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_ S u m .·m . a r y 

The BEMS-2 on-line isotope separator 
operated in a heavy ion beam e'fnploys a high
t-emperature :surface-ioniza.tion ion source. 
The design features rif th~ ion source toge~ 
ther ~ith an external target ar~ described~· 
The,recoil effect occurring in heavy ion 
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-reactions is used to tra_~_sport the rad{oac
tive isotopes· under investigation ·into the 
so{Jrce cavity through·,:a thin ,-1 .4 pm , :t~uita-
l~m ~ntran.ce fo~l-· -~ The::opera:tional· chara~te- :_

1

. 
r1st1cs of the 1on source fo~_Cs and ·Ba 1so- · 
to pes a r e · s t u d i e d _. The a v e r a g e h o 1 d - u p. t i in e · ·· · ·- . 

1 

Of the activity in the iOn SOUrCe, .. T ,WhiCh o: 

is determined by the diffusion of recoils 
from the catcher , is measured. The- value 
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of r. depends -·on the temperature·. and type of .. 
the catcher used. ·For. a tantalum catcher 
.r = 1.0 sec .at T = 25ooocand the value'of, r.· 

.increas.es with decreas i~g: temperature~ ·In 

L 
the ~ase cf:a tungite~ catcher;~the hold-up 
time is severa-l times' 1 onger .· ·The ion . source 
efficiency for Ba is equ·al to 30-50%. .. . . 
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l.f3yqeHHe · CBOHCTB ·:H30TOllOB, -y~aneHHLIX. OT . ~onHHLI 
{3- c_Ta6HnLIIOCTH, . .~~smieTcH' Halr6onee H:~TepecHoii 3a~aqeii_ 

'COBpeMeHHOrO :iTami. HC_cne~oBaHH.II pa,riHoaKTHBHOCTH. 3TOH. 
·npo6neMe B·nocne~HHe ro~LI GLm nocB.Hil{eH p.11~ Me)K~yHa~· 
po~IiLix KOHclJepe_Htiidi '/ CM.·,' :Hanp. JY /. ',il;Ba ,PBOHCTBa xa
paKTepHbl ~n·g H30TOllOB BCe;X ,_- 3neM_eHTOB, y~aneHHLIX :oT 

. '· 

miHHH CTa6HnLHOC-TH; :,Bo.:.nepBLix;::- no Mepe . yiienHqeHH.II 
Heihpo~Horo ~eclJHUHTa -Hnn :· H36MTK~ · nepHo~LI iwnypacna~a · 

.· na~aiOT •. Bo- BTOPLIX,.; y.zt'aneHHe OT o6nacTH CTa6HnLHOCTH 
conposo>K~aeTcil. YMCHLWeHHe'M BLIXO~a H3 OT~llOB np~ ·RI06~-M .. 
-cnoco6e Hx no:ii}'.qeuHH. -<3.rll oco6eHHocTH onpe~en.HIOT ~sa. '· 

· •. OCHOBH.LIX -Tpe6osaHH.II·.· ·K: . annapaType- ~ng HCcne~oBaHH.II .. 
.: i'aKHX H30Tonoa:· · 66IcTpo~~iicTBH.e .. ·u BLicoKaH 3$4JeKTim-: -/ .. ' 
. .-. -~ocTL. 113 nepso'ro ycnoBHH cne.nye:f, qTo.:Ycniilosica~oJDKHa 

·.,. p~6oTa TL Ha nyqKe qacTHU. · -~-, ... " , ··~. . 
- EcnH. ro:BopHtL o6 H30Tonax c '.GoiiLuiHM: HeiiTpOHHLIM . 

~HclJH~HTOM,' TO OCHOBHLIMH• cnoco6aMH HX nonyqeHH.II·-.IIBn.H: . 
_IOTC.II peaKUHH; Bbi3LIBaeMhle T.II)KCnLIMH HOHaMH,. H npouecc . 
'r'.Jiy6oKoro pacll{ennertH.H rio~ ~eHCTBHeM np,OTOHOB.BLICOKOH .. 
· 3HeprHH. B nocne~HeM cnyqae :H~eHTHclJHKaUHH H3oTonos 

<so3Mo)I(Ha TonL:Ko c noMOil{LIO Macc-certapaTopa. HaH6onee 
. H3BeCTHLIH Macc-cenapaTop mi nyqJ<'e·npOTOHOB - ~'HJOllb-' 

.; ,D;A'' .,;'; paG~i"~eT s' U.EPHel21.rrpH HciionL30BaHIIH TJI)Keni.IX ·· · ·· 
... HOHOB :8 PHAe cnyqaea :onpe~eneHHe z .H .(:.H30TOnoli' ocy- .. , 

- · ,... ll{ecTBn.HeTc.H,iw BH~Y 4JYHKUHiiBo36y~eHH~.O~HaKo H 3~ecL 
HcnonL3osaHit:e Macc-cenapaTopa·oKa3LisaeTcH BLrro.nHLIM, 

., · T~K~ li~eHTH~HKaUH.II . g~ep no BH,ny clJyHK~Hii B036y)K_neH~.II 
- ,._ '··· ~ ·.• ,-~ ~,. . 
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CTaHOBHTC.H HeHa,I(e)I<HOH B cnyqae ManhiX ceqeHHii. C ,I(pyrOH 

cTopoHhi, rrpHMeHeHHe cerrapaTopa ynyqmaeT 4JoHOBhie ycno-

BHH H3MepeHJIH: . 

B nHTepaType orrucaHo HeCI<Onhi<O Macc-cerrapaTopoB 

Ha rryqi<ax T.H)I(enhiX HOHOB /3/.Bce OHH pa6oTaroT c ra3opa3-

p.H.I(HhiMH HOHHbiMH HCTOqHHI<aMH. lfcToqHHI< Tai<oro THIIa 

rrpHMeH.HeTCH B Macc-c.enapaTope 3MCHAIITH, I<OTOpbiH 

B nJIP OHJIH HCIIOnh3yeTCH ,I(n.H Hccne,I(oBaHH.H HeHTpOHO-

. H36hiToqHhiX H30TOIIOB neri<HX :meMeHTOB 14 /.B H:acTo.HJ:Qeii 

pa6oTe orrucaH HOBhiH Macc-c.errapaTop 1i3MC-2 *, pa6o

Taro~HH Ha rryqJ<e UHI<nOTpOHa .T.H)I(enbiX HOHOB Y- 300. 

B 3TOM rrpu6ope ucrronh3yeTc.H BhiCOI<oTeMrrepaTypHhiH HOH

HhiH HCTOqHHI< C IIOBepXHOCTHOH HOHH3aUHeH, IIpHqeM MHllie.Hb 

pacrrono)l(eHa BHe rronocTH HCToqHHI<a. H3 nHTepa TYPhi 

HaM He H3BeCTeH HCTOqHHI< Tai<OrO. THIIa ,I(n.H Mace- cenapa

TOpOB Ha rryqi<aX T.H)I(enhiX HOHOB. B pa6oTaX /S-7 / OIIHCaHbl 

BhiCOI<OTeMrrepaTypHbie HCTOqHHI<H C TepMOHOHH3aUHeH, pa-

6oTaiO~He , off -line, 0 B 3THX pa6oTaX IIOI<a3aHo' qTO ,I(n.H . 

3-4. ,I(eCHTKOB 3neMeHTOB MO)I(eT 6biTb IIOnyqeHa 3lPlPe'I<THB

HOCTb HOHH3aUHH OT 10 ,I(O 80o/o II pH HCIIOnh30mlHHH BOnh-: 

4JpaMOBOrO HOHH3aTopa. 

HH:>Ke OIIHCbiBaeTC.H I<OHCTPYI<UH.H HOHHOro HCTOqHHI<a, 

OCHOBHhie ero OC06eHHOCTH H. xapai<TepHCTHI<a 1i3MC-2 

B uenoM •. 

