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I. B B E lI E H H E 

.. HSYlJeH11e CBO!CT~ Jl;ttep. y;ttanemrux OT ;ttOJIHHH CTa6WIJ:,HQCTli, • 

. JlMJleTCJl BalltHeAme! sa;n;aqel COBpeMeHHoro 9Tana .HCCJI6;ItOBaHlfil 
• \ '~. ....· .• _,.,. . ; ·• ,, •. ·--· 

PMKOa.RT.lmHOC~H. Ilpo;n;B.uemie B, o6JiaCTI, KOpOTKOllltBY'(llJU l'I3OTOilOB 

3Ha'i.llTeJil,HO paolllHpJteT Ha6op Jt;D;ep, ;D;OCTynHliX ~ ij3y:tte~lfil. · .. 

O;ttHa.R~, He BTO rJI~Oe • Bamio • ~o 3,tteCI, IlOJlBJIJl~,TCSI: _B03MOlltHOCTI, . , .. --

IlOJ!YliaTl, HOBYJ) mt/f>oPMSIUm. He;ttOCTynHyn B TpaWIT(l{OHIWX o6natT/lX~ 

IIpoCIJI8MaTHlta HCCJI8,ltOBaHHI! CBOttCTB R,Jtep, Y~aJl8HHWC 

OT ;ttOJll!HH CTa6WibHOCTH, 06cyz,ttana~1, Ha pJt;tte Lt~xP,yHapO;ttHHX KOH-

4iepeH~I. YllOMllH8M 3;ttec1, H3YlJ6Hl'Ie HOBliX paSHOBH;ttHOCTel pa;ttHOa.R

THBHOro paonaJt!i_. ~-p~na;tt~ ·c ·6oJII,mo!:_eHeprHe~. H~Bli~, o6JiacTett 

,!teq>Op~H H ;ttBaz.ttH 'wrn~KHX Jl;ttEl.P • BliCO~OlJ936~~eHIIliX COCTO~-:

~~- 'CBepXTJlXeJ!H?C 9Jl~M8HT~B H T.;;tt. 

HacT~BJl p~6OTa __ nocM111eHa HCCJie;ttOBaHl'Ill 3MHC':)HH sanas.nu

BSllll\llX DpOTOHOB - npouecca,xapaKTepHOI'O ,ttJill H3OTOllOB C 6oJII,mliM 

H8;ItOCTaTROM HelTpOHOB. Bo3110JmOCTI, .acnycRIUU!Jl npoTOHOB p_a;ttao-

llRTDIOOIII RJU)BIII 6wm np'e~OJIOZ8H~- ~KOJIO 60 JieT Has~ . 

s.Mapc;tteHo~ 1I/. lle~'BM noIDiTKa o6Hap~L H~~;eJm sanas~ma

Dltll 'np-~T-O~~B 6Wia ~pe~pHHSITa B I949 l'O;ttY .iI.Am,~penoM 121. 
IlpHMepHO B TO. ae Bper,m A.B.Mar;tt~~M-. B. T .re~~M / 3/ ~ . 

B.C.JlEJienoBliN / 4/ 6WIH paccMoTpeHH HeKoT~pue c~iicTBa npOTo~

HHX H3.i!y1laTeJlel .11 nyTl'I we· 06HapyaeH.1m. IloCJie;ttynutae: pacqeTHHe 

pa6oTH B.A~Kapimyxooo, H.H.TapaHTHHa /G/ aB.H.roJII,;ttaHCKOI'O / 5/ 

DOCBIIUleHH yTO'iHewm npe;ttnoJiaraeMWC xapaKTep.11cTHK npoTOHHHX 

.a3J1J11aTe.tel1 ,u;eT8Jll,HOMy paccMoTpemtn o6JiacTH KX pacnpbcTpaHeH

HOCTK. 
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HMeHrre rrcnycKa.HIDI sana3,Ill:,IBaJO~ruc IlpOTOHOB 6wro OTRPllTO 

aBTOfOM c COTPY.IlHIIBawr B !962 _rO,Ily /7 •261 nprr 06Jij"iemm Hlllie

JI8BOii ipom,ru ny'llioM 
20Ne. B 1963 ro.IlY c coo6u{eHrreM o Ha6JIBmeHIT11: 

npOTOHHUX SM!ITTepoB ,nJl/I Jiermu SJieMeHTOB BllCTYITHJia TaK.lKe rpynrra 

· P .EeJIJia /
9
/. Il ITOCJI8,IlylOlll8M B l1CCJI8,IlOBaHIDIX 8MHCCHJI 3aTia3,Ill:,IBaIOO!HX 

npoTOHOB 8.RTHBHo j"iaCTBOBaJirr,cJie.IlYKJl!lHe rpynrru sapy6exaux yqeamc: 

A~IIocRrursepa (EpYKXeBeH, Cll!A), H. tfepiiH (Eeprc.nu, C!IIA) • P.l.fa.Rcpap

JiaHa ( Texac. ClllA), rr.r .XrurceHa (UEPH), P .EeJIJia- (Mo Hp ea.in.. Ka.Ha,Ila). 

Ilo.n;po6Hllll o6sop pa6oT, C,IleJia.HHWC sa ,Il8CHTI, JieT, .IlaH i.Xap,IlH 

128 , 2.9/.·waBTO~OM /IB/. · . 

J{ecn:TI, ".1eT Ha3a,Il acnycKamrn sanas,nuBalOIIIITX npoToHo:a paccMaT-

prrBaJIOCI, Krut 3K30T.fftleCK08 HMemre. 0,IlHaIW K HaCTO~eMy Bp8MeHH 

CHTYarirur H3M8HHJiac1,: H8.ROITJieH 3HaqHTeJU,HUii 8RcneprrMeHTaJII,Hllff 

MaTeprraJI, pa3BHTll pa3JI~lle IlO,IlXO,ll;H J:l.]IR: .1rn·rureqeHIDI HHTepeCHOH 

H,Il8pHoii imifJopMa.Urrrr C ITOMO~IO ripoTOHHllX.H3Jij"iaTeJiett. Cne~H~Hq~
HOCTI, ee B TOM,qro saqacTyID OHa He MO.lK8T-6HTI, rro;zyqeHa .lijlyrHMJi 

CITOC068MHi KpOMe Toro, OHa OTHOCHTCH K IT30TOilaM BOJIH3ll rprurrr.qu 

HYKJIOHHoii CTa6MbHOCTH H,11;ep. 
~""l.. 

Truc, · uccJie,IloBaHHH c "JierRHMH" 11:sJiyqaremIMir' sarra3furnru:iuuoc 

IlpOTOHOB ( 2<30) ,IlaJIH Il;8HHHe CB8.[t8HIDi 06 ll306apHWl: EUia;;O~ax C -· 

T = 3/2, ~ qacTHOcTu,·06 rrsoTorruqecKott qHcToTe aTrrx cocT~mw:ii 

u pacnpeneJieHafi MaTPHliHHX aJieMeHTOB ~+-pacrrana rr~_aHeprua 

B036yiE.n;eHrra .noqepHero· H.lijla l2B/.. . · 

_)vm: orrucaHUH npou;ecca rrcnyc~aHM sarras.nuBaJOUUOC npoTOHOB 

B o6JiaCTH 6oJiee TH.lKeJIUx m~ep B Harnruc pa6oTruc rrpe.n;Jio.lKeHa CTauc-

TaqecKaH MO,Ilem,, npin~eHeHae KOTOpott Il03BOJUieT H3MeKaTI, ItHipop

Mall;ITIO O CWI~BO:ii cpyHKD;~H- ~~pacna.n;a /IO• II/._' -
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ToHKaH CTPYK~ypa cneRTPOB sarras,nuBaIOUUiX npOTOHOB HeceT 

CBe.n;eHUH o ITJIOTHOCTH ypoBHett B cpymcu;au aHepruu B036y,K,IJ;8HM B 

J:tliaTia30He OT 3 ,IlO 9 MaB. CTaTHCT!NeCRHe MeTO,Ill:,I aHaJIH3a TOHKOH 

CTPYKTYPH rrpOTOHHHX crreRTPOB 6wrtt·paaBaTu B Harn11:x pa6oTax /II,I2/. 

li3MepeHHe IlpOTOHHHX CIT8RTPOB B COBila,IleHHli C TI03HTpOHaMH Il 

0 -KBaHTaMH Il03BOJI!l8T YCTa.HOBHTI, pa3HOCTI, Mace HCXO.nI!OrO U 

KOH8qttOro H,Ilep. lllrrpoKoe rrpOB8,Il8HHe TaRHX H3MepeHaii 6esyCJIOBHO 

MHoroe rrpOHCHITT B npo6JieMe ROppeRTHOro OITHCa.HliH aTOMlillX Ma.CC. 

