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Bae.neHHe 

B HacTo~Illee BpeM~ HHTepeC K 2~(Ov)-pacna):{y ofiycnosneH TeM, lITO caM <paKT cy­


meCTBoBaHWI 3Toro nponecca TecHO cB~3aH co MHorHMH cl>YH4aMeHTaJIhHhIMH ac­


neKTaMH <pH3HKH 3ne¥emapHhIX qaCTHQ [1,2,3]: 


-HeCOXpaHeHHeM JIenTOHHoro QHCJIa, HaJ1HtIHeM y HeHTpHHo MaCCbl H ee npHpo):{oH, 


-cymecTBoBaHHeM npaBblx TOKOB B 3neKTpocnafioM B3aHMO)l.eHCTBHH, 


-cyruecTBoBaHHeM MaHopoHa, 


-CTpYKTYPOH XHrrCOBCKoro ceKTopa, 


-CYIlleCTBOBaHHeM nenToKBapKoB, 


-cymeCTBoBaHHeM T5DKenoro CTepHJIhHOrO HeHTpHHO, 


-cYIllecTBoBaHReM COCTa..BHOrO HeIfrpHHo. 


Bce 3TH BonpOCbl ne)l(aT BHe paMOK CTaH)l.aJ)THoH MO,llenH ::1J1eKTpocnafioro B3aHMO­


):{eHCTBIDI H nonOMY perHClpa.tlM~ 2~(Ov)-pacna):{a 6Y):{eT 03HaQan OTKpbITHe "HO­


BOH <pH3HKH". OCHOBHOH Hmepec K 3TOMY npOl.{eccy, KOHetIHO )l(e, CB~3aH C 


npofineMOH MaCCbl HeHlpHHO - ecnH 2~(Ov)-pacna):{ 6y):{eT o6HapY)KeH, TO, no 


COBpeMeHHhIM npe)l.CTaBneHHlIM, :no 6Y):{eT 03HaQaTh, tITO Macca nOKOJI XOT~ 6hI 


O.llHOrO HeiITpHHo OTIHf4'Ha OT HyJIJI H 3Ta Macca - MaHOpaHOBCKOro THna. B 


HaCT05Imee BpeM5I 3KcnepHMeHTaJIbHO onpeneneHbI JIHillb HH.IICHHe npeneJIbI Ha 


nepHOllbI nOJIypacnana no fie'3HeHTpHHHOMY K8Hany (TrnOv) .,UJIJI pa3nW-IHblX JI):{ep. 


3TH npellenbI HCnOnb'3YIOTC5I ..amI nonyqeHIDI: orpaHlflIeHHH Ha BenW-IHHY 


MaHopaHOBCKOH MaCCbl HeH1pHHO, napaMeTpbl npHMeCH npaSbIX TOKOS, KOHCTaHTY 


CS5I'3M MaiiopOHa C HeHTpHHO H T.n_ OnHaKO HeonpeneneHHOCTH S pactIerax 


5InepHbIX MaTlnNHbIX 3neMeHTOB (51M3) He n03BOJUIIOT nonyqHTb nOCTaTOtIHO 


Hane)I(Hble orpaHHtleHIDI Ha 3TH <PYH):(aMeHTaJIhHhle .senHtlHHbl. B CS5I3H C 3THM, 


oco6oe 3HaqeHHe npHofiperaeT perHcTpaUHH ):{syxneHTpHHHOrO ):(BOHHoro fieTa­
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pacna.na (2~(2v)). )l{H;:U<OaprOHOBblH JleTeKTop [4,5] 6bm npeJlHa3HaQeH ,[lInt 

HCCJIeJlOBaHlUI JlBOHHOro 6eTa - pacna.na. ):LruI H3yqeHIDl 6bIJIH BblfipaHbI H,[lpa 

3JIeMeHTa o6nanruomero .n;OCTaTOQHO 60JIbmOH 3HeprneH ~13 - nepexona - lOOMo 

(E2~ =3033 K3B). 3KcnepHMeHTaJIbHaH YCTaHOBKa 6bma CMOHTHpOBaBa B 1996 ro.ny 

B nO.Il.3eMHOH na6opaTopHH Gran Sasso B HTaJIHH. B HaCToHIIleH CTaTbe npHBO.n;HTCH 

OllHCaHHe 3KCnepHMeHTaJIbHOH annapa-rypbI. Oco6oe BHHMaHHe 6bInO Y)leneHO ,'" 

KOHCTpYKTHBHbIM oco6eHHoCTHM, npoue.nype KaJIH6pOBKH H £PYJfKUHoHHpoBaHIDO 

Pa3JIHllHbJX CHCTeM YCTaHoBKH. 

3KcnepHMeHTaJIbH8.SI YCTaHOBKa 

3KCrrepHMCHT rrpOBO.n;HJICH B nO.Il.3eMHOH JIa60paTopHH Gran Sasso, pacnoJIo­

)KeHHOH Ha rny6HHc 3500 M.B.3.. 3KcnepHMCHTaJIbHaH YCTaHOBKa (CM. PHC.1) BKJlI()­

qana B ce6j[ X\H,llKoaproHoBblH HOHH3aUHoHHbIH .Il.eTeKTOp. nOMemeHHbIH B naCCHB­

H)'IO 3amHTY 113 CBHHua, CHCTeMY fa3oo6ecneQeHHSI, CHCTeMY aHTHpanOHOBOH 

3aIlJ,HTbI Ha OCHOBe napOB )I(}I,!lKoro a30Ta H MexaHiNeCKHH nOll'beMHbIH ICpaH JlIDI 

C60PKHH pa360PKH .nereKTopa. Bce o60py.nOBaHHe 6bIJIO pa3MemeHO Ha CneUHaJIb­

HOH 6eToHHoH rnIaTc:popMe C ra6apHTHbIMH pa3MepaMH 4x 6xO.6M.,llruI CHH)KeHIDl 

MeXaHH'IeCKHX BH6paUHil ficrOHHaH rmaT<PopMa 6bIJIa pa3MemeHa Ha JIHCTe pe3HHbl. 