2. KOHCTPYKaH..R HOHHOTO HCTOfJHHKA 

CxeMaTuqeci<H HOHHhiH HCToqHHI< H3o6pa)l(eH Ha puc. 1. 
HoHH3aTop Bi.monHeH H3 BOnhliJpaMa B BH,I(e rronoro UHnHH,I(

pa /1/, OTI<pbiTOrO CO CTOpOHbl :rryqJ<a UHI<nOTPOHa. BHyT-· 

peHHHH .z:(HaMeTp UHnHH,I(pa 19 MM, ,I(nHHa 20 MM, Ton~HHa · 

cTeHoi< 1 MM. Bxo.I(Hoe oTBepcTHe HOHH3aTopa /I = 19 MM/ 

3ai<pbiTO TaHTanOBOH 4JonhrOH /4/ TOn~HHOH 1;4 MKM. 3Ta 

4Jonbra IInOTHO IIpH)I(HMaeTC.H I< HOHH3aTopy. TaHTanOBbiM 

I<Onhuo~ /5/. ,lJ;nH nyqmero yrrnoTHeHHH H TerrnoBoro Kon

TaKTa Me)I(,I(y 4JonhrOH H BOnhliJpaMOBbiM HOHH3aTOpOM IIpo

nO)I(eHa TaHTanoBa.s~' waii6a Ton~HHOH 0,1 MM. HoHH3arop 

* Ii3MC - 6i.IcTpbiH 3nei<TpOMarHHTHhiH cerrapaTop. 
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I<peiiHTCH .TaHTanOBbiMH BHHTaMH qepe3 OIIOpHbiH UHnHH,I(p 

/6/ ·I< ,I(pyroMy TaHTanoBoMy I<Onhuy /8/. 0Ho qepe3 

THTaHOBYIO IIpOI<na,I(I<y /.I(n.H yMeHhllieHH.H TeiinOOTBO.z:ta/ YI<~ 
perrneno Ha Me,I(HOM ,I(ep)l(aTene, oxna)I(,I(aeMOM BO,I(OH. 

OrropHhiH ~HnHH.I(p /8/, c,I(enaHHhiH H3 TaHTanoBoro nucTa 

TOn~HHOH 0,3 MM, HMeeT OTBepCTH.H ,I(ll.H yMeHblleHH.H 

TerrnooTBO,I(a. K Me,I(HOMY ,I(ep)l(aTenro I<perrHTCH I<acceTa 

c MHrneHhiO. /!'0/. KacceTa BhiiionHeHa B BH,I(e ,I(Byx ceToi<,. 

C,I(enaHHhiX nyTeM CBepneHH11 H3 Me,I(HbiX rrnacTHH. PaccTO.H-. . 

HHe Me)I(,I(y MHilleHbiO H BXO,I(HOH liJonbrOH HOHH3a Topa paBHO 
15 MM •. 

Puc. 1. KoHCIIlPYKl#UJI uoimozo UCIIlO'IHUKQ c eueumet1 MU
Wf?HbiO. 1 - UOHU3Q11l0p U3 ·eOAb(fipaMa; 2 - cmonep JIOep 
01/lOQ'IU, 3 - HUIIlU HaKaAa, 4 - 8XOOHQJI (fiOAbZQ, 5- 1/lQH-
1/lQAOeoe KOAbl#O, 6- OnOpHblU liUAUHOp, 7- menAoeot1 3KpaH, 
8 - 11lQ111/lQA080e KOAbfiO, 9 - 6bl11lJI2U8QIOUJUU 3AeKmpoo, 10 " 
Kaccema c M·uweHbiO, · · 

. BhiXO,I(HOe OTBepCTHe HOHH3aTopa ,I(HaMeTpOM ] MMC;:r,e

naHO B ,I(OHhlllli<e UHnHH.I(pa, I<OTOpoe HMeeT 4JopM)' I<OHyca 

C yrnOM IIPH BeplllHHe 150 ° /.I(n.H. liJopMHpoBaHH.H rryqKa 

HOHOB Ha BhiXO,I(e H3 . HCTOqHHI<a/. BHyTpH HOHH3aTopa 

5 
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'BIIITOTHyiO I< .D;HY CTai<aHa I<peiiHTCH "CTOIIep" H~ep OT,D;a'IH 

' -' 121: Ilpo.nyi<Thl H,D;epHLIX 'peai<IJ;HH / H.D;pa OT,D;a'IH/ Ja C'leT. 

HMIIYITLCa, nepe,D;aBae:Moro 6oM6ap,D;HpyiOIIJ;HMH qacTHIJ;aMH, 

BLIITeTaiOT H3 :MmueHH B yJI<OM I<orryce' yrnoa :(nrrocH-TenLHo 

HanpaBneHHH IIY'II<a. 3rreprHH H,D;ep OT,D;a'IH .D;OCTaTO'IHO 

BeiTHI<a, _ 'IT06LI OHH 6e3 - 3Ha'IHTeiTLHLIX _ IIOTepL np~IIIITH 

qepe3 BXO.D;HYIO tPOITLry B HOJIOCTL HCTO'IHHI<a. Tai<, HaiipH"'

Mep, IIpH ·o6ny_'leHHH MHIIIeHH H3 MOITH6,D;eHa HOHaMH 32S C 

3Heprueii .180 M3B 311eprHH H,D;ep OT,D;a'IH _paBHa , 45 Af3B, 
a npo6er · B _ TaHTane "'- 7 p. ·• OcHOBHaH · .norrH H.D;ep. OT.D;a'IH 

OCTaHOBHTCH B CTOIIepe Ha rny6HHe B HeCI<OITLI<O MKM, XOTH 

Hei<OTOpaH 'IaCTL IIOIIa,D;eT H Ha CTeHI<H H.OHH3aTOpa •. 3a 

C'leT pa3orpeaa . HC?-"O'IHHI<a 3TH H30TOIILI .D;HtPtPYH.D;HpyiOT 

·I< IIOBepXHOCTH H BLIXO.D;HT BO BHyTpeHHIOIO IIOITOCTL HCT0'-1-

HHI<a. · Coy.napHHCL co CJ:eHI<aMH HCTO'IHHI<a, HJOTOIILI c onpe

,D;eneHHOH BepOHTHOCThlO HOHH3HPYIOTCH, H IIOCITe Hei<OToporo 

'IHCITa COy,D;apeHHH IIOIIa,D;aiOT B paiiOH BLIXO.D;HOrO OTBepCTHH, 

r.ne .neiicTayeT none BLITHrHBaiOIIJ;ero Jnei<TJ>O.D;a 191. 
MorruJaTop rrarpeaaeTcH B peJynL:raTe Jnei<Tporrrroii 

60M6ap,D;HpOBI<H C .riayx BOITLtPpaMOBbiX HHTeH Hai<ana 131, 
pacnono)KeHHLIX BOI<pyr HOHHJaTopa. Hai<an ocyiiJ;ecTBITHncH 

-nepeMeHHLIM TOI<OM· 60-100 A. Mai<cHManLrroe' rranpH)Kerrue 

Me)K,D;y -HHTHMH H HOHH3aTOpOM' paBHO 60o' B, Mai<CHManL-

HLIH TO I< JITei<Tporrrroro -· IIY'II<a - 4. A. MoHHJa Top H HHTH 

rrai<ana JaKphiTLI Tpexcnoiirr:biM ~. TennoBLIM 3KpaHoM· 17 I, 
HJroToanerrii:biM HJ nuc'Toaoro TaHTaiia TOITIIJ;HHoii 0,1 MM. 
BecL HCTO'IHHK a' c6ope IIOMeiiJ;eH. B Me,D;HLIH TeiiiTOBOH 3KpaH, 

KOTOpLIH KpenHTCH I< oxnaJK.naeMoii ao.noii .n~ianu. MoHHJa Top 

H .· BHeiiiHHH M_e,D;HLIH 3I<paH. HaXO.D;HTCH IIO.D; IIOTt!HIJ;HaiTOM 

+40 KB, rioTeHn;Han -Ha HHTHX Hai<ana H: TaHTanoBoM 3I<parre -- '• . ·, . . .· 
MeHLIIIe Ha BeiTH'IHHy YCKOpHIOIIJ;ero HanpH)KeHHH 3ITei<TpOH-

HOrO IIY'II<a. · 

,l.J;ep)KaTeiTL HCTO'IHHKa yKpenneH Ha naTyHHOM 

tPITaHIJ;e, qepe3 KOTOPLIH IIO,D;Be,D;eHO 3ITei<TpH'IeCI<Oe IIHTaHHe •. 

cl>naHeiJ; IIOI<OHTCH Ha «i>ap.popOBOM H30ITHTope, CTOHIIJ;eM ua 

BaKyyMHOH KaMepe; B IJ;eHTpe I<OTOpOH H OKa3LIBaeTCH HC.

TO'IHHK. CTeHI<H KaMepLI nu6o rrerrocpe.ncTaerrrro oxna)K.naro r-. 

CR~-BO.D;OH, .nH60 JaKphiTLI OXIIa)K,D;aeMLIMH Me,D;Hbll\-lH-IIITa£,<1!

pOBKaMH. 

