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BBe.l{eHHe 

.li:JIJI HeBOJMymaromeil: ,wiarHOCTIIKII ITY'IKOB JapJPKeHHhlX qacnru; nnrpoKo 

HCITOJTh3YIOTCJI <fJOTOHhl, pOJR,LJ;aiOm;HeCJI Ha KOMITOHeHTaX OCTaTO'IHOrO raJa 
: • \' ' c ' 

nmr JOH,wipyromeil: KopiTycKyJIJipHoil: MHIIIeHH (eM., HaiTpHMep, [1-7]). BoJTh-

IIIoil: HHTepec K CBeTOBOMY H3JIY'leHIIIO B .n;aHHOM CJIY'!ae CBJIJaH C B03MOJK-
, (' . ' .. 

HOCThiO ITOJIY'leHIIJI HH<fJOpMaiJ;IIH 0 ITapaMeTpa~ ~a Ha Tpy)I.HO.LJ:OCTYIIHhlX 

yqacTKaX KaHaJia TpaHCITOpTIIpOBKI'I H . ITpii HaJIH'll'III BHeiiiHIIX 3JieKTpoMa-
, ' ., ' ) ., ' 

rHHTHhlX IToJieil:. B ocHoBy IICITOJThJyeMhlX MeTo.n;on ,wiarHoCTHKII ITOJIOJKeHo 
\ ' ' . ' ' ( 

oiTpe.n;eJieHIIe ITpo<fJHJieil: ITY'!Ka ITO ITpocTpaHCTBeHHOMY paciTpe.n;eJiennro ITO-. ' . : . . 

TOKa <fJoTOHOB nmr HHTeHCIIBHOCTII IIX II3JIY'lennJI no npeMeHII. B qacTHOCTH, 
' . ' . . . 

ITpii periiCTpaD;HH 3TOrO paciTpe.n;eJieHIIJI B HeCKOJThiGIX CeKYIIJ;HX ITJIOCKOCTJIX, 

pa3Hed~HHhlX Ha ITpoJieTHOH 6a3e, MOryT 6MT:b BOCCTaHOBJieHhl ITOITepe'IHhlH II 
' . . - ~. '_,; :. ;. '. . 'i 

ITpo.n;oJII>Hhlil: 3MIITTaHchl ITyqKa [1-3,5]. MaKCHM<WI>HaJI TO'IHOCTn ITo.n;o6Hoil: 
" - : t ,·· 

,wiarHOCTHKI'I .LJ:OCTHraeTCJI ITPII, per~crpaD;HII .H3JIY'leHIIJI OT TOHKI'IX 

("' 5 MKM) HIITefi, ITepeceKaiOm;IiX ITyqOK G II3BeCTHOH. CKOpOCT:biO II ITpaKTII'le-
,_ ), ·-· : • ,. ,• :· 0 : 

CKII He yxy.zuuarom;IIx ITapaMeTpoBIIY'!Ra B ITpou;ecce II3Mep~Hl'IJI [6]. B JaBII-

CHMOCTH OT 3Heprnn HOHOB .LJ:JIJI ,wiarHOCTIDUIIICITO~JyeTCJI J!IOMIIHeCIJ;eHTHOe, 

ITepeXO.LJ:HOe IIJIH qepeHKOBCKOe H3JIY'leHIIe. IJpii 3TOM o6m;ee ROJIH'leCTBO H3-' 
- . : . . ~ . ' . j : ( : . ~ - ; ~ ' ' ' ' 

JIY'laeMhlX <fJOTOHOB 3Ha'll'ITeJThHO npeBOCXO,wiT :'IHCJIO .n:pyriiX 'laCTHIJ;, B.03Hl'I-. ) · ... ' .. -, ."', .:. :. '"';.:· ,, -

KaiOm;IIx ITPII B3aHMo.n;eil:cTBIIII IIOHOB c HIITI.IO. Haii6oJThiii?Jl 3<fJ<fJeRTIIBHOCTI> 

II3MepeHII:fi C IICITOJTh30BaHIIeM H3JIY'laiOIIl;IIX HIITe:fi IIJIH <fJoJThr .LJ:OCTIIraeTCJI B . ' . ' - __ . ,)'" \. 

ITY'!Kax.MaJioil: IIHTeHCIIBHOCTH. B TO JKe npeMJI ripii ITepexo.n:e K CIIJThHOTO'l-
• , • ' •• -· - • • , ; -... ~ .- •• ·' •• - • , ~ : r_ : ; • , • • • 

HhlM ITyqKaM B03HIIKaeT ITpo6JieMa He.n;oiTyCTIIMhlX noTepn HOHOB, a TaKJKe pa-
J • ' ' ' ' , ~ • • - ., _- ' 1, • ~ ' ' '. l ., :. ,·_ . , . ' . j ' : 

,wiaD;IIOHHoro pa3orpena II pa3pym:eHIIJI ITo.n;o6HhlX JOH.LJ:IIPYIOIUIIX MIIIIIeHeil:. B 

3TOM CJIY'lae oco6DI:fi:.HHTepec ITpe.n;craBJIJIIOT MeHee TO'!Hhle MeTO.LJ:hl, OCHOBaH-

Hhle Ha . .n;ByMepHOH TOMOrpa<fJnn ITyqKOB 3apJPKeHHhlX '!aCTIIIJ; ITO CBeTOBOMY 

B~\t Al;.ii:~;;.~n J;:•=rl!JT_ -- -~--. 
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II3JIY'lCHlHO KOMIIOHCHT OCTaTO'lHOI'O I'a3a [1-3,5]. l1pii 3TOM .l(ByMepHoe pac-

rrpe.n;eJieHIIC TIJIOTHOCTII TOKa IIOHOB ITO CC'ICHIIIO DOCCTaHaDJIIIBaCTCJl MCTO.l(OM 

o6paTHOH 3a.l(a'III II3 HCCKOJibrulX (o6hl'IHO 3-x, 4-x) O,IUIOMepHhlXpacupe.n;eJie-
. . 

