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158 
4eTao-qeTHOe anpo Dy OTHOCHTCSI K "'HCJIY CH11bHOJle<j>opMHpOB8HHbiX 

anep, MHorae a a ceolicTB KoToporo aennoxo onacbiBaiOTcSI o6o6meauol!: MOJl81lh10, 

MOJl811hiO ueaKcll:aJihHbiX anep H ceepxTeKy"'eli MOJleJibiO. YTO"'Heaae cxeMbi ypoeuel!:, 

HX KB8HTOBbiX XapaKTepHCTHK, eepOSITHOCTel!: nepeXOJlOB He06XOJlHMO Jl11SI onpeuene-

HHSI napaMeTpOB M0Jl81!8l!: H yCT8HOB118HHSI o6naCTH HX npHMSHHMOCTH. !1CC118Jl0B8HH8 

pacnaJla 
158 Ho 

fi03B011SI8T fi011Y'IHTb HHTepeCHbi8 CB8Jl8HHSI 0 B036y>KJl8HHbiX 

ypOBH SIX 
158 Dy 

1. Bee)leaae 

I130TOfi ronbMHSI C MSCCOBbiM 'IHC110M 
Ill 

A=I58 o6aapy>KeH .UaenpoecKHM 

npH H3Y'l8HHH npOJlYKTOB peaKUHH rny60KOrO 0Tlll8fi118HHSI T8HT8118 npOTOHSMH C 

aaeprael!: 660 Mae. Ehm onpe)lenea nepHOJl nonypacnaJla aToro H30Tona ( T I • 
I 2 

=27::!:_2 MHH) H nonyqeHbl nepBbl8 CB8Jl8HHSI 0 cneK Tpe KOHB8pCHOHHbiX 3118KTpOHOB. 

/2,3/ 
B nocneJlYIOlllHX pa60Tax, BbmonaeHHhiX a .lly6ae , 6bma nony'leHbi JlOB011bHO 

1St 
noJlpo5Hhie ceeJleHHSI o cneKTpe Koaeepc aoallhiX aneKTpoaoe Ho • Ha oct~oee 

3THX Jl8HHhiX 6hma nocTpoeBa cxeMa ypoeuel! 
158 

Dy , BKJIJO'la·JOmail pOTanaoa

Hhie ypOBHH OCHOBHOrO H raMM8-Ba6paUHOHHOro COCTOSIHHfi. Eb1110 YCT8HOB118HO TaK

)1{8, 'ITO nepHOJl nonypacna)la - 27 MHH CBSI38H C H30MepHbiM COCTOSJHH6M 
158 

Ho 

C 3Heprael!: 67 K3B, a nepHOJl nonypacna)la OCHOBHOrO C OCTOSIHRSJ lSI Ho M6Hblll6 

27 MHH. nepHOJl ll011ypacna)la OCHOBHOro COCTOSIHHSI lSI Ho H3 ~: epeH ill enep-

/4/ /4/ 
ceM - II ,5 MHH. B pa60Te H3Mep.wiC SI y -cneKTp H cr:e KTpbi y - y 

COBll8Jl8HRl!: npH IIOMOlllH CUHHTH111ISIUHOHHOrO y -CII8KTpOM8Tpa . no1!y"'eHHbl6 

6 /2,3/ 0 
CB8Jl8HHSI XOpOWO COBII8Jl811H C JlSHHblMH pa OT JlHBKO IIJIOX Oe paapeweHHe 

3 



CUHHTHnnHUHO~HOrO ClleKTpOMeTp8 He ll03B OnHnO nony'IHTb cymeCTBeHHO HOBblX CBe

IS8 
neHHA o cxeMe pacnana Ho 

IM /5/ 
Pacnan Ho H3yqancH T8K >Ke B pa60Te • nonyqe Hbl 6onee TO'IHble 3H8-

'!eHHH nepaonoe rronypacnana ocaoeHoro a H30MepHoro cocTOliHHH 
15

'lio (10,9±_0,6) MHH 

H (25 ,6±_0,3) MHH, COOTBe TCTBeHHO. np 

HOB 

H3y'IeHHH ClleKTp8 KOHBepCHOHHblX aneKTpD

/ 2,3 / 
B OCHOBHOM llOUTBep>KJJeHbl pe3ynhT8Tbl pa60T • 

161 1 sa 
MapaHara a farenoT , e036y>Kuall Dy B peaKURH (a, xn) , aa6nro-

uan H ypOBHH p0T8UHOHHOH rronOCbl OCHOBHOrO COCTOliHHH BllnOTb UO ypOBHll CO CllH-

HOM 12, 
171 

B pa60Te. fpeTuepa a up. H3yqanHCb yp OBHR 
158Dy 

, e036y>KnaeMhie e 

peaKURH ISV Tb(P,2n) 151
Dy npa a TOM 6 btn o6aapy>KeH PHJJ raMMa-rrepexonoe. 

He aa6nroAaromaxcll rrpa pacrrane Ul Ho' H H8 aTOM OCHOBe BBeueHhl AOllOnHHTenb-

Hble ypOBHR pOT8UROHHhlX nonce OCHOBHOrO COCTOliHRll \UO ypOBHll CO CllRHOM 10), 

y -BB6paUHOHHOrO COCTOHHRll (no ypOBHH CO CllRHOM 7) H ~ -BR6p8UHOHHOrO COCTOli

HBll \UO ypOBHll CO CllHHOM 6), 
158 

faMMa- a KOHBepcaoaHhte crreKTpbi Ho 
18 / 

Pe3ynh-H3y'!anBCb TBK>K e. B 

T8Tbl a TOll pa60Tbl cymeCTBeHHbl B CB H3B C T eM , 'ITO B3y'!anCll ISS Ho , OTuenea-

Hbtl\ aa MarHBTHOM cenapaTope OT Apyrux H30Torroe Ho , B a To rro3eonuno aa-

/2,3,5/ . 151. 
ne>KHO nonTeepuBTb rrpaeanbHOCTb rrpurrucaHHH y -rrepexonoe pacnaAy no. 

ISS / 9/ 
CrreKTP rro3BTpoaoe rrpa pacnane Ho B3y_qancH B • E htno rroKa3aHo, 'ITO 

rrpu pacrreAe IUHo B03HHK8IDT ll03 HTpOHbl C rp8HH'IHOH aaepraefi 1320 K ae.npe n-

E 
rp 

=3000 K aB. nonaranocb TBK>Ke, '!TO B a TOM pacrrane B03HHKaiDT n03HTpOHbi c 

. 158 
Pe3ynhT8Tbl ecex UHTHpoeaHHhtX pa60T rroKa3btearoT, 'ITO rrp11 pacnane Ho 

B03HHKaeT 6onbmoe qacno raMMa-rre pexonoe. CrreKTp KoaeepcaoHHhiX a n eKTpoaoe 

H3y'!ancl! TOnhK O e o6nacTH no - 1000 KaB. Me>Kny TaM cnenyeT o>KHJJBTh no 

/9/ /10 / 158 15V 
naHHhtM H no Ta6nanaM , 'ITO pa3HOCTb Macc Ho .. Dy oKono 

4000 KaB. 8 CBli3H C a TH M 6btno HHTepeCHO nony'IHTb CBeJJeHHH 0 CneKTpax H3ny-

'IeHHll UIHo B o6nacTH 6onhlliHX aaeprafi . O'!eHb ea>Kao 6htno TaK>Ke nony'!HTb 

U8HHble 0 y -cneKTpe C llOMOmbiD raMMa-cneKTpOMeTpa C Bb!COKHM pa3pellleHHeM. 

B ony6nHKOBaHHbiX paaee pa60Tax HMenach HeKoTopbte pa3aornacHll B aneHTH!\>HKa-

UHH H HHTeHCHBHOCTliX HeKOTOpbiX rr e p eXOJJOB . 

PellleHBe ec~x aTHX eorrpocoe liBJWOCb uenbiD aallleH pa60Tht. Mbt H3yqana 

ClleKT p KOHBepCHOHH biX aneKTpOHOB lSI Ho e o6nacTI! Bhtllle ., 1000 K 9 B H 

4 

ll03RTpOH HblH ClleKTp C llOMOmb 

ny 'IKa 'IBCTHU. CneKTp KOHBepc 

qancH c noMomb ro 6eTa-crreKTp 

Ge -Li y -cneKTpoMeTpa. OpenE 

CHOHHbl X aneKTpOHOB B o6n8CTP. 

2. 

B KaqecTee HCTO'IHHK a 6b 

KH BbiJJeneHH8ll H3 npouyKTOB JJ 

TOHaMa ( EP ~ 660 Mae). <Ppa: 

Hble R30TOllbl 

157 Er 

VI30TOllbi Er 

Er R HX. AO'IE 

181 Er 
3,1 '18C 

ao Er 
28,7 'lac 

1st Er 
50 MHH 

ISlEr---
~.4 '18 

157 Ho 
22 MHH 

C M8CCOBblM 'flC. 

llle 5 M HH B K MOMeHTy BbiJJene 

CKH nonaocTbiD pacnanaiDTCll. 

VlcTO'IHHKH unll MarHHTHor 

pHB8HHll cpp8KUHH ap6Hll H8 8 niO' 



CyUleCTBeHHO HOBblX CBe-

ny'leHbi 6onee TO'!Hbte 3Ha

:T05IHH51 IS~O (1 0,9:!:_0,6) MHH 

I KOHBepCHOHHblX 3neKTpo-

3KUHH (a, xn) , Ha6mo-

lnOTb AO ypOBHSI CO CUH-

0y , B036ylKABeMble B 

psm raMMa-nepexoaoa, 

oae aaeaeHhi aononaaTenb-

ypOBHSI CO CITHHOM 10), 

~ -BH6paUHOHHOrO COCTOSI-

/8/ 
Peaynh-:Cb 

:ancSI 158 Ho , oTaenea-

, H aTo noaaonano aa-

/2 3 5/ ' 151. 
·AOB ' ' pacnaay no. 

/9/ 
• EbinO ll0KB38HO, 'ITO 

aaepraeil 1320 Kaa.npea-

lOHbl C E =3000 K3B. 
rp 

158 
~To npa pacnaae Ho 

3pCHOHHbiX 3ITeKTpOHOB 

M cneayeT OlKHABTh no 

:o -+ ISt Dy OKOnO 

•AeHaSI o crreKTpax aany

' 6bin0 TBK lKe llOITY'IHTb 

BWCOKHM pa3peWe HHeM. 

