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r. BB~;.mmm 

ll3B8CTHO, 'ITO TOl!HOCTb B!ll!HCJI8Hllli pa3JIHl!HhiX xapa.KT8] HICTHR ,n;e<Jlop

l!illi!pOBaHH!lX H,ll;8p Cylil8CTB8HHO 3aBHCI1T OT I!paBHJibHOrO Bh!OOp< l rrap8M8TpOB 

H8CW8Plll!8CIUIX liOT8.HWiaJIOB fu!JibCCOHa l!.Jlll Dy,n;ca-Ca.KCOHa H < lT BeJilll!HHhl 

KBa.D;PYIIOJI:&HOii H reKCa,Il;8IW.IIOJibHOM ,n;e<IJopM8.LU'Ul. 

B HaCTO!IDI88 Bp8Mff Cylil8CTBY8T PM paOOT/I-
3/, B KOTo: lllX IIpOBO,lJ;.,'ITCH 

00CYJi(,ll;8IDIH Bh!OOpa rrapaMeTpOB IIOT8HIJ;HaJia ,JJ,JIH OIITHMaJibHOrO BOCI!pOH3B8-

,ll;8HM O,ll;HOKBa3Hl!aCTHl!HhiX COCTOHHIIii. 0,n;Ha.KO BOIIpOC 0 Bh!OO l8 ,n;eQJopMai.Ufri: 

KBa,r(pyrrOJibHOrO HJIH reRCa,r(8RallOJibHOrO TUIIOB ,JJ,JIH ROHKp8TH!1 C U30TOIIOB 

OCTa8TCH a.KTyaJI:&Hh!M. 0C006HHO 3TO OTHOCUTCH R H8l!8THh!M fUPill.l. 

EllcTpoe paaBIITne aRcrrepmvieHTaJI:&Holl H,JJ;epHo-crreRTpocR )Illil!8CKo.il 

T8XHIIRU U IIOHBJI8HII8 HOB!lX a<lJWeRTIIBHhiX M8TO,n;MR 3RCII8pUM8H ra ll03BOJIH8T 

B HaCTO!IDI88 Bp8MH U3ytiaT:& CBOHCTBa OCHOBHhiX U B030ym,ll;8HH1X COCTOHIDI.ii 

H,ll;8p, BC8 OOJI88 y,n;aJI8HHhiX OT IIOJIOCll 6eTa-GTa6IIJibHOCTII. HlROIIliJICH 3Ha

'll1T8JibHuU 3KCII8pUM8HTaJI:&HuU MaTepiiaJI 0 CBOiiCTBaX ,n;e!IJopMII tJOBaHHhiX H6-

l!8THI1X H,JJ;ep c A ) 149. 
3RCII8pUM8HTaJibHaH UHWoPM8.LU'IH, Il03BOJI~aH OIIp6,ll;8JIH1b B8JIH'll1Hll 

RBa,llJ)YliOJibHOM ,n;8<tJOPMa!.U1U OCHOBHhiX II B030YJI(,ll;8HHhiX COCTOHB ait H,ll;8p ,MOlK8T 

Oh!Tb IIOJIYl!8Ha B 1IpHMhiX II3M6p8HIIHX RBa,n;pyrrOJI:&HllX MOM8HTOE, HarrpiiMep, 

M8TO,ll;OM MarHIITHOro p830HaHCa C IICIIOJib30BaHII8M aTOMapHorc rrytiRa, IIpii 

II3Jl!8H1Ill yrJioBoro pacrrpe,n;eJieHIIH 1-RBaHTOB, ucrrycKB.eMhiX r oCJie cyJIOHOB

cRoro B030ym,ll;8IDIH, 1IJI1I H8yrrpyroro paCC6HHIIH "'!aCT~ II ,ll;JYTUX M8TO,ll;OB. 

MH<lJopMar.um 0 B8JIII'll1Hax: RBa,llJ)YIIOJIDHOM ,n;e<lJOPMa!.U1H TaJ: lK8 MOJK8T ObiT:& 

!IOJIY"'!8Ha, XOTH U ROCB8HHO, l!8p83 BeJIHl!HHll B(E2) BHyTpUIICJIOCHhiX H,ll;8pHhiX 

rrepeXO,ll;OB, OIIp8,ll;8JIH8MhiX JIIIOO BO Bp8M8HHhiX UCCJI6,ll;OBaHIIHX, JIIIOO C IIO

MO~:&ID RYJIOHOBCROrO B030YJK,ll;8HIIH H,JJ;ep. KpOM8 Taro, H6KOT<pll6 OTHOCHT8JI:b

Hll8 ,ll;aHHll8 0 ,n;e<lJopM8.LU'Ili pa3JI1Il!HhiX O,ll;HORBa3IIl!aCTH"'!HhiX B0<0~~8HIIH MOiKHO 

U3BJI8l!b 113 aHaJIII3a CII8RTpOB B030YJK,ll;6HHhiX COCTOHIDI.ii ,ll;6WoJ'M1IpOBaHHhiX 

H,ll;8p, CBH3aHHhiX C Bp~aTeJI:&HllM ,ll;BHJK8Hll6M. 

