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0011.\a.lI xapaKTepHCTHKa paOOTbl 

AKTYaJihHOCTh TeMhI 

PeaKn;im "rop.ip:rero" ClIII.llHII.lI .lip;ep ( :meprII.ll B036y)K;a;eHII.ll cocT.aBHoro 

.lip;pa E*~ 40 M0B), rrpIIBO;IJ;.lI~IIe K o6pa30BaHIITO rrpo;a;yKTOB IICIIapemm, 

OKOlIO p;Byx ;a;ec.lITIIlleTIDI (rrpIIMepno ;a;o cepep;IIHhl ceMIIp;eC.lIThlX ro;a;oB) 

.;seCbMa lIHTeHCHBHO lICIIOllb30BamICb B Ka'leCTBe OCHOBHOro MeTo;a;a norry

'IeHII.lI II H3J'IeHII.ll cBoucTB HOBhlX HJKlllI;IJ;OB c Z ~ 100 ( CM. o foop:w: [1,2] 

II CCbllIKII D HIIX). Ha'IIIHaJI C cepe;a;IIHhl 70-x, rrocrre o60CHOBaHII.lI MeTo;a;a 

"xorro;a;Horo" ClIII.lIHII.lI (E•~ 20 M0B) ocHOBHhle IIHTepechl ·B o6rraCTII rro

rry'IeHII.lI II H3J'IeHII.lI rrpon;ecca o6pMOBaHII.lI TpaHcqiepMHeBhlX HYKlIII;IJ;OB 

CMeCTlilIIICb K peaKn;II.lIM "xorro;a;Horo" CIIHTe3a. KaK II3BeCTHO, IICIIOllb30-

naHIIe 3TIIX peaKIJ;IIll II03BOlIIIlI0 II0lIJ'IIITb p.lI;a; HOBhlX TpaHc<pepMIIeBhlX 

HJKlIII;IJ;OB BIIlI0Tb ;IJ;O 3lleMeHTa 109 II 60llbllIOe KOlIII'IeCTB0 HOBhlX HeU

TpOHOp;e<pIIn;IITHbIX II30T0II0B TpaHcqiepMIIeBhlX .lip;ep ( CM. ofoophl [3,4] II 

CCbllIKII B HIIX). 

O;a;HaKo B rrocrre;a;Hrre rop;br na6mo;a;aeTc.lI '!eTKo Bhlpa.lli:ennoe BO:Jpac-ra

HIIe HHTepeca K lICCJie;a;oBaHII.llM B03M02KHOCTell peaKn;Hu "rop.lI'Iero'' (E*~ 
40 M0B) ClllI.lIHIUI ;IJ;lI.lI 3TOll o6rraCTII .lip;ep. 8To CB.lI3aHo, C o;a;nou c'To

pOHbI, C ;IJ;OCTJIIHOCTbIO ;IJ;lI.lI peaKn;IIll "XOlIO;IJ;HOro" CIIHTe3a TOllbK0 06-

JiaCTII HeUTpOHOp;eqiHn;IITHhlX II30T0II0B TpancqiepMIIeBbIX 3lleMeHTOB, a 

TaK)Ke o6Hapy)I(eHHhlMII ;IJ;lI.lI rrpe;a;errbHO T.lI)KellhlX ClICTeM B3aIIMOp;eUCTBy

IO~H:X .lip;ep cy~eCTBeHHhlMH noporoBhlMII orpaHII'IeHII.lIMII (3arrpeTaMII) 

Ha ClIII.lIHIIe rrpII MaJibIX 3HeprlI.lIX B036y)K;a;eHII.lI. Bee 3TO npIIBO;IJ;IIT K 6hl

CTpOMY na;a;eHIIIO ce'IeHIIU c pocToM aTOMHoro H0Mepa Z KOMnayn;a; .lip;pa 

;a;o 3Ha'!eHIIll ~ 10-36 CM2 p;lI.lI z ~ 109-110. C ;a;pyrou CTOp0Hhl, na6rrro;a;aro

~eec.lI B 3KCnepIIMeHTe 60JibllIOe K0llII'IeCTB0 npe;a;;a;elllITellbHhlX HeUTpOHOB 

B peaKIJ;II.lIX "rop.lI'Iero" CllII.lIHII.lI B TpaHcq>epMIIeBOll o6rraCTH .liiep ;a;aeT 

0CH0BaHII.lI ;IJ;ll.lI OCTopmrrnoro OITTIIMII3Ma. KpoMe Toro, caMOCTO.lITellbHhlll 

IIHTepec rrpe;a;c-raBrr.lieT ·IIccrre;a;oBaHIIe xapaKTepIICTIIK "rop.lI'IIIX" .lip;ep c 

6rrII3Kou K nyrrro BerrII'IIIHou )KII;IJ;KOKanerrbHoro 6apbepa ;a;errenlI.lI . 

IIpoBep;eHIIe IIccrre;a;oBaHIIll B TpancqiepMIIeBou o6rracTII .lip;ep CIIllbH0 

0ClI0~(H.lieTC.lI Marrou BellII'IIIHOll Ce'IeHHll o6pa30BaHII.lI rrpo;a;yKTOB II IIX 

0THOCIITellbH0 KOpOTKIIMII BpeMeHaMII }KII3HH. Ilo3TOMY 3KcnepIIMeHTallb

Hhle ycTaHOBKII, npep;Ha3Ha'!eHHbie ;IJ;ll.lI pa6oTbI B 3TOU o6rraCTII .lip;epHbIX 

peaKn;IIH, ;IJ;Oll2KHbI OTBe'!aTI, Cllep;yro~IIM Tpe60BaHII.lIM: BhlCOKaJI 3(pqJeK

TIIBHOCTb TpaHcnopTIIpOBKII .lip;ep OTp;a'III ( rrpo;a;yKTOB peaKn;IIH IIOllHoro 

ClllI.lIHII.lI ) OT MIIllieHII K ;a;eTeKT0paM, Marroe BpeM.lI TpaHCII0pTIIpOBKII, 

!o.!,it.a~~t:~~l.i,,;Ulv.~ .... zrj?I 
\ 0;1<-::;!Hi:lt ucr .,~1:!:muril 

S'1SJltiOTEf{A -- --



DbICOKaJI CTenem, O'IIICTKII .lip;ep OTp;a'III OT q>OHOBI,l:X rrpo;a;yKTOB .lip;epHbIX 
peaKii;nn: II OT IIOHOB IIJ'IKa. Han6orree rrorrHo nceM rrepe'IIICJieHHhIM Tpe-
6<;rnamrnM OTBe'IaIOT KIIHeMaTII'IeCKIIe cerrapaTopbI_ rrpo;a;yKTOB peaKIJ;IIH. · 
MmKHO ~Kaoa;1,, 'ITO OTO, 6ypHO _paOBIIBaIOll!,ee~.lI n rrocrreiHee ;a;ec.lITII
lle',l'~Ie. MeT_O)];II'IeCKOe Hanpanrrem1e, CTaHOBIITC.lI OCHOBHI,IM rrpII IIoyqemm 
.lip;epHbIX peaKIJ;lIH II CBOHCTB HYKllll)];OB. 

IJ;eJihIO nacTOH~e:ii: pa6oThI .lIBJI.lIJioc1, pa3pa60TKa II coo;a;amr~ Tpex
dryrreH'!aToro, orreKTpocTaTII'IecKoro cerrapaTopa BACIIJUICA, IIOMepe-. . . ' , .' ' . ' ' 

Hlle;II OIITIIMIIOaIJ;ll.lI pa60'IIIX xapaKTepIICTIIK lIOHHo-onTH'IeCKOH CIICTe_MhI 
II cenapaTopa BIJ;eJioM npII pa6oTe B nrnpoKOM p;IIarraooHe Mace 6oM6app;II
pyro~IIX ~OHO~ (16:SA~;:;40), paopa6oTKa MeTo;a;on Kam16poBKII II KOHTpoll.lI . 
napaMe'I'pon c_enapaTopa, o6ecne'IIIBarow,IIx ero pa6oTy n p;lIIITeJihHhIX 
oKcnepIIMeHTax, IIoy'IeHIIe oaKoHoMepHocTen: o6paoonamrn TpaHcq>epMII
en1,1x .lip;ep B peaKIJ;ll.lIX "rop.H'Iero" CJIII.limrn n oKcrrepIIMeHTax Ha rry'IKax 
T.lI1Kerr1,1x IIOHOB c A:S40. 

Hay~rnaJI noam:rna .. 
Coop;aH II pa6oTaeT Ha oKcnepIIMeHT nepnbln: B MIIponon: npaKTIIKe Tpex
cTyneH'!aThIH orreKTpocTaTII'!ecKIIH cerrapaTop _BACIIJIIICA, no cnoIIM 
napaMeTpaM He ycTynarow,Hn:, a n p.Hp;e crry'IaJieB npenocxop;.lIW,IIH KIIHeMa
TII'IeCKIIe cenapaTop1,1, IICIIOJib3YW,IIeC.lI B ;a;pyrIIX Hay'IHI,IX IJ;eHTpax. 

IIponep;eH noJIHbIH 06'1,eM Hccrre;a;onaHIIH pa60'II1X xapaKTepIICTIIK IIOHHO
onTII'IeCKOH CIICTeMI,I II cenapaTopa B IJ;eJIOM Ha ny'!Kax IIOHOB OT 160 go . 
4°Ca. Paopa6oTaHbl cnoco6bl onTIIMIIOaIJ;IIII II KOHTpOlIJI rraJ)aMeTp_on ce
napaTopa, KOTOpble nooBOJI.lIIOT nponop;IITI, )];lIIITeJibHI,Ie OKCrrepIIMeHTI,I C 
npep;ellbHblMII IIHTeHCIIBH_OCT.lIMII ny'IKOB T.lI)KellbIX IIOHOB ;a;o 1013 'IaCT. / ceK. 
II 'IJ:BCTB.IITeJibHOCTI,IO ;a;o 10-35 cM2• 

IIorry'IeHbI HOBI,W OKCIIeprrMeHTaJII,Hble ;a;aHHI,Ie ;a;llll norrepe'IHl>IX ceqe
HIIH o6pa3C>BaHII.lI HeHTpOHOp;eq>IIIJ;IITHblX II30TOnOB 102 II 105 OJieMeHTOB, 
nOOBOIT.lIIOIII.He c;a;err~TI, BhIBOp; 06 OTCYTCTBIIII orpaHII'I~HIIif BO BXO)];HOM Ka
Harre p;ll.lI peaKIJ;IIH nOJIHOI'O ClIII.lIHII.lI B acIIMMeTpII'IHhIX KOM6IIHaIJ;IIH HaJie
TaIOW,IIH HOH - .lil];J)_O MIIllieHII B o6JiaCTII CIIllbHO)];eJI.lillJ,IIXC.lI .lip;ep C C>OllhlliOH 
OHeprIIeH BC:l36y.:,Kp;eHII.lI (E* 2 50 MoB), IIMeIOI.QIIX napaMeTp ;a;eJIIIMOCTII 
6orr1,me rrpe;a;err1,Horo. 

