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AMnnnTyna pacceHHHH A TennoBhiX neliTponoB na HApax; o6nanaromnx cnH

noM, 3aBHCHT OT OTHOCHTenbHOll opHGHTaUHH CllHHOB nel!TpOHa H HApa H M0*9T 
/1/ 

6biTb npeACTaBnena B BHAe 

... 
rAe a 

neliTpona, 

Am a + ,8((1j), (I~ 

(ax 1 ay , az ) - COBOKyllHOCTb MaTpHn fiaynn, OllHCbiBa!OliiHX CllHH 
... /2,3/ 
J ~ onepaTop cnnna Hnpa. KaK noKaaano B pa6oTax , BcnencTBne 

sTOro neliTpOHhl o6n~AaiOT B qacTnqao nonBpnaoBannoll Mnmenn ABYMH noKa3aTenn

MH npenoMneHHll B COOTB9TCTBHH C ABYMH B03MO*IIb!MII HanpaBn9IIHSIMH nonHpH3a

UHH H9HTpOHa OTHOCHTGnbHO B9KTOpa llOnHpH3aUHH S!Aep. EcnH S!Apa OAHHaKOBhl II 

o6paayroT K·pncTannuqecKyro peiiieTKy, nanpnMep Ky6uqecxyro, TO AnH nocTaToqno 

MeAn9HHhlX H9HTpOHOB 

n+•yl+4rrNb;J; 
- k2 

(2) 

. a+f3IP .(!;, 
rne N -qncno HAep B 9AHHHne o6~eMa, b+ s - ,P~ryrcTeneab 

. - l+ik(a±f31Pl . 
nonHpH38UHH MH1Il9HH, k -BOnHOB09 qncno HefiTpOHOB·, 3Hl\K nniOC OTHOCI!TCSI ·K 

- " . . /3/ 
aefiTponaM c nonHpnaannen, nanpaBneaaou napannenbHO nonHpnaamm HAep 

fipn aannqnH CIIHHOBOr~ B3aHMOA9HCTBHSI IIOKa3aTenb npenoMneHHH KpHCTan

nnqeCKOfi Mnlilenn Aa*e npn qncTo ynpyroM pacceHnnn Ha HApax, Boo6me roBOpH, 
Ill 

He HBnHeTCH A9HCTBI!T9nbllb!M o KaK cneAyeT H3 ( 2), MHHMaH qaCTb llOKa3aTenH 

npenoMneHHH orrpe.r:tenHeTCSI MHHMOfi qaCTbiO BennqHHbl b+ : 

_Imb ± 
lm(a±,BIPl-kla± ,8IP!

2 

II+ ik(a ± ,81Plj
2 (3) 
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. /4/ 
Cornacno onTn~ecxon TeopeMe nnH ~aCTHU co cnunoM 

Im(a ± f3 IPl- ..!.._a<~> 
41T 

(4) 

rne a<±> -nonnoe ce~enue paccennnn nnH nefiTponoB, nonnocTbro nonnpnaoaan-

nwx no nnn npoTHB nonnpnaannn nnep cooTaeTcTBeHHo, ~omno noxaaaTb, ~TO B 

' cny~ae ~ncTo ynpyroro paccenHHH 

_.. <±> 
a nona. 4>1llal

2 
+ lf31

2
W +ll+ (2IRe(a{J*l-I\fJI

2
lP I. 

Ha (4) n (5) cnenyeT, ~To (3) Momno npencTaBHTb B anne 

lmb± klfJf l(i+ll- I
2
P

2 + IP 
. \1+ ik(a +fJIPll 

(5) 

(6) 

I1yCTb MI!Wenb nonnoCThiD nonnpnaoaana ( P = 1). Ecnn nomipnaanJUI nefiTponoB 

napannenbH8 nonHp1!38nHH HABp1 TO 1mb+ = 0, noKa3aTenb npenoMnenHll nefiCTBH

Tenert n nexorepenTnoe paccellnne oTcyTcTByeT. Ecnn nonllpnaannll neATpona 

npoTnaononomna nonnpnaannn nnep, To Im b _=I o, noxaaaTenb npenoMneHHH KoMn,.... 

neKCHbiA n na ( 2) cnenyeT,· ~To xoS(jl<!JnnnenT nornowennH K B nepagM nopHAKB 

no MnoroxpaTHOMY pacceHHHID paaen 

K = Na 
nepea. 

