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faMMa-H3ny'!eHHe 
69 

Ge ( T ) 
I = 38,8 'laC aeTanbHO 6b!n0 H3y'leHO 

1 2 / 1/ 3 
B 1965 r. TeMrrepnH C COTpyAHHKaMH Ha D.eTeKTOpe 06beMOM "' 0,5 CM • 

0HH YTO'IHHnH :3HeprHH rrepeXOD.OB, 06Hapy>KeHHbiX C IlOMOWbiO CllHHTHnnsr

/2/ 
llHOHHO~ TeXHHKH H HamnH 8 HOBhlX y - nHHHH Mano~ HHTeHCHBHOCTH 

( HHTeHCHBHOCTH :3THX cna6biX nHHH~ 6binH orrpeD.eneHbl C 6onbWHMH rrorpem-

• HOCTS!MH - 30-50%). Ha OCHOBaHHH YTO'IHeHHbiX 3Ha'!eHH~ :3HeprHH rrepexo-

119 
AOB H pe3ynbTaTOB H3MepeHHSI y- y - COBilaD.eHHH B Ge 1 BbiilOnHeHHbJX 

/1/ 
HA C UHHTHnnSIUHOHHOM CileKTOOMeToe COBilaDeHHH. 8BT00bl oa60Tbl rroen-

C9 Ge no>KHnH cxeMy pacrraD.a , B KOTopoA pa3MemaJOTCSI see rrepexoD.w, 

KpOMe Ll.BYX C :3HeprHSIMH 1485 H 1727 K:3B. 3TH nHHHH OHH Ha6nJOD.8nH B 

H3MepeHHSIX TOnbKO C ODHHM HCTO'IHHKOM H OTHeCnH HX 38 C'leT rtpHMeCeH. 

/ 1/ 
TeMrrepnH H D.p. He o6Hapy>KHnH y - nHHHH c aHeprHSIMH 260, 300 H 

420 K:3B., KOTOpbie 6b!nH 3aMe'leHbl paHee lliBepD.cjJerepOM H D.p. Ha CllHHTHn-

121 
RSIUHOHHOM CileKTOOMeTOe 

a~ 

Mbi H3MepHnH crreKTP Y- nyqeA Ge Ha D.BYX D.eTeKTopax c 'IYBCT-

3 3 
BHTeRbHbiMH 06beM8MH ""5 CM H ., 12 CM 1 KOTOPbie B :3 THX H3MepeHHSIX 

eo 
AaBaRH Ha y - RHHHH Co 1332 K:3B rronymHpHHY RHHHH 5 K:3B • .Llnsr pe-

rHCTpaUHH crreKTpOB HCI10Rb30B8RCSI 4096 - KaHaRbHhlH aMrtRHTyLJ.HhlH aHa-

RH3a TOO flH <l> OYI HYI. 

B Ka'leCTBe HCTO'IHHK8 HCI10nb30Banacb CMeCb H30TOI10B repM8HHSI1 

BbiLJ.enSIBlllaSICSI H3 HTTpHeBOH HRH repMaHHeBOH MHllleHeH, o6ny'leHHbiX 6biCT

pblMH rrpoToHaMH E P = 660 M:3B). BbiD.eneHH e H3 o6eHx MHllleHeA rrpoH3-

3 



BOUHnOCb OTT'OHKOH neTy~ero TeTpaxnopH~a repM8HHR H3 KOHUeHT pHpOB8H

HhlX COnRHOKHCnhlX paCTBOpOB. B cny~ae repMBHHeBOH MHWeHH OTT'OHKa wna 

rrapannenb HO C paCTBOpeHHeM MHWeHH B uapCKOH BOUKe. 

YI3MepeHHR cneKTpa y - ny~eA 
89 

G~ n poBoaHnHCb cnyC T R 3 0-35 ~a-

COB nocne o6ny~eHHH; K STOMY BpeMeHH KOpOTKO)KHBYWHe H30TOIThl repMa-

&8 ( 87 
HHH Ce TJ!

2 
= 2 , 4 ~aca) H Ce ( T J!

2
= 19 MHH.) nonHoCTbiO pac-

rraaanHcb. ITpeaBapHTenbHO repMBHHeBaR !jlpaKUHR O~Hwanacb OT HBKOITHB

weroCH ao~epHero rennHR. PacTBOP cMeCH H30TOITOB rannHR H repMaHHR 

B 3n HCl qmnbTpOBancg ~epe3 pacnpeaenHTenhHo-xpoMaTorpa¢H~ecKyiO KO

noHKY H3 ITOpHCTOT'O !jJToponnacTa - 4 C TpH6yTHn¢oc~aTOM B Ka~eCTBe He

ITOUBH)KHOH !jla3bl. fannHH 38Uep)KHBancg B KOnOHKe , a O~HWeHHbiH repMBHHH 

OK83biBancg B qmnbTpaTe. 