HIIH (rrpoqiiineH:) cneTonoro II3o6pa:me:mUr rry'!Ka, II3Mepemmx c HeKoTopLIM 

C,l(BIII'OM ITO yr.ny B ceKym;efi IIJIOCKOCTII. 

0)UIOH II3 OCHO~HMX rrpo6:rre~, 3aTpy;D;IDI:IDIIJ;liX IICTIO;n},30BaHrre OTMC'lCH

HhlX MeTo.n;on .n;IIarHocTIIKII ripiiMeHIITeJII>Ho R rry'lRaM IIoHon H-, JinJIJieTcJI 

OTCYTCTBIIC B ·~TepaType TeOpeTII'leC~OH II 3KCII~pHMeHTa.in,HOH IIH<lJOpMa

IJ;IIII o. ~exarm3Me II3JIY'leHIIJI ~a30BLIX ~rneHeii: 'rrpii IIX n3aiiMo.n;eii:cTnrm c 

rroTo~oM ~aRIIx cn~6ocB.H3~mm.Ix .qac;~n_KaK OTpilu;~TeJibHLre.mi:H:u. B To :me 

BpeMJI IIMCHHO MeXaHH3M B036y~eHIIJI MIIIIICHII orrpe.n;eJIJieT ,ll;OCTOBepHOCTb 

. IIOJiy'lae:Moii: miqi~pMaiJ;IIII' 0 .· napaMeTpax rry'!Ka ri H:eo6xo.n;IIMYID '.l(Wr .n;IIai'~ 

HO.CTIIRII TIJIOTHOCTb ra3a. B 'l~CTHOCTII, <PopMIIponaHIIe cneTonoro II3o6pa

:meHIIJI ny'!Ka M:omeT rrpoiicxo.n;IITo KaK npii npJIMoM B3aiiMo.n;enciniiii IIoHon c 

KOMTIOHCHTaMII ra3a B. naKyyMHOH KaMepe, T~K 'II npii ero D036y:m.n;eHIIIT BTO-

. ' . .• ?, . . "" 
pii'IHhlMII '!aCTIIIJ;aMII, po:m.n;aiOIIJ;IIMIICJI B pe3yJibTaTe 3TOI'O B3aiiMO.l(CIICTBIIJI. 

HarrpiiMep, n cey-qae <lJopMIIpo~'aHIIJI orrTII'!ecRoro II3o6pa:meHIIJI rry'!Ka 3JieK

TpoHaMII IIOHII3au;IIII MIIIIICHII, 'o6.da.n;aiOIIJ;IIMII ima'IIITCJibHO 6oJibiiiiiMII CC'ICHII

JIMII no36ynmeHIIJI,.XapaKTCpHLI KBa.n;paTH'lHaJI 3alliiCliMOCTb IIOTOKa <lJOTOHOB 

oT .il;an.ireHrul:' ra3a II IICKameHne II366pa:meHIIJI rrpocTpaHcTneHHLIM 3apJI.n;oM 

IIOHOB. 

B daHHOH pa6oTe'Ha rrpimepe nyiffia HOHOB H,... c 3Hepriieii: 2 M3B 3RCIIC

piiMCHTaJibHO IICCJie.n;o~aHhl B03MOJKHOCTII ero. HCB03Mymaromeii: .n;IIai'HOCTIIKII 

no. CBCTOBOMY II3JIY'ICHIIIO n 'RiuiaJie TpaHcriopTIIponRII. 
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1. J•f3yqeHHe rrpupo.n;hl cBe.TOBOI'O, H3JiyqeHHH raaOBhiX. MHm.eHeH.·H 

KOHTpOJib IIO HeMy rrapaMeTpOB IIY"<IKa HOHOB. H- . 

Bo npeMJI 3KcnepiiMe~i.on, ~pone.n;e~ ~ CyxyMCKOM <PII~IIKO~TeXHII'lec-
KOM IIHCTIITyTe, Ha y-qaCTKC KOHTpOJIJI ocymeCTBJIJIJICJI JIOKaJibHLIH HanycK pa-

6o'IIIX ra30B N 2 , H2 IIJIII He .n;o;ailJieHIIii: ~ 10::.3 Top, rrpH KOTOpb!X MOJKHO 

fiLIJIO npeHefipe'Ib llOTepJIMII IIOHOB II3-3a liX o6.n;IIpRII. 

MoJieRyJILI N2 JIBJIJIIOTCJI O,IUIOM II3 o~HOBHLIX KoMiroHe~IT ocTaTo'!Horo ra3a 
" 

n ycRopiiTeJIJIX. I1oMIIMo 3Toro, II3JIY'le~e <lJoToHo~ n ~6nacTII . .n;mm "BoJ1H 

rrepnoii: OTpiiD;aTeJibHOH ci-) TIOJIOChl a30Ta (rrepxo.li B2E~ --+ X 2
Et .IIOHa 

N;j, >. = 3580 7 5230 A, r
1 

= 63. He) ~a~·~IIIIIM ci6pa3o~ no~o.n;ll1: 
.l(JIJI IJ;CJICH .l(liai'HOCTIIRII. 9TO o6ycJIOBJI~HO cpaBHIIT~JThHO. 6~~nrHMII ~~'l~H~~ 

. ' ' ' ; : " . . ~ 

JIMII II3JIY'leHIIJI non rronocu npii n3aiiMo.n;eii:cTnrm N2 c nucoRo3HepreTII'le~ 
'· .. 