2 
N811Ij{JI • (7) 

rne 0' 
nepeB. 

saTe.nSI , n + H 

ceqenne paccesmnn c nepeaopoToM cnnaa, l1pn Pr' 1 ofia noKa

n_, - xoMnneKCHbl1 npnqeM aaTyxanne .xamnoro ua npoxonnmnx 

ny~KOB onpenenHeTcH 'nexorepenTnofi' 'laCTbro ynpyroro pacceHHHH, paanon 

T,e, Ha OCHOB8HIIIl ( 5) 

Ecnn P= 0, T/1/ 

<±> <±> 2 
a HK = a nona. - 4rr!a + ,BIP 1 ; 

0'<±> 
HK 

41Tif3~ 2 1I(I+ll-I2P2 'F IPI. 

4 

(8) 

( 9) 

' 

li 
;J. 

l 

! 

l 
I 
.I 

'['-' I 
·:r, 
r 

.. , 
l 

(+) 

O'H~ 
(-) 

= 0' 1!-K 

OopaTHM BHRM8HHe Ha TO OOCTOHTenbC 

TH'IHO nonnpH30B8HHOfi MHWeHH BKnan 

nponecc c nepeaopoToM cnnna nefiTpo 

aopoTa cnnna nefiTpon.a< BbJoepeM om 

xaaaTb1 ·'ITO ceqenne paccennnn c nei 

2 
r:ne m 

PaanocTb 

0'<±> • 2 
nepea =417 1,81 

-cpennee ana'lenne xaanpaT. 

(+) <±> 
u- -a 

HK nepea 

rne . HCnOnb30B8HO COOTHOWeHHe I p = 

nonoanna acerna cnpaaennnao paaenc 

<+> 
ani{ 

<±> 
anep• 

Ha ( 12) cnenyeT; 'ITO B nexorepeHTf. 

Taxme n neiiTpoHbi1 paccenHHbie oea 

ro pacceHHHH oonaana CBOHM nponcxc 
xx/ 

KBSRTOBoro 'IHCna , K TOMy me MC 

x/ Hei!:TpoHbl npennonararoTcn· n 
qae, xorna nonHpnaaunH Hnep oTnU'IH 
U npOTUB nonHpll38nHH HA6p HBnHIDTC: 
npaanen non yrnoM K. nonHpnaannn H. 
CBHaaHHbie c ero npeneccneii a. Hnep 

xx/ · ' . 
3aMBTHM1 'ITO Bblpamenne ( 

BSBWllX !pnroKTyannro MarRHTHOrO KB8l 
nefiTponoa oea nepeaopoTa cnnna oyJ 
pacnpenenennn nanpaanennH cnllnoa· 
HJ:IBp1 OonanaroJnHX onpenenennoii CIIH 
eTCH CODCTBeHHOii <jlyHKUIIBfi.onepaTO] 
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/4/ 
nnn qacT~ co cnnnoM 

(4) 

paccennnn.nnn neATponoa, nonnocTbiD nonnpuaoaan

. nnep COOTBeTcTBeHHO, .MolKHO llOK838Tb, 'iTO B 

I,B\2 HI +ll+ (2IRe<aJ3*l..:.Il,BI
2
lP 1. 

(3) MOlKRO npencTaBHTb B anne 

I .at~ I(I +1)- I
2
P

2 + IP 
. \1 + ik(a + ,BIPl\ 

(5) 

( 6) 

lncinnpuaoaana ( P = 1). Ecnn nom1pnaauun aeATponoa 

= 0, noKaaaTenb npenoMnenun neAcTBH

I=cenaue· c>TCYTCTByeT, Ecnn nonnpuaaUH!I neATpoaa 

nnep, . TO Im b _ =/ o , noH:aaaTenb npenoMneHH!I KOMn,.-. 

K = Nu 
nepea. 

nornomeHH!I 

2 
N877I\,8l • 

K B nepBQM llOpHAKe 

(7) 

pacceli!HHli c nepeaopoTOM cn.ana, Tipn P;6 1 o6a noKa

>MnneKc~hl, npn'ieM aaTyxaane_KaJKAoro na npoxoA!IWHX 

A" qacTbiO ynpyroro paccenmm, paanoA 

(+)·. (+) 2 
aHK = un-;nH. - 477!a + ,BIPI ; (8) 

<±> . 2 2 2 I u . = 417\,8~ IHI+ll-I p "'IP . 
HK 

(9) 

4 

~ 
/J 

\ 

\tl 
'~t 

. ·~' 

<±> 
UHK 

(-) 

aH,....K 
41T\,BI2HI+ 1). (10) 