CneKTP raMMa-ny~eA 
&9 

Ge 6hln H3y~eH HBMH Ha o6oHX aeTeKTopax 

BITnOTb AO 9HeprHH 220 0 KSB. Ha PHCyHKBX 1-4 rrpeacTaBneH c n eK T p y-

ny~eA 89 Ge , CHHTbiH Ha 6onbWOM aeTeKTope , c qmnbTpoM 4MM Al H 

C HCTO~HHKOM, nony~eHHbiM BbiUeneHHeM H3 Ge MHWeHH crryC T H 35 ~BCOB 

rrocne oonv~eHHR (HaKonHBWHHCR ao~ePHHA rannHA vaaneH). Pe3ynbTBTbi 
/1/ 

HBWHX H3MepeHHH H CpBBHeHHe HX C UBHHblMH TeMnepnH H ap. npHBe-

U9Hbl B TaOnHue. 

Mbi o6Hapy)I<HnH BCe 
Ill 

y - nHHHH, 38Me~eHHbie B paOOTe • ilnR pH-

aa cna6hlX nHHHH - 533, 587, 762 H 1891 KSB yTO~HeHhl HHTeHCHBHOCTH~ 

noroeWHOCTH B HX onpeaeneHHH COCTaBnSIIOT Tenepb 10-15%. 
eg 

B cneKTpe y - ny~eA Ge OT~eTnHBO npOHBHnHCb nHHHH C SHep-

f'HHMH 1486 H 1724 KSB, KOTOPhie T PYAHO OTHeCTH 38 C~eT npHMeceA; HX 

HHTeHCHBHOCTH no OTHOWeHHIO K OCTBnbHbiM nHHHHM e9
Ge OCTBIOTCH He-

H3MeHHbiMH BO BCeX H3MepeHHSIX cneKT pa 

UHH. BhlUeneHHOH KBK H3 y TBK H H3 

y - ny~eH repMBHHeBOH dJpaK

Ge MHWeHeA. n HHHH C SHep-

f'HHMH 260 H 3 00 KSB H8MH He OOHapy)KeHbl . EcnH OHH H e CTb , T O HX HH-

T €HCHBHOCTH < 0,047 H < 0 , 039% pacnaaoB COOT BeT C TBe H H Oo 

4 

06cy JK,aenHe pe3ynbT8TOB 

B cneKTpe y - ny~eA repMaHHR, o~HmeHHoro OT 

He ObJnO OOHapy)KeHO HHKBKHX y - nHHHH 38MeTHOA HH 

pbie MO)KHO obmo obi OTHeCTH 38 c~eT npHMeceA. TaKH!v. 

nRUHOHHbiA ITHK 511 KSB ITOnHOCTblO OoycnoaneH IT03HTJ 

IT03BOnHnO ·HBM onpeaenHTb HHTeHCHBHOCTH y - ny~1 

Tax pacnaaoa. ITony~eHHbie ABHHbie npHaeaeHbi B nocnen 

Ubi. 

Ha p Hc.5 npeacTaaneHa yTO~HeHHBH cxeMa B030Y)I<Jl' 

0Ha B OCHOBHOM cornacyeTCR CO CXeMoA, npeanO)KeHHO 

/1/ 
n v n'-'Ult'A"AU' 

Pe3ynbT8Tbl HBWHX H3MepeHHA IT03BOnRIOT BBeCTH 

C SHeprHRMH 2044 H 1486 KSB. 0 cyweCTBOBBHHH B03! 

2044 K 9 B CBHAeTenbCTByeT Y- nHHHH C T B KOA SHeprHe~ 

ro ypOBHR B cxeMe pacnaaa 
89Ge pa3MewalOTC s 

1470 KSB. BBeaeHHe YPOBHSI 1486 K S B IT03 BOnReT p 8 3ME 

peXOUbl 1486 H 912 K SB. 

