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HacToHmea pa6oToit Mbr rrpoaomKaeM rry6mrKaUHJO pe3ynhTaTos H3y'Ie­

HHH pacna.lla H30Tonos TynHH c He'IeTHbiMH MaccosbrMH 'IHcnaMH. Pe3ynh-
161 165, 2 T8Tbi HccneaosaHHH pacnaaa T m H 1m ony6nHKosaHbi sl I, I. 

163 
M3oTon Tm ( TYz= 2 'Iaca) 6brn OTKpbrT XapMaueM H ap.f31 rrpH 

164 
o6ny'IeHHH OKHCH ap6HH1 o6oraweHHofi Er , rrpoToHaMH c aHeprHefi 20M as, 

DpasHnhHOCTh rrpHnHcaHHH aToMy H30Torry Maccosoro 'IRena 6brna rroaTsepM­

aeHa sl4,5,6/. EhepHxonhM H .llp.f41 HccneaosanH raMMa-cneKTp 163 Tm, 

rrony'IeHHOrO H3 OKHCH 9p6HH1 o6ny'I8HHOH IIpOTOH8MH C 9HeprHei1 95 ~as. 
163 

0TaeneHHe Tm rrpoH3soaHnoch Ha Macc-cerrapaTope, DepHoa rronypac-

rraaa, no aaHHbiM aToit pa6oTbi1 paseH ( I,B:t_O,l) 'lac, 3Ha'IeHHe H3MepeHHo­

ro s/7/ .ITO y6b!SBHH10 HHT8HCHSHOCTM CHnhHbiX KOHSepCHOHHbiX nHHHfi II8pHO-
JG3 

aa rronypacrraaa Tm COBIIano CO 3H8'I8HJfeM H314/, COCTBBmiJOWHM ( 1,8:!:.0, l) 'IBC, 

163 
CrreKTp KOHsepcHOHHhiX aneKTpoHqs Tm ao 600-650 Kas H3y'IancH 

c rroMOWhJO 6eTa-crreKTporpa<jJos s pa6oTax/3,8,9 I. B o6nacTH aHeprHfi SbiWe ,, 
600 K9B anSI H3Y'I8HHH KOHBepCHOHHb!X aneKTpOHOS HCIIOnh30B8nHCh 6eTa­

CII8KTpOM8Tpbl t'1,lOt • faMM8-CII8KTp C IIOMOWh!O repM8HHesoro. raMMa­

CIIeKTpOMeTpa HccneaosancH TOnhKO silO!. 

Do3HTpOHbi rrpH pacrraae 
163 Tm H3y'IanHCh s/111 

H 1 I 21 • Ebrno yc-

T8HOBn8H0 1 'ITO Il03HTpOHHb!H CII8KTp - CnOMHblfi 1 COCTOHT H3 liSYX KOMIIO­

H8HT C rpaHH'IHbiMH 9HeprHHMH ( 1050:!:.30) K8S H (710:!:.40) K9S H OTHOCHTen~­

Hb!MH HHT8HCHSHOCTHMH 100 H 30 COOTB8TCTB8HHO.• 0THOW8HHe HHT8HCHSHOCTH 

rro3HTpoHoB K cyMMapHoi!: HHTeHCHBHOCTH ~eKTpoHoB K -nHHHi!: raMMa-rrepe­

xoaoB C 9HeprHHMH 655,5 H 666,3 K9S paBHO (4,7:t_l,3), 
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16 3 
YIH<jlopMaUHH o6 ypoBHHX Er 1 B030Y)KAalOIUHXCH B peaKUHHX ( d p) 

H (d t ) 1 a TaK)Ke (a, x n ) , conep)KHTcsr B paooTax ThoMa H 3n6eKa/ 13/ 

H XbopTa H PHne/141. 

8 HaCTOH!UB~ paooTe Mbl IIpOAOJI)KaJIH HCCJIBAOB8HHSI CIIBKTpOB KOHBBp-
163 

cHOHHhlX aneKTpOHOB H raMMa-nyqe~ Tm 

YcnoBHH aKciiepHMeHTOB H pe3ynbT8Thi 

YCJIOBHSI, IIpH KOTOphlX BhliiOJlHBHhl H8CTOSIIUHB HCCJIBLIOB8HHSI 0 OIIHC8-

Hhl all!. OrpaHHqHMCH II08ToMy TOJibKO KpaTKHMH saMe,aHHHMH. Y!soTorr 

10 ~ Tm Mhl IIOJiyqaJIH IIpH OOJiyqeHHH TaHTaJIOBO~ MHWBHH IIpOTOHaMH C 8HBp­

rHei1 680 M 8B Ha BHyTpeHHBM rryqKe CHHxpoUHKJIOTpoHa OYIHY!. llnHTBJibHOCTh 

o6nyqeHHSI MHWBHBH 06bJqHO COCT8BJIHJI8 2 -+ 4 qaca. CrreKTpbl KOHBBpCHOHHhiX 

8JIBK'f?OHOB H3yqaJIHCb C liOMO!UblO 6eTa-CIIBKTporpaqJOB C IIOCTOHHHhiM OAHO­

pOAHhiM MarHHTHhiM rroneM \ R ;g 0,05%); raMMa-crreKTphi - c rroMoiU&!O rep­

MaHHBBhlX IIOJlyiipOBOLIHHKOBhlX raMMa-CIIBKTpOMBTpOB \06bBM ABTBKTOpOB 

6 14 cM3 H 30 CM3 1 paspeWBHHB 4 10 H 3,5 K8B) o flpH HCCJIB/lOB8HHH CIIBKTpa 

KOHBBpCHOHHhiX 8JlBKTpOHOB IIpHMBHHJICSI HCTQqHHK 1 KOTOpbl~ Hapsrny c
163 Tm 

COABp)KaJI H npyrHB H30TOIIhl TYJIHH 1 o6pa3ylOIUHBCSI IIpH o6nyqeHHH TaHTana 
153 

rrpoTOHBMH. Dnsr HccneaosaHJHI raMMa-crreKTpa Hcrron&sosancg rrperrapaT Tm, 

OTt:lBJIBHHhl~ OT apyrHX H30TOIIOB Ha Macc-cerrapaTopel181. 

PesyJibTaThl H3yqeHH51 CIIBKTpOB KOHBBpCHOHHhlX 8JIBKTpOHOB H raMMa-

163 
nyqe~ Tm rrpencTaBJIBHhi s Ta6n. 1. 06Hapy)KeHo 60 HOBhiX raMMa-rrepe-

xoaos. 3HaqeHH51 8HeprHH raMMa-rrepexoaos Ha,rraeHbi rnaBHbiM o6pasoM s pe­

syn&TaTe H3MBpSHH~ CIIBKTpa KOHBBpCHOHHhlX 8JIBKTpOHOBo TiorpBWHOCTH B 0!1-

peaeneHHH OTHOCHTBJihHhlX HHTBHCHBHOCTeA JIHHHH KOHBBpCHOHHhlX 8JIBKTpOHOB 

06hlqHO HB IIpBBhlW8lOT TpHAUaTH IIpOUBHTOB \BCJIH nepen 3HaqeHHSM HHTSH­

CHBHOCTH CTOHT 3H8K npH6JIH3HTBJihH01 norpBWHOCTb 60JibWe}. ToqHOCTb onpe­

ABJIBHHS'I OTHOWBHHH HHTBHCHBHOCTBH JIHHHH1 6JIH3KHX no 8HeprHH H HHTBHCHB-

HOCTH1 nyqme H MO)KBT t:lOCTH!'aTb 10%. 0THOCHT8JibHhlB HHTBHCHBHOCTH raM-

Ma-nyqe~ ll8!0TC51 C TO'IHOCTblO "' 15%. 

B Ta6n. 2 npHseneHhi pesyn&TaTbi onpeneneHHS'I Myn&THrron&HocTeii raMMa­

nepexonos. ·1 eopeTl!qSCKHB 3HaqeHHSI K08<Jl<jJHUHBHTOB BHyTpSHHSA KOHBBpCHH 
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H HX OTHOWBHH~ onpeneJIHJIHCb no TaOJIHUaM/ 15/ • llnsr rrpHB 

CHBHOCTS~ raMMa-nyqe~ H KOHBBpCHOHHhiX 8JlBKTpOHOB 

HCIIOJ1b30B8Hhl Jl8HHb!B 0 raMMa-rrepexone 471 1 1 K8Be 3TOT I 

HOBJlBHHhill: H8 OCHOB8HHH OTHOUIBHH!l: KOHBSpCHH Ha K,- L I,-L II 

noqKax (eM. Taon. 2),- THrra M 1 • 3Haqemre a k nnsr 8Toro 

HO 0 1035 H Ohl/10 HCIIOJlb30BaHO t:lllH CBH3H UIKan. OrrpeneneH 

MynhTHIIOJlbHOCTH 6onhWHHCTBa raMMa-rrepexoJloB. 

163 
CxeMa paciiaaa Tm 

flpH IIOCTpOBHHH CXBMbl pacrraJla 
163 Tm 

( pHC. 1) Mbl H 

UIHX pe3yllhT8TOB H3yqeHHH raMM8-CIIBKTpa H CIIBKTpa KOHBSpCE 

16 3 
HOB Tm 1 Jl8HHhiX1 rronyqeHHhiX rrpH HccneJloBaHHH rrosHTp 

168 Tm I 121 1 a TaK)Ke sraepHbiX peaKUH~ THna (d p) H (d t) I 1~ 

8b!COK8H TQqHOCTb OIIpSJlBJlBHHSI 8HeprHH raMMa-rrepSXOJlOB 

HX MyllbTHIIOJlbHOCTH II03BOJIHJ1H yToqHHTb 8HSprHlO ypOBHB!l: l 

J:lB)KHOCTb HX HABHTH~HKaUHHe 

CrrHH ocHOBHoro cocTOS'IHHH 
163 Tm H3MSpSH H paBSH 11~ 

qHT1 qTo1 KaK H JlpyrHe H30TOIIhi TynHR c Heq~TH&IM A 

COCTOS'IHHH xapaKTSpH3yBTCH HHJlbCCOHOBCKHM COCTOS!HHBM 

CocToS'IHHH 512- 1523/1 3.'2- /521/ H 1/2- /5211 s 

163 

112+ 

sr.apE 

poTaUHOHHhiX IIOJ10C1 CBH3aHHbiX C 8THMH COCTOS!HHHMH 1 Obl.ll 

paHee a/718 1 101 131 14/. 06aapy)KBH pS!Jl rrepeXOJlOB MB)KLIY 81 

581351 133,50 H 32319 Kas; snepBbie onpeaeneHhi MYilhTHrronb 

KHX rrepeXOJlOB MB)I{Liy 8THMH ypOBHHMH: 80,44 (M}) 1 24914 ( 

(M I ) I 1451 1 (E2) I 851 12 (Ml+E2) I 345,6 (E2) I 43915 (M: 

