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l.BBeJJ.8HHe 

/1/ 
8 pa6oTe 6hinlf OTKpb!Tbl JJ.Ba HOBb!X KOpOTKQ)! lrBYllllfX lf30TO!Ia 

CaMaplf51 C MaCCOBb!Mif 'llfC.riaMif 140 If 141 CITOC060M M.!Of'OKpaTHb!X Bb!JJ.8-

.ri8HifH JJ.O'lepHifX lf306ap H80JJ.IfMa. 0ep110/lbl rro.rrypacrraa.a, COCTaB.ri51lOllllf8 

/1/ 
13,7 If 22,5 MlfH, COOTB8TCTB8HHO, 6bl.fllf OITpeJJ.e.rieHbl B Ja60Te ITyTeM 

lf3MepeHif51 rreprroa.oB rro.rrypacrraa.a llO'lepHrrx rr3o6ap If 3LCTparron51Uiflf rro.rry-

'l8HHb!X KplfBb!X Ha MOM8HT Bblll8J18Hif 51, 

KpoMe 3Ha'leHrril rreprrona rro.rrypacrrana 
140Sm 

If 

ll8HifH o6 3TifX HyK.riifJJ.aX He 6~no. 003TOMY M~ peWif.riif 6onee ITO/lp06HO 

rrccnea.oBaTh rrx pacrraa.. TaK KaK B panrroaKTifBH~X HCTC'lHifKax, KpOMe 

I 4 0 
Sm If , coa.ep)KaJICH TaK)!(e , H8XOJJ.5WifHC51 B paJJ.rrOaK-

14 2 
THBHOM paBHOBecrrrr c Pm , M~ rrccneJJ.OBanrr TaK)!(e pacrran uerrO'!Kif 

t42Sm73_::,m~ t42Pm40_:eK ... t42Nd. 

14 I 
n epBbie pe3y n&TaThi rrccnea.oBaHrr 5I pacrraa.a rr3oTorr m Sm If 

112 Pm 

orry6.riifKOBaH~ H8Mif B pa6oTaX 
/2,3/ 

2. 3KCIT8pHM8HTa.ri&Ha51 M8TOJJ.IfKa 

2.1. 0o.rry'leHl!8 lf30TOITOB t40 Sm If t4t Sm 

DnR ITO.riy'leHifR 3TifX lf30TOITOB 6~.riif ITplfM8H8H~ Ala pa3.riH'lHWX Tlf

rra l\!l1lli8H8H If XlfMif'l8CKOH M8TOJJ.IfKl1 o6pa60TKif, OepBbiii CITOC06 C f!CITO.flh-
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30B3Hv!eM MHW8Hll n:< qlT3J10L{H3HHH3 I:U!Cl1p03Hil l10Upo6HO OITHCBH B pa6o-

131 u 141 u 

Te • BTopoll MeTJt:\ , rrpnMeHHBWHHCH anH Bbi!leJieHI!H qlpaK!lHII caMa-

PII51, 6onee 6biCTpblll: rrperrapaTbl CBMQ!JHH !3blf\8J1HJ1HCb '-18flC3 12-15 MHH 

nocne KOHUa o6ny'Ie IHH. 06ny'-!eHI!e npoBOJ\IIJIOCb Ha nHewHeM ny'IKe npoTo

HOB C!lHXpOUI!KJIOTpo !a Okff!Vl c 3Heprueil 660 Ivbn. nopOWKOo6pa3JHHI ~~~1-

xl 
Wel!b B Bllf\e KOMI1J1(KCa (NII4 ) 2 [Dy - L!TnJ\] necoM (0,5 t-1)r o6JJY'Ia-

nacb ( 10 i- 25) MHH. L!nH TpaHCITOpTllflOBKll Ml!!llel!l! 11pllM8!1HJ1DCb riHeBMBTif-

151 
'IeCKa51 rro'ITa • Ilocne np1!6LITH51 B XlfMH'IeCKYIO na6opaTopi!!O MJJllleHb 

pacTnopHnacb B non~ c pac'IeTOM 25 MJI Ha 1 r MI!WeHII. PeuKo3e~JeJibHLie 

rrpoayKTbi peaKUIIH, 3biXOt:\5illllfe 1!3 KOMnneKca ncneacTnue 34Jq1eKTa Crmn-

napaa-Y:anMepca B J>uae 

cpa3y .iKe rrocne pa<:TnopeHHH KBTI!OHIITOM L!ay3Kc 50 x8 B NH 1 - 4JopMe 

~ 10 Mr) C B8Jlll'-ll HOll 38pH!l 12 MK. 0CTaJibHbl0 orrepaUifll Te /Ke 1 '-ITO H 

B cnyqae pa60TN C 4JTaJ10L{If3HI!HBMII. 

noMI!MO 6oJiee 6NCTpOI'O pa3L\8Jl8HIIH rrpoayKTOR peaKUifH 3TOT M8TOt:\ 

o6naaaeT ewe Ot:\HIIrt rrpenMymecTnoM. BcJl!~DCTBI!e 3Ha'mTeJibHO 6onhmei'I 

flBt:\llBUHOHHOll yCTOti'iHBOCTI! KOMTIJieKCa L!TnA ITO CpaBHeHif!O C KOMITJieKCOM 

~TBJIOUifBHllHB II rrpm6JI1!31!T8J1b!IO B Tpll pa3a 60JibilllfM BWXOt:\OM npOJ\YKTOB 

peaKUIIH 113 TaKoil ~nweun rrony'-!a!OTC51 ropa3!lO 6onee IIHTeHCHBHhle rrpena-

paTbi. 

LlnH H3MepeHif J I'BMMD.-C!18KTflOB !1pHM8HHJ11fCb ll<llL\KHe lfCTO'-IHI!Kll 

06'beMOM 0,1 MJ1 B llfJ1llHt:\pii'-18CKifX Cocyaax H3 IIJ18KCHI'J1aCa. Lln;J lf3Mepe-

HH51 l103HTflOHHOI'O 13JIY'-18Hll>l 6WJ1H lf3I'OT0!3J1eHW .iKI!t:\KHe llCTO'IHllKH panlly-

2 
COM 5 MJ\1 If TOJ1IUH lOll OKOJ10 50 Mr I CM Ha 3J1!0MlHIH8BOfi ITOf\JlOli<Ke TOJI-

2 I . 2 F 
WHHOII Mr CM • BBHOMepHaH TOJlllii!HH HCTO'-I!IIIKB }l0CTHI'D.Jl3Cb f\06aBKOii 

l38ill8C TB f\JlH !lOf!I!.)J emr >1 ITOBepXHOCTIIOI'O HilT s:i/KE HI! >I lKHJlKOCTrl. f 1 CTO'I l!l!Kll 

6e3 HOCH TeJIH lVIII I 3 MepeHI! >1 KOHI.lepCH OH!lhiX 3J10KT[JOI!OJ3 !FlrOTO!lJI llJll!Cb 

xl 
L!TnA - 1.!!13TI!TOHTp!laM!!Ill18J!TayKCyc!WH KHCilOTa. 
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MCTOAOM HCITapeHHH OAHOH KallJIH H3 $paKUHH CaMapHl Ha aJIIDMHHH8BYID 

2 
ITOAJIO*KY TOJ!lllHHOH 2 Mr/cM • 

2.2, D orry'leHH8 H30TOITOB 142 Sm H 
142 

Pr1 

CaMapueBaH cjJpaxuHH an H. BLIAeneHHH 3TH X H30Tc noB 6bina nonyqeaa 

npH o6rryYeHHH MHweaeA H3 Gd HJIH Er aa BHyrpe meM ITyqxe ITpOTOHOB 

C 3HeprHei1 680 M3B CHHXpOUHKJIOTpOHa 0!1H!1 H XpOI\ arorpaQJH'l8CKOrO 

pa3AerreHHH npoayKTOB peaKUHH rny6oxoro pac!lleiTrreHI H. Yepe3 2-2,5 Yaca 

ITOCITe KOHUa o6nyYeHHH. HeiTpephlBHOe BhlA8JI8Hii8 KOplTKO~HBYlllHX AO'lep

HHX ITpOAYKTOB OCyllleCTBJIHJ!aCb C ITOMO!llbiD 3QJcpeKTa ( · UHJIJiapAa-I.J:anMepca 

Ha KOMITJI8KCaX cpTaJIOUHaHHHa. 

