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/1/ 
BuepBHe B pal>OTe H.C. lllan11po, n.n. BnoXJ1mxeBB, 3.H. !J.ommcxoro l>Hno 

IIOX8381IO, 'ITO BCC1!8AOB8H.H8 yrnoBoro pac11pe11e.1XellBSI aell_TpOIIOB, ol>paayromBXCH B peax

llllB 11ornom&llllSI IIO.IIS!pB3OB8HHhlX /l -Me3OHOB SIAP8MH • 

µ + (Z,A) ➔ (Z -1,A-l)+n+v (1) 

MO)K0T 118Tb ll0HHYIO 11Hq>OPM8lllll0 0 HecoxpaHeHBB 'l0THOCTB B KOHCT8HT8X CBSI3B B aneMeH

TapHOM nponecce nornomeHBSI /l -Me30HOB CBOl>OAHLIMH IIPOTOH8MB 

µ +p ➔ n+v. \2) 

/1/ 
noene onyl>nBKOBSHBH pa!>OT!d B APYrHX paHHBX TeopeTB'leCKBX pal>OT Ha sTy 

/2-10/ 
TeMY 6h!na ol>Hapy)KeHa 8CBMMeTpBSI B yrl!OBOM pacnpe11eneHBB H&l!:TpOHOB OTµ 

/11-15/ 
38XB8Ta B P1!3llH'lHhlX SJApax • Y)Ke 3TH nepahle 3KCnep_BM8HThl, Bblll0JIH8HHhl8 C Hell-

TpOH8MH HB3KOl!: aaepn1111, HBBllHCb AOK838T8n&CTBOM H8COXpaHeH.HH npOCTp8HCTB8HHOll 

'leTHOCTB B µ -aaxaaTe. 

/16-21/ 
!J.an&Heliw11e uccneAOB8~H IIOK83al!H, 'ITO 8CBMMeTpBH pacTeT C pOCTOM sHep-

rHB liel!TpOHOB E B AOCTBra&T IIPB E - 50 MsB caoero npeAen&Horo 3H8'18HIIII. Taxoe 
/7,l.!2-24/ 

l>on&woe 3H8'18HBe 8CIIMM8Tpllll llpOTBBOpe'lHT p8C'l0T8M HS OCHOB8 TeOpBH yHHBep-

can&Horo cna6oro B38BMOAellcTBHH. 

!J.accepTannsi HSnHCaHa na MaTepHane sxcnepHM&HTan&Horo 11ccne11oaaHHH yrnoBoro 

pacnpe11enellHSI nellTpOHOB OT nornomeHHSI OCTSHOBIIBWIIXCSI IIO.IXSlpll3OB8HHhlX /l -M03OHOB 

SIIIPBMII xan&UllH H cephl. 3TB BCC.IX8AOB8HBSI l>b!.IXB Bblll0l!H0Hhl B 1959-1965 r.r. Ha ny'IKaX 

µ - -Me3OHOB CBHXpOIIHKllOTpOHa na6opaTOPBB Slll8PHhlX npo6neM 011.HI1. 

!J.11ccepT81lBS1 cocTOHT aa BB&A&HHR, 'l8Tbipex rnaB, aaKnIO'leHHR H npanO)K0HHR. 

B nepaol!: rnaBe aanaraIOTCSI COBp8M8HHbl8 TeopeTH'leCXHe npeACTSBneHHSI O Mexa-

HH3Me S111epnoro µ - -aaxaaTa H npeAcKaaaHHR Teopaa 

yrnoaoro pacnpet1enenaS1 nel!:TpOHOB. 
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Bo BTOpoll: rnase OllBChIBaeTCll 3KCll8pBM8HTalibHall yCTaHOBKa, )l8T8KTOpb1 3n8KTPOHOB 

OT p. - -pacnana B nell:Tponos B 6nox-cxeMa 3nexTponnoll: annapaTYphl. 

TpeTbll rnasa nOCTpoena Ha onBcaHHB MeTonos BccnenosaHBll yrnosoro pacnpeneneHBsr 

H8HTpOHOB B 3neKTPOHOB /J, - -pacnana, nponenypbl B3Mep8HBH B oopaoOTKH BH<pOpMallBH. 

B 3TOH rnase npBBOllllTC>I OCHOBHbl8 peaynbTaTbl 3KCnepBM8HTOB , 

06cy)l(JleHB8 pe3ylibTaTOB C TO'IKB 3p8HBll TeOpBII yHBBepcallbHoro cna6oro B3aBMO

Jl8HCTBHll B ¢B3BXB llA8pHoro ,,.- -aaxsaTa )laeTCll B 'l8TB8pTOH rnase. 

B 3aKnIO'l8HHB B3llQ)K8Hbl OCBOBHbl8 BblBOllbl ABCCepTallBB. 

B ITpBnO)K8HHB ocsema10TCsr H8KOT0pbl8 Bonpocbl, CBll3aHHbl8 C paoOTOH H8HTpOHHOI'O 

neTeK.Topa B onpeneneHB8M cneKTP'I nell:Tponos. 

MaT8pBallbl llBCcepTanBB ooc:r)l(JlanBCb na Me)KnyHapOAHblX KOH<pepeHUH>IX no <j}B3BK8 

Bb!COKHX 3HeprHll s )KeHeBe (1962 r.) B .nyoHe (1964 r.) B onyollHKOBaHbl -

/14,15,16,20,21,i3,25/ 
llX • 

HH)K8 KpaTKO B3nara8TCR conep)KSHH8 ABCCepTanHH. 

