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1. OBITTA5l XAP AKTEPlICTlIKA PABOTbI 

AKTYaJlbHOCTb npo6neMbI. KaK 3KcnepnMeHTaJlbHble nccne.n;oBaHmr, TaK n 
' .. 

TeopeTII'ICCKHe pa6oTbl noKa3bIBaIOT, 'ITO yrJIOBble pacnpe.neneHHH np_o.nyKTOB 

.neneHnH HCH30TponHbl. B cnyqae 0CKOJIK0B Ha6mo.n;aeTCH acnMMCTpIIH Bbl~eTa 

no 0THOIIICHIIIO K HanpanJieHIIIO cnnHa ,Il;CJIHIIIeroca: a:.npa, HanpaBJICHIIIO HCH

Tp0HHOro nyqKa nm1 HanpaBJICHIIIO He11TpoHHOH nona:pn3au;nn. B TpOHHOM .n;e-. . 

nemrn a-qaCTIITI;bl q:iorcycupyIOTCH npeIIMYIUCCTBeHH0 B nJI0CK0CTII, nepneH,lllI-

KYJIHpHOH OCII ,Il;CJICHIIll. HeHTpOHbl II 'Y-ICBaHTbl TaIOKe .n;eMOHCTpupyroT HaJIH

'lHC Bblpa)KeHHOII aHH30Tponm1 no 0TH0IIICHHIO K OCH ,n;eJICHIIH. BoJibIIIIlHCTBO' 

II3 Ha6nro.n;aeMbIX 3q:Jq:JeKT0B Y)Ke IIMCeT Ka'leCTBeHH0C TeopeTII'leCK0C o6'bllCHe

HHe. TeM He MeHee KOJIH'leCTDeHHblll aHaJIH3 yrJIOBbIX pacnpe.n;eneHilll npo.n;yK-_ 
. . . 

Ton .n;enemrn n pa.n;e cny<raeB npe.n;cTaBJIHCT co6oi'I .n;ocTaT0'lH0 cno)rrnyro 3a,n;aqy 

n .naeT .n;on0JIHIITCJlbHYIO YHHI(aJlbHYIO IIHq:JOpMaunro, Heo6xo.nn_MYIO ,Il;Jlil n0HH

MaHirn q:iyH.n;aMeHTaJibHbIX CDOIICTD npouecca .n;enemrn. B TO )KC BpCMll CYIUC

CTnyeT pa.n; 3q:Jq:JCKTOD, B 'laCTH0CTII B TpOIIHOM .ll;CJICHIIII, K0T0pbie .no CIIX nop 

He IIMCIOT .n;a:;Ke Ka'lCCTneH,Horo o6'bHCHCHIIll. 

O.n;HIIM Il3 nepDbIX HeTpnnnaJibHbIX 3q:Jq:JeKTOB aHII30Tp0IIIIII B .n;eneHIIII/ Ha 

KOTOpblll 6bIJIO o6parueHO BHIU,IaHIIC 3KCnepIIMCHTaTopon II TeopeTIIK0B, - _3T0 

yrnoBaJI aHII30Tpornrn 0CK0JIK0D no 0TH0IIIeHIIIO K HanpaBJICHilIO cnnHa ,n;eJill1;Ue~ 

rocll H.n;pa. O1ca3aJIOCb, '-ITO .n;aHHble no yrnonoi'r aHII30Tpomm 0CK0JIK~Il _HBJIH

IOTCH npaKTII'-ICCKII e,Il;IIHCTDeHHbIM IICT0'IHIIK0M IIHq:JOpMaumr 06 0TH0CllTCJib-
. . ' 

HbIX nep0llTH0CTHX npoxmK.nemrn .n;enemrn 'lepe3 TOT IIJIII IIHOII 6opOBCKIIH Ka

HaJI. Bonee Toro, n TepMirnax S-MaTpII'IHoro q:iopMamnMa onucaHIIH ceqeHIIll 

Hei'ITpOHHO-IIHAymrponaHHOro ,n;eJieHIIH Il pe30HaHCHOII o6naCTII 6e3 IIHq:JOp&m-
' •-, ' 

rum 06 yrnonhlx pacnpe.n;enemrnx ocK9J1Kon .n;eneHIIll Oica3bIBaeTCH Boo6me He

no3M02KHbIM II0JIY'lIITb O,Il;H03Ha'lHbIH Ha6op pe30HaHCHbIX napaMeTpon. TaKIIM 

o6pa30M, II3Mepemrn 3aDUCIIM0CTII yrnonoi'I aHU30Tp0IIIIII 0CK0JIK0B OT 3Hep-
'. . C ' 

rnu HaJieTaromero HCllTpOHa Il o6JiaCTII MaJlbIX 3HeprIIII .n;aroT ,Il;0II0JIHIITeJibHbie 

ypanHemrn ,llJlll II3DJ1C'leHirn S-B0JIH0ilbIX .n;emrTeJibHbIX aMnmrTy.n;. 
> 

Eme 0,Il;HIIM IIHTepeCHbIM 3q:Jq>eKTOM HDJllleTCll HaJIII'l~e ,Il;0D0JlbH0 60JibIIIIIX 

yrJI0ilbIX M0MeHT0il ( CIIIIHOB) y 0CKOJIK0D ,n;a)Ke Il cnyqae CII0HTaHH0ro ne~emrn 

'-IeTH0-'leTHbIX H.UCp, cnIIH K0T0pbIX Il 0CH0DH0M C0CT0HHIIII paBHllCTCH HYJIIO. 
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Bonee Toro, .n:aHHhle no yrnono:ii amIJ0Tpon1rn 1-KDaHTon cnn.n:eTem,CTBYIOT o 

TOM, 'ITO CIIIIHhl OCKOJIKOD npenMymecTDeHHO DhICTpoeHhl D nJIOCKOCTII, nepneH

)lIIKJJI.s!pHOll OCII ,n:eJieHII.sr. BhIJIII Dhl)lDIIHYThl .n:ne MO)lemI, D npIIHIIIIIIe no;mo

JI.sIIOIIlIIe 061,.srcHIITb MexaHII3M o6pa30DaHII.sr II DhICTpaIIDaHirn CIIIIHOD: Mo,n:eJib 

KJJIOHODCKoro "3aKpyq1rnaHn.sr" .n:eqiopMnponaHHhIX OCKOJIKOD IIOCJie pa3phIDa II 

MO)leJib KOJIJieKTIIDHhIX MO)l )lDII)I(eHH.sr .sr.n:epHoro nemecTna D MOMeHT pa3phl

na, nepexO)l.sIIIlIIX DIIOCJie,UCTDIIll D yrJIODhle MOMeHThl OCKOJIKOD. HecMOTp.sr Ha 

o6ImIIe 3KcnepnMeHTaJibHhIX II TeopeTn'lecKnx pa6oT, n HacTo.srmee npeM.sr HeT 

OKOH'laTeJibHOII .sICHOCTll D TOM, J(aKOll II3 D03MO)KHhIX MeXaHII3MOD .sIDJI.sreTc.sr 

npeo6na,n:aIOlllIIM. 

Oco6eHHO IIHTepecHhIM npe,n:cTaDJI.sreTc.sr uccne.n:onamre yrnonof1 amnoTpo

nnu ,-H3JIJ'leHII.sr D TpOIIHOM ,n:eJieHnII, TaK KaK D 3TOM cJiyqae KpoMe OCII ,n:eJie

HII.sr no.srnn.sreTc.sr eme o.n:no Dhl)leJieHHoe HanpanJieHue - HanpanJieHne .n:nm1rnmrn 

JierKOII 3ap.sr)l(eHHOII 'laCTIIU:hl. fl XOT.sr caMa qacTnu:a He .srnmICTC.sr IICTO'IHIIKOM 

,-II3JIJ'leHII.sI II Il3-3a MaJIOCTII ee MaCChl, IIO-DII.D:IIMOMY, cymeCTDeHHO He ~JIII

.sreT na none,n:eHue cncTeMbI n MoMeHT pa3phlna, TeM He MeHee nanpannenne 

ee DhIJieTa MmKeT 6hITb onpe,n:eJieHHhIM o6pa30M CIWppemrponano C yrJIODhIMH 

MOMeHTaMII OCKOJIKOD. Ha6JIIO,n:emre IIJIII HeHa6.i:r10.n:eHne Taiwfr 1wppen.sru:1m D 

,-II3JIJ'leHIIII MO)J(eT npIIDCCTil Hae K 60.i:ree IIOJIHOMY nomrMaHIIIO MexaHII3Ma 

q>OpMnponamrn CIIIIHOD. 

AmnoTponn.sr DhIJieTa HeIITpOHOD D ,n:eJieHIUI cmnaHa C IIX KIIHe1IaTIPICCKQII 

qioeycnpoDKOII no HanpanJieHIIIO )lDIGKYlllIIXC.sr OCKOJIKOD, II'.3 KOTOpbIX 3TH Heii

TpOHhl IICIIJCKaIOTC.sr. MMeHHO KHHeMaTII'1ec1rn.sr qioKycupomrn II03DOJI.sICT OIIpe

.n:emITb 'IIICJIO HeHTpOHOD, ncnymeHHbIX II3 Jien:oro II II3 T.sI)KCJioro OCKOJIKa. 

O.n:HaKO He TOJibKO OCKOJII(II MoryT 6h!Tb IICTO'IHIIKaMn HCIITpOHOD n )lCJie

HIIII. HanpnMep, D TPOIIHOM .n:enemm D03MmKHo o6pa3onamre KopoTKmKunymnx 

HCIITpOHHO-HecTa6ImbHbIX 'laCTIIII, DpCMJI )Kil'.3HII KOTOphIX cpaDHIIMO C npeMC

HeM JCIWpeHII.sI 3TIIX 'laCTIIU D 06lllCM KJJIOHODCKOM IIOJIC. HcIITpOH~I II3 TaimX 

'laCTIIU 6y.n:yT q>oKyci1ponaTbC.sI no HanpaDJICHIIIO IIX )lDI!)KCHIIJI, T.C. ncpIICH)lll

KYJIJipHO K OCH )lCJICHHJI, 'ITO MO)KCT 6bITb IICCJIC)lODaHO 3KCIICpIIMCHTaJibHO. IIo 

KOJIIl'ICCTDJ IICIIJlllCHHhIX HCIITpOH0D MO)KHO OUCHIITb DbIXO)lbl TaKIIX 3K'.30TIPIC

CKIIX 'laCTIIII D TpOllHOM )lCJICHIIII. KpoMe Toro, IICCJIC)lODaHIIC TaKIIX npoueccon 

MmKeT .rcaTb )lOIIOJIHIITCJihHYIO YHIIKaJihHYIO IIHq>OpMaU:IIIO O )lIIHaMHKC npouec-
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ca ,n:eJieHII.sr n MOMCHT, 6JIII3KIIH K pa3phlny. 

