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OBIIJ;A.H XAPAKTEPHCTHKA PABOThl. IIpe,n;.naraeMaH pa-
6oTa IlOCBH~eua II3Mepeumo K03<p<pII~IIeHTOB npmmnarnrn MIOOHOB. Wdd II 
Wdt B peaK~IIHX MIOOHHOro_ KaTaJIH3a ddµ- II dtµ- CIIHTe3a: 

ddµ ~ 3He+µ+n 
3Heµ+n 

t+p 

dtµ < 4He+µ+n 
4Heµ+n 

(1-Wdd) 

(wdd), 

(l -Wdt) 

(Wdt). 

(la) 

{16) 

113MepeHIIH npoBe.n;eHhl C IlOMO~bIO opIIrIIHaJlbH0ii: MeTO,ll;IIKII, pa3pa6o
TaHHOii B IIlUl<I> PAH no.n; pyKOBO.D;CTBOM npocpeccopa A.A.Bopo6heBa. Me
T0,n;IIKa ocuoBaHa na npuMeHeHHn II0HM3a~OHHOii: KaMephI (MK) BhICOKoro 
,u;aBJieHHH B Ka'IeCTBe aKTIIBH0H MIIIIleHII ,n;JI.H OCTaHOBOK MIOOHOB II .n;eTeKTO
pa 3apH)KeHHhIX npo,n;yKTOB .H.n;epui,rx peaK~II:ii B raJe KaMephI. Bnaro.n;ap11 
YHIIKaJlbHOll B03M0)KHOCTII BhI,!i;e.iICHIIH . C06bITIIll C npIIJIIIIlaHIIeM MIOOH0B 
KaMepa o6ecne'IIIBaeT np,n.me H3Mepe1rne K03<p<pII~IIeHTOB Wdd II Wdt B pe
aK~IIHX MIO0HHoro KaTaJIII3a (MK). 

B uacT011111.eu .nJICcepTaQIIn npe,u;cTa.llJieIIhI: HOBa.H Me'l'O,n;IIKa II3Mepeuidi 
na ocucine IIOHH3a~noHHOi1 KaMephI BhICoKoro .n;aBJieHIIH, 3KCnepIIMeHTaJih
Hhie ycTaHOBKII ,n;JIH ncCJie.n;onaHirn ddµ- II dtµ-KaTaJin3a II nonyqeuHhie B 
pe3yJihTaTe' aHaJIII3a .n;aHHbIX 3Ha'I€HIIH K03<p<pII~IIeHTOB npIIJIIIIlaHIIH. MIO-
0HOB Wdd II Wdt• 

AKTYAJihHOCTh 'TEMhl. Bo3o6HoBneuIIe B 80-e ro)l;b1 BO MH0-
rIIx H,n;epHbIX ~eHTpax MHpa Te0peTII'IeCKIIX II 3KCIIepIIMeHTaJlbHbIX pa60T 
no MIO0HH0MY KaTaJIII3Y 6hmo CB.H3aHo c o6Hapy)KeHneM BhlCOKoii: cKopocTII 
o6p33oBaHIIH ddµ- n dtµ-Monei<yJI 3a, cqih pe3oHimcuoro MeXaHII3Ma II c 
npe.n;CKa3aHIIHMII MHOrDKpaTH0rO KaTaJIII3a peaK~IIH H,n;epuoro dt-CIIHTe3a, 
'ITO Il03B0JIHJIO paccMaTpIIBaTb MK B Ka'IeCTBe B03M0)KH0ro IICTO'IHIIKa 
.H,n;epHo:ii 3HeprIIII, aJibTepHaTIInnoro TepMoH.n;epnoMy CIIHTe3y. PeaK~IIII MK 
M0rJin 6hITb IICil0Jib30BaHhl II ,n;JIH C03,ll;aHIIH IIHTeHCIIBHOr0 UCT0'IHUKa 6hICT
pbIX Iieii:TpoHon, noTpe6uocTh B K0TopoM IIMeeTCH ,n;.n11 MaTepIIMOBe.n;eHIIH, 
,n;Jl.H :ii:apa60TKII TOilJIIIBa B 11.n;epnoii: 3HepreTIIKe II ,n;J1H TpaHCMyTa~IIU ,Zl;OJI
ro:>KIIBY~IIX II30T0il0B. 

9cpcpeKTIIBHOCTb MK ,rvrn 'npaKTII'IeCKIIX npuMeHeHIIii: M0)KHO oxapaK:.. 
TepII30BaTh o.n;umi 0CHOBHblM napaMeTpOM. - 'IIICJIOM ~IIKJIOB Xe, onpe.n;eJIH
IO~IIM, CK0JibKO CIIHTe30B H,n;ep M0)KeT Bbl3BaTb O,n;IIH MIOOH, npe)K,Zl;e 'IeM 
OH yTpaTIIT B03M0)KH0CTb IIX ''KaTaJIII3IIp0Bl:l,Tb", T.e. pacna.n;eTCH IIJIII nepeii:
.n;eT B CBH3aHH0e COCTOHHIIe.1,Bfpt CMecn n:'l0I;On0B B0ff0y~a D /T' B KOTOpoii: 

ie,z:urneHHI,IH HHCT T T 

· 5f}.\epHM3 HCCne,n;oBaHHH 

B HE ITH OTEKA 



CKOpOCTb 06p830BaHirn dtµ-MOJieKYJI O'leHh BhICOKa'(B ~400 p83 BhIIIIe CKO

pOCTH pacrra,n;a MIOOHOB), rJiaBHOe orpaHH'leHne Ha cpeMiee 'IHCJIO ~HKJIOB 

Xe HaJiaraer Bep051THOCTb rrpHJIHIIa.Hml MIOOHOB Wdt K .H,Iij)aM 4He B peaK~HH 

dt-cnHTe3a, Xe < 1/wdt• 9KcrrepnMeHThI ,ll.aIOT A7m Xe 3Ha'lemrn B ,n;nana-

30He OT 90 ,n;o 120 [1; 2], 3aBHCH~e OT COCTaBa CMeCH H30TOIIOB no,n;opo,n;a, 

ee TeMnepaTypbI H IIJI0TH0CTH. Ilo3TOMY, HapH,n;y C II0HCKOM yCJIOBHii HaH-

60JibIDero BbIX0,n;a HeiiTp0H0B dt-CHHTe3a, Ba)I<HO orrpe,n;eJIHTb qm3H'leCKHii 

rrpe,n;eJI 3<p<peKTHBHOCTH Me30KaTaJIH3a, ,3a,n;anaeMhlll :3Ha'leHHeM Wdt• 

IlOMHMO B03MO:>KHbIX npaKTH'leCKHX npnMeHeHnii, MK HHTepeceH TeM, 

'ITO ,n;aeT yHnKaJihHYIO B03M0:>KH0CTh nccne,ll.oBaTh conpoBo)K,ll.aromne ero 

npo~eCChI, OTIIOCHmneCH K p83HbIM o6Jia~TH.M <pH3HKH. 9To rrpo~eCCbl Tep

MaJIH3a~HH MIOOHHblX aT0M0B, peaKU:HH nepe.XB~Ta MIO0Ha, peaK~HH o6pa-

30BaHHH Me30MOJieKyJI H H,ll.epHhle. peaKI~HH CHHTe.1a, n,n;ymne B MIOOHHhlX 

MOJieKyJiax H3, <pHKCHpOBaHHbIX KBaHTOBO-MexaHH'leCKHX COCTOHHHii., 

II;EJib PABOTbI cocTomra n noJir1emm .n;ocTOBepttoii 3KCrrepnMeH

TaJihHOii HH<pOpMa~HH O BruKIJCHIDHX napaMeTpaX .npo~ecca MIO0HH0rO Ka

TaJIH3a peaK~ii ddµ- n dtµ-cnttre3a - K03cpcpn~neHTax. npnJinrrattnH MIOO

H0B K npo,n;yKTaM CHHTe3a. ~ 3T0rO 6hm0 ueo6xo,n;nMO: 

{1). OcBOUTb II npIIMCHIITb MCTO,ll.HKY HOHH3a~H0HH0ii KaMepbI B o6JI~CTH 

,n;aB.JJeHHii 50-200 aTM ATIH IICCJie,n;oBamrn peaK~ii MIOOHHOr0 KaTaJIH3a. 

(2). H3MepnTh K03<pcpn~eHT npmmrramrn MIOOHOB WdJ. H peaK~H ddµ
CIIHTe3a rrpHMhIM MeTo,n;oM, ·Bhl,ll.eJI.HH Bl1K co6unrn c npnmmaHneM MIOO-

HOB 3Heµ II co6bITHH 6e3 rrpnJinnamrn 3He. · 
(3). H3MepnTh K03cpcpnn:neHT rrpHmmamrn MIO0H0B Wdt .B peax~nn .dtµ
CHHTe:Ja. ,l])rn 3Toro, rrpnMeHHTb ananorH'IIIYIO MCTO,ll.HKY perHCTJ)a~HH 'la

CTH~ 4He Ji 4He/.L B HOHH3~0HHOii KaMepe BhlC0KOro ,ll.aBJICHHH, HaII0JIHeH

HOll CMCCHMII H30TOIIOB BO,n;opo,n;a, CO,ll.ep:>i:<amHMII TJ)IITIIH. 

HAYl:JHA.H HOBH3HA: 
(1). BnepBbie rrpHMbIM MeTO,ll.0M II C 60JihIIIOii TO'I_HOCTblO {2% II 7%) H3-

MepeHhI K03<p<pH~HeHTbI npIIJIHIIaHHH MIOOHOB K ripo,n;yKTaM peaK~Hii dd~ II 
dt-CHHTe30B, Wdd H Wdt• 

{2). IlocTpoeH pernCTp:upyro~ii rrp:u6op - HOHH3~H_QHHM KaMepa BhICO

Koro ,ll.aBJICHHH, OTJIH'laIOmaHCH CO'ICTaHHeM paHee He,ll.OCTYII,HbIX rrapaMeT

poB :u OTKphmmM HOBhie B03M0)KHOCTH B n3y'leHn:u peax~ii ddµ- :u dtµ
KaTaJIH3a. 

(3). P83pa6oTaH HOBhiii MeTO,ll. H3Mepenm! K03<p<pn~eHTOB rrpHJIHIIaHHH, 

HCIIOJih3YIOm:uii: p83JIH'IHYIO CTeneHh peKOM6HH~HH HOHH3a~H0HHbIX 3apH

,ll.OB OT 0MIO- H ,ll.Byx3apH,ll.HbIX 'laCTH~ B IIJIOTHOM ra3e HOHH3a~H0HHOii: Ka

MCpbI. 

