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onmA.51 XAPAKTEPHCTHKA PAEOTbl 

AKTYaJILHOCTL npo6neMbl: ' IlytJKl1 MHoro~apllnHblX HOHOB B lllllpO'lailllleM n11ana3011e 

:meprnil, OT HeCKOJlbKHX JJieKTpOHOBO,JlbT no COTeH f38 Ha HYKJIOH, 11 CTOJ!b lKe lllHpOKOM 

n11ana3011e 11HTeHCl1BHOCTeil, OT enl1Hl14HblX tJaCTHll no TOKOB B necl!TKII Ml1JIJillaMnep, 

llBJllllOTCll OCHOBOH 11ccnenoaa1111il B aTOMHOH qlll311Ke, ql11311Ke TBepnoro TeJia II qll13~Ke 

noaepxHOCTII, llnepHOH II peJillTl1B11CTCKOH llnepHOH qlll311Ke. YBeJill'leH11e 3apllna IIOH0B 

OTKpbIBalOT HOBble B03M0lKHOCTII B JTl1X o6JiaCTllX 11ayK11 II TeXHIIKII. IloJTOMY, 

pa3pa6oTKII 11 11CCJienoaaHl1ll H?BbIX Tl1Il0B IICTOlJH11K0B MH0f03apllnHblX II0H0B , ECR - Ha 

0CH0Be JJieKTp0HH0fO l\HKJI0Tp0HH0ro pe3oHaHca, Jia3epH0fO Ha OCH0Be 

BblCOKOTeMnepaTypHOH nJia3Mbl, o6pa30BaHHOH Jia3epHbIM 113JiytJem1eM, 11 JJieKTpOHHO -

nytJeaoro (EBIS · - Electron Beam Ion Sourcer, 11cnoJib3YIOlllero 110HHYIO JIOBYlllKY, 

o6pa30BaHHYIO o6beMHbIM 3apll.l(OM nJIOTHOro, JJieKTpOHHOfO nytJKa, - oqiopM11Jll1Cb, 

Ha41111al1 C cepen11Hbl 60 - X ronoa, B oTneJibHOe HanpaBJieHHe B MHpOBOH HayKe 11 OCTalOTCll 

aKTyaJibHblMl1 no Cl1X nop . 

3neKpo11110 - nytJeaoil MeTon 110HmaQ1111, npe)lJIOlKeHHbIH E. )l ,lJ;oHQOM B 1967 rony, 

6bIJI ycnelllHO peaJIH30BaH B HOHH3aTopax "KpHOH - I" H " KpllOH - 2" B Jla6opaTOp1111 

BblCOKIIX JHeprnil O6ben1111eHHoro IIHCTIITYTa llnepHbIX 11ccnenoaam1il K 1980 rony. 

On11aKO, qll1311KO - TeXHl1tJeCKl1e B03MOlKHOCTII JJieKTpOHHO - JiytJeBbIX 110Hll3aTOpOB 6blJIII 

11ccnenoaaHbl naneKO He noJIHOCTblO. 3TO nOCJIYlKIIJIO npll'lllHOH Toro, lJTO c cepe.l(IIHbl 80 -

X ronoa JJieKTpOHHO - JiytJeBOH MeTon IIOHH3al(IIII 11atJaJI IIHTeHC11BHO pa3pa6aTbIBaTbCll BO 

<l>paHQH11 - 11011113aTOpbI CRYEBIS-II, DIONE, KaK IICTO'lHIIKII 110110a JlJlll ycKop11TeJill 

SATURNE; a ll1aeQ1111 - CRYSIS - nnll HaKon11TeJill CRYRING. B TOlKe apeMll 

pa3pa6aTbIBalOTCll Kp11oreHHble JJieKTp0HH0 - JiytJeBbie 11CT0lJHIIKII KaK )lJlll 

11ccnenoaa1111il CaMoro Merona noJiy4eHHll MH0f03apll,l\HbIX 110H0B B II0HHOH JI0BYlllKe, TaK 

11 JlJlll arnM11oil qi11311K11 a <l>Pr, - FrankfurtEBIS, n ClliA, - KSUEBIS, ComellEBIS; 11 T. 

n. B JT0T nep11on apeMeH11 11atJaT npoeKT Kpyn11eil11Iero 11011113aTopa TaKo~o T11na 

SuperEBIS ( SLNL, Sandia, USA), B na6oparnp1111 11Me1111 Jloype11ca pa1pa6aTb1BaercJ1 , 

0Ka3aB11IeeCll 0lJeHb ycnelllHblM 11 npe.n.Ha3HatJeHH0e )lJIJl IICCJienoaa1111il B o6JiaCTH 

aTOMHoil qi11J11K11 11 q>l1311KII noaepx11ocr11, HanpanneH11e ycraH0B0K T11na EBIT ( LLNL, 

Livermore, USA), npencraBJill!Oll{ee co6oil Mon11qi11Ka1.11110 JJieKTp0HH0 - nytJeBoro Merona 

11011113aQ1111. B 1994 rony 11a 11011113arnpe Super EB IT 6bm11 3aperncrp11poaaHbI II0Hbl U92+. 

Ot>\r.iu;tt:;;:,iwt1 iH:m:_ m I 
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Hccne)loBaTeJibCKall nporpaMMa "Kp110H - C", 11H)leKC "c" - 03Ha4aJI CTeH)l0BblH 

aap11aHT 110H11JaTopa, 6bJJia HaYarn B 1985 ro.lly B J1B3 0115111. Uenb!O nporpaMMbl 6brna 

pa1pa60TKa np0T0Tl1na 110HH0ro 11CT04Hl1Ka .llllll C03)laBaeMoro B na6opaTopm1 

ycKop11TeJibH0ro K0MnJieKca peJillTl1B11CTCKl1X 110H0B, Ha 0CH0Be CBepxnpoB0.ll!llUero 

c11HXP0TP0Ha "HYKJIOTPOH". AKTyaJibHOCTb 11 coapeMeHH0CTb '.HOH Ja)la411 cne.llyeT 

no)l4epKHYTb CCbJJIKOH Ha ycKopeH11e B KOHi.le 1993 ro)la B CERN ll.llep CB11HUa Pb82+ .llO 

3Heprni1 150 r3B / HYKJIOH C 11HTeHCHBHOCTb!O 4 108 110HOB B 11MnyJibCe. 

Ue.Jib .llllCcepTau1111: COJ)laH11e 3JieKTPOHHO - ny4eBoro 110Hl13aTopa, KaK npOTOT11na 

110HHoro 11cT04Hl1Ka ycKop11TeJibHoro KOMnneKca "HYKJIOTPOH", noJBOJill!OLUero 

npoBeCTl1 3KCnep11MeHTaJibHYIO npoBepKy TeXHl14eCKl1X peweHl1H Ha OCH0Be 113y4eHl1ll 

qJ113114eCKl1X npouecCOB B 110HHOH JIOBYWKe 11 pa60Tbl 3JieKTPOHHO - ny4eBoro 110HHOro 

11CT04Hl1Ka B COCTaBe 11HlKeKU110HHOrO KOMnJieKca. 

Hay411an IIOBH3Ha OTPalKeHa B CJie)ly!OLU11X Te311cax: 

• C03)laH 3JleKTpOHHO - ny4eBOH 110HHblH 11CT04Hl1K , 11Me!OLU11H op11rnHaJibHYIO 

MO.llYJlbHYIO KOHCTPYKU11!0, noJBOJlll!OlJ.lYIO 11CCJie)lOBaTb pa3Jil14Hble 3JieKTpOHHO -

onTl14eCKl1e Cl1CTeMbl; 

• BnepBble, nony4e11 3JieKTPOHHblH ny40K B noCTOllHHOM pelKl1Me C TOKOM 0.2A - 0.5A 11 

3Heprnei1 4 - 100 K3B c nnoTHOCTb!O MOLUHOCT11 107 BT/ cM 2 B Kp11oreHHOH c11cTeMe, 

npaKTl14eCKl1 6e3 HarpeBa nocJJe)lHeH, TeM caMblM .llOCTl1rHYTbl napaMeTPbl ycTaHOBKl1 

SuperEBIS; 

• 113y4eHbl npouecCbl MHOroKpaTHOH 110H11.3aU1111 B TaKl1X 3JieKTPOHHblX ny4Kax B 

YCJ10B11llX 110HH0ro OXJlalK)leHl1ll OCTaT04HblM raJoM; 

• BnepBble, 3KCnep11MeHTaJibH0 nony4eHbl 3B0Jl!OU1111 cneKTpOB 3apll,llHOCTeH 110HOB Ar8+ 

- Arl6+ nP.11 3Heprn11 110Hl1311PYIOLU11X 3JieKTp0H0B .ll0 30 K3B, BpeMll nponeTHblM 

MeTO)l0M'. 

• BnepBble, C03)laH CTeH)l 3JieKTPOHHO • Jiy4eBoro 110Hl13aTopa "Kp110H - C" Ha 

BblCOKOBOJlbTHOH nnaT<jJOpMe 3JieKTPOCTaTl14eCKoro ¢op11HlKeKTOpa Jll1HeHHOro 

yCKOp11TeJill JIY - 20, noJBOJlll!OLUero nony4aTb B 3T11X ycJJOBl1llX 3JieKTp0HHble ny4Kl1 C 

T0K0M 0.25A 11 3Heprnei1 4 - 40 K3B; 

• 113y4eHa pa6oTa ycKop11TeiibHOro KOMnJieKCa B COCTaBe: 3JleKTPOHHO • ny4eBOH 

110Hl13&T0p - Jll1HeHHblH ycKop11TeJib • 06.ll11p04Hall yrnep0,llHall qJOJlbra; 
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• nonyYeHbl 11 ycKopeHbl .ll0 3Heprn11 5 MJB / HYKJI0H ny4Kl1 110HOB S 14+, Arl 4+, ... Ar17+, 

Kr29+, ... Kr34+ C 11HTeHCl1BHOCTb!O 108 • 5 109 3JieMeHTapHblX 3apll.ll0B B 11Mnynbce, TeM 

CaMblM .llOCTllrHYT <jlaKTOp ll0HHJau1111 2 1021 cM·2 Ha qiopHHlKeKTOpe Jll1HeHHOro 

YCK0pHTeJill; 

• )KCnepHMeHTa-lbll0 1ny4eHbl cneKTpbl MHoro1apllJ1HblX 110HOB cepbl, aproHa 11 

Kp11nT0Ha noc.1e npoxolKnemrn yr.~epo.aHOH 06.1111po4HOH qJOJibnt c '.lHeprnei1 5 M'.lB / 

HYKJI0H, xopowo COBna.aa!OLUHe C TeopeT11~eCKl1Mll npencKa3aHHllMl1. 

IlpaKTH4eCKaH ue11110CTb pa60Tbl 3aKJII04aeTCll npelK.D.e Bcero B TOM, 4TO'. 

• C03.D.aH '.lJleKTp0HH0 • ny4eBOH HOHl13aTop "KpHOH • C" KaK npOTOTHn 110HHOro 

HCT04HHKa yCKop11TeJ1ll "HYKJIOTPOH"; 110H113aTop B coBoKynHoCTH c c11cTeMaM11 

n11TaHllll, ynpaBJieHHll 11 .D.l!arH0CTHKH pa6orneT B C0CTaBe l1HlKeKU110HH0ro K0MnJieKca 

11B3; BpeMll 6e30TKa3HOH pa60Tbl HCT04Hl!Ka npeBblCl1Jl0 72 4aca; npoBe)leHo nllTb 

ceaHC0B ycKopeHHll TlllKeJibIX H0H0B ; B HaCT0llLUee BpeMll :no BTopoi1 pa6orn10LUIIH B 

C0CTaBe ycKopHTeJibH0ro KOMnJieKCa KpHoreHHblH 3JleKTpOHH0 • ny4eBOH HOHHblH 

HCT04HHK, KpoMe 110H111arnpa "DIONE"( cf)paHUHll). 

• ny4KH 110H0B S 1H np11MeHeHbl np11 ycKopem111 llAep cepbl Ha C1rnxpo<jlaJoTPOHe 11B3 

.D.O JHeprnH 3.7 r3B / HYKJIOH .!J.Jlll '.l_Kcnep11MeHTOB B 06nacn1 peJillTIIBHCTCKOH ll.D.epHOH 

qJ113HK11; 

• ny4KH HOHOB Kr29+ 11_ Kr34+ npHMeHeHbl np11 3KCnep11MeHTaJlbHOH HHlKeKU1111 B 

"HYKJIOTPOH"; 

• ny4KH H0H0B Ar14+ C 3Heprnei1 5 M3B / HYKJIOH HCn0Jib30BaHbl .!J.Jlll 3KCnepHMeHT0B no 

npOH3B0.!J.CTBY nOJI11TpeKOBblX MeM6paH; 

• pa3pa60TaHa TeXHOJIOntll C03.D.aHl1ll 3JleKTPOHHO • Jiy4eBblX 110Hl13aTopoB Tllna "Kp110H 

- C" . 

Anpo6au11n pa60Tbl II ny6m11cau1111. OcHOBHble pe3yJibTaTbl 11 BblBO.!J.bl, BKJ1!04eHHbie B 

.n11cceprnu1110 06cylK.D.aJ11lCb 11a Hay4HblX ceM1111apax H KOH<jlepCHUllllX'. 

• XI - BcecOI03HOe C0BeLUaHHe no YCKOpl!TeJillM 3aplllKeHHblX 4aCTllU, 0115111, )].y6Ha, 

1989; 

• IV· all MelK.D.yHapO,llHall KOH<jlepeHU11ll no 110HHblM llCT04Hl1KaM, IillHCXel1M, repMaHHll, 

1991; 

• MelK.D.yHapo,llHall KOH<jlepeHUllll no HOH HOH IIMnnaHTalllll1, J1!06JIHH, IlOJibWa, 1988; 
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• cj>opHHlKeKTOpa - BceCOI03HOe COBelL(aHHe no ycKOpHTeJJl!M 3apl!lKeHHblX LJaCHll.-l, 

MocKBa. CCCP, 1990; 

• V - Me;+;;:iyHapo,::tHblH CHMnOJHYM no J.1eKTpOHHO - nyYeBblM HOHHblM HCTOlJHHKaM H HX 

npHMeHeHHllM, )].y6Ha, CCCP, 1991; 

• V - MelK.n:yHaponHall KOHcj>epeHUHll no HOHHblM HCTOlJH11KaM, ITeKHH, KHP, 1993; 

• cj>opHHlKeKTopa - MelK.n:yHapO,D,HblH CHMn03HYM no :rneKTpO!-lHO - JJyLJeBblM HOHHblM 

HCT04HHKaM 11 HX npHMeHeH11llM, CTOKrD,1bM, lliBeUHll, 1994; 

• LINAC94, MelK;:iyHapo;:iHall Ko11¢epeHUl1ll no JJHHeiiHblM yCKop1ne,1l!M, UyKy6a, 

51nOHH~, I 994; 

• VI - MelK,D,yHapO,D,Hall KOHcpepeHUHll no HOHHblM 11CTOlJHHKaM, BHCJJep, KaHa.n:a, 1995. 

OcHOBHble pe3yJJbTaTbl .D:HCCepTaUHH ony6JJl1KOBaHbl B pa6oTax, cnHCOK KOTOpblX 

npHBe,D,eH B KOHUe pecj>epaTa. 

CO)].EPJKAHME )].MCCEPT AUMOHHOH PAEOThl. 

)].11ccepTaUHll COCTOl1T H3 BBe,D,eHHll , rpex mas, JaKJJIOlJeHHll H cnHCKa JIHTepaTypbi. 

Bo BBenemm nporne;+;eHbl TeH,D,eHUH11 pa3BHTHll HCTOlJHHKOB MHOro3apll.D:HblX HOHOB OT 

HOH111arnpa c OCUHJ111py10lllHM pa1pl!,i1,0M - PIG IS ( Phillips ionizing gaauge ion source) , 

KOTOpbiH ~10;.J(HO ClJl1TaTb npOTOTHnOM JJleKTpOHHO - JJyLJeBblX HOHHblX HCTOlJH11KOB. 

IT0KaJa1rn HCTOpl14eCKall peTpocneKTl1Ba pa3Bl1THll EBIS 11 onpe,D,eJJeHbl 1a.n:aLJ11 ,Ll,Jlll 

110HH3aTopa "Kp110H - C". 

8 nepBOii r.'laBe paCCMOTpeHa TeOp11ll :rneKrpOHHO - JJyLJeB_blX HOHHblX 11CTOlJHHKOB,. 