B CBH3H C 3TIIM IIp6,ll;CTaBJIH8T UHTepec, HaCROJibRO KOJII:l!8CTB6HHO 

MoryT OTJI.11l!aTbCH paBHOB8CH1!8 3Hal!8IDIH ,n;e<lJopM8.LU'rii B030YJ~8HHhiX O,ll;HO

RBa3Ul!aCTUl!Hl1X COCTOHHIIit OT paBHOB6CHOM ,n;e<lJopMa!.U1U OCHOllliOrO COCTOHHIIH. 

HaCTO!IDIM paOOTa IIOCB.ffiii8Ha CIICT6MaTHl!8CKIIM paCl!6Ta! I paBHOB8CHhiX 

3Hatiemlli RBa,IlJ)YIIOJI:&HhiX Q2 H reRCa,r(8RallOJI:&Hl1X Q4 MOM8HTOB O,ll;HOKB83H

l!aCTHl!Hl1X COCTO.fllillil H8CW8PHl!8CIUIX H8l!8THhiX H,JJ;ep pe,n;K038118JibH011 oOJiaCTH. 
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Hccne~oBanocb T~e BnKHH.ue ~ewop~ mecToro nop~ Ha aHeprHH 

O~OKBa3H~aCT~HX COCTORHHM. Ha B03MO~OCTb OT~~ WoPMH H6~6THHX 

H,ll;Sp OT ciJoplv'lhl COCS,IUIHX ~6TH0-~6THb!X B;D;Sp H WoPMhl B030YJ!).I;\6HHHX COCTO.ff
m!it OT WopMH OCHOBHOrO COCTO.fiHID! OWIO YKa3aHO B pacJoTef4/. 

PaHee no~OOHHS paC~STH ITpOBO~Cb ~ OCHOBHHX COCTORHHM HSKO

TOpb!X ~8TH0-~6THb!X B;D;ep paCCMaTp.UBa8MOH oel.JJ:aCTH C HCnOJib30BaHU6M no

TO~ana ~CCOHa B pacJoTef5/ n nOTS~ana By~ca-CaKCOHa B pacJoTef6~ 
PaBHoBeCHHe ~swap~ BOsel~eHHux o~o~s~acT.u~ux cocToRHHfi B He
~eTHhiX B;D;pax paCC!vlaTpHBan.ITCb B paOoTax 7,8 • 

2. ;,IETO.U PAC lillTA P AiJHOBECHiJX. .llEOOPii!AJ..U1.J 

O~o~aCTH~He 3HeprHH H BOJIHOBHS (iiyH~, .UCnOJib3ye~e B HaillHX 

pac~eTax, B~CJI.ffJIHCb no MeTa~, rrpe~o~eHHOMY B paeloTax 9 riO/. 

,ll,Jr.A: Hax:OJK,ll;SHHH O~O~aCTI!~OrO CnSKTpa ~arOHan.IT3HpyeTC.A: raMHJID
TOH.UaH 

H = T + Vlt>~Vs.o + Vc. 
(I) 

3~6Cb T - rorneTn~eCKM aHeprH.A:, v {e) - IIOTe~an B;D;9pHb!X CHJI, Vs.o -
CIT.ITH-opOHTaJIDHilfi nOTSHJtl!aH II '\fc.- eyJIOHOBCKHi1 noTe~. 

CIT.ITH-opO.rrTanbHOS B3anM0~6MCTBH6 OepeTCH B B~efi '2/ 

~o =\f rs.pJvv 
k =J\ ( ~lt.l1c) 2 , 

r~e k - KOHCTaHTa Cill!H-OpOHTaJIDHOil CM3ll, ~ ll s 
HyKJ!OHa. 

ilOTe~.uan By~ca-CaKCOHa lf(f}I~e~CTaBJIH8TCH B 

V{e)::r. K,[11- exp( £)]-'. 

