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I, B B e g e H II e 

Pacnan panHoaKTHBHOro nsoTona Er
161 

6brn nccnenoaaH a pa6oTax
11

-
211

• Xaunneli 

n Oncou
11 1 

nepBbiMH o6napy)I{IIHH 3, 6- qacoayro sp6neayro aKTHBHOCTb, KOTopall HBPMY c 

npyrnMII nponyKTaMn aosnnKana npn o6ny"<IeHnn npoToHaMn c sHeprnel! 24 Maa oKncn npn

ponnoro sp6nll. AaTopbi npnnncann aTy aKTHBHOCTb IISOTony Er
161 

, KOTOpbil! aosnnKan 

B peaKunn Er
162 

(p,pn) Hnn B peaKUHH Er
162

(p,2n) KaK no"<IepHllH aKTHBHOCTb KOpOTKo-
161 

)I{Haymero nsoTona Tu 

TipaBHHbHOCTb UpHUHC8HHH M8CCOBOrO 'IHCH8 6h!n8 liOI1TB8p)I{U8H8 B M8CCU8KTpOCKOliH-
/2/ 161 

'I8CKHX H3MepeHHllX MHT"<Iena II TeMnneToua • nepnou nonypacnana Er • onpeueneH-
/10 17/ 

llblli B 9TOli pa6oTe, COCT8BHHH 3, 5 'II3Ca, Tio 6onee TO'IHbiM U8HHbiM nuenpOBCKOrO II np, ·~' 

nnH nepnona nonypacnaua cnenyeT npHHHTb sHa"<IeHne (11,16:t_0,36) KCeK ((3,1:t_0,1) qaca). 

161 
B paHHHX pa6oTax B y -cneKTpe Er 6hrnH nocToaepHo o6uapy)l{eHbi nnmh Han6onee 

IIHT8HCHBHb18 y -liHKII c sneprHHMH: - 0,2; 0,824 H 1,12 Msa. nnenpoBCKl!i! ll Koneco/
51 

npn H3Y'I8lll!H KOHBepCHOHHb!X 9H8KTpOHOB liOI\TBepnnnn H8nii'IH8 nepeXOUOB 211 H 826 K9B 

npn pacnane 
/11 I 

ua n np. 

161 161 
Er B nanbneiimeM y -cneKTp Er B pa60T8X nanxcype-

II rpeuqa II Eapcoua
1141

• Han6onee liOHHbie caenenl!H 0 y -ny"<Iax nony"<IeHbl 

B pa6oTe
1141

, 0"<I8llb CHO>Kllblli y -cneKTP 
161 

Er 6brn pasno"'eu na oTnenbHbie nnKn 

npn ncnonbsoaaunn pesynbTaTOB nsy"<IennH y -·y -coarraneHnl!. CaenennH o y -rrepexonax 

Er
161 

• nonyqeUHb!e B pa6oTe rpenqa ll Eapcr>ua
1141

, Mbl npl!BOUHM B Ta6nnue 1. 
161 

KouaepcnonHbie aneKTPOHhi, corrpoao"'naromne pacnan Er , nsyqanncb B pMe 

pa6oT
15

• 
7

-
10

•
12

•
13

• 15-
211

• PesynbTaTbi uan6onee nonHbiX nccnenoaaunli ·raK)I{e npnao

UHTCH B Ta6nnue 1, 

B y -crreKTpe Er
161 

ue 6hrno o6napy"'eno saMeTnoro auunrnnHUHOHHoro rrnKa, 

noaTOMY XannneeM n OnconoM
11

• 
31 

nenanocb saKniO•Ienne, 'ITO pacnan Er 
161 

-> Ho 
161 

ocymecTBHHeTCH rnannhiM o6pasoM nyTeM aaxaaTa op61ITanbHbiX sneKTpouoa, OnnaKo 

B pa6oTe HepanKa n Cn6opra
141 

coo6manocb, 'ITO rronyqeHnaH ns peaKunn Ta + P ap6ne

Ball <!JpaKUHll ncrrycKaeT rrosnTponbi c rpann"<Inoli aueprneii ( 1, 2 :t_O, 1) Maa, nMeromne nepnon 

nonypacrrana o"<Ienb 6nnsKnli rrepnony nonypacnana Er 
161 

• B To apeMH unqero ue 6brno naae-

CTHO o cymecTaoaaunn nsoTona Er
158 

( T \-) =9 KCeK). KaK noKasauo B pa6oTe Eon"<I-

OcMonoacKol! n np. 
1221

, na6nronaalllnecH B pa6oTe
141 

nosnTpoubi o6Sisanbi caonM rrponcxo-

"'nenneM nsoTorry Er 
158 

n ero noqepneMy nsoTony Ho 
158 

( T 1> -· 1,62 KCeK), 

3 



II • y Cl!OBHSI onbiT8 

.JI_pJ:l..nJl!li'X.. Hayqenne <jlpaKunn :ap6nn, nbrnenennol! xpoMaTorpa<jln'leCKii na cMecn 

penKo3eMel!hHbiX :aneMenTon-nponyKTOB peaKunn Ta +:p (EP =660 M:an), aaTpynnSieTCSI TeM, 
Erial n EriM 

