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HCT04HHKH HDHOB Afl~ YCKOPHTEflE~ 

AnR nony4eH~~tfl ycKopeHHbiX HOHHbiX ny4KOB ~~tcnonb3YIOTCfl 111 pa3-
pa6aT~BaiOTCfl pa3niii4H~e IIIOHH~e IIICT04HIIIKIII Ill IIIHmeKTOp~: nna3MeH

HO-AyrOBOA /PIG/, AYOnna3MOTPOH /DP/, IIICKpoeoA /HH/, B~COK0-
4aCTOTHbiA /ECR/, 3neKTPOHHo-ny4eeoA /EBIS/, na3epH~A /HM3Hfl/, 
IIIHmeKTOp C nepe3aPRAKOA Ha ra3oeoA 111n111 TBePAOA MIIIWeHIII/1/. 

Yc~~tneH~~te e nocneAH~~te rOAbl HanpaeneH~~tfl ~~tccneAOBaH~~tA c ycKo
peHH~MIII Tflmen~MIII IIIOHaMIII 3Ha4111TenbHO CnOC06CTBOBano cy~eCTBeH

HOMY nporpeccy B pa3BIIITIIIIII TpaAH~IIIOHH~X Ill C03AaHIIIIII HOB~X IIICT04-
HIIIKOB IIIOHOB/2/. 

OcHOBHble HanpaeneHHR nony4eHHR IIIOHHblx ny4KOB Hlll3KIIIX 111 cpeA

HIIIX 3Hepr~~tA CBfl3aH~ C OAHO- 111n111 ABYXKaCKaAH~M YCKopeHIIIeM IIIOHOB 

Ha n~~tHeAH~X, TaHAeMH~X Ill ~IIIKn1114eCKIIIX YCKOPIIITenflX. 
PaCCMaTpiiiBafl npo6neMy YCKOpeHIIIfl IIIOHOB Ill flAep C noMO~biO yc

KOPIIITeneA Ill YCKO,PIIITenbHbiX KOMnneKCOB, KaK AeACTBYIO~IIIX, TaK Ill 
C03AaBaeM~X, npii!XOAIIITCR npemAe ecero IIICXOAIIITb 1113 B03MOmHOCTeA 
IIIOHH~X IIICT04HIIIKOB Ill nepcneKTIIIB IIIX pa3B111TIIIfl, 

B 063ope/3/ npoBeAeH aHanlll3 pa3niii4H~X IIICT04HIIIKOB MHOro3apRA

H~X ~~toHoe Anfl n~~tHeiiiH~x ycKop~~tTene~. 

C y4eTOM npeiiiMy~eCTB ~IIIKnOTpOHHOrO MeTOAa YCKOpeHIIIfl IIIOHOB 
AO cpeAHIIIX 3Hepr~~tAI4/ H~~tme 6YAYT o6cymAeH~ eonpoc~ coepeMeH
Horo ypOBHfl pa3Bi11TIIIfl ~IIIKnOTpOHHWX IIIOHH~X IIICT04HIIIKOB Ill nepcneK
TIIIBbl II!Cnonb30BaHIIIfl Ha ~IIIKnOTpOHaX IIICT04HIIIKOB MHOr03apRAHbiX 
IIIOHOB HOB~X TlllnOB. 

UHKflOTPOHHWE HCT04HHKH HOHOB 

nepBOHa4anbHO Ha ~IIIKnOTpOHaX MHOr03apflAH~e IIIOH~ 1113 BOAOPOA
H~X IIICT04HIIIKOB YCKOpflniiiCb Ha cy6rapMOHIIIKe B~COKOrO HanpflmeHIIIfl 
c nocneAYIO~eA o6AIIIPKOA Ha ocTaT04HOM ra3e 111 AanbHeAw~~tM ycKope
HIIIeM Ha OCHOBHOA 4aCTOTe. TaK~~te IIIOHH~e ny4KIII IIIMenlll HIII4TOmHyiO 

IIIHTeHCIIIBHOCTb Ill WIIIPOKIIIA 3HepreTIII4eCKIIIA cneKTp, nOCKOnbKY IIIOHbl 
3apomAan~~tCb Ha pa3niii4H~X paAIIIYCax ~IIIKnOTPOHa. 