OTOT M8TO,Il orrpe,IleJieHM ,Il8cp8KTOB Ma.CC TaK.lKe BrrepBHe 6wr rrpe,IlJIO.lK8H 

ll oc~eCTMeH B HalllllX pa6oTax /I3,I4/. 

oMHCCliH sarras,nuBa~ rrpOTOHOB HMH8TCH Haa6oJiee usyqeHHOii, 

HO He 8,IlliHCTB8HHOH pa3HOBH,IlHOCTI,IO pa,IlHOaRTITBHOro pacrra,Ila, conpo

BOlE,IlalOll(eroCH·BHJieTOM ITPOTOHOB / 26/ • .nIJyrrrMli HMHIOTCH CJI8,IlyIOmue: 

a) rrpoTOHHUii pacrra,Il H3 OCHOBHoro COCTOHHHHi 6) rrpoTOHHllii pacna.n 

H30MepOBi B) .IlBYITPOTOHHlltt pacna,Il, rrpe,IlCRa3a.HHUfi B.H.rom,,IlaHCRIT/.1 

/SO/. H3 HHX .tiocTOBepHO 06Hapy.lKeH TOJII,KO BaprraHT "6" Ha rrpHM~pe 

53mc0 /3I/. 

B ,IlHCCepTau;HH rrpHB8,Il8HH pesym,TaTH RCCJie,IlOBaHHH SMHCCU:i 

sarra3,Ill:,1Ba~ rrpOTOHOB, KOTOplle B TeqeHHe pH,Ila JieT·rrpOBO,IlilJiilCb 

aBTOpOM C COTpy,IlHHKBMH B JIRP OHIDI Ha ITYtffiax TJIJKeJIUX IWHOB. 

PacnOJIO.lKeHrre MaTepuaJia cJie~ee. B rJiaBe IT ,IlaeTcH o6~aa RapTH

Ha 06JiaCTH pacnpocTpaHeHHOCTH HMeHM, rrpHB8,Il8Hll CBe,IleHHH 06 

H3B8CTHWC H3JiyqaTe.11/IX sana3,Ill:,IBaJOUUO{ rrpOTOHOB. B rJiaBe Ill paCCMOT

peHll M8TO,Ill:,I IlOJij"i8HliH Il HCCJI8,IlOBaHliH rrpOTOHHHX SMIITTepoB, ,IlaH 

RpaTKHA o6sop M8TO,IllIB,rrpHM8HHBllIHXCH B HacTOH~eil pa6oTe. IlO.lij)06-

HO oIIBcHBB.eTc.ii EaMC-2 - Macc-cerrapaTop Ha ITYtffie THJKeJIUx .aoHoB. 

cosnaHHH8 ,IlJIH H3j"i8HWI ROpOTKO.lKHB~ KBOTOITOB. rJiaBB. IY co-
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neplltll:T iJaTepHa.JI no HneHTH!pHKaIUiH H onpe.D;eJieHIDJ OCHOBHillC_XapaR

TepHCTl!K pacna.n;a ~poTomrnx H3JiytiaTeJiett',oTRPHTHX B .l{y6He. 

rJiaBa Y noCB/IlllBHa HCnOJib30Balill~ 9MHCCHli sarra3.D;HBaxJU{HX npoTOHOB 

.rvm onpeneJiemm pasHocTu Mace uaoTonoB 1 ytiacTBYJOll!HX B pacn~e. 

B rJiaBe YI H3JiaraeTCH cTaTUCTWieCitaH Mone.m, npo~ecca. ROTOpM 

npm.ieH/leTCH ~ aHamrna rpocc-CTpyKTYPH _npOTOHHHX cneRTPOB. 

rJiaBa YII nOCB/Il!leHa paccMOTperum TOHRO! CTPJKTYPH npoTOHH!ll'. cneH

TPOB. 

Pa60TH 0 oome.I(lllue B nuccepTawm. ony6JIHKOBaHH/6-25/. OHH He

o.D;HoRpaTHo .D;OMa,D;11~llC1, Ha BC8COJJ3Hb!X COBe111aHIUIX no · 11,l{8pHOl! 

cneKTpOCKOnHH H Ha CR8AYJJ111llX Mellt.l{yHapOAHb!X ROHW8p8HUHRX: B 1963 ro

~y - Ha KOH~epeHUHH no B3aHMOAellcTBHD CJIOXHllX RA8P (ClliA),B 1964 ro

AY - Ha KOHrpecce no 11,ltepHoll ~H3HKe (PpaHUHR),B I966 rOAY - Ha CHM

nosuyMe no CBOllCTBaM RA8P,YAaneHHUX OT ~ORHHH qraOHRLHOCTH(lliBeUHR), 

B 1966, 1971 ro~ax - Ha KOH~epeHUHRX no WH3HK8 TRX8RllX HOHOB(~y6Ha), 

B 1970 rOAY - Ha KOH~epeHUHH no CBOl!CrBaM H30TOnOB BAaRH OT ~ORHHH 

CTa6HRLHOCTH (lliBelluapHR), B 1973 ro~y - Ha IIIKORe no RAepHol! ~H3HKe 

(Ilon1,ma). 

IT. QEJIACT1 PAC:m'()CTPAHEHHOCTH H3JIYIJATFJIEM 3AIIA3ll1iBAllI!lfX 

ITPOTOHOB. 

TeopeTWieCRHtt aH8.IIH3 yCJIOB.iill noHB.18HHH npOTOHHHX H3Jiytia

TeJiett. npOBe.D;8HHHH B Harruoc pa60Td6017{ noitasaJi. lJTO 9MHCCHH 

npOTOHOB HMH8TCH B8C1,Ma pacnpocTpaHeHHHM BH.D;OM pacn~a. ·npax

TH1I8CRH .D;JJ.lI BCeX aJieMeHTOB C 2 <83 npH ;D;OCTaTOlJHOM o6e,D;HeHHII 

HettTpOHa!:fil .D;CVIJKHH Cytll8CTBOBaT1, H3~aTeJIH 3aITa3:D;HBaB:lll{HX npOTOHOB. 
. . 

.nmi: aToro ._He06XO:n;HMa peaJIH38.IUIB CJie,1zyJJIItero COOTHOill8HKII: 

0 0 > Bp +E'po. r,n;e Q0 - noJIHrur aHeprHH K-~aXBaTa. Bp- aHeprHH 

CM3H npoTOHa B .D;OliepHeM HJ:U)e. Epg - aHeprHH npOTOHa. OTB81Ja-
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Pac.I. 06JiaCT1, pacnpocTpaH8HHOCTH H3JiytW.TM81 3aITa3.D;HBalJ!l!IDC 

npoTOHOB (orpBJU!lJeHa .rumKliMHGo-~-Ep0,;.0 .0: Bp"'O ( ~- tte'l.~. 

H3JiytiaTeJIH. OT!tpHTHe B .l{y6He: l!il' - O,D;H03HalJHM. X - np11:6JIH-

3HT8JIJ,H8.fl' H,D;eHTHJpHRanHSi no .l H A~ I1sJiytiaTeJm 1 noJiytI8HHHG B 

J:U)yrwc pa6oTax - c 
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JOII18Jl paB8HCTB,V Ill)OTOHHOH ( fp ) H parotanliIOHHOH ( '1 ) orn:pHH. 

IlpH H3M8H8HHll Z OT 20 .no 80_ BeJIB1IBH'a, Ep0 MeH1IeTC.II OT ~ 0 1 ? 