1. TeopeTB'leCKne npencTasneHBSI o nponecce _pornomEl_HBSI 

llOllllJlB30B8HBblX µ -Me30HOB SIApaMB 

B CTaTb-

PeaKllll>I (2) nornomeHHll OTPHllaTelibHOro MlOOHa CBOOOAHblM, npOTOHOM TaK )1(8 K8K II 

cnaoble pacnanhl CTpaHHblX 'laCTHll, /3 -p8Cll8Jl HeiiTpOna B p. -pacnan OTHOCBTCSI K npo-
. -49 3 

neccaM cnaooro B3aBMO.tl8HCTBHSI, xapaKTepB3YIOmBMC.ll KOllCTBllTOH Gw" 10 3pr.cM 

To OOCTORT81IbCTBO, 'ITO 9Ta KOHCTaHTa BM88T npBonB3HT81IbllO O)lBllaKOBOO 3H8'18HB8 

/26/ 
llllll nepe'lBCneHHblX Bb1W8 nponeccos, OblllO yCTaHOBneHO cpaBHBT81IbHO ABBHO • 0AH8KO 

BBHAY oonhmoro paanoo6pa3H>I THnos csaaa MeJKJly 'leTblpbMll ¢epMRoHaMB, nonycxaeMoro 

npHHITHnaMB BHBapnaHTHOCTH na)Ke nng noKallbHOI'O B38HMOAellcTBBSI, yCT8HOBll8llH8 KOHKpeT

HblX sapBaHTOB B38BMOA0l!CTBHSI Ohlno' no nocnennero Bp8M8HH nenoM 0'18Hb CllO)l(HblM. 

0TKpb1TB8 necoxpaH0BHll npocTpaHCTB8HHOH 'l~HOCTH 's 1957 r. npuseno K C03,[18HB10 
/27/ 

TBK Ha3bIBaeMoll T80pBB ynusepcallbHOro B38HMOAeiicTBHSI ·rt?epMR (YBr;t,) 1 c¢oPMYnHPO-

B8HHOH B OCHOBHOM renn-MaHHOM, r;l>ell:HMaHOM, naHnay, MapmaKOM, CanaMOM I[ Cynapwa

HOM. 3Ta TeOpBS! llBll!leTCSI o6o6meHB8M (c y"IeTOM Hecoxp_aHeHHSI 'leTHOCTH) Teopuu /3 -pac

nana <l>epMB Ha see cnaohl8 B38BM0,[18HCTBHll. 

Teopu 11 YBr;I> nony'IHna onecTsrmee nonTsepJKJlenue B PM8 aKcnepaMeHTOB no f3 -pac-
/28/. . 

nany a p. -pacnany • Ee npnronHocTb nnsr xonu'leCTBeHnoro onucaBHsr peaxnBB ( 1) llnH 
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(2) llBllll8TCll B HaCTorunee BpeMll Hp81lM8TOM BHT8HCBBHblX TeopeTB'l8CKBX II 3KCnepBMeH

TallbHblX BCCll8)lOBaHBH0 

TeopBll nornomeHB>I /J, - -M830Ha CBOOOJlHblM npOTOHOM mm B llllpe CTpOBTC>I Ha OCRO

Be TeopBB YBr;I>. MeTOJlOM TeOpBB B03MYmeBHll: c noMOmbIO H8KOTOporo 3cp<p8KTBBHoro raMBIIb.., 

TOHBaHa, B Ka'leCTBe KOTOporo 'lame scero BCllOJll>3YeTC>I raMBIIbTOHBaR, np8)lllO)K8HHblH 

/7 29/ -
r;l>y)KHB ll ITpl!MaKOBLIM • • MO)KHQ Bbl'lBCnSlT& p83nll'lHbl8 9<j}¢8KTbl B ,,. -3aXB8Te. 3TOT 

s¢¢eKTBBHblll: raMBIIbTOHHaH HanucaH B HepenRTBBIICTCKOM HpHOllH)K8HBB no Meaoey II nyxno

HaM B npennono)K8HHB, 'ITO HYKllOllbl B 11npe He B38BMO)leHCTBYIOT npyr C npyroM. 

/6 8/ 
Yrnosoe pacnpeneneane aell:TpoHos np11Moro nponecca ' , BcnycKaeMhIX npB nornome'-

llHH nongpB30BaHHblX /J, - -M830HOB ll,tlpaMH C HyneBhlM CnHHOM, HMeeT BHJl 

N n (E,11) • 1 + B(E)S' /J, cosl1 , 

B(E),. Bn(E)•Pn(E), 

(3) 

rne E - 9Heprall H8HTpona, si,,. - OCTaTO"IHag nOIIRpB3anu11 /J, .,-M830HOB B K -COCTOR-

HRH M830aTOM8, 11 - yron Me)K.[ly CllBllOM p. - -Meaona u HMnylibCOM ueiiTpona, Bn (E) 

xoa¢¢anBeHT aCBMM8TpBB. 

J.1:cxon11 TOllbKO H3 TeOpHH YBr;I> H BH)l8 s¢¢eKTHBllOro raMBllbTOHiraaa, ll0Jty'"I88M cneny10-
. /7 8 10 :.:4/ 

mee Bblp8)1(8BH8 All!I Koa¢¢anBeHTa 8CHMM8TpBB ' 1 
' : 

rne MF , M' 
F MG.T, 

Bn(E) • 

22 22 2 2 
(MF) Gv-2(Mo,T.l GA +(MnTJ (GP-GA) 

( , )2 2 (M' )2 2 ., , )2( ):& 
MF Gv+ 2 G,T. GA -.s"'ci_T, GP-GA 

(4) 

B M~.T. - MaTpB'lllbl8 aneMeHTbl nnsr <pepMB8BCKOro (nsa nepBbtX) 

H raMOB-TennepoBCKOro nepexonos, KOTOpbl0 MOryT llbITb Bbl'lBCll8Hbl TOIIbKO npu BCllonb30-

BaHBH KaKOli-nHOO KOHKpeTnoll: MOjl8nH SIApa, G V O GA , G - a¢¢eKTHBHb18 KOHCTaHTbl 
mi p 

CBll3H : 

Gv•svU+y)+gs 

GA" g A -(gV + gM )y 

Gp" (gp• + gT -gV -gA - gM )y 
(5) 

y .. 2-
2M 

Pv - BMl!)'JlbC nell:TpBno, M - Macca nyxnona, gv, gA , gM , gP , g 8 , gT - xon-

