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Olil.QMI XAPAKTEPJfCTJfKA PAliOTl,I 

AICT)'BJII,HOCTL TeMLJ 

B mone 2001 roJla K0Jrna6opa1.1n11 SNO (Sudbury Neutrino Observatory, KattMa) 

enepBble coo6mnna O TOM, '!TO, C OJlHOll CTOp~HbI, IIOJIHOe 'IHCJIO HeiirpHHO OT 
8
B- BeTBH 

COJIHe'IH0ro TepM0l!JlepHoro CHHTe3a, 3aperncrpnp0BaHHblX B SNO, HaxOJlHTCJI B IIOJIH0M 

cornacm1 c 11peJlCKa3aHHJIMH CTaHJlaprnoii CoJIHetJHOii MoJleJin (SSM), Ho, c Jlpyroii cTopoHLI, 

lJIICJI0 3aperIICTpI1pOBaHHbIX JJieKTpOHHblX HeiirpIIHO C)'llleCTBeHH0 MeHbUie 11peJlCKa3LIBaeMoro 

JlJIJI CJI)"laJI 0TCYfCTBHJI HeiirpIIHHLIX 0CI.IIIJIJIJII.IIIH. 3roT JKc11epI1MCHTaJibHLlll pe3yJILTaT JIBHO 

JKa3bIBaeT Ha TO, '!TO HCHTpIIHO pa3JIIllJHI,IX apoMaT0B l!MeIOT HeHynea1,1e MaCCbl II0K0JI II 

o6Jia,llaIOT CBOHCTBOM CMeUIIlf!aHIIJI apoMaT0B, '!TO 11p0llBJIJleTCJI a BIIJle HeiirpIIHHblX 

OCI.IIIJIJilll.lilll - 11epeX0Jl0B 0JlHIIX TIIII0B HeiirpIIH0 B Jlpyrile. 

O6t.J1BJieHHb1ii JlBJMll r0JlaMII pa11ee pe3JJibTaT KOJIJia6op31.1I1I1 Super Kaliliokande 

(JI.IIOHilll) yraep)l(Jlaer, '!TO pefllCTpRllllll aTMoc(j>epHblX HeiirpIIHO TaKJKe 110Ka3aJia HaJIIllJlle 

HeiirpIIHHbIX oc1.1I1JIJIJ1I1I1ii. CoeMeCTHbiii aHaJIIl3 JlaHHLIX SNO II SK JlCJiaer JTOT BhlB0Jl 

Jl0CTaT0lJH0 o6ocHOBaHHI,IM II JlaeT xopoUIIIH II0BOJl JlJIJI o6cJ)l(JleHIIJI B03M0JKHblX c1.1eHapI1eB 

HCHTpIIHHI,JX MaCCOBI,IX COCT0JIHIIH (MaCCOBbIX I1epapxI1ii, o6paTHblX IlepapXllii II T.Jl.). 

IlOJl)"ICHHblll HeCK0JibKIIMII I'OJlaMII paHee pe3JJII,TaT 110 Il3MepeHIIIO peaKTOpHblX 

HeiiTpIIHO c 110Mom1,10 JleTeKTopa LSND (Large Scintillation Neutrino Detector, CIIIA) T0JKe 

YKa3bIBaJI Ha HaJIIllJlle HeHTpIIHHI,IX 0CI.IHJIJIJII-IIIH, HO Il3BJICKaeMbie Il3 JT0ro pe3JJibTaTa 

11apaMerp1,1 Ha KBa,llpaT pa3HIII.ILI Mace II yroJI CMeUIIIBaJIIIJI MelKJlY HCHTpIIHO pa3HblX TIIII0B 

C)'llleCTBeHHO 0TJIIl'laIOTCJI OT II0Jl)"leHHblX a JKC11epI1MeHTax SNO II SK. 3KCllepl!MeHT 

MiniBooNE (FermiLab, CIIIA) Jl0JIJKeH B CKopoM apeMeHII npoaecru ne3aBIIClfMYIO 11poaepey 

pe3JJibTaroa, 110Jiyqe11111,JX B LSND. EcJII1 MiniBooNE II0JlTBePJlHT pe3JJibTaT LSND, T0rJla 

B03MOJKHblM 061,11c11e11I1eM Bcex IIMeIOllllfXCJI pe3JJILTaT0B 110 11eiirpI1HllblM 0CI1lfJIJIJIIUIJIM 

6yJleT 11eo6XOJlIIMOCTh BBeJleHIIJI 'leTBepToro, "crepllJlbHOro" ceMeiiCTBa 11eiirpI1HO. 

OJlllaKO, HeCM0Tpll na TaKlle Bb-lJlaIOll1I1eCJ1 yc11exI1 COBpeMeHHbIX JKc11epI1MeHTOB 110 

perl!CTpRllIIII C0JIHetJHLIX, aTMoc(j>epHblX II peaKT0pHblX HeiirpIIHO, B011poc 06 a6COJIIOTHLIX 

BeJllllJI!Hax co6CTBeHHLIX HCHTpIIHHLIX MaCC0BI,JX COCTOJIHIIH Jl0 CIIX 11op ocraercJI 0TKpblThlM. 

TOJibKO COBMeCTHblli aJlaJIIl3 H0BLIX JKc11epI1MeHT0B 110 6e311eiirpI1HHOMJ JlB0HHOMJ 

6era paCIIRJlY II 110 ll3MepeHI1IO 6era ClleKTpa HI13K03HeprlllJHLIX 6eTa-11epeXOJlOB M0JKer 

11pI1BCCTII K 3KC11epl!MeHTaJibHOMJ YCTaH0BJICHIIIO 3TIIX BeJllllJIIH. EoJiee Toro, JlJIJI 

3aBep111eHH0CTII TC0pIIII BaJKHO 3HaTh, JIBJIJIIOTCJI Jlll 11eiirpIIHO TO)l(JleCTBCHHblMII CB0IIM 

aJITil'laCTill.{aM (MaiiOpaI!OBCKOe 11eiirpIIHO) HJlll HeT (JlllpaKOBCKOe 11eiirpI1HO). 

-----~·-....... .,,. .... 
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Orner Ha :noT Bonpoc M0ryT .[laTh T0JibK0 noJI0)I(HTeJibHble pe3yJihTaTbl no perncTpaUHH 

6e3tteiiTpHHHoro .naoil.Horo 6era pacna.na. ~o cero.nmmrnero ,LlllJI Hatt6onee 'l)'BCTBHTeJihHhIMH 

3KcnepHMeHTaMH no noHCKY 6e3Heil.rpHHHOrO ,LIBOHHOro 6era pacna.na 6bIJIH 

11KaJIOpHMerpHqeCKHe" 3KCnepHMeHTbl C HCn0Jib30BaHHeM CBepX'IHCThlX repMaHHeBblX 

.nereKTopoa, H3rornBJieHHblX H3 06ora11.1eHHHoro 
76

Ge (Heidelberg-Moscow, Gran Sasso, 

11TaJIIDI H IGEX, Canfrank, 11cnaHHH H .6aKcaH, PoccHH). B :.irnx JKcnepHMettrax 6bIJI 

.nocrnrnyr npe.neJI Ha BpeMH lKH3HH 76Ge 0TH0CHTeJibH0 6e3Heil.rpHHHOro ,LIB0HH0r0 6era 

pacna.na 6onee l.9· 1025 Jle'I', 'ITO C00TBe'I'CTByer orpaHH'IeHHIO Ha Macey Mail.opaH0BCK0fO 

JJieKrp0HH0fO HeHrplIH0 Mettee 0.3 - 1.0 :.iB, B 3aBHCIIM0CTH OT Heonpe.neJieHH0CTH paC'le'I'HOH 

BeJII!'lHHhl l'l,LlepHoro MarpH'IH0fO JJieMeHTa. Ha6op ,LlaHHb!X B o6oHX 3KCnepHMeHTax 

npO,LI0JilKaJICJ'I 6onee 10 Jie'I' H K HaCTOHll.leMy apeMeHH npe.neJI qyBCTBHTeJihH0CTH 3THX 

3KcnepHMeHT0B BblIIIeJI Ha HaCblll.leHne. HacTaJI0 BpeMH C03,LlaHHJ'I 3KCnepHMeHTaJibHbIX 

ycTaH0B0K H0B0fO noK0JieHIDI. 

K TaKHM ycTaH0BKaM no npaay oTH0CHTCH rpeKOBb!H .neTeKTop NEMO-3, cnoco6Hb1il. 

H3Mepub He T0JibKO CJMMapHYJO 3Heprn!O 6eTa-6era pacna.na, HO H ace 0CTaJibHbie napaMerpbl 

3TOfO npouecca 0,LIH0BpeMeHH0 .LIJ1l'I BCex npaKTH'leCKII IIHTepeCHblX 2f3-pacna.[1Hb!X H30T0n0B C 

0611.1eil. Maccoil. .no 10 Kr. Ha nepaoM JTarre H3MepeHHH c 7 Kr rnoMo Ha NEMO-3 nJiattHpyercH 

,LI0CTHfHYTh 'l)'BCTBIITeJlhH0CTH no BpeMeHH lKH3Hll nopl'l,LIKa 5· 1024 
JieT HJIII npe.nena Ha Macey 

Heil.rpHHO 0.1 - 0.4 :.iB. Ha cJie,LIYJOII.IHX :.iranax c 10 Kr 
82

Se, a 3aTeM H c 10 Kr 
15

°Nd 6y.ner 

,LI0CTHrnyra peKop,LIHal'I qyBCTBHTeJihH0CTb .LIJ1l'I onpe.neneHHl'I MaCCbl JJieKrp0HH0fO Heil.rpHHO. 

Mo.neJih rn:.i11Ioy-Bail.H6epra-CanaMa, 061,e.[IIIHJ'IIOll.lal'I JJieKrp0MarHHTHbie H cna6b1e 

B3al!M0,LleHCTBIDI, paccMarpHBaeMaJI BMeCTe C KBaHTOBOH xpOMO,LIHHaMHK0H, H3BeCTHa KaK 

CTaH,LlapTHall M0,LleJih (CM) <!>H3IIKH qacrnu. CM l'IBJIJ'le'I'Cl'I O,LIH0H H3 HaH6onee ycneIIIHblX 

TeoperH'leCKHX cxeM B <!>H3HKe JJieMeHTapHhlX qaCTHU. OTKpbITHJ'I Heil.rpaJibHblX T0K0B H 

nepeH0C'lHK0B cna6oro B3al!MO,LleHCTBHH, W- H Z-6030HOB, a TaKlKe 0TKpbITHe TJ'llKeJI0ro 1-

KBapKa, npe,LICKa3aHHblX CM, no.nTBep,LIHJIH ee cnpaBe.[IJIHB0CTh. ~o CHX nop CM 6hIJia a 

C0CT0J'IHIIH 061,JICHHTh Bee HMeJOII.IHeCJI 3KcnepHMeHTaJibHhie .naHHbie C BhlCOKOH CTeneHblO 

TO'IH0CTH. 

B CTaH,LlapTHOF M0.[leJIH pa3pe11IeH ,LIByxHeil.rpnHHblll ,LIBOHH0H 6era-pacna.n (2vf3f3-

pacna.n), B K0T0pOM acer.na IICIIyCKaJOTCJ'I ,LIBa 3JieKrp0Ha (no3Hrpotta) II .[IBa aHTHHeiirpllHO 

(HeiirpHHO ): 

N(A,Z)--+ N(A,Z + 2) + 2e- + 2v. 

.6e3Heil.rpnHHhlii ,LIBOiiHoii 6era-pacna.n (Ovf3f3-pacna.n) B CM 3anpe11.1eH H3-3a 

HapYIIIeHIDI JienT0HH0fO 'IHCJia Ha .[IBe e.[IHHHUhl: 

2 

OEII(MI XAPAKTEP11CT11KA PAEOTLI 

AKT)'3JlbHOCTb TeMbl 

B HIOJie 2001 ro.na KOJina6opauHH SNO (Sudbury Neutrino Observatory, Katta.na) 

BnepBble coo6umrra 0 TOM, 'ITO, C O,LIHOll CT0pOHhl, n0JIH0e 'IHCJI0 HeiirpllH0 OT 
8
B- Be'I'Bll 

C0JIHe'lH0ro TepM0JI,LlepHoro Cll!ITe3a, 3aperncrpHp0BaHHb!X B SNO, Hax0.[IIITCJ'I B noJIH0M 

cornacHH c npe.ncKa3aHIIHMH Cratt.napTHOH ConHe'IHOii Mo.nenn (SSM), Ho, c .npyroii cTopoHh!', 

'IHCJI0 3aperncTpllp0BaHl!hlX 3JieKrp0HHblX HeiirpHHO cy11.1ecTBeHH0 MeHhIIIe npe,LICKa3bIBaeMoro 

MH CJiyqaJI 0TCJTCTBlfl'I Heil.rpl!HHbIX OCI.IIIJIJIHl.lllll. 3TOT 3KCnepHMeHTaJibHhlll pe3yJibTaT l'IBH0 

JKa3b1Baer Ha TO, 'ITO neiirpHHO pa3JIIl'lllb!X apoMaT0B IIMeJOT neHyJieBble Macchi noK0H II 

06na.na10T CBOllCTBOM CMeIIII!BaHIIJ'I apoMaT0B, 'ITO npoHBJIJ'leTCJ'I B BIi.Lie HeiirpHHHhlX 

OCUIIJIJIHUHH - nepeX0.[10B 0,LIHIIX Tlln0B Heiirpnno B .npyrHe. 

O6bHBJieHHhlil. .LIBYMH ro.naMn pattee pe3yJihTaT KOJIJia6opaunn Super Kamiokande 

(5InonHH) yraeplK,Llaer, 'ITO perncrpauHH aTMoccjiepHb!X HeiirpnHO TaKlKe n0Ka3aJia HaJIIl'lHe 

neiirpnHHhIX ocu11=1.1ttil.. CoaMeCTHhlii anarrn3 .nanHbIX SNO n SK .nenaeT JT0T BhlB0.LI 

,LI0CTaTO'III0 06oc110BaHl!bIM H .naeT xopollilfll n0B0,LI .LIJ1l'I o6CylK,LleHIDI B03M0lKHblX cueHapneB 

neiirpnHHb!X MaCC0BhlX C0CTOJ'lllllll (MaCCOBblX nepapxHii, o6paTHb!X nepapxnii n T.,LI.). 

ITonyqeHHhlll HeCK0JibKIIMH ro.[laMII panee pe3yJihTaT no H3MepeHIIIO peaKTopHhlX 

neiirpnHo c noM0ll.lhlO .neTeKTopa LSND (Large Scintillation Neutrino Detector, CIIIA) TOlKe 

YKa3b!BaJI Ha HaJIIl'lHe HeiirpllHHhlX OCl.lllJIJIJ'IUHii, HO ll3BJieKaeMble ll3 3T0ro pe3yJihT3Ta 

napaMerpbl Ha KBa,LlpaT pa311lll.lhl Mace H Yf0JI CMeIIIIIBal!IDI Me)K,Lly HeiirpHHO pa3Hb!X Tlln0B 

CJll.leCTBeHH0 0TJIIl'laJOTCJ'I OT nonyqeHHb!X B 3KcnepnMeHTax SNO II SK. 3KcnepHMeHT 

MiniBooNE (FermiLab, CIIIA) .nonlKeH B CKopoM apeMeHn npoaecrn ne3aBIICIIMYJO npoaepey 

pe3yJihTaT0B, nonyqeHHhIX B LSND. Ecnn MiniBooNE no.nrnep,LIHT pe3yJihTaT LSND, rnr.na 

B03MOlKHbIM 06bJICHeHI1eM BCex HMeJOII.IHXCJ'I pe3yJihTaT0B no HeiirpHHHhlM OCI.IIIJIJIJ'II.IIIHM 

6y.ner He06XO,LIHMOCTb BBe.[leHIDI 'leTBepToro, "crepl!JlbHOro" ceMeiiCTBa HeiirpnHO. 

0.nmtico, ttecMorpH Ha TaKne Bhl.LlaIOll.llleCH ycnexn coapeMeHHblX JKCnepHMeHTOB no 

pemcrpaunn C0JIHe'lHblX, aTMoc<!>epnhlX H peaKTOpHbIX HeiirpnHO, B0npoc 06 a6COJIIOTHhlX 

BeJIIl'lHHax co6CTBeHHblX HeiirpllHl!hlX MaCC0BblX C0CTOHHI!ll ,LIO CIIX nop OCTaeTCH OTKphlThIM. 

TOJibKO COBMeCTHblli al!aJIIl3 H0BblX 3KCnepnMeHT0B no 6e3HeiirpnHHOMY ,LIB0HHOMY 

6era pacna.ny n no ll3MepeHI110 6era cneKrpa Hll3KOJHepm'!HhIX 6era-nepexo.noa M0lKer 

npHBeCTH K 3KcnepHMeHTarrbH0MY ycran0BJieHHIO 3TIIX BeJIIl'lHH. .6onee TOro, ,LIJil'I 

3aBCpIIICHl!OCTH TC0pllll BalKH0 3HaTh, l'IBJIHIOTCH JIII HeiirpnH0 TOlK,LICCTBCHHhlMH CB0HM 

al!TH'lacTHUaM (Mail.opanoBCKoe Heil.rpnHo) IIJilf lie'!' (.nnpaKOBCKOe neil.rpI!Ho). 



OTileT Ha 3TOT aonpoc MOI)'T ,naTb TOJibKO nonm1mTeJibHble pe3yJibTaTbl no pen1crpau1rn 

6e3HeHTplIHHOro ,LIBOHHOro 6eTa pacna,na. ,ll;o cero,nHJl!IIHero ,LIHJI Ha1I6onee 'l)'BCTBIITeJibHblMII 

3Kcnep1IMeHTaMII no nOIICKY 6e3HeHTplIHHOro ,LIBOHHOro 6eTa pacna,na 6bIJIII 

11KaJIOp1IMerp1IqecK1Ie" 3KCnep1IMeHThl C IICnOJib30BaHIIeM CBepxqncTbIX repMaHHeBblX 

,neTeKTopoa, mroTOBJieHHbIX m o6orruueHHHoro 
76

Ge (Heidelberg-Moscow, Gran Sasso, 

HTanlIJI II IGEX, Canfrank, HcnaHHJI II EaKcaH, Pocc1IJ1). B 3TIIX JKcnepnMeHTax 6bm 

,LIOCTHrHYT npe,nen Ha apeMJI lKH3HH 
76

Ge OTHOCIITeJibHO 6e3HeiiTpHHHOro ,LIBOHHOro 6eTa 

pacna,na 6onee 1.9· 1025 
JieT, '!TO cooTBeTCTBYeT orpaHnqeHHIO Ha Macey MaiiopaHoBcKoro 

3JieKrpOHHOro HeHTplIHO MeHee 0.3 - 1.0 3B, B 3aBIICIIMOCTII OT Heonpe.neneHHOCTH pacqeTHOH 

aeJIIIqJIHbI J1,L1epHoro MaTpn=oro JJieMeHTa. Ha6op .llaHHbIX a o6onx JKcnepnMeHTax 

npo.nomKaJICJI 6onee 10 JleT II K HaCTOJIIUeMy BpeMeHH npe.nen 'l)'BCTBHTeJibHOCTII 3TIIX 

3KCnep1IMeHTOB BbIIIIeJI Ha HaCbIIUeHHe. HacTaJIO BpeMJI C03,LlaHHJI 3KCnep1IMeHTaJibHblX 

YCTaHOBOK HOBOro noKOJieHIIJI. 

