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AKTyaJibHOCTb npo6neMbl. O,n_Hl1M 113 tta1160Jiee l1HTp11ry10ll111X BOIIpOCOB C0BpeMeH-

1101\ <plnl!KII RB.rrneTOI BOnpoc O HaJIWllll1 y HellTp11110 MaCCbl TIOK0R. XoTR BepxH11ll npe

_1e.•1 Ha Macey Hel\TplrnO C'llITaeTCR MaJibIM, ~ 1 38 llJIII ,n_a)Ke MeHbllie 1' orpaHWieHl1R 

ll3 ITPRMb!X KlIHeMaTII'leCKUX 3KCTiepm,reHTOB 11a Macey MIOOHHOro Hel1Tp11HO COCTaBJIReT 

170 K3B 2, a AJIR Tay uefiTplIHO 18.2 M38 
3

. Tip11HlIMaR BO BHl1Matt11e B03MO)KHbie, B 

CJiy 0rae HaJil!'ll!R y HefiTplrnO HeHyJieBofi MaCCbl TIOKOR, Hell.Tplfl!Hble CMell111BaHl1R, CTa

HOBlITCR TIOHRTHOfi aKTYaJihHOCTb ITpOBe,ll_eHlIR l1CCJie,ll_OBaH11l1 ITO ITOllCKY TaKllX cMe11111-

BaH11ll B BblllieyKa3aHHOM ,ll_liaTia30He Mace, B TOM 'lllCJie 11 ITpll ITOMOllill 3JleKTpOHHOl1 

CITeKTpoMeTplI11. Bo.flee Toro, Kl1HeMaT11'leCKl1e llCCJie,ll_OBaHllR TaKoro pona MoryT 6b!Tb 

lICIIOJlb30BaHbl AJIR 11011CKa TaK Ha3bJBaeMb!X CTepllJibHb!X HefiTpllHO. 

TiplI TIOl1CKe rrpmwec11 TR)KeJioro ttellTplIHO C Maccoll. mµH B ,6-cneKTpe C rpaHWIHOfi 

'3Heprnel1 Ema,·, ocyrnecTBJIReTCR ITOllCK AOTIOJIHllTeJibHOfi BeTBl1 ,6-pacna,n_a C rpaHlI'lHOfi 

'3Hepr11ell Emax - nJµf!C
2

. l\oppeKTHOCTb npou:e,n_ypb! aHaJill3a BO MHoroM onpe,n_eJIReTCR 

TO'lHOCTb!O, C KOTOpofi ll3BeCTHa <pyHKIIl1R OTKJillKa CllCTeMbl - llCT0'lHllK IIJIIOC ,mepro

attaJill3aTop c ,n_eTeKTopoM (RpF). C11cTeMaT11qecK11e ou1116K11 MoryT l!MllTllpoBaTh llJill 

11arrpOTl!B npl1BO,ll_HTb K llC0Je3HOBeHHIO B03MO)KHOrO 3<p<peKTa, CBR3aHHoro C ITpllMeCblO 

TR)KeJioro HefiTpl!llO, KaK HallplIMep 6hIJIO B cJiyqae 17 K38 Hel1Tpnuo
4

• 8 60.JibllillHCTBe 

rrpe,n_bIAY11111X pa6oT OITpe,n_eJieuile RpF BblITOJIHRJIOCb ,ll_OITOJll!I!TeJibllblMll H3MepeHlIRMlI 

:IJiernpoHOB ,ll_lICKpeTl!b!X crreKTpOB C 6JilI3KllMl1 K 1nyqaeMol1 o6JiaCTH ,6-cneKTpa ,mepr11-

RMH. Tipe,n_IToJiaraeTcR, '!To IToTep11 3Hepr11n 3JieKTpouaMl1 B o6onx ncTO'lHHKax 6JIH3KlI 

11 IT03TOMY cpopMa, HaITp11Mep, KOHBepcnouuofi n1111u11 ncnoJih3yeTcR KaK RpF. O,n_ttaKo, 

cpopMa KOHBepC110HHb!X JIHHHfi 3aBllCHT OT pa3Jill'lHb!X aTOMHb!X npou:eccoB, HarrpnMep 

BCTpRCKH, a KpoMe Toro Tpy,n_uo rrpnroTOBHTb HCTO'lHllKll o,n_nuaKOBOfi TOJilliHHbl B ,n_na

ITa3oUe necKOJihKHX A. 60.Jiee Toro, cno60,n_11b1l1 ITpo6er KaK Me)Key aKTaMn ynpyroro, TaK 

11 ueyrrpyroro pacceRHlIR 3JieKTpOHOB, 3aBHClIT OT 3Uepr11n, lI O,D_HOfi HJ111 ABYX KaJIH6po

BO"lllb!X Jllll!Hfi MO)KCT 6b!Tb He,ll_OCTaTO'll!O )]_JIR a,n_eKBaTnoro OTo6pa)KeHHR TaKofi 3aBn

ClIMOCTlI. 8 ueKOTOpb!X H3 ITpe,D_hl,D_YllilIX pa6oT corJiac11e Me)Key 3KCITep11MeHTaJibHb!MlI 

n pacC'llITaHHb!MlI TeopeTH'leCKlI ,6-cneKTpaMlI 6bIJIO ITOJiy'leHO TOJibKO IIOCJie BBe,ll_eHHR 

<plI3lI'leCKlI Heo60CllOBaHHb!X ,ll_OITOJIHHTeJibHb!X KOppeKTlIPYIOlliHX cpyHKIIHfi. 

Y'llITbIBaR lice Bb1111ecKa3attHoe, ITpe,n_cTaBJIReTcR aKTyaJibllb!M ITpoBe,n_emrn 3KcITepn

MeHTOB ITO IIOHCKY ITpnMeClI TR)KeJib!X Hel1Tp11HO C y'leTOM KaK arrrrapaTypHb!X 3<p<peK

TOB, llCKa)KalOlliHX cpopMy 3KcrrepnMel!TaJibHO lI3MepReMb!X crreKTpoB, TaK H pa3pa60TKa 

MeTO,ll_OB orrpe,ll_eJieHlIR cpyHKIIHH ITOTepb B TBep,n_oTeJibHb!X pa,n_noaKTlIBHb!X HCTO'lHlIKax 

)]_JIR ,6-qacTHII l!H3KHX 3Heprnl1. 

U.em1 ;:i;11ccepTaIJ;IIOHHOll pa60Tbl 

1. TioncK rrpnMeC!l TR)KeJib!X HefiTplIHO 1!3 aHaJill3a ,6-crreKTpa 
241 Pu, C pac'!eTOM 

ITOTepb 3Heprnll 3JieKTpoHaMH B pa,D_l!OaKTHBHOM lICTO'lHlIKe 241 Pu, lI 6e3 BBe,ll_eHlIR ue

<pl13lI'leCKlIX napaMeTpoB ITpll o6pa6oTKe . 

2. IfayqeHHe ,6-crreKTpa 241 Pu Ha ABYX pa3JilI'lllb!X 3JieKTpOCTaTll'leCKlIX CITeKTpo

MeTpax lI aHaJil13 peJieBal!Tl!OCTll MC CHMYJIRU:Hfi pacceRHnfi 3JleKTpOHOB B peaJibHblX 

1 D.E. Groom et al, The European Physical Journal ·Cl 5, (2000), I.; 3Kcnep11MeHTaJ1hHh!e orpaHl!· 
'leHl!JI Ha Macey 3JieKTPOHHoro attTl!HellTpl!HO cocTaB.fUI!OT MeHee 3 3B 113 pa6oT: V.M. Lobashev et al., 
Nucl.Phys.Proc.Suppl., 91 (2001), 280.; ll Ch. Weinheimer et al., Phys. Lett., B460, (1999), 219. 

2K. Assamagan et al., Phys. Rev., D53, (1996), 6065-6077. 
3ALEPH Collaboration, Eur. Phys. J., C2, (1998), 395-406. 
4 F.E. Wietfeldt and E.B. Norman, Physics Report, 273, (1996), 149-197. 
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llCT0'lHllKax, OCHOBaHHb!l!: Ha 3HaHllll 0 ce'leHll.l!X yrrpyrllX II ueyrrpyrIIX CTOJIKJ-IOBeJ-llll!:, 

T0.l!IIJIIHe II CTPYKType IICT0'lHllK0B. 

3. 3KcrrepllMeHTa.llbHOe IICC.lle,U0BaH!le 3aB!lCllM0CTII 0CH0BHblX xapa1<TepllCTl!K ')JJeK-

Tp0CTaT!l'leCKl!X aHa.rJ!l3aTopoB OT 3Heprl!ll 3.lleKTp0HOB. 

4. Heo6xo,UllMOe ,U.ll.ll aHa.rJll3a /3-crre1npa 241 Pu, 3Kcrrep11MeHTa.llbHOe I13yqem1e crreK

Tpa 3.lleKTp0H0I} H_ll3KllX 3HeprI1l!:, B03HllKa!OIIJl!X IIJJI! o-pacrra,ue 
241 

Am. 

HanpaaneH11e 11ccne;::i;oaaH11ii. Mb! rrpoBeJm Hccne,noBaHl!.ll HerrpepbIBHoro /3-crre1npa 

241 Pu rrpll II0M0IIJll ,UllYX 3.lleKTpocTaTl!'leCKl!X crre1npoMeTp0B pa3Hb!X TIIIIOB, l!CIIO.llb-

3Y.ll HeCK0.llbK0 pa3Hb!X no aKTIIBH0CTll ll nmy II0)I..l!0iKKI! pa)I.!lOaKTl!BHblX l!CTO'lHllKOB 

241 Pu [l]. Orrpe)I.e.llll.llll cpyHKIJIIIO II0Tepb, 0CH0BbIBa.l!Cb Ha 3KcrrepnMeHTa.llbHO IIO.llrleH

HblX 0CH0BHbIX xapaKTepllCTl!Kax crreKTJJ0MeTp0B [1,2], ll MC Cl!MY.ll.l!IJl!.l!X rrpoIJeCCOB 

yrrpyroro ll Heyrrpyroro pacce.l!Hll.ll B llCT0'lHHKax [1,3]. 

MeTO)];bI 11ccne;::i;oaaH11ii 

1. ,Il,.rJ.ll llCC.lle)I.OBaH!lli Hll3K03HepreT1l'leC1rnx 3.lleKTJJ0HHbIX crreKTJJOB HaMll 6bl.llll nc

II0.llb30BaHbl )I.Ba 3.lleKTpocTaT!l'leCKllX crreKTpoMeTpa: (i) - ESA-50, co3,naH11b1l!: B Ol15II1 
(,IJ,y6na)5; (ii) - ESA-12, co1)1.aH11b1l!: B IUI<l> l.JAH (l.Jexll.ll)

6
. ,Il,m1 aHann1a IIOBTOp.lle

M0CTll cpopMbl II0.l!Y'laeMbIX B ll3MepeHll.l!X crre1npoll 6bi.ll IIJJllMeHen crreIJ!la.llbllbil!: CTa

TllCTll'leCKn:l!: MeT0)I. [3]. 

2. ,Il,n.ll orrpe)I.e.llellll.ll 3aBllCJIIIJllX OT 3Hepern11 xapaKTepHCTllK 3.lleKTpocTaTH'leCI01X 

crreKTpoMeTp0B n )I..ll.ll Ka.llll6poBKll a6co.ll!OTIIOl!: 311epreTH'leCKol!: lllKa.llbl 6bl.llll ll3Mepe

Ilbl crreKTpbI 3.lleKTpoHoB paJI.l!0aKTllBilbIX llCT0'llll!K0B 
169Yb, 

57
Co, 

63
Ni [1,2]. 

3. ,Il,.ll.ll orrpe)I.e.llelll!.ll rrapaMeTpoB, llCil0.llb30BaBlllllXC.ll IlJJll llCC.lle)I.OBalll!.l!X pa)I.l!O

aKTllBilblX llCT0'lHl!K0B 241 Pu ll 241 Am, rrpllMeH.ll.llaCb a- ll ,- II0.l!YITJ)OBO)I.Ill!KOBa.ll crreK-

Tp0MeTpll.ll [1,4]. 

4. ,Il,.ll.ll orrncaHll.ll pacce.l!Hllll 3.lleKTJJ0H0B B ll3yqaeMbIX paJI.!l0aKTllBHbIX llCTO'Illll-

Kax 6bl.ll0 llCIT0.llb30BaH0 MC CllMY.llllJJ0Ba!ll!e llH)I.llBllJI.Ya.llbllblX yrrpyrllX ll Heyrrpyrnx 

CTO.l!KnoBennl!: [l]. 

