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1. BBE,[(EHME 

Oco6eHHOCT:& aToMnoii: CTPYKTYPhl noHon H- rro3noJIJieT nrnpoKo nc
rrom,3onaT:& rrepe3apn,n:nhlii: MeTo,n: yrrpanncmrn rroToKin,rn: -qacTIIU n .conpc
MCHHhlX ycKOpHTCJI:&HO-HaKOIIlITCJII,HhlX J{OMIIJICK~ax [ 1]. ,l])m cro p cam!- , 

sa'ii:1.iu n o6nacT~ ,mepruii Bhlllle ,n:ednn Mera3JieRTp~unom,T ncrron:r,3yroTcJI 
pasJtH'I~hle cpomronhlc nuyTpeHHrre Mrrni:eHu { cii., uarrpm.rep, (2-4]). Ma
Tcp1rnn lI TOJlll];lIHa MIIIIICHII Bhl6npalOTC1I ·c J'ICT01! Tpe6ye1rnro pecypc? 
ee pa6oThl II 3ap11.n:onoro cocrnna rry'IKa rrocire n3riIIMo.n:eiicTpirn. B rrpe.n:
rronolReHmI rrapHhlX cTOJIKHonemrii c J'ICTOM ce'IeHnii: ocuonHhlX KaHanon · 
upon;ccca 06,n:npRH n 11nmeHII [5,6] OTH0CMTCJII,HOC .:rncno nonon Ji- (11-), 
n,TOMOB; H 0 

( 170 ) II rrp_oT0H0B ( 17+) n IIY'!Ke orrpe,n:~JI1IeTCH DhlpalReHMJIMII · 

,TJ- = exp(-o--1a: f) ; 
,. 1 

170 = ·0:-ld [exp( .-::0-01 • t) - exp(-o--ld .·£)] 
• O":_ld - 0-01- · . · .·, ·,· . •. ,' 

(1) 

11+ == 1 ·-:- 11- -'- TJ,; ; 

r.n:e O"-Jd - ,ce'ICHHe 06,n:upKII II0Ha .H-: 'n pa3JIH'II-Ihle IrnaHT0Dhle COCTOir~'. 
HH1I aT0Ma H 0

, DKJllO'IaJI HerrpephlDHhlli CIICKTp [cM2]; 0-01'..- ycpe,n:HCHH0C 
CC'ICHIIC IIOHH3aD;IIII pom,n:a~IIIIIXCH IIplI 06,n:npKe aTOMOB, no,n:opo,na [cM2], 

£ = 6 • 1023t / A 0 , t II A 0 - T0JlllIIIHa MIIIIICHII [r / CM2] H cc 3Cl)<pCKTIIDHOe 
aTOMHcie .'IIICJI0 COOTIJCTCTDC~Ho'. XapaKTCpHhlC KpHDhlC 3apn,n:onoro cocrnna 

·, rry~Ka n 3amICIIMOCTII OT 6e3pa3MCpnoro rrap~MeTpa D3aJIM~o,n:eii:CTDHH 0"-1a·t 

'rrpune,n:CHhl Hll pnc.1 ,n:nJI OTHOIIICHIIJI 0"-1a/o-01 = 2, 5. I1pu o,n:nnaKOBOii: 
cpy1mriuonan:r,noii: 3ann:cmrncrn yRa3aHHhlX ce-qeHnil OT 3HeprIIII ,n:anm;re 
RplIDLIC .ymrnepcaJII,~hl .ll:JIJI D3amrn.n:eiicTBIIJI IIJ'IRa no:iro,n H- C MlIIIICHl,10 
nhl6pamrnro MaTepnana. I3 3TOM cny-qae D03MOlRIIO ciRcrrepIIMCHTaJI:&Ho M0-
,n:ennponan p~,n: oco6euuocTeit .rianIIoro n3au~w.n:eii:cTDIIJI rrpn Ma~x (60-
nee ,UOCTJIIHhlX) 3HeprIIJIX II ,UCJiaT:& IIporH03hl ,UJI1I DhlCOI{03HCprCTII'ICCRIIX · 
rry'IKOD, I{ 'IIICJIY. rrpe,n:cTaDJI1IlOllI,Cii: IIHTCpec lIH<JlOpMaunu M0}RHO 0THCCTII 
orrTui.rnm,Hhle Tonni:1rny n T~rr MHlllenu, a TaR»<e pecypc ee pa6oTI,i .n:mi ,n:au
HOI'l: IIHTeHcnnuocTII, ,n:JIIITCJILHO~TII II qacTOThI HMTIJ,JILca rry'IRa. ITpn 3T0M 
MQ)I{!IO arrpo611ponai'i. MCTOJ]JU{II I{0HTp0JI1I m::,n: UCJIOCTH0CTI,IO MlIIUCHII, Ha-

