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Pa6orn BhlfI0JJHeHa B Jla6opamopuu R8ep1-tbtX npo6AeM UM. B.ll. D,J1CeAenoaa 

O6'be8u1-te1-t1-to20 u1-tcmumyma R8ep1-tbtX uccAe8oaa1-tutl. 

HaytJHbitt pyKoBOtJ.HTeJib: 

P0308 Cepzeii B1wau.Mupo8U'l, Ka1-tauaam qJU3UKO-MameMamu'leCKUX 1-tayK, 

Jla6opamopuR R8ep1-tbtX npo6AeM OH5!H, 3aMecmumeJlb 1-tatJaJlbHUKa om8eAa 

Oq>HUHaJibHble onnoHeHTbI: 

HtuuH Hzopb HBaHOBU'l, 

8oKmop qJU3UKO-MameMamu'leCKUX 1-taljK, 

c/Je8epaAb1-toe 20cy8apcmae1-t1-toe aamo1-toM1-toe 06pa3oaameAb1-toe ytJpeJ1C8e1-tue 

8blCUte20 o6pa30Bal-lU5l 

«Ha4uo1-taJlb1-tbttl uccAe8oaameAbcKut1 R8ep1-tbttl y1-tuaepcumem "MHc/JH",>, 

npo(/Jeccop om8eAe1-tuR R8ep1-totl qJU3UKU u mex1-t0Ao2ut1 o(/Juca 

o6pa3oaameJlbl-lbtX npo2paMM 

Ka3llJl08 BJlaau.ttup Bllaau.MupoBU'l, 

Ka1-t8u8am qJU3UKO-MameMamU'leCKUX 1-tayK, 

c/JuAuaA EaKca1-tcKaR 1-tetlmpu1-t1-taR o6cepaamopuR 

c/Je8epallb1-to20 2ocy8apcmae1-t1-to20 6108J1Cem1-to20 ytJpeJ1C8e1-tuR 1-tayKu 

H1-tcmumyma R8ep1-tbtX uccAe8oaa1-tutl PAH, 

cmapUtutl 1-taytJ1-tbttl compy81-tuK 

C 3JieKTpOHHOH Bepctteii: ,'l.HCcepTaUHH MO)KHO 03HaKOMHTbCH Ha OqJHUHaJibHOM 

caii:Te O6be,'l.HHeHHOro 11HCTHTyTa HtJ.epHbIX 11CCJie,'l.OBaHHH B HHq>OpMaU110HHO-Te

JieK0MMYHHKaUHOHHOH ceTH <<11HTepHeT>> no at1.pecy: 
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BepCHett ,'l.HCcepTaUHH MO)KHO 03HaKOMl1TbCH B HaytJHO-TeXHHlJeCKOH 6116JIHOTeKe 

011.Hl1 (r. lly6Ha, MocKOBCKaH o6JiaCTh, yJI. )KoJIHo-KIOpH, tJ.. 6). 

YtJeHbIH ceKpernpb 

AHccepTauttoHHorocoseTa 

aoKmop ,fmauKo-MameMamueecKux Nay< fl- I'.A. Kapa,,,,,meea 

06~aH xapaKTepHCTMKa pa60Tbl 

AKTyaJihHOCTb TeMbl HCCJie,11.0BaHHH. l13ytJeHHe CBOHCTB HettTpHHO H flOHCK 

tJaCTHU TeMHOH MaTepHH HBJIHIOTCH 0,'l.Hl1MH H3 OCHOBHbIX HanpaBJieHHH B q>H3HKe 

tJaCTHI.].. OT,'J.eJibHblM KJiaCCOM 3KCnepHMeHTOB, HanpaBJieHHbIX Ha peweHHe yKa-

3aHHbIX 3a,'l.alJ, HBJIHIOTCH HH3KOq>OHOBbie 3Kcnep11MeHTbl. TaKHMH 3KcnepttMeHTa

MH HBJIHIOTCH Te, B KOTOpbIX '411CJIO q>OHOBbIX co6hITHH COflOCTaBl1MO HJIH MeHbllle 

'411CJia B3aHMO,'l.eHCTBHH HettTpHHO HJIH TeMHOH MaTepHH C ,'l.eTeKTOpOM. ]lJIH KOp

peKTHOH HHTepnpeTaU11H pe3yJibTaTOB HH3KOqJOHOBOro 3KcnepHMeHTa Tpe6yeTCH 

HMeTb KaK MO)KHO 6oJiee TOlJHYIO MO,'l.eJib q>oHa. 

HettTpOHbl HBJIHIOTCH 0,'l.HHM H3 onaCHbIX HCTOlJHl1KOB q>OHOBbIX C06bITl1H 

,'l.JIH 3KcnepHMeHTOB [10 H3ytJemiIO HettTp11HO 11 no noHCKY TeMHOH MaTepHH. 3TO 

CBH3aHO C npoHHKa!Olll.eH cnoco6HOCTb!O HettTpOHOB, H C TeM, lJTO nona,'l.aH B 

,'l.eTeKTOp, HettTpOHbl MOryT Bbl3bIBaTb B HeM c11rttaJibl, HeOTJ!HlJHMbie OT HCKO

MbIX [6, 7]. Heii:TpOHHbie q>OHbl MoryT H3ytJaTbCH C flOMOlll.blO OCHOBHOro 11 BCno

MOraTeJibHbIX ,'l.eTeKTOpOB. Tipe,'l.BapHTeJibHble H3MepeHHH HettTpOHHbIX flOTOKOB 

B MeCTe npoBe,'l.eHHH 3KcnepHMeHTa fl03B0JIHIOT BbI6paTb OflTHMaJibHYIO KOHq>l1-

rypaUHIO 3alll.HTbl yCTaHOBKH H C,'l.eJiaTb npe,'l.flOJIO)KeHHH O BKJia,'l.e HettTpOHHOro 

q>OHa B pe3yJibTaT. MoHHTOpHHr H3MeHeHHH flOTOKa HettTpOHOB BO BpeMH OCHOB

HbIX H3MepeHHH HBJIHeTCH OCHOBOH ,'l.JIH KoppeKTHOH HHTepnpeTaU11H pe3yJibTaTOB 

3KCnepHMeHTa. HeTpHBHaJibHaH 3a,'l.atJa H3MepeHHH 6hICTpb!X, TeflJIOBbIX H 3nHTep

MaJibHbIX HettTpOHOB 3atJaCTYIO 3aMeHHeTCH H3MepeHHeM TOJ!bKO TenJIOBbIX HeH

TpOHOB H HCnOJib30BaHHeM nptt6JIH)KeHHblX MO,'l.eJiett HettTpOHHOro cneKTpa. Tip11 

3TOM, HaJIHlJHe ,'l.a)Ke MHHl1MaJibHOH HHq>OpMaUH11 0 6hICTpbIX HettTpOHaX np11-

BO,'l.HT K KatJecTBeHHOMY yJiytJweHHIO noH11MaHHH HettTpOHHoro qioHa. Tio3TOMY 

nOHCK npocrnro cnoco6a perncTpaUHH 6bICTpbIX HettTpOHOB aKTyaJieH B q>H311Ke 

tJaCTHU. 

