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BBelleaue 

llpowno OKOnO 15 neT C TeX nop, KaK <flH3HKH-9KCnepHMeHT8TOpbl CTa-

nH yllenSITb cepbe3HOe BHHMBHHe SIIlepHbiM peaKUHSIM 0 npOH3BOilHMbiM MHO

r038pSIIlHbiMH uoHaMH ( M,a.u. ), YcKopeHHbie llO 5onbWHX aHepruA ("'10 Mas/ 

HyKnOH) TSI:H<enbie HOHbl n03BOnSIIOT 3H8'1HTenbHO paCWHpHTb 9KCnepHMeH

TanbHbie B03MO:H<HOCTH SlllepHOA <fJH3HKH ( H3y'leHHe KynOHOBCKOro B030Y:H<Jle-

HHSI, peaKUHH nepellB'IH npH KaCaTenbHbiX CTOnKHOBeHHSIX, nony'leHHe H30TO

nOB C HellOCTaTKOM HeATpOHOB, nony'leHHe TpaHcypaHOBbiX aneMeHTOB H 

/1 /) ' 
Jlp, • 8 HaCTOSIIDee BpeMSI YCKOpeHHe MHoroaapSIJlHbiX HOHOB llO 5onbWHX 

aHeprul!: ocymecTanSieTcSI Ha UHKnoTpoHax H nuHeAHbiX ycKopHTenSix, MoHo

aHepreruqeCKHA ny'IOK HOHOB B UHKnOTpOHe MO:H<eT Ob!Tb nony'leH npH o5pa-

30B8HHH yCKOpSieMblX HOHOB C HeOOXOilHMbiM 38pSIIlOM HenocpellCTBeHHO B 

HOHHOM HCTO'IHHKe, 

nnH nony'leHHSI TpaHcypaHOBbiX aneMeHTOB H npOBelleHHSI JlpyrHX 9K

cnepHMeHTOB, CBH38HHbiX C B38HMOJleitCTBHeM MHOr03apSIJlHbiX HOHOB C Slll

paMH B 05'bellHHeHHOM HHCTHTyTe SlllepHbiX HCCnellOBBHHA ( 0l1fll1 ) nOCTpO

eH TpeXMeTpOBb!l!: UHKnOTpOH Y -300, paCC"'HTBHHbiit Ha ycKopeHHe HOHOB 0 

HMeiOwHX i = 3,5 - 7 ( A H Z- COOTBeTCTBeHHO aTOMHblft Bee H 38-

pHil HOHa), TaK, anSI ycKopeHHSI Ha aToM UHKnorpoHe HOHOB HeoHa ( A =20 
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11 22), KpeMHHR ( A = 28), cepbi ( A = 32), xnopa ( A = 35 H 37), ap

roHa ( A = 40) AO 9HeprHA, AOcTaTO"'HhiX, 'fTOObi npeo.~:~oneTh KynoHOBCKIIA 

6apb9p RApa T51>K9JIOI'O 9J19M9HTa ( "' 6 Mas/HyKJIOH), H900XOAHMO IIM9Tb 

3apRA IIOHa OT 4 AO 8 9J19KTpOHHbiX 9AHHHU. 

8 H8CT051IU99 Bp9M51 IIHTepec tiJII311KOB 0 GaHHMaiOIUHXC51 peaKUHRMH 

c MHOI'038p51AHb!MH HOHaMH1 ycTp9MJ1519TC51 K ycKopeHHIO 6onee T51>K9Jlb!X 9J19-

M9HTOB1 H8XOARIUHXC51 BO BTOpOft IIOJ10BHH9 T80JlHUbl MeH.QeneeBa, BIIJIOTb AO 

ypaH8o PeaKUHH C T8KHMH HOHaMH AaiOT B03MO>KHOCTb IIOJIY'l9HH51 RASp C 38p51AOM 

114 H 126, I'A9 npe.QnonaraeTCR H8JlH"'H9 OTHOCHT9JlbHO AOJli'O>KHBYIUHX H30TOII0Bo 

fing TOI'O "'TOOb! yCKOpHTb T8KH9 HOHbl H8 UHKJlOTpoHe AO 9HeprHA 

5-6 Mas/HyKnoH, Heo6xo.QIIMO ysenH"'HTb HJIH paAHYC MarHHTHbiX nonrocos 

R 1 111111 HanpR>KeHHOCTb MarHHTHoro nong H , HJIH aapRA HOHa Z , TaK 

2 2 2 
KaK 9HeprHH 'laCTHUhi nponopuHoaanbHa R H Z . B CBH3H c 9TIIM np11 

npoeKTIIposaHHH ycKOPIITeneA Heo6xo.QHMo 3H8Tb B03MO>KHOCTH cymecTsyroumx 

IICTO"'HHKOB AJ15I liOJly'leHIIH MI~OI'038pHAHbiX IIOHOB T8KIIX 9J19M9HTOB K8K 

Ge , Kr , Mo , Xe , W H Ap., TaK KaK CTOIIMOCTb UHKJlOTpoaaoro 

2 5 
ycKOPHTenH pacTeT npiiMepHo rrponopuHoaanbHO R ' • 

MHOI'038p5IAHbl9 IIOHbl npe.QCT81;1Jl5IIOT onpe.QeneHHbiA HHTepec H AJ151 

.~:~pyr11x o6nacrei!: tiJII311KH. TaK, secbMa IIHTepeCHhi HBJISHIIR, BbJ3biBaeMbJe 

M,3,11, Ha IIOBepXHOCTH TBepAOI'O Tena, T8KH9 K8K BT0pii"'H85I 9Jl9KTpOHH85I 

KIIH9TII'l9CK85I II IIOT9HUH8JlbH85I 9MIICCIIH, K8TOAH09 paCIIbin9HH9 MeTaJIJlOB 

H 1130J15ITOpOBi B3811MOA9HCTBH9 M,3,Ho C OTA9JlbHOft CJlO>KHOft MOJleKynoft; 

H3Mepemre IIOpOI'OB B036y>KA9HHH II HOH1138UHH M,3.Hoi H3MepeHH9 C9"19HHH 

HOHH38UIIII B nepeXOA8X OT Z1 K Z l+l ; onpe.QeneHHe H KaJIHOpOBK8 OIITII-

"19CKHX CII9KTpOB B 8CTpOHOMH'l9CKHX IICCJ19.QOBaHH51X II ApyrHe, 

B CB5I311 C Bbllii9CK838HHbiM npeACT8BJ15I9T IIHTepec paCCMOTpeTb UeKo

TOpble BOIIp0CbJ 0 CB5I38HHbl9 CO CIIOC008MH IIOJ1Y'l9HH51 M,3,H, II C KOHCTpyK

UHeH IlpiiOOpOB, npe.QHa3H8"19HHblX AJIH nony'leHHH M,3.H, 
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1. CKOpOCTb HOH006pa30B8HHSJ H ce,eHHe IIOHH38UII Ha 

llpOU9CCb! o6p830BaHHSI MHOI'038pMHbiX HO.HOB 

K H8CTOHIU9MY BpeMeHH H3B9CT.HO B OC.HOBHOM "19Tbipe CIIOC06a no

ny'le.HHH MHOI'03ap51.QHbiX HOHOB: 

-3 
a) B Ayi'OBOM pa3p51A9 npH M8Jlb!X .QaBJ19HHSIX ( .. 10 TOpp); 

6) C IIOMO!Ub!O 9J19KTpOHHOI"O IIY'iKa IlpH 0"19.Hb BbiCOKOM BaKyyMe 

-8 
( .. 10 TOpp H Bblllle); 

B) npH B3aHMO.QeftCTBHH MOIUHOI'O Jl839pHOI'O nyqa C IIOB9pXHOCTbiO 

TBep.~:~oro rena HJIH c raaoM; 

I') IlpH MOIUHOM HCKpOBOM pa3p5{Ae. 