C;a;erraHbI oKcrrepIIMeHTaJihHhle OIJ;eHKII nepo.lITHOCTH Bhl)KIIBaHII.lI CIIJihHO 
noo6y.1Kp;eHHoro .KoMnayHp; .lip;pa, IIMerow,ero .:,~n;a;K0Kanerr1,H1,1:ii: ·6ap1,ep ;a;e
rreHII.lI 6iumKIIH I< HYJIIO, KOTOphle nOKa3blBaIOT, 'ITO Ha nepBbIX KacKap;ax 
;a;enoo6y.1Kp;eHII.lI ;a;eiIIITeJibHOe npeM.lI npHMepHO paBHO BpeMeHII IIcnapemrn 
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HeIITpOHOB. 8TOT peoyrr1,TaT MO)KeT paccMaTpIIBaTbC.lI KaK yKaoaHIIe Ha 
TO, 'ITO BI,ICOKaJI OHeprII.lI noo6y.1Kp;emrn KOMnayH;a; .lip;ep, o6paoyrow,IIXC.lI n 
acnMMeTpII'IHl>IX peaKIJ;II.lIX noJIHOI'O Cllll.lIHII.lI, He CJIY)KIIT CIIJII,HI,lM orpa
Hff'-IeHIIeM D npoIJ;ecce BI,DKIIBaHIIJI T.lI)KeJiblX .lip;ep - OCTaTKOB IICnapeHII.lI. 

CTpyKTypa µ;nccepTan;1rn: 
J];nccepTaIJ;IIJI cocTOIIT no nne;a;emrn, 'IeT1,1pex man rr oaKJIIO'IeHII.lI .. 06?>eM 
;a;nccepTaIJ;IllI - -102 CTpaHIIIJ;bl Mam1rnonIICHOI'O TeKCTa, BKJIIO'Ia.JI 21 pII
cyHoK, 14 Ta6JIHIJ; II 6II6mrnrpaq>II'IecKIIH cnIIcoK no 100 HaIIMeHonaHIIH. 

Arrpo6an;HH pa60ThI 
OcHoDHhie peoyrr1,TaT1,1 ;a;uccepTaIJ;HII p;0Krra;a;1,rnarrnc1, Ha XXXVIII Cone
ni;amrn no .H;a;epHorr cneKTpocKomrn II CTPYKType aTOMHoro .Hp;pa, BaKy, 
12-14 anperr.lI 1988 r.; Ha_ Me.1Kp;yHapop;Hon KoHq>epeHIJ;HII "Actinides _:_ 
89", TamKeHT, 24-29 ceHT.lI6p.lI 1989 r.; Ha Me)Kp;yHapop;HOM CHMnoonyMe 
Nikko 91, "Towards a Unified Picture of Nuclear Dynamics", Japan, 6-8 
June, 1991; Ha Me1Kp;yHapop;Hor1 KoHq>epeHIJ;HII "6th International Confer
ence on Nuclei far from Stability+ 9th International Conference on Atomic 
Masses and Fundamental Constants", Bernkastel-Kues, Germany, July 19-
24, 1992; Ha Me.1Kp;yHapop;HOH lliKOJie-ceMIIHape no q>II3IIKe T.lI)KeJihIX IIOHOB, 
,Il;y6Ha, 10-15 Ma.JI 1993 r. · 

Ily6JIIIKan;1m 
OcHOBHbie peoyrr1,TaTbI ;a;nccepTaIJ;IUI ony6JIIIKOBaHbl n 12 pa6oTax. 

Coµ;ep:>Kanne pa6oThI 

B rJiaae 1 p;aH KpaTKIIH o6nop Tunon II pa6o'IIIX xapaKTepIICTHK pao
JIH'IHhIX KIIHeMaTU'IeCKIIX cenapaTopon, IICIIOllh3YIOW.IIXC.lI B HaCTO.lilll;ee 
npeMJI 13 OKCnepnMeHTax no IIOy'IeHIIIO npop;yKTOB peaKIJ;IIH noJIHOI'O ClIII.lI
HII.lI Ha ny'!Kax T.lI)KellblX IIOHOB. IlpIIBO)];IITC.lI OIIIICaHne II rrpIIHIJ;IIIIbl ;a;eii
CTBII.lI 'IeTblpex OCHOBHI,IX TIInOB KIIHeMaTII'IeCKIIX cerrapaTopoB. 06cy
)Kp;aIOTC.lI npeIIMyw,ecTBa II Hep;ocTaTKII, npIIcyni;IIe Ka)Kp;OMY TIIny KIIHe
MaTII'IeCKIIX cerrapaTopon. 

B rJiaBe 2 npr-rnep;eHo orrIIcaHIIe KIIHeMaTII'IecKoro cerrapaTopa BACII
JIIICA, p;aHhI ero TeXHII'IeCKIIe xapaKTepIICTIIKII. CerrapaTop BKJIIO'IaeT 
n ce6.JI MIImeHHoe ycTponcTno c npaw,aroni;e:ii:c.lI CIIHxpoHIIOIIponaHHOH c 
qacTOTOII IIMIIYllbCOB ny'!Ka IJ;IIKJIOTpOHa MIIllieHbIO, CIICTeMy cenapaIJ;IIH, 
COCTO.lIW,YIO ll3 Tpex OJieKTpOCTaTII'IeCKIIX KOHp;eHCaTopon, CIICTeMy q>oKy
cnpOBKII, COCTO.lllli,JIO II3 ;a;nyx TpIInJieTOB Kna;a;pyrroJII,HI,IX JIIIHO, pacnorro-
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1pmme1 
KBaJ1pynonm1x 

IIHIIICHHall nllH3 
Ka11epa Ka11epa 
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PIIc. 1. CxeMa ycTaHOBKII. 

anex:rpoc1atuqecxue 
JJ,e~nmopt1 

1punne1 
lCB3]1pynomHUX 

fll!H3 

11e1eKTHpy10ma11 
CllCTeMa 

6eTOHH3~ 

331IlHTa 2M 

Si-11e1exrop 
3uepru~. 
noaHUHi. 
BpeYli 

)KeHHbIX Ha OCII IIY"!Ka 60M6app;IIpy10rn;IIX IIOHOB ;a;o II rrocrre CIICTeMI,I ce

rrapan;IIII II npIIeMHOe ycTpOHCTBO, COCTO.Hrn;ee IIt3 ;a;eTeKTOpOB, perIICTpII

pyIOrn;IIX .Hp;pa OTp;a"III II npop;yKThl IIX pap;IIOaKTlIBHOl'O pacrra;a;a. CxeMa 

ycTaHOBKII npe;a;cTaBJieHa Ha pIIC. 1. 
IlpII cot3p;aHIIII ycTaHOBKII BACIIJUICA MI>I pyKoBop;cTBOBarrIIcI> uerrI>IO 

llOJIY"IIITI, p;ll.H llIIIpOKOl'O Krracca aCIIMMeTpII"IHbIX peaKD;IIH llOJIHOl'O CJIII.H- i 

HII.H 0qiq>eKTIIBHOCTI, cerrapan;IIII Ccen 10 - 40 %. Yrorr t3aXBaTa 6hlJI BbI6paH 

15 MCTepa;a; ( ~ ±4° B BepTIIKaJII,HOM II ropIIt30HTaJibHOM HarrpaBJieHII.HX), 

'ITO o6ecne"IIIBaeT 11011ap;aH11e B anepTypy ycTaHOBKII oT 30% ;a;o 80% 
Bcex .Hp;ep OTp;a"III, BI,IJieTeBllIIIX 113 MIIilleHII. CorrraCHO pac"IeTaM, IIOHHO

OIITII"IeCKaH CIICTeMa ycTaHOBKII IIOt3BOJI.HeT TpaHCIIOpTIIpOBaTI, .Hp;pa OT

p;a"III, nonaBllIIIe BO Bxo;a;Ho:n: TerrecHI>IH yrorr, c OTHOCIITeITI>Ho:n: p;IIcnep

cIIe:n: no 0HeprIIII b.E/E ±10% II B t3ap.Hp;OBOM p;IIanat3oHe b.q/q ±10%. ,U:rr.H 

llIIIpOKOl'O Krracca aCIIMMeTpII"IHhlX peaKD;IIH C IICIIOJII,t30BaHIIeM T.H)KeJII>IX 

IIOHOB OT KIICrropo;a;a ;a;o aproHa 0TH napaMeTpbI ;a;omKHI,I o6ecne"IIITI, He

o6xop;IIMI,le 0qiq>eKTIIBHOCTII cenapan;m-1 OT 3% ;a;o 30% COOTBeTCTBeHHO. 

Cenapan;II.HJIO OT IIY"!Ka II q>oHOBhlX npo;a;yKTOB ocyrn;ecTBJI.HeTc.H ·cII

cTeMo:n:, COCTO.Hrn;e:n: Ilt3 Tpex 0rreKTpocTaTII"IeCKIIX KOHp;ettcaTOpOB. JIO OT

KJIOH.HIOTC.H B nepBOM KOHp;eHCaTope Ha yrorr s0 II nonap;aIOT B anepTypy 

BToporo KOHp;eHcaTopa; Tor;a;a KaK 60M6ap;a;IIpy10rn;IIe IIOHhl npoxop;.HT '-Ie

pet3 nepBhlH KOHp;eHCaTop npaKTII"IeCKII He OTKJIOHIIBllIIICI, II TOpMOt3.HTC.H B 

UIIJIIIHp;pe <t>apap;e.H. Ilocrre;a;y10rn;an cenapan;II.H JIO OT pacce.HHHI>IX IIOHOB 

ny"!Ka (Ep « E1) II ;a;pyrrrx q>oHOBI>IX npop;yKTOB nponcxop;IIT BO BTopoM II 
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TpCTI,C.M 0JICKTpOcTaTII'-IecKIIX KOHp;encaTopax. MaKCIIMaJII,HaH ;a;ncrrepc1rn 

no 0neprnn ;a;ocTHl'aeTC.H B ueHTpallbHO}I IIJIOCKOCTH cerrapaTopa, KOTOpaH 

.HBJI.HCTC.H IIJIOCKOCTI,IO CH.MMeTpIIII BTOporo 0rreKTpOCTaT1I'IeCKOl'O KOH)J,CH

caTopa. ,U:rr.H llOBbrrnemrn O'IIICTKII OT q>OHOBhrX 'IaCTIIU nocrre rrepnoro II 

BToporo 3JieKTpocTaTrPieCKIIX ;a;rmorre{r ycTaHOBJICHI,r p;IICTaHD;IIOHHO ynpa

BlI.HCMhre nepTIIKaJII,Hbre ;a;naqiparMhI, pa60Ta10rn;ne KaK cerreKTOphr 0Hep

l'IIII. 

