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06~a.u: xapaKTepHCTHKa pa60TbI 

AKTYaJihHOCTh TeMbI 

IInMepe1rne ceTJemrii panml'!HhlX KaHaJIOB peaKI.J;IIn, IIp;y~nx 'Iepen cTa

;a;mo o6panonaHII.ll cocTaBHoro .llp;pa, .lIBlI.lleTc.ll ymrnepcaJihHhlM II pacnpo

CTpaHeHHhlM MeTO)];OM IICCJiep;oBaHIIll KaK TepMO/];HHaMn'IeCKIIX xapaKTe

pIICTIIK .lip;epHOU MaTepIIII (TeMrrepa.;ypa HarpeThlX .lip;ep, llIIIpIIHhl IICIIa

pIITeJihHhlX II p;elIIITeJihHhlX Mop; pacrrap;OB)' TaK II ee p;IIHaMII'IeCKIIX xa

paKTepHCTHK ( CKOpOCTh )];HCCHrrau;1rn :rneprHH, B.linKOCTh II p;pyr1:1e). IlpH 

:)TOM :JKCIICpHMeHTaJihHhle p;aHHhle HCIIOJihnyroTC.lI B Ka'!eCTBe TCCTa, no

nBOll.lIIO~ero onpep;elI.lITh BeJIII'IHHhl rrapaMeTpOB p;lI.ll .lip;ep II rrpoTeKaIO~IIX 

rrpou;eccoB B paMKax Toro IIJIH IIHoro TeopeTII'IecKoro nop;xop;a K onII

cam110 o6panonaHII.lI II p;enon6y2Kp;eHII.lI KOMrrayHp; .lip;pa, a TaK2Ke naBHCII

MOCTh :JTIIX rrapaMeTpOB OT TaKIIX :JKCIIepIIMeHTallhHO KOHTpOlIIIpyeMhlX 

qmmI'IeCKIIX BCJIH'IIIH KaK MaCCOBOe 'IlICJIO lI nap.Hp; .lip;pa, :JHeprlI.lI Bon-

6y2Kp;CHH.lI, nepep;aHHhlll IIMIIJllhC, Macc-acIIMMeTplI.lI BO BXO)];HOM KaHarre 

peaKD;IIH II T.p;. OcHOBOH, Ha KOTOpou 6am1pyeTC.lI 60JihllIIIHCTBO IICIIOllh

nyro~HXC.lI TeopeTH'IeCKIIX nop;xop;on, .lIBlI.lleTC.ll p;aBHO npep;JIO)KeHHa.ll H xo

poUIO IInBeCTHa.ll CTaTIICTII'ICCKa.ll Mop;ellb p;enon6y.1Kp;CHH.lI KOMrrayHp; .lip;pa 

(cM.HaIIpIIMep, MOHorpaq>IIIO IIrHaTIOKa [1]). O;a;HaKO cpany Heo6xop;IIMO 

OTMeTIITh, 'ITO p;a2Ke B HaCTO.lI~ee BpeM.lI BOIIpOChl y'IeTa B paMKaX CTaTH

CTII'ICCKOU Mop;eJIH p;eJIIITCllhHOU MOp;hl pacrrap;a Tpyp;Ho OTHeCTII K 0KOH'Ia

TCJihHO peUieHHhlM. Ilponep;eHHhlu oKorro p;ec.lITII rreT TOMY Hanaµ; 6orr1,Uiou 

D;HKJI :JKcrrepIIMCHTaJihHhlX pa6oT ITO IInMepeHIIIO <f>YHKD;IIli Bon6y2Kp;eHH.lI 

p;eJIIITCllhHOll MOp;hl pacnap;a )];ll.lI HeUTpOHOp;eq>IID;lITHhlX KOMrrayHp; .lip;ep B 

o6rracTH oT Lu p;o Hg, 06panyro~1:1xc.lI n peaKu;rurx "rop.H'Iero" CJIII.lIHII.lI, 

nonDOJIIIJI, B paMKax CTaTIICTH'ICCKOll Mop;errH, onpep;errIITL )KHp;KOKaIICllh

HhlC 6apbephl ;a;erreHII.lI p;ll.lI :JTIIX .lip;ep ( CM. HaIIpIIMep, o6nop ,il;)K.HhIOTOHa 

[2]) II npIIBerr K panpa6oTKe A.CIIpKoM HOBoii Mop;errII p;ll.lI pac'IeTa 11x ne

JIII'IIIH [ 3] . 
,Il;ll.lI KOMIIayHp;-.Hp;ep c Z~82, o6panyro~HXC.lI n peaKD;II.lIX "rop.H'Iero" 

ClIII.lIHII.lI, CC'Iernre p;erreHH.lI COBIIap;aeT IIJIII 6rrHnKO K CC'ICHIIIO CJIII.lIHII.lI J)KC 

B OKOJI06aphepHoii o6rraCTII :JHeprHii 6oM6app;upyro~HX IIOHOB. Ilo:JTOMY 

p;ll.lI :JTon o6rracTH .lip;ep 'IJBCTBHTeJihHOCTh MeTop;a orrpep;erreHIDI 6aphe

pon p;erreHII.lI no <f>opMe II IIOJIO)I(CHHIO <f>YHKD;IIH Bon6y2Kp;CHII.H p;eJIIITCJihHOH 

MO)];hl pacrraµ;a nHa'llITCllhHO yMeHbUiaeTC.lI II, KaK crrep;CTDIIe, penKO non

pacTaIOT II npaKTII'ICCKII B.hlXO.ll,JI:I' na.. llPeJUmhl peaJihHhlX BOnMmKHOCTCII 

'Uitl-CJ.:ii::iii .. :.iG '4\i~ryl I 
g nn~~ii:!t ntc1e10~1sd 
f SviSfli-JOTEKA • --
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0KCITep:m.1eHTa Tpe6onaHlliI K TO'IHOCTII IIOMepeHlliI ce'!eHIUI p;erremrn, He
o6xop;IIMOII }];IT.JI. OITpep;erreHlliI nemI'IIIH 6ap1,epon. B T02Ke npe:r.rn, KaK 0To 
6I>1rro OTMe'IeHo e~e B pa6oTe [4] , B 0TOII o6rraCTII .lip;ep 'IJBCTBIITerr1,
HhlM II rrpaKTI:l'IeCKII JHIInepcarr1,n1,1M MeTop;oM orrpep;erreHlliI 6ap1,epon p;e

rreHlliI II p;pyrnx xapaKTepIICTIIK B036y2Kp;eHHI,IX 11p;ep, IiCITOlII,OJIO~IIXC.lI 
ITpn OITIIcannn ITpon;ecca p;eno36y2Kp;enn11 KOMITaynp; .lip;pa B paMKax cTaTI1-
CTII'IeCK011 MO,lJ;ClIII IICITapemrn, MmKeT CTaTI, aHalIIIO CC'IeHIIII o6paoona
HII1I IICIIapIITelII,Hl,IX ITpop;yKTOB B peaKD;lliIX "rop.JI•-Iero" ClIII.lIHII.H. K co-
2KalieHIIIO, ITpep;rrmKeHHhIII M.BrraHoM rrop;xop;, ITpaKTII'ICCKII 6hlrr ocTanrreH 
0KCITepIIMCHTaTopaMn 6e3 BHIIMaHII.JI II K Ha'Iarry Harnefr pa60TI,I B o6rra
CTII 11p;ep OT Bi p;o u 6hlmI ITponep;eHhl TOlil,KO HeCKOlibKO 0KCITepIIMCHTOB 
no n0Mepem110 ce'leHIIII o6paoonamrn nefrTpoHop;eqmn;nTHhIX ncrraprITerr1,
HhlX rrpop;yKTon n peaKn;II11x "rop.JI'Iero" ClIII.HHII.H [5, 6, 7]. K noy'IeHHOII 
M02KHO 6hllIO OTHeCTII TOlII,KO o6rraCTI, 6rrnoKIIX K lIIIHIIII .6-cTa6IIlII,HOCTII 
IIOOTOITOB Tl, Pb, Bi, Po II At, p;mr KOTOphlx p;ocTaTO'IHO ITop;po6Ho 6hlrrn 
IIOMepeH1,r q>JHKn;nn noo6y2Kp;emrn p;em1Terr1,Ho1r MO,ll;hl pacrrap;a n peaKn;Irnx 
c rrerKIIMII '!acTnn;aMII ( CM.HarrpIIMep, o6oop A. IIrHaTIOKa [8]). 