'ITO <jlpaKUiiSI conep~nT naa naoTona c 6nnaKnMn nepnonaMn nonypacnana 

B nawel! paooTe npenapaToM cny~nn :ap6nl!, abrneneHHbill xpoMaTorpa<jlnqecKn na Tynne

noll <jlpaKunn qepea 2, 5-3,0 qaca nocne Bhrxona nocnennel! c KOl!OHKii. MnweHh TBHTana 

a nawnx onbrTaX o6nyqanacb, KBK npaanno, 2 qaca. <PpaKUiiSI Tynnn BbiXonnna npnonnanTenh-

no qepea 2 qaca nocne Konua o6nyqennn. 

llpn o6nyqennn TBHTana npoTonaMH c :aneprnel! 660 M:aa 
B peaKUHii 

rnyooKoro pacmennennSI nosnnKaiOT nel!Tponone,PnunTHbie 
naoTOTibi Tynnn c Maceo-

BbiMii qncnaMn A =-161 -168 • llpn nx pacuane o6paayiOTCSI cnenyiOmne pannoaKTHBHbie nao-

165 ) 163 161 
TOnbl :aponSI: Er ( T ~ = 36 KC8K , Er ( T ~ =4, 5 KCCK), Er ( T ~ =11, 16 KCCK) 

161 
n nc'lepnnl! pannoaKTHBHbill nsoTon Ho ( T ~ = 9 KCeK). KpoMe :aTnX aKTnanocTell B 

npenapaTe ne nCKl!IO'leno npncyTcTnne TynneBbiX n30TOUOB B Bnne ne6onbwnx npnMecell. 

JJ£P~O~~· noanTponnoe nany'lenne :aponenoro npenapaTa nccnenoaanoch naMn na Mar-
/23/ 

HHTHOM ~ -CUCKTpOMCTpe C TpeXKpBTHOH <jloKyCnpOBKOH ny'IKB • llpnMCH8HH8 TaKoro 

npnoopa n03BOl!SI8T HaOliiOnaTb Mal!OliHTCHCliBHblH ~ -pacnan I!Jl8p, nocKOllbKY npnoop oona-

naeT O'l8Hh HH3KliM <jlonoM. CneKTP KOnnepcnoHHbiX :aneKTponon Er 
161 

obm nccnenonan 

na nnyx MarHHTHbiX ~ -cneKTpoMeTpax. B oonaCTii :aneprllll no 1200 K3B KOHBCpCHOHHbl8 

:aneKTpOHbi H3y'lanHCh na ~ -cneKTpoMeTpe c unollnol! <jloKycHponKoll ny'!Ka na yron rr.[2
124

( 

llpn6opnoe paapewenne :aToro ~ -cneKTpoMeTpa B nawnx OUbiTax OblllO oT 0, 2 no 0, 35%. 

npnMCHCHil8 MCTOUB ll)lCpHOrO p030HaHCa U03BOl!SiliO onpenemtTb :aneprllll 3li8KTpOHOB C XO

powel! TO'lHOCTb!O ( ne xy>Ke 0, 1%). OonacTh cneKTpa KOHBepcnoHHbiX aneKTpoaon BbiWe 

1150 K9B nayqanacb HaMil aa ~ -cneKTpoMeTpe c TpexKpaTnoll <jloKycHpOBKOll ny'!Ka. Eonh

wnnCTBO nsMepeHHll na aTOM cneKTpoMeTpe obmo Bbmonneno npn paapewennn 1%. 

Ill PeaynhTBThi OUhiTOB 

+ 161 
f 

llpn nccneuonannn ~ -cneKTpa npenapaTa ap6HSI, Bblnenen-
1. jl _ _:£U~K!J'-~ __ 

noro na <jlpaKUHH Tu , Ohinll aaMe'leHbl nosHTpOHhi, KOTOpbie no rpanH'lHOll aneprnn n nepllo-
166 

uy nonypaanaua cneuyeT oTnecTn K pacnauy Tu , npHcyTcTByromero B npenapaTe KaK 
166 

aarpnanenne. nocne Bbi'IHTBHIISI no3HTpOHHOrO cneKTpa Tu • !l3MCpSIBWCrOCSI HBM!l panee 

a 'IHCTOM anue1251 , ocTaeTCSI cneKTP noanTpOHOB, H306pa~eHHhill na pnc. 1. OuenKa nepno-

ua nonypacnaua UliSI 9TH X n03HTpOHOB noKa3biBBCT, 'ITO 7, 2 KCCK ::S, T ~ ;:S 18 KCCKo fpa-

Hil'!HaSI aaeprHSI uaanoro nosHTponaoro cneKTpa panna (820;!:_40) K9B (pnc. 2). PaccMo-

Tpeune nMeiOIUIIXCR cneneHnit o cneKTpax no3nTpOHOB n3oTorron Er n Tu 
IT03BOn£eT HCKniO-

4 

li 
l 
fi 

' 

~UTb B03M0)KHQCTb IIpHIIHCBHIHI 06Hapy>KOHHbiX 1103HTpOHOB n1060My H30TOIIy 8TH X aneMeHTOB t 

161 
KpOMe Er 

Ebino cnenaHO cpasueHne HHTeHCHBHOCTefi II03HTpOHOB Er 
161 

H K -KoanepcHonnol! 

mmHn y -nepexoua hv =827 K9Bo 0TUOlll9HU9 !IX IIHTCHCHBHOCTel! paBHO 0, 04 ;!:_0, 01. 