Ha _puc. 2 noKaJarra JaBHCHMOCTL TeMnepa TYPLI B pall-
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OHe BLIXO.D;HOrO OTBepCTHH HOHH3aTopa OT_MOIIJ;HOCTH 3ITei<T

pOHHOro IIY'II<a. ··TeMnepaTypa H3MepHnacL OIITH'I~CI<HM IIH• 

poM:eTpoM THna OIIIIMP-Q17 qepeJ OI<Ho u3 oprarrifqeci<oro 

CTei<na, I<OTOpOe IIPH .D;ITHTCITLHOH ~a60TC- C HCTO'IHHI<OM 

Jai<pLIBa~TcH oT TennoHJrryqeHHH M:e.D;HLIM .Pna)KKOM. 3rraq~
TenLHaH TeMnepaTypa HOHH3ilTOpa IIpH HyneBOM HanpH)KeHHH. 

3IIei<TpOHHOrO IIY'IKa o6'hHCHHeTCH.Harp.eBOM---3·a C'IeT HJny

'IeHHH · HHTeii. IJpO.D;OIT)KHTeiTLHOCTh HeiipepLIBHOH pa60TLI 

. ucTo'IHHI<a rra rryqi<e rrpu TeMiiepaType 2200°C cocTaBnHeT 

15 ttac H onpe,D;enHeTCH, "rnaBHLIM o6pa30M; COCTOHHHeM 

Bxo.nrroii .PonLrH HOHHJaTopa. Cpoi< cn~6LI HHTeii: uai<ana, 

HJroToBneHHLIX HJ .c:BonL.PpaMoBoii npoBonoKH I~ = 1 ,2 MM/,-
80-1_00 'lac. McrronLJOBaHue .nayx HHTeii rraKana o6ecrrequ

aano 6onee paBHOMepHLIH HarpeB HOHHJaTopa, qeM. C O.D;HOH 

HHTLIO. PaBHOMepHLIH HarpeB HOHH3aTopa Heo6XO.D;HM .D;ITH 

o6eciie'IeHHH Mai<CHMaiiLHOrO 6LICTpO,D;eHCTBHH~ 

: T°K 

30oo 

2000 t . 

1000 L----..L...--.-L,---1-~~---~--L...l-----'-----' 
0,1 Q2 .a~t 0.6 aB t.o · 2,0 

WeL. KW 
Puc. 2. 3aeucuMOCMb meMnepamypbl eoAb¢paMoeozo UOHU-
3amopa om MOUIHOCMU 3AeKmpOHHOZO ny'lKa. . 

-~ 

3. MATHHTOOIITHfJECKA.JI CHCTEMA E3MC- 2 
H ,l(ETEKTHPYJOII(EE YCTPOilCTBO 

. ,l.J;ITH 1i3MC-2 6blna HCIIOITh30BaHa MarHHTOOIITH'IeCKaH, 

CHCTeMa raJoHanonHeHHOrO cenapaTopa 1i3MC-1, IIO.D;p06HO 

- OIIHCaHHaH B pa60Te /B~J.D;eCL 'MLI TOITLI<OI<paTKO nepe'IHCJIHM 

OCHOBHLie xapaKTepH~THI<H. IlpH60p H3rOTOBITeH Ha 6a3e 
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THnoaoro MarH.HTa CIT.; 5_7 A. 06~HH BH,IJ; ero iiOKa_3aH Ha 
puc. 3. 3TO CeKTOpHLIH cneKTpOMeTp C O,IJ;HOpO.u;HbiM noJieM 

Puc. 3. 06UIUU auo Macc-cenapamopa E3MC-2. 1- MUUleH&, 
2 - · UOHHblU UCmO'lHUK, 3 - 6blm.RZU6a10UJUU 3/leKmpoc), 4 -
'MQZHUmHblU 3KpaH, . 5 - KQMepa, 6 - MQZHUm, 7 - UleA&
KOAAUMamop, 8,10 - noAynpoaoonuKoa&re oemeKmop&r, 9 - · 
OUCK- c6opHUK, 11 - ClJUHmUAA.RlJ_UOHHblU 6ema- C'lem'lUK. 

C . ,IJ;BOHHOH ciJoKyCHpOBKOH, KOTOpa.H ocy~eCTBJI.HeTC.H npH 
nOMO~H pacce.HHHOrO nOJI.H Ha BXO,IJ;HOH H BbiXO,IJ;HOH rpaHHD;aX 
MarHHTa. ,lJ;JI.H ciJopMHpOBaHH.H cna.u;a noJI.H· Ha rpaHHD;aX 
HcnoJIL3YIOTC.H. cnenHaJILHLie MarHHTHble 3KpaHLI. Bxo.u;Hoe 
mreqo CHCTeMLI paBHO 122,2 CM, BLIXO,IJ;HOe - 211,3 CM. 

· Pa.u;ifyc · rJiaBHOH qacTHULI B MariiHTHOM none 80 -CM, yroJI 
noaopoTa - .6_0°. Ko3cPcPHUHeHT ropH30HTallLHoro yaemiqe
HH.H 0,78, aepTHKaJILHoro - _2,7, .u;HcnepcJ.I.H 18,5 MM/% Hp. 

fipH HaJia,IJ;Ke npH6opa Ha CTa6HJILHbiX H30TOnax HCnOJIL
. 30BaJIOCb CKaHHpyiO~ee YCTpOHCTBO 7 'OKOnpHeMHHKOM, 
nepeceKaiO~ee ciJoKaJILHYIO nnocKoCTL 8 • IIpH pa6oTe Ha 
nyqKe B cPOKaJILHOH nJIOCKOCTH noMe~aJIC.H 3KpaH CO ~eJILIO 
illHpHHOH. 2 MM H BLICOTOH 15 MM, nponycKaameii H306apLI 
c .u;aHHoii :Maccoii Ha .u;eTeKTHPYIO~ee ycTpoiicTao. B Ka'leCTBe 
CfiOpHHKa HCnOJib30BaJiaCL _ TOHKa.H aJIIOMHHHeBa.H cPOJILra 
/1-5. MKM/, HaKneeHHa.H Ha ,IJ;HCK-CfiOpHHK C OTBepCTH.HMH. 
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Henocpe.u;cTBeHHO 3a .u;HcKoM /Ha npo.u;oJDKeHHH neHTpanL
Horo nyqa cenapa Topa/ pacnonaranc.H noaepxHocTHo- 6apL
epHLIH _KpeMHHeBLI:H C'leT'IHK j3- 'laCTHD;. )l;HCK- c6opHHK nepH
O,IJ;H'IeCKH noaopa'IHBaJIC.H, H n.HTHO C aKTHBHOCTLIO noMe~a
JIOCL Me:>K.D;y . Si (Au) - .u;eTeKTopoM 3ana3.u;LIBaiOuiHx ripoTo
HOB H CUHHTHJIJI.HUHOHHLIM f.J - C'leT'IHKOM c KPHCTannoM 
CTHnLfiemi. 06a j3 -cqeT'IH_Ka npHMeH.HJIHCL KaK noporOBLie 
H3MepHTeJIH HHTeHCHBHOCTH f.J -H3Jiy'leHH.H. HcnoJIL30BaHHa.Ji 
CHCTeMa nepeHoca aKTHBHOCTH paHee npHMeH.HJiaCL HaMH 
B ycTaHoBKe ra3oapro co6HpaHH.H H.ziep oT.u;aqH /9~:8peMeH
Hoii: pe>KHM pa6oTLI AHcKa-c6opHHKa 3a.u;aaanc.H aaToMaTH-· 
'I~CKH B 3aBHCHMOCTH. OT 3a,Aa'IH. 

BaKYYMHa.H KaMepa cenapaTopa -OTKa'IHBanacL .ABYM.H 
.AHcPcPY3HOHHLIMH HacocaMH. Pa6oqee .u;aaneHHe B KaMepe 
npupa6oTaiOII.leM HCTO'IHHi<e. :- /I -2/.10-5 Top. 

)l;n.H KOHTpOJI.H 3a nOTOKOM 6oM6ap.u;HpyiOII.lHX 'lac'THD; 
nepe.u; MHUieHLIO, Ha paCCTOHHHH. IO CM OT Hee, pacnona
raJIC.H ionnei<Top<H3;BOJILciJpaMOBOH- CeTKH, npHHHMaBmeii 
Ha ce6.H 5o/o ny'IKa~ ,D;cinoJIHHTeJILHO ny'loK KOHTponHpoaanc.H 
nonynpOBO,IJ;HHKOBbiM ,IJ;~TeKTO~O~ ntiHHTeHCHBHOCTHpacce.H
Hif.H B cycaJILHOM 30JIOTe, ycraHoaneH.HOM. nepe.u; KonneK
TopoM- ceTKOH. 

