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BeeOeHue 

Cpe,D;8 MHOr8X npo6JieM, CTO.Il~8X Ha nyT8 C03,IJ;aH8.11 

KOJIJieKT8BHOrO YCKOp8TeJI.Il, He llOCJie,IJ;Hee MeCTO 3aH8MaeT 

npo6JieMa ,IJ;038pOBaHHOH 3arpy3K8 3JieKTpOHHOrO KOJibUa 

80HaM8, Bhl6paHHOrO ,IJ;JI.Il,IJ;aJibHeHlllero YCKOpeH8.11 3JieMeHTa. 

B pa6oTe I 1/ 3Ta 3a,naqa pemaeTc.ll "Me,nneHHbiM" faTe
qeu8e BCero U8KJia C)KaT8.11 3JieKTpOHHOrO KOJibUa/ HaKOllJie

H8eM 80HOB 83 OKpy)KaiOII.(ero npoCTpaHCTBa. Bo3MO)KHO 

8 cllopM8pOBaH8e .IJ;BYXKOMllOHeHTHOrO KOJibUa nyTeM BCTpeq

uou 8H)KeKU88 80HOB 8 3JieKTpouoa. Ha ycTaHOBKe B Kapnc

py3 /<I»Pr I ocy~ecTBJI.IleTc.ll "6wcTpa.ll" /3a apeM.Il 

"'100 MKC/3arpy3Ka C)KaToro 3JieKTpOHHOrO KOJibUa 80HaM8 

83 npe,naap8TeJibHO ccllopM8pOBaHHOH C llOMO~biO MeXaH8-

qecKoro npephlBaTeJI.Il 8 C8CTeMhl ~eJieH ra30BOH CTPY8 /2/. 
Ba)KHLIM npe8My~ecTBOM "6wcTpo8" 3arpy3K8 80HaM8 

npe,naap8TeJibHO C)Ka TOrO ,IJ;O M8H8MaJibHhlX pa3MepoB 3JieKT

pouuoro KOJibUa .IIBJI.IleTc.ll npocTpaHCTBeHHoe coana.nen8e 

3JieKTpOHHOrO 8 80HHOrO TOp08,IJ;OB. 3TO o6ecne'I8BaeT 

OllT8MaJibHhle YCJIOB8.11 ,naJibHeHllleH 80H83aU88 3axBa'leH

HhlX 80HOB 8 y,nep)KaH8.11 8X B KOJibUe llp8 ycKopeH88. llp8 

MeTo,nax )Ke 3arpy3K8 KOJibUa 80HaM8 B Teqeu8e acero 

U8KJia C)KaT8.11 8118 )Ke llp8 BCTpe'IHOH 8H)KeKU88, MaJihlH 

pa3Mep ce'leH8.11 80HHoro Topo8,na oKa3LIBaeTC.Il 6onhme 

COOTBeTCTBYIO~ero pa3Mepa 3JieKTpOHHOrO TOp08,IJ;a, T .K. 

aMllJI8TY.IJ;hl nonepe'IHhlX KOJie6aH8H 80HOB np8 C)KaT88 KOJibUa 

yMeHhlllaiOTC.Il Me,IJ;JieHHee aMllJI8Ty,n 6eTaTpOHHbiX KOJie6aH8H 

3JieKTpOHOB. 

KOJJbUO, 6y,ny'l8 C)KaThlM ,IJ;O KOHe'IHbiX pa3MepoB, OKa-

3hlBaeTC.Il OKpy)KeHHbiM "my6o8" OTHOC8TeJibHO CJia6o CB.Il-

3aHHLIX C H8M 80HOB. 
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)J;m1 KonneKTHBHoro ycKopHTenH TH)I(eJILIX ROHOB OHMY 

011.HI1 npe.u.nonaraeTCH ocyi.QeCTBHTL npo~ecc HaKonneHHH 

HOHOB K3 HMIIYJILCHOrO llOTOKa a TOMOB BLI6paHHOrO )J.JIH 

ycKopeHHH 3JieMeHTa, nepeceKaJOmero 3JieKTpOHHoe KOnL~o 

Ha KOHeqHOH CTa)J.HH C)l(aTHH. TaKOH BapHaHT 3arpy3KH 

TI03BOJIHeT perynHpOBaTb H KOJIHqeCTBO 3aXaaqeHHblX KOJIL

UOM HOHOB H BpeMH 3arpy3KH /.u.pyrHMH CJIOBaMH, 3apH.ZJ.

I-!OCTb HOHOB/. B cnyqae "6biCTpOK" 3arpy3KH KOJlb~a 
KOHaMH HCXO)J.HblH DOT OK HeHTpaJILHbiX qacTH~ )J.OJI)I(eH Y.D.OB

JieTBOpHTb CJie)J.yJOI.QHM Tpe60BaHHHM: 

1. IlOTOK )J.OJI)I(eH 6LITb cclJopMHpOBaH reoMeTpH'ieCKH 

TaK, qT06bl MaKCHMaJILHOe qHCJIO qacTHU. nepeceKJIO 06'LeM 

3JieKTpOHHOrO KOJib~a. 

