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1. nnSI BbiSICHeHHSI ponu HeCTaTHCTH'leCKHX atjltjleKTOB Ha He:liTpOHHbiX 
. _ Ill . _ 

6 peaoHaHcax BOCIIOnbayeMCSI IIpeano)KeHHOH B TpaKTOBKOH 5>1COKOB03 y)K-

JleHHhlX COCTOSIHH:li. CornaCHO 3TO:li TpaKTOBKe 1BOnHOBble tjlyHKUHH BbiCOKO­

B036y)KJleHHbiX COCTOSIHH:li rrpeJlCTaBneHbl B BHJle CyMM 6onbmoro 'IRena KOM-

12/. . . 
rroHeHT c paaHbiM qucnoM KBaauqacTnu. B · uccneaoaaHbi cnyqan 1 Koraa 

MOryT HMeTb MeCTO 6onbllHe KOppenSIUHH Me)KJlY IlpHBelleHHblMH He:liTpOHHblMH 

. ·. . 18/ 
umpunaMn u rrapuuanhHbiMH paanaunoHHbiMH mnpHHaMu Ha peaouaucax. B 

paCCMOTpeHbl B03MO)KHOCTH He:liTpOHHO:fi CIIeKTpOCKOIIHH JlnSI H3y'IeHHSI CTpyK­

Typbl BbiCOKOB036y)KJleHHblX COCTOSIHHH 1 caenaHbl OUeHKH BKnana ManOKB83H~ 

'18CTH'IHbiX KOMIIOHeHT B BOnHOBbJX tjlyHKUHSIX pe30HaHCOB H H3y~eH BOIIpOC 0 

KOppenSIUHSIX Me*llY (n,y) H_(Jp) peaKUHSIMH. 

B aauuo:li aaMeTKe nccneayeM 1 a KaKnx cny'laSix cneayeT O*Hilarb 

60nhillHX KOppenSIUH:li Me*llY rrapuuanhHblMH pallH8UHOHHbiMH illHpHH.aMH H 

o6cyanM aoaMmKHOCTH . uay'leHHSI apamarenhHbiX cao:licia BbiCOKoaoa6y:IKileH- · 

HbiX cocTOSIHH:li no cTerreuu aaMeaneHHSI · K- aarrpemeHHbiX E l u M l . rrepe-

XOilOB. 

2. BonHOByiO tjlyHKUHIO BbiCOKOB036y)KJleHHOrO COCTOSIHHSI (HaiipHMep 1 . 

. COCTOSIHHSI C 3Heprue:li 1 6nH3KOH K. 3HeprHH CBSI3H HeHTpOHa) .iWSI He'leTHOrO 

N 1"--l/l. + Ill ae,opMnpoaauuoro Slllpa c 1 cornacuo 1 cneayeT aarru-

caTh a cneayiOilleM anae: 
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WI (i/2+i b :;2+ (q) a :a 'I' 0 + 2: 
qU 

+ l: l: 
'~1•'~2•'~3 t 

u,. u2,u3 

b In 2t 

1/2 + ( q 17 ' q 217 2 ' q 317 3 ) a+ u a : u a ! u 'I' 0 + • • • + . 1 1 q1 1 2 2 3 3 

+ l: l: 
q, C7 ,, 

b In 0(; ( t 1 ( q ) a :
17 

0 ( ( t; q) 'P + 
(.1) 

B aroit ~opMyne Jl8Hhi ronhKO ManoKBa311'iaCTII'IHhie KOl\IITOHeHT~>I, 

KpOMe HIIX IIMeiOTCR MHOrOKB831i'i8Cl'll'IHbie KOl\lllOHeHTbl, Koa~~UUI!eHTI.I 

b I onpenenRIOT BKnan COOTBeTCTBYIOIIJeit KB831i'i8~·TU'IHOii KO:O..IITOHeHTI.I, ITT 

i - H_OMep peaoHaHca c JlBHHhiM aHa'leHReM. I" • 4epea a qu o6oaHaqe-

Hhi orrepaTopbi KBaan'laCTIIU, CoBOKYIIHOCTb KBaHTOBhiX 'lllcen, xapaKrepnayJO­

IllllX OJlHO'iaCTII'IHOe COCTOSIHile, o603HB'IeHa qepe3 ( qu) 1 C7 = ± 1 , HHJleKC 

f= n yKa3hiBaeT HB HeHTpOHHyro, t = p - HB npOTOHHYIO CIICTeMblo l.Jepea 'I' O 

0603Ha'leHO llp01i3BeAeHRe KB8311'18CTII'IHbiX BaKyyMOB JlnSI HeHTpOHHOH U npo-

TOHHOH ,CRCTeM, . ilpOR3Be)leHIISI BRAa 

onepaTOpbl ~OHOHOB napHblX BH6paURH 

11,41 
CM, B , 

+ + 
a q+ aq_ 

0 (; (t) 

