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Bseneaae 

MOHOIIO/IbBblB 9IIBKTpB'IBCKHe IIepeXOllbl SIBII!UOTC!I BB>KHblM HHCTpyMBHTOM B 

9KCIIepBMBHT81IbHOM HCCIIBllOBBHHH B036y>KllBHHblX 0+ COCTO!IHHA H HX pOTBUHOH

HblX rpyrrrr. Teopa!! EO-rrepexonos 6bma pa3BHTa 'lep'leM a Beae3epoM/ l I , KOTo-

pbiB OIIpenenHIIH npHB9A9HHYID BapOBTHOCTb nepeXOll8 KBK 

p(EO)c I 
p 

r 2 r 4 
[(-P-) -u(-P--) + . . . ]'1'

1
dr, 

Ro R o ( 1 ) 

rna IJ' 
1 

H IJ' f - BOIIHOBbiB <jlyHKUBH H8'181IbHOrO H KOHB'IHOrO !!llBpHbiX COCTOSIHHII, 

r P - panayc-seKTop rrpoToHa, R
0 

-panuyc !!llpa, a a 

IIHBM 38pS!ll8 B !!llpe H 06bi'IHO MSIIO. 

orrpenenSieTCSI pac rrpenene-

llnR C<jlepOHll81IbllbiX !!llBp 6hiiiH !IpOBBllB!Ibl 'IHCIIBHHble paC'IBTbl M8TpH'IHbiX 

aneMeHTOB EO-rrepexonos c fJ -sa6pau aoHHhtX yposaell aa ocaose pa3nH'IHhiX Monenb-

2 / 2 / 
HbtX rrpencTasneaall o CTPYKType llllep/ -5 / , PacMyccea ssen 6e3p83Mepaoe 

OTHOWBHHB 

X= 

2 4 2 
e R 0 p (E 0 ) 

(2) 

B(E2,0-+2) 

s KOTopoM B ( E 2, 0-+ 2 ) - rrpaseneaaaR sepoRTHOCTb E2-rrepexona. B Monena Ko

ne6nrowerocR, OQHOpOllHO 38pS!>KBHHOrO C<jlepOHll8 lliiSI 9TOA BBIIH'IHHbl IIOIIY'IBHO 

IIpOCTOB BblpB>KBHHB / 2 / ; 

(3) 

rne f3- rrapaMeTp ne<j>opMauaa Rllpa. 

B paMKax OllHO'IOCTR'IHOA Monena, rrpa ycnosaaa KorepeHTHoro BKnaaa scex 

rrpoToaoa, OTHoweaae aepoRTHOCTell EO-a E2-rrepexonoa rrpaMepao saaoe 6ollbwe, 

'IBM B Bb1WBYK038HIIOA MOQBIIH/2/: 
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X ~ 9 fJ (4) 

CpaaneaHe pacqeTOB c SKcrrepaMeHTallbHbtMR ABHHbtM H rroKa3ano, 'ITO o6e MOAena 

npeACK83blB8lOT CIIHWKOM 60ilbW!fe p ( E 0) H X /2 ,3/ 

Moaenb neaKcaanbHbiX staep npe ncKa3btBaeT fl a y B!i6paUifOHI!blC 0+-

COCTOSIHHSI, qRCileHHbie paC'!9T bl p ( E 0 ) H X B S TOll MOll 9 /llf 6bllllf npOB9119Hbl no-
BbiAOBbtM a PoCTOBCKIIM / 4/. Pac'!eTbi H cpaaaeHHe c 3KCrrepaMeHTOM rroKaaana, 'ITO 

lllllK8AW!fe 0+ -B036ylKA9HIIfl B ae!\JopMHpOB8HHbiX HApax SlDilfllOTCSl {3 -DH6paURflMH, 

OanaKo H sTa Moaenb npeacKa3bmaeT 6onbwae p (EO) a X raMM8-BH6paUROHHW9 

o+ -COCTO HHHSI B STOll M0/19/lll xapaKTepR3YlOTCS1 6onbiUHMif 3H8'19HHS1MH X ~ 10. 

