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Pa3nHqawe yqacTKH raMMa-cneKTpa Ta 18.2 H3yqanHCb aeo.l(HOKpaTao: HaHoonee Tma-

-Tenbao oonaCTb Manwx saeprall: oT 40 no 270 Ksa owna accnenoaaHa npH noMol.llH KpHcTann
/1-3/ 

nalj>paKnaoaaLIX cneitTpoMeTpoa , oonacTb oonbmHJI; saeprall: OT 850 no 1500 ·Ksa - npa 
/4/ ' I . 

HOMOI.llH MarRHTIIWX KOMHTOIIOBCltHX CH91tTpOM9TpOB , raMMll-CHG!tTp Ta l1 OT 1QQ nO 

/5/ 1300 Itsa accnenoaan TonbKO a onaoll: paoOTe Prone a np. no lj>oTosneKTponaMJ'epMaaneao-

nHTHeBble neTeKTOpLI H03aonmoT nonyqnTb raMMa-cneKTp Ta 182 
cpa3y a HRTepaane 

30-1500 lt3B, MLI BWnonRHnH 3TH H3MepeHHI! C neTeltTOpOM npa>KCKOrO HHCTHTyTa Mepnoll: 
3 

lj!R31Utll, 061>eM neTeltTopa ~ 5 CM , TOlllllHHa qyacTaHTenbaoro enol! b 6 MM, nonymnpnna 

nHRHH "4 KSB, PerncTpannR cneKTpa npon3aopnnacb aaann3aTopoM na 2048 Kaaanoa. 

1. H3MepeHHR raMMa-cneltTpa 

npenapaT Ta 182 own nonyqen H3 peaKilHH (n, y) Ha peaKTope <I>TH a 1964 r,; 

a neM ooaapy>Keaa aeoonl>maR npnMeCb Ca 00 ,(T ll• 5 neT) n Zn 
6 5 

( 245 nH,). 

Bwno CHRTO 3 cepan; aa pnc, 1-8 npencTaaneaw pa3nnqawe yqaCTKH raMMa-cneKTpa, 

JlnR annrocTpannn awopaua nyqmaR cepnR. OTnocnTenbawe nuTeHCHBHOCTH ·mmall: onpeaenR

nacb ao acex cepaRx; B npenenax norpewaocTell: oan coanana a nosT,OMY oLmn ycpeaaeaw, 

Pe3ynbTaTw npaaeaeHLI a Taonnne 1. 

K pncyaKaM MLI XOTena Obi cnenaTb cneayromae npnMeqaanR, 

Pac, 1 , E y OT 50 AO 105 KSB, 0THOCHTe1I&Hbl9 HHTBHCHBHOCTH COrnacyiOTCI! C npe>K

HHMH ABH!lb!MH, 

Pac, 2. E y OT 105 ao 190 Ksa. Ha 3TOM yqaCTKe raMMa-cneKTpa aomKHa Haxo-

AHTbCI! nnHHI! 146,2 KSB - nepeXOA C TllKOil: 3Heprnell: OWn OOHapy>KeH HpH HCCneAOBBHHH 

KOHBepCHOHHoro. cneKTpa B paoOTe Bawauaa H ap/61• Mw He uaonro.rtann nnuna c TaKoll: 

3Heprnell: C HHTBHCHBIIOCTblO oon&we 0,1% OT HIITBHCHBHOCTH nnHHH 1122 K3B, 

3 



Puc. 3 • E y OT 190 AO 270 ltSBo Ha STOM :Y'18CTKe CIIOJtTpa Ilp0m1H1ll!Cb H3BOCT-

Hhl0 panee y -1lllllliH •. 

Puc. 4. • E y OT 270 ltSB AO 800 KSBo 

Ha aToM :y'laCTKe 38MOTII8 TOllbKO OARS cna5ast raMMa-1UillliSI B pallone 510 KSBo 

B npelKllllx U3Mepellllsrx Ta 182 
TaKaS! 1lllllllll llliKOrAa He na6nJOA8118Cbo noaTOM:y STO 

MO>KeT 5h!Tb 111160 li0B8SI 1lllllllst, na6o Mlll!R aiiB!IrBIISIUl!OllliOrO 113ny'leBBSI (aBHIIrliiiSIUI!SI 

II03HTpOHOB Bll:yTpeHBelt napnolt KOliBepCBB). HRTeBCHBHOCTb 8HHIIriiiiSIIIBOIIHOll Ill!lll!l! MO~O 

IIOAC'liiT8Tb, BCnOn&3:YSI raMMa-cneKTp, M:yllbTI!nOllbHOCTB nepeXOAOB R npeAnonaraSI, 'ITO 

ace II03RTpOllhl napHoll KOHsepcxa aHllllranup:yroT B ucTO'lBXJte. Pac'leT AaeT: J • 
~ ~ 

• 1,5 •10 % J y (1122), 'ITO npu61UI3UT8n&HO Ha 3 nopBAK8 M8Hblll81 'tOM Ba6IIJOA88TCSI 

Ha onh!Te: (1,2±,0,2)% J y (11211). nanee :yxa3ano, 'ITO s cnexTpe Ha6nroAanacJo raMMa-

IIUHBSI hv •1115 KSB1 JWl!llaAIIOJKalllall, IIQ-BUllliMOM:y, Zn es ; npu pacnaAe Zn es B03-

HUXaJOT TaK>Ke. n03BTpOHhl - 1,2% n0311TpOlla na pacnaAo 3TH n03BTpOHhl npB nonnolt aBllll-

runsmBB B BCTO'lliBKO AOII>KHhl 6h!IIB 6hl A8B8Tb nllliiiJO J • 11 1% j ( 1122) 1 T,e, 
an. y 

npa6nB3BTellbHO TaK:yJO, K8K8SI Ha6IIJOA88TCSI H8 Onh!Teo 

Ha aTOM >Ke :yqacTxe cneKTPa Aon>KHhl 6btTb pacnonoJKeHhl raMMa-nuH.RII 296,2; 329,5; 
. 171 

335,2, Ha6nroAaamuecg B pa60Te <Paynepa 11 AP· no cj>OTosnexTpoaaM, B raMMa-nBJIB.!l 
16/. . 