2. CKopocTH qacTHU. B noToKe .D.OJI)I(HLI 6wTL TaKOBhl, 

qT06LI BepOHTHOCTb HOHH3a~HH Ka)I()J.OrO aTOMa 3JieKTpOHaMH 

KOJib~a 6wna 6JIH3Ka K e)J.HHH~e. )J;JIH KOJib~a C pa3MepaMH 

rK = 4 CM, 2a = 0,2 CM H C IIOJIHbiM 'iHCJIOM 3JieKTpOHOB 

Ne = 1d YTaKOBLI O)I(H.ZJ.aeMLie napaMeTphi Kone~ KOJIJ111!<'JKB

Horo ycKopHTenH nnKenhiX KOHOB OHMY OH.HU 1 '
1

' I, 
3TO YCJIOBHe )J.aeT, HallpHMep, ,llJIH TIOTOKa KCeHOHa 3Haqe

HHe CKOpOCTeiJ: HeHTpaJIOB V a<< 2 • 10:; CM/C. CKOpOCTH 

V a- 1· 10 S CM/C, npH KOTOphiX KOHH3yeTCK 6om:.lli8Ji ttaCTh 

a TOMOB, KOMllpOMRCCHO Y.D.OBJieTDOpHIOT llOCTaDJieHHhiM Tpe

foBaHHHM. 

3. BpeMH B3aHMo.u.eiicTDHH noToKa c 3JieKTPOHHLIM KOJih

UOM )J.OJI)I(HO 6LITb MHHHMaJibHbiM H, BO BCKKOM CJiyttae, He 

npeBbHIIan. 100 MKC /eM /4,5/ /. 

4. ITonHoe qHcno N a 'iaCTHU. B IIOTOKe )J.0Jl)I(H0 6h1Tb 

TaKHM, 'iT06bi ,I\JIJi ,I!,BYXKOMllOHeHTHOrO KOJib~a DblllOJUlJlJIOCb 

ycnoBHe N . IN < 10-:l I N i - nonHoe qHcno 3axBa'!eHHhiX 
J e.·-

YOJihU.OM HOHO~/. C yqeTOM )'CJIODHH 1-3, CJieAOD8TeJILHO, 

reo6xo,IJ,HMO N a = 10 11 • 

B Ka~recTBe ncToqHnKa HMnynLcnoro noToKa aTOMOD, 

B 3aBHCHMOCTH OT KOHKpeTHWX YCJIOBHli H ~eneii, npe.u.no

naraeTCJl HCllOJib30B8HHC OAHOrO H3 CJie,D,yiOI.QHX THJIOB 

HCTQqHHKOD: 

a/ ra30.ZJ.HHaMnqecnill 161, 
6/ DJia3MeiiHaH llYillKa C ra30BLIM pa3pH)J.OM, C03,llal0ll\UH 

HanpaaneHHblH llOTOK UTOMOB ra3oo6pa3HOrO BCJ.UeCTDa; 
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B/ DJia3MeHHaH nywKa C pa3pH)J.OM B BaKyyMe H HClla

peHHeM MaTepHana 3JieKTPO.D.OB, C03)J.aJOI.QaH HanpaBJieHHblH 

llOTOK aTOMOB MeTaJIJIOB /HJIH TBep.n.oro Bei.QeCTBa/. 

B .u.aHHoii pa6oTe npHBO.ZJ.HTCH npe.u.uapHTenLHLie pe-

3YJILTaTbl 3KCnepHMeHTOB C o60HMH THllaMH nna3MeHHbiX 

HCTOqHHKOB H OllHCaHHe 3KCnepHMeHTaJILHOH' ycTaHOBKH. 

3KcnepuM eHmall bHa.R ycmaHoe Ka 

IlpHH~Hll )J.eHCTBHJl DJia3MeHHOH nyWKH XOpOWO H3Bec

TeH /7-9/, IJOHCHHM ero BKpaT~e Ha npHMepe KOaKCHaJILHOH 

DJia3MeHHOH nyWKH, C KOTOpOH npOBO)J.HJIHCb OllHCaHHble 

HH)I(e uccne.u.oaaHHJl. IlpHH~HnHanLHaH cxeMa nna3MeHHoii 

nywKH H ycTpoiicTB ee nHTaHHH npHae.n.eHa Ha puc. 1. Oc

HOBHblMH pa6oqHMH 3JieMeHTaMH KOaKCHaJibHOH nna3MeHHOH 

nyWKH HBJIJliOTCJl )J.Ba 3JieKTpHqeCKH-H30JIHpOBaHHblX .u.pyr 

OT .u.pyra KOaKCHaJibHblX 3JieKTpO)J.a /BHeWHHH - 1 H ~eHT
paJibHblH - 2/, B npoMe)l(yTKe Me)I(.ZJ.Y KOTOpbiMH npH no.u.ro

