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B·Ka'IeCTBe MOillHOro HCTO'IHHKa HefiT~OHOB B fla6opaTOpllH 

H9ttTPOHHOfi <pH3HKH 061.e.mrneHHO!'O HHCTHTYTa llJtepHbIX nccnenoaa1mll: 

HCIIOnhayeTCSI H_~rrynhCHblll peaKTOp Ha 6bJCTpb!X HefiTpoHax ( HBP). 

YcTpOfiCTBO o6ecrre'IHBaeT pa6oTy B pe.lKHMe rrep~OLIH'I9CKHX HM­

rryrihcoa'c qacToTofi rroBTopeHHSI oT 3,3 LIO 83 nMrrynhcoB ~ ·ceKyH-. 

'L1y IIpH cpeL1Hefi TerrnoBofi MOIIIHOCTH no~ KBT ll rronymHpHH~.HefiT~ 

pOHHbl~ BCilhlllleK 60 MKCeK/ 1/. PHn rrep_BoKnaCCHb!X SILt9P.HblX nccne­

LtOBaHHfi, BbJIIOnHeHHblll Ha HBPe, IIOKaaan ero Bb!COKYIO a<p<peKTHB-
..;. ;; , 

HOCTb. KaK m..irrynhcHoro HCTO'IHJIKa HefiTpOHOB, OLIH8KO, nng MHOrHx 

pa6oT rrpH ll3MepeHHSIX IIO. M9TOLIY BpeMeHH rrponeTa .lKenaTenbHO 

'cymeCTB9HH09 COK~ameHHe L1nHTenbHOCTH BCIIb!IIIKH. a/2/ IIOK838Ha 
. . . .. 

B03MO . .lKHOCTh coKpameHnH rrocneL1Hefi B cnyqae ncrronba.oBaHnH HBPa 

B IIOLIKPHTH'I9CKOM pe.lKHMe LlnR pa3MHO.lKeHHSI 6bICTpbIX HefiTpOHOB, 

JIHJK9KTHpyeMbIX B peaKTOp BH91IIHHM IICTO'IHHKOM ( 6yc,TepHbiil: pelKHM) ~ ·• 

HcTO'IHJIKOM HefiTpOHOB MOJK9T cnyJKHTh, HarrpnMep, ypaHoBaSI MH­

meHb, pacrronOJK9HHaSI BHyTpll H9IIOLIBH.lKHOH 'I8CTH aKTHBHOH 30Hbl. 

peaKTopa, npn 60M6apL1HpOBKe ee KOpOTKHMH (1-2 MKCeK) HMIIYnb­

caMH ycKopeHHblX LIO aHeprnn 25-30 M 3B aneKTp!)HOB. 

ITpaKTH'IecKoe ocymecTBneHne-- 6ycTepHoro pe.lKHMa pa6oThI 

· .HBPa c ncrro;b30BaHneM MnKpoTpoHa B Ka'IeCTBe HHJK9KTOpa1 I/ rro­

aaonnno COKpaTHTb rronymnpHHy HefiTpOHHOll .BCI!b!IIIKH LIO 3 MKCeK 

IIpH cpeL1Heii MOIII,HOCTH. peaKTOpa 1 KBT H. TeM caMbI~ cymecTB9HHO 

IIOBblCHTb a<p<peKTHBHOCTb HefiTpOHHOrO CII9KTpOM9Tpa, OI1peL1enHe­

MYIO KaK OTH01119HHe cpeL1Hefi MOillHOCTll peaKTOpa K KB8L1paTy rro­

ny111HpllHbI HeiiTpO_HHOll BCilblIIIKll • 
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TTpoeKT CHJihHOTO'IHoro MHKpoTpoHa nH<l> OH.RH Ha 30 MaB 

6b1JI pa3pa6oTaH B 1962 roAy coTPYAHHKaMH na6opaTopHH HefiTpoH­

HOH cpH3HKH n <l>H3H'leCKofi na6opaTopHn HHcTnTyTa cpnanqecKnx 

npo6neM nM. C.H.BaBnnoBa AH CCCP. OcHoBHbie cpnanqecKne 

napaMeTpbl YCKOpHTem1 TO)l{AeCTBeHHbl napaMeTpaM 60JiblllOI'O MHKpo­

TpoHa Wt>n131• 

B XOAe coopy)KeHHSI H HaJiaAKH MHKpOTpoHa OKaaaJIOCb He­

o6XOAHMb!M yqeCTb pSIA OC06b!X Tpe6oBaHHH, KOTOpb!e 6bmH Bbl3Ba­

Hbl ero HCilOJ!b30BaHHeM B Ka'leCTBe HH)KeKTOpa K HEPy. B 'i8CT­

HOCTH, Bb!COKaSI HaAe)KHOCTb MexaHH'leCKHX H 3JI6KTpH'16CKHX CHCTeM 

HEPa SIBHJiaCb HCTO'IHHKOM IlOBbllll6HHb!X Tpe6oBaHHH K HaA6)KH0CTH 

CHCTeM ycKopHTeJISI npH ero HenpephlBHOH MHOI'OCYTO'IHOH pa6oTe. 

B CBSI3H C 3THM B KOHCTPYKUlllO ycKopnTenSI 6bm BHeceH pSIA 

cymecTBeHHb!X ll3M6H6HHH. TaK, npoBeAeHHbie B nepHOA C 1983 no 

1967 rOA HCCJ16AOBB.HHSI yCJIOBHH pa60Tbl CBq CHCT6Mbl MHKPO-:­

TpOHa Il03BOJIHJ!ll C03AaTb opllI'HHaJibHhlH ee BapHaHT, COBM6CTHB-

IllHH B ce6e Heo6xOAHMYIO HaA6)KHOCTb C Bb!COKOH acpcpeKTHBHOCTblO 

H npOCTOTOH o6cJiy)KHB8HHSI. 

Pe3ynhT8Tbl _yKaaaHHblX HCcneAoBaHHH ony6JIHKOB8Hbl B14-lO/ 

n COCTaBnSIIOT OCHOBHoe COAep)KaHne HaCTOSIIUefi nnccepTaunn. 