4. OIIPE,l(EJIEHHE OCHOBHh/X XAPAKTEPHCTHK 
E3MC-2 

4.1. Pa3pewenue cenapamopa 

,l{JiJI lOCTHpOBKH BCeii CHCTeMLI fiLIJIH npoBe,IJ;CIIhl H3i.W • 

peHHJI c ecrecraeHHoii CM~CLIO H3oTonoa nepHJI. Onpe~e
JIJIJIHCh ropH30HTaJILHOe H. BepTHKaJihHOe 'pacnpe.u;eneJUHJ 
TOKa HOHOB. TopH30HTaJJLHOe pacnpe;l\eJieHHC HM('Cl DOJJy· 

mHpHHy fl = I ,.2 MM. 3To oraeqaer paJpemeHHIO 
D . 

R "' ·- .. 100 = · 670, p . !l 

r.nt.· D -::.u;HcnepcHJI no Macce. 

B :JKcnepHMeHTax co cra6HJihHLIMH H3oTonaMH fiLm 
Ofl)lC,IJ;eJICJI TaK>Ke -KO lcP<fJHUHCHl TpaHCMHCCHH cenapaTopa,. 
KOIOpLIH ·paBeH 0,8,. 3ra BeJIH'IHHa. fihiJia YCTaJIOBJieua 
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nyreM cpaBHeHHH TOKOB B «}JoKaJILH<?H nJIOCKOCTH ':H cpa3y 
:>Ke'·3a BbiTHrHBaiOIQHM :.JJieKTpO,Il;OM. 

Ha puc.·· 4 ;n;aH O.D;HH H3 pe3yJILTaToa· H3MepeHHH ua 
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Puc. 4. 3aeucuMocmi, umizeHcueHocmu f3- U3/ly'leHU.R 11a c6op-· 
HUKe e (fioKa/lbHoii n·AocKocmu om eeAU'IUHbl :WazHumHozo nOA.R. 

' . ~ .·.-. '. . 

nyqKe. Ilyl.IKOM cepLI c :meprueii 180 M:1B o6nyqanacL 
MHIIIeHh H3 _9 2 Mo ~1 2 ... Mz/cM 2f. B «}loKanLHoii nno.cKoCTH. 
~enapaTopa···~nepe~ ,Il;HCKOM-c6opHHKOM, CTaBHJiaCb IQeJIL
KOJIJIHMaTop IIIHpHHOH 2 MM, "lJepe3 Ka:>K;n;Lie 16 · CeK ,ll;HCK 
nepeHOCHJI ·C06paHHYIO aKTHBHOCTb . K CIJ;HHTHJIJIHIJ;HOHHOMY 
{3- c.<leTl.IHKY. Ha · pucyHKe ~oKa3aHa 3aBHCHMOCTh f3 -ClJ:eTa'• 
OT BeJIHl.IHHLI MarHHTHOro noJIH cenapa TOpa. MarHHTHOe · 
none H3MepHJIOCh npu noMOI.IJ;H H;n;epHoro ·MarHHTHoro pe3o~ 
HaHca, ;n;~TlJ:HK KoToporo pa3MeiQancH a, cneu;uanhHOM Mar- . 
HHTHOM · "KapMaHe". IlpH pa6oTe Ha. nyqKe KaJIH6pOBKa no .. - . . . 
MaCCaM OCyi.IJ;eCTB)IHJiaCb no H3BeCTHhiM pa.D;HOaKTHBHhiM· 
H30TonaM 6e3 ucnoni.3oiiaimH cTa6HJihHbiX H3oTonoo, lJ:T06b~ 
He 3arpH3HHTb noaepXHOCTH' HOHH3aTopa. 
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H3 H3MepeHHH ·nepuo;n;oa nonypacna;n;a cne;n;yeT, '-ITO· 
OCH~BHOH BKJia.D; B {J -:C.l.leT npHXO.D;HTCH Ha H30TOllhi IJ;e3HH. 
3TO CBH3aHO, Bo-n.epBhiX~ C 60JihiiiHMH BhiXO.D;aMH H30TOllOB 
u;e3HH B. peaKIJ;HH 9 2 Mo+32 S, BO-BTOpbiX, C 60JibiiieH 3«}ldJeK
THBHOCThiO HO.HH3aUHH Cs npH yMepeHHOM TellJIOBOM pe)KHMe. 
,D;nH nepeBo;n;a puc. 4 B cneKTP Mace Heo6xo;n;uMo BBecTH 
nonpaBKH, CBH3aHHLie c pa3JIHI.J:HHMH B nepuo;n;ax nonypac-
na;n;a H30TOnOB. , . . 

IlonyiiiHPHHa nuKoB cooTBeTcTJ3yeT pa3peiiieHHJO, H3Me
peHHOMY CO CTa6HJihHhiMH H30TOnaMH u;epHH, ecJIH Bhil.leCTh 
BKna;n; KoHelJ:HOH w:HpHHhi ·KoJIJIHMaTopa B «}loKanhHOH nnoc
KOCTH. 0TMeTHM, l.ITo·nLe;n;ecTan, Ha KOTopoM noKoHTCH 
nHKH, onpe;n;enH.eTCH «}JOHOM, a He "XBOCTaMH" OT COCe.D;HHX 
Mace. 

4.2. TeMnepamypHa.R 3aeucuMocmb eblxooa Cs u Ba U3 
. .UC1110'111UKa 

,D;nH H3MepeHuii c Cs Bhi.D;enHncH H3oTon 122Cs 1 T1; = 
= 21; 267 ceKI; nonyqaaiiiHHCH B peaKUHH Zr ( 32 S , px~. 
HcnoJih30Banuci. CTonepLI H.D;ep oT;n;alJ:H .H3 TaHTana ltiJonhra 
0,1 MMI u BonL«}lpaMa. Pe3ynhTaThi noKa3aHhi Ha puc. 5. 

,lJ;nH TaHT.anoaoro cTonepa KpHBaH npuxohuT K HaChii.IJ;eHHIO 
npu T = 1900-2000° C, HMeH nopor · npu T .. 1500 ° C. 
TaKoii · xo):( KPHBoii BLixo;n;a He MO)KeT 6LITh o6'hHCHeH oco-
6eHHOCTHMH caMOrO npou;ecca HOHH3aiJ;HH: H3 JIHTepaTyphl 
H3BeCTHO, '-ITO IJ;e3HH HOHH3HpyeTCH Ha W C 34JtiJeKTHBHOCThiO, 
6nH3Koii K IOOo/ounpuTeMnepaTypax,MeHLIIIHx 1600°C /IO? 
3TO 3aKJIJOlJ:eHHe no.D;TBep)K)l;aeTCH pe3yJILTaTOM, nony-. 
l.leHHhiM C BOJihtiJpaMOBbiM CTonep'oM. 34JdJeKTHBHOCTh HCTOq-. 
HHKa .D;JIH l2:!cs B 3TOM cnyqae HH)Ke H He ~OXO,Il;HT ,Il;O HaCLI
I.IJ;eHHH npH 'nOBbiiiieHHH TeMnepaTyphl BnJIOTL ,Il;O 2500°C. 
,lJ;aHHLie, npe;n;cTaaneHHLie ua puc. 5, no- BH.D;HMOMY, MoryT · • 

· 6biTb 06'hHCHeHhl 3aBHCHMOCTbiO CKOpOCTH.D;H4J«}ly3HH aTOMOB, 
BHe;n;peHHhiX B CTOnep, OT TeMnepaTypLI. 

Ha puc. 6 noKa3aua 3aBHCHMOCTh BhiXO.D;a · 121Ba oT 
TeMnepaTypbi· HOHH3aTOpa. 3TOT H30TOn 6biJI OTKpLIT Ha 
:S3MC-2; C nepuo;n;oM rionypacna;n;a 29,7±1,5 ~ceK ou uc
nycKaeT 3·anaJ;n;LIBaroiQue npoToHLI I p/f3+·BHnKa == 2.10 - 4 /. 
Ha BbiXO.D;e cenapaTop~ H30Ton perucTpupoBancH no npoTo-· 
uaM·. KpuaaH BhiXo.D;a :.D;JIH HOHH3aTopa· c TauTanoBLIM cTone-
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122 
Puc. 5. 3aeucuMocmb ·Bbtxoc)a Cs U3 UOHHozo ucmottHUKa 
om meMnepamypbt. Cmamucmutteqcue ozuu6Ku cttema He yKa3a
Hbt, m.K. OHU He npeebttuarom pa3Mepa motteK. HcnoAb3oeaHbt 

. OaHHbte, noAytteHHbte e pa3AU'1Hbte OHu. OmKpbtmbte KPYJICKU
OAJl cmonepa U3 maHmaAa, ttepHbte mottKu - cmonep U3 
eoAb¢paMa. 
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poM HMeeT nopor npu T ·d ?OO ° C. CMew;eHHe noporoaoii 
TeMnepaTyphi no cpaBHeHHIO c ue3ueaoll: cne~yeT CBH3aTL 
c xy.n;weii .n;uliJiiJY3Hell: 6apHH. 

