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l.BeeiJ.eHHe 

B nepeoA CTSTbe, fi0CBHW9HHOA sneKTpOHHonyqeeoMy HCTO'IHHKY MHOro

aapHIJ.HbiX HOHOB /1/, 6bin OfiHCSH npHHUHfi ero paQOTbi, KOHCTpYKUHH SKCne

pHM9HTanbHOA YCTSHOBKH H3n H H9KOTOpbl9 SKCnepHM9HTbi, BbinOnH9HHbl9 

HS STOA yCTSHOBK9, 5binO fiOK838HO, 'iTO STOMSpHbiA HOH MOlK9T 6b!Tb 3SX

B8'19H B sneKTpOCTSTH'I9CKY~ noByWKy B o6naCTH sneKTpOHHOrO ny'IKS, MHO

roKpaTHO HOHH3Hp0BSH H Bb!B91J.9H H3 o6naCTH HOHH38UHH {J.nB nocne{J.y~mero 

aaanHaa, B qacTHOCTH, H3 ocTaToqaoro raaa 6binH nony'leHbi 'leTbipexaapM-

Hble HOHbl yrnepOIJ.S, 830T8 H KHCnopOIJ.S, 

B HSCT051W9A pa6oTe SKCnepHM9HTbl npOIJ.OnlKeHbl, B sneKTpOHHb!A nyq 

BB91J.9Hbl STOMbl pa6oqero B9W9CTBa, B 'ISCTHOCTH, 30nOTa, npOH3B91J.9Ha HX 

HOHH38UH51 IJ.O BbiCOKHX 38pHIJ.HOCTfA H 8HSnH3 cneKTpa 38p511J.HOCTeA no Bpe

M9HH nponeTa, ,Ung STOro, 9CT9CTB9HHO, fiOTpe6oaanHCb H9KOTOpb19 M9TOIJ.H

'I9CKHe ycoaepweHcTaoaaHHB onHcaaaoA paaee ycTaHOBKH H3n. 

2. MeTOIJ.H'IeCKaH qacTb 

a) HCTO'IHHK HOHOB 

CxeMa sneKTpOHHOnyqeaoro HOHHOrO HCTO'IHHKS fi0K838H8 Ha pHC, 1. 

3neKTpOHH851 nywKa C MHKponepaeaHCOM 0,95 pacnonaraeTC51 BHyTpH SKpa

HHpOBSHHOrO coneHOHIJ.S C MSKCHMSnbHOA Hanp51lK9HHOCTb~ MSrHHTHOro nonH 

OKOnO 4 KS, KaTOIJ. H3 reKca60pHIJ.8 naHTSHS OfiHpaeTC51 Ha TSHTanOBbiA IJ.HCK 

C IJ.HSMeTpOM OTBepCTHH 2,5 MM, .llng o6ecne'I9HH51 He06XOIJ.HMOA SMHCCHH 

npHM9H9H sneKTpOHHbiA fiO{J.OrpeB KSTOIJ.S, Ha paCCT051HHH 2~5 MM OT KSTOIJ.S 
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naXOAHTCSI anOAnaH ABacjlparMa C AUaMeTpOM OTBepCTUSI 8 MM, .llanee pacno

naraeTCSI ApeiltfloBaH "Tpy6Ka, COCTOSIWaSI H3 nSITH U30nupoBannbiX CeKUUil 

Anunoil 20,20,60,20,20 MM, COOTBeTCTBenno. 8 CTenKe npeAnocneAneil CeKUHH 

HMeeTCSI npOAOn&noe OTBepCTHe npHMOYI"On&noil 4lopM~ 1 BAOnb KOTOpOI"O pac

nono*ena cnupan& ucnapuTenH pa6oqero sewecTBa. 

nocneAnSIH ceKUBH Apeiltflosoil Tpy6KB onupaeTCH na MarnnTnbiil nomoc, 

nenocpeACTBenno 38 KOTOp~M ycTanosnen aneKTponn~il KOnneKTOp UHnHnApH

qeCKOil tflopMbi. KoaKcnan&no c aneKTponnbiM KonneKTopoM pacnono*en yc

KOpHIOWHil aneKTpOA MaCc-cneKTpOMeTp8 no BpeMenu nponeTa. 