Yl 3 B H OBb OOHapy)KeHHbl X n e peXOAOB B CXe Me p83 M 

pexoabi 1019, 1150 H 1450 K9B. He y KnaabiBBlO TC R B n 

p acnaaa 
89 

Ge nepexoabi c sHeprH HMH 1402 H 146 0 1 

a ng n e p eXOU OB HB B Ce Y P OBHH 
09 

Ge 6bmH Bbi~HcneHbi 
6an a HCB HHTe HCHBHOCTeA ang 9 THX Y P OBHeA; s n eKT POHHbl 

cg no dJo pMyn a M anH p a 3peweHHbiX n e p e x o aoB. B pa6oT t 

py)Ke H bl ABe rpynnbl n03HTPOHOB C rpaHH~H biMH SHepr F. 

H 6 20-700 K S B H HHTeHCHBHOCT SIM H 93-95% H 7-5% COO' 

CXeMe 9 TH Pe3YnbT8 T bl He nPOTHBOPe~aT. CoBnaaeHH H y 

14 1 
)' ( 320) {3 Y KB3 blBBnH HB cyJ H y (237) {3 H 

r p y nn n 03HTpOHOB, HO HHTeHCHBHOC T H S THX r p y nn O~eE 

py)KHBanHCb npH p a3nO)KeHHH c n eKTpa no MeToay ~epM 

5 



06cyJKJ1eHHe pe3ynbT8TOB 

B cneKTpe y - nyqeA repMaHH9, oqHweHHoro oT noqepHero rannHg, 

He 6binO 06Hapy}KeHO HHK8KHX y - nHHHH 38MeTHOH HHTeHCHBHOCTH, KOTQ

pb!e MO}KHO 6bmo 6bi OTHeCTH Ga cqeT npHMeceA. TaKHM o6pa3oM aHHHrHn

nsruHOHHbiA nHK 511 KSB nonHOCTblO o6ycnoaneH no3HTpOH8MH 119Ge. 3TO 

noGaonHno -HaM onpenenHTb HHTeHCHBHOCTH y - nyqeA 
111 

Ge a npoueH

Tax pacnanoa. nonyqeHHbie naHHbie npHBeAeHbi B nocnenHeA KonoHKe Ta6nH-

Ubi. 

Ha pHc.5 npencTaaneHa yToqHeHHag cxeMa B036Y*AeHHbiX ypoaHeA 
119

Ge. 

0Ha B OCHOBHOM cornacyeTcg CO CXeMOH, npeAnO}KeHHOH TeMnepnH C COT-

/1/ 
nVni-JUYA~AU' 

Pe3ynbT8Tbl H8WHX H3MepeHHH n03BOn9IOT BBeCTH AB8 HOBb!X ypOBH9 

C SHeprH9MH 2044 H 1486 KSB. 0 cyweCTBOB8HHH B036y}KA8eMOrO ypOBHg 

2044 K S B CBHAeTenbCTBYeT y- nHHH9 C T8KOH 3HeprHeA. C BBeAeHHeM 3 TQ

ro ypoBH9 B cxeMe pacnana 
119Ge pa3MewaiOTcg nepeXOAbi 1724 H 

1470 KSB. BaeAeHHe YPOBH9 1486 K 3 B n03BongeT pa3MeCTHTb B CXeMe ne

peXOAhl 1486 H 912 KSB. 

J.13 BHOBb 06Hapy}KeHHb!X nepeXOAOB B CXeMe pa3MeW810TC9 T8K}Ke ne

peXOAbl 1019, 1150 H 1450 KSB. He yKn8Ab!B8IOTCg B npeAnO}KeHHyiO C XeMy 

pacnana 
119 Ge nepeXOAbi c sHeprH9MH 1402 H 1460 KSB. BenHqHHb i logft 

Ang n e p e XOAOB Ha BCe YPOBHH 

6 anaHC8 HHTeHCHBHOCTeH AnSI 3TH X y pOBHeH; s neKTPOHHb!H 38XB8T y qHTb!Ba n-

/3,4 / 
C SI n o d>opMynaM nng pa3peweHHbiX nepexonoa. B pa6oTax 6hinH o 6 H a -

PY*eHbi tlBe rpynnbi n03HTpOHOB C rpaHHqHb!MH SHeprH9MH 1200-1220 K 3 B 

H 620-700 K3B H HHTeHCHBHOCT9MH 93-95% H 7-5% COOTBeTCTBeHHO. HaweH 

cxeMe s TH Pe3YnhT8Thi He nPOTHsopeqaT. Cosna n e HH9 v (878} - B (170-300} 

H y (237) f3 H y (320) f3 141 yKa3hlaanH Ha cywecTaoaaHHe npyrHx 

rpynn n03HTpOHOB, HO HHTeHCHBHOCTH STHX rpynn oqeHb MBnbi H He 06Ha

py}KHB8nHCb npH pa3nO}KeHHH CneKTpa no MeTOAY ~epMH. 