TOBKe K pa6oTe C03)J.aeTCJl He06XO)J.HMbiH BaKyyM. Pa6oqee 

HanpH)I(eHHe Ha 3JieKTpo.u.w I .u.o 10 KB/, no.u.aaaeMoe OT 

npe.u.uapHTenLHO 3apH)I(eHHoii eMKOCTH CP' MO)I(eT 6wTL 

BKJIJOqeHO llOCTOHHHO HJIH B onpe.n.eneHHbiH MOMeHT BpeMeHH 

C llOMOI.QbiO KOMMyTaTopa /HanpHMep, MOI.QHblH THpaTpOH, 

pa3pH)J.HHK/. qepe3 CHCTeMy OTBepCTHH 3 B ~eHTpanLHOM 

3JieKTPO.D.e npH llOMOI.QH 6blCTPO.D.eHCTBYJOI.Qero 3JieKTPO.D.H

HaMHqecKoro KJianaHa 4, OllHCaHHOrO B /fi/ , B Me)I(3JieKT

pO)J.HOe npocTpaHCTBO llYWKH MO)I(eT HanycKaTLCH )J.03Hpo

BaHHOe KOJIHqeCTBO ra3a /0,5"-3/· 10 18 qaCTH~ 3a HM

DYJILC/. BpeMH HanycKa ra3a MO)I(eT H3MeHHTLCH B npe

.u.enax /30.:-250 MKC/ perynHpoaKoii KnanaHa. Pa3BHTHe 

pa3pH)J.a Me)I(.ZJ.Y 3JieKTpO)J.aMH npOHCXO)J.HT HJIH CaMOnpo

H3BOJibHO /H3- 3a yxy.u.weHHH aaKyyMa nocne HanycKa ra3a 

B Me)I(3JieKTpO)J.HOM 06'beMe/, HJIH HHH~HHpyeTCH C llOMOI.QbiO 

cne~HaJILHbiX llO)J.)I(HraJOI.QHX 3JieKTpO.U.OB 5, 3allHTaHHbiX 

OT JIHHHH bJIIOMJiaHHa. bOJlbWaH qaCTb ra3a B pa6oqeM 

06'beMe llYWKH llpH 3TOM HOHH3HpyeTCH, O)J.HaKO 3aMeTHaH 

ero )J.OJIH, HaXO)J.HI.QaJlCH B Me)I(3JieKTpO)J.HOM npOCTpaHCTBe 

/no .u.aHHblM/IO, 11/ I .u.o 30t1o oT nepaoHaqaJILHO HanymeH

noro B pa6oqHii o6'beM qHcna MOJieKyn/ ocTaeTCJl B HeHo

HH30BaHHOM COCTOJlHHH. YcKopeHHe nna3MeHHOrO cryCTKa 
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/BMCCTC C Haxo~H~HMHCH B HCM HCHTpanaMH/ B~Oflb OCH 

nylliKH UpOHCXO~HT 3a C'ICT B3aHMO~CHCTBHH pa3pH~Horo 

TOKa J C HH~YKUHCH a3HMyTaflbHOro MarHHTHOro nong ~, 
B03HHKaiO~ero B MC)K3flCKTpO~HOM 06hCMC OT TOKa, npo

TCKaiO~ero UO QCHTpanhHOMy 3flCKTpo~y. IlpHCYTCTBHC 

B YCKOpHCMOM UOTOKC nna3Mbl HCHTpanbHbiX aTOMOB 06bHC

HHCTCH, UO-BH~HMOMy, YBflC'ICHHCM HX B UOTOK 3a C'ICT 

coy~apeuuu H 6naro~apg l.faCTH'IHOH HCHTpanH3aQHH nono

)KHTenbHO 3apH)KCHHbiX HOHOB 3flCKTpOHaMH nna3Mbl B npo

QCCCC YCKOpCHHH. 

IlpoTeKaHHC 'ICpC3 3flCKTpO~bl UYlliKH 6onblliHX HM

nynbCHbiX TOKOB /~o 10 KA/ npuoo~HT K 3p03HH 3neKTpo

~oo. KaK 6wno OTMC'ICHO B /l~u 3KcnepHMCHTanbHO o6-

uapy)KeHo Ha HalliCH YCTaHOBKC, 3p03HH B 3Ha'IHTCflbHOH 

Mepe UO~BepraCTCH KOHCQ QCHTpanhHOrO 3flCKTpo~a /B 

3TOM MCCTC BCflHKa UflOTHOCTb pa3pH~HOrO TOKa H uanpg

)KCHHOCTb 3neKTPH'ICCKoro nonH/. Bo H36e)KaHue 3Toro 

QCHTpanbHbiH 3flCKTpO~ UJia3MCHHOH UYlliKH, pa6oTalO~CH 

B pC)KHMC ra30Boro pa3pH~a, CHa6)KCH HaKOHC'IHHKOM, 

H3rOTOBJICHHbiM H3 3p03HHHO CTOHKOro MCTanna jy HaC 

H3 BOflbclJpaMa/. TaKHM o6pa30M, UOBbJlliaCTCH 'IHCTOTa 

UJia3MCHHOro UOTOKa. 