B Ha4ane 50-x rOAOB 6~n111 C03AaH~ cne~~~tanbH~e IIIOHH~e IIICT04-
HIIIKIII Anfl nony4eHIIIfl MHOr03apflAHbiX IIIOHOB: IIICT04HIIIK C HaKaneHHbiM 
KaTOAOM /TonCTafl HIIITb/ Ill nnaBaiO~IIIM aHTIIIKaTOAOM/5/, IIICT04HIIIK 
C XOnOAHbiMIII KaTOAaMIII, IIIMeiO~IIIMIII OAIIIHaKOBbiA noTeH~IIIan OTHOCIIITenb
HO aHOAa/6/, Ill IIICT04HIIIK C nOAOrpeBH~M KaTOAOM Ill XOnOAHbiM aHTIII

KaTOAOM, COeAHHeHHbiMIII 3neKf!.Wifi+G.ILW.,..;QQ.3-BQ~~ .. RP?riiiTb B pa3-
PRA 6onbWYIO MOl!IHOCTb/7/. t'.j · ... · '·'·"··,. ... ; .. •r'r· ,!>';,H , t'•-' \,1,,·,~-~~A~·'~' '" t 
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PHC.I. fonOBKa HCTO~HHKa nerKHX 
~ ~HKnoTpoHa Y-200. I - Ka
TO~, 2 - ~Ha¢parMa, 3 - 3MHCCHOH
HaH ~enb, 4 - aHTHKaTO~, 5 - Ka
Han oxna~eHHH, 6 - aHa~, 7 -
KaHan eao~a ra3a. 

PHc.2. CxeMa HCTO~HHKa rronyTH*e
:r:ii:iXH"oHoe. I ,8- KaTO~hij 2,15-
3KpaHbij 3 - rraporrpoeo~; 4 -
3MHCCHOHHaH ~enb j 5 - pa3pH~HbiH 

KaHan; 6 - KonnHMaTop pa3pH~a; 
7 - TepMOH30nH~HH pa3pH~HOH Ka
Mephlj 9 - TepMorrapa; 10 - THrenh; 
II - 3neKTporre~hj 12- nHTHH HnH 
COnb. 6epHnnHH j 13 - CHCTeMa ox
na~eHHH ~Ha THrenH; 14 - KaHan 
eeo~a ra3a. ~ 

Ha I-1X OCHOBe C03.qaHbl COBpeMeHHble Ha!-160Jlee I-1HTeHCI-1BHble LII-1KJlO

TpOHHWe I-1CT04H~K~: nerKI-1X I-10HOB/8/ /pHc.J/, nonyTRmeJlWX 1-10-

HOB/9/ /p~c.2/, TRmeJlbiX ~OHOB C I-1CnapeH~eM/J0/ ~ KaTOAHWM pac

nbiJleH~eM pa6o4ero ee~ecTea/ II , 12/ /p~c. 3, 4/. 
06~e~ OC06eHHOCTb~ BCeX I-10HHWX HCT04H~KOB, Tpa.q~l.I~OHHO HC

nOJlb3yeMWX Ha LIHKJlOTpoHax, RBJlReTCR TO, 4TO .qyrOBO~ pa3pR.q 
H~3KOrO .qaBJleHHR /~Jo-3 TOpp/ npO~CXOA~T B C~JlbHOM /~20 K3/ 

npo.qOJlbHOM MarH~THOM none, B KOTOPOM OCy~eCTBJlReTCR OCl.IHJlJlRLI~R 

3JleKTpOHOB. 
Tpa.qHLIHOHHhle LI~KJlOTPOHHhle ~OHHhle HCT04H~K~ B OTJ1~4~e OT 

BHOBb pa3pa6aThlBaeMhlX RBJlR~TCR BHyTpeHHHM~ HCT04HHKaMH ~ pac
nonara~TCR B LleHTpaJlbHO~ o6JlaCT~ YCKOPHTeJlR. Beo.q ~X B LIHKJlO
TPOH MomeT ocy~eCTBJlRTbCR KaK pa.qHanbHO, TaK 1-1 aKc~aJlbHO. Hc
T04HHKH, BBO.qHMble aKC~aJlbHO, 6011ee KOMnaKTHbl, HO 3Ha4~TeJlbHO 
CJlOmHee KOHCTpyKT~BHO no cpaeHeH~~ C ~CT04HHKaM~, BBO.q~MhlMI-1 

pa.qHaJlbHO, KaK npaB~JlO, BblnOJlHReMWM~ Ha ABYX WTOKaX. 
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PHc. 3. OcHOBHbJe 3neMeHTbi KoH-· 
CTPYK~HH HCTO~HHKa C KaTO~HbM 
pacrrbmeHHeM ~HKnoTpoHa Y-400. 8 