Bo BBeAeHHH rtaHO KpaTKoe onHcaHHe pe)KHMOB pa6oTbI HEPa 

H npHBeAeHbl OCHOBHbJe TpG6oBaHHSI K napaMeTpaM HH)KeKTopa npn 

pa6oTe peaKTOpa B pe)KHMe pa3MHO)KeHHSI HeMTpOHOB. O60CHOBaHa 

uenecoo6pa3HOCTb llCilOJ!b30BaHHSI MHKpOTpoaa B Ka'leCTBe HH)KeK­

Topa K HEPy. KpaTKO nano)KeH npHHUHn MHKPOTPOHHOI'O pe)KHMa 

ycKOpeHHSI, npeAnO,)KeHHblli B.V.,BeKCJiepoM/ l 1/, IlpHBeA~Hbl pe3ynbTa-

• /12/ 
Tb! HCCJ16AOB8HHH A.A.KonoMeHCKHM aBTocpa3HpOBKH B MHKpOTpoHe , 

onnca.11 pa3pa6oTaHHbIM c.n.Kannuefi n B.H.MenexHHbIM/ 13, 141 HOBbIH 

acpcpeKTHBHblH MeTOA H~)K6KUHll aneKTpOHOB B ycKopSIIOIIIHH pe3oHa­

TOp MHKpOTpoHa H npeAJIO)KeHHbJe HMM TaK Ha3bIBaeMbJe "nepBbIH"' 

H "BTOpoft' pe)KHMbl ycKopeHHSI. B aaKJIIO'IHTeJibHOH qacTH BBOAHOH 

rnaBbl B C)KaTOH cpopMe npHB6A6Hbl OCHOBHbJe HanpaBneHHSI, B KOTO­

pb!X BenHCb llCCJI6[10BaHHSI Ha MHKpOTpoHe nH<l>, H cpaKTOpbl, on­

peAeJISIBllllle Heo6xoAHMOCTb 8THX HCCJieAOBaHnfi. 
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B nepBOH rnaBe hHccepTaUHH ABHO onHCaHne MHKpOTpoaa 

nH<l> OH.RH. YcTaHOBKa pa6oTaeT BO BTOpoM pe)KHMe ycKopeHHSI, 

npH KOTOpOM npHpOCT 8HeprHH 8Jl6KTpOHOB 3a o6opoT paBeH] MaB, 

3To o6CTOSITeJibCTBO 06ecneq1rnaeT BeCbMa MaJibJe pa3M6pbl H Bee 

MarHHTa, aeo6XOAHMble AnSI AOCTll)KeHHSI aneKTpoHaMH aaAaHHOH 

aaeprHH. TTpn AnHHe BOnHbl ycKopSIIOillero aneKTpH'leCKOI'O nonSI 

B peaoHaTope "' 10 CM AHaMeTp pa6oqefi o6naCTH nonSI COCTaB­

nSieT "' 90 cM, a Bee MarHHTa - 5 T. 

HoMHHanhHOe 3Ha'leHHe H8IlpSI)KeHHOCTH M8I'HHTHOI'O nonSI 

2200 8 CTa6HJIH3HpoBaHO BO BpeMeHH C TO'IHOCTblO 0,03%. HaMepe­

HHSI noKaaanH, 'ITO HarrpSI)KeHHOCTb IlOJISI nnaBHO yMeHblllaeTCSI OT 

ueHTpa MarH_HTa K KOHe'IHOMY panHycy pa6oqefi o6naCTH Ha 0, 1%1
, 

a aMnJIHTyna 1-ft rapMOHHKll a3HMyTaJibHOH HeOAHOPOAHOCTH IlOJISI 

B OKpecTHOCTll KOHe'IHOI'O paAHyca He npeBOCXOAHT 0,03%. PeaKoe 

IlOHH)K6HHe uanpSIJK6HHOCTH MarHHTHOI'O IlOJISI B, OKpeCTHOCTH MarHHT­

HOI'O KaHana CKOMneHCHpOB8HO napofi "nony6ecKOHe'IHb!X" ,llIHMM. 

TTpH ycKopeHll'H aneKTpOHOB BblSICHHJIOCh, 'ITO MeAH8HHaSI Mar­

HHTHaSI noBepXHOCTh B MarHHTe He COBnanaeT C reoMeTpH'leCKOH 

nnocKOCThlO CHMMeTpnn KaMepbl ycKopnTenSI. noaToMy npllllIJ!OCh 

oKono 2-5% aMnep-BHTKOB MaI'HHTa coennHHTh no cxeMe, 06ecne­

'IHB810I11efi B03HHKHOBeHne Jllllllh paAH8nhHOH COCTaBnSIJOllleH M8I'HHT­

HOI'O nonSI. KpoMe 3TOro BeCbMa acpcpeKTllBHbIM OKa3aJIOCh BBene­

HHe ennHll'IHblX TOKOBbIX BllTKOB, C03AaJOlllllX COCTaBJISIJOIIIYIO Mar­

HHTHOI'O nonSI, napannenhHyro 06111eMy AHaMeTpy op6nT. ITocnen­

ane noaBonSIIOT nocneAoBaTenhHO no op6nTaM KoMneacnpoBaTh 

KBK acjJcpeKTbl CMe111eHHSI M6AllaHHOM noBepxHOCTH, TaK ll B03MO)l{Hble 

OllIH6Kn B ycTaHOBKe peaoHaTOpa H MarHHTHOI'O KaHana. O-i:MeTHM, 

'ITO HOMIIHBJ!bHOe 3Ha'ieHHe 8Heprnn aneKTpOHOB Ha' BbIXOAe 30 MaB 

nerKo 6bmo nony'leHo cpa3y nocne C03AaHllSI CHCTeMbl TaKllX BHT-

KOBo 

MarHHTHblH KaHan, ocy111ecTBJISIIOIIIHH. BbIBOA '18CTIIU H3 yCKO­

pnTensi npaKTll'leCKll 6ea noTepb, npeACTBBnSieT co6oft ,.CTaJihltYIO 

KOHll'i6CKyro Tpy6Ky AJ!llHOH 800 MM. Hapy)KffbIH nnaMeTp Tpy6Kn 
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Ha BXOAHOM KOHue paBeH 12 MM, Ha Bb!XOAHOM 30 MM; AIJa-

MeTpb! OTBepCTllil: COCTaBmIIOT COOTBeTCTBeHHO 8 n 20 MM. 

