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HaoTon 
182

0s ( T~ = 

Hoe H3y'leHHe pacnalla 
182 Os 

Ill 22 'lac) OTKpbin CToaep • llepaoe 

121 
6bmo BhmonHeHo HbiOTOHOM • B 

nollpo6-

9TO:it pa6oTe llaHa HH$OpMaUHSI 0 KOHBepCHOHHblX aneKTpOHaX H npHBelleHhl 

llaHHhie o raMMa-ny'lax HaH6onee HHTeHCHBHhiX nepeXOllOB. B nocnellHee 

_ BpeMSI1 nocne OKOH'IaHH"SI 

Ta XapMaTua H XaHllneSI 

MeKTpOHOB, H Coo6meHHe 

HalllHX axcnepHMeHTOB, 6hma ony6nHKOBaHa pa6o-

131 
1 nOCBSIIIleHHaSI H3y'leHHIO KOHBepCHOHHbiX 

141 
BapcoHa o6 HccnellOBaHHH raMMa-ny'le:it 

182 18 2 
Os • Pa3nH'IHbie aapHaHTbi cxeMbi pacnalla Os 6hinH npellnmKeHhi B 

18-81 
pa6oTax • 

B HaCTOSIIIle:it pa6oTe npellCTaaneHhi peaynbTaTbi H3y'leHHSI cnexTpoa 

KOHBepCHOHHbiX aneKTpOHOB, raMMa-ny'le:lt, raMMa-raMMa-COBnalleHHil: H 

o6cy~aeTCSI cxeMa pacnalla 
182 Os 

o 0 HaillHX HCCnellOBaHHSIX BpeMeH 
182

Re coo6manocb a
11 1

• AHanorH'IHhie 

181 
JKH3HH B036y~eHHbiX COCTOSIHH:lt 

llaHHbie 0 apeMeHaX JKH3HH 6binH nony'leHhi TaK)I(e B 

YcnoBHSI sxcnepHMeHTa 

a) PallHOaXTHBHhie HCTO'IHHKH 

.llnSI H3y'leHHSI pacnalla
182 

Os HaMH 6hinH Hcnonb30BaHhi llBa THna HC-

TO'IHHKOB: 

3 



1. 0CMHeBaSI <j>paKUHSI, BbiAeneHHBSI H3 aonoTa, oonyqeHHOI'O llpOTOHa

MH c aaeprHeA 660 Maa Ha CHHXpoUHKnoTpoae Ol1.Hl1. 

2. IPpaKUHSI OCMHeBbiX 1:130TOIIOi11 B03HHKWHX B rrpouecce pacrraJla 

rrepBOHa"'anbHO oopa30BBBWHXCSI H30TOIIOB HPHJlHH, BbiJleneHHBSI H3 MHWeHH 

roJibMHH, o6nytteHHoro HOHBMH 
20 Ne c aaeprHeA 100 MaB Ha UHKnoTpoHe 

Y -300 Ol1.Hl1. 

Tiocne paCTBOpeHHSI o6ny"'eHHbiX MHWeHeA OCMHA rreperOHHnCH H IIOI'

nowancg 'leThipexxnopHCTbiM yrneponoM. OpraHH"'ecxaH <j>aaa npoMbiBanacb 

lN paCTBOpOM NaHCO 3 1:1 nocne ee neperoHKH OCMHA peaxcTpar~:~poBancH 

1M pacTBopoM NH 11 • LlnH ~:~aroToBneHHH 6eTa-HCTO"'HHKOB x nony"'eHHOMY 

paCTBOpy AOOSBnHnOCb'" 0,1 Mn 2M paCTBOpa <j>TOpi:ICTOI'O 8MMOHHS1
1 

p.SCT

BOp ynapHBanCSI JlO OObeMa 0,1 Mn H llpOBOJlHnOCb aneKTpOOCB*JleHHe OCMHSI 

Ha HHKeneByiD HnH XpOMOHHKenHeByiD <j>onbry HnH llpOBOnoxy. 

182 
B HCrronbaoBaHHhiX HCTO'IHHKax KpoMe Os rrpHCYTCTBOBanH H npy-

I'He H30TOIIbl . OCMHSI, Conep*BHHe H30TOIIOB MO*HO OllpenenHTb cne)lyiDWHM 
. ' 

o6paaoM, <PpaKUHH H3 aonoTa conep*ana cnycTH Tpoe cyToK nocne xoaua 

182 183 185 
o6ny'leHH H aKTHBHOCTH Os , Os H Os B OTHoweHHH 100: ... 20: "' 3, 

a B HCTO'IHHKBX0 Bb!AeneHHbiX H3 I'OJibMHSI1 11pHCyTCTBOBanH CrryCTSI OJlHH 

182 0 183 0 
CYTKH rrocne o6ny'leHHSI BKTHBHOCTH S H S B OTHOW9HHH 100:"' 2, 

Cpaay nocne BhiAeneHHH B HCTO'IHHKax 6hma aaMeTHa H aKTHBHOCTb 181 Os 

T Y, = 1 05 MHH), 

6) AnnapaT~pa 

LlnH H3Y'I9HHSI KOHBepCHOHHbiX anexTpOHOB Mbl HCIIOnh30BanH 6eTa-

/9/ 
cnexTporpa<j>bi c OJlHOPOJlHhiM MBI'HHTHbiM rroneM • PerHcTpauHH anex-

TpoHOB rrpOH3BOAHnacb Ha <j>oTonnacTHHKax Hl1K<Pl1 P-50 JL , LlnH 6onee 

TO'IHOI'O OrrpeneneHHSI HHTeHCHBHOCTeft aneKTpOHOB Mbl HCIIOnb30BanH OeTa

CIIeKTpOMeTp c <j>oxycHpOBKoA rry'IKa Ha yron "V2 . Ero rrpH6opaoe paa-

peweaHe R 0,15%. 

4 
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• 

faMMa-ny'IH HccnenoBanHcb c rroMOWbiD Ge(Li )-neTeKTOJ 
. 3 00 

TenbHhiM o6beMOM 5 H 13 CM , HMeiDIUHX Ha nHHHHX Co 

4,5 1:1 3,6 KSB, COOTBeTCTBeHHO 

LlnH H3y"'eHHSI COBIIBJleHHA Me*JlY I'CMMB-KBBHTBMH OhJn 

ClleKTpOMeTp COBIIBA9HHA C paapeWBIDIUHM BpeMeHeM 100 HCe 

"'eCTBe Jl9T9KTOpOB 6bJnH llpHMeHeHhi: B BHanH3HpyiDIUeM Tpa!i 

Ge(Li) (13 CM
3

) H B TpaKTe, I'Ae Bhi6HpanHCb "OKHa" - KpH 
3 

(5 CM ) HnH Nai(TI) (40 MM X 40 Mr.;t). 

.3xcnepHMeH:TanbHhie peaynbTBThi 

Tiony"'eHHble JlBHHhie 00 9H9pi'HSIX H OTHOCHTenbHhiX HHTE 

182 0 KOHBepCHOHHhlX aneKTpOHOB H I'BMMa-ny'left S llpHBeJleHbl 

CnexTp raMMa-ny'leil: noxaaaH Ha pHc, 1, 

.3Hepi'HH rrepeXOJlOB OCHOB8Hhl Ha Jl8HHblX1 nony'leHHhiX C 

T8-CIIeKTporpa<j>oB, H HX IIOI'peWHOCTH He rrpeBb!WBIDT 0,05%, , 

HI:ISI 9Hepi'HH KOHBepCHOHHhlX aneKTpOHOB B KB'IeCTBe KBnH6pc 

OhWH HCIIOnh30BBHhl nHHHH JlO'IepHero 
182

m Re , SHeprH S1 KOTC 

Ill/ 
C Bh!COKOA TO'IHOCTbiD , C UenbiD IIOBhiWeHHSI TO"'HOCTH 01 

HHTeHCHBHOCTeil: KOHBepCHOHHhlX aneKTpOHOB B pa3Hh1X o6naCTJ 

ohmH H3MepeHhi HHTeHCHBHOCTH nHHHil: K180,2; K216,9; K263, 

K509,9 H K554,2 c IIOMOIUbiD oeTa-crrexTpOMeTpa THIIa "V 2 

IIOCny*HnH JlnR KOppeKTHpOBKI:I HHTeHCHBHOCTeil: KOHBepCHOHHhD 

nony'leHHhiX II pH IIOMOIUH oeTa-cneKTporpa<j>OB, TI orpeWHOCTH B 

HHTeHCHBHOCTeft IIOCne KOp~eKTHpOBKH He llpeBhiWBIDT 20% B 0 

I'HH aneKTpOHOB BhiWe 100 KSB; B 6onee HH3KOil: oonaCTH SHe~ 

"1851X 1 OTMe'leHHhiX B TaonHUe 1, OWH6KH MOI'YT JlOCTHI'BTb 4091 

TI OI'p9WHOCTH OTHOCHTenbHhiX HHT9HCHBHOCTefi I'BMMB-H3n 

BOJl51TC51 B TaonHue 1. KpHBaH aanHCHMOCTH a<j><j>exTHBHOCTH pe: 

5 



paKUHSI, BbiAelleHHSSI H3 30llOT8, OOlly'leHHOI'O npOTOHa

MaB aa CHHXpoUHKllOTpoae OVI.HVI. 

MH9BbiX H30TOITOB, B03HHKIIIHX B npouecce p8CIT8A8 

30B8BIIIHXCSI H30TOITOB HpHilHSI, Bblll9ll9HH8SI H3 MHIII9HH 

ro HOHSMH 20 Ne C aaeprHeil: 100 Mas Ha UHKllOTpOHe 

eHHSI Oolly'leHHbiX MHIIIeHeil: OCMHil: nepei'OHSillCSI H ITOI'

OpHCTbiM yr.nepOilOM. OpraHH'IeCKaSI <Paaa npOMbiBa.nacb 

00
3 

H ITOClle ee nepei'OHKH OCMHil: peaKCTp8I'HpOB8llCSI 

, nng H3I'OTOBlleHHSI oeTS-HCTO'IHHKOB K ITOlly'leHHOMY 

Mll 2M paCTBOpa <iJTOpHCTOI'O 8MMOHHSI0 paCT

oo~eMa 0,1 Mll H ITpOBOilHllOCb aneKTpOOC8*1l9HHe OCMHSI 

XpOMOHHK9llHeByiD <iJonbry HllH rrpOBOllOKYo 

182 
HHhiX HCTO'IHHKax KpoMe Os rrpHCyTCTBOBanH H llPY-

• Collep*aHHe H3oTorroB MO*HO orrpellenHTb cnellyiDIIIHM 
. . ' 

H3 30llOTa C01l9P*8ll8 CITYCTSI Tpoe CyTOK ITOClle KOHUa 

182 183 18~ 
TH Os , Os H Os B oTHOIIIeHHH 100: .. 20: "' 3, 

IAeneHHhiX H3 I'OllbMHSI, rrpHCyTCTBOBSllH crryCTSI OllHH 

HHSI SKTHBHOCTH 
182 

Os H
183 

Os B OTHOIII9HHH 100: • 2. 

eHHSI B HCTO'IHHKax ohtna aaMeTHa H aKTHBHOCTb 
181 Os 

~pa 

KOHBepCHOHHbiX aneKTpOHOB Mbl HCITOllb30B8llH oeTa

/9/ 
,HopO/lHhiM Mai'HHTHhiM rroneM • PerRcTpaUHSI aneK-

Cb Ha <PoTorrnaCTHHKaX HV!Kct>VI P-50 il • nng 6onee 

Sl HHTeHCHBHOCTeil: aneKTpOHOB Mhl HCITOllb30B8llH oeTa

CHpOBKOil: rry'IKa Ha yron Tn/2 , Ero rrpHoopHoe paa

%. 