1820 2000 2200 

Np 

D,5 

Toe 
2600 
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WPL KW 
• 121 

Puc. 6. 3aeucuMocmb ebtxoc)a Ba U3 UOHHozo ucmottHUKa 
om meMnepamypbt. HcnoAb3oeaAcJl maHmaAoebtii cmonep. 

4.3. Ol.leHKa 3¢¢eKmueHocmu 
OnHCLIBaeMLIH 3,n;ech HCTOqHHK He npe.n;Ha3HaqeH .n;nH 

pafiOThl "off-line"- C BeCOBhiMH KOnHqeCTBaMH BeUJ;eCTBa . 
KaK noKa3aHo B pa6oTax /5-7/,.n;nH 31blbeKTHBHoro pa3.n;ene
HHH H30TOllOB B 3TOM cnyqae He06XO.D;HMO HMeTh rpa.n;HeHT 
TeMnepaTyp B.D;Ollh HOHH3aTopa. TeM He MeHee, MhiH3MepH_: 

· nH 3lPlPeKTHBHOCTh HCTOqHHKa .n;nH Ba B pe>KHMe "off-line.:'' 
B 3TOM onLITe B ncToqHHK 3arpy>KanacL TaHTanoaaH lbonLra 
co CMeCLIO pa.n;uoaKTHBHhiX H3oTonoB 131Ba ,128 Ba B BH,n;e · 
OKHcna. CTa6HnhHhiH 6apuii, npucyTcTaoaaawuii .KaK 
HOCHTenL, ucnonL30BancH B KaqecTBe MapKepa. CpaBHeHHeM 
aKTHBHOCTH, Co6paHHOH B lPOKani.HOH llllOCKOCTH, C Ha-
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qanhHOH, 6binO uaii,IJ;eHo, qro 34J4Jei<THBiiOCTh. HCTOqHHI<a 
pasua .35o/o. 

B onhiTax ua nyqi<e 34l4lei<THBHOCTh ucroquui<a .o~euu- · 
aanacb no BhiXO,IJ;Y pa;nuoai<THBHLIX. H3oronoa 127 Cs /nepuo;n 
nonypacna;na 6,2 '-lac/ H 126 Ba I 97 MUH/, o6pa3yro~uxca 
a peai<~HH 10 2pd+ 22 Ne. Pa3;neneuue npoao;nunoch npH 
reMneparype ucroquui<a 2100°C. Ilocne oi<ouqauua o6ny
qeuua cenapa~HH npo;noiDKanach e~e B reqeuue 30 MUH. 

~na onpe;neneuua I<onuqecraa 3THX H3qTonoa, nonaawero 
H3 MHWeHH B nonOCTh HCTOqHHI<a, npOBO,IJ;HnOCh o6nyqeHHe 
BCnOMorarenhHOH MHWeHH H3 nanna,IJ;HH TOH )Ke Ton~HHhi, 
qro H OCHOBHaH. Jl;npa OT,IJ;aqu, Bbi6HThie H3 BCnOMOraTenh
HOH MHweuu, npoxo;nunu rauranoaym, 4Jonbry /1,4 MKM/, 

HMHTHPYIOI.QYIO axo;nuym 4Jonhry ucroifuui<a, H 3a;nep)KHBanuch 
rauranoBhiM c6opHHI<OM. AI<THBHOCTH H3MepanHch 'Ge (Li) -
cnei<TpoMeTpoM. Onpe;nenanoch oTuoweuue ai<THBHocreii 
1 27 Cs H I 26 Ba a · 4Joi<anhuoii nnoci<OCTH H ua c6opuu~e 
acnoMorai'enhHOH :Muweuu. 3To oTHomeuue ;nna 127Cs paauo 
0,4, ;nnx 126 Ba - 0,25. Tai<HM o6pa3oM, OTHoweuue 
34JcPeKTHBHOCTeH HCTOqHHI<a ,IJ;nH 6apHH H ~e 3HH 

TJ (Ba) I TJ (Cs). = 0,62. 
YcTaHoBneuo, ·qTo . 20o/o uaqanbHOH ai<THBHOCTH OCTaeTCH 
B HOHH3aTope, no-BH,Il;HMOMy, 3a cqeT ,Il;H414JY3HH B rny6HHY 
CTeHOI< HOHH3aTopa. C yqeTOM I<03cPcPH~HeHTa TpaHCMHCCHH . 
cenapaTQpa H3 npHBe,IJ;eHHhiX ~H4Jp MO)KHO BH,IJ;eTh, qTO 
3cPcPei<THBHOCTh HCTOqHHI<a ,IJ;nH •Cs ife)KHT B. npe;nenax 
or 50 ;no· 80o/o, a ;nnx Ba- B npe;nenax OT 31 ;no 50o/o. 

4.4. Ebtcmpooeiicmeue ucmot~HuKa 

CI<opocTh cenapa~HH 1i3MC-2 onpe;nenxeTcH 6hlcTpo
,neiicTaHeM HCToqifHI<a, nOCI<Onhi<Y apeMH ,Il;OCTaBI<H H,IJ;ep 
OT,IJ;aqH B HOHH3aTOp H BpeMH nponeTa HOHOB ,Il;O npHeMHOrO 
ycrpoiicraa Mano. Cpe~uee' apeMH npe6hlaaHHH a HcToquHI<e 
aToMa pa3;nenxeMoro H3oTona paauo 

. r ;;,_,.d+(rr+ra)n, .. ··. . 
r,IJ;e T d - cpe,nuee BpeMH ,IJ;HcPcPY3HH H,IJ;pa OT,IJ;aqH H3 CTOnepa, ': 
'"r -:. _cpe;nuee apeM:H nponera Ei.ToMa · Me)K,IJ;Y coy)J.ape~HHM~ 
co cTeHI<aMH HOHH3aTopa; r a - cpe;nue·e apeM.H npe6biBaHHH · 
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ua cTeHI<e nocne coy;napeHHH, n - cpe;nuee qHcno coy;nape
HHH .Ito BhiXO~a . Homi· H3 HCTOqHHI<a. BenuqHHa . T a npH 
,IJ;aHHOH TeMneparype · CHnhHO 3aBHCHT OT. CB.OiiCTB I<ai< 
II;OBepXHOCTH, Tal< H aTOMa .. )};na pa3nHqHhiX·, 3neMeHTOB 
apeMa a;ncop6~HH aapbHpyeTca Ha MHoro nopa,IJ;I<OB. . 

HHiKe npHaohaTCH pe3ynhTa1'hi onhi'I:OB no (nl:pe;neneHHID 
BpeMeHH BhiXO,IJ;a H3 HCTOqHHKa _tina HOHOB·~e3HH. Cenaparop 
6hm uacTpoeu ua Bhi,IJ;-eneH:il:e · 122 •Cs, o6pa3yro~eroca 
a peai<~HH Zr + 32 S 1 E 5 = 180 ·M3B/ .. B 3THx OJ!hiTax 
nytioK -~ui<noTpoua .O:ononuurenhHO .·MO,IJ;ynupoaanca. Hureu
CHBHOCTh /3 -q_aCTH~ H3MepanaCh B 4JyHI<~HH BpeMeHH nony~ 
npoBO,IJ;HHI<OBhiM. ,IJ;eTei<TOpOM, YCTaHOBneHHhiM no Hanpaa
neHHIO rnaauoro Jiyqa cenapai"opa· /8 - ua puc. 3/. Pe~HM 
pa60Thl 6Lin cne,IJ;YIOI.QHM; MHilleHh o6nyqanaCh a·. TeqeHHe 
BpeMeHH ~ t_l, H3MepeuHe ,8 .. -HHTeHCHBHOCTH i:JpOB(),IJ;HnOCh 
,nuclJclJepeH~HanhHO B reqeuHe nocne;nymi.Qero H:HTepaana ape
MeHH · ~ t 2 • IIpulJ:eM 3a,nHHM 4JpoHTOM HMnynbca Mo;nyna~HH 
nyqJ<a ~HI<noTpoH:a 3anyci<ancx M:exaHH3M n·oaopoTa ,IJ;HCI<a
c6opHHI<a, rakHM o6pa-30M I< uaqany ·cqera nepe;n ;neTei<'io-
poM oi<a3hiBa.Jica "·cae,K'Hii" yqacToi< c6opHHI<a. · · 

