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. HCCJIE~OBA~E YPOBHEA 

"ITOJIYMArWI~CKOrO" H~PA 1:~ Ce 82 , 

BQ3BY)I{~AEMhiX H3 PACITA~A ' 140 La H 
140 Pr 

e6"M:,nLmrat::m:iii>llitl f<ti~ 
onep~:u::m u~~~:mnorr.mmi 

~lfa©g~I/'U!UTEKA 

• l1HCTIITYT ljlnaRKR yHRBepcnTeTa B Opxyce (LlaHRSI), 
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!1ccne)lOBaHIIe CBOllCTB B035ylK)leHHbiX ypOBHefi "nonyMar'll'leCKIIX" S!Jlep 

'· C 'IIICnOM HefiTpOH~lB N = 82 npeJlCTaBnl!eT CUeUII<)lll'leCKIIll IIHTepeC1 BO-nep

Bb!X1 C TO'IKH 3peHIIH o5HapylKeHIIH CpeJlll HIIX ypoBHefi "KonneKTIIBHofi" npll

pOJlbl 11 1 BO-BTOpbiX1 C TO'IKII 3peHIIH 3KCUep11MeHTanhHOll npoBepKII HeKOTO

pb!X cneJlCTBIIll "MIIKpOCKOnll'leCKOr'O" OniiCaHIIH /1-4/ CBOllCTB TaKIIX HJlep1 

KOTOpOe ynaeTCH npOBeCTII B Cllny 3aMKHyTOCTii IIX HefiTpOIIHOll CIICTeMbl, 

Boa5ylKJleHHhie ypoBHII HJlpa 
1

5
4~ Ge 

82 
neTanhHO 113y'!an11Ch MeTOJlaMII 

HJlepHofi cneKTpocKonllll np11 pacnane 
140 

La 15,6/ 11 
140

Pr /7/, npii.Heynpy

r'OM paCCeHHIIII 'laCTIIU II Y - KBaHTOB HJlpaMII 14° Ce : (p ,p '!!8,9/ 1( d, d ') /8~ 
(a,a~l 110,111, (n ,n 'l/1 2 ,13/,(y,yl 1141, ( 14 N, 14 N'l, /15/, a TaKlKe 

B HeKOTOpb!X HJlepHbiX peaKUIIHX
139 

La(d, n) /16//_4°Ce(y,yl /17/,
143

Nd(n,a/18( 

141 Pr ( Y, pl /17/ 1 141 Pr (d, 3 He) /19/,. 

XoTii nepe'lllcneHHbiMII MeToJlaMII 5bina nony'leHa cymecTBeHHaH 1111<jlop-

MaUIIH 0 CUCTeMe B035ylK)leHHbiX ypOBHefi 
14° Ce 

nocb nanbHefimee 11x· 11ccnenoBaH11e c uenhro: 

, TeM He Menee Tpe5oBa-

a) yTO'IHeHIIH KBaHTOBbiX XapaKTepiiCTIIK pl!Jla ypOBHefi 1 HanpllMep, 2350,2; 

2516,1; 2547,5 K3B II 5onee BbiCOKIIX; 

5) B03MOlKHOr'O o5uapylKeHIIH OlKII)laeMbiX /3,4/ 

KOTOpbie nonlKUhi xopomo Boa5ylKJlaTbCH npn pacnane 

3388 ± 6 K3B /7/; 

ypOBUefi Tl!na 0+ II 

140 ( + 
Pr 1 1 Q {3+ = 

B) nonhiTKil o5HapylKeHIIH na pacnana 
140 

La (3-, Q 
13

_ = 3762 ± 8 KSB/51) 

'laCTil'IHO-JlbipO'lllbiX JlByxuefiTpOUHbiX ypoBHefi 
14

° Ce , naBeCTHhiX no naH

HbiM 0 pe3oUaHCHOM pacCeHHIIII npOTOHOB / 9 /, K np11Mepy1 ypOBHefi 3410 (3-), 
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3480 ( 4-), 3670 (2-) K3B, .nnn peweaun nepe•mcneHHhiX 3aAa'I u 5hma npeA

npuHnTa HaCTOniUan pa5oTa, 

2. Ycnosun orrhiTOB 

2.1. TipenapaT 
140 

La 

140 
H3oTon La ( T 1; 2 = 40,2 qac) HaKannunancn npu pacrraAe U30TOrra 

140 Ba 
( T 1/ 2 = 12,8 LIH), KOTOpb1ll o5pa30BbiBaJJcn B peaKitUU .({eJJeHun ypaHa, 

MuweHb U3 OKUCU ypaHa U03 BeCOM 250 Mr, o5orameHHan IIO U30TO-

rry ypaua C A .= 235 .({0 20%, o5nyqanaCb IIOTOKOM TeiiJJOBb1X HellTpOHOB 

( 1,5 x to14 HellTpoa/cM
2 

ceK) aa peaKTope HccneAonaTen&cKoro ueHTpa n Pu

ce (.naaun), Tiocne 26 'JaCOB 05JJy'JeHun U3 MHWeHH XUMU'IeCKU Bbi.({eJJnJJCn 

rrpoAyKT AeneHuH - 5apull, B Aan&aellweM u3 5apuenoro npenapaTa aeoAHo-

KpaTHO Bbi.({eJIHJJCn HaKOIIHBWUllCn AO'IepHUll 140 La 

!jJH3U'JeCKUe UCCJJeAOB8HHH, 

, C KOTOpbiM npOBOLIUJIHCb 

140 
2,2, TipenapaT Pr 

Tipn uccneAOBaHiflf pacnaAa 
140 

Pr HCTO'IHHKOM cny)KifJJ npenapaT aeo-

AUMa, KOTopbill BhiAennnc:H 1201 113 ranonlfanenoll Muweau, o5nyqeauoll 5biCT

pbiMif npoToHaMu Ha cuaxpouuKnoTpoae OH.HH (nee Muweau 1 r, E =660 Msn, 
p 

TOK ~ 2 MKa), Tiony'JeHHan HeOAUMOBan !jlpaKUUn COAep)KaJJa KpOMe 140Nd 

T 1j2 = 3,37 AH) eme aellTpoaone¢uunTHhie U30TOIIhi c A =136 - 141 

T1/2~ 5,53 'lac) If HellTpOHOII35hiTO'IHbie II30TOIIbi C A = 147 ( T1; 2
= 11 LIH) H 

If A = 151 ( T 1; 2 = 1,9 'lac), a TaK)Ke HaKannunaromuecn npu nx pacnaAe 

LIO'IepHife aKTIIBHOCTII, CrrycTn 15 AHell:, Korna KopoTKO)KHByiUne H30TOnbi non

HOCTbJO pacnanuc&, !jlpaKuun· 5bma xpoMaTorpa!jluqecKif TIUaTen&Ho oqumeaa 

OT AO'IepHUX aKTUBHOCTell ( B OCHOBHOM, OT 139Ce ) If OT B03MQ)Kflb!X 38r

pn3HeHull ApyrlfMH paAIIOif30TOnaMU, Tiony'IeHHbill nperrapaT COAep)KaJJ 140Nd 
140 . 

If HaXOilHIU!IllCH C HIIM B paBHOBeCIIU Pr 
147 

Ha'IIfTen&ayro npnMec& N d • 

T = 3,39 MUH), a TaK)Ke He3-
l/2 

I 

I 
l 
I 

I 

i i 
'·' 

1 
f 

4f I ! 
6.1.._ 

2 ,3, faMMa- CIIeKTpOMeTp 

H3yqeaue y - cneKTpon nony'IeHHhiX nperrapaTon rrposOAIIJIOCb aa 

TpoMeTpe uacTuTyTa !jlu3uKu OpxyccKoro yaunepcuTeTa (.nauun), Oep1 

qaJJbHO Mbl UCIIOJ!b30BaJJU B pa50Te Ge ( Li) - neTeKTOp C 'IYBCTBUTeJJbl 

o5'beMOM ~ 10 CM3, a no3naee - AeTeKTop c o5'LeMoM ~ 20 cM3 , 05a 

TeKTopa - KOaKcuan&Horo Tuna. P a3pewaroman cnoco5aocTb AeTeKTopa 

05'beMOM 20 CM3 COCTaBJJSIJJa 3,2 K3B Ha nonOBUHe Bb1C0Tbl y - JIUHUl 

C E y = 487 KSB i BTOpoll .({eTeKTOp UMen pa3pewaJOIUYJO cnoco5HOCTb 5,~ 
60 . 

