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BBE)J.EHHE 

Kax B3BeCTHO, ODTH'leCJCall MO,ZleJJb ,ZlOBOJJbHO xopowo ODBCbIBa

eT DOJJHble B .ZlBcl>cl>epeHUBaJJbHble Ce'leHHJI B3aHMO,ZleBCTBHll ueiiTpoua 

c ll.ZlPOM /c B3MeHeHBeM A/. 0,ZlHaJCO B o6nacTH MaJJblX 3HeprHB 

oHa ecTpeqaeT Pll.Zl TPY.ZlHOCTeii. B qacTHOCTH, oua ue onBcbleaeT 

DOBe,ZleHBe CHJJOBOB cl>YHJCUBB ,ZlJJJI s -ueiiTpOHOB B MHHBMyMe 

/A - 120/. t1To6bl DOHJITb npH'IHHbl 3Toro paccMOTpBM, xax 

HHTepnP,e,HpyeTCll ')DTH'leCJCall MO,ZleJJb B paMJCax R -MaTpH'IHOB 

TeopHH/I . IlyCTb X,\ - C06CTBeHHble cl>YHJCUHH HeJCOTOpOB rpaHB'IHOH 

3a,Zla'IH c peaJJbHblM raMHJJbTOHBaHOM. 6y,ZleM Ha3blBaTb B ,ZlaJJb

HeuweM x ,\ BOJJHOBblMH cl>YHJCUBJIMB IC.C. /xoMnayH,Zl-COCTOJIHHH/. 

CJJe,Zlyll /I 1;pa3JJO)l(BM x,\ BHYTPH ll,Zlpa TaJCHM o6pa30M: 

x 
,\ 

I c ( .\) .p x , 
pc c p 

p,c 
/1/ 

r,Zle )( - co6cTBeHHble cl>YHJCUHB .ZlJlll HeHTpoua B DOTeHUBaJJe 

cpe,Zlulro DOJJJI c TeMH )l(e rpaHB'IHblMB YCJJOBHJIMH, .p - BOJJHOBall 
c 

cl>YHJCUBll MHWeHH B COCTOJIHHH c. IlpH TaICOM pa3JJO)l(eHHH aMDJJHTY.Zla 

npBBe,ZleHHOB 11.!HPBHbl .ZlJlll IC.C. HMeeT BH,Zl: 

0 
y = I c (A) ( , 
A n n n 

/2/ 

r,Zle '
0 

- aMDJJBTY.Zla 0,ZlHO'laCTB'IHOB npBBe,ZleHHOB WHpHHbl, n -
HyMepyeT YPOBHB c f=O/ls ,2sB T • .Zl./. 

Cpe.ZlHllll npBBe,ZleHHall WBPBHa paeua: 

I c2 (A)(( o )2 +2I c (,\)c JAJ(O (O, 
n n n n>n' n n n n 

/3/ 
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qepTa Ha.a CHMBOilOM 03Ha'laeT ycpe.uHeHHe no K.C. EcnH npe

He6pe'lb BTopoii CYMMOH B /3/ H C'IHTaT&, 'ITO 

c2 
n 

·:r 
2rr 

w 
n 

/4/ 
(E - E ) 2 + ( ~ ) 2 

n 2 

TO MO)l(HO nony'IHTL cne.uyroI.Qee BLipa)l(eHHe )lilJl CHilOBOH <i>YHKUHH 

(so ) : 
wn ~ 

:r 2rr 

1 
0 2 -w 2 

}; ( {n) (E -E )2 + ( ~ ) n n 
. /5/ 

3.uecL '.r - cpe.uHee paccTo.llHHe Me)l(.uy K.c., En - co6cTBeHHLie 

3Ha'leHH.ll Jlil.11 )( , Wn - nponopuHOHailLHa CHne CB.113H XA H )( 

MLI npHWilH nK BLipa)l(eHHIO /5/, KOTopoe 3KBHBaneHTHO cod'T

HOWeHHIO .un.11 CHilOBOH <i>YHKUHH, nonyqaeMoMy B onTH'leCKOH 

Mo.uenH I 21, 06pa THM BHHMaHHe Ha .uua MoMeHTa B npoue.uype 
nony'leHHJl /5/. 