190100 (Ml) K8Bo 

HeKoTophle pa3aornacHsr HMenHCb rrpH HHTeprrpeTaUHH ' 

4 
5/2 /642/. XapMau H np./8/ rrpenrronaranH 1 qTo aHeprnsr a 

B 163 Er 2213 K8B ( El) • 817 I Ob!JlO rroKasaao 1 qTo 8TO 

M8JIOO~CHOB8HH0i a s/10/ JlllH 8HeprHH 8TOrO COCTOHHHS! I1pH1 

6912 K8Be Pe3yllbT8Tbl HSCTOHIUB!l: paoOTbl IIO}lTB8p)KJl8lOT ere 

5 
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16 3 
s:1 o6 ypoBHHX Er , Boa6y)l(naJO!llHXCH B peaKUHHX ( d p) 

,conep)I(HTCH B pa6oTax ThoMan 3n6eKa/13/ 

eil: pa6oTe Mbi rrponon)l(amr nccnenosaHHH crreKTpoB KOHBep-
163 

onos n raMMa-nyqeil: Tm 

YcnoBHH 9KcnepHMeHTOB H pe3ynbT8Tbi 

IIpH KOTOphlX Bhll10JIH8Hhl H8CTOH!llH8 HCCJI8AOBaHHH 0 OIIHCa­

H'IHMCH rrosToMy TOJibKO KpaTKHMH aaMe~aHHHMH. HaoTorr 

aJIH ITpH o6ny'!eHHH TaHTaJIOBOil: MHW8HH ITpOTOHaMH C 9Hep­

a BHyTpeHHeM rry'!Ke cnHxpounKnoTpoHa Ol1HI1. IInnTenbHOCTb 

neil: obbi'IHO cocTasns:~na 2 _. 4 qaca, CrreKTpbi KDHBepcnoHHbiX 

anHCb C 110MO!llb!O 6eTa-crreKTporpa<jloB C IIOCTOHHHbiM OLlHO­

biM rroneM \ R ~ 0,05%); raMMa-crreKTpbi - c rroMO!llb!O rep­

rrpoBO/lHHKOBbiX raMM8-CIT8KTpOM8TpOB ( 06beM A8T8KTOpOB 

M3 , paapeweHne 4,0 H 3,5 KsB). ITpn nccnenoBaHHH crreKTpa 

• t63 T 9JI8KTpOHOB I1pHM8HHJICH HCTO'IHHK 0 KOTOphlH HapHLlY C m 

rne H30TOIIbl TYJIHH 0 o6pa3y!O!llll:8CH ITpH 06Jiy'!eHHH T8HTana 
158 

nccnenosaHHH raMMa-crreKTpa ncrronLaosancs:~ rrperrapaT Tm, 

~pyrnx naoTorros Ha Macc-cerrapaTope/18/, 

hl H3Y'!8HHH CI18KTpOB KOHBepCHOHHhlX 9JI8KTpOHOB H raMMa-

8LlCT8BJieHbl B Ta6n, 1, 06Hapy)l(eHO 80 HOBblX raMMa-rrepe-

SHeprHH raMMa-rrepexonos Hail:neHw rnaBHhlM o6paaoM B pe­

eHnil: crreKTpa KOHBepcHOHHbiX sneKTpoHoB, ITorpewHoCTH B orr­

nTen&Hwx HHT8HCHBHOCT8il: 11HHMA KOHB8pCMOHHhlX 9118KTpOHOB 

hlllia!OT TpHAUaTH I1pOU8HTOB \eCJIM rrepen 3HaqeHM8M MHTeH-

3H8K rrpn6nnanTenLHo, rrorpewHocTb 6onbweJ, To'!HDCTb orrpe­

Mil: HHT8HCMBHOCTeil: JIMHHA 0 6JIM3KMX ITO 9H8pi'MM M MHT8HCMB­

M0)1(8T LlDCTMI'8Tb "' 10%, 0THOCMTGJ1bHbl8 MHTeHCMBHOCTH raM-

C TO'IHOCTb!O "' 15%, 

rrpnseneHw peaynLTaTw orrpeneneHHH MYJibTHITDI1bHDCTeA raMMa­

peTnqecKne 3Ha'!8HMH K09~~HUM8HTOB BHyTpeHHeA KOHB8pCMM 
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M MX OTHOIII8HHil: onpenenHJIHCb ITO Ta5JIHUaM/ 15/ • llnH I1pHB8A8HHH HHTeH-

CHBHOCTell: raMMa-nyqell: H KOHBepCHOHHbiX 9JI8KTpOHOB K O!lHOll: IIIK8JI8 

HcnonLaoBaHbi naHHbie o raMMa-nepexone 471,1 K9B, 3TOT rrepexon, ycTa­

HosneHHbill: Ha OCHOBaHHM OTHOW8HHll: KOHB8pCHM Ha K,- L I, -L II M L III -110Ll060-

no'!Kax (eM. Ta5n. 2),- Tnrra M l • 3aaqeaue ak nns:~ sToro rrepexona pas-

HO 0,035 H 5biJIO HCI10Jib30BaHO LlJIH CBH3H WKan. OrrpeaeneHbl MJIM OU8H8Hbl 

Myl1bTMITOJ!bHOCTH 50J1biiiMHCTB8 raMMa-rrepeXOLlOB, 

163 
CxeMa pacnaaa Tm 

ITpn rrocTpoeHMM cxeMbi pacnana 
163 Tm 

( pMC, 1) Mbl MCXOLlMJIH 1'13 Ha-

WHX pe3yJ1bTaTOB H3yqeHHH raMMa-CIT8KTpa H CIT8KTpa KOHBepCHOHHhlX 9118KTp0-

16 3 
HOB Tm , naHHhiX, nonyqeHHbiX rrpH HccnenoBaHHH no3HTpoHHoro crreKTpa 

163 Tm /121, a TaK)I(e s:~nepHbiX peaKUHil: THrra (dp) H (dt) 113/ H (a,xn)/14/, 

BbiCOKaH TO'IHOCTb onpeneneHMH sHeprHH raMMa-rrepexonoB M onpeneneHHe 

MX MyJibTHIIOJibHOCTH IT03BOJIHJIM yTO'IHHTb 9HeprHIO ypOBHeil: H l10Bb!CHTb Ha­

Jl8)1(HOCTb MX H!l8HTM~HKaUMM0 

CrrMH OCHOBHOI'O COCTOHHHst JGa Tm H3MepeH H paBeH 1/2/18/, 8TO 3Ha-

'IHT0 'ITO, KaK H npyrne H30TOI1hi TYJIHII c Heq~THhiM A , 163 Tm B ocHoBHDM 

COCTOSIHHM xapaKT8pH3y8TCH HHJ1bCCOHOBCKHM COCTOHHM8M 1/2+ /411/, 

- - - 163 
CocToHHHH 5/2 /523/, 3.'2 /521/ M 1/2 /521/ B SI.Qpe Er H ypoBHM 

poTaUHOHHbiX l10JIOC 0 CBH3aHHhiX C 9THMH COCTOHHHHMM 0 6biJIH ycTaHOBJI8Hbl 

paaee s/7,8,10,13,14/. 05napy)l(eH pHLl rrepexonos Me)l(ny sTHMM ypoBHHMH: . 
58,35, 133,50 H 323,9 K9Bj BI18pBbl8 onpeneneHbl Myl1bTMITOJibHOCTH H8CKOJ!b-

KHX rrepeXO!lOB M8)1(!lY 9TMMH ypOBHHMH: 80,44 \Ml) 0 249,4 (Ml+E2) 0 185,40 

(M l) , 145, 1 (E2) , 85, 12 (Ml+E2) , 345,8 (E2) , 439,5 (Ml), 355,8 (E2) 

190,00 ( M l) K9B. 

HeKOTOpbi8 pa3HOI'JiaCMH HM8JIHCb IIpH MHTeprrpeTaUHH COCTOHHHH THITa 
4 

5/2 /842/, XapM8U M Jlp,/8/ rrpenrronaraJIM 0 'ITO 9HeprHH 9TOI'O COCTOHHMH 

B 163 Er 22,3 K9B ( El) • B/7 I 6hmo rroKaaaHo, 'ITO sTo rrpenrrono)l(etme 

Mano6~CHOBaHHOj a s/10/ LlJIH 9H8pi'HM 9TOI'O COCTOHHHH IIpMB9!l8HO 3Ha'!8HHe 

89,2 KsB. PeaynLTaThi aacTos:~meil: pa6oThi ITO/lTBep)l(naJOT ero npaBHJibHOCTb. 
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lleii:CTBHTeJihH01 MYJihTHITOJihHOCTH llepexoaa B OCHOBHOe COCTOHHHe (El) 
If nepexoaa C ypOBHH 1538 K3B (3/2+) Ha ypoBeHh 69,2K3B -M] onpeaenHIOT 

llOJIO)KHTBJihHYIO qeTHOCTh llOCJIBAHei"O If OI"p8Hif'IHB810T BbiOOp CITHHB 3H8'1e­

HHHMI!: 3/2 If 5/2. 3HB'IBHHe 3/2, O'leBHAH01 MQ)KHQ HCKJIIO'II!:Th1 TBK KBK ypo­

BeHh 6912 K8B llpBKTH'IeCKH He 38CenHeTCH ITyTeM npHMOI"O 6eTa-pacnaaa 
163

Tm • B/ 13/ H/ 14/ HBOJIIOABIOTCH pOTBUHOHHbie ypOBHH 8TOI"O COCTOHHHH: 

91,4 K8B (7/2+) H 120 KaB (9/2+). Mbi Ha6moaaeM cna6bie raMMa-nepe­

x 0):1bl1 KOTOpbie MOI"yT B03HI!:K8Th llpH pa3pHAKe 8THX ypOBHBti 1 3HBpi"HH KO'l'O­

pbiX1ITOH8IIII!:M):I8HHbiM1 paBHa 91,5 K8B (7/2"~-) If 120,3 K8B (9/2+). 