K TaKIIM ycTaHOBKaM no npaay OTHOCIITCJI TpeKOBblH ,neTeKTOp NEM0-3, cnoco6Hblli 

II3Mepl1Tb He TOJibKO CYMMapHyio JHeprnIO 6eTa-6eTa pacna,na, HO H ace OCTaJibHbie napaMeTpbl 

3TOro npouecca 0,/:IHOBpeMeHHO ,LIJIJI BCex npaKTIIqecKJI IIHTepeCHbIX 2(3-pacna,nHbIX II30TOnOB C 

o6IUeii Maccoii .no 10 Kr. Ha nepaoM JTane II3MepeHIIii c 7 Kr 10_
0
Mo Ha NEM0-3 nnaH1Ipye-rcJ1 

,LIOCTIIrHYTb 'l)'BCTBIITeJibHOCTII no BpeMeHII lKH3HII nopJl,[IKa 5· 1024 
JleT IIJIH npe,nena Ha Macey 

HeiiTplIHO 0.1 - 0.4 JB. Ha cne.nyioIUIIX JTanax c IO Kr 
82

Se, a 3aTeM II c IO Kr 
15

°Nd 6y,neT 

,LIOCTIIrHyra peKop,nHall 'l)'BCTBIITeJibHOCTh ,LIJIJI onpe,neneHIIJI MaCCbl 3JieKrpOHHOro HeiiTpHHO. 

Mo,neJib rn3IIIOy-BaiiH6epra-CanaMa, 06'be,L11IHJIIOlliall JJieKrpOMarHIITHbie II cna6b1e 

B3aJIMO,LleHCTBIIJI, paccMaTplIBaeMall BMeCTe C KBaHTOBOH xpoMO,LIHHaMIIKOH, II3BeCTHa KaK 

CTaH,napTHall MO,LleJib (CM) 4JH3HKH qacTIIU. CM JIBJIJieTCJI 0,/:IHOH II3 HaJI6onee ycneIIIHbIX 

TeOpeTIIqecKIIX cxeM B qJU31IKe JJieMeHTapHblX qacTIIU. OTKpb!TIIJI HeiiTpaJibHbIX TOKOB II 

nepeHOCqJIKOB cna6oro B3aJIMO,neiiCTBHJI, W- II Z-6030HOB, a TaIOKe OTKpbITIIe TJllKeJioro t­

KBapKa, npe,ncKa3aHHhIX CM, no.nrnep,LIIIJIII ee cnpaae,L1J11IBOCTh. ,ll;o CIIX nop CM 6bma a 

COCTOJIHIIII o6'bJICHIITh ace IIMeIOIUHeCJI 3KCnep1IMeHTaJibHbie .naHHble C Bb!COKOH CTeneHbIO 

TOqJIOCTJI. 

B CTaH,LlapTHOi%. MO,[leJIII pa3pemeH ,nByxHeHTplIHHblli ,LIBOHHOH 6eTa-pacna,n (2vf3f3-

pacna,n), B KOTOpOM acer.na HCTiyCKaIOTCJI ,LIBa 3JieKrpOHa (Il031ITpOHa) II ,[IBa aHTIIHeHTpHHO 

(HeHTplIHO ): 

N(A,Z)--+ N(A,Z + 2) + 2e- + 2v. 

Ee3HeiiTplIHHbIH ,nBoiiHoii 6eTa-pacna,n (Ovf3(3-pacna,n) a CM 3anpeIUeH II3-3a 

HapYIIIeHIIJI nenTOHHOro q1IcJia Ha ,[IBe e,LIIIHIIUbl: 

2 

N(A,Z)---> N(A.Z + 2) + 2e-. 

HecMOTpll Ha ycnexn CTaH.napTHOH MO,neJIH, OHa He JIBJIJICTCJI OKOHqaTeJibHOH Teopneii. 

B 3TOH MO,LleJIH OCTaeTCJI 6e3 OTBeTa HeCKOJlbKO cyIUeCTBeHHblX BonpocoB. Xopomo 

II3BeCTHblMH npHMepaMII llBJlllIOTCll npo6neMbl 1Iepapx1Iii Mace. KBaHTOBaHIIll :meKTplI'!eCKOro 

3apJ1,na. 1-hseCTHbl TaKlKe II npo6neMbl, KOTOpble BCTpeqaeT CM B KOCMOJIOrHII II aCTp0qJII3HKe. 

TaK. HanplIMep, npo6JieMa XOJIO,LIHOH TeMHOH MaTeplIII BO BceneHHOH He HaxO,LIIIT a.neKBaTHOro 

06'bl!CHeH1Ill B 3TOH MO.lleJIII. 

Bee :no CTIIMYJIIIPYeT MHOro'!IICJieHHble l!OllblTKH nOIICKa 6onee <!JyH,naMeHTaJibHOH 

TeOplIH, cnoco6Hoii .nan e,LIIIHYIO OCHOBY ,LIJ!ll OHIICaHHll Bcex B3a1IMO,neilcTBIIH, BKJIIO'lal! II 

rpaBHTaumo. 3a nocne,nHee speMl! Ha JTOM nyrlI ,noCTIIrHYTbl sne'!aTJilllOIUIIe ycnexn, TaK '!TO 

HOCTeneHHO CTaHOBIITCll o6menp1IHllTOH TO'!Ka 3peHHll O TOM, '!TO OTKpb!TIIe 

3KCnep1IMeHTaJibHblX npol!BJieHIIH ~OBOH $1IJHKII - .neno speMeHII. 

Ee3HeiiTp1IllllblH ,LIBOHHOH 6em-pacna,n Ov2(3 llBJilleTcl! TeM npoueccoM. 

3Kcnep1IMeHTaJibHOe OTKpbITIIe KOTOporo H 6y,neT 0,/:IHHM HJ npol!BJieHHH HOBOH qJII31IKII. CaM 

q>aKT cymecTBOBaHIIll 2(3(0v) - pacna,na CBll3aH co cne,nylOll(HMH 4JYH.llaMeHTaJibHblMH 

acneKTaMH qJII31IKH 3JieMeHTapHblX '!aCTHU: 

• HecoxpaHeH1IeM nenTOHHoro q1Icna. 

• HaJIII'!IIeM y ueiiTpHHO MaCCbl, 

• cymecTBOBaHHeM npaBblX TOKOB B 3JieKTpOcJia6oM B3alIMO.lleilcTBIIH. 

• cymecTBOBaHtteM 6eJMaccosoro ron,ncToyHoBcKoro 6moHa - MailopoHa. 

0CHOBHOH IIHTepec K 3TOMy npoueccy, KOHe'!HO lKe, CBll3aH C npo6JieMOH MaCCbl 

11eiiTpHHO: ecJIH Ov2f3-pacna,n 6y,neT 0611apylKe11, TO, no COBpeMeHHblM npe.ncTaBJieHIIllM, 3TO 

6y.neT 03Ha'!aTb, '!TO Macca HOKOll XOTll 6bl o,nuoro HeiiTplIHO OTJIH'!Ha OT HYJill If HeilTplIHO eCTb 

'!aCTl!Ua MaiiopaHOBCKOro TIIna. 

8 HaCTOllIUee BpeMl! 3KCilep1IMeHTaJibHO onpc.neneHbl JIHWb IIHlKIIIIC npe.neJibl na 

nepHO,Llbl nonypacna,na no 6eJHCHTplIHHOMY KaHany (T 112 Ov) pa3JIH'IHblX ll.llCp. 3rn npe,neJibl 

HCilOJibJYIOTCJI .llJill nonyqeHIIll orpaHn'!eHIIH Ha BeJIII'IIIHY MailopaHOBCKOH MaCCbl HCHTPHHO. 

napaMeTpbl np1IMecn npaBbIX TOKOB, KOHCTaHry CBll31I Maiiopoua C HCHTPIIHO II T.,LI. 01maKo. 

Heonpe,neJICHHOCTII B pac'!eTax Jl,LlepHblX MaTplI'lllblX 3JieMeHTOB (51M3) HC noJBOJllllOT 

nony'!IITb ,LIOCTaTOqHo Ha,LlelKHble orpaHII'ICHHll Ha 3TH <!JyH,naMeHTaJibHblC BCJIII'IIIHbl. 8 CBll31I C 

3TIIM oco6oe 3Ha'!eHIIe npno6peTaeT IICCJie,[IOBaHHC .llBYXHCHTpHHHoro .llBOHHOro 6ern-pacna.na 

(2v2(3), TaK KaK 3TO H03B0JllleT nony'!aTb IIH<!JopMaUIIIO O 3Ha'!CHIIllX 51M3(2v) ,LIJlll pa3Jlll'!HblX 

Jl,[lep, '!TO, a CBOIO O'!epe,nb, cnoco6CTByeT COBCpWeHCTBOBaHHIO TeopeTII'leCKIIX 

npe,LICTaBJICHIIH o 2(3-pacna,ne tt IlOBbllileHIIIO TO'IHOCTH paC'!eTOB KaK 51M3(2v), TaK II 

3 



51M3(0v). ITpuqeM oqeHb saJKHO uccne.nosaTb 2v2P-npoueccbl s caMbIX pa3HbIX nepexo.nax - Ha 

OCHOBHbJe ll B036YJKJleHHble COCTOllHllll .noqepHHX ll.[lep B 2p-, 2p+, Kf- ll 2K-npoueccax. 

Cne.nyeT TaKJKe OTMeTHTb, qrn 2v2J3-pacna.n llBJilleTCll 11eycTpa11HMbIM q>OHOM .[{Jlll Ov2J3-

pacna.na. 

B CBll3ll C BbJUJeCKa3aHHbIM OCIIOBHOH UeJ/blO ouccepmauuoHHOU pa6ombt llBJilleTCll 

pa3pa6oTKa ll C03.[laHlle .neTeKTopos HOBOro ITOKOJieHllll .[{Jlll perHCTpaQllll .[{BOHHOrO 6eTa­

pacna.na n 3KcnepuMeHTaJibHoe uccne.nosaHue Ov2P - u 2v2P - pacna.nos .[{Jlll ll!lep 
48

Ca, 
82

Se, 

96zr, IOOMo, I 16Cd. 

,QJui .noCTHJKeHllll .[laHHOH ueJill pelUQJ/UCb C/leoytoll{Ue 3QOQ•tu: 

• OITTllMaJibHbIH Bb16op H30TOITOB .[{Jill llCCJie.[loBaHllH ll C03.[laHlle Ha llX OCHOBe o6pa3UOB 

(HcTOqHllKOB) .[{Jlll npose.neHllll ll3MepeHHli; 

• mMepeHHe pa.[{HOaKTllBHblX npHMeceli s o6pa3Uax .[{Jlll llCCJie.[{OBaHHli; 

• XllMnqeCKall oqHCTKa o6pa3UOB OT pa.nuoaKTllBHblX npuMeceli; 

• MO.[{eJIHpOBaHHe u Bbl6op THITOB .neTeKTOpOB .[{Jlll llCCJie.[{OBaHWI 2p -npoueccos; 

• oroop Hll3KOql0110Bb!X MaTepllaJIOB .[{Jlll KOHCTPYKl.lllll .neTeKTOpos; 

• pa3pa6oTKa MeT0.[10B ITO.[laBJieHllll, ll.[leHTllqlllKaQHll ll KOHTPOJ!ll pa.nuoaKTllBIIOrD qioua; 

• pa3pa60TKa H C03.[{aHlle TpeKOBbIX JI KaJIOpHMeTpHqeCKllX .neTeKTOpOB .[{Jlll l!CCJie.[loBallllll 

2P -npoueccos; 

• pa3pa6oTKa nporpaMM11oro 06ecneqe1mll .[{Jill Mo.nenuposaHHll II o6pa6oTKH 

3KCnepHMeHTaJibHblX .[laHHblX; 

• o6pa60TKa pe3YJib TaTOB JI aHaJill3 nonyqeHHbIX .[laHHbIX. 

,llocTHJKeHHe noCTaBJieHHblX ueneii ocy111ecTBJ!llJIOCb C llCITOJ!b30BaHlleM CJie.[{y!Oll1HX 

Memooul/ec«ux npue.Moa: 

• 11cnOJib30BaHlle o6pa3UOB C BblCOKOll CTeneHblO 06ora111eHllll no HCCJie.nyeMOMY 

l!30TOITy; 

• npnMeHeHne csepxqucTbIX (no pa.nnoaKTHBHOCTH) MaTepnanos; 

• HCnOJib30BaHHe BbICOK03q>q>eKTHBHbIX Hl!3KOqlOHOBbIX ~KOBbIX ll KaJIOpl!MeTpnqecKllX 

.[leTeKTOpoB; 

• ucnOJib30BaHHe npeUll3l!OHHblX MeT0.[10B "f - ll P - cneKTpOMeTPHH; 

• npnMeHeH11e cospeMeHHblX pacqeTHblX nporpaMM, llCITOJ!b3y!OIUHX paJJIHqffble ll.[{epHble 

MO.[leJill ll 6a3bl .[laHHblX. 
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Hayqnan 11os11111a pa6on,1. 

I . BnepBbie .[{Jlll HCCJie.[{oBaHHll 2p-pacna.na B COCTaBe 0.[{HOll yCTaHOBKH ncnOJib3YIQTCll KaK 

BbICOK03q>q>eKTHBHbie TPeKOBble, TaK JI KaJIOpHMeTPHqecKHe .[leTeKTOpbl ( cneKTpoMeTPbI 

NEMO2, NEMO3 ); 

2. Bnepsb1e .[{Jill 11ccne.nosaHllll 2P-pacna.na 11cnoJib3YeTCll HeCKOJibKO ll.[lep-KaH.[lll.[laTOB, 

ll3MeplleMbIX 0.[{HOBpeMeHHO, B O.[ll!HaKOB_"IX ycJIOBJ!llX JI Ha 0.[{HOll 3Kcnepl!MeHTaJibHOll 

ycTaHOBKe ( He3aBHCJIMOCTb l!CToqHJ!Ka JI .neTeKTopa - O.[{Ha 113 OCHOBHbIX ll.[leii npll 

c03.namm cneKTpoMeTPOB NEMO II TGV). 3m rrpHBO.[{l!T K MeHbUJeii 3aBl!Cl!MOCTH 

pe3yJibTaTOB 3KCnep11MeHTaJibHblX oueHOK MaCCbl HellTPIIHO OT B03MOJKHblX 

Heonpe.neneHHOCTeli MO.[leJieii ll.[{epHOll CTPYKTYPbl JI BeJIJ!qJIH MaTPJ!qffbJX 3JieMeHTOB 

llCCJie.nyeMbIX ll.[lep; 

3. ITp11 11ccne.nosaHJ1H 2P-p_acna.na, snepsble, B o.nHoM 3KcnepuMeHTe, c 6oJiblllOii 

TOqHOCTblO ll3MeplliOTCll see xapaKTepl!CTl!KH pacrra.na (3HepreTWieCKHe H yrJIOBble 

pacnpe.neneHllll .nsyx 3JieKTpoHOB, 3HepreTHqeCKHe pacrrpe.neneHl!ll .[{llil 0,IUl'.HOqffbJX 

3JieKTpOHOB, BpeMeHHbie xapaKTepHCTJ!Kll pacna.na) B O.[{Hl!X H Tex JKe qlOHOBbIX 

YCJIOBllllX; 

4. ITonyqeHbI HOBbie 'Ha116onee rnqHbie 3HaqeHl!ll .[{Jill rrep110.nos rronypacrr!Ula no KaHaIIy 

2P2v c l!3MepeHHeM scex xapaKTepHCTHK pacn!Ula .[{IDl qeTblpeX PP-ll3oTOnos; 

5. ,lln» UJupoKoro Kpyra ll.[lep nonyqeHbl HOBbie orpaH11qeHllll Ha nep110.nbl nonypacna.na 

Mll pa3nllqHbJX MOLi PP-pacrraJ1a. 

Ilpa1rr11qecKaH ue11110CTL pa60TLI. 

1. Pa3pa60TaHb1 n C03.[{aHbl cneKTpOMeTPbI (NEMO-2, TGV-1) Mll nccne.noBaHllll 

.[{BOllHbIX 6ern-npoueccos, Ha KOTOpbIX rrpose.neHbl 3KCrrepnMeHTaJibHbie HCCJie.[{OBaHHll 

pa3JIHqHbIX MO.[l .[{BOllHOro 6eTa-pacnaJ1a .[{Jill IIIHpOKOro Kpyra ll.[lep. 

2. Pa3pa60TaHa TeXHOJIOrllll rrpoll3B0.[{CTBa H C03.[laHa TeXHOJiornqecKall JIHHllll no 

rrpOH3B0.[{CTBY Hll3KOqlOHOBbIX IIJiaCTMaCCOBblX CUHHTHJIJUITOpOB Ha OCHOBe 

IIOJIHCTHpOJia. ITJiacTMaCCOBble CQHHTHJIJUITOpbI, H3roTOBJieHHble Ha 3T0ll 

TexHonornqecKoii JIHHllll, rrpnMeHlllOTCll B 3Kcrrepl!MeHTaX NEMO, TGV n B .npyrl!X 

3KcrrepHMeHTax, rrpoBO.[{l!MblX B JUIIT OIUIM, a TaKJKe B rrpn6opax pa.nnaQHOHHoro 

KOHTPOJ!ll Ha KypcKoii n MrnannHCKOll (JlnTBa) aTOMHbIX 3JieKTpOCTaHQHlIX. 

3. Pa3pa6oTaHbI MeTO.[{bI ll.[leHTl!qlHKauHll, KOHTpoJ!ll n CHHJKeHl!ll pa.[{HOaKTllBHOro q>oHa. 

4. Pe3yJibTaTbl HCCJie.[{OBaHHll 2j3-pacrra.na, rronyqeHHble B HaCTOllll1eii pa6oTe, UIHpOKO 

ncnoJib3yIOTCll .[{IDl rrposepKH pa3JIHqffbJX cxeM pacqeTa ll.[{epHbIX MaTPHqffbIX 3JieMeHTOB 
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ll llllTllp)'IOTC.sI B HayqHOll JIHTepa-rype. nOJlblIIa.sI '!aCTh pe3yJlhTaTOB BKJIIO'lena B 

Ta6J1Hllhl ,!laHllbIX no CBOHCTBaM :meMeHTapllbIX '!aCTllll "Review of Particle Physics". 

IIoJIOlKCHIIH II pe1yJibTilTLI, BbIIIOCHMLie Ha 1am1ny. 

1. pa3pa60TKa ll C03,!1an11e TpeKOBOro KaJIOpllMeTpll'leCKOro ,!leTeKTopa NEM0-2 ,!1Jl.s! 

llCCJie,!IOBaHll.sI 2p·-pacn3.11a. 

2. PeJyJlbTaThl Hccne.110BaHH.sI npoueccoa 2p·-pacn3.11a 
100

Mo, 
116

Cd, 
82

Se, 
96

Zr 11 
94

Zr na 

,!leTeKTope NEMO-2. 

3. pa3pa60TKa ll C03,!1aHHe Bb!COKO'.JcliclieKTllBHOro TpeKOBOro KaJIOpHMeTpll'leCKOrO 

,!leTeKTopa noaoro n0Konen11.si NEMO-3 .!1Jl.sI 11ccne.11oaa1111.si 2p·-pacn3.11a iooMo, 
116

Cd, 

82Se, 130Te, 15°Nd, 48Ca, 96Zr 11 94Zr c qyBCTBHTenh11ocTh10 K Macce nenTp11no - 0.1 eV. 

4. Pa3pa60TKa ll C03,!1aHHe nonynpOBO,!lllllKOBOro cneKTpOMeTpa TGV ,!1Jlll IICCJie,!IOBaHllll 

pa3Jill~b!X M0.11 ll Mexa111l3MOB 2p-pacn3.11a 
48

Ca H I0
6
Cd. 

5. Pe3yJihTaTbl llCCJie,!IOBallllll, H,!le!ITHcliHKaUIIII ll ceJieKUllll ctio110Bh!X npoueccoB na 

cneKTpOMeTpax NEMO-2, NEMO-3 11 TGV. 

6. Pe3yJlhTaThl llCCJie,!IOBaHllll p- - ll 2p·-pacn3.11a 
48

Ca. 