<t>0Kycnpy10rn;an cncTeMa ycTaHOBKII BACIIJIIICA cocTOIIT rm ;r:,,nyx 

Tf>nrrrreTOB rnnpoKoarrepTypHhIX Mal'HIITHhrX KBap;pyrroJihHhrX lIIIHt3, pacrro

JIO)KCHHhrX ;a;o II IIOCJIC CIICTe.Mhr 0rreKTpOCTaTU'IeCK0{1 cerrapauun. Ilepnuii 

TpIIrrrreT, pacrrorrmKeHHhIII rrocrre MIIllICHII rrepe;a; 0rreKTpOCTaTII'-recKIIl\UI KOH

;a;encaTopaMII, co6npaeT Bh!6IIThre rm MIIilleHII JIO rr q>op:r-mpyeT IIX n KBa-

3lII1aparrrreJII>Hhr{r rry'IoK. BTopo{r TprmrreT MarHIITHhrx Kna;a;pynorre{r crry

)KIIT p;rr.H q>oKycnpoBKH RO na ;a;eTCKTnpy10rn;ee ycTpor'icTno, pacnorrmKeH

noe n qioKarrhnor'i nrrocKOCTII cenapaTopa. OcttoBHhre rrapaMeTphr cenapa

Topa npune;a;enhr B Ta6mrue 1. 

Ta6rrnua 1. OcttonHI>re 11a12_aMeTphI y_c'I'_aHoBKII BACIIJIIICA 

MaKCHMaJihHaH IIHTCHCIIBHOCTh IIY'IKa 1X1013ceK- 1 

Pat3MCp MIIllICHII (;a;naMeTp) 10 MM 

Torrrn;1rna MIIWeHn 100-500 MKr / Cl\12 

Yrorr 3axnaTa JIO 140xl40 Mpa;a;2 

TerrecHI>rrr yrorr 

Pa;a;uyc arrepTyphr MarHIITHhIX JIIIHt3 

8qiq>eKTIIBHaH ;a;mrna lIIIHt3 

MaKcnMarrhHhrii rpa;a;neHT Mal'HHTHoro rrorr.H 

PaccTO.HHHe Me)Kp;y rrrracTHHaMII KOHp;eHCaTopoB 

8qiq>eKTrIBHaH ;a;mma I II III Kottp;eHCaTopon 

8qiq>eKTHBHaJI ;a;mrna II KOHp;ettcaTopa 

MaKCIIMaJII,HaH Harrp.H)KCHHOCTI, 0lICKTpII'ICCKOl'O IIOJI.H 

PaccTO.HHIIe OT MHllleHII p;o ;a;eTeKTOpOB 

15 MCTepa;r:,, 

100 MM 

350 MM 

10 T/M 

150 MM 

470 MM 

940 MM 

20 KB/cu 

12 M 

CncTeMI>r ynpanrremrn'u KOHTporr.H 3a pa6oTo{r Jt3JIOB cerrapaTopa pac

rrorrmKeHI>r n H3MepnTeJihHOII KOMHaTe. Bot3M02KHO KaK py'-rnoe Ta.K n an

TOMaTH'-recr<oe yrrpa.nrreHIIe rrapaMeTpa:1,m cerra.paTopa.. 

BucoKOBOJII,THaH CIICTeMa. ceIIapaTopa COCTOIIT rm Tpex nap IIJia.CTIIH 

;a;eqirreKTOpon, IIt3I'OTOBJieHHhIX rm •mcToro arrIOMIIHirn A,U:O. Harrp.H:-Kenne 
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Ha Ka:tK;a;yro rrapy mracTIIH ;a;eqmeKTOpOB rro;a;aeTCJI CHMMeTpH'IHO OT OT

;a;eJibHoro IICTO'IHIIKa BhlCOKoro HarrpJI:tKCHIIJI. 

BaKyyMHaJI CIICTCMa cerrapaTopa COCTOIIT II3 HeCKOJibKHX 6rroKoB, Ka-

2K;Il;hlll II3 HIIX OTKa'IIrnaeTCJI Typ6oMoJieKylIJipHbIMII HacocaMU ;Il;lIJI rrorry

'ICHIIJI 6e3MaCJIJIHOrO naxyyMa. O6w;IIII o6'beM naxyyMHOII CIICTCMbI COCTa

BJIJICT 4 M3• 

,lJ;eTCKTIIpyIOI.QaJI CIICTeMa cerrapaTopa COCTOIIT II3 ;a;nyx BpCMJI - rrpo

JICTHbIX ;a;eTeKTOpOB u c6opKII xpeMHIICBhlX rrorryrrpono;a;HIIKOBhlX ;a;eTeKTO-

pon II pacrrorrmKeHa :Ja 2x MeTpono:rr 6eTOHHOII cTeHorr. • 

B Ka'!eCTBe npeMJI - rrporreTHbIX ;a;eTeKTOpOB IICIIOJib:JyeTCJI CIICTeMa 

II3 ;a;Byx urnpoxoarrepTypHbIX (80 MM B ;a;naMeTpe) ;a;eTeKTopoB Ha OCHOBC 

rrpJIMoyroJibHbIX MIIKpoKaHaJibHbIX rrrraCTIIH pa3MepoM 70MMx90 MM. ,ll;rrJI 

YBCJIII'ICHIIJI 3qlqJCKTIIBHOCTII perncTpan;mI c6op 3JICKTpOHOB ocyw;ecTBJIJI

eTCJI C o6eIIx CTOpOH 3MIITTepa. ,ll;rrJI Me;a;rreHHbIX JI;a;ep OT;a;a'!II C 3HeprIIJIMII 

10-30 M3B II MaCCOBbIM 'IHCJIOM OKOJIO 200 BpeMeHHOe pa3peweHIIe COCTa

DJIJieT 0.5 HaHoceKyH;a;. 8qiqieKTHBHOCTb perncTpan;IIII Jip;ep OTp;a'III O}];HHM 

BpeMeHHbIM p;eTeKTOpOM COCTaBJIJICT 99.95%. 

Ilocrre rrpoxo2Kp;eHI:IJI npeMJI - rrporreTHbIX p;eTeKTopoB, Jip;pa oTp;a'III 

B6HnaIOTCJI ri c6opxy p;eTeKTOpon, COCTOJI~yro H3 BOCbMII II03IIIJ;IIOHHO -

'IYDCTBIITCJibHhlX KpeMHIICBbIX CTpIIIIOB. 8HepreTII'ICCKOe pa3peweHIIe p;e

TCKTOpOB p;JIJI a-'!aCTIIIJ; c 3HeprHerr 5.5 M3B cocTanJIJieT 45 K3B, IIO:JIIIJ;II

oHHoe pa3perneHIIe COCTaDJIJieT 0.5 MM }];JIJI Ka)Kp;oro CTpIIrra. 

B TpeTheii rnaae rrprrnep;eHbI pe:JyrrbTaTbI IIccrrep;oBaHIIH xapaxTe

pIICTIIK IIOHHO-OIITII'ICCKOH CIICTCMhl H cerrapaTopa nn;erroM, OIIIICaHbI Me

TO}];bl xarrII6ponKII II KOHTpomr rrapaMeTpoB cerrapaTopa n rrpou;ecce 3KC

rrepIIMeHT0D. ,ll;rrJI 6orree rrorrHoir rirrrrrocTpan;rrn: BO:JMmKHOCTer'"i cerrapaTopa 

rrpnnep;eH KpaTKIIH o63op 3KCIIepIIMCHT0D, DbIIIOJIHCHHbIX p;o HaCTOJII.Qero 

npeMCHII. 

Ba:tKHerrrnIIM rrapaMeTpoM, orrpep;eJIJIIOI.QIIM 'IYBCTBIITeJibH0CTb 3Kcrre

pIIMeHTaJibHo:rr ycTaHODKII II BpeMJI, Heo6xop;IIMOe }];JIJI rrpoBep;eHIIJI 3KC

rrepIIMCHTa, JIDJIJICTCJI 3qlqJCKTIIDHOCTb cerrapau;rm:, T.e. 0THOWCHIIe 'lIICJia 

HO, :JaperIIcTpnponaHHbIX p;eTexTopoM B qioxarrbHOII rrrrocxocTII cerrapa

Topa, K IIOJIH0MY 'IIICJIY HO, o6pa:JoBanwIIxcJI II BbIJieTeDWIIX II:J MIIWeHII. 

Bo:JMOJKHbI p;na rrop;xop;a rrpII orrpep;erremrn 3qlqJCKTIIDHOCTII cerrapan;IIII -

pac'!eTHbIII, 6a3IIpyroI.QHIICJI Ha TO'IHblX II rrop;po6HbIX p;aHHhlX 06 II0HH0-

OIITII'ICCKIIX xapaxTepIICTIIKax 3JICMCHT0B cerrapaTopa II JIIITepaTypHhlX 

II0JIY3MIIIIpII'ICCKIIX p;aHHbIX O 3apJI}];0BbIX, 3HepreTII'ICCKIIX II yrJIOBbIX pac-
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npep;erremrnx JI}];ep OTp;a'III II 3MIIIIpII'ICCKIIJI rrop;xop;, OCHOBaHHbIII Ha 6oJib-
. . ' . . . 

WOM K0JIH'ICCTDe TCCTODhlX 3KcrrepIIMCHTOB no II3MepeHIIIO 3aBHCIIM0CTII 

3qlq>CKTIIBHOCTII cenapaIJ;IHI OT TIITia 6oM6app;npyrouinx IIOHOD, T~JII.QII~~I 

MIIWCHH, BCJIH'IIIHbl OTKJIOHJIIOUJ;IIX IIOTCHIJ;IIaJIOB Ha 3JieKTpocTaTII'ICCKIIX 

KoHp;eHcaTopax n pe21rnMon pa6oTbI KBap;pyrrorrbHbIX MarHIITHbIX JIIIH3'. Ha 

nepD0M 3Tarre pa6oT no BBep;eHIIIO B 3KCTIJiyaTan;mo cerrapaTopa BACH

. JITICA BTopo:rr BapIIaHT npeµ;c;aBJIJI.rrcJI HaM 6orree rrpep;rro'ITIITeJibH~M, 

T.K. IIMCDWHCCJI B JIIITepaType p;aHHbie O 3apJip;0BhlX II yrrroBbIX pacnpe

p;erremrnx HO c rrneprrrnMn 5 - 40 M3B He o6ecrre'Irrnarrn Heo6xop;IIMYIO 

}];JIJI 3KCnepIIMCHTa TO~HOCTb pac'!eTa. Ilo Mepe H_aKorrrreHIIJI GKC~epIIM:eH

TaJibHhlX p;aHHhlX CTarro B03MO.,KHbIM IICTI0Jib30BaHIIe pac'!eTH0ro MeTop;a 

}];JIJI BbI6opa pe)I(UMa cerrapan;rm:, T.K. 6bIJIO ocyw;ecTBJICH0 <pIITIIpOI3aHIIe 

napaMeTpon :JapJip;OBhlX II yrrroBbIX pacnpep;erreHII:rr HO no rrorry'!eHH~IM 

3KcrrepnMeHTaJibHbIM p;amihIM. Bbrn co:Jp;aH II pa3BIIT crren;IIaJibHbI:rr K0M

IIbIOTepHbIII Kop; Ha 6a:J.e MeTop;a MoHTe-Kaprro. IIporpaMMa nK~~'lae; B 

ce6JI crrep;yrorn;IIe :rrapaMeTpbI: 3MIITTaHc rry'!Ka irnrreTaIOIIJ.ll~ IIOH0B, KII

HeMaTIIKY peaKn;Irn, nepep;a'l)' IIMrryrrbca OT IIcrrapJieMbIX 'IaCTIID; - Heir

Tp0H0B, npoToHoB II/rmII a-'!acTIIIJ; Jip;py OTp;a'III, pacceJIHrre II rroTepII 

3HeprIIII. HO B MIIWeHII II qiorrbrax, pacrrpep;erreHIIe II.0HHoro 3apJip;<1 HO, 
BMCCTe C pac'IeTaMII IIOHHO-OTITII'!eCKIIX rrapaMeTp0B cerrapaTopa B rrep-

DOM rropJI;a;Ke rrpH6JIIUKeHI:IJI. . .. 