4 
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··'* 

faMMa-.ny'IH HccnellOBanHCb c rroMOIUbiD Ge(Li )-JleTeKTopoB c 'IYBCTBH-

3 00 
TellbHbiM Oo~eMOM 5 H 13 CM , HM9IDIUHX HS llHHHSIX Co paapemeHHe 

4,5 H 3,6 KSB 1 COOTBeTCTBeHHO 

nng H3y'leHHSI COBITSileHHil: M9*1lY I'£!MM8-KB8HT8MH Obtn HCITOllb30B8H 

/10/ 
CITeKTpOMeTp COBIT81l9HHfi C paapeiiiSIDIUHM BpeMeHeM 100 HCeK , 8 Ka-

'19CTBe JleTeKTOpoB OhtnH rrpRMeHeHbt: B aHanH3HPYIDIUeM TpaKTe KpHCTann 

Ge(Li) ( 13 CM
3

) H B TpaKTe, I'lle Bbt6HpanHCb .. OKHa" - KpHCTann Ge(Li) 
3 

(5 CM ) HllH Nai(Tl) (40 MM X 40 M~), 

.3KcrrepHM9HT8llbHbl9 pe3yllbT8Tbl 

flony'leHHhie llSHHhie 06 SHepi'HSIX H OTHOCHT9llbHbiX HHTeHCHBHOCTSIX 

KOHBepCHOHHhiX aneKTpOHOB H I'SMMa-ny'le:li: 
182 Os ITpHB91l9Hbl B Ta6n, 1. 

CrreKTp raMMa-nyqeil: rroKaaaH Ha pRe. 1, 

.3Hepi'HH rrepeXOilOB OCHOB8Hbl HS llSHHbiX, ITOlly'leHHbiX C ITOMOIUbiD 6e

Ta-crreKTporpa<iJOB1 H HX rrorpeiiiHOCTH He rrpeBbllll8IDT 0,05%, nng orrpeJlene

HHSI SHeprHil: KOHBepCHOHHbiX aneKTpOHOB B K8'19CTBe KSllHOpOBO'IHblX llHHH:Ii: 

OblllH HCITOllb30BSHhi llHHHH llO'IepHero 
182

m Re , aHeprHSI KOTOpbtX H3BeCTHa 

/11/ 
C BbiCOKOil: TO'IHOCTbiD , C UellbiD IT0Bbllll9HHSI TO'IHOCTH OITpeAelleHHSI 

HHT9HCHBHOCTeil: KOHBepCHOHHblX aneKTpOHOB B p83HbiX 00ll8CTSIX aHeprH:Ii: 

OhtnH H3MepeHhi HHTeHCHBHOCTH llHHHfi K180,2; K216,9; K263,2; K498,8; 

K509,9 H K554,2 c ITOMOIUbiD 6eTa-cneKTpoMeTpa THna rry 2 , .3TH llSHHhie 

ITOCllY*HllH llllSI KOppeKTHpOBKH HHTeHCHBHOCTe:li: KOHBepCHOHHbiX aneKTpOHOB1 

rrony'leHHhtX rrpH ITOMOIUH oeTa-crreKTporpa<iJoB, IT orpelliHOCTH B orrpeJleneHHH 

HHT9HCHBHOCTe:li: ITOClle KOp~eKTHpOBKH He rrpeBbllll8IDT 20% B 00ll8CTH SHep

I'H:Ii: aneKTpOHOB Bblllle 100 KSB; B 6onee HH3KO:Ii: OOllSCTH SHepi'Hil: H B cny

'18SIX1 OTM9'19HHbiX B TSOllHUe 1, OlliHOKH MO['yT llOCTHI'STb 40%, 

florpelllHOCTH OTHOCHTellbHbiX HHT9HCHBHOCTeil: I'8MM8-H3lly'leHHSI ITpH

BOilSITCSI B TaonRue 1. KpHBaSI aaBHCHMOCTH a<P<PeKTHBHOCTH perHCTpauHH 
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TaOJIHtta I 
)laume o J- -1113JiyqeHHH 111 ROHBepcHOHIIIiiX 3JieupoHax, B03HHRallux npx pacna,J;e IB2 05 

(/ 
I I 

Teop. 3118.Q&HJIIB o<t< npBHataa 
IK ~I{ IK 

lno.11. 
JIYJILTH-

~act.paO. ax en. /3/ EI E2 III Jl2 llOJIHOCt:b 

't ;J_ b 7' ll S_ ll 

L,=I68 700"' 
L,= 500 ;.(L =2,8(0) t.,=233 8'30 ~L=I,4(-I) ~j3,9( -I) ~~..=3,9(0) ~i"I,2(+2) II+(E2) 

I 3,2(0) '2,5(-I) ~. ) , 3,'3(0) .. ) ,..., I9 9,8 34 6,9(-I 2,3(+I III 
"" 4I 2,6(0) 24,5 66 2,2(-I) 6,2( -I) 2,8(0) I,8(+I) J.U 
,..., 9 I ,4( -I) (7,8 76 I,6(-I) 4,8(-I) 2,0(0) I,2(+I) EI 

CJI. I,4(-I) 4,4(-I) I, 75(0) I,05(+I) 
CJI • I,7 "'2 I,25(-I) 3,9( -I) I,55(0) 8,8(0) 

- 8 I,I(O) ~I6 7,8(-2) 2,5(-I) 9,3 (-I, 4,7(0) III 
~ 6 8,5(-I) ... 3,I ~I4 7,5(-2) 2,4(-I) 9,0 (-I 4,5(0) III 

44 6,5(-2) 22,2 735 7,0(-2) 2,2(-2) 8,I( -I) 4,0(0) EI 

- 2 6,2(-2) I).95(-I 7,0(-I) 3,4(0) 
0,75 5,4(-I) 0,29 2,3 5,4(-2) I,7(-I) 6,0(-I) 2,8(0) .JII 

-I 5,0(-2) J:,55(-I) 5,5(-I) 2,5(0) 
4,7 3,I( -I) 6,25 2I 4,5(-2) I,4(-I) 4,9(-I) 2,2(0) III{E2) 

CJI. I N2 4,2(-2) I,'J(-I) 4,6( -I) 2,0(0) 
- 0,5 3,6(-2) I,I I5 3,6(-2) I,I(-I) 3,8( -I) I,65(0) EI 
-0,6 3,2(-2 <I,78 ' i 20 3,4( -2) I,05(-I) 3,6( -I) I,55(0) EI 

0,4 3,6(-2) 0,89 I II,5 3,'3( -2) 9,8( -2) 3,'35( -I I,4(0) EI 
3,7 2,75(-2 4,6 I I40 2,75(-2) 8,'3( -2) 2,85(-I I,I5(0) EI 

'J5 EI i 0,75 2,2(-2) I,'J4 2,5(-2) 7,5(-2) 2,55(-I' I,O(O) 
I,2+o,2 ! 0,2 I,7(-I) 0,47 I I,4 2,25(-2) 6,8(-2) 2,3(-I) 8,8( -I) lli+E2 

npo~onzeHHe ta6KH~ I 
I 

2 3 4 5 6 7 8 ·g :ro 1:1 

"" 0,8 O,I5 I,9(-I) O,I8 I I,8(-2) 5,2(-2) I, 75(-I) 6,5(-I) J.U 

"' 0 ~ O,IO 0,7 I,2(-2) 3,'3( -2) I,I(-I) 3,7(-I) 
I8;!;.2a OT2 I,I(-2) 0,42 I8 I,I5(-2) 3,2(-2) I,O(-I) 3,5(-I) EI 
I,2;!;.0,3 I,2 8,2(-3) 2,I5(-2) 6,8(-2) 2,I5(-I) 
6;!;.I O,I I,7(-2) 0,28 6 7,6(-3) 2,0(-2) . 6,2(-2) I,9(-I) E2 

~0,4 ~ 0,4 7,'3(-3) I,9(-2) 6,0(-2) I,85(-I) 
0,9+0,2 I 6,5(-3) I,7(-2) 5,'3(-2) I,6(-I) 
4;!;.I 0,44 4 6,3(-3) I,65(-2) 5,2(-2) I,5(-I) 
9;!;,3 0,3 3, 'J( -2)1 0,48 9 6,2(-3) I;65(-2) 5,0(-2) I,5(-I) III+E2 
1000 58 5,8( -2) 58 1070 5,9(-3) I,55(-2) 4,9(-2) I ,4( -I) III 
6;!;.I 0,25 4,2(-2) 0,42 6,3 5 ,0( -3) I ,3( -2) 3, 9( -2) I,05(-I) lli 
2,5;!;.0,5 O,I2 2,5 4,9( -3) I,'J(-2) 3,8(-2) I,05(-I) 

"' 0,3 0,3 3,8( -3) I,0(-2) 2,8(-2) 7,4(-2) 

! lut: 
g -~OOJ8 

).,,. M, : ~1, : M," = I0,4 : I : 0,26 : I,5 : O,I5 : 0,05 M1- ' 
,,,, : : 

K : 1.., : ).II : /.,,,, = 7,5 : I : 0,23 : 0,3 Ef 

K : /.,, : /.,,, : i Mi = I : 0,2I : O,OII : 0,02I M1 

I< : lv, = 9 
K : C L 1 + J.., ) : i. ~~; : i. rv i = 6,6 : I : 0,22 : 0,04 

a) 3HaQeHII6 llOJiyqeHO Ha OCHOBe ~HHX 0 COBll6.,leHHBX; 

6) 3~~aqeHHJI IK npHBOAJI'l'CJI s e,IUIHH~ax, r,~te o'l'HolleHHe IK/ lf-4K .JtJIJI ne~xop;a 263,2 K8B pasao 
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I'8MM8-H3ny'leHHSI OT 8Hepr'HH 6hin8 nony'leHa C ITOMOUlblO H3C 

H 226 Ra. 

B Ta6nHue 1 npHBeJleHhi TBK>Ke 3Ha'leHHSI KBK, Bhi'IHcneHJ 

IIIHM Jl8HHbiM 06 HHTeHCHBHOCTSIX KOHBepCHOHHbiX aneKTpOHOB H 

'lei! B npeJliTOnO>KeHHH, 'ITO nepeXOJl y 263,2 K8B THUS E 1, 3Tc 

Bope'IHT peaynhTaTy aKcnepHMeHTa EapcoHa H llP• 
141 , KOTopt 

-2 . 
y 263,2 nony'leHo 3Ha'leHHe KBK a k = 2,2•10 , 3Ha'leHHe a k 

nony'leHHOe B 
/4/ 

JlnSI nepeXOJl8 509,9 K8B 0 TBK>Ke COI'nacyeTC 

-2) 
MH Jl8HHHMH ( ak = 5,8·10 , 

DpH H3y'leHHH cneKTpOB y-y -coBnaJleHHil "oT6HpalOUlHM' 

BhiJlenSinHCh nHHHH Kx , y 130,8, y 180,2, y 263,2, y 274,3 1! 