.r10 ~ 4,2 MaB. 

lli,i:BQJ:1 0 IIIHPOKOH pacnpocTpaH8HHOCTH .IIM8HiiI.II IlO,ItTBepllt,lteH 

3KCnepllM8HT8JII,HO (cM.fHc.I). K HaoTOJD118My BpeM8HH yxe H3B8CTHO 

26 IiI3Ryt,aTeReil aarra3.ItHBalOIIIIiIX npoTOHOB C ,ItOCTOBepHOH H,ll8HTaqlH

Ka.I.{HeH 2 u A. Car,ma Rel'Kru1 .ra HHx-90 1 CaMblH T.ID!tema J83H2i 

C8Ml:lH KOpOTKOlltiiIBj'lll.l{it .1!3Jiy-qaT8RL 130 (TI/2 = 0,0089 CeK.) 1 

C8Ml:lH ,ItORrOlllliBYlll.IiIH - II7xe (TI/2 = 65 CeK.) • .u,m: 3R8M8HTOB 

TJllteRee CBiiIHUa Ha6JIIO,It8HH8 aana3J:11:1BallllUO(npoTOHOB CTaHOBHTC.II 

npo6ReMaTntJHHM 11a-aa ol.. -paona.na. 

B 3TOH rRaB8 npiiIBOW{TC.II CBO,ItH8JI Ta6R~a CBOHCTB H3B8CTHHX 

IiI3Ryt,aT8R8H aarra3.ItHBalOIIIIiIX npOTOHOB • 

Ill. 3KCIIEPJ1MEHT.A.1illillB MET0J!)J 

I. H3B8CTHhl ,ItBa HaH60R88 ajxpeKTHBHl:lX cnoco6a Il0Ryt,8HM 

JI,Itep C H36HTKOM npoTOHOB: a) peaK~H C zcnapeHH8M H,YKJIOHOB, 

BH3HBae.Ml:le aa_pJIJKeHHHMH ti:acT~aMHi 6) peaK~..r r.1Jy60Koro pac-

111eMeHHJI IlOJ:1 ,It8HCTBH8M ti:acT~ BHCOKOtt SHeprHH. Ilo Mepe y.na.n:e

HiiI.II OT ,ItORHHhl CTa6HRLHOCTH npeHMYII18CTBa peaKud, Bli3HBa8MWC 

TSDK8RillvlH HOHaMH, CTaHOBllTC.II BCe 60Ree O'l:8BH,ItHHMH. IlpH HcnoRL-

30BaHiiIIiI TR.1K8JlllX HOHOB H,It8HTaqlm<anIDI HOBllX H30TOnOB no 2 .II 

A B03MoJKHa no BHJtY cpyHK~tt ooa6yz.neHHJI peaK~tt. BMecTe c 

T8M, B8CLMa nepcneKTHBHO npmileHeHHe Macc-cenapaTOpOB B peJWMe 

"on-line", oco6emw Tor.na. Kor.na ~eti:eHM perut~ii MaJili. 

2. B .PJI.ne pa60T 1 00111e.It111wc B ,ItHccepTa.I.UIJJ~ H.IteHTllqlm<a.I.{HJI 

H30TonoB npOBO,ItHJillCI, no q>ymauDIM B036yz.neHim • .u,m: Bll,ItM8HiiI.II 
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aitTHBHOCTH HCilORL30BaJie.lI ajxpeKT JI.It8P OT,Itati:H. B nepBWC SKcne

PHM8HT8X no o6HapyxeHHJJ 3aila3.ItlIBaJJ1118ro npOTOHHoro IiI3Ryti:8HiiI.II 

perHCTPanIDl OCYllt8CTBJIHJiacL T8R8CKOnOM H3 ,ItByx nponop~OHaRL

HHX C'l:8T'l:IiIKOB ( 1! . E ) I KOTOPH: Ha cne~aJII,HOM npo6HHK8 C 

Mmll8HI,JJ nOM811laRHCI, Ha BHYTP8HHHH nyti:OK ~OTpOHa~ 3aTeM 

npHMeH1IRac1, CHCT8Ma H3 nporrop~OHaRLHOI'O AFr-cti:eTti:HKa H nMy

npOBO,ItHHKOBOro E-,It8T8KTopa • .u,m: 8KcnepHM8HTOB Ha BHB8,It8HHOM 

ny,me HCnORL30B8JiacL YCT8.HOBita, B KOTopott C06Hp8.HH8 aKTHBHOCTH 

OCYllt8CTBJilIJIOCI, M8TO,ItOM raaoooa CTPYH, a perHCTPanM H3Ryti:8HH.II 

npooo,ItHRaCL C noMOlllbJJ T8R8CKona H3 ra30BOI'O H noRynpoBO,ItHHKO

BOI'O C'l:8Tti:HKOB. 8Ta IlOCR8,&llIDI ycTaHOBKa Il03BORJIRa H3M8p.lITI, 

Taruite H ~!. p -coBna.neHHJI. 

3. HamfoRee COBep111eHHOii MeTO,ItHKOit, paapa60TailHOH HaMiiI, 

JIMJieTC.II E3~2 - Macc-cenapaTop Ha ny,me UHMOTpoHa Y-300. 

06upm BR.It YCTaHOBKH noKaaaH Ha p.0:c.2. MarHHTH8Jl CiiICTeMa naro

TOM8Ha Ha 6aae THilOBOI'O MarHHTa Cil-5?A. 8TO C8KTOpHhltt cneKTpo

MeTp C O,ItHOPO.ItHHM no~eM C .noottHott q>OKycapOBKOtt, KOT0p8.II ocy

lll8CTM.II8TC.II C noMOlllbll paccesnrnoro llOM Ha· rpaum~x .MarHHTHQ['O 

ceKTopa. B qioKam,Hott IIJIOCKOCTH cenapaTopa pacno~araeTCJI 

aKpaH co 111eRL1J, nponycK0.l'.llllRit aao6apH c .nrurnoit Maccoa Ha c6op

Hmc ,It8T8KTHPYDI1ero ycTpoiiCTBa. 

UeHTpam,HHM ya~OM Macc-cenapaTopa .IIMJI8TC.II HOHHHH HCTO'l:Hmt. 

Hcrronao~CJI cne~aJILHO paapa6oTaHHHtt BapHaHT BHCOKOTeMIIepa

TypHoro- HCTOti:HHKa C nooopXHOCTHOH IiIOHH3a.I.{H8H. MirJieHI, pacnORO

zeHa BH8 IlMOCTH HOHH3aTopa. AKTHBHOCTL ,ItOCTaBJVI8TC.II B HOHH3a

TOP ti:epe3 TOHKOe BXO,ItHOe OKHO aa cti:eT HMITyRLca.oT.na1m. JiOHH-

9 



P.e:c.2. Cxervia.Twiecmrii: BR.I( MaCc-cerrapaTopa ESMC-2: 

I - MHmem.. 2 - llOHHlJ:H HCTO'IIUIKi 3 - BliTJirilllam~rui 
aJieKTPO.l(i 4 - MarHllTiillll 8KPaHi 5 - MarHHTHHH CeKTop; 
6 - MarHHTi 7 - aKpaH co 111eJI1,ro; 8iIO - Si(Au)-.neTeKTOPi 
9 - ,l{JICK-Cc5opHHKi II - CIUfHTWlJl!II(I!OHHHH ~ -Cl!9TtIMK. 

116 1]1 IJB 1J9 1?0 121 A No~ . 
7001 

Mo92.532 
600 

5001 

400 

300 

w 

100~ 

3860 70 30 90 3900 10 20 30 40 HGs 

P.e:c. 3. 3aBHCHMOCTI, HHT9HCHBHOCTH ~-C'IeTa B qJOK~HOil: 
MOCKOCTH . .ESMC-2 OT HanpJilK9HHOCTH MarHllTHoro IIOJilI 
(Maecoooe pacrrpe,qeJieHHe aaoTorroB Gs ) • ES= !80 MaB. 

10 

~ 

aaTop rrpe;ztcTaBJIR:eT coelo8 B0.1II:,cppru110BHil: cTrutaH, paaorpe:&ieMll:ii 

8JieKTPOHHOff 6oM6ap.ztKPOB1tOff (T =2200-2500°c). 

Ilo;ttp06HO HCCJie;ttOB!UW xapaKTepHCTHKlf rrpuc5opa .ltlilI ueaHJI H 

6apM. Haft;ltcHo. 'ITO 3aJ3HCHMOCTI, acpcpeKTHBHOCT!f, OT TeMneparypu )lJi/1 

3THX 3Ji9MeHTOB .KMeeT Bil.I( KPHBOii c Hacu111eHHeM. PaaJIH'!He B 

TeMIIepaTypHOM rropore MOllteT 61ITI, HCIIOJII,30B8HO .ltlilI OT.l(eJieHHJI Ba 

OT Cs • IIomaJI acpcpeKTHBHOCTI, cerrapaTopa .ltlilI Cs .e: Ba paBHa 

40 H 25% ,COOTBeTCTBeHHo. lfaMepeHa 3aBHCHMOCTI, BpeMeHll y.nepm

HIDI 1(93IDI B HCTO'IHHKe re- OT TeMIIepaTypu • .u.,m T = 2500°c IIOJiyqeHO 

'L =I.o CeK. 

