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N3yueHa 3amyTaHHOCTL B OTKPBITON albTepHUPOBAHHOM IENOYKe ANEPHBIX CIMHOB (s = 1/2), cBA3aHHBIX
CIMH-COMHOBBIMM B3amMojeiicTBuAMN (CCB), Bo BHeIIHEM MarHNTHOM IIOJ€ B COCTOAHUM Te€PMOAMHAMHUYECKO-
ro paBHOBecud. BrlumclieHa pefynupoBaHHafd MaTpuUIla NIOTHOCTY IPOM3BONLHO BRIGPAHHOM CIMHOBOM MAaphl.
3anyTaHHOCTb CIMHOBOI Iapbl OlieHeHa coriaacHo Kputepuio Byrrepca. Haiimena temmnepaTtypa, mpu KoTo-
poii B BbIOpaHHO# Iape BO3HMKaeT 3almyTaHHOe cocTofiHMe. llokasaHO, YTO KOIMYECTBEHHbIE XapaKTE€PUCTUKHU
3aMyTaHHOCTU MMEIOT OCHUIIUPYIOMUIi XapaKkTep B 3aBUCMMOCTH OT IOJOMEHUA CIMHOBOII Iaphl B LiEOYKe.

PACS: 03.67.Mn, 75.10.Jm

1. BBengenwe. HccnemoBanue 3anyTaHHOCTH B
KBaHTOBO-MEXaHUUYECKUX CHCTeMax MOMYYHIO MUPOKOoe
pasBHUTHE B CBA3M ¢ paoTaMu MO CO3TaHUIO KBAaHTOBBIX
KoMIbiOTepoB [1]. 3anyTaHHbBIE COCTOAHUA ABIAIOTCH
OCHOBHBIM PECYPCOM KBAHTOBOTO KoMmbioTepa [1], mos-
BOJIAIOIUM pellaTh 3aJayy, HeJOCTYIMHbIE Kiaccuyec-
KUM KoMmmbioTepaMm. IloaToMy u3ydyeHue 3amyTaHHBIX
COCTOAIHMI B MHOrOYaCTHUYHBIX CHCTEMax MOMUMO Teo-
PETUUYECKOro UHTEpPeca K OCHOBAM KBAaHTOBON MeXaHUKH
npuobpeno U mpaKkTUyecKoe cofepianue. Takroe usyue-
HUe y[aeTcA MPOBECTH TONLKO B CPaBHUTENbLHO MPOC-
ThIX CIy4yasX, KOrjla MO#HO TOYHO JUArOHANU30BATh ra-
MUIBTOHUAH MHOI'OYaCTUYHON CUCTEMBI.

Ha ocHoBe KiaccMuecKMX METOJOB JUaroHaliu3aluu
raMUIbTOHUAHOB OJHOMEPHBIX CHUCTEM CIUHOB (§ =
1/2), cBA3aHHBIX CIUH-CIMHOBBIMM B3aUMOIENCTBUAMU
(CCB) [2, 3], Gblmu mOMydYeHBI UHTEPECHBIE PE3YIbTa-
ThI O 3aMyTAHHOCTY B CIMHOBLIX KONbllaX, GECKOHEUHBIX
U KOHEUYHBIX OJHOPOJHBIX OTKPBITHIX Lemoukax [4—8].
OnHako B OJHOPOJHBIX MOZAENAX HEBO3MOMHO OpraHu-
30BaTh ajpecanuio KyGUTOB, KOTOpasd CTAaHOBUTCH BO3-
MO{HOIi B HEOTHOPOIHBIX CUCTEMAX MPHU UCIONb30BaHNH
pPa3nMYHBIX JaPMOPOBBIX YaCTOT y Pa3HbIX COUHOB lie-
nouku (KombLa).

