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• Bsenes:11e 

Xopomo 113secTs:o o c ymecTsosan1111 
138

*Pr 

fi~no s~cxaaano npennono*e1111e o cymecTsosanall !Sonee xopOTxo*Bsymero cocTORHBR 

131 Pr ., /12/ • 
• B pauOTe fl&mo noxaaaao, 'ITO JtellcTBIITen&Ho IIM99TCR xopOTKO*BBymee 

COCTORHB9 lSI Pr C Tl/2 •1,5:t_0,15 MIIHyT. Pa3HOCTh Mace aToro COCTORHIIR ~ M =4480xaB, 

B pa60Te
19 1 

noxaaano, 'ITO Jtn R cocToRHBR 
138

*Pr c Tl/2 •2,2 qaca ~M •4800 xas 11 

aTo COCT0£11119 paCnOn0*9110 Ha 340 KaB B~me KOpOTKO*BByWero COCTOHHBR C 

Tl/2 •1,5:t_0,15 MIIHyT, noaTOMY M~ B 118nbllellmeM QyJleM C'IBTaTb COCTORHII9 IS'*Pr 

c T 1)"2 "' 2,2 qaca 1130Meps:~M. 

c Tl/2 • 130±..5 MHHYT flbln o!Saapy*eH CTose/
1 1 

xax npoJtyKT 

peaxn1111 14°Ce(p, 3n) 138*Pr • MeTonoM nornomea11R 6&mo noxaaaao, 'ITO nps: pacnane 

131"Pr B03HHxaeT {3+ -11anyqes:s:e c aaeprs:ell E rp • 1,4 Mas 11 y -ny'IH c aaeprs:ell 

160, 500 11 1300 KSS, 

Xaa~tnell u Oncoa
121 

nonseprans: floM6apJtapoaxe npOToaaMH c aaeprs:ell 9,5 M as 

MHmes:11, o6orames:H&Ie 
188

-ce 

c Tl/2 ·2 

np11 aTOM Ra6niDJtallaCb aKTHSHOCTb, npHHIICaHHaR 

'lac, Y -ny'lll c anepr11ell 300, 800 11 1050 Kas, MeHee 

IIHT9HCIISHbl9 Y -Jiy'lll C SHepriiRMB 1470 II 1700 KaS, a TaK*9 x -Jiy'lll B aHHHrllnR

IlBOHHOO H3Jiy'I&HIIe, B 6&ma onpe~teneaa rpaHB'IHSR aneprHR noa11Tpoaos E rp •1 ,4:t_O, 1 Mas, 

npRMOO Macc-CR9KTpOM9Tpii'19CK09 JIOJlTS9P* Jl9H119 cymeCTSOSaBHR 1130Tona 
138

*Pr 

6hlnO npoeenes:o naa!Su II Jlp/
3 1

• Ha CUIIHTBI11IRilHOHIIOM cneKTPOMeTpe na6niDnanBCb BHT9H-

CHBHble Y -Jiy'lll C 8Hepr11RMII 300:t_10, 800:t_10, 1040:t_20 KaS II M9H99 IIHT9HCIISHbl 9 

C aneprHHMH 160, 1295:t_15, 1590±..20 Kas, Ha MarHIITHOM f3 -cneKTpoMeTpe 6&InH o6na-

PY*9Hbl KOHsepCHOHHbl9 IIHHIIH nepeXOI10S C aHeprHHMH 300 :t_ 5, 800 :t_ 7 II 160 :t_ 2 KaS, 
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0r&OCR·relibRbl9 HKT9HCHBROCTH K -nBRBJ! COOTB9TCTBYIODlRX nepeXOilOB COCTaBnli!OT COOT

B9TCTB9HHO 100, 3 f 5, 3 f 5, Ha OCHOB8HRR OTHOW9HH>I HHTeHCHBHOCTeli KOHB9pCROHHbiX 

nBHHil nepexona 300 KSB K/(L + M) a 2.2±_0,1 eibtnO Bb1CK838HO npennonoJKeHHe, 'ITO STOT 

nepexon Tana E3. Onpeneneao TaK JKe OTRoweaae xk ; >..rr -4,5 ±. 1,2. 

141 ts~ ( _.ue 
Mopoaoa H Jlp, B peaym.TaTe perutnBB La P • 2DJ Ce soaeiynana aaoMepHbtll 

ypoBeHb 138 Ce C SHepi'H911 2140 KSB, KOTOpbtl! pacnanaeTCSI C BCnyCK8HH9M Y -nyqel! 

300±_10, 800:!:_10, 1040 ±_10 xss. nepaon nonypacnana a3oMepaoro yposa..: OKaaancS< paBHbtM 

9,2±_0,5 MC9K, 

MocKaTB 
151 

aayqan cosnaneHBS< aHHBrBnmaoHHbtX KB8HTOB c Y -ny'laMH ue*pr 

I130TOn 6btn nony'leH no peaKUH>IM (y ,3 o) H8 l4l Pr , 11 HTepnpeTBpyH SKCnepBM9H-

