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Hccne.a.oaaaee pa.aeaneoenoA cenoaoa ¢yHKUHH a usoronax 
71

'
73

' 
75 

As 

PeaKUHJ< 70 Ge(p,y) 71 As, 72Ge(p,y)73As, 74 Ge(p.y) 75 As •ccnenosa-
Hbl .anst nuanoaoeoa 3HepruA npoToaoa 3,0 - 3,9 M.9B, 3,0 - 3,9 MaB 
H 2,2 - 2,8 MaB cooTaeTCTaeaao. CneKTpbi raMMa-nyqet\:, H3MepeHHbie .ung 
iipOTOHOB p83JlH"iHbiX aHepreit, CYMMHpOBBJIBCb IIpH nonyqeHHH ycpenHeHHbiX 

nareacuaaocreii rrepaflqHbiX r8MMa-nyqeit. Bbina paapa6oraaa aoaaSI npoue.ny
pa H3BJie~eHHSI p8.QH8UHOHHOii CHnOBOit ~YHKUHH H3 ycpe.aHeHHbiX HHTeHCHBHOC
J'eit. noae.aeHHe 9HepreTH'leCKOA 38BHCHMOCTH .9TOii ¢yHICUHH Jl.liSI aaeprH:i:i 

raMMa-nyqeii 6 - 10 MaB aaxo.aHTCH s xopoweM cornaCHH c naHHbiMH, 
9KCTpanonHpOB8HHbiMH H3 o6naCTH r'Hr'BHTCKOr'O JlHIIOllbHOI'O pe30H8HCa. 

YcpeD.HeHHbie OTHOCHTellbHhie HHTeHCHBHOCTH raMMa-nyqeit noasonenH 

H8M YCT8HOBHTb senH"'HHhl CllHH8 H 'lJ:e"!"HOCTH ps;:.na ypOBHeii B H30TOfl8X 

MhiWbSJK8. 

Pa6oTa BhtnOilHeHa B na6opaTOpHH HeliTpOHHOli <j>H3J<KH 0115111. 

Coo6wenHe 06'bal!HHaHnoro HHCTHTyTa SlllapHhiX HccnenosaHnll. ,Uy6Ha 1978 

Wilhelmi z. et al. 

Y -Rav Strength Function in 71 As, 
73 

As, 
75

As 
Isotopes 
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The 70Ge (p, y) 71As. 72 Ge (p, y ) 73 As and 74 Ge (p, y) 
75 

As 
reactions have been investigated in the 3.0-3.9, 3.0-3.9, 2.2-2.8 MeV 
proton energy range, respectively. The averaged spectrum of gamma 
rays, measured over these energy regions, allowed to obtain the 

y -ra~ strength function for the odd arsenium isotopes 
71

As, 
73

As 
and 5As. The srudy of the energy dependence of this function at 
gamma-ray energies of 6-10 MeV is in good agreement with data 
extrapolated from the giant resonance region. 

The averaged relative y -ray intensities allowed to establish 
the values of spin and partity of a number of levels in arsenium 
isotoj:>es. 

The investigation has been performed at the Laboratory of 
Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

© 1978 06Joa/1BH9HBblft BBCTBryT JlllapHbiX BCCna/IOBBUII 0.y6HB 

I. BBe.ueHBe 

:3HepreTJA8CR8Jl 3aBHCHMOCT:& BepoJITHOCTlt aJieK'rpOMai'BHTHI>lX 

nepeXO~OB 6wm HeO.ItHOKpaTHO npe;D,MeTOM HCCJie~oBSHHit, O.ItHBJ«) 

TOJl:&KO B HeitOTOpHX 06JraCTJDt SHeprd B036yx,Itemm STa m$>pMa

D.H!I ~ocTaTOt~Ho noJIHaJI. K Heft OTHOCHTCJI o6Jracn E ~ ~ 2 MsB, 

6oraTM axcnepBMeHTaJil>mDm )ta.HHYIIJI, KB.CaD!tHMHCJI nepexo~oB EI, 

MI B E2 /I ,2/, H o6JracT:& E.r q. IO MsB, B ItOTOpoit co6paH 

o611Ulpmdl: sKCnepHMeH'l'aJil>mdl: uaTepHBJI, OTHO~CJI x cet~eHJmM 

UOrJI01118HHJI g' -ItBaHTOB lt napaJLeTpa» I'HI'aHTCKOI'O ,ItltliOJil>HOrO 

SJI8KTPJA8CKOI'O pe30HaHCa / 3/ • Mez,tty ~YJIII muneynoMIIey'l'lDOl 

06JraCTJDIIi1 SHeprd B036y~emm CYJIIElCT:syeT npoMelcyTO'lHBJI 06JraCT:& 

2 MsB ~ E! ~ IO MsB, :Ha.BMeHee HSBecTHM, xoTJI HMeDTCJI sxc

nepBMeHTaJil>HHe ~e no nap~aJil>HHM ~oHHHM IIUlpHHBM 

oT~eJI:&HHX pesoHaHCOB cocTB.BHoro JI,IUla I 4/, npH sHeprHJIX oos6p

~eHHJI,paBHHX SHeprKH OT~eJieHHJI HeiTpoHa. 

llap~albHaB ~Ha~OHHaR mHpHHa RBRReTCR nepeMeHHOH B8RHqHBOI, 

CHJI:&HO qJJiyKTyBJ>YDJteH B COOTBeTCTBKH C pacnpe~eJieBHeM Iloprepa

ToMaca,H UOSTOM;y ~ OIIHCSHl'IJI norJIOIII8HBII lt HCnyC:KaHlVI '( -KBaH

TOB BBO,ItHTCJI ~OHHWI CHJIOBaJI tWHKinm (J:l<») / 5/. Pa,ltlrt8.

Ill'IOHHBJI CHJIOB8JI tWHKlnm: - STO npBBe~eHHBJI cpe,ttHM U8pnB8AH8JI 
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pa.;ttHBD;HOHHB..II umpmm, HOPMHpOBaHHa.II H8 8.1tl1HHDY ::meprmr BOS6yli,D;e

mm. B OTJIHlUie OT IIapmlaJibJmX pa.)'tWIJU!!OHimX llmpml OT,ll;8JI:DimX 

pesoHaHcoB RnH Bepo.IITHOCTH nepexo.n;oB Meli,D;y .n:BYMH ypoBH.IIMH PC~, 

RaK ycpe.n;HeHHa.II BeJm1!ID!a, He ,ll;OJWia SaBHCeT:O OT CTPYRTYPimX 

~KTOB HasBaHimX ypoBHe:lt, · a TOJibRO OT SHeprHH nepexo.n;a. 

Arui nOJIHoro onHca.HH.II .II.n;epimX pea.KlJl!!:lt Heo6xo.JtHMQ sHaHHe 

ripoueccoB, onpe.n;e~ nor;romeHHe H HcnycKaHHe RaK ~acT~ , 

TaR H 1-KBaHTOB. PC~ HrpaeT TaKyl> lite poJI:O B OnHCaHHH pa.n;J!a-

UHOHimX KaHaJIOB .II.n;epHO:lt peSXUHH,KaK H K03~HUH8HTN npOHHUaeMOCTH 

~ OnHC8.HH.II KaHaJIOB, CB.IISaHHIDC C IIOrJiomeHHeM H .HCnyCKaHHeM 

~aCT.HUo 

Sxcnep.HMeHT oTnxqaeT PC~ ~ nor;romeHH.II ~-KBBHTOB, 

o6osHa'l:eHHo:lt .n;aJILme 'l:epes T , PC~, OllHCiiiB8Jlllel HcnycKaHHe -

T . Ha pHc. I cxeuaTnecKH noxasa.HH Bl:l6pamme pa,IUialUfoH

HI:le IlpoUeCCI:l H CB.IISaHHI:le C HHMH Bap.HaHTI:l pa,Itlla.UHOHHOI CHJIOBOit 

<JiYHKUHH. llorJiomeHHe r -KBaHTOB C HHSROJie:zamero COCTO.I!Im.II, a 

npaxTxqecKH - C OCHOIHOrO COCTOHHHR I rpynny ypoBHeA,~eZ~HX 

B6JmsR eHeprHH BOs6yli,D;eHH.II EA. , OIIHCI:lBaeT i':>.. ( E ~ = E >.. 