06paTIIM BltHMAHHG HA TO o6CTO!ITenbCTBO,· 'iTO B cnyqae RGJ10nlipH30BAHHOI\ H 'lAC-

TH'IRO non!ipH30B8RHOH MI!WGRH BKnan B ReKorepeRTROG paCCGHRHG naeT He TOnbKO 

npouecc c nepeaopoToM cn.ana neiiTpona, no TaK>Ke npouecc pacce!lnnn 6ea nepe
x/ 

aopoTa cnnna aeiiTpoa.a• . Bbi6epeM ocb z ano= noiiSipnaaunn 11nep • Mo>Kli:O no-

KaaaTb, 'ITO ceqenne paccenann c nepeaopoToM cn.ana aei\Tpona 

(+) • 2 . 
un;pea =4771.BIIl<I+ll-:-m

2 
+IP\, 

( 11) 

~ne m
2 -cpennee 3HA'IGHIIG KBAApaTA MarRHTHOrO KBAHTOBOrO 'iUCna HASp, 

PaanocTb 

<±> 
U HK 

( ±.> 
-a nepea 

2 . 2 .2 
477\,BI lm -m I. (12) 

rAe .. ucnonb30B8HO COOTHOWGHHG 1 P = m • B 'ISCTHOM cnyqae nnep CO CllHHOM 
. 2 " /3/ 
nonoanna acerna cnpaaennuao paaeHCTBO m = ,. , n sTa paauocTb panna 

C+ > 
UHK 

(-f:) 2 
unepea.= 77 1.81 ll-P

2

\. 
( 13) 

Ma ( 12) cnenyeT; 'ITO B ueKorepeRTHOG pacce~IHHG neACTBHTenbRO naroT BKnaA 

TaK>Ke n a.e!iTpORhi, pacce!IRRbie 6ea nepeaopoTa cnnaa. 3Ta _qaCTb neKorepenTHO

ro pacce!IHUH o6naana caouM npoucxoJKAenneM nanuqnro ljlnroKTyaun!i MarnnTnoro 

xx/ KBARTOBOrO 'iUCna , K TOMY JKe MOlKIIO llpHfiTH H C npyrofi TO'IKH apeRHH, AMnnu-

x/ HeATpORhi npennonararoTCl't" nonnpnaoaaHRbiMH no nnu npoTnB ocu z • B cny
qae, Korna nonnpuaaunn nnep oTnnqna oT nynn, cocToHHBlil neATpona co cnunoM no 
H npOTHB nonnpB381lHH HASP HBn!lroTCH CTAUHOHApHhlMH, Ecnn JKe Clll!H ne!iTpOHA Ha
npaBnGH !lOA yrnoM K. nonnpU381ll!H liAGp 0 TO B03HHKAIDT HGKOTOpbiG ycnOlKReHUli 1 

canaaRRbie c. ero npeueccuen a. nAepnoM none Mmnenn/2/, 

XX 3aMGTHMo 'iTO Bb!pa>KeHl!G ( 12) cnpaBaAnliBO HG38Bl!Cl!MO OT npH'il!Ho Bbl3-
I . . 

BABWHX qmroKTyaunro MarnuTnoro KBAHTOBoro qucna m • HeKorepenTnoe ·paccennue 
neATponoa 6ea nepeaopoTa cnuna 6yAeT nMaTb MeCTO KaK acnencTane cnyqaAnoro 
pacnpeAenennn nanpaanenun cnunoa·nAep/5/, TaK n acnencTane ~nroKTyauun y 
nAep, o6nanaromnx onpeAeneuno!i cnunoaoii aonnoaofi ljlynKuneii, KoTopan ne sans-

eTCH co6cTaennoii ~ynKuneii onepaTopa Iz 

.· 
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TyJJ.y pacc9HHIHI A a 093 JI9p9BopoTa cnu.11a .11eATpo.11a .11a i - oM srJJ.p9, aaxo..; 

JJ.Hill9MCH B onp9JJ.9n9HHOM cnRHOBOM COCTOHHRR C MarHRTHbiM KB8HTOBbiM 'IRCnOM 

m a ( a H3M9HH9TCH OT - no + 1 ) 
1 

MOlKHO np9nCT8BRTb B BRn9 cyMMbl 

~ n.l A a , rn9 n I HM99T 3H8'19HH9 9nHauna nnu cocTOHHRSI m a a a · a . . 
Hnpa i H HOJJ.b nnH BC9X npyrHX COCTOHHHA aToro Hnpa. AMUJJ.RTyna paCC9SIHHSI 

aa N srnpax MHill9liH A nMeeT BHn 

_.,) 

N ... 
A = ~ ( ~ A n 1 ) -14 R 1 

I= I a a a e 
(14) 

... 

rne R
1 

- pannyc-B9KTop -ro nnpa, q -n9p9naailhlli HMnyn&c. 0Tcrona ua-. 