CHHT83 KOMITJ!eKCa H ITpOTO'lHLIH MeTOA AJIH H3M<•peHHH raMMa-CITeKTpa 

142 
Pm oiTHCaHLI B pa6ore 

131 

ToYHoe 3HaYeHue rrepuoaa rronypacrraaa 
14Z Pm 

( 40 ,5+0 ,5) CeK 

/4/ 
orrpeAeJIHJIOCb llpH TIOMOlllH l!OBOH M8TOAHKH Ha OC lOBe KOMIW8KCa ,ilTDA, 

2.3. 11 3 Me pH Ten b H a H a IT IT a p a T y p a 

l13Mepeaue raMMa-ciTexrpa ITpOBOAHJIOCb aa Ge' Li) -AeTeKTope c 

3 
YYBCTB!iT8JibHb!M 06b8MOM 6,3 CM 1i 3HepreTH'l8CKHI\1 pa3p8W8Hii8M 

~ 4,2 K3B AJIH raMMa-ITepeXOAa C 3HeprHei1 1333 K3B. 8LICOK08 3HepreTH-

Y8CK08 pa3peweHH8 CTI8KTpOMeTpa COXpaHHJIOCb BCJI8ACTBH8 CIT8UHaJibHOrO 

cp0fJMHpOB8HiiH HMITyJ!bCOB B CIT8KTpOM8Tpli'l8CKOM Tpax·e ITpli pa6ore C Bhl-

" .. /6/ n 
coxou 3arpy3KOH • epuoa ITonypaciTaaa aecxonbKH} raMMa-ITepexoaoB 

1!3Mep>!JICH Ha 3TOI\I *8 CIT8KTpOM8Tpe ITpli IlOMOIUH aB1 OM8TH'l8CKOro pe

/7/ 
*111\la ll3MepeHHH H BbiiJoaa HHcpopMaUHH • PerHcrpu IYJO!llaH rexHHKa onH-

caaa B pa6orG 
/8/ 

.iln>l TOYHOrO H3MCpCIIHH CllaAa HHT8HCIIBHOCTH Har6onee HHT8HCHBHO-

ro raMMD.-ITepexoaa C 3Hepruei1 198 KSB 11pHMCH>IJICH CUIIHTHJIJIHUHOHHhlH 

cnexrpoMcrp c xpucrannoM Tllrta NaJ (TI) , pa3Mepo 1 7,5 x7,5 CM 11 

5 



1.17 
9HepreTH'-!eCKI1M pa3 JeweHI1eM 11 'Yo nrr>~ raMMa-rrepexona C,.; c :=>Hep-

r11eli 662 K9B, 

np11 113MepeHI11 BhlCOK03HepreTI1'-!8CKOll '-!8CTI1 raMM8-Cl18KTpa !1pi1Me-

H>IliC>I qJHllbTp (3 M!V Pb , 1 MM Cd , 1 MM Cu ) • nrr>I rrorrromeHI151 ilH-

TGHC11BHOro !10311Tp0,[HOrO 113lly'-!eHI151 rrepell llGTeKTOpOM I1pi1MG!Hll1CH !1lleK

C11rllaCOBhlll rrorliOTI1rellb TOllill11HOll 10 Ml\1, 

faMMa-crreKTpCMGTp 6wrr rpa!lyl1pOBBH ITO 8Hepr1111 C ITOMOillbill KBl1116-

60 226 6 
poBO'-!HbiX rrperrapaT03 Co u Ra • nocrrenHui1 11 rrperrapaT 

1 9 
Yb 

ITpHMGH>IllilCb TBK~e llll>I rpanyHpOBKH 9~~8KT11BHOCTH perHCTpBU11il raMMa-

rry'-!eli CITGKTpOMeTpa C CBilHUOBbiM ITOf'liOTIJTGlleM H 6e3 Hero, COOTBGTCT-

BGHHO, 

Vl3MepeH11e KOI Bepci10HHbiX arreKTpOHOB rrpoBOil!WOCb Ha Si ( L i) -ne-

2 x/ 
TeKTope C '-IYBCTBI1T lllbHbiM CliOGM TOliiUHHOll 1 ,2 MM H ITJIOWB,Qbill 72 MM , 

neTGKTOp HBXOAHliCf B BaKyyMHOll KaMepe. np11 OITTHMBllbHOH TGMITepaType 

0 
- 65 C 3HepreTH'-!e(KOe pa3peweHH8 ,QeTeKTOpa COCTBBll>lliO ~9 K3B llliH 

tJ
7 Cs 625 KOHBepCHOHHWX 3lle~TpOHOB C 3Heprueli K3B, nperrapaT BBO-

AilliC>I B ITOliO~BHile H3MepeHil>I '-Iepe3 BBKYYMHWH Wllill3 38 30 CeK, nrr>I 

207 
rpaayupoBKil crreKTPJMeTpa rrpuMeH>IliHCb Karru6poBO'-!Hwe HCTO'-!HH~il Bi, 

137 Cs 
11 

20:1Hg. 

{3 +- CITeKTp 6 olll il3MepeH C ITOMOillbill BHTpaueHOBoro Kpi1CTarrrra 

pa3MepOM 20 X 20 M A IIpH 3HepreTil'-!8CKOM pa3pewei!HH 14-15% ,Qll>l KOH-

BepCI10HHWX 3lleKTpCHOB 
137 Cs 

, nrrH rpa!lyHpOBKH ITpilMGH>IllilCb Te ~e 

HCTO'-IH11KI1, '-ITO 11 B crry'-!ae Si(Li) -AeTGKTOpa 11 11CTO'-!H11KH t:J7 Cs 

90 & 14 2 
, a TaK~e r 03HTpOHHbiii crreKTp, B03HI1KBilliU11i1 np11 pacnaae Pm. 

l13MepeHIJe ra AMa-raMM8-COBITa,QeH11H rrpOBOilHliOCb HB YCTBHOBKe, 

COCTO>IIUGll H3 OITHC!HHOro BWWe Ge(Li) -llGTBKTOpa H lleTeKTopa Tl1!18 

NaJ ( Tl) pa3MeJ OM 4 x4 CM B reoMeTp11u 180°. CrreKTp coarraneHuti 

x/S,(l ") 6 Ul1°11 P .+. n ~ 1 ,J -neTeKTOp f,rn H3roToBneH ll n B occeHnop'+'e 6rr113 pe3-

neHa B f.ilP. 

