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1. Beeoenue · . ' 

;·;.,.; -:..; 

J.f3BeCTHO, . 'ITO MeTO~ npoenHpOBaHHJI Ha COCTOJIHHJI 
c · onpe~eneHHhiM. yrnoBhiM :MoMeHTOM /I/ no3BOJIJieT riony
'IHTh . ci>eHOMeHOJIOI'H'Ie CKHe Bhipa~eHHJI·: ~JIJI cneKTpOB. H. ae:
pOJITHOCTeii 'nepeXOAOB _Bpall(a TeJihHhiX llOJIOC B 'leTHO- 'leTHhiX . 

. .D,eci>opMHPOBaHHhiX··JI,D,pax/2-S/. ~- 3THX pa6oTaX npe~JIO:>KeHa 
. ABy:imapaMeTpaqecKaJI cl>opM:yna .n;nJI cneKTpa, . c noMOII(hiO 
KOTOpOH y~aeTCJI XOpOWO OllHCaTh . ,ll;JIHHHhie perynHpHhie 
poT.ai(HOHHhie J!OJIOC~. c K17 = o+ B ~ecl>opMHPOBaHHhiX ·JI~-

. pax, a 1aK>Ke· KBa3HpoTaiiHoimi.Ie nonochi a ·nepexo~Hwx 
H.D,pax. Bxo)J,HII(He ,B cl>opMyny )J,Ba napaMeTpa h lc . H t'lfJ.~· 
onpe;ieJIHIOTCJI H·3,'fiOJIO)KeHiiJI ypoBHeH 2 + H 4+. IlpH 3TOM 
OTHOWeHHe :.._2/h i~. 1'1{3! HimHeTCH _MOMeHTOM HHe'pUHH · H 
.1'1 {J ~ .. onpe.D,e.iiJieT Hea.n;Ha6a TH'iHOCTh cneKTpa:· 

B .D,auHoii. craT:be paccMarpa.aieTcJI o6o6II(eHHe 3Toro · 
.. fiO)J,XO,Il;a )J,JIH. cnyimJi He'leTHhiX JI.D,ep. IlpH · 3T.OM B03HHKaeT 
.. ~:.TpeTHH' napaMeTp a PF ·, npe;iCTaBJIHIO!i\Hii co6oii o6o6Il(eHHe 
.. 'ujBecnioro K034icl>HnlieHTa pa3BH3hiBlolHH11 B. rro.iiocax c K = 

= 1/2 B He'leT~hiX JI~pax. 0Ka3hiBaercJI, 'ITO TaKHM o6pa30M 
Mo:iKao' nyqwe onaca Th · nono:>KeHaJI· ypoaiieii· ):(nJI 6onhworo 

• • • • • • • : J • • • -,-'1 • . - . • ~. 

'{HCJia fiOJIOC B He'leTHhiX ·g~pax, 'leM C fiOMOII(hiO 06hi'IHO 
acnonh3yeMoro pa3no:>Kemix Jiopa u MoTTenhcoHa/BM/ 16( 

- • • + ;._ ~ " 

:· ·-~ 

2. '06cyxoenue Memooa onucaHUJI t~emno- t~emHozo .. 
ocmoea 

Hea.D,Ha6aTH'IeCKHe 3cl>rl>eKThl ao apall(aTeJihHhiX noilocax . . . 

. He'leTHhiX H.D,ep B03HHKaiOT BCJie)J,CTBHe 3aBHCHM~CTH OT yr
. HOBOI'O MOMeHTa KaK COCTOJIHHH 'leTHo-qeTHOI'O OCTOBa, 

1-aK H cocTOJIHHH He'leTHoii 'laCTHUhi: B .. 3Toii cTaThe Mhi 
npe.D,nai"'aeM Mo~e-rih, .a KOTopoii a HBHOM :Ba~e y'IHThiBaeTcJI 

"<~ 

.3 :. 



.... 

• 

Hea~HafiaTH'leCKOe ITOBe~eHHe OCTOBa. 3aMeTHM, 'ITO Hanni. 
MO~eJib ycnelii_HO npHMeHHeTCH TaiOKe H B TeX MHOrO'IHCJieH
HbiX CJiy'laHX, KOr~a HMeeTCH CMeliiHBaHHe ITOJIOC C pa3HbiMH 
npoe_KQHHMH yrno':aoro MOMeHTa K Ha ocb CHMMeTpHH. 
3ToT :aonpoc 6y~eT o6c}')K~aTbCH :a pa3~ene 4. 

. ,l(JIH .OITHCaHHH OCTOBa Mbl npHMeHHeM MeTO~, npe~JIO
:>KeHHbiH :a pa6oTax 12-S/ ~JIH 'ieTHo..:qeTHhiX H~ep. IIpe~cTa
BHM Kpa TKO HeKOTOpbie ·. qepThl . !HOrO MeTo~a, OC06eHHO 
Ba:>KHbie npH ofiofi~eHHH ~JIH He'leTHbiX H~ep, OITHCaHHOM 
:a·cne~yiOIQeM .pa_3~ene.·. ·. . . '~ · · ··· . _·,' 

CocTOHHHH .. · poni.QHOHHoii nonocbi c :K~=O+ .B qeTHo- iJ. 

'leTHbiX · H~pax iJ:o,nyqaiQTCH· np.OeQHpOBaHHeM• ~e!lJopMHpOBaH
HO.rO COCTOHHHH•«l>o.,•: KOTOpoe · H~eeT- npoeKQHIO .yrJIOBOrO 
MOMeHTa Ha OCb .CHMMeTpHH, paBHYIO HYJIIO · · · : . , 

. I . . 
I I M > = p MO I <I> 0 -> .• 

CneKTp ·nonocbi onpe~enHeTCH Bbipa:>KeHHeM 

E = < IM I HI IM > 
I <lM liM:> 
. ''· 

1L I · 

0f df3 sin {3d 00({3)h(f3)n({3) 

------· ~ .. /la/ . ..· -~-- .;;-r . , ~ , r d {3 Sin cpf3 d 00({3) 0 ({3) ~~~;~ 

... ..::: 

' . 0 . ' . . . . i•..;, 
3~eCb HCITOJib30BaH HBHbiH BJI~;Oll~paTopa PMO , .· KOTOpbiH · 
~aeTcH HH:>Ke /eM. /3//. HHT.erpaJibi nepeKpbiTJIH onpe~eJIH7 . . . . . ... . .. 
IOTCH .Bhlpa~eHHeM . . , .' ~ 

n<f3>=< cP0 I ay<~) I «t>0 >, h(#)::<«t>01~Rr<f3>1«t>.0 >, /1.6/ .. 
' . .., .~ 

r~.e RyCf3) :- poTaQHOHHhiH onepaTop. KaK noKa3aHo B pa-
. 6oTe 131,· cnpa:ae~nu:aa cne~yiOIQaH annpoKCHMaQHH: 

r~e-

4-

n (f3)=exp (-
. 2 

SlO {3 
;~), 
. f3.c 

1 •. 