H8 JJUHUU Co C ~y= 1332 K3B, 

Tipll nOMOIUU CT8HAapTHblX UCTO'IHUKOB 5biJJ8 CHHTa C TO'IHOCTb!O • 

KpUB8H 3HepreTU'JeCKOll 38BUCUMOCTU a5COJJIOTHOll a!jJ!jleKTUBHOCTII peru< 

ItUU y - nyqell o50UMU .({eTeKTOpaMH, 3aepreTU'JeCKaH K8JJH5pOBKa y 
140 

TpOMeTpa ocymecTBJIHJJaCb no pHAY JIHHHll La , 3Hepruu KOTOpbiX, u: 

Hbl C 50JJbWOll TO'IHOCTb!O /5,6/, 

3, _3KcnepnMeHTan&Hbie pe3yn&TaTbi 

140 
3,1, faMMa-ny'In La 

.ann TIUaTeJJbHOro lf3y'IeHnn Y - CIIeKTpa 
140 

La 5biJJO UCIIOJ!b30BE 

HeCKOJ!bKO IICTO'IHIIKOB, TipUIIUCaHUe Ha5nJOA8BWIIXCH B CIIeKTpe Y -nuH 

140· 
Tony La npOU3BOIUIJIOCb no rrepUOLIY y5biBaHUH UX UHTeHCUBHOCTell, 

Me TOre 5hinU npUHHTbl BO BHIIM8HUe HeAaBHife pe3yn&TaTbl IICCJJe.({OBE 

y - cneKTpa 
140 

La apyrUMU 8BTOpaMif, 
140 

Tiony'IeHHhie HBMII cneneunH o y - nyqax La rrpencTanneHh1 B 

0TnenbHbie Y'IBCTKU y - cneKTpa 
140 

La npnseaeah1 ua puc, 1-3. B 

cneKTpe o5uapy)KeHhi 11 oTHeceHhi K pacnany 140 La pauee Helf3BeCT!l 

JJIIHUU C E y = 438,5; (446,0) i 936,9; 2465,3 If 2533,4 K3B, C uenbJO 

sepKU TOre, 'ITO JIUHUH 2465,3 KSB He eCTb IIUK CYMMUpOB8HifH HBXOLif 

CH B KaCKBAe IIHTeHCUBHblX y - nyqell 1596,5 + 867,9 KSB 0 5hinii IlpOl 

Hhi nononH!ITen&Hhie lf3MepeauH Y - cneKTpa npu apyroll reoMeTpnn o 

a TaK)Ke U3MepeHIIH C IlpenapaTOM JJ8HT8Ha 3Ha'IHTeJJbHO MeHbWell aKT 

Tlf, B KOGTpOJJbHbiX onhiTaX OTCyTCTBOBanu Ha5nJOAaBWHeCH paHee n!IKI 
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ellllblX 3a):laq 11 6btna rrp9 A- 2,3, faMMa- ClleKTpOMeTp 

ncH rrp11 pacrraA9 li30Torra 

peaKUHII .l19n91111H ypa11a, 

·, o6oraW91111aH rro 1!30To-

TellnOBbiX llel\TpOIIOB 

eaTenbcKoro ueHTpa n P11-

II XIIMI!qeCKll Bbi.l1en5JnCH 

'eoro rrp9rrapaTa Heoaao

c KOTOpbiM llpOBOJ:Illni!Cb 

)M cny~11n rrp9rrapaT 119o

IIIW91111, o6nyqe1111ol1 6biCT

MllW911ll 1 r, E P =660 M9B, 

t:t9p~ana KpOM9 
140

Nd 

Ibl c A =136 - 141 

~ A = 147 ( T1/2= 11 All ) II 

~IIll!ecH rrpn 11x pacrraA9 

rKO~IIBYIIlll9 1!30TOllb! IJOn-

m TWaTenbiiO oql!lil911a 

ll OT B03MO~IIb!X 3ai'-

140 
Nd 

3,39 M!!ll) 1 a T8K~9 1193-

l13yq9mm Y - Cll9KTpoe rronyq91111b1X rrp9rrapaTOB rrpoBO.l11WOCb 11a Cll9K

TpOM9Tp9 IIIICTI!TyTa ¢11311Kll OpxycCKOI'O YH11B9PCI!TeTa (naii!!H), nepBOIIa

qanbiiO Mb1 I!CIJOnb30Banll B pa6oT9 Ge ( Li) - ):leT9KTOp C qyBCTBI!T9nbllb1M 

06beMOM ~ 10 CM3, a IJ03):111ee - AeT9KTOp C 06'LeMOM ~ 20 CM3, 06a .l19-

T9KTOpa - KOaKcl!anbiiOI'O Tl!na, Pa3p9WatomaH crroco6IIOCTb .l19T9KTOpa c. 

06b9MOM 20 CM3 COCTaBnHna 3,2 K9B 118 IJOnOBlille Bb1C0Tb1 y - ni!Hllll 
140 

La 

c E y = 487 K9B; BTopol! aeTeKTop liMen pa3p9Watomyto crroco6HoCTb 5,5 K9B 

60 . 
!Ia nllllllll Co C ~y= 1332 K9B, 

np11 llOMOIIlll CTall):l8pTIIb!X IICTOqllliKOB 6btn8 CIIHT8 C TOqiiQCTblO 3-5% 

Kpi!B8H 9119pi'9Tllq9CKOH 38BIICI!MOCTII a6contoTIIOH 9¢¢eKTIIBIIOCTII pei'I!CTpa

Ullll y - nyq9l! o60I!Mll .l19TeKTopaMII. 311epi'9Tllq9cKaH Kan116poeKa y - Cll9K

TpOM9Tpa OCYIIl9CTBnHnaCb llO pHAY ni!IIIIH 
140 

La , 9119pi'llll KOTOpblX. 113B9CT

IIb! C 6onbWOl1 TOqiiOCTblO / 6 ,6 /, 

3, .3Kcrrep!!M911Tanbllbi9 p93ynhT8Tbi 

3,1, faMMa-nyqll 
140 

La 

nnH TlllaTenbiiOI'O 1!3yq91111H Y - CIJeKTpa 
140 

La 6btn0 IICIJOnb30B8110 

lleCKOllbKO I!CTQqiii!KOBo np!illi!C8111!e lla6nto):I8BWIIXCH B Cll9KTp9 Y -ll!fllllli 1!30-

Torry 
140La rrpoH3BOAHllOCb rro rr9pi!OAY y6hiBaHIIH !IX I!IIT911CIIBIIOCTel1, Kpo-

Me TOI'O ·6blllll llpi!IIHTbl BO BIIIIM8111!e 119):1aBIII!e p93YllbTaTbl I!CCll9.l10B8HIIH 

y - Cll9KTpa 
140 

La APYI'IIMI! aeTopaMI!. 

nonyq9llllble 118M!! CB9.l191111H 0 y -nyqax 
140

La llp9ACT8Bllellbl B Ta6n,}, 

0TA9llbllbie yqaCTKII y - crreKrpa 
140 

La rrpi!BeAe!lbi 11a p!ic, 1-3. B y -

CIJ9KTp9 o6Hapy~911bi 11 oTIIeCellhi K pacrraay 
140 La 

pane9 1191!3B9CTIIbie 

lll!llllll C Ey = 438,5; (446,0); 936,9; 2465,3 II 2533,4 K9B, C U9llb10 rrpo

B9pKll TOI'01 qTO nliiii!H 2465,3 K9B lie eCTb lli!K CYMM!!pOB81111H 118XOAHlilliX

CH B K8CK8A9 IIIIT9IICI!BIIbiX Y -nyqel\ 1596 15 + 867,9 K9B 1 6btnll llPOB9A9-

IIbl Aorroniii!Tenhiihie 1!3Mep9HIIH Y- crreKTpa rrp11 apyroll I'90MeTpllll orrbiTa, 

a TaK~9 H3Mep9IIIIH c rrperrapaTOM nauTana 3Haqi!T9llbHO M9llbWel1 aKTI!BIIOC

TI!, B Kot;rponbllbiX orrhtTax OTCYTCTBOBanl! lla6ntoaaBWII9CH pan9e llHKII cyM-
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MHpOBaHIHI (HanpHMep1 1596,5 + 328,8; 1596 15 + 487,0; 1596,5 + 815,9 1 

HO nHK 2465,3 KSB npORBHnCR OT'leTnHBO, 
140 

CneneHHR 06 HHTeHCHBHOCTRX y - ny'!efi , La 1 nony'leHHbie H8MH1 

• !21/ 
porno cornacyroTCR c pe3ynbTaTaMH AHTOHbenofi H np. H Eaepa H n 

HO CyiUeCTBeHHO OTnH'!SlOTCR OT pe3ynbT8TOB KapnCCO!Ia H np. /
5 / H fro: 

H np. /22 / nnn y - nHHHfi C Ey ~ 400 KSB, 

AIITOHbena H np. 1211 coo6mnnH o na6nroneHHH pnna ManonHTencnn: 

140 
nH!IHfi 1 OTHeCe!IHblX HMH K La , Ha !Ialii B3I'rrRA 1 nHHHH C E y = 574; ] 

1840; 1880 H 2386 KSB RBnRJOTCR nHKSMH 
8

0AHIIO'!HOI'0
8 

H 'ttBOfiHOI'0
8 

Bl 

Ta 81IHHI'HrrR!IIIOHIIblX y - KBSHTOB npH o6pa30BSIIHH nap lKeCTKHMH y-, 

'l8MH (cOOTBeTCTBeHHO, Ey = 1596,5; 2348,1 H 2899,7 K<;m), faMMa-nHHI 

148 H 221 KSB /21/ Mbl paCCMaTpHBaeM KSK nHKH "o6paT!IOI'O paCCeRIIHf 

Y -ny'!efi C Ey = 328,8 H 1596,5 KSB, 

Mtl lie nony'!HnH ASHHblX 1 nOATBeplKA8lOIUHX CyiUeCTBOBS!IHe y - ny 

140 La C Ey= 337; 390; 588; 605; 730; 802; 903 KSB 
1211 (no.HaliiH~ 

HblM BepX!IHfi, npenen HX HHTeHCHBHOCTefi B npHHRTbiX B Ta6n, 1 enHHHUa: 

'r 5: o,o4). 
2927,6 /22/ 

To'!HO TaK lKe He nonTneplKneuo CY:mecTnonaHHe y - nH!IHfi 

H 2940 KSB / 2 1/ (no HSliiHM AaHHbiM HX HHTeHCHBIIOCTb I <( y-
113 nony'leHHbiX naH!fbiX o6 HHTeHCIIBHOCTRX y - ny'!efi 11 naHHbiX K 