<<30JIOTbIM CTaH,'l.apTOM>> ,'l.JIH 113MepeHHH flOTOKOB TenJIOBbIX HettTpOHOB HB

JIHIOTCH nponoputtoHaJibHbie 3He-ctJeTlJHKH. 3TO o6ycJIOBJieHO Bb!COKHM cetJeHHeM 
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3axBaTa TenJIOBOro HettTpOHa HJI.PO~ 3He (5333 6 [8]) H HH3KOH '-IYBCTBHTeJib

HOCTbJO TaKHX )J,eTeKTopoB K ,-cpoHy. CoJI.ep)KaHHe H30Tona 
3
He B npHpOJI.HOM 

reJIHH KpattHe MaJIO H COCTaBJIHeT 0,000137% [8]. Tio 3TOH npH'-IHHe Beeb KOM

Mep'-!eCKH )J,OCTynHblH 3He Hapa6aTb!BaJOT B HJI.epHb!X peaKTOpax. Cnpoc Ha 3He 

noCTOHHHO yseJIH'-IHBaeTCH, a npOH3BO)J,CTBO OCTaeTCH Ha npe)KHeM ypoBHe. 3TO 

npHBeJIO K cepbe3HOH HexBaTKe 3TOro H30Tona. TaK, B 2009 ro)J,y MHpOBOH nOTeH

UHaJibHbIH cnpoc Ha 3He COCTaBHJI 65000 JIHTpOB, B TO BpeMH KaK )J,JIH noCTaBOK 

6bIJIO )J.OCTynHO TOJibKO 15000 JIHTpOB [9, 10]. B 2020 roJI.y CTOHMOCTb O)J,HO

ro JIHTpa ra3006pa3HOro 3He cocTaBJIHJia 6oJiee 2750 JI.OJIJiapos [ 11]. Bee Bb1rne 

nepe'-IHCJieHHOe C)J,eJiaJio 
3

He-c'-!eT'-!HKH JI.OpornM H TPYJI.HO)J,OCTynHb!M cpeJI.CTBOM 

)J,JIH HeHTpOHHbIX H3MepeHHH. 

B HaCTOHIUee BpeMH npeJI.npHHHMaJOTCH MHOfOlJHCJieHHbie YCHJIHH no nOHC

KY 3aMeHbl 3He-ClJeTlJHKaM [ 12, 13]. 0JI.HaKO, 60JiblIIHHCTBO HOBbIX )J,eTeKTOpOB 

H MeTO)J,OB pernCTpaUHH HeHTpOHOB pa3pa6aTbIBaJOTCH )J,JIH HanpaBJieHHH HayKH 

H TeXHHKH, B KOTOpb!X H3ytJaeMbie nOTOKH HeHTpOHOB )J,OCTaTOlJHO BeJIHKH (HeH

TpOHHaH H HJI.epHaH qJH3HKa, aTOMHbie CTaHUHH H T.JI.,), B HH3KOqJOHOBbIX )Ke 

3KCnepHMeHTax Tpe6yeTCH perHCTpaUHH noTOKOB Ha ypOBHe ecTeCTBeHHOro HeH

TpOHHOro qJOHa, COCTaBJIHJOIUero nopH)J.Ka 10-3 HeHTpOHOB CM-2 c 1 [14], a KaK 

npaBHJIO, HaMHoro HH)Ke. K npHMepy, B no)J,3eMHOH Jia6oparnpHH LSM B MoJI.aHe 

(JI.aJiee LSM) noToK TenJIOBbIX HettTpoHoB cocTaBJIHeT nopHJI.Ka 10-6 HettTpoHoB 

CM-
2 c 1 

[15]. ,LlJIH pernCTpaUHH TaKHX nOTOKOB )J,eTeKTOp )J,OJI)KeH o6Jia)J,aTb 

Bb!COKOH lJYBCTBHTeJibHOCTbJO H MaJiblM co6cTBeHHb!M qJOHOM. Ta_KHM o6pa30M, 

HeCMOTPH Ha 60JiblIIOe KOJIHlJeCTBO MeTO)J.0B H )J.eTeKTOpOB perncTpaUHH HeHTpO

HOB, TOJlbKO He60JiblIIOH HX KJiacc MO)KeT nO)J.XO)J,HTb )J,JIH H3MepeHHH HH3KHX 

noTOKOB HettTpoHOB. HanpHMep, 3He-ctJeTlJHKH CHM-57 6hIJIH H3roTOBJieHbi no 

cneuHaJibHOH TeXHOJIOrHH [ 16]. 3atJacTyJO, npH C03)J.aHHH HOBOH HH3KOqJOHOBOH 

ycTaHOBKH 3a)J,atJy pernCTpaUHH HH3KHX noTOKOB HettTpOHOB npHXO)J,HTCH pernaTb 

3aHOBO, C HCnOJib30BaHHeM HOBbIX YHHKaJibHbIX nO)J,XO)J.0B. KoHelJHOH ueJibJO HC

CJie)J,OBaHHH HettTpOHI_fbIX<onoTOKOB, paHee H3BeCTHblMH HJIH HOBblMH MeTO)J,aMH, 
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HBJIHeTCH oueHKa qJOHOBbIX co6b!THH B <<60JiblIIHX>> 3KCnepHMeHTax. Pe3yJibTaTbl 

H3MepeHHH HeHTpOHHblX nOTOKOB, BbinOJIHeHHbie )J,0 C03)J,aHHH OCHOBHOH HCCJie)J,O

BaTeJibCKOH ycTaHOBKH, HMeJOT KpHTHlJecKyJO 3HalJHMOCTb )J,JIH oueHKH tJYBCTBH

TeJibHOCTH 3KcnepHMeHTa, a TaK)Ke )J,JIH onTHMH3aUHH KOHCTPYKUHH )J,eTeKTHpy

JOIUHX 3JieMeHTOB, naCCHBHOH H aKTHBHOH 3aIUHTbl. 

ll.eJiu u 3a,!l.aqu ,!I.UccepTau.uouuoii pa60TbI: UeJIHMH npeJI.cTaBJieHHOH pa-

6oTbI 6b!JIO pa3pa60TaTb HOBbie cnoco6bl pernCTpaUHH nOTOKOB HeHTpOHOB, B TOM 

lJHCJie 6bICTpb!X HeHTpOHOB, H HCnOJib30BaTb pa3pa6oTaHHbie cnoco6bI B HH3KO

qJOHOBbIX 3KcnepHMeHTaX. ,LlJIH )J,OCTH)KeHHH nocTaBJieHHbIX ueJieH 6bIJIH perneHbl 

cJieJI.yJOIUHe 3aJI.atJH: 

1. Pa3pa60TKa HOBOro MeTO)J,a pernCTpaUHH TenJIOBblX HeHTpOHOB npH noMOIUH 

,,-cosna)J,eHHH B HO)J,COJI.ep)KaIUHX )J,eTeKTOpax. 

2. TipoBe)J,eHHe H3MepeHHH nOTOKOB TenJIOBblX HeHTpOHOB pa3pa60TaHHbIM Me

TO)J,OM B IIOJI.3eMHOH Jia6oparnpHH LSM B MoJI.aHe. 

3. Pa3pa60TKa MeTOJI.HKH pernCTpaUHH HettTpOHOB pa3HbIX 3Heprnii NaI(Tl+Li)

JI.eTeKTopoM. 

4. Pa3pa60TKa HOBOH MeTO)J,HKH npHMOH pernCTpaUHH 6bICTpb!X HeHTpOHOB 

3He-ctJeTtJHKaMH. 

5. OnpeJI.eJieHHe cpoHa 6b1CTpb1x HettTpOHOB B 3KcnepHMeHTe Ricochet, c noMo

IUbJO 3He-ctJeTlJHKa. 

6. TipoBe)J.em1e oueHKH OTHOllleHHH O)KH)J,aeMoro HeHTpHHHOro CHrHaJia K cpoHy 

B 3KcnepHMeHTe Ricochet. 

Hayquasi uosu3ua. 

1. Pa3pa60TaH HOBblH MeTO)J, pernCTpaUHH HeHTpOHOB npH IIOMOIUH HO)J,COJI.ep

)KaIUHX CUHHTHJIJIHTOpOB. 
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2. 3KcnepHMeHTaJJhHO noKa3aHa B03M0)KH0CTb perncTpaUHH HH3KHX no

TOKOB HefiTpoHOB B no,11,3eMHOH JJa6oparnpHH no ,',-C0Bna,11,eHHHM B 

N al (Tl )-,11,eTeKTope. 

3. TTpe,11,JJO)KeHa H 3KCnepHMeHTaJ!bH0 H3yl.JeHa MeT0,11,HKa HCn0JJb30BaHHH 

Nal{TI+ Li)-,11,eTeKTopa ,11,JJH pernCTpau1111 HefiTpoHoB B w11poK0M 3Hep

reTHl.JeCK0M ,ll,Hana30He. 

