHOH Bq CHCTeMH yCTaHOBRH "~" Haa6onee uenecoo6pasHO 

HcnOJII,SOBaTL IlJlOCRy!O o~opo~yIO JIHHWO, npgMoyrOJII,HylO B nJlaHe C ueH

TpaJII,HHM 8Jl8KTPO~OM lllllPRHOH 6 M' ~mrnoa 7, 5 M H llOCTOHHHI:lM sasopOM 

78,5 MM, nepecTpaHBaeMYD ~BYMH ~eHTHqHHMR BpamamtHMRCH eMROCTHHMR 

BapHaTOpaMH qacTOTe. Ilpa STOM HanpJD1teHHe Ha HaH60J1ee OTB8TCTBeHHOM 

ysne-repaaTope He npeBHmaeT ycKo~ero, ROTopoe ~JJJI ycTaHOBRH "~" 

npWIJITO paBHHM 50 RB, a BapHaTOPH :a BlI reHepaTOP pacnoJJaI'aDTCH sa 

pa.naa]lHO~oa 88.lllRTOff, qacTRqHo paSMe~eHHOH BHyTpH pesoHaHCHOtt mnum. 

Ilpm.!eHeHHe MexaHHqecRoa CRCT8MH ~M nepecTpo«R:a qacTOTH aBTO

MaTaqecRH npRBO,nHT K Ha.nztrall o6paTHOro xo~a. BO BpeMH ROToporo qac

TOTa CRCTeMH BOSB~eTCH OT KOHeqHoro COCTOHHHH K aaqaJII,HOMY. B 

CBlISH c TeM, qTo yMeHI>meHRe o6paTHoro XO~ IlOSBOMeT yBeJIH<raTL qac-
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TOTy nOCHJlOR H TeM CaMHM HHTeHCHBHOCTL ycxopeHHHX qacT,m, .IVliI ycTa

HOBKH "~" C!HJl pa3paC!oTaH op.lU'llHaJlLHmi BapHaTop C yBeJlHqeHHHM pae!o

q.l!M XOAOM. YBeJlHqeHJUI pae!oqero XOAa no cpaBHeHmO C "oe!~HHM" BaPHa

TOPOM YAaJlOCL AOCTHqL nyTeM HCnOJlL30BaIDIJI poTopHmc noqaTOR Manoi yr

JlOBOi npOTRllteHHOCTR H CTaTOPHHX nonaTOR CJlOl!tHOH ~OIUH, np~HJlHpo

BaHHHX no BHCOTe H TOJlllO'lHe. Ha BepxHett qacTOTe }l:Halla30Ha, KOrAa Ha-

np!llKeHHe Ha BapHaTope 'AOCT.IU'aeT 50 KB, pae!oqllfl 3a3op COCTaBJ.UieT 

? MM, qTO oC!ecneqaBaeT 'AOCTaTOqHYID aneRTpnqeceym npoqHOCTL. 

nJ.UI·npoBepKH npHHJITHX pemem H OTpaC!OTKH CHCTeMH CB!i3H H cxe

MH aBTOreHepaTopa C!HJl li3rOTOBJleH noJIHOMacmTaC!Hml MaKeT Bq CllCTeMH C 

BaPHaTOpaMll ll aBTOreHepaTopoM. B pe3yJ1LTaTe 3HaqnTeJlLHOro nmrna HC

cneAOBaHl'li, C!naroAapH :ecnom,30Bamim op.lll'HHaJlLHHX pemeHHi B c11cTeMe 

CBIJ3li H cnocoe!e C!opLC!H C napa3HTHOH nonepeqHott MO'AOH ROJleC!aHHA,yAa

JlOCL oC!ecneqRTL nonyqeHHe ycKOPIDl!lero HanpmteHIDI BO BCeM paC!oqeM 

AHana30He qacTOT c HepaBHOMepHOCTLID aMilJlHTYAH ± 6%. HanpmteHJl!e Ha 

BapHaTope COBilaJlO C pacqeTHHM, np!IMOH XOA llSMeHeHJl!H qacTOTH COCTa

BRJl 721 nepHOM MO.ll.YJI.IJUBll, 

BapHaTop qacTOTH HBJ.UieTCH OAHHM H3 Ha.RC!OJlee CJlOlltHHX H OTBeTCT

BeHHHX YSJlOB YCTaHOBRR "~". S(ppeRTHBHOCTL H HaAelltHOCTL ero paC!oTH B 

nepeym oqepe,ItI, onpeAeJ.UieT ajqleRTHBHOCTL H HaAelltHOCTL Boero YCROPH

TeJlLHoro ROMnJleRca B nenOM. C 11srOTOBJ1eID1eM BapHaTopa CBIJ3aHH H 

HaHC!OJlee CJlOlltHHe KOHCTPYKTOPCRO-TeXHOJlOrHqecRHe npoC!JleMH. 

