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.llnccepTaUJrn smnsreTCH 'I8CTb!O nccne1lOB81!1Ill, npoBOllHMhIX B 011.HH B .lly6Ile 

no H3y'Iel!HIO p8CI18U8 11ellTponouecpHUHTllb!X H30TOUOB peUK03eMenbHOll o6n8CTH, KO

TOpbie rrony'I8IOTC.II K8K rrpollyKThI pe8KUHH rny601{0ro p8CIUenne11nsr 118 Ta npn 06-

ny'IeHnn ero npoTOH8MII c aneprneil: 660 Maa 118 cnnxpounKnOTpone OHJU1. 

OCl!OBl!oe BIIHM8f!He 6hm O yuene110 nayqemxro p8Cil81l8 KOPOTKO>KllBYIUHX HU0P H 

C.OCTOrumll Mep MeTOll8MH 1'8MM8-ClleKTpoMeTp1m, M8l'l!HTl!Oll CIIeKTPOMeTpHH (nay

'IeHne cneKTPOB KOl!BepCHOl!llh!X nHIIHll H II031ITPOIIOB) H MeTOUBMII e - y , y - y ll 

{J+-y COBil81lel!Hll. 

H8MH nay'I8nHcb cneuyromne naoTonhr: 

1) 164 Tu c rrepnouoM rronyp8cII8U8 T1, =2,04 MHII, 

2) IGG Dy C nepno.noM rronyp8crr8U8 T1,= 9,8 qaca, 

3) 138 Pr C nepno.noM rronyp8CII81l8 T = 
½ 

1,5 Ml!II, 

4) 188* · Pr C IIeplIOllOM rronyp8CII8il8 T1,= 2,12 'Iac8. 

Y CTaHOBnenne KBBIITOBh!X xap8KTepnCTHK B036y>K.Qellllh!X COCTOHl!Hll: HUep II03BO

nneT npoaecTn rrocne.nOB8Tenh110e cp8Bl!e11ne 9KcrrepnMe11Tanb11hlx pe3ynbT8TOB c cy

mecTayromnMn rrpe.ncT8Bne11nHMH o CTpoe11nn l!llpa. 

Coa.nanne aceo6'heMnromell: Teopnn llllP8 (a CMhrcne 06'hnc11e11nn acex naaeCTl!h!X 

H.Qepl!b!X CBOHCTB) 1!8T8nKHB8eTCH Ila .31!8'IHTenbl!b!e TpyllHOCTH, CBH3811Hb!e C 11eo6-

XOUHMOCTb!O p8CCMOTpel!HH CHCTeMbl H3 6oJJblUOI'O, 110 KOll0'Il!Ol'O 'IHCn8 HyKnOl!OB, 

Me>KllY KOTOpb!Mll .nellCTBYIOT cnnbl cn0>1rnoro BHll8, 

noaTOMy B TeopeTH'IeCKoll: .1I1lep11oll: cpH3HKe paaanncn llOllXOll, ll03BOn.lIIOIUHll npn 

onpeneneanoM qncne yrrpom8romnx rrpe.nnono>Kenull 06'h.1ICl!l!Tb HeKoiopbre caollcTB8 

llllP8, OCT8Bll.lI.II. npn 9TOM llpyrue c.aollCTB8 BIie p8CCMOTpe11un. Y'Il!Tb!B8.II Ml!Ol'0-

o6p83He H.Qepl!h!X CBOIICTB, Mb! He UOJJ>Kllbl Ylll!Bll.lITbC.II l! 6olibWOMy KOJll!'IeCTBY MO

.nenell CTpOe!!ll.lI 8TOMIIOI'O llllp8: I'HllPOlllfll8MH'IeCK8.II Mouenb, o6ono'Ie'IH8.II Mo.nenb, 

0606me11H8.II MO.QeJJb, OIITH'IeCK8.II MO.Qellb, MO.Qenb COCT8BIIO!'O HllP8 H T.ll, 
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B S!,llepaofi cneKTpocKonnn Hanoonee IlIHpOKoe npnMeaeHne HaxonsT ooonoqe:<I-

Has n oooomeaaas Monenh S!Jlpa, a TaIOKe BCe llX MOnllcpHKaIUIH, CBB38HHble C yqe-

TOM OCTaToqaoro B3aHMOneliCTBlllI MelKny HyKnOHaMH. 

HayqeHHbie HaMll H30TOnbI npencTaBmIIOT oonaCTll S!Jlep, llMelOilIHe pa3nllqHbJe 

napaMeTpbI necpopMal!HH: 

1) S!,llpO 
164 

Er - CHnbHonecpopMnpoBaHHoe, 

2) S!JlPO iooTb - aaxonnTCH B nepexonaoli oonacTH OT cmu,aonecpopMnpoBaHHb!X 

S!Jlep K ccpepaqecKHM, 

3) S!llPO 
138 

Ce - ccpepnqecKoe S!JlPO (yKa3b!BaIOTCH S!Jlpa, B030ylKneHHbie co-

CTOlIHHlI KOTOpb!X ll3yqanHCb HaMll npll pacnane COOTBeTCTBYIOillllX H30TOnOB). 