4. BnepBbie noKa3aHa B03M0)KH0CTb npHM0ro H3MepeHHH cneKTpa 6bICTpbIX 

HefiTpOHOB C n0M0IIl.blO 3He-cl.JeTl.JHKa ,11,JJH ueJJefi HH3KOqJOHOBOro 3KCnepH

MeHTa. 

5. TToKa3aHa B03M0)KH0CTb oueHKH cpOHOBbIX C06bITHH B o6JJaCTH K0repeHTH0-

ro pacceHHHH HefiTpHHO Ha 0CH0Be H3MepeHHH n0TOK0B 6bICTpbIX HefiTpOHOB 

3He-cl.JeTl.JHKOM. 

IlpaKTttqecKaSI 3HaqttMOCTb. 

l. Pa3pa60TaHHblH MeT0,11, pernCTpaUHH HefiTpOHOB C n0M0IIl.blO fio,11,co,11,ep)Ka

Ill.HX CUHHTHJJJJHT0p0B n03B0JJHeT pernCTpHp0BaTh HefiTpOHHbie n0TOKH Ha 

ypoBHe 10-5 HefiTpOHOB CM-2 c-1. 3TO ,11,aeT B03M0)KH0CTb HCTI0J!b30BaTb 

crnH,11,aprnb1e NaI{Tl)-,11,eTeKTOpb1 ,11,JJH 0,11,HOBpeMeHHOfi perncTpau1111 1- 11 

HefiTpOHHOro qJOHOB B HH3KOqJOHOBbIX 3KCnepHMeHTaX. 

2. 5JJaro,11,apH pa3pa6oTaHHofi MeT0,11,HKe B03M0)KH0 11cnoJJb30BaTb NaI{Tl+Li)

,11,eTeKTOp ,11,JJH perncTpau1111 TenJJ0BbIX, 3nHTepMaJJbHbIX H 6bICTpb!X HefiTpo

H0B TpeMH He3aBHCHMblMH cnoco6aMH. 

3. TTpo,11,eMOHCTpHpoBaHa B03M0)KH0CTb pernCTpaUHH cneKTpa 6hICTpb!X Hefi

Tp0H0B HH3KOqJOHOBbIM 3He-cl.JeTl.JHKOM, '-ITO n03B0JJHeT npoB0,11,HTb T0'-IHYIO 

oueHKY n0T0Ka HefiTpOHOB B WHp0K0M 3HepreTH'-leCK0M ,11,11ana30He. 

6 

IloJIO:ll{eHHSI, BbIHOCHMbie ua 3a~ttTy: 

l. MeT0,11, pernCTpaUHH HH3KHX n0T0K0B HefiTpOHOB no 3a,11,ep)KaHHbIM ,,,,_ C0B

na,11,eHHHM B fio,11,co,11,ep)KallJ.HX ,11,eTeKTopax ,11,JJH ueJJefi HH3KOcpOHOBbIX 3Kcne

pHMeHTOB. 

2. Pe3yJJbTaTbl H3MepeHHH cpoHa TenJJ0BbIX HefiTpOHOB B no,11,3eMHOH JJa6opaTO

pHH LSM B Mo,11,aHe c noM0IIl.hlO NaI{Tl)-,11,eTeKTopa. 

3. MeT0,11,HKa pernCTpau1111 HefiTpoHHhIX noT0K0B NaI{Tl+Li)-,11,eTeKTopoM, 

n03B0JJHIOIIl.aH pa3,ll,eJJHTb 3apernCTpHpoBaHHble HefiTpOHbl no TpeM 3Hep

reTH'-leCKHM ,ll,Hana30HaM (TenJJOBbie, 3nHTepMaJJhHbie H 6bICTpb1e). 

4. Pe3yJJhTaTbI 11ccJJe,11,osaHHH co6crneHHOro cpoHa NaI(Tl+Li)-,11,eTeKTopos. 

5. HoBaH MeT0,11,HKa H pe3yJJhTaT H3MepeHHH ~cneKTpa 6bICTpbIX HefiTpOHOB C 

n0M0IIl.blO HH3KOqJOHOBOro 3He-Cl.JeT'-IHKa B 3KCnepHMeHTe Ricochet. 

6. Pe3yJJbTaThl oueHKH cpOHOBbIX co6b!THH B o6JJaCTH CHrHaJJ0B OT K0repeHT

H0ro pacceHHHH HefiTpHHO B 3KCnepHMeHTe Ricochet. no 3TOH oueHKe Cl.JeT 

cpOHOBbIX co6hITHH 6y,11,eT JJe)KaTb B ,11,11ana30He OT 9±2 ,11,0 44±3 B ,11,eHb. 

CornaCHO pa3pa60TaHHOH H 3KCnepHMeHTaJJbH0 nposepeHHOH M0,11,eJJH cpoHa, 

CTaTHCTH'-leCKaH 3Hal.JHM0CTb perHCTpaUHH KorepeHTH0f0 pacceHHHH Hefi

TPHH0 B 3KcnepHMeHTe Ricochet cocTaBHT OT 7,5 ,11,0 13,6 a nocJie 0,11,Horo 

peaKT0pHoro UHKJJa. 

CTeneHb ,!1.0CTOBepHOCTH " anpo6au,ttSI pe3yJibTaTOB. ,llocTOBepHOCTb no

JJYl.JeHHbIX pe3yJJhTaT0B o6ecnel.JHBaeTCH npHMeHeHHeM o6menpHHHTbIX no,11,xo,11,0B 

K npose,11,eHHIO HCCJJe,11,0BaHHH H aHaJJH3Y 3KCnepHMeHTaJJhHblX ,11,aHHbIX. l13Mepe

HHH, onHCaHHhie B ,11,HCcepTaUHH, BbITI0JJHeHbl C HCn0JJb30BaHHeM CTaH,11,apTH0ro 

06opy,11,0BaHHH. OcHOBHbie pe3yJJhTaTbl ,11,HCcepTaUHH ,ll,0KJJa,ll,hIBaJJHCb Ha KOHcpe

peHUHHX <<5l,!I,po 2018,>, <,51,11,po 2019,>, <<OMYC 2019,>, <,NEC 2019,>. TaK)Ke 

pe3yJJbTaTbl 6hIJJH npe,11,CTaBJJeHhl H 06Cy)K,ll,aJJHCb Ha CeMHHapax J15ITT OJ15IJ1, 
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47-oti ceccHH ITporpaMMHO-KOHCYJibTaTHBHoro KOMHTeTa OI15U1 no H,nepHoti qm-
3HKe, 123-eti ceCCHH YtJeHoro COBeTa O115II1, pa60tJHX COBemaHHHX KOJIJia6opa

UHH Ricochet. Pe3yJibTaTbl npoBe,neHHbIX HCCJie,noBaHHH 6bIJIH y,noCTOeHbl npe

MHH 47-oti cecCHH ITporpaMMHO-KOHCYJibTaTHBHOro KOMHTeTa OI15Il1 no HAepHOH 

qJH3HKe 3a JIYtJWHH noCTepHbIH J].OKJia,n H npeMHH JI5IIT 0115111 B HOMHHaUHH 

<<MeTOJ].HtJeCKHe H npHKJia)].HbJe HCCJie)].OBaHHH>> B 2020 ro,ny. 

Ily6JIHKaIJ,HH. MaTepHaJibl ,nHccepTaUHH ony6JIHKOBaHbl B 4 CTaTbHX B pe

ueH3HpyeMblX )KypHaJiax [ 1-4] H B 0)].HOM MaTepHaJie KOHqJepeHUHH [5]. 

JlHtJHblH BKJia,n: aBTopa. BKJia,n aBTopa J].HCCepTaUHH 6bJJI onpe,neJIHIOIUHM 

npH pa3pa6oTKe HOBbIX no,nxo,noB K pernCTpaUHH HeHTpOHOB. ABTOP npHHHMaJI 

ytJacrne B C03,naHHH H3MepHTeJibHbIX ycTaHOBOK, npOBOJ].HJI H3MepeHHH, B TOM 

lJHCJie C HCTOlJHHKaMH HeHTpOHOB, ocymecTBJIHJI o6pa60TKY H aHaJIH3 ,naHHbIX. 