(pHCo Ia) o llponecc HCnyCKaHH.II l-KBaHTOB H3 rpyiiiii:l COCTO.f!HHit 

I!pH BHeprHH BOS6yli,D;eHH.II E A H8 HHBROJiezaJQHe COCTO.IIHH.II OnH-

CI:lBaeT P~ ~ eoccHH ToA. ( E '6 = EA. ) - HcnycKaHHe nplil 

nepexo.n;e H8 OCHOBHOe COCTO.IIHHe, ftA. ( E '6 :. E A- E ( ) - Hcnyc

KaHHe np.H nepexo.n;e Ha cocTO.IIHHe c eHeprBel E i. . (pllc. I b , Ic). 

A6cTparllpy.llc:o oT cnoco6a n~eHH.II PC~ ~ pa..n;JIBJU!!OHHoro 

nepexo.n;a Tliiiia XL ( sJieKTplil'l:ecKllit, JIJii6o MarHBTHHI, MYJI:DT:HllOJI:o

HooTH l ) M8ZJJY rpynnol COCTOJIHHit CO CIIHHOM Jl ~eTHOCTLI> J :It , 
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JieJW.IIlHX I!pH sHepr:Itm E A , H COCTO.IIHKIIMH IIPH SHeprHH E i. 

PC~ MOXHO saiUicaT:o B BH,IJ;e: /5/ J" 

Jff <rJ\A.Xl.) JlJ" (E>.) 

r.n;e 

f·xxL.<E,)= E2.L+1 -
' J 

(I) 

E,=E>..-EL 
J'Jr 

(.r JiXX\...) 

- sHeprH.II nepexo.n;a, 

- napUHaJI:DHa.II pa..n;.HaUHOHHM umpmm ,IT,1Ill 

nepexo.n;a T:Hna XL , ycpe.n;HeHHM no 

60JI:DDIOMY ~HCJIY COCTO.fi!Urli CO CnHHOM H 

'l:eTHOCT:OI> J1( , JieJW.IIlHX npH sHeprHH EA., 

T<lA f()A fi}.. 

t.E"[E" 2~~~w~~w 

Ei 

0 
(a) (b) (c) 

Plilc. I. CxeMaTH'l:ecKOe Hso6pallteHHe nponeccoB, ormcl:lBaeMI:lX 

P~ npB IIOUOIIIeHHB ( 0 ) , a ( b) H ( C ) ,IT,1Ill HcnycKa

HH.II f -KBaHTOB H8 OCHOBHOe COCTO.IIHHe lii COCTO.IIHHe C 

'eHeprHeit BOS6yli,D;eHH.II E i , COOTOOTCTOOHHO. HH.n;eKC 

A OTHOCHTC.II K rpynne ypoBHeit c o~BI:lM ciiHHOM 

Jl ~eTHOCT:OI>, HH.n;eKC l HYMepyeT HHSROJiel!aJIIHe COCTO.II-

HH.II. 
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PJ:n:(E.k)- IIJIOTHOCTI> ypoBHeit c onpe.zteJieHHo:lt 

BeJIH'qHHOi!: J R 1't npR 9HeprRR 

BOa6y~eHRR: E >.. 

E ~L + 
1 

- (paKTop, ROTOplii!: ,IteJIB.eT HeSaBRCHMOil: 

na~HyJJ pa,JtiiB.I:UIOHUyll lllliipHHY OT 

aHeprRR nepexo.zta. 

CaMiiit npocTOit cnoco6 UOJiylleHRR: Be.1IR'D!HH R» ocHOBa.H Ha HSBJielle-

HRR R3 9KCnepHM:eHTaJibHHX ,ItaHH!iX 110 CelleHJ!IJM 3axBaTa l-KBa.H-

TOB (CM. paa,It. 2). EoraTJd 9KCIIepHMeHTaJibiDlJt MaTepBSJI, OTHOCH-

IltHICH K 3axBaTy J -KBaHTOB B o6JiaCTR 9Heprd mml6 SHeprRR 

cMaR Heii:TpoHa /G/ o6wmo c IO .zto 30 MaB, rroaBOJISieT aBTOMaTR

llecKR HSBJiellb PO» B aTOM ,ItKana30He. 

IlOJIYlleHUyll T8.KHM o6pa30M }>(» MOJ!HO DpHMeHfiTl> ltJlll OIIHCaHRR: 

npo~eccoB xcnycKaHRR: f -KBa.HTOB C Bl'lCOROB096yz.tteHHHX COCTO.R:Hd 

H8. OCHOBHOe, KOZHO raxze OIIHC&Tl> nepexo~ H& OT~XqBH8 

OT OCHOJHOrO COCTORHHR,OAftaKO He06XO,ItHMO yqHTHBaTb e~e O.ztHO 

Tpe6oBaHRe, a BMeHHO : liT061'l npo~ecc BCrryCitaHI!JI l-ltBa.HTOB 

B nepeXO,Itax Ha lDI3ROJiel1811lBe COCTOHHRR: OIIBCHBaJICH P0» C TOil: 

cSMOI aHepreTBll:ecKOI aaJxcxxocT»m,qTo H PO»~ norJio~HJIH 

l -KBa.HTOB C OCHOBHOrO COCTOHHRR:. 

3TO Tpe6oBaHJie, R3BeCTHoe no.zt HaaBaHBeM rHIIoTea!'l BpHHX~7{ 
e~e z~er CBoero 3KCIIePHMeHTaJibHOrO IIO,ItTBe~eHRR:. qTO~H 

npoBepBTl> CYJilHOCTb rHIIOT6SH BpHHKa,Ha,ItO IIOKaSaTb, liTO SHepre-

'l'H'IeCKBe SaBHcHMOcTB T. >.. ( E 1) B fa>. ( E l') ltJlll JIIl6oro 

aHalleHJIH L l'l >.. l'llteH'l'H'IHH B .n;mmaaoHe aHeprd 0 '- E l' ~E). 

" 0.ItHQRO ,ItO Cl'IX IIOp Hl'IRTO He ,ItOKaSaJI 9TOI'O 9KCnepBMeHTaJIJ,HHJ4 

IIyTeM, XOTH cep:E.e3HHM apryJieHTOII B IIOJ!b3Y CnpaBeN!HBOCTH rl'!no-

6 

Teau BpHHKa JlBJiltllTCH pesynTaTH, rro.nylleHH!'le rpyrrrroii l'l3 CTaH([lop.D;a 

/S, 9/, ltJlll peamnm ~mmoro saxBaTa npoTOHOB .II,lij)BMl'l II B 

Iti 
89 Y • B :ttpmmx BOs6y~eHRR: ltJlll o6el'!X pearo:ntlt ( p, ~ o ) l'l 

( p , 0 1 ) Ha6JIJJ,neHH CHJ!l>HHe MaKCBMYMH, xapaKTepHHe ltJlll r:eraHTCKoro 

pesoHaHca. lipid STOll llaKCHMYII ltJlll peamnm ( p, "6 1 ) C.ItBHHYT IIO 

CpaBHeHl!ll C IIOJIO&eHJieM MaKCHMyMa B peamnm ( p, '0 o ) Ha Be~, 

pasnym aHeprRR BOs6yz;o;eHJIH nepBOro cocToHHJIH. 