T8libHbl9 naHHble, aBTop
151 

nenaeT aaxniO'IeHBe o B03MOlKHOCTB f3+ -pacnano aa ypose&b 

1,86 Mas (,B'"S l7%,t:S ffi% ) • • 
/ 6/ 138• 

B pa6oTe nlKenenoBa B np . npennoJKeHa CX9M8 pacnana Pr t r.o,e BB9lt9Hbl 

ypOBHB 800, 1840 H 2140 KSB, 

17 I tee*p 
Bacaaa a np. B3MepS<nB cnexTp snexTpOHOB BHyTpeaaell xoasepcaa r 

C nOMODlb!O MBI'HBTHOI'O CU91tTpOM9Tpa, Y -ny'IE C nOMODlbiO CUBHTBnn>IUBORHOI'O y -

cn~KTpOM9Tpa, {J-y B y-y COBn81l9HB>I, 11CTO'IHBKOM CnylK&na cjlpaKUB>I npa3901lBM8, 

o6paayiOwa>IC>I npa o6ny'leHBB Ta Er 1b M&weaell npOTOH8MB c saepraell 660 Mas, 

113 SKCU9pBM9RT8nbHbiX p93YlibT8TOB no HHT9RCBBHOCT>IM KOHB9pCBOHHblX aneKTpOHOB R 

y -nyqell onpenene&bt MYnhTHnom.&oCTH Y -nepexonos c sHepi'HSIMH 303 x sa xax E3 

B 789 xsa xax E2 ana M1 ana cMeca E2 + M1. Onpeneneaa nonaa11 HRTeHCHBHOCTb xac-

xan&btX nepeXO.tlOB 303, 1040 H 789 ltSB, p8BR8SI (100±_10); (94±_8); 100 COOTB9TCTB9RHO, 

noxa3aRa nocne.tlOB8T9nbHOCTb pacnonOJK9RB>I STBX K8CK8.[lHbiX Y -nepeXO.tlOB H onpenene-

Hbl ltB8HTOBb19 XapaKTepHCTHKR ypOBHell 789, 1840 B 2140 KSB, p8BHbl9 2+, 4+, 7 

B9TCTB9HHO, 

fpOMOB B np/
8 1 

/8 / 
H3YH8nB y-y y rnoabie Koppenmaa npa pacnane 

131
*Pr 

COOT-

• nony-

'IeHHbie 8BT0p8MH SKCnepBM9HT8libHbl9 pe3ylibT8Tbl He npOTBBOp9'18T npBnBC8HHIO ypOB-

HIO 1840 KSB X8p8KT9pHCTHKH 4+, 

cf>ynaaoxa a np/
91 

npouonJKana aayqeuae pacnana tn•Pr • 11aOTon 6btn nony'lea 

npa o6ny'leHHB nepaesoll MHWe HB npOTOHBMH c saepraell 35 Msa no peaKUBH Ce(p, m) ue.Pr. 

11ayqeuae cneKTpa xouaepcaoHHbiX sneKTpouoa H noaaTpoaoa npoaasonanocb c noMODlbiO 

M8I'HBTHOI'O cneKTpOM9Tpa, 6btnB onpeneneHbl OTHOCBT9nbHbl9 BHT9HCHBHOCTB I<OHB9pCHOH-

HbiX n&HHH K-298±_2,0, K-788±_10 a K-1035±_1 0 Ksa, paaabte 33,2±_0,1: 1,0 a 0,53±_0,01 

COOTBeTCTB9HHo, B BHTeHCBBHOCTb noau'rpoaos c saepraell E rp =1 ,65±_0,02 M sa, KOTopaS< 

COCT8Bn>I9'Jl 23% 0T nonHOI'O 'IHCna p8CU8.[lOB, l13y'I9HB9 y -nyqeJI npOB3BO.[lHnOCb C IIOMODlbiO 

cnBHTHnn>~UBoHHoro cnexTpOMeTpa. BbtnB onpenene&bl nKTeHCHBHOCTB cnenyiOwax y -nyqell: 
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300, 400, 790, 1040, 1200 H 1830 KSB. Ha OCHOBe OUbiTOB no y-y COBIT8!1eHH51M 6 bin 

BBe!leH ypOB8Hb 2 121 KSB H•Upe!IUOIIOlKHTe1IbHO - ypOBeHb 2220 KSB. Yls :>TOrO lKe 0Ub!T8 

01rpeaeneaa aaTeacaaaocTb Y -nepexoaa c aaepraeli 550 K3B, KOTOpb< li ae 6 biii o6aapyJKea 

B OIIBHO'IHOM Y -cneKTpe. PesynbT8Tbl OUb!TOB DO y-y yrnOBblM KOppeD!lllH .RM IT03Bo-
+ 

DHDH yCT8HOBHTb KBBHTOBble XapaKTepBCTBKB ypOBH.R 1840 KSB KBK 4 • B p a60Te TaK~<e Hali-

!leHO OTHOW8HBe Kftr= 3,3;:!:_1,2 H UOIIC'IBT8Hbl 3H8'1eHB.R Jog fr liDS! ypoaaeli 2121 B 

2200 K3B 0 paBHb!e 5,7 B 6,5 COOTBeTCTB8HHO. 

K aa'lany aaweli pa60Tbi MOlKHO C'IHTaTb TBepao ycTaaoaneHHbiM, 'ITo 

1) UpB p8CD811e H30Mepaoro COCTOSUIB.R 
138

*Pr C B03MO>KHb!MH KB8HTOBb!MH X8p8K-

TepHCTBK8MB (6-, 7-, 8-) BMeeT M8CTO KACKBII! 789 - 1040 -- 303 KSB; 

2) Cpe!IB ypoBHeli I!ICe cywecTayeT asoMepabili ypoaea& c aaepr11e ii 2140 KaB 

a nepao,o.oM nonypacnaaa 9,2 :!:. 0,5 MeeK; 

3) aa6moaaeTC.R {3+ -pacnaa aa ypoaea& 2140 K3B (7-) c aaepraeli Erp1,65:t.0,02 Msa; 

4) CyWeCTByeT K8CK811 400 - 1040 - 800 K3B; 

5) Dp6!1DODaraeTC.R CYW9CTBOB8HH6 K8CK8118 550-1040-800 K3B. 