CCOHa II np, / 5 / 06 IIHTeHCIIBHOCTRX aneKTpOHOB KOHBepCHII Mbl nOAC'liiT~ 
' IW 

KOsqJ4JHU118HTbl BHyTpeHHeil: KOHBepCIIH (a k) pnna Y - nepeXOAOB ' L• 

( Ta6n, 1). Ha pile. 4 H3o6palKeHbi aKcnepiiMeHTanbHbie 11 TeopeTII'leCKH' 

3Ha'leHIIR a k nnst. pa3HbiX MynbTHrroneil:, TaKoe cpasHeHIIe noai:lonneT 

38Tb nnst MHOI'IIX nepeXOAOB B03MOlKHbie Tllnbi MynbTIInOnbHOCTII ( Ta6n, 

KaK BHAHO 113 puc. 4, nnst y - nepexonon c Ey > 1,6 Man 3aTpynHI 

no no aKcnepHMeHTanbHO. ycTaHonneHHbiM nenii'!IIHaM a k 

MSlKAY pa3nii'!Hb!MII MynbTHnOnbHOCTSIMII, 

cnenaTb Bbi6 

OnHaKo n caMoe nocnenuee npeMst 6wnn nhmonueHbi TIUaTenbHbie H 

peHIISI OTHOliiSHHfi Koa¢¢HUH8HTOB BHyTpeHHefi napHOil: KOHBepCHII H BHyTpE 

Heil: KOHBepCHH Ha K -o6onO'!Ke 8TOM8 (a "lr/a k) HeKOTOpblX Y -nepeXC 

B HO Ce /24/, 8 TO lKS npeMst nOstBHnacb pa6oTa noM6apna II np. / 25/ 1 

nnst 3TH X lKe y - nepexonon TeopeTH'leCKII Bbi'lllcneHbi K03~HUIIeHTbi a 

!1cnonb3YSI STII pe3ynbT8Thl II 3Ha'l8HIISI u k , n3stTbie H3 Ta6nnu ·cnm 

15 
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MllpOBaHIUI (Hanp11Mep 0 1596,5 + 328,8; 1596,5 + 487,0; 1596,5 + 815,9 K9B), 

110 ITIIK 2465,3 K9B npORBIIIlCSI OT'IeTiliiBO, 
140 

CBelleHIISI o6 IIHTeHCIIBHOCTSIX y - nyqel! La 0 nony'leHHble HaMil, XO-

powo cornacyiOTCSI c peaynbTaTaMII AHTOHb;Boll 11 np. 
1211 

11 Eaepa 11 np/
61 , 

110 cyweCTBeHHO OTilll'laiOTCSI OT pe3yllbT8TOB KapncCO!la II Jlp, / 5 / II r10re 

II np, ·
1221 

llllSI y -lllllliiH C Ey ~ 400 K9B, 

AnronbeBa 11 np. 1211 coo6m11n11 o na6niOneHIIII pMa ManoiiHTenciiBilbiX 

140 
llllllllll,"" OT!leCe!lHbiX IIMII K La o Ha HaW B3rllllll 0 llllllllll C E y = 574; 1082 j 

1840; 1880 II 2386 K9B SIBilSIIOTCSI ITIIK8MII 'OilllllO'I!lOrO" II *llBOHHOro' Bbllle

Ta 81lHIIrllllSIUIIO!lllbiX y - KB8HTOB np11 o6pa30Ballllll nap JKeCTKIIMII y- ny

'18MII (cOOTBeTCTBeHHO, E y = 1596,5; 2348,1 II 2899,7 K9B), raMMa-1111111111 

1.48 11 221 KSB /21/ Mbi paccMaTpiiBaeM KaK niiKII "o6paraoro pacceSIHIIst"' 

y -nyqel! C Ey = 328,8 II 1596,5 K9B, 

Mbi ae nony'lllllll naHHbix, nonrBepJKi:taiOwllx cymecrBoBaHIIe y - nyqel! 

140 
La C Ey = 337 i 390 i 588 i 605 i 730 i 802 i 903 K9B / 21 / (no . ll8WIIM llaH

IlbiM BepXHIIli npenen IIX IIHTeHCIIBHOCTell B npiiHSITbiX B Ta6n, 1 ell11HIIU8X 

ly~ 0,04). 

2927,6 /221 
To'IHO TaK JKe He nonrBepJKneao cr:mecTBOBaHIIe y - lliiHIIll 

II 2940 K9B / 2 1/ (no HaWIIM llaHHbiM IIX IIHTeHCIIBIIOCTb I < 0,003), 
y-

113 nony'lellllbiX nall!lbiX o6 IIIITellciiBIIOCTSIX y - nyqel! 11 ttaHHbiX Kapn-

CCOHa II llPo / 5 / 06 IIIITeHCIIBIIOCTHX 91leKTpOIIOB KOIIBepCIIII Mbl nOilC'IIITallll 

140 
KO<HPtPIIUIIeHTbi Bnyrpeanell KOIIBepc1111 (a k l pgna y - nepexonoB • La 

( ra6n, 1). Ha plic. 4 113o6paJKeHbi .sKcn~piiMei!TanbHbie 11 TeopeTII'IeCKHe1231 

3Ha'leHIIH a k nng pa3HbiX MynhTIInoneit, TaKoe cpasnea11e noailo.nSieT yKa-

3aTb llllH MI!OriiX nepeXOAOB B03MOJKHbie Tllnbi MYilbTIIITOilbiiOCTH (Ta6n, 1 ), 

KaK BllllHO 113 p11c. 4, nng y - nepexonoB c Ey > 1,6 MsB 3aTpyAHIITenb-

HO no 9KCnepiiM911T81lb110. ycTaHOBileHHblM B91111'111118M a k 

MOlKilY pa31lll'lllbiMII MYilbTIIITOilbiiOCTSIMIIo 

cnenaTh Bbi6op 

OttHaKo B caMoe nocnenHee BpeMH 6blnll BbmonaeHbi rmarenbllbie 113Me-

peHIISI OTHOWeHIIH K09tPtPIIU119HTOB BHyTpeHHell napHOfi KOHBepCIIII II BHyTpeH

Heit KOHBepCIII! Ha K -o6ono'IKe aroMa (a 'IT/ a k l HeKoTopbiX y - nepexonoB 

B 
14° Ce /24/, 8 TO JKe BpeMH ITOHB111l8Cb pa6oTa noM6apna II llPo /25/, rne 

llllSI 9TIIX lKO y - nepeXOilOB TeopeTI!'IeCKII Bbi'IIICileHbl K09tPtPIIU1191lTbl a 
1T 

11cnonh3yst STII pe3ynbTaTbi 11 3Ha'lell11H a k , B3HTbie 113 Ta6n11u ·cniiBa 
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11 Eaan 
1231 , Mhi cnenan11 aaKniO'!eHIISI o MYnhTnnonbHOCTii HeKOTOpbtX lK 

Kif X y - nepexonoB ( Ta6n. 2). 

3.2. faMMa-ny'lll 
140 

Pr 

npnMeHeHIIe y - CneKTpOMeTpa C Ge (Li) -lleTeKTOpOM ,nano B03MC 

HOCTb CyllleCTBeHHO YTO'IHIITb CBelleHiiSI 0 y - ny'!aX 
140

Pr • nony'leHHbl 

Mil .QaHHhie o y - ny'!ax 
140 

Pr npnBe.QeHbl B Ta6n. 3. np11n11CaH11e y -. 

li30TOny 
140 

Pr np0113BOilllnOCb no nepnony y6biBaHIISI IIX IIHTeHCIIBHOCTel 

HIIManiiCb BO BHIIMaHIIe peaynbTaThl IICCne.QOBaHIISI y -cneKTpa 
140 

La. 

no cpaBHeHIIIO C peaynbTaTaMII npe.QllleCTBYIO!lleil pa60Tbi OllHOI'O 11: 

17 I 140 
~opoB - K pacna.Qy Pr nononHIITenbHO oTHeceHhi y - n11111111 c E 1 

=867,8; 936 10 II 2533 K3B 1 a TaKJKe nepeXOil 1420,3 K3B 1 KOTOpblil paHe 

npllniiCbJBancg 
140 

Pr npe.QnonoJKIITenhHO 
111 

4. CxeMa pacnana 
140 140 140 

La--+ Ce .. Pr 

140 140 
4.1. KoHCTpyllpoBaHIIe cxeMhi pacnana La-. Ce 

nony'leHHhle HaMil CBe.QeHIISI 0 y - 113ny'leHIIII 
140 

La n03BOnSIIOT 

\ 
Til HeKOTOpb!e .QOnOnHeHIISI II 113MeHeHIISI B CXeMy pacnana 3TOI'O 1130TOU£ 

npe.QnOJKeHHYIO EaepoM II llp. 
161• npennaraeMblil HaMil BapllaHT cxeMbl 

paJKeH Ha p11c. 5. 

npeJKne Bcero no sHepreTII'IeCKIIM coo6palKeHIISIM Mhl paaMeCTIInll 

pyJKeHHhle Y -nepeXO.Qbl 438,5; 446,0 II 2463 13 K3B MelKJ:lY 113BeCTHblMII 

HSIMII 
14° Ce • Paaee He113BeCTHhle y -nepeXO.Qbl 936,9 II 2533,4 K3B1 no 

llleMy MHeHIIIO, o6SI3aHbl pa3pS!J:lKe HOBOI'O ypOBHSI 2533,4 K3B. 

