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/1-12/ 
B 6h11IH paCC'IHTBHhi 3Hepruu, BonHOBhle <flyaxuuu u BenH'IHHhi 

B ( E2) 
1 

B ( E3) unsr KBaupyrro1IhHhiX u oxTyrr011bHhiX ouHo!floaoHHhlX cocTOSIHHH 

B 'leTHo-'leTHhiX ue!flopMupoBaHHhiX SILlpax. MaTeMaTH'Iecxue MeTOLlhi pac-

CMOTpeHHSI OLlHo<flOHOHHbiX COCTOSIHHH H 3KCIIepHMeHTanhHble LlBHHble rrpOCyM

/13/ 
MHpOBBHbl B • KOMIIOHeHTHblH COCT8B OLlHO<floHOHHbiX COCTOSIHH H IIpHBe-

ueH B 
/14/ 

• Bo Bcex BhiJJieyxaaaHHhiX pa6oTax pac'leTbJ BbmonHeHhi c Bon-

HOBhiMH <flyHKUHSIMH u ouao'laCTH'IHhiMH 3HeprHSIMH rrOTeauuana Hu11bccoaa. 

B 1151 
xapaKTepucTHKH ouHo$oaoHHbiX KBaupyno1IhHbiX cocTOSIHHH 'leTHo

'leTHhlX SILlep B o6naCTH 150 :$;A :$174 paCC'IHT8Hbl C HCII011b30B8HHeM OLlHQ-

'IBCTH'JHbiX 3Hep_r,Hii u BOnHOBhJX !flyHKUHH rroTeHIIuana Caxcoaa-Byuca, pac-

/16/ /17/ 
C'IHTBHHbiX B , a T8K)Ke MOAH!flHUHpOB8HHOI'O B IIOTeHUHana HH1Ih-

- /15/ 
CCOHB. B A8HHOH pa6oTe T8KHM )Ke MeTOAOM, K8K B , Bbl'IHCneHhl 3Hep-

I'HH, eonHOBbJe <fly HKUH u H BenH'IHHbi B ( E2), B ( E3) unsr rrepBhlX ABYX KBBA-

K " =0+ + • 71 - - -
pyiiOIIbHblX C H 2 H OKTYIIOIIbHbiX C K = 0 , 1 H 2 COCTOSIHHH 

'JeTHo-'leTHhlX SILlep B o6nacTu 174 SA ..;. 188. 

B HaCTOSIIUHX pacqeTaX HCI1011b30BanHCb <flopMynhl H COOTBeTCTBY~JJIHe 

/15/ 
rrporpaMMbl HB 38M TBKHe )Ke, K8K B • B Ka'leCTBe BOnHOBbiX $yHKUBH 

/15/ 
H OAHO'IBCTH'IHbiX 3Hepi'HH, K8K B , B3S!Tbl TBKOBhle a) unSI MOLlH!flHUB-

pOB8HHOI'O rrOTeanuana Hu11bccoaa rrpu ue$opMaUBH A =0,21, 6) unSJ noTes-

uuana Caxcoaa-Byuca rrpu A =181 u ue<flopManuu P =0,23. Pac'leTbl (c 

noTeHnuanoM CaKcoaa-Byuca) BbmonaeHbl c wacTaHTOH KBaupyno1Ihlioro 

saauMoueficTBHSI K C2> =2,0 A -
413 

MaBICM 
4

=184 A -
713 

M3BICM 
4

, npu'leM 

3 



(2) +713 1151 
aenH'IHHa K A B3SITa TaKoii lKe, KBK a • KoHCTBHTa 

(3) -413 6 
B38HMOJie iiCTBHSI B3SITa paaHoii K =0,04 A MaalcM • B 

OKTYIIOllbHOr'O 

1181 
BMeCTO 

c2> cs> I c2> I C3> 
K H K IIpHBeJieHbl 3H8'1eHHSI 1 2 K H 1 2 K UpH p a c'IeTax, ·oc-