Anpo6a1111H pa60TLI, Pe3yJihTaThl, npe,!ICTaBJieHHble B ,!111CCepT3UIIII ,!IOKJla,!lb!BaJil!Cb na 

ceMIIHapax B Jla6oparnpIIII .sI,!lepHbIX npo6neM O6oe,!1IIHe1111oro HHCTIITYTa .sI,!lepHbIX 

IICCJle,!IOBaHIIll (,[{y611a), B HncTIITYTe TeOpeTII'leCKOll II 3KcnepIIMeHTaJibHOll cli113IIKII (MocKBa), 

B ~enTpe .sI,!lepHOll cneKTpOCKOnIIII ll .sI,!lepHbIX Mace (Opce, <l>paHUIIll), na6opaTOpIIII JIIIHeiIHh!X 

ycKopIITenett (LAL, Opce, <l>panuII.si), a TaKJKe na MeJK.!1YHapo.11noM cnMnoJnYMe no cna6hIM 11 

3JieKTpoMarnIITHhIM a3anMo.11ettcTBII.sIM B .s!,!1pax WEIN'95, OcaKa 1995; MeJK.IIYHapo.11nott 

KoncliepeHUIIII NEUTRINO'98, ToKa.siMa I 998; eaponettcKott KoncliepeHUIIH no 4i11311Ke 

BhICOKIIX 3neprntt HEP'95, Ep10ccenh I 995; Tpex MeJK.!1YHapo.11nhlX KoncliepenullllX no .si.11ep11ott 

cneKTpOCKon1111 (CaHKT-IleTep6ypr'95, ,[{y6na'99, CanKT-I1eTep6ypr'2000); coeemanIIllX no 

npo6neMaM .11aottnoro 6eTa-pac113.11a MEDEX'97, '99 (I1para'97 II '99); MelK,!1yHapo,!1HhIX 

KOncliepeHUllllX "Hoaa.si 4i11311Ka B 11eyCKOp11TeJ1hllblX 3KCIIepnMeHTax" NANP'97, '99, '01, 

,[{y6na, I 997, I 999, 2001. 

1Iy6J111Ka111111. Ilo MaTepIIanaM .1111cceprnu1111 011y6J1IIKOBaHO 32 pa60Tbl B TOM 'IIICJie 20 

B JKYPnanax: .H,nepna.si climIIKa - 3, TIIIchMa B )I(3T<l>- I, 113B. P AH Cep. 4im. - I, Nucl. Instr. 

Meth. A - 4, Nucl. Phys. A - 4, Phys. Rev. D - I, Phys. Lett. B - I, Mod. Phys. Lett. A - 1, Z. 

Phys. A - I, Czech. J. Phys. - 2, Acta Phys. Pol. - I. 
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CTpyi,.,ypa II 061,eM .1111ccepTau1111. ,[{11ccepTaUllll COCTOIIT 113 BBe,!leHl!ll, IIIecrn rnaB II 

3aKJIIO'leHl!ll II BKJIIO'!aeT B ce6ll 130 CTpa1111u TeKCTa. 28 p11cyHKOB II 8 rn6n11u. 

CO)J.EP)KAHHE PAliOTbl 

Bo BBe.ue111111 06oc11oea11a npHHUIIIIl!aJibllall neo6X0,!111MOCTb IICCJie,UOBaHl!ll 

,!IBOHHOro 6ern-pacrra11a. C4iopMyn11poea11a 11eJ1h pa60Tb1, 06ocnoaa11a aKTYaJibHOCTb 

npoee.ue,rnwx B .1111ccepTau1111 11ccne.11oea1111ii II H3JIOJKe110 ee KpaTKoe co,uepJKan11e. 

ITepeall rnaea HOCIIT BBO,!lllblH xapaKTCp. OcHOBHa.sI ueJib rnaBbl BBeCTII 

onpe,uenen11ll 11 060J11a'lcH11ll, 11cnoJ1h3yeMbie B nocne.uy10m11x rnaeax .1111cceprnu1111. 

l13JIOJKeHbl OCHOBbl Teop1111 ,UBOHHOro 6ern-pacn3.11a B CBeTe COBpeMCHHhlX KaJ1116poBO'lllblX 

Teop11ii. IIOKa3aHa 38BIICIIMOCTb xapaKTepHCTIIK :noro npouecca OT napaMeTpoB 

TeopeTll'ICCKIIX MO,UCJlCH. I1p11ee.ucn KpaTKIIH ofoop 3KCnepHMCHTaJihHblX MCT0.110B. 

npHMCHlleMblX ,UJill 11ccne.uoea1111ll .ueoiinhlx 6crn-npoueccoB, on11ca11bl na116onee 

'IYBCTBIITCJibllblC 3KCnepHMCHTbl, ocy)UCCTBJilllOIUIICCll B HaCTOllIUee BpeMll II 

rrna1111py10m11ec.si 11a 6J111JKaiiIIIee 6y.11y1Uee B pll,ue nay'!Hhlx na6oparnp11ii MHpa. 

PacCMOTpeHbl reoxHMH'ICCKHe, PMIIOXIIMll'ICCKl!e II npl!Mble 3KCrrepHMel!Tbl no l!OHCKY 11 

pemcTpau1111 2p-pacna,ua. ,[{Jill npllMblX 3KC11ep11MeHTOB OT,UeJlbHO paccMaTpl!BaJOTCll .UBa 

KJiacca: I) c "aKTl!BHblM PP-11cTO'IH11KoM" (Maiep11an co.uepJKam11n pp-113ornn. BXO.UHT B 

COCTaB aKTIIBIIOro o6beMa ,UCTeKTOpa); 2) C "naCCIIBHblM l!CTO'IHIIKOM
00 

(TOHKHii C.ijOH 

l!CTO'IHl!Ka IIOMC)UaeTCll MeJK,uy perttCTp11py10IUIIMI! ,!ICTCKTOpaMll).ITpoBO,Ul!TCll 311aJIH3 

npel!MYIUCCTB II IIC,UOCTaTKOB, np11cyIUHX KaJK,UOMY 113 3TIIX 3KCnep11MeHTaJ1bllblX no)lX0/_10B. 

IloKa3aHa neo6xon11MOCTh 113yqen11.si 2P-npoueccoe 11a umpoKOM Kpyrc ll/lCp c 

11cnoJib30BaHtteM pa3Jil!'lllblX MCT0,110B. 

Bo BTOpoii masc paccMOTpeH TpCKOBb!H KaJIOpl!MeTpll'leCKIIH JlCTCKTOp )_{Jlll 

113Mepellllll ,!IBOHHOro 6ern-pacna.ua NEMO-2 [1.2.3]. 3TOT JlCTCKTop llBJlllCTCll npoTOTlll!OM 

,ueTeKTopa HOBOro l!OKOJieHHll NEMO-3 [4]. OcHOBHOH UCJiblO nptt C03/_13111111 3TOro 11p116opa 

6hIJlO 113yqe11ne pa3JJH'lllb!X IICTO'IHHKOB pa.u11oaKT11BHOro ctiona. Bbl6op KOIICTpyKUl!0llllblX 

MaTepttaJIOB Mll ,lleTCKT0pa NEMO 3, 0Tpa60TKa MeTO)_{IIKI! 113Mepe11Hl1 TpeK0B II :mepnm 

3JieKTpOHOB, n1y'le11ne B03M0lKllblX CIICTCMaTH'leCKl!X norpcIIIHOCTCH. TcM IIC Mcnee. 

NEMO-2 nony'IHJICll ,U0CTaTO'III0 

2v - u Ovi - pacn3.11oe iooMo. 

BhlC0K0'IYBCTBHTCJlbllblM )leTCKTOpOM )lJlll HCCJIC,110B3Hllll 

116
Cd. 82Se, 96Zr II 

94
Zr. ,[{eTCKTOp 6b!Jl ycrnH0BJlCII B 

non1eMHOH HH3Koclionoeoii na6oparnp1111 <l>pe,11JKyc 11a rny6u11e 4800 M B.3. 11 npopa6orM c 
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anpen.11 1991 r. no aBrycT 1997 r. .[leTeKTop NEMO-2 (CM. p11c. I.) COCTOIIT 113 TpeKOBOro 

o6beMa (IM\ 3allOJIHeHHOro raJOBOU CMeCh!O (He+ 4% 3TIIJIOBOrD cn11prn) . .[laBJieHtte raJOBOU 

CMeCH ua I M6ap BblIIIe aTMOC<pepuoro naBJieHH.11. Cpenm1.11 nJIOTHOCTh ra3a B '-l)'BCTBllTeJihHOM 

o6beMe - 0.2 MrlcM3' qTQ npHBOnHT K :mepreTttqeCKHM noTep.llM 14 K38 )lJl.11 I M38 3JieKTpoua. 

nepeceKaJOII1ero 50 CM raJOBOrO o6beMa. 3TO n03B0JI.lleT BOCCTa!laBJil!BaTh TpeKH JJieKTpOHOB C 

JHeprnell OT JOO keV. 

hl 
Pttc. I. CxeMa JKcnepttMeHTaJihHoll ycrnHOBKH NEMO-2 (naccttBHa.11 3aIIIHTa ne 

noKaJaHa). I - uenTpaJihlla.11 nJIOCKOCTh, nonneplK11Ba!Oll13.II HCTOqHHK; 2 - rpeKOBhlil 

nereKTOP (IO nJIOCKOCTell c 2 x 32 rellrepOBCKHMH .11qeUKaMH a KalK)lOtt); 3 -

IlJIOCKOCTH Cl.{HHTHJIJl.lll.{HOHHhlX cqerqJIKOB. 

TpeKOBhlil o6beM neJIHTC.11 nonOJiaM nJIOCKOCTh!O JICTOqHnKa (I X I M
2
). C KalK,nOU 

CTOpOHhl JICTOqHJIKa 11axonJ1TC.II no IO nJIOCKOCTell c 32 rellrepOBCKHMH .11qeiiKaMJI B KalK,nOU. 

AttOJlhl JI KaTOnhI OTKphlTh!X reiirepOBCKJIX .11qeeK BhlnOJIHeHhl H3 HHKeJieBOH npOBOJIOKJI 

)lllaMeTpOM JOO MKM. JlqeiiKJI B cocenHHX nJIOCKOCT.IIX opneHTHpOBaHhl non yrnoM 90° npyr K 

npyry. KalKJla.11 cpa6oTaBIII3.II reiirepOBCKa.11 .11qeiiKa naer JIH<pOpMal.{HIO O npeii<pOBOM BpeMeHJI 

JI nByx BpeMeHax pa3MHOlKeHJI.II nJia3Mhl, qro 06ecneqJ1aaer rpexMepHbie H3MepeHH.II 

nonolKeHH.11 3aplllKeHHOii qacTJII.{hl. APeii<pOBOe BpeM.11 JICnOJih3yercll )lJl.11 onpenenemrn 

nonepeqHoii n03Hl.{JIJI, a BpeMeHa nna3MeH11oro pacnpocrpaueHHll JICnOJib3yJOTC.II )lJl.11 

onpeneneHHll nponoJihHOll n03Hl.{HH. I1cnOJih3Yll Jl3MepeHHe TpeKOB KOCMnqeCKHX .rryqeii, 6blJIJI 

ycTaHOBJieHhl OTHOIIIeHHll Me)l()ly npeii<pOBhlM apeMeHeM JI pacCTO.IIHJleM rpaeKTOpJIJI OT 

ueHTpaJihHOro npoBona. ITponoJihHa.11 no3Hl.{ll.ll onpeneJI.11eTCll Jl3 pa3HOCTJI no BpeMeHJI 
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CllrHaJIOB, nonyqeuHblX Ha o6onx KOHI.{ax KaTonHhIX npoBonoB. CpenHllll nonepeq113.11 

pa3pCIIIalOII13.II cnoco6uocTh - 500 MKM, a nponoJibHa.11 pa3pCIIIa!OIIJ;a.ll cnoco6HOCTb - 4.7 MM. 

L\nll 3JieKTpOHOB C HH3KHMH 3HeprttllMJI yqJ1Th1BaJIJICh 3<p<peKThl MHOroKpaTHOro pacce.llHHll B 

raJOBOll CMCCJI, a TaKlKC B3aHMOneiicTBJI.II C npoaonoqKaMH l[qCeK. 

3Heprull qaCTJIU H3Mepl!eTCll nnaCTMaCCOBblM CUHHTJIJIJl.lll.{JIOHHhlM KanOpHMeTpOM. 

KanopnMeTp COCTOHT H3 nByx napanneJihHblX n~OCKOCTeii, Ka)l()la.11 Jl3 KOTOphIX COCTOHT Jl3 64 

uneHTJlqHbIX nnaCTMaCCOBbIX CUHHTHJIJl.111.{JIOHHhlX neTeKTOpOB c <jlopMaTOM 8 x 8 cqerquKOB. 

Pa3MCphl Cl.{JIHTJIJIJillTOpOB - 12 x 12 x 2.25 cm
3
• Tonmu11a Cl.{HHTJIJIJI.IITOpa 6h1Jla Bb16paua m 

pacqera nOJIHOll OCTaHOBKJI 3JieKTpOHOB c 3HeprttllMH no 4 MeV. Ka)l()lhlli cqerqJIK COCTOJIT Jl3 

nJiaCTMaCCOBoro Cl.{HHTJIJIJI.IITOpa NE! 10, o6paIIIeHHOrO B crnpoey JICTOqffJIKa, JI CsI(Na) -

CUJIHTJIJIJlllTOpa (TOJIII1HHOH 2.5 MM) co CTOpOHhl <!>3Y. CsI(Na) Cl.{JIHTllJIJI.IITOp ucnOJih30BaJICll 

)lJ!ll TOro, qTo6hr perHCTpJlpoBaTh peHITeHOBCKJle Jiyqtt OT 3JieKTpOHOB BHyTpeH11eil: KOHBCpCHJI, 

llBJill!Oll1HXCll pe3yJih TaTOM pannoaKTHBHhlX 3arpll3HeHJIH ueHTpaJihHOro JICTOqffJIKa. EJIOKH 

Cl.{JIHTJIJIJillTOpa npocMaTpJIBa!OTC.11 <!>3Y qepe3 CBe'fOBOn TOJIII1JIHOH 90 MM. 

311epreTnqeCKJ1e KaJIJ16pOBKH BhIIlOJIHeHbl C noMOII1h!O panHOaKTJIBHhIX JICTOqffJIKOB 

(2°7Bi, 137Cs JI 88Y), no11,1eme11HhIX nepen KalK)lhlM Jl3 128 Cl.{JIHTIIJIJI.IITOpOB Ha paccTOllHJIJI 4 CM 

(cM. puc. 2.) 
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I 60 200 240 280 320 
K1111a.m, ADC (I •am1J1~4 ,oB) 

Puc.2. 3Heprernqec~uii cneKTp 
207Bi. BKJian 

3JieKTpOHOB BHyrpeuueil: KOHBepCJIJI nOKa3aH 

nyttKTl!pHOU JIJIHHeii. 8KJia,n <pOTOHOB 

nOKa3aH npephIBJICTOH JIJIHJICH. 

soo~----------=----, 
a_ 175 

~ 750 
II i 725 

:::, 700 
u 
f: 675 
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600 

575 

_)75~72 
.,,- ..... 

5500:--'"~~~-"::1:::---~..,.i.-~~..1-~......1 
200 400 600 800 I 000 

ADC(IJ<aHaa-4nB) 

Pnc.3 <DyttKUJlll OTKJIJIKa TDC JI ADC Ha 

pa3JIHqffhJe JIHTeHCHBHOCTll l!MnyJihCa 

Kann6poaoqttoro Jia3epa. 
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Orrpe,neneHa :meprernqecKaJI 3aBHCHMOCTh pa3pernruorneii crroco6HocTtt: noJIHaJI 

rnnpttHa Ha nonoanHe MaKCHMYMa (FWHM) (K3B) = -J2SE(K:1B) + 2300 • 3TO cooTBeTCTByer 

3HeprernqecKOMY pa3pernerrn10 17.4% MJI 3JieKTPOHOB c 3Hepmeii I M3B. 

ToqHaJI KaJIH6pOBKa C[IHHTHJlAA[IHOHHOro KaJIOpttMeTpa no BpeMeHH 11eo6xo,nnMa ,ZJ;JIJI 

rrpoae,neH~ apeM11-rrponerHoro ananma. .l-(.1rn apeMeHHoii KaJitt6poBKH cqeT'mKoB 

HCIIOJlh30BaJI0Ch YCTPOHCTBO C Jia3epOM H BOJIOKOHHOH OIITHKOH. B 3TOM ycTpOHCTBe i'l3JIY'leHHe 

Jia3epa IIOChIJiaeTCJI no onnrqecKHM BOJIOKHaM KaJK,Zl;OMY ,nereKTopy. l1HTeHCHBHOCTh Jia3epHoro 

H3nyqemrn H3MeHHJiaCh nYTeM BBe,neHHJI HeiiTpaJihHhfX <jmJihTpOB nJIOTHOCTH ,Zl;JIJI Toro, 'IT06hl 

Mo,nemrpoBaTh nOJIHhlll ,ZJ;HaIIa30H 3Heprnii, pemCTpHpyeMhlll C[IIIHTHJIJIJITOpaMII. 3TOT MefO,Zl; 

o6ecneqnaaer elKe,ZJ;HeBHYJO rrpoaepey JIHHeiiHOCTH H q>yHK!.11111 OTKJI11Ka ,nereKTopa. 

Crn611JihHOCTh xapaKTepHCTIIK Jia3epa npoaepJIJiaCh q>OTO,Zl;IIO,Zl;OM. <l>OTO,Zl;HO,Zl; npHHIIMaeT 

CllrHaJihl OT CTeKJIOBOJIOKOH H OT 
241 Am - HCTO'IHHKa U - 'laCTHI.I (MIi BHYTPeHHeii 

KaJIH6poBKH) • .l-(onroapeMeHHaJI TQqHOCTh '..JTOH rpa,nyttpOBO'IHOH rrpo1.1e.nyphl O[leHeHa a 4 % 

(BKJIIO'leHa B CHCTeMaTnqeceyJO rrorpelIIHOCTh). 

3aBHCHMOCTh apeMeHHOro pa3perueHIIJI OT 3Hepmtt, pemcTpttpyeMOH B C[IHHTHJIJIJITOpe. 

(cM. pnc. 3) H3Mep11nach C IIOMOIIlhlO KaJI116poBO'IHOro Jia3epa npH pa3Jill'IHOH HHTeHCHBHOCTH 

caera. Pa3pernruornaJ1 crroco6nocTh no apeMenn ( cpe,nHeKBa.n;paTH'IHoe 311aqeH11e) KalK,noro 

cqeT'IIIKa nptt6Jill3HTeJihHO 250 rrceK ,nAA 3Hepmii 60Jihlile I M3B, HO ,ZJ;OCTHraeT 450 nceK ,Zl;JIJI 

200 K3B, npH BpeMeHHOH crn6HJihHOCTH a TeqeHHe ,ZJ;JIIITeJihHOrO cpoKa He xylKe 200 nceK. 

KoHCTpYKI.IIIJI C[IHHTllJIJIJll.lllOHHOro KaJIOpHMeTpa coaeprneHCTBOBaJiaCh no xo,ny 

3KCnepHMeHTa. B nepBOM BapttaHTe HCIIOJlh30BaJIIICh ,nae IIJIOCKOCTH no 64 C'leT'IIIKa B KalK,ZJ;Oll 

c pa3MepaMH CIJHHTHJIAATOpOB 12 x 12 x 2.25 CM
3

• B 3TOM cnyqae npttMeHJIJIHCh o6hI'IHhle 

KOMMepqecKHe XP2312 q>OTO)'MHOlKHTeJIH. TaKaJI KOHq>ttrypa1.11111 C'leTqHKOB 6b1Jla peanmoaaHa 

,Zl;JIJI 3KCrrepttMeHTa C 100Mo. B ,ZJ;aJihHeiirneM HCnOJih30BaJiaCh ,npyraJI KOHq>llrypa1.11111 

KaJIOpHMCTPa: ,nae nJIOCKOCTH ITO 25 CIJHHTHJIJIJIIJIIOHHhlX cqcrqHKOB a KalK,Zl;Oil (pa3Mep 

OT,ZJ;eJihHOrO C[IHHTHJIAATOpa 19x X 19 X 10 CM
3
) C HCIIOJlh30BaHHeM Hll3KOq>OHOBhfX <l>3Y. 

TpeKOBhlll 061,eM H C[IHHTHJIJIJl[IIIOHHhle cqeT'!IIKH 6hIJIH oKpYlKeHhl naCCHBHOll 3alIIIITOH, 

COCTOJ11IIeii H3 5 CM CBIIH[la II 20 CM CTaJIH. QttpKyJIJI[IHJI B03.nyxa MelK,Zl;y TpeKOBhlM 061,eMOM H 

rraccHBHOH 3alIIHTOH npe,noxpaHJIJia <l>3Y OT B03,ZJ;ellCTBHJI reJIHJI II ncnoJih30BaJiaCh ,Zl;JIJI 

OXJialK,Zl;eHIIJI ,neJIHTeJien Hanp11lKeH~, KOTOPhie B C)'MMe BhI,ZJ;eJIJIIOT OKOJIO 300 w MOIIJHOCTH. 