Ha p.e:c. 3 .ltlilI M.JmCT pana.e: IIOKaaaHa 3aBHCHMOCTI, f-> -C'IeTa B 

cpOKaJII,HOi MOCKOCTH OT B9JIH'IHHII MarHHTHoro IIOJLII cerrapaTopa IIPll 

o~eHHH 92Mo IJY'IKOM 32S. 3To 1 no CYIIleCTBY, crwKTP Mace .0:aoTo

rroB ueaM. 06paa,VD11HXCJ1 B peaKl(Hll 92Mo + 32 S . 

IlpoBe.neH aHaJIH3 MexaHHSMa pa60Tli HOHHOro HCTO'Illlllia. KOTOPlIH 

IIOCJIYUT 6aaoil .ltlilI YJIY'Illlemm ero napBJr1eTpoB B 6y.nyt11eM. Macc-ce

rrapaTop BSMC-2 wro,tHo OTJIH'laeTCJl OT aapyClelltHHX np11ClopoB raKoro 

THna Ha IIYl!KaX Tl!llteJIHX HOHOB. 

B a~eH.e:e rJiaB!l .naeTCJl rrpRMoe cpaBHeH.e:e TJIJKeJiwc HOHOB 

H aHeprH'IHWC IlpOTOHOB KaK cpe.l(CTBa IIOJiyqeHM IIpOTOHHO-HB6IITO~

H!lX JI.l(ep. OHO C.l(eJiaHo .ltlilI O,tHOTHIIHWC M9TO.ItKK -BSMC-2 H MaCC

cerrapaTopa "HaoJII,;tta" (UEPH). Ha pac.4 rroKaaaHo OTHomeH.e:e BIIXO

.noB H30TOIIOB l(eaM. IIOJiyqaeMIIX Ha 8T!fX cenapaTopax. ,lvm A< II8 
BllXO.l(li Ha BSMC-2 CYl!l9CTBeHHo BIIUie (B IOO pas .ltlilI A = !!6). 

II 



1001- • ~ 

-L,J .. Cs 
0 

~ 10 
(/) 

;::: -z 
~ 0.1 
l0 

> 
116 117 118 119 A 

Pnc.4. 0TH0ill8HH8 BHXO;D;OB HSOTOnOB nesmr Ha B3MC-2 H Ha 
• 

Macc-cenapaTcpe "HsoJI&;na" ( UEPH) •. 

NI I 

5)~ u Ba119 

"° 
J) 

Np 4 

;~~ 
, 10 15 soc 

20 

roL 
2 3 ~ EPH,V 

Pnc.5. CneKTP npoToHoB H KPHBM pacnaM WDI 
119Ba. 

IloJiyqeH B peaKIJ,ruI 92Mo (
32 S ,2p3n). llllneJieH c 

noMOl!II>IO B3MC-2 • 

• H,L,Ravn,s.sundell, 
,L,Westgaard. Phys.Lett., J9B, JJ7 (1972), 

12 

IY. IIPOTOHHllE w.3JlY1IATEJil11 OTKP!lTHE B _rn.:. 

Hs 26 HSJIY'laTeJieii C H~eimo ycTa'iOBJI8HHl,IMH z H A ceMI, 

Bnep:BB.e Ha6Jm;naJirrc1, B Hamax pa6oTax. ·,lLmt HHX 0:sMepem,1 neprro.nn 

no;rypacn~a. npOTOHIDi8 cneKTPbl1 B HeKOTO.Pb!X CJiytlaflX - cneKTPbl 

B COBII~eHrui: C nosmpoHaMR H npoTOH-nosHTpOHHbl8 BHJIKH. 

17Ne· 1 T
1

;
2 

= (0,085:±0.0I5) ceR I BnepBHe 6b!JI no;ryqeH B pea.It;_ 

~pe;natrn 3-x HeiiTpOHOB HS 20 Ne _/7-9,c.
4
/. 

73 Kr, T
1

;
2 

= (23±4)ceK I no;ryqeH nprr o6Jiyqe,H:~H Ni aoHa.MH 

20NeH I 6o. HsoTollli T7~e H 73Kr - nepBHe npoT6Hlil:le HS~Tem1. 

Ha6Jm;naBmHeCJI B I962-63rr. 17.:.9 ,
24

/. 

I09Te. TI/2 ~(4.2±0.2)ceR·. n;neHTHqi~pOB8H no qiyHimHH B?3-

6yJK,IteHWI peaRIUIH 92Mo ( 20tJe13n). MBKCHMMI,Ha!I ::meprrul npOTOHHO-

ro cneKTpa (71I4±0.I)MaB. Ilpo'i'oH - nos.rrpoHHrui: B.rJII(a Pp no 

oneaxe paBHa 3.Io-2./I4,I8,24/ • 

111TeA T
1
;

2 
= (I915±015)ceR • roteHTnwrrnapoBaH no ~ymtIUlli BOS-

6yJK,IteHM B peaRWUl 94r~o c20Ne.3n.) i Ep-m!l.lC. =~5.07±0,07)MaB. F;, = 

= I 15.I0-3_(oneaxa)./IJ,I8,241• -

IIG Gs. Tr/2 = (3.9±0.4)ceK • noJiytreH B peaKnHH 
90Zre32

S.p5n) 1 

roteHTwp~poBaH Ha MaCc-cenapaTope B31JC-2i Ep-m<J.)l..=6.8 MaB 

(onemta)i HS cpaBHeHftii npOTOHHOH aKTnBHOCTH H mxo;na no~epHe

ro. 116.re Ha.ID{eno B, =(3±I). I0-3. 121 
• 
2JI. 

II9Bab T
1

;
2 

= (513±013)ceR. BnepBHe HneHTmp~poBaH no qiymc-

wm B036Yllt,n8HWI pea.KIUUI 106cdc16o.sn). saTeM Ha MaCC-CenapaTO

pe ESMC-2; Ep-mA". =6 15 M3B , Pp =4•I0-3 (~neHKa.) !20
•
211

• 

13 



•l 

121Ba. T1; 2 =(2917±I,5)ceK • rro.nyqeH B peam::um: 93Nb(32,s 1 p3n) 

Ii H,ItBHTMqJ.tmJ!pOBaH Ha ]38;,1C-2i Ep-mo..P4:2 MaB,Pp :=(2.tI).ro-4 /2I,23( 

IloMm,10 8Tl!X l!30TOITOB Ha.MH H8.6Jll),ItaJIHC1>. Bille 9 H3Jiy,IaTeJiett 

38.IT8.3,Itl1B8.11Jll!IIX rrpOTOHOB B o6JiaCTH pe,ItK038MeJII,HillC 8JIBMBHTOB Ji 

B paiioHe OJIOBa.2 u A .ztJI1t HHX TOqHO He ycTaHOBneHH. Ha 

pHc .5 u 6 rroKasrurn crreKTPli 116C.su II9Ba. OHR RMem Tmili'll!YlJ 

~OpMy. KOTOpWI o6~HCHJIBTCH CTaTHCTHqecKott MO,It8JII,IIJ nponecca 

8MHCCliH 38.IT8.3.zti1Bal!Jll!IIX IIpOTOHOB. 

Y. 3AITA3,I(l:lBA1(lllij IIPOTOHH H OIIPFJ(E.JIEIDfE MACC H30TOIIOB1 

Y,llAJIEHHillC OT .lIBHlfH ~-CTAEHJIIROCTH. 

HsMepeHHe llOJIHOH 8Heprl!HJ)eaJIH3YIIJlllBHCH IIPH acnycKB.HIDI 

sarra3,Itl1BaTO!ltliX llJ)OTOHOB, II03BOJI/IeT orrpe.zteJIHTb pa3HOCT1> Mace 

HCXO.ztHOro Ji KOHe'll!oro H30TOIIOB1 T.K.: 

~ E = /'1(l,N)-M(r-2,N+1)-mH= Qo-Bp• 
A-1 rmtb {I) 

Onpe.zteJieHHe Ga-Bp .ztaeT B03MOlBHOCT1> HCCJie.ztoBaT1> rpopMy noBepx

HOCTli Mace B 06JiaCTli 3Ha'lll:TeJI1>HOro He:il'rpoHHoro .zte~murTa. 

