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I . BseaeHHe 

TiepBbie HCCne,llOBaHH.II/I-6 / HeHTpOHO)le$HUHTHbiX H30TOllOB Ten

nypa, pacna,llaiOIUHXC.II c HcnycKaHHeM JanaJ.llbiBaiOIUHX npoTOHOB H a -
'lacTHU, 6binH npoBe.lleHbi B 1965-1966 ro,llax. Tor,lla 6binH HJy'leHbi 

OCHOBHble CBOHCTBa .llBYX H3ny'la TeneH 3alla3)lbiBaiOIUHX npoTOHOB H )lByX 

" ·H3ny1.JaTeneH. Tipe,llMeTOM )lHCI<yCCHH OKaJanc.II BOllpOC 0 MaCCOBbiX 

'IHCnax COOTBeTCTBYIOIUHX H30TOllOB Tennypa. ~OTOHHble H3ny1.JaTenH 

6binH H,lleHTH$HURPOBaHbl KaK H30TOllb.l Il!Tc H 
09 Tes/2,4,5/ H COOT-

11o I08 '36 1 

BeTCTBeHHO I<aK Te H Te B ' • , , Ha6niO,llaeMa.II a -ai<THBHOCTb 
16 1 108 I07 !; 7! 

CB.II3biBanacb a 1 C Te H Te. OnbiTbl '., 1 no H3y1.JeHHIQ CBOHCTB ,llo-

'lepHHX llpO,llYKTOB llO,llTBep,llHnH npaBHnbHOCTb HaWeH H)leHTH$HKaUHH 

npoTOHHbiX H3ny'laTeneii, I<aK H30Tonoa
11 

Te H I0
9
Tc,BOllpOC06H)leHTH

$HI<aUHH a ·H3ny1.JaTeneii OCTanC.II OTI<pbiTbiM. 

Tiocne.llYIOII.IHe onbiTbi 6bmH noCB.IIll.leHbi onpe,lleneHHIQ senH'IHH 

QEC-8 ,lln.II Il!Tc H I 09Te nyTeM H3MepeHH.II ll03HTpoH- npOTOHHbJX co-
P ' t 

Blla,lleHHH 8 • 9· H aHanH3Y ycpe,llHeHHOH $opMbl cneKTfia 3alla3,llbJBaiQ-

IUHX npoTOHOB/IO,ll/. bbinO llOKa3aHO Ha npHMepe I ITe, 'ITO rpocc

CTpyKTypa llpOTOHHOrO cneKTpa Cyll.leCTBeHHO onpe)len.lleTC.II CHnOBOH 

$yHKUHeii f3 + -pacna)la. 

B HacTO.IIll.leii pa6oTe npe)lcTasneHbi 3KcnepHMeHTanbHbie )laHHble 

no $YHI<UH.IIM B036y>K,lleHH.II peaKUHH, npHBO)l.IIIUHX K o6pa30BaHHIQI0
9

TeH 

a -at<THBHbiX' H30TOllOB Tennypa, ll03BOn.IIIOIUHe YTO'IHHTb 3Ha'leHH.II 

MaccoBbiX 1.JHcen nocne,llHHX. ,ll;anee npoBO.llHTC.II aHanHJ ycpe)lHeHHoro 

cnei<Tpa npOTOHOB, H3 KOTOporo H3BneKaeTC.II HH$OpMaUH.II 0 CHnOBOH 
-+ I09 

$yHI<UHH f3 -nepexo)la T e. 

liJOTOfibl Te nony'lanHCb npH o6ny1.JeHHH MHWeHH H3 paJ,lleneHHoro 

H30TOfia 
96 Ru /900/o/ TOnlUHHOH 2,0 Mr/cM2 HOHaMH 160 Ha BbJBe-

)leHHOM ny'II<e 300-caHTHMeTposoro UHKnoTpoHa JIJIP OHJIH. 

Hawa ycTaHOBKa ,lln.II Bbl,lleneHH.II npOJlYKTOB JI,llepH~x peaKUHii Me-
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TO.IIOM raJOBOH CTpyH /13/ .IICTaJibHO OIIHCaHa B .'lo.·. B HaCTO.III.QCH 

pa6oTe OHa HCnOJib30BaJiaCb B HCCKOJlbKO MO.IICPHH3HpOBaHHOM BH.I\C. 

KoHH'fCCKOe COnJIO C OTBepCTHCM 6biJIO JaMCHCHO TedlJIOHOBbiM 

Kanunn.~rpoM I P =40 MM, ¢ =0,5 MMI B MeTaJIJIH'fCCKOH onpasKe, 

KOTOpbiH yMCHbiiiHJl paCCTO.IIHHC MC)I(.IIY TO'fKOH HCTC'fCHH.II CTpyH H 

c6opHHKOM .!10 5 MM. IlpH 3TOM nJIOI.Qa.IIb, B npeJJ;eJiaX KOTOpOH OTCOp· 

6HpyeTCH - 90o/o aKTHBHOCTH, yMCHbiiiHJiaCb C 40 .!10 15 MM 2 • 3TO 

no3BOJ1HJ10 YMCHhiiiHTb .!10 8 MM JJ;HaMeTp BXO.IIHOrO OKHa TCJICCKOna 

i\E_x E " 
i\ x , OTKaJaTbC.II OT onopHOH CCTKH, KOTOpa.II nO.II.IICP)I(HBaJia BXO.II" 

Hym BaKyyMHYID nJICHKY, H nonylfHTh YBCJIH'fCHHe 3~~CKTHBHOCTH pe· 

rHCTpaUHH Jap.II)I(CHHbiX lfaCTHU npHMCpHO B 2 pa3a. BXO.IIHOC OKHO 

JaKJICHBaJIOCb HHKCJICBOH ~OJibrOH TOJII.QHHOH 1 MK. 

KoHCTPYKUH» npHBO.IIa .IIJI.II spai.QeHH.II anmMHHHesoro .IIHCKa- c6opHH

Ka 6bwa HJMeHeHa TaKHM o6paJoM, lfT06bl yron nosopoTa 6Lm HeCKOJib· 

KO MCHbiiiC 45°. B HaiiiCM CJiylfae tfepe 3 Ka)I(JJ;h!C BOCCMb nOBOpOTOB 

ITO .II CTPYID nonaJJ;aJI ylfaCTOK .IIHCKa, CMCI.QCHHhiH OTHOCHTCJlhHO nepBO • 

HatfaJibHOrO nOJIO)I(CHH.II Ha paCCTO.IIHHC nop.IIJJ;Ka JIHHCHHOrO pa3Mepa 

ITHTHa, B npeJJ;eJiaX KOTOporo C06HpaJiaCh BC.II aKTHBHOCTb. 3TO YMCHb • 

IIIHJIO ypOBCHb .IIOJlrO)I(HBYI.QCH KOMnOHCHTbl (3 -~oHa, nOCKOJlhKY COOT· 

BCTCTBYIDI.Qa.II (3 ·aKTHBHOCTh paBHOMCpHO pacnpeJJ;CJI.IIJiaCh y)l(e He Ha 

BOCCMb ~HKCHpOBaHHbiX nOJIO)I(CHHH, KaK B /10/,a npaKTH'fCCKH paBHO" 

MepHO ITO KOJILUY paJJ;Hyca 90 CM. IlOJJ;06Ha.II KOHCTPYKUH.II OnHCaHa 
'12 I 

paHee • '. 

