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BBE):\EfH1E 

KonneKH1BHbri1 ycKOPI-1TCilb o6nagaeT csoi1cTBOM YHI-1BC pcanbHocn1 

no OTHOWCHI-110 K COpTy YCKOpRCMbiX 1-10HOB, Ha 3TOM ycKC pi-1Tl'Ile MO)t{-

110 YCKOpRTb 1-10H~ npaKTI-14eCKI-1 8CCX 3JleMCHT08 nep1-10A~4CCKOi1 Ta6Jli-1-

U~ ):\.~.MeHACJ1Ce8a. npl-1 3TOM yCKOpReM~C 1-10H~ o6pa3yKTCR 1-13 He~

TPOilbH~X iJTOM08 8HYTPI-1 3JlCKTpOHH~X KOJlCU 1-10HI-13ilU1-1Ci 3IlCKTpOHH~M 

YAilPOM. 3arpy3Ky 3JlCKTpOHH~X KOI1C4 8 agre3aTope KOJJ1CKTI-18HOrO 

fCKOPI-1TC!lR TR)t{CilbiX I-10H08 /KYT~/ I I I vtOHdMI-1 8btGpaHHor o /VIR ycKo

peH~n 3IlCMCHTa uenccoo6pa3Hec npo80A1-1Tb 1-13 nepeceKitO~ero KO!lb

uo HilnpaBJll.!HHOrO nOTOKa aTOMOB COOTBCTCTBYIO~CrO 3!1! MCHTa/2,3,6/. 

Ka4ccTso 3!1CKTPOHHO-I-10HH~x o6pa3o8aHI-1i1 onpeAe!lRt Ten napilMcT

paMH noToKos aToMo8 pa6o4ero 8e~eCT8a. TaKHM o6pa3ttM, DAHl-1M H3 

Ba~H~X j3JlOB, o6ecnC4H8aiO~HX 3$$CKTI-18Hj10 paGOTy KO.\JlCKT~8HUrO 

YCKOpHTCJlR, R!3J1RCTCR yCTp011CTBO, npOI-13BOAR~ee A031-1I>OBaHHYIO rm

Ail4Y B 3JlCKTpOHHOe KOJlbUO HC~Tpa!lbH~X aTOM08 B~6pa,IHOro AilR yc

KOpCHHR 3JlCMCHTa. HaKOn!lCHHC B KOJlbUC HOHOB ra3006 >a3H~X 3Jle

MCHTOB AOCTilT04HO XOpOWO npOBOAI-1TCR 1-13 HMnjJlbCHOi1 .Tpyl-1 aTOM08 

ra30AI-1HaMH4eCKOro HCT04HI-1Ka/4/. 

(JleAyCT OTMCTHTb jCJlOBHR 3KCn!lyaTaUI-11-1 HCT04HI-1K0l B KaMepe 

ilAIC3ilTOpil: BbiCOKHfi /lQ-8: lQ-'J Top/ BilKYYM, CHJlbHbl' /go 20 K3/ 

MiliHHTHbiC nOJlR, cpaGaTbiBiJHHC C 4ilCTOTOi1 go 50 lu. l TiJKHX jCJlO

BI-1RX HCTU4HHK AOil)t{CH o6ecne4HBaTb nOAa4y B OGbCM 31CKTpOHHOro 

KOJlbUil nOTOKd aTOMOB AI11-1TCJlbHOCTbiO HCCKOJlbKO ACCRT<OB MHKpOce

KYHA c oGU\HM 4HCI10M aTOMCB nopRgKa I 0 I I: 1012 /'3/. 3 yHHBepcanb

HOM I-1CT04HHKC HCi1TpaJlbH~X 4aCT1-1U AilR nOJ1Y4CHHR nOTJK08 aTOMOB 

npaKTH4CCKH J1~60r0 3JlCMCHTa npegcTa8JlRCT I-1HTepec I CnOJlb30BaHI-1C 

npOAYKTOB 83iJHMOAC~CTBI-1R na3CpHoro I-13Jly4CHHR C 8C~2CTBOM.PC3jJlb

TaT~ I-1CCI1CAOBaHI-1~ nOTOKOB He~Tpa!lbHWX aTOM08, npH82AeHH~C 8 pa

GoTe/7/, no3BOJ1HJ1H C03AaTb pa6o4He 8apHaHTW na3epH3ro I-1CT04HHKa 

Hei1Tpa!lbH~X iJTOM08, pa3pa60TilTb CXeM~ 3arpy3KH 3JlCKTpOHHWX KO

IlCU HOHaMH B KaMcpe aAre3aTopa C nOMOU\biO Jla3CPHOrC HCT04HHKa. 