6 



6brn 3armcaH B naM>ITb aHanJ13aTopa A~1-4096, pa6oTaB uero B ABYXMepHoM 

pelKHMe lB x256 KaHanoB, AHaJIH3aTop ynpaBJI>IJIC>I cxerv oii: 6brcTpo-MeaneH

HhlX COBTia.QeHHH, iln>I 113MepeHH51 6hlCTphlX COBTia.QeHHH JJ1YlKHJI 6JIOK npeo6-

pa30BaTeJ1H BpeM>I-aMTIJ1HTyAa c oaHoKaHaJibHbrM AHCKpHMHHaTopoM, Bpe

Meaawe Cl:lf'HaJihl CHHMaJIHCb Ha aHO.Qe ¢3Y 1:1 Ha BhlXOLe npeayCHJIHTeJ151 

Ge(Li) -aeTeKTopa 1:1 noaaBaJIHCb nocne ycHJieHH>I 1:1 cpopMHpOBaHH>I KaK 

CTapT- 11 CTOTI-CHf'HaJibl Ha 6J10K npeq6pa30BaTeJii!, Donyw11p11Ha 

22 
KpHBOH coBnaaeH>fi1, H3MepeHHoi1: Ha npenapaTe N a ( 1:p11 aToM an>~ pe-

f'HCTpaUHH COBTia.QeHHfi .QOTiyCKaJIHCb BCe 3HeprHH~ COCTI BJI>IJia 17 HCeK, 

HHlKHHll npeaen aHeprHfi .QJI>I perHCTpaUHI:I COBTI8.QeHHH ee3 TIOTepH COCTaB

J1>IJ1 70 K3B, rae 2; o "' 40 HCeK, 

DpenapaTw, HCITOJ1b30BaHHhle np11 H3MepeHHH coantaeHHi1, 6wn11 H3ro-

TOBJ1eHbl MeTO;:(OM HCTiapeHH>I H8 Me.QHbie TIO.[IJ10lKKI:I 1:1 HI XO.[II:IJ11:1Cb BO BpeM>I 

1:13MepeHH51 .[IJ151 npeAOTBpaWeHH>I paCCe>IHI:I>I KBaHTOB B .[13TeKTOpbl B CBI:IH-

UOBOM KOJ1J11:1MaTope, 

iln>I 1:13MepeHH>I COBTia.QeHHll MelKAY raMMa-KB8HT8~ 11:1 11 aHH11f'I1J1>IU110H-

142 Pm 
HbiMH KBaHT8MI1 1 B03HI:IK810!lli:IMI1 np11 pacnaae eb!J1a npHMeHeHa 

/9/ 
OTIHCaHHa>I B pa60Te TeXHHKa, 

3, Pe3YJibTaTbi H3MepeHH>I 

3,1, P a c n a a 1:1 3 o Ton o B 110 Sm H 111 Sm 

faMMa-cneKTp caMapHeaoii: rppaKUHH, H3MepeHHbii1 1 a Ge ( L i) -aeTeK-

TOpe, 11306palKeH Ha pHC, }, 3Hepr1:111 11 OTHOCHTeJ1bHbie <iHTeHCI:IBHOCTH raM

Ma-nepeXO.[IOB1 a TaKlKe !:IX H.QeHTHrpHKaUH>I DpHBe.QeHhl B Ta6J1HUe }, iln>I 

cpaBHeHH>I 3.QeCb T8KlKe Dp11BO.Q>ITC51 pe3yJ1bT8Tbl -1:13Mepe '!1:151 f'8MM8-CITeKTpa 

C ITOMOWbiO CU11HTHJ1J151UHOHHOH TeXHI:IKI:I B He.QaBHO ony6J11KOB8HHb!X pa6o

/10,11/ 
Tax 

7 



141m 
Ta6mrua I. Pe3yJ bTaTb1 II3MepeiH:I51 y crreKTpa Sm 

Pa6oTa 
/9/ 

H a rna pa6oTa f1puMe'-IaHrre 

Ey I y Ey ly 
-

I95 + 5 IOO I96,5+0,5 IOO -
430 + 5 38 + :2 432,0+0,5 44+5 - -

5II I30 + I 0 5II -
539,0+0,5 9+I 

-
552,8+0,7 141mSmt 142Pm 

578+I <I - "' 
608,0+0,7 I,7+0,4 

621,0+0,7 cna6a51 

628,7+0,7 3,0+0,5 
141m 142 

640,5+0,7 2 Smt Pm 

669+1 cna6aH -
677,8+0,7 < I , 
684,5+0,5 8,5+ 1,0 

693+1 < I - "' 
703+1 - ;;,1 

7I5+1 cna6aH -
726,0+0,5 1 ,6+0,3 

747+I 2+,0,5 -
763,0+0,7 3+0,6 1786 - 2 m0 c 

2 

772+2 I ,5 140 g Pm? 
-

780 + 5 38 + 5 n7,o:::o,5 32+5 - - -
785,8+0,5 8+2 -
805,6+0,5 3,9+0,8 

836,7+0,5 4,2+0,8 

850+20 15+( 858,5+0,5 1 ,9+0,5 nsorJHaH? 

8 



Pa6oTa 
/9/ 

Hawa pa6oTa OprrMe'!aHite 

F '' I y Ey ly 

874,7+0,7 1,7+0,6 
J.ll 

886+1 Pm 

897+2 /1 
"' 

911,9+0,5 10+1 

924,3+0,7 
3,1+0,5 

928+1 

~52;...957 2,6+0,5 CJIOJKHa>I 

983,5+0,5 8,5~0,8 

1000+20 17+3 1009,4+0,7 3+0,3 
14 I 143 

1050+20 7+2 1050+1 Sm+ Sm 
2,8+0,4 

1056,6+0,7 

1074+1 ,, 1 

1092+1 
2+0,6 

1097+1 

11 09+ 1 1,7+0,6 

1117,6+0,7 4,3+0,5 

1138+1 2,5+0,6 

1140+ 10 11 + 1 1145,0~0,7 13+ 1 ,.5 

1223,5+0,7 141 Pm 

1227+2 

1275+1 2+0,6 
t 11m ~ 

tmt 
141 

~d') 

1293+1 1,2+0,4 

1346+1 111 Pm 

1395+1 1+0,4 

1403+1 0,9+0,4 

1463+1 2,3+0,5 

1480+5 17+3 1490,3+0,7 15,5+1,0 

9 



Pa6oTa 
/9/ 

H wJw pa6oTa 

Ey I,, 
I 

1514+1 0,8+0,2 

1530+1 1,8+0,5 

1576,5 

1620+10 6+2 1598+2 2,8+0,5 anoi1Ha51 

1766+2 1+0,3 

1770+ 10 15+:e 1786,0+0,5 15,5+1,0 

1881+2 0,7 

1898+2 0,7 

2036+2 1 ,0+0,3 

2072+3 0,5 

x/ 
DepBXOAhl C MBnEHbKOH llHTBHCllBHOCTbiD MoryT B03HllKBTb ITpll pacrraae 

llnH ToqHoro lrrpeaeneHllH rrepuoaa rronypacrraaa uaoTorra 111 Sm Ha 

N a J ( Tl ) -ABTBKT ope ll3MepHnCH crraa llHTeHCllBHOCTll raMMa-rrepexoaa 

C 9Hepruei1 196,5 l 9B ( pllC. 2) • D BpllOA rronypacrraaa 6Lrn OrrpeaeneH Ha 

3BM - MuHCK-2 c rroMOlllbiO rrporpaMMbi anH paano!KeHllH aKcrroHeHuuanb
" x/ HbiX qJyHKUllH , 01· OKa3anC51 paBHbiM (22,5~0,5) MllH. noa IlllKOM C 9Hep-