BalBHOCTb Ta.Kore copTa liCCJI8,ItOB8.HHil oqeBH,ItHa. OIIHCB.HHe 38.BRCR

MOCTH MaCCbl HlU)a OT pasJIH'll!HX rrapaMeTpOB HBJIIIBTCH Tpa.ztHnHOH

HOR npo6JieMott TeopHH. IlpoBepKa npe.ztcRasBHd Teopau oco6eHHO 

neHHa Ha 60JI1>illOM Y.ztaJIBHHH OT o6JiaCTH CTa6HJI1>HOCTH, T.R. 

npH 8TOM CT8.HOB!ITCR 6onee 3fill:8THllMH TOHKHe OTnHqHH O~Horo cno

co6a pacqeTa OT :zwyroro. 

BeJiuqHHY Q0 -Bp · c xoporneii ToqHOCT1>11J MOlKHO ycTaHOBHTI-. 

H3 cp8.BHBHM cneKTPOB IIPOTOHOB B COB!Ia,ItBHHH C II03HTPOH8.Mli 

14 
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51 
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Pji:c .6. CneKTP rrpoTOHOB H KpHBaJI pacrra.n;a II6 Cs • PeaKUIDI 

noJiy,IBHl!H 92Mo ( 32S 1 3p5n) • BH.zteJieH Ha l33ii!C-2. 

Jir ~· l., 

~. 
t,10 

8 
6 

2 

10· 
8 
8 

' 

I p ... 

2 

~ 

L 
;t 

-. 
I I I 

f\ 

-
Ep HeV 

PHc.7. OTHomeHHe cneKTPOB npoTOHOB B coBna.zteHnH C IT03HTPOH8.Mn 

H 6es TaKOBHX 11.JIR IIIT~. KpHBWI - paclieTHaH 11.JIR 

Oo- _s,. =5.07 MaB. 
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NPf ( E,.) .i: 6es Ta.RoBHX N f' ( Ef ) •• CrrpaBewurno c.JielJ.YBll\ee 

COOTHOmeHHe: 

Nµt-p ) (E )w [1 wEc 1-1 
Np {~)= T olf P 'f,t- · + Vl.p1- ' (2) 

r.ne ol. f - tiaCTI, II,POTOHOB I COOTBeTCTB~ pacrra,cy B KOHetmoe 

COCTOJIIDie C :mepr.i:ew E;, wft-- 3qxp8KTllBHOCTI, per.0:CT,Pa:qHll 

II03HT.POHOB, WEC H Wpr - Be,POJITHOCTH s.JieKT.POHHoro srurnaTa 

H II03HT.POHHoro pacrra.na • . ,D;,m paspememmx rrepexo,noB Wee IW~r 

3allHCHT TOJII,KO 0! rr_apr(HBJII,HOli aHeprHH K-3axBaTa Q .:: ( Qo- Bp )-

-Er A ~1 - Ef • TaRHM o6pasoM, oTHorneH.i:e Nf'r /N f' · orrpe1te.na:eTCH 

Be.JIHtIHHOfi Qo - BP , KOTO.Pall n HaxO.JtllTCH HS cprumeHKI! SKcrre-

pHMeHTMI,Horo OTHOrueHIDI c pactieTOM IIO (2). 

!IJrO}:tOTBO.PHOCTI, 3TOro MeTO}:ta II.POJteMOHCT.Pll.POBaHa Ha rrp.0:Mepe 

I09re H IIIre. Ha pnc. 7 IIOKa3aHO Nrr /Np WDI IIIre. 

OTO OTHOWeHHe II.PH YBe.JIHtieH.WI aHeprmr II,POTOHa (,YMeHbllleHHe Q ) 

pe3KO rran:aeT 3a CtieT pocia Weclw,. KpHBall - pactieTHaa:. 

cooTBeTcTBy10niaa OrITHMalll,HOMy 3HatieHHD rrapaMeTpa Qo - BF = 

(5,07:t0,07) MsB • .AHa.JiorHtIIWe HSMepemm c I09re Jta.Jill Be.JIKtIHHY 

Q0 -Bp =(7,I4:tO,IO)MsB. IIpoBeJteHo cpaBHeIDie rro.7IJtiemmx sHa

tieHaii O o -BP c rrpeJtcKasaHWIMK pasJIHlllllIX q,opMy.JI ·.D;JJ.ll: Mace, 

KOTOplle pacXO,WITCJI rrpHMepHO Ha 4 MaB. BIIIDKe :acero K 3KCrrep11-

MeHTy pactieTu 3e.JII,}:teca .0: ,zw. 1321, BancTpa n royBa / 33/, 

rapBH H .zw. /34/. . 

3ToT MeTo.zt orrpe.zte.Jiemm Oo -Bp BDoCJie,ncTBe:e HCIIOJII,3olia.JI

CH II.XaHCeHOM ll ,zw. /35/ 
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YI. 3AIIA3.n@ADII!l1E IIPOTOHU H I'POCC-CTPYKTYPA ~1:J>ACIIAM. 

I • ./1JuI OIIHCa.HIDi ycpe.II;HeHHOH qlO,PMll II,POTOHHOro crreKTpa 

pasmrra cTaTHCTHtiecKalI MO.zteJII, rrpo~ecca ncrrycKaHIDI sarras.n;uBaJD

IIIWC II,POTOHOB, onepHpYJOUlali_C ycpe.II;HeHHHMH xapaRTepHCTHKaMH 

~T-nepexo}:ta H npOTOHHO-HeCTa6ZJil>HHX ypoBHett. HHTeHCllBHOCTI,_ 
,Jt. 

t,, Il,POTOHOB, OTBetJaltllqaiI.pacna.ey- V -ro COCTOJIH>ffi co CIIHHOM 

(~HO o6pasyeTCH B. ~+-nepexo~e ~CXO.II;Horo COCTOHHIDI jJi. ) B 

KOHetJHoe f c aHeprneit Ef ,PaBH~: . . ... : . 

., ,1 I'\' ·fez Q) M.2 ·(I'e-). 
T ~f~ = ""~- . , . ; J°i·)) r "f v ' (3) 

r.zte f ('2 ,Q) = f f/l, Q) + fe~Q ;2 )_ H3BeC'l'HWI . CTaT llCT K'!8CKali qJyHKIU!H 

~+•-rrepeXOJtai /iJi_,1'' - MaT,PHtIHllll 3.JieMeHT r+-pacnan;a; r;, li 

r '- II,POTOHHali .0: no.JIH8.f{ nrn:pmm V -r6 ypoBli.f!." Ycpe.n;IIHH (3) 

no ']) B llHTepBa.Jie a Ef' , nOJiyqaeM ocHoBHoe cooTHorneH1Ie Mo.zte.JI1I: 

. \,(Er)=~- f (2,Q)·S~ 9(f L) (( ~ )if)_, , (4) 
r;ne s(3- - Cli.JIO:easl qJyHKW1/I f-pacna}:ta, a . ~ ( ~:• i.) .ztaeT ee 

pacrrpe.zte.JieHlle no cn.0:Hy -i. • BMlltIIIHa Sr' paBHa o6paTHOMY 

ft . 1 npwco~eMJCJI Ha I MsB. ~epeXOJt K Sf OT MaTpll'!HHX 8.Jie

MeHTOB ecTeCTBeHeH ,n;JJ.ll: 60.JII,WllX aHepraii pacnana~ BMeCTe C Te.M, 

aTa Be.Jil{tlliHa rirurmurac:r, B TeOpllll npH norIHTKax 06l>JICHHTI, MaT,PlltI

HHe a.Jie~eHTH ~ · {° -nep~oJtOB MeXAY HII3Ko.Jiel!l8ll\lOOI cocToHID!.HMli. 