3neKTpOnbi 1 9MHTTHpyeMble KaTOAOM H ycKopennbie anoAnbiM nOTenuua

noM, CHnbnbiM Mai"nHTnbiM noneM tflopMHPYIOTCSI B nyqoK, KOTOpblil nocne 

npOXO*AenHH ApeiltflOBOil Tpy6KH H BblXOAa B3 Mai"nHTnoro nona pei"HCTpUpy

eTCSI aneKTponn~M KOnneKTOpOM. 

J1onbi 1 B03nHKaiOWHe B o6naCTH aneKTponnoro nyqKa, MOI"YT nu6o YAep

*HBaTbCSI TaM, nu60 BbiBOAHTbCSI B aKCHanbnOM nanpasnenHH AnSI ananuaa 

110 BpeMenH rrponeTS, .llnH 9TOI"O HCIIOnb3YIOTCSI COOTBeTCTBYIOWHe pacnpeAe

nenHH IIOTenuuanOB na CeKUHSIX Tpy6KH Apeiltfla, 

11cToqnnK pa6oTaeT a ycnoBHHX csepxsbiCOKoro BaKyyMa, qTo o6ecrre

qHsaeT AnHTenbnbie speMena B3aHMOAeiiCTBHSI HOnOB C rryqKOM aneKTpOnos. 

6) 11crrapuTenb pa6oqero sewecTBa 

11c~apHTen& aTOMOB pa6oqero sewecTsa rrpeACTaBnHeT co6oil cnupan& 

us son&4JpaMosoil rrposonoKH, Tonwunoil 0,07 MM, c nanecennbiM na nee Ton

KHM cnoeM aonoTa, Crrupan& rrpeAsapuTen&no o6eara*HsaeTCH rrpoKanusa

HHeM B BaKyyMe, 3onOTO nanOCHTCSI MeTOAOM TepMHqeCKOI"O HCrrapenHH. 

8 HCToqnHKe HCII8pHTenb IIOMeWaeTCSI na paCCTOHnHH ~ 10 MM OT OCH 

aneKTponnoro rryqKa K08KCHan&nO C nHM. npu llpOIIyCKanHH qepe3 C11Hp8nb 

aneKTpuqecKoro TOKa sonoTo na rrosepXHOCTH son&4JpaMa rrnaBHTCH H HnTen

cusno HCIIapHeTCSI. qaCTb aTOMOB llpH CBOeM TerrnOBOM ABH*enHH qepe3 

rryqoK aneKTpOnOB HOnH3HpyeTCSI H 38XB8ThlsaeTCSI B aneKTpOCTaTuqeCKYIO 

nOBYlllKY B o6naCTH nyqKa, npu HMeiOWHXCSI nnoTnOCTSIX aneKTponnOI"O TOKa 

H I"eOMeTpHH HCnapHTenSI nonnaH a~eKTHBnOCTb HCnOnb30BanHSI pa6oqero 

sewecTsa cocTasnHeT senuquny 0,1-0,5%, 
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Pe>KBM pa6oTbi HcnapaTenSI HMnyn&CHbiil c qacToToil 1 ru. 

3KCIIepUMenTanbHO IIOK83ano, qTO UMnyn&c HHTeHCUBHOCTU BCII8pUBWUX-

CSI aTOMOB 30nOT8 1IpH KOpOTKOM KMIIfn&Ce TOK8 IIOAOI"peBa CIIUpanH BCe

TSKH BMeeT nonywupUHY "' 10 MCeK, qTo, sepOSITHO, 06'bSICHSieTCSI 3HaquTen&-

noll TE!nnoeMKOCT&IO cnupanu. 

