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TpeTbliKOB8 c.n., Koanoaa T.H., AKanbeB r.H. P14 - 10235 

0ony'IBKHe ll.llBpKblX cj>HnbTpOB C fiOMOIIIbiO yCKOpeKHblX HOHOB 
yrnepoaa, xHcnopoaa H aeoaa 

00K838K8 B03MOlKHOCTb nony'leHH!I !!A8pHblX <!IHnbTpOB C fiOMOIIIbiO 
ycxopeKHbiX HOHOB yrnepoaa, KHcnopoaa H ueoaa. Onpeaenena npoaon>KH
TenbKOCTb ynbTpa<!IHoneroeoro o6ny'leHHH, uaAaen pe>KHM TpaaneHHH. 

Pa6oTa BblllOnHeHa BbmonHeHa B na6oparopHH ll.llepHblX peaxuHA OHHH. 

llpenpHHT 06beAHHeHHOrO HHCTHTyTa JIAepH~X HCCneAOBaHH~ 

.l(y6Ha 1976 

Tretiakova S.P., Kozlova T.I., 
Akapiev G.N. 
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A possibility of obtaining the nuclear filters with 
help of accelerated C, 0, andNe ions is revealed. 
duration of the ultraviolet irradiation is determined, 
the etching mode is found. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JINR. 
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C) 1976 06 .. eOUHeHHWU UHc•u•y• JIOepHWX UCCIIe006aHUii.l{y6Ha 

'l 2 / 
B npe,IJ,hi.D.YIUHX pa6oTaX ' '6hlnH npe,IJ,cTaBneHhi MeTO.D.hi 

nonyqeHHH H,IJ,epHhiX ~HIThTpOB C llOMOIUhiD HOHOB KCeHOHa 
H aproua, ycKopeHHhiX ua U.HKnoTpoue Y- 300 JUIP OHJIH. 

C uenhiD paCillHpeHHH B03MO:lKHOCTH llpOH3BO,ll,CTBa JI,IJ,ep
HhiX ~HIThTpOB C HCllOITh30BaHHeM yCTaHOBOK, CUOC06HhlX 
ycKopHTh 6onee nerKHe HOHhl, B ,IJ,anuo~ pa6oTe uccne,IJ,o
Banach B03MO:lKHOCTh nonyqeHHH ~HIThTpOB C UOMOILJ.hiD 
uouoB yrnepo,IJ,a, KHcnopo,IJ,a, ueoua. ,ll.nH :noro naBcauoBhie 
nneHKH TOITIUHHO~ 6-8 MKM o6nyqanHCh HOHaMH yrnepo,IJ,a 
( 12C), KHcnopo,IJ,a ( 1fb) H ueoua ( 20 Ne) ua UHKnoTpouax 
Y-200 H Y-300 JlJIP c 3Heprue~ 108, 140, 200 M3B, 
COOTBeTCTBeHHO. 

Ha puc. 1 noKa3aHhl pacqeTnhle KPHBhie 3aBHCHMOCTH 
y,IJ,eiThHhiX UOTeph 3HeprHH B naBCaHe OT 3HeprHH HOHa ,ll,ITH 
BCeX Tpex ero THUOB /3,4/. KaK H3BeCTHO, noporoBaH qyB
CTBHTenhHOCTh naBCaHa HaXO,IJ,HTCH B pa~OHe 
4,0 M3B.cM 2 /MZ /puc. 1/ 111. 3To o3uaqaeT, qTo ,IJ,nH no
nyqenHH TpaBHMoro cne,IJ,a qacTHUhi 3HeprHH yrnepo,IJ,a 
ue ,IJ,On:lKHa npeBhiillaTh 30 M3B /npo6er - 40 MKM/; .D.ITH 
HOHOB KHCnopo,IJ,a He Bhiille 80 M3B /npo6er -75 MKM/, a 
,IJ,nH uouoB ueoua - Menee 170 M3B/npo6ez -170 MKM/. 