351 KSB, H8611JOII8BIIl8SICSI B KOBBepCDOHHOM B cj>OTOCII8KTpaX Bamaltllll B liP• o EcM STD 

raMM8,.;IIBliDD eCTb 1 

B raMMa-cnexTpe 

MH 1443,4 KSB (4+) 

TO IIX llliTOHCIIBHOCTb MeHblllO 0,1% 

Ta 182 AOnJKea aa6nroAaTbCSI nepexo11 

II 680,4 KSB (6+), IIIISI 06011X ypoaaelt 

HHTOHCUBIIOCTB nBHDB 1122 KSB, 

bv •763 KSB M8>KIIY :ypOBHSI-

3H8'l0HII8 KBaHTOBOrO 'li!CII8 

.K- 0 • Mb1 ae Ha6nro11ann Taxoro nepexona; ecnu OH B OCT&, ero BHTeHCBBHOCTh Mellbme 

0,1% IIHTOIICBBHOCTB raMM8-nBHIIB 1122 KSB, B o6naCTB 9Beprall 800-850 KSB BeT raMMa

IIUHBil C UHT8HCUBHOCTbJO 6om.me 0,2% UHTOHCBBHOCTB raMM8-IIIIHBB 1122 KSB, 

Puc. 5. E y OT 850 no 1060 xas. raMMa-nnHan b v • 892 xss B cnexTpe He npon-

sunac~o; sepxHail. npe11en J (892) < 0,4% J Y (1121,6). Hcxoan B3 BHTeHCBBHocTa 
y + + 

KOHaepcaoHHoll nBHBB K892 H Myn&TBIIOn&HOCTB nepexona E2 \ 2 .. 4 ) , MO>KBO HafiTa, 

'ITO ee llliTOHCHBIIOCTb IIOII:lKII8 6biTb (0,14±,0,03)% J (1122), IIOSTOMY OH8 II He .non:a<Ha 
/8/y 

6h!Tb Blil.!lHa. HenasHo XeHx, CTa6, 3Rcj>cj>epT n Kox OTMeTanu B raMMa-cneKTpe Ta 182 

He6on&moll M8KClilM:yM1 KOTOphllt npliltmCanH bv = 892 KSD C BHTOHCIIBIIOCTbJO 1% J y ( 1122); 

aTo 3118'10Hlile HaM xaJKeTCSI 38BbtmeHllhiM. B o6naCTB hv OT 1050 no 1090 KaB He o6Ha-

py:lKeHO raMM8-IIlilHBH C lilHT&HCllBHOCTbJO 6on&me 0,15% J y (1122), (HeT MDBD 1081 KaB), 

Pn:c. 6. Ey OT 1090 no 1240 KSBo Ha STOM y'laCTKe CII8KTpa IlpOHBBII8Cb IIBIIBH 

1115 KSB, KOTOpan HeCOMHeHHO IIpBH8.!liiO>KHT npBMOCB, T8K K8K IIBHBH Ta IU 1113,6 KSB 

.non>KIIa 6h!Tb ropa3no cna6ee. no-snnHMOM:y, aTa npn:Mecb - Zn es , y KOTOporo lil3B8CT-

llhl y 1114 (44% pacnanos) n f3 + ( 1,5% pacna.nos); cooTBeTCTsyromaSI annnranmt!IOII-

BaSI MHBSI, xax yxa3btaanoc&, TaxJKe na6nronanach. 
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Ha TOM >Ke y'iliCTKe cnexTPa npoHBnnac& 1lllliiiSI 1173 xas. B 5onee >KecTxoll qacTn 

CIIOKTpa IlpOSIBIIII8Cb 1UIIIBSI 1332 KSB (pnc, 8). llo-snnBMOMy, 060 OHH Ilplilllanne>KaT Co 
80

, 

nplilCyTCTBOB8BIIl8M:y B BCTO'lliBKO Ta 
112 

·a anne !le6on&moll npnMecn. llpyrnx npn:Me-

cell ne o6napy>Keno. nocxom.xy raMMa-cneXTPU Co eo H Zn 85 RMOJOT TOnbKO no 

2 raMM8-1lllBlillil 1 Mhl BO CTanB Ilp0113BOllliTb O'lRCTKy R npOBOllliTb IIOB1>18 113MepeBHSI. 

Ha puc. 7 lil 8 n3o6pa>Kellhl yqaCTKB cnexTpa OT 1240 no 1500 xas, na KOTopux npoSI-

BBMCb 'TOnbKO B3B8CTIIhl8 H3 npe>KBHX pa60T raMM8-1llliiBB Ta 182 B 1332 K3B C0
8 0, 

3B8'l8llliSI BHT8HCHBIIOCT8fi 9TBX 1lllllllfi1 Ollp8A8118llllhle II8MH, He npOTIIBOpe'lST ony6niiKOBaH

HhiM B npe.nhlnymnx pa60Tax pe3yn&TaTa M, 

2, 0TIIOCIIT811bHUe 1IHT9HCRBHOCTH raMMa-nHHHfi 

llnn onpenenellllSI OTHOCllT8IIbllhiX BHT8HCHBIIOCT8lt raMM8-Mllllfi !lylKHO HM8Tb KpiiBYJO 

s<jlcj>eKTIIBIIOCTn neTeKTopa. Mhl pacnonarana TOn&KO xpnsol!, nony'l&HIIoll no i:'aMMa-ny'laM 

Yb 189 H RaC • norpemHOCTll, BHOCllMbie a roll KpBBOl! npn. Cp8BH8HHH lliiT811CllBHOCTe'li 