OcrtonHa.sr IICJib pa6oThl KpaTKO MO)KCT 6h!Tb cqiopMJJIIIponaHa CJIC)lJIOIIlIIM 

o6pa30M: aHaJIII3 yrJIODhIX KOppeJI.sIU:IIH npo.n:yKTOD )lCJieHII.sI )lJI.sI noJiy'leHII.sI 

HODOII I:IHq>OpMaU:IIII O q>yH,n:aMeHTaJibHhIX CDOHCTDaX npou:ecca )lCJICHII.sr, 'ITO 

DKJIIO'laCT n ce6.sr: 

- M3DJIC'leHIIC II aHaJIII3 8-DOJIHODhIX pe30HaHCHhIX napaMeTpOD ll3 HCllTpOH

HhIX Ce'leHIIll II 3HepreTII'ICCKOH 3aDIICIIMOCTII yrJIODOH aHII30TpOIIIIII OCKOJIKOD 

)lCJICHIIJI 235 U. 

- IloJiy'leHIIC HODOR IIHq>OpMaU:IIII O MexaHII3MC qiopMIIponaHII.sI II DhICTpaIIDa

Hil.sI CIIIIHOD OCKOJII(OD D )lCJICHIIII Il3 aHaJIIIJa yrJIODhIX IWppeJI.sIU:IIH ,-KDaHTOD D 

.D:DOIIHOM II TpOIIHOM )lCJICHIIH 
252C f. 

- IlonOJIHCHIIC C_IICTCMaTUI(~I DhIXO)lOD Jienmx 3apJI)KCHHhIX qacTIIII D TpOHHOM 

,n:eJieHIIII 3a C'ICT HeIITpOHHO-HCCTa6IIJibHhIX II30TOIIOD reJIII.sI • 

HarrnaJI HODII3Ha n TipaKTII'leCKa.sr UCHHOCTh. B ,n:aHHOH pa6oTe BTiepnhle 

6hIJia IIOJIJ"ICHa )lCTaJibHa.sr 3aDIICIIMOCTb y:p'IODOH aHII30Tpomui OCKOJIKOD .n:e

JieHil.sI OT 3Heprnn HaJICTaIOmero HCIITpoHa D )lODOJibHO IIIIIpOKOM .n:nana30He 

3Heprnfr (0.4 - 20 3B), 'ITO II03DOJIIIJIO IIOJIJ'IIITb na6op S-DOJIHODhIX pe3oHaHC

HbIX napaMeTpOD )lJIJI 235 U Ha OCHODe Honoro TeopeTII'ICCKOro TIO,n:xo.n:a, Y'IIIThl

na10mero IIHTepqiepeHUIIIO pe3oHaHcon c pa3JIII'IHhIMII cmrnaMII B ,n:uqiqiepeHIIH

aJibHOM CC"ICHIIU .n:enemrn. Cpe.n:mie mma,n:hl IrnHaJI0B J'r I(= 3-0, 3-1 II 3-2 n 

,!CCJICHIIII OKaJaJIIICb cpaDHIIMbIMII, 'ITO CTaDIIT TIO)l COMHCHIIC q>H3Il'leCKYIO 060-

cnonaHHOCTb TipIIHJIToro n ENDF /B .n:nyx-KaHaJibHoro qiopMaTa .n:n.sr oTincamrn 

pe3oHaHCHhIX TiapaMeTpon. 

BTiepDbIC IICCJIC)lODaHhl yrJIODhie rwppeJIJIUIIII ,-1rnaHTOB II JierKIIX 3ap.sr)KCH

HhIX "IaCTIIU D TpofrnoM )lCJICHIIII. OTCJTCTDIIC pa3HIIU:hl D aHII30TpOTIIlll ,-

113JI'.r1emrn TIO OTHOIIICHIIIO K OCII )lCJICHII.sr II OTCJTCTDIIC KaKof1-m160 aHU30Tpo

I:IIIII TIO OTHOIIICHIIIO K HaTipaDJICHIIIO IlhIJieTa TpOIIHOII qacTIIU:hl CTaBUT nepe.n: 

TCOpCTIII(aMU DOTipoc O MCXaHII3Me q>OpMIIponaHIIJI CIIIIHOD OCKOJIKOB. 

B TpOIIHOM' )lCJICHIIII, TIOMIIMO Ha6JIIO,n:anmeroc.sr ,paHCC o6pa30BaHirn JI,n:ep 

5 He, BTiepBbIC Ha6JIIO)laJIOCb IICTIJCJ(aHHe HCHTpOHOB II3 HCCTa6IIJibHOro H30TOTia 

1 He, a TaIOKC Tipe,n:TIOJIO)KllTCJibHO 3MIICCIIJI HCIITpOHOD 113 S Li B B036y)K)lCHHOM 
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C0CT0HHilll. BrrepBI,Ie ,IJ;0CTaT0'IH0 Ha,n;e:arno orrpe,n;eJiem,r BbIX0,IJ;hl Hei'ITpOHHO

HeCTa6nm,HhlX II30T0II0B remrn. CnJibHOe pa3Jill'IIIe B 3KCIIepnMeHTaJibHbIX Bhl

xo,n;ax n TeopeTII'IeCKIIX on;eHKax MmKeT rrpnBecTn K rrepecMoTpy cymecTBy

IOillllX Teopn:ii TpoiiHoro ,n;eJieHirn. HeiiTpOHbI II3 JierKHX 3apH)KeHHbIX qaCTIIIJ; 
;. 

HBJIHIOTCH .n:o6aBKOII (xoTH II BeCbMa He60JibIIIOii: ~ 1 HeiiTpOH Ha 1500 ,n;eJie-

HIIH) K 0CK0JI0'IHbIM HeHTpOHaM B ,IJ;eJieHIIII 252C f, IICII0Jih3yeMbIM D Ka'IeCTBe 

CTaH,n;apTa. 

Ha 3arn;IITY BbIH0CHTCH CJie.n;y10rrure 0CH0DHbie II0JIO)KeHirn II pe3yJibTaTbI: 

1. BuepBble II0Jiy'IeHa ,n;eTaJibHaH 3HepreTII'IeCKaH 3aDIICIIM0CTb K03qiqmnn

eHTa aHII30Tp0IIHlI 0CK0JIK0B A2(E) D ,n;eJieHHlI BbICTp0eHHblX a,n;ep 235U pe30-

HaHCHbIMII HeiiTpOHaMII B .n:nana30He 3Heprni'r 0.4 - 20 :iB. 

2. BnepBbie II0Jiy'IeH Ha6op S-B0JIH0BbIX pe30HaHCHbIX napaMeTp0D 235.U D 

Tpex-KaHaJibH0M IIpII6mDKeHHII. Bnepnhle D aHamI3e 6bIJI Y'ITeH :iqiqieKT IIHTep

qiepeHIJ;IIII pe30HaHC0B C pa3JIII'IHbIMII CIIIIHaMII B .n:nqiqiepeHnIIaJibHOM ceqeHIIII 

,n;eJieHIIH. 

3. Ha 0CH0BaHIIII IICCJie.n;oBaHirn CTaTIICTII'IeCKIIX xapaKTepIICTIIK Ha6opa pe-

30HaHCHbIX uapaMeTpoB norryqeHhl rpy6hle onemm mota.n:on 6oponc1mx 1mHarron 

B ,n;eJieHIIII. BnepBbie .n;Oim3aH cymecTneHHbIII mma.n: KaHaJia J" I{ = 3-0. 

4. YrrroBhle pacnpe,n;erremrn 1 -irnaHTon 110 oTH0IIIeHIIIO K ocn .n:erremrn n ,n;noi'I

H0M II TpOllHOM ,n;eJieHIIII 252C f HCCJie,n;onaHbl C IlblCOKOII T0tIH0CTbIO Il 3KCIIepn

MeHTe Ha ycTaH0BKe Crystal Ball. Pa3HHUa n aHII30Tpomm 1rc;K,n;y ,n;noi'1Hhlt1'11 

TpOHHbIM .n:erreuneM npeue6pe)KlIMO Marra, 'ITO IIp0TIID0petIIIT ,n;nyM npe,n;hl,n;y

IIUIM pa6oTaM. 

5. BnepBble lICCJie,IJ;0BaHa yrrronaa aHII30Tp0IIUH ,-1rnaHT0il TIO OTHOIIICHIIIO 

K HanpaBJieHUIO O-'IaCTIIUhl B TpOllHOM ,n;eJieHIIII. 0TCYTCTDIIe KUKOII-JIIl60 aHII-

30Tp0IIIIII B npe.n:errax CTaTUCTU'IeCKOII T0'IH0CTII CTaDIIT nepe.n: TcopeTIIKaMII 

noupoc 0 MexaHII3Me q)OpMIIponamrn CIIIIH0il 0CK0JIK0il. 

6. BnepBhle uccrre,n;onaHhl yrJionb1e 1mpperrau1m ,-1rnaHTon n Tpoi'rnoM .n:eJie

HHII, coupoBmK.n;aeMoM IIcnycKaHneM 3H, 6He, Li II Be. 

7. MccJie,n;onaHa 3MUCCIIH HCIITpOHOD 113 rrenmx 3apa;KeHHbIX tiaCTIIU D Tpoi'r

H0M .n:erremrn. Bnepnhle Ha6JIIO,IJ;aJIOCb ncnyc1muue Hei'ITpOHOil 113 HCCTa6ImbHOro 

ll30T0IIa 7 He, a TaKiKC npe.n:noJimKIITeJibH0 3MIICCIIH HCIITpOHOD II3 S Li D Il03-
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6y2K,IJ;eHHOM C0CT0HHUII. BrrepBbie 3KCITepnMeHTaJibH0 noJiy'IeHhl II IICCJie,IJ;0BaHhl 

noJIHhle yrJioBhle pacnpe,n;eJieHHH ueiiTpouoB U3 LCP. 

8. CIIcTeMaTnKa DbIXo,n;on II30Torron reJIIIH B TpoiiuoM ,n;eJieHIIII 252C f ,n;onoJI

HeHa BhlX0.D:aMII HecTa6HJibHhlX II30T0II0B 5 He II 7 He. CpaBHIITeJihHO BhlC0Kne 

0TH0CIITeJibHbie BbIX0,IJ;bI He'IeTHbIX II30T0II0B 061,acueHbI BJIUHHUeM CIIIIH0BbIX 

CTaTUCTII'IeCKIIX qiaKT0p0B o6pa3yIOIIUIXCH qacTUU. 

Aupo6an;IIH pa6oThl u rry6JinKan;IIII. 