HaM rrpep;cTanrr.Jirroc1,, 'ITO p;arr1,Hefrwee npop;omKeHne IIccrrep;onamn1 n 
,lJ;OCTaTO'IHO rrop;po6Hoe IIOMepemre Ce'IeHIIII o6paoonaHII.lI ncrrapIITClII,HI,IX 
rrpop;yKTOB B o6rraCTII 11p;ep OT Bi p;o u MmKeT OKaoaTI,C.H BCCI,Ma IIOlieOHbIM 
KaK p;rr11 paOBiiTII.lI TeopIIII peaKn;m'i rrorrHoro ClIII.JIH1rn,'

1

TaK II p;ll.lI nx rrpa
BIIlihHoro Mop;err1,Horo orrncaHII.JI. Bo-rrepnhlx, n 0TOII o6rracTn .lip;ep rrpo
ncxop;nT rrrranHoe JMCHhWeHne 2Kup;K0Karrerr1,Horo 6ap1,epa p;erremrn OT ~10 
M0B p;ll.lI HCIITpoHop;e<J>nn;nTHhlx nooTorron Bi-Po p;o ~ 3,0 M0B p;lI.lI HCII
TpoHop;e<J>nn;nTHhlX uooTorron U-Pu. Bo-BTOphlx, B 0To11 o6rracTn .lip;ep 
IIpIICJTCTBJIOT .lip;pa KaK c 'IIICTO )KII;rJ;KOKaIIClil,Hl,IM 6ap1,epoM p;erreHII.lI, 
TaK II HJKlIII,ll;bI co OHa'IIITClII,HI,IM o6olIO'IC'IHhlM KOMIIOHCHTOM 6ap1,epa 
p;erreHII.H ( c N ~ 126 ). II, HaKoHen;, ce'IeHIIe 06paoonaHn11 ucrrapnTerr1,
HhlX rrpop;yKTOB ,ll;ll.lI 0TOII o6rracTII .Hp;ep OTHOCIITelibHO BClIIIKII II IIMCIOT 
3Ha'IeHII.JI OT 103 p;o 10-2 MK6apH, 'ITO IIOOBOlI.lICT II3MepIITI, q>JHKil;IIII B00-
6y2Kp;CHII.H ,lJ;OCTaTO'IHO IIOp;po6HO IIpII paOJMHhlX OaTpaTaX JCKOpIITeIIb
HOro BpCMCHII. 

IJ;eJibIO HaCTOJIIIJ.en: pa60TbI .lIBll.lilIOCI, CUCTeMaTII'IeCKOe IIOMepeHIIe 
a6COlIIOTHbIX CC'ICHIIII o6paoonaHII.lI ucrrapnTelII,HhlX npop;yKTOB n peaK
Il;II.lIX "rop.JI'Iero" ClIII.lIHII.lI n o6rracTII KOMnayHp;-.Rp;ep OT Bi p;o Uc rrocrrep;y
IO~IIM aHalIII30M IIOlIJ'-ICHHbIX p;aHHbIX B paMKax CTaTIICTII'IeCKOH MO,ll;ClIII 
p;enoo6y.1Kp;eHII.lI KoMnayHp;-.lip;pa. 

2 

Hay'IHaJI 11oano11a 
1. Paopa6oTaH II cooµ;aH MHoroKaHalll,HhlII µ;eTeKTrrpyro~IIn: Mop;yrr1, p;ll.lI 
cerrapaTopa BACIIJIIICA, OCHOBaHHhlll Ha cucTeMe no p;nyx wupoKoanep
TJpHhlx npeM11-nporreTHhlX p;eTeKTOpOB II MHorocTpIIIIIIoBoro 
IIOHHHO-IIMIIliaIITIIpOBaHHOro KpeMHIIeBoro ;a;eTCKTopa, IIOOBOll.lIIO~ero pe
rncTprrpoBaTI, .llp;pa OTp;a'III II IIX rrocrre;u;yro~IIe a-pacrrap;hl . 
2. C IIcnorr1,00BaHIIeM ceITapaTopa BACIIJIIICA nponeµ;eH D;IIKlI 0KcITepn
MCHTOB no IIOMepeHIIIO q>JHKD;IIU noil6y2Kp;eHlliI II nemI'IIIH a6COlIIOTHhlX 
Ce'ICHIIII o6panonaHII.lI ncnapIITClII,HhlX rrpop;yKTOB n xn-, pxn-· II axn
KaHarrax pacITa;a;a HeiiTpoHop;e<J>nn;IITHhlX KoMnayH;a; .Rp;ep n o6rracTII OT Bi 
;u;o Un ;u;narraooHe 0Heprnn: noo6y2Kp;eHII.R OT 40 ;u;o (120-160) M0B. 
3. Ilpone;a;eHo cpaBHCHIIe IlOlIJ'ICHHhlX 0KCITCpIIMCHTall!,HhlX peoyrr1,TaTOB 
C pac'ICTaMII ITO CTaTIICTII'ICCKOil MO}];elllI. IloKa3aHO, 'ITO 
a)" IIOMepeHIIe CC'ICHIIH o6paooBaHII1I IICITapIITClil,HI,IX IIpO,ll;JKTOB n o6rra
CTII KOMITayHµ;-11;a;ep T112Kerree Bi .lIBlIKeTC.H 'IJBCTBIITelll,HhlM MeTo;ri;oM p;lIK 
oITpe;u;erreHII.R 6ap1,epon ;a;erreHII.R .llp;ep; 
6) ce'IeHIIe o6panonaHII.R IICITapnTeiII,HhlX ITpop;yKTOB nccrre;u;onaHHoii 06-
rracTn 11;a;ep xoporno OITIIChlBaIOTC.H CTaHp;apTHOH CTaTI:lCTII'ICCKOll MO)];Clll,IO 
rrpn oHa'IeHIDIX OCHOBHhlX ITapaMeTpoB MO}];ClIII a I /iiv =1.0 :n C = 0,65±0,05 
n y'IeTa o6orro'Ie'IHhlX 0<J>q>eKTOB B ITlIOTHOCTII yponHeH ITO IIrnaTroKy. 
4. II;a;eHTnq>nn;nponaHhl ;a;na HOBhlX a-:nooMepa 189MBi n 208MAc. Oirpe;u;e
rreHhl :meprim n nepnop;hl IIX a-pacrraµ;a. 

CTpyKTypa µ;11ccepTan;1rn: 
.IJ:nccepTan;II1I COCTOIIT no BBep;emrn, 'ICThlpex rrran n OaKlIIO'ICHII.H. 06'beM 
,ll;IICcepTan;IIIi - 99 CTpaHIIn;hl MaWIIHOIIIICHOro TCKCTa, BKlIIO'Ia.lI 26 pIICYH
KOB, 23 Ta6ri:mi;hl n 6u6llliorpaq>I:l'IecKIIH crrIICOK no 73 HaIIMeHoBaHnii. 