0TCID,IJ,a cne,IJ,yeT, qTO C HCUOITh30BaHHeM 3THX HOHOB 
MO:lKHO yBenHqHTh UpOH3BO,ll,HTeiThHOCTh ycTaHOBKH 3a cqeT 
yBenuqenHH TOITIUHHhi nnacTHKa /Mnorocno~uoe o6nyqeuue/. 
B uacToHILJ.HX 3KcnepuMenTax qucno o6nyqaeMhiX cnoeB Me
uHnoch OT 10 ,ll,O 30 /B 3aBHCHMOCTH OT TOITIUHHhl CITOH/, 
qTo o6ecnequBano H3Meneuue noTe ph 3HeprHH oT 1,6 .D.O 

17,3 M3B.cM 2/M2. 

3 



14 

12 

10 

~ 
~8 
~ 

~6 
~9 
~ 

2 

0 

--ilaHHbll' {3] 

-- ---ilaHHb1e[4} 

?5 50 75 I{)J 125 150 175 
T[l'f.J§ 

Puc. 1. YOeAbHble UOHU3ai.IUOHHble nomepu uoHo6 yzAepooa, 
KUCAOpOOQ U HeOHQ C KUHemu~eCKOU 3Hepzueu T 6 CAOe 
Aa6caHa /no OaHHbiM pa6om /3,4/ /. lllmpuxo6a~ zopu3oH
maAbHa~ AUHU~ - nopoz ~Y6Cm6umeAbHocmu Aa6caHa 6e3 
o6Ay~eHu~ YAbmpa¢uoAemo6biM C6emoM, cnAOWHa~ - npu 
o6Ay~eHuu YAbmpa¢uoAemo6biM c6emoM 6 me~eHue 10 ~. 

Tpy.u.HoCTb nony'ieHHH H.U.epH~x ~HnhTpoa c noMOIUhm 

TaKHX nerKHX HOHOB 3aKniO'ianacb B TOM, 'iTO llpH yMeHb

llleHHH Y.U.enbHbiX llOTepb CHnbHO na.u.aeT CKOpOCTb Tpaane

HHH a.u.onL cne.u.a. IIo.u.o6HaH JaBHCHMOCTh npHae.u.eHa Ha 

puc. 2 .U.nH nonHKap6oHaTa /MaKpO~Onb/, no CBOHM CBOHCT

BaM Mano oTnH'iammerocH oT naacaHa/ 5/. 3To yMeHhllleHHe 

O'ieBH.!J.HO, MO*HO 06'bHCHHTb TeM, 'iTO CKOpOCTb TpaaneHHH 

llOnHMepa B.U.Onb TpaeKTOpHH 'iaCTHUbl 3aBHCHT OT BenH'iHHbl 

pa3pyUieHHOrO KaHana H CTeneHH pa3pyUieHHH. IlpH yMeHL

llleHHH noTepb H To H .u.pyroe yMeHLUiaeTcH I CM., Hanp, 
pac'ieTLI / 61 /. 
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Puc. 2. 3a6UCUMocmb cKopocmu mpa6AeHu~ noAuKap6oHama 
om 6eAU'IUHbl yOeAbHOU UOHU3QI.IUU, C030Q6QeMOU ~acmut~eu 
6 nAacmuKe. ,4A~ mpa6AeHu~ ucnoAb306aAc~ 5 N -pacm6op 
NaOH npu 60° C. 

)J.nH ycKopeHHH npouecca TpaaneHHH o6ny'ieHHbie HOHaMH 

nneHKH o6nyqanHCb ynbTpa~HOneTOB~M CBeTOM, a B Tpa

BHTenb BBO.U.HnCH 3THnOBbiH CllHpT, KOTOpbiH yMeHblllan 

noaepxHOCTHoe HaTH*eHHe Ha rpaHHUe naacaH - TpaaH

Tenb H TeM CaM~M yCKOpHn npoueCCbl o6MeHa XHMH'ieCKOH 

peaKUHH. 