IlpH pa60TC UJia3MCHHOH nyrnKH B pC)KHMC BaKyyMHOrO 

pa3pH~a uanycK ra3a qepe3 KJianau He npoH3BO~HTCH H 

OCHOBHOH pa3pH~ HHHQHHpyeTCH UO~)I{HraiO~HMH 3flCKTpo

.D.aMH. Pa6o'IHM oe~ecTBOM npu 3TOM cJiy)KaT npo~yKTbi 

3p03HH MaTepuana 3neKTpo~oo. B o6pa3ooaorneMCH nna3-

MCHHOM cryCTKC npHCYTCTBYIOT 3apH)KCHHWC H HCHTpaJibHbiC 

l.faCTHQW MaTepHaJia 3flCKTpO~OB, B OCHOBHOM MaTepuana 

HaKOHC'IHHKa. Il03TOMY 3flCKTpO~bl H3rOTOBflHIOTCH H3 60JICC 

3p03HHHO CTOHKOrO MCTanna, 'ICM MCTanJI CMCHHOrO ua

KOHC'IHHKa. C QCJibiO UOJIY'ICHHH nna3MCHHhiX cryCTKOB, 

CO~Cp)Ka~HX 3apH)KCHHWC H HCHTpanbHWC l.faCTHQW TOflbKO 

o~uoro onpe~eneuuoro MeTanna, 3neKTpo~hi nyrnKH non

HOCTbiO H3rOTaBJIHBaJOTCH H3 /HnH HX pa6oqag UOBCpX

HOCTb UOKpWTa TOHKHM CflOCM/ TaKoro MCTanna. B ~anb

HCHlliCM owxo~HIQBH B3 nyrnKB nna3McHHbiH crycToK npoxo

~HT qepe3 pa3~CflBTCflbHWH KOH~CHCaTop, Ha nnaCTBHbl 

KOTOporo UO~aHO UOCTOHHHOC HaUpH)KCHBC. IJocne nponeTa 

qepe3 KOH~CHCaTOp cryCTKa B3 Hero y~anHCTCH 3apH)KCHHaH 
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I<OMIIOHCHTa H o6pa3yCTCH, Tai<HM o6pa30M, IIOTOI< HeiiT

paJibHhiX 'laCTHIJ, ra3a HJIH MeTaJIJia 3JICI<TpOAOB, B 3aBHCH

MOCTH OT pe:>KHMa pa60Thl IIJia3MCHHOH ITYWI<H. YAaJICHHC 

3apH:>KCHHOH I<OMIIOIICHTbl MO:>KCT TipOH3BOAHTbCH H CHCTCMOH 

CCTOI<, HaXOAHIJ.lHXCH IIOA COOTBCTCTBYIOIJ.lHMH IIOTCHIJ,HaJiaMH, 

qepe3 I<OTOpble npOXOAHT cryCTOI<. ~Ha~parMHpyH ITOTOI< 

HCHTpaJibHbiX "'aCTHIJ,, MO:>KHO ITOJIY"'HTb Tpe6yeMyiO ero 

I<OH~HrypaiJ,HIO AJIH 3arpy3I<H C:>KaTOrO 3JICI<TpOHHOrO I<OJibiJ,a. 

06IIJ,HH BHA nna3MCHHOH IIYWI<H H H3MCpHTCJibHOH J<a

Mepbl ITOI<a3aH Ha puc. 2. 3nei<TPOAhi IIYWI<H MCAIIbiC. HaMH 

HCIIOJih30BaJIHCb CMCHHhiC Hai<OHC"'HHI<H IJ,CHTpaJibHOrO 

3JICI<TPOAa H3 BOJih~paMa AJIH ra30BOro pe:>KHMa pa60Tbl 

IIYWI<H, H3 CBHHIJ,a, HHAHH, MCAH AJIH pe:>KHMa Bai<yyMHOrO 

pa3pHAa C 3p03HCH. ~HaMeTp IJ,CHTpaJibHOro 3JICI<TPOAa 

B MCCTe paCITOJIO:>KCHHH OTBepCTHH AJIH BblXOAa ra3a COC

TaBJIHCT 5,5 CM, AHaMeTp CMCHHOrO Hai<OHC'IHHI<a - 1,5 CM 

/rrpH AJIHHC 2,5 CM/. ~HaMeTp BHCWHero 3JICI<TPOAa 

12 CM. HCIIOJib30BaJIHCb Tai<:>KC BHCWHHC paCXOAHIIJ,HCCH 

3JICI<TPOAbl C yrJIOM paCXO,D,HMOCTH u =7°, 15° /CM.puc.2j. 
Me:>KAY OCHOBHhiMH 3JICI<TpOAaMH IIOMCIJ.laJIHCb '-lepe3 H3o