CXEMI.,I 3ArPY3KV1 KOnEU I-10H/\MI-1 ~ PA3MEl1\EHI-1E nA3EPf-OrO I-1CTOYHI-1KA 
B KAMEPE /\.QrE3ATOPA 

na3epH~i1 HCT04HHK aTOMOB OTJll-14aCTCR OTHOCI-1Te!lb~O~ npOCTOTO~ 

KOHCTPYKUHI-1, OH COCTOI-1T 1-13 Jla3epa, $OKyCHPYIOU\C~ Jl~H3bl 1-1 MHWCHI-1, 

Ha nosepXHOCTb KOTOpO~ ¢0KYCHpyeTCR Jla3epHOe H3JljlCHHe. MHWeHb 

B~nOJlHCHa 1-13 BC~CCTBa, aTOM~ KOTOpOrO Tpe6yeTCR nCI1Y41-1Tb. ¢oKy-
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CHpy~~aR nHH3a H MHWeHb pa3Me~a~TCR B BilKYYMHO~ KaMepe agre3a

TOpa, a CaM naaep - BH8 KaMepbl; ~3ny4eHHe B KaMepy BBOAHTCR 
4epe3 OKHO. npoCTOTa KOHCTPYK4HH HCT04HHKa n03BOnReT pacnono
~~Tb MHWeHb B HenocpeACTB8HHOH 6nH30CTH OT o6naCTH, 3aHRTOH 
3neKTPOHH~M KOnb40M, ~ TeM CaMWM 3cjJcjJeKT~BHO HCnOnb308aTb nOTOKH 
aTOMOB H3 MHW8HH. 

z ---

3arpy3Ka 3neKTpOHHOrO KOnb-
4a MOHaMM npOMCXOAMT npM era 
nepeCe4eHMH HMnynbCH~M nOTOKOM 
aTOMOB M3 HCTOYHHKa. KaK noKa-
3aHo s pa6orax12,3/, 3arpy3KY 

3neKTpOHH~X KOne4 HOHaMH B Ka

Mepe aAre3aTopa npeAn04TMTenbHO 
npOBOAMTb B KOH4e C~aTHR. TaKa
MY cnoco6y 3arpy3KH Kanb4a /4eH
TpanbH~~ BapHaHT HCT04HHKa/ co-

PHc.J. CxeMa HcToqHHKa orsercrsyeT cxeMa, noKa3aHHaR 

,o;mi 3a!py3KH uoHaMH cllcaTo!o Ha pMc. 1. 113 na3epa /1 I H3ny4e-

3neKTPOHHO!o KOnb~a. HHe /2/ npOXOAMT 4epe3 OKHO /3/, 
nonaAaeT s KaMepy aAre3aTopa/4/ 
H Tpy6y /5/ /HeCy~aR KOHCTpyK-

4HR/, cjJOKYCHpyeTCR nHH30H /6/ 
Ha nosepXHOCTb MHWeHM /7/. noTOK aTOMOB /8/ 4epe3 KonnHMMpy~
~He OTBepCTHR B Tpy6e /9/ nonaAaeT B C~aTOe 3neKTpOHHOe KOnb40 
/10/. C y4eTOM reoMeTpM4eCKHX oco6eHHOCTeH KaMep~ aAre3aTopa 

~ v ' 
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HOCTH HH~eKTHpOBaTb aTOMbl B 3neKTPOHHOe KOnb40 B KOH4e ero c~a
THR Ha pa3nH4H~e /3,5~8 CM/ paAHYC~ /4TO AOCTHraeTCR B pe3ynb
TaTe CMe~eHMR Tpy6~ HCT04HHKa no OCH z/ OKa3anOCb onTHManbH~M 
HanpaBHTb noTOK aTOMOB nOA yrnoM 45° KOCH z. K0H4eHTpa4HR aro
MOB H3MeHReTCR C paCCTORHHeM £ OT MHWeHH nponOp4HOHanbHO £-3/7/, 

PaCCTORHHe OT MMWeHH AO C~aToro 3neKTpOHHOro KOnb4a paAHYCOM 

4 CM COCTaBnReT He 6onee 6 CM, 4TO n03BOnReT HCnOnb30BaTb AnR 
3arpy3KH AOBanbHO nnoTHble 4aCTH noroKos aroMas. CneAyeT OTMe
THTb, 4TO nOTOK aTOMOB H3 T04KH B3aHMOAeHCTBHR H3ny4eHHR C MH
weHb~ pacnpOCTpaHReTCR B 6onbWOM TeneCHOM yrne, CHMMeTpH4HOM 
OCH, COBnaAa~~eH C HOpManb~ K MHWeHH B T04Ke B3aHMOAeHCTBHR ~ C 
ocb~ z KaMep~ aAre3aTopa. Pa3Mep neperopoAOK Me~AY wecTb~ Kon

nHMHPY~~HMH OTBepCTHRMH Ha 4HnHHAPH4eCKOH nosepXHOCTH Tpy6bl 
/ee AHaMeTp 30 MM, TOn~HHa CTeHKH 0,5 MM/ AOCTaT04HO Man /OKano 
1 MM/, 4TO o6ecne4HBaeT xopowy~ a3HMyTanbHY~ OAHOPOAHOCTb 3a
rpy3KH KOnb4a. KaK M3BecTHO /cM.,HanpHMep,/7/;, s3aHMOAeHCTBHe 

MO~HOrO na3epHOrO H3ny4eHHR C Be~eCTBOM npHBOAHT K o6pa30BaHH~ 
na3epHOH nna3M~, COAep~a~e~ 3apR~eHH~e H HeHTpanbH~e 4aCTH4~· 
YrnOBble pacnpeAeneHHR HOHOB HMe~T BHA "neneCTKOB 11 C OCb~ COB-
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naAaD~eH C HOpManb~ K MHWeHH, npH4eM HOH~ B~CWeH 3aPRAHOCTH HMe-
~T 6onee Y3KHH 1 'neneCTOK 1 1