Ha ·puq. 7 ·noi<a·3aHhi pe3ynhTaThi Tai<HX H3MepeHHH ;nna 
HCTOqHHI<a C TaHTanOBhiM c'ro:riepoM a,nep OT,IJ;aqH npH ,IJ;ByX 
3Haqeuuxx TeMneparyphi no'uu3aTopa 1750° C :H 2500 o c. 
HuTepaan. ~ t. 1 ·_· 6bm~ BL16pau: pa.BHhiM. 2 ce.K, ~ t 2= 6 ceK. 
H3oTon)22Cs HMeeT ;naa H30Mepa :c .nepHo,IJ;aMH.nonypacna
;na 21 H 267 CeK C 6miJKHMH HaqanhHhiMH· ai<THBHOCTHMH. 
Ilo3TOMY· c xopoweii ToquocThiO MO)KHO npeue6peqh pacna-· 
,noM B Te.qeuHe 6 ceK H I<pHBhie ua pHc~ 7 paccMar!maarh 
I<aK I<PHBhie uai<onneuua 122cs ua c6opHHI<e riepe;n ;neTei<To
poM. 113MepeHHH 6bmH npo;nenaHhi npu pa3nHqHhiX TeMne
parypax. Bo acex cnyq~xx 3aBiicHMOCTh ,8- cqeTa or ape-
Meuu xopowo onucbiBaeTca clJopMynoii . 

· - · · -t/r · · 
· . <Na= N,a0 (1-e .. ) , 

r .n;e T · - . Cpe,IJ;He e BpeMH BhiXO,IJ;a .. ai<THBHOCTH H3 HOHHOrO 
ucTo~uui<a. Auanoruquhie 3I<cnepHMeHThi 6LmH npo;nenauhL. 
H CO CTonepOM H3 BOnhclJpaMa. Pe 3yJihTa Thl npocyMMH.pOBa ~ 

.• Hhi ua:·p~c~ 8 . ,nna: cnyqaa r.auranoaoro cronepa apeMa 
BhiHOCa I.J;e3HH H3 HCTOqHHI<a npH ,IJ;aHHOH TeMnepaType 
B HeCI<OnhKO pa3 MeHhWe, qeM ,Il;JIH BOnh!IJpaMOBOrO. ~nH 
TaHTanoaoro cTonepa MHHHManhuoe -'~peM.l_l __ oKorio 1,0 ceK 
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npH TeMriepaType HoHH3aTopa 2500°C, .u.nH ao.ri~>!lipaMo~oro 
H Oj:>H TeX :>Ke ycnOBHHX - 4 CeK. . . . , 

1,0 

:4) 

~ 0,75 
:t 
~ 

cu 
:t 0.5 
~ I 

c 
"' . 

~ 0,25 

1,0 . 2,0 3,0 it,O 5,0 6,0 c.el(" 

Puc. 7. Kpuaa.11 · HaKonAeHUJl f3 ;.aKmuaitocmu 12~s Ha. c6op..; 
HUKe 6 fPOKQ/lbHOU ·nAOCKOClllU ceni:zpamopa.lly'IOK liUKAOlllpoHa 
nooael/lCJl HQ MUUI€Hb 6 _llle'leHue UHlllepaaAa epeMeHU fl t l .· 
HaKonAeilue aK~uaHocmu U3MepJtemcJt e me<~eHue UHmepaaAa 
epeMeHu ·· · flt 2 = 6- ceK. o- OAJI T= 2500°C, • .; OAJI 
T = 1750°C. · · 

,lJ;nx Ue 3HH CKOpOCTb BblHOCa H3 HCTO'IHHKa T onpe)J,e
nHeTCH ,li,HdJ4Jy3HeH H,ll,ep OT)J,a'IH H3 CTOnepa: T "'T d • ,lJ;eii
·cTBHTenbHO, BpeMH a.u.cop6UHH Ue3HH · Ha BOnbdJpaMe Ta ~ 
~10 - 6 

ceK npH T>1600°C /11/, apeMx nponeTa rr~1o-4 ceK. 
HH:>Ke:·6y.u.eT noKa3aHo,- 'ITO ·n <10 2.u.nx Hawero HOHH3aTopa. 
TaKHM o6pa3oM , 

(r + r ) n < 10-2 ceK. · 
. f a - . . 

,ll;nx H30TonoB Ba BpeMH BbiHqca r Henocpe.u.cTBeHHO He . 
H3Mepxnoc:b, ·o.u.HaKo· 6onee BblcoKHii reMnepaTypHblii nopor 
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.u.nH· BbiXO)J,a 121 Ba /puc.6/ MO:>KeT 6biTb CBH3aH c 6onee 
Me)J,neHHOH ,li,HdJ4Jy3Heii, 'leM )J,nH ue3HH. 

H3MepeHHI>Ie uaMH cKopocTH .U.Hiil<liY3HH ue 3HH B uecKonb
KO )J,eCHTKOB pa3· HH:>Ke, 'leM nony'leHHbie B pa6oTe /12/ )J,nH 
H,ll,ep OT)J,aqH Dy, aue.u.peHHbiX B. ·Ta •. Bo3MO:>KHo,. 'ITO 3TO 

paCXO:>K)J,eHHe CBH3aHO <: HHbiMH dJH3HKO-XHMH'IeCKHMH 
caoiicTBaMH pe.u.Ko3eMeni>HbiX 3neMeHTOB no cpaaueHHIO 
C Ue3HeM H MeHbWeii rny6HHOH BHe,ll,peHHH H,ll,ep OT)J,a'IH 
B CTOnep B :iKcnepHMeHTaX, OnHCaHHbiX B /12/, · .. 

Mo:>KHo O:>KH.U.aTI>, 'ITO c noBbiWeHHeM TeMnepaTypi>I no 
Mepe npH6nH:>KeHHH K TO'IKe nnaBneHHH CTOnepa BpeMH 
BbiHOCa 6y)J,eT yMeHbWaTbCH 6biCTpee, 'leM :no cne.u.yeT H3 
npOCTOH 3KCTpanonHUHH ,lJ,aHHbiX Ha puc. 8. 

5. HEKOTOPhiE 3AMETJAHH.JI 0 MEXAHH3ME 
PAEOThl HOHHOTO HCTOTJHHKA 

Ilpocne.u.HM · 3a cy.u.~>6oii N 0 - aToMOB OT.U.a'IH, KOTOPI>Ie, 
npOH,li,H BXO.U.HYIO 'dJom>ry, B MOMeHT BpeMeHH t = 0 . OCTaHo
BHnHCb Ha HeKOTOpOH rny6HHe B CTOnepe. Ilpe.u.nonO:>KHM, 
'ITO c n'ocToHHHoii aepoHTHOCTbiO A d · B e.u.HHHUY apeMeHH 
aTOMbl 6y)J,yT ,li,HdJdJyH,li,HpOBaTb K noBepXHOCTH H BbiH.U.YT BO 
BHyTpeHHIOIO nonOCTb HOHH3~TOpa. IJpH Ka:>K,li,OM COy,ll,apeHHH 
CO CTeHKaMH aTOM 6y)J,eT a)J,COp6Hp08aTbCH Ha BpeMH, 
B Cpe)J,HeM paBHOe r a , nocne qero CHOBa HCnapHTbCH 
B nonoCTb HOHH3aTopa. BepOHTHOCTb HCnapeHHH B BH)J,e 
HOHa {3+ . onpe.u.enHeTCH K034JdJHUHeHTOM HOHH3aUHH /B co
OTBeTCTBHH c dJopMynoii Caxa-neurM~pa /IO/;: .· 

e (cp- V} e(cp-V) 

.f3+=Ae 
kT (A e kT + l) -1 /1/ 

r)J,e cp- pa6oTa BbiXO)J,a MaTepHana noBepXHOCTH, Vi - no
TeHUHan HOHH3ElUHH aTOMa. · B HaWeM cnyqae HOHH3aTop 
HMeeT yqaCTKH H3 TaHTana H BOnbdJpaMa, n03T<?MY {3+IipH·-
HHMaeT HeKoTopoe cpe~Hee · 3uaqeu:He. · 

\ 
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Puc. 8. 3aeucuMocm& cpeoHezo epeMeHu e&rxooa lle3UJI u3. 
UOHHOZO UC1110'1HUKa 0111 111eMnepamypbl. 0111KPb1111ble KPYJICKU -
oAJI maHmclAoeozo cmonepa Jloep omoa<~u, 'lepHble - OAJI. 
eoA&rflpaMoeozo cmonepa. 
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BepDHTHOCTL HcrrapeHHH a BH~e ueirpanLuoro aroMa 
paBH~ ~0 : .. 