Orn11qnTeJihHhIM npH3HaKOM HCTHHHOro co6blTHJI pp-pacna,na JIBJIJleTCJI O,Zl;HOBpeMeHHOe 

(B npe,nenax 50 HCeK) cpa6aTh!BaHHe ,nayx CI.IHHTHJIJIJl[IIIOHHhlX cqerqHKOB n cpa6aTh!BhlHHe KaK 

MHHHMYM 4-x renrepoacKHX 11qeeK B Te'leH11e 2.5 MKCeK. Ilp11 nocne,ny101IIeii o6pa6oTKe 

rrpOHCXO,Zl;llT BOCCTaHOBJieHHe TpeKOB 3JieKTPOHOB H oT6npruoTCJI co6blTHJI C o6rneii BeplIIHHOll B 
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HCTO'IHHKe, y.noaneTBop1110rnue BCeM .npymM KpllTepttJIM OT6opa. Ilptt no11CKe 2e-co6hJTHll 

:3JleKTPOHY COOTBeTCTByeT TpeK. coe,ZJ;HHJIIOIIIHH IIOBepXHOCTh HCTO'IHIIKa co 

CI.IHIITHJIJIJII.IHOHHhlM cqeT'IHKOM, nptt'leM 311epm11, Bhl,ZJ;eJIJieMaJI B C'leT'IHKe, ,ZJ;OJllKHa 6hITh 

60JihWe 200 K3B. MaKCHMaJihHhlll yroJI pacceJIHHJI B,ZJ;OJlh TpeKa He ,Zl;OJilKeH npeBbllilaTh 20·. 

KpoMe aHaJIH3a 2e-co6hlTHH npOBO,Zl;HJICJI ,ZJ;eTaJibHhlll aHaJIH3 (ey}-, (eyy}-, (eya)- H 

O,ZJ;HHO'IHhlX 3JieKTp0HllblX co6blTHH. 3Ta HHq>OpMal.lHJI HCnOJih30BaJiaCh ,ZJ;Jrn HJyqeHHJI 

BHYTPeHrrero H BHern11ero qio11a cneKTPOMCTPa NEMO-2 [5]. KpoMe rnro, ace HCTO'IHHKH 

TeCTHpOBaJIHCh 11a HaJill'!He pa,nttoaKTHBHbIX npHMeceii C nOMOIIlhlO HPGe-,nereKTopoB B 

nomeMHoii na6oparnputt. 

Cne1.111aJihHO co3,na1111aJ1 nporpaMMa pacn03Haaa11u11 o6pa30B coJ,naer reoMerptt'!eceyJO 

mnepnpern1.1mo co6hlTHH. B nepBoii BepcttH 3JieKTpOHHhle TpaeKTOpHII BOCCTaHaBJIHBaJIHCh B 

JlHHeHHOM nptt6JittlKeHHH. ITpo,nOJibHbJe II nonepe'!Hbte KOOp,nmtaThl OTHOCHTeJibHO Jl'!eeK 

q>HTIIPYJOTCII npJIMOH JIHHHeii. ITporpaMMa peKOHCTpyKI.IHH co6hJTHH orrpe,nen11eT 

HanpaBJIJIIOIIIHe KOCHHYChl TpeKOB H (x,y) KOop,nmtaTbl nepece'leHHJI TpeKOB C nnocKOCTHMH 

C[IHHTHJIJIJITOpOB H 1.1eHTpaJihHhlM HCToqnHKOM, a TaKlKe OTMe'!aeT B03MOlKHOe pacceJIHHe B 

TpeKOBOH KaMepe HJIH o6panwe pacceJIHHe Ha JIH[leBblX noaepxuocrnx CI.IHIITHJIJIJITOPOB. 3m 

nporpaMMa TaKlKe HcnOJih30BaJiaCb ,Zl;JIJI Toro, 'IT06hl q>HJihTpOBaTh ,naHHhle Ha nepBOM 3Tane. 

BrnpaJI nporpaMMa peKOHCTpYKI.IHH npHHHMaeT BO BIIHMantte BCIO Hllq>OpMa[IHIO, 

nonyqe11HYJO c 11qeeK cqeT'!ttKa renrepa, yqttThlaaeT 3q>q>eKThl MHoroKparnoro pacce11rrtt11 H 

OCIIOBaHa na HTepa[IHOIJHOM MeTo,ne pacn03HaBaHHII TpeKOB, B KOTOpoM HCIIOJlb3yeT anropttTM 

KaJibMaHa. 3m nporpaMMa peKOHCTpYKI.IIIH onpe,neJIJieT n0311[1HIO BeplIIIIHbl Ha IICTO'IHIIKe C 

TO'IIIOCThlO O(x.y) = 0.5 CM, np11 3TOM 3q>q>eKTIIBHOCTh peKOIICTPYKIIIIH 6Jill3Ka K I 00 %. 

TpeTIIH BapttaHT rrporpaMMbl peKOHCTpyK!.11111 C06h1Tllll [6]. 6hJJI pa3pa6oTaH Ha OCHOBe 

,npyrux MeTO,ZJ;OB (KJieTO'IHhJe aBTOMaThl II 3JiaCTll'IHble cer11) H 11cnOJih30BaJICJI ,Zl;JIJI o6pa60TKII 

3KCrrep11MeHTOB NEMO-2, Ha'lllllaJI C 3Kcnep11Me1na C 
116Cd. JTOT BapllaHT nporpaMMhl B 35 

pa3 6blCTpee rrporpaMMhl, OCIIOBaJIIIOH Ha q>IIJihTpe KaJihMaHa, np11 TaKOH )Ke 3q>q>eKTIIBHOCTH 

HaxolK,Zl;eHIIJI TpeKoB II TaKoii lKe TO'IHOCTH. B 3Kcnep11Me1nax Ha NEMO-3 cneKTPoMeTpe 6y,neT 

HCnOJih30BaThCJI HMeHHO 3TOT aapuaHT nporpaMMhl ,Zl;JIJI peKOHCTPYK!.11111 co6blTIIH. PaJJJH'lllhle 

THnhI co6hlTIIH, KOTOphle 6blJIII o6pa6oTaHhl nporpaMMOH peKOHCTpyKI.IHH, noKa3aHhl Ha puc. 4. 

ITporpaMMa HaKOIIJieHIIJI nocJie 3anycKa Tp11rrepa C'IIIThIBaJia ,naHHhle H coxpallllJla IIX 

Ha ,Zl;llCKe. ITocKOJihKY elKe,Zl;lleBHO 11aKann11BaJIOCh ,no 16 Mera6aiiT '.JKCI1ep11Mel1Ta.Jlhllh1X 

,naHHhIX, Heo6xo,nllMO 6h!JIO ocyrnecTBJJJITh q>IIJihTpa111110 BXO,ZJ;HhlX ,naHllhlX. 95 % 

3aper11cTp11poBaHHhlX co6hITIIH - TIO :meKTPOHhl OT,ZJ;a'III, BhlXOAAIIIHe HJ CQIIHTIIJIJlJITOpOB If 

ncpeceKaJOIIIIIC TpCKOBhIH 061,eM. 3TII C06hlTIIJI nerKO OTq>IIJJbTpOBhlBaJOTCJI Bpe1,111-npo.1ICTHhlM 
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a11arrll3oM. 3J1ech 1111qiopMaL{11ll c ADC II TDC 11cnoIIh3yeTcll B npoueJ1ype peK011cTpyKu1111 

TpeKa ,[IJlll Toro, 'IT06bI Bbl'IIICJIIITb speMll nporreTa. Co6bITllll qJIIJibTpYJOTCll C 3 uceK 

)UiaTTa30H0M II K0JIH'leCTB0 ueo6pa6oTaHHbIX ,[laIIHblX C0KpamaeTCll B ceMb pa3. 3TOT 

KO'.lqJqJIIL{lleHT qJIIJibTpal.{1111 M0lKeT 6bITb yserr11'1ell }10 30, ecm1 np11I111MaTb BO BHIIMaH11e 

Tonorror11IO co6bITllll II '.llleprnIO. 3Kcnep11MeHT Bbin0JIHllJICll II ynpaBIIllJICll ,[IIICTaHL{II0IIIIO. Bee 

HaY'JHble rpynnbl KOJIJia6opau1111 NEMO '1epe3 K0MnbIOTepHYJO CeTb norryqarr11 ,[laUHble ,[IJlll 

aHa.Jlll3a. 

A 
Rl"N c 729 
EVT c 6367 

PM AOC(keV) IDC( 1-'I0ns) 
30 509 0 
120 1495 38 

X 

BH.l caepxy 

y 

BH.1Ic6oJCY 

B 
Rt~ - 729 
E\T - 1622 

fl:\f AOC(ke\') TI)C(l 'IOn!I) 
12 1986 O 
37 106 80 

X 

fiH,'l CBCp.\],' 

y 

BHJl c6oKY 

C 
Rl'\' · TN 
EVT - 5375 

P~f .-\.DC'(l.c\') IDC'(l lOns) 
23 383 6 
140 640 0 

X 

8H,1 CRCpxy 

y 

BH,1c60.:y 

Il 
Rt·:,.; 7:?'J 
E\T --, 3342 

P~f ,\JX'(kc\.)TDC'(l'IOnsJ 
10 405 I 
63- 716 

BJ 
BH,1 CBCP.\")' 

HJ 
llJQcfioicy 

P11c. 4. ITpoeKu1111 T11n11'1HhIX co6b1mii, 3aperncTp11posattublx NEMO - 2 }1eTeKTopoM. 

(A) 3rreKTPOH, nepeceKaIOIL{lltt /:leTeKTop crresa uanpaso (s11ern1111ii qiott). (B) 

3JieKTPOH, nepeceKaIOIL{llll }1eTeKTop II paccellHHblll B rerr1111 (BHeIIIHllll qiou). (C) ,[{sa 

'.lIIeKTP0Ha, 11cnycKaeMbie 113 nJI0CK0CTII IICTO'IHIIKa (2e - co6bIT11e). (D) 3JieKTPOH II 

qJOTOH, 11cnycKaeMbie 113 nrrocK0CTII IICT0'IHIIKa ( e-y - co6b!Tlle ). (I) ITrrOCKOCTb 

IICT0'IHIIKa. (2) ,[{rrll ll'!eeK C'leT'IIIKa reurepa, nepneH,[IIIKYilllPHblX K nJI0CKOCTII 

p11cynKa, ,llpeiiqiosoe paCCTOJIHlle ,[laeTCll )UiaMeTpOM 0KpYlKH0CTII, a TpaeKT0pllll • 

KacaTeJibHal! K 0KpYlKH0CTJIM. (3) ,[{Jill ll'leeK C'leT'IHKa reurepa, napa.JIJieJibHblX 

nrroCK0CTII p11cynKa, MarreHbKlle cerMeHTbl YKa3bIBaIOT n0311L{IIIO TpaeKTop1111 B,[I0Jib 

npoB0JI0'leK. (4) Cu11HT11JIJIJIL{IIOHHblll C'leT'IIIK, CBJl3aHHblll C TpeK0M. (5) 

CL{HHTIIJIJIJIL{II0HHblll C'leT'IIIK, 3apernCTp11posaBI1Illll qJOTOH. 

B Jl)eTueii rrrase npe,llCTaBJieHbl pe3yJibTaTbl 113MepeHHll B '.lKCnep11MeHTe NEMO-2 C 
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t r 

1130TOnaMII 
100

Mo (2,11], 
116Cd (7,8,11], 

82
Se [9,I0,11], 

96Zr (10,11] 11
94Zr (10,11]. ,[{eTa.JibH0 

paccMaTpHBaeTCll '.lKCnep11MeHT no 113MepeHIIIO 2fr -pacna,[la 
100

Mo, on11CaHbl see 

IIJy'leUHble IICT0'IHIIKII qiotta II B03M0lKHbie c11cTeMaT11'1eCK11e norpeIIIH0CTII, 

npoauarr1n11poBaHbl see B03M0lKHbie M0,[lbl II KaHa.Jibl 2f3-pacna,[la. 

11CTO'IHIIK 113 MOJill6}1eH0BOll qJOJibrH pa3,lleJieH Ha ,[IBe '!aCTII. O}1Ha '!aCTb C0CT0IIT 113 

06orame1rnoro Morr116}1etta (98.4 % 100
Mo) <;, ::iqiqieKT11s11oii Maccoii 172 r, a .llPyraH - 113 

HaTyparrbH0ro MOJill6}1e11a (163 r), KOT0pblll llMeeT 1130T0nHYJO pacrrpocTpaHeHH0CTb no 
100

Mo 

9.6 %. !1CTO'IHIIK 113 
100

Mo 6blJI C,[leJiaH 113 12 noMe(L{eHHblX pll,ll0M II0JI0C (o6IL{eii IIJI0IL{a,[lbIO -

4600 CM
2 ), KalK,[lal! TOJIIL{IIHOll 40 ± 4 MKM. 11cTO'IIIIIK 113 HaTypa.JibH0ro MOJIB6}1eHa B B11,[le 

qJOJibrH IIMeJI nllTb II0JI0C (IIJIOIL{a,[lb - 3956 CM
2

) TOJIIL{IIHOH 44 ± 2 MKM. 

B CIICTeMe K00p/:IHHaT, npHHJITOll }1Jlll NEMO - 2, Ha'larr0 K00p}111HaTHblX oceii 

pacnoJI0lKeH0 B ue11Tpe ,[leTeKrnpa, Z • 0Cb rreprreH,[IIIKYJlllPHa K IIJI0CK0CTII IICT0'IHHKa, X • 

rop1130HTa.JlbHall 0Cb II y - BepTIIKa.Jlb!lall 0Cb. O6orameHHal! o6JIZ.CTb MOJI116.11eHOBOro 

IICTO'IHIIKa onpe,lleJieHa X - KOOp.!IHHaTOii B )lllalla30He OT -47.5 .110 2.5 CM, a o6JiaCTb 

HaryparrbH0ro MOJill6}1eml X - Koop.111111aT0ll B )lllalla30He OT 4.5 .110 47.5 CM. ,[{Jill 06011x 

IICTO'IIIIIK0B y - K00p.111111aTa HaX0}111TCJ! B .1111anaJ0He OT - 46.0 }10 46.0 CM. 

ITp11 aHa.Jill3e 11a6paHHOll ll!lqJOpMal.{1111 113Y'Ja.JIIICb KaK '.lJieKTp0H - '.lJieKTP0HHble (2e), 

TaK II '.lJieKTp0H - qJOTOHHble ( e-y) cofihITIIJI. 11MeIOTCll )IBe B03M0lKH0CTII }1Jlll o6pa30BaHllll (2e) 

qJOHOBbIX co6bITllll, K0T0pb!e M0ryT IIMIITllp0BaTb 2f3-pacrr3}1. ITepBall KaTeropllll TaKIIX 

co6bITllll, IIJIII "BHeIIIHlltt" qJOH, o6yCJIOBJieHa '.lJieKTp0IIaMII IIJIII qJOTOHaMII, o6pa30BaBIIIIIMIICJI 

BHe IIJI0CK0CTII IICTO'IHIIKa II B3aHM0)leUCTBYJOIL{IIMII C )ICTeKTOp0M. 3rreKTPOHbl M0ryT 

o6pa30BbIBaTbCll 3a C'leT K0MIIT0H0BCK0ro paccel!HHJI qJOTOHOB B rrnacTMaccosblX 

CL{IIIITIIJIJillT0pax. 3TH '.lJieKTp0Hbl M0ryT BblX0,[IIITb 113 CL{IIHTIIJIJIJIT0p0B II rrepeceKaTh 

TpeKOBblll o6beM II L{eHTpaJihHblll HCT0'IHIIK 113 MOJI116.11eHOBOll qJOJibrH II perttCTpllp0BaTbCJI 

BTOpbIM CL{IIHTIIJIJillL{II0HHblM C'leT'IIIK0M. TaK11e qJOHOBbie (2e) co6bITllll 11}1eHT11qJHL{llpYJOTCll 

no Kp11Tep11l!M speMJI-nponeTHoro attan113a, TaK KaK speMJI rrepece'!eHllll TpeKosoro o6beMa 

BHeIIIHIIM '.lJieKTp0H0M scer.11a ::0: 3 HCeK (paCCTOl!Hlle Me)K)I)' .!IBY!\fll CL{HHTIIJIJilIT0paMH ::O:I M). 

lf>0TOHbl, B3allM0)lellCTB)'IOIL{He C MOJill6}1eHOBbIMII qJOJibI'aMII, rrp0113B0.!llIT '.lJieKTP0Hbl 0T,[la'III 

(KOMIITOH - ::iqiqieKT) IIJIII e+e--rrapbl. 3neKTPOH 0T)la'III M0lKCT rrp0113Becm BTOpoii '.lJieKTP0H B 

IICT0'IHIIKe 3a C'ICT MeJIJiep0BCKoro pacceJIHHll. ll, HaK0HeL{, qJOTOH M0lKCT 3a C'ICT )IB0UH0ro 

KoMrrTOH-'.lqJqJeKTa Bb1611Tb 113 qJOJibrH IICTO'IHIIKa )IBa '.lJieKTP0Ha. 3m )IBa II0CJie,[IHIIX BIi.iia 

BHeIIIHero (2e) qiotta He M0ryT 6bITb 11}1eHTHqJIIL{11pOBaHbl B C00TBCTCTBIIH C BpeMll-llpoJieTHbIMH 

Kp11TepllllMII, HO M0ryT 6bITb 0L{eHeHbl 110 113MepeHllllM C HaTypaJibHbIM Mo. 

BTopal! KaTeropllll, "enyrpemmii qJOH", o6ycJIOBJieHa rrpHCYTCTBHeM pa)III0aKTIIBHblX 
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.11.11ep BHyrpll MOJm6,neHOBOll $0Jibr11, KOTOpbie, KaK npaBIIJIO, JIBJIJIIOTCJI P- 113.JI)"laTeJIJIMII. 

BTopoli :meKTpOH MOJKeT nOJIBJlllTbCJI 3a cqeT BHyrpeHHeli KOHBepc1111, 3a cqeT MeJIJiepoBCKOro 

pacceJIHllll llJIII 3a cqeT KOMUTOH0BCK0ro pacceJIHIIJI KaCKa.I{HblX -y-KBaHT0B OT pacna.uoB 

pa,uHOaKTllBHbIX .11.11ep. 

BHeIIIHllll II0TOK $oTOHOB B NEMO-2 ,neTeKTope c$opM11p0BaH rnaBHbIM o6pa30M 3a 

cqeT pa,uH0aKTIIBHOCTII B CTeKJie $OTO}'MHOJKl!TeJieli (1800 Bq/kg 
4
°K II 25 Bq/kg 

2I4
Bi). 