.[I;ocTOBepHOCTb 11 o6oCHOBaHHOCTb. ,Il,.ll.ll rro.lly'leHll.ll ,1.l.OCTOBepnol!: llllq>OpMaIJHI!, 

I} paMKaX rrocTaB.lleHIIOli 3a)I.a'lll llCC.lle)I.0BaHll.ll, HaMll 6bl.llll llCil0.llb30BaHbl )I.Ba 3.lleK

TJJ0CTaT!l'leCKllX crreKTpoMeTpa: ESA-,50 11 ESA-12. Hcrro.rJb30Ba1111e JI.BYX crreKTJJOMe

TJJ0B II03B0.lllleT ycTanaB.llllBaTb HCT0'llll!Kll CllCTeMaTH'leCKl!X Ollll!60K rrp11 ll3Mepenll.l!X 

crreKTJJ0B 0)1.HllX ll TeX)Ke paJI.l!0aKTllBHblX l!CT0'lHllK0B. HaMI! 6bl.lll! 3KCITep11MeI1Ta.llbIIO 

ll3y'leHbl xapaKTepl!CTl!Kll 3TllX crreKTpoMeTp0B. Ka.rJ116pOBKa a6co.rJIOTHOl!: 3HepreTl!'le

CKOl!: lllKa.llbl 6bwa Bb!Il0.l!HeHa C T0'lH0CTb!O 2 38 B ll"3MepeHll.l!X crreKTpOB Hll3K03Hepre

Tll'leCKllX 3.lleKTp0II0B pa)I.l!0aKTHBHb!X llCT0'lHllK0B 
169Yb ll 

57 
Co. 

,Il,.rJ.ll rrpoBepKll rrp11MeI1l!M0CTll MeT0)I.a Bbl'll!C.lleHll.ll 311epreT!l'leCKllX IlOTepb B Be

mecTBe llCT0'lHllK0B, oco6eHHO B 06.rJaCTll 3Heprlll!: Hll)Ke 10 K38, Mb! llCIIO.llb30Ba.llll B 

llCC.lle)I.0BaHll.l!X Tpll l!CT0'IIIHKa 241 Pu. 3TH llCT0'lHl!Kll 0T.lll!'la.lll!Cb KO.llll'ieCTBOM pa,UllO

aKTllBHbIX aT0M0B, a TaK)Ke Tllil0M Il0,1.l..l!0iKKll. ,Il,.rJ.ll rrpoBepKI! peneBa!ITHOCTll llCil0.llb-

30Bannoro MeT0)I.a Mb! TaKiKe rrpoBe.llll l13Mepe!lll.ll K-KOIIBepc!IOHHOl!: .llllHllll rrepeXO)I.a 

63 K38 B 169Tm, HMeJOIIJel!: 3Hepr1110 3.7 K38, JI.0 ll rrocne naHeceHl!.ll Ha nero TOHKoro 

5Ch. Brian~on, B. Legrand, R.J. Walen. Nucl.Instr._ and Meth., 221, (1984), 547-557. 
6D. Varga et al., Nucl. Inst. Methods, 192, (1982), 277. 
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C.TJ0JI 241 Pu. HaM y.:i,a.TJ0Cb B0CilJJ0l!3BeCT!l cpopMy ,TJl!llllll KaK )1.0 naIIbI.rJe111rn, TaK II II0C.lle 

C xopometl T0'III0CTb!O. 

To. '!TO IIIIT<'Hl'llllll0l'Tb l!CIIO.Tlb"30Ba!llllllXOI II l!ff,IJP!J,0llaHnllX pa,unoaKTllllllblX llC

T0'IHIIK0B l!"l~!Plln.'Jal'b II COOTBeTCT!lllll r IIP]HIO;\ml no.TJyparnana 241 Pu 6b1:JO ycTaH0-

ll.TJeH0 [I0('j)f',U<"Tll0~I O II , - rne1nporirnnm1. ,l.•1J1 a11a:una TI0BT0p.lle~IOCTll cpop~!bl, 

TI0.'l~"laP~lblX ll 113~1epe111rnx rneKTj)OB. 6bI.'1 11p1n1etteH rneIJl!a.'lbHbltl CTaTlffTl!'leCKllfi 

MeT0.J,. '➔ To !l,a.TJ0 .J,0110.fJHl!T(',TJbll)'lO ll03~!0iKII0CTb K0IITJ)0.TJ.ll CTa6n.rJbllOCTII 3HepreTH'le

CKOtl UJKa.TJbl. 

Pe·iym,TaTbl, no.r1y 0 w1mh!e na rneinpmwTpe ESA-12, npo,ue1011rTp11poBa.rrn B03~10iK-

11oc-r1, 1rnppeKT110tl o6pa6oTKI! ..J-rneKrpon 6e3 uuenemrn cpe11m1etto.r1or11qecKnx napa

MeTJHlll. ;JaiKP II c.r1yciae !I0IICKa TaKl!X T0HKIIX -➔ ciici>eKTOB, IrnK 1103~10iKllaJI 11j)llMeCb 

T.ll)Kl'JIOJ"0 IICfiT]HlllO. 

Ha 3arn;11Ty BbIH0CJITCJI: 

I. fl pone)I.ett11e atta.11113a '3Kcrrep11Me11Ta.'Ib11oro rne1npa 
241 

Pu n orrpe,1,e.J1e1111e uepx

nero rrpem.'.lla na npl!Mf'Cb nDKe.TJoro r1et!Tp11110 B ll.Hana,01w ~iacc 5-1 i K3B/ c
2 [I]. 

2. O11pe.ne.11e11llf' qiyHKIJIIOUa.11bl!Otl "JaBJ!l'Il~I0CTll OT "11lf'])fllll TpaHCMJICCIIII ·3.~eKT])0-

CTaT!l'IeCK0f0 cneKTJJ0MeTpa ESA-50 [2] u ·3cj1cjwKTllllllorn1 1rnua.,1b110ro y~n!OiKIITe.JlR tta 

cneinpoMnpe ESA-12 [I]. 
3. Pa3pa6onrn 11 pea.r11nai1,n.ll MC Bbl'!llc.rwtmtl pacn·mmtl ttll3K0":llleprenl'IecKHX 

3.~eKT]J0ll0B B pea.Jlbllb!X pa)I.l!0aKTIIBilb!X IICT0'lllllKax II npouep1rn HX )I.0CT0Bep110-

CTII [l.:l]. 
4. lh~1epemrn II pe·1y.r1bTan,1 a11a.111na Hll3KO"·lH('jJl'('Tll'H'CK0ro cne1npa ":),IJ('KT]l0II0B, 

B03ttlllrnK111JeI'0 11p11 parna,ue 
241 Am [4]. 

Hay'IHaJI HOB113Ha. BnepBbie )I..TJ.ll [l()JIC((a. Il]lll~Ier11 Tll)KeJJbIX netlTJ)IIIIO HCII0.TJb30Ball 

cneKTJ) 241 Pu, panee, 3a 11cK,TJIO'len11e~1 
177Lu (Z=il)7. Bee nonbITKII nonrKa TRiKe.~blX 

nel!:TJ)Hl!O 113 aaaJJH3a /3-cneKTJ)OB 6bIJlll orpaHl!'Iettbl Z<30. 

BnepBble 'rrp11 no11rne TIJ)llMeCil T.lliK('J]blX HPfiTpl!HO B ;3-rnf'Inpax 6e:i BBe,UeHl!ll cjieno

MeH0.l!0fJI'leCirnX nonpaB0K Il0CTpoetta cpyHKIJll.ll 0TKmllrn rlll'TC'Mbl. BKJllO'lalOJ!Jf'tl IrnK 

pa,unoaKTl!BHbil! llCT0'IIIIIK, TaK 11 311eproana..r111:Ja.T0]l C ).leTeKT0])0~I. 

IlpaKTll'IeCKaJI none3HOCTb. I1onyc1eII1Ibll' ]lf'3YJlbTaTbl Il])0lJ.('~IOIICT]ll!]J0Ba.1m B()"J

MmKH0CTb IrnppeKTHOl! o6pa60TKI! fJ- CTieKT])0B 6e3 llBt')I.etrn.ll qle!IO~le!IO.T]OJ'll'll'CKIIX na

paMeTp0B, )I.a,Ke B rny<iae Il0IICirn. TaKJIX T0HKIIX ·1<11ciwKTOll, Ka.K B0:3M0iK!lan Il]lll~l('Cb 

T.ll;Kenoro nel!:Tpnno. 

I1ony'leHHbie )I.att!lble no ":ltteprll.ll~I Ill'K0T0j)blX }l)\e]lllblX nepeX0)I.0B ll 23'Np. II0"HJII

Ka!OIIJl!X rrpll o-pacna)I.e 241 Am, HMeIOT BaiKH0P ~IPTpo.norwiecKOl' ·111a<1emrn. T.K. ll".l0T0l1 
241 

Am llll!J)0K0 l!CII0Jlb"JYeTOI ll J(a<JeCT!le 1rnm16poBO'IIIOI'O IICT0'IIIUKa. 

Anpo6a~11J1 pa6oThI. Pa6oTa 6b1.~a anpo611p0Ba11a 11a. XLIX qrneu1am111 no n).lep11otl 

CIIeKTJJ0CK0ill!ll 11 CTpy1<rype a:r0MII0I'0 }1)1.jla II Ila re~11111apax no cjlll"lllKt' IIU"llrnX ·11wpr11tl 

mmmurn. 
7S. Schonert et al., Electroweak Physics Beyond the Standard Model, (World Scientific, Singapore, 

1992). 
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CTpyKTypa ll ofrheM ,D;HCCepTau1rn. )],nccepTaUllR COCTOllT ll3 BBe,[(eHllR, Tpex rnaB 

ll 3aKmoqeHllR. 06beM ,[(llccepTal.lllll 109 cTpam11.1. ,1],nccepTauirn co,[(eplKllT 41 pncynoK 

n 12 ,Ta6JillU. C11ncoK JlllTepaTypb! BKJlloqaeT 99 HallMeHOBaHllfi. 

Bo BBe,D;eHllll ,[(aeTCR o6octtoBaHlle BalKIIOCTI! ITpOBe,[(ellllR l!CCSie,[(OBaHllfi il-rnt'KT()OB 

;J:JIR 110llCKa 11pm,1ecl1-TRlKeJibIX ttefiTplIHO. Ccpop!--1)',1ll()OB311bl ue.rrn pa60Tbl II o6ocHOBaH 

BbI6op, B KaqecTBe 11pe,[(MeTa l!CCJie,[(oBal!llR, cneKTpa pa,[(l!OaKTllBHOfO i!CToqumrn 
241 

Pu. 

IIepBaJI rnaBa' "CoBpeMettttoe cocToRHlle q>ll3HKH Macchi tteihpl!Ho." B 3Tofi 

rJiaBe ,[(aeTCR KpaTKllfi ofoop ITO COBpeMennoMy COCTORHl!IO cp1!31!Kll nefiTpi!IIO, oco6eHHO 

cpi!3l1Kll HefiTpllHHOfi M3CCbl. 

llep6btU pa3iJtA l.ita6bl 110CBRll{eH o6mll~1 acITeKTal\I ttefiTpHHHOfi cpH31!Kll, HaquHaR OT 

HCTO()llll OTK()b!Tl!R 11efiT()llHO ,[(O COBpeMeHHOfO TeopeTW!eCKOfO B'3fJIR,[(a Ha ITpo6.r1eMy 

MaCCbl HefiTpllHO. 
Bo Bmopo.M pa3i}e11e paccMaTpl!Ba!OTCR B011pOCbI, CBR3aHHbJe C HefiTpllHHb!Mll OCUl!JI-

JIRl.lllRMll. MacCOBbJe COCTORHllR cpepMllOHOB, B o6meM cnyqae, He COBl1a,[(a!OT c co

CTORHl!RMll, CBJI3aHHb!Mll co cna6bJM B33llMO,[(efiCTBlleM. Ecm1 011pe;i:eJil!Tb UBeTa ,[(JIR 

Jiel1TOHOB ( l · = e, µ, T ), Tor;i:a HefiTpl!HHbie cna6bie COCTORHllR MOfYT 6hITb 3a11ncaHbl 

KaK: Iv)= L; U1; IVi), r,[(e V; - MaccoBbie cocToRHl!R (i=l,2,:3). U - ne11TOHHaR MaTpuua 

CMeJIIl!B3Hl!R. 8 11pocTefiJIIeM cnyqae, ,[(JIR ,[(BYX UBeTOBblX COCTORHllfi, TpaHccpopMaUHR 

MelK,[()' MaCCOBbJMll ll [J,BeTOBb!Mll COCTORHllMll UMeeT TOJlbKO O;J:llH 11apaMeTp, 0, H33bl