~ + ~· ·;, 1. 
0 .+ 

06o3uaqHM .qepe3 . A 0 H·.A+ cpe~HHe aepoHTHOCTH H3Bneqe
HHH HefiTpanefi H HOHOB H3 HCTOqHHKa B e~HHH:UY BpeMeHH. 
Tor~a rrmiHaH aepoHTHOCTL ~nH aroMa a TOM HnH HHOM. 

. BH~e BLifiTH H3 HCTOqHHKa /rrocne ~H4J4Jy3HH/ paBHa A·=A+~ .;. .. . + 
+A0~ 0.Cpe~Hee qHcno coy~apeHHi ~0 BLIXO~a .H3 HCTOqHHKa 
paBHO n = [A(ra+Jf )]-l. 

Her~y~uo uarrHcaTL ~H4J4Jepeu:u;HanLHoe ypaaueHHe ~nH 
KODHqeCTBa aTOMOB B ITODOCTH HCTOqHHKa K MOMeHTy 
apeMeHH t, yqHTLIBaiOIIJ;ee KaK ~H4J4Jy3HIO H3 crorrepa, T~K 
H BLIHOC qepe3 OTBeJ>CTHe. PeiWlH 3TO ypaaHeHHe, rronyqaeM 
cne~yiOIIJ;ee. BLipa:lKeHHe ~nH TOKa HOHOB H3 HCTOqHHKa: 

1 +( t) 
. + 

N 0 A d A ~ + -Ad t -A t 
=------(e -e ) 

.. A- Ad 
/2/ 

\ · + · -Adt 
,[J;nH A :::> .1\ d rronyqaeM 1 . ( t) - e , H }IaKoi,meuHe aKTHB-. 
HOCTH B '4JoKaDLHOfi ITDOCKOCTH 6y~eT cne~OBaTL 3aKOHy 

-Ad t 
l- e 

113 /2/ rronyqaefc~, qro rronuoe qucno HOHOB~ BLillle~umx 
.+ A+ 
~ =N0 :-- ~ +.0TCIO~a 34J4JeKTHBHOCTL. 

A . ~. ; . 

. ~·. .... 

H3 IICTOqHHKa, paBHO 
HCToquuKa TJ paaua: 

A+ . A+ -I 
- ~ [ l + (- - l) ~ -] .. 
Ao + . Ao + TJ /3/ 

A+ 
BenHquua -- 4JHrypHpyeT KaK 4JaKTOP. 34J4JeKTHBHOrO ycH-· A . 

neHHH HOHH3HpyiOIIJ;ei CITOC06HOCTH CTeHOK HCTOqHH.Ka. Ocra-
HOBHMCH ua 3Toi aemi.:mue rro~po6uee. .· · . .. + . ·. 

BenHquuLI A H A 0 JaBHCHT or, reoMeTpHH HOHH3aTopa 
H . BLIXO~Horo .OTBepCTHH .. liLinH . rrpoae~eHLI pacqeTLI ~mi 
:u;unHH~puqecKoro · HOHH3aTopa c. ~HaMerpoM H BLicoioi, 
paBHblMH 20 MM ~H B.biX·O~HLIM OTBepCTHeM C r = ·0,5 MM. 
Creu~a a pai~He ·Bwio~uoto oraepcruH rrpe~rronaranacL 
npe~e6pe>KuMo TOHKoii:." s: :JTOM cnyqae nonyqeuo 
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Ao = 
1 . ·. -1 

___ · jceK · /, 
Ta + T f 

r,ne S - ·.rrnoil{a,nh BHyTpeHHeii rroaepxHOCTH HOHH3aTopa .. 
liOHbl H3Bnei<aiOTCH C 6onhiUeH BepOHTHOCTblO 3a C'leT 
,neiiCTBHH 3nei<TpH'IeCI<OrO IIOnH ·' IIpOBHCaiOII{ero B BbiXO,nHOM 
oTaepCTHH. BepoHTHOCTh H3Bne'leHHH orrpe,nenHeTCH pa3Me
poM o6naCTH, B I<OTOpOH IIOTeHUHan 3nei<TpH'IeCI<OrO IIOnH 
·v oTaeqaeT ycnoaHIO: . 

e ('V - V 0 ) 2:. f i ' /4/ 

r,I(e V0 - rroTeHunan HOHH3aTopa, a (i .~ TerrnoaaH 3HeprHH 
HoHa. IIpoancaHne rronH pacctJHThiBanoch no <iJopMyne ,nnH 
TOHI<OH ,nHa<iJparMhl C I<pyrnhiM OTBepCTHeM /13/, rpaHHUa 
o6nacTH, oTBetJaiOII{eii ycnoanro I 4/, arrrrpoi<cHMHpoaanach. 
c<iJepoii c pa,nnycoM p (f i ) .BenH'IHHa A+(£ i ) /Tal< :>Ke I<ai< 
H A 0 I pacctJHThiBanacb B rrpe.I(rrono:>KeHHH H30TporrHoro 
/a rrpe.I(enax 2rr I ncnapeHHH HOHOB co cTeHoi<. ,lJ.nH Haxo:>K
,neHHH A+ (£ i ) rrpoao,nnnocb ycpe,nHeHHe no HOHH3HPYIOIL\eH 
noaepxHoCTH ,nnH TenecHoro yrna c ,naHHOH TO'II<H rroaepx
HOCTH Ha o6nacTb BhiTHrHBaHHH. Pe3ynbTaT Mo:>KeT 6hiTh 
npe,ncTaaneH a an,ne: 

A+ (£ . ) = y "P 
2

(c i ) l 
I ~------ -· s -.---

T a+ T f 

-1 
leeK /. /5/ 

Ko3<bi!JnuneHT y cna6o 3aBHCHT oT p H paaeH "'2,5. Yc
pe.I(HeHHe A + (£ i ) no Mai<cBennoaci<oMy cnei<Tpy ,naeT 
A+ (£ i ) = A+ , rrpHMepHo coana,I(aiOil{ee co 3HatJeHHeM rrpH 
HaH6onee aepOHTHOH TennOBOH 3HeprHH, paBHOH kT.OI<oH-+ . 
'laTenhHO nony'leHo A /A0 = 380. cl>ai<THtJeci<oe 3HlrtJeHHe 
A +/A 0 

· ,nnH OIIHCaHHOrO 3):{eCb HCTO'IHHI<a . MeHhWe, T.I<. 
BbiXO,I:{HOe OTBepcTHe HMeeT I<OHe'IHYIO TOnil{HHY CTeHOI< 
I = 0,5 MM/, H rrpoimcaHHe 3ilei<TPHtJeci<oro IionH cna6ee, 
tJeM rrlm TOHI<OH ,nnai!JparMe. Ha puc. 9 npnae,neHbi' ,nnH 
HnnrocTpaUHH pe3ynbTaThi pacqeTa no <iJopMyne · /3/ ,nnH 

~ . . A+ 
-= 100. 0TMeTHM, 'ITO IIpH Tai<OM 3HatJeHHH -

0
- Cpe,n-· A0 · . . A 
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Hee · 'IHCnO · CO~,napeHHH HOHOB Ue3HH ({3+= 1,0).,no BbiXO,na 
H3 HCTO'IHHI<a n = 20 • 

10° 

'l 

10
1 

·102 r . -
10-4 I I I f. I I I I I -·~---.--r~ll:-.---~-1 1 1 I I I I I I· 

1 o-3 1 o-2 1 o-1 100 V+ 
Puc. 9. Pac'lenmaJl /no rftopMy/le /,3/ I 3aeucuMocml, 3rjrjeK
mueHocmu uoHHozo ucmo'IHUKa om K03rPfPU1JUeitma noeepxHocm- · 
HOU UOHU3QIJUU {3 + 0/lJl A+/ A0 = 100 • · 

Bennqima A+ /A o H, cne,noaaTenbHO, 31iJI!Jei<THBHOCTh Hc
TO'IHHI<a 3aBHCHT OT pa3MepOB BbiXO,I(HOrO OTBepCTHH. BHa
qane A+/A 0 pacTeT 'c yaenH'IeHHeM~ r , T.K. pacTeT 

p(kT) 
•. Ilpn I<ai<<?M-To 3HatJeHHH pa,nHyca oTaepcTHH, 

r 

paBHOM r O , rpaHHUa 34JI!Jei<THBHO BbiTHrHBaiOII{ero IIOnH 
,noii,neT ,1:(0 cTeHOI< HOHH3aTopa, a aenH'IHHa A+ /A0 

,I:{OCTHr-

HeT Mai<CHMyMa 
s 

= ---"2 · IIpn- ,nanbHeiiweM yaenH'IeHHH 
1rr 0 

pa,nHyca A+ /Ao ~ 1/ r 2 • Bb16op OIITHManhHoro pa3Mepa 
BbiXO):{HOrO OTBepCTHH cne,I(yeT ,I(enaTb 3I<CIIepHMeHTanhHO. 