CBeJ:leHIISI 06 IIHTe!ICIIBHOCTSIX Y - ny'leil 1 sneKTpOHOB BHyTpeHHeil 

BepCIIII II BHyTpeHHefi napHOil KOHBepCIIII y -ny'lefi C Ey > 1022 K3B /24, 

IICnOnb30Banlol J:lnSI paC'IeTa 6anaHCa IIHTeHCIIBHOCTefi Y - II {3 - nepeXO 

140 140 /26/ 
B CXeMe pacna.Qa La -> Ce • l13BeCTHO 1 'ITO BepOS!THOCTb {3 

140 
na.Qa La 140 Ce KpailH!'l Mana ( Irr= (8t2)1o· B OCHOBIIOe COCTOS!HIIe 

no3TOMy. MOJKHO npe.QnonOlKIITb 1 'ITO CyMMa nonHhiX IIHTe!ICIIBIIOCTeil Y -

peXO.QOB, llllYllliiX HenocpeJ:lCTBeHIIO B OCIIOBHOe COCTOSI!IIIe 
1
_
4° Ce 1 COOTE 

CTByeT 100% pacnaAOB. 0TCIOila onpe.Qenellbl a6coniOTHble IIHTeHCIIBHOCT~ 

17 
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H Eaan 
1231 , Mhi cnenan11 aaKmo'IeHII.II o MYnhTIInonbHOCTII loleKoTophiX lKeCT- ' 

KIIX y - nepexonoa ( Ta6n. 2 ) • 

3,2, raMMa-ny'III 
140 

Pr 

npiiMeHeHHe y - cneKTpoMeTpa c Ge (Li l - neTeKTopoM .nano aoaMolK-

HOCTb cymeCTBeHHO yTO'IHIITb CBeneHII.II 0 y - ny'IaX 
140

p, , nony'IeHHbie ,Ha

Mil nai!Hhle 0 y - ny'IaX 
140 

Pr npiiBeneHbl B Ta6n, 3, npHniiCaHIIe y -nyqefi 

. 1130Tony 
140 

Pr np0113BOAHnOCb no nepiiOAY y6hiBaHII.II IIX IIHTei!CIIBHOCTeH,. npH-

HHManiiCb· no BHIIMaHIIe peaynbTaThi 11ccnenonaHH.II y -cneKTpa 
140 La. 

no cpanaeHIIIO c peaynbTaTaMII npenmecTnyiOmeii pa6oThi onnoro 113 an-

-r_opoa 
11 ( K pacn~ny 140 

Pr nononHIITenbHO OTHeceHhl y - n11111111 c Ey = 

=867,8; 936,0 II 2533 KSB, a TaKlKe nepeXOA 1420,3 KSB, KOTOpblH paaee 

npHnHChmanc.ll 
140 

Pr npennonolKIITenbHO 111 

4. CxeMa pacnana 
140 140 140 

La ..., Ce ._ Pr 

140 140 
4.1. KoHcTpyllpoaaHHe cxeMhl pacnana La -+ Ce 

nony'IeHHhiO HaMil CBeneHII.II 0 y -lt3ny'IOHIIII 140 La no3BOn.IIIOT BHOC-
\ . 

Til liOKOTOpb!e AOnOnHeHII.II II 113MOIIOIIII.II B CXeMy pacnana 3TOI'O 1130Tona, 

npennolKeHHYIO EaepoM II np. /
6 /, npennaraeMhiH HaMil aapltaHT CXOMhl 11306-

palKeH Ha p11c, 5, 

npelKne acero no snepreTit'IeCKIIM coo6palKeHII.IIM Mhl paaMeCTitnll o6aa

pylKeHHhie Y - nepeXOAhl 438,5; 446,0 II 2463,3 K3B MelKAY 113BOCTI!b1MII ypoa

H.I!Mit .I
4
0 Ce , Paaee He113BeCTI!hiO y - nepeXOAhl 936,9 It 2533,4 K3B 1 n,o ·Ha

lllOMy MHOHIII01 06.113al!bl pa3p.llnKe IIOBOI'O ypOBII.II 2533,4 K3B, 

CaeneHit.ll 06 IIHTeHCIIBIIOCT.IIX Y - ny'Ieii, sneKTpOHOB BHyTpOHIIOH KOH

BepCIIIt II BHYTPOHHOH nap !loll KOHBepCitll y -ny'Iell C Ey > 1022 KSB /24/ Mbl 

ltcnonbaoaanll t:W.II pac'IeTa 6anaaca ltHTeHciiBHOCTeii y - 11 {3 - nepeXOAOB 

140 140 /26/ 
B CXeMe pacnaAa La -+ Ce , J13BOCTHO 1 'ITO BepO.IITHOCTb {3-- pac-

140 140 4 ) 
naAa La B OCHOBI!OO COCTO.II!IIte Ce KpaliHe Mana ( l{r= (8t2)10- % , 

nosTOMy MOlKHO llpOAIIOnOlKitTb, 'ITO CyMMa nonHblX IIHTeHCIIBIIOCTell Y - ne

peXOAOB, IIAYlllllX HenocpeACTBOHIIO B OCHOBHOO COCTO.IIIIItO 
14° Ce 1 COOTBOT

CTByeT 100% pacnai\oa, 0TCIOAa onpeAeneHbt a6coniOTHbie ltHTei!CitBHOCTII acex 
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140 

Y - nepexoaoa La { CM. Ta5n. I ) • 3Tn .llBHHbie no3Bonnnn pacC'IHTaTh ae-

po.srTHOCTH 3aceneau.sr Kama oro ypoaa.sr 
14° Ce f3-- pacnaaoM (eM. pnc. 5). 

1 
TaM me nn.sr {3- - nepexoaoa yKa3aHbi aenH'IIiHbi Cog I t • npn 3TOM nepuon 

. . 0 

nonypacnana 
140 

La §bin rrpuH.srT paaHbiM 40,22 ! 0,02 'lac 1271. J.13-3a Tpya-

HOCTeft paC'!eTa <jlyHKUHii I(E{3_ , z ) nn.sr 3anpemeHHbiX {3 - nepeXO.IlOB Mbl 

3aMea.srnn ee Ha I 
0

( E{}, zl an.sr cooTaeTCTBYJOIIIux pa3pemeHHbiX nepexoaoa1281. 

fpaHH'IHbie aaeprnu {3- - KOMnOHeHT orrpeaeneHbi c y'leToM orrpeaeneaaoft 
151 140 

KapnccoHOM n .llp. aenn'IHHbi Q {3- La ( 3762 :!: 8 K3B). 

4.2. KoHCTpynpoaaaue cxeMbi pacrraaa 140
Pr _, 140ce 

n ony'leHHble .llOIIOnHH'I'enbl!b!e CBe.llei!IH! 0 y - H3IIy'leHun 
140 

Pr II03BO-

IIHnH BHeCTH HeKO'I'Opbie H3MeHeiiH.H B CXeMy paciia.lla 3'l'OI'O H30'I'OIIa 17/ 

npeanaraeMa.sr llaMn CXeMa pacnaaa 140 Pr _, 14° Ce H3o5pameaa Ha p11c. 5. 

n 0 Cpa~HeHHIO CO CXeMoft 113 pa50'I'bl /7 I Mbl Baenu B paCCMO'I'peHHe HOBbie 

ypoaan 2465,3 u 2533,4 K3B u H3MeannH pa3Memeane B cxeMe rrepexoaa 

1420,3 K3B, BBe.llSI l!eH3BeCTHblll paHee ypoaeHb 3016,9 K3B. 

nepexon 1420,3 K3B Heiib3.H CB.H3aTb C OCHOBHbiM COC'I'OSII!HeM 140 Ce 

TaK KaK B 3TOM cny'lae 'I'PY.IlHO 5binO 5bi 05'b.HCIIHTb cna5oe 3aCeneHHe COOT-

BeTCTBYJOIIIero ypOBHSI npn pacnaae 140Pr 
n npn pacrraae 

140 
La • C .llPY-

roil CTopOHbi, 3TOT nepexoa aenb3.H aarrpaauTh na ypoaeab c E ~ 2083,5 Kaa, 

140 140 . 17 I TaK KaKc~pa3HOCTb MaCC Pr I! Ce COCTaBnSieT 3388 :!: 6 K3B • Cne-

.llOBaTenbHO, Y - nepexoa 1420,3 K3B cneayeT aanpaBI!Tb nu5o Ha ypoael!b 

1596,45 KSB, n116o Ha ypoael!b 1903,30 Kaa. B pa5oTe l7! ocTaaoannncb ua 

BTOpOH• B03MOmHOCTI!, T.e. 5bin BBe.lleH ypoBeHb 3323 K3B. 0aHaKci npn 5o

nee TIIIaTenhHOM 1!3Mepeuuu aaepr!!u aToro ypo_aH.sr (no aaeprul! np.srMoro 

y -nepexoaa) oHa oKa3anacb paauoft 3319,6 Kaa. Ho caMbiM cunhHbiM ap

ryMeHTOM npOTHB TaKOI'O pa3MeiiieHI!.H Y 1420,3 ·.sran.sreTC.H Cnl!IIIKOM 50IIbiiia.H 

CKopOCTh {3+ - pacnaaa ua 3TOT ypoaeHh (fog It< 4 l • TaKI!M o5pa3oM, 

Hym110 CB.H3aTb nepeXO.Il 1420,3 K3B C ypOBHeM 1596,45 K3B, T.e. BBeCTI! He 

nposmnSIJOIIII!Iic.sr npu pacnaae 14oLa ypoaeHh 3016,8 Kaa. 