Pe3yJibTaThl, npe,n;cTaBJieHHbie B pa6oTe, 6bIJIII ,IJ;0JI0)i(CHbI Ha Me2K,n;yHapo,n;

HbIX KouqiepeHUHHX n ceMnHapax: NDST 1997 B Tpn:ecTe (MTanna), ISINN 4-6 

B Ily6He, DANF-96, DANF-98 B CJionaKnII, "Fission and Properties of Neutron

Rich Nuclei" 1997, Sanibel Island, Florida, II Int. Workshop of Fission and Fis

sion Fragment Spectroscopy, <I>paHn;na. OcuoBHhle pe3yJibTaThl orry6JinKOBaHhl 

n 6 IIe'IaTHbIX pa6oTax, npnBe.n;eHHbIX B K0HUe aBTOpeqiepaTa. 

061.eM 11 cTpyKTypa ,n;nccepTannn. 

IlnccepTaUIIH C0CTOIIT II3 BBe,n;eHUH, ,n;eCHTII rJiaB lI 3aKJIIO'IeHirn. IlepBbie 

IIIeCTb rJiaB cocTaBJIHIOT qacTb I .n:nccepTaunn, uocJie,n;une 'IeTbipe - qacTb II. 

IlnccepTaUirn co,n;ep2KUT 111 CTpaHHU MaIIIHH0IIHCH0ro TeKcTa, BKJIIO'IaIOIIUIX B 

ce6a 15 Ta6m1u, 43 pncyHKa u CIIIIC0K mITepaTyphl lI3 104 uanMeHOBaHHH. 

2. KPATKOE CO.IIEP)KAHME .IIMCCEPTAUMM 

Bo Bne.n:emm oupe,n;eJieHa aKTYaJibH0CTb II 3Ha'IUM0CTb n3yqaeMbIX B P!3-60-

Te npo6JieM. Orrncaua CTPYKTypa ,n;nccepTan;nII, npe,n;cTaBJieHa nHqiopMaUHH 06 

anpo6au1rn pa6oThl, ocHoBHhle ny6mIKan;nn, cocTaBnBmne co,n;ep2KaHIIe ,n;nccep

Taunn ll IT0JIO)KeHHH, BbIH0CIIMhle Ha 3arn;IITY. 

B nepBOII rJiaBe ,n;aeTCH KpaTKIIII o63op 3KCIIepnMeHTaJibHbIX lI TeopeTII'Ie

CKIIX pa6oT, 1mca10mnxca yrJI0BbIX pacrrpe,n;eJieHHH 0CK0JIK0B ,n;eJieHHH B pe30-

HaHCHOII o6JiaCTII II mmcaHIIH HeiiTpOHHbIX ceqeunii c II0M0IUblO MHoroypoBHe

B0ro qiopMamI3Ma. 

B pa,n;e pa6oT 6bIJIO npo,n;eM0HCTpnpoBaHo, 'ITO B paMKax o6merrpIIHHTOro 

no,n;xo,n;a K onncaHIIIO ce'IeHnii HeD03Mo:arno noJiy'IIITb o,n;H03Ha'!Hhlll Ha60p pe-

30HaHCHhlX napaMeTpon ll3 0,IJ;HIIX T0JibK0 HHTerpaJibHbIX HeiiTpOHHbIX ceqeunii. 
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BKmoqeHirn B no.D:rOHKY .D:aHHbIX no yrJIOBOII aHII30TponIIII OCKOJIKOB .D:eJieHirn, 

Hecyrn:ux IIHq>OpMaD;IIIO O I( 3aBIICilMOCTII ceqeHml .D:eJieHmr, ,ll;aeT .D:OnOJIHIIT~JII,

HOe ypaBHeHIIe, B npIIHD;IIne n03BOJIHIOIUee II36e)KaTb HeO.D:H03HaqHOCTII B II3BJie

qeHIIII .D:eJIIITeJibHhlX aMnJIIITY.D:- Ta1rne .D:aHHhle 6bIJIII noJiyqeHbI IlaTTeH.D:eHOM 

II IIocTMOH B HaqaJie 70-x rO.D:OB, O.D:HaKO IIX npIIHU:IIIIIIaJibHbIM He.D:OCTaTKOM 

6bIJIO OTCYTCTBIIe ,ll;eTaJibHOro :rnepreTIIqec1mro XO.D:a K03q>q>IID;IleHTa A2 ( 6bl

JIII noJiyqeHbI TOJibKO 3HaqeHirn, ycpe.D:HeHHble no pe30HaHCaM II no nrnpOKIIM 

Me1Kpe3oHaHCHhlM IIHTepBaJiaM). M. MypoM II .D:p. 6bIJia npe.D:np1rnsrTa nonhlT

Ka BKJil()qllTI, 3Tll .D:aHHhle B aHaJIII3 .D:JISI Il3BJieqeHIISI IlHq>OpMan1rn O I( KaHa

Jiax, O.D:Haim 3TOT aHaJIII3 OKa3aJICSI He BnOJIHe 1mppeKTHhlM, TaK IrnK B HeM He 

yqIITbIBaJIIICl, 3q>q>eKThl IIHTepqiepeHD;IllI Me)K.D:Y pe30HaHCaMII C pa3JIIIqHhlMII 

3HaqeHIISIMil cnIIHOB, npIICYTCTBYIOIUIIe B .D:Ilq>q>epeHD;IIaJibHOH qacTII ceqeHirn 

.D:eJieHirn, II 6bIJIII y11TeHbl TOJibKO .D:Ba .D:eJIIITeJibHbIX KaHaJia, B TO npeMSI KaK II3 

TeopeTIIqeCKIIX OD;eHOK CJie.D:OBaJio, qTo .D:JISI crnrna J = 3 MoryT 6bITI, OTKpbIThl

MII TpII KaHaJia: J( = 0, l II 2. 3Tn coo6pa1Kemrn o6ocHODhlBaIOT noTpe6HOCTb 

B HOBhlX 3KCnepIIMeHTaJibHhlX .D:aHHbIX II B 6oJiee TIUaTeJibHOM aHamne. 

Bo BTOpoi'r rJiaBe KpaTKO cqiopMyJIIIponaHbI OCHODHhle noJimirnHirn TeopIIII 

Hen:TpOHHO-IIH.D:YU:IIpoBaHHoro .D:eJieHIIH, cqiopMyJIHpOBaHHbie A.JI. Eapa6aHo

BhlM II B.ll. <l>yp1rnHOM B Han6oJiee noJIHOM II KoppeKTHOM DII.D:e. AnTopaMn 

6hlJia noJiyqeHa o6o6rn:eHHasr qiopMyJia nJiaTTa-E1meHxapHa, KOTopasr npe.D:cTa

BJISieT co6on: o6mee Bhlpa1KeHIIe .D:JIH .D:IIq>q>epeHnuaJibHoro ce,reHirn .D:eJieHirn opn

eHTnpoBaHHhlX H.D:ep IIO.D: .D:encTBIIeM nomrp1nonaHHbIX HefITpoHon. llc110JI1,3ysr 

npe.D:CTaBJieHHe cnnpaJibHOCTII, aBTOpbI ycTaHOBIIJill DJaIIMOCDSJ:31, Me)K.D:Y IrnHa

JiaMII Eopa II S-MaTpIIqHhlM qiopMaJIII3MOM TeopIIII H.D:epHhlX peaKD;IIfr, noJiy

qIIB TaKIIM o6pa30M CTporo o60CHODaHHhllI MaTeMaTirqecrmfr q>~pMaJII13M .D:JISI 

onncamrn .D:eJieHIIH SI.D:ep no.D: .D:CllCTDIIeM MC.D:JieHHbIX HCIITpOHOD. Ba)KHhlM 3Jie

MCHTOM 3TOH Teopmr SIDJISieTCSI Ham1que IIHTepqiepeHUIIII Me)K.D:y ypoDHSI11II c 

pa3HbIMII 3HaqemrnMII CIIIIHOD B mrqiqiepeHUIIaJibHOM CC'ICHIIII .D:CJICHirn, 'ITO He 

yqIITbIDaJIOCI, n npe.D:hl.D:YIUIIX pa6oTax. 

B TpeTben: rJiaBe onIICbIDaeTCSI MeTO.D:IIKa npoDe.D:eHirn 3ICCnepIIMCHTa no 

onpe.D:eJieHIIIO 3HepreTI1qecKOll 3aDIICIIMOCTH K03q>q>IIUIIeHTa yrJionof1 aHII30Tpo

nIIII A2 Ha DhlCTpoeHHhlX H.D:pax 235U. 

lIJisr DhlCTpa1rnamrn H.D:ep ypaHa HCnOJib30DaJIIICI, KpIICTaJIJihl ypamm-
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py6umrnnoro HIITpaTa U02Rb(N03)a (YPH). Ilpu oxJia)K.D:eHirn KpIICTaJIJIOB 

.D:O cnepXHII3KIIX TeMnepaTyp ( ~ 0.1 K) crnrnhl H.D:ep ypaHa BhlCTpaIIBaIOTCH B 

IIJIOCKOCTII, nepneH.D:IIKYJIHpHon C-ocn MOHoKpncTaJIJia. KpIIcTaJIJihl Bb1paruu

nam1c1, II3 ecTeCTBCHHOfI C1IeCII ypaHa, IIOCJie qero OT HIIX OTpe3aJIIICl, nJia

CTIIHKil TOJIIUIIHOfI ~ 3 MM, Ha KOTOpbie HapaIUIIBaJICH TOHKIIH MOHOKpIICTaJI

m1qecKIIII cJion YPH c o6orameHHhlM 235 U, co.D:ep:,Karuun Ta101ce MaJiyIO .D:06aBey 

233 U. Ilo aHII30Tpornm a-qacTIIU II3 233U 011pe.D:eJisrJiac1, TeMnepaTypa o6pa3UOB 

II DbICTpOeHHOCTI, SI,ll;ep 235U. bhlJIO npIIrOTOBJICHO .D:Ba o6pa3Ua, npe.D:CTaBJISIIO

IUIIC co6ofr M03aIIKII o6rn:efI nJIOIUa.D:blO 24 II 20 CM2 II C TOJIIUIIHaMII pafioqIIX 

CJIOCD ~0.3 II 1.2 Mr/e112, COOTDCTCTDCHHO . .IIJrn OXJia)K.D:eHirn o6pa3UOB .D:O TeM

nepaTyp nopsrmrn 0.1 K ncnoJib30BaJicsr peqipmKepaTop pacTBopeHIIH 
3 He B 

4He, npIIHUIIII .D:eficTmrn rcoToporo onucaH. Ocrmmrn .D:eJieHirn II a-qacTIIUhl pe

rncTpnponaJIHCb IIICCTI,IO KI?CMHIICBhlMII .D:CTCKTOpaMII, pacnoJimKeHHhlMH no.D: 

yrJiaMII o0 ' 45° II 90° no OTHOIIICHIIIO K "cpe.D:Hefr" C-ocu Ka)K.D:Oro II3 o6pa3UOB. 