DOJlbIIIIIHCTBO (e-y) - co6b!Tllll Bbl3BaHO K0MnT0H0BCKIIM paccellHlleM -y-KBaHTOB B $oJibre 11 

perl!CTpllp)'IOTCJI KaK 0.IUIH :meKTJ)OH II 0,l\llH $OTOH. Koma BXO,l\lllltllll $OTOH B3aIIMO,l\eHCTByeT 

B CUIIHTIIJIJillT0pax, TO OH TaKJKe M0JKeT reHep11poBaTb (e-y) - co6bITIIJI, eCJIII 3JieKTJ)0H Bb!XO,l\IIT 

OT CUIIHTIIJIJillT0pa II OCTaHaBJIIIBaeTCJI B $OJibre. TaKIIe co6b!TIIJI ceJieKTIIPYJOTCJI no IIX 

TOn0JI0rllll (T.e. Ha ,l\Ba cpa6onmIIIIIX CUIIHTIIJIJlllllll0HHblX cqeTqIIKa npIIX0.IUITCJI 0.IUIH TPeK OT 

3JieKTJ)OHa). Pacnpe,neJieHlle ( e-y) co6b1mli no nJI0llta.uH IICTOqHIIKa 113 MOJIII6.neHOBOll $OJibrII 

noKa3aH0 Ha p11c. 5. YMeHbIIIeHIIe q11cJia co6bITllll K Kpal!M $oJibrll U0JIBJIJleTCJI II3-3a 

reOMeTpl!qeCK0ro aKcenTaHCa. Ha 3T0M JKe p11cyttKe np11Be,neHbl pacnpe,neJieHIIJI ( e-y) co6b!Tllll 

no KO0p.lU!HaTe X .!IJlll 100Mo II Na'Mo II pacnpe,neJieH11e ( e-y) co6Mmli no yrny MeJK.ny 

3JieKTJ)OH0M II -y-KBaHTOM. lh 3TIIX pacrrpe,neJieHIIll B11.nH0, qTO $OJibrII 113 
100

Mo II NatMo 

pacnOJI0JKeHbl HeCIIMMeTPIIqHo, noTI0MY II3-3a re0MeTpllqecKoro ;iKCenTaHCa (13%) II fiOJibIIIeH 

nJI0llta.uH (16%), q11cJI0 (e-y) co6b!Tllll B $OJibre 113 
100

Mo Ha 30% 6oJibIIIe, qeM B $OJibre 113 

NatMo. YrnoBble pacrrpe,neJieHIIJI YKa3b!BaJOT Ha TO, ~o B (e-y) co6bITIIJIX B 
100

Mo II Na'Mo 

3JieKTJ)0H II -y-KBaHT Bb!JleTaJOT 113 $OJibrll B OCH0BH0M Bnepe.n ( cosa > 0) II 3TII co6b!TIIJI 

o6ycJIOBJieHbl K0MnT0H0BCKIIM paccellHIIeM -y-KBaHT0B 
4
°K B MaTep11aJie ueHTPaJibHoro 

IICT0qHl!Ka. Ha 3TO JKe YKa3blllaJOT II pacnpe,neJieHIIJI ·(e-y) co6b!Tllll no 3HeprllllM. 3-rII 

pacnpe,neJieHIIJI np11Be,ne11bl B TPeTueli rnase .1U1CcepTan1111. Ih aHaJill3a ( e-y) co6b1mli BII.ntto, 

~o OCIIOBIIOU IICTOqffIIK BHeIIInero 4>0Ha - 3TO 4°K B CTeKJie $OTO}'MH0JKl!TeJieli. O.nttaKo 

noJIHOCTbJO 06'bJ1CIIIITb 4>011 T0JlbK0 3a cqeT 4°K ne y,naJI0Cb, no3TOMY ,npyme K0Mn0He!ITbl 

B!leIIIHero $ona 6oJiee na,neJKH0 onenl!BaJIIICb no 113MepeHl!llM C HaTYpMbllb!M MOJill6,neHOM. 

IlpoBe,neHHall oueHKa 4>0Ha OT BHyrpeHHIIX 3arpll3HeHl!ll IICToq1111K0B ,naJia BeJIII~HY, 

npeHe6peJKIIMO MaJIYIO no cpas11e1111JO c BeJI11q11Holi BHeIIInero 4>0Ha. 

Pacnpe,neJieH11e (2e) co6blmli no nJI0llta.uH 11croqH11Ka np11Be.ne110 na p11c 6.a. BII.nHbi 

,l\Be xapaKTepHb!e o6JiaCTII 100Mo II NatMo. 1111CJio (2e) co6b!Tllll B $OJibre 113 
100

Mo B TPII pa3a 

60JibIIIe, qeM B $oJihre 113 Na'Mo, ~o no.nrneplK,l\aeTCJI pacnpe,neJieH11eM 2e co6blTIIli no oc11 X. 

OcHOBHOli BKJia,u B (2e) co6bITIIJI OT BHeIIIHero 4>0Ha ,l\JIJI N•'Mo ,naeT 
4
°K, a TaKJKe PP2v­

pacna.u OT 100Mo (B narypaJibl!Oll $OJibre ero 9.6%), a BKJia.u OT 
2I4

Bi npene6peJKIIMO MaJI (CM. 

p11c.6.cl .). Ha p11c.6.d. 11 6.dl. np11Be,neH cneKTp (2e) co6b!TIIli 
100

Mo II cneKTJ) BHeIIIHero $oHa. 
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Ilo1rnoe 'IHCJIO 2P(2v)-co6L1T11il 10°Mo cocTaJJHJIO 1433, '!TO B HecKOJihKO pa3 npeBbllllaeT 

C)'MMapHyro CTaTHCTHK)' acex .11pymx JKcnepHMCHTOB no IOOMo. Yrnoable pacnpe,11eJICHIIJI 

2P(2v)-co6brmil 11 (2e) <jioHOBhlX co6Lrr11il Na
1Mo, a TaKlKe JHepreT111JeCKHe pacnpe.11ene1mJ1 

O.!IIIHO'IHhlX JJICKTpOHOB 2P(2v)-co6bm1il IOOMo 11 (2e) <jioHOBhIX co6b1rnil Na
1
Mo 11Me10T 

CYIIICCTBCHHO pa3Hh!H xapaKTep nose.11e11Hll, a JKcnep!IMCHTaJihHhle ,!laHHbie xopowo 

cornacyroTCll c pac'leTaMII MCTO.!IOM MonTe-Kapno. nhmll nony'leHhI TaKlKe npe,1eJihI na 2P(Ov)­

pacnM T112 c".6.4· 102I JieT 11 2P(Ovi)-pacnM T112 c".5· 10
20 

JieT (.11.a. 90%), OTKy,1a 6bIJIH 

ycrnHOBJJeHhl orpaHH'leHHll .!IJlll <mv> <(6 - 18) JB 11 <gee> <(2 - 6)·1ff
4 

[2,11]. ,[(JIJI 2P(2v)­

pacna,1a TIOJiylJCHO TO'IHOe 3HalJeHHe ll,!lepHoro MaTpH'IHOro 3JICMCHTa paanoe 0.109 ·~=. 
B JaKJIIO'leHHe cne,11yeT OTMCTHTh, '!TO JHa'!eHHe neptto,1a nonypacna,1a Mll 2P(2v)­

MO.!lhl IOOMo, nonyqeHHOe 113 ,11a1111oro JKCnepHMCIITa l!BJillCTCll nan6onee TO'IHb!M na ,1aHHblH 

MOMeHT apeMeHII. 

B 3Kcnep!IMCHTC C 116Cd [7,8,12] nJIOCKOCTh IICTO'IHl!Ka TaKlKC 6hma pa3,11ene11a Ha J1BC 

qacT11, o,11Ha 113 KOTOphlX co.11eplKaJia II6Cd (Macca 152 r, 06ora11JeH11e 93.2%, TOJII1J1111a qionhrn 

40 MKM), a ,11pyrasi - narypanhHhiil Cd ( Macca 143 r, co,11eplKan11e 
II6

Cd - 7.58%, TOJIIIJHHa 37 

MKM). BpeMll !13MepeH!lll COCTaJlllJIO 6588 lJaCOB. BHelllHllll <jioH 0[1CIIIIBaJICll no 113MepeH!lllM C 

HarypaJibllh!M Cd, a BHYTpCIIHllll 6bm npeHe6pelKIIMO MaJI no cpaa11e111110 C HIIM. OTHOIIICll!le 

J<ji<jieKT/<jioH .!IJ!ll 2P(2v)-co6hrrHii a JKcnep11Me11Te c 
116Cd 6bmo paBHo 4/1. 11cnoJib3Yll 

paclJeTHOe 3Ha'ICHIIC J<ji<jieKTIIBHOCTII pemc~IIII (1.73%), 6blJI onpe,1ene11 nep110,1 

110nypacna,1a 2P(2v) MO.lib! .!IJlll 
II6

Cd: 

T112 = [3.75 ± 0.35(crnT) ± 0.2l(cncT)]· 10
I9 

neT (,11.B. 90%). 

Ha p11c.8. noKa3an JKCnep11MeHTaJihHb1ii cneKTp 2P(2v)-co6hITllii .!IJlll 
116

Cd, KOTOpb!H 

xopo1110 cornacyeTCll c JKcnep11MeHTaJihHh1M cneKTpOM. DhlJIO 113MepeHo TaKlKe yrnoaoe 

pacnpe,1eneHHe 2P(2v)-co6Lrr11il 116Cd II pacnpe.11eneH11e no JHeprnH oT,11eJihHb!X 

JJieKTpo11oa. Ilpe,11enh1 Ha 2P(Ov)-pacnM Mll 116Cd T I12 c".6.4·10
2I 

JieT 11 2P(Ov;i()-pacnM T112 

c".5·1020 JieT (,11.B. 90%) TaKlKC 6h1Jlll ycTaHOBJICHhl B 3TOM JKCnep11MeHTe. B pe3yJibTaTe 

6hlJIII nOJIYlJC!lhl orpaHll'ICHllll Ha J<ji<jieKTIIBIIYJO Macey MailopanOBCKOfO HCHTpllllO, Ha 

napaMCTpbl np11Mec11 npaBb!X TOKOB II KOHCTaHTY CBl!311 Mailopo11a C HCllTpllHO: <mv> < 9.8 

JB, I <l]> I< 10.3·10-8, I <J> I <l.13·10-5
, <gee> <l.2·104

• OrpaHH'leHllll Ha <gee> JIBJll!IOTCll 

JlY'llllllMII Ha 11acTOJ111Jee apeMJI. J:(Jlll MaTp111J11oro JJieMeHrn 2P(2v)-pacna,11a 
116

Cd nonyqeHo 

JHa'leH11e 0.060 ~~:~ . 
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Pttc.8. 311eprern1JeCKHH cneKTp 2P(2v)-co6b1rnii 116Cd. Crmournasi Kp11sasi -

pac'leTHhlil cneKTp ~JI T112 = 3.75· 101" neT. 

113MepeHHll C 
82

Se ll 96
·
94Zr npoBO,!IHJIHCb COBMCCTHO B Te'leHHe 10357 lJaCOB. 11cTO'IHHKII 

ceneHa H UHpKOHHll COCTOSIJIII 113 .!IBYX np11Mep110 CllMMeTpll'IHblX '!aCTeil. O.11Ha 'laCTb 

HCTO'IHHKa co,11eplKana 82Se (Macca 156.6 r. 06ora11Je1111e 97.02%. TOJilllHHa 50 Mr/cM2) 11 96Zr 

(Macca 20.5 r. 060ra11JCIIIIC 57.3%. TOJlllll!Ha 50 MrlcM\ Brnpasi 'laCTb co.ueplKaJia 

HaTypaJibHblll ceJieH (Macca 137. 7 r. co.11eplKaHHe 82Se 8. 73%. TOJIIIIIIHa 43 Mr/cM2) II 

11arypaJibHblll UIIPKOHIIH (Macca 18.3 r, co,11eplKa!llle 96Zr 2.8%. TOJillll!Ha 45 MlkM2
). 

~llpKOHIICBblll IICTO'IIIHK pacnonaraJICll B UCHTpe TIJIOCKOCTH IICTO'IHl!Ka II 3aHl!MaJI - I 0% OT 

o6meii IIJIOlllMH. 11CTO'IHHK cene1ia 6bIJI ll3fOTOBJieH C HCTI0Jlb30Ba!IIICM cneUl!aJibHOll 

TCXIIOJIOfllll HaHeceHHll Se nopornKa Ha TOHKYIO JiascaHOBYIO OCIIOBy. OrnorneHHe :_iqi<jieKT/<jim1 

np11 BBc,11e111111 oroopa no yrnaM ( cosa < 0.6) 6b1no 2/1. l13MepeHHhiii neptto.11 nonypacna.l\a 82S e 

MJI 2P(2v)-MO.!lbI pase11: 

T112 = r0.83 ± 0.10 (CTaT) ± 0.07(CIICT)l-1020 JICT (,11.B.90%). 

3KcnepttMeHTaJibHblH cneKTp 2P(2v)-pacna,1a 82Se xopomo cornacyeTcll c pac•reTHb!M 

cneKTpoM II n_p11ae,11eH 11a p11c. 9'. 

TaKII~ 00pa30M IIOJIY'ICHO Hatt6onee lU'llloe 3Ha'ICIIIIC neptto.ua nonypacna,1a 82Sc 110 Ka11any 

2P2v. Ilpe.uenhl Ha 2POv - 11 2P0x0 
- paCTiaJ\bl coCTIIBHJIII 9.5· 1021 11 2.4· 1021 Jit.'T. coorn<:TCTBCIIIIO. 

3aMeTIIM, 'l1U npe.11en Mll 2P0x0 
- pacna,1a B 2.4 pa3a npesocxo.1111T ny'lmce 11pe,1b1.ay111ee 

orpanlllJCHlle. B pe3yJihTaTe 6bmH llOJIY'ICHbl CJieJzy!OlllHC OrpaHll'ICIIHJl:<ni.> < (8-16) J8 11 <g.,_.> < 

(2.3-4.3)· I 04
. ,[vill MepHOm MaTpH'IH0ffi JJieMe1rra 2p2v-pacna,1a ll0JIY'ICII0 ·ma'!e1me 0.053 -~ ::~ . 
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T112 = 0.83±0.10(crnr)±0.07(cncT)·IO"'.,CT 

05 1.0 15 

"Se (149.1 co6brrnii) 

20 2S 3.0 35 4.0 
E0/1,M:iB 

Puc.9. 3Heprerw1ecKHii cneKTJ) 2~(2v)-co6bm-iii 
82

Se. Crnmwmu, Kpl-!Ba.ll -

pacqerm,,ii: cneKTJ) Mll T 112 = 0.83· I 020 
ner. 

HcToqHlfKH ll3 llllPKOHllll 6bIJJll npoH3Be,UeHbl no cneQHaJJbHOll TeXHOJJOfllll, KOTOpa.ll 

no3BOJJl!JJa nonyqaTb opraHuqecK)'IO 1mem<y c paBHOMepHo pacnpe.ueneHHbIM B Heii: nopornKoM 

OKllCll Zr. Co.ueplKaHlle pa.unoaKTllBHbIX npnMeceii: B o6oux o6pa3Qax 6bIJJO ll3MepeHO C 

IIOMOlllbIO HPGe-,neTeKTOpOB B IIO,U3CMH0ll na6oparnpuu <l>pe,Ull<yC .uo If nocne ll3MepeHUH B 

NEMO-2. KpoMe rnro, co.ueplKaHne rrpnMeceii: H3Mepl!nocb u .uereKTopoM NEMO-2. Ha 

puc.10. IIOKaJaH CIICKTJ) 2~2v-co6bITllll 96Zr IIOCJJe BbJqllTaHllll BCCX qJOHOB. ,lvill onpe.ueneHllll 

3HaqeHllll rrep1rn.ua JJOJJypacrra.ua llCJJOJlb30BaJJaCb qaCTb crreKTpa C E2e > 1.2 M:iB (26. 7 

co6b1Tllii:), r.ue coornorneune curnan/41011 paBHO 1,9/1, B pe3ynbTare 6bmo rronyqeno: 

Tia= [ 2.1 ~~! (crar)±0.2(cucr) ]· 1019 
ner (,11.B. 90%). 

3TO rrepBblH IIOJJOlKllTeJJbHblll pe3YJibTaT ,UJill 
96Zr, rronyqeHHblll B rrpl!MOM (cqerquKOBOM) 

.JKcrrepnMeHTe. E.unuCTBenm,111 reoxuMnqecKnii :iKcnepuMeHT .nan cne,UyIOmnii: pe3YJJbTaT T112 = 

(3.9 ± 0.9)· 10I9 JleT. ITpe.UCJJbl Ha 2~0v- If 2~0i-pacna,Ubl COCTaBllJJll I· 10
2I 

If 3.9· 10
20 

JleT (.u.B. 

90%), COOTBeTCTBCHHO. 3T11 orpaH11qeHllll npeBbllllaIOT pe3yJJbTaTbl rrpe,Ubl,UylllllX 

3KCIIepnMeHTOB B 30 If 5000 pa3. ,lvill ll,UepHOfO MarpuqHoro 3JJCMCHTa 2~2v rronyqeHo 

311aqeH11e 0.051 ~~:. 

B cnyqae 94Zr llCCJJe,UOBaJJl!Cb co6bJTllll OT llCTOqHuKa C HaTypaJJbHblM Zr, JJOCKOJJbKY 

co.uepJKa1111e 94Zr B HCM COCTaBJJl!JJO 17.38% (Qpp = I 143.6 K3B), IIJJll 1.9 r. DbJJlll nonyqeHbl 

CJJe,UyIO[[ll!C orpaH11qeHllll (.u.B. 90%); 

T~t,> I.I· 10I7ner, T~1;> 1.9· 10
I9

ner u T~,V;>2.3· 10I8
ner. 

3Tu OrpaHlfqeHllll Ha O,Ulll!-,UBa rropll,UKa IIpeBOCXO,Ul!T nyqw11e rrpe,ll.l,I.uymllC pe3yJibTaTbJ. 
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Puc. I 0. 3nepreruqecKnii: cneKTJ) 2~(2v)-co6blTHii: 
96

Zr [6]. CrrnornHal! KpHBa.ll -

pacqeTHbiii: crreKTJ) Ml! T w = 2.1 · 1019 
ner. 

B rnaBe 4 npHBO,UllTCll OllllCaHlle ycrpoii:crna, rrpHHQllITa pa60Tbl If OCHOBHbIX 

xapaKTepuCTllK ycTaHOBKH NEMO-3, a TaKJKe pe3yJJbTaTbI rrepBblX TeCTOBblX ll3MepeHllll, 

Ha OCHOBaHUH OJJbITa, rrpuo6peTCHHOfO npu C03,!1aHHH If 3KcrrnyaTaQllll rrpoTOTHIIa 

(NEMO-2), 6bIJJll Bbipa6oTaHbl OCHOBHbie KOHQCJJ[lllll, pa3pa6oTaHa KOHCrpyKllHll, rrpoBe.ueHO 

KOMIIbIOTepHoe Mo.uen11poBaHue u c.uenaH oroop cBepxqucThIX MaTepuanoB ,UJill co3.UaHHll 

JJOJJHOMacrnTa6noii: KOMJJJJeKCHOll (rpeKOBbie fa30Bble .UCTCKTOpbI + CQllHTHJIJJllllllOHHble 

KaJJOpHMerpbl + MarnHTHOe JJOJJe) ycTaHOBKH HOBOfO IIOKOJJeHllll NEMO-3. 

no CpaBHeHUIO co CBOllM rrpoTOTllJJOM YCTaHOBKa NEMO-3 llMeeT CJJe,UyIO[[lHC 

oco6eHHOCTH u rrpeuMymecrna: 

I. ITpe.uycMorpeHo rrpuMeHeHue Marnurnoro rroJJll (30 raycc) ,UJill oroopa e· -e + co6hlTHii:; 

2. Bell ycTaHOBKa HMeeT UHJJHH,UpHqecK)'IO qiopMy; 

3. HMeeTCll . B03MOlKHOCTb O,UHOBpeMeHHOfO H3MepeHllll 2~-pacrra.ua HeCKOJJbKHX 

o6orarneHHbIX H30TOIIOB, a TaKJKe KOHTPOJJbHbIX (Heo6orameHHbIX) o6pa3ll0B o6meii: 

Maccoii: .uo 10 Kr; 

4. CeKIIHOHHpOBaHHOCTb (20 MO.uyneii:) ycTaHOBKH JJ03BOJJlleT 6b!Crpo If rrpocTO 

YCTaHaBJJHBaTb If 3aMCHl!Tb o6pa3Qbl, npOH3B0.UHTb TCKYl[lllll peMOHT If T.,n.; 
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5. 3Ha'll!TeJihHO CIIIDKeH0 C0.[leplKalllie Pa.LIIIOaKTHBHhlX 11p11Meceli KaK B 

K0HCTp)'KUII0HHblX Marep11anax ycTaH0BKII, TaK H B qJOilbrBX-IICTO'-IHHKax, '-ITO, B 

K0He'-IH0M C'-leTe, npHBeJI0 K 06ll(eMy ClllllKeumo qJOHa II, KaK cne.[ICTBHe. - K 

cy1IIeCTBeHH0MY yBeJIH'-leHHIO '-IYBCTBHTeJihH0CTII yCTaH0BKH 110 cpaBHeHHIO C 

npoT0THII0M NEMO-2. 

