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B 0630pe pacCMOTPEH psJT CHCTEM, OTTMCHIBAEMBIX HEOJHOPOIHOM (TPOCTPAHCTBEHHO-pa3eenHoi ) GepMu—
Bose cMechio, cO CBEPXITPOBOASIINMY KJIACTEPAMH I KAIIJISIMI [TApAMeTpPa TOPSIAKA B MATPUIIE PACTIAPEHHBIX
HOPMAJIbHBIX cocTostHmil. [IpocTpancreento-pasaenennas Pepmn—Bo3e cmech peaan3yercst B CBEPXIIPOBOIS-
mprx okcugax sucMmyTa BaKBiOs;. Kammm mapamerpa mopsigka MOTYT BO3HMKATH B TOHKWX TIJIEHKAX TPSI3HOTO
MeraJsuta, omuchiBaeMbrx 2D momesnpio Xabbapma Masoi 37IeKTPOHHON MIOTHOCTH C CHJIBHBIM PUTSKEHUEM
¥ CWJIHHBIM IMArOHAJBLHBIM GecriopsimkoM. Boze-koHaeHcaTHBIE KAmin (GOpMUPYIOTCS B pa30aIaHCHPOBAHHBIX
o moTHOCTSM KommoueHT Pepmm—Bo3e cmecsax M IUMONBHBIX Ta3aX. Bo3e-KOHIEHCATHBIE KJIACTEPHI BO3-
HUKAIOT TaKXKe B IEHTDE WM Ha Tepudepur MarHUTHON JOBYMIKYM B CIHUH-TOJSpM30BaHHBIX Pepmu-razax.
OKCUTOHHBIE W TIA3MOHHBIE KOJUIAMCUPYIONINE KAl MOryT (hOPMUPOBATHCS TPU MPUTATATETHHOM 3HAKE
9KCUTOH—IKCHUTOHHOI'O WJIX IITa3MOH-ILIa3MOHHOrO B3amMmozeiicreus. 11ma3MOHHbIN BK/IA B SKPAHUPOBKY 3a-
pana B MgBs mpuBomuT K BOBHHKHOBEHUIO HEOIHODPOIHBIX, MOILYJIHNPOBAHHBIX B IIPOCTPAHCTBE CTPYKTYp. B
MeTa/LIMIeCKOM BOZOPO/Ie W FHAPHUIAX METAJJIa KAl MOryT (hOPMUPOBATHCH B SKCIEPUMEHTAX C yAAPHBIMU
BostHAMHY BO/IH3M rpaHuUIbl $Ha30BOro Iepexosa IIePBOro Poaa MeKy MeTAIMTIecKON M MOJIeKy/IsApHOH da3a-
vu. B mpocrpancrsenno-pa3menennoit @epmm—Bose cmecn B maTepdepeHnmmoraoM Koabne Aaporoa—Boma co
CBEPXIIPOBOISAIINM MOCTUKOM B TOIIOJOIMYECKH HETPUBHAIHLHOM COCTOSHUM BO3MOXKHO IIOSIBJIEHUE U KOJLIAIIC
IOIOJTHUTE/TbHBIX pe30HaHcoB PaHo, 00yCIOBIEHHBIX IPUCY TCTBAEM B CHCTEME KPAEBbIX MAaMOPAHOBCKUX MO/I.
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Mad

I. Beaenue. IIpocTpaHcTBeHHO-pa3deIeHHASA
®epvun—Bo3ze cmech u CBepPXIPOBOAUMOCTH B
okcugax Bucmyta BaKBiOs. B crarbe [1] 6bI-
Jia, BTEpBbIe CHOPMYINPOBAHA, UL MPOCTPAHCTBEHHO-
pasnenennoii ®epmu—bo3e cvecn JIOKAIBHBIX OO30H-
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HBIX KJIACTEPOB HWJIM KOMILIEKCOB (COMEPIKAIINX KOM-
NAKTHBIE 3JIEKTPOHHbIE U/ JILIPOYHBIE TAPBI) B MATPH-
e HecnapeHHbix (PepMu-KUJKOCTHBIX) COCTOSHUIT [t
00bSICHEHUST MEXQHU3Ma, CBEPXITPOBOIUMOCTH U MPUPO-
JIBI 3JIEKTPOHHOTO TPAHCIOPTa B HOPMAJBHOM COCTOSI-
Huu B okcugax sucmyra BaKBiO.
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Ha pucynke 1 mpuBemenHa cxema JIOKAJIbHON KpU-
CTAJLIMYECKON CTPYKTYphl B mrockoctu BiO, mcxomuo-
ro coemnnennss BaBiOj, saBisiomerocst Im3eKTpUKOM
¢ BonHO# 3apsanosoii mroraocrn (CDW) u ¢ maxmar-
HOI CTPYKTypoit pacmpenenenus okTasapos Bil20g u
BiOg (y1eBbIii PUCYHOK) M CXeMa JIOKAJIbHOH KpPHCTAJ-
Jindeckoi crpykrypbl Bag 5K 5BiO3 ¢ quaronanbabiMu
nenmoykamu kKoMiiekcoB BiOg, BHEIPEHHDBIX B DOIBIION
TTepKOIAMORHLIH Ki1acTep okTasapos Bil20g (mpassrit
PHCYHOK).

Ba, K, BiO,

Puc. 1. (Ilgernoit omnaita) CxeMa JIOKAJILHON KPHUCTAJLIH-
9ecKoM cTpyKTypsl B maockoctu BiOs mcxomporo coemu-
unenns BaBiOgs, asnsaiomeroca CDW-uzongaropom ¢ niax-
MaTHOM CTPYKTYpOii pacipeerenns: okrasapos BiL2O0g u
BiOg (s1eBbIif PHCYHOK) U JIOKAJIbHOI KPHCTAJIHIECKON
crpykrypbl Bag 5Ko.5BiOs ¢ quaronanbabivMu rienoukamu
koMmiuekcoB BiOg, BHEAPEHHBIX B GOJIBIION TEPKOIAIMOH-
HeIit Kmactep oxTadnpos Bil’Og (mpassiit pucyrox) [2]

OrmernM, 9YTO BO3HUKHOBEHUE NAJIHHErO MOPSIKA, U
MaKPOCKOMIIECKOH BOTHOBOH (DYHKITUU CBEPXIIPOBOIS-
mero cocrosinust B Baj_,K,BiO3 obycioBierno Tyuue-
JINPOBAHUEM JIOKAJBHBIX 3JIEKTPOHHBIX TAp U3 OIHOTO
6o3onHOro kaacrepa BiOg B cocennumit BiOg kmacrep
qepe3 TYHHeIbHbBIH Oapbep, 00pa30BaHHbIH HOPMAIbLHbBI-
My (PepMHUOHHBIME KjiacTepamu. KovmnounernTsr @epmu—
Bo3ze cmecn B nHTEpBAJIE METATIMIECKUX KOHIIEHTPAITUI
0.37 < x < 0.5 pa3zzeneHbl B peaTbHOM MPOCTPAHCTBE,
HO HE PA3/eJIeHBl B SHEPreTHUECKOM MPOCTPAHCTBE (CM.
Bosee neranpHoe onucanue B [1] u [2]).