. •it; 

'.. . . 2 
h(f3)=hoc +h1csin f3, 

-~ 'j ., 

• ; ' 2 1' ;· c• • > • 2 • . >o ' ' > ' '· 

1/L\f3c=T;<<Ib IJy·I«<>o>. • hoc=<«l>o IHL.«<>o>, 

/2a/ 
\"J' 

-;"r ,:__, 

. i 

..... ~ . 

li I ., 
,_ 

I' 
1 

h!c= ;.·4· (~«Po I H]~i <~>o>-<«<>oiH 1:·«<>o><«<>0IJ; -I~Q>)/261 
:J.: 

a j ~ :- -~po~~HH yrno'aoro' MOMeHT~ Ha.OCb- y . OcHOBHaH . 
H~eH !lJeHoMeHonoruqecKoro no~xo~a 3aKJIIO'laeTcH .:a cile
~YIOIQ~M. Mbi ._arirrpoKcH~mpyeM_ HHn!rpa.ribi_!JepeKpbiTHHin({3) 
H h ({3) . C ,llOMOf:QblO Bbipa:>KeHHH /2a/ '~- HO HHTerpaJibi C d 00({3) 
B /1/ Bbl'IHCJIHIOTCH TO'fHO. IlapaMeTpbl h1 c=U. H L\ {3~ HaH'
~eM. H3 .'no~rmiKH TeopeTH'leCKHX 3Ha'leHHH 3HeprHH ITOJIOCbl 
K 3KCITepHMeHTaJI6HhiM~· .. . _ . '· 

B·a>KHo · oiMeTHTh~_ 'ITO 3~ecb Mbi He .HcnoJih3ye:M pa3no • .:. 
:>KeHHe no CT~neHHM 'napaMeTpa aAHa6aTH'liiocTH IA,B!,KOj

. Topoe MO:>KeT. pacxo~HTh~H npH 6oJihliiHX 3Ha'leHHHX cnHHa I. 
.. llapaMeTp ~{3~ HB.JiHeTCH Mepoii Hea.z:(liafiaTH'IHOCTH 

H~pa OTJiOCHTeJibHO· B03MyiQeHHH, Bhl3biBaeMoro BpaiQeHHeM, 
a npOH3:ae:U,(mue I L\{3 2 .,,. oripe~enHeT oT.KJIOHellue :apaiQa-

. • c ' . . . ' ... . 
Ten'i,HOH 3HeprHH OT.'ee a~HafiaTH'leCKQro 3Ha'leHHH. _ ..... 

Mo:>KeT noKa3aTbCH Y~BHTeJibHbiM~ ~ITO re:HepHpo:aaHHe 
BoilHOBhix lPYHKQHii poTaQHOHHoii nonocbi : npoe:u;upo:aaHHeM 
o~Horo H Toro ,Ke ~e!lJopMHpo:aa:HHonr.cocToJtHHH'·.tiaeT .onu-· 
caHHe Hea,tiua6aTH'lecKoro no:ae~eHHH 3HepreTu..lecKux·ypo:a~ 
Heii 3Toii nonocbi. >13 pa6oTe 171 npe~naraeTcH ·o6'hHCHeHJie 

. 3TOrO. OfiCTOHTeJibCTBa~· KOTOpOe ·:aKpa TQe CBO~HTCH K CJie
~YIOIQeMy. ,l(e!lJop:M:HpOBaHHOe coc'TOHHHe «Po.: OITHCbiBaeT He .. 
Tonb'Ko ~:aH:>KeHile no· BHyTpeHHiiM, Heipama 'ienhHhiM. c'Tene
HHM c:ao6o~bi, .. Ho TaK:>Ke u· Kone6a:HiiH· iio: yrnaM '3iinepa 
a • {J • Y pacnpe~eJieiiHH HYKJIOHOB ':a ~e!lJop'M:upo:aaHHOM _,H 
!lJuKclipo:aaHHo:M :a npocTpaHcT:ae noTeii:u;Hane;' B a~mi6aTa-:-. . . ~ -·- ~ - . . 
'leCKOM npe~eJie 3TH ~:aa BH~a ~BH:>KeHHH He· CBH3aHbl Me:>K~y 
co6o:H. raM:ImbTOHHaH HBJIHeTcH:· CYMMOH BHyTpeHHero He
.poTatiaoHHoro ra;,n1.rihTOHHaHa a raMHJibTOHHaHa H (a, {3; y · ), 
onuc':i_;iaaiOu:(ero Kone6aliHH no yrn·aM 3iinepa. ,l(e!lJopMHj>a:aaH -··. • 
Hoe cocTOHHHe «1> 0 rrpe~cTa:anHeT. co6o:H npoH3Be~eHHe :aon- · 
H:o:aoii 'lPYHKUHH,· onH:cbi:aaloiQeii. ~:a.H:*eHHe a HepoTa:u;HOHHhiX 

· CTeneHHX c:ao6o~bi, H lPYHKUHH, ' onHCbiBaiOIQeii ·OCHq:aHoe · 
cocroHHIIe raMHJihTOHliaHa H (~, {3 ·, y ) • · B 3TOM · cnyqae . 
npoeKTHpo:aaHHe Ha. :KoMrroHeHTY c ".zta:HHbiM· yrno:ahiM MOMeH- ·· ·•· 
TOM reHepapyeT COCTOHHHH. nonocb1 ·:c O~HHM H TeM :>Ke: . _.. . ... . - . ~ . 

. BHyTpeHHHM ~BH:>KeHHeM~ 

:~:~· ·. :-s -
•. 
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KorJJ;a aJJ;Ha6aTH1.JecKoe npH6nmKeHHe HapyrnaeTCH, 6na
roJJ;api caHim BHyTpeHHero JJ;BH:>KeHHH c · apall{e}meM, JJ;eliJop~ 
MHpOBaHHOe COCTOHHHe ¢ 0 npHo6peTaeT npHMeCH B036y)I(
JJ;eHHbiX cocTOHHHii raMHJihTOHHaHa H (a, f3 , y) H npHMecH 
JJ;pyrHx cocTOHHHii BHY:'!PeHHero JJ;BH:>K()HHH; TorJJ;a<ll0 onH
ChiB.aeT CBH3h BHy'l'peHHHX' cTeneiieii · crio6oJJ;LI He· c JJ;eiicT
aurenLHhiM ·apall\eHHe~,""a C ~aKOrO :pd,~a BpaiQaTe.JibHbiMH 
KOne6aHHnfH B liJHK.CHpOBaHHQM ~e410pimpoBaHHOM IIC>TeHIJ;Ha
m~. KOTop_oe HBnHeTCH aonHoBLIM-na:KeTOM cocTOHHHii cpaJ
mltJHLIMH yrnoaLIMH MoM.eHTaMH. · HHtpopMatiiiH ·- o TaKoM -
"cTaTHtfeCKOM HeaJJ;Ha6aTH1.JeC,KOM" llO.BeJJ;eHHH 3aKm01.JaeTCH