B ( 1) 38MeHeHbl Ha 

, OcranbHhle o6oaHa'leHUSI 

KoppenRUHR ABYX llpOUeCCOB, npOTeKBIOillRX 'lepea OJlHO H TO X<e COCTOSI-

Hile ( HanpaMep, 'lepea i -hiM peaoHaHc), RMeer Mecro, ecnu ocnoanoii 

I 
BKnaJl B o6a llpOUeCCa A8101' OAHII II Te )Ke KOMllOHeHTbl b 111 BOllHOBOii 

~YHKUIIR Tllila ( 1), CrpyKTypa BhiCOKOB036y)KJleHHbiX COCTORHHH SIBllSieTCSI 

BeCbMa CnO)KHOH, BOnHOB851 ~YHKUIIR l'llil8" (1) IIMeeT 60llbillOe 'IIICnO . 
. OTnU'IHbiX. 01' Hyng M8nOKB831i'i8CTII'IHblX KOMllOHeHT, iloaTOMy KOppenRUH II 

nayx npoueccoa, npolleKaromax 'lepea OJliiH R Tor x<e peaoHaHc, 6yJlyr ncrpc­

'laTbCSI B rex, JlOBOnhHO peJlKIIX cny'laSix, KOrJla orrpeneneHHhie ManoKnaau­

'lacrn'IHbie KOMnoneHTbi 11rpa10r HaR6onee Ba)KHyt::> .Ponb, HaH6onhiiiHc :HI:I'I<'IIIHI 

Koppennunit cne]:lyeT Q)KJiJl8Tb B TeX RApax, y KOTOpl.IX CUllOIII.IC 

~YHKUIIU liMe lOT 6onbilllle. 3Ha'leH1151 B cny'la~ E 1 - nepeXOJlOB D OCIIOIIIII.IC 

II H113KOne>I<81Illle COCTORHIIR, KOTOpbie SIBnRIOTCR Han6onee 'IUCTiolMU, 

4 

l· 
$ r 

Ecn11 BXOJlHh!M COCTORHIIeM C'IR1'8Tb KOMllOHeHTbl l 

BbiCOKOB036y)KJleHHOrO COCTORHIISI, qepea KOTOpbie OCYII14 

UIIR, 1'0 KOppenSIUIISI JlBYX npouecCOB RMeeT MeCTO TOrJl 

06III11e BXOJlHbie COCTOSIHIIR y 31'11X JlBYX npouecCOBo ilpR 

Hllll BXOJlHhiX COCTOSIHIIH liBill ilOJlXOA K R3y'ieHIIIO KOppen 

6 - n - 151 0 Wee C Tp8Kl'OBKOH eHHa • 

3, PaCCMOl'piiM KOppenRUIIII Me)KJly PBAIIBUHOHHbiMR 

XOJlBX C pe30H8HCOB Ha pa3Hhle KOHe'IHhie COCTORHIIR, M 

E1 nepexoJla C BhiCOKOB036y)KJleHHOrO COCTORHII SI, OJ 

HOBOH ~YHKUReit (1), Ha OAHOKB8~11'18CTII'IHOe COCTOSIHIIe 

Jle~opMIIpOBaHHOro RJlpa, OllRChiBaeMoro BOnHOBOH ~YHKUI 

RMeeT BIIJl! 

r)le 

(±) 
v , 

qq 

TTl 
M ( E1; 1/2 +; ... K 

1 
q 

1
) = I 

q 

In ( ) 
b1j2+(q)v- l.<ql+lf' 

ql q 

-u1<q 1 +1r(E1)Jq->l+ I, I (38,n+8,P 
q, q 'C7 t 

In 2t 

)ul+l,lb1j2+ · qq 

ln2t · 
• < q+ I r(E 7)1 q '+>-b 

112 
+ ( qu, q 'u, q 

1
u

1
) < q+ I f'(EJJ:I 

1 /nOr( 1 - b ':> n v2 1/2+ (q)u (+) q q I 

(; (; 
[ X ( q ,J + y ( q ) I 

q z 
·l<q+lf'(El)l q 1 +>+u

1
<q+lf'(El}q 

1
-•> l; 

l±J u '= u y ,± u ,y qq q q q q =Uquq•± vqvq', <qui f'(E 1 

- onHo'laCTU'IIII>Iii 1\tarpnqn~oiii 3neMenr. E1 nepeXOJla, ~ 

Y (; ( q) xapaKrepii3YIOT qJOHOHt.I napHt.ix ou6paunii. CxoJlHI 

5 



( 1 ) 

'H"lHbie KOIVInOHeHTI>I 1 

reHTbi, KoscpqmuneHTJ.I 

aCTH"lHOR KOMllOHeJITW 1 

, 4epe3 a qa o6oaHa"le-

3hiX queen, xapaKTepuayw­

( qa) , a= ±l , ~luneKc 

IIIYJO CHCTel\1!,1, 4epe3 'I' O 

OB JlliSI HefiTpOHHOfi H npo- . 