CRIIMII 3apJIJKCHHhlMli '!aCTIIIJ;aMII, MaJILIM npeMCHCM BhlCBC'lliBaHIIJI, a TaRJKe 
·' ' 

TeM, 'ITO ee cneRTpaJibHLIM .n;IIana30H norra.n;aeT n o6nacT:r. MaRCIIMaJibHOH -qy-

ncTBIITCJibHOCTII 60JII,IIIII~C~Ba. ~IIIIOB ;OTOKaTO;OB . (_xp ~: 3000 :.;. 75Q(l: .A)' ;II 
• ;. • . ' ' ~-· i . ' . l 

.l(OCTaTO'lHO II30JIIIponaH OT MC.l(JICHHhlX ROMTIOHCHT (1+,·2- ·_ TIOJIOC~ a3~~a, 
' ' . ' . :. ' . t. - • . 

>. = 5974 7 9183 A, r
1
= 14 ~Rc), IIM~IOIUIIX ~p;~HIIMhl~ c~'l~HIIJI ~~~eHiiJI. 

' 4 >•' 

AHaJIII3 <lJoHOBLIX ycnonri noRa3maeT, 'ITO n .l(liana3oH .n;JIIIH noJIH 1--nonocLI 
I . • • . • 

a3oTa nona.n;aeT TaK:me II3JIY'lCHIIe MOJI~RYJI ocTaTO'lHOI'O ra3a CO .(nepexo.n;LI 
. . ;' ' :·. ·: ·. . - ·-"'-~ /_.,· ~-: ;-:; ~ ·:i j': 

B2E+ --+ A2II;, T-y= 52 Ht: II ,4.2II; --+ X 2E+, T-y= .4 MRC IIOHa co+y II H20 

(nep~xo.n; A2E+ --+ X 2n; ~a~aJI~ OH, T-y= 0.8MRc), 'IIMCIOIIJ;~ 6Jili3RliC 
; • • ' !;_ ' • ~ • 

c Hen ce'l~HIIJI no36y:m.n;eHIIJI.. 0THOCIITeJibHaJI IIHTeHCIIBHOCTb 3Toro <lJoHa 
;;I 

onpe.n;eJIJieTcJI napu;IIaJibHIJMII .n;anJieHIIJIMII CO, H20 II N2. 
• > .,.• • ' ' ; ' ' • 

Bo.n;opo.n: II . reJIII~ JIBJIJIIOTCJI Ko~oHeHTm.m ocraTO'IH?ro ra3a, a TaRJKe 

npe.n;cTaBJIJIIOT. caMOCTOJITCJibHLill IIHTepeC ,ll;JIJI <lJopMIIpOBaHIIJI CBCpX3ByKO-
, . . -- .. ' ~,-~,_-· . ' 

BhlX. CTpyii:HLIX MIIIIICHCH C BhlCOKOH IIJIOTHOCT:DIO II xoporneii: rrpocTpaHCTBCH-
., '. . 1 ~ '~ ~ " • ~ . ·. > -' ••• ' ' ' •• : • 

3 



HOii JIORaJm3aiiJieil:. .li:JIJI ,D;amu;rx ra3on B yRa3aHHYIO o6.riacTJ> ,D;JmH DOJIH >.P 
' . . 

nona,D;aiOT : cepiDI BamMepa (>.= 3880, 3970,4100, 4340, 4861, 6563 A, 
7-y = 5 ..;-160 He) no,D;opo,D;a, II3JIY'Ierme MOJieRyJIJipHoil: cepiiii <Dyil:xepa II ,D;IIC-

. . . , 

con:rraTIIBHoro ROHTIIHYYMa H2, c npeMeHeM JRII3HII pa,D;IIaiJ;IIOHHhlX ypon:He:ii 

7'"1.. = (3 7 4) · 10-8c, a TaRiKC IIHTCH~IIBHhlC JlliHIIII reJIIDI (A= 3965, 5016, 

5876, 6678 A, 7-r = w-8 ..;-10-7c). 

CxeMa 3cneprrMeHTOB npe,D;cTaBJieHa~'Ha piic.1a,6. lly'IoR IIOHOB H- Ha 

Bl>IXO,ll;C ycROpliTCJIJI C. DhlCORO'IaCTOTHOH RDa,D;pynOJibHOH <PoRyciipODI{OH ( 1) 

Ha~pHMY10 IIJm 'Iepe3 Bhl6paHHoe <PopMIIpyromee oTnepcTIIe (2) nocTynaJI n 

,D;peii<Ponyro Ra:M:epy ,D;JIH IIccJie,D;onaHIDI. ToR ny'IRa ROHTpOJIIIponaJICH IIII,D;yK

D:IIOHHhlM ,D;aT'IIIROM (3) II IJ;IIJIIIH,D;pOM <l>apa,D;CH ( 4) C llO,D;aBJICHHOH MarHIIT-

HhlM noJieM BTopii'IHoil: 3MIIcciieil:. BeJm'IIIHa ToRa cocTaDJJHJia ~ 30 MA. 