KOTOpall COCTOHT 113 Teop1111 MHOfOKpaTHOii l10Hl13au1111 11 HaKOnJJeHl1ll 110HOB B 110HHOH 

.10sywKe 11 Teopl111 cjJopM11pOBaHl1ll aKCl1aJJbHO - Cl1MMeTp11YHblX nJJOTHblX :rneKrpOHHblX 

noTOKOB. EcJJl1 TeOpHll cj>opMl1pOBaH11ll JJJeKTpOHHblX nyLJKOB xopowo pa3B11Ta )lJlll CB1I 

np116op0B, TO TeOpl1ll HaKonJJeHl1ll 110HOB B 110HHOii JIOByWKe C03)laHa B noCJJe)lHl1e fO)lbl B 

)].y6He 11, rnaBHblM o6pa30M B JlHsepMope. 3Tl1 Teop1111 OCHOBaHbl Ha ypaBHeH11llX 

1apl1,i1,0BOro 11 JHepreT11LJeCKOro 6aJJaHca B 110HHOH JIOBYWKe. HanOMHl1M, lJTO .D:ByMepHa~ 

noTeHUl1a.lbHall 11011Hall .lOBYWKa, - OCHOBa 1JleKTpOHHO - JlyLJeBoro MeTO,D,a l10H111au1111, 

06pa10im11a o6bCMHblM 1apl1,i1,0M . ')JICKTpOHllOro nyYKa, KOTOpbiH y.n:eplK11BaeT 110Hbl B 
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pa,::i11aJ1bHOM HanpaBJJCHl1H 11 noTeHu11aJ1bHblMl1 6apbepaMl1 Ha OKOHelJHblX ceKU11llX rpy6Kl1 

.n:peiicj>a ( p11c. I. ) . 

. Tpyfi .. 

~~ .... 

/✓_I_ />'.'" 4~5-lef-'E:(1 -1) 

P11c.l 

■oubli: ■CTO•-• 

_y_ - vh -11 + z In( _!t- /1th >I 

~\'

·<'ff~ 

7C 
•o■llllli mmy.u.c 

·cyTb JJJeKTpOHHO - JJY4CB0f0 MeTO,D,a 110Hl13aU1111 JaKJJIOLJaeTCll B ynpaBJJeHl-111 110HaMl1, 

3axBa4eHHblMl1 B l10HHYIO JIOBYWKy 11 nO,D,Bepra!OlL(l1Ml1Cll 110Hl13aU1111 3JleKrpOHHblM 

y.n:apoM, np11 noMOllll1 pa3JJl1LJHblX pacnpeneJ1ett11ii noTettu11aJ1os Ha ceKU11llX ,o:peiicj>osoi1 

Tpy6Kl1. ITocJJe,O:OBaTeJJbHOCTb TaK11X pacnpe,o:eJJeHl1H C03,0:aeT ll11KJI pa60Tbl 11CTOlJHl1Ka. 

OcHOBHOe . pacnpe.n:eJ1eH11e noTeHU11aJJOB TaKOBO, lJTO see 110Hbl ' o6pa30BaHHble B 

:rneKTpOHHOM nyYKe noK11,o:a10T ero B)lOJlb OCl111CTOlJHHKa ( p11c. la). B MOMeHT BpeMeHH t O 

- co1,o:aeTCll KOHcjJ11rypau11ll noTeH1111aJ1bHOH 110HHOH JIOBYlllKH ( p11c. 16 ), B KOTOpy!O TeM 

11J111_ 11HblM cnoco6oM BBO)ll1TCll HeKOTOpoe KOJIHlJCCTBO Hl13K03apll.D:HblX 110HOB. Bse,o:eHHble 

B HOHHYIO JIOBYWKY HOHbl y,o:eplK11BalOTCll B Hei1 HeKOTOpoe BpeMll t; - Ha3blBaeMOe 

BpeMeHeM 110Htt3au1111, nocJJe Yero BOCCTaHaBJJHBaeTCll OCHOBHOe pacnpe;i;eJ1eH11e 11 

MHOro3apll,O:Hble 110Hbl noKl1,0:aJOT 3JleKrpOHHblH nyLJOK B B11.D:C HOHHOro HMnyJJbCa. BpeMll 

110Hl13aU1111, B nepBOM np116J111lKeHl1l1, 3aBl1Cl1T OT CKOpOCTl1 KOMnettcau1111 o6beMHOro 
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3apllna 110HHOH JIOBYlllK11 OAHO3apl!AHblMl1 11OHaMl1 OCTaTO4HOro ra3a. ql1CJ10 11OHOB C 

3apl!AOM Zi , Bb!Be,qeHHblX 113 JIOBYlllK11 , onpeneJJlleTCll BblpalKeH11eM 

N, = f -a(j,t)PLV · ;, , rne 

f = <Zi> Ili / Ile - CTeneHb KOMneHcau1111 :meKTPOHHOro ny4Ka, a (iet) - OTHOCl1TeJJbHOe 

KOJll14eCTBO 11OHOB C 3apl!AOM Zi B cneKTPe 3apl!,qHOCTeil, p -nepBeaHC :meKTPOHHOfO nyYKa 

, T. e. OTHO1lleH11e TOKa nyYKa K HanplllKeHl1IO B CTeneH11 3/2, ( p = IJ V312 ' MKA/ B312), L -

,qJJl1Ha 110HHOH JIOBYlllKl1 ( M ) , V - HanplllKeH11e :meKTpOHHOro nyYKa ( B ). 

BeJJl1411Ha jet 11Jll1 Ile Vet - <paKTOp 11OHl13au1111, onpeneJJlllOl.lll1H cneKTp 3apl!AHOCTeil 11OHOB. 

KoJJl14eCTBO 11OHOB C 3apl!AOM j onpenenl!eTCll 113 ypaBHeH11ll 3apl!AOBOro 6aJJaHca 

Y411Tb1Ba10111ero paBeHCTBO CKOpocTeil npoueccoB 11OHl13aU1111 JJleKTpOHHblM ynapoM 11 

KOHKyp11py1011111x npoueccos. Ha116onee nonHall Monenb paccMoTpeHa B Jl11BepMope 

dN, = R,im _ R"m + RRR _ RRR + R'hcx _ Rchl.'X _ Rer _ RmJ + R1011ru· 
dt 1-l ➔I /➔ l+I 1+! ➔1 1➔1-I i+I ➔, 1➔1-I I / / 

fpa<pl14eCKl1 
RLR 

i-1 
IR':;.; f R~., ' ..... A u 

iR;.1 .. i ! •··)R L,/ ___ 

1 
~R-

... i RR :....,. 
Ri,.i+1 Rr+J.+i iR;+J .. i 

i+l 

R"'" = J · N ·a-"'" (E )· f(r r) 
CKopOCTb peaKU1111 11OHl13au1111 - H,+J ' ' ,➔,., ,. • ,, ,. , rne le - nJJOTHOCTb 

JJJeKTpOHHOro nyYKa, Ni - KOJll14eCTBO 11OHOB C 3apll,qOM I, u;:,., ( E,) - Ce4eH11e 11OHl13aU1111 

:lJleKTpOHHblM yi:lapoM, 3aBl1Clll.llee OT :mepn111 :lJleKTPOHOB 11 paCC411TaHHOe no <pOpMyJJe 

JloTua, f(r,,r,) - TaK Ha3b1BaeMb1il "overlap factor", Y411Tb1Ba1011111il HecoBnaneH11e 

pan11aJ1bHblX pa3MepoB :meKTPOHHOro 11 11OHHOro ny4KOB. 

pan11au110HHoil peKOM6i-rnau1111 paBHa 

R/:',_, = J, · N, -u,'1,_,(E,)· f(r;,r,) , rne 

6 

CKopocTb npouecca 

l 

l 
'/ 

t 
l 
l 

1/H 
a1----,,-1 ceYeH11e pan11au110HHOH peKoM611Hau1111. Ha116onee BalKHall c Haweil TO4Kl1 

3peHl1ll CKOpOCTb peaKU1111 nepe3apl!AK11 Ha HeilTpaJJbHOM raJe, O4eBltAHO paBHa 

R,l~;~1 = N0 · N, ·a,'!:;;~1 < v, > , rne 

N., - KOfH!CIITpau1rn HeilTpa.1bHblX aTOMOB, a-:::~1 - CC4CHl!e nepe3apl!AK11 ltOHa C 

·iapll,1O\1 j 11a annte OCTaTO'IHOfO raJa. paCC41tTaHHOe no Q)OpMyJJe M10n.nepa 

3a.1bU60pHa, <v,> - cpenHllll CKOpOCTb CTOJl,KHOBCHIIH. C4ltTaeTCll • 4TO pacnpeneneH11e 

11OHOB no JHepntllM B ue11TpaJ1bHOM no.1e o6beMHOro 3apllna ).1CKTpOHHOro nyYKa 

COOTBCTCTByeT pacnpeneneHl!IO 6oJJbUMaHa 11 , COOTBeTCTBeHHO, ycpenHettttall CKOpOCTb 

CTOJIKHOBCIHIH ltOHa Zi, Mi C TeMnepaTypoil Ti AJ!ll MaKCBeJJOBCKOro pacnpeneneHl1ll no 

CKOpOCTllM paBHa 

< V >= tkT, = 
' lrJ.f, 

, rne 

vb - noTeHUltaJJ Ha rpam1ue )JICKTpOHHOro nyYKa, OT411TblBaeMblil OT ero ueHTpa 

,. I ', = 485 .. ~' . (I . ff: -f) (B.A. K,B); 

le - TOK nyYKa ( A ), Ee - )Hepntll :rneKTpOHHOfO nyYKa ( KJB ), f - CTeneHb KOMne11caw111. 

Mb! ynpo111aeM ypaB11eH11e 3apl!AOBoro 6anaHca, OCHOBblBallcb Ha pe3yJJbTaTaX pewemrn 

06paTHb1x Ja,qay 11OH11Jau1111, np11 onpenenemrn ceYeH11il 11OH1nau1111 no 

)Kcnep11MeHTaJlbHblM )BOJIIOU11l!M cneKTpOB 3apl!AHOCTeil, nonyYel!HblX B ycJJOBltllX 

3Ha41tTeJ1bHblX noTepb IIOHOB H3 HOHHOH JIOBYWKH B 3aBHCHMOCTII OT BpeMeHII IIOHll3au1111 

[1,2]. HecMOTpR Ha :no, AOCTHrHYTO xopowee COBnanemte nonyYeHHblX 3Ha4eHIIH ceYeHl!H 

HOHH3aUHII :lJleKTpOHHblM ynapoM C Teopent4eCKIIMII nplt HOpM11poBaH1H1 KOJll14CCTBa 

MHOfO3apllAHblX IIOHOB B KalKAblH MOMeHT BpCMe1111 Ha en111nn1y. JTO ,-:taeT OCIIOBamtll 

pewaTb ypas11eH11e 3apl!AOBOfO 6anaHca 6eJ )'4CTa CKOpOCTII noTepb II CKOpOCTII 

noCTynIICHl!ll 11OHOB Zi B 11O1111y10 JIOBYWKy. Bo - BTOpblX, )JICKTPOIIHO - JJY4CBOil IIOl!Hblil 

H~TO41111K npoeKTHpyeTCll AJJll :mepnm )JleKTpOHOB, np11 KOTopoil ce4e1111e IIOlff13aUIIII 

HOHa C 3apllAOM Zi 6JJH3KO K MaKCl!MaJJbHOMY, II cnenoBaTeJJbHO, ce4e1111e npouecca 

pan11au11011Hoil peKoM611Hau1111 npeHe6pelK11Mo Mano. 
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YpasHeH1-1e Japllnosoro 6anattca np1106peTaeT BHLl, Ha116onee BalKHblH LlJlll npaKTH4eCKoro 

npoeKTHpOBaHHll HOHHOfO 11CT04Hl!Ka, Y411Tb1Ba!OIJ.{11H TOJlbKO nepe3apll/l.KY Ha aTOMax 11 

lfOHaX OCTaT04HOro raJa: 

dN, R""' - R'°n + R'htr - R,':~l -- = 1-\.....J.I /-+I+) I+ -+I 

dt 

PeJyJJbTaTbl peweHHll CHCTeMbl ypaBHeHlfH no TaKOH MOLleJllf 11omnau1111 ,lJlll JBOJIIOUHlf 

3apll,10BblX COCTOllHlfH HOHOB aproHa np11 pa3Jll1'1HblX KOlfUeHTpaUlfllX OCTaT04HOro 

HeHTpa.lbllOro ra,a npe,1CTaB;leHbl Ha pile. 2. 

1
NIIN 
r 1~"~ 

.8 f: 

·--------------7 

; . Ari++Ar0 ,No=t08 
~~ . . ... 

I Ari++Ar0 ,No=to9 

t Ar~+ 
6[ ~

~-~-~•- I . ,.,._,,,_~ ' 

::~I 
.6 

.4 [ _,,ct~ _k'",.. 
2

, •·• I •--- ~ i 
0 C 1!/_f,J'I: ¥.-" -----...____ -~ 

i/!7\ -~ ! r#/,1 . --· I o~~~ -~--,i 
0 j 2 ~ A ~ 

T (s) 

. . j 
T (s). .4 .5 

P11c.2 

111 paCC41fTaHHblX '.lBOJIIOUlfH cneKTpOB 3apl!LlHOCTeH lfOHOB Ari+ c,1eriyeT, BO-nepBblX, 4TO 

BmfllHl-fe nepe3apl!LlKlf Ha '.lBOJl!OUH!O cneKTpOB Japll,llHOCTeH HOCHT B JaBlfCHMOCTlf OT 

KOlfUeHTpau1111 No npaKTH4eCKH noporoBblH xapaKTep; BTOpoe - Hei:JTpaJJbHbltt ra3 C 

60,1bWlfM noTeHUlfaJI0M H0l!lfJaUHlf BaJJeHTH0ro JJJeKTp0Ha n0JB0.f!lleT pa6oTaTb 

'.l.1eKTp0HH0 - ,1y4es0My HOl1111aTopy np11 60JlbWlfX riasJJeHlfllX 0CTaT04H0r0 raJa, 4T0 

eCTccrnem10 c.1e,weT np11 np11McHeH1111 ¢opMy.1b1 MIOJJJJepa - 3aJJblt6opHa. CTpouecc. 

nepe,apll,1Klf Ha \HI0ro1apl1,lllblX H0Hax, 11anp11Mep Ne3+, He BJllflleT Ha '.lB0JIIOUlflO cneKTpa 

1apll,11IOCTeH ,10 BCCbMa BblCOKlfX KOllUeHTpaUlfH 0THOCHTeJlbHO MHOro3apllLlHOH np11Mec11. 
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PeweH1-1e ypasHeHlfll 3apl!LlOBOro 6aJJaHca B MOLlCJllf nocnerionaTeJJbHOH lfOHH3aUlfH LlJlll 

11rieaJlbHOfO 6e3 y4eTa KOHKyp11py10IUlfX npoueccon xopowo H3BeCTHO If HCnOJJb3YeTCll LlJlll 

oueHKlf seJJlf41fHbl <jlaKTOpa lf0Hlf3aUlflf If napaMeTpOB JJJeKTp0HH0 - onTH4eCKOH CHCTeMbl, 

- nJJOTHOCTlf TOKa, JHeprn11 JJleKTp0H0B If BpeMeHlf HOHHJau1111 He06XO,llHMbIX, KaK 

MHHlfMYM, LlJlll noJ1y4eHlfll lfOHOB C 3apl1,D.OM Zi B MaKCHMyMe cneKTpa 3apll,llHOCTCH ( CM. 

Hanp11Mep, rn6JllfUbl P. lliMlf,D.epa). 

,/],Jill lfOHOB JaxBa4eHHblX B HOHHYIO JlOBYWKY, npaKTlf4eCKH Mrm:iBeHHO, ycTaHaBJIHBaeTCll 

pacnperieneu11e 6oJJbUMaHa no :rneprnllM, cnenosaTeJJbHO, 110H · c 3apll.D.OM Z; 11 

TeMnepaTypoi1 Ti lfMeeT CBOH xapaKTepHblH pan11yc KOJle6aHlfll B JJICKTp0HHOM ny4Ke, 

paBHblH 

r, = foe(l12Kkl;IZl",-I,. T, > Z,Vb 

YrneplKnaeTCll, 4TO lfOHbl C TeMnepaTypoi1 2ZNb npOBO,llllT T0JlbKO 37% csoero BpeMeHlf B 

:meKTpOHHOM ny4Ke. C,1e,uoBaTeJ1bHO cyiuecrsyeT HeKall rpaHH4Hall :rnepnlll 

TeMnepaTypa) lfOHOB paBHall lfJllf KpaTHall Z; Vb , 3aBHCllIUall OT 3apll,Ua ,no ,llOCTHlKeHHH 

KOTOpoi1 HOH BbmanaeT 113 npouecca MHOroKpaTHOO H0HH3au1111. 