l. HaM npHwnocL oT6pocHTL BTopyro CYMMY B /3/ - no 

• 03Ha'laeT' 'ITO onTH'leCKaJl MO,llen& CKila)lblBaeT He aMnilHTY.llbl 

paJeana 0,llHO'laCTH'IHLIX COCTO.llHHH B l<OMnayH)l-<:OCTOJIHHe, a ue

POJITHOCTH. EcnH 3HeprHx 6nHJI<a I< E TO TonLKo O.UHH 'lneH 
n • 

B /2/ H /3/ cyI.QeCTBeHeH H npH6JIH)l(eHHe OnTH'leCKOH MO,lleJIH 

onpau.uaHo. B npOTHBHOM cnyq~e lieJILJJl npeHe6peraTL HHTep

<l>epeHUHOHHLIM 'IJieHOM B /3/. 11MeHHO TaKOH cnyqai{ MLI HMeeM 

B o6nacTH A - 120,Kor.ua I c 
3 

I - I c I • 
t· CyMMHpouaHHe npouo.uHTCJl B Ji;, /2/, /3/, /5/ no uceM 

O)lHO<iacTH'IHLIM COCTOJIHHJIM Tai<, KaK eCJIH 6bl noTeHuHaJILHaJl 

RMa cpe.uHero nonJ1 6Lma Obi "nycTa". 11 xoTJl B cpe.uHHx H 

TJl)l(eJILIX Jl,llpax YPOBHH 1 s H 2 s JaHJITLI, OHH TeM He MeHee 

<i>HrYPHPYIOT B I l/ - /5/. IlpH'IHHa 3Toro JaKnroqaeTCJl B TOM, 

'ITO B I l/ He npoue.ueHa aHTHCHMMeTpHJauH.11 no N + 1 HeiiTpoHy, 

a TOJibI<O no N HeHTpOHaM MHWeHH. B MO)leJIH He3aBHCHMbIX 

'laCTHU )lJIJl cpe)lHHX H TJl)l(eJILIX x.uep cyMMHPOBaHHe B /4/ Ha.uo 

Ha'IHHaTL c 3 s YPOBHJI, a Ha'IHHa.11 c MHWeHH l20sn /y Hero 

3 s ypoueHL JanonHeH/ - c 4 s ~ypoBHJl. Y I 19sn BI<na.u 3 s H 

4 s ypoeHeii npH6JIH3HTen&Ho O.UHHaKoB, y 120.Sn - ypoueH& 

y)l(e "He Y'laCTByeT" B pacceRHHH. BKna.uoM OCTanLHblX ypoBHeif 

MO)l(HO npeHe6pe'lb. IIoue.ueHHe S0 .UJIJI HJOTonou Sn JaBHCHT 

OT 3HaKoB 'IJieHOB 3s H 4s B /2/. HapHC. l MO)l(HO BH)leTL Ka'lecT

BeHHOe paJJIH'IHe B noBe)leHHH Sa npH paJJIH'IHLIX npe.unoJIO)l(eHHJIX 

o JHaKax: /a/ - JHaI<H paJHLie, /6/ - JHaKH couna.uaroT, B cny'lae 

/B/ HHTep<l>epeHUHOHHblH 'IJieH B /3/ C'IHTaeTCJl paBHLIM Hymo. 

Y'leT napHLIX KOppenJIUHH )lOJI)l(eH "paJMaJaTL" CKa'IOK B s () . 
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I 

B 3KcnepHMeHTe B 1p.a,D;y H30TonoB Sn Ha6mo.D;aeTCJI HJMeHeHHe 

s0 B 3-5 pa3. Ilo3TOMy B .D;an&HeiiweM 6y.D;eM paccMaTpHBaT& 

cnyqaii: /6/. Haweii uen&io .asnJ1eTcJ1 npHMeHeHHe B&ICKa3aHHblX 

Ka'ieCTBeHHblX coo6pa)l(eHHii ,D;nJI pac'ieTa s B o6naCTH MHHHMyMa. 