B HHTe~R,n.ax nepeKphiTHH n({3) I! h({3), Ko:opb~e/coqmcli~ 
pa6oTe • _ xoporno _ annpoKCHMHPYIOTCH napaMeTpHJau;HeH 
/2a/: · . . - · · - : 

Teriep6. JJ;onyc~~M;· ~no· HaM li~:BecTHhi T<ltJHLie cocToHiiHJI 
qt I HCcneJJ;y~~fOH apall{a TenLiioii no.flocbl. IlyCTb COCTOHHH'e 
<I>Mo() IIOCTpOeHO Tal<,· 'ITO OHO n.peJJ;CTa~JIHeT co6oii JIOKa
llH30BaHJibiH no, 'yrnaM BOJIH<>_BOH rrai<eT H3 3THX_ 90CTOHH~ii 
IIOIIOChl <I> .. i:: :! C I qt , 

· - MOA ·I· - . · 
EcTeCTBeHHO, .'ITO TO'IHbie COCTOHHHH IIOIIOC.bl JIOllytJalOTCH 
IlpOeUHpOBaHHeM : H3 <lJMOOKOMIIO.J:IeHTbl C JJ;aHHbiM. yrnoB~IM · 
MOMeHTOM. IlpH 3TOM B03HHI<aiO:r HHTe_rpaJihl- !Jepei<pbiTHH 
n Moo(f3) -·"·· h.Moo(f3). orrpe.£\enHeMLie Bhipa:>K_eHHeM /16/ c 
<I>MobBMecTo <llo • CrrHHOBaH JaBHCHMOCTh BHYTPe.HHeii qac

TH JJ;BH:>KeHHH, o6ycnoaneHHaH HeaJJ;Ha6aTH'IHOCTbiO, BJlHHeT 
qepe3 COCTOHHHH ':I'J:~Ha HHl'~fpclllbl rrep~Kpbll'HH nM;o(f3). 
H h MOO(f3). IlonHaH HHiiJopMaiJ;HH 0 HeaJJ;Ha6aTHtiHOCTH CIIeKT
pa IIOJIOCbl 3aKJIIOtfeHa B HHTerpanaX rrepeKpbiTHH •.. 

Ocu'oaHoe, rrpeJJ;mino:>KeHHe B · HarneM. IIOJJ;X-oJJ;e-- cocTOHT· 
a ToM, tJTo M:o:>KHo rrocTpoHTh <II M~oTai<HM o6pa3oM, ~To6LI 
rrapaMeTpH3al(HH /2a/ 6LI_na. JJ;llH OMO~({J) H hMo'o-(fl}Tai<HM 
:>Ke XOpOIIIHM IIpH6JIH:>KeHHeM; KaK H JJ;llH n({J) H h {{JJ,' IIOCTpO 0 
eHHbiM Ha OCHOBe <110 : 3TO Ka:>KeTCH pa3yMHbiM, IIOCKOllbi<y 
Ma TpHl.JHble . 3JieMeHThi, .reHepHpYIOIUHe ~'HeaJJ;Ha6a THtfeCI<He" 
34JiiJei<Tbl _ B JJ;eqJOpMHpOBaHHOM COCTOHHHH <110 ; T .e_. CBH3b 
c "AYXOBhiMH c;ocTOHHH.J!MH", oK_a3biBaiOT_cH_ II<?JJ;06HhiMH pe
aJibHbiM MaTpH'IHbiM 3JieMeHTaM, OIIHCbiBaiOiuHM CBH3bMe)I(
JJ;Y :Bpall\eHHeM H aHyTpeHHHM JJ;BH)I(eHHeM 17 I. . _ .. -- · - · - -

Tai< Kai< . CTPYKTypa. JJ;eliJop~HpoaaHHoro coc~oHHHH <llo 
HCIIOJib3YeTCH HaMH TOllbKO JJ;JIH IIpeJJ;IIOIIO?f<eHHH 0 BHJJ;e 

6 

11 
I, 

J 
-~~ J 

'n ,.,00 ({3) H h,.,00 ({3), HenL3a O)I(HJJ;aTL,·· 'ITO rrpHM~Ie Bhil.JHc.~ 
neHHH IIQ <lJopMyne /26/-IiapaMeTpOB hI ., H .B OC06eHHOCl'H 
11{3;, Ha oc'Hoae HeKoToporo peanLH~ro ~eciJOPMHpoaaH
Horo COCTOHHHH <l>o JJ;aJJ;yT COOTBeTCTBYfOIUHe rrapaMeTpbi, 
IIOJiyl.JeHHhie B peJyJILTaTe IIOJJ;rOHKH TeopeTHl.JeCI<HX 3HatJe
HHH 3HeprH:H apa~aTenLHoii'nonocLI K 3KcrrepHMeHTanLHhiM. 

IlpH6IIH:>KeHHe /2a/ rrp·e~rronaraeT '- nnaaHyro. ,·3aBHCH
MOCTh HeaJJ;Ha6a ~Hl.Je ~KHX 34J4JeKTOB 0~ CIIHHa. B -3TOM CMhiC ~ 
ne Haiii IIOJJ;XOJJ;:IIO CBOeMy liJHJH'IeCKOMY COJJ;ep)l(aHHIO 3KBH
BaneHTeH MOJJ;eJIH rrepeM(:mHoro MOMeHTa HHepiJ;HHIHI. 

IlpH6flH)I(eHae /2a/ OKa3biBaeTCH HeiipHMeHHMbiM, eCJIH 
IIpH Hei<OTOpOM KpHTHl.JeCI<OM 3Hal.JeHHH CIIHHa IIpOHCXOJJ;HT 
pe3KOe H3MeHeHHe MOMeHTa HHepiJ;H_H /HaiipHMep, B HeJJ;aBHO 
oTI<phiThiX HeperynapHhiX apall{a TenLHhiX nonocax 19 I I. 

B JJ;anLHeiirneM, 6yJJ;eM pa3JIH1.JaTL n:,.,00({3) H h ,.,00({3) -
C OJJ;HOH CTOpOHbl, H n({J) H h({J).- C JJ;pyroif •• 

1 • 

3. 4;opMy/iupoel<a '.wo~e/ri/cMJI He'leilrHbrx Jloep · 
~ . ; ' 

0IIHIIIeM COCl'OHHHH poTaUHOHHOH-.IIOJIOCbl C06CTBeHHbiMH 
liJyHI<UHHMH yrnoaoro MOMeHTa . . ; . ~ . ·,. 