HOB8HHbiX H8 MOJlH~HUHpOB8HHOM IIOTeHUHane HHllhCCOHa, HCIIOnb30B8nHCb 

cneJiyJO!llHe KOHCT8HTbi: K <2 > =5,8.A -
413 

t ~ 
0 

(JinSI K 11 
=2 +), /

2
' =7 A -

413 

(8) -413 0 (2) 
K c0,59.A 1i w 0 • OTnH'IHe K 

0 + 
11 w

0 
(JinSI K 11 

=0 ) , no 

~I ~I 
Cp8BHeHHIO CO 3H8'IeHHeM B CBSI38HO C TeM, 'ITO B IInOTHOCTb OJI-

HO'I8CTH'IHbiX ypOBHeH 6bin8 HCKYCCTBeHHO yMeHbllleHa, KoHCT8HTbl rrapHbiX 

u 115/ 
B38HMOJieiicTBHH G N H G z B3SITbi TBKHe lKe, KBK a • UpH B bi'IHCne-

HHH rrpHBeJie HHbiX aepoSITHOCTeii aneKTPH'IeCKHX E2- H E3-rrepexoJIOB B3SITbi 

(2) (8) 
cne)lyiO!llHe 3H8'1JeHHSI 3~~eKTHBHbiX 38pS!JlOB: e eft =0,2, e eft =0.2, BenH-

'IHHbl B ( E2) H B ( E3) rrpHBeJieHhi a OJIHO'IBCTH'IHbiX eJIHHHUax. 

He6onblll8SI 'IBCTb rrony'IJeHHbiX pe3yllhT8TOB IIOK838H8 B Ta6n, } ,2 H 3, 
1191 

HeKOTOpbie H3 HB!llHX pe3ynhT8TOB rrpHaeneHhi a • 113 Ta6n. 1 BHJIHO, 

'ITO paC'IeTbl IIp8BHnbHO rrepeil810T TeHJieHUHIO yMeHbllleHHSI 3Hepr'HH rrepBbiX 

" + rr + K =2 cocTOSIHHii c pocTOM A. Pacc'IJHTBHHbie a HeprHH rrepBbiX K =0 

cocTOSIHHH He rrpoTHBope'IaT HMeJO!llHMCSI 3KCrre pHMeHTanbHbiM JIBHHhiM, OJI-

H8KO 3TO COrnaCH e B HeKOTOpOH Mep e SIBnSieTCSI ycnOBHbiM, T,K, HH3KHe 

rr :r 
COCTOSIHHSI C K =0 HMeJOT pa3nH'IHYIO IIpHpony. 

B paccMaTpHaaeMoii o6nacTH SIJiep HMeJOTCSI cnenyJO!llHe aKcrrepHMeH

TanbHbie JIBHHbie no aenH'IHHaM B ( E2) nnSI ao36ylKJieHHSI nepBbiX cocTOSIHHii 

rr + 1201 174 176 
c K =2 : nony'leHHhie a 3Ha'IeHHSI 1,4 JinSI Yb , 2,1 JinSI Yb; 

12 1 I 184 186 
rrony'IeHHhie a 3Ha'IeHHSI 5,5 JinSI W H W • Ha!llH pac'leTbi He 

12 1 I 
npoTHBOpe'IaT 3THM JIBHHbiM, B enH'IHHbi B (E2), pacc'IHTBHHbie a no 

TeOpHH IIOBepXHOCTHOr'O JienbT8-B38HMOJieHCTBHSI, onH3KH K H8lllHM 

(2) 
'leHHH e eft , a 2,5 pa3a 6ollh!lleM, 'leM a Ha!lleii: pa6oTe, 

T1 - -

npH 3Ha-

Pac'IeThi OKTyrronbHbiX COCTOSIHHH C K =0 , 1 H 2 IIOK838nH, 'ITO 

T1 -
HeCKOnbKO CHnbHee KOnneKTHBH3HpOB8Hbl COCTOSIHHSI C K =Q IIO CpaaHe-

HHIO C COCTOSIHHSIMH C K" =1- H 2-. PaCC'IJHT8HHbie B Jl8HHOH pa60Te 

4 

COCTOSIHHSI C K 11 =1 ii 2 ( T, e , COOTBeTCTBYIO!llHe aenH'IJHHbl 

y 1 ( 32)) 

1131 
M H B 

S!BnSIIOTCSI 6onee KOnneKTHBH3HpOB8HHbiMH IIO Cp8BH 

CocTOSIHHSI c K 
11 

=0- a JIBHHoii o6na cTH S!Jlep ne> 

HO BbiCOKO, H II03TOMY He HMeeTCSI COOTBeTCTBYIOlllHX 3KCIIep~ 

f1 -
JIBHHbiX, Bbi'IHcneHHe aHeprHH K =0 cocTOSIHHii cHnbHO 38B. 

'IHHbl K (B) , 6onee CHnbHO, 'IeM JinSI 3HeprHii K 11 =1-H2-< 

3HeprHH COCTOSIHHH 

1231 178 Hf 
HHe B 

C K rr =1- HMeeTCSI OJlHO 3KCrrepHMeHT8nb. 