Uen&JO HBCTO.RWeli pa60Tbi 6hinO yTO'IHeaae aaeprHH H OTHOCHTen&Hbi X BHTe HCHBHOCTeii 

y-nyqefl B KOHBepCI!OHHb! X 311eKTpOHOB C DOMOWb !O y -cneKTpOMeT}J8 C Ge( Li) !leTeKTo-

pOM B {3 -cneKTporpa<jla C DOCTO!IHHblM OIIHOpOIIHbiM Mar HHTHb! M n on eM. B Haweii pa 6 oTe 

T8K>K8 H3Y'IADBCb TpOliHbie ( Y ) (511) (511) COBD8!1eHH51 111151 yCTAHOBDeHB51 ypOBHe ll , HA 

KOTOpbie HlleT {3+ -pacnaa. 

3KCnepHMeHT8DbH8ll '18CTb 

nony'leHHe HCTO'IHHK8 

nony'IAIIC51 KAK npo,o.yKT peaKUHH pacmenneHH51 npH 0 611y 'lei!HH Er 

npOTOHBMH c aaeprHeli 660 M as. 0611y'leHHe MBweaeli npoaonJKanocb aaa q ac a, n oc.•e 

qero nyTeM xpoMaTorpa<jlH'IecKoro pasaene HB51 pe!IKHX seMen& Bbi !Iei i 5IIIACb <jlp aKUH 51 npaseo-

IIBMa1131. <l>paKUH51 npaseoauMa coaepJKalla Clle!lyiOIUHe H30TODhi: 
138 

Pr c T J / 2c 1,0 •1ac, 
137 1 * 139 ( I ) 

ISSPr (Tl/2 = 22 MHH), Pr( Tl/2~l,5qaca ), 38 Pr(Tl/2~2 q a c a Pr 11.2 ~<1- , S •wca . 

Y1CTO'IHHKB liDS! {3 -cneKTporpa<jla H3rOTOBIISUIHCb MeTOIIOM 311eKTpOIIHTH'IeCKOro OCA ~<IIe i!H.R 

AKTBBHOCTH H8 DIIBTHHOBYIO HHTb /, = 0,1 MM/l
1 

/ 0 8 1111.1'1 Y - CneKTpOMeTpa - MeT OIIOM 

Bb!U8p11B8HB.R HA T'lBKYIO 81IIOMHBHeByiO <jlon&ry. 11CTO'IHHKH DOCTynallH 111151 H3Mep e HHH npH

M6pHO 'lepes 3 qaca noc11e KOHoa o611y'leHB51 MHweaa. 
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a) y -cn••TP 

I13M8p8HHH y -cn&KTJI8 B&JlRCb 88 Y -cn&KTJIOM&TJI& C nonynpOBOABRKOBbiM Ge(LI) 

neTeKTopoM xoaKca allbaoro TRna. 'iy BCTBHTellbablll o!S1.&M neTeKTopa !Sbm pasea 5 cM
8 

npa naaMeTpe r epMaa•eaoro r:pacTanna 20 MM, BbiCOT& 20 MM a Tonnurae APell(jla • 6 MM. 

P a3pemeaee cnexTpoMeTpa llOCTRrano · 4,5 K9B .aa JIRHJIR 
10 

Co c saepraell 1882 KaB. 

3n&KTpOHH8H annap&Ty pa, npHM&HR&MAH BM&CTe C A9T9KTOpOM 0 COCTOH11A R3 2048-xaH&JlbHD--

ro 8MDJIRTyAHOrO 8H8JlH38TOpa, yCBJlRT9JlH HB TpBH3RCTOp8X R MBJIOmyMmnero Dp9AYCRJIRT9JIH 

aa naMnax E810 F. 
U7 10 

Cs , Co 

1 151 
TO'IBOCTbiO 

nnH K8JIR6pOBKR ll&T&KTOpa UO 9HeprHHM npRM&HHJIRCb HCToqagKJI 
228 

Ra 0 B KOTOpbiX 9Hepraa y -uep&XOllOB 6biJlR B3M9p&!Ibl C 6oJlbmOll 

ToqiiocTb onpeneneaaH aaeprna Y -JIRIIRll B !Iamax onbiTax !Sblna He XYJK& 0,1%. 

ToqaLie 31JaqeiJHH a!Iepral! B nB3KosaepreTaqecxol! o!SnacTa Y -cn&KTJIA B3l1Tbl R3 IIAmJIX 

llBBHblX DO H3M&p&IIB!IM CU&KTp8 XOIIB&pCBOIIBblX 9Jl9KTpOHOB ue•Pr. 

0rHOCBT911bHbl9 9cjMjl9KTBBBOCTB perHCTpBURB Y -nyqell IIBiliBM ll&T&KTOpOM onpenen!I

JlHCb C UOMOIUbiO HCTOqHBKB 
228 

Ra R B 06Jl8CTR HB3KHX 9Heprall - C UOMOlllbiO lea Yb I 

y KOTOpblX OTHOCBT91lb!Ibl9 BHT&IICHBHOCTB Y -nepeXOllOB H3B9CT!Ibl C TOqiJOCTbiO, nyqmel! 

qeM 10%
115

•
161

• TaxaM o6pa30M, xaJIR6poaoqaaH xpasaH acjMjlexTaBHOCTR peracTpauaa Y -

nyqell o6ecneqaaana TOqaocTb onpeneneHaH aaTeacaaaocTell aaa!Sonee cal1bHbiX y -nyqel! 

nyqme 10%. 