Ilonepe'IHbie paGMepbI nyii:Ka Ha nocneAHeil: op6nTe ( y · BXOLia 

B MarHHTHblil: KaHan) COCTaBJI5IIOT 4x5 MM. Pami:anbH85I pacxo­

LlllMOCTb BbIBeLieHHOI'O ny'IKa COCTaBJI5IeT 15 MMIM, aKCllaJibHa.sI -

2 MMIM. IlocKOJlhKY paCCT05IHHe OT MHKpOTpOHa AO peaKTopa 

BeJIHKO ( 10 M), BHyTpeHHllil: LillaMeTp ::meKTpOHOBOLla BbI6paH paB­

HblM 90 MM, n Ha nonnyTH Me)KAY MHKpoTpOHOM n peaKTOpOM 

ycTaHOBJieHbl LIBe KBaLipynoJibHbie nllH3bl C anepTypoil: 100 MM. Ka)K­

Aa5I JIHH3a nnTaeTC5I CTa6HJill3HpOBaHHb!M (±_O, 1%) TOKOM 80 Ma. 

HauennBaHIJe. ny'IKa iia MllllleHb npon3BOLlllTC5I nyTeM Llll,CT8HUllOH­

HOI'O 'nepeMemeHll5I JlllH3 OTHOCllTeJibHO OCH aneKTpOHOBOLia. 

IlepeAa'Ia 9Heprnn aneKTpOM8I'HllTHbIX KOJie6aHHil: OT CBt.J .. 

reHepaTopa MOil!HOCTblO 20 MBT K pe3oHaTopy ocymecTBmieTCSI C 

noMOil!blO cneunaJibHO pa3pa6oTaHHOI'O BOJIHOBOLIHOI'O TpaKTa, onn­

caHHIO KOToporo noCBSIIl!eHa TpeTbSI rnaBa LlllCCepTaunn. 

Iln.sr ycKopeHH5I 9JIE:KTpOHOB ncnonh3YIOTCSI UHJlllHLipll'IeCKHe 

nOJibie pe3oHaTOpbI, BnepBbJe npnMeHeHHb!e B MllKpOTpoHe C.Il.Ka"'." 

nnueil:/15/, c LlllaMeTpOM noJIOCTll 82 MM n Bb!COTOil: 25 MM. Pe-. 

30HaTop CB5I3aH C BOJIHOBOAOM OKHOM CBSI3H, MeTOAHKa Bb16opa 

pa3MepoB KoToporo pa3pa6oTaHa B nH<t> n npnBeLieHa Bo BTopo!J: 

rnaBe AnccepTaUHH. AMnJIHTyAa Hanpsr)KeHH5I Me)KAY Kpb!IIIK8MH 

pe3oHaTopa paBHa 1,2 MaB. To o6CT05ITeJibCTBO, 'ITO Heo6xo­

AHMO 6bIJIO o6ecne'IHTb Ha}:le)KHYIO pa6oTy pe3oHaTopa B CTOJlb 

HanpSI)KeHHOM pe)KHMe, nocTaBHJIO nepeLI HaMn PHA TPYLlHb!X 

!pll3H'IeCKllX H TeXHll'IeCKllX npo6neM, perneHHIO KOTOpb!X noCB5IIl!e­

Ha 'I8CTb qeTBepToil: I'J18Bbl HaCTOSIIl!eil: pa6oTbI. 

B Ka'IeCTBe KaToLia llCIH?Jib3yeTCSI CTep)KeHb UllJlllHLlPll'IeCKOil: 

<popMbl Llll8MeTpOM 3.; 4,5 MM H LlJlllHOil: 8,5 MM, ll3I'OTOBJieHHHb!il: 

HG reKca6opnLia naHTaHa. llnnnHLip BCTaBneH 6e3 nail:Kn n GarnTn<p­

TOBaH B TaHT8JIOBOil: Liep)KaBKe, KOTopasr C noMOillblO LIBYX TaHTBJIO­

Bb!X npoBOJIO'IeK AHaMeTpOM' 0,8 MM II AJillHOil: 15 MM Kpe'nnTC.II 

K K8TOLIHOil: Kpb!IllKe peGoHaTopa. IloLIOI'peB KaToAa - KOCBeH­

Hbiil:, C IlOMOil!blO aneKTpOHHOI'O nyqKa. MOil!HOCTb IlOAOrpeBa He 
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6onee 80 BT. HMeIOTCSI ycTpoil:CTBa LlJISI 3ail!llTbl K8TOLia OT cnyqail:­

HOI'O neperpeBa ll AJISI CTa6nnn3aUllII aMilJllITYLlbl HMnynbca KaTOLl­

HOI'O TOKa. CpoK CJIY)KQbl KaTOLia "' 500 'I8COB. 

YcKopIITenb pa6oTaeT npn HenpepbIBHoil: OTKa'IKe TpeMSI aneKTpo­

pa3pSILIHbIMII. HacocaMn, o6ecneqnBaIOil!HMH AaBneHne B 

KaMepe nopSILIKa 10-8 Top. <l>opBaKYJMHa5I OTK8'IKa BeAeTCSI ueo-

JlHTOBb!MII HacocaMH. B KaMepe YCKOpHTen.sr HMeeTC.II 

aGoTHa.sr noBymKa, pacnono)KeHHa.sr B6nil3H pe3oHaTopa. 

PacnpeLieneHne ToKa nyqKa no op6I1TaM Ha MiIKpoTpoHe flH<I> 

ll3MepSIJIOCh KOJineKTOpOM, COCTOSIIl!IIM ll3 LIBYX JiaMeneil:, pa3Aenen­

Hb!X no MeAH8HHOil: nnOCKOCT_H KaMepbl 0,5 MM BaKyyMHbIM npo'°'.'. 