HanycR pa6o'Iero ra3a ,D;o Heo6xo,D;IIMoro Ha npocMaTprrnaeMoM y'IaCTRe ,D;a

BJICHIDI ocyll(eCTBJIHJICH 'Iepe3 HaTeRaTCJib (5) II3MCpiiTCJibHOrO 60RCa (6) C 

,D;II<P<PepeHn;IIaJibHOil: OTRa'IRoil: no RpaHM. YnpanJieHIIe HaTeRaTeJieM II yc

Tpoil:cTnoM:,D;JIH CMCHhl II ROHTpoJIIIpyeMOrO nepeMCll(CHIDI <PopMIIpyiOll(IIX. OT

BCpCTnil: ocymecTBJIHJIOCJ> ,D;IICTaHIJ;IIOHHO. CneTonoe II3Jiy'IeHIIe periicTpiipo

naJiocJ> ,D;DyMJI D3aiiM03aMCHHCMhlMII ,ll;CTCRTOpaMII (7 II 8), pacnOJIOiKCHHhlMII 

n ropii30HTaJibHOM (Y) II nepTIIRamHo!J: (X) HanpaBJICHIDIX. O,D;IIH II3 HIIX 

(<l>8Y-110) CJIYJRIIJI ,D;JIH ROHTpOJIH llOTORa <PoTOHOB BO DpCMCHII, a ,D;pyroil: 
. . ' 

(8) II3MCp1IJI cro llpOCTpaHCTBCHHOC pacnpe,D;CJICHIIC no CC'ICHHIO, HanpiiMep, 

B,D;OJib X -Roop,D;IIHaTu. lip II 3TOM yMeHJ>IIIennoe c noMOll(J>IO onTIIRII (9) H30-

6pameHIIe CBCTHll(CHCH o6JiaCTII RaHaJia TpaHCnOpTIIpODRII npOCUHpOBaJIOCh 

Ha TOp en; MHOroRaHaJibHOH (no X-ROOp,D;IIHaTe) CDCTOBOJIOKOHHOH c6opRII ( 1 0), 

RaiK)J;hlil: RaHaJI (N) ROTOpOil: 3aKaH'IIIBaJICJI CBOIIM <l>8Y-128 C yciiJIIITCJICM 

(PA). B 3a,D;aHHhlil: MOMCHT BpeMerm yciiJICHHhle TOKODhle CIIrHaJihl co DCCX 

<D8Y II ROJIJICRTopHoro ,D;aT'IIIRa ToKa ny'IKa IIOHOB ( 4) 'Icpe3 AUII ( ADC) 
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nocTynaJill Ha o6pafioTKY D 9BM (PC). <l>opMa CllTHaJIOD DO DpeMeHH o.u;n-

¢poDRDaJiaCL c .lUICKpeTHOCTbiO 1 MKc. IOc;rHpoDKa M KaJinfipoDKa .n:eTeKTopa 

8 ocymecTDJIHJIHCL c ·m>MOIULIO cDeTJimeii:cJI HMTH, napaJIJieJII.Hoii: ocn Z M ne

pe1WIUaromeii:cJI I!<?.~': ii Y-KOOP.lUI:S:aTa?,{. lli>~. 3TOM H3MepeHHoe D o6JiacTn 
. . • . I• .;. .. . . . , ... 

n;eHTpa KaHaJia TpaHcnbpTHpC>DKH C .6,.y = ±2 CM npOCTPaHCTDeHHOe pa3pe-.· '·· . .· . ' - - . -~ - ' 

rueHHe COCTaDMJIO ~X = 2 7 3 MM. 

B 3KCIIepn.MeHTaX IIOJIJ'IeHlli JIHHeii:Hll!f!"'3aDHCHMOCTM OTHOIIIeHMJI TOKODlliX 

cnrHaJioD Ha DRxo.n:e <I>9Y n KOJIJieKTopa noHoD H- oT .n:aDJieHMJI pafioqero 

raJa D KaMepe D3anMo.n:eii:cTDMJI DO DdlM )Uiana3oHe ero H3MeHeHHJI (lo-6 7 
- ·~ .. · -

c w-3 Top). ppn 3TOM ¢op_M~ cMr:HaJIOD: c <I>9Y .n:ocTaT~tiHO :x:oporuo OTpa-

. mana "noDe.n:emre TOKa nyq~a~o npeMeHH ( CM. pnc.2)._ BK~IO'leHHe CJiafioro 

nonepeqHoro MarHHTHoro noJIH (H ~ 100 3) D HanpaDJieHHM cDeToc6opa 

He DJIHJIJIO Ha o6JiaCTb cDe'leHHJI pafioqero ra3a D ny'!Ke (pnc.3a), HO cyme-

CTDeHHO rrepepacnpe.n:eJIHJIO HHTeHCHDHOCTb CDe'leHMJI ITO KaHaJiaM CDeTODO-

JIOKOHHOii: cfiopKH IIpH rrona.n:aHMM He3Ha'IMTeJibHOH_'laCTH HOHOB Ha CTeHKY 

DaKyyMH~tii:. ,KaM~plli . (pH_c;,39),-:: _RaK,p_()~'!~!:i~..:~~()HTpg~H~e • 3Kcn'epH.MeHTlli 
'. '·' __ ,.. -. ::~_· <·;·· • - -. ~;.:~.':~:J:'·~.,""· ,,; __ ,~:;,;.··~_;···~"" 'r::.·~~.tJ}:~~--~')"":':.·•,'::·._.:.. -~ ,... .. 

c .n:Ma¢parMnpoDaHHlliM IT)"'KOM HoHoa; rrorra.z:(aromnM::Ha cTeH:Ky;rrpocTpaH-
, . - ,_,.. ' '.. -

., 
cTneHHoe parrpe.n:eJieHMe n HHTeHCMBHOCTL. cneqe:H:HJI iie MeHJIJIMCb Do DdlM .ZJ:M-

