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Ion~Guide HCT;0"IHHK Jl]UI na3ep11oro cneKTpoMeTpa 

. OmtcbrnaeTc~ · raJOBhIH ion-guide .· HCT0"IHHK nn~ · naJepHoro cneKTpoMeTpa. 
TTpoBe}lellbl HCcne}l0Ba11m1 3<:pcf>eKTHBHOCTH HCTO"IHHKa JlAA renH~ ,, H aproHa 
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nptt pmnH"IHhIX }lasne,m~x. ll.rrn 3THX uenew ttcnomJoaanttcb ~pa OTJla"IH Fr 

nocne a-pacnana 225 Ac~ 212 At ~3 peaKUHH 209Bi'(a, n) 212At; Jla3epHbIH cneKTpo-
1,teTp c .TaKHM HCTO"IHHKOM npeJlnonaraeTc~ ttcnom3osaih Jl.irn ttccneJlOBaHHH pac
npe}leneHH~ sneKTpH'-IeCKorO 3ap:ii}la B npOTOHHO-H36bITO"IHblX ·~Jlpax. 
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Gangrsky Yu.P. et al. Pl3-95-349 
Ion Guide System for Laser Spectrometer 

The ion ·guide system for laser spectrometer is described .. The efficiency· 
of(the ~')'Stem for heliumand·argon at'different pressures was measured.The nucleus 

recoils of mFr from a-decay of 225 Ac·and 212At from reaction 209Bi (a, n} 212At 
were used. It is proposed to use this system for ~tudy of electric charge distribution 

· in proton~rich nuclei. #' 

The in~estigations ha'> been performed at the Flerov La~orntmy ~f Nuclear 
Reactions, JINR. 
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HeaHaY11rn11bHb1. np11"rnn11YHblx yc11om1six (p-106 rnpp) sp;~si ii11¢cj)y31111; Ha o.s CM· 
'.•~ ~• • ','. .. ·'.,.:~;•· .,., ,_,,. • ·. ~ ·-.' ,. h :,.,r'.- •~, - -~ : 

COCT8BJ1SieT AJJSl He .·4 'Mc,. Ne -:12 M.c: Ar -'_35 Md141
, '!TO MeHbWe:'speMeHl1 11X 

TpaHcnoprnpOBK11'AO AeTeKTOPOB .. 

. . . ·ce11eKT~BHaS1: 110H~3aU.11Sl aTOMOB OCYI.L\eCTB11SleTCSl. HenocpeACTBeHHO' B ra3e C : 

noMOI.L\blO 11Mny11bCHOrn . mi3epa . HaKaY:11. (3KCl1MepHoro _ 1111VI · TBepAOTe11~H~ro C 

; reHepa.u.11evi 3 - 4-vi rapMOH~K) 11 )1a3epos ~a KpaCl1Te11SlX B ABe ·(~1111 ~p~) CTyneHl1. Jla3ep. 
" • • ' S • I • - ,s• .~ • '. • ', • : • • •• • "< • ~• e :•• •, ;,; • ',.~ • < ,. , _,,/' • j • •,• • : • ',, • '• S 

HaKaYK~ · 3anycKaeTCH • c .. 38A9PlKKOvi ~ 0.5' Mc noc11e . 01<0H4aH11ii 11Mny11bca 

6oM6~p~~PYIOI.L\11X ·yacn-ii.i. Em 11~11yY~H~e p;c~enn~eTCHH~ ABa nyYa, OA11H 113 ;OT~PblX . 
• -. ,, , •• • ,, '_ -·- -- ,,· • -. • •• .' < ' 

HaKaY11BaeT 11a3ep ·Ha.· Kpaci;m(!Jle· :c 113MetrneMO~i'' AJ111HOVI .B011Hbl •. 3TO: 11311yYeH11e 
• \'' • I , .. , ' • • • • , .·• • - .- ·-, .:,:'::,\ . , ,-

pe30HaHCHbJM o6pa30M. B036YlKAaeT ""aTOM.Hble YPOBH11 '· 11CC11eAyeMoro·. 311eMeHTa 111111 
- ' . ·I,- • . \ • 

KOHKpernoro . 1130TOna, ·ec1111 1'130TOnl1YeCKl1VI ... CAB11r rlPE)BblwaeT 1 · .. rru.:.::.-BTopovi . JlyY, 

. 6dT;BWl1Cb _ 6~a ~3Me~e~~vi; ()C~l.L\~CTEIJlSl·er H~pe3~HaHCHYIO .· 110H113a~11io: ~03~YlKAeH~~IX 

aTOMOB: C 3cj)cj)eKrnBHOCTb~;- ~~113;0~ K, ~ 0~%. CeYeH11e 'sb36keHl1Sl ~e30Hcl~CHbl~ , .·· 

. nepeXOAOB. 10"12 
- 10-14 ~11,i2,·_ He~e3~HaHCHOVI '.110Hl13al\1111 . .:_10-17 CM2::,l),Jlsi nOC11eAHero 

3HaYeH1111 ceYeH11S1 Tpe6yeMasi nnoTHOCTb 3Heprn11 a i,iMriy;bce, np11 100% 1-10H113au.1111, 