ruei1 196,5 K9B HB,OAllTCH KOMITTOHOBCKOB pacnpeaeneHllB BHHllrllnHUllOHHhlX 

KnaHTOB 1 B03HllKBIDilllX rrpu pacrraae uerroqKll 112 Sm _.. !42 Pm c rre-

puoaoM rronypacrraa3 73 MllH. 
14 l 

n PHHa,am?IKHOC Tb o6Hapy!KBHHbiX raM Ma-nepeXOL(OB pacrraay ~ 

ycTaHaBnHBanaCb Hl OCHOBBHHH IIOCTOHHCTBB OTHOWBHHH HHTBHCllBHOCTBH 

x/ 
DporpaMMB 6hl1a paapa6oTaHa n.naaTepo B XenbCllHCKOM YHllBBpCHTBTB 

11 rreperrucaHa anH rrpHMBHBHllH Ha 3BM MuHCK-2 - X, 3nbCHepoM, 

10 



aT11X rrepexonoB 11 HHTeHCI1BHOCTI1 rrepexona c auepr11el 198 KSB B raMMa-

crreKTpax, CHHTbiX rrocJiellOBaTenbHO npyr 3a npyroM, l:poMe Toro Mbi onpe-

nenunn rrepuon rronypacrrana HeCKOJ1bKllX raMMa-rrepexcaoB H3MepeuneM 

CITeKTpOI.l ITOllPHD B KOpOTKHX HHTepBanaX BpeMer!H (eM, pHC. 3), npll 3TOM 

Mbl uawnu raMMa-ITHHHI1 c T ~ = (23+1) MI!H, (14+1) MHH 11 

=( 11+1) M11H (eM, pHC, 4), 

B crreKTpe KormepcuoHHbiX arreKTpoHoB HaMH 6brn I uailneHbi K- I! 

L\IN -KOHBepCHOH!!I,re J111Hll 11 y -rrepexonos c aHeprH .>~: 11! 196,5 H 432 K3B 

(pHC, 5a,6). flnH OTHOI!JeHHi:f HX 11HTOHC11BHOCTei1 6biiTH OrrpeneneHbl CJ1eUyiO-

llU!e 3H8'leHlHI: I K 196,5 /I K 4:12 5,1+0,5; (K/Li\H) 196 ,,= 9+2 n 

~ 10 . 

no3HT[JO!!HbiH CITeKTp <jlpaKUI1ll CaMapHH, H3MepeHHblll B H8WHX OITb!TaX, 

COCTO!lT H3 DBYX KOMITOHeHT C rpa!!H'lllhlMH SHeprHHMH (3900!400) KSB 

H (4900+400) KSB (eM. pHe. 6). KoMrroHeHTa e rpaHH'l-wli aHeprHei1 
- 112/ 142 

3900 KSB H3BeeTHa H3 pa60Thl . Oua B03HHKaeT IT(H pacrrane Pm 

BTOpa>l KOMITO!IeHT8 e rpaHH'lHOi:f SHeprHei:f 4900 KSB pi:Hee He 6biJ18 H3BeCT

Ha, Crraa ee HHTeHeHBHOeTI1 rrpoHexonHT e rrepuonoM nonypaerraaa (14,5+ 

+ 0,5) MHH (eM, pHC, 7), 

DnH H3MepeHHH eosrraaeuHi1 Me~ay raMMa-rrepeXoiOM c aueprHei1 

196,5 KSB H raMMa-rrepexoaaMH H3 auepreTu'leeKoro H!TepBana OT 350 no 

1000 KSB 3J1eKTpOHHhli1 KaHan 6hlJ1 yCT8HOBJ1eH H8 SHepiH!O 196,5 KSB 

crreKTpa uMrrynbCOB, rrony'leHHhlX e aeTeKTopa Tuna NaJ(TI) CrreKTpbt 

coBrraneHI1i1 H3o6pa~eHbi Ha pHe. 8. Buauo, 'lTD raMMa-rrepexon c auepru

ei:f 198 KSB eonrranaeT c raMMa-rrepexoaaMu 432 11 777 KaB, HO He coBrra-

naeT e aHHHrlJJ1HUHOHHhlMH KBaHTaMH, 

noMHJ\10 raMl\Ia-rrepeXOUOB 1 HHTeHeHBI!OeTb KOTOpblX y6LlB8eT e poe-

TOM rronypaerrana 22,5 MHH, TO eeTb B03HilKB!OlllHX upn paerraae 141 Sm' 

an6nK)namiCb ewe apyrne ra\:l\ta-rrepcexoaLr, crraa 111 TOHCUBHOCTI! KOTo-

phlX rrpOHCXOJlHT 61>1eTpoe (c\:, Ta6n,2), I-l11 oarru :!3 aTux rrepexonoB 

1 I 



N 

5 
tO 

J 
tO 

] 
10 

I 

<D 

PHc.l. 

~ ~ 
~ ~ 

<D r-...,....---.. 

200 250 300 JSO 

750 850 91l'J 950 

1)50 140' 1450 1500 1550 

1950 1001 1050 2100 2150 

400 450 

1000 1050 

1600 1650 

2200 2]5() 

500 

1100 

1700 

2300 

55() 

1150 

1750 

2350 

600 

I ~ 
:~ ... /.J 

1200 

KANALE 

0-45 l\1HH liOCJie 
'Iepe3 'IPThl-5! H3ME~peH . Cl1CI<Tpon OT 

(

llpaKUHH CaMapH Oll'lTCJibl!l•lX . ('<J ) 
Tp f !10CJICL! ' • + 1 Mt\1 ' faM:--.w-crre~ CJIO)hC'HHO ) + 1 Ml\I ( u 

Bl>IL!E rreHI15l, • 
3 

MM I b 
KOHUa (¢HJibTp. 

HCTO'IH·!KOB pex 

12 



0
0

 

.....
.... 

.....
.... 

S
m

 1
41

 

0 
0 

0 
•
•
 D

o -0 

'-
,
 

• 
c • 

0 
0 

"'
 

.. 
...

...
...

 
0 

0 

...
...

...
 

• 
0 

.....
.... 
. 

..
..

..
..

. 
• 

0 

o 
n1

1o
w,

aa
b 

no
JI.

 n
uK

oM
 

19
6 

K
 3

6
 c

 4
'0

H
O

M
 

• 
de

3 
<P

D
H

a 

'
~
 0 

\ 
T1

. 
=

 7
3 

M
U

H
 . 

.2 S
m

 1
4-

2 

0 

1C
c 
L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
~
-
-
_
J
 

0 
20

 
4

0
 

60
 

80
 

10
0 

12
0 

1'
t0

 
16

0 
18

0 
20

0 
22

0 
2'

t0
 

P
H

c
.2

, 
K

r,
H

s
a

H
 

c
n

a
A

a
 

H
H

T
e

H
C

H
B

H
O

C
T

H
 

ra
M

M
a

-n
n

K
a

 
c 

9
H

e
p

rn
e

i1
 

1
9

6
,5

 
K

9
B

, 

C
H

H
T

a
H

 
n

p
H

 
ri

O
M

O
W

ll
 

C
U

ll
H

T
H

n
n

H
U

ll
O

H
H

O
rO

 
A

e
T

e
K

T
O

p
a

. 

2
6

0
 

28
0 

t 
[M

U
H

] 



N
 

5 
10

 

! 

...
 

_!
'. 

G
e

(L
il

 
6

,3
c

m
3 

15
0 

25
0 

35
0 

45
0 

55
0 

~
 "' E ... KA
NA

LE
 

65
0 

P
a

c
,3

. 
H

 a
3

K
O

a
H

e
p

re
T

a
'l
e

C
K

a
H

 
'l
a

C
T

b
 

ra
M

M
a

-c
n

e
K

T
p

a
 

lj
lp

a
K

u
a

a
 

c
a

M
a

p
a

H
, 



t~'r-------------------------N 

tO 

0 

G~(LiJ 6,3 cm3 

5' 26"/ii!P tim~ 

tO 20 30 
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•t411sm,r,•tnt1Jmln 
• Wgsm1;: •171!1Jmln 

Clf•I96,SireV 
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.,.oa kill 

t [min] 

PHc.4. KpHBbre pacrrana HeCKOnhKHX raMMa-rrHKon, CH5ITbre rrpH rroMOllUI 

ll8T8KTOp8 THIT8 Ge( Li). 