3Ha4HTCJlbHblM noTeHUHaJlbHbIM HCT04HHK0M Harpesa H0HOB MoryT 661Tb nnaJMeHHbie 11 

MHKpOBOJIH0Bble HeycTOH4HBOCTH B JJJeKTpOHHOM ny4Ke 4aCTH4HO CK0MneHCHpoBaHH0M 

H0HaMH. 3m npo6J1eMa Tpe6yer 0T)].eJlbHOrO 11 BHHMaTeJJbH0ro pacCMOTpeHHll. O,uHaKO, 11 

B OTCYTCTBHe JTHX HeCTa6HJlbHOCTei1 JJleKTp0H - HOHHble JJJaCTH4Hble CT0JIKHOBeHHll 

npHB0)].llT K Harpesy lfOHOB B lfOHHOH JIOBYWKe, 

CKopOCTb HapaCTaHlfll '.lHeprn11 lfOHa C 3apl1,D.0M I B nepneH)].HKYJJllpH0M JJieKTp0HH0MY 

ny4KY HanpaBJieHHlf paBHa 

dE 0.442i
2 
J, ln(pm I Po )n, (JB/ceKcM3) , rne 

di= AE, 

A - Macca 110Ha B aToMHblX en11H11uax MaCCbI, i- Japll,u notta, Je - nnoTHOCTb JJieKTp0HHoro 

ny'!Ka, ln(pmaxlpo) - KYJJOHOBCKHH Jiorap11<jJM, paBHblH 10 -15, n; - o6beMHall nJI0TH0CTb 

H0HOB C 3apll.D.OM 11 , Ee - JHeprnll JJieKTp0HOB (3B), ,/J;Jlll pac'!era IlOJIHOH JHeprn11 H0Ha 

Heo6XO)].lfMO HHTerp11poBaTb JTO ypaBHeHHe KaK <jlyHKUHIO Japll,ll0B0r0 C0_CT0llHHll, 

K0TOpall noJJy4aeTCll 113 ypaBHeHHll 3apll,D.OBOro 6anaHca. Hott, )].OCTHrWHH rpaHH4HOH 
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:mepnm 3a onpe,L\eneHHOe apeMll, noKtt,L\aeT 061,eM 110H113au1111. 3To apeMll onpe.L1enlleT 

MaKCttManbHO B03M0)!(HblH ¢aKTOp 110Hl13aU1111 - Jet. , 11 cne,L\OBaTenbHO, MaKCHManbHO 

B03MO)!(HblH 3apll.L\ 110Ha. P. EeKKep oueHttBaeT )TOT 3apllll Z; = +50, M. JleBHH -

cooTBeTCTBeHHO, Z; = +39, 6e3 ,[\l1CCl1nau1111 3Heprtt11 113 110HHOH noByWKl1. Teopttll 

"11cnap11TenbHOfO OXJia)!(,L\eHttll", npe,[(nO)!(eHHall B ~y6He 11 3Ha'-lttTenbHO pa3B11Tall B 

JI11aepMope, no3BOnlleT o6bllCHl1Tb JKCnepttMeHTanbHYIO c11Tyau1110, np11 KOTOpoii B 

:meKTPOHHO - ny'-leBOM 110Htt3aTope nony'-la!OTCll 110Hbl 6onbweii 3apll,L\HOCTl1. 11oH 

110HHbie CTOnKHOBeHttll, KaK Ha116onee 6blCTPblH npouecc B 110HHOH noaywKe, npttBO,L\llT 3a 

apeMeHa nopll,L\Ka J MKCeK K ycraHOBneHHIO TepMO,[\ttHaMtt'-leCKOro paBHOBeCHll ,[\nll pa3HblX 

copTOB 110HOB. 3Heprttll, C KOTOpoii 110Hbl noKtt,[\a!OT noaywKy, 11X TeMnepaTypa 

"KttneHttll", nponopu110HanbHa 11X 3apll.L\Y- Ecn11 Mb! 11MeeM npttMeCb Hl13K03apllllHblX 

110HOB ( LCI - low sharge ions ), TO JTH 110Hb1 nepBblMl1 YXO.L\ll 111 ny'-IKa, yHOCllT JHeprtt!O 

OT BblCOK03apll.L\HblX 110HOB ( HCI - high charge ions ). TepM11H " Hl13K03apll.L\Hble 110Hbl " 

TeM He Mettee, 03Ha'-laeT, '-ITO 11X 3apll,L\ MO)!(eT 6b1Tb Cyll.leCTBeHHO 6onbwe e,[\11H11Ubl. 

YpaBHeH11e :mepreT11'-1ecKoro 6anaHca ttMeeT B11.L\ 

d { d }E-NAGR/iV { d }I-NAGR/iV { d }OHi. 
-(N;kT;)= -(N,kT,) + -(N,kT,) - -(N,kT,) · 
dt di dt dt , R.Z-1/HO/) 

Ha OCHOBe ypaBHeHttii 3apll,L\OBOro 11 JHepreTl1'-leCKOro 6anaHca B JI11aepMope C03,[\aHbl 

'-111CneHHble MO,[\en11 no KOTOpb!M MO)!(eT' 6b!Tb onTl1Ml1311poaaH JneKTPOHHO - ny'-leBoii 

110HHblH 11CTO'-IHl1K. ~nll JKcnep11MeHTanbHblX oueHOK 6onee Y.LI06Ha cjJopMyna 

onpe,L\enll!Oll.lall MaKCHManbHO B03MO)!(HblH 3apll.L\ 110Ha, nony'-leHHall M. JleBl1HOM np11 

ycnoa1111, KOr,L\a 110HHoe oxna)!(,[(eHtte opraHtt30BaHo Ha116onee npocTblM 06pa10M, - B 

o6naCTl1 110HHOH noayWK11 C03,[\aeTCll HeKall KOHUeHTPaUttll oxna)!(,[(a!Owero ra3a, 

110Hl13aU11ll KOTOporo n0CTOllHH0 noCTaBnlleT H113K03apll.L\Hble 110Hbl B :meKTPOHHblH 

A15 1-'. E ., 
•5.7 -1 10) g w ,'i.c·, 
IMAX - X OS 

f ln(pMAX I Po)Vb · 
ny'-I0K. , r,L\e 

g = n;.1/n; - OTHOWeH1-1e KOHUeHTPau11ii npe,L\bl.L\Yllleii BblCOKOH 3apll,L\HOCTl1 K nocne,L\y10LI.1eii, 

Vw - n0Tettu11an, np11 KOTopoM ttOHbI noKtt,L\a!OT noaywKy. 

OueHKtt noKa3brnaIOT, '-IT0 onT11ManbHblM oxna)!(,[(a!Oll.lttM ra10M a cxeMe oxna)!(,[(eHttll c 

11cnonb30BaHtteM OCTaTO'-IHOfO ra3a llBnlleTCll HeOH, 113 - 3a cpaBHHTenbHO BblCOKOrO 
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;., 

r 

:i. ,, 

n0TCllltllaJla 11011111a111111 IHIJICIITll!ll"O JJ1CKTpo11a K0T0poro, ce'-1e1111e nepe3apllllKll 

0TII0CIITCJll,110 ~1a110, a 0.XJl.l)!(/lCIIIIC nplllnll0/lllH:H CllCKTpOM 3apsUJ.IIOCTeii OT Nel+ - N~o+. 

11TaK, cyLI.1ec·rny10LI.1all TC0p!rn ll0JIY'-ICllllll MHoro3apll,llllblX 110110B JnCKTp0HH0 - ny'-leBbIM 

MeT0llOM peKoMell,L\YCT HCn0Jlb30BaTb CIJCTCMY 1101lllOrO-" ucnap,nenbHOro" oxna)!(,[(Clll1ll. 

TeM lie MCHee, OCHOBOii nony'-lelll!SI MII0f03apll.L\llblX 110110B B IIOIIHOH noByWKe OCTaeTCll 

,neKTpOllllblii ny'-IOK. 

Teopllll (~OpM1tpoBallllll JJleKTpOllllblX ny'-IK0B 61,rna C03,llalla B 40 - 50 ro,L\aX It Ja 

nocnC,L\IHIC ,[\Ba,L\UaTb neT 3lla'-ll!TeJ!bll0 o6oranrnacb B03MO)!(H0CTllMll '-IIICnCHH0ro 

M0,llCJHlpOBamrn MOll.lHblX JnCKTp0llllblX noTOKOB. 3-nt TCOpllll np1mene11a B TOii CTenem,, 

KornpaH 11co6xom1Ma wrn o6oCIIOBallllll CIICTeMbl ijJOK)'CllpOBKH JnCKTpOIHlblX ny'-IKOB B 

Kp11orc11111,1x :rneKTpOIIIIO - • JIY'ICBblX IIOllllblX IICTO'-IHIIKa_x, l!CnOnb3Y!Oll.lllX 

caepxnpoB0,llSlll.llle MarHIITHblC !)i0Kyc11py10ll.lllC CIICTCMbl. OcHOBOii Teopm1 cjJ0Kyc11pOBKl1 

O,llllOp0,llHblX aKc1tanbH0 - CIIMMCTpll'-IHblX JnCKTp0HHblX ny'-IKOB npononbHblM MarHIITHblM 

noJICM SIBnSICTCll napaKc1tanbHOC ypaBHCHlte. B ~ JTOM np116nll)!(CIJl1l1 cyll.lCCTBYeT 

Ep1rnmo:JIIOBCKall Cl1CTCMa cjJ0Kyc11poBKl1 C MarHHTHblM noneM Ha KaTO,[\e paBHOM Hyn!O, 

KOr,lla 11eKOMy 3Ha'-ICHHIO ¢0Kyrnpy10LI.1ero MarHttTHOro nonll, Ha3b!BaeMoro B JTOM cny'-lae 

Ep11nn10JHOBCKl1M, (Ba) COOTBCTCTBYCT MllHHManbHblH Ep11nn10JHOBCKHH paBHOBCCHblH 

pa,L\Hyca JneKTpOHHOro ny'-IKa c COOTBCTCTBYIOll.lllM Hanpll)!(ef!HCM -V. 3neKTPOHHall 

nnontoCTb B )TOM cny'-lae MaKCl1ManbHa ll paBHa 1;' = 463B~,V"2 
( A/cM2; B, T ) , 

COOTBCTCTBCIIIIOBH, = 0.147J!'2v-•··. Ep1rnn10JHOBCKall Cl1CTCMa ¢0Kyc11pOBKII llBnllCTCll 

O'-ICHb npllBJICKaTeJibllOH, T. K. noJBOnlleT ,llOCTl!raTb MaKCIIManbHO B03M0)!(HYIO nnOTHOCTb 

TOKa .un11 3a11amtoro ijJ0Kyc11py10ll1CfO MarHllTHOro noJISI, O,UllaK0 JTll 1aMe'-1aTenbHblC MIi 

JJICKTpOIIIIO - ny'-leBoro MCTO,Ua Jlla'-ICHllll nnOTllOCTII TOKa HC,U0CTl1)!(11Mbl no llBYM 

np11•11111aM. nepeall 113 llllX CBll3alla C Y'-leTOM TennOBbIX CKOpOCTCH Ha KaTO,UC. nonpaBKY K 

Ep1tJ1JllO)llOBCKOH TCOpllll ,uaeT TCOpllll XeppMaHa, BHOCllll.lall nonpaBKY B 3Ha'-ICHl1ll 

l [ ( , , . JJ"2 l"2 
I I 8kTr,: B,~r ,-

r0 =a -+- 1+4 2 2 , +-2-, , r,ue 
2 2 ml'/ B 'i· B a 

pae11oeec11oro pan11yca 

re, Be, T - pa,u11yc, MarHHT11oe none 11 TeMnepaTypa KaTo,ua, a - Ep11nn10JHOBC1(llH 

pae11oeec111,1ii_pa,uHyc, B - HH.UYKUIIII ¢0Kyc11py10LI.1ero Man11n11oro non11, m - Macca 
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JJieKTp0Ha 11 77= e/m )lJlll JJleKTp0Ha. OcHOBHall npo6neMa peamnau1111 Ep11JIJIIOJHOBCKOH 

CHCTeMbl cjJ0Kyc11pOBKl1 ( C nonpaBKaMH XeppMaHa) CBll3aHa C noBe)lef!HeM JJieKTp0HH0ro 

ny4Ka B 06,1acn1 Heo;rnop0,lH0ro MarHHTH0ro n0Jill ( nepeXOL\HOH o6naCTl1 ) Me)l()ly 

KaT0,l0M J,leKTp0HllOH nywKH II perynllpHblM cjJ0Kyc11py1011111M MarHHTHblM noneM. 

AKTyaJlbfl0CTb peweHHll TaK0H npo6,,eMbl oco6eHHO B0JpaCTaeT LlJlll CBepxnp0B0Llllll111X 

MarHHTHblX cjJ0Kyc11py10I1111X CHCTeM C HflJlYKUHeH I -6 T, nepeX0)lHble o6JiaCTl1 K0T0pblX 

HMe!OT oco6eHHO 60JibWYIO )lJIHHy. OCHOBHOH no)lX0)l K peweHHIO JTOH npo6neMbl 6blJI 

npeJlJI0)l(eH )IC Ap11aHepoM np11 coJnamrn H0HH3aTopa . CR YEBIS . Heo6xonuMall )lJill 

EpHJIJIIOJHOBCKOH cjJoKyCHpOBKH " CTyneHbKa" MarHHTH0ro n0Jill C )lJIHHOH 6Jil13KOH K 

)lJIHHe B0JIHbl nyJ1bcau11il C03LtaBaJiaCb B nepeX0)lHOH o6naCTl1 LlJlll 3Ha4eHHH MarHHTH0ro 

n0Jill < 3 Krc, T.e. B o6JiaCTl1 xopowo OCBOeHHOH B cepHHHblX np116opax CBII, xopowo 

113y4eHHblMH MeTOLtaMH._ 3neKTpOHHblH ny40K BBOL\HJICll B JTY o6JiaCTb paLtHYCOM 6Jil13Kl1M 

K Ep11JIJII03HOBCKOMY, LtaJibHeilwee C)l(aT11e JJieKTpOHHOro ny4Ka np0113B0L\11TCll B 

aM11a6aT114eCKl1 HapaCTa10111eM MarHHTHOM none. YcJIOBHe TaKOH KOMnpecc1111 

onpe,:ieneHo P. EeKKepoM 

dB(T) = 7_9 P(A I v:'1 
W"

1 
, r)le r, - pa1l11yc KpoccoBepa. 

dZ(sm) r, 
Ilpouecc KoMneHcau1111 

HOHaMH HOHHOH JI0BYWKH B EpHJJJIIOJHOBCKOM JJJeKTpOHHOM ny'-IKe He 0/lH0JHa'-leH. 

CornaCHO napaKCHaJJbHOMY ypaBHeHHIO, paBHOBeCHOMY EpHJIJlfOJHOBCKOMY pa)l11ycy 

C0OTBeTcrnyeT /ll1HaMH4eCKOe paBHOBec11e cjJ0Kycupy1011111x 11 )lecjJ0Kyc11py1011111x CHJI. Ilp11 

K0MneHcau1111 HOHHOH JIOBYWKH CHJJa pacTaJJKHBaHHll, CBll3aHHall C 061,eMHblM 3apll/lOJ'1 

JJJeKTpOIIOB yMeHbwaeTCll Ha BeJJl1411HY CTeneHH KOMneHcau1111, /ll1HaMH4eCKOe paBHOBec11e 

HapywaeTCll, B pe3yJJbTaTe 4ero JJJeKTpOHHblH ny40K C)l(HMaeTCll 3a C4eT nyJ1bcau11il 

HanpaBJieHHblX BHyTpb. 3JleKTpOHHall nJIOTIIOCTb B03pacrneT; JcjJcjJeKT 

cynepK0Mnpecc1111" ,Kcnep11Me1naJ1bHO o6Hapy)l(eHHbIH )K.Ap11aHepoM ~ 1980 ro)ly. K 

COiKaJief!HfO, MOiKHO npe)lnOJ10lK11Tb, 4T0 CTa611J1bHal1 pa6oTa 110Hl13aTopa .np11 JTOM 

yTpa4HBaeTCll, T. K. noBTOp11Tb )TH peJyJibTaTbl He y)laJJOCb. 