DpH HCCneJlOBSHHH coBnaJleHHil c Kx -ny'laMH, KBaHTSMH y274, 

KpOMe 06bi'IHOI'O CITOC06a, HCITOnb30B8nCSI TSK>Ke pe>KHM C 38Jl8J: 

H 370 HCeK B oiJ.HOM H3 KaHanOB CX8Mbl COBIT8Jl8HHil, 8 nepBbJX 

SIX 38Jl8p>KK8 BBOJlHnSCb B KaHan, OT6Hp810UlHil nHHHl0 0 B llOCneJJ 

B KaHan, pei'HCTpHpylOUIHil cneKTp, llnSI y'leTa COBIT8Jl8HHti: ·c KO 

~OHOM ITOJl nHHHeti: OJlHOBpeMeHHO CHHManCSI CIT8KTp COBIT8Jl8HHti: 

JlHCKpHMHHaTopa 38 COOTBeTCTBYJOUlHM OTo6paHHbiM ~OTOITHKOM, 

COBIT8Jl8HHil HnnJOCTpHpylOTCSI Ha pHC. 2-6. B Ta6nHue 2 npHBOJl 

CHTenbHhie HHT8HCHBHOCTH COBIT8Jl8HHti:, nony'leHHbie nocne Bbi'IE 

HhiX COBIT8Jl8HHil, COBIT8Jl8HHti: C KOMITTOHOBCKHM ~OHOM H C y'le' 

THBHOCTeti: KpHCTannoB. B Ta6nHue 2 Jl8Hhl TBK>Ke HHT8HCHBHOC1 

HHil, COOTB8TCTBYJOU1He CXeMe pacnaJla, H306pa>KeHHOi! Ha pHC, 

06Cy>KJl8HH8 peaynhT8TOB H3MepeHHti: 

Ha pHc. 7 npeJlCTaBneHa cxeMa pacnaJla 
18 2 

Os , YllOBne· 

BCei! COBOKyiTHOCTH nony'leHHblX HBMH 8KCnepHM8HTanbHbiX Jl8HH 

9 
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I'8MM8-H3ny"l.eHHH OT SHepi'HH 6hi.JI8 nony"l.eHa C ITOMOillbiO 

H '226 Ra. 

H30Tonos 169 Yb 

B Ta6nHue 1 npHBeJleHhi TBK)I{e 3Ha"l.eHHSI KBK, Bbi"l.HcneHHhie no Ha

IIIHM JlBHHbiM 06 HHTeHCHBHOCTSIX KOHBepCHOHHbiX sneKTpOHOB H I'BMMa-ny-

"l.eii: s npennono)l{eHHH, "l.TO nepexon y 263,2 K9B THna E 1. 3To He npoTH

sope"l.HT peaynhTaTy sKcnepHMeHTa EapcoHa H np. 
141 , KOTOpbiMH nnst 

y 263,2 nony"l.eHo 3Ha"l.eHHe KBK 
/4/ 

-2 . -2 
a k = 2,2•10 • 3Ha"l.eHHe a k =6,0•10 

nony"l.eHHOe B nnSI nepexona 509,9 K9B 0 T8K)I{e COI'nacyeTCH C HBIIIH-

( -2 
MH Jl8HHHMH ak = 5,8·10 ) • 

TipH H3y"l.eHHH CneKTpOB y-y -COBrraneHHH "OT6Hp8IOIIIHM.. TpaKTOM 

BhinenSinHCb nHHHH Kx , y 130,8, y 180,2, y 263,2, y 274,3 H y 509,9. 

TipH HCC1IeJlOB8HHH COBnaneHHH C Kx -ny"l.aMH, KBaHTaMH y274,3 H y 180,2, 

KpOMe o6bl"l.HOI'O cnoco6a, HCrrOnb30BanCH T8K)I{e pe)I{HM C aanep)I{KOH 100 

H 370 HCeK B oiJ.HoM ila KaHanos cxeMhi cosnaneHHii:. B nepshiX nsyx cny"l.a

SIX 38Jlep)I{K8 BBO)lHnBCb B KaHan, OT6Hp810IllHH nHHHIO, B nocnenHeM cny"l.ae -

B KaHan, pei'HCTpHpyiOIIIHH cneKTp. nnst y"l.eTa COBrraneHHl!: ·c KOMITTOHOBCKHM 

~OHOM non nHHHel!: OJlHOBpeMeHHO CHHMancst CrreKTp COBrraneHHH C OKHOM 

JlHCKPHMHHaTopa aa cooTseTCTBYIOIIIHM oTo6paHHhiM ~OTOrrHKOM. CrreKTpbi 

COBnaneHHH HnniOCTpHpyiOTCH Ha pHC. 2-6. B Ta6nHUe 2 npHBOJlSITCSI OTHO

CHTe.JihHbie HHTeHCHBHOCTH cosnaneHHii:, nony"l.eHHbie nocne Bhi'leTa cny"l.aii:

HhiX COBnaneHHH, COBrra)leHHl!: C KOMITTOHOBCKHM ~OHOM H C y'leTOM 9~~eK

THBHOCTeii: KpHCTannos. 8 Ta6nuue 2 Jl8Hbl UlK)I{e HHTeHCHBHOCTH COBrrane

HHH, COOTBeTCTBYIOIIIHe CXeMe pacnana, H306pa)l{eHHOH Ha pHC. 7 • 

06Cy)KJleHHe pe3y.JihT8TOB H3MepeHHH 

Ha pHc. 7 npencTasneHa cxeMa pacnana 
18 2 

Os , ynosneTsopSIIOIIIaSI 

scel!: COBOKyrrHOCTH nony'leHHbiX HaMH 9KCnepHMeHT8.1IhHbiX Jl8HHbiXo 

9 ,.1 
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a) 3aeprHR pacna.c~a 

B pa6oTax, nocBRIUeHHbiX Bbi'IHCneHHIO Mace aTOMHbiX l'i.Qep 

aMnHpH'IeCKHM <tJopMynaM, .npHBOJ:IRTCR .c~nR aaeprHH 6eTa-pacna.c~a 
182 /12/ /13/ /14/ 

B Re 3Ha'leHHl'i 1500 K9B , 741 K9B , 359 K9B 1 4 

Mbi nonbiTanHCb onpe.c~enHTb aaeprHIO pacna.c~a aKcnepHMeHTanbHc 

pe coBna.c~eHHH raMMa-KBaHTOB c Kx -ny'laMH 5hinO 3aMe'leHo cy 

HOe 3aHH)KeHHe HHTeHCHBHOCTH COBna.QeHHH C KBBHTBMH Y 216,9, 

tPeKT MO)KeT 6biTb o6ycnoBneH HnH 5onblliHM BpeMeHeM )KH3HH y 

726,8 K9B (B ~pe.c~no)KeHHOH HaMH cxeMe pacnaaa npe.c~nonaraeTc 

216,9 COBepruaeTCl'i Me)K.Qy COCTORHHRMH 726,8 H 509,9 K9B), 

pe3KHM ·HaMeHeHHeM OTHorneHHR BepoRTHOCTei!: K H L 

BCne.QCTBHe Manoft 9Hepi'HH 5eTa-pacna.Qa Ha 9TO COCTOl'i 

B onhiTax no aaaep)KaHHbiM coanaaeHHRM c 

MO)KHbiX npH'IHH OKa3anacb Heo60CHOBBHHOH, 

Kx -ny'laMH nepBa 

nocne Bbi'IeTa coanaaeHHH c Kx -ny'laMH, conpoBO)K.QaiOIUHI'v 

aepcHIO nepexoaoa, aaxoaRIUHXCR a KaCKaaax c· paccMaTpHaaeMh 

NCOBI ( 
xoaaMH y 1 , MO)KHO onpeaenHTb aenH'IHHbi A 1 == ~ Ncoa 

I 
TeHCHBHOCTb COBnaaeHHH ( y I }(Kx) , N 1 - HHTeHCHBHOCTb y 1 

nng HHTeHCHBHbiX nepexoaoa Haruero cneKTpa - y 646 ( 
185 

Os 

pacnaaa L\E .. 400 Kaa), y 382 ( 183 Os , L\E .. 2000 KaB), 509,9 

L\E_;:: 300 Kaa), Y 263,2 ( 182 Os , L\E_? 500 KaB) H MR y 216, 

Hbi A1 HaxoaRTCR a OTHOrneHHH! Ay 646 : Ay 382 : Ay 509 ,9 : ' 

A ym,9 = ( 1,03~ 0,10): (1,05~0,10):(0,97~0,10):(0,97~0,10):(( 

BenH'IHHbi A 1 nponopUHOHanbHbi OTHorneHHIO aepoRTHocTei!: aaxE 

TBnbHb!X aneKTpOHOB A I= k( WK ) , 3To OTHOllleHHe aepORTHO< 
WK +WL +•• 

BHCRruee oT aHeprHH 6eTa-pacnaaa, MO)KHO ang paaperueHHbiX H 

aanperueHHbiX 6eTa-nepexoaoa Bbi'IHCTIHTb, Hcnonb3YR KOHCTaHTbi 1 

/1617/ 
poaaHHbie B ' • Ham peaynbTaT no onpeaeneHHIO A 1 coc 

+~ 
6eTa-nepexoay Ha ypoaeHb 726,8 K9B c aHeprHei!: L\E = (120 _ 1 

11 
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a) 3HeprHSl pacnaAa 

B paooTax, noCBSlllleHHbiX Bbi'IHCneHHIO Mace aTOMHbiX SlAep no nony-

182 0 
SHeprHH oeTa-pacnana S 

/13/ 359 /14/ 458 /15/ 
SMnHpH'IeCKHM <flopMynaM, _npHBOASlTCSl nnH 

182 . /12/ 
B Re 3Ha'leHHfl 1500 KSB 1 741 KSB , KSB 1 KSB • 

Mbi nonhiTanucb onpenenHTb sHepruiO pacnana sKcnepnMeHTanhHO, B cneKT

pe coBnaneHnft raMMa-KBaHTOB c Kx -ny'laMH ObinO aaMe'leHo cymecTBeH

Hoe 3aHH)I{eHHe HHTeHCHBHOCTH COBnaneHHft C KB8HT8MH Y 216,9, TaKoft s<fl

<fleKT MO)I{eT ObiTb o5ycnoBneH unu 5onblllHM BpeMeHeM )I{H3HH ypoBHH 

726,8 KSB (B ~penno)l{eHHoft HaMH cxeMe pacnana npennonaraeTCSl, 'ITO 

216,9 COBeplllaeTCSl Me)l{ny COCTOSlHHSlMH 726,8 H 509,9 KSB), HnH 

pe3KHM "H3MeHeHHeM OTHOllleHHSl BepOHTHOCTeft K H L -38XB8T8 

BCnenCTBHe Manoft SHeprHH 5eTa-pacnana H8 STO COCTOSlHHe, 

B onhiTax no aanep)l{aHHhiM coBnaneHHSlM c 

MO)I{Hb!X npH'IHH OKa3anacb HeOOOCHOBaHHOft, 

Kx -ny'laMH nepBaSl ua Boa-

nocne Bbi'IeTa COBnaneHHft c Kx -ny'laMH, conpOBO)I{narolUHMH K-KOH-

BepCH!O ttepeXOAOB, HaXOASllllHXCSl B KaCKanax C paCCMaTpHB8eMbiM.H nepe-

xonaMH y 1 
, MO)I{HO onpenenHTb 

NCOBI ( 
BenH'IHHbi A = -- N - HH-

1 N, COBI 

TeHCHBHOCTb coBnaneHnft ( y 
1 

)( Kx) , N 
1 

- HHTeHCHBHOCTb y 
1 

-nyqeft), 

llnSI liHTeHCHBHhiX nepexonoB Halllero cneKTpa - y 646 ( 
18 5 

Os , SHeprHSI 

pacnana ~E .. 400 KSB), y 382 ( 183 Os , ~E .. 2000 KSB), 509,9 ( 182 0s 

~E ~ 300 KSB), Y 263,2 ( 182 Os , ~E > 500 KSB) H nnSI Y 216,9 BenH'Ill-

Hbl A, 

A 

HaxonSlTCSI B OTHOllleHim: Ay 646 : Ay 382 : Ay 509 ,9 : Ay 263 , 2 

y216,9 = ( 1,03~ 0,10): (1,05~0,10):(0,97~0,10):(0,97~0,10):(0,61~0,06). 