( llpe>KAe '19M nepeftTH K paCCMOTpe.HHIO IlpHOOpOB AJ151 IIOJly'ie.HHSJ M03,H~ 

CJle.QyeT HaiiOMHHTb1 'iTO B AYI'OBbiX HOHHbiX HCTO"'HHKaX H B CJly'iae 9Jl9KT-

• 
pOHHOI'O IIY"'Ka HOHH3aUHSJ rasa B OCHOBHOM OCyiUeCTBJ1519TC51 9J19KTpOHHb!M 

/2/ 
yAapoM. CKopocTb HOHH3aUHH B aTOM cnyqae pasHa 

R ~~ 
4 

P (je ), (1) 

NovN 
rAe ,--- - noToK HeATpanbHhiX qacTHU qepea paapRA; P(je)- cpeAHRR 

Bep051THOCTb HOHH3aUHH, KOTOpaR paBHa 

P(je)=l-exp -jeulf 
v 

N 

(2) 

3AeCb f 

pOCTb 

- AllHHa 

r= _e_ 
VN 

IIYTH HOHH3yiOIUeftcg "18CTHUbl B pa3p51Ae, vN - ee CK9-

- BpeMH HaXO>KA9HHH 'i8CTHUbl B pa3p51Ae); q - Ce'ie-
1 

HH9 HOHH3aUHII, 3aBHCHIU99 OT 9H9pi'HH 9Jl9KTpOHOBo 
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M3 ypaBH9HHH (2) BHQHO, ~TO sepOHTHOCTb HOHH3aUHH, a, cnenosa

TenbHO, H CKOpOCTb. HOHH3aUHH, nponopUHOHanbHa TOKY nyrH rrpH ManbiX ero 

senH~HHaX H CTpeMHTCH K HaCbiiUeHHIO npH 0~9Hb 60nb111HX TOKaX, 0Ha TaK

*e ssnHeTCH ~YHKUHeA SHeprHH aneKTpOHa H 3aBHCHT OT speMeHH HaXO*

neHHH HOHH3HpyiOIUeAcg ~aCTHUbl B pa3pgne. t.{Hcno HOHOB 3aBHeHT TaK*e 

OT sepOHTHOCTH peKOM6HHaUHH HnH nepe3apHQKH, nocnenHHe npoueeebi ne.., 

naiOT ysenH~9HH9 BbiXOQa MHOr'03apHQHbiX HOHOB KpHTH~eeKH 3aBHeHMbiM OT 

KOHUCHTpaUHH H9li:TpanbHbiX ~aeTHU B pa3psne, 

/3/ 
M3 KBaHTOBOMeXaHH~eeKOA TeOpHH HOHH3aUHH aneKTpOHHbiM ynapOM 

nony~aeTeH Bblpa*9HH9 nns Ce~eHHH OQHOKpaTHOli: HOHH3aUHH 

(j 

I 
=.s_ fn 

U U I 

C2 u 

ul 
(3) 

r'Jle C 1 H C 2 - noeTOHHHbie, U - aneprHH HaneTaiOIU9r'O aneKTpOHa,U 1 -

- aHeprHH eBH3H OTpbiBaeMOr'O aneKTpOHa, .Qng ee~eHHH HOHH3aUHH i -Toro 

/4/ 
aneKTpOHa Bblpa*9HH9 aaanorH~HO t HO KOHeTaRTbl JlpyrHe, 

XoTH ~YHKUHH L fn U HMeeT MaKCHMYM H noeneJlyiOIUHA enan, ene-
U 

JlyeT ITOJl~epKRYTb, ~TO OHa npHM9HHMa TOnbKO B o6naeTH BbiCOKHX SReprHA 

aneKTpOROB, 

-. /5/ 
YJlo6RaH annpoKCHMauH,s JlnH Ha~anbaoro xona ~HKilHH HOHH3auHH 

npeJleTasnseT eo6ol!: eqOTHOIIIeRHe 

a 1 = a {U-U 1 ). (4) 

npH ITOJlXOJle K MaKeHMYMY H 3a MaKeHMYMOM B Ka~eeTBe npH6nH*9RHH 

MO*RO ITOnb30BaTbeH Bbipa*eHHeM 

U-UI 

(jl a(U-U
1 

)e -b~ 

B (4) H (5) senH~HHbl a H b - 9MITHpH~eeKHe KOHeTaHTbl, 

6 

(5) 
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.Qng ee~eHHH HOHH3allHH l~HOr'03apHJlHbiX HOHOB s6nH3H nopora HOHH

/6/ 
3allHH XOQ KpHBOA ITOJl~HHHeTeH ITOKa3aTenbHOMy 3aKOHy 

n 

UI=C(U-UI), (6) 

r'Jle C - K09~~HUH9HT nponopUHOHanbHOCTH, n - eTeneHb HOHH3auHH, 

3KenepHM9HTanbHOMY onpeJleneHHIO ee~eHHli: HOHH3aUHH nnH o6pa30-

BaHHH MHOr'03apHJlHblX HOHOB rrpH OJlHOKpaTHOM eTOnKHOB9HHH e 9HeprH~HbiM 

17 8/ 
aneKTpOHOM B nHTepaType noeBHIU9HO MHOr'O pa60T (eM,, HarrpHMep, ' ), 

H3 aTHX pa6oT eneJlyeT, qTo a~~eKTHBHOeTb o6pa3osaHHH MHoroaapHJl

HbiX HOHOB ilpH OJlHOKpaTHOM eTOnKHOBeHHH 0~9Hb Mana (pRe, 1 H 2), no .. 

BHJlHMOMY, npeo6na)laiOIUHM npoueeeoM o6pa30BaHHH MHOr'03apHQHbiX HOHOB 

B llYr'OBOM HOHHOM HeToqHHK9 HBnHeTeH eTyrreHqaTaH HOHH3allHH, qTo ITOJl-

/9/ 
TB9P*JlaeTeH B pa6oTe o B HeKOTOpbiX orrpeJleneHHbiX enyqagx HMeeTCH 

6onblllaH B9pOHTHOeTb o6pa30BaHHH MHOr'.03apHJlHbiX HOHOB 3a eq~T 0*e-

9~~eKTa npH Dbi6HBaHHH BHyTpeHH9r'O aneKTpOHa aTOMa, 

0 200 

PRe, 1, KpHBbie ~~eKTHBHoeTH 

HOHH3allHH JlnH HOHOB KeeHOH8 

aneKTpoHaMH e SHeprHeli: JlO 2000 
sa, Bee KpHBbie npoHopMHpoBaHbi 

K 100 B MaKeHMyf-!e eeqeHHH ( ee

nH OH JlOeTHr8eTeH JlnH naRHOr'O 

HOHa), no oeH a6euHee - aHeprHH 

aneKTpOHOB B SB, ITO oeH OpJlHHaT 

- OTHOeHTenbHbiC eeqeHHH, 0THO

IlleHHH TOKOB OT pasnHqHbiX HOHOB, 

38perHeTpHpOB8HHbiX BTOpHqHbiMH 

YMHOMHTenHMH, ITpHBeneHbl B Ta6-

nHue, npH aTOM H3MeHeHHe KO~-
~HUH9HT8 BTOpHqHOM 9MHeeHH llnH pa3HbiX 38pH llOB He yqHTbiBanoeb, 

2 3 4 5 6 7 8 9 

0,37 0,38 0,15 0,044 0,0075 0,02 0,05 0,0037 

7 



cr1 in t~• • .,•,., 
1D 

I.G 

•••• 
o ..... tO 
' ..... 20 

a ••h• 100 
• Xel• I 200 
e x.•• I 1000 

'• 
:':-;~-~~::~~:i 

Ill 

C7; 1ft ., ....... ,., 
3.0\ .• ' 

2.0 

1.0 

E .. in keV 

e x.••, lOGO 

o X.'" 1 I GOG 
• ..... IGGGG 
' .... 1 ZOOOG 
..... 1 IOOGOO 
e x.•• I 100000 
.... , •• 100000 

e Xo1
,. I I 000000 

'o ----: 
I 10 ""In hV II 

Puc. 2. Ceqeaust uouuaauuu anst uouoB xce

HoHa ::mepi"l{'IHbiMH 9neKTpOH8MH (ao 15 K9B) o 

8 

II 

I 
I 

l 
~ 

2. DYI"OBW9 HCTO,HHKH MHOI"038pgAHbiX HOHOB 

OcHOBHble Tpe6oaauust, npea'hsmnsteMbie K napaMeTpaM paapsraa B ay

roaoM HCTO'IHHKe MHOI"03apHQHbiX KOHOB1 cne.QyiOUlKe: 

a) Hanpst>KeHue paapsraa aon>KHo 6biT& aocTaTO'IHO BbiCOKHM (400-

1000a) BMeCTO 100-200 B B cny11ae HCTO'IHHKS anSI nony'leHHSI HOHOB B2-

JlOpO.Qa). Heo6xoauMoCT& Bblcoxux uanpst>KeuuA onpeaensteTcsr 6biCTpbiM po-

cToM noTeauuana uonuaauuu no Mepe yaenu'leHHH xpaTHOCTH aapsraa uoua. 