B nyqr,;:e TaIOKe Haxommcsr TOHirnfI HeopueHTIIpyeMhlH CJIOII 235 U C .lJ:CTCKTOpOM 

OCKOJIKOD II a-•IaCTIIU .D:JISI MOHIITOpnponamrn nyqKa. 

OnncaHa cncTeMa c6opa .D:aHHhlX, no3DOJIHIOIUaH npono.D:UTb on-line cop

TnponKy HairnnmrnaeMOII IIHq>Op1munn D CCMl, aMIIJIIITY.D:HhlX II ceMb BpeMH

npoJieTHhlX cneKTpon ( no qncrry .D:CTeKTOpon). B nporpaMMe HaKOIIJICHlrn 6bIJI 

npe.D:yCMOTpCH onepaTIIDHhlfI KOHTpOJib DXO.D:HOfl IIHq>OpMau1rn, 1103BOJISIIOIUIIH 

CJIC.D:IITb 3a CTa6IIJII,HOCTbIO pa6oTbI .D:CTCKTOpon u annapaTyphl. 

IIpnne.D:CHbl 3KcnepIIMCHTaJII,HI,IC ycrromrn Ha 30-MeTpODOII 6a3e 5-ro nyq1rn 

6yCTcpa llEP-30 + JIY3-40. 

B qeTnepTof1 rrrane npe.D:CTaBJieHa npoue.D:ypa nepnuqHofr o6pa6oTim 3Kcne

pnMeHTaJibHhlX .D:aHHbIX. 

B rrn:,K.lJ:OM umme II3Mepcmrn nponomrm1c1, npn .D:nyx TeMnepaTypax: npn 

HII3Kof1 (T1 ~ 0.1 K) n npn "nhlc0Kof1" (T2 ~ 1 nm1 4 K), 1mr.D:a DhlCTpo

eHHOCTb npcHc6pe:,1rnMO MaJia. B3HD OTHOIIICHIIe OTC'ICTOB N Ka)K,ll;Oro Il3 .D:C

TCKTOpon npn .D:DYX TCMHCpaTypax MmKHO IIOJiyqnTb nerrnq1rny aHII30Tpomm, 

II36m1rnn npn 3TOM DJIIIHHIISI TCJICCHOro yrJia II noJIHoro ceqeHIISI .D:CJICHIISI. Ecm1 

3TO OTHOIIICHIIC eme II pa3.D:CJIIITI, Ha OTHOIIICHHe OTcqeTOD MOHIITOpHoro .D:CTeK

Topa M' TO TaKIIM o6pa30M TaIOKe yqTeTCSI nmrnm1e B03MO)KHI,IX q>JIYKTyanun: 
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IIHTeHCIIDHOCTII HeiITpOHHOrO rryq1m: 

N(B, T1)/ M(T1) 
N(B,T

2
) M(T

2
) ~ l + 6.'2(T1,T2) · A2 · (P2(cosB)). (1) 

3.uecb 6.'2(T1, T2) - pa:mIIua D DhlCTpoeHHOCTHX x.uep MIIIIIeHII rrpn .llDYX TeM-
,;. 

rrepaTypax, A2 - IICKOMhlM K03qJqmuneHT yrJionou aHmoTpornm II (P2( cos B)) -

3HaTJeHIIe IIOJIIIHOMa Jle:lKaH.upa, ycpe.uHeHHOe IIO TeJieCHOMY yrJiy, IIO.ll KOTOphlM 

.llaHHhlll .ueTeKTop "DII.llIIT" 06pa3eu. Cpe.uHee 3HaTiem1e A2 rro TpeM .ueTeK

TopaM ,llJIH Ka)K,lloro II3 .unyx o6pa3UOD orrpe.ueJIHJIOCb MeTO.llOM HaIIMeHbIIIIIX 

Kna.upaTOD. lkKaJIOCb 3HaTieHire A2, Ha1myTIIIIIIM o6pa30M y.uonJieTnopxromee 

ypaDHeHIIIO (1) rrpn B = o0, 45° II 90° C yTieTOM CTaTIICTII'IeCKOII OIIIH6Irn Jie

DOll qacTII II cucTeMaTIITieCKOM rrorpeIIIHOCTII D onpe.ueJiemm (P2( cos B)). Cpe.u

HIIe 3Ha'IeHirn nomrnoMOD Jle)KaH.upa .llJIH I(a)K,lloro II3 .ueTeI(TOpOD Dhl'IIICJIHJIIICb 

MeTO.llOM MoHTe-KapJio. TeMnepaTypa o6pa3uon u, cooTDeTcTneHHo, DhlCTpo

eHHOCTb 6.'2(T1,T2) orrpe.ueJIHJiac1, no amnoTpornrn a-qacnru II3 233 U . 

ToTJHOCTb orrpe.ueJieHIIH a6COJIIOTHOM DeJIH'IIIHhl A2 orpaHII'IeHa CIICTeMaTII

qecKOII rrorpeIIIHOCTbIO KOHCTaHThl cnepxTOHKOII CDH3II P. O.uHaI(O OTHOCUTeJib

HhlII :mepreTII'IeCKHll XO.ll K03qlqJIIUIIeHTa A2 MmirnT 6hlTb IIOJIJ'IeH C ropa3,ll0 

6oJiee DhlCOKOII TO'IHOCTbIO, onpe,lleJIHeMOII D OCHODHOM CTaTIICTIIKOII. Ilo3TOMY 

OKa3aJIOCb y.uo6HhlM IIOJIO)KIITb 

A2(E) = a2(E) · (A2) , (2) 

r.ue a2(E) - HOpMIIpODaHHaH Ha 1 4JYHKUIIH, xapaKTepmyromax IICKOMJIO 3a

DIICIIMOCTb A2 OT 3Hepnrn HeiITpoHa, a (A2) - HOpMnpoDO'IHhlII MHm1<'.nTerr1,, 

npe,llCTaDITHIOIIIIIll co6o:i'r cpe.uHee 3Ha'Iemre A2 D IICCJie.uye:r-.mM IIHTCpDaJie 3Hep

rIIiI, D3DeIIICHHOe IIO CC'ICHIIIO .uerremrn II noToKy HCIITpOHOil. 3Ha•iemre (A2) 

onpe.uerrxrrocb II3 yp-H ( 1), D KOTOpOM OTC'ICTbl DCCX .llCTCKTOpo'n cyM:r-.mpona

ITHCb no rrorrHoMy OKHY npeMeHHoro Ko.unpoDIIIIIKa. Cpe.uHee 3HaTieHue (A2) rro 

DCeM UUKITaM paDHHeTCH -1. 71 ± 0.35. Omu6Im 3,llCCb Il OCHODHOM. orrpe.ueJIH

eTCH rrorpemHOCTbIO D orrpe.uerremm DhlCTpoeHHOCTII x.uep 235 U, CDH3aHHOII C 

HCTO'IHOCTI,IO 3Hamrn KOHCTaHThl CDCpXTOHI(OH CDH3II P. 3HepreTII'ICCKM 3aDn

CIIMOCTb a2(E) orrpe.ueJixrracb II3 MO.llliqJIIUIIPODaHHOro ypanHemrn: 

N(B,T1,E) 
N(B,T2,6.E;::fn"') ~ I(E). [l + 6.'2(T1,T2) · (A2) · a2(E) · (P2(cosB))] (3) 

8 

OTc'IeThl .ueTeKTOpOD npII "xoJIO.llHhlX" II3MepeHIIHX (T1) 6paJIHCb D MaJihlX npe

MeHHhlX IIHTepnaJiax, COOTDeTCTDJIOIIIIIX 3HepreTII'leCKIIM IIHTepDaJiaM 0_.05 3B, 

a npII "TeIIJihlX" (T2) - D IIIIIPOKOM 3HepreTII'IeCKOM IIHTepnaJie, COOTBeT· 

CTDyromeM IIOJIHOMJ OKHY npeMeHHOro KO,llIIpODIIIIIKa, II03TOMY D rrpanou <JaCTII 

ypanHeHIIH noHDJIHeTCH ,llOIIOJIHIITeJibHhlll MHO:lKIITeJib I ( E)' KOTOphlll C TO'IHO

CTI,IO .llO KOHCTaHThl eCTb npOII3De,lleHIIe ceqeHIIH ,lleJieHIIH Ha IIOTOK HeiITpOHOD 

C yqeTOM qiyHKUIIII pa3pemeHIIH. 3Ha'IeHIIH a2(E) onpe,lleJIHITIICb MeTO,llOM MII

HIIMII3auIIII x2-qiyHKUIIOHarra no TpeM .ll~TeKTOpaM ,lll1H Ka)I(.llOro II3 o6pa3UOD 

no napaMeTpaM a2(E) II I(E) c qJIIKCIIpODaHHhlMII (A2) .urrx Ka2K.uoro UIIKrra. B 

nocJie.uyromeM aHaJIH3e IICnOITb30Dal1HCb A2(E), norryTieHHhle D COOTDeTCTDIIII 

C orrpe.uerremreM (2) C noMOIUI,IO cpe.uHeD3DemeHHhlX no nceM UIIKITaM DeJIII'llIH 

a2(E) II cpe.uHero 3HaTieHIIH < A2 >= -1.71 6e3 yqeTa ero CIICTeMaTn<IecKoiI 

omn6Ku, He 3am1cxmeu oT 9Hepnm. IIorryTieHHhle .uaHHhle npe.ucTanrreHhl Ha 

pIIc. 1 D cpanHeHIIII c .uaHHhlMII IlaTTaH.lleHa II IlocTMhl: 

ft ::. \ ,,,,,1, , ~ I ~r,rt!;\ 1lA\, 
-A, 1\ f'ii,w/ ~~I\~/ /1\/ '/ I 

,,., .1 I H ~ ! I 
0 

0 I 2 3 4 5 6 7 X 9 JO 

Energy(eV) 

' 'w 
I t Ii ,~ ~f jl~~ \~1\h~ Pnc. I, 3KcrrepHMenTans-

-A,' !l~/11/1\, j/~ l ~ I \ \I~ f/11 m,e arunn.w A,(E). T""· 
~~; \ /t~, KII - HaCTOHIUaH pa6oTa, 

Kna.upaThl II TpeyroITbHII-

0 10 11 12 11 14 1s 16 11 ,s 19 20 KII - .uaHHhle IlaTTeH.neHa 
Energy(eV) 

II IlocTMhl. 