Mllnll, cocTasnHJOT oxono 10%. llpu uccnenosann:n: y -cnexTpa Ta 
182 

o6nacTn ane~ 
rill! 40-300 1l 890- 1460 KSB H3M8pSIIIHCb B p83llh!X ycnOBllSIX 1 3TO BIIOCBnO .!lOIIOIIHBTenb

HyJO Olllll6Ky B OTIIOCDT8n&Hb10 BHT6HC1IBIIOCTlil IIHIIRlt, ll03'l'<;IMY Mhl HpHBOniiM pa3neiibiiOe 

C~8BHeHB8 .!liiH y'laCTKOB 40-300 K3B B 890-1460 K3Bo llnn CBH3blB8HllH lllK811 OTHOCBTenh

llhlX BHT8HCllBHOCTelt B .!lBYX o6naCTHX 3Hepralt 6h!IIO npiiHHTO, 'ITO nepeXOnbl hv • 100 1l 

1222 xss 'lHCToro Tnna E2; axcnepnMenTanhiiOe OTHomeuue nnTencnaHocTefi !IX K -xoH

aepcnoiiHbiX IIIIIIBil L II 100/Kll22 = 133 :!:.5 ( Ta6nana 2) • BoCHOIIb30B8BIIlDCb BM H TeopeTB-

'IeCKllMB KOa<jlcj>nnneiiT8Mll KOHB8pCllll, Mhl nonyqaeM y 100,1/ y 1122 = 0,36 :!:. 0,0:l, 

B Ta6nune 1 npnae.neuhl nama pe3yn&TaTbt (ycpe.nHeHHble no seeM cepnS!M) n pe:Jyn&-

T8Thl npyrHX 8BTOpOB1 HOpM11pOB8Hllbie K y 100,1 z 36. Bunno, 'ITO pe3yn&TaTbt pa6oT 

xopomo cornacyJOTCSI npyr C APYI'OM, llorpemHOCTH ll3Mepellllll BHTOHCHBIIOcTell C repMalllle- . 

Bh!M .!l9T8KTOpOM B o6naCTH AO 300 K3B IlpH6IIB3BT811biiO B 2 p838 6om.me, 'IBM B KpBCTann

.tlll<jlp8KUHOHHOM MeTo.ne. B o6nacTB Bhlme 900 xas,· r.ne repMaHneBbil! MeTon B ocnoBHOM 

KOHKypnpyeT C M8TO.!l0M KOMIITOIIOBCKBX aneKTpOHOB, llX norpemHOCTH B Cpe.nHeM O.!lllH8KOBhl, 

Pe3yiihTSTbt a npenenax cyMMhl aaTopcxnx norpemnocTell cornac:yroTcn acrony, xpoMe· no

cnen!lell nunun ( hv =1454 xas); onHaxo BHTencnBIIOCTh aToll nnHnn nony'lnnacb lleo.naHa-

KOBOlt B p83Hh!X CepBSIX, H Mhl 3TOT pe3ynbT8T nam.me He yqHThiB88Mo 

3. Mym.TnnoiihnocTn: raMMa-nepexonos 

B nocnenneM CTOn6ne Ta6niiUbl 1 ):laHbl npiiiiSIThl8 3H8'l8HllH OTIIOCBTen&HhiX HHT8HCHB-

HOCTell raMMa-nepexo.nos J y , KOTOphle onpenenSIMCh KaK cpenne-s3aemellnoe no naHIIbtM 
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BCOX pa50T. 8 Ta5mme :.! np.liDO)IOIIhl pe3y1IbT8Thl UOC.JIOAIIIIX JlCC.llCJlOBHHHll EOHBOpCIIOBHOrO 

CUOKTPH Ta IB2 • nallllhiO 5o.nea p8BBIIX pa5oT UOHOQ UO.llllhiO II MO!Iee TO'lllhiO, UOOITOMY 

oru.. B Ta5naue 2 He upnBOJlSITCn. Mym.Tanom.nocTn raMMa-uepexo)lOB T 8
182 

onpeAenn-

, .nne& uyTeM cpaBIIOHH!l az:cnepHMOHTaiibHhiX OTHomenall K: L'1 :L 11 
: L III , a TaKme 

z:oa¢¢11UIIOIITOB KOHBepCHK C TeopeTK'l9CKIIMK (Ta5nKUhl 3 H 4). n.nll uepeXOAOB C Sllepraell 

5om.me 2mc 2 MyiihTIIUOIIbiiOCTb MO}I(OT 5h!TJo onpeAene!la Taz:me 113 a Ia - OTHome-
" K 

Hllll EO<~¢~HUIIOHTOB BayTpOHIIOA n8pHOll KOHBOpCHH II EOBBOpCHII H8 K -o5o.JIO'IE9 (Ta5~. 4). 

3Ty BOIIB'III9Y B npHIIUHne MO:lKHO onpe)le.llaT&, He BhiHIIM8ll IICTO'IIIIIK8 113 {3 -cneKTpOMeTpS, * 

II TOrAA TO'IHOCTb 113MOpOHHll 6bi.JI8 6bl H81160IIbmell; OJlHBKO IIMOIDmHOCH Jl8HIIhl0 COAOp~T 

OTJlO.llbBO B p83llhiX yc.JIOBII!IX 113MOpOHHhl9 IIHTOHCIIBHOCTII JK II 1,. ( J" 113 pa60Thl 

/111 
Bac111IOBKO 11 Ap. , J K no Ta6.n. 2) j mKB.Jlbl MQ}I(JIQ CBeCTB, nonara ll, 'ITO nepeXOA 

1222 11:38 ( 2+-+ 0+) W 182 - 'IHCTbill E2-nepexoA. OrnomeHIIH a I a npllse)lellhl 
JT K 

B Ta61111ne 5. nono.JIBIITOIIbllhiO TpyABOCTB B03BIIK810T npn Cp8BHOHIIII c TOOpllel!. TeopeTII-

'IOCJmO 3H8'10BIIII a" p8CC'I:IIT8Bhl B mpOAIIHrepOBCKOM Up116.JIII)I{OHIIII AilS! Z .. 84. 