8KcrrepIIMeHTaJibHblll II0IICK HaHJIY'IWHX pe)KIIMOB. cerrapawrn JlO II .orr

THMI:mau;I:IJI pe)KIIM0B pa60Thl _II0HH0-0IITII'IeCKIIX 3JieMeHT0B cerrapaTopa 

06hl'IHO rrpoB0}];IIJIIICb D p;Ba 3Tarra. Ha nepB0M 3Tarre ,HacTpO:rrKa ncex 

p;eDJITH 3rreMeHTon cerrapaTopa (6 KDap;pyrrorrbHhlX MarHIITH.bIX JIIIHO n 3 

3JieKTpocTaTH'IeCKHX K~Hp;eHCaTopa) rrp0II3B0}];IIJIHCb, n~ MaKCIIMaJibH0.MY 

c'!eTy HO, rrorrap;arow;nx B qioKaJibHYIO rrrrocKoCTb. IlpII 3TOM 6orrbrnoe BHH

MaHne yp;eJIJIJI0Cb C00TH0WeHHIO 3qiqieKT/qioH, .T.e. OTH0WeHIIIO C'leTa JIO 
K c'!eTy noHoB, rrop;o6HbIX rry'IKY, :Ja qJIIKcnpoBaHHOe npeMJI. TaKo:rr pe2KIIM 

HaCTpOIIKH cerrapaTopa yp;o 6eH TeM, 'ITO II03B0JIJieT IIp0BO}];IITb 0IITIIMII:Ja

IJ;IIIO 6e:J 3ap;ep2KeK BO BpeMeHH. Ha BTopoM 3Tane p;rrJI HacTpo:irKH o6bl'IHO 

IICII0Jib30BaJII1:Cb xapaKTepHbie Q'-JIIIHIIII rrpop;yKT0B peaKIJ;IIH, B6IIThlX B 

rrorryrrpoB0}];HIIK0Bhle p;eTeKT0phl B qJOKaJibHOil IIJI0CK0CTII. B 3T0M crry<Jae 

IICII0Jib30BaJIIICb OTH0CIITeJibH0 K0p0TK02KIIBYI.QIIe HYKJIII}];hl (T 1;25:. 10-60 

cex.). TaxaJI HacTpofrxa o 6bI'!Ho rrpnMeHJirracb n TOM crry'!ae, xorp;a ce'!e

HIIJI xn-KaHaJI0B peaxn;u:rr 6bIJIII MaJibI no cpaBHeHIIIO c p;pyrIIMII KaHaJiaMII 

u Bbrp;erreHIIe cooTBeTcTByrow;nx HO Ha BpeMJI-nporreTH0M crreKTpe 6hlrro 

7 



:JaTpyp;HeHo. Ta10Ke TaKorr cnoco6 rrpIIMemmc.JI npn HacTp011Ke pe:,11:11Ma 

pa6oThl cenapaTopa Ha ;a;pyrne TIIIlJ,I peaKU:IIH (peaKU:IIII MaJIOHJKlIOHHl,IX 

nepe;a;a'l, peaKU:IIII MHOrOlIJKlIOHHhlX nepe;a;a-q II T.;a;.). 

Ilocrre onTIIMII:Jan:nn pe:,11:nMoB pa6oThl 0rreMeHTOB cenapaTopa npoBo

;a;nTC.JI II3MepeHne 0q>q>eKTIIBHOCTii cenapan:m1 .HO. .Il:rr.JI 0TOro npoII3BO

;a;IITC.lI ;a;na rrocrre;a;oBaTelIJ,HhlX o6rry'leHII.lI TeCTOBOH MIIUieHII rrpn HeII3MeH

HOH IIHTeHCIIBHOCTII IIJ'IKa Ha MIIUieHII cerrapaTopa II c Ha6opoM O)];IIHa

KOBoro IIHTerpam,Horo IlOTOKa IIOHOB, npoUie;a;UIIIX -qepe3 MIIUieHb, C pe

rIICTpanIIeH .HO B q>0Karr1,Horr nrrocKoCTII cerrapaTopa II B MIIUieHHOH Ka

Mepe • .D:lI.lI perncTpanIIII .HO B MHUieHHon KaMepe Hcnorr1,3yeTC.JI q>orrMa 

(arrIOMHHIIll, 6 MHKpoH), ycTaHOBrre:irnasr Ha )];IICTaHU:HOHHO ynpaBJI.lieMOM 

UITOKe, KOTOpasr nocrre Ha6opa Heo6xo;a;uMoro IIHTerpallbHOro IIOTOKa HO

HOB nepeMeI.QaeTC.lI K ;a;eTeKTopy, pa3MeI.QeHHOMY B MIIUieHHOII KaMepe II 

perIIcTpIIpJIOI.QeMy a-pacna;a; HJKlIII)];OD, B6IITJ,IX n q>orr1,ry. 

3Ha'leHII.lI 0q>q>eKTIIBHOCTH cenapan:IIH onpe;a;elI.lIIOTC.lI H3 cpaBHeHII.lI c~1e

Ta 'IIIClla pacna;a;on ;a;rr.JI II3BeCTHhlX a - pa;a;IIoaKTIIBHbIX .JI;a;ep OT)];a'III, D 

;a;eTeKTOpe, pacnorrmKeHHOM B q>oKalII,HOH IIlIOCKOCTII cenapaTopa, II B ;a;e

TeKTope, pacnorrmKeHHOM B MIIUieHHon KaMepe. B o6oIIx crry-qasrx perH

cTpupyIOTC.JI a-cneKTphl II onpe;a;elI.lIIOTC.lI nepIIO)];hl norrypacna;a;a o6pa3o

naBUIIIXC.JI HJKlIII)];OB. 

8¢q>eKTIIBHOCTJ, cenapanm1 E:xn )];JI.lI .HO, o6pa30BaHHJ,IX B peaKD;II.lIX C 

ucnapeHIIeM HenTpoHoB (peaKU:HII THna (HI,xn)) 6hlrra II:JMepeHa ;a;lI.lI 6orr1,

Uioro Ha6opa acHMMeTpII'IHhlX KoM6IIHan:II:ii HarreTaIOI.QIIH IIOH (0, Ne, Mg, 

P, Ar)-.JI;a;po MIIUieHII (Dy, Er, Ta, W, Au, Pb), ;a;lI.lI TOlII.QIIH MIIUieHe:ii (wt) 
oT 0.1 ;a;o 1 Mr/cM2• C ynerrII'leHHeM TOlll.QIIHbI MIIUiem1 n1,1xo;a; .HO B03pac-. 

TaeT, HO 0cpq>eKTIIBHOCTJ, cenapanuu .JI;a;ep OT)];a'III na;a;aeT, IIOGTOMY IIpH 

ynerru'leHHII Wt 6orr1,Uie HeKOTopo:ii npe;a;err1,Hon, 'IHcrro .HO, nonaBUIIIX n 

q>OKalIJ,HJIO IIJIOCKOCTJ, He B03pacTaeT. l:J:Hcrro q>OHOBhlX npo;a;yKTOB, nona

;a;aIOI.QIIX B q>oKaJIJ,HJIO IIlIOCKOCTJ, cenapaTopa npII yneJIH'leHIIII TOlII.QIIHJ,I 

MIIUieHII B03pacTaeT, no0T0My ;a;rr.JI Ka:,11:;a;o:ir TecTono:ir peaKIJ;IIII GKcnepII

MeHTarrbHhlM nyTeM, no 'IIIClIY .HO, nonaBUIHX B q>oKallbHJIO IllIOCKOCTI, II 

cooTHOUieHIIIO 0¢q>eKT / q>oH no;a;6nparrac1, orrTIIMaJibHasI TOlII..QIIHa MIIUieHII. 

8¢q>eKTIIBHOCTI, cenapanuu )];lI.lI cnen:IIallbHO no;a;o6paHHl,IX TeCTOBbIX 

peaKD;IIll 0KCIIepIIMeHTaJIJ,HO II3Mep.lieTC.lI BO Bcex HaUIHX 0KCIIepIIMeHTax, 

nepe;a; Ha'larroM o6rry'leHII.JI pa6o-qerr MIIUieHII II nocrre :JanepUieHII.JI o6rry

'leHII.JI. B npon:ecce )];JIIITerr1,H1,1x 0KcnepIIMeHTOB (rrop.JI;a;Ka o;a;Horr He;a;errn 

II 6orree) TeCTOBJ,Ie MIIUieHII IICIIOllb3JIOTC.lI )];lI.lI KOHTporr.lI napaMeTpOB ce-
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Ta6rrIIIJ;a 2. Hm,iepeHHhle 3Ha~remrn acpq>eKTIIDHOCTII cerrapan:rn1 E:xn )];iI.lI 

12_amm~rn1,1x TeCTOBbIX peaKIJ;IIII. 

PeaKIJ;II.lI ~- Wt (Mr/cM2) E:xn(%) 

197 Au(160,4-5n)208,209Fr 0.22 3±1 

182W(22Ne,4-5n)l99m,199g,200p0 0.2 5±1 

1s1Ta(24Mg,4-5n)200,201 At 0.2 8±1 

l§6Er(31P,4n) 193Bi 0.26 14±2 

164Dy(40 Ar,4-5n)l99m,199g,200p0 0.28 25±3 

Pac'!eT (%) 
3.5 

6 
9 

15 

28 

rrapaTopa He pe:,Ke o;a;Horo pa3a n cyTKII . .D:rr.JI· 3Toro TecToBa.JI MHUieHb 

ycTaminrr:rmaeTC.lI Ha /VICTaHIJ;IIOHHO yrrpaDrr.JieMOM lIITOKe II MmKeT 6hlTI, 

nocTanrreHa IIo;a;· ny'loK nocrre pa6o'Iell MIIUieH~I 6e:J npep1,mamI.JI pa60T1,1 

yciopriTelI.JI II HapyllleHII.lI DaKyyMa. TaKOII MeTo;a; KOIITPOJI.lI 3cpq>eKTIIDHO

CTH cerrapaIJ;HII II03DOlI.lieT II3Mep.HTJ, a6corrIOTHhle ce~1eHIUI o6pa30DaHII.lI 

nci<oM1,1x HyKrrup;on ~ To~rnocTbIO p;o ± 50 %. To':IHOCTJ, oupep;erremrn a6co

JIIOTHbIX cw1emrii: oupep;err.HeTC.lI OUIII6Ka~1ir D oupeµ;eJICHIIII 3q>q>eKTIIDHOCTII 

ceimpaIJ;IUI, HepaDHOMepHOCTJ,IO D Torruvrne l\IIIllleHeII II OUIII6KaMII B 1m

Mepem1ir 1rnTeHc1inHoc-rn i::rr1KoB 60M6app;npy10I.Qnx :irnHoB. 