ThOM lf 3n6eK/14/ H80JII0£18JIH COCTOHHHH 3/2 /402/ -46l, K8B lf 1/2 

/400/ - 541 K8Be J.1ciTOJih3YSI liOJiy'leHHbie HBMH £18HHhie 1 MQ)KHQ !IpBAllOJIQ)KifTb 1 

'ITO 8TH yposHH 3acenHIDTCH H rrpH pacnaae
168 Tm • TaKoe )Ke npeanono)Ke­

HHe MQ)KeT Ob!Th CAenaHO 06 ypoBHe 609,1 K8B- 5/2-/512/ 1 TaK)Ke o6Ha­

py)KBHHOM s/ 14/ • 

llaHHbie 06 8Hepi"HHX lf MyJihTlfllOJibHOCTHX raMMa-nepeXOLIOB l Ta6n. 1 

lf 2) ll03BOJIHIOT BBeCTH An; 68 Er ypoBeHh C 8HBpi"HeA 683,8 K8B 1 C KOTO­

pOI"O HABT H8 6onee HH3KI!:e ypOBHH llHTh nepBXOLIOB ; CBBpXy OH 38CBJIHBTCSI 

TpeMH raMMa-rrepexoaaMH. MynhTHIIOnhHOCTH rrepexoaos c aToro ypoBHSI rro-

3BOJISIIOT yCT8HOBHTb 1 'ITO 'leTHOCTb ero OTpHUBTeJibHa; B03MQ)I(Hbl9 3H8'1BHHH 

cnHHa - 3/2 HJIH 5/2. Mo)KHO npeanonO)KHTh1 HanpHMep, 'ITO aToT ypoBeHh 

CBH38H C COCTOHHHeM 3/2- /532/. 

TbOM H 3n6eK/ 14/ H80JIIO):I8JIH pOTBUHOHHhiB ypOBHH COCTOSIHHH 1/2 /530/ 

168 
CO CITHHBMH 3/2, 5/2 H 7/2. Ha OCHOBB IIOJiy'leHHhiX aaHHhiX 0 CllBKTpe Tm 

MO)KHO yTBep)K£18Tb 1 'ITO llpH pacrraae B030Y)KJ:Ia!OTCH cneay!OIIIHB ypOBHH 

poTaUHOHHOM llOJIOChl 9TOI"O COCTOHHHH: 1/~ 1/2- /530/ - 816,3 KaB; 3/2 

1/2- /530/ - 855,7 K9B H 5/2 1/2- /530/ - 874 K9B. 0CHOBHOt\ ypoBeHh 

9TOJi: !IOJIOCbl s/ 14/ He H80JIIOLI8JICH. flo HBIIIHM LIBHHhiM 9TOT ypoBeHb ycTa­

H8BJIHBaeTCH TpBMH 1"8MMa-nepeX0£18MH. llocT8TO'IHO TO'IHO yCT8H8BJIHB810TCH 

BI"O CITHH If 'leTHOCTbo 

163 
TipH pacrraae Tm B036y)KJ:Ia!OTCSI ypoBHH poTaUHOHHotl nonochi cocToH-

HHH 1/2- /510/ - 1069,5 - 1/2 ; 1098 K9B - 3/2 ; 1184 K8B - 5/2 H 

1243 KaB - 7/2-. YpoBHH aTotl rronocbi Ha6n10aanHcb B peaKUHHX (dp) H (dt) 

B pa6oTe/ 14/ • HaiiiH A8HHbie YTO'IHHIOT 8HBpi"Hif ypOBHeli: ( HallpHMep, BMeCTO 

1074 K9B - l069,5;t_l,0 K9B) H II03BOJISIIOT yCT8HOBHTh xapaKTep HX pa3pHAKH. 
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CosrraaeHHSI cyMM aHeprHfi raMMa-nepexoaos c TO'IHoc 

0, 1% , a TBK)KB B pHae cny<~aes cosrraaeHHSI B rrpeaenax rrorpeu 

MH o6 sHe prHHX B peaKUHHX (d p) H ( d t) I 14/ no3BOJISII01 

!63 4 ( -) Er c aHepi"HSIMH 127 K9B 3/2 HJIH 5/2 , 1369 K8B U 
(3/2

1 
5/2 HJIH 7/2-) 1 1538 K9B (3/2+), 1628 K8B ( 1/2; 

~ + 
1722 K8B ( 1/2 HJIH 3/2 ), 1750 K8B (3/2 ) 1 1802 K8B ( 

+ t 
1803,3 K3B ( 1/21 3/2 I!:Jllf 5/2 ) 0 1870 K3B ( 1/2 HJIH 3/2 ) H 1! 

K8X yK838Hhl B03MO)I(HhlB 3H8'1BHHSI CIII!:Ha H '18THOCTH ypOBHeA). 

3H8'1BHHSI ypOBHBH C 9HBpi"HS!Mif 1241, 1310 H 1400 K3Bo 

H8 OCHOBB COBIT8ABHHH CyMM 8HBpi"HH 1"8MMa-nepeXOAOB, £18HI 

paOOTbl HB IIOLITBBp)I(Jl810TCSI. 
163 

TiocTpoeHHaSI TaKHM o6pa3oM cxeMa pacrraaa Tm BKJI~ 

1!:3 127 Ha6niDABBMhiX rrpH pacrraae aToro S!Apa rrepexoaa. He pE 

My pacna)la 33 OTHOCHTBJibHO CJI80blX ITO HHTBHCHBHOCTH raMMa· 

B CB):IbMOH KOJIOHKB Ta6n. 1 IIpHBBABHbl HHTBHCHBHOCTH I 

( cyMM8 HHTBHCHBHOCTBH raMMB-Jiyqelf If KOHBBpCHOHHblX 9JIE 

!63T ) UBHTBX HB O):II!:H paCIIB£1 S!):lpa m • flpH 9TOM 38 Mepy IIOJIHC 

paCll8):10B npHHSIT8 CyMMapHaSI HHTeHCHBHOOTb I"BMMa-nepeXC 

COCTOHHHe. C'IHT8JIOCb 0 'ITO HHTBHCHBHOCTbiO 6eTa-pacnaaa I 

!63 
T'oHHHe Er ( yHHKanbHhiH 6eTa-rrepexoa rrepsoro 3anpemeH 

C fog fr;: 7
1
5) MO)KHO IIpBH90p9'1b. CyMMapHaSI HHTBHCHBHOCTb 

raMMa-rrepexoaos rrpH aToM oKa3anach paBHolf 17%. Bhi'IHC 
r!o'•YJ"'·t t 63 

HOCTH 6eTa-pacrraaa H aneKTpOHHoro 3aXB~Ta Ha ypoBHH E 

'IHCJI8 IIpi!:BBLIBHhl Ha ,CXBMB paCII8£18 (pH C. 1). 

llnH Bbl'IHCJIBHHSI MaTpH'IHblX 9JIBMBHTOB !Ipl!: OBTa-pac 

!68 16o 163 
Er Heo6xoaHMO 3HaTb pa3HOCTb Mace SILIBP T m-> Er. K1 

163 
Bhiiiie, cornacHo/ 12/, rrpH pacrraae Tm B03HHKaiOT rrosHTpol 

aHeprHHMH ( 1050 :!:. 30) KaB H( 680:!:, 50) K3B. J.1cxoaSI 1!:3 yK. 

HHTBHCHBHOCTBH 6eTa-pacrraaa H8 ypoBH~ 63 E~ CJIBAyeT 38K 

IT031!:TpOHHhlB KOMllOHBHThl CBSI38Hhl C paCITBAOM Ha.ypoBHif 1041 

TaKHM o6pasoM, aHeprHSI pacrraaa 
163 Tm pasHa: 

104,3 K3B + 1050 K3B + 1022 K3B ( 2175;!:.30 
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0 1 MynbTHITOnbHOCTH ITepexoaa B OCHOBHOe COCTOHHHe (El) 

ypoaHH 1538 K&B (3t2+J Ha ypoaeHb 69,2Kaa -Ml orrpenemuoT 

10 qeTHOCTb rrocnenaero H Of'p8HH'IHB810T Bbi60p CITHHa 3Haqe­

/2, 3H8'18HHB 3/2, O'leBHL!H01 MOMHO HCKn!O'IHTb1 TBK KBK ypo-

rrpaKTH'IeCKH ae 3acenHeTcH rryTeM rrpHMOf'O 6eTa-pacrra~a 

Hl141 Ha6nJOL!810TCH pOTBUHOHHhle ypOBHH 8TOf'O COCTOHHHH: 

+) H 120 KaB (912+), Mbr aa6n10aaeM cna6hre raMMa-nepe­

MoryT B03HHK8Tb rrpH pa3pHL!Ke 8THX ypOBHefi 1 9HBpf'HR KOTO­

Ll8HHh!M1 paaHa 91,5 K8B (7/2+) H 120,3 K8B (9/2+), 

3n6eKI14/ Ha6nJOL!BnH COCTOHHHH 312 14021-46~K8B H 112 

a, J1crronb3YH rrony'IBHHhiB HBMH L18HHbiB1 MOMHO npeanonOlKHTb
1 

If 3acenHJOTCH If rrplf pacnaae' 
68 

Tm • TaKoe Me npennonolKe-

cnenaao o6 ypoaae 609,1 K&B - 5/2- /512/, TBKMe o6aa-

I, 

6 aHepnurx If MynbTifrronbHOCTHX raMMa-nepexoaoa ( Ta6n, 1 
T BBeCTH anrr 6 3 Er ypoBeHb C 8HeprHe~ 683,8 K9B1 C KOTO-

onee HH3Kife YPOBHH ITHTb nepeXOL!OB j CBepxy OH 3acenHeTCH 

epexonaM!f, MynbTifrronbHOCTH rrepexoaoa c aToro ypoBRR rro­

BifTb1 'ITO 'leTHOCTb Bf'O OTpHU8TBnbHB; B03MOMHb!e 3H8'1BHHH 

H 512, M OMHO npeanonOMHTb1 HarrpHMep, 'ITO 8TOT YPOBBHb 

HHifBM 312- 15321, 

6eKI 141 Ha6nJOL!Bnlf pOT8UifOHHhle ypOBHif COCTOHHifH l/2 15301 
163 , 512 H 712. Ha ocaoae rrony'IBHHhiX L!BHHhiX o crreKTpe Tm 

8Th1 'ITO ilplf 
pacnaae BD36YML1810TCH cne.nyJOIUife ypOBHif 

COCTOHHHH: 112 112- 15301 - 816,3 KaB; 312 

55,7 K8B H 512 l/2- 15301 - 874 K8B, 0CHOBHOfi y'poBeHb 

141 He Ha6nJO.nancH. ITo HBIUMM L!BHHbiM &ToT ypoBeRb ycTa­

MH f'8MMa-nepeXOll8MH, .UoCT8TO'IHO TO'IHO YCT8H8BnlfB810TCH 

163 

e T m B036YMll810TCH ypOBHif pOTBUHOHHOfi rronOCbl COCTOH-

- 1069,5 - 112 ; 1098 KaB - 312 ; 1184 KaB - 512 H 

• YpoBRH &To/1 rronochr aa6nJO.nanHcb B peaKUHRX ( d p) H (dt) 

8WH ll8HHbie YTO'IHH!OT 8Hepf'HH YPOBHefi ( H8llpHMep, BMBCTO 

,5;!),0 KaB) H IT03BOnHJOT YCT8HOBHTb xapaKTep HX pa3pRL!Kif, 

6 

... 