Ha.zto IIO.ztqepKHYTI>,liTO MO,IteJ!bHO HeSaBl'lCl'IMHe paccyz;o;eHBH, 

npBBe,IteHHI'le B pa6oTe Poaem:tBa.ih'a /IO/, IIOKa3HBa.DT, liTO ~eH'I'pl'l 
TH&eCTH ltHIIOJ!bHHX CHJIOBHX IPYHICI:tl!it, CBII3aHHHX c COCTOSDIIdlDO! 

OCHOBHHM H BOS6yz;o;eHHHM C 9H6prl'lei!: e 1 C.ztBHHYTH OTHOCBTeJ!bHO 

.Iijl3I' ,lij)y'I'a Ha B~, pa:aaym 1meprRR BOa6yz;o;eHRR: E. • YrroMJJ

HYTHe pa6oTH, 9KCIIepBMeHTaJ!bHHe /B, 9/ B TeOpeTBllecKaH /IO/, 

XOT.!i He ltaJlT IIOJIHOrO IIO,ItTBepz;o;eHJIH rHIIoTeSH BpHHKa, O,IUiaRO MOryT 

CJIYlltHTb yKasaHJieM Ha ee npaBHJ!l>HOCTl>. 

B cBeTe :mm~enepell:BCJieHHHX ifwt'!'OB, ecTeCTBeHHo, BOSHJIKaeT 

BOnpoc: RaROBa SHepreTBlleCKaH 3B.Bl1Cl'IMOCT1> CHJIOBOi!: qJy~ B 

o6JiacTH aHepr:m E l ' IO MaB? 0TBeT MO&eT 6HT1> nOJIYlleH TOJ!bKO 

H3 9KCnepBMeHTa. 

AHaJms CIIeXTpoB, IIOJIYli6HH!iX B pe~ pa.ItBa.Ul'lOHHOI'O SaxBa

Ta HyKJIOHOB 1 Dpl'lBO.ItBT K OJipe,IteJieHJim Bl'l,Ita R»/ B .ItBaiiQSOHe 9Hep

rd l -KBa.HTOB mme nopora BcnycKaHRR: Heii:TpoHa (eM. pas.zt. 2). 

KpoMe TOI'O, HHTeHCl'lBHOCTH l-nepeXO,ItOB, ycpe.ItHeHHHe B ltBaiia50He 

9Heprd B036Yz.tteHHII, BKJlllllaD!IeM ll:BCJIO ypoBHel, ,ItOCTQTOliHOe ltJlll 

ywem.meHRR: BXJia,Ita oT qi.nyR~ IIopTepa-ToMaca /II/ .zto BeJIH'UIHH 

CTaTBcTxqecKOI OmB6Kl'l, SB.BliCHT OT CIIBHa H lleTBOCTl'l ypoBBX, 

saceJIHeuoro B .ztaHHOM nepexo.zte , B aHeprl'll'l nepexo.zta /I2 • I3/. 

Ha OCHOBe :mmJeyiiOMJJHYTOI 3aBBCJIMOCTl'l MO.liHO OJipe,IteJIHTl> KBa.HTOBHe 

XQpaKTepl'!CTl'IKR ypoBHei!: KOH6liHOI'O Jl,IU)a. 
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Bli6HpaH peaxrum Pa.nHB.UHOHHoro saxBa.Ta npoToHoB KaK cpe.n;

CTBO RCCX8.D;OBaHHH PC~,Ha.D;O 6HHO O.D;HOBp8M8HHO orrpe.n;e~T:D 00naCT:D 

JI.D;ep, r.n;e OIWTll TaKOro THIIa MOryT ,IJ;aT:D ITOJ!OlltRT8JIDHli8 pesyJIDTaTH, 

,lJ',mi JI.D;ep R3 o6JiacTR MaccoBwc 'UiceJI A = 70 + 90 ce'leHR.ff 

pearoum pa,IUiauHOHHOrO 3a.xBa.Ta llpOTOHOB COCT8.BJIIIIlT B8.mf'IHHy 

nopa,ItKa HeCKOJU,lO'IX M6apH ~ Ep :!! 3 MaB, R MOryT 6HT:& JierKo 

R3M8pHMll .D;aEe rePMaHR8BllM .D;8T8KTOpoM C BllCOKRM SHepreTR'I8CKRM 

paspemeHReM, 0TKpllBB.HR8 KaHaJia C RCIIyCKaHR8M H8HTpoHa 3Ha'IRT8JID

HO yMeHDmaeT C8'18HR8 B pa,IUia.I.U!OHHOM KaHaJie, 3TOT ~T H806XO.D;RMO 

Y'IHTUBaT:D rrpR Bll6ope .D;Rana30Ha SHeprRR llpOTOHOB R JI.D;pa MRm8HR 

~ .Hccxe.n;oBaHH!, 

UeJIDn HacTOnmeit pa6oTH HBJIHeTCH orrpe.n;eJieHHe PC~ ~ He'leT-

HWC RSOTOITOB ?I, 73• 75 As H KBa.HTOBWC XapaKT8pHCTHK ypoBHeil:, 

B oco6eHHOCTH ~ 7I • 73 As , KOTOplle cpaBHHTeJIDHO ITJIOXO Rsy

'leHH, HacTo~ pa6oTa HBJIHeTCH 'lacT:&D 6oJiee mHpOKOH rrporpaMMH 

Hccxe.n;oBaHRH P~ B ,IJ;RaiTasoHe MaccoBwc 'IHceJI A = 70 + 90, 

2. TeoooTH'IecKoe oiTHcaHHe 

Pa,IUiauHOHHaH rrapl.UlaJU,HaH mHpRHa orrpe.n;eJieHHllX BHCOKOBOs6yllt

~eHHHX COCTOHHHH HBJ!H8TCH CJiy'lail:HOil: nepeM8HHOil: H XOpomo 

OITHCllBa.8TCff pacrrpe.n;eJieHReM :f 2 C O.D;HOil: CT8IT8HDD CB06o.D;ll, 

HasusaeMHM pacrrpe.n;eJieHHeM llopTepa-ToMaca /II/, 3Ha'leHHe PC~, 
BllpallaeMOe 'lepe3 nap!OIBJII>HYD pa,IUiauHOHHYIO mHp:HHY COOTHOilleHHeM 

(I), rrpH OITpe.D;eJieHml R3 SKCIIepHMeHTa 06Jra..n;aeT OmR6Ko:lt, CBHSaH

HOi c <PJIYKTya.IUIHMH sToro pacrrpe.n;eJiemm 

6f=fV2/n', ( 2) 

r.n;e r\ - 'll!CXO ypoBHei B OOnaCTH ycpe.D;Hemm, 

8 

CTaTHCTR'IeCKa!l MO.D;eJID H,IJ;epHHX peamnUl IIOSB0¥8T Ha:ltTH 

CBH31> M8Z,ey C8'18Hlii8M ITOrJI01118HHH 3JI8KTpR'IeClO'IX ,It11JlOJ!DHHX 'f -KBa.H

TOB H CliLJIOBOit ®'~e:it ,Il;HIIOJIDHHX nepeXO.D;OB, (llpll ,Il;HIIOJILHOR PC<;P 

MY He 6~eM yKasHBa.T:& HH,D;eRCa EI) , CJie.n;ya pa6ore Ea.pTOJioMJO R 

JUI• / 5/, STY CBHS:D MODO BHpaSH'l':D B ~e: 
fo~ (Ew> = 5.68" 10-8 <r5raE(E'6)) (MaB- 3

) (3) 
"( ' 

r.n;e <6ra ( Ey)) - ycpe,ItHeHHoe ce'leHHe ~ rrorJIOIIIeHHH 

~ -KBaHTOB B M6apHa.X, 3Ta cpopMYJia IT03BOJIH8T Orrpe.D;8JIHT:D a6co

JIIlTHYil BeJIH'Il!HY ~ ~ Tex sHeprH:lt l -KBaHTOB, r.n;e ce'leHHH 

norJI01118HHH HX H3B8C'l'HH, 8TH C8'18HHH 06ll'IHO HSMepeHH B 06.naCTH 

rHraHTcKOro ,Il;HIIo.m.Horo pesoHaHca, T,e, IO MaB ~ E T <.. 30 MaB, 

.Kcnom.syH PO» ~ HCITyCKaHRH '( -KBa.HTOB :/fi).. (E. l), llpH 

Olll!caHHH pa.IJ;H8UHOHHOrO 3a.xBa.Ta llpOTOHOB, MOEHO cpof!MYJIY Xay3epa

l»em6axa saiiBcaT:& B CJie.n;yJIIIeM B:Ime: 

