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Depsoe ITOApOOHOe H3yqeHHe paCIT8A8 
18 3 

Os 1 ~ = 12 qacos) 

H ero H3oMepHoro ypoBH.II ( T ~ = 10 qacos) 6btno BbJITOnHeHo Hb!OT0-

/1/ 
HOM • B 9TOH: pa6oTe AaHa HHQJOpMaUH.II o KOHBepcHOHHbiX aneKTpoHax,. 

rrpHBeAeHbl AaHHble 0 raMMa-nyqax HaH6onee HHTeHCHBffJ,JX rrepeXOAOB H He-

KOTOpble .CBeAeHHSI 0 y- y - COBITaAeHH.IIX1 a TaK)f{e rrr:eAnO)f{eHa CXeMa 

6 1830s Hl8lmOs 
pacrraAa. Eonee rroApo Hbte cxeMbt pacrraAa Aa!OTC.II 

/2/ 
s pa6oTe XapMaTua H XaHAne.si , rrocBHWeHAoH: H3yqeHHIO KOHBepcHOHHhlX 

aneKTpOHOB B o6naCTH 9HeprHH AD "' 1200 K9B. 

B HaCTOSI!IleH: pa6oTe rrpencTasneHbt pe3ynhT8Tbt HGyqeHH.II KOHBepcHoH

HhtX aneKTpOHOB1 raMMa-nyqeli:, raMMa-raMMa-COBITBAeH iH H OOCy)f{Aa!OTC.II 

rrpeAnaraeMbte cxeMbt pacrraAa. 

YcnoBH.II aKcrrepHMeHTa 

a) p a A H 0 a K T H B H bl e H C T 0 q H H K H 

B HamHX uccneAOBaHHSIX 6btnH ucrronb3oBaHht TpH THrra HCToqHHKoB. 

1. OcMHeBa.ll Q:ipaKUH.II 1 BhtAeneHHaSI H3 3onoTa, o6n rqeHHoro rrpoToHaMH 

c aHeprueH: 880 Mas Ha CHHXPOUHKnoTpoHe Ol1.Hl1. 

2. ,iloqepHHH OCMHH, H8KOITneHHbiH II pH pacrraAe Hp~ AHeBOH Qlp8KUHH, 

KOTOpa.ll ITOnyqeHa T8K)f{e H3 30nOTOH MH!IleHH. 
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3. $paKUHSI OCUHeBbiX H30TOITOB, B03HHKWHX B npouecce p8CIT8.ll8 nep

BOH8'18nbHO o6p830Bai.WHXCSI H30TOITOB HpH.llHSI, KOT0p8S1 Bbi.lleneHa H3 MHWeHH 

22 N 
ronbMHH, o6ny11eaaoro HOHaMH e c ::meprHeft 100 Mas aa UHKnoTpoae 

Y-300 OHHH. 

/3/ 
Cnoco6 H3I'OTOsneHHSI HCTO'IHHKOB OITHC8H B • B HCITOnb30B8HHbiX 

18 3 
HCTO'IHHKBX, KpOMe Os , npHCyTCTBOBanH H .llpyrHe H30TOITbl OCMHSI, 

4>p8KUHSI OCMHSI, Bbl.ll eneHH8SI H3 30nOTB, CITYCTSI 10 '18COB ITOCne KOHU8 

6 1820s ' 1830s H 1860s 100 too• 2 0 ny'leHHSI CO,llep)f(an.l B OTHOWeHHH : •,..... , 

18 2 
a B HCTO'IHHKax, HaKorrneHHbiX H3 HpH.llHH, KpoMe ae6onbWHX npHMeceft. Os 

18 5 . 183 
H Os , npHcyTCTBoBan npeHMywecTseaao Os 

6) A nnapaTypa 

DnH H3y'leHHSI KOHBepCHOHHbiX aneKTpOHOB Mbi ITpHMeHSinH 6eTa-cneKTp0-

/4/ 
rpa<flbi C ITOCTOSIHHbiU O.llHOpO.llHbiM M8I'HHTHbiM noneM • PerHCTp8UHSI 

aneKTpOHOB npOH3BOJtHnacb Ha $oTonnaCTHHK8X HHK<t>H p -50~t. npH HCCne

.llOB8HHH KOHBepCHOHJ!biX aneKTpOHOB C 9HeprHSIMH 6onbwe 800 K9B HCITOnb-

30B8nCSI T8K)f(e H {3 -cneKTpOMeTp THIT8 217'1,(2 

Hccne.oosaaHe cneKTpos y -Hany'leHHft H y- y - cosna.oeaHA npo·-

H3BO.llHnocb c noMOilbJO Ge ( Li) - .oeTeKTopos c 'IYBCTBHTenbHbiMH o6'be-

MaMH B; 13 H 33 cr-:
3

, HMeJOIUHX Ha nHHHSIX 
6° Co paapeweaHe 4-6 KaB. 

DnH H3y'leHHSI COBIT8.lleHidf Me)f(.llY y -KB8HT8MH 6bin HCITOnb30B8H 

/5/ 
cneKTpOMeTp COBIT8J] eHHft C paapeWBIOIUHM BpeMeHeM 100 HCeK o 

3KcnepHMeHTanbH-bie pe3ynbT8Tbi 

nony'leHHbie .lldHHbie 06 9Hepi'HSIX H OTHOCHTenbHbiX HHTeHCHBHOCTSIX 

· KOHBepCHOHHblX aneJ>TpOHOB H raMMa-ny'leii:, B03HHK8101UHX npH pacna.oe 

!83 Os 183 m
08 H , npHBe.lleHbl B Ta6n. } H 2 COOTBeTCTBeHHOo CneKTpbl 

Y -ny11eft H306paHeHbl H8 pHCe } H 2. 
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3Ha'l!9HHH 3H9pl"'HH nepeXOllOB 1 OCHOB8HHbl9 Ha ll8Hllb!X1 nony'l!eHHb!X C 

noMOII.IbiO f3 -cneKTporpa<jJoB H f3 -cneKTpoMeTpa, BMe ~Te c rrorpew-

• 
HOCTHMH npHBOllHTCH B Taon. H 2. ilnH onpeneneHHH ~Hep!"'Hll KOHB9pCHOH-

HbiX sneKTpoHoB B Ka'l!ecTBe KanHopoBo'l!HbiX nHHHfi obxm Hcnonb30BaHbi 

nHHHH 
182m Re 

1 3H9pl"'HH KOTOpb!X H3B9CTHbl C Bb!COKOll 
/8/ 

TO'IHOCTblO 

Dorpell.IHOCTH B onpeneneHHH HHT9HCHBHOCTefi KOHBepCHCHHbiX sneKTpOHOB 

B oonaCTH 3Hep!"'Hll sneKTpOHOB Bblll.l9 200 KSB He npaBbllllllOT 20%, 8 B oonaCTH 

t5onee HH3KHX saeprHfi MoryT nocTHraTb 40%. HawH naaa ,xe ot5 HHTeHCHBHOCTHX 

KOHB9pCHOHHbiX sneKTPOHOB cornacyiOTCH B npenena_x ,rrorpell.IHOCTefi H3Mepe

/1,2/ 
HHfi C naHHbiMH paooT • DorpelliHOCTH onpeneneHHH OTHOCHTenbHbiX HHT9HCHB-

HOCT9ll raMMa-H3nyqeJ-mi1 rrpHBOllHTCH B Taon. 1 H 2. KpHBa ;I 38BHCHMOCTH s<jJ<jJeK-

THBHOCTH perHCTp8UHH raMM8-H3ny'I9HHH OT 3HeprHH Obna nony'l!eHa C ITO-

MOIUbiO H30TOITOB 
169 

Yb H 
226 

Ra. 

B Taon. 1 H 2 npHBeneHbi TaKMe 3Ha'l!eHHH KBK, ·lbi'l!HcneHHbie rro 

H8lliHM naHHblM 06 HHT9HCHBHOCTHX KOHB9pCHOHHblX sner TpOHOB H y -nyqefi 

13 3 
B rrpenrronoMeHHH, 'ITO rrepexon y 381,8 ( Os) THrra :0:1 11 rrepexon 

-JB 3m 
y 1102,1 ~ Os) THITa E2 

DpH H3y'l!eHHH crreKTpoB y- y - coBrraneaHfi "oTOH)aiOIUHM" TpaKTOM 

BblllBnHnHCb nHHHH 

1830s 
pacrrane H 

Kx , y 114,4 

y 114,4 • y 163,2 

, yl67,9 ·y38.,8, y851,0 rrpH 

I y484,7 ' y(l034,E+1041,3) 'y(ll02,1+1l08,0) 
133m 

IT pH pacrrane Os • ilnH y'leTa COBIT8ll9HHii, CBH38HH hi X C KOMITTOHOBCKHM 

<jJOHOM ITOll Bb!Op8HHbiM <jJOTOITHKOM OllHOBpeMeHHO H3M9pHTICH CITeKTp CQBITane-
1 . 