Ormernm Takke, 9TO (DOPMUPOBAHUE METAIIUIE-
CKUX (DEepPPOMArHUTHBIX HAHOKAIE/Tb B HEMATHUTHBIX
(mapaMarHUTHBIX, aHTU(MEPPOMATHUTHBIX U 3aPsI0BO-
YIOPSIOYEHHDBIX) JUIJIEKTPUISCKAX MATPUIAX B Mar-
HUTHBIX OKCHJAX OBIJIO TIOAPOOHO PACCMOTPEHO B [3].

II. Kanminm mapamerpa mopsigka B 3JeKTPOH-
HOM cucTeMe MAaJIoil MIIOTHOCTU C MPUTAXKEHUEM
B IMIPUCYTCTBUN CUJIBHOTO CJIYyYailHOrO MOTeHI[hAa-
sga. B pabore [4] HaMM paccuuTaHbl CBONCTBA JBYMED-
HOU 3JIEKTPOHHOIT CUCTEMBI C MAJIOH 3JIEKTPOHHOM MJI0T-
HOCTBIO (N < 1), CHIBHBIM JIOKAIHHBIM [PUTIKEHUEM
Xabbapaa ua ysne |U| > W (W — mmpuHa 30HBI) B
OPUCYTCTBUU CUJILHOTO CIYYaiHOrO MOTEHIHMaas (Iua-
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FOHAJILHOIO Oecropsiika) V', pABHOMEDPHO PACIPeIeIeH-
HOro B amamnal3one or —V 1o +V. YUuTsBaaInch 3JaeK-
TPOHHBIE TMPHIXKKKA TOJBKO HA COCETHUE Y3JIbI KBAIPAT-
HO# perteTky ¢ mupuHoit 30a61 W = 8t. Pacuers! ocy-
IIECTBJSIINCH Ha perieTke 24 X 24 ¢ nmepuoandecKuMu
PPAHUIHBIMU YCIIOBUSIMMU.

B pawmkax momxoma Boromiobosa—me 2Kena ma-
OMIOAIOCh  TOSIBJIEHWE  HEONHOPOIHBIX  COCTOSTHUMN
npocTpaHncTBeHHoO-pasnenernoin  Pepmu-boze  cme-
CH KYMEPOBCKUX Tap W HECMapeHHBIX 3JEKTPOHOB C
obpaszoBaHmeM OO30HHBIX CBEPXIPOBOISIINX Kallelb
PA3HOrO pa3Mepa B MATPHUIE HENAPHBIX HOPMAJIbHBIX
3JIEKTPOHHBIX COCTOAHUIA.

Hawmu rak:ke moapobHO MpoaHATH3APOBAHA 00IACTD
NapaMeTpoB 33a9u (XapaKTepU3yeMbIX JIBYMS BAsKHbI-
mu orHouternsmu |U|/W u V/W), B KoTOpOii Ipu 371€K-
TPOHHBIX MIOTHOCTAX No ~ 0.31 Haunnaercs hbopMupo-
BaHUe OOJIBIITOTO MEPKOIANMOHHOTO KIACTEPA W ITPOUC-
XOJIUT Tepexo] N30JIsITOP—CBEPXTTPOBOIHIUK [4, 5].

OTmeTnM, 9TO B YNCIIEHHOM MOJIETMPOBAHIH HADTIO-
nancs 3dekT yMeHbliieHus padmepa kamm (oT Gosee
KDYIIHBIX KAIledb JI0 OTAEIbHbIX OU-3JIEKTPOHHbIX I1ap)
MPU YMEHBIEHUN 3JIEKTPOHHOW TJIOTHOCTH 10 MAJIBIX
suauennit n < 0.1 mpu PUKCUPOBAHHBIX 3HAYEHUSTX TTPU-
Tsykerns Xaboapaa U u ciyuaitnoro norennmasna V.

[Momyuernble pe3yabTATHI BAYXKHBI KaK IS TOCTPOE-
HUAA TT00ATBHOM (ha30oBOil AuarpaMMbl B HAIIEH CHCTe-
Me, TaK W JJIs TIOHUMAHUS TPUPOILI (PA30BOTO MEpe-
XOZA MEXKJly CBEPXITPOBOJSAIIMM, HOPMATbHBIM METaJi-
JIMYECKUM U JIOKAJIM30BAHHBIM (IUIJIEKTPUUECKUM) CO-
CTOSTHMEM B KBA3UIBYMEPHOM (TOHKAS MJICHKA) TPA3HOM
Merasie. B 6ojiee MpakTUYeCKOM CMBICIIE MOy YeHHBIE
pe3y/ibTaThl MHTEPECHBI TAKKe I IKCIEPUMEHTATb-
HOTO MOCTPOEHUsT CBEPXITPOBOAAIINX (hTaKC-KyOUTOB B
CPAHYIMPOBAHHBIX CBEPXITPOBOIHUKAX, U, B YACTHOCTH,
B IpaHyMpoBaHHbIX Al mieHkax.

B pabore [4] pacuer HayuHaeTcs O CJydalHbIMU
3HAYEHUSIMU AMILTUTYIbI CIapuBanus A; U 3aBUCAIIEH
OT y3J1a MEPEHOPMUPOBKY XUMUIECKOTO TMOTEHINATIA [i;
HA KayKJIOM W3 Y3JIOB, MMOCJE Yero BBIMOJIHSIACH MPO-
[eypa 9UCIEHHON IUArOHATU3AINNU TOJYyYEHHOTO Ta-
MUJIbTOHWAHA. B pe3yabrare ObLIn HAIEHB! COOCTBEH-
HBIE BEKTODHI Uy (T;), Un(r;) W COOCTBEHHBIE 3HAUEHUS
FE,, cucremsbl.