.llnSI aneKTpuqeCKOI"O IIUTSnHSI CIIHpanH KCIIapHTenSI BCIIOn&3yeTCSI CXeMa 

pa3pSIA8 H8KOIIBTen&HOil eMKOCTH qepea THpaTpOH (eM, puc, 2 ), 3anyCKaiO

WHil HMnyn&C nocne ycHnHTenSI (n1) K K8TOAnOI"O nOBTOpHTenSI (n2 ) IIOCTy

IIaeT na CeTKY THpaTpOH8 (n8), pa6oTa10Wei"O B KnJOqeBOM pe>KHMe, EMKOCTb 

C P , nanpS!*euue ua KOTopoll nnasno perynupyeTCSI OT 0 AO 600 a, paa

PH>KaeTCSI qepe3 THpaTpon H narpy3Ky ( HCIIapuTen&), 8 CXeMe Hcnon&30Ban 

THpaTpOH Tr111-85/8, II03BOnSIIOWHII: nonyqaTb Ha H8I"py3Ke HMIIYitbCbl TOK8 

C 8MIInHTYAOII: AO 85 a, npeMeHSISI Ha6op eMKOCTell:, MO>KHO I"enepHpOB8Tb 

HMIIyn&Cbl paanuquoll: AnHTen&HOCTH, 

s) Macc-cneKTpoMeTp no speMeHH nponeTa 

CxeMa auaneaaTopa aapS!Aoaoro cneKTpa eonos us H3n no speMenu 

nponeTa (BnMC) npHBeAena na puc. 8. BnMC COCTOHT H3 cneAyiOWHX oc

noBHblX aneMeHTOB: BbiTSif'KB810WUli aneKTpOA (3), MOAynSITop KOnAeHC8TOp

HOf'O THna (6), Tpy6Ka Ape11:4Ja (8) H AeTeKTOp HOnOB (10), 

Ha BbiTHrui!aiOWHil aneKTpOA IIOAaeTCSI nocTOSinnbiil OTpHUaTen&nbiil no

TeHUHan, npeBbllll810WHII: no a6COniOTnOMY snaqenHIO yCKOpSIIOWee HanpS!*eHUe1 

rrpeno>Kennoe Me>KAY KaTOAOM H saseMneHnbiM anoAOM aneKTponnoil nylllKH 

J13n, 6biCTpble aneKTpOnbi TOpM03SITCSI B aneKTpOCT8THqecKOM none BbiTSI

f'HB810Wero aneKTpOAa H perHCTpHpyiOTCSI aneKTpoHnbiM KOnneKTOpOM (2). 

MnorosapSIAnbie HOHbi, yAep*HBaeMbie rrpocTpancTsennbiM aapHAOM aneKTpon

noro nyqKa BIInOTb AO MeCTa ero pactfloKyCHpOBKH na BbiXOAe H3 MarnHTnO

ro nonR, rrocne ycKopeHHSI a none BbiTHresaiOwero aneKTpOAa norraAaiOT s 

MOAynHTop. Honbi ocTaToqnoro rasa, aoaneKaiOwne a o6nacTH aneKTponnoro 

KOnneKTOpa, C06Hp810TCSI BHelllHeli IIOBepXHOCTbiO BbiT.Ilf'HB8IOWei"O aneKTpOAa, 

MoAynHTop, pacnono*eHHbili B cneuuan&noll: c'beMnoll: nacaAKe na Tpy6-

Ke Ape11:4Ja, npeACTaBnHeT co6oli nnOCKHil KOHAencaTOp 1 C AnHnOil nnaCTHn 

18 MM H 3830p0M Me>KAY nHMH 3 MM, 0AH8 H3 nnaCTHn COeAHnena aneKTpU

qeCKH C Apei!4JOBOli Tpy6Koli, BTopaSI H30nHpOBana H HSXOAHTCSI IIOA noCTOSin-
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HbiM nonoJKHTe/lbHbiM CMemeHf!eM (0-300 a) OTHOCHTenbHo nepaoil:. B none 

