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. 1. /1 I . 
B aaHo o6mee BhiPB*eHHe anSI aonHoaoil tPYHKUHH BhiCOKoaoa-

6y)KaeHHOT'O COCTOSIHHSI ( T.e. COCTOSIHHSI C 9Hepr'Hefi
1 

6nH3KOfi K 9Hepr'HH 

CBSI3H HefiTpOHa) H BbJqHcneHbl MaTpHqHhie aneMeHTbi anSI anb!fla-H. r'BMMa-

. -nepexoaoa C BhiCOKOB036yx<aeHHbiX COCTOSIHHH HB OCHOBHhJe
1 

oaHOtPOHOHHhie 

H aByXKB83Jiq8CTJiqHhie COCTOSIHHSI B qeTHbiX c!flepHqeCKHX Siapax. TI OK838H0
1 

qTo npH anb!fla- H raMMa- pacnaaax yqacTayeT cpaBHHTenbHO He6onbtuoe 

qHcno KOMllOHeHT BOnHOBOH tPYHKUHH BhiCOKOB036y)KaeHHOT'O COCTOSIHHSI. TioaTO

, My 8HanH3 9KCllepHMeHTBnbHbiX aaHHbiX no 9THM nepexoaaM MO)KeT 'aaTb .. 

caeaeHHSI 0 BenHqHHBX OTaenbHhiX KOMllOHeHT BOnHOBbiX tPYHKUHfi BhiCOKOBOS-

/2/ . - . . 
6y)KlleHHhiX COCTOSIHHij. B - _ 6bin8 -npoHnnJOCTpHpOBBHa a!fl!fleKTHBHOCTb TB":"" 

KOT'O noaxoaa: ·aaHO KaqeCTBeHHOe 06'bSICHeHHe 38BHCHMOCTH CHnoaofi tPYHKUHH_ 

ansi · s -HefiTpoaa oT A 6ea o6pameHHSI K onTHqecKofi MoaenH Sillpa, 

. /3/ .. 
yKa3BHhi KoppenSimH Me*aY. paanHqHhiMH npoueccaMH H T.a. B BhJqHcne-

. Hhl MaTpHqHhie. aneMeHThJ anSI EA ·. H MA 
nepexoaoa c BhiCOKoaoa6y*-

aeHiihiX COCTOSIHHH Ha OCHOBHhie, aayXKB83HqaCTHqHhie H. oaHOtPOHOHHhie COCTO...; . ' . . . 

SIHHSI B qeTHbiX ae!flopMHpOBSHHhiX HllPBX H Ha oaHOKB83HqaCTHqHhie COCTOSIHHSI 

. H Ha COCTOSIHHSI KB83JiqaCTHUa nnJOc tPOHOH .B HeqeTHhJX ae!flopMHpOBBHHhiX 
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B nannoii saMeTKe ncrronhsy8M Bhipa:)l<eHHSI nnst BonnoBbiX tflyHKUnii 

BhiCOKOBos6y)Kn8HHhiX cocTostimll n MaTpn'IHhi8 an8M8HThi nnst E..\ n M..\ 

nep8XOAOB nnst Bb!SICH8HHSI BOITpOCa 0 TOM, B KaKHX cny'laSIX MOI"'yT HM8Th 

M8CTO .· KOpp8nSIUHH M8)KAY rrpHB9A8HHbiMH. H8llTpOHHbiMH llllipHUaMH 

0 
napunanbHbiMH npnBeA8HHblMU pannaunOHHb!Mll mnpnnaMH r Ylf 

ro 
n I 

2. B Ka'I8CTB8 ~npnMepa npnB8AeM BOnHoByiO tflyHKUHIO BhiCoKo5os5y)K- · 

A8HHOI"'O COCTOSIHHSI .'18THO-'IeTHOI"'O gnp a ( KIT I= o+ ) • 

IT 
'II, ( K ) = }; , }; 

t 
q1. '\.a 

b !2t 
KIT 

(q a , q a ) a+ ' a + 'II 
1 1 2 2 q

1 
a

1 
q

2
a

2 
o + 

a1' a2 (1) 

+ };' }; 
!2t2 t, 

bKIT (q1a1,'ba2,q3a3,q4a4 
+ + + + ' 