( 4). P83pa6oTaHhI ii rrpnMeHeHhI H0Bh:ie rrp~eMhI o6pa6oTKH ::iKcnepnMeH-
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TaJihHOii: HH<pOpM~H, HCIIOJib3yIO~e npenMymecTBa 100% 3cp<peKTHB

HOCTII perlICTp~HH rrp0,ll.JKTOB . MIOOHHOro KaTaJIH3a B HK H H3MepeHHhle 

3HepreTII'ICCKHe H BpeMeHHhle napaMeTpbI noCJJe,ll.0BaTeJihHblX CHrHaJIOB OT 

CHHTe30B, BbI3BaHHbIX 0,ll.HHM MIOOHOM. • 

IlPAK.THl:JECKA.H II;EHHOCTb. H3MepeHbI B1l)Kffeiimne rrapaMeT

pbI MIOOHHoro KaTaJIII3a dd- n dt-cnHTe3a - BepoHTHOCTH npnJinnanlIH MIO-

0HOB Wdd H Wdt• 9TH rrapaMeTpbI onpe,ll.eJIHIOT B03M0)KH0CTH npaKTH'leCKOii 

rrpnMeHHM0CTH MK, · 
IloJiy'leHHhie 3Ha'leHHH K03<p<pH~eHTOB npHJIHIIaHHH Wdd H Wdt II03BO

JIHJIH nponepnTh reopeTn'lecKne pac'leThI npon;eccoB H,ll.epnoro cnHTe3a B 

Me30MOJieKyJiax H rrpon:eccoB CTpmamaHHH MIOOHOB rrpn TOpMO)KeHHH HOHOB 
3Heµ+ n 4Heµ+ B nemeCTne. · 

CxeMa 3KCIIepnMeHTaJihHOii: YCTaHOBKH, OIIHCaHH0ii: B ,ll.HCCepT~, Jier

Jia B OCH0BY ee MO,ll.H<pH~Hii:, HCIIOJih30BaHHbIX B cep:u:u 3KCrrep:uMeHT0B, 

IIOCTaBJieHHhIX B · IIlI.5! Cl> ATIH ,ll.eTaJibHOro H3y'leHHH KHHeTiIKH MIOOHHOro 

KaTaJIH3a, npo~eCCOB rrepexnaTa MIOOH0B, a TaK)Ke ATIH H3J'leHHH peax~nii: 

3axBaTa MIOOH0B H,lJ.paMH reJIHH H BO,ll.OpO,lJ.a. 

HaKonJieHtthiii orrhIT pa60ThI CBH,ll.eTeJihCTBYeT o nepcneKTHBHOCT:n rrp:u

MeHeHHH MeT0,ll.HKH :uoHH3a~nmrnoii: KaMephI .B Me3_0H,ll.epHhIX :uccne,ll.onan:u-

HX. 

3Alll;HIII;AEMbIE.PE3YJlhTATbI: 
(1). HOBbIH MeTO,ll. H3MepeHHH K03q>cpn~eHTa npHJIHilaHHH MIO0H0B K o6-

p83yrom:nMCH,B pe~:u CHHTe3a H,lJ.paM reJIHH, OCHOBaHHbIH Ha P83JIH'IHH 

peKOM6HHan:nn HOHH3~HOHHbIX 3apH,ll.OB B TpeKax. O,ll.HO- H ,ll.Byx3ap.H,ll.HhIX 

:uoHo:s, 3Heµ+ ( 4Heµ+) :u·3He++ ( 4He++), npn nx TOpMO)KeHn:u n nJIOTHhIX 

ra3oo6p83HhIX CMeCHx H30TOIIOB BO,ll.Op0,lJ.a. 

{2). BnepBbie rrp.HMbIM .MeT0,ll.OM H3MepeHHOe 3Ha'leHne BCpO.HTHOCTH np:u

JIHnaHH.H MIOOHOB K. rrpO,n;yKTaM ddµ--c1rnTe3a: 

Wdd = 0, 122 ± 0, 003. 

( 3). BnepBbie H3MepeHHoe np.HMbIM MeTO,ll.OM 3Ha'leHHe BepO.HTHOCTH npn-
' . ' 

mmaHH.H MIOOHOB K npo,n;yKTaM dtµ--cnHTe3a: 

Wdt = 0, 0058 ± 0, 0004. 

ATIPOBAII;H.H PABOTbI. OCHOBHhie proyJihTaThI .n;nccepTa~oH

Hoii: pa60Ti,1 6wJIH npe,ll.CTaBJieHbI Ha . MC)K,ll.yHapo,ll.Hoii KompepeH~H no 

npo6JieMaM MaJIOHJKJIOHHbIX CHCTeM (PANIC) B reii:,ll.eJih6epre B 1984 r., 

Ha cecc:u.Hx O5IcI> AH CCCP B 1983 n. 1986 rr., na Bcecol03HhIX coBema

HH.HX no nporpaMMe Hay'IHhIX :ucCJie,ll.OBaHnii: Ha Me30HHOii: cpa6pnKe M.5IM 
AH CCCP B 1983 :u 1985 rr., Ha XXVII :u XXVTII KOHcpepeH~ M0JI0,ll.bIX 
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Puc. 1: CxeMa ::iKcnepnMeHTaJILHOii ycra.11onKn 1982-1984 rr.' ,ll;JISI HCCJie,n;onaHHSI 
MK a .n;eiiTepHH. K - KOJJJIBMaTop MIOOHHoro nyqKa, S1 + S3 - ClJ;HHTHJJJISID;H
oHHhle . C'leT'IlIKll · ,ll;JISI · MIOOHOB, · El + E6 - CqmITHJIJISl~OHHhle ,n;eTeKTOpbl ,ll;JISI 
::iJieKTfJOHOB pacna.n;a, MK - HOHH3~0HHaSI KaMepa, A, B H C - ano,D;I,1 KaMep1,1. 
AHo,n; B - 35x35 MM2

, nmpHHa aHo,n;on AH C - 3 MM, paccTOSIHHe KaTo,n;-ceTKa 
10 MM, ceTKa-aHO,D;I,I - 1 MM 

crreri;HaJJllCTOB IUI<D AH CCCP n Kn:ene H 1982 n: 1984 rr., Ha Me)K,IlyHa
po.n;noii KOHCpepemi;n:n EnponeiicKoro" cpn:3H'leCI<:oro' o6~ecTBa B BoJirapn:n 
13 ] 986 r. ll Ha Me)K)zyiiapO)J;llblX KOHcpepemi;m1x no MIOOHHOMY KaTaJill3Y 
n ToKno (MCF-86), n raT'lllHe (MCF-87), n AcKoue (MCF-92), Canm-<De 
(LEMS-93), n AcKoue (EXAT~-98), n ToKno (MCF-2001) Ii n ,1Jy6ue (MCF-
2007). . . '' • . . .. . . . : . 

ITYBJIHKAD;HH; Ilo MaTepna.n:aM ,ri;nccepT~Im ·orry6Jin:Konauo 16 
He'laTHLIX pa6oT, ux cri:n:COK rrpn:ne.n;eH B Komi;e 'aBTOpe<pepafa~ 

OB'bEM H CTPYKT¥PA PABOTbl. ~ccep.Tari;irn cocTori-r'H3 
nne.n;eHmJ, 6 rJian, 3aKJIIO'leHmi: n: npllJIO)Kemrn n co.n;ep)Kn:T· 203 CTpaun:ri;hr, 
52 pn:cyr1Ka H 18 Ta6miri;: Bn6.i:morpacp1rn co.n;ep)KHT 199 HaHMeHonauuii. 

BO BBE,ll;EHHH o6oCHOBhIBaeTca neo6xO)J;llMOCTb 9KCnepuMeHTaJib
noro ll3y'ienm1 peaKIJ;Hii MIOOHHoro KaTanll3a .H,D;epHoro cnHTe3a n .n;eiiTepnn 
u n cMecax n:3oTonon no.n;opo.n;a, co.n;ep)Kaui;ux Tpn:Tnii. Oco6eHHO Ba)KHO n:3-
Mepenne K09cpcpnri;neHTOB I rrpllJIHnann.a MIOOna )J;JI.H onpe.n;e.ne1ni.a .. nepcneK.: 
THB npaKTn11ecKoro npnMeneHn.a MK II )J;JI.H nponepKn npaniIJihHOCTH -rco
peTH'leCKOro onncrurn.a npori;eccon; Jie)Kaui;ux n ocnone 9TOro .anJieHn.a. 

B IIEPBOM rJIABE OilllCbIBaIOTca OCHOBHhie xapaKTepHCTHKH MK
cpH3H'IeCKOro· HBJienn.a, o6'he;i;HHHIOIIJ;ero B ce6e npori;ecC~I ll3 

1

pa3HbIX' 06-
JiaCTeii .a.n;epHoii, aTOMHOii' H .MIOOHHOii cpH3HKH~ OnHCbIBaIOTca npciri;ecchl, 
COCTaBJI.HIOIIJ;He ll coi:IpOBO)K)J;aIOIIJ;He MK - 3aMe)J;JleFme; pacce.HHHe H :'!axnaT 
MIOOHOB aTOMaMH cpe,D;hI, npori;eCCbl .n;eB036y)K)J;eHH.H Me308.TOMOB, o6pil30.: 

. ' '; ' ' ' 
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Pnc. 2: (a), - cxeMa 3KCnepHMeHTaJII,HOll ycTaHOBKH 1994-1996 IT. ,D;JISI HCCJie,n;o
BaHHSI MK n .n;eiiTepHH. ·1 - KaTo,n; MK, 2 - ceTKa, 3 - 6JIOK ano.n;on, 4 - OKHOH3 
6epHJJJIHSlj S1, s·2 -::- CIJ;HHTHJIJISITOphl, E H N ..., ,n;eTeKTOpbl 3JieKTpOHOB H HeiiTpo
HOB, K - KOJIJIIIMaTop, IIY - npe.n;ycHJIHTeJIH, .If> - qiopMHponaTe.im. 
(6) - 6JIOK auo.n;on, BH)J; cnepxy , 

naHne MIOOHHb~ MOJieKyJI, .a.n;epHbie peil.Kri;nn n Me30MOJieKyJiax. KpaTKO 
H3JIO)KeHa nCTopn.a n3yqenn.a MIOOHnoro KaTa.rrll3a peaKri;nii 'cnnTe3a. · 

BO BTOPOM rJIABE ccpopMyJrn:poBaHa 3a,zi;aqa ,n;airnoro ncc.rie.n;o
namrn, H3JIO)KCHhI cpn3n:qec1me ocnonbI npe)J;JlaraeMoro MeTo.n;a Il3MepeHn.a 
K03cpcpnri;ileHTOB npllJIHilaIIH.H Wdd H Wdt B HOHH3ari;noHHOii KaMepe BblCOKOro 
.n;anJieHH.H H .onncaHhl .n;ne ycTaHOBKH )J;JI.H n3yqemui MK B 'IHCTOM .n;eii'ie
pHH. 0,D;Ha H3 HUX npnMeH.HJiaCb B 9KCrrepnMeHTax 1982-1984 rr. B JIIUI<D 
)J;JI.H H3Mepennii npn KOMHaTHoii TeMnepa.TJpe (cM. Pnc. 1), a· BTop'rut'- n 
9KCnepnMeHTax Ha Me30HHOii cpa6pnKe PSI (IIIneiiIJ;apn.a) B 1994--1996 rr.', 
npono,n;nnlIIHXca n .n;nana30He TeMnepaTJp 28+350 K (Pm::. 2). 