/ ·f11 

, 

.. , 

CoarraneHHH cyMM aaeprHfi raMMa-nepexonoa c TO'IHOCTbJO nyqwe 'leM 

0, 1% , a TaKMe B pHne cnyqaea coarra.neHHH a rrpenenax rrorpewaocTH c naHHhi­

MH 06 9HBpf'HHX B peaKUHHX (dp) H (dt) /141 IT03BOnHJOT BBeCTH ypOBHH 
168

Er C 8HBpf'HHMH 1274 K8B(312 HnH 512-) 1 1369 K9B (312+), 1528 KSB 
. + + 

(312, 512 HnH 712-), 1538 K8B (312 ) 1 1628 KaB ( 112; 312 MnH 512 ) 1 
+ + + 

1722 K8B (112 HnH 312 ), 1750 K8B (312 ), 1802 K8B (112 HnH 312 ), 
+ t 

1803,3 KSB (1121 312 lfnH 512 ), 1870 KSB (112 lfnH 3/2) H 1938 K3B (a CK06-

K8X YK838Hhl B03MOlKHhlB 3H8'1BHHH CITHHa H 'leTHOCTif ypOBHeA), 

3Ha'I8HHH ypOBHefi C 9HeprHHMif 1241, 1310 If 14QQ K3B1 BBBL!BHHbl8 a/ 101 

aa ocaoae coana.neHHfi cyMM aaeprH/1 raMMa-rrepexoaoa, .naHHhiMif aacTomueA 

pa60Tb! He ITOL!TBepML!BIOTCH, 

163 
ITocTpoeaaag TaKMM o6pa3oM cxeMa pacnaaa Tm BKnJO'IaeT a ce6H 94 

1'!3 127 aa6mo.naeMhiX rrplf pacrra.ne aToro Hnpa rrepexona. He pasMeureHbl a cxe­

My pacrraaa 33 OTHOCifTenbHO Cna6b!X ITO HHTBHCHBHOCTH f'8MMa-rrepexona, 

B ceL!bMofi KonoHKe Ta6n. 1 rrpMae.neHhi lfHTeHCHBHOCTif raMMa-rrepexonoa 

( CyMMa HHTBHCifBHOCTefi f'8MMa-nyqefi H KOHBepCMOHHbiX aneKTpOHOB B rrpo­

UBHT8X Ha OJ:lHH pacrra.n H.Upa 
163

Tm), ITpM 3TOM 38 Mepy rronaoro 'IHCna ( 100%) 

p8CIT8L!OB ITplfHHTa CyMM8pH8H HHTBHCifBHOCTb f'8MMa-nepeXOL!OB B OCHOBHOe 

COCTORHHe, C'IHTanOCb1 'ITO HHTeHCHBHOCTb!O 6eTa-pacnana B OCHOBHOe COC-
163 + 

T·oHRHe Er ( yRMKanbHhifi 6eTa-nepexo.n rrepaoro 3arrperueHHH 1 I 2 -> 512 

C fog fr::: 715) MOMHO rrpeHe6peqb, CyMMapHaH HHTBHCHBHOCTb Hepa3MBWBHHb!X 

raMMa-nepeXO):IOB ilplf aTOM OK83anacb paBHOfi 17%, Bbi'IHCnBHbl HHTBHCHB-
f!!.',¥J"'"i 163 

HOCTH 6eTa-pacrrana H aneKTpoaaoro 3axaaTa aa ypoBHif Er • ITony'leHHbie 

'IRena rrpHaeneHbi Ha cxeMe pacrrana ( pMc. 1 ).,. 

.UnH Bbl'IHCneHHH MaTpH'IHblX aneMeHTOB ITpH 6eTa-pacrraae Ha ypoBRH 
163 16o 168 

Er aeo6xonHMo 3HBTb pa3HOCTb Mace H.Uep T m-. Er. KaK 6brno yKa3aHo 

lti~ 

Bhrwe, cornacaol 121, rrpH pacrra.ne Tm B03HHKaJOT rrosHTpoHbi c rpaHH'IHhiMH 

9HeprlfHMH ( 1050 ;!:_ 30) K3B H( 680;!:_ 50) K8B, i1CXOJ:lH 11:3 YK838HHhiX Ha puc,1 

HHTBHCHBHOCTe/1 6eTa-pacnaaa Ha ypoBH~ 68 E~ cneayeT 38Kn!O'IllTb1 'ITO 3TH 

IT03HTpOHHble KOMITOHBHThl CBH38Hbl C pacnanoM Ha ypOBHH 104,3; 404 u439,5KaB, 

TaKHM o6pa3oM, aaeprHH pacnana 163 T m paaHa: 

104,3 K3B + 1050 K3B + 1022 K3B ( 2175.:_30) K9B, 
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McrroJib3YH STY pa3HOCTh Mace, Mbl Bbl'IHCJIJiiJIJil 3H8'19HHH eogfr }lJIH 6eTa-pacrra-

163 
Jl8 Ha H9KOTOpbie ypoBHH Er • nony'leHHbie 3H8'19HHH rog fr xopomo corna-

cyiDTCH C rrpOB9Jl9HHOH Bhlllie HJl9HTJii~HK8UH9H ypOBHeH, 0TM9THM 0 'ITO HJii3KJile· 

3H8'19HHSI eog fr JlJIH ypOBH9H 1369 Jil 1538 KSB fi03BOJISIIDT JiiCKJIID'IJi!Tb orrpeJle­

JISI9M09 aa ocHoBe MYJihTHITOJihHOCTeH nepexoAoB 3Ha'leHHe crrHHa 5/2. CrrHH 

' + 
Jil q~THOCTh 3THX ypOBH9H ycTaHaBJIHB89TCSI 0JlH03H8'1HO: 3/2 • 

163 
KaK y:lKe oTMe'leHo 6biJIO al 12/, oco6oe MecTo rrpH pacrralle Tm 

3aHHMaiDT ypoBHH 1538 H 1802 KSB. MaTpH'IHbie sneMeHTbi llJIH 6eTa-pacrra­

Jl8 H8 STH ypOBHJil B9JIJiiKH ( rog fr paBHbl 5,1 H 4,_9 COOTB9TCTB9HHO) • B/ 12/ 

6biJIO yK838HO, 'ITO STO 06CTOs:IT9JibCTBO MO)KHO fiOHHTh TOJihKO B TOM CJiy'lae, 

9CJIH JlOITYCTHTh B 8THX COCTOs:IHHSIX ITpHM9Ch TpeXKB83H'I8CTH'IHblX COCTOSIHHH 

- - + 
THrra 5/2 /523/, P 7/2 /523/ p 1/2 /411/. B aTOM pa6oTe aTH BhiBOilbi 

fiOJIHOCTh!O fiOJlTB9fJ)KJl8IDTCSie CHSITbl H9KOT0pbl9 IIpOTHBOp9'1HSI 0 HM9BlliH9CSI 

a/12/ o6 ypOBHe 1804 K3Be 0K838J10Cb 0 'ITO 8TOT ypoB9Hh ABOMHOHe 0AHH 

+ 
H3 8THX ypOBHeH, 1802,0 K3B 0 - TpeXKB83H'I8CTH'IHbiH 0 THfla 3/2 • BTopoH, 

1 803,3 K8B 0 - HHOH ITpHpOJlbl, 0H HMeeT OTpHU8T9JihHYID 'leTHOCTb, 3THM 6biJIO 

CHSITO rrpOTHBOp9'1H9 0 38KJIID'I8Blli99CSI B TOM, 'ITO flO Jl8HHbiM/ 12/ C ypOBHSI 

t63 E -
3/2+ 1804 K3B H8 OCHOBH09 COCTOSIHHe r 5/2 /523/ HA9T rrepeXOil TH-

II8 Ml • B CBH3H c TeM, 'ITO pa3pstAKa ypoBHSI 1869,7 K8B rrpoHcXOAHT Ha 

Te )1(9 ypoBHH fiOJIOCbl 1/2- /521/, 'ITO H JlJIH ypOBHH 1802 K8Bt MO)KHO rrpe}l­

fiOJIO)KHTht 'ITO 8TOT ypoB9Hh SIBJISI9TCH poTaUHOHHbiM, CBs:I38HHbiM C ypOBH9M 

1802 K8Bo 

DOATB9p)KJl89TCSI IIp9JlfiOJIO)K9HH9 0 Cll9J18HH09 B pa6oTe/17/, 0 TOM, 'ITO 

+ 
xapaKTep pa3pSIAKH TpeXKB83H'I8CTH'IHhlX COCTOSIHHH 1538 K3B (3/2 ) H 

+ 
1802 K8B (1/2) MO)KHO o6~SICHJi!Th 38M9THOt rrpHM9ChiD K 8THM COCTOHHHHM 

OKTyfiOJibHbiX BH6paUHH 0 CBSI38HHblX C COCTOs:IHJils:IMJil 3/2- /521/ Jil 1/2- /521/ 

COOTB9TCTB9HHO. Ha pHC, 2 rrpe}lCT8BJ19H 8H8JIH3 CTpyKTypbl ypOBHeH 1538K8B 

H 1802,0 K8B
0 

CJl9JI8HHblH rrpH y'leTe B38HMOA9HCTBHSI c!JoHOHOB 'leTHO-'I€THOrO 

162 t63 E 
OCTOB8 SIApa Er C KB83H'I8CTHU8MH H9'1~THOrO SIApa r H8 OCHOBe 

aamHx }laHHbiX H pac'leToB al 17 I. 
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pa3HOCTh M8CC 0 Mbl Bbi'!HCnHn.lf 3H8'!eH.IfSI fogfr lWSI 6eTa-pacna-