B CBIJSH C 3THM C!WlO pemeHo HSrOTOBHTL noMRMO MaKeTa BapaaTOpa 

qacTOTH ycTaHOBRH "~" ero TeXHOJlOraqecRyID MOAeJlL TaKHM oC!pasOM, qTo

C!H 11cnOJ1LSOBaTL CBHXPOUHKJlOTPOH mm B xaqecTBe cTeHM AJ.UI HCCJleAO

BaHIUI BapHaTopa ycTaHOBRH "!fl" C OAHOBpeMeHHHM y.nyqmeaHeM xapaxTepH

CTm< CHHXPOUHKJlOTpoaa. 
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YrJlOBaH npOTmteHHOCTL pOTOpHWC H cTaTopaux nnaCTHH BHC!PaHa, 

Ra.R B ycTaHOBRe "~". 

B JtaqecTBe MaTepnana POTOPHHX H cTaTOPHHX nonaTOK HCnOJlL30BaH 

a.nnABHJl!eBHH cnnaB n-16M. Pae!oqag noBepXHOCTL oC!paC!oTaHa no mecTOMY 

RJiaCCY qacTOTH, OcTpHe RPOMRH CRpyrJlellll, Pae!oqae 3a3opu BHCTaBJleHH 

C TQqHOCTLID 3,5±0,3 MM, 

OnuT 3anycxa, npoBe~eHHl:lX BCCJle~OBaffiltt H ro~OBOH 3RCnnyaTanmt 

CHHXPOnHKJlOTpoaa C HOBHM BapHaTopOM qacTOTH n03B0.71HeT saRJllll'lBTL, 

qTo BapHaTop, B3rOTOBJleHHHi HS aJI111,1HHHeBoro cnJiaBa C!es IlORPHTllH, C 

nonaTRaMB cnenaaJ1LHOi ~!UH oC!~eT ~ocTaToqHott aneRTpaqecRoi npoq

HOCTLll, a npm.1eHemie nonaToR cneIOiaJlLHott ~opr,m, yBeJ1HqHBaD!llHX npoTH

xeHHOCTL pae!oqero XOM B3MeHeHJl!H qacTOTH CHHXPOnHKJlOTpoHa, npnBO,IIRT 

R COOTBeTCT:sy~eMy yBeJlHqeHmO qacTOTH MO.ll.YJ.Ulnmt H BHTeHCllBHOCTH yc

ROpeHHHX qacT.en. 

TaKHM oC!pasoM, pesyJlLTaTH HCCJleAOBaHJl!ft Ha Ma.ReTe Bq CHCTeMH ll 

Ha CHBXPOUHKJlOTpoae C HOBHM BapHaTOPOM-MOAeJlLID BapllaTopa ycTaHOBRH 

"!fl" no~Bep~JlH cnpaBe~JlHBOCTL pemeHRtt ll TeopeTaqecRHX npeAilOCHJlOR, 

npHHHTHX npa BH6ope u paspaC!oTRe Bq CHCTeMH ycTaHOBKH "~". 

HHTepe~HHM npHMepoM, noRaSH118.KlUIHM B03MOXHOCTH HCil0JlL30BaHIDI 

TPaHC~oiuaIOIOHHHX CBOiCTB HeOAHOPOAHHX JlHHBi AM COSAaHHH mnpOKO

~HailasoHHOi pesoHaHCHOi CHCTeMH, HaCTpaBBaeMOH eMROCTHHM BapHaTO

pOM qacTOTH, HBfJleTCH BHCORoqacTOTHM CllCTeMa MOAeJlH ROJlLUeBoro npo

TORHOro ~SOTpoHa. 