I -l-l I * 
I IMK>- P MK I <lll(a~=N IK f d (U DMK(w)R(~)I<ll Ka>' j3/ 

~ •. - -· ! . .. • ": ' 

)·- . 

rJJ;e ~IK - ;uopMHPOBOl.JHa,R KOHCTaHl'a., w =.:I a,f3~y)- yrnLI 
3iinepa.. D ~{( (w) -. '-f:a TpHna Bpall{eHHH~ R (w) =exp (~i a] z ) X 
xexp( -1{3 ly) exp (-tyJz)- onepaTop apall{eHHH H J x • J y • 1z 

cocTaBnHIOII\He on epa Topa nonuoro yrnoaoro MOMeHl'a. 
KaauToooe -.iHcno K o6oJuaitaeT· rrpoeKumo yrnoaoro :Mo
MeiiTa Ha OCL CHMMeTpHH. HJJ;pa~ OCTallhHbie KBaHT(>Bi.Ie l.JHCJia 
o6o~Hal.JeHhl qep.e3 a .' ,l:(nH Hel.JeTHbiX HJJ;ep Mhl npeJJ;nomi
~~e~·;':,-To_':IieclJopM~poBa":~oe c;ocro.liuHe CI>Ka aanaeTcH oJJ;:. · 
HOKBa3Hl.JaCTH1.JHhiM ~ 

:' .- ~ r-· • .,·,. ·~ •• .' 

P~~a>=a~a ICI> 0 > -~ 
~·,-,_. ~ ~. /4/·· 

; + .. . . . '' ' '·-· .. ' .• ' 
Orrepal'op a K~ · po)I(JJ;aeT qacTHUY ua: oJJ;HoiiacTHl.JHOM ypoa-

7 
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He K, a' a BOJIHOBaJI WYHK~HJI <llo OHHChiBaeT· qeTHo-qeTHhiH 
ocToB.' B H:ameM npu6n:ioKeHHH c>Ha B:BJI.B:eTcB: BoJIHoaoii clJyHK
~ueii Tuna liKill c 6noKHpoBKOii ypoBHB: K u. CneKTP paccqu
ThiBaeTcB: no clJopMyne 

" . 

_ . : / dflsin,Bd~J!,Bl<<llKa~HR ~13)(<11Ka> 
E =_<IMKIHIIMK>= . . . • - . . . ··_ 
IK .. rr . . .· .. I . 

/ d ,8 sin ,8 d Ktf3)< tPK)R y<,B)I<Il K(/ 
/5/ 

r,D;e 

I I· 
dKK(f3)=DKK(a= 0~ ,B' y= 0). 

/II/ B pa6oTe BhiBO,lJ;B:TCB: npu6JIIDKeHHhie Bhipa:>KeHHB: ,D;JIB: 
HHTerpaJIOB nepeKphiTHH 

2 .. 
<<llKJHRy(f3)(<11Kif>=(h0(K,a)+h1(K,a)sin ',B)n KJf3), /6/ 

, a · 
<<II KJR y(f3) I <liKe;.>= n Ka ({3) = dK Jf3 )<<II~ IRY ( tnl <11 0 >, /7 I 

da (,8) = <¢. I exp(-i,B f )i ¢ > 
KK . Ka · · y Ka 

IBI 

r,D;e cp Ka - _,D;eclJopMHpOBaHHOe O,D;HO'IaCTH'IHOe COCTOJIHHe, 
a npoeK~HH yrJIOBOro. MOMeHTa j ,D;eHCTByeT TOJihKO Ha .. ' y. .. . . 
¢Ka : <l»aKTOp <<110 fRy(fl) (<11 0 > . B «<JopMyJie 17/npe,D;CTa'.BJIH~T 
co6ou HHTerpan nepeKpLI:ru.a ,D;JIH 'leTHo-qeTHoro. ocToBa, 
u- ,D;JIH Hero ucnoJIL3ye1-c11 npu6JIH)Ktmue 128.1, _ KoTo,poe 
o6cy:>K,D;anocL ao BTopoM pa3,D;ene. Bhlpa:>Ktmue /6Friorr}n:f.a
nocL B TOM :>Ke caMOM npu6JIH)KeHHH. B pa6oTe /11/ noKa3a-

. \> 
HO, 'ITO CTeneHHOe pa3JIO:>KeHHe no sin2 {3 npHBO,D;HT K CJie-
,D;YIO~eMy Bhipa:>KeHHIO ,D;JIH HHTerpana nepeKphiTHH: . 

a· ·, 

. f3 2K ( , 2 f3 . sin2 f3 n · (f3)=6cos-) · l+h. srn -
2 

.)exp(-
2 

·), 
· Ka · 2 '1l c. • . . A,8 • 

2K . , ·' 2 · .. · · · · 2K · --. 
bO =-(1....:.-· aPF)' aPF=i<¢ (j (¢. >; 

. (2K!) Ka Y -Ka· -· 

/9/ 

B OTJIH'IHe OT HHTerpana nepeKphiTHJI 'leTHo-qeTHOrO B:,D;pa 
121, clJYHK~HJI "Ka ({3) .. He .. CHMMeTpHttHa OTH~CHTeJihHO 
yrna rr/2. lloBe,D;e~He clJyHK~HH "nK a ({3) B OKpeCTHOCTH f3=rr 
onpe,D;eJIB:eTcB: K03clJclJu~ueHTOM b 0 _ lun~_ a PF I. ,D;m1 cnyqaJI 
nonoc c K =1/2 a PF paaHa nonoauHe o.6LIY:HoroKo3cllcll~~HeH~ 
Ta pa3BJI3hiBaHHJI 

apJ K=l/2)= ~ <¢1/2~1i)¢_1/2a >. 
·' - . . ... 

C nOMO~hiO COOTHOIIIe,HHH 16'-91 nonyqaeTCH npoeK~HOHHaH 
clJopMyna (PF), ,D;JIH ypoaHe.ii 3Hepruii 'poTa~HOHHoii nonocLI 

- • • \ • '. "(' ' •• • 1 •• 

He_qeTHOrO.H,D;pa. : · , _. ..1 .. ., -•<.; ., '· 
. . . 2 : . . . 

.. . • N2 '(I,K,A,8 ,·apFt . 
E · =h + h · . " . , 

• IK o . ..I N . (I K A f3 2 . . ) . 

. , 

. · 0 · '· ' 'a PF 
. . • ".l, 

. /101 
"Y'. • 

· 2 rr • · v+l ; f3 2K I 
N/1, K, t\,8 '~F )='(/d f3(srn,8) : .(~osT). dKK ({3} x. 

. 2 
, .. · ·· . . 2 {3'~ ' - .-stn '{3 . 

x (1+b0 sm--
2 

)exp(- . ., ), , , , . A,B 
•. 

co,D;e,p:>Ka~a.a .4 napaMeTpa: _ho, h1 ~ Af3 2 
uap·F , KOTOPLie 

HMeiOT cne,D;YIOutHH CMhiCJI: ho onpe,D;eJI.aeT 3HeprHio OCHOB:. 
HOrO COCTOHHHH nOJIOChl, -2/h I A {3 4 - , MOMeHT ., HH~p~HH, 
Af3 ~ - .Mepauea,D;ua6aTH~mocn~ u_ a PF- o6o6~eHHLiii napa
Me-rp pa3BH3hiBaHHH. l!T06hi ycTaHOBHTh .CBH3h C poTa~HOH
HOH ~opMynoi BM, paccMoTpHM a,D;ua6ani:qecKuii ,cnyqaii, 
KO~,D;a[I(1+.1)-K2]/Af34 <<,1 · ·u cnpaBe,D;JIHBO pa3JIO:>KEmH~ 
no cTeneH.aM 3Toro napaMeTpa. H3 . cooTHOWeHHH. 1101 
·cne,D;ye.j./10 I · - · · · 

.9 
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1
K = E

0 
+A[I(i· +1)- K2 l+B U(I'+1>:-K

2
]

2 
+ c[H.I+ i~--rJ~ ... 