Me)KyTKOM. 06e naMenn LlJISI ycTpaHeHIISI H8BOLIOK 6b1Jlll OKpy)Keflbl 

eLIHHbIM 3a3eMneHHbIM MeLIHblM KO)KYXOM TOJIIl!llHOil: 0,5 MM. H3-

MepeHIISI noKa3aJIII, 'ITO MaKCHManbHaSI Benil'IIIHa TOKa Ha 39-il: op6I1Te 

(npn OilTIIMaJibHbIX TOKax B aneMeHTax, KoppeKTnpy10mnx MarHIIT- -. 

noe none) COCTaBn.sreT 30% OT BenH'IllHhl TOKa Ha 5-il: op6nTe n 

1,5-3% OT BeJIIl'IIIHbl TOKa KaToLia. Bae ycKopltTensr TOK ll3MepaJICSI 

UIIJIIIHLIPOM ct>apaLiesr, pacnoJIO)KeHHb!M Ha paccTOSIHllII 1 M OT BXOLia 

ny'IKa B M8I'HllTHb!il: KaHaJI ( TOJIIl!IIHa LIHa MeLIHOI'O CTaKaHa 20 MM, 

Kpb!IllKa ll3 MeLIHOil: !pOJihrn TOJIIl!llHOil: 0,5 MM). YpaHOBaSI MIIIl!eHb 

LIIlaMeTpOM 15 MM ll30JIIIpoBaHa OT Kopnyca ~eaKTopa, 'ITO Il03B0-

JIIIJ10 HerrocpeLICTBeHHO Ha6nroLiaTb IIMITYJibC TOKa C<pOKyCilpOBaHHOI'O 

ll HaueneHHOI'O Ha Hee ny'!Ka aneKTpOHOB. 

3 

UeHTpaJibHOil: !pll3H'IeCKOil: npo6neMoil: p~60Tbl YCKOpIITeJISI OKa-

3aJIOCb T8KOe cornacoBaHile ero pe3oHaTopa C BOJIHOBOLlHhlM TpaK­

TOM, 'IT06b! IlOLiaBnSIIOil!aSI 'I8CTb CBt.J MOil!HOCTH, OTBeTBJISieMofi 

B CTOpOHY pe30HaTopa, paCXOLIOBanacb Ha ycKopeHne aneKTpOH­

HOI'O nyqKa. PerneHHIO 9TOil: 38Lla'III IlOCBSIIl!eHa BTopasr rnaBa LillC­

cepTaunn. 

B nepBOM naparpa<pe npI1BeL1eHbI onpeLieneHn.sr ocHOBHbIX xa-

paKTepncTIIK pe30H8TOPOB: co6CTBe'HHOil: LlJIIIHbl BOJIHbl ,\ J co6-
o 

CTBeHHOil:, aarpy)KeHHOil: II BHernaeil: L106pOTHOCTeil: ( 0 , Q II Q ) 
~o H, ·BH_ 1 

9KBHBaneHTHOil: aKTIIBHOil: npoBOLillMOCTll G ll KITA pe3oHaTopa n. 
pe3. 
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Bo BTopoM rraparpacpe B CIICTeMaTII3IIpOB8HHOM BllAe npnBe­

AeHbl pesynbTBTbI nccnenoBaHIIii rpynnbI C.TI.KannuhI/ l4/, K.A.Ee­

noBHHUeBa/. 161 n npyrIIX aBTOpOB, c nciMOlllblO KOTOpblX MoryT 

6bITb Bbl''!IICneHbl MOll!HOCTb noTepb B CTeHKax pesoHaTopa p 
p 

MOll!HOCTb IIH)KeKUllII p 1 noTepn CBSI3ll II T.A. Ha OCHOB8HllII 
IIHlK. 

3TIIX A8HHbIX COC'T'aBneHa 3KBHBaneHTH8SI cxeMa pe·soHaTopa MllKpo­

TpOHa. TipnBeneHo Bb!pa)KeHIIe AnSI KOMrrneKCHOH 3KBHBaneHTHOH rrpo­

BO)lllMOCTll pesoHaTopa, HarpylKeHHoro rry'IKOM YCKOpSieMbIX aneKTpo- . 

HOB, rronyqeHHoe C.TI.KarrIIueii. 3To Bb1palKeH!rn naeT rrpencTaBneHne 

O xapaKTepe II3MeHeHHSI OCHOBHblX 3KBIIBaneHTHbIX rrapaMeTpOB peso­

HaTopa OT BenII'lllHbl KTiil. 

OnHaKO K03!p!pllUIIeHT nonesHoro )leilcTBIISI CBepXBbICOKO'laC­

TOTHOll CllCTeMbl MllKPOTpoHa orrpenenSieTCSI He TOnbKO KTiil pesoHa­

Topa, HO ll acpcpeKTIIBHOCTblO nepenaqn CB1-I aHeprllII II3 BOnHOBOAa 

B pesoHaTop, T.e. corn,acoBaHIIeM. Ponb cornacy10mero aneMeHTa 

IInII TpaHC!pOpMaTopa IIMnenaHCOB IIrpaeT OKHO CBSI3II, rrapaMeTpbl 

KOTOporo. BO BpeMSI pa60Tbl perynnpoBaTb HeB03MOlKHO. OcymeCTBne­

Hne pelKHMOB ycKopeHHSI, xapaKTepnsyeMbIX pasnII'!HblMll 3Ha'!eHIISIMll 

1/ , rrpuBOAIIT K pa3llll'IHbIM 3Ha'leHllSIM 3KBIIBaneHTHOH 8KTIIB-
pes. 

HOH npOBOAllMOCTll pe30H8TOpa ( peaKTllBHaSI COCT8Bl!SIIOlll8SI IlpOBO-

AllMOCTll IIY'IK8 MOlKeT 6h!Tb CKOMneHCIIpoBaHa 38 cqeT COOTBeT­

CTBYIOll!eil paccTpoiiKII pe30H8Topa). B TO )Ke BpeMSI xapaKTepucTn-. 

qecKaSI npOBOAIIMOCTb BOnHOBOAHOil nHHIIII OCTaeTCSI Hell3MeHHOH. 