HI:IH, COOTBeTCTByiOII.II:IH oonaCTI:I SHeprHH Boni:I3H nauuoro <jJoTOITHKa. CrreKTpbl 

COBIT8ll9HHll ITOK838Hbl Ha pHC. 3-5. B Taon. 3 H 4 rrpHEOllHTCH OTHOCHT9nb-

Hble HHTeHCHBHOCTH COBIT8ll9HI:IH 1 rrony'l!eHHble ITOCne Bbl'le1·a cny'l!aHHbiX COBITane-

HI:IH 1 COBIT8ll9HI:IH C KOMITTOHOBCKI:IM ¢JoHOM 1:1 C y'leTOM s<J><J>·~KTHBHOCTeH KpHCTan-

noB. B 3THX MB TaonHU8X ll8Hhl T8KMe HHTBHCHBHOCTH COBITaneHHH1 COOTBeT

CTBylOII.IHe cxeMaM pacrrana, H3ot5paMeHHbiM aa pHc. 8 11 7. 
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• 
PHc. 3. CneKTpht cosnaaeHHA c Y -nepexo.a:oM ll4,4(A): c KoMIITOHOB-

cKHM <jJOHOM 38 nHHHeA y IJ4,4 ( 8) ; C y -nepeXOliOM 381,8 (C) 
H KOMIITOHOBCKHM ciJOHOM 38 nHHHeA Y 381,8( 0 ) • 3awTpHXOB8HHbie 

IIHKH COOTBeTCTBYlOT CflY'lfBAHblM COBliS.lleHHSIM. 
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Pnc. 4·, CneKTpbi coananeanll c y -nepexonoM I67,9(A); c KOMIITOHOBCKI'IM 

¢oHOM aa nnanell y 167,9 (B) ; c y -nepexonoM 851,0 (C) 
1'1 C KOMIITOHOBCKI'IM cPDHOM 38 nHHHeli y851,0(D). r- COBIIaneHI'Ill 

c mtKOM o6paTHoro paccel!HHll oT y -rrepexona 646 ( 1
.
85 

Os) • E -
coarraneHHll c IIHKOM o6paTHoro paccel!HHll OT y -rrepexona 
(1102,1+1108,0), 3aii1TpHXOB8HHbie IIHKH COOTBeTCTBYIOT cny'!aliHbiM COB
rraneHI'IliM. 
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PHc. 5. CneKTpbi coBnaaeHI!l! c y -nepexoAaMI! (1102,1 + 1108,0) (A); 

C ni!HI!el! y (1034,8 + 1041,3 }(8); C y -nepeXOAOM 484,7 (C) II KOMITTOHOBCKHM 

<jloHOM 38 ni!HHel! y484,7(0) , 3arnTpHXOB8HHbie ITIIKII COOTBeT-

CTByiOT cnyqal!HbiM coBnaaeHI!HM. 
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06cy~AeHHe peaynbTaTOB H3MepeHHA 

183 
0 

t83m
0 Ha pHc. 6 H 7 npeacTasneHbi cxeMbi pacnaaa s H s , yao-

BneTBOpS:UOlllHe BCeft COBOKYIIHOCTH rrony'IeHHb!X HaMH 3KCIIepHMeHTanbHb!X 

aaHHbiX. CooTBeTcTBYJOIUHft STHM cxeMaM 6ananc HHTen ~HBHOCTeft rrepexo

AOB IIpHBOAHTCH B Ta6n. 5 H 6. 

a) 3neprHH pacrraaa 

B pa6oTaX, IIOCBHIUeHHb!X Bbl'IHCneHHIO MaCC aTOM ib!X HAep ITO 
18 3 

SMIIHpH'IeCKHM ~opMynaM 1 npHBOAH TCH AnH sneprHH pa·~rraaa Os 

aHa'IeHHH 1865
171

, 1733
181

, 1415
191

, 165/
101

, 2645 J:ss
1111

• Mbi IIOIIbl-

TanHCb orrpeaenHTb sneprHJO pacnaaa sKcrrepHMeHTanbHC•. B crreKTpe cos-

rraaeHHft raMMa-KBaHTOB C y381,8 6binH 38Me'IeHbl C•>BIIaAeHHSI C aHHHf'H-

nHUHOHHb!MH KBaHTaMHo Docne Bbi'IeTa cnyttaftHb!X COBIIl1AeHHH H COBIIaAeHHA 

C KOMIITOHO.BCKHM ~OHOM 6bin0 OIIpeaeneHO OTHOilleHHe :IHTeHCHBHOCTeft 

COBII8AeHHft: 

I < y 381,8 > < y s11 > I <y 381,8 > <y 167,9 > (1,03 ± 0,:!5 ) : 100. 

0TCJOAa rrpH Y'I~Te 6anaHC8 HHTeHCHBHOCTeft Y - nepexoaoB 

( CMo Ta6n. 5) AOnH II03HTpOHHOf'O pacnaaa Ha ypOBHH •l96,1 H 664,0 K3B 

(eM. pHc. 6) cocTaBnSieT (0,09:!:_0,03)% na pacrraa. B r-peanaraeMoft cxeMe 

1830s ,. · pacnaaa rroaHTpoHHbin pacrraa aon~eH ocymecT BnSITbCSI rrpeHMy-

mecTBeHHO Ha ypoBeHb 496,1 K3B 
183Re • l1CXOASI H3 3TOf'O rrpearrono~eHHSI1 

a TaK~e HCIIOnb3YSI H3BeCTHOe TeopeTH'IeCKOe 3H8'IeHH€ OTHOilleHHH Bepo-

HTHOCTH sneKTpQHHOf'O 38XBaTa CO BCeX o6ono'IeK K BeJOHTHOCTH K - 38XB8-

Ta, pasnoe 1,21, rronyqaeM: K/ {3 + = 640 ~3::o .{3 - pacnaa na cocTOHHHe 

496,1 KSB RBnReTcH rrepexoaoM rrepBoro aanpemeHHSI n (624 t 
1 ~ p 514 t ) • 

EcnH B aaHHOM cnyqae 'f'eopeTH'IeCKoe oTHOillenHe K I {3 -· , pacc'IHTannoe 

11 



2030 

1950 

11S59 

1554 
1526 
1463 
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18 3 
P11c, 6, CxeMa pacnaoa Os. 

12 

181 Os 

12 t ~ ~'[6i4] 
, 'Q' 2110 

%' {p5141•6241•514ijO.J 'S:J 

0,25 '6.5 

1't2. 9!2. 
1
}'2 1 1,9 6.8 

%" 1.9 1,1 

%" 0,4 1.8 

0.1 8.5 

t7,2.9fz.%J 

%' 'l.i/ [404] 1,6 ,, 
_131.z"% [5t4] 0.25 v 
'l'2'~ [404] 3,9 1.5 

1Y2.% [514] 111 1.0 

9!.z"% [m] 70 6,5 

%'o/2 [402] 4;0,5 ~&1 

%'% (402] CD.9 008,6 

'l2 • 5;2 [ •o2] 

%'% [•o2] 

IT K [NnzA] [%/ogft 



JlJISI pa3p8UI8HHbiX rrepeXOJlOB 1 IIpH6JIH31IT8JlbHO C0Xp8HSI81'CSI H JlJISI rrepe-

XOJlOB IIepBoro 38IIp8UJ8HHSI 1 TO HaUJl8HH08 8KCIIepHM8HTfJlbH08 3HaqeHHe 

+ ~u 
Kj~ COOTB8TCTByeT rpaHHqHOH SHepriiii II03HTpOHOB (520_

25
} K8B II JlJISI 

rronHoH sHeprHII pacrraaa IS 
3 

Os B 
18 3 

Rc rronyqaeM: 

Q KSB. 

Ecnn TaKaS! paaHOCTb Mace cooTBeTCTByeT aeltcTJ•IITenbHOCTH, To 

B CII8KTpe COBII8Jl8HHH 

Jl8TbCSI COBIIaJl8HHH C 

y -KBaHTOB c K x - nyqaMH H€· llOJI)KHO Ha6mo

Y -KB8HTaMH 8HeprHH 1534 KSB (B rrpeanaraeMOH 

HaMH cxeMe pacrraaa rrepexoa yl534 COB8pUiaeTCSI M€•)1(Jly ypOBHSIMH 

2030 II 496,1 KSB) o B rronyqeHHOM HBMH CII8KTpe COBIIaJl8HHH flOCne BbiqeTa 

cosrraaeHIIH c K x -nyqaMII 1 corrpo!'lox<aaiOIUIIMII K -KOHJ•epciiiO rrepexoaos, 

H8XOaSIIUHXCSI B KaCKaJlaX C paCCMaTp1IB88MbiMH rrepexoa< MH 1 a TaK)I{8 cny

qaHHbiX COBIIaaeHHU II COBII8Jl8HIIH C KOMIITOHOBCKIIM <jJoH JM Mbl OIIp8Jl8JIHJIH 

BeniiqHHbi .\I= NcoBt /N I 

( y 1 )(Kx), N I - IIHT8HCIIBHOCTb 

NCOB.I - IIHT8HCHBHOCTb COBIIaaeHHS! 