ABTop 3aHHMaJicH no,n6opoM H 3aKynKoH o6opy,noBaHHH, ,nJIH npoBe,neHHH onH

caHHbIX B ,nHccepTaUHH HCCJie,noBaHHH, a TaK)Ke no,nroTOBKOH ,noKyMeHTOB )].JIH 

TaMO)KeHHOro oqiopMJieHHH BB03HMOro B pep o6opy,noBaHHH. ABTOp npHHHMaJI 

aKTHBHOe ytJaCTHe B HanHCaHHH CTaTeH H era BKJia,n 6hIJI OCHOBOnoJiara!OIUHM. 

CTpyKTypa H o6"beM ,n:uccepTaIJ,HH. )lHccepTaUHH COCTOHT H3 BBe,neHHH, 

5 rnaB, 3aKJI!OtJeHHH, CJIOBapH TepMHHOB H cnHCKa JIHTepaTypbi. O61UHH 06beM 

J].HCCepTaUHH COCTaBJIHeT 136 CTpaHHU, BKJI!OtJaH 50 pHCYHKOB H 9 Ta6JIHU. 5tt6-

JIHOrpaqiHH BKJl!OtJaeT 121 HaHMeHOBaHHe. 

Bo BBe,n:eHHH onHCbIBa!OTCH aKTyaJibHOCTb H MeTO)].HKa HCCJie,noBaHHH, KOTO

pb!M nOCBHIUeHa J].HCCepTaUHH. ITpe,ncTaBJieHbl BblHOCHMbJe Ha 3alUHTY pe3yJibTaTbl 

H BKJia,n aBTOpa B HX noJiytJeHHH. 

8 nepBOH rnase paCCMOTpeHbl OCHOBHbie HCTOlJHHKH H BH)].bl B3aHMO,neti

CTBHH HeHTpOHOB C BemecTBOM. 

HetiTpOHbl MoryT o6pa30BbIBaTbCH B pe3yJibTaTe ,neJieHHH, H,nepHbIX peaK

UHH H B3aHMO,neHCTBHH KOCMHtJeCKHX JiytJeH C BemecTBOM. Pa3HbJe HCTOlJHHKH 

HetiTpoHoB HMeIOT pa3Hb!H Bb1xo,n H 3HepreTHtJeCKHH cneKTP HetiTpoHoB. BKJia,n 

HeHTpOHOB pa3JIHlJHOro npOHCXO)KJ].eHHH MO)KeT OTJIHtJaTbCH, B 3aBHCHMOCTH OT 
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MeCTa H3MepeHHH (no,n3eMHaH Jia6opaTOpHH, 3,naHHe peaKTopa, Ha3eMHaH Jia6o

parnpHH). Ha noBepXHOCTH 3eMJIH npeo6Jia,na!OT KOCMOreHHble HeHTpOHbl, B TO 

BpeMH KaK B no,n3eMHOH Jia6opaTOpHH OCHOBHOH BKJia,n B cyMMapHblH noTOK 6y

,nyT BHOCHTb HeHTpOHbl ,neJieHHH H HeHTpOHbl OT H,nepHblX peaKUHH. 

8 pe3yJihTaTe B3aHMO,neHCTBHH HeHTpOHOB C BemecTBOM MoryT B03HHKaTb 

H,npa OT,natJH, ,-KBaHTbl, 3apH)KeHHble tJaCTHUbl H ,npyrne HeHTpOHbl. YKa3aHHble 

tJaCTHUbl MOryT 6b!Tb HCTOlJHHKaMH qJOHOBblX CHrHaJIOB B qJH3HtJeCKOM 3KCne

pHMeHTe. )lJIH 6opb6bJ C HeHTpoHaMH HCnOJib3YIOT cneuHaJibHYIO HeHTpOHHYIO 

3alUHTY, KOTopy!O MO)KHO pa3,neJIHTb Ha naCCHBHYIO H aKTHBHy!O. PacnpoCTpa

HeHHbIM BHJ].OM naCCHBHOH 3alUHTOH HBJIHeTCH noJIH3THJieH C ,no6aBJieHHHM 6opa 

HJIH JIHTHH. 8 KatJeCTBe aKTHB~OH 3alUHTbl HCnOJib3YIOT BCnOMOraTeJibHble ,neTeK

TOpb!, KOTOpbie no3BOJIHIOT OTCeHBaTb qJOHOBbJe CHrHaJibl npH o6pa60TKe ,naHHblX 

3KcnepHMeHTa. 
~ 

Bo BTopou rnase npHBe,neHO KpaTKOe onHCaHHe Tpex HH3KOqJOHOBbIX 3KC-

nepHMeHTOB no nOHCKY pe,nKHX co6bITHH, B paMKax KOTOpbIX Tpe6oBaJIOCb H3y

tJeHHe HetiTpOHHbIX qioHoB. 3KcnepttMeHTbI vGeN [ 17, 18] H Ricochet [5] mi

npaBJieHbI Ha H3ytJeHHe KorepeHTHOro pacceHHHH peaKTOpHblX aHTHHeHTpHHO Ha 

H,npax (CENNS). UeJib!O npoBe,neHHH 3KcnepttMeHTa EDELWEISS [ 19] HBJIHeTcH 

npHMOH nOHCK tJaCTHU TeMHOH MaTepHH. O6a H3ytJaeMbIX HBJieHHH HMe!OT Ba)KHOe 

3HatJeHHe )].JIH HayKH H MOryT CTaTb KJI!OlJOM K HoBOH qJH3HKe. 

O)KH,naeMblM CHrHaJIOM OT pacceHHHH HeHTpHHO HJIH TeMHOH MaTepHH HBJIH

IOTCH H,npa OT,natJH. PernCTpaUHH TaKHX H,nep npe,nCTaBJIHeT co6oti CJIO)KHYIO 3a

,natJy, TaK KaK HX: pernCTpttpyeMaH 3HeprnH MO)KeT COCTaBJIHTb Bcero HeCKOJibKO 

COTeH 38. OnaCHbIM qJOHOM B yKa3aHHbIX 3KCnepHMeHTaX HBJIHIOTCH HeHTpOHbl, 

TaK KaK pacceHBaHCb Ha H,npax ,neTeKTOpa, OHH Mory Bbl3bJBaTb CHrHaJI, aHaJIO

rHlJHblH cttrnaJiy OT pacceHHHH HeHTpHHO HJIH TeMHOH MaTepHH. YcrnHOBKa vGeN 

pacnoJIO)KeHa B 3Hepro6JIOKe A3C no,n H,nepHblM peaKTOpOM, a 3KcnepHMeHT 

EDELWEISS Haxo,nHTCH B no,n3eMHOH Jia6oparnpHH. 3m o6ecnetJHBaeT o6oHM 

3KcnepHMeHTaM 3qJqJeKTHBHYIO 3alUHTY OT KOCMHtJeCKOro H3JiytJeHHH paBHYIO ~50 
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MeTpaM 80,D_HOro 3KBl1BaJJeHTa (M.8.3.) 11 ~ 4800 M.8.3., COOTBeTCTBeHHO. B 06011x 

3KCnep11MeHTaX HeihpoHHb!H (pOH 113MepHJJC51 C noMOIUbfO 3He-cYeT411KOB . I13Me

peHl151 TenJJOBb!X HeHTpOHOB n03BOJ111J111 Bbr6paTb onrnMaJlbHYfO KOHcpmypaU11fO 

3alUl1TbI, a B cJJyYae EDELWEISS eme 11 ,naJ111 B03MO)KHOCTb nposecrn KoppeKT

H~H aHaJll13 3KCnep11MeHTaJ1bH~X ,naHH~X. 3TO n03BOJ111JIO 11,neHT11cp11u11poBaTb 

3apernCTp11posaHHbre co6hrrnH B o6JJacrn 11HTepeca KaK 51,npa OT,na411 OT pacceH

Hl1H HeHTpOHOB. 