BaeMhlfi yrJIOM cMeJIIUBaHl!R. MoJKHO 3311l!C3Tb: 

(v,) ( cos0 sin0) (v') 

v,, - - sin 0 cos 0 v 2 

(1) 

Ecnu Ve pac11pocTpaHReTcR B BaKyyMe, TO 11ocJJe npeMeHll pac11pocTpaHeHHR t: ve(t) = 

cos0exp(-iE1t)v1 +sin0exp(-iE2t)v2 f- Ve (r,[(e E; = Jp2+mn. BepoRTHOCTh Ha-

6JI10,[(eHHR Ve Ha paccToRHllll L = ct: P(ve --+Ve)= 1 - sin
2

20 X sin
2
(rrL/Lv), me 

Lv = 4rr E / 6.m2 - ,[(Jlll!la BaKyyMHbIX OCl!l!JJJIRl!llfi, 3aBllCRW:aR OT 311epr11u 11efiTp11110 

E ll pa3!10CTll KBa;i:paTOB Mace V2 ll Vt, 6.m2 
= m~ - mf. IlapaMeTpaMll 11efiTpll!!HbIX 

OCl!llJIJIRl!llfi RBJIRIOTCJI yroJI CMelllllBa!lllR 0 ll 6.m2
• UeJib!O Bcex 3KC11epl!Me!ITOB 110 

11efiTpllH!lbIM OUllJIJIRUllRM RBJIReTCR a!laJill3 11JIOCKOCTll (6.m2
) sin

2 
20) ,[(JIR pa3Jillq!lblX 

3Hepr11fi 11efiTpll!!O ll ,[(llCTaHUllfi Me)K;i:y l!CTOqHllKOM ll ,[(eTeKTO()OM. HefiTpllHO OT YCKO

p11TeJiefi 1103BOJIRIOT l!CCJie,[(oBaTb OT!IOCllTeJib!IO 6oJibllll!e 6.m2 
(6oJibJIIlle, qeM 1 38

2 
/c

4
) 

,[(JIR 3KCI1ep11MeHTOB, B KOTOpbIX L 110()R,[(Ka 1 KM). PeaKTO()!lble HefiTpllHO (KO()OTKOe 

paCCTORHlle, HO ll !lll3KaR 3Heprl!R) Ii aTMOccpepHble HefiTpl!HO 1103BOJIJIIOT l!CCJie.ll,OBaTb 0 
B l!HTepBaJie MelK;J:y 10-3 ll 1 382 / c4 • I1ccJie;J:yR COJIHeqHbie 11el\Tpl!HO MOJKHO .ll,OfiTll .ll,O 

0 ~ 10-11 382 / c4 • B 3aBl!Cl!MOCTll OT l!CTOqHIJKa HefiTpllHO BCe 3KC11ep11MeHTbl MO)KHO 

ycJIOBHO pa3,[(eJJl!Tb Ha ,[(Be rpy1111b1: 3KC11epnMeHTbl, B KOTO()blX l!ll{eTOI 110RBJleHlle B 

l!CXO,[(HOM 110TOKe HefiTpll!!O, Ha11pl!Mep Vµ, 11efiTpl!HO ,[(pyroro Tlll1a, Ha11pl!Mep Vri BTO

pofi Tlll1 3KC11epl!MeHTOB Ha11paBJJeH Ha 110l!CK ,[(eqmunTa KOJillqecTBa pernCTpllpyeMbIX 

co6b!Tl!fi 110 cpaBHeHl!IO C 110JJyqeHHbIM 1!3 11pe,[(l10JiaraeMOfO ITOTOKa. 

Tpemuil pa3iJe11 211a6bl 110CBRll{eH 3KC11ep11MeHTaM, B KOTOpblX 11pe,[(eJibl Ha Macey 

HefiTpllHO ycTaHaBJJl!Ba!OTCR 1!3 6e30CUllJIJIRl!llOHHbIX paccMOTpeHl!fi. Q,[(Hl!M ll3 11yTefi 

011pe,[(eJieHllR CBOfiCTB HefiTpll!!O RBJIReTCR per11cTpau1111 HefiTpl!HO, o6pa3Y!Ollll!XCR 11pll 

4 

... 

B3pbIBe CBepXHOBbIX 3Be3)],. lfaMepeHllR pa3JJllqlIR BO BpeMeHl! pac11pOCTpaHeHl1JI Hefi

T()l!HO C pa3Hb!Mll 3Heprl!RMll OT CBepXHOBOfi 3Be3,[(bl )],O 3eMJII! ,[(aeT llHcpopMaUll!O 0 

~iacce Hefirpnno. lb aHaJIH3a HefiTpl!HHoro cnrnana, 3aper11cTpupoBaHHoro 23 cpenpa

.rrn 198i ro)],a OT BCITblllIKll CBepXHOBOfi B BoJibJIIOM MareJiaHOBOM 06JiaKe, 110JiyqeHa 

BepXHRR rpaHnua na Macey nefiTpHHO mv < 20 38
8

• 

8 cnyqae, KOf,[(3 R,[(po l!MeeT 3HepreTnqecKyIO B03MOJKHOCTb pac11aCTbCJI C ll3Mene

HlleM z --+ z + 2 n He l!MeeT B03MOlKHOCTll 11epexo.I1,a z --+ z + l, TO MO)KeT 11()0l!CXO,[(IITb 

)],BOfiHofi /3-pacna,[(. Ilpe,[(eJI na BepoRTHOCTh Ov/3/3 pac11a,[(a HaKJia,[(bIBaeT )KeCTKIIe orpa-

1rnqeHHR na. BepXHllfi 11pe,[(eJI MafiopaHOBCKOfi MaCCbl HefiTpl!HO II Ha cero,[(HRJIIHIIfi ,[(eHb 

cocTaBJIReT < 0.42 38/c
2 

(90% C.L.)
9

• 

BoJJbllllillCTBO 3KC11epl!MeHTOB ITO 11()RMOMY 011pe,[(eJieHl1IO BepXHl!X 11pe,[(eJIOB Mac

Chi HefiTpllHHO OCHOBaHbl Ha. 113yqeHl1II KlllleMaTl!Kll 11poueccoB pac11a,[(a C yqacTl!eM 

HefiTp1rno. TaK Macey v,, MO)KHO 011pe.I1,eJIIITb ll3 Kl!HeMaTIIqecKII 11pocToro pac11a.I1,a: 

rr+ --+ p+ + Vµ, orpaHuqeHl!R Ha Macey Vr ll3 nccJie,[(OBaHufi r-pac11a.I1,a, a Macey Vvc II3 

;3- pac11a,[(a aTOMHblX R,[(ep. 

B ''lfl1!6epmo.M pa3iJe.1e ,?.lta6bl paccMaTpIIBaeTCR B03MO)KHOCTb CMeJIIl!BaHlrn pa3Jillq

HbIX MaCCOBblX COCTORHllfi HefiTp1mo, KOTopoe CTaHOBl!TCR B03MO)KHbIM, eCJII! HettTpllHO 

nMeeT neHyJJeByIO Macey. B 3°TOM cnyqae, ecn11 m 2 > > m 1 II pa3HOCTb Mace 60Jib

I1Ie 100 38, TO ;3-c11eKTp 11pe)],CTaBJIReT co6ott cy11ep1103lll!ll!O OT,[(eJihHbIX KOMIIOHeHTOB 

3HepreTuqeCKII pa3peJIIeHHbIX KaHaJIOB: 

dN _ dN(E,mi) 
20 

dN(E,m2) . 2
0 dE - dE cos +. dE sm (2) 

OcHOBHbie pe3yJibT3Tbl 110 110l!CKY II()l!MeCII TJIJKeJib!X HefiTpl!HO B /3-c11eKTpax 6b[JIII 110-

JJyqeHbl 110CJie Toro, KaK B 1985 ro;i:y )],)K. CIIMIICOH 3aRBl!Jl O HaJillqIIII 3<p<peKTa, CBR-

3aHHOfO C cymecrnoBaHIIeM TRJKeJioro (17 K38) HefiTpl!H010 • K HaCTORll{eMy BpeMeHll, C 

ToqKl! 3peHl!R cpyH,[(aMeHTaJibHOfi cp1!3IIKll, 17 K38 HefiTpIIHO 6onee He IIHTepeCHO, T.K. 

eCTb y6e,[(l!TeJibHbJe ,[(OKa3aTeJibCTBa 11()0Tl!B ero cymecTBOBaHHR. C ,[(pyrott CTOpOHbI, 

IIOl!CK 11pl!MeCII TJI)KeJib!X HettTpllHO II3 Kl!HeMaTHKll ,B-pac11a,[(a ocraeTCR aKTYaJibHOtt 

11po6JJeMofi, KaK C roqKII 3peHllR 110IICKa IIMeHHO 11p11Mec11 TJI)KeJIOfO HettrpIIHO (B TOM 

ql!cJie CTepl!JibHOfO HettTpl!HO), TaK II B CBeTe Ba)KHOCTl! l!CCJie.ll,oBaHIIR 11paBIIJibHOfO 

yqera c11cTeMaTIIqecK11x 3cpcpeKTOB, Ha11pnMep 113yqeH11e pacceRHIItt /3-qacTlll! B Beme

CTBe pa,[(uoaKTl!BHOfO IICToqHHKa. 

BTopa11 fJiaBa "MeTO,D;ll''IeCKHe BOIIpOCbI." Bo BTopott rJia.Be 11()0BO,[(JITCR rrpe,[(Ba

()IITeJibHbJe pacqeTbl Heo6xo,[(l!MOfi 3KCIIepIIMeHTaJibHOtt CTaTl!CTl!KII J3- -Cl1eKTpa 241 Pu. 

AHaJIII3npyercJI cxeMa pac11a.I1,a 
241 

Pu. Mccne;i:y10rcJI q>II3IIqecKIIe xapaKTepIICTIIKII 

3JieKT()OCTaTHqecKl!X c11eKT()OMeT()OB, llCl10Jib30BaBllll!XCR rrpII rrpoBe.ll,eHIIll ll3MepeHIItt. 

JJ:a.eTCR 011IICaHl!e MeTO.ll,OB 11()llfOTOBJieHl!R ll IICCJie,[(OBaHIIR CBOttCTB pa.ll,IIOaKTllBHblX IIC

ToqHl!KOB, IICl10Jlb3yeMb!X B Cl1eKT()OCKOl1lll!. 01111cb!BaeTCR 11poue;i:ypa yqeTa BJIIIJIHIIR 

pacceJIHIIR 3JleKTpOHOB B Bell{eCTBe IICTOqH11Ka Ha ,B-c11eKTp 
241 

Pu. 

.D:nR .ll,OCTII)KeHl!R 110CTaBJieHHOfi ueJil! 110 110l!CKY 11()l!MeCII TJI)KeJiblX HettTpl!HO ll3 

aHaJil!3a ,3--c11eKrpa 241 Pu HapR,[(Y c crar11c'rJi:qecKott roqHOCTbIO Heo6xo,[(IIMa ,[(eMOH

crpaUIIR 110Hl!MaHllR Cl!CTeMaTnqecKIIX 3cp<peKTOB Ha ypOBHe 110JiyqeHHOro 11pe,[(eJia ( IIJlll 

8 P.J. Kernan and L.M. Krauss, Nucl. Phys., B437, (1995), 243. 
9H.V. Klapdor-Kleingrothaus, E-preprint hep--ex/9901021, (1999). 

10J.J. Simpson, Phys. Rev. Lett., 54, (1985), 1891-1893. 
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3Ha'Iemrn) HefiTpHHHOfi npnMecn. OcHOBHb!MH HCTO'IHHKaMH ncKa)KaJOIIIHX cpaKTOpoB, 

3aBe)J,OMO H3MeHHJOIIIHX cpopMbl 3KCTiepnMeHTa.JlbHb!X cneKTpOB, B HarneM c.r1y•-me HBJJH-

!OTC»: 

1. CneKTpbl )J,O'IepHHX H30TOTIOB H cpoHa. 

2. Pacce»HHH 3JJeKTpOHOB B BemecTBe HCTO'IHl!Ka. 

3. 3aBl!CHMOCTb TpaHCMIICCHH cnernpOMeTpa n ::>qJq>eKTIIBHOCTH .neTeKTIIPYJOIIIefi rn-

CTeMbl OT 3Heprnn pernCTpnpyeMb!X 3JJeKTpOHOB. 