)J,JIH TOpMO)I(CHH.II BhiJlC TaiDI.QHX H 3 MHIIICHH .II.I\Cp OT JJ;alfH H HX TpaHC • 

ITOpTHpOBKH K c6opHHKY HCnOJib30BaJiaCh aproH·reJIHeBa.II CMCCb 

1250 TOpp Ap + 100 TOpp He 1. K03~~HUHCHT c6opa COCTaBJI.IIJI 

l20·30lo/o. 0TMCTHM, lfTO 3~~CKTHBHOCTb C06HpaHH.II JaBHCHT OT KOH" 

UCHTpaUHH npHMCCCH lno·BH.IIHMOMY, MHOrOaTOMHhiXI B raJe. Hanpu· 

Mep, OlfHCTKa raJa OXJia)I(.IIaCMOH JIOBYIIIKOH HJIH npOCTO .IIOCTaTO'fHO 

TOJICTb!M BaTHhiM ~HJlhTpOM CHH)I(aCT K03~~HUHCHT c6opa, no KpaHHCH 

Mepe, na ITOPH.IIOK. BM\:CTC C TCM HaJIH'fHC H3t5biTO'fHbiX npHMCCCH 

B r·a3e npHBO.UHT K nO.IIBJICHHID JaMeTHOH TOJII.QHHbl aKTHBHOrO CJIO.II Ha 

C60pHHKC. IlpaKTH'fCCKH npHXO.UHTCH HCKaTb KOMnpOMHCC TaK, lfTOObl 

KOHLICHTpaUH.II rrpHMCCCH 6LIJia .UOCTaTO'fHOH .UJI.II o6ecnelfCHH.II Bh!COKOrO 

KOJ~~HUHCHTa c6opa, a aKTHBHbiH CJIOH 6LIJI npHCMJICMOH TOJII.QHHhl /12/ • 

IJpH HJMepeHHH ~YHKUHH B036y)I(JJ;CHH.II .IIJl.II perHCTpaUHH npOTOHOB 

H a • lfaCTHU HCnOJib30BaJICH Si (Au) noBepXHOCTHO • 6aphepHhiH .I\C • 

TCKTOp C MaJibiM CMCI.QCHHCM. YIJ · 3a HenOJIHOrO norJIOI.QCHH.II B lfYBCTBH • 

TCJlbHOM CJIOe rrpOTOHHbiH cneKTp CMCI.QaJIC.II B 06JiaCTb MaJihiX aMnJIH· 

TYJJ; H a • tfaCTH'fllhiC JIHHHH lfCTKO OT.IICJl.IIJIHCb. Ji3MCHCHHe 3HeprHH 

llY'IKa OCyi.QeCTBJI.IIJIOCb C ITOMOI.QhiD rrorJIOTHTeJieii: (A!). Ka)I(JJ;OMY H3 

ITOrJIOTHTCJICH COOTBCTCTBOBaJia onpe.n;eJICHHa.II rpyrrna KaHaJIOB aHaJIH· 

3a Topa Ali· 4096, B KOTOpyiD JanHChiBaJIC.II CneKTp npOTOHOB H a • lfaC • 

Tllu,. IIepHO.UIIlfecKoe nepeKnmlfCHHe rpyrrn KaHanoB aHaJIHJaTopa Tail-
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MepOM aBTOMaTH'feCKH Bbl3b!BaJIO CMeHy norJIOTHTeJI.II. 3aJJ;aBaJIUCb 

KopoTKHe speMeHa 3KcnoJuuuu I - 1 MUHI H ~YHKUU.II B036Y)I(.IIeHu.II no

nyqanacL KaK peJyJILTaT ycpeJJ;HeHU.II no MHoruM, paBHOMepHo pacnpe· 

JJ;eJieHHbiM BO BpeMeHH eJJ;HHU'IHbiM U3MepeHH.IIM. 3TO n03BOJI.IIJ10 UCKJIID" 

'IUTb OIIIU6KU, CB.II3aHHble C B03MO)I(Hh!M UndeHCHUCM K03~~UUUeHTa 
c6opa U CJiy'laHHbiM nepeMei.QeHUeM ny'IKa no MUIIIeHH. 

3. cl»yHKUHH BOJ6yJK)leHHSI 

Ha puc. 1 rrpeJJ;CTaBJieH cneKTp, nonyqeHHbiH C nOMOI.QhiD KpeMHHC" 

soro .neTeKTopa c pa3pellleHHeM 50 K3B I3Hepru.II ny'IKa 16 0- 80 MJBI. 

Ha !llone wupoKoro pacnpeJJ;eneHu.II JarraJ.IIhiBawi.Qux npoTOHOB 'leTKO 

Bbi.IIeJI.IIIDTC.II JJ;Be rpynnLI a -qacTuu c JHepru.IIMU 3,08 u 3,28 MJB. 

Ji.D;eHTUiiJUKaUU.II npOTOHOB U a ·qacTUU OCyi.QeCTBJI.IIJiaCh B OTJJ;eJILHOM 

Onb!Te C npuMeHeHUeM TeJieCKOna ~ xE, 
Ha puc. 2 .naHLI ~YHKuuu B03oY~.IIeHU.II .IIJI.II peaKuuii, npHBO.II.III.QHX 

K H3Jiy'laTeJI.IIM npoTOHOB H a ·qacTHU. 3Ha'leHH.II 3HepruH nyqKa ITOCJie 

norJIOTHTeJI.II paCC'IHTbiBaJIUCb no Ta6JIUUaM npo6erOB T.II)I(eJihiX HOHOB/l 4( 

no oueHKe, TO'IHOCTL onpeJJ;eneHU.II JHepruu - ±3,0 MJB, 'ITO CB.IIJaHo 

C HeMOHOXpOMaTU'IHOCThiD nyqKa U KOHe'IHOH TOJII.QHHOH MHIIIeHH. 

Bee TpU !J!YHKilUU UMeiDT liJopMy, xapaKTepHyiD .IIJI.II peaKUUH C UCrra· 

peHUeM HeiiTpOHOB U3 COCTaBHOrO .IIJJ;pa. 0cTaHOBHMC.II Ha U3Jiy'laTeJie 

a ·qacTuu c 3Heprueii 3,28 MJB. liJMepeHHhiH HaMH nepuo.n nony

pacna.na .D;JI.II Hero - 2,0±0,2 ceK coana.naeT co JHa'leHueM, npuao.nu

Mb!M B /6/ ,lJ;JI.II ycTaHOBJieHU.II Maccosoro qucna 3Toro UJOTona onpe· 

JJ;eJIUM 'IUCJIO HeHTPOHOB, ucnapUBIIIHXC.II U3 COCTaBHOrO .IIJJ;pa, no ITOJIO· 

)l(eHUID MaKCUMyMa ~YHKilUU B036y)I(.IJ;eHU.II. 