KOHJ19HC8Topa HOHbl OTKnOHSIIOTCSI H He IIOII8J1810T HS J19TeKTOp. Tpy6Ka npeli

IPa f!MeeT BHyTpeHHHH llHSMeTp 26 MM H JlnHHY 1150 MM, <l!fiKCSUHSI H H30nSI-

. UHSI npeil:tj>oaoil: Tpyt5KH B aaaeMneHHOM Kopnyce BrlMC npoH3BOllHTCSI c rro

MO!UbiO tj>aptj>opoBbiX Koneu (7), 

Tpy6Ka Jlpeil:tj>a HSXOllHTCSI IIOll IIOCTOSIHHbiM H HeH3MeHHbiM IIOT9HUHSnoM 

( ~ 2 KB) He38BHCHMO OT IIOTeHUHSna HS Bb!TSII'HBSIO!U9M aneK1'POlle, 'ITO o6ec-

ne'IHBSeT HeH3M9HHble 3Hepi'9TH'IeCKHe ycnoBHSI 8HSnH38 IIO apeMeHH rrponeTa, 

flpH HSnH'!HH OTpi!USTenbHOI'O MonynHpyiOIUero CHI'HSna (0-300 a), KOTO-

pbrli Ha orrpeneneHHbrli rrpoMeJKyToK apeMeHf! KOMIIeHCHpyeT rronoJKHTenbHoe 

CMemeHHe H30nflpOBSHHOil: rrnaCTf!Hbl KOHJleHCSTopa, HOHbl B BHlle Y3KOI'O rra

KeTS rrpoxollSIT a npeil:tj>oay10 Tpy6Ky H rrocne paaneneHHSI no apeMe»H rrpone

Ta pei'HCTpHpyiOTCSI neTeKTOpOM HOHOB, B KS'!eCTBe JleTeKTopa f!OHOB Bbi6-

paH BTopH'!Ho-aneKTpOHHbiil: yMHOlKf!Tenh THIIa B3Y OT-8M 12 1 c BHyTpeH

HHM nemfTeneM, B CBSI3H c Heo6xonHMoCTbiO rrporpeaa Koprryca BrlMC no 

400°C nenHTenb B3Y co6HpancSI H3 peaHcTopoa THrra MJIT, c rroaepxHoCTH 

KOTOpb!X rrepen MOHTSJKOM ynanSinocb H30nflpyiOIUee IIOKpb!THe, 

H eo6Xollf!Moe paapelKeHHe B o6'beMe BrlMC coanaaanocb BSKYYMHoli 

Cf!CTeMoil: 113JI H sneKTpopa3pS!llHb!M HSCOCOM 3CH-1, IIpi!CTblKOBSHHb!M K 

Koprrycy aHanf!3STopa. 

3neKTpoHHSSI cxeMa BrlMC pa6oTaeT cneny!OlUIIM o6paaoM: reHepaTop MfVI-1 

( B lKilY!UeM pe>t<I!Me) 38IIYCKSeTCSI 38J:IHHM tj>pOHTOM 38II11p8101Uero f I!Mnynb-

Ca 113JI, 3auep>t<aHHbre CIII'Hanb! reHepaTopa M fVI-1 aanycKa!OT paa-

aepTKY CKOpOCTHOI'O OCU!Innorpatj>a VIC0-1 H reHepaTop TIIIIS r5-13 .Bb!XOilHb!e 

IIMnynbCb! reHepaTOpa f5-13 1 IICIIOnb3YIOIII!IeCSI B KS'IeCTBe MOJ:IynHpyiO!UIIX1 HMe

!OT B8pb11pyeMble Jlni!TenbHOCTII B HHTepBane 7-500 HCeK II aM~miTYilbi B IIHTep

BSne 0-300 B, 

CHrHanbi c B3Y rrocne npenycHnf!TenSI nocTyrra!OT Ha axou VIC0-1, 

HS 3Kp8He KOTOpOI'O Bfl3yanbHO HnH IIyTeM tj>OTOI'pStj>f!pOBSHf!SI Ha6n!OJ:{SeTCSI 

cneKTp 38pS!J1HOCTeil: HOHOB. 

floCTOSIHHb!e HSIIpSI>t<eHHSI CMeiUeHHSI HS pa3ni!'!Hble aneMeHTbl BflMC 

IIOJ:IS!OTCSI OT 6noKa 6aTapeli THIIS n MUr -315. 

B pa6oTe aHanf!3STopa HMeeTCSI pSIIl oco6eHHOCTell. HaH6onee BS>KHbie 

H3 Hf!X cneuyiDIUf!e, 
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8c;>-nepBbiX1 HHTeHCHBHOCTb ny'IK8 HOHOB H3 J13n H8CTOnbKO eenHK8 1 