3aaqHTeJlLHOe BOSpaCTaHHe cpeAHero sHaqeHHH HanpmteHHOCTll Mar

HHTHOro Il0,!1/I B,IJ;OJlL pa,IIRYCa B TaROH MamHHe oC!ecneqHBaeT B03MOl!tHOCTL 

pa3Me~eimir qacT,m C IIIRPOR.l!M AHalla30HOM HMnyJlLCOB B OTHOCHTeJlLHO 

YSKOtt MarHHTHOtt AOPOlltRe, IlpH 3TOM, B OTJlHqae OT oC!HqHHX CHHXPOnHK

JlOTPOHOB, qacTOTa oC!pa~eHHH HOHOB pacTeT B nponecce ycKopeHHH, 
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B paccMaTp:e:BaeMoft Mo~eJm qacToTa o6pameHIDI npoTOHOB B npon;ecce 

ycKopeHIDI BospacTaeT B TPH pasa. YcKOPHTeJII, He m.1eeT CB06OMIDC np.11-

MOJmHeffamc npOMeJeyTKOB ~Jl.lI o6pa3OBaHIDI nnOCKOCTH 3HatmTeJU,Hmc pas

MepOB BOKpyr ycKopm:xnero npoMeJeyTKa, H noaTOMY B KaqecTBe ycKopmo

IIIHX aneKTPO~OB HCnOJU,3OB8.Hl1 ~ettwome Tpy6KH. 

CHcTeMa pesoHaHCHHX Jmrutli C nepeMeHHblM BOnHOBHM conpOTHBneHReM 

COe~H.ffeT ~eHWOBHe Tpy6KH C pacnonollteHHW B n;eHTpe Bt! aBTOreHepaTO

poM, co6paHHW no OPHrHHaJU,HOH CXeMe c KOM6HHll.pOB8.HHOH o6paTHOH 

CB.II3l>IO. BonHOBHe conpOTHBneHIDI JlllliHit ll. ~JllUIH yqacTKOB BH6paHH T8.KHM . 

o6pasoM, qTO HacTpoffaa CHCTeMH npn 6onee qeM TpOeKpaTHOM nepeKpgTWl 

no qacToTe o6ecneq:e:reeTC.II tffiCTO eMKOCTHHM BapHaTOPOM c BpamaBl!lHMC.II 

pOTOpOM. 

Enaro~ap.11 ncno.m,so:aamm HaCTpll.BaeMOH pesoHaHCHOH CHCTeMH HeO~ 

xo~oe ycKOPJmlllee nanp.lillteH:e:e noJiyqaeTc.11 snaq:e:Te.m,Ho 6onee ~eKTHB

HO, npH 3Haq:e:Tenl>HO Mem,mea MOmHOCTH CRCTeMH Bll llRTaJIIDI, qeM B c;,ry

qae lllRPOKOnonocHOH ycKopmomett c:e:cTeMH. AMnn:e:TyMHe xapaxTepHCTHKR 

cHcTeMH T8.KOBH, 'CJ.TO :e:sMeHeHHe LlycK~ 20% OT cpeMero ypoBHH. 3RoHo

Mll.qHa.fI c:e:cTeMa aBToaHOMOii MO,n;yJJHD;W'l noaBon.11eT wo.IJAHPOBaTl> ycKopsm

mee HanproKeHHe no JKeJiaer,101Ay saKoHy. 

B saKJllOtlliTenl>HOM pas~ene ~ccePTan;ID! pes1CMHpylDTCH paccMaTp:e:ree

MHe B Hett BOnpocu, CB.II3aHHHe C no;,ryqelilleM ycKOPJmlllero Hanp.lil!teHH.11 H 

ocymecTBneHHeM ~eKTHBHoro pelltRMa ycKopeHIDI qacT:e:n; B D;HKJmqecxmc 

ycROPHTeJUDC co CTanPIOHapHHM MarHHTHl,IM noneM C npocTpaHCTBeHHOH Ba

pHan;:e:ett. IloJI,YqeHHHe pesy n1>TaTH MOlltHO BRpaTn;e cwoIJMy ;mpoBB.Tl> cne,n;yro

mHM o6pasoM. 
1. IlpHMeHHTeJII,HO R nocTaBneHHOH sa~aqe npoB.HaJlH3HpOBaHH aqxpeK-

TH B3al'lMO~ettcTBIDI ycKOP.fillllllIDC BHCOKOqacTOTHHX CHCTeM C nytntOM ycKOP.II

eMHX qacT:e:n;. 
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2. PacCMOTpeHH pasp.lI,ItHHe Hl!J.leHHH, BO3HHRalOOIHe B 8BaKYHPOBaH-. 

HHX pesoHaTopax np:e: BO36y~eHWlyCKOpmolllero BHCOROqacTOTHOro aneR

TPOMarHHTHoro non.II H np:e:Be~eH sHaqHTe.m,HHtt 8RcnepHMeHTaJU,HHH MaTe

p:ll'.aJJ. no :e:ccne~oBaHHIO aneRTp:e:qecRott ppoqHocTH sasopa Melit,D,y ycRopmo

mRM aneKTPO~OM H RaMepoa ycROPHTen.11, ROTOpaH, B OCHOBHOM, nHMHTHPY

eT ~OCTHlJWMHe ycROpJmllt,le Hallp.lillteHIDI. 