B pa6oTe /IS/ Ha npuMepe peaKUUH C UOHaMU 
16 0, npUBO.II.III.QUX 

K U30TOnaM Dy, . noKa3aHO, 'ITO c • cpe.D;H.II.II 3HeprU.II Ha O.D;UH ucnap.II • 

IDI.QUHC.II HeHTpOH CBepx 3HeprUH CB.II3U paBHa 5,0 • 6,5 M3B. 3TOT Bhl" 

BO.D; nO.D;TBep)I(.IJ;aeTC.II .IIJl.II 06JiaCTU 100~ A $ 150 B n?t:IJBIIIeHC.II HeJJ;aB· 

HO CUCTeMaTUKe 3KCnepuMeHTaJihHbiX 3Ha'ICHUH ' • IIDu,.pacqeTe 
• {17 

,3Hepruu aoJ6y)I(JJ;eHu.II Mbl noJILJOBaJIHCL Ta6nuuaMH Mace '. Hop-

MuposKa Ha ITOJIHOe Ce'leHUe He npoBOJJ;HJiaCh, T .K. B JJ;aHHOMy CJiyqae 

OHa npaKTU'IeCKU He CMei.QaeT ITOJIO)I(eHU.II MaKCUMyMa. )J;JI.II aJILTepHa· 

TUBHbiX npeJJ;nO.iJO)I(eHUH 0 'IHCJie HCnap.IICMbiX Heii:TpOHOB • 4 ( lO(f [e) U 

5 ( 107Te) noJiy'laiDTC.II CJieJJ;yiDI.QUe 3Ha'leHU.II l : 7 ,0±0,8 MJB; 3,0± 

±0,6 M3B. Biopa.II uuliJpa npe.ncTaBJI.IIeTc.II ManoA u npeJJ;no'ITUTeJILHoii 

.IIBJI.IIeTC.II U.D;eHTUiiJUKallU.II 3TOrO H30TOITa KaK 108Te. 
cl»yHKilU.II B036y)I(JJ;eHU.II BTOporo a • H3Jiyqa TeJI.II B npeJJ;eJiaX 3KCne • 

puMeHTaJihHOH TO'IHOCTH noJIHOCTbiD COBnaJJ;aeT no liJopMe C KpHBOH 

Bb!XO.D;a 3arra3JJ;b!BaiDI.QUX npOTOHOB. 3TO CBU.D;eTeJih£TByeT 0 TOM, 'ITO 

Mbl UMeeM .D;eJIO C O.IIHUM U TeM )l(e U30TOnOM, pacrraJJ;aiDI.QHMC.II .IIBYM.II 

pa3JIU'IHLIMU cnoco6aMu. IIepUO.IIhl nonypacna.11a, HJMepeHHble no npo

TOHaM U a •'faCTUUaM, TaK)I(e COBnaJJ;aiDT B npeJJ;eJiaX OIIIU60K: 11; 2 p = 
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Puc. 2. cJ>ynxunn aoJ6y)l(.nenn.st HJnrmn:neii JanaJ.abtBaJOmnx npoTonoa 
H a •lfaCTHU B peaKUHH 96 Ru+ 6 0. 8bJXO.Il ,naH B OTHOCHTeJlbHbiX 
e.nnnnuax. CTaTHCTHI.fecxa.st own6xa He yxaJbtaaeTc.st, ecnn ee aenHlfHHa 
HaXO.IlHTCII B npe.nenax paJMepa TO'IKH. 

=4,5+0,45 ceK; 1 1 •211 •• 5,3 ;..b•~ CeK. flpOTOHHbJH H1JJlylfaTeJlb cpe.aH 
- I • J , '2 4 

H30TODOB Te C 1'/, .. -: 4 CeK HCCJle.noBaJIC.st B H 6bJJI H,neHTH" 

<tJnunpooan xax 
109 

Te. Coana.nenne <tJynxunii BOJ6y)l(.nenHJJ H nepHo.noa 

noJBOJI.steT c.nenaTb JaKJIJOlfeHHe, '~1j~ 9 " -qacTHUbl c JHeprneii 3,08MJB 
TaK)I(e ncnycxaJOTC.st npn pacna.ne Te. 

4. AnanHJ ycpe.anennoii ~opMbJ cneKTpa JanaJJlbiBaJOIIlHX 
npOTOHOB JlJlH l 09T e 

4.1. ,lfemaAu pac<1e111a 

CTaTHCTHI.fecxa.st Mo.nenb npouecca HcnycxaHH.st JanaJ.IlbiBaJOmHx 
DpOTOHOB .'10,11/ OCHOBbiBaeTC.st Ha TOM, 'ITO .llJI.II .st,nep C Z > 50 

DJIOTHOCTH B036y)l(,neHHbiX COCTO.IIHHH .llOCTaTOlfHO BeJIHKH, DOJTOMY KaK 
{:3 + -nepeXO.Il B npOTOHHO·HeCTa6HJlbHble COCTO.IIHH.st, TaK H pacna.n 

3TH X COCTO.IIHHH MOryT 6b1Tb ODHCaHbl C DOMOinbiO ycpe,nHeHHbiX Bepo

.stTHOCTeH. 8 paMKaX JTOH MO.IleJIH cneKTp JanaJ.IlbiBaiOinHX npOTOHOB 

ODHCbJBaeTC.II CJle.llYIOinHM Bblpa)l(eHHeM: 

llN(EP) 
---
llE 

2 if 
<p. 1 (E)> f'p 

I IgXI,l. )l(Z,Q -E)<-~-- __ 
t; • Ec D(E,I.J r. · 

I I 

/1/ 
p 
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3~ech rrpe~rronaraeTCH, ~To wupuHa 3HepreTH~ecKoro KaHana ~EP 
junu - HHTepaan ycpe~HeHHH/ cywecTBeHHO 6onbwe, ~eM D- cpe.n;Hee 

+ * paCCTOHHHe Me)I(,D;y ypOBHHMH, 3aceneHHbiMH B {-3 - rrepexo~e , 0603-
Ha'leHHH B (j)opMyne /1/ cne,n;yiOwue: 
t,(l,li)- CTaTHCTH~eCKHH BeCOBOH (j)aKTOp ,n;nH {3-+·rrepexo,n;a H,D;pa CO 
CITHHOM I B COCTOHHHe CO CITHHOM I i ; , f (Z, QEC -E) - HHTerpanb
HaH (j)yHKUHH cl>epMH ,n;nH {3+ -rrepexo~a/1 8 ; fl/ (E) - KBa,n;paT 
MaTpH'IHOrO 3neMeHTa ,n;nH f3 + ·rrepexo,n;a B B036y'.K~eHHOe COCTOHHHe 
CO CITHHOM I i H 3HeprHeH E , l':f - cpe,D;HHH llpOTOHHaH lliHpHHa 
~nH pacna,n;a H3 COCTOHHHH CO CnHHOM 11 . B COCTOHHH~ BHy'laTOrO 

u E I I' 1 I' '' f' d H,llpa C 3HeprHeH f H CnHHOM f ; = )' + "- p - Cpe,D;HHH 
f E I' 1 nonHaH lliHpHHa COCTOHHHH CO CnHHOM 11 npH 3HeprHH , y 

cpe,liHHH pa,n;HaUHOHHaH lliHpHHa. 
,[(nH 3HeprHH B036y)l(,lleHHH cnpaBe,llnHBO COOTHOllieHHe: E oo B p + 

+E£ + EP _AA , r.n;e A- Maccoaoe ~Hcno ucxoJlHOro H,n;pa. 
-1 1011 111 

Pac'!eTbi TaKoro THna anepBbie 6bmH c,~:~enaHbi B ' ' .n;nH Te 
JaTeM B pa6oTe /!9/ ,llnH 115

• 
117 Xe H 181

• 
183 Ht, . 