T9HCHBHOCTb paCC9HHHbiX B H9KOTOpOM HanpanneHHH HeliTpOHOB W nponopnno-

HanbH8 Bblp8lK9HHIO 

0 ... ... ... 

W "' ~ ( ~ A A* 1 L ) -lq ( R I - R o) 
If af3 a f3 na n f3 e . L ( 15) 

rne qepTa o3JiaqaeT ycpenaeaHe no aacaMonro Mnllleiieli c HnpaMR, aaxonsrmnMnca 

B pa3nH'IHbiX cnHHOBbiX COCTOHHHHXo Bblp8lK9HR9 ( 14) MOlKHO nepenHC8Tb B anne 

I -1-icil -n > 
\'I .. ~(~AaA~n n 1pl+~ (~·A A"tlnliRle 1 e 

1 af3 P a 1;lf af3 a P a P 
( 16) 

I 
n~ n{3 0 , ecnu a ;f, f3, H Y'IHThiBa:n, 'ITO 1!:3 onpeneneHHSI n~ cnenyeT 

n~ n~ = iia nf3 UpH i ;f, f , nonyqaeM 

-lq(R1-tte> 
e 

(17) 2 2 
w .. N~ lA I liT+ I~ AaD.a I~ 

a a a a 1;l f 

EcnR B9pOHTHOCTb OOHapylKHTb Hnpo B COCTOHHRH C M8I'HRTHbiM KBSHTOBbiM 'IHCJJ.OM 

ma paBHa p a , To ~ = pn a = p a H 

2 -I! (ttl - it f ) 
IV ., N I~ I A I p - ~ A A*RP p R I+ ( ~ A A *R p p ul ~ e 

a a aaf3apap af3apap
1
f 

T.e. 

6 

W-NIIA[
2 

-1Ai
2
l+ ~All 

HeTpynao npoBepHTh, 'ITO STO Bb!palK&HI 

2 

w .. Nif31
2

lm 2 -:-m l+i.A 

TiepBbifi 'IJJ.9H 1 HBJJ.HIOiliHHCH CyMMOil: HHTE 

KalKJJ.oM Hnp9, onp9JJ.9nH9T aeKor9peHTHc 

TOJJ.bKO non 0'19Hb MSnbiMH yrnaMH H OJ 

HTaK, Mbi BHnHM,_ 'ITO BCJJ.9JJ.CTBH9 

m IIOHBnHeT.CH H9KOI'9p9HTH09 pacceg 

pacc9HHHe ananorH'IHO HeKorep9HTHoMy 

npn cnyqaiiHOM pacnpenenenHH H30TonoE 

nH'IHIO iflnroKTyaUHH nnOTHOCTH 'IHCna Hn' 

4>niOKTyaiiHH paBHbl HYJJ.IO H H9KOI'9p9HTI 

TpOHa OTCyTCTBy9T TOnbKO B cnyqa91 Kl 

HRTH09 KB8HTOB09 'IHCnO ma • 

3aM9TRM1. 'ITO nnH Hn9p CO CnHHOI 

CHTy811Hll 1 Korna Cpenne9 3H8'19IIH9 CnH 

nonHpH381lHOHHbl9 MOM9HTbl ( H81lpHMep, 

B aToM cnyqae rroKa3aTenb.IIp9n6Mn9HE 

• 
H TOT lK91 onaaKO C9'19IIH9 H9KOI'9p9HTE 

TpOHS 38BHCHT OT H8IIpaBn9HHH nonHpH~ 

onpenenHIOillllM BbiCiliR9 MOM9HTbl ( Hallp 

KBanpynonHpR38IIHR). 

B To JKe apeMH nonnag.unTeacnnE 

OT 119pBOH8'18JJ.bHOI'O HanpaBneliRH CIIHHC 

fl ll T e 

1. A. Axue3ep, -H. TioMepan'lyK. HeKoT 

2. B.r. EapbiillencKnli, M.H. TionropeuK 
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cnnaa aefiTpoaa aa i - ,oM srllpe, aaxo...; 

COCTORHHH C MarRRTHbiM KBllHTOBbiM 'IHCnOM 

+ l ) 
1 
M~)Kl!O npellCTaBHTb B Blllle cyMMbl 

3HO'IeHne, e)lHRllUa )lnH COCTOSIHHH m a 

aTo~o sr)lpa. AMnnnTylla paccesransr 

A nl ) -r~it 
a a e l ' 

(14) ... 
;j -nepellaH!i:biil nMnyn&c. 0TCJOila na-, 

aanpaBneann aefiTpoaoB W nponopnRo-

0 .. .. .. 