Ic 2 E3-Ic (E ) 21 +1 TpLpJp j{ -rh J' (4) 
a~ c a- _II ) E ' 6(p,l\)=:rr.k I~ 2(2! .. 1) 2:T.p'r~p'jp'+2:SE'oJ(E:~..-Er)Erti"~E"!"d T 

c•Jp• p p' J' 0 Y• 

r,~te 
}( - NJH1U1 BOJIHH na;ttaD~~ero H;VMOHa, .n;eJieHHRH Ha 2 n , 

I - cnHH JI.D;pa ~eHH, 

lc - CnHH COCTaBHOro HJU)a, 

jp,lp - CnHH H op6H'l'a.nDHHit MOM8H'l' BO BXO,ItHOM Kalt8JI8, 

jp"lp'- CnHH H Op6H'l'8JI:LHHI MOM8HT B KOBKYJll!pYDit8M R8.118.m, 

CBH38HHOU C BCnyCKaHH8M npo'l'OHOB, 

f.~c - paJtHATI),JOHHaH CHJIOBall ®'HKIUm ~ HCIIyCKamm )tl!

ITOJILHOro '6' -KBS.BTQ rrpl! nepeXO,JJ;e HS COC'l'OJDDIIl C 

aHeprHel E >.. B coc'l'OSIHHe c aHeprHeit E ;. , 
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Tp, Tp' - K03<Wun~eHTll npommaeMOCT:H .lVlli IlpoTOHOB, 

PJ'<Ex- Er>- IIJIOTHOcT:o ypoBHe:lt co crumoM J' np:H aHeprmi 

oos6yllt,D;emm E* = Ex- E 1. 

Bllpa.llteH:He ( 4) IIOSBOJI.fieT HeiiOCpe,ItCTBeHIIO Bll'mCJmT:O IDITeH

CEBHOCT:O nepeXO,ItOB Ha OIIpe,Ite~eHHHe HHS~ezamHe COCTOHHHH, HO 

.lVlli aTOro Heo6XO,IJ;HMO npaw!T:o KOHRpeTHHii BH,I( CHJIOBO:ll: qJyHKIUm 

fl>. ( E l') • CoiiOCTa.BJieiDie Bll'mMeHHHX Ta.Kmil o6pa.SOM OTHOCHTM:&HllX 

IDJTeHCEBHOCTe:ii C pesy~TaTru.m HSMepemtil: MOlreT ~DT:O TeCTOM 

Ilpa.BR1I:OHOCTH Bll6pa.HHOH T.A ( E t ) • 

9HepreT:HqeCRyD SaBHCHMOCT:O P~ M03BO Ha:ltTH HS ~Sa 

IDITeHc:HBHOCTH nepexo,ItOB Ha onpe,Ite~eHHHe ypoBHH j H K c 

O,Itlma.KOBOH Be.IIH'l:IDJOii emma H 'ieTHOCTH J :rr • Cor~CHO BllpaJ!te-

HHD (4),TaKOe OTHOmeHHe ,It~O 6HT:O pa.BHO: 

<6(p,.~· j)) _ Vx (EJj) ( Eti )3 

<6(p, lK))- ~x (E l'K) ETK . (5) 

llo~eHHe a6coniDTHHX Be.IIH'l:IDI CR1IOBO:ll: qJyHKIUm MOZeT 6HT:O BlliiO~

HeHO IIOCpe,ItCTBOM 3KCTpaiiO~ HS 06naCT:H SHepr:H:il:, r,Ite 3TH 

BeJIHlmHH HSMepeHH B ;n;pyr'IIX 3KCIIepHMeHTax (Ha!IpHMep, HS 06JraCTH 

rHraHTcKOro pesoHaHca). 

YnoTpe6Jm:eMa.H B BHpa.llteHHIIX (4) H (5) PC~, KaK ~ 

aHepr:H:ll: nepexo,Ita f ,1{ ( E 1' ) , He SaBHCHT HH OT IIO~ozemm 

COCTOJlmtil: A H , MelK,lzy KOTOpllM:H Me,ItyeT nepexo,It, HH OT 

KBaHTOBHX xapaKTepHCTHK HCXO,ItHOrO COCTOSIHHSI, a STO OSHat~aeT, 

'iTO S,IteC:O HCIIO~SyeTCH npe,Itn~OzeHHe 0 CnpaBe~CTH rHIIOTeSll 

BpBHKa. Hcn~syJI .lVlli TeOpeTnecKHX pac'ieTOB T~O CHJIOBYD 

qJyliKUD> .lVlli ,ItHIIO~HHX nepeXO,ItOB, IIpe,ItnO~aeM, 'iTO B~OM OT 

nepeXO,ItOB ;n;pyr'IIX MY~THIIO~HOCTe:ll: MOlltHO IIpeHe6pe%. OmiT ,It~

lreH paccy,ItHT:O, OKS.KYTCH D 3TH IIpe,Itn~ozemm IIpa.BK1I:&HHMH. 

10 

3. OIIHcaiDie aKcnepHMeHTa 

MmlleHH HS pas,ne~eHHHX HSOTOIIOB 
70 Ge, 72 Ge, 74 Ge , o6ora

~eHHHX ,ItO 96,2%, 98,2%, 98,8%, COOTBeTCTBeHHO, HSrOT~~C:O 

MeTO,II;OM HCIIapeHHJI B BaRyyMe Ha TOHKHe (~0,2 MM) TaHTanOBHe 

IIO,JI,liOZKH. llepe,It RSMe'ieHHeM HS BaRyyMa MHmeH:& IIOiqnmanac:o TOH

KHM MoeM s~oTa ( 25 ± 5 p.r I cu2) .lVlli npe,Itoxpa.Hemm ee oT oKHc

~eHHH. TaKOe IIO:KpliTHe SO~OTOM o6ecrret~EBanO y~eHHe TeiiJIOOT

BO,Ita C MHmeHH t~epes HMY'ieHHe. 

HsMepeHHH BHCOKOSHepreTJ!'ieCKIIX l-KBaHTOB 6~ BlliiO~eHH 

c noMo~D Ge ( L i ) ,IteTeKTopa. o6'beMOM 37 cv!3 ( aHepreTnecKOe 

pa.spemeHHe - 3, I KaB .lVlli <Jl<>TOHOB C SHeprHe:ll: I332, 5 K3B). repMa

HHeB~ ,IteTeKTOp pacn~anCH IIO,It yr~OM 90° IIO OTHOmeHRD K nyt{Ry 

IIpoTOHOB. MHmeH:o GT ,Iterexropa or~enax enol CBHH~a ron~HHOR 5,I 

r/cy2 .lVlli IIOr~o~eHHJI HE3K03HepreTJ!'ieCKHX y-KBaHTOB. Bo,II;f!HOe 

OXJirur,IJ;eHHe IIOSBO.rutiiO pa6oTaTL Ilpl! TOKax Ha MHmeH:& ,ItO I0 MKA 

6es SaMeTHODO HSMeHeHRJl BHXO,Ita. 