B .D;an&HeiiweM 6y.D;eM Hcnon&30BaT& cn8,D;yioiuee npe,D;cTaBneHHJI 

o MexaHH3Me lf>opMHPOBaHHJI K.c. K raMHn&TOHHaHy H 
0 

, npHBo

.D;JIIUeMy K He3aBHCHMblM KBa3H'iaCTHUaM B MO.D;enH napHbIX 

KOppenJIUHH CBepxnpoBO,D;JIIUero THna, .D;06aBHM OCTaTO'iHOe .D;Byx

qacTH'iHOe B3aHMO,D;eHCTBHe v . v 6y.D;eT nepeMeWHBaTb pa3nH'iHble 

COCTOJIHHJI MO.D;enH He3aBHCHMblX KBa3H'iaCTHU. )1.nJI onpe,D;eneHHOCTH 

6y,D;eM paccMaTpHBaTb 'ieTHYIO MHWeHb. OcHOBHOe COCTOJIHHe 

MHWeHH npe.D;CTaBn.lleT co6oii KBa3H'iaCTH'iHblii BaKyyM. PacceHBae

Mblii HeiiTpOH' B3aHMO,D;eHCTBYJI c MHWeHblO ( H o),nopO)l(.IJ;aeT BHYTPH 

Jl.D;pa KBa3H'iaCTHUY. Ha 3TOM 3Tane BOnHoBaJI tf>YHKUHJI Jl,D;pa eCTb 

cynepno3HUHJI O,IJ;HOKBa3H'iaCTH'iHblX COCTOJIHHH. )1.nJI. s -pacceJIHHJI 

3TO 6y.D;yT COCTOJIHHJI Cf =0, 3TH 0,D;HOKBa3H'iaCTH'iHbie s -COCTOJl

HHJI paCCMaTpHBalOTCJI KaK BXO.D;Hble - TOnJi'Ko qepe3 HHX .11,D;po 

nona,D;aeT B K.C. Ha cne.D;YIOIUeM 3Tane B3aHMO.D;eHCTBHe v nopO)l(

.D;aeT TpexKBa3H'iaCTH'iHble COCTOJIHHJI, n.llTHKBa3H'iaCTH'iHble co

CTOJIHHJI H T . .D;. B pe3yn&TaTe TaKoro npouecca noJ1BnJ110TCJ1 

K . c.' a "cena" O,D;HOKBa3H'iaCTH'iHblX COCTOJIHHH pacnpe.D;enJleTCJI 

no MHOrHM K.C. BonHOBaJI lf>yHKUHJI K.C. HMeeT BH.D;: 

XA=l c(A)a+l'P0 >+l ckf a+a:a+l'P >+ .. ·,/6/ 
p p p k ,e, n ' ,n k n 0 

r.D;e a+ - onepaTop pO)l(,D;eHHJI KBa3H'iaCTHU, I 'Po>- BOnHOBaJI lf>YHK

UllJJ MHWeHH. /6/ npe,D;cTaBnJleT co6oii pa3no)l(eHee X A no 6a3ecy 

COCTOJIHHH raMHnbTOHHaHa Ho • 

AMTIJil1TY)1.A IlPl1BE,l1.EHHOR lll11P11Hbl K.C. 

Ilony'IHM B paMKax R -MaTpH'iHoii TeopHH aMnnHTY.D;Y npeBe

.D;eHHoii WHPHHbI K.c. BbI.D;eneM o6nacT& peaKUHH r ::; a, B KOTopoii 

B3aHMO.D;eii:CTBYIOT Me)l(,D;y co6oii Bee A+ 1 HyKnOHOB H o6naCTb 

KaHana r ::: a, B KOTopoii O,IJ;HH HeiiTpOH He B3aHMO,D;eHCTByeT c 

OCTanbHblMH A HyKnoHaMH. r - KOOPilHHaTa 3TOro HeiiTpoHa, a -
pa.D;Hyc KaHana. Bo BHyTpeHHeii o6naCTH .D;nJI BOnHOBOH lf>YHKUHH 

K.c. 6y.D;eM ecnon&JoBaT& pa3no)l(eHee /6/. CyiuecTBeHHO, 'ITO 

/6/ aHTHCHMMeTpHJOBaHo no BceM Heii:TpoHaM. B o6nacTH KaHana 

/O.D;HH. HJ HeHTPOHOB He BJaHMO,D;eHCTByeT c Jl.D;pOM MHWeHH/ 

BOnHOBaJI tf>YHKUHJI HMeeT BH.D;: 

+ t/Jk (r 2: a) = as I 'Po> ' /1/ 
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.. 

.. 