. cocrns11sieT .. ~ 65 ifn)l(/cM2·(~H~a·B~.i:m1,1 310 HM),· ~YTO He'· HB11S1eTCH npo611eMovi AJlSl 

cospeMeHHblX 11a3epos. :noc:~e-.110H113au.1111· 110Hbl BblHOCSlTCSl ra30M a. OTKaY11saeMb;~ · 
~ - ' . - ._ - . . 

eaJ<YYMHblVI o6be.M c ·A8JlbHeviw11M brAe11eH~eM J-ia CKl1MMepe 110HOB OT ra3a~1-1oc11rn1111 11.: 

·. noc11eAyt0u_ievi Macc-cenapau.11evi:: . ,lvI}I yBeJmqeHllil · ::icpcpeTMBHOCTH II3BJie'!eHUSI II.~liOB Ha . 

CKl1MMep "AOn011Hl1Te11bHO ,_llOAaeTCSl 11anpsilKeH11e 0500 's_. :,D,anee. peJl1CTp11pyt0TCSl 111111 

. caMl1110Hbl, 111111_P8Al10aKT11BHOe 11311Y4eH11e 11X _SlAep;. .:. • • •• -1 , • .., 

,; XapaKTepHovi oco6eHHO~T~tO PSA11oaKr11sHQ,o, :.Pa<?nSAa. -:. . • 11erK11X-

(. . npOJOHH0:11;6blT04Ht,J~ 1130TOnoB. ~B.11S1eTCSl · • 1-1cnycKaH11e 3ana3Ab1B8IOI.L\11X :a~Yacu,,u. 1:11111. 

npOTOHOEI-- 3TO. ' csovicrno' ; no3BOJiSleT :, per11cTp11posaTb00 :t10Hbl\ 'V130~orios' 'no .·:11x<· 
~ • ' • • • S, , , , •' A ,C •• , • • • • • 

np11. ;pa'cnSAe: .8B·;:"1CllyC1<at0TCSl aaYaCT11L\b!. C -~·--::· ' >~ . . --,. . ' - . . .. • 
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3Heprnevi 1.57 11 8.3 M3B; np11 pacnSAe 20Na ~ a:Yacrnu.bl c 3Heprnevi 2.15 M3B; 20Mg -:• 
\ ' ; / ' . ·, 

npOTOHbl c 3Heprnevi 4:-16 ·· 11. 3.95 M3B, '°Ti - npoiOHbl c 3Heprne~ 1.84 11 2.24 M3B. 

npoioHbl 11 
·,_ 

a:YaCTl1L\bl . C .. TaKl1Ml1 3HeprnSlMW pernCTPl1PYIOTCSl '. np11 
. -. . 

nOMOI.L\11 

no11ynpOBOAHl1KdBOro nosepXHOCTH0-6apbepHoro AeTeKTOpa (nn,D,) C 3cj)cj)eK!L>lBHOCTb~, 

6m13Kovi K 100·% . 
• , ,l , •' . - . . .' , ..... ' \ I , 

TaKovi. cnoco6 perncTpau.1111 06ecneY11saeT TaKlKe npocTytO ce11eKu.11t0 Bb16paHHOro 

. 11-30Tona. OT. '.110HOB 6ycj)epHoro ra3a 11 Apyr1,1x ~POAYKTOB peaKU,1111, HO Tpe6yeT ~al.L\11Tbl ' 

. nn,D, OT cf:,OHOBOro 11311yYeHl1Sl, B03H~KatOI.L\eronp11 B3al1~0AeVICTBl1VI nepBl14HOro nyYKa C 
. ' . ,' , : • . '," ' ': ' t~ 

-·' ·Marnp11anoM Ml1WeH11. 11 KO~CTPYKU.110HHblMl,I' 311eMeJ:HaMl1 · KaM~pbl. ·-. f'foc11eAHee 

o6crnsi:re11bCTBO BblHYlKAaeT pacnonaraTb nn,D, KaK MOlKHO 
1

Aa116We OT Ml1WeH11.':8TO, B . ' . , \ 

CBOIO,-OYepeAb, npl1BOA11T· K. Heo6xOA11MOCTVI C03Aa~1111' 311eKTpl1YeCKOVI, TpaHcnopTHOVI 

Cl1CTeMb/si," 3~CT8BJISltOtiievi 110HbiApevi¢osaTb 11 co611paTbCSl H~ AeT~KTope. ;, 

) 

.: 3Kcnep11MeHTaJ1bHasi ycrnHOBKa 

6nOK·CXeMa. 3KCllep11MeHTa11bHOVI yCTaHOBKl1 nPE;ACTaB11e\a Ha•. p11c.2. YCTaHOBKa 

COCTOl1T .113 JJ.BYX Yacrnvi: Cl1CTeMbl ra.30BOro co611paHl1Sl npop.yKTOB SlAElPHblX peaKU.11VI 11 

Cl1CTeMbl' TpaHcnoprnpOBKl1. 110HOB K 'Ae.TeKTopy. C~CTeMa·:' ra30BOro. co6vipaHVISl 
. . . - -

1 npei\crns11sieT• co6ovi, ra3osb1vi KaHan AJ111HOvi 30 CM 11 A11aMerpo~ 6 MM c peaKu.110HHovi 
., . ,· ' - ' '., \ . 