Onpe,Ite~eHHe ~KTHBHOCTH H aHepreT:HqecKaH ~6poBRa 

BHIIo~eHH no peam:nm Z7 Al ( p, l )28 Si nocpe.ncTBOM HsuepeHRJl 

CIIeKTpa 1-JiliHH:ll: IlpH XOpomo HSBeCTHOM peSOHaHCe 992 KSB /I4/ • 

HsMepeHHe O -crreKTpoB .lVlli Krur,:n;Oro HS HCMe,ItOBaHHHX HSOTOIIOB 

IIpoBe,IteHO .lVlli 40 + 50 SHa~eHH:ll: SHeprHR IlpoTOHOB C marOM HSMeHe

HHH I5 + I8 KaB B ,ItHaiiasoHe aHeprH:ll:, yKasaHHOM B Ta6n:Hue I. 

HliTepBan aHeprH:ll: BH6:epaJICH Ta.Kmil o6pasoM, ~T06H,c O,ItHOI CTOpoHH, 

IlpH CaMO:ll: BHCOKO:ll: SHeprHH He OT:KpHB8JICH KaHan C HCnycKaHHeM 

HeiTpoHOB, a C ,IJ;pyroA - ~TOOH qHCBO ypoaBeR,HCC4e.nyeMHX B yKa

SaHHOM ,ItHaiiaSOHe, YJ!!eH:&manO :BRJia,IJ; OT quryRTYanH:il: llopTepa-TOMS.Ca B 

IDJTeHCHBHOCTH nepeXO,Ita ( A: ) ,ItO ~ CTaTHCTneCKOi ODIJI6KH 
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HSMepe:m.m, T.e. ~ 5%. IlO,JUl06HOCTH, OTHOCHIIIBeCSI KaK K CaMOM;y 

aKcnepm.teH-ry, Ta.K H K cnoco6y o6pa6oTlGI ~. orm:caHH B 

Hallleii: rrpe;zoozymeii: pa6oTe /I3/. 

Ta6Jnn:ta r. 

TOJIIIlHH8 HHTepBaJI Cpe~ 

Pearoum MmlleHH aHeprd aHeprHII <6 ( p, fo)) 
y;r/c,l- IIpOTOHOB oos6yJQte- ~f (%) [J'00..!2-H] {MaB) Hltli 

E.). (MaB) 

7oGe (p,r)'1 As I5o±I2 3,0 - 3,9 8,0 4,I I7 ± 2 

2.Ge (p•rY3 As 2Do±I2 3,0 - 3,9 9,I 2,5 I5 ± 2 
74 Ge (p, r) 75 As r48±rr 2,2 - 2,8 9,4 2,6 I4 ± 2 

4. Pesym.TaTH HSMepe:mnt 

Ycpe~eHHHi B HCCXe~eMOM HHTepBaJie 3HeprHA npoTOHOB 

f-GITeKTp 6WI ITOJiy'leH nyTeM CYMMHpoBalmll OT~eJibHHX HSMepeHHHX 

cnexrpoB,CO C~BKrOK,COOTBtTCTBY~HY R3M8H8HHD 3Heprxl npoTOHOB 

/I3/. Hs no~'leHHoro Ta.Km.t onoco6oM cneKTpa orrpe~e~eHH oTHoc:e:

Tem.HHe HHTeHCHBHOCTH nepeXO~OB Ha HHS~ezam:e:e ypoBHH HSOTOITOB 

H ~eHH COOTBeTCT~e Ce'leHltli ~ nepexo~ Ha OCHOB

HOe coc'l'OSIHHe (6(p,fo)) • 8TH ce'leHltli (6(p,ro)) npHBe

~eHH B nocxe~el ~oHKe Ta6.1.imtH I. Ha p:e:c. 2a., 2b , 2c noxa

BaHH HSMepeHHHe JDI'l'eHCHBHOCTH nepeXO~OB KaK tPYHXlUDI cpe~el 

aHeprHH ~ -RBaHTOB. CIIJiomHoi JIHHBeit o6osHa'leHH pesynTaTH Teope

'l'll'leclGIX pac'leTOB, OCHOBaHHHX Ha ~p.fy~e {3), B KOTOpoit np:e:Me-

12 
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;;:;; 
Ii 
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5r 1. 72Ge(p,tl73As Vt-1..- 3/r 
15 

/( 512+ 70Ge( p, [I 71 • _ /~112' 11r 
i 3/2+ 

+; / 5/2+ 

1( 
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oJ 

) 
0.1[ 

6.5 

P:Hc. 2. 

7.0 7.5 
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~-~~ / "'' 
6" 

0051 

/~.....-(''' 
002 

7.5 ao 8.5 90 95 Er 

OTHOCHTeJrbHHe mi'l'eHcHBHOCTH nepexo~oB B nsoronax As . 
06osHa'leHBJt: A - miTeHcHBHOCTlii nepexo~oB, Hepaspe

maeMHX B HaCTOHIIIeM aKcnepHMeHTe; 

- - TeOpe'l'l!'l:eClGie :BH'lliiMeHHfl, OCHOBB.H

HHe Ha ~M~ Xaysepa-4!em6axa. 
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HeHa PC~ nopeHUO.CKOM WoPMH, 3KCTpanOXKPQBaHHaH HS OOnaCTH 

rHraHTcKoro pesoHaHca, H KO~HUHeHTH ~ rrpoTOHOB Tlj , BHqHC

~eHHHe Ha OCHOBe onTxqecKO~ MO~~ C napaMeTpaMH EeKeTTH-rpKRHH

ca /I5/, ilHOTHOCTb ypoBHeH BHqHcnHnaCb no qopMy~e KaMepoHa /IS/, 

KpHTepHeM, no KOTOpoMy ITpOBO~Cb orrpe~e~eHHR 3Ha~e~ 

cnHHa B HaCTOHmeM sKcnepHMeHTe, ~xano cor~cHe BUqH~eHHO! 

H H3MepeHHOH OTHOCHTenbHO~ HHTeHCH.HOCTH l-nepeXO~OB, 

PRe. 3 rroxasHBaeT cxeMy ypoBHei ~ HSOTonoB As BMeCTe 

C o6osHa~eHHHMH HHT6HCHBHOCTHMH rrepexo~OB Ha HHSRO~eaamHe ypoB

HH, Ha~eMHe B HaCTQHmeM SKCITepHMeHTe. B TeX ~~BHX, KO~a 

nepexo~ Ha ~a dnHsnez~HX ypoBHR sKcnepHMeHT~Ho He paspe

llla.1WCb, oKo~o aHeprHH ypoBHR nocT~eH HH,D;eRc D • IIpHBe~eHHaH 

B Ta.RHX ~~aHX HHT6HCHBHOCTb 06o3Ha~aeT CJMM8PHYD B6.7JWUIHY • 

IlpHITHCaHHHe ypoBHHM 3Ha~eHHR KBaHTOB"HX 'UICe~ J rc , Ha OCHOBe 

~Sa HHT6HCHBHOCTei, YRa3aHJi C ~eBO~ CTOpoHH RaZ,I{ODO HS 

pHCYHKOB, TaM, r~e STO 6WIO B03MOliHO, CylltMapHHe HHTeHCHBHOCTH 

rrepeXO~OB Ha 64H34eZ~He ypoBHH pas~e~eHH Ha OCHOB6 H3BeCTH"HX 

R HaCTQHmeMy BpeMeHH JIHTepaTypHm: ~aHHHX /I7 + 23/, ~T06H .WOZHO 

dWIO npJIIIHCaTb 3Ha'!eHHJI J1r COCTMJIJIIIIIX.W .IIYdJieTa, 

Ta6Joma 2 II03BOJIII6T CpaBHH'l'b BeJDI'UIHH 3H6prxft, CIIHHa H 

~6THOCTH, rrony~eHHHe B HaCTQHmei pa60Te,c COOTB6TCTBY~ BeJill

'll!HaMH HS pa60T ,IQ)yrHX aBTOpoB. lopomee COBII~eiD!e ll8liiJDl; pesy.m,-

TaTOB C ,Ita:RHHMH 3THX padOT CJIYZHT ,IIOIIOJIHHTeJibiHK. 