+ 
as - one pa Top pO)l(,D;eHHJI qacTHUbl B o6nacTH r >a, HH.D;eKc's 0603 -

Ha'iaeT COCTOJIHHe cf= 0 .J1cnonb3YJI o6bl'iHYIO npoue,D;ypy R -MaT

pH'iHOH TeopeH c BonHOBblMH lf>YHKUHJIMH /6/ H /7 I, MO)l(HO 

nony'iHTb .D;n.11 aMnnHTYilbl npHBe,D;eHHOH WHpHHbl K.C. TaKoe Bblpa

)l(eHHe: 

y = l 
A n 

c (A) '' + yo • n n /8/ 

3,D;eCb CYMMa Y'iHTblBaeT lf>opMHPOBaHHe K.C. 'iepe3 BXO.D;Hble 

O,IJ;HOKBaJH'iaCTH'iHble COCTOJIHHJI, a y 0 - MHHY.11 O,D;HOKBaJH'iaCTH'l

Hble cocTo.aHH.11. TaK )l(e, KaK 3TO ,D;enaeTc.11 B pa6oTe/6 I r.D;e 

ecnon&3yeTCJI COOTHOWeHee, no,D;06Hoe Bblpa)l(eHHIO /8/' 6y,D;eM 

C'iHTaTb npouecc, CBJl3aHHblii C yO~HeCyIUeCTBeHHblM. 'n B /8/ -
aMnnHTYilbl npeBe,D;eHHblX WHPHH O,D;HOKBaJH'iaCTH'iHblX COCTOJl.HHH 

c e =0. B npeno)l(eHHH nony'ieHo Bblpa)l(eHHe .D;n.11 '~; 
0 

' = u ' ' n n n /9/ 
0 

' - TaKaJI. )l(e BenH'iHHa, 'ITO H B /2/, u - aMnnHTy.D;a BepoJ1.T-n n 
HOC TH HaHTH ypoBeHb n CB060.D;HblM, Un - onHCblBaeT paJMblTHe 

rpaHHUbl cl>epMH npe napewx KoppenJ1.UHJ1.X. XapaKTep nose'.D;eHHJI. 

Un B JaBHCHMOCTH OT N MO)l(HO BH,D;eTb Ha pHC. 1 Ha npHMepe 

u 3 • B o6nacTH N oT 50 ,D;o 82 ypoBHH 1 s H 2 s JaHJ1.Tb1 

( u I = u2 = 0)' ypOBHH 4 s ' 5 SH T • .D;. CB060.D;Hbl ( u =1) a y 3s YPOBHJI 

u
3 

ilOBOnbHO pe3KO MeH.11eTc.11 /pHc. 2/. 3To onpe.D;en.11eT nose

,D;eHHe i: . 
3 

3ABl1C11MOCTb W n OT N 

IlOJl.BneHHe u B /9/ 03Ha'iaeT, 'ITO HJ-3a npHHuena IlaynH 

JaHJl.Tb O,IJ;HOKBa3~'iaCTB'iHOe COCTOJIHHe pacceeBaeMblii HeihpoH 

MO)l(eT TOnbKO TOr.D;a, KOr.D;a :no COCTOJIHHe CB060,D;HO. Tenepb 

noCMOTpHM, K 'ieMy npHBO,IJ;HT yqeT npHHUHna Ilayne npe pacna.D;e 

O,IJ;HOKBaJH'iaCTH'iHOrO COCTOJIHHJI Ha 6onee cnO)l(Hble COCTOJIHHJI. 

Bwpa)l(eHHe /4/ MO)l(HO nonyqeT&, ecne paccMaTpesaT& Ja,D;a'iy 

o pacnpe.D;eneHee "cenbl", HanpeMep, O.D;HOKBa3H'iaCTH'iHoro co

CTOJl.HHJI. no MHOrHM KOMnayH.D;- COCTOJIHHJIM npH nOJl.BneHHH B3aHMO -

,D;eiicTBHJI c OTnH'iHblM OT Hyn.11 MaTpH'iHbIM 3neMeHTOM Me)l(.IJ;y 

BOnHOBOB lf>y~~Heii 0.D;HOKBaJH'iaCTH'iHOro COCTOJIHHJI H BOnHOBOH 

lf>YHKUHeB K. c. 
3 

' npH'ieM y'W nponopuaoHaneH 3TOMY Ma TpH'iHOMY n 
3neMeHTY /OH C'iHTaeTCJI O)lHHaKOBblM ,D;n.11 Bcex K.C./. TaK KaK 