(2) 

- IlM.lJYJibC ll CIII!H 

CJI9,IJ;yJCil{8M Bll,ll;S : 

(3) 

BSJU1~a e llpl16Jn!JK6HHO paBHa paCCTOJIHlUO MSJ;UJ;y orrpe~eJISHHOii TO~o;i 
II B;D;SpHOH nOBSpXliOCTbiO, a- napaMSTp ~tixiJY3HOCTJ!. 

li30Cill!HOBaH 3aBHCliiMOCTb rJiyOl!Hhl nOTS~anbHOii BMhl ClepeTC.fi 

B mmef2/ 1/ (f,n) = V [1 ±C. 1'1-1] 
V0 ,sc A 

1 r~e V- cpe~.u:fr noTe~an. Ctso - nsocrnrnoBaH KOHCTaHTa. 

(4) 

MaTp~a raMHJIDTOHHaHa (I) BI:I'll!CJIHSTCH B Clas.uce, COCTOHil.let,l H3 

coelcTBeHHux WYH~ aKCIIanbHo-cnMMeTpn~oro oc~Topa. llapaMSTpH 

o~o~aCTn~oro noTe~ana,.ucnOJibsyeMHe B HaCTo~cr pac~eTax, rrpHBe~eHH 
B TaelJI. I. 

2 

Tael.Jllill;a I 

llapa.MeTpbi noTe~.uana By~ca-CaKCOHa 

l30TO!IH IapaMEl'i'p llpOTOHJl HeiiTpOHbl 

cpe~ee crnrn-opo. cpe~ee CIIIIH-Op0. 
noJie nOJIS noJie nOJie 

I rpyrrrra 

R. c <IM) tid, Pm, I,240 1,240 I,260 1,260 

Sm, Eu, 
r-Gf(<IM) 0,6I3 ·- 1-- -- - 0 599 

Gd, Tb, 
r------r~) 

0,36 0,40 

V (!AaB) 
----- ------------==-

])y, Ho. 
5I,4 

r-----c-,-;0 0,75 

2 rpyrrrra 

I, ~4_9 __ 1~240 I , 260 . JJy, Ho, 
Ro (cfM) 1,260 

~- a (<IM) 0,62I 0,599 
Er, Tm, ~~ 

I--·. ---------- ----- ---- -----·· 
0,3I 0,40 

1-------------· 

Yb, Lu.. V (lAaB) 53,2 
r-------------

Ciso 0,75 

CxeMbl Heil:TpoHHh!X 82~N ~ I26 n rrpoTOHHh!X 50~ l ~ 82 ypoBHei1, pac

c~TaHHue c napaMeTpaMH rroTe~ana ~H I rpyrrnu H,JJ;ep (eM. TaelJI. I), 
Ilp.UB6~8Hhl Ha p.uc. I .U 2 COOTB6TCTB8HHO. 

JJ,....,....I'(,. .. ,... TT'T~ """" 1'""T,.., TTTTr.T\T"T..-.rtnT TTtnl"'l. T\ .... f"\TTI"'\tnlT TT"l"''l"lTTf"\mt"'jT')'TTI"''TTT'I'Ttl"''o T') TTI"")ni'Tl"<,.,lfOli 
......................... ,....,..-................ ,....... ....... r ... -•oJ _ ...... ' --- .r:-- ----' --r -,....,-- -·--------- - ---·--- ·---.-

I 

paOOTS, 0~6Hb Tpy~oeMKH H Tp60YIQT 3Ha~TeJibHHX saTpaT Bp6M8Hn 8H1I. 
lloaTOMY 3~a~a 0 B~CJISHllH paBHOB8CHHX rrapaMeTpOB ~ewop~ H8~6THHX 

B;D;ep pe~oseMMbHoii oelJiacTlil aJieMeHTOB Clwra cwoPMYJIHPOBaHa TaKHM oelpa

soM, ~TOOH no B03MOlitHOCT.U O~lliM HaOOpOM rrapall!eTpOB OITHCaTb KaK MO~

HO 00JIDill69 ~CJIO B;D;ep. 3TO Y~aJIOCb B H6KOTOpoi1 CT6II6Hlil, pa3~eJIH.ff pac

CMaTpnBa6MH6 Hah!ll R,D;Pa BCero Ha M8 rpyiiDH, KaK nOKa3aHO B TaelJI. I. 

EoJiee Tl!laTeJibHill1 BHOOp napaMSTpOB IIOT8~1ana (OC006HHO aTO KaCa

eTCH napaMeTpa crr.uH-opeluTanbHoro BsanMo~eil:cTmm k u rrapaMeTpa ~®Jys
HOCTH a ) II03BOJIH9T B HSKOTOpHX ~a.A:X 3Ha~TeJibHO Y~Tb pe3yJID

TaTJ1 pac~STOE 3Heprlilii O~OKBa3H~aCT~ B030~eHJ!it. KOHKPSTHHS CJIY
~au Mil paCCMOTpHM Ilp.U 00C~8Hnll pesyJIDTaTOB paC~STOB. 