CneAOBaTenbHO, Heo6xOAllMOe AnSI cornaCOB8HIISI ycnoBne paBeH­

cT·Ba 3KBUBaneHTHblX npOBOAIIMOCTeii nIIHIIII II pe30HaTopa MO)KeT 

6b!Tb nonyiteHHO AnSI K8lKAOrO 3Ha'leHIISI 7/ numb nyTeM 
pes. 

sa6naroBpeMeHHoro non6opa KoacpcpuuueHTa TpaHccpopMaUHII K TpaH-

ccpopMaTopa IIMileAaHCOB. 

K MOMeHTy Ha'lana HanaAO'IHblX pa6oT HB. Mn'KpOTpoHe JIH<t> 

pewemm 38)l8'1II O Bb16ope onTHManbHbIX pasMepoB OKHa CBSI3II 

no Hanepe)l 38)l8HHOH BenII'IIIHe KTin pe3oHaTopa He IIMeJIOCb. 

Heo6xo.rmMOCTb )Ke B npocToii II Ha)le)KHOii MeTOAHKe, no3BOnSIIO­

ll!efi Bb16paTb OnTIIManbHbJe pa3Mepbl OKH8 CBSI3II 1 onpenemmaCb 

He TOnbKO CTpeMneHIIeM nony'IHTb BbICOKIIll Kflll CB1-I CIICTeMbl 
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MmcpoTpoHa, HO JI IIOBbIWeHHbIMJI Tpe6oB8HllSIMll K ee HB/:\e)KHOCTH, 

T.K. pa6oTa BOnHOBOAHbIX a'neMeHTOB B ycnoBIISIX onTIIManbHOro 

cornacoBaHnSI Bcerna Han6onee HaneneHa. 

B pesynbTaTe TeopeTJI'lecKoro nccnenoBaHIISI aKBIIBaneHTHofi 

cxeMbI pesoHaTopa, CBSI3aHHoro c mrnIIeit nepenaqII aKBIIBaneHT­

HbIM TpaHccpopMaTopoM, nony'IeHbI H8rpy30'IHbJe xapaKTepncTIIKlI 

pesoHaTopa •. 3TlIM TepMIIHOM Mb! H83Banu aHanlITII'IeCKlle Bb!pa-

)KeHnSI, CBSI3b!B8l0llllle KoacpcpuuneHT CT~SI'Ieii BOnHbl r B BOnHo-

BOAe, qepe3 KOTOpbln _Bos6y)KA8eTCSI pesoHaTop, C OTHOCHTenbHOH 

Harpy3KOH pe30H8TOpa X AnSI pasnnqHbIX 3H8 qeHnfi BenII'IlIHbI 

l!CXOAHOit CBSI3II pe30H8TOpa C BonHOBOAOM, orrpenenSieMbIX K03!p!pII-

uueHTOM CTOSI'leit BOnHbl B BOnH0BOAe ( r ) , HarpylKeHHOM 
0 

H8 ycKOpSIIOlllIIil pesoHaTop 6e3 nyqKa. non OTHOCl!TenbHOii Harpys-

Koii pesoHaTopa X snecb nonpasyMeBaeTcSI OTHoWeHne Mom-

H0CTlI OMII'!eCKIIX noTepb B CTeHKax pe3oHaTopa K MOll!H0CTll CB1-I 

Kone6aHliii, rrornomeHHoii rry'IK0M ycKOpSieMbIX aneKTpoHoB. Ms aHa­

. nnsa aTnx BbipalKeHIIil cnenyeT, 'ITO nnSI _n106oii )KenaeMoil OTHocn-

TenbH0ii Harpy3KII X (nnn KTiil - 7/ ) MO)KeT 6b!Tb Bcer-
pes. • 

na HaiineHa TaKaSI BenII'IUHa r K0TopaSI o6ecne'InT npn pa6oTe 
o' 

ycKopuTenSI B sanaHH0M pe)KHMe Hannyqrnee cornacoBaHne ( r = 1) 

pe30H8Topa C BOnHOB0A0M • 

3KcnepnMeHTanbH8SI npoBepKa npn "xonoAHbIX' II3MepeHllSIX, 

KOrAa ponb Harpy3Kll pe3oHaTopa nrpan TepMIICTOpHblll ll3MepnTenb 

MOll!HOCTll, ll Ha neiiCTBYIOllleM ycKopuTene IIOATBepnnnn crrpaBeAnII­

. BOCTb 3TOrO yTBep)KAeHUSI 0 

Tiony'leHHbie pesynbT8Tbl II03Bonnnn C03A8Tb rrpocTyIO MeTo­

_AllKY BbI6opa pasMepoB OKHa CBSI3ll pe30H8Topa C BOllHOB0AOM no 

Harrepen 38A8HHOll BenH'IIIHe OTHOClITenbHOll H8rpy3KlI X llllII 

KTill - 7/ . • KOTopaSI o6ecne'IHB89T B K8lKA0M cnyqae KBK Hall-
. pes. 

nyqrnee ncnonbsoBaHue M0lllHOCTll CB1-I !(one6amrii, rrocTyrra10meii OT 

reHepaTopa K pe30H8Topy, .. TaK II HanMeHee HanpSI)KeHHblll pe)KllM 

pa6oTbI BOnH0B0AHoro TpaKTa, IIOCK0nbKY rrpn 3TOM OTpa)KeHHSI OT 

pesoHaTopa OTCyTCTBYIOT ( r =1). KpoMe TOro, 8H8llll3 Harpy-

30'IHbIX xapaKTepnCTllK n03BOllllll onpenenHTb ycnoBllSI Han6onee 
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ycTofi•nrnofi pa60Tbl CllCTeMbl BqnHOBOA-pe30HBTOp npII cny'IBllHblX 

ll3MeHeHllflX aneKTpOHHOfi Harpy3Kll. Y CTOll'lllBblll pe)l{!IM llMeeT 

MeCTO HB CilBABIOIIIeM Y'IBCTKe Harpy30'IHbIX xapaKTepllCTllK npll 

CBH3ll pe30HaTopa C BOnHOBOAOM 6onbrue KpIITll'l9CKOfi. 