B paMKax MIIKpocKorrR'!ecKoll Moaen!l co crrapasnHHeM a KsanpyrronbHWMR 

B38HMO.Oel1CTBHSIMH pacqeTbl p (EO) a X 6bt llH rrpose.oeHbi a paGoTax/5,6/, B bt'IHC-

ll9HHble B pa60Te/5 / 3H8'19HifSI X CHC T9M8TR'ICCKH 6ollbJU9 1 '19M 1189T !jlopMy-

na (3). 

Ilenb uacTo ruuei! pa6oTbt - csst3aTb 3Ha'!eHRSI p (EO ) H X co CTpyKT ypoli Hnep-

uwx o+ B036ylKtleHRli. HaMH npoae.oeHbl pacqeTbl aueprHft o+ -B036YlK119Hnli, p( EO) 

X i
. • 17,8 1 

H B p8MK8 X pane e np e.OIIO>KeHHO I M0/19/lH C y'leTOM CIIHHOBblX D38l!MOA9liCTBiill 

H OH81IH3 SKCnep!IM9HT81lbHbiX 118HHblX, 

TeopH!I 

l13B9CTHO, 'ITO B ,oeqiOpM1IpOB8HHblX Hllp8X CyWeC TByeT HOCKOilbKO pa3ntf"!lll>IX 

no CTpyKType T lfiTOB 0+ -B036ylKAeHHli: 

a) flapHbte BH6paUHR, o6ycnOBII9HHbte napHb!Ml'l B38l'!MOU9HCTBII SIMI! /e, 10/. 8Tit 

B036ylKU9Hl!H ( H9l!TpOHHbte If npOTOI!Ilble H938BHCllMO) IIO>K8T BblWO SHepr9Tif'I9CKOlt 

wen a ( w > 2 C ) . 

6) {:l- BR6paUHR, neli<8WH9 HBlKe SHepreT !f'I9CKOH Weill! II XapaKTepH3YlOUlH9CH, 

KaK npasano, 6onhWHMR 3Ha'leHtHIMif B ( E2) . flogsnenae S Tl!X cocTOHtmfl o6ycnos-

ll9HO OCT8TO'!Hb!MH KBa,opyrrOJlbH LlMif l338HMOU 9 HCTBIIHMll TR/la: 

2 2 
- K r r 

q I 2 
Y*( II y (2! 

21-' 21-' 
(5 ) 

rne K q - K BanpyllO/lbH8H KOHCT8HT8 CBH3H 1 f I - p8UHYCbi-B9KTOpbt '18CTIIU 1 y 
2

1l 

c!jlepR'19CK I!e tPYHKUHH , !1CCII9UOB8HH!O 3 TBX 0+ B03 6ylKil9HRH IIOCBSIWO H pHU pa60T 
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(CM., H8UpHMep/5 •IQ/), 8oa6y)KileHHSI 3TOI'O THUS CBSI38 . •bl C napHbiMH BH6pa-

UHHMH. 

B) CnHH-KBanpynonhBbie Boa6y)KnenHH, o6ycnosnei Hbie ocTaToqHbiMH B38HMo

neficTBHHMH THUS: 

y ( 2) ) 

2 2 p. • (6) 

rne ICt - CUHH-KB81lpynOnbH8B KOBCT8HT8 CBH3H 0 8 !7 ·
1 

- M8TpBUbl fieyna. 3TH Co

CTOSIHHH accnenoBanHCb B pa6oTax17 ,8 ,II 1• Bb!nO noKaaaao, qTo cnBH-KBanpynonb-

Hble B38HMOileliCTBHSI MOI'YT reHepBpOB8Tb 0+ 

CKOil menH. 8 nellCTBHTenbHOCTH, CUHH-KB81lpynonhBble 0+ -COCTOSIHHH CBSI38Hbl 

C fl-BH6paUHSIMH H He CBSI38Hbl C napHblMH BB6paUHSIMB. 