B 3TOH rrrane TaIOKe orrucaHa rrpoue.uypa orrpe.uerreHIIH II Dhl'IIITaHIIH qio

Ha BO npeMx-npoJICTHhlX cneKTpax. <l>opMa qJOHOBOH KpIIDOH 6hlrra onpe.uerreHa 

D OT.llCITbHOM U3MCpeHIIII C Ha6opoM II3 nHTII "qepHhlX" qJIIITbTpOD - Co, w, 
Ag, Rh u Cd. Bo npeMH pa6oTIHX II3MepeHIIH n nyqKe rrocTOHHHO Haxo.uIIm1c1, 
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I, 

.IlBa qJIIJibTpa, Co II Cd, IIMeIOllllle "'Iepm,re" pe3oHaHChl Ha npoTIIBonoJimKHhlX 

KpaJix pa6o'!ero .unana3oHa :meprni'r. Ilo .IlBYM pe3oHaHCHhlM npoBaJiaM onpe

.uemmacb II Bhl'IIITaJiaCb lI3 cneKTpa qJOHOBaJI KpIIBaJI B Ka.2K.IlOM II3MepeHmr. 

KpoMe Toro, Ka.IlMJieBhlii qJIIJibTp o6ecne'lnBaJI 3allllITY OT pe:a:mmII'IHhlX Heii

TpOHOB 113 peaKTOpa. 

B IllITOII rJiaBe onucaHa npo:a:e.uypa II3BJie'!eHirn pe3OHaHCHhlX napaMeTpon 

II3 3KcnepnMeHTaJibHhlX .IlaHHhlX. IlaeTCH KpaTiwe onncaHue nporpaMMhl SAM

MY, no3BOJIHIOIIleii npoBO.IllITb COBMeCTHhllI aHamn pa3JIII'IHhlX TIIIIOil Ce'lemr:ii 

Ha ocHone Peiix-Myponc1wro MHoroyponHenoro MHormmHaJibHOro no.uxo.ua. B 

Ka'!ecTne MeTo.ua HaxmK.uemrn Ha6opa napa,MeTpon, Hanrry'IIIIIIM o6pa30M 0mr

ChlBaIOIIIIIX 3KCnepnMeHTaJibHhle ,llaHHhle, IICIIOJib3OilaJICH Bai'reconc1n1fr MCTO.Il, 

n03BOJIHIOIIIIIi"I npOBO.IlIITb IIOCJie,llOBaTeJibHYIO IIO,llrOHKY HeCKOJibKIIX Ha6opon 

.uaHHhlX O.IlHIIM II TeM 2Ke Ha6opoM napaMeTpon, IIepe.uanaJI KonapIIa:a:uoHHJIO 

MaTpn:a:y 113 Ka2K.IlOi"I npe.Ilhl.IlJIIleI1 IITepa:a:mr n nocrre.uyromyro. 

IIporpaMMa IIO3IlOJIHeT J'IHTb!BaTb .IlOIIJieponc1me ymIIpemie pe3OHaHCOil II 

qiyHKIIIIIO pa3pememrn npeMH-nporreTHoro cIIeKTpm,IeTpa. CTaH.uapTHaH nepc1rn 

SAMMY no3BOJIHJia J'IIIThlBaTb TOJibKO .una .uemITeJibHhlX KaHaJia .IlJIH Ka.iK.Iloro 

CIIIIHa. KpoMe Toro, B Heir OTCJTCTnonarra IlO3MO)KHOCTb onIIcamrn .zurqiqiepeH

:a:naJibHOro ce'!emrn .uerremrn, T.e. A2(E). AnTopoM HacToHmefr pa6oTbI 6hlmr 

BHeceHhl COOTilCTCTilYIOIIlIIe II3MeHCHIIH II .IlOIIOJIHCHIUI Il IIporpaMMY, IIO3IlOJIH

IOllllle BKJIIO'laTb B IIO,llrom,y .IlO Tpex KaHaJIOil .IlJIH l\'.a.iK,lloro CIII!Ha, a TclK.iKC 

6hlJI 3arro.iKeH qiopMamnu omrcamrn A2(E). 

KpoMe ,llaHHhlX no 3HepreTII'leCJ(Oll 3aBIICill\10CTII K03!pqJIIIIIICHTa yrrronofI 

aHil3OTponIIII A2(E), norry'leHHhlX n HaCTOHmei"I pa6oTe, nmr aHamna 6b!JIII 

OT06paHhl ,llaHHhle no noJIHOMY II cmrnono-pa3,lleJieHHhlM CC'IC~IIHJ\I nerremrn II 

no IIOJIHOJ\IY HeI1TpOHHmiy CC'leHIIIO, II3MepeHHhlC C npIICl\IJICl\10i"I TO'IHOCTbIO 

II 3HepreTUtieCKIIl\I pa3pemeHIIel\l Il HII3K03HepreTIItICCKOII o6JiaCTII. IlaHHbIC 

6pamICb 113 6pyKxe11neHCimro HaIIIIOHaJibHOro IICHTpa no HnepHbil\I naHHhll\I 

(NNDC). 

B mecTofr rrrane npIIBO.IlHTCH II o6cy.iK,llaIOTCH IlOJiytICHHbIC pe3yJibTaThl. 

IIpe.ucTanrreHbl IlO,llrOHO'IHbie KpIIIlbIC, OIIUCbmaromuc nee amtJIII3IIpycMhle CC'IC

HIIH II 3HepreTUtrecrmi'r xon A2. IIpnneneHa Ta6rrn:a:a IIOJI)"ICHHbIX pe3OHaHCHbIX 

napaMeTpon no 3Hepnm 20 3B n cpanHemm c IIapal\ICTpal\m II3 .upyrnx pa-
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60T' norry'leHHhlMJI C y'leTOM TOJibKO .IlBYX KaHaJIOB nerreHHH. IloJIHhle IIIIIplIHhl 

.IlJIH 60JibilllIHCTBa pe3OHaHCOil OKa3hlilaIOTCH 6JIII3KJIMII, Tor.ua KaK napIIII?,Jib

Hhle aMIIJIIITJ.Ilhl ,lleJieHIIH OTJIH'laIOTCH .IlOCTaTO'IHO ClIJibHO BBII.IlY pa3JIII'IHOro 

xapaKTepa aHaJIIl3npyeMhlX ,llaHHhlX II pa3Horo 'IHCJia Y'IIIThlBaeMhlX KaHaJIOB 

.uerreHnH. 

II p1rne,lleHhl pa3JIO)KeHIIH noJIHoro, CIIJIHOBO" pa3,lleJieHHhlX ce'!eHIIll ,lleJICHJIH 

u A2(E) Ha K-KoMnoHeHThl, a TaK2Ke. IIoKa3aH BKrran B A2(E) Toii ero '!a

cTn, KOTopaH COOTileTCTnyeT IIHTepqiepeHIIIIH pe3OHaHCOil C pa3HhlMlI cnJIHaMII. 

Brmanhl Il ce'!eHIIH OT,lleJibHhlX J(-KoMnOHeHT CJIJibHO MeHHIOTCH OT pe3OHaH

ca K pe3oHaHcy II HMeIOT necbMa pa3JIJI'laIOIIlYIOCH 3HepreTH'leCKYIO 3aBJICH

MOCTb ,llJIH pa3HhlX I(, npn 3TOM mman 3-0 KOMIIOHeHThl necbMa cymecTBeH

HhlII. 3HepreTII'ICCKaJI 3amICJIMOCTb K03!pqJHIIIICHTa aHJI3OTpomrn 3aMeTHO OT

JIIItraeTCH OT COOTilCTCTnyromeii 3amrcIIMOCTJI ce'!eHirn .uerreHJIH II MO)KeT JIMeTb 

3HepreTH'lec1mfr xo.u .ua.2Ke BHYTPII "1norrnponaHHoro" pe3oHaHca, 'ITO o6ycrro

nrreHo CIIJibHOfI Me.iKpe30HaHCHOfI IIHTepqiepeH:a;Hei'r. 3To 3acTaBJIHeT C,lleJiaTb 

IlhlilO.Il, tJTO Hpn6mrn,emre II30JIIIponaHHhlX yponHeii, ncnoJib3OilaHHOe IlaTTeH

,lleHOM II IIocTMOII, HilJIHeTCH He BIIOJIHe KoppeKTHhlM JI ero HenpaBOMepHo lIC

IIOJib3OilaTb ,llJIH KOJIIItreCTneHHOro aHaJIIl3a . 

Ta6mr:a:a 1: CTenemr OTKphlTIIH K -ImHarron 

II Tun CC'ICHIIH I I{ = 0 I J( = 1 I J( = 2 I 
3 

,:,JO 0.32 0.33 0.35 
4 - 0.56 0.44 ,:,JO 

IJJO 0.14 0.46 0.40 

lh IIMCIOl!lerocH Ha6opa pe3OHaHCHbIX napaMeTpon IIOJiy'leHhl rpy6hle o1J;eH

KII CTCIIeHII OTKphlTIIH pa3JIIItIHhlX KaHaJIOil ,lleJieHirn, acco:a:nuponaHHhlX C naH

HhlM KnaHTOilhll\I tIIICJIOM I{' onpenerreHHhle KaK 

~ Lrj,1< 
N>. >. q' (4) 

rne cyMMIIponamre ne.ueTCH no nceM nOJIO)KIITCJibHhlM pe3OHaHCaM, N>. - 'IU

CJIO pe3OHaHCOil. Pe3JJibTaThl ,llJIH IIOJIHOro II cn1rnoBo-pa3,lleJieHHOro ce'!eHnii 
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npe,n:cTaBJieHI,I B Ta6n. 1. OTc10.ua MO)KHO c,n:eJiaTb Ka'IeCTBeHHbIH Bblno.u, 'ITO 

nee HlI3KOJie.ll(am;IIe He3anpemeHHble KaHaJibl n .ueneHirn OTKpbITbl. Ka)KYIIlruICH 

no.uaBJieHHOCTb KaHaJia I( = 0 B noJIHOM Ce'IeHnII o6ycJIOBJieHa 3anpeTOM no 

'IeTHOCTII COCTOHHIIH J" J( = 4-0. linH KOJIII'IeCTBeHHbIX YTBep)K,l(eHIIH:-0 CTe

neHn OTKpbITIIH 3TIIX KaHaJIOB Heo6xo.unM aHaJIH3 ,n:aHHbIX n 6onee nmpoKOM 

3HepreTn'IeCKOM lIHTepBaJie. 

Ha OCHOBe nonyqeHHoro Ha6opa pe3oHaHCHbIX napaMeTpOB nocTpoeHbl
0

lIH

TerpanbHble pacnpe,n:eneHIIH .uennTeJibHbIX mupIIH. Ilnx ncex I<aHanon pacnpe

.ueneHIIH napunaJibHbIX mnpIIH xopomo cornacyIOTCH C IIopTep-ToMaCOBCKIIMII 

pacnpe,n:eJieHirnMII C O,l(HOH CTeneHbIO CB060.Ubl. Pacnpe.uenemrn noJIHbIX mnpHH 

6JIH3KII K KpIInblM X2 C V = 2 II 3. 