Arrpo 6an;m1 paooThl 
OcHoBHhle peoyrr1,TaThl p;IIccepTan;IIII ;a;oxrra;a;hlnarrnc1, Ha Me)Kp;yHapop;Ho:ii 
KOHq>epeHn;nII "6th International Conference on Nuclei far from Stability 
· + 9th International Conference on Atomic Masses and Fundamental Con
stants", Bernkastel-Kues, July 19-24, 1992 r.; Ha MeiKp;yHapo;a;non: KOH
<J>epeHn;IIn "International Nuclear Physics Conference", Wiesbaden, July 
25-30, 1992 r., Germany; Ha Me)Kp;JHapop;Hoii KOHq>epeHD;IIII "5th Inter
national Conference on Nucleus-Nucleus Collisions'.', Taormina, 30 May 
- 4 June 1994 r.; Ha Me)Kp;ynapop;HOM COBCUI.aHIIII "Jlp;epHM crreKTpOCKO
rrrur H cTpyxTypa aTOMHoro 11µ;pa", CanxT-lleTep6ypr, 27-30 IIIOH.l! 1995 
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r. Ha Me2KAJHapo;i:µrnii xomj>epeHDJIII "13th International Conference on 

Electromagnetic Isotope Separators and Techniques Related to their Ap

plications", Bad Durkheim, Germany, September 23 - 27, 1996 r. 

Ily6Jrn:KcU~HlI 
OcHOBHl,Ie peny.!ThTaThl p;nccepTaIJ;IIH ony6mIKOBaHhl B 12 pa6oTax. 

Cop;ep>Kam1e pa6oThl 

B nepnoii rJiaBe p;rrccepTaIJ;IIII paccMoTpeHhl ocHOBHhle xapaKTepn

CTilKH cenapaTopa BACMJIMCA, pnc.1, ncrro.!ThnoBaBineroc.lI n Ka'<JecTne 

axcnepHMCHTan:bHOH ycTaHODKil BO BCCX Harnnx nnMepeHH.lIX [12] n Il3lI0-

2KCHhl OCHOBHhle IIOlIO)KCHII.lI CTaTHCTil'<Jecxoii MOp;elIIl. 3Ta ycTaHODKa y)Ke 

6ollee 10 lICT pa6oTaeT Ha ny'9:Ke H )J;OCTaTO'<JHO xoporno H3BCCTHa. 3qi

g>eKTIIBHOCTh ee n OaBilCHMOCTil OT TIIIIa na;a;aIOI.IJ.ero IlOHa panHa OT 3 ;a;o 

25 %, , 61>1cTpop;ei'IcTnne nop.llp;xa 2-3 MHKpoceKYHA· 

1pmme1 
xeaJ1pynomm,1x 

1111me11Hall JIHlf.l 
xavepa u11epa 

nomorn1enll 

nytlOlC 

,lleTfXTOpLI 
pe:iep~Op,llOBClCOl'O 

pacceJIHllll 

I f 

norJIOTHT~ f lllllllein t 

3nmp!)CTaruqec111e 
11e~nmopu 

1pnnne1 
1rna)lpynomnux 

JIUJr.l 

Au-'tomra C-~omra 6ero11na11 

JleTClCTHpJ101J13ll 
Cl!CTella 

Si-AeTeICrop 
JneprHll, 
no3H11Hll, 
Bpeull 

33lllHTa 211 

Pnc. 1. Ilpmrr~IIIIIIaJihHaJI cxeMa ycTaHOBXII BACMJIMCA. 

CyI.IJ.eCTBeHHhIM n nruKHhIM ymmM lII06oro cerrapaTopa .lIIllI.lieTc.lI µ;e

TeXTIIpYJOI.IJ.ee ycTpOilCTBO. Co:Jµ;amie II OTliap;xa COBpeMeHHoro ;a;eTeKTII

PYJOI.IJ.ero MOp;ylI.lI p;mr cerrapaTopa BACMJIHCA cocTO.lII.IJ.ero II3 c6opKII 

xpe:MHIICBhlX p;eTeKTOpOB' II npe:r..rn nporreTHOil cncreMhl Tax2Ke .lIBJI.lilIIICh 

o~oii lI3 n;erre:ii p;aHHoii: p;nccepTan;nrr. 

B rJiane 2 npIIBep;eHo OIIIICaHHe ;n;eTeKTIIPYJOI.IJ.ero MO)zylI.lI, pacnorro

xeHoro B <J>oxa.111,Hoii IIJiocxocTn cerrapaTopa n npep;Ha:JHa'<JeHHoro p;lI.lI 1m

MepeHH.lI aHeprnn II cxopocTn .llp;ep oTp;a'<JII, a TaK2Ke :meprnii n npeMem1 

rrocrre;a;yro~ a-pacna;a;on. 

4 

t MCP2 t MCP3 

nrr.n: 

2 

7= 7= 
rrorJJOTIITE.Jlb 

-
Pnc.2. O6I.IJ.aa: cxeMa ;a;eTeKTnpyIOI.IJ.e:i'r cncTeMhl cerrapaTopa. 

B HarnIIx aKcrrepIIMeHTax IIp;eHTnqmxa~II.lI pa3lIII'9:HhlX xaHaJioB peaK~IIII 

nponop;1rnacb MeTo;a;aMII O:'-CITeKTpoMeTplIH C IICIIOllb:JOBaHIIeM reHeTWie

CKIIX CB.lloe:i'r u BpeMeHHOII Koppem1~IIII a-'9:acTn~. IToaToMy 6hlrro Heo6xo

p;HMO pa3p;elIIITb CIIrHallhl II0CTyITaIOI.IJ.IIe C ITIT.IJ: Ha CllrHallbI OT allbq>a

pacnap;a II .11;a;ep OTp;a'9:U. 3To 6hllIO c;a;erraHo IICITOllb3Y.11 aHTIICOBIIa;a;emrn 

cnrHalla C ITITLI: C clirHalla1-m OT BIT ;a;eTeKTopon. <PoHCOBhle ycrronrrn II '9:Y

BCTBIITeJibHOCTb perIICTpa~IIII am,qia pacna;a;a B aTOM crry'<Jae IIOJIHOCTbIO 

onpeµ;elI.lIIOTC.lI aqiq>eKTJIBHOCTbIO perncTpanm1 .llp;ep OT)];a'<JH BIT CIICTCMOII. 

O6hl'IHO B lIIITepaType IICIIOllb3YeTC.11 ITOH.11TIIe KOaq><pII~IICHTa 0'IIICTKII, 

KOTOpbIH IIOKa3bIBaeT no CKOllbKO pa3 CIICTe:r..m OT6opa yM.eHbrnaeT BKrra;a; 

.11p;ep oTp;aqu n arr1,qia-crrexTp. CxeMaTII'<Jecxn ;a;eTeKTIIPYIDI.IJ.IIll Mop;yrr1, no

xa:JaH Ha pIIcyHKe 2. 

OH COCTOIIT II:J p;nyx npeM.11nporreTHhlX ;a;eTeKTOpon ( CTapT II CTOII) II 

c6opKII II3 KpeMHIIeBhlX ITIT.IJ:. ITpIIH~IIII p;CIICTBII.lI IICIIOllb3YIOI.IJ.IIXC.11 Ha:r..m 

npeM11-npolleTHbIX µ;eTeKTopon OCHOBaH Ha TOM, '9:TO 3ap.11)KCHHhlll HOH, 

npoxoµ;.lI '9:epen TOHKYIO q>Ollbry, Bbr6unaeT HeCKOllbKO BTOpIPIHhIX arreK

TpOHOB, KOT0phle ycKOp.lIIOTC.lI 3aTeM arreKTpuqecKIIM IlOlICM II TJHlHCIIOp

TIIPYIOTC.lI C MarHIITHhlM ITOJICM K c6opxe II3 MlIKpOKaHallbHbIX nrraCTIIH. 

ITporreTHaJI 6a:Ja cocTaBlIJieT 40 CM. 