Ilpe,n;nonO)I(HM, 'ITO CnHH H 'leTHOCTb 
109 Tc paBHbl 5,'2 , T.e. 

neil:TpOHHaH o6onO'!Ka {!. 7 •2 }'! 3,TOH 06naCTH H30TOnOB 3anonHHeTCH 
paHbwe, '!eM d 5 j2 • B pa6oTe -' 19

1 npuao,n;HTCH HeKoTopbie 3Kcnepu
MeHTanbHbie ,~:~aHHbie B nonb3Y TaKoro npe.n;nono)l(eHHH. EeTa-nepexo.n; 

10 c;r,. HBnHeTcH pa3peweHHbiM. 3To cne.n;yeT H3 oueHKH cpe.n;11ero 

lot, ft no nepuo.n;y nonypacna,~:~a H aenH~HHe QEC • 

TaKHM o6pa30M, npH {3+-nepexo,n;e 109 Tc 3acenHIOTCH COCTOH· 
HHH 3/2+ ,5.'2 ;- 7/2 t H,llpa 109 Sb, IlpOTOHHbiH pacna,n; H 3 3THX COCTOH-

HHH 6y,lleT H,liTH, rnaBHbiM o6pa30M, B OCHOBHOe COCTOHHHe 108Sn H B 
He60nbWOH ,n;one cnyqaeB B nepaoe B036y)I(,D;eHHOe COCTOHHHy 2,+ • ,[(nH 

P, (/,I i ) HCnOnb30BanOCb Bbipa)l(eHHe {!.= (211 ·+ 1) /3 (21 + 1) / 19
•, 

B Ka'!eCTBe nepaoro npu6nH)I(eHHH ucnonbJoaanocb npe,~:~nono)l(eHHe 
0 noCTOHHCTBe CHnOBOH (j)yHKUHH {-3 t -nepexo,n;a S {1~ _;;_u_l::: HnH ee 

cna60M yMeHbllieHHH B "npOTOHHOM" ,D;Hana30He 3HeprHH ~036y)l(,lleHHH 
,liO'IepHero H,llpa. 3TO COOTBeTCTByeT COBpeMeiJIHbiM TeopeTH~eCKHM 

I I 
npe,liCTaBneHHHM 1 101 .CornaCHO HM, CHnOBaH (j)yHKUHH HMeeT (j)opMy 
ruraHTCKoro pe 30HaHca c nHKOM, OTBe'!aiOruHM nepexo.n;aM a o6nacTb 
H3o6apRo-aHanoroaoro COCTOHHHH. ,[(nH H,n;ep c N> Z TaKHe nepexo
,llbi 3HepreTH'IeCKH JanpeweHbi, 11a o6naCTb peanhHbiX nepexo.n;oa npu
xo,liHTCH TOnbKO "XBOCT" ruraHTCKOrO pe30HaHCa, r,~:~e CHnOBaH (j)yHKUHH 
cna6o MeHHeTCH C 3HeprHeH. 0,[1HaKO Ha 3TOT nnaBHbiH XO,ll MOryT 
HaKna,D;biBa TbCH noKanbHbie pe 30HaHCbl, CBH3aHHble C npOCTbiMH KOH(jJH
rypaUHHMH, xopowo JacenHeMbiMH B f3+ -nepexo,~:~e. 

Cpe,liHHe napuuanbHble npoTOHHble lliHPHHbl r-;f paCC'IHTbiBanHCb 
ITO H3BeCTHOH (j)opMyne ,D;nH pacrra,[la COCTaBHOrO H,D;pa ~epe3 rrnOTHOCTb 

~,lleCbH,llanee no.n; TepMHHOM" p+ -nepexo.ri~o.n;pa3yMeaaeTCH cyM
Mapnblil: rrpouecc rroJHTPOHHoro pacna.n;a H 3neKTPOHHoro JaxaaTa. 
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l 

ypOBHeH C ,D;aHHbiM CnHHOM H ~eTHOCTbiO H K03(jJ(jJHUHeHT TpaHCMHC
CHH. <l>aKTH'ICCKH, B 3TOM CO,D;Cp)I(HTC.JI npe,nnonO)I(eHHe 0 nOCTO.JIHCTBe 
npOTOHHOH CHnOBOH (j)yHKUHH 

if 

5 _ r; _1_. 
p 

D(E, I 1 ) ~ Te 
£ 

/2/ 

Ko34K)lHUHCHTbl TpaHCMHCCHH Tf 6paJIHCb H3 pa60Tbl r .MaHH H ,np(21
/ ' 

cpeJlHee paccTO.JIHH~ Me)l(,ny ypoBH.JIMH onpe.n;en.11nocb no peuenTy runb-
6epTa H KaMepoHa 122 1. 

,[(n.JI paC'IeTa nonHbiX pa,nHaUHOHHbiX lliHPHH HMCCTC.JI Ha6op\llopMyn, 
OTnH'IaiOruHXC.JI pa3nH'IHOH 3aBHCHMOCTbiO OT TaKHX napaMeTpOB .JI,npa, 
KaK Maccoaoe '!Keno, 3Hepru.JI ao36y)l(,neHH.JI, TeMnepaTypa, napaMeTp 
nnoTHOCTH ypoBHeil:. Bbi6op Me)l(,n;y HHMH 3aTpy.n;HHTeneH. B Hawux 

npe)lbi.QYlliHX pa6oTaX ,n;nH pac'!eTa f'y HCnOnb30Banacb nony3MnHpH
'ICCKa.JI (j)opMyna, nony'leHHa.JI a 1231 H3 aHanH3a 3KcnepuMeHTanbHbiX 
)laHHbiX no pa,n;HaUHOHHOMY 3aXBa TY HCHTpOHOB 

-10,5 0,67 4,3 0,25 
[' = 5,;3. 10 • A • U • D 

y /3/ 

r,ne U =E-o • 3(jJ<lleKTHBHa.JI 3HeprH.JI B036y)l(,ll;CHHH, 0 - nonpaBKa 

Ha cnapuaaHHe. 
B He.n;aBHeii pa6oTe 1241 6bln co6paH aecb 3KcnepHMCHTanbHblii 

MaTepHan no pa,nHaUHOHHbiM WHpHHaM .n;n.JI .JI,n;ep B o6naCTH MaCCOBbiX 
'IHCen OT 60 ,no 24 7. Ilpoaepxa pa3nH'IHbiX TeOpCTH'ICCKHX Bblpa)l(eHHH 
noxa3ana, 'ITO Hau6onee 6nH3Ka K 3KcnepHMeHTY \llopMyna Baiicxon
(j)a / 25/, O,QHaKO 3Ha'IHTenbHO nyqwe OnHCb!BaeT 3KCnepHMCHTanbHble 
,naHHble 3MnHpH'IeCKOe Bblpa)l(eHHe 

f' = 10,5 • U • A - 1 a - 0
•
5 (1-0,01/ 

2
.,) .10 - 6 

y 

r.n;e a - napaMeTp nnoTHOCTH ypoBHeil:. 