163 0 f: 
1e ypoBH.If Er • nony'!eHHhie saaqeHHSI wg r xopomo corna-

aeaaofi Bbillie HaeHT.If~.lfK8U.If9H ypOBHefi, 0TMeT.IfM0 '!TO H.lf3K.Ife· 

anSI ypoBH9H 1369 .If 1538 K8B IT03BOnSIIDT .lfCKniD'!HTb onpeae­

Be MynhTHrronbHOCTefi rrepexoaoB saaqeane crraaa 5/2. Crraa 

+ 
.lfX ypoBH9H yCT8H8Bn.lfB89TCSI OaH03H8'!HO: 3/2 • 

168 
oTMe'!eao 6bino sl 12/, oco6oe MecTo rrpH pacrraae T m 

an 1538 n 1802 KaB. MaTpH'!Hbie aneMeHThi anSI 6eTa-pacna­

HH BenHKH ( fog lr paBHhi 5,1 H 4,_9 cooTBeTCTBeaao). Bl 12/ 

o6CTOSIT9nbCTBO MO~HO ITOHSITb TOnbKO B TOM cnyqae, 

B 8THX COCTOSIH.IfSIX IlpHM9Cb TpeXKB83.1f'!8CTH'!HbiX COCTOSIHHH 
- + 

31, P 7/2 /523/ P 1/2 /4111. B aToii: pa6oTe 3TH BhiBOahi 

TBep~aaiDTCSI, CHSITbl H9KOTOpbie IlpOTHBOpe'!HSI, HM9BlliH9CSI 

sae 1804 KaB. 0Kasanocb, '!To aToT yposeab asoH:aoH:. OaHH 

+ 
aeH:, 1802,0 Kas,- TpexKBB3H'!aCTH'!HhiH, THIIa 3/2 • BTopofi, 

HOM rrpHpOahi. 0H HMeeT OTpHUaTenbHYID '!eTHOCTb, 3THM 6bin0 

peqae, 38KniD'!8Blli99CSI B TOM, '!TO ITO aaHHbiM/ 12/ C ypOBHSI 

163 E -
HB OCHOBHOe COCTOSIHHe r 5/2 /523/ HaeT rrepexoa TH-

SI3H C TeM, '!TO p83pS1aKa ypOBHSI 1869,7 K8B IlpOHCXOaHT H8 

OnOCbl 1/2- /521/, '!TO .If anSI ypOBHSI 1802 K8B 0 MO~HO npea-

3TOT ypOB9Hb SIBnSieTCSI pOT8UHOHHbiM 0 CBSI38HHb!M C ypOBH9M 

aaeTCSI rrpearrono~eaHe, caenaaaoe B pa6oTe/ I 7 I, o ToM, '!TO 

+ 
SlaKH TpeXKB83.1f'!8CTH'!HhlX COCTOSIHHH 1538 K8B (3/2 ) H 

) MO~HO o6~SICHHTb 38M9THOH rrp.lfM9CbiD K 8THM COCT9SIHHSIM 

6pauHfi, CBSI38HHhlX C COCTOSIHHSIMH 3/2- /521/ .If 1/2- /521/ 

• Ha pac. 2 npeacTasnea aaanHs cTpyKTYPhi yposaeft 1538 K3B 

aenaHHblH IlpH y'!eTe B38HMoaefiCTBHSI !f>oHOHOB '!eTHO-'!eTHOf'O 

62 163 E 
Er C KB83.1f'!8CTHU8MH He'!eTHOf'O Slapa r Ha OCHOBe 

H pac'!eToB s/17/. 
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1~~ ... 69 
T1;z·109' r 1/z+;, 

D -• ..Z 175+BO 
~- -. -
; 

I938 3/2+ I 
IA69,7 2 
I80'5,3 3/~-,5/2- I 
IA02,0 • I/2+ 
I750 3/2+ 
I72? I/2+,3/2+ 
I6?R 3/2+(5/2+) 
I538,4 • "V_2+ 
I528 /3/2 (5/2-)/ 
I369 • 3/?.+ 
I274 3/2- 5/2-
I243,0 7/2 1/2-/SIO/ 
IIB3 ,6 5/2 I/2-/5IO/ 
I09R,5 3/2 I/2-/5IO/ 
I069,2 I/2 II2:J.5IO/ 
874,0 5/? I/2 /530/ 
855,4 3/?. I/2-/530/ 
8I6,3 I/2 I/2-/530/ 
68~,R 

6I9,3 
609,1 5/2 5/2-/512/. ( 
573,? 7/? I/2-/521/ I 
54? 19 (117'/660/+1/ ?7400/ )I 
461,8 3/2,651/+3/?7402/ 
439,5 5/2 I/2- /521/ 
403,96 3/? I/2-/5?.1/ 
345,6 I/2 I/2-/521/ 
249,45 7/.2 3/.2-/.521/. 
I64,40 5/?. 3/2-/521/ 
120,33 9/2 5/2+/642/ 
104,30 3/2 3/2-/521/ 
91,52 7/2 5/?+/642/ 
83,96 7/2 5/2-/523/ 
69,2I 5/2 5/2+ /642/ 

0 5/2 5/2-/523/ 
E YP I K:rr /tln1 il./ 
113B 

Pile. I. CxeMa paerrana Tm • raMMa-rrepeXO/lbi, 11/lYIUIIe e na 

163 Er , rroKa3aHbi O/lHOti BepTIIKanbHOl! niiHIIeti, Ka)K/lbiM OT/lenbl 

rrepeXO/l o603H8'!8eTeH eTpenKOM y ypOBHH 1 Ha KOT'?PbiM rrpOIICXO 

xoa. Bee aaHHbte o cooTBeTeTBYIOIUIIX raMMa-rrepexonax naHht B 

Bee ypoBHII 163 Er OTMe'!eHbi 6yKB8MII naTIIHCKoro an<paBIITa, 

maTenbHblX rronoe o603Ha'!eHhl 0/lHOM 6yKBOil C IIH/leKC8MII 0,1,2, 
pHAKe B03paeTaHIIH aHeprllll ypoBHeil, B Ta6n, I 8TII o6o3~~~eH· 
Hht anH yKa3aHIIH paGMemeHIIH rrepexonoa B exeMe pllerraaa T• 
II"( "e 8Hepr11HMII 1538,4 K8B II 1802,0 K8B - TpeXKB8311'!1leTII 

lpl/2+ /411/+p 7/2- /523/-n 5/2- /523/l 11 !p 112+ /4111+ 
-n 5/2- /523/ j eOOTBeTCTBeHHO, 
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163 

16~ 
941

'" 69 
Tt/2·109'-r 1/2+/411/ 

o_, *2175+-SQ K3B 
~- ? -

. 
' 

I938 3/2+ I ,3 5,5 
IA69, 7 2,6 5,2 
I803,3 3/?.-,5/2- I,? 5,9 
IR02,0 • I/2+ I2 4,9 
I750 3/2+ ?,5 5•7 
I72? I/2+ ,3/2+ I ,8 6,I 
I6?.R 3/2+(5/2+) I,B 6,I 
I538,4 • 'U2+ I9 5 I 
I528 /3/2 (5/?-)/ I,I 6:3 
1369 • 3/?.+ 8,2 5,7 
I274 3/2- 5/2- 3 0 6 4 
I243,0 7/2 1/2-/510/ o:5 7:2 
IIB3 ,6 5/2 I/2-/5IO/ 0,3 7,4 
I09R,5 3/2 I/2-/5IO/ 015 7,2 
I069,2 I/2 I/?:f.5IO/ ~.o 6,4 
874 10 5/' I/?. "/530/ 0,6 713 
855,4 3/2 I/2-/530/ 214 6,7 
8I6,3 I/2 I/2-/530/ 3,2 6

1
6 

683,8 2,5 6,7 
6I9,3 I,6 6,9 
609,I 5/2 5/z-/.5I2/ 0,9 7,3 
573,, 7/?. I/2-"/52I"/ o,8 7,3 
54~ 1 9(I/;J7660/+I/~7400/)0,3 7,3 
46I ,8 3/2'"t65I/+3/'l'/402/ I 7,0 
439,5 5/2 I/2- /52I/ 5,3 6,5 
403,96 3/?. I/2-/5?1/ 0 7,5 ' 
345,6 I/2 I/2-/521./ 7 6,5 
?49,45 7/2 3/2-/521./ 0 7,4 
I64 ,40 5"/?. 3"/r"/521."/ o 7,4 
120,33 9/2 s;z+ /642/ 0,2 7,5 ~ 
104,30 3/2 3/2-/521./ 6,0 6,5 . 
9I,5k 7/2 5/2+/642/ O,R 7,4 R 
83,96 7/2 5/2-/523/ 0 7,5 
69,?1 5/2 5/2+ /642/ 0 7,5 

0 5/2 5/2-/523/ 0 

~~p I K' /lln1 A/ E•}' &itJt 

PHc, I. CxeMa pacrrana Tm • raMMa-nepeXOLlbi, HllYIUHe c Ll8HHoro YPOBHSI 
163 Er , rroKa3aHbi OllHOli aepTHKanbHoli nHHHeli, Ka)I(Jlbili oTnenbHbili raMMa­

nepexoa 0603H8'!aeTCSI CTpenKoli y ypOBHSI 0 Ha KOTOpbili !IpOHCXOJlHT 3TOT rrepe­
XOJl, Bee aaHHbie o cooTaeTcTBYIOIUHX raMMa-rrepexoaax naHbi a Ta6n, I, 
Bee ypoaHH 

163 
Er OTMe'!eHbi 6yKBaMH naTHHCKoro an<jlaaHTa, '!neHbi apa,-

maTenbHhiX !IOilOC o603H8'!eHbl OJlHOli 6yKBOli C HHJleKC8MH 0,1,2,3 H T,Jl, B !IO­

pHJlK9 ao3pacTaHHH aaeprHH ypoaaeli, B Ta6n, I 3TH o6o3~~teHHH Hcrronb3oaa-
Hhi ansi yKa3aHHH pa3MeiUeHHH nepexoaoa a cxeMe pilcrraaa Tm.YpoBHH "n" 

H "< " C 3HeprHHMH 1538,4 K3B H 1802,0 K3B - Tp9XKB83H'IilCTH'!Hbl9 TH!Ia 
lpl/2+ /411/+p 7/2- /523/-n 5/2- /523/l Hlp 112+ /411/+p 7/2- /523/ 

-n 5/2- /523~! COOTB9TCTB9HHO, 

II 
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11z 1fi II IJ5l41U --r-"T"""---­
J 1'j(SJJI 
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I. ~I"" I I ; ~ E l [ 
ll) Jtj : ~:~~ I I I I!JI.' ------------- .. , ------

::::: j I I II 

"""~""' II I 

"""'(1>11 . 
... loft .... ------

• lo!\tll.. ..... llloo¥1 ... 
Pnc, 2, CxeMa paapsuu<n TpexKBa31!'-IIlCTH'llihiX cocTosumi1 B H/lpe 

16 3 Er 
C 8H8pr'11HMH 1538,4 H 180210 K3B (eM, s/ 17/), 

12 

_. 