.IJ:rr.lI ycKopeHII.lI Bhl6HThlX 113 q>OllbrII BTOpII'9:HhlX arreKTpOHOB Ha Hee 

noµ;anarrocb BhlCOKoe HarrpJI)KCHHe -4 xB. YcxopeHHhle n npoMC)K}'TKe 

aMIITTep - CeTKa ;a;o aHeprnII 4 xaB BTOpII'lllbie aJICKTpOHhl co6rrpaIOTCJI 

MarHIITHhlM IlOlleM (:::::: 50 I'c) Ha ITOBepXHOCTb MIIKpOKaHallbHbIX IIllaCTIIH. 

KaK BII;Il;HO II3 pnc.2 c6op arreKTpOHOB ocyI.IJ.eCTBlI.lieTCJI C o6errx CTOP0H 
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Ta6rrn.a;a I. lfoMepeHHhle :ma'leHirn 3q>q>eKTIIBH0CTil perIICTpa.a;nn II 

BpeMeHH0ro panpel.lleHilll p;rrJI p;Byx BIT-p;eTeKTOpoB. 

a)-c cyMMIIpOBaHneM cnmarroB OT nap MKIT1/MKIT2 II MKIT3/MKIT4; 

6)-IIcrrorr1,3yJI Torr1,Ko MKI!_l/MKIT4 1rnn MKIT3/MKIT2 rraphl. 

a-IICT0'IHIIK 226Ra H;o;pa oTp;a'In, E =10 M3B 

BpeMeHH0e K03q>q>IID;IIeHT BpeMeHH0e K03q>q>IID;lleHT 

pa3pel.lleHne 0'IIICTKII pa3pel.lleHne 0'IIICTKII 

a) 560±40 ITC 70±15 600±40 ITC > 104 

6) 440±30 ITC 9±1 480±30 ITC 103 

3MIITTepa II CIIl'HaITbI o6pa3JIOTCJI Ha 'leThlpex He3aBIICIIMhlX c6opKaX II3 

MIIKp0KaHaITbHhlX yMH02KIITerreii. "lfeTbipe c6opKII Heo6xop;IIMbI p;rrJI yBe

ITII'leHilll IIOITHOH 3q>q>eKTIIBHOCTII perucTpa.a;un rrorrap;aIOI..QlIX ll p;eTeKT0p 

Jip;ep II crrep;onaTeITbH0 yBe1III'IeHill1 K03q>q>IIIJ;IIeHTa 0'IIICTKII. 

.I(rrJI orrpep;erreHIIJI npeMeHH0l'0 pa3pel.lleHIUI II 3q>q>eKTIIBH0CTII peru

CTpa.a;IIII CIICTeMhl npeMeHHbIX p;eTeKTopon, 61,mn rrponep;eHhl Karru6pOBO'I

Hbie II3MepeHIIJI C IICII01Ib30llaHIIeM a-qaCTIID; Ra-226 II- Ha IIJ'IKe .a;o;ep 0T

p;a'III, Ta6rr.1. 8q>cpeKTIIBHOCTb perIICTpa.a;nn, II3MepeHHaJI p;rr.lI 0Tp;errbHbIX 

MKIT p;eTeKTopoB Ha arr1,cpa-qacTn.a;ax, cocTanIIrra: (60±3)% - p;rrJI MKITl 

II MKIT2 II (72±3)% - p;ITJI MKIT3 II MKIT4. lfoMepeHHaJI B 3KcrrepIIMeHTax 

Ha IIJ'IKe 3cpcpeKTIIBH0CTb perncTpa.a;IIII .llp;ep 0Tp;a'III C0CTaBIIITa (97±2)%. 

YBerrw1eHIIe 3q>q>eKTIIBH0CTII CBJI3aH0 C yBeITII'leHIIeM 'IIICITa BT0pII:'IllhlX 

31IeKTp0H0B Bhl6IInaeMhlX II3 cporrbl'II TJI2Ke1IhlM II0H0M. 

Ha pHc.3 rrpnnep;eH npeMJI-rrporreTHhlH crreKTP, HOMepeHHbIH p;ITJI 

a-'lacTHD; 226Ra n pe2KI1Me conrrap;eHIIJI I1Mrryrr1,con OT p;nyx MKIT. lfo 

pIICJHKa Bllp;Ho, 'ITO BpeMeHH0e pa3pel.lleHI1e BIT CIICTeMhl B 3T0M crry'lae 

C0CTaBrrJieT ( 440±40) rrc. .I(aHHhlH crreKTp rrorry'IeH rrpll IICII01Ib30BaHIIII 

T0ITbK0 p;Byx MKIT. B crryqae I1crrorr1,3onaHIIJI cyMMIIponaHIIJI cHrHarron OT 

2 MKIT pa3pel.llaIOI..Qee npeMJI ynerrII'IHBaeTCJI p;o 560 11ceK. ITpH pa.6oTe 

BIT C .lip;paMH 0Tp;aqn npeMeHH0e panpel.lleHHe 0CTaeTCl{ TaKHM )I(e KaK II 

;ll;1I1£ (X-'IaCTIIIJ;. Ecrrn l'0B0pIITb 0 K03cI>cI>IID;IIeHTax 0'IIICTKII, TO, KaK BIIp;Ho 

II3 Ta6rrII.a;hl, p;rrJI a-'laCTHD;-OHH paBHhl 9 p;ITJI op;Ho:ii rraphl MKII, 70-p;rr1£ 

ncex 4 MKII II, cooTBeTCTBeHHo, 103 II ?::: 104 p;ITJI .ap;ep oTp;a'III. 

Ilo rrorry'leHHhlM xapaKTepIICTIIKaM CIICTeMa perIICTpa.a;IIII He ycTyrraeT 

rry'Il.llIIM 3apy6e2KHhlM aHarroraM. Ilpep;rrmKeHHaJI K0HCTPYK~ BII-Mop;yrr1£ 

6hlrra IICII01Ib30BaHa rrpII pa3pa60TKe HODOR p;eTeKTIIpJIOI..QeH CIICTeMhl Ha 

6 

300 . 
2.77 ns 226Ra 

240 

E-, 
W 180 
::r u t I \ .0.44n• 

120 

60 

0 
340 390 440 490 .540 

HOMEP KAHA.JIA 

PIIc. 3. BpeMJI-rrporreTHhlH crreKTP p;rr1£ IICT0'IHIIKa 226Ra. 

cerrapaTope SHIP GSI n . .IJ;apMIIITaTe. 

Ilocrre rrpoxo2Kp;eHilll npeM.HrrporreTHhlX p;eTeKTopon, 1£p;pa 0T

p;a'III HMIIITaHTIIpyIOTCJI n 11orryrrpoB0p;HHKon1,re p;eTeKT0phl (IIII.IJ;). HaMn 

IICII01Ib30llaITHCb CTpHIIII0Bhle Il0HH0-IIMIIITaHTHponaHHhle KpeMHileBhle p;e

TeKT0phl c 29-IO CTpIIIIIIaMil Ha op;H0M KpHCTarrrre TOITI..QHHOH 300 MHKp0H, 

n::lroTonrreHHhlx B HIIO 8JIMOH, r. 3erreHorpap;. Y 3THX p;eTeKTopoB rrorr

HhlH pa3Mep 'IJBCTBHTerrbHo:ii o6rracTn paBeH 60x60 MM2, l.llnpnHa cTpnnna 

~ 2 MM, rrpoMe2KyTKil Me2Kp;y HIIMil 0K0IT0 100 MHKp0H. 8HepreTil'ICCKOe 

pa3pel.lleHIIe p;rrJI 0Tp;errbH0l'0 CTpIIrra C0CTaBITJieT 17-18 K3B 6e3 0X1Ia2Kp;e

Hilll. IlpII ncrrorr1,3onaHIIn 8-Mn KaHarrbHOH 3ITeKTpoHIIKII [13], pa3pa6oTaH

HOH eI..Qe p;ITJI rrpep;hlp;yI..QHX p;eTeKTopoB, rrop;KITIO'leHIIe HeCK0ITbKIIX 

CTpIIIIII0B K op;HoMy 11pep;yc1I1IIITerr10 rrpHBop;IIIT0 K yxyp;l.lleHIIIO 3HepreTn

'leCK0l'0 pa3pel.lleHIIJI B TpaKTax p;o 22-25 K3B. 