Ha pucynke 2 mokazaHo AByMepHOE PACIPEIeTeHNe
9JIEKTPOHHOIA [JI0THOCTH (J1€BbIii cTOJIGEI), SJIEKTPOHHO-
JILIDOYHOTO MEpeMEeIuBanus (Cpefuuii cToder) u mna-
pamerpa mopsaka (npaseiii crosber) npu n = 0.15 Ha
24 x 24 pemerke ¢ amiuTynoi Gecnopsaka V/t = 10.0.

[MomguepkHeM, 9TO XOTS JaXKe I MAJIBIX JTEKTPOH-
HBIX MoTHOCTEH n < 0.1 m OOMBIINX AMILIATYH, Xab-
6apmosckoro orramkusanus |U|/t = 10, MbI Bce emre
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Puc.2. (Lsernoii ommaiin) [IBymepHOe pacmpesmeneHue
9JIEKTPOHHON TIOTHOCTH (JIEBBIA CTOMOEIT), IEKTPOHHO—
JIBIPOYHOTO TIepeMeNTuBanns (Cpeaunii cToaber) u mapa-
MeTpa nopsaka (mpassrit crosoern) mpu i = 0.15 ma 24 x 24
pemrerke ¢ aMmmnTynoi Gecriopsiaka V/t = 10.0

naxonumes B obnacru BKII gna BKIII-BOK kpoc-
COBEPa MEXKy TMPOTSKEHHBIMU KYMEPOBCKUMU TIapa-
mu (06sacTh mpuMenumoctu teopun Bapauna—Kymepa—
[MTpuddepa) u JoKaIbHBIME HapaMu, OOPA3YONIUME
6oze-sitmreiinopckmit Koumencar (BOK). DmekTpoHHbIe
MaphI TPY TAKUX TAPAMETPAX CUCTEMBI YKe TOCTATOYHO
KOMITAKTHBI, OHU CITa00 TEPEKPHIBAIOTCA U MOYTH KACA-
foTca ApyT apyra. Takum obpa3oM, MbI AefiCTBATETHHO
OdYeHb OJIM3KU K MPeely, KOTIa Mmaphbl HAUWHAT “pa3-
IaBAUBATL  APYr npyra, T.e. K npeneny Pepmn—bBose
CMeCcH KOMIAKTHBIX Map U HECHAPEHHBIX OIMHOYHBIX
37eKTpOoHOB. KpomMe Toro, OTMEeTHM, UTO M0 Mepe pocTa
6ecnopsiika MPOCTPAHCTBEHHOE PACIPEIETEHIE JTOKATb-
HOIT ammuTy bl cnapuBanus A(r) cHaYaa IPUHUMAET
dbOpMy OTIEILHBIX Kalleslb, 8 3aTeM TPU YMEHbIIEHUN
MJIOTHOCTY — OTIAEIHHBIX OMJIEKTPOHHBIX Tap.

III. HeogHopoaHble cOCTOSHHUS B pasbajiaH-
cupoBaHHbIXx ®epmu—bBo3e cmecax u KBaHTO-
BbIX rasax. C 3KCIepUMEHTATBLHOW TOYKU 3PEHus,
paccioenre Ha (a3bl B Pa3daJaHCUPOBAHHBIX (CIIHH-
NOJIIPU30BAHHBIX)  YIBTPAXOJOAHBIX — DepMmu-raszax
BIEpBbIe HAOMIOIATOCH B paborax rpynmbl Kerrepie
[6]. B TpexmepHBIX JIOBYIIKaxX B IEHTpPE JOBYIIKA
Kertepie ¢ coaBTOpamMu IeTEKTHPOBAJ TTAPHOE COCTO-
sguue (603e-KOHIEHCAT COCTABHBIX DO30HOB C PABHBIMU
IUIOTHOCTSIME KOMIIOHEHT 7.4 = 7T), B TO BpeMs KakK
Ha mepudepun JIOBYIIKH B OCHOBHOM COCPEIOTOYEHbI

M30BITOYHBIE CHUHBL “BBepX’. B KBa3mMOIHOMEPHBIX
JIOBYITIKAX — curyanus obparuas. COaJIaHCHPOBAHHBIE
crapeHHble  (hepMUOHBI HAXONATCS Ha Mepudepuu,
a m3OBITOYHBIE CHOUHBI “BBEPX’ HAXOMATCA B IEHTPE
smoBymku. [lepBble 3IKCIEPUMEHTATHHBIE PE3YIbTATHI
mo paccaoennto Ha a3kl B KBA3UIBYMEPHBIX JIOBYIII-
kax npusajexkar rpymine Tomaca [7]. Kauecrenno
CUTyalysi B KBAa3WIBYMEPHOH I€OMETPHUU HAIIOMUHAET
TPEXMEPHYI0 — CO COAJIAHCUPOBAHHBIME CIAPEHHBIMU
dbepMHOHAME B IIEHTPE JIOBYIIKHA.

B pabore [8] GbuIr MPOIOJIKEHBI UCCIIEI0BAHUS Pa3-
OATAHCUPOBAHHBIX YJIBTPAXOJOIHBIX TAa30B B DPEKUME
Pa3MepHOTrO KPOCCOBEPA OT KBA3MOJHOMEPHBIX K TPEX-
MepHBIM cuctemMaMm. Hamm 6bla perrena 3amada o ¢da-
30BOI1 MarpamMmMe B cuH-nosspu3oBanaoM @epmu-raze
C IByMsI KOMIIOHEHTAMU JIJIsi CIUHOB “BBepXx’ u “BHU3”
B Cllydae MPHUTATaTeILHOrO B3aWMOIEHCTBUS HA Xab-
OAPIOBCKUX IEMOYKAX U JIECTHUIAX C JBYMsI W TPEMs
HOTAMHU.

Pe3ynabraThl MOKA3bIBAIOT 3HAYUTENHHOE OTIAYNE
Xab0apIOBCKUX IIEMOYEK C JIOKAJHHBIM TPUTIKEHUEM
HA y3JIe OT JIECTHUIL C AByMs U TpeMst Horamu. IIpu 3rom
JIJTSI IBYHOTMX ¥ TPEXHOIUX JIECTHHIL (DA30Basl THATrPAM-
Ma, (TakKe, KaK U JJIg JIECTHUI] ¢ GOJIBIITUM YUCIOM HOT)
cozepxkut daspl cobanmancupoannoro Pepmu-raza (ED)
C JIOKAJIbHBIMU [APAMY HA y3Ji€ U PABHBIM YUCJIOM YaC-
TUIL 115 CTUHOB “BRepx” W “BHM3” n4 = n|, JaCTUIHO
nonspusosannoro Pepvn-rasa, A1 KOTOPOTO N4 > Ny
(PP), u monmocrsio (100 %) nmomapuzosamunoro ®epmu-
raza (FP), mna koroporo ny = n u ny = 0. IIposemen
aQHAJIN3 JIECTHUYIHBIX CHCTEM Ha, yCTOWInBOCTH. [locTpo-
erne (Ga30BOil AUArPAMMBI OCYIECTBIISIIOCH B YA0OHBIX
0CSX XUMHUYECKOrO. MOTEHIUANA (i U MATHUTHOTO TOJIs
h= ny —ny.