KatieCTBeHHOe IlOBe}:teHlle s,,(E*) naeTCJI rpocc-TeOpHeti 

0 -pac~aJta / 35/~ Wm paspemeHHoro rauoB-TennepoBcxoro nepexo

Jta SliimeeT <Ix>PMY µmpbKoro rnraHTCKOro pe30HaHCa C MaKC.e:M,YMOM 

B pailoHe R306apHoro aHWiora.· 8TO OTpaJmeT ipaKT CYlI!eCTBOBaHM 

. 17 



B11rHepoBcKoro cyrrepMJJII,TIDIJieTa, "paaMaarumoro" aa ctteT cmm

op6wram,Horo BaaRMo,n;eacTBIDI. B ro,IB.IIaaoH peaJII,HHX nepexo,n;oB 

B CJIYtJae · N> "l nona,n;aeT TOJII,KO "XBOcT" aToro peaoHaHca1 r,n;e 

Sr,CE"") MeH/IeTCR cJia6o. 

3an8.3J]plBaJOUUie npOTOHll npe,n;OCTaBJIIIIOT cnernnpH'!eCKHe B03MO.lKHOC

Tli lWl HCCJI8.IJ;OBaHRlI s e, • 3,n;eCI, OK8.31lBa8TCSi ,n;ocTyrrHllM Bll,IJ;eJifITI, 

B cwroBOii qiymaum CTPYKTYPH paaJIHttHoro nopR,IJ;Ka: rpocc-cTPYKTYPY. 

npoMelltJTOttH!le pe30HaHCll1 TOHKYJO CTPYKTYPY· .zi,m llOJIYtJeHKli .l!:Hqiop

Maq!Ili O sf! llpOTOHHlle CII8KTpll CpaBH.ITTlam'CSi C pactteTOM no 

( 4) • F.cJIH Q 0-Bp li3MepeHO 3KCIIepHM8HTaJII,HO I TO e,IJ;HHCTB8HHllM 

ttHCJIOBllM napBMeTpOM pactJeTa RBJIIIeTCH BP 

2. IlpoBe.n;eH aHaJIH3 IIO CTaTHCTHtteCKOfl: MO,IJ;eJIH cneKTpOB IIITe. 

I09re. 121Ba. II9Ba H I 16Gs • B CJIYttae IIITe ycpe,IJ;HeHHUtt (no 

A!:p =I00-300 xaB) cneKTP xopowo .onHCllBaeTM B npe,n;noJiollteHHH 

Sf=consl: OTKJIOHeHHR pactteTa _OT aKcnepHMeHTa JielltaT B npe,n;eJiax 

20%. XOTR .IJ;HaII8.30H li3MeHeHHR mrreHCHBHOCT.11: B CII8KTpe COCTaBll/IeT 

2 llOpR,IJ;Ka. PHc.8. ,n;eMOHCTpHpyeT ruiyroff npKMep corJiaCKII c Ka

tteCTBeHHllMH npe,n;cK8.38HlmMlf rpocc-Teop.11:~. Cpe,n;H.11:e 3HatteHWI cwro

BOfl: <liYHKUHH onpe,n;e.1.tlL1.IHCI, H3 TI/2 B npe,IJ;IIOJIOlteHKK1 ttTO Sr,= Const. 

Bllille OTC8ttKH C (C = 2t. 14A. 1 .IJ;JUi He~!eTHllX A K HetteTHO-HetteT

HHX H30TO~B COOTBeTCTBeHHo. A - napaMeTp llteJIH). A6COJOOTHlle 

SHatteHKR: $~ 1 cpe,n;Hltll: XO.IJ; C H3M8H8HHeM A 6JIH3KH It OU,IJ;aeMHM. 

D CJIYttae 109Te 1 121Ba. II9Ba qiopMy ycpe,n;HeHHoro cneKTpa 

yxe He y.n;aeTCH ommaTI> B npocTOM ,n;onJU1eH1m S~= const • 

EeTa-CRJIOBBJI <pymatim IIPOJIBJISl8T JIOKaJII,Hlle peaoHaHCH (npoMellty

TOttHBJI CTPJKTypa) 1 ltoTOpHe CY11t8CTB8HHO BJIKIIIJT Ha BH.IJ; npOTOHHoro 

II 

l 

so 
-4 

10 
Te 

r--~~-
10-5~ . . ~Cs 

55 60 65 N 

P.rc.B. Cpe.IJ;Hrie aHatteHRlI ,¥>-cwroBolt <liYHK~l'Il'I .IJ;JifI Te. Cs • Ba. 

qepHUe aHattKH - ,n;rura8JI pa6oTa. I!y:mcTHp - pactteT no rpocc

TeopKK J-pacna,n;a }J)IH. o.=6 MaB H EF = 2 MaB • 

,0 

.s; 
30 

2.0 

40, .Tt ,. 

21) 

. t ,· 

4P jg RO OuHt!v 

P.11:c.9. CwroBB.li <liYHKnwI f+-pacna,n;a 109Te (OTHOC.e,n;.) • 

.zi,m nepexo,n;a K aHeprM B036,Yx.iteHKR: K Ep CJie,n;yeT 

,n;o6a:BHTI, ~I13 MaB. 
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crreKTpa. MMemurecH ceH'!ac .ztamrne CJIBlteTem,cTBYJ)T o TOM, '!To 

STO CKOpee npamr.n:o. l!eM llCICJIRll!eHHe. HaH60Jiee OT'ieTJillBO JIOitaJII,

llllfi pe30HaHC rrprui:BJIJieTCH. B _ S~ NIH I09T~ (pHC • 9) : MaKC.mzyM . . . . ~ 

Jie.lllliT rrpH E e1 5 ~1:rn. ITOJIYlIIlipmia ...._ 600 lt3B, OTHOllieHHe mma It 

ocHOBaHIDD -3 • .rr.,m II913a l:I I 2IBa rrpoMellty-TO'illlle CTPYKTYPll 

He ,IteMOHCTPHPYJOT ceM Herrocpe.ztCTBeHHO B rrpOTOHHOM cneKTpe, a 

~B/Iff!OTCH nocJie aH8Jil:I3a no CTaTHCTH:tiecitofi·Mo,IteJIH. Ha pl:Ic.IO 

ITOita3aHO cpaBHeHHe ycpe.ztHeHHoro cn~KTpa 121Ba c. _pactteTOM B 

-~yx npe~OJIOJ!teHJmx O BH,Ite t -CWIOBOil q>~. PactteT Y.ztOBJieT

BOPHTeJII,HO onHCllBaeT 3ItCrrepl:IMeHT NI.II S~ C pe30H8.HCOM npH 

Elfz 4 1 9 i,iaB. AHaJIOrll'ffillil pes;m,TaT noJIYtieH H NIH II9Ba. 

JlOitaJII,lllle pesoHaHCll CBH3_.llBalOTCH C TpeXItBa3HtlaCTH'!HI:lMil COCTO

JIHIDIMlls xopomo sace~eM!lMH B j _-pacrra.zte. Tait 1 B CJIY<iae I09Te 

CJie,ztyeT O.lllli,ItaTI, noBHmeHHOfi BepOHTHOCTH nepexo.zta npoTOHa HS sa

noJIHeHHOtt 060JIOtIKH 8-9/2 B HettrpoH 3 7/2 C o6pa30BaHHeM Tpex-

ItBa3H'iaGTHtJHOro cocTOHHHH ( p-~9/:z n3,12 )
1
r -rid¾ /S8/. 3a 

C'ieT OCTaTOtJHoro B3al:IMO,IteiicTrum aTa KOHq>Hrypanwi "pasMa3llBaeTCJl" 

rro HeitoTopoM,Y ,ItHarrasoHy aHeprHH. CorJiacHo / 39/, II9.I2IBa 

npmia,ItJie:mT K HOBOfi o6JiaCTH ,Iteq>OpMH:pOBaHH!lX H,Itep. 3.zteci, ,ItOJilKHll: 

oco6o Bhl.zteJI11T1>CJt raMOB-rennepoBcKne nepexo,uµ B TpeXKBa3HttaCTHtI

lllle cocTon:HHH, ~10tta10ll!He. nepexo,uµ c A k =I Me:at,cy o,ItHoitBasH-
, ( 

ttaCTHtIH!lMH npoTOHllllM H HeiiTpOHHllM COCTOHHHRMH C O,ItHHaROBHMH 

acHMIITOTHtieCitHMll'. ItBaHTOBl:lMR '10:CJiaMH. IIpe~OJIOJ!tHTeJII,HOi pesOHaHCl,I 

B II9.I2IBa o6LJlcwcJI pacna,ztoM p 9/2~ [404J➔n7/2+ [ 404] • 

B pesy.m,TaTe ItOTOporo ITOHBJIJieTCJl ttaCTHtIHO-,ItlipO'iHOe BOS6Yl!,lteHHe. 