B TpeTbeii rmme rrpIInep;eHhl pe3J1IbTaThl II3MepeHII:ii cpyHK.a;II:ii B03-

6y2Kp;eHIIJI II ce'IeHn:ii o6panoBaHIIJI IICI1ap1ITe1IbHhlX IIp0p;JKT0B n xn-, p,xn

lI a,xn- KaHarrax p;eno36y2Kp;eHII1{ K0MITayHp;-1£p;ep B o6rracTII Bi-U. 

M3MepeHH1£ llhlX0p;0B 1Ip0II3B0p;IIrracb 2 MeT0p;aMII: 

a) I1p1I 601Ibl.llOM C'leTe - 110 IIHTeHCilBHOH ITIIHIIII B crreKTpe, 

6) p;rr1£ HYKITIIp;0B C MaIThlM ce'leHneM o6pa30BaHIIJI II He IIMeIOI..QIIX 1£BH0 

Bhlp;err1£IOI..Q1IXCJI rrlIHHH n crreKTpe -1ICIT01Ib::lY1£ KoppeITJID;IIOHHhlH aHa1III3. 

XapaKTep rrponop;IIBl.lle:iic.a o6pa6oTKII a-c11eKTpon 11poIIrrrr10cTpnponaH 

Ha p1Ic.4 Ha rrpHMepe 226U, II0ITJ'laBl.lleroCJI B peaKD;IIIl 22Ne+ 208Pb. 

Crrena 11p1Inep;eHa 'lacTb p;BJMepHoro c11eKTpa a - a -Koppe1IJID;H:ii II 

c11pana- pac11pe;o;erreHIIe npeMeHHhlx HHTepnarron Me2Kp;y co6hlTIIl{MII, co-
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PIIc.4. 1IacT1> µ;ByMepHoro crreKTpa a-a-Kopperur:a;n:u II pacrrpeµ;e

rreHIIe BpeMeHHhlX IIHTepBalIOB Me2Kµ;y co6hlTIDIMII, cocTaBJ:UIIOI..QHMH KOp

perur:a;noHHhle naphl 224Th--'--220Ra ( +), 223Th-219Ra ( o) II 226U-222Th ( •) 

CTaBll.lIIOI..QIIMII KOpperur:a;IIOHHl>Ie rrap1,r. M3 pIICYHKa BIIµ;Ho, 'ITO IICIIOlll,30-

BaHIIe KOpperur:a;IIOHHOro aHalIII3a II03BOll.lieT µ;ocTaTO'IHO yBepeHHO Bhlµ;e

lIIITI> C06hlTII.lI, CB.lI3aHHhle C pacnaµ;oM ypaHa, XOT.lI ero IIHTeHCIIBHOCTI> B 

IIOlIHOM a-crreKTpe He rrpeBhlIIJaeT HeCKOlll>KIIX rrpo:a;eHTOB. 

PncyHoK 5 IIlllIIOCTpIIpyeT xapaKTep norry'IeHHhlX B 0KCIIepHMeHTax pe-

3Ylll>TaTOB Ha rrpHMepe peaKD;HII Ne +Os. BIIµ;Ho, 'ITO B µ;aHHOM 0Kcrrepn

MeHTe 6hllllI H3MepeHhl <f>YHKD;HII B036y2Kµ;eHID1 µ;rur xn-peaKD;HH C 'IIIClIOM 

x OT 8 µ;o 13, p;ll.lI pxn-peaK:a;IIH c 'IIIClIOM x OT 8 µ;o 11 n µ;rrJI arr1,<f>a xn

peaKD;IIH OT 9 µ;o 11 B µ;IIana3oHe II3MeHeHIDI ce'IeHri OT 10 MIIrrrrn6apH µ;o 

MHKpo6apHa. 

IIorrHhlH ofrI,eM rrpoBeµ;eHHhlX IIccrreµ;oBaHHH rrponrrrr10cTpnpoBaH B Ta-

6rrn:a;ax 2 II 3, B KOTOpo:u IIpIIBeµ;eHhl nccrreµ;oBaHHhle peaKD;IIII, C yKa3aHIIeM 

BelIII'IIIH ce'IeHIIH B MaKCIIMyMax <l>YHK:a;n:ii B036y2Kµ;eHID1. 

EcrrII IIOIIhlTaTl>C.lI KpaTKO oxapaKTepn30BaT1> rrorry'IeHHl>III MaccIIB µ;aH

HhlX, TO M02KHO CKa3aTI, crreµ;y10m;ee: 

B o6rracTn KoMrrayHµ; JI;a;ep OT Bi ;a;o U B peaKD;II.lIX "rop.lI'Iero" crrn.lIHII.lI 

c A::;40 II3MepeHo CBhlllle 100 q>yHKD;HH Bo36y.1K;a;eHID1 ;a;rur 60™ pa3ITII'IHhlX 

HYKlIII}J;OB, o6pa3yIOI..QIIXC.lI B xn-, p,xn- II a,xn-ncrrapnTelll>HhlX KaHarrax 

pacna;a;a B036y)K}J;eHHhlX KOMnayHµ; JI;a;ep. I13MepeHIDI BhlIIOlIHeHl>I }J;ll.lI 14-TII 

KOM6IIHa:a;n:u MII11IeH1>-HarreTa10r.u;u::u IIOH B p;IIarra3oHe 0HeprIIH Bo36y2K;a;e-

8 

t 
t' .I 

..-.. 
I.O 

10-1 

I0-2 

10-3 

_.:,101 
b 

100 

IO-I 

IOI 

JOO 

xn 

140 160 180 200 
Eb ( M:18) 

la 

• x=13 
0 x=12 
• x=11 
0 x=10 
• x=9 
V x=a 

220 

Pnc.5. <l>yHK:a;nu non6y)l(,IJ:CHIIJI ;a;rrJI xn-, pxn- u nxu - ncnapn

Terr1>Hhlx Kamtrron B peaK:a;1m 22Nc+1900s. To•rKII - 3Kcnepnl\1cuTarr1,u1,1e 
;a;aHHl>Ie, lIIIHIIII -

0

pC3YllhTaThI pac•reTa. 
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Ta6mm;a 2. Ceqeuu.11 ucnapuTeJibHblX peaKunii B MaKCHMYMax BL1xo.non (xn-Kanan). 

Peaicullil CN 3n 4n 5n 6n 7n Sn 9n 10n 

•uca.+ .. •Eu ••• Bi 2.6 µb 0.9 µb 
◄Oca.+153Eu 193Bi 23 µb 30 µb 8 µb 

..... ◄0Ar+1s9Tb 199 Bi 16 rnb 6 mb 4.25 mb 0.7mb 320 µb 40 µb 9.5 µb 0 
3lp+l69Tm 200p0 1.0,mb 4.5 mb 2.6 rnh 146 µb""' 10 µb"" 5µb""' 
27 Al+l75Lu 202p

0 2.2 mb 17 mb 30 mb 8.4 mb 1.6 rnb 0.22 rnb 2.5 µb"" 0.4 µb"" 
40Ar+l65Ho 205At 11.5 mb 2 mb 400 µb 35 µb 3.5 µb 
24Mg+l81Ta. 205 At 30 mb 4.5 mb 850 µb 54 µb 
2sM,;+1a1Ta. 201 At 14 mb 40 mb 20 mb Smb 
20Ne+l97 Au 211 Ac >145 µb 2.5mb• 240 µb 0

· 2.6 µb" 
22Ne+l97Au 219Ac 3 mb 6.5 mb 2 mb 
20Ne+208Pb 22su O.s±0.4µb O.s±0.3µb 
22Ne+2ospb 230u 6 µb 2 µb 0.9µb 0.3µb 

7n Sn 9n 10n lln 12 n 13n 
22Ne+10008 212 Rn. 