Ilp11 pa3pa60TKe KpHoreHHblX JJJeKTpOHHO - JJytJeBblX 110Hl13aTopoB Tl-Ina "Kp110H" HaMH 

paCCMOTpeHa CHCTeMa cjJopMHpOBaHHll C MarHHTHblM noneM Ha KaTO)le JJJeKTpOHHOH 

nywKH, HaCTOJlbKO 60JJbWOM, lJTO )laJJbHeilwee C)l(aT11e 3JleKTpOHHOfO nytJKa MO)l(HO 
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paccMaTpHBaTb 113 ycJJOBHll coxpaHeHHll MarHHTH0fO nOT0Ka tJepe3 ero CetJeHHe .BeJJHlJHHa 

KOMnpecc1111, oueHHBaeMall B JTOM cJJytJae KaK 

rs: r,, =r,·VB 11]111 J, = J BC 
C B 

, orpaHH4eHa JHatJeH11eM peryJJllpHoro MarHHTHoro 

nOJlll B CHCTeMe B 11 3HatJeHHeM MarHHTH0fO nOJlll y1leplKHBa10111ero JJJeKTpOHHblH nytJOK B 

KpOCC0Bepe. )],Jill KOpOTKOcjJOKYCHblX • JJieKTpOHHblX nyweK "Kp110H" 6e3 

JJieKTpOCTaTH4eCKOH KOMnpecc1111 MO)l(HO C411TaTb pa)l11yc KaTOJW paBHblM pa)l11ycy 

KpOCC0Bepa 11 MO)l(HO onep11poBaTb TepMHHOM MarHHTHOe none Ha °KaTo)le 3JleKTpOHHOH 

nywKH - Be. Mbl 113MeplleM MarHHTHOe noJJe Ha KaTO)le B 3HatJeHHllX JKBHBaJieHTHOro )lJlll 

nJJ0THOCTl-1 JMHCCl-111 C KaTO)la 11 Hanpll)l(eHHll B JJieKTpOHHOH nyuIKe EpHJIJII03HOBCKOfO 

MarHHTHOfO nOJill - BbJKB. lIHCJJeHHOe MO)leJ111poBaH11e • npoBe)leHHOe 11.H. roJJeHHUKHM 

Jlj]ll pa3JJl14HblX 3Ha4eHHH peryJJllpHoro cjJ0Kyc11py10111ero MarHHTHOro noJill noKa3aJIO, lJTO 

3Ha4eHHe MarHHTH0fO nOJill H_a KaTO)le Be = Bb>KB llBJllleTCll npe)leJJbHblM Jlj]ll TaKOH 

CHCTeMbl cjJopMHpoBaHHll, nocJJe tJero JJJeKTpOHHblH nytJoK pa3BaJIHBaeTCll B HapaCTa!O:UeM 

MarHHTHOM noJJe non )leHCTBHeM 061,eMHOfO~ 3apsi,na 11 " MarHHTHOH npo6K11". 

3JJeKTpOHHblH nytJOK np11eMJieMoro KatJeCTBa MO)l(HO noJJytJHTb np11 Be = 2Bb>KB_ 

YMeHbWeH11e JT0f0 COOTHOWeHHll npHBO)lHT K poCTy JcjJcjJeKTHBHOfO )lHaMe-rpa 

JJieKTpOHHOro ny4Ka 3a CtJeT pocTa nyJ1bcau11il, lJTO 6blJIO 3aMe4eHO Ha npOBO)lHMblX 

JKcnep11MeHTax. 

B 3aKJl!OtJeHl111 nepBOH rnaBbl paCCMOTpeHbl B03M0)1(HOCTH JJleK-rpOHHO - JJytJeBblX 

H0Hl13aTopoB, B KOTOpblX cjJ0Kyc11pOBKa JJieKTpOHHOro nytJKa ocyll.(eCTBJllleTCll 

nep110)ll1tJeCKOH MarHHTHOH cjJ0Kyc11py10U1eH CHCTeMOH Ha OCHOBe noCTOllHHblX MafHHTOB 

SmCos. 11 X - EBIS, npe,nJJO)l(eHHbJH P. EeKKepoM, c 110HHoil JIOBYllIKOH B 06JJaCTl1 

KpOCCOBepa JJJeKTpOHHOro nytJKa npH cpoKyC11pOBKe 3JieKTpOCTaTHtJeCKHMl1 Jll-lH3aMl1. 

Bo BTOpoii rnaue paccMOTpeHa TeXHl1Ka KpHoreHHbIX JJJeKTpOHHO - JJytJeBblX 11CTOlJHl1KOB 

MHOf03apll)lHblX HOHOB, KOTOpasi B 3HatJHTeJibHOH CTeneHl1 6a311pycrcll Ha TeXHHKe 11 

: TeXHOJIOrHl-1 MOll.(HblX CBII np116op0B C JIHHeHHblM JJieKTpOHHbJM nytJKOM. Oco6eHHOCTb!O 

cy111eCTBY10ll.lHX 110H11Jarnp0B rnna EBIS llBJJlleTCll np11MeHeH11e csepxnpoB0Jlllll.lHX 

MarHHTHblX cjJ0Kyc11py10ll.ll1X CHCTeM. Kp11oreHHbJe JJJeKTpOHHO - JJytJeBble 110Hl13aT0pbl 

npe,nCTaBJlll!OT co6oil, no cyTH ,nena, JJieKTpOHHO - onT11tJeCKYIO Cl1CTeMy, COCTO~ll.lYIO 113 

JJJeMeHT0B np11 pa3JJl-llJHblX TeMnepaTypax OT 4.2K ( 110HHall JIOBYllIKa ) )lO 300K ( 
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:rneKTJ)OHHall nywKa, :rneK-rpOHHblH KOJIJJeKTOp ). I1po6neMa COOCHOCTH OCH MarHHTHOro 

noJJll H OCH :rneKTJ)OHHO - onTH'leCKOH CHCTeMbl, OCJIOlKHeHHall -rpe6oaaHHeM HH3KHX 
·'· 

TennonpHTOKOa K KpHOreHHblM lKHJlKOCTllM, onpeneJJlleT npHHUHn noc-rpoeHHll 

Kp11oreHHblX JJJeKTJ)OHHO - nyqeablX HOHH3aTopoa. I1o npHHUHny noc-rpoeHHll 

cy111eCTay10111He EBIS MoryT 6btTb paJneneHbl Ha HeCKOJJbKO rpynn. K nepaoii, H 

HCTOpH'!eCKH nepaoii, OTHOCllTCll HOHH3aTOp THna "KpHOH - I" H "KpHOH -2", a KOTOpblX 

6a3oab1M JJJeMeHTOM KOHCTJlYKUHH ab16paH Kopnyc caepxnpoao]lllll.lero coneHOH]la. 

3neK-rpOHHall nywKa H JJJeK-rpOHHblH KOJJJJeKTOp ycraHaan11aa10TCll C y4eTOM a03MOlKHblX 

TeMnepaTypHblX necj}opMaUHH npH oxnalKJleHHH CHCTeMbl. KoHCTJlYKUHll anonHe 

ynoanernopHTeJJbHa JlJlll cj}opMHpoaaHHll MarHHTO orpaHH4eHHblX :rneKTJ)OHHblX nOTOKOa C 

MarHHTHblM noneM Ha KaTone. BTopall rpynna HOHH3aTopoa COJ]laHa Ha 6a3e 

KOHCTJlYKUHH ycrnHoaKH "CRYEBIS - I". 3To HaH6onee MHoro411cneHHoe ceMettCTao 

EBIS, K KOTOpOMY OTHOCllTCll npaKTH4eCKH ace HOHH3aTOpbl, COJ]laHHble Ha 3anane, -

"CRYEBIS -2", "CRYSIS", "DIONE", "KSUEBIS" H JlP- rnaaHblH MarHHTHblH JKpaH 

TaKHX ycraHoaoK, OH lKe BaKYYMHblH Kopnyc, K KOTOpOMY KpenllTCll MOJlYJIH JJJeK-rpOHHOH 

nyWKH H JJJeKTJ)OHHOro KOJJJJeKTOpa. CaepxnpoaOJlllll.lHH cj}0Kyc11py!011.IHH coneHOHJl 

ycTaHaanHaaeTCll Ha OCb JJleKTJ)OHHO - onTH4eCKOH CHCTeMbl nocpencraoM CHCTeMbl 

IOCTHpoa04HblX y3noa. TaKall KOHCTJl.YKUHll H]leaJJbHO pewaeT npo6neMy COOCHOCTH, HO 

TeXHH4eCKH CJIOlKHa. K OpHrttHaJJbHblM KOHCTPYKUHllM OTHOCllTCll yCTaHOaKH "CEBIS"( 

Cornell EBIS) H "KpHOH -C". B HOHHJarnpe "CEBIS" Kp11oreHHO - MarH11THall H 

JJJeKTpOHHO - onTH4eCKHe CHCTeMbl coaepweHHO pa3]leJJeHbl, JTO naa paJnHqHblX 

aaKyyMHblX Kopnyca. EaJOH npH6opa cnylKHT onTH4eCKall CKaMbll, OTHOCHTeJJbHO KOTopoii 

ycraHaanHaaJOTCll ace JJJeMeHTbl npH6opa. B npoTHBOnOJJOlKHOCTb JTOH, KOHCTJlYKUHll 

HOHHJaTopa "KpHOH - C" npennonaraeT OTCYTCTBHe, KaKHX JJH6o IOCTHpOBOK. CoOCHOCTb 

JJJeMeHTOB JJleKTJ)OHHO - onTHqeCKOH CHCTeMbl o6ecneqHBaeTCll TOqHOCTblO H3f'OTOBJleHHll, 

c6opKH H npHHUHnOM KOHCTJlYKUHH [3]. EaJOBblM JJJeMeHTOM KOHCTJlYKUHH Bbt6paH 

Kopnyc caepxnpOBOJlllll.lero coneHOH]la, K KOTOpoMy nocpe]lCTBOM cneuHaJJbHblX TenJJOBblX 

MOCTOB, coxpaHll!Oll.lHX COOCHOCTb CHCTeMbl nocne OXJJalK]leHHll JlO KpHoreHHblX 

TeMneparyp, KpenllTCll 6JJOKH JJJeK-rpOHHOH nyWKH H JJleK-rpOHHoro KOJIJJeKTopa. 

KpHoreHHO - MarHHTHbte CHCTeMbl JJleKTJ)OHHO - ny4eBblX HOHHJaTopo'B, nocTpOeHHblX no 

npoeKTaM cepenHHbl 80 - x f'OJlOB, HMelOT MaKCHMaJlbHYIO HHJlYKUHIO 5 - 6 T. Bbt6op 
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BeJIH4HHbl cj}0Kyc11py10mero MarmtTHOro n0,1ll onpene,1lleTCll Bbt6opoM CHCTeMbl 

cj}opM1tpoBa1Ulll 1neK-rpOHHOro ny4Ka. MarHltTIIOe no.1e C IIH,lYKl.llleii >IT JlOCTaToqHo 

,l.1ll (~OpMHpoBamrn nOTOKa EpHJJJIIO"lHa C nnOTHOCTblO < 1000 A /cM 2. A6COJIIOTHall 

BeJIH4HHa ManlllTHOro nonll He TaK BalKHa KaK ero rpan11eHT B nepeXOJlHOH 06naCT11. 

Tpe6oBaHllll K Ka4eCTBY MarHHTHOro nonll BblCOKll. HeOJlHOpOJlHOCTb aJHMYTaJJbHOH 

CHMMeTJ)Hll, T. e. HJMeHeHllll pan11aJ1bHoro ~OJlll np11 Bpa111eHIIII Ha HeKOeM panHyce, 

COCTaBJJlleT MeHee 0. 1%. Pac4eTbl BJlllllHllll pan11aJ1bHOH HeonHopOJlHOCTH MarHttTHoro 

nom1 Ha TpaeKTOp1111 JJleKTpOHOB 3a-rpynmtTeJlbHbl, T. K. -rpe6ytoT peweHHll -rpexMepHblX 

Janaq. HeKoTopbte oueHKH np11aeneHb1 B pa6oTe K. AM6occa. 

CaepxnpoBOJlllut11e coneHOl1Jlbl 60JJbWHHCTBa EBIS H3rOTaBJJl1aaJJHCb 

cneu11an11311poBaHHblMl1 cj}11pMaM11 . .[l.nll 110Hl!3aTOp0B nma "Kp11m1" HaM11 pa3pa6ornHa 

op11nlllaJlbHall TeXH0,10rHll H3f'OTOBJleHllll CBcpxnpOBO,llllUIIX cone11011n0B a KOTOpOH 

peweHa npo6,1eMa nepexona co cnoll Ha c.~oii. 

Teopllll 11 TeXHOJIOrHll JJleKTpOHHblX nyweK - JTO emc onna o6naCTb np1mneqeHHal1 K 

TeXHIIKe JJleKTJ)OHHO - nyqeBblX 110HHblX 11cToqH11KOB. B EBIS np11Me1rn10TCll B OCHOBHOM, 

JneK-rpoHHbte nywK11, pa3pa6ornHHbte mBeCTHbtMH cj}11p~rnMH, KaK Hanp11Mep, HIGHES 

type HB - 112, B 110H113aTOpe " CEBIS" 11 T. n. 3neK-rpOHHhte nywK11 I111pca c 

BblCOKOJcj}cj}eKTl1aHblMII KaTona~rn, npaKTl14eCKl1 6e3 JJ1eKTpOCTaT114eCKOH KOMnpecc,111, 

MoryT peWl!Tb 3anaqy cj}opM11poBaHl!ll nnOTHOro JJJeK-rpOHHOro nyqKa 1m116onee npOCTblM 

cnoco6oM, - MarHl1THOH KOMnpecrneii B Cl!JlbHblX MarH11TllblX nomtx CBepxnpoBOJlllutllX 

coneHOl1Jl0B . .[I.Jlll JJleK-rpOHHOH nywKl1 "Kp1tOH- C" HaMII Bbt6paH MeTannocnnaBHOH 

KaTOJl 11 y1111cj}11u11pOBaHHblH KaTOJlHO • nonorpeBHOii yJeJl pa3pa6oTaHHble O.K. 

KymaweBbtM B rHI1I1 "HCTOK". Karnnuo - nonorpeB11oii yJen, no3iionll10ut11ii 

11CnOJlb30BaTb KaTOJlbl pa3Jl114HOro Jlll!\MeTpa OT 0.4 MM no 5 MM II onpenemin MO,iJ.YJlbHYIO 

KOHCTPYKUHIO JJleKTpOHIIOH nyWKH. 3neKTpo11Hall nywKa COCTOIIT H3 Ha6opa 

opHrHH!\JlbHblX Monyneii; KaTOJlHblX YJJJOB, cj}0Kyc11py1011111x JJleK-rponoa, aHOJlOB It 

KepaM114eCKOro 1130JlllTOpa. KOHCTJlYKU11ll nonycKaeT aOJMOlKHOCTb c6opK11 JJJeK-rpOIIHOil 

nY,wK11 B 1tHTepecy10111eii JKcnep11Me11rn;i:opa KOM6mrnu1111. ,Koucj}Hrypau,rn JneKTppnoB 11 

reoMe-rp114·ecK11e paJMepbt onpenenllJJHCb no peJyJJbTaTaM MOJ1em1poBaH1tll. MonynbHa11 

KOHCTJlYKUllll JJleKTpOllHOH nyWKl1 oqeHb yno6Ha JlJ]ll JKCnepHMeHTaJlbllOil pa60Tbl, II B 

JHaqHTeJJbHoil CTeneHH npenonpenen11n_a ycnex pa3pa60TKII 11011113arnpa "Kp110H - C". 
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)].peiicfioBble c-rpyKTYPbl :)J]eK-rpOHHO - ny4eBblX IIOHHJaTopoB C03,ll3IOTCll C y·1eTOM 

reoMeT]JH4eCKHX paJMepoB II MaTep11ana npoJJeTHblX Tpy6oK .. CeKL(HOHHpOBaHHall -rpy6Ka 

.upeii<jia, B npHHL(llne, npe.UCTaBJJlleT co6oii nep110,llll4eCKYIO c-rpyKTYPY peJOHai_:gpos, 

KOTOpble MoryT BOJ6ylK.i\3TbCll :)J]eKTpOHHblM ny4KOM Ha COOTBeTCTBYIOlllllX 43CTOTax. 

BepollTHOCTb TaKoro npouecca paCTeT C pOCTOM MOlllHOCTII :)J]eKTpOHHOro ny4Ka. 

PeKOMeH;'.131.lllll 061.l.lero n,1aHa , TaKlle KaK, yMeHbwe1rne 4HCJJa .upeii<jJOBblX Tpy6oK, 

1ny4eH11e BOJJHOBblX CBOHCTB CTPYKTYPbl, IIJJJOlKeHbl B pa6oTe P.EeKKepa. CoOTHOWeHHe 

BHy-rpeHHero ,llllaMeTpa .upeiicfioBOH -rpy6KII II ,llllaMeTpa :)J]eK-rpOHHOro ny4Ka B3lKIIO no 

.llBYM npH411ll3M. Bo - nepBblX, :no COOTHOWeH11e onpe.uen»eT npe.ueJJbHblH nepBea11c 

:rneKTpOIIHO - OnTH4eCKOH CHCTeMbl, BO - BTOpblX Ja.uaeT CKOpOCTb .u11¢<jiy31111 MOJJeKyn 

OCTaT04HOro raJa B o6naCTb IIOHHOH JJOBYWKII MelK.UY rpam1ueii :)J]eKTpOHHOro ny4Ka II 

cn:ttKoii .upeiicfi~Boii -rpy6K11. 