IIonyqeHHble HaMll pe3yllbTaTbl no3BOmIIOT npOBeCTll nocnenoBaTenbHoe. cpaBHe

Hlle HallIHX naHHb!X c OCHOBHb!Mll nonolKeHHS!Mll ooonoqeqaofi H oooomeHHOil MoneruJ 

S!Jlpa, Monenn HeaKcnanhHO-CHMMeTpnqHoro S!Jlpa H ceepxTeKyqeil Monenn S!Jlpa, c 

TeM, qTOObl onpenenllTb rpaHHl!bl npnMeHeHHSI TOH ann llHOil Monenn. 

LlaccepTal!HSI COCTOllT ll3 weCTH rnaB. 

rnaea 1 _noCBSIIlleHa TpeooBaHHSIM, KOTOpb!MH Mb! PYKOBOnCTBOBanHCb npn BblOO

pe cpOTOyMHOlKHTeneil, Cl!llHTHnnSITOPOB, ycnnaTeneil, nacKpllMHHaTopoB ll np.11 paapa

OOTKe BCnOMOI'aTenhHb!X aneKTpOHHb!X ycTpoilCTB, ncxonn ll3 aanaq ll3yqeHHSI pacna-
. . 

na KOPOTKOlKllBYillllX H30TOnOB. 

B nepBOil rnaBe paCCMaTpHBaeTCSI TaKlKe coanaHHblil HaMH KOMnneKC annapa

Typbl, npenHaaHaqeHHb1il: nnn a3yqeHHS1 e - y , y-y n 13+_ y -coBnaneH11il: c paa-

pelllaIOillllM epeMel!eM OT 10 no 100 HCeK, YcTal!OBKa e - y c0Bnaneu11fi ohlna co-

opaHa Ha OCl!OBe MaI'llllTl!OI'O nllH30BOI'O oeTa-cneKTpoMeTpa C paapewel!lfeM OT 1,7 

AO 3% ( OHO 113MeHSinOCb B 3aBIICIIMOCTII OT np11MeHeHHb!X AHacpparM) II CllllllTllnnn

llllOHHOI'O raMMa-cneKTpOMeTpa Ha cpOTOYMHOlKHTene cp8Y-13 c, KpllCTannoM NaJ(j°l') 
+· 

pa3MepoM 40x40 MM. OcTanbHb!e ycTaHOBKH y-y ll /3 -y COBIIa,tteHIIH coopa-

Hbl Ha OCHOBe Cl!IIHTl!nnS!lll!OHHblX raMMa-cneKTpOMeTpOB. 

BKnroqeHo TSKlKe on11caH11e c1111HT11nnS1U110HHoil: ycTaHOBKH, rrpenHaaHaqeHHOii 
-10 -8 

An51 11aMepeH11S1 epeMe·H lKll3HII ypoBHeil: B nnana3oHe OT 10 AO 10 ceK. YcTa-

HOBKa npenCTaBnSleT COOOH MHOI'OKaHaflbHblil: BpeMeHHOH aHanaaaTOp C paarewaIOilIIIM 

-10 
epeMeHeM 2r =6 • 10 ceK. TaKoe pa3peweH11e ohmo nonyqeHo Ha 11cToq1mKe 
60 

. Co nng I'aMMa-nyqeil: B pail:oHe 1000 K3B. HaMII Obinll IICIIOnb30B8Hbl cpoTOYMHO-, 

lKHTena IP8Y-36 c nnaCTH'IeCKl!Mll Cl!lIHTllnnS1TopaMH·. 
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KpoMe Toro, HaM Obma npenocTaeneHa B03MOlKHOCTb npoBonnTb ll3MepeHHSI Ha 

TaKoil annapaType BbIc0Koro Knacca, KaK: 1) oeccpoHOBblH npaoop c neoil:Hofi neyx

KpaTHoll cpOKYCllpOBKOil 2rr,/2 c paapeweHneM 0,2% n CBeTocnnoll 0,3%; 2) cneKTpo

rpacp C nOCTOSIHHb!M onHoponHblM MaI'HllTHblM noneM C pa3peweHneM 0,07%; 3) raM-

Ma-cneKTpOMeTp C Ge (Lil neTeKTopoM c pa3pemeuneM 0,3-0,4% Ha mrna11 

1332 K3B 
6° Co • 

IIpnMeHeHne Bb1weHa3BaHHoil annapaTypb! npn nayqeunn pacnana neiiTpoHonecpn-

l!IITHblX ll30TonoB noaBonnno l!aM C xopomeii ToquoCTb!O lI OOnbWOll CTenel!b!O nocT0-

164 155 l88 tas* 
BepHOCTll npOBeCTll aHanH3 cxeM pacnana ll30TOnOB Tu , Dy , Pr , Pr. 

rnaBa :II nOCBSIIlleHa onncal!HIO MeTonoB oopaoOTKll SKCnepnMeHTanbHb!X 

pe3ynhTaTOB, nonyqeHHb!X C nOMOillb!O Cl!IIHTHnnS!lll!OHHblX cneKTPOMeTpOB, a TBKlKe 

Ha ycTaHOBKax llBOHHblX 'coenaneunll. 
164 B rI1aBe Ill ·npnBeneHbl Aal!1IbIe no H3y'IeHHro pacnana Tu ( T;f2,04:!:. 