28rnb 7.7mb 3 mb 520µb 58 µb 3.6 µb 0.75 µb 

• • CC'ICHHJI H3MCpeHl>I ltJIJI C}'MM 4-Sn, 6-7n H 8-9n HcnaplfreJII,HblX KaHaJIOB COOTBeTCTBeHHO . 

•• ·BellH'IHHa CC'ICIIHll H3Mepe11a npH <pHKCHpoBaHHOH ,mepnm . 

• ....... rrrv:;:= 
I 

~a 3."CeqeHB.ll ucnapHTeJibHbIX peaKUBH B MaKCHMYMaX BbIXO)J.0B (pxn" o:xii-KaHaJibI). 

Peaicullil CN p2n p3n p4n pSn p6n p7n p8n p9n plOn plln 

•uca+1 ~
1 Eu '"

1 Bi 130 /lb >70 µb >471-1b 
◄Oca.+153Eu 193Bi l.M inb 0.35mb >42 µb 
◄0Ar+159Tb l99Bj 1 mb 2.Smb >90 µb 

40Ca.+159Tb l99At >23µb ttoµb >90µb >Jµb 
3lp+l69Tm 200p0 >800µb 290µb >IOOµb 
27 Al+l75Lu 202p

0 >420µb >l&oµb >40µb >10 µb 

40Ar+l65Ho ~o5At 1.3mb lmb lmb 0.35mb 120 µb 
2◄ Mg+1s1Ta 205 At 2.9 mb 1.5 mb >l.4mb >250µb 
20Ne+l97Au 111 Ac 0.78mb• 0.42mb·• 50 µb" 
22Ne+l97Au 219 Ac 

>40µb 
>340µb >170µb .... 

22su .... 20Ne+208Pb o.s±o.4 µ,b o.s± o.3f!h 
22Ne+2ospb 230u 3.7 µb 2.6 µb >0.8 µb 

22Ne+100_0s 212Rn 2.2mb 4.0mb l.2mb >l.2mb 

Peaicullil CN a2n a3n a4n aSn a6n a7n a8n a,9n aIOn alln 

40Ca.+159Tb 199 At -:.Smb >0.65mb 
20Ne+l97Au 211Ac 2.8mb 6.1 mb •• 2mb•• >0.3 mb .. 

22Ne+10008 212Rn 3.8mb >2.3mb 

22Ne+2ospb 230u 310 µb 380µb 25.o µb 310 µb 2ooµb >B0µb 

·-norrepe'lllbli: CC'ICHHJI o6pa30BallHJI H3MepCHbl ltJIJI C}'MM p,(4-S)n; p,(6-7)n H p,(8-9)n HCnapHTeJibHHX KaHaJIOB, COOTBCTCTBCIIHO, 

•• -nonepe'IHblt! CC'ICIIHJl o6pa10JiaHHJl H3MepeHbl ltJIJI C)'MM a ,( 4-S)n; a ,(6-7)n H a ,(8-9)n HCnaplfrCJTh~ KaHaJIOB, COOTBCTCTBCIIHO 



HII.lI KOMnayn;a; .l!p;ep OT 40 MaB ;a;o (80-160) MaB II ;a;rrananone II3Mepemrn 
ce-qemm: OT 50 M6 ;a;o 50 n6. To'IHOCTb )Ke II3Mepem1ii a6COJIIOTHblX BeJIII

"9:IIH ce"<J:eHIIII COCTaBJI.lIJI B HaIIIIIX 3KcnepIIMeHTaX ±40%, OTHOCIITeJibHaJI 

2Ke TO"9:HOCTb 6urra ne xy2Ke ±20%. 

B ;a;aHHbIX 3KCnepIIMeHTax 6blJIII TaK)Ke BnepBble u;a;enTmpnu;IIpOBaHbI 
;a;na HOBblX a-II3OMepa - 189mBi II 208m Ac. K nacTo.limeMy npeMeHII 3TII 

;a;aHHble no II3OMepaM no;a;TBep)K)];eHbl B pa6oTaX ;a;pyrnx aBTOpOB [14]. 
B -qeTBepTon rnaBe ;a;nccepTarr;IIII npoanammnponanu neKoTopue 

o 6ip;ne naKoHoMepnocTII B none;a;emrn ce-qenIIii B IIccrre;a;onannoii o 6rraCTII 

.l!p;ep II 06cy2Kp;aIOTC.lI penyrrbTaTbl cpaBHeHII.lI 3KCnepuMeHTaJibHblX ce"9:e

HIIH c penyrrhTaTaMII pac"<J:eTon no cTaTIICTII'IeCKOII Mo;a;errn, npn"9:eM uc

norrb3OBarrc.lI caMbIH npocTon: nap1rnHT Mo;a;errn, B KOTopoM 1IcnapnTelibHbie 

umpIIHbl pac"<J:1IThIBam1cb no Ban:cKompy-IInnIIHry, ;a;erruTerrbHbie no Bopy

YIIrrrrepy. IIrroTHOCTb yponneii pacc"9:IITblBarracb no Mo;a;errlI <DepMII-ran, 

o60JI0"9:e"9:Hble aqiqieKTbl B nlIOTHOCTII ypoBHeii Y"'IIITblBaliaCb no IIrnaTIOKY, 
a 2KIIp;KoKanerrbHblH ;a;err1ITelibHhin: 6apbep BhI"9:IICJI.lilIC.lI no Mo;a;errn CPS. 

Pac"<J:eTbl nponop;IIlIIICb C IICIIOlib3OBaHIIeM KOMnbIOTepHbIX nporpaMM 

ALICE-MP, panpa6oTaHHOH Mynu"<J:KOH IO.A. II IIycTbllibHIIKOM B.II.[9] 

a TaK2Ke HIVAP, npe;a;rro2Kenon: Pa:i'rc;a;opqioM [10]. 
,II;rr.lI qJIITTIIpOBaHII.lI ncnolib3OBalIC.lI TOlibKO o;a;un CB06o;a;nun: rrapaMeTp 

-Koaqiqinrr;IIeHT C rrplI 2KIIp;KoKarrerrbHOM 6apbepe ;a;erreHII.lI. Heo6xo;a;nMo OT

MeTIITb ' "9:TO nelIII"9:IIHbl ce"<J:eHIIH -qpet3Bbl"9:an:no "9:YBCTBIITelibHbI K nelIII

"9:IIHe C. 
Ha pIIc.6 np1Ine;a;eno cpannemxe 3KcnepIIMeHTarrbHblX ce"<J:eHIIH neHTpo

no;a;eqiurr;IITHbIX IinoTorroB Bi ;a;rr.lI peaKrr;IIH 40 Ar + 159Tb II 40Ca + 151,153E11 

c pac"<J:eTaMII. Ilo OCII a6crr;IICC OTlIO)KeHbl "9:IIClia nen:TpOHOB B KOHe"9:HbIX 

.l!p;pax. JhmlI.lIMII uno6pa2KeHbI penyrrhTaTbI pac"<J:eTOB. BII;a;no, "9:TO onTII

MalibHblM .lIBJI.lieTC.lI nna-qemxe C= 0,65. IlyHKTIIpnue lIIIHIIII rroKanuBaIOT 

penyrrhTaTbl, rrorry-qenHble nplI pac"<J:eTax c C=0,9. BII;a;no, "9:TO nnMeHeHIIe 

napaMeTpa C OT 0,65 ;a;o 0,9 rrpnnop;IIT K nnMenenIIIO ce'IeHIIII 6orree "9:eM n 
50 pan. HarrOMHIIM, "9:TO TO'IHOCTb orrpe;u;erreHII.lI a6COJIIOTHblX ce"<J:eHIIii 06-
panoBaHII.lI COCTaBJI.lieT B HaIIIIIX 3KCIIepIIMeHTaX ±( 40-50)%. T.o., M02KHO 
c;a;erraTb BbIBOp;, "9:TO ;a;rr.lI paccMaTpIInaeMbIX HYKlIIIp;OB T0"9:HOCTb orrpe;a;e
rremrn nem1-q1rn KoaqiqiIID;IIeHTa C, rrorry-qaeMaJI II3 cpannen1rn pac"<J:eTHblX 