.'"''· ,·.. ... ' "-i·" ._ 

arra30He H3MeHeHMJI .ZJ:aDJieHMJI pafiO'IHX ra:JoB;3aimceJill OT MaTepnaJia CTeHKH, 

a. TaKJKe oT DeJIH'IMHlli n 3HaKa npMJIOJKemloro MarHMTHoro rroJIH. BR'IMTa-

HUe <lJOHOBOro CBe'leHMJI (npH <lJMKCHpODaHHOM MarHMTIIOM IIOJie H .ZJ:aDJieHHH 

OCTaTO'IHOro ra3a) H3 COOTDeTCTBYIOIUMX pacrrpe.n:eJieHUii: IIpH HarrycKe ra3a 

II03BOJillJIO '!eTKO Bll!.ZJ:eJillTb. ofimicTb CDe'leHMJI ra:Ja D IIY'IK~ M rio.Ji0mTb aHa

JIOrM'IHllle rrpe.n:cTaDJieHIWM Ha p-~~.3a 3aBMCMM~CTM. lJpH 3TOM xapaKTepHRii: ,, 
norrepe'!Hlllii: pa3Mep o6JiaCTH cne'!eHMJI, c yqeTOM rrpocTpaHCTBeHHoro pa3pe

IIIeHMJI KaHaJia .n:eTeKTopa (~X), xoporuo corJiacyeTcJI: pe3yJII>TaToM rrpJIMRX 

Il3MepeHMii: npoc}mJIH rry'!Ka npn MCIIOJib30BaHHII MHOroJiaMeJibHlliX 
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Pu:c.2. 3aBHCIIMOCTh no npeMemr HopMHpOBaHHLIX ri~· :aMnmi-. . 

Ty,n;e CHrHaJIOB TOKa nyq&a HOHOB ii- (1) H tP3Y (2), perticTpii-
" ____ ., - \, ._.., ; 

pywmero cneTonoe Ii3nyqeHIIe H3_ KaHana TpaHcnopT~poBKH npH .n;a~, 

BJieHHH ocTaroqHoro raaa Pb = 3 ·10-6 Top (a) II c raaonoit MHmeHLIO 

H 2 npH PH = 2 . w-4 
.. Top (6). 

. .M.L.u IJ. c:::~ J 5 A .... 
' 4 

' (a) l.v (6) 

~~ ., .. 2 

1 

(} r~ 1 1 1 I 1 , 1 I 1 1 
N 0 ~- --- N I I I I I I I I I I 

3 5' 7'' 9 . 11 1 3 5 7 9 11 1 

. Pu:c.3. Pacnpe.n;eJieHHe aMnJIHTy.n; carm;non, ¢13'¥ ,no .. KaHaJiaM 
< __ ... ". ,,,, .'•·· --- ••• , ' ', ' 

pemcTpa~IIII II3nyqeHIIH ( N) npii npox~JK.neHIIII nyqKa HOHOB H-
.- ' - . .. . ' ' . - - • • ' ' , '~ i 

Ha yqacTKe .n;pett¢onoit K.'wep~ ~ o~TaToq~~M "(pb. ~ ;3 ,: 10..:.6 . Top. 

<>, o) II ;~6~q~~·~aaci~ (N2 ,PN = 3·10-4 ~~p. e;' ~):' 
(a) - 66 . B3aHMO)l;eitCTBIIH' CO CTeHKOitj ( 6) -' He3HaqHTeJihHaH qaCTh; 

.. ne~H¢epHH nyqRa-nona.n;aeT Ha cTeHKy. '.' ~; : "j 

He:= 0 (--:-), 200 (--) 3. 
. . . ' ' ' . ~ ' ~ . ' 
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TOKOIIpiieMIDl:ROBo 11oeyqeH:~llliC 3KCIIepiiMeHTaJThHIJe pe3yJThTaTIJ yKa3IJBaiOT 
. . . 

Ha TO, qTO OIITIIqecKoe J.i306pameHIIe rryqKa IIOHOB H~ Ha ra30BLrX MIIJIICHIIX 

H2 , He II N2, B pacc'MoTpeHHOM .n;Harra3oHe II3MeHeHIDI.ll:aBheHrui, ¢opMIIpy-
t. ·~' " 

eTCJI Ilpii ;IIpJIMOM B3aiiMO,Zl;eii:cTBIIII aTOMOB lUlll MOJieKyJI raJa C liOHaMH, II ero 

MO)I{HO CBJI3IJBaTJ:, C COOTBCTCTBYIOIJUIM IIpOCTpaHCTBftHHIJM pa_crrpe,Zl;CJICHIICM 
' ' . .. 

TOKa TiyqKa." , -

.. ) 
5 5 

4 4 
·' 

3 (a) 3 (6) 
2 2 

1 1 

(}~,. ······ .. •· 
N 0 ~~~ .. N 

1 3 5 7 9 11 1 3 "5 7 g ® 
1le• 1 • t•~~x• j~o,_ .!Ia• ,---, • 9• 1 • 0 I'~ oX[ ]. 
0 2 4 _6 .8 10 12 0 2 4 6 8 10 MM 

.; 

PHC.4o Pacrrpe.z~eJI~~I<Ie CBeTOBoro II3JIY'leHJUI no KaHaJiaM cBero-

BOJIOKOHHOH c6opK1I (N) Hp!I pa3JIII'IH11X IIOl!OJKeH~£ruropKII (a~ II 

,li!IacpparMnpyroruero ormipcrnrr (6).rro ocn X rranwco.z~e ycKopHT~JIH. 