3Kcnep11MeHT Ricochet 6y,neT npOBO,D.11TbC51 B6JJl1311 11CCJJe,noBaTeJlbCKOro pe

aKTOpa ILL. O6maH KOHCTPYKU11H cneKTpoMeTpa Ricochet noKa3aHa Ha P11cyH

Ke 1. Bo3MO)KHb!H Bb!COKl1H (pOH OT 6hICTpbIX HeHTpOHOB peaKTOpHoro np011CXO)K

,neHl151 11 OTHOCl1TeJJbHO CJJa6oe no,naBJ1eH11e KOCMoreHHoro cpoHa 3,naH11eM peaK

TOpa (~ 15 M.8 .3.) Tpe6yfOT npeU11 3110HHOro 113yYeHl151 nOTOKOB HeHTpOHOB, B TOM 

411CJ!e 11 6bICTpb!X HeHTpOHOB. Pa3pa60TKa MeTO,D.11Kl1 pernCTpau1111 6bICTpbIX HeH

TpOHOB 11 oueHKa HeHTpOHHOro cpoHa B 3KCnep11MeHTe Ricochet on11caHbl B fJJaBe 

5. 

MlooHHoe aeTO 

Y.aep:aea10m.:u: 
paMa 

KpHOCTaT 

.O:etenopw• 
~ .10MC1J>hl 

60pl!p083HJD,IB 

no.llJOTK!JeH 

CBlD:ICU 

Pe:n.cwa,,. 
nepeMem.emt11 
38IllJrIW 

PHc. I. O6U1aH K0HcrpyK1.1,11H cneKrpoMerpa Ricochet. 
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B TpeTbeu rnaee np11se,neHhI pacnpoCTpaHeHHbre aJJhTepHaTHBbI 3He- cYeT

Y11KaM. PaccMOTpeHa pernCTpaU1151 HeHTpOHOB ,neTeKTOpaMl1 Ha OCHOBe CU11HTHJI

J151TOpOB: opraH11YeCKl1X [20, 21], HeopraHl14eCKl1X Jll1THHCO,nep>Ka1UI1X [22, 23] 11 

i\o,nco,nep>1<am11x [24-29] . 

O,nHOH 113 OCHOB per11cTpau1111 HeHTpOHOB opraH11YeCKl1Ml1 11 J111Tl1HCO,nep

>KalU11Ml1 HeopraHl14eCKl1Ml1 CU11HTl1JIJ151TOpaMl1 51BJ151eTC51 TeXHl1Ka pa3,neJJeHl151 

rnrnaJJOB no cpopMe 11MnyJ1bca (PSD), KOTopaH no3BOJJHeT pa3,neJ1HTb ,-cpoH 11 

HeHTpOHHbie c11rnaJ1bl, 6y,nb TO npOTOHbl OT,D.a411 B opraHl14eCKOM CU11HTl1JIJ151TO

pe 11Jl11 npo,nyKTbl peaKU1111 3aXBaTa HeHTpOHa Ha 6 Li 11 10 B . 5JJaro,nap51 CBOHM 

xapaKTep11crnKaM (BblCOKaH 3cpcpeKTHBHOCTb pernCTpau1111 HeHTpOHOB, npOCTOTa 

B 11cnOJ1b30BaHl111 11 OTHOCl1TeJlbHa51 ,neweBl13Ha) yKa3aHHb!e CU11HTl1JIJ151TOpbl no

JJY411Jll1 w11pOKOe pacnpoCTpaHeH11e. O,nHaKO, ,D_J151 pernCTpau1111 Hl13Kl1X noTOKOB 

HeHTpOHOB TaKl1Ml1 ,neTeKTOpaMl1 He06XO,D.11MO CKpynyJJe3HOe 113yYeH11e 11X cpyHK

U11H OTKJ111Ka. B cJJyYae Jll1THHCO,D.ep)Ka!Ul1X ,neTeKTOpOB ,nonOJJHl1TeJJbHblM 11 60-

JJee cepbe3Hb!M cpaKTOpOM, npenHTCTBYfOIUl1M 11X np11MeHeHl1fO B Hl13KO(pOHOBbIX 

3KCnep11MeHTax, 51BJ151fOTC51 11X co6CTBeHHb!e a- 11 , - (pOHbl. 

,Ll,eTeKTOpbl Ha OCHOBe i\o,nco,nep)Ka!Ul1X CU11HTl1JIJ151TOpOB (i\o,n11,n HaTp1151 11 

HO,D.11,D_ ue31151) 51BJ151fOTC51 O,D_Hl1Ml1 113 caMblX pacnpoCTpaHeHHblX ,-cneKTpOMeTpOB 

B (pl13114eCK11X 3KCnep11MeHTax. 3TO o6ycJJOBJJeHO 11X Hl13KOH CTOl1MOCTbfO, Bbl

COKOH 3cpcpeKTHBHOCTbfO pernCTpau1111 ,-KBaHTOB 11 xopow11M 3HeprernYeCKl1M 

pa3peweHl1eM (~7% ,D_J151 Jll1Hl111 662 K3B B 3HaYeHl111 noJ1yw11p11Hbl Ha nOJJYBbI

COTe (TTWTTB) [30]). Bs11,ny HaJ111Y11H ornoc11TeJ1hHO BbICOKoro ceYeH11H 3axsarn 

HeHTpOHOB y HaTp1151, ue31151 11 i\o,na, BXOA511Ul1X B COCTaB yKa3aHHblX CU11HTl1JIJ151-

TOpOB, 6bIJ111 npe,nJJO)KeHbl pa3J1114Hble MeTO,D.bl pernCTpau1111 HeHTpOHOB C 11cnOJ1b-

30BaH11eM TaKl1X CU11HTl1JIJ151TOpOB. BbICOKa51 4YBCTBl1TeJlbHOCTb i\o,nco,nep>Ka1Ul1X 

,neTeKTOpOB K , -cpoH y Cl1JlbHO npenHTCTByeT per11cTpau1111 H113Kl1X nOTOKOB HeH

TpOHOB pa3pa60TaHHblMl1 paHee MeTO,naMl1. 
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B qeTBepTOH rnase onHcaH HOBbIH MeTO,!l, perncTpaUHH HefiTpOHOB C HC

noJib30BaHHeM 3a,!l,ep)KaHHblX ')'')'-COBna,!l,eHHH B HO,!l,CO,!l,ep)Kaw_Hx ,!l,eTeKTopax. B 

pa3pa6oTaHHOM MeTO,!l,e ,!l,eTeKTHpoBaHHe HeHTpOHOB npOHCXO,!l,HT no HX 3axBa

TY H,!l,pOM 1271. B pe3yJibTaTe 3aXBaTa 06pa3yeTCH H,!l,pO 1281 B B036y)K,!l,eHHOM 

COCTOHHHH. IlpH pa3pH,!l,Ke 3TOro H,!l,pa B OCHOBHOe COCTOHHHe ~30% pacna,!l,OB 

npOXO,!l,HT l!epe3 ypoBeHb 137,8 K3B C nepHO,!l,OM noJiypacna,!l,a 845 HC. 3TO ,!l,a

eT B03MO)KHOCTb perncTpHpoBaTb HeHTpOHbl no 3a,!l,ep)KaHHbIM ')'')'-COBna,!l,eHHHM 

C BpeMeHHbIM OKHOM B HeCKOJ!bKO MKC. TTepexo,!l, Ha ypoBeHb 137,8 K3B C03,!l,a

eT MrHOBeHHbIH CHrHaJI B ,!l,eTeKTope, a pacna,!l, ypoBHH HBJIHeTCH 3a,!l,ep)KaHHbIM 

CHrHaJIOM. TaK KaK cpoH cJiyl!aHHbIX COBna,!l,eHHH HaXO,!l,HTCH nol!TH B KBa,!l,parHl!

HOH 3aBHCHMOCTH OT o6mero cpoHa, TO HCnOJib30BaHHe 3TOro MeTO,!l,a craHOBHTCH 

oco6eHHO 3cpcpeKTHBHblM _npH npoBe,!l,eHHH HH3KOcpOHOBbIX H3MepeHHH. 