Tax KHZ: 3Ha'leHII!l a 7t )lllll Z = 0 II Z • 84 OT.Jlll'l8IDTC!l HO CHIIbBO, paC'IOThl Jl.llll 

Z• 84 MOryT 6b!Th IICnO.llb30B8Bbl np11 onpeAO.llOBIIII a JT nepexoAOB a HApe c z ='74. 

B Ta61111Ue 5 npHBOJlOHbl TeopeTH'IOCKl!.O 3Ha'IOBII!l a~ a K TO.JlbKO AIIII Myll&Tl!.no.nel! 

E1, E2, 11 M1, JliiH M2-nepeXOJlOB TSKHe paC'!OTbl OTCYTCTByroT. l13aecTao, OJlHaKo, 'ITO 

nPII Z = 0 )l.Jl!l UOpOXO)lOB C hv ~ 1,5 Man 3B8'IOHII!l a JT npll MyllhTHnO.llbHOCTII nepeXo-

AS M2 11 MI OT.llB'laiOTCH npii611113HTen&ao a 3 pa3a. 

Ornomea11e a"/ a K pe3KO 38BHCIIT oT MYIIhTHHOIIbHOCTII, noaTOMY B psAe cnyqaen 

OHO n03BO.Jll!OT OAB03H8'IHO onpeJlO.lll!Tb COCTHB CMOCII. HanpiiMOp, A.llll nepeXOAOB 1189 II 

1274 KSB no BOIIH'IHHO a"/ a K HCKIIIO'IBOTC!l CMOCh E2+Ml. Bollhma!l norpemnocTh npa 

113MOpOHIIII IIBTOHCHBROCTII U0311TpOHOB BHyTpOBHOll napHOit KOHBepCHII (a nyTimOM cnyqae· 

Jlllll CHIIbHblX IIHRHll b 20%) HO U03BOIIS!OT, OAII8KO, OUpOAO.Jl!!Th KO.Jlii'IOCTBOHHO UpiiMOCII 

C AOCTSTO'lHOll TO'IHOCTbiO. 

Myn&Tanom.nOCT& nopexoAOB 67,7; 152, 179; 264; 1121 a 1231 xas onpeAenllnac& 

UpK 113MOpOIIIIH yrnOBOll raMMa-raMMB-KOppO.llllUHH 113 OAl!.RH8JlU8TH raMM8-K8CK8AOB 

(Ta61111Ua 6). 

Bo acex Cl!y'lS!IX Jl.llll nepexoAoB onpene.n!lnHCb TOIIbKO JlBollnhle cMeca. Cpasnnaa!l 

Jl8BIIhl0 T86.l1Bn 3-6, Mhl OUpOAO.JlH.Jlll R81160.JIOO BOpO!!TR-hiO 3B8'IORHII uyn&THUOIIbHOCTOll 

raMMa-nepOXOJlOB ( T86.JIHU8 7) • n1111 JlBYX JKOCTKHX nepeXOAOB 1045 H. 1189 KSB C y'lOTOM 

6 
/4/ ' 

ananHaa npHBOAOHBbiX aeponTBOCTeli nepexoAOB B pa OTe BaTMana n np. onpeneneHbi 

TPOHBbiO CMOCH MyllhTHUOIIeli. 
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4. A6comoT!Ihle IIHTOHCHBBOCTH {3 - 11 aneKTpoMarBIITRhiX nepexonoa 

np11 pacnaAe Ta
182 

llpll OllpO)lO.JIOHHII 6ananca IIBTOBCIIBHOCTeft 110 B036yJKJlOBIIhiM ypOBB!lM W 
182 

, B03BII-

11:810mHM npa pacnaJle Ta 
182 

, lly:lKHO 3HaTlo IIHTOBCIIBROCTII {3 - II y -nepeXOAOB. 0Jll!8KO 

UO CymOCTBy BOT RH O)ll!Oft pa60Tbl, B KOTOpOl! 6bl JlOT8.JlbHO HCC.JIO)lOBa.JICH BOCb raMMS-

182 
cn~KTP Ta. , 6bl.llll 5bl onpenenelihl ero snepruu,HHTencaaaocTH c JlOCTaToqaol! CTenelibK 

182 
TO'IBOCTH. B cxeMe W Mnoro 6.llllaKo pacnono:m:enlib!X ypoanell, nwToMy {3 -cnexTp 

Ta IS2 C.JIOJK911 B ero pa3.110}l(OBJie 118 KOMUOH9HTbl RO MO:ateT ll8Tb HaueJKBhiX peayn&TaTOB. 

Bonae 118l19lKIIhle peayiibTBTbl Jl.IIJJ IIHT9RCHBHOCTell {3 -ltOMIIOHORT MOJKBO UOI!y'lHTb, onpe

JlMJJH 68Jl8HC BRTOHCIIBHOCTO!t nepeXOJlOB MO)I{)ly ypOBB!lMK W 
182 

• llpa onpen OIIOIIHH 6a

.llllltCA MOlKBO Upll.ltB.Tb 38 100% cyMuy llHTQBCIIBBOCTell UepeXO!lOB, H!lymHX HB OCHOBBOO 

COCTomme W
182 

, T.e. IJn (100,1, 1221,8; 1257,8; 12S9,5; 1374,2; 1411 11 

1437,2 ltSB) •100x) • J1a STOI'O p8BORCTB8 MO:lKRO OBpO)lOIIHTb KOS~HllHOHT, npH IIOMOmll 

ltOToporo OTllOCIITem.Jihle BHTenciiBBOCTB raMMa-xrepexonoa nepeC'IHTb!BaiOTCn na a6conroT-· 