Caeaeung o5 naTeHC!!BHOCTSIX y I! f3. - nepexoaax ucnonb30BaHbl anSI 

pac'!eTa 5anaaca HHTeacuauocTeft a cxeMe pacnaaa 140 140 
Pr -Jo Ce • 0TCJO-

aa 6binH onpeaeiieHbl aepoSITHocTu 3aceneang ypoaneft 14°Ce {3+ -nepexoaa-
MI! II I! X fog I 

0 
t ( eM. puc. 5). 

20 

• 

,. \ 

4.3. XapaKTepucTHKI! ypoaaeft 
14° Ce 

KaaHTOBble xapaKTepucTI!KH ao35ymaeHHbiX ypoaaeft 
140 

Ce onpeaen 

IIHCb PSI.IlOM aBTOpOB H .llnSI HeKOTOpbiX COCTO.HHI!ll {KaK, HanpHMep, 1596,4( 

1903,30 (0+), 2083,50 (4+), 2464,32 K3B (3-)) OHI! He Bbl3biBa!OT COMHef 

0aHaKO .llnSI pSI.Ila ypoaueft Mbl MOmeM yTO'IIIHTb !!III! yKa3aTb 3aHOBO HX XI 

paKTepnCTI!KH, OCHOBbiBaSICb Ha ycTaHOBneUUbiX IIBMH Tnnax MynhTnnonbHOC 

Tell Y - nepeXO.IlOB H npnBe.lleHUbiX BepOSITIIOCTSIX {3 - nepeXO.IlOBo 

Ypoaeuh 2348,19 K3B pa3pSimaeTCSI nepexoaaMu 751,83 n 2348,1 K 

nepexoa 751,83 KSB nMeeT MynhTurronhuocTh (MI+ {E2)) nnu E2+(MI )+EI 

a nepexoa 2348,19 K3B - E2. noaToMy ypoau10 cneayeT rrpHrrncaTh I 77 =2+ 

CocToSIHI!e 2350,05 Kaa, no aanHbiM Eaepa nap. 161 , nMeeT x. 

paKTepl!C'I'HKH 5-. 3TOT BbiBO.Il OCIIOBbiBaeTCSI Ua El - THIIe MynbTHIIOIIbHO< 

Tell y - nepeXOAOB 266,6 I! 242,0 K3B /51. no Uaiiii!M .llaHHbiM, o6a 3THX 

nepeXO.Ila THna MI+E2, XOTSI apu<jJMeTH'IeCKI! aceraa MOmHO .lliiSI IIHX IIO.Il06 

paTh CMeCb E I+ M2, 'IT05bi o6'bSICHHTb aKcrrepnMeuTanbHO ycTaHoaneHHhie E 

nn'lllllbi ak • OaaaKo M3 - npnMeCb aonmna .llOCT!IraTb cmriiiKOM 6onhmo 

BeiiH'IHHbl ( ~ 15%). 

C apyroft cTopoHbl, ypoaeHb 2350,05 K3B 3acenSieTCSI Y - rrepexoaor 

131,12 K3B H3 COCTOSIHII.H 2481,19 K3B (4+). 3TOMY rrepeXO.IlY Mbl npHni!CaJ 

MynhTHnonhHOCTb M1 (a pa6oTe 1151 eMy npHnncaH Tun El, ao, Ha nam 

B3rnSI.Il, no .llaHHbiM 151 HeB03Momao I!CKII!O'Il!Th TaKme u aapnanT M 1 +~i 5~ 
noaTOMY Mbl I!CXO.Ill!M H3 onpeaeneHHb!X HaMil MyiibTHnoiibHOCTeft H P• 

CMaTpnaaeM ypoaenh 2350,05 K3B KaK I!MeJOIIIHft cnnu n '!eTuocTb 5+ nnn 

B rronb3Y aTnx xapaKTepucTHK CBH.IleTeiibCTBYJOT oueHKH apeMenn mH3HH cc 

TOSIIIHH 2350,05 H 2481,3 K3B : T Y, < 3 • 10-8 CeK /6/• Ecnn nepeXO.Ilbl 131 

241,97 n 266,55 K3B 6binn 6bi Tnna E1 c rrpnMeCh!O M2 ( 10-15%), TO H3 31 

crrepnMeHTanbHbiX aaHHbiX cneaoaano 6bi omn.llaTh y aTnx ypoaueft apeMeua 

mH3HII," COOTBeTCTBeHHO, ~ 2 •10-7 H ~ 1,2 •10-
6 

CeK (c'IHTa.sr, 'ITO M2 - D 

peXO.Ilbl 3aTOpMOmeUbl OTHOCHTeiibiiO O.lliiO'IaCTH'IHOll OUeHKH Ha <jlaKTOP. 

~ 100 1291). EcnH me MynhTnnonhHocTn Tpex paccMaTpnaaeMbiX rrepexoao 

Tnrra M1+E2, TO yKa3aHHble.npoTHBope'IHSI CHHMa!OTCSI. 

TaKHM o6pa30M, ypoaenh 2350,05 K3B aonmeH I!MeTb xapaKTepi!CTHKH 

I" 5+ I!IIH 4+. XapaKTepnCTHKII 5+ 6onee BepOSITHbl, T.K. rrpn xapaKTepnc 
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't 
hie II03BOn!Inll paCC'IIIT8Tb Be-

- pacnatlOM (eM. p11c. 5). 

fog f 
0 

t • np11 3TOM nepiiOA 

:!: 0,02 'lac 1271. l13-3a TPYA

eHHhiX f3. - nepeXOAOB Mbl 

~ pa3peweHHhiX nepexoAoa1281. 

'' c Y'IeToM onpeAeneHHoli 

62 :!: 8 K8B), 

Y - II31iy'IeHIIII 
140 

Pr II03BO-

II8Jl8 3TOro 1130TOIIa 17/ 

113o6pmKeHa Ha p11c. 5. 

en11 B paccMoTpeHne HOBbie 

:eHne B cxeMe nepexona 

1016,9 K3B, 

OBHb!M COCTOSIHIIOM 
140 

Ce 

~Tb cna6oe 3acenen11e cooT-

npu pacnaAe 
I 40 

La • C npy-

I YPOBOHb c E ~ 2083,5 K3B, 

HeT 3388 :!: 6 Kaa 171. Cne-

npaBIITh n116o na ypoaeHb 

15oTe 171 ocTaHOBII1IIICb Ha 

3323 Kaa. OnnaKd npu 6o

S! (no anepr1111 npaMoro 

a. Ho caMhiJ14 Cll1ihHhiM ap

aanaeTca CliiiWKOM 5onhwaa 

: 4 l .• TaKIIM o6pa3oM, 

96,45 K3B 0 T,e, BBOCTII He 

116,8 K8B, 

'PeXOAaX IICII01ib30Bal!bl Jl1IS! 
140 140 

a Pr _, Ce • 0TCIO-

- rrepexoAa-

• 

--

4.3. XapaKTepiiCTIIKII ypoaHeli 
14° Ce 

KaaHTOBhie xapaKTepiiCTIIKII ao36y)KJteHHhiX ypoaneli 
140 

Ce . onpenena-

1111Cb PH/10M aBTOpOB II ll1IH HeKOTOpblX COCTOS!HIIH (KaK, HarrpiiMep, 1596,45(2+), 

1903,30 (0+), 2083,50 (4+), 2464,32 K3B (3-)) 01!11 He Bbl3b!BBIOT COMHeHIISI, 

0AHaKO A1ISI PHI18 ypoaueli Mhl MO)KOM YTO'IHIITb 111111. YKB38Tb 3BHOBO IIX Xa-

paKTepiiCTIIKII, OCHOBhiBaS!Cb Ha ycTaHOB1IeliHh1X HaMil TIIIIaX MY1IbTIIII01IbHOC-

Teli Y - rrepeXOAOB II 1Ip11BeJteHHh1X BepOS!THOCTSIX {3 - nepeXOAOB, 

Y p 0 Be H b 2348,19 K3B pa3pH)K8eTCSI nepeXOJtaMII 751,83 II 2348,1 K3B, 

nepexon 751,83 K8B IIMeeT MY1IbTIIII01IbHOCTb (M1+ (E2)) 111111 E2+(M1 )+EO, 

a rrepexon 2348,19 Kaa- E2. noaToMy ypoauiO cnenyeT npnnncaTb I" =2+. 