• Bee- npnae,neHHbie coo6pa:>KeHHH rrpHMeHHMbl . TOnhi<O 
I< cnyqaro, I<Or.I(a rronHoe I<OnHtJeCTBO. aHanH3HpyeMoro ae
Il{eCTBa O'leHb Mano, T.e, MO:>KHO C'IHTaTb, 'ITO HOHH3HpyiO-. 
Il{aH rroaepxHocTh tJHcTa. Ecnn :>Ke Hcrronh3YIQTCH aecoahre 
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KORH'lleCTBa :Be~eCTBa /HarrpHMep, BBe,ZJ;eH CTa6um,HhiH :Map·~
Kep/, JaBucuMocTL 3dJdJeKTHBIIOcTH oT pa_JM.epoB Bl.ixo~oro"_.: 

. OTBepCTHH Mo)ieT 6LI'Th COBCeM iH'oH:. n_o-KphiTHe BHyrpeHHeii . 
rronocTH aHanHJHpyeMLIM Be~eCTBOM CHH)KaeT pa6oTy BLIXo
.u;a. B KoHe'liHOM cqen{.3To rrpHBO.ZJ;HT K ToMy, 'liTo :HoHH:3aiUIH ... < 
npoucxo.u;iiT, B. ocHOBHOM, Ha BHemHeH: xpoMKe BhiXo,ZJ;Horo 
OTBepCTHH. · B Tai<o:M cnyqae ·:.}dJdJeKTHBHOCTh ·6y.u;eT. paCTH' 
C yMeHLWeHHeM -~HaMt!Tpa ot,BepcT:iiH. . . . • . 

' 6. 3AKJIIO gEHHE. 

B HaCTOH~ee BpeMH Ii3MC-2 ycrreWHO HCIIORLJyeTCH 
,ZJ;RH Hccne,ZJ;OBaHHH HJnyqaTeneH 3aiia3,ZJ;hiBaiO~X IIPOTOHOB. 

· ·· .. B nepBOH CefHH 3·KcnepHMeHTOB C :HHM IIpH6opo:M' Ha rryqKe 
HOHOB +S S 3 . /180 M3B/ Ha6mo.u;anHch HOBbie rrpoTOHHLie 
HJny'llaTenH 116 Cs, 119 Ba , 1.21 Ba. llepuo.u;LI nonypacna.u;a 
H CKOpOCTH C'lleTa IIPOTOHOB H. {3 - 'llaCTIIIJ; yKaJaHbl B 1f!06A. 1: 

H30TOII 

H6Cs. 
119Ba 
121 Ba · 

*OueHKa. 

···.:... 

.Ta6Aut~a 1 

CKopoCTh c'lleTa, 
T1/ 2 ceK. 

3,9±0,4 
5,35±0,30 
29,7+.1,5 · ... 

N ~ ceK--1 : N {3 ~eK -I 
.· ~- ' 

0,3_3 
2,0 
0,37 ~- -. 

.90 ... 
2,2.10 2* 
1,8:10 3',· 

B 3KcnepHMeiiTax no HJy'lleHHIO HeHTI)OHo.u;edJHUHTHhiX HJO
TonoB ueJHH Ha ycTaHOBKe "lf30Jih,nA"-/l 4~ nono)KeHHH 
A== ll6 na6nro.u;anacL npoTOHHaH a~THBHOCTL, oTHeceiiHaH 
K 116 Cs. CKopoc;:L c'lleT8. npoToHoB 6Lma ==· 8 ;i;~acf; 
Ce'lleHH'_I o6pa3oBaHHH ynLTpaHeiiTpoHo.u;eliJHUHTHhiX HlOTo.
noB. 3Ha'liHTenhHO BhiWe B peaKUHHX C TH:>KenhiMH HOHaMH, 
'lleM ITPH HCIIORh30BaHHH npon)HoB BhiCOKOH 3HeprHH. ·3TO 

.. _HBmleTCH npH'liHHOH Toro, 'liTO BLixo.u; 116 Cs, yKaJaHHhiH 
, :"'B ma6A. 1, B ISO pa3 6onLwe, 'li{)M :B pa6oTe /14/. · ., ·· . : 
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ABTOphl HCKpeHHe 6naro.u;apHhi aKa,ZJ;eMHKY r .H.ct>nepoBy 
Ja cy~eCTBeHHyiO· rro.u;.u;ep)KKy 3TOH p'a6oTLI, B.A.'liyr.peeBy," 
lo .)l;LH'liHXHHY . - . Ja rrpoBe.u;eiiue KOHCTPYKTOPCKHX pa:6oT: 
K.H:CeMHHy, E.A.MHHHHY - Ja· HJr'oToBneaHe cunoBoro 
nuTaHHH, B :H.lloKpoBcKOMY - ~a opraHHJauH:ro MexaHH'll.eCKHx 
pa6oT, B.ll.CyaopoBy ·- . 3a ~ rroMo~L B 3Kcnep:HM:eHTax, 
rpyrtne 3KCIInyaTaUHH UHKROTp(ma BO r·naBe c Ii.A.;3arepOM-
Ja oG.iiyqeHHH. . . . 

ABTOPLI npHJHaTenLHLI B.H.PaH:Ko, _H,H.TapaHTHHY, 
A.ll.Ka6aqeHKO Ja noneJHLie o6cy)K,ZJ;eHHH H coBeTLI. 

Jiumepamypa 

1. ·• · Proce~dings of the International Conference on the Properties of Nuclei 
Far from the Region of Beta-Stability",. CERN 70-30 (1970). 

2. CERN Report 70-3 0970)., . . 
3. ,Abstracts· of the 8th Intern. Conference on Low. Energy Jon 

. . Acc~~erators and Mass-Separators, Billingehus, Sko'vde, Sweden,· i973. 
4. N.J. Tarantin, A.P.Kabachenko, J.V.Kuznetsov, Yu.A.Dyachikhin, N~S.Jvanov, 

Om Zai Khun .. Proc. of Intern. Conf. on Electromagnetic Isotope Separa-
tors, Marburg, Sept. 7.:./o (1970). ' ·. .. 

5. G.J.Beyer, E. Hermann, ·A. Piotrowski, V.I.Raiko, .. H. Tyrroff. Nuc/. Jnstr. 
& Meth., 96, 437 (1971). .. • · · .. · ···. . · · . · 

6. G.J.Beyer, E.Hermann, V.J.Raiko, H. Tyrroff. ·Radiochem. &Radioanalyt. · 
Lett., 12 (4-5}, 259 (1972). · · 

7. P.Johnsori, A.Bo/son, C.Hendrikson. NucUnstr. & Meth., 106, 83 (1973). 

8. B.A;Kapuayxoe~-Ji.A.Py6uucKaR, F:M. Tep-AKonbJIH, 
B.H. Tumoe, B.A. gyzpeee. Coo6111eHue OHJIH, 13~4454, 
J(y6ua, 1969; CM. maicxe IIT3, 2, 43/1970/. ·. · 

9. H~Ea'lo, jf.jf.Eozoauoe, m.,lfi:zpOl/U, B.A.Kapuayxoe, 
·JI.A.Ilempoe, Jlc:P, 7,1153/1965/. · · . . · 

10. 3.3auoeu(jepz, . H.Houoe. IIoeepxuocmHaR uoHU3at~uJI. 
H30. "HayKa ", 1969. . .. 

11. r.M.Ha3apRH, r.meAmOH. B KllUZe "3AeKmpocmamu'lec
KUe paKemubze oeuzame~u", cmp. 74./1964/, U30. "Mup". 

12. H.H. Tapaumuu, B.B.Topoeee, A.B.,/feMbJIHOe. A3, 22, 
· "ebm. 4,. 280/1967/. · · · 

13. W.Henneberg. Z.S.f.Phys., 94, 22 {/935). 
14. B. Jonson, Ph.D. Thesis. Chalmers University of Technology,Gottenburg, 

·SWeden (1972) .. 

PyKonucb nocmynuAa (J U30ameAbCKUii omOeA 
·- 4 R!l_eapR 1974· zooa.-

.. _ ... 

23 

-~ 

.. ~· " 

,. 

: ~':. ·',4' 