Hhl9 (a % R8 p8CU8Jl): A OCH ~ 0,359 ±. 0,011, 8 T8K:IK9 KOS~~IIlliiORT A.Jl£ nepeBOllB OTBo-

CHTOIIbBhiX HHTel!CllBROCTell ltOHBepCIIOHJihiX .JIHIIIIII B 80CO.JliOTIIhle: 8 •(0,105+0,007) 10-2 

OCR -

n.na UO.JIY'IOIIIIK IIHTOIICHBBOCTII mo6oll rSMMA-.llBIIIIII B % H8 paCnaA AOCTBTO'IHO 3B8'lOHBO 

OTllOCIITOIIbHOll HRT9HCHBROCTII (Ta6n:. 1) yMHO:lKHTb Ha KOS~HllHORT AOCH • 0,359; )lll!l 

UOJ1Y'!OHIJJ IIHT9BCHBHOCTH IIIOOO!l KORBOpCIIOBJIOll 1111111111 B% H8 pacnan BylKB0,3HB'l9HHO 

-2 
OTBOCHTOIIbl!Oll HBTOHCIIBBOCTH .JIHIIIIB (Ta611. 2) yMHO)KHTb 118 xoa¢¢BilHOJIT B OCB..0,105•10 • 

Te JKe caMbia :z:oa¢¢11ItiiOHTbl • A 11 B B Cl!y'lae w 182 

w 182 

MOryT 6h!Tb UO.JIY'IOBbl npyrHM 

npaltTH'l9CKH Be HJlOT nyT9M. {3 -pacnll,!{ 1!8 QCI!OBJiyiO pOT8JlHOBJIYIO BOIIOCy 

( 5 0,15% paCU8JlOB). flosTOuy Bpll COCTABII91111B 6811811C8 IIHTOBCRBBOCTO!t MO)I{HO npHBS!Tb 
I . 

,38 100% CYMMY meHCHBBOCTOll BCeX nep9XOJlOB0 HJlymaX R8 OCROBJiy!O pOT8UHOHIIYIO nono-

cy- H8 ypOBIIII 0-t, 2+, 4\ 6+ 0 IIX Sl!eprHll hv 890 KSB0 892,40 928,4; 960,1; 1002,4; 

1044,8; 1113,6; 1121,6r 1157,8; l189,s; 1221,s: 1231,4; 1257,8; 1274,1; 1289,5; 134:.!,7; 

1387,8; 1411; 1437,2; 1453,5 KSB. B STOM Cny'IAO B:Os~~IIUH911Tbl nepeC'I:OT8 OTBOCHTO.llb

Hb!X iJHTOIICHBl!OCTell raMMS- II KOIIBOpCIIOBBbiX .JIHIIIIl! COOTBOTCTB9HBO paBI!hl: 

A pOT z 0,366 ±. 0,011 11 8 pOT = (0,106 ±.- 0,007) 10-2
• 

Ha nepBhlll aar.nl!Jl, o6a MOTOAa .IISIOT O):tBI!aB:OBhle peayllbT8Tbl c O.IIHBaltOBbiMH norpemno

CTBMII. 0)ll!8EO C.JIO)lyeT Y'!OCTh, 'ITO B nepBOM CUOC06e y'laCTBYIOT II MHrltll9 H )I{OCTKHO 

nepeXOAbl, BO BTOpOM - TOIIbKO lKOCTKHe. J1HTal!CHBROCTH raMMa-nyqell C hv 300 II hv 

890 ltSB , E8K Up8BIIllO, OllpOAe.JI!l.JlHCb p8311h1MK 8BTOp8MH, 'Ton&ltO B O.lll!Oft pa60Te 

/5/ . 
Cyllxoacz:oro 11 np. 11 namen ecTh o6mall mz:ana BHTencllnnoc-rell, no norpomaocTH a 

x) 3nec& 11 )la.llbme J - IIHTOBCIIBBOCTb nepeXOA8 ( J + J ) • 
n Y e 

7 



onpeAelleHKH OTHOCUTellbHWX KHTeHCHBHOCTeli BellHKK - 15 H 10% COOTB8TCTBeHHO. llo9TOMY 

CIIIKBaHUe WKall HHTeHCKBHOCTeli MSII'KKX nepeXOAOB h V < 300 K9B C HHTeHCKBHOCTSIMJI JKeCT-

KHX nepeXOAOB hv> 800 K9B npOH3BOAHIIOCb Cll8AYIOWHM oopa3oM: npHHHMalloCb0 'ITO nepe-

XOA 100,1 K9B - 'IHCToro Tuna E2, J y (100,1 K9B) onpeAI'lnSUIOCb TaK1 'ITOObi K09<jl¢H-

11HeHTbi BHyTpeaaeli KOJIBepcna a 1 OblnH aaaoonee OnH3KH K TeopeTU'!eCKHM AIIH E2-

x) 
uepeXOAa • nouollHHT81lbHaH OWHOKa1 B03liHKBIOWaH 3a C'leT TaKoro uepec'!eTa 1 llpH onpe-

A8119HHR OTHOCHT91lbHbiX HHTeHCRBHOCTell MSII'KHX nepeXOAOB COCT8BIIH8T ., 6%. J1CTKHHaH 

norpeiiiHOCTb A R B lla CaMOM Aene oonbme: 
OCit _

2 
OCH 

A ~CH • 0,36 ±. 0,02 II B 
OCR 

(0,105 ±_ 0,010) .10 • llo9TOMY Mbl OTAa9M npa):IUO'!TeHJIQ oanaacy KHT9HCKBIIOCTell 

no BTopoMy cnocooy, B Taonane 8 A811W 3Ha'!9Hllll aoconiOTJIWX RliT9HCKBHOCTell nepeXOAOB 

Ta 
182 

.. w 182 
• norpeiiiHOCTb B HHT9HCH9HOCTHX onpegenella " npeAnonoJKeHKn, 'ITO 9TO 

E2-nepexoA. 