C yqeT0M BblIIJe11epeq1ICJieHHhlX ycoBepmeHCTBOBaHHH KOMfillHHPOBaHHbIH .[leTeKT0p 

NEMO-3 cnoco6e11 C 60JiblllllMH 110 cpaBHeHHIO C NEMO-2 3qiqieKTHB!IOCTblO H TO'-IH0CTblO 

H3Mepl!Tb KaK CYMMapttylO :meprHIO 3JieKTp0H0B 2j3-pac11a.[la, TaK H BCe 0CTaJibHbie 11apaMeTpbl 

3T0ro npouecca 0.[IH0BpeMeHH0 LIIlJI Bcex npaKTH'-leCKH HHTepecHhIX H30T0II0B. Ha 11epB0M 

3Talle H3MepeHnli C 7 Kr JOOMo H MeHhlIIHMH K0JIH'-leCTBaMH L1pyrnx H30T0II0B (
82

Se, I 
16

Cd, 

130Te,15°Nd, 96Zr, 
48

Ca) nnannpyeTCJI LI0CTHrHYTh qyeCTBUTeJibH0CTH 110 epeMeHH lKH3HH LIJIJI 

JOOMo 11opll.[1Ka 1025 JieT IIJIH 11pe.[1ena Ha Macey 3Jiel<TpOHH0ro HeliTpHHO <m ~I>~ 0, 1 - 0,3 38. 

Ha cJieLIYIOIIIHX 3Tarrax c 10 Kr 
82

Se (Qpp = 3,00 M3B), a JaTeM n c 10 Kr 
15

°Nd (Qpp = 3,37 

M3B) nJiaHnpyeTCJI .[I0CTHrHYTh peKOPLIHOH '-IYBCTBHTeJihH0CTH .[IJIJI orrpe.[leJieHHJI MaCCbl 

3JieKTp0HH0ro HeHTpHIIO 3Ha'-111TeJII,H0 HlllKe 0.1 3B. 

YcrnHOBKa NEMO-3 [4,5,12,13] pa3Mell(aeTCJI B 11omeMHOli na6oparnp1111 <l>peL1lKYC 

(Laboratoire Souterrain de Modane, LSM), B6n11311 Mo.[laHa, B 
0

TOH11ene MelK.[ly <l>paHUHeli 11 

lfran11eli, Ha rny611He 4800 M B. 3. 3Kc11ep11MeHT rrp0B0.[IHTCJI B paMKax MelK.[lyHapOLIHOH 

(<l>panunJ1- Poccnll - CIIIA - qexm1 - <l>nHJIJ1HL1HJ1) HayqHoli Konna6opau11n. 

O61IIHH BHLI .[leTeKTopa NEMO-3 11pe.[1CTBBJieH Ha p11c.l l. <l>onbrII-HCTO'-IHHKH 

pa3Mell(aIOTCJI B TpeK0B0M ofil,eMe, '-ITO rapaHT!IpyeT 0IITHMaJibHYIO 3qJqJeKTHBHOCTb 

.[leTeKTHp0BaHHJI. U11n11HL1pH'-1eCKaJI reoMeTpHJI .[laeT HeCK0JibK0 11pe11My1IIeCTB. O.[IHO 113 

rnaBHb!X 11penMy1IIeCTB - 061IIaJ1 M0.[lyJibilaJI K0HCTpYKIJHJI, K0TOpal! o6ner'-laeT 3a.[laqy 

06cJiylK11BaHHJI 3KC11epnMeHTa. BHYTPH KalK.[I0ro M0LIYJIJI II0Mell(aeTCll HCT0'-IJIHK, KOTOpb!H 

pacII0JI0lKeH B uenTpaJibHOH '-laCTH II 06pa3yeT '-laCTb .[lyrll. 

TpeKOBaH '18CTL cnei.,poMeTpa NEM0-3 TaKlKe C0CTOHT 113 0T.[leJibHblX MO.[lyJieli. 

ITorrepe'-IH0e ceqeHne M0LIYJill II0Ka3aH0 Ha pHc.12. C YKa3aHHeM 110311UHH CUHHTIIJIJillT0poB II 

qJOJihr-llCTO'-IHHKOB. C KalK.[IOH CT0p0Hbl HCT0'-IHHKa paCII0JI0lKeHbl l!'-leHKH relirepoBCKHX 

cqeT'-IHK0B. qeTb!pe l!'-leHKH 0K0JI0 ueHTpaJibH0ro IICTO'-IIIHKa .[la!OT nnqiopMaUIIIO O BeplIIHHe 

co6hITllll, B TO BpeMl! KaK Jl'-leHKH B cepe.[IHHe H 6nHlKe K CUHHTHJIJIJIT0paM 06ec11e'-1HBBIOT 

113MepeHIIJI TpaeKTop1111 II ee KpHBll3Hbl. 

UenTpaJibHbili 11poB0L1 ( anoL1) Ka)K.[loli Jl'-leliKH C'-leT'-IHKa c.[lenaH m HHKenll LlllaMeTp0M 

100 MKM. KaTOLIHbie 11p0B0.[la, C0CTaBJilllOIIIlle Ka)K.[ly!O B0CbMllyronbHYIO relirepoBCKYIO 
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ll'-ICHKY, C.[ICJiaHbl 113 CTaJIH .[IHaMCTp0M 30 MKM. nonHblH 3qicjieKTHBHblll o6beM TpeKOBOH '-laCTH 

paBCH 34 M
3

. 

NEM03 

PHc.11. O61IIHH Bil.LI .[leTeKTopa NEMO-3. 1- IICTO'-IIIHK. 2- CUHHTHJIJillTOpbl. BIICWHllll 

crnpoHa, 3- <l>3Y, 4- TpeKOBblli o6beM. 

KalK.[laJI B0ChMHyroJibllaJI ll'-leliKa HMeeT .[IHaMeTp 32 MM II LIJIHHY 2.7 M. 8bJCOKOC 

HallplllKCHHe (+1800 B) 110.[laeTCll Ha aHO.[lllblll 11p0B0.[I. Kor.[la 3aplllKeHHaJI qacmua ncpcccKaCT 

l!'-leliKy, llp0IICX0.[IIIT II0Hll3BU11ll reJIHll II 06pa3yeTCll B cpe.[IHCM WCCTb IICpBH'-IHblX '.)JICKTp0H0B 

Ha 0LIHH caiiTHMCTp. K0T0pbie LIPCli<jiyIOT K aH0.[IH0MY npoB0LIY co CK0p0CTblO 1 CMIMKCCK. 

O6pa3YIQIIIaJICJI Ha UCHTpaJibH0M npoB0.[le IIJia3Ma pac11pocTpaHlJCTCJI K K0HUBM ll'-ICHKII co 

CK0p0CTblO 6 CMIMKCeK. Cpe.[IHJIJI CK0p0CTb C'-leTB KalK.[IOH Jl'-leHKII - 0.05 ru. 3<jJ<jJCKTIIBIIOCTb 

pemcTpaUHII KalK.[IOH ll'-leliKII 6onee 99 %. O61IIeC '-IHCJI0 relirepOBCKIIX ll'-ICCK pae110 6180. 
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P11c.12: TTonepeqHoe ceqeH11e 0JIH0fO 113 MOJIYJieil: I) CUHIITHJIJIHTOp, 2) HCT0qHIIK, 

3) reilrepoBCKHe cqeTq11K11. 

TpexMepHhlH TPeK 3ap»lKellllOH qacTl!Uhl B0CCTaH3BJil!BaeTCH II0 IIp0JI0JihHhlM H 

II0IIepeqHhIM K00pJIIIHaTaM OT K3lK.l10H cpa6ornmueil »qeilKH. faJOBa» CMeCh T3Ka» lKe, K3K II B 

NEMO-2, II C0CTOIIT 113 reJIIIH C 4% 1106aBKOH )TIIJI0B0ro CIIllpTa C pa6oq11M JI3BJieHl!eM Ha I 

M6ap BhIIIIe aTMOC<pep11oro JiaBJieHUH. 

C1.11111THJIJIHUHOHHble cqeyquKu o6ecnequaa!OT HeCKOflhKO q>YHKIJIIH. OHi! JI0JllKHhl 

113Mep»Th JHeprnu JJieKTP0H0B B 1111a1133011e OT 20 KJB JI0 8 MJB, 113MepHTb y-mJiyqeH11e B 

)TOM lKe JHepreTuqecK0M JIUallaJ0He, 06ec11eq11BaTh apeM»-IIp0JieTHhie 113Mepe1111» H BhlJI3BaTb 

6hICTPhIH curnaJI TP11rrepa co6hIT11». 

C1111HT11JIJIHTOphl q>OpMIIPYfOT JIBe K0HUeHTp11qecK11e IJIIJIIIHJipHqecK11e CTeHhl, K0T0pb!e 

orrpeJieJJHIOT BHYTPeHHIOIO II BHeIIIHIOIO II0BepxH0CTh JieTeKTOpa ( CM. puc. 11. ). ,[{.rm 

o6ecneqeHUH - 41t reOMeTpllll 113MepeHIIH BepXHHH II lllllKHHH IIJIOCKOCTII ycTaHOBKII l!Me!OT 

JIOIIOJIHIITeJihHhie pHJihl CIJIIHTIIJIJIHIJII0l!Hh!X 6JIOKOB 3aIIOJIHHIO!IJlle CB060JIHOe npOCTPaHCTB0 

Me)i(.l1y PHJiaMII »qeeK reilrepoBCKIIX cqeTqlfK0B. TToJIHa» Macca CIJIIHTIIJIJJHTOp0B 60KOBhIX CTeH 

- 5600 Kr 11 1600 Kr !1JIH Bepxueil II HlllKHeil qacTeil. TTJIO!IJaJ1h noaepx110CTII BCCX 

CUIIIITIIJIJIHTOpOB np116JIU311TCJih!IO 50 M
2
• 

Cu1111TIIJIJJHTOpbl cerMeHTHpoBa!lbl .l1JIH Toro, ~06bl 06ecneq11Th IIp0CTPaHCTBeHHYfO 

p33peIIIaIO!IJYIO CIIOC06HOCTh .l1JIH 1111e11Tllq>l1Ka111111 co6hITIIH, COIIpOB0)i(.l1aeMbIX y-Jiy'laMII. ):{JI» 

T0ro, qT06bI JI0CTllrHYTh 11eo6XOJIIIMOH JIIICKpeTHOCTII, CHCTeMa TPe6yeT 110 KpattHeil Mepe 

OJIHOH ThlC»qu MO.l1YJieil CIJIIHTIIJIJJHTOpa. 6bmo npoae11e110 JICTaJihl!Oe myqe1111e p33JillqllhlX 

TIIIIOB <l>3Y II IIJiaCTMaCC0BhlX CUIIHTIIJIJIHTOpOB p33JIUq!lblX p33Mepoa II KOHq>Hrypauuil. 

TToKa3aHO, qTO CIJIIHTIIJIJIHTOp TOJI!IJIIHOH IO CM 06ecneq11BaeT Jq><peKTIIBHOCTh 50 % !1JIH 

pernCTP3IJIIII y-KBaIITOB CE= 500 KJB. B pe3yJihTaTe BCH KaJI0PIIMeTpll'leCKa» '!aCTh YCTaH0BKII 
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6bIJia co6pa11a 113 1940 IIJiaCTMaCCOBbIX CIJIIHTIIJIJIHTOpOB. Cpe1111ee )HepreTll'!eCKOe 

p33peIIIe1111e Ka)i(.l1oro CIJIIHTIIJIJJHTOpa cr(E)/E OKOJIO 3.5% .l1JIH E = 3 MJB. 

K CBeTOBOJIY Me)i(.l1y CIJIIHTIIJIJJHTOpOM 11 <l>3Y npuKpeIIJICHO CTCKJI0BOJIOKHO, KOTOpoe 

coe111111e110 C IIMIIYJibC!lhIM JI33epoM !1JIH cm1xpo11113au1111 II OTHOCIITCJihllhlX KaJI116pOBOK 

BpeMe1111aH 11 311epren1qecKaH KaJIH6pOBKH 1Ip0113B0MTCH C IICII0Jih30BaHlleM 

IICTOqH11Ka 207Bi, KOTOph!H ucnycKaeT KaK ,KOHBepCIIOHHhie JJieKTPOHhl, TaK II y-KBaHThl. 

KaJI116poaoqHh!C 11crnq1111KII 
207

Bi BBOMTCH B TPeKOBhIH ofo,eM JieTeKTopa PH!IOM C <pOJihraMII­

IICT0qHIIKaMII. OHII M0rYT 6b!Th 110311U1101111p0BaHbl B JII060M MeCTe no aepTIIKaJIII. Bo BpeM» 

OCH0BHhIX 113MepeHIIH KaJI116poBO'!Hhle HCTO'IHHKH H3XOMTCH BHe JieTCKTopa 3a 3aIIJ.HTOH. 

TpurrepHaH cucTeMa !1JIH NEMO-3 aHaJiornqHa TPHITepHoii CIICTeMe NEMO-2 11 

COCTOHT no cy11Jecrny H3 eJIHHCTBeHHOfO VME MOJIYJIH. Tpnrrep TPe6yeT COBna.11CHHH Me)K.l1Y 

JIBYMH CIJHHTIIJIJIHIJHOHHhIMH cqeT'IHKaMH II qeTblpbMH nJI0CKOCTHMH reiirepOBCKHX cqeT'JHKOB. 

y qnTh!Ba» p33JillqHhie p33peIIIaJO!IJHC cnoco6HOCTII no apeMeHH JTHX JIByx 11a=K0B, 3anycK 

opraHU30BaH KaK JIByxypoBHeBa» CHCTeMa TPHrrepa. 

KaryIIIKa ManrnTHOII CIICTCMLI C)J.CJiaHa 113 cerMeHTHpOBaHHhlX MC)J.Hh!X KOJICU, 

nOJIKJIIOqaIO!IJHX o;iuH CCKTOp K JipyroMy. Co3JiaBaeMoe MarHIITHOe noJie (30 raycc) 

HanpaBJICH0 aepTHKaJihHO BBepx. 

KoMII03HIJH» nacc11BHoii 1aw.11TM NEMO-3 npaKT11qecKH HJJ.eHTnqHa 33!1J11Te NEMO-2, 

33 HCKJIJOqeHHCM )J.OIIOJIHHTeJihHOH BOJIHOH 3aIIJ.HThl OT HeHTPOHOB. Y CTaHOBKa H 3aIIJ.HT3 

H3X0MTCH Ha qiepMe BhICOTOll I.SM. 3JieKTPOHIIKa n cpe)J.CTBa ynpaaJieHIUI raJOBOH CIICTeMhl 

pacnOJIOlKeHhl II0)J. qiepMOH. 

TToJIHhlll Ha6op 4>0JILr-11CToqHHKOB o6p33yeT IJIIJIHHJJ.Pll'leCKYfO noaepXHOCTh 

JillaMCTpOM 2.8 M ll Bh!COTOH 2 M. HcTO'IHHKll TaKlKe cerMeHT11p0B3Hhl Ha 20 CeKTOpOB. B 

HaCTOH!IJee BpeMH BCe HCTO'IHHKH YCTaHOBJieHhl a II0JIH0CTI,IO co6pattHYfO ycTaHOBKY NEMO-3 

II H3'13Thl nepBbie TeCTOBbie ll3MepeHHH. Pacnpe)J.eJieH!Ie OT)J.eJII,HhlX H30TOII0B II KOHTPOJII,HhlX 

o6p33IJOB no ceKTopaM NEMO-3 noKaJaHO Ha pnc.13. 

HcCJie)J.OBauue pa)J.UOaKTHBHOro lj,oua ycTaH0BKH NEMO-3 npOB0)J.llJIOCh, KaK n a 

crryqae NEMO-2, IIO JJ.BYM HaI!paBJieHHHM: I) "BHeIIIHllll <poH" (co)J.eplKattlle pa)J.HOaKTIIBHhlX 

npuMeceii B MaTepnaJiax ycTaHOBKH); 2) "BffYTPCHHllH <pOH" ( COJJ.eplKaHlle P3JJ.IIOaKTHBHhlX 

IIpHMeceii B <pOJihrax-HCTO'IHHKax). 6h1Jla npoJieJiaHa 6oJihllla» pa6oTa no oroopy II KOHTPOJIIO 

MaTepuaJIOB, llCIIOJlh3YH raMMa-cneKTPOMeTplllO C O'!eHI, HH3KllM <pOHOM 
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PHc.13. PacnoJJOlKCHHe 1130TOJI0B H KOHTpOJJbHblX o6pa3QOB 110 CCKTOpaM B 

crreKTp0MCTpe NEMO-3. 

H111Ko4>0HOBbJe HPGe ,UeTeKTOpbl ycTaH0BJJeHbl B TOH lKe 110,uJeMHOH na6opaTOpH11. 

l13Mepemrn C :ITIIMH .ueTeKTOpaMH 1103BOJJHJIII OT06p3Tb M3TepHaJJbl, C0CT3BJJlllOIQlle ,ueTeKTop, 

C O'leHh HH3KHM ypoBHeM CCTeCTBeHHOH (Th, U, K) H HCKyccTBeHHOH ('
37

Cs H 
6
°Co) 

pa.u11oaKTIIBHOH 33rpll3HeHH0CTH. O6bJ'IHblH ypoBeHb 'JYBCTBHTeJJbHOCTH rrpn H3MepeHHllX C 

KOMMCp'leCKHMH Ge ,UCTeKT0paMII 0.02 Bq/kg. HaMH 6bIJJ ,uoCTHrHYT ypoBeHb 

'JYBCTBHTeJJbHOCTII I MEKIKr ,uJJll I Kr rrpo6h1 33 .use He,uenH H3MepeHHii. B rrpouecce 0T6op3 

M3TCpHaJJOB ,uJJll NEMO-3 6hIJJH 113MepeHhl H OT06p3Hbl IICKJIIO'IHTeJJbHO Bee M3TepHaJJbl, 

KOTOpbie rrpe.urronaranoch IICl10Jlb30B3Tb B ,UCTCKTope. B T36JJm.te I. 11pHBe,UeHhl 

0K0H'l3TeJJbHbJe ypoBHH pa,u1103KTIIBHOCTII M3TCpllaIIOB H o6opy,uoB3HHll, IICJIOJJb3YeMbIX B 

.ueTeKTope NEMO-3. 
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Ta6mma 1. Pe1yJ1bTaTb1 11n1epe1111ii pa!l11oai-,11B11b1x npnMeceii B MaTepnaJJax 

cneKTp0MeTpa NEMO-3. 

I Ko111no11e11mb1 I Bee Ilo1111aR aKmUB//ocmb (Bk) 
(kl!) 40K 214Bi 1oaT/ 60Co 

<l>3Y 600 830 300 /8 He 113MCPllJJaCb 

Meob 25000 </25 <25 < /0 <6 
}l(ene10 /0000 <50 • <6 <8 17±4 
Cu, U// m WIJIR fflOPbl 5000 < 100 <0.7 <0.3 1.8±0.4 

µ - MCTaJJJJ 2000 < 17 <2 2.0±0.7 4.3±0.7 
npoBOJJOKa 1.7 <8·UF' < ur-' < 6•/(J. <lfJ 

1 Bm.uyx -20 -300 
JKene111aR /80000 <3000 <300 

-~uma 
I <300 I 300±100 

npH TaKIIX ypoBHllX co.ueplKaHHll pa.u11oaKTHBHbIX 11p11Meceii 11na1111pyeTCll /l0CTll'lb 

Hynesoro B11ew11ero 4>011a B ,Ull311330HC :rneprnii 2.8 - 3.2 M3B 33 BpeMll 113MepeHIIH 110pll,UKa 

HCCKOJJbKHX JJeT. 