·) 131 B A 1534 Y I - nyqeii o 8JIII IHHa I anSI Y 

6onee qeM B 17 pa3 M8Hblll8 1 qeM aHanoriiqHbl8 3HaqeHIISI anSI IIHT8HCIIBHb!X 

rrepexoaos, paapHx<aiOIUHX ypoBHII, anSI KOTOpbiX sHeprHSI _ f3 -pacrraaa 

~ 500 KSB, a HMeHHo: Ay 381 , 8 : Ayast,o_ :Ayll62,l:Ayt44o :Ay 1534 = 

(1,09:!:_0,15): (1,00:!:_0,10) : (0,93:!:_0,15) : (0,95:!:_0,15) : :::; 0,05. 

TaKoe aHaqeHIIe Ay 1534 , ecnH OHO CBH3aHo c yi48HbiUeHHeM aonn 

K -3aXBaTa 0 COOTB8TCTByeT 6eTa-rrepexoay Ha ypOB8Hb 2030 KSB C SHep

rneH l'l. E :;; 80 KSBo 0TM8THM 0 qTo anSI 3HaqeHHSI A y 1534 aaH 'BepXHHH 

rrpeaen, COOTB8TCTBYIOIUHH rrorpe!IIHOCTSIM B OIIpeaeneHHH IIJIO!U8Jl8H <jJoTOIIHKOBo 

TaKHM o6paaoM, sTOT peaynbTaT ( Q:::; 2110 KSB) He 1pOTHBopeqnT aHa-

qeHHIO sHeprHH pacrraaa 
183 Os B 18 3 Re 

1 OIIpeaeneHH)My Ha OCHOBaHHH 

COBIIaaeHHH y381,8 C aHHHrHJISIUHOHHhlMH KBBHTaMBo 

13 



6) 0cHOBHOe H H 30MepHOe COCTOSIHHSl 
I~~ 

76 Os 107 

Bo BCeX HCIT01~30B8HHhlX HCTOqHHKaX ITpHCyTCTBOBanH KBK 

oclioBHoe T !~ 1~ qacos), TaK H naoMepHoe ( T !;:i 10 qacos) 

18 3 Os {8 3m,. 
COCTOSIHHSl • PaCITBA H30MepHoro ypOBHSl Us ITpOHCXOAHT 

( ) 
18 a

08 
( 

nyTeM nepeXOAB y 17(, 7 M4 B OCHOBHoe COCTOSlHHe 16%) H no-

18 3 
cpeACTBOM aneKTpoHHoro aaxsaTa Ha ypoBHH Re ( 84%). no cxeMe 

HHnbCCOHB OCHOBHOMy COCTOSIHHJO SIApa, X8p8KT8pHayeMoMy 107-biM He

+ 
q~THbiM HefiTpOHOM 0 C OOTBeTCTByeT COCTOSIHHe 9/2 ( 624] ( OHO peanH-

177 
10 Yb 101 

179 18 I 
7 2 Hf 10 7 H 7 4 w I 0 7 ) • 

TorAa H30Mepaoe COCTOSlHHe MO*HO OTO*AeCTBHTb C HHnbCCOHOBCKOfi op-

6HTanbJO 1/2- ( 510] • ilpyrHX B03MO*HOCTefi AnSI peanH38UHH H30Mep-

Horo nepexoAa M4 B HH3KoaaepreTHqecKoA o6nacTH AnH cHcTeMbi c 107 

H8fiTpOH8MH B CXeMe HHnbCCOH8 HeT. 3TH *e COCTOSIHHSl ITpHITHCb!BanHCb 

1830s 6 11,2/ 
OCHOBHOMY H H30MepEOMy ypOBHSlM 8BTOpaMH pa OT • 

B) C 0 C T 0 Sl H H Sl 
19 3 18 3 

75 
Re

108 
,soa6y*AaeMbie npH pacnaae Os 

18 3 
0CHOBHOMY COC10SlHHIO Re , xapaKTepuayeMoMy 75-biM aeq~THbiM 

npoToHoM, cornacHo c:xeMe Hnnbccoaa MO*HO npnnncaTb op6HTanb 

5/2 + ( 402] • 3TH J:BaHTOBbl8 xapaKTepHCTHKH ITpHITHCbiBBJOTCSl OCHOBHbiM 

COCTOSlHHSlM . scex HasecTHb!X H30Tonos peHHSl c aeq~THbiM A • YpoBHH 

+ + + 
114,4 K~B (7/2 ), 259,9 K3B (9/2) H 435 K3B (11/2) C 3HeprHSIMH 

COCTaBnSlJOT BpaWaTel:bHYJO nonocy OCHOBHOrO COCTOSlHHSl C K 5/2. TaKaSl 

11 2/ 
HHTepnpeTBUHSl ABHB B pa60T8X 

0 
H HBXOAHTCSl B 

ts3Re 
0 BpawaTenbHOfi nonoce OCHOBHOrO COCTOSIHHSI 

HayqeHHH peaKUHH 
181 Ta( 4 He,2ny)

183
Re 112

/ 

KsaHTOBbte xapltKTepHCTHKH ypoBHSI 496,1 KaB 

nfliOTCSl OAH03Haqao t.lynbTHITOnbHOCTSlMH nepeXOAOB 

cornaCHH C ABHHbiMH 

, nonyqeHHb!MH npH 

I" = 9/2- onpeae

y236,3 (El) 

Y 381,8(El) H y496,l(M2). 3To COCTOSlHHe MO*HO OX8p8KTepH30B8Tb 

HHnbccoHOBCKoA op6HTanbJO 9/2- [ 514 ] • CooTBeTCTByJOwee aHaqeHHe 

14 



fog rt = 615 He IlpOTHBOpe'IHT T8KOH HHTeprrpeTaUHH ( n 624 
1

~ p 514 t ) • 

Boa6y~810TCSI T8K>Ke ypOBHH pOT8UHOHHOH IlOIIOCbl COCTOSIHH.SI 9/2- ( 514] 

C 8Hepi'HSIMH 66410 K8B ( 11/2-) H 861 12 K8B ( 13/2-) 
1 
H86ll~.ll8BIIIHeC.SI 

/112112/ 
H B pa60T8X o 

Pa3pSI.llK8 ypOBH.SI 851 10 K8B H8 OCHOBHOe H rrepBoe poTanHOHHOe 

COCTOSIHHe rrepeXO.ll8MH THil8 M 1 H 1 B03MO>KH0 1 T8K>Ke •;na6biM rrepeXO.llOM 

/2/ 
y 591,3 H8 BTOpOH pOT8UHOHHbiH ypoBeHb BMeCTe CO 3HB'IeHHeM 

fog rt 71 5 orrpenen.SIJOT ero KBaHTOBbie xapaKTepHCTHt.H: I 11 = 7/2+. 
11 + 

B cxeMe HHnbccoHa enHHCTBeHHhiM cocTO.SIHHeM c K = 7/2 rrpH 

+ 
He6onblllHX aHeprHSIX Boa6y>KneHH.SI .SIBII.SieTCSI op6HTanb 7 1 2 [ 404]. YpoBeHb 

100210 KaB c HaH6onee BepoSITHhiMH KBBHTOBbiMH xapaKTepHCTHKBMH I 11 = 

+ 
= 9/2 1 rro-BH.llHMoMy1 rrpHHanne>KHT K poTaUHOHHOH rronc•ce 1 HB'IHHBJOilleiic.SI 

Ill 
HB ypOBHe 851 10 K8Bo 06a ypOBH.SI 6blllH BrtepBbie BBe.ne ~bl B o llnSI O_T-

HOllleHH.SI rrpHBe.neHHhiX sepoSITHOCTeii M1 rrepexonos, pa:,p.SI>KBJOillHX coc

TOSIHH.SI 851,0 H 1002,0 K8B H8 ypOBHH Bp81ll8T€llbHOH ITO lOCh! OCHOBHOI'O 

COCTOSIHHSI 1 ITOlly'laeM: 

yposeHb 851 1 0 KaB 

B ( y 851,0): B ( y 736,9) : B ( y 591,3 ) 

yposeHb 

B(y887,5): 

100 21 0 K 88 

B( y 741,9) 119:1 
512:1 

314:1:0113 
811:1:0119 

( Anara: 

( Anara) 

( 8KCrtepHMeHT) 