+ 
Ka)KilOMy H3 yKaaaHHbiX THUOB 0 -Boa6y )Kneuull cooTBeTCTByeT onpenenea-

HaH CTpyKTypa BOnHOBOll !jlyHKUHH, TaK, BOnHOB8SI cpyHKUHH napHbiX BH6paUHil smng

eTCSI cynepU03HUHell nap (K8)Kil8SI napa H8 OllHOM ypOBHe) KB83HqaCTHU. 80nHOB8SI 

cpyHKUBH {1 BH6p8UHJ! BKniOqaeT TBK)Ke napbl KB83Hq8CTHU, CBilHIUHe H8 paanaq-

HbiX OllHOqBCTHqHb!X ypOBHSIX, 8Kn81l 3 THX COCTOaHBil 06blqBQ H e B e nHK. Ci-JHH-KB81l-

pynOnbH8SI CHnB He HMeeT llH8f'OHBnbHblX OllHOqBCTHqHblX M8TpHqHbiX a neMeHTOB, 

U03TOMY BOnHOB8SI cpyHKUHH CllHH-KB81lpynOnbHblX COCTOSIHHil BKnroqaeT TOnbKO KB83H-

qaCTHUbl, CHilSIIUH e HB p83Hb!X ypOBHHX. 

nn H nro60I'O H3 3 THX THUOB B036y)KileHHll nef'KO nonyqHTb B npH6nH)Ke HHH 

BTOpHqHQI'O KBBHTOB8HH Sl cnenyiDIUHe cpopMynhl UpHBelleHHbiX BepOHTHOCTell p ( E 0 ) 

H B(E2)/7 / 

e u , g , + 
p .. •• 

(plOt) 
(7) 

+ en :t u 
•• ( neutr) 

B(E2) = 
_1_, 

! 
2 eP 

(prot) 

+ eD I u 
•• (neutr) 

rLte U , = u v , + u , v .. . 

g , , 
•• .. 

u , g••" q •• 

, g , 
•• 

, 
•• 

5 

q 
•• 

2 

I 

•• 
, + 

(8) 

2 
, I 

q 
0 0

, - OllHOq8CTHqHble M8TpHq-



Hbie sneMeHTbi EO·-a E2-nep'}xonoa cooTaeTCTBeHHO, a 

KB83H'!8CTH'!HhlX COCTOHHHH B BOJJHOBOH ¢YHKUHH 0+ 

g • •' - aMnnaTyna nayx

aoa6ylKneaa H (eM., aanpa-

Mep,/7,8,10/), 8 <j>OpMynax (7) H (8) BBBABHbl s<j><j>e KTHBHbiB 38pHAbl HBATpOHS H 

npOTOHa: 

e 
p e + e eff 

(9) 
e e eff 

11 ccnenyeM OTHOillBHHe X 

a) napHhlB BH6paUHH 

(<j>opMyna (2)) AJJH pU3JlH'!HhlX THnOB 0+ -B036ylKABHHli, 

Baany aeaaanCHMOCTH neiiTpOHHbiX H npOTORHhiX napHbiX aa6pauafi OTIIO!lleHHe 

aepoHTHOCTefi EO-a E2-nepexonoa ne 3BBHCHT OT napaMeTpa s!jJ<j>eKTHBHOro aapana 

a orrpenengeTCH <j>opMynol! : 

I. r ,( E ,- E ) I ( ( ,(4f 2 -cu 2 )(4t , - · (t) .. , .. . • • . • . 2 

X-I \ t ( 10) 

I. , ( E rE ) I t ,( 4 ( 2 - Q) 2 ) ( 4 ( 2 , - (U 
I 

q •• ( , • • • • • • •• 

rne t = ( (E -X )
2 
+C

2 i'- OAHOKBd3li'!BCTH'!HblB sHeprnH, 
• • 

E 
0 

- onaoqaCTHqf!hle ypoaan 

X - XHMH'!BCKHfi !TOTBHUII8JJ, 1l "' - sneprnH o+- aoa6ylKABHHH. cpenaero nonn, 

CyMMHpoaanae npoaonaTCSI no HeiiTpOHHhlM ( ecna e•ff f< 0 ) , na6o no npoTOHHhlM 

~H~=TH~b!M COCTO~HSIM, 

MaTpHqHble aneMeHTbl .. (oT onepaTopa r2 ) a Monena Hanbccona 

p8BHbi: 

2 
< N n I r I N n > B N + 3/2 ' ( 11) 

rne N - rnaaaoe KBanToaoe qucno. 