U2 U2 
5, Banaa~~~':~C:'!BliOCTell no ypOBIUIM W _ npu paCIIII.tl8 Ta 

Aaana3 {3 -nepeXO!lOB 

J1cn01Ib3YS! nony'leHHbie HaMR 3Ha'!eHDS! DHTeHCDBHOCTell nepeXOAOB B % Ha pacnaA 1 

MW COCTaBHIIK oananc ·1 RHT9HCHBROCTeil npDB9A9HHWil B TaOIIHII9 9. llorpaiUHOCTb 

cyMMW nnTeacnaliOCTeli nepexoAoB, npnxoAmnux aa nroooll ypoaeab a yxo):lmnax c aero, 

onpeAeneaa c y'leToM norpemaocTeil y'!aCTByromux nepe.xoAOB a norpeiUHocTeil MHOJKKTeneil 

nepec'!eTa A B • 
POT 

K 
poT 

Ha OCHOBaHKH npoBeAeHHoro oanaaca onpeAeneaw 9HeprRK K IIHT9HCHBHOCTK {3 -KOM

noH9HT ( Taon. 10) • nn!I CpaBH9HHII AaHbl 9KCnepDM9HTallbHWe 3Ha'!eHHH. 'BanaHCOBble' K 

axcnepaMenTanLHbte aaaqenag y!loaneTBOpnTellbHO cornacyroTCH AIIH ABYX nauoonee nnTen-

cnanwx {3 -KoMnOHeHT ( E = 524 K 439 K9B). nnS! JK9CTKHX KOMnOHeHT TO'!Hee npsr-
rP 

Mbie {3 -H3MepeHDH, nnS! MSII'KHX KOMIIOHeHT TO'IH9e AaHHW9 1 nony'!eHHWe no .oanancy: 

HenocpeACTBeHHOe pa31IOJKeHHe {3 -cneKT'pB, Ha KOMIIOH9HTbl HeOAH03Ha'IH01 TaK KaK Heii3-

BeCTHa ¢opMa KoMnoHeHT (pa31IOJKeHH8 Ha ¢epMR8BCKH8 KOMIIOH9HTbl npOD3BOAHIID naMIOHK 

/12/ /1/ 
K Ap. D naHK91lb D !lp, ) 1 a H3MepaHBH {3 -cneKTpOB B CoBnaA9HllB C raMMa-

/13/a /1 I 
ny'laMD (paOOTbi ) .II03BOIISIIOT ycTaHOBKTb HallK'IHe {3 -KOMIIOH8HT0 HO AaiOT 

HeO!lH03Ha'lHWe AaHHbie 00 BHTeHCKBHOCTHX1 TaK KaK BWA81IeHie raMMa-nepeXoAa He 03-

Ha'!aeT Bbl!l9119J!HSI {3 -KOMIIOHeHTbl1 DAymei! DM9HHO Ha TOT yp0B9Hb1 C KOToporo BAST 

raMMa-nep9XO!l 1 D cneKTp OnHTb npaXOADTCSI paCKIIBAWBaTb Ha KOMIIOH9HTWe {3 -KOMIIQ-

H9HTa E = 591 K9B BbiHBll9Ha TOilbKO no COBna!l8HHSIM ( {3 ) ( y 1100-1200) a pa-

rp /13/ 
ooTe Xanceaa n gp. ; yxa3aanaSI KHTeHCHBHOCTb nony'laHa npn BWA8118HDH ¢epMB9BCKOi! 

KoMnoH9HTbl no Tp8M TO'lKBM B oonaCTD 520-585 K9B, {3 -KOMIIOH8HTa 

x) J (lOO) = Je ( 100) • 2, 92 -10-
3 

y a 
e 

8 

E =565 K3B 
rp 

• 

111 
aaolllOAallaCb TOilbKO naansneM K Ap. npu pa31IO:lK8Hllll CYMMapaoro {3 -cnexTpa; ero 

He BliA91111 Xaacaa H APe B COBniUISHKHX ({3) ( y 1100-1200); B9pOHTH01 ee IIHT9HCKB-

HOCTb 3aBWI1IeHa K 1 B '!BCTHOCTH 1 ORa BKII10'189T B C9011 HHT8HCIIBHOCTb {3 -KOMIIOH9HTbl 

E - 591 K9B. {3 -KoMnOH8HT8 E a 624 K9B Hanoonee HHTSHCHBHa. Ee HBOIIIOAalln 
rp rp · 

BCe 9KCnepJIMeHTaTOpW1 HO HHTeHCHBHOCTH yKa3allll TOilbKO naiDI91lb H APe - no CyMMapHo-

MY {3 -Cil9KTpy 48 ±_ 8% pacnaAOB II XanCeH II AP• - no {3 - y - COBnBA9HIISIM 60±_9% 

pacnaAOB (rpaAyirpoaxa no HHTencnanocTHM npon3BOAHnaCL no K -nnHHSIM a yxa3aaawe 

pe3yllLTaTbl IIpHB9A9Hbl K C0Bp9M9HHWM 3Ha'leHBSIM HHT9HCHBHOCTeil KOHBapCHOHHbiX IIHHHil1 

'ITO He CHnhHO HX 113M8HDIIO). CymeCTBOBaHHe {3 -KOMnOileHTbl E • 482 K9B TpeoyeT . • rp 

AOnOIIHIIT91lbHWX AOK838T91l!'CTB, {3 -I<OMnOil9HTa E rp • 439 K9B HaOIIIOAallaCb naMIOHKOM 

K !lp. II nallH9118M H Ap. C Tax oil lKa BHT91lCHBHOCTblO 1 XaK 3TOrO Tpe6yeT oanaac. B 