IloKa3aHo, 'ITO npnMeHeHne .n;eTeKTOpa 3apa)KeHHbIX c -.iacTHIJ; Ha :OCHO
ne MK, HanOJIHeHHOii no,n;opo.n;oM (.n;eiiTepneM) npn BhICOKOM ~anJieHnH )];JI~ 

ncCJie,n;onaHn.a · peaKri;iii · MK_' .n;aeT uan:60.iree · noJIHyro iuicpopM~Iiro 'o · :cipo
TeKaroui;mc npori;eccax:Bnaro,n;ap.a COBMerii;emi:ro B ·o)J;HOM. nplI60pe 'rroorioii 
MHIIIEmH H 'AeTeKropa. KaMepa Il03BOJI.HeT pernCTpnponaTb . OCTaHOBKy' 'Mro-. . 
otta n nee CJie.n;yroui;ne 3a Heii aKThI CHHTe3a co 100% aq>cpeKTHBHOCTLIO . Ii 
H3Mep.HTb npeMeHHble' n_ 9HepreTH'IeCKHe napaMeTPbl CHI'HaJIOB. BpeMeHHhie 
HHTepBaJibl Me:>K.n;y CHrHaJiaMH CHHTe30B ,D;aIOT HHcpOpMari;nro O 'CKOJ>OCTH 
npoTeKaIIH.a peaKri;nii MK. AMnJIHTJ)J;bI n )J;JIHTeJihHOCTH HMTIJJihcon' ;a"~a ii 
MK HecyT nttcpopMa~ro 06 9Heprn.ax n npo6erax o6pa3onanmlixc.a: 'IaCTliri;: 

7 



qaCTHI~a ;jHe;-;- i->Heµ;- t p Ta6~a. Ilpo6em 
rrpo,zzyKTOB ddµ-c1mre:3a 

B BO,IJ;Opo,zi;e IIpH 

,IJ;aBJieHHH 90 aTM 

9Heprn.H, MaB 0,82 0,80 1,01 3,02 
Ilpo6er, MM 0,09 0,3 0,5 7,6 

Ilpn B&16paHHOii nJIOTHOCTn ra3a 

cp=p/ Po=0,1, r.n;e po~ · 4,25-1022 

.H,n;ep/cM3 (nJIOTHOCTb JKll).l;KOro B0-

.n;opo.n;a), npo6em npo.n;yKT0B peaK

~llll 6hIJill ).l;0CTaTO'IH0 MaJihl ( CM. 

Ta6JI.) ll B 0CH0BH0M YKJia.D;hIBaJIIICb 

B pa6o'leM 06'heMe MK, C0CTaBJI.HB
meM ~10 CM3 • 

CnCTeMa C'beMa nmpopM~llll c 
HK B nepBhIX ::>KcnepIIMeHTax n 

JIUH <I> nMeJia noJIHoe npeM.H aHa

JinJa (MepTBOe BpeM.H) 350 HC AII.H 

caM&IX KopoTKmc nMnyJI&C0B. Bhl

JI0 ).l;0CTllrHyT0 ::>HepreTll'leCKoe pa3-

pemeH11e ~70 K::>B c noporoM pe

mCTpa1~n 120 K::>B, 'ITO .HBJI.HJI0Ch 
K0Mnp0MIICC0M Me>K,Izy TO'IHOCTblO 
nJMepeHnH co6paHHoro B HK Jap.H

,n:a II Heo6xo,n;nMhIM 6hICTpO).l;eHCTBll
eM B o6pa60TKe T0K0B0ro CHrHaJia. 
To'IHOCTb 113MepeHHH BpeMeHH, no

.HBJleHH.H IIMnyJihC0B onpe,n;eJIHJiaCh 
apeMeHHbIMII KO).l;llp0BID;HKaMH II co

CTaBJI.HJia ~t=50 He (FWHM). ~H 
Ka>K,n;Oro nocne.n;oaaTeJI&Horo CHr

HaJiaj =;= l ,2 ,3,4 Ha Ka>K.n;0M ll3 aHO

).l;0B i n HK {i=A1B,C) ll3MepHnne& 

ll 3aDHChIBaJIIICb TPII BeJill'lllHhI: Ha
'laJI0 HMny~&ca. t~~art K0Hen HM-

. . 1J ' ' ... 

nyJihca tfJd H BeJill'IHHa 3ap11,n;a ¼;, 
onpe.n;eJU110w;a11 ::>Heprn10 'laCTII~. 

~ no.n;rOTOBKll SKCnepnMeHTa 
a JIH.H <I> 6&1n11 npoae.n;eHhl cne
;zy10~e MeTO,n;nqeCKne HCCJie.n;oaa
HHH! 
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en 
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HAnPA>KEHHOCTb nOAfl ,kB/CM 
Puc. 3: 3aBHCHMOCTb OTHOCHTeJibHOH 

a.MillllITJ,IJ;bl HMnyJibCOB OT O-'IaCT~ 
234U B Ml{ C CeTKOH OT HaIIpH:HCeHHOCTH 

IIOJIH. 
0 -- H3MepeHHH C O-'IaCT~aMH, 

Ea,=4, 78 MaB, 

fl. - H3MepeHHe BLIII0JIHeHO C HJJ;PaMH 
3
He++ (E=0,82 MaB) B axcnepHMeH

Te no ddµ-xaTaJIH3Y rrpH ,IJ;aBJieHHH 

91,6 aTMj 

• - H3MepeHHe BLIII0JIHeHO B 3KcnepH

MeHTe no dtµ-xaTaJIH3y. PerncTpHpoBa

JIHCh 'IacT~ 
4
He++ (Ea.=3,53 MaB} 

npH ,IJ;aBJieHHH 160 aTM 
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(1) B&IJia H3MepeHa CKOpOCTb .n;peii<pa ::>JieKTp0HOB B BO,n;opo.n;e II .n;eiiTepm1 
npn HOpMaJihH0ll TeMnepaType B o6naCTll ).l;aBJieHnii 15-;-100 aTM B 3aBH

CHMOCTH OT napaMeTpa E/p {0,l-;-1,2) KB/cM•aTM AIIH H 2 II_ {0,25-;-0,76) 
KB/cM•aTM ).l;JIH D2. 9TH .n;aHHbie ncnOJib30BaJIHCb AIIH Bhl).l;eJieHHH o6JiaCTH 
OCTaHOBOK MIOOHOB Me)K;zy KaTO).l;OM II CeTKoii HK ll AIIH aHaJIH3a BpeMeHn 

perncTp~HII npO,IzyKTOB CHHTe3a. 

(2) BnepBbie 6hIJIH n0JIY'IeHbI .n;aHHbie O peKOM6nHa~nn IIOHll3a~nOHHhIX 
3ap.H).l;OB, OCTaBJieHHbIX qacTn~aMn npII nx T0pMO)KeHilll B .n;eiiTep11n npn 

).l;aBJieHHH 30-;-100 aTM {Pnc. 3). ~H ::>Toro 6bIJill ll3MepeHhl 3aBHCHMOCTH 

OTH0CHTeJlhHOH aMnJIIITJ).l;bl HMDJJibCOB OT 0:-'laCTll~ HCTO'IHHKa 234U, pac
nOJIO)KeHHOrO iia KaTo.n;e HK c ceTKoii, OT uanpH)Kel:iHOCTn noJI.H Me)K;zy 

KaT0,ll,OM n ceTKOii. ~ a-qacTH~ npn .n;aBJieHHH 91,6 aTM n HanpH)KCHllH 

30 KB BeJIH'IHHa peKOM6nHa~n, T.e. ).l;OJIH H0Hll3a~OHHhIX ::>JieKTpOHOB, 
peKOM6nunpOBaBIIIHX c nOJIO)KHTeJihHbIMH H0HaMn, npnB0).l;HIIJ;aH K yMeHh

meHHIO co6npaeMoro auo.n;aMnJIK noHn3a~nouuoro 3apH.n;a no cpaaHeHnIO c 

npe,n;eJihHbIM cnyqaeM 60JibIIImc 3Ha'leHnii E/p, C0CTaBJIHeT npnMepHO 35%. 
,lvi.H 06paJy10~nxCH B ddµ-cnuTe3e qacTn~ 3He++ c aueprneii· 0,82 MaB 

peKOM6nuawrn nMeeT BeJIH'IHHY ~55%. 9TH HCCJie,D;OBaHH.H DOKa3aJIH, 'ITO 

npn ).l;OCTllrHyThIX napaMeTpax _HK BeJill'IHHa peKOM6m~~HH HOHH3a~HOH

HbIX ::>JieKTpouoa OT .n;ayx3ap.H,!.l;HhIX nouoa 3He++ II~ npeBhrmae:r 55%. n 
Ha_Il;e)KHaH perncTpa~nH TaKmc HOHOB npn BbI6paHHOM nopore 120 K::>B 803-

MO)KHa. qTO KacaeTCH 0,D,H03apH,D,HbIX llOHOB 3Heµ+' TO BeJill'lllHa npo6era 
y Hllx c~ecTBeHH0 6onhme (nocKOJihKY dE/dx~Z2), n MeHbIIIa.H y,n;eJihHaH 

nJIOTHOCTb HOHH3~llll npnB0).l;HT K MeHhIIIeii peKOM6llHa~nll ::>JieKTPOHOB 

Ha'laJihHOll ll0Hll3~ll n 66JihIIIeMy co6npaeMOMY Ha auo,n;e 3apH;zy.' 9TOT 
::><p<peKT 6hIJIO npe,D,JIO)KeHO HCilOJih30BaTh KaK OCHOBY np.HMOro MeTo.n,a H3-