o ( 1) aaMeHeHbi ua 

)CT8llhHWe 0003Ha"lei!USI 

ape3 OJlHO H TO }l<e COCTOSI­

-teCT01 eCliH OCI!OBI!Oii 

I 
eHTbl bITT BOliHOBOii 

X COCTOSIIIHll HBliSieTCSI 

aT 60llblliOe "lHCliO 

~. nosTOMY KOppeliSIUH H • 

Ke pe30H8HC1 6ynyT BCTpo­

npenenei!Hbie. ManoKnoaH­

pon&, Han6onhii1MC :1/III'IOUMSI 

y 'KOTOploiX CHliOIIIoiO 

~ nepexonoo o OGIIOIIHJ,JO 

m6onee. "lHCTJ,JMH, 

EcnH BXOJlHbiM COCTOSIHHeM C"lHT8Th KOMllOH9HTbl BOliHOBOil: cpyHKUHH 

BbiCOKOB03oy}I{JleHHOI'O COCTOSIHHSI1 "lepe3 KOTOpbie OCYIII9CTBliSI9TCSI, peaK-

UHSI, TO KOppeliSIUHSI JlBYX npOU9CCOB HMeeT MeCTO TOI'Jl81 KOI'Jl8 HM910TCSI 

06IIIH9 BXOJlHbie COCTOSIHHSI y :3THX JlBYX npoueCCOB, npu TaKOM onpen.ene­

H.HH BXOJlHbiX COCTOSIHHfi .HBIII UOJlXOJl K H3Y"l9HHJO KOppeliSIUHit HMeeT H9"1TO 

6 • n . 151 
0 lllee C TpaKTOBKOH 9H1!8 , 

3. PaccMoTpHM KoppeliSIUHH Me}l(ny panuauHOHHhiMH IIIHPHHaM~ npu nepe ... 

X0Jl8X C pe30H8HCOB Ha pa3Hble KOH9"1Hb19 COCTOSIHHSI, MaTpH"lHblll Sl19M9HT 

El nepexona C Bh!COKOB036y}I{Jl9HHOI'O COCTOSIHHSI1 OUHCbiB89MOI'O BOn-

HOBOH cpyHKUHefi (1), Ha 0JlHOKB83H"l8CTH"lHOe COCTOSIHHe He"leTHOI'O N 
ne<jlopMHpOB8HHOI'O S!Jlpa, OllHCbiB89MOI'O BOliHOBOfi cpyHKUHeit a : a 'I' O 

· I I 
HM99T BHJl: 

(2) 

J lnf!((n) (+) 
v2 b 1/2+ (q)u q ql -~ 

q 

·I< q + I f'(El) I q 1 +>+a 1 < q + If' (El) q 1'-•> I ; 
rne 

- OJlHO"lllCTH"lllt.lii I\1L1Tpll"lllt.lil :3llei\1911T El nepexona, tPYHKUHH x' (q} 

y ( ( q} xapaKTepuayiOT qJOIIOHI>l napHt.iX ou6pauuii, CXOJlHhlll BHJl HM9JOT 
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MaTp.II'IHbie aneMeHTbi JJ.IIH El nepeXOJJ.OB B c¢epnqecKHX HJJ.pax H T.JJ.. 

/1 4/ 
( CM. ' } • KoppenHUHH ME!*JlY El nepexoJJ.aMH HMeJOT MecTo TOI'JJ.a, 

KOI'JJ.a HX BepOHTHOCTH onpeJJ.E!IIHJOTCH OJJ.HHMH H TE!MH )I{E! Koalf>lf>HUHeHTaMH 

1 
b l/2+ • 

B CH1IbHOJJ.e¢opMnpoaaHHhiX HJJ.pax cneJJ.yeT · O*H1l8Tb 6onbWHX Koppen H­

un if ME!)I{JlY npHBeJJ.eHHbiMH napUH81IbHbiMH p8JJ.H8UHOHHbiMH WHpHH8MH Jl1IH 

K -paapeuieHHhiX nepexoJJ.oB ua ypoaun poTaunoHH~if nonoCbi, nocTpoeu­

Hoif H8 OCHOBHOM HIIH HH3K01IE!)I{8lliHX KB83H'I8CTH'IHb!X COCTOHHMHX. 