Y nepexoua hv =827 K<>B nanecTaa MYllhTnrronhHOCTh - MI. AnanHa onyonHKOBaHHbiX 

/11, 14/ 
B l!HTepaType naHHhiX n03BOliSICT yTBep~UBTb, 'ITO rrepeXOU 827 K9B (BKli!O'l8SI KOH

nepcniO) coaepwaeTcSI B (60;!:..10)% cnyqaea pacnaaa 
Er 161 l1crron&ayg nepeqncnennhie 

cflaKThi, Mhi rroncqnTanH qncno rro3nTpouoa 
161 

Er I~+ = na onnn aKT pacnaua: 
16 I 

=(0,017;!:_0,007)%. 3aaqeane lgft JlJHI II0311TpOHOB Er B 8TOM cnyqae OK83biB89T-

CSI paBHblM (7,4;!:_0,3). nng nepHona nonypacnaua ObinO B3SITO 3Ha'leHne (1!,16;!:_0,36) KCCK 

ll3 paOOTbl nnerrpOBCKOrO H up. /!O/• 

161 161 
HH~e o6cy~naeTCSI M8CTO noanTponoa B cxeMe pacnaua Er .. Ho 

2. _c_!I~.!>..UL.!i.O.!!.!~.'.lP£.H..QI,lli~X-"1Je.JS!PQl!Q!3,_ npn nccneuonaHHl! Konaepcnonnoro crreKTpa 
161 

Er Mbl CTBBHTIH nepen COOOH 3BUB'IY OOHapy~eHUSI KOHB8pCHOHHbiX lll!HHH OT TeX y -rrepe+

XOUOB, KOTOpble HaoniOuam!Cb fpeH'lCM II EapconoM
1141

• noaTOMY Obinll l!3M8p0Hbl TO yqacT

Kl! CITCKTpa, rae ITO UBHHblM paoOTb/
141 MO~HO 6binO 0)Kll,U8Tb JHIHIHI 38M9THOfi HHT9HCHBHO

CrreKTp aneKTponon B HHTepaane aneprHl! oT 1160 no 1700 K<>B 6bm CHSIT nenpep&mno. CTH. 

npn HneHTHqlHI<:Blllll! I<:OHBCpCHOHHbiX 9l!CKTpOHOB Mbl llpl!HHMalll! BO BHIIMBH!le OUCHK!l 

nepnoaoa rronypacrrana nnnHll, a TBK~e OllyOTIIIKOBBHHbie B niiTepaType naHHbiC 0 rrpncyT

CTBI!ll B HccneayeMbiX ml'Tepnanax anepr!!l! 
161 

Er MOf'llll COI!Cp~BTbCSI b 

KOHBepCHOHHbiX sneKTpOHOB TeX ll30TOITOB, 

rrperrapaTe. TaKIIMH H30TorraMI! SIBTISIIOTCSI 
16 8 

KOT0-

168 
Er pbie ITOMHMO 

161 
Ho II 

166 165 
H30TOUhi Tu ~ Tu H Tu npi!Hl!Mal!I!Cb BO BHHMBH!l8 TBK~e pe-

161 
ayn&TaTbi HccnenoaanHll KOnnepcnoHHhiX aneKTponon Er upyrl!Ml! BBTOpBMI!, 

B TaonHue 1 rrpHaenenhi nannbie nawel! paooTbi no nayqennro cneKTpa KonaepcnoHHhiX 

9TICKTpOHOB. B Toll ~e TaonHue npHB8U8Hbl nng cpaBHCHIISI peaynhTBTbl nnenpOBCKOro
117 

I 
/19/ 161 

H AonypaaaKona no l!ccnenonanniO Konaepcl!OHHbiX aneKTpoaon Er • 0Tuen&n&re 

y'laCTKH KonaepcHonnoro crreKTpa nao6pa~eHbi na pHC. 3-11. 

IV • Myn&Tnrron&HOCTH nepexonon 

3KcnepliMCHTaTibltbl8 naHHbiC, llOTIY'l8HHblC B HaCTOSIWCH II B UpyrHX paoOTBX, I103BOTISIIOT 
161 

nonol!Til K aonpocy o6 orrpeuenennn MYITbTHrron&nocTell pgna y -rrepexouoa Er • 

JJ!U'J:llifl.!!.1U...?_K,1!~ Bhmon o MYllbTl!ITOTihHOCTH uannoro rrepexona Mo~no cuenaTb, 

cpannna aKcnepnMeHTan&Hbie oTnowenHSI HHTCHCHBHOCTell K - , L -, Ln - n L - nnnnl! 
/19/ I Ill 

H3 paoOTbl Aouypa3BKOBa C TCOpeTH'lCCKiiMil OTHOWCHHSIMH Ul!SI pa3Hb!X MyiTbTIIITOTibHOCTell. 
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H3 TaonHUbi 2 nHnno, 'ITO nepexon 211, 2 K3B HMeeT MynbTimonbHOCTb nma E3 H aTo non
/5,9/ 

UOCTb!O cornacyeTC>I C BbiBO!laMH paoOT , 

/10/ 
j1...§'£.9~<2fl-817_._~ .!i_3.!l.• nnH 3TOrO nepeXOllB B paooTe nuenpOBCKOrO H llP• 3KCne-

pHM9UTaJ1bi!O onpeneneH K03<jJqliiUH9HT BHyTpeuuei\ KOHBepCHII Ua K -OOOJ10'!Ke, paBHbiH 

(0, 008 z..O, 002). B aToil JKe paooTe onpeneneuo H OTHollleune nuTeucnnuocTell K- n L -nn-
110/ 

nHil paccMaTpHnaeMoro nepexona. AnTopbi paooTbi npHwnH K 3aKniO'!euniO, 'ITO nepe-

xon 827 K3B HMeeT MynhTI!nonhHOCTb Ml. 