4 

B Tp9Thefi rnaBe IlOK838HO, 'ITO ncnonh30B8Hlle HBneHllfl 

38TflI'llBBHllSI 'IBCTOTbl. CBt.J reHepaTopa, npllM~HSieMoe. IIH0I'AB B llII­

HefiHbIX ycKOpllTenHX ll HeK0TOpblX MllKpoTpoHax, B cnyqae MOIII­

HOI'O MHKpOTpOHa Heuenecoo6pa3HO. KpoMe TOI'O! AnSI BB9A9HWSI 

ycKopnTenH B AefiCTBlle Tpe6yeTCfl nnaBHoe ll3MeHeHne MOIUHOCTll· 

CBt.J Kone6aHnfi B peaoHaTope. B CBSI3ll c 9TllM 6bma paspa6oTaHa 

ll ncc~eAOBBHa HOBB.fl cxeMa• BOnHOBOAHOI'O TpBKTa MOIIIHOI'O 

MllKpOTpOHa, nonHOCThIO ll30nnpyromaSI CBt.J reHepaTop OT Kone-

6aHllfi, OTpa)KeHHbIX pe30HBTOpOM B cnyqae HapymeHllSI HOpManh­

H0I'O pe)KllMa ero paoOTbl. Ponb BeHTIImI 3A9Ch nrpaeT cp830Bblll 

/17/ · 
UllpKynSITOp • BBeAeHne B cxeMy BToporo UllpKynSITOpa, CHa6-

)KeHHOI'O aneKTpOMBI'HllTOM, Benll'lllHB ll HanpaBneHne TOKa B KO­

TOpOM MOI'YT ll3M9HSITbCSI, ABno B03M0)KHQCTh rrnaBHO perynnpoBaTb 

MOIUHOCTb B pe30HaTope B lilllpOKllX npeAenax 6e3 ll3M9H9Hllfl pe-

)KllMa pa6oTbI CBt.J reHepaTopa. 

BonHOBOAHhlfi TpBKT BKnIO'l89T B ce6SI opIII'llHanbHyro CllCTeMy 

KOHTpOnSI 38 pa6oTofi YCKOpIITenSI, OCH0BBHHyro HB aHannse orn6a­

IOIIIefi CBt.J llMnynhCOB, OTpa)KeHHbIX OT pe30HBTOpa. 'cncTeMa no-

3BOnHeT He TOnbKO HBllny'lllillM o6pa3oM BBOAllTh ycKopnTenh B 

AefiCTBlle n KOHTponnpoBBTh pe)KJIM ero pa6oTbI, HO n HBXOAllTh 

BCeB03MO)KHbie HencnpaBHOCTll, B03HllKBIOIUlle B YCK0pllTene. 8 TeK­

CTe AllCCepTaUllll npnBeAeHbl Tll.IlOBbie cpopMbl ocunnnorpaMM, co-... 
OTBeTCTByIOIUlle pa3nll'IHbIM HOpManhHbIM ll aHoManhHbIM pe)KllMaM 

pa60Thl ycKopnTenH. B 'IBCTHOCTll, xapaKTepHoe yBenn'leHne Anll­

TenbH0CTll OTpa)KeHHOI'O llMnynhca npll HapymeHllflX aneKTpll'leCKOll 

npo'IH0CTll pesoHaTopa ncnonb30BBHO HBMll npll cosnaHllll ycTpofiCTBa 

AnSI 38lli_l1Tbl pe30HBTOpa, KOTopoe BBT0MBTH'leCKII CHU)KaeT BABOe 

MOIUH0CTb B HeM Ha 2-.3 CeKyHAbI, pa3pbIB8SI uenb IlllTBHIIfl aneK­

Tp0MBI'HIITa UllpKyllSIT0pa - nennTenH M0ill!IOCTll, ecnn llMeeT Mee­

TO 11apymeHne aneKTpll'leCKOfi npo'IH0CTII B HeCK0llbKllX IIMnynbcax 

nonpHn. BoccTaHoBneHne ncxon11oro pe)KnMa nponcxonnT TBK)Ke 

BBT0MBTI!'leCKII. YcTpoiiCTB0 OCB000)Kf18eT onepaTopa OT HenpepbIB­

HOI'O BII3yanbHOI'O Ha6moAeHllfl 3a pe)KIIMOM paoOTbl ycKOpllTenH 

-II nIIIllb B cnyqae KpaiiHefi Heo6XOAllMOCTll C Il0MOIUbIO 3BYKOBOI'O 

cnrHana Tpe6yeT ero BMe!llaTenbCTBa. 

lla11 KpaTKIIii TeopeTH'leCKllfi 8Han113 paoOThl cpa30BOI'O UIIpKy­

nHTOpa B KB'leCTBe nennTenH MOIUHOCTll C nnaBHbIM II3MeHeHneM 

K09cp!pllUHeHTB neneHIIH. OpnBeneHbi 9KCITepnMeHT81IhHbie xapaK­

TepllCTllKll nennTenH, . CHHTbie npII llMITYllhCHOfi MOIIIHOCTll cBq . 

reHepaTopa 10 MBT. Mn11nManbHble npHMbie noTepll ( BCH M0IUH0CTb 

reHepaTopa HarrpaBneHa B pe3oHaTop) C0CTBBllflIOT 0K0110 10%. 

Koacp!pIIUHeHT neneHIIfl km I orrpenenHeMbIH 0TH0!lle11neM MBKCIIMBllb­

HOH II MliHIIMBllbH0H M0IUH0CTH B pe30HBTope,paBeH 150. 

f10K838HO, 'ITO BOllHOBOilbl ce11eHlleM 72x34 MM, npll 11arro11-

• HeHUII IIX !lleCTII!pTOpIICTOii cepoii rrpn ABBneHIIII 2,5 8TH, o6naAaIOT 

Bb!COKOH HBAe)KHOCTh!O rrpll pa6oTe c MOIUHOCThIO LIO 20 MBT B 

IIMIIYllbCe. 

5 

t.JeTBepTafl rnaBa ITOCBHIUeHa npaKTll'leCKllM llTOI'BM nn~­

TenbHOfi 9KCrrnyaTBUIIll MIIKpOTpOHa. OrmcaHbl pe)KHM TpeHIIpOBKll 

peooHaTopa II pe)KHM HOpManbH0H paoOTbl CIICTeMbl HEP - MIIKpo­

TpOH, rrpnBeaeHbI cpoTorpacpun ocunnnorpaMM oruoaroureii nMrrynbca 

OTpa)KeHHblX OT pe30H8Topa Kone6aHIIfi nnH pa3nll'IHblX MOMeH­

TOB BBeLteHllfl ycKopnTenH B AeiiCTBIIe, IIMITynbCOB TOKB KBTOA-3. 