8KJ18Ab1 pa3mfqHbiX COCTOHIIHH B cyMMbl HBKOrepeHTIIbl, 1109TOMY BBnii'!HHy X 

MOlKHO OUBHHTb TO/IbKO npn (U .. 2 ( 

•• ( 12) x .. l---
q •• 
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0TC~AB cneuyeT, 'ITO nnH ABYXKB83H'I8CTH'I:BhlX o+ -COCTOBHHH (o6e KB83H

'18CTHUhl HB OAHOM ypoeae), B o6meM cnyqae MO)f{HO O)f{HABTb 60nblllBX 3Ha'l:eHHH 

X>:> 1 , TBK KBK MBTpB'I:Bble aneMeHTbl q •• ecerna 3Ba'I:BTenbHO MeHbme r .. 
qHCnHTenb Bhlp8)f{eHHH (10) C TO'IHOCTb~ AO ~BKTOpa, 38BHCBIIl9rO OT 3HeprBB 

eoa6y)f{neBBR, orrpenenReT npseeneaay~ eepoRTHOCTb p (EO}, MaTpB'I:Hbie aneMeHTbl 

•• onaoro aaaKa B rrocTORHHbi BHYTPB OAHOA o6ono'IKB, Ecna ehlaecTn 38 

3H8K CyMMbl HeKOTopy~ CpenH~~ eenH'IHHy , TO oqeenAHO, 'ITO p ( EO}=O. CneAo-

BSTenbHO, B o6meM, p :(E,O) Mane nnH II8pHhlX BB6paUHH, 

6) CrraH-KBanpynonhHhle eoa6y)f{AeBBR. 

B aTOM cnyqae aMnnaTyAbl g••' BM9~T BBA (C TO'IBOCTbiO AO ~8KTOpa, 38-

BHCrullero OT 3BeprHH )17,8/: 

g , .. 
L , t 

•• 
l 2 

•• 

•• 
( 13) 

rue L 
0 0

, • U 
0 

V 
0

, -0
0 

,y 
0 

, OAHO'IBCTH'I:Hhle MaTpH'I:Hble aneMEf»Thl CIIHH-

KBBApynOnbHOli canbi ( t • • = 0) • Llna OTuomeHBR eepoRTHOCTeA EO- a E2-rrepexoAoB 

nerKO nony'IHTb Bhlp8)1{9HH9: 

e l: u , L , t , I< t 
2 w 2) + e l: . .. 

P (prot) •• •• •• • • •• I ~ X= I neutr 

l: u ,L I < w2 ) l: 
(14) 

e P , t •• , q , ,-· + e,. •• .. •• •• 
(plOt) (neutr) 

LlnSI coCTOSIHHH e OAHOA o6ono'I:Ke N ece r ••"" 0 (KpOMe AHaroaanbHhlX, KOTOpbie 

He BXOAHT B CyMMb!), 0CHOBHOH BKnan B CyMMbl B 'I:BCnBTene ~pMynhl ( 14) ABIOT 

M8TpB'I:Bbl9 3neM9HTbl , 
•• Anlil COCTOSIHHH C {J, N a !J, II & = :!: 2. 8 CyMMhl B 388Me-

HBTene ABIOT BKnBA BCe COCTOSIHHSI, noaTOMy B 061IleM cnyqae MO)f{HO Q)f{BABTb, 

'ITO AnSI CIIBH-KBBApyiTOnbHbiX 0+ B036y)f{AeHHi! X << 1 B p (EO) Mano. Oco6ea-

HO Manhle 388'1:eHBB X MO)f{HO O)f{BABTb AnSI 0+ -COCTOSIHBH, 6nB3KHX IIO CTpyK-

Type K AByXKB83H'1:8CTBqllhlM, ecnB KB83BqaCTHUbl HBXOAHTCB 88 p83Bb!X ypOBHSIX 

OAHOH H TOH )1{9 o6onoqKB. 

e) {3 BH6pauBB, 

LlnSI 'IHCThlX {3 -BB6pauali (6e3 HCKnJOqeHHSI AYXOBOPO COCTOSIHHSI, T.e. 6ea 

yqeTa CBSI3H C IIBpHhlMH BB6p8UHHMH) 8MIInHTYAbl g a a' C TO'IHOCTbiO AO ~KTOpa, 

38BHCSllllero 0T 3HeprHB W , HMeiOT BHA: 
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u , q 
•• •• . . 

g , .. 
•• 2 2 

(15) 
f , - co 
•• 

.lln n X nonyqaeM Bbiba~eaae: 
f , , q , 

l: •• •• •• • • + e l: e 
p f 2 , - Q) 2 " ( pft>t) ( neu.tr) 