) a q a a q a a q aa q a 'Po +·· ·+ 
I 1 2 2 ·2 3 4 4 ql ''\.a 'qa 'q4 t,t, 

at'··a2,a3,a4 

B 9TOll tflopMyn8 naHhl TOnhKO ManOKBa3!l'laCTH'Illb18. KOMITOH811Tb! 0• Kpo

M8 HHX HM810TCSI MHOI"'OKBa3H'laCTH'IHb18 KOMITOH8HTblo 0n8paTOpbl KBa3H'laC-

THU a :a CBSI3aHhl C onepaTopaMH HyKnOHOB a COOTHOilleHHSM 
qa 

a+ · = u a + + a v a , rne u , v -KoatfltflnuueUThi 
qa q q- a q q a q q 

npeoopasoBaHnst Eoroni06oBa. KoatfltflnuueHThi b 1 onpenenmoT BKnan 
· KIT 

COOTB8TCTBYIOIU9ll KBa3H'laCTH'lHOll KOMITOH8HThi,· -noM8p p830Hanca 

c naniihiM sna'l8HH8M KIT • CoBoKynnocTh KBaUTOBhiX 'lHC8n, xapaKT8pu-

syiOmux OAHO'IaCTU'IHOe COCTOSIHU8 0 o603Ha'l8Ha '18pe3 ( q a) 0 .a = ±.1 

l1HA8KC t = n yKa3b!Ba8T Ha H9llTpOIIHYI0 0 l - p - Ua rrpOTOHHYIO CIIC-

TeMhi. l.{8p83 'Po 0003Ha'leHO npOH3B9.1eHII8 KBa3H'laCTH'IHbiX BaKyyMOB nmi 

H8llTpOHHOll H npOTOHHOll CUCTeM. ilpOH3B8A9liiiSI BIIAa a:+ 

M8H8Hbl Ha OIT8paTopbl tPOHOHOB .napHbiX BU6paUHll 0 ( l) 
/1,3/ z 

. 0603Ha'leHHSI CM •. B • 

a+ B(l) 
·q-

sa-

OcTanhHble 

3. Kopp8nstunst nByx npoueccoB, npoT8KaiOmnx '18p83 onno u. To )1(8 · 

COCTOSIHH8 ( HallpHMep, 'l9p83 -Thill pesonanc), uMe8T MecTo, ecnn 

ocHOBHOll .. BKnan B o6a npou8cca naiOT on lin u T8 )1(8 KOMITOHeHTbi b 1 
Bonno-KIT 

BOll tPYHKUH H Tuna ( 1 ) • 4 



CTpyKTypa BbiCOIWB036ymJ:IeHHb!X COCT~H!Hiill S!BnSieTCSI BeCbMa cnomHOit, 

BOnHOB8SI tPYHKUiiSI T~IIa ( 1) UMeeT 60nbWOe c'lliCnO OTnli'IHbiX OT HyliSI. Mano-. 

KB831i'!8CTU'!Hb!X 1i MHOI'OKB831i'i8CTU'IHbiX KOMIIOHeHT, 0 09TOMY 'KOppenSIUiili 

. J:~Byx npoueccoa, npoTeKaromnx qepea OJ:IHH 11 TOT me pe30H8HC 1 6yJ:iyT· 

acTpe'laTbCSI a Tex }:loaoni:.uo peJ:IKiiX. cnyqaSJx, :KorJ:~a orrpeJ:~eneHHbie ManoKaa-

3n'laCTii'IHbie KOMIIOHeHTbi nrpaiOT Han6onee aamuyro · ponb, 

TpyJ:IHO omnJ:~aTb cymecTaoaaHnSI 6onhwux KoppenSiunit Me~J:IY ycpe}:IHeH

HbiMU 110 MHOI'IiM pe30H8HC8M HeitTpOHHbiMH 11 pallli8UUOHHbiMH Wliplill8.Mii 1 ' 

OC06eHH0
1 

ecnn pa}:lli8UiiOHHbie WHpliHbl ycpe}:IHeHbl 110 MHOI'IiM KOHe'IHbiM 

·COCTOS!HiiSIM, 

4, PaccMoTpnM KoppenSiunn MemJ:~y 11 r o. 
yu , KOPJ:Ia nocne. 

aaxaaTa ueitTpoiia o6paayeTcSI 'leTHo-'leTHOe SIJ:IpO, B cnyqae J:~e¢opMnpoaaH_;; 