H = 0 3, Pb =.3 ol0:-6 Top'('--), PN = 10-4 (a), 

8 o 10-4 (6) Top (-)o 

11piiBC,Zl;eM .HCKOTOphle XapaKTepHhlC IIpiiMCphl OTK.iniKa ,Zl;eTeKTOpa 8 Ha 

II3MeHeHIIe ~apaKT~PJ!CTIIK ~y,]Kao Ha pnco4a ,Zl;JIJI pafi~qero r~3~ N2 rrpe,Zl;-

CTaBJICHIJ pacrrpe,Zl;CJICHIDI IIHTCHCHBHOCTII cneqeHII/1 B KaMepe IIpH pa3JIHqHoit 
; -~ . • ' • • • • . .. :· •. : • ,_ 1 

CTCIICHII rrepeKphlTIDI rryqKa JIITOpKoit, rrepeMemaromeii:CJI IIO OCH X Ha BIJXO,U:e 

ycKopiiTeJIJio llpii 3TOM qeTKO 3a¢IIKCIIponaHo · rrorra,u;aHne ;rrpeHe6pe)I{IIMO 

MaJIOll qacTII IIOHOB (He3aMCTHOll ,Zl;JIJI KOJIJICKTOpa 4) Ha nepXHIOIO CTCHKY 

BaKY}'1ffi0ll KaMepiJ B IIpOCMaTpiiBaCMOll 06JiaCTII KaHaJia TpaHCIIOpTIIpOBKilo 

8 

BKJimqeHne cJia6oro rrorrepeqaoro 1f~rHHTHoro noJIJI (H ~ 100 3), c pa3-

JIIIqHOll IIOJIJipHOCTbiO no OCH Y Ha HaqaJThHOM yqacTKC ,u;peit¢a rryqKa, IIOJI-· 

HOCTbiO ycTpaHJIJIO HJIH YCHJIHDaJIO OTMeqeHHIJll a¢¢eKT 6e3 II3MeHeHIDI pe-. 

fiiCTpHpyeMoro TOKa IIOHOB: .lJ:JIJI IIM~Uall;HII CMCIUCHII/1 IIX nOTOKa B IIOIIepeq~ 

HOM HanpaDJICHIIH C noMOli{biO .n;Ha¢parMIIpyiOIUCfO OTDCIJCTII/1 BIJ,U:eJmJIHCb 

pa3JIHqHIJe o6JiacTII rryqKa Ha _DIJxo.u;e yCiwpnTeJIJio CooTBeTcTnyromiie pac

npe.u;eJieHIIJI CDCTODOfO II3JIYqeHIIJI IIpii ,U:aDJICHIIH OCTaTOqHOfO ra3a pb = 

3 ° 10-6 Top II. c HanycKoM a3oTa .u;o PN = 8 ° 10-4 
Top rrpe,u;cTaBJICHIJ Ha 

pnc.46o 

AHaJioriiqHIJe npiiDe,Zl;eHHIJM Ha piico274 pe3yJibTa~IJ 6IJJIII rronyqeHhl i{JIJI 

DCCX ncnOJib3YCMIJX B 3KCnepHMCHTaX pafioqiiX ra30Bo .0TCYTCTDIIC 3UTJifHDa

HHJI 3U,U:Hero (ppoHTa CDCTODIJXO,U:a MOJieKyJI N2 DO DpeMeHH, a TaKlliC 3KCne-

pHMCHTIJ C .<l>HJibTp.oM, OTCCKHIOIUIIM ,U:OJifO)I{HDYIUYIO KOMnOHCHTY li3JiyqeHHJI 

2--IIOJIOCIJ a3oTa, yKa3IJDaioT Ii:a MaJIIJit DKJia.u; 3TOH KOMnOHCHTIJ D TOKODIJft 
•• • j • ••• 

cnrHaJI IICnOJib3YCMOro T.Hna <.I>qY rrpn :meprHH HOHOD E;= _2 MaBO chii il(C 

3KCIICpiiMCHThl C ¢IIJlbTpOM. II03DOJIJIIOT. C,U:CJiaTb DIJBO,U: 0 .MaJIOM-,DKJia,U:e ..•. , ..... 

Ha-H3JiyqeHHJI 6IJCTPLI.x m:oMOD no.u;opo.u;a, po)I{.Zl:a~~~XCJI npn o6.u:npKe Ma~ 
JIOH qacTH HOHOD H- Ha ra30DOH MIIIIICHHo TaKIIM o6pa30M, D rrpoDc.u;cHHIJX 

:')KCnepiiMCHTaX Ha npliMCpe ,U:OCTaToqHo npOCTOfO ycTpOHCTDa IIOKa3ClHO, qTo, 
. ' 

IIJ>II _JIOKHJibHOM HHIIYCKC ra3a II npeHefipclliiiMIJX IIOTCJ>JIX nyqKa, noJI~oq;l('-

MIJC TOKOBIJC CHrHaJIIJ C <.l>8Y. II pacnpc,U:CJICHHC IIX aMnJIHTY.Zl: no I\aHaJI<lU 

CDCTODOJIOKOHHOll c6opKII a,U:cKDUTHO OTpamaiOT II3MCHCHliCTOKa nyqKa liOHOD 

H- DO DJ>CMCHII, CMCIUCHIIC nyqKa D nonepcqHoM HanpaDJi:CHIIII, nepepacnpP

,Zl;CJICHIIC TOKa no CfO ccqeHIIIO, a TUK)I{C no3DOJIJIIOT C DIJCOKOll qyDCTDIITCJlbHO

CTbiO <piiKcupoDaTb rrorra.u:aHIIe HC3HaquT~JThHOH qacT~ iioiw:B Hii cTcHK~o Ka

HaJia TpaHCnOJHHJ>ODKIIo IJpO,Zl;CMOHCTJ>HJ>ODClHHIJe D03;I~mHO<"TH yKa3IJDHKlT 

Ha IJ;CJl<'C<)()6pa3HOCTb IICnOJib30DaHHJI CD<'TODOfO U3JIY'l<'HIIJI .Zl:JIJI onep;{nmHc>rO 
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KOHTpOJUI noTepi. HOHOB H onTHMaJThHOfO COrJiaconaHHH OT.lJ:CJII>HhlX- yqacTKOD 

yc:KopnTeJII>Horo "TpaKTa c ~aJioli 3Heprne:tt nyqKa. 