/4/ 

IlpHBe,D;eHHble \IJOpMynbl ,D;nH r CHnbHO pa3nH'IaiOTC.JI 3aBHCH· 
MOCTbiO OT 3HeprHH B036y)l(,ll;eHHH. lJenH'IHHbl f y /3/ H ry /4/, no
ny'leHHbie no /3/ H /4/, 6nH3KH npH 3HeprHH B036y)l(,n;eHH.JI 7-9 M3B, 
O,D;HaKO npH 3HeprHH - 3 M3B OTnH'IaiOTC.JI Ha nop.JI,D;OK /eM. pHC. 3/. 
K CO)I(aneHHIO,,n;n.JI pac'leTa npOTOHHbJ:,( cneKTPOB BenH'IHHa ry cy-

weCTBeHHa HMeHHO npH ManbiX 3HeprH.JIX B036y)I(,D;eHHH, r,n;e pa,n;HaUHOH
Ha.JI wHpHHa cpaBHHMa c npoTOHHOii. B pac'leTax cneKTpa 3ana3,n;biBaiO-

lliHX npOTOHOB Mbl HCnOnb30BanH H [' y /3/ H [' y/4/, paCCMaTpH-
BaH HX KaK rpaHH'IHble 3Ha'leHH.JI [' . 

B \llopMyny /1/ axo,n;.JIT JlBa 3JepreTH'IeCKHX napaMeTpa - B H 
II 

u p 
Q EC - B P , epBbiH H3 HHX HCnonb3YCTCH npH pac'!eTe npOTOHHbiX 
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R pa~RaUROHHbiX WHpHH, BTOpoii-npH Bbl'IHCneHHH <lJyHKUHH /6!• Q EC -E). 
OpH Ka'leCTBeHHO,)I;i ,aHanHJe <lJopMbi cneKTpa npoTOHOB Te, npo

se~eHHOM paHee 1121 , o6a JTH napaMeTpa 6bmH cso6o~HhiMH. B Ha

CTOJHUeH pa6oTe RCnonh30Banocb 3Ha'leHHe Q EC - 8 p =7, 14 MJB, 

nony'leHHOe B He3aBHCH¥~M JKCnepHMeHTe H3 H3MepeHHH n03HTpOH

npOTOHHbiX COBna~eHHH 1 91 , H TOflbKO 8 p HBflHflOCb CB060~HbiM na

paMeTpOM. 

Pac'leThi sbmonHeHbi Ha 63CM -6, nporpaMMa noJsonHna no MeTo

~Y HaHMeHhWHX KBa~paTOB /MHK/ onpe~enHTb OnTHMaflbHOe 3Ha

'leHHe B 
p 

4.2. Pe3yAb111QIIIbl pac'lema u cpaeHeHUJI c :JKcnepuMeHIIIOM 

a/ Ha pRe. 4 npe~cTasneHhi ycpe~HeHHhiH /no RHTepsanaM ;\ E P = 

= 100 KJB/ 3KCnepRMeHTaflhHblH cneKTp 3ana3~bJBal{)!liHX npOTOHOB 

1° 9 Te H pH~ pac'leTHhlX cneKTPOB. KpHBbie "a" H "b" nony'leHbl 

npH ycnOBHH noCTOHHCTBa CHflOBOH <lJYHKUHR fl"-nepexo~a ~nH ~BYX 
sapHaHTOB Bbi'IRCflCHHll I')' - no <lJopMynaM /3/ R /4/ COOTBCTCTBeHHO. 

Opa HaxolK~eHRH onTRMaJibHhiX 3Ha4eHHH B P no MHK HcnonhJosancll 

sech JKcnepRMeHTanhHhiH cneKTp. Pac4eTHble KPRBble 6nH3KH no <Pop

Me, XOTH OITTHManbHbiC 3Ha4eHRH B, 3Ha4HTenbHO OTJIH'IaiOTCll: 

B P (3) =I ,5 M JB H B P (4) =0,5 M JB. 6JIR 30CTh KpRBbl x "a" R "b" ro

BOPHT 0 TOM, 'ITO B ~BYX sapHaHTaX paC4eTa <lJarypRpyi{)T CJia6o OTJIR-

4aiO!liHeCH OTHOCRTenbHble UpOTOHHbiC WHPRHbl I;, 'I'. 0TMeTRM, t.{TO 

TeopeTR'IeCKHe cneKTphi Ha 94<1o onpe~eJIHI{)TCll nepexo~aMH 52' ,()' R 

3,'2 + • 0 i TOJibKO OKOflO 6U/o o6ll3aHbl npOTOHHOMY pacna~y B COCTOJIHRC 

2 t ll~pa 1 08 Sn. 
3KcnepHMeHTaJibHbiY cneKTp cywecTBeHHO OTflH4aCTCll OT TeopeTH-

4eCKHX KPHBhix: B ~HanaJoHe JHeprHH 2,8 - 3,3 MJB Ha6JII{)~aeMhJe 
RHTeHCHBHOCTH MeHblllC, a B HHTepsaJie 3,3 - 3,9 MJB 60JibWe OlKH~a
CMbiX no paC'IeTy. T<:..KOe CKOppe1IHpOBaHHOe OJ1<noHeHHe He MOlKeT 6b1Tb 

Bbi3BaHO CTaTHCTH4eCKHMH $JII{)KTyaUHHMH KaKOrO-JIH60 THna. 0pH4HHa 

paCXOlK~eHHll paC'IeTa C JKCnepHMeHTOM - B ~OITY!lleHHH ITOCTOHHCTBa 

CHflOBbiX <lJyHKUHH f3+ -nepexo~a H 3MHCCHH npOTOHa. 

B o6weM cnyqae peJoHaHc HHTeHCHBHOCTH s ycpe~HeHHOM cneKTpe 

npOTOHOB MOlKeT 6b!Tb Bbi3BaH flOKaflhHblMH pe30HaHCaMH, KaK B S (-3, 
TaK H SP .)l;nll Sf3 TaKHe pe3oHaHCbl CBH3bJBai{)TCll C OL\,HO H Tpex

KBa3H'IaCTH'IHbiMH COCTOHHHHMH, XOpOWO JacenHeMhiMH B f3 -pacna~e; 
~nH SP OHH HMei{)T CXO~HYI{) CTPYKTYPY H MOryT HHTepnpeTHPOBaTbCH 

KaK "BXO~Hble" COCTOHHHH o6paTHOrO npouecca 26,27 
1

_. He HCKJII{)'IeHa 
1 u, 

JroppenHUHH MelK~Y SP H Sf3 • O~HaKo B cnyqae Te H36biTO'IHaH 

HHTeHCHBHOCTb npOTOHOB MelK~Y 3,2 H 4,0 MJB onpe~eJieHHO ~OJllKHa 
6b!Tb CBH3aHa C pe30HaHCOM CHflOBOH <lJyHKUHH /) i -nepexo~a. )l;eHCT

BHTenbHO, B JTOM ~HanaJOHe JHeprHH 1~, .'1' =' 0,8-0,9, nOJTOMY ~alKe 
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PHC. 3. Pac4eTHble BCJIH'IHHbl napuHanbHbiX npOTOHHblX WHPHH r·p II H 

nonHhiX pa~HaUHOHHhiX WHpHH f'y B cPYHKUHH 3HeprHH B036ylK~eHHH. 
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O"'eHb CHITbHOe pe30HaHCHOe yBeiTH"'eHHe lp MO)KeT )J;aTb yBeiTH"'eHHe 

HHTeHCHBHOCTH llpOTOHOB He 6onee, "!eM Ha 20o/o. Ha6mo.a;a_eMhlii 3clJclJeKT 

6onee 3Ha"'HTen&Hhlii. 