C n&DhJO aneaTH~BKAURH no nepaony nonypacnana Y -nHHHl!, OTHOCSDllBXCH K pac-

nany U
8
*pr , !SbliiO CHHTO B&CKOJlbKO Cepal! qepe3 K8lKllbl9 llB8 qaca. Y-cneKTp, caB-

Thill B OABOA B3 cepali, noKa3AB aa pac. 1. Pe3yJlbTATbi onpeneneaaH nepaoAa nonypacna

ua• 
na llJlH aa6nJOAa&MbiX y -JIRaaA Pr npaseneabi aa pac. 2 • B cneKTpe yKa3aHbi Tollb-

xo Y -JIRHHB0 OTHOCSDllB&CH X pacnany 
138

*Pr 0 OCT8JlbHbl9 Y -JIBHHB MOryT OTHOCBTbC!I 

K pacnany I!ePr HJIB X paCUAAY llOqepHBX H30TOUOB Ce 0 KOTOpble !SynyT HBKBnnBBBTbCH 

npa pacnane H30TOnos Pr C MBCCOBblM qgCJIOM A- 184, 185, 187, 139. 

Pe3y11bT8Tbl onpenen&HBH 9H&prail R OTHOCBT&llbHblX BHT&HCBBHOCTell Y -JIBHIJll lai*Pr 

npaaeneahi B Ta6naue 1. 

Hama llBHHbl& DO BHT&HCBBHOCTHM Y -nyqel! B OCBOBHOM cornacyiOTCB C llBHHblMB 

pa6oTb/
9 1

• Pa3nnqae a aTeacasaocTell y -nepexona 390,6 x aa o(),gcaBeTcB TeM, qTo as To-

phi pa60Tb/
9 1

, BOOMOJKao, B3M&p>UUI cyMMapayJO HBTeacasaocTb y -nepexonos 354,2 a 

390,6 K9B. 

6) CneKTp xoaaepcaoaabiX anexTpoaoa 

11aMepeaae cneKTpa KOBBepcaoaabiX anexTpoaoa, B03HHK810!11BX npa pacnane npa3eo

llHMa , aenocb aa f3 -cneKTporpacpe c noi;:TOSIHHbiM onaoponauM MaraaTHbiM noneM 
1171

• 
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.llns perucTp8IUIH snexTpOHOB npBMBHMHCb cj>oTonnaCTBHXK Tana P-50. rpanyapoaxa cnexTpo

rpa(jla no saeprusN npoaonznaCb no xaaecrahiM xoaaepcxoaahiM nBHK!IM 
100 

Ho , saep

rns KOTophlx 6hlna onpeneneaa c TO'IHOCTbJO 0,02%
118

•
191

• noaToMy TO'IHOCTb onpeneneaas 

SHeprBH ltOBaepCHOHHhiX sneltTPOHOa, OTHOClUilKXCS I< pacnany 1 ss"'>r , 6bina a aamxx 

OObiT8X ny'l lliB 'IBM 0,1 %. YfaTeHCBaBOCTb KOHaepCKOHHbiX UBHHJ! onpenensmacb MBTOnOM 

(jlOTOMBTpKpOa8RBSl C Y'IBTOM aepTHK8nbHOl! paCXO)lBMOCTH sneKTpOHHOrO ny'IK8 a K8MBpe 

~-cnexTporpa(jla a snexTpouaol! qyaCTBBTBnbHOCTK (jlOTonnacTnaxa. Bonae nonpo6uo MeTon 

onpeneneRHK HHTeHCHaHOCTBJ! I<OBaBpCBOHHhiX nHHHJ! OnHC8H a pa60TB/
2
0/• YfccnenoaaHRSl 

aenacb nps paapelllaJOmel! cnoco6aocTH ~ -cnexTporpa(jla oxono 0,07% B nuanasoue snap-

rul! OT 20 no 1000 KSa. 

Ha (jlOTonnacTsaxe OT'IeTnuao aa6nJOnanuc& nsasu K L1 , L11, L111- 302,8 H 

K - 787,1 xsa. C nen&JO o6uapy>KBHHSI aa (jlOTonnaCTHHKe cna6hiX - 'neaHnHMhiX'-nuaali 

nony'laRHbie ¢oTonso6pa>KeHa!I ycunaaanac& npa noMoma MBTona panaoaxTaanoro ycuneRRSI, 
/2 1/ 

onucaaaoro a pa60Te rpoMoaa H np. • nuauu xouaepCROHRbiX snexTpouoa K-354,2 H 

K-390,6 6hlna o6aapy>KeHhi nocne npuMeneauSI MeTona ycunennSI. nocne ycuneuag Mbi cTanu 

TaK>Ke aa6n10naTb ausyanbHO nuna10 K-546,2, ao npa tjJOToMeTPupoaauua .ne o6uapy>Kuna pesxo 

abipa>Keauoro aan tjJonoM nuxa a palloae ABHaa K-546,2 xsa. 

npanaC8HHB nHHHll ltOHaepCHOHHblX snexTpOHOa, OTHOC!IWHXC!I K pacnany lSB*pr 

npoaonanocb no TO'IHOMY coananeHBJO s ueprna Y -nepexonoa, onpeneneHHbiX no K una 

K u L KORBepCHOHHbiM nHRHSIN H3 CD9KTp8 KORB9pCBOHHbJX 9 neKTpOHOB, C 3HeprH51MH 

y -nepexonoa, onpeneneuHbiX naMa as Y -cnexTpa, nn11 XOTOpbiX T 

KpoMe sToro, nng npanacaHBII nunna K-390,6 xsa x pacnany 
13

s.Pr , 

3yn&T8Tbl pa60Thl/
9

/ no ( Y - Y ) COananeHBIIM. 

1/2 = 2,2 qaca. 