CTSHTbl CBll3B' COOTB8TCTB8HHO, All>I B8KTOpnoro B38HMOll8HCTBBll, 8KCBallbHO-B8KTOpHoro 

saaBMonellCTBHSI, cnaooro MarneTB3MA, unnyITHposannoro ncesnocxangpnoro, cxangpnoro 

H T8H3opnoro B8pHBRTOB B38HM0,[18HCTBBR. 
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ECIDI c'l11TaTb, 'ITO IMF I • IMa.T.I (a Taxoe rrpH6mi:ll(8rure 11ena0TCS1 B ooru.mHB-

/1-10/ 
CTBe TeopeTH'leCXIIX paOOT ) , TO B03MO>K!Ia q,aXTOPll3aII.IISI 

Bn (El - a ( El ,8 (El , (6) 

r11e 

2 2 2 
a(El _ Gy-2GA+(Gp-GAl 

2 2 2 
Gv+2GA+(GP-GAl 

(7) 

II 

,8(El =( :,: r =( ::::)2 (B) 

IJp11 3HaqeHH!IX KOHCTaHT (B e)lHHHUaX </3> " 
g V - XOHCTSHThl BeKTOpHoro B38HMO)leH-

CTBHSI B ,8 -pacrra11e), rrony'leHHhIX H3 Teop1m YB<!> H Ha OCHOBe HelCOTOphIX AOIIonHHTem,-

HbIX cooopa)KeHHli/
7/ 

g Va 0,97 

g A --1,19 

gp •-8,4(gp/gA =7) 

gM = 3,60 

gs -= g~ •O 

(9) 

rronyqaIOTCSI 3HaqeHHH ,j,yHXUHH a(El I IIpHBeneHHhle HS PHC. 1. KpHBaH l cnenyeT H3 

q,opMynhl (7) IIpH HCIIOJ!b30B8HHH sq,,j,eXTHBHbIX KOHCTSHT (5), nonyqeHHbIX B rrpeHeope)Ke

HHH penSITHBHCTCKHMH (no HyitnoHaM) 'lll8HaMH B s¢,j,eXTHBHOM raMHID,TOHHaHe; JlllH BbI'IH

cneHHH KpHBOli 2 HCII01ll,30B8llHCb 3Ha'l8HHH s¢q,e~HBHbIX XOHCTSHT 

Gv 8v (I +.\l +gs 

(10) 
GP a (gp+ gT-gV -gM)y-,\gA 

, Py +2PF 
( " a _""""" __ , PF 

2M /24/ 
'lll8HOB B paoOTe • 

- rpamr'IHhili HMIIyllbC <l>epMH), IIOJly'18HHhl8 IIpH Y'l8Te STHX 
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BHll q,yHXUHH ,8(E) 
/1-10/ 

Bhl'lHCllMCH B pa6oTax C HCIIOllb30BaHHeM pa3JIH'IHhIX MO-

nenell H)lpa. Ilo orrpe11eneHHIO l,B(Elk;. 1 • <l>opMaru.Ho ,8(El eCTb cpe11aHll xocHHyc yrna 

/6 8/ 
M8)K)ly PD H Py I a cjl113H'l8CXHll CMhICn STOli q,yB.KUIIH COCTOHT B TOM 1 

1 'lTO C ee 110-

MOmhIO orrpe110JIH8TCH yMeHbmeune xos¢q,11nneHTa aCHMMeTpHH Bn (El BcneJ:(cTBHe JlBH)KeHHl 

llpOTOHOB B HJ1P8 H B38HMO)lellCTBHH HeliTpOHOB C HllPOM B KOHe!LHOM COCTOHHHH. 

Ee/Ill HM08T M0CTO ycnOBH0 paxTopH38UHH (6), TO H3MepeHHble ua OIIbITe 3HS'l8HHH 

q,yHXUHH B n (El He JlOll)Kflhl rrpeBhimaTb 3H8'18HHli a(El 1 IIpHBeneHH~IX Ha pnc. l • 

CornacH.O COBpeM8HHhlM rrpeJlCTaBneHHHM, 'ISCTb HeliTpOHOB IIPH "!l/lepHOM µ -aaxBa-

Te HcrrycxaeTCSI 38 C'leT pacrra11a xonneXTHBHbIX COCTOHHHli; 3TH HeliTpOHhl HMeIOT xapaKTep

HLill rHCIIapHTellbHhilir CIIeXTp H CHMMeTpH'IHOO yrnoBoe pac11pe11eneHHe0 EcnB pernCTpHpOB81 

HeliTpOHhl C SHepr11ell: E ~ (1.:.10) MsB, TO BKnanoM "'HCIIapHTellbHbIX"' HeliTp.OHOB MO)l(Ho 

/68 20/ 
IIpeJieope'lb t I 

2. IlOCTaHOBXa SXCIIeEHMeHTa H MeTOAHKa 

OcHOBJiOll nellbIO sxcrrepHMeHTOB, Ha _MaT8pHane XOTOphIX IIOCTpoeHa JlSHHaH JlHCCepTa

UHli, HBHllOCb HCCnenoBaHHe yrnoBOI"O pacrrpeneneHHH Heli-rpOHOB, HCIIyCX88MbIX npH norno

I118HIIH nonnpnaoBaHHLIX µ -Me30HOB H)lpaMH xaru.nnsi H cepbI. 

A11alIOI"H'lHhlli: sxcnepHMeHT Ha CBOl>OJlHOM IIpOTOll8 B H8CTOHI11ee BpeMH ocyI11eCTBHTb 

H0B03MO>KIIO BClle)lCTBHe IIOnHOli: nenongpH38UHH µ - -Me30HOB IIpH OCTaHOBKe B BOJlOpone, 

/30/ 
nMe10meM IIJIOTHOCTb, HeooXOJlHMylO. )lllSI H;.'ly'leHHH yrnoBoro pacrrpe11eneHHH • 

IloMHMO xosq,q,KIIHeHTa aCHMM0TpHH B yrnOBOM pacrrpeneneHKH Heli:TpOHOB H3Mepnnacb 

ocTaTo'lHaH nonnpnaanHn. Pµ µ -Me30HOB H CIIeKTP HeliTpOHOB OT µ -aaXBaTa B xaru,-

IIHH. 