B uacTO>rllleil paooTe nenH'IHHa ak onpeneneua no OTHOllleHHIO HHTeHCHBHOCTH K -

y -ny'!eil hv =827 K3B u3 paooTb/
141 

no <jJopMy-KOI!BepcuOHHOH J1HHHH K HHTeHCIIBHOCTH 

ne: a = IK827 ~ ·a (E3) 
K I I K2ll Teop 

)'!l27 K211 

CneneHH>I, ueooXOllHMbJe nn>r BbiBOila MYJ1bTHnOJ1bHOCTH nepexona !Jv a827 K3B, npeJl-

cTanneHbi n TaonHue 3. B»nHo, 'ITO nepexon »MeeT MynhTHnOJibHOCTb M 1. 

I!flll.!l.X..Qll.. Q.9!!.1 _!<®..._ HaMH aKcnepHMeuTanhHO naMepeuo OTHOllleHHe nuTeucnnuocTeil 

K-n L -nnunii aToro HepeXOJla, ITo oTHollleHHIO nuTeucnnuocTn IKOOS , B3>!TOii 113 nanuoii 
/14/ 

paooThi, K nuTeucHnuocTn I y~9 3 
n3 paooThi fpeu'!a H Bapcoua onpeneneua nenn'!n-

na Koa<jJ<jJHunenTa auyTpeuueii KonnepcHH na K -ooono'!Ke. B TaonHue 4 aKcnepnMeHTanbHO 

onpeneneHHb!e nenH'IIIHbl a K II K/L cpaBHI!Ba!OTC>I C COOTBeTCTBY!OlliHMH TeopeTH'19CKH-

Mll ana'lenn>rMn nn>r pa3HhiX MynbTHnonbnocTeii, ro>rTbiMH H3 paooTbi Cmma n np. 
1261 

MoJK+

no 3aK1IIO'IHTb, 'ITO nepexon hv = 593,2 K3B HMeeT MY1IbTnnonhHOCTb nnu E2 unu 

(94%;!:_4%) El + (6;!:_4%) M2, 

l!E.YJ:I.@_IJ.!llli'.<>.o.mJ... 
nn>r pMa nepeXOilOB Mbl onpenel!Hl!ll K03<jJ<jJnuueHTbl BHyTpeuueii 

Kounepcnn, ucnonb3YH nauubie oo <HTeucunuocTHX y -nyqeil 113 paooThi fpeuqa n Bapco

ua1141 II naHHble naCTOHlllell paoOTbl 00 IIHT9HCIIBHOCTHX KOHBepCHOHHblX 31!eKTpOHOB, ITpone

neHO cpanneune c TeopeTII'!eCKHMH Koa<P¢nuneuTaMn no paooTe Cn11na n np. 
1261 

(eM. Tao-
/14/ 

nnny 5). nnH paccMOTpeHII>I 113 paOOTbl ObWII BbloPaHbl nlllllb Te y -nepeXOL!bl, KOTOpb!e 

MQ)l{HO cquTaTb llpOCTbiMH II .nnn KOTOpbiX B H8CT0Hlll8fi pa6oTe 6bUIH Hane}KHQ H3Mepellbl 

K -KonsepcnoHHble nnHJUI, 

161 161 
V • CxeMa pacnana Er 4 Ho 

161 
16 I 

~.::_n_::~;:;:_ .::_a_E~.::_e_E~~.n;:_n _o.:_u~B~~-:,?.:.,T~~~i\ _H::_eE_ M ~g_a _ n_ s.: !!_o.!L4_ 
• KnanTO -

Bhle XapaKTepHCTHKII OCHOBHOf'O COCTOH'HHH 
Etl61 H9I10Cpe.D.CTB9HHO He ll3lvtepruiHCb, OUHBKO 

/27 I 
uaon10neune poTaunonHoil nonocbi aToro cocTo>rHnH n paooTe AonyManiiKona n np. noaao-

n>reT 3aKJ1IO'IHTb, 'ITO ero cmtu panel! 3/2, CxeMa yponuefr Hnnbcoua nnH 93-ro ueilTpoua 

npencKa3hiBaeT cocToHune 3/2- I 5211 • ITpannnhHOCTb npencKa3aHHH cxeMbi yponneil Hunh-
1~7 

COHa IIOATB9PfKJl89TCH TeM, qTo y 51.0.pa 
64 

Gd
93 

, IIM8IOI118f'O 93 HefiTpOHB, 9KCnepH-

6 

I 
I 

1 t: 

l 
~ 

MeHT8J1bHO OHpeneneH Cnllll OCHOBHOrO COCTOHHHH, paBHb!H 3/2, TaKHM Oopa30M, c OOJlblliOH 
161 

BepOHTHOCTb!O MOJKHO npl!UIIC8Tb OCHOBHOMy COCTOHHH!O S!Jlpa Et XapaKTepllCTllKil 

3/2-0521f·. 