B He'IeTHhiX N JJ.e¢opMHpOB aHHhiX HJJ.pax, o6paaoaaawnxcH nocne 

38XB8T8 S - HeifTpOHa, ClleJlyeT Q)l{llJl8Tb 601IbWHe KOppe1IHUHH ME!)I{Jly 

napunanbHhiMH wnpnHaMn Jl1IH El nepexo)loB, uanpnMep, Ha ypoaun 

1
71 

= 3/2- H 7;2- , nocTpoeHHbie Ha cocTOHHHH 521 + B HJlpax 
165 Dy 

767 E J69E J7JE J69 Yb 111 Yb l73yb 773 Hf l75Hf 
r ' r ' r ' ' ,. ' ; H 

' 

177 179 J8J J8J Jli3 
H Ha cocTOHHHH 510 B HJlpax Yb , Hf , Hf , W , W , 

185
0s u Jlpyrux. B /6/ o6uapy>KeHa Koppe1IHUHH T =0,81 Jl1IH EJ nepexo-

JlOB 3982 K9B H. 3991 K9B H8 ypClBHH 1/2-1/2, 811 K9B If 3/2-1/2, 820K9B 

B 
239 u 

• TpyllHOCTb B HHTepnpeTaUHH 601IbWOH BE!IIH'IHHbl STOll KOppenH-

UMH CBH38H8 C TE!M 1 'ITO npupOJl8 HH3K0119)1{8WHX COCTOHHHH JIE!H3BE!CTH8. 

Moxmo O>KHJl8Tb aaMeTHhiX KoppenHUHif Me*AY El nepeXOJl8MH C 

pe30H8HCOB H8 p831IH'IIlble OJJ.HOKB83H'I8CTH'IHblE! COCTOHHHH, IlfliT[JHMep, H8 

, J 6 J J 63 J 65 J 6 7 
COCTOHHHH 52ft H 521+ B Grl , Dy , · Er u Yb 

B 'IE!THO-'IeTHhiX HJlpax, o6paaoaaawnxcH nocne aax BaT a 

cneJlyeT OX<Hll8Tb 6onhwue KoppenHunu Jl1ISI EJ nepeXOJlOB C 

S -HeifTpOHa, 

1"=1- pe-
+ + 

30H8HCOB Ha ypOBHH 2 0 II 0 0 pOT8UHOHHOH nonOCbl OCHOBHOI'O COCTOHHHHe 

' ' 121 
8TO OTHOCHTCH, HanpHMep, K HJlp8M 1 KOTOpbiE! nepe'IHCIIE!Hbl B K8K 

6naronpHHTHbie )l1ISI H861IJOJlE!HHSI 

0 
HbiMH· rnl H p8JlH8UHOHHb!MH 

KOppe1ISIUHll ME!*llY npHBE!JlE!HHbiMH HeifTpOH-

0 r y If WHPHH8MH. EonbwHe KOppenSIUHH M~ 

I'YT 6b!Tb ME!*llY paJlH8UHOHHbiMH WHpHH8MH K -paapeweHHhiX E l 

HIIH MJ nepeXOJlOB Ha ypOBHH pOT8UHOHHOH nonOCbl 1 noCTpoeHHOH Ha 

6 

\I 
i ~ 

l 
1 
i 

JlBYXKB83H'I8CTH'IHOM COCTOHHHH. ,.HanpuMep, Jl1IH . f J - . nep1 

7T - 764 + -! I = 3 peaouaucoB B Dy Ha ypoBHH 2 2 1987 KSB, 3 

+ /7/ 
4 2 2138 KSB c Kon¢nrypauneif nn 523+ - 521 + • B Hal 

WYJO KOppenSIUHJO ME!*llY ro 
nl 

HHSI. 

H ·ro ylf JlnSI El nepexo)loB 

Bo3MD*Hhi KoppenHUHH Me*llY paJlnauuoHHbiMH wupunaMl 

SIJlpax _Jl1ISI rrepeXOJlOB H8 p831IH'IHbie JlBYXKB83H'I8CTH'IHbiE! CDC 

'laJOwnecH nonm:<euneM OJlHOif KaaauqacTHUhi. TaK, B 
170

.Tm 

Koppennunn T = .0,088. Me*llY El nepexoJlaMu ua 15 cocToH 

7T + 
JlO 1080 KSB c peaouaucoa I = l • Ha 9THX 15 COCTOSIHHH· 

Typa TOIIbKO WeCTH HH)I{HifX COCTOHHHH. Ecnu orpaHH'IHTbCSI a 

nepeXOJlOD Ha nHTb COCTOHHHH C. KOH!f>nrypauneif p 411 J. n 52 

JlyeT D*HllaTb yaenn'leHHSI Koppenstunn T 

B He'leTHhiX N c¢epu'IeCKHX SIJlpax, o6paaoBaBwnxcH no 

·s -neifTpOHa, MOI'yT 6b!Tb 6onbWHe KOppenHUHH ME!X<Jly npH! 

pnnaMH 'Jlnst El nepexoJloB c peaouaucoa ua HH3Kone*awue. 