Ha 3TOH nJIaT<popMe 6bIJI CMOHTHpOBaH CneUH3JlLHL[H ",lJ.OMHK", Ha)le)l(­

HO npellOTBpamaJOllI.H" BnlUIHHe nOmeMHOH BJlarn Ha 060PYllOBaHHe. 

CHCTeMa eneMa H HaKOnneHHR )laHHLIX JlJlR )l(HllKOaprOHOBoro lleTeK­

TOpa HaxO,lUInaCb B OT.llenbHOM ",lJ.OMHKe" Ha paCCTOHHHH ,lJ.Byx MerpOB 

OT nnauJ>opMbI. AM YMeHblIleHlUl BJIHJlHHH panOHa, co.n;ep)KamerOCJI B aTMoccpe­

pe BOKpyr .neTeKTOpa, B nacCHBHOH 3aIUHTe 6bIJIa CneUHaJIbHO CMOHTHpOBaHa CHC­

TeMa aHTHpanOHOBOH 3amHTbI Ha OCHOBe napOB a30Ta. napbl a30Ta H3 TepMOCTaTa 

http:3KcnepHMeHTaJIbH8.SI
http:pacna.na
http:pacna.na
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neTeKTOpa, fJOCne nOJl,OrpeBa no TeMne-paryphI 20°C B CneUHaJIhHOM 

3neK'TpOHarpeBaTene, HanpaBJUuuich BHyrph naCCHBHOH 3aIl(HThI. 

CHCTeMa 
ra'3006ecneQeHIDI 

llaccHBHasi 3aII.(HTa 
/' aHrHHelITpoHHasI 

/ 
flaCCHBHasi 3awl1Ta 

CBHHllOBaR 

CHCTeMa 

o6ecneQeHH}l 


>KH.QK.HM a3OTOM 


AHTHPallOHPOBasI 

CHCTeMa Ha OCHOBe 

napOB aJOTa 

CHCTer.m C'heMa 
11 HaKOf1J1eHIDI 

.QaHHhlX 

PRc.I. CxeMa 3KcnepHMeHTaJIhHOH YCTaHOBKH. 

)KI1)lKO-aprOHOBbIH HOHH3aUHOHHhlH ,lleTeKTOp 

B KalleCTBe OCHOBHbIX KOHCTPYKUHOHHhIX MaTepI1aJIOB Jl,eTeKTOpa 6bJJlR HC­

flOJlb30BaHbl TliTaH 11 ero CnnaBbI. I1paKTI1't.feCKI1 Bce I130mnOphI :meKTP0Jl,HOH CRC­

TeMbI Jl,eTeKTOpa 6hJJlI1 H3rOTOBJleHbl H3 ¢ToponnacTa. CxeMa neTeKTOpa npHBeneHa 

Ha pHc.2. ,lJ.eTeKTOp OXlIruK)IaJIcn >KMnKMM a30TOM, nocrynalOlllHM B "a30THbIH" 

o6beM (2) H3 4000-nHTPOBOrO cocyna nblOapa. )£{J.{nKl1H a30T no,naBaJICn no TPy6e, 

http:KH.QK.HM
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nOMerueHHOH B BaKYYMHYlO TermOW30nJlUHIO. 3Ta TermOH30JUlUl1JI 6bIna CneUliaJJb-

Ar ra') 

PHc.2. CxeMa iKMJlKOaprOHOBOrO HOHH3auHoHHorO JleTeKTOpa. 


1-o6beM, 3anOlIIDIeMh[H: iKMJlKHM aprOHOM ~ 2 - 06beM TepMOCTaTa, 3anonIDIeMbIH 


iKM,llKHM a30TOM~ 3 - saKY)'MHhIH 06beM TepMOCTaTa; 4 06beM, 3anOnH.HeMbIH 


napaMlia30Ta; 5 - CHCTeMa :::me.KTpOHarpeBaTeneH. 


HO CKOHCTPYHpOBaHa )1)lSl YMeHbmeHIUI paCXO.lla JlCH.llKOrO a30Ta, tlTO B 

YCJIOBIUIX )1JIIITeJIbHbIX 3KCnepHMeHTaIIbHblX ceaHCOB HMeJIO 60JIblllOe 
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3Ha4eHHe. "A30THhIH " 06'beM (2) .l{eTeKTopa 6bIn TenllOlf301lHpOBaH OT 

oKpYJKaromeH cpenbI ~'BaKYYMHOH" 0601l0QKOH (3), Ha BHYTPeHHeH CTeHKe KOTOPOH 

6bInO HaMOTaHO 12 cnoeB 10-MHK-poHHoro aJIJOMHHH3HpoBaHHoro MaiiJIapa. B 

pelKHMe H3MepeHHH pacxon lKH,llKoro 

8.30Ta ynanocb cOKpaTHTh no BeJI~MHbI 6 nJQac. "A30THhIH" o6beM (2) 6hIn COe.1lH­