Hb!X SI}:Iep 

ro ro I b 12n ( q 'q ) u :l 2 +roo 
nl KIT s.p. 0 ·2 q2 n I 

(2) 
q2 

f'lle qo OTHOC!iTCSI K OCHOBHOMy COCTOS!Hii!O He'!eTl!Ol'O N 

aaTnaweMy ueitTpoH, CyMMUJlOBaHne rro q 2 
Ilpll 38XBilTe H - neitTpo-

'ua npoao}:IUTCSI, no OJ:IHO'IacTH'IHbiM ypoaHSIM cpeJ:~nero nonSI c K 11 l/2+ 

'LJneH r ~~ CBSI38H C 6o:nee cnmKI!hiM 1 '!eM ITpS!MOit 1 MeXall~3MOM 38XBa-

Ta, 0 KOppenSIUUS!X . · r~ 1 C ryolf MmKHO I'OBOp!iTb B TeX cny'I8SIX1 

r oo 
KOI'Il8 pOnb· 'lnel!a, . n'l . 

' ' 0 'c 

BOB8Hl!e .KOppenSIUUit rn 1 

ueaenuKa, noaToMy Iwuuonee BepOSITHO cymecT
. 0 

11 r y It B TeX ,S!Il!J8X1 KOTOpb!e UMeJOT 6onb-

·s -HeitTpOHOB, 

· MaTpn~Hbiit aneMeHT. E.\ nepeXO}:Ia C Bb!COKOB036ym}:lei!HOI'O COCTOSI-

HliSI
1 

OllliCbiBaeMOI'O aonnouoit tPYHKUUeit . ( 1) 1 Ha OCHOBI!Oe COCTOS!l!lie 'leTHO

qeTHOI'O }:le¢opMnpyeMOI'O S!}:lpa liMeeT BUll 
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M (E.\ ; KIT .... o +g ) +~'> 

(3) 
u _la<q

1 
+:I r (EA):I q2 q lq 2. 

I I 
'q

1
,q

2
,a_ t 

b 12t ( q 
KIT I 

a, q -a)·+ <q +~lr(E~)Iq -'> b12 t (q a,q.a) I 
2 I . 2 . KIT I , 2 

KOTOpb!ii npOCTO CBSi3aH .C ro 
ylf • 3aecb < q a :I r (E.\ ) :1 .q' a '·> - MaT-

pH'iHhiii aneMeHT. OT aneKTpH'ieCKOI'O Myn&THnonSI A uql q2= ·uql v.q:i + 

+ v u • B cyMMe (3) npH t = n HM910TCSI_ 'ineH,bl C q =. qo. H C 
ql q2 

+ I 

q2 , anSI KOTOpb!X KIT2 = 1/2 , ·T.e. c TeMH .>Ke senH'iHHai-m b KIT 2 

'iTO H B (2) • noaTOMY MOI'YT HMeTb MeCTO 6onhiiiHe KOppenSIUHH Me>Kay 

ro 
n l 

H r 0 B cnyqae El 
ytr 

nepexoaOB- Ha OCHOBHbl9 COCTOSIHHSI, 

' 

Mo>I(Ho CKa3aTh, 'lTO · HMeHHO aToT cny'iaii SIBnSieTcSI HaH6onee 6nai'onpHSIT-. 

Hb!M C TO'liOI 3peHHSI ua6moaeHHSI 6onbiiiHX KOppenSIUHii Me>Kay npHseaeHHbl-

MH 1II1ipli118MH f' O 1i f' O 
n I y l f 

_ npeacTannSieT 6onhiiiOii lii!Tepec npoaHanH31ipOBaTh HM9101Illi9CSI 9KClle-

IT -
pHMeHTan&Hhte aaHHLte no El nepexoaaM c. ·( = 1 pe3oHaHcon Ha 

.OCHOBI!b!9 COCTOSIHiHl 'i9THD-'i9THblX H.Oep .OnH onpeneneHHH KOppenHUHii M9>K.OY 

r~ [ H r ~ [ f • EnaronpHSITHb!Mii anSI Hay'i~HIISI _T8KHX KOppenHUHii HBnH~ 
- . 78 156 

roTCSI cneayromHe. Siapa ( nocne 3axsaTa s -HeuTpoHa): Se , · Gd 

158 Gd ( · /4/) 16oGd 16oD 11~ . 112yb. 17411£ 
CI\I, , , y , r , , 

18211£ !84 w '( . /5/). !86 0 _196pt ( /6/) 1981\ , ._ cr..._r. , , s , C:M• , 

I96H 198 H ~oo II . ( /5/) 202 H : 2ps Pb 22Bfl8 . g ' . g ' - g Cl\1, ' g . H ap; 