Mccne.n:oBaHo BmrnHne Heonpe.ueneHHOCTII B a6coJIIOTHOM 3Ha•remm A2 Ha 

nony<IeHHble pe3yJibTaTbl. Ilnx noro 3KcnepIIMeHTaJibHbie ,n:aHHble A2(E) .uo

MHO)KaJIIICb Ha K03<p<pUUIIeHTbl C=0.85 II 1.15, nocne qero nponommacb CTaH

.uapTHruI npoue.uypa no,n:roHKII c BKJIIO'IemreM ncex .upyrnx ce'IeHni'r. HaII6onee 

'IYBCTBIITeJibHOH K TaKIIM II3MeHeHIIHM HOpMIIpoBim OKa3aJiaCb J( = 0 IWM

noHeHTa. TeM He MeHee cpe.n:Hne mrna,n:bl K-KaHaJIOB Ha yqacTKe O - 20 3B 

MeHHIOTCH He3Ha'IIITeJibHO, npnqeM BKJia,n: KaHaJia J( = 0 OCTaeTCH cymecTneH

HbIM. 

B ce.UbMOH rnaBe onncaHbl ocHOBHbie oco6eHHOCTII npouecca Tpoi'moro .ue

nemrn, npe,n:cTaBJIHIO!Ilero co6ofl: pacna.u x.upa Ha .una TH:iKeJibIX ocKoJIKa c I~c

nycKaHIIeM nerrmfl: 3apx;KeHHOH qacTIIUbl (LCP - Light Charged Particle). Bc

poHTHOCTb Ta1mro npouecca no cpanHeHIIIO c o6bl'IHbIM .unofmbIM .ueneHIIeM 

3 + 6 X 10-3 .UJIH pa3HbIX aKTIIHII.UOB. Ormno 90% ncex nerrrnx 3apH)KeHHbIX 

'IaCTIIU B TpOIIHOM .ueneHIIII COCTaBJIHIOT O'.-'IaCTIIUbl. O.n;HOII ff~. OCHOnHbIX oco-

6eHHOCTeii: Tpofmoro .uenemrn HnJIHeTCH TOT cpaKT' 'ITO Tpofmrui 'IaCTIIUa 06pa-

3yeTCH B paii:oHe mei'mn B MOMeHT pa3pblna II nbmeTaeT no.u yrnoM, 6mnKIIM 

K 90° no OTHomeHIIIO K ocn .ucnemrn, 'ITO o6ycnonneHo cpm.:ycnponKmr no.u ,n:eii

CTBIIeM o6mero KYJIOHoncKoro noJIH .unyx OCKOJIKOn. 

B BOCbMOII rnane OIIIICbIBaeTCH MHoroITapaMeTpII'IeCKIIII 3KCITCpIIMeHT ITO 

H3y'IeHIIIO CITOHTaHHoro .uenemrn 252C'/, nbIIIOJIHeHHbIII n repMaHIUI Ha ycTafIOn

Ke Crystal Ball. Enaro.uapx IICITOJib3onam110 yHIIKaJibHbIX .ueTeKTOpHbIX cncTeM, 

B O.UHOM 3KcnepIIMCHTC Y.UaJIOCb C xopomen: TO'IHOCTbIO II nbICOI(OII CTaTIICTIIKOII 

12 

Il3MepIITb B COBIIa.UCHIIII npaKTII'IeCKII BCC xapaKTCpIICTIIKII npo.uyKTOB .uene

HHH: MaCCbI, 3HeprIIu lI HaITpaBJICHIIH BbIJICTa .UBYX OCKOJIKOB .UCJICHIIH; 3apH,u, 

Macey, 3HeprIIIO II HarrpaBJICHlIC BbIJICTa nerKoii: 3apH)KCHHoii: 'IaCTIIUbI; MHO

.ll(CCTBCHHOCTb, 3Heprmo lI yrJIOBble pacITpe,n:eJieHHH MrHOBCHHbIX -y-KBaHTOB; 

MHO)KCCTBCHHOCTb II yrJIOBbIC pacnpe.ueneHHH HCii:TpOHOB .UCJICHIIH. 

Ilpune.ueHbl ocHOBHble xapaKTepIICTIIKH CITCKTpoMeTpa Crystal Ball (CB), 

ITpe,n:cTaBJIHIO!Ilero co6oii: 47!" ycTaHOBKY, cocTOHIIlYIO II3 162 KpIICTaJIJIOB Na! 

C 06mef1 3<p<peKTIIBHOCTbIO > 95% .UJIH 1'-KBaHTOB II OKOJIO 60% .UJIH Heii:Tpo

HOB. linH perIICTpaUIIII OCKOJII(OB .UCJICHIIH IICIIOJib30BaJiaCb .UBOHHruI IIOHII3RUII

OHHruI KaMepa, ycTaHonJICHHruI BHYTPII CB CITCKTpOMCTpa. 11cTO'IHlIK 252C f C 

IIHTCHCHBHOCTbIO 4 X 103 
.UCJICHHii:/ceK. 6bIJI ycTaHOBJICH B UCHTpe KaTo,n:a_ IIO

HII3aUIIOHHOII KaMCpbI. KaTO.U 6bIJI pa3,n:eJieH Ha 'ICTblpe CCKTOpa, CIIrHaJibl C 

KOTOpbIX CHIIMaJIIICb HC3aBHCIIMbIM o6pa3oM, 'ITO no3BOJIHJIO _onpe.ueJIHTb KaK 

ITOJIHpHbIII, TaK II a3nMyTaJibHbIII yroJI BbIJICTa OCKOJIKOB. O.n:Ha II3 ITOJIOBIIHOK 

IIOHII3aUIIOHHOII KaMepbI 6bIJia OKpy)KCHa KOJibUOM II3 12 b.E - E TCJICCKOIIOB, 

ITpe.n;Ha3Ha'IeHHbIX .UJIH penICTpaunn JICrKIIX 3apH)KCHHbIX qaCTIIU. Y ron, BbIJie

Ta 'IaCTIIUbI OITpe,n:eJIHJICH ITO IIOJIO)KCHIIIO TCJICCKOITa. 

OITIICaHbl OCHOnHbie oco6eHHOCTII ITpoue.uypbI nepBII'IHOH o6pa60TKII 3Kcne

PIIMCHTaJibHbIX .uaHHbIX, BKJIIOqa10me11: n ce6x KaJIII6ponKy. Crystal Ball cneK

TpoMeTpa, pa3,l(CJICHIIe HCMTPOHOB II -y-KBaHTOB no npeMCHII nponeTa, onpe.ue

JICHIIC 3Heprni'I, Mace II yrnon BbIJICTa OCKOJIKOB .uenemrn B .UBOllHOH IIOHII3aUII

OHHOII Ka:Mepe, H.UCHTII<pIII<aUIIIO nerrmx 3apH)KCHHbIX qacT~U-

B .uenxT011 rnane ITpe,n:cTanneHbl pe3yJibTaTbl no yrnonon: aHII30Tpomm -y

KBaHTon B .UBOIIHOM II TpOHHOM ,l(CJICHIIII. 

Ilnx II3Y'ICHIIH yrJIOBbIX Koppenxum1: nee ,.Ua:HHbIC 6bIJIII OTCOpTIIponaHbl B 

TaK Ha3bIDaeMyIO ".u1maMII'ICCKy10" CIICTeMy KOOp.UIIHaT, npIIBH3aHHYIO K 3a

PH)KeHHbIM ITpo.uyKTaM .UCJieHIIH ( CM. puc. 2). O,Cb z 6bIJia nbI6paHa B.UOJib Ha

ITpaBJICHIIH . .UDIDKCHHH nerrmro OCKOJIKa, OCb X JIC)I<aJ,Ia B HJIOCK0CTII, o6pa30-

naHHOH .unyMH ocKOJIKaMu n LCP opToroHaJibH0 K ocn z, II ee nono.llmTeJibHoe 

HaITpanneHne nbl6npanocb 6mI3KIIM K HaITpanneHIIIO LCP, II _ocb y cTpmmacb 

ITepITeHmmynxpHo nnocKocTu zx, 06pa3yx ITpany10 cucTeMy KoopmmaT xyz. 

HaITpaBJICHIIe nbIJICTa -y-KnaHT0n II HCIITpOHon 3a,n:anaJIOCb C ITOM0IIlbIO .unyx 

yrnon: 0z II </>zy· 
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Puc. 2: CncTeMa Koop.rumaT ,n:Jrn 

aHamna yrrronhIX pacrrpe.n:erre

HIIH ')'-IrnaHTOD II Hei'ITpOHOil. 

IIm1 TIUaTeJihHoro aHamIJa yrrronhlx pacnpe.n:erremnr ')'-IrnaHTon. 6h1m1 

ycTpaHeHhI B03M02KHhle rrpIIMeCII HeIITpOHOil B crrernpe ')'-IIJJIY'IeHirn rryTeM 

ycTaHOBKII 6orree yJKoro mrna no npeMSI-rrporreTHOM crrernpe, nne,n:eHa rrorrpan

Ka Ha OTCYTCTBYIOIUIIe KpIICTaJIJihI (5 II3 162), a TaIGirn Y'ITCHO DJIIUIHIIC yrJIO

BOro pa3pemeHIISI CB crreKTpOMeTpa, orrpe,n:eJieHHOro C IIOMOlllhIO rrporpaMMhI 

GEANT. 
Yrrronoe pacrrpe.n:erreHIIe ')'-KBaHTOD c MYJihTHIIOJihHOCThIO ::; 2 n CIICTeMC 

neHTpa Mace OIIIIChIDaeTCSI Ha6opoM "ICTHhIX HOJIIIH01IOD Jie;rrnH.n:pa .n:o "ICTDCp

TOH cTerrem1: 

W(0) = l +A2 P2(cos0) +A1 P1(cos0) (5) 

3KcnepII1feHTaJihHhIC yrJIODhie pacupe.n:erremrn ')'-IrnaHTOD D .n:nofIHOM .D:CJICHIIII 

II .D:JISI pa3JIII'IHhIX MO.D: Tpoii:Horo .n:erremrn IIOKaJaHhI Ha puc. 3, CJICDa. IlrrSI rrer

KIIX 'IaCTIIII pa3HIIIIa B aHII30Tpomrn ')'-ImaHTOD Me;K,n:y .D:DOIIHhIM II TpOIIHhIM 

,n:eJICHIICM rrpaKTIFieCim OTCYTCTnyeT, 'ITO rrponrnope"IIIT pcJyJihTaTaM .n:nyx 

rrpe.D:hl.D:YIUIIX pa6oT. B .n:erremrn, corrponmK,n:aeMOM ucrrycrrnHncM Li u Be Ha-