OtmeTrnM, 9TO B ONHOMEPHBIX CHCTEMAX TOYHOE pe-
[IEHHe METOJIOM aH3aTia bere momTBepxkKmaer cyiie-
creoBamne anredpamdeckoro nmopsaka BKIII-tuma B ¢da-
3€ C PABHBIMY IJIOTHOCTSIMU, B TO BPEMSI KaK YACTHIHO
MOJISIPU30BaHHASA (Da3a ABIAETCS KAHIUIATOM I JKC-
MEePUMEHTATBHOrO HABJIIOIEHNsT HEOIHOPO/IHOM CBEepXTe-
KydecTu B ¢a3e ¢ mapamMerpoMm mopsiaka tuna Dymme—
®eppens—Jlapkuna—Osununnkosa [9,10], rme cBepx-
IPOBOISAIINE KOPPETAIUN yOBIBAIOT aaredpandeckKu B
PEAJIbHOM MPOCTPAHCTBE W MOIYIHPOBAHBI C XapPAKTEP-
HOH JITMHOM, oTpeaesisieMoit pa3uuiieit nMmyabcoB Pep-
MH /1T KOMIIOHEHT “BBepX’ © “BHH3’.

ITocrpoenue $pa3oBoit quArPAMMBI s JTECTHUIHBIX
CHCTEeM TPOBOIUIOCH Ha OCHOBE MOIenan Xabbapma ¢
MPUTSIKEHUEM JJIsi U30TPOITHOTO CJIydasi, OTBEYAIOIIe-
ro OJMHAKOBBIM 3HAYEHUSIM t| = t|| JJId TIEPECKOKOB
Ha GzKaiiime y3Jibl BIOJIb U [OIEPeK IernoueK (BI10JIb
“Hor” W BIOJIb TOMEPEeYHBIX CTymeHek). [Ipu sTom ana-
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JIA3MPOBATIACH KAK MPEIENbl CHIBHON cBsizu |U| > W,
TaK W CJIa0Oi CBSI3W TIO OTHONIEHWIO ADCOTIOTHON Be-
JINYWHBI B3aUMOIEHCTBHUS K IMTUPUHE OJHOMEDPHOMN 30HBI
|U| < W = 4t.

Makcumasbroe 3Hauenne |U|/t, nccienoBantoe Ha-
MW, PaABHAJIOCH 7. BbIuncieHns mpoBOAWINCH METOIA-
mu touHoil muaronasusaiuu DMRG (density matriz
renormalization group) IJisi SHEPIUM OCHOBHOTO COCTO-
aausg cucteMbl npu Temmneparype 1T = 0. Ilorenrmu-
an xkoHdallHMEHTa JIOBYIIKH YYUTHIBAJICS MO METOILY
Tomaca—®Pepmu ¢ TOMOIIBIO 3aMEHbBI MATHUTHOTO TIOJIS
h wa h — V(x) n dbakTnueckn COOTBETCTBOBAJ BEPTH-
KAJbHOMY HAKJIOHY JHUHWHA TpaHuibl ¢pa3 Ha (Has30BOH
JIHarpaMMe.

Hexotopere acmexkTsr (a30BoOit auarpaMMbl TpPEI-
CTABJISIIOTCS HAM JIOCTATOYHO WHTEPECHBIMH U BAYKHBI-
MU, B YaCTHOCTH, HETPUBUAJIbLHBIE TPAHUIIBI U HEMOHO-
TOHHBIE JTUHUU HA, (PABOBOI AUarpaMMe MexXIy (a3aMu
C YaCTUYHON NoJdpu3anueil 1 PAaBHbBIMUA YUCJIAMUA Yac-
THUIL B CJIY9ae IBYHOTUX U TPEXHOTUX JIECTHUIL. DTOT -
dEeKT CTAHOBUTCS OCODEHHO WHTEPECEH B OKPECTHOCTH
MyabTuKkpuTHdeckoit Toukun O Ha dazoBoil ruarpamme.

OrpunarebHbI HAKJIOH JIMHUA TPAHUIBI MEXKITY
srumu aeymst daszavn du/dh < 0 aas xab6apIoBCKOi
[EMOYKY UJLTIOCTPUPYeT TOT (haKT, 9TO B OJHOMEPHOIT
CHCTEeME YaCTHYHO TOJIAPU30BaHHast (pa3a COOTBETCTBY-
eT IEeHTPAJLHON YacTu 0bIaKa ra3a, a ¢a3a ¢ paBHBIMA
IJIOTHOCTSIMH CIIMHOB JTUOO HAXOJUTCA Ha Hepudepuu,
b0 OTCYTCTBYET BOBCe. B TO Ke BpeMs Jist JIECTHHIL C
IIBYMSI ¥ TPeMsI HOTAMU HAKJIOH 3TOW JIMHUKA CTAHOBUT-
el MOJIOKUTETbHBIM dp/dh > 0, n Temeph y¥Ke CIHH-
mosisipu30BaHHasg (pa3a HAXOAUTCA Ha Hepudepun Jo-
BYIIIKW Kak B sKcrepuMenTax Kerrepie [38], B To Bpemst
Kak (pa3a C paBHBIMU MJIOTHOCTSIMY CIIMHOB HAXOIUTCS
B I[EHTPE JIOBYIIIKH.