,llJIH npoBepKH MeTo,!l,a 6bIJI HcnOJib30BaH Nal(Tl)-,!l,eTeKTop 0 63 MM x 63 MM, 

no,!l,cOe,!l,HHeHHbIH K MHOroKaHaJibHOMY aHaJIH3arnpy DT5780. ,llJIH Ka)K,!l,Oro co-

6bITHH 3anHCbIBaJIHCb aMnJIHTy,!l,a H BpeMH. 

,llJIH npoBepKH llYBCTBHTeJibHOCTH pa3pa6oTaHHOro MeTO,!l,a K npHpO,!l,HbIM 

nOTOKaM HeHTpOHOB (10-3 H CM-2 c-1), yKa3aHHbIM Bb!We ,!l,eTeKTOpOM 6b!JIH npo0 

Be,!l,eHbl cpoHOBbie H3MepeHHH B .TT5IIl OI15II1. ,llJIH nO,!l,TBep)K,!l,eHHH noJiyl!eHHbIX 

c Nal(Tl)-,!l,eTeKTopoM pe3yJibTaTOB, O,!l,HOBpeMeHHO c HHM HefiTpOHHbie noroKH 

perncTpHpoBaJIHCb HH3KocpOHOBbIM 3He-cl!eTl!HKOM CHM-57 [ 16] (PttcyHoK 2). 

I13 aHaJIH3a noJiyl!eHHbIX pe3yJihTaTOB 6bIJia onpe,!l,eJieHa llYBCTBHTeJibHOCTb HC

noJib30BaHHOro Nal(Tl)-,!l,eTeKropa K noToKy HefiTpOHOB Ha ypoBHe 1 H CM-2 c-1, 

KOTOpaH COCTaBHJia 6,5 ± 1 OTCl!eTOB B ceKyH,!l,y. 

,llJIH onpe,!l,eJieHHH B03MO)KHOCTH perncTpaUHH pa3pa6oTaHHbIM MeTO,!l,OM no

TOKOB HeHTpOHOB Ha ypOBHe 10-6 H CM-2 c 1 6b!JIH npoBe,!l,eHbl H3MepeHHH B 

no,!l,3eMHOH Jia6opaTopHH LSM B Mo,!l,aHe. B 3THX H3MepeHHHX HcnoJib30BaJicH 

Nal(Tl)- cneKTpoMeTp, aHaJIOrHl!HbIH npHMeHeHHOMY B HCCJie,!l,OBaHHHX B OI1-

5II1. ,llJIH npoBepKH pe3yJibTaTOB HefiTpOHHbie noTOKH perncTpHpOBaJIHCb ,!l,BYMH 

cl!eTl!HKaMH CHM-57. 3a ~260 ,!l,Hefi H3MepeHHH Nal(Tl)-cneKTpoMeTp 3apern-
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PHC. 2. CpasHeHHe HeiiTpOHHOro noTOKa H3MepeHH0ro 3He-J(eTeKTOpOM (4epHble T04KH C 0WH6Ka

MH) H K0J1H4eCTBa HeiiTp0HHblX C06bITHH 3apernCTpHp0B3HHblX Nal(Tl)-cneKTpOMeTpOM (KpaCHble 

TpeyroJJbHHKH). 

crp1-1poBaJJ 70 3a,!1.ep}l<aHHb!X C06bITl-1H B o6JJacrn 3Heprn1-1 137,8 K3B. 113 HHX 34 

co6bITl-1H 6wrn onpe,!1.eJJeHbl KaK cpoH cJJy4aHHb!X COBna,!l.eHHH. ¢OH paCC41-1Tb!

BaJJCH no KOJll-14eCTBY 0,!l.l-1H04Hb!X C06bITl-1H BO BCeM 3HepreTH4eCKOM cneKrpe 1-1 

B o6JJacrn n1-1Ka 137,8 K3B. 3aperncrp1-1posaHHbIH Nal(Tl)-AeTeKropoM HeHrpoH

HbIH noroK 6bIJJ onpe,!1.eJJeH Ha ypoBHe 2, I ± 0,5 1 o- 6 H cM - 2 c 1 . 3ro 3Ha4eH1-1e 

cornacyerCH c noroKaM1-1 HeHrpoHOB, H3MepeHHbIMH 3He-c4er41-1KaM1-1 CHM-57, 

KOTOpble COCTaBHJll-1 (2,3 ± 0, 1 CTaT ± o,2cHCT ) I o- 6 H CM - 2 c 1 1-1 (3, I ± 0, I CTaT 

± 0,3CHcr ) 10- 6 H CM - 2 c 1 . l13MepeHHH B nO,!l.3eMHOH J1a6oparop1-11-1 LSM B Mo

,!l.aHe noKa3aJJH 4YBCTBHTeJJbHOCTb MeTO,!l.a K HeHTpOHHb!M noTOKaM Ha ypoBHe 

10- 6 H CM - 2 C 1 . 

MeTO,!l. perncrpau,1-11-1 HeHTpOHOB no ,,- COBna,!l.eHHHM B H0,!1.C0,!1.ep}l<aW,1-1X 

CUHHTHJIJIHTOpax no3BOJJHeT 1-1cnOJJb30BaTb cneKrpoMerp Ha OCHOBe KpHCTaJJJJa 

Nal(Tl+Li) KaK ,!l.eTeKrop HeHrpoHOB B w1-1poKOM ,!l.Hana3oHe 3HeprnH. Perncrpa

UHH renJJOBb!X HeHTpOHOB B ,!l.eTeKrope ocyw,eCTBJJHeTCH no peaKU,1-11-1 3aXBaTa Ha 
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6Li. )leTeKrnposaH11e 3nl1TepMaJJbHbIX HeihpoHOB B03M0)KH0 no ,,-cosnaJJ,eHl151M 

nocJJe 3aXBaTa HeihpoHa Ha HOJJ,e. 3TO CB513aHO C TeM, 4TO HO)], 11MeeT 60JJbWOe 

KOJll14eCTBO pe30HaHCOB B Ce4eHl111 3aXBaTa HeHTpOHOB C 3Heprn51Ml1 OT 50 38 /J,O 

IO K3B. i1HTerpaJJ 3rnx pe3oHaHcos paseH 153,9 6 [31, 32]. PerncTpau11H 6bICT

pb1x HeHTpOHOB B03M0)1(Ha no peaKUI-HI Heynpyroro pacceHHl-151 6bICTporo HeHTpO

Ha Ha 51)],pe 1271 C B036y)KJJ,eH!1eM ypOBH51 57,6 K3B [28, 33]. l13MepeHl151, npo

BeJJ,eHHbie c Nal(Tl+Li)-JJ,eTeKTopoM, pa3MepaM11 0127 MM x 152 MM, secoM 7 Kr 

11 KOHUeHTpauHeH npHpOJJ,HOro JIHTl-151 6oJJee I%, nOJJ,TBepJJ,HJIH npeJJ,TIOJIO)KeHHe 0 

TOM, 4TO C noMOW.blO TaKHX JJ,eTeKTOpOB MO)KHO pernCTpHpOBaTb HeHTpOHbl pa3-

HbIX 3HeprnH no TpeM He3aBl1CHMbIM KaHaJJaM . MoJJ,eJ111posaH11e, nposeJJ,eHHOe B 

cpeJJ,e Geant4 [34-36], TIOKa3aJJO, 4TO yseJJH4eH11e KOHUeHTpaUHH 6Li B KpHCTaJJ

JJe np11seJJ,eT K yseJJH4eH11IO 4HCJJa peaKUHH C TenJJOBbIMH HeHTpOHaMH Ha 6Li , 

H COOTBeTCTBeHHO K yMeHbWeHHIO 3axsaTOB TeTIJJOBbIX HeHTpOHOB Ha 1271. 3TO 

n03BOJll1T 6oJJee 3cpcpeKTHBHO pa3JJ,eJJ51Tb TeTIJJOBble H 3nHTepMaJJbHbie HeHTpOHbl. 

B xoJJ,e 1-1ccJ1eJJ,0BaHHH xapaKTep1-1crnK Nal(Tl+Li)-JJ,eTeKTopa 6b1J10 o6Hapy)KeHo 

3arp513HeHHe a -H30TOnaMH MaTepHaJJOB JJ,eTeKTOpa (P11cyHOK 3) . 