II 3KCIIepIIMeHTalibHbIX BelIII"9:IIH Ce'IeHIIn: 6y;a;eT COCTaBJI.lITb ±(3-5)% IIlIII 
±350 KGB p;ll.lI nelIII"9:IIH 2KIIp;Ko-KaIIelibHblX 6apbepon. 
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PIIc. 6. CpanHemxe 3KcrrepnMeHTaJibHhlX ceTICHIIII HeiiTpoHo;a;eqinrr;nTHbIX 

II3OTOIIOB Bi IIOliy>IeHHhlX B 1IaKCII1Iy11ax Bbixo;a;on ;a;rr.lI peaKrr;nii: 4o Ar + 
159Tb II 40Ca + 151,153Eu c pac•1eTa11n. 

B npxrnrr;nne, KaK yKanunarr ewe paHb~e BrraHH [ll], c r1eTO11 ymmep
carrbHOCTII MeTo;a;a II BO3MO)KHOCTbIO ero IICIIOJib3OBaHIIJI ;a;rrJI onpe;a;erreHII.lI 

6apbepon ;a;erremrn 6orrbworo 'mcrra Heii:TpoHo;a;eqinrr;nTHbIX nnoTonon no

rry,reHHaJI TOTIHOCTb npe;a;cTanrrJieTcJI ;a;ocTaToTmo xopowei'x ;a;rr.lI npone;a;e

HII.lI circTeMaTIPieCKIIX nccrrc;a;onam1ii nemP-IIIH 6apbepon ;a;erremrn. 

KoMIIHJI.lID;HJI paC'IeTHhlX II 3KCIICpIIUl'HTaJibHbIX BClIIPIIIH C{"lCHIIIi 
;a;rr.lI xn-peaKrr;1111 n MaKcnMyMax nx Bh1xo;a;on rrpnne;a;eHa na pnc.7. Ilcrrorrb

nonan11e ;a;rr.lI aHamma B rrepny10 O'-Iepep;b ;a;aHHbIX O BCJIII'IIIHilX Cl"ICHIIII B 
MaKCIIMyMax Bhlxo;a;on rrpe;a;cTaBJI.lICTC.lI rrpep;IIO'ITIITeJibHhl11, T.K. 3TII pc

nyrrbTaTbl HwiyncTBIITCJibHbI K He6oJibWIIM (±2,5 MaB) own6Kau n orrpe

;a;erremrn 3Heprmx non6y2K;a;eHIIJI KoMrrayH;a;-JI;a;pa. KpoMe Toro , 111rn orrpe;a;e

JICHIIH 3Ha•rnmrn ce"<J:emrn B MaKCHMyMe BblXo;a;a o6bl"9:HO UCIIOJib3YIOTC.lI pe-

3YlibTaTbI HCCKOJibKIIX II3MCpeHIIII Ha qiynKrr;IIII Bon6y2K;a;CHIIJI, 'ITO TaK)K{' 
IlO3BOJIJieT YMCHbWIITb OTHOCIITCJibHYIO ownfa:y II pan6poc ,D;ilHHbIX. 

IIn p11cyHKa nn;a;Ho, 'ITO ;a;mr nccrrep;onaHHbIX .l!p;ep xapaKTepno OhlCTpoc 

YMCHbWCHIIe ccTieHIIII o6pa::wnamrn ncrrapnTCJibHbIX rrpo;a;yKTOB n xn
KaHarrc ;a;cno::i6y2K;a;enmr no ucpc pocTa nx HciiTpomrnro p;eqmrr;rrra. CpP
;a;Hnc 3Ha•renmr qiaKTopon y11eHbW<'HIIJI ncmPmn ccT1cunii npn n:nH'H<'Imn 
Macconoro •mcrra .Hp;pa-npo;a;yKTa Ha o;a;nn HciiTpoH yncmPmnaIOT<"JI oT .p

;a;o (10-15)TH II crra6o 3aBIICIIT OT TIIICJia ncnapeHHbIX nciiTpOHOB. ~Io;1rno 
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Puc. 7.Pac'-:IeTHhie u aKcrrepuM~iITarr1,Hue BelIII'-:IIIHhI ce'-:IeHIUI 

B MaKCIIMyMaX q>JHKIJ;HII B036J)K)l;eHIIJI B o6rracTII KOMrrayHp;-JIµ;ep 

OT Bi µ;o U. 

OTMeTIITh, '-ITO 6ucTpoe na11;eHIIe CC'IeHII:U: l];ll.ll xn-KaHarra 11;erraeT 3TII µ;aH

HI,Ie Hau6orree K}JIITII'-:IHI,IMII l];ll.ll cpanHeHIIJI C pa3lllI'-:IHI,lMII BaprrnHTaMII 

TeopeTIPieCKIIX pac'-:IeTon II rrpe11;cK,wamn1. KpoMe Toro, T.K. rmMepeHHhIII 

,ll;ll.lI Ka)Kl];Oro Z IIHTepnarr YMCHbllleHIIJI ce'-:IeHIIJI COCTaBrrJieT (3-4) rrop.lil];Ka 

BelIII'-:IlIHhI,a o6~ee II3MCHCHIIe l];O 6 rrop.Hl];KOB, TO CTaHl];apTHaJI l];ll.lI HaillIIX 

1mMepeHIIII ornn6rca B orrpe11;erremrn a6comoTHUX nemI'-:IHH ce'-remrii ±40% 
He MO)KeT cy~ecTBeHHO IIOBlllIJITI, Ha xapaKTep c11;erraHHI,IX II3 3TIIX cpa

BHeHIIII BUBO)l;OB. 

JlIIHlllIMII Ha pucyHKe IIOKa3aHbI pe3JllbTaTI,I pac'-:IeTa no CTaTMOl];ClIII. 

IIn pHCJHKa crre11;yeT, '-ITO, HCCMOTp.lI Ha 60lII,lllOH 11;narra:JOH II3MeHeHIIJI 

ce'-:ICHIIII, pac•IeT IIO CTaTIICTII'IeCKOH MOl];ClIII xopowo BOCIIpOII3BOl];IIT KaK 

OTHOCIITellbHI,III XO/];, TaK n a6comoTHI,Ie BClIIPIIIHI,l ce'-:IeHIIH. 