IIO~TBe~eHHeM ~RTHBHOCTH MeTO,Ita ycpe~eHHOH CII6R'l'pOCROIIHH. 

B 7I As, KOTOpHit SIBJIII6TM HaHMeHee Hc~e~oBaHHBM HS Bcex 

HSOTOOOB, 6wro lJ,ltltliTll$nnJ:poBaHO 8 ypoBHel, He Ha6.1ril.zta'BI!Jl!YM 

14 

Ta6.lmlm 2 a • 

Pesy~uarn orrpe~MeHHR CIIHHOB H ~eTHOCTei ypoBHeii 7I As 

J{! 6oTH 

E (xaB) J • .:rr 

0 0 5/2-
I I47 3/2-
I 3/2-
2 508 5/2-
3 83I 3/2 
4 87I 5/2-
5 990 7/2-, 1/2-
6 994 3/2-
7 I008 5/2+ 
8 II32 5/~ 
9 1247 3/2-

10 14!6 3/2-
II I446 3/zt", 1/2+, 5/2-
I2 1469 3/2 
I3 1493 3/2+, I/2+, 5/2-
I4 I537 I/2+ 
15 1613 3/2-
I5 I/2-, 7/2-
IS 1702 7/2 
I7 1735 7/2+ 
I8 1758 3/'r, 5/zt" 
I9 I83I 5/2+ 
20 1853 5/~ 

E (RsB) 

I47,2 

87I,I 
978,4 

1243,2 

15 

70Ge r3u"' d' I7) 

J, :Jt E (xaB J,~ 

0 5/2-

In" -1 I46 I/'r, 3/2-

!1t=-' 
:7t=-

In=-' 

5IO I/2-, 3/2-
830 I/2-, 3/2-

1004 II/2-, 3/2-
9/2+ 

II38 I 5/2+ 

1422 II/2-, 3/2-

1544 I I/2+ 
I609 I/2-, 3/2-
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YpoBHH, Hepaspemaewe B HB.CTOHIIIeM sKCnep:eMeHTe, o6osHa

'leHH HH.IteKcOM D • CTpeJIR&m H zmiPpaMJI yKasrum 

f -nepexo~ Jrf COOTBeTcTBy~e JrfM OTHOCJrfTeXbHHe HHTeH

ClrfBHOCTH < 1 1 10 x ro3). 

c5 - cxe»a YJlOBHeii :esoTona 73 As • 

c - cxee ypoBHel HSOTOna 75 As • 

17 



~ .... 

f 10-7! 

~ 
10-8~ 

1o-7 

10-8 

10-7 

'I I ' ' T 

r
'''' I- "T"--~l 

"'• . ...., I /~" "''1'~1 l 

;~ 
PRe. 4. P~Ha~HOHHall CHHOBall 

~YHK~Hil ll,nll H30TOilOB 

As. 3HeprHil r -KBaH-

TOB yKa3aHa B MaB, 

aaaqeHHil PCP - B e~H

HH~ax ll3B-J. 

~ .. ,. ~J 

-al / ' 15 "'-_25 ,-~~ ·--- --p .. ;.l 10 5 10 --~ J . 
,-'\·- ·~ "" ,,'-'•'("l' , I 

Pllc. 5. 

10-7 73As 

.. 
~ 

______________. 

j 

. ++······I 
'---"s.'"s ---;t:7_o..------.7"'-~~---,;a'"".o---..s.';o-s ·--9~0 _j 

Ef 
Pa,n;HaUl!OHHM CMOBM cpyltKIO'lll Wlll 1130TOilOB 

18 

As. 

ll,O CHX !lOp B ,Iij)yrHX pa6oTax. BceM HM 6wm llpmniCaHH 3JiaqeHWI 

CimHOB 11 qeTHOCTeJ! ( Tad.Jmwi 2a) • 3aCJiyDBaeT BIDIMaHRII nepBHR 

B036y~eHl!ll! ypoBem,, Ha6Jr!>ll,aeMI:di: np11 aHeprHH I 47 KaB. H3MepeH

HaH HHTeHCHBHOCTD r-nepeXOll,a Ha 3TOT ypoBeHl> aHOMaJibHO BHCOKa 

11 He y~eTCH KH B OlJ.HY H3 ~R TeOpeT~eCKHX pacqeTOB. 

llO~OBHHa 113MepeHHOJ! HHTeHCHBHDCT11, C TO~OCTbD ll,O CTaT11CT~ec

KOii onm:6KPI, ~OlmTCH Ha ~ 3/2-, qTQ yKa3HBaeT Ha cymecTBOBa

KHe ll.BYX ypoBHel B~311 aHeprHJ! 147 KaB 11 CnHHOM 3/2-~. 

:3TO llOlJ,TBe~aeT llpell.llM03eiUie, COll,6pm!lleeCH B pa6oTe / 24/, 0 

cymecTBOBaHHH ll.BYX ypoBHeii 143,2 K3B 11 147,3 KaB • 

B 73As Ha~TCH Tp11 ll,O CHX !lOp He 113BeCTHHX ypoBHR C 

aHeprlliiMH II80, I2I6 11 1540 KaB ( Tad.Jmwi 2 b ) • B lJ,eCHT11 CJiyqa

mc 113 ll,Byx B03MOEH!iX 3Ha'tleHHJ! C!lliHa !lacTOIIJIIHll 3KCnepHMeHT 

YKa3ImaeT Ha Blii60p Oll,HOI 113 HHX. 

B 75As , HaH6o~ee ll,eT~HO 11CC~elJ,OBaHHOM ll,O CHX !lOp 1130To

ne, HOB!ile ypoBKH He 6wm: Ha6Jmll,eHlil H HaMH. llpmmcaHHlile BeJm'mHlil 

B HaCTOHIIIeJ! pa6oTe B ps!ll.e CJiy't!aeB OT~aDTCH OT 3Ha't!eKHI, 

npe,u.nozeHHliiX ,Iij)YrHMH aBTOpaMli'l. YpoBHRM c aHeprlliiMH 619 11 1204 

K3B npmlHCaHH CllliHlil 1/2-0 B TO BpeMfl KaK B pa6oTe Mappe.a: 11 ,Iij). 

/ 22/ llpHBelJ,eHlil, COOTBeTCTBeHHO, 3/2- II 3/2. ~ ,Iij)yrHX ypoBHeii 

llp11 3Heprwrx 1433 H 1606 K3B B HaCTQHIIIel! pa6oTe ll,ai)TCH Be~liHlil 

CnHHOB 3/2-, B TO BpeMil KaK B pa60Te / 22/ OllpelJ,~eHlil 3Ha'tleHHH 

cnHHoB 1/2. HHTeHcHBHOCT11 1-nepeXOll.OB Ha ypoBKH co CIIl!HaiOI 3/2-

11 1/2- lJ,OJillHlil MMO OT~aTbCH (pzc.1c) 0 ll03TOMY B03MOlltHO pa~

HOe onpell,e~eHHe cmmoB. YpoBHRM c 3Hepr11el! 822 KaB llpHnHCaH cmm 

7/3+, XOTH 9TO He cor~cyeTCH C 113BeCTHliiMH ll,O CHX !lOp pe3y~TaT~ 

101 pa.6o/21,22{ npelJ.IlOmraDJIHMI! cmm 7/2: HHTeHCHBHOCTD nepexoll,a 
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Ha ypoBem, 7/2- ~OJiltHa 6HT:& IIO'ITlJ B 4 pasa Bllllle, XOT.II 6oJII>IJJall 

OmH6Ka B Onpe~eJieHKH RHT6HCBBHOCTH He HCKJinqae'f 3Ha'leBHft 

CUHHa 7/2-. 