3neK-rpOHHblH KOJJJJeKTOp II BbITllrttBalOlllllH 3JJeK-rpo.u npoeKT11py10TCll II 

H3fOT3BJJIIB3IOTCll no o6menp11HllTblM npaB11JJaM. B :)J]eK-rpOIIHO - ny4eBblX IIOHHblX 

IICT04HHKax, KaK npaB11no, np11MeHl1IOTCll KOJJneKTOpbl, TaK H33blBaeMoro, 33Kpb1TOro 

THna, ·C03.i\3Hllble ;'.lnll ycTaHOBOK :rneKTpOHHOro OXJJ3lK,lleHHll. no.uaBJJeH11e noTOKa 

'.lJJeK-rpOHOB BTOp114HOH '.lMIICCIIII npOIIJBO,llllTCll KOM6HH3L(Heii cneu11aJJbHOro :)J]eK-rpo.ua, -

·cynnpeccopa" II "npo6K11" MafHIITHOro nOJJll nepe.u BXO,llOM B KOJJJJeKTOp. no.uaBJJeHIIIO 

BTOpH4HOH '.lMHCCHH C BHy-rpeHHeii noBepxHOCTII 3JJeKTpOHHOro KOJJJJeKTOpa cnoco6crnyeT 

II none BblTllrttBaIO!llero '.lJJeKTpo.ua, CIICTeMHblH aHaJJll3 ¢opMbl II noJJOlKeHllll KOTOporo, 

np11Be.ueH B pa6oTe P.EeKKepa. 

<l>opMa II nonolKeH11e BbITllrttBalOwero '.lJJeK-rpo.ua IIOHIIJaTopa "Kp110H - C" 6JJll3KII K 

OnTHMaJJbHbIM, 4TO llBIIJJOCb pe3yJJbTaTOM '.lKCnep11MeHTaJJbHOH o-rpa60TKII. 

Bo.uooxnalK.uaeMblH 3JJeKTpOHHblH KOJJJJeKTOp II BblTllrttBalOlllllH :rneK-rpo.u, BnepBble, 

BblnOJJHeHbl B BIi.ile O,llHOro 6JJOKa, 4TO Mbl C411TaeM Ha116onee onTl!MaJJbHOH 

KOHCTPYKl.llleii. 

3JJeK-rpOHHbie ny4KII C '.lHeprneii > I 00 K'.lB Bbl3blBalOT IIHTepec ,llJlll nony4eHIIII 110HOB • 

04eHb BblCOKOH 3apll,llHOCTl1 ( npoeKT "SuperEBIS"). nony4eH11e TaKIIX :rneK-rpOHHblX 

ny4KOB B noCTOIIHHOM pelK11Me C O,llHl1M 11CT04Hl1KOM nl1TaHllll 3JJeK-rpOHHOH nyWK11 

TeXHl14eCK11 HeBOJMOlKHO 113 - 3a 6oJJbWOH MOlllHOCTl1 11CT04Hl1Ka n11TaHl1ll. ,[(Ba 

IICT04Hl!Ka n11TaHl1ll, O,lll1H 113 KOTOpbIX, OTHOCl1TeJJbHO BblCOKOBOJlbTHblH 11 cna6oTO'IHblH, 
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o6ecne411BaeT TOJJbKO ycKopeH11e 3JJeK-rpOHHOro ny4Ka B 06naCT11 110HHOH JJOBYWKl1, a 

BTOpoii - noMeplKIIBaeT 3JleK-rpOHHblH ny40K MelK,lly KaTO,llOM 11 JJJeK-rpOHHblM 

KOnJJeKTopoM 'pewalOT 3TY npo6neMy. TaKIIM o6pa30M C03,llaJOTCll ,llBa BblCOKOBOJlbTHblX 

3a3opa, O,llllH ycKOpll!OlllllH a .upyroii 3aMe,llJllllOlllllH 3JleK-rpOHHblH ny40K. Bo3MOlKHbl -rp11 

sapHaHTa TaKOH cxeMbl . B nepBOH, - noJJOlKl1TeJJbHblH BblCOKOBOJlbTHblH noTeH1..111an 

no.uaeTCll BHYTIJb BaKyyMHblH KaMepbl IIOHl133TOpa, Henocpe.ucrneHHO Ha Tpy6Kl1 .upeii<jia, 

KOTOpble o6pa3ylOT IIOHHYIO JlOBYWKy. TaKOH Bap11aHT ycneWHO _peaJJl130B3H B 

ycrnHOBKax LLNL EBIT, 11 nnaH11poBancll .B npoeKTe CEBIS - 2M. TeM He Mettee, TaKOii 

cnoco6 nony4eHllll '.lJJeKTpOHHOro ny4Ka BblCOKOH 311eprn11 11MeeT orpaHl14e_Hllll CBll3aHHbie 

C HcnOJJbJOBaHl!eM Kp11oreHHOH TeXHIIKl1. no3TOMY, ,llJlll 3Heprnii JJJeK-rpOHOB > 30 K3B Mbl 

paccMa-rp11BaeM .upyrne cxeMbl. Kottc-rpyKTl1BHOe peweHl!e 110Hl133TOp0B BbinOJJHeHHbIX no 

3THM cxeMaM O,lll!HaKOBO. 3neK-rpOHHall nywKa II JneK-rpOHHblH KOJJJJeKTOp 1130n11pOB3Hbl 

OT KOpnyca ycTaHOBKII 1130JlllTOpaMII. BblCOKOBOJlbTHbie 3a30pbl ¢opM11py10TCll 33 aHO,llOM 

3JleKTpOHHOH nyWKl1 II nepe.u 3JleK-rpOHHblM KOJJJJeKTOpOM 3JJeK-rpO,ll3M11, 11Me!Ollll1Ml1 

KOMH3THYIO TeMnepaTypy. TaK11e BblCOKOBOJlbTHbie 3a3opbl xopowo 113y4e11bI. Bo3MOlKHO . 
ycKopeH11e 3JleK-rpOHHOro ny4Ka noJJOlKl1TeJJbllblM noTe111..111anoM Ha Kopnyce 110H113aTOpa. 

AJJbTepHaTl1BHblH, TIJeTIIH , Bap11aHT 3aKJJIOiJaeTCll B no.ua4e o-rp111..1aTeJJbHOro 

B~ICOKOBOJlbTHOro noTeHL(Hana Ha 3JJeK-rpOHHYIO nywKy 11 JneK-rpOHHbIH KOJJJJeKTOp. 

CBepXBblC.OKIIH BaKyyM - o6l!3aTeJJbHOe ycJJOBl1e noJJy4eHllll MHOro3apll,llHbIX 110HOB 

3JleK-rpOHHO - ny4eBblM MeTO,llOM. TeXHl14eCKOe peweH11e npo6neMbl nony4eHl1ll TaKOro 

BaKyyMa B 110HHOH JJOBYWKe, npe.uCTaBJJlllOl.l.leii co6oii ,llJJIIHHYIO -rpy6y MaJJOro .u11aMe-rpa, 

6b1Jl0 Haii.ueHO B 1971 ro.uy, Kor.ua E.)]..)].0111..10M 6b1Jll1 npe,llJJOlKeHbl Kp11oreHHbie 

'.lJJeKTIJOHHO - ny4eBble 110Hll3aTOpbl. 8 TaKIIX ycTaHOBKax OCHOBa nony4eHl1ll 

CBepXBblCOKOro BaKyyMa - Kp1100TKa4Ka Ha Kp11oreHHbIX nosepXHOCTl!X. 8 HaCTOJil.l.lee 

BpeMll TOJJbKo 11ott11JaTopb1 "Kp11011 - C" 11 "Kp11011 - 2M" 11MeIOT o.u11H BaKyyM11b1ii 061,eM, 

J<jJ<jieKTHBHO OTKa'111BaeMblH Kp110Cl1CTeMoii. Bee OCTaJJbllbie pa60Tal01lll1e 11CTO'IHl1Kl1 

"CRYSIS", "DIONE", CEBIS", "KSUEBIS", 11 HaXO.UJillll1HCJI B cra.u1111 11ana.nK11 

"SuperEBIS", 11Me10T HeCKOJJbKO pa3,nenbHbIX BaKyyMHbIX 061,eMOB, OTKa411BaeMbIX 

CJJOlKHblMII BaKyyMHblMl1 Cl1CTeMaM11. TTOl!BJJeH11e so.nopo.na B COCTaBe 0CTaT04HOro raJa ( 

B0.nopo.nHaJI npo6neMa) JIBJllleTCJI OCHOBHOH BaKyyMHOH -rpy,nH0CTblO B 3JleK-rpOHHO -

ny4eBblX 110HH3aTopax. TTp11411Ha 3aKJJI04aeTCJI B 0THOCl1TeJJbHO BblCOKOM nap1..111anbHOM 
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,Aaenemm npH TeMnepaType lKH.AKOro renHll H 6onbWOM cetJeHHH nepe3apll.AKH 

BblCOK03apS!,AHblX HOHOB Ha aTOMax BO,Aopo,Aa H3 • 3a HH3KOfO noTeHl.(Hana l10Hl1Jau1111. 

3Kcnep11MeHTbl Ha 110Hl13aTope "Kp110H -C" nOKaJan11, '!TO nocne oxnalK,AeHl1ll Kp11o~eHHO 

- MarHl1THOH Cl1CTeMbl ,AO ren11eBOH TeMnepaTypbl cneKTp OCTaTO'IHOro ra3a He CO,AeplK11T 

80,AOpO,A. flp11 CTaH,AapTHOM BaKyyMe 10·8 Top, 113MepeHHOM np11 KOMHaTHOH 

TeMnepaType, OCTaTO'IHblH ra3 CO,AeplK11T 65% napoe BO.Ahl 11 35% OK11CH yrnepo,Aa. B 

cneKTpe np11cyTCTBYeT He 6onee 0.2% BO,Aopo,Aa. flp0113B0,Al1TeJJSIMl1 BO,Aopo,Aa SIBJISIIOTCSI 

3JJeKTpOHHblH ny'IOK, nona,Aal011.(11H Ha ,Aera311poeaHHble noeepXHOCTl1, BblCOKOBOJlbTHble 

npo6011 11 3JJeKTpl1'1eCKl1e yTetJKl1 no noeepXHOCTl1 BblCOKOBOJlbTHblX 11030JISITOpOB. 

Me-ro,AOM peweHl1SI "BO,AOpO,AHOH npo6neMbl" BbI6paHO OTenneH11e Kp11oreHHO -

MarHl1THOH Cl1CTeMbl Bb!We TeMnepaTypbl KOH,AeHCaUHl1 80,AOpO,Aa, np11 KOTOpOH 

,Aecop611poeaHHblH 80,AOpO,A OTKatJ11BaeTCSI npe,ABap11TeJJbHOH Cl1CTeMOH OTKa'IKl1. Beeb 

npouecc 0'111CTKl1 110Hl13aTopa OT 80,AOpo,Aa 3aHl1MaeT <4 tJaCOB. 3TO SIBJIS!eTCSI 

Heocnop11MblM npe11Myll.(eCTBOM 110Hl13aTOp0B T11na "Kp110H", o6na,Aal011.(11X Manoii MaCCOH 

Kp11oreHHO - MarHl1THOH Cl1CTeMbl. 

11.TaK, TeXHl1'1eCKl1e OCHOBbl Kp11oreHHblX 3JJeKTpOHHO • nytJeBblX 110HH3aTopoB COCTaBJJS!eT 

KOMnneKC ,AOCTl1lKeHl1H B Kp11oreHHOH TeXHl1Ke, TeXHl1Ke npeUH3110HHblX ceepxnpOBO,ASlll.(11X 

coneHOl1,AOB, TeXHl1Ke 11 TeXHOJIOfl111 ¢opM11pOBaHl1SI 3JJeKTpOHHblX ny'IKOB, JJJeKTpOHHblX 

nyweK, TeXHOJIOrHl1 KaTO,AHblX MaTep11anoe, JJJeKTpOHHblX KOJJJJeKTOpOB 11 TeXHOJIOrHl1 

peKynepau1111 JHeprn11. Co3,AaHHble C Y'leTOM BbJWel13JIOlKeHHOro JJJeKTpO • BaKyyMHble 

ycTpOHCTBa cnylKaT OCHOBOH ,Anll 3KCnep11MeHTaJJbHOfO 113ytJeHl1SI npoueccoe 

MHOroKpaTHOH 110HH3aU1111 B 110HHOH noeywKe, o6pa30BaHHOH 06b
0

eMHblM 3apS!,AOM 

3JJeKTpOHHOfO nytJKa, no CYTl1 ,Aena ,Anll 113ytJeHl1SI K11HeTl1Kl1 3apS1lKeHHblX tJaCTHU B 

11CKyCCTBeHHO C03,AaeaeMOH nnaJMe. 

Pe3yJJbTaTbl JKcnep11MeHTOB no nonytJeHl1IO MHOro3apS!,AHblX 110HOB JJJeKTpOHHO • nytJeBblM 

MeTO.AOM paccMaTp11Ba10TCS1 Ha np11Mepe C03,AaHttoro 110Hi1JaTopa "Kp1101-1-C". B ocHoee 

KOHCTpYKU1111 110HHOfO 11CTO'IHl1Ka JJelKl1T MO.AYJJbHblH np11HU11n ,. KaK Ha116onee 

Y.AOBJleTBOpS!IOll.(11H nocraeneHHOH uen11 JKCnep11MeHTMbHOMY 11CCJJe,AOBaHHIO 

pa3JJl1'1HblX Cl1CTeM cjiopM11poeaHl1ll JJJeKTpOHHOfO nytJKa 11 pa3JJl1'1HblX JJJeMeHTOB 

JJJeKTpOHHO onT11tJeCKOH Cl1CTeMbl, Ha116onee no,AXO,ASll.l..(11X /lllll nonytJeHl1SI 

MHOro3apS!,AHblX 110HOB JneKTpOHHO • nytJeBblM MeTO.AO.M. YCTaHOBKa "Kp110H •. C" 
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COCT011T 113 Tpex HeJaBHCHMblX 6JJOKOB ( p11c. 3 ) - KpHoreHHO - MarHl1THOH Cl1CTeMbl, 

MO.AY-~ll J.1eKTpOHHOH nywKH 11 M0.1\Y,lll J.1eKTpOHHOro KOJJJJeKTopa C IIOHHOH onTl1KOH. 

3,1eKTp01HlaS1 nywKa II JJJeKTPOllllblH K0,1,1eKTOp 1130JJ11pOBaHbl OT KOpnyca yCTaHOBKl1 np11 

nOMOl.l..(11 npOX0.1\HblX H BHyTpeHH11X H30JISITOpOB, BbJnOJJHeHHbJX HJ nnacn1Ka, '!TO 

OKa3aJJOCb enonHe onpae.naHHblM ,Anll KpHoreHHOH YCTaHOBKIJ. 

Pacnpe.neneHHe MarHHTHOfO noJJSI 11a OCH 11CTO.'IHHKa paCC'IIITbJBanocb 11 113MepS!JJOCb, 

enepeb1e .nnll 1101111JaTopoe nrna "KpH011" 11enocpe.ncree11Ho B pa6otJ11x ycnoe11S1x e 

nepeXO./IHblX o6naCTSIX [4,5]. l13Mepel!HSI noKa3aJJH BbJCOKYIO aKCl1aJJbHYIO CHMMeTplllO 

MarHHTHOro nOJJSI H cne.noeaTeJJbHO xopowee coena.nett11e OCH MarHl1THOH 11 JJJeKTpOHHO -

onTl1lJeCKOH CllCTeM. OTJIOCHTeJJbHaSI Heo.nttopo.nHOCTb MarttHTHOro noJJSI e o6naCTll 

JHatJett11i1 >IT 11e npeeb1waeT 10·3 . 

KaT0.11 ,neKTpOHHOH nyWKII ,AllaMeTpOM I MM B JKcnep11MeHTaX_ ycrnttaemrnancl! B 

MarHIITHOM none 0.5 - 2 Kfc. Ha paCCTOSIIJJIII 16 MM OT aH0,1\a :JJleKTpOHHOil nywKl1 

ycraHaBJJl1BaJJCSI BblC0KOBOJlbTHblll aH0.11, coe,Al1HeHHblll C KOpnycoM )'CTallOBKll, 11 

HMelOl.l..(IIH TeMnepaTypy 6JJll3KYIO K KOMHarnoii. TaKait opraHHJaUIISI BblC0KOBOJlbTHblX 

3a3opoe Ha116onee onTl1MaJJbHa B Kp11oreHHblX yCTaHOBKax. AttaJJOrH'IHblH 

BblCOKOBOJlbTHblH 3a3op MelK.ny aHaJJOfl1'1HblMl1 :JJleKTpO.UaMIJ, 0.1111H 113 KOTOpblX HMeJJ B 

npoBe,AeHHblX 11ccne.noeaHl1SIX TeMnepaTypy 77K o6na.naeT MeHbWeii :JJleKTpl1'1eCKOH 

np0'IH0CTblO. ,[(peiicjioBall CTpyKTypa COCT0IIT 113 26 Tpy6oK .npeiicjia C BHyTpeHHl1M 

,AHaMeTpOM 5 MM. CeKU1111 1,21, 22, 23 11Me!OT a30THYIO TeMnepaTypy ( 77K), ceKUllll 25,26 

npe.ncTaBJISIIOT co6oii Ml1Hl1aT!OpHbJe Jcjicjiy3110H1JbJe Sl'lettKH C TeMnepaTypoii 200° - 300° C 

.!IJISI BB0.Ua B :JJleKTpOHHbltt nytJOK M0JJeKyn Ka.UM11SI, BIICM)'Ta 11 ypaHa 113 

MeTaJJJJOpraHH'leCKOro coe.n11He1111S1. l1011Hall noTeHu11aJJbHaS1 JI0BYWKa COJ.UaeTCSI B 

06nacT11 ren11eBbJX Tpy6oK .npeiicjia ( 2 - 20, ctJeT ee.neTCSI no XO.AY ::,neKTpOHHoro nytJKa ) 

no.natJeii noJJOlKHTeJJbHblX noTeHUHaJJOB Ha ceKUHH 2,3 11 19,20 . .[(onoJJHl1TeJJbHO e JTHX 

.npeiicjJOBblX Tpy6Kax yCTaHOBJJeHbl TaHTaJIOBble .n11acjiparMbl TOJll.l..(11HOH 0.02 MM 11 

.nuaMeTpOM 2 MM. 