5 



l 

Ill 
Y- y- COBITa.QeHHSI HaWeH CXeMe He npOTHBOpe"iaT, flpHITH C8HHe 

89 
CITHHOB H qeTHOCTeH ypOBHSIM Ga 38Tpy.QHHTenbHO, T8K K8K .QO CHX nop 

He H3y"ieHbl HH cneKTp KOHBepCHOHHbiX sneKTpOHOB, HH yrnOBbie KOppensrUHH. 

flo MO.QenH 060nO"ieK C:ITHHbl H qeTHOCTH OCHOBHblX COCTOSIHHH 89 Ga H 
89 -

Ge nomKHbi 6 biTb 312 H 512 COOTBeTCTBeHHO. BenH"iHHa CITHHa OCHOB-

HOI'O COCTOSIHHSI 
8Ga 312-

15/ . 
ITO.QTBep~.QeHa 3KCnepHMeHTanb HO • 0 

89 
KB8HTOBbiX XapaKTepHCTHK8X B036y~.QeHHbiX COCTOSIHHH Ga MO~Ho cae-

naTb 3aKniO"ieHHSI, OITHpaSICb Ha BenH"iHHbl log ft • 3Ha"ieHHSI logft ansr 

nepeXO.QOB Ha BCe COCTOSIHHSI (sa HCKniO"ieHHeM COCTOSIHHSI 320 K3B) ne~aT 

- . "iTO CBH.QeTenbCTByeT 0 pa3peWeHHOM XapaKTepe B HHTepsane 5,4 H l:j,4, 

3THX neoeXO.QOB. 0TCIO.Q8 
89 

MO~HO 3aKniO"iHTb, "iTO CITHHbl H "ieTHOCTH YITOMSI-

HYTbiX YDOBHeH Ga OI'08HH"iHB810TCSI 3H8"ieHHSIMH 3/2-, 5/2-, 7/2-. 
ffll 

ToT $aKT, "iTO nepexon 320 K3B saMe"ieR npH KynoHOBCKOM sos6y~neHHH , 

o6osHa"iaeT , "iTO 3TOT nepexon nH6o THna E2, nH6o E2 + ~1 H, cnenosa

TenbHo, cnHH H qeTHOCTb ypoBHSI 320 K3B ne~aT Me~ny 112- H 712-. Cy

nsr no 6anaHCY HHTeHCHBHOCTeH nnsr ypOBHSI 320 K3B (oH B npenenax TO"i-

HOCTH H8WHX H3MepeHHH nonHOCTblO c6anaHCHpOBaH ITO npHXO.QRWHM H yxo

+ nSIIIIHM c Hero y - nepexonaM), f3 - pacnan Ra 3TOT yposeRb ecnH H 

H.QeT, TO C He3H8"iHTenbHOH HRTeHCHBHOCTblO, H logft TaKoro nepexona 

.QOn~eH 6hiTb 6onbWHM (npH HHTeHCHBHOCTH .., 0,20% pacnanos log ft 6hm 

6hl >. 8). 0TCIO.Q8 MO~HO cnenaTb BblBO.Q, "iTO CITHH H "ieTHOCTb ypoBHSI 

320 K3 B0 BepOSITHee BCef'O, 1 12-. 
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Pac.l, CneKTp y- ny'leA 

11
Ge, CH!ITbiA aa aeTeKTope •12 CM3 

BhiJJ.ene HHhiM H3 repMSHHeBOA MHWeRH cnyCTSI 35 'ISCOB fl() 

(HaKOOHBWHAC!I llO'IepHHA rannaA yaane a). 
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6 . L.W.Fagg, E .H.Geer , E .A.Wo licki. P hys.Rev., 104, 1073 ( 1956). 

PyK On HCb nocTy nKna e H3aaTe nhC KH A oTaen 
8 ¢es pan H 1968 roaa . 

......... 