161 

Cnnu ocuonuoro cocTOHHHH Ho nenocpencTneuuo H3Mepeu B paooTe BbiOlliiKa 

ll Mappyca
1281

• Ou paneu 7/2, ITo cxeMe yponuei\ Hllnbcoua 67-oil npoToH nonJKeH uaxo-

llHTbCH B COCTOHHHH 

16~ 

7/2- [523~ • OrrbiTHbiM nyTeM onpeneneu CnUH OCHOBHOrO COCTOHHHH 

11 y Sl.llpa Ho , TBKJKe HMeiOmero 67 npOTOHOB; OH paBeH 7/2, 3TOT <jJaKT n0)1TBep!<JlaeT, 
161 -

'ITO OCHOBHOe COCTOHHHe Ho OnllCb!B89TCH xapaKT9pHCTllKaMH 7/2 [: 523] , 

161 161 161 
-~.!:!.11:!1'..P..!!'2!'£.ll.,!!_~ _ _,_ ITpennaraeMaH uaMH cxeMa pacnana Er .. Ho 

n3oopaJKeua Ha puc, 12, B H3BecTuoi\ CTeneuH oua HBl!HeTCH pa3BHTHeM cxeMbi, npeAnara

eMoi\ fpeu'!eM n 6apcoHoM
1141

, ITp11 ee noCTpOeHHil Obl1IIl HCn01!b30BaHbl naHHb!e HaCTOHlllei\ 

p800Tbl H ApyrHX paoOT 00 3HeprHHX ll 

'lei<, conponoMnaromllx pacna11 
161 

Er 

llHTeHCHBIIOCTHX KOHBepCHOI!HblX 31!eKTpOHOB ll y -ny

' AaHHbie no H3 y'leHIIIO f3 + -cneKTpa u pe3ynbTaTbi 

HccneAoBaHHii y-, y -connaAOHHi\, a TBKJKe BhiBOllbi o MY1IbTHnonbuocTHX pSI.Ila nepexoAOB, 

ITpe11naraeMaH cxeMa B npenenax OlliHOOK 3KCnepHMeHTa ynonneTBOpHeT auepreTn'!eCKOMY 

oanaucy H oanaucy HHTeHCHBHOCTei\ , 

161 
V1 • 06cy:>KneuHe cxeMbi pacnana Er 

161 
HaHoonee unTeucnnHhiMII nepexo11aMn npn pacnane Er HBnHIOTCSI nepeXOJibl C 

hv ~211,2 H 827,2 K3B, IToaToMy n pSI.Ile paooT
15

J 
10

• 
111 

obmo C!1enauo npennonoJKeHHe, 

'ITO paCCMaTpHB89Mble nepeXOilbl HenocpellCTBeUHO llllYT B OCHOBHOe COCTOHHHe Hllpa 
161 

Ho c cooTneTCTBYIOlllllX yponuei\, MynhTHnonbuocTH nepexonon n aaceneuuoCTH 3THX 
161 

yponueii npu l -3axnaTe Er n03B01!HIOT npllnHCaTb ypOBIIIO 211 K3B xapaKTepHCTllKH 

1/2+, a yponu10 827 - 5/2-, ITo cxeMe yponuei\ Hnnhcoua- aTo nna OllHO'IBCTH'IHbiX ypon

HH C XapaKTepHCTHKaMII COOTBeTCTB9HHO 1/2 + (' 411] H 5/2-[ 532) t HOCHIUH9 "'JlblpO't!Hbiii:.-
161 

xapaKTep. YponueM 211 K3B ocymecTnnHeTCH E3-naoMepHH n Sl.llpe Ho 
H9 163 

p11H uaoniOAaeTCH 11 B 11pyr11x H!lpax: Ho - ypoBeHb 205,9 Kan; Ho 
167 /29/ 

309,6 Kan; Er - yponeub 208,2 K3B • OueuKa 

TaKaH H30Me-

ypone,"b 

- n3oMepuoro npeMeHH MH3HH E3 
-2 

ypOBHH 211 K3B no <jJopMyne BaiiCKon<jJa-MolllKOBCKOrO ( T~ a1•10 CeK) H€ npOTHBOpe-
/14/ ' ' -7 2 

'IHT H3MepeunHM fpeH'!a n Bapcoua , KOTOpbre nony'!Hnn 3na'leuue:5•10 ceK <T~<6• 10 ceK, 

Yponeflh 593,2 K3B Mbi paccMaTpllnaeM KaK HHJKnlli\ y -BilopaUHOHHb!H ypoBeHb OCHOB• 
161 

Horo COCTOHHHH Ho 

na 593 K9B - E2, XOTH, 

B nonh3Y TaKoi\ HHTepnpeTaUHH ronopHT MY1IbTHnonbHOCTb nepexo

KaK Bl:I,UHO li3 Ta6nHIIbi 4, H9nh3SI HCKnJOqHTb B03MO:>KHOCTb MyJlhTH-

167 
nonbuoCTH E1 + M2. 3TOT cny'!ai\ MOJKHO cpaBHHTb c CHTyauueil B Sl.llpe Er , ITocneA-