Nr---------------------------------
16000 

12000 

8000 

141m Sm 

Si (LI) 1mm 

K 11&,5 

I 

n 

\ 

\ 

K 278 l03H 
1 

......... _) 
""· . ., .. ,.. , ... 

160 180 200 

I 8 

~
LMN18i5 

. . . .. 
220 240 

Kalil• 

111m 

Puc.5. Ytt<lCTOK crrcKTpa KOHBCpCHOHHl>tX 3J1E:'KTpOHOB ~1 c numrcil 
I\ L.\1' 1DG,5 K3I3 (CllOihCIIl18 l.J:eThlp8X HCTO'IHHK< o). ,[lo6LJ.D-

ll5111C5I ucTOt..tHUK :_H) 
1 

Hg .anH T01..J:Hoii Knna6poBKH 3H ~prt>Tlf'IOCKoii 
tiiKIJ.llLI. 

IS 



Ta6mma 2 

11 o Sm " 1 4 '""m faMMt-ny'-IH 1 B03HHK810IUHe llpH pacnane n ;:") 

Pa6oTa 
/11/ 

Harna pa6oTa 
f1pHMe'-!8HHe 

Ey (KaB) y Ey (K3B) ly 

137+5 67+20 140,5+0,5 61+6 } 140 Sm 

228+5 100 226,0+0,5 100 

404,0+0,5 100 } 141 ~ Sm 
438,2+0,5 84+9 

He 6hln o6Hapy*eH TIJH pacnane 
143 Sm 

, nepHOJl nonypacnana KOToporo 

/1/ 
COCTaBn51eT 8 1 7 MHH • 06Hapy)K.eHHbJe I'8MJ\18-IlepeXOJlbl MOI'YT B03HH-

K8Tb npH pacnane OCHOBHOI'O COCT051HH51 
141 Sm HnH B UeTIO'-!Ke pacnana 

140 Sm __, 140 Pm--·140 Nd. KaK 6yneT noKa3aHo Hl!*e, nepHon nonypacna

na 
140 

Pm ropa3JJO MeHbrne, '-!eM nepHOil nonypacrrana 
140 

Sm , a rrepa

on nonypaCil8Jl8 OCHCBHOI'O COCT051HH51 
141 

Sm paBeH 11 MHH. f1pHH8Jlne)K-

HOCTb 3TH X I'8MMa-rr ?peXOJlOB K C8M8pHeBLIM H30TOil8M C M8CCOBLIMH '-IHC

naMH MeHbllle 140 HC KnJ0'-!8eTC51, T8K K8K YCJ10BH 51 OllLIT8 He Ir03fl0J15Inl1 

06Hapy*HB8Tb H3ny'-l<!Hil51 3THX H30TOTIOB 1 06J18{1810IUHX1 O'-leBHJlH0 1 £leCbM8 

ManbiMH 3H8'-leHHHMH rrepHOJl8 rronypacnana H JlOCTaT0'-1110 ManbiMH Ce'-!eHHH-

Mil o6pa30B8HH51. 

142 142 14 2 

3 .2 • U e rr o '-! K a pacrrana Sm- Pm- Nd 

B raMMa-crreK"pe caMapHeBolr ljlpaKUHH aa6n10naeTCH raMrvra-rrepexon 

C 3HeprHeA (1576+5) K3B, HHTeHCHBHOCTb KOTOpOI'O TIAJlaeT C nepHOJlOM 

nonypacrrana 73 MHH. f1pHH8JlJ18jKHOCTb aToro rrepexona K pacnany t.u Pm 
/3/ 

Mbl yCT8HOBHJ1H C IlO .10!Ub!O IlpOTO'-l!IOI'O MeTOJla 

16 
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Ma-KBaHTaMH llll8ITa30Ha 430-900 K3B, 
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4T06bi OTBeT !Tb Ha BOIIpOC 1 l!AeT Jll! {3+ -paCITaA Ha ypOB8Hb C 3Hep

r'liell 1576,.5 K3B 1 .1bl !i3MepHJJH Tp0l1Hbl8 COBIT8A8HliH M8/KAY r'3M~13-H3ny

'IeHHeM caMapHeBo\ ¢paKUHH H aHHHr'HJJHUHOHHWMH KBaHTaMH, B crreKTpe 

TpOHHhlX COBIT3ABH!ll HBHO IIpOHBJJHBTCH ITHK IIpH 3H8pr'Mli ~1575 K3B (pHc,9), 

4, 06CY/KS8HMe pe3yJJbT3TOB 

140 
4,1. Pacrra,c HAep B UBITO'IKB 62 Sm 7 ~ 

110 j.j(] 

Mo/KHO O/KMAeTb, 'ITO HAepHbie CBoii:cTna uerro'IeK 61 Pm 79 60 Nd"l 
135 

Nd 
1
:
38

Pr --• 
1

.3
9

Ce ITOXO/K!l 1 TaK KaK BXOAHIU!le B 
60 7 9 59 7 9 fl R 60 

HliX HApa Ha K8/KACM 3Tarre pacrraAa llMBillT ODHH3KOBWe 'IliCJla H8HTpOHOB 1 

a 62-58-iJ: IIpOTOHbl 3aiTOJJHHillT OA!lH H TOT lEC ypOBCHb 1 g 7/2 , 003TOMY 

140 
cneAOBano AYM8Tb, 'ITO y 111 Pm 79 , ITOA06HO 1 CyiUeCTBYIOT 

AB8 AOJlr'O/KilBY!UilX COCTOHH!lH, 0CHOBH08 COCTOHH!l8 C 1" = 1 + ( KoH¢1lry-

paU!lH [ p (d5/2),n I d 3/ 2) ] 1 ~) AOJJ/KHO !lCITbiTLIBa Tb (3 + -paCl!ClA Ha 

OCHOBHOe COCTOHH!l3 
1·1 0 
fj() 1\d <;o log ft a H30-

MepHOB ( KOH¢1lrypa lllH f p( d 5/2) , 11 ( h 11/2) 17 - pacrraAaeTCH Ha U3B8CT-

HLIH !l30MepHbii1: YP' >BeHb 

11() 

60 Nd 90 c E = 2216 K3B a 1"~7- (KoHcjmry-

paUlfH [ 11 1 ( d :vz) , n 2 ( h 11/2 ) 1 7 ) • 

114 1 

B pa6oTe 6LIJJ o6uapy,KeH u3oTorr 
110 

tit Pm i!J c 

pacrraA3illW!lllCH Ha !l30M8pH08 COCTOHHHB 110 "'d c I 7T ~-
=I BcneACTmle 

3TOr'O H BCJJBACTflH( pe3yJJbTDTOB H3WMX H3MepeHHll H8llA8HH08 COCTOHHUC 

140 
Pm CJJeAyeT OTC·}EABCTB!lTb C 0}KilACl8Mb1M ll30MPflHhiM COCTOH!llleM KO!!-

¢HrypaUHH [p (d 5/2), 11 (h 11/2) ]. 