1<aMepovi: rio KOTOPOMY · TeYeT 11aM11HaPH.blVI nOTOK 11HepTHOro ra3a.' ra3 _BMeCT·e C 
,' .. ·- - ' - .. - . ' . - ' 

· npOAYKTaM11 S1AePHb1x peaKu.11vi .sb1Hoc111csi Yepe3 .· BblXOAHOe ornepcrne t:i.11aMeTpoM · 0.8 -
, ' . , ' ' . -_ , . . . 

· 1 :2 MM a saKyyMHb1vi o6beM, OTKaY11saeMb1.vi cj)op~aKyyMHblM 1-1acocoM npo113BOA11TeJlbtiOC-

;> 

. I, 

ny«o.: · 3J1CK 1 PO/lh!, 

-,.. : l · n' . · ·_L ◊ n 
7 \- ' ii 
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-~H 

180~ : ••. 
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' · ·· .. •'L.Ov •116\/ 
.J 

10cm 

P11c,2 · CxeMa 3KCnep11MeHT8JlbHOi..i ycTaliOBKl1. 
,:... ,:·... -· - ' < •• 
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..• 1,KB8PL\CBOe· OKHO, 2-Ml1LIJC1lb, . 3-KOJ1J10A11Cl13H ·n11CHKa, 4-AeTeKlOp_.-
, ,. ~ • ' ' 7 , • /" . ' ·.. ' > 

5, 
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i. 

/ 

TblO · 20 11/c.: 8aKyyMH~1vi .o6beM OTAeJJeH ··OT L-!OHonposoAa ycKOpL-1rnm1 an10ML-1HL-1esovi 

c)>OJlbrQVI _TOJIL11L-1HOVI .20 MKM:. M1,1weHb pacnonaraeTCH. Ha ~~YTP8HHevi CTeHKe ra3osoro . 
'.,, ' - - ' ,- . 

. K<;1Hana L,1 ·0TAeneHa OT .BaKYYM~oro o6beMa MeAHblM OKHOM TOJlIUHHOii 15 MKM: CL-1CTeMa. 

TpaHCn<?prnposKL-1 _L-!OHOB np_ep.crnsnHeT co6ovi t-ia6op 1,1.:0~1,1posaHHblX APYr _oT...:: APYra 

nrn:icK~X anlOML-!Hlll,eBblX KOJleLl.c: Ha · KOTOpble .no.tialOTCH Hanpmt<eHL-!H, C03Aa10L11L-1e 

BblTHrnBal0°L11ee·3JleKTPL-148CKOe none, KOTOpoe AOCTaBJIHeT. L-10Hbl K AeTeKTopy. 3Ha4eHl-1H . 

HanpmKeHL-!bt ;K~;;Hbl • ~a PL-1CYH,Ke .. 3.ri"eKT~OAbl pacnonarnlOTCH. Apyr OT ~Apyra Ha 

pacCTOHHL,1L,1. 15 M~. PaCCTOHHL-!e !'-1e)l(J].y BblXOAHblM OTBepcrneM .w n;pBblM 3JleKTpOAOM 

COCTaBJIHeT ~ 5 MM. ,l],L-1aMeTp ornepcrnH nepsoro 3JleKTPOAa 5 MM, BTOporo L-1 TpeTbero-
• J , , , 

:10 MM, <iernepTOr_o-1_·5 "1M: IAOHbl: C06L-1~'.1IOTCH ;Ha. KO~JIO~~eBylO nneHi<y, 3anb1J1eH.HYIO 

anlOML-!HL-!eM.·(40 MKr/cM2). L-1 HaTHHYTYIO Ha Kpyrnyi\) MeAHYIQ paMKY AL-1aMEHPOM ·15 MM, .. 
• • - .• ,_. • • . • I • 

nneHKa , pacnon9)KeH.a. , HenocpeACTBeHHO •, nepeA 4yscTBL-1TeJ1bHOCi nosepxHOCTblO 

AE!TeKiopa>Ha nneH~Y noiiaeT~~ OTpL-!L(aTellbHO~ Hanp5Dt~eHL-1e '- ~ 00 B.B 3KC~epL-1MeH;~x 

L-1CnOnb30BaJICH KpeMHL-1eBbl11tnosepXHOCTH0~6apbepHbllll A~TeK;O~ Al-iaMeTp~M .. 20 MM. L,1 
• ' • .·- - ' • .- Or. • - • • • 

•, - . . .... t 

. ,:OJ1L11L-1~9ft 4yscis1,1rnn1,Horo cnoH 30 MKM.: 

-~cneAOBaHl.-1e,:'.!"a3,osoro '. co61,1paHL-1H: 1,1 .TpaHcnoprnposrn · L-!OHOB .. K . nn,l], · 6b1110 

nposeAeHo s off-line · 1,1, on-line 3KcnepL-1MeHrnx c • uenblO onpeAeneHL-1wcneAy10L11L-1X 

napaMeTpOB : CL-!CTeMbl: 3<:pc)>eKrnBHOCT~. 'c6o~a L,1 TPaHcnoprnpoBKL-1 L-!OHOB 8 . ra3e L,1 .· 
' i' -- ' - , . -· ' - . - ' ,, __ , .. 