( 8KCitej:HMeHT) 

llnSI 6onee BbiCOKopacrrono>KeHHhiX cocTO.SIHHH 5bmH orrpeneneHbi on

H03H8'1HO KB8HTOBbie X8p8KTepHCTHKH IIHlllb B Clly'lae YJ:OBHeH C 8Hepi'H.SIMH 

1526 H 1554 K8B1 a HMeHHo: I 
11 

9/2-. E.nHHCTBeHHJH op5HT8llbJO c Ta-

KHMH KB8HTOBbiMH X8p8KTepHCTHK8MH B CXeMe ypOBHeH HHllbCCOHa .llll.SI 
18 3 

50 < Z < 82 .SIBn.SieTc.SI 9/2- [ 514 ] 1 peanH3YJOill8.SICH s Re 

rtpH 8Hepi'HH 49611 K8Bo Q5a H861IJO.ll8BIIIHXC.SI ypOBH.SI H!lleJOT1 ITO-BH.llHMOMy 1 
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/13/ 
6onee cno>KHYJO cTpyKT:'PY• Pac'leThi, nposeJleHHhie B pa6oTe , npell-

CK83b!B810T cymeCTBOESHHe OKTyrronbHOrO BH6paUHOHHOrO COCTOHHHH THrra 

9/2- I 402' +Q (32)! npn 3Heprnn 1370 K3B. Bep?HTH0 1 'ITO OllHO H3 

paCCMSTpHBaJOmHXCH COCTOHHHfi COOTBeTCTByeT TSKHM BH6paUHHMo 

CpellH 06Hapy>KeH fb!X HaMH COCTOHHHfi1 B036y>KilSJOmHXCH rrpH pacna-

)le 
1530s 1 ypoBeHb 2Q:iQ K3B OTnH'ISeTCH ManbiM 3HS'IeHHeM fog ft . 

PaapHJlKa sToro cocTos:HHH E 1 -nepexollaMH Ha ypoBHH spamaTenbHofi 

rronoCbi 9/2- 9/2 [ 514 I n 11/2- 9/2 [514] onpeJlenHeT ero KBSHTOBbie 

1T + + 
xapaKTepHCTHKH I = 9/2 HnH 11/2 • 3Ha'feHne fogft :0:: 5 13 JlenaeT 

HeB03MO>KHbiM HHTeprrpE!TaUHJO 3TOrO ypOBHH KSK OllHO'ISCTH'IHOro B036y>K

/13/ 
JleHnH. PacqeTbi 1 rrpoBE JleHHbie B pa6oTe. , npellcKa3biBaJOT cy.mecTBo-

BaHne B 
18

ile TpeXKBt3H'I8CTH'IHOro COCTOHHHH 25/2+ 1 OllHOrO H3 qneHOB 

MynbTHrrneTa Tnrra I p 514 t n 624 t n 514~! , rrpH sHeprnn 2300 K3B. OcTanb-
+ + + 

Hble lJneHbl · HMeJOT KBt.HTOBbie xapaKTepHCTHKH 7/2 1 7/2 1 11/2 1 H 
+ 

f3 -pacrrall (!1/2 [ 624] Ha 3TH COCTOHHHH1 ecnH OH 3Hepre-

TH'IeCKH B03MO>KeH 1 TH 18 au. EcnH OTO>Kile·cTBHTb ypoBeHb 2030 K3B 

+ 
c qneHoM MynbTHrrneTa I p 514' + n 624 t - n 514~! ll/2 , To CTaHOBHTCH 

!10HHTH0ll ero pa3pHJlKil Ha COCTOHHHH rronOCbl 514 t 3KCrrepHMeHTanb-

HOe 3Ha'leHHe OTHOli!eH<IH rrpHBe)leHHbiX BepOHTHOCTeif 1 pa3pH>KaJOmHX ypoBeHb 

2030 K3B 1 

B(E1, y 1531) 

B(E1,y13(.6) 
npaBHnaM Anar11: 

= 3,5 :t_ 2 He IlpOTHBOpeqnT 3Ha'leHHJ01 O>KHJlaeMO-

MY !10 

B(L =1; ll/2 11/2 _. 9/2 9/2) ---------------- 5,4 . 
8 ( L = l ; 11/2 ll/2 _. ll/2 9/2 ) 

183 183m 
r) C o c T o H H H H Re , B o 3 6 y >K ll a e M hie rr pH p a c rr all e Os 

7 5 108 

183m 
113 6eTa-pacna)la Os llO cnx nop 6bmH HlleHTHqmunpoBaHhi cocTo-

+ + + 
HHHH 889,5 K3B (1/2 :, 954 1 8 K3B (3/2 ) 1 1034,8 K3B (3/2 ) 1 1102,1 K3B 

+ + + I 1 2/ 
(1/2 ), 1108,0 KSB (3/2) n 1353,6 K3B (3/2) ' • Hallin orrbiThi noll-
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Cy!lJeCTEOBaHRe 9TRX B036y~aeHHb!X COCTORHRA R COOTBeT-

CTBYKl!lJRX KBaHTOBbiX >eapaKTepRCTRK 1 a TaK~e RX RHTepnpeTaURKJ1 ITpRBe

/1 21 
aeHHYKl B 

1 
1 sa RC {nKJ'IeHReM ypOBHR 888,5 K9B, Tiepexoa 888,5 K9B 

., 
183 

Haao OTHeCTR K pacna.ly Os 1 TaK KaK $OTOITRK y 889,5 npORBnReT-

CR B COBnaaeHRHX C y Ll4,4 

Ha pRe. 6). 

• y 167,9 R y 381,8 (eM. Ta6n. 3 R cxeMy 

Tio HallJHM aaHHh M MO~HO BBeCTR HeKOTOpbre HOBbie ypOBHR 1 cymecT-

BOBaHRe 6onhllJHHCTBa R3 KOTOpb!X noaTBep~aeHO OITb!TaMH ITO raMMa-raMMa

COBITaaeHRRM, TaK, cosnaaeHRH c y 484,7 R y 163,2 aaKJT B03MO~HOCTb 

BBeCTR COCTOHHRR 588, 1; 665,2; 82814 R 1228 K9B, CoCTOHHRe 588,1 K9B 

181 183 1121 
Ha6nKJaanoch TaK~e n :m RccneaoBaHRHX peaKURR Ta ( a , 2n y) Re • 

B 9'I:OH pa6oTe ypoBH~> 588, 1 K9B rrpHITRChrBaKJTCR KBaHTOBbre xapaKTepHCTRKR 

812-, R OH RHTeprrpe"RpyeTCR KaK qneH poTaUROHHOM IIOnOCbl 112- [ 541]. 
112/ 

l.fneHbl 9TOM IIOnOCbl C = 1312 R 1712 OTO~aeCTBnRKJTCR B C ypOBHR-

MH 9HeprRll: 740,8 H 10•)3,8 K9B, Ho Ha caMoM aene R3 aaHHbiX pa6oTbi 

I 121. 
HbKJTOHa oaH03Ha1 IHO BbiTeKaeT nHillb cymecTBOBaHRe COCTORHRR 

588,1. K9B R eme aBy:X 6onee Bb!COKHX ypOBHeH, KOTOpbie 1 ITO-BRaHMOMy1 

RBnSIKJTCR 1meHaMR TOli ~e poTaUROHHOM IIOnOCbi1 'ITO R COCTORHRe 

588,1 K9B, R paspg ~a roTCR nepexoaaMR y 142 R y26L CornacHo HallJRM 

HCCneaoBaHRRM 1 . rrepex:>a y484, 7 ( E l ) , pa3pg~aKJ.!lJRH COCTORHRe 

588,1 K9B Ha ypoBeHb 114,4 K9B (712+), Haao oaH03Ha'IHO OTHeCTR K pac-

183mQ 183m 
rraay s ·. TaK I< aK CIIHH Os paBeH 1 I 2, TO BpRa mr MO~Ho 

O~HaaTb1 'ITO IIpR 
188m Os f3 -pacrraae 6yaeT B036y~aaTbCR C 3aMeTHOll: 

RHTeHCRBHOCTbKl COCTOHHRe CO CITRHOM 812, Beg COBOKYIIHOCTb HallJRX 

9KCIIepHMeHTanbHbiX aaHHbiX He ITpOTRBOpe'IRT IIpearrono~eHRKJ 1 'ITO ypOBHRM 

588,1; 6651 2 R 828,4 lc9B IIpHHaane~aT KBaHTOBbie xapaKTepHCTHKR 512-, 

112- R 312- COOTBeTCrBeHHO, 
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PH c. 8. CxeMa ypoaae~ poTaUHOHHoA nonocbi cocTOSIHHtt 541 • H , i32 • 
a - B cnyqae OTCYTCTBHSI B38HMOneACTBHSI KopHOIIHC8 1 f5 ·• B Cny
qae B38HMoneA:cTBHSI KopHOnHca. npH p8C'lfl!Tax npHJ:IHM81IH :& 

cnenyJOIIIHe aHal!eHHSI napaMeTpos: • a • 3,.8; h 2/2J • 15 xas; 
<[541 l l/2 I j- I [ 532 l 3/2 > • 5, B - aKcnepHMeHTa~> no 
ycTaHosneHHhle yposHH, B cny~ae a) H 6) ypoBHHM 1/2-
ycnosao npHnucaaa saeprHSI 665 xas. 
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/12/ 
B paooTe HbJOTo.ra paccMaTpnsaeTcsr snusruue s3aHMoneAcTBHH 