pa3san O)lHOKBa3H'iaCTH'iHOro COCTOJIHHJI B K.C. H.D;eT qepeJ Tpex

KBaJH'iaCTH'iHble COCTOJIHHJI, TO y'W n 6y)leT CyIUeCTBeHHO JaBHCeTb 

OT MaTpH'iHblX 3neMeHTOB, nepeMeWHBalOIUHX O.D;HOKBaJH'iaCTH'iHble 

7 
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• 

H TpeXKBa3H'faCTH'fHhle COCTOJIHHJI. PaCCMOTpHM mo6oH TaKOH 

MaTpH'IHhlH 3JleMeHT, He KOHKpeTH3HPYJI BB.Ila OCTaTO'IHOrO .llByx

qacTH'fHOrO B3aHMO.lleHCTBHJI(VJ.OnepaTOp .llBYX'faCTH'fHOro eJa

HMO.lleHCTBHJI 

a+k at a a < k e I v I P n > , 
£ pm ,n 

.lleHCTBYJI Ha 0.llHOKBa3H'faCTH'fHhle COCTOJIHHJI 

a+ 
n 

j - m + + n ( u. + (-lJ v. a. a. J I o > , 
j ~ n 1 1 1 m 1-m 

nopmtc.llaeT TpeXKBa3H'faCTH'fHOe COCTOJIHHe 

/10/ 

/11/ 

a+ a+o a+ n (u~ +(-l)j-m v:a-+: a: J!0>./12/ 
k l. p-m 1 1 . 1 m 1-m 

j~k,f,(pm) 

MaTpH'fHhlH 3JleMeHT nepexo.lla Me)IC.llY COCTOJIHHJIMH /11/ H /12/ 

paeeH: 

u ' [, v ue u k < H I v I p n > n ( Uj 
n P · j,kk,f,p,n 

u: + v. 
1 1 

1 

v: J i + 2\ I 13/ 
1 

11cnOJlb3YJI Bhlpa)ICeHHe /13/' IlOCMOTPHM, KaK MO)ICeT H3MeHJITbCJI 

~ OT JI.llpa K JI.llPY. <l>opMHpoeaHue K. c. H.lleT qepe 3 6onbwoe 

'fHCJlO pa3JlH'fHblX TpexKea3H'faCTH'fHblX COCTOJIHHH /pa3JlH'fHbie 

k, £., p e / 12/ I. 3To npHBO.llHT K TOMY, 'ITO VWn oKa3bIBaeTCJI 

npH6JlH3HTeJibHO He'fyBCTBHTeJlbHhlM K CTpyKType TpexKBa3H'fac

TH'fHblX COCTOJIHHH, pa3HOH .llJlJI pa3HhlX Jl.llep. B caMOM .Ilene, 

o6naCTH 3 s H 4 s rHraHTCKHX pe30HaHCOB OilTH'feCKaJI MO.lleJib 

Hennoxo OilHCbIBaeT c 0.llHOH H TOH )Ke MHHMOH 'faCTbIO noTeHuHana 

.llJlJI ecex Jl.llep. c .llPYrOH CTOPOHhl, Ma TpH'IHhle 3JieMeHTbl THna 

I 13/ nponopuHoHaJlbHbI u ~ , B6nH3H ruraHTCKHX pe 30HaHcoe u ~ 
He H3MeHJIIOTCJI H He npHBO.llJIT K 3aBHCHMOCTH ..[W;, OT N 0.llHaKO 

e o6nacTH A - 120 u3 cHnbHO MeHJieTcJI npH H3MeHeHHH N , H MbI 

HMeeM OCHOBaHHe C'fHTaTb, 'ITO: 

..;w = u' /wo. 
n n 

/14/ 

IlpH H 3MeHeHHH N OT 60 .llO 80 y w 3 6y.lleT TaK)ICe CHJlbHO H3 -

MeHJITbCJI, KaK H u 3 'B TO epeMJI KaK vw;- H3MeHJITbCJI He 6y.lleT 

(u
4 

.:.1). MbI paccMoTpenH cny'faH HeHTpoH-HeHTpOHHoro ocTa

TO'fHOro B3aHMO.lleiicTBHJI, HO pe3yJibTaT /14/, KaK nerKO BH.lleTb, 

coxpaHJieTCJI H .llJIJI HeHTpoH-npOTOHHOro OCTaTO'fHOrO B3aHMO.lleH

CTBHH. 
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PACqET Cl1IlOBOR <l>YHKU11H 