Ha rrepBOM STane (1868-1962 r.r.) H3Mepnnc.n xosq,q,anHeHT aCHMM8TpHH B yrnOBOM 

pacnpe11eneHHH H8llTpOHOB HH3Ji:Oli: SHeprHH OT µ- -aaxBaTa B xallhUHH. Ha BTOPOM STane 

(1862-1864 r.r.) H3Y'l8llaCb 3aBHCHMOCTb Kosq,q,HUH8HTa. SCHMMeTpHH OT SHeprHH Heli:TpOHOB 

IIpH µ -aaXBaTe B XallblUlll H CII8ltTp H8li:TpOHOB. 11, HaxoHen, Ha Tp8Th8M STaIIe ( 1864-

1965 r.r.) K3Mepnncn xosq,q,HIIHeHT aCHMM8TpHH nnsi Hell-rpoHOB BbICOKOli SH8pl"HK OT µ- -aa

XBaTa B cepe. 

.nenenne Ha STaIIhl CBH3aHo He TOllbXO C H3MeHeHH8M .B81U8CTB8 MHmemr HllB 

HHTepBana sueprn• ueli:TpOHOB, HO H C H3M0H8HHeM annapaTyphl H M8TOlUIXHj STO ne.'Ia_nocb 1 

B 'laCTHOCTH, iIJl!l TOI"01 'lTOOhl BCKJIIO'lHTb BlllI!lHIIe annapaTypHbIX s¢q,eKTOB HS peayru.TaTbI0 

Pa30R0HH0 Ha TplI STana COOTB8TCTBY8T TaJi:)Ke pemeHHIO pa3llB'IHbIX q,H3H'l8CKHX 38118'1. 

Tax,na nepBOM STane B nepByIO O'lepem, CTaBHllaCb aanaqa o6Hapy)KHTb acnMM0TpHIO II 
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npOB0pBTb T0M CaMh!M BhlBOA Teopaa; YB4> 0 BecoxpaaeBBB 'l0THOCTB B µ -aaxBaTe. 

• 
Ha BTopoM aTane npenn011ara11ocb 11ccnenOBaTb aaBacBMOCTb Bn (E) OT E c TeM, 

"IT06hl npOB0pBTb BBA WBKlUlB {3(E) • Oc!IOBIIOll 3a)ta'leli Ba Tp0Tb0M aTane 6h!na npOBep1rn 

Ba npyroM smpe (cepe) cym0CTBOBaBBH aHOMa/lhBO 6onbmoll aCBMM0TpBB, 0611apyJKe1111oli 

B OnbITSX C KanbIUl0Mo 

BBBAY Toro, 'ITO ycnoBIIH BhlBOAa µ -ny'llta B T0'10HB0 1959-1884 r.r. M011HnBCb, 

Pµ B3MepHnOCb 11a KaJKAOM 113 aTanoB. 

YrnoBoe pacnpenene11ae BellTpoBoB accnenoBanocb M0TOAOM npeneccaa cnaaa µ -Me

ao11a B MaraBTHOM none
1311

• HeliTpoBhl peracTpapoBanacb cnoBCThlM noporoBbIM CIUIHTanmt

/'J.5/ 
l!BOHHhlM )t0T0KTOPOM , 118'1:yBCTBBT&/lhHhlM K Y -KBaHTSM B penSITIIBBCTCB:BM 'laCTBnaM. 

,Uns onpeAeneHBsr OCTaTo'IHoli non11paaan1111 P µ (TaKJK8 M8TO)tOM npeneCCBB cnana 

µ -Me3oaa) B3MepHnCSI K09'Pqll[l1B011T aCBMMeTpBB B yrnOBOM pacnpeAeneHBB 8/10KTpOHOB 

pacnaJta. 3110KTpOHhl perBCTpBpOBa/IBCb Tenec1tonoM B3 Tpex CllBHTBllnSlllBOIIHhlX C'l8T'IBKOB 

C nOIIH8TBne11OBh!MB ¢B/lhTpaMB. 

3. H3M8_!)__811BSI, o6pa60T1ta, p83)'/lhT_B_Thl 

Koa¢q>unaeHT aCBMM8TpBB B (E) B yrllOBOM pacnpeneneHRII 11eliTpOIIOB B3M8pHnCB 

a) no C'l8Ty 11ellTpOIIOB Ba ll8KOTOpOM 8118preTB'l8CKOM nopore ED B 3a)taHHOM 

BIITepBa/le Bp8M0BB nocne OCTallOBKB µ -M83OBa B MBlll8lIB npB ABYX, paBHblX no B8/IB'IBB0, 

HO IlpOTBBOnOIIOJKHhlX no 3HaKy, 3114'10HBllX nOIIB npeneccua; 

6) nyTeM B3M8p811BB Bp8M8llllh!X BIIT8pBa11OB MeJK)ty BMny/lhCaMK OT OCTaHOBOK µ 

M830BOB II BeliTpoaaoro )t8T0XTOpa (c OAHOBp8M8HHhlM B3M0p0HB8M aMnllBTy)thl aeliTpo11aoro 

BMllyllbCa) nyTeM ¢OTorpa¢HpOBaHBB STBX BMny/lhCOB C 8Kpaaa OCI1BllnOI'pa¢8
0 

B nepBOM 

cny'lae npBMO B3M8pBIICSI BHTerpallbllhlll K08¢q>BUK8HT aCBMM8TpBB B(ED) aa nopore En 

BO BTOPOM cny'lae K08¢q>Hl1B8HT B(ED) nony'lancs llpB o6pa60TKe pacnpeneneHBB BO Bpe

M8BH aeliTpOHHhlX BMny/lhCOB (OTHOCHTe/lhllO M83OHBOro BMnyllbca) )t/IB pa3Bh!X aMillIHTYA A 