5l 
a. 0.54 

0.52 

0.5 

0.48 

.. ,-... . .. . :~ .. :.->,: .--~-.-:. -: 
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) ,# .• ' \ . 
0.46 ' alpha events from 
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0.44 
alpha particles 
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ADC Channels 

PHc. 3. PSD-11Harpa MMa, nonyYetttt aH NaIL-11eTeKTopoM s cjlo ttOBbIX H3MepeHHHx. BH11tto, YTO 

YaCTb a-c06bITHH HaKJJa)lbIBaeTCH Ha HeiiTpOHHble. 
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Mern.n,oM BiPo '--laCTb a-co6b1rnf1 6b!Jia 11.n,eHTmpm..1J1poBaHa KaK a-'--1acrnub1 

c 3Heprnef1 7,69 M3B OT pacna.n,a 214Pa, C'--leT KOTopbIX oKa3aJJCH paBeH 170± l 

C06bITl1H B .n,eHb. 113MepeHHbIH KBeH'--IHHr-cpaKTOp ,!l,JIH TaKHX a-'--lacrnu COCTaBHJI 

~0,6. )lJJH npHMeHeHHH NaI(Tl+Li)-.n,eTeKTOpOB B HH3KOqJOHOBbIX 3KcnepHMeH

Tax Heo6XO,!l,HMbl .n,onoJJHHTeJJbHblH OT6op 1-1 O'--IHCTKa MaTepHaJJOB .n,eTeKTopa OT 

pa.n,HOaKTHBHblX H30TOnOB. 

B Ilsnoii rnaue .n,11cceprnu1111 npe.n,cTaBJJeHbI pe3yJJbTaTbI H3MepeHHH cpoHa 

6bICTpbIX HettTpOHOB B 3KCnepHMeHTe Ricochet. l13MepeHHH npOB0,!1,HJIHCb opH

rnHaJJbHblM MeTO,!l,OM pernCTpaUHH 6bICTpblX _HeHTpOHOB C HH3KOqJOHOBbIM 3He

C'--leT'--IHKOM. UeJJblO H3MepeHHH 6bJJJa oueHKa cpoHa 6bICTpbIX HettTpOHOB B o6JJa

CTH CENNS. 6bICTpb1e HettTpOHbI pernCTpHpoBaJJHCb no peaKUHH : 

n + 
3
He -+ p + t (764 K3B + En) (l) 

r.n,e En - KHHern'--leCKaH 3HeprnH HettTpOHa. )lJJH 3Heprnf1 OT 100 K3B .n,o 10 M3B 

Ce'--leHHe peaKUHH 3aXBaTa OCTaeTCH Ha ypOBH~ ~ l 6, TaKOe )Ke Ce'--leHHe HMeeT 

H peaKUHH ynpyroro pacceHHHH [37]. TaK KaK Ce'--leHHe 3aXBaTa OCTaeTCH Ha 

ypoBHe ~ l 6, TO 3TO OTKpbrnaeT B03MO)KHOCTb pernCTpaUHH 6bICTpbIX HeHTpOHOB 

HH3KOqJOHOBbIM 3He-C'--leT'--IHKOM. TTpH npoBe.n,eHHH HCCJJe,!l,OBaHHH, CHrHaJJOM OT 

6bICTporo HettTpoHa C'--IHTaJJOCb co6~b1rne c 3Heprnef1 60.11e.e l M3B. Co6crneHHbIH 

cpoH .n,eTeKTopa B o6JJacrn HHTepeca (l-4,5 M3B) cocTaBJJHJJ 2 co6bITHH Ha M3B 

B .n,eHb [38]. TTpH npoBe.n,eHHH H3MepeHHH pa3pa6oTaHHOH MeTO.n,HKOH Heo6xo.n,11-

MO 6bIJIO Y'--IHTbIBaTb H,!1,pa OT,!l,a'--IH 3He, B03HHKaIOmHe npH ynpyroM pacceHHHH 

HettTpOHOB, H <<CTeHO'--IHblH>> 3<p<peKT. 

TTpH no.n,roTOBKe K HCCJJe,!1,0BaHHHM 6bIJIH npoBe.n,eHbl TeCTOBbie H3MepeHHH, 

ueJJblO KOTOpbIX 6bIJIO onpe.n,eJJeHHe pa3JJH'--IHbIX napaMeTpOB HCnOJJb3yeMoro C'--leT

'--IHKa. TaK, 6b!JIO noKa3aHO OTCYTCTBHe 3aBHCHMOCTH 3cp<peKTHBHOCTH perncTpa

UHH OT HanpH)KeHHH B npe.n,eJJax pa6o'--lero .n,11ana30Ha. B xo.n,e 3Toro TecTa Ha

npH)KeHHe, npHKJJa.n,brnaeMoe K C'--leT'--IHKY, MeHHJJOCb OT 1200 B .n,o 1800 B. B 

pe3yJJbTaTe TeCTOB HanpH)KeHHe paBHOe 1650 B 6bIJIO BbI6paHO pa60'--IHM ,!l,JIH 
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pernCTpau,1111 HeihpoHHbIX co6b1rni\ c ::rneprnei\ AO 10 M3B. Ha P11cy HKe 4 no

Ka 3aHbI cneKTpbI , noJJyYeHHbie 3He-cYeTYHKOM s IP21 c AmBe HCTOYHHKOM npH 

HanpmKeHHH 1650 B 1-1 s 1J.y6He c PuBe HCTOYHHKOM .!l.Jlfl .!l.BYX Hanpm1<eH1-1i\: 

I 200 B 1-1 1500 B. TaK)l(e 6b1J1a 1-1ccJ1e.!l.OBaHa 3aBHCHMOCTb OTKJ111Ka ,!l.eTeKTopa 

CHM-57 OT HanpasJJeHHfl na,!l.aiow,ero Hei\TpoHa . 6b1JJH paccMoTpeHbI cJJyYaH pa

AHaJJbHoro H 3KCH3JlbHOro nona,!l.aHHfl HeHTpOHa B ,!l.eTeKTOp. 8 XO,!l.e 3TOro TeCTa 

He 6WJJO BWflBJJeHO CHJlbHOH 33BHCHMOCTH 3HepreTH4eCKOro cneKTpa OT HanpaB

JJeHHfl na,!l.aiow,ero Hei\TpoHa. 

.s: 

iii 
C. 

> 103 

Q) 
-"' 
0 
N 

~ 102 
,,, 
c 
:, 
0 u 

10 

10-1 

10-2 o 1000 2000 3000 

Dubna measurements: 
He-3 CHM-57 neutron counter in Borated rubber 
PuBe source unknown activity at 40 cm from the detector (center) 
Blue: ISOOV (per Ih) 
Red: 1200V (per Ih) 
ADC channels for 764 keV peak are 277 for 1200V and 576 for !SOOY, 
calibration assumes O energy at O channel 

IP2l measurements: 
another He-3 CHM-57 neutron counter in B4C 
Black:I650V (per lh, x0.085 (an arbitrary correction)) 
AmBe source at 35 cm from the detector (center) 

5000 6000 7000 8000 9000 10000 
Energy, keV 

PHc . 4 . CneKTpbI , non yYeHHbie 3H e-c4eT4HKOM s IP2I c AmBe HCT04HHKOM npH HanpH)KeHHH 

1650 B (4epHaH JI HHHH) H s ,lly6He c PuBe HCT04HHKOM /\Jill AByx Hanpll)KeHHH : 1200 B (KpaCHall 

JI HHHll) H 1500 8 (CHHllll JI HHHll) . 