MepeHllH KO::><p<pn~enTa npllJlnnannH MIOOH0B. 
Co6BpaeMhiii ua auo.n,ax HK 3ap.H.n, aneKTpouoa nonll3a~nn, · ll3MepHe

Mhiii B e,n;Bnll~ax aueprnn {nocKOJihKY ,D;JIH Ka)K,D,0ii pemcTpnpyeMoii 3a

p.H)I{euuon: -.:.i:aCTll~I C06npaeMbIH 3apH,D, npn6.rrll3HTeJlbHO np0n0p~OHaJieH 
ee Ha'laJibHOH 3Heprnll), Mbl Ha3hIBaeM "Ha6JIIO,D,aeMOH sueprneii". ,no ::>TOH 

nepeMeHH0H CTl)OllJlllCb BCe npnne~eHHhIE! ,n;anee 3HepreTll'leCKHe CIIeKTpbI 
. ' ' 

perllCTpnpyeMhIX'laCTll~. ' 
HAA60Jiee TO'IHOe onpe.n,eJieHlle K03q>q>ll~HeHTa npllJIHnaHHH Wdd 6hIJIO 

npoae.n,euo B ::>KcnepnMeHTax no ~pewonounoMy H3MepeHllIO. napaMeTpOB 
ddµ-KaTaJIH3a KOJIJia6op~neii IIH.H<I>-PSI-LBL-IMEP-TUM B 1994-1996 
rr. ua Me3ouuoii q,a6pBKe PSI {lllaeii~apn»). HoaaH ::>KcrrepnMeHTaJihHaH 

ycTauonKa (Pnc. 2) nMeJia cyw;ecTBennh1e ycoaepmeHCTBOBannH, oTpaJKaB
mne HaKOIIJieHHbill OnhIT ll3y'leHllH MK. O,D,HllM ll3 HHX 6hIJia HOBaH KOH-
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Ha6mo.n;aeMrui :meprlll, M3B 
Pnc. 4: (af...:. :mepreTH'IecKoe pacnpe.z:r.eneHHe BTopLIX cnrn:a.JIOB Ha n;eHTpa.%
HOM :meKTP<>.z:r.e B, T.e. nepBbIX C06biTHn: ddµ~CHHTe3a Fl. Han:60JibIIUIB Illl'.K B 
crreK-rpe· - ·qacrHIJ;I,I 3He, crrpana OT Hero - co6blT1rn c rrpwnmaHHeM MIOOHon 
3Heµ, ,D;a.Jiee CIIJIOillHOll crreKTp C06bITIIB 3H+p, He IIOJIHOCTbIO yno:llnmmmccH B 
qyBCTBHTeJibHOM 06'beMe MK, H HaKOHeD; mn< IIOJIHOCTblO yno::amBmmcCH 3H+p 

co6bITIIB. 3aMeTHM, qTQ Ha6JIIO)J.aeMble 3Heprnn qaCTHD; MeHbme HX Haqa.JibHbIX 

3HaqeHIIB, 3a cqfa 3<p<peKTa peKOM6HHaD;lJHj (6) - cneKTp q>OHOBbIX cnrn:a.JIOB, 

IlOJIY'IeHHbIH npn CJiyqan:HbIX 3anycxax ycTaHOBKH· 

qmrypaivrn CHCTeMhl a.H0,D;0B MK, Il03B0JUIBIIIaJI Il0BhICHTh TQqHQCTh onpe

.zi;eJ,eHH.H xoop.zi;1rna~ ocTa.HOBOK MIO0H0B B qyBCTBHTeJihH0ii 30He H0B0ii MK, 

OfrheM KOT0poi. Teneph C0CTaBJI.HJI ~40 . CM3• Ka.Mepa, HaII0JIH.HeMaJI Qqn

m;eHHhIM .zi;eiiTepneM (nJin H30T0IIHhIMH CMeC.HMn _HD, H 2+D2), 6hma rroMe

r~eHa B BaKYYMHp0BaHH0M 06'heMe H o6opy,D;OBaHa CHCTeMOH OXJIIDK)J,eHII.H 

n cnCTeMoii cTa6nJin3an;nn TeMnepaTyphI B .zi;nana3otte 28-;--350 K. PacnoJio

)KeHHhie B0Kpyr MK CIJ;HHTHJIJI.HIJ;H0HHhie .zi;eTeKT0pbI pernCTpnp0BaJIH 3JieK

Tp0Hhl _ pacn~a MIO0H0B H HeiiTpOHhl dd-CHHTe3a. 

B. TPETbEH rJIABE 0IlHChIB~C.H-a.HaJIH3 .zi;aHHhlX H npHB0A.flTC.H 

proyJihTaThI H3Mepettn.H K03<pqmu;neHTa npn:Jinnattn.H MIO0H0B B peaxu;nn 
ddµ~cnHTe3a (la). · · 
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OT6op co6L1Tnii B 3Kc11epnMeHTe 1982-1984 rr. B aHaJIH3npyeMhIX 

co6hITH.HX Tpe6oBaJIOCb HaJinqne X0T.H 6b1 o.zi;noro cnrHa.na Ha SJieKTpo.zi;ax A 
n B - BX0,D;H0M n u;eHTpaJibH0M (Pnc. 1), n OTCYTCTBHe cnrHaJI0B Ha SJieK

Tpo.zi;e C. ECJin Ha 3JieKTpo.zi;e B noCJie nepBoro 6hIJIH em;e n .zi;pyrne cnrHa

Jihl, TO 3T0 YKa3hIBaJI0 Ha CHHTe3hI, nponc111e.zi;111ne n0CJie 0CTaH0BKH MIO0Ha. 

,ll;JI.H aHaJIH3a 6hIJIH OT06paHhl C06hITH.H, HMeIOm;ne Ha aH0,D;e A 0AUH, a Ha 

aHo,n;e B ,n;Ba HJIH 6oJiee HMilYJihC0B {35000 co6hITHii). ,ll;aJihHeii111ne OT6o

pb1 no BpeMeHHhIM H SHepreTnqeCKHM K0ppeJI.HD;H.HM cnrHaJI0B Ha aHo,n;ax 

0CTaBHJIH ,n;JI.H <pH3Hqecxoro aHaJIH3a 0K0JI0 19000 C06bITHii. 

Ha Pn:c. 4(a) npnBe.zi;eH SHepreTnqecxn:ii cneKTp BT0phIX cnrHaJI0B Ha 

aHo,n;e B, T.e. nepBhIX CHHTe30B Fl, H3MepeHhiii B 1982 r. HarJI.H,n;HO n0Ka3a.H0 

pa3,n;eJienne nn:KoB 3He++ n 3Heµ+ 6Jiaro,n:ap.H 3cpcpexry pexoM6nHau;m1. 

Ilpn: ST0M co6hITH.H 3He++, nMeroru;n:e MaJiyro 3Heprnro, Jie_~T Bh1111e_ nopora 
pernCTpau;1111 3JieKTp0HHKH. . 

Taxn:M o6pa3oM, B MK 6hma ocyru;ecTBJieHa 100% scp<peKTHBHOCTh pe

rnCTpau;n:n: np0)];yKT0B OT ,n:Byx KaHaJI0B dd-CIIHTe3a, qTQ B )];aJihHeiiIIIeM HC

Il0Jih30BaJI0Cb npn aHaJIH3e_ .zi;aHHhIX. CnrHaJlhl B 06JiaCTH MaJihIX SHeprnii, 

0TMeqeHHhie CTpeJIK0H, npon:CX0,D;.HT OT IIIYM0BhlX cpa6aTbIBaHHH BMH3H no

para pern~Tpau;n:n •. Ha Pnc. 4(6) n0K3.3aH 3HepreT11qecKHii cneKTP IIIYM0BhIX 

cnruaJI0B npn: cJiyqaiinhIX 3anycxax MK. Ou;enxa 3T0ro cpoHa noK3.3aJia, qTo 

ero ,n;0JI.H B o6m;eii CTaTHC~IIKe He npeBhIIIIaeT 0, 3%. 

MeTOAJ>I 011pe,n;eJieu1u1 K03<p<pm:~HeHTa IIpHJIIIIIaHIUI MIO0H0B Wdd: 

(1) 110 3uepreT1NecK:UM c11eKTpaM. ECJin: nn:KH 3He++ 11 3Heµ+ pa3,n;e

JI.HIOTC.H 3a cqeT pexoM6n:nau;m1, K03cpcpnu;uenT npnJIJinaHn.H onpe,n;eJI.HeTC.H 

KaK 
Wdd = NaHeµ/Ni°Jie, (2) 

r,n;e H_~o no,n;cqn:TaTh n0JIH0e K0Jill'IeCTB0 co6hITHii: 

N;'j;e = NaHeµ + NaHe/(1- Wpileup)-

3,n:ecb Wpileup - nonP,aBKa H.a Bep0.HTH0CTh HaJI0)KeHHH BT0pbIX CHHTe30B 

Ha 3He, ,onpe,n:eJIHBIIIaJIC.H KJIHeTIIKOii ddµ-KaTaJIJI3a II IIMeBIIIaJI BeJI11q11Hy 

5 -;-- 7% B 3aBIICJI~OCTH ,OT yCJIOBHii SKCnepn:MeHTa. ,ll;aJiee no,n;cq11ThIBaJI0Cb 

qnCJio co6hITHii B nnxax 3He H 3Heµ n no cpopMyJie (2) onpe,n;eJI.HJIC.H K03<p

cpnu;neHT npmmnann.H (Puc. 5(a)). 