-ts/r 
N 1 (t 1 ) a Noe [I+ Bcos(c.it 1 +8)]+ C, (IO') 

r"Ae NI - 'IBC/1O H8llTpOHllhlX BMilY/lhCOB B I -.M BIIT8pBalle Bp8M8HB, ti - l18HTp I -ro 

aBT0pBa/la Bp0M8HB, c.i - "laCTOTa npe11eccaa cnaaa µ - -Meaoaa, 8 - yroo Me>K.Qy 11a-

llpABJieBBeM cnaBa µ -M83OBa B MOM811T ero OCTaBOBKB B /IBIIB&ll, C08AB11lll0lll8ll l1811Tp 

l;(Hlll8BB C l1811TpOM BeliTpo1111oro A8T8XTOpa, NO - C'l0T BeliTpOHllhlX HMnyllbCOB B Hylle 

,peM~BB, C - cny,1all1Ihle COBnane11u SL. 
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.na11Hhl8 npOCMOTpa CIIBMKOB o6pa6aTbIBa/IBCb ABYMH cnoco6aMB. Bo-nepBbIX, o6pa6a-

TblBSIIBCb BC8 ·c/ly'laB C aMnllBTyAOli A • 6ollbmel! H0KOTOphlX 3118'18HBli Ak • 3aepr1rn 

npOTOHOB OTAa'IB, COOTB0TCTBYIOlllaB 9TBM A~ , onpe)t0/IB8T noporu ED AJilI perncTpa-

IIBB BellTpOHOB. Bo-BTOt>hlX, B0Cb pa60'IBli )tBana3OB A paa6aBa/IClI Ba BHTepBallhl AAk 

B A8Bllbl0 no KSJKAOMY BBT0pBany o6pa6aThlB4/IBCb OTA0/lhBO. B nepBOM cny'lae ll4HHhl8 A/Ill 

pa3Hh!X ED 110 HB/IBIOTCSI CTaTBCTB'l0CKB H03aBBCBMhlMB, BO BTOpOM - OHB 1183SBBCBMhlo 

Ha6op 'lncen No , nony'leHBbIX npa 
0

BTopoM cnoco6e o6pa60TKB A/ISi pa3llbIX A En 

0CTb AB¢¢epe11naa11b1Iblli cneKTp npOTOIIOB OTAS'IB, 3aperaCTpBpOBaHBblli B C/IOBCTOM 11eliTpo11-

II OM A0T0KTOpe. 

311aB a¢¢eKTBBHOCTb perBCTpanBB 11eliTpOIIOB B 38BBCBMOCTB OT E • ED • a TaKJKe 

cnexTp aeliTpoaoB, MOJKHO pacc'IBT/ITb cpen111010 a11epru10 11ellTpQIIOB E AIIB KaJKnoro 

nopora En BIIB AIIB KSJKAOro BBTepBana AEn 

µ 

ED 

.naaahle o6pa60TKB peay/lhTaTOB BCC/10)tOBaBBlI yrJIOBOro pacnpeneneHBB aellTpOIIOB OT 

/20/ 
-aaxBSTa B KallbllBB npBB0A8BbI B Ta6nane I. 

B nepBbIX meCTB CTpOKaX Ta61IBl1bl npBB8)t8HbI 3Ha'l8HBB B u B/Pµ JtJrn pa3BbIX 

B CTpoxax C C0)tbMOli no A&BSITYIO npBB0)t8HbI 1103aBBCBMb18 3H8'18lIBB B B B/Pµ 
nns pa3HbIX BHTepBanoB AE n • HeKOTOpbl8 B3 KpBBblX npeneCCBB noKa3allbl Ha pac. 2. 

B Ta61mne lJI npBB8)t8BbI peay/lhTaTbl B3M8p8HBlI B aa nopore En =(18±.2)MaB 

npB µ -aaxaaTe B cape; B3M8p8HBB BblnOIIB8Hbl O)tllOBp8M0HHO KaK C nOMOlllblO ocnunno-

rpaq>a, TSK B nyTeM CIISITBB KpBBOll npenecCBB C noMOlllblO npeo6pa30BaT8/ISI ( T ➔ A ) 

BHTepBallOB Bp0M0HB B aMnnBTyAY npB ABYX HanpaBneHBBX nonB npeneCCBB. Ha AaHHbIX 

Ta61IHilbI III cneAy0T, 'ITO B npenenax oma6oK Bce 'l&Tbipe aHa'leHBlI IBI COBnSASIOT 

Apyr C npyroM. KpaaaH npeneccaa, noK838HHaB Ha PRC~ 3, npe)tCTaB/IH0T co6oli peaynbTST 

C/IOJK8HHB ABYX KpBBblX npeneCCBB (c o6pameHB8M no q>aae O)tHOll B3 HBX), ljony'l,811HbIX C 

noMOlllblO ocnannorpa¢a npB ABYX HanpaBII8HBBX nons npeneccuu. 

B axcnepHM&HTe Ha cepe nony'leHo 

B 

Tµ 
0,109 + 0,028 
0,128±.0,018 = - (0,85 ±. 0,24) • (11) 

B Ta6nane II npaBeJteBhl peaynbTaTbI aaMepeBBlI B/P µ B Bbl'IBC/10HBB a 

B OilhITax aa BB3KBX noporax En • H3 )taHHbIX STOll Ta611Bllbl MOJKHO CA8/laTb BblBOA 

O COBnaJt&BBB pe3y/lhTaTOB B3M0p811BB B/!fµ 
B pa60Tax/ll-15/. 