snL-1HHHJ1 Ha ttee· .. :copTa ra3a 1,1 .era AasneHL-!H, K03c)>c)>1,1u1,1·eHrn. Ke/hpan1,13au,1,11,1 L-1ci'Hos 

1.-1ccneAyeMb1x a+oMos a 6yc)>~pHoM ra3e, ~PeAenbHOCi ':!YBCTB~TeJlbHOCTL-1 yc;aHOBKL-1. 
. . . ·_. ..... . . -.. ·_. ,. ..~ . ' ' . ",,_: - .· . •. 

3c)>c)>ei<rnsttocTb ·c6opa L-!OHOB ·. Ha : AeTeKTOP 6b1na,: 1.-1ccneAOBaHa s off-line . ~ . .- _·_ . -- - ' ' -- . ' .(,. . . . 

3KcnepL-1MeHTe. ',l],1151 3TOro 1,1cn6nb30_sancH ilicT04HL-1K · HAep 2
~

1Fr,: npeACTaBJIHIOLL\L-1111 co60.111 

HL-!KeneBylO c)>om,ry. 20~20. MM2
, TOJl[UL-!HOIII • 20 MKM; 8 i<oiopylO 6blJIL-1 L-!MnJJaHrnposaHbl 

. - ,• ..... _ , -· ' '", 

. aTOMb( 225Ra .•. 06pa3eU . np1,1r~TOBJl~JICH / nyTeM c6~pa 8; BaKyyMe /~AeP • OTAa4L-1 225R~. ' 
• • ' , ' - '. • •• -1 - '" • ) 

:: 

o6pa3YIOL11L-1XC.H s .. pe3yllbTaTe. Pa.r\L-!Oai<rn~BHOrQ . pacnMa 22"Tti, H~HeCeHHOrn, 8. BL-!Ae 

TOHKoro cnoH 11a n11arnHosy10 · c)>onbry. ·. 
0

PciA1,1oaKT1.-1sH~1vi pacnM · !:IAeP ·225Ra' nopo)l(J].aeT => 
. ., ', - < . ' ."· ,· ~. '. _.; 

uenOYKY 3JleMeHTOB,. OAHL-!M L-13- KOTOPblX ,HBJl~eTC~ '221 Fr. l-1HTeHCl-1BHOCTb L-1CT04HL-1Ka 

CO~TaBJIH~a 140 HAep 
02

~
1Fr 8 ceKyHAY, nepL-!OA nonyp~cnima 2;,-Fr.,;_base~ 4.9 M~HYTbl, 

E a=6.34 M;B. ;c-~64Hlt1K pac~onaranc~ 8 'p~aKL(L-!OHHOIII KaMe~e Ha M~Crn ML-!WeHl-1 (p1,1c: ,,. ' ' ' ..... , .. _ - - ' '·, .·.. . 
2) \ ,l],eTeKTOp B AaHHOM . 3KCnepL-1MeHTe HaJ<OAL-!JICH npHMO 3.a. BblXOAHblM ·ornepC;L-!e.M H~- · 

'· pa~CTOHHL-!L,1- 30. MM' OT: Hero; L-1 L-10Hbl Hll,ep OTAa4L-1 co61,1p~L-1Cb' Henocpe,C\CTBEJHHO Ha 

nosepxH_ocrn AeTeKTOpa. 

Ha ptiic.3 npeACTasneHa . 3aBL-1CL-1MOCTb . 3c)>cj)eKT1>1BHOCn1 c6opa - L-!OHOB. - Fr+ 

(OTHowet-i1,1e Kon1,14ecrna. .'L-10HOB 

.: .. ~-

I 
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1 /, 
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. ·.J.;· ·r 
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-.,/ · . 
-:{ 
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' 

BblJleTeBWL,1X L,13 L-1CT04HL-1Ka') 0~ AasneHL-151:aproHa AJIH paim;,4HblX AL-!aMeTpOB BblXOAHOro 
- -- . •' ' 

.. oTsepcrnH. BpeMH - L-13Mep~H~H 2·00 c,, -nOTeHL\L-11m _ peaKL(l-10HHOCi ~a.Mepbl +100 B. 

8b1AeP)KKa no~ne Ka)l(J],Ovi CMeHbl A8.BJl9HL-1H iio Hai.i~na l:13MepeHL-1~ cocrnsn~~a 20 Ml-1HYT . 

1,13 p1,1c.3 BL-1AHO, 4TO MaKCL-1ManbH~1111 BblXOA L-!OHO~ Fr+·•pacT~r c ysen1,14eHL-1eM· , 

AL-!aMeTpa BblXOAHOro ornepcrnH npL-1MepHo KaK era KBMPa.T. 3TO,CBH3atto c yBeJ1L-14eHL-1eM 
I •• 1 , •' , '--~ . . . 