• npH nnOTHOCTH MO~HOCTH H3ny4eHHR 
q = /5·10 7 ~109/ BT·CM-2 B nOTOKe H3 MHWeHH HMe~TCR HOH~ C 3apRA-
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HOCTb~ He s~we +2, 3aHHMa~~He yrnosoH pacTsop c yrnoM He 6onee 
45° K HOpManH. TaKHM o6pa30M, Tpy6a HCT04HHKa B OCHOBHOM 3Kpa

HHpyeT o6naCTb C~aTOrO 3neKTpOHHOrO KOnb4a OT nonaAaHHR HOHOB 
na3epHoH nnaaMbl. npoAonbHoe MarHHTHoe none aAreaaTopa B2 ycHnMT 
TaKy~ 3KpaHHPOBKY aa c4eT "cy~eHHR" yrnosoro pacnpeAeneHHR 
HOHOB. 

11cT04HHK aToMos aAreaaTopa KYT~ AOn~eH o6ecne4HsaTb cra6Hnb
H~e napaMeTp~ nOTbKOB aTOMOB npH 3Ha4HTenbHOM 4HCne cpa6aT~Ba
HHH, nopRAKa 106 H BWWe. flaaep KaK BHeWHRR 4aCTb HCT04HHKa Me

meT 6~Tb onepaTHBHO 3aMeHeH npH HeHcnpaBHOCTH. 3neMeHTOM, onpe
AenR~~HM pecypc HCT04HHKa, RBnReTCR MHWeHb, nosepXHOCTb KOTOPOH 
3p03HpyeT 8 npo4ecce B3aHMOAeHCTBHR C na3epHbiM H3ny4eHMeM. MHo

roKpaTHOe B3aHMOAeHCTBHe na3epHoro H3ny4eHHR C HenOABH~HOH MH
WeHb~ npHBOAHT K o6pa30BaHHD Ha ee nosepXHOCTH nyHKH HnH Kpare
pa. CTeHKH Kparepa MoryT 3KpaHHposaTb noTOK paaneTa~~HXCR 4ac
TH4. TaKHM o6paaoM, MoryT H3MeHHTbCR napaMeTp~ noToKa nna3M~ H3 
MHWeHH H, B 4aCTHOCTH, nOTOKa HeHTpanbHWX 4aCTH4. MHWeHb HCTQ4-
HMKa pa3Me~eHa s KaMepe aAreaaTopa; onepaTHBHaR cMeHa MHWeHH 
npaKTH4eCKH HeB03MO~Ha, TaK KaK CBR3aHa C paarepMeTH3a4HeH Ka
Mepbl. B TaKHX ycnoBHRX nOAAepmaHHe cra6HnbHOCTH napaMerpos noTo
KOB aTOMOB, TO eCTb o6ecne4eHHe Heo6XOAHMOrO pecypca pa60Tbl MH
weHH, MO~eT 6WTb AOCTHrHyTO nyTeM CMeHW T04KH B3aHMOAeHCTBHR. 
B naaepHOM HCT04HHKe aTOMOB /4eHTpanbHWH BapHaHT/ T04Ka B3aHMQ
AeHCTBHR MeHReTCR nyTeM CKaHHpOBaHHR naaepHOrO H3ny4eHHR no no

BepXHOCTH HenoABH~HOH MHWeHH. CKaHHposaHHe ocy~ecrsnReTcR cne4H
anbHhiM VCTOO~CTAOM. 00f'Cnf'4HAi110UlHM nnoCKO-nilD,'lnnPnhHOP BDil\JJi1-

TenbHOe ABH~eHHe naaepa BOKpyr OCH z. TaKHM o6pa30M,H3ny4eHHe 

nonaAaeT Ha cjJOKYCHPY~~y~ nHH3y B T04KaX, ne~a~HX Ha OAHOH OKpy~
HOCTH. Pacnono~eHHe MHWeHH Me*AY cjJOKYCHPYD~eH TIHH30H H ee cjJOKanb
HO~ nnOCKOCTbD o6ecne4HBaeT B3aHMOAeHCTBHe na3epHoro H3ny4eHHR 
C pa3H~MH T04KaMH nosepXHOCTH MHWeHH, ne~a~HMH Ha OKpy~HOCTH 
pa,o;HycoM MeHbwe 5 MM. B yKa3aHHOM cny4ae paccTORHHe nHH3a-MH

weHb AOn*HO 6WTb nOA06paHO TilK,4T06W npH nony4eHHOM pa3Mepe nRT
Ha B3aHMOAeHCTBHR H onpeAeneHHOM 3Ha4eHHH 3HeprHH na3epHoro H3-
ny4CHHR E senH4~1Ha q HMena 3Ha4eHHe, gocTaT04Hoe AnR o6paaosa

HHR nOTOKOB ilTOMOB C He06XOAHMWMH napaMeTpilMH. C APYrOH CTOpOH~, 
pecypc MHWCHH nOBWWaeTCR npH ysenH4eHHH pa3Mepa nRTHa B3aHMOAeH
CTBHR. H3MChCHHe nono~eHHR T04KH B3aHMOAeHCTBHR Hil MHW8HH B npe
Aenax HCCKOD~KHX MHnnHMeTpOB He AOn~HO npHBeCT~ K 3aMeTHOMy H3-
MCHCHH~ ~apaMCTpOB nOTOKd ilTOMOB B o6naCTH C~ilTOrO 3nCKTpOHHOrO 
KODb4d, TaK ~aK npH 3TOM cna6o H3MeHRDTCR yron MC~AY HOpMaDb~ 
H t)CbiO , HilfipasneHHOi-"1 H3 TU'H<H B:3aHMO,[ICWCTB,1R >< KOJ;b4Y, a TaKit<C 
Pd~LTORHH~ MCit<AY T04KO~ B3ilHMOAC~CTBHR H KOnb40M. 