KopHOnHCa M8)1<1lY COC~'OSIHHSIMH 541+ H 532 +' Ha CM8!I18HH8 3HeprHA 

yposueA poTaunoHHbiX 1onoc o6oux cocTosruuA. Ecnu B cnyqae oTcyTcTBHH 

' 
s:aaHMOil eAcTBHH Kopi:om!Ca rrpHHHTb 3Haqeuusr Koa<fl«tJHuuenTa pa3BH3biBa-

2 
HHSI a = 3,8, a HHep lHOHHOrO rrapaMeTpa OOOHX COCTOHHHA ft /2J "" 15 K3B 

H IIp81liiOnO)KHTb1 qTO C:OCTOSIHHe 3/2- [532] ne)KHT Ha 500 K3B BbiW8 1 

qeM COCTOHHH8 1/2- [ )41] 1 a TaK)K8 IlpHHSITb llnH MaTpHqHoro aneM8HTa 

B3aHMoneAcTBHsr KopucnHca 3Haqeuue 

h2 " 
A II= - < U4l] l/2 I j - I [ 532] 3/2 >"' 15 X 5 "'75 K3B, 

/2 2j 

To rrocnenosaTenbHOCTH yposueA poTaunoHHbiX rronoc opoHTaneA 541 + 

H 532 + oyllyT IIpHHHMSITb BHil1 IIOKa3aHHbiA Ha pHCo 8. Jif3 3TOrO pucyHKa 

BHilH0 1 qTo ecnH OTO)!(Jl8CTBHTb ypOB8Hb 599,1 K3B C COCTOSIHH8M 5/2-

1/2 .[541) ·, TO COCTOSIJIHSI 655,2 H 828,4 K3B MO)KHO HHT8piip8THpOBaTb KaK 

OCTanbHbl8 qneHbl pOTt UHOHHqft IIOnOCbl 541 ,j. CO CIIHHaMH- 1/2 H 3/2. 

MynbTHIIOnbHOCTH II8pE XOilOB1 pa3pSI)KaJO!I1HX 3TH COCTOSIHHH 1 H OTCyTCTBH8 

HX pa3pHilKH Ha IIOnocy OCHOBHOrO COCTOSIHHSI BIIOnHe COBM8CTHMhl C TaKOA 

HHTeprrpeTaUH8Ao 3KCII•!pHM8HTanbHOe 3HaqeHH8 OTHOWeHHSI IlpHB81l8HHbiX Be

pOHTHOCTeA rrepexonos, cosepwaJOmHxcsr BHYTPH poTaUHOHHOA rronocbi 1 

B ( M 1 , y 163,2) 

B( M I , y 230) 
"" 0,62 :!: 0,25 

cornacyeTcsr co 3Haqe nreM, O)I(HilaeMbiM no rrpasHnaM Anaru: 

B( L =1; 3;2 1/2 -+ 1/2 1/2 ) 

B ( L = 1 ; J/2 1/2 --o 5/2 1/2 ) 
"'0,56. 

Jif3 pHCo 8 TaK)Ke BHilH0 1 qTo pa3HOCTb 3HeprHA ypOBHeA rronOCbl CO CIIH

HaMH 9/2 H 5/2 HeoonbWaH ( ,. 37 K3B) H TaKOA IIepeXOil MOr OCTaTbCSI 

/12/ 
He3aMeqeHHbiM B OIIbi~'ax HbJOTona. Haomonaswuecsr B cosrraneHHH 
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y ;l81,8 c y U:! II y:!6;J T8K:>!<e He npOTIIBOpeqaT H8lll ?My npennono)f(eHHJO: 

CBSI3b 1\!e)f(llY ypOBHSIMII C 13/2 II 17/2 nonOCbl :i-U + H COCTOSI-

HIIeM 9/2- [ 514] 6yneT ocywecTBnSITbCSI IWH nocpencTB•JM npennonaraeMoro 

HbiOTOHOM nepexona Y 102 ( nepexoa Me:>~<ny ypoBHSIMH E 99,1 H 496,1 K3B), 

11n11 nyTeM pa3pS1llKII ypOBHSI 9/2- 1/2 ( 541] 1 KOTOpb!H noKa SKCnepl!MeH-

TanbHO He HlleHTI!cpiiUI!pOB8H, 0TMeTI!M 1 'ITO 8HanorH'IH8SI nocnellOB8TenbHOCTb 

ypOBHefl C T8KI!I\III )f(e KB8HTOBblMII XapaKTepHCTl!K8MII 1 T,e, 356,7 KSB 

(5/2-) 1 432,5 KSB (1/2-) 1 599,7 I<SB (3/2-) 1 II C T8KOH :>!<e pa3pSit:IKOi\: 

181 o~._· 121• 
· Ha6niOnaeTCSI npH pacnane -~ KpoMe Toro, BperHI :>!<H3HH ypoBHSI 

tatR
1
• ( 114/ 3561 7 KSB B paBH0 1 no H8llll!M II3MepeHIISIM 1 78:!:_:! HCeK B pa6oTe 

naeTcSI T1
2 

= 90 HCeK) n SIBnSieTCSI apryMeHTOM B nolb3YHHTepnpeTaUHH 

STOrO ypoBHSI K8K COCTOSIHI!SI 5/2- 1/2 ( 541 j • 

Ha ocHoBe coBnaneHnii y ·18'1, 7 II y 16;J,:! :II y 126 6bln 

HBMII BBelleH ypOBeHb 1228 K3B C B03MO:>!<Hb!Ml! KB8HTOBbiMII xapaKTepHCTHK8MH 

( 1/2, 3/2, 5/2-), 3TO COCTOS!Hl!e pa3pSI:>!<aeTCSI nepeXOll8MH y 400. II yl228 

Ha ypoBeHb 828,4 KSB ( 3/2-) 1 IIHTepnpeTHpyeMbifi K8K qneH pOT8UHOHHOi\: no-

nOCbl 1/2- ( 541] 1 II H8 OCHOBHOe 

liHT9HCI!BHOCTei\: STHX nepeXOllOB~ 

COCTOSIHHe COOTBeTCTEeHHO, 0THOllleHHe 

ly wo 
I y 1228 

3TH .l8HHhle ll8IOT B03-

MO)f(HOCTb OTO)f(lleCTBHTb COCTOSIHHe 1228 K3B 1 KOTOpOe CBSI38HO nocpellCT

BOM B381iMOlleACTBHSI KopiiOnHCa C COCTOSIHHeM 3/2- 1/2( 541) C op6H

TanbiO 3/2- [ 532] • 

no 6anaHcy SHeprnA nepeXOllOB MO)f(HO BBeCTII ypOB9Hb C SHeprHeA 

1314 KSB 1 pa3pS1)1(810lllHiiCSI nepeXOllOM Y lJU B OCHOBHOe COCTOSIHHe 1 a T8K)f(e 

/2/ 
Ha6niOll8BlllHMHCSI B pa60T9 nepeXOll8MH y 486 II y/}5 Ha COCTOSIHIISI 

3/2- 1/2 ( 541 ] II 5/2- 1/2 ( 541 J COOTBeTCTBeHHO, E< nii TaKoe COCTOSI-

HHe CyllleCTByeT, TO OHO 6yneT 0 no-BHlll!MOMy, npHHanneJ<aTb K pOT8UHOHHOil: 

nonoce, H8'1HH8IOllleHCSI Ha ypOBHe 1228 KSB, no npHB9lleHHI-!M Bblllle paC'IeTaM, 