3Iia':IeHII.lI 0qicpeKTnn'm:icTH cenapaIJ;mI p;rr.a Ha6opa TeCTOBbIX peaKIJ;:rdi: 

rrp1mep;eH1,r B Ta6m1IJ;e 2. 

BCB.lI3II C TeM, 'ITO B npoIJ;eCCe p;eB036J)K)];eHII.lI KOMIIaJH)]; .lip;pa )];01\IIIHII

pyIOI.QIIMII KaHarraMII, Hap.lI)];Y C IICIIapemreM HeIITpOHOB, .lIDlI.lIIOTC.lI KaHarrhl 

c m:napeHIIeM a-~1acn1n:, Mhl npoBop;IImr cnen:narr1,H1,1e m::crrep;on~mrn 0qi

qieKTIIDHOCTII cenapaIJ;IIII )];lI.lI rrpop;yKTOil o6pa3JIOI.QIIXC.lI B (Hl,a:rn) pe

aKD;II.lIX ~ E:axn )];iI.lI peaKIJ;HII c HarreTaIOI.QIIMII IIOHaMII 20,22Ne II 24Mg • 

.Il:rr.JI peaKIJ;IIH 20,22Ne + 197 Au OTHOUiemre E:xn/Eaxn orrpep;err.Jirroc1, rrp.HMO 

n :irpoIJ;ecce 3KcrrepnMeHTa H3 cpaimemI.JI C'leTOB a-pacrrap;oB rrpop;yKTOD, 

o6pa30BaBUIHXC.lI 'n xn II axn KaHarrax peaKn:IIii n B6rrT1,1x B q>0Karr1,H1,1ii: /:(c

TeKTop U qiorr1,ry, pacrrorrmrrnHHYIO 13 MHUieHHOII Ka:Mepe, COOTBeTCTileHHO. 

HyKm1p;1,1, o6pa30BaB1IIIIeC.lI B xn II axn KaHarrax peaKIJ;IIII ri:erKO pa::mri

~iarrncI, 6frarop;ap.JI 6orr1,UIIIM pa:Jml'IH.JIM {rrop.Jip;Ka 1 MilB) n 0Hepnrnx o-
pacrrap;oB.' 

· .D:rr.JI peaKIJ;IIII 24Mg + 197 Au IIp.lIMOe orrpep;erremre E:xn HeD031\to)KHO II:J--:Ja 

KOpOT:lrnX rr_epHO)];Oil rrorrypacuap;a o·6pa3yIOI.QIIXC.lI HYKlIII)];Oil 217,218Pa. 8q>

q>eKTHBHOCTJ, ·ceuapaIJ;IIH )];JI.JI 3TIIX rrpOIJ;JKTOD orrpe11;err.arrac1, nyTeM 3KC

Tpanori:.HIJ;III{ 11;aHHJ,IX /J;ll.ll E:xn rm peaKIJ;IIII Ne + w, Ne + Au II Mg + 
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Ta6mm;a 3. llnMepeHHbie nHa'Iemrn OTHornemra acp<peKTIIDHOCTeii 

cerrapau;uII ExnL Eaxn• 

PeaKu;1rn 
20Ne+l97Au 

22Ne+l97Au 

24Mg+lB1Ta / 197 Au 

Wt {Mr/cM2) Exn/Eaxn 

0.4 
0.6 

0.2 

0.8 

6.1±0.6 

8.0±2.0 

25.0±10.0 

12.0±2.5 

Ta. 8cpcpeKTHBHOCTb cerrapau;un p;ll.lI rrpop;yKTOB axn KaHaJIOB peaKD;HH 

Eaxn orrpep;eJIJirrac1, II3 cpaBHeHirn C'IeTa 'IIICJia pacrrap;oB p;rr.H H3BeCTHbIX a 
- pap;noaKTHBHbIX .Hp;ep OTp;a'III, B p;eTeKTOpe, pacrrorrmKeHHOM B <pOKaJib

HOII IIJIOCKOCTII .cerrapaTopa, II B p;eTeKTOpe, pacrrorrmKeHHOM B MIIllleHHOl'I 

KaMepe. B Ta6rrII~e 3 rrpep;cTaBrreHbI penyrrnTaTbI II3MepeHuii OTHOIIIemrn 

Exn/Eaxn• 

,Il;pyruM Ba)KHbIM rrapaMeTpoM cenapaTopa JIBJIJieTCJI <paKTop rrop;aBrre

HIIJI cpoHOBhlX rrpop;yKTOB, rrorrap;aIOI.QIIX B cpoKalibHJIO IIJIOCKOCTb BMeCTe C 

510. B ycrromrnx pearrbHoro aKcrrepnMeHTa B rrJ'IKe Bcerp;a rrpncyTcTDJIOT 

IIOHbI C 3HeprIIeH OT MaKCIIMaJibHOH p;o rrpaKTII'IeCKII Hyrrenoii. 8To CDJI3aHO 

co D3aHMop;eIICTBIIeM 'IaCTII IIOHOB IIJ'IKa co CTeHKaMII IIOHOIIponop;a, Kpa

.lIMII p;IIacpparM, paMKaMII MIIllleHeII II rrorrroTIITerreH. T.K. B cnoro O'Iepep;b 

cpep;HIIH nap.Hp; IIOHa JinrrneTCJI q>JHKD;IIeH aHeprIIII, TO B pearrbHOM IIJ'IKe 

ncerp;a 6yp;yT rrpIICJTCTBOBaTb IIOHbI C TOH 3JieKTpII'IeCKOll )KeCTKOCTbIO, Ha 

KOTOpJIO HaCTpOeH cerrapaTop, II peaJibHbIII K03<pqJIID;IIeHT O'IIICTKII 6yp;eT 

paBeH p;orre 3TOH KOMIIOHeHThl B IIOJIHOM 3HepreTII'IeCKOM crreKTpe IIJ'!Ka 

rrocrre MIIIIIeHII. Koa<pq>IID;IIeHTbI O'IHCTKII OT pacceJIHHbIX HOHOB CHJibHO. 

3aBIIC.lIT OT Ka'IeCTBa IIJ'!Ka, DbIDOp;IIMoro II3 D;HKJIOTpOHa H OT Koacpqm:

D;IIeHTa TpaccupoDKII rrr1Ka OT D;IIKJIOTpOHa p;o MIIllleHII cerrapaTopa. IlpII 

II3MeHeHIIII KOa<pqmu;IIeHTa TpaccnpoDKII B 2 - 3 pana Koacpcpnu;IIeHTbl O'III

CTKII MOryT II3MeHIITbC.lI B 5 - 10 pan. 

Ilo cpaBHeHIIIO C IIHTeHCIIBHOCTbIO IIJ'IKa Ha MIIllJeHII cerrapaTopa no

TOK HII3KO3HepreTII'IHbIX IIOHOD rrpoxop;.HI.QIIX 'Iepen BpeMJI - rrporreTHbie 

p;eTeKTOpbl D cpoKaJibHOH IIJIOCKOCTII rrop;anrreH Ha q>aKTOp 108-1012 B na

DIICIIMOCTII OT OTHOIIIeHIUI Mace HaJieTaromero IIOHa II .Hp;pa MIIIIIeHII II OT 

Ka'!ecTna rry'!Ka D;IIKJIOTpoHa Y-4OO. llcrrorr1,noBaHIIe MeTop;a aHTIICOBrra

p;em1{r Me:iKp;y cnrHarraMII c npeMJI - rrporreTHbIX p;eTeKTopoB II aHepre

TII'IecKIIMII CHrHaJiaMII C KpeMHHeDbIX p;eTeKTOpOB IIO3DOJIJieT panp;eJIIITb 
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Ta6mru;a 4. <l>aKTOpbI rrop;amreHII.lI cpoHa OT pacceJIHHbIX IIOHOB II)"IKa. 

PeaKD;H.lI Wt (Mr/cM2) <l>aKTOp 

197 Au(160,4-5n)208,209Fr 

182W(22Ne,4-5n)199m,199g,200pO 
1s1 Ta(24 Mg ,4-5n )200,201 At 

166Er(31 p ,4n) 193Bi • 

164Dy(40 Ar,4-5n)199m,199g,200pC>_ 

0.22 

0.2 

0.2 

0.26 

0.28 

rrop;amreHIIJI 
lQ13-lQ14 

1012-1013 

5.1011-1012 

5.1010-5-1011 

101o_1011 

HMIIJJibCbl OT pacceJIHHbIX 'IaCTIIII II)"IKa, .Hp;ep OTp;a'III II IIX a-pacrrap;OB II 

p;aeT p;OIIOlIHIITeJibHhlll q>aKTOp O'IIICTKII OT cpoHOBhlX HII3KO3HepreTII'IHbIX 

IIOHOB rrop.Hp;Ka 100-1000. IlorrHbIH cpaKTop rrop;aimeHIIJI pacceJIHHhlX IIOHOB 

IIJ'IKa B q>OKaJibHOH IIJIOCKOCTII cerrapaTopa COCTaBJIJieT 101°-1014 II 3aBII

CIIT OT OTHOllleHirn Mace 6oM6app;upyromero IIOHa u .Hp;pa MHllleHII, a TaK)Ke 

OT Ka'!ecTna rry'!Ka D;IIKJIOTpoHa Y-4OO. Berrn'IIIHhl q>aKTopon rrop;aBJieHIIJI 

cpoHa B lpOKaJibHOll IIJIOCKOCTII cerrapaTopa OT pacceJIHHbIX IIOHOB IIJ'IKa 

p;rr.H peaKD;HH c panrrn'IHOH Mace - acnMMeTpnen rrprrnep;eHbI B Ta6mru;e 4. 

PeaKD;HII IIOJIHoro CJIII.lIHII.lI C T.lI)KeJihlMH HOHaMH corrpoBmKp;aIOTCJI 60Jifr,

llIHM Ha6opoM peaKD;IIll MHOrOHJKJIOHHhlX nepep;a'l, HMeIOI.QIIX cpaBHHMhle 

IIlIII p;a)Ke ropanp;o 6oJibllIIIe Ce'IeHHJI o6pa30BaHIIJI HJKlIH)J;OD - npop;yKTOB 

aTnx peaKI~nn, 'IeM ce'!eHHJI o6panoBaHIIJI .Hp;ep - ncrrapnTeJibHbIX rrpo

p;yKTon. IlpH rrorry'IeHIIII JI)J;ep c Z ~ 82 rrpo6rreMa OCJIO)KHJieTCJI TeM, 'ITO 

HJKlIH)J;bI, o6pa30BaBrnHeCJI B peaKD;II.lIX MHOrOHJKlIOHHbIX rrepep;a'I, O'IeHb 

'IaCTO HMeIOT 6JIH3KHe K n:ccrrep;yeMbIM .Hp;paM 3Heprn:n: a-pacrrap;a H Bpe

MeHa )IUI3HII. 