'4,:: f)YI•:. 7 f1[.-V1BCACHa cPOTCll. [10QJv1!o CKdHV1f)Y.OU,CI-O J1d3t'f='H'li-C yc Tpot:1-
t: r~)d, LL:,•r~cr~..j~::~~Horo Ha 6a3e nc TI--1POB04HOIC c.·ron~"Ka, C'_l{~epwau~e:o 

c.'~.! ,_:Gt-·C ~-:: . TVipOBOL1f-"bl~ fldJCPb·, ~~~~1c. TCMY nJ:ocK:~-rL:lp-JJlliC:.nsHorc ne-
--: ,._ c· p..-=l c rl''-•·.-~nut.t;\(, ·:: Jy /: tln '1 raT~ ~c;t:. f1 {1-· 'J 9 
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Puc.2. CKaHHPYID~ee ycTpoilcTso 
na3epHOrO HCTO'-IHHKa aTOMOB gnR 
3arpy3KH HOHaMH CBaThlX 3neKTpOH
HhlX Koneg. 

Puc.3. CxeMa MOAH¢HAHPOBaHHoro ~ 
Q2HTpanbHoro sapuaHTa na3epHo- r 
ro HCTO'-IHHKa. 

OTKJIOHeH~e OCH naaepHOrO ~3JIY4eH~R OT OCH Z KaMephl MOrJIH H3Me
HRTbCR. nnR HH~eK~H~ nOTOKa aTOMOB B 3J1eKTpOHHOe KOJib~O C paA~-
.,~~·· -"~ -· .. ~ 0 ~. 

-~~·~- ...... """ ...... I ...... ......, .... , ''""'"' ,....., ~ ...... , ....... .~.~.-~ .... \JI.JUIIP'I ..... I"IVHifii.IJYir\.OU,I"IVI 4C.M I 1-)0JIDMVl u 

sap~aHTa ~CT04H~Ka. CxeMa TaKoro ~cT04H~Ka, pa3Me~eHHoro s Ka
Mepe aAreaaTopa, noKaaaHa Ha pHc.3 I o6oaHa4eH~R Te ~e. 4TO H 
Ha p~c. 1/. ~any4eH~e, pacnpocTpaHRRCb no ocH z, npoxoA~T 4epea 
OnT~4eCKYID CHCTeMy, COCTOR~YID H3 np~3Mbl - aKCHaJibHOrO KOHyca 
/aKc~KoH/ H $OKYC~PYID~e~ n~H3bl, 8 peaynbTaTe 4ero ero nonepe4-
Hoe ce4eH~e npeo6paayeTCR B KOrrb~e8yiD ¢opMy. MHweHb BblnOnHeHa s 
8HAe KOHyca: 06naCTb 83a~MOAe~CT8HR ~3Jiy4eH~R C KOHH4eCKO~n08epx
HOCTbiD MHWeH~ HMeeT KOJib~eByiD ¢opMy ~ pacnono~eHa B MeA~aHHO~ 
nnocKOCT~ KaMephl aAreaaTopa. Aa~MyTanbHO OAHOPOAHhl~ noToK aTOMOB 
pacnpOCTpaHReTCR H3 MH~eH~ ~ nepeceKaeT 3neKTpOHHOe KOnb~O Ha 
3aAaHHOM paA~yce. 

nnR ~ccneA08aHHR npo~eCCOB HaKonneHHR HOH08 8 3neKTpOHHhlX 
KOnb~ax npeAcTa8nReT onpeAeneHHhl~ ~HTepec npoHasecT~ ~MnynbCHhl~ 
HanyCK aTOMOB B KOnb~O 6onbWOrO paAHYCa /30~35 CM/. nnR peanHaa
~HH TaKOrO pe~HMa pa60Thl 6hln C03AaH BTOpO~ /nep~¢epH~Hhl~/ BapH
aHT naaepHoro ~CT04HHKa. B 3TOM cny4ae HCT04HHK pacnono~eK s sep
T~KanbHOM H~~HeM naTpy6Ke KaMephl aAreaaTopa. npHH~Hn~anbHaR cxe
Ma aarpyaKH Kone~ nonbworo paAHyca HOHaMH noKaaaHa Ha pHc.4. ~3 
naaepa /1/ H3ny4eHHe /2/ nonaAaeT Ha npH3MY nonHoro 8HyTpeHHero 
OTpa~eH~R /3/, sepTHKanbHO npOXOAHT 4epe3 OKHO /4/ 8 KaMepy aAre-
3aTopa /5/, naAaeT Ha aepKano /6/, KOTopoe ¢oKycHpyeT Hany4eH~e 
Ha nosepXHOCTb M~WeHH /7/. noTOK aTOM08 /8/ 4epe3 KOnnHMHPYID~Y~ 
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Puc.4. CxeMa HCTO'-!HHKa gnR ga
rpy3KH HOHa~m 3J1eKTpOHHbiX KOneQ 
6onbrnoro paguyca. 