II T0KB ycKopeHHblX aneKTpOHOB HB Bbixone YCKOpIITeng ll Ha Mll­

meHII 116Pa. f1epe11ncneHbl OCHOBHbie rrpll'IIIHbl 11apymeHllfl Hop­

Manbl!Oll pa60Tbl MHKpoTpOHa. l1ccneAOB8Hbl OCHOBHb!e rrpH'lllHbl 
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BbIXO}la H3 CTpOH pe30HaTopoB. IloKa3aHo, qTO r~aBHBH npHqHHa 

aaKnroqaeTCH B_ noTepe peaoHaTopoM·sneKTpHqecKofi npoqHoCTH 

B peaynbTaTe IlOCTeneHHoro 3arpH3HeHHH BHYTP0HHHX IlOBepXHOCTen 

nonOCTH. CKopoCTb aarpH3HeHHH 38BHCHT OT COCTaBa H nnOTHOCTH 

ocTaToqHoro rasa B KaMepe ycKopnTenH H pe)KIIMa pa6oTbI KaToAa. 

TaK, ynyq!lleH1Ie i3aKyyMa B KaMepe MIIKpoTpoHa oT 7 .10-6Top AO 

3.10-
6 

Top npuaeno K AByKpaTHOMY yaennqeHIIro cpoKa cn;)K6b1 

pe30HaTopa (oT 30 JlO 60 qacoa). YMeHblll0HIIe nnOTHOCTII 9MIICCIIII 

c KaToAa nplI yaen~qeHIIII AIIaMeTpa nocneAHero oT 3 AO 3,5...4 MM . 
1!oaaonimo yaenHqHTb cpeAHIIfi cpoK cny:lK6br peaoHaTo_pa oT 60 

AO 100 4150 qacoB. ABTOMaT1IqecK1Ie ycTpOHCTBa JlnH rrpeAoxpaHeHIISI 

KaTO}la OT cnyqafiHhIX neperpeBOB H pacnbmeHHSI H JlnSI 38IIIIITbI 

peaoHaTopa, KOTOpbre 6bmH paapa6oTaHbI B nH<I>, cnoco6cTBoBamr 

npoAneHIIro cpoKa cny)K6br peaoHaTopa II cymecTBeHHo ynpocTnnlI 

aKcnnyaTaumo ycKoplITenSI. KpoMe Toro oKaaanocb, qTo TeMrrepa­

Typa peaoaaTopa pa/llIKanbHO BnlIHeT Ha aneKTp1IqecKyro npoqHoCTb, 

npitqeM noBhllll0HIIe TeMnepaTypbI oxna)K}laromefi pe30H8TOp BO/lb! 
0 . 0 

Ha 14 2 C (HanpHMep, c 15 C, IlpH KOTopofi pa6oTa YCKOpHTenSI 
0 • 

HaJle:lKHaH, JlO 16-17 C) qacTO IlpHBOJlHno K noTepe aneKTp1Iqec-

KOfi npoqHoCTII. 3Kcnep1IM0HTanbHO noKa3aHo, qTo Tpe6oBaHIISI K 

CT861InbHOCTH napaMeTpOB cBq reHepaTopa B OCHOBHOM COOTB~T­

CTByroT pacqeTHbIM. 

B 38KnIO'IIITenbHOH 'IBCTII 'IeTBepTOH rnaBbI o6cy)K}laIOTCH B03-

MO)KHhie HanpaaneHIIH JlanbHeHllIIIX IICcne}loBaHIIH. 

6 
OcHOBHhre peaynbTaTbI JllICC0pT8IIIIH MO)KHO c¢opMynHp0B8Tb 

cneAyroIIIIIM o6pa3oM: 

1. Hccne}loBaH Bonpoc O BnlIHHIIII II3MeHHromencsr aneKTpOHHOH 

Harpy3KII Ha cornacoBaH1Ie ycKopHromero pe3oHaTopa CIInbHO-

TO'IHOro MIIKPOTpOHa C BOnHOBO~HbIM TpaKTOM. nonyqeHbI 8H8nI!TII­

qecKIIe Bb!pa)K0HIIH A,IH Harpy30'IHbIX xapaKTeplICTIIK CIICTeMbl peaona­

Top - BOnHOBO}lllbIH TpaKT. 0TMeqeHo, qTo nplI onpe}leneHHbIX ycno­

BIISIX CIICTeMa o6naJlaeT CTa61InlI31IpyromlIM CBOHCTBOM no OTHOllieHIIIO 

K cny'IaHHbIM II3M0HeHIIHM aneKTpOHHOH Harpy3KIIo 

12 

2~ IloKa3aHO COBnaaeHIIe TeOplIII C aKcnep1IMeHT81IbHbIMII pe­

aynbTaTaMII, ·nony'IeHHbIMH C noMOIIlbIO cneUII81IbHO pa3pa60T8HHbIX 

MeTOJlHK nplI 'xonOJlHhIX"' II3MepeHIIHX II Ha aencTByromeM _ycKOplI..;; 

Tene. 

3. Ha OCHOBaHIIII nony'IeHHhIX peaynbTaTOB paapa6oTaHa npo­

CTaH MeTOJ:IIIKa BbI6opa onTIIManbHbIX pa3MepoB OKHa CBSI311 no Harre­

pea 38J:18HHOH )!{0/IaeMofi BenlI'IIIHe KIT.il pe30HaTopa. IlpaBIIIIbHOCTb 

MeTOJllIKII IlO}lTBep)KJleHa peaynbTaTaMII II3MepeHIIH Ha ycKOplITene. 