. npuMep, no ee 3JieRTponno:My ~nu cpoTOHHoMy II3JIY'ICHHIO. Bo3MO.lRIIOCT:& 
Mo.n:enuponamrn pecypca pa6oThl ·cpon1,ronoii: Mnrnemr ocnonana rra anano- . 
rII'IH0ij: ce-qeHHJIM O" -lcl ll 0-01 3aDHCHM0CTll 3HCprODhlJIC.JICHIIJI D ue:rr ( ~ 1 / /32, 
/3 ~ CK0pOCT1'. tiaCTH!Ihl) .JIJIJI ,n;amrnro 3<p<pCRTlIDIIOrO 3apJ):Jia 'IaCTII!I IIJ'IRa 
n' llIIIpoR0M ,n:IIarra3ouei 31reprn:it OT• _uecROJILRIIX M3B ;n:o peJI1ITnnncTcRnx 
[7-9], rrpu II3JIJ'IaTeJI:&HoM TerrJI~orno.n:e';c· ee udn~pxnoci11. TaRIIM o6pa-. ~ . ' ,' ' 
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3011, coJ,n:aBaJI ueo6xo,UIIMhlii: sapn.n:onhlii: cocTaB ny-qKa rrpn: o,n:Hoii: 3Heprun 

II TOJIIIIIIHC MllllleHII t, MOJRHO IICCJIC,UOBUTI, TCIIJIOBhle Harpy3RII, O)I{lI,n:ae

MhlC ,UJI1I aHaJiorlI'IHOrO no IIHTCHCIIBHOCTll IIOTOKa HOHOB .n:pyroii: 3Hepru:rr 

ll TOJIIIIllHC MIIllleHII, COOTBCTCTBYlOIIICii: TOMY me 6e3pa3MepHOMY rrapaMeTpy 

a-ld • i. 8To oco6eHHO aKzyam,Ho ,n:JIJI Bhl6opa OIITHMaJII,HIJX MaTepnaJia, 

1.0 I I t=i-1 F-1--l""f""f I 

0.8 

0.6 

0.4 

0.2 

0.0 

/ 
I 

·-. 

/ 

.,,,,., 
.,,,--<--..'h 

/ I\+ 

--·--
0 1 2 3 4 5 6 7 8 9 10 1112 13 14 

6-1d-l 
PHc. 1. 3aancnMOCTh 3apimoaoro cocTaBa rry,urn oT rrapaMeTpa 

rry'IROBo-cponbroBoro B3anMo,neii:cTBnH a-1d · i npn u_1d/a01 = 2,5. 

CTPYRTYPhl II TexHonorn:rr II3r0T0BJieHIIJI cpom,rom.Jx MmneHeii: JIJIJI rrepe3a
pn,n:Horo y-qaCTKa RaHaJia TpaHCIIOpTn:poBRII rry-qKa BhlC~KOii: 3HeprIIH [4,10]. 
B TO me BpeMJI, RaR IIOKa3aHO B pa6oTe [11], IIOBe,n:eHn:e peJIJITIIBllCTCRIIX 

llOHOB H- OTJIH'IaCTCJI OT IIOJIO)I{lITCJil>HhlX IIOHOB HII3RHX 3Hepr:rrii: B npon;ec

cax rry'!KOBO-<pOJI:&ronoro B3aUMo,n:eii:CTBHH, OTBe'IaIDIIIIIX 3a cpopMnponaHIIC 

IIOTOROB BhlCOKOB036ym,n:eHHEIX Heii:TpaJII,HhlX aTOMOB. 8KcrrepHMCHTaJI:&HaJI 

IIH<pOpMaUIIJI O rro,n:o6HhlX 11pon;eccax C y-qaCTllCM UOHOB H- HII3RIIX 3Hep

ruii: B HaCTOJIIIIee BpCMH OTCJTCTBJCT. B CBJI3II C 3THM, HCCMOTPJI Ha Manoe 

OTHOCllTCJII,HOC '!IICJIO 3THX B036ym,n:eHHhlX 'IaCTIIU B IIJ'!Ke, 11pe,n:cTaBJIJICT 

llHTepec 6oJiee ,n:eTaJII,HOC H3J'!eHII~ lIX pom,n:eHlIJI II pa3pJIIICHHH IIpII pa3-

JIH'IHhlX 3HeprII1IX ll OJ:(IIHaKOBOM BpeMCHll n3aHMo,n:eii:cTBIIJI IIJ'!Ka IIOHOB 

H- c "noneM" BemecTna MIIIIICHH. 
B ,n:aHHoiI pa6oTe rrpIIBe,n:eHhl pesyn:&TaThl rrepBoro 3Tana 3Kcnepu

MCHTOB, rrpoBe,UCHHhlX B 1987-88 rr. no arrpo6an;IIII IIY'IKOBO-cpom,roBoro 

B3aHMO.lJ:CllCTBHH B o6JiaCTH Hll3RIIX 3Hepr:rrii lIOIIOB H- C opneHTan;IIelI Ha 
O)I{lI,n:aeMhlli 6e3pa3MCpHhlH napaMeTp O"-ld . t Ha nepe3apJI,UHOM y-qaCTKC -------

1
. £ur..e-m.;utt:l~Gau1'-:rnryr f 

tm~!JnHx m:c.,~;rn~aaoll . 
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(EH-= 600 MaB) mrne:u:Horo ycRopIITeJI/I MErAH (r. Tpom:i;R) [12]. 