B nep60M pa3iJe.1te 2.1ta61Jl npoBe.D,eHa Ol]eHKa CTaTHCTl!'IeCKOfi TO'IHOCTll, Heo6xo.nn

MOfi )J,JJH )J,OCTH)KeHl!H 'IYBCTBHTeJJbHOCTH Ha npnMeCb TH)KeJJoro HefiTpHHO B HeCKOJlbKO 

.necHTb!X npo!]eHTa. HaMH 6bIJlll BblllOJJHeHbl MO.D,eJJnpoBaHHH pea.JibHb!X cneKTpOB 
241 

Pu 

C npnMeCblO rnnoTeTH'IeCKOro TR)KeJJoro HefiTpHHO. ITpoBe.D,eHHb!e Bbl'IHCJJeHIIH 110!(a.3a

Jll1, 'ITO )J,JJH TIOllCKa npnMecefi TR)KeJJoro HefiTpHHO B .nnana30He Mace OT 11 .no 17 1nB/c
2 

Ha ypoBHe, COOTBeTCTBYJOIIIeM JJY'IIllllM pe3yJJbTaTaM npe.D,bl.IJ:Yll!llX ll3MepeHnfi, Heo6xo

)J,llMO Ha6paTb 110 Kpafittefi Mepe 108 co6bITllfi, CBH3aHHb!X C i3- -pacna.noM 
241 

Pu B IIH

TepBa.Jie 3Heprnfi OT 3 )J,O 9 K3B. B OTJJII'Ille OT 3TOro .nnana30Ha Mace (.n:JJ» KOTOporo 

llHTeHCllBHb!e ll3MepeHllH npoBO)J,l!Jll1Cb B nepno.n nccJJe.D,OBaHllfi 17 K3B HefiTpnHo), )J,JlH 

6oJJee Hll3KllX 3Ha'!eHnfi MaCCbl npnMecttoro TH)KeJJoro HefiTpHHO Heo6xo.D,llMO MeHbrnee 

KOJJH'IeCTBO co6bITllfi B cnernpe, T.K. nMeJOIIIefirn npe.neJJ cymecTBeHHO Mettee cTpornfi . 

Bo GmopoM pa3iJe.1te 2.1ta6'bl npoBO)J,HTCH auaJJin cxeMbI pacna.na 
241 

Pu. 0TJJH'-me 

cpopMbl ll3MepeHHOI'O p-cneKTpa OT TeopeT1I'!ec1rnro MO)KeT 6bITb CBH3aHO C Ha.JIWrneM B 

llCTO'IHllKe npnMecefi .npyrnx pa.nnoaKTllBHb!X II30TOllOB, K KOTOpb!M OTHOCHTCH H )J,O'Iep

HHe ll30TOllb!. KaK BH)J,HO H3 pncyHKa 1 6oJJee 99% OT Bcex pacna.noB 
241 

Pu npHXO)J,HTCH 

Ha µ- -pacna.n B 241 Am. 

..... 
433 r . 

CX.0,0024 241Am 
a 

p-

a 

1.JTO KacaeTCH B03MO)KHOCTH a-pacna.D,a 
241 

Pu B 
237U, TO 

Ha 3TY BeTBb npHXO)J,HTCH 2.4 · 10-5 OT Bcex pacna.D,OB. HaMll 

npoaHaJJH3HpOBaHO BJllIHHHe KOHBepcnn ».nepHb!X nepexo

)J,OB B 237U n O)Ke ::>JJeKTpoHOB B ypaue, Ha annapaTypttyJO 

cpopMy i3- -cneKTpa 241 Pu. I1oKa3aHo, 'ITO cneKTp ,.rreK

TpOHOB HH3KHX 3Heprnfi, CBH3aHHblfi C BeTBbJO a-pacna.na 
241 Pu, He 6y.neT OKa3b!BaTb cymecTBeHHOfO BJlllHHHH Ha 110-

JJy'IaeMblfi npe.neJJ npnMecn TH)KeJJoro HefiTpnuo. 

8JJHHHHe Ha cpopMy 3KCnepnMeHTa.JlbHOI'O cneKTpa 3JleK

TpOHOB )J,O'IepHero 241 Am, KOTOpblfi pacna.naeTCH C nepno

)J,OM 433 ro.na ua B036y)K.D,eHHble COCTOHHIIR 
237

Np, 6b!Jl0 

y<ITeHO nyTeM He3aBllCIIMblX H3Mepeunfi pa.nnoaKTHBHOfO 

ncTo<iHHKa 241 Am. KpoMe Toro, n3yqeune ,Toro cneKTpa 

RBJJHeTCH caMOCTOHTeJlbHOfi HHTepecuofi 3a.D,a'Iefi, T.K. pa-

Pnc. 1: CxeMa pacrra,a;a Hee OH ll3Y'Ia.JICR C OTHOCHTeJJbHO HH3KHM llHCTpyMeHTa.Jib-

241 Pu) Hb!M pa3peUieHHeM. HaMH 6bJJJH npoBe.D,eHbl ll3MepeHIIH 

cneKTpa 3JleKTpOHOB Hll3KHX 3Heprnfi ll3 a-pacna.na 
241 

Am, B IIHTepBa.Jie OT 2.5 .no 

22.5 K::>B. C l]eJJbJO y'IeTa ,Toro cneKTpa, KaK cpottoBoro npn p-pacna.ne 
241 

Pu, 6bIJlll 

BblllOJJHeHbI H3MepeHHH r<aK ua cneKTpoMeTpe ESA-.50, TaK n Ha ESA-12, npn aHa.JIO

rH'IHbIX ll3MepeHllHM i3- -cneKTpa 241 Pu ycJJOBHHX. ,l],JJH 6oJJee TJI]aTeJJbHOro H3y<IeHHH 

CTPYKTypbl HH3K03HepreTH'IeCKHX 3JleKTpOHHblX JllIHHfi 6b1.ri HCTIOJlb30BaH cneKTpOMeTp 

ESA-50, npn nHcTpyMeHTa.rrbHOM pa3perneHHH 20 ::>B. Onpe.neJJeHbI cJJe.D,yJOIIIHe ::>Heprnn 

nepexo.noB B 237Np: 26343.8(17), 33192.5(25), 42704(5), 43420(3), n 123052(7) ,B. '.3tta-

6 

"\'I 

•1em1.tt -~11eprnfi 9994(5). 10186(5) ll 1:3977(5) -~H 6bl.'111 f!O.fJ)''IeHbl ,U.'lH ,UOMIIHHp.)'!Oll!IIX 

0;.i..e nepexo,uoB B Np: L/\l4l\ls(1G4), L3l\l5:\!5('3Fi) 11 LiM4l\15(1G4), coorneTcrneuuo. 

Tpc lllltll jl<IJdt.1 ?.1<16bl flOCBHIIIell rne1npmteTpaM, llCflO.'lb30BaBilll1MCH B 113MepeH!l

HX. )],.TJH no.rry'Iemrn ,lOCTOBepHofi nncpop~!al]llll. B paMKax fIOCTaB.rrennofi 3a,Ua'IH HC

c.rre.noDalll1H, Ha~rn 6b1.111 HCflO.fJb"30Ballbl ;I.Ba ·,.fJeKTIJOCTan1•1ecKHX cneKTpOMeTpa: (i) -

ESA-50. mum (D,y6i-m): (ii) - ESA-12. IU:l<I> l!AH (1-!exirn). B "HHX npn6opax 3Hepre

Tll'IPCKll11 cneKTJJ ·,.rie1nponoB a11a.rr11311pyPTCH IIOC]Je;J.<"TllO~I :(BOi!Horo llll.rll!H;J.pll'IeCKOfO 

·3epKa.rra c npe;J,Bap1rre.11bHht~1 ·-mMe,u.rJenm·~i ·1:1e1npo110B ccjJep11•1ecK11M 3aMe,LJ,.'ll!Te.rieM B 

ESA 50 11 cneu11a,rrhnofi ·1.rJeKTponan1'Ien,ofi .:m,nofi B ESA-12. CneKTpoMeTpbI npe.u

ua311aqe11b1 .n.rrH anaJ111Ja ,.rreKTJJOHHhIX cneKTpoB B 06.rracn1 ::>Heprnfi 0.2 - 50 K,B ).l,.TJH 

ESA-50 11 0.1 - 12 Kc~B .n.rrn ESA-12. Xorn ESA-12 f!03BO.TJHeT npoBO).l,l!Tb 1nMepen11» B 

60.r1ee y-mm1 ·1neprPT!I'IeCirn~i IIHTepBa..TJe, OJI 11~1eeT .fJ)"'IWlle napaMeTpbl CTa6n.TJbHOCTl1, 

11eo6xo.n1n1bif' ,u.rrn ).l,JIIITe.TJbllbIX 113~1epem1/1. Tio nawe~1y 3aMbIC.rry Mb! pern11.1n .:i.0110.rr

Hl!Th ,!I,.fJl!TP.fJbHblf' lnMepeHIUI 06.rracn1, COOTBPTCTB}"IOI.1..(f'/1 ~rarra~I TH;+.e.rioro nellTpHHO 

J:_l-;-17 1nB. Ha rnf'KTJJOMPTPP ESA-12. ,n~iep<'irnn~rn 06.rracn1 ~race Hl!;+.e 1:3 1nB na 

rneKTJJOMeTpP ESA-50. 

B rneKTpoMeTpe ESA-50 cneKTp ·1.rreKTpo110B o:annpyeTcn HJMeHeHneM 3a.Me,!I,.fJHJO

IIIPro nanpH;.Kf'Hl!H. Tpa.nnmrc1111 3aMe.[(Jll!Te.1rn 3aBJICHT OT "'lHepnrn ·1.rreKTJJOHOB. )],.rrH 
np116op11oro pa.3pewemrn 7 ,B ·rn.B11n1~10cTb Tpannmrnm 6b1.rrn onpe,ue.rrena. cpaBnen11-

eM no.TJ~"IE'Illlb]X "'lKrnep11MeHTa.flbHO ·rnaqe1rnfi ll!IH'Hl"l1BHOCTf'fi KOHBepn!OHHbIX Jll!Hllfi. 

Bo·rn11Ka1ow,11x B parna.ue 169Yb, r 11x pac•H'Tllhl~lll ·311a•w1111n~111. B onn1Ke ·3,TJeKTpocTa

TII'H'CKHX a11a,r111:-mTopoB npe,uno.naraeTrH. 'ITO TJ)nHn!IICCIUI )\0."DK!la na,LJ,aTb o6paTHO 

nponop!]noHa,rrhno ,ueprnu 3JJeKTponoB. Hawn 113~H'JJE'Hllll ·no no;J.TBep.:i.11.rrn. OrnoB

Hbie 113Mepen11H na cne1npoMeTpe ESA-50 6biJJH Bblllo.rrHeHbI npn 1111npyMe11rn.rrhHOM 

pa3perneHHll 65 ::>B, 'ITO onpe.ne.rrHJJOCb neo6xo).l,HMbIM ypoBHeM CTaTUCTll'IeCKOll TO'IllO

CTH. ,l],JJH TaKoro pa3pernemrn aHa.JIH3HJ).)'JOW,ee nanpH;+.eH11e paBHO 100,5 B, 'ITO J\IO)KeT 

npHB0.[\11Tb K 1aMeTHOMY npOBl!CaHHJO no.rrefi Ha ll\E'.fJHX. roe,!I,HHHKlll!IIX ·3a~1e,UJ111Te.TJb 

11 aHa.Jin·3a.TOJ), np11 3TOM Bl!)], qJyllKI]IIII Tpa11nrnn-n11 ~IO;.KeT l1"31lf'HIITbCH. )],.rm 11a

XOlK,D:ellHH TIOBe.D,eH!lH TpaHCMllffl1ll B :HOM C,fJj"JaP Mb! cpaBHll.fJII 0'lKCilf'J)ll~leHTa,TJbllblfi 

cneKTp 241 Pu, no.rry'IellHblfi (' pa3JJE'Ill('HJif'M 7 °?8 II rnoppeKTIIJ)Olla.Hllblfi Ha 11"3BPCTH)"Kl B 

3TOM cJJyqa.e TpaHCMllffl110, C 3KCnepHMeJiTa.flbllhlM rneKrpo~r TOro;+.e IICT0'11111Ka, no.riy

•IeHllblM IIJ)ll pa.3pernemrn 65 ,8. PeJy.,1bTa.T 110).l,TllP]l}\ll.Ti 11am11 onacemrn, Kara.Klll\H{'OI 

OT.flll'Il!H B IlOBe.D,eHHH Tpa.HCMHCCIIH IIJJII HHl'TJ))'IIWl!Tn,fJbHbIX pa3pewemrnx 65 ·1B II 7 ::>B. 