Hell c 06'heMOM (4) (B KOTOPhI"H 6hlJl nOMemeH cocyn (1) c JKH.1lKHM aproHoM) c 

nOMomhlO cneUHanhHoH TJJy6KH, )lJUI BblpaBHHSaHHlI ,naBJIeHHlI napoB a30Ta B 3THX 

o6beMax. TeMneparypa )f(M)lKorO apfOHa perYllMpOBanach C nOMOillhIO 

HarpeBaTeneii (5), pa3MemeHHbIx Ha BHeUJHeii: nOBepXHOCTH o6beMa (J). CHcTeMa 

I I 

~~~~i~~~~~~~,~~~~~~'!~~~ 
@!v4E - - - - E• - @!~__I 1 2 
@i@ I @iM- 3 

I . I - ----...:;.;;.. 

v;,ait:0F - - - - r- - - - - tali~ 2 
I . 1­

I I I • I , ., I@!v4 · I 'i ..... I t7A!t74- 4 
I . I - -----..:... 

I 

I 
I I 

~~~n!0~0~)~~~~~~~~~?A~n!0~~ 1 
I I -­

PRC. 3. CxeMa .l{eTeKTHPYIOmeH qaCTH )f(HnKOaproHoBoro 

HOHH3aUHOHHoro ileTeKTopa. 

1 - aHOn cnnOlllHOH M3 THTaHa; 2 - CeTKa 3KpaH.I1PYIOIllaR~ 3 - KaTon .113 MOJIH6,neHO­

BOH q,OJIhfH; 4 CeTOQHhIH aMO,n. 
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3JIeKTpO.ll.OB. 06p83ytOlUilli 4YBCTBHTenhHloIH 06beM .ll.eTeKTOpa, 6loma nOMemCHU B 

COCY.ll. (1) C BHYTPeHHHM .ll.HaMc-rpOM 40 CM H BhICOTOH 70 CM. PerHCTpHpyroIUruI 

qaCTh )leTcKTopa 6hlJla c06paHa H3 O.lumaKOBhIX H3McpHl'cnloHhIx ceKUHH ( CM. 

PHC.3). KaJK)laJI TaKaJI CCKQIDl COCToxna H3 )lsyx 06bC.ll.H.HeHHblX nnocKHX HOHH3a­

UHOHHlolX KaMcp C 3KpaHHpytOIllHMH CeTKaMH (2) H 06IIlHM KaTO.ll.OM (3). B KonloUC­

BhlC paM04UbIC KaTO,D.loI BCTaBIDlJlaCb cpOJllora H3 HCCnC.ll.YCMoro H30Tona (MOJlH6.ll.c­

Ha). ,[{HaMCTp qyBCTBHTcnbHoro 06beMa 6bln paSCH 30 CM M ero SblCOTa 56 CM. 

,[{erCKTOp BKJ1JOQaJI 14 KaTO)lOB, 15 aHO.ll.OB H 28 3KpamtpyroIIlHX CCTOK. PaCCTOXHHC 

MCIK)ly CCTKOH Ii aHO.llOM 6bIno 5.5 MM, a paCCTO}lHHC MC)J(1lY CCTKOH It KaTO.ll.OM 6bi­

JIO 14.5 MM. AHO)lhl (4) 6lolJlM H3rOTOBJICHbl B BR.ll.C CeTOK. 3KpaHHPYlOlUHC CCTKH H 

aHO.ll.lol 6lomH HaMOTaHloI C nOMOlUlofO NiCr npOSOJIOKH .ll.HaMCTpoM - 110 MKM M C 

marOM - 1 MM. BlolCOKoe Hanp}l)KCHMC, nO.ll.aBaCMOC Ha KaTO.ll.bl H CeTKH, 6lolJlO paB­

HO: 4.8 KB H 2 KB, COOTBCTCTBCHHO. HanpiDKcHHC nO.llaBaJIOCb SHYTpb .lleTCKTO­

pa QCPC3 KcpaMWfeCKHC BBO.lllol, pa3MclllcHHloIC Ha KpbIIDKC KaMCPloI. 15 MHHHaTIOp­

HloIX KepaMIftICCKHX BBO.llOB, COC.llHHCHHbIX C aHO.ll.aMH, 6lomH TaK)J(C pacnOJlo)J(cHloI 

Ha KPbIWKC KaMcpbL 3apH.n;oBo-tJyscTBHTcnhHbre npC.ll.YCHJlHTeJlM rrpC06pa30BlolBa­

I1H 3apH,l(, B03HHKaBIDHH Ha Ka)l(,l(OM H3 15 aHOLlOB, B HOHH33UHOHHbIH HMrryJIbc. 

BCPXHHH H HH)KHHH aHO,l(lol (1) CHCTeMbI 3nCKTpO.ll.OB 6lomH H3rOTOBnCHlol B BR,l(e 

cnl1OIIIHloIX ,l(HCKOB H3 THTaHa. 

M30TOllbI 

KaTO,llbl .ll.CTCKTOpa 6loWH 1t3rOTOBnCHhI H3 MOJlH6,l(eHOBOH $ol1hrH TOJIIllHHOM 

OKono 50 Mr/cM2. B TCqeHHe nepBhlx Tpex 3KcncpHMCHTaJIloHblX ccaHCOB (202, 238 

H 313 qaCOB H3McpeHHH) HCCnC.llOBaIlHClo 4 KaTO,lla H3 060ralUcHHofO MonH6.n;eHa 

(98.4% lOoMo). ,[{JIJI CHlflKeHHJI pa.uHOaKTHBHOrO cpOHa 3TH KaTO.llloI 6loUnt pa3Me­

llleHhI B ueHTpaJIloHOH qaCTH 3neKTpO.llHOH CHCTeMbl H qepC.llOBaJIHClo C KaTO)laMH H3 

http:3nCKTpO.ll.OB
http:KaTO.ll.bl
http:KaTO.ll.OM
http:aHO.ll.OB
http:KaTO.ll.OM
http:3JIeKTpO.ll.OB
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HaTypanbHOfO MOJIM6.lleHa (co.llep)f(amero 9.6% looMo). CO.llepilCaHHe pa,1J.HOaKTHB­