Pa,uH03KTIIBHOCTb, CO/leplK311.{3l!Cll B 4>onhraX-IICTO'IHIIKax, MOlKCT IIMCTb p3Cl13/lbl, 

KOT0phle ,U3JOT co6b!Tllll C .UByMll TpeK3MH C BpCMll·11pOJJCTHbIMII X3paKTCp11CTHK3MH. T3KHMII 

lKe KaK II ,uJJll co6b!Tlltt .UBOiiHoro 6crn-pac11a.ua. H3 y - Cl1eKTpOCKOUIIH 113BCCTHO. '!TO OCH0BHbie 

pa.u11oaKTHBHbie 11p11MCCII B 4>onhraX-IICTO'IHIIKaX - 3TO ypaH. TOpllii 11 !IX 11pOH3B0,UHble 110 

1.1e11o'!KaM pac11a.ua. Pacrra.ub1 
214

Bi (Qp = 3.27 McV) 11 
208Ti (Qp = 4.99 MeV) llBJJllIOTCll 

oc110BHbIMH 4>0110Bh!MH HCTO'IHHK3MH. K0TOpb1e M0rYT 11M11T11poBaTb PPOv-pac11a.u ,unll 

111orn110B c Qpp > 3 M3B . .[\pyrne 6ern-pac11a.u'l11K11 c Q11 c:: 2 MeV ( 
234

mPa. m Ac. mBi) 

.uonlKHbI 6bITb yqTeHbI 11p11 oueHKe 4>011a B o6nacTH PP2v - pac11a.ua 11ccne.uyeMbIX H30TOl10B. B 

pe3yJlhTaTe 11poBe,UeHHbIX IICCJIC,UOBa1111ii 6hIJIII YCTaH0BJJCllhl CJJC.UYIOIUIIC ypoBHII 

3arpll3HeHHOCTeii (11ocne 11po1.1e.uyph1 O'IIICTKII HCTO'IHIIKOB) ,UJJll .UBYX 0CII0BllblX (110 Maccc) 

o6pa3QOB: 

I) ·100
Mo - aKTHBHOCTh 110 

214
B i < 0.3 MnKIKr. 

208TI < 0.02 MnK/Kr: 

2) 
82

Se - aKTHBII0CTb 110 
214

Bi = 1.2 ± 0.5 MnKIKI .. 
208TI = 0.4 ± 0.01 MEKIKr. 

,[\Jill 110JIHOH H,UeHTll4>11K3QIIII 4>011a 6bmH IICCJle,UOBaHhl cne.uy10m11e <jJOHOBbie KallaJJbI: 

(e), (e. y), (e, y. y) II (e. y. a). HeKoTOpbIC peaJJbllblC co6bITllll, 11a6pmlllblC B XO.UC TCCTOBblX 

111Mepe11Hii 11a NEMO-3. 11pe.ucrnBneHbl Ha p11c. 14. 

B HaCT0llIQee BpCMll C11CKTpOMeTp NEMO-3 OK0H'laTeJlbllO CM0HTHp0B311 B 110.UJCMHOii 

na6op3TOpHH H H3'1aJJaCb ero TeCTOBal! 3KC11J1yarnQllll. 8 cepe.u1111c 2002 ro.ua H3'lllCTCll 

11llTHJJCTHIIH LIIIKJI 11a6opa .uaHHhJX. nony•teHHblC 3H3'1CH11ll <jio113 H0JBOJJlllOT BblttTII Ha 

3311JJ3H11poBaHHYJO 'IYBCTBIITCJJbHOCTh 110 Maccc HCttTpllHO Ha YPOBHC 0.1 JB. 
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<l>OHOBble 2e C06b1THH: 

___ i ;::i· 
. ~T:-:_~ k~ 

!/ : ·-c 
: 

:·:~-· 
( 1971 +809=2780)!08 

ti;] 
i 

: 

( 1887+ 756=2652)!08 

(2212+4 76=2688)!08 

H1Mepe11ue "'Bi: 

------- ! -~ 
. "' \.· ' ' 

Ko11sepcuo11111,1ii 3JleKTpo11 
c 311eprueil I 039 K38 

C 

3JJeKTpOII KOHBepcuu(893 !08) 
+y(330 !08) + X(56 K38) 

2 3JJeKTpona Konsepcuu 
s KaCKa/le (927 K38+428 !08) 

H1Mepe1111H C 11eilTpOHllhlM 

HCTO'IIIHKOM: 

NI' ----J\ 
, -~------. 

----, ..• ,. · Ii 

O11HHO'lHblH :rneKTp0ll 

(~ I 

- ; /rnl 
'••·~.<.,, .. ,,/// L, I 

O!1HHO'lHblH 3JJeKTp0H 

Ka1111u11aT ua pacna11 "'Bi: 
-..:::.:::-____ ___ 

. ' 
-~, //I 

·>,ill Ii 
) 3JJeKTp0H + I a-'laCTHUa 

P11c. I 4. I1p11Mep1,1 HeKoTOphlX peaJJbHh!X co6b1T11il, Ha6paHHhlX B xo11e TeCTOBbIX 

111MepeH11il Ha ycra11oeKe NEMO-3 6e11am11T1,111 Manmrnoro nonJI. 

8 rnaee 5 np1IBe)le110 0illICattlle nplIHl(IIIla pa60Thl, K0HCTPYKUIIII II 0CII0Bl!hlX 

xapaKTeplICTIIK cneKTpoMeTpoe cep111I TGV (TenecKon repMa111Iee1,1ii eeprnKan1,u1,1ii) 

[14,15,16]. 3rn coeeprnen110 11oe1,1il TIIIJ )leTeKTopa, Kornp1,1il 6bm crreu11an1,no pa1pa6ora11 11 

C03)laH B O1-UUf Ml! IICCJie)l0BalIIIJI KaK .l{BOllHOro !3-pacna)la, TaK II .llB0llHOro K-1axeara 

[17,18,19,20]. 

8 paMKax )lalIHOll pa60T!,J fihm npeM0lKeH oplirHHaJJl,Hl,Jll MeTO)l [14,15] )lJIJI 

II3MepeHIIJI !3!3-pacna)la C II0M0IL(l,IO CIICTeMhl HPGe-)leTeKTopoe C )leyxcrnponneil 

perncrpau1Ieil 3JieKrponoe II 3nepreT1I'leCK1IM pa1pernen1IeM < 4 KJ8. 61,ma C)lenana oueuKa 

[ I 5] B03M0lKH0CTII pemcrpau1111 6e1ueilrp11Hnoro !3!3-pacrra)la 48Ca Ha ypoene T 112 > 1022 JieT. 

ITpeMOlKeH uerpa,lllll(IIOHHl,[ll MeTO.l{ IJ0)laBJieHIIJI qiona nyreM pa3,llenemrn !3-'laCTIII~ II y-JIJ'leil 

IIO epeMeu11 HapacTaHIIll IIX IIMilJJibC0B C HPGe-.l{eTeKTopoB, 'IT0 Il03B0JIJleT CH1IlKaT1, qiou C 

28 

qiaKTopoM > IO [21]. 3TH ll)lelI 61,UIII peanlI3oBaHhl B 81,JC0K0'IJBCTBIITeJII,H0M cneKTp0Merpe 

/IJill no11cKa J]Boiluoro !3-pacna)la TGV, C03.llattH0M e OI-UIH (,lfy6ua) e Koonepau1I1I c CSNSM 

(Opce) II FNSPE (IT para). 61,m1I C03.llatthl .lleTeKTop1,1 ,neyx noKoneuliil - TGV-1 11 TGV-2 

[20,22,23,24]. 

,l(eTeKTopna» tJaCTh TGV-1 [20] cocrn11T 111 16 nnanapuhlX HPGe-,neTeKTopoe c 

'IJBCTBIITeJihHl,JM o6beMOM 1200 MM2 X 6 MM KalK)lblll, pa1Mell(eHHl,IX eepTIIKaJJbH0 0.l{IIH no.n 

.llpyr1111,1 B e,nllH0M Kpll0CTaTe (p11c. 15). 3nepreTII'leCKOe pa1perneu11e )leTeKTopoB 0K0JI0 3 KJB 

( 6°Co, E = 1332 K3B). B K0HCTPYKLIIIII .l{eTeKTopuoil tJaCTII IICil0Jib30BaJIIICb ceepX'IIICTal! 

JJieKTp0JIIITll'leCKal! Me)lb II TeqJJIOII. 

BepXHJIJI tJaCTb Kpll0CTaTa Il0Mell(eHa B 331l(IITJ II3 Me)lll, co6pattHYJO 113 0T)leJibHb!X 

nnaCTIIH pa1MepaM11 510 x 510 x 16(8) MM, K0T0PYJO 0KpJlKaeT repMeTII'IHbJll 60KC (710 x 710 

x 710 MM) Ml! npe)l0TBpall(eHl!JI. CK0nJieHIIJI pa.llll0aKTIIBH0ro raJa pa,ll0Ha 0K0JI0 )leTeKTopa. 

Bee 0CTaJibHbie K0MII0HeHTbl crreKrp0Merpa TGV, K0TOpbie M0rJT yeeJill'IIIBaTb qiou 

(npe)lyc11n11TeJI11, Ka6en11 II .l{p.), Bb!HeCeHbl 33 npe)leJibl naCCIIBHOH 3all(IIThl II repMeTll'IH0ro 

6oKca. 

ii 

5 

J 

z 

P11c. 15. ,l(eTeKTopna» tJaCTb crreKTp0Merpa TGV. Cnpaea - pa1pe3 rrap1,1 

,nereKTopoe: I - qion1,ra, 2 - )leTeKTop, 3 - )leplKaTeJih, 4 - 1am11ra 111 Me.llll, 5 -

repMeTll'IHhlll 60KC. 

OTJill'IIITeJibHOil tJeprnil )lalIH0ro 3Kcnep1IMeHTa l!BJIJleTCJI B03M0lKH0CTb attaJill311p0B3Tb 

qipoHT 11apacTattllJI IIMilJJibCa, KOTOphlil xapaKTepn3yeT MeCTO B3aHMO)leilcTBIIJI '13CTIIL(bl B 

HPGe-.l{eTeKTope [21]. 
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B H3MepeHilllX c TGV-1 6bIJIII npIIMeHeHbl CJie,zzyJOmile MCT0)lhl no.ziaBJieHilll it>oHa, 

BhI3BaHH0ro K0CMilqecKl!M Il3JI}"leHileM II ecTeCTBeHHOii pa)llloaKTIIBH0CTh!O, CBll3aHHOii C 

uerro~II pacna.zia 232Tb II 238U II C 4°K: a) Me)IHall 3ainIITa + repMCTilqHbiii 60KC npoTIIB 

pa.zioHa; 6) rny6oKall n0)13eMHall Jia6opaTOpI1ll; B) OT6op )IBOHHhIX co6h1rnii T0JibK0 OT 

coce)IHIIX .ziereKTopos; r) pa3.zieneHI1e P-qacn11.1 11 y-KBaHTOB no pa3n11q11l!M so speMeHII 

HapaCTaHilll 4>pOHTa IIMITYJihC0B C )leTeKTopa. 

B rnase 6 rrpIIBe)leHbI 0CH0BHble pe3yJihTaThI, nonyqeHHhle Ha YCTaH0BKe TGV-1 

[25,26,27,28]. IlepBbie Il3MepeHilll 4>0Ha 6hIJIII npoBe)leHbI B Ha3eMHOii na6opaTOp11I1 B 0115111 

(,lfy6Ha) (c Me)IH0H 3ainIIT0ii II 6e3 3amHThI) II np0)I0JIJKaJIIICb B nomeMHOii Jia6opaTOpI111 B 

Mo.ziaHe (<l>paHI.IIlll). Cne,zzyiomIIM mar0M B Il3MepeHilllX 4>0Ha 6bIJIII 3KCnepI1MeHTbl C 

IICn0Jih30BaHileM IICT0qHIIK0B HaTYPaJihH0ro Mo II Ca )1Jlll IICCJie)I0BaHilll BJillllHilll TaKoro po.11a 

4>0Jibr Ha ypoBeHb 4>0Ha. IloJIHOe BpeMll ll3MepeHilll C0CTaBIIJI0 4293 q_ l.(eJiblO 3TIIX I13MepeH11ii 

llBJillJI0Cb rronyqeHile oueH0K yp0Billl 4>0Ha II TeCTilpOBaHile MeT0,1108, npIIMeHlleMbIX )1Jlll ero 

CHIIJKeHl!ll. 

IlonyqeHHhie Ha TGV-1 ypoBHII 4>0Ha [14] cpaHHIIBaIOTCll c yJihTPaHmK04>0HoBhIM PP­

cneKTP0M~0M ELEGANTS (KaMIIOKa). ,[{aHHhie HopMI1pOBa.JJIICh K oTcqeraM B qac Ha I cM3 

qyscTBIITeJibHoro 061,eMa HP Ge-,11ereKTopa. Xorn .1IJill TGV-cneKTPOM~a .1IJill no.ziasneHilll 

4>0Ha He np11MeHllJiach CIICTeMa aHrncosna.zieHilii, KaK no 6hmo B cnyqae ELEGANTS, Ham11 

pe3yJih TaTbI Bn0JIHe cpaHHIIMbl. 

Ilocne myqeHilll 4>0Ha Ha cneKTP0MeTpe TGV-1 6hmII npose,11eHhl Il3MepeHHll c 
48

Ca 

)1Jlll 11ccne.z10BaHHll 2p-rrpo1.1eccos. MeJK)ly 16 HPGe-,11ereKTopaMI1 6bIJ1I1 pacnonoJKeHhI 15 

IIJiaCTIIH IICTOqHIIK0B, 8 Il3 K0TOpb!X co.ziepJKaJIII 48Ca (06orameHI1e 77.8%), a 7 co,11epJKaJIII 

Natca. 3rn 15 nJiaCTIIH (32.5 MM X 32.5 MM) 6bIJIII npilrDTOBJieHbl no CneUilaJihHO 

pa3pa60TaHHOii TeXH0JI0rllII Il3 CMeCII CaCO3 (80%) II n0JIIIBIIHIIJia 4>opMaJill (20%) Ha 

JlaHCaH0BOii 0CH0Be. TonmIIHa IICT0qHIIK0B C0CTaBJillJia (45 ± l)MrlcM2. O6ma» Macca 

IICTOqHIIK0B Ha 0CH0Be 48CaCO3 C0CTaBJillJia (3.5± 0.1) r nnoma)lh!O 84.5 CM2. l13MepeHllll 

npoB0.llllJIIICh B TeqeHile 8700 qacos. 

B pe3ynhTaTe 3KcnepI1MeHTa [27] 6bma nonyqeHa cne,zzyioma» senI1qI1Ha nepI10.zia 

nonypacna.zia )1Jlll 
48

Ca: T112 (2vPP) = (4.2~(;)-10 19 JieT (,11.B. 90%). 3TOT pe3yJihTaT xopomo 

cornacyercll c .zipyrnM 3KCnepI1MeHTaJihHhIM pe3yJihTaTOM )1Jlll 
48

Ca T 112 (2vpp) =[ 4.2 ~;:: ( CTaT.) 

± 1.4 (c11cr.)]·10 I9 JICT, nonyqeHHhIM HeCK0JihK0 paHee Ha TPC-.ziereKTope B CllIA, Ho c 

IICT0qttIIK0M 48CaCO3 Maccoii 42.2 r, T.e. 6onee qeM Ha nopll,110K 60JibIIle MaCCbl IICT0qHIIKa 

TGV. 
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HecMOTPll Ha TO, qrn orpaHI1qe1111e Ha nep110.zi nonypacna.zia )1Jlll 48Ca T1n(0vpp) > 

1.5·1021 JICT (90% ,11.B.). nonyqeHH0e HaMII B 3KCnepI1MeHTe TGV-1 He npeB0CX0,llIIT 

nonyqeHHoro panee T112(0vPP) > 9.5· 1021 JICT (76% ,11.B.), Heo6xo.z1I1MO 0TMeTl!Th, ~o Macca 

Il3Mepe1rnoro Il30Tona B HameM cnyqae 6hma scero I r, T.e. B 40 pa3 MeHhme Macchi 48Ca. 

Il3Mepe11Hoii B 3TOH pa6oTe. TaKIIM o6pa30M, Mbl IIMeeM cymecTBeHHhlii 3a)leJI no 

qyBCTBIITeJihH0CTII JKcnep11MeHTa np11 B03M0JKH0CTII yseJII1qeHI1ll MaCCl,J IICCJie,llyeMoro 

Il30T0na. 

,[{Jill ysen11qeHl!ll qysCTBIITeJihH0CTII )KCnep11MeHTa TGV 6hIJI pa3pa6oTaH II C03)1aH 

cneKTP0MeTP TGV-2 [23], B K0T0p0M Macca 1!CCJie,11yeMoro o6pa31.1a M0JKeT 61,1Tb yseJII1qeHa 

6onee qeM Ha nopll,1loK. Ha ::JT0M cneKTP0MeTpe 6y,11yT npose,11eHU 11ccne.ziosaH11ll 48Ca c Maccoii 

no mornny .zio 20 r. B pacnopllJKeH1111 Konna6opa1.11111 TGV (0115111, KypqaToBCKilii IIHCTHTYT, 

115111 MocKBa, <l>paHl.lllll II L!ex11ll) IIMeeTcll 63.86 r CaCO3 c 06orameH11eM no 73% 48Ca. T.e. -

20 r 
48

Ca. Ilepe.zi mroT0BJie1meM IIJ ::irnro CaCO3 o6pa3l.lOB )1Jlll TGV-2 61,mI1 npose,11eHhI 

113MepeHilll ,11aHHOii napTIIII B nomeMHOii H113K04>0HOBOii na6oparnp1111 <l>pe,11JKyc Ha 400 CM3 

HPGe-.11ereKTope )1Jlll Il3MepeHl!ll PMII0aKTIIBHl,JX npIIMeceii II onpe.zieJICHllll nepII0,1108 

nonypacna.zia !!JIii IIX npe,11CJI0B Ha ofih1qHl,lll f-pacna.zi 48Ca --+ 
48Sc Ha OCHOBHOii 11 

B036YJK,11eHHble ypoBHII. l13MepeHile JTOro p· - pacna.zia npe.!ICTaBJilleT CaM0CT0l!TeJibHhlll 

IIHTepec no .!IBYM np11qHHaM. Bo-nepBblX, n0T0MY qTo TaK11e 6eTa-nepexo,111,1 C MaJiblMH 

::JHeprnllMH H oqeHb CIIJil,Hl,IM 3anpeT0M no cnHH-op6HTaJibHOMY q11cny .110 CIIX nop He 

Ha6JII0)1aJIIICh, a H3MepeHHe BCp0llTH0CTII 3TIIX nepeX0,1108 npe.ziCTaBJilleT 60JibIIlOii IIHTepec C 

ToqKII 3peHllll cpasHeHl!ll pacqeT0B II 3KCnepttMeIJTa. Bo-BTOpux, B np11po.11e IIMCIOTCll T0Jil,K0 

)1Ba ll,llpa 48Ca II 
96Zr, B K0TOpblX Ha6JII0)1aJICll p-p- - pacna.zi (CIIJil,HO no.ziaBJieHHhlii, TaK KaK )TO 

npouecc BTOporo nopl1,11Ka no K0HCTaHTe cna6oro B3a11Mo,11eiicTBilll), HO noKa He Ha6n10.11ancll 

o6bJqffl,JH p--pacna.zi, no,11aBJICHHhlii 3a cqeT npaBIIJI oroopa no yrn0B0MY M0MCHry. ,llo Ramero 

• 48 
3KCnepI1MeHTa JI}"llllIIM 3KcnepI1MeHTaJihHblM npe,11eJI0M Ha p- - pacna.zi Ca 61,mo orpaH11qeHI1e 

6· 1018 JICT. Heo6X0,11IIMO no,11qepKHYTh, ~o 061,1qffhlii p- - pacna.zi 48Ca llBJilleTCll HeyCTPUHIIMl,IM 

it>oHOBhIM npoueccoM npII 11ccne.11osaHI1I1 (0vPP)-pacna.zia 
48

Ca, oco6eHHo cymecTBe11111,1M OH 

llBJilleTCll llJ!ll ::JKcnepHMCHT0B C aKTIIBHhlM IICToq1111K0M. Cne,11yeT o6paTHTI, Blll!MaHHe 11a TO, 

~o nyqrnilii pe3yn1,mT 11a nepII0.11 (0vPP)-pacna.zia 
48

Ca, Kornp1,1ii L1HTHposanc11 Bh1rne. 