(u BbI'IBC/18HHblX aaMB a11a'18!1Bll a 

Ha pac. 4 npBB8)t8llbl npeA0/lbHbI0 KPHBbl0 )t/IB cneKTpa H8llTpOHOB, nony'leHHbl0 HSMH 

. /32/ 
npa o6pa60TKe AB¢q>epeHnBallbHOro cneKTpa npOTOIIOB OT)tS'IH B cneKTP B3 pa60TbI • 
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Ha pac. 5 B rpa,j,1111:eCKOll ,j)opMe npHBelleHa 3aBHCHMOCTb T, nnH cny'IaH /l -aax-

BaTa B Kallhl!HB BB cepe no peayllhTaTaM pa3HbIX paoOT. 
/l 

, /32/ 
ClllBBaHH8 Hawero cne1tTpa HellTpOHOB co cneKTpOM B3 paoOThl (pac. 4) noasonHeT 

onpenenaTh B1tnan HellTpOHOB c a11eprHell E 2! 20 Maa no OT11oweaH10 xo aceM HellTponaM: 

0,23:t_0,09. 

3HaHae aasacBMOCTB B/'J/l OT ED no3B0nll8T nony'IHTh Kopanop 3Ha'I8HHll nna 

nenH'IHHhl Bn npB pa3nH'IHbIX E • 3TOT Kopanop npanenea Ha pac. 6, rne nyHKTHpHDil 

naHaell.aaoopa}KeH BHTepsan, nony,rarowallcH npn ncnon&aona11aa ,popMhl HellTpOHHoro cneKT

pa 1 (pnc. 4), a ToqgaMH - nnH cne1tTpa sana 2. Cnnowaoll naHaell aao6pa>Ke11 crna>KeaHhill 

HllTepsan, ltOTOphlll B acnon&aonanca (cM. llBlKe) nna nhl'IHCneHHH KOpnnopa nnsi ,PYIIKUHB a(E). 

nyTeM paaneneHBH cne1tTpon 'acnapaTellhHoro' ~ cnexTpa HellTpoaon npHMoro npo
/32/ 

uecca a cyMMapHoM cneKTpe aa paoOThl (pac. 4) nonyqe11a ,j)opMa cneKTpa HellTpoHon 

ll]JHMOro npouecca B nxnan· aToro cne1tTpa B cyMMapHbIH cne1tTp; 113 8TBX llSHHhlX nhl'IB-

N np ( 
cneH 1toa¢<1>aitBeHT Pn (E) • -::---::--- rne N np' H N ncn - 'lacno Hei!TpOHOB 

Nnp+ Nacn 
npSIMOro np01tecca B acnap11TeJibHbIX), Y'IHThlna10wnll B30Tp0llllhlli nxnan Hei!TpOHOB 'acnape

/32/ 
HHH' • nyTeM HOpMBPOBKH CneKTpa H3 pa0OTbI C noMOWb!O HalllBX /lSHHhIX O cneKTpe 

HeliTpOHOB C E ~ 7 Man. naHllh!X O nhlneTe pa3Horo KOna'IeCTBa Hei!TpOHOB Ha 0/lHH a1tT 

- /33/ 
/l -aaxnaTa nony'IeHa a6conroTHaH nepoHTHOCTh BhlneTa HellTpOHOB npHMoro npouecca 

B npenµono}KeHRR O TOM, 'lTO MaKCHMYM B STOM cnexTpe pacnonolKeH npR E .. (3,5-5,5) Man, 
. /6 8 10/ 

T.e. TaM, rne OH nony,raeTCH R3 pac'IeTOB • • • Ha PRC. 7 npaseneH nony'leHHhli!. TaKRM 

o6pa30M cne1tTp HellTpoaOB npHMoro npouecca; 3aWTpBXOBSHHaH oonaCTb COOTBeTCTByeT 

norpewHOCTH, CnSl3aHHOll c owi,;61taMB B HOpMHpOBJte n RHTepaanoM (3,5-5,5) MaB nna pac

non;ieuH MaKCIIMYMa aToro cnexTpa, a nyH1tTBpHoi! nHHHe.i! 11ao6pa}KeH cneKTp, nony,reH-
/6/ 

Hhlll R3 paC'leTon no Monena ooono'IeK • Ecna He orpaHR'lJIBaT~ nonoJKeHHe MaltCHMYMa 

co CTOpOHhl Manoi! aHepraB, TO MO}KJlO naTb nRWh HHlKHHll npenen nnH cne:s:Tpa R C HHM 

cpaBHHBaTb IIyHKTRpayro xpanyro. 

/20 32 33/ 
Ha COBOJ:ynHOCTB peayllhTaTOB paoOT 1 1 cnenyeT, 'lTO BepOHTHOCTh BblneTa Hell-

TpOHOB npHMoro npouecca no OTHoweHHIO K nollHOi! BepoHTHOCTH /l - -aaXBaTa B KaJlhUHR co

CTaBnHeT 0,33 ;t.0,08. 

EcnK ycnOBll8 ¢a,:TOpH3aUBB (6) BhlnonHHeTCH, TO MOlKHO nonyqHTb npenenbl nnSI a (E) 

no ,j)opMYne 

a(E) • 
B(E) 

(12) 

¢>yHKllRH /3(E) 

CTpeMmuellcn x 

6epeTCH npB ManbIX E 

,. 1 C pOCTOM E 

(pac. 5). Torna HHTepnan nnH a(E) 

Pn(E){3(E) 'J/l 

/6/ 
B:3 paoOThl I a npa 0OJlhWRX E nhI0HpaeTCH 

B COOTBeTCTBHH C 3HBBCBMOCTblO B/'J /l 

BMeeT nan, B30opalKeHHh!i! Ha pBC. 8. 
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4. OoCYlKlleHHe peayllhTaTOB 

CpasaeHae nony'leHHoro. cne1tTpa Hei!TpOHOB np!IMOro npouecca c Teopae.li noasonHeT 

oueHRTb oonaCTb nparonHOCTH TOll Hnll HHOll MO/lens H/lpa. EollhWOi! BKnan HellTPOHOB Bh!CO

Koll 8HepraH He MOlKeT 0h!Tb 06bHCHeH MOllellh!O HeaanHCHMhIX 'IHCTHll H nnH ero HHTepnpe

THUIIB HeOoXO/lHMO y'lHThlnaTh npOTHlKeHHhiil 'xnocT" BMnyllhCHoro pacnpeneneHBll npOTOHOB 
. /34/ 

n anpe, HallB'IHe KoToporo cnenyeT na.6on&woro xonH'IecTna axcnepHMeHTOB • Monen1, 

ooono'IeK naeT xopowee cornacne c axcnepHMeHTOM nBIIU, npa E :£ 15 Man. 