CooTHoweHBJI /8/, /9/, /4/ B /14/ no3eonJIIOT pacc'fHTaTb 

S 0 • ecnu onpe.lleJlHTb 3HaK c n . Bhlpa)ICeHBe .llJIJI S0 BMeeT BH.ll: 

y 2 

~ 
l 
n 

c n 2 

vY (n l /15/ 

B o6nacTB A -120cyMMBpoeaHHe 4>aKTB'feCKH Ha'fBHaeTcJI c qneHa 

3s • IlO.llp06Hee paCilBWeM 3TOT 'fJleH 

C3 1 
(n 

2rr 
y(En ...;Ti 

U3 V WO 

2 w 2 
-E) +(-LL) 

2 

/' 0 u 
"'3 3 

3TOT 'fJleH 6y.lleT MeHJITbCJI OT B30Tona K H30TOilY npH6JlB3BTeJibHO 

KaK 11J • HanpoTBB, ocTaJibHhle 'fJieHbI e /15/ / 4s, 5 s H T • .ll./ 

6y.llyT H3MeHJITbCJI cna6o. S 0 pacc'fBThleanacb .llJIJI TOH o6naCTB 

N, r.lle CBJibHO B3MeHJieTcJI u 
3 

• Y'fBThlBaJIBCb e /15/ TOJibKO 

qJieHhl 3 s B 4·s,. 3HaKB 3THX qJieHOB C'fHTaJIBCb 0.llHHaKOBhlMB. 

PaccTOJIHHe Me)IC.lly 4s H .3s ypoBHJIMH (E4 -E3 ) 6panocb TaKHM 

)Ke. KaK B OCUBJIJIJITOpHOH JIMe: 

41 
2 ---- M3B. 

A 1/3 

3Ha'feH.He E 3 - E C'fBTanocb paBHhlM 3HeprBB OT.lleJieHHJI HeHTPOHa. 

Pac'feT npoBO.llBJICJI .llJIJI H30Tonoe Sn H Te • Pac'feTHbie 3Ha'feHBJI 

S 0 HOPMBpoeanBcb Ha 3Ha'feHBe, ya,Hoe 0,6.I0-4 npB N = 62. 

11CilOJib30BaHHhle .llJIJI pac'feTa u -~ 6 MO)ICHO BB.lleTb Ha pHC. 2. 

IlpOH3BOJI B Bhl6ope u; .llJIJI B30TOilOB Te XOTJI H .llOilYIUeH, HO 

OH OT'faCTH OCHOBaH Ha 3Ha'feHHH u 3 ( N = 74), IlOJiy'feHHOM H3 

(dp) peaKUHH .llJIJI Te /s~1Pa3JIB'fHe 3Ha'feHHH 1u~ .llJIJI B30Tonoe Sn B 

Te c 0.llHHM H TeM )Ke N, CBJI3aHO 'c TeM, 'ITO 'noJIO)ICeHBe Il0.ll06o

JIO'feK e 3TBX 3JieMeHTax pa3JIB'IHO. Pacc'fHTaHHhle TaKBM o6pa3oM 

3Ha'feHHJI S 0 xopowo cornacyIOTCJI c 3KcnepBMeHTaJibHhlMB 3Ha

'feHBJIMB /pBC. 3/ . 