5 

1 - HHTb HaKana, 2 - KaTo~, ·PHc.4. CxeMa HCTO~HHKa ORIC. 
3 - yrrnOTHHIO~HH. H30nHTOp' 4 - y-::-paCITbillHeMbJH BKJia~biW, 2 -
oxna~eHHe pa3pH~HolJ: KaMepbi, KaMepa, 3 - rrynnep, 4 - ~yaHT, 
5 - pacrrwnHeMbill 3neKTpo~, 5 _ rry~oK, 6 - KaHan eao~a ra-
6 - c6opHHK paCITbilleHHOro Be- ga, 7 - ITOBOpOTHbiH y3en C Ka
~eCTBa, 7 - pa3pH~HaH KaMepa, TO~aMH, 8 - KOnnHMaTOp. 
8 - aHTHKaTo~, 9 - KaHan ox-
TT .... "''~I"T"Pr.TTTr,..... ~ <" ~-· •- --- • 
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~a, JO - 3MHCCHOHHaH ~enb, 
II -KaHan eso~a raga. 

PHc.5. CxeMa HCTO~HHKa c Ka
TO~HbiM paCITbilleHHeM pa6o~ero 
Be~eCTBa B03BpaTHbMH HOHaMH. 
I - aHa~, 2 - KaTo~, 3 
3MHCCHOHHaH ~enb, 4 - pacrrw
nHeMblH Ma TepHan /LiF I, 5 -
~ep*aTenb. 
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/13/ 
Cne.qyeT OTMeT~Tb, 4TO .qnR RnoHcKoro LIHKJlOTpoHa pa3pa6o-

TaH eap~aHT ra3opa3pR.qHoro ~CT04H~Ka co CMeHHo~ ra3opa3pR.qHo~ 
KaMepo~ Ha O.qHOM rop~30HTaJlbHOM WTOKe. 
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/.lnR noJly4eHIIIR 1-13 TBepAbiX Bell!eCTB IIIOHHbiX ny4KOB C Manoei HH
TeHCIIIBHOCTb~ cny~aT J-1CT04Hr.1Kr.1, B KOTOPbiX pa604ee Bell!eCTBO no
CTynaeT B pa3PRA 1-13 aHTIIIKaTOAa Ill KaTOAa/14/ lllfll-1 1-13 cne4Hanb
Horo BKnaA~wa a pa3PRAHOH KaMepe, pacn~nReMoro TaK Ha3~aaeM~
MH ''ao3apaTHbiMH 11 IIIOHaMI-1. nocneAHIIICi cnoco6 6~n anepabre npeAno
~eH a OK-PIIIA~e/ 12 1 r.1 HeAaBHo npHMeHeH Ha 41-1KnoTpoHe a ToKHo/15/ 
AflR nony4eHIIIR IIIOHOB flr.1TIIIR /plllc.5/. 

0AHaKO 3TH KOHCTpyKTIIIBHo-nDOCTble r.1CT04Hr.1KJ-1 J-1Me~T Cyll!eCTBeH

HbiH HeAOCTaTOK, 3aKfll04a~U!r.1HCR B OTCYTCTBI-11-1 He3aBJ-1CIIIMOH OT pe
~IIIMa pa6oT~ 41-1KnoTpoHa perynlllpOBKI-1 noAa4H pa6o1.1ero aell!eCTaa 
Ill CHflbHOH 3aBMCMMOCTr.1 B~XOAa Tpe6yeM~X HOHOB OT MHOrHX aenH-
4HH, B 4aCTHOCTI-1, napaMeTpOB pa3pRAa, paCXOAa ra3a, BbiCOK04ac
TOTHOrO HanpR~eHHR YCKOpR~Il!ero AYaHTa, npHBOARU!HX K HeCTafilllnb
HOCTJ-1 ny4Ka yCKOpeHHbiX HOHOB. 