2. TEXHMKA M3MEPEHMM 

CxeMa aRcrrepIIMeHTOB c rry1IRaMII IIOHOB 3HeprIIe:il: 2 II 7 MaB rrpe,n;

cTaBJieHa Ha pIIc.2. Ily'IOR IIOHOB n- cpopMIIpOBaJICJI Ha BIJXO,L(e cem::i;IIH 

1 c rrpocTpaHCTBeHHo-o,L(Hopo,L(Ho:il: (EH- = 2 MaB) II rrpocTpaHCTBeHHO

rrepIIO,L(II1IecRo:ii (EH- = 7 MaB) BIJCORO'IaCTOTHIJMII RBa,n;pyrrom,HIJMII cpo

RYCIIpoBRaMII JIIIHe:u:Horo ycRopIITeJI/I. B Ra'IecTBe rrepe3apJI,n;HIJX MIIIIIeHeii 

IICIIOJil>30BaJIIICI, <pOJII,rII ,n;BYX TIIIIOB - IIOJIIIMepHIJe IIJieHRII II3 ROJIJIORCIIJIIIHa

{ C5H702( 0 H)( ON 02)2}n, 06Jia,n;a10m:IIe BIJCORo:il: rrpo'IHOCTnIO rrpII rrepe

rra,n;ax ,n;aBJieHIIJI, II yrnepo,L(HaJI cpom,ra TOJIID:IIHOH 2 MRr / cM2 ( ~ 100 A), 

HaHeceHHaJI Ha Ni-ceTRY c orrTII1IecRofi rrpo3pa1IHOCTnIO 84% B MA8 IIM. 

M.B.Kyp1IaT0Ba. ToJIID:IIHa yrJiepo,n;Ho:ii cpom,rII orrpe,n;eJI1IJiaCn c TO'IHO

CTnIO ±15% no rroTepJIM 3Hepnrn a--qacTIIn; II3 241 Am-IICTO'IHIIRa (Ea = 
5, 486185%; 5, 443113% MaB) c IICIIOJI1>30BaHIIeM OIIIICaHHOH B pa6oTe [13] Me

TO,L(IIRII, Y'IIITIJBaroru:eii: IICRameHIIJI II3MepJieMIJX crreRTpOB ( C MIIIIIeHI,IO II 

6e3 Hee). BHOCIIMIJe aHaJIII3aTopoM. IloJIIIMepHIJe IIJieHRII II3roTaBJIIIBaJIIICI, 
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P:u:c.2. CxeMa 3KcnepuMeHT0B no ny'IKOBo-qioJihroBoMy B3aHMo

,n:eficTBHIO npu c1Hepruu H0H0B H- 2 II 7 M:iB. 

MeTo.ri;oM <pJIOTan;IIII Ha. BO,L(e C IIOCJie,n;yrom:IIM HaHeCeHIIeM Ha MeTaJIJIII

'IecRyIO ceTRY C OIITII'IeCROH rrpo3pa1IHOCTI,IO 98%. Pa3JIII'IHaJI TOJIID:IIHa 

IIJieHOR IIOJIY'IaJiaCI, rrpII II3MeHeHIIII ROHIJ;eHTpan;IIII IICXO,L(Horo MaTepIIaJia 

B paCTBOpIITeJie-an;eTOHe. Tonm:IIHIJ IIOJIIIMepHIJX IIJieHOR II3MepJIJIIICI, HH-
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TepcpepoMeTpII'IeCRIIM crroco6oM, mm ttaxommttcb B rrpenenax 500-;--2000A. 

O60:il:MIJ C pa3JIII'IHIJMII MIIIIICHJIMII 2, a TaRme C IICIIOJII,JyeMIJMII CCTRm.rn 

(,n;mr 3RCIIepm.IeHTaJil>HOro orrpe,n;eJieHIIJI IIX rrpo3pa1IHOCTII ITO OTHOIIICHIIIO R 

IIOHaM H-) IIOMem:aJIIICI, BO npam:arom:IIHCJI 6apa6aH 3. 8RcrrepIIMCHTIJ IIO

Ra3aJIII,1ITO CeTRII 6e3 MIIIIIeHeH o6ecrre'IIIBaIOT ITOJIHOe ITpoxom,n;eHIIe ITY'IRa 

HOHOD H- 6e3 ITOTepn ITPII HCROTOpOM II3MCHCHIIII ero 3apJI,n;onoro COCTana 

II CITCRTpa ITO 3HeprIIII. Ilonopa'IIIDaJI _6apa6aH Ha <pIIRCIIponaHHIJe yrJIIJ, 

MO)RHO MCHJITI, MIIIIIeHII B ITpon;ecce 3RCITepIIMCHTa. ToR ITY'IRa IIOHOB ITepe,n; 

BJam.10,n;eficTBIIeM ROHTpOJIIIponaJICJI IIH,L(yRil;IIOHHIJM ,n;aT'IIIROM 4. ITocJie 

MIIIIIeHII ITOTOR II3 H--, H 0
- II H+--qacTnn; ITpocTpaHcTneHHO paJ,n;emrJicJI ITO 

JapJI,n;y MarHIITOM-ceITaparnpoM 5. U:u:JIIIH,n;p <I>apa,n;eJI 6 perIIcTpIIponaJI 

IIOHIJ H- IIJIII ITPOTOHIJ D 3aBIICIIMOCTII OT ITOJI/IpHOCTII MarHIITHOro ITOJUI. 