TH'IIIhiE! COCTOSIHIISI p l/2 II p 3/2 • Ha1I6onee 6naronpnnTHbi 

JlE!IIIISI 3T11X K0ppe1ISIUHH SIB1ISIJOTCH C1IE!JlYJOWIIE! KOMnayHJl-51Jlp1 

J97Pt 197 H 799 H 201 H 201Pb ,.g, g, gn • 

4. 0pencTaBn51eT HHTepeC nO)lOHTH K Bb!SICHeHHJO BOnpOC 

HOli lilOpMe II 0 Bp8WE!HHH ,CH1IbHOJlelf>opMHpOBaHHOI'O Sl)lpa, H8X 

Bb!COKOB036y>I<JlE!HHOM COCTOHHIIH. B. K8'1E!CTBe. nepBOI'O W8I'8 < 

CMOTpeTb, H8CK01IbKO XOpOWIIM HBIISIE!TCSI KBaHTOBOe 'IIIChO K 
MOMeHTa Ua. OCb CHMMeTpHH HJlpa} )l1IH .BblCOKOB036ymJleHHbl: 

YcnoBHMCH C'IHTaTb nepexoJlbi c. peaouaucoB · K -aanpeweu 

OHU YilOB1IeTBOpH!OT yc1IOBHJO .j1 1 -K f j> .\ • 0 ponn KB8HTOB 

MOX<HO CyJlHTb no CTeneHII 38M9Jl1IeHIIH .K -aanpeweHHbiX E 

pexo;toB c · peaouaucoa no cpaaueuuJO co cxoJlHhiMil, ·no K,.. 

nepeXOJlal\tu. Bnonue B03MO*HO, 'ITO ponb KBaHTOBoro 'lncna 

7 



IBCKHX .IIJlpaX H T,Jl, 

IMBIOT MBCTO TOI'Jl8 1 

m >Ke Koacjlqmun:eHTaMn: 

:n:naTb .6onbll!HX Koppen.II­

HHhiMII IIIIIPIIH8~H Jln.II 

IHOfi nonocbi, nocTpoeH­

hiX COCTO.IIHH.IIX. 

pasoaaBIIIIIXC.II nocne 

e KOppen.IIUHII MB>KJlY 

Ipn:Mep,. Ha · ypoaHn: 

'l , J 65 Dy • • a .IIJlpax 

JY:b J7J Hf Ji J75Hf 
't ) 

If 181 W 

=0,81 nn.11 El nepexo-

K9B II 3/2~1/2, 820 K9B. 

!n~'IIIHhl 9TOH KOppen.II­

CTO.IIHIIH HBII3BBCTH8, 

El · nepexonaMII c 

:TO.IIHII.II, nnnpuMep, Ha 

Er"u 
167

Yb. 
' ' 

1e sax BElTa s ·-nefiTpona, · 

repexonoa c I" = l- pe;.. 

:b(, OCHOBHOI'O COCTO.IIHH.Ilo 

/2/ 
'IIICnBHhl B K8K 

npiiaeneHHhiMII HefiTpoH.;. 

3onbll!IIB KOppen.IIUIIII MO-

-pa3pell!eHHh!X E l 
:hi,· nocTpoeHHofi Ha · 

llBYXKB831I'I8CTII'IHOM COCTO.IIHIIII. HanpiiMep, nn.II. E l - nepexonoa c 

I TT-- 3- l64Dy pe30H8HCOB B Ha ypOBHII 2+2 1987 K9B 1 3+2 2058. K9B II 

4+2 2138 K9B C KOHcjJHI'ypaun:efi 21 17 I 6. 6 
n n 523+ - 5 J. • B Ha nronanii onb-

ruy10 KOppen.IIUHIO MB>KllY .H 
,ro 

yll El nepexonoa Ha STII cocTo.II-

HH.II, 

BosMo>KHhi Koppen.IIUHII Me>Kny paniiaUIIOHHhiMII miipiiHaMII B 'IBTHhiX 

.llllpax lln.II nepeXOllOB Ha pa3nii'IHhiB llBYXKB831I'I8CTII'IHhiB COCTO.IIHII.II1 OTnii-

170 
'Ia!OlliiiBC.II nonon<enn:eM onHofi KB831I'IaCTIIUhi. TaK, B Tm o6napy>KeHa 

KoppenstUII.II T = 0,088. MB>KllY El nepexonaMII Ha 15 cocTO.IIHIIH c snepi'Heii 

I TT J+ 
llO 1080 KSB C pe30H8HCOB = • 1:13 STIIX 15 COCTOSlHIIH II3BBCTH8 CTpyl<-

Typa TonbKO ll!BCTII HH>KHIIX cocTostHIIfi. Ecnii orpaHII'IHTbC.II ananiiSOM El 

nepeXOJlOB Ha ll.IITb COCTO.IIHIIfi C KOHcjJIII'ypaUIIBH p 411 J. n 521 J. 1 TO cne~ 

AYBT O>KIIllaTb yaenii'IBHH.II Koppenstuuu T 

B He'leTHbiX N ccjlepu'leCKHX .llnpax, o6pasoaaallln:xcst nocne saxaaTa 

S -IIBHTpOHa, MOI'YT 6b!Tb 6onbll!IIB KOppen.IIUIIH MBlKJlY npiiBBll.BHI!biMH IIIH-
'• ~ 