6) Toxu paapst.Qa aon>KHbi HMeTb 6on&wue nnoTHOCTH. 3To cssraano 

C TeM 1 'ITO, Bo-nepBbiX1 C9'19HHSI HOHH38UHH MHOI"038pstaHbiX HOHOB Manbi, 

a B9-BT0pb!X0 noCKOn&Ky MHOI"038pHQHb19 HOHbl 0 nO-BHJ;lHMOMY 1 B OCHOBHOM 

o6pa3yiOTCSI B peayn&TaTe CTyneH'IATOA HOHH38UHH 1 TO aeo6xoaHM01 'IT06bl 
v 

B pa3pgae npeo6naaanH npoueCCbl 0 npHBOaSIUlHe K nOBbllll9HHIO KpaTHOCTH 

aapsraa. 

B) 0T6op MHOI"038pHQHblX HOHOB aon>KeH npOH3BOaHTbC51 H3 TOI"O M9CTa, 

rae ouu aapoaunuc&, 'IT06bi ue npouaowno noHH>KeHHH aapsraa B peayn&-

TaTe CTOnKHOB9HHSI C HeATpanbHbiM ATOMOM HnH C HOHOM M9HbllleA KpSTHOCTH 

aap.Siaa. 

Tpe6oaauue nocneaHero nyuxTa MO>KeT 6biTb Bbmonueno Bbi6opoM no

no>KeHHH 9MHCCHOHHOA UlenH B raaopa3p51aHoA KSMepe, TO'IHOA IOCTHpOBKOA 
r 

B38HMHOI"O pacnono>KeHHSI KaToaa no OTHOIUeHHIO K CT9HKe, B KOTOpoA npo-

peaaHa 9MHccuouuasr Ulen&, H TouxoA perynupoaxoA noaa11u pa6oqero raaa. 

flepBble aaa Tpe60B8HHSI (nyliKTbl a) H 6)) TpyaHO COBMeCTHTb llpH 

nocTOSIHHOM pe>KHMe pa3p51aa, TSK KSK paaorpeB KaToaa B peayn&TaTe 

HOHHOA 60M6apaHpOBKH npHBOaHT K B03HHKHOBeHHIO CSMOCTOSITen&HOI"O pa3-

psraa, u, cneaoaaTen&Ho, K rroHH>KeHHIO Harrpst>KeHHSI Ha ayre. B HMrrynbcHOM 

pe>KHMe BblllOnHHTb 9TH Tpe60B8HH51 3H8'1HTenbHO nerqe. 

B HCTO'IHHKe anst MHOI"038pstaHblX HOHOB aon>KHS 6b!Tb aano>KeHa B03-

MO>KHOCTb H938BHCHMOA perynHpOBKH B IUHpOKHX rrpeaenax TOKa H Hanpsr-

>K9HHSI ayrH, a TBK>Ke CKOpOCTH llO.QB'IH raaa, TBK KBK llpH OllTHManbHblX 

Bbixoaax paanu'IHbiX uoHoB 9TH rrapaMeTpbi He coarraaatoT. 

9 



BonbwHe HanpSUKeHHSI H OOnhWHe TOKII. B pa3pSI,Ile TpeOyiOT OT 

KOHCTpyKUHH HCTO~HHKa HHTeHCHBHOrO TennoOTBO~a npH ManhiX reOMeT

pH~eCKHX pa3Mepax ra30pa3pSI,IlHOA KaMephi H npHMeHeHHSI TepMOCTOAKHX 

KOHCTpyKTHBHhlX H H30nSIUHOHHhlX MaTepBanOBo 

XapaKTepHhiMH OOIUHMH ~epTaMH BCeX H3 BeCTHhiX HCTO~HHKOB MHO

rosapSlllHhiX HOHOB ~nSI ycxopHTeneA SIBnSIIOTCSI: a) ~yroaoA paapS!~ npH 

-3 
HH3KOM aaaneaHH ( "'10 Topp); 6) aanH~He CHnbaoro MaraHTHoro nonS! 

( HecxonhKO KHnoapcTe~), CHnoahre nHHHH KOToporo napannenhHhi ocR 

paapSiaa; a) ocymecTaneaHe ocuHnnSIUHH aneKTpoaoa a~onb raaopaapS!~aoA 

KaMephl C uenbiO yaenH~eHHSI a¢qleKTHBHOCTH HOHH38UHHo C TO~KH 3peHHSI 

THI1a rrpHMeHSieMhiX KaTOJlOB HCTO~HHKH ~enSITCSI H8 ~Be rpynnhi: C XO-

nO)lHhiMH KaTOJlaMH 1!: C rOpS!~HMH KaTO~aMH; nocne~HHe, B CBOIO o~epe)lb 1 

HMeiOTCSI rrpSIMoro aaKana H rro~orpeaahre. B nHaeAahrx ycKOpHTenSIX Mar-

HHTHOe none C03)laeTCSI cneuHanbHhiM MarHHTOM HnH COneHOH~OM ; B UHK-

noTpoaax, KaK rrpaBHno, HCTO~HHK HaXO~HTCSI B none OCHOBHOrO MarHHTa. 

nnSI ocywecTaneHHSI OCUHnnSIUHH aneKTpOHOB B KOHCTpyKUHSIX HCTO~HHKOB 

rrpeaycMaTpHaaeTCSI aanH~He oTpaMaTenbaoro anexTpo~a (~acTo aa3hiBaeMoro 

aHTHKaTOJlOM}, Ha KOTOphiA OOhl~HO 110JlaeTCSI TaxoA Me noTeHUHan, K8K Ha 

xaToa. B HeKOTOphiX cny~aSIX aTOT aneKTpo~ ocTaeTCSI no~ "nnaaaiOIUHM" 

110TeHUHa~OM1 oy~y~H H30nHpOBaHHhiM OT BCeX ~pyrHX JleTaneA. 

B OCHOBY paapaOOTaHHhiX HCTO~HHKOB MHOroaapS!JlHhiX HOHOB 1 npHMe

HSieMbiX B HaCTOSIIUee apeMSI Ha nHHeAHhiX yCKOpHTenSIX H UHKnOTpoaax, 

nonoMeHhl Tpl!: KOHCTpyKUHH: a) HCTO~HHK C HaKaneHHhiM KaTO~OM ( TOnCTaSI 

/10/ 
TaHTanOBaSI HnH BOnb¢paMOBaSI HHTb) H "rrnaaaiOIUHM" aHTHK8TOJlOM ; 

Ill/ 
6) HCTO~HHK C XOnOJlHhiMH KaTO~aMH 1 HMeiOIUHMH O~HHaKOBhiA noTeHUHan ; 

B) HCTO~HHK C noaorpeBHhiM KaTOJlOM H XOnOJlHhiM aHTHKaTOJlOM 1 HMeiOIUHM 

/12/ 
IIOTeHUHan KaTo~a • 
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K ae~oCTaTKaM HCTO~HHKa C KaTOJlOM B BH~e aaxaneaaoA HHTH cne

~yeT oTaecTH ManhiA cpox cny)I{Obi H Manoe aanpSI)I{9HHe Ha-sa paaorpeaa 

HHTH HOHHOA OOMOap~HpOBKOAo HenOCTaTKOM HCTO~HHKa C XOnO~H~MH KaTO

~aMH SIBnSieTCSI T0 1 ~TO llnSl yBenH~9HHSI TOKa paapSI~a aeOOXOilHMO yaenH~HBaT 

no~a~y raaa B HCTO~HHK, T.e. CBSI3aaaocTb aTHX ~ayx napaMeTpoa. OpeH

MymecTBOM HCTO~HHKa C noaorpeBH~M KaTOJlOM SIBnSieTCSI He38BHCHMaSI pe

rynHpOBK8 B WHpOKHX npeaenax TOK8 H aanpSI)I{9HHSI H8 paapSI~e H CKOpOCTH 

no~a~H raaa, a TaKMe rrpHeMneMhiA cpox cny)I{Ohi KaTona. 