H 0 -ROMITOHeHTa ITY'IRa ITocJie 100% o6MpRII Ha JaJeMJieHHOH Al-cpoJinre 

7 TOJIID:IIHOH 10 MRM perIICTpIIponaJiaCI, Il;IIJIIIH,n;poM <I>apa,n;eJI 8. BrnpII'I

HaJI 3MIICCIIJI C ITOBepXHOCTII Il;HJIIIH.n;pon 6 II 8, a TaRme COITJTCTnyrom:IIe 

3JieRTpOHIJ II3 aJIIOMHHIICDOH <pOJIMII 3<p<pCRTHBHO ITO,D;aDJUIJIIICI, RpaenIJ!lf 

MarHIITHIJM ITOJICM ceITapaTopa. YcIIJICHHIJC TORODIJC CIIrHaJIIJ C .n;aT'IIIROil 

4, 6 II 8 1Iepe3 AUIT-cpopMIJ ITOcTyITaJIII Ha o6pa6oTRy n 8BM. IlcpIIO,L(II'Ie

cR:u::il: ROHTpom, H3MepeHHJI ITOTOROil 'IaCTIIn; ocym:ecTDJUIJICJI ITO IIX 06m:e11y 

6aJiaHcy u paneHCTBY CIIrHaJIOB OT ,n;aT'IHROB n 0TCYfCTBtte MIIIIICHII ITpH 

BRJIIO'ICHHOM (,n;aT'IIIRII 4 II 6) II IlIJRJIIO'IeHHOM ( 4 II 8) ITOJIC ('('ITap,nopa. 

A,n;eRBaTHOCTI, TORODIJX CIIrHaJIOil ,n;aT'IIIRa 6 ITpII II3MCHCHIIII IT0JUI!)H0CTII 

MarHIITHOro IT0JUI ITponcpJIJiaCI, ITPII 100% 06,n;:u:pRe IIOH0il H- n ITP0TOHIJ 

Ha ROHTpom,Ho:il: MIIIIIeHII 2 II3 Al-cpoJinrII TOJIID:IIHOii: 10 1rn11. 

3. 9KCl1EPMMEHTAJihHhIE PE3YJibTAThI 
M MX OBCYlli,[{EHME 

PeJyJinTaTIJ 3RCITepIIMeHTon ITpII 3HeprIIII 7 M3B IToRaJaJIII, 'ITO Ro-

3<p<pIIIJ;IICHT 06,n;IIpRII II0H0il H- B HCii:TpaJII,HIJe aT0MIJ Ha mrn60JI('(' TOHI<Oii: 

ITOJIIIMepHOH ITJieHRC COCTaDIIJI ~ 0, 2%. OcTaJII,HaJI 'IclCTI, ITytrna ITpeo6pa-

30IlIJBaJiaCI, B ITpoTOHIJ. Pecypc ITJieHRII ,n;o pa3pyIIIeHIIJI ITPII IIMITYJinCHOH 

ITJI0TH0CTII T0Ra ITY'IRa Ha ITonepXH0CTII ji ~ 20 11A/ CM2
• ,ll;JIIIT('JII,H0CTII 

IIMIIYJinCa Tj ~ 20 MRC :u: 'IaCT0Te f = 0, 5 rn; C0CTclilIIJI ~ 15 MHHyT. C 

YBCJIII'ICHIIeM T0JIID:IIHIJ ITJieHOR R03<p<l>IIIJ;IICHT 1/0 JMl'HUIIaJIC'JI Il C'00Til('T

CTDIIII C 3RCITOHeHn;IIaJII,HOH JaDIICIIM0CTI,IO ( 1). B 3RC'ITC'J>IIMl'HTaX C '.➔Hcp

rIIeii ITY'IRa 2 MaB ,n;ocTIIraJiaCn ITpaRTII'ICCRII IT0JIHaJI 06,n;IIpm1 IIonon H
n ITJ)0T0HIJ, a pecypc ITJieHOR ITPII TCX me T0R0DIJX xapaRTl'JH:H'TIIRaX HC'

CROJII,R0 yMeHnIIIaJICJI. HeRoTopoii: m·omtt,n;aHH0CTI,10 6IJJI TOT <l>aRT. 'ITO n 
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IIJ'!Re C qnmcIIpoBaHHhlMII xapaRTepIICTIIRaMII npeMJI )I{H3HII IICIIhlThlBae