AnH B~CJISHliH aHepr.U.U ~~£~ R,D;Pa lilCIIOJib30B8JIC.A: MSTO~ OOOJIO
~e~oil: norrpaBKH CTpyT!iHCKOrofi ' 2 • 3Heprlil.A: ~eWoP~ B OCHOBHOM 

cocToHH.u.rr CBepxrrpoBo~ero ~ B~CJI.ffnacb no WOPMYJIS 

W(•. -4) =En,.+ IU.+ SU,. ... lPr -r SP ... , (5) 
r~e ELDI'f- aHeprHH ~oil Ka!IJilil, 'itfpt•>- oelOJio~e~M norrpaBKa ~ 
rrpoToHoB (HeiiTpoHoB), bPpt·>- oelOJio~e~a.A: BapH~ aHepr.u.u cnaplilBaHKH 
~ IIpOTOHOB (Heil:TpOHOB). 

3 



;! ~~ ~~~ ;:;~ 
I !e !9.::!. _::!.!!t::!, .::!.!n 
,L ++ 1+1+ +L 
N NN NNNN NN NNNNNNNN ~ I a, ;::;:: ;::

1
Mr::ii\ Oiln ;:;:MMM~C::::L?\ ~ 

I I II / \I \I I I \ ' I I 1 -.J ~ 

ZJ 
§' f;j • 
~ E-< 
~ 0 0 

~ :S: II 
~E-<"" 
s ~ ~ 
111 ~ tsl 
0 C) Pi 
~ :s: ~ 

~ ~ ~ 
gj ~ ~ 
0 C\l Pi 
E-< co 0 
0 >8< 
Pi"' (]) 

® ~
1=1~ 

~ .~,:s: 
- C\l "' 0 ''3 ~ 

• 0 ..q 

~·- . . . I 
Ol<'"" -4 ll"l w r--. a:> m a LJJ5: I I I I I I 

1 
) I 

C) L() ~ 

rS'! C) ~ 

<D 
C\l 
H :S: 

OM M;:"N'~'O;:" 6N6'":; I "' Pi 
.-M NN-4qOOU] <0 MM,.... .._J ....._ ~ 

v ~I C\l co 
C) Pi 

- 0 
~ §'~ 
~ ~ ~ 

':s: 
~ 0 

~ ~ 
; [;!, 

~~ 
d ~ ~ 

gJ ~ 
fN'\ 8. :s: 

I \ Cii I \\ i i 'W \ :,'If i i/ \!!2) :~ ~ ~ \\ I I \ \ '' l II Q) 0 
1 ' ''' ' \\1/'"\•u ~ :2! 

f 
1\11 \1 ,, \II lsi 
'" y "' • q 00 
£::!~ N N N N ° H ! 
..... &/') Pi M' - -

L a.- a.·= . .z .::: . 
MN M ._ ._ N 0 0') ~ 

.L~-~- -~- ~-- ~ • rS'! III~ 
UJ I ~ ~ ~ -: Lf -"? c:-- Cf 'r 

4-

3Heprnrr crrapHBa.Hlffi oP B WoPMYJie (5) Bll'!IICJI.Mac.o B rrpH6JIIDit8IDili 
EKW/3/. CHJIU MOHOIIOJI.bHOrO crrapHBaHHH BU6HpaJIHC.b TaKHM o6pa30M, ~T06U 
IIOJiyqllT.b HaHJiyqlli88 rrpll6~8HH8 ~H ~8TH0-~8THOll pa3HOCTH MaCC B o6JiaCTH 

pe.I\KHX 38M8JI.b, rrpn 3TOM o61!liD1 XO),I 3aB,CHMOCTH rrapmrx: sHeprnft OT A 
OID!CHBaJICH ll3B8CTHUM Bl:lpa.JK8HH8M" .1.

3 ' 14 
c 4,.=~ , 4p=f!2 ·A". (6) 

Ta.K Ka.K o6bfllllo A p HaMHoro 60JI.oJIJe 4.... , TO C2 ~ I. KoHCTaHT1I C1 H ,C2 

BU6HpaJIHC.b paBHUMH )1~ =13 H C2 =l,I. 3WWSKT 6JioKHpoBKH yqHT1!BaJICH 
CT~apTH1IM o6pa30M 3 , 

~opMa ~a rrpHHHMaJiac.o aKCHaJI.bHo-cHMMeTpn~ou. B Ka~ecTBe wnryp 
HYJISBoro rrpn6JIIDKeHHrr ncrroJI.bSOBaJIHC.b oBaJiu KaccnHH. OTKJIOHSHHe wopM1! 