±.0,01 M1rn). l,f3yqeHne pacnaAa IHTu 

164 2 MHl!I64 
Tu - Er , TaK II B nenO'IKe 

npOH3Bon11nocb KBK Ha 'IIICTOM npenapaTe 

164 Yb7~184Tu~a: 164Er. 

IIpnMeHeHHe • npa nayqeuHn pacm1na 
154

Tn llOMIIMO OObl'lllb!X MeTonoB 

-Clll!IHTl!Innmrnoanoii l!I MaI'HIITHOii cneitTpoMeTpl!I11n, cneKTpoMeTpna raMMa-•norry,1eann na 

cneKTpOMeTpe C nonynpOBOAHHKOBbIM Ge ( Lil neTeKTOpOM noaaon11no nanelKHO ycTa-

HOBllTb OOnbWOe KOnaqeCTBO lIOBblX nepexonoa. Somo o6aapylKelIO 6onee 70 HOBblX 

raMMa-nepexonoB ll onpeneneHbl MynbTllnOnbHOCTII HeKOTOpb!X H3 HIIX~B pe3ynbTa

Te qero ohmo nneHTHcp1111npoaaa o wecTb nepexonoB TIma EO ( Ta6n1111a l ) • Aaamra 

cxeMbI pacnana 164 Tu npmien K noKa3aTenbCTBY npeAnolKellHbIX paaee ypoaaeii 

860,6; 1245,5; 1766,1; 2170,5 K3B, a TaK:iKe BBeneanro weCTll HOBblX YPOBHeii 1334; 

1386; ·1698,2; 1789; 2027,1 11 2185,0 K3B (pac. 1 ). 

EbmO ycTaHOBneHo, qTo npH pacnane 
164 

Tu B030YlKA8IOTC51 nSITb YPOBHeii 
+ /1 2/ 

Tnna O : 1245,5; 1698,2; 1766,1; 2170,5 n 2185,0 K3B. B pa6oTe Conoebeea ' 
. + 

paCCMOTpea BOnpoc O B03MOlKHOCTll KonneKTHBHOI'O xapaKTepa COCTOSlHllll C Kr.= 0 • 

I1paBllllbHOCTb naHHOli, TpaKTOBKII Obma Obi nonTBeplKneaa, ecnl!I Obi Oblnll aalinelibl 

Ob!CTpb!e oeTa-nepex_OAbI, no KpaiiHeli Mepe, Ha Tpl!I B030YlKAeHHbIX COCTOSIHIISI c 
+ 

Irr K =O O e onnoM S!Jlpe. IIpoeeneM cpaBHeHne aaml!Ix naHHb!X c pacqeTaMn 
/1 2/ . 

ConoebeBa ' (cM. Taonnny _2). 
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1E 

E! 
K3B 

672,9 
769,l 
860,6 
907,5 
929,5 

II57,0 
II66,6 
1225 ,7 
1245,5 
1294,2 
I3II ,1 
1313,7 
1322,5 
1676,8 
1698,2 
1742,7 
1766,l 
1819 
1861 
2079,5 
2170,5 
2185,0 

T A B JI Ii U A I 

Koa(l$fIOJ6BTH BeyTpeHHett KOBBepcHH Ha K-o6onoqKe 
~JUi H8KOTOplll nepexo~OB B H,Itpe 164E~ 

0TBOCHT. 
HBTeuc. 
K -JIHHHil 

0,018 
0,014 
0,0II 
0,005 
0,008 
0,008 
0,0045 
0,014 
0,015 
0,0017 
0,0016 
0,0014 
0,0029 
0,0035 
0,0045 
0,003 
0,01 
0,0021 
0,0025 
0,0013 
0,007 
0,004 

HHTeuc. 
r-;nyqeil 
B % Ha 
pacna~ --
0,34 
1,86 
1,87 
0,84 
0,15 

·2,84 
1,46 
0,71 
O,IO 
1,54 

l,32 

0,88 
l,55 
0,40 
0,27 
0,15 
0,70 
0,81 
l,14 
0,15 
O,II 

o(K 
D 

8KCn. 