Co c To au 11 e 2350,05 K sa, no naHHhiM Baepa 11 np. 161 , nMeeT xa

paKTepiiCTIIKII 5-. OTOT BhiBOA OCHOBhiBaeTCH ua E1 - Tillie MY1IbTIIII01IbHOC

Teli y - nepexonoa 266,6 11 242,0 K3B 151• no uawnM naHHhiM, o6a 8TIIX 

nepeXOAa Tuna M1+E2, XOTSI apll<jJMOTII'IeCKII BCerna M0)Kfl0 A1ISI HIIX II0/106-

paTb CMOCb E1+M2, 'IT06hr o6oSICHIITh aKcnepnMeHTanbuo ycTaHoaneHHhie ae-

1iii'IIIlibl ak , 0AHaKO M~ - IIpi!MOCb 11011)KI!a AOCTHraTb C111!WKOM 6011bWOH 

B01III'IIIflhl (= 15o/o), 

C npyroli CTopoHhi, ypoaenh 2350,05 K8B 3aCe11HeTCSI y - nepexonoM 

131,12 K8B 113 COCTOS!HIISI 2481,19 K8B (4+), OTOMy rrepeXOAY Mbl 1Ip111IIICa1111 

MY11hTIIH011hHOCTh M1 (a pa6oTe 1151 eMy rrpnrr11cau Tnrr E1, .Ho, Ha Haw 

B3r11SII1, IIO AaHHhiM ! 51 HeB03MO)Kfl0 IICK1110'IIITb TaK)KO II aapllaHT M 1 +~15o/oE2 ), 

noaTOMy Mhl IICX01111M 113 01Ipene1IOHHh!X HaMil MY11bTIIII011bHOCTeli II paC

CMaTpiiBaeM ypOBeflb 2350,05 K8B KaK IIMeiOWIIH CIIIIII II 'IeTHOCTb 5+ 111111 4+, 

B rronh3Y 8TIIX xapaKTepnCTIIK canneTenhCTBYIOT oueHKII apeMeHII JKII3HII coc

Toaunli 2350,05112481,3 K8B: Ty,< 3·10-8 ceK 161, Ec1111 rrepexonhr 131,12, 

241,97 II 266,55 K8B 6b!1ill 6b! TIIIIa E1 C IIpiiMOCbiO M2 ( 10-15%) 1 TO 113 8K-

crrepiiMeHTanhHhiX AaHHhiX c11enoaano 6bi O)KIIJlaTb y sTnx ypoaueli apeMeHa 

)1{1131!11; cooTaeTCTBeHHo, = 2 •10-7 11 = 1,2 •10-
6 

ceK (c'InTaa, 'ITO M2 - rre

pexoAhi 3aTOpM0)!{0flhl OTHOCIIT011bfl0 011HO'IaCTII'IHOH OllOHKI! ua <jJaKTOp, 

= 100 /29/). Ecn11 )Ke MynhTIIII011hHOCTII Tpex paccMaTpnaaeMhiX nepexoAOB 

TilliS M 1 +E2, TO YK838Hlible .IIpOTI!BOpO'IIISI CHIIMBIOTCSI, 

TaKIIM o6pa3oM, ypoael!b 2350,05 K8B A011)Kefl IIMeTb xapaKTepltCTIIKII 

I" 5+ 111111 4+. XapaKTepiiCTIIKII 5+ 6o11ee aepOS!TIIhl, T,K, liP II xapaKTepnc-
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'. 

'· 

TI!KaX 4 + COOTBeTCTBYIOUlllfi {3 - nepeXOA 
140 

La ( 3-) .[(OmKeH 6b!Tb 3Ha'III-

TenbHO 6onee 6hiCTphiM, 'IeM aTo Ha6nroaaeTCli Ha onhiTe ( fog f 
0

t =10,0). 

0. XaHCeH 11 0 •. HaTaH /10/ no ce'IeHIIIO Heynpyroro pacceSIHIIli a -

'IaCTIIU onpeaen!lnll Ben!I'IHHy npi!BeAeHHOfi BepOliTHOCTII B036YlKAeH!Ili ypOBHli 

2464,32 Kas:B(E3,o+ .-> 3-) = 76e21o-74 CM6. l13 senii'II!Hhl B(E3,0+ ->. 3-) 

II 113 COOTHOllleH!Ili HHTeHCIIBHOCTefi y . - nyqefi. 867,8 II 2465,3 KSB Mhl MOll< eM 

Bhl'IIICni!Tb BpeMSI lKII3HII ypOBHsl 2464,3 KSB! T Y, = 6 • 10-14 CeK, 

4TO KaCaeTCli ypoBHli 2516,10 KSB, TO 113 AaHHhiX 0 MynhTHllOnhHOCTH 

Y -nepeXOAOB 919,63 II 432,53 TpyAHO CAenaTh Bhi6op MelKAY xapaKTep!IC-

11 + + R 140 TIIKaM!I I = 4 unu 3 • Benii'II!Ha fog £
0

t ,.- - nepexoaa La , npiiBOAli-

mero K B036yJKAeHIIIO aToro ypoBHli, 3acTaBnlieT Hac OTAaTb npeano'ITeHue 

CnHHY II 'IeTHOCTII 4+, 

Eonhm!le 3aTPYAHeH!Ili cymecTsosanu B Bht6ope xapaKTepucT!IK 1+ unu 

2+ anSI ypoBHli 2521,72 xas. BhtBOA o E2-MynbT!InonhHOCTII y -nepexoaa 

2521,7 KSB, nony'IeHHhlfi 113 AaHHhiX 0 BHyTpeHHefi napHOfi KOHBepOHH, O.[(H03-

Ha'IHO np!IBOAHT HaC K XapaKTep!ICTHKaM I 1T = 2+ AIIH STOrO COCTOliH!Ili, C 

STIIM cornacyeTcli Tlln MynbT!InonhHOCTII M1+ < 30% E2 y -nepexoaa 109,4. 

KSB MelKAY ypoBHliMII 2521,7 II 2412,4 (3+) K3Bo Ha6niO.[(eHHe HaMil y -ne- ··;~~;;; 
~·> 

peXO.[(a 438,5 KSB, KOTOphifi I!AeT C ypOBHli 2521,7 KSB Ha COCTOliH!Ie ~' 
2083,50 KSB (4+), TaKJKe roBOpiiT B nonh3Y XapaKTep!!CTHK 2+, HaKOHeU, STII 

XapaKTep!ICTIIKII noATBeplKAaiOTCli CKOpOCTbiO {3 - pacnaaa 
140 

La 

Hhili yposellb. 

lla AaH-

HcxoASI 113 sepoSITHOCTII 3aceneHIIli ypoBHli 2533,4 xas npil {3-- pacna-

ae 140 La II {3+ - pacnaae 
140 

Pr , Mhl C'IHTaeM IIYlKIIhlM npun!ICaTb 

eMy XapaKTepHCTHKII I11 = l + , XOTli Henh3li nonHOCTbiO IICKniO'IHTh XapaK-

Tep!ICTHKH I 11 = 2+. 

MynhT!InOnbHOCTII y - nepeXOAOB 2547,5 II 951,4 K3B II CKOpOCTH {3-

pacnaaa 11 f3 + - pacnaa~, npiiBOAliUliiX K Bo36yJKAeHIIIO ypoBHil 2547,5 Kas, 

n03BOnliiOT npllniiCaTb eMy XapaKTep!!CTIIKII I 11 = 2+ llnH 1 + • 

MynhT!InonhiiOcTb E2 nepexona 2899,7 Kas onpenenSieT CIIHH 11 'IeTHOC'I'b 

I 
11 

= 2+ ttnH ypoBIIli 2899,7 KSB, 

B enR'IIIHa fog r 
0 

t 
+ 140 

(6,17) f3 -nepexoaa Pr Ha y p OB e lib 

3016,9 K a B no3sonSie'I' npearronoJKRTh, 'ITO OH HMeeT KsaH'I'OBhie xapaK'I'e

PRCTIIKH 0+, 1 + lin!! 2+. C Apyroii C'I'OpO!!hi, np11 pacnatte 
140 

La (3-) STOT 

22 

I 

yponeHh, BHAHMo, He 3acensm'I'cSI, B 'I'o speMSI KaK cocenHHe ypoBIIII c I 11 

.l!nll 1+ (2899,7; 3119,0;3319,6 KSB) XOpOlliO B036ylKlt810'I'Cli, llOS'I'OMY npE 

no'ITH'I'enhHee C'IH'I'a'I'b, 'I'I'O ypoBeHb 3016,9 KSB I!Mee'I' I 
11 

= 0+. 

MynhTRnonhiiOCTII y -nepexoaos 3119,0 11 3319,6 KSB naroT so3~ 

HOCTb npRllHC8'I'b COO'I'BeTC'I'BYIOllli!M ypOBHliM XapaKTepRCTIIKII 1 + 11n11 2+, 

nOATBeplKttaeTCli BepOli'I'HOCTliMII !IX 3aceneHRli {3-- II {3 + - pacnaAOM. 

Cnoco6 pa3pMKII C 0 C T 0 li H !Ill 3498 K a B ( O'I'CYTCTB!Ie npliMOrO n 

peXOtta B OCHOBHOe COCTOliH!Ie), a 'I'aKJKe Ben!I'II!Ha fog f
0 

t COOTBe'I'C'I'BYIO 

mero {3- - nepexona II03sonSIIOT C'I!I'I'aTb ero Hau6onee sepOli'I'HhiMII xapm 
. + + 

. TepRCTI!KaM!I 3 Hnll 4 

5. 06cyJKaeH!Ie pe3ynhTa'I'os 

140 
CpaBHIIM nony'IeHHhie HaMil cseneH!Ili o CHC'I'eMe ypoBHeli Ce c ~ 

HhiMII 06 ypOBHliX S'I'oro llttpa,. !13BeCTHhiMII 113 113y'IeH!Ili HeKOTOph!X peaKU 

a TaKlKe C paC'IeTaM!I 110 HeKO'I'Oph!M MOttenSIM, 

Ha puc. 6 cneKTp COCTOliHIIH l40 Ce , yc'I'aHOBneHHhlll 113 pacrratta 

140 
La 11 

140 
Pr , conoc'I'asneH co cneK'I'pOM ypoBHeii aToro HApa, B036ylK 

141 3 /19/ . 
A6HIIh1M B peaKUIIH Pr ( d , He ) • ,llnH KalKttoro npOliBIIBUlerOCli 

B peaKUIIII ypOB!Ili ( f =2,4) MOlKIIO !IaHTI! COO'I'BeTCTBYIOUlRll ypOBeHb 113 

SIAepHo-cneKTpocKonu'IeCKIIX naHHhiX. B 'IaCTHOCTII, sseaeHHhiH HaMil ypose 

3016,9 KSB (0+) HaXOAIIT 3l{eCb CBOe nottTBeplKAeH!Ie. 