, paaHoe 1,343 Maa, 'ITO cornacyeTCSI c ! 

paC'IeTOB, 113 Ta6n, 2 BHJlHO, 'ITO 3KCIIepHMeHT8nbHbie Jl8HHbiE 

COCTOSIHHSIM JIOCT8TO'IHO XOpO!llO OIIHCbiBBIOTCSI TeopeTH'IeCKH. 

MeTHTb , 'ITO paCC'IJHT8HHbie H8MH 3H8'IeHHSI 3HeprHH rrepBbiX 

TOSIHHH nelKaT· HHlKe H 6onee CHnbHO KOnneKTHBH3HpOB8Hbl IIO 

1221 
C pe3ynbT8T8MH, rrony'IeHHbiMH B , r'Jle HCIIOnb30BanCSI 

Hbiii: BHJI rroaepXHOCTHoro JienbTa-a3aHMOJieiicTBHSI, B -pa6oTe • 

(3) 
eeff a 2,5 pa3a 6ollblllee, 'leM a HalllHX pac'leTax. 

UpOBeJieHHbie paC'IeTbl IIOK838nH, 'ITO rrepBbie KB8Jlpyii011 

IIOnbHbie COCTOSIHHSI S!Jlep B o6naCTH 174 :S A :S 188 JIOCT8TO'I.I' 

OIIHCbiB810TCSI B p8MK8X CBepXTeKy'IeH MOJienH S!Jlpa IIpH II< 

TOJla IIpH6nHlKeHHOr'O BTOpH'IHOr'O KB8HTOB8HHSI, PaC'IeTbi, B K( 

IIOnb3YIOTCSI C06CTBeHHbie 3H8'IeHHSI 3Hepr'HH H BOnHOBbie ~YHK 

na CaKCOHa-ByJica, SIBnSIJOTCSI . 6onee rrocneJioBaTellhHbiMH H a 

30B8HO MeHblllee 'IHcno rrapaMeTpoa no cpaaHeHHJO c pac'IJeTa~ 

HbiMH H8 IIOTeHUHane HHnbCCOH8, 

B 38KnJO'IJeHHe BbipalKaeM 6naroJiapHOCTb 38. rroMOlUb H 

A. A. KopHeii'lyKy, C.l1. <l>eJioToay H r. Wynhuy. 

5 
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COCTOSIHHSI C K TT =1 if 2 ( T,e, COOTBeTCTBYIOlllHe BenH'IHHhl Y 1 ( 31), 

y 1 ( 32)) 
/13/ 

M H B 

SIBnSIIOTCSI 6onee KOnneKTHBH3HpOB8HHhlMH no Cp8BHeHHIO C ABHHhl

CoCTOSIHHSI c K 
11 =0- B ABHHOH o6nacTH SJ:Aep .ne)!{aT AOCTaTO'I-

HO Bh!COKO, H n03TOMy He HMeeTCSI COOTBeTCTBYIOlllHX 3KCnepHMeHT8nhHhiX 

ABHHhiX, Bhi'IHCneHHe 3 HeprHH K rr =0- COCTOSIHHH CHnhHO 38BHCHT OT senH-

'IHHhl K. (S) 6onee CHnhHO, 'I eM AnSI 3Hepi'HH K rr =1- H 2- CPCTOSIHHH, DnSI 

3 HeprHi!: COCTOSIHHH C K rr =1- HMeeTCSI OAHO 3KCnepHMeHT8nhHoe 3H8'1e-

/231 178 Hf 1 343 M HHe B , paBHOe , 3B 0 'ITO COrnacyeTCSI C pe3yllhT8T8MH 

paC'!eTOB, J13 Ta6n, 2 BHAHO, 'ITO 3KCrrepHMeHT8nhHbie A8HHhle no K rr =2-

COCTOSIHHSIM AOCT8TO'IHO XOpOlllO OnHChiB810TCSI TeOpeTH'ieCKH, CneAyeT OT

MeTHTh, 'iTO pacC'iHTBHHhie HBMH 3Ha'leHHSI 3HeprHi!: nepsbiX K" =2- coc-

TOSIHHH ne)!{aT· HH)!{e H 6onee CHnhHO KOnneKTHBH3HpOB8Hhl no Cp8BHeHHIO 

/22/ 
C pe3ynbT8T8MH, nony'ieHHhiMH B rAe HCnonh3osanc SI 

H h iH BHA nosepxHOCTHoro AenhTa-B38HMOAeiicTBHSI, B -pa6oTe 

(8) 

eert B 2,5 pa3a 6ollhmee, 'ieM B HamHX pac'ieTax. 