HOrrraCHSI B HAeHTH~HKa-

pa60Tbi • Mbt aayqana 

Ie "' 1000 K 3 B H 

II03HTpOHHb!H CITeKTp C llOMOUlblO 6eTa-crreKTpOMeTpa C ABYKP8THOH ~OKyCHpOBKOH 

rry '!Ka 'IBCTHU. CneKTp KOHBepc~tOHHbiX aneKTpoaoa a o6nacTH ao .. 1000 K 3B aay

~ancSI c rroMOUlhiO 6eTa-cneKTporpa<jla. faMMa-crreKTp accneaoaan c rroMOUlhiO 

Ge -Li Y -cneKTpOMe Tpa. npeABBpHTenbHhle peay,'lhTBTbl H3y'leHHSI crreKTpa KOHBep

/11 I 
CH OHH blX aneKTpOHOB B o6rraCTH AO 1000 K9B Orry6rrHKOBBHbl B 

2. J.1 CTO'IHHK 

8 KB'!eCTBe HCTO'IHHKB 6binB HCllOITb30BBHB 9p6aeB851 cppaKUHS!, XpOMBTOrpa<jlaqec

KH BbiAeneHHBSI aa rrpoayKTOB aayxqacoaoro o6nyqeHa51 Ta -Ma weHH 6 btCTpbiMH rrpo-

TORBMH ( EP 

Hble H30T0llbl 

157 Er 

J.130TOITbi Er 

660 Maa). ~paKUHS! ap6aSI coaeplKana cne ayiOwHe ael!TpoaoaetjlauaT-

Er 

IB! Er 

H H~ AO'IepHHe BKTHBHOCTH: 

3,1 qac 
1 e 1 Ho -::--c::---+ 

2,5 qac 
181 Dy (cTa6.) 

teo Er 
26 x) 

180Ho MHH 180Dy (cTa6 .) 

28,7 'I'BC 

15! Er ------
50 MHH 

151 Er -----
~.4 'JBC 

157 Ho 

159 Ho 

22 MHH 18 MHH 

5,1 qac 

33 MHII 
ls'll Dy 159 Tb (cTa6.) 

144 ARel! . 

157 Dy 
8,2 qac 

157 157 

Tb 160 neT Gd (cTa6) 

C M8CCOBblM 'ECITOM MeHbWe 157 HMeiOT nepHOA rronypacrrana M eHb-

We 5 MHH H K MOMeHTY Bb!AerreHHSI 9p6H51 H3 MHWeHH ( '!epe3 1 ,5 'IBCB) rrpaKTH'I e -

CKH ITOITHOCTblO pBCUBABIOTCSI, 

HcTO'IRHKH anSI MarHHTRoro f3 -cneKTpoMeTpa nparOToangnacb MeTOAOM Bbtna-

pHaaRHSI cppaKUHH ap6a51 aa a moMHRHeayto noanolKKY paaMepaMR O,tl xI ,5 MM a Ton-

5 



WHHOl! 5 MK. YlCTO'IHHKH JlllSI y -cneKTpOMeTpa TaKJKe npHrOTOBllSillHCb MeTOAOM Bbl

napHBaHHSI Ha aniOMHHHeByiO noAnOlKKY TonwuHol! 0,5 MM. HcTO'IHHKH onst 6eTa-

- /12/ 
cneKTporpa~os npuroTosnstnHCb MeTo~oM aneKTponuaa Ha nnaTHHosol! nposono'!-

Ke AHaMeTpOM 0,1 MM. 

3. raM Ma-C ll e K T p 

CneKTp y -nyqel! 
158 

Ho H3MepstllCSI npH llOMOlli.H nonynpOBOAHHKOBOrO y -

cneKTpOMeTpa C Ge(Li) A8T8KTOpOM. EbillH HCHOllb30BaHbl ABa A8TeKTOpa KOaKCHan&-

3 
Horo Tana c 'IYBCTBRTen&HbiM o6"heMOM 5 H 12 CM • PaapewaiOmast cnoco6aocTb. 

y -cneKTpOMeTpa cocTasnstna 4,5 K3B Ha nuHHR 1332 K3B u Co PerHcTpauHst 

y -cnettTpa npOH3BOAHllaCb 2048-KaHallbHbiM aMnllHTyAHblM aHanH3aTOpOMo ,llng on-

peoeneHHSI OTHOCHTen&HbiX RHTeHCHBHOCTeli y -ny'!el! llOllb30BallRCb KpHBOA 3~ 

22,24 48 
<PettTRBHOCTR oeTeKTopa, KOTOpast 6bma nonyqeaa no y -ny'laM Na , Sc 

H let Yb • norpeWHOCTb B OnpeoeneHRH HHTeHCHBHOCTel! y -llRHHli, BHOCHMast npH 

3TOM, 6bina OKOllO 10%. 

CneKTp y -nyqel! ap6HeBoro HCTO'IHHKa B o6naCTH 3HeprHR OT 50 AO 3QQQ KSB 

HCCfleAOBallCSI B Te'!eHRe 2,5 '!aCOB.Yl3MepeHHSI Ha'!HHanHCb 06bi'IHO '!epea :l,5 '!aCa 

nocne npHrOTOBlleHHH HCTO'IHHKa, 'IT06bi HCKlliO'IHTb BKllaA y -lly'!el! KOpOTKQ

lKHBYlli.HX H30Tonos. B CHSITOM B TaKHX ycnoBHHX y -cneKTpe He aa6niOoanac& 

157 157 /8/ 
CHn&Hbie y -nepeXOAbi Er , ·a TaKJKe AO'!epaero Ho , HO O'!eHb cna6o 

151 159 /3,8,13/ 
npostBHnHcb y -nHHHH, B03HHKaiOwHe npH pacnaoe Er H Ho 

KonH'!eCTBO 
180 

Er + 
180

Ho B aawHX HCTO'IHHKax 6binO aeaHa'IHTen&Ho. B 

y -cneKTpe O'leHb Cna6o npOHBHllHCb CaMbia CIWbHbie y -nepeXOAbl ISO Ho 

C aHeprHHMH 727; 878; 962 H 966 KSB. 

6hin yqTeH npH o6pa60TKe y -cneKTpa 

H e 6on&wol! BKnaA y -ny'!el! 
180

Er + 
110 

Ho 
158 

Ho • npH 3TOM 6binH HCnonb30BaHbl 

peayn&TaTbl H3y'l8HHSI 

0AHaKO B H8WeM 

pacnaoe 
181 

Er H 
158 

Er 
/15/ 

HasecTHO , 'ITO npH 

/ 14/ 
Ha TOM lKe y -cneKTpOMeTpe. y -cneKTpa 

180
Ho 

y -cneKTpe Ha6niOA8llHCb y -nepeXOAbi, B03HHK810WH8 npH 

3TO CHflbHO 3aTpyAHstnO HAeHTH<i>HK8UHIO y -nepeXOAOB. 

IS! 
pacnaAe Er B03HHKaiOT y -,nyqa c aaeprueli AO 

19QQ K3B. 'lT06bi HCKlliO'IHTb nepeXOAbi, npi!H8AlleJKaWHe STHM ABYM H30TOnaM, 6blll 

npoBeAeH AOnonHHTenbHbill onbiT. Ha o6nyqeaaot! Ta -MHWeHII <l>paKUHH a p6HH BbiAe

nstnacb qepea :l,5 qaca. Ha ap6Hesol! ~paKUHH nocneAOBaTen&ao, c HHTepsanoM 

6 

apeMeHH B 40 MHH, 3 paaa 

HCTO'IHIIKOB H3y'!allCSI B 1 

npH nocneAOBaTen&Hol! 3l 

B y -cnettTpe nony· 

XOAOB, OTHOCHWHXCH K pac 

0'18Hb CHnbHbie nepeXOAbi , 

BKnaA 
159 

Ho y'IHTbiBanca 

o ero y -cneKTpe. BKnaL 

nony'leHHbie CBeA8HH 

npHB8Jl8Hbl HeKOTOpb!e yqa 

4. CneKTp aneKTPOHC 

KoasepCHOHHbie aneK 

27QQ KSB IICClleOOB8flHCb C 

KpaTHOl! <!>oKyCHpOBKOH ny'l 

co6HOCTb 6hina 0,2- 0,3 % 

MarHHTa npa6opa noooeplK: 

H HanpRJKeHHH C TO'IHOCTbF 

nonst cneKTpoMeTpa ocyme• 

3HepreTH'!eCK8H KanH6pOBH 

"110 
SIM Ho , 3HeprHst KOTOp 

onpeoeneHHH aHepral! H HH 

10-20%, a Ana cna6biX na 

CneKTp KOHaepcHOHHb 

rpa~B C llOCTOSIHHbiM OAH< 

ucnon&aoaanHCb <l>=onnacT 

ItO 
no H388CTHbiM llHHHSIM 

To'!HOCTb onpeoeneHIIH aHe 

BepCHOHHbiX 3ll8KTpOHOB On 

TOilOM, OflHC8HHbiM B pa601 

paapewaiOmell cnoco6HOCTH 

KOHBepCHOHHblX anettTpOHaX 

CHTellbHbiX HHTSHCHBHOC' 

67,2; 98,9; 218,2; H 32Q,f 



:pHI'OTOBilS!nRCb MeTOllOM Bbl

• HcTO'IHRKH llilH 6eTa-

!/ 
Ha nnaTaaoaoA npoaono'l-

nonynpOBOl!HRKOBOl'O y -

'>1 llBS lleTeKTOpa K08KCH8ilb-

1peruaiOW8ll cnoco6aocTb. 

3 
8° Co PeracTpanHH 

,tM aHanaaaTopoM. D.nH on

:onbaoaanacb KpasoA s~ 

22,24 I 48 Sc 
-ny'laM Na 

y -ilHHHA1 BHOCRM8!1 npa 

3Hepl'HH OT 50 .110 3000 K3B 

:b o6bt'IHO 'lepea :.! 15 '!aca 

911 y -nyqeA KOpOTKo

'neKTpe He Ha6niO,l1anacb 

7 
Ho 

181
1 HO o'!eHb cna6o 

8 
159 Ho /3 18 113/. 

hino He3Ha'laTenbHO, B 

-nepexol!bl teo Ho 

l1 y -ny'leA 
180

Er + 
110

Ho 

roM 6blilH HCnOilb30B8Hbl 

:e y -cneKTpOMeTpe. 

JeXOllbl 1 B03HHK8IOWH9 npH 

~HKSUHIO y -nepexouoa. 

-ny'IH c 3HeprseA 110 

ITHM llBYM H30TOn8M1 6hlil 

I e HH ~paKUHH 3 p6HSI Bbll!e-

renbH01 c HHTepaanoM 

apeMeHH B 40 MHH, 3 paaa Bbll!eilS!nH llO'IepHHe npenap&Tbl l'OilbMHH, H CneKTp 3THX 

HCTO'IHHKOB H3y'lailCH B Te'leHHe l!BYX '18COB 1 B o6naCTH 3HepraA OT 50 l!O 1900K3 B 

npH nocilel!OBaTenbHOH 3aMeHe HCTO'IHHKOB. 