MhlX IIOJIIIMepHhlX IIJieHOI{ yneJIII'IIIBaJIOCI, C poCTOM IIX TOJIIUIIHhl. AHaJIII3 

TeIIJIOBhlX Harpy3oR II CBORCTB ROJIJIORCIIJIIIHa, a TaKlRe rrpocMOTp OTpa-

6oTaHHhlX MIIIIIeHeii: rro.n: MIIRpOCROIIOM IIOKa3h!BaeT, 'ITO rrpII'IIIHa 3TOro, 

a TamRe .n:ocTaTO'IHO MaJioro pecypca IIJieHOR, IIO-BII.D:IIMOMY, JIBJIJieTCJI IIX 

TeMrrepaTypHoe pa3JIO)I{CHIIe B MeCTax corrpIIROCHOBeHIIJI C CeTRoii:, Harpe

naeMoii: .n:o Tc > 9O°C II3-3a IIOTepb 3HeprIIII rrorra,n:arom:Hx Ha Hee IIOHOB. B 

3TOM c;ry-qae MO)I{HO O)I{H,n:aTb 3Ha'IIITCJibHOro yneJIII'leHlrn npeMCHII )I{ll3HII 

rro,n:o6HIJX MIIIIIeHeii: n peJIJITIIBIICTCRIIX IIJ'!RaX c aHaJiorII'IHIJMII TOI{OBhlMII 

xa paRTepIICTIIRaMII. 

II pH rrpone,n:eHIIII II3MepeHIIii: C yrnepo,n:Hoii: q>OJibrOii: B Te'leHHe He

CI{OJII,I{IIX ,n:Heii:, OHa coxpaHIIJia pa60TOCIIOC06HOCTI, B yrroMJIHJTIJX BIJIIIC 

3RCIIepIIMCHTaJII,HIJX ycJIOBIIJIX. He o6HapymeHO Tal{)I{C RaRIIX-JIII6o CTpyR

TYPHIJX II3MeHeHIIii: rrpII II3J'leHIIII COCTOJIHIIJI rronepXHOCTII q>OJibrII rro.n: 

MIIRpOCI{OIIOM. B pe3JJibTaTe 3RCIIepIIMeHTOB IIOJIJ'leHIJ CJie.n:yrom:He 3Ha

'ICHIIJI R03q>q>IIUIIeHTOB B3aIIMO,n:eii:CTBIIJI 6e3 pa3naJia IIOHOB H-, a TaR)I{C 

IIX 06,n:HpRII B aTOMIJ H 0 II rrpoTOHIJ Ha MIIIIICHII C yr;repo,n:Hoii: q>OJibroii:: 

TJ-lt = (3, 8±0, 2)·10-5,.TJoit = (2, 55±0, 13)-10-2
, TJ+it = (9, 75±0, 50)·10-1 

(2 M3B} II TJ-it = (1, 7±0, 1) · 10-2
, TJoit = 0,28±0,.01, TJ+it = 0, 70±0,04 

(7 M3B). H3MepeHHoe 3Ha'!eHIIe rrpo3pa'IHOCTII ceTRII ,n:JIJI IIOHOB 6e3 06-

.ll:IIPRII COCTaBJIJieT 0, 84 ± 0.04. C J'ICTOM 3Toro IIOJIJ'!aeM OTHOCIITCJII,

HOC 'IIICJIO qaCTIIU B pa3JIII'IHIJX 3apJI,n:OBIJX COCTOJIHIIJIX IIOCJie B3aIIMO,n:eii:

CTBIIJl IIJ'!Ra Herrocpe,n:cTBeHHO C yrnepo,n:Hoii: q>OJibroii:. IlpII 3HeprIIII HO

HOB 2 II 7 M3B ,n:aHHIJe R03q>q>IIUIIeHTLI paBHLI TJ- = ( 4, 50 ± 0, 45) · 10-5
, 

TJ0 = (3, 0 ± 0, 3) · 10-2, TJ+ = 0, 97 ± 0, 10 II TJ- = (2, 0 ± 0, 2) · 10-2
, 

TJo = o, 33 ± 0, 03, TJ+ = 0, 65 ± 0, 07 COOTBeTCTBeHHO. B pa6oTe [14] 
IIORa3aHo, 'ITO q>JHRUIIOHaJII,HIJe 3aBIICIIMOCTII perIICTpIIpyeMIJX 3apJI,n:o

BIJX COCTOJIHIIii: HaJieTalOIUIIX '!aCTIIU C aTOMHOii: CTpJRTypoii: OT TOJIIUIIHIJ 

q>OJibronoii: MIIIIIeHII aHaJIOrII'IHhl xapaRTepHLIM 3aBIICIIMOCTJIM ,n:JIJI ra3o

BOii: MIIIIICHII, BIIJIOTI, .n:o TOJIIUIIH, COOTBeTCTBJIOIUIIX rrepexo.n:y I{ paBHO