KCll01lh30B 8Hbl pe-

HaMB 6hmH onpeneneHbi una (a cnyqae xorna RHTBRCHaHOCTB nansll 6bmo onpenenuTb 

38TpyAHKTBnbHO) OD:BR9Hhl aepXJiae npenenhi UHTBRCBaHOCTH KOBaepCBOHHbiX 1IBHHll, npunu

C8HHbiX X pacnany 
138

*pr • PesynbT8Thl onpeneneHHSl 9Heprsa H OTHOCHTBnbHbiX HHTBHCaa

HOCTei! xonaepcaoHHhiX nBHB il npnaeneHbi a Ta6nune I. Hallin naaHbie no HHTeHCnanocTH xon

aepcaonHhiX nasal! Be npoTuaope'laT naHHbiM pa60Th/
91

• Pasna'lue a saepri!HX o6'LHCB!I

eTCH TBM, 'ITO a pa60TB/g/ 9BepriiH KOBaepCHOBHbiX 1IBHHli onpenenHnBCb C 60nbllJOI1 no-

rpelliHOCTb!O. 

a) MynbTunon&uocTa Y -nepexonoa 

,llnu onpeneneHHII Myn&THnOn&HOCTBII HBICOTOpblX Y -nepexonoa H8MH 6binH HCnOnb-

aoaanhi naHHbie Ta6nunhi I H TeopeTH'IBCKHB 3H8'1BHBH xos¢¢unxeuToa auyTpeunell xouaep-

CHH na K - H L -nono6onoqxax, npuaeneHHhiX a pa6oTe
1221

• MynbTHnonbHOCTb Y -nepe-

xona C 3Heprseli 302,8 Ksa OnpeneneH8 TIO OTHOiliBHHIO HHTBRCI!aHOCTei! nHHHi! KOHaepCHOH-

HhiX anet<Tpouoa aa L -nono6onoqxax. L -cTpyxTypa sToro nepexona, xax aunHo us 
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p11c. 3, xopomo paapemaeTCa. Mym.TIIDonbltOCTh sToro nepeXoJUI onpeueneu OJUIOBKa'IIIO 

xax nepexou TIID8 E3. nna onpeuen&IIIIH MYIIbTHnonbBOCTeA upyriiX Y -nepexouoa IIHTee-

CRBIIOCTR Y -ny'leli R KOHB&pCHOHHbiX aneKTpOHOB npii&&AQHb! K OAIIWIXOBb!M 9Ja!IH.It8N DO 

xoa~an&&HTY aayTpelllleA xoaaepcaa unR nepexoua c aaepraeA 302,8 xaa. llpa &TOM Teope

TR'Iecxoe 3118'1&Hae xoa~anaeJITa aayTpeaaeA xoaaepcaa y -nepexoua c aaepraeA 302,8K&a 
/22/ 

a LfYIIbTanom.aOCTe Tans E3 np1111IITO pa&llb!N ak -<>,13 • 3To noaaonano onpeuenen. 

9KCD8pRM911TaJIJa.Hoe 388'1911119 K09#Hn&911T8 BJIYTP9HII9li KOHB&pcRH NIH OCTAIIbHbiX Y -nepe

XOAOB c aaeprHeli 854,2 ; 390,6 ; 546,2 ; 787.,1 xas. !Jpe cpaaHeiiRII artcnepeM&HTSIIbllb!X 

pe3ynhT8TOB C Te0p9TH'I9CXHMH 3H8'19HRKMK K09~RUR9HTOB BayTp&HHeli XORB&pCIIH ~b!nO 

onpeueneao, 'ITO MYIIbTanom.aocTa Y-nepexouoa 854,2 e 390,6 x&B""!'Kna E1, Ey -548,2-

Tana E1 ana E2 11 MYnhTanom.aocn. nepexoua 787,1 KSB - Tans E2. 

Peaym.TaTb! onpeuenessa MYnhTRDonbROCT&A npii&OAKTCR B Ta6nsne 2. 

r)~+-y coanaueaas 

{3+ -y COBDAA&HRB npOBOUKlUICb Ha yCTSIIOBXe ~b!CTpC>-M&IVI&KIIbiX TpOlillbiX CO!lllaue-

HHli. PeracTpanas Y -113nY'IeHIIli npoaaBouanacb Tp&MB xpKCTannaMK H •J ( Tt) paaMe-

peMII (100x100), (100x100) II (40x40) MN
2

• C DOMOmbJO ABYX XPRCTannoa Naj('Jt..) 
2 0 

pa3MepaMB (100 x 100) n (100 x 100) •MM , pacnonoJKeHHblx nou yrnoM 180 upyr x upyry, 

B&ruen~~necb 11 perHCTpapoaanacb ~OTODHKK aHHaranKnHoaaoro H3ny'leaas. TpeTIIli xpaCTa~ 

pacnonoJKeHH&rl!: nou yrnoM 90° x OCTaiibBb!M ABYM xpiiCTennaM, perac'l•papoaan Y -cneKTp 

OT Q .[10 1400 X9B, J13M9p9HIIH npOBOAIIIlliCb CI19AYIOlllHN O~p830III: BHS"lane B3M9pSUICB CD8J[Tp 

HCTHHHbiX + Cny"l&lillbiX COBD8A9BRli • . 3eTeM0 nocne &&9U911RB 38A9plKXR B ~OXO&b!Q J[SIIAJibl , 

R3Mepsnca cnexTp cny'laliBhlx coanauesal!:. nocne aaeueaas nonpaaxa 118 ~epaou noaypac~ 

AS .[11111 CDQKTpa Cny'ISJ!:Rb!X COBDAU&IIIIJ!: 011 &bl"'BT811CK R3 nepaoro CD&KTpa. llocme rpa~B

'19CKOrO pa3nOJK9BRH B nony"l&HHOM CD9KTp9 RCTRBIIb!X CO&DSA&IIBA ~blllll O~llapylK&IIbl Y -

ny'la c aaepr 11eA 802,8; 390,6; 548,2: 787,1; 1038;5 xes • ~onee cna~s, aeBAeiiTB~na-

pOBSHIISR 

aa pac. 4. 