ynpomeH

/15/ B3SITO 

DposeAeHHhie pacqeThi noKa3anH, 'iTO nepsbie KBaApynonhHhie H OKTy-

nonhHhie COCTOSIHHSI SJ:Aep B o6naCTH 174_::: A_::: 188 AOCT8TO'iHO XOpOlllO 

OnHCbiB810TCSI B p8MK8X CBepxTeKy'ieH MOAenH SJ:Apa rrpH UOMOlllH Me-

TOA8 npH6nH)!{eHHOI'O BTOpH'IHOI'O KB8HTOB8HHSI, p 8C'ieThi, B KOTOpbiX HC-

nOnh3YIOTCSI C06CTBeHHbie 3Ha'ieHHSI 3Hepi'HH H BOnHOBbie <jlyHKUHH noTeHUHa-

na CaKCOHa-ByAca, SIBnSIIOTCSI . 6onee nocneAOBaTellhHbiMH H B HHX HCnOllh-

30B8HO MeHhlllee 'iHCnO napaMeTpOB no cpaBHeHHIO C p8C'ieT8MH, OCHOBBH

HbiMH Ha noTeHUHane HHnhccoHa. 

B 3aKnJO'ieHHe Bbipa)!{aeM 6naroAapHOCTh 3a. noMOII!h H o6cy)!{AeHHSI 

A. A. KopHeH'iyKy, c. Yl. <PeAOTOBY H r. illynhuy. 
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T a 6 n H u a I 

l 
T a 6 JI H 1\ a 2 

3HeprHH rrepaux /3-H Y - BHdpanHOHHI:lX COCTORHH~, 3HeprHH rr epB~X OKTYllOJ!bHHX COC TO P.HH~ C K" =0-
paccqHraHHHX no OAHOqac rHqHo~ cxeue CaKCOHa- ByA- paccqHraHHI:le no OAHOqacrHqHo ~ cxeMe CaKcoHa- I 
ca ( s- w ) npH /3 =0,23 H !10 MOAH¢HUHpOBaHHOH CXe- v. no MOAH¢HL\HpoaaHHO~ cxeMe HHJibC COHa <N > 

Me liHJibCCOHa (N) llpH f3 =0, 2I . 
I 

3 H e p r H H ( M3B) 
3 H e p r H H ( M3B) l 

H,npa 
K" -o -HAp a K" - 1-

K 11 
a: 0 + K "~ 2+ 

t 
s-w :.JKcrr ep . 

N s-w N 

3Kcrrep . s-w 3Kcrrep . s-w , -N N 114 Y b I, 5 I, 6 I, 8 I, 6 I, 32I 
174 Yb I,O I,J 1,63 I,6 I,6 

17 6
Y b I,9 2, 0 I, J I,5 

176 Yb I,2 I,5 I,254 I,4 I,5 
17 8 Yb 2,I 2,I I, 6 I, 8 

IT S Y b I, 2 I,4 I, I I,3 
17611 f I , 6 I, 6 I , 4 I ,6 I , 250 

I 7 6 ilf 1, 28 I, 2 I , 2 I,7 I,6 
17 8 II f 2, 0 2, 0 I , 3 I, 5 I, 280 

17 8 H f I,I97 I,4 I,5 I,I74 I,5 I,5 
180 llf 2, 3 2,I I,4 I , 8 

18 0 11( 
n s w I,6 I,6 I, 8 I , 5 I, 044 I, 3 I,4 I, 2 I,3 

17 8 w I , 2 I,I I,7 I,5 
1s ow 2, 0 2, 0 I , 3 I , 5 

18 0 w I,4 I,5 I,5 I,4 
1s2w 2, 3 2,I I, 6 I , 8 I, 29 

182 w 
ta .aw 2,4 2,0 I,7 2, 0 I, 3 I,4 1,222 I , 2 I , 2 

I S< W I , 3 I,6 0,904 0,7 I,O 
18 6 w 2, 5 I,9 2,I I ,9 

18 0 w I,4 I , 4 o, 730 0, 7 I , I 
182

0 5 2, 0 I,9 I , 3 I , 5 
18< 2, 3 18 2 Os 0, 8 I, I I,4 1, 3 

Os 2, I I,5 I, 8 
18 40 s I,2 0,94 

18ft Os , 2,4 2,0 I,7 2,0 0,8 I , I I, I 
18 6 Os 0,8 I, I 0.768 0,6 0, 8 i 1880s 2,5 I,9 2,I I,9 I,45 
188 Os I, 086 0, 8 0,8 0,633 0,6 I,O 