HenaBHo Onln gmaroHanuszoBaH XY -raMuJIbTOHUAH
OTKPBLITON albTEPHUPOBAHHONW LENOYKU CIOUHOB (8 =
= 1/2) [9, 10], a saTem yzanoch Ha ocHOBe 060GLIEHNA
MeTona [9] nuaroHanM3oBaTh raMMILTOHMAH B OTKPbI-
TOI LenoYKe C MEepUOAMYECKU H3MEHAIOMUMUCH KOH-
crantamu CCB u napmopoBsimu yactoramu [11]. TlosaBu-
nack BO3MOMHOCTB PacCMOTpPeTh TAKYIO LENOYKy Kak
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MOJIeNbHBIII KBAHTOBBIM perucTp ¢ ajpecanueit Ky6u-
TOB. JIpyruM AOCTOMHCTBOM TAKOr'0 perucTpa fBIAETCA
BO3MOKHOCTh HaJeHOU nepeiadyd KBaHTOBOI'O COCTO-
AuuA (KyGuTa) C OJHOrO0 KOHLA LENOYKM HA APYTroil B
Henoykax Oonbinell AAWHBI, YeM B OJHOPOAHOI Ienoy-
ke [10, 12].

Ilna BhIACHEHUA BONpOCa O MPUMEHMMOCTH albTeEp-
HUPOBaHHON OTKPBITOH IENOYKM B KayecTBE MOJENb-
HOrO0 KBaHTOBOIO perucTpa Mbl HcclefyeM 3anyTaH-
HOCTh MPOM3BOJbLHOI Mapel OGauMaliInx coceleil, Koraa
10 OCTalbHBIM CIMHAM IIE[IOYKHU, paccMaTpUBaeMbIM KaKk
OKpy#eHue, IPOM3BOJUTCA yCpPeJHEeHNne MaTPHUIbl MJIOT-
HOCTHU CHCTEMbl, HaxoidlleiicA B COCTOAHUM TepMOAU-
HaMHMYeCcKOro paBHOBecuA. TaKoe uccleJOBaHUE MOMKHO
poBecTH JifA n1000i AByXKYOUTHOH CHCTEeMbl, UCIOJb-
3yA kpurepuii Bytrepca [13].

B pa3n.2 atoro muchMa MbI GOpMyTUpyeM MoOJelhb
KBaHTOBOI'O PerucTpa W IojydyaeM BhIpajieHue IIA pe-
OyUUPOBAHHOW MATPUILI MIOTHOCTU MPOU3BONLHOI Ma-
pBl GmuKaimuX cocefeil B OTKPBITOM albTepHUPOBaH-
Hoii nemnouke. OmpejeleHye COracOBAHHOCTH, MCIIOJb-
3yeMoif B KauecTBe Mephbl 3alyTaHHOCTH, NPUBEAEHO B
pa3n.3. B pasa.4 yucleHHO HCCIENyeTCA 3aBUCUMOCTD
3aMyTaHHOCTH OT TeMMNEepaTyphl, JINHBI IENOYKH, yaa-
JIEHHOCTH TAaphbl CIMHOB OT KOHI[OB LEMIOYKKM U OTHOIIE-
uuA Koucraut CCB.

2. Mogeab KBaHTOBOrO perucTpa M peaylnu-
poBaHHaA MaTpuma IIOTHocTH. PaccMoTpuMm Ko-
HEUHYIO OTKPBITYIO albTEepPHUPOBAHHYIO LENOYKY CIIH-
HOB (s = 1/2), onuceiBaemyio XY -raMuibTOHHAHOM,
B CUJILHOM BHEIIHEM MarHUTHOM noie. ['aMWILTOHMAaH
3TOM CHCTeMBI HMeeT BU:
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N
H= anIm +
n=1
N-1