8. HccnenoaaaHe HCTO~HHKa c nogorpeBHhiM KaTogoM 

KaK yK83hiB8nOCb paaee, npH KOHCTpyHpOB8HHH HCTO~HHKa MHOroaapSIA

HhiX Hoaoa nnSI ycKopHTenea OH.HH aa ocaoay Ohm npHHSIT HcTo~HHK nocnen

aero THna, paapa6oTaHHhiA B.H o MaKOBhiM H A P•o KOHCTpyKUHSI KOToporo 

aaHny~WHM o6pa30M y~OBneTBOpSieT BhiWenepe~HCneHHbiM Tpe60B8HHSIM K 

HCTO~HHK8M MHOroaapSI~HhiX HOHOBo 

CxeMa raaopaapSI~HoA ronoBKH H 6noK-cxeMa nHT8HHSI HCTO~HHKa npH

/13/ 
aeneHhi aa pRe. 3 • 

Oo~orpeBHhiA BOnb¢paMOBhiA KaTO~ ( 2) paaorpeaaeTCSI OOMOap~HpOB

KOA aneKTpOH8MH1 8MHTTHpoBaHHhiMH aaKaneaaoA HHTblO ( 1) ; . 8HTHKaTO~ ( 4) -

- MonH6~eaoBhiA; aao~ ( oa *e raaopaapSinaag KaMepa) - Me~ahiA, oxna)l{

naeMhiA BO~OAo nnSI ocymecTaneHHSI HMITynbCll.OrO pe)I{HM8 paOOThi HCTO~HHKa 

CHHXPOHHO C UHKnOTpOHOM HCnOnhayiOTCSI MO~ynSITOpHhie naMnhi THna fM-lA 

(nae B napannenh). 

/14 15/ 
Hccne~oBaHHSI npoao~HnHCh Ha cneuHanhao coa~aaaoM cTeane ' , 

B KOTOpOM npHM9HSinCSI npHHUHn paa~eneHHSI HOHOB 110 aapg~aM npH 11QBO-

O 
poTe aa 180 B o~aopo~HOM MarHHTHOM none. KpoMe aToro,npHMeHSinCSI 

onTH~eCKHA MeTo~ Hccne~oBaHHSI paapSI~a. OpH HccnenoaaHHSIX aa UHKnoTpo

aax npOOHHK BBO~HnCSI Ha BHyTpeHHHA pa~Hyc yCKOpHTenSI 1 r~e H perHCTpH• 

poaanHCh nona~aiOmHe aa xonnexTop ycxopeHHhie HOHhi. 

11 
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PHc. 3. BnoK-cxeMa nHTaHHSI HCTO'IHHKa: 1 - HHTb, 

2 - K8TOJl 1 3 - 8HOJl1 4 - 8HTHK8TOJl, 5 - 9MHC

CHOHH8SI menb, 11Y - HMnynbCHblft ycHnHTenb, 

f - MBWHHHbiA npeo5pa30B8Tenb '18CTOTbl ( 5-10 KrU) 

HnH BbinpSIMHTenb, CT - cTa5HnHaaTop TOKa noao

rpesa KaToaa, H - HanpasneHHe MarHHTHbiX cHno
BbiX nHHHA, B 1 - HCTO'IHHK nHTaHHSI noaorpesa Ka

TOJla, B2 - HCTO'IHHK nHTaHHSI ayrosoro paapSIJla. 

'lJHcna y 5nOKOB COOTBeTCTBYIOT M8KCHM8nbHb!M 

3Ha'leHHHM HanpH~eHHSI H TOKB STHX yanoB. 
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/16/ 
1. B orrhiTax rro orrpeneneaHIO cKopocTH pacrrbmean.sr KaTona obmo 

aaAneao, 'ITO oaa II?'ITH ae aaBHCHT oT pona rronaaaeMoro B HCTO'IHHK ra

aa. Ha ocaoBaHHH aTHX naaahiX rroKaaaao, 'ITO pacrrhmeane KaTona nneT B 

OCHOBHOM HOHaMH1 IIony'l:eHHbiMH H3 'l:aCTHII MaTepHana KaTona, Toe• IIpOHC-

xonHT caMopacrrhrneane. 

0Kaaanocb, 'ITO KonH'IeCTBO pacrrbmeaaoro c KaTona Bonb!j>paMa MO>I<HO 

pacc'IHTaTb IIO 9MIIHpH'19CKOA !j>opMyne: 

2 t 
.1M=AIU if' ( 7) 

rne .1 M - aec pacrrhmeaaoro aonb!j>paMa ( r) ; I - TOK nyrH (a); 

U - aarrp.sr*eane aa nyre (Ka); - Bp9MSI paoOTbi ('laC } ; Q -
CKBa*HOCTb HMrrynhCHOA paoOTbi HCTO'IHHKa ( OTHOW9HH9 rrepnona cnenoBaHHSI 

HMrrynbcoa K nnnTenhHOCTH HMrrynhca); A = 1,5 ± 0,3 - Koa!j>!j>HIIHeHT rrponop-

UHOHanbHOCTHo 

2. 0rrTH'I9CKHM MeTonoM ObinO OIIpeneneHO OTHOCHT9nbH09 pacrrpenene-

HHe KOHU9HTpaUHH HOHOB raaa H MaTepnanoB KaTona H aHTHKaTona BnOnh 

/17/ 
paapSina H rro ceqeaHIO • 0Kaaanocb1 'ITO aan6onbwee KOnH'IeCTBO HOHOB 

raaa aaxonHTCSI rrpHMepao nocepennae raaopaapSinaoa KaMepbi, ecnn Koa!j>

!j>nuneHTbi KaTonaoro paCIIbin9HHSI KaTona ( BOnb!j>paM) H aHTHKaTona (MOnRo-
• 

nea nnn *eneao) paBHbi HnH 6nnaKH rro aaaqeHHIO. 0Kono KaTona H aHTHKa

Tona rrpeo6nanaiOT HOllbl na MaTepnanoB aTHX aneKTponoa. Dpn aToM '!:eM 

6onbW9 K09!j>!j>HUH9HT KaTonaoro paCIIbineHHSI MaTepnana aHTHKaTona (HaiipH

Mep1 Menb) 1 T9M nanhW9 IIpOnBHraiOTCSI 9TH HOHbl H nanbW9 OT Hero CM9-

waeTCSI MaKCHMYM KOHU9HTpaUHH HOHOB raaa. 

TaKoe pacrrpeneneHHe OTHOCHTenhHOI KOHU9HTpaUMH OO~SICHSI9TCSI T9M1 

'ITO CO CTOpOHbi KaTona H aHTHKaTona BO Bp9MSI pa3p.51 na B peaynbTaTe Ka-

14 -3 
TOJlHOro paCIIbin9HHSI C03JlaiOTCSI OOnbWH9 KOHUel:TpaUHH 'l:aCTHU ( "'10 CM ) 

HX MaTepn: anoB1 KOTOpbi9 H CMeWaiOT '1:8CTHUbl raaa K Cp9JlH9A 'laCTH KaMepblo 
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B on~Tax no onpeneneHHIO pacnpeneneHHH KOHIIeaTp&IIHH HOHOB no 

ce'l:eBBIO raaoeoro paapsna salneso, 'ITO aa ocH KOHIIe&TpaiiH.sr Hosoe npa

Mepao B nea paaa Bblwe, '!:.eM sa rpaHHIIe nnaaMbl. 

Cnan xoHIIe&TpauBH HOHOB oT ocH K rpaHHIIe rrnaaMbi o6~.srca.sreTcs 

yXO)lOM BOHOB ll8 CT8HKH K&i>iep~ B YM9Hblli9HH8M TeMnepaTyp~ 150KOBblX 

CT8HOK ~8T0Jl81 'ITO rrpHBOnHT K YM8Hhlli9HHIO nnOTHOCTH aneKTpOHOB BllOnh 

pa3pHJl8 B 9TBX M9CT8Xo 

s. He pHc. 5, 6 H 7 npencTaeneHbl xapaKT~pHcTHKH HOHaoro HCTO'IHH

xa no OCROBH~M napaMeTpaM llyroBoro paapHil81 BnHHIOWHM Ha BbiXOil MHO

roaapHJlHbiX BOROBo 

J.ia pBCo 5 BHilRO, 'ITO '19M M8Hhlli9 rronaeTCSI raaa B HORHbll HCTO'IHHK 

(BnnOTb llO CpbiB8 llyrH) 1 T9M OOnbWe nony'I88TCH MROr038pHnllbiX BOHOB. 