YnbTpa~HoneToaoe o6ny'ieHHe , npH noMOIUH KOToporo 

npOH3BO.!J.HTCH .!J.OllOnHHTenbHaH .U.eCTPYKUHH llOBpe*.U.eHHOrO 

HOHOM nnaCTHKa, 3Ha'iHTenbHO yaenH'iHBaeT CKOpOCTb TpaB

neHHH II ,7 I. Ha puc. 3 noKa3aHo, KaK H3MeHHeTCH cKopoCTb 

TpaBneHHH llOnHKap6oHaTa B.U.Onb TpaeKTOpHH HOHOB C pa3-

nH'iH~MH y.u.enbHbiMH llOTepHMH llpH o6ny'ieHHH ynbTpa~HO
neTOM. H3 pHcyHKa BH.U.HO, 'iTO o6ny'ieHHe ynLTpa~HoneTo
BbiM CBeTOM He TOnhKO yaenH'iHBaeT CKOpOCTb TpaBneHHH, 

HO H yMeHbUiaeT nopor perHCTpauHH, 'iTO O'ieHb Ba*HO, 

T .K. 3TO ll03BOnHeT HCllOnh30BaTb 6onee UIHpOKYIO o6naCTb 

3HeprHH HOHOB. 
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Puc. 3. BAU.RHUe o6Ay'leHu.R YAbmparjjuoAemoeblM ceemoM Ha 
c~eopocmb mpaeAeHU.R noAuKap6oHama, noepeJKOeHHozo uo
HaMu c pa3AU'IHblMU uoHU3QIIUOHHblMU nomep.RMU. BepXH.R.R 
KpUBQ.R - CICOpocmb mpae/leHU.R npu 40- 'IQCOBOM 06Ay'leHUU 
YAbmparjjUO/IemoM; HUJICH.R.R - mpaeAeHUe He06Ay'leHHOU n/!eH
KU. IlyHKmupoM u wmpux- nyHKmupoM yKa3aHbl coomeem
cmeyiOIJIUe nopozu pezucmpaijuu. TpaeAeHue npou3eo6uAocb 
e 6N - pacmeope NaOH npu 70°C. 

)l,JIH H3yl.feHHH BJIHHHHH npO.LJ.OmKHTeJibHOCTH yJII.Tpaljluo

JieTOBOrO H3Jiyl.feHHH Ha ITpOTpaBJIHBaHHe ITOp B H,!l,epHbiX 

lj!HJibTpax HCITOJib30BaJiaCb Ta )f(e YCTaHOBKa, 'ITO H B pa-

6oTe/l/, 3a HCKJIJOl.feHHeM Toro, 'ITO paCCTOHHHe Me)f(.LJ.Y 

JiaMITaMH H ITJieHKaMH 6biJIO yMeHbllleHO B,!I,BOe. 

Ha puc. 4 H 5 npe.LJ.cTaaneHbi KpHBhle H3MeHeHHH .LJ.Ha

MeTpoa nop H H3MeHeHHe TOJI~HHbl ITJieHKH ~f B 3aBHCH

MOCTH OT ITpO,!I,OJI)f(HTeJibHOCTH 06Jiyl.feHHH ITJieHKH YJibTpa

lj!HOJieTOBbiM CBeTOM. 

)l,JIH cpaBHeHHH Ha puc. 4 npe,!I,CTaBJieHbl TaK)f(e COOT

BeTCTByJOil{He KpHBble ,!I,JIH HOHOB aprOHa H KCeHOHa. J-:13 
3TOrO pHCYHKa BH,!I,HO, 'ITO eCJIH ,!I,JIH HOHOB KCeHOHa ,!I,OCTa

TOl.JHO npu6JIH3HTeJII.Ho l.facoaoe o6nyl.feHue yni.TpaljluoneToM, 
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Puc. 4. ,4uaMemp nop AaecaHoeozo rjjuAbmpa e 3aeucuMo
cmu om epeMeHu o6Ay'leHu.R YAbmparjjuoAemoeblM ceemoM. 
Kpueble I- 8 omHOCJimCJI K pa3AU'IHblM uoHaM u pa3AU'IHblM 
pexuMaM mpaeAeHUJI I dE/dx > 3,6 M:JB. cM2 /Mz/. 

No THil Tomu. Cocras TeMrrepaT. DponomKHT. 