JIHTOp TIOA:>KHraiOIIJ,HC 3JICI<TPOAbi /HrJibl/ H3 BOJib~paMa, 
IIpH'-ICM IIOJIO)I(CHHC KOHIJ;a HO,lJ,:>KHraiOIIJ,ero 3JICI<TPOAa MO)KCT 

H3MCHHTbCH OTHOCHTCJibHO OCHOBHhiX 3JICI<TPOAOB. ~JIHHa 

BHCWHero 3JICI<TpOAa - 20 CM, BHyTpeHHero - 18 CM. 

IJJia3MCHHaH nyrni<a Bai<yyMHO IIJIOTHO COCAHHHCTCH C H3MC

pHTCJibHOH I<aMepo:H H3 HCp:>KaBCIOIIJ,CH CTaJIH AJIHHOH 80 CM, 

,lJ,HaMeTpOM 32 CM. CHCTCMa OTI<a'-IHBaJiaCb Bai<yyMHbiM 

arper(\cTOM BA -0,5. Bai<yyM B cucTeMe 6hiJI He xy:>Ke 

1· 10 -;, Top. B H3MepHTCJihHOH I<aMepe HMCJIHCh I<penneHHH 

)J.JIH I<OHACHCaTopa, AHa~parM, CCTOI<. Ha 60I<OBOH IIOBepx

HOCTH paCOOJIO:>KCHhl YIIJIOTHCHHbiC IIO Bai<yyMy 3JICKTpH'-IC

CKHC BBOAhl, ABa OI<Ha C I<BapiJ,CBhiMH CTCI<JiaMH Ha pac

CTOHHHH 40 CM Apyr OT Apyra, OTI<a'-IHOH naTpy6oK. 4epe3 

TOpiJ,CBhiH ~JiaHeiJ, B I<aMepy BBOAHTCH I<OOpAHHaTHHI<, Ha 

KOTOphiH I<pCII1l:TC H pa3JIH'-IHhiC ,IJ,aT'-IHKH /HaiipHMCp, MHOrO

CeTO'-IHhiH 30HA, UHJIHH.D:P <l>apaACH, HOHH3aUHOHHbiH ,lJ,aT'-IHI< 

MH-10 AJIH H3MepeHHH xapai<TepecTHI< rroToi<a HeiiTpanh

HhiX l.faCTHU H T .,D,.j H CHCTCMa I<pCIIJICHHH KOTOpOrO II0-

3BOJIHCT eMy nepeMeiiJ,aThCH BAOJih OCH KaMCphl B paAHaJih· 

HOM H a3HMyTaJihHOM HanpaBJICHHHX. 
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Me111oowca U3MepeHUJI napaMe111poe KoMnoHeH111 
n/la3MeHHbiX C2YC111K06 upe3yAb111Q111bi3KCnepUMeH11106 