BeCHIJM 3apJI,n:aM. JJ:JIJI IIOHOB H- II aTOMOB H 0
, B3aIIMO,n:eii:cTBJIOIUIIX C 

yr;repo,n:Hoii: q>OJibroii:, 3Ta rpaHII'!HaJI TOJIIUIIHa orrpe,n:eJIJieTCJI 3Ha'!eHIIJIMII 

TJ- ~ 5 · 1O-B II TJo ~ 10-3 COOTBCTCTBCHHO. B CBJI3II C 3TIIM, IICIIOJII,-

3JJI ROHUeIIUIIIO rrapHLIX CTOJII{HOBCHIIii: II BLipa)I{CHIIJI ( 1)' MO)I{HO IIOJIJ:'1IITI, 

CC'ICHIIJI IJ" -ld II 0-01 .ll:JIJI yrnepo,n:Hoii: q>omrII no II3MepeHHIJM R03q>q>IIUII

eHTaM TJ- II TJo· JJ:,'IJI 3Hepnrn 2 II 7 M3B 3TH ce'leHIIJI cooTBCTCTBeHHo 

paBHIJ O"-Jd = (1,00±0,16) · 10-lB CM
2

, IJ"0l = (4,0±~::) · 10-17 
CM

2 
II 

O"-Jd = (3, 5 ± 0, 6). 10-17 cM
2

, 0-01 = (1, 5±~:~). 10-17 
CM

2 
II rrpe,n:CTaBJieHIJ 

Ha pIIc.3. .ll:JIJI cpaDHeHIIJI TaM )I{C rrpIIBe,n:eHIJ ce'!eHIIJI, IIOJIJ'ICHHIJe II3 
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3RcrrepHMCHTOB no IIJ'IROBo-q>omronoMy B3aIIMo,n:eii:cTBIIIO rrpn: 3Heprn:n: 0,8 
M3B [14] n: 800 M3B [11], a TaR)I{e TeopeTII'!ecRIIe ,n:aHHIJe [15,16] n: 
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E [K3B] 

Pnc.3; CeTiemrn 06;.apKtr HOHOB H- (u_ 1d --> o,@, •, +,:iic, cnno

nrnaH RpHBaH) H aTOMOB Bo,iopo,n;a (o-01 --> t:,,., V,*,◊) pa:iHh!X a:irep

rn:tt Ha ymepo,n;e [cM2): 

o, V - pe3ym.TaTbl, noeyTieHHble li3 npHHI\Hna cynepno3HI\lili CeTie

Hlifi li 3RCnepHMeHTallhHh!X ,n;aHHh!X no 06,n;HpKe HOHOB H- li aTOMOB 

H(ls) Ha CO2 :a 02, npe,n;cTaBJieHHh!X B pa6oTax [5,17); 
®,◊ - TeopeTHTieCRHe pe3JllhTaTbl pa60Thl [15) ,!l;JIH HOHOB H- li aTO

MOB H(ls); 
+,* - ce-qemrn,noJiyTieHHble li3 nyTIKOBO-q>OJihrOBhlX 3RCnepHMeHTOB 

pa6oT [14) :a [11) COOTBeTCTBeHHo; ' 

•,*- 3Kcnep:aMeHTallhHble peayllhTaTbl ,n;aHHh!X liCCJie,n;oBaHHtt; 

t:,,. - pe:'lyllhTaThl, noeyTieHHble B pa6oTe [18) li3 npHHI\Hna cynepno-

3lil\lili li3MepeHHhlX ceTieHHfi 06,n;HpRH aTOMOB BO,n;opo,n;a B OCHOBHOM 

cocTOHHHH Ha yrnepoicoAepxanlHx ra:iax ( om:a6R:a cooTBeTCTBJIOT 

pa:i6pocy ,n;aHHh!X npH KOM6HH~lili pa:iHh!X MOJieKyn); 

(-) - KpHBaH, nocTpOeHHaH B COOTBeTCTBlili C TeOpeTHTieCRHMli pe-

3JllhTaTa.Mli pa6oTbl [16); 
(---) - arrrrpoKCliM~liH rrpe,n;CTaBJieHHh!X ,!l;aHHh!X no 0'-1d II 0'01 3a

BliCllMOCTb!O <X 1 / /32• 
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pe3ym,TaTJ,I pac1IeTOB C IICITOJII,30BamreM npIIHUIIITa cynepno3IIUIIII ce1Ie
HIIH II II3BeCTHhlX 3RcnepIIMeHTaJII,HhlX pe3ym,TaTOB (5,17,18] )J;JIJI ra30DhlX 
yrnepOJ:1COJ:1ep)KamIIx MIIIIIeHeii:. XopoIIIee corJiacIIe npe,u;cTaBJieHHhlX ,u;aH
HhlX Me}I{,l(y co6oii:, C y'leTOM IIX annpoRCIIMaUIIII 3aBIICIIMOCTI,IO ex 1 / /32' 