BenH'IHHbi A 
1 

nponopU!!OHanhHbi oTHOllleHHIO BepoHTHOCTeft aaxBaTa op5u-

TanbHbiX sneKTpOHOB A = k( wK ~ • 3To OTHOllleHne BepoSITHOCTeii, sa-
t 

WK +WL+ •• 

BHCSilUee OT SHeprHH oeTa-pacnana, MO)I{HO nnSI paapellleHHb!X H OAHOKpaTHO 

aanpemeHHblX oeTa-nepeXOAOB Bbi'IHCllHTb, HCnOnb3YH KOHCTaHTbi 1 Ta5ynH

/16 17/ 
poBaHHbie B ' • Halll peaynhTaT no onpeneneHHIO A 1 COOTBeTCTByeT 

+30 
5eTa-nepexony Ha ypoBeHh 726,8 KSB c sHeprueft ~E = (120 _

10 
) KSB, 

~ 
11 
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PHc.3. CneKTpbl coena.lleHHll c Y 130,8 (A) H c Y 180,2 (B). C · 

JleHHSI C ilHKOM o6paTHOI'O pacCeSIHHSI OTY 509,9; Ll - COBI 

c rrHKOM o6paTHoro pacceSJHHSI oT y 646 18 ~ Os • DHKH, o6o 

'!eHHbie 
182

m Re H 
183 

Os , npHHa.llnelKaT no.'IHOCTbiO HnJ 

HO K COBilS.IleHHSIM MelK.IlY y -KBSHTSMH, B03HHKSIOmHMH n 

rra)le 3THX Sl)lep. 3amTpHXOB8HHble nHHHH Bbi3B8Hbl nonHOCT 

qal!HbiMH COBITS.IleHHSIMH, 
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c llHKOM o6paTHoro pacceRHHR OTY 646 186 Os • nHKH, o603Ha-

'leHHbie 
182

m Re H 
183 

Os , npHHaAnelKaT nO.'lHOCTb!O HUH 'laCTH'I-

HO K COBUSAeHHRM Me)I(AY y -KB8HT8MH, B03HHK810IUHMH npH pac

naAe flTHX RAep. 3awTpHXOB8HHbie ilHHHH Bbi3B8Hbl llOilHOCTbiO cny
qaliHliMH COBllaAeHHRMH. 
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6) E an a H c If H T e H c If B Hoc T e t\, 3 H a 'I e H If£ Pog ft 

EanaHC HiheHCHBHOCTetl nepexo.rtoB no OTJlellbHhiM ypoBH£M cxeMhi 

pacnaJla 182 Os (pHc. 7) npeJlcTaBneH B Ta6nHue 3, CyMMa HHTeHCHBHOC-

Tetl raMMa-nepeXO)lOB B OCHOBHOe COCTOSIHHe npHHS!Ta 38 100%, TaK KaK 

CyMMa HHTeHCHBHOCTeH nepeXOJlOB 1 He pa3MemeHHhiX B CXeMy pacrra)la, BKmO'la£ 

13,41 
If nepexOJlhi, Ha6mo)laB!llHeC£ B pa6oTax , He npeBhi!llaeT 2% H nonHoe 

KOliH'leCTBO pacnaJlOB £Jlep, pacc'lHTaHHOe H3 HHTeHCHBHOCTH Kx -nyqeif If 
x) 

Bbipa)KeHHOe B Tex )Ke eJlHHHUax, paBHO 110:;20 • B Ta6nHue 3 npHBOJl£T-

C£ TBK)Ke 3H8'leHH51 fog ft , pacc'lHTaHHhie Jlll£ sHeprHH 6eTa-pacnaJla, 

onpeJleneHHOH B npeJlhiJlymeM naparpa<jle. 

) 
. 18? 

B C 0 C T 0 51 H If 51 7 ; Re 107 

182 182m 
BcneJlCTBHe He6onblllOH pa3HOCTH Mace Os H Re MO)KHO 

O)KifJlBTb, 'ITO B cocTO£HH£X, B03HHKaJOmHX npH 6eTa-pacnaJle 
182 

Os 

He'leTHble HYKliOHbl 6yJlyT HaXOJllfTbC£ Ha op6HTali£X, OTBe'laJOmHX HH3KO

SHepreTH'l8CKHM ypOBHSIM B COCe)lHifX He'leTHblX S!)lpax, 3TH ypOBHH ITOKa-

38Hbl Jlll£ £Jlep c Z = 75 H £Jlep c N = 107 Ha pHc. 8. Y'lHThiBa£ sTH naH-

Hhie, a TaK)Ke )l8HHbie 0 KOH<jlHrypaUH£X1 pealiH3YJOmHXC51 B COCeJlHifX He

'leTHO-He'leTHbiX 51Jlp8X ( Ta6n, 5), MO)KHO O)KifJl8Tb B036y)KJleHH51 ClleJlyiOlllHX 
+ 

COCTOSIHHH C HH3KHM ClllfHOM: C ITOliO)KHTellbHOH qeTHOCTbiO 2 lp402t -n624t /, 

1 + /p 514+ -n 514t I, 1+ /p404+-n624t,{' c oTpHuaTellbHOH qeTHOCTbJO 2-/p402f-n510t/, 

1- /p402f-n 514t /, 1- /p402f -n 512+/. 
182mRe ( ) OcHOBHOMY cocTo£HHIO T 11 = 12,7 'I onH03H8'lHO npHHan-

/2 + 
ne)KaT KBaHTOB~Ie xapaK~epHCTHKH I rr = 2 • XoT£ Ha ocHoBe HMeJOmeifc£ 

182 
HH<jlopMaUHH o pacnane Os nonycTHMO, B npHHUHne, H 3Ha'leHHe cnHHa 

I= 1 , sTa B03MO)KHOCTb HCKliJO'laeTC£ aHaliH30M )laHHhiX o 6eTa-pacnane 

18 z m I 18 I H 6 - - 6 -Re , 8H onee BepOHTHOif KOH<jlHrypaUHeH, 0 b51CH£10meH KBaHTO-

x) (I Kx ) 9KC 1900+350 B eJlHHHUaX Ta6nHUbl 1. 

18 

.,. 

T A E R ~ U A 3 

EaxaHc HHTeHCHBHOCTeil nepexo){OB no ypoBHlUI I821t1 A 
H 3HaqeHHH e () 9 I t 

8Hepi'HH ~HT6HC14BHOCTI:. SxeKTpOHHhl~ 
I 
I 

fPOBHH ne~exo;goB aaxBaT (t1t K3B) IlpHXO){HIItHX yxO){HIIU!X B% d 

726,8 37±.6 I,8t,0,3 5,6j 

554,2 16±.4 17±.4 6- 0,35 -3 7, 

509,9 21±.3 1220±.100 57 ±.5 5,3j 

486 3 ±.I 6 0,19 6) ~ r 
I 

438, I 18±.5 ~ 1,1 6) 
~ 

r 
I 

379,2 76±.~ 120±,30 3,8! ~ 
6, 9· 

263,2 148±.100 850±,100 54±.4 6,1j 

235,7 750±.100 750±,70 6 li ~ 6,! 

55,5 750±.70 830±.250 ~ 15 -3 6 ,I 

0 2080 a) 

a) 3HaqeHHe rtpHHHTO aa 100 % 
6) 3HaKOY.~ yqTeHa BOSMOKHOCTI:. saceneHHH ypOBH.R. H~ 

HhiYH IIOK8 raMMa-nepi:lA:OAaMH, CyYMapHa.R lrfHTeHCHBH·O~ 
COCTaBH.ReT ~ l;% Ha pacrta){. 

BJ 3HaqeHHH noxyqeHhl AHH pasHocTH uacc 182os u 
182 

AE = (850 ~fg) K3B. 

19 



l:i H T e H C l:i B H 0 C Tell, 3 H a q e H l:i Sl fog ft 

eHCI:iBHOCTell rrepeXC.'lOB ITO OT}:lenhHbiM ypOBH51M CXeMbl 

(pl:l:c. 7) rrpeAcTaBneH B Ta6nl:l:ue 3. CyMMa l:l:HTeHCI:iBHOC

oAOB B OCHOBHOe COCTOSIHI:i8 I1pl:l:HS!Ta 38 100%, T8K KaK 

ocTeil rrepexoAoB, He pa3MemeHHhiX B cxeMy pacrraAa, BKmo'!aSI 

/3,4/ 
IOA8B!Ill:l:eC51 B pa6oTax , He rrpeBhi!IlaeT 2% l:i rronaoe 

AOB 51Aep, pacc'll:l:TaHHOe l:i3 l:iHTeHCI:iBHOCTI:i Kx -ny'leil l:i 

x) 
x me eAI:iHI:l:Uax, paBHO 110!20 • B Ta6nl:l:ue 3 rrpl:l:BODSIT-

' pacc'll:l:TaHHhle Dn51 aHeprl:l:l:l: 6eTa-pacrraaa, 

peDhiDYIUeM rraparpalfJe. 

182 Re 
SIHI:l:SI 75 107 

182 182m 
e He6onhlllOH pa3HOCTI:i Mace Os l:i Re MomHo 

ocTOSIHI:iSIX, B03HI:l:KaiOIUI:iX rrpl:l: 6eTa-pacrraae 
182 Os 

hi 6yDyT H8XODI:l:ThCSI Ha op61:l:TanSIX1 OTBe'la!OIUI:iX Hl:i3KO

ypOBHSIM B COC8AHI:l:X He'leTHbiX S!Dpax. 3TI:i ypOBHI:i ITOKa-

Z = 75 l:i SIDep c N = 107 Ha pl:l:c. 8. Y'll:l:ThiBaH 9TI:i aaH-

HHble 0 KOHifJI:l:rypaUI:l:HX 1 peanl:l:3y!OIUI:l:XCSI B COCeDHI:iX He

HApax ( Ta6n, 5) 1 MOmHO OMI:l:D8Th B036ymDeHI:l:H cneDyiOIUI:iX 

+ 
l:l:M CITI:l:HOM: C ITOnOMl:l:TenbHOM 'leTHOCTb!O 2 /p402f -n624f /, 

, 1+/p404+-n624f,( C OTpl:iU8TenhHOll 'leTHOCTb!O 27p402f-n510f/, 

/, 1- /p402f -n 512+ /. 