+ Z Dn,n—i—l(In,:cIn—i-l,z + In,yIn+1,y)- (1)
n=1
rae I,,, — Ipoekuusa onepaTopa yrioBoro MOMeHTa CIIMHa
n Ha ock a (¢ = ,¥,2), N — 4KCIO CIMHOB B LENOY-
Ke, TapMOpOBa 4acToTa w, pPaBHa w; NpU HEUETHOM N U
wp npu 4eTHoM, KoHcTaHTta CCB D, 41 paBHa Dy npn
HeueTHOM 1 u D, npu yeTHoM. B panbHeiimux BeIumc-
JEHUAX UCNIONb3YIOTCA pedyabrathl [9, 14], nonyvenHnsie
[P TOYHOUN AuaroHanusanuu ramuiabToHuana (1).
Ms1 npennosnaraem, YTo ONKChIBaeMas CUCTEMa HaXxo-
OUTCA B COCTOIHUM TepMOAMHAMUUYECKOr0 paBHOBECHUA C
MaTpuLeil NIOTHOCTH

p=ePH)z, (2)

rae 3 = h/kT, T — temneparypa u Z = Tr{e PH} -
cTaTHCTHYecKaA cyMMa. PaccMaTpuBaeMblii KBaHTO-
BbIli PeruCTp ONpeeNAeTCcA ONMCAHHON albTepHUPOBaH-
HOIi IeMoyYKoif BO BHENIHEM MarHMTHOM IIojie B COCTOf-
HMHU TepMOAMHAMUYeCKOoro paBHoBecuA. MaTpuia mioT-
HocTH (2) MoMeT ObITh 3anucaHa B ClIeLyIoleM BH/JE:

3

p= Y. et e..edy, (3)
£1,62,..,6N=0

rne & (k= 1,2,...,N) — omHo u3 3HaueHWii

{0,1,2,3}, a:% = I - emguHuuyHaA MaTpulla pas-

MepHOCTH 2 X 2, T} Iiz, 2 Iy, 8 = Iy,
a%ﬁzN&N —yyucneHHbIil Koa¢pbunuent. Ilpu uccnenoa-
HUM 3alyTaHHBIX COCTOAHWI Napbl CIUHOB (KyGUTOB)
1,7 B KBaHTOBOM perucTpe, ocTalbHble CIUHBI GYyAYT
paccMaTpuBaTbCA KaK OKpY#MeHHe. YCpPeAHAA MaTpu-
1y miIoTHOCcTU (3) MO OKPYMEHWIO U YUUTHIBafA, YTO
Tr{:vi"} =0 (k=1,2,...,N;& =1,2,3) , nonyunm
AN pefyuMpoBaHHO MaTpuIb! mioTHocTH p(¥) cnuHoB
1, ] clefyiollee BbIpasieHUe:

p(u) _ Z a€ i&j ngi ® $§j, (4)
£:,€;=0

§ig;

rie KodaPUUHEHTHI ;" PaBHBI

- 0 &
aﬁeﬁj _ 2V 2Tr{p:l}§ wjj} (5)
iy H 3] ’
Te{ ()% ()2}
B popmynax (3), (4) MaTpuIibl MIOTHOCTH HOPMUPOBAHBI
na egunnny. IHockonsry [H, I,] = 0, HeTpynHo HaiiTH,
4TO

01 _ 10 — 02 _ 20 _

a;; = o5 =055 =a; =0, (6)
13 _ 28 _ 31 _ 32 _

a;f = = o5y = aj; =0.

U3 cooGpasenuii cnmme’rpnn BBITEKAET, YTO alf =

= 41&'{leszy} = 0, aij = 4’I‘I'{pIzyI]z} = 0, u a,-j =
= ATe{pl;.I;z} = 4Tx{pl;yI;,} = o3;. B pesymvrare
penynupoBanuyio MaTpuiy naotHoctu plif) momuo 3a-
nucaThb B BUje

plid) = , (7)

oS O O 8
o 8 o ©
o o 8 O
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rnea:1/4+a°3/2+a/2+a/4b 1/4—
—a°3/2+a30/2 a33/4 c= 1/4+a°3/2 o) [2—ad? /4,

—1/4 a2 /2 - a2+ af; /4H:v—a /2 TquLIe
BhIpaKeHUA ;um OI[HO(pepMPIOHHLIX SHepruii u cobcTBEH-
HbIX BEKTOpPOB [9, 14] M03BONAIOT NONYYUTh MaTPUYHbIE
anemenTs! pli) Kak GyHRUMYM TeMnepaTyphl, JIMHbI Ie-
MNOYKHM, MONOMEHUA CIUHOB U oTHoleHudA KoHcTaHT CCB.
B 3TOoM nucbMe MbI He IPUBOAUM I'POMO3JKUX BbIpaie-
HUN ANA 3TUX MaTPUYHBIX 3JIEeMEHTOB.