I . 

~-,' 

El 1811 

22.32,t0.02 
28.8J;t0.03 
52.03,t(l.03 
58.35,10.03 
59.50,t(l.03 
60.IO,t0.03 
69.2lt(l.04 
80."±0.02 
83.96,t(l.03 
85,I2,t(l,04 
86.20,t0.04 
9I.52,t0.04 

" I04.30,t0. 04 
I33.50,t0.08 
I40.32,t0.08 
I42 .08J;O. IO 
I115,1 .t,O.I 
1611.~.06 
165.5lt(l.IO 
I90.00,t(l.OB 
239.5 ,tO. I 

"" 241.3 ,t(l.I 
2119,4 .tO• I5 
272.7 ,t(l.2 
275.0~.!5 

280.8 J;0.7 
299.7 .tO· I5 
300.9 ,t0.3 
320.0 .tO• I5 
323.9 ,t0.3 
335.I ,t(l.I5 
338.2 ,tO. I5 
345.6 j,0.2 
3ss.6 ,tO.zs 
358. I .tO• I5 
376.8 ~0.2 
380.2 +().2 
393,3 i0.2 

Ta6nnua 1 

3HeprHH f'8MMa-rrepeXO/lOB H OTHOCHT8nhHbi8 HHT8HC 

y - nyqeif H KOHB8pCHOHHbiX aneKTpOHOB rrpH pa< 

Onocn• nBWa lll!IH!Ilii!KO tl ~ 88 P8CD8;1l 
A L, L, L., _!1:_ 

- 5 IO I5 - 0.82 e.-.1 - 2 '0.7 '0.5 - O.I6 ...... 
- -I - - - -0.20 t .... 
- vi - - - -0.23 ....... - -I - - J 50 -0.2 J,~ 
- 66 I6 L" I5.6 "·'"' - 25 6.5 IO 400 13.6 c.-
40 IO I.O - < 30 I.30 c,-
40 4.7 36 28 ~·-55 2.7 1\,-

~30 3 !0.8 - I.2 e,-
8 o.cuC! - - 0.07 

-3 -·- - - - 0.23 '·· 2000 280 2I 4 IOOO 70,6 (',. 

I - - - - 0.23 ct,· 
2 O,CJI&C! - - 1 < 25 0.12 
3 -·- - - o.8 
5.11 -0.6 2.5 '0.2 - 0.47 ,, 
35 5.0 0.5 - J 60 2.25 "·· 
I.I 0.2 - - 0.35 c. 
42 6.0 0.6 < 0.2 98 2,90 tt, 
90 IO o.8 '0.4 6,5 4, 
no 20 2.0 '0,5 1000 I7.I ti, 
I.O o.cuC! - - 7 0.28 c, 
0.8 -·- - - 47 0,97 
25 4 <0.11 139 139 3.5 ,,_. 
0.3 - - - 20 0.40 
35 5 0.6 - ~ 225 

5.9 A, 
~ 0.3 - - - (0.34) i. ~ 

I.5 ~i!.2 - - 35 0.75 .L, 
0.65 - - - 8 O.I8 .1,. 

4.0 0.6 O.I - 54 I. IS .l 
0.9 - - - I8 0,45 ( 
3.0 0.45 cnaC!. - 68 I.46 d 
I.2 - - - 40 0.90 d, 
0.7 - - - 15 0.25 
0.4 - - - 14 0.28 i..· 
O.I - - - IO 0.11 
8 1.2 Qq.cn. - 100 2.06 t. 
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0 
(jkiV) 

eMa pa8pAAKH TpexKBaanqacTHqHwx cocTOAHUA B Rape 
163 Er 

1H 1538,4 ll 1802,0 K3B (eM, a/17/), 

12 

... 

"' 

\II 

!:¥ 1111 

22 .32_t0.02 
28.8~0.03 

52.03_t0.03 
58.35_t0.03 
59 • .SCJ.t0.03 
60.ICJ.t0.03 
69,21;t(l.OII 
80 ·".tO .02 
83.96_t0.03 
85.~.04 

86.2Qt0.04 
9I.52;t0.04 

104.30_t0 .04 
I33.50_t0.08 
140.32,tO.OB 
I~.OS;tO.IO 

I•s.r .tO.I 
I64 ·'Cl.tO .06 
I65.5J;tO. IO 
190 .OO;tO. 08 
239,5 ;t0.1 
241.3 ;tO.r 
2.9.4 _tO. IS 
272.7 ;t0.2 
275.05j;0.15 
280.8 ;t0.7 
299.7 _tO,I5 
300.9 ;t0.3 
320.0 .tO• IS 
323.9 ;t0.3 
335.I _t0.15 
338.2 _tO.I5 
345.6 _t0.2 
355.6 _tO.ZS 
358.1 _tO,I5 
376.8 ~0.2 
380.2 +().2 
393,3 i<J.2 

. 

Ta6nHua I 

3HeprHH raMMa-nepexoaoa H OTHDCHTenbHble HHTBHCHBHDCTfa-.. 
y - nyqeij H KOHBBpCHOHHblX 3nBKTpOHOB llpH pacnaae -lm 

OfBOCI!It.UIII8 IH•8Nft811110C !II ~ aa pacnaA BIIBOA 0 IIJ.IUI-
A L. L L., Jl' nO.JJoHOC!I 

- 5 IO IS - 0.82 e..,l. .t,.C. EI, lllt!:2 
- 2 • 0.7 'o.s - O.I6 ....... III 
- -I - - - - 0.20 t.-t -- YI - - - -0.23 ol.,-.4. -
- -I - - J 50 -0.2 J.-J.. -- 66 I6 !'t I5.6 c,..c, III(+E2 .: 5~) 
- 25 6.5 IO 400 13.6 c.-o... EI 
40 IO 1.0 - < 30 1.30 c,-::t, III 
40 4.7 36 28 

!t -55 
2.7 ~.-o.. E2+li1(I4±3~ 

-30 3 ~o.8 - 1.2 e"~c. 111(+!:2) 
8 o.c.taCI - - 0.07 -

-3 -·- - - - 0.23 ,, ... &. -
2000 280 21 4 IOOO 70,6 C' .... a.. III 
I - - - - 0.23 ct,-41 III 
2 o.cuCI - - 1 < 25 0.12 -
3 -·- - - 0.8 -
5.4 -0.6 2.5 '0.2 - 0.47 ('1.-c. E2 
35 5.0 0.5 - J 60 2.25 t'1-CL0 :.n 
r.I 0.2 - - 0.35 Ca-a, -
42 6.0 0.6 < 0.2 98 2.90 rt2-•Cz III 
90 10 0.8 • 0.4 6.5 d.,-•c, III 
!30 20 2.0 ' o.s IOOO I7.I d.-c" III 
I.o o.c.uCI - - 7 0.28 c'l-l\o 1II(+E2) 
0.8 -·- - - 47 0.97 EI 
25 4 <0 •• 139 I39 3.5 ,t-'"t ...... III 
0.3 - - - 20 0.40 EI 
35 5 0.6 - ~ 225 

5.9 rt,- .. ,. III 
~o.3 - - - ,. (0.34) i,-tf, -

1.5 ~ 0.2 - - 35 0.75 ~L,-\.1., E2 
0.65 - - - 8 o.rs .L, -c, :II 
4.0 0.6 o.r - 54 r.rs ~o.l 1 -c. . lii 
0.9 - - - IS 0.45 r-c~.. III, E2 
3.0 0.45 CII&CI. - 68 !.46 c(. -· .l, E2 
1.2 - - - 40 0.90 d.~_..""· E2 
0.7 - - - IS 0.25 :II, E2 
0.4 - - - 14 0.28 ~.-.,~a E2 
0.1 - - - 10 0.11 EI 
8 !.2 Oq.c11. - roo 2.06 t.-i., i.,-•t ('H,_ !~+Ell 
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929.0,t0.8 0,04 - - - ~ro o.~o ·-· 939.3,t0.7 c.ta<S. - - - ..7 0.18 
941!.I,t.0.7 - - - ~ro 0.20 ·-1 t:. ~ .. ' b 

., ll ., 962.0,t0.8 0.05 - - - "'10 0.20 

404.0.t<J.2 z.z 0.4 - - 50 I.I8 4,--. III(+E2) 

4!2.0.t<J.4 0.3 - - - 7 0.19 . i.~ct. III 

434. 7.t<J.2 I.3 0.3 O.I - 23 0.47 \-K III 

1139.5.t<J.2 0,6 - - - I5 0.30 it -o&a III 

452.0.t<J.4 0.22 - - - 8.0 0.19 i., -·"-· He, BI; He 

454. 7.t<J.5 o.zo - - - 7 0.19 III+E2 

456. 7.t<J.2 0.5 CJI8<l. - - 15 0.22 III + E2 

46I.8.t<J.2 2.0 0.3 - - I8 0.42 , ....... 112 

469.8.t<J.2 0.2 - - - J 0.22 tt, ... c.,i~d., -
47I.l,t.(l.2 4.9 0.9 ,0.09 - I50 3.30 '·-"· III 

473.7.t<J.2 0.28 - - - 1!0 0.40 ,_ '· E2 

48II.O.t<J.2 0.11 - - - I3 0.30 YI 

489.3.t<J.2 0.2 - - - 7.0 O.I7 J,-a, III 

504.8.t<J.2 I.6 0.3 ( 0.05 - 50 I.IO 
\ -"· III 

5IO .t<J.5 cu<l. - - - I5 0.28 
'· ..... d. -

5I4.8.t<J.5 o.I - - - 20 0,39 !I 

528.4.t<J.5 0.05 - - - b O.I2 j t _.tt, -
6.5 

529.9.t<J.3 0.25 - - - 0~18 s-" -
550.0;t0.2 I.8 0.3 <O.I - 85 I.90 

,._,, III 

573.2,t0.3 0.3 - - - 20 0.39 J, ... ll. III + B2 

579.5,t0.2 2,5 0.11 <u.I - 98 2.10 ··-"· III 

599,8,t0.4 - O.I - - - ~· IO 0.20 r.- •4, B2 

&13.U,t(l.3 0.3 - - - 30 0.58 E2 

6I5,0,t0.3 O.I - - - 20 0.38 r .... I, EI,E2 

629.5,t0.3 c.ta<l. - - - 20 0.38 j,- <it -
655,6,t0.3 0,96 -o.Is - - 33 0.69 (EI + 112) 