Brrarop;ap.H CIIJibHbIM pa3JIH'III.lIM B KHHeMaTn:Ke 3THX )J;BYX THIIOB pe

aKD;Hll (yrrroBhle n: aHepreTII'IeCKIIe pacrrpe;a;erreHH.lI) cymecTnyeT BO3MmK

HOCTb aqiq>eKTIIBHoro nop;aBJieHH.lI q>oHa OT rrpo;ri;yKTOB peaKD;IIll MHOroHy

KlIOHHhlX rrepe;a;a'I, 6rraro;a;ap.lI cerreKTHBHOCTII cerrapaTopa ITO yrJIOBhlM n: 

aHepreTH'!eCKIIM pacrrpe;a;erreHH.lIM 510. ,Il;JIJI orrpep;erreHH.lI q>aKTopoB rro

p;aBJieHIIJI q>OHa OT npop;yKTOB peaKD;Hll MHOrOHJKlIOHHhlX rrepep;a'I 6hlJIH 

uny'IeHbI peaKu;n:n: 40 Ar+238U, 40 Ar+208Pb n: 22N e+248Cm. Ha ocHOBaHIIII 

penyJibTaTOB 3KCrrepIIMeHTOB 6hlJIII orrpe;a;erreHhl HII)KHIIe rrpep;ellhl }J;ll.lI q>aK

TOpOB rrop;aBJieHIIJI q>oHa OT rrpop;yKTOB peaKD;IIH MHOrOHJKJIOHHhlX rrepe

;a;a'I, COIIJTCTBJIOI.QHX 3TIIM peaKD;II.lIM (cM. Ta6JIHIIY 5). 

CpaBHeHIIe BemI'IHH acp<peKTHBHOCTH cerrapaD;IIII II <paKTOpOB rrop;anrre-
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Ta61rn:u;a 5. <PaKTOphl no;a;anrreHIDI q>oHa OT peaKu;nii MHororryKrroHHhIX 
ne_2e;a;<1"'!. 

PeaKu;IDI 

40Ar-t238U 

· 40 Ar+2ospb 
22Ne+248Cm 

Wt (Mr/cM2) <PaKTOp 
no;a;anrreHIDI 

0.5 

0.6 
0.33 

2 x 104 (;a;mi: 242Cm) 
8 x 104 (;a;mi: 227Th) 
7 x 103 (;a;mr 211 Bi) 
~ 4 x 103 (;a;rr.lI 254Fm) 

mm <pOH~Bb~X np~;a;)'KTOB peaKIJ;IIII (cM. Ta6mIIJ;bI 2,3 n 4) ;a;rr.lI c~napaTopa 
BACHJUICA c ;a;aHHhIMII ;a;rr.lI ;a;pyrnx KIIHeMaTII'IeCKIIX, cenapaTopon ( cM. 
o63opHbie p~6oTbI [5,6])' noKa::mnaeT, ~To no 3TIIM napaMeTpaM Harna 

• . ' l • ' • • . • • 

ycTaHOBKa no MeHnrner':i Mepe He ycTynaeT ;a;pyrnM cenapaTopaM n ;a;a2Ke 
npen~cxo;a;~T MHOrIIe II::3 HHX. Ilorry"'!eHHbie q>aKTOpbI no;a;anrremrn q>OHOBbIX 
npo;a;yKTOB, o6pci3yIOII]JIXC.lI B pa3lIII"'IHhIX KaH~llaX pea~u;IIH MHOrOHYKlIOH-

. . . .. , ·.,,. . . ., . , . ' 

HbIX nepe;a;a-q, BMecTe C MeTo;a;oM Cl'~Cl' KOppell.lIIJ;IIH, npIIMeH.lieMbIM npII 
n;a;eH'I'HqJHKau;ri:r/nc'crre;a;yeMbIX HJKmI;a;on, II03BOlI.lIIOT npono;a;rIT~ 3KCIIepII
MeH;~ TIO C~HTe~y H II3Y"'!eHIIIO CBOHCTB TpaHcq>epM~eBhIX 3lleMeHTOB C 
ncnollb30BamreM aKTHHH;a;HhIX MMWeHeii C "'IYBCTBIITellbHOCT.bIO He xy2Ke 
0.1 ~aHb6apHa .. ·.. . .. ; . ·. . • . . . . . . . ', . 

B npou;ec~e· 3KCIIepIIMeHTOB, npono;a;II~lllHXC.lI 'Ha cenapaTope BAC:II
JIIICA, perIIc~pi:~ponarrnch u u3y-qarrncn JIO - npo;a;yKT~I ucnapeHi:rn KOM
nayiiA .H;a;ep, 0 6pa30BbIBaBWIIXC.H B wnp~KOM ;Ha6ope ( 6orree 20) !(OM?Irna
Il;IIII HarreTa!6Uini-'r uoH :_: .lI;a;po MnrneHII. 'CncTeMaTII"<Jecnr n3y-qarr1Icb 3aKo
noMepHOCTII none;a;eHII.lI nonepe"'IHhIX ce-qemn':i o6pa3onamrn, 6apnepnr ;a;e
rre:Ei:IDI.,II Bepo.lITHOCTII n1,rnrnnamrn CHllbHono36y2K;a;eHHhI~ HerrTpOHo;a;eq>u
u;nTHhIX Ji;a;ep c' aTOMHbIMII HOMepaMII 82:SZ:'.S:105. BhlCOKaH 'lYBCTBIITerrb
HOCTb II cerreKTIIBHOCTb cenapaTopa ;a;~JI Me;a;rreHHbIX HO, 06pa3y10w;IIXC.lI B 
acIIMMeTpii"'!HbIX peaKtirrnx noirnoro cmrnmr~, II03B~mrna II3Me'p.lITb <l>YH
Kll;IUI BCl36y2K~eHIIJI ;a;rr.lI' HO, ii:1i:erow;nx Ce"<JeHII.lI o6pa3oBaHH.ll B npe;a;errax -
;a;o' ceMn riop.i;a;~on no nerrir~ni:mi, II "'IlIClIO ncnapIIBIIIIIXC.lI rrerKri:x 'q3,CTI:Ill; OT 
3 ;a;o 11: B 3KCrrepm,1~HTaX perIICTpnponarrHCb HO _; npo;a;yKTbI 'xn, pxn 
u dxri I:IcnaprITellbHhIX KaHarron peaKu;IIrr cmrnmrn n ~IIam130He GHeprIIii 
6oM6ap;a;IIpyroiu;roc 'IIOHOB OT KYITOHOB~KOI'O 6apbepa ;a;o 3Ha"<Jem1:i-'1, COOT~ 
BeTCTByrow;IIX 3Heprnn no'36yii<:;a;emrJi: KOMIIay:a:1]; .lI;a;pa 6orree -qeM foo 'M3B. 

Ha pnc. 2 rrpe;a;cTanrreHbI MaKCHMallb~bie 3iJa'9:em1ir nonepe'9:HbIX ce-q~-

12 . 

HHII o6pa3oBaHIDI, II3MepeHHbie n 3KcnepnMenTax Ha cenapaTope BACII

JIIICA ;a;rr.lI Kanarron c ucnapemreM 4 II 5 HeIITpOHOB n peaKIJ;II.lIX c 6oM-

6ap;a;npyrow;rIMII HoHaMu Ne, Mg n Al. Ha pIIcyHKe npune;a;eHa He6orrhWaH 

"'IaCTb 3KCIIepnMeHTQ,llhHhlX ;a;aHHbIX, norry"'IeHHbIX Ha cenapaTope, HO TeM 

He MeHee Harrr.llp;Ho ;a;eMOHCTpupyeTC.lI BO3M02KHOCTI, rrpone;a;emrn 3KCIIepn

MeHTOB no II3Y"'IeHIIIO .llp;ep OT;a;a"<JII, 06pa3yrow;nxc.lI C ce"<JeHII.lIMII OT ;a;e

C.lITKOB Mnrrrrn6apH ;a;o 0.1 HaHo6apHa. BpeMeHa 2KII3HH uccrre;a;onanrnnxc.lI 

JIO II HX ;a;o-qepHIIX npo;a;yKTOB Haxop;.lITC.lI n·;a;uana3OHe OT ;a;eC.lITKOB MHHYT 
;a;o 5 MIIKpoceKyH;a;. 
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AToMHhlH HoMep 

Puc. 2. MaKCHMallbHbie 3Ha'IeHH.lI nonepe"'!HhIX ce"<JeHIIII 06pa3onamrn, II::3-
MepeHHhie n 3KcnepIIMeHTax Ha cenapaTope BACHJUICA. 
4n-KaHarr: o - peaKu;IIn c noHaMH Mg, Al; v- peaKu;mr c noHaMII Ne; 
5n-KaHarr: • - peaKu;rm c noHaMII Mg, AI; ,- - peaKu;uu c uoHaMn Ne. 

B 3KcrrepnMeHTa."'<: Ha· cerrapaTope BACIIJIIICA 6nrno CHHTC3IIpomrno 
12 HOBbIX Ii30TOITOB u, Np II Pu, H3r1eHhl xapaKTepncTIIKII IIX Q'--pacrra;a;a. 
TaK2Ke ;a;rr.lI p.llp;a rmnecTHhIX H30Torron n o6rracTn Ac - Pa 6nrnn JTO'I-
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HeHbl p;aHHbie 06 ;rneprrrnx a-pacITa;a;a, OTHOCIITellbHbIX IIHTCHCIIBHOCT.lIX 

a-ITepexo;a;on n ITepno;a;ax norrypacITa;a;on. 

B ::iaKITIO'IeHIIe K cKa::iaHHOl\ty BI:.rwe xoTerrocb 6bl iro;a;'Iep:i<HyTI:., · ~To 

MeTO;D;IIKa KIIHeMaTH'IeCKOrO CeITapaTopa ITpep;CTaBJI.lieTC.lI Han6orree OIITII

MallbHOII ;a;rr.rr 11::iMepemrn a6coJIIOTHbIX ::iHa'!eHni'r ce'!emri'r rrpop:yKTOB rrorr

Horo Cllll.lIHII.lI B peaKIJ;II.lIX C T.lI)KellbIMII IIOHaMII. cho CB.lI:JaHO C OTCYT

CTBIIeM ::iaBHCIIMOCTII 3<p<peKTIIBHOCTII cenapari;riir OT xirMII'IeCKHX CBOIICTB 

HYKlIII;D;OB, Hepno;a;on HX IIOllypacIIa;a;a u HHTeHCIIBHOCTll IIY'!Ka IIOHOB, 6oJib

WIIM ;a;rmaMII'IeCKIIM ;a;uana:JOHOM 11:JMep.rreMbIX Ce"IeHHII II. BbICOKOll rrpe

;a;ellbHOII 'IYBCTBIITeJII:.HOCTbIO, 60llbWOII Ha;a;e)KHOCTbIO pa6oTbl ii OTHOCH

TellbHOII rrpOCTOTOII KOHTpOll.lI rrapaMeTpon ycTaHOBKII no npeM.lI 3KCIIepII

MeHTa. 