6rr10.n:arroch HCKOTopoe OTKJIOHCHIIC OT Kpunofr, COOTDCTCTDYIOlllCII .D:DOIIHOMY 

,n:eJICHHIO, 'ITO MmKeT 6h!Th o6'hSICHCHO ycrmeHIICM 'ICTHO-HC'IeTHhIX ::icpcp<'KTOD 

D OCKOJIKax. Crrpana Ha TOM ;r-;:e pIICYHKC rrpe.n:cTaDJICHhI rrpoCKIIUII yrJIODhIX pac

rrpe.n:erreHIIII ')'-ImaHTOD Ha IIJIOCKOCTh, rreprreH.rum:yrrnpHyIO K OCII .D:CJICHIUI, HO D 

KOTOpoii: rre;KHT BeKTOp IIMIIYJihCa Tpofmoi'r "IaCTIIIIhI ( HarrpanJICHIIC o603Hct'ICHO 

CTpeJIKofr). Bo Bcex crry'IaSIX n rrpe.n:errax CTaTIICTil'ICCKIIX omn6m, OTCYTCTDYCT 
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Pnc. 3: C11,eaa: Yrrronhre pacnpe.n:erremrn ')'-KBaHTOB_ (E.r = 0'.1- 1.5 M::iB) B cu

cTeMe IICHTpa Mace .D:JISI pa3JIII'IHhIX MO.D: Tpoii:Horo .n:erremrn. CrrJIOIIIHhle KpIIBhIC 

COOTBCTCTDYIOT rro,n:roHirnMIIO cpopMyJie (5). IlyHKTIIpHaSI JUIHIISI COOTBCTCTBY

eT yrrronoMy pacrrpe.n:erremrro B .n:nofmoM .n:erremrn. Cnpaaa: IIpoeKIIIIH yrJIOBhIX 

pacrrpe.n:erreimii: Ha IIJIOCKOCTh xy, neprreH.D:IIKYJJ;SIPHYIO OCII ,n:eJieHIISI. illrrnrra no 

ocu Y cooTneTcTnyeT HmKHeMy rpacpm,y; ocTaJihHhle nocrre.n:onaTeJihHO CMeme

HhI Ha 0.2 e.ruIHIIIIhI, 
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KaKrur-m160 Koppemnurn HarrpaBJieHIIH BI,IJieTa ,-KBaHTOB C HarrpaBJieHUeM L(BII

)KeHII.11 TpOHHOH qacTllllhl. TaK KaK yrJIOBruI aHU30Tpomrn ,-1rnaHTOB .IIBJI.lleTC.11 

crre.n;CTBIIeM BhlCTpoeHHOCTll CIIIIHOB OCKOJIKOB, TO .n;aHHhlH pe3yJioTaT, B CBOIO 

oqepe.n:1,, IlCKJIIOqaeT KoppeJI.IIIlllIO MexaHII3Ma BhlCTpaIIBaHII.11 CIIIIHOB C Mexa

Hll3MOM ucrrycKaHII.11 rrerKIIX 3apmKeHHhlX qacTIIIl B TpOHHOM .n;erreHIIII. Han60-

J1ee rrpocToe 061,.11cHeHIIe rroJ1yqeHHOMY pe3yJ10TaTy MmKeT 6hlTb .n;aHo B paMKax 

MO.n;emI cpopMIIpOBaHirn CIIIIHOB 3a cqeT KYJIOHOBCIWro B036y)I(L(eHII.II . .IIJ1.11 60J1ee 

IlOJIHOro IIOHIIMaHII.11 MexaHII3Ma Heo6xomIMhl ycumrn TeopeTIIKOB. 

B .n:ec.11ToiI rJ1aBe 11ccJ1e.n;yeTc.11 11crrycKaH11e HeiITpoHOB 113 rrenrnx 3ap.11)KeH

HhlX qacTHil. B .n;eJ1emrn, corrpoBO)I(L(aeMOM ncrryc1rnm1eM 4 He, 6 He 11 Li Ha-

6J110.n;anoc1, yc11J1eH11e HefITpOHHOH llHTeHCIIBHOCTll no HanpaBJleHIIIO L(Bll)I(~HII.11 

qaCTIIIlhl, B TO BpeM.11 KaK npu 3MIICCIIII 3 H II Be Ta1mro yc1memrn He Ha6JIIOL(a

eTC.II. IIpe.n;noJ1araeTC.II, qTo L(OilOJIHIITeJlbHhle HeHTpOHhl .IIBJI.IIIOTC.11 CJle.[(CTBH

eM o6pa3oBaHII.II II nocJ1e.n;y10mero pacna.n:a B Teqemre oqeHb 1mpoTimro npe

MeHH, cpaBHllMOro co BpeMeHeM yc1mpeHII.II D KYJIOHOBCKOM norre, HefITpOHHO

HeCTa6HJlbHhlX H30TOilOB 5 He II 7 He, a TaK)Ke 8 Li DO DTOpOM B036y)KL(eHHOM 

COCTO.IIHIIII: 

5He(3/2-)-t 4He+n r=l.lxl0-21 s Q=0.85MeV 

7He(3/2-)-t 6He+n r=4.lx10-21 s Q=0.44MeV 

8 Li*(3+) -t 7 Li+ n T = 2 x 10-20s Q = 0.25 MeV 

.IIJ1.11 aHaJIII3a 3TllX npoueccoB 6hlJlll nocTpoeHhl npoeKUIIII yrJIODhlX pacnpe

.n;eJleHHH HeHTpOHOB Ha IlJIOCKOCTb xy, nepneHmu,ymrpHyIO K OCII .n;eJleHII.11 ( CM. 

p11c. 2). B 3TOH IlJIOCKOCTII HeiITpOHhl 113 OCKOJIKOD pacnpe.n;eJleHbl noqTJJ 1130-

TpOnHo (HMeeTC.11 CJla6oe OTKJIOHeHire OT ll30TponHOCTII II3-3a HeimmmeapHOCTII 

BhlJleTa OCKOJIKOB, 06ycJ10BJ1eHHOH MOMeHTOM OT.n;aqu TpOHHOII qacTIIIlhl). Toq

Hhle cpopMhl yrJIOBhlX pacnpe.n;eJleHIIII HefITpOHOD H3 OCKOJIKOD 6hlJIII onpe.n;eJleHbl 

MeTOL(OM MoHTe-KapJIO Ha OCHOBe II3DeCTHhlX .n;aHHhlX no 3HeprII.IIM HefITpOHOD 

B CIICTeMe neHTpa Mace OCKOJIKOD. <l>opMhl yrJIODhlX pacnpe.n;eJICHHII HCIITpo

HOB, BhlJleTaIOIIllIX II3 TpOIIHhlX qacTIIIl, 6hlJIII creHepuponaHhl TaIGKC MeTOL(OM 

MoHTe-KapJIO II3 TpaeKTOpHhlX pacqeTOD C yqeTOM BpeMeHII )Kil3HII II Q pe

aKUIIII pacrra.n;a HeCTa6IIJibHhlX qacTIIIl, a TaIOKe c yqeTOM cpyHKilIIII yrrronoro 

pa3pemeHn.11 CB cneKTpoMeTpa. 3KcnepIIMeHTaJlbHhle yrrron1,1e pacnpe.n;eJ1emrn 
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q>IITIIpODaJIIICb .D:DYM.11 noJ1yqeHHhlMII KpIIBhlMll, .[(JI.II KOTOphlX cpopMa q>IJ;KCIIpO

Banacb, a B KaqecTBe no.n:roHoqHoro napaMeTpa 6paJ1c.11 TOJibKO HOpMIIpoBoq

HhlH MHO)I(IITeJlb. Ilo KOJlnqecTBY II36hlTOqHI,JX HeHTpOHOB, COOTBeTCTBYIOIIlHX 

rrrroma.n;II no.n: KpHBOH HeiITpOHOB II3 TpoiIHoiI qacTHilhl, 6hlJIII orrpe.n;erreHhl. oT

HocnTeJlbHhle BhlXOL(hl 3TIIX HeCTa6IIJlbHhlX ll30TOnOB B TpOHHOM .n;eJleHHII: 

Y(
5
He) = 0.23(5) 

Y(4He) 
Y(

7
He) =0.21(5) 

Y(6He) 
Y(

8
Li*) =0.06(4) 

Y(Li) 

MeTOL(OM IIOCTpoeHII.11 pa3HOCTHhlX cneKTpOB COBna.n;eHII.11 C HeHTpoHaMII, Jie

T.lllllllMII no HanpanrreHIIIO LCP II npoTirn, 6hlJIH onpe.n;eJleHhl HeKoTophle xa

paKTepIICTIIKII TpOI'i:Horo .n;erremrn, COIIpOBO)KL(aIOmeroc.11 ncnycKaHIIeM 3K30TII

qec1mx 1mpoTKmKIIBYilllIX .11.n;ep: 3HepreT11qec1rne, yrrronhle pacnpe.n:erremrn LCP, 

npeM.11-npoJ1eTHhlC cneKTphl HeHTpOHOD . 

.IloDOJlbHO BhlCOKHe BhlXOL(hl HeqeTHhlX II30TOnOB reJIII.11 B TpOHHOM .n;eJleHHII 

npoTirnope•IaT npe.n;cKa3aHII.IIM Teopmr (HanpnMep, B Mo.n;eJIII XaJ11,nepHa Bhlxo.n: 

5 He norryqaeTc.11 Ha yponHe 5% OT Dhlxo.n;a 4 He). TaKoiI pe3yJ11,TaT 061,.11cH.11eTc.11 

Heo6xo.n;HMOCTbIO yqeTa CTaTIICTHqec1mro cpaKTopa (2J + 1), r.n:e I - cnnH 

.n;aHHOro COCTOHHIHI. 

B 3aKJIIO•IeHirn II30)J(eHI,I OCHODHhle pe3yJioTaThl pa60Thl: 

- Bnepnhle norryqeHa .n;eTaJibHaH 3HepreTIIqecKrur 3aBIICIIMOCTb K03q>q>IIUIIeHTa 

amnoTpomm ocKOJIKOD A2(E) n .n:erremm DhlCTpoeHHhlX .11.n;ep 235 U pe3oHaHc

HbIMII HefITpOHaMII D .n:nana30He 3Heprnf1 0.4 - 20 ::,B. IlpIIMeHeHHruI MeTO.D:IIKa 

o6pa60TKII 3KCnepII11eHTaJlbHhlX .n;aHHhlX n03BOJIIIJla L(ODeC.TII CTaTIICTnqecKyIO 

ToqHoCTb onpe.n;erremrn OTHocnTeJibHoro 3HepreTuqec1mro xo.n;a Ko3cpcpnnneHTa 

DhlCTpOCHHOCTII .n:o < 3% D CIIJII,HI,IX pe3oHaHcax II ~ 15% D Me)I(pe30HaHC

HbIX IIHTepDaJlaX npn 3HepreTuqecKOM mare 0.05 ::,B. A6cOJIIOTHruI OIIIII6Ka B 

A2 orrpe~eJIHeTCH B OCHODHOM HeTO•IHOCTbIO 3HaHirn KOHCTaHThl cnepxT.OHKoro 

pacmenJ1eHu11 .n;J1.11 11.n:ep 235U n KpncTarrrre YPH II paDHHeTc.11 20%. 