B onhiTax no pe3oHancHoMy pacceSIHIIIO npoTOHOB HttpaMII 
14° Ce 6him 

06HapylKeHhl 'IaC'I'II'IHO-Ah!pO'IHhie ABYXHeiiTpOH!Ihie ypOBHII, BXOltliUllle B Myl 

Tunne'I'hi !P(7/2-l, n (3/2+ Hnll 1/2+)1 : 3410 (3-), 3480(4-), 3670(2-) 

H 'I'.A. /
9

/ • ,llsa HlllKHIIX COC'I'OliHIIli 3410 II 3480 KSB, no-BRltiiMOMy, ttonlK

Hhl 3aMeTHO B036YlKttaThCli npu {3-- pacnaae 
140 

La" ( 3-. I n (7 /2-). p (7 /~ 

YposeHb 3498 KSB, !13BeCTHhili 113 pacnana 140 La , uaeHT!I'IeH, Ha 11a111 

B3rnlltt, ypOBHIO 3480 KSB (TO'I!IOCTb onpetteneH!Ili aHepr1111 B o6oux cnyqa 

SIX nopHAKa 10-20 KSB). llpeanolKeHHhle HaMil xapaKT6p!!CTIIKll (3 !In!! 4) :;: 

AnSI ypOBHli 3498 KSB He npOTl!BOpe'Ia'I' STOMy. l1HTep'e_CHO 6btn0 6hi nonhl-
. IW 

Ta'I'hCH o6HapylKIITh npn pacnane La II BTOpOii ypoBeHb MYnhT!InneTa 

(3410 KSB), KO'I'Ophill .[(OnlKeH I!MeTb 6n!I3KOe C ypOBHeM 3498 K3B 3aCeHe 
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1 

La (3-) IJ.OnJKeH 6b!Tb 3Ha'la-

SI Ha OnbiTe ( fogf
0

t =10,0), 

> Heynpyroro paccesmaSI a -

IOSITHOCTK B036Y*Il.eHHSI YPOBHSI 

' 113 Bena'IKHbl B (E3,o+ .. ' 3-) 

11867,8 K 2465,3 KSB Mbl MO*eM 

T V, "' 6 • lQ-14 CeK, 

3 ll.aHHblX 0 MynhTKnonbHOCTK 

rh Bhi6op Me*ll.Y xapaKTepac

• nepexo11.a 
140 

La , npaBOil.SI-

~T HaC OTil.STb npell.nO'!TeHae 

hi6ope xapaKTepacTaK 1 + ana 

lbTKnOnbHOCTK y - nepexo11.a 

~en napHoA KoHaepoaa, Oll.H03-

2+ ll.nR STOI'O COCTOSIHKSI, C 

:30% E2 y -nepexo11.a 109,4 _ 

B, Ha6nro11.eHae HSMK y -ne- ;~~.i;f/ 

)21, 7 KSB Ha COCTOSIHHe ·1h 
tpaKTepacTiiK 2+. H aKoHeit, 3TH 

140 
-pacna11.a La Ha ll.SH-

SI 2533,4 KSB npa {J-- pacna-

KTaeM HY*HbiM npanacaTI> 

lnHOCTbiO KCKniO'IHTb XapaK-

H 951,4 K3B H CKOpOCTI! {J

KIJ.eHHIO ypoanl! 2547,5 Ksa, 

= 2+ una 1+. 

3 OIIpenenSieT CIIK.I! K 'IOTHOCTb 

140 Pr 
Ha ypoBel!b 

KMCeT KDa!!TODblC XapaKTe

l pacna11.e 
140 

La (3-) STOT 

r 

I 
I 

ypoaeHb, BKil.UMo, He 3acenSieTcSI, B To apeMSI KaK cocell.HKe ypoaHa c I 77 "'2+ 

una 1+ (2899,7; 3119,0;3319,6 K3a) xoporno B036ymll.aiOTCSI, flosToMy npell.-

no'ITHTenbUee C'IKTaTb, 'ITO ypoBel!b 3016,9 KSB !!MeeT I 7T 0+, 

My-nbTanonbHOCTH y -nepexoll.OB 3119,0 u 3319,6 KSB ll.SIOT B03Mom-

HOCTb npunacaTb COOTBeTCTByromaM ypOBHSIM XapaKTepKCTKKK ana 'ITO 1+ 2+, 

nOil.TBepmll.aeTcSI aepoSITHOCTSIMK ax 3aceneHaSI fJ a f3 + - pacnall.oM. 

Cnoco6 pa3pSIIl.KH C 0 C T 0 SI H H SI 3498 K 3 B ( OTCyTCTBHe npSIMOT'O ne-

peXOil.a B OCHOBHOe COCTOHHHe), a TaKme BenH'IHHa fog 1
0 

I COOTBeTCTByiO-

mere f3- - nepexo11.a no3aonSIIOT C'IHTaTb ero Haa6onee aepoSITHbiMH xapax-. + + 
, TepHCTHKaMH 3 ana 4 

5, 06cymneHae pe3ynbTaToa 

140 
CpaBHKM nony'leHHhie HaMa caeneHaSI o cacTeMe ypoaHefi Ce c naa-

HbiMK 06 ypOBHSIX STOT'O Hllpa,. H3BeCTHbiMK H3 H3y'leHHSI HeKOTOpbiX peaKIIKH, 

a Taxme c pac'leTaMa no HeKoTopbiM MonenSIM, 

Ha pac. 6 cneKTp COCTOHHUH 14° Ce , ycTaHoaneHHhili u3 pacnana 
140 

La a HO Pr , conocTaaneH CO cneKTpOM ypOBHeli STOT'O SI/lpa, B036ym

llCHHbiM B peaKIIKK 
141 

Pr ( d , 
3 

He ) 1191 • .Qng Kamnoro npOHBKBmerocg 

B peaKIIKK ypOBHSI ( f =2,4) MOmHO HaliTK COOTBCTCTByromali ypoBeHb H3 

SI/lCpHO-cneKTpOCKOnH'ICCKKX llSHHbiX, 8 'laCTHOCTH, BBCileHHblH HaMH ypOBCHb 

3016,9 xsa (o+) HaxonaT 3necb caoe nonTaepmneHae. 

B onbiTax no pe3oHaHCHOMY pacceSIHKIO npoToHoa SIIlpaMK 14° Ce 6hina 

06HapymeHbi 'laCTK'IHO-llblpO'IHbiC llBYXHeHTpOHHhie ypOBHU, BXOilSimae B My_nb

TanneTbl !P(7/2-l, n (312+ una 112+) I : 3410 (3-), 3480(4-), 3670(2-)KSB 

a T,IJ., /
9
/, ,Usa HHmHHX COCTOHHKSI 3410 H 3480 KSB, nO-BKllHMOMy, ll.Onm-

Hbl 3aMeTHo B036ymnaTbCSI npa fJ -pacnane 
140 La (3-, In (712-), P(712+) ). 

YpOBCHb 3498 KSB, H3BeCTHbili H3 pacna11.a 140 La , KlleHTK'IeH, Ha Ham 

B3T'nSin, ypoBHIO 3480 KSB (To'IHOCTb onpell.eneHaSI sHeprau B o6oax cnyqa

SIX nopSIIJ.Ka 10-20 KSB), flpell.nOMCHHblC HaMH XapaKTCpHCTHKH (3 Rna 4) :;: 

AnSI ypOBHSI 3498 KSB He npOTHBope'laT STOMy, i1HTep'€l.CHO 6binO 6bl nonbi-
140 

TaTbCSI o6Hapymarb npa pacna11.e La a BTopoli ypoaeHb MYnhTannera 

(3410 KSB), KOTOpblll ll.OnMeH HMeTb 6na3KOe C ypOBHeM 3498 KSB 3aCeneHae, 
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CaKaH /31/ H fleKep 
1321, HCIIOnb3yH MeTo~ BHBnOPHH B CBOHCTE 

140 HO ~e<jlopMHpOBBHHhiX H C<jlepH'JeCKHX H~ep, Bhi~en!InH B Ce "KB83HpC 

OHHYIO" rronocy OCHOBHOPO COCTOHHHH (0 (0+), 1596,54(2+) H 2083,50(. 