HbIX npHMeCeH: B 06pa3uax MOJIH6.neHOBpH: q)QJIbfH 6blJIO MeHbille, 4eM 0.015 EKI.Kf 

.nmr 2148i, 0.0015 EKlKf JlIDI 208TI H 0,04 EKlKr .ll.TUI 234mpa, 06LUasr Macca 1~0, 

HCCJIe.llYeMoro B 3TOM BapHaHTe, 6blJIa 138.7 f. TI03)1(e KOJIWleCTBO JOOMo B .lleTeK­

Tope 6btJIO yseJIWleHO .ll0 306 r (8 ImTO,l.(OB H3 H30TOIla LooMo). qepe.llOBaHHe KaTO­

,llOB 113 HarypaJIbHOrO 11 060ram;eHHoro MOJIH6.ueHa 6blJIO OIlTHMaJTbHbIM .llJUl HCCJIe­

.uOBaHmI 2v~~ - MO.ubJ ".llrHtli:pepeHUHaJIbHbIM MeTO.llOM". 06mee BpeM~ H3MepeHmI 

C BOCbMblO KaTo.uaMH 113 IOOMo COCTaBHJIO 2706 qaCOB. 

CHCTeMa r33oo6ecneQeHlUl 

CHCTeMa ra3006eCne4eHIDI (pHcA) BKlTI04aJIa B ce651 22 COPOKaJIHlPOBblX 

6anJIOHa H3 Hep)f(aBelOllleii CTaIlH C fa3006pa3HbIM aproHoM no.n ,.UaBJIeHHeM OKO]]O 

150 aTM" CHCTeMY 04HCTKH (3) H CHCTeMY KOHTpomI 4HCTOTbI raJa (l). IIleCTh 83 

:nux 6anJIOHOB 6blJIH nOMemeHbl B COCY.llhI .llblOapa, M3rOTOBJIeHHble 113 

Hep)f(aBelOUleii CTa.nJI, .llJI51 Toro, t.{T06bl HCnOJIb30BaTb HX KaK KpHoreHHblH Hacoc 

,.UJIH Y)larreHHSJ )f(H.llKOro apfOHa 113 KaMepbI B 6aJIJIOHbI nocne 3aBepmeH.IDI 

3KcnepHMeHTa, CI1CTeMa OllHCTKH fa3a OT 3JIeK1pOorpHuaTenbHblX npHMeceH Ha 

OCHOBe THTaHOBOH "ry6KH" (3) 6blJ1a BbI6paHa H3-3a HH3Koro pa)ll10aKTMBHOrO 

<poHa :noro reTepa. HanpHMep, CHCTeMbl OLIHCTKH Ha OCHOBe «Oxisorb" Hmi 

MOJIeKYIDIpHorO "cJ.fTa" Bbl,llemrn)T B 100 - 1000 pa3 60JIbUlee KOJIHl.JeCTBO 222Rn, 

TaK KaK CO,llep)KaHHe 238U B MaTepHaJIaX, 113 KOTOPbIX OHM H3roTOBJIeHbI, B COOTBeT­

CTByroruee 4HCJIO pa'3 60JIbllle, qeM B TMTaHe 11 COCTaBJI51eT OKOJIO 10-6+10-
7 r/r. 

O.llHOKpaTHOe nponycKaH11e ra3006pa3HOrO aproHa 4epe3 THTaHoByro "ry6KY" B 

peaKTope npH TeMnepaType 850°C 06eCne4HBaJlO cOllep)f(aHHe 3JIeKTpOOTpMuaTeJIb­

HbIX npHMeceii Ha ypoBHe MeHbllleM L9 x lO-9 
3KB. O 2 [6,7]. COJJ,ep)f(aHHe npHMeceH 

B aproHe KOHTpOJIHPOBaJTOCb C nOMOLUbfO D,Byx¢a3HOrO JJ,eTeKTOpa 3JIeKTPooTpl1ua­
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TenhHblX npHMecei (1) [7,9]. Cocy.n: peaKTopa, H3rOTOBJIeHHhIH H3 JKaponpOQHOH 

CTaJ1H, HMen tP0PMY l.lRllHH.IlPa C ,llHaMeTpOM 50 MM H Jl)IHHOH 300 MM H 6hIJI 

3anOJIHeH THTaHOBOH "ry6KOif'. CKOPOCTh nponycKaBIDl aproHa llpH Ol{HCTKe 6hma 

OKOJIO 0.6 M3
/Qac. 

TIaccHBHasI 3amHTa 

I1accHBHruI 3auuna H3 CBHHlJ,a (TonLUHHa CBHHlJ,a 15 CM) 6hma YCTaHosneHa 

Ar Ar 226annoHa Ar 
I ....... -. I 
I I 
I I 
I I 
I I 
I i 

~ ~ 

PHC. 4. CxeMa CHCTeMhI raJoo6eCneQeHIDI. 