Ha cneKTpoMeTpe ESA-12 cKaHnpoBan11e rnPKTpa npo11cxo.[(1IT 11:iMeHenneM 11anpR

lKeH11» aHa.JI!l3a. ,l],JJH nero Heo6xo).l,HMO Y'IHTbII!clTb :rn11HCII~IOCTb 0?q1q>PKTHBIIOCTII JW

TeJ(TOpa OT 3Heprnn pernrTpnpyeMbIX "').fJPKTJJO!IOB. )],.rm OIIJ)<','l,E'.flt'lll!JI Tarrnfi ·ia1111c11-

MOCTH Mb! cpa11HH.fJl1 :1Kcnep11MeHTaJ1bHblfi II 110.r1y•1el!J1bltl 1\1 (' CIIMj'J!HI\IIH~lll ,J--Cllt'Inp 
63Ni. 0Ka3a.JIOCb, 'ITO Kpl!BaH ·3cptjwKTHIIIIO('TJ! ~IO)KPT 6b!Tb ·1a.1111ra11a KaK .1Il!ll<'llllo 

y6bJBaJOIIIaH q>.)'HKI]l!H JJOrapnq>Ma 3HE'Jlfllll (B 06.rian11 :J-9 K::>B). 

l\a.JI!l6poBKa a6coJJJOTHOfi 3HepreT!l'leCKOll 11ma..f!bl rneKTJ)OMl'TJ)OB 6bI.fJa llbIIIO.fJHt'

Ha C TO'IHOCTbJO 2 ,B np11 IIOMOIIIH KOHBepcllOlll!b]X 3.fJeKTJJOHOB, ncnycKaf'MblX B pac

na.ue 169Yb: K-63.12081(4) K::>B; M 1-, M2-, l\.b-. Ni-, N3- 8.41008(21) K,B: Li-. 
L2-, L3-, Mi-, M2-, l\13- 20.74378(10) K,B. /1,n» onpe.[(e.rrPHIIH ·3m·prnll Kam16po110•1-

Hh!X Jl1111Hfi 6b1.rrn lll"llO.fJb:IOBa.Hbi 3HPJ)I'llll CBfflll ·:i.rrr1npo110B nTO~!llbIX IIOJ\060.f]()'l('I( II 

TYJJHH11 ,Ll,onomrnTe.TJbllb(e IIl"C.fJe).l,OBa!IHH 6bl.flll llblllO.flll('Ilbl IIJ)ll flO~IOll\11 Koirnepntoll-

11 Ii:.D. Sevier, Low Energy Elrrtron Spectroscopy. (NPw York: Wil<'y). (!9i:l). 2:20. 
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Hon JillHIUI K-14.4 B pacna,!l,e 57Co ,!l,Jlll ll3y'leHllll BJilll!Hllll IlO,!l,SIO:-KeK llCTO'lHllKOB. C 

·non u.e.'Jh!O HaMH 6hl.'JH npnrOTOB,'leHbl necKOo'lbKO pa,!1.JlOaKTllBilblX llCTO'lHllKOB 
57

Co Ha 

no,!l,JIOiK\rnX 1n Al. C. Pt. I1ony'leHHhH' pe·3y.'lhTaThl y6e).(uTeJ1b110 no1rn3a.1u, 'ITO C,!l,Bllf 

B no.f!o.lKeHllll u3yqae~10n K01rneprno1111on m1mrn. ll'BIPpem10n 11a rneKTpOMPTpe ESA--50 

C llHCTpyMe!ITa.1bllblM pa3pewe111Ie~1 I -~B. ,!l,Jlll l!CTO'llll!KOB Ila pa3JIWl!lb!X IIO,!l,.TlO:-KKax 

COCTaBil.ll MeHee 1..5 ,B. 
HaMH 6bIJII! Bh!IlOJIHe11b1 1!3MepeHl!ll cpo11a cne1npoMeTpoB ESA-.50 I! ESA-12. Ha 

cneKTpoMeTpe ESA-,50 6b1J10 BhmOJ1He110 4 U.l!KJia ll3Mepe1111n cpo11a 6e3 ucTO'IIIHKa cpa

,y no oKOH'lamrn ll3Mepe111Ill cneKTpa 241 Pu. B Tex :-Ke ycnoBllllX. I1ony'le1111oe cpe).(11ee 

,Ha'lett11e cpoHa coCTaBHJio 0.0163(2) mmynbca ,a O,!l,ll)' ceK)'ll,!l,)'. Be.TJn'l1111a cornacy

eTCll co ,tta'lettl!l!MII cpotta, no.'ly'le1mhIMH 1!3 attaJ111,a cm·KTpa ,ne1npottoB 
241 

Pu, ,!l,Jlll 

,Heprnn 21.6-21.8 K,B : 0.019(2). 

lbMepeHHll cpotta cneKTpoMeTpa ESA-12 npoBO,!l,11.TJl!Ch B Te'le11nu ncero ,KcnepnMeH

Ta. Sb1JI0 npone,!l,eHo Tp11 6oJihllll!X cepHn 1!3Mepem1n cpotta cneKTpOMeTpa, KalK,!l,all npo

,!l,OJilKHTeJibttocTbJO tteCKOJibKO ,!l,Hen; lbMepeHllll npoBO,!l,IIJil!Cb 6e3 l!CTO'lHl!Ka BlIYTPll 

cneKTpoMeTpa. I1ony'lettHbie ll3MeHettl!ll llHTettrnBHOCTII cponoBoro c'leTa 3a 6onee 'leM 

Tp11 ro,!l,a 1!3Mepe11Hn ne npeBbIWaJOT 3 npou.e1na ( oKono 2% ecm1 6paTb cpe).(Hee no oT

,aeJibHbIM cep!!llM), 'ITO CBl!,!l,eTeJibCTBYeT O BblCOKon na6l!JibHOCTll pa6oTbl J(aHaJibl!OfO 

Y\IHOlKllTeJill ll Been 3.TJeKT!)Olll!Kll. Cpe,!1.11ee 3Ha'le!Il!e cpoua 6e3 l!CTO'lHllKa COCTaBllJIO 

0.446( 4) c- 1• 

l/emBepmblil pa3iJeJI 2JIU6bl nOCBlllU.e!I onnca111110 MeTO,!l,OB np11roTOB.TJelll!ll I! llCCJie

,!l,OBaHl!ll CBoncTB pa,!1.HOaKTIIBHblX IICTO'lHllKOB, IICilOJib3YeMb!X B 3JieKTpOH!IOn cneKTpo

CKOnl!II. OnncbrnaeTCll npou.e,!l,ypa yqeTa BJillllllllll Ha /J-cneKTp paccel!Hllll 3JieKTp0110B 

B Belll.eCTBe llCTO'llll!Ka. 

,D:nll npoBe,!l,e!ll!ll l!CC.TJe,!l,OBaHl!n Hal.HI 6blJII! np11rOTOB.TJeHbl Tp!! l!CTO'lHIIKa 
241 

Pu. 

OcHOBI!On u.eJiblO 3T0f0 6b1Jia Ml!IIIIMl!3all.llll O!llH6irn npl! y<leTe paccellHHn B Belll.e

CTBe l!CTO'lHIIKOB. l1MeJOlll.al!CJ.l aKTllBIIOCTb 241 Pu O'll!lll.aJiaCb OT ,!l,O'lepHero 
241 

Am 11 

KOIIU.eHTpnpoBanacb na KOJIOHKe, 3ano.TJ11em10n aHHOHOOfa1e1111on CMO.TJon Aminex A-27. 

I1nyToH11eBaJ.1 cppaKU.l!R 6b1Jia ,JII011p0Ba11a c 2 M H Cl B TIRTII KannRx, KOTOpbie 6bIJill 

TIOMelll.eHbl Ha Tecj:JJIOHOBYIO 110)],JIO:-KKY ll BbICy!lleHbl. Cyxon OCTaTOK 6bI.TJ pacTBOpeH 11 
40 MKJI pacrnopa 0.1 H Na2SO4 11 0.01 H H2SO4 n 11epeHeceH na TanTaJI0BYJO JIO.D,O'lKy. 

l1cTO'llll!Kll 241 Pu )],JIJ.l 3JieKTp011HOn C!leKTpOCKO!lllll 6b!JIH 11p11roTOBJiettbl TepMI!'leCKHM 

11c11apeHI1eM B BaKyyMe ( ~ 10-s a TM.) Ha 110)],JIOlKKII B Bll.D,e )],IICKOB, .D,llaMeTpOM 8 MM. 

,IJ:JIR KoppeKTHOro y'leTa C!leKTpa )],O'lepHero 
241 

Am 6b!JI 11pl!rOTOBJieH ero M0HOil30TOTI

Ilbln pa.D,HOaKTllBHbln l!CTO'llll!K, napaMeTj)bl KOTOporo 6b!JIII 6JI!!3KIIMII K IICTO'lHI!KaM 

241Pu. 

Mb! 11poBeJI11 IICC.TJe)],OBaHl!ll 11p11roTOBJiel!HblX I!CTO'lHIIKOB 11p11 TIOMOlll.11 Q- 11 1- 110-

JIYTIPOBO,!l,HIIKOBOn rneKTpoMeTp1111. C11eKTP 1-nyqen 6bIJI 110Jiy'leH Ha HpGe .D,eTeKTope 

C 'lYBCTBl!TeJib!lblM o6beMOM 97 •• 5 CM3 II C pa3peweHHeM 1.3 K3B )],JIJ.l 3Hepr1111 122 K38. 

A6coJIIOTHa51 3cpcpeKTIIB!IOCTb per11npau.1111 B .D,aHHon reoMeTpllll (paCCTOJ.IHI!e MelK.D,Y 

KpllOCTaTOM .D,eTeKTOpa II IICTO'lHIIKOM 70 MM) 6b!JIO yCTaHOBJieHO ll3MepeHlleM KaJill-

6pOBO'lHbIX llCTO'lH!IKOB 241 Am, 1338a II 
154

Eu. ,D:eTaJibHbin anaJill3 C!leKTpa 1-nyqen B 

pernone 20-1700 K38 He Bbl51BIIJI 11p11MeCII KaKIIX n1160 ,!1.pyrnx 3JieMeHTOB. 

,IJ:JIR 011pe.D,eJieHllJ.l a6coJIIOTHOn aKTIIBHOCTII, 11p11roTOBJieHHblX HaMII )],JIJ.l IICCJie.D,OBa

Hlln pa.D,I!OaKTI!BHb!X IICTO'lHIIKOB 
241 

Pu II 
241 

Am, Mb! 113Mep!1JIII llHTeHC!IBHOCTb 1-nyqen, 

IICTiycKaeMblX 11pn a-pac11a.D,e .D,al!Hb!X l130TOTIOB. 

8 

1 
j 
,' 

\ 
J 

Cpe,!1.HJ.lll TOJilll.lllla C.TJOll pa,!l,l!OaKT!IBHb!X IICTO'l!IIIKOB 6bJJia ycTaHOBJieHa B 11pe.D,no

J!OlKeHHII, 'ITO aKTIIBHOCTb pac11pe,!1.eJieHa TIO TIOBepxH0CTH paBHOMepHo ll He co.D,eplKHT 

Ka1mx-m160 )],OTIOJIHI!TeJibHb!X llp!!Mecen. SblJIO ycTaHOBJieHo, _'ITO TOJilll.llHa CJIOeB 
241 Pu 

)],.Tlll Tpex pa3JII!'lHb!X pa.D,l!OaKTIIBHblX IICTO'lHIIKOB COCTaBJIJ.leT 1. 7 HM, 0.49 HM l! 0. 74 HM, 

ll ,'lJ!ll 241 Am 1.:3 HM. Heo6XO,!l,IIMO OTMeTl!Tb, 'ITO )],Jil!Ha cpe.D,Hero 11po6era MeJK.D,y He

y11pyrnMll CTOJIKHOBettl!llMII B TBep,!l,OM Te.TJe )],Jlll 3JieKTpOHOB C 3Hepr11en 0.1-10 K38 

11aXO)],IITCll B IIHTepBa.TJe 1.5-5 HM. 