06CYJK.!J;EHl1E 

Bhlwe Mb! paccMaTpHBaJIB cJiy'faH qeTHOH MHWeHH TOJibKO .llJIJI 

onpe.lleJieHHOCTH. Ha6JIIO.llaeMhlH Ha 3KcnepHMeHTe H30TOilHhlH XO.ll 

.llJlJI He'feTHbIX MHWeHeH Sn H Te MO)ICeT 6h1Tb IlOHJIT. HCXO.llJI H3 

TaKHX )Ke coo6pa)ICeHHH, 'ITO H .llJIJI 'feTHhlX MBW(lffeH. KpoMe 3TOro 
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MO>KHO o>KunaTb nono6Horo noeeneHHH S 0 cneea OT Js-ruraHT· 
c1<0ro pe30HaHca nn• •nep, y KOTOPblX JanonHHeTCH 2s ·COCTOHHHe. 
Ho e 3Toii o6naCTH Mano 3KcnepuMeHTanbHblX naHHbIX nn• 
s . Pacc'IHTaHHblH B HaCTOJlll~ei pa6oTe H30TOnHblH xon s Bb13BaH 
y~eTOM npHHUHna 11aynu. 11pennonaraeMa• Jnecb HHTep£epeHUHH 
aMnnHTY'A pa3eana .Js H 4s onHOKBa3H'laCTH'IHblX COCTOHHHH B K.C. 
TOilbKO ycunueaeT H30TOnHblB xon s 0. Y'IHTblBaTb HHTepcl>epeHUHIO 
ecTeCTBeHHei, 'leM npeHe6peraTb ero. MeHee ecTecTBeHHblM Ka
>KeTcH To, 'ITO 3HaK HHTepcl>epeHUHOHHoro 'lneHa npennonaraeTcH 
onHHaKOBblM nn• ecex K.c. Ecnu nonaraTb, 'ITO 3TOT 3HaK nn• 
nonoBHHbl pe 30HaHcoe nono>KBTeneH / cnyqaii /6/ puc. 1/, a nn• 
npyroi nonOBHHbl - OTPHUaTeneH /cnyqaii /a//, TO B HeKOTOPblX 
•npax cpenH•• wapuHa nn• ypoeHeii rpynnbl /a/ non>KHa 6b1Tb 
3Ha'IHTenbHO MeHbWe, 'leM nn• ypoeHei rpynnbl /6/. PacnpeneneHHe 
WHPHH e TaKOM cnyqae He cnenoeano 6bl pacnpe.11eneHHIO 11opTepa -
ToMaca. Ho H B 3TOM cny'lae S HMena 6bl H3oTonHblH xon, 
nono6HblH cnyqaJO /B/ /pee. 1/. 'He3aBHCHMO OT Toro, KaKOB 
CJJy'lai H3 o6cy>KnaeMblX OCYIUeCTBnHeTCH npH BHTePcl>epeHUBB, 
Ba>KHO, 'ITO npHHUHn 11ayna B HeKOTOpbIX cny'laHX MO>KeT 6b1Tb 
<:yIUeCTBeHHblM. RBHO 3TO non>KHO npogenHTbCH, Kor.11a HeKOTOPblB 
ypoBeHb, CYJUeCTBeHHO y'laCTBYIOIUHB B npouecce' HaxonHTCH e6nH3H 
3Heprau cl>epMH. Torna nn• pa3HWX BloTonoe BKnan 3Toro ypoBH.R 
B npouecce 6yneT CHRbHO MeHHTbC.R. HanpHMep, MO>KHO O>KH'AaTb 
TaKoro 34>ctieKTa B ne4>ctiepeHUHanbHOM Ce'leHHH pacce.RHHH HeiiTpOHOB 
He O'leHb 6onbWOH 3HeprHH. 

Hano 3aMeTHTb, 'ITO HaCTO.RIUa• pa6oTa - He nepea• nonbITKa 
06'b.11~HTb H 30TonHb1i xon s 0 e MHHHMyMe I 4. 7 I. B I 7 I no 
nenaeTCH HCKYCCTBeHHO - eeeneHHeM 3aBHC.RIUero OT H30TOnH· 
'leCKOro cnHHa MHHMoro noTeHUHana Hepa3yMHOB BeRH'IHHbl. 11pu
'IHHbl, npueon•IUHe K H30Tona'leCKOMY xony el 4 I,, He npoTueope'laT 
HaCTO.RJUei pa6oTe H MoryT TORbKO ycan&Tb 34>ctieKT. 

B 3aKnro'leHee xoqy no6naronapHTb A.11onoea H B.cl>ypMaHa 
3a none3Hble o6cy>KneHBH. 

11PHJIOJKEHHE 

11ony'IBM Bblpa>KeHBe nn• aMnRBTynw npueeneHHOB WHPBHbl 
O'AHOKBa3H'laCTH'IHOro COCTOHHBH. 