(2) IIo MeTo.zzy ''BLI>K:UBmero MIOOHa". 9TOT cnoco6 D;eJIHK0M no

CTp0eH Ha B03M0)KH0CTH perHCTPaIJ;HH B MK noCJie,n;oBaTeJihHhIX aKT0B CJIH

Te3a OT o,n:noro MIO0Ha. 5Ictto, qTo u;enoqxa aKT0B dd-CHHTe3a M0)KeT IIHnu;n:

npoBaThC.H T0JihK0 ''nenpHJIHnIIIHMJI" MIO0HaMH. Ilo3TOMy cpe.zi;n BCex HaK0n

JieHHhIX nepB:pIX CIIHTe30B Fl (P11c. 5(a)) M0)KH0 BhI,ll;eJIHTh Taxne co6b1T11.H, 
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3a KOTOphIMll 6hIJill 3aperncTpHpOBaHhl F2-CHHTe3hl. IIocKOJihKY npHJIHII
IIIHe MIOOHhl He Bhl3hIBaIOT 60Jihme CllHTe30B, TO. IlHK 3Heµ npn TaKOM OT-

6ope 6y,ll,eT OTCYTCTBOBaTh, CM. Pnc. 5(6). ,nJI.H onpe,ll,eJieHH.H Wdd ,ll,OCTaTO'l
HO Bhl<JeCTh o6a cneKTpa Fl IlOKaHaJihHO noCJie He06XO,ll,HMOH HOpMHpOBKll. 

IlpHBO,ll,.HTC.H pe3yJihTaThI, IlOJiy-

'leHHhie B 4-x H3MepeHH.HX C pa3- .,02 

5110 col5~fflU\I HhIMH HanoJIHeHH.HMH IIK OT 70,4 
,ll,O 93 aTM. ,ll,eiiTepn.a. 

OKOH'laTeJihH_hIH ycpe,ll,HeHHhIH 

pe3yJihTaT ,ll,JI.H · K03cpqmqneHTa 
npnnnnaHn.H paBeH 

Wdd=0,122±0,003. 

O6pa60TKa ,n;aHHbIX 3KCnepU

MeHTa 1994-96 rr. ~.H OT6o
pa co6hITHH npnMeH.HJIHCh KpHTe

pnn, aHaJIOrll'IHhle H3JI0JKeHHhIM 

Bhime,. C Y'leTOM. ycoBepmeHCTBO

BaHH.H B KOHCTPYK~H IIK (Pnc. 
2) n yBeJin'leHH.H CTaTHCTHKH ,ll,O 

106 co6hITHii. BJiaro,ll,ap.a 3TOMY 
BeJIH'IHHa KOclcpcpn~eHTa HpHJill
IlaHll.H Wdd 6hIJia H3Mepeaa C Bhl

COKOH TO'IHOCThIO npn ,ll,Byx 3Ha
<JeHH.HX IlJIOTHOCTH ra3a <p: 

Wdd=0,1224±0,0006 (<p=0,0837), 

Wdd=0,1234±0,0007 ( <p=0,0485). 
9TH H3MepeHH.H 6hIJIH npoBe,ll,eHhl 

,ll,JI.H npoBepKH BJIH.HHll.H IlJIOTHO

CTH cpe,ll,h1 Ha npoqecc "CTp.Hxn
BaHn.H" MIOOH0B JI ,ll,JI.H cpaBHeHH.H 

C TeopeTH'leCKHMH npe,ll,CKa3aHH

.HMH. 

B "CJETBEPTOH rJIABE 
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Puc. 5: (a) - aaepreTWieCKoe pacnpe,n;e
JieH1Ie nepBhIX OOHaJIOB CHHTe3a Fl. 
(6) - 'co61,1Tnsr, B KOTOphIX noCJie Fl 6hlJI 
3apemCTPHpOBaII F2-CIII'HaJI. 
lliTPHXOBKoii BLI,D;eJieH nHK 3Heµ 

npe,ll,CTaBJieHO OilHCaHHe C03,ll,aHHOH B IIli5ItI> B 1988 r. ycTaHOBKH ,ll,JI.H H3y
'leHH.H dtµ-KaTan.n3a. IIapaMeTpi.1 ycTanoBKn 6hmn cne~aJJ.hHO no,ll,o6paHhI 

,ll,JI.H H3MepeHH.H K03cpcpnqneHTa npHJIIIIlaHII.H MIOOHOB Wdt TeM JKe MeTO,ll,OM, 

'ITO onncaH B rJI. 2. ,nJI.a Toro 'IT06h1 6hma B03MOJKHa pa6oTa IIK B yCJioBn
.ax llHTeHCHBHOrO myMa, Bhl3BaHHOro ,8-pacna,n;oM TpIITH.H, ero KOJIIl'leCTBO 

B CMecn 6hIJIO yMeHhmeHO ll,O ypOBH.H 0,05%, a aH0,ll, KaMephl 6hIJI pa3,lJ,eJieH 
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Puc. 6: 9KcnepHMeHTaJII,HaH ycTaIIOBKa l1.JIH IDY'l~HIIH peaK~II dtµ. Bn,n; B pa3-
peae II YCTPOiiCTBO lIK: A - aIIo~, G - ceTKa, C - KaTO,n;, E II N - c~THJIJIHTOphl 
,n;JIH per1IcTp~ aJieKTpoao;B rr aeiiTpoaoB, PA - npe,n;ycwmTeJIH 

na 19 He3aBHCIIMhIX aH0,ll,0B ,ll,IlaMeTl)OM 4 MM {Pnc; 6), 'ITO Il03BOJIIIJIO ,ll,0-

6nThC.H :;mepreTn<JecKoro pa3pememtH ~120 K3B B KaHan.e npn co6cTBeHHOM 

pa3pemeHnn 3JieKTponiii<n ~80 K3B. KaMepa nMeJia <JYBCTBnTeJihHhiii o6'h

eM ~3 CM3 , paCCTO.HHlle KaTO,ll, - CeTKa 11 MM, CeTKa:.. aHO,ll, 0,6 MM ll pa60TaJia 

npn Hanp.aJKennn -50 KB na KaTo,n;e n -5 KB Ha ceTKe. BKJia,n; TpnTneBoro 

myMa 6hIJI yMeHhIIIeH TaKJKe 3a C'leT KOpOT~llX TpeK0B 'laCTHq (6JiarO,ll,a

p.H YBeJIH'leHHIO ,ll,aBJienn.a ,ll,0 ~160 aTM) n ,ll,OCTaTO'IHO BhICOKOH CKOpOCTII 
,ll,peiicpa 3JieKTpoiioB nonH3aqnn npn Bh16panHhIX pa6o<Jnx Hanp.aJKe111I.ax 

B KaMepe. BpeMennoe pa3pemenne cnrnaJIOB KaMephr B nTore cocTaBnno · 
~150 HC. O6i~nii BHA ycTaHOBKll ,ll,JI.H H3y<JeHH.H dtµ-KaTaJIH3a H306proKeH 
na Pnc. 6. · 

, IIK HaXO,ll,HJiaCh B BaKyyMnpoBaHHOM oxpaHHOM o6'beMe, Ha KphIIDKe KO

TOporo 6hIJlll pa3Me~eHhl BhIC0KOBOJihTHhie BBO,ll,hl, BBO~hl ,ll,aT'IHKOB TeM

nepaTyphl n ,ll,aBJienn.a · n Tpy6Kn cncTeMhI OXJiroK,ll,enn.a. B nnJKHeii <JacTn 

ycTaHOBKll pa3Me~an.ach CHCTeMa OTKa'IKll na 6a3e 3JieKTpOpa3p.H,ll,HOro na

coca, · THTaHOBhie 3JieKTp0,ll,hl KOTOporo MOrJill norJIOTllTh 'laCTh BO,ll,OpO,ll,a 

B CJiy<Jae aBapiriinoii pa3repMeTH3aqnn IIK. O6~ee KOJIH<JecTBo TpnTn.H B 

ycTaHOBKe He'npeBhlill8.,'10 10 Kn. 'YcTaHOBKa pa3Me~an.ach B 3KcnepnMeH

TaJJ.hH0M 3aJie PSI Ha ny<JKe µE4 no,ll, OT,ll,eJihHhIM TenTOM c co6CTBenHoii cn

cTeMoii BeHTHJI.a~nn. BoKpyr oxpaHnoro o6'heMa pa3Me~aJIHCh 19 HeiiTpOH
nhrx C~HTllJIJI.HqllOHHhIX ,ll,eTeKTOpOB pa3MepOM 10X10X20 CM3, IlOKphrna
lO~llX TeJieCHhIH yroJI 40% OT 41r JI HMeIO~. o6myro 3<pcpeKTHBHOCTh 

perncTp~nn ~26%. )Kllll.KOCTHhiii cqnHTHJIJI.H~onnh1ii ,ll,eTeKTOp (NE213) 
llCilOJih30BaJJ.C.H ,ll,JI.H KOHTPOJI.H OT6opa n--y co6hITllH. Ilepe,ll,. neiiTpOHHhIMll 

,ll,eTeKTOpaMn HaxO,ll,IIJIHCh 5 cqnHTllJIJI.HqIIOHHhIX C'leT'lllKOB, BKJIIO<JeHHhIX 
B cxeMy pernCTpaqnn 3JieKTpOH0B pacna,n;a II OT6opa co6hITllH C HeiiTpOHOM. 

,nJI.a HanoJinenn.a IIK 6hma BnepBhie npnMeHena TpoiiHa.H H/D /T cMeCh 

cJie,ll,YIO~ero ncxo,ll,noro M0JieKyJI.apHoro cocTaBa: H2{96,6%) + D2{3,36%)+ 
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+T2(0,036%) c n;e.n:hIO yMeHhIIIemrn q>OHOBOro BKJI~a ddµ-KaTaJIH3a. BaJK

HO OTMeTHTb, "ITO ,n;mi: ,n;onOJIHlITeJlbHOrO yMeHbIIIeHH.H BKJI~a t+p C06hITHii 

OT ddµ,-KaTaJIH3a ra30Ba.H CMeCb 6bIJia nepeBe,n;eHa B paBHOBeCHOe COCTO.H

HIIe (H2 ~94%, D2 ~0,1%, HD ~5,9%), r,n;e npeo6na,n;anH MOJieKJJihI HD, 
Ha KOTOpbIX CKOPOCTb KaTaJIH3a B 10 pa.3 MeHbIIIe, qeM Ha D2 MOJieeynax. 