BhlII0JIHeH IIMeHHO C aKTIIBlll,IM HCT0qllHK0M. 

B pe3yJihTaTe npose,11eHHhlX H3MepeH11ii y.zianoc1, onpe.zieJIIITI, Pa.zlII0UKTHBHble np11Mec11 

B CaCO3, co.ziepJKaHile K0Topux 0Ka3aJI0Ch oqeHh Bh!C0KIIM )1Jlll npose,11eHHll IICCJie,llOBailllii KUK 

(2vPP)-pacna.zia. TaK II (0vPP)-pacna.zia. Ilo::irnMy 61,ma pa3pa6omHa II npose,11eHa npoue.ziypa 

oqHCTKII CaCO3 OT pa.zittoaKTIIBHhIX np11Meceii. Ilepe.11 oq11cTKoii CaCO3 61,m nepese.11cH B 
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npyryio XIIMllqeCK)'lO cjiopMy, a IIMeHH0 CaF2. CaF2 - XIIMllqecKH ycrnliqHBOe C0e)lllHeHHe H 

Marro r11rp0CKon11qHo. Pe3yJihTaThl oqHCTKII CBe)leHbl B Ta6nm:-1y B 6 rnaBe )lllCCepTaUIIH. 

,[(Jrn 
48

Ca TaKlKe 6bIJIII noJiyqeHhl H0Bhle pe3yJihTaThl [28] 113Mepe,rnli 

JlByxHeHTpllHHOro II 6e3HeHTpllHHOro 2p-pacnana Ha nepBhie BOJ6yJK)leHHhie yp0BHII 

noqepHero l!Jlpa. ,[(JIJI nepexona (0+ --> o+,) HalllH orpaHHqeHHJI Ha nopl!Jl0K Ben11q11HhI 

npeBhilllaIOT npeJlhIJlym11e, a JlJIJI nepexona (0+ --> 2+2) H JlBYXHeliTpllHHoro nepexona (O+ --> 

2+,) npe)leJihl Ha BpeMJI lKll3HII nonyqeHhl BnepBhle. AHaJIH3 3THX peJyJihTaTOB II CB0)lH3JI 

rn6n11ua npttBe)leHhl B !llecrnli rnaBe n11cceprnu1111. TaM JKe 11pttBe)leHa rn6n11ua peJyJihTaTOB 

[28] 110 113MepeH1110 11epuon0B 11onypac11ana 06b1qHoro p- - pac11ana 48Ca Ha Bee B0JM0JKHh1e 

ypOBHII 11poMeJKYT0qHoro Jl)lpa. ITonyqeHHhie HaMII orpaHHqeHIIJI Ha II0PHJl0K BeJI11q11Hhl nyqllle 

II0JiyqeHHhIX paHee. 

B KOHi.ie fJlaBhl 6 11poBe)leH 33KJI!Qq11TeJihHhlH 3HaJIH3 II C)leJiaHhl 0606mruom11e Bh!B0)lhl 

110 BCeM pe3yJihTaTaM, nonyqeHHhJM Ha ycrnH0BKax NEMO-2, NEMO-3 H TGV. 

OTMeqeHo, qrn, xorn ycrnH0BKII NEMO-2 11 TGV-1 C03)laBarr11ch KaK npoTOTllnhI 

6ynym11x cneKTpoMeTpoB NEMO-3 H TGV-2, nonyqeHHhle Ha 1111x cjiH311qecK11e pe3yJihTaThl He 

ycrynruoT, a B pJl)le cnyqaeB II npeB0CX0)lJIT Ha II0PJIJlKII BeJillqllH IIMe10m11ecH Ha cero)lHH 

3KC11epttMeHTaJlhHhle 3Haqe1111J1 Bep0HTII0CTI! 2p-pac11an0B. AHaJI113 011y6JIIIKOB3HHhlX pa11ee 

pe3yJihTaTOB no 2p2v B pJl)le cnyqaeB HBHO YK33hJBaeT Ha 3HaquTeJihHhle pacxolK)leHHJI )lJIH 

O)lHHX ll TeX JKe 1130T0n0B 3HaqeHIIH 11epll0)l0B nonypacnana, nonyqeHHh!X Ha p33JI1fqHhlX 

ycTaHOBKax. QqeBll)lHO, qro 3TII paCX0JK)leHHll B nepBy!O oqepe)lh CBJl33Hhl C CIIJihH0 

p33Jillqa!QIUIIMIICH YCJI0BHJIMII npoBe)leHHH 3KCnep11MeHTOB (T.e. p3311hle: rny6una, BHeUIIIHH y­

cjioH, HeliTpO!lllhlll cjion, C0)lepJKan11e np11Meceii B 06p331.1ax, cpe)lHIIH ypoBeHh II cjinyKry31.11111 

P3Jl0Ha, 3cjicjieKTIIBHOCTh II nopor perncrp31.11111 II T.)J..), K0TOphle TPY)J.H0 K0JI11qecrne11110 

yq11Th!B3Th np11 011pe)J.eJieH1111 pearrbHhlX CIICTeMaT11qecKHx om1160K. TaKIIX He)J.0CT3TK0B nptt 

cpaBHeHHII 3HaqeH11ii 2P2v-BeponHocTeli JlJIH p33J!llqHhIX Jl)lep (qro caMo no ce6e KpaiiHe 

B3lKH0 )J.JIH Bh!pa6oTKII aneKBaTH0ro n0)J.X0)J.a np11 pacqerax RM3) y)J.aCTCJI m6elKaTb nptt 

o6pa6oTKe pe3yJihT3TOB NEMO-3, r)J.e B Haqarre 2002 r. HaqHYT 0)1.H0BpeMeHH0 113Mepl!ThCJI Bee 

npaKTHqecKH HHTepecHble PP-113ornnh1 ( 3a IICKJIIOqeHHeM 76Ge ). 

Bo3MOlKHOCTh H3MepeHHJI HeCK0JihKHX nepcneKTHBHhIX PP-mornnoB B NEMO-3 11Meer 

eme 0)1.HO BaJKH0e 3HaqeHl!e B CBeTe C0BpeMeHHh!X TeopeTuqecKHx MO)J.eJieii, 

pacCM3TpllBa!OIUHX nepc11eKTHBH0CTh H0BhIX IICCJie)J.OB3Hllll 2p0v C T0qKI! 3peHHJI SUSY. 

,[(eiiCTBHTeJihHO, B Harneii pa6oTe [30,31,32], r)J.e np0B0)J.IITCH aHaJill3 orpanuqeHl!H Ha 

napaMeTphl cynepCHMMeTpllll, BB0)lJITCJI KpHTepttll no Bh16opy HaH6onee BhlfO)J.H0fO )J.JIJI II0HCKa 

SUSY Pfl-u3orn11a ("qyBcTB11TeJihHOCTh K SUSY") H no 01.1eHKe noTeHI.tHaJihHoii B03M0JKH0CTH 
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K0HKpeTH0ro 2P0v-3KcnepttMeHTa ("c11oco6HocTh )J.0CTHqh SUSY"). IloK33aHO, qro 110 TaKHM 

KpllTepttllM Ha11nyqlll11e 11epcneKTl!Bhl )J.JIJI IICCJie)J.0BaHHJI 11apaMeTp0B cynepCHMMeTpllll IIYTeM 

n0HCKa 2p0v IIMeeT 3KC11ep11MeHT NEMO-3 C ll30TOII0M IOOMo (a B 6y)J.YIUeM ll C 
15

°Nd). 

Attanm 11p11Be)J.eHHhlX B )lllCCepTal.lHII pe3yJihTaTOB 11 11apaMeTp0B 11epeq11cJieHHh!X 

ycTaH0B0K TaKJKe II0K33aJI, qro 0CH0BHhlM orpaH11qeH11eM 110 qyBCTBl!TeJihH0CTI! )lJIH II0l!CKa 

2POv-pac11ana Ha ycrnH0BKe NEMO-3 6y)J.er HenocrnrnqHoe 3Heprerw1ecKoe p33pemeHue 

CI.IIIHTHJIJIJITOp0B KaJI0p11MeTpa. Ilo 3TOH 11p11quHe, )J.aJKe 11p11 HyJieB0M BHeIUHeM I! BttyrpeHHeM 

co6crneHHOM cjioHe ycTaH0BKII, HeycrpaHIIMhIM cjioHOBh!M (JlJIH 2p0v ) 11po1.1eccoM 6y)J.eT 

BhlC0K03Heprer11qecKM qacTh ("end-point") cneKTpa OT 2P2v-pacnana Toro JKe motona 

(BepOllTHOCTh K0TOporo Ha HeCK0J!hK0 110pH)J.K0B Bhlllle BepOHTH0CTI! 2POv). 

C )J.pyroii CTOp0Hhl, )lJIH ycTaH0B0K cep1111 TGV, HMe!Oll.lllX oqe11h xopomee 

3Heprer11qecKoe p33pemeH11e, 0CH0BH0e orpan1!qe11He no qyBCTBl!TeJihH0CTII CBJl3aH0 C MaJI0H 

Maccoii 113Mepl!eMoro 1130TOll3 I! )J.OCTaT0qtt0 Tpy)J.0eMKl!M npo1-1eccoM CMeHhl HCT0qttHK0B. 

CoBMeme1111e yK33aHHhIX npe11Mymecrn ycrnH0B0K cepu11 NEMO n TGV B e)J.HH0M 

)J.eTeKTope 6h1JIO 6hI, 6e3yCJIOBHO, nepcneKTl!BHh!M 11anpaBJ1e11neM no YBeJm'leHHIO 

qyBCTBHTeJihH0CTII 2P0v-3Kcnep11MeHTOB K Macce 11eiirpnHo )J.0 0.01 38 n )J.aJiee. 

TaKl!M o6p330M, HaMeqe11h1 0CH0BHhle IIYTH C0BepmeHCTB0BaHHJI cymeCTB)'lOII-IHX 

yCTaH0B0K II o6CYlKJleHhl B03M0lKHhie nepcneKTl!Bhl no p33pa6oTKe H C03)1.aHHIO 

KpynHOMacmTa6HhIX ycTaH0B0K CJie)J.)'lOmero Il0K0JieHl!JI. IlOK33aHO, qro 11apJl)J.y C 

HMe10II-1HMHCJ1 Ha cero)J.HJIIIIHIIH )J.eHh npoeKTaMH GENIUS, MAJORANA, CUORE, EXO n 

T.Il., B K0T0ph!X, KaK H B HX npOT0THITax-npe)J.IlleCTBeHHHKax, 6y)J.yr HCIT0J!h30B3ThCJI 

"aKTl!BHhie IICToq1111K11", oco6oro BHl!MaHIIJI 33CnyJKHB3!0T 6y)J.YIUHe npoeKThl mna NEMO-3 C 

HeCK0J!hlillMI! "naCCl!BHhlMH HCTOqHl!KaMI!", npn ycnoBHH HCIT0J!h30BaHHH Karropl!MeTpJiqecKl!X 

cneKTpoMerpoB c xop0IIIHM 311eprer11qecK11M p33peme11neM (11anpHMep, Moayneii H3 

nna11ap11h!X HPGe-)1.eTeKTopoB, no)J.0611hIX npHMeHJleMh!M B TGV). KpoMe rnro, JI)J.en 

ceKQH0HHp0BaHHJI Ge-)1.eTeKTopoB H p33pa6oTaHHhie HaMH MeT0)J.hl pa60Tbl C TaKHMH 

)J.eTeKTOpaMH M0fYT 6b!Tb ycneIIIH0 peaJm30Ba!lhl II B 6y)J.YIUHX npoeKTaX C "aKmBHhlM 

11cToqHHKQM" B BH)J.e 06orame11Horo 
76

Ge. IlpnMepoM TOMY CJIYlKHT npoeKT MAJORANA, B 

KOTOpoM 3TH H)J.ell pearrl!3)'lOTCJI B HeCK0J!hK0 HOBOM BH)J.e npH yqacmn Harneii rpynnhl H3 

OIDIH. 

B 3aKJIIO'leHHII npHB0)J.HTCH 0CH0BHhle pe3yJ!hTaThl, nonyqeHHhle B )J.HCCepTal.llIH. 

1. P33pa6oTaH H C03)1.aH CI.IHHTHJIJIJII.IIIOHHhlll KaJI0pHMerp TpeK0B0ro )J.eTeKTopa 

NEMO-2, J1BJIJIIOII-1IIHCJ1 npornm110M 6onhIIIOro )J.eTeKTopa NEMO-3. 011 BnepBhie IT03B0JIIIJI 

33 



ll3Mepl!Th .wrn KIDK)10ro C06bITIUI ,ro30llHOro 6era-pacrra,na 3Heprmo BbJJIC'faJOlQIIX 3JieKTpOHOB 

II yron MelKJzy Hl!Mll. 

2. Ha crreKTpOMerpe NEMO-2 BhIIIOJIHeHbI H3116onee rnqHbie 113MepeHl!ll 3HaqeH11fi 

rrep110JJ;a rronypacrra,na J0°Mo, 116Cd 11 82Se no KaHany 2P2v c 113MepeH11eM scex xapaKTep11cT11K 

pacrra,na (3HepreTI1qecK11e II yrnoBhie pacrrpeJJ;eneHl!ll JJ;Byx JJieKTpoHoB II JHeprer11qecK11e 

pacrrpeJJ;eJieHllll ,wul Ol];l!HOqHbIX 3JieKTpOHOB) (JJ;.B.90%): 

r:,: (100Mo )= [0.95 ± 0.04(CTaT) ± 0.09(CIICT)]· 1019 JieT 

r:,: (1 16Cd)= [3.75 ± 0.35(crnT) ± 0.2l(c11CT)]·l019 JIC'f 

r:,: (82Se)= [0.83 ± 0.lO(crnT) ± 0.07(c11CT)]-1020 neT 

.[lnll 116Cd 3TO rrepBblll Ha,ne)KHblll pe3yJibTaT, ysepeHHO llCKmoqaIOlQllll B03MO)KHblll 

BKJia,n OT qJOHOBblX rrpo11ecCOB. 

3. BrrepBbie B cqeTqlfKOBOM 3KCIIep11MeHTe 3aperncTp11pOBaH 2p2v - pacrra.n 96Zr II 

ll3Mepe11 rrep110JJ; rronypacrra,na (JJ;.s.90%): 

r:,:( 96Zr)= [2.l+-O.S-0.4 (crnT) ± 0.2(CIICT)]·1019 JieT 

4. ITonyqeHbI orpa1111qeHllll 11a 2POv - pacrra,n Mll 11enoro Kpyra Mep(JJ;.B. 90% ): 

T~,~ (100Mo) > 6.4·1021 ner 

T~;2 (116Cd) > 5· 1021 ner 

T~,: (s2Se) > 9.5· 1021 ner 

ri;2c96zr)> 1·1021 JIC'f 

TOv 94 19 
112 ( Zr)> 1.9· 10 ner 

Pe3yJihTaTbl ,wuI 
96Zr II 94Zr l!Bnl!IOTCJI nyqlIIIIMII B Mllpe, a Ml! IOOMo, 116Cd 11 82Se 

6nl!3KII K nyqlIIIIM MllpOBbIM pe3yJihTaTaM. 

5. ITonyqeHbl Ol];HII 113 nyq!IIIIX B Mllpe orpaH11qeHllll Ha CYlQeCTBOBaHlle 2p0v -

pacrra,na c 11crrycKa1111eM Mafiopo11a MJ111enoro pl!JJ;a Mep(JJ;.B.90%): 

T1, 2 (
100Mo) > 5· 1020 neT, < gee> <(2-6)· 104 

T112 (116Cd) > 1.2· 1021 JIC'f, < gee> <1.2· 10-4 

T1, 2 (
82Se) > 2.4· 1021 JieT, < gee> <(2.3 - 4.3)· 104 

T112 c96zr) > 4 .. 1020 ner, < ge,,> <2.3· 10-4 
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.[lnll 116Cd, 82Se, 96Zr orpa1111'1eH11J1 llBJillIOTell nyq1II11M11 B MHpe. OrpaHll'1e1111e .wrn 

IOOMo 6bIJIO JIY'JIIIIIM B Mllpe Ha MOMeHT ony6Jil!KOBaHllll 3TOro pe3yJihTaTa B 1993 r .• a 

orpa1111qeH11e <gee> <l,2· 10'4. nonyqe1111oe 113 naHHbIX l];Jlll 116Cd. llBJil!eTel! a6eOJIIOTHO 

nyqw11M B Ml!pe B HaCTOlllQee speMll. 

6. Propa6oTaH II e03JJ;aH eIJIIHTIIJIJilllJHOIIHblH KaJIOpl!MeTp l];Jlll IIOJIHOMaC1IITa611oro 

TpeKOBOro JJ;eTeKTOpa IIOBOro IIOKOJieHl!ll NEMO-3. CneKTpOMeTp II03BOnlleT BnepBbie e 

6onh!IIOH TOqHoeTIOh 1!3Mepl!Th see xapaKTep11ernK11 nsoHHhIX P-npo11eee0B (311eprernqeeK11e 

11 yrnoBhie paenpeneneHllll nsyx 3neKTpo11os. 311epreT11qeeK11e paenpenene1111l! Mll on1111o'lHhIX 

3JieKTpOHOB, BpeMeHHhle xapaKTepHeTHKII paena.na), aHaJI11311pOBaTh II Bbl,neJil!Tb Bee 

11eTO'lIIIIKII pa,n11oaKTIIBHOro cpoHa, rrpoBOJ];HTb 3KcnepHMeHTbl e KIIJIOrpaMMOBbIMII 

KOJill'leeTBaMH (-10 Kr) 1130TOIIOB, II o6na,naeT 'lYBCTBHTeJibHOCTbIO K Macee HeHTpllHO Ha 

ypoBHe 0.1 eV. 

7. Propa6oTaHbl II C03l];aHbl MHOroKplleTaJibHbie ( 16 II 32) nonynpoBOJ];IIIIKOBbie 

eneKTpoMeTphl TGV l];JIJI 11eenenoBaHl!ll l];BOHHOro 6ern-paena,na C 3Heprern'leCKIIM 

prope11Ie1meM 0.2% Ha 1 M::iB. OHH II03BOJIJIIOT 113Mepl1Tb !IIllpOKIIH crreKTp 1130TOIIOB. 

8. BbIIIOJIHeHhl 113MepeHl!ll nep11ona nonypacnana ellJibHO 3anpe1QeHHbIX P--
paenanos 48Ca (n.s.90%): 

T112(0 + -- 6;, ) > 7. l · 1021 ron 

T112(0+-> 5 +) >1.1 ·1022 ron 

T112(0+-> 4 +) >8.2·1021 ron 

ITonyqeHHhle orpaHl!'leHl!ll JIY'llIIe 113BeeTHblX MllpOBbIX 3Ha'lCHIIH 6onee 'leM B 10 pro. 

9. ITony'leHbl orpa1111qeHllll Ha p'p'-pacnanbI 48Ca B oeHOBHOe II B036y)Kl];eHHbie 

COCTOJ!Hllll 48Ti (n.s.90%): 

T112(0+ _, o;,, 2v) = (4.2~;;)·10 19 neT 

_. T112(0·--o;, ,Ov)> 1.5·1021 neT 

T112(0+-> 2+1, 2v) > 4.7· 1019 neT 

T112(0+-+ 2+1, Ov) > 4.7·10 19 neT 

T112(0+ _, 2+2, 2v) > 1 l · 1019 neT 

T112(0+-+ 2+ 2, Ov) > 11 · 1019 neT 

T112(0+ _, 0+1, 2v) > 9.0· 1019 ner 

T112(0+-+ 0+1, Ov) > 9.0·10 19 neT 

OrpaHl!'leHHll Ha nep11onh1 nonypaena.na Ml! 2P-nepexonoe 11a BOJ6~cHHhie 

ypoBHll co• -+ 0+t) Ha nopl!JJ;OK JJyqwe paHee 113BeeTHblX. BnepBble nony'leHbl 
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orpamt'lemrn Ha nep110.ub1 nonypacna.ua .llJlll 2P-nepexo.uos 11a ypostt11 (0+-+ 2+1) .llJlll 2v 

MO,llbl 11 (0+-+ 2+2) .llJlll 0v II 2v MO,ll. 
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