001199 MSII'KBX I<OMUOH9HTaX1 CyMMapaasr HHT9HCHBHOCTb KOTOpbiX AOJilKHa COCTaBIISI'l'b 

(16 ±_ 8) % - (27 ±_ 2) %, CornaCHH H8Te llo naMIOHKY OCHOBHaH '!aCTb 9TOil BHT8HCKBHG-

CTB npaaaAIIQJKK T I<OMIIOH9HT9 E • 363 K9B1 IIO oanaacy - KOMUOH9HT9 E • 259 K9Be 
• rp . rp 

Pemeana A8llH Obi aa6niOA8HH!I COBnaAaHJili ({3) (y 179, 6) • llOKB MW C'IHT88M AaHHbi8 1 

uonyqeaable no 6anaacy, 6onee !lOCTotlepabiMB. 3na'!eaasr rpaHH'lHhlx aaepraa {3-J<oMno

aeaT B3 6anaaca HHTaHCHBHOCTeli TaJ<JKe onpeAeneabl TO'!aee, 'laM aa onhiTe, T.e. c TO'I

HOCTbiO ±. 3 K9Be (Pa3HOCTb Mace Ta 
182 

.. W 
182 

110 pa60Te Bananaesa· B !lp/
141 

H3B9CTHa 

C TO'IHOCTblO ±_3 K9B1 a 9HaprBB yposaei! - C TO'IHOCTblO ±_0,2 K9B). 

B noCIICAH9M CTOIIOII9 TaOIIDIIbl 10 AaHbl 3Ha'I9HB!I log ft • nnSI BC9X Mli!I'KKX KOM-

noaeaT 3HB'IaHB!I log ft > 7 1 T,e. see nepeXO!lbl !IBII!IIOTCH 3anpemeHHbiMH, nn!I lK9CTKKX 

KOMUOH9HT 3H8'19HHH Jogft> U. 

Ha pHc. 9 H306palKeHa cxeMa ypoaaeli W 182 
, B036yxmaeMbiX npa pacnaAe Ta 

182 

' 
Oxono Ka:l!{Aoro nepexoAa yxa3aHU 3Ha~eaag ero MYilbTnnollbaOCTH H aHTeacnsaocTa B % 

aa pacna!l. 

Bhlp&JKaeM ncxpeaaroro npa3HaTellbHOCTb A.r. Cepreeay 38 y'laCTBe B o6cyJKAeHHHX 

H o6paOOTK9 pe3yllLT8TOBe 

nnTepaTypa 

1. H .Daniel, J .Haefner, Th.Lorenz, O . ..W.B.SChult, U.Gruher. Nucl. Phys. 56, 147 (1964). 

2. W. F. Edwards, F. Boehm, 1. Rogers, E J. Seppi.Nucl. Phys., 63, 97 (1965). 

3. 0 .W .B. Schult, U. Gruher.Preprint Laboratory for Technical Physics, 

Munich ( 1965), • 

4. a.n. BHTMaa, H.A. Bonaoaa, B.C. nJKenenoa. H!lepaag ¢n3HKa, 2, 3, 39, 3 .(1966). 

5. H. Ryde, Z,Sujkowsky.Arklv Fys.:!l, 289 (1961). 
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;1. . . I I I I I I -2. ! 42,7 I L-= . 53 t 7 - 53 t. ; 

4 ~±ro - ~±ro I 

I 
I 
i 
I 

300 ± 40 

250 ± 40 

34-0 ± 4o 

300 ± 40 

250 ± 40 

340 ± 40 

I 3. 65,7 

I 
4. 67,7 

5. 84,7 

6. 

Lr 

L£ 

l.r 
LI 
'-ii 

II 
Lr 
Lj' 

L;ii 

8I30 ± I800 

~ 7800 ± II60 

I830 ± 250 

~ 3220 ± 480 

680 ± 90 

4700 :!: 300 

490 ± 50 

3800 ± 200 

I280 ± 60 

ISGO ± 80 

Is40o ± 2ooo 

I900 ± I20 

750 ± 50 

540 ± 40 I 

i L.z + I300 :t 200 - I 

4700 ± 3oo 

490 ± 50 

3800 ± 200 

I280 ± 60 

I585 ± ISO 

I5400 ± 2000 

I900 ± I20 i 

75o±5o; 

560 ±~_J 
I 

Io30o ± 6oo I 
I30Q :!: 200 I 

I3300 ± 500 

IOO,I T K ~ - I0300 ± 600 -1 
I Lii I5200 - 2000 13300 ± 500 - I 

+--------tl ~=L=ii== I3250 ± I550 I2600 :t 500. - ! I2660 :!: II50 · : 

_l __ r-;~~-±·;;;0------;~0 ± ;;- - 3~~ ± ~;0--7. II3, 7 

L.r '~ 760 ± 60 - 760 ± 60 
-- I 715 ± 7Q l 

~
' Lff , 290±4o - 290±40 

L"7 65 ± I3 1 ISO ± 40 - I40 ± 30 

. , K I 240 t sslroo --· , - --=----- ----;40 ± s-s--

9. I46,<:: 

IO. I52,4 

4.-+'£ ! IS ----t-= 20 ! -. ~ 20 

K 

K 

L.£ 

LI 
L.ti" 

! 0 
- f -~;-----· --- --- -~-- -t 

630 ± 9 

} 98 ± IO 

I3,0 ± 4,4 

i 7oo±4o 

3 82 ± 5 

13 

L 5 

685 ± 70 

85 ± 8 
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~-. 30 t 4 
L.r 
Lr 
Lii 

K I720 t I30 

~ 7IS t 4 
LI 
I. I 
L;i 82 t IO 
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!:I__ R I02 t I6 
L;; t 

L;; 54 :!: 7 
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33S t 30 

~ 3! t 3 

I720 t 90 

~ 309±20 

7S t s 

233 t IS 

~ 85 t 3 

4S t 3 
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I 
·----·-·~·--k- --~---