2. IIp(_HpHJIOMeTp _ ny~ma. no cneToBoMy H3JiyqeHHIO B KaHane 

TpaHCllOpTHpOBKH 

Bepxwl:H rpannria no 3Heprnn uonon .n:rtarnocrnpyeMoro no cneTbnoMy H3-
-~' 

eyqennro nyqKa onpe.n:eJUieTcH ero TOKo:M, nJIOTHOCTbiO ncnoJID3ye:Moll: ra3ono:tt 

:MHIIICHH H qyncTBHTCJibHOCTbiD .ll:CTCKTHpyiOIUCH CHCTC:Mhl. IlpH 3TO:M qncJIO 

_ q>oTOHOB, q>op:MHpyiOIUHX onTnqeCKOC H306pameHHC nyqKa Ha nonepXHOCTH 

.zieT~~Topa 3a:Bpe:MH St, o:u;eHHBciCTCH c no:MOlubiD DhlpameHHH 

~ -N ~ 2 . 10 . J. . a . Rb . T- • J- . b.t . L . n -11t/47r' 
1 . - ' 1 ! • :r 1 ., ' 

(1) 

r.n:e 1;, r;, /; - irMnyJI:bcHIJ:tt TOK nyqKa [A], .n;JinTeJII>HOCTb [c] n -.IacToTa [ru] 

HMiiYJThCOB COOTBCTCTBCHHOj a1 - ceqeHHC H3JIYqCHHH. tPOTOHOD B cneKTpaJib

~O:M .n:Han~3one . .n:eTei<Tnponanillr [cM2]; P6 - :n:anJienne ra3a na yqacTKe H3Me

penn:tt [Top]; L~ - 3¢¢eKTHBH!i.JI .n;JIHHa o6n~cTH B3~HMoneftcTBIDI, c RoTopo:tt 
·'·· ., . . ' 

co6upaeTCH CBCT [c:Mj; fl
1 

- cpe,ZUIHH TCJICCHhlH yroJI CBCTOC6opa; 1Jt '- K03tP-

<lJHUHCHT 'nponycKaHHH OIITHqeCKOH CHCTCMhl. .lJ:o~TaToqrio 6om,III~H 3¢¢eK-
_·J:_: 

:rn~:H_ocin ·cnel:oc6opa n coireTannu c xopoiiiHM :iJ:pocTpancTnenHhl:M pa3peiiie

~ne:M .lJ:OCTHraeTCH B npoq>HJIOMCTpe C perHCTpa:u;Hefi tPOTOHOB OT OT.lJ:CJibHhlX 

cJioe!l nyqKa (eM. pnc.1n ). Heo6xo,LUI:MaH cenapa:u;HH lpoTonon .n:ocTnraeTcH 
.-' . . - . - . . 

-c rroMOIUbiO MHor?cJioll:noro KOJIJIHMaTopa (LC), na6p~nnoro H3 TOHRHX npo-

3p?-qHIJX nJiaCTHH C rnepoxonaThlMR norJioru;aiOIUHMR nonepXHOCTHMR pa3.n;eJia. 
·. " } 

Bhl.ll:CJieHHhlH CBCTOtPRJibTpOM R npoiiiC.lJ:IIIRH qepe3 KOJIJlliMaTop noTOK qJOTO-

• HOB nepenocRTCH. <t>oKoHoM ( F' K) na ycRJIHTeJTh H3o6pameillm (I A) II perR

CTpRpyeTcH rr3C-M~Tpn:u;e:tt (CCD). IlpoCTIJaHCTBCHHOe pa3perneHRC npo

¢ii~~MeTpa Ha- pac2~~H~RII £ OT B~O.lJ:HO~~ ;op:u;a RO~JI~I:MaTopa O~~HI~naeTCH 

10 

DCJIRqliHOH 

b.X ~ b.X1 • (1 + 2£ · ntf L 1),- (2) 

r.n:e b.Xt, nt II Lt - TOJIIURHa nJiaCTRHhl, ee noKa3aTeJI1, npeJIO!.!JICHRR II nJIIIHa 

no ocR Y cooTneTcTnenno. ·.uJIH IIIRpiiHhl nnacTRH no ocR Z, panno:tt Lz, no

eyqaeM L1 =·Lz[1 + 2n1 • {JL¥- L;(nl -1)] .. Cpe.n:niifi TenecHDiil: yroJI . ) 

cneToc6opa OT npocMaTpiinaeMoro cnoH nyqKa n o6ru;eM cJiyqae onp'e.n:eJIHeTcH 

necn1ia rpoM03.ll:KIIM ll. ne npri:ro.n:niJM .n;JIH a~aJIH3a nhlpamenReM. B CDH3II c 

3TRM .n:JIH o:u;enoK Momno · Ircnon:i.3~ilaTb niiffi'nRe rpimiinhl neJIRqRH L 1 II 0 1 , . 