Mbl paccMaTpueaeM ynpyroe pacceHHBe s ·HeiTpoHa Ha cct>e
pu'lecKoM •npe c 'leTHblM N • He>Ke HaM noTpe6yIOTCH B HBHOM 
BBne KOOp'ABHa Tbl pacceBBaeMOrO HeBTpOHa q_( r, {l) • 

BonHoeag cl>YHKUH• 'leTHO·'feTHoro •npa MHWeHH 

I lfl
0 

> = n ( u . + ( -1 J t-m v a+ a : J I o ·> , 
j 1 j j m 1-m 

io 

+ r ne I O > - eonHoBa.R cl>YHKUH• BaKyyMa, a . - one pa Top po>KneHHH 
'laCTHUbl B COCTOHHHH j , u B v - K03cl>cl>ubueHTbl npeo6pa30BaHHH 
6oronro6oea. 

BonHoeyro cl>YHKUHJO B o6nacTH KaHana, aHTHCBMMeTpe3oeaHHyro 
no BCeM HeBTPOHaM, MO>KHO 3anHcaTb cnenYJOIUHM o6pa30M: 

i/J k ( n, r :: a ) = x: ( q) a:m ~ (u. +(-l)j-m v. a: a: )JO>· 
1 1 1 m 1-m ' 1 

rne HHneKC s 0603Ha'laeT COCTOHHBe C f = 0. 

X
8
(0, r?. a)= u(r) ¢(0). 

Torna TaK Ha3bIBaeMaH noeepxHOCTHa.R BORHOBaH cl>YHKUHH HMeeT 
eun: 

+ ~m 
<IJ =a cp*(O) Il (u.+(-1) VJ sm 1 

+ a. 1m 
+ a. 1-m ) IO> • ·;111; 

Bo BHyTpeHHei o6nacTB aHTHCBMMe'rpB30BaHHH BOilHOBaH cl>YHKUHH 
nn• N+lHeiiTpoHa HMeeT BHn: · 

i/I (ll,r>aJ<~· (q)a+ rn (u: +(-i/-mv.' a~a: JIO>. 
P pm i/o P 1 1 1m 1-m 

x. ( r ~a) HOpMHpoeaHa Ha enHHHUY Bo BHyTpeHHei o6nacTH. AM -
nllHTynoii npueeneHHOH WHPHHbl B R ·MaTpH'IHOH TeOpHH 
Ha3blBaeTCH BenH'IHHa 

'= ft/I qi* d s 
3necb HHTerpupoeaHHe npoH3BO'AHTCH no noeepxHOCTH KaHana 
(t=a)Jicnonb3YH /111/ H /112/~ HMeeM: 

(=<OIII(u.+(-l)j-mv.a. a
1 

)a a+xl 
. 1 1 1-m m sm p 

1 1 . 

n , J-m , + + 
~ (u +(-1) v. a. a. JIO>xfx (a,O)cp*(O)dCl 
j ,/op I 1 1m 1-m s /113/ 

Bbipa>KeHHe /113/ OTRH'IHO OT HYR• TORbKO nn• KBa3H'laCTH'IHblX 
COCTO.RHHH /112/ C f = 0. TaKHe COCTOHHHH 6ynyT HMeTb HH'AeKC n. 
11ocKonbKY cpenHee none cna6o H3MeHHeTCH npH no6aeneHHH 
onHoro HeiiTpoHa, TO H3 /113/ cnenyeT: 

(=u (
0 n (u. u/ 

n n n j,/on 1 
+ V. 

1 

, i+!._ 
v
1 

) 2 
/114/ 

0 
tt: Un (n ' 

II 
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0 
r .ne ( - npuBe,neHHa.R aMOJIBTy,na WBPBH O,ll;HO'laCTH'IHOro COCTO.R -

fl 
HB.R B 3.a.na11e pacce.RHH.R 11acTHUL1 ea noTenuuane cpe.nuero noJI.R 
/"nycTa.R" .RMa/ · 

i;; 0 
= fx (a, 0) q'>*(O) d O. 

n n 
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u' 
f.0 

a1 

0.6 

a" 

0.1 

60 6!J 

Te 
Sn 

10 7$ 10 "' 
Puc. 2. 3aBHCHMOCTb ~ OT 'IHCJia ueiiTPOHOB B H30T~Dl).X Sn H Te 
3KcnepHMeHTaJibHble TO'IKH DOJIY'leHbl B (dp) peaKUHB 5/ . 
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PHc. 3. 3aBHCHMOCTb So OT A+lH N+ 1 cocTaseoro JI,llpa. N+l yxa-
JaHo ea MecTe JKcnepHMeHTan1.eoro JHa<1eHHJ1 S0 TO'fKH - pac<1eT. 