B y -cneKTpe nony'leHHOl'O TaKHM MeTOllOM r o ilb MHH coaceM He 6bino nepe-

181 Er 
8 

1~8 Er /15 15 18/
1 XOl!OB1 OTHOCSIIUHXCH K pacnal!y HO Cna6o npO!IBHilHCb 

181 
O'leHb CHnbHh1e nepexol!hi 1 B03HHKaiomae npn pacnaue Ho 1 

110 Ho 1 
159

Ho 

BKnau 
159 

Ho y'IHThiBancH na nony'le HHhiX HaMH a uononHaTenbHbiX onhiTax llaHHbiX 

1&1 /16/ 
0 ero y -cneKTpe. BKIISA Ho 6blil Y'ITeH Ha OCHOBSHHH llSHHblX pa60Tbl • 

nony'leHHbie cae,lleHHSI o y - cneKTpe npnseueHbl a Ta6nane 1. Ha pnc. 1 a 2 

npnaelleHhl HeKOTOpbie y'laCTKH PaMMa-cneKTpa 
158 

Ho 

4. CneKTp 3ileKTpOHOB BHyTpeHHeA KOHBepCHH. 

KoaaepcaoHHh!e sneKTpOHhi sp6neaoA ~paKUHH a o6naCTH sHepl'HH OT 1100 .110 

2700 K3B HCCilei10B8ilHCb C nOMOWbiO M8l'HHTHOI'O ~ -cneKTpOMeTpa C llBOHHOA llBYX

KpaTHOA ~OKYCHpOBKOA ny'IK8 Ha Yl'Oil rr.j2 
1171181

• npa60pHaH paaperuaiOWSll cno

C06HOCTb 6hlna 0 12-013% npa caeTocnne • 0,1% OT 4 rr • ToK a o6MoTKe sneKTpo

Mal'HHTa npa6opa no.lluep~aaaeTCH npa noMoma cneuaanbHoro cTa6anaaaTopa ToKa 

-5 
H HanpiDK9HHll C TO'IHOCTbiO He xy~e 5• 10 • HaMepeHHe H8llplllK9HHOCTH M8l'HHTHOI'O 

nOilll CneKTpOMeTpa ocymeCTBilHiiOCb M9TO,l10M lll19pHOl'O M8l'HHTHOI'O pe30H8HCa. 

3HepreTH'I9CK8H Kana6pOBK8 CneKTpOMeTpa npOH3BOl!Hil8Cb no KOHBepCHOHHb!M ilHHH-

HM'IIO Ho • 0 102%
1191201211

• To'!HOCTb 1 sHeprall KOTOpb!X aasecTHa c TO'IHOCTbiO 

onpe,lleneHHll 9HeprHA H HHTeHCHBIJOCTH llilH CHilbHb!X ilHHHA COCT8BilS!n8 0 107% H 

10-20%, a llilll cna6b!X ilHHHB - OKOilO 0 11% B 25-30%1 COOTBeTCTB9HHO. 

CneKTp KOHsepcaoHHbiX sneKrpoHoB nayqancR TaK>~ce c noMOWbiO 6eTa-cneKTpo

rpa~oa C noCTORHHb!M Ol!HOp011HbiM M8l'HBTHb!M noneM. llnll p91'HCTp8UHH 3ileKTpOHOB 

HCnOilb30B8iiHCb ~OTOUil8CTHHKH THna P-50 MK • 3HeprHll 3il9KTpOHOB onpe,llensmacb 

no H3BeCTHbiM ilHHHHM 
180

Ho C nOMOWbiO Bbl'IHCilHTenbHOA M8WHHb! • MHHCK-2' • 

To'IHOCTb onpe11enesag sseprna ny'lwe 0,05%. 0THOCIITenbHb!e HHTeHCHBHOCTH KOH

aepcnoHHbiX 3ileKTpOHOB onpeuenBnHCb UO nilOTHOCTH nO'IepHeHHH ~OT03MyilbCHH Me

/22/ 
TOllOM1 onacaHHbiM a pa6oTe 1 c TO'Il!OCTbiO :.!5- 30%. HccnellOBaRHSI senncb npa 

paapewa10meA cnoco6HocTH ~ -cneKrporpa~oa • 0 105%. nony'leHRble llSHHbie o 

KOHBepCHOHHblX 3ileKrpOH8X npeucTaaneHbl a Ta6naue 1. D.aHHhie o6 OTHer-

CHTeilbHblX HHTeHCaBHOCTSIX KORBepCHOHHblX 9il9KTpOHOB a y -nyqeA C h J1 

6712; 98,9; 218 12; a 32015 KSB npaaelleHbl a Ta6naue ~ 

1 



Ha pnc. 3 npHeenea y'laCTOK cneKTpa 3neKTpO.HOB eayTpeaael! KoaeepcHH 

151 Ho • 

5. OnpeneneHHe MynbTHnOnbHOCTel! y -nepexonoe 

CpaeaeaaeM 3KcnepHMeHT8nbHbiX OTHomeaHil HHTeHCHBHOCTeil K, L,-L ,-L 
I II /2*J 

KOHBepCHOHHbiX llHHHl! C TeOpeTH'IeCK.HMH 3H8'1eHHSIMH K03~~HUHeHTOB KOHBepCHH 

6bln.H onpeneneHhl MynbTanonbHOCTH y -nepexonoe 67,2; 98,9; 218,2 H 320,5 K3B 

(Ta6n. 3). HeT COMHeHHH, 'ITO nepexonhi 98,9; :,H8,:J; 320,5 K3B HMeiOT MYllbTH

l!OnbHOCTb E2. KaK BHnHo H3 Ta6nHUhi 3, 3KcnepHMeHTanbHhie naHHble o 6 OTHo

weHHHX HHTeHCHBHOCTel! L
1 

, -l.
11 

, - H Lm - nHHHH H30M epaoro nepexona 67,20 K3B · 

noaeonHIOT OTKnOHHTb eo3MOlKHOCTb E1 a ecex MarnHTHbiX MYnhTHnonbHOCTeil. 

E2 - MY llbTanonbHOCTb MOlKeT 6biTb HCKlliO'Iena, TBK KBK Tpynno nonycT.HTb, 'ITo-

6bi T t/2 = 27 MHH Mor 6biTb cegaaa c E2-nepe xonoM . 

Bo eTopoil KononKe T a6nHUhi 1 npaeeneabi OTHOC.HTenbHbie HHTeHCHBHOCTH K 

llHHHH 3lleKTpOHOB BHyTpenaell KOHBepCHH, npH 3TOM HHTeHCHBHOCTb JIHHHH K-218,2 K3B 

npHHSIT8 38 1000 enHHHU. 

0THOCHT9llbHbl9 HHTeHCHBHOCTH y -nyqel! npHeeneHbl B KOllOHKe 4 ( T8Pll, 1 ) , 

lllKana HHTeHCHBHOCTefl y -nep exonoe Bh16paaa TBK, 'IT06bi OTHome HHe I k I I y 

nn!l nepexona 218,:J K3 B paBHHnocb T e ope TH'Ie CKOMY ak nn!l nepexonoe E2. 

CpaBHHBaSJ 3KCn epHMeHTanbHbie OTnow eHHSI I k I I nnH npyrax n epexonoe c Teope-
/23 / y 

TH'IeCKHMH 3H8'1eHHSIMH a k , Mbl onpenenHllH MYllbTHnOllbHOCTH MHOrHX y -nepe-

xonoe, B03HHKaiOIUHX npH pacnane 
158 

Ho ( Ta6n. 1, KononKa 10). CnenyeT, KOHe'IHo, 

KMeTb e BHny , 'ITO 3TH M nyTeM onnoaaa'!HO o::Ipen en!leTCSJ MynbTHl!OnbHOCTb Tnna E l. 

Qqeennao, 'ITO ecnn, nanpKMep , 3KCnepHMeHTanbaoe ana'!e nne at coananaeT c 

T eopeTI! '!eCKHM nnH E2- nepexona, acern;· MOlKHO nono6paTb c MeCb E 1 +M2 c T eM 

lKe Qk • no3TOMY YK838Hji bJe B Ta6n nue II HB pHC. 4 MYllbTHl!OllbHOC TH M I, E2 

H T .n. S!Bllll!OTC SI H8H6onee BepOSITH b!MH , HO He OKOH'l8TCllbHO yCT 8HOBlleHHbiM.H. 

158 
6 . n oauTpOH bl npH p acnan e Ho 

C nOMO lllb 10 {3 - c neKTpOMeTpa C nayKp8TH OH ~OKyCHpOBKOH H3y'!eH cneKTp 

noaaTpOHOB 
158 

Ho a paeHoaecnu c 
158 

Er 

8 

<l>paKUHSI 3p6HSI 6htn8 Bl 

o6ny'leHHHi H3~:cpcnnH IHl 'IIIll 

KOpOTKOJKHeymne H30TOnhi E 

CTb lO. E bln y 'ITeH Manblil n Kr 

llOHeHTbl {3+ -cneKTpa C rp E 

HHTeHCHDHOCTb KOTOpb!X y6hll 

KOTOpble cnenyeT npHlll! CB T~ 

158 
Ho, a TBK lKe KOMnoHeHT a 

cena K pacnany 
158 

Er • OT 

TB6JIHUbl 1 COCTBBJISIIOT (500· 

HblMH 3HeprHHMH 1300; 1850 

'ITO 

7. ( 

Ha pHc. 4 npencTaenen 

a) 0CHOBHOe H H30Mep! 

158Ho HMeeT 

pacnana {:J5,6:t.0,3) 

H30Mep i 
/5/ 

MHH 

xon 67,2 K3B npeepamaeTC SI 

np!!Moll 6eTa-pacnan H30Mep ! 

MynbTHnonbUOCTb nepexona E 

BbiCOJtoro nopgnKa. 06pamae· 

HOrO H H30MepHoro COCTOllHf 

HMeeT 3HeprHIO 60 K3B, MynJ 

pacnana aaoMepnoro cocTO H~ 

/ 25 / 
naxep H ConoabeB npenr 

+ 
'!eTHOCTb 5 H CTpyKTypa ero 

cnHH H '!eTHOCTb 2-. HaoMef 

IUHX KOH~HrypaUHil: p 712- (52 

CnHH a '!eTHOCTb ocnoaHoro 

H 'leTHOCTb H30MepHOrO COC1 

HhiX HBllHIOTCH naa6onee aep· 

Hbl, 



yTpeHHeil KOHaepCHH 

-nepexonoa 

\HOCTell K, L,-L ,-L 
I II /2~J 

~HUHeHTOB KOHaepCHH 

18,9; 2I8,2 H 320,5 K3B 

,5 K3B HMCIOT MynbTH

oHbiC Jl8HHblC o 6 OTHo-

10ro nepexona 67,20 K3 B · 

·pynno nonycTHTb, '!To-

>Hble HHTeHCIIBHOCTH K 

:HBHOCTb l!HHHH K-2I8,2 K3B 

a KonoHKe 4 ( Ta5n. I ) • 

I OTHOWCHHC 

nnSI nepexonoa E2. 

Jyrax nepexonoa c Teope-

JnbHOCTH MHorax y -nepe

a 10). CnenyeT, KOHe'IHO, 

ty nbTHl!OllbHOCTb THna E I. 

m e a k coan anaeT c 

. CMCCb EI+M2 C Te M 

nhTill!On bH OCTII MI, E 2 

:0 yCT 8HOBllCHHblMH. 

pOBKOH H3 y'-leH Cl!CKTp 

<l>paKUHSI sp6HSI 6htna Bbtneneaa ua Ta - MIIWeHJt 'lepea 4 qaca nocne KOt • ..;a 

o6ny'-leHHSii H3Mcpcn!ISI H.:t'IHmwucb •tepc a I •we nocne paanene HHSI. 3a 3TO apeMn 

KOpOTKOlKHaymue H30TOllbi Er ( T 1; 2 ~ 30 MHH) pacnananncb npa KTH'Ie CKil nonHo

CTbiO, Ebtn Y'-!TeU Manbill BKnan 180 Er + 
180

Ho B {3+ -cneKTpe . 0 6 n a py)KCHbl TpH KOM

l!OHeHTbl {3+ -ClleKTpa C rpaHI!'IH LIMH 3HeprHSIMH I300::!:_30; I850:!;_<!5; 2890::!:_20K3 B1 

HHTeHCHBHOCTb KOTOpblX y6blB8na C nepHOUOM nonypacnana \/2= (<!,4::!:_0,<!) '-1 11C8 

KOTOpbie cnenyeT llpHUIIC8Tb pacnany OCHOOHOrO H (I-tnH) H30MepHOrO COCTOSIHII51 

H 

158 
Ho, a TaKlKe KOMnoHeHTa c E = 700 + 60 KsB, KOTopa n a 

19 1 
pa6 oTe OTHe -

rp -

CeRa K pacnany 
158 

Er • 0THOCIITel!bHble HHTCHCHBHOCTH l!03 liTpOHOB 13 CJlllHilU.:lX 

Ta6nHUbl I COCTaBl!SHOT (500!_I00); (50::!:_I5) H (I2::!:_4) Ul!SI KOM!IOHCHT C rpa HII'I

HblMH 3HeprHSIMH I300; I850 H 2890 K3 B, COOTBCTCTBCHHO. 