COOTBCTCTBYIOIURC- n 1 = 1 

2b.Xt [ -1 -z -I 
0-rlmin = n1 (nt = 1) = Az. (L +Lt) · A 1 - A2 (A1 - L:/2(£+ L1)A3)-

-4L(1 + L/Lt) · L-;1 
• A22 

· (A31
"'7 A!1Lt/Lz)]; (3) 

r.n:e A1 = .J1+ (LI/ L:)2
, Az = 1 + 2L/ Lt wA3 = ..jl + [L=f2(L + LtW· 

,ll;JIH Lz= 5 CM, L;;, Lt~t10 c:M, nt= 1,4n sx::::; 11\f!lf nonyqaeM b.Xt ~ 

250 MKM, L-ylr~i';' ~ 15 c~ .R, n'"f,[';;;, :~ 2 . 10-4 cp. Conpcl\ICHHDIC ilcTC~TopDI 

ll03DOJIHIOT C DhlCOKOH TOqHOCTbiD perRCTpRpOllaTh O.lJ:HOMCpHOC ll!lOCTpaH

CTDCHHOC pacnpe.l:ieJiemre -_ <poTonon ~ npii MHHIIMaJii.noM RX ~mcne N../ · ~ 101. 

B 3TOM c.ITyqae . nine:Ei:u;RaJibllhlC B03MO}I{HOCTR ·.n:airnoro npocpHJIOMCTpa ,llJIH 

T/t = 0, 8, pb = 5 · 10-7 Top II nyqKa -ROHOD CO cpe.n;HIIM TOHOM f; ==' . . -

5-10-4 A orieHRDaiOTCH COOTHOIIICHRCM (1) n'nR.n:c a'"f·b.t ~ 10--c: 1R CM2<< By.ucM 

noJiaraTb, qTo n cne-Kl:pam,iwlll-.LUiana3oHc R':.inyqenHH .1--noJioc·hl a3oTa .n:JIH 

nepeJIHTIIDRCTCRHX Ronon H- c 3Hcpriiell: E; [K:~BJ cnpanc.ziniina 3am;cmHHTb 

a1 ~ 6, 4 ·10-15 • Ei1 ·ln( 4, 7·10-2 • E;) [cM2] (cu. [8,9]). Tor.n:a HPD03~IymaH>

mee R3MCpCHIIC npo<l)IIJIH nyqKa D TeqPHIIC O.lJ:HOll CeKyH.ll:hl D03!\IOJKHO DllJIOTb 

.n:o 3HepriiR E; ~ 50 M3B . 

AnTopDI DhlpamaHJT GJiaro.n:apnocTb JI.B.ApRHRny. IO.Jl.DPHr<'pony u 

JI.JI.nmn.n:nnony 3a nol\IOIUb n no.n:roTODKP ·:~Kcnq;IBIPiinm. 

ll 
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ApTeMOB A.C. n_np/ .· P9-97-276 

JJ.namocTnKa nyYKa uonon H no cneToBoMy nJny'leHnJo 
( . '• 

~ KaJJane Tpa!lCr'IOpTiip?BKH. 

B npone.U:eHJJhtx :>KcnepuMeHTax 11a npmtepe ny•JKa uolton H:'- ·c :>11epmeii 
:i M:>B tioKaJaua B03MO)KliOCTb ero .unamocniK~i no csel-onoMy u3nyYetniK> n Kauane · 
TPai)CIIOpTilpOBKH. npu JJOKaJn,m:i:o:l uarrycKe raJa II npeue6pe)KIIMbiX 110Tep51X IIY'!Ka 
onepantntto Kotnp~mtponaJliiCb ero npocTpa.JJcTneHilble xapaKTepucniKH, ·m.myJlbc 
TOKa BO Bpe~iellll II. cp11KCHpOBa.TIOCb liOila:LlaJiHe He3Ha<JlHeJJbliOii qaCTII IIOH,OB Jla 
c:reuKy naK)')'MHoii .K.aMepht. Onu~11 npocpunoMeTp c pemcTp~u·~lcii.tnnyt.ieJtini o~ 
oT.ueJJhJJh_tx ·cnoe_n· npocMaTpunaeMoii o6Jt_acni npocTpaucTna . 

Pa6_oTa n~;mo];r.eua nJia6i.~p~nop1in BhtCOKliX :>11epmii OYI5HL 
< ___..-' 

~ 

., 
t· 

npcnpiii!T Q(h,c;iuucHJJOro l.IIICTIIT)'Ta·ll;tcp11biX ,IICC.~C:tOBailllii. Jly6ua. f99r 
' . 

·' 

. nepe_~O.!l il:BTOpOB 

-P9~97-276. I' 

. H- Be~m Diagno~tic~ by Light Radiation in a Transfer tine .. 
: . . . . . ~ . ~ . -. ' . . 

Th~ beam diagnostics by light radiation ~~t ofa transfer iine is shown in the 
' . . . . .. · :~· . / ' .'·.. . ' . ~ \ -·. . ~ 

perfonned experiments with a H- ion .beam '>Yith an energy of2.MeV. The beam 
space characteristics and current pulse i'n time 'are controlled operatively by localized 
gas bleeding and negligJble ,beam losses~ The ·bombardment ofa negligible part of 
ions on the. waH of the vacuum chamber is:"aJsoJixed: The profile monitor based on 
the detection of radiation out of separate layers .of the looked~over space area is 
described. ' · ·. . . . · · · ~ ' · ;- · · 

The in'v~stig~tio~:has b1

een pe~ormed' at the
1
Laboratory of High Energies, J lNR. 
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