. I+K(I+K)! . . . 2 
+(-1) -.-lA

2
·K-t:B

2 
fl(I+1)-K ]+ ~ .• }, 

(1-K)! . K" .• . . . 

r.ne 

. 1 . 4 
A =:4h 1~11 , A =.2K ., 

·. h (I+2K-2b )t:l~8 . 
a·=.I .o P. 

64 

aPFhl{t:l,82)2K+l 

', (2' K:-=- 1)!22K 

4. 06cyJKoeHue pe3yAblliamoe · 

/11/ 

:, ...... ~ 

_.1.: ~ 

·,n;n·}l .. pac'IeTa cneKTpa ·no. 4JopMyne /lOi · HHTerpanhl 
Nv (1, K, t:lfJ 2,a PF) Bhi'IHcmrnucb Me To ,noM CuMncoHa. Cneuu.: 
dJuKa poTauuoHHoro cneKTpa onpe,nemleTCH HHTerpanoM · 
nepeKpbiJHH. fl KJfJ) • .THUH'IHaJI ~aBHCHMOCTh nKu (fJ) ~T 
·fJ ,nnH K=1/2 npe,ncTauneHa Ha puc. 1. MaKcliMyM /ecnu 
aPF > 0 I 4JyHKUHH ·nK (fJ) npH f3='17- ~L\,8 npuuo-

• , . a V2 
.IJ;HT K rionepeMeHHOMY c,nuury 3Hepruu E IK ~uepx 'unu BHHJ 
OTHOCHTen;Ho I (1+1) ~ cneKTpa B COOTBeTCTBHH C DOBe,IJ;eHHeM. 
4JyHKUHH dKK (,8). B MeTo,ne' npoeuupoBaHHH, B OT[IH'IHe OT 
06biKHOBeHHOrO pa3BH3biBaHHH, 3TOT . 34J$eKT' TIOHBnHeTCH 
H npu K > 1/2. OH JaMeTeH B Tex cnyqaHx, Kor.na o.u;Ho-

. qacTH'IHaH 4JyHKUHH cf>Ka co,nep>KHT 3Ha'IHTenhHyro KOMDO~ 
H:eHTy· cdJepuqecKoro cocToHHHH ·c 6onhWHM yrnoBbiM MOMeH

;· ToM: ·nonoca S/2 -[532] u _IssTb ·;puc~ ·2; HBnHeTCH;.xo-:-
powuM npHMepoM. . . . . . ' .. · ' . -. '.' 

B iex. chy'IaHX~ Kor,na. ,nedJ'opMHpomtHHOe 'coCT<)HHHe 
:iaue,IJ;OMO He 'uMee; TaKoii npoCTOH CTPYKTypl.~. I(aJ('·u' Bhl';. 
pa)KeHHH /4/ /cunhHoe cMeuiuuaHue nonoc, nepexo,nHhu~! 
H,IJ;pa/, HHTerpanhi nepeKphiTHH ·a pa3yMHOM npll6nu:>Keliuli 
see eiUe HMeiOT TaKOH )Ke BHA,. KaK H KPHBaH, npe,ncTaBneH: 
Hail Ha puc. 1. Cne,noBaTenhHO, Mhl TaJOKe MO)KeM H:cnonh-

10 

{ 
( 

.. 

} 
} 
. ) 
. ' 

\ 

\ 
l 

., 

_.j \ 
.. CL 

.. ···X I , 
·: ex 

1 .. 
~~; 

I \ 
llS 

.... . .... 

~'. -:;·f 

.·:. 

. 10 

" .:~:.: ,_ .... 
w.,.::,•• 

.,{ 

<..;, 

. ' 

~-: 

.. ·. 

-~c 

~I • •. ~ 

..• l ..... 

r-:· 

--P 

! 

;·-

.. I 

I 
.I 

o.o5 
:I: 

;.o.os 

. ·~· 

;. 

~·' ~. ~ 

Puc. 1. HHmezpaAbl nepeKpb111lUJl , .n Ka(f3), , ~pa(c'(_umaH.Hble .. 
no ¢oPMY_Ae ,J9/; naPE~empbl Af32 u . ~ (ir,.onpe~eAeHbl 
nOOZOHKOU no· 'lel!lblpeM · ypoenJIM'~CnAOUlHQJI' KpU6QJI - ·noAOCa 
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• 
30BaTb H~my .. rrapaMeTpH3a~HIO /10/. Ho B 3TOM cny'lae · 
rrapaMeTp pa3BH3MBaHHH TepHeT HeiiOCpe~CTBeHHyw CBH3b 
C BHY.TpeHHeii CTPYKTypoii, BbJpa:lKaeMOH ypaBHeHHeM /9/. 
IIapaMeTp a PF. cTaHOBHTCH Mepoii .. cMemHBaHHH rronoc H 
HCTHIIHOrO 3lPlPeKTa pa3BH3biBaHHH. .: . , 

HaMH 6LmH rrpoaHanH3HpoBaHbi Bee He'leTJiMe x~pa H3 
o6naCTH pe~KHX 3eMeJib H HeCKOJibKO rrepe.ioji,HbiX g~ep, 
B KOTOpbiX . H3BeCTHO 6onee 5 ypOBHeii IIOJIQ'C C K:::.lJ./2 • 
IIapaMeTpbi_h 0 , A ,1).{3 2 , A 2K orrpe~enHnHcb:·rrohrom<:oii K 
Hau6oi:Iee . H3BeCTHhiM ypOBHHM /KaK rrpaBHJIO) J,::K ,K+1, 
K+2, K+3 I . . BMecTo h I H a PF Mbl rrpHMeHxpM rrapaMeTp 
A H A 2K H3 ll!opMynLI /11/. IIony'le!!Hbit!;. poTa~HOHHbie 
rrapa.MeTpbi ~alibi · B Ta6nH~e 1. ' · 

"" IIonHax c.Bo~Ka pe3~JibTaToB ~aHa B pa6o.l-e/ll/. 