3. Mepa 3anytaHHocTH. [lnd cuUCTeMbl, ONUCHI-
BaeMoil BOJHOBOI GYyHKIMe# 1) M cocToAlmeill U3 ABYyX
Ky6utoB (moacucrem) A u B, 3anyTaHHOCTb KOIMYECT-
BEHHO OMNpeJielAeTcA ¢ NOMOLIbIo 3HTponuu [15]
~Tr(pp log, ps),

E(¢) = —Tr(palogy pa) =

rje peAyuupoBaHHAaA MaTpUla MIOTHOCTU p4 (pp) mOA-
cuctemsl A(B) onpenenseTcs cliefoM npoekTtopa ) (1),
B3fITOM 110 COOTBETCTBYyIoIel noacucteme B(A).
IpeacraBum ceGe npocTeiiiee cenapaGenbHOE COCTO-
fIHAe ABYX CIUHOB, ONKCHIBAEMOE BOJHOBO# (yHKUUE
1, KOrJa OHM OPMEHTHPOBAHLI MapallelbHO MarHUTHO-
My IOIIO, HAapaBIeHHOMY BJOJIbL ocH 2. llpu mHBepcun
ABYX CIIIHOB ¢ MoMolbio MaTpuus! llayau o, = 21, Box-
HOBaf (QYHKUMA 9 = (0y ® 0y)1p oproronansHa 1, TO
ecth (1h,1)) = 0. B T0 e BpeMs MaKCUMANLHO 3allyTaH-
HOE COCTOfIHKE JIBYX CIIMHOB IIPX UHBEPCUU C TOUHOCTHIO
[0 3HaKka nepexoguT B cebf, TO ecThb |(17},1/;)| = 1. Mos-
HO mokasaTh [15], uTo sanyrtanHocTs E onpepensercs
KaK IIEHOHOBCKAafA 3HTPONUA QyHKINUU COrIacOBaHHOCTH

CW) =, ¥)I:

14 /1= C2(9)
By)=h|(—Y——*

rae
h(z) = —zlogyz — (1 — z)log, (1 — ),

¥ COrlIacOBaHHOCTb MOeT ObITh HCHONb30BaHa Kak KO-
JUYecTBEHHasA Mepa 3alyTaHHOCTH ABYXKYOMTHOI cuc-
Temsl. IIpu aTOM cenapaGenrbHOMY COCTOAHHUIO COOTBET-
crByer C = 0, a makcumanbHO 3anytanHomy C = 1
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(0 < C < 1). 9ot noaxox o6o6meH B [13] naa npous-
BOJILHOM ABYXKyOUTHOMN cucTeMbl. IlycTh nmapa Ky6uTOB
A u B onuceiBaeTci MaTpUIlell MIOTHOCTH p4p. Toraa
“MHBepTUpOBaHHAaA” MaTpulla MIOTHOCTU Pap ONpEZe-
JfieTCA clIeAyIolUM o6pa3oMm:

pas = (oy ® 0y)pap(oy ® 0y), (8)

rge “sBe3goura”’ o603HAUYaeT KOMIUIEKCHOE COMpKe-
HUe, ¥ MaTpPUYHble NPENCTABICHNA PAB, PAB PaccMaT-
puBaioTca B cranfapTHoM Gasuce {|00), |01), |10), |11)}.
CornacoBaHHOCTb ABYXKYGHTHOMN CHCTEMBI C MaTpuiei
IIOTHOCTY pap paBHa [13]