7. CxeMa pac nana 
158 

Ho 

158 
Ha pac. 4 npencTaaneHa npennaraeMa SJ HaMH cxeMa pacnana Ho 

) 
158 6 / 2,3,4 / 

a OcHOBHOe H H30MepHoe cocTOSIHHSI Ho . B pa oTax 6 btno noKa3a Ho, 

'ITO 158Ho HMeeT H30MCpHOe COCTOSIHHC C 3Hepruel1 67, 20 K3B H n e pHOJlOM nony-

/5/ 158 
pacnana (<!5,6 ::!:_0,3) MHH • HaoMepHoe c ocTOHHHe Ho '-!epea H30MepHbt ll n e p e-

xon 67,2 K3B npeapawaeTCSI B OCHOBHOe COCTOSIHH C 
158

Ho VfMeeT MCCTO T OKlK C 

npSIMOH 6eTa-pacnan H30Mepnoro COCTOSIHH51 H8 ypOBHil 158Dy . KaK UOK83aHO BblWe, 

MYnbTHnOnbHOCTb nepexona 67,2 K3B E3 Hnll s n e KTpH'-!eCKnii MynbTJmOnb 6onee 

BbiCOKOrO UOpSIUK8. 06pamaeT Ha ce651 BHIIMaHHC 6onblllOC CXOUCTBO CBOii CTB OCHOB-

HOrO a uaoMepaoro cocTosinHii B 
151 

Ho u 
110 Ho • B 

180 
Ho naoMepnhtfi nepexon 

HMeeT 3HeprHIO 60 K3B, MynbTHUOnbHOCTb cro,Han6onee aepOSITHo.E3, n e pHOJl nony

pacnana H30MepHOrO COCTOSIHHSI 5,I 'laCS, OCHOBHOrO .COCTOSIHHSI - 2<! MHH /
241 

f an-

/25/ 180 
naxep H ConoabeB npennonmKHllH, 'ITO OCHOBHOe COCTOSIHHE! Ho HMeeT Cl!HH H 

+ 
'-!eTUOCTb 5 H CTpyKTypa ero p 7/2-(523l+n3/2-(52J], a H30Mepuoe COCTOSIHHe HMe eT 

CUHH H '-!eTHOCTb 2-. I130MepHOe COCTOSIHHC MOlKeT 6b!Tb CBSI38HO C OUHOH H3 cnenyJO

IIlHX KOHcf!HrypauHil: P 7/2-(523)-n3/r(65J); p l/2~(411]+113/n521] H Pl/2+(411)-n5/2l523). 

CnHH H '-!eTHOCTb OCHOBHOrO COCTOSIHHSI IIO Ho -5 + llOUTBeplKJleHbl B 
1241

• CnHH 

H 'leTROCTb H30Mepnoro COCTOSIHHSI lBO Ho -2 H8 OCHOBe 3KCnepHMCHT8llbHbiX U8H-

Hb!X SIBnHIOTCSI Han6onee BepOSITHbiMH, 0JlH8KO, CTporo rOBOpSI, OHH ewe He UOK838-

Hbl. 

9 



Ill 
npeonono*HM, noKa TOnhKO na ocnoae ananoraa c Ho , qTo ocnosnoe co-

+ 
HMe eT cnan a qeTHOCTh 5 , a aaoMepaoe COCTOSIHHe 2-, KaK CTonaue 

158 
Ho 

Mbi ysanaM HH*e, npa aaanaae pacnana 151 Ho ynaeTCSI nonyqaTb nononnaTenhH ble 

apryMe HTbl B nOnh3Y 3TOI"O. 

6) 11 HT€HCHBHOCTH I"SMMS- H 6eTa-nep eXOAOB npH pacnane H30M€pHOI"O COCTOSI-

HHSI 158 Ho • !13 HaWHX peaynbTaTOB H3yqeHHSI U03HTpOHHOI"O cneKTpa cnenyeT, qTO 

HHT€HCH BHOCTb *eCTKHX KOMUOHeHT fi03HTpOHOB oqeHb Mana, 3TO 3HaqaT, qTO aacene-

HH€M HH * HHX ypOBHeA 158 Dy npa 6eTa-pacnane MO*HO npeue 6peqb; AnSI Toro qT0-

6bi oueaaTh . nonHoe qacno pacnanos a30Mepnoro cocTOSIHHSI 158 Ho Mbl npHHSIIUI, 

qTO OHO OnpenenSieTCSI HHTeHCH BHOCTbiD BCeX I"SMMa-nyqe fl,npHXOASIWHX B OCHOBHOe 
t5ti 

coc TOSIHae Ho • B enanauax Ta6naubl 1 ono oKaaanocb npa6naaaTenbuo paBHbiM 
3 

22·10 • 11cnonb3YSI nonuym a HTe HC HBHOCTh n epexona 67,2 K3B, nonyqaeM, qTo aao-

MepHoe COCTOSIHH€ 
158 

Ho npe6na3HTenbHO B 75% cnyqaeB npespamaeTCSI B OCHOB-

HOe COCTOSIHR€ H npHMe pHO B 25% - npliMbiM 6eTa-pacnaAOM ua ypOBHH 
158 0y , 

B) YpOBHR pOTaUHOHHOfi nonOC bl OCHOBHOI"O COCTOSIHHSI 
158 

0y , npa pacnane 
158

Ho B036Y*A8IDTCSI ypOBHH 3TOfl nonOC bl CO CfiHHaMH 2, 4 H 6. 6onee BbiCOKHe 
+ + 

ypOBHH spa!UaTenbHOli nOT!OCbl OCHOBHOI"O COCTOIIIUIH ( 1041 K3B 8 , 1512 K3B- 10 
+ / 6,7/ 

H 2037 K3B - 12 ) B036y*AaT!HCb D nnepHblX peaKUHSIX , npa pacna)le OCHOB-
158 

HOI"O H H30MepHOI"O COCTOHHHSI Ho 3'l'H yposua ana cosceM ue soa6y*.llaJOTCH 

HTIH B036y*.ll8IDTCSI oqeHb cna6o, 
158 /2 4/ 

Yposua co cnauaMH 2 a 4 6hinH o6uapy*eHbl npa pacna.ne · Ho eme B ' • 
/8/ + + 

nerapA H .np. cqaTanu, qTo nepexon c ypon::s; f! ua ypoaeHb 4 3TOli nonocht 
+ 

HMeeT 3HeprHIO 309 K3B, a 3Hepi"Hll ypOBHH G , COOTB€TCTB€ Hif0, paBHS 826 K3B, 
+ + + 

no JlaWHM ,llai!Hb!Mr nepeXOA 6 --4 HMeeT 3H€pi"HIO 320,5 K3B, 8 ypOBeHb 6 _. 
/8/ 151 

637,6 K3B, nepeXOA 309 K3B elbtn B HenpaBHT!bHO OTHeCeH K pacna.ny Ho, ~ 
159 /13/ 

On soanattaeT npa pacnaAe Ho 

npa accne.nosauaa pacnaAa 
158 

Ho s HaCTOS!Well pa6oTe nonyqeabl nau6onee 
151 + 

Toquhte aaaqeaall 3Hepruli apamaTenbHhiX yposne Dy : (98,89:t_0,04) K3B (2 ,0), 
+ + 

(317,1:!:_0,12) K3B (4 0 0) H (637,6:!:_0,3) K3B (6 ,0),• 
fse 

I") YpOB HH I"SMMa-BH6paUHOHHOil: nonOCb! 0y CO CHHHaMH 2, 3 K 4 BBD-

/2,3 / )7/ • 159 158 
AHnHCb B , fpeTUep H .llp. B ll.ll€pHOH pe aKUHH Tb ( p, 2 D) Dy 

Ha 6niDAana ypOBHH 3TOH nonOCbl nnnOTb AO CUHHS 7. ,CpaBHHBBSI pe3yT!bTaTbl HaCTOSI-
/7 I 158 

wefi pa60T bl c na HH hiMH , MO * HO cqaTa Th, qTo npa pacnaAe Ho soa6y*.llSIDT-

10 

CSI ypOBHH :nofl nOnOCbi: 945 

13 14, 1 K3B (5+ 2 ); 1476 ,1 I 

3 KCnepaMe HTanhHbie aaaq ena 

pOTBIHIOHHOii nonOCbl OC HOBHt 

nee 3TH nepexonbi Tan a E2 . 

sepoSITHOCTefi raMMa-nepexo 

HOBH OI"O COCTOSIHHSI C Teope> 

Anara, TaK c nonpanKoA Ha 

qTO npa yqeTe CM€lliHB8 HHSI 

A ) 6 eTa- sa6paUHOHH8 

~ -sa6pauaonuoA nonocw 

(4+ 0) H 1552 K3B (6+ 0). 
158 

nonocbi npa pacnane Ho 

na6nmnana necKonbKO nepex 

986,1 K3B HM eeT BblCOKOe 3 

C Te~, qTO HM€IDTCSI ABB n 

E O. T orna MO*HO ssecTa Yl 

npa 3TOM, qTo pa3naqae 

Bb!XOAHT 3a npe.nenbl AOnyC'I 

c n eKTpe (pac . 2) Mbi aa6n 

6biTh n epexonoM ( 0 + 0)----+ ( 

na6monaTb ne ynanocb a3- 3 

ma Acl! E2 nepexoAOM 986,1 

UHOHH hiM ypOBHeM ~ - BH6j 

c Telf I / 1 "' 101 yen t 918, 1 

-SITHOCTH E2- nepexona 888 K 

HOI"O 3neMeHT8 o+ .. o+ ne 

e ) Y poneHh 1895 K3B 

HHSI cyMM 3Heprr-!il n epexonc 

CH TSK*e OfiblTSMH no y - ·: 

XOAOB C 3TOI"O y pOBHSI (Ta 6 

XOAbl THna E2 HflH MJ, T .e. 

ua6nmnaeM n ep eXOAbi ua s c 



c 
180 

Ho , 'ITO ocHOBHoe co-

epHoe COCTOSIHI!e 2-. K aK 

:51 nony'IHTb JlOn OllHHTCllbll bll? 

a pac naae H30MepHoro cocTo SI-

OHHoro cne KTp a c n enyeT, 'ITO 

Mana. 3To 3Ha'tHT, 'ITO 3ac ene

HO npeHe6pe'lb ~ llnR Toro 'tTO-

lSIHHSI lSI Ho 
Mbl npHHS11lll.1 

~qe il, rrpHXOJlRWHX a OCHOBHOe 

llOCb rrpH6llH3HTe1lb HO paaHblM 

7,2 K3B, n onyqaeM , 'ITO a3o-

•qaeB npeapawaeTCH B OCHOa

:rraJlOM Ha ypOBHH I Sl Dy • 

l SIHH H 
158 

Dy • np11 p8Cll81l9 

2, 4 u 6. Eonee ahiCOKHe 

.0 4 1 K3B 8+, 1512 K3B-10+ 

16,7/ n 
IX • pH pacrrane OCHOB-

.Il COBCeM He B036yJK.QaiDTC51 

1 pacnane 
1
'
58 

Ho ewe s 
12

•41• 
+ 

I B y pose llb 4 3TOil ll0110Cbl 

~TCTBeHiiO, paBBa 826 K3B. 