9 
8 

.s 



T a a JJ H u a 2 

3HeprHH nepBNX OKTyn OJJbHNX C O C TO HHH~ C K" =0- 1 r H 2- , 
pac cqHTaHHNe no o~HoqacTHqHoH cxeMe CaKcoHa-By~c a <s- w> 
Y. no MO~H¢HuHp oBaHHO~ cxeMe HMJJbCCOHa <N > 

3 H e p r H H (M3B) 
.H,npa 

K"-o- K"~ I- K "- 2 -

S-W N s- w N 
:.JKcnep . s- w N 

IT 4 Yb I,5 I,6 1, 8 I , 6 I , 32I I , 3 I , 4 
I T8Yb I , 9 2, 0 I , J I , 5 1, 4 1,4 
ITS Yb 2, 1 2, 1 I , 6 1,8 2, 1 2, 1 
I T6ll f I,6 1, 6 I,4 1,6 1, 250 1, 2 1, 3 
ITS llf 2, 0 2, 0 I , J 1, 5 1, 280 1, 3 I , 3 
160 llf 2,3 2, 1 1, 4 I , 8 1, 7 1, 8 
17A W I , 6 1, 6 1, 8 1,5 I , 044 0, 9 I , 2 
1sow 2, 0 2, 0 1,3 I , 5 I , O 1, 2 
IB2w 2, 3 2, 1 I , 6 1, 8 1, 29 1, 2 1, 3 
IB<w 2, 4 2, 0 1,7 2, 0 1, 2 I , 3 
186 w 2, 5 1, 9 2, 1 1, 9 I , 1 1, 3 
1s2 o~ 2, 0 1, 9 I , 3 1, 5 1, 4 1, 3 

18 t Os 2, 3 2, 1 1,5 I , 8 1, 7 1, 9 
18ft 0:" ' 2, 4 2, 0 I , 7 2, 0 I , 7 I , 9 
186 o. 2, 5 1, 9 2, 1 1, 9 1, 45 1, 3 I,7 



T a 0 JI H ~ a 3 

llpHB e~ eHHhl e BepOliTHOCTH B(E >.. ,og~I-A,K) n epexo~oB . 
(paccqHTaHHhle no ABYM cxeMaM : CaxcoHa-By~ca < s-w > H 

MOAH¢H~HpOBaHHO~ CXeMe HHJibCCOHa) H3 OCHOBHOfO COCT Oll-
HHll B KBaApynOJibHhle H B OKTynOJibi!hle C K" =O~rH 2-C 

• ell =0,2 

B(E2) B(E3) 
.H~pa 

K
17 -= o + K 

11
- 2 + " - " - " K a 0 K - I K • 2 

s-w N s-w N s-w N s-w N s-w N 

17 'n 2,9 0,6 2,7 1,2 5,8 0,9 1, 3 0,4 2,6 0,6 
110 Yb 2, 2 0, 1 2, 4 1,9 3, 5 1,7 O, I 0,3 1,6 0,5 
178Yb 1,8 O,I 2, 6 2, 0 1, 5 3, 2 0, 3 0, 5 1, 9 0,6 
176HI 2 4 

' 0,4 2, 2 1, 0 5, 3 1,0 0, 3 0,5 3,6 1,0 
178 Ill I , 8 0, 1 2,0 1,8 3, 3 1,9 O,I 0,4 2, 4 0,8 
180Hf 1,5 O, OJ 2,2 2, 0 3, 7 3,8 O,I 0,7 1,9 1,6 
nRw 2,7 0, 6 2,4 2, 2 5,1 1,2 1,4 0,5 3, 9 2, 0 
180 w 2, 0 O, I 2, 2 2, 7 3, I 2,2 0, I 0,4 2,8 1, 8 
ts2w 1, 6 O,OJ 2, 3 3, 0 3!5 4, 2 0,4 0,4 1, 7 1,7 
'"'w I, 7 O, I 3, 0 3,2 2, 3 4,6 0, 3 3,0 I, 5 I,8 
l8s w I 4 0, 5 2,I 3, 0 1,5 5,2 0,3 5, 8 I , 5 2, 0 
t8o0s5 : 2 0, 3 3, 3 4,9 3,0 I , 9 O, I 0,4 I , 5 0, 6 
IS<Os 4, 6 0,4 3,4 5,4 3,4 3, 8 0,4 0,7 0,7 2, 1 
186 0s 4 5 

' 1 ,7 4,6 6,2 2, 2 4, 3 0,3 3, 2 0, 5 2,1 
188 0s 3, 7 3, 4 3, 3 6,0 I , 4 4, 9 0,3 6,4 0, 6 1,0 
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