Cneayer. IIMeTb n BIIAY, 'ITO ( 3) coaep)I(HT TaK)I(e HelrrpoHHhre 'inel!br 

( q I q 2 ) c q 1 f qo q2 ~ qo II asyXKB831i'i8CTH'IIIhle llpOTOIIJihle 

'ineHhl, 6onbW8H pOnb T8KUX 'lneHOB B (3) MO)I(eT CB9CTII 118 HeT KOppenSIUiili 

M9)1(1ly f' 0 
II r Of 

n I yr 

MarpH'itihie aneMei!Tbi nmi raMMa-nepexonoEi c BhiCOKOBo36y)l(neHHhrX 

COCTOHI!Ufi Ha oaHO~OIIHhle II asyXKB8311'i8CTii'iH~e COCTOH~IIH CO!l9p)I(~T 

6onblll09 'l11Cn0 .lBYXKB83U.'18CTH'illblX II 'l9Tblp9XKB83U'I8CTH'IIILIX KOMllOIIeHT 
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/1 3/ . 
BonnoBoli 4JynKUHH Tuna ( 1) ( CM. ' ) • ITpuBegeHHbre BepoSITHOCTH ra~Ma-

nepexogoB ·c peaonancoB na ogno4JonoHHhre cocToSIHHSI, KaK npaBuno, gomKiihr 

6b!Tb 6onbllle. T8K0Bb!X gng nepeXO!lOB Ha OCHOBHbie COCTOSIHHSI~ IToKa HM9IOTCSI 
/4/ . . 

TOnbKO. JiaHI:ibre, nony'leHllbJe B .1 nO!lTBepMga~IUHe 9TOT Bb!BOJ:l, Ecriu 

gng El nepexoga Ha OCHOBHOe COCTOSIHHe 6onbllle, '!eM ryou 

nepexoga Ha BH6paUHOliHOe COCTOSIHH9 1 TO. BOnHOB8SI 4JyHKUHSI CO-

OTB9TCTBYIC!IU9I'O pe30H8liC8 HMeeT 6onblliYI0 1 '19M cpe!lHSISI 1 !lBYXKB83H'l8CTH'I- . 

. HyiO HeliTpouuyJ6 ~OMnOHeHTy. ( q0 .q 
2 

) 

BBH!ly Toro, 'ITO B raMMa-nepexogax na ogno.PonoHHhre ·cocTOSIHHSI· 

Y'IBCTByeT MIIOI'O 6onblllee 'IHCnO KOMnOHeHT ( 1 ) no CpaBHeHHIO C nepexoaa-

MH ·Ha OCHOBHble .COCTOSIHHSI1 TO KOppenSIUHil M9:1KilY H f O · · gomKHbl 
n 1 r 

6brTb MeHblliHtvm npu El nepexogax He ogno4Jononubre cocTOSIHHSI no 

El . . . B 17 I 6 CpaiiHeHHIO C nepeXO!l8MH Ha OCHOBHbie COCTOSIHHSI, Ha niOga-

nacb 6onhlllaSI ,KoppenSIUHSI B 164Dy M91K!lY f 0 H f 0 
n 1 y1 r 

npu El nepe-

XOilBX na pOTBUHOHHbie. ypOBHH OCHOBHOM H I'8MM8-BH6paUHOHHOM nonoc, 

3ToT· cnyqalf npegcTaBnSieT, no-BH!lHMOMy, ncKnro'leHue ua o6Uiero npaBuna, 

T.K. El nepeXO!lbl Ha pOTBUHOHHYIO nonocy _QCIIOBHOI'O COCTOSIHHSI SIBnSIIOT-

K - aanperuennhrMu, 

KoppenSIUHH MeMgy r 0 
H r 0 

npu .El nepeXO.lBX Ha !lBYXKBa-. 
n I y Ir 

3H'IBCTH'IHbl9 HelfTpOHHbie · COCTOSIHHSI ( q q ' ) MOf'yT · HM9Tb M9CT0
1 

KOI'!la 

unu q · q 0 · .unu q HMeeT K" = 1 I 2+ TaKue KoppenSIUHH na6nro.;. 
171 ro4D . 