~a oT ~Hryp1! HYJISBoro qpn6JIIDKeHHH rrpe~CTaBJIHeTcrr B ~e pasJio~eHHrr 
ITO IIOJIHHOMaM ]e~a/l5/ 

R6c) =RoCi +~limP, C><>J . (7) 

riiHHHMYM 3Heprllil ~~Op~ ~a orrpe~eJIH8TCH ~H KBa,IlJJYIIOJI.bHOrO o/.. 
ll rSKC~8KaiiOJI.bHOrO ~4 THIIOB ~ewap~. ~OIIOJIHHTeJI.bHO 6UJIH IIpOB8~8-
)ibl pac~eT1I, yqaT1IBaiC11llle ~ewop~ THIIa o/.6 • 

3. PE3Y]bTATH PAcq]TOB 

3.1. KB3APYIIOJI.bH1!8 H reKC~8KaiiOJI.bH1!8 MOM8HT1I OCHOBHbiX 

H BOS6¥3A8HH1IX COCTOHHHH He~eTHbiX ~ep 

BHyTpeHHHH MYJI.bTHIIOJI.bHW MOMSHT orrpe)l;eJISH B ~~l3/ 
1r l1f llt•l . 

a>.=: ill{;, J II ,.~~0 f(;),.aclQ, r~e f('">1 ~0 ::; ::~~-' (8) 
o ·o D 

Ha pHC, 3 paCC~TaHH1!8 3Ha~eHHH KBa,IlJJYIIOJI.bH1IX MOM8HTOB ll. OCHOB
HUX COCTOHHHH paCCMaTpilBa8M1IX ~ep CpaBHRBaiDTCH C 3KCII8pHM8HTaJI.bHO 

orrpe.ne;e~ (MeTO~ aTOMHOrO II~) 3Ha~8HHHMll KBa,IlJJYIIOJI.bH1IX MOM8HTOB 
l1o 16 • B~o. ~To B ocHOBHOM Ha~aeTcrr xopoJIJee corJiacne cpaB

HHBa8M1IX BeJIH~ •. 

3.2. He~eTHO-IIDOTOHHb!e wrpa c 61 ~I ~ ?I 
B Ta6JI, 2 IIpllB8~8H1I OCHOBHH8 pe3yJI.bTaT1! pac~eTOB paBHOB8CH1IX 3Ha

~eHHii ~ ll Q-6 , 3KCII8pllM8HTaJI.bH1!8 ll paCC~TaHH1!9 3HeprHH O~OKBa3H
~aCTH~1IX COCTOHHHH, B Ta~e ]Ka31!BaiDTCH ~ KOH:Kp8THOrO ~a (CTPOKa 
Ta6JIHqH) ll KOH:KpSTHOrO O~OKBa3~aCT~oro COCTOHHHHJ(~AJ(cTOJIOe~ 
Ta~): 

a) Ee - aKcrrepHMeHTaJI.bHaH aHeprHH o~o~acT~oro cocTOHHHH 
B K3B (eCJIH H3B8CTHa); 

6) £1 - pac~eTHoe 3Ha~9Hll8 3HeprHH B K3B; 
B) ~ - paBHOB8CH09 3Ha~8Hll9 ~yrrOJI.bHOro MOM9HTa; 
r) Q4 - paBHOB8CH08 3Ha~9HH8 reKC~8KaiiOJI.bHOrO MOM9HT8 • 
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e MOMSHTH OCHOBHh!X CO-
ep pe,ll;K039MSJI:bHOH o6JiaCTll. 

JWIOCTH cprumeH.I:!e ::meprllli 

!1) c E e ( CilJIOWHM Jll!H.I:!J1) 
t:.. T/.. /.1_ 'T'- --I •·- -------

t2 t ;~.4--:3;c~~m;e~T~~~~~ .. ;H-a~~=~"';;~;r:; 
163 165 1£ 169 m m 175 • 

O.I\HOKBa3H'IaCTii'llih!X COCTOJ1H.I:!i1 3ali!I!CTBOBaHhl 

B OCHOBHOM li3 pa6oTJI7/. 

