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B nocne,nHHe ro.IU>I ace 6oJibmee BHHMaHHe y,nengeTcx 

H3y'leHHIO CBOBCTB HOBblX H30TOllOB H 3JieMeHTOBB06JiaCTXX, 

y,naJieHHblX OT llOJIOCbl CTa6HJILHOCTB. HHTepeC K TaKBM 

BCCJie,l(OBaHBXM CBji3aH C TeM, 'ITO 3Ha'IBTeJILHOe B3MeHeHBe 

COOTHOWeHBji 'IBCJia HeBTpOHOB B llpOTOHOB B g_npe MO~eT 

npBBeCTB K noxaneHBJO HOBbiX g,nepHbiX caoiicTB. TaK 6b1JIB 

OTKpbiTbl HOBble BB.l(bl pa,nBOaKTBBHOrO pacna,na: npOTOHHaX 

B ,nByXllpOTOHHag pa,nBOaKTBBHOCTL, BCllYCKaHBe 3alla3.l(b1Ba

IOII.{BX HeBTpOHOB, llpOTOHOB B T.,l(. llpB y,naJieHHH OT llOJIOCbl 

CTa6BJILHOCTB B3MeHReTCR B npOCTpaHCTBeHHOe pacnpe,ne

JieHBe B x,npax, MO~O Ha,neRTLCX Ha llOjiBJieHBe HOBbiX 

OCTpOBOB CTa6BJILHOCTB, HOBbiX o6JiaCTeB ,neliJopMaiJ;BB H np. 

,lJ.Jig llOJiy'leHBR B30TOllOB, y,naJieHHbiX OT JIOJIOCbl CTa-

6BJILHOCTB, BCJIOJIL3yiOTCR pa3H006pa3Hble x,nepHble peaKIJ;BB; 

OC06eHHO BHTepecHa B03MO~OCTL BCJIOJIL30BaHBX TR~eJibiX 

BOHOB. Ja cpaBHBTeJILHO KOpOTKOe BpeMg B peaKIJ;BXX nepe

,na'IB C TX~eJibiMB BOHaMB y,naJIOCL CBHTe3BpOBaTL 3Ha'IB

TeJILHOe 'IBCJIO HOBbiX g,nep JierKBX 3JieMeHTOB C 60JILWBM 

B36biTKOM HeiiTpOHOB. llORBJIXeTCji B03MO~HOCTL llOJiy'leHBX 

HOBbiX HeBTpOHOB36blTO'IBbiX B30TOJIOB .l(JIX 6oJiee Tg~eJiblX 
3JieMeHTOB C A> 100 B BCCJie,noBaHBX BX g,nepHbiX CBOBCTB. 

,lJ.aHHax pa6oTa npe,ncTaBJixeT co6o8 nepBbiB mar B Teo

peTB'IeCKOM H3y'leHBB CBOBCTB HeKOTOpbiX HeBTpOHOB36bl

TO'IHbiX B30TonoB J<ceuoua, 6apBx B uepBX. Mbi paccMaTpH

BaeM IIJopMy 'ieTHO-'IeTHbiX B30TOJIOB 3TBX g,nep B OCHOBHOM 

COCTOXHBB, Bbi'IBCJijiji paBHOBeCHble 3Ha1.feHBX {3 
20

, {3 40 , 

Q 208 Q 40. 
MeTO,nBKa pac'leToB paauoaeCHbiX 3HaYeHBB .neliJopMan;Bii 

OCHOBHbiX COCTOXHBB 1.feTH0-1.feTHbiX x,nep XOpOWO B3BeCT

Ha/l I, no3TOMY Mbl He 6y,neM J,necL no,npo6uo ee paccMaT

pBBaTL. llpBBe,neM TOJILKO He CKOJILKO OCHOBHLIX IIJopMyJI. 
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3TH 3Ha'leHHJI napaMeTpOB 6blnH Bb16paHbl npH 06Cy)I(,ZJ;e • 
HHH COOTBeTCTBYIOIQHX 3KCnepHMeHTanbHbiX ,ZJ;aHHbiX H pacqe
TOB O.D;HO'IaCTH'IHbiX CXeM JI.D;ep pe.D;K03eMenbHOH o6naCTH. 

llpH npose.D;eHHH pac'leTOB o6onoqequoii nonpaBKH 6blna 
HCCne,ZJ;OBaHa 3aBHCHMOCTb BenH'IHHbl HeHTpOHHOH H npOTOH· 
noB. o6onoqequoii nonpaBKH OT napaMeTpa ycpe.D;HeHHJI y . 
Jiblno noKa3aHo, 'ITO npH y = 8 o6onoqequaJI nonpaaKa .D;nJI 
JI.D;ep 3TOH o6naCTH BbiXO.D;HT Ha nnaTO. 