'i:tanHcb B B y gnSI El nepexogoB na !lBYXKBaauqacTH'IHoe 

· . neiiTponnoe cocTOSIHHe n n 523 .~.· - 521+ c anepruelf 1987 KaB u na 

ypoBnu poTauuonnofi nonocbr. · CnegyeT OMH!laTb cyruecTBOBBHHSI TaKux Kop

, pen~uufi B gpyrilx SI~pax. IToaToMy cucTeMaTuqecKoe uay'lenue KoppenSiuull: 

. Me:lKgy rn ~ H r~Ir npu El nepeXO.laX Ha llBYXKB83H'I8CTH'IHbie nell:T-

pOHHhie COCTOSIHHSI .( q 0 _q npe!lCTaBnSieT 6onblll0H. HHTepec. 

5, PaCCMOTpHMj B K8KHX cny'laSIX MOI'YT HM9Tb M9CTO. 60nblliHe KOppe-

ro 
n I 

H ro 
ytr B' H9'19THbiX A H He'leTHO-H9'19THhlX 
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SI.Qpax. B cnyqae aetieTHoro .N ··· .cieljlopMHpoBaimoro SI.Qpa ( Koraa S. 

HetiTpOH 3aXB8TbiB8eT 'I9THO-'IeTHOe SI.Qpo) 

ro 
-- nl 

- 0 . In · . 2 00 
= rs.p. I I_ btL + ( q ) u. :1 + r I. 

. q ""' q n 
(4).. 

MaipH'IHbie aneMeHTbi EA · H M'A nepexo.QOB c pe3oHaHCOB Ha O.QHo-

KB83H'I8CTH'IHb19 COCTOSIHHSI CO.QeplliaT .qneHbl ·c KOaljlljlHUH9HT8MH bIn· (q), 

b ln2t ( · - . ) b I nO {n)( ) 
-- _q,,q2,q8 ,· - t. q 
Krr . 

0 
- Krr 

Melli.Qy r nl H r ;If .QnSI 

(eM, 

K 

/3/ Krr 
. ) • Moryr. 6biTh 6onhl11He KoppenSIUHH 

-pa3pellleHHbiX· El nepexo.QOB Ha 

O.QHOKB831i'I8CTH'IHbl9 COCTOSIHHSI B H9'I9THblX N SI.Qp~x; 0.QH8KO cne.Qy-

eT HMeTh B BH.Qy,. 'ITo· qneHbi B MaTpH'IHbiX aneMeHTax. _ EI -nepexoaim, 

CO.Qeplli8IUHe b
1
n

2
t ( q q q ) . b I nO z(n) (q) , pa60TBIOT · rrpOTHB paCCMaTpHBa-

Krr 1 2 8 Krr 

9MOH KoppenSIUHH, 

MaTpH'IHhie aneMeHTbi EI nepeXO.QOB. c Bb!COKOB036ylli.QeHHblX COCTOH-

HHH. Ha COCTOHliHSI KB83H'I8CTHUa IIniOC lj>OHOH CO.Qep;KaT MHOI"O OOnhmee _'IHC-: 

no KOMIIOHeHT_ BOnHOBOH ljlyHKUHH THIIa (1) no cpaBHeHHID C rrepeXO.QaMH_. 

Ha O.QHOKB83JI'I8CTH'IHb19 COCTOSIHHSI, ilOSTOMy 'KoppenSIUHH M9lli.Qy r O If 
· nl ro 

yu IIPH EI nepeXO.QaX Ha COCTOSIHHHKBa3H'I8CTHU8 nnroc lj>OHOH 

aonlliHhi 6b!Th, KaK npaBuno, MeHhliiHMu, 'IeM npu EI nepexoaax Ha 

O.QHOKB83U'IaCTH'IHbl9 CO~TOSIHH SI, 

J13y'Ieime KOppenSIUliH Melli.QY r 0 
li r 0

. npu nepeXo.QaX Ha 
. nl yu . . 