CAB :ma.x{O,Z)\—/\l —)\2 —/\3 —>\4}

9
)\:max{)\l,)\2,)\3,)\4}’ ( )

rae A1, A2, A3, U Ay — KBaJipaTHbIE KOPHU U3 COOCTBEH-

HBIX 4YHCel NPOU3BeJeHUA MaTPHULl PpABPAB- XOTA 3TO

[pou3BeJeHNe HEAPMUTOBO, OHO NUMeET JefiCTBITENbHbIE

U HeoTpUUAaTelbHble COGCTBEHHbIe 3HaueHus [16].
Ucnoabsys (7), MosHO HaiiTh, 4TO

)\1:)\4:\/ﬁ, )\2,3:|.’E:|:\/E

. (10)

Bripamenus (10) comepar Bcio uH(bOpManuio, Heo6Xo-
IUMYIO [JIfl aHANu3a 3allyTAHHOCTU Mapbl COUHOB B OT-
KPBITHIX albTEPHHUPOBAHHBIX IIENOYKaX.

4. 3anyTaHHBIE COCTOAHUA CHHUHOBBIX map.

W3 peipamenwuit (9), (10) caemyer, uyto 3amyTan-
HbIE COCTOAHNA CIMHOBOI Naphl BOBHUKAIOT TONBLKO NPHU
a%jl # 0, Korma B cUCTEMe CYIIECTBYIOT MONEPEYHbIE
cnuHoBele kKoppenauun ((l;zl;.) = Tr(pli,I;;) # 0).
YucnenHnle pacyeThl, NPOBEAEHHbIE A AEBATUCIHUHO-
BOl OTKPBITOI HeoqHOpOAHOU nemouku npu yuyete CCB
yIalleHHBIX CIIMHOB, IOKA3ally, UTO Jaxe B 3TOM clydae
3aNyTaHHOCTh BO3HMKAET TONBKO MEKIY Gnumaimumu
cocegAaMu. Hume MBI ocTaHOBUMCA Ha 3alyTaHHOCTU
Onukalmux coceieil B OTKPBITBIX albTE€PHUPOBAHHBIX
nenouykax ¢ XY -raMuiIbTOHHAHOM NPU HYJNEBBIX JApMO-
POBBIX YacTOTaXx.

Ha puc.l mokasaHa 3aBUCHMMOCTBL COTJIaCOBAHHOCTU
NEPBOr0 U BTOPOro CIKMHOB OT TeMIepaTrypsl. J3amy-
TaHHOCThL BO3HUMKaeT npu BD; =~ 1, To ecth npu T =~
0.5 MK worga D; ~ 27-10* ¢ 1. Temnepatypa, npu ko-
TOPO# MOABNAETCA 3alyTAHHOCTb B mapax Gnussaimux
CIUMHOB, 3aBUCHUT OT oTHomeHuA KoHcTaHT CCB, nmunbI
LENOYKHN M yAaleHHOCTH CIIMHOBOI Maphl OT KOHIIOB Iie-
noyku. OTMETHM, YTO MMEHHO NPU MUKPOKEILBUHO-
BBIX TeMmepatypax B MoHokpucramie CaF, naGniona-
NUCh YNOPAJOYEHHBIE COCTOAHUA ANEPHBIX cnuHoB [17].