ypOB9Hb 5/2- 3/2 ( 532] 110n)f(9H OCyiUeCTBnSITbCSI npH SH·~prHH "' 1311 KSB 

(eM. pnc. 8), 
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ii 
I I 

Ha OCHOBe OIThlT~B ITO COBITaaeHHHM HaMH 6hln, BBeaeH ypoBeHb C 3Hep-

I'Heii: 8781 4 K3B 1 TaK ~ aK KB8HThl y878,4 COBITaaaroT TunbKO C KB8HT8MH 

y 1041,3 H DTHOlliN He I y 878,4 / I y 1041,3 = 3,5. 3naqeHHe KBK anH 

y878,4 6nH3KO K TeopeTHqeCKOMy 3HaqeHHID anH rrepexoaa MynbTHITOnb-

HOCTH E2 • LlpyrHe repexOahi 1 pa3pSDKaiDlliHe ypOBeHb 878,4 KSB H8 6onee 

BbiCOKHe COCTOHHHH 1 He 6binH 38MeqeHblo TaKHM o6pa30M 1 H8H6onee BepoHT-

+ 
Hh!MH KBaHTOBbiMH X8f aKTepHCTHKaMH 3TOI'O COCTOHHHH HBnHIDTCH I TT = 1/2 • 

{3 -pacrraa H8 3TOT y pOBeHb COBeplllaeTCH C aoBDnbHO Bh!COKHM 3HaqenHeM 

fog ft = 8,0. B a"oii: o6nacTH aneprHii: H3 oaHoqacTHqHhiX Bo36y)l{aeHHH 
TT 

c 1/2 MO)I{eT OCyllleCTBnHTbCH TOnbKO COCTOHHHe 411+ • OanaKo 

HeT COMHeHHH 1 qTo OH~ peanH3yeTCH rrpH SHepi'HH 1102 KSB (3HaqenHe 

fog ft = 8,2). HaH6onee BepoHTHhiM o6'hHCHeHHeM rrpHpoahi ypoBHH 

878,4 KSB ( 1,2+) HBnS:eTCH ero OTO)I{aecTBneHHe C I'aMMa-BH6p8UHHMH THITa 

1402 t - Q (22 ) I . Yr oBeHb c aneprHeil 954,8 KaB c KBaHTOBhiMH xapaK-

TepHCTHK8MH I TT + 
= ~/2 H 3HaqenHeM fog ft = 8,5 am1 {3 -pacrraaa na 

STOT ypOBeHb, ITO-BHLlHMOMy1 ITpHHaane)I{HT K poTaUHOHHOH rronoce, HaqHHaiDllleH

CH H8 ypOBHe 878,4 K:lBo npHMepHO T8KHe )l{e pa3HOCTH SHepi'Hit Ha6nroaa-

roTcH Me)l{ay cocToHHH<~MH I 4021
- Q (22 ) I H HX rrepBbiMH pOT8UHOHHhiMH 

ypOBHHMH B coceaHHX Hapax C neqeTHb!M 75-b!M rrpOTOHOM, a HMeHHO! 

71 KSB B 185 Re H 7B KaB B 
187 

Re / 151
• 

B 38KnroqeHHe 8llTOpbl Bblp8)1{8IDT CBOID 6naroaapHOCTb n.ranaHy 38 

yqaCTHe B H3MepeHI' HX H M.c!>nopeKOBOH 3a ITOMOlllb IT pH o6pa6oTKe CITeKT-

poB. 
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TAEJIIIIUA I 

3aeprHH nepeXOAOB B OTHOCB!eX&HHe BH!eROBBHOC!B KOHBepOBOHHHX aneK!pOHOB B raMMa-JyqeR, 
BOSHHKa..-x IIPB p8CII8,1(e IS30s 

I I a) I i 
Teope!B~ecKBe aaaqeHBH d..;< 

El: i It I IK / InoJIH. I d. I<. I I I (KSB) I El E2 )[[ M2 
i 

I ! 2 _1 4 5 6 7 -8 9 

II4 ,43:t.0 ,04 27t.3 60 2,2 (0) I07 2,2 (-I) 6,4 (-I) 2,9 (0) I,84(+I) 
I45 ,43!,0 ,04 I ,9t_O ,5 2,5 I,3 (0) 5,2 I,2 (-I) 3,8 (-I) I,43(0) 8,8 (0) 
I5I ,Ot_O ,05 0,4t_O,I 0,4 I,O (0) 0,9 I,03(-I) 3,45(-I) I,25(0) ?,4 (0) 
I67 ,9t_0,06 IOt.I 9 9,0 (-I) 22 8,4 (-2) 2,7 (-I) I,O (0) 5,3 (0) 
I75 t. I I - 0,? -0,7 ?,5 (-2) 2,4 (-I) 8,8 (-I) 4,5 (0) 
.197 ,2t.O,I O,I6t_0,04 O,I4 8,? (-I) 0,3 5,? (-2) I,8 (-I) 6,4 (-I) 3,I (0) 
236,3t_O,I 2,9t_O ,5 lvi=0,02 d~~6,9 (-3) 3,0 ch =4 18(-3) c(~ =I 13(-2) -1.~ =6,I(-2) ~~ •3,9(-I) 

I I I ' , 

259,9t_Q,I 0,3:t0 1I 0,026 8,7 (-2) 0,35 2,82(-2) 8,6 (-2) 2,95(-I) I,2 (0) 
506t_I SJ 0,2:t.O,I 0,2 I,90(-2) 5,6 (-2) I,9 (-I) 7 ,I (-I) 
338i[ 0,2t_O,I o,a I,5 (-2) 4,3 (-2) 1,45(-I) 5,2 (-I) 
355,5:t.0,2 0,65tO,IS 0,03 4,6 (-2) 0,7 I I,33C-2> 3,8 (-2) 1,25(-I) 4,35(-I) 
381 , 8:t.O ,IS IOO I,I5 I,I5(-2) I02 I I ,IS(-2) 3,I2(-2) I,02(-I) 3,45(-I) 
397:t1 61 - 0,2 ~0,2 I,03(-2) 2,8 (-2) 9,0 (-2) 3,0 (-I) 
404+I - 0,2 -0,2 9,8 (-3) 2,68(-2) 8,6 (-2) 2,8 (-I) 

- d 8,0 (-2) 6,8 (-3) I,?8(-2) 5,5 (-2) I,65(-I) 477,2:!:,0,2 I 0 1 25:t.O,O? 0,02 0,3 
496,I:t0,2 0,7:t.0,2 0,085 1,2 (-I) 0,8 6,2 (-3) I,65(-2) 5.I (-2) 1,5 (-I) 
640t.I 0,2:!:,0,I 0,2 I 3, 7 (-3) 9, 7 (-3) 2,? (-2) ?,3 (-2) 
?36,9t_0,3 0,4t_O,I 0,009 2,2 (-2) 0,4 : 2,8 (-3) ? ,I (-3) I,9 (-2) 4,9 (-2) 

BHBO,ll; 0 
lfYX&D-
IIOX&BOO 

IO 

J[[+E2 
J[[+E2 
J[[+E2 
J[[+E2 

)[[ 

EI 
E2 

E2,J[[+E2 
EI 

)[[ 

M2 
I 

I )[[ 
I 



"' CJj 

llpOAOAKeawe Ta6~HnH I 

I 2 3 4 _5_ 6 7 8 9 IO 
I 0,008 I,6 (-2) 0,5 2,35(-3) 5,95(-3) 1,5 (-2) 3,8 (-2) Ill 807,8+0,3 0,5+0,15 

- I -
0,06 1,2 (-2) 5,1 2,15(-3) 5,35(-3) I,3 (-2) 3,3 (-2) Ill 85I ,Oj:0,3: 5j:0,6 

8!:!7 ,5t,0,4 J I,4t,0 , 5 O,OI5 1,07(-2) I,4 2,0 (-3) 4,9 (-3) 1,2 (-2) 2,9 (-2) Ill 
889,5:!:,0,41 

I 

I057,8t,0,8: 0,6:t,O,I 0,0033 I 5,5 <-3>: o,6 1,44(-3) 3,5 (-3) 7,6 (-3) I,85(-2) lll+E2 
I083t.I 61 ; O,I6:t,0,005 I j 0,16 I,38(-3) 3 ,32(-3) 7,2 (-3) I, 73(-2) 
I09It.1 ~ 0 ,16t,O ,05 I I i 0,16 I,36(-3) 3,3 (-3) 7,0 (-3) 1,7 (-2) 
II62,7t,0,8, I,St,0,2 0,01 1 6,6(-3) ; 1,5 1,21(-3) 2,9 (-3) 6,0 (-3) I,42(-2) 
1266:!:,1 ' 0 ,13:!:,0 ,05 I 0 ,OOOI : 7,7 (-4) ~ 0,13 I ,04(-3) 2,48(-3) 4,8 (-3) I,14(-2) 
I285,6:t,0,8 0,23:t,0,06 I : 0,23 1,02(-3) 2,4 (-3) 4,65(-3) 1,1 (-2) 