'ITO nonHblli! cneKTp 3apB~HOCTeA yeepeHHO pel"HCTpHpyeTCQ npH pa6oTe B 

paaOBOM pe)KHMe.· Cne~CTBHeM 3TOI"O OK83biB8eTCQ OTCYTCTBHe K8KHX-nH60 

cep&eaHbiX Tpe60B8HHA H8 CT8C5Hn&HOCTb BbiCOKOBOnbTHbiX HCTO'IHHKOB nH

T8HHB npH ~OCTH)KeHHH npeAen&HOI"O pa3peWeHHQ, 

Bo-eTopbiX, npu HMeJOweACB ~nHTen&HOCTH 38AHero ~pOHTa HMnyn&ca, 

aanHp810111ero HOHbi B ~pel!~OBOA Tpy6Ke J13n H paBHOA "' 50 MKCeK, H8'1811b

HbiA paa6poc nocTynaJOIIIHX H8 8H8nH3 HOHOB no 3HeprHBM He npeBbiW8eT 

0,2 e, TaKaB UH~pa nonyqaeTCB H3 cpaeaeHHB ~nHTellbHOCTH aanapaJOmero 

HMnyn&ca, HMeJOmero aMnnHTy~y , 100 B H ~nHTen&HOCTH MO~ynHpyJOmero 

HMnyn&ca 60 HCeK, 

B peeyn&TaTe a o6nacTH A/ Z = 2 nony'leHo paapemeHae 40, npH'IeM 

aTo 3Ha'leHIIe onpe~enBeTCB ~naTen&HOCTbJO HMnyn&ca c B3Y H npe~ycHnHTeng 

OT OAHHO'IHOI"O HOH8 1 KOTOpag B H8CTOBIIIee BpeMB COCT8BnBeT 50 HCeK, 

TaKHM o6paaoM, paapeweHHe BnMC MO)KeT 6hiTb cymecTaeHHO yaenaqeHo. 

HaKOHeU1 TpeTbQ oco6eHHOCTb pa6oTbl BnMC COCTOHT B HanH'IHH ABYX 

aneKTpOCT8TH'IaCKHX nHH3; aneKTpOHHbll! KOnneKTOp - BbiTBrHB810111Hli aneK

TpOA H BbiTQI"HB8JOIIIHl! aneKTPOA - Tpy6Ka ApeA~. J10Hbl C pa3Hb!MH 3H8'1e

HHBMH A/ Z HCnbiTbiB8JOT HeOAHH8KOBOe B03.1leACTBHe npH npOXO)KAeHHH 3THX 

nHH3 1 'ITO npHBOAHT K TOMY 1 'ITO y 8H8nH38TOpa nOBBnBJOTCQ cna6o Bblpa

)KaHHbie CBOJ!CTB8 pe30H8HCHOCTH 1 KOTOpbie Heo6XOAHMO Y'IHTbiB8Tb npH cpae

HeHHH HHTeHCHBHOCTel! JlaneKO OTCTOBIIIHX .apyr OT ~pyra nHHHA cneKTpa 38-

PSIAHOC.TeA. 

3, 3KcnepHMeHT8nbHble peayllbT8Tbl H HX 06Cy)KAeHHe 

a) 3KcnepHMeHTbl no HOHH38UHH OCT8TO'IHOI"O 1"838 

B HaCTOSIIIIeA pa6oTe 6binH npo.aon)K~Hbi aKcnepuMeHTbi no accnenoea-

HHJO aneKTpOHHOnyqeeoro HCTO'IHHKa npH HCnon&30B8HHH 8TOMOB OCT8TO'IHQ

ro raaa a o6'beMe H3n. B nepeyJO oqepeA& c npHMeHeHHeM BnMC 6hinO 

IIOK838H0 1 'ITO BHA cneKTpa 38pBAHOCTeA HOHOB CyllleCTBeHHO 38BHCHT OT 

BpeMeHH 38nHp8HHQ HOHOB B aneKTpOHHOM ny'IKe • A HMeHHO, npu yee-

nH'IaHHH T a cneKTpe Ha6niO.Il8IOTCB HOHhi yrnepona, aaoTa u KHcnopona 

10 

ece 6onee BbiCOKHX 38pSIAHOCTefl. 3To SIBnSieTCQ OAH03/~8'1HbiM CBHAe.TellbCT-

BOM T01"0 1 'ITO MH01"038pBAHbie HOHhl IIOSIBnSIIOTCQ B pe3yllbT8Te nocneAOBSTen&

HOlif HOHH38UHH 1 a He B OAHOM CTOnKHOBeHHH 0 K8K 3TO HMeeT MeCTO B pa6o-

Te 
131 

npH H3y'leHHH 38BHCHMOCTH 3~¢eKTHBHOCTH HOHH38UHH OT ABBneHHQ B 

V!3n IIOK838HO, 'ITO npH OAHOM H TOM >Ke apeMeHH 38IIHp8HHQ .ang nony-

'leHHSI HOHOB HeKOTOpOfl M8KCHMan&HOfl 38pSIAHOCTH Tpe6yeTCQ TeM 6onbW8SI 

nnoTHOCTb aneKTpOHHOI"O ny'IKB j 0 '!eM BhiWe AaeneHHe B CHCTeMe, 

npu naaneHHH 2•10-8 TOpp, H3MepSieMOM C llOMOIIIbiO aneKTpopaapSIAHQ

ro HBCOC8 3CH-1, yCT8HOBneHHOI"O H8 KphlWKe KOpnyca J13n H npH j r = 

= 2 ·I 0 1 7 cM-2 ( E e= 2,3 K3B) yeepeHHO Ha6niOnanHCb HOHhi cnenyiOIIIHX 
+5 +6 +7 