yRa3hlBaeT Ha npaBOMepHOCTI, paCCMOTpemra 6hlcTporo IIOHa H- B Tnep
)J;OM TeJie B DII)J;e caMOCTOJITeJII,HOH aTOMHOH CIICTeMhl, IICnhlThlBaIOmeii: nap
Hhle CTOJIRHOBeHIIJI. B OTJIII'IIIe OT TeopeTII'leCRIIX npe,u;cRa3aHIIH pa60TJ,I 
(19], ,n;aHHaJI corJiaCoBaHHOCTI, pe3ym,TaTOB n03BOJIJieT TaR)Ke c,u;eJiaT.b Bhl
BO)J; 0 MaJIOH poJIII RacRa)];HhlX npon:eccoB C y1IaCTIIeM npoMe)KyTO'IHhlX B03-
6y)K)];eHHhlX aTOMOB no,u;opo,u;a npII ny'IROBO-q>OJII,rOBOH 06,u;IIpRe IIOHOB H-. 

B 3aRJIIO'leHIIe npoaHaJIII3IIpyeM CIICTeMaTII'leCRIIe omrr6RII noJiy'leH
HhlX pe3ym,TaToB II3-3a HeyqeTa napn:nam,Horo BRJia,u;a a6cop6npoBaHHhlX 
ra3oB B II3MepeHeyIO TOJlll.lIIHY yrJiepo,u;Hoii: q>OJII.rII. BeJIII'IIIHa ,u;aHHoii: a6-
cop6n:nn npII pa3JIII'IHhlX MeTo,u;ax noJiyqeHJffi yrJiepOJJ;HhlX q>OJII.r II3MepJI
JiaCI, B pa6oTe (20]. B ::mcnepIIMeHTax IIcnoJII.3oBaJIIICI. ce1IeHIIJI ynpyroro 
pacceJIHIIJI 6hlcTphlx o:-1IaCTIIU (Eo:= 25 M3B) Ha 3a,u;aHHhlH yroJI II 3a
BIICIIMOCTI. IIX ROHelIHOH 3HeprIIII OT MaCChl JIJJ;pa MIIIIIeHII. IloJiy'leHHhle 
pe3ym,TaThl noRa3hlBaIOT, 1ITO OCHOBHhlMII ROMnoHeHTaMII a6cop6IIponaH
HhlX ra30B JIBJIJIIOTCJI BOJJ;Opo,n; ( ~ 13 -;- 60 % no 1IIICJIY aTOMOD) II RIICJIOpo,u; 
( ~ 2 -;- 5 % ) . II pH'IeM )J;OMHHIIpy10maJI qacTI, aTOMOB BOJJ;Opo,n;a HaXO,D;IlTCJI 
B XIIMIIlleCRII CBJI3aHHOM C yrnepo,u;oM COCTOJIHHII. HeyqeT BRJia,u;a a6cop-
6HpoBaHHhlX ra30B B noTepII 3HeprHH 0:-'laCTIIU npIIDO)J;IlT R 3aDhlIIIeHIIIO 
lIHCJia aTOMOB yrJiepo,n;a npII onpe,u;eJieHIIII TOJlll.lIIHhl MIIIIIeHII. B TO )Ke 
BpeMJI Ha aTOMaX 3TIIX ra30B npoIICXO)];IIT ,u;onOJIHIITeJII.HaJI 06,n;HpRa IIOHOB 
H- II aTOMOB I-I 0

• IIapn:HaJII,Hhle BRJia)];hl 3TIIX JJ;Byx RaHaJioB, c y11eToM IIX 
pa3Horo 3HaRa, onpe,u;eJIJIIOT CIICTeMaTH'leCRYIO OIIIII6Ry II3MepeHHhlX ceqe
HIIH II3-3a a6cop6n:m1 D q>OJII.re. B CBJI3II C TeM, 1ITO y,n;eJII,Hhle noTepn 
3HeprIIII 0:-llaCTIIU Ha'aTOMapHOM BOJJ;Opo,n;e COCTaBJIJIIOT ~ 23 % OT noTepi, 
Ha yrnepo,u;e (21,22], noJiyqaeM MHHMYIO ,u;o6aBRY nemrlIIIHoii: ~ 3-;- 14 % 
K yrJiepo,u;noii: TOJill.lIIHe MIIIIIeHII Il3-3a co,u;ep)KaHIIJI B Heii: BOJJ;Opo,u;a. IIap
UIIaJII.Hhle ceqeHiffi 06,u;npKII Ha aToMax 3Toro ra3a (CM., HanpnMep, [6]) 
npIIMepHO B ,n;eBJITI, pa3 MeHI.IIIe, qeM Ha yrJiepo,n;e. B pe3yJII.TaTe, CIICTeMa
TIIlleCRaJI OIIIII6Ra II3-3a a6cop6n:IIH BO,n;opo,n;a on:eHIIDaeTCJI ~ 1, 5-;- 7 % B 
cTOpoey 3aI-III)Kernrn ceqeHIIii. A1rn.iiomqm,1e pacc)')K.nemrn npmiemITeJihHO K a6cop6II