°YCJIOBH.H pernCTpaD;Hn npo,n;yKTOB ddµ-H dtµ-CHHTe3a B yKa3aHHoii ra-

30BO:ii CMeCH lI B "IHCTOM ,n;eiiTep1m 6hIJilI npoBepeHbl B cnen;naJihHOM Me

TO,IJ;H"leCKOM 3KCnepHMeHTe, npoBe,n;eHHOM B IIM51<I> B 1988 r. ,IJ;JI.H KaJIH6-

pOBKlI 3HepreTn'IecKoii IIIKaJihI MK. Ilpn 3apattee Bh16paHHhIX pa6oqnx no

porax 6hIJIH H3MepeHhl Ha6JIIO,IJ;aeMbie 3HeprHII ( C06iipaeMhie, HOHH3aD;lIOH

Hbie 3ap.H,n;h1) OT H3B.eCTHhIX ,IJ;Byx3ap.H,IJ;HhIX n o,n;iio3ap.H,n;tthIX qacTnn;: 3He++ 

(0,82 M3B), 3Heµ+ (0,8 M3B) n ·(t+p), (4,03113B) OT ddµ-cnHTe3a, 4He++ 

(3,53 M3B) OT g,tµ-cHHTroa H 4He++. (5,49 M3B) OT ncTO"IHHKa 241 Am, Ha

Hecettttoro Ha KaTo,n; HOHH3an;HOHHOH KaMepbI. 

3aBHCHMOCTlI co6paHHbIX 3ap.H,IJ;OB OT Ha"laJibHOii 3HeprHH ,IJ;JI.H 3TlIX ,IJ;BYX 

rpynn ~aCTHD; annpOKCHMHpOBaJIHCb JIHHeiiHO (CM: PHC. 1). KaK BlI,IJ;HO, pe

KOM6nHan;n.H Ha"laJibHOii lIOHJl3aD;HH ,IJ;JI.H 4He++ COCTaBHJia 66%, lI JIHIIIb 

45%- ,n;n.H O)Kn,n;aeMbIX co6hITttii c npnnnnaHHeM 4Heµ+. CTOJih cym;ecTBeH

Ha.H pa3HHD;a B peKOM6HHaD;HII ~eJiaJia B03M0)KHbIM BbI,IJ;eJieHIIe B cneKTpe 

Ha6nro,n;aeMoii 3HeprHII npo,n;yKTOB dtµ-cnHTe3a co6hITHii c npHJIHnaHIIeM 

MIOOHOB 4Heµ. 

B II5ITOH rJIAB:E: OnHCaH aHaJIII3 ,n;aHHbIX 3KCnepnMeHTa 1989-

1992 rr. B PSI no II3MepeHHIO K03q>q>IIn;neHTa npIIJIIInaHH.H MIOOHOB B pe

aKn;nu dtµ-KaTanma (16). B 3TOM 3KcnepnMeHTe BnepBbie ,IJ;JI.H n3yqe11II.H 

MK 6hIJIII npHMeHeHbl HOBbJe. ,IJ;JI.H Toro BpeMeHII ycTpoiicTBa pemcTpan;IIII 

II.aHann3a cnrHaJIOB - 6h1CTpbie Flash-ADC, HMeBIIIIIe "laCTOTJ on;IIq>pOBKII 

100 Mru; H aMnJIHTJ,IJ;Hblll p;IIana30H 6 pa3p.H,IJ;0B .. c aKTHBHbIM yqacTneM 

aBTopa B IIM51<I>, 6hm pa3pa6oTaH anropHTM BhI,IJ;eJieHII.H cnmanoB MK n3 

Maccusa OTC"leTOB Flash-ADC ~ ycnoBH.HX 3Ha"IIITeJihHoro. TpnTneBoro IIIY

Ma •. OnHCbIBaeTC.H nporpaMMa, Il03BOJI.HIOID;a.H HB.)J;e)KHO Onpe,n;eJIHTb OCHOB

Hble napaMeTpbI cnrHaJia: ero Ha"laJIO, KOHen; II nJIOID;~, COOTBeTCTBYIO

ID;yIO co6paHHOMY 3ap.H,n;y. KpoMe Toro, onpe,n;eJI.HJIHCb IIapaMeTpbI q>opMbl: 

"IIICJIO MaKClIMJMOB, aCIIMMeTpll.H lI HaKJIOHbl nepe,n;Hero lI 3a,n;ttero q>pOH

TOB, Heo6xo,n;HMhie ,IJ;JI.H u,n;eHTIIq>IIKaD;lllI CHrHaJIOB HaJIO)KeHnii n )J;JIHHHblX 

q>OHOBbIX CllrHaJIOB (t+p), IIMeIO~X MaJiyIO aMilJIIITy,n;y, OTJia,n;Ka anro

pHTMa npOBO,IJ;HJiaCh . npII nOMOID;lI 3JieKTpOHHOii CIICTeMhI, reHepnpyroID;eii 

TeCTOBbie HMnJJibCbl 3~aHHOii aMnJIHTJ,!J;bI, ,IJ;JIHTeJibHOCTH H q>opMbl H MCr 

,n;ennpyIOID;eii q>OH OT pacn~a TPHTH.H. 

,Ll;JI.H BhI6opa Han6onee 3q>q>e~THBHbIX KpHTepneB OT6opa 6h~JIO npoBe,n;e
HO Mo,n;ennp0Bam1e co6h1Tuii B MK MeTo,n;oM MoHTe-Kapno. °Y"IHThIBaJIOCh 
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Pnc. 7: Ka.r.m6ponKa noHII3aquoHHoro 3apH,LJ;a, co6npaeMoro n.HK. 

• - peayJibTaT1,1 H3Mepe:mtii, o - npe.n;cKaaattne ,D;JnI 
4Heµ-co6hITnii 

(B SKCnepnMeHTe 1.988 r.,OHH He 6bIJIH HaKOilJleHI,I} . 

BJIII.HHHe IIIJMa OT TpnTneBoii HOHH3an;nn n BJIH.HHne noporoB Tpnrrepa. 

Mo,n;ennpOBaHHbie co6i.1TII.H o6pa6aThlBaJIHCb TeM )Ke aJirOpHTMOM, "ITO lI 

q>H3H"leCKIIe co6hITH.H. 

ProyJihTaThI,nOKa3aJIII, "ITO Ha.n60JihIIIlIH q>OH B o6naCTH 4Heµ cneKTpa 

,n;aroT (t+p) co6hITH.H OT ddµ-KaTaJIH3a, KOTOpb1:ii n·cer,n;a npncyTCTByeT n 

H/D /T cMecn. Han6onee 3q>q>eKTHBHhIM npIIeMoM yMeHbIIIeHH.H 3Toro q>oHa 

OKa3aJIOCb Tpe60BaHHe conn~eHH.H C HeiiTpOHHbIMH C"leT"IHKaMH, OT6op no 

,IJ;JIHTeJihHOCTH CIIrHaJIOB H Tpe60BaHIIe OTCYTCTBII.H CIIrHaJIOB Ha COCe,D;HIIX 

3JieKTpo,n;ax, Pnc. 8(a). , . .. 

,LI;pyrIIM: npon;eccoM, ncKaJKaIOID;HM cneKTP co6brTnii 4Heµ, OKa3aJIIICh 

o:o:-HaJIO)KeHn.H, nMeIOID;ne 3Heprnro B o6nacTn 2,3 M3B. Mx HeO)Kn,n;aHHO 

60JibIIIOH BbIXO)J; 6bIJI n03,!J;HCe 06'bHCHeH HaJIII"IIIeM 3nHTCpMaJibHOrO Ka

HaJia dtµ-KaTaJIII3a, npHBO,IJ;.HID;ero K BhICOKoii cKopoCTn o6pa3oBamrn dtµ
MOJieKyn, II KaK CJie,n;CTBHe, K qaCTbIM 0:0:-HaJIO)KeHH.HM B MK, IIMeIOID;eii 

''MepTBoe BpeM.H'' ~200 HC. ,Ll;JI.H aHaJIII3a HH3K03HepreTH"leCKOH qacTH cneK

Tpa 0:0:-HaJIO)KeHIIii HCilOJib30BaJIC.H KpnTepn:ii HaJIH"III.H nOBTOpHoro cnr

HaJia dt-CIIHTe3a. ECJIII IlOCTpOHTb cneKTp nepBbIX CIIHTe30B npn HaJIII"llIII 

3a HlIMII BTOpbIX CIIHTe30B (MeTO,IJ; ''nbl)KIIBIIIero MIOOHa"), TOr,n;a co6bITII.H 

Ha MeCTe nnKa 4Heµ IIC"le3aIOT II MO)KHO aHaJIH3IIpOBaTh B 3TOH o6JiaCTII 
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PHc. 8: (a) - 9HeprerIIqecKIIii crreKTP Bcex co6bITIIii CIIHT_e3a {npHMOe Ha-

6mo,n;eHIIe)'. CIIJIOIIIHbie JIIIHIIII - pe3yJihTaThI MO,n;eJIIIpOBaHIISI. 

{6) - crreKTp rrepBbIX ClIHTe30B, 3a KOTOpbIMII CJie,Zl;OBaJIII BTOpbre 

''xBocT" OT QQ-HaJIO)KeHIIii, a TaK)Ke B03MO)KHbie co6bITIISI co CTpSIXIIBaHIIeM 

MIOOHOB n rrpon;ecce TOpMO)KeHIISI, PIIC. 8(6). MeTO,Zl; ''BhDKIIBIIIero MIOOHa" 

IICIIOJih30BaJICH II ,Zl;JISI He3aBIICIIMOrO orrpe,n;eneHIISI K09<pqmD;lieHTa rrpllJIII

rraHIISI. 

IlpIIMeHeHIIe 9Toro Mecro,n;a B dtµ-9KcrrepIIMeHTe noTpe6oBano tta6opa 

ropa3,n;o 60.rihIIIeii CTaTIICTIIKII, qeM B ddµ, rrOTOMy qTo o:»m,n;aeMaSI Bepo

HTHOCTh 1IpIIJIIIIIaHIISI Wdt 6hIJia B ~20 pa3 MeHbIIIe, qeM Wdd, II BCerO 1,5% 
ll3 qlICJia OCTaHOBIIBIIIIIXCSI MIOOH0B MOrJIII ,n;aTb XOTSI 6hI 0,Z];IIH dt-CIIHTe3 (B 

9KCrrepIIMeHTe B "<JIICTOM ,n;eiiTepIIII TaKIIX MIOOHOB 6hIJIO ~ 32%). Ilo9T0MY B 

PSI 6hma na6patta CTaTIICTIIKa 5 • 106 rrepBbix"cIIHTe30B, "<ITO CTaJIO B03MO:>K

HhIM 6naro~apSI BbICOKOH IIHTeHClIBHOCTll OCTaHOBOK MIO0HOB {OKOJIO 103c-1 

B "<IYBCTBlITeJihHOM 06'heMe KaMepbI 2,6 CM3), o6ecrre"<Iemioii YHIIKaJihHbIMll 

xapaKTepIICTlIKaMll rry"<IKa MIOOHOB. 