OTHOCI!TeJibHble l!HTe11c11BHOCTll 1-nyqen, 1!3Mep51eMbJe no XO.D,y 3KcnepllMeHTa, no-

3BOJil!Jill HaM KOHTponnpoBaTb COOTBeTCTBI!e 113MeHeHI!J.l KOJill'leCTBa aTOMOB 
241 

Am ll 
241 Pu 1!3BeCTHbIM BpeMeHaM pac11a.D,a. B Te'le1111n 6onee Tpex JieT 11poBe.D,eHl!J.1 3Kcnepn

MeHTa 110.TJy'laeMble IIHTeHCl!BHOCTl! corJiaCOBb!BaJil!Cb C Kpl!Bon pac11a.D,a co CTaH.D,apT

HblM 0TKJJOHeHI!eM 1.3%. HaMII He 6bIJIO TIOJiy'leHO yKa3aH11n O TOM, 'ITO qaCTb aKTl!B

HOCTII 241 Pu !!JIii 241 Ac TIOKIIHyJia l!CTO'lHl!K. 

lfay,1e1111e a-c11e1npa Ha!lll!X IICTO'lHllKOB )],aJIO HaM )],OTIOJIHI!TeJibHYIO B03MOJKHOCTb 

)],JIJ.l TIOl!CKa pa.D,I!OaKTllBHblX llp!!Mecen B HaweM IICTO'lHl!Ke. KpoMe OlKl!.D,aeMb!X Q

JI!!Hlln 241 Pu II 241 Am, Mb! TaKJKe Ha6JIJO)],aJill Jll!Hl!IO C 3Heprnen 5186 K38, COOTBeT

CTBYIOlll.YIO parna.D,y 240Pu (T1; 2 = 6563 .rieT). OTHO!lleH11e aKTHBHOCTen 
240

Pu/
241

Pu, 

coCTaBJIRJia 2.5· 10-6 . IlpHHI!MaR_ Bo BHl!MaHHe cxeMy pac11a.D,a 
240

Pu -t236U Mb! npn

w.rin K 3aKJIIO'leHlllO, 'ITO 3JieKTp0Hb! 113 pacTia.D,a 
240

Pu He MoryT 0Ka3b!BaTb 3aM~THOfO 

B.Tllll!Hllll Ha cpopMy 113yqaeMoro /1-rneKTpa 
241 

Pu. 

,D:Jlll O!ll!CaHl!J.l pacceJ.IHl!J.l 3JieKTp0110B B n3yqaeMblX pa,!1.l!OaKTIIBHblX llCTO'lHl!Kax 

6bIJIO IICTIOJ1b30BaHO MC Cl!MY JillpOBaHne l!H)],l!Bll.D,YaJibHb!X y11pyrHX l! Hey11pyrHX CTOJIK

HOBeHl!n. 8 nacTOJ.llll.l!X Bb!'ll!CJieHIIJ.IX, y11pyr11e CTOJIKHOBeH!IJ.l OTIIICb!BaJIIICb C IlOMOlll.b!O 

peJIJ.ITl!BllCTCK!IX TIOJIHblX II .D,!IcpcpepeHU.I!aJibHb!X ~JieKTpOH-aTOMHb!X Ce'leHnfi: y11pyro

ro pacceRHIIR, 11pe.D,CTaB.rieHHblX B Ta6.ri1Iu.ax P1I.rieJ.1
12

. Ilo.riHoe ce'leH!Ie ynpyroro pac

ceRH!IR U,1 011pe.D,em1eTCll II3 CB060,!l,HOfO 11po6era MeJK.D,y y11pyrnMI1 CTOJIKHOBeH!Il!Mll, 

Aet = (Nu e1 J- 1, r.D,e N - 'llICJio pacce1IBa10lll.lIX u.eHTpoB Ha e.D,IIHHu.y 061,eMa. Parnpe

,!l,eJieHne !lOTepI! 3Hepnm w B HeynpyrlIX CTOJIKHOBeHIIllX 6bIJIO 011pe.D,eJieHO Il3 .D,!!cpcpe

peHU.I!aJibHb!X ce'leH11n Hey11pyr11x paccel!Hlln ( BeJIII'llIHa o6paTHall .D,JIIIHe rno6o.D,Horo 

11po6era )],JIJ.l Hey11pyr1IX CTOJIKHOBeHI!fi:) d(~;n). Y rJIOBOe paCTipe.D,eJieHl!e )],JIJ.l Hey11py

ro pacceJ.IHHb!X 3JieKTpOHOB 6bIJIO B3l!TO B Bll.D,e
13

: d'f; ex (0' +l 0') r.D,e 0E = W/2E, 
an in E 

£-3Heprl!J.1 3JieKTpOHa ,!l,O CTOJIKHOBemrn. 

l1c110Jib3Y51 Oll!ICaHHb!e 11p1I6JII1JKeH1IJ.1 HaMII 6bIJIII Bb!IlOJIHeHbl Bbl'll!CJieHirn 3cpcpeK

Ta BJil!J.IHl!J.l paccel!HIIJ.l 3JieKTpOHOB B IICTIOJib3YeMb!X HaMI! IICT0'lHl!KaX Ha cpopMy l!X 

jJ-c11eKTpa. Ha'laJibHOe 3HepreTII'leCK0e pac11pe.D,e.riem1e I!CnycKaeMb!X 3JieKTpOH0B 011pe

.D,eJil1JIOCb II3 ypaBHeHIIJ.1, 011pe.D,eJil110lll.ero cpopMy ,IJ-c11eKTpa, 6e3 y'leTa B03MOJKHon 

11p!!MeCI! TJ.IJKe.rioro HenTp!!HO. Mb! 11pe.D,TIOJiaran11 cJie.D,yJOIIl.YIO MO.D,eJib )],JIJ.l KaJK.D,0fO 

KOHKpeTHoro l!CT0'lHIIKa 241 Pu: 6ecKoHe'lHO TOJicTall TIO,!l,JIOiKKa (Al !!JIil C), 11.riocK0-

11apan.rieJibHb1n c.rion 241 Pu I! CBepxy yr.riepo.D,Hble coe.D,IIHeHl!J.l TOJllll.l!HOfi: 3 HM
14

• B XO.D,e 

MC Cl!MYJIRU.l!n Y'lIITb!BaJIIICb pacceJ.IHIIJ.l l! 3HepreTl!'leCKlle TI0Tep!! 3JieKTpOHaMII BO 

Bcex Tpex 30Hax IICT0'lHIIK0B. 

12M.E. Riley, C.J. MacCalhim and F. Biggs, Atomic Data and Nuclear Data Tables, 15, (1975), 
443-476. 

13A. Spalek, Surf. Interface Anal., 15, (1990), 739. 
14,ll;attttoe 3Ha'!emie noJiy'leHo a pe3yJihTaTe MH0r0'll!CJieHHhlX conocTaBJieHHll MC 11 3KCnep11MeHTa.Jih

HhIX cneKTpoe pa.3JIH'IHhlX pa.11_110aKTHBHhlX l!CT0'IHIIK0B, 1!3MepeHHhlX Ha cneKTpoMeTpe ESA-12. 
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Pe3yJibTIIpy10rn;1IJ:l: 3cpcpeKT, CBH3aHHb!tl: C BJlllJIH!IeM pacceHH!Itl 3JieKTp0H0B na cpop

MY ,B-crreKTJ)OB 3a,n:aeTrn Bbipa)KeHJ1eM P(E) = NMc(E)/Nih(E), r,n:e NMc om1chrnaeT 

cpopMy ,B-CIJeKTpa, II0Jiyqeuny10 C yqeT0M pacceHHIIJ:l: B peanbH0J\I l!CTQqHJJKe, II Nth ,n:a

eTCH Bb!pa)KeU!IeM, C00TBeTCTBY!OW:IIM 11,D;eaJibH0MY IICTQqHIIKY HyJieBotl: T0JIW:Hllbl, 6e·j 

IIO,D;JI0)KKII n KaKIIX-JI1I60 3arpH3HH!OW:IIX CJI0eB. PoJib pa3JIIIqJlb!X qacTetl: peaJibH0ro 

IICToqnnKa 
241 

Pu na II3MeHeHne cpopMbI ero ,B-cneKTpa ,n:el\lOHCTpnpyeTcn na pncyttKe 2. 

LJ:nn 0l!eHKII BJIIIJIHIIH 3cpcpeKTa, CBH3aUH0ro C HenyJieBotl: npnMeCb!O THiKenoro net!Tpn

no, Ha nonyqeHHoe 0TH0lllen1Ie N MC/ Nth, 6b1nn BbIII0JIHeHbI ,n:ononmITeJibllbie Bbrq11cne

HHH. lfa npe,n:II0JI0iKeHIIH 0 1 % IIp!IMeCII netl:TJ)IIHO C Maccotl: 17 ,o8/c2 Mb! II0BT0J)l!Jlll 

0IIIICaHHb!e Bblllle BbrqncnenIIH NMc/Nth• 

., ,., r· I 1.oL~--

J o.e 

,., 
, .. 

z41Pu 
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3Hepnu1 3JtCKTpOHOB (1GB) 

PHc. 2: OrnoIIIeHlle MC /3-crreKTpOB /1,JIH 

llCT0'fHllKa 241 Pu, K ll/1,eaJibHOit cpopMe /3-

CIIeKTpa. J],eMOHCTpllpyeTCH BJillHHlle II0/1,

JIO)KKll HCT0'fHllKa, Pa/J.HOaKTllBHOI'O CJIOH ll 

3arpH3HHIOIII;ero CJIOH yrJiep0/1,HbIX C0e/1,llHe

Hllif 
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3Hcpnui 3nc.1npoH011 (uB) 

P!Ic. 3: <PopMa KOHBepc110nnott JillHHH K-63 
ll3 pacrra11.a 

169 Yb 11.0 11 rrocJie HaIIbIJieHHH 11.0-

IIOJIHHTeJibHoro CJIOH 241 Pu. To'fKaMH o6o-

3Ha'feHbl 3KCIIepllMeHTaJibHble 3Ha'f€HllH H 

CIIJIOIIIHbIMll JIHHHHMif pe3yJibTaT MC CifMY

JIHIJ,Hit 

Eb!JIO ycTaH0BJieno, qTo 0TH0Cl!TeJibHb!e II3MeHeHIIH B 3T0M 0TH0llleHIIll II0 cpaBHe

HIIIO C II0JiyqeHHb!M ,n:m1 HyJieBotl: IIJ)1IMec11 C0CTaBIIJIII Mettee 0.05% B per!I0He 3-9 K38, 

r,n:e BJIIIHHIIe Ha cpopMy cneKTpa IIp!IMeCII Hetl:Tp!IHO C YKa3aHHOJ:l: Bblllle Maccotl: ,!l;0JliKH0 

6b!Tb Ha116onee BeJIIIK0. 

Ll:nH npoBepKn IIp!IMeHIIM0CTII, ,D;JIH II3yqaeMb!X HaMII peanbHb!X IICTQqHIIK0B, orm

caHH0I'0 Bb!!lle MeTo,n:a O!IIICaHIIH pacceHHIIJ:l: B Bern;eCTBe IICT0qHIIK0B, oco6eHHO B 06nacn1 

3Hepr11J:l: Hil)Ke 10 K38, Mb! IICII0Jlb30BaJIH cneKTJ)bl ,n:Byx ,!l;0II0JIHIITeJibHbIX IICToqHIIK0B 
241 

Pu. 9TH IICTQqHIIKII 0TJIIIqaJIIICb K0JI!IqecTB0M pa,n:1IoaKTl!BHb!X aT0M0B, a TaKiKe 

TIIIIOM II0,!l;JI0iKKII ( Al BMeCT0 C) IIJIII B lllepoxoBaT0CTII II0BepXH0CTII II0,!l;Jl0iKl(II IICToq

HIIKa. HaMII 6b!JIO BbIII0JIHeH0 cpaBHeH!Ie 0THOllleHIIJ:l: 3KCIIepIIMeHTaJibHb!X cneKTJ)0B 

,!l;JIH pa3Hb!X IICToqHIIK0B C 0TH0!lleH!IeM CIIeKTJ)0B IIoJiyqeHHb!X MC CIIMYJIIIpoBaHneM. 

LJ:nH 3Hepr11J:l: Bb!!lle 3 1(38, 0TH0!lleHIIH 113MepeHHb!X II pacqeTHb!X CIIeKTp0B cornaco

Bb!BaJIIICb B paMKax CTaTIICTIIqecKotl: Heonpe,n:eneHH0CTII. KpoMe 3Toro Mb! Bb!II0JIHIIJIII 

6onee qyBCTBIITeJibHb!tl: TeCT, II0 cpaBHeHIIIO c 0IIIICaHHb!M Bb!!lle. HaMII 6bIJI IIpIIroTO

BJieH Bb!C0K0KaqecTBeHHb!tl: IICTQqHIIK 
169Yb II npoBe,n:eHbl II3MepeHIIH K-KOHBepcIIOHHOJ:l: 

JIIIHIIII nepexo,n:a 63 K38 B 
169Tm ,n:o II II0CJie HaIIbIJieHIIH Ha Hero T0HKoro CJIOH 241 Pu 

(0.38 HM). KaK BII,!l;H0 113 p!ICYHKa 3, HaM y,n:anocb B0CIIJ)0il3BeCTII cpopMy JIIIH.IIII KaK ,n:o 

HallbIJieH.IIH, TaK II II0CJie c 6oJiblllOJ:l: ToqH0CTb!O. 
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8 3ai..11o••ffH!ltl amopotl i'.i!U6bl II0,!l;B0,'.]JITCH J!T0r no.r1yqeHHOtl m1cpopMaIJJill, CBH3aH

HOtl KaK c Heo6xo,:unrotl ,:vrn ue.netl: llffJJP,:rOBatllltl CTaTJffTllqecKOJ:l: ToqHQCTblO. TaK II CII

CTel\!aTW!ect-,IIMH ·,cjic!ieKTal\111. IICKaiKa!0ll.(lll\111 ·,KcneplH!eHTa.nhHYIO cpopMy 3--cneKTpa 

Hlpu. 