. puuaMH ·An .II El nepeXOAOB c pesoHaHCOB na HII3Kone>Kall!ue . OllHOKBa3H'Iac-

TH'llli>IB COCTO.IIHHSl p J/2 H p 3 ; 2 • Hau6onee 6naronpH.IITHb!MH AnSI Ha6n·IO: 

JlBIIIISl 

J97p, 

3TIIX KOppen.IIUHH .IIBn.IIIOTC.II cne)ly!Oll!IIB KOMil8YHJl-S1Jlpa: 

l97H l99H 201H 2o1Pb. 
'' g I g I g H 

195
Pt 

4. DpellCTaBn.lleT HHTepec nO)lOHTII K Bb!SlCHBHHIO BOilpOC8 0 p~BHOBBC­

HOlr tllOpMe H 0 BpaiUBHHII .CHnbHOJlBcjJOpMIIpOB8HHOI'O .1Illp8 1 H8XOJl.lllUBI'OC.II .B 

Bb!COKOB036yli\JlBHHOM COCTO.IIHHH, 8. K8'IBCTBB, nepBOI'O lli8I'8 cne)lyeT no­

CMOTpeTb1 HacKonbKo·xopoll!n:M .IIBnsteTc.II KBaHToaoe 'IIIcho K (npoeKUH.II 

MOMBHTa H8. OCb CHMMeTpiiH .llllpa) )lnSI Bb!COKOB036y>KJlBHHbiX COCTO.IIHHH. 

YcnoanMcst C'liiTaTb nepexoJlhi c pesoaaHcoa K -sanpemeHHbiMH, ecnu 

ouu yAoaneTaopstiOT ycnoau!O ·I I 1 - K f I>,\ . 0 ponn KBaHToaoro 'In en a K 

MOll\HO cy JlHTb no CTeneHH 38MB)lnBHH.II K -sanpemeHHhiX El u Ml ne-

pexo;:J.Oa c · PE:l30Hancoa no cpaaueuuro co CXOllHhiMH 1 no K ~paspell!eHHhi!IIII 

nepexo)la!ltH, Bnonae B03MO>KHO, 'ITO ponb KBaHToaoro 'Iucna K He OJlHHa-
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KOBa B paann'IHbiX 'IneHaX BOnHOBOH <fJYHKUHH { 1), Do~TOMY cne]lOBano 6bi 

H3Y'IHTb creneHb aaMeJlneHHSI K -aanpemeHHbiX El nnn Ml nepeXOJlOB 

C pe30HBHCOB Ha KOHe'!Hbie COCT05IHH5I1 Jln5I KOTOpbiX PBllHBUHOHHbie lllHpi!Hbl 

Moryr 6biTb KoppennponaHbi nnn He KoppennponaHbi { HanpnMep, Ha llBYXKBa­

anqacrnqHhie llpOTOHHhie COCT05IHH5I) C HefiTpOHHbiMH lllliplfHBMH, 

.nepeqncnnM P5Ill cnyqaen, Han6onee 6naronpnSITHbiX Jln5I BbiSicHeHn5I 

nonpoca o creneHn aaMeJlneHH5I K -aanpemeHHbiX no cpaBHeHnJO c K-
paapemeHHbiMH El -nepexollaMn c peaoHaHcon ~ ·Han6onblllHMH CIII!Hlll\llf 

I, , Docne 38XBaTa s -HefirpoHa o6pa3yJOTC5I peaoHaHCbi B cneJlyJOmnx · 

5Illpax: 

166 TT - + 
1) Ho peaoHaHCbi 11= 4 pacrraJlaJOTC5I Ha cocT05IHHSI 4 3 c 

+ -aHeprnefi E = 261 Kan, 4 4 c E = 372 KaB n KoH<jlnrypaunefi p 523 1 + 
+ . 

+ n 521 + H 3 1 c E = 522 K3B n KOH<jlnrypaunefi p 523 1 - n 523 + 
) 176 I" 4+ 2 Lu peaoHaHCbi 

1 
= pacrraJlaJOTCSI Ha cocrostHnSI: 3-0 c E= 

239 KaB, p 404+ - n 514 t , 3-3 c E = 662 K9B
1 

4-4 c E = 791 K9B lf 
KOH<jlnrypaulfefi p 404.; + n 510 t 

177L · - -3) u peaoHaHCbi 13/2 n 15/2 . 1 + pBCIIBJlBIOTCSl Ha COCTOSlHHm 1/2 
+ 

7/2 404+ , c E = 269 xan, 13/2 7/2 404 _. c E = 441 K9B ( B03MmKHa 

0 0 + + 
Koppen5IUH5I Me}KJlY rY'' If rn/ ) 11/2 5/2 402 f c E= 817 K9B, 13/2 5/2 

402 t c E= 985 K9B {He JlOmKHO 6b~b KOppenSIUifH Me'KllY ry0, ~ H r: I ) ' 
+ . 