COCTOSIHI:i!O 
182

mR.e 12,7 '!) ODH03H8'IHO I1pl:i~8D-( T II 
/2 + 

I 71 = 2 • XoTSI Ha ocHoBe l:l:MeiOmeilcSI XapaK!,epl:l:CTI:iKI:i 

18 2 
crraae Os aorrycTHMO, B rrpl:l:HUI:irre, H 3Ha'leHI:l:e CITI:l:Ha 

MOMHOCTb l:iCKniO'laeTCSI aHanH30M D8HHhlX 0 6eTa-pacrraDe 

8H60nee Bep051THOll KOHifJI:l:rypaul:l:eil, o6~SICHSIIOIUei1 KB8HTO-

1900+350 B eDI:l:HI:l:UaX Ta6nHUbl 1. 

18 

~ 

TAEJI!dUA 3 

Eanaac HHTeHCHBHOCTe~ rrepexo,l(OB JIO YPOBH.IUI I 82 "' R e 
Ill 3H8'1l6HHH f ()!lIt 

SaeprHH JdHTeHCHBHOCT:& SnexTpoHHhl~ 
I 
I 

fPOBHH rreeexo,lloB 38XBST 
(11:; fl K3B) 

JipHXO,ltHIJIHX yxO,ltHIIIHX B% 

726,8 37±.6 I,8±,0,3 5 ,6±.0 ,3 
554,2 I6±.4 I7±.4 6- 0,35 ~ 7,4 
509,9 2I±.3 I220±.IOO 57 ±.5 5,3±.0,1 
486 3 ±.I ~ O,I9 6) 

~ 7,9 
438, f 18±,5 ~ 1,1 6) 

~ 7,3 
379,2 76±.~ 120±,30 3,8! + 6,9-0,3 
263,2 I48±,IOO 850±.100 54±.4 6 ,I±.O ,2 
235,7 750±.IOO 750±,70 ~ tl ~ 6,8 
55,5 750±.70 830±.250 <. IS ... ~ 6,8 
0 2080 a) 

a) Saa'lleHHe rrpHHHTO aa 100 % 

B) 

6) 3H8KOU ~ Y'llTeHa BOSMOEHOCT:& aaceneHHH ypOBHH. Hepaaue~eH
HhiMHJIOK8 rauua-rrepeXO,l(8MH, CyYM8pH8H HHTeHCHBHOCT:& KOTOpWX 
cocTaBnHeT ~ C% aa pacrra,l(. 

B) 3Ha'lleHHH JI01Iy'lleHhl ,l(RH paSHOCTH M8CC l820s H l82m ~ 

4E = (850 ~~g) KaB. 
~ 
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17 + 
Bbie xapaKTepHCTHKH I = 2 

1 
HBmieTC·H KOHqmrypaUHH lp402f-n624fl. BTo-

+ 
poll. -qneH Jly6neTa 7 lp402t + n 624 t 1 c napannenbHhiMH cnHH8MH peaJIH-

18 z ( ) 
3yeTCH

1 
no-BHJlHMOMY 1 KaK ocHOBHOe cocTOHHil:e Re T X = 64 'l • 

YpoBeHb c aHeprHeti 55
1
5 K3B c B03MO)I(HbiMH 3KcnepHMeHTaJibHbiMH 

17 . + 
3Ha'leHHHMH KB8HTOBhiX xapaKTepHCTHK I = (1 12 13) MO)KHO paccMaTpH-

. • +) 18 Z m 
B8Tb K8K pOT8UHOHHblli ( I 17 = 3 K OCHOBHOMY COCT05IHH!O Re , 8 

ITOJ1b3Y T8KOI'O npeJliTOJIO)KeHHH CBHJleTeJlbCTBy!OT CJieJlyiOII{Yie 4JaKThi: 

+ 
1) Pa3p5!JlK8 ypOBHH 509

1
9 K3B (1 ) npOHCXOJlHT B OCHOBHOe COCT05l-

+ HHe (2 ) nocpeJlCTBOM HHTeHCHBHOI'O M 1-nepeXOJl81 a H8 ypoBeHb 55,5 K3B 

- cnaohiM nepexoJlOM
1 

KBK KOToporo 6JIH30K K TeopeTH'leCKOMY JlJIH 

nepexoJla THna E2. 

2) CocTOHHHe 55
1
5 K3B HMeeT cpaBHHTeJibHO HeooJiblliOii. nepHOJl nony-

pacnaJla ( T X< 0 122 HCeK). 
+ 

3) 8HeprHH BpalllaTeJibHOI'O ypoBHH 3 2/p402J-n624t / 1 cornacHo 

182m 

OUeHKe MOMeHT8 HHepUHH Re 

J =11 .[1+ 
( 1~2mRe) ( BOW) 

18 l ) 
oJp(

181
Re) +DJn( W .. ]= 1,68J(180w) 

Jct8ow> 

paBH8 61 K3B H OJ1H3K8 K 3Hepi'HH 55,5 K3Bo 

4) EcnH nepeXOJl 55,5 K3B COBeplllaeTCH Me)I(JlY COCT05IHHHMH OJlHOll 

• , ~ E2 
pOT8UHOHHOH ITOJ10Cbl

1 
TO MO)KHO H3 OTHOllleHH5l u " = --- onpe)leJIHTb 

M1 

BeJIH'lHHY I (g K -gR)IQ
0
j.Oo HalliHM Jl8HHhiM o6, HHTeHCHBHOCT5IX JIHHH!i. 

L I , L II H L 55
1
5 nony-qaeM o 2 = 0,0038+0,0005 H oTCIOJla, 

UI -

nonbayHCb ypaBHeHH5IMH TeopHH Eopa H MoTTeJibCOH8 1 HaXOJlHM (g -g )IQ = K R 0 

= + 0
1
30 H.M.I6apH. OpeJlnonara51 1 'ITO 3Ha'leHHH Q H g JlJIH 

182 
Re 

- 0 R 

H8X0Jl5!TC5l B npe)leJiaX
1 

H80J1IOJl8BlliHXC5! JlJ15! COCeJlHHX H)lep ( Q o =7~1 6apHI 

/!,· R = 0 1 3~ 0 1
1 5loMo) 

1 
Mbl ITOJly'laeM JlJ15! I'HpOM8I'HHTHOI'O OTHOllleHHH BHyT-

peHHei'O JlBH)KeHHH 3H8'leHHe /!, K = +2 14~0 1 5 HJIH g K =-1 18~0 1 5 HoMo 

00Jib3YHCb 9KCITepHMeHT8JlbHbiMH Jl8HHblMH 0 /!, K OCHOBHbiX COCTOHHHll 
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TT + I = 2 , 51BlHieTC-51 KOH<jlrrryparurSI I p 402f -n624 t I· BTo-

+ 7 lp402t + n 624 t 1 c napanne11bHbiMif cnrrHaMrr peanH-

18 2 ( 
OMy, K8K OCHOBH09 COCT051HH9 Re T ~ = 64 q), 

:3HeprHeH 55,5 K3B C B03MO)!(Hb!MH :3KCnepHM9HT8JlbHbiMH 

TT + 
xapaKTepHCTHK I = (1,2,3) MO)!(HO paccMaTpH-

+ 18 2 
OHHbiH (I" = 3 ) K OCHOBHOMY COCTOSIHHIO mRe , B 

e.ano11o)!(eHrr51 CBHAeTe11bCTByJOT cne.ayroume <fJaKTbi! 

+ 
ypoBH51 509,9 K:3B (1 ) npORCXO.(lHT B OCHOBHOe COCT051-

HHT9HCHBHOrO M1-nepexo.aa, a H8 ypoBeHb 55,5 K:3B 

KBK KoToporo 011H30K K TeopeTH'ieCKOMY .0.1151 

HM99T cpaBHHT911bHO H90011blllOH nepHOA n011y-

+ 
Bpama TeJibHoro ypoBH51 3 2 lp402J -n624t I , cor nacHo 

182m 
HHepUHH Re 

180 . [ 1 + 
W) 

18 1 

oJp(t81Re) +oJn( W) .. ]= 1,68Jctsow> 

J(IBOw> 

6JIH3Ka K :3HeprHrr 55,5 K3B, 

epeXOA 55,5 K:3B COBepmaeTC51 M9)!(.(1y COCT051HH51MH OAHOH 

~ E2 
bl, TO MO)!(HO H3 OTHOlll9HH51 0 " = --- Onpe.0.911HTb 

Ml 
gR)IQ

0
j.no H8lllHM .0.8HHbiM 00 HHT9HCHBHOCT51X 11HHHH 

IT011y'Ia9M 0 2 = 0,0038~0,0005 H OTCIOA8 1 

51MH TeopHH Eopa H MoTT911bCOHa, HaXOAHM (g -g )IQ = 
K R 0 

3H8'I9HH51 Q H g .ang 
0 R 

182 Re 

X, H80ll!OA8BlllHXC51 .(11151 COC9AHHX 51.(1ep ( Q o =7~1 oapH, 

M,) 1 Mbl TI011y'IaeM .(11151 I'HpOM8I'HHTHOI'O OTH0lll9HH51 BHyT-

5I 3H8'I9HHe g K = +2,4~0,5 HnH g K =-1 ,8~0,5 51,M, 

prrMeHT811bHbiMH A8HHbiMH 0 g K OCHOBHblX COCT051HHH 
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~~, 

18~ Re -H !79 Hf HaXollHM nnSI KOH<!mrypaUHH I p 402+- n 624t I: gk = 

= [ ( Kg k ) P 
-(Kgk)li(K -K) =-2,4 SI.M. K TaKoMy )I{C 3Htt'leHH!O nnSI 

P n 

8TOH KOHcpHrypaUHH IIpHBOJllfT H paeqeT IIO BOnHOBbiM _cpyHKUHSIM HHnbeeoHa 

( HeiiOnb30B8nHeb K08tPQJHUHeHTbl a£ Q t 112 1 eooTBeTeTBY!OIUHe 8 =0, 23) 
1 

eenH g e 3aMeHHTb Ha ge .h.h = 0,65 g 
. 9~~ 8 

YpoBeHb e aHepraeil: 235,7 K8B c rrepaonoM nonypacrrana 570 HeeK 
+ 

pa3pSI)I{8eTeSI E1-rrepeXOJl0M H8 oeHOBHOe (2 ) H rrepBOe B036y)KJleHHOe 

( ( 3. )+ ) eoeTOSIHHfle l.JeTHOeTb 8TOrO ypOBHfl OTpHU8TenbH8 1 Haa6onee Be

pORT HOe 3H8'1eHH8 ero errHH8- !=2, CaM8fl HH3K8Sl IIO aHeprHH KOHQJHrypa

UHSI e KBaHTOBhiMH xapaKTepHeTHK8MH 2- O)I{H)laeTefl lp402+ -n 510+ I . 