3KcnepHMeHTM npOBOaHnHCb llpH 3HaqeHHH eMKOCTH B 
uenu ocuosuoro pa3p11aa 2 MKq,, uanpJI:>KeHHH ua neil ao 
10 KB, TOKOM ao 12 KA. ,lJ.nuTenbHOCTb nonynepuoaa 
pa3p11auoro ToKa c 7 MKC, qucno nonynepuoaos - 7. Ha 
noa:>KuraiO~He 3neKTpoaw noaasanuch HMnynbcw ao 60 KB, 
anuTenbHOCTbiO 2 MKC. llepea pa60TOH nna3MeHHOH DYlllKH 
B pe:>KHMe raJosoro pa3p11aa c noMO~hiO aayquKa MH -10 
lnoapo6uo o HeM a1 13 1 I uacTpausancJI 3neKTpoauuaMuqe
cKuii Knanau TaKHM o6pa3oM, qyo6bi MC:>K3neKTpoaHhiH 
06'beM JanonHJinCJI pa6oqHM ra30M IB03,LJ,yX, KCeHOHI B 
JJ.OCTaToquoM JJ.nJI coJ.u.anHJI pa3pHaa KonuqecTse H Ja 
uaHKpaTqaiflllee apeMH. CKopocTb JanonueHHH oKaJanacb 
6nH3KOH K npe)].CJlhHOH CKOpOCTH HCTeqeHHH raJa B BaKyyM 
IJJ.nJI B03ayxa 7,8·10 1 CM/cl, )].nJI KCeHOHa 3.}04 CM/cl. 
KaK H CJICJ].OBano O:>KHJ].aTb, TOK pa3pHJ].a ysenuqusaeTCJI 
c yaenuqeuueM uanp.R:>KeHHH ua eMKOCTH paJpJIJJ.a. C noMO!UhiO 
asyx ~3Y, DpHCOCJ].HHeHHMX K OKHaM H3MepHTCnhHOH Ka
Mepw, DO 3aJ].ep:>KKe CHrHaJia BO BpeMeHH, MO:>KHO 6WJIO 
CYJJ.HTb 0 BeJiuquue HanpaBJieHHOH npOJ].OJlbHOH CKOpOCTH 
nnaJMeuuoro crycTKa. Ha puc. 3 noKaJaHbi JuaqenuH 
onpeJ].eJieHHMX TaKHM o6pa30M CKOpOCTeH filla3Mbl J].nJI 
pa3JIHqHhiX HanpH)!{CHHH Ha CMKOCTH OCHOBHOrO pa3pHJ].a 
H paJJIHqHhlX yrJIOB paCXOJ].HMOCTH u y ~HelllHero 3JieKTpo
J].a. l1.J rpa$HKa BHJ].HO, qyo CKOpOCTh IIJia3MeHHOrO cryCTKa 
noqTH JIHHCHHO JaBHCHT OT BeJIHqHHhl HanpH)I(eHHH Ha CM
KOCTH H B03pacTaeT C yBeJIH'ICHHeM yrna ulnpu $HKCHpo
BaHHOM JHaqenHH uanpJDKeHHHI. Ha puc. 4 noKaJauo H3Me
HeHHe CKOpOCTH B 3aBHCHMOCTH OT KOJIH<JeCTBa raJa B nylllKe. 
BHJJ.HO, 'ITO ysenuqeuue o6'beMa uanycKaeMoro ra::.a npuso
JJ.HT K CHH:>KeHHIO cKopocTH crycTKa It: K.'L - nanpJI:>KeHue 
Ha CMKOCTH CK.!I., KOTOpaH paJpH:>KaeTCJI qepe3 KaTylllKy 
Knanaua; c ysenul.feHHeM UK"1• KonuqecTBO uanycKaeMoro 
raJa ysenuqusaeTcHI. CKopocTh HCTe\.feHHJI nna3Mhl yMeHh
lllaeTCJI c ysenuqeuueM Maccw aTOMOB ow6pannoro raJa 
I puc. 51. Auanoruqnbie peJynhTaThi no H3MeHeHHIO cKopo
CTH 3apJI)I(eHHhlX KOMDOHeHT DJia3MeHHOrO CryCTKa B JaBH
CHMOCTH OT nepequcneHHhlX napaMeTpOB 6hlnH fiOJiy\.feHhl 
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Puc. 3. 3aeucuMoc111b cKopocmu nAa3Mbl 0111 pa3AU<~HblX Ha
npRJtCeHuii Ha eMKOC111U ocHoeHozo pa3p.110a u Y2Jl06 pacxo
OUMOC111U aHewHezo :JAe1<111pooa. 

1i 
~ ;:: 
'k 
~ . 

~ 6'1 
~ 

f 

.3 

2 

;\._ ... e,..,.,.J,.., 
6'-re...v-r, .. v- J,7<f'!C",7JAJ.J,(~JO 

u,./1= tJ~/' !t) 
U,e7 = ( P-ct'/;;:J 

"' .5" s ~ 8 :7 /() '-'!~'! 

Puc. 4. 3aeucuMOC111b cKopocmu nAa3Mbl 0111 KOAU'1ec111ea 
noc111yna10111e2o a nywKy za3a. 
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Puc. 5. 3aBucuMocmb ctwpocmu nAa3Mbl om pooa Hanye~cae
Mozo B nyuucy za3a. 