A A *{3 nl L ) -lq ( R I - R o) 
a an{3e , L ( 15) 

no aacaM6nro Mnmeiiefi c SIIlpaMn, aaXOilSIWllMIICH 

MOmHO uepenl!CaTb B Bl!ll9 

<J AaA~n~n~)e-l<i"<itl-~e> (16) 

I 
cnellyeT n~ n/3 0 , ecnn a ;f. {3, 11 

12 ~ 
I ;f. f 

-lq(RI-~f> (17) 
e 

C MaranTabiM KBaHTOBbiM 'lllCnOM 

n 

A A* I .. .. .. a f3PaP{3 +(~A A*p )~ -lq(RI-Rf) 
, af3 a {3 aP 1< "" e 

1-', If 

J 

6 

~... ... 
-lq(R 1 -Rf) 

W •N I\A[
2

- IA\
2 1+ ~A 12 ~ e 

lf 

·• 

HeTpyllHO npoBepnT&, 'ITO aTo Bbipameane MoiKao nepenncaTb B BHile 

2 ... ... ... 

W"'N\{3\2{m2-m }+\Al2~ e-lq(RI-Rf) 

If 

(18) 

( 19) 

IlepBb!fi qneH, S!Bnll!OWHfiCll CyMMOfi l!IIT9HCllBHOCTefi HefiTpOHOB, paCCeSIHHbiX Ha 

Kam)lOM R)lpe, onpellenReT JieKorepeaTnoe pacceRane. BTo.pofi qnea AaeT BKnall 

Ton&KO noll oqeJI& Marib!Mll yrnaMn n onpe)lenReT KorepeHTJioe paccesrane. 

M'TaK, Mbl BllllHM,_ 'ITO BCne)lCTBHe cjlnJOKTyannlt MarJIHTROrO KBaHTOBOrO 'IRCna 

m nosrBnHeT~H aeKorepeaTaoe paccesrane 6ea nepeBopoTa cn11Ha aefi:Tpoaa. 3To 

pacceRane aaanorn'IHO aeKorepeaTHoMy paccesranro ua KpncTanne, B03HHKaromeMY 

Upll cnyqafi:HOM pacnpelleneHllll ll30TOUOB/J~ ll B KOH9'11IOM C'!eTe CBOilllTCH K Ha

nll'IH!O cjJnroKTyannlt nnoTaocTn qncna srllep c )laRHbiM KBaJITOBbiM qncnoM ma . 

<PnroKTyannn paBHbi aynro n aeKorepeaTaoe paccesrane 6ea nepeBopoTa cnnHa aen

Tpoaa OTCyTCTBY9T TOnbKO B cnyqae, KOr)la BCe H)lpa I!Me!OT OllHO ll TO me Mar-

HHTH09 Kl3aHTOB09 'IIICnO ma • 

3aMeTnM,, 'ITO llnH Hllep co cnnaoM 16on&mnM nonoanab1
1

MomeT cymecTBOBATa 
' .. 

CHTySUllll, KOrlla cpe)laee 3Jia'!eHne CUHHa < I > ,= 0 I HO OTnH'IHbl OT Hynsr Bb!CWHe 

nonsrpnaannoaaore MOMeHTbi ( aaupnMep, oTnnqea OT ayrur Teaaop KBallpyna'nsrpn3annn). 

B aToM cnyqae noKaaaTen& npenoMneansr AnSI Bcex nonRpnaannn uefiTpoaa OllnH 

• n TOT me, OllRaKo ceqeane JieKorepeHTRoro paccesransr 6ea nepeBopoTa cnnaa aefi-

Tpoaa aaBncnT oT aanpaBneansr nonsrpnaannn aefiTpoaa no oTaomeanro K ocsrM, 

onpe)lenSIJOll!llM Bb!CWH9 MOM91ITbl ( HaUpl!Mep, K OCR Bb!CTpOeHHOCTll npn HanH'IHH 

KBallpynonsrpnaannn). 

B TO me BpeMH nonaaH RHT9HCHBHOCTb pacceHHHblX H9HTpOI!OB He 3aBRCRT 

oT nepaoaaqan&aoro aanpaaneansr cnnaoa. 
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