B ycTaHOBKe nonytJeH JJJeKTpOHHblH TOK 0.5A c JHeprneii 4 - 80 KJB e nocTOSIHHOM 

pelKHMe, 3Kcnep11MeHTaJJbHO, enepBbJe, noKa3aHa B03MOlKH0CTb nonytJemrn JJJeKTpOHHOro 

nytJKa B nOCTOSIHHOM_ pelKl1Me C nJJOTHOCTblO MOll.(HOCTll 107 BT/ CM2 B npOTS!lKeHHOH 

.npeiicjioeoii CTpyKType np11 TeMnepaType 4.2K npaKrntJeCKII 6e3 11arpeea nocne,AHei'.i. 
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Pttc.3 

0THOWCHHe BCJIH'lHHbl HHTerpaJJbHOro TOKOOCe,naHHll a CHCTeMe K ITOJIHOMY 

'.)JICKTpOHHOMY TOKY llBJllleTCll KpHTeptteM .llOCTHlKCHHll pa60'IHX ycJJOBHH B '.)JICKTpOHHO -

ny'leBOM HOHHJaTope. 3TO OTHOWCHHe B cpe,nHeM paBHO 10·3 -10·4. KpttTepHllMH KalJeCTBa 

'.)JICKTpOHHOro ny'IKa CJJylKaT H H3MepeHHll TeMnepaTypbl Tpy6oK npeil¢a H H3MepeHHll 

HHTerpaJJbllblX noTepb MOl.lUIOCTH B reJJHeBOH CTpYKType no HJMCHCHIUO CKOpOCTH 

HcnapeHHll lKH,'l.KOfO reJJHll . .[{Jill '.)JICKTpOHHOro ny'IKa c TOKOM 0.5A 11 HanplllKCHHeM 60 KB, 

T. e. noJIHOH MOLUHOCTH 30 KBT )TH noTeptt HJMeplllOTCll BCJIH'IHHOH 0.03 - 0.05 BT. C 

HCITOJlb30BaHHeM )THX KpHTeptteB JKCnepHMCHTaJlbHO HCCJIC,llOBaHa CHCTeMa 

¢opMHpOBaHHll JJICKTpOHHOro nylJKa [6]. Y ,llOBJICTBOPHTCJlbHblH JJICKTpOHHblH ny'IOK HJ 

nyWKH "KpHOH - C" C MarHHTHblM noJJeM Ha KaTO,lle I Krc BOJMOlKeH TOJlbKO AJ!ll 

J,1CKTpOHHOro TOKa 100 MA • .[{aJJbHeHWHH pocr TOKa npttBO,llHT K JlaBHH006paJHOMY pocry 
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TOKOOce,naHHll B CHCTeMe. 3TOT pe3yJJbTaT nOJIHOCTblO coana,nae-r C PeJYJlbTaTaMH 

'IHCJleHHOro MO,lleJJHpOBaHHll H nonrneplK,llae-r BblBO,llbl 06 orpaHH'leHHOCTH MarHHTHOH 

KOMnpeCCHH MarHHTOOrpaHH'leHHOro JJJeKTpOHHOfO ny'IKa. 

Pa6o'll1H ll11KJI :rneKTpOHHO - ny'leBoro HOHH3aTopa B "KpHOH-C" ocymeCTBJJeH A]Ill 

JJJeKTpOHHblX ny'IKOB OT 0.09A / 4 KB JlO 0.4A / 40. KB. MaJibJe TOKH 11 HanplllKeHHll 

HCnOJJb30BaHbl TOJlbKO AJ!ll onpeneneHHll 6a30BblX BaKyyMHblX ycJJOBHH B HOHHOH 

JIOBYWKe. 3KcnepHMCHTaJlbHO H3MepeHHall -aeJJH'IHHa 10·12 Top. Tipouecc nony'leHHll 

MHOro1apll.llHblX HOHOB B HOHl13aTope "Kp110H-C" xapaKTep113yeTCH noTepllMH HOHOB 113 

,lOBYWKH, CB511aHHblMl1 C 11X HarpeBOM 3a ClJeT JJJaCTH'IHblX KYJlOHOBCKHX CTOJIKHOBeHHH. 

Oco6eHHOCTblO HOHH3aTopa llBJllleTCll TO, 'ITO cymeCTByeT ,llOBOJlbHO 3Ha'IHTeJlbHblH noTOK 

MOJJeKyJJ pa6o'lero ra3a H3 o6naCTH aaona pa604ero Bell\eCTBa B o6naCTb HOHH3aUHH 

MelK.llY BHyTpeHHeH noaepXHOCTH npeil¢oBOH CTpYKTypbl ( <I> 5 MM) 11 JJJeKTpOHHblM 

ny'IKOM ( <I> 0.3 MM ) [7,8]. 3TO npHBO,llHT K TOMY, '!TO Ha'IHHall c BpeMeHH HOHH3al.lHH ti= 

0.5 ceK npouecCbl HeopraHH30BaHHOro HOHHOro OXJlalK,neHHll H npo11ecCbl nepe3apll,llKH Ha 

OXJJalK,llalOl.l\eM ra3e BJIHlllOT Ha 3BOJIIOI.IHIO cneKTpa 3apll,llHOCTeH. 0'1eBH,llHO, 'ITO B TaKHX 
~ 

ycJJOBHllX B KalJeCTBe OXJJalK,llalOl.l\ero ra3a BblCTynaeT HH3K03apll,llHall KOMITOHeHTa 

pa604ero ra3a . .[{nll ynpaaneHHll npo11eccoM oxn·alK,neHttll B JTOM cny1.Jae H yCTaHoaneHbI 

TaHTaJIOBble ,ntta¢parMbl s 6apTepHble ceKUHH npeil¢oaoil Tpy6KH, c ,llHaMeTpOM MeHbWHM 

lJeM perynllpHblH. 3a BpeMll HOHH3aUHH ti = 0.5 ceK nony'leHbl ny'IKH ll,llep aproHa, nptt 

MaKCHMaJlbHOH Japll.llHOCTH Ar16+ B cneKTpe H ny'IKH ll,llep cepbl: BnepBble, BpeMll 

npoJJeTHblM cneKTpOMeTpOM H3MepeHa 3B0JIIOI.1Hll cneKTpa Japll,llHOCTeH HOHOB Ari+ B 

JJleKTpOHHOM ny'IKe c 3Heprneil JJJeKTpOHOB 30 K3B ( pttc. 4 ). KpHTepHeM Toro, 'ITO 

HOHHblH HCTO'IHl1K cyll\eCTBYeT llBJllleTCll ero cnoco6HOCTh CJIYlKHTb HHlKeKTOpOM 

ycKOpHTeJlbHOrO HJIH TeXHOJIOrH'leCKOfO KOMnJJeKCa. 

B TpeTbeii rnase JlHCceprn111111 HJJIOlKeHbl peJyJJbTaTbl npttMeHeHttll HOHH3aTopa "KpHOH 

C" Ha ¢opHHlKeKTOpe JIHHeHHOrO ycKOpHTeJJll. Tiony'leHHe a 1968 rony ,lleHTpOHOB Ha 

c11Hxpo¢a3orp0He J1B3 OIUIH c JHeprneii 5 rJB / HyKJioH noJIOlKHJIO Ha'lano 

peJJllTHBHCTCKOH Jl,llepHOH ¢tt3HKe, HanpaBJJeHHIO KOTopoe HHTeHCHBHO pa3BHBaeTCll . B 

KpynHeHWHX MHpOBblX ycKop11TeJ1bHblX 11eHTpaX. YcKope1111e T51lKeJJblX HOHOB 

ocyLUeCTBJllleTCll KaK Henocpe,llCTBeHHO HJ HOHHblX HCTO'IHHKOB, npoHJBO.llllll\HX ny'IKH 

HOHOB C ¢ttKCttpoBaHHblM OTHOWeHtteM Japll,lla K Macce, HanpttMep, ycKopeHtte C:6+, N7+, 
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os+, NclO+ -OT HOHl13aTOpa "KpHOH-1", TaK 11 C 11cnonb30BaHHCM KacKa)].HOfO MCTO)].a 

ycKopeHHll, B npo1..1ecce KOTOporo HOH 113MCHlleT CBOH 3apll.D., npOXO)].ll 4epe3 Pll.D. 

06.u11po4HblX CTaH1..111ii. Ilocne.uH11ii MCTO.U nony411n Ha116onblllee pacnpocrpaHeH11e. ·'· 

cnenp :aap11ABOCTeii 
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CoeepweHHO 04CBl1)].HO, 4TO THn HOHHOfO HCT04HHKa onpe.uenllCT CTPYKTYPY 

ycKOPIITC,1bllOf0 KOMnneKca. nocne.aoBaTenbHOCTb IIOHHOfO 11CT04HIIKa 11 n11HeiiHoro 

ycKop1nem1 c 06.a11po4HOii ¢011broii npe.ucTaBnlllOT co6oii .aea nocne.uoeaTenbHblX 

IIOHl13aTopa C liH,UIIBH.UyanbHblMll <jlaKTopaMJI 110111na1..11111. JllmeiiHblH ycKop1nenb C 

:rneprneii 6onee .4 •MJBI HyKnoH 11 yrnepo.aHoii 06.u11po4Hoii ¢onbroii o6na.uaeT 

3Ha411TenbHO 6onbWIIM <jlaKTOpOM IIOHll3al..lHH, 4CM, Hanp11Mep, ECR - 11CT04HIIK, npu 

coxpaHCHIIII ero IIHTCHCIIBHOCTII. Ilp11MeHeH11e • IIOHHJaTopa "KpHOH-C" B KaCKa)].HOM 

MCTO)].e ycKopeHllll C n11HeHHblM ycKop11TeneM JIY - 20, ycKOpll!O_ll.ll1M IIOHbl C ZIA = 0.3-

0.4 .uo J11epnrn 5 MJBIHyKnoH. enom1e onpae.uaHo .unll nepBblX 4eTb1pex nep110.uon 

nepli0)].114CCKOH rn6nlll..lbl .ao Kanbl..lllll BKnl0411TenbHO. TaKOH BbIBO.U cne.uyeT 113 cpaBHCHllll 

cneKTpon 1apl1JlHOCTeii 110110B TaKIIX JneMeHTOB nocne 06a11p04HOH ¢onbrlt 11 3apllJl0BblX 

cneKTpOB 113 JneKrpOHHO - ny4enoro liOHIBaTopa. Ha p11c. 4 np1rne.aeHbl 

cpaBHIITCnbllblC cneKTpbl 3apll.D.HOCTeii HOIIOB cepbl 113 1101111JaTopa "Kp11011 - C" H cneKTpbl 

HOIIOB cepbl noc,1e yrnepOJlHOii 06a11p04110ii ¢onbfl1 np11 JHepnm 5 MJBl11yKnOH. CneKTp 

nony4ellllblll nocne 06a11p04HOii cponbfl1 CO,'leplKIIT 6om:e BblCOKlte 3apll.D.0Bble COCTOllHlill, 

4eM cneKTp 3apll,UIIOCTeii 113 110HHOro IICT041111ISa )lalKe 3a 0.5 CeK 11011113a1..1m1. 

Ilpe11Mymecrna KaCKa)ll!OfO MCTO)la yCKopeHlill C m111eiiHblM ycKopuTeneM JIY - 20 Ha,U 

npllMblM yCKope1111eM Tll)Kenblx 110110B 113 11011113aTopa "Kpl!OH -C" npaKTl14CCKH 11C4C3a!OT 

)lnll IIOHOB apro,ia ( puc. 4 ). B TaKOM cny4ae <jiaKTOp IIOH113al..11111 11CT04HIIKa "Kp11011 -C" , 

01..1e1111naeMblii KaK nen1141111a 6 10 2° CM ·2, CTaHOBllTCll paBHblM <jlaKTOpbl 11011113a1..1m1, 

,UOCTHraeMOMY B CIICTeMe n1111eiiHblH ycKOp11Tenb ( 5 MJBI HyKnOH ) 11 o6mip04Hall ¢onbra. 

YcKopeH11e )KC TaKIIX IIOHOB, KaK IIOHbl KpllnTOHa Kr34+ ( I; = 4.1 kB ), BIICMyTa Bi64+ ( I; = 

6.98 KB ) norpe6y10T cymecTBeHHO 6onhwero <jiaKTOpa' IIOHll3al..111H, 4CM jt = 2 1021 cM-2, 

TaKOH IIOIH1Ja1..11:101111oil cnoco6HOCTblO B HaCTOllU{ee BpeMll 06na.ua10T TOnbKO JneKrpOHHO 

- ny4eBble IIOIIHble IICT041111KII. CnenonaTenbHO, npuMeHeHlle JneKTpOHHO - ny4enoro 

IIOHll3aTopa "Kp110H -C" nnll mrneiiHoro ycKOpltTenll JIY - 20, HaCTpOCHHOro Ha 

OTHOWCHIIC ZIA = 0.2- 0.3, MOlKCT cnoco6crnonaTb yCKopem110 Tll)KenblX ltOHOB ncex 

JneMeHTOB nep11on114ecKoil rn6n111..1b1 11a ycKop11TenbHOM KoMnneKce "HYKJIOTPOH". 

3neKTpOCTaTll4CCKIIH ¢op11H)KCKTOp nltHCHHOro YCKOpltTenll JIY -20 npencrnnnllCT co6oii 

BblCOKOBOnbTHYIO nnanjJopMy c HMnynbCHblM nonO)Kl1TenbHblM Hanpll)KeHIICM .uo 700 KB. 
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Ha JTOH nJJanpopMe, BnepBble, BOCC03.llaHa 3JJeKTp11'1eCKall cxeMa 11CCJJe.llOBaTeJJLCKOf0 

CTeHJ1a. Kopnyc 110Hl13aTopa 1130JJ11pOBaH OT rnaBHOH BblCOKOBOJILTHOH nJJaTcjiopMbl Ha 

Hanpl!)KeH11e <+60 KB, o6pa3yll C 'laCTLIO ynpaBJJlllOIUeH annapaTypbl .llOnOJJHl1TeJJLHblH 
·'· 

BLICOKOBOJJLTHLIH TepM11HaJJ. 3To nOJBOJJl!eT noJJy'laTL JJJeKTpOHHble ny'IKl1 C 3Heprneli .llO 

40 KJB. C11cTeMa ynpaBJJeHl1ll 11 c6opa 11Hcp0pM3U1111 11cnOJJb3YeT BOJlOKOHHble onTl1'1eCKl1e 

,111Hl111 CBllJl1. C11cTeMa J3IU11Tbl OTKJIIO'laeT JJJeKTpOHHblH ny'IOK 11 BblCOKOBOJlbTHb(e 

6JJOKl1 nl1TaHl1ll np11 YXY.l1WeHl111 BaKyyMa ,'lO ]0·7 Top, BOJH11KHOBeHl111 BaKyyMHOH .llYrH, 

3JJeKTpl1'1eCK11X npo60llX 11 np11 nepexO.lle CBepxnpOBO.llllIUero COJJeH011.l13 B HOpMaJJbHOe 

COCTOllHl1e. 

3JJeKTpOHHO - JJy'leBOH 110Hl13aTop "Kp110H -C" YCTOH'll1B0 pa6oTaeT Ha BblCOKOBOJJbTHOM 

TepM11HaJJe, o6JJa.llall CJJe.llYIOIUl1Ml1 napaMeTpaM11: 

• :rneKTpOHHblH TOK - 0.2 - 0.25 A ( noCTOllHHblH pe)K11M ) 

• JHeprnll JJJeKTpOHOB - 5 - 7.5 KB 

• nJJOTllOCTb JJJeKTpOHOB - 200 - 250 Al CM 2 

• cjial)TOp 110H111au1111 - 2 I 02° - 2 I 021 c!\1-2 

BpeMR HenpepblBHOH pa60Tbl KOMnJJeKCa, npaKTl1'1eCKl1 6e3 OTKaJOB, npeBblC11JJO 72 '!aca. 