11/2 11/2 p514f -n 514+ +n624 f c E = 1230 KaB (He JlOmKHO 6biTb 

0 0 + + 
KoppenSlUHH Me}K.cty ry, H rn/ ), 15/2 15/2 c E = 1357 K9B, 13/2 13/2 

c E= 1502 K9B n KOH<jlnrypaunefi p404_. + n514.o +n510t (no::JMO}!{Ha 

0 0 ) KoppenSlUHSl Me}K.cty l:'y 
1 

f lf rn/ ; 
) 178.. · TT - + 

4 nf peaoHaHCbi 1 1 = 4 pacrraaaiOTCSl na cocTommg: 4 0 c E 
+ E . + E 

306 K9B 1 4 4 C = 1513 K9B 1 4 3 C = 1957 K8B H KOII~JHI"ypaunoii 
nn 514+ + 510 t 

5) 182"Ta peaoHaHcbi TT + . -
11 =4 pacuaaalriTCSl !Ia COCTOSIIIHSI: 3 3 OCIIOB-

Hoe p404+ - n 510 t , 3-0 c E = 702 K3B p 404+ - n503 t ; 

8 ' t 

182 TT + 
6) W pe30HaHChl I I = 5 pacrraJlaiOTCSI Ha COCTOSIHlHl 

. /9/ . 
1488 K9B, oKrynonbHoe, y. Koroporo cornacHo · , KOH<jlnr: 

- 402 ~ smnsmTcSl npenannpyJOmefi, 4-4 c E = 1554 K3B nn 

Bo ncex arux rrpnMepax Hap5Illy c K -aanpemeHHhiMH 

pellleHHbie El rrepeXOllbi, na. cpaBHeHnSl c KoropbiMH MO}KHO 

M:aneHbi nn K-aarrpellleHHbie . nepexoabl •. )!(enarenbHO npoa 

coorBeTCTBYJOIIlHe aKcrrepnr..leHTanbHble aaHHbie. Han6onee nfl 

nSieTCSI cny'!ail, Koraa s -HeilrpoH aaxBaTbiBaeTCSl 
176 Lu 

177 TT . ~ -
peaoHaHCbi . Lu c ·I = 13/2 11 15/2 • 

I 

DpeacrannSieT nHTepec npoanannanpoBaTb nMeJOmHeCSI 

Hhle Jl811Hbl8 II IIpOB8CTif HOBbie 9KCIIepnMeHTbl IIO lf3y'IeHUIO 

M8}!{Jly rrapunanhHbiMn pa.nnaunoHHbiMn llllipnHar..ln. 11 rro orrpeJJ 

aaMeaneHnSI K -aarrpemeHHbiX El n MJ rrepexoaon c Heil1 

HaHCOB, CneJJyer nMeTb B BI!Jly, 'ITO crpyKrypa BbiCOKonoa6: 

TOSlHifH SlBITSl8TCSl B8CbMa. CnO)I\HOii, OHa, IIO-BIIllll/'o.IOMY 1 381'-.18 

OT pe3oHaHCa K pe30H8HCy .II Bbilllepaccr..toTpeHHble a<jl<jleKTbl 

MeCTO TOnbKO anSl TeX pe30H8HCOB 1 BOnHOBbl8 <jlyHKUIIII KOTO] 

cpaBHIITenbHO 6onbllllfe B8ITH'II!Hbl ManOKB831!'18CTII'IHbiX KOMII 

B8}KH0 IIpOB8CTif KOMIIneKCHOe U3y'leHI!e CTpyKT)'pbl orrpe.:tenE 

B036y}KJlQIIHbiX COCTOS!IIIIii rryTel\1 1131\IepeHIISI HeiiTpOHHbiX II II 

paJlnaunoHIIbiX lllllpiiH, a -lllupnn, Mai"HIITHbiX 1\101\leHTOB pea 

Oco6euno IIIITepecHo rrpoBecrn KOI\lllneKcHhie uccneaonaHuSI E 

D KOTOpWX yme 06Hapy}KeHbl He CTBTIICTII'IeCKIIe a<jl~eKTW, 

B 3aKniO'Ieiiue 6naro]lap10 <1>. Ee'Inap)l\8, 10 .n. norroBa I 

Ba 3a IUITOpOCIII>Ie o6Cy)I\A9HIISI, 
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El HJIH Ml nepeXO.QOB 

ophlx p8.nnaun6HHhle mnpHHhl 

8Hbl ( H8npHMep1 H8 .QByXKB8-

ihiMH lllHpHH8MH. 

mpHS!l'HhiX .QJISI Bh!SICHBHIISI 

IhiX no cpanue'uu10 i:: K -

C · H8H60JiblliHMH CnUII£\l\IH 

SI pe30H8HChl B CJie.Qy!OlliHX' 