6/ )l;nH o11pe.a;eneHHJ1 llapaMeTpoa pe3oHaHca 6wn 11poae.a;eH pac"'eT 

ClleKTpa B llpe.a;IIOITO)KeHHH IIOCTOJIHCTBa S f3 BHe 11pe.a;enoo pe3oHaHca. 

ITo.a;roHKa TeopeTH"'ecKoii KpHBoii K 3KCIIepHMeHTanbHhiM TO"'KaM 110 

MHK IIPOH3Bo.a;anac& .a;nH 3Hepraii E P < 3,2 M:1a H E P' 4,4 M:1o. Pe

Jyn&TaThl 3THX pac"!eTOB C HCIIOITb30BaHHeM ('v /3/ H f'y/4/ 

IIOKa3aHhl Ha pHC. 4 /KpHBhle A H B /. 011THMaiTbHhle 3Ha"!eHHJl 

B P )J;ITJI 3THX .D:BYX BapHaHTOB paBHhl COOTBeTCTBeHHO 1,3 H 0,1 M3B. 

Ha pH C. 5 llpHBe.a;eHO OTHOWeHHe 3KCIIepHMeHTaiTbHhiX HHTeHCHBHOC

Teii B clleKTpe K pac"'eTHhiM /cpe.a;Hee Me*.D:Y A a B /, KOTopoe .a;aeT 

S f3 "CHITOBYIO clJyHK{lHIO B OTHOCHTeiThHhiX e)J;HHH{laX B 3aBHCHMOCTH OT 

3HeprHH. Pe30HaHC B paiioHe E p =3,5 M3B HMeeT IIOITYWHPHHY 

- 600 K3B /HeiTb3Jl HCKillO"'HTb, "'TO OH COCTOHT H3 .D:BYX IIHKOB C 110· 

ITYWHpHHOH B)J;BOe MeH&Weii/. 3KCIIepHMeHTaiTbHhle .a;aHHhle 110 WHpHHe 

pe30HaHCOB CHITOBhiX clJyHK{lHH llpe.a;CTaBITJIIOT HHTepeC )J;ITJI TeOpHH, 

IIOCKOITbKY HeCyT HHclJOpMa{lHIO 06 OCTaTO"'HOM B3aHMO)J;eHCTBHH, KOTOpoe 

llpHBO)J;HT K "pa3Ma3hiBaHHIO" llpOCThiX KOHclJHrypa{lHH 110 peanbHbiM 

COCTOJIHHJIM B036y)K)J;eHHOrO Jl)J;pa. 

Y*e H3 Ka"!eCTBeHHoro paccMoTpeHHH raMoB-Tennepoacxoro f3+ -
11epexo.a;a B paMKax o6ono"!e"'HOii Mo.a;enu cne.a;yeT O)KH)J;aT& IIOBhiWeHHoii 

BepOHTHOCTH pac11a.a;a 1 09Te B paiiOH TpeXKBa3H"'aCTH"'HOrO COCTOJIHHJI 

ng 7/ 2 , pg 9}2 , nd5 ; 2 , 3TO COCTOJIHHe B03HHKaeT llpH 11epexo.a;e 

11poToHa H3 3allonHeHHoii o6ono"'KH g 9 .'2 B HeiiTpOH g 
7

12 . Cor nacHo 

pac"'eTaM 110 o6ono"!e"!Hoii Mo.a;ena, c.a;enaHHhiM MapTHHceHoM H PaH.a;

pyiiOM .!liTH 11 5 Xe · 19/, llpHoe.aeHHaB oepoBTHOCTh 3Toro 11epexo.aa co-

CTaBnJieT 6onee 50o/o OT IIOITHOH llpHBe,lleHHOH BepoJITHOCTH f3 +- pac11a.aa 

B ,llHalla30H 3HeprHH B036y)K,IleHHJI ,llO"'epHero B,llpa BIIITOTb ,llO 8 M3B. 

B/ K CO)KaiTeHHIO, B HaCTOBwee BpeMJl OTCYTCTBYIQT llpBMhle 3KCIIe

pHMeHTaiTbHhle .a;aHHbie 0 3aBHCHMOCTH IIOITHOH pa,llHa{lHOHHOH WHPHHhl 

OT 3HeprHH B036y)K)J;eHHJI. CBe,lleHHJI, IIOITy"!e\IH&Ie Ha 3TOT C"'eT H3 

H3y"'eHHJI pa,llHa{lHOHHOrO 3aXBaTa pe30HaHCHbiX HeiiTpOHOB, CITe,llyeT 

llpHHHMaTb C OCTOpO)KHOCTbiO, T.K. OHH H3BITeKaiOTCJI B pe3yiT&TaTe 

MHOrollapaMeTpOBOrO aHaiTH3a. 113- 3a HeOIIpe.a;eneHHOCTH B I y Mhl He 

MO)KeM HCIIOITb30BaTb llpHBe,lleHHOe BhiWe cpaBHeHHe paC"!eTa C 3KCIIe

PHMeHTOM .lliTJI HaXO)K)J;eHHJI C XOpoweii TO"'HOCTbiO 3HeprHH CBJI3H llpO

TOHa, MO)KHO rOBOpHTb TOITbKO 06 O{leHKe ee BeiTH"'HHbi. KpoMe TOrO, 

3Ha"!eHHe B p , KaK llapaMeTpa paC"'eTa, "'YBCTBHTeiTbHO K Bhi6opy 

IIITOTHOCTH ypOBHeii. H K03clJclJH!lHeHTOB TpaHCMHCCHH. TeM He MeHee OT" 

MeTHM, "'TO BeiTH"'HHa Bp =1,3 M3B, IIOITy"'eHHaB llpH HCIIOITb30BaHHH 

Ko3cllcllauaeHTOB TpaHCMHCCHH MaHH H .ap. l 21 / H pa.aHa{lHOHHhiX wapHH 

no lapBH H CTOITOBH /2J/, 6ITH3Ka K llpe,llCKa3aHHJIM HaH6onee peaiTHC

TH"'eCKHX clJopMyn .anB Mace H.aep /eM. Ta6n. 1/. 
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Np 

200o 

Pac. 4. CpaaHeHHe pac"'eTHhiX 3HepreTH"'eCKHX clleKTpoa npoTOHOB 
C ycpe,llHeHHbiM 3KCITepHMeHTaiTbHb!M B npe,lliiOITO)KeHHH 0 fiOCTOJIHCTBe 
CHITOBOH ilJyHKUHH {3 + - pacna.aa. 3KCIIepHMeHTaiTbHbiH CITeKTp ITOKa-
3aH B BH,Ile rHCTOrpaMMbl. KpHBhie a, b IIOITy"'eHbl C HCITOITb30BaHHeM 
4JopMyn /3/,/4/ .lliTJI pac"'eTa r , npH no.aroHKe no MHK HCITOITb30" 
BaiTCJI BeCb 3KCnepHMeHTaiTbHbiW CIIeKTp llpOTOHOB. AHanorH"'Hbie KpH
Bbie A, B COOTBeTCTBYIOT ITO,IlrOHKe K 3KCITepHMeHTY B ,llHana30He 
4,4 <E P < 3,3 M3B. 