Ha pucyuke 3 m3o06pazkena (pazoBast auarpaMmma, Mo-
nemn Xabbapaa ¢ IPUTKEHUeM sl TECTHHIL C PA3THI-
HBIM YHCJIOM CBA3aHHBIX nenouek (“Hor” w): (a) — ¢ on-
Hoii wHoro#t w = 1; (b) — ABymst HOoramm w = 2; (¢) —
TpeMsi HOTaMu w = 3, — /I 3HAYEHU Xxabbap I 0BCKOTO
npurskenns Ha y3ye U = —Tt. MbI moka3siBaem TOIHKO
Ty dacTh Ha3’oBoii quarpaMmel, st Koropoit pu < U/2,
h > 0, mocKOJIbKY ee npyras dactb h < 0, cumMMer-
pUYHA OTHOCHUTENIBHO 3aMeHbl h — —h, ¥ aHAJTOTHIHO
gacrb $Ha3oBoil auarpammbl, vae p > U/2 cummerpud-
Ha MoKa3aHHoOW vacTn ba3oBoii nnarpamMmser ¢ p < U/2
Gyrarosapsi CHMMETPUU MEXK/Ly YACTUIAMHU U JIBIPKAMHU.
CruioniHble JIMHAU — PE3y/IbTaT YUCIEHHBIX PACYETOB.
HnvHa kaxkmoit u3 Hor mectanmbl L = 40 [8].

IV. 3agaum passiera m KoJuianica KBAaHTOBBIX
ra3oB. B paborax [11-13] Hamu ucciegoBana 3a1a49a 0
PACHIUPEHUN KJIACCHYECKUX M KBAHTOBBIX TA30B B BaKy-
IMucbma B 2KOTD
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symmetry

FP,

FP,

______________________ U/2

symmetry

FP,

Puc. 3. (LIgernoit onnaiin) [tobansrast pa3oBast quarpam-
Ma, Moziesiv Xabbapaa ¢ TPUTSKEHNEeM [jIsl JIECTHHUIL C Pa3-
JIMYHBIM 9ucsioM “Hor” w: (a) — ¢ omguoit Horoit w = 1; (b) —
IByMsT HoraMm w = 2; (c) — Tpemst HOraMu w = 3, - IyIst
3HaveHni xab0apI0BCKOro mpuTsiykenus Ha y3ie U = —Tt.
MpI TOKa3bIBaEM TOJIBKO TY 9acTh (Ha30BOI AUarpaMMbl,
1ist Koropoii i < U/2, h > 0, OCKOMIBKY ee Apyrasi 9acTh
h < 0, cuMMeTpUYHa OTHOCUTEJIHHO 3aMeHBl h — —h, u
aHATIOTMIHO 9acTh Ba30Boii mmarpamwmsl, tae p > U/2
CAMMETPHUYHA ITOKa3aHHON JacTu (Ha30BON auarpaMMbl C
u < U/2 Gnaromaps CHMMETPHM MEXKIy YACTHIAMHA W
npipkamvu. CILIOIHBIE IMHAN — Pe3yJIbTaT YUCICHHBIX Pac-
weToB. ymHa kaxa0i u3 xab0apaoBCKUX memowuexk (HOr
necraunp) L = 40 [8]. ED - equal density phase (daza
C PaBHBIMU IJIOTHOCTSIMHE CIIMHOB BBEPX W BHHU3 N4 = N );
PP - partially polarized phase (wactuano mosapu3oBan-
nas asa ¢ wiorHocrsMu ny > ny); FP — fully polarized
phase (mosHOCTBIO MONTsIpU30BanHas da3a n, = 0

yM Ha OCHOBE CHMMETPHUHOrO noaxoaa. /i KBaHTOBbIX
razon B mpubsmxkennn ['pocca—IInraesckoro [14, 15] mo-
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MOJIHUTEbHBIE CHMMETPUH BO3HUKAIOT JJIs Ta30B C XU-
MUYECKUM MTOTEHITUAJIOM (i, 3ABUCSIIUM OT MIJIOTHOCTH 77
CTeNeHHBIM 00pa3oM ¢ TokasareseM v = 2/D | toe D —
PA3MEPHOCTD MPOCTPAHCTBA. [[JTsT ra30BBIX KOHIEHCATOB
6o3e-aromoB mpu Temmeparypax 1 — 0 sata cummerpust
BO3HUKAET JIJIsT IBYMepHBIX cuctem. [Ipm D = 3 u, coor-
BETCTBEHHO, V = 2/3 Takas CUTYyallus Peaju3yercd IJis
CHJIHHO B3auMmoJeiicTByomero ®epMu-ra3za npu HU3KUX
TeMIepaTypax B yHUTapHOM mpezese [14]. dra xke crm-
MEeTpUS [IJIsT KJIACCUYECKUX Fa30B B TPEXMEPHOI TeOMeT-
PHUU BO3HUKAET I OJHOATOMHBIX I'a30B € MOKA3ATETeM
amrabarsr v = 5/3.

O6a stu dakra ObLIM OOHApPYKEHBI B 1971 1. He3a-
sucnMo TamaHoBbIM [16] 17151 IBYMEpHOTO HEJIMHEHHOTO
ypasuenus Ipenunrepa (coBnaJaiomero ¢ ypaBHeHU-
em I'pocca—TInraerckoro [14, 15]), onmckiBaommero cra-
[IHOHAPHYIO CaMOMOKYCHPOBKY CBETa B CPEIaX C Kep-
POBCKOI HEJIMHEHHOCTBIO, & JjId KJACCUYECKUX ra30B —
Anucmossiv u JIsicukoBbiM [17]. B kBasukmaccuaeckom
npenene ypasaenue I'pocca—IInTaeBckoro coBmagaer ¢
YPABHEHUSIMU THAPOJAMHAMUKY HIEATHHOIO ra3a C IMo-
kazaresem aguabarer ¥ =14 2/D.

ABTOMOJIEIBHBIE PEIIEHUST B ITOM HPHOIHKEHUH
OMMCHIBAIOT HA (DOHE DACIITUPSIONIErOCS ra3a yIJIOBBIE
nedopmalum ra3o0Boro 0d/1aKka B paMKaxX ypaBHEHU TH-
na Epmakosa [18]. Takoro poja usmenenust popmbl pac-
MTUPSTIONIErocst obsiaka HabIIOTAIOTCS B MHOTOYNCIICH-
HBIX HKCIIEPUMEHTAX KAaK MPU PA3JIETe ra3a Mmocjae BO3-
JefCTBUS MOIIHOTO JIA3€PHOTO M3JTyUeHUs, HAIIPUMED,
HA MeTaJIJI, TAK W TPHU Pa3JIeTeé KBAHTOBBIX I'a30B B Ba-
KYyM.

B skcnepnmentax [19] HabGIIOMATIOCH ABTOMOIETHHOE
pacIMpeHne CHILHO B3aumo/eiicreyoriero ®epMu-rasa
u3 JIOBYINIKU cuUrapoobpasuoii ¢opmbl. Ha pucynke 4,
B3siTOM 13 [19], MpencTaBIeHBl H300paYKeHUs PACTITHDSI-
formerocss @epMu-rasa.