3,37 ±. 0,75 (-2) 
4,79 ±. 0,68 (-3) 

3,75 (-3) 
3,78 ±. 0,85 (-3) 

3,40 (-2) 
l,80 ±. 0,25 (-3) 
l,96 ±. 0,44 (-3) 
1,26 ±. 0,23 (-2) 

l ,00 (-1) 
7,02 ±,I,57 (-4) 

7,73 (-4) 
6,76 (-4) 

2,10 ±. 0,47 (-3) 
l,44 ±. 0,32 (-3) 
7,15 ±. 2,28 (~3) 
7,10±.2,26 (-3) 

4,16 .(-2) 
l,91 ±. 0,48 (-3) 
1,97 ±. 0,44 (-3) 
7,75 ±. l,62 (-4) 

2,92 (-2) 
2,35 (-2) 

Mym.nmom,
uocT1>, B&Te
Kalll!lali BB c(I< 

E3, 1.12 
E2 

IlpHHliTO E2 
E2 

M3 HID'! ID 
· E2 

E2 
M3 

MS Hmt E0 
EI 
EI 
EI 

E2, MI 
E2, MI 

M3 , M4 HID'! ID 
M3, 1.14 
MS HJIH E0 
E3, 1.12 
E3, t.12 
E2, MI 
MS HJlH E0 
MS HJIH ID 

* SueprHH rawua-nepexo~oB ~aHH no HauepeHHliM Ha warHHTHIDC cneKTpo
weTpax 

EE UH~pli B CK06KaX - 3TO CTeneHH ~eCliTH 
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Ta6nnua 2 

3HeprHSI B036yJKUeHHb!X COCTOS!Hllil· C . I 1T K =O+O B Slllpe 164 Er 
ll BepOSITHOCTII 6eTa-nepeXOllOB Ha 8Tll COCTOSIHHSI 

3KcnepHMeIIT Cononhen
11

•
21 

3Hepr'nsr 3Heprnsr Tnn 
YPOBHSI log ft ypOBHSI log ft nepexoua 
(KaB) (KaB) --
O(ocHOBH. 4,9:!:.0,l 0 (ocHOBH. 5,0x) an 

COCT,) COCT.) 

1245,5 ~ 5,4 1230 4,8 

1608;2 <! 5,6 1600 6,5 

1766,1 ~ 5,4 1900 5,9 · 

2170,5 ~- ·5,4 2100 5,1 

2185,0 ~ 5,6 

x) 3To 3H8'leHae l'og ft .. 5,0 6bmO ncnoJlbaonaHO npu Bbl'lllCneHHII OCT8JlbHblX 

3Ha<reHuil fog f t umr 6eTa.,-pacnaua aa noa6yJKueHHble coCToSIHBSI 
114 

Er • 

06pamaeT Ha ce6sr BHHMaHne xopomee cornacne :Bbl'IBcneHHbIX ana<remdi alfeP- · 

rnli ypOBHeli C 8KCnepBMeHTaJlbHblMll. HHTepeCHO TaKJKe OTMeTBTb, 'ITO B JU Er 

COCTOSIHHSI C K 1T = 2+ 6yuyT H8XOllBTbCSI HHJKe COCTOSIHIIA C K rr = o+n cornacuB 

C npeucKa3aHBHMB Teopnu. 

Ha uaHHOM aTane uay<reHHSI cxeMbl pacnaua 
164 

To nony<reHBe TO'IBbIX aJia<re-

Hnli nepOSITHOCTeli 6eTa-nepeXOllOB Ha B036yJKUeHllble COCTOSIHBSI 
164

Er 3aTpyuun-

Ten&HO. Ho 01KllOHeHBSI OT npnneneHHbIX ana<rennil ne MoryT 6b1Tb o,rem, 6om,muMH, 

TaK KaK n npeunaraeMoli cxeMe pacnaua (pnc. 1) y<rTeHbl no<rTB nee nan6onee un

TeHc11nable raMMa-nepeXOllbI. B TSKOM cny<rae HylKHO OTMeTBTb TaKJKe llOBOJlbHO xo

powee cornacne c pac<reTOM aHa<reHnil fog ft • PaapemeHHblfi xapaKTep 6eTa-nepe-
+ : 

XOUOB Ha B036y)!-Uellllble COCTOSIHBSI C I 1T K =O O C HeCOMlleHHOCTb!O CBBlleTenbCTBY; 
• . i 

eT O KOnneKTllBHOH npupoue 8TllX COCTOS!Hllli. BoaMOJKHO, 06 8TOM lKe rOBOplIT nnan-

- ( EO 0..0) B(EO i➔ fl . Hb!ll XOll 38BBCHMOCTB X . • • 1 OT aHeprua EO nepe-
E2,0 ➔ 2 B ( E2, i➔ f 

xona (pnc, 2). OTKnoaeaHe OT o6mero xoua Kpunoli aHa<reHBSI, coOTBeTCTByromero 

aHeprun .2185,0 Kan, B03MOJKHO, CBH38HO co CTpyKTypoil COCTOSIHBSI. TaKBM o6pa30M, 

1 



K0/1/leKTliBHblil xapaKTep COCTOl!Hllil C I TT K=O+O roBopnT O TOM, 'ITO B 
164 Er 

Hapru1y C napHblMH B3aHMOlleilCTBHS!Mll cymeCTBeHHYIO poru, nrpa!OT KBa1lpyno11b-KBa1lpy

no11bHble B38IiMOllellcTBHSI. 