BU,IU!O HSIJJIOXOS o6mee Ka'ISCTBSHHOS COr.JiaC.I:!S: H3MSHSID19 IIOJIO.lKSIDlJ1 

paCC'lliTaHHh!X 3HSpr.uJ,t O.I\HOKBa3H'IaCTl!'llih!X COCTOJ1Hllii COOTBSTCTBYST l13MS

H9Hlfi0 3KcrrepHMeHTM:bHh!X 3Heprn.ii rrpn nsMeHeHun A (UJI}l N ) • 0,IJ;HaKo no 

Mepe Y,IJ;aJISHIDI OT IIOBSpXHOCT.I:! <i>Sp!llll IIp9,ll;CKa3!ma9MOS 3,ll;SC:b IIOJIOY.t9Hll9 

o,IJ;HO'IaCTll'llih!X ypoBHeH Bee 60JI:bllle pacxo,ll;l1TCJ1 c sKcrrepRMSHTM:bHHMH ,IJ;aH

HHMH. I\aK H3BSCTHO, Y'!EiT B3aHMO,ll;SIICTBllJ1 KBa3U'IaCT>~ C QlOHOHaMll 3Ha'Ill

TSJI:bHO Y.JIY'DIUlST IIpS,IJ;CKa3aHIDI TSOpnn ITO IIOJIQ;itSHlfiO ypOBHSiJ. ll, B9p0!1THO, 

cna6o MSHRST paBHOBSCHy.ID ~PMY a,IJ;pa/
3/. 

,Il,1ui MSP c N ~ 90 cmrnH n 'IeTHocTn ocHOBHh!X cocToJ1Hllli cor.Jiacy

IOTCJ1 c aKcrrepHMeHTa.JI:bHWIIll. PacxolK,ll;eH.I:!e Ha6Jr!QnaeTCJ1 B .fUJ;pax c N-' 88, 
T.e. B a,IJ;pax rrepexo,IJ;HoiJ. o6JiacTn. 

I\aK IIOKa3!maiOT p93YJI:bTaTH IIpe,IJ;BapllTSJI:bHh!X paC'ISTOB B036yll(,ll;SHHh!X 

cocTo~ HS'ISTHh!X H30TOIIOB Er u Tm c A=l6I-I65 B paMKaX KM3ll'IaC

T.I:!'lliO-woHoHHoil MO,IJ;e.Jin/3 •18
/ .1:! HSa,IJ;Ha6aTll'ISCKOll BpamaTSJI:bHOH MO,ll;e.JIK/1?/ 

cor.Jiac.ue c 3KcrrepUMeHTOM MO.lKST 6HT:b sHa'IllTSJI:bHO YJlY'llllSHo. 
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Puc. 4a. CpaBHSIDie pacc'lllTaHHLIX (rr,YHKTllpHhle JillH.I:!ll, 
Tp8yrOJI:bHUKU) l~ 3KCll8pl!MSHTaJI:bHL!X tCILJIOlllHLIS.,Jllllillll, 
KpYJitK!I) 3H eprHll O.I\HO KBa311'IaC Tli'lliL!X COC TOJ1HHll 
HS'lSTHo-rrpoTOHHLIX Mep Eu.. , Tb • 3aKpaUleHHLie KPYJKKI1 
03Ha'Ia.JOT COBI!a,IJ;SHHJ1 paCC'Il!TaHHh!X II 3KCIISpUMSHTaJI:bHh!X 
3Ha'IeHVJ.ii 3HSpruii. B HIDKHSii 'IaCTH pllCYHKa 11pllBS,ll;8Hhl 
,ll;llpO'llih!S COCTOJ1HHJ1, B BSpXHeJii - 'IaCTH'llihlS. B HSKO
TOph!X pncyHKax )J,JIJ1 y,IJ;06CTBa cpaBH8HilJ1 COCTOJ1Hll!1 
IIOJIO;K.HTSJI:OHOH H OTpllll;aTSJI:bHOii 'ISTHOCT!l pa3,IJ;e.JISH!l. 

H11H · 
)J.JIJI MSP ' Lu. aKcrrepllMSHTa.JI:bHO orrpe,IJ;SJISHLI KBaHTOBh!e xapaKTe-

pncTHK!I I 11" ocHOBHh!X cocToJIHilli, KaK 7 /2+. Pac'IeTHHe sHa'IeiDm paBHOBSCHoiJ. 

3Heprl!ll ~ 3Toro COCTOJ1Hl!J1 IIOJiyqa.JOTCR Ha ~30 K3B 60JI:Olll9, 'ISM )J,JIJ1 

COCTOJ1HI!J1 I/2-[541) , KOTOpoe B 3THX a,IJ;pax CTaHOBl!TCJ1 OCHOBHllM. O,IJ;HaKO 

HS60JI:OUI08 l!3MSHSHH8 KOHCTaHTH CilliH-Op6llTaJI:OHOrO B3ali!IIO,ll;9HCTBl!J1 OTHOCll

Te.JI:OHO Ilpllli8,ll;SHHOrO B Ta6JI. I 3Ha'I8ID1!1 IlpllBO,ll;llT K COr.JiaCl!ID C 3KCII9pl!