aapSIAHOCTel! C , N , 0 • 3ToT ~aKT caM no ce6e HeCOMHeHHO npen-

CTaenSieT 6on&woli HHTepec, T,K. anec& coeepweH nepexo~ K HOHH38UHH K-

o6onO'IKH, TeM He MeHee eme 6onee HHTepet;HhiM OK83hiB8eTCSI COOTHOWeHHe 

+!5 ~fi 
HHTeHCHBHOCTelil, HanpHMep, nHHHli N ~: N . Ha puc. 4 npencTaeneH 

y'laCTOK cneKTpa, nony'leHHOI"O npH YK838HHhlX BhiWC ycnOBHSIX 1 KOI"A8 OCHOB

HOH KOMIIOHeHTOli OCT8TO'IHOI"O 1"838 6hin a30T, !13 pHCYHK8 BHAH0 1 'ITO 

IN+~/IN+6"'4. 

3TO COOTHOWeHHe npH HeKOTOphiX npOCThlX npeAIIOnO)KeHHSIX ll03BOnSieT 

Bhi'IHCnHTb Ce'laHHe HOHH38UHH aneKTpOHHbiM YA8pOM IISITHpa3pSIAHOI"O HOH8 

830T8 C o6pa30B8HHeM weCTH38pSIAHOI"O, 3TO Ce'leHHe OK83biB8aTCQ paBHbiM 

IQ-18 CM2 AnQ 3Hepl"HH HOHH3HpyiOIIIHX aneKTpOHOB 2,3 K3B. 

npHMepHO T8KHe >Ke 3H8'1aHHSI nony'IBIOTCSI H AnQ Ce'leHHli o6p830B8HHQ 

+5 +7 .-.14 +6 
C H 0 H3 L H 0 COOTBeTCTBeHHO, 

Ha6niOAeHHe ronbiX SIAep yrnepona, aaoTa H KHcnopona aaTpyAHeHo 

+6 +7 ~ 
Ha-aa HanH'IHB nHHHH H~ • 06paayiOTCB nH HOHbi C , N , 0 e 

HaweM HCTO'IHHKe llpH j T = 2•1QI7 CM-2? Ha 3TOT BOilpOC cnenyeT OTBe

THTb YTBepAHTenbHO, llOCKOnbKY Ce'leHHe HX o6pa30B8HHSI AOn>KHO COCT8B

nSITb "'l /3 OT Ce'leHHSI o6pa30B8HHSI HOHOB 1 HMaiOIIIHX 1 aneKTpOH H8 K-060-

noqKe. 

6) 3KcnepHMeHThl no HOHH38UHH 30nOT8 

PeaynbT8Thl 3KCnepHMeHTOB IIO HOHH38UHH 30nOT8 HOCSIT IIOK8 nHWb 

npeAB8pHTenbHhlli X8p8KTep, T,K, nony'leHhl B OCHOBHOM llpH OTpa60TKe MeTo

AHKH BBOA8 30nOT8 B aneKTpOHHhlli ny'l V!3n. 

11 
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PHc,4, YqaCTOK cneKTpa 38pHaHOCTell HOHOB OCTaToqaoro ra3a, 
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PHc,5 • .0HarpaMMa epeMeHH~ll nocneJlOBaTenhHOCTH npoueccoe B H3fl. 