KaK OTMe'wnc Cb B npeAb1AYilieM rraparpn¢e, I\1LI no cj,paKU!HI caMapHH 

o6Hapy1K!Inl! rro3IITf1•ll!HI·1ri crreKTp c T 1~= (11,0~0,5) !\ll!H u E 11 ~ 

(4900+400) J<3B ('ITO COOTBBTCTByeT !IOJIJ!Oii 3HCOflr'llH [1:JCI1i1/W () fl+= 

5000 K3B). B Ti.l( n . . 3 npnnenc:HI 1 oueHK!l 3Hepr!lii pacnana ;:Ulii u-3oTonon 

::!0 
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20 

10 

'tO 50 

PHc.9, CrreKTP y- y -coBrraneHHH 

pag OITHC8H8 B pa6oTe /9/ 

"""2Pm 
r- I co6na.geHue 

1575 IC:Jil 

I 

'0 10 BO 100 
I"KQHQAQ 

1-1
2 Pm 1 Cl!HTbiH H l ycTaHOBKe, KOTO-

21 



Ta6mma 3 

l'l30TOIT 140Sm 110 Pm 

ABTOp 
Q (:3 " Q{3+ 

KaMepoH 3769 K3B 7083 K313 

J1eBH 6223 K313 

Cerep 3345 K3B 6194 K3Il 

.QpaHHUhiHa 3818 K3B 7109 K3B 

140 C' 

:"\ffi H 
110 Pm 11E-181 

CorrocTaBITHH aaHHwe 3TOA Ta6rruuw c aKcrre-

puMeHTaiTbHLIMH 3Ha'leJmHMH Ef3+ = 490{) K3B, nerKo BHIH?Tb, 'ITO rro-

3HTpOHLI c E (i + = ( 4 300+400) K3B MoryT B03HHKa Tb TOITbKO npu 6eTa-
140 

pacnane OCHOBHOI'O CO<:TOHHHH ol Pm 7n C I 17 
= 1+ Ha OCHOBHOG COCTOHHHe 

·!0 

oo N d ~o • 3KcrrepHMeHTaiTbHOe 3Ha'!eHue 

H !1p8Lll10ITOiK8Hii8 1 'ITO Jog ft "'4,5 1103BOITH!OT OUeHHTb OiKHA88MOe 3H8'18-

l,JO 
Hue rrepHona rronypacrr<:Aa OCHOBHOI'O cocTOHHHH Pm T1;"' 10 ceK, HeaaB-

'2 I 11 I 
HO HafiAeHHOe 3KC!18plil 18HT8J1bH08 3H8'18HH8 ( 9,2+0,2) CeK l10JtTB8p)KJla-

eT nau1e rrpearroJ10)K8Hl1e o crrune 
140 

Pm I 
17 = 1 + . 

14 0 
Terrepb o KB8HT03wX xapaKTepHCTHKaX H30MepHoro cocTORHHH Pm, 

pacrranaiOmerocH Ha cccTOHHHe 
140 

N d c KOHqmrypauuefifn
1
(2d:l(2), n

2
(1h 11/2)]. 

Oo OU8HK8 3H8'18Hiill log f t 1 BepXHHH rrpeaen KOTOpOI'O 5,3, MOiKHO 

caenaTb 3aKITIO'IeHHe o pa3pemeHHOM rrepexoae THrra faMOBa-Tennepa. TaK 

KaK 3TH rrepeXOAW CDH3WB810T OOHO'!aCTH'IHW8 COCTOHHHil Cl1HH-Op6HT8ITbHO-

I'O ay6neTa j' =I± 1/2 • j=l +1/2 1 To 3nc,cb pe'!b MO)KGT HATH TOITbKO o 

nepexoae THrra p(2dfi/2)-> n(2d:lf2), TaK KaK on BCTpeqaeTCH npu pacrra-

ae coceanero He'!eTHOIO HApa 
141 Pm 

• Cmm 11 'IGTHOCTb rr30MepHoro coc-
1111 m 

TOHHHIJ Pm c KcHqmrypauuei\ [p(2d5/2), n(lh11/:?)) p<lilHbi 8-, 
1191 

K8K Mm:;HO orrpeneiT!1Tb ITO 11p81311JWM 1 CC!!OpMYJ111pOBCll!llhiM 13 p1160Te 

22 



npH 6eTa-paCIW,Qe THIIa (p(2d5/2) ,(1 h 11/2) J 7--~fnl d:~/2),n2 (lhll/2)] 

HCXO,QHOe COCTOSlHHe HMCeT H3 803"-10/KllblX 6 , 7 , 8 XI paKTepHCTHKH 8 , 

Koraa 3Ha'IeHHP log ft cosnaaaer co 3Ha'IeuueM logft 6era-pacnaaa 

coceauero ueqerHoro H.r:<pa runa p (2d5/2)-> n(2d:3/2). 

Ha puc. 10 npeacrasneua cxe~1a pacnaaa ueno'JeK MaccoBbiMH quc-

/20/ 
naMu 140 u 138 • Cpasunsa>I HX, ~10/KHO y6eni!TbCH s xopomeM cosna-

neHHil p>Ina CBOiiCTB 9TI!X UeiiO'IeK, 

14 I 
4.2. Pac1ran 62 Sm 7 !1 

Yciiex npeanonOlKem1H o cywecrsosaHun ananoru'IH .rx csol1crs uerro-

A= 140 u 138 rro3son>IeT uane>ITbCH, 'ITO TaKaH .>Ke aaano-

r'HH ~10/KCT 6hiTb IIpOBe,QeHa Me£KilY llBY MH UeiiO'IKBMH pa ~II8ll0B Sl/lep 
14 1 

62 Sm 79 

1.'19 

oo N d 79 

Ll9 

59 Pr .~o 3necr. TaK.>Ke ucxonHLie 

H KOHe'IHJde COCTOHHHH HUep CO!lep/KaT OllHH8KOBOe 'li!CII• l Hef1TpOHOB N = 79 

H 80, II 61 H 59-11 IIpOTOH HaXOilHTCSl B OCHOBHOM COCTOlliHH Ha OllHOM H 

TOM .>Ke yposHe 2d:i/2. (Dn>~ 111
Pm 9TOT Bb!BO!l cnea'eT H3 pa3perneH-

l 
11oro xapaKTepa ero f3 -pacrraaa c Jog ft = 5,3 Ha OC!IC BHOe COCTOSlHile 

1
6

4

0

1 
Nd R 1 Tuna 2 d :1/2). 

flpu /-l+ -pacrrane 1!30Mepaoro cocTOHHHH I 
17 

c = 11 /2 
1:\9 

(lhll/2) 

822 K9B 

IJ HllpP .o9 Pr ~o B036y.>K!laJOTCH ypOBI!H 114 l 9B (I g 7/2) u 

, /21 I 
( 1 h ll/2) • Hawu naHHbie o6 HHTeHcusuocT~iX ra~IMa-rrepexo-

nos B crreKrpe 
141 Sm n raMMa-raMMa-cosrraaeau >IX nc 3BonmoT <jmKcl!po-

1 4] 

B8Tb rrono.>KeHHe HI!TeHCH!lHO B036y.>Kil810lllHXCH HH/KHHX ypOBHBH 61 Pm "o 

196,5 u 628,5 K9B, CncreMaTHKa yposHei1 He'IeTHbiX H.Qe) c 1\' = 80 yKa3bi-

1 7 / ·• 139 l'r saer, 'ITO nepm.rl1 1!3 HHX - THrra g .:. - ananor yposa;r 114 K9B 

(eM. puc. 11). 