Puc. 5. ITa3epHbiH HCTO'-!HHK aTOMOB 
gnR 3arpy3KH HOHaMH 3JieKTpOHHbiX 
Korreg 6onbrnoro paguyca /nepu¢e
PHHHbi{! BapuaHT /. 

A~a¢parMY /9/ nonaAaeT s 3rreKTPOHHoe Konb~o /10/. B TaKoM ~cTo4-
H~Ke CTa6~rrbHOCTb napaMeTpOB nOTOKOB aTOM08 ~ Heo6XOA~Mhl~ pe-
r\tnr n-..h ........ "'T"tl ~.,.,,.,...,.,.,. ,.....&::',...,,.. .... ,....., .. ,_...., _______ ..., 
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nyTeM spa~eH~R M~WeH~. Bpa~eH~e M~WeH~ ocy~ecTBnReTcR MarHHT
HhlM np~80AOM: nepeMeHHOe MarH~THOe none AB~raTerrR /nCnP 2-1/ 
npOH~KaeT CKB03b TOHKOCTeHHY~ Tpy6y, 8 KOTOpO~ pa3Me~eH pOTOp, 
aaKpenneHHhl~ Ha oc~ spa~eH~R M~weH~. Ha p~c.5 noKaaaH 8HewH~~ 
BHA nep~¢epH~Horo 8ap~aHTa naaepHoro ~CT04H~Ka. 0Tn~4HTenbHO~ 
oco6eHHOCTb~ AaHHoro sap~aHTa RBnReTcR naAeH~e naaepHoro ~any-
4eHHR Ha M~WeHb nOA yrnoM ~ 40° K HOpMan~. KaK OTMe4eHO, Hanp~
Mep s/7/, H3MeHeHHe 3Toro yrna s npeAenax oT oo AO 450 He npH
BOA~T K ~3MeHeHHHM 8 napaMeTpax noToKos. none B

2 
aAreaaTopa AnR 

nOTOKa aTOM08 RBnReTCR 8 AaHHOM CJ1y4ae nonepe4HhlM• KaK noKa3aHO 
/8/ ' B , OHO He OKa3hlBaeT BJIHRH~R Ha xapaKTep~CT~K~ nOTOKa He~-

TparrbHbiX 4aCT~~. 

PE3YnbTATbl CTEHAQBb/X ~ccmnoBAH~t1 nA3EPHOIO ~CT04H~1KA ATOMOB 

~CnhlTaHHR pa6o4~X Bap~aHTOB naaepHOro ~CT04H~Ka aTOMOB npo
BOAHJI~C~ Ha 3KCnep~MeHTaJibHO~ CTeHA080~ YCTaH08Ke, OnHCaHHO~ 8 
pa6oTe/'/. ~cnonbaosancR naaep Ha HTTpH~- an~MHHHeBoM rpaHaTe 
c npHMeCRMH HeOA~Ma, pa6oTasw~~ 8 pe~HMe MOAYrrHposaHHO~ A06poT
HOCTH. AnHHa sonHhl H3ny4eH~R \ = 1,06 MKM, AnHTerrbHOCTb HMnynb
ca T = 10 He, 3HeprHR E B HMnynbce - AO 0,06 n~. Pa6o4~~ BaKyyM 
s KaMepe nOAAep~~8ancR Ha ypo8He 3·10-7 Top. 
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AnR onpegeneH~R 3HepreT~4ecK~x pacnpegeneH~~ ~ xapaKrep~cT~K 

noTOKOB aTOMOB ~cnonb3osanacb YAapHaR ~oH~3a4~R He~TpanbH~x 
aTOMOB 3JlSKTpOHHbiM nOTOKOM ~3 CTOpOHHero ~CT04H~Ka 3neKTpOHOB; 
o6pa3osasw~ecR ~OHbl nocne npoxo~AeH~R speMRnponerHoro aHan~3a
Topa AeTeKT~posan~cb srop~4HO 3neKTPOHH~M YMHO~~TeneM B3Y-1A. 
A6con~TH~e 3Ha4eH~R Kon~4ecrsa aroMas s noroKe 04eH~san~cb c 
noMo~b~ Ksap4esoro AaT4~Ka no Ton~~He HanblnReMoro Ha Hero cnoR 
aTOMos/5/, np~ 3TOM C4~Tanocb, 4TO see aroMbl, nonasw~e Ha noA
no~Ky, KOHA2HC~py~TCR Ha He~, 4TO no Kpa~He~ Mepe He 3aB~waeT 

Kon~4ecrsa aToMoB. AaHH~e, nony4eHH~e Ksap4eB~M AaT4~KOM, ~ pe-
3YnbTaT~ KOnneKTOpH~X ~3MepeH~~ ~OHHO~ KOMnOHeHT~ nna3M~ no3so
n~n~ 04eH~BaTb COOTHOWeH~e Me~AY KOn~4eCTBOM He~TpanbH~X ~ 3a
pR~eHH~X 4aCT~4 s noToKe. AnR B~RcHeH~R sn~RH~R npogonbHoro 
MarH~THOrO nonR Ha B~XOA 4aCT~4 B BaKyyMHO~ KaMepe cieHAOBO~ 
ycTaHOBK~ s6n~3~ M~WeH~ 6blno c~opM~posaHo none, aHanor~4HOe no
n~ B2 aAre3aTopa. AnR onpeAeneH~R pecypca M~weH~ ~~Kc~posanocb 