Bhl~enHIOTCH TPH rpyrrrrLI rronoc: 
A/ rrol.J:TH a~:Ha6aTH'IeCKHe rronocbi 

K. 3Toii rpyrrrre OTHOCHTCH 6onLmHHCTBO rronoc; rrapa
MeTp 1/ 1).{32 

>13, MOMeHT Hllepl(H.if:'1/2A H ~(>3lPlPH~~eHT :pa3 • 
BH3biBaHHH aPF' IIOJiy'laiOTC.H IIO'ITH TaKH~H :lKe, KaK H IIpH 
aHanH3e rronoc c rroMOJllbiO ll!opMynbi BM. O,qHaKo crreKTPbi 
BocrrpoH3BO.AHTCH _nyqme, 'leM c rroMouibiO BM. K '3Toii 
rpyrrrre OTHoc.H:Tcx rronocLI 1/2-[521] B I 75 Hf , 3/il411]B 
159Tb • H 7/2-[5231. B I67 Tm, H3o6pa:lKeHHbie

2 
Ha. puc. 2 . . 

0TMeTHM, 'ITO qe:rHo-q_eTHbie .g~pa rrpH 1/!).f3c >13 TaK:lKe 
xopomo OIIHChlBaiOl'CH rrpoe~HOHHOH lPOPMYJIOH /3/. ,IJ;ng 3THX 
IIOJIOC orrpaB~biBaeTc'g npe~IIOJIO:lK~_!IHe 0 rrpOCTOH CTPYKType 
BHyTpeHHero COCTOHHHH. 

. HeCKOJibKO IIOJIOC C 1/ 1).(32 <13 TaK:lKe OTHOCHTCH K 3TOH 
riyrrrre, 'ecnH K> 7/2 ; HarrpHMep,9./2-[514] B IBIRe H 
I 3 .Re- I 111).{) 2 =10,4 H 1/ /).{3 2 =11,8/. IlpH 3TOM lPYHK
~HH d;K(f3) 6MCTpO rra~aeT C poCTOM yrna {3 H C)'IlleCT· 

· BeHeH TOJibKO BKJia,A n K ({3) OKOJIO {3 = 0, KaK H IIpH 
1/ /). {32 ·> 13 . . a 

Ii/ CHJILHOBo3MYJlleiiHLie 'rronocbl .' . . . ·; 
lJeTKo Bbi~enxroTCH rronocbl co 3Ha'leHHeM 1 I 1).{3 B rrpe.-. 

~enax 8< 1 I!). {3 2 < 13 H K 5:,1/2, KOTOPbie ·thliocaTCH K CHJibHO 
B03MYJlleHHbiM rronocaM. CHJibHoe cMemHBaHHe B03HHKaeT, 

1 
KaK H3BeCTHO /I2< ~JIH O~IIO'IaCTH'IllbiX COCTOHHHH, IIpOHCXO· . 
~Hll{HX H3 cll!epH'IeCKHX rro~o6ono'leK h·u12 , i I3; 2 /HanpH-

12 

EJkeV 

lOOO 

2000 •• 

1000 

2000 

1000 

0 
._ .. ~. 

exp. 

Hf1751i2-152n . 
PF 8Mb) 

-3100.0 

. mi--Mee" -2m.1 
2913.& 

.-Zl29.2 

2512-· -· -.S -DIU -2110.3 · 
a:z-.-1117.8. -20112.8 

-16'16.5 

· JMJ=mu =lHH -152'1., 

Wj=IBU:I. =~U --1140.4 
--IOU.S 

:r&~ :u = :u _:__ ::1 
. Wl= 6.1 ==== 405.8 = 410.5 

il-fii1- ;_ 
112,...--, 125:8 -- ' --

. Tb1~512- [5321 

exp. PF BMa) 

2W2--1982.5 

2112--172o.& 
2:n--t5zi.r'2.:.::.....:1562.8 ---1513.7 
M-.-13'16.7 --!323.2 --1453.5 

--1170.7 
1112--10!!U -- 991.1 
1712-- 117.2 ·--·atu· ··--718.8 

.• '1512-· - 573.2 -- 643.2 -- 642.8 

~-~i-SM 

tb'S9J12+(' f1} 

exp _ PF BM 0 ) 

2W2--2lll.z··· --22n.2 

-zin-·-1981.3 --19l7.1 

2512-· -T75T.ti --mu 

23.>2--1500 --.1~3 --1456.5 

m--1210 --1272.5 ;--1111.0. 

1112--1050 --IOU.2 --1033.0 

m-- a&o -- 1155.& -- es2.s 
M-- 6611 -- 665.6 -- 663.3 
m-- 5111 -- 50!l2 -- !iOe-7 
1112-- l&Z -- 361.6. -- 311.2 
Wl-- 241 . --
l~== 'Ia == 
~--J . --

Tm'6772-(523l . 

. exp ''PF BMC) 

2W2--2431i.8 

... 2'112--2152.& 

2512---~1851.3 --18«1.1 ==l~lf 
--1735.7'' 

z:n.,--~·;60&.7. --1625.8 --1553.0 

2112--.1375.3 --1387.3 --1355.1 

1!112-- i161.o --n&a.4 

nn--. •5.8 ...:.....:.:,'ia.s 
1512-- 7&&.2 ....:..:. ,789.7 
1:r2-- &32.2 -
nn-- 486.8 --
812-- 383.5 --
712.-- 292-f --

. Puc. , 2. 3Kcnep~MeilmaAbHble u pacct~umaHHb\~ L.MemooaMu 
PF u_ BM I pomarJUOHHble _ noAocbi 1/2- [521] 5 Hf, ~ 

· 3/2 +[411] is?Tb, 5/T [532Jl55Tb 1/2~ [523] I 67Tm • ·, ' 

(BM a)· :, B,
2

K = C =-0 , BM b) :• B= C = 0 ', , , , 

BM c) ~ A· ·. B.. . o') 
• 2K=. 2K = • 
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Mep, 5./2-[532] B 
155

' 157Tb. H 7/2+[633lB 
171

- 175 Hfl. 
EcTeCTBeHHo, 'ITO .u.nx 3THX nonoc Ham MeTo.IJ., He y..:IHTLIBa
IOll{HH B HBHOM BH,IJ.e CMeillHBaHHe COCTO~HHH C pa3JIH'IHbiMH 
3Ha'leHHHMH K, · .u.ae.T xy.IJ.UIHH pe3ynb·Ta1'. ·o.u.HaKo u B 3THX 
cnyqaxx, o6max .KapTI{Ha I .u.y6neTHax CTPYKTypa npu K.k 1/7/ 
nepe.u.a'eTCH . npoeKD;HOHHOH cllo~MYJIOH. . IIpHMepoM 'cny>KHT .. 
nonoca 5/r[ 532) B x.u.pe . 55-rb I puc. 21. 3.u.ecb .u.eiicT-
ByeT y>Ke 06Cy>K,IJ.eHHbiH Jcll!lJei<T pa3BH3biBaHHH. 