•• (16) 

X-I 
( ,U 2 , q 2 

l: •• •• • • + e" l: e 
p 2 ( neutr) 

(pft>t) f ,- Q) 2 

•• 

~3-38 KOrepeHTHOCTH BKnB!lOB B CYMMbl B 3H8M9H8Tene H HeKorepeHTHOCTH BKnB !lOB 

B cyMMbi B 'lHCniiTene , MOJKHO OlKHilBTb, 'ITO X< 1 • Y'leT can3H {3 -aH6panHll c 

napHhlMH aa6e auanM H ycno*HHeT ace ~opMynw, HapywaeT K orepeHTHOCTb. OnHa&o 

ann HH3KOnelKBlllHX 0 + -COCTOHHHH (CO < J MeV) 3~~9KTbl CBR3H MBnbi H ana HHX, 

no-npe lKH9My, MOlKH O O lKHJlBTh 3H8'l9HHit X< I 

BH6p8UHHMH MOlK9T OK838TbCH Cy!lle CTB9HHOll llpH 

Can3h napHhlX BH6pauan c {3 -

W • 2 C , rne HHTep~epeHUHH 

<j>OHOIIOB 

ny X 

{3 -BH6pallHH H napllblX BH6pauHII MOlK9T CyllleCTB911HO H3M9HHTh B9liH'lH-

npa y'leTe CBH3H CllHH-KBB!lpyllOflbHhlX B036ylKJl9HHll C {3 -BH6p8UHOHHhlMH, 

nenb 3 H npe!ICKB38Th onpe!leneHHbiX rpaHHU .una p (EO). Ecna cnnH-KBa.upynonbawe 

B036y)I(.U9HHn llOSIBnBIOTCH HHlKe menH (CO< 2C ) , TO HHTep<j>epeHUHH CllHH-KBB!lpynoflb-

HOrO n {3 -na6paunoaaoro ¢oaoaoa MOJKeT cymecTneaao n3M9HHTh X, p (EO) n 

B (E2 ) Jl8)1(9 !{ng HH3KOnelK811lHX 0+ -B036ylK.U9HHH, T BK KBK, KBK npBBHno, BMnnn-

TY!Ibl CM9WHB8HHH 3TH X ~OHOHOB HM9IOT llpOTHBOilOnO}f(Hbl9 3 H8KH llnH HHlKBliWHX 0 + 

B036ylK.U9HHJ! 
I ll / 

Pe3ynhTBTbi n o6cylK,ueHne 

'-l ncneHHble paC'l9Tbl 3Heprall o+ -COCTOHHI!II p (EO) • B(E2)!: 6e3p83MepHoro 

OTnoweHHH X 6btnH nponeneHbi .una penK039M9nhHbiX Hnep. B pacqe Tax acnoflh-

/ 12 / 
3oaaniiCb no 40 npOTOHHbiX H aeiiTpOHHbi X yponaell cxeMw HHnhccoaa II3 pa6oTbi • 

BbtnH y'lTeHbi nee B03MOlKHbie OllHO'lBCTH'lHbie MaTpH'!Hbie aneMeHTbl q , , t , n • • •• 

8 

r , 
•• 

X 



PeaynbTSTbl p8C'I8TOB -AnH npOTOHHbiX B Hei!TpOHHbiX napHbiX BB6paUBll - B TS6-
<o 

nuue I. ITpu· Bbl'IBCneHBB B( E2) H p (EO) ucnonbaoaaao aaaqeaue napaMeTpa acjlqleK-

TBBHoro aapSJAa e elf • 0,2 (OTHOW8HBe X He 38BBCBT OT e eff ) , p 8C'I8Tbl 

UOATBepABJIH ManOCTb p (EO) H B(E2) AnH napHbiX BB6pauul!, OAHSKO, OTHOW8HBe X 

aapbBpyeTCH a mupOKHX npeAenax. KaK npaauno, aaeprHB napHbiX au6pauul! aenuKH. 