C llOMOI.l.{blO IJ,HJIHH.ll.pa <l>apa.n.eH, KOTOpbiH cPHKCHpOBaJICH 

Ha paJJIH'IHhiX paccTOHHHHX OT nylliKH. Bee 3TH HJMepeHHH 

llpOBO.ll.HJlHCb C nepBbiM cryCTKOM, O.ll.HaKO llYiliKa reHepu

poBana el.l.{e 1-2 cryCTKa MeHbllleH HHTeHCHBHOCTH. llOTOK 

YCKOpeHHbiX Heii:TpaJibHbiX 'IaCTHIJ, KCeHOHa cPHKCHpOBaJICH 

c noMOI.l.{hiO .n.aT'IHKa MM-10, Ha paccTOHHHH 50 eM oT 

llYiliKH, llpH 3TOM Me)l(.n.y llYiliKOH H .n.aT'IHKOM pacnonaranaCb 

.n.uaciJparMa c oTaepcTHeM ¢3 MM I .n.nH noHH)I(eHHH nnoT

HOCTH llJiaJMbi/, CHCTeMa CeTOK /06bi'IHO 2 -;3/ C paJJIHq

HbiMH llOTeHIJ,HaJiaMH. llOHH)I(eHHe llJIOTHOCTH llJiaJMbl 6biJIO 

He06XO.ll.HMO .ll.JlH OT .n.eneHHH JapH)I(eHHOH KOMllOHeHTbl. Ta

KHM o6paJOM 6biJI JaperHCTpHpOBaH YCKOpeHHbiH llOTOK 

HeHTpaJibHbiX 'IaCTHIJ, KCeHOHa CO CKOpOCT HMH OT 

5·1Q.S CM/C .Il.O TellJIOBOH CKOpOCTH KCeHOHa, paBHOH 

2,5 ·10
4 CM/C. liOJiblliOH paJ6poc no CKOpOCTJIM, no-au

.ll.HMOMy, CBHJaH C 60JiblliHM KOJIH'IeCTBOM raJa B llYiliKe, 

a TaK)I(e C HaJIH'IHeM HeCKOJibKHX llJiaJMeHHbiX cryCTKOB, 

BbiXO.ll.HI.l.{HX HJ Hee. llpe.n.aapHTeJibHhle peJyJihTaTbl pa60Tbl 

llYiliKH B pe)I(HMe anepHO.ll.H'IeCKOrO paJpH.n.a HJIH B pe)I(HMe 

paJpH.n.a c O.ll.HHM nonynepuo.n.oM /c no.n.aqeii: HMnynhca 

12 

HallpH)I(eHHH Ha 3JieKTPO.ll.hl qepe J KOMMyTa TOp/ llOKaJbl

BaiOT BOJMO)I(HOCTb COJ.ll.aHHH O.ll.HOrO llJiaJMeHHOrO cryCTKa 

H yny'IIlleHH.R napaMeTpoa ycKopeHHoro noToKa raJa. 

llpH pa6oTe llJiaJMeHHOH llYiliKH B pe)I(HMe BaKyyMHOrO 

paJp.R.n.a c 3P03Heii: MaTepHana 31IeKTpo.n.a /HanycK raJa 

He llpOHJBO.ll.HJICH/ llpHMeH.IIJIC.II HaKOHe'IHHK IJ,eHTpaJibHOrO 

3JieKTpo.n.a H3 CBHHIJ,a, a BHelliHHH 3JieKTPO.ll. - llpHMOH 

/yroJI a =0/. ,lJ;JIH onpe.n.eneHH.II CKOpOCTH aTOMOB CBHHIJ,a 

HcnonbJoaancH cneKTpanhHhiH MeTo.n. I puc. 6/. ,IJ;aa JepKana 

H llpHJMa nepe.n.aiOT CBeTOBOH CHrHaJI OT .ll.BH)I(yl.l.{eHCH ll1Ia3Mbl 

Ha BXO.ll.HYIO l.l.{eJih ClleKTporpaciJa. l1JMepHH BpeMeHHOH C.ll.BHr, 

COOTBCTCTBYIOI.l.{HH llOHBJieHHIO aTOMHOH JIHHHH HCCJie.n.yeMOrO 

3JieMeHTa /HanpHMep, aTOMHaH JIHHHH Pb 28:1:i A I, MO)I(eM 

ou.eHHTh cKopocTb 3THX aTOMOB. TaKoii: MeTo.n. HJMepeHHH 

.n.aeT JHa'IeHHe npHMepHO /1-'-3/ .1Q.S CM/C. 061.l.{ee KOJIH

'IeCTBO Heii:TpaJibHbiX 'IaCTHIJ, CBHHIJ,a onpe,D,eJIHJIOCb HJ 

aHaJIHJa HallbiJieHHOrO CJIOH Ha opraHH'IeCKYID llJieHKY HJIH 

aniOMHHHeayiO <f>onhry /nepe.n. HanhiJieHHeM Japx)l(eHHaH 
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Puc. 6. CxeMa cneKmpaAbHozo Memooa U3MepeHuJI cKopocmu 
KOMnOHeHITI n/IQ3Mbl. J - U3MepUITie/lbHQJI KQMepa; 2 - KBap
tleBble oKHa; 3 - 3epKaAo; 4 - npu3Ma; 5 - <P3Y; 6 - cneKm
pozparfi. 
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KoMnoueuTa yaanMnach H3 nna3Mhl/. 3TH aauuwe 6wnu 

nonylfeHhi perucTpauueH: B036y)l(aaeMoro uc TO'IHHKOM 109 Cd 
H3HY'ICHHH OT HaOhlHCHHOrO CHOH CBHHUa /HCOOHh30BanCH 

peuTreHOBCKHH cneKTpoMeTp, onucaHHhiH B / 14 I I. CneKTp 

:nanoua CBHHUa OHOTHOCThiO 20 MK2/CM 2 OOKa3aH Ha 

puc. 7a, cneKTp 3TanoHa Meau - Ha puc. 76, Ha puc. 7B -
cneKTp uanhineuHoro cnoH. CnoH: fihm HanhineH Ja 