Yucnennsle pacyersl (puc.2a) MOKa3bIBAIOT, YTO CO-
r1acOBAHHOCTH, KOMMYECTBEHHO XapaKkTepusyloulas nap-
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Puc.l. 3aBUCMMOCTEL COTJI4COBAHHOCTYU CIHUHOB 2 M 3 OT
TeMIlepaTyphl B Ielouke, cocToAameit us N = 101 cnu-
HOB U Dz/Dl = 1.5. Ha BcTaBKe IlOKazaHa 3aBUCHMOCTh
COriIacOBaHHOCTH OT TeMIlepaTyphl B GoibiieM MaciTabe

HYIO 3ally TaHHOCTh, ocumuianpyer. HKadecTBeHHOe 0GB-
fICHEHME BTUX OCHWILIALUMA COCTOUT B cienyiomem. Ky-
6utel 1 1 N HaxonATCA Ha KoHIAX nenouky. Ilockonbry
HEHYJIEBOI 3aMyTaHHOCTBLIO 06MaJalOT TONbKO OMuKaii-
mue coceau, napa cnuHoB 1 u 2 u mapa cnuoB N — 1 u
N uMeloT MaKCUMalbHYIO 3aly TaHHOCThL B OJHOPOJHOM
nenouke. CnuH 2 MoeT ObITH 3amyTaH Kak CO CIIMHOM
1, Tar u co cnuHoM 3. IlockonbKy cnuH 2 cuibHO 3amy-
TaH €O CIUHOM 1, 3anyTaHHOCTh cIMHOB 2 u 3 cinabee. B
pe3ylbTaTe COMH 3 CHIBHO 3allyTaH CO CIMHOM 4 U T.1.
OcuunnAnum 3aTyxaloT, KOrJa CIMHOBaA napa yaalfeT-
CA OT KOHIIOB [EMOYKM.

OcuuanAnuum coriacoBaHHOCTH HE 3aTyXaloT MpHu
yZaleHUH [apel 0T KOHIOB albTepPHUPOBaHHOH IeNoy-
ku (puc.2b,c). OcummnAuuy cornacoBaHHOCTH, MPU KO-
TOpPBIX OHA U3MEHAETCA OT HYJNA MOYTH JO €IVHMUIIBI,
NPOUCXOAAT u3-3a pasnuuufa KoHctauT CCB B anbTep-
HUPOBaHHOHM Ienouyke. 3aBUCUMOCTH COTJIACOBAHHOCTU
ot otHomeHua kounctaHT CCB mpexcraBnena na puc.3.
C pocrom otHomenus D,/D; cornacoBaHHOCTb napsl
CIUHOB ¢ MeHblueil KoHcTanToit CCB yObiBaet, a coria-
COBaHHOCTb MNaphl CIMHOB ¢ Ooablueil koHcTaHToit CCB
BozpactaeT. ®aKTUUecKHM NONydaeTcA AUMepU30BaH-
Haf CIUHOBafd IeNOoYKa, KOTOpaAd KayeCTBEHHO MOMKeET
paccMaTpuBaThcA Kak cUCTeMa HeB3auMOJAEeHCTBYIOMUX
cnuHOBbIX nap npu Dy /Dy > 2.

3aBHCUMOCTE corinacoBaHHOCTU Cho cOUHOB 1 U 2 oT
TEMIIEPATYPbI AN OJHOPOJHBIX LENOYEK Pa3HOU IIUHBI
IaHa ua puc.4. [lna HeGombmux nenover (HEGOMBIIMX
N) cornacosanHocTb C}2 BO3pacTaeT NpH yBETUUYEHUH
JIIVHBI eNo4yKky, Korja N ocTaeTcA HEUETHBIM, U YGbI-
BaeT npu ueTHbIX N. IIpocToit aHanu3 mokasbIBaeT, 4TO
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Puc.2. 3aBUCHMOCTB COrIIACOBAHHOCTH OT IOJOMEHWA Ia-
PbI CIIUHOB ,% + 1 BHyTpy nemouku upu N = 17, Dy /2 =
= 30 onA pa3nTUUHBIX 3HAYEHWII OTHONIEHUA KOHCTAaHT
CCB. (a) D2/D1 = 1; (b) D2/D1 = 1.17; (¢) D2/D1 =3