BMecTe c HetteTHl:lM HettTpoHOM OHO o6pasyeT TpeXKBasHtiacTJII'IHOe 

cocTOJIHHe 1 ItoTopoe pac111elIJil!eTCJl no pe8.1II,HllM ypoBHJIM mwa. 
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Hcc;re.ztoBaHKe JIOK8Jil,H!lX pesoHa.HCOB B f3 -cwroBott IPYHKL\ID1 
,ztaeT HOBHff 8ItCrrepaMeHTaJII,llllH no,ItXO,It K npo6JieMe np9CTHX COCTOH

Hd B 06JiaC_TH 6om,mott IIJIOTHOCTH ypOBHeH. Tpe:nrnas.rttacTHtIHile 

COCTOJlHM1 OTBeTCTBemme sa peSOHaHCH BS~ 1 CXO,ItHil no CTPYJt

Type C BXO,ItHW.Ul COCTOJlHHJIMli B Jl,ItepHHX peaKnwnc. CJre,ztyeT Olltll,ItBTI,. 

'iTO "<6Hsmta" • KOTOpaH ynpaB/IffeT pac_111enJieHHeM Tex II m,yrruc no 

peaJII,Hl,IM ypoBIDIM1 o,ItHa .r Ta ll[e. 

YII. 0 _ _T_OJil{Ol_CTmm'PE_IIPOTQHHI:lX CIIEKTP013,._ 

( 

HsMepeHHH C "xoporrmM" paspemeHHeM ~BJIJITOT TOHKYIO CTPYK-

Typy cneKTPOB sarras,ItllBatolllllX ITPOTOHOB • .lf.mI Jl,Itep c Z < 30 y,ztaeTCJl 

paspemHT1> napn,t8.1II,HHe nepexo,Itl,I. C YBeJlltlieHHeM Z IIJIOTHOCTl> 

ypoBHeff pacTeT 1 OT.ztem,HHe nepexo,Itl,I He paspemamcH1 HO BMecre 

C TeM cpnyKTyarum mITeHCHBHOCTK B cneitTpe OCTatoTCJI. Hx BeJilltIHHa 

onpe,1teJllieTCH ,ItHcnepcHeii llITeHCHBHOCTR OT,1te.m,HHX nepexo.ztoB (3) H 

COOTHOW8HH8M 8HepreTHtJeCitOro paspemeHHH ,zteTeKTopa OE l:I cpe.zt

Hero paCCTOJIHHJI Mew npOTOHHO-HeCTa6HJII,Hl:iMH ypoBHf!MR. Il03TOMY 

:a 1tattecTBe o,ItHoro as pesyJII,TaTOB HSY'ieHHJI ToHKott CTPYKTYPH Mox

Ho pacc'UITHBaTI, Ha noJIYtieHRe RH!pOPManHH O IIJIOTHOCTH ypoBHett 

JI,Itep. y,It8JieHHHX OT ,ItOJIHH!l CTa6Wil>HOCTH. B ,ItHarrasoHe 3Hepr.att 

B036yx.IJ;eHHH 3-9 MaB. B nepBOtt ttaCTH 3TOfi rJia.BU .ztaeTCH pactteT 

CTaTHCTHtteCKHX cpnyxrya~H8 mITeHC.IUlHOCTH B cneKTpe npOTOHOB Ha 

OCHOBe no,ItXo.1ta. pa3BRToro S;eJII,CTaipoM / 4o/ npH pacCMOTpeH!:IH 

ycpe,ItHeHIWX nOJIHWC H napn,taJII,HHX Heit'rpoHHHX ce'ieHHii. Bo BTOpoii 

ttacTH npoBeiteH aHaJIHS TOHKOit cTpYJtTYP~ cneKTpoB I09re H_ IIIre. 

21 



Np i 121Bo 

GOi 

«>o 

200 

+ 
-xi\ 
I \ ' 

\ 
\ 
\ 

.r='o/l 

\ 

~\ 
' 2 3 4 EpMev 

·~r-~~~-~ 
4 S 6 E"N.v 

Pnc.IO. CpaBHeHne ycpe,IJ;HeHHoro cneKTpa wm. 121Ba c pacqeTOM 
B .IJ;BYX npero:tOJIO'1teIDWC O $~ (HIDKHidl pHCJHOK; OTH.8.IJ;RHH~) • 

10-r-.-~~-~-.--~ 

"a:,o·• 

" ~ t 
,rr' 

10•~~-~--------L,1---~ 
ro ~ 2.D ~-

Pnc.II. ~HcnepcM OTHOCHTeJILHoft mrreHcaBHOCTR B cneKTpe 111Te 1 
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pacqeTHHe. 
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)];ml .IJ;Hcnepcnn mrTeHcllllHOCTR napr.ma.m,HHx nepexo,noB (3) 

noJiyqeHo cJie,nynI(ee Bl:lpa.JKeHHJ: 
2( . )- <S2[(Tp/r,);_f] 

'flf(Er)=o '(f.,/4Y.:f> -.2 + 3 ((r.1r)• )2. • (5) 
. f ~ 

IIpH 3TOM npe,nnoJiaraJIOCb, q:ro: a) 6eTa=-pacna,n H 3MHCCHH npOTOHa 

CTaTHCTHqecKH He3aBHCID4bl; 6) KBa.JU)aTU MaTp~HHX 3JI8M8HTOB 

6e:ra-nepexo.na MeJK.IJ;J o:r,neJibHHMH cocTOJIHMMH pacnpe,neJieHu no 

IIoPTepy-ToMacy. BeJI.aqnHa BTOporo tJJieHa B (5) B 4JYHKI.UiH aHeprm1 

rrpoTOHa HaxO,IJ;HTCR qflCJieHHO. 

B c.nyqae KOHetmoro paspemeHMS°E np~ncxo,nn:r ycpe.IJ;HeHHe 

q>Jiyx:rya!lHl! rrapr.mam,HUX rrepexo,noB. ,llKcrrepcHH o:rHocuTeJibHOil: rrpo

TOHHott RHTeHCHBHOCTll HMee:r BR.IJ;: 

62 ( ~i~4~> )= f R~f <f1f l)if/1.SJ"E, (6) 

r.ne R..f - B8COBOtt qiaKTOp WU! BKJia,na rrepexo.na i.-f B rrpOTOH

HHH crreKTP1 J)if - cpe,IJ;Hee paccTO.IIHHe MeJK.IJ;y YPOBH.IIMH co 

cnHHOM i. rrpa aHeprna B036yxt,neHH.II E~ BF+Ep,4~1 +9 
Bemrnrna I 1 5 E;°f: /.DLf paBHa aqxpex:r HBHoMy 'IHCJIY napruraJILHHX 

nepexo,noB i--+ f . .IJ;aBJUlHX BKJia,IJ; B npoTOHHYJO HHTeHCJlllHOCTb 

rrpn ,naHHott aHepran. 

~JIH ro9 .rrrTe COOTHOilleHae (6) CYll!CCTBeHHO ynpo

~aeTCR. True Kruc·rrpo:roHHHH nepexo,n npoacxo.na:r. rJiaBHHM o6pa3OM1 

B OCHOBHOe COCTO.IIHlle KOHe'!Horo .II,IUJa. 3:ro ynpo~aeT HaxOJK.I{8HHe 

R.i.f a . <fif • 3KcnepHMeHT8Jll,Hai ,nacrrepCM OTHOCHT8JibHOH 

HHT8HCJlllHOCTH llOCJie Bl:lqe:ra KOMIIOHeHTli1 O6.R:3aHHOR CTaTHCT.lllte 

CKOPOCTH C'leTa. cpamuma.n:acb c pac'!eTOM no qiopMyJie (6). B 

KOTOpOM RCllOJib3OBaJiaCb llJIOTHOCTb YPOBH8H no r.lfJI!,6ep:ry H Ka.Me

poHy /4II. Ha pac.II rrpe,nc:rann'~HH pe3yJib:raTu wm. 111Te1 
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mienmero Haa6oJiee n:pRo BllpB.lKeHHYJO C,B o6JiaCTli :t. > 50) TOHKYJO 

CTPYKTYPY npOTOHHoro cneRTpa. 0Ra3aJIOCb, ~o llJIOTHOCTb ypOBHeH 
111s8 OTJiliqaeTCH OT pacqeTa He 6oiee, qeM Ha q>aKTOP I,5 • .AHaJili3 

cneRTpa I09Te YKa3hlBaeT Ha TO, ~o nJIOTHocu ypoBHett B 109 Sf> B 

~4 pa3a wrne pacqeTHlDC. 