~3MeHeH~e aMnn~TYA~ C~rHana He~TpanbH~X aTOMOB B 3aB~C~MOCT~ OT 
KOn~4eCTBa cpa6aTbiBaH~~ na3epa AnR OAHO~ T04K~ B3a~MOA2~CTB~R. 
B Ka4ecrse Marep~ana M~weH~ ~cnonb30san~cb cs~He4, an~M~H~~. 
yrnepog, ~ene3o, H~o6~~ ~ gpyr~e 3neMeHT~. 

B pe3ynbrare nposeAeHH~x ~cnwraH~~ 6~no ycraHosneHo, 4TO np~ 

nnoTHOCT~ MO~Hocr~ ~3ny4eHMR q Ha M~WeH~ go 1 ·1Q9 Br·cM-2 pnR 
nepe4~CneHH~X pa6o4~X MaTep~anOB M~WeH~ KOn~4eCTBO H2~TpanbH~X 

aTOMOB B nOTOKe 4aCT~4 COCTaBnReT 90% OT 06~ero 4~CJld 4dCT~4, 
a 3aPRAHOCTb ~OHHO~ KOMnoHeHT~ He npes~waer +2. An~renbHOCTb 
nnTnl<rl .=!TnMr'lr:t ~~~1/.rLAT nT QPnL-1UIAI-ll-.1 n rnnT.:.:l r"'.:lF\niJPir-'> COtii<-").,-TO::l lA 

COCTaBnReT OKOno 20 MKC /AnA 3Ha4eH~R q = 2~108 BT"CM-i/ Ha 
paCCTORH~~ 11 CM /42HTpanbH~~ sap~aHT ~CT04H~Ka, paA~YC KOnb4d 
8 CM/ ~ = 40 MKC Ha paCCTORH~~ 18 CM /nep~¢ep~~H~~ BapHaHT, 
PdA~YC 3neKTPOHHOro KOnb4d OKOno 35 CM/. Ha p~c.6 np~BeAeHa 3a
B~C~MOCTb KOH4eHTpa4H~ aTOMOB B nOTOKe pa3n~4H~X 3neMeHTOB OT 
3Hd4eH~R q B T04Ke, COOTBeTCTBY~~e~ nono*eH~~ C~dTOrO 3neKTpoH
Hor-o KOJ1b4a paA~YCOM 8 CM. 3as~C~MOCT~ cpeAHe~ KOH42HTpa4~~ n 
~ nap4~anbHOro AdBneH~R p aTOMOB B nOTOKe OT Ben~4~H~ q npeA
CTasneHbl Ha p~c.?. CKOpOCTH aTOMOB B nOTOKe ~Me~T sen~4~HY 

/2~10/.105 CM·c-1 B 3aB~C~MOCT~ OT 3Ha4eH~R q. KOH4CHTPa4HR aro
MOB, KaK ~ O~~Aanocb, cnaAaeT C paCCTORH~eM nponOP4~0HanbHO 
TpeTbe~ CTeneHH 3TOrO paCCTORHHR. 

Ha pHc.8 noKa3aHa yrnosaR 3aBHCHMOCTb KOH~eHTpa4H~ aTOMOB 
CB~H4d Hd paCCTORH~H 5 CM OT M~WeH~ np~ 3Hd42H~~ q·2·108 8T·CM-2 
/yron OTC4fHbiBaeTCR OT HOpManH K ~1vHU2HV1/. XapaKTep yrnOBbiX 3a
BV1CHMOCTe~ gnR pa3nV14H~x MarepHanos np~MepHo OAHHaKOB. 

3HaR nepe4V1CneHH~e 3aB~CHMOCTH, MO*HO onpegenHTb xapaKTCpV1C
TV1KV1 nOTOKOB aTOMOB npaKT~42CKV1 B n~f.of1 T04Ke pacnpOCTpaHeH~R 
3THX nOTOKOB. 

Pacnono~eH~e M~weHH a npoAOnbHOM MarHHTHOM none /HecKonbKO 
KHno3pcreg/ noKa3ano, 4TO none He yMeHbwaer B~xoga He~rpanbH~x 
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PHc.7. 3aBHCHMOCTb cpegHeA Kou

u;eHrpau;HH n H napu;HaJlbHoro AaB

neHHH p aTOMOB H TIOTOKe OT ue

JlHqHHhl ~: I - CBHHeu;; 2 - anw
MHHHA; 3 - $eJle3o; 4 - MC):\h. 

!IorpewHoc T 1.> !!3Mepe;mii =2 0%. 

15 i8 58 75 98 
vmn lr~A::l 1 

PHc.6. KoHu;eHrpau;HH aroMOB pag

nHqHwx 3JleMel!TOB B 3aBHCHMOCTH 

OT TIJlOTHOCTH MO~HOCTH H3Jlyqe

HHH q: I - CBlfll2l\; 2 - dJlWMHHHA; 

3 - *~Ie3o; 4 - Me):\b. ITorpew

HOCTb H3MepeHHA = 20%, 

PHc. 8. YrnoBaH 3aDHCHMOCTb 

KOHl\2HTpau;HH aTOMOB CBHHL\a. 