!118HTOM. 
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lllOl:teT 6h!T:O yJiyqrneHO II]Jii! J'I8T8 OCTaTO'lliillC B3a.MMO,ll;8HCTBHii. He60JI:&Jll08 

pacxo;K,JJ;8Hll8, RaCa.Klli88C.fi 3HeprHI1 OCHOBHIDC COCTO.fiHHit B CJIJ'Iae .fi,ll;8p f!igEr 

(I5 R3D), tGfi!:Jy (333 H.sB), " 3 £r (36 R3B) l1 1's Yh (I6 R3B), T2.RJK8 MOJKHO 

ycTpaHI:!T:O, H8~Ha~TeJI:OHO ll3M8H.fi.fi ROHCTaHTY CIIl:!H-op6l:!TaJI:OHOrO B3al:!MO

,n;efrCTBI1.fi. 

3. 4. Bn:IDUllie ,n;eg)opM~ Tl:!rra af. 6 Ha 3HepriD1 

O,ll;F!O Iilla3WiaC Tl:!'lliillC C OC TO.fiHHit 

liiHHHMYM sHeprHI:! ,n;e<!JOpM~ H,IlJla, RaR YJ!te roBopl:!Jioc:o Bblllle, onpe

,n;eJI&JIC.fi .rr,JI.fi RBa,!JJlYIIOJI:OHOrO o( ll reRCa,ll;8RaiiOJI:OHOrO o('t Tl1IIOB ,n;e<fJopM~. 

KpoMe Toro, 6NJin rrpoBe,n;eHh! pac~eTH, ~THBa.Kllll18 .n;ewop~ rnecToro 

IIOPMRa ..£ ~; • B Ta6JI. 4 Ha IIpl:!Mepe .fi,ll;8p ttS£r H "sTt71 CpaBHI:!BaiOTC.fi pesyJI:o

TaTH pac~STOB rrapaMeTpOB rl. ll d't 683 J'I8Ta l1 C J'I8TOM o<.G • 113 Tad~ 
Bll,ll;HO, ~TO J'I8T ,n;e<IJop~ Tl:!IIa rl- 6 H83Ha~T8JI:&HO BJIJ:!.fi8T Ha BeJIWIHHH 

RBa,n;PyrrOJI:OHOM l1 reRCa,ll;8RaiiOJI:bHOH ,11;8WOPM~. 
Ta~a 4 

CpanHeHI:!e pesyJI:oTaToB pac~eToB ~~paMeTpoB ,n;e<IJop~l:! B CJIY'!aHX 
o( fi =(] J1 o( G fdJ 

l<tr [Nnzl\] II o( d.~t rj.t ll o( """' c~., 

3/2- [532111 0,246 -0,000 0,000 !! 0,246 -0,001 -0,006 
I/2- [5301 0, 246 -0,002 0,000 0,246 -0,003 -0,007 
5/2- £5231 II o, 259 0,008 0,000 0,260 0,007 -O,OII 
3/2- [52ll II 0,258 0,006 0,000 0,258 0,004 -O,OII 
T /0- rt:;? n n ?t:;? n nn? n nnn n ?t:;? _n nn<:< _n nno 

:c,. 5/2- f5'i2j II 6; 243 ...o:ooo 6;666 6;243 ...o;ooo ...a;oo5 
II/2- [5051 11 0, 269 -0,010 0,000 0,269 -O,OII -0,008 
7/2-[5I~ I o,239 -0,002 0,000 0,239 -0,002 -0,003 
5/2: [6421 0. 250 -0,000 0,000 0,250 -0,001 -0,007 
I/2+[40~ 0,262 -0,009 0,000 0,262 -O,OII -0,010 
3/2+[4021 0,264 -0,010 0,000 0,264 -0,012 -0,009 
3/2+r65n o,24o -0,010 0,000 0,240 -O,OII -0,010 
I/2+ [6601 0,234 -0,016 0,000 0,234 -0,018 -0,014 
7/2 [633) 0 , 254 -0,000 o,ooo 11 o,255 -0,001 -O,OII 

II 
I/2::: [54 II I 0. 269 -0,012 o,ooo II o,269 -O,OII -0,007 
7/2 £5231 II o, 246 -0,004 o,ooo II o,246 -0,004 -0,005 
9/2- I5I~ 0,240 0,005 0,000 0,240 0,005 -0,003 
5/2-[532 I o,235 -0,003 0,000 II 0,235 -0,003 -0,001 - II/2- [5051 I 0 • 233 -0,016 0,000 10,233 -0,015 -O,OII 