DpH aTOM Taxas 38BHCHMOCTb CHnhRee nnH HOHOB C BhiCOKHM 38pH-

llOMo 

01lR8 H3 npB'IBH yBenH'I:9RHH HJIT9RCHBHOCTH MHoroaapHnHbiX HOHOB npB 

YM9Hhlli9HHH IIOil8'1H raaa COCTOHT B TOMt 'ITO IIpH IIOHH*9HHH KOlll19HTp8IIHH 

H81TpanhHbiX '18CTHII IIOBhiWaeTCH T8MrrepaTypa aneKTpOHOBo 

Bo-BTOphlX, Taxol XOil KpHBhiX, no-eHnHMOMY, oo~HCRHeTcH eme H TeM, 

'ITO C YM9Hblli9HH9M KOHU9HTp8IIHH '18CTHU B paapHil9 yBenH'IHB89TCH Bp9MH 

>KH3RH HOHa. A IIOCKOnhKY OCHOBHhiMH rrpOII9CC8'MH o6pa30B8HHH MROroaa

/9/ 
pHilHbiX BOHOB1 HBnHIOTCH1 IIO-BHilHMOMY1 CTyii9H'IaThi9 rrpOII8CChi 1 TO He-

OOXOilHMO, 'ITOI5bl HOHhl H ManoA 38pHilHOCTH HMenH 6onbW09 BpeMH >KH3HHo 

/9/ 
Kax yxaabiBanoch B paooTe , rrpH yaenn'leHHH pacxona raaa yaenH-

'IHBa8TCH HOHH8SI COCT8BnSI IOIIlaSI H YM9HhWaeTCH aneKTpOHH8H COCTaBnSIIOIII8H 

OOIII9rO TOKa JlyrHo 3TO TaK*e IIpHBOnHT K YM9Hblli9HHIO BbiXona MHOroaapHil-

HbiX HOHOBo 

4. 113 pHCo 6 H 7 BHilH01 'ITO IIpH yBenH'I9HHH HaiipH*9HHSI HnH TOKa 

nyrH c HeKoToporo MoMeHTa aaqHaaeTcsr crran HHTeacHBHOCTH. DpH aToM, 

'19M Bbllli8 aap.srnHOCTb HOHa, T9M BbiWe RaiipS1*9HH9 HnH TOK nyrH1 COOT

B9TCTBYIOIII99 M8KCHMYMY BhiXOna naHHhiX HOHOB. 
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U =550 Bo tJHcna B CKOOKSX 03HS'ISIOT Koa¢J<jJHUHeHT ysenH'IeHH.II llSHHb!Xo 
ll" 

19 



0~HOft HS OCHOBHhlX llpH~HH Clla~a HHTeMCHBHOCTH llOCne MaKCHMyMa 

HBnHeTCH llOHBneHHe B paspH~e 5onhWOrO KOnH~eCTBa ~aCTHU MaTepHanoB 

KaTona H aHTHKaToaa, KOHU9HTpaUHH KOTOpb!X CTaHOBHTCH CpaBHHMOI C 

/16/ 
xoaueHTpauaeft ~acTHU nonaaaeMoro rasa • YsenH~eHHe xoaueaTpaaRR 

STHX ~aCTHU CKaSbiBaeTCH llOli05HO yaenH~eHHIO llOTOKa rasa B ROHHhll HC

TO'IHHK1 a nocneaHee, KaK 5binO llOKasaHO BbiW91 llpRBOliHT K yMeHhW9HHIO 

BbiXOlla MHOrosapHliHbiX HOHOBo npH llOHBneHHH ~aCTHU MaTepHanOB KaToaa 

H aHTHKaToaa B paSpHae OllTH~eCKRM MeTOliOM Ha6niOaanOCh llOHH~eMHe 
/18/ 

TeMrrepaTypbi aneKTpOHOB 

5. B Ta5naue 1 H Ha pHC. 8 llpHBeaeHbl BenH~HHbl TOKOB1 nony~eHHhlX 

Ha CTeHae, pasnH~HbiX TH~enbiX HOHOB llpH HaCTpOftKe napaMeTpOB RCTO~HRKa 

~-·~UILUJ.I.--------

Ha OllTHMYM BbiXOlla BbiCOKOSapHliHbiX HOHOB. nnH cpaBHeHHH npHBe)leHbl I ItDCJ, 

pesynhT8Tbi1 rrony~eHHbie HS HCTO~H~Ka C XOnOliHb!MH KaTOaaMH 1 llpHMeHHe- O'T>I;a 

m.n ,(.b;-~ ~MIJ 

•HUI::a eae. jr.,,a ua,d 
qg ae 

I 11 19/ 
MOrO H8 aMepHKaHCKHX nHHetl:HbiX yCKOpHTenHX 1 

. 0 

J1s pHCo 8 BHliH01 ~TO ~eM TH~enee aTOM1 TeM 50nhWe TOK BhlCOK03a-

pHliHbiX HOHOB OliHHaKOBOtl: KpaTHOCTH 3apHaa H TeM BbiWe cpeaHHft 91jlcpex

THBHbill: aapHll H3Bne~eHHb!X H3 HCTO~HHKa HOHOBo BHaHO TaK~e, ~TO HHTeH-

CHBHOCTh TOKOB HOHOB Kr R Xe Mano M9HH9TCH liO BOChMHKpaTHOI 

aapHliHOCTHo ToKH HOHOB (Z •> 4) KpHilTOHa H KCeHoHa 5onhWe llpHMepHO B 

10 paa, '19M 10KH 9THX ~e HOHOB, llOny~eHHbie HS HCTO~HHKa C XOnOliHb!MH 

K8TOli8MH 1 llpHM9HHeMoro Ha aMepHK8HCKHX nHMetl:Hb!X yacopHTenHX. 

nnH rrony~eHHH HOHOB H3 TBepahlX BeweCTB llpHM9HH9TCH B OCHOBHOM 

aaa cnoco5a noaa~H H·X B paapHa: a) HcnapeaHe npH BbiCOKHX TeMnepaTy

pax H 5) KaTOliHOe pac'llbineHHe. B 011HI1 paapa50T8Hbl HCTO~HHKH1 HCITOnh

/2() 21/ 
ayiOwHe o5a 9TH cnoco5a • • 

20 

(.$ 2 

Rr 6 Q95 
Kr 11!,7 Q¥5 
Xe " Q6 

8 c.to51CD .. - mot UOHQ s 
I.JNnl:lft6ce. 

Ql 

i' 

QOI 

0 qae Qoli Q06 QOI Ql Q/2 (II~ QM qm Q2 z(R 

Pac. 8. 0THOCHTenbHbii BbiXOll HOHOB KpHilTOHa H KCeHOHa ITO sapHliHOCTHo 

KpHBbie rrpoaopMHpoaaHbi K Toxy onaosapHliHbiX HOHOB. Ua<Ppbi aa KPHBbiX 

yxaabiBaiOT aapHn aoaa. B cxo5xax yxaaaao a5coniOTHoe aaaqeaae Toxa a 
10+ 12+ 

HMnynbce anH HOHOB Ar 8+ , Kr , Xe 
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4. UonneHHe Me3eHe c fiOMOllibiO ;meKTOOHHoro nv,Kfl 
npH O"'eHb BbiCOKOM BaKyyMe 

1, 3neKTpOHHODy"'eBoA: HCTO"'HHK M 1 3 0 H 0 paapa6oTaH B nyoHe H ODHCaH 

122,23/ 
B pa6oTax • 8BTOpaMH KOTOpbiX HBDSIIOTCSI E.n. noneu, B.M. MniOmen-

KO, B.A. AnenepT. 