KpHBOH HOHa rrneHKH TpaBHTellH TpaBJleHHH TpaBJleHHH 

MKM 
oc MHH 

I2c 6 9(5NNaOH): l(C H OH) 57 45 
2 5 

2 12c /1 II 60 20 

3 160 10 II 50 60 

4 22Ne 8 9(4NNaOH): l(C
2
H

5
0H) 50 30 

5 22Ne II /1 50 50 

6 40Ar , 6N NaOH 50 50 

7 I32Xe " 6N NaOH 43 20 
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Puc. 5. YMeHbweHue 1IIOAIJlUHbl Aa6caHo6oii nAeHKU 6 pe3yAb-
111a111e <~aco6o2o 111pa6AeHu.R ee 6 pac11160pe 9(5N NaOH):I(~H;[lH) 
npu SSO C. IIpoooAJKU111eAbHOC111b o6Ay<~eHU.R yAb111pa(JuoAe111oM 
t U3MeHJIAQCb 0111 4 00 12 'I. 

.n;nH HOHOB Ar - 2,5 <~, TO .n;nH 6onee nerKux uoHoB C, 0 , Ne 
3Kcno3HIJ,HIO cne,n;yeT yaenuquTL .no 4- 8 <~. 3Ta ,n;o3a npaK
TuqecKH He 3aBHCHT OT aenuquHhl .n~aMeTpa D /a o6na
CTH D ~ 0,1 MKM/. 

liLma .uJyqeHa KHHeTHKa npou,ecca TpaaneHHH npu o6ny
qeHHH nneHOK HOHaMu yrnepo,n;a, Kucnopo.na u HeoHa. Ha 
puc. 6 H 7 npe,IJ;CTaBneHhl KpHBhie H3MeHeHHH ,IJ;HaMeTpa 
H TOniiJ,HHhl nneHKH B 3aBHCHMOCTH OT npo,n;omKHTenhHOCTH 
TpaaneHHH npu pa3HOM COOTHOWeHHH TpaBHTenH H CllHpTa 
a pacTaope, ,n;nH cnyqaH o6nyqeHHH uoHaMH HeoHa. Haunyq
wee COOTHOWeHUe Me)I(,IJ;y CKOpOCThlO TpaaneHHH nop H CaMOH 
nneHKH nonyqaeTCH npu ucnonL30BaHHH 4N-pacTaopa NaOH 
H CllHpTa B COOTHOWeHHH 9:1. 

)J;nH H3rOTOBneHHH «iJunhTpOB H3 nneHOK, o6nyqeHHbiX 
uoHaMu Kucnopo.na u yrnepo.n;a, ucnonh3oaanacb 6onLwaH 
KOHIJ,eHTpaiJ,HH paCTBOpa IIJ,enoqu H 6onee BhlCOKaH TeM
nepaTypa. CooTaeTCTBYIOIIJ,He ,n;aHHhie .n;nH ,n;uaMeTpoa nop 
npuae.n;eHLI Ha puc. 8 H 9. ToniiJ,HHa ucnonLJyeMLIX nneHOK -
12 H 6 MKM, COOTBeTCTBeHHO. 
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Puc. 6. 3a6UCUMOC111b ouaMe111pa nop AQ6CQH06020 (JUAb111pa, 
U32011106AeHH020 C UCnOAb306QHUeM UOH06 HeOHa, 0111 epe
MeHU 111pa6AeHu.R. CnAowHoii u nyHK111UpHoii KPU6blMU npeo
C111a6AeHbl oaHHble coo1116e111c1116eHHO OAJI 111pa6u111eAeii I dE/dx> 
/3,6 M3B. CM 2 /M2/. 

8(3N NaOH): 2(C2 H 
5 

OH), 

9 ( 4 N NaOH) : 1 ( C H OH) 
2 5 

Bo 6cex cAy<~a.Rx 111eMnepa111ypa 111pa6AeHU.R - 50 °C, 6peM.R 
o6Ay<~eHu.R YAb111pa(JuoAe1IIOM - 8 <~. 