CnenyeT OTM8THTb, 'ITO aHanorH'IH8fl KOHQJHrypaUHfl e rrapannenbHbiMH eiiH

H8MH lp 402f +D 510tl peanH3yeTeSI, IIO-BHJlHMOMy, B oeHOBHOM eOCTOfiHHH 

184'1">-ae , ~HTeprrpeTHPYfl T8KHM o6pa30M ypoBeHb 235;7 K8B 1 MO)I{HO 

o6'bSieHHTb 6onblllY!O 38TOpMO)I{8HHOeTb rrepeXOJlOB Y 235,7 H Y 180,2 IIO 

epaBHeHH!O e onHo'laeTH'IHOH oueHKOH (eM. Ta6nauy 4), T,K. E 1-rrepexonhl, 

Me*llY a Toil: KOHQ:larypauaell: H eoeToSIHHeM I p 402 +- n 624+ I 3arrpemeHhi rro 

KB8HTOBOMY qaeny 0 H8 3 e)lHHHUbl, 0TM8THM 1 'ITO B 8TOM enyqae 6y

llYT H raMMa-rrepeXOJlbl THI18 M2 3anpeiUeHhl rro n H8 JlB8 e)lHHHUhl. 8TO 

MO)I{eT 6hiTb rrpH'IHHOii Toro, 'ITO He Ha6n!OnaeTeSI 3aMeTHOii npaMeeH M2-

B Ta6n. 1). Eena ypoBeHb 55,5KaB 
KOMilOHeHT B 8THX nepeXOJl8X (eM, ak 

o6pa3yeT e oeHOBHbiM eoeTOSIHHeM poTaUHOHHY!O rronoey, TO OTHO!lleRHe 

npaBe)leHHhiX BepOSITHOeTell:, pa3pSI)I{8!0IUHX eoe1'0fiHHe 235,7 K8B 1 OTnH'IaeT

eSI B 220 pa3 oT 3Ha'leHHfl, O)KHJlaeMoro no o6o6meHHOii Monena. 

KBaHTOBhie xapaKTepaeTHKH ypoBHSI 263,2 K8B I 
17 

= 1- onpenenSI!OTCSI 

OllH03H8'1HO MynbTanonbHOCTSIMH nepexonoB Y 27,6 ( M1), Y 263,2 (E 1), 

Y 274,3 (E1) H 3H8'1eHHeM Jog ft = 6,1~0,2. CpeJlH KOHQJHrypaUHH C KB8H-

TOBbiMH X8p8KTepHCTHK8MH 1-, KOTOpbie 6yJJ.yT peanH30BbiB8TbeSI npH He-

6onblllHX 8HeprHRX B036y)KJleHHSl1 B nepBy!O O'lepeJlb 1 MO)I{HO Q)KHJl8Tb COC-

TOSIHHSI lp 402t- n 512+ I H /p 402 f- n51H I , Ha ocHoBe aKcrrepaMeHTanb-

22 

,. 

E 
t 

K3B 

27,6 

115,9 

I30,8 

I43,5 

I80,2 

235,7 

246,6 

263,2 

274,3 

379,2 

454,5 

509,9 

TAEJiliiUA 4 

llapUHaRbHHe nepHOAH nonypacn~a H WBKTOPH 
aaAepJKKH ARH nepexoAOB B I 82 Re 

MyJibTHnonb
HOCTb 

nepexoAa 
i-

TI/2 3KC. fw= 
r~"" ' 

.li 3KC i T, 
T~-' rffi=-' 

!-lBallcKon~ T 

MI 

MI 

EI 

ldl 

EI 

EI 

EI 

EI 

EI 

EI 

E2 

MI 

a) 3Hat~eHHe 

6) 3Hat~eHHe 

ceK 

3,5.10-7 

.3 ,8.10-9 

,~9,1.10-9 

,.8.10-8 

6,3.10-7 

3,0.10-5 

,.:5,4.10-8 

3,3.IO-d 

~I, 7 .Io-8 

.3 ,3.10-9 

.I ,o.Io-7 

~6 ,o.10-Io 

i 5,5.102 
I 

~2, 7 .Io2 

b ,0.105 

~I ,o.ro4 

I 7 
I ,8.10 

; 9 
' 2,0.10 

~4 ,o.ro6 

i 3 ,o.ro6 

I. 6 
rl,7.IO 

b ,o.Io6 

~2,5.102 

f3 ,3.103 

I 

0,64 a 

~ 85 6) 

f Ml 
TI/2 IV pacct~HTaHO A1IH nepexoAa n 512~ - t1 

f El 
T1; 2 "' pacct~HTaHo AJIH nepexoAa n 5I4J - n 

23 



HBXOAHM J:tJISI KOHtPHrypaUHH I p 402f- n 624t I: gk ~ 
Kg k)11(Kp-Kn) =-2,4 SI,M, K T8KOMY )!{C 3HI:I'IeHHJ0 AJISI 

npHBOAJ.fT H pac'leT no sonHOBbiM .4>YHKUHSIM Hn:nbeeoHa 

0 
eoOTBeTCTBYJOIIlHe 8 =0,23) t 

arnt.ll2 

g~ 9tPtP = 0,65 g ~ 
eM 235,7 K9B e nepHOAOM nonypaenaAa 570 HCeK 

+ 
oeHOBHOe (2 ) H nepsoe B036y*AeHHOe 

9TOrO ypOBH5I OTpHU8Te1lbH8 0 H8H60nee Be

ero enHH8- 1=2, CaM8SI HH3K8SI no 9HeprHH KOH~Hrypa

H xapaKTepHeTHKBMH 2- O*HllBeTCSI lp402+ -n 510t I , 

, 'ITO 8H8JIOrH'IH85I KOH~HrypaUHSI e napanneJibHblMH enH

B oeHOBHOM eoeTOSIHHH 

HPYII T8KHM o6pa30M yposeHb 235;7 K9B 1 MO*HO 

38TOpMO*eHHOeTb nepeXOAOB Y 235,7 H Y 180,2 no 

oqaeTH'IHOH oueHKOH (eM, Ta6nHUY 4), T,K. E1-nepeXOJlbl, 

H eoeTOSIHHeM I p 402 t- n 624+ I sanperueHbi no 

U Ha 3 eAHHHUhl. OTMeTHM, 'ITO B 9TOM eny'lae 6y

sanperueHbi no 0 HB ABe eAHHHUbl, 3TO 

He Ha6nroJlaeTeSI saMeTHOH npHMeeH M2-

nepeXOJlBX (eM. ak 
B Ta6n. 1), EenH yposeHb 55,5K9B 

OBHhiM eoeTOSIHHeM pOTBUHOHHYJO nonoey, TO OTHOllleHHe 

pa3pSI*8JOIIIHX eoeTOSIHHe 235,7 K9B, OT1l!i'18eT

O*HJl8eMOrO no o6o6llleHHOH MO)leJIH, 

e xapaKTepHeTHKH ypoBHSI 263,2 K9B I 
77 

= 1- onpe)leJISIJOTCSI 

THnonbHOeTSIMH nepexoJlOB Y 27,6 ( M 1), Y 263,2 (E 1), 

3Ha'leHHeM log ft = 6,1::_0,2. CpeJlH KOH~HrypaUHH e KBBH-

pHeTHKaMH 1-, KOTOpble 6yJlyT peaJIH30BblB8TbeSI npH He-

SIX B036Y*AeHHSI, B nepByJO O'lepeJlb, MO*HO O*HJ18Tb eoe-

- n 512+1 H lp 402 f- n514+ I , Ha oeHoBe 9KenepHMeHTBJib-

22 .. 

TAEJII1UA 4 

TiapUManbHNe rrepHO~N rronypacrra~a H WBKTOPN 
aa~ep;KKH ~m1 rrepexo~oB B I 82 R .e 

MynbTHrronb
HOCTb 

rrepexo~a 

r I f" 
T J- I f - T 'l.t 9KC I f - T Y,. 9KC E 

t'" 
K3B 1/2 SKC, w- T 1- : "- ._ 

. I T' ceK l-lBal!cKont :s HHnbCCOH 

0,64 a) 27,6 . MI 3,5.10-7 l .5,5.102 

115,9 MI .3,8,10-9 ~2,7.102 

130,8 EI ,9,r.ro-9 br ,o.ro5 

143,5 MI ~s.ro-8 ~I ,o.ro4 

180,2 EI 6,3.10-7 '1,8.107 

23 7 -5 i 9 5, EI 3,0.10 • 2,0.10 

246,6 EI .5,4.10-8 ~4,0.106 

263,2 EI 3 ,3.ro-8 i 3 ,o.ro6 

7 -8 I · 6 
2 4,3 EI •1,7.10 tl,7.10 

-9 6 379,2 EI .3,3.10 -1,0.10 
-7 2 454,5 E2 .I ,0.10 ~2,5.10 

509,9 MI ~6 ,0.10-IO ~3 ,3.103 

1: 85 6) 

a) 3Hall:eHHe 
f Ml 

TI/2 N paccl!HTaHO ~nfl nepexo~a n 5121 - n SlOt 

t El 
6) 3Hall:eHHe T1; 2 rv paccl!HTaHO ~na rrepexo~a n 514J - n 6241 

,, 
23 
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HbiX naaHhiX o nepHone nonypacnana ( T 1; 2 (263,2 KaB) = 5,3 aceK) H 

log ft aano oTnaTh npennoqTeaHe KoHqmrypauHH lp 402• -n 512+ I : 6eTa-nepe-

- + xon n 312 /512/ ~ p 5/2 /402/ 51BnSieTC51 aeaanep:>KaHHbiM nepexonoM 

nepBoro aanpemeHHSI. TaKoii nepexon ocymecTBn51eTC51, aanpHMep, Me:lKAY 

l85w 185 Re 1 ft OCHOBHb!MH COCT051HH51MH H C og . = 6,5, TiepeXOA Y 263,2 

MeiKAY cocT051HH51MH. lp 402t -n 512~ I H lp 402t- n 6W I aanpemea no KBaH

TOBOMY 'IHCny 0 H8 ABe enHHHllbl, ¢laKTOp aanep:>KKH no cpaBHeHHlO C OA-
• 3 

H0'18CTH'IHOH oueHKOH ( Ta6n, 4) COOTBeTCTByeT 38TOpMO:lKeHH10 1, 7 .}Q H8 
3 

enHHHUY aanpeTa no 0 , 'ITO 6nH3KO K aaaqeHHJO 1,3 ·10 , aa6n10A8Bllle-

MYC51 nnH nepexona y 235,7. 3KcnepHMeaTanhHOe aaaqeaHe BepoSITHOCTH 

nepexona y 27,6 6nH3KO K aaaqeHHJO, pacc'IHTaHHOMY no HHnbccoay nnSI 

M1 . 
nepexona512~--...-.... 510t(Ta6nHua 4). 