I 
1294:!:,1 . O,I3:t,0,05 I , 0,13 1,0 (-3) 2,37(-3) 4,6 (-3) 1,07(-2) 
1350:!:,1 : O,ll:t,0,04 I : 0,11 I 9,35(-4) 2,2 -(-3) 4,1 (-3) 9,8 (-3) 
1366t,1 i 0,06t,0,02 l 0,00005 I 8,3 (-4) 1 0,06,9,1 (-4) 2,15(-3) 4,0 (-3) 9,5 {-3) 
1405t,1 S) : 0,05:t,O ,02 I I I 0,05 8,7 (-4) 2,02(-3) 3. 73(-3) 8,88(-3) 
14I2t.I I o,18t,O ,o5· 1 0,00014 , 7,8 (-4) 1 0,18, 8,6 (-4) 2,0 (-3) 3,7 (-3) 8,2 (-3) 
1440t.I I 0,7:t,O,I o,ooo4 i 5,8 <-4>: o,7 I 8,4 <-4> I,95(-3) 3,5 (-3) 8,4 (-3) 
I453:tl 0,08t,0,03 1 

1 
o,o8 1 8,2 <-4> j I,92(-3) 3,45(-3) 8,2 (-3) 

I463t.I : 0,03:t,O,OI I . 0,03 8,1 (-4) 1,90(-3) 3,4 (-3) 8,0 (-3) 
1533,5t.I ; 0,3t,0,07 o,oooi2 4,o <-4>: o,3 7,5 <-4> I I,73(-3) 3,1 (-3) 7 ,I (-3) ~ 

----·-- - - -- --·- - I -- ! \ i 
ll4,4 K : L 1 : L,, : L, = !;) 1b : .L : u,.L·t : u,Ub::~ 

I67 ,9- K : L, : L,, ·= 5 : I : 0,13 
38I ,8 K : L, = 7 :I 

a) 3aaqeaHH KBK BHqzcneaH B npe~nonoaeHBH, qTo nepexoA 38I,B KBB !Bna EI (npBHH!O teope!lqecKOe 
aaaqeaHe d... K = I ,15 ( -2)} 

6) ITepexo~ He paaMemeH B cxeMy pacrra~a. 

Ill 
EI 

EI 

EI 
EI 

EI 



l:ll I 
I 
I 
I 

c:JB) 

I 

66,I5!o,o3 
67,24:!;0,03 
73,2;tO,I 
26,2;tO,I 
47,0:0,06 
53,2;t(>,I 
63,2!(>,I 

+I 230 
2 45, 7;tO,I 
5I,7!fl,I 2 
~ 

l+OO 
4 
586 
7 

B!I 
+I 

84,7!(>,2 
+I I) 

62tl ,, 
96;ti 7 

80 3!I 

TAB.HHUA 2. 

3aeprHH nepeXOAOB R OrBOCK!8~»RH8 KRreBCBBROCrR KOBB8pc10BRHX aleKrpoBOB R 

t -.11yut, soaRD81lUX npx pacmu;e I83 m Os 

a) I 
15) k:!"'!!!.l 

Teoperxqec&Re 3Raqeaas ci~ 

I"" I ... ! ! ~" ...,. .,., uT U'> 

0 - - -· --
2 3 4 5 6 7_ _.a 9 

L, .... 5 "'I3 
/.., :: lj() 60 
L, - 2 "' 3 

3:!:I zJ ,.., I ,.., 3,3(-I) ,... 4 I,72(-I) 5,20(-I) . 2,20(0) I,36(+I) 
8:!:3 9 I,I(O) 20 I,I7(-I) 3,68(-I) I,40(0) 8,00(0) 

c.t. I,05(-I) 3,37(-I) I,27(0) 7,IO(O) 
2;!:I ,., 2 ,.., I,O(O) -· 4 9,00(-2) 2,85(-I) I,07(0) 5,75(0) 
9!2 ,.., I2 3,90(-2) I,20(-I) 4,20(-I) 1,80(0) 
6:2 2,5 4,2(-I) 9 3,40(-2) I,04(-I) 3,58(-I) I,50(0) 
6+2 2,25 3,9(-I) 9 3,I0(-2) 9,48(-2) 3,25(-I) I,30(0) 
2!;0,,7 2 2,60(-2) 7,70(-2) 2,60(-I) I,04(0) 

I2:3 I2 I,00(-2) 2, 74(-2) 8990(-2) 2,90(-I) 
25:3 0,2 8,0(-3) 25 6,50(-3) I,70(-2) 5,40(-2) I,60(-I) 
3:ti 3 4,50(-3) I,I7(-2) 3,40(-2) 9,50(-2) 
2;ti 2 2,65(-3) 6,70(-R) I,80(-2) 4,50(-2) 
8;t2 l) 8 2,43(-3) 6,I6(-3) I,57(-2) 4,00(-2) 
::>t2 ~J 5 2,38(-3) 6,00(-3) I, 54(-2) 3,90(-2) 

I I 

BuBO,; 0 
JllYUU-

I no~••ocr • 
IO 

EI 
II 

II+(E2) 

III 
II 

EI 



2___..l_~ 
8'10:!;1 8:!;2 
8'78,lf:O '7 25+3 I 0,13 
885+1 3 S.1 z; 
92~1 4) 

, -
4;tl I 0,024 

954,8:!;0,8 17:!;3 0,095 
1027:!;1 1,5!Q,5 
IOJ4,8+0,5 100 0,7 
1041,B!0,7 7+1 0,045 
1102,1:!;Cl,6 ?9o!5o 2,52 
1108, 0:!;0 , 6 360:t30 2,16 
1168;t1 'I 1,5!<),5 

"' 
1228!1 0,5!0,2 

__, 13I4t1 0,7:!;Cl,2 
1341!1 1,0:!;0,3 
1353,6:!;1 2,4:!;0,5 I o,oo7 
1626:!;1,5 1,3;t0,4 
1642+2 I} 0,6:!;0,2 
I650t2 I} 0,6:!;0,2 
Tfi80+2 0.6+0,2 I 0,0009 
I707~ CJ 0,7'!!J,3 
I72S:2 I) 0,6;t0,2 
I787~ I) o,8t;0,3 0,0024 
1806t2 I ,3:!;0,3 o,OOI4 
I826:t2 0,8:!;0,3 0,0020 

5 

6 
5 

7 
6 

3 
6 

2 

I 

3 
I 
2 

ITpo~o~eaae Tad~. 2 
- -. _ ........ ----

6 
2,20(-3) I,36(-2) 3 

,2(-3) 2,02(-3) 1,22(-2) 3 
3,5 2,00(-3) 1,18(-2) 2 

,o(-3) 4 1,84(-3) r,o6(-2) 2 
,6(-3) I7 1,74(-3) 9,90(-3) 2 

I,5 r,53(-3) 3,70(-3) 8,3o(-3) 2 
,0(-3) IOI I,~(-3) i 3,1>3(-3) · 8,10(-3) I 
,4(-3) 7 I,48(-3) 3,60(-3) 7,95(-3) I 
,2(-3) 793 I,34(-3) 3,20(-3) 6,80(-3) I 
,0(-3) 363 I,32(-3) 3,I8(-3) 6,73(-3) I 

I,5 I,2o(-3) 2,88(-3) 5,85(-3) I 
0,5 I,l0(-3) 2,60(-S) 5,20(-3) I 
0,7 9,Bo(-4) 2,soC-3) 4,80(-3) 1 
I,O 9,45(-4) 2,23(-3) 4,20(-3) I 

,9(-3) 2,4 9,26(-4) 2,18(-3) , 4,I0(-3) 9 
I,3 6,80(-4) 1,56(-3) : 2,62(-3) 6 
0,6 6,70(-4) 1,54(-3) i 2,58(-3) 5 
0,6 6,62(-4) I,52(-3)' 2,52(-3) 5 

,5(-3) 0,6 6,43(-4) 1,48(-3) : 2,4I(-3) 5 
0,7 6,;qJ(-4J !,~,(~) ' <:,~;1(-;.s) ::; 
0,6 6,19(-4) I,4I(-3) ! 2,28(-3) 5 

,o(-3) o,8 5,82(-4) I,33(-3) · 2,08(-3) 4 
,I(-3) I,3 5,72(-4) I,30(-3) , 2,02(-3) ,. 4 
,5(-3) o,8 5,58(-4) I,27(-3) , I,97(-3) 4 

L_L_IO __ 
,40(-2) 
,00(-2) I E2 
,95(-2) 
,60(-2) I <MJ·E2 
,40(-2) II+E2 
,00(-2) 
,95(-2) 11+(E2) 
,92(-2) II+E2 
,65(-2) E2 
,6I(-2) II 
,38(-2) 
,22(-2) 
,04(-?) 
,00(-2) 
,76(-3) I Ml+E2 
,ro(-3) 
,97(-3) 
,88(-3) 
,60(-3) I (II)+E2 __ , _, 
t-">~-.:J) I ,22(-3) 

' ,80(-3) j MI,EI+I2 
,66(-3) : (II)+E2 
,55(-3) I IH 



llpOAOXZ6HH6 T&O~. 2 

I 2 3 4 5 6 7 8 9 
-- ------

I904:t2 2,8:t0,6 0,0032 I ,1(-3) 2,8 5,20(-4) 1,18(-3) I,78(-3) 4,20(-3) 
I920:t2 0,7:!:.0,2 0,0009 I,3(-3) 0,7 5,16(-4) 1,16(-3) 1,75(-3) 4,00(-3) 

66,1 Lu ; Lilt=- I 
67,2 1.. 1 : L11 = 9 

I70,7 K : L1 : LM :Lui o, 7 : o ,6 : o ,15 : I (nepexo~ coBepmaeTcH B ~pe Os ) 

a) AHH CWHBSHKH OTHOCKT6HDH~X HHT6nCHBHOCT6~ K-KOHBepcKOHH~ 3H6KTpOHOB (1~) B MHrKO~ 
K llteCTKOH odnacTHX HcnOHD30BanHCD aHalleHHH IK 251,7 H II( II02,I Ha paOom 121. 