3KcnepHM8HT8DbHbie Jl8HHbl8 MHOrHX paoOT fiOK83biB8IOT1 'ITO Ce"'8HHSI 

MHOrOKp8THOA: HOHH38UHH 8TOM8 B OJlHOM CTODKHOBeHHH C 9ll8KTpOHOM M8Dbl
1 

D09TOMY T8KOA: CDOC06 DODY"'8HHSI Mo3oHo 1 no-BHJlHMOMy1 He fi03BODHT nony

"'HTb OODblliHX DOTOKOB M,3,H, 

Ma ypaBHeHHSI (2) BHJlH01 'ITO B8pOSITHOCTb HOHH38UHH DpH MADhlX 

DDOTHOCTSIX j e HMeeT BHJl 

p (j ) = U j T. 
e I e ( 8) 

CneJloeaTeneno, s npouecce nocneJloBaTenenoA: HOHHaauHH neo6xoJlHMasr 

aapHJlHOCTP Mo*eT ohlTP nony"'eaa, ecnH o6ecne"'eHa aaJlaHHasr eenH"'HHa 

npOH3B8Jl8HHSI DDOTHOCTH 9D8KTpOHHOrO ny"'K8 j e Ha Bp8MSI B38HMOJl8A:C~ 

BHSI T • UpH onpeJleneaaoA: 9HeprHH MeKTponos U H 38Jl8HHOA: DDOT-

HOCTH Dy"'K8 je fiODHOe BpeMSI B38HM0Jl8A:CTBHH1 H800XOJlHMOe JlDSI JlOCTH-

*8HH~ Kp8THOCTH HOHH38UHH Z 1 CKD8JlbiBaeTCSI H3 cyMMbl BpeMeH ne-

peXOJl8 C BepOSITHOCTbiO 8JlUHHUbl ( T I 
1 -+I+ ) Ha HHamero aapsrJlosoro coc-

TOSIHHSI s nocneJlyiOmee i + I H Tolle JlO COCTOSIHHSI Z 1 TO 8CTb 

Z-1 

T = I T 
I= 0 I-> I+ 1 ( 9) 

ilpH ycnoBHH1 'ITO BepOSITHOCTb HOHH38UHH paBHa eJlHHHUe
1 

T,e, 

ul-+1 + 1 je r I -+I+ 1 =I ( 10) 

H H3B8CTHO u 1 , Mo*eT obiTb pacc"'HTaHo r 
1 ~I+ 1-+1+ 
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~-~-~- ----·------- -----------
nnsr DODHOI"O SpeMeHH T COOTHOlli8HH8 ( 10) He HMeeT CMbiCDa

1 
XO-

TH T H ecTe speMsr nepexoJla c seposrTaocTPIO 1 H3 HeA:Tpanenoro aToMa 

B HOH C 38pSIJlOM Z 
/22/ 

B pa6oTe npHBOJlHTCH npn6nH3HTeneHbiA: rpaci>Hx aaeHCHMOCTH 

xpaTHOCTH HOHH38UHH Z 

HHM88TCH paBHbiM 

Z-1 

J. r .. j Ir e e 1:0 1-+1+1 

JlDSI ypaHa OT j T 
e 

Z-1 I 
I----· 

1=0 u 
I -+I+ 1 

( pHC, 9) 1 KOTO poe npH-

(11) 

/4/ 
3aece u 1 ... 1+1 pacc"'HTbiSanoce no cl>opMyne, npHBeJleHHoA: s pa6oTe • 

Ma pHcyaxa BHJlH01 'ITO JlDH nony"'eHHsr aapHJlHOCTH s 35-40 eJlHHHU 

ll8*e npH DDOTHOCTH TOK8 100 a/cM
2 

H800XOJlHMOe Bp8MSI B38HM0Jl8ACTBHSI 

OKODO 0, 1 CeK, 

CTODb JlDHT8DbH08 B38HMOJl8A:CTSHe ot5ecne"'HB88TCSI HCDODb30B8HHeM 

~eKT8 8CTeCTB8HHOI"O npOBHC8HHH DOT8HUH8D8 B CfiDOlliHOM 9D8KTpOHHOM 

nyqxe, HMeiOmeM OTpHuaTenPHbiA npocTpaHCTBeHHbiA: aapHJl, PaaHOCTb noTeH-

unanoa !!. U Me*Jly rpaaHueA: ny"'Ka c paanycoM R H OCbiO Bblp8*88T-

cSI cl>opMynoA: 
/24/ 

!!. U = I,52 .10 4 I 
u~· 

rae - TOK ny"'K8 ( 8) 1 

( 12) 

U - ycxopsriOmee aanpsr*eHHe ( s). Tax, 

rny6HH8 fiOT8HUH8DbHOA: SIMbl H8 OCH ny"'K8 C eHeprHeA: 8 K9B H TOKOM B 

1a cocTasnsreT "' 160 BODbT, 

YXO.ll HOHOB BJlODb OCH ny"'Ka orpaHH"'HBaeTCH BH8lliHHMH DOT8HUH8D8-

MH Ha KOH8"1HbiX y"'aCTKax Dy"'K8o TaKHM ot5pa30M1 HOHbl OKa3biBaiOTCSI B DO

BylliK81 a Bp8MSI npeobiBaHHSI HX TaM1 B OCHOBHOM1 onpeJl8DSI8TCSI CKOpOCTblO 

HeA:TpanH3aUHH npOCTpaHCTB8HHOrO aapSIJla 9D8KTpOHOB npH HOHH3aUHH OCTa

TO"'HOrO raaa, cneaosaTeneao1 aeot5xoJlHMo HMeTe xopomHA: saxyyM, Tax, 

-10 
DpH Jl8BD8HHH 10 TOpp H 9HeprHH 9ll8KTpOHOB 8 K9B BpeMH HeA:TpanHaa-
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UHH nopHaKa 1 CeKyRahl1 ~TO Bnonae aOCTaTO~HO anH nony~eHHH HOHOB 

O'leRb BbiCOKHX 3apKaHOCTeA:o 

Ecnu B crl>opMHpoBaHRbiA: ny~ox aneKTpoHoB, HMeJOIIIHA: aneKTpocTaTH

~ecxue npo6KH Ha KOHilaX anSI HOHOB1 BBeCTH KaKHe -TO ManoaapSiaRbie HOHhl1 

TO OHH 6yayT TaM yaep*HBaTbCSI ao HaCTynneHHH HeA:TpanH3allHHo He ao-

*HaaSICb TaKOI'O MOMeHTa, MO*HO CRSITb noTeHuHan HnH caenaTb ero OTpH-

uaTenbHbiM Ha oaROM H3 KORilOB ny~a, H Toraa HOHhl yA:ayT B STOM Ra

npaaneHHHo 11x MO*HO ucnonbaoBaTb anSI ycxopeHHSI una apyrux aenea. 

nanee npouecc nOBTOpSieTCHo 

nony~eHHe Mo3oHo aneKTpOHRbiM ny~KOM npH BbiCOKOM BaKyyMe Bnep
. /25/ 

Bbie 6bmo ocymecTaneao PellxeaoM • SnexTpoHHbiA: ny'lox c aHeprueA: 
-2 2 

250 SB H nnOTHOCTbiO 5.10 a/ CM nponycxanCSI 'iepe3 HORH3allHOHHYIO Ka• 

-11 7+ 
Mepy npu aaxyyMe 5.10 Topp •. BbmH nony'ieHbi HOHhl Xe 10+ , Kr · 

Ar 6 + • Ne I+ 

B 011.HI1 anSI npaKTH'ieCKoro ocymecTaneRHK uoauaaauu paccMoTpeHHbiM 

cnoco6oM 6bma C03aaHa ycTaHOBKa 1 CXeMa KOTOpOA: noKa3aHa Ra 
/22 23/ -8 

puc. 10 ' • B aToA: ycTaHoaxe npH aaaneHHH 2.10 Topp H npu 

17 -2 ) s jeT =2.10 CM ( SHeprHSI aneKTpOHOB 213 KSB Ha6nJOaanHCb HOftbi C + 1 

N6+ H 0 7+ H3 OCTaTO'IHOI'O ra3ao 3aTeM HMnynbCHbiM HCnapeHHeNr B yc

TaHOBKy BBOaHnOCb 30nOTOo Ha BbiXOae H3 ycTaHOBKH Ha6nJOaanHCb HOHbi 
. 8 9 -1) 

30nOTa BnnoTb ao aeBHTHaauaTHpa3pSiaHbiX ( = 10 - 19 ceK • 110Hbi 
/26/ 

peracTpHpoaanHcb BTopH'IHo-anexTpoHHbiM yMHO*HTeneM Tuna BSY OT -8M 

c BHyTpeHHHM aenHTeneM. PaaaeneHHe no aapSiaaM ocymecTBnKnocb c no-

MOIIIbJO apeMK-nponeTHoro cenapaTopa. 

ABTOpbi C'IHTaJOT1 'ITO peanbHO C03aaTb HCTO'IHHK HHTeHCHBHOCTbiO 
13 

2•10 HOHOB/ceK ypaHa C 38pHJlOM 24+. 
/27-29/ 2. Paapa6oTaHa TeopeTH'IeCKH H uaroToaneHa eme oaHa ycTaHOBKa 

JlnH nony'leHHK BbicoxoaapHaHbiX HOHOB1 KOTopaH Ha3biBaeTcsr HIPAC 

( nna3MeHHbiA: yCKOpHTenb TK*ellbiX HOHOB) • 0Ha npeacTaBnHeT C060A: TOp 

25 



~ 
lc 

11111.1111111111111111111111. 111111111111111•11111• 111.11111-1-.o.U-liiii.J.IIIU l~J.~ J. 