KoaqmrypaUH51 1- lp 402t -n 514+ I , B03MO:lKHO, ocymecTBnSieTC51 

npH aaeprHH 379,2 KaB. OnpeneneaHe HH:lKHeil. rpaHHUhi Bepo51THOCTH nepe

xona 379,2 K9B He npOTHBOpe'IHT T8KOJ1 HHTepnpeT8UHH (Ta6nHU8 4), Tie

peXOAbl Y 1 43,5 H Y 115,9 H8 ypOBHH 235,7 H 263,2 K9B B aTOM CJlyqae 

non:>KHbl 6biTb CHJlbHO 3aTOpMO:>KeHbl H3.-38 aanpeTa no KB8HTOBOMY 'IHCny 

{! , 'ITO npoTHBOpe'IHT onhiTY ( CM, Ta6J1, 4), 3TO MO:>KeT 6biTb CJleACT

BHeM CMelllHB8HH51 KOHcPHrypaUHil., Onaoil. H3 npH'IHH CMelllHB8HH51 6biBaeT H 

B3aHMoneJ1cTBHe K_opHOJlHCa. TaK, HanpHMep, npHcyTcTBHe npHMeCH lp 402+

- n 512 t I B cocTOSIHHH 379,2 K9B H npHMecH I p 402+ - n512f/ B cocToSIHHH 

235,7 K9B MOrJ10
1 

XOT51 6bi '18CTH'IH01 06'b51CHHTb Ha6J110A8BlllHeC51 Bep051T

HOCTH nepexonoB Y 115,9 H Y 143,5. Koa<PHrypaUH51 I p 402t + n 512t I ocy-

mecTBJ151eTC51, TIO-BHAHMOMYo B OCHOBHOM COCT051HHH 
178 

JW , 75 103 

YpoBeHh c aHeprHeii 509,9 KaB c KBaHTOBbiMH xapaKTepHCTHKaMH 

= 1 H nepHOAOM nonypacnana T
1
1f 0,5 HCeK OTJ1HqaeTC51 M8J1b!M 3Haqe-

I Tr + 

HHeM Jog ft = 5,3:0,1, 3TO MO:lKeT CBHAeTenbCTBOB8Tb 0 H8J1H'IHH KOHcPHry

paUHH I p 514t - n 514i I . 3Ta KOHcPHrypaUH51 peanHayeTC51 H B cocenHHX 

He<JeTHO-HeqeTHb!X HApax ( Ta6J1HU8 5j, 

24 

,.,. 

T A E n H U A 5 

llpe~noxaraeuse KOH~rypa~H COCTOKHBI COC~HBX 
HeqeTHO-HeqeTHHX ~ep 

llpe~oxaraeua& 

I'TT 
S11epl'llll 

fbtpo KOH<Pltryp&IU!fl COC TOl!HBJ! 
(KB:B) 

p n 
.1.74Lu 404• - 5I2f r 0 

?I 103 4U4~ + 512 t 6- 1'71 

I76L . 4U4~ + 5.1.44 7- 0 
'?.1. U.l.OS 404+ - 514~ C(K=O) 290 

l?6r 404+ - 512 .. r 0 
73 •ro3 404. - 633' co+) 100 

178r 
76 11 105 4D4+ + 514 • (7-) 0 

I78mr4 73 105 514t - 514 ~ ~~ 0 

180~ 404+ + 624 t (8+) 0 
73 4 107 404~ - 624 t (I+) 212 

I82T 404~ - 510 t 3- 0 
73 ~109 404+ + 512 + s- 99 

404+ + 510 t 4- 174 
402. + 514. (5-) 319 
514 t + SOH (8+) 503 
404~ + 503 t 7- 771 

178R 
75 € 103 402 t + 512f 5- 0 

180R 402f- 514+ r 0 
75 ( 105 5I4f - 514 + r+ 20 

184~ 
75 ( 109 402t + 5rot (3-) 0 

186R 
75 ! III 402f - 512 * r• 0 

188 p. 
75 f113 402t - 512 ~ I - 0 

402t + 510 f 3- 169 

402t + 503' 6- 172 
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HbiX o nepHo.ae nonypacna.aa ( T1; 2 (263,2 KaB) = 5,3 HceK) H 

Ha.ao oT.aaTb npe.anoqTeHHe KOHqmrypaUHH lp 402t -n 512+ I : 6eTa-nepe

/512/ ~ p 5/2 /402/ siBnHeTCH Heaa.aep)KaHHbiM nepexo.aoM -t-

aanpemeHHH. TaKoi1 nepexo.a ocymecTBnHeTCH, HanpHMep, Me)K.llY 

185 Re H c log ft = 6,5. Depexo.a Y 263,2 

cocTOHHHHMH lp 402t -n 512. I H IP 402t- n 624+ I aanpemeH no KBaH

Ha .ase e.aHHHUbi. ct>aKTOP aa.aep)KKH no cpasHeHHIO c o.a

'IHOi1 oueHKOH ( Ta6n. 4•) COOTBeTCTByeT 38TOpMO)KeHHI0 1, 7 .}0
3 

H8 
3 

aanpeTa no Q , 'ITO 6nH3KO K 3H8'1eHHIO 1,3 •10 , Ha6niO.ll8BIUe-

nepeXOA8 y 235,7. 3KcnepHMeHT8nbHOe 3Ha'leHHe sepOHTHOCTH 

y 27,6 6nH3KO K aHa'leHHIO, pacc'laTaHHOMY no HHnbCCOHY .anH 

M1 . 
512 t ~ 510H Ta6nHua 4). 

1 
B03MO)KH0 1 ocyiUeCTBnHeTCH 

rHH 379,2 KaB. Onpe.aeneHHe HH)KHefi rpaHHUhl sepoHTHOCTH nepe

npoTaBopeqaT T8KOfi H:HTepnpeT8UHH (Ta6nHU8 4). fle

y 1 43,5 H Y 115,9 H8 ypOBHH 235,7 H 263,2 K9B B aTOM cny'lae 

6biTb CHnbHO 38TOpMO)KeHbl H3.-38 3anpeTa no KB8HTOBOMY 'IHCny 

, 'ITO rrpOTH:BOpe'IH:T onbiTY ( CM. Ta6n. 4) • 3 TO MO)KeT 6biTb cne.QCT-

CMeiUHB8HH51 KOHqmrypauaii. 0.llHOH H3 npa'IHH CMeiUHB8HHH 6biBaeT H 

Mo.aeficTsae K.opHonaca. TaK, HanpuMep, npucyTCTBHe npHMeCH lp 402+-

2 f I B cocTOHHHH 379,2 K9B H npHMeCH I p 402+ - n512f I B cocTOHHHH 

K9B MOI"'n0
1 

XOTH 6bi '18CTH'IH0 1 06'bHCHHTb Ha6niOA8BIUHeCH sepoHT-

H nepexo.aos Y 115,9 H Y 143,5. KoH<!JurypaUHH I p 402' + n 512t I ocy-

HeTcH, no-BHAHMOMY 1 B OCHOBHOM COCTOHHHH 
178 

fte . 75 103 

YposeHb c aHepruei1 509,9 K9B c KBaHTOBbiMH xapaKTepHCTHKaMH 

+- H nepHOAOM nonypacna.aa T
1
lf 0,5 HCeK oTnHqaeTCH ManbiM 3Haqe-

log ft = 5,3~0, 1. 3TO MO)KeT CBHAeTenbCTBOB8Tb 0 H8nH'IHH KOHijlHry

H I p 514t - n 51H I . 3Ta KOHijlurypaUHH peanaayeTCH H B coce.aHHX 

eTHO-He'leTHbiX HApaX ( Ta6nHU8 5j • 

24 
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TAEJIIIIUA 5 

ITpe~noxaraeuse KOHWHrypa~H cocToK8xl coce~HBX 
HeqeTHO-BeqeTHHX ~ep 

Upe~oxaraeuaH 
I;r 

aseprBH 
ff.11;po KOH(j_)xryp8J.U4fl COCTOHBJifi 

(K8ll) 
p n 

J. 74 Lu 404• - 5I2t r- 0 
7I 10} 

404~ + 5I2t 6- I'7I 

I76L . 404~ ... 5J.4f 7- 0 
·11 u1o5 

404~ - 514~ C(K=O) 290 

176r 404~ - 512 t r 0 
73 ai03 

404~ - 633 t (o+> IOO 

I78r 
76 4 I05 4D4+ ... 514 • (7-) 0 

178mTi 
73 4105 514t- 514'" I! 0 

180-r 404~ ... 624 t (8 ... ) 0 
73 4 I07 404~ - 624 t (I+) 212 

I82y 404* - 510 t 3- 0 
73 ~I09 404+ ... 512 + 5- 99 

404+ + 5IO t 4- 174 
402+ ... 514. (5-) 319 
514 t ... 5031 (8 ... ) 503 
404 .... 503' 7- 77I 

I78R 
75 e I03 402t + 5I2t 5- 0 

l80R 402f- 514+ r 0 
75 e I05 514t- 514 ~ r+ 20 
184~ 

75 ( 109 402f + 5IO t <r> 0 

l86p. 
75 ~III 4021 - 512 + r• 0 

188 p. 
75 ern 402t - 512 ~ I - 0 

402t ... 510 f 3- I69 

402t ... 503. 6- 172 
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Pa3pstAK8 ypOBHSl 554,2 K9B HB IIOJIOCY OCHOBHOI'O COCTOSlHHSl rrepeXO

ABMH THna M 1 + ( E2) H 3aceneHHe nepexoAOM 172 ,4 ( M 1 ) c ypoBHst 726 ,8KaB 

+ + 
( 1 ) orrpeAeJlst!OT ero KBBHTOBbie xapaKTepHCTHKH I 17 

= 2 • 8TOMY He npo-

THBOpe"iHT COOTBeTCTBYJOlllee 3Ha"ieHHe log ft ::: 7 ,4. YpoBeHb 554,2 K9B 
+ 

MOlKHO HHTepnpeTHpOBBTb KBK pOTBUHOHHblH K COCTOSlHH!O 509,9 K9B ( 1 ) • 

8Hepi'HSl rrepBOI'O BpalllaTeJibHOI'O B036ylKAeHHSl KOHqmrypaUHH /p 514t - n514~/, 
paCC"iHTaHHBSl IIO OUeHKe ee MOMeHTB HHepUHH H3 )laHHblX 0 COOTBeTCTBY!O~ 

lllHX poTaUHOHHbiX rronocax coceAHHX stAep, paBHa 51 K9B. EcnH npeHe6pe"ib 

B03MOlKHbiMH E2 npHMecstMH rrepexoAoB, pa3pstlKaJOI11HX ypoBeHb 554,2 KaB 

Ha pOTBUHOHHY!O IIOJIOCY OCHOBHOI'O COCTOSlHHSl 
182

m Re 1 TO IIOJiy"ieHHOe H3 
B ( M 1 r 554 2 ) 

aKcrrepHMeHTa oTHomeHHe rrpHBeAeHHbiX BepostTHOCTeii. B ( M i, y 498', 8 ) = 

B (2 1 ... 2 2; L =1) 
0,52+0,20 He rrpoTHBOpe"iHT TeopeTH"ieCKOMY 3Ha"ieHHJO B ( 2 1 -'3 2 ; L = 1 ,= 
0,5. 