KpoMe KO/llleKTliBHbIX B036y)KlleHHll, COOTBeTCTBY!OlllliX KBallpynonhHblM lleqiopMa;

UHS!M noBepXHOCTH ru1pa I{ HMeIOmax BCerlla nOIIO)KHTe/lbHYIO '!eTHOCTb, B '!eTHO-'IeT

HblX 1mpax Ha611IOllaIOTCSI K0/1/leKTHBHhle B036Y)KlleHHble COCTOS!Hllll OTpnuaTe/lbHOil 

'!eTHOCTII, no-BHllHMOMY, OHR COOTB0TCTBYIOT OKTynonbHbIM Ko11e6aH11gM noBepx-

HOCTH Slllpa. YpOB0Hb 1386 K3B OTpllUaTe/lbHOil, qeTHOCTII CO cnl!HOM I = f 111111 2 

Mb! paccMaTpl!BaeM KaK OKTynO/lbHOe COCTOl!Hlle c I " K= 1-0. no pac'leTaM ConoBbe-

/2 / 164 , • . 
Ba cnenyeT, 'ITO B Er CaMbIM H113KIIM 113 ypOBHell C OTp11uaT0ll!,HOII 'l0T-

HOCTb!O 6y1leT YPOB0Hb C I r-l-11 K =O, T.e. OKTynollbHOe COCTOl!Hlle C ,\ =3 II 

v= O. Hy)KHO OTMeTHTh xopornee cornacne B 3Ha'leH11n 3Heprn11 ypOBHll, nony'leHHO

ro B onhITe ll B pac'leTe (cM. Ta6nnuy 3). a Ta6mme TaK)Ke naHbl OTHOllleHHSI np11-

B81leHHblX B0pOl!THOCTell nepexonon C ypOBHll 1386 K3B Ha nonocy OCHOBHOI'O COCTOSl-

/3/ 
HHll. CpaBneHne 3KCnepl!M0HTallbHblX naHHblX co 3Ha'leHHllMII no Anar a CBlllleTenb-

CTByeT B noru,ay npnnncaHHll ypOBHIO 1386 K3B K =O, 'ITO nonTBep)KnaeT Harn BbIBOll 

06 OKTynonbHOil npHpOll0 3TOI'O COCTOl!Hllll. 

Sfopo 

164 Er 

Ta 6 n II u ·a 3 

CpaBH0HHe aneprnH ypOBHll C ITTK =1-0 I{ OTHOllleHHll npnBeneHHhlX 

BepOl!THOCTell.nepeXOllOB na nonocy OCHOBHOI'O COCTOl!HHSI 

E (1-) 3KCn E(l-) Teop B ( E 1 , C ➔ 0 +) / B ( E 1 , 1- ➔ 2 +) 

K3B K3B (2) 3KCU K=0(3) K = 1 (3) 
Teop. Teop. 

1386 1430 0,35 ±. 0,05 0,5 2,00 

B peaynbTaTe np0Be11-e11rroro 6ananca IIHTeHCIIBHOCTell 6binll paCC'lllTBHbl a6co-
•. 

/l!OTHbie llHTeHCHBHOCTII nepeXOllOB B % Ha pacnan ll 3HB'l0HHSI fog ft 

XOllOB Ha B036y)KlleHHbl0 COCTOS!Hllll 
164 

Er 

llllll nepe-

Ebl/10 noKaaano, 'ITO COCTOllllll0 
164 

Tu co cn11HOM Irr = 1 + l!BlllleTCl! OCHOB-

HbIM, a B03MO)KHOe COCTOHHll0 co cnnHOM ITT =3- ll0/l)KHO 6b!Tb 1!30M0pHbIM. OnLITbl 

no e-y coBnaneHnl!M (L 91,4) (yl no3BOIIH/III ycTaHOBHTb, 'ITO Ha YPOB0Hb 
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91,4 K3B npO!!CXOlll!T f3 + -pacnall .n onpenennTb, 'ITO KBaHTOBOe 'lUC/10 K ll/lS! 