Bpe!11R He06XO.l111MOe .llJlll BblXO.lla 110Hl13aTopa Ha pa60'll1H. pe)Kl1M nocJJe c6opK11 ero Ha 

nJJaTcjiOpMe cpop11H)KeKTOpa He npeBblWaeT 24 'laCOB. 

CxeMa ycKop11TeJJbHOfO KOMnJJeKca Tl!)KeJJblX 110HOB Jla6opaTop1111 BLICOK11X 3Heprnii 

npencrasJJeHa Ha p11c. 5. OT ::meKTpOHHO - ny'leBoro 110H11JaTopa no :noii cxeMe ycKopeHbl 

110Hbl cepb1, aproHa 11 Kp11m0Ha [ 9, 10, 11 ]. 

YcKopeH11e 110HOB cepbl Ha C11HxpocjiaJOTpOHe 1183 ocymecTBJJeHO IlJlll nponOJJ)KeHl1R 

cep1111 11CCJle.llOBaHl1H no 113y'leHl1IO llilepHblX B3a11MO.lleHCTBl1H B n11anaJOHe 3Heprnii I - 200 

f38I HYKJJOH. B Ka'leCTBe pa6o'!ero ra1a 11cnoJJbJOBaJJCll cepOBO.llOPOil. 8 Ka'leCTBe 

OXJJaiKilalOIUero ra1a np11MeHRJ1Cll TOT )Ke ceposonopon, npOHl1KHOBeH11e KOTOporo B 

06,1acTb 110HHOH JJOBYWKl1 6blJ10 JHa'111Te,%HblM. 3To n03BOJJl1J10 Il0CTl1'1b 25 % CTeneHl1 

KOMneHcau1111 110HHOH JJOBYWKl1 Ja BpeMR l10Hl1Jau11n 0.2 ceK. 11oHHblH ny'IOK 113 

11CTO'IHl1Ka C 11HTeHC11BHOCTblO > 5 ] 0 9 1/Z COCTOl!Jl 113 110HOB S 14+ - 80%, SIJ+ - ] 5% 11 S12+ -

5%. TaKOH COCTaB 110HOB S 14+ B cneKTpe 3apl!IlHOCTeH onpeneJJllJJCR Bbl60p0M 3HeprnH 

JJJeKTpOHOB, He.llOCTaTO'IHOH .llJlR 3cpcpeKTl1BHOH 110HH3al.(1111 K - o60JJO'IKH 110HOB cepbl. 
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CneKTp 3apRilHOCTeii, B 3TOM cny'lae, " C)K11MaeTCll" B OilHY J111Hl1IO, COOTBeTCTBYJOIUYJO 

110HY C 3JleKTpOHaMl1 TOJlbKO Ha K - o60J10'1Ke. YcKopeHHblH ny'IOK nocne JlHHeHHoro 

yCKop11TeJ1R, HaCTpOeHHOro Ha OTHOWeH11e ZIA= 0.437, COCTOlllUl1H 113 HOH0B S 14+ - 98% 11 

S 13+ - 2%, npoxon11n '1epe3 06J111po'IHY10 cponbry 11 TpaHccjiopM11poBaJJCll 6e3 n0Tep11 

11HTeHC11BHocT11 B 110HHblH ny'IOK 113 S 16+ - 20%, S 15+ - 45%, S 14+ - 30% 11 S13+ - 5%. TonbKO 

Rnpa cepbl BB0Ill1J111Cb B BaKyyMHyJO KaMepy C11Hxpocpa30TpOHa. Kon11'leCTBO llllep cepbl, 

3axsa'leHHblX B /3 - TpOHHblH pe)Kl1M COCTaBl1J10 ,BeJ111'111HY 3. 7 I 0 7 1/Z. 

8 pe1y,lbTaTe )KCnep11MeHTOB 6blJ111 o6ny'leHbl TpeKOBble nnaCTl1°KOBble .lleTeKTOpbl 11 

nony'leHa HOBaR 11Hcp0pMaU11R O B3al1MO.lleHCTBl1e ll.llep C 3Heprneli 3.7 f38I HYKJJOH ( p11c.6 
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3Kcnep11MeHTbl C HOHaMH Ari+ 11 Kri+ npo~Oill1JlHCb C uenbJO HH)KeKl.(1111 B KaMepy 

"HYKJlOTPOH"a 11 nn11 np11KnanHb1x 11ccnenosaH11ii. B JKcnep11MeHTaX 6b1JJO npHMeHeHo 

OXJ1a)KJ1eH11e pa60'll1X 110HOB 110HaMl1 HeOHa, MeTOilHKa KOTOporo 3aKJJIO'lanacb B TOM, '!TO 

np11 n0Mom11 nonomrnTenbHoro HaTeKaTen11 c0Jnasan11cb Kp11ocop611posaHHb1e cno11 

HeoHa Ha BHyTpeHHeii nosepxHocrn ren11esoii npeiicposoii CTpYKTYPbI. Cop611posaHHbIH 

ra3 co1naeT Ha.ll nosepXHOCTbJO H3BeCTH0e nasneHHe, 3aBHCl!IUee OT TeMnepaTypbl. 

1IHcneHHOe Monen11poBaH11e noKa3blBaeT, 'ITO onTl1MaJlbHOH llBJll!eTCll TeMnepaTypa 

npeiicjlOBOH CTpYKTypbl B o6nacrn 110HHOH JIOBYWKH 6K. 3Kcnep11MeHTbl noKa3aJJH 

BblCOKYIO CTa611JlbHOCTb HOHHOro 11Mnynbca 11 ysen11'1eH11e BblXO.lla MH0f03apl!J1HbIX 110H0B 

Kr34+ , B cpenHeM B 2 - 3 pa3a npH Harpese Tpy6KH npeficjia. Kp11ocop611posaHHbIH 

OXJ1a)KJ1a10IUHH ra3, ecTeCTBeHHO, BB0.l111TCll B 110HHYIO JIOBYWKY C0BMeCTHO C pa60'IHM 

ra30M. 3TO c03naeT HeKOT0pble yno6CTBa B HaCTpOHKe JIHHeiiHoro ycKOpHTeJill. 

CTpe.llJlO)KeHHaR MeTO.l111Ka noJBOJllleT HaCTpal1BaTb ycKop11TeJ1b Ha C00TBeTCTBYJOIJ.IYIO 

3apll.l1HOCTb cpaBHl1TeJlbH0 nerKHX 110HOB OXJ1a)KJ1al01J.1eii np11Mec11, nony'laeMOH Ja 

cpaBHHTeJibH0 MaJJOe BpeMll HOHl13al.(HH ( HanpHMep, Ne4+ Ja 50 MJJCeK H0HHJal.(1111 C ZIA = 
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0.4 ) C 60JiblllOH 11HTeHCl1BH0CTblO ' a JaTeM nepeX0,lll1Tb K YCK0peHHIO pa60411X 110H0B ( 

Hanp11Mep, Kr34+ C 6JI113Kl1M 0TH0WeHHeM ZIA = 0.404 ) np0CTblM yBeJil14CHl1eM BpeMeHH 

110HH3allttl1. HacrpottKa ycKopttTeJill nptt :HOM coxpaHlleTCll. 

fig1 
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TTapaMeTpbl nony<JeHl!blX ny'lK0B MH0ro3apllAHblX H0H0B cepbl, aproHa 11 KpttnT0Ha 

npHBe,llellbl B Ta6n11ue I. 

Ta6,111ua I 

BbIXOll 110ll0B 113 110Hl13aTopa ( J,1eMeHTap11bIX 3apllll0B B ttMny,1bCe ) 

51-1+ 5 109 Ar1-1+ 3 109 Kr29+ 5 108 

Ar15+ 3 109 KrJo+ 5 108 

Arl6+ I 109 Kr31+ 4-108 

Arl7+ 3 108 Kr32+ 3 108 

Kr33+ 2 108 

KrJ-1+ I 108 

B npoaene1111b1x JKcnep11MeHrnx 6brno nponoJI)KeHo 11Jy<JeH11e npoueccoa 110111nau1111 
~ 

MH0ro3apll,llHblX H0H0B np11 l1X np0X0lK,lle111111 '1epe3 yrnep0AHYIO o6.nupo4HYIO cj>OJibry. 

l13MepeHHble cneKTpbl paBH0BeCHbIX 3apll,ll0BblX pa'cnpe.nenelll!H ,llJlll H0H0B S, Ar II Kr 

np11 JHepr1111 5 MJB I HYKJI0H xopowo coena.na!OT C 113BCCTHbIMl1 TeopeTlt4eCKl1Ml1 11 

JKCnep11MeHTaJlbHblMl1 3Ha<JeHHllMl1. PeKOp,llHall 3apl1,llH0CTb II0H0B Kr34+ ( I;= 4.1 KB, ZIA 

= 0.404 ) ycKopeHa BnepBble. Cne.noBaTeJibHO, YCKOpHTeJibHblH K0MnJieKC "Kp110H - C" -

J1Y20 M0lKeT 6b1Tb 11Cn0Jib30BaH ,llJlll ycKopeHHll H0H0B C TaKIIM )Ke IIJIH 6JIH3Kl1M 

noTeHt.111anoM H0HHJat.11111, Hanp11Mep Xe-14+ ( l; = 3.33 KB, ZIA = 338 ). .l];nll nony<JeHHll 

Heo6xo.n11MblX n11ueiiH0My ycKop11Temo 110H0B ypaHa u7-1+ ( I; = 9.7 KB, ZIA = 0.31 ) 

noTpe6yeTCll cj>aKTOp H0HH3aU1111 jt = '5 1021 CM"2, TaKoii cpaKTop II0IHl3au1111 M0lKeT 6b1Tb 

A0CTl1f'HY'f Ha HCTO'llll!Ke "Kp11011 - C" np0CTblM yae.1w1e1111cM BpCMCIIII II0Hl13aUflll AO 8 

ceKy11.n. 

B npot.1ecce a.nanTau1111 110H11JaTopa "Kp110H - c· K ycKopuTeJibH0My K0MnJieKcy 

"HYKJIOTPOH" 11ccne.nonaHa MeT0AHKa c0Kpa11-1eli11ll AJIHTeJibH0CTII 110H11oro 11Mnynbca 

MCT0,ll0M BBe,lleHttll B pa60411H L111KJI JJieKTp0HH0 Jiy'leBoro 11011113aTopa 

.nonoJIHHTeJibH0ro pacnpe.nenett11ll noTeHt.111anoa, cj>opM11py1011-1ero " npe.ncrnpToBylO" 

110HHYIO JI0BYlllKY C MCHbllleH AJIHHOH. B npoae.neHHblX npennapHTeJibHblX JKcnep11MeHTaX 
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noJiy4eHo C0KpameHHe .!lJIHTeJibH0CTH H0HH0ro HMnyJibCa B .uaa pa3a npH coxpaHeHHH 

H0HH0ro 3apll.aa. npe.UJIOlKeHHall MeTO.!lHKa n03B0JllleT TaKlKe HCcne.uoaaTb 

TepMO.!lHHaMH4eCKHe npoueccbl B HOHHOH JIOBYWKe. O4eBH.!lHO, 4TO HCT0411HK 

MHOf03apll.!lHblX HOHOB MOlKeT 6bJTb OCHOBOH TeXHOJIOrH4eCKOfO HMnJiaHTaTOpa~ Ha pHC. 

66 noKa3aH CKOJI n0,1HTpeKOBOH MeM6paHbl nony4el!f!OH nocne o6ny4eHHll JiaBCaHOBOH 

n,1e11KH HOHaMH Arl4+ C JHeprnell 5 MJB / HYKJIOII. 3JieKTp011ll0 - ny4eBOH HOHHblH 

HCT04HHK "KpHOH - C" MOlKeT pa6oTaTb B COCTaBe KOMMep4eCKOro HMnJialHaTopa npH 

yBem14eHHH ero HHTeHCHBHOCTH Ha .!lBa - TpH nopll.!lKa. TaKl1M o6pa30M no .!lOCTl1rHYTOMY 

cjiaKTopy 110Hl13al.(HH Ha TepM11HaJie Jll1HeHHOro YCKOp11Tem1 110HH3aTop "Kp110H -C" 

MOlKeT C411TaTbCll npOTOTl1nOM 110HHOro 11CT04Hl1Ka .!lJlll ycKop11TeJibHOrO KOMnJieKCa 

"HYKJIOTPOH". 

8 JaKJII04eHIIII np11B0.!ll1TCll cpaBHeH11e, C03.!laHHOro JJieKTpOHHO - ny4eBoro 11CT04H11Ka 

"Kp11011 -C" C .upyrnMl1 T11naM11 HCT04HHKOB MHOrOJapll.!lHblX HOHOB, pewa10m11x 

aHaJIOrH4HYIO npo6neMy, 11 o6cylK)laeTCll npo6neMa yBeJ1114eHl1ll 11HTeHCl1BHOCTl1. Cpe.u11 

Kp11oreHHblX JJieKTpOHHO - ny4eBbJX HCT04Hl1KOB MHOroJapll.!lllblX 110HOB B Ka4ecTBe 

a11anora Mbl MOlKeM B3l1Tb TOJibKO 110Hl13aTOp "DIONE", pa6oTa!OlllHH Ha cpOp11HlKeKTOpe 

ycKop111e.1ll "SA TURNE". 1naBHb1e xapaKTep11cT11K11 Kp11ore1111b1X JJieKTpoHHO - ny4eBblx 

1101111b1x 11cT04Hl1KOB "Kp11ou -C" (+) 11 "DIONE"(o), - KOJIH4ecTBo HOHOB c 3apll.!lOM Zia 

JaBl1CHMOCTl1 OT BpeMeHl1 110HH3al.(Hl1 np11Be)leHbl Ha p11c. 7a. 3rn 3aBl1CHMOCTb .!lJlll 

pa3Jil14HOH nJIOTHOCTl1 110Hl1311py!Olll11X JJieKTpOHOB HOCl1T B norap11cpM114eCKOM Macwrn6e 

npaKTl14eCKl1 Jll1HeHHblH xapaKTep. MOlKHO npe.unoJIOlK11Tb, 4TO BblXO.!l 110HOB C 3apll.!lOM 

Zi B 3aB11Cl1MOCTl1 OT cpaKTOpa 110Hl13al.(1111 B ycJIOB11llX cna6oro 110HHOro OXJialK)leHl1ll 

HOCl1T y1111BepcaJibllbJH xapaKTep ( p11c. 76 ). To4HOCTb 3TOro npe.unoJIOlKeHl1ll MOlKHO 

npoBep11Tb nocne 411CJieHHOro M0/.(eJI11pOBaHHll. O6ocHOBaHHOCTb TaKoro npe.unoJIOlKeHl1ll 

Ha nepBblH B3rJill.!l 04eBl1.!llla, T. K. 3JleKTpo1111al1 nJIOTHOCTb onpe.uenl!eT KaK 3apll.!l 110Ha 

TaK 11 ero 11arpeB B 110HIIOH JIOBYWKe. no - 811.!lHMOMY, nJIOTHOCTb TOKa 200 - 500 A I cM 2 

llBJilleTCll onT11MaJibHOH B 3JieKTp011H0 • Jiy4eBblX 110IIH3aTopax, npe.u11a311a4e11HbIX .!lJlll 

yCKop11Tenell , pa6oTa!Ollll1X C 4aCTOTOH B I IL(. na.ua101llall 3aBHCHM0CTb K0Jll14ecTBa 

MH0ro3apll.!lHblX 110H0B OT 11X Japll.!la ( TOlKe caMoe, OT cpaKTOpa 110Hl13al.(Hl1 ) xapaKTepHa 

.!lJlll Bcex Tl1n0B 11CT041111K0B 
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TlllKeJibJX 110110B. Hanp11Mep, MaKc11MaJibHO .uocr11rny10My a ycrnHOBKe "SuperEBIT" 

cpaKTOpy HOHl13al.(11H jt = 1024 CM"2 C00TBeTCTBYIOT Bcero 10 110HOB un+ 11 nopll.UKa 500 

4aCTl1l.( U 9J+ B 11MnyJibCe. Ha p11c. 76 np11Be.ue110 cpaBHe1111e 110Hl13aTopa "Kp110H - C" C 

11CT04Hl1KaMl1 MH0ro3apll.!lHblX 110H0B, pa6oTa!Ollll1Ml1 B 11MnyJibCH0M peJK11Me, a HMeHHO, 

na3epHbJM 11 ECR B pelK11Me "afterglow". B nocne.nH11x nony4e11 TOK >80 eMKA B 11Mnynhce 

.!lJll1TeJibHOCTb!O 2 MCeK .!lJlll HOHOB Pb27+ ( L = 883B ), 4TO 3KBl1BaJieHTH0 110HaM Ar15+_ 310 

0111a4aeT, 4T0 cpaKTop 110ll113al.(Hl1 jt = 3 1020 cM-2 .!lOCTHrHYT .!lJlll o6beMHOro 3apll.!la 

110H0B B 1012 JJieMeHTapHblX 3apll)l0B. 