TpeTbH rJiaBa "3KCIIepttMeHTaJibHOe ll3Y'IeHHe .J- -CIIeKTpa 
241 Pu, aHaJIH3 

II pe3yJibTaTbI." Il0rBHiljeHa ·1Kcneplll\!ellTaJibllOtl MeT0,'IJ!Ke 1!3MepeHl!J:l: i3- cneKTpa 

2-ttpu 11a 3.neKT(J0CTaTWIC'CKIIX cne1npo~IPTpax ESA-:i0 H ESA-12. flpoaonnTCH a11a.n113 

-➔ KC!IepH~tel!Ta.tlbllblX Cllf'KTJ)0B. np1rno,:rHTO! 110.'IY"Wllllb!e 1ie·Jy.'lbTaTbl II JIX cpaB11e1111e C 

npe;JJIH'CTilYIOll!lll\III HCC.'le,'!0BallllHl\111. 

llr Jl6bl!J paJUE. I nornnrn;eH 1nMepe1111Hl\l. Ha nwKTpo~1eTpe ESA-:i0 1nMepe11un 6bJ.1111 

Bblll0.nHt'llbl cpa3y noc.ne npnroT0B.neHl!}l 0,'!H0I'O 113 IICToq111IK0B 
241 

Pu II IlJ)0J(0.JliKa.TJIICb 

20 ;met!. lbMepettl!H Bbmo.n11n.nncb c 1111npyMe11Ta.TJbHbll\l pa3pe!llet11IeM 65 38. CneKTP 

cKatt11poaa.ncn B mrnna3011e 2-22 K·18 c warol\1 :JO 38. O6u\ee BpeMH II3Mepemrn B KaiKnoM 

J(alia.rJC' C0CTaBHJl0 2260 reK. l\aK 0Gb1quo, 1rn1epe111rn BK.TJtoqa.nl! 11enrn.1lbK0 l!llK.nOB 

CKa11npoBaHJrn Bcero rne1npa. C ·1KCII0311l!ll<'ll OT !Vi J(0 HiO ceK B [(aiKJ(Otl T0'!Ke. 

Ha rneKTpoMeTpe ESA-12 .J-.-cneKTJ)bt 241 Pu U-31\Iepn.rincb B ·1Hep1·en1qecKm1 ,1J.nana

-.iom• OT 0.2 ;_i_o 9.2 K·,B r marol\I 5 ·18. OTJ111'111e cxeMbl n,:am1p0Ba!l11H cneKTpa. 3aK.rJIO

'la.nocb B npoX0iK,'Je!lllll Bcero 113Mepnel\toro HHTepBa.na C Bb16paH!lblM waroM H ·1KCil0-

3lll!lletl 1 ceK. B KaiK,UOtl T0'!Ke. floJll!Oe npel\IH IDMepemrn C0CTaBHJIO 5700 'taCOB. 

8 annapaTypttblX cne1npa.x, no.TJy'Iet!HblX Ha rnPKTpoMeTpe ESA-12, 11a uenpepbIBHOM 

µ- -cne1npe tta6.nIO,uaJJl!Cb HeCK0.TJbK0 C.TJa6b!X .'111111111. libJ.110 ycTal!0BJietto. '!TO .nH!lllll 

c -➔ !!epnrnMn oKo.rrn 260 11 ,'i00 ·18 npe,ucraB.r1m<ri rnGotl !..:LL mrn1m OiKe ·,neKT(JOHOB 

yrnepo,'la II KHC.ll0po;.1.a, noKpbIBa.tomux Il0BP[JX!!OCTI, IICT0'llll!Ka. Ha.•ta.nMtaH BalrnHCIIH 

na K 06ono0 1Ke B03HHKa.eT 3a cqeT ueynpyrnx parremmtl ·1.1eKTpo110B 1n J--parna.,:ra B 

3a.rpn·311n10rn;eM ll0BepXH0CTb HCT0'IHl!Ka r.11oe. 

B mpeni-bell c.;ZU6f IlJ)0B0,Ul!TCH a.na.n!I3 CTa611.rlbl!OCTII 1!3~1Ppe1111l\. ;.l,.nn ana.fJl13a no

BT0pHeM0CTII cpopMbl, nonyqael\IblX B l13Mt'[JPIHUIX 3-cneKT[lOB, naMU 6b1.n np1nIPHeH 

cneIJl!aJibHb!tl CTaT1ICTll'Iec1rntl MC'T0,!l;. 3TOT l\!eT0.Il, 3aK.JJIO'taeTCH B onpeJ(e.rJellJ!II l\taTpH-

l!bl: 

,t = 1/v L J('t;(k), }J(k),a;,j(k)) (3) 
k=I 

rne }·;(k) -- cqeT B -i Cll('KTPP B T0'!Ke k, a;_; Y'll!Tb!Ba.eT ne.nll'Illl1bl CTa11,uapntblX OTK.110-

HeH!Itl: Y;(k) 11 }j(k). f - 1rn1rnn-.rm60 npe,uonpe;w.rJetrnan q)yttKl!IIH 11 1• qm-.110 CT<'llt'Hetl 

CB06o,n:bJ. Ee.nil 0,n:JIH IIJIII lll'CJ.,:0.JlbK0 rTo.n6l(OB l\!aT(Jlll\bl 111\ll'IOT CJ!CTel\IaTll'lt'CKOe OT

KJI0He!ll!e OT 1, TO ·1T0 03Ha'taeT, qTQ ,Uo.l!Hbl(' ClteKTJ)bl JI(' C0lll\l<:'CTIIMbl C 0CTa.nbllhll\!H. 

HaM11 6brJio npoBe,Ue!lo Tarrne cpaB11em1e ,'IJIH ncex 110.r1r1e1111b1x cne1np0B, KaK 11a ESA-

12 TaK n ESA-50. flpn nol\!OW:H ·1Toro MeTo,'la naM y,ua.norb yCTa110BJ1Th, 0rro cjiopMbt 

cneKTJ)0B, II3Mepe!lllb!X '1epP3 ~ 4 ro,'la II0CJ!(' npnroT0B.nl'tlllH HCT0'IIIUKa, HP cor.riary

lOTCH C Il0JIY'll'Hllb!MJI cpa·3y ll0CJIP IIJ)III'0T0ll.'IPHil}l. }J,PTa.rJbllbltl a.Ha.,nn llotrn:ia.<J. '!TO 

pa3JIH'IIIH CBH3allbI r H1!3K03Hepren1qern:otl 06.rrarn,10 nie1npa. llpwnrnofi_. B0.31\IOiKHO, 

HBJIHeTCH qacT1IqI1aH ,umpci)Y311H 241 Pu B ll0JVIOiKK)', a TaKiKl' 11:lMPIIPllll}J II CT[l)'KTy

pe IICT0q!ll!Ka, CBH3al!Hble C HaK0llJleJllleM ,'!0'lep11ero 
241 i\111. Cnernpb! ·not! rep1111 Jl 

,'laJib!letl:llleM aHaJIII3e ne HCil0Jlb30BaJll!Cb. 

PeJyJ1bnrnmu aua.rmJa ;1i,:c11cp1u1ew11a.m,uu.r rJ-c11n·111poa 
241 Pu, 110.,1y•u HHbl.r Ha 

cm·i,:mpo.~tempe ESA-50. 
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Y'UITbIBaJI Heonpe,n:eJieHHOCTb C lIOJiyqeirnofi 3KCllep11MeHTaJibHO cpopMolt TpaHc

MllCl111 ccpepnqecKoro 3aMe).l.Jil1TeJIJI ,/.J.JIJ! 11HCTpyMeHTaJibHOI'O pa·3pewemrn 65 38, 6b1-

JIO peweHo aHan11311poBaTb ll3MepeHl!bifi Ha cneKTJJOMeTpe ESA-50 13-cneinp TOJibKo 

llp11 lIOMOll{ll MeTo,n:a ,/.J.BOfiHbIX pa3HOCTefi. MeTO,/.J. COCTOIIT B lIOCTpoemm cpyHKl\lll1: 

S[i] = N[i - l] + N[i + l] - 2N[i], Kornpa.>1 npu rronomrnoM UHTepBa.TJe "3Heprnfi ,n:JI.>1 

Bcex i, B rrpe,n:eJie 3TOro 11HTepBaJia K Hymo. ;.1,aeT BTopy10 llj)Oll3BO,/.J.HYIO 113ytlae110lt 

cpyHKl.(1111. 

,l..l,n11 crreKTpa 
241 

Pu, rronyqeHHoro Ha crreKTpoMeTpe ESA-12, DblllOJIHeHl!e aHaJII13a, 

OCHOBaHHoro Ha llCCJie,1J.0BaH1111 lIOBe,n:emrn S[i], .>!BJI.>!eTc.>! rrpo6JieMaT11qHbIM, rJiaBHblM 

06pa30:,.i ll3-3a OCTaToqHbIX .>!BJieHnfi B ClleKTpe, IIOCJie Dblql!Tamrn 113 Hero ClleKTpa ,/.J.0-

'lepHero 
241 

Am, ll3MepeHoro co CJierKa OTJill'laJOll.(llMCJI llCTO'lHllKOM. 

,Un.>1 cneKTJJOB, nonyqeHHbIX Ha cneKTJJOMeTpe ESA-.50 rn CBeiKnM 11CTO'lHIIKOM 241 Pu, 

BJIHJ!Hlle ,n:oqepHero 
241 

Am 6b1JI0 onpe,n:eneHo IrnK npene6peiKI1t10 Manoe 11, l!03TOMY, 

TaKolt aHaJI113 CTaHOBl1TCJI B03MOiKHbIM. 8 lIOJiy'lel!HOM 113 3KCrrep11Mel!TaJibl!Oi'O /J--

ClleKTpa 
241 

Pu crreKTpe ,/.J.BOfiHbIX pa3HOCTefi Mb! He na6mo,1J.aJill HaJII1q1111 ll3JIOMa, COOT

BeTCTBYIOW:ero llj)HMec11 TJ!iKeJioro HeltTplll!O. ,Un11 ou;eHKll qyBCTBllTeJibl!OCTl1 )].aHHoro 

MeTo,/.J.a K I'lll!OTeTJlqecKofi llj)llMeCH TJ!iKeJiblX HefiTplllIO B HallleM crreKTpe Mb! rrpoBeJIH 

M0,1J.e,111poBaHne ClleKTpOB C llpl!MeCb!O. Bb!JIO ycTaHODJieHo, 'ITO OTKJIOHeHH.>!, cnoco6Hble 

6b!Tb o6HapyiKeHbl B HaweM CIIeKTpe 
241

Pu, ,n:aIOT BepXHllfi rrpe,n:eJI Ha Macey T.>!iKeJIOro 

HefiTpllHO B ~1% B 11HTepBaJie Mace .5-1.5 K38/c 2 (9.5% C.L.). 
Pe3y;i1,mam'bl aHaJ!U3a .11,cnepuJ.teHmaAoH'blT 13-cnti.mpoB 241 Pu, 11o;iy~EHH'blT Ha 

cnei.mpoMt.mpe ESA-12. 