KaK yze roBOpHJIOCI> B pa3~eJie 2,PC~ MOZHO B~CJIHTI> Ha 

OCHOBe a.HaJDI3a CII6RTpoB ~ -KBaHTOB, HCIIyCKaeMHX IIpH pa,ttmtniOH-

HOM saxBaTe IIpoTOHOB. ,ll7m: OIIpe~eJieBH.II 3TOit BeJilABHI:I, KaR CJie

;u;yeT H3 ypaBHemm (I), Heo6xo;ItHMO npoBO~TI> ycpe,IJ;HeHHe no MHOrHM 

ypoBH.IIM (ypa:BHeHHe (2)) • Arui oupe~eJielm.II pew C TO'IHOCTI>Il, 1\leHI>

meit 5%, He06XO;ItHMO ycpe,IJ;HeHHe He 1\leHl>me, '18M IIO 103 ypoBHeit. 

Ypa.BHeHHe (5), BBe~eHHoe B paa~eJie 2, ~eT pen;enT ~ 

IIOJIY'I8BH.II OTHOCBTeJII>HHX BeJlB'Dm pew BS BSMepemmx OTHOCBTeJII>HllX 

ceqeJm:R: .IT,1III BCIIyCRalm.II Q -KBaHTOB Ha ypoBHH ROHe'IHOro SI,DJ>a C 

TeM lie caMiiM CIIBHOM II '18THOCTI>Ilo PerHCTPJJPY8MH8 B HS.CTOJIIII8M 

aRcnepBMeHTe T -nepexo,IJ;H H,ll;y'l' Ha ypoBHJJ ROHe'IHoro SI,DJ>a co ciiJJ-

HaMH B npe~eJiax I/2 <, J ~ 9/2. ECJIJJ ypa.BHeHHe (5) ~OJiltHO 

BKJinqaTI> Bee nepexo~, a He TOJII>RO nepexo~ Ha ypoBHH c o,li;HHM 

B86pa.HHHM 8Ha'leHHeM J 1t , He06XO,n;HMa ROppeKD;JJ.II C IIOMOJiti>Il qialt-

Topa c J1t , onpe~eJISieMOro EaR: 
TH 

,.. =6P,.ro(Er=E>.,Jo~o) 
~.:~n o;,~ (Ell'= E,_, J$t) 

c Jn - npe~cTaBJI.IIeT co6ot!: OTHOmeHHe naprom.nHHX ce"'eHJJit 

(B~CJieHHHX TeOpe'l'JJ'IecRJJ), OTHOC.IIIIIJIIXC.II R ypoBH.IIM CO CIIRHaMJJ 

(6) 

Jo .1to J! J Jl: C J!CIIyCRaHJ!6M f -KBaHTOB C :meprJJeft, paBHOit 

SHeprl'IH BOS6y~elm.II COCTa:BHOro SI,DJ>a. B TaROM CJIY"'ae ypa.BHeHHe 

(5) upliHBMI'ieT ~: {Eto \3 <0 (p, fi)) 

"f.>. (Ep) = cJ" fo).(Eyo) \E r.l (6( p,r•» ' (?) 
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r~e Ero ,Er• - cpe,IJ;HfiH 3~o~eprLAI=I 'f -nepexo~ HS. OCHOBHOe 

COCTO.IIHl!e B COCTOHHBe, Jiezamee IIpJJ SHeprJJB Ei, 

(Q ( p' {i)) - OTHOCBT8JII>HOe ce'leHHe peamnm ~OHHOro 
<6(p.f0)) 

SaxBaTa IIpoTOHOB (ROTOpoe pa.BHO OTHOCBTeJII>HOit 

RHTeHCBBHOC'l.'H nepexo~OB, YRaSaHHHX Ha pHc. 

2a,b,c). 

B BHpalleHKH (7) fo:A. ( Efo ) .IIBJI.II8TC.II HOIJMHPYDIIHM MHOUTeJieM. 

ECJIJJ no~CTaBBTI> fol. (E,.) == f;). (Ef= E>.) , T.e. 3aMeHJITL P~ wm 
HCIIyCRalm.II "'6pe3 BeJilABHI:I, B8B6CTHS6 H3 ,DJ>yrl'IX SRCIIepJJMeHTOB, 

HS.npJJMep, 8RCTpaiiOJIBpyeMOft 1!8 06JiaCTH rHraHTCROrO peSOHaHCa R 

sHeprJJB Er = E l'o , ro. BHpaZeHHe (?) ~aeT HaM a6cOJII)TJme 

BeJIB"'HHH. ~CJiemm:e TaRJJM o6pasoM BeJIBqmm PC~ wm yxasaHHSX 

BsoronoB As npne~eHH Ha pxc.4. YxasaHHHe OmH6RH BKJinqaJlT 

CTaTBCTK"'6CRHe OmH6RH H OmH6RH B3-3a ~RTYaD;JJH llopTepa-ToMaca, 

HO He Y'IIITHBB.IlT OIIJIOOlt MeTO~, CB.II3aHHOro C TO'IHOCTI>Il onpe~eJie

mm: qialtTOpa C J'lt , ~CJI.IIeMOro Ha OCHOBe lfx>JilYJlll ( 4) • llpH 

STOM HCIIOJII>SyllTC.II R03~8HT1l IIpoHHD;aeMOCTB, IIOJiy'leHHlie H3 

OII'l'JJ'I6CROit MO~eJIB C IIapaMe'l'paMH EeReTTH-I'pHHJIKca, HO rJiy6JJHa 

MHH~«>it 'lacTH noTeHnHMa YJof6Hl>meHa ~o 6 MaB. TaxaH npon;e~ 

peROiftHi,lty6TC.II B pado'fax, IIOCBIIJII8HHHX HCCJI8~0Balmll Ce'lelmit peax

tnlH ( p , n ) Ha .II,lijlaX A = 50 + 80 H BHeprllil: IIpoTOHOB 2 + 5 MaB 
/25 + 28/ . 

CnJiomHol JIRHHeit Ha pHc. 4 IIORa3aHH BeJilABHI:I PC~ fo:A. ( E r ) • 
BKCTpanOJIBpOBaHH!ie H3 o6JiacTH rBraHTCROro peSOHaHca. BeJilABHI:I 

~ Bll'DICJieHH C IIOMOIIIl>ll Biipali6BH.II ( 3) C BCIIOJII>30BaHH6M Ce"'eHH.II 

WI.~! nor.IIOJ118BH.II ~OJII>HHX I -KBaHTOB < 6 rabs ( E f)> , COO'f-

BeTCTBy~ero npe~nO~OXeHHD 0 C~eCTIOiaHHH ~BYX 1H30COHHOIWX 

23 



coCTaBJililOIItiDC rKraHTcKoro ,IJ;HIIom.Horo pesoHaHca, T (. = T 0 H 

T> = T 0 + 1, (To- l'130CimH OCHOBHOro COCTOmms!) 

NZ 2 D; r, E~ 
drabs = 38~~1 (E2 E2)2 r2E2 (8) 

a ,_ I- ' + ' r 
E,, E2. r;. r:t - COOTBeTCTBeHHO ITOJIOJieHHil H IIIHpiDW H30CnHHOBHX 

COCTaBJIHIIIlBX, OTHOCHTem.Hill1 BKJia,ll; KOTOpHX B 

IlpH 3TOM HM99M! 

ce~eHHe ~ nor~o~eHHff 

HH.D;eKcru.m D 1 H 0 2 

__.£!_ = __.! 1 -1.5" r2/3 
1: + 1:,5 " A-2/3 Dz To 

l-KBaHTOB OIIl'ICHBaeTCJI 

/29/. 

H D, + D2 = 1:. (9) 

Be~HHa 3HepreT~ecKOrO pac~e~eHHil ~yX OTHOCHTeJil>HHX BKJia,ll;OB 

rKraHTCKOro pesoHaHca E 2. - E 1 ~eRa npH rroMO~ ({loJ>MYJibl, 

Izy~TnpyeMOR B pa6oTe AKHsa H ,JUl. /30/ • 
To+ 1 

E2.- E 1 = ----=r;- Uo 

r.ne UD = 60 To I A • 

(IO) 

Hs-sa roro , ~To ~ a.nep Hs o6JiacTH A ~ 80 rroJIHoe ce~eHIIIe 

~ nor~o~eHHil l -KBaHTOB coBIIa,ltaeT c ne~o:it, onpe.ne~eHHo:it 

KJia.cc~ecK.HM npa.BWIOM cyMM ~ HMJtieHHil EI , npHBe,ItellHliM B pa6o.:.. 