K. 3TOH r;pynne OTHOCHTCH TaK>Ke HeKOTOpbie nOJIOCbi, 
B KOTOpb~x CBH3b nonoc c 1 K-Kl> 1"·Ba:>KHa H3- 3a 26nH3KJl~7 
pacnonmKeHHH ypOBHeH ElK H E IK, , XOTH 1/ 11{3 •> 13 • 
_B 3TOM CJiyl{ae OT,IJ.eJihHbie COCTOHHHH B6JIH3H E IK ITJIOXO 
OITHCbiBaiOTCH B HaiiieH MO,IJ.eJIH. 
B/ nepexo,IJ.HLie x.u.pa 

KaK y>Ke. OTMe'lanocb, 'leTHO·'IeTHble nepexo.D.HJ:>ie x.u.pa 
C KBa3HpOTaUHOHHbiM cneKTpOM XOpOillO OllHCbiBaiOTCH npo
eKUHOHHOH cllopMyJIOH /~/:TaK ·>Ke KaK H. px.z\ ~eqe.'I'HbiX nepe
XO,IJ.HbiX H,IJ.ep., B 3TOM cnyqae 1/11{3 2 < 8. Ht

3
pucJritpe.u.

CTaBJieHa -K.Ba3~poTaUHOHHaH non.oca B ·x.u.pe
17 

Sc + · , no
CTpoeHHaH ·Ha ao36Y>K.IJ.eHHOM cocTOHHHH c K =3/2 • :IIo.u.o6-
Hbie p~3YJILTaTLI nony'laiOTCH ·.u.nx x.u.ep 45 Sc/14/ 4_3call5/ u 
45 /2~/ ' ' 43 Ti . -IIpu no.u.roHKe KBa3upoTaUHOHHoii nonocbi B Sc 
ITO llOJIO>KeHHIQ ypOBHeH CO CITHHOM 1=3/2, 5/2,7/2,.9/2 llOJiy• 
'laeTCH He06bl'IHO ManeHbKOe-3Ha'leHHe napaMeTpa 1/11{3 2 , I 
paaHoe 1 ,6 .. IIpu BKJIIO'IeHHH B no.u.roiio'IHYJO. npoue.u.ypy acex 
ypoaH:eH: annoTb .u.o. 1=13/2 •nony>laeTcx ·1;11:13 2 · =2,5 H 
A =131 K3B: IIpu 3TOM MaKCHManbHoe oTKJIOHeHue O"I: .. 3Kc
nepuMeHTaJibHbiX 3HeprHH.COCTaBJIBeT -· I 11E I mai = 3S K3B. 

HHTepecHo OTMeTHTb, ti.fo TaKHM o.6~a3oM,6Lin'H· Bbl'lH~neHbi 
3HeprHH- ypOBHeH CO CITHHOM l:: 13/2, 15(2-~ 2' ,t5().f!ee ll03,IJ.Hee 
JKcnepHMeHTanLHm~ onpe.u.eneHHe I<OTOpbiX no:Ka3ano, 'ITO 
OTKJIOHeHHe Bbl'IHCJieHHbiX 3Ha'leHHH OT 3KCnepHMeHTaJibHbiX 
COCTaBJI.HeT 150 K3B. 0TMeTHM, 'ITO clleHOMeHOJIOrH'IeCKa.H 
!lJopMyna BM .u.nx HHTepnpeTauuu 3THx'cneKTpoa ·lie npuro.u.
Ha: npeticKa3biBaeMbie ero·"yp'oaiiu HI~ H 15./2+ :Haxo,IJ.HTCH 
HH:>Ke ypoBHH. 11/2 "'t Ha rue.: 4 npe~~TaBJieHbi KBa3HpoTa· 
UHOHHax nonoca B x.u.pe 1 71n, · · nocTpoeHHaH Ha B036y>K.IJ.eH
HOM COCTOHHHH C K 17 = 1/2 + / 16/. B03MO>KHO, 'ITO H ,IJ.JIH H,IJ.pa 
1171n y,IJ.aCTCH 06Hapy>KHTb ,IJ.aJibHeiimHe KBa3HpOTaUH~H":" 
Hble COCTOHHHH. 

'14 

IIpuae.u.eHHbie npuMepbi noKa3biBaiOT; 'ITO npe.u.no>KeHHax 
,IJ.JIH pOTaUHOHHbiX CITeKTpOB He'leTHbiX H,IJ.ep clleHOMeHOJIOrH'Ie • 
CKa.H cllopMyna MO>KeT CJiy>KHTb ,IJ.OBOJibHO Ha,IJ.e>KHOH 3K.CTpa
llOJIHUHOHHOH · cllopMy.JI_oii. OiMeTHM __ B 3TO~ CBH3H ycToiiqu.,. 
BOCTb npoue.u.ypbi. ITPII no.u.roHKe, · Kor.u.a yaenu'leHue 'IHcna 
llO,IJ.rOHHeMbiX ypOBHeH- npHBO.,IJ.HT K He3Ha'IHTeJibHOMY H3Me· 
IieHHIO napaMeTpoa. 3ioH: cliopMynoll. :Mo:>KHo nonLJOBaTb.CH 
npH MHKpOCKOITH~eCKOM OITHCaHHH ly'leT CMemHBaHHH KOH· 
cllurypauuii, pac'leT napaMeTpoal. · · 

C'IHTaeM HamuM npHHTHbiM · .u.onroM · no6~aro.u.apHTb 3a 
UeHHbie ,IJ.HCKYCCHH H JaMe'laHHH r .BHHTepa, l .3o,IJ.aHa, 
K.KayHa, rr:KeMHHT/tia, B .B .ITauiKeBH'Ia, H::H.IIHTOBa 
.H n.q,yHKe. • . 

··.-, 

'···; 

.i • .. : 1 

.. ,;. 
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ElkfN exp. 

• 

43Sc 
2l PF 

KT•3/2+ 
PFfit· BMr.t 

r112•-_ --.4325 .. 

·4(D)r ., M•--4101. 

1W--J154 --3770 

--3599 

m•--3141 
rsrz+ m-

)(XXI 1- --3007 
--3131 f!1. 3128 

1V2·---2559-
---2464 

---~ 1V2·---2562 

2000 '9/t'-~ 1932 '--.-1967 --2000 

7/2·- ---1337 ---1354 ---1319 

1~ ~ 512·-~ eao --848 
--736 

--255 
Jd--152 --155 

0 

' . 

. Puc: 3'. 3KcnepuMeHmaAlJ1WJl· u pacc~umi:JHHaJl ·Kea3upo~a

. f#UOHHaJl noAoc~J K 17 =3/2+ Ropa ·1171n .• PF fit uBM fit 
. npeocmaeAJlrom pe3Y./lbmam ~oozoHKU no 6 HUJICHUM ypoeHJlM. 

16 

. 
' 

E/keV·--

·3000 

2000 

J,OOO 

··;· ·· . .- .. 

... , .,: .... 

-~XP.. 

11/2•.--1249 

512•-. -·--1052 
712·-· -- 880 

. 112·--- 748 
. 3Jr-· ----. 559· 

' .. 

,. \ _.: 

'<. • '~ 

.In ~117, 
. .;; . 

·= 

PF ·BMbl. 