26 

I = 0 = = ::r Q) 
:0: 1:: 
Q) 0 
u u 
I <1l u 

C() S2 
I 1:: 

'<t' 0 t: 
tl Q) 

0 :a 
= = .., !-< 

I ~ 
~ C':l ~ 

• ::! 
I:( 
0 
!-< ..,_ 
:o:-
1 • 

IQ 
C\1 0 = • 0 .., = 
1:: .., c.. 
:0: 0 
.., !-< = :0: Q) 
..Q 1:: 
!-< 1:: = 0 = :0: 
I 

-o -. t1l • 
:0: IQ = 0 = = . :r' 0 .., 
0 c.. I:( 

!-< !-< = u :0: 0 = Q) = 1:: Q) 
0 (1) 1:: 
i-. 0 
0 c.. u 
IQ 0 Q) !-< .., 
:r' :0: :0: 
>. Q) !-< 
1:: 1:: 0 
0 1:: ::! 
::t:0\0 a :0: 0 

~I I 
:O:CT.IC':l 
Q) -1:: • 
(1) = • 

:0: u 
<il \0 >. 
::! >. t: 
Q)c..c.. 
I< !-< !i! 

UO:S:I 
• 0 

OlllC\1 -o--e-• o:s: • 
u Q) <il = c.. I:( 

0.. I:( = 

.L .. ,.l .. 
.,. ,~,_._........_,.,!,,....__ --·--- -!1.'11 II 1'11!-'l L 111111·1.1~1111-

(puc. 11) c 6on&WUM paauycoM1 paBHbJM 00 cM1 u ManbiM paauycoM -

- 3 CMo C nOMOlll&IO XSTYWXU C03.[{8eTCSI aauMyTan&Hoe MSI'HUTHOe none 

HanpHX<eHHOCT& B 5000 8pCTea. 3THM noneM yaepX<UBaeTCSI SIIeXTpoHHbift 

11 -3 
ny'IOX C SHeprHeft '" 10 XSB U nnoTHOCT&IO oxono 10 CM • 3neXTpOHHbift 

nyqox 1 o6paayiOmuA Topouaan&HbiA noTeHuuan. 6yaeT HoHuaoBaT& H yaepX<u

BaT& UOHbi .[{0 T9X nop1 noxa OH 6yaeT OCTaBaT&CSI CTa6Hn&HblMo BbiCOXaSI 

XUHeTU'IeCXaSI SH9pi'HSI snexTpOHOB npHBeaeT B peayn&TaTe X yaapHOA U0-

6 2 
HU3aUUH sneXTpOHHbiM ny'IXOM C SHeprHeft OXOnO 10 BSTTICM • 34J4JeXTUB-

HaH MOlllHOCT& sneXTpOHHOI'O nyqxa STOI'O HCTO'IHUXa nopsaxa Hecxon&XHX 

COTeH MBT1 HO OHS HBnHeTCSI nonHOCT&IO peaXTUBHOAo 

Puc. 11. CxeMaTuqecxuA pucyHox 1 noKa-

3biB810lllUA OCHOBHbie OCo6eHHOCTH npenna

raeMOI'O UCTO'IHUKa BbiCOXOUOHU30BaHHbiX 

TSIX<enbiX UOHOBo 1 - X HaCOCY 1 2 - U30-

nHUUOHHaH npoKnaaxa1 3 - men& ans UHX<ex

TUpoBaHUH sneKTpOHOB1 4 - sneXTpOHHoe o6-

.3 ~"'~~~\; A_ 0 naKo1 5 - oTxnoHHIOlllee ycTpoACTBo1 6 - co
neHoua ans coaaaHUH MSI'HUTHoro nons1 

1 -Y'\. ~- :H 1 ' 7 - Topouaan&HaH BaxyyMHSH cucTeMa 1 

8 - cllopMa noTeHuuana. 

I 
I' 

npeanonaraeTCSI1 'ITO B TaKOM npu6ope MOX<HO 6yaeT nonyqaT& 

13 -1 20+ 11 -1 60+ 
10 cex UOHOB Kr 1 10 cex HOHOB U npu TOKe sneKTpoHOB 

100 a C SHeprueA 10 KSBo 

MaBne'leHue uoHoB npeanonaraeTCH ocymecTBnHT& coaaaHueM BOSMY

meHuH sneKTpuqeCKUM noneM Ha BHeWHeA noBepxHOCTU Topa. TeopeTU'Ie-

CKUe paC'I~Tbi DOKa3biBaiOT1 'ITO MOX<HO nony'IUT& SMHTaHc TaKOI'O UCTO'I-

1/2 
HUKa '" 10 CM Mpaa (MsB/HyKnOH) • 

B HacTosmee epeMH noxa aKcnepuMeHTan&HO nony'leHo BpeMH yaep

aaHUH aneKTpOHOB 3 MCeK 1 KOTOpoe nonHOCT&IO orpaHU'IUBaeTCSI ycnoBUSIMU 
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9 -3 
BaKyyMao llonyq eRa nnoTHOCTb 9n9KTpOHOB 7,10 CM B TOpe C ManbiM pa-

llHYCOM 10 CMo 3KcnepHMeHTbl npOJlOn>KaiOTCH B HanpaBn~HHH llOCTH>KeHHH 

BpeMeHH ynep>KaHHH OT 0,1 llO 4 CeK, nOBbiiiieHHH aneKTpOHHOi!: nnOTHOCTH, 

nonyqeHHSI H H3Bne'leHHH TH>KenbiX HOHOBe 

/30/ 
3. CnenyeT ynoMHHYTb e111e 06 OllHOi!: pa6oTe , B KOTOpOi!: JlaH Te-

opeTH'IeCKHi!: paC'I~T ycnoBHi!: JlnH yJlep>KaHHH H HarpeBa aneKTpOHOB H 06-

pa3oBaHHH Mo3oHo 

CxeMaTH'IeCKH ycTaHoBKa npencTaBnHeTcH B BH.Ile uHnHHJlpa, saKniO'IeH

Horo B coneHOHil, coanaiOmHi!: HanpH>KeHHOCTb MarHHTHoro nonS! oKono 1000 

apcTell. Ha KpaHx uHnHHJlpa MarHHTHbte npo6KH. B sTy noByiiiKY HH>KeKTHpy-

11 -3 
IOTCH H 3anHpaiOTCSI B Hell: MenneHHbie aneKTpOHbl C nnoTHOCTbiO De = 10 CM , 

a saTeM HarpeBaiOTCSI llO TeMnepaTypbl 10 K9:S. 06'beMHbli!: 38pS!Il o6pa3yeT 

noTeHuHanbHYIO SIMY JlnH HOHOB B 1000 B, llo paC'I~TaM llOn)KHbl nony'laTb-

11 2 
cH HOHbi, o6onpaHHbte HanonoBHHy aa BpeMH r ~ 10 I n e ceK.cM • 

llpennonaraeTcH, 'ITO >KenaeMaH nnaaMa nonyqaeTcSI nocTOHHHoi!: HH>KeKuHei!: 

9neKTpOHOB, KOTOpb!e HarpeBaiOTCSI UHKnOTpOHHbiM ycKopeHHeM H ynaBnHB& 

IOTCSI MarHHTHb!MH 3epKanaMHo 
. /31/ 

4. HMeeTCH TeopeTH'IeCKHi!: pacq~T eme onHoro np1:16opa HeCKOnb-

KO noxo>Kero Ha npellbiilYIIIHi!:. B aToM np1:16ope npennonaraeTcSI nony'laTb 

M,3,Ho He B pe3ynbT8Te MHOrocTyneH'I8TOi!: HOHH3aUHH, a 38 C'I~T O>Ke-a4J

$eKTa npH OllHOKpaTHOM ynape aneKTpOHa C 8TOMOMo 3neKTpOHbl B o6'beMe 

ynep>KHB8IOTCSI MarHHTHb!MH npo6KaMH H HarpeBaiOTCSI aneKTpOHHO-UHKnOTpOH-

-4 
Hb!M cnoco6oM, DaaneHHe B o6'beMe - OKOnO 10 TOpp, ABTOp npennona-

12+ 2 
raeT, 'ITO MO>KHO nony'IHTb nnoTHOCTb TOKa HOHOB Xe 20 MKa/ CM o llon-

2 
Hb!i!: TOK C nnOIII81lH 300CM 6 Ma, llp1:160p MO>KeT pa6oTaTb He HMnynbCH0 1 

a HenpepbtBHo. 
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5. llony,eHHe MHOrosapgnHbiX HOHOB npH dJoKyCHpOBKe 