.0 40 30 i!.O Q,_, Nev 

.s; 
30 

2.0 

4.0 
+ ! t t 

.so E &o ,..v 
2J) 4(} 30 

+ 109 p 
Pac. 5. CanooaJI ilJYHK!lHB f3 ·11epexo.aa .lliTB Te /o OTHOCHTen&HhiX 
e,llHHHUaX/ B 3aBHCHMOCTH OT 3HeprHH npOTOHa H napuHaiTbHOH 3HeprHH 

K - Jaxaa Ta. 
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ITo,nqepKHeM, 'ITO HeTO'IHOCTH pac'leTa npaKTH'IeCKH He cKa3h!BaJOT-

CB Ha BbiBO,nax OTHOCHTenbHO CHnOBOH lilYHKllHH f3+ -pacna_na. 

r I JloKanbHhle pe 30HaHChl B cunosoil: I!IYHKllHH f3 + - pacna.na HMeJOT 

npBMOe OTHOWeHHe K 6onee 06uteMy BOnpocy 0 TOM, KaK npOBBmiJOTCB 

npocThle cocTOBHHB Mo,nenu o6ono'leK a o6nacTH cnnowHoro cneKTpa, 

r ,ne CBB3aHHhle COCTOBHHJI nepexo,nJIT B pe 30HaHCHhle. I1o_npo6HaJI HHI!IOj>" 

MaUHB no 3TQil: npo6neMe ,naHa, uanpuMep, a o63opax AKcenJI/34 ; H 

liyHaKOBa / 3Sf. 

B HaCTOButee speMJI, sonpeKH npe,ncKa3aHHBM cTaTHCTH'IecKoi 

MO,nenH, MO)I(HO C'IHTaTb ,nOCTOBepHhiM l!laKTOM CyuteCTBOBaHHe rpocc

CTpyKTypbl B O,nHO'IaCTH'IHhiX CHnOBhiX I!IYHKUHBX, CBJI3aHHOi C O,nHO'IaC" 

TH'IHbiMH COCTOJIHHJIMH. XapaKTepHaJI WHpHHa pa3MhiTHJI O,nHO'IaCTH'IHO" 

ro COCTOJIHHB 00 ypOBHJIM KOMnayH,n-CHCTeMhl COCTaBnBeT 

/1-3/ MJB. I 

Bse,neHne o6mux Mo,nenbHbiX npe,ncTasneHHi '
26

•
27 I, CBJI3aHHhiX 

C napHbiM B,nepHblM B3aHMO,neiCTBHeM Me)l(_ny HyKnOHaMH, npHBO,nHT 

K TOMy, 'ITO CHCTeMa "'leTHOe JI,npo + na,naJOUlHH HyKnOH" Ha nyTH K 

COCTaBHOMY B,npy npoxo,nHT 'lepe3 Ha6op MHOrO'IaCTH'IHbiX B036y)l(_neH· 

HhiX COCTOJIHHi: 2 'laCTHUhl + ,nhlpKa, 3 'laCTHUhl + 2 ,nhlpKH H T .,n. 

I1epBbiM B JTOM p11,ny CTOHT TpeXKBa3H'IaCTH'IHOe /'laCTH'IHO- ,nhlpO'IHOe/ 

COCTOBHHe, KOTOpOe 06bl'IHO Ha3biBaJOT BXO,nHhiM COCTOJIHHeM. )l;o CHX 

nop HepeWeHHbiM OCTaeTCB BOOpOC 0 cyweCTBOBaHHH npoMe)l(yTO'IHOi 

CTPYKTypbi,CBJI3aHHOH CO BXO,nHbiMH COCTOBHHBMH.CosepweHHO He BCHO, 

KaKOBa THnH'IHaB WHPHHa pa3MbiTHB BXO,nHbiX COCTOJIHHH. lionee Toro, 

noKa ewe He O'leHb ueua_ne)I(Hbl ~aHlfble no wupuue pa3MbiTHB o,nHo'lac

TH'IHbiX COCTOBHHi. 803M0)1(H0 136•, 'ITO OHa MO)I(eT 6biTb H MeHbWe 

06bi'IHhiX OUeHOK H Tor,na 'laCTb Ha6nro,naBWHXCB npoMe)l(yTO'IHbiX 

CTpyKTYP MO)I(eT 6b1Tb CBB3aHa C o,nHO'IaCTH'IHbiMH COCTOJIHHJIMH. 

C ,npyroit CTOpOHbl, Ha6nro,naJOwHeCJI npoMe)l(yTO'IHble CTPYKTYPbl HeHT

pOHHOi CHnOBOi lilYHKUHH MOryT 6h1Tb cne,nCTBHeM npOCTOi CTaTHCTH" 

qecKoil: l!lnroKTyauuu nopTep-ToMacoscKoro Tunal. HanpuMep, a /
37

·' no

Ka3aHo, 'ITO l!lnJOKTyaUHH TaKoro THna C 6onbWOi BepOJITHOCTbJO 06'bBC" 

HJIJOT o,nuy H3 uau6one<;! ua,ne)I(HO o6uapy)l(eHHbiX CTPYKTYP B 
207Pb·'37.J8 •• ' 

8 TO )l(e speMB TpeXKBa3H'IaCTH'IHble COCTOBHHB, npHBOllJIUlHe K 

pe30HaHCaM B CHnOBOif I!IYHKUHH {3+ -pacna,na, HMeJOT CTpyKTypy, 

CXO,nHyJO CO CTpyKTypoi BXO,nHbiX COCTOJIHHi. l103TOMY ,nnJI HHX MO)I(HO 

O)I(H,naTb npHMepHO O,nHHaKOBOrO nepeMeWHBaHHJI C COCTOJIHHBMH CO" 

CTaBHOrO JI,npa, T.e. npHMepHO o,nHHaKOBOH WHpHHbl COOTBeTCTBYJOUlHX 

pe30HaHCOB B CHnOBhiX lilYHKUHJIX. 0TMeTHM ewe, 'ITO pe30HaHC B CH" 

nOBOH I!IYHKUHH f3 +-nepexo,na 109Te, He MO)I(eT 6h!Tb o6ycnosneH 

CTaTHCTH'IeCKHMH l!lnJOJCTyaUHJIMH (12 H r;, ,'f'.I1po,nenaHHble HaMH pac

'leThl ,naJOT cpe,nHe- KBa,npa TH'IHhle OTKnOHeHHJI HHTeHCHBHOCTH 3a C'leT 

cTaTHCTH'IeCKHx l!lnroKTyauui He 6onee 30% npu JHepruu EP =3,5 MJB. 
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H 

..::r 
H .. 
H 

~ .. 
H 

OJ . 
C\J 

0\ .. 
0 

OJ .. 
0 

1::--.. 
0 

15 



Aorophl 6naro~apHhl aKa~eMHKY r.H.~nepooy 3a rro~~ep~KY pa-
6oTbi, E .A.3arepy H rpyrrrre 3KcrrnyarauHH I(HKnorpoHa 3a o6ecrre1.feHHe 
o6ny1.feHHH. 