B mHauaabHBI MOMEHT BpeMeH! ra30Boe 00JaKO0 nMe-
JI0 (bOPMY CHIIBHO BBITSIHYTOTO SJIIUTICOMUIA B BUIE CH-
rapel (Bpems ¢t = 100 Mkc), 3arem mpu ¢ = 600 MKC mO-
aru cdepudeckyio GopMy W HA KOHEIHOH cTaamm 00-
nako umeno gpopmy aucka. Obiee Bpemsi HADTIOIEHUST
o610 2000 MKC, KOTOPOE MOKHO B3SITh B KAYECTBE MOJIY-
neproa (KM MEHbIIIe) JJisl YIJIOBbIX OCUMILIAnuii Ghop-
MbI Ta30BOro obsiaka, t < tosc/2. Bce aru craguu ka-
YECTBEHHO OTBEYAIOT aBTOMOIEIHLHOMY perrenuto. [lpu
9TOM pe3y/JabTaThl U3MEPEHUil CpPeaHero pas3Mepa Kak
GYHKINA BpeMEHH i Pa3HBIX 3HAYEHHI OOpPATHOTO
razoporo napamerpa 1/(askp) ¢ Xopoireil TOYHOCTHIO
MPEICTaBIAIOT coOOoit mapaboanyueckne 3aBUCUMOCTH, B
[OJTHOM COOTBETCTBHH C COOTHOIIEHUEM [IJIsi CPETHEro
KBajipaTa pajuyca R? obiaxa, CIeIylOmuM U3 Teope-
mbI Buprasa [20]:

100 uS

200 pS

400 S

600 uS

800 pS

1000 pS

1500 pS

2000 pS

Puc. 4. (Ilpernoit ommaiin) 300pakennst pacmupsione-
rocs CHJILHO-B3amMozeicTeyomero OepMm-ra3a BO Bpe-
menu (B Mkc). HauanwHas dbopma B Buzme curapst [19].
Iamee, cheprdeckast popMa ¥ MIOCKAS IMIHHIPUIECKN-
cummerpuaHas ¢hopma B Buze OImHA,

d2 R2
dt
B,Her 2m — YABO€HHaA 3a CHET KYIIEPOBCKOI'O CIlapHBa-
HUA MacCCa q)epMI/I—a;TOMOB7 N — moJIHOE YMCJIO JaCTHIIL,

ITucema B 2KOT® Tom 117 BRm.9-10 2023
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FE — nonuas sueprus. lHTErpmpoBaHne 3TOro COOTHO-
IITeHNS JAeT

2mNR? = 2m/r2ndr =2mNR? = 2Et? + C1t + Co,
(1)

re maorrocTh n = |W|?, W — pomHoBas BYHKIMS KOH-
nerncara, (7, Cy — OBa JOMOJHUTETbHBIX HHTEIPAJIA
npuxkenns. OTcoona Cieayer, YTO aCUMITOTAYECKH IIPH
OONBITIUX t CpeaHnii pa3Mep obJIaKa KBAHTOBOTO ra3a,
PACLIUPSIOIIErocss B BaKyyM, PacreT JUHEHHO CO Bpe-
MEeHEeM, T.e. MMEET MECTO BBIXOJ Ha OaJIMCTHYECKUH
PEKUM.

Kak mokazano B paborax [11-13], ypasHeHme

I'pocca—IluTaeBcKOro mpW CTENEHHOW 3aBUCHMOCTH
[ OT TIOTHOCTM M C TIoKasaremeM v = 2/D B kBa-
3UKJIACCAIECKOM TPUOJINYKEHUN JOIMYCKAET TOUYHBIE
TPEXMEPHBIE ABTOMOJIETIbHBIE PEIeHuUs], OMUCHIBAIONINE
AHU3OTPOMIHBIN pa3jer ra3a B BakKyyMm. B Oe3pa3mep-
HBIX TIEPEMEHHBIX IJIOTHOCTH YEepe3 aBTOMOJIE/IbHBIE
nepementbie & = x;/a; (i = 1,2, 3) 3amaerca B Buze
1

n= %Twzf(f),

rIe TPW CKEHJIWHTOBBLIX TapaMerpa a; SBJISIOTCS
dyukuuavu spemenu t. Ilpu srom f (§) okasbiBaercs
chepuaeckn- CHMMETPUYIHON (hyHKIme#, 3aBuUCAIIEH
TOJIBKO OT MOJIYJISA |£| W MOJOXKUTENBLHON KOHCTAHTHI A,

onpenendeMoil U3 Ha4aJIbHbBIX YCIIOBUIA:

3\ 3/2
ro=i-%el

u obpalaercs B HyJb npu |€| > ,/%—0.
[ToBenenne CKEHTMHTOBBIX MapPaMETPOB OT BPEMEHU
ompeesisieTcst u3 pertenuii ypasuennit HrioTona

oUu 3
— 8_(11_’ U(a) =

a; =

O

2 (azaya, 2

9T ypaBHEHWS OTHOCATCA K TaK HA3BIBAEMBIM CHCTE-
MaM epMaKOBCKOro tuia [18] u unrerpupyrorcs Giaro-
Japs COXPAHEHHUIO SHEPTUH

1
E = -a%>+U(a). (3)
u coornomennio (1), rae R? = 3a? u norennuman
U(a) = 3)\/2a°. (4)

B cdhepnueckn-cnMmeTpraHOM Coiydae, KOTIa IHep-
rus 3aBUCHT OT MOAYJIA |a| = a, pelieHue TPUBUAIBHO
maxomaurcs. Pa3zmep obmaka r mpm t — 0O pacrer Jin-
HEHHO, COOTBETCTBEHHO CKOPOCTH PA3JIeTa Ha OOIBITNX
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BPEMEHAX CTPEMUTCs K MOCTOSHHON Besudune (Gasuiu-
CTHYECKUI PEKUM), B PA3MEPHBIX TIEPEMEHHBIX PABHOIL:

Voo =V E/mN.