HJyqanocb anuHHHe ynLTpa«iJuoneToaoro caeTa c ,n;nu
HOH aonHhl 3200-4000 AHa nopor perucTpau,uu 3apH)I(eH
HhlX qaCTHIJ, naacaHOBOH nneHKOH. C 3TOH u,enhiO ucnonh30-
aanacb CTOllKa TOHKHX naacaHOBhiX nneHOK /6 MKM/ o6-
IIJ,eH TOniiJ,HHOH 270 MKM, o6nyqeHHaH HOHaMH yrnepo,n;a 
c :meprueii: 108 M3B. Y.nenLHhie noTepu 3Hepruu yrnepo,n;a 
npu npOXO)I(,IJ;eHHH qepe 3 CTOllKY MeHHIOTCH OT 
1,6 M3B.cM 2/M2 .no 0, npoxo.n;H qepe3 MaKCHMYM 
8,7 M3B.cM2/M2/3~Bce cnou, o6nyqeHHhle a TeqeHue 10 <~ 
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Puc. 7. YMeHbWeHue mOAIJIUHbl AaacaHoaou nAeHKU 6 3aau
cuMocmu om apeMeHu mpaaAeHUJI. YcAo6UR mpaaAeHUJI u ace 
o6o3Ha'leHUR, KaK Ha puc. 6. 

ynbTpaqJHOllCTOBbiM CBCTOM, TpaBHllHCb B CllHpTOBOM pacT
BOpe ~eno'IH /90 MA 5N NaOl-1+10 MA C2H:PIV npu TeMne
paType 60° C B Te'leHHe 40 MUH. llpu npocMoTpe o6pa6o
TaHHbiX TaKHM o6pa30M nneHOK Ha MHKpocKone M liM- 3 
oKa3anocb, 'ITO nopor perucTpauuu .D.nH nascaHa HaXO.D.HTCH. 
s pailoHe 3 M:JB.cM 2/Mz. lloBbiilleHue 'IYBCTBHTenbHOCTH 
nascaHa noKa3aHO Ha puc. 1 cnnolllHOH ropu3oHTanbHOH 

nHHHCH. 
Ha OCHOBaHHH npe)J.CTaBneHHbiX )J.aHHbiX cne)J.yeT BbiBO)J. 

0 TOM, 'ITO C llOMO~biO HOHOB yrnepo)J.a, KHCnOpO)J.a H HCOHa 
MO)KHO H3rOTaBllHBaTb H)J.CpHbiC <iJHnbTpbl C )J.HaMeTpOM nop 
D:;:: 0,1 MKM, ecnH ux y.D.enbHbie noTepu 3Hepruu npeBbiillaiOT 
nopor qyscTBHTenbHOCTH. Bo3MO)KHOCTb H3roTosneHHH Ka
qecTseHHbiX <tJunhTPOB c O'ICHb ManbiMH nopaMH D< 0,1 MKM 
Tpe6yeT cneuuanbHoro uccne.D.oBaHHH. 
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Puc. 8. 3auucuMocmb ouaMempa nop AaacaHoaozo rjjuAbmpa, 
U320m06AeHH020 C UCnOAb306QHUeM UOH06 KUCAOpoOa, Om 
apeMeHu mpaaAeHuR 6 pacmuope 9( 5N NaOH): I(C2H 

5
0H) npu 

meMnepamype 55° C u 5- f.lacoaoM o6Ay'leHuu yAbmparjjuoAe
moM /dE/dn3,6 M3B.cM2/Mz/. 

ABTOpbi Bblpa)KaiOT npH3HaTenbHOCTb B.C.Kucenesoil, 
H.ll.TyphlrHHOH H T.H.CoKonosoil 3a npoBe.D.eHHble H3Me
peHHH, onepaTopaM ycKopuTeneil Y-200 H Y-300 - 3a 
o6ecne'leHue o6ny'leHHH HOHaMH, B.A.~eronesy - 3a BHH
MaHHe K pa6oTe. 
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Puc. 9. 3aeucuMocmb ouaMempa nop AaecaHoeozo f/JuAbmpa, 
U3ZOmOBAeHHOZO C UCnOAb30BQHUeM UOHOB yzAepOOQ, om 
epeMeHu mpaeAeHUJI e pacmeope 9(5NNaOH): l(~ H 50H) npu 
meMnepaupe 60°C u 8- ~acoeoM o6Ay<~eHuu YAbmpa(Juo
AemoM /dE/dx>4,0 M3B.cM /Mz/. 
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