0AHSKO B pHAe cnyqaeB 3TH COCTOSlHHSl MO*HO BA8HTH~HUHpOB8Tb C 3KCnepHMeH-

U8 + 
TanbHO 06Hapy*eHHbiMB COCTOSlHHSlMH, TaK, B Yb 06HSPY*8HO 0 COCTOH-

HBe c auepruel! 1543 Kaa, AnH KOTOporo yCTSHOBneao, 'ITO 10-5 ' a 
X • (CM, CCbinKy 8,13 K TS6nuue 3). ITO-BHAHMOMy, 3TO COCTOSlHBe MO*HO BAeH-

TH~HUHpOBSTb c aeliTpOHHOl! napaol'I BH6pauael! N - 98. B 
184 

Er o6aapy*eHbl o+ 

COCTOSlHBSl C 3HeprHHMB 1766 H 2170 K3B H 3H8'18HHSlMH X 0 pSBHblMB 0, 78±..0,11 

B I, 76 ±..0,25 COOTBeTCTB8HHO ( CM. CCblnKy II K TSOnHUe 3). B 3TOJ! o6naCTB 3Hep

I'Hil TeOpBSl npeACK83biBSeT UOHBneHHe npOTOHHOl! B Hei!TpOHHOl! napHbiX BH6paunl! 

1&8 
X • 3aMeTBM, 'ITO B a Yb, H a C 6nH3KHMB K 3KCITepBM8HT8nbHbiM 3HS'IeHBSlM 

IUE 
r 1.. HH*e YK838HHbiX COCTOHHBii o6aapy*eHbl ewe ITO ABS 0+ COCTOSlHHH, KOTQ-

pble HBKSK He MOryT 6b1Tb HAeHTB~BUHpOBSHbl C napHbiMH BH6paUHSlMB, 

• PaC'I8Tbl UOATBepABnH MSnOCTb p(EO)AnH 'IBCTblX CITBH-KBSApynOnbHblX 

0+ -B036Y*AeHBil ( CM, Ta6n. 2), B paC'leTaX BCUOnb30B8Hbl 3KCnepBMeHTSnbHbie 

3HS'IeHBH 3HeprHl! 0+ COCTOHHBJ!. 0Ka3anOCb 0 'ITO BM COOTBeTCTBYIDT ae6onbWHe 

BSpHSUHB napaMeTpa K t OT HAPS K SlAPY. 3Ha'leHBSl p ( E 0) , B( E 2)B X cna6o 

MeHHIOTCH OT SlAPS K HAPY. BBBAY ManOCTH B(E2) UOKS 38TpyAHHTenbHO rrpoaeCTH 

HAeHTB~BKBUHID aa6niDA8BWHXCH 0+ COCTOHHHJ! C 'lHCTbiMH CUBH-KBSApyrronbBbiMB B03-

6y*AeHHHMH0 XOTH TeopeTH'IeCKHe aua'leHBH X Tore *e nopHAKa, 'ITO H aKcnepH-

MeHTBnbHble AnH HBlKSi!WHX 0+ B036Y*AeHHli. 

B Ta6nuue 3 npHBeAeHbi peaynbTaTbi pac'leTOB c y'leTOM CaHan {3 -BH6pauuli c rrap

HbiMH BH6pSUBSlMB ( Kt _ • 0) , B TBK*e AnH 06mero Cny'lBH, C y'leTOM CBSl3B {3 BH-

6paUHil H C UBH-KB8ApyrronbHbiX B036yJKAeHHil. B 10-13 CTOn6uax Ta6nHUbl rrpBBe-

AeHbl 3KCnepHMeHTan_bHbie ASHHble, 

Pac'leTbi noKaaann, 'ITO 6ea yqeTa cnHH-KBBApynonbBbiX aaauMOAel!cTBHll ae

B03MO*HO o6oHCHHTb UOHBneaHe BTOpblX HH3KOne*SlllBX o+ -COCTOHHHl!. CBSl3b f3 
BB6paUBli CO CUBH-KB8ApynOnbHhiMB B036yJKAeHHHMH rrpHBOAHT K yMeHbWeHBID p( EO) 

B(E2) H X AnH HHJKBilWHX 0+ COCTOSlHBll . B pSJAe HAep HHTep~peHUHOHHble aljxpcK

Tbl O'l8Hb CBnbHbi 0 H MOryT UpHBOAHTb K o6pa30BSHBID 0+ B036ylKAeHHlt ( HBJKe 

3HepreTB'IeCKOil menu) co 3H8'1eHHHMH X .. 10-
2 

- 10-
3

• 
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3aepreTH'IeCK8H 38BHCHMOCTb napaMeTpa X nna paanH'IHbiX no CTpyKrype 
+ ue 