K 

7 

339 t 30 

~ .3! :!: 3 

!720 ± IIO 

I} 2IS ± IO 

76 t 8 

232 :!: I6 

~ 8S:!: I2 

' 48:!: 6 
1-

\ 269 t I8 l 244 t IS I 
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26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 1 

38. I 
! 

SHeprlla 
nepexo,11a 

xa:s 

2 

892,4 

928,4 

%0,1 

100<!,4 

I044,8 

II1_3,6 

II2I,6 

II57,8 

II89,3 

!221,2 

123I,4 

I257 ,8 

1274,I 

I289,5 

1342,7 

I374,2 

!387 ,8 

I4II 

I437,2 

1453,5 

I608,5 

6) _ 06Jiacn aHeprH!! CJouce 850 xa:s 

ACJCOJIDTI!Ue IIH~eHCH:sHOCTII, % 

~ : , ; 
• : ..JIC+L +.. .. . , ":::J nepexo,11a : 
3 • 4 5 • 

0,1 0,00024 t 0,00006 ""' 0,1 
0,64 ± O,IO 0,0028 t 0,0002 o,64 ± o,ro 
0,35 t 0,09 0,0032 t 0,0002 0,35 t 0,09 
2,0 ± 0,1 0,0082 ± 0,0001. 2,0 t 0,1 

0,44 t 0,07 0,0010 ± 0,0002 0,44 t 0,07 
0,04 ± 0,02 0,00012 t o,oooo6 0,04 t 0,02 
36,7±2,4 0,!22 ± 0,007 . 36,8 ± 2,4 
1,!. + 0,4 0,0052 ± 0,0004 1,1 t 0,4 

16,25 t 0,55 • 0,070 t 0,005 . !6,3 ± 0,6 
28,3 i 2,2 0,080 t 0,004 28,4 ± 2,2 
!0,6 ± I,!il 0,032 t 0,002 10,6 ± 1,9 
1,40 ± O~II 0,0038 t 0,0007 1,40 t O,II 
0,66 ± 0,1! 0,0018 t 0,0001 0,66 t O,II 
1,35 ± 0,07 0,017 t 0,002 1,37 t 0,07 
0,24 t 0,03 0,00050 ± 0,00002· 0,24 ± 0,03 
0,22 t 0,03 0,00091 t 0,0000! 0,22 ± 0,03 

0,102 t 0,022 0,00030 t 0,00003 0,!02 t 0,022 
0,044 t 0,007 0,00007 ± 00004 0,044 ± 0,007 

L 0,001 0,00007 ± 0,00004 

I 
L. 0,007 

0,033 ± 0,003 0,00013 ± 0,00004 0,033 ± 0,003 
I L. 0,003 - \ L. 0,003-

I I 
! 

--

28 

• 

i 
I 

:Sanae Hneao~~:saocrell nepexo,lloB, conpo:so~illlltKX pacna,ll Tai82; 
116ll;ll)' :fPOBHilllll W I 

. . 

Ta6JI!!Ila 9. 

:Tpo:seHI> 1 ilpliXO,llliT na ypo:seaL ~ YXO.llliT c :fPOBHH 

I 2 

0CHOBH06 IOO,I c )'POBHH IOO, 09 K3B 65,0% 
COCTOHHI'!e !22!,8 C )'POBHH !221, 8 K3B 28,4~ 

1257,8 -"- !257,8 " !,4% 

!289,5 -"- !289,5 " 1,4)1\ 

!374,2 -"- !374,2 " 0,2% 
I4II,O -"- I4II,O " 0,04)1\ 

I437 -"- !435 " 0,01% 

II T 0 r 0: (96,4±3,6)% 

IOO,I K311 229,3 C :fPOBHll 329,4 K3B 3,9)1\ 

II2I,5 -"- I22I,8 " _36,8% 

II57,8 -"- !257,8 "· !,1% 

II89,3 -"- 1289,5 " I6,3% 

123!,4 -"- !331,5 " !0,6% 

I274,I -"- !374,2 " 0,66% 

I342, 7 -"- I443 " 0,24% 

!387,8 
_ .. _ 

!487,9 " O,IQ% 

!453,5 -"- !553,6 " 0,03% 
I 

II T 0 r 0: (69, 7±3,!)% 

329,4 K311 892,4 c )'POBHH I22I,6 K3B ~ O,I% 

928,4 -"- I257,8 " 0,64% 

960,! -"- !289,5 " 0,35% 

I002,! -"- I33I,5 " 2,0% 

1044,8 -"- !374,2 n 0,44% 

II T 0 r 0: (3,5 ±o,2) 
----- -·--- --~ --- --·--·--

I22!,8 'K3B 67,7 C )'POBHH I289,5 K3B 4B,i% 
!52,4 -"- !374,2 " 7,'1% 

II T 0 r 0: (56 t 3)% 

•3 3 

0% 

0% 

!00,! Ha OCHOBHOe COCTOIIBII6 65,(}% 

--
(65,0 ± 2,6)% -------

' 229,3 HB )'POB6HL !00,09 KSB 3,9% 

(3,9 t O,I)% 
~--· --------

892,4 H8 :fPOB6HL 329,36 lt3B O,I% 
II2I,5 -"- !00,09 xa:s 36,8% 
I22!,8 H8 oeHOBHOe COCTORHlle l8,4)1\ __ " _____ _ 

(65,3 t 3,2)% 
+------+---------------- ------------

!257,8 KSB 3!, 7 C )'POliHll 1289, 5 lt3B 
II6,4 -"- !374,2 n 

2,0% 
0,7% 

928,4 Ha )'POB6HL 329,36 KSJi 
II57 ,8 -"- !00,09 KSB 
I257 ,t! Ha· OCHOBH06 COCTORHII6 

0,64% 
I,I% 
1,40% 

I 
I 

l : 
-- t 

-----------------1 
1 J 11 T o r o: (2,"t±o,3)%! _.._, ___ _ t3,I ± 0,4)% 
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