OCHOBHOI'O COCTOl!HHSI 
164 

Tu paBHO 1. 

npoBeneHHOe cpaBHeHHe 3KCnepHM0HTall!,HblX peaynbTaTOB C HeaKCHallbHOll MO-

~/ . . 

nenbIO ru1pa, paaBnBaeMoll .LlaBhlllOBbIM , noaBom1eT yKaaaTi, Ha xopornee corna-

cne· B pru1e cny'laeB B onncaHnn KOnneKTIIBHhlX a(jl(jle_KTOB B ru1pe: nono)KeHne pOTa

unoHHhIX ypOBHell, OTHOllleHnll np1rneneHHblX Bepostl'HOCTell nepexonoB, npOHCXOllS!lllllX 

B poTaunoHHbIX nonocax 1111n Me,KAY pa311H'lHhIMII uonocaMn. OnHaKo napaMeTpbI ·He-

anna6aTl!'lHOCTH /l II HeaKCHa/lbHOCTH r ll/lS! 1lam10ro ru1pa, Bbl'lllC/10HHble rro 

. pa3/lll'lHblM KOM6HHaUHl!M ypOBHell, OT/lll'laIOTCSI npyr OT llpyra. 3To, B03M0)KHO, CBH

neTe/lbCTByeT O TOM, 'ITO. pa31111'1Hbie B036y)KlleHHbl0 COCTOSIHIISI IIMe!OT pa3HYIO lle

qJOpMaUHIO. Ho B TaKOM C/ly'lae pac'leT nono)KeHl!SI TOI'O H/IH npyroro ypoBHSI, rre OT- . 

HOCSIIUeroCl! K CHCTeMe onpenenearroll poTaUHOHHOii nOIIOCbl, CTaHOBllTCSI 3aTPYllHII

T0/11,HblM BBHllY OTCYTCTBHSI Kp11Tep11ll llllll BhI6opa uapaMeTpoJj /l H r . 
CBepXTeiyqag MOile/ib Slllpa, pa3Bll~aeMall ConOBb0BblM ll np., OT/IH'laeTCSI 6om,.:. 

well nocnenoBaTe/lbHOCTb!O B llHTepnpeTannn B036yJKnemibIX COCTOllllllil 'l0THO-'l0THhlX 

Mep. CBepxTeKy~aSI MOile/ib S!llpa noaBonl!eT nony'IHTb ennao'e · onHcaHne KaK nBy:X::... 

KBa3H'IaCTH'lHbIX, TBK II K0/1/leKTHBHblX nepoTaUHOHHblX COCTOllHHii 'l0THblX neqiopMll

poBaHHblX llllep. 

164 . 
npn pacnalle Tu y1lallOCb Hll0HTllqlllUllpOBaTb Cl!CT0MY KO/llleKTIIBllb!X co.:.. 

+ . . -
CTOl!Hllil C Irr K =o· 0 H OKTynoru,noe COCTOl!Hne C Irr K = l 0, 3HeprnH H CTpyK-

Typa_ KOTOpbIX xoporno cornacyIOTCSI C paC'leTaMH. 3T·o YKB3b!B80T Ha TO, 'ITO B CBepx• 

TeKy'lell Monenn S!llpa, Y'lllTbIBaJOmell, KpOMe uapHb!X B3aHMOllellCTBHll, MYllbTHnoru,

MYllbTHnOllbllble B3aHMOllellCTBllll, ynanoci, npaBllll!,HO onncaTJ, Ty qaCTb OCTaTO'IHblX 

B3811MOllellCTBllil M0)KllY HyKIIOHaM11, KOTopaSI nrpae'r Han6on:ee cymeCTB0HHYIO poru, 

n'S!llpe npu cpaaHnTellhHO ne6011brn11x aHeprnSIX aoa6y)Kll0HHll. 

fnaaa IV UOCBS!lllena nay'!eHHIO pacnana JU Dy(T½ = 9,8±0,5 'I) • 

Opn H3Y'l0HHH pacnana 
155 

Dy .iiaMn 6bmn pewellhI .c11eny10m11e aalla'!n: 

1) Ebl/10 llOKa3aHO, 'ITO 

155 
np11a_alllle)KnT Dy 

f3 + -cneKTP c rpaHH'lHOll aHeprneii . E =860+20 K3B 
rp -

2) MeTOllOM f3 + - y coBnalleHHll 6bl/lO ycTaHOBlleHo, 'ITO f3 + -,.pacnall c· rpan11'l-
1 

HOH 3Heprnell 860 K3B HlleT Ha ypoBellb ~26,9 K3B B 
155 Tb . 

3) Ebl/10 onpeneneHo OTHOllleHne 'lHC/la noanTpOHOB K 'IHC/ly K -KOHBepcnoHHblX 

3110KTPOHOB nepeXOllB c 3HeprHefi 226,B K3B: {3+/ K 226.9~ 0,82 ± 0,10 • 
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4. HaMepeHO Bp8MlI lK1!3HII YPOBH.lI .226,9 K8B B lGG Tb • KOTOpoe OKaaanocb 

paBHO ( -10 
T Ii= 3,4:!:_Q,6) • 10 CeK. 

. 4 
Ilp11 8TOM <jJaKTOpbI aaaeplKK.11 F w =0, 7. 10 . II 

F N =0,5. 