658,5,t0.3 - - - - IS 0.32 J,-d, -
665,8,t0.4 I.5 cu<l. - - II7 2.96 j, ... J., III 

683.5,t0.5 o.I - - - I2 0.20 r ..... a. III, E2 

687.6,t0.4 0,06 - - - II 0.26 E2 

69I.5,t0.4 o.I - - - 26 0.46 i..,-c, EI, E2 

7I6.8,t0.6 C.tal!. - - - ~·IO ! 0.19 -
735.6,t0.6 - - - ro 0.20 -
745,0,t0.6 - - - - --ro 0.20 j.-.t. -
75I.6,t0.5 0,I5 - - - vi4 0.28 c,- ~~ III 

755,6,t0.5 o.Io - - - -8 O.I7 III 

779.6,t0.5 O.I5 - - - 20 0.34 j, _. J, III 

803,5,t0.5 O.I4 - - - IS 0.34 j,-•do III 

833.8,t0.5 0,25 - - - 26 0.46 I( ..... rl, liZ 
870.6,t0.5 O.IO - - - I5 0.3I t<-d, III 

894,0,t0.6 0.!2 - - - 22 0.46 ... -·· III(+E2) 

905.I.t,0.7 o.Io - - - 25 0.52 ,.-~·. (B2, YI) 

B2 

975.4.t<J.6 o.I6 - - - ' 977.4.t<J.7 e.ta<S. - - - j 30 0.60 
982.8,t0..,7 0.06 - - - 12 0.23 
995.3,t0.8 o.ro - - - ro 0.20 

I05I.5,t0.6 0.23 - - - ro 0.20 
I066.8,t0. 7 0.04 - - - 8 0.18 ,. ... r. 
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0.005 0.0!5 0.04 E2 

o.ocis-
t---------·- ----

0,0!'+ 0.037 YI --..._ _____ ---
0.005 0.0!4 0.035 III 

5.7 5.6 -5-:s 
!2.6 2.5 0,9 III 

o:po5 0,013 0.033 --- f---- -- -
0.005 0.012 0.03I EI 

--- - --· 
5.7 5.6 5,5 

13.4 2.9 I I.I 111 

0.004 o.oi 0,026 
---,-

0.004 ~---0.009 0,023 III+ E2 
--~- - ----

5.6 5.6 5.5 

!4.0 3.I r.2 III 

0.003 0,009 0,022 
1---- - ---~ 

0,003 0.009 0.02 E2 (+ Ill) 
-

0.003 0.008 0.03 E2 (+ III) -·--

DpoaomKe 

6I5.2 .:. ' 0.005 I o.ore o.os o.u 0.003 0.008 0.02 -r! 
~~·~-+-~---~~- _ ~ ~~~5 _o.o112 o.to F o:007 o.oi6 ~--t ·< 
665.8 .:.'x _ ·i _ o.o~ _ o.or5 . o.04I 0,095 o.oo3 o.oo7 o.or6 _ 
683.5 -"• o.o09 o.oi3 o.o36 o.08 o.oo2 o.006 o.ors • 

68~6_>;--:-= l_ __ o~m~5 = o.~I3 ;o.036 o.08 ~·_0()2_ o.006 o.on -
69!.5 !:'• _ _ o.ooaa o.oi3 o.m5 o.08r o.oo2 o.o06 o.OI4 2 
~~~~ --_ _i:r(-2l _ ~ I,I(-2) Z,8(-~l 6,2(-2) 2.0(-3) 5,I(-3). !.2(-2) _ 

755,6' '• ~ r.2(-2) r.r(-2) z.8(-2) 6,I(-2) 2(-3) 5.0(-3) r.2(-2J 

219·9·- . - 7.5(-35~ ~~.8{-3),2.6(-2)~.4(-2) !.9(-3) i.,7(-3) r.r(-2) ~ 
803.5 •x I 8(~3l 9.o<:~·!<-2l :_.o<-21 I~8(-~ ':-_4Hl/ r.o(-2~ _ 
833.~81-1 9(-3) 8.2Hl 2.r(-2) 

1

4.4(-2) r.7(-3) 4,1(-3)'9.1(-3) 

8'70.6. '• 6,7(-3) _7·~~~ ~8<-~ •. 3.7(-iJ r:_s~~-3) ~r<::-~ = 
894.o:--<. 5.5(-3) 6,9(-3) r.e(-2) 3.5(-2) r.4(-3) 3.5(-3) 7,6(-3) 11 
-~ -. . -~ ------ --- ~- ---
90:~-~-- ____)___ __ ~3) __ 6,7(-3) !.7(-2) 3,4(-2) I.4(-3) 3,4(-3) 7,4(-3) (I 

929.0 lx 4(-3) 6,4(-3) !,6(-2) 3.2(-2! !.3(-3) 3.3(-3) 7,1(-3) (I 

~.or- I ----s(:3J -- 5,8(=3) I.4(-2J"i2:-9(~2) r.2(~3) 3.01-3) 6.5(-3) 1-' 
-- - - ~- - .j__- -- c-__.:_:.r--·....o__r--

97~~~ J _ j. 5.2(-3) 1- 5.6(-3) r.4(•2) 12~~(_-2) 1.2(-3) 2.9(:-3) 6,3(:3) 1 

982.8 ,t1 5.0(-3) 5.5(-3) !.4(-2~2.7(-2) r.2(-3) 2.9(-3) 6.1(-3) 1 

·.995,3- diL - I:0(-2) -_ 5.4(_-_ 3) I,3(-2_) 2.6(--2) lo2(-3) 2,8(-3) 6,0(-3_~ _II: 

o5r.5 '• 2.3(-2) 4.7(-3) r.r(-2) 2.2(-2) r.o(-3) 2,5(-3) 5.3(-3) 1 

'066~8~ . __ 5,o(-3)- · =."..-.~(:_3) i.r(~2j 2.r(-2J r~o<:~ 2.5(-3) 5.1(-3) i 
!069.2_+'• _ _2.5(-3) 4.5(-3) r._r~-2~,~2.r~:2l 1,o(-3l 2,4(-3) s.o(-3_) _ 1 

1075.4 .J:'K 4.5(-3) _ 4.1~-S) ~.I(-2) 2~~$:!) I,O(-f) M(-3) 5,0(:-3) I 

!>_90·~1"'• ·~ 3.3(-3) _ . 4,2(-3) ~-2) 2.0(-2). 9,7(-4) 2,3(-3) 4,7(-3) 11: 

!098.4 ·-l£_ '3.3(-3) _ 4,!(-3) 9.9(:-~l !,9(~2) 9,4(-4) 2,2(-3) 4,6(-3) 11: 

II~5.9 ft _ 9.~~:") _ 3.9(-3) 9,3(-3) !.8(-2) 9.2(-4) 2.2(-3) 4.4(-3) I 

r2o4.3..;<!!.. 9.oHJ _3.4(-3) 8,o(-3J r.5i-~ 8.2(-4) 2,0(-3) 3.9(-3)_ 1 

224.2 J·'· r.3(-3l 3,3(-3) 7.7(-3) r.5(-2l 8.0(-4) 1~~(-:_3~ 3_.~(-3) !~ 

r26o 

1
.. 3.3(-3) 3.2(-3) 7.2(-3) r.3(-2J 7.6Hl r.a(-3) 3.5(-3) 1 

IZ64.~ <. -- ~·~<=") =-3:!(:3) 7.I(-3) I~ 7.6(-4) 1.8(-3) 3~5~~) I 
~285.6 <~ _ 5:~-3) --~9<-:> ~.8(-3) r.3(-2l 7.4Hll r.s(-3) 3.4(-3) 11: 

!299.'1_ ,'x _ 3,0(-3) _ 2.9(-3) 6.6(::-!..!_ ~·2Hl 7~2(:-"~v~7(:-3l M(-3) I 

!318.3 -----l---- __ 6,_0(-~) ~,8(-3) 6,4(~3) !.2(-2) 7,0(-4)e:) ~~ _ -~! 
.....-.......,.+-:==---- 6.o(-4l 2,5(-3) 5,8(-3) r.r(-2) 6.5Hli r.5(-3) 3.0(-3) 11 

--1 ---,----:---- --. ~ . - t · r 
1 
~~-3) 2.4~-:;; 5.6(-3) r.o(-2l 6,4(-4),~,5(-3~2.9(-3) 111 

9.0Hl 2.4(-3) 5.5(-3) r.o(-2) 6,4(-4) r.5(-~~~~·9(-3J El 

i:434.2 6,0(-4) i 2.2(-3) 5.2(-3) 9.3(-3) 6,I(-4JTi,4H)I·2.7(-3) El 

I455.3 6,0(-4) I 2.2(-3) 5.0(-3) 8.9(-3) 5,9(-4) !.4(-3) 2.6(-3J El 
-6-.0-(--4-).- --2.1(-3) 4,9(:.3J'a.'6(-3) 5,8(-4) I,4(-3) ·2,5(-3) E: 

2.0(-3) -· i.I(-3) 4.9(-3) 8;6(:3) 5-,8(:.,;}!,4(-iJ Z.5(-3l 11: 

· -5.CHJ - 2.o'(:3)1-;j';5(-3i 7.8(-3) 5,5(-4) r.3(-3l 2.5(~3) E 

r.8(-3l r.9(-3J 4.4(-3) 7. 7(-3) 5,4(-4) 1:.2(-3) 2.4(-3f 11 
- - -.,........., - -- -I- - -

-!662·0 ~- 6,0(~ ~7(-_3) 3.7(-3) 6,8(-3) 5.0(-4) 9,8(-4)1~'0(-3) ~ 

1949.0" '• i -3.o_<-~J__ __ r.5(-3) 3,2(-3) 5,5(-3) 4~~4} 9,4HJE_,8HJ_ E 
x803~3 ;;---- i 2,0(-3) I.3Hl: 2,8(-3) 5,I(-3) o,4(-4) 9,2Hlj I.6(-3) ( 
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npo}lOn>KeHHe T&6nHUbl 2 

6. 7 7,4 6,4 5,4 8.4 18.2 17.4 

•5 n. 7 8.8 5,9 I0.5 I. 72 o.5s III; !12 + EI 

0.08 0.056 0. IS 0,55 0.008 0,025 0.066 

5.5 5,5 5,3 5,I 5.7 5,64 5.46 
>3 13,9 8.8 6,0 ro.s r.s u.60 III(+ E2) 

o.o44 o.o52 o_.IB o.5 u.oos o.o22 o.Ob2 

0,043 0,05 O.I7 0~48 0.007 0.022 i o.o6o I III 
- --·- ---

4.3 5,5 5.3 5.! 5.7 5.6 15.5 

.>3 I4.I 8.95 6.2 II.3 2.0 0.7 

0.054 0,043 o. !4 0.39 0.007 0.02 0.05 
-- - --- --. - . - f-::- . . ---- - -
0.040 0,042 O.III 0,37 0,006 O.OIB U.05 

~ o.02s o.o4 o.r3 o.n o.o06 o.oi? o.045 

0.028 0,04 0.!2 0.33 0,0()6 O.OI6 0.044 
- ·- ----·-··-· ----- ----- --

0.03 o ... 04 0.12 o.n o.006 o.OI6 o.o42 

I O.II _ _ ~·04_u _ 0~~ o.:~ 0,006 0.~!6 ~:·:042 
5.44 5.4 5.3 5.I 5.7 5,6 5.5 

~ro I4.3 9.2 6.3 I2.o · 2.3 o.8 

0.:_035 ~ ~~I ~·~ 0,~5 r o.OI5 I 0.04 
O.OIII 0,034 O.II 0,29 0,005 

o.o3I o.o~ o.~- ~~21 o.oo5 

O,OI5 I 0.04 

O.OI4 

III 

III(E3) 
-----

He EI: He E2 

III+ E2 

lii + E2 

!12 

YI 

E2 

III 

0.029 0.03! O. IO 0.26 0.005 

5. 3 5,5 5.3 5.2 

·6 I4.6 9.3 6.4 

o,o32 o.o3 o.09 I o.23 
-o.oos___ o.o2s -o.oBIIJ o;22 

5.7 

!2.6 

0.005 

0.005 

O.OI4 t~~35 I III 
5.6 5.5 

2.5 0.9 I III 

o.o13 o.on 

O.OI2 0.03! ~-- EI 
- -

6 5.5 5.3 I 5.2 

"3 I4.9 9.6 6.6 

0.02I 0.024 

o.oi5 o.D22 

6.2 5.5 

14 I5.I 

0.0211 0,02I 

~O.OI -- o~or9 
"------·· 

o.oi 1 o.OI8 

.... 

0,009 

0.06 J -~~ t 0,003 0.009 

o.o52 I~ o.oo3 o.oos 

18 

5.5 

I.I 

0.026 

~I 

0,023 J· III + Ez 
5.5 

1.2 I III 

0,022 

0.02 B2 (+ III) 

0.03 E2 (+ III) 

npollOI1JKeHHe TB611HUbl 2 

6I5.2 •x I 0.005 I O.OI8 0.05 0.!2 0.003 0.008 0.02 rEI; E2 

~~'-6+1_It __ + ~ _ _ ~ -~~5 . 0.0112 o. ro ~oo3 o.007 o.ol:6 --~-<112--;-EI_l __ _ 

~5.8 _:_,;~ _ _i _ 0,0~ • O,OI5 . O,CJIII 0,095 0.003 0.007 O.OI6 _ III 

683.5 "'• o.o09 o.on o.o36 o.oe 0,002 o.oo6 o.oi5 III; E2 

68~6-~-~ 1 ___ o._o~5 = o.OI3 
1
0.036 o.o8 ~·O()~_ o.006 o.on - _- E2 

69I,5 UK _ _ 0.0038 0,0!3 0.035 O,QBI 0,002 0.006 O,OI4 EI; E2 