CpanHeHae Kopnnopa nnH Bn IPµ 

npaaonBT 1t cneny10waM npenenaM: 

(cM. pac. 6) c pac'IeTaMH no cpopMyne (4) 

2 2 2 
G v (MF) ;. 0.15(M 0 .T.) 

2 
GA 

2 2 2 2 
Gv(M') <0.15(M'0 T) GA F .., • • 

60 2 8p /g A ~ 45 , 

(13) 

Ecmr ycnoaae q>aKTopaaauna (6) ae HMeeT MecTa, TO npenenb1 ( 13) 03Ha'IaroT nonan-

neHae ,j)epMRencxax MHTpH'IHbIX aneMeHTon; ecna ycnonHe (6) C'IBTHTb nepHhIM, TO H3 

,popMYnht (7). cnenyroT npeneilht (npl! /3 = l) 

60 ~ g p /g A~ 45 

g8 ~ 0,8. 

(14) 

no-naABMOMY. ycnonHH (14) He onRCbIBH!OT acei! COB01tynHOCTH,8KcnepHMeHTa11hHhlX 
- /35/ 

naHHhlX n /l -aaXBaTe R noaTOMY J:l0nlKHhl C'IHTaTbCH ManoaepoHTHhIMB. HylKllo OTMe-
- /35/ 

THT&, onHa1to, 'ITO aa aHanaaa npa1tTB'IeCKB acex axcnepBMeHTon n /l -aaxaaTe cneny-

eT, 'ITO ~ /gA•(l0-20). Taxoe 3Ha'IeHBe 8p MO}KHO 0DbllCHBTb, nonaraH, 'ITO ee 

oueHKB no nncnepCBOllHbIM COOTHOW8HHSIM nna C nOMOWb!O nOll!OC!lbIX naarpaMM 11enep!lhl > 

naoo nonycxaa aapyweHHe G -'IeTHOCTB n ,, - -aaxnaTe/:!3 ,35t. 

CornacHo conpeMeHHhlM npenCTanneHHHM/
34

/ 'xnocT' n HMnym,cHOM pacnpeneneHHK 

npOTOHOB (a, cneAOBaTen&Ho, H 11ei!TpOHhl 0OllhWOi! 8HeprHH OT /L - -aaxnaTa) ooycnoaneH 

UHeMaTB'I8CKRMH KoppenlllUIHMH HyKnOHOB. PacCMOTpeHae BilBHHHH TaKBX KOppenHUHll Ha 

yrnoaoe pacnpe.t(elleHae Hei!TpOHOn noxa3h!BaeT, 'ITO O0bHCHHTb B n - -1 npB 0OllhWBX E 

C BX noMOWb!O noKa He y.11aeTCH. 

BBBAY Toro, 'lTO BO B3HBMOA8llCTBHe 11yxnoHOB npB BX TeCHOM CDilBlKeilllH 60.rn,moi! 

Bltnan MOJKeT naaaTb ODMell THlKeilhlMII 'IHCTHIIHMR, a 11ei!TpOllhl ·ahicoxoi! a11eprBH ooycnoa-

neHhl, nO-BIIJ:IHMOMY, /l -aaxaaTOM HMe11110 Ha TaKBx 11yxnonax, cnenyeT ocoooe BHHMallHe 

11 



ynenun, paCCMOTp~mHJo nuarpaMM THna Toil, 'ITO npencTaaneHa Ha p11c. 9 (a). 3Ta AHarpaM-

Ma, paCCMOTpeHHaH B npuMeHeHHH K fJ -pacnany, naeT HeOJKHAaHHO 6om,moi! BKnan; . -
nuarpaMMa 6) naeT BKnan - 1 % B noney10 BepOSITHOCTh µ -aaxaaTa B KanhUIIH, HO B 

o6naCTH E > 20 Maa BKnan ee c11nhHO aoapacTaeT. 

QCIIOBHble_ Bb!BO_/!bl 

1) Bo3paCTaHHe Koalj,q,unueHTa aCIIMMeTpllll Bn (E) B yrnoaoM pacnpeneneH1111 Heil-

TpOHOB OT nornomeHIIH /l -Me30HOB SI.ClpaMII KBJ!l,UIIH II cepbl K ero npenenhllOMY 3Ha'le-

HIIIO C yaenu'leHHeM a11epr11u Hei!TpOIIOB E , BnepBb18 0611apylKe1111oe .B JIHTI OHHH, IIPOTHBO-

pe'IHT pacqeTaM Ha OCHOBe TeOpllH YB4>. 

2) Pe3ynhTBTbI uccnenoaaHHH yrnoaoro pacnpeneneHHH ael!TpOHOB ,mnH10TCH IIOATBep

lKAeHHeM C BblCOKOil CTeneBhlO AOCTOBepHOCTH BbIBOAa Teop1111 YB4> 0 aecoxpaHeHIIH npo-

CTpaHCTBeHHOJl 'leTHOCTH B /l -38XB8T8 • 

S) Bb!BOA O 6om,moM BIU!ane aellTpOHOB Bb!COKOH aHepI'HH HaXOAHTCH B Ka'leCTBeHHOM 

cornaCHH C COBpeMeHHblMH npencTaaneHHHMH O HanH'IHH npOTHlKeHHoro HMIIynhCHOI'O pacnpe

AeneHHH npOTOIIOB B SI.Clpe, KOTopoe ae OIIHCblBBeTCH MOAenHMH He3aBHCHMblX 'IBCTHn. 