PucyHoK 8, n cno10 0•1epe11;1,, 11;aeT Harrr.lil];HOe rrpe11;cTanrrem1e o 6orr1,

w11x pa:Jml'-:IIIJIX n nemI'-:IIIHax II rrpnpo11;e 6ap1,epon 11;erremrn l];ll.ll HyKrrnµ;on, 

COCTaBlllIIO~IIX 3TOT Macc1m. BIIl];HO, '-ITO )KII)l;KOKaIIellbHI,Ie 6ap1,epu µ;erre

HIIJI yMeHI.WaIOTCJI oT 7,0 MaB l];lIJI HeiiTpoH011;eq>IIIJ;IITHhlx H::lOTorron Bi µ;o 

2,5 MaB p;rr.lI HeiiTpoHoµ;eqinu;IITHhlX II3oTorron ypaHa. O6orro•rnT.fHhrii KOM

rroHeHT 6ap1,epon 11;erremrn nHa•rarre BoapacTaeT OT HJlIJI µ;o ( 5,0-7,0) MaB 

rrpn rrepcxon;c OT uaoTorron Bi K HciiTpoHol];eq>IIIJ;HTHhIM naoToiraM Ra -
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PIIc.8. Beim'llilihl Karrelll,HOii II o6orro'!e--moii Ji'.0MII0HeHT0B 

6ap1,epoB µ;erreIDI.lI p;ll.lI JIµ;ep, npHBeµ;emn.IX Ha pIIcymce 7 II oIITIIMalll,HLie 

3Ha'IeIDI.lI rroµ;roHO'IH0ro rrapaMeTpa C ( Il0JICHCHru[ CMOTplI B TCKCTe ). 
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Ac c N=l26, a naTeM cHona naµ;aeT µ;o Hy11a µ;rr.a HeiiTpoHoµ;eqnm;IITHbIX 
lI3OTOilOB ypana. B TO2Ke npeM.lI 3Ha'IeHIDI nemI'IlIH )];llll ep;IIHCTDeHHOro 
no;a;roHO'!Horo napaMeTpa - Koacpqmn;neHTa C - MeH.lIIOTC.lI crra6o u ;a;mr rr10-
6oro Im HJKlIII)l;OB HaXO)l;.lITC.lI B lIHTepBarre OT 0,68 ;a;o 0,55. 

Bo:JMO)KHOCTb npaBIIJibHoro pac'!eTa ce'IeHIIIl C npaKTII'IeCKII <pHKCIIpO
BaHHbIM Ha6opoM MO)];eJibHbIX napaMeTpoB KaK )];llll .aµ;ep C HyrreBOII 060-
JIO'Ie'IHOH nonpaBKoii, TaK u µ;rr.a .aµ;ep, y KOTOpnrx o6orro'!e'!HaJI norrpaBKa 
cocTaBlllleT (5-7) MaB u npenI>mrneT 2KII;rJ.KOKaneJibHhIII 6apnep, cnnµ;eTerrh
CTBJeT O TOM, 'ITO IICIIOJib3JIOill,llllC.lI B pac'!eTaX IIpOCTOH BapuaHT cTaTII
CTlI'IeCKOII Moµ;errII .aBrr.aeTc.a xopoIIIIIM rrpn6mnKeHIIeM BIIJIOTh ;a;o aHeprHn: 
B036y:,Kµ;eHII.lI KOMnayHµ; .lI;rJ.ep, paBHhlX ~160 MaB. 

B oaKJIIO~e1rn:u: rrp1rneµ;eHbI OCHOBHhle penyrrnTaThI, rrorry'IeHHbie B )l;lIC
cepTan;IIOHHOII pa6oTe. 

OcnoBHhle peoyJihTaThl µ;u:ccepTan;u:u: 

1. .IJ:rr.a cerrapaTopa BACI1JII1CA conµ;ana n HcrrorrnnonaHa n 3Kcrrepn
MeHTax µ;eTeKTIIpJIOill,aJI CIICTeMa, o6ecrre'IIIDaIOru;aJI perIIcTpan;HIO .aµ;ep 
OT)];a'Iu II IIX rrocrreµ;y10ru;ero o:-pacnaµ;a, cocTo.aw;a.a II3 µ;Byx IIIIIpoKoarr
rrepTypHhlx BpeM.a-rrporreTHhIX µ;eTeKTOpoB Ha ocnoBe MKIT II cTpnrroBoro 
lIOHHO-IIMIIJiaHTIIponaHHOI'O rrorryrrpoBO)];HHKODOro µ;eTeKTopa . .IJ:eTeKTIIpy
IOill,aJI CIICTeMa HMeeT BpeMeHHOe lI 3HepreTII'IeCKOe pa3peIIIeHIIe - 0,5 HC II 
(18-25) K3B COOTBeTCTBeHHO II o6ecrre'IIIBaeT )];OIIOJIHIITem,nyro "arreKTpon
Hyro" O'IIICTKY o:-crreKTpOB Ha <paKTOp 2'. 104. 

2. B o6rracTII .aµ;ep OT Bi µ;o U nrrepnhle rrpoBeµ;enhl cncTeMaTwiecKIIe 
II:JMepeHIIJI nemI'IIIH ce'!eHII.lI o6pa:JoBamrn II <pYHKn;IIii Bon6y)Icµ;eHirn µ;rr.a 
xn-, p,xn- n o:,xn- KanarroB µ;eBon6y:,i:cµ;eHirn KOMnaynµ;-.aµ;ep. linMepenH.a 
BhlIIOJIHeHbI µ;rr.a KoMrraynµ;-.a;a;ep Bi, Po, At, Rn, Ac II U, o6panyrow;nxc.a 
B peaKn;II.lIX "rop.lI'Iero" ClIIUIHII.lI C 6oM6apµ;npyroru;IIMII IIOHaMII 20,22Ne, 
24Mg, 27Al, 3lp, 40Ar II 40Ca. 

I1nMepeHhl CBhlllle 100 cpynKn;IIir no:J6y)Icµ;emrn ;a;rr.a 60TH pa:JmPrnhlx ny
KJIIIµ;on. I1nMepeHII.lI BhlIIOJIHeHhl )];llll 14-TII KOM6nnan;uii MIIllleHb
HaJieTaIOill,IIII noH n p;Harranone ::rneprri non6y2Kp;eHIDI KOMrrayHµ;-.a;a;ep OT 
40 MaB ;a;o {120-160) MaB II p;IIrranoHe unMeHemrn ce'!enm'i OT 50 M6 µ;o 50 
H6. To'!HOCTh 1mMepeHIIii a6coJIIOTHbIX neJIII'IIIH ce'!emnr B aKcrrepuMeHTax 
COCTaBIT.lIJI ±40%, OTHOCJITeJibHal! TO'IHOCTb 6bIJia ne xy2Ke ±20%. 

3. J,fo cpanHeHII.lI rrorry'IeHHhlX ;a;aHHhlX c penyrrhTaTaMlI pac'!eTOB no 
cTaTIICTII'IeCKoir Mo;a;errn ;a;eBon6y2K;r:,;eHu.lI KOMm1ynp;-.a;a;pa, ycTanonrreno, 'ITO 
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a)nemruma ce~reHIIfr o6p,monamrn IIcrrapnTcJibHhIX rrpoµ;yKTOD •rpennI>r
'!aIIno ~ryncTDIITeJibHa K IIX p;eJIIIl\lOCTII II MmKeT 6hlTb IICIIOJib3OBaHa ;a;rr.a 
orrpe;a;erremrn 6apnepon ;a;erremrn; 

6) Mo;a;errh I{oyena-IIrramrna-Cn.aTen;Koro xopolllo nocrrpormnop;nT OTHO
cnTeJihHhle II3UCHCHII.lI )KII)];KOKaIICJibHbIX 6apnepoB ;a;erreHII.lI B nccne;];OBaH
HOII o6rracTII JI)]:ep; 

B) CTaHp;apTHbIII napuaHT CTaTIICTII'Ien;:o:ii" l\rn;a;emr C <pIIKCUponaHHbll\I 
na6opoM rrapaMeTpon (a1/av=l,0 n C'=O,63± 0,05) xopOllIO OilIICbIBaeT ce
'IeHIIJI o6pa:JonaHn.lI ncnapnTeJibHbIX rrpo;a;yKTOD n nccrrep;onaHnor'i o6rracTn 
.a;a;ep. 

4.Bnepnnre n;a;cHTII<pIIn;IIponaHbI p;na HOBbIX II:JOMepa 189111Bi II 208111Ac. 
ffoMepeHbI 3Hcprmr II rrepIIO;!l;hI IIX n:-pacrra;a;a. K nacTO.lIIll,Cl\IY npeMeHII 
3TII ;a;aHHbIC rro;a;Tnep)Kp;eHhI B pa6oTaX p;pyrIIX aBTOpon. 
OcHOBHbie pe3yJihTaTbl ;a;nccepTan;1rn: ony6JIHKOBaHhl B CJie;a;yro
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