~~~~ --_ _I;I<-2l _ ~ I.I(-2) 2.8(-2) 6.2(-2> 2.ciHi 5.IHl. I~2(-2) _ III --

755,6' .t1 --+=- I.2(-2) I.I(-2) Z.8(-2) 6,I(-Z) 2(-3) 5,0(-3) I,2(-2) III 

-=:-m.6;.:;.- - - 7_:~3>~ ~~.8(-3). 2.6(-2) ~.4(-2) I,9(-3) 4.7(-3) I.I(-2) III(+E2) 

803.5 o~1 I 8(-_3~ 9,0(~·!<-2l ~-~o<-2l I~8(-~ ~4Hl[ I.o(-2~- _ III _ 

833.~ I 9(-3) 8,2(-3) 2.I(-2)14,4(-2_) I~7(-3) 4,I(-3)'9,I(-3) __ III ________ _ 

870.6 1. T 6.7Hl 7.3(-3) I.8(-2l 3.7(-2) I.5(-3l 3.7(-3) 8.IHl UI 

8~~-·C 5.5~-3~ 6,9~~ I.~:-2>~~5(-2) I:4Hl ~-3) 7.6(::.3) MI(+E2l 

905.I ~K 1 4(-3) 6,7(-3) I.7(-2) 3,4(-2) I,4(-3) 3.4(-3) 7.4(-3) (!2; III) 

9z9;o <x -- -----· ---;;(:3)- - 6,4(-31 I,6(-2) 3.2(-21 I.3(-3) 3.3(-31 7,I(-3) (E2 + III) 

"'·"!'~ -:_ t - *'' n n '·"-'-' •·•<-<lf''=" •·ii'" ,'·";:'! ;:><-» ~ " u 

975,4 J 1· 5.2(-3) 5,6(-3) !.4(-2) )2.8(-2) I.2(-3) 2.9(-3) 6,3(-3) III 

98Z:8 i - 5.o(-3i r- 5.5(-3) I.4(-2ll2~7(:_2) I.2(-3) 2.9(~3) 6.I(=3) UI ---

-_99_5._3-.{~ - I~o(-2) -_ 5,4(-3) I.3(-2l 2.6(-2> I~2(-3) 2.8(-3) 6.oHC 112(!_E-Il __ 

I05I.5 JL.__ 2.3(-2) 4,7(-3) I.I(-2) 2.2(-2) I.0(-3) 2,5(-3) 5.3(-3) 113 

ro66~8 ~ 1-- 5.0(-3)- ~~6(:3) r.I(-2)2.IC-2) I~O(::~ 2.5(-3) 5.I(-3l III, !2,!3 (EI+II2) 

!069,2 , 2.5(-3) 4,5(-3) I.I(-2) 2,!(-2) I.0(-3) 2,4(-3) 5,0(-3) E2 

!075.4 r~: -- -4.5(-3) 4.1~-8> x_:Ii-2il2~~c.:Zi I.O:<:.fJ 2.;(=3) 5--:D(:-3) ~ -~~ ~- - ~ 
~0~8·"'• -· ·~ 3.3(-3) __ 4,2(-3) ~-2) 2.0(-2) 9,7(-4) 2.3(-3) 4,7(-3) III;~- _ 
I09_8._4 ·':1_ _ "3,3(-3) 4,I(-3) 9,9(~~) I,9(~2) 9.4(-4) 2,2(-3) 4,6(-3) III; E2 

~5,9 ~ r---- 9.~~-:") _ 3,9(-3) 9,3(-3) I.8(-2) 9,2(-4) 2.2(-3) M(-3) BI 

204.3 ·'• 9,0(-4) 3.4(-3) 8,0(-3) I.5(-2) 8.2(-4) 2.0(-3) 3.9(-3) EI 
- -·- -- --~ " 

I224,2jl,. __ I.3(-3) 3,3(-3) 7,7(-3) I.5(-2) 8\?(-4) I~~(-=~) 3_,~(-3) EI(+II2) 

I260 1' K 3.3(-3) 3,2(-3) 7,2(-3) Io3(-2) 7,6(-4) I.8(-3) 3,5(-3) III 

IZ64.4- .(
1 

- - 8.0(-4) ,_ 3.i(:3) 7.I(-3) I.3(-2J 7.6Hl I.B(-3) 3,5(::;) EI 

?85.6 <x_ --- -- -~~'2<-3f ~~9{-~ ~,8(-3) 1W{-2) 7.4(--i)li.B(-3) 3,4(::5) 112(+EI) 

~299,7_ -'x _ 3,0(-3) _ 2.9(-3) 6,6(-3) ~.2(:-2) 7,2(:-11) .I:7(:-3) 1,3(-3) III __ 

6,0(-4) 2,8(-3) 6,4(-3) I.2(-2) 7,0(-4) I.?(-3) 5,2(-3) EI 

-=--=-+-F- -+------ 6,0(-4) 2,5(-3) 5,8(~3) I.I(-2) 6,5H)ti:si.:3) T.o(:f)- ii 
--I 2~0(-3) -2.4(-3) f;-,6(-3) I.0(-2l 6,~-4)fi,5(-3~~·; 2.9(-3) r;I-; -E2----- -

l---9:0(-4) 2.4(-=3> 5.5Hl i.o(-2> 6.4(-4) i.5(-3) 2.9(-3) EI(+112l 

" ... ' 6,0(-4) 1 2.2{-3) 5,2(-3) 9,3(-3) 6.I(-4) t.4(-3)12.7(-3) EI 

6,0(-4) I 2.2(-3) 5.0(-3) 8,9(-3) 5,9(-4) I.4(-3) 2,6(-3l EI-
-6-,0-(--4-)- - 2.I(-3) 4,9(-:.3}'a:6(-3) 5,8(-4) I.4(-3) -2,5(-3) EI -- ·-

2,0(-3)-· i.I(-3) 4,9(-3) 8~6(:3) 5-.s(:..i;) 1.4(-3) Z.5(-3) YI 

· -5.c(-4) 2.o(-3)'4.s(-3l 7.8(-3) 5,5(-4) I.3Hl 2.5(~3) EI 

- ; I.B(-3) - I.9(_;3) 4.4(-3) 7,7(-3) 5.4(-4) 1.2(-3) Z.4HY lii 
t 6.0(~ ~7(-3) 3.7(-3) 6,8(-3) 5,0HJ 9:8(-4)~.0(-3) E_I __ 

!9'19.0' , ', • 3,0(-4) I.5(-3) 3,2(-3) 5,5(-3) 4,6(-4) 9.4(-4)rx,8(-3) EI 
-,.a;;-

3
·-,j' ~~· -- ~: 2,0(-3) -- I.3(-3). 2,8(-3) 5,I(-3) -4~4(-4) 9:2(-4) I,6(-j")- (~r;M2) 

""""" K \ . ----
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