Heobxomumo oTMeTuTh, 9TO B ClIydae KOJIIAICA
[21-23] BhIpazkenue [ist KBaIpaTa PaIuyca obIaKa, ciie-
NIYIOIIETO W3 BUPHUAJIBLHON TEOPEMbI, OOPAIIAETCS B HYJIb
B HEKOTODbIi MOMEHT Bpemenu t = tg (IOCTATOYHBIM
YCJIOBUEM 3TOTO ABJIAETCs OTpuriareabaoctb H). Orcio-
Jla HEMEIJIEHHO CJIEYEeT, UTO MPW MPUOIMKEHNN K t = tg
pa3mep obaka

R o (tg —t)Y/?,

YTO OTBEYAeT PEeXNMY CJIaDOTO aBTOMOMETHHOTO KOJI-
namca (cM. [21,22]).

Jlms amanuza gedopmarmii popMbl ob1aka Ha (HOHe
pacimpsiionierocs rasa (puc.4) meodxomumo B (3) me-
peiiTu K chepuIecKuM KOOPAMHATAM: MOAYIO a U cde-
pudeckuM yriaam ¢ u ¢. Baaromapst teopeme Bupumasa
(1), ABUIKEHME 1O PAJUYCY OTIIEIIAETCS, & YIIOBAS JIU-
HAMUKa onpeaesiercs 3Gh@GEKTUBHBIM TMOTEHIITATIOM:

i} 2 1
21/3 (cos? g sin ¢ sin 29)%/%  3a*

MunumyMm sToro norennmana min U = —3/\2 OCTH-
2a
raeTcd Ipu

sing = 1/v/3, ¢ = /4, (5)

COOTBETCTBYET C(OEPHIECKH CHMMETPHIHOMY PACIIPeIe-
sernuto B (4). Bropbie npoussoaubie or U 10 yrioBbiM
MEpEeMEeHHBIM B TOYKE MUHUMYMa, OTPEIEISIOT TJIABHbIE
9aCTOTHI OCIILTANMI. B aBTOMOIEIbHOM NPUOIIKEHAN
OHM OKa3bIBAIOTCA OJUHAKOBBIMU M PABHDBIMH:

Q3 = Q3 =18\

B 3akmodyenne JaHHOTO pasmena MOomdepKHeM, bTO
dopmuposanune GobIIIX GO30HHBIX KANEIb (COAEpPIKa-
mux 5 u 0ojiee YACTHUIL) B MATHUTHBIX W ONTHYE-
CKPX JIOBYIITKAX XapPaKTEPHO s pa30aTaHCuPOBAHHBIX
®epvu—bo3e cmeceit M30TOMOB IMIETOYHBIX IJTEMEHTOB
Li-6 (depmmons)-Li-7 (6o3onsr) u K-40 (dbepmuons)—
Rb-87 (6030HbI), KOrga 6O30HHAS ILIOTHOCTH OOJIBINE
dbepmuonnoit: np > np (cM. [24]), a rakxke B 603e-razax
C PE30HAHCHBIM TIPUTSAKEHUEM MKy 0o3oHamMu. Bojb-
mme GO30HHDbIE KAIIM B CAy4ae CUILHOTO pasbaamca
MeXK/ly KOMIIOHEHTAMH Nnpg > Np ObLIA SKCIEPUMEH-
TaJIbHO JeTeKTupoBaHbl B @epmu—bBo3ze cmecu K-40-Rb-
87 ¢ bombUM MpeobIasaHneM DO30HOB B pabOTax rpyT-
ubl Moayno [25]. UcyesnoBenune moporoBbiM 06pa3oM
(o uucsty GO30HOB B JIOBYIIKE) JIOKAJIBHOIO MUHUMY-
Ma B GO30HHOI YHEPTUY W BCJIEACTBUE 3TOTO KOJLIAIC B
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06030HHOIT TIoICHCcTEME B pa3bamaHcupoBanHoil @epMu—
Boze cmecu ¢ mpeobaamanuem 6030u08, Ng > Np, mpu-
TSKEHHEeM MeKIy (hbepMHOHAME U OO30HAMU OBLIA, MO-
IPOOHO MPOAHATU3UPOBAHA B TEOPETHUECKHX paboTax
[26, 27].

B cbamancuposanmoit ®epmu—bBose cmecn ¢ paBHBI-
MU [JIOTHOCTSIMH KOMIOHEHT N = N BO3MOXKHO TaK-
Ke 00pa30BaHWe COCTABHBIX (PepMUOHOB f,b M dyeTBe-
pok f+bf b n3 ABYX (PEepPMIOHOB C TPOTHBOMOIOKHBIMH
IPOEKIUAMI CIOMHA U IBYX 6030HOB [28,29] u [30, 31].
Bomabmre 6030HHBIE KAILTH Tak:Ke OBLIN SKCIEPHMEH-
TanrbHO OOHApYKeHbI B Oo3e-raze Dy-164 ¢ cuabHBIM
JTATIOJIb—IUTIOIIBHBIM MPUTSIIKEHNeM [32].

V. JIAWHHOBOJIHOBBIE OCHUJLISINY 3apsaia B
MgB;. Akyctumueckme miaa3sMoHbl. HeoaHopo-
HbI€ COCTOdHUS B IJIA3MOHHBIX cucTemMaxX. [lo-
CTaB/IeHA M KAYECTBEHHO PelleHa 3aaa9a 00 3¢ ¢pexTun-
HOM 3KPAHHPOBAHHOM KYJTOHOBCKOM B3aMMOJEHCTBUN B
crmouctoM Merasie MgBs co CmeKTpoM aKyCTHYEeCKOTO
mna3Mona w2, = Bsin?(¢.d) B Hanpasienun z mepren-
TuKynsgpHoM ciosiM (cM. puc.5 u [33]). Kak xopomio
BUJIHO U3 PUC. §, CIIEKTP MTPAKTHIECKN JIMTHEEH B OKPECT-
HOCTSIX TOYeK ¢,d — nmw, rae n =0,1,...; d — MeXKIJIOC-
KOCTHOE PAaCCTOSTHUE.