y -naaag c saeprael!: 480 xaa, Y -cn~KTp TpolillbiX coanauea11A npaaeuea 

8 T8~11Hil9 3 npHB9A9Rbl OTIIOCHT9nhHbl9 IIHTeHCRBHUCTII Y -ny"leA C &Heprael!: 302,8; 

390,6; 548,2; 787,1 R 1038,5 lt9B 0 ll811A&HHbl9 B OARHO'IHOM Y -<:D&KTpe R a CD9KTpQ 

~ + -y COBDS.[l9HRII. 

llOHBI19HR9 B CD9XTp9 TpOIIHblX COBD8A9BRII Y -nasal!: c ssepraell 302,8 Jtaa ~aaa-

ao ocymecTaneaaJO coanaueaell y -nepexoua 302,8 xaa c Y -ny"laMB KOMDTOIIoacxoro 

pacnpeueneHHK OT Y -nep&XOAOB C 911&prH&li 787,1 II 1038,5 lt&B, HAXOARlllBMBCK B pallOR& 

Bhl:teneaaoro aRHBrananaoaaoro naxa. lloHBneiiRe B cneKTpe Tpolla&tx coBnaueul!: Y .CnaiiRA 

390,6 B 546,2 K9B He MOlK&T 6b1Tb Oi5'bKCH9HO 38 C"leT ocyureeTBn&HRR K8Cit8AIIb!X COBD8-

A9HRli 390,6 - 1038,5 - 787,1 II 546 - 1038,5 - 787,1 It9B, TSX KSK npB 9TOM AOillKHO 

6b!Tb 
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\s+- -yl sto .e 1r no. e 

-:-1-({3-+:-_-Y_l_S_O ~-.-,-- • ly so 2. t- ' 

1((3 -y) 1541.2 

1((3 -yl 302.1 

ly 141.2 

ly S02.8 

H8 C8MOM lK9 Ilene 9TH OTHOlli9HH>I B CI19ITpe cosnaAeHHll DOIIbllle npHMepao B 

II>ITb pa3, '19M B OllHHO'lHOM Y -cneiTpe. Aaana3 HHTeHCHBHOCTell Y -nepeXOAOB C 9Hep-

raell 390,6; 546,2; 787,1 H 1038,5 ][9 8 1 HBllAOHHhiX H3 C119ITp8 TpOliHbi X COBI18AeHHll 1 no

K83biB8eT, 'ITO llOn>KHbl cymeCTBOB8Tb ypOBHII 1825,6 + 390,6 = 2216,2 K9B H 1825,6+546,2= 

-2371,8 It9B 1 aa KOTOpbie npOIICXOAIIT {3+ -pacna11. Bbi'lac neHHbie rpaHH'lHbie s aeprHH f3 +-

IOMilOHeHT1 HAYlliHX HS ypOBHH 2216,2 H 2371,8 K9B, paBHhl E rp = 1,56 H E rp =1 ,4 1 MsB 

COOTBeTCTBOHHO. 

Ot5cyJKAeHHe. CxeMa pacna11a IH*Pr 

npennoJKeHIIS!I CXeMa pacnaAa ISB*Pr npeACTaBneaa Ha pRe. 5 . KaK ObinO 110K838-

"o B Pat50Tax/B-8 / ' KSCKBAHbie Y -nepeXO"bi 302 8· 1038 5 B 781 I K9B orrpe" enruoT nono-~ . . . . ~ 

lK9HII9 ypOBHell 787,1 ; 1825,6; 2128,4 K9B. no H3MepeHH!IM Y -cneKTpa, cneKTpa KOHBep-

CBOHHbiX sneKTpOHOB H yrnOBhiX Y - Y -Koppen!!llllli DblnO YCTBHOBneao, 'ITO ypoBHH 

1825,6 H 2128 14I9B IIM9IOT KB8HTOBbi9 xapaKTepHCTIIKH 4+ II 7- COOTBeTCTBeHHO 
16 -=9 1

• B pa

OOTe ~YA3110K8 II Ap./
9

/ RB OCROBe HBDniDAeHH !I COBIIBAeHB!I Y -nepeXOAB C 9Keprnell 

400 KSB c y -ny'laMH 787,1 H 1038,5 KSB Obin BBeAeR yposeHb 2200 KSB. Ot5aapyJKeHKbill 

R8MH Y -nepeXOil C 9Hepraell 390,6 K9 B B CIIeKTpe TpOliRbiX COB118AeHBli IIOATBep JKil89T 
X 

CYlli9CTBOB8RIIe 9TOrO ypOBH!I H n03son!leT yTO'lRHTb ero saeprHID E
70 

=2216,2 KsB. 

AaanorH'lRbiM ot5pa30M KBMH BBeAeH yposeHb E;P = :1371,8 KSB, KOTOpbi ll Dbin BBeAeR 

a pat50Te
19 1 

npeAnono>KaTenbao. 

B cneiTpe KOHBepcaoHHbiX sneKTpOROB a y - ny'lell HSMH OORBpylKeR y -nepexoA 

C 9Hepraell 354,2 K9B 1 KOTOpbill Mbl OTReCnll K pacnaAy 
13

'*Pr • 3TOT n epeXOA Re Ha-

OniOABeTC!I B CllBKTpe TpOliRbiX COB118AeHHll, TBKHM 00p830M 1 MOJKHO 38KniD'lHTb 1 'ITO 9TOT 

nepBXOil HlleT H8 ypOB9Hb, pacnonO>K9HHb!ll Bblllle ypOBHSI 1825,6 K9B,HnH BAeT C 9TOrO 

ypoBHSI. EcnH ssecTK yposeHb 1825,6 -354,2 ~ 1371,4 KSB, TO AOn>KeH ot5SI3aTenhHO cyme

CTBOBaTb y -nepeXOil C 9Reprnell 584,2 K9B, HAYlliRll H8 ypOB91ib 787,1 K9B. npn 9TOM 

HRTeHCHBHOCTh sToro nepexo11a, HMeromero nrot5oll THn MynhTHnonbHOCTH (o-r E 1 110 E3), 

AOnJKRa obiTb pasaoll BHTeHCHBROCTH y -nepeXOAa 354,2. TaKoll nepexoA He aat5nroAaeTcSI. 