B 3aKJIIO"<IeHIIe I'JiaBhI 5 rrpuB0.n;HTCH pe3JJihTaTbI orrpe,n;enenuSI Wdt ,n;JIH 

pa3HhIX crroco6oB oT6opa co6hITliii II IIX ycpe,n;tteHHOe 3Ha"<IenIIe, paBnoe: 

Wdt = (0, 58 ± 0, 04)%. 

9TOT pe3yJihTaT CTaJI rrepBblM IIpSIMblM ll3MepeHtteM K09<p<plID;lieHTa rrpu

JIIIIIaHlISI n dtµ,,·KaTaJitt3e. 

B IIIECTOH rJIABE IIOJiyqeHHbie pe3yJihTaThl COIIOCTaBJISIIOTCH C 

,n;aHHbIMll ,n;pyrIIX 9KCrrepuMeHTOB lI C TeopeTll"<JeCKlIMll paC"<IeTaMll. Cne

,n;yer OTMeTHTh, "<ITO BbIIIOJIHeHHhie naMu n 1984 u 1994-1996 rr. rrpSIMbie 
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II3MepettuSI K09<p<pttD;I1eHTa rrplIJiurraimSI MIOOHOB n_ peaKn;uu ddµ-KaTaJill3a 

0CTaIOTCH e,ZJ.HHCTBeHHbIMH ,n;o ClIX rrop. 

Ilpu cpaBHeHlIH C -reopueii CJie,n;yer pa3JIH"<JaTb Ha'laJibHbIH K09<p<plID;Il

eHT rrpumi:rraulISI w~d• peanll3yrorn;uiicSI rrbCJie SI,n;epuoii peaKD;IIII, n ero KO

uequoe 3uaqeune Wdd = w~il - R), yMeHhmeuuoe ua nepoSITHOCTh "CTPSIXII

BauuSI" MIOOHOB R rrpu ropMO)KeHHH uouon 3Heµ+ n no,n;opo,n;e. ConpeMeu

Hoe ycpe,n;ueuuoe · reoperuqecKoe 3uaqeune w~d coCTaBJISieT (13, 6 ± 0, 4)% 
[3]. B 9THX pacqElTax 6hIJIH yqTeHhl uea,n;ua6aTuquoCTb ,Zl;BH)K€HHSI MIO0Ha 

B Me30MOJieKyne, KouequaSI cKopoCTh SI,n;epuo:ii peaKD;IIH u pa3MephI SI,n;ep. 

On;euKa K03cpcpun;ueuTa "CTpSIXIIBauuSI" MIOOHOB Tpe6yeT yqeTa rrpon;eccon 

B036y)K).J;eHHSI H .n;eno36y)K,Zl;eHHSI rrpu CTOJIKHOBeHHSIX B. cpe.n;e, pa,n;uan;HOH

HbIX rrpon;eccon, rrpon;eccon HOHH3an;uu, peaKD;Ilii rrepe3apSl).J;KH (rrepex~aTa) 

MIOOHOB. C yqeTOM 3aBHCHMOCTH 9THX rrpon;eccon OT IIJIOTHOCTH cpe).J;hl rrpu 

cp=0,07 ycpe,n;Heirnoe.TeoperuqecKoe 3uaqeHne cocTaBJISieT R th=0,10±0,01. 
Bee 9TO rrpHBO).J;HT K 3uaqeHHIO w~~=(12,3±0,4)%, xopOIIIO conrra,n;aro~eMy C 

pe3yJihTaTaMH uaIIIero 9KCnepHME!HTa. 9TO II03BOJISl€T 3aKJIIOqHTh, 'ITO TeO

pHSI a,n;eKBaTHO OIIHCbIBae'r rrpon;eCCbl rrpHJIHIIaHHSI H CTpSIXHBaHHSI MIOOHa 

B CJiyqae ddµ-KaTaJIH3a rrpu HH3KIIX IIJIOTHOCTSIX, cp ~{0,05+0,1). ,ll;oCTur

HyToe corJiacue B OIIHcaHHH rrpHJIHIIaHHSI MIOOHOB B peaKD;HH ddµ-CHHTe3a 

II03BOJIHJIO rrponeCTH aHaJIOruqHhle pacqeThl H ).J;JISI dtµ-CHHTe3a. 

K uaqany Ha~HX 9KCrrepHM€HTOB no H3MepeHHIO K09<pq>Hn;HeHTa rrpHJIH

rraHHSI MIOOHa Wdt B dtµ-KaTaJill3e y)Ke HM€JIHCb rrepBbie pe3JJihTaThl HeCKOJib

KHX KocneHHhIX H3MepeHuii. B 'laCTHOCTH, 9KcrrepuMeHT n LAMPF [1], rrpo

ne,n;eHHhI:ii B IIIHpOKOM .n;uarra30He ,u.anJieHH:ii, cp ~{0,1+1,3), IIOKa3aJI BbICO

KYIO nepOSITHOCTb rrpHJIHIIaHHSI rrpu HH3KOii IIJIOTHOCTH cpe,ZJ.hl cp H ee 6hICT

poe y6hrnauue C pOCTOM IIJIOTHOCTH. Ho HMeJIHCb TaK>Ke H3MepeHHSI, C,ZJ.eJiaH

Hhie B PSI n TOM )Ke ,u.uanaJ0He H3MeHeHHSI ITJIOTHOCTH [5], ue rro,n;Tnep)K,Zl;a

rorn;ue yKaJauHyro LAMPF JanucnMOCTh {cM. Puc. 9). O6a 9TH. pe3JJihTa

Ta. 6hIJIH IIOJiyqeubI C HCIIOJih30BaHH€M MeTO,ZJ.HKH. perHCTpan;uu ue:iiTpOHOB 

{MeTO,ZJ.OM H3MepeHHSI HaKJIOHa npeMeHHbIX crreKTpOB). MMeJIHCb TaK)Ke rrep

Bble H3MepeuuSI PSI n KEK c ucnOJih30nauueM MeTO,ZJ.HKH perncTpan;uu Me-

3opeuTreuoBcKoro u3nyqeHHS1 n036y)K,Zl;eHHhIX. 4 Heµ* • aTOM0B. IlciJiy'leHHhie 

npn cp=l,2 pe3JJihTaThI Wdt={0,42±0,14)% {PSI) [6] u Wdt={0,26±0,09)% 
(KEK) (7) rroKa3hIBaJIH cyrn;eCTneuuoe OTKJioueuue OT TeoperuqecKnx pac

qeron, rrpe,ZJ.CKa3hIBaBIIIHX BMH'IHHJ Wdt ~0,61 % H O'leHb CJia6yro (y6b1BaIO

rn;yro) 3aBHCHMOCTb rrplIJIHIIaHHSI OT IIJIOTHOCTH. TaKHM o6pa30M, ,n;ne rpyrr

Ilbl Pe3JJihTaTOB YKa3hIBaJIH Ha ,n;ne pa3Hble 3aBHCHMOCTH Wdt OT IIJIOTHOCTH. 

CTOJib uecornaconaHHaSI KapTuua n peaKn;HH dtµ, uau6onee HHTepecuoii c 

TO'IKH 3peHHSI rrpaKTH'l€CKHX rrpHMeHeHn:ii, Tpe6onana rrpOSICHeHIISI, H 9TO 

06ie,qJrneJtrn,1n MHCTHTY:'j 
SIAepH1IX MCCITeAOBamrn 
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Puc .. 9: 9K~nepHMeHTaJILm,re H pac'leTlibie [4) AaHHbl~ ~o Koaqiqi~eHTy rrpn-'; 

JIHIIaHH.H w,dt 

6hIJIO ,ll;OCTllTHYTO HaIIIHM pe3yJihTaTOM, noJiy<IeHHblM HOBblM aKcnepHMCH

TaJihHblM MCTO,ll;OM. 

Ilpe:a<:,n;e ncero HY:a<:HO·OTMeTIITh, <ITO noJiyqeHHhiii B Hameii,pa6oTe pe-

3YJII?TaT He no,n;TBep,n;HJI: ,n;aHHhie LAMPF o 6oJihIIIOii BeJIH'IHHe Wdt B 06-

JiaCTH <p rv(0,1 :+-0,2). Ilp.HMOe ll3Mepem1e STOH' BeJill'IllHbl npll <p=0,17 ,n;a

JIO 3Ha<JCHJie Wdt=(0,58±0,04)% [8],· cym;eCTBCHH0. MCHbmee, 'ICM on;eHKll 

LAMPF.Wdt ·~co,75+1,1)%.·IIoJiyqeHHOeHaMJI 3Ha<IeHne Wdt.OKa3aJIOCb,Ca-: 

MblM 6Jitt3KllM K TeopeTH'ICCKll npe,n;CKa3aHHOMY II CTaJIO C'lllTaTbC.H Han6o-

Jiee '. ,n;ocT0BepHblM npn MaJiblX <p. . ' .: ' ' 
EcJIH.npoaKCTpanOJillpOBaTh Harne 3Ha<IeHHe Wdt B o6JiaCTb nJIOTHOCTeii 

<p=l,2+1,45; r,n;e npOBO,n;ttJiaCh 66Jihllla.H qacTh ll3MepeHHH c BbICOKOH KOH

n;eHTpan;nen: TPIITH.H, TO noJiy<IeHHa.H BCJill'IllHa Wdt=(0,53±0,04)% , OTpa-, 

:a<:aIOin;a.H TeopeTH'ICCKYIO 3aBIICIIM0CTb BepO.HTHOCTll CTp.HXIIBaHll.H OT nJIOT: 

HOcTn [9], OKa3hIBaeTC.H 6Jitt3Kon: K .3Ha<IeHtt.HM, noJiy<IeHHhIM B PSI, Wdt= 

(0,48±0,04)% (npn <p=l,45) [2]. B nocJie,n;Hee BpeM.H 6bIJill noJiy'ICHbl H0-
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Bhie proyJihTaThI no Wdt: B KEK [IO] tt3 tt3MepeHnii BhIXO,ll;OB Me3opettTre

H0BCKoro,roJiy'leHn.H 4Heµ-aTOMOB, Wdt=(0,532±0,030)%, Ji B OlUlll [11] 
H3 aHaJill3a pacnpe,n;eJieHJIH no MHO:a<:eCTB8HHOCTll co6bITIIH CllHTe3a: Wdt= 

(0,573±0,053)%. Ehn 3Ha'JCHII.H TaK:a<:e 6Jitt3Kll K HaineMy Pe3YJibTazy II K 

TeopeTH<JCCKOMY pacqilTy [4]. 