B "leTBepTO:U rJiaBe rrprrne;a;eHbl pe::iyllbTaTbl 3KcrrepnMeHTOB IIO 11:J

MCpeHIIIO ITOIIepe'IHbIX ce'!eHIIII o6pa::ionaHII.lI HeIITpOHo;a;e<pIIIJ;HTHbIX ll::1O

TOITOB 102 II 105 3lleMeHTOB B peaKIJ;H.lIX C 6oM6ap;a;HpyroIIJ;IIMll lIOHaMH 

22Ne, 26Mg, 27 AlII 31 P II MIIWeH.lIMII 232Th II 236 ,238U. It;errbro HaWIIX aKcrre

puMeHTOB 6blll0 ITOlly'IeHIIe HOBblX ;a;aHHbIX O ce'IeHII.lIX o6pa::ionamrn .rr;a;ep 

- ITpo;a;yKTOB IICITapeHII.lI n peaKIJ;II.lIX "rop.rr'Iero" ClIII.lIHIIH, o6pa::iyIOIIJ;IIXC.lI 

n rrpori;ecce ;a;eno::i6y:,.K;a;emrn KOMITayH;a; .rr;a;pa c 6orr1,worr (E* 2: 40 MaB) 

3HeprueH no::i6y:,.K;a;emrn; n::iy'IeHIIe orpaHII'!emnr no nxo;a;HoM KaHarre acIIM

MeTpII'IHbIX peaKil;IIlI IIOlIHOro ClIII.lIHH.lI, rrpe;a;cKa:JaHHbIX B pa6oTe [6], B 06-

rracTII CIIllbHOp;ell.lillUIXC.lI .rr;a;ep, HMeIOlll;HX rrapaMeTp ;a;emIMOCTII [7] 6orr1,we 

ITpe;a;errbHOro (Xarith=O.72), II u::iy'IeHIIe nepO.lITHOCTII BbDKIIBaHII.lI CIIllbHO 

no::i6y:,.Kp;eHHOrO KOMITayH;a; .rr;a;pa, HMeIOIIJ;ero )KH;Il;KOKarrellbHbIH 6apbep ;a;e

rremrn 6mmKIIII K Hyrrro. 

Bbr6paHHbie HaMII KOM6Imari;m1 HarreTarowun IIOH-' .rr;a;po MIIWeHII ;a;o6a

mrnu cywecTneHHYIO '!aCTb ;a;aHHbIX K IIMeIOIIJ;eMyc.rr Ha6opy aCIIMMeTpll'-1-

HbIX peaKIJ;IIH "rop.rr'Iero" cmrnmrn, rrprrno;a;.rrwnx K KoMrrnyH;a; .rr;a;paM 
258

102 

lI 260102. 11:::iMeHeHIIe cpe;a;Hero apII<pMeTH'IeCKOro ITapaMeTpa ;a;emIMOCTll 

Xarith B 3TIIX KOMfoIHaIJ;II.lIX OIIpep;ell.lieTC.lI pa:JJIII'!HeM KOH<pIIrypaIJ;HlI BO 

BXO;Il;HOM KaHarre peaKri;rdr. 8To IIO:JBOJIIIJIO II:JY'IIITb ::iaBIICHMOCTI:, 6apbepa 

ClIII.lIHil.lI OT acIIMMeTpIIII BO BXO;Il;HOM KaHaJie II BlIII.lIHIIe 3TOII ::iaBIICIIMO

CTII Ha ce'!eHirn o6pa::ionamrn _ncITapnTeITI:.HbIX ITpo;a;yKTOB n pa::iJIII'IHbIX 

peaKIJ;II.lIX. CpanHeHIIe 3KCrrepIIMeHTallbHblX ;a;aHHbIX C pac'!eTaMII, OCHO

naHHblMII Ha KOMIIbIOTepHoM Ko;a;e ALICE [8], rroKa::iarro xopowee corrracIIe 

JJ;ll.lI 6n KaHarra peaKri;un. Pac'ICT xopowo nocITpommo;a;IIT Ha6rrro;a;aeMoe n 

3KCITepIIMCHTe yMeHI:.WeHIIe ce'!eHHlI ;a;rr.rr 4n II 5n KaHarron peaKIJ;IIH rrpII 

14 

ITepexo;a;e OT 6oM6ap;a;IIpyroIIJ;IIX IIOHOB 160 K 22Ne II 26Mg 6e3 ynerrII'IeHII.lI 

6apbepa ClIII.lIHII.lI, 'ITO He IIO}l;TBep2Kp;eT ITpe;a;rrorro:aceHIIe O HaJIII'IIIII 3<p

<peKTa Trma "extra-extra push" [6] ;a;ll.lI 6ap1,epon ClIII.lIHII.lI IIccrre;a;onaHHbIX 

peaKri;ui'r. 

11:::iy'IeHIIe peaKIJ;IIH, ITpIIBO;Il;.lIIIJ;IIX K KOMrrayH;a; .lip;py 260102, C IICIIape

HIIeM BIIJIOTI:, ;a;o 8 HeiiTpoHOB, ITO:JBOlIIIlIO IIOlIY'IIITI:, µ;aHHble O nepO.lITHOCTII 

Bbl)KIIBaHII.lI CIIllbHOBO:J6y:acµ;eHHOro KOMITaJH;a; .lip;pa II orrpe;a;emITI:, OTHOIIIe

HII.lI f n/ftot II:J OTHOIIIeHII.lI ce'!eHIIii a(x+2)nl a xn, rrorry'IeHHbIX ;Il;ll.lI peaKIJ;IIlI, 

ITpIIBO;Il;.lIWIIX K KOMITayn;a; .lip;paM 260102 II 258102. IIorryqeHHble 3KCrrepIIMeH

TaJII:.Hble µ;aHHbie IIO:JBOll.lIIOT p;aTI:. OIJ;eHKII OTHOIIIeHII.lI t3Ha'!eHIIH f n/f t~t 

Ha Ha'!allbHoii cTa;a;rm rrpori;ecca ;a;eno36yxc;a;eHII.lI KoMnayn;a; .Hp;ep 260102. B 

pa6oTe [9] 6brnII u::iMepeHI:.I ce'!eHII.lI o6pa::ionaHII.lI II:JOTorra 252102, norry'Ia

nIIIeroc.lI u::i KOMrrayH;a; .!Ip;pa 256102 B peaKIJ;IIII 208Pb(48Ca,4n). Ori;eHKa p;ll.lI 

MaKCHMyMa ce'!eHII.lI o6pa::ionaHII.lI, norry'IeHHM B 3TIIX aKcrrepIIMeHTax, co

cTaBrrJieT BeJIII'IHHY OKOlIO 20 H6apH. Hy:arno OTMeTIITh, 'ITO 4n-peaKD;II.lI 

B 3TOM crry'Iae He .lIBJI.lieTC.lI ITo;a;6ap1,epHoii. BerrII'IIIHa ce'!eHII.lI ClIII.lIHII.lI 

B MaKCHMyMe BbIXOp;a II:JOTOITa 252i02 ;Il;ll.lI peaKD;llli C 6oM6app;IIpyIOIIJ;IIMII 

IIoHaMII 48Ca, 22Ne II 26Mg ITpIIMepHo o;a;IIHaKona II MO)l(eT 6b1Th ori;eHeHa 

KaK (500-600) M6apH. B HaIIIHX 3KCITepIIMeHTax ITO CIIHTe:Jy KOMITayH;a; .lip;pa 
258102, MaKCIIMYM ce'!eHII.lI o6pa::ionamrn )];ll.lI 6n-Kattarra peaKIJ;IIII, ITpHBO

p;.lIIIJ;ero K II:JOTOITY 252102, COCTaBIIlI 15 H6apH npH IICITOllh:JOBaHIIII IIOHOB 
22Ne II 8 n6apH )];ll.lI 26Mg. TaKIIM o6pa::ioM, ycpeµ;HeHHaJI ITO ;a;nyM nep

BbIM KaCKaµ;aM ;a;eno36y2Kµ;eHII.lI KOMITayHµ; .lip;pa 258102 BelIII'IIIHa OTHOIIIe

HII.lI < f n/ftot > MmKeT 6bITI:, OIJ;eHeHaII COCTaBll.lieT 0.7-0.9. HopMIIpOBKa 

3KCITepIIMeHTalII:.HbIX CC'ICHIIlI Ha npIIBeµ;eHHble )];lIIIHbl BOlIH B ::iaBIICIIMO

CTII OT HaJieTaIOlll;CM '!aCTIID;bl YMCHbIIIIIT BClIII'fIIHY < f n/f tot > TOllhKO 

Ha <paKTOp 1.5-1. 7, T .e. BClIII'IIIHa < f n/f tot > ITpII6lIII3IITCllhHO COCTaBHT 

0.5. 11:::i cpaBHCHII.lI ll:JMepeHHbIX CC'ICHHM o6pa::ionaHH.lI H:JOTOITa 252102 

B peaKIJ;H.lIX C HCITapeHHCM 8 HeiiTpOHOB (MIIIIICHI:, 238U) II 6 HCHTpOHOB 

(MIIIIICHI:, 236U) ycpeµ;HeHHaH ITO ;a;nyM rrepBbIM KaCKa;a;aM ;a;eno::i6y)l(µ;eHH.lI 

KOMITayHp; .Hp;pa 260102 BClIH'IIIHa OTHOIIICHII.lI < f n/rtot > COCTaBJI.lICT 0.3-

0.4. Ha pIIC. 3 ITpeµ;cTaBJICHbl BClIH'IHHbl < r n/ftot > )];ll.lI KOMITayHµ; .lip;ep 

c aTOMHbIMH HOMepaMII Z = 98, 100, 101 II 102, ycpeµ;HeHHble no ITepBbIM 

;a;nyM KacKa;a;aM ;a;eno::i6y)l(µ;eHH.lI (E* ~ 60-75 MaB). On;eHKa p;ll.lI nelIH'IHH 

< f n/ftot > IlpOBO)];IIllaCI:. Ha OCHOBaHIIH 3KCITCpHMCHTaJihHO II:JMepeHHI:,IX 

CC'ICHIIH o6pa::ionaHH.lI .lip;ep - ITpo;a;yKTOB HCITapeHII.lI. 

Ilorry'!eHHbie pe::iyrrI:.TaTbI )];lI.lI BClIH'IHH < r n/f tot > MoryT paCCMaTpH-
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Puc. 3. Ycpep;HeHHhie no nepnuM KacKap;aM p;eno:J6y)Kp;emrn (E* :::::: 60-75 

MaB) BelIIPIIIHhl < f n/I'tot > p;lll:£ KOMnayHp; Jip;ep C aTOMHhIMII HOMepaMII 
98::;Z::;102. 