20,5 K3B0 a ypoBeHb 6+ _. 
lSI 

:>Tnec en K pacnally Ho. t1 

pa6oTe n on y 'te Hht aaa6onee 
+ 

: (98,89:t_0 ,Q4) K3B (2 ,0), 

CO CnHHaMH 2, 3 II 4 BBQ-

159 Tb ( p' 2 D ) lSI Dy 

:paaHHaa SI peaynbTaTbl HBCTOSI

p a c n aJle 
158 

Ho soa 6ylKJlaiDT-

+ + + 
C 51 ypOBHH :noll n OllOChl: 945,9 K3B (2 2); 1044 ,3 K3B (3 2 ) ; 11 63 ,4 K3B ( 4 2) ; 

+ + + 
13 14 ,1 K3 B (5 2); 1476,1 K3B ( 6 2 ) II , B03MOlKH01 1676 K3a (7 2 ), non y '!eHHble 

3KCnepHMe HT8 1lbHble 3Ha'!e HHSI JlllSI n epeXOJlOa C 3THX ypOaHeil H8 y pOaHH 

pOT 8UHOHHOil nonOCbl OCHOaHOrO COCT OSIHH SI He npOTHaOpe'!aT npen nOllOlKeHHID, 'ITO 

ace 3TH nep exOJlhi THna E 2. B Ta6nHu e 4 cpaaHHaa iDTCSI OTHowe HH H npHaeae HHbiX 

aepOSITHOCT eil raMMa-nep exoaoa c y -aH 6paUHOHHOil nonocht Ha ypoaH H nonochr oc

HOaRoro COCTORHH SI C T e Op e TH'IeCK HMH OTHOWeHHSIMH , paCC'tHT aHHbiMH KaK no npaaHny 

Anara , TaK c n onpa aK oil Ha CMewHaaHH e rronoc npH aenH'tHHe z ; 0 ,04. B HJlHO, 

'I TO npH 

n ) 

y qeTe CMeWHaBHHSI COr llBC He 3H8 '1HT ellbHO nyq w e , 
17 1 

E eTa- aH 6paUHOHHaH n onoca. r peTu ep H Jlp . aaO)lHT 'leT blpe ypoaHH 

,S - a H6paUHOHHOil nOllOCbl 

( 4+ 0) II 1552 K3B ( 6 + 0) , 

158 + ( + Dy : 991 K3 a (0 0 ), 1083 K3 a 2 0) , 1276 K3a 

llnH HJle HTH¢HKaUI!II ypoaHSI OCHOaH OrO COCTOSIIIHSI 3T Oil 
15 8 

rronochr np H pacnane Ho cnenyeT HCKaTb EO rr epexon c 3 HeprHeft 991 K3a. M br 

Ha6ll iDJlallH HeCKOllbKO n epeXOJlOa C 6nH3KOft 3 HeprH e il , HO TOllbKD OJliiH 113 HHX -

986,1 K3a I!MeeT aWCOKOe 3 Ha '!eHHe ak (Ta6n . 1 ) . B o3MOlKHO, 'ITO aT o caH3aao 

C Te ~ , 'ITO HMeiDTCSI Jlaa rrepeXOJla C 6JI II3KIIMH 3HepriiHMII II OJlHH 113 HIIX T ll lla 

E O. T orna MOlKHO aaeCTII ypoae Hb (0+0) c 3HeprHei1 986 ,1 K3 a . C n enyeT 3aMeTHTb 

17 1 
np 11 3T OM 0 'IT O pa3llll'llle a 3 Hepr11HX. 3TOr O y poaHSI no HBWHM JlB HH blM II JlBHHbiM 

ahi XOJl iiT 3a n peaen hi nonycTII MhiX a.Kcne puMeHT a nbHhi X n orpewnoc Tei1. B r aMMa

c n eKTpe ( p 11c . 2 ) Mhl Ha 6niDnanu nepe xon c 3 Heprrmi1 888 K3 a , KOTOp biH MOlKeT 
+ + 

6hiTb rr ep e x OJlOM ( 0 0)-. ( 2 + 0 ). K oa aepcu o HHhre llHHHH aT o r o n ep exoaa HaM 

Ha6monaTb He y a a nocb 113 - 3a c nolKH OCTH cneKTpa . YpoaeHb 1085,0 K3a , onpenen 51ID

wH i1CR E2 nepeXOJlOM 986, 1 K3a H n epeXOJlOM 1085,0 K3a , SlallReTC51 nepab!M pOTa

UII OHHbl M y poaHeM ,S - a116paUHOHHOH n OJIOCbl . Yl cnollb3Y 51 OTHOIUeHH51 IIHT eHCHaHQ-

CT e H 1 y en "' 100 H npHHH Ma SI OJlHO'taCTII'tBOe 3 Ba 'te HHe Jlll SI aepo

·SITHOCTH E2 - n epexona 888 K3a ( T 1; 2 
-1 1 

= 1,9· I-0 c eK ), Mbl cnenan 11 ou e HKy MaTpH'I-

HOr O 3lle Me HTa 0+-+ 0+ nepeXO)la -/ .. 0,006. 

e) YpoaeHb 1895 K3a MOlKHO BBeCTB Ha OCHOae XOpO~ero (:t_0,5 K3B ) Coanane

HH51 c yM M a nepr11 i1 n ep exoaoa ( CM. p11c. 4 ). B aea e HH e 3 Toro y poaH 51 noaTaeplKJlaeT-
/ 4 / 

CSI TaKlKe on hiTaMH no y - ·y -cosnaneHHRM • llaHHhte o My nbTanonb HOCTH nepe-

xonoa c aT oro ypoaHR (T a 6n. 1) He npoTHaope'taT npeJlnonolKeHHID, 'ITO 3TH nepe

xonht THrra E 2 HnH M 1, T. e. rrepeXOJlhi 6ea HaMeHeHHH '!e THOCTB. TOT ¢ aKT, 'ITO Mhl 
• + + 

Ha6niD)laeM n epeXOilbl Ha ac e ypoaHB y - a H6paUHOHHOi!: nonOCbl OT 2 JlO 6 0, il03BQ-
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nSJeT c•m T a Tb, 'ITO :'!TOT yposeHb HMeeT cnHH 4 H nono>KHTenbHYJO '! e THOCTb. YIHT eH-

CJISHOCTb ' n e pexonoa, yxonrnuHX C ypOSHSI 1895 K9S, COCTaSnSJeT 

nos 1!30Me pnoro C OCTOSJHIISI 
158 Ho , C 6onee SbTCOKHX yposHeli 

22 % scex pacna-

159 Dy 
9 TOT ypo-

seHb ne aac e nSJeTCSJ . EcT e CTSeHHO npe nnono>KHTb, 'ITO HaH6onee HHTe HCHsHaSJ KOM-

II OH e HTa IT03HTpOHOB ( 1300 K 3 S) CSSJ3aHa C 6eTa-pacnanOM C OCHOSHOrO C OCT OSIHIISJ 

158 Ho ( 5+) na y poaeHb 1895 K 9S ( 4 +). 3To n oasonSJeT HaM Sbi'I HC!lHTb aHe prHIO pac-

151 1 58 
nan a Ha yp oaeHb 1895 - 2320 K9S H pa3HOCTb Mace Ho... Dy 4220 K 3 S , 3Ha'leHne 

log ft n nSJ 6e T a -pacnana na yposeHb 1895 K9S nonyqaeT CSJ T orna pasHhTM logft =5,07:!:_0,1. 

0oi1y 'le Hiie CTO!lb H1!3KOro 3Ha'!eHHSI log ft !T03BO!lSJ8T cnenaTb sa>KHbie SblBOllbl,0SJTOB H 

/26 '/ 151 
Conoabes , paCC'IHTbisaSJ c T py K TYPY soa6y >Kn e HHbiX yposHeii Dy , noKaaann, 

'ITO B 3 TOM Slllpe non >KeH 6b!Tb llBYXKB83H'!aCTH 'iHbl ii yposeHb THIT8 n5/2 -( 5231+ n3/ 2-[ 521] 
+ 

co c nnHOM H 'ieTHOCTbiO 4 n c 9HeprHe i1 oKono I, 7 M 9 s. 3TOT ypose nb non>KeH 

HHTeHCHSHO 38C8 !lS!TbCSJ rlpll ,13 - pacnane OCHOSH OrO COCT0 51H!Hl 
15f:lo, ( 5+) p7/ 2 -c 5231 + 

n 3/ 2- [ 5211 , T aK K aK npH 3 TOM nponcxonHT paape weHHbiii H eaanep>KaHHbll1 n epexon 

p 7/ 2-[ 523 ] - n 5/ 2- [ 523 ]. Log ft nnH OllHO'iaCTI!'IHbiX f3 -nepexonos T aKoro 

THI18 S H8'18THb lX Hnpax HMeeT Se!lH'IHHY 4,6- 4,8, .llpy roii S03MOli<HOCTH 06bHCHHTb 

nony'leTT Hoe HH3KOe 3Ha'!eHu e logft = 5,1 HeT. TaKHM o6pa3oM, M O >KHO C'IHTBTb 'ycTa-

HOsnenHbTM, 'ITO OCHOSHOe COCT051H He IM Ho HMeeT CITHH ll '18THOCTb 5+ H C TpyK-

Typa 9TOrO COCT051HH51 p 7/ 2-[ 523] + n 3/ 2 [ 5211 n 'ITO yposeHb 
+ 

1895 K 9S Tll!T 8 4 , 

n5/ 2-[523] + n3/ 2- [521] • BoaMo•Ho , 'ITO ypoaeHb 2022 K 3S (5+) 51S!l5leTC51 

nepSbl M pOT8llH OHH blM ypOBH e M 110!10Cbl 0 OCHOB8 HH Oii H8 COCT051HHH C 3Heprneii 

1895 l< 9 S. 

x<) Ypo sH H OTpHUaTe n h HOH q e THOC TH. YposHH OTpnuaTe!lbHoii '!eTHOC TH s pac-

CM8TpH B8eMOi1 CXeMe pacnana M O)!{HO HneHTHq>HUHpOSaTb ITO 9!1 8 KTpH'18 CKH M nHITO!lb

HbiM raM Ma-nepe xona M . Ha6nJOnaeMbte HeCKO!lbKO nepexo noa T a Koro THna ( Ta6n. 1) 

y naeTCH paaMeCTHTh s c xeMe pacnana, ecnH npennonoli<HTb cywe c T sosanHe yposHeft 

C 3 HeprH51Mll 1299 K3S (1-), 13+0 K 3B (2-), 2544 K 3 S (1-) H :J.604 K3S (1-). 0THO-

+ + 
we nHe fiHT 8 HCHBHOCT efJ raMMa-nepexonos C ypOSH SJ 1299 K 3 S Ha y pOSHH 0 H 2 

pOTaUI!OHHOft 110!10Cbl OC HOSHOrO COCT051HH SJ , npHMepHO, p8SH0 nsyM ; 3TO !T03 BO!l518T 

aa Kmo'IHTb, 'IT O nm1 ypoaHH 1299 K 3B K & I. YposHH 1299 K 3 S H 1310 K 3 s, sepo51T-
15B 

HO, CS5138Hbl C OKTynO!lbH b lMH KOne6aHH 51MH 5lllpa Dy YposHH OTpHuaTe nbHOA 

qeTHOCTI! aac enmoTC SJ , no- a nnH MOMy , rnasHbTM o6paaoM, npu 6eTa- p n cnane li J OM e p 

Horo COCT 051HH SJ l 
58 

Ho ( 2-). 