4) Ecnu C'IHTaTh, 'ITO MBKCHMYM a CIIeKTpe Hei!TpOHOB npHMOI'O nponecca pacnono
/6/ 

lKeH npu6nH3HTenhHO TaM, rne ero npeACKa3bIBaeT MOAenh o6ono'leK (u, He3aBHCHMO, 
/10/ 

MOAH,PHllHpOBBHHaH MOAenh ,j,epMH-ra3a ), nony'leHHBH H3 OIIbITa AHljlq,epeHnHanbHBH Bepo-

HTHOCTb ucnycxaHHH npu /l - -3axBaTe B KBnhnHH HeilTpOHOB npHMOI'O rrponecca B o6naCTH 

E ~ 15 Man naxonHTCH B xona'leCTBeHHOM cornacHH c pac'leTBMH no Monen11 o6ono'leK161• 
• 3TOT cj,altT HaXOAHTCB B COOTBeTCTBHII C o6naCTblO (no E ) np11MeHIIMOCTII TBKoll MOAelIH. 

5) He3aBIICIIMO OT KB!tHX-nu6o Monenei! SI.Clpa, HO TOJll,ltO 113 o6mei! cxeMbl TeOpl'lli 

BAepuoro µ- -3axBaTa, np11aonHmell K ,j,opMYne (4) nnn Bn (E) (np11 E < 50 Man) 

cnenye-r, 'ITO IIMeeT MeCTO noABBneHHe BKnana ,j,epMHeBCKOI'O nepeXOA8 no OTHomeHHIO K 

BKnBAY raMOB-TltnnepOBCKOI'O nepexona no KpallHei! Mepe B 7 pa3, ae3aBIICHM0 OT E 

a aenu'laHa g P / g A onpenenHeTCB (13). 

6) EcnB IlpH BHallll3e y'IHTbIBBTb rrpeAellbl nnn Bn (E) npu E > 50 Man, TO nony-

'IBeTCH, 'n"O cj,OpMYna (4) He MOlKeT OIIHCaTb nony'leHHylO 1'13 axcnepuMeaTa ,PYHKUHIO Bn (E) 

HH npa KBKOM OAIIHBKOBOM nnn BCeX E 3Ha'leHIIII Ei, /g A • 3To YTBeplK)leRae cnenyeT 

paCCMBTpHBBT1, K8K npeAIIOnOlKHTe.:IbHOe, HeCMOTp.!! Ha TO, 'ITO B ero nom,3y I'OBOpHT TaKlKe 

H 0'le.Elb 6om,moe 3Ha'leHHe 8p/gA , cnenyromee H3 (13); aTO 3Ha'leHHe 3HB'IHTenbHO 
- /35/ 

6om,me Tex, KOTOpb1e Heo6xoAHMbl nnn HHTepnpeT&IIHH npyrHX OIIbITOB B µ -3aXBaTe 

7) Ecnu HMeeT MeCTO ycnoaue cj,aKTOpH3allHH (6), TO 
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a) nnn KOHCTBHT gp H g 8 HMeIOT MeCTo npenellbl ( 14} npa E < 50 Man; 

6) npu yqeTe o6nacTH c E > 50 MaB ,POPMYllB (7) AIIH a (E) He MOlKeT onucan, 

no.~y'lerury10 H3 OIIb!Ta cj,yHKIIHIO 

lKe 3Ha'leHBHX Sp H Ss 

a(E) BO BCeM HHTepaane aHepI'HH npa OAHHX H TeX 

B) ,PYHKllHB {J(E) nnn cnyqau µ -38XBaTa B ca'0 
HMeeT BHA1 OTnH'IHblil OT 

- /6/ " 3 Toro, KOTOpbIH cneAyeT H3 paC'leTOB • no MOAena Ouonoqex. TO, IIO-BBJl,HMOMy, CBH38HO 

,, ,, - /6/ ,, 
C rpyuOCTblO HeKOTOpbIX npuunalKeHHH, CAenaHHblX B H, B 'IBCTHOCTH, C npeueupelKeHHeM 

3aBHCHMOCT1,IO KOacp,j,HllH8HTa B MHHM0i! 'IBCTH OIITH'lecxoro nOTeHnaana OT aHeprHH E • 

8. ) B HBCTOHmee apeMB He H3BeCTHbl HAepHble MeXBHH3Mbl, npHBOAHWHe It nonaane

llHIO BKnana ,j,epMHeBCltOI'O nepexo,11a, T.e. HapymeHHIO ycnOBHH cj,aKTOPK3anua (6) npB BbICO

KHX aueprnux Hei!TpOHOB HnB a,j,q,eKTHBHOMy yaenuqeHHIO Sp 

IloHCltH Ta1mx MeXaHH3MOB, 8 TBKlKe TmaTellbHoe axcnep11MeHTanhHoe 11ccneA0BaHae 

,mneuail,HMII o6ycnoaneHHbIX, Kpallue Heo6xonHMbl, TSK KBK OTCYTCTBHe aTHX MeXSHH3MOB 

03Ha'lano 6bl HenpuMeHHMOCTb TeOpllH YB<P K KOnB'leCTBeHHOMY onacaHIIIO yrnoaoro pacnpe

. neneHIIB Hei!TpOHOB BbICOKOll aHeprn11 OT /l - -38XB8Ta BApaMH. 

9) Heo6xoAHMO ABnhHei!mee axcnep11MeHTBnhHoe 11ccnenoaaaue yrnoaoro pacnpeAene

HIIB HeilTpOHOB B 6onee WllpOKOM AllaII830He aHepr11JI Hei!TpOHOB E Ii nnsi 6om,mero 'IHCna 

Mep. 

Oco6eHHO HHTepeCHbIM 6b!IIO 6bl 11ccnenoBaHHe xoa.W,111lHeHT8 

E > 50 Maa. Ecn11 np11 aToi! aHeprHH B n (E) 6yne-r 6nH3KHM K -1, 

'ITO cj,opMyna (4), cnenyroman H3 o6mell cxeMhI Teopua S1.C1epHoro 

aCHMMeTpHH npu 

TO aTO MOlKeT 03H8'1aTb0 

µ - -3axaaTa, nu6o He-

Bepaa, nu6o HMe8T MecTo 38BHCHmaH OT E HAepHaH nepeHOPMHpOBKa cj,opMcj,aKTopoB. 
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