,. . . . 1312·-·-2137.1 
13/2~--2046.61!iJ2+-- 2104.9 

1512·--1802. 7 

. 9/i·----1~8.4 912·--· -1523.2 ,. 
_. __ 

1278
:21Vr-.-_ -· .1353.8 
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Puc. 4: 3KcnepuMe~maAbHQJl~ pacct~umaHHQJl cxeMi.lypoeileu 
OAR Kea3upomaf#UOHHOU noAOCbJ K 17 =1/2 + e 117 In c uc
noAb3oeaHuet.f:Memoooe PF u BM b). 3Hat~eH.UJl napaMempoe 
PF•: '.A= 22,9 K3J!, .. ~iK= -4l,f!3 K3B;. J/!1~ 2 = 9,6; 

BM: A= 22,$ K3B,. A2K ~ -56,43 K3B, 82~= 0,51K3B. 
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Ta6naua 1 
TiapaMeTpbi npoeKUHOHHOll MOAena ·poTaUHOHHbiX nonoc He
'!eTHbiX .siAep peAKHX 3eMellh .{ I rna~ - MaKCHManbHO H3Me
peiiHblll CUHH nonOCbi' ~~~ 1 max - M8KCHM8nbHOe OTKnOO.. 
aeaae. TeopeTn<IecKoro aaa<IeHH.si aaepraa oT aKcnepaMeH
Tanbiwro). PeayllhTaTbi nony<IeHbi noAroaKoii. K ~eTbipeM 
HH~HHM ypOBffil'J• Tiomibift CUHCOK 8KCnepHMeHTanbHbiX 
pa6oT·AaH B . ~ 

llApll Klr[ M,,z·A1 

•rb1 5~ · 312+ [1~111 
Gd 155 j/2-(521] 
Tb 157 5/2-{5}2] 
Tb157 3/2+(1~11] · 
Tb157 5/2-(532] 

157 I -llo159 . 7 2+ [5231 
Tb159 3/2_ ['~111 
1!0161 7/2+ [523 
llo 1/2 [1~11 
llo~~~ 3/2: [1~11:! 
Er161 3/2,tf521J 
Ho161 7/2_(1WI~J 
11016' 7/2_t_523l 
110165 7/2_ [5231 
llo 7/2 r..i23 TuJ 67 . 1/2+ [4111 

. ~~67 
7/2+!401ll . T'67 . 7/2- 5231 

T~63 1/2+ 1~11.1 n,-·69 1/2- 521 
L~71 1/2+ 1~11] -;;-t?1 -Hf1?1 1/2_ {521) 

· IA1171 1/2 [51~11 
IA11'/1 5/2: (4021 
~ 7/2 [401ll 
Ilf 7; 7/2+ [6331 
nr17;~ 1/2-[521] 
Lu171 5/2+[402) 
Hr17~ 5/2~[512) 
IA117, 7/2+['~1 
llf~~~ 7/2+ f633J 
Lu1'l5 9/2-[5141 
llf 1/2-[521 
llf~~~ 5/2:{512 
Hf . 7/2 [6331 Ta1 77 . 5/2+(402] 
Ta 77 7/2+[404J 
'l'a177 9/2- [514 ' 

· Ta 179 · 5/2+ [4021 
' T~79 7/2+ flWilj 
T~79 9/2-[514 . r:e' 31 5/2+ [402) 

· Re181 · 9/2-B11H 
r.e1~3 5/2+[402] 
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183 --Re185 9/2_~5141 
OS.:-. 1/2 [510. 

A 
{K.:l~) 

11.8 
12.8 
11~.5 
10.9 
17-0 
,14.5 
10.5 
22.1~ 
11.6 
10.5 
12.8 
14.2 
14.2 
14.2 
11.3 ' 
11.6 
15.1~ 
1 1~-5 
11.6 
10.6 
12.6 
11.0 
7.1 
8.7 

'14.0 
11.9 
11.5 

13.8 
13-9 
15.1 
12.3 
15.4 
12.1 
12.9 
13.6 
14•?· 
17-5. 
17.1 
16.6 

' 16.1 . 
17-1 
14.9 
20.1 
15.1 
20.5 
11.5. 

. AlK 

(!<;)#,.) 

').10-.? 
-11~.10-3 
'-33.10-5 

B.1o-3 
-21.10-5 
-1.10-8 
6.10-3 

-2.10-10 
-7-7 
58.10-3 
-7.10-3 
-5.10-9· 
-3.10-9 

-1/Ap~ I""'(' 

19.9 
27.1~ 
8.8 

21.9 
10.9 
1&.2 
22.5 
1~3- 'l 

1~:~ 
55.0 
14.1 
18.8 

-5.10-9 
-1.10-10 . 

1?.6 
2'/.9 
23.4 

237'2 
15/2 
23/2 
19/2 
19/2 
25/2' 
23/2 
27/2 
27.2" 
15/2 
17/2 
25/2 
29/2 
21.2 
21/2 
23/2 
23/2 
25/2 
15/2 
11/2 
19/2 
21/2 
25/2 
17:2 
23/2 
27/2' 
25/2' 
.19/2 
23/2 
21/2:, 
27/2 
21.'2 
25/2 
25/2 
27/2 

-8.4 
-2.10-8 
-1.10-8 
-');3 
7·9 

-B.4 
8.2 

34-9 
6.10-5 

-~~.10-10 
-2.10-7 

9·1 -~~.1o-6 
-5.10-b 
-5.10-9 
-1.10-7 
-2.10-12 
8.7 

-4.10-6 
-1.10-7 
-5.10-:-6 
.;..3.10-8 
·-7.10-12 
-2.10-5 
-5.10-9 
-5.10-12 

).10-6 
-6.10-11 

2.10-6 
-3.10-11 
-1.1 

12.1~ 

16.2 
23-7 
24.7 
28.5 
19.9 
~~.2 

15.1' 
19.5 
0.8 

23.0 
18.5 

•• 20.5 
16.3 

9-7 
17.1 
22.7 
22.<)' 
10.') 
111.8 
12.2 
13.9 
13.9 
16.7 
1 1~•3 
16.7 
10.'~ 
'21.6 
11.n 
24.9 

', 15/2 
19/2 
23/2 
17/2 
19/2 
21/2 
19/2 
19/2 
21/2 
21/2. 
21/2 

I t\E ln.,,t 
(K~t) 

11.9 
28.0' 

206.0 
4.0 

47.0 
21'1.6 

16.7 
358.8 
' 1').8 

59.0 
29.? 
28.2 
11.3 
. 3.0 

3-9 
4').2 
2.5 

21.8 
18.0 
2.9 

25.'1 
69.') 

351-7 
11.6 
2.j 

1~26.6 
26.9 
7.2 

22.6 . 
6.8 

310.8 
.. 3.0 

' 5.0 
22.2 

181.5 
0~1~ 
3-J~ 
2.7 
6.2 

' '3·3 
. 0.1~ 

20.6 
1.6 
1.') 
12~2 

260.'1 
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