3T11 peaynbTaTbl npnaena K cneay1011111M BbIBOAaM: 

1) Pa3HOCTb Mace aTOMOB lU Dy -- IU Tb Q • 2109 ± 20 K8B. 

2) OTH0111eH11e K -aaxaaTa K /3+ -pacnaay Ha ·ypoaeHb 226,9 KaB paaHo 

K /{3+ =31,6 :t..6,8, 'ITO He npoTn:aope'IHT paape111e1rnoMY xapaKTepy nepexoaa. 3Ha'le-

HHS fog f I =6,2 :!:.0,1 .llnlI nepexoaa Ha 8TOT ypoaeHb TaKlK8 yKa3b!Ba8T Ha TO, 'ITO 

aTOT nepexoa na6o T11na ah na6o Tnna In 

3) <l>aKTOpbl aaaeplKKH .QnlI nepexoaa c 8Hepraeil: 228,9 K8B ~elKAY COCTOlIHHlI-
. _ . + . 

Mil 5/2 /532/ -- 3/2 /411/ CBH,lleTellbCTBYIOT o BblllOnHeHIIH' npannn OT6opa no• 

ac11MnTOTl1'1eCKl!M KB8HTOBblM 'll!CnaM I! noaaonmoT YTBeplK.QaTb, 'ITO lI.llPO UG Tb 

lIBnSieTC!I Cl!llbHO.lleq>opMHpOBaHHblM llllPOM • 

.3) OcHOBHOe COCTOlIHHe lU Dy aonJKHo HM8Tb xapaKTepHCTHKI! 3/2/521 / , 

XOTlI 8TO .llonJKHo np11BeCTH K npeanonolKeHHIO O. TOM, 'ITO !IAPO IGG Dy na6o cna6o 

aeqiopMapoaaHH0e, nn6o cxeMa yponHeil: Hanbccoaa ae coBceM TO'IHO nepeaaeT no

plIAOK pacnonolKeHHlI ypoBHeil: ,llnlI He'leTHa,.aeil:Tp0HHblX !l.llep n nepeXO.llH0il: o6naCTH. 

noanHee Hawa peaynbTSTbl no aayqeaaro pacna.1ta lU Dy 61,ma no.QTBeplKJleHbl 

/5 8/ 
B pa6oTax ' • 

B rnane V 

us* 
COCTOlIHlllI Pr 

npaBO.lllITClI peaym,TaTbl accneaonaaail: pacnaaa aaoMepaoro 

H peayllbTSTbl no H.QeHTH<pllKaUHH HOBOf'O H30Tona 
138 

Pr 

(oCHOBHOe COCTOlIHl!e). 

138 * Pr l T½ .. 2 ,12 :!:. 0,03 qaca}. 

· , • 138* B peaym,TaTe Ha11111x 11ccne.1toaaa11u 61,mo ycTaHonneHo, 'ITO npn pacnaae - Pr 

aoa6ylK.QaIOTC!I YPOBHII 787,1; 1825,6; 2128,4; 2216,2; 2371,8 11 2482,6 K8B c KBaH-

+ + - - + + 
TOBblMI! xapaKTepllCTIIKaMII 2 ; 4 ; 7 ; 5 ; 5 nnn 6, 6 11n11 7 ~OOTBeTCTBeHHO. 

.To'IHOCTb onpeaeneHHlI nonolKeHH!l_ypoBHeil: no aHeprn11M He xylKe 0, 1 % •. 

E YcTaHoBneHo, '!TO, KpOMe 1!3B8CTHOil: /3 + -KOMITOHeHTbl C rpaHH'IH0il: 
rp 

cywecTBYIOT eme .QBe 13+ -KOMITOHSHTbl c _ rpaiIH'I-1,65 MaB, npn pacna.1te 
138* Pr 

HOH 8Hepr11eil: E =1,56 a 1,41 MaB, naymne Ha ypOBIIll 2216,2 n 2371,8 K8B COOT-
rp . 

B8TCTB8HHO. Bb!na onpeaeneJia MynbTllITOllblIOCTb 6onblll11HCTB·a 1Ia6n10.QaB111llXC!1 nepe-

XO.Q0B. 

10 

IlpoaeaeHH1>1il: 6anaHc 111ITeHCHBIIOCTeli noaaonnn HaM onpeaen11Tb a6con10THy10 

llHTSHCHBHOCTb nepeX0A0B B npoueHTaX Ha pacnaa H aHa'ISHlllI fog fl 

llOB Ha aoa6ylK.Q8HHbie COCTOlIHll!I 
138 

Ce • 

AnlI nepexo-

Ha111a peaynbTaTbl noaaonSIIOT aaKnIO'll!Tb, 'ITO KBaHTOBblMI! xapaKTepHCTHKaMn 

138 * 
ll30MepHOf'0 C0CTOlIHH!I Pr C KOH<pnrypauneli [ p ( d 5/:il, n'(h 11/2 ) ] 6yayT 

I ft ·=6-. Ha ocHoae nony'leHHbIX peaynbTaTOB 61,ma paapa60TaHa cxeMa pacnaaa 

138 * Pr (pnc. 3). 