I [3 nnHHI>IX o6 ornocnrenbHLIX nureHCHBHOCTHX K - <OHBepcnoHHbiX 

nHHHH ratd~Ja-rrepexonos 432,0 K9B H 196,5 K9B, nonara r, 'ITO no ananornu 

c apyrnMu He'IeTHI>IMII >~apaMH c N = 80 nepexoa g7/2- d 5/2 196,5 K9B 

23 
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/22/), 
HMCCT MYJlbTHllOJlbi!OCTb f\i 1 ( u k = 0,2 Jler'KO HiJIITll AJHI r'iJMMa-rre-

-2 
(8+3).10 • H3 Ta6n. 4 BHAHO, uo 3TO 3Ha'-leHHe pexoaa 432,0 K3B " k 

a cKopee Bcero yKa3LmaeT Ha MYllbTHl!OllbHOCTb M2. "eM caMLIM MO)l<-

' 
HO C'-IHTiJTb ycTaHOr>l!eHHLIM, '-ITO ypGBeHb 628,5 K:~B 11ME eT I rr = 11 /2-

( I h II /2) 11 >rDJIHeTcsr aHanoroM ypoBHH 
13 ~ 

5 ~ Pr ~o 822 K3B, 

Ta6n11ua 4 

11 k ( M 1) a k ( E 1) Ilk (M2) " (E3) 

432 2,5·10-
2 

5,6·10-
3 

8,6•10 -
2 

14 I 
TaK KaK IIHll\!liie ypoBIIH B Hnpax t.17 La , Pm IH!TeH-

CH!IHO B036yii\AiJIOTC5! llp11 (i+ -pacllaLre, CJieayeT llYMilTic, '-ITO CXOAHl•l 11 

COCTOI!Hf!\1 I!Jlep lil!l "'d 
f'i 0 ~ "i 7 ~l 11 ilCITbl Tb!Bil!OIUHe 

{J 
1 

-pacnan. floCKOllbKy nepm,Te ABiJ 113 HllX >IIliHIJOTCH !30MepHb!Mil COC-

T011Hf!HMI1 THIIC! h 11/2 1 Mhl ll]111XOilll ~I K BC!)J\f!OMY Bhll3 JAY, '-ITO Ha6mo-

aae~JO(' HiJ\1!1 COCTOHfU!l' c T 1; = 22,5 Mill! Ti Kli\O npencTaBJIHeT 

C060ii H301\1CfJ!!Oe COCTOHHHC THI1il h 11 / 2 · 

N\J,J HL16J1JOAilllll COBI13AeHI!e BCCbMa HHTCHCHBHOii r'i MMC!-llilHllll 777K3B 

C r'£ll\1Mil-KfWHT31-.Hl 186,5 K'·Jll, ll 3TO 1103DOl!HeT H£lilCJI\Il) cjJHKC!!IJOB8Tb 

l!Ol!Oii\E?!IIIe ellle OHHOr'O ypOilHH 
141 

Pm c 6onbll!l1Ivt crLriiOl\1 - 973,5 K3B, 

f\\r.r !IUJ1Clr'8C'M 1 '-ITO 3TOT ypoBeHb HBl!>!eTCH aaa:IOr'OM Yt OB!IH 
13!1 p r 

LB:-Td 
852 K3Il, KOTOpLIH B0:36yihALH!TCH 11jlll 6eTa-pacnane 11301 10pa " 

121 I 
Cll>13ili!H0r'O r·a~I!\1C!-IICpeXOAOM TOllbKU C ypoBHeM 114 K' ll 

123 I 
B pa6oTe Jia~ii\Piro, '-ITO ypoBeHb J:l'l Pr 85: K3B !lMc•oT T II= 

2 

= ·10 HCeK, TilKOe 3Ha'-!ciiue T 1; llfJOllle BCero MO>he1 6LTTb ITOHHTHO, 

ocJII! MynbnmonbllOCTb ra~:l\w-nepexorw 1738 K3B THna E1, E1+fv\2 HJIH 

}\\2, TaK K!lK 3LJ;!ep)KKa F (El) "'10
7

, Tlll1H'-Il!il5I DJI>r E1 .. nepexo;{on, a 

F (ll\2) "'10-TIIIIII'IHLJH nn>r l'v\2-nopr?XOL\OR. B 3TOM cnyqae ypoBeHb 852K3B 

25 
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B 
1

:l
9 

Pr [f cooTBeTCTBeHHO ypoBeHb 973,5 KaB B 
141 

Pm [fMeJOT crr!fH If 

'leTHOCTb 9/2 
/23/ 

[fJI[f 11/2-. He [fCKJIJO'leHo, oaHaKo, 'ITo r:aliaeHHoe B 

3Ha'leH[fe 
1-39 p 

T ~= 40 HCeK OTHOCHTCH He K ypOBHIO 852 K3B, a K 

ypOBHJO 
139 

Pr 822 KaB. DelicTBHTeJibHO, !i3 aaHHhiX o ~ Ha'leHHHX 

aHaJIOT'[f'lHhiX [f30MepHhiX ypOBHeH h 1112 
14 7' 1 49 

Eu BbiTeKaeT, 

'ITO arrH rrepexoaa h 1112 g 7 I 2 C aHepr!iell 70E K3B T ~ (M2) ~ 

"' 40 HCeK ( eCJI!i I1p!!HHTb, 'ITO MaTpl!'lHhie 3Jl8MeHTbl IIepeXOLIOB B HapaX 

1-1" p 
5n r I! 

rn, 149 F 
6:~ • u oarrHaKOBLI). B aTOM <;:rry"<Iae, t oHe'lHO, orrraaaeT 

I1p!!BeaeHH08 BJ,IWe 3aKJ1JO'leH!fe 0 KBaHTOBh!X XapaKTep!i( TliKaX ypOBHeH 

852 K3B B 
139Pr 111 p 

I! 973,5 K3B B m. 

[1 CXOLIH !i3 yKa3aHHbiX ypOBHeH 
141 

Pm, MOlKHO Ha < >CHOBe 6arraHca 

8Hepr!!H raMI\1a-nepeXOLIOB BB8CTI! ewe HeCKOJ!bKO rrpenr OJIO:>!\l!T8JlbHbiX 

ypOBHeH ( CM, p!!C, 12), 

PaccMoTp!iM Terrepb oco6eHHOCTI! f3 1 
-pacnana l!c oMepHoro cocToH-

Hl!H 
1 ~~ Sm 79 c KOHqmrypauneti [ p(d 512)-

2 
, n 

1
(d 31 2) -

2 
, n

2
(hlll2f

1
]. 

Eera-pacrraa 3TOT'O COCTOHHI!H MOJKeT !!AT!! Ha pa3HWe ypOBH!i ):(O'lepHero 

HApa, O):(HaK0 1 CaMh!H BepOHTHblll {3+-nepexoa (c 3Ha"l"HHeM logft=5,5) 

CBH3aH c OAHO"laCT!!"lHh!M 6eTa-rrpeBpau)eHI!eM j p = r ± 1 I 2 4 j n!_=l + 112, 

B naHHOM crry"!ae p(d5l2) 4 n(d3l2) , noaTOMY KOJHjmrypaUI!H COCTOH-

H!!H, Ha KOTopoe l!AeT 6eTa-rrepexoa c Ml!Hl!MaJibHhiM 3 :ra"leH!feM logft,5,5, 

OAH03Ha"!HO orrpenerrHeTCH KaK [p(d512)-
3
, n 1(d312)-

1 
n 2 (h1112)-

1
], 

II, CJie):(OBaTeJibH0 1 3TO COCTOHH!!e BKJ!JO"!aeT Tp!i HeCrrap•!HHbiX HYKJIOHa -

HBJIHeTCH TpeX"l8CTI!"lHhiM Tl!I1a p2n[p(d512);-
2 

,n
1
(d3121-2

, n
2
(h1112)-

1
). 