. · rlJIOLllML-1 c:nsepcT~H, .' 4epe3 KOTOpo_e BblHOCHTCH 'l-10Hbl,, Ha6J110AaeMoe yMeHbWeHL-18 

BblXOAa· L-!OHOB 'Fr+ C yse~L-14E!HL-1e~ ,AaB;e_HL-151 BblW0. 22 Topp CBH3~HO .c yMeHbWeHL-!eM _· 

AJJL-!Hbl npo6era HAep oT.ria4L-1, 4TO. npL-1BOAL-1T K • 6onee 6bicTpoMy ilpe111cpy -Fr+ K CTeHKe 
' '•• , - • ' • \ - ·-.1 

peaKL\L-10H~o111 .1<aM~pb1,: .• , · 

HeV1Tpan1,13aL(1,11,1 L-!OHOB 'Fr·· 8. aproHe, L-13MepeHHbllll 8 · '' Ko3<)>¢L-1UL-1eHT 

. . · 3KcnepL-1_MeHn1x, pil~HHnc~- 20 ~ 25%: ' 

~

··-·. · .. 
~ 
it 30 ;:;; 

N 

ct :o 
2:5 20 . .Jl . 
al 

. 

; 

~·::•;·._.· 

·'•.~•··· .. · .. -····.·. 
... , ... :: ; . . . . . .· 

·,· ·'';_ , . · .. , 

16 20. .24.• 

PL-1 C. 3 . 3,am1 CL-1i'10CTb _BblXOAa .. 
'. . + . J .... 

L-!OHOB_fr OT A~BJl_eHL-151 aprofm. 

AJJ5l: pa~JJL-14HblX •· AUaMeTpoB. 

. .... .1.2 MM, .. 

'.□ .~-1.0IVIM; 
T,-:- 0.8 MM. 

,/ ~, 

On~line- 3KCnepL-1MeHTbl 'npOBOAL-1nL-1Cb: 

yCKOP~Tene ~-200 ·m1P ()1,1s:ii,i, 11MeK>LL(eM 4aCTCfry. 

_CJ1°8AOBaHL-1H. l.-1MriyribCOB )50 r'u, J].llj;,TeiJbHOCTbio OT.' 

0:5 AO 3 MC 1,1 MaKCHMaJihH}'Kl_~Heprmo a-i.racnil{ · 

36 M3B .. · 

.1-1CnO.llb30BaJJaCb '~ :pea~L(~H ;. 2';-l8i(4He0:n'i21 ~At.· 
BpeMeHa )Kl,13HL-1,L-13HeprnL-1 a-pacnMa OCHOBH

0

0ro L-1 

:H30MepHoro~OCT~~H~: 212AtJ~crimmI10;T~t;= fl9 ~c .: . 
--;--·- ' 

:,'T112 _"' 314_MC, Ea',= 7.84°111 Ea"' 

,, · ' • 3H_ep~1-1H 6orvi6api\L-1PYf?L11ero 

nY4Ka 
04
He COCTaEinHJl~.;22 M38. ~H YM_et;fbWeHL-151 

·Ao, BblW_eyKa~aHHOIII senwiwibi 

1,1cnonb3osanacb an10ML-1HL-1esaH c)>onbfa TOJ1L11L-1H0111 

250' MKM, BXOAHble OKHa L,1 nOAJJO)KKa_ML-!Wefm. ML-1WeHb.L,13 209Bi 6b;Jla- HanblJleHa· Ha 

an~Ml,1HL-1eBy10 .. n~AflO~KY TO:riLL(L-!HOIII '2b M~~ '~- ~~~llonaranac~ pa604e~ nciiiepxHb'cTblO 

BHYTPb pe~KL(L-!ciHHOVl'KaMep~; (~~- p1,1c:2). TOJIL11L-1Ha M
0

L-1WeH111 ~ocrnim~na o.~ Mr/CM2
, 4TO 

. cy~~~~~ElHH6' '6~~~w~ ~~06~~~: ~ ·~e~ .~AeJ) . OTA~~~. 212At B K~4ecrn/ 6ylt,~~~or6 r~3a 
._<~•- • :•.••_>":.;\ ~ .•. ~•••'~•,-.;..- • :••,•;\••\- \,-_ :.•_.,_. ,,-~-,_): .. ,r••:·•••,~, ••,~>•,,: '•.:•-~• ;~•-:.•'•--\ •, >•~: 

L-1CnOJlb30BaJJL-1Cb ren1,1vi 1,1 aproH npL-1 AaBneHL-!HX. 50, 100, 150 TOPP L-1 80, 150 TOPP 

,;.,COOTBeTCTBeHHO.':LfaCTb oripa30BaBWl-1XCH L-!OHOB 21.2At He111;paJi1,136aanac~-B 6yc)>e
0

p~o~ ra3e 

'3a C4eT \ipou~~ccis beKOM6;H-~L(L,1L,1- ·c 3Jle~~:0Hat,IL,1 nna3Mbl, 06pa3osaswevicH; 8 

P~3YJl~TaT~- np~XO)f(AeH~H .· 4epe3 peaK~~o~~YIO" Ka~eby:. nepsli1~Horo·.· nY4K8 4He.···· ,l],nH 

onpeA~JleHl-1H K~JIL,149g;B~ He~TP~L-130~;BW~l(~l~oHOB"B ;KcnepL-!M~~~e'. 6i,1no npoBeAeH~ 