I - CHCTeMa KOHTpOJIH qHCTOThI raJa; 2 63JIJIOH (o6beM 2 n) .ll.lUl raJa; 3 - CHCTe­


Ma OqHCTKH~ 4 - MeXaHHl{eCKHe clnUIbTphI MH rpy60H OqHCTKH raJa. 
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Ha 6eTOHHOH llJIaTQ>opMe. Cne.n;yeT OTMeTHTh, qTO CO,llepIKaHHe pa.a.oHa B BO'3,llyxe 

BOKpyr YCTaHOBKM 6bInO H3MepeHo H COCTaBHnO OKono 200 6K1M 3 (JlJLSI cpaBHeHHJ:l. 

cO.ZlepIKaHHe panOHa B B03Ltyxe LtPYfHX 3anOB 1l0)l3eMHOH na60paTopHH Gran Sasso 

COCTaBJUleT OKono 40 EKlMJ). ,nnJ:l YMeHbUIeHHJi BJ1HJ:lHIDI panOHa napbl a30m H3 

CHCTeMb( oxnaIK.lleHHJi )leTeKTopa HanpaBJJJ:[JJHCb 80 8HyrpeHHHM 06beM naCCHBHOH 

3aIl.lHTbl. ,nIDI :nOH IKe uemf, 80 BHyrpeHHHH 06beM naCCHBHOM: 3aIJJ;HTbI (JlJLSI ero 

YMeHbrneHH5I) P5l.Zl0M C ,lleTeKTOpOM 6bmH YCTaHOBneHbI nonble 6nOKH 113 oprCTeK­

na. Bce :no n03BonIDIO CHH3HTh Q>OH OT 222Rn B6nH3H )leTeKTopa (BHyrpH naCCHB­

3
HOH 3am;HThI) )l.O YPOBHH He npeBhlUIalOm;erO 2 EKlM (B nepBoM ceaHce OH 6bIn 

3
OKono 50 6K1M ). 6hma cnpoeKT."'poBaHa, H3rOTOBneHa H YCTaH08neHa naCCHBHa5I 

3aIIJ.HTa· OT HeHrpOHoB. OHa BKJ1JO'tfMa B ce651 ClIOM: BO)lhl TOlIlllllHOH 25 CM ,llJJ5I 

TepMaJ1H3auHH HeiiTpOHoB H cnOH 60PHOH KHCIIOTbl (H3B03) TOnIIJ.HHOH OKono I CM 

AJUI 3axBaTa TepMaJ1H30BaHHbIX HeHTpOHoB. flpeLtSapHTenhHhle BhI'tfHCneHIDl nOKa­

3MH, lffO TaKaH 3alIllfTa MOIKeT cOKpaTHTb BnIDIHlIe Q>oHa, 06ycnOBneHHOrO BhICO­

K03HepreTIfllHbIMH faMMa KBaHTaMH npH 3axsaTe HeihpoH08 B MaTepHaJ1e ,lleTeK­

Topa, I1pHMepHo Ha nopH.ll.oK. 3KcnepHMeHTMhHa5I npOBepKa nOKa3aJ1a, qTO K03$­

<pHUHeHT nO,1J.aBneHH5I M5I O,1J.HHO"lHbIX 3neKTpOHoB B 06nacTH 3HeprHH BhIIlle 4M3B 

paBeH npH6ml3HTenhHo BOCbMH. 

CxeMa :meKTpoHHKH 11 CHCTeMbI CbeMa HH<popMaUHH 3KcnepHMeHTa npHBO)].HT­

C5I Ha pHC. 5. CHfHaJ1bI nOCIynaJ1H C Ka)f(UOfO H3 15 aHO,1J.OB. CHfHaJ1 C KaJKlIOrO 

aHOlia BhIBO)lHnC5I 83 lIeTeKTOpa Qepe3 KepaMH'tfeCKMH B801l. KepaMHqeCKHe BBOLthI 

6hlJ1H pa3MeIIJ.eHhI Ha KpbllllKe 06beMa C JKHlIKHM apfOHOM (1) (CM. pHc.2) H coellH­

HMHCh C 3ap5l1l0BO-'tfYSCTBHTenbHbIMH npeLtYCHnHTeJUlMH, pa3MemeHHblMH Ha Bepx­

He" KpbIlIIKe )leTeKTopa. TaKHM 06Pa30M. KaJK)lbIH KaHan 3J1eKTPOHHKH COCT05lJI H3 

http:aHO,1J.OB
http:npHBO)].HT
http:nopH.ll.oK
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3apji.llOBO-qyBCTBHTeJIbHOrO npe,llycmnneJUl, YCHJUlTenji H al'laJlOrO-UHCPpOBOrO 

npe06pa30BaTeJUI (AUIl), C qaCToToA: npe06pa30BaHlHl 20 Mru, bhlJIH Hcnonb30Ba­

Hbl 30 AUI1, nOCKonbKY BKa>K.llOM KaHaJle perHCTI>MpOB8JIHCh CHfHaJlbl llByX nmOB: 

CCPOpMHpoBaHHble (tljl; 3.6 MKC) H 6e3 <P0PMHpOBKH. AHaJlH3 CPOPMbl HMrrynhcoB 

AHaJIOfOlIH¢poBbIe 

YCRnHTenh npeo6pa30BaTenH 

I1pellj'CHJIHTenh 
3nercrpOHHhle 

6noIOf 

,I 

AHO,ll. 

KaTo,lt· 

16 

TpHIT'CP
I 

I 

--".; 

" 

PRC. 5. CxeMa :meKTpOHHKH H CHCTeMbl CbeMa I1Hcj>opMaUHH. 