12 

a) YposeHb 2 108 K9 S . 

raMMa-nepexon c 9HeprHe ii 

TaeM Ha116onee sepOS!THbTM, 

CTSOSaHHe TaKOrO ypOSHSI Cl 

n epexonos , a TaK>Ke na p ea: 

S8Hb !TO!lO>KHTe!lbHOii '18THOC 

I~ 

HOSHOrO COCTOSJHIISJ Ho 

nSJeTCH npn f3 - pacnane H ' 

KOe HH3KOe 3H8'1eHI!e logf t 

!TO!lO>KHTe!lbHOii q e THOCTH (n 

soro nopSinKa aanpeweHn H ) 

HOrO COCT051Hil51 0 TO OH non} 

nos - S03MO>KHble 3Ha'I8HH SI 

YIHTepecHo aaMeTHT b , 'ITO p 

STOporo nsyXKS83H'I8CTH'IH OI 

paapewe HHhlii neaanep•anHhl 

HO!lO)!{HS, 'ITO OH HMe eT 'le T 
I 

HM8eT MeCTO npH pacnane 

COCT0 51HHSI 
158

Ho SXOnHT < 

napbl S COCTOSIHHH p 7/ 2 (! 

aanep•aHHbill f3 -nepexon. 

Ta8TC51 TO, 'ITO nsyXKSa3H~ 

KOTOpoe Mbl 11pH!THC8!lH ypC 

HO ll K yposHID C 9HeprHell 

ll) .llpy rHe ypOSHH 
158 

L 

weii pa60Te C TO'!HOCTblO 

Bb1W8 10()() K9S. 3TO !T03SO!l 

nepexonos np11 HlleHTH~HKalli 

c xeMe (pHc . 4) yKaaaH u em 

naneHHSJ cyMM 3HeprHii n ep 

Bee 3 TH yposHH OTHOCHTen: 

csollcTaa. Y Ka•noro yposH 

HOCTb, npoueHT aaceneHH51 H 



ITeilbHYJO 'ICTHOCTb. l1HTeH-

9Bi1SleT ., 22 % acex pacna-

JOBHefl ISB Dy 3TOT ypo-

1160nee IIHTCHCIIBHBSI KOM-

M C OCHOBHOI'O COCTOSIHHSI 

M Bbi 'II! CnHTb s Hepnuo p ac
tse 

Dy 4220 K3 B. 3Ha'leHHe 

'Ol'JlB paBHbi M logft =5,07::_0,1. 

18Th BB)!{Hbie BbiBOJlbl .TISITOB II 

>BHefi 151 Dy 
, IIOKaaanH, 

=Hh Tuna n5/2 -[ 523 ] + n3/ 2-f 521] 

3TOT YPOBCHb JlOli)!{CH 

'OSIHHl1 15f!o, (5+) p7/ 2-(523] + 

Heaanep>KaHHbiH nepexon 

f3 -nepexonos TaKoro 

B03MO}!<HOCTH 06bi!CIIHTb 

.30M1 MO)!{HO C'IHT8Tb ·ycTa-

+ 
I II 'leTHOCTb 5 H CTpyK-

>BeHb 1895 K3B Tllna 4+, 

2022 K3B (5+ ) SIBi!SieTCSI 

'TOSIHHH C 3Hepl'HCH 

8TCnbHOii 'leT HOC TH B pac

an e KTpH'ICCKHM nunonb-

B TaKOI'O Tllna (Ta6n. 1) 

cymecTaosaHHe ypoaHefl 

) H 2604 K3B (1-). 0TH0-

3 B Ha ypOBHH 0+ 11 2+ 

o llBYMi 3TO noaaonHeT 

K3B II 1310 K3B 1 BepOSIT

fpOBHII OTpHUaTellbHOH 

11 6e Ta-pacnane JIOOM ep -

158 
a) YposeHb 2108 KSB. Tip11 pacnane Ho B03HI!KaeT IIHTeHCIIBH biH ( .. IU% ) 

raMMa-nepexon c sHepr11ei1 1791 KsB. Ero MynhTHnonbHOCTh E2 11n11 M 1. M bi C'I II

TaeM H8116onee BepOSITHbtM, 'ITO 3TOT nepexon CBSI38H C ypOBHeM 2108 K3B. Cyme-

CTBOBBHI!e TBKOI'O ypOBHSI cnenyeT H3 XOpOW el'O COBnaneHHSI CyMM 3Hep l'HH raM Ma

/ 4 / 
nepexonos, a TaK>Ke ua peaynbTaToB onbiTOB no y-y -coananeHHSI • 3ToT ypo-

BeHb nono>KuTenhHOfi '!eTHOCTH. Tipennona ran, 'ITO oH a acenneTcn npu pacnane oc-
15! 

HOBHOI'O COCTOSIHIISI Ho 1 Mbl nony qunu Jog ft = 5,35, Ecnu >Ke ypoaeHh 3ace-

nSieTCSI np11 {3 -pacnane H30Me pHOI'O COCTOSIHIISI1Jogft = 5 ,8 . Tpynno Oll<fl n8Tb T ll 

KOe HH3KOe 3Ha'leHHe log f t npH (3 - pacnane H30Me pHOI'O COCTO SIHHSI Ha ypOBeHb 

nonO>KHTeilbHOH 'ICTHOCTH ( nepexon C H3MeHeHHeM '!eTHOCTII 1 no-Kp8HHefl M e pe , n e p 

BOI'O nopS!nKa aanpemeHHSI). Ecnu sTOT ypoaeHb aacenSieTCSI np11 p acnane ocHoB

Horo COCTOSIHHSI, TO OH non>KeH HMeTb Cni!H 4: H3 MynbTIWOnhHOCT CH y -nepe xo-

nOB - B03MO>KHbie 3H8'1eHHSI CnHHB 2, 3, 4 j 3H8'1eHI!e Jog f t IICK ii JO'Ia eT 2 II 3. 

l1HTepeCHO 3aMeTI!Tb 1 'ITO pac'!eT bl no CBepXTeKy'leH MOnenH He npenCK83biB810T 

BTOpOI'O nayXKB83H'IaCTH'IHOI'O ypOBHSI CO Cni!HOM 4, Ha KOTOpb!H npOHCXOnHn 6 bl 

paapeweHHbiH Heaanep>KaHHhiH {3 -pacnan. H e nb3SI o6bSICHHTh STOT ypoaeHb 11 npen-

nonO>KHB, 'ITO OH HM e eT '!eT bipeXKB83 11'18CTH'IHyJO CTpyKTypy, KaK 3TO, Hallpi!M e p , 
188 

HMeeT MeCTO npH pacnane Tu . '.[lefiCTBHTenbH0 1 B KOH!jllll' y paUH !O OCHOBIIOI'O 

COCTOSIHII Sl 
158 

Ho BXOnHT COCTOSIHHe npOTOHa 7/ 2 -( 523] 1!, T8KIIM o6pa,30M , HeT 

napbl B COCTOSIHHH p 7/ 2 ( 523) t C KOTOpOI'O MOl' 6b! np01!30HTH paapeweHIILiii HC

aanep>K8HHb!H {3 -nepexon. EnHHCTBeHHbiM paayMHhiM npennono>Ke HI! eM noKa oc-

TaeTCSI TO, "'TO nByXKB83H'18CTH'IHOe COCTOSIHHe Tuna 4 + n 5/ 2 [ 523] +n 3/ 2 [ 521], 

KOTOpoe Mbl npHnucanH ypOBHJO C 3Hepruei1 1895 K3B , B 38MeTHOH none npH Mew a

HO H K ypOBHID C 3Hepl'lleH 2108 K3B. 

u) .[lpyrl!e ypOBHH 
158 

Dy • 3Hepl'IIH l'BMMa-nepe xonoB O!'peneneHbl B H8CTOSI-

mefi pa60Te C TO'IHOCTb!O 0,05% a o6nacTH no 1000 Kaa H 0,07-0,1 % a o6na ; nr 

Bhlwe 1000 K3B. 3To noaaonSieT ucnonbaoaaTb coananeHHe cyMM aHeprHfi r aMMa-

"' • 6 · 
1 58 

Ho . H a nepexonos np11 uneHTH<;>HKaUHH yposHeH, soa y>~<naJO!lliiXCSI np11 pacnane 

CXeMe (pi!C. 4) YK838H uenbiH· pS!n ypOBHefi , KOTOpble MO>KHO BBCCTH Ha OCHOBe COB

naneHHSI cyMM 3Hepl'HH nepexonOB, HHTeHCHBHOCTefi II MynbTHnOnbHOCTeH n epexonoB. 

Bee 3TH ypoBHH OTHOCHTenhHO cna6o aacenHJOTCSI 11 noKa TpynHo o6cy >;<naTh IIX 

CBOHCTBa. Y Ka>KnOI'O ypOBHSI (puc. 4) yKa38Hbl 3Hepl'IISI, B03MO>K HbiH Cm!H II 'le T-

HOCTb, npoueHT aaceneHIISI H 3H8'1eHI!e log f t • 3Ha'!eHHSI log ft paCC'IHT8 Hbl B 

13 



npel1n0110>I<eHHH, '!TO OHII 3aCehmOT CH np11 pacna11e H30MepHoro cocTOHHII H. Ec11 11 

npei1110110>1<HTb, '!TO COOT Be T CTBYIOil!IIH yponeHb 3aCC11<TeT C51 n pH pacna11e OCHOBI!Oro 

COC TOIIHIHI I 
58 Ho , TO 3 1-1 B 1..f.eHH e log ft 11011~<HO 6b1T b yMe Hbllleuo ua .. 0,4. 