0 aoa6yJKneaal! no.Kaaaaa aa pac. 1 nnst stnpa Er • Bunao, 'ITO nnst cnau-Kaanpy....-

UOJibRbiX B036ylKAeHHl! X cna6o aaaacaT OT "' • B cnyqae {3 -sa6panal! ( 6ea 

yqeTa CBst3H C napHbiMH BH6p81lKSIMH) X TBKJKe cna6o aasacnT OT auepran co-

CTOHHHH. CBSI3b {3 -sa6p8!lHJ! C napHblMH BH6paUHSIMH npHBOAHT, KBK Up8BHnO, K 

pe3KHM CK8'1K8M 3H8'1eHHJ! X s6naaa aaepral! napHbiX aa6panal!. OnuaKo TOnbKO 

CBSI3b {3 -an6paual! H CUHH-KBBApynOJibHblX B036yJKAeHHJ! MOlKeT CHnbHO UOHHlK8Tb 

aenH'IHHY X nnst HKlKal!WHX o+ COCTOSIHHA. 

Ha pac. 2 noKaaaua aaBHCHMOCTb p ( E 0) OT BenH'IKHbl napaMeTpa aqxpeKTHB-

uoro aapstAa e 
elf 

llpH paanH'!HblX 3H8'1eHKHX Kt • Pac'!eTbi noKa3biBBIOT, 

'ITO eennqnua X cna6o yMeHbwaeTCH c yeenaqeuHeM e •If ( nnB cnaH-KBanpynoJib-

Hb!X eoa6yJKneuaA H f3 -sH 6panall) • 

.[lnst ecex stnep pac'!eTbi ynosneTBOpHTenhBO cornacyiOTCst c aKcnepHMeHTBnb

HbiMH ABHHbiMH npH y'leTe CllHH-KB8ApynonbHbiX B38HMOAei!CTBHA. 

B pstne cnyqaen Teopast npencKa3biBaeT o'!eHb 6onbwoe aaa'leaae X nna 0 + 
+ 

BbiCOKonew.amax 0 -eoa6yJKAeHall ( KBK H Teopast .[laBbiAOBa nnst y ea6pauaoa-

Hb!X 0+ COC TOSIHHII / 4 /) • 3TH COCTOSIHHSI 06bi'IHO no CTpyKType 6nH3KH K napHblM 

ea6panastM (aanpHMep, B 
158 

Dy ). 

0TMeTHM, 'ITO TeopHst o6bstCHsteT T eanennHIO pocTa auaqeaHA X c nosbiweaa-
+ U4 

eM aaepraa 0 eoa6yJKneaali ( aanpaMep, B Er ) • OnaaKo cpena cocTostuali 

C BbiCOKHMH 3HB'IeHHHMH X MOryT UOHBHTbCSl T8KlKe COCTOSIHHSl C O'leHb MBnbi-

MH X , aKcnepaMeHTanbaoe aa6niOAeaae KOTOpblX, oqeeanuo, aaTpynaaTenbao. Pea-

Koe naneuae X nnst BblCOKOneJKalUHX o+ B036yJKneuHfi MOlKeT Ub!Tb OUbSICHeuo 

HHTep<jlepeUUHei! Hel\TpOHHblX H UpOTOHHblX napHbiX BI1Up8Ullll 0 CBSl38HHbiX MelKAY CO

UOH KBanpynonbHbiMH eaanMonelicTBHstMH. 

HaKOHeu, OTMeTHM, 'ITO HHTep!jlepeanaH {3 -ea6pauaa H c m!H-KsanpynonbHblX 

B036ylKAeHHll npHBOAHT T8KlKe K CHnbROMY yMeRbWeHHIO CKOpOCTif paapeweaaoro {3 -
+ 

pacnana aa aHJKal\wee 0 cocToauae/ 11 I. 