C 4enb~ nony4eHMR HHT€HCHBH~X ny4KOB MOHOB 1-13 TBePA~X ae-
11!€CTB npJ-1MeHRIOTCR 6onee CflO~H~e KOHCTPYK4HM MOHH~X MCT04HMKOB 
c McnapeHHeM HnH KaTOAH~M pacn~neHMeM pa6o1.1ero aell!eCTaa/9-11/, 

nonY4EHHE HHTEHCHBHbiX H BblCOK03AP>1,[1HbiX nY4KOB 
1-13 UHKnOTPOHHbiX MCT04HHKOB 

8 nepB~X ~ccneAOBaHHRX HOHH~X MCT04HHKOB Ha 4HKfl0TpOHaX 
6~no ycTaHoaneHo, 4TO napaMeTp~ pa3pRAa /ToK M HanpR~eHMe AY
rM, MOU!HOCTb nOAOrpeaa, pacXOA ra3a/ Ill reoMeTpM4eCKHe pa3M€Pbl 
ra3opa3pRAHOH KaMep~ Ill 3MMCCMOHHOH U!eflH CYU!€CTBeHHO BfliiiR~T Ha 
MHTeHCMBHOCTb yCKOpeHHOrO ny4Ka. 

,[lanbHeHWHe pa6oT~ C HOHH~MJ-1 HCT04HMKaMH n03BOflMflM M3Y4HTb 
YCflOBMR nony4€HMR 6onee HHTeHCHBH~X M B~COK03apRAH~X HOHH~X 
ny4KOB. 

H3y4eHMe anMRHMR MaTepManoa KaTOAa Ha napaMeTp~ pa3pRAa 
Ill B~XOA MHOr03apRAH~X MOHOB noKa3ano/16/, 4TO TaHTan n03BOnR

eT npM TOKe pa3pRAa AO 15 A noAAeP~MBaTb HanpR~eHMe Ha AYre 
AO 1000 B. npMMeHeHMe TaHTanoaoro KaTOAa npMBeno K yaenM4eHH~ 
MHTeHCMBHOCTM ny4Ka Ill AOCTH~eHM~ 6onee B~COK03apRAH~X COCTOR
HMH MOHOB. Ha CTeHAe MOHH~X HCT04HMKOB nony4eH~ MOH~ Xel5+ 

C MMnyflbCH~M TOKOM 10 MKA, 3a C4eT npMMeHeHMR KaTOAOB M3 TaH

Tana YAanOCb yaenr.14MTb HHTeHCHBHOCTb ny4KOB Ha 4HKflOTPOHaX 
Y-200, Y-300 r.1 Y-400 a 1 ,5~2 pa3a. 

Ba~H~M $aKTOpOM, Bflr.1R~Il!r.1M Ha B~XOA MHOr03aPRAH~X HOHOB, RB

flR~TCR xapaKTepHCTMKH MarHMTHoro nonR a o6nacTM pa3PRAa. YcTa
HoaneHo/17/, 4TO He3Ha4r.1TenbHOe OTKflOHeHMe OCJ-1 pa3pRAHOH KaMe

p~ r.1CT04HMKa MOHOB OT HanpaaneHHR CMflOB~X fliiiHMH MarHHTHOrO no
flR /CM€11!eHHe KaTOAa OTHOCMT€flbHO OCJ-1 KaMepbl - 1 MM/ npMBOAMT 
K CHH~eHH~ TOKa IIIOHOB Ar8+ B 10 pa3. Pa6oTa MCT04Hr.1KOB Ha 41-1K
flOTpOH€ Y-300 noKa3~aaeT, 4TO 1.1e~ a~we 3apRA r.13BneKaeM~x Mo-
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HOB, TeM T04Hee AOfl~Ha 6~Tb ~CTHpOBKa OCJ-1 KaMep~ OTHOCMTeflbHO 
Cr.1110B~X flr.1Hr.1H MarHMTHOrO nonR. 

l-13y4eHr.1~ Bflr.1RHMR HeOAHOPOAHOrO MarHHTHOrO nonR Ha B~XOA 
IIIOHOB nOCBRU!eHO HeCKOflbKO TeopeTr.14eCKMX Ill 3KcnepHMeHTaflbH~X 
pa6oT. B pa6oTe/18/ noKa3aHo, 4TO MarHHTHoe none, c$opMHpoaaH

Hoe onpeAeneHHbiM o6pa30M BAOflb OCM pa3PRAa, npHBOAHT K yae
flH4eHH~ 8 2-3 pa3a TOKa CeMJ-1- Ill 80CbMH3apRAH~X MOHOB KCeHOHa. 