llapaMeTpbl napuoro B3aHMO.D;eHCTBHJI 6blnH Bb16paHbl 
cne.D;yiO~HMH: 

GN = ~, G z = ..2l. A · A 

B/ llpe)I(,ZJ;e 'leM nepeHTH K 06Cy)I(,ZJ;eHHIO pe3ynLTaTOB, 
onHWeM o6o3Ha'leHHJI ua pHCYHKax. THnH'IHaJI 3aBHCHMOCTL 
3HeprHH OCHOBHOrO C OCTOJIHHJI 'leTHO- 'leTHOrO JI.D;pa 

(i; ({3 20 , {3 40 ) OT napaMeTpa .D;eclJopMaUHH {3 
20 

DpH clJHKCH· 
poBaHHOM 3Ha'leHHH {3 40 npHBe,ZJ;eHa Ha pHC. 1. fl»yHKUHJI 

(i; ({3 20 , {3 40 ) HMeeT .D;Ba MHHHMyMa: DpH DOllO)I(HTenbHOH 
.D;eclJopMaUHH {3 ;

0 
H npu oTpuua TenLHoii {3 ;

0 
• CooTseT-

CTBYIOIUHe 3THM MHHHMyMaM 3HeprHH .D;eclJopMaUHH 0603Ha'IHM 
& j f H &: f. 3ueprHJI .D;eclJopMaUHH onpe.D;enJieTCJI Bblpa-

*eJueM & d±cf,: &: 
0 

- & 
0 

({3 2~) • Pa3HOCTL 3Hepruii .D;eclJop-
MaUHH 0603Ha'IHM ,1 (i; de£ , npH'IeM 

. + - - + 
,1{i;def = (i;def- (i;def = (i;o(f32J- (i;O ({320) • 

Ecnu MHHHMYM npH {3 ;
0 

JIBnJieTcJI 6onee rny6oKHM, TO 

,1 (i; ef > 0 , B DpOTHBHOM cnyqae /1.0 def < 0 • 
llawH pac'leTbl 6blnH npoae,ZJ;eHbl a HHTepsanax no {3 20 OT 

-0,30 .D;O +0,30 c waroM 1'1[3 20 = 0,05 H no {3 40 OT 
-0,06 .D;O + 0,16 c waroM .1{3 40 = 0,02. 

Pe3ynLTaTbl Bbi'IHcneuuii HeKoTopblx 3Ha'leHHH pasuo
aecHbiX .D;eclJopMauuii {3 20 , {3 40 , KBa.D;pynonLHbiX H reKca
.D;eKanonLHbiX MOMeHTOB H 3HeprHii .D;eclJopMaUHH npe.D;CTaB
neHbl B Ta6n. 2 H ua puc. 2,3. 

JI.D;pa MO)I(HO C'IHTaTb .D;eclJopMHpOBaHHbiMH, ecnH nony
qaJO(UaJICJI a pe3ynLTaTe pac'leTa 3HeprHJI .D;eclJopMaUHH 
6onLwe 3HeprHH uynesblx Kone6auuii, T.e. ecnH 

0 de£= [ (i; (0) - 0 ({3p2a~H")] · > 1,5 - 2 M3B. 
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Puc. 2. 3a6UCUMOC111b 3Hepzuu oet)opMaijUU 0111 {3 npu 
{3 

40 
= 0,08 OAR u3o1ronoe flepu.R. 2o 

B ocTanLHbiX cnyqaJix TO'IHOCTL uawux pac'leToB ue no-
3BonJieT C.D;enaTL 3aKnro'leHHe o clJopMe paccMaTpuaaeMoro 
JI.D;pa. 

113 npHBe,ZJ;eHHOH Ta6nHUbi cne,ZJ;yeT, 'ITO H30TOnbi uepHJI 
JIBllJIIOTCJI XOpOWO .D;eclJopMHpOBaHHbiMH, .D;llJI H30TODOB 6apHJI 
3HepruJI .D;eclJopMaUHH MeHLWe, O.D;HaKo no Mepe yaenH'IeHHJI 
'IHCna ueiiTpouos 3Ha'lenue pasuosecuoii .D;eclJopMaUHH ysenu
'IHBaeTCJI. I130TOllbl KCeHOHa npaKTH'IeCKH OTHeCTH K .D;eclJop
MHpOBaHHbiM Hellb3JI. 