68 gg 

Hee, KaK H H11p0 Ho 
161 

, I! MeeT CnHH OCI!OBHOrO COCTOHI!IIH 7/2, B paooTe faurpCKoro 

7 



/30/ -II neM6epra no KYllOHOBCKOMY B036yJKA8HIIIO 6blll IIHTepnpeTIIpOBaH y -BII6p8UIIOHHbiii 

ypoaeHh c I - K-2 , p8cnonoJKeHHbiil npii anepriiii 532 K9B, 

06cyAHM Teneph MeCTO B CXeMe pacnaAa o6HapyJKeHHbiX n031ITpOHOB, no B8/11I'IIIH8 
161 161 

lgft no31ITpoHHhiil p8cnaA Er .. Ho cneAyeT npiiHSITh 3a OAHOKp8THo 3anpemeHHbiil nepe-

XOAo noaTOMY MOJKHO npeAII0/10lKIITh 0 

161 

'ITO ri031ITponhi IIAYT na ypoaeHh 211 K9B, B aToM cny• 
UI 2 

Ho 6yAeT (2050:!:,. 40) K9BIC • nonyaMnHpii'leCKIIe 

_/33/ 
II llpaHIIUIIHOII AaiOT AllSl 9TOH pa3HOCTII COOTB8TCTBe&-

'!ae pa3HOCTh Mace SIAep Er II 
/31 I /32/ 

<jlopMyllbl KaMepona ' neaii 

HO 2033, 1616 II 1983 K9Dfc
2

, 

0AnaKo nenh3st IICKlliO'liiTh II3 paccMoTpeHIISI II Apyroil aapiiaHT: no31ITpOHHblil p8cnaA 

3acenReT ypoaeHh 593 K9B, Manast 38CeneHHOCTh ypoBHR 593 K9B MOJKeT 6biTh o6'bstcnena 

TeM, 'ITO B COCTOSliiiiii 593 K9B D03MOlK8H BK/laA DO/lHODbiX <jlyHKUIIH OT T8X COCTOSIIIIIH, Ha 

+ KOTOpbie (3 -pacnaA II ( - 3aXBaT CII/lhHO 3aTpyAH8H, 3ace/18HII8 ypODIISl 593 K9D npOIICXO-

AliT He nyTeM -3axaaT~, a rn8DHbiM o6pa3oM y -nepexoAOM c bv =866,0 Kaa c ypoa-

115! 1460 K9D, 

YpoBHII c anepriiRMII 932 II 1160 K9B 6htnH anepBbie p8CCMOTpeHbi fpen'leM II E8pco

noM1141, B nacTORIUeil pa6oTe yTO'lH8Hbi anepriiii A8HHhiX ypoaneil II npeAnOJKeHhi xapaKTe

p1ICTIIKII A/15! ypODHSl 932 K9B- (7/2- H/11I 9/2-), 

/14/ 
BnepDbie aaeAeHHbiH a pa6oTe ypoaeHh 1247 K9B Mbi noP.TaeplKA88M no anepreTII-

'!eCKOMY 68nancy, CymecTaoaaHIIe Aannoro ypoDJISl o6ocHODbiB8eTCR D p860Te fpeH'l8 II E8p-

cona na6nroAeHIIeM cneAyJOIUIIX KaCKaAOD coanaAennil: ( y 88 y 1167), ( y 305 y 945 ) , 

( y 429 y 826), B nacTORmeil pa6oTe Mbi onpeAen!Inii MYllhTIInonhHOCTII nepexoAOB 

bv =421, 4 II hv =1247, 4 K9D, KOTOpblMII pa3pstJKaeTCSl paCCM8Tp!iB88Mblll ypOD8Hh, 3TO 

no3B0/1H8T npeA/10lKIITh AllH nero X8p8KT8p11CTIIKII: 5/2+ !Inll 7/2+. no B8/11I'IHHe 1gft AllSl 

( -38XB8T8 H8 A8HIIblll ypOB81!h npeAnO'IT!iT8/1hH88 BB8CTII B p8CCM0Tp8HII8 X8p8KT8p1ICTHKII 

5/2+, 8 TBKOM cny'!ae ero MOlKIIO p8CCM8TpHD8Th KBK OnH0'18CTH'!Hblll ypOB811h 5/2+ [ 413), 

YpOB8Hh 1450 K9D BB8A811 H8 OCHOB8HHII H8/11I'liiSl K8CK8AOB CoanaAeHlllll (y 203 y 1240), 
/14/ 

( y 203 y 1167), ( y 203 y 945), ( y 203 y 305) , T, e, cymecTayeT nepexoA c yponust 

1450 K9D 11a ypoaeuh 1247 KaB. TaKIIM nepeXOAOM RBnsteTCSI nepexoA hv = 201, 3 K9D, 

Y 9TOI'O nepeXOA8 onpeA81181!8 MYllhTHnOllhHOCTh -E1, l1CXOAH II3 9TOI'O <jlaKTB H B03MOJK

Hb!X XapaKTGpiiCTHK ypOBHSl 1247 K3B 0 MOlKHO npeAllOlKIITh ypODHIO 1450 K3B ua6op XapaKTe-

piiCTIIK OT 3/2- no 7/2-. llnst 9TOI'O )1<8 ypOBH>l nonC'IIITBIIO 3H8'18HII8 Jgft -38XB<'lT8 