Te / 3!/ 1 MOJitHO ({loPMY~ (8) HCITOJil>30BaT:& ~ Ha.XOllt,D;eHHff P~. 
PC~, Bll'U!MeHHaH C ITOMOIIII>Il ({JoplwlyJI (3) l'1 (8) 1 HCITOJil>30~C:& BO 

Bcex HamHX TeopeT~ecKRX B~HMeHHIIX. 

TOT ®altT 1 'ITO Bee 3KCrrepKMeHTaJil>HHe ~e, COOTBeTCTBy~e 

nepeXO,D;aM Ha OCHOBHHe COCTOmmsl paCCMaTpHBaeMHX HaMid JI,IJ;ep, .nemT 

TO'IHO Ha C~OIDHHX KpHBHX 1 JIBJJJieTCJI, 0'19BH,D;H0 1 Me,D;CTBHeM ITpHHJITOH 

HOpt.mpOBKH. 

Eo~ee Bupa3HTeJil>HHM OyAeT TO, 'ITO Bee 3KCrrepHM9HTaJil>-

HHe ,ItaHHHe B npe,ItMax CTaTHC~eCKRX OIIIH6oK yxJia,ItHBaJJTCJI Ha 3TH 
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KpHBse. Heo6xo.ItHMO rro.IttiepKHyT:&, ~To aKcrrepKMeHTam.HHe ,D;aHHHe, 

KaCa~JmReCJI rrepeXO,Il;OB Ha ypoBHH CO CITHH8MH H tieTHOCTJIMH,paBHHMH 

CITKHaM H ~9THOCTJIM OCHOBHOro COCTOJIHHII 1 HMeDT OC06eHHO 6o~:&myll 

Ba!HOCT:&, ITOCKOJil>Ky l'1X ITO~OZ9HHII He 3aBHCJIT OT rrapaMeTpoB Teo

peT~eCKHX Bll'U!MeHd (~ aTHX ypoBHeil: c J1t = I). 

Ha pHc. 5 npHBe,D;eH rrepet~eH:& aKcnepHMeHTaJil>HHX ne~ PC~ 

H BH,IJ; lriX 3aJHCHMOCTel, BH'Il'!MeHHHX C ITOMOIIII>Il ({lopMY~ (3) H (8). 

,IJ,rui 
75 As , KpOMe aKcnepHMeHTM:&HHX ,D;aHHHX Hs Hacro~e:it 

pa6oTH, yKasaHH TaKze ne~HHH PC~ ~ o6~acTH aHeprHil: 10 + 30 

MaB, onpe.ne~eHHHe Ha OCHOBaHKH H3MepeHHHX BepMaHOM H ,JUl. /32/ 

cet~eHH! nor~o~eHHil f-KBaHTOB. 

,IJ,rui 71 As H 
73As npHBe,D;eHH Be~ P~, no~tieHHHe TOJil>

KO l'13 ,D;aHHOK pa6oTH. 

Ta6nKQa 3 CO,D;ePKHT napaMeTpH ~YX H30CimHOBHX COOT~~ 

rKraHTCKoro pesoHaHca, Hcnom.syeMHX B HaliiHX BH'IHMeHHHX. 

Ta6nKQa 3. 

- E1 11 r2 E2 -E, 
JW>a (MaB) (MaB) (MaB) (MaB) 

D1 D2 

71 As 16,6 6,43 7,41 4,4 0,78 0,22 

73As 16,5 6,43 7,41 3,7 0,84 0,16 

75As !6,4 6,43 7,41 2,1 0,89 O,II 

Pac~e~eHHe HsocmrnoBHX BKJia,IJ;OB E2 - E1 H JriX OTHocHTem.HHe 

IDiTeHCHBHOCTH D1 H D 2 BHtiHMeHH npH nouo~ ({loPMY~ (IO) H (9). 

,IJ,rui 75 As OCTM:&HHe napa.MeTpH E1 H f1 • rz no.norHaHH TaR, 'IT0-

6H oocnpoxsnecTH cetieHHil nor~o~eHHff, HSMepeHHHe BePMaHoM H 
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,lij.l. / 32/ • Hs-sa OTCYTCTBM BRCIIepm.teHTaJil>HllX ]J.aHHllX 0 IIOJIOlle

HIDI riD'aHTcRoro pesoHaHca E 1 B HSOTOIIax 
71As , 73As, oHo 

E A-1/4,2 
orrpe,n;eJliLIIOCl> H3 BMIIHpH<IeCROR 3aBHCHMOCTH = C , xopomo 

OIIHCHBa~eR HSMeHeHHe IIOJIO&eHHa rHraHTCROrO pe30HaHCa B BTOH 

o6JiaCTH MaCCOBHX 'lHCeJI. llliipmm ,Wlll }J}IyX COCT8.BJIJDIIIHX r, H r2 
(,ll;Jlff OOoHX H30TOIIOB),BCHe~CTBHe CHadoH SaBHCMKOCTH OT KaCCOBUX qK

ceJI, rrpBH.IITbl TaRHMH ze .n;Jiff 
75 As • 

HaCTORmHi BKCIIepHMeHT IIOKa3biBaeT 1 ~TO BHepreTHtleCKaa 3QBH

CHMOCTI> PC~ B o6JiaCTH aHeprHi 6 - IO MaB He OT~aeTCH OT BKCTpa

IIOJIHpOBaHHOH liS o6JiaCTH rHraHTCKOro pe30HaHCa. BosHHKaeT BOil-

poe - HeJIJ>SR JIH npo~Tl> 3RCTpaiiO~ aHepreTHtleCROR 3aBHCH

MOCTH PC~ .n;o e111e 6oJiee HHSKHX eHepr:d (HarrpHMep 1 El ~ 6 MaB) ? 

Ilo-BH,n;HMOMJ' 1 OTBeT Ha BTOT BOnpoC Ha ]J.aHHOM BTaiie HCCJie]J.OBaHJ!it 

He MOlleT 6biTI> rroJIODTeJII>HHM. EcnH Obi TaRaJI axcrpanona~KB OHila 

IlpaBHJil>HOR 1 TO Mbl ]J.OJI:&mi HMeTl> BOSMOll!HOCT:& XOpomo OIIHCbiBaTl> 

IIOJIHble ce~eHM 1 a He TOJI:&KO OTHOCXTeJII>HHe. 3TO CJie.n;yeT HS aHa

JIHSa BblpalleHM (4) 1 3HaMeHaTeJII> ROTOporo SaBHCHT OT ~ BO 

Bceii o6JiacTH aHeprH:I!: BOs6y~eHM .n;o E A H He oKasHBaeT BJIM-

HM Ha BeJIH<IHHbl OTHOCHTeJI:&HbiX ceqeHHii. 

B HacToHIIIe:l!: pa6oTe I R&K yze 6b1Jlo ynoMIIHYTO I xopomo OIIHCHBa

DTCH OTHOCHTeJII>Hble ce~eHM 1 HO 3TO HeJII>SR YTBe~aT:& 0 IIOJIHbiX. 

J{ywaeTCII, ~TO e,n;HHCTBeHB!lM rryTeM ,Wlll IIO~eHM HUqlop.mmiH 

0 SaBHCJIIIOCTH ~ B 06JiaCTH HHSKHX BHepr:d JIBJIII6TCH npo,n;OJI&eHHe 

'IHCTO BRCII6pHMeHT8Jil>HllX HCCJie.n;oBaHH:I!:. 
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