1,5 10
4 

HMOYHhCOB cpafiaThlBaHHH nna3MCHHOH nyrnKH Ha 

paccToHHHH 20 eM OT Hee. Cpe;I,Hee lfHcno HeHTpanhHhiX 

lfaCTHU CBHHUa B OOTOKe 3a oaHO cpafiaThlBaHHC llYlliKH 

cocTaBnHeT ~ 5-10 1 I ttacm/cM 2• CMeuoif HaKoHe'lHHKa fihinu 

OOHY'WHhl OOTOKH HCHTpaHhHhiX 'iaCTHU HHaHH H Meau. 

llnoruocTh uanwneuuoro cnoM aocTurana MaKCHMyMa ua 

OCH H Clla.LJ.ana C paCCTOHHHCM OT Hee. llJIOTHOCTh cnaaana 

TaK)I(C C YBCHH'ICHHCM pacCTOHHHH MC)I(.LJ.Y nyrnKOH H OO.LJ.

HO)I(KOH, Ha KOTopyiO HaOhiHHHCH CJlOH MCTanna. 

3a I<A10tteHue 

C OOMOJUhiO KOHHCKTHBHOrO MCTOaa B03MO)I(HO YCKOpe

HHC HIOfihiX Haep pa3J1H'lHhlX 3J1CMCHTOB BOHOTh ao CaMhiX 

TH)I(CHhiX. B CBH3H C 3THM npofineMa C03aaHHH HCTO'IHHKOB 

HeiiTpanbHhiX lfaCTHU pa3HH'IHhlX 3HeMeHTOB, BKJliOlfaH ypaH, 

HMCCT Ba)I(HOC 3Ha'ICHHC. llpeaaapHTCHhHhle pe3yHhTaThl 

HCCHCJJ.OBaHHH pafiOThl OJ1a3MCHHOH DYlliKH OOKa3hiBaiOT nep

COCKTHBHOCTh ee HCOOJ1h30BaHHH B Ka'lCCTBe HCTO'IHHKa 

HeiiTpanhHhlX qacTuu. KaK BHaHo, nna3MCHHaH n~uKa HB

nHeTcH y.n.ofiHhlM ynpaBJlJICMhlM npu6opoM, no.n.6upaH 3HCKT

pu'leCKHH pe)I(HM pafiOThl H reoMeTpHIO KOTOporo, MO)I(HO 

OOHylfaTh cryCTKH HCHTpanhHhlX lfaCTHU C OOTHMaHhHhlMH 

napaMeTpaMH JJ.HJI 3arpy3KH 3HCKTpOHHOrO KOHhUa. 06IUaH 

npe.n.nonaraeMaJI KOMOOHOBKa OHa3MCHHOrO HCTO'IHHKa Heii

TpailhHhlX lfaCTHU c a.n.reJaTopoM YTH noi<a3aua ua 

puc. 8. B .n.anhHeiirneM 6y.n.eT npoae.n.euo .n.eTaJlhHoe uccne

JJ.OBaHHe HCTO'IHHKa H,B KOHC'IHOM C'ICTC, OOTOI<OB aTOMOB 

pa3J1HlfHhiX 3J1CMCHTOB BOJ10Th JJ.O ypaua. 
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Puc. 7. CneK•P 3•aAoHa ceUHfiO nAolfHOClllbiO 20 MKz/cM 
2 

jaj jepeMJI 3KCn03UfiUU 15 MUH, cneKlllp 3.0AOHQ MeOU 
/6/ U cneKlllp HanbiAeHH020 nyruKOU CAOJI /6/ jepeMJI 3KCno-

3UfiUU - 30 MUH/. 
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Puc. 8. 06t~~UU euo nAQ3MeHH020 UC1/IO'lHUKQ Heumpa/lbHbiX 
'lQC111Ull u aoze3amopa YTH. 1 - KaMepa aoze3amopa; 2 -
KQ111YWKU, C030Q101J1Ue MQ2HU1/IHOe noAe Q02e3Q1110pa; 3 -
CJICQ1/IOe 3/leK11tpOHHOe KO/Ib'/.10; 4 - nAQ3MeHHQJI nywKa; 
5 - ozpaHU'lU111eAbHQJI Ouaf/JpazMa; 6 - pa30eAU1/IeAbHbiU 
KOHOeHcamop; 7 - (JopMUPY10UIQJI oua(JpazMa; 8 - KaMepa 
nyWKU; 9 - 01/IKQ'lKQ KQMepbl nyWKU. 
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