161 
Er , Benn'IHHa 1gft no3B0/1Sl8T A/15! ypOBHSl 1450 K9B UCK/l!O'IHTh 113 p8CCMOTp8HHII BC8 

X8p8KT8p1ICTHKII 0 KpOMe (3/2 11/111 5/2)-, 

Ypoaellh 1460 K9B p83pRJKaeTcst nepexon8MII 127, 866 u 1460 K9B 118 ypoanu cooTaeT

cTaenno 1333, 593 II 0 K9B, l1a n8HHbiX fpeH'I8 H E8pcoua
1141 

naaecTHO, 'ITO nepexon 

127 K9~ •coan8naeT• c nepexon8MH 1326 n 1105 K9B. llnst ocymecTanenast T8KOil B03MOJK-

I, 
r 
\ 
~ 

/14/ 
HOCTH B H8lli8H p860Te, T8KJKe K8K II B p860Te 0 BBOniiTCSl ypoaeHb 1333 K9B

0 
KOTOpblll 

/14/ 
IIOCHT npennonolKIITe/lbllblll X8p8KTep. no n8HHbiM fpe11'!8 H E8pCOII8 y -nepexon 866 K3B 

• coanaA8eT• c Y -nepexonoM E93 Kaa, noaToMy Mbi H8npaansteM ero c ypoanst 1460 K9B H8 ypoaeHb 

593KaB, nepexon866KaB, KBK BIInHO II3 Ta6111IUbl 4, HM8eT MYllhTIInOllhHOCTh E1. llnst nepeXOAa 

1460 K3B TpynHO npennOllOlKIITh, KaK BllnHO 113 TB6/1HUbl 4, 11106y10 MYllhTHnOllhiiOCTb
0 

KpOMe 

E 1. noaTOMY YPOBIIIO 1460 K3B npnn11Cb!B88M xap8KTepiiCTIIKII 5/2 +. Opaana, B aTOM cny'l88 

sennqnHa Jg ft ( -38XB8T8 118CK0/1hKO M8IIhlli8, '18M 3TO 1186/liOnaeTCSl y 0AHOKp8THO 3anpe'-

meH!IbiX {3 -nepexonoa. HyJKHO npn aToM IIM8Th a suny, 'ITO npu nonC'!eTe lg ft Jieo6xo-

nnMo 3H8Th A0/110 p8cn8noa Er 
161 

HB paCCM8TpiiB88Mblll ypOB8Hh, ll01110 p8CnanoD Mbl 

Oll9HIIBanH ITO HHT8HCIIBHOCTH rrepeXOllOB, qTQ CllllbHO 38BHCHT OT IlpiiHHTOti 
161 

Er 

cxeMbi pacn8na 

BaoniiMbiH a II8CTOSIIUeil pa6oTe ypoaenh 1378 Kaa a II3B8CTHOil CTenelln ananOI'II'len 

ypoanro 1395 KaD 113 pa6oTbi fpell'!a 11 E8pcona
1141

• BaenenlleM aToro ypoanst o6ecne'!uaa

eTCSI nann'!lle coananellllil ( y 132 y 1240) 11 ( y 132 y 1167), 

/14/ 
Ypoaenb c anepr11eil ~ 1825 KaB 6bm aaene11 a pa6oTe • Ero Hallll'!lleM MOJKHO 

06'bSICHIITh CyiUeCTDOB811118 COananeHIIH (y 367 y 865) II ( y 367 y 593), 

YpOB811h 1897 K9D DBOniiTCSl H8Mil Ha OCHOBBIIIIII 68/laHCa 3H8pi'IIH 0 a TaKJKe Ha OCIIOBa-

HHH Hannqng coarraneanH: 

CoananeHIISI aTIIX ny'leil 

(y452 y1410). (y452y 1240), (y452Y1167) II (Y652Y945). 

113Mepenbi a pa6oTe
1141

• llnst aToro ypoaust nonC'lllTan8 aemi'IIIH8 

Jgft , p8BHaSI (4,6 :!:_0,6), 

Ha OCHOD8111IIl anepreTaqecKoro 6ananc8 a nacTostmeil paGoTe rrpennono~nTenhHO cso-

JliiTCSl B paCCMOTp8HII8 ypOB8Hh C anepraeil 1943 K3D, no IIHT8HCIIDIIOCTSIM 

KOTOpbiMil p83pstJKaeTCSI naHHbiH ypoaenh, ouenena nonst ( -3axaaTa Er161 

+0,6 
aenaqana lgft • Lgft p8aen 4,2 _

1
,

0 

nepexonoa, 

H l10.llC'tiHT8H8 

no D8/111'lii118M lgft - 38XBaTa Ha ypOBHil C anepi'IlSlMII 1897 II 1943 K3B MOlKHO 

npennonmKIITh, 'ITO Mbl IIMeeM neno c TpeXKD831I'lBCTII'!HbiMII ypoBHSIMII, B pa6oTe Conoabe-
/34/ 161 

sa nOK838HO, 'ITO a SIApe Ho npii anepriiii ~ 1, 7- 1, 8 M,JD nonJKHbi 6biTh pac-

nOl!OlK8Hbl ypOBHII, TpeXKB831I'I8CTII'lH8Sl npnpona KOTOpbiX o6st3aHa D3aiiMOJl8HCTBIIIO HyK/10-

HOB: h 1 521 f , n 2 523,f 

HIIil: 1/2-, 5/2-, 9/2-

p 523 ~ } , 3TO D381IMOl18HCTDII8 npiiBOniiT K MYllhTIInlleTy COCTOSl

II 15/2-, {J- paCn8n !18 1188 HIIlKHIIX COCTOSlllllSl ( 1/2 II 5/2-) 11011-

)K8H 6biTh TIIna aU ( Jg ft u 4, 8), n 011Y'l8l!IILie 118M II B8/11I'lllllbl lgft nnst paccMaTpiiaae-

Mb!X ypoaneil 3TOMY He npOTIIDOp8'!8T, 

B 38K/1JO'leHIIe aDTOpbi Bbip8JKaroT rny6oKyro 6naronapHOCTh A.B. Kynpstaueaoil 38 

cywecTaennyro noMOIUh a pa6oTe II H.l1. flstToay 3a o6cyJKneHIIe cxeMbi p8Cn8na. 