8 HOHHbiX HCT04HHKaX C nOAOrpeBHbiM KaTOAOM npHCYTCT8He no
CTOpOHHHX aTOMOB B 60flbWHHCTBe Cfly4aea npH80AMT K CHH~eHJ-110 HH
TeHCHBHOCTJ-1 ny4Ka OCH08H~X HOHOB/19,20/, npH4eM 4eM TR~enee 
aTOM npHMeCM, TeM 60flbWe ee 8flMRHMe Ha BbiXOA MHOr03apRAH~X 
HOH08, 

0AHaKo a PRAe cny1.1aea Hcnonb3oaaHMe A06a804HOro ra3a no-
3aonReT TaK~e cTa6HnH3HP08aTb pa3PRA. npM A06aaneHMH TaKHX 

TR~en~X ra30B, KaK KpHnTOH M KCeHOH, K nerKHM /KMCflOPOAY, Heo
Hy/ AOCTMraeTCR YCT0~4HBOCTb pa3PRAa B HCT04HHKe, CTa6MflbHOCTb 
ycKopeHH~X ny4KOB Ha 4HKnoTpoHe Y-200, a TaK~e 3KOHOMHR AOporo-

CTORU!MX H30TOnoa/19/, IB 
Mcnonb3oaaHHe a Ka4eCTBe 6annacTHoro ra3a 80AOPOAa/ 1npH

BOAHT K yaenH4eHM~ 8 2 pa3a TOKa nRTH3apRAH~X ~OH08 a30Ta. 
noAMeWH8aHMe OKOflO 4% KCeHOHa 8 pa604HH ra3 8 HCT04HMKe 

C XOflOAH~MH KaTOAaMH Ha 41-1KflOTPOHe B OK-PHA~e/21/ n03BOnHnO 

yaenr.14HTb 8 5 pa3 r.1HTeHCr.1BHOCTb ny4Ka WeCTH3aPRAHOrO HeOHa. 
HccneAOBaHMR HOHHoro HCT04HHKa Ha 4MKnoTpoHe HA3 noKa3anH, 

4TO noB~WeHHe nnOTHOCTH HMnynbCHOH MOU!HOCTM C nOMOU!b~ KOflfliiiMH-
.......................... __ ..., ____ --··---·- ··--- -
l""...,..,..._.,,r•1• t-'...,....,t-'IIH.._. ••pr1UVH1o'll '' J~\....Jirl'"'1~ni"'IIV D n~\.."VJIDI"\.V ~0.:) VIMICM~ 

CM8HOCTH ycKopeHHoro ny4Ka. B 1 ,5~2,5 pa3a ao3pacTaeT cpeAHRR 
HHTeHCHBHOCTb 8biBOAHMOrO M3 4HKfl0TpOHa ny4Ka MHOr03apRAHbiX 

HOHOB 1-1 a cny1.1ae nOAAep~aHHR ManoMOU!Horo I"Ae~ypHoro"/ pa3PRAa 
8 npoMe~yTKax Me~AY MOU!H~MH MMnynbCaMH/22/, 

Ha pHC.6 npeACTaaneH~ cpaBHHTeflbH~e AaHH~e OTHOCIIITeflbHOrO 
8biXOAa ~B KpHnTOHa r.1 KCeHOHa no 3apRAHOCTRM npH MMnynbCHOH 

noAa4e ra3a 8 HCT04HIIIK 8 cpa8HeHMM c pe~HMOM Henpep~aHoro Ha
nycKa/23/. 8 3TOM HCT04HHKe AOCTMrHyTa MaKCHMaflbHaR HHTeHCMB