. ~~~;YIOW,~e •. i-i~ ·- ·;~~;ipo;bl• .. ~L-!CTer:,,~'. ipattcn~pTL-!pOBK~ ·.·. 6b!n . ~OA8.f:! .· 3an1,1pa10~L-1lll 0.·• 

7 
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P111c. 4. ' 

/ 

noTeH_u,111an; KOTOpblVI He nponycKall 1110Hbl B 

.BaKYYMHb111 o6beM. np111 3TOM cKopocTb cYera 

• AeTeKTopa ...... onpeAen,5teTC5t pacnaAoM . , HAeP 

TOJlbKO: HeviTpallbHblX ... aTOMOB. · .. At. 3areM 

1113~ep5tllaCb CKOPOCTb C4eTa AeTeKTOpa · np111 .. 
. ' . 

noTeHu,111a11e '• Ha ·. 3JleKTPOAax,' _paBHOM 

:noreHu,111any 3eM11111. .B 

BaKyyMHb}VI o6beM 

3To~\ c11y4ae. 
' ':«.. - l . . 

BblHOC5tTC5t · 

B 

KaK 

Hei1Tp~bHble aTOMbl, TaK 111 1110Hbl~ ~POAYKTOB 

peaKU,111111, KOTOpble pacnpeAeJ1mofc51 no o6beMy. -~~M~pbl 611aroAap51 OTCYfCTBll1IO .nOJ151 TaK 
"' ' , ' ' - ,. / ' . - . 

)Ke, KaK 111 Hei1Tpan~. 0THoweH111e 'cKopocrevi cYera nn,LJ. B ::irnx ABYX c11Y4aHx onpeAenHei 
.• . ; . · ... : I . .· ·- . ·... . . . _· 

Ko::icjJcjJ111u,111eHT He11Tpan1113au,111111 1110HOB B nna3Me; np111 AaB11eH111111 re1111151 150 Topp, TOKe'-

nY4Ka 150 HA 1.13an111p~10w.e~ Hanp5t)KeH111111 140 B OH oKa3anc5t paBHblM (81 ± 2.5)%'. · ... _: . . . .. '," ·: ... ' .· '•. . .· . . . \ 
PerncTpau,11151· 212At ocyw.ecrn1151.nacb B Teqeime_0.5 c; c 3Mep)KKOi1 Ha 50 MC nociie '-

;: : ' • ~ : • ' • • - ' • ' • • • • ~~ : / • ~ 
O_KOH_4aHll151 nep1110JJ,a .·_ HaKonneHll151 · AJ1111TeJlbHOCTblO 0.5. C. 'Ha BpeM5t_ perncTpa~m1 

BblCOKOYacrornoe no~e '(BY) u,111KJ10TpdHa BhIKJI10qanoc1,. B1,{6op raKoro p~)K111Ma pa6o·Tbl 
', • • - • • • < • ·'; ' ,_ ,· ' , •• ,, ,· ' ·, 

o6b5tCH5tllC5t Heo6xOA111MOCTblO ycTpaHeH...,-51 3JleKTpOMarHll1THblX HaBOAOK OT_BlJ-u,111KJ10TPOHa . ·_, . \ - ' ... -. . ; •,. . .. . .-,. -

111 noAaB11eH1115t. cjJoHa OT HAepHblX 111a11yYeH11111, 06pa3y10w.111xc51 B MOMeHT npoxo)l(AeH1115t · 

. nY4Ka. Ha p111cAa · no~a3aH. OA111H 113 ~ne~T;OB a-4aCT111U. 212At;_ ~onyYeHHbl~ n~111 noMOUJ.111 

. Bmnell3JIO)KeHHOH MeTO'AIIKII (P = 150 Topp, BpeM~ 113Mep~H~ 100 c, cpe'AHIIH TOK 200 HA). 
, .· • ,, . ., . . -! . , .. y' 

)lJill cpaBHeHHl! Ha p11c.46 np11Be,leH cneKTp; ll3MepeHHhlH B npoMe)KyrKax. . 

111Mny~bC~M111 · nY4Ka 4He . ~Pll1 TeX -~~ YCJ10Bll151X (apeM5t npOXO)l(AeHi,m ny4Ka 
. ' ,. . . "- ' - . - ' ' . 

Me)l(Ay' 

,2.7°MC, 
. ' . 

, 1113MepeH111e ascneKTpa npOBOA111fl0Cb B nocneAYIOW.111e-4 MC). B111AHO 4eTKOe BblAeJ1eH111e 
\.. : . -. . - \· . ·' ' . ' . -. . ' . ·- ,:. ., :- . . . .. ' ~ ". . - . 

a-4acrnu. 212At 111 212mAt 111 Cll1JlbHOe yMeHbWeH111e cjJOHa B nepBOM c11y4ae.' 

npoB.eAeH~bl~ 1113Me;eH111~ CK~~o{rn ~4e~a a-4a~rnu. 212At -~~· ~n,ll., HOpM111POBaHHOVI . 