3 a K n 10 " e a H e 

HTaK, Mbl accneAOBann CBH3b 3H8'1eUHH p(EQ} , B(E2} H HX OTHOweung X 

CO CTpyKTypol! o+ B036yJKAeHnli B Ae!jlopMHpOBBI!llblX stnpax. YcTaHO!lneao, 'ITO 

nnst napHbl X BH6pannA II cnnH-KB8,'1pynonbllbiX B036ylKAeHHli 3H8'ieHlHl p (EO } II B(E2) 

10 



aaa'IBTenbHO MeHbme, 'leM .amt f3 -na6paual<. O.aaaKo aaaqeaail X >. 1 MO>KHO 

O>KH,QaTb TOllbKO ,ang ,ann napHblX BH6paUHII, npone,aeaa H.QeHTH!jJBKaUHSI pst,aa Ha6mo-

.QaBWHXCSI coCTOSIHH l< KaK napHhlX na6panaA. TeopeTa'leCKB o6~srcaeaa Tea.aea-

UHB pOCTa X c ynenaqeaHeM 3Hepraa o+ noa6y>KJlGHBB. noKaaaao, 'ITO HHTep-

ljlepeHUBB paanB'IHhlX THllOB D036y>KJleHHil HrpaeT na>KHyiD pOnb H MO>KGT llpBBOJlHTb 

K CBnbHOMY yneHbme HHID X na>Ke .ansr aaaKone>Kamax 0 + noa6y>KneaaA. B 

nocne.aaeM cnyqae MO>KHO o>KH.aaTb aaMeTaoil nenB'lHHhl M 1 -KOMnoaeHThl npa 

2 +-+ 2+ -raMMa-nepeXOJle Me>K.ay pOTaUHOHHhiMH ypOBHBMH OCHOBHOrO H noa6y>KJl8H

HOrO COCTOSUIHil, 

B aaKnroqeaae anTOphi Bhipa>KaiDT rny6oKyro 6naro.aapaocTb npo¢. B.r. Cononh

eny aa HRTepec K pa6oTe a E.H. KanBHKBBy a8 noneaahle .ancKyccaa. AnTophl 6naro

.aapBhl K • .H. fpoMony, E.n. fparopbeny, H. A. Eoaq-OcMononcKoA a B.A. Mopoaony 

aa o6cy>K.aeaae aKcnepaMeHTanbRhiX naRHhlX H A .A. KopaeA'lyKy a K.M. )i<eneaaonol< 

a8 UOMOillb npH COCT8BlleHHH nporpaMMhl 'IHClleHHhlX p8C'IeTOB. 
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Pacna;m11 e xapa KrepHC II!KI! cnHH- KBa Jtpy noJJbHIIX 0+B o36ya.neu i!A . il pac 4 erax 

I!Cn OJJb 3QBUI!II 3KCn€p i!M €H TUilbllh:€ ~HeprHH . COOTB€TCTBYIOIIll!€ IIU 3Ha4€HI!H dft .lliiHII 

B Tp€Tb€U CTOJIC5Ue 

Wexp CX.t 6{E2 ) X Q 
_ll;J.po---~~ A-lfj.1hWo ___ ~ p U ____ J 7EO) 

152s m 0, 69 8 , 74 0 ,006 0,12J -0,01 

154sm 1 ,10 8,49 0 ,009 0,114 -0,012 

156Sm 1 , 07 8 , 48 0 , 009 0 , 115 -0,01 2 

154Gd 0, 68 8 , 87 0 , 006 o,no -0,010 

1 56 Gd 1 , 05 8 , 7 0 , 009 0 , 12 -0,01 2 

158Gd 1 , 45 a, Jo 0 , 01 2 O, l12 - 0 , 014 

15flny 0,68 8 , 90 0 , 006 0 11JJ -o,on 

158Dy 0 , 99 8 , 7J 0 , 009 o, n5 -0 ,012 

1 60Dy 1 , 26) 8, 50 o,on 0,12 -0, 014 

162Er 1,08 8 , 60 0, 009 o,IJ - 0 , 01J 

164Er 1, 245 8,J9 0,010 0 , 122 -O, OlJ 

1 66Er 1 ,46 7 , 89 o,oo8 0, 109 -0 , 011 

168Yb 1 ,1 56 8,J o,oo7 O,lJO -o.on 

170Yb 1, 065 8, 59 o,oo6 o, IJJ -0, 011 

172Yb 1 , 045 8 , 80 0 , 006 0 , 1J6 - o , 011 

174Yb 1,)2 8 , 5J 0 , 007 0,127 - o,on 

178Hf 1,199 9 , 29 0,006 0,145 - 0,011 
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