PHc.l. Cne~t.Tp y- nyqeA 
11

Ge, CHSITbiA ua .neTeKTope •12 CM3 c H C T O 'IHHKOM, 

Bbl.neneHHbiM H3 repMBHHeBOA MHWeHH CDYCTH 35 '18COB nocne o6ny'l e HHH 

(HaKODHBWHACH AOqepHHA r a nnHA yaa ne H). 
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Ge , CHSIThi li ua lleT eKTope • 12 cM3 c HCTO"'HHKOM, 

Bbl)leneHHbiM H3 repM8HHeBOli MHWeHH c nyCTSI 35 "18COB nocne o6ny"!eHHSI 

(HaKOITHBWHliCSI llO"'epHHli rannHli YllBneH) . 
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PHc .3. CneKTp y - nyqel\ 
69 

Ge , CHHTblll Ha neTeKTOpe 12 CM3 

Bbl!leneHHblM H3 repMBHHeBOI\ MHWe HH cnyC TH 35 1.JBCOB fi( 

(H8KOITHBillHHCH JlO'IepHHll rannHll ynaneH) . 
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69 

Ge , C HHTbill Ha n e TeKTope 12 C M3 c HCTO'IHHKOM, 

BbiJleneHHbiM H3 repM8HH9BO" MHWeHH c n yCTSI 35 1.{8COB nocne o6nyl.feHH51 

(HaKOITHBWHfiCH JlO'IepHHfi rannHfi ynaneH) . 
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3 HeprHH H HH Te HCHBH OC TH y - ny'!eA 
.. 

Ge 

TewnepnH H AP· I965r. /I/ HawH A8HH!i e 
Ey KSB Jy Ey KSB Jy J (% pacnaAOB) 

)' --

I. 237.±2 I.I.±O.I 235.±I I. 4.±0 .2 0.38.±0.05 
2. 320.±2 ~.8.±0.3 320.±1 5 . 5j;0.6 I.5.±0.2 
3. - - 419.±2 0 ,32.±0.09 0. 09.:t0.03 
4. SII 269 srr 270.±!5 72.:t4 
5. 532.±1 o. 9.±0.3 533.±1 0.85.:t0 . 07 0.23.±0 .02 
6. 553.±1 2.0.±0.2 552,±1 2.5.±0.2 0.67.±0.05 
7. 573.±0.5 44.6_±0.3 574±1 44.4.±2 II.9_±0.5 
8. 587±1 o. 7.±0. 3 587.±1 I.O.±O.I 0.27j;0.03 
9. 763.±2 0.6.±0.3 762.±1 0.84.:t0.08 0.23.±0.02 
IO. 788.±2 1.3.±0.3 787.±1 I.3.±0.I 0.35_±0.04 
II. 871.8.±0.5 35.2.:t0.3 872.±1 37 .3.:!:2 9. 9.:t0. 5 
12. - - 912.±2 0.17,±0.09 0.05.±0.03 
I3. - - rOI9.±2 o.r6.±0.05 0.04.±0.0I 
14. I052.±2 I.I.±O.I I OS I.± I r.4.±0• I 0.38.±0.03 
IS. II07. 2.±0. s roo · II07.±I roo 26.8.±1.0 
I6. - - II50.±2 O.II_±0.02 0.029.±0.006 
I7. I206.:t2 0.9.:tO.I I205.±I I.II.±O.OS 0.30.:t0.02 
I8. H35.:ti II.0.±0.8 1335.±1 II. 7.±0.5 3.1.±0.1 
r9. 1349.±2 0.8.:t0.I I349.±I I.I.±O.r 0.29.:!;0.03 
20. - - 1402:!:2 0.067.:t0.04 0.018.±0.0II 
21. - - 14-50.±2 O.IO.:t0.03 0.027.±0.009 
22. - - I460.±2 0.043.:!;0.02 O.OI2.:t0.006 
23 . - - I470.±2 0.040_±0.02 0. OII,:!:O. 006 
24. (I485) o.s I486.±I 0.27.±0.03 0.072.±0.007 
25. I525.:t2 O. S.±O.I I525,:!:I 0.60.±0.03 o. I6.±0.0I 
26 . I576.±2 O. S.±O.I I57I.±I 0 .57.±0.03 O.IS.±O.OI 
27. (1727) 0 ~3 I724.±I.5 O.I4.±0. 03 0.037.±0.008 
28. ! 893.±2 0.7.:tO.I I89I,:!:O.I 1.04,±0.05 0.28.±0.0I 
29 . I9U.±2 0.22.:!:0.03 I923,:!:I 0.33.±0.04 0.09.:!;0.01 
30. 2023.±2 o. 9.±0• I 2023.:ti I.33.±0.06 0.36.±0.02 
3I . - - 2044.:!:2 0 .054.:t0.008 O.OI4.±0.002 
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