HHTepnpeTaUIIIO HHlKHllX B036ylKA8HHblX COCTO!IHllil: SIApa 
138 

Ce MOlKHO npo-

BeCTH HS OCHOB8 npocToil: BH6paunoHHOH MO.Qenn o. Bopa AnlI cq>epll'18CKIIX SIAep. 

+ 
IlepBbiil: aoa6ylK.Q8HHblll ypoaeHb 787, 1 K8B co cnHHOM !ft .. 2 • 0'18B11.QHO, O.QHO-

<pOHHblll ypoaeHb KBaapynonbHOf'O aoa6ylK.ll8HHlI. BTopolt ypoaeHb 1825,6 KaB co cmr-

+ + 
HOM I ft --4 I! TpeTHll ypoaeHb 1478 K8B co CITHHOM 1ft =0 , o6HapylKeHHblH np11 pae-

lla.Ile 
188 Pr , smm1IOTC!I AB)'X<pOHHblMII KOne6aTenbHblMll ypOBHl!Mll KnaapynonbHOf'O B03-

6ylK.QeHJrn. 

HaoMepaoe COCT011HHe C aHeprneil: 2128,4 K8B co CITIIHOM I 17 = 7- srnn11eTC!I 

AByxqaCTll'IHblM COCTOIIHHSM, o6ycnoe.rieHHblM KOH<pHrypauueli [ n ( h 11/2 ) , n ( d 3/2 ) ] 

OTaocnTenbHO np11p0Jlbl 0_CTanbHblX B036YlKJl8HHblX COCTO!IHllll B aaCTOl!IUee BpeM!I 

BbICK83aTbC!I aaTPYJlHllTenbHO. 

138 pr (Tis •1,5 ±..0,15 MHH) • 

no noa11TpOHH0MY nany'leHl!IO C rpaHll'IHOH aaeprneii" E = 3440 K8B 11Jl8H-
rp 

Tll<pHUHPOBaH HOBblH ll30TOn 
138 Pr ( OCHOBHOe COCTOl!Hlle) C T Ii =1,5:t..0, 15 MIIH. 

+ 
CnaH 0CHOBHOf'O COCTO!IHlllI I 17 = 1 

188* - • 
Hao:,rnpaoe coCTOSIHHe Pr co cn11HOM I ft =6 l KOHq>11rypau11lI [ p( d 5/ 21 , 

n ( h 11/2l l l - nelKHT Ha 340 Kan B1>1111e OCHOBHoro cocTO!IHll!I { KOH<pnrypaUHlI 

[ p ( d oi2 > , n ( d a /2 l] I. 

CpaBH8H118 aToii aenl!'ll!Hbl C paaHOCTblO 8Hepr1111 ypOBHeH ~ E = E h11/2- Ed 3/2 

.Qn!I COCellHHX C 
138 Pr He'leTH0-HeliTpOHHbIX ll.Qep C N = 71:l 

131
-·Te, 

133
Xe , 

135
Ba , 

137 Ce , 139 Nd noKS3bIBaeT, '!TO nn1111H11e B MPS 
138 Pr npOTOHa B COCTO!IHIIII 

d 5/2 . Ha 8HepreTH'18CKOe pacmenneHne COCTOlIHllll H811Tpoaa d a/2 '11 h 11/2 _SIBnlieT

C!I He Cnl!IIIKOM CHnbHbIM, 'ITO HaXOJll!TC!I B cornaCl!I! C l!CXOJlHbIMI! npeanoChinKaMI! 

"06ono'le'111oli MOJlenn. 

B rnaae VI ITOJlB0Jl:IITC!I l!TOf'I! peaynbTaT0B 11ccne)lOBaHll!I pa.QHOaKTl!B-

Horo pacnaaa lIAep 
164 lU . 138* 138 

Tu Dy , Pr I! Pr 
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PeaynbT8TbI, nano>KeHHbie B n1IccepTaUHII, nono>KeHbl Ha Xiii , XIY ll XYI 

BceCOI03HblX conemaHIISIX no MepHoli cneKTpOCKOnlIII II CTpyKType 8TOMHOro Mpa, 

Ha VI ' VII ll IX pa60'IHX COBemaHIISIX no srnepHOil cneKTPOCKOnlIII HeliTpOHO-

neljJIIUIITHblX aaOTonon a Teop1m Mpa B ,ny6ae (1963-1966 r.r.) n aa MelKnyaapon

Holi KonljlepeHimll no srnepnoil: ljl1Ia11Ke ,CTTapnlK - 1964 r.). 

MaTepnan, 
• /7-15/ 

nonolKeHnbm B ocnony n1IccepTaU1III, ony6n1IKOBan B pa6oTax • 
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