BaThCJI KaK yKa3aHIIe Ha TO, 'ITO BhICOKaJI 0Hepr1rn B036y)Kp;eHIIJI KOMrrnyHp; 

.Hp;ep, o6panyIOlIIIIXCJI n aCIIMMeTpII'IHhIX peani;rrnx noJIHOI'O CJIIIJIHIIJI, He 
npunop;IIT K O'leHh CIIllhHhIM orpaHII'leHII.lIM B npoIIecce BhDKIIBaHIIJI T.lI)Ke
llhIX Jip;ep - OCTaTKOB ncnapeHirn. 

Ilop;o6HI>Ie BhIBOiJ;hI, rrpanp;a Ha 6onee Ka':IeCTBeHHOM ypoBHe, MOI'YT 
6hITh cp;enaHhI II3 cpannemrn 0KcnepIIMeHTaJihHhIX p;aHHhIX p;ll.lI peaKIIlIII 
27 Al+236U II 50Ti+209Bi [10]. ,Il;n.JI o6eux peaKIIIIH H:JMepen1,r ceqemrn o6pa
:JonanIIJI OiJ;HilX II TeX )Ke Jip;ep - ncnapHTeJihHhIX OCTaTKOB, T.e. II30TOIIOB 
257,258105. XoTJI anepru.JI no:J6y)Kp;enII.H KOMnaynp; .Hp;pa 263105 p;n.H peaKIIIIi'r 
c Mmuen1,10 236U npuMepno Ha 40 MaB BhIIIIe, 'leM aneprH.H BO:J6y:,Kp;e

HIIJI KoMnaynp; .Hp;pa 259105 p;n.H peaKIIIIH c MIIIIIen1,10 209Bi, nonepeqn1,re 
ceqenH.H p;JIJI Kananon c ncnapenneM neHTponon B peaKIIIIJIX "rop.Hqero" 
CJIII.HHIIJI Bcero lIIllllh Ha nopJip;OK BelIII'IIIHhl MeHhIIIe, ':IeM p;JIJI peaKIIIIH 
"xonop;noro" cmrnnIIJI. TaKOH na rrepBhIH B:JI'll.Hp; nemrrnp;annhIH pe:Jyn1,TaT 
o6ycnoBJien BlIIllIHIIeM p;nyx q>aKTOpOB. Bo-nepBhIX, 6oJihlIIIlMII :Jnaqenu

JIMII p;nJI nepoJITHOCTII ncnapenIIJI neHTponon < r n/I'tot > npu aneparnx 
Bo:J6y)Kp;enIIJI E* 2:: 20 - 40 MaB u, BO-nTop1,rx, :JHa'IIITeJII>HhIM yneJIII'le~ 
nueM p;rrnaMH'lecKIIX 6ap1,epon cmrnmrn p;n.H peaKIIIIrr "xonop;noro" CJIII.HHIIJI 

B 0To:ii o6nacTII Jip;ep. TaKIIM o6pa:JOM, ecTh Bee oc:HoBaHIIJI nonaraTI>, 'ITO 
peaKIIIUI "ropJiqero" ClIIllIHIIJI MOI'YT OKa3aThCJI 6onee nepcneKTIIDHhIMII 
p;ll.lI CIIHTe:Ja 11 uccnep;oBaHIIJI CBOHCTB HOBhIX HYKlIIIp;OB c Z 2:: 106, ':IeM 
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peaKIIIIII "xonop;noro" cnnJinrrn. 
B naKJII0'IeHHH npnnep;enu OCHOBHhie pe:JyJII>TaThI, nonyqeHHhie B p;IIC

cepTaIIIIOHHOII pa6oTe. 
OcHOBHbie penyJibTaTbl µ;nccepTaqHH 

1. Co:Jp;an II pa6oTaeT na 0KcnepnMenT na Bhrnep;enn1,1x ny'IKax IIIIKJio
Tpona Y-400 KIIHeMaTnqecKHII cenapa1op BACMJIMCA, BKJIIO'laI01IIIIII B 
ce6.H TpexcTynen'laTyIO cncTeMy 0neKTpocTaTII'leCKoi'1 cenapaIIIIII npop;yK
TOB peaKIIHII nonnoro CJIII.HHIIJI OT IIOHOB nyqKa II p;pyrux q>OHOBhIX npop;yK

Ton; q>oKycnpyI01IIYIO CUCTeMy, COCTO.HlIIYIO 113 µ;nyx TpnnneTOB 0JieK~po
MarHIITHhIX KBap;pynoJihHhIX lIIIH:J; Bpa1IIaI01IIYIOCJI, CIIHXpOHII3IIponannyIO 
c qacToTorr pa6oThI ycKopIITen.H, MIIIIIen1, II p;eTeKTIIPYIOlIIIIII Mop;yn1,. 

2. Mccneµ;oBaHhI xapaKTepHCTIIKII nonno-onTII'leCKOII CIICTeMhI cenapa

Topa BACMJIMCA. Bell!I'IIIHa 0q>q>eKT1rnnocTII cenapaIIIIII RO, 06pa3y10-
1IIIIXCJI B peaKIIII.lIX c. naneTaIOlIIIIMII IIOHaMII OT 160 p;o 4o Ar, Il:JMeHJieTCJI OT 
3 p;o 30% <PaKTop nop;annemrn nyqKa nonnoi'r 0nepr1m cocTamrnn > 1018 , 
ynpyro-pacceJIHHhIX nonoB ny<-rKa c aneprIIerr 1-20 MaB - oT 1010 p;o 1013 , 
qlOHOBhIX npop;yKTOB MHOI'OHYKJIOHHhIX nepep;a'-I 4-103. Ilonyqennue xapaK
TepIICTIIKII p;aIOT BO:JMO)KHOCTh nponep;emrn Ha cenapaTope 0KCnepII1feH

TOB no ClIHTe:Jy II II:Jy'leHIIIO CBOllCTB ne11TpOHOp;eq>IIIIIITHhIX Il30Tonon 
TpaHcq>epMIIeBhIX 0lleMeHTOB B peaKIIIllIX IIOJIHOI'O. ClIII.lIHII.H p;ll.H aCIIMMe
TpII'IHhIX KOM6nnaIIni'1 HaneTaIOlIIIIII non - .Hp;po MIIIIIenn c 'IYBCTBIITellh
nocTI>IO ne xy)Ke 0.1 nano6apn. 

3. Pa3pa6oTanhl cnoco61,1 OIITIIMII:JaIIIIH II KOHTpOll.H rrapaMeTpOB cena
paTopa rrpu rroµ;roTOBKe 0KcrrepuMeHTOB II B npoIIecce nx nponep;emrn. chn 
MeTOp;hI n03BOJIJIIOT ycTOII'IHBO IIOJIJ'-IaTh BhICOKIIe ::rna'-IeHirn aq>q>eKTIIBHO
CTII cerrapaIIHII RO 11 q>aKTopon rrop;annemrn ny•ua, KOHTponnponaTh rrapa
MeTphr pa6oThI cerrapaTopa B Te"remre p;nnTellhHhIX (6onee op;Hon: Iieµ;cmr) 

0KcrrepIIMeHTOB. 
4. B 0Kcrrep11MenTax Ha cenapaTope BACMJIMCA nonyqen1,1 p;ann1,1e 

p;ll.lI rrorrepe'IHhIX Ce'-IeHHH o6pa30BaHirn ncrrapIITCllhHhIX npop;yKTOB COCTa
BHhIX JIAep 258102, 260102 II 263105 n peaKIIIIJIX 22Ne + 236U, 26Mg + 232Tb, 
22Ne + 238U, 27 Al+ 236U u 3lp + 232Tb. Ilonyqenn1,1e p;ann1,1e narn.Hp;no p;e

MOHcTprrpyIOT B03MO)KHOCTH IICilOllh:JOBaHIIJI MeTop;a "ropJI'Iero" ClIIllIHIIJI 

p;ll.lI ClIHTe:Ja HOBhIX H:JOTOilOB Tpancq>epMHeDhIX aneMeHTOB B peaKIIIIJIX C 
ucrrapemreM 5-6 nei'ITponon. 

5. Ilonjqenn1,1e OIIeHKII p;n.H orpaHIP-remrn: no nxop;noM KaHane p;n.H pcaK

IIIUI nonnoro CJIII.HHII.H c T.H)KeJihIMII lIOHa:r-rn: B o6nacTII CllllhHOiJ;ClIJilIIIIXC.H 
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JI;a;ep c 6on1,rno11 tmeprnen: no36y2K;a;emrn (E* 2: 50 M::iB), IIMerow;nx rrapa
MeTp ;a;errHMOC~II Xarith 6on1,rne rrpe;a;errbHOro (Xarith=0.72), IIOKam,IBaIOT, 
'ITO 3KCIIepIIMeHTallbHhle ;a;aHHbie He rro;a;Tnep)Kp;aIOT rrpe;a;rrorrmKeHIIe O Ha
lIII'IIIII ::iq>q>eKTa Tirna "extra-extra push" ;a;rrJI 6api,epon cm:rnmrn peaKu;n11 
C HCIIOllb30DaHIIeM aCIIMMeTpIP·IHblX KOM6HHaIJ;IIII HaJieTarow;n11 HOH - JI;a;po 
MIIllleHH. 

6. chcrrepHMeHTaJibHble p;aHHbie no3BOJIJIIOT p;aTb OIJ;eHKH OTHOllleHirn 
3Ha'IeHIIII r n/I'tot Ha Ha'IaJibHOII CTa;a;nn rrpou;ecca ;a;eno36y)I(;a;emrn CHllbHO-

. ;a;errJiw;uxcJI JI;a;ep c Z = 98 - 102 c 6oni,rnon: 3Heprne11 no36y:rK;a;emrn (E* ~ 
60-75 M::iB). Ycpe;a;HeHHM no ;a;nyM rrepnuM KacKa;a;aM ;a;eno36y;,K;a;emrn 
(E* ~ 60 M::iB) KOMnayHp; Jip;pa 258102 nerrn~nrna OTHornemrn < f 11/f101 > 
COCTaDJIJieT 0.5. Ycpep;HeHHaJI no )J;BYM nepBhIM KacKap;aM p;eno36y)K)J;eHirn 
(E* ~ 75 M::iB) KOMnayHp; Jip;pa 260102 BelIH'IIIHa OTHortiemrn < f 11/f 101 > 
COCTaBJIJieT 0.3. 8TOT penyrrhTaT MmKeT paccMaTpIIBaTbCJI KaK yKanamre 
Ha TO, 'ITO BhICOKaJI 3Heprrrn non6y.1Kp;eHIIJI KOMnayH;a; Jip;ep, o6panyrorn;rrxcJI 
D aCHMMeTpH'IHhIX peaKIJ;HJIX IIOJIHoro cmrnmrn, He crry)KHT CIIllhHhIM orpa
HH'IeHI1eM B rrpou;ecce Bhl)I(HBaHirn TJI)KellbIX Jip;ep - OCTaTKOB ncrrapemrn. 
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