•Trn 
3/2- [5321 0 263 -0,000 0,000 0,264 0,002 -0,014 
I/2~ £5301 I 0: 264 -0,003 o,ooo II o,265 -0,002 -0,013 
7/2+ (404J I 0,237 -0,008 0,000 10,237 -0,007 -0,009 
I/2 14ITI I 0,244 O,OII 0,000 10,244 0,012 -0,005 
5/2~ £4021 1 o, 236 -0,010 0,000 0,237 -0,009 -0,010 
3/2+ [4III I 0,253 -0,007 0,000 10,253 -0,007 -0,009 
5?+ I4I31 0,257 -0,012 0,000 10,258 -0,012 -O,OII 
I 2+ [4201 0,236 -0,006 0,000 10,236 -0,006 -0,003 
3/2 £4021 I o, 277 -0,016 o,ooo II o,279 -0,016 -0,010 

li 
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j~erl ~ 
~ 

lliTISJ~ 

Pnc. 6. Bn:n.mme J'ISTa ,n;EJGopM~rn 

Tl:!IIa c:i. 6 Ha paCC'lliTaHHIJ:e 3Ha~e

HII.fi 3Hepru;l o,n;Hoimasn~aCTII'lliillC co

CTO.fliD!ii .fi,ll;8p "7r II "Tm. 

Ila puc. 6 rrp;;Bo~'ITC.f! pac-

=- I c~nTaHHh!e sHa~eml.f! 3Hepniil ue

RoTopiDC O,ll;HOKBa3II~aCTII'llih!X CO-r 11/2'14nl I " 16iiE ft~Tr - • - -• - ~ CTO.illllill H,1l;8p r H m B CJiy-

~aHX c Ill, =(] }l c:<.r /D. !13 pli

CyuRa TaiCit8 CJI8,1l;y8T, ~TO BI\JII0~8IDI8 B paC~8Thl ,n;ec)Oplil~lli 

TJ1lla ol. 6 CJia6o BJIJ1.f!8T Ha BeJIII'll!HI:J :meprHI1 COCTOmmil. 

B 3UI\JIIO~eune aBTOPH Bupa::taroT r;ry60ityro 6Jiaro,n;apuocT:o rrpoe). I(.fi.I'po

MOBy H npocj). T.M.l~YMJ:!HOBY sa IIOCTOBHHhlii liHTepec R pa60T8 h II0,1l;,ll;8p;,uty. 
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AnHKOS 6.A. H AP· 

PasHOSeCHWe Ae~OpMa4HH OAHO~aCTH~HWX COCTOAHHH 
He~eTHWX AAep peAK03eMenbHOH o6naCTH 

4-83-535 

B paMKax MeTOAa o6ono~e~HOH nonpasKH CTPYTHHCKoro c HCnonbaosaHHeM 
Hec~epH~ecxoro noTeH4Hana ByAca-CaKcoHa pacc~HTaHW 3HeprHH, KSaApynonbHWe 
H reKCaAeKanonbHWe MOMeHTW OCHOBHWX H B036y*AeHHWX COCTORHHH He~eTHo-npOTOH
HWX AAeP c 61 ~ Z S 71 H He~eTHo-HeHTpOHHwx AAeP c 60 ~ Z ~ 70. Hay~eHo snHA
HHe Ae~opMa4HH wecToro nopAAKa Ha 3HeprHH cocToAHHH. TeopeTH~ecKHe 
3Ha~eHHR KBaApynOnbHWX MOMeHTOB OCHOBHWX COCTORHHH RAep H3 3THX o6nacTeH 
cpaBHHea~TCR c 3KcnepHMeHTanbHWMH AaHHWMH, nony4eHHWMH npH H3MepeHHRX Ha 
aTOMHOM ny~Ke. 06cy*AaeTCA snHAHHe y~eTa Ae¢opMa4HH wecToro nopAAKa Ha 3Hep
rHH HepoTa4HOHHWX cocTORHHH aTOMHWX RAep. 

Pa6oTa swnonHeHa s na6opaTOPHH RAepHwx npo6neM OHRH. 

llpenpHHT UUDe,Q,Io1Ht!HHOI u i'IH~II11:Yid """'o;;l"'n• .... ,.,._ ... ,, .... ~vug••n••• 

Alikov B.A. et al. 4-83-535 
Equilibrium Deformations of Single-Particle States 
of Odd Nuclei of Rare Earth Region 

The energies and quadrupole and hexadecapole momenta of the ground and 
excited states of odd-proton nuclei with 61 s zs71 and odd-neutron nuclei 
with 60~ z ~70 are calculated in terms of the Strutinsky shell-correction 
method using the Woods-Saxon non-spherical potential. The influence of the 
sixth-order deformation on the energy levels is studied. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

?reprint of the Joint Institute for Nuclear Research. Dubna 1983 
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