3TO pa3nuyue o0GyClOBIEHO BIUAHMEM yIAl€HHOTO KOH-
I1a [eNnoYKM Ha cornacoBaHHOCTh Cio. Ilpu yBenuueHuu
N »stotr sddert ucuezaer. Jlna cornacoBaHHocTu Coag
cnuHoB 2 u 3 HaGmiogaeTcAa obpaTHasA cUTyalusA, KOTO-
paf Take OOBACHAETCA BIUAHUEM YJIaleHHOTO KOHIIA
nenourku. Ilpu mepexofe K albTEPHUPOBAHHOMN IENOY-
Ke 1pu yBenndeHuu ortHomenunsa kouctaut CCB D, /D,
BnusaHue 3dderTa AUMepU3alUM ENOYKU JOMUHUPYET
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Puc.3. 3aBucumocThb coriacoBaHHOCTe! map CuHOB 1, 2 u
2, 3 ot orHomeHuA KoHcTtaHT CCB nna nemouku ua N = 55
cnuHoB U 3D, /2 = 30
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Puc.4. 3aBUCMMOCTEL COTJIACOBAHHOCTU CIIUHOB 1 M 2 oOT
Temnepatrypsl npu N = 3,4,6,7,100,105. IloBenenue co-
raacoBaHHocTH (12 pasHOe OIA LENOYEK C YETHBIM U He-
YeTHBIM YHCIOM CIIMHOB

M0 CPaBHEHUIO C BIMAHUEM yIANeHHOTO KOHIA LEMOYKH,
U MOBefleHWe 3aMyTaHHOCTH He 3aBHCUT OT YEeTHOCTH U
HEUYETHOCTH YKCIa CIMHOB B IeNoUYKe.

5. 3akaroueHue. Mebl uccienoBany 3anmyTaHHOCTh
B OTKPBITBIX ajlbTEPHUPOBAHHBIX Henoykax. PasBuTeie
MEeTO/Ibl TOYHOMN JUAroHaNU3alui OTKPBITHIX albTepHU-
POBaHHBIX CIMHOBBLIX IIENOYEK MNO3BOJAIOT M3y4daTh 3a-
MyTAHHOCTh CIUHOBLIX MAap MPU Pa3NUUHBIX NapaMeTpax
CHUCTEeMb] M pasHbIX TeMIepaTypax LenouKH.

Ananornunele MeTOIbl MOTYT GbITh IPUMEHEHbBI A
UCClIeIOBaHNA MapHOi 3aMyTaHHOCTU B GoJiee CIIOMKHBIX
MOJEJAX OTKPBITHIX IENOYeK C INEePUOJUYECKH MEHHAIO-
mumuca KoHcrantamu CCB [11]. Meroasr TouHo# aua-
roHanM3anuy B Takux uenouxax [11] momeswsr ans pas-
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JIUYHBIX 3afady KBaHTOBOH Teopuu MHGopMaLUU, pella-
€MBIX C MOMOIILI0O MOJENbHBIX KBAHTOBBIX DPErHCTPOB,
Korja BBeJeHa agpecanus Ky6utoB. JlnAa peanusanuu
agpecanuy Ky6UTOB Heo6X0auMO, 4YTOObI pa3HOCTH Jap-
MOPOBBIX YacTOT Pa3lUYHBIX CNIMHOB CYLIECTBEHHO Mpe-
Bocxoauna KoHcTtauThl CCB. Ilpu atom samepnsioTcsa
¢nun-daon npouecckl, 0OTBETCTBEHHbIE 3a (hopMUpOBa-
HUe 3alyTaHHBIX COCTOAHWM, U Bompockl 3t eKTUBHOC-
TU TaKUX KBAaHTOBBIX PETHCTPOB TPEGYIOT HOMONHUTEND-
HBIX HMCCIeJ0BaHUM.

Astoprr 6narogapust [.3. @enbamany, A.R. Xurtpu-
Hy, NI.-C.JIu 3a ctumynupyiomue auckyccuu. Pabora
BhINMONHEHa Npu noagep:#ke Poceuiickoro donpa ¢pyuna-
MeHTalbHbBIX uccienoBanuii (rpant # 07-07-00048).
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