Ylil. 3 A K JI JO 'CJ:. E H U E 

OcHOBHile pe3yJII,TaT11 pa6oT, asJioxerumx B ,!UiCcepTa.I(lili, cJie,nyt>-

Ullie: 
I. B !962 ro:u,y npa ytiaCTlili aBTopa 6wro OTRpHTO HBJieHRe 

liCITYCRaHliH 3ana8W1Barol!lliX rrpoTOHOB li30T0lla.Mll C 60JibWliM He,n;ocTaTROM 

uettTpOHOB. 3TOMY npe,n;meCTBOBaJI TeopeTaqecRRH aHaJilI3 B03M0'111iOH 06-

JiaCTH pacnpocTpaH~HHOCTli JIBJieHRH a Haa6oJiee OllTlIM8Jll,HWC nYTett ero 

06Hapy,KeHRH. 

2. IlplI pa3BKTl!l:l'. lICCJie.ll;OBaHHil 3TOro HBJieHRH 61:lJI C03.ll;aH pn:,n; 

3RCrrepKMeHTaJibHl:lX MeTO.ll;liR, HaK60Jiee COBepmeHHott li3 ROTOpHX HBJlfI

eTCH E8.111C-2 - MaCC-CenapaTop Ha nyqRe TJDKeJil:lX lIOHOB. B npK60pe 

liCITOJib3yeTCH crreUHaJibHO paapa60TaHHHtt BHCOROTer.mepaTypHHtt lICTO~liR 

c noBepXHOCTHOH lIOHH3auHett. 3ip'peRTliBHOCTb li 6HCTpo,n;ettcTBHe roett 

cacTeMH o6ecrreqapaJOT npoBen;eHae m0:p0Roro Rpyra accJie,n;oBaHlitt c 

li30TOIT81AH, y,n;aJieHHHMH OT J.lHHlili 6eTa-CTa6RJ!bHOCTli, 

::.i. 3a BpeMa, rrpome,ll;lllee c MoMeHTa nepooro Ha6Jll),n;emm sana3-

W1Barol!lliX ITPO,TOHOB, Te,opeTKqeCRli H 3RcnepRMeHTaJibHO llORa3aHO 1 ~o 

3TOT cnoco6 pacrra,n;a HBJIHeTCH Bec1Ma pacnpocTpaHeHHilM (tiHCJIO B03-

MOXH!1X li3JiyqaTeJieil: ~ 200, ITOJIHOe tiHCJIO yxe H.ll;eHT ~RURPOBaHHHX -

26). 

4, BrrepB!,le Ha6Jiro.ll;aJIHCb If 6HJI!I 0:sy-qeHH CJien;ytJUUl'.e lI3JIY

qaTeJIR 3anaaW1BatxlllIX npoToHoB: 17Ne, 73Kr-,'. I09Te, IIITe, II6 Cs , 
II9Ba, 12IBa • .zi,m HlIX li3MepeHH nepH~W1 no.irypacna,n;a, cneKTpH 
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npoTOHOB, ,ItJilI HeROTOpHX - npoTOHHHe cneRTpll B COBrra,n;eHlfli C 

ll03HTpOHaMK, npOTOH-ll03HTPOHHHe BWIKli, RpoMe Toro,Ha6Jm.IUlJIHCb 

el!le 9 H3JiyqaTeJieff B paffoHe OJIOB8 lI pe.ll;K03BMBJil,HWC 3JIBMBHTOB, 

,ItJilI ROTOPWC 2 HA onpe,n;eJieHH npa6JIH3RTeJ.lbHO. 

5. IloRa3aHO, '!TO 3MHCCRH 3anaa,w.rna10UW( npOTOHOB HBJDIBTCH 

cpe,n;CTBOM ,ItJilI li3.BJietieHRH ueHHOtt H,n;epHott HHq>OpMa.I(lilf. Cne~HqmtJ

:HOCTb ee,Bo-nepBWC,B TOM, ~o saqacTyio OHa He MO'JKeT 6HTb llOJIY

qeHa ,n;pyrHM cnoco6oMi BO-BTOpHX, OHa OTHOC.HTCJI I{ li30TOITaM·, Ha

XO,WllllHMCH B6JIH3H rpaHHD;I:l ~YKJIOHHOH CTa6HJibHOCT.H n:,n;ep. 

6. Ilpe,n;JIO'JKBHa li'pa3BRTa CTaTHCTaqecRaH MO.ll;BJib npouecca 

liCllYCRaH.HH 38:Ila3.ll;HBaBJUUO( npoTOHOB, YCTaHaBJI.HBa!O!llaH CM3b Me'll.,TJ.Y 

npoTOHHHM cneKTpOM H CHJ.IOBOtt q>JHKUHett 6eTa-pacna,n;a. Mo,n;eJ.lb y.n;oB

JieTBOpRTeJ.lbHO OllHCHBaeT ycpe.ll;HeHHHe cneRTPH npOTOHOB. 

7. C llOMOUlbID CTaT.HCTKqeCKOI MO,n;eJI.H npoBe,n;eH aHaJIH3 cneKTPOB 

I09Te, IIITe, II6Cs, II9Ba, 121:&l. IloJiyqeHa HHq>OPMa.IUm o C.HJIOBOH 

if>YHKUH.H 6eTa-pacna,n;a 3T~ H30TOITOB. IloKa3aHO, ~o cpe,n;H.He 3Ha

tieHRH Sp. 6JIH3KR R npe,n;cKaaHBaeM!lM rpocc-Teopaett 6eTa-pacrra.n;a. 

BMecTe C TBM, o6HapyxeHH JIOKaJll,Hlle pe30HaHCH B CHJIOBOtt q>yHKUHH 

(npoMeXYTO~Wl CTPJKTypa). KOTOpHe CBH3HB810TCH C TpeXKB83Hqac

THtiHHMH cocTMH.H.RMH,xopomo saceJilleM!iMH B 6eTa-pacna,n;e. 

8. Ilpe,n;JIOJKeH MBTO,Jt onpe,n;eJieHHH pa3HOCTH Mace HaqaJibHOro H 

RoHe~oro asoTonoB B npouecce pt.p-pacna,n;a nYTeM H3MepeHM npo

TOHllllX cneKTpOB B coma,n;eHH.H C IT03HTPOHaM.H. Ha np11Mepe 109Te 

11: 111Te noKasaHo, tiTO sToT MeTo,n; meeT ToqHOCTb JIYtJ:We IOO KsB, 

'!TO o6ecnetiHBaeT Ha,ll;B'll.HYIJ npoBepKy TeOpHtt aTOMHHX Mace B.ll;aJIR 

OT J.l.HHlili 6eTa-CTa6HJibHOCTH. 
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9. PasB11T MeTo.n; cTaTHCTH'!ecKopo rum.mrna "Tomwii" CTPyK

Typu npoTOHHHX crreKTpOB, KOTOpruI .11HTeprrpeT11pyeTCJI KaK peayRh

TaT noprep-TOMaCOBCKIDC <pJiyKrya1.ma lllaTpRtll-IbIX 8R8M8HTOB. TaKoii 

rro,nxo.n; Il03B0.1DI8T 113M8KaTh CB8.ll;8Hl1ll O MOTHOCTH ypoBHeii H,npa 

B cpymm.1111 aHepr.11.11 B03ClY'llt,ll;8Hl1ll B .n;11ariaa0He OT 3 .n;o 9 MaB. 

"AHM.113 TOHKOfi CTPYETYPU rrpOTOHHHX crreKTPOB rrpoBe.n;eH WIil 
111Te 

.11 109Te. I!ORY'JBHO, 'ITO MOTHOCTh ypOBHeii IIIs6 OTR.11'Ia8TCJI OT 

pac1IeTHoro ~Ha'IeH.MH He 6oRee 'IBM Ha qiaKTop I,5; .n;.na 109 Sf, 
MOTHOCTh ypoBHeii np11MepHO B 4 pasa BUme 0~11,11;aenoa. 

r 
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