'CSI H8 'coCl'O,SIHHSI 4+ 3 C 

1 Koucjmryp8unen p 523 f + 
neif p 523 f · - n 523 ~· 

I Ha COCl'OS!HHSI: 3-0 C f= 

K3B, 4-4 C f = 791 K3B H 

3IOTCR H8 COCTOSIHHSI: 11/2 + 

::: ' f = 44l K3B, ( B03MO>KH8 

f C f;,. 817 K3B1 13/2+5/2 

UHH MeiK.QY [' 0 , H · [' 0 ) 
Y If n I 1 

>0 K3B ( ue .nomKHo 6b1Tb 

f = '1357 K3B 1 13/2+13/2 

4+ ·~ n 510f, .. (n~3MOIKH8 

' + 
118 COCTOIIJIHSI: 4 0 C f 

i7 K8B H KOII~JHI'ypaUHOfi 

OCIIOB-

h ~ n503 t 

' ! l 
I 

182 1T + -6) W pe30H8HChl 1
1 

= 5 pacna.Qa!OTCSI H8 COCTOSIHHSI: 4 2 C f = 
/9/ ' 

1488 K3B
1 

OKTynOJibHOe, y KOTOpOI'O COI'JiaCHO ' 1 KOUcjJHI'yp8UHSI pp 514t'-: 

- 402' SIBJIS!eTCSI npeB8liHpy!OllieH 1 4-4 C f = 1554 K3B nn 624 t - 510 t • 

Bo ncex aTIIX rrp11Mep8X uapSI.Qy c K -38npemeHHhiMH .Q8Hhi K -p83-

pemeHHhle El nepeXO.Qhi, H3. cpanneHHSI c KOTOphiMH MO)KHO. BhiSICHHTb 1 38-

MO.QJieHbl JIH K-3anpemeHHhie nepexo.Qhi. )!{en8renbHO npo8H8JIH3HpOB8Tb 

COOTBeTCTBYIOIIliie 3KCnepHMeHT8JibHbie .Q8HHbie, Hau6onee HHTepeCHh!M SIB-, 

" 17,6Lu 6 JIS!Bl'CSI cnyqail 1 KOI'.Qa s -HeHTpOH 38XB8ThiB8eTCSI H 0 pa3y!Ol'CSI 

pe3oHaHChi 
177 Lu c 117 = 13/2- 11 15/2-. 

I 

0pe.QC1'8BJISieT HHTepeC np08H8JIH3HpOB8Tb HMeiOIIlHeCSI 3KCnepHMeHT8Jib-

HWe A8HHhle II rrponeCTH HOBhle 3KCnepHMeHThl no H3y'leHHIO KOppeliSIUHH 

MeiK.QY rr8puuanbHhiMU p8.CIH8UUOHHhiMH mupuu8MH. u no onpe.neneun10 creneun 

38MeAneun 51 K -3anpemenHhiX El H Ml nepeXO.QOB C HeifTpOHHhlX pe30-

H8!1COB, Cne.QyeT UMBTb B BIIAY 1 'ITO Cl'pyKTypa Bb!COKOB036y/K.QeHHhiX COC-. 

TOSIHHH SIBJISiel'CSI B9CbM8 CJIO/KHOft, OHa, nO-BII.QIIl\IOl\IY 1 381\leTHO 1\leHSieTCSI 

OT pe30H8!1C8 K pe30H8HCY U BbiiilepacCMOTpeHHhle acjlcjleKThl 1\IOI')'T 11:\lel'b 

MeCTO TOJ!bKO .QJISI TeX pe30H8HCOB 1 BOJIHOBble cjlyHKU~ll KOl'OpblX 11!\le!Ol' 

cpaBHUTBJ!bHO 6oJibli1Ue BBJIH'II!Hbl l\18JIOKB8311'18CTII'JHbiX KOMnOHeHT, BeCb:\18 

B81KHO npoBeCTH KOMnneKCHOe 113Y'IBH!Ie CTpyKTypw onpeaeneHHhlX BhlCOKO~ 

B036yiK.Q911HblX COCTOSIIIUfl rryTel\t 1131\!BpeHIISI HeiiTpOHHbiX II rrapU!18llbHbiX 

pnAH8UHOilllbiX II111p11H 1 a -mupHH, !118I'HI!THbiX l\101\leHl'OB pe30H8HCOB II l'~.l· 

Oco6eHno unTepecno nponecru KOI\tnJieKCHbie uccne.nonuHIISI n rex H.Qpax, 

B KOl'OpWX yiKe 06Hapy1KBHhl He CT8TIICTU'IeCKII9 3cjl~BKl'W, 

B 38KJIIO'IBIIUe 6nnro.nap10 ¢. 6e'IB£1p11W, IO.n. norroaa II n.T. 0pOIW4lb()­

ll£1 3£1 ltlll'BpC!CIIhlC! o6Cyii\A9HUSI, 
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