Hany'leHHH nasepa Ha TBepnyiO MHIIIeHb 

/32-35/ 
B nepHOilH'IecKoi!: nHTepaType ony6nHKoBaH pHil cTaTei!: 1 a Ko-

TOpbtX C006maeTCSI 06 H3y'leHHH onTH'IeCKHX cneKTpOB MHOr038pS!IlHblX HO

HOB1 nony'leHHblX npH $oKycHpOBKe H3ny'leHHSI na3epa B pe>KHMe MOJlynHpo

B8HHOi!: Jl06pOTHOCTH Ha TBepJlyiO MH!leHb, B 9THX onbiTaX JlnHTenbHOCTb HM

rryncca Ha nonyBbiCOTe - 15 ReeK npH aHeprHH 8-10 ll>K· TeMnepaTypa 

aneKTpOHOB B o6pa30BaHHOM nnaaMeHHOM cryCTKe nopS!JlK8 100 9B npH 

20 -3 
KOHUeHTpaUHH De "' 10 CM • 3HeprHSI HOHOB, BbineTaiOIIIHX 1:13 T8KOH 

rrna3Mbl1 COOTBeTCTByeT yCKOpSIIOIIIeMy HanpH>KeHHIO, npHMepHO paBHOMy 

1000 Bo 

C noMOIIIbiO HCTO'IHHKOB TaKoro THna Ha6niOJlanHCb cneKTpanbHbie nH

HHH TaKHX HOHOBI KaK Al 10
+, Ca 13

+ ,Mn 16
+1Fe

17
+ ,Ni 17

+' CJ 8 + H np. 

/35/ 
ABTOpbl pa60Tbl C'IHTSIOT, 'ITO B HCTO'IHHKe TaKoro THna MO>K-

HO llOCTHrHyTb 38pS!JlHOCTH "' 20+ 1 a a$$eKTHBHOCTb nony'leHHSI Bb!COK0-

14 -1 
B036Y>Kil9HHb!X HOHOB "' 10 CeK , XoTSI H3BneqeHHe HX H 3aTpyllHeHO 

" 1013 JlnH ueneH YCKOp9HHSI, HO no HX paC'I~TaM MO>KHO O>KHJlaTb HOHOB B 

CeKyHJly C 38pHilOM OT + 10 llO +20, 

6. BaKYYMHaH HCKpa-HCTO'IHHK MHoro3apH/lHbiX 

~ 

DnH nony'leHHSI MHOr038pS!IlHhlX HOHOB H ycKopeHHSI HX Ha nHHeHHOM 

XapbKOBCKOM YCKOpHTene pa3pa6aTbJBanCH eme OllHH THIT HCTO'IHHKOB -

./361 37/ M 
HCKpOBOH • exaHH'IeCKH C>K8Tffi KOHil9CHpOB8HH8H HCKpa B TaKOM 

npH6ope HBnSieTCSI HCTO'IHHKOM HOHOB MaTepHana, H3 KOTOporo H3rOTOBne

Hbl aneKTPDilbi. H3 TaKoro HCTO'IHHKa nony'laiOTCH 3aMeTHbie KonH'IeCTBa 

Ca+ ) a + 4 + 4 + ) 
HOHOB (500 MKa 1 N (300 MKa), C 1:1 N (no 100 MKa • 

B HMrrynhce. H3-3a Mano:H: nnHTenhHOCTH HMrrynhca (10-15 MKceK) cpen-

HHe TOKH1 rrony'l:a9Mbl9 H3 T8KHX HCTO'l:HHKOB1 Manbi, BTopofi HellOCT8TOK 
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TaKHX HCTO'IHHKOB - TpyllHOCTH B <floKyCHpOBKe HOHOB, Bbt6paCbiBaeMbiX H3 

pa3pSIIl8 ITOil 6onbWHMH yrnaMH, 110STOMy llnSI nonyqeHHSI MHOroaapSIIlHbiX 

HOHOB OHH He npHMeHSIIOTCSI B H8CTOS1Wee BpeMSI, 

B onTH'IeCKof!: cneKTpoCKCJIHH llnSI eoa6y>KileHHSI BbiCOKOSHeprH'IHbiX 
/33/ 

ypOBHef!: HOHOB nonh3YIOTCH BaKyyMHOf!: HCKpof!:, TaK, B pa6oTe C006-

waeTCSI, 'ITO ITpH paapHile KOHileHCaTopa B 0,5 MK<fl, 3apH>KeHHOrO llO 50-70 

KB, qepea 3830p B 3-5 MM npoTeKaeT TOK llO 50000 a, C ITOMOIIlbiO TaKoro 

N 8+M 10+ HCTO'IHHKa B036y>KJlanHCb CITeKTpanhHbie nHHHH T8KHX HOHOB, K8K a t g t 

II+ II+ F 16+ c 17+ c 18+ Sbllll+ 8 2a+ AI t Si , e , 0 , U t • n H Tello 
/39/ 

B llpyrof!: pa6oTe uenh paapslla KOHileHcupoeaaHof!: BaKyyMHof!: 

HCKpbl C HH3KHM HHilYKT8HCOM BKniO'Jana B ce6g eMKOCTb 14 MK<fl, 38pH>KeH

HyiO llO 12 KB, Bo BpeMH pa3pHil8 Ha6niOil8nHCb nHHHH T8KHX HOHOB, KaK 
,18+ c 19+ z 20+ Nt , u H n 

C TO'IKH apeHHH HCITOnh30B8HHH HOHOB llnH uenef!: ycKopeHHH H3 HCTO'I-

HHKOB T8KOrO THITa, aHanorH'IHO K8K H H3 HCTO'IHHKOB naaepaoro THna, 

HMeiOTCH onpelleneHHhle TPYilHOCTH B <flopMHpoBaHHH ny'IKa ua-aa paaneTa 

HOHOB cpaBHHTenbHO tlbiCOKOil: SHeprHH ITOil 6onbWHMH yrnaMH, 

B aaKniO'IeHue aeo6xollHMo OTIA:OTHTh, 'ITO ua ecex nepe'-rHcneHHbiX TH

noB HCTO'IHHKOB B H8CTOH wee BpeMH llnSI uenef!: YCKOpeHHH M,3,H, HCITOnh-

3Y~!CH ITOK8 TOnhKO HCTO'IHHKH llYrOBOrO THIT8, Bee >Ke OCTanhHbie H8XO

IlSITCSI B CT81lHH paapa6o'!'KH HnH H3rOTOBneH na6opaTOpHbif!: SK3eMnngp, 

nuTepaTypa 

1, G.N. Flerov, Proc. of the II UN Intern,Conf. on the Peaceful Uses 

of Atomic Energy, Geneva, 1958, P/2299, ~ 151, 

2. The Characteristics of Electrical Discharges in Magnetic Fiedls, 

McGrav Hill Book Company, Inc, 

3. A. 3arenb, Y!OHH30B8HHbie ra3bl, roc.H31l.4JH3.MaT,nHT., MoCKBa, 1959. 

4. G,S, Janes, P,H. Levy, H.A. Bethe, B,T, Feld. Phys,Rev,, 145, 

925 (1966). 
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5. M.A. KanuoB, 3neKTpOHHKa, roc,H31l,TexHHKO-TeopeT,nHT,, MocKBa,1959, 

6, S, Geltman. Phys,Rev., 102, 171 (1956). 

7. F.A. Stuber. J, Chem.Phys., g 2639 (1965), 

8. B.L. Schram, A.J,H. Boerbom, J, Kistemaker. Physica, g 185 

(1966); B.L. Schram, Physica, g 97 (1966). 

I 
I 9. IO.LI. 11urapoB, 11.M. MopoaoB. )f(T<I>, T,31, 467 H 476 ( 1961). 

10. R,J. Jones, A. Zucher, RSI, ~ 562 (1956). 
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337 ( 1968). 11penpHHT OYI.Hl1 7-3090, Lly6aa, 1966, 

19. A. Ghiorso, R,M, Main, B.H. Smith, Preprint UCRL-16839, 1966, 
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