O.QHOKB83H'I8CTli'IHb19 COCTOSIHHSI npe.QCTaBnSieT 6onhliiOH liHTepec, AHanu3 

u - /8/ 289 u 
9THX KOppenSIUlili B pH.Qe cnyqaeB; HaiipliMep, _B B . 3aTpy.QHeH 

li3-3a orcyTCTBHst .QaHJibiX o crpyKType :·Hu3Konelliaruux cocTOSIIIHti~ 

B cnyqae JietieTHo-He'IeTHbiX SI.Qep MOI"yT Ha6mo.QaThCSI ·3aMeTHbl9 

KOppenSIUHli Melli.Qy r 0
1 

li r 0
1 n y f 

anSI El nepeXO.QOB Ha Te .QBYXKBa~ 

31:1'I8CTH'IHbl9 COCTOSIHHSI, y KOTOpb!X IIpOTOH JlaXO.QI:ITCSI Ha· ypOBHe, COOTBeT-

CTBYIDIUeM OCHOBHOMy COCTOSIHHID He'IeTHOI"O Z · SI.Qpa, 38XB8Tb!B8IDIU9I"O 

' ' ' ' 0 0 
HeHTpOIIi TO 90Th liMeeT M9CTO KOppe_nSIUI:ISI Melli.QY rnl H' ry If : .QnSI 

nepeXO.QOB Ha Te llie COCTOSIHH SI0 KOTOpbi9 XOpOliiO 3acenSIIDTCSI B ( d p) 

peaKUI:ISIX, lloaTOMy .MOlliHO I"OBOpliTh 0 KOppenSIUHH M9lli.Qy (ny) li (dp) 

peaKUI:ISIMI:I, 
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Cne.uyeT liM 8Th B Bli.UY 1 'ITo· MaTpli'IHbie aneMeHTbi E l nepeXO.UOB 

C pe30H8HCOB Ha H8HTpOH-ITpOTOliHbl8 COCTOBHHH B H8'18THO.;.He'I8THbiX H.UpaX 

CO.Uep>KaT 60J1blll08 'lliCJlO .UBYX- li '18TbipeXKB83li'18CTli'IHbiX KOMITOHeHT 

(c
. M, (20) B ~~- 1 ), D 6 6 . . . 6 - 09TOMY. MOI'YT b!Tb K8K naronpll51THbi8 1 TaK li He na-

I'OITpllHTHbl8 cny'lali . .UJ151 cyUleCTBOB8Hli5l KOppenBUUH M8>K.UY r ~I 
HanpnMep

1 
e 170 Tm El nepeXO.Ubi li.UYT aa ansKone>Kallliie .ueyxKeasH'IaCTli'l- · 

llb18 COCTOHHllH C ITpOTOliOM B COCTOSlllliH. p '411+ . ( COOTB8TCTBYIOlllli~ O~HOB-
HOMy COCTOSllllilO 169 Tm ) • 8 9TOM cny'lae cne.uyeT 02!<ll.U8Tb 6onhlllYIO 

0 0 . /9/ 
KOppenHUli!O Me>K.UY ~ nl li ry If I 'IT.O u o6uapy>Keao B • Hao6opoT, 

6 
176 Lu El:-nepeXO.Ubi aa an:sKone>Kallllie cocTOBliUB c P 404 + n:nli ae 

U.UYT COBC8M, liJlH HBJ15llOTCH 
K -sanpemeHHblMli. noaTOMY aa6moaeane 

n: JlOn>KliO 6biTb M8JlOB8p051THbiM 0 'ITO 

' /10/ 
C~Jr'J1acyeTC5l C AaHilhiMH, nony<ieHHbiMH B 

· 6. Y!s-sa CJlO>KHOCTH Bb!pa>KeliHH JlJlH BOJlliOBb!X ,PyliKllliH ~biCOK0\303f5y>K

.U8llllbiX COCTOSlllliH MO>KliO I'OBOpHTb TOJlbKO 0 lla!i60nee 6naronpH51TllbiX 

cny'laBX, B. KOTOpb!X MOI'YT HM8Tb M8CTO 60J1blllli8. KOppenBU~li M8>KAY rn~ 
, D 0 9THM KOppenHUliBM ~O>KIIO CYAHTb 0 pOilU Ollp8Jl8J18liHbiX 