+ 
CocToHH!fe c Hl!3K!iM 3Ha"leH!feM log ft = 5,3 Ha( JIJOAaeTCH rrp!i f3 -

139 Nd /21/ 1834 139 p 
pacrrane !i30Mepa npl! anepr!!l! KaB B Hapax r. 

3TOT ¢aKT YK83hlBaeT Ha TO, "!TO ypoBeHb 1834 K8B HEJ!H8TCH TpeX"laCTH"l-

1 TT - /24/ ( 
HbiM C = 9/2 CaMblll Hl!lKH!ill ypoBeHb Tpex•raCTI!"lHOT'O MyJibTI!-

/25/ 
nrreTa rro npaB[fJiaM, ccjJopMyrr!!poBaHHhiM B pa6oTe , uorrJKeH l!MeTb 

CII!!H I! "leTHOCTb I" = 9/2-). MoJKHO OJK!iUaTb, "!To B Hupe 111 Pm COOT-

27 
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BeTCTBeHw.di yponeHb HMeeT TO/Ke 3Heprl1JO oKono 2000 K3B, B rrpeano-

/KeHuofi cxeMe HMeeTCH HeCKOJ1bKO ypoBHeil c E ~ 2000 J.3B (1898 K3B?, 

1982 K3B ?, 2119 K3B), KOTOpLle 3aCeJ1H!OTCH 
~ 

f3 -rrepe::oaaMu c logft<6. 

no-BHAHMOMy, OAHH H3 3Tl1X ypOBHeil (111111 HeCKOJ1bKO) ~10/KHO OTO/KAeCT-

Bl1Tb C 0/Kl1!laeML1M TpeX'laCTH'IHLIM COCTOHHl1eM, Hau6on?e IlO/lXOAHlllHM 

lli1H 3TOr'O HBJ1HeTCH yponeHb 2119 K3B, T,e, ITO HHTeHCl1 IHOCTH raMMa-ny
f 

qei\ f3 -rrepeXOA Ha Hero caMb1H HHTeHCl1BHbl~! H XapaJ Tep113yeTC51 Hall-

log ft ~5,3. 

Tpex'laCTH'IHJ,Ie ypoBHH He>'leTHbiX Hnep N = RO HB 151IOTCH aHanoraMH 

ABYX'IaCTU'lHbiX HetiTpOHHbiX ypoBHeti c I 
77 

= 7 l n / d3/2) n 
2

( h 11/2)] 'leTHO-

'!eTHblX .Hnep C 

2215 K3B B H!lpe 

N = Rl (u, B 'IaCTHOCTu, npuBeneHHbiH -w p11c, 10 ypoBeHb 

140 
60 N d , 0 ) 11 OTJ1l!'Ia!OTC51 OT Ill! X TOmKO f!aJ1H'li:IeM HeC-

rrapeaaoro rrpoTOHa n aesoa6y/K!leHHOM cocro51Hl!H p(dE/2) • EnaroaapH 

B3aHI\10!leHCTBI!!O rrpOTOHa p ( d i) /2) 11 HetiTpOHa II ( d ;~;:·) MO/KHO 0/Kl!!laTb, 

'ITO 3Hepr'U51 TpeX'laCTH'IHWX ypOBHeH C 
77 -I = 9/2 , B KOTOpblX HX CITHHb! 

aHTHrrapannenbHbi, l'vteHbille, 'leM 3HeprHH COOTBeTCTBY!Oll.l!X ABYXHeiiTpOHHb!X 

ypoBHeti c I 
77 

= 7 

B Ta6n, 5 rrpuBe!leHhl naHHbie o cooTneTCTByJOmux ypoBH51X, BunHo, 

'ITO 3TO 0/KH!laHI!e XOp01UO Bh1IlOJ1HHeTC51, 

Ta6nHIW 5 

5lapo (K3B) 5Jnpo (K3B) l1uTep. 

14 I 

(2119) 2216 61 Pm so 

2128 •J:l!JPr 
1834 /21,24/ 

;) q so 

2035 
1:3 7 

:)7 La '-\O 

1863 J:l"Cs 1621x/ /24/ 
.15 <() 

1:H X~' 
;J 4 90 

1:1'1 J 1465 /24/ 
;) :~ q() 

138 TP 
:>:..! ~() 
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I 41 I TT = 
OcHOBHOe cocro>IHIW 6 ~ Sm 79 MOmeT HMeTb CIIHH ~ 'IBTHOCTh 

+ + 
=112 lflllf 3/2 I nP s t/2) n ( 2 d ;; I 2) J 

/26/ 
B rrepnoM cny-

141Pm-2 d5,'2 pa3-

/15-17/ 
4)40 K3B 

Hlllf 

'Iae OHO LlOllmHO 6WTh CBH3aHO C C~HOBHWM COCTOHHHeM 

1 
peuwHHhiM {3 -rrepexoaoM c Q ~ ~h B343, 4680 HJIH 

Ecnn ITpHHHTh BWTeKaillWYill H3 CHCTeMaTHKH DJIH ~i-rrep3XODOB THITa 

p ( d S /2) • n ( d :lj 2 ) BBJIH'IHHY logft a 5,5, TO rrepnoa rronypacnaaa oc-

tt1 s 10 
62

, m 
7

$
1 

COCTaBITHeT T 11 a MHH, 
/2 

HOBHOPO COCTOHHHH 

B raMMa-crreKrpe cppaKUHH caMapnH Mbi HawnH aBa rrepexoaa, rrepnoa 

rronypacrraaa KOTopwx HBHO MeH&we 14 MHH E y = 404,( H 438,2 K3B 

CM, pnC, 3 H 4) If COCTilBJIHBT (11+1) MHH, faMMa-JIHHHII C TaKHMH 3Hep-

PH Hl'-1H H C TllKHM rrepnODOM ITOllypacrrana BO cppaKUHH ca~ 1apn H ITOKa He 

6LIJIH H3B9CT!Ibl, fl OCKOJihKY BpeMH )KH3l!H H30TOITOB C8Ma JlfH C A< 140 Harv.

/ II I 
uoro MeHbwe 11 MHII n nx ceqenae o6pa30BaHaH ITf n nawax ycnoBliHX 

OITbTTOB Marro, MLI ITpHITliCbiBaeM 3Tli rrepeXOLlbl pacrraay l OKa H9H3B9CT!IOPO 

OCHOB!!Of'O COCT05!HH5! !1! Sm. 

YJ3 CliCTBMBTHKH BBJIH'IliHbl 3Hepf'9Tli'I9CKOPO HHT9pl ana Memay ypOBHH

Mli 3/2+, 7/2+ II 5/2+ B II3oTon'ax c N~RO cneayeT omiiWTh ypoBeHh 3/2+ 

B Hape 
141 

Pm rrpii auepriia E, 400 K3B (eM, puc. 13), flo3TOMY MI>I 

+ 
ayMaeM 1 'ITO Y 404 K3B HarrpaBJIBH C rrepBOPO ypOBH5! 3 12 B OCHOBHOe 

COCTOHH!fe 111Pm. 

B 3aKIThl'I9HHe aBTopw C'IIITaiDT CBOIIM rrp1I5!THWM aJnroM rro6naroaa-

pHTh KonneKTliB li3Mep1ITen&uoro ueurpa flHfl 3a o6ecrre~eune 6ecrrpepwB

uoi1 pa6oTbi aHaliH3aropuoi1 TeXHIIKII II B.A. EhrcrpoBa 3, t oTITII'IHoe Bbmon-

H9Hli9 M9XBHII'I9CKliX pa6oT, 

fl li T e p a T y p a 

l. 3. XeppMaHH, r. flcppenrrep, D. XpucroB. flpenpiiiiT C~1Hvl P-2647, 

Dy6ua l9GG. 
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