Tai<HM ot5pa3oM, acxnro'laeTCH B03MOlKHOCTb aaeAeHHSI ypoaaSI 1825,6-354,2 = 1371,4 KSB. 

OcTaeTC!I eAHHCTBeRHBSI B03MOJKHOCTb BBeAeRBSI ypoBRSI c saepraell 2128,4 + 354,2= 2482,6 KSB. 

Banaac nonHbiX HRTeHCBBKOCTell, onpeAeneaRbiX c TO'lKOCThro, ny'llllell 'leM 10%, ae npOTaso

pe'lBT TOMy, 'ITO Y -nepeXOil C 9Kepraell 354,2 K9B HAST C ypOBH!! 2482,6 K9B H8 H30Mep-

9 



Bblll ypOB8Bb C :aHeprueA 2128,4 K3B, TattBM o15pa30M 1 BBOABTCSI HOBbiA ypoBeHb C 3Hepruell 

2482,6 K3B, 

nnH onpe~ten&HHSI KBaHTOBbiX xapaKT&pBCTHK B0315ylKAeHBbiX ypOBHell He06XOABMO 3HaTb 

log fr npu fJ -pacnaAe Ha STU ypOBHB, nona K -3aXBaTOB B fJ -pacnaAOB Ha COOTBST-

CTBYIOIIlBS ypOBBB B npOUSBTaX Ra pacnaA H 3Ha'leHHSI log fr npaseueHbi B Ta6naue 4. 

Haw a A a HBble conocTa»neRhi c AaBRbiMB paiSOTb/
9 1

• 

nnH ypOBHSI 2216,2 K3B no 3Ha'leHHSIM log fr a MYnbTBnOnbHOCTH nepexoua 390,6 K3B-

-E1 B03MOlKBbiMR xsaHTOBbiMH xapattTepacTaKaMB 15yuyT 3-, 4-, 5-. PaccMoTpHM 3TH B03-

MO>KHOCTB. 

npH KBaHTOBbiX XapaKTepHCTBKaX 3 H 4- pacna11 Ha ypOBSHb 2216,2 K3B 6yueT no 

Kpai!:Bel!: Mepe IIBalKilbl 3anpemeB1 TaK KaK B pa60Te/
9

/ yCTaHOBJISR01 'ITO HaHMeHbWBll B03-

MOlKHblll CUHH H30M8pHOrO COCTOSIHHH 
1 38*Pr RBnReTCH 6-. Onpeueneanoe HaMs 3Haqeaae 

log fr• 6, 7 CHnbHO oTnH'IaeTCH OT TeopeTa'leCKoro 3Ra'leHBH log fr• 13 una nepe-

XOAa sToporo nopSIIltta 3anpemeaRR 
1231 

, 3To noosoneno HaM HCKniO'IBTb KBaHTOBbie xapaK

TepHCTBKR 3- R 4- H npRnRCaTb eMY 3Ha'leH&e 5-, npe KBaHTOBblX xapaKTepHCTHKaX 5- AnH 

3TOrO ypOBHSI 3ttCnepHMeHTanbBOe 3Ha'leHHe log fr• 6,7 xopowo cornacyeTcR c TeopeTH-

'ISCKBM 3Ra'leHHeM log fr>6 unR -3anpemeaaoro nepexoAa. 

YcTaHosneaable HaMH KBaHTOBbie xapaKTepuCTHKB ypOBRR 2216,2 K3B I- 5- Tpe-

6yiOT OAR03Ha'IROrO Bbl60pa KBaHTOBbiX XapaKT&pHCTBK UnH B30MepHOrO COCTOSIHHH 
13

'*Pr 

CnRH 3TOro COCTOHHHSI 6yueT I = a- . EcnR uonycTHTb 6onee BblCOKHA cnBH, TO pacnau 

Ha yposeBb E' 
yp 

2216,2 K3B C I = 5- 6yUeT UBalKUbl 3anpeweH1 'ITO npOTHBOpe'IHT HaWBM 

SKCnepUMSRTanbHblM pe3ynbTaTaM, 

AaanorH'IRbiM o6pa30M ycTaHaBnRBaeM, 'ITO B03MOlKHblMH KBaHTOBbiMH xapaKTepHCTHKa

MH ypOBHSI C 3HeprueA 2371,8 K3B 6yuyT I = 5 1 6+. 3T01 B OCHOBHOM 1 cneuyeT H3 MynbTB

nonbROCTB nepexoua c :aaeprHe A 546,2 K3B, onpeueneaaoro KaK E1 HnR E2. 

HaM& TaKlKe ycTaHosneHbi KBaHTOBbie xapaKTepacTHKH unH ypoBHR 2482,6 K:aB. MynbTH-
+ + + 

nonbHOCTb nepexoua 354,2 K3B - E 1 n03BOnHeT npanacaTb 3TOMY cocTOHHHIO I • 6 , 7 ,8 , 

Onpeueneaaoe HaMH 3Ha'leaae log fr = 6,6 !_0,2 xopowo cornacyeTCH c TeopeTH'IeCKHMH 3Ha-
/23/ + 

'leHHSIMB logfr = 7 !_ 1 AnSI OIIHOKpaTHO 3anpeweHHOrO nepexoua 1 TO eCTb I • 8 
X 

unR yposHH E = 2482,6 K3B HCKniO'IaeTCH, TaKHM o6pa30M1 B03MOlKHbiMH KBaHTOBbiMB 
yp X + + 

xapaKTepacTaKaMH unR ypoBHR E = 2482,6 x:as MoryT 6hiTb 6 HnR 7 • 3TH xapaKTepu-
/24/ yp 