" f3 -a116paunoaayro" rronocy (1903,30(0+) 11 2521,72(2+)Ksa) n ' y
paunoaabtfi" ypoaeHb 2547,5 KSB, Paaee a 140 ce 6btn naaecTeH /10/ e1 

O~HH "KonneKTI!BHblH
11 

ypoBeHb - OKTyrronbHOe COCTOSIHHe C 117 =3- (246 

O~HaKo Cl!nbHhiX apryMeHTOB a rronbay TaKoro <jleaoMeHonorn'lecKoro 01 

HHH 'rronyMBPH'leCKOPO" H~pa 14° Cc IIOKB HeT, 
58 82 

C ~pyrofi CTOpOHhi, HeCKOnbKHMII BBTOpBMI! / 1 - 4 / C~enaHbl paC'!e1 

CI!eKTpa COCTOHHHH II BepORTHOCTeH y -rrepexo~OB 14° Ce 
B paMKax 

pOCKOII!I'leCKOP0° OII!ICBH!IH ero CBOHCTB, flp11 pac'!eTe 1IpHHHTb! B pac< 

peHI!e TOnbKO 'lBCTHllbl CBepx 381IOnHeHHb!X o6ono'leK, flocpe~CTBOM Tp~ 

MallHII Eoronro6oaa-BanaTaHa BBO~HTCR rrapHhie KoppenH!lHH n ~po pace 

pHBBeTCH KBK CHCTeMa KB831!'!8CTH!l, flOTOM ~orryCKaeTCR "OCTBTO'lHOe 0 

MO~eHCTBHe Mem~y KB83H'lBCTH!lBMH., KOTOpbie CBH3b!BBIOTCH ~0 3HB'leHH' 

MO)!{HOPO CIII!Ha I, H ~HBPOHBnl!3yeTCH MBTplillB B381!MO~eHCTBHH IIO B031 

Hh!M YPOBHRM, 

Pe3ynhTBThi pac'leTa crreKTpa ypoaHefi 140 
Ce H306pameHbl Ha PH• 

B paccMaTpaaaeMbiX pa6oTax pacC'li!TaH crreKTp ypoaHefi co 3Ha'leHHel'v 

Ha· ~0 4, B SKCIIepnMeHTanbHO Ha6nro~aeMbie ypOBHH 5+ H 6+ BOOOI!le He 

HHBBnHCb C Teopnefi, Momao CKB3BTb, 'ITO pa6oTa noMoap~a 141 HBHOOJJ 

y~oaneTaopaTenbao ~aeT rrpaBI!nbHhiH rropH~OK a pacrronomeaae 6onblllOH 

lib! ypOBHeH, 3Ta MO~enb ~BeT IIpBBHnhHYIO BenH'liiHY MBPHHTHOPO MOMeH 

COCTOHHHH 4+(2083,50 KSB), HO ~nH IIpHBe~eHHOPO MaTpH'lHOPO sneMeHTB 

0+~ 0+- rrepexo~a pac'leTHaH BenH'lHHB ( p = 0,014) OK83hlB&eTCH Ha 

pH~OK MeHbille 3KCIIepnMeHT8nbHOPO 3H8'leHHH / 7 / 

Mo~enb Po /I 
1 

rrpaal!nhHO OIII!ChiBaeT aenl!'li!Hy aepOl!THOCTefi y 
+ + + + -i pexo~OB 2 1-+ 0 H 4 1-+ 2 1 , 3HB'leHae MBPHHTHOPO MOMeHTB COCTOHHHH 4

1 

uo HecKonbKO xyme ~aeT pacrronomeHae ypoaHefi 
14° Ce , 06e sTu Mo~em 

HMeJOT OOnbW!IH ycrrex, '!eM MO~enb flnaCTHHO H .~P• /2/ B Cllny TOPO, 'l: 

B HI! X HCIIOnb3yeTCR 6onee <jJH3H'leCKHH IIOTeHUHan 11 OCTBTO'lHbiX" CHn~ 'lei 

CXeMaTH'lHbiH IIOTeHUHan IIOBepXHOCTHbiX 0 - Cl!n, 
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CaKaM /311 M neKep 
132 1, MCITOITb3yH MeTOA aHanornH B CBOHCTBaX CMITb-

140 Ho ae<jJop~mponaHHhiX n c<jJepii'IeCKMX Haep, Bhtaennnn B Ce 'KnaanpoTaun-

OHHyiO' rronocy OCHOBHOrO COCTOHHMH (0 (0+), 1596,54(2+) M 2083,50(4+)KsB), 

" {3 -BM6paunoaayiO" rronocy (1903,30(0+) n 2521,72(2+)KsB) n " y -Bn6-

paunoHHhiH" ypoBeHb 2547,5 KSB, P aaee B 14° Ce Ohm M3BeCTeH 1101 eme 

OAMH 
1
'KonneKTMBHhiH" ypoBeHb - OKTyiTOITbHOe COCTOHHMe C 117 =3- (2464,3 KSB), 

0aHaKO CMITbHhiX apryMeHTOB B ITOITb3y TaKoro <jJeHOMeHOITOrM'JeCKOro OITMCa-

HMH "rronyMarnqecKoro" Hap a 14° Cc 
58_ 82 

ITOKB HeT, 

C apyrOH CTOpOHhl, HeCKOITbKMMH anTopaMn 11 - 41 caenaHbl pac'JeThi 

CIIeKTpa COCTOHHMH II BepOHTHOCTeH y - rrepexoaon 14° Ce B paMK8X "MHK-

pOCKOITM'JeCKOro" 0ITHC8Hl!H ero CBOHCTB, npn paC'JeTe ITpl!HHTbl B paCCMOT

peane TOITbKO 'IaCTHUhi cnepx aarronaeaahrx o6ono'IeK. nocpeacTBOM Tp~ac<jlop

Maunn Eoroni060Ba-BanaTMHa BBOAHTCH rrapHhie KOppeiTHUl!l! l! gapo paCCMaT

p!!BaeTCH KaK Cl!CTeMa KB83M'J8CTl!U, noTOM aorryCKaeTCH "oCT8TO'JHOe' B38M

MOAeHCTBl!e MelKAY KB83M'J8CTl!U8Ml!, KOTOphre CBH3hiB810TCH AO 3Ha'IeHMH B03-

MOlKHOro CITl!H8 I, M Al!aroaannayeTCH MaTpl!Ua B38l!MOAeHCTBl!H ITO B03MOlK-

HhiM ypoBHHM, 

PeaynbTaThr pac'JeTa crreKTpa yponaefi 140 
Ce nao6palKeHhr Ha pnc. 6, 

B paccMaTpl!BaeMhiX pa6oTax pacc'InTaH crreKTp yponaefi co 3Ha'IeHneM crrn

aa· AO 4, a SKCITepnMeHTaiTbHO Ha6niOaaeMhie ypOBHM 5+ l! 6+ BOOOI!Ie He Cpaa

HMBBITl!Cb C TeopneH, MOlKHO CK838Tb, 'ITO paooTa JloM6apaa 141 HBM6onee . 

YAOBITeTBOpl!TerrbHO aaeT rrpaBMITbHhiH ITOPHAOK l! pacrronolKeHne OOITbillOH rpyrr

IThl ypOBHeH, OTB MOaenb aaeT rrpaBMITbHYIO BeiTM'IHHy MarHMTHoro MOMeHTa 

cocTOHHl!H 4+(2083,50 KSB), Ho anH rrpnneaeaaoro MaTpl!'IHoro sneMeHTa 

0+-> 0+ - rrepexoaa pac'leTHSH BE;liTH'IMHa ( p = 0,014) OK83biBfjeTCH Jia rro-

/7/ pHAOK MeHbille SKCrrepnMeHTanbHOro 3HB'IeHMH 

Moaenb Po 
111 

rrpannnbHO orrnchrnaeT nenn'lnHy nepoHTHOCTeH y - ne-

+ + + + + 
peXOAOB 2 1-> 0 l! 4 1-> 2 1 , 3H8'1eHl!e MarHl!THOrO MOMeHTa COCTOHHl!H 4

1 
, 

ao aecKorrbKO XylKe aaeT pacnonolKeHne yponaefi 
14° Ce 06e sTn Moaenn11,41 

l!MeiOT 6onbilll!H ycrrex, '!eM Moaenb nnaCTl!HO M ap. 12 I B cnny Toro, 'ITO 

B HMX l!CITOITb3yeTCH 6onee <jJl!3l!'leCKl!H ITOTeHUl!an 'OCT8TO'IHhiX' CHn; '!eM 

CXeMaTl!'IHhiH ITOTeJIUl!an rronepXHOCTHhiX /5 -CHIT, 
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HenaBHO 0, Eop H MoTTenbCOH BhiCKaaanH HAeiO o cymecTBOBaHHH paa

nH'IHhiX MOll KonneKTHBHhiX ocuHnnSiunii, Onaa Ha TaKIIX MOll 6aanpyeTCSI Ha 

none, KOTopoe pmKnaeT 11mi yHH'ITO>KaeT oniioBpeMeHHO 2 'laCTIIUbi, TaKoe none 

reHepHpyeTCSI napHbiMH BaaHMOAeiiCTBHSIMH II COOTBeTCTBYIOlliYIO MOllY npiiHSI-

TO HaabiB8Tb nap!IbiMH BH6paUIISIMH, napHbiMII BH6paUHSIMII MO>KHO 06'bSICHHTb 

noSIBneHHe BbiCOKone>Kal!IHX o+ - COCTOSIHHll, B pa6oTe. Eeca H EpornHa/3 / 

paCC'IHTaHhl TaKIIe 0+- COCTOSIHHSI AnSI. HeCKOnbKIIX C~epH'IeCKHX SIAep, B TOM 

'!Hcne 11 AnSI 14° Ce , Ha pHC, 6 npHBeneiihi peaynhTaTbi .TaKoro pac'!eTa, Mo>K

HO OTMeTIITb YllOBneTBOpHTenbHOe COI'nacHe SHepi'HH paC'I9THblX H SKCnepH-

MeHTanbHhiX 0+ - ypOBHeii B 
140 

Ce. 

8 '3aKniO'IeHHe OAIIH 11a aBTOpOB. (B,f,K,) 6nai'OAapHT Kenner 11a HHCTII

TyTa ~HaiiKH 0pXyCCKOI'O YHHBepCHTeTa aa BHHMaHIIe II I'OCTenpHHMC~BO, 8 

0, MopTeaceHa - aa noMOlllb B. npoBeAeHHH SKcnepiiMeHTOB, 
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