I1rnK, JJieKTp0HHO - Jiy4eBOH 110Hl13aTop "Kp11011-C" 11MeeT npe11Mymecrna Ha411Hal1 C 

cpaKTopa 110Hl13al.{1111 jt > 1021 cM·2, cymecrBeHHO ycrynall no 11HTeHCHBHOCTl1 ECR ( 

afterglow) 11CT04H11KaM B .u11ana30He cpaKTopa 110Hl13al.{1111 1019 - 1020 CM·2. np11411Ha 3TOro 

3aKJII04eHa B pa3HblX 06beMax 110Hl13al.{Hl1 3THX .!lBYX Tl1nOB 110HHblX 11CTO'IHl1KOB. no 

411CJIY H0HOB
0 

B nJia3Me ECR - 110Hl13aTOpbl , np116J111311TeJibHO, Ha weCTb nopll.!lKOB 

npeB0CXO.!lllT JJieKTpOHHO - nytJeBble 11CT04HHKl1. O.u11aKO, no OTHOCl1TeJibHOMY BbIXO.!lY 

BblCOK03apll.!lHblX 110HOB, oco6eHHO Tex, .!lJlll nony4eHHll KOTOpblX Tpe6yeTCll c!>aKTOp 

110Hl13al.{1111 > 2 1021 CM-2, JJieKTpOHHO • Jiy4eBble 11011113.aTopbl B HaCT0l!lllee BpeMll 

0CTa!OT~ll 11a116onee Jc!>cpeKTHBHbJMl1. JIBHO o603Ha4eHa npo6neMa yaeJ111tJeHl1ll eMK0CTl1 
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110HHOH noByWKl1 B T8Kl1X 11CTO'-IHl1K8X ,!l,Jlll 6onee w11p0Koro 11X np11MeHeH1rn B 

ycKop11TenbHblX KOMnneKcax. Oco6eHHO BalKHOH OCTaeTCll B03MOlKHOCTb 11cnonb30B8Hl1ll 

'.JJJeKTpOHHO - ny'-leBblX 110Hl138TOpOB ,!l,Jlll CBepxnpOBO,Ullll{l1X Cl1HXp0TpOHOB 

HYKJIOTPOH, RHIC, LHC ), B . KOTOpb1x 113-3a KopoTKoro apeMett11 11ttlKeK1.11111 

npe11My111ecrna ECR (afterglow) yMeHbWalOTCll. Ilo3ToMy, npo6neMa nony'-lett11ll 

BblCOK03apll,UHblX 110HOB C o6beMHblM 3apll,UOM 1012 :JneMeHTapHblX 3apll,UOB B 3neKTpOHHO -

ny'-leBbIX HOHl13aTopax, ,ueKnap11posattttall e111e B 1976 ro,uy, ocrneTCll 11 B ttacTOllll{ee speMll 

aKTyanbttenwen 38,Ua'-!eH. EMKOCTb 110HHOH noB'yWK11 38B11CHT OT nepseatt'c:a 3neKTpOHHOro 

ny'-!Ka, ero HanplllKeHl1.!l 11 ,!l,JI11Hbl. BalKHeHWl1M napaMeTpOM OCTaeTCll nepaeattc 

3neKTpOHHOfO ny'-!Ka, aenl1'-111Ha KOTOporo orpatt11'-1etta llBnett11eM "s11pTyaJJbHOro KaTo,ua". 

1-h cpopMynb1 CM11rn - XapTMatta 

25. 10-• v3
'
1 

10 = ----- , r,ue re - pa,u11yc 3neKTpOHttoro ny'-!Ka, R - pa,u11yc Tpy6K11 ,upencpa, 
1+2lnRlr, 

Io 11 V - npe,uenbHblH TOK 11 HanplllKett11e 3neKTpOHHOfO ny'-IKa, ,unll OTHOWeH11ll Rlre = 2·, 

cne,uycr np11eMneMoe 3tta'-lett11e nepseattca 10 MKA /B312. B TaKOM 3neKTpOHHOM ny'-!Ke 

,un11ttoi1 IM eMKOCTb 11ottttoi1. noaywK11 1012 JneMettrnpttbIX 3apll.UOB MOlKeT 6bITb 

,UOCTHrttyrn npH ttanplllKeHHH 10 KB, Mb! C'-IHTaeM ,'-ITO C 11cnonb30B8Hl1eM 
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BblCOKOJQJQJeKTHBllblX Mernn,1ocnnaBHblX KaTO.UOB, pa3pa6ornHHblX B fHTTil "11CTOK"" 

11 pny:11,raToB npose.uettHbJX 11cc,1e,1osatt11ii no Martt11Tttoi1 K0Mnpecc1111 

MarHIITOOrpaHH'-leHHblX :rneKTPOHHblX noTOKOB Ha ycTaHOBKe "Kp1!0H -C" npo6neMa 

peaJJll38lll111 TaKIIX ny'-IKOB pewaeTCll tta116onee 'npoCTO. ,[{nll 3neKTpOHHOH nyWKl1 C 

nJJOTHOCTblO TOKa 3MIICCIIII 50 A/cM 2 II ttanplllKeHHeM 10 KB 3KBl!BaneHTHOe M8rHIITHOe 

none Bb"" = 0. IT. O'-!eBll.!lHO, '-ITO B np116ope, C BeCbMa 3aypll.!lHblM .LlJlll CBepxnpoBO.[lllll{l1X 

MarHHTHblX CHCTeM noneM B 3T, Heo6xo.n11Mall B HOHHOH nosywKe nnOTHOCTb TOK8 B 500 A 

/cM2, .!lOCTHraeTCll, ecnH KaTO.!l 3JJeKTpOHl!Oii nyWKH HaXO.!lHTCll B none 0.3T, T. e HMeeTCll 

TpexKpaTHbJH 3anac no nomo .LlJlll no.uasnettllll TennoBbJX cKopocren 11 .uecp0Kyc11py10111ero 

.neHCTBllll aHO.!lHOH nllH3bl. 3neKTpOHHall nywKa TT11pca C nepseaHCOM 10 MKA/83/2 6e3 

:rneKTpOCTaT114CCKOii KOMnpecc1111 B CIIJlbHOM Marttl!THOM none MoryT 6bJTb C03,ll8Hbl 

TpHBHaJJbHblM MeT0.UOM, - yMeHbWeHIICM paccT0lllU1ll KaTO.!l - auo.n. 3TOT MeTO.Ll 6bJn 

uccne.nosatt B 1971- 1975 ro.uax np11 paJpa6oTKe J,1CKTp0HHbJX nyweK "Kp110H -I". B 

pe3yJJbTaTe 6bJJJl1 113fOTOBnettbl 3JJCKTp0HHbJe nyWKH C nepseaHCOM .no 16 MKA/B312, B 

K0TOpblX OTHOWeHl!e .n11aMeTpa KaTo.na ( <t>c 3 MM ) K paCCTOllHlfiO KaTO,ll - aHO.!l ( d = 0.8 
~ 

MM ) paBHO 3.75. He.nocrnTKOM TaKOfO ,lllfO,lla ' KOTOpblH He C41fTaeTCll Kp11T114Hb!M .Unll 

:rneKTpOHHO - nyqesoro MeTo.na 110Hl!3a1.11111, cicraeTCll CIIJlbHal! HCO,llHOP0.!lHOCTb 

pacnpe.neneHllll nnOTHOCTlf 3neKTpOHOB no pa.n11ycy. C11Tyau11ll 11cnpaBJJl!CTCll np11 

noMOl1{11 "TetteBOH ceTKII" Ha KaTo.ne 11 ceTKl1 B aHo.ue 3JJCKTpOHHOII nyWKlf. TeXHOJJOfllll 

T8KOH 3JJCKTp01HJOH nyWK11 pa3pa6ornHa HaMl1 .LlJlll cny4al!, Kor.na "TeHeBall ceTKa" 

ll3fOT8BJJl1Banacb npo¢11n11p0B8HlfeM nosepxHOCTl1 KaTo.ua. "TetteBbJe ceTKII" B ttaCTOllll{ee 

BpeMll WHp0KO npHMeHl!IOTCll B M0LUHblX CB np116opax C m111eii1JblM ny<JKOM 11 TeXHOJJOfllll 

HX H8XO.LllfTCll Ha 04eHb BblC0KOM ypoBHe. ,[{pyroii no.uxo.n K nony4eHIIIO 3JJeKTpOHHOro 

ny4Ka c BbJC0KHM nepseaHC0M MOlKeT 6bJTb peamnoBaH C IICilOJlb30B8Hlle"! npO.!lOJlbHOii 

KOMnpecc1111. TaKall MO,llCJJb npe.nnaraeTCll ,!l,Jlll B03p0lK.!lCIHlll ycrnHOBKlf "SuperEBIS". 

3neKTpOHHblH ny40K C TOKOM JOA 113 3JJCKTpOHHOH nyWKl1 C nepseaHCOM 3.5 MKA/ 8312 

BBO,lll1TCll B o6naCTb 110HHOH JJOBYWKH, r.ne TOpM03HTC!I Jl,O nOTCHUHana 10 KB. 

KoM611Hau1111 .!lBYX MeTO,llOB, B03MOlKHO, !IBJllleTC!I tta11ny11Wl1M cnoco6oM pewe1rn11 

npo6HeMbl. 3JlCKTp0HHOfO ny4Ka C BblCOKl1M nepaeaHCOM. PacCMOTpem1y10 npo6JJeMy 

Heo6XO,lll1MO pewaTb COBMeCTIIO C 06ecne'-!eH11eM M01l{HOCT11 3JJCKTpOHHOro ny4Ka II ee 

.n11cc11na1.11111. O1.1eHKl1 nOK83b!B8IOT, '-ITO ,llJJ!I l1HTepecy10111ero Hae 3JJeKTpOHHOro ny4Ka 

B03MOlKHa 50% peKynepa1.11111 3HeprnH, T. e. MOll{HOCTb 11CT04Hl1KOB n11rnmrn - 50 KBT. Ilp11 
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HMnynbCH0H pa6oTe c JJ.JIHTenbH0CTblO HMny,1bCa 100 MCeK H '!aCToTe I ru :na Ul1Cppa 

CHHlKaeTCll ,ll0 5 KBT ' 4TO llBfllleTCll npHeMneMblM ,llnll cpopHHlKeKTOpa YCK0pHTeJlbH0rD 

K0MnneKca JIB3. 

TaKHM o6pa30M, npHHUHnHanbH0 H TeXHH4eCKH B03M0lKH0 C03,llaTb H0HHYIO JI0BYWKY C 

eMK0CTblO 1012 :ineMeHTapHblX 3apl1JJ.0B npH cpaKTOpe H0HH3aUHH J021 cM·2. 

OcnOBllble pe3yJJbT3Tbl ;:u1ccepTa1.11111 M0ryT 6b!Tb ccpopMynttpoBaHbl cneJJ.YIOl11HM o6pa3oM: 

I. C03JJ.aH :ineKTp0HH0 - ny4eBOH H0HH3aTop "KpHOH - C", np0H3B0JJ.llll1HH ny4KH H0H0B 

OT S14+ ,ll0 Kr 34+, KaK np0T0THn H0HH0ro HCT04HHKa JI.Jill ycK0pHTe!lbH0ro K0MnneKca 

"HYKJIOTPOH" 

2. Pa3pa6ornHa TeXH0JI0rHll H3rDT0BneHHll TaKoro po,ua H0HHblX HCT04HHK0B. 

3. 3KcnepHMeHTaJlbHO H3y4eHbl CHCTeMbl cpopMHpOBaHHll ::ineKTp0HHblX ny4K0B B 

MarHHTHblX nonllx csepxnp0B0JJ.ll111HX coneH0H,ll0B H nony4eHbl . ::ineKTp0HHble ny4KH C 

nnoTH0CTblO M0111H0CTH !06 - 107 BT/ CM2 ( BnepBble). TeM caMblM ,ll0CTHrHYTbl napaMeTpbl 

ycrnH0BKH "SuperEBIS". 

4. lhy4eHbl npouecCbl MHOroKpaTHOH H0HH3aUHH B TaKHX ny4Kax. ITony4CHbl 

'.lKCnepHMCHTaJlbHblC '.lB0JIIOUHH cneKTp0B 3apll,llHOCTeH . H0H0B aproHa npH JHeprnH 

H0HH3HPYI0111HX ::ineKTp0H0B 30 K'.lB. ( BnepBblC) 

5. 3KcnepHMCHTaJlbHO HCCJICJJ.0BaHa pa6orn H0HH3aTopa "KpHOH -C" B C0CTaBe 

YCK0pHTe.lbH0ro K0MnneKca JIB3 011Rl1 B KOM6HHaUHH :ineKTp0HH0 - ny4CB0H HOHHbtlt· 

HCT04HHK - JIHHCHHblH ycK0pHTenb - o6JJ.Hp04Hall QlOJJbra. ( BnepBblC) 

6. ITony4CHbl OT HOHH3aTopa "KpHOH -C" ycKopeHHblC ny4KH HOHOB SI 4+, Arl 4+ - Arl7+ H 

Kr29+ - Kr34+ C JHeprneil 5 M:iB / HYKJIOH (BnepBble). 3KcnepHMCHTaJlbHO H3MepeHbl 

cneKTpbl 3apl1JJ.HOCTCH '.lTHX ::ineMCHTOB nocne npOXOlK,llCHHll yrnepo,UHOH o6,uHp04HOH 

MHlllCHH. 

7. 11oHH3aTop "KpHOH - C" o6ecne4HJI '.lKCnepHMCHTaJ!bHYIO HHlKCKUHIO MHOro3apll,llHblX 

H0HOB B "HYKJIOTPOH", pa6oTy ycKopHTenbHoro KOMnneKca CttHxpocpa3oTpoH npH 

ycKopeHHH ll,Uep S16+ )J.0 '.lHeprnH 3.7 f::iB / HYKJIOH H JKcnepHMCHTbl Ha JIHHCHHOM 

YCKOpHTene JIY - 20 no npOH3B0)].CTBY nonHTpCKOBbIX MeM6paH npH ycKopeHHH H0H0B 

Arl4+. 

32 

l 
f, 

I 
1. 

'\ 

CnHC0K QHTHpyeMOH JIHTepaTypbl HaC4HTbIBaeT 214 Ha3BaHHH. OcHOBHble pe:iynbTaTbl 

)lHCCepTaUHH ony6nHKOBaHbl s pa6oTax: ." 

I. 6.W.6o4es,T.Kyuaposa; B.CT.OscllHHHKOB, O11Rl1, ~5 - 11566, ,[J:y611a, 1978. 
, ,.,• . 

2. 6.W.6o4eB, B.CT.OscllHHHKOB, T.Kyuaposa, O11Rl1, P7 - 1.1567, ,[J:y6Ha, 1978. 

3. B.CT.OacllHHHK0B_, AC CCCP N° 1459527 OT 15 O!l."Tll6pll 1?88 ro;ia; 

4. E.CT.iKtt,uKos,C.B.KapTawos,B.CT:OscllH~HKOB,P.B.CTonllKOBa,6.H.XopoMcKHH, -

0115111, Pl I - 88 - 225, ,[J:y611a, I ?88. 

5 .. IO.B.Kyn11Kos. B.CT.OscllHHHKOB, A.11.CrnpHKOB, 0115111, P9 - 88 - 263; ,[J:y611a, 1988. 

6. B.CT.OscllHHHKOB, TpyJJ.bI 10 - oro Bceco103112ro cosemaHHll no ycKopHTenllM 

3ap-lllKCHHblX 4aCTHU, 0115111, D9 - 89 - 52, 1989, 206: 

· 7. B.CT.OscllHHHKOB, M.11.Wenaea, 0115111, Pl3 - 90 - 296, 1990. 

8. V.P.Ovsyannikov, Proc. of the 5-th Int. Symp. on'EBIS and Their Appl. Dubna, .USSR, 
" ~ I , ' -

1991, 59. 

9. A.D.Kovalenko, V.P.Ovsyannikov ei al., JINR Rapid Commun. 2, 53, 1993. 

rn. V.P.Ovsyannikov, V.S.Alfeev et al., Proc. of the 5-thJnt. Conf. on Ion Sourseces, 

Beijing, China, 1993, Rev. Scient: Instr., v.65, p.2, 1994, i 133. . ' . 

11. V.P.Ovsyannikov, Proc. of the 1994 LINAC Conf., Twkuba, Japan, 1994,384. ' . . . - ' " ' 

' 

Py,conHCb noC'l')'TIIIJla B HJD.3TC/lbCICHH OTllC/1 

- 21 qicapan~ 1996 ro)la. 

33 

'· 