HOCTb ny4KOB IIIOHOB Xel5+, KOTOpaR B IIIMnynbCe COCTa8nReT 50 MKA. 
MHTeHCM8HOCTb HOHH~X ny4K08 B 4HKflOTpOHe MO~eT 6~Tb TaK~e 

no8~WeHa 3a c4eT yny4WeHHR Ha4anbHOA onTIIIKM MCT04HHKa. B 3TOM 
Cny4ae MCT04HMK HaXOAIHCR nOA nono~MTeflbHbiM noTeH4HanoM/24/ 

MflM HMeeT CMCTeMy 3KCTpaK4MH nOA nOTeH4HanoM. Pa3pa6oTaHH~H 

MCT04HHK C 8biTRrMBaiOU!HM 3neKTPOAOM Ha 4HKflOTpoHe B 0K-PHA~e 
n03BOflHfl yaenM4MTb TOKM ny4K08 40Ar3+ Ha 5-or:! TapMOHMKe M 
20Nel+ Ha ]-oei rapMOHMKe OT HaHOaMnep AO MMKpoaMnep/25/, 

CMCTeMa HMnynbCHOrO H3Bfle4eHHR HOH08 M3 HCT04HMKa 41-1Kfl0Tpo
Ha HA3 y8enM4H8aeT a 2~3 pa3a IIIHTeHCM8HOCTb MOH08 a crycTKe 
80 BHeWHeM ny4Ke no Cpa8HeHM~ C CMCTeMOH H38ne4eHHR 3fleKTpo
AOM C noCTORHH~M HanpR~eHMeM/26/. 
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~ PHC, 6, 0THOCHTeJibHblll Bb!XO,IJ; HO-
~ HOB KpHllTOHa H KCeHOHa llO gapHp;

HOCTHM, KpHBb!e npOHOpMHPOBaHbl 
K TOKy O,IJ;HOgapH,IJ;HhlX HOHOB.CnJIOm
Hbie KPHBble - ,IJ;JIH HCTO'IHHKa C HM
llYJibCHOH nop;aqefi raga; llYHKTHp
Hbie - ,IJ;JIH HCTOqHHKa C HenpepbiB
HOH nop;a11eil raga, 
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PHc.7. CxeMa ~HKJioTpoHHoro 
HCTQqHHKa ECR p-HISKA a KapJicpy3. 

PHc.8. CpaaHeHHe aogMo~HocTefi 
HCTOqHHKOB ECR H EBIS ,IJ;JIH 
,IJ;ByX~HKJIOTpOHHbiX CHCTeM, 

PHc.9. 3aBHCHMOCTb OT KpaTHo
CTH:HoHHga~HH Z KOJIH'IeCTBa Ho
HOB N, llOJiyqaeMbiX ga O,IJ;HH HM-
nyJibC Jiagepa ,IJ;JIH pagJIHqHbiX Ma
TepHaJioB MHmeHH: o - Si, l1 -
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KaK H3BeCTHo/27/, H3 HCT04HHKa THna ECR e Kapncpy3 enepBhle 
Ha ~HKnOTPOHe nony4eHhl ny4KH HOHOB 14N7+ C 3HeprHeR 364 M3B. 
Ha pHc.7 npHBeAeHa CXeMa 3TOro MCT04HHKa, KOTOphlR Ha3BaH p
HISKA. HcT04HHK AaHHoro THna co3AaH TaKme AnR 6enbrHRcKoro 
~HKnOTPOHa. 

AnR ABYX~MKnoTpOHHhlX cMcTeM ycKopeHHR TRmenhlx HOHOB, co-
3AaeaeMhlX eo 'paH~HH H CWA, HapRAY c MCT04HHKOM ECR paccMaT
pMeaeTCR TaKme HCT04HMK EBIS. ~a pHc.8/28/cpaeHHBa~TCR HX eo3-
MomHocTH. 

B na6opaTOPHH RAePHhlX peaK~MR OHftH npOBOARTCR 3KcnepHMeHThl, 
HanpaeneHHhle Ha pa3pa6oTKY 3KcnnyaTa~HOHHoro eapHaHTa na3ep
Horo HCT04HHKa HOHOB AnR ~MKnOTpOHOB/29,30/ /pHc.9/. 

CpaBHHTenbHble AaHHble no BbiXOAY MOHOB H3 pa~biX HCT04HH
KOB/2/ M npeAnOnaraeMhle MHTeHCHBHOCTH HCT04HHKa THna EBIS/31/ 
npeACTaeneHhl Ha pMc.10. 
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