- Ha ocHonamm aHamna .n;aHHhlX rro noJIHOMY HeiITpOHHoMy, noJIHOMY n 

CIIIIHODo-pa3.n;eJ1CHHhlM ceqemrnM .n:erremrn II 3aBIICIIMOCTII K03q>q>IIUIIeHTa yrJ10-

BOH aHII30Tpon1111 OCKOJIKOB A2 OT 3Heprnn C IICIIOJib30BaHIIeM MHoroypoBHe

noro onncamrn ce•1eHnfr onpe.n;erreHhl napaMeTphl s-noJIHOBhlx pe3oHaHCOB 235U. 

BnepBhle noJ1y-IeH Ha6op pe30HaHCHhlX napaMeTpOB B Tpex-IrnHaJibHOM npII6JIII

)KeHIIH. BnepDhle D aHaJIIl3e 6hlJI yqTeH 3cpcpeKT IIHTepcpepeHilllII pe3oHaHCOB C 
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pa3JIIIqHh1MII CIIIIHaMII B .llII<pcpepeHUilaJihHOM ceqeHHII ,lleJiemrn. 

- MccJie,llOBaHhl CTaTIICTnqecKne xapaKTepnCTIIKII IlOJiyqeHHhIX pe30HaHCHhIX 

napaMeTpoB c orOBopKoii: Ha orpaHnqeHHOCTh nx Ha6opa. IloJiyqeHhl rpy6hle 

oueHKII OTHOCIITeJibHhIX BKJia,llOB 6opoBCKIIX KaHaJIOB B ,lleJieHIIII. BnepBhle ,llO- · 

Ka3aH cymecTBeHHhIH BKJia,ll KaHana J'r I( = 3-0. 

- MccJie.llOBaHo BJIIIHHIIe cncTeMaTnqecKoi'r omn6rm orrpeneJiemrn a6comOTHoro 

JHaqeHnH A2 Ha rroJiyqeHHhle peJyJihTaThl. Ilpn Bapnaunn (A2) Ha ±15% cpen

Hne BeJinqnHhl BKJia,llOB KaHaJIOB MeHHJIIICh HecymecTBeHHO, rrpII 3TOM cpe.n:mri'r 

BKJia,ll KaHana J'r I( = 3-0 OKaJaJICH 3HaqIIMhIM BO Bcex cJiyqaHx. Cpe,llHIIH 

BKJia,ll qJieHa, OTBeTCTBeHHOro 3a HHTepcpepeHUIUO ypoBHen: C pa3JIIIqHhIMII 3Ha

qeHIIHMII CIIIIHOB, KOJie6JieTCH B paiioHe 10 - 20%. 

- YrJIOBhle pacrrpe,lleJieHIIH ,-KBaHTOB no OTHOIIIeHIIIO K OCII ,lleJiemrn B ,llIJOIIHOM 

n Tpoii:HOM ,lleJieHmI 
252C f nccJie,lloBaHhl n 3KcrrepnMeHTe Ha ycTaHonKe Crystal 

Ball. B oTmrqIIe OT nnyx HJBeCTHhIX pa6oT n 3TOII o6JiacTn, rne Ha6JIIO,llaJioch 

pe3KOe OTJIIrqne B aHIIJOTpOIIIIII ,-rrnaHTOB B ,llBOIIHOM II TpOIIHOM ,lleJieHIIH, Il 

,llaHHOM 3KCIIepIIMeHTe cymecTIJCHHOI°I pa3Hllllhl IJ yrJIOilhIX pacrrpe,lleJiemrnx ,llJIH 

.llBOHHOH MO,llhl ,lleJieHIIH II ,lleJieHIIH, corrpoBmK,llae1wro ncrrycrrnHIIeM O'-'IaCTIIIlhl, 

o6Hapy)KeHO He 6h!JIO. 

- BnepBhle IICCJie,llOBa:lia yrJIOilaH aHH30Tpomrn ,-rrnaHTOIJ no OTHOIIICHIIIO K 

Harrpa:BJieHIIIO O:"-'IaCTIIIlhI B TpOIIHOM ,lleJieHIIII. B npe,lleJiax TO'IHOCTII %:cue

pIIMeHTa He o6Hapy;,.KeHo Karmro-mr6o OTKJIOHeHnH OT moTporrHocTn. 8ToT P;
JYJihTaT CBH,lleTeJibCTByeT 06 OTCYTCTIJHII rmppeJIHilIIII Me;,.K.llY MexaHII3MOM IlbI

CTpaIIBaHIIH CIIIIHOB OCKOJIKOIJ Il ,lleJieHHII II MexaHH3MOM ucrrycrrnmrn 0:"-'IaCTIIIl. 

Han6oJiee IIpOCThIM"06'bHCHeHIIeM 3TOMY MmKeT CJIYjKIITh MO,llCJih o6pa3onamrn 

cnIIHOB OCKOJIKOB Ja C'IeT HX KYJIOHOIJCKOro IJOJ6y;,.K,lleHIIH. , 

- BnepBhle HCCJie,llOBaHhl yrJIOIJhle KOppeJIHilHII ,-1rnaHTOIJ B TJ)OHHOM ,lleJie

HIIH, conpoBOjl(,llaeMoM ncuycrrnHneM 3 H, 6 He, Li n Be. IT pn 3Muccnn 6oJiee 

JierKIIX '!aCTHil 3 H II 
6 He yrJIOIJhle pacnpe,lleJieHIIH ,-rrnaHTOIJ no OTHOillCHIIIO 

K OCH ,lleJieHIIH c TO'IHOCThIO .llO onrn6oK II,llCHTilqHhl aHaJiorII'IHOMY pacnpe

,lleJieHHIO ,llJIH O:"-'IaCTIIIl. B CJIY"tJaC ncnycrrnmrn 6oJiee THn~CJihIX 3JICMCH_TOIJ Li 

II Be Ha6JIIO,llaIOTCH HCKOTOpbie ll3MCHCHIIH cpopMbI KpIIIlOII yrJionoro pacnpe

,lleJieHHH u, COOTIJeTCTIJeHHO, napaMeTpon yrJionofr aHH30Tponnn. Ka'!eCTBCHHO 

3TII OTKJIOHCHIIH MoryT 6h!Th 06'bHCHCHhl ycHJICHUCM 'IeTHO-He'!eTHOro 3cpcpeK-
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Ta B ocKOJIKa:x npn ucrrycKaHIIH TH;,.KeJihIX LCP. Ka:K u B cJiy'Iae ncrrycKaHIIH 

a:--'!acTIIIl, He 06Hapy2KeHo HIIKaKon: yrJIOBofr KoppeJIHilIIII 1 -KBaHTOB II LCP .llJIH 

npyrnx TpOHHhIX 'IaCTIIIl. 

- MccJie,llOBaHa 3MIICCIIH HCHTpOHOB II3 JierKIIX 3apH)KCHHhIX qacTIIIl B Tpon

HOM ,lleJieHHII. Ha6JIIO,llaJIOCb yc1meHIIC HeHTpOHHOH IIHTeHCIIBHOCTII B,llOJib Ha

npaBJiemrn BhIJieTa 
4 He, 6 He II Li. MJ6h1ToqHhle HenTpOHhl npIInIIChIBaIOTCH 

pacnany HeI1TpoHHo-HecTa6nJibHhIX moTonoB 5 He n 7 He, a TaroKe IIJoTorra 8 Li 

BO BTOpOM BOJ6yjl(,llCHHOM COCTOHHIUI. BrrepBhle rroJiyqeHhl ,llCTaJibHble yrJIOBhle 

pacrrpeneJieHIIH Heii:TpoHon IIJ BhlmeyrroMHHYThIX pacrranoB, a TaK2Ke ouemm 

IlhIXO,llOB 3TIIX KOpOTKmKIIIlyIIJ;IIX qacTIIIl B Tpoii:HOM ,lleJieHIIII. 

- CncTeMaTIU(a BhIXO,llOB Il30TOIIOIJ remrn B Tpoii:HOM ,lleJieHIUI 252C/, ,llOIIOJI

HeHHaH IlhIXO,llaMII HCCTa6IIJih,HhIX II30TOIIOB 5 He II 7 He, ,llCMOHCTpIIpyeT OTCYT

CTnne 'ICTHO-HC'IeTHoro 3cpcpe1na, KOTOphIH Hpim Bbipa2KeH n IIJBeCTHhIX BbIXO

,llaX II30Tonon 6oJiee TH)KCJihIX 3JieMCHTOil. 06'bHCHCHIIe 3TOro HBJICHIIH JIC)KIIT B 

yqeTe CTaTIICTII'ICCKIIX cpaKTopon, CIJHJaHHhIX co _CIIIIHaMII o6pa3yIOIUIIXCH qa

CTIIU. 

- Heo6XO,llIIMOCTb y'IeTa CTaT. cpaKTOpOB Il orrpe,lleJieHim BepOHTHOCTeii: 3MHC

CHII pa3JIII'IHhIX LCP, a TaK2Ke BOJMOjl(HOCTh o6pa3oBaHHH Tpoii:HhIX 'IaCTIIIl B 

IJOJ6yjl(,lleHHhIX COCTOHHHHX rrpIIIlO,llHT K rrepecMOTpy cymecTnyromux TeopIIii: 

Tpoi'rnoro ,llCJICHIIH. ToT cparn, 'ITO ~ 20% II3 Toro, 'ITO o6hlqHo cqIITaIOT O:"

'IaCTIIIlaMII Il TpOIIHOM ,lleJiemm, Ha caMOM ,lleJie HIJJIHCTCH nponyKTOM pacrrana 

HeCTa6IIJihHOro II30Tona 
5 He, CTaIJIIT non COMHeHIIe IlCJiecoo6pa3HOCTh. o6me

rrpIIHHTOII HOp1mpomm BhIXO,llOIJ Jierrmx JapH)KeHHhIX qacTIIIl Ha 104 O:"-'IaCTIIIl. 

l.JacTh rrpencTanJieHHhIX n pa6oTe peJyJihTaTon noJiy'IeHa rrpn· rronnep:,K

Ke Poccniicrmro <l>oH,lla <l>yH.llaMeHTaJihHhIX MccJienonannii: no rpaHTY 96-02-

18108a. 
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