6e3 <pOPMHPOBKH'.llaBaJI npoc-rpaHcTBeHHylO HHcPopMaumo 0 C06hITHHX. 11 penfcT­

paUHJI .llaHHhlX, H ynpaBneHHe 3neKIpOHHKOH ocymeCTBJIHnOCb c nOMOmMO 
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KOMnhIOTepa Macintosh C nporpaMMHhIM o6eCneQeHReM MAeUA 1. flpOrpaMMhI 

nepBJNHOrO aHaJIH3a H BH3YaJIH3aUHH .n:aHHblX 6bIlIH HanHcaHbI B cpe.n:e :noro )ICe 

nporpaMMHOrO o6eCneQeHIDI. TpHrrep .llIDI oT6opa .n:aHHbIX Bblpa6aTbIBaJlCjf npH 

rrpeBhlllleHHH CHfHaJlOM rropora B 700 K3B XOTjf 6bl B O.a.HOM H3 H3MeplfTeJIbHhIX 

KaRMOB. B :nOM cnyqae OUH<ppoBaHHble CHfHMblBcex KaHaJIOB 3an.HCbIBaJIHCb Ha 

MarHHTHyIO JIeHTY. TaKM cxeMa perHcTpauml 6bIJIa Ytl06Ha LUl>1 aHamna <pOPMhl 

HMnyJ1hCOB, pacno3HaBaMIDI H pe){(eKU,HH B03MO)KHhIX <pOHOBhIX CH:rHaJIOB. 

fIpou,e,L(ypa KaJUI6pOBKH ,L(eTeKTOpa 

KaJlH6pOBKa tleTeKTOpa, 3anOJIHeHHOro IKH.n:KHM aproHoM, BbInOJIH>1JIaCh C no­

MOIIU>IO pa.n:HOaKTHBHbTX HCTOl{HHKOB 22Na H 88y. OCHOBHhIMH ueJljfMH KaJIH6pOB­

KH 6bIJIO: 

- rrorryqeHHe COOTBeTCTBIDl Me)K.LJ:y 3HepnfeH, Bbl)leJIHBWeHCjf B 1.1YBcTBHTeJIhHOM 

06'beMe KaMepbI, H aMnJIHTYtlOH CHrMana, 3anHcaHHoro C4HThIBaIOlI(eM 3neKTPoHH­

- onpe):(eneHHe H KOHTpOIIb ::mepreTHt{eCKoro pa3peWeHH>1 .n:eTeKTOpa. 

JIHHeHHoCTb OTKJIHKa 3JleKTPOHHKH npOBep>1naCb C nOMOlilblO reHepaTopa HM­

nyJIhCOB Hanp>1)ICeHI1H, H HHTerpaJIhHM HeJlHHeHHOCTh COCTaBHJ1a BeJIHQHHY < 1% 

no BceMY .n:HHaMHQeCKOMY ):(Hana30HY. ,lJ.JIJI KaJIH6pOBKH 6hIJ1H BhI6paHbi ABa HCTOQ­

H.HKa y ;.. KBaHTOB: 22Na (T1I2 = 2.6 rO,lla, Ey 1275 K3B) Ii 88y (T1I2 = 106.6 )lHeH, 

Ey= 1836 K3B). flOCKOJIhKY Bep05lTHOCTb QlOT03$$eKTa CHJIhHO 3a:QHCHT OT 

3apJl)la JI)lpa (Pph - Z5), a 3ap5l)l 51,Upa aprOHa cpaBHHTeJ1bHO Man (Z= 18), 

TO npaKTI1LJe.cKH HeB03MO)l(HO I1Cn0J1h30BaTh Q>OT03<p<peKT )1JI5I KanI16pOB­

KH IKH,UJ(oaproHOBoro )leTeKTopa. Ho cneKTp KOMnTOHOBCKl1X 3J1el:ITpoHoB MO){(eT 

6hITb HCnOJlf>30BaH .D:JTH :noM ueJIH npH YCJIOBHH, t{TO HHTeHCHBHOCTb HCTOqHHKOB 
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PlfC. 6. KaJIlfOPOB04Hhle cneK1phI. 

a) KaIllf6pOBOQHhIH cneKTp J1Jl~ 22Na, 6) - KaIllf6pOBOtIHhIH cneKTp A11~ RRy. 

dF/dn -IlPOH3BO,l{HM KaJIH6pOBOl.lHOrO cneKTPa; F(n) l.JHCJlO OTC'lerOB B 

KaHarre; 

n - HOMep KaHarra. 
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3TOT no,AXo.ll Ii 6bm HCnOJlb30BaH B HaCTOJIlIleii pa60Te. TIepBruI npOH3BOJIHruI :noii 

qaCTH cneJ<Tpa HMeeT <jlOPMY napa60JIbi H ee MaKCHMYM COOTBeTCTBYeT MaKCHMYMY 

KHHeTmeCKOH 3HeprHH KOMllTOHOBCKHX 3JIeKTpOHOB. 3Ta 3HeprHH .lJ.,JUI 22Na H RRy 

COCTaBMeT 1063 K3B H 1610 K3B. COOTBeTCTBeHHO. KaJIH6pOBKa npOBO)lHJIaCb JlJIH 

KaiKJloro KaHana He3aBHCHMO. THmt"lHble KaJIH6pOBOQHble cneKTPbI OT 

pa,nHOaKTHBHbIX HCTOqHHKOB 22Na H 88y .lJ.,JUI O)lHoro KaHaJIa nOKa3aHbI Ha pHc.6. 

ilOJIHruI lllHpHHa Ha nonyBhlcoTe pacnpe.lleJIeHIDI COCTaBHJIa OKOJIO18% .aM 

3HeprHH 1063 K3B e1Na) H - 12% JlJIH 3HepnfH 1610 K3B (8SY) JI.J1H 1'peTbero KaHaJIa 

3~KTpOHHKH .aeTeKTopa. 3HepreTlfqeCKOe pa3pellIeHHe JlPyrHX KaHaJIOB 6bIJIO 

O"leHb 6JIH3KO K .3THM BeJIH'IHHaM. 3JleKl'pH'IeCKaH eMKOCTh KalK.IlOH HOHH3aUHOH­