8 paMKax Haw11x l1CCJie,1J.0BaHI1fi, Mb! He Y'll1Tb!BaJill Macey o6bJqHoro 3Jie1npoHHoro 

aHTllHefiTpllHO, He npeBbllllaIOmyIO HeCKOJibK11X 38, HO BKJIIoq11Jil1 lIJ)llMecb, a, r11noTeTI1-

'JeCKoro T.>1,KeJioro HefiTp11Ho c He1wTopofi Maccofi m,,H- I1,n:eaJibI1a.>1 cpopMa /J-crreKTpa, 

He BKJIIO'Jatoma.>1 llCKaiKaIOll.(lle cpaKTO)lbl l!CTO'llll!Ka 11 ClleKT)lOMeTpa, ,/.J.aPTC.>! DbI)laiKe
H11eM: 

Nih(a,E) = A'F'(E,Z)✓E2 +2mec2E(E+mec2)(Emax-E) (4) 

X { (1 - a)(Emax - E) + a0(x)J(Emax - E)2 - m~Hc4)} 

r,n:e E ll Emax KHHeT11qecKa11 ll rpaH11qHa11 3Hepr11.>1 /J-qacTl11.\bI c Maccolt IIOKOJI me, 
A' - aMJI11Ty,n:a, T = Emax - E - mvHC2 , 11 

0(x) = { ~ ,nJrnx>O 

,/.J.JIJI X S 0 (5) 

<i>yHKl.\llJI F'(E, Z) BKJIIO'laeT B ce611 cpyHKl.\11!0 <i>epM11 15, 11,n:epHbifi cpopM-cpaKTop 11 

cpaKTop pa,n:I1au;110HHbIX rrorrpaBOK ,/.J.JI.>1 KOHKpeTHoro /J-rrepexo,n:a. <i>opM-cpaKTop 11,n:pa 

6b!Jl orrpe,n:eJieH
16 

B paMKax 0,/.J.HoqacTJlqHofi MO,/.J.eJil1 H11JibCCOHa. Pa,n:11au;110HHbie IIO

rrpaBKll 6b!Jlll BbJqllcJieHbl B COOTBeTCTBl111 C Bbij)a)KeHl1eM ,n:aHHb!M B 17 • 8 pe3yJibTaTe 

rrpoBe,/.J.eHHbIX BbI'lllCJie1rnlt 01<aJaJiocb, qTo )].JIJI 11ccneeyeMoro ,B-pacrra,n:a 241 Pu ,n:Ba rro

cne,n:1mx 3cpcpeKTa l!JMeHJIIOT cpopMy crreKTpa He 6onee qeM Ha 0.1 %. 
Mb! TaK)Ke yqJIJl IIOJiyqeHHYIO B fnaBe 2 cpyHKl.(ll!O OTKJIHKa, BKJIIOqatomyIO KaK 

cpaKTOj)bl llCTO'lHHKa, TaK ll 3HeproaHaJill3aTopa C ,/.J.eTe_KTOpOM. IIonyqeHHaJI cpopMa ,e--
crreKTpa 

241 
Pu cpaBHl1BaJiaCb MeTO,/.J.OM Ha11MeHbllll!X KBa,n:paTOB C 3KcrrepHMeHTaJibHOfi, 

15 V. Brabec and M. Rysavy, Europhys. Lett., 21, (1993), 811-816. 
16

J. R.izek, M. Rysavy and V. Brabec, Czech. J. Phys., 45, (1995), 477. 
17 A. Sirlin, Phys. Rev., 164, (1967), 1767-1775. 
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·ia BhI'JeTOM cpoHa II crre1npa ,n:oqepHero 241 Am. IlapaMeTpaMl1 q>llTllpOBaHHJI JIBJI.>!JlllCb 

BeJill'll!Ha rrp11Mern ( a), aMrrJinTy,n:a (A), n 1<oppe1<u;11.>1 Ha cpoH (b ). Ha,n:o 3aMeTHTb, qTo 

)].aiKe B cnyqae Kor,n:a q>OH 113yqeH ,/.J.OCTaTO'lHO Tll{aTeJibHO, OCTaeTCJI HeKOTopa11 Heorrpe

,n:eJieHHOCTb, CB.>!3aHHa.>! C cpaKTOpaMl1 llCToqHl!Ka. 3HaqeH11e rpaHnqHofi 3Heprllll 6bIJIO 

3aq>l1KCllpOBaHO 20.82 K38. J13 Hafi,n:eHHhlX q>llTllpOBaHl!eM BeJIJlqJlH a, Bepxmi:fi rrpe,n:eJI 

6b!Jl ycTaHOBJieH B COOTBeTCTBllll c o6merrpllH.>!TOfi MeTO,/.J.llKOfi
18

• ,UJIJI ycTaHOBJieHHJI 

B03MOiKl!Oro 3cpcpeKTa, CBJl3aHHoro C Heorrpe,n:eJieHHOCTJ!Mll B rpaHll'IHOfi 3Hepr1111, Mb! 

lIOBTOpllJill Olll!CaHHYIO Bblllle rrpou;eeypy ,/.J.JIJI pa3JIJlqHbIX Emax• 0Ka3aJIOCb, q'fo ,/.J.JIJI 

Emax, OTJillqaIOmeroCR > 50 38 OT 20.82 K38, q>llTllpyeMbie rrapaMeTpbI A ll b ll3Me

H.>!JillCb C 111vH MHOI'O 6oJibllle, qeM 3TO orrpe,n:eneHO l!X CTaH,n:apTHb!Mll OTKJIOHeHHJ!Mll. 

Ta1we IIOBe,1J.eHI1e .>!BJIJ!eTCJI necpll3UqHbIM n, 1103TOMY, Emax He MO)KeT l!MeTb 3HaqeHU.>! 

Cll.TJhl!O OTJIU'JaIOll.(eroc.>1 OT 20.82 K38. 8 l!HTepBane l!3MeHeHnlt ±50 38, ll3MeHeHU.>! 

BepxHero rrpe,n:ena 6b1JI11 rrpeHe6pe,KnMo MaJihI. 

Macca HeltTp11HO BapbllpOBaJiaCb B l!HTepBane 14 K38 < 17lvHC
2 < 17 K38 C rnaroM 

0.25 K"38. Pe3yJibTaTbl q>llT11pOBaHUJI rrpe,n:cTaBJieHbl B Ta6nnu;e 1. 

Ta6n11u;a 1: Pe3yJTbTaTbI <J>rrrHpoBamrn 3KcrreprIMeHTaJThHbIX ,a;aHHbIX MHK no 916 crerreHHM 

CBo6o,a;bI 

mvHC' {K38) A a(%) b Xi 
13.75 11.92±0.06 0.005±0.242 0.218±0.132 1.064 

14 11.93±0.04 - 0.012±0.173 0.209±0.097 1.064 

14.25 11.91±0.03 0.064±0.133 0.250±0.074 1.064 

14.5 11.92±0.03 0.050±0.109 0.241±0.060 1.064 

14.75 11.93±0.02 - 0.041±0.095 0.197±0.051 1.064 

15 11.93±0.02 - 0.039±0.087 0.200±0.041 1.064 

15.25 11.93±0.02 - 0.046±0.082 0.199±0.036 1.063 

15.5 11.93±0.02 - 0.045±0.081 0.202±0.036 1.063 

15.75 11.93±0.02 - 0.094±0.083 0.192±0.033 1.062 

16 11.93±0.01 - 0.148±0.089 0.186±0.031 1.061 
16.25 - 11.92±0.01 - 0.169±0.100 0.191±0.029 1.060 

16.5 11.91±0.02 - 0.214±0.119 0.194±0.028. 1.060 

16.75 11.91±0.02 - 0.216±0.154 0.203±0.027 1.062 

17 11.91±0.03 - 0.102±0.233 0.213±0.026 1.064 
- -

ApryMeHTOM B 110Jlb3Y CTaTUCTnqecKolt rrpaBUJlbHOCTU Halt,n:eHHOro cpnTa CJIYlKUT 

rroBe,n:eHne x2 OT a, rrpnBe,n:eHHOe Ha pnc. 4. 
Mb! rrpoBeJIU cpaBHeHne HalllUX pe3yJibTaTOB C pe3yJibTaTaMn U3

19
, B KOTOpb!X on;eHKa 

na BepxHnlt rrpe,n:eJI rrpl!Mecn ,n:aeTCR c 95% C.L., KaK n B Hawelt pa6oTe. ,UorronHnTeJibHO 

Mb! 11pOU3BeJIU nepepacqeT Hallll!X pe3yJibTaTOB K 99% C.L. )].JIJI cpaBHeHUJI C pe3yJib

TaTaMU 20• KaK Bll,/.J.HO (Puc. 5) UMeeTCJI B3aUMHOe cornacne nonyqeHHb!X pe3yJibTaTOB. 

3aMeTUM, qTo 3TH pe3yJibTaTbl 6bIJIU IIOJiyqeHbl B 113yqeHUU pa3JIUqHblX Jl,/.l.ep, UMeIOll{UX 

J)a3llb!e 3HaqeHUJI Emax II rrpn l!OMOll{U OTJinqaIOll{l!XCJI crreKTpoMeTpOB. 

18C. Caso et al., Eur. Phys. J., C3, (1998), 1. 
19T. Ohshima et al., Phys. Rev., D47, (1993), 4840-4856., 11 J.L. Mortara et al., Phys. Rev. Lett., 

70, (1993), 394-397. 
20G.R. Kalbfleisch and M.Y. Bahran, Phys. Lett., B303, (1993), 355-358. 
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Macca HCllTpHHO (K3B/c2) 

Puc. 5: CpanHeHHe rroJiy•wnnoro HaAm nepx

Hero npe,!l,eJia Ha npHMecb TH)KeJioro HetfTp11-

HO C HaHJIY'fIIIHMH pe3yJibTaTaMl1 npe,!l,bl,!J,y

lL(HX HCCJie,IJ,OBatIIltf 

B 3aKJIIO'leHIUI ccpopMyJrnpoBaHbl o6mJJ:e Bh!BO,IJ:b!. 
1. BrrepBb!e ,nm1 IIOIICKa IIpllMeCII TRJKeJib!X HefiTpllHO llCIIOJib30BaH {J-crreKTp 241 Pu. 

I1ccne,noBamrn crreKTpa BbIIIOJIHeHhI na .D:Byx 3JieKTpocTaTwrecKux crreKTpoMeTpax. Tio
nyqennhrfi BepXHllfi rrpe,neJI Ha rrpl!MeCh HefiTplll!O C Maccofi IIOKOR OT 14 ,no 17 K38/c2 

COCTaBIIJI 0.40%, II ,IJ:JIR HefiTplll!O ('. Maccofi IIOKOR OT 5 ,no 14 rnB/c2 1 % C 9,5% ypoB
l!eM ,IJ:OBepnTeJibl!Ofi nepORTIIOCTll (11aI1Mel!blllllil rrpe,ne.TJ B 0.10% IIOJiyqeH ,IJ;JIR MaCCb[ 16 
K3B/c2). Orrpe,neJieHo JHaqenMe rpaHll'fllofi 3Heprnu {J-pacrra,na 241 Pu 20.7 ± 0.3 rnB, 
rro,nTBepJK,na10mee rrplll!RToe 3Ha•renl!e 20.82 ± 0.2 K38. [l] 

2. YqeT pacceRHllfi 3JieKTpOHOB B llCTOqHJJ:Ke II03B0JlllJI aHaJill3llpOBaTb 3KcrrepI1Me11-
TaJihHb!e crreKTpbl 241 Pu 6e3 BBe,nenl!R q>eHOMel!OJiorJJ:qecKJJ:X rrorrpaBOK. EbIJIO IIOKa3a
HO, qTo MeTo,n CIIMYJIRU:llfi pacceRl!llfi, OCIIOBaHl!blfi na 3Hal!l!ll llH,IJ:llBll,IJ:YaJihHb!X ceqe
Hllfi yrrpyrMX II neyrrpyrux CTOJIKIIOBeHllfi, II03BOJIReT OIIl!CbIBaTb cpopMy {J-crreKTpOB II 
KOHBepCMOHHb!X JIJJ:Hllil peaJibllb!X llCTOqllllKOB C xopo!llefi ToqHOCTblO BIIJIOTb ,no 31!eprllfi 
~ 3 K38. [1,3] 

3. 3Kcrrepl!MeHTaJibHO II0JiyqenbI 3aBJJ:CIIMOCTb Tpal!CMIICC!lll crreKTpOMeTpa ESA-50 
OT 3Heprllll 3JieKTpOHOB B ,nuarra30l!e 3-20 1nB II 3aBIICIIMOCTh 3cpcpeKTIIBHOCTll pern
CTpal(llll 3JieKTpOHOB KaHaJibHhIM yM110JKI1TeJieM ,IJ;JIR crreKTpoMeTpa ESA-12. [1,2] 

4. lfayqen l!M3K03HepreTJJ:qecKnl1 crreKTp 3JieKTponoB, ucrrycKaeMbIX rrpll a-pacrra,ne 
241 Am. Orrpe,neJieHbI 311epnrn nepexo,noB B 237Np: 26343.8 ± 1. 7, :33192.5 ± 2.5, 
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42704 ± .s. 4;3420 ± :3. 11 12:3052 ± 7 38. Ta10Ke orrpe,ue.rienhl OTIIOCIITe.TJhllbie lll!Tel!CIIB
l!OCT!l KOl!BepCIIOHllhlX .ru1111Itl ·nnx nepexo,noB. 311a•1e11l!R 311eprnfi 9994 ± 5, 10186 ± 5 II 
1:3977 ±5 38 6b1.TJ11 no.r1y•1e11h1 ,VIR ;i,oMmmpy10mHx O;Ke rrepexo,uoB B Np: L3M4M5(1 G4). 

L:il\hl\1s(3F4) H L2l\l4l\l5(1G4), rnoTUeTcTBeH!IO. [4] 
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