Jlwnepamypa 

1. B.A.KapHayxoe, r.M. Tep- AKonb.IIH, JI.A.Ilempoe, B. r. Cy660111UH. 
J/t/1, 1, 812, 1965. 

2. B.A.KapHayxoe, F.M. Tep-AKonuH, Jl.C.Bepmozpaooe, Jl.A.Ilempoe. 
J/t/1, L_, 457, 1966; IlpenpuHm OHJ/H, P-2514, ,4y6Ha, 1965. 

3. A. T.Siivola. Phys.Rev.Lett., 14, 142, 1965. 
4. V.A.Karnauckhov, G.M. Ter-Akopyan. Proc. of the Lysekil Syrrwosiurr.. 1966, Arkiv 

for Fysik, 36, p.419. 
5. H.5a'lo, ,4.,4.5ozoaHoe, H/.,4ap01JU, B.A.KapHayxoe, JI.A.Ilempoe. 

TpyObl MeJICO.KOH(/J. no (/JU3UKe 1/I.IIJICe/lbiX UOHOB, ,4y6Ha, 1966, npe
npUH111 OHJIH, P7-3202, ebm. 1, cmp. 6. 

6. R.D.Macfarlane. Proc. of the Lysekil Symposium 1966, Arkiv for Fysik, 36, 
p.43/. 
TpyObl MeJICO. KOH(/J. no (/JU3UKe 1/I.IIJtCellbiX UOHOB, ,4y6Ha, 1966, npe
npUH111 OHJIH, P7-3202, ebm. 1, cmp. 41. 

7. ,4.,4. 5azoaHoe, H/.,4apo!IU, B.A.KapHayxoe, JI.A.Ilempoe. J/t/1, 6, 
1113, 1967. 

8. H.5a'lo, ,4.,4.5ozoaHoe, H/.,4ap01JU, B.A.KapHayxoe, JI.A.Ilempoe. 
J/t/1, 7, 1153, 1968. 

9. ,4.,4. 5azoaHoe, B.A.KapHayxoe, JI.A.Ilempoe. IlpenpuHm OHJIH, 
P7-6604, ,4y6Ha, 1972. 

10. ,4.,4.5ozoaHOB, H/.,4apOIJU, B.A.KapHayxoe, JI.II.Ilempoe, r.M. Tep
AKonb.IIH. J/t/1, .L. 893, 1967. 

11. B.A.KapHayxoe. J/t/1, 10, 450, 1969. 
V.A.Karnaukhov, D.D.Bogdanov, L.A.Petrov. Proc. of Intern. Cont. on the Prop. of Beta
Stab., Leysin, Switz, v.l, 45, 1970. 

12. r.H.t/1/lepoe, r.H.AKanbefl, A.r.,4eMUH, B.A.,4pyuH, IO.B.Jlo6aHoe, 
5.B.t/le(/JUIIOB. J/t/1, Z, 997, 1968. 

13. R.D.Macfar/ane, R.D.Griffioen. Nucl.lnstr.Meth., 24, 461, 1963. 
R.D.Macfarlane. Nuclear Spectroscopy, II, J.Cerny, Academic Press, /972. 

14. L.C.Nortcliff, R.F.Shilling. Nuci.Data Tables, 7, No. 3-4, 1910. 
15. J.M.Aiexander, G.N.Simonoff. Phys.Rev., 133, /04, 1964. 
16. W.Neubert. Nuci.Jnstr.Meth., 93, 473, 1971. 
17. G. T.Garvey, W.J.Gerace, R.L.Jaffe, I. Tamli, /.Kelson. Rev.Mod.Phys., 41, No.4, Pt. 

II, ' 1969. 

18. 5. C.,4JtCe/lenoe, Jl.H.3blp.IIHOBa, IO.II. Cyc11oe. "5ema npoijeccbl ", 
HayKa, .JleHuHzpao, 1972. 

19. P.Hornshoj, K. Wilsky, P.G.Hasen, B.Jonson, O.B.Nielsen. Nuci.Phys., A/87, 609, 
1972. 

20. M.Morita, M. Yamada, J. -/.Fujita, A. Fujii, H.Ohtsubo, R.Morita, K.lkeda, Y. Yokoo, 
M.Hiro-Oka, K. Takahashi. Progr. of Theor. Phys. Suppl., 48, 41, 1971. 

21. G.S.Mani, M.A.Me/kanoff, J.Jori. Report CEA 2379, 1963. 
22. A. Gilbert, A. G. W.Cameron. Canad. J. Phys., 43, 1446, 1965. 
23. A.Stolovy, J.A.Harwey. Phys.Rev., 108, 353, 1957. 

16 

24. X.Maii311KU, JI.B.IluKe/lbHep, H.M.CallaMamuH, 3.H.Hlapanoe. J/t/1, 
13, 240 /1971/. 

25. ,4. 5Aamm, B.BailcKonrjJ. Teopemu'lecKaJI JIOepHa.ll (/Ju3uKu, HHJI,l954. 
26. 8.8/ock, H.Feshbach. Ann.Phys., (N.Y.), 23, 47, 1963. 
27. A.N.Kerman, L.S.Rodberg, J.E. Young. Phys.Rev.,Lett., II, 422, 1963. 
28. A.G.W.Cameron, At.EnergyCan. Ltd., ReportCRL-41, 1957. 
29. P.Seeger. Proc. of Intern. Conf. Leysin, Switz, p. 217, 1970. 
30. W.Mayers, W.I.Swiatecki. Preprint UCRL -11980, 1965 
31. J. Wing, J.D. Varley. Preprint ANL -6886, 1964. 
32. N.Zeldes, A. Grill, A.Simievic. Mat.Fys.Skr.Dan. Vid.Selsk, 3, No.5. 
33. A. Wapstra, N. Gove. Nuci.Data Tables, 9, No. 4-5, 1971. 
34. P.Axel. Proc. of Intern. Symp.Nucl. Struc, Dubna, 1968. 
35. B.E.5yHaKoB. Mamepua/lbl Vll 3UMHeil WKO/Ibl no meopuu .110pa 

U (/JU3UKe Bb!COKUX 3Hepzuil, Jl., t/ITH, 1972. 
36. A.Lane. Phys.Lett., 338, 274, 1970. 
37. R.Baglan, C.Bowman, B.Berman. Phys.Rev., C3, 2475, 1971. 
38. J.Fare/1, F.Bilpuch eta/., Phys.Lett., 17, 286, 1965. 

PyKOITHCh rrocryrrHna o H3~arenhCKHH OT,!l;en 
2 HHBapH 1973 ro,!l;a. 

" 

17 