13 



Ha pnc. 5 npneeAeHa naarpaMMa epeMeHHolt nocneAOBaTen&HOCTH npo

ueccoB B !1Sn OT Ha'laJia UHKJia AO nony'leHHSI CneKTpa HOHOB 30JIOTa H oc

TaTO'IHOI"O raaa (csepxy-BHH3), 11Mnyn&c aaAaJOIUero reHepaTopa, KOTOpbllt 

CJIYlKHT Ha'laJIOM OTC'IeTa speMeHH, 3aAeplKHBaeTCSI H OAHOBpeMOHHO HBJISI8TCSI 

KOMaHAOA, so-nepBbiX0 Ha Bblpa6oTKy MOIUHOI"O 9JIOKTpOHHOI"O HMnyn&ca 'lepe3 

HSn a, so-sTopbix, Ha BbiAa'ly ToKosoro HMnyn&ca qepea cnapan& acnapa-

TeJISI aTOMOB 30JIOTa, 

3TOT lK8 HMnyJJbC aaAaJOIUOI"O l"eHepaTopa, 3aAeplKaHHbllt Ha Apyrolt HH

Tepsan speMeHH, CJIYlKHT KOMaHAOli AJISI reHepaTOpa cepHA, KOTOpblA BblAaeT 

HMUyJibC TOil HJIH HHOlt AJIHT8JibHOCTH, aanapaiOIUHli HOHbl B 06'beMe 9JI8KTpOH

HOI"O nyqa e Tpy6Ke Apelt<jla HSn. 

8 CBOIO O'lepeAb, 3aAHHit <jlpOHT aanapaJOIU81"0 HMnyn&ca CJIYlKHT Ha'la

JIOM OTC'l8Ta BpeMeHH, OTHOCHT8JibHO KOTOpOI"O CABHI"aeTCSI MOAYJJHpyiOJUHli 

HMnyn&c reHepaTopa f5-13 H HMnyn&c, aanycxaJOJUHlt paasepTKY ocuannorpa

<jla, Ha 9KpaHe KOTOpOI"O Ha6JJJOAaeTCSI cneKTp aapSIAHOCTelt, 

KpoMe Toro, HMnyn&c ToKa 'lepea cnupan& ucnapuTeJJSI MOlKeT 6biTb 

CBH3aH He C Ha'laJJOM MOIUHOI"O 9JI8KTpOHHOI"O HMUyn&ca, a C Ha'laJIOM aanH

p8101U81"0 HMUYJibCa, ,llns YA06CTBa Ha6JIIOAOHHSI CXeMa, Bbipa6aTbiBaJOJUaSI HM

nyn&C URTaHRSI RCnapHT8JIS10 MOlK8T aanycKaTbCSI 'lepea nepeC'I8THYIO CX8My, 

B nepsbiX lKe sxcnepuMeHTax, KOI"Aa 6biJIO BKJJJO'leHo naTaHae acnapa

Tens, B cneKTpe Ha6JJJOAaJIHCb HOHbl 30JIOTa BfiJIOTb AO +6. 8aKYYMHbi8 yc

JIOBHSI npH 9TOM 6biJIH HaCTOJibKO UJIOXHMH, 'ITO B cneKTpe HOHOB OCTaTO'I

HOI"O raaa ensa Ha6JJJOAaJIHCb AByxaapSIAHbie HOHbi. 8nocneaCTBHH, KOI"Aa 

BaKyyMHbie ycJIOBHSI yny'lWHJIHCb, 6biJIH UOJJy'IOHbl CHa'laJJa HOHbl BUJIOTb AO 

Au+l3 +19 
, a aaTeM H AO Au • B aToM nocnenHeM cnyqae saxyyMHbie 

yCJIOBHSI B Tpy6Ke npeli<jla COOTB8TCTBOBanH JlHWb TOMy, 'ITO Ha6JJJOAaJJHCb 

+4 +4 +4 17 2 
HOHbl c . N • 0 • STo 3Ha'lHT, 'ITO j r a 2·10 CM- B 9THX yc-

JIOBHSIX 81U8 He peaJJH30BaJIOCb, 

KaK ylKe yxaabJBanoc& Bbiwe, aonoTo nocTynano s sneKTpOHHbiit nyq 

aa Bp8MSI 10 MC8K 0 'ITO CpaBHHMO C AJIHT8JibHOCTbiO aanHpaJOIU81"0 HMUYJibCa. 

STo aHa'lHT, 'ITO anec& noKa HMeeT MeCTO npaKTH'lecxu aenpepbiBHas nona

'la aTOMOB pa6o'lero semecTsa. TeM 6onee HHTepecao OTMeTHTb, 'ITO cneKTp 

aapHAHOCTelt HOHOB 30JIOTa HM88T JIHHHH, HHT8HCHBHOCTb KOTOpbiX, HanpHMep, 

+12 +19 
OT Au AO Au nanaeT npRM8pHO B 5 paa, 
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3TH pe3yn&TaTbi
0 

TaK )1{8 KaK H pe3yn&T8Tbl 9KCnepHM8HTOB no HOHH3a

UHH K-o6ono'IKH aToMoB C , N , O, OKaaanac& HeOlKHAaHHbiMH, a Heo6xo

AHMbi HOBble 9KCnepHMOHTbl 0 npelKA8 '10M CTaHeT SICH8 npH'IHH8 CTOJib 6biCT

p01"0 B CMbiCJie BeJIH'IRHbl j r AOCTHlKSHHSI T8KHX BbiCOKHX 38pSIAHOCTeA. 