ITorpewHocTb H3MepeHHH ~ 20%. 

aToMOB ~3 na3epHo~ nna3M~. Ha6n~gaeTCR HeKoTopoe /npHMepHo 
10~20~/ ysenH42HH2 KOnH42CTB3 3TOMOB BAOnb HOpMan~ K MHW8HH, 
s~3BaHHOe ycHneH~eM pon~ npo4eccos peKoM6~Ha4~~. YsenH48HHe Ha-
6n~AaeTCR B o6nacT~ cneKTpa, COOTB8TCTBY~~ero 6onbW~M 3HeprHRM. 
CneAyeT OTM8T~Tb, 4TO BAOnb HOpM3nH K MH~8HH np~ 3TOM ysen~4H
B3CTCR KonH4eCTBO ~OHOB a noToKe 43CTH4. KaK noKa3anH 3KcnepH
MeHT~ gnR 48HTpanbHOrO sapHdHTa HCT04HHK3, npOAOnbHOe MarHHTHOe 
none npHBOA~T K OTCYTCTB~~ ~OHOB B nOTOKe 43CT~4, B~XOAR~~X H3 

M~W8HV1 nOA yrnoM 45° K HOpMan~. 
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YV1Cno CPA5ATbiBAHV1Gi 

Puc.9. 3aUHCHMUCTb KOHQ8HTpaQHH 

aTOMOB ~ene3a /1/ H CBHHQa /2/ 
OT qucna B3aHMOAeficTBHA na3epuo

ro H3nyqeHHR c MHWeHb~. ITorpem

HOCTb H3MepeHHA ~ 20%. 

Ha p~c.9 noKa3aHa 3aB~C~MOCTb KOH~eHTpa~~~ aTOMOB ~ene3a /1/ 
~ CB~H~a /2/ OT KOn~48CTBa B3a~MOA8~CTB~~ ~3ny4eH~R C M~WBHb~ B 
$~KC~pOBaHHO~ T04Ke ee nosepXHOCT~ /nno~aAb nRTHa B3a~MOAe~CTB~A 

S: 2·10-2 cM 2 , q: 2·108 BT"CM-2/. B~AHO, 4To np~ 3T~x 3Ha4e
H~Rx yMeHbWeH~e KOH~eHTpa~~~ aTOMOB CB~H~a Ha 20% npo~CXOA~T 

np~ 4~cne cpa6aT~BaH~~ na3epa :104. Ha ysen~4eH~e pecypca M~
weH~ sn~ReT nos~weH~e pa3Mepa nRTHa B3a~MOAe~CTB~R. H3MeHeH~e 

T04K~ B3a~MOAB~CTB~R B pa604~X Bap~aHTaX na3cpHOrO ~CT04H~Ka 
no3son~T o6ecne4~Tb pecypc pa6oT~ M~WeH~ He MeHee 106 cpa6aT~
BaH~~. Ecn~ Y4eCTb ~3MeHeH~R napaMeTpos B~XOAR~~x noToKos aTe
MOB, To MO~Ho ~cnonb30BaTb M~WeHb ~ 6onbwee 4~cno pa3. 

OC06EHHOCTH PA60T~ DA3EPHOrO HCT04HHKA ATOMOB 
KODDEKTHBHOro YCKOPHTEDR 

AnR Kone~ c 4~cnoM 3neKTPOHos Ne = 1 ·1u13 Heo6xoA~Moe 4~cno 
TR*en~x ~OHOB- /5i10/·10 10 . An~TenbHOCTb cTpy~ aTOMOB, Hanp~
Mep CB~H~a, nepeceKa~~e~ KOnb~O paA~YCOM 8 CM, - ~ 20 MKC, a 
CKOPOCTb- 5"105 CM·c-1. Pac4eT no $OpMynaM ~3 pa6oT~/9/ noKa-
3~BaeT, 4TO np~ TaK~X ycnOB~RX nnOTHOCTb He~TpanbH~X aTOMOB 
AOn~Ha 6~Tb np~MepHo /5~10/·109 cM-3. H3 rpa$~Ka p~c.7 B~AHO, 
4TO TaKaR KOH~eHTpa~~R aTOMOB CB~H~a B nOTOKe pean~3YBTCR np~ 

3Ha4eH~~ q np~MepHo 2·108 BT·CM-2. no APYr~M 3neMeHTaM na3ep
H~~ ~CT04H~K aTOMOB TaK~e o6ecne4~BaeT Tpe6yeMy~ KOH~eHTpa~~~ 
He~TpanbH~X 4aCT~~ B nOTOKe, ~HmeKT~pyeMOM B 3neKTPOHHOe KOnb~O. 

Da3epH~~ ~CT04H~K no3BOnReT nony4aTb noTOK~ aToMoB npaKT~-
4eCK~ n~6oro 3neMBHTa. nony4aeM~e nOTOK~ 0Tn~4a~TCR B~COKO~ CTe
neHb~ 4~CTOTbl ~ onpeAenR~TCR X~M~4eCKO~ 4~CTOTO~ MaTep~ana, ~3 

KOToporo ~3roTaBnReTcR M~weHb ~CT04H~Ka. HH~eK~~R nOTOKOB aTe
MOB MOmeT 6~Tb ocy~eCTBneHa B 3neKTpOHH~e KOnb~a C pa3n~4H~M 
PaA~YCOM. 