~ 6) 8HalleHHH KBK B~'IHcneHH B npe~nonoEeHHH, liTO nepexo~ II02,I K3B THna E2 (npHHHTO 
T60p6TH"'6CK06 3H8'16HH6 d.K. = 3,2 (-3) ). 

B) llepexo~ He paaue~eH B cxeuy pacna~a 

r) 3H8li6HH6 nonyqeHu H8 OCHOBe ~8HH~ 0 COBna~eHHHX, 

IO 

(M1)+E2 
lfl,E2 

E2 
MI 
114 



Et: 
(DB) 

II4,4 

n5,4 

151,0 

167,9 

175 

197,2 

236,.5-

259,9 

338 

355,5 

381,8 

404 

477 

496,1 

640 
736,9 
807,8 
887,5 
889,5 

1057,8 
1091 
II62,7 
1286 
I.,_O 
1534 

TaClD!l8 3 

0~BOC.~8~BW8 ·B~8BC.BBOC!a raMM&-r8MM8-cOBD8X8HHI 
DJlll pacna..e 183os 

CoBJI.crii4,• 

8JCCD. C%8118 

2,3 1,8 

9,3 9,8 

1,0 . 0,7 

... o,2 0,16 

3,2 2,7 

... 0,15 0,2-

0,55 0,62 
1008) 1008) 

... o,3 0,2 

0,25 

0,15 0,1 
0,4 0,4 
0,65 0,5 

)1,65 } 1,4 

0,45 0,6 
0,17 0,16 
1,15 1,5 
0,2 0,23 
0,8 0,7 
0,23 0,29 

-

CoBD.c t 167,9 

8JCCD. CX8M8 

26 24 

1,5 1,15 

0,55 0,75 

2,4 3,0 

0,2 0,2 

1,4 1,0 

1008) 1008> 

0,5 0,7 

0,6 0,5 

3,6 3,3 

0,9 I,I 

CoBn.cj-381.,8 

8JCCD. CX8M8 

225 260 

1008> 
I 

1008> i 

1,2 1,6 

1,4 2,0 
I 

7,1 6,6 
I 
I 

3,1 

1,1 1,0 

5,4 5,0 

9,5 7,0 
5,1 6,0 

12 15 
2,6 2,3 

2 3 

'JoBJI.cf 851 ,o 

itJCCD. I CX8M8 

1008> I roo8> 

8) ilu&BCDBOCB COBDa..enl DpBIUlft 88 100 GPDI{. 
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"' 0 

o_ ------------------

Er: 
(K8B) 

Il4,4 
126,2 
163,2 
230 
245,7 
251,7 
273 
400 
484,7 
586 
796 
803 
840 
878,4 
885 
926 

1027 
1341 

0TBOCBTen~BHe BBT6BCBBHOCTB r&KY8-r8MM8-cOBJI8~eHBI npB pacna.e 
183m O.s 

CoBn.c (114,4 CoBJI. c f 163,2 CoBii. c (484, 7 COBJI.ctb!034'8+ 
~ 1,3 

8KCn. cxeua &Ken. cxeua 8KCJI. cxeua axon. cxeua 

I 
42 50 I 
28 

. ,.., 12 17 
88 75 

8 7 
6 8 -30 17 23 17 

40 48 1008 > 1008 ) roo8 > 1co8 > 
1008>. 1008 ) ... 50 30 

24 31 

24 32 
135 127 
63 

12 15 
-5 6 ..... 20 13 
-5 4 .... 10 9' 

a) iBTeBCBBHOCT~ COBn~eiUII npaiUIT& 88 100 ~D~. 

TaCSJIJI~ 4 

CoBn.c~~ll02jl~ 
1 08,0 

8KCJI. cxeua 

108 109 
1008 > roo8 > 

162 
95 



TaCS.Dll& 5 

lia.I&Bc KRteRcoaocrel nepexoJtOB no ypOBIISlll 183 R 2. 

• 3R&qeRU eo~ j f RpK paCU&,l8 
183 0 5 

3Repru lflrtRCDROCU 
3J18JapORHd ~OB~Sl neptxOJtOB 

Jt3B 3,B&'f 
RpJa:OJtll- JXOJtQJa: ~) 

IPIX 

2030 o,36.;t0,09 o,3.;tO,oa 

1950 0,3~,09 0,25.;t0,08 

1659 2,?,;t0,4 1,9.;t0,4 

1554 2,I3.;t0,55 1,9.;t0,5 

1526 0,47.;t0, 15 0,4.;t0,1 

1463 o,14.;t0,05 o,~,o3 

1)03,9 O, 7.;tO,I5 o, 7 .;t0,25 4 0,15 

1002,0 1,8.i0,5 1,6.;t0,4 

861,2 o,3.tQ,1 o,25.;t0,09 

851,0 I,O.;t0,3 5,4.;tO, 7 3,9.;t0,6 
I 

664,0 I,4.;t0,52 22,?,;t3 18,t2,7 

496,1 25.;t5 106.;t10 70.;t9 

435 O,I6.;t0,05 ~ 1,0 ~ o,8 

259,9 ,.,5.;tl,2 I 5,5.;tl,5 

i 
~ 0,9 

II4,4 IO.;i;IO a) 107.;t20 f: 9 
I 

a) 3aaqea•e np~sro sa I~ . 

CS) 3Raqeau no.yqeaK x-s pasaoct• K&CC 

~ ~ 2IIO JtaB , 
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U; 
( 

.:!0 

~ 

f . 
I . 
I 

f 

. 
f 

• . 
f 

rft oJ 

5,3 

6,5 

.,8.;t(),2 

·.~,15 

',8.tQ,I5 

1,5.;t0,2 

fiJi< 8,5 

• ,B.tQ,2 

1, 7.;t0,2 

',5.;tO,I5 

',O.,t0,1 

i,5.;tO, I 

~ 8,7 

~ 8,6 

.. 7,5 

,, Os • II) Re 



liaJI8.11C DTeBCBBBocrel nepexo,llOB no YJOBBall 183 R e. 

• sBa~:~eBu ttJi f t npB pacnBJ~e 183 
'" 0 5 

3Hepns r 
tpOBHSI 
~Jt3B) 

1940 

1920 

1904 

1626 

1353,6 

1228 

II08,0 

II0211 

1034,8 

954,8 

878,4 

828,4 

665,2 

599,1 

0 

HHT8HCHBHOCTH 
nepexo,llOB 

2,4.;t0,8 

12,5.;t2,5 

15,8.:t41 6 

2,8.;t0,9 

24,4.;t8 

-It I2,5.;t3,2 

17 .:t6 366.:t30 

14.:t6 875.;t70 

63,5.;t20 : 101.;tiO 

20.:t6 : 25.:t5 

7.:t1 25.:t3 

14.;t4 ~ I6 

-4 .fl3 

~ 27,5 25.:t3 

1340.:t90a) 

aJ 3Ra~:~eHae ~pBBsro sa I~. 

:3JI8ltTpOHI:IiR 
38XB.al 

(~) 

0,2.;tO,Ot 

o,9.;t0,2 

1,2,±0,4 

o,2.;t0,m· 
1,8.;t0,6 

01 6.;tO,I~· 

26.;t2,5 

64.;t5 

21 8.;t0,5 

o,4.:tQ1 

1,3.;t0,2 

~ 0,2 

.f o,s 
.f 0,2 

7,5.;t0,25 

6,9.;t0,25 

618.;t0,2 

8,I.;t0,2 

7' 5.;t0,2 

8,I.;t0, 2 

6,6.;t0,1 

6,2,±0,1 

7 ,6.;t0,2 

8,5.;t0,2 

8,0.;t0,2 

> 8,8 

~ 8,6 

~ 9,0 

6) 3HalleHHH nonylleHii :ztJIH paaHOCTH Mace I83o~, H 183R.e. 

Q. ~ 2IIO KSB H naplU'IaJI:r:.Horo nep11o;zta nOJIYJ acna;zta T1 nap~.: 
I -

== IO IOO = II ,9 'lac. ' 2 
84 
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