B) 06cylKAOHHO HeKOTOpbiX pe3yJibT8TOB 

11HTepeCHO cpaBHHTb nony'leHHYIO 9KCnepHM8HT8JibHO BeJIH'IHHY C8'18HHSI 

HOHH38UHH N+
5 

c nepeXOAOM B N-+11 u wa .. N+8" 1o-
18 

CM2 c paC'IeTHbi-

MH BOJIH'IHHSMH C8'10HHSI STOI"O nepeXOAa, 

nonysMnHpH'lOCKSSI <jlopMyna Sn&aepTa 
141 , ynyqweHH8SI AilS! 6ollbWHX 

3H8'10HHA OTHOWOHHSI 9H8pi"HH SJIOKTpOHOB K SHOpi"HH HOHH38UHH 

r.o.e 

Ee 
u~--

1 I 
2 I H 2 

ul ~unp tifT •o(--)' 
I I 

u np 
2 

U-1 ~ [ 1 + 0,3(U-1)) 

t
1 

- 'IHCJIO 91l8KTpOHOB B A8HHOM COCTOSIHH~, 7T ·~ - 9·1o-
17 c~. 

9Hepi"HSI HOHH38UHH aTOMS BO.D.OpOA8 , A88T 3H8'18HH8 AilS! 

u N+5 .. N+8" 0,78•10-19 2 CM 

In -

Eme 6ollbwee pa31lH'IHe c SKcnepaMeHTan&HoA senH'IHHoA ,ttaeT <jlopMy

na aa pa6oTbl /5/ 

1 e 4 E 
2 7T ln(-e ), 

u ~ I I 
I E e I I 

I" AS e -aapHA 9Jl8KTpOHa. 3A8Cb UN +5-> N+8 " 0,4•10-19 C~. 
Haany'lwee cornacne nony'laeTCSI npn cpaaaeHHH sxcnepaMeHTan&Holt 

BellH'IHHbl ~ pac'I~THOA nony'I8HHOA B 6opH-KYJIOHOBCKOM npH6JIHlK8HHH B pa-

6oTe /6/, !"AS UN+5-> N+6 OK83b1Ba8TCSI npHM8pHO paBHbiM 2•10-lB CM
2

• 

0AH8KO H '3A8Cb pa3JIH'IH8 C 9KCnepHM8HTOM AOCTHI"88T 3Ha'IHT8JlbHOA B8JIH-

'IHHbl: 5 paa. 
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8 HaCTOSIJilee BpeMSI Mbl HH'Iei"O He MO:lKeM CKa3aTb 0 npH'IHHaX CTOnb 

CHnbHblX paCXO:lKlleHHII Me:lKllY SKCnepHMeHTanbHOII H paC'IeTHblMH aenH'IHHa

MH, C TO'IKH 3peHHSI C03llaHHSI HCTO'IHHKa BbJCOK03apS1llHblX HOHOB STO pa3-

nH'IHe OKa3bJBaeTCSI npHSITHbiM 0 T,K, o6nerqaeT llOCTH:lKeHHe He06XOllHMblX 

3apS1llHOCTel!, TaK, HanpHMep, pean&HO C03llaTb HCTO'IHHK C HHTeHCHBHOCTbiO 

2•1013 HOHOB ypaHa 3apS1JlHOCTH +24 B CeKyHJly, KOTOpble MOI"YT 6bJTb ycKo

peHbl llO He06XOllHMbiX SHepi"Hil Ha UHKnOTpOHe C llHaMeTpOM nonJOCOB 4 M, 

B 3aKmo'leHHe aBTOpbl C'IHTaJOT CBOHM npHSITHbJM nonr'OM no6narona

pHTb aKaneMHKa r.H. cllnepoaa 3a HHTepec K pa6oTe H E.Ll. Bopo6&eaa 3a 

noCTOSIHHYJO nonnep:lKKY H nOMOJilb, BO MHOI"OM o6ecne'IHBII1He ycnewaoe Bbl

nonaeHHe naaaol! pa6oTbJ, 
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