Ba)KHOe cnencTa11e, BhITeKaromee II3 pemeHIIH rrepe'IIIcneHHhIX aana'I, 

COCTOIIT B TOM, 'ITO 6bmlI o6ecneqeHbI T8KIIe pe)KIIMbI ycKopeHHH, 

· npn KOTOpbIX MOIIIHOCTb, OTJlaBaeMaH peaonaTopoM aneKTpOHHOMY 

ny'IKY. B 5-7 pa3 npeBbI!llaeT MOIIIHOCTb noTepb B CTeHKax peao­

HaTopa. 3TO COOTBeTCTByeT Kilil p030H8TOpa ~ 80-f 85% npH 

cornacoBaHHH peaoHaTopa C BonHOBOJlHbIM Tp8KTOM, 6nH3KHM K 

naeanbHOMy. 

4. IloKa3aHa B03MO)KHOCTb IICnonb30B8HIIH $a30Boro IIIIPKY-

nHTOpa C ¢epp1ITOBbIMII aneM0HT8MII B nnoCKOCTH H B Ka'IeCTBe 

nenlITensr caq MOmHOCTII Ao· 20 MBT C rrnaBHbIM II3MeHeHII0M Koa¢­

¢1Iu1IeHTa aeneHIIH ilnH aecHTIICaHTHMeTpOBOro }l1Ianaa0Ha BOIIH. 

HccnenoBaHbl OCHOBHbie xapaKTeplICTIIKII IIHPKYIIHTopa B 9TOM pe)Kl!Me 
p M8KC 

pa60Tbl ( Koail>4>1IuHeHT rrepeKpb!TIISI no MOmHoCTII k = __ p ______ = 150, 
m Milli 

MIIHIIM81IbHble IlpSil,/Jbie noTeplI "' 10%). 

5. Paapa6oTaH, II3rOTOBneH II ,IICilb!T8H B YCIIOBIISIX JllIIITenhHOH 

9KCrrnyaT.8UIIII HOBb!H BOnHOBO}lllbIH Tp8KT no cxeMe C JlBYMH ¢aao­

Bb!MII UIIPKYIIHTOp8MII, 06ecne'I1IBarom1IH nonayro pa3BSI3KY reaepaTO­

pa OT peaoHaTopa II Il03Bonsrroumfi nnaBHO II3Mel!HTb MOIIIllOCTb B 

pe30HaTope B 150 pa3 nplI ll01I3M0lll!OM OilTIIManbllOM pe:lKIIMe 

pa6oTbI reaepaTopa ·c MomnocTbro B IIMnynbce no 20 MBT. 

6. Paapa6oTaHa a¢¢eKTIIBHasr MeTOJ:IIIKa KOHTpom1 II nonnep)K8HIISI 

onTIIM81IhHOro pe)KIIMa pa6oThI MIIKpOTpOHa, OCHOB8HH8SI Ha peaynh­

TaTax aHan1Iaa ¢opMbI or1I6arome:ii CBq 1IMrrynbca oTpa)KeHHhIX OT 

peaoHaTopa Kone6aHIIH. 

7. Hccne}lOB8HbI nplI'IIIHbl Bb!XOJl8 II3 CTpOH ycKOpHIOIIIIIX pe-

30H8TOpOB II H8H}leHbI cpeJlCTBa npoJlneHIISI IIX cpoKa cny)K6bI OT 
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20-t 30 '18COB . B 'nepBi,rA • nepHOll pa60Tbl YCKOpHTensr J!.O 100+ 150 '18-

COBB H8CTOS1mee BpeMSI. 

8. C03ll8Hbl H HCn0nb3YIOTCSI ycTp01!:CTB8: 

-llnSI 8BTOM8TH'leCKOro npeL1oxpaHeHHSI K8T0ll8 OT neperpeBa·· 

H pacnbmE'iHHSI; 

llnSI 8BT0M8TH'leCKoro CHH:ll(eHHSI MOmHOCTH B pe30H8Tope· 

Ha 2-3 ceKYHllbI ( llO BoccTaHoBneHmt pa6oqero aaKyyMa) npH 

Hapylll~HHHX ero sneKTpH'l8CK01!: npo'IHOCTH, 

llnH 8BTOM8TH'leCK01!: CTa6HnH38UHH TeMnepaTyphl peaoHa~ 

Topa npH Kp8TKOBpeMeHHbIX OCT8HOBK8Xi 

llnH 8BTOM8TH'leCK01!: CT86HnH38UHH TOKa KaTo~a. 

B HacTosrmee BpeMsr cHnhHOTO'IHhifi MHKpoTpoH RH<I> OHHH Ha 

30 MsB HBnHeTCH 8llHHCTBeHHblM YCKOPHTeneM STOro Kn·acca:, HC-

. nonb3Y8MbIM npH npoBeL18HHH llnHTenbHblX (j>H3H'leCKHX SKCnepH-,". 

MeHToB •. OH oTpa6oTan c HBPoM · 6onee· 2500 <ia~os npH cn~llyiomHx 

napaMeTpax: 
0

3HeprHSI aneKTpOHOB . 

ToK aneKTpOHOB.B HMnynbce 

llnHTenbHOCTb HMnynhCOB T0Ka, 

lJacToTa IlOBTOpeHHH 

llnHTenbHOCTb HenpepbIBHOro UHKna 

pa60Tbj 

CpeL1HS1S1 MomHocTb cHcTeMbI HBP­

MHKpoTpoH npH nonywHpHHe BCilblWKH 

HeilTpoHOB 3 MKCeK 

llHTepaTypa 

- 24 .. 30 MaB 

-60-tB0Ma 

1, 7 -+ 1,9 MKCeK 

- 50 1/ceK 

100-t 150 '18COB 

- 1 KBT 

I. n.B.IlnKenbHep, lf.M.4'pBHK, ,r,.n.marIHpo, 3.lf.lllspBlIOB. Ilpe­

lIPHHT OlfHlf P-2830, Jly6Ha 1966. 

2. B.H.ByHHH, lf.M.MaTopa, C.K.HnKonaea, n.B. IlnKenbHep, 

H.M.4'pBHK, E.II.llla6snnH, ,r,.n.IIIa11npo, 10.C. HaBHIIKHil. JloK­

nsJ:1 Ha TpeTbe11 Me)KJ:1yHapoJ:1HOil KOHrf,epeeIIaH OOH 110 nc11onb­

aoBBHH10 aT0MH0il sHeprHH B MHPHblX IT,ennx, 28/P/324, Mail 1964. 
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Jly6HB, 1965. 
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