YpOBH!O C 9Hepi"'HSlMH 726,8 K9B 1 pa3pstlKaJOllleMyCst Ha COCTOSlHHSl 

+ + 
509,9 K9B (1 ) H 554,3 K9B (2 ) rrepeXOJl8MH Y 216,9 H y172,4 THIIB 

M 1 + ( E2) H 3aceJistJOllleMycst {3 -rrepexoAOM clog ft = 5,6!0,3, MOlKHO oA-

1" + 
H03Ha"iHO npHIIHCaTb KBaHTOBb!e xapaKTepHCTHKH = 1 • 8KCIIepHMeHT8Jlb-

. B(M1), y216 9) 
Hoe 3Ha"ieHHe OTHOllleHHst rrpHBeAeHHbiX BepostTHOCTeii. B ( M 1 , y 172',4 ) 

= 1 
1
1 !0,2 HBXOAHTCSl B COI"'JlaCHH CO 3Ha"ieHHeM, OlKHABeMbiM IIO npaBHJ18M 

AnarH: B (1 1-+ 1 1 ;L 

B (1 1->2 l;L 
1 

1 

qTO KaCaeTCSl ypOBHeH C 9Hepi"'HSlMH 268,5; 438,1 H 486 K9B 1 TO OHH 

BBeAeHbl B cxeMy pacrrana JlJlSl 06bstCHeHHSl Ha6JIJOJl8BlllHXCSl COBIIaAeHHH C 

KBaHTaMH y110,6, y174,9, y202,4 H y223,0 (eM. Ta6nHUY 2). 0AH8KO HX 

BBeAeHHe OCHOBb!BaeTCSl HB MeHbllleM KOJlH"ieCTBe 9KCIIepHMeHTaJlbHbiX )laH-

HbiX, "l:eM B rrpeJlbiJlYlllHX cny"iastx. 

DepexoJl y 174,9, npoHCXOAstLCHii rro cxeMe, rroKa3aHHOH Ha pHc. 7 

MelKAY COCTOSlHHSlMH 438,1 H 263,2 K9B 1 IIO 9Hepi"'HH MOlKeT 6biTb pa3MellleH 

26 
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7 

H MelK.O.Y ypOBHSlMH 554;3 H 379,2 K9B. 

TH COBIIB.O.eHHH (y174,9)( y180,2) H ( 

DpH STOM O>KH.O.aeMbie HH' 

y174,9) ( y263,2) B 9T( 

Te ocTaJOTCst rrpaKTH"ieCKH 6e3 H3MeHeHHH. O.o.HaKo B aTOM cny"ia< 

yl74,9 JlOJI>KeH 6biTb THrra El, "l:eMy rrpOTHBOpe"l:HT 3Ha"ieHue l 

6nH3Koe K TeopeTH"iecKoMy .o.nst rrepexo.o.a Tuna M 1. C aKcrrepnMe 

MH JlBHHblMH COBMeCTHM TOJlbKO B8pHaHT 1 IIpH KOTOpOM HHTeHCHBf. 

peXO)la Me>KJlY ypOBHSlMH 554,3 H 379,2 K9B He rrpeBbilllaeT., 60%0 

Jl8BllleHCSl HHTeHCHBHOCTH CyMMapHOI"'O rrepeXOJla 174,9 K9B. 

YpoBeHb 268,5 K9B 6b1Jl BBe.O.eH Ha OCHOBe JlaHHb!X 0 COBila.O 

KBaHTaMH y 110,6 H y 241 ,4. 0JlHaKO 9THM )laHHb!M He IIpOTHBOpeqH 

rrpe.O.IIOJlO>KeHHe, "iTO y241 ,4 COBepmaeTCSl Ha COCTOSlHHe 263,2 K9B 

379,2 K9B. HatlO OTMeTHTb 1 "iTO HHTeprrpeTaUHSl ypOBHSl 268,5 K9B 

rrpe.nrrona1'aeMoll: paGpS!JlKOH Ha COCTOSIHHe 263,2 K9B BeCbMa 3BTy; 

/3/ 
B cxeMe pacrratla, rrpuBe.neHHOH B pa6oTe , rrepexo)l 110, 

MellleH He TaK, KBK yKa3aHO Ha pH C. 7, a Me>KJlY COCTOSIHHSIM 

235,7 H 346,3 KSB. B aToM cny"l:ae JlJlst Toro "iT06br o6bstCHHTb H 

COBIIa)leHHli: ( Y 130,8) ( Y 110,6) 1 He06XO.IlHMO IIpe.O.IIOJlO>KHTb cyme 

HHe rrepexotla 32,9 KSB MelKilY ypoBHstMH 379,2 H 346,3 KaB. O.o.HI 

XOJl 32,9 K9B He 6b1Jl IIOKa 06Hapy>KeH. 

A BTOpb! 6naroJlapHbl K • .H. fpOMOBY' )!<. T. )!(eneBy H r .H. <l>n 

38 IIOCTOSlHHY!O IIO.IltleplKKY H HHTepec K pa6oTe H H.M. DstTOBy 3a 

o6cy>K.neHnSI. ABTOpbr TaK>Ke 6naroAapHbi M. <l>nopeKOBOH 3a IIOMOl 

o6pa60TKe CIIeKTpOB. 

n H T e p a T y p a 
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Sl 554,2 K3B HB noJIOCY OCHOBHOI'O COCTOSIHI'!Sl nepeX0-

1'1 3aceneHHe nepexoAOM 172,4 ( M 1) c ypoBHSI 726 ,8KsB 

KBBHTOBbie xapaKTepHCTI'lKI'l I 71 = 2 +. 8TOMY He npo

TBYIOIUee 3HaqeHHe log ft ;:: 7 ,4. YpoBeHb 554,2 KSB 
+ 

COCTOSIHI'llO 509,9 K3B ( 1 ) • 

TeJibHOI'O B036y>KAeHI'!Sl KOHqli'!I'YPBUI'll'l /p 514t - n514~/, 
HKe ee MOMeHTB I'!HepUI'll'l 1'!3 ABHHhlX 0 COOTBeTCTBYIO~ 

ax coceAHHX HAep, paaHa 51 K3B. EcnH npeHe6peqb 

MeCSIMI'l nepeXOAOB, pa3pSI>K8IOllll'lX ypoBeHb 554,2 K3B 

OCHOBHOI'O COCTOSIHI'!Sl 
182

m Re 1 TO nony'leHHOe 1'!3 
B(M1, y554,2) _ 

He npHBeAeHHbiX aepoHTHOCTeii B(Ml, y 498 ,8 )-

B (2 1 -o2 2; L =1) 
aope'IHT TeopeTH"ieCKOMY 3Ha'leHHIO B (2 1->3 2 j L =1 r 

SIMI'! 726,8 K3B
1 

pa3pSI>K8IOllleMyCSI H8 COCTOSIHI'!Sl 

+ 554,3 K3B (2 ) nepeXOA8MI'l Y 216,9 1'1 y172 ,4 THna 

MYCSI (3 -nepeXOAOM Clog ft = 5,6~0,3, MO>KHO OA-
+ 

KBBHTOBble xapaKTepHCTHKI'l I 71 = 1 • 8KcnepHMeHTanb-
. B(Ml), y 216,9) 

aepoHTHOCTei!: B(Ml, y 172,4 ) 

cornacHH co 3Ha'leHHeM, O>KHAaeMbiM no npaaHnaM 

B (1 1-o 1 1 ;L 

B(ll-o21iL 

1 

1 
1 

ypOBHei!: C 3Hepr'HSIMI'l 268,5; 438,1 1'1 486 K3B 1 TO OHI'l 

AJISI o6~SICHeHI'!Sl Ha6niOA8BlllHXCSI coanaAeHHi!: C 

y 202,4 1'1 y223 ,0 ( CM. Ta6nHUY 2) • 0AH8KO HX 

Sl Ha MeHbllleM KOJIH'leCTBe 3KCnepHMeHT8JlbHblX A8H-

no cxeMe, noKa3aHHOi!: Ha pac. 7 

H 438,1 1'1 263,2 K3B, no 3Hepi'HI'l MO>KeT 6biTb pa3MellleH 
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K Me>KAY ypOBHSIMH 554;3 H 379,2 K3B. 0pH 3TOM O>KI'!AaeMbie HHTeHCHBHOC

TI'l coana.oeHHA (y 174,9)( y180,2) 1'1 ( y174,9) ( y263,2) a STOM aapMaH-

Te OCTBIOTCSI npaKTH'IeCKH 6e3 H3MeHeHHi!:. 0AHBKO B 3TOM CJiy'lae nepeXOA 

y174,9 .o6n>KeH 6biTb THna E1, qeMy npoTHBOpe'IHT 3Ha'!eHHe KBK, 

6nH3KOe K TeopeTH'IeCKOMY AJIH nepexoAa Tana M 1. C SKcnepHMeHTanbHbi-

MH .OBHHbiMH COBMeCTHM TOJibKO BBpH8HT, npH KOTOpOM HHTeHCHBHOCTb ne-

pexo.oa Me)K.Qy ypOBHSIMH 55413 H 379,2 K3B He npeBbilllaeT "'60% OT Ha6niO

A8Blllei!:CSI HHTeHCHBHOCTH CYMM8pHOI'O nepeXO.Oa 174,9 K3B. 

YpoaeHb 268,5 K3B 6bin aae.oeH Ha ocHoae AaHHbiX o coana.oeHHHX c 

KBaHTaMH y 110,6 H y 241 ,4. O.oHaKo STHM .oaHHbiM He npoTHBOpe'IHT H 

npe.QTIOJIO>KeHHe, 'ITO y241 ,4 COBepmaeTCSI H8 COCTOSIHHe 263,2 K3B Hnlf 

379,2 K3B. Ha.oo OTMeTHTb, 'ITO HHTepnpeTaUHSI ypOBHSI 268,5 K3B C ero 

npeATIOnaraeMoi!: pBBpH.OKOi!: Ha COCTOSIHHe 263,2 K3B B9CbM8 38Typ.OHHT9JlbHa. 

B cxeMe pacna.oa, npaaeAeHHOi!: a pa6oTe 
131

, nepexo.o 110,6 KSB pa3-

MellleH He T8K, K8K YK838HO Ha pHC. 7, a Me>K.OY COCTOSIHHSIMH 

235,7 H 346,3 xsa. B STOM cny"!ae .onH Toro 'IT06bi o6~HCHHTb HanH'IHe 

coana.oeHHii ( Y 130,8) ( Y110,6), Heo6xo.oHMO npe.llnono>KHTb cymecTaoaa

HHe nepexo.oa 32,9 KSB Me>KAY ypoaHSIMH 379,2 H 346,3 Ksa. O.oHaKo nepe

xo.o 32,9 xsa He 6bm noxa o6Hapy>KeH. 

AaTopbi 6naro.oapHbi K.H. fpoMoay, )I(.T. )l(eneay H r.H. 4>nepoay 

3a nocTOHHHYIO no.o.llep)KKY H HHTepec K pa6oTe H H .J.1. DHToay 3a none3Hbie 

o6cy)K.oeHHH. AaTOpbi TaK>Ke 6naro.oapHbi M. 4>nopeKOBOH 3a noMOlllb npH 

o6pa6oTKe cneKTpoa. 
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