8 . 9 
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TaOJIH~a 3 
TadJIH~a 4 

Onpe,D;eJieHl!e uyJibTHnO.'IhHOCTH nepexo,D;a hv = 827,2 K::lB 

Onpe~eJieHHe l4YJihrHnoJihHOCTH nepexo,D;a hv = 593,2 KSB 

~ a 
OrHomeHKe 

h 
g 

K K/L 0THOW9HHe 
aK 

K/L 
3KcnepHMe HT 

(7,2.±1,6).1o-3 (JtaHHM paOora ) 6,4 .± 0,9 

TeopH/261 E1 1,6.10-3 5,7 

E2 4,0.1o-3 5,6 

::lKCll9pH.M9HT (6,2 :i:~ ). 10-3 6,2 .± 2,2 

!26! E1 3,2 .10'"'3 7,2 TeopHH 

E3 8,7.1o-3 4,9 E2 8,5 .1o·J 5,8 
M1 7,6. ro-3 6,4 E3 2,0 .ro-2 3,6 
M2 2,0.10-2 6,25 MI I,7 oi0-2 6,4 
M3 4,0.1o-2 5,5 M2 5,2. ro-2 6,1 

T 

M3 1,2 • I0•.1 4,7 

24 
25 



Tadm~ua 5 

K031jx!llll.IHeRtli BHytpeHHd EOJI8epci!H ,11.1!8 ReltOtOpHX nepeXO,IIOB B 8,11pe Hol6I 

-----r· 
ITepexo.n :mcnepHMer.r TeopHa 

(K3B) .. EI E2 E3 MI M2 '.13 

201,3 (1,3 :g:~).ro-2 ~. oolu-2 1,6·10-I 5,1.1u-1 3,2.10-1 I,5I lJ, L) 

309, 7+ 
(9 3 • 3 •6) Io-3 I,4.10-2 6,4.10-~ l,J.lu-1 U,7.IU-2 J,s.ru-1 

3I4,4 ' -2,7 • ' 15 

42I,4 c2, 7 :~:~).Io- 3 6,9.Io-3 2, o.ru-2 5,4.10-2 2 I,5.1u-I 3,9.IO-l 4, 4,1u-

439,5+ 
(3,I :i:~).ro-3 6,0.10-3 I,8.10-2 4,5.Ill-2 4,e.ru-2 1,3.11)-l 3,2.w-1 

446,7 
507,5 (3,6 •2,9 ),Io-3 

-I,8 4,4.10-3 I ,2.10-2 3,1.10-2 2,6. Iu-2 b, r.w-2 1,9.10-1 

648,8 (5,4:~:~).10-3 2,6.10-3 6,9,10-3 1,6.w-2 1,4.10-2 4,U.1u-2 b,7.lU-2 

866,0 (6,3 :~:g),1o-4 1,4.10-4 3,6.10-3 7,9.10-3 6,9.I0-3 1,b.Iu-2 :J,5 .ru-2 

932,3 (4,1 :i:~ ).Io-3 r,z.ru-3 3,2.10-3 6,6.10-3 5,s.Io-3 1,5.10-2 2,9.10-2 

10I0,5+ 
CI ,3 :6:~ ).Io-3 -3 2,6.10-3 5,4.10-3 4,6,10-3 1,2.10-2 2,3.10-2 

IOI9, 5 I, 1.10 

I247,4 (3,5 :±: ~).Io-4 7,6.1u-4 1 ,n.10-3 5,5,10-3 2,9,10-3 6,9.10-3 I ,3.ro-2 

1422+ C4,4 :~:~ ),ro-4 
1460 

6, u.w-4 1,4.10-3 2,5.1o-3 2 ,2.Io-3 4,U.lU-3 8,9.ro-3 

1487 (I,I :::8:~).ro-3 7, 6.w-4 I,s.Io-3 3,5.10-3 1,9.10-3 4,4.10-3 s,o.10-3 

1652 C6 4 • 3 •6) Io-4 ' -2,9 • 4,6. w-4 I ,0.10-3 I,9,10-3 1,5.ro-3 3,4.1U-J 5,9.I0-3 

1729 '17 •:t 7•2) lo-4 
\. , -3,6 • 4, 4.w-4 8,3.10-11 r, 7.ro-3 I ,4.ro-3 3,0,10-3 5,3.10-3 

---

Bb!FO:t 0 
~tynon-

DOJibHOCTM 

(E1) 

EI 

EI 

El 

E1 

lE2,El) 

E1 

(B2,:Jl,£3) 

(El,h2) 

El 

EI 

(h2,El) 

(Bl,ll2) 

(il~,r:l,i.ll) 

I _.. 