HOH CeKLl.HH 6bIJIa OKOJIO 500 n$. CneJlYeT OTMeTHTb, 'ITO OTHOClITeJIbHOe 3HepreTH­

QeCKOe pa3peWeHHe YMeHbWaJIOCb C 3HeprHeii KaK I IE. yb :noro cJIe,llyeT, lITO 

rnaBHbIH. BIOl3.f( B 3Heprenl'leCKOe pa3pellIeHHe 6bIJI CBH3aH C eMKOCTIIblM m)'MOM 

CaMoro JleTeKTopa H MHKpOcpOHHbIM 3<p<peKTOM. 3HepreTmecKoe pa3peWeHHe 

)leTeKTOpa npH 3HeprHH .aBoHHoro 6eTa - pacna,na lOoMo (3033 K3B) COCTaBHJIO 

OKOJIO 6%. ).'(.1lSl KOHTpoml cTa6HJIbHOCTH BffyrpeHHHX napaMe1'poB .lleTeKTopa npo­

ueJlYPa KaJm6poBKH nOBTOpHJIaCb qepe3 K~le 300 qaCOB BO BpeMH 3KcnepHMeH­

Ta H 3a Bce BpeMH Ha60pa CTaTHCTHKH He 6bmo 33Me"leHO HHKaKHX OTKJIOHeHHii OT 

IIorryqaeMblx BeJIH11HH. THnw:lHblH BH.ll perHc1'pHpyeMblx O.llHH01JHbIX C06b1THH npH­

BeJJ,eH Ha pHc.7. B Ka1{eCTBe C06bITHH-KaH.llHJlaTOB Ha )lBOHHOii 6eTa-pacnaJJ, OroH­

PaJIHCb TaK Ha3bIBaeMble ·'.llBOHHble" COfiblTIDI, KOr.lla CHrHaJILI Ha6moJl3J1HCb TOJIb­

KO B .lJ.Byx coceJJ,HHX KaHaJIax (pRc.8), a B OCT3J1bHblX 13 KaH3J1ax npH 3TOM CHrHaJIbI 

OTCYTCTBOBaJIH. llOnyCTHMhlH BpeMeHHOH HHTepBaJI Me)l()1,y MaKCHMYMaMH 

JJ.Byx COBrra.nruomllX CHrHaJIOB (B cocenHIIX KaHarrax) 61IJ1 Bhl6paH PaD­

HbIM 0.6 MKC. Ha pHc.9 npHBeJleHbI cneKIpbI C06b1THH, Kor.aa perHC1'pHpOBa-JIHCL 

lIBa ::meKTpOHa B CO-CeJlHHX KaHaJIax (842.2KrxQac - JlJIH LOoMo H 592.9 Krxqac ­

.llJIH HaTypaJIbHOrO MOJIH6.aeHa). 

http:CeKLl.HH
http:no,AXo.ll
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PHC. 9. CYMMapHble cneKI'pbl C06bITHH CHcrrycKaHHeM .lIByx 3neKTpOHoB 


a) B cnyqae C o60raw.eHHbIM (842.2 }(fxqac) MOnH6.lIeHOM; 


6) B CJlyl.Iae c HarypaJIbHhlM (592.9 Kf X 4ac) MOJIH6.lIeHoM. 
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PHC. 10. Pa3HOCTb cneKTpoB .n;BYX3nel<TpoHHbIX C06bITHH o6oramcHHoro H 

HaTYpaJIbHOrO MOJIH6.n;eHa. KpHBa.Sl - paCqe-rHbIH cneKTP 2P(2v)-co6bITIfH OT 

IO~O .llJUI T 112 = 7 .2x 101
&neT. 

http:KpHBa.Sl
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HbIM Mo. 


a) B IUITepSane 3Heprl1H OT 0 AO 7 M:;B; 6) B l1HTepBane ::meprHH OT 2.8 M3B AO 


4.1 M:'-B. 
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3q,q,eKTHBHOCTII peI'HCTPaUHH llJlH KIDK,llOH MO,nbI pacna.na paCCtJHTblB8JIHCb MeTO­

)lOM MORTe KapJIo C nOMOIUblO nporpaMMbI GEANT 3.21 [8]. ITpH HTorOBOM 

aHaJIH3e 6bIJIH HcnOJlb30BaHbI pe3YJIbTaTbl Bcex CeaHCOB H3MepeHHH: 842.2 KrXtJac ­

)l;,IHI looMo H 592.9 KrXtJac - JlJ1JI Haryp8JThHOI'O MOJIH6,lIeHa. DopoI' no 3HepI'HH,./lJVI 

peI'Hc1paUHH nepBOI'O 3JIeKTPoHa 6bIJI BbI6paH paBHblM 0.8 M3B, a ,lIIlS perHc1pa­

LJ.IUI BToporo 3neK1poHa - 0.5 M3B. Pa3HOCTHbIH cneKTP ,lIByx3JlelCTpoHHblx C06bI­

THH ,llIDI 060rameHHOI'O H HaTYP8JThHOrO MOJIH6,neHa, npRBe,neHHblH Ha PHC.lO, 

COOTBeTCTBYeT 2~(2v)-pacna.ny loo:Mo C TI12= 7.2xlOlS JIeT. 

Ha .pHc.ll npHBe,neHbI cneKTpbl 0)lH03JIeKTpoHHbIX C06b1THH 3a 2706 tJaCOB. 