0 
Ypoorm, 111151 KOTOpbiX 3Ha ' ieHII H log f t yKa3aHbl co 3 Ha'!KOM ( Hanpi!Mep, 

5 ,07° ), HB116011ee Bep05!THO 3aCe11<!10T C51 npu pacna11e OCHOBHOrO COCT0 51HII51 
158 

Ho 

H Jogft 11011C'!HT a H B 3TOM npellllOliO~<eH HII. 
158 

K) n o3HTp0Hbl npH pacnal1e Ho . KaK yKa3allO Bblllle, 1103 HTpOHHblfl pac-

11811 C rpaHH'!HOH 3HeprHeii I103HTpOHOB 1300 K3B 11pOHCX011HT H3 OCHOBHOrO COCT051-

HH<I I Se Ho (5+) Ha ypOBeHb 1895 K3B (4+). K a K Bl!llHO H3 CXeMb! (puc. 4), PMOM 

C ypOBHeM 1895 K3B HaXOI151TC51 ell!e 11Ba yp OBH51 1940 K 3 B (4+) H 2 108 K 3 B (4+), 

KOTOpble cpaBHHTe 11bHO CHllbHO 3aCe115110T C51 npH pacnalle 
158 Ho . noaTOMY B03 -

MOlKuo , '!T o KOMnoHeHTa no31!TpoHon c E 
rp 

1300 K 3 B 51B115IeT C51 CliO>KHOii II "Ja CTb 

ee HHTe HCI!BHOCTH OTHOCIITC 51 K 110311Tp0HHOMY pacn any Ha ypOBHII 2 108 II 1940 K 3B . 

YKa3aHu eM Ha 3 T O MO>KeT cny>KHTb TOT cpa KT, '!TO Bb!'! HClleHHo e H3 nonyqeH HbiX HaMH 

3 KCnepHM e HT8llbHblX Jl8HHbiX OTHOllleHII e IIHTeHCIIBHOC T eii Y. - 3axaaT a Ha y poaeHb 

1895 K 3B H 110311TpOHOO E = 1300 K 3 B HeCK011bKO MeHbllle T eopeTII '!ecKoro 111151 
rp 

pa3pewerJHb!X nepe xonoa: 

K/ f3 + = 7 + 
K/ f3T eop . = 1L6 . 

KoMnoH e nTa n03iiTpOHOB c rpaHII'!HOii a Hepr11e ii 1850 K 3B TBK>Ke, aepo srrHo, 

51B1151eTC<T C!IO>KHO ii . 3 T a KOM ilOHeHT a , ll.D-BHiliiMOMy , OTHOC IITC51 K 110311 T pOHHblM pac-

118Jl8M H 3 OCHOBH OrO COCTO SIH H 51 I 5e Ho ( 5 +) Ha ypOB HH y - BH6p8UIIOH HOfl 110110Cbl 

11 63 K 3B (4+) , 1314 K 3B (5+) II 1476 K 3B (6+) . 

KoMnoH e HT a c rpa HII"'HOii 311ep r11eii 2890 K3B, o'! e aruwo, npei1CTaBnHeT co6oii 

1 5 ~ + + 
110311TpOHHbll1 pacna11 113 OCHOBHOrO COC T051HIIn Ho ( 5 ) Ha yponel!b 317,1 K 3 B ( 4 ) 

pOT8UHOHIIOH 110110C b l OCHOBHOrO COC T0 51 HII 51 . 

B HacTOSIWeii pa60Te B pe3ynbTaTe 113y "'eHIIH cneKTpa KOHBepcHOHHbl X aneKTpo-

HOB , y - cneKTpa II C n eKTpa 11 0311Tp0HOB , B03HHKaiOWIIX ll[lH p ncnane 1130MepHOrO CQ-

158 I 59 
CTO S! HII51 Ho • nony'!eHbl H81!6011 ee 11011HL>le 118llf!bl e 0 pacnane Ho . nocT pOeH -

HaS! CXeMa p acnal!a BKliiO"'aeT 0011ee llO.OOBIIHb! BCeX n e p eXOI1 0B , B03HH KaiOlUHX [l 3 T OM 

pacnane. YI HTeHC H BH OCTb Hepa3Mell!el!H h i X nepeXOJlOB COCTaBITHeT He 6onee 10% 

pacnanoa . 
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•MepHoro cocTO HHJH!, Ecnu 

n cH 11pu pac11ane ocn o s nor o 

b yMe HbllieHO HB ., 0 ,4, 

0 
bl CO 3 HB'IKOM ( HB11pUMep , 

OCHOBHOI'O COCTOHHH H IS! Ho 

11[0 Bb!We , 1103HTp OHH blfl pac-

:X OUHT H3 OCHOBHOI' O COCT051-

) H3 C X.eM b l (puc . 4), PHil OM 

K3B ( 4+) H 2108 K3B (4 + ) ' 

e 158 Ho fl03TO My 803-

HB y pOBHH 2 108 H 1940 K3B . 

IICneH HOe H3 nony'le HHblX HBMH 

[ - 3a XBBTa HB y pOBeHb 

350 K3B Ta K>Ke , Be p05tTHO, 

'iOCHTCH K 11 03 HTpOHII blM pac 

y - BH6paUHOiiHOli 11 0nOC bl 

BHnno, 11penc Ta snHeT co6oii 
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Ta6nHna l/! I 

:i v. Fys., 15, 121( 1959 ). 3HeprHH H OTHOCHTeJibHHe HHTeHCHBHOCTH r -Jiyqel! H 
3JieKTpOHOB BHyTpeHHel! KOHBepCHH I58H0+ I58~o. 

). K03qxpHeHT KOHBepCHH1 X 10'J ![!Jr. EJ JK Jl BHBO)I; 0 
v10B, E.C . n~<enenoB, 

2., 52 (1961 ) . nn K3B 3~P El f2. Mt M2 WYJihTHTI. 

AH CCCP (196 1). I 2 3 4 5 6 7 8 9 10 
. 8. 3onoTaBHH, B.O. CepreeB • 

I. (90, 2) CJia.6. 

~.led d. 2, ( 1962 ). 
2. (98,3 CJia.6. 
3. 98,9 5200 5UOO I040.,t200 IIOO E2 

cjlH3 . ;lli_. 16 17 ( 1964). 4. IJ8,5 CJIO:I. 
5. 145,5 ~20 

6. 185,95 ~15 

7. 218,2 1ooo*J 8000 125 125 E2 
8. (23I,O; c.11a6. 

:KHfi OTJJ8ll 9. 320,5 35 750 47.,t7 I2,6 40,7 81,3 310 E2 
10. 4I9 45 
II. 426 90 
12. 448 20 
IJ. 462,0 0,9 45 20.,t6 5, 25 14,5 30,2 99 E2,MI 
14. 474 35 
15. 487 35 
16. 517,3 0,8 60 I3,3.,t4 4,1 II,3 23,2 70,8 JQ 

17. 534 35 
18. 546 55 
19. 555 35 
20. 562 JO 
21. 581 5o 
22. (601) 40 
23. (610) 5o 
24. 6I6,4 0,7 

JI40 25. 618, 2 0,3 7,I.,t2,5 2,75 7,3 14,8 43 (E2; 

26. 623,5 0,4 50 8,0.:!; J 2,7 7,2 14,5 41,7 E2 

27. 627 
} 80 28. 631 

30. 646, 8 u,7 9u '1, 8...!;3 2,5 6,7 13,5 37 E2 
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I 2 J 4 5 6 7 8 9 10 I 2 3 

JID. 66I,O 0,2 JO 6.6.±3 2,4 6,J 12,6 35,3 E2 69. 1200,0 0,07 
JI. 676,8 0,6 IOO 6, 0.±2 2,3 6,0 II , 5 J2 E2 70. 12II,O 0,12 
32. 707,3 ~ O,J 40 -£,7, 5 2, 1 5,4 10,J 28 (E2) 7t. 1224,0 0,05 
J3 . 725,0 1, 2 

t 
(E2) 72. 1229,0 0,15 

6, 8.±2 2,0 5,0 9,6 25 (E2) 34. 727,2 2,0 73. 1235,0 0,07 
J5. 731,3 2, 2 (E2; 74. 1240,0 0,07 
36. 735,2 0,7 (E2) 75. 1245,0 
37. 740,1 0,3 45 6,6.:~;_2,5 1,90 4,9 9,6 25 E2,M1 76. 1263,0 o,oa 
38. 776,7 0,7 60 II, 6.±3 1,7 4,4 8, 5 22 E2+E0, 77. 12, 68,0 0,05 

MI 
78. 1271?,0 0,25 

J9. 807,~ 0,3 60 5.±1, 5 1,6 4,0 7,6 18,8 E2 
'1£1. 1279,0 0,04 

40. 8.38,5 0,5 150 3, 3.±0,8 1,5 3,6 7,0 17,4 E2 ao. !295,0 0,05 
41. 846, 2 2, 7 

}4600 
(E2J 

81. 1299,0 0,15 
42. 8'+7,0 8,6 3, 8.±0, 6 1,44 3,55 6,85 17,0 (E2) 

82. 1302,0 <0,04 
4J. 850,3 6,3 (E2J 83. 1337,8 0,08 
44. 858, 1 0,4 140 2,8.±0,8 1,43 3,50 6,5 17,0 E2 

84. 1343,0 0,05 
45. 888,0 210 - - - - - - 85. (!349,0) -
46. 893,4 0,7 200 J, 5.±0, 7 1,JO 3,2 5,9 14,8 E2 86. 1364,2 0,045 
47. 945,5 5,4 

}5700 
(E2J 87. (IJ7I,OJ 

48. 945 , 9 5,0 J, 0.±0, 5 1, 20 3,0 5,2 IJ,O (E2) 86. (1376,0) 
49. 948,5 6,4 (E2J 89. 1385,7 -o, 02 
50. 971,0 cna<!. - - - - - - - 90. 1390,9 0,03 
51. 977,7 0,4 90 4,4.±1,5 I,II 2,8 4,7 II,9 E2 , !U 

91. 1400,9 0,04 
52. 986,1 2, 0 65 30,9,±6 1,09 2,7 4,5 II,6 EO 

92. !4!6,7 0, 20 
53. 994,3 1,1 

}930 2,8.±0,5 1,07 2,6 4,35 II,3 ~~~j 93. 14.34, 0 } o, 15 54. 996,9 1,5 
(E2) 

94. !437,0 
55. 10I0,9 ~0,15 60 "'"' 2,5 1, 04 2,48 4,25 10,8 

95. 1442,0 
56. 1039,1 CJIO:I:. 45 - - - - - - 96. (1454) 
57. 1047, 2 cJia<!. roo ..(1,0 0, 98 2,4 4, 0 10,0 (EI; 

97. 1462,9 0,40 
58. I063,I 0, 3 

}540 
~E2J 96. 1489,9 0,07 2,6.±0,6 0,96 2,3 3,9 9,4 E2) 59 . 1064,6 I , I 

99. 15II,O 0,08 
60. 1081,0 80 - - - - - -

100. 1521,0 0,2 -
6t. 1085, 0 ..... a, r 40 -2, 5 0, 93 2,15 3,8 9, 0 (E2) 

!01. (1537,0) 
6a. 1095,0 - 60 - - - - - - 102. 1556,0 0,10 
63. IIIO, 0 40 - - - - - - 103. !566,0 0,06 -
64. II 58, J 0, 12 J270 1, 9.±0, 4 0,85 1, 9 3,2 7,6 ~E2) 104. 1578, 2 0, 80 
65. II61,0 0, 40 E2J 
66. II69 , 0 0, 12 70 1, 7.±0, 5 0, 80 1,85 3,12 7,45 E2 