CTBKB s Mouena o6onoqex MoryT aaATH cneuyiOwee o6'bacaeaae: 

I) YposeHb Ex = 2482,6 K3B >!BnHeTCH npoTOHHbiM usyxqacTH'IHbiM coCTORHHeM, R 
yp 

ero KBaHTOBbie XapaKTepBCTHKH CBH3aHbl C pa3pb1BOM npOTOHHOI!: napbl B COCTOSIHHS g 7 /2 

H nepeXOIIOM OIIHOrO npOTOHa B COCTOSIHRe d 5 /2 , TO eCTb npH 3TOM BblUOnHSieTCSI KOH<jl&ry-

pan a 11 I p 
1 

( g 7/ 2), p 
2 

( d !V2) l ECITII OTUaTb npeUUO'ITSHHe 3TOll KOH<jlHrypaUBH 1 TO HaBBbiCWRll 
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B03M0lt<Bblll CllHH 9TOrO ypOBHB 6 +. 3TO ll03BOJIReT BCitniO'lHTb 

E" 2482,6 K9B. 
YP 

2) YpoeeRh EX ~ 2482,6 K9B RBnReTCSI BeliTpOHBblM liBYX'l8CTH'lHblM COCTOHHReM yp 

H ero KB8HT0Bble X8p8KTepRCTHitH CBSI38Hbl C p83phlBOM HefiTpOHHOll ll8pbl B COCTOSIHHH ( 7/2 

B nep9XO!IOM O!IROro HBHTposa B COCTOHBHB h 11/2, To eCTb BbmonaReTcs KOHcpsrypausR 
X f n 1 (f7/2), n 

2
(h ll'2ll nps aTOM pacnaa sa ypoeeab E a 2482,6 K9B O!IHOKp8THO 

yp 
aanpemea. Ecns OTliBTb npeano'lTBHBe aToll KOHcpsrypauss, TO scKnJO'lRTb KBaHTOBYJO xapaK

TepBCTHKY 7+ Mbl HB MOlKBM, He HCMIO'IBHO, 'ITO HB CaMOM Ilene COCTOSIHHB C aseprsell 

2482,8 KaB eCTb CMeCb aTRX KOHcpBrypanall. 

3 a x n 10 'l e a H e 

TaxsM o6paaoM, a peaynbTBTe sawsx accneaoaaasll ycTaaoaneso, 'ITO nps pacnaae 

B30M9pROro COCTOSIBBSI c T 1/2 • 2,2 'laca eoa6ylK!IaiOTCH ypOBHB 2216,2; 
- + + + 2371,8 H 2482,6 KaB C ltBaHTOehlMH XapaltT9pBCTHitaMH 5 

0 
5 HnH 6 , 6 HnB 7 COOTeeT-

CTBBBBO, To'lROCTb onpeaeneRBB nonoJKeBHR ypoeaell no aseprsRM se xyJKe 0,1 %. YcTasoa

neao, 'ITO 1xpoMe R3BBCTROII fJ+ -xoMnoseHThl c rpaaaqsoll aseprsell E rp = 1,65:!:_0,02 Mae 

npa pacnane I!B*Pr , cymBCTeyJOT liBB {J+ -ltOMllORBBThl C rpaHII'lHOll aseprsell 

Erp~ 1,56 II Erp 1,41 Mae, RllYlllRB BB ypOBHB 2216,2 H 2371,8 xae COOTBeTCTBeHHO, 

Haw• peaynbT8Thl noaeonmoT 34MIO'lHTb, 'ITO KBBHTOBbiMB xapaxTepsCTHK8MR R30Mepsoro 

COCTOSIRBB 

B aaxniO'lBRRB aeTOphl BbtpaJKaiOT rny6oKyiO 6naronapHOCTb r. T. Anbtnoey, T. EaaRKa, 

npsRRMaBwHM y'laCTBe B R3y'leBRII pacnana 

B.r. KanasBBioey aa noneasbte nscKyccss. 

11 
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T ... t5 II. ll. 1 

3aepraa B OTBOC&Tem.awe BBTe.BCUBOCTa KOBBepcBOBHWX Jl&BBA & Y -n)''llel, 

npaaaMeJKB.m;ax • pacnanr 
1 
••Pr 

HaD MJIBWe .Jtaaawe pa!lorw /9/ 

Ey Odo- I, ly I, Ey Odo- 1• 1 ybrs. 
J 10'1• ors. ••· ora.eJt. ora. eJt ItO 10'1- OU.IJt11Jt• JtiB 

It& It& 

K IO<lj:20 K 33.2,±0,1 

I 002.8;t 
Lt 6.0,tl,2 83,t8 97,t9 298;t20 ~7.t6 ,tO,S 
La II,O,t2,2 ~LM 2,12,±0,8 

4n 5,6,±1,1 

2. 354.~ o, 7,t0,35 4,Q:0,4 4,0,±0,. - - - -,±0,3 K 

s. ~.0.6.± K ~0,7 5,2,t0, 5 5,2,t0,5 400 - - 9,t2 
,6 

~. 546.2.t <0,46 5,5,±0,5 5,5,tO, 5 550 - - 5 ,±0,5 K 

5. 787.1+ S,4,t0, 7 100 100 788;tl0 I,O 100 ,t0,8 - K K 

6. 1038. 5.± - - 100,±10 100_t10 035;t10 K ), 53 ,tO, 01 98+ 
.t1.0 . I .t'f" 

7. - - - - . I2QO - - ~0,9 

B. - - - ~ " 1830 - - 064+ t< ,I 
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