3. IIpoBe~eH aHan:e:3 CHCTeM reHepan;:e:H BHCORoqaqTOTHOH MOmHOCTH 

C ToqR:e: speHHH HX HCilOJll,3OBaHM B YCROPHTe.rurx: Toro HJlH HHOro Tl1Ula, 

qTo IlO3BOMeT onTHManl>H!:lM o6pasOM ocymecTBHTl, HX RCilOJlHeHll.e ll. Ha

CTPOHRY B saBHcRMOCTH OT npem,JIBMeMHX Tpe6oBB.Hntt. 

4. IlpH aHaJlH3e BHCOKoqacTOTHHX ycROPJD(lll!IDC CRCTeM yCROPHTenea 

pasJmqHmc THIIOB np:e:Be~eHH MeTO,ltl:l R pesy.m,TaTH pacqeTa HX xapaxTe

pHCTHR, BO3MOlltHHe BapHaHTH H o6OCHOBaHHe BH6opa ycRopm:xneff CTPYR

TYPH, pesynTaTH aRcnepHMeHTanl>HWC :e:ccne~oBaHHil. 

5 • .IlJlfI D;HRBOTPOHa C IlOBHmeHHOH MOHO3HepreT:e:qHOCTl>IO nyqRa 060-

CHOBaH BaPHaHT Bll CHCTeMH C naHeJU,HOtt nepecTpoffaott qacTOTH. IlpHHH

TaJI B D;HRBOTPOHe Y-12CM op:e:rHHaJII,Ha.fI BHCOKoqacTOTHa.11 CHCTeMa c KOH

T8.KTHOH naue.m,Hoil nepecTpottxoa qacTOTH R MHOronJJaCTHHqaTBM TplllMMeP

HHM KO~8HCaTOPOM 6O.m,moa er.!ROCTH IlO3BOJlfieT o6ecneqRTl, TPO8KpaTHOe 

nepeRpHTHe no qacTOTe H HCK}l!)IIHTeJU,HO y~o6HyIO HaCTpoilKy CHCT8MH B 

3HatffiTeJU,HOM ~anasoHe qacTOT c nOMOml>IO TpHMMepoB 6es CHHTIDI BHCORO

qacTOTHOro Hallp.!IllteHRll, qTO oqem, y~o6HO np:e: cneRTPOMeTp:e:qecKWC :e:c

cne~O:ea.HMX. ,UJlfI aHan:e:sa xapaxTep:e:cTHR BHCORoqacTOTHOH CHCT8MH 8TOH 

:a auanor:e:qHHX Mam:e:H pasBHT npocTott :a ~!UllllHtt xopomee coB11a~eH:e:e c 

aRcnepmaeHTOM HlD!teHepm MeTo~ pacqeTa. 

6. IloJI,Y•18HH :e:HTepecwe pesynl>TaTH np:e: pememm npo6neMs o6ecne

qeHH.fI nOCTO.IIHCTBa Ha6opa 3Heprim B YCKOPHIOm8H CHCTeMe MOHOaHepreTH

qecxoro D;HRnoTpoHa. 
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IlpoaHaJill.3RpOB8.HO BJill.JIHRe pa3Jill.qHwc qia.RTOpOB Ha noCTOJlHCTBO Ha-

6opa sHepru a C~Op.lyJmpO:aaHH Tpe6oBaHIDI, npe.m,JIBMeMHe K sneMeHTSM 

CRCT6MH reHepaIJ;lm. BHCOKoqacTOTHOtt MOl!lHOCTR a BHCOKoqacTOTIWM pe30Ha

TOpaM. Ha MO'A6Jill. P630HaTOpa ~noTpOHa npa B036yllt,ll;emm OT cneI(l!aJII,

HO pa3pa60TaHHoro reHepaTopa MOl!lHOCThD 4 KBT nonyqeHo HallpmteHRe C 

'AOJII'OBpeMeHHOH cTa6aJII,HOCThD 10-4, qTo npe:mmiaeT JJY'l.lllli6 pe3ym,TaTH 

sapy6elltHmc na.6opaTopatt. IlpoBe'AeHHml: aHa,m3 sqipeKTa B3aHMO'AettcTBWI 

ny'!Ka C pe30HaHCHOtt CliCTeMott n03BOM6T onpe~eJmTh orpaHaqeHRH, HaJia

raeMHe HM Ha 'AOCTIDWMYD MOH03HepreTRqHOCTh ny'llta ycRopeHHHX qacTrui;. 