67. II79,9 0, 25 ) 150 1,66+_0,5 0,78 1,82 3, 04 7, 25 ( E2) 
68. II83, o (E2 ) 

ltl 



8 2 IO I 2 J ~ ~ ~ '1 B ~ IQ 
12,6 35,3 E2 69. 1200,0 0,07 roo o, 7~,2 0,73 1,75 2,9 7,01 EI 
II , 5 32 E2 70. 12II,O 0,12 185 0,65,±0,2 0,72 1,74 2,85 6,75 EI 
10,3 28 (E2J 71. 1224,0 0,05 30 1,60..:!;0,5 0,70 1,70 2,78 6,62 E2 

(E2J 72. 1229,0 o,15 80 1,9~,6 0,70 1,70 2,75 6,50 E2,lll 
9,6 25 (E2; 73. 1235,0 0,07 40 I, 75..:t016 0,70 1,66 2,75 6,45 E2,MI 

(E2; 74. 1240,0 0,07 35 2,Q±0,6 0,69 1,66 2,70 6,38 E2,MI 
(E2J 75. 1245,0 40 

9, 6 25 E2, MI 76. 1263,0 o,oa 30 2,60..:!;0,8 0,68 1,60 2,57 6,1 Ill 
8, 5 22 E2+E0, 77. 12, 68,0 0,05 

Jr6o 1,85~,4 0,68 1,55 2,54 5,98 E2,MI MI 78. 1272,0 0,25 
7,6 18,8 E2 

79. 1279,0 0,04 30 1,3..:!;0,8 0,68 1,55 2,51 5,90 E2,MI 
7,0 17,4 E2 80. 1295,0 0,05 ~30 ~1,7 0,66 I, 52 2,46 5,80 JII,E2 

(E2J 81. 1299,0 0,15 240 0,62,±0,2 0,66 I, 52 2,46 5,80 EI 
·5 6,85 17,0 (E2J 82. 1302,0 <0,04 

(E2J 83. 1337,8 0,08 40 2,0..:!;0,6 0,68 1,45 2,26 5,3 lll,E2 ;o 6,5 17,0 E2 84. 1343,0 0,05 35 1,4~,5 0,62 1,45 2,23 5, 25 E2,1U 
85. (1349,0) 20 

5,9 14,8 E2 86. 1364,2 0,045 30 I, 5,±0,6 0,61 1,37 2,16 5,0 E2, Jlf 
(E2J 87. (1371,0) 20 

5, 2 13,0 (E2; 88. (1376,0) 25 
(E2J 89. 1.385, 7 -o, 02 45 -0,45 0,61 I,33 2,05 4,8 (EI) 

90. 1390,9 0,03 30 I.t0,3 0,61 1,32 2,05 4,8 (E2) 
4,7 II,9 E2 , !U 91. 1400,9 0,04 40 I~,J 0,60 I,J1 2,00 4,7 (E2) 
4,5 II,6 EO 92. 1416,7 0,20 165 1,2..:!;0,4 0,58 1,29 2,0 4,50 E2 

~E2 J 93. 1434,0 } o, 15 4,35 II,3 E2J 120 1,25~,4 0,57 1,26 1,9 4,40 tE2J 
(E2J 

94. 1437,0 E2J 
~8 4,25 10,8 95. 1442,0 60 

(EI; 
96. (1454) 25 

l 4,0 10,0 97. 1462,9 0,40 300 I,J0~,3 0,54 1,23 1,85 4,20 E2,lll 
~E2J 98. 1489,9 0,07 45 1,5,±0,5 0,53 1,18 1,77 4,00 E2,lll 3 3,9 9,4 E2J 

99. I5II,O 0,08 50 1,6~,6 0,52 I,I5 1,73 3,90 Jli,E2 

(E2J 
roo. 1521,0 0,2 170 1,2,±0,4 0,51 1,13 1,68 3,80 E2,1U 

15 3, 8 9, 0 101. (1537,0) 20 
102. 1556,0 0,10 70 I, 4,±0, 4 0,50 1,09 1,62 3,55 E2,lii 
103. 1566,0 0,06 40 1,5..:!;0,5 0,49 1,07 1,6 3,50 E2,MI 

9 3,2 7,6 fE2) 104. 1578,2 0,80 720 I,I,±0,2 0,4!3 1,05 1,55 3,45 E2 
E2; 

85 3,12 7,45 E2 

32 3,04 7, 25 ( E2) 
(f2) 
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I 2 3 4 5 ·6 7 8 9--~ -
I05. (I592,0 ) - 25 1 ' J !l 
I06. I605,0 O,IO IOO I,OJ;0,3 0,47 I,03 I, 52 3,35 E2 
I07. I6IO,O o,I5 90 I,7J;0,3 0,47 I,02 I,50 3,30 lli !38. 2247,1 0,02 

IOB. I624,2 0,6 570 I,05J;0,2 0,46 I,O I,45 3,20 E2,(1UJ 139. 2290,I 0,015 

I09. I636,0 - 20 - - - - -· - 140. 230I,O O,OI 

no. 1655,I 0,5 80 6,25j;2 0,45 0,96 I,38 3,1 EO+E2 141. 2.310,3 0,0.3 50 

III. I679,8 0,08 90 0,9J;0,3 0,44 0,94 1,35 3,05 E2 142. 2338,0 O,OI 

II2. 1735,0 ~0,05 ) 
I4.3. 2.346,8 -<0,01 

IIJ. 1739,2 0,5 I50 4,0j;I 0,4I 0,89 I,27 2,80 E2:t:EO, 
144. 2355,4 0,02 

II4. I745,0 :$0,05 (112) 
I45. 2.388,I -<.0,01 
146. 2396,6 0,02 

II5. 1753,7 0,06 60 I, OJ;O, 3 0,4I 0,87 1,24 2,70 E;l ,JU 147. 2437,1 <O,OI 
II6. 1791,2 2,0 !800 1,1J;0,25 0,39 0,85 1,17 2,50 E2, Ill 148. 2444,3 0,01 40 
II7. !828,5 0,0.3 40 o, 75j;0,2 0,38 0,82 1,12 2,45 E2 149. 2460,5 0,03 
IIB. I844,0 - 40 - - - - - - I50. 2486,3 0,02 
119. 1852,0 - 60 - - - - - - 151. 2504,9 o,o3 !20 
I20. 1857,5 0,06 60 I, OJ;O, 3 0,36 0,78 1,08 2,35 E2, III 152. 2512,0 0,02 
I2I. 1877,5 0,15 !40 I, IJ;O, 3 O,J6 o, 76 1,05 2,25 IU,E2 15.3. 2522,0 0,~2 
122. 1886,0 0,04 - - - - - - - I54. 2544,1 0,99 350 
123. 1914,0 0,03 - - - - - - - 155. 2604,0 O,IJ 600 
I24. 1956,1 0,09 IOO O, 9J;0, 3 0,35 0,72 0,96 2,1 E2,MI 156. 
125. (2005,0) ~0,04 

126. 2009,3 O,I4 170 0,8j;0,2 0,33 0,68 0,90 2,0 E2,1U 
I27. 2030,I 0,06 80 o, 75J;0,2 0,32 0,67 0,88 1,90 E2,MI 

llpoeqauHe: ( 128. 2066,2 0,20 280 O, 7J;0, 2 0,30 0,64 0,84 1,81 E2, III J - H 

129. 2076,1 0,07 100 o, 7j;0,2 0,30 0,64 0,83 1,80 E2, Ill JE ,. H 

130. 2092,7 0,09 I20 O, 75J;O, 2 0,30 0,6.3 0,81 1,77 E2,JU I 

1.31. 2II9,8 0,16 200 O, 8j;O, .3 0,29 0,62 0,80 1,75 III,E2 !IJ. 

132. 2147~1 0,01 - - - - - - - CJIOJ:. - JI 
I.J.J. 2170,0} 0,06 60 I,OJ;0,4 0,29 0,60 0,76 1,66 E2,MI cna6. - JI. 
1.34. 2I75,0 

IJ5. 2188,8 0,02 
1J6. 2202,3 0,35 500 o, 70j;0,2 0,28 0,58 0,73 1,57 E2,JU 
137. 2221,9 0,30 450 O, 70J;O, 2 o,aa 0,58 0,7.3 1,55 E2,1li 
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7 8 9 IO 

I ' J !! 5 6 1 8 "9 lQ 
,OJ 1,52 3,35 E2 
,02 1,50 3,30 Jll 138. 2247,1 0,02 

,o 1,45 3,20 E2,(JIIJ 139. 2290,1 0,015 
140. 2301,0 o,o1 

,96 1,38 J,I EO+E2 141. 2310,3 0,03 50 0,6.,t0,2 0,26 0,55 0,65 1,40 E2,JU 

,94 1,35 3,05 E2 142. 2338,0 0,01 
143. 2346,8 <0,01 

,89 1,27 2,80 
144. 2355,4 0,02 

E2;t:EO, 145. 2388,1 <0,01 
(112; 146. 2396,6 0,02 

,87 1,24 2,70 E~ ,KI 147. 2437,1 <0,01 
,85 1,17 2,50 E2, III 
,82 1,12 2,45 E2 

148. 2444,3 0,01 40 0,25.,t0,1 0,24 0,48 0,57 1,16 E1 
149. 2460,5 o,oJ 
150. 2486,3 0,02 

,78 1,08 2,35 E2,MI 
151. 2504,9 01 03 120 0,2,.,t0,1 o,a:J 0,47 0,55 1,14 Ei 

,76 1,05 2,25 JU,E2 
152. 2512,0 0,02 
!53. 2522,0 o,g2 
154. 2544,1 0,99 3!30 0,26.,t0,08 0,22 0,45 0,53 1,12 EI 

.72 0,96 
155. 2604,0 0,!3 600 o, 22.,t0, 06 o, 22 0,44 0,51 1 ... 00 EI 

2,1 E2,MI 156. 

68 0,90 2,0 E2,MI 
67 0,88 1,90 E2,MI 
64 0,84 1,81 E2,JU IIpoeqauHe: ( J -- ~euT~BUKa nepexo~a npe~no~OXHTe~~aag 

64 0,83 1,80 E2, III :1 ~ HBTeHCHBHocn JUUUIH K-218, 2 lt3B npHuTa 3a 

63 0,81 1,77 E2,1ll 1000 e~HHH~ H BOpMHpOBKa npOH3B6~eHa no K03$-

62 0,80 1,75 MI,E2 ~H~HeBTy KOHBepCHH E2 - nepexo~a 3TOA ~HBHH. 

CJIOJ: • - ~HHHR CJIOXBM 

60 0,76 1,66 E2,MI c~a6. - ~HHHSI CJia6M • 

58 0,73 1,57 E2,KI 
58 0,73 1,55 E2,11I 

2 ! 



T a 6 ~- H u a t 2 

~aHHYe 06 HHTeHCHBHOCTHX H30MepHOrO nepexo~a 

( hv. 67,2 K3B) B 158Ho H 1 -nepexo~oB wex~y 
pOTaUHOHHYMH ypOBBHMH OCHOBBOrO COCTOHHHH l5S(JJ 
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