KO!.mo.HenT B BOJlliOBbiX ¢y HKUUBX ,Tuna ( 1 ) • 

Cny'lali OTCyTCTBli.ll KOppenBUHH MO>KliO onpeaenliTb. 6onee 'l8TKO, Ha 

OCliOBallHH Bb!pa>KeHliH AJ15l· r~l- n: MaTpH'IH'>IX 9J18M8HTOB EA H . MA 
/1-3/ 

nepeXO.UOB, ITpHB8.U8llllbiX B , MOlKIIO c.nenaTb 3BKJllO'l8liH8 06 . OTCyTCT-

n: .un.11 cneayiOilli!X raMMa-nepexoaoa: 
Blill KOppenHUliH M8>K.UY . ' 

- nepexo!lbi E.. cljlepli'leCKliX 'gapax; 6) 
M>. E>. -nepexmtLI li a) Ml 

Ha i:tllYXKBa3U'l8CTli'lHhl8 ITpOTOHHbl8 ypOBHli li Ha T8 JlBYXKBa3U'l8CTll'IHbi8 

H8HTpOHHhl8 ypOBHII (q q ) 
. . . 1 2 

K~ f. l/2+ (!Wll j 17 flj2+ 

, y KOTOpbiX q1 .,j q 0 . q 2 f. q 0 H 

B 'leTHO...;'leTHLIX BJlpax; -B) EA II 

· M A -nepexoQt>I aa aei1Tpoa-npoTor:Hbie ypoBHli B aeqeTHO-He'leTHbiX 

51Apax, y KOTOpbiX .UJlH. npoTOH8 q 1 ,j · q 0 
c 

K77 1- l I 2 + 
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. \ 
DpellcTaamrer HHTepec rrpoauannanpoB~Th nMerorunecsr aKcrrepnMeHTam;-

Hhie ll8Hllhie C TO'IKH apeHHSI H3y'leHHSI. KOppensrunii: M9)KJly r~I lf r; If 
c y'leTOM Bbiil!enano;KeHHhiX coo6pa)KeHnii:,. Oco6eHHO u eHHhiMH nnsr TaKoro 

aHannaa SIBnSIIOTCSI SI/lpa, IIO KOTOpbiM · HMeiOTCSI JlOCTaTO'IHO IIOnHhie 9KCIIe

pHM9HTannHhie ll8HHhie· 0 HH3KOne)KalUHX COC.TOSIHHSIX
1 

rrony'leHHhie H3 a 
• ·, • > ' • • • • • • • • "i 

H {3 -paCII8JlOB H KpOMe HHX HMeiOTCSI ll8HHb19 H3 (d p ) - p'eaKUHii:, . 

·B. aaKmo'leHne Bbipa>Karo 6n.qrollapHocTh cl>, Beqsapmy n JO.n. norrosy 

aa nnonorsopHhie o6cy.)KJleHnsr. . · 

nlfTepaTypa 

·1, B.r. ConoBbeB, .Rei>, !1.., 48 (1971); npenpnHT OH.RI1, E4-5135, .Qy6Ha, 

( 1970). 

2. B.r. ConoBhes, ·npenpnur 011.RI1, E4-5469, Lly6na; ( 1970), 

3, B.B. BoponoB, B~r. Conoahes. Dpenpnnr' 011.RI1, P4-5562, UyuHa, ( 1971)~ 

4. n.c . .UaHe.'ISIH, B.B •. EijllfMOB, C.K. COTHHKOB •. )!(3Tcl> §§., 456 ( 1970) ~ 

5. E.R. Rae; W,R, Moyer, R,R, FU!lword, J~L. Andrews, Phys.Rev., 155, 

1301 (1967). 

6, H. E. Jackson; J, Julien, c. Samour, . A. Bloch, C, Lopata, J, Morgen

stern. Phys.Rev,Lett,, 17~ 656 (1966), 

7. S.F. Mughabghab, R,E, Chrien, O,A, Wasson, Phys,Rev,Lett,, § 

1670 (1970). 

8, D.L~ Price, R,E, Chrien, O,A, \;yasscm, M,R, Bhat, M, Beer, 

'R, Gravis: Nucl,Phys,,. A121, 630 (19?8), 

9, M, Beer, M.A. Lone,· R.E. Chrien, O.A, Wasson, H.R, Muether, .. ·. . ·- " 

Phys.Rev,Lett,, £Q, 340 (1968). 

,1 0, O,A, vyasso~, R,E, Chrien, Phys,Rev,, 'C2, 67q (1970). 

-----· 

P~KOIIHCh IIOCTyiinna B H3JlaTenbCKHH OT)len 

· 20 srusapSI 1971 rona, 
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