Bee paccMoTpeHHble JI.D;pa HMeroT 3HeprHIO .D;eclJopMaUHH, 
cna6o 3aBHCJIIUYJO oT {3 40 . Ha puc. 3 npoJJ;eMoncTpnpoaaua 
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3aBHCHMOCTL 3HeprHH .n.e!llopMaD;HH OT reKCa.IJ,eKallOllbHOH 

.n.e!llopMa:u;HH .n.nJI H30Tonoa Ba H Ce npH (3 20 , paBHOM paauo

aecHoMy 3HaqeHHID. 3ueprHJI .n.e!llopMa:o;HH cna6o MeHJieTCJI 

npH nepexo.n.e OT (3 40 = 0,06 K (3 40 = 0,08. 
Ha OCHOBaHHH npo.n.enaHH~X pacqeTOB MO*HO C.IJ,enaTL 

cne.n.yrot:u;He B~BO.IJ.~. 

1. HeiiTpOHOH36~ToqH~e H30Ton~ 6apHJI H :u;epHJI HMeiDT 

B OCHOBHOM COCTOJIHHH llOllO)KBTCllLHYID .IJ,e$opMaD;HID, T.e. 

paaHoaecHoii $opMoii JIBnJieTcJI BbiTJIHYT~ii 3nnHncoH.IJ,. Pa3-

HHD;a 3HeprHii .n.e$opMaD;HH CllniDCHYTOH H B~TJIHYTOH $opM~ 
.n.ocTHraeT aenHqHH~ OT 1 .n.o 3 M3B. 

2. J-f3yqeHHe HCHTpOHOH36~ToqHbiX H HCHTpOHO.IJ.C$HD;HT

H~X H30TOllOB 6apHJI H :u;epHJI ll03BOllJICT npocne.IJ,HTL, KaK 

10 

Ta6nH:u;a 2 
PaauoaecHLie 3HaqeuHJI 1120 , (3 40 , KBa.n.pynonLH~e 

H reKca.n.eKanonLH~e MOMeHT~ 

A B~op. rteop.(leop, Q3ltCII, QTeOp, [ • t!. EJ,~ 3.UK8BT 'iC ~ l.., 
VJ J,j. 

•/t) 1CK.L I C. ex'- ,, 
MaB .llaB ·1o ex' 

Xe I42 0 0 

2 =54 I44 0.!3 0.05 2.6 - 0.4 0.6 0.5 

146 0.17 0.06 3.6 0.7 1.6 1.2 

Bct. 144 O.I2 0.05 2.5 0.4 0.9 J.7 

2 =56 146 0.17 0.06 3.7 3. 73 '~I 0.7 2.0 1.2 

148 0.20 0.07 4.4 0.8 3.3 I.8 

eQ_ 146 0.17 0.07 3.8 0.7 1.9 1.5 

Z=s8 148 0.2I 0.08 4.9 4.48/~ I I. I 3.6 2.1 

!50 0.24 0.08 5.8 5. 76161 1.2 5.4 ~.9 

H3MCHJieTCJI $opMa JI.IJ,pa OT CllniDCHYTOH K BbiT.IIHYTOH, TaK 

KaK cornacHo npo.n.enaHHbiM pacqeTaM/s/ 6onLWBHCTBO 

HeiiTpOHO.IJ,e$H:u;HTHbiX H30TOllOB 6apHJI, :u;epH.II H KCCHOHa 

B OCHOBHOM COCTOJIHHH HMCCT OTpH:u;aTCllbHYffi .IJ.C$OpMaD;HID. 

3. H30TOllbl KCCHOHa npH nepeXO.IJ,e OT HCHTpOHO.IJ.C$H

:u;HTHbiX K HCHTPOHOH36biTOqHbiM MCH.IIIDT CBOID $opMy OT 

CllniDCHyTOH K c$epHqecKOH. 

4. H3yqeHHe 3aBHCHMOCTH 3HeprHii: .n.e«llopwa:u;HH oT (3
40 

ITOKa3b1BaCT, qTo paCCMa TpHBaCMble H30TOllbl xapaKTCPH3y

IDTCJI 60llbWOH "M.IIrKOCTLID" no OTHOWeHHID K reKCa.IJ,CKa

llOllLHbiM .n.e«llopMa:u;HJIM. 

AaTopLI npH3HaTenLHbl B.r .ConoaLeay, IO.Q.OraHecxHy, 

3a o6cy>K.IJ,eHHJI, H.IO.illHpHKoaoii Ja nowot:u;b npH npoBe.IJ;eHHH 

pacqeTOB, B.M.CTpyTHHCKOMY 3a npe.n.ocTaaneHHYID npo

rpaMMY pacqeTa o6onoqeqHoii nonpa.BKH. 
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