OHM 6bIIIH HCnOJIb30BaHbI ,llJUI oueHKH q,oHa B q,oJIbrax KaTOnOB H3 Mo, onpe,lIeJIe­

HWI cO,lIep)l(aHH's H30ronoB 222Rn H 42Ar B )I(H,nKOM aproHe. TaR, tJHCJIO C06bITHH B 

HHTepB8JIax 3.0 - 3.3 H 3.0 3.5 M3B COCTaBHnO 145 H 201, COOTBeTCTBeHHO. 

BKJIa.n "nO,llJIOIKKH" OueHHB8JIC,S B aH8JIOrHtIHbIX RHTepBaJ1ax cnpasa. TaKHM 

06PaJOM. B03MOIKHbIH BMa.n OT 222Rn H 42Ar COCTaBHn 70 C06bITHH H 127 C06bITHH, 

COOTBeTCTBeHHO. 3q,q,eKfHBHOCTh perncTpauHH nOJIe3HbIX C06bITHH 6blJIa 

paCCl:{}lTaHa no MeTO.ny MOHTe Kapno KaK B npe,lInOJIOlKeHHH, tJTO np0.llYKTh1 

pacmma paBHoMepHo pacnpe,lIeJIeHbI B )I(H,llKOM apI'OHe, TaK H MjJ CJlytta.s, Kor,na 

OHM OCaJK,ll31OTC's Ha 3neKTPO,lIax. Pa3JlHtIHe B rroJIytteHHblx BenHtJHHaX ,llIDI 3THX 

,nByx cnyttaeB He npeBbICHJIO 10%. 3q,q,eKTHBHOCTb perHCTPauHH nOJIe3HbIX 

C06bITIdi B 3THX HHTepBanax COCTaBHJIa 0.025%)lJUI 222Rn H 1% ,ll.JUI 42Ar. Ha 

OCHOBaHIIH 3THX ,lIaHHbIX 6bIIIH nonytteHbI orpaHHtJeHWI Ha cO,lIep)l(aHHe 222Rn H 

42Ar B IKH,nKOM Ar: ~1.2xlo·3 EKlKr (90% CL) H 5:4.3 X 10.21 r/r (90% CL), 

COOTBeTCTBeHHO. 

,[(ereKTOp 6bIJI c06paH, npOTeCTJ.fpOBaH II npo,neMoHcTpHPOBaJ1 xopoIIIHe 

pa60tJHe xapaKTepHCTHKH. EbIJIa nonytteHa BbICOKaH CTeneHb l:{HCTOTbI JKH)lKoro 

http:2~(2v)-pacna.ny
http:pacna.na
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aproHa (1.9x 10-9 3KB.02) He06xoJlHMafl JlJUI pa60TbI )leTeKTOpa. Pa3pa60TaHHaJi H 

H3rOTOBJleHHaJi CHCTeM6 CDeMa JlaHHbIX n03BOllHJIa 06ecnelfHTb OT60p)lOCToBepHbIX 

C06hITHH JlBOHHOrO 6eTapaCnalla H BhIlleJlHTb HX H3 MHOrOqHClleHHbIX QlOHOBblX CO­

6bITMii. ABa 3KcnepHMeHTallhHhIX ceaHca nPOBe.l1.eHHhIX B Te4eHHe 2000 ro.n:a OOKa­

3aJIH, qTO (H20)/(H3B03) aHTHHeiITpoHHM naCCMBHM 3aUUIT6 n03B()JIMJIa CHH3MTh 

CPOH B qyBCTBHTeJIbHOM 06'beMe .n:ereKTopa B o6naCTII 3HeprHH BblIIIe 4 M3B nOqnI 

B 8 Pa3. 3a nepMOJl C 1996 no 2000 ro)]. nOJlYlleHhl CJle,nYIOLUHe pe3ynhTaTbJ: 

1) 3aperHcTJmpoBaH 2vJ3J3 - pacna.n: ,ooMo C nepMoJloM nOJlypacna.n.a 

[7:2±0.9(stat)±1.8(syst)] x lOll! lleT [5t 

2) orpaHHlleHIDI Ha nepHo)]. nOJlypacna.n.a ,lI)UI Ov H Ov'l- KaHanOB COCTaBHnH 

8.4(4.9)x 1021 H 4.l(3.2)xl020 neT, COOTBeTCTBeHHO (.n:oBepHTenhHasI BepO~THOCTb 

68%(90%)) [5]; 

3) rron:yqeH HOBhIH 3KcnepHMeHTaJIhHhIH rrpe.llen Ha CO.llep)KaHHe 42 AI B aTMOCQJepe 

3eMJ1l{ :51.2x 10-3 £I<IIcr (90% CL) (npe.llBapMTenhHhIH pe3YJIbTaT 6hIJI orry6nHKoBaH 

B [10]); 

4) nonyqeHo 3KcnepHMeHTallbHOe orpamllIeHHe Ha co.nep)f(aHHe 222Rn B )f(HJlKOM AI 

HOHM3aUHOHHoro )].eTeKTopa ~4.3x 10-21 r/r (90% CL). 

EnarO)J.apHOCTH 

Mhl BhIpa)KaeM HaIllY rny6oKYJO npH3HaTenbHoCTb M. EanaTa 3a 6ecnepe6oH­

Hoe 06eCneQeHHe iK.H..UKHM a30TOM CHCTeM bl oxna)I(JI.eHWI YCTaHOBKH H nnO)lOTBOP­

HbJe 06CY)f()leHH}{ TeXHWleCKHX np06neM B pa60Te 3TOH CHCTeMhI. MLI TRIOKe ot{eHb 

6naro,napHhI 11. MappeJlJUf, b. POMYaJIh.n:H, A. PonrnHO HE. TaTaHaHH 3a ttacTyK> H 

cBoeBpeMeHlfyK> TeXHHtIecKYID nOMolllh. 
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