Ha TOK ny4K~· ~He; ~O~a3,0mee ~11a6y10 ,3.aBll1~~MOCT~ O; 111~;eH6111BH~C;ll1 nY4Ka AJ151 

pa3;111qH1,1x 6yq,e~HhlXfa30B .. 11 ,la~~~~"- ;<?~· nyqKa 4He ~p11 ~ToJ: ~e~l!JIC~ ·· OT 50 'A~· 

,500 HA.3ro □3HaqaeT~ qro 3!pcpeKTIIBHOCTp c6opa HaA~TeKTope 11~~0~ 212At c.rra6ci -~~~~Tell c. 
, • • : • • • -- • . ' ,. . • \ i • • • ' - ' • 

yBeJ11114eH111eM nllOTHOCTll1 rina3Mbl 6ycjJepHoro _ra3a AJ151 np111BeAeHHoro· All1ana30Ha TOKOB ' 
. , . . . . . - . . 

nY4Ka,4He.~ 

Ha p111c. 5 · npeAcra_BneHa 3aB111C111MOCTR:> CKop_ocrn C4era. 3aperncTp111poBaHbtX 

a~YacT111u, · OT ·AaB11eH111S1 · AJlSl re1111151 111 aproHa. ·. np111 111HTeHCll1BHOCT111 nyYKa 300 · HA. 

YMeflbWeH111e C4eTa a-~acrnu,. AJ15t a~ro~a np~ JJ,aB11e~111111. 150 ,;opp no_ cpanHeH1110 c . 

80 Topp o~l!CHlleTc:· ;e~. qro ll~~a oTJ:iaq~ :(11M~10~11e :mepr1110 no 400 K3B) np11 TaKIIX 
. ) . . '. - . .. ~ . /. - . . . . ·.J'. •·" ",' ' . . ·. ' . 
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6011ee· 6blCTP011 A111cjJcjJy31-1111· 1110HOB_ K CTeHKe Ka~epbl 

B .. nepBOM ~Jly4ae.' npo6ern, 21 ~At B -rem-,.,,- npi., 

0 I I I i AfrnlleH~51X 50; 100, 150 TOPP CCJCT8.B.1151IOT. 1·1. 9 II 
1-

, -~ . 0 40 60 80 1 ob 120 140 160 · · . · . -· -· · · • ~- . . - · . • · · . ' . 
, . . .. · ... ·.. 6 -,.iM,. COOTBeTCTBeHHO, .qTo, 60JJbllle' ,{llaMeTpa · 

. P(ropp).. · · •· · · 
_. P1-1c: 5_3a811C11MOCTb C'lera; 

a-'lac1i1u, 212At or·AaBJ1eH1rn., 
·. KaMepbl.·. TarnM o6pa30M,'. ;repMaJ111130BaBWll1ecsi 

· A1151_:: --c..;..:.-'---;-He, . 
·. _:_v~ Ar 

aTOMbl, BO Bc_ex Tpex cny4a5t_x pacnpeAei:ieHb1 .. ,.no 

O~beMy KaMepbl paBHOMej:JHo,· 111 111X KOJ11114eCTBO 

B03pacTaeT. AaBneHviH, 4TO·,, 

noArnep,i<,naeTC5t 3aB111c111MOCTt,10 Ha p111c, 5. 

3cjJcjJeKTll1BHOCTb JpaHcnoprnpoBKll1 vioHoB ::i11eKTpocraT~Yec1<011 _ c111cTeM011 pacreT c \ . 

... ,yBe11111YeH111eM_ HanpmKeHHocrn Bb1rnrnBa10w.ero noim 111 AOCr111raeT. np111MepHo 80% np111 
-~ ..__ .... , ··• ., . 

MaKCitiMaJlbHOM Hanp5tlKeHll1111., KOTOpoe orpaHll14111BaeTC51 npo6oeM B -OCTaT04HOM ra3e 111 

co6T~BJ1fl~T ~ 80 13~:· · ·- . . . ·. . ~ · 

'.. npoBeAeHHbte 1,13MeJ)eHll151 no1<a33J1ii1, 4TO no11~a51 3cjJcjie'KT111~HOCTb yCTaHOBKll1, 

. ~T~oweHll1~ 4111Cna 3apernCTPll1POB;~H~IX a:Yacrnu, 212At ,K 4111Ci1Y ~CTaHOB111BW111XC~ B ~a3e . =-~ •. ' -.... . . •· . .·. ·'-- ~ , 
. ero 1110HOB cocTaBnHeT :- 5%:'0Ha CKJ1Mb1BaeTc5t 1113 K03cjJcjJ111u,111eina npoxo)l(J:\eHi-151 1110HOB 

4epe3 ~~IXOAHoe' ornepcrne. 20%:(A111aMeTp - 0.8 MM), 3cjJcjJeKrnBHOCrn TpaHcnoprnpoB~ll1 •· 
• ' • • - • • : < • • • • -~ • --. .. , •• 

80% . 111 3cjJcjJeKTl>1BHOCrn ' p~rnc'rpau,111111 a-4aCTll11..( . AeTeKTOpc)M \36%. ' TaKa5t 