7. PacqeTHHe, MO'A6JlI,HHe a MaKeTHHe Hccne'AOBaHIDI, BHn011HeHHse B 

nponecce npoeRTRPOBaHIDI BHCOKOqacTOTHOtt CRCTeMH penHTRBRCTCKoro ~

noTpoHa, n03BOJll!Jill. HattTH onTHMaJII,HyD KOH~:arypanaD CHCTeMH, o6ecneqa

BrutllzyD MRHHMaJII,HHe BHCORoqacTOTHHe noTepa H 6JIH3KOe K paBHOM6PHOMY 

pacnpe'AeneHae HallpmteHIDI Ha ycKOPHIOOl6tt KpoMKe npa lllBPHHe CHCTeMH 

6om,mett, qeM ee 'AnRHa. 

a •. B ycTaHOBKe "~". 6118.rO'AaPH HCllOJlI,30:BaHRD B :sapaaTope CTaTOP

HlDC llJIB.CTHH cnenaam,Hott ~Op.Ill, np~RJill.POBaHHIDC no BHCOTe H TOJl!llHHe, 

R POTOPHliX nnaCTRH Manon yrn~BOH npOTmteRHOCTR, Y'AanOCD 3HaqHTeJII,HO 

noBHCRTD aqipeKTHBHOCTh nHKJia MO.IJYMIJ;lm. qacTOTH a o6ecneqaTh nOCTOJIH

CTBO H OTHOCRTeJII,HO ManyD BeJmqRHy HanpmteHHOCTH aneKTPM8CKOro no

n.Ii B pa6oqax 3a3opax :sapaaTopa. 

3qxpeKT yBenaqeHRH pa6oqero XO~ R3MeHeHRH qacTOTH B :sapaaTope 

c nnacTHHBMa cnenaam,Hott ~OJ:MH npoBepeH Ha camcponmtnoTpoHe Jm[l,'AM 

KOToporo 6Hn pa3pa60TaH a R3rOTOBneH COOTB8TCTBYDIUU\ BapHaTop. B Ha

cTomnee BP6MH ycKopaTeJII, pa6oTaeT c HOBHM 1!8.pRB.TOPOM. 

9. B BHCOKoqacTOTHOH CHCTeMe YCTaHOBKH "~" ocymecTBneH sipi)eK

TRBHHtt cnoco6 BOS'AettcTBRH Ha qacToTy napa3HTHoro nonepeqHoro pe30-

HaHca a Y'AMeHIDI ero R3 pa6oqero 'Allalla30Ha qacToT. OparaHaJII,HaH ca-
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CTeMa CBH3li C nocne'AOBaT6JII,HOtt RH.IJYKTHBHOCTDD n03B0JmJia ocymecT

BliTh reHepawrD BHCOKoqacTOTHOtt MOl!lHOCTR npa BHyTpeHHett o6paTHOtt 

CBH3li R o6ecneqRTD npaKTaqecxoe IIOCTOHHCTBO y CROpJmlllero HanpmteHIDI 
BO BCeM pa6oqeM 'Alialla30He qacToT. 

10~ EJIR3KHe R IIP8'A8JII,H!,!M , B03ll0:U:0C?H C03'AB.HWr mRPOKO'Allalla3oH

HOir pe30HaHCHOH CHCTeMli, HaCTpaRBaeMOH 8MKOCTHI:lM :sapaaTopoM tJaCTO

Tli, 3a cqeT.HCilOJlI,30:BaHHH TpaHC~OPMaI(l!OHHIDC CBOHCTB H80'AffOP0.1UIHX 

RoaRCHaJII,HIDC P830HaHCHIDC nRHRir peaJm30BaHli npa C03'Aallll:li Ell ycxopmr 

111ett CRCTeMli MO'AenR xom,neBOro ~a30TPOHa. OparaHaJII,HaH "R3MeHmoinrur- . 

CR" cxeMa aBToreHepaTopa o6~cneqa:saeT nonyqeHae npHMepHo nocTORH

Horo ycxopmo111ero HanpmteHHR npa TpoeKpaTHOM nepeRpHTIDl no tJacTOTe. 

OCHOBHlie MaTepaaJl!:l ~CC8PTartRH 6H.7m 'AOno~eHH Ha PR'Ae KOHqlepeH

n,,:tt H COB8lllaHHtt no YCROpRTeJI.RM.3apmteHHIDC qacTrui; R ony6mmo:saHH B 
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