KOHCTPYKT~BHO M~WeHb ~CT04H~Ka MO~eT 6~Tb B~nonHeHa B B~Ae 
Ha6opa Y4aCTKOB ~3 pa3n~4H~X X~M~4eCK~X 3neMeHTOB. nepeMe~eH~e 
T04K~ B3a~MOAe~CTB~R na3epHOrO ~3ny4eH~R C MaTep~anoM M~WeH~ 
ocy~eCTBnReTCR AOCTaT04HO npocTo - nyTeM cMe~eH~R na3epa. One
paT~BHaR CMeHa COpTa HaKann~BaeM~X ~ B AanbHB~WeM YCKOpReM~X 
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~OHOB n03BOnReT yMeHbW~Tb BpeMR noArOTOBK~ ~~3~48CK~X 3KCnep~

MeHTOB, o6ner4aeT nOAAep~aH~e s KaMepe aAreaaTopa s~coKoro sa
KyyMa. TaK~e coKpa~aeTcR speMR nposeAeH~R caMoro aKcnep~MeHTa, 
~~3~4eCK~e peaynbTaT~ RBnR~TCR 6onee T04H~M~, TaK KaK 3Kcne

p~MeHT~ c paan~4H~M~ ~oHaM~ npoxoART np~ OA~HaKos~x ycnos~Rx. 
KoH~eHTpa~~R aTOMOB B noTOKe ~3 ~CT04H~Ka MO~eT KOHTpOn~py

eMO ~3M8HRTbCR. 06~ee KOn~4eCTBO aTOMOB, ~H~eKT~pyeM~X B 3neK
TpOHHOe KOnb~O, AOCTaT04HO AnR onT~ManbHO~ ero 3arpy3K~ ~OHaM~. 
Cpa6aT~BaH~e ~CT04H~Ka c~HxpoH~aosaHo BO speMeH~ c c~cTeMo~ 
ynpaBneH~S YCKOp~TeneM. ATOM~, He nonaAa~~~e B 3neKTpOHHOe KOnb
~0 ~ He 3aXBaT~BaeM~e ~M, KOHABHC~py~TCR Ha nosepXHOCTRX 3neMeH
TOB KOHCTpyK~~~ ~CT04H~Ka ~ CTeHKax KaMep~ aAreaaTopa. laK~M o6-
pa30M, Cpa6aT~BaH~e ~CT04H~Ka He YXYAWaeT BaKyyMa B KaMepe ~ He 
coaAaeT $oHa AnR cneAy~~~x ~~KnoB aarpyaK~ KOnb~a. KoHcTpyK~~R 

~CT04H~Ka ~ ~cnonb3yeM~e MaTep~an~ OTn~4a~TCR BaKyyMHO~ 4~CTO

TO~, a TaK~e He ~cKa~a~T aaMeTHO MarH~THoro nonR aAreaaTopa. 
CnBAYBT OTMeT~Tb TaK~e OTHOC~TenbHY~ npOCTOTy KOHCTPYK~~~ ~c
T04H~Kd ~ cxeM~ ero paaMe~eH~R B KaMepe aAreaaTopa. npoBeAeHH~e 

~Cn~TaH~R ~CT04H~Ka noKaaan~ B03MO~HOCTb ero pa6oT~ C 4aCTOTO~ 
so r~. 

3AKDI04EHHE 

[\nR 3arpy3K~ 3neKTPOHHbiX KOneU ~OH<lMI-1 ~nPMPHTrH>. ,._,f)n;,uu<-•v .n.nc 

YCK0~8H~R B KOnneKT~BHOM YCKOp~Tene, paapa6oTaH ~ ycneWHO npo
wen CTBHAOB~e ~Cn~TaH~R naaepH~~ ~CT04H~K He~TpanbH~X afOMOB. 
HcT04H~K noaBonReT nony4aTb noTOK~ aTOMOB npaKT~4ecK~ n~6~x 

3neMeHTOB, B TOM 4~Cne ~ ypaHa. napaMeTp~ nOTOKOB aTOMOB non
HOCTb~ YAOBneTBOPR~T Tpe6osaH~RM OnT~ManbHO~ 3arpy3K1<1 3neKTpoH
H~X Kone~ ~cHaM~. Hcn~TaH~R ~CT04H~Ka noKaaan~ AOCTaT04HO s~co

K~e 3KcnnyaTa~~OHH~e xapaKTep~cT~K~ ero pa6oTW. 
HcnonbaosaH~e naaepHoro ~CT04H~Ka aToMos noasonReT HaAeRTbCR 

Ha pean~3a~~~ s nonHo~ Mepe OAHOro ~3 npe~My~ecTB KonneKT~BHoro 

YCKOp~TenR - yH~BepcanbHOCTb no COPTY YCKOpReMWX ~OHOB. 

ABTOP~ Bwpa~a~T 6naroAaPHOCTb r.A.W~pKOBY aa ~eHH~e o6cy~Ae
H~R ~ H.U.HsaHOBy 3a noMO~b np~ npoBeAeH~~ CTeHAOBWX ~Cn~TaH~~ 

~CT04H~KOB. 
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