poBaHH0MY KlICJI0p0LIY npIIB0)UIT K npaRTIIlleCRII IlOJIHOil: K0MneHcan:nII OIIIII60K 
no KaHaJiaM noTepi, 3HeprIIII II o6)];IIpRII. TaRHM o6pa30M, npn yqeTe CII
CTeMaTHlleCKIIX onrn6oK, o6ycJIOBJieHHhlX O)KII,D;aeMoii: a6cop6n:neii: no,u;opo,u;a 
H RIIcJiopo,u;a B yrJiepo,n;noii: q>oni,re, nonyqeHHhle ceqeHIIJI o6)];IIpRH Heo6-
xo,n;nMo yBeJIIIlIIITI, Ha ::; 7 %. .ll:aHHaJI BeJIHlIIIHa cymecTBeHH0 MeHI.IIIe 
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1 

norpeIIIHOCTII II3MepeHHH Il npaRTIIlleCRII He BJIIIJieT Ha npe,u;cTanJieHHhle 
DhlIIIe pe3yJII.TaThl. 

· ABTOphl DhlpamaIOT 6Jiaro,u;apHOCTI, JI.B.ApIIHIIHY, IO.JI.BeHrepony 
II ,u;pyrIIM KOJIJieraM 3a noMOll.lI, D no,u;roTOBRe Il npone,p:eHHII 3RCnepnMeHTOB. 
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ApTeMOB A.C. u .up. 

B3am.mneiiCTBHe HOHOB H- C cpomroBblMH MHUJemlMH 
11epe3apll.UHOro ycTpoiicrna KaHaJJa TpaucnoprnpoBKII n)"!Ka· 

P9-97-38 

. B pa6oTe, OT!',!e'IaeTCll BO3MO;K!IOCTb 3KCnepm1eHTa.JlbHOro Monem1posamrn 

B3anMoneiicTmrn -BbICOK0;11epreTH'l~CKHX uouos H- .. c cpomroBblMH . M11U1e11m.1i1 
ua nytJKax 6onee .riocrym1b1x mnKux 311eprnii, npH TOM ;Ke 6e3pa3MepnoM napaMeTpe 
B3am,IO,UeiiCTBH.SI H allaJJOflllJHblX TOKOBblX'xapainepHCTHKaX. TTpencTaBJleHbl pe3y.TJb-

' ' ' . ' ' 

, TaTbl nepsorn 3Tana HCCJ1C,!lOBam1ii n)"lKOBO-qlOJlbroBoii 06,uHpKH HOHOB H-
npH_ 3Hepnrnx 2 ll 7 M3B, :Ha OCIIOBe aHaJJH3a 3apiuosoro COCTaBa nytJKa nocne 
yrnepommii cponbni onpenenem1 coorneTcT~YJOll.Uie cetJemrn o6nupKH 11ouo~ 
,r HOHH3aUIIH. pO;KllalOIUHXCll npH 3TOM aTOMOB soncipona. TToKa3aHO xopoUJee 
cornaCHe pe3yJibTaTOB 3THX ll npyrnx n)"lKOBo-qion'broBblX. 3K°C~1epm.1eHTOB 

' . . . : ·' ' . 
c TeopeTHtJecKHMH cetJeHHllMH • 11a yrnepone np11 pa3HbIX :mepnrnx, a TaK;Ke c pac-
tJeTHblMH _ 3HaqeumIMH. np11 ucnohb3,osamrn np~nu11na cynepno311w111 3Kcnepm.teH
TaJJbHbIX ce•1em1ii 11a ra3OBblX yrneponconep:i1<am11x MH111em1x. 

Pa6orn Bbm~n11e11a B na6opaTOpl)ll BblCOKHX 3Heprnii 0115111. 

npenpnHT. 06ie1u111em1oro IIHCTHTyr:i llilepl!l,IX llCCJJe;wBa1111iL lly61ia, 199_7 

.J ~-...:,;. 

nepe~'?Il asrnpos' 

Articimov AS. et al. 

. The Interaction of H- _Ions with Foil Targets 
of a Charge-E'.\<,change Deyice ata Bea~ Line . . 

P9-97-38 

. The paper n_otes the possibility of an experime~tal simulat.ion of high~eriergy 

H- ion interaction with foil targets on the beams of more approachable low energies, 
with the same dimensionless int~raction parameter and analogous current charac
teristics. The resul.ts of the first stage investigations of thti beam-foil detachment 

' • I / • ' 

of H;- ions at energies of 2 and ,7 MeV. are presented. Based on the analysis 
of the beam charge components after the carbon foil, the cross sections ·or the ion 
detachment and ionization of the hydrogen atoms_ produced in this_ process, 
are determined. · A good agree~ent -- o( the·_ results of these and other beam-foil· 
experiments -with . the theoretical. carb'on cros·s s_ections at · varipus energies 
and with the calculated ·ones by using the superposition principle of experi~ei11ar 

; ' ' .· , i ' ' ' 

cross secti.ons for carbon-containing gas targets, is shown. -· · · ·. 
· . The ii1vestigation has been performed at the Laboratory of High Energie~. JJNR. 

~ ' ' ' .'. \ . '' 
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