· ::icjJ¢eKrnBHOCTb 111cTOYH111'Ka · B -·~04eraH111111 c .. Bb1CoK611 .. Bepo5tTHOC;blO pe;oHaHCHOvi _· 

· na3epHOVI 1110Hll13au,111111 n03BOmieT , ycne·tlJHO '11Cnom;3osaTb . ero . AJ151 111CClleAOBaHll151 
• •, • • , . ·' . •' . ' \ • • •. :' ' . ' ~ '·• . ~. • .. -" . : , I 

.. 'Wll1POKOro• Kpyra SlAElP, o6pa3yl0Ll.(111XCH B peaKU,11151X C ce4eHll151Mll1 AO· 1 MK6 . . : ·. " ' . . - . ·- ~. . ,. .· ' . 
.. B 3aKJlio4eH111e aBTOpbi-B,blpa)KalQT 611aro.uapHOCTbA:A.M~op~~y.-A'.n.YepeB~T~HKO 

,,·, • ' • •" j 

3a noMOW.b · np111 np.0BeAeH111vi • 3Kcnep111MeHTOB, a · TaK)Ke 

ib.~.lleHll10H:KeB~~y 3a noCTOHHHOe BHll1MaH111e K p~6~re. . - . 

IO.LJ,.0raHec5tHY · 111 

. ~ ' - ' • • ' • . .. ' ,J, • 

.,_ 

nviTeparypa 

1. c:t-1.AHA~~eB, s:c.~eroxoB:B.l-1.M111~111~. Ilurn,rn B )K3T<l>;L43; Bbl~: 12: 
~ .. ·- . ,_ ' -- ·. : .,. . ' ' 

' 1986; ~- 570-572 

2. M.Backe, Th.Bi~(lniqen, M.Dahlinget;r al;:·H;p,1111., 74 (1992) 47. 

3. r:Minowa; H:Katsuragawa, A.Kawamura, ~.Shimazu 



---,..-·-' 

-" 

·_.,. 

'4. E.W.Otten; in;'Threati~eon Heavy l~n sdenc.~;NuGlei fa; fro,m S~ability :.- . 

(Plenum ~ress; New York) 8, 517 (1989) - _, . . - ' ' .. -
5. J.Arje, J.Aysto, P.Taskinen, J.Honkanen, K.Valli 

~ ·' N°UCLln_:ifr.' aricf Met_h. B2,6. (1987) 334/ ,/ ~ -

- 6. P.Taskinen, H.Pent,tila,J.Aysto, P.Dendooven, P.Jauho/A:Jokinen,·: 
, , . . .. I • . , ,,- • • ·- • , . 

'•M.Yoshii:. Nucl. Instr. a~d Meth. A281 (1989) 539c546 .. ' :-
, - . ' . ~ -- . . -

• 7. i(oeneff, s:Brijs, E.Coenen et-al., Nucl. Instr. and Meth. B26 (1987) 399; . 
I".· - . -· .. . . - . , .- . . -• . .:..: 

< 8. B:Beraud, A.Ernsallem, A:Astier et al., Nucl. Instr'. and Meth. A346 (1994) i96 1 

, • '-,_ - • -. • ·.,,. - ,,- • ',. :_ ~ •,._" ' ~. " - J :·' '. ·- ( 

- 9. I.Tanihata; D.Hirata, T.Kobayashi et al.;Phys.Letters B 289 {1992) 261. · 

. rn: T.Min~misono;TOhtsubo, i.Minami et·al.', Phy~. Rev: Lett, 69 {1992) 2_058. 

11. r.B.Mbiw111ttcK111'1. nperip111i:tr Oll1f!ll1 P13-~0:A22, 199q.> 

12.'i;>.Van Duppen; P.Dendoovef},'M.HUyse'etal., Hyp. Int., 74 (1992).193-

13. l9'.A.Pa~3ep. ¢1113111Kara30B0~~ pa~pHA~- M.~ Ha~Ka, 1987, c.131-143: 

14. 111.Mai<~.D,aHlllellb, 3.M330H. noABlll;HOCTb Ill .ci111¢cj:)y3l-1H IIIOHOB ii' ra3ax. 
. -· ·. ~ - ': '· . - . 

M., M111p, c.2Z-38 · 
• ' ,·· -- . -,.·. ~- ,! -~,···,, ~-- ,::. _·,•,_,1· . ·-, ~· - .··-

15. W.Lauth, H.B~cke, M.Dahlinger-et aL; Phys. R~v: Lett., 68 (1992) 167_5 . 

-16. l.C.Northclitfe, R.F:Shilling; Nucl:DataTables Ai, (1970) ~-
. ., . ' - ·- ' - /<'" .· ._. . -_i ,·. _, -

·'\--
,-J••·· 

.- . ,.,, 

I 
,._---. 

/ 

/ / 

,, 
ryicpq~ C,b. no<;TYfl;Jia., 11 ~3,!UlTCJJbCKl!H' OT,1:ICJI; 
, . _ . 2_8,;l!IOJlll•J995;ro,z:iaV'-,°; • 

/ 

;/ 

!~ 10.t 

---...--

- -_ ~-·,: 

·/ 
\' 

\-