BC.H COBOKYilHOCTb COBpCMCHHblX 3KCnepttMCHTaJibHblX ,n;aHHbIX'.IIO KO

a<pq:mn;HCHTY npmurnaHtt.H MIOOHOB B peaKD;llll dtµ ,n;eMOHCTpnpyeT xopo

mee COBna,u;eHne C Pe3YJihTaTaMH TeopeTll'ICCKIIX pac<IeTOB ::)TOH BCJill'lllHbl 

[4, 12], COCTaBJI.HIOin;IIMll COOTBCTCTBCHHO 0,61% II 0,555%. OTJIII'Ille He npe

BbIIIIaeT 2a; Ilpn 3TOM CJie,n;yeT OTMCTIITh, 'ITO Bbl'IllCJICHll.H Ha'IaJibHOro KO

a<p<plln;HeHTa npIIJIHnaHtt.H,. npone,n;eHHhie pa3HbIMll MCTO,n;aMH, conna,u;aIOT 

,n;pyr c ,n;pyroM II ,n;aroT cpe,n;Hee 3Ha<IeHHe w~t~(0,93±0,01)% [13]. IIoaTOMY 

MO:a<:HO npe,n;nOJIO)KllTh, 'ITO nptt'IJIHa llMCIOin;eroC.H He60JiblliOro pacxo:a<:,n;e

Hll.H CB.H3aHa C HCOnpe,n;eJieHHOCThIO nptt Bbl'lllCJICHllll KO::l<p<pllll;llCHTa CTpH

XIIBaHII.H R( <p ); npll 60JiblliOH CKOpOCTII MC30aTOMa,. r,n;e OCTaIOTC.H OTKpbl

TbIC BOnpOCbl O ,n;eTaJI.HX TOpMO>KCHll.H 4Heµ-aTOMOB B BO,n;opo,n;e (HanpnMep, 

0 HCY<ITeHHblX · MeTaCTa6JIJibHblX COCTO.HHII.HX). BepO.HTHOCTll CTp.HXttBaHtt.H 

MIOOHOB · B peaKn;tt.HX · ddµ II dtµ OTJIII'laIOTC.H noToMy, <ITO Ha<IaJihHa.H CKO

poCTh MC30llOHa 3Heµ+.HaMHOro MCHhme,<IeM, 4Heµ+ (B aTOMHblX e,n;IIHII

n;ax CKOpOCTll 3,2 npOTIIB 5,8), II 0KOJIO IlOJIOBIIHbl peaKTJIBan;m1 MIOOHa ll3 

llOHa 4Heµ+ npOHCXO,ll;llT npn CKOpOCTll 60Jihmeii, 'ICM Ha'IaJibHa.H CKOpOCTb 
3He11+ [14]. IlpH aTOM Ba:a<:HYIO pom, nrparoT npon;ecchl B036y:a<:,n;eHH.H JI.,n;e

B036y:a<:,n;eHH.H MIOOHHOro aTOMa H ll0Hll3an;H.H C yqacTneM Ha'IaJibHblX B03-

6y:a<:,n;eHHbIX COCTO.HHIIH, B TO BpeM.H KaK CTp.HXJIBairne MIOOHa c Me,n;JieHHOro 

noHa 3Heµ+ npoIIcxo,n;IIT rJiaBHhIM o6pa30M II3 ocHOBHoro cocTo.HHHH. 

ronop.H O B03MO)KHOM npaKTH'leCKOM IICnOJib30BaHllll dtµ-KaTaJIH3a, MO)K

HO 3aKJIIO'lllTh, OnHpa.HCh mi Ham pe3yJihTaT np.HM0rO H3MepeHII.H Wdt, 'ITO 

BepXHHH npe,n;eJI 'IIICJia HCHTpOHOB dt-CHHTe3a OT 0,ll;HOrO MIOOHa He MO:>KeT 

npeBhimaTh BeJIH'IHHhI Xc=l 70 npn <p=0,17. IIJIH Xc=l90 npH aKCTpanOJI.H

n;IIn K nJIOTHOCTll <p ~1,45. 9ro Il03BOJI.HCT on;eHJITb MaKCIIMaJibHblli BbIXO,ll; 

aHeprIIn 3a c<JeT dtµ KaTaJIH3a Ha·yponHe ~3,3 raB. Y<IttThma.H, 'ITO 3a

TpaTbI Ha po:a<:,n;eHne O,ll;HOro MIOOHa cyMMapll:O ,COCTaBJI.HIOT ~(6+12) raB 

[15], MO:a<:Ho 3aKJIIO'IIITh·, ·'ITO o,n;nH MIO~HHhm KaTaJIH3 He ,n;ac_'l' noJio:a<:n

TeJihttoro BbIX~,n;a aHeprIIH. Cym;ecrByeT 'npe,n;Jio:a<:emie [16] no JBeJIIl'ICHIIIO 

a<p<peKTIIBHO·cTll Me30KaTa.ITH3a 3a C'IeT llCIIOJib30BaHll.H 6JiaHKeTa ll3 ~
38

U' 

OKpJ:a<:aIOin;ero · MC30KaTaJIIITll'ICCKIIH peaKTOp. ,l);~JICHIIC .H,ll;ep 238U.HeiiTpO

HaMII dtµ-cttHT~3a yneiiH<IllT BblXO,ll; aneprIItt, o6ecne<IHT ~apa6o~KY TOilJill

Ba n Mo:a<:eT o6ecne'IIITh noJio:a<:nTeJihHhIH • 6aJiaHc nceii cxeMhI. ,lJ;eTaJihHO 

npopa60TaHbl TaK)K~ cxeMbl HCHTpOHHblX IICTO'IHIIKOB Ha 6a3e MK [17] ,n;JI.H 

MaTepHaJIOBe,n;qeCKIIX llCCJie,n;oBaHHH C nOT0KaMII HeHTpOHOB ,n;o :1014cM-2 • 
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chn n ,n;pyrne BapnattThI npaxTn<JeCKoro ncn0Jih30Battn.si MK M0rYT onn

paThC.H Ha Ha,D;e.>KHO H3MepeHHhJe B HaCTo.si~eii pa6oTe 3Ha<Jemrn K03<pcpH

IJ,HeHT0B npHJIHilaHH.H MIOOH0B Wdd H Wdt• 

B 3AKJIIO"tJEHl:ll:l ,n;nccePTaQHn npnao,n;HTC.H BbIBO,ll;blro npe,n;

CTaBJieHHhIX pe3yJihTaT0B. 

{1). B aacTo.si~eii ,n;nccepT~HH onncaahl BnepBhie ocy~eCTBJieHHhJe np.si

MhIM MeT0,D;0M H3MepeHHH Ba.>KHeiimnx napaMeTp0B MIO0HH0ro KaTaJIH3a dd-· 

·H dt-CHHTe3a - K03<p<pHIJ,HeHTOB npHJIHilaHH.H MIO0H0B Wdd H Wdt• lloJIY'leH

Hhie C BhIC0K0H (2% H,7%) T0'IH0CThIO 3Ha'leHH.H 3THX napaMeTp0B Il03B0JIH

JIH npoBepHTh TOOpeTH'leCKHe M0,D;eJIH, 0ilHChIBaIO~e npHJIHilaHHe MIO0H0B 

B peaKIJ,H.six · ddµ-n dtµ-cnnTroa, a Tax.>Ke npou,ecc .. ''cTpHxnaann.si" MIOOH0B 

npn TOpM0.>KeHHH H0H0B {3Heµ)+ H ( 4Heµ)+ B cpe,n;e, C0CT0.H~eii H3 H30TO

Il0B B0,D;0po,n;a. 

{2). M3MepeHHhJe B ,n;nccepTaIJ,HH 3Ha•IeHH.H K0He'IHhIX K03cpqmu,HCHT0B npII

.imnaHIIH Wdd II Wdt Il03B0JI.HIOT onpe,n;eJIHTh <pH3H'leCKHii npe,n;eJI -cmCJia aK

T0B CHHTe3a, rettepnpyeMbIX 0,D;HHM MIO0H0M, H ou,eHHTh TeM caMbIM B03-

M0.>KH0CTh HCil0Jih30BaHH.H MIO0HH0r0 KaTaJIH3a B npaKTH<JeCKHX u,eJI.HX. 

( 3). U:eJin ,n;nccepTaIJ,HH 6bIJIH ,D;0CTHrHYThI 6Jiaro,n;ap.si HCil0Jih30BaHHIO H0-

B0ro ,n;eTeKT0pa, Il0CTpoeanoro na 0CH0Be H0HH3~H0HH0H KaMephI BhIC0KO

ro ,D;aBJiemrn H coe,n;nHHIO~ero B ce6e <pyHKIJ,HH aKTHBH0H MHIIleHH II ,n;e

TeKT0pa 3ap.si.>KeHHhIX npo,n;yKT0B CHHTe3a. OTJIH'IHTeJihHOH oco6eHHOCThIO 

MeT0,D;HKH H0HH3aQH0HH0ii KaMephl ,D;JI.H n3y<JeHHH ddJ.t' H dtµ-cnHTeJa OT 

mup0K0 npHMeHHBmeiic.si MeT0,D;HKH pernCTpau,HH HeiiTpOHOB .HBJI.HeTC.H ee 

41r-reoMeTpH.H H 100% 3cpcpeKTHBHOCTh. . 

( 4). BnepBhJe 6hm peaJIH30BaH H0Bhlll MeT0)]; H3MepeHH.H K03<p<pHIJ,HeHTOB 

npHJIHnaun.si, HCil0Jib3YIOIIJ,Hii Pa3JIH'IHYIO CTeneHb peKOM6HH~HH H0HlOa

IJ,H0HHbIX 3ap.H,D;0B OT o,n;no3ap.s1,n;ahnc, {3Heµ)+, ( 4Heµ): n ,n;ayx3ap.si,!J;HbIX_, 

{3He)++ H (
4
He)+~ np0,n;yKT0B CHHTe3a B H0HH3aIJ,H0HH0:ii KaMepe B yCJio

BH.HX BbIC0Koro ,n;aaJieau.si (P~l00 aTM). BJiaro,n;apH peKoM6nnau,ttn Ha6JIIo

,n;aeMbJe sneprnu qaCTHu, CTaH0BHTC.H pa3JIH'IHhIMH, 'CJTO ,n;aeT B03M0.>KH0CTb 

npHM0ro Il0)];C'leTa C06bITH:ii C npHJIHnaHHeM. 
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