LI.JJH ou,eHKH HeHTpHHHOro CHrHaJJa K cjloHy 6bIJl3 pa3pa60TaHa MO,!l.eJJb KOC

MoreHHblX HeHTpOHOB H HeHTpOHOB peaKTOpHoro npOHCXO)l(,!l.eHHfl (peaKTOreH

HbIX). KoppeKTHOCTb MO,!l.eJJH nO,!l.TBep,!1.HJl3Cb B XO,!l.e H3MepeHHH nOTOKOB Heil-

16 

TpOHOB B JJa6opaTOpHH l1HCTHTyTa cjlH3HKH .!l.BYX 6eCKOHe4HOCTeH B JlHOHe 

(IP2I) H MeCTe npose,!l.eHHH 3Kcnep1-1MeHTa Ricochet (s6JJH3H peaKrnpa l1Hcrn

TyTa Jlay3 - JlaH)l(eBeHa B fpeH06JJe (I LL)) opHrnHaJJbHblM MeTO,!l.OM C HH3-

KOcjJOHOBblM 3He-cYeT4HKOM. l13MepeHHfl, npoBe,!l.eHHbie C repMaHHeBbIMH ,!l.eTeK

TopaMH-60JJOMeTpaMH B IP21, nOK333JIH, 4TO pa3pa6oTaHH3fl MO,!l.eJJb n03B0JlfleT 

npOBO,!l.HTb MO,!l.eJJHp0B3HHe cneKTpa f!,!1.ep OT,!l.341-1, Bbl3B3HHbIX HeHTpOH3MH (CM . 

P1-1cyHoK 5). 3m no3BOJJHJJO nposecrn ou,eHKY Hei\TpOHHbIX co6b1rni\ s 3Kcnep1-1-

MeHTe Ricochet. 

C"' 108 r========-,-----,----------
.? - Data: RED20 I I 
~ -- Data: REDBO - NR 

~ 107 
-0 --Cl 
.::£ 

~ 106 
~ 
Q) 

~ 105 
c 
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UJ 104 

103 

2000 4000 6000 8000 10000 12000 14000 
Recoil energy [eV] 

PHc. 5. CpaBHeHHe cneKTpOB, H3MepeHHblX 60JIOMerpaMH , C pe3yJi bTaTaMH MOl(eJIHpOBaHHH KOCMO

reHHOro <jloHa . 4epHall JIHHHll - cneKTP, H3MepeHHblH 60JIOMerpaMH RED20. KpaCHall H ron y6all 

JI HHHH - noJiy4eHHbie 60JIOMerpaMH RED80 cneKTpbl -y-KBaHTOB H lll(ep 0Tl(a4H , COOTBeTCTBeH

HO. 3aKpaweHHbIMH rHCTOrpaMMaMH noKa3aHbl pe3yJi bTaTbl MOAeJIHposaHHll KOCMoreHHOro <jloHa : 

KpaCHall - ')'- KOMnOHeHTa , ron y 6all - lll(pa OTl(a4H, 4epHall - CYMMapHblH <j)OH. 0wH6KH B 

3KcnepHMeHTaJibHbIX l(aHHblX He noKa3aHbl , HO COCTaBJl lllOT I 0% /\Jill RED20 (39] H 30% )\Ji ll 

RED80 [40] 
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Mo,!1,eJittposam1e ll ll3MepeHtte fl0T0K0B 6bICTpbIX HeHTpOHOB B MeCTe npose

,ll,eHHH 3KcnepttMeHTa Ricochet fl0Ka3aJI0 3Hal!HTeJibH0e npeBbIWeHtte l!llCJia pe

aKT0reHHbIX HeHTpOHOB Ha,!], K0CMoreHHb!Mll. MaKCl!MaJibHaH 3HeprnH peaKToreH

HblX HeHTpOHOB C0CTaBJIHeT ~6 M3B, B TO speMH KaK 3HeprnH K0CM0reHHblX 

HeiiTpoH0B M0)KeT ,ll,ocrnraTh ~200 M3B. Cpe,!1,HHH npo6er HeiiTpoHa c 3Heprnei1 

6 M3B B 6opttposaHHOM [10JIH3THJieHe C0CTaBJIHeT 6 CM. I1o3TOMY peaKT0reH

HaH K0Mfl0HeHTa cpoHa 6y,!1,eT CHJ!bH0 [10,ll,aBJIHTbCH nacCHBHOH 3aW.HTOH H3 35 CM 

6opHpOBaHHOr0 [1QJ!ll3THJieHa. C03,!1,aHHe 3!p!peKTHBHOH 3aJUHTbl OT K0CM0reHHblX 

HeHTpOHOB He npe,!1,CTaBJIHeTCH B03M0)l{Hb!M. 

l1ccJie,ll,oBaHtte cpoHOBhIX ycJIOBHH B MecTe npose,ll,eHHH Ricochet npo,!1,0JI)Ka

JI0Ch [lQl!Tll CT0 ,ll,HeH H BKJIIOl!aJI0 B ce6H nepH0,ll,bl C BKJIIOl!eHHblM H BblKJIIOl!eH

HblM peaKTOp0M. Ycpe,!1,HeHHaH M0W.H0CTb peaKTopa BO BpeMH H3MepeHHH C0CTa

BHJia 42 MBT, B TO speMH KaK H0MHHaJihHaH M0W.H0CTh pasHa 58 MBT B xo,ll,e 

H3MepeHHH Cl!eTl!HK CHM-57 pernCTpHposaJI 11, 5±0, 9 co6b1rni1 B ,l],eHb npH BbI

KJIIOl!eHH0M peaKT0pe (KOCMOreHHbie HettTpOHbI) H 121, 9 ± 1, 9 co6bJTHH s ,ll,eHb 

npH BKJIIOl!eHH0M peaKTope (peaKTOreHHbie + K0CM0reHHble HeHTpOHbI). CpasHe

HHe pe3yJibTaTOB H3MepeHHH cpoHa K0CMoreHHbIX H peaKTOreHHblX HeHTpOHOB C 

pe3yJibTaTaMH M0,!1,eJIHpOBaHHH fl0Ka3aHO Ha PHCYHKe 6. 

Mo,!1,eJIHpoBaHHe flOKa3aJio, l!TO BKJia,ll, 6bICTpbIX HettTpOHOB OT peaKT0pa B 

o6mHtt !pOH C0CTaBHT 0K0JIO O,ll,HOH l!eTBepTH OT o6mero l!HCJia HeHTpOHHblX co6b!

THH. OcHOBHbIM HCTOl!HHK0M !pOHOBblX co6hITHH, HeCM0TpH Ha HX o6mee MeHbwee 

K0J!Hl!eCTBO, 6y,ll,yT HBJIHTbCH K0CMOreHHbie HettTpOHbl. O6mHH O)KH,ll,aeMbIH !pOH 

OT HettTpOHOB C0CTaBHJI 9±2 co6hITHH B cyTKH (7±2 OT KOCMOreHHblX HeHTpOHOB, 

2±0,3 OT peaKToreHHhIX). O)KH,ll,aeMhlH cl!eT CENNS cocTaBJIHeT 12,8 co6bJTHH 

B cyTKH npH 3cpcpeKTHBHOCTH pernCTpaUHH paBHOH 70%. 

Tio pe3yJibTaTaM HCCJie,ll,oBaHHH 6b!JIO onpe,!1,eJieHo, l!TO CTaTHCTHl!eCKaH 3Ha

l!HM0CTb perncTpaUHH CENNS B 3KcnepHMeHTe Ricochet cocTaBHT OT 7,5 AO 

13,6 a fl0CJie 0,ll,HOro peaKT0pHoro UHKJia. 

B 3aKmoqenHH npHBe,ll,eH0 o6o6meHHe pe3yJibTaTOB Bb][lOJIHeHHOH pa60Tbl. 
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P11c. 6. Bepxtt11i1 rpa(jl11K: cpasttett11e KOCMorettttoro (jlotta s ILL-H7, H3Mepe1111oro 3H e-cYeTYHKOM 

32 40,7 /\Heil (KpaCHble TOYKH), C pe3yJJbTaTaMH MC (c111111e TOYKH). HH)KH HH rpa(jl 11 K: cpas11e1111e 

QJOHa peaKTOreHHblX Hei1Tp0HOB, 113MepeHHOro 3H e-cYeTYHKOM 3a 46,3 /\Hf! np11 ycpe)lHeHHOH 

MOIUHOCTH peaKTOpa 42 M BT (KpaCHble TOYKH) C pe3yJJbTaTaMH M C (CHHHe TOYKH). 
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