A I’ A I’

0.7%

06

3 0S 0.5

5 04 Loa

g 03 03
0.2 02
0.1 0.1

0 0204 06081012 14 1.6 1.8
Momentum ¢, (arb. units)

Puc. 5. (IIernoit ommaiin) CrekTp akyCTHYECKOTO ILIa3-
Mona w2, = Bsin?(q.d) B cioucrom Meramte MgBs ® Ha-
TIPABJIEHUN Z, MEPIEHINKYISIPHOM 0a3aIbHOM MIOCKOCTH
[33]. CriekTp MpakTHIECKN JIMHEEH B OKPECTHOCTSIX TOUEK
q.d = nm, tme n = 0,1,...; d — MEXKIUIOCKOCTHOE Pac-
CTOAHHNE

B aTom caygae adppekTuBHOE B3aNMOIEHCTBIAE B M-
MyJIbCHOM TIPOCTPAHCTBE UMEET OCOOEHHOCTH Ha, MAJIBIX
YaCTOTaX B PE3OHAHCE C YACTOTON aKyCTUUIECKOrO TLIa3-
MOHA, U KOHEYHBIX BOJIHOBBIX BEKTOpax ¢, = (Q = 7/d)
pPaBHBIX BeKTOpY “Hectwrra’ (). B ummmysbcHOM mpo-
CTpaHcTBe 3Ta 0cO6eHHOCTh nMeeT Bu Ve o 1/]q. — Q|-

Ecnm MBI akKypaTHO nepeiinemM B KOOPIUHATHOE TIPO-
CTPAHCTBO, TO YBUJMM, 9TO BO3HUKAET CHHTYJIAPHAS
(octumupyiomas) vactb 3hdexTusHOro B3aUMOIEii-

CTBUSA B PeaJbHOM MPOCTPAHCTBE, CIIAJAIONIAs CTeleH-
HEIM 0OpaszoM 1o 3akony cos(Qz)/(Qz)?. Taxoit kBaj-
PATUYHBIN XapaKTep CHAIaHUs HATIOMUHAET (DPUIEIeB-
CKU€ OCIIJIISNNAK MIPH dKPAHUPOBKe 3apsima B 2D me-
rajuie [34].

Nurepecnoit 3amadeit Ha Oymyinee siBIASETCS 3a1ata
0 BO3MOYKHOCTHU 003e—-3IHITITEHHOBCKONH KOHICHCAIINN T
CBEPXTEKYYECTH B CJIa00-HENIeaIbHBIX OOrOI000BCKUX
ra3dax akKyCTHYECKHX IIJIAa3MOHOB IIDHU OTTAaJIKHBATE/Ib-
HOM XapaKTepe IOTEHIHAJa ILTa3MOH-ILTa3MOHHOT'O
B3aMMOJEHCTBUS W 3373498 00 WX KOJIJIANCE B PEAsIh-
HOM TIPOCTPAHCTBE MPU MNPUTATATETHHOM 3HAKE 3ITUX
B3aMMOIEMCTBUIA.

1.4

1.2

—
(e}
T

(@)
o

N
RS
T T

| 1 | | | | | |
0 0102 03 04 05 06 07 08 09 1.0
®

Puc.6. ®omnommas dyuknms Damambepra gus  da-

3BI I41/amd MeTAJIJITIECKOTO BOJIOPO/Ia IO JABJIECHHEM
500 I'TIa [38]

VI. CsepxmpoBoauMocTh u ¢OpMHUpOBaHUeE
Karejgb B METAJUIMYECKOM BOJOPOJe W TUuApu-
Jax MeTasiioB. CBepXIpOBOIUMOCTD B OJHOPOTHBIX
dazax MeTaIIMIeCcKOr0 BOIOPOIA U METAJLIO-THIPUIOB
MBI PACCUYUTHIBAJINA B paMKax MOIU(DUIMPOBAHHON Ha-
MU CXeMbl HHTErPaIbHBIX yPABHEHHUI Dmuaribepra Ha
MHHUMOH OCH C y4eTOM IMONPAaBOK HA XUMHUYECKHNA MO-
reHnuai [5,35]. OTMeTHM, YTO IUCIICHHBIE METOIBI Pe-
[IIEeHNsT CUCTEMbI YPABHEHUN DIHAINOEpPra TaK»Ke paHee
paspabarbiBanuch B [36—40]. Ha pucynke 6 nupusenena
dbyurnus dauarbdbepra (POHOHHOTO CMEKTPA, IS OTHON
u3 (ha3 METAIMIEeCKOr0 BOJAOPO/IA MO/ JABIEHUEM.

3aBUCHMOCTDH MAPAMETPA, TMOPSIKA OT TEMIIEPATYPhI
MOKa3aHa Ha puc. 7. XOTs mjist 3Toi (Ha3bl MeTajInde-
CKOT'O BOJIOPO/IA PA3HUIA MEXKIY PEe3yIbTATaAMU, MMOJY-
YEeHHBIMH C MOMPABKON HA XUMUYECKUIT TOTEHITNAJ 3JIeK-
TpoHOB [5, 35] u panee Ge3 nHee [38], HepeawKa, Jist APY-
UX BEIIEeCTB OHA MOXKeT OBbITh BEChMa CyIIECTBEHHOM.
O HAKO CllelyeT OTMETHTh, YTO yder MOMPABKU Ha XU-
MUYECKUI MOTEHITNAJT JJIEKTPOHOB TTPUBOIUT K PE3KOMY

TTucema B 2KOTO
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Puc.7. (LIperHoit omiaiiH) 3aBHCHMOCTH HapaMerpa IIo-
psinka or Temmeparypsl A(T') mas dassr 141 /amd merasn-
Jmaeckoro Bomopoxaa mpu gasiaernn 500 ['la (1 — pacaeTst
C TIOTIPABKOM Ha XUMHWYECKUI TOTEHITNAJ SJIEKTPOHOB, 2 —
6e3 mompasku [35]). Ha BcraBke moka3aH yBeJMYEHHBII
dparment rpaduka B6JIM3M TEMIEPATyPHl CBEPXITPOBOISI-
IIero mepexoza

(B mameM ciaydae Ha 2 TMOPSAIKA) YBEIMYCHUIO BPEMEHN
pacqera.

AHajloruynbIe pe3yabTaThl I APYTUX COSIUHEHU
Ha OCHOBE BOJIOPO/IA P BLICOKUX JABJICHUSIX MTOJIY YeHbI
B pabore [41]. Iyis Bcex BemecrTs, /jis KOTOPBIX B 3TOM
pabotre mpuBeneHbl DYHKIUNA DIUAMIOEPra, MBI PACCTH-
reiBasm T, aByMsa Meromamu (cMm. Tabi. 1): ¢ ucmons3o-
Banuem ajropurma Asutena—aiinca [42—44] (crosuberr
“A-D-1") u meromoM perienus ypapueHuil duumarnbepra
Buza [5,35] (croaberr “El-17). 3nauenus T, mosydeHHbIe
B [41] ¢ ucnosb3oBanremM MOIU(MDUIMPOBAHHOIO yPaBHE-
aus Makvusuiana [42] B npubnuzkenuu Asnena—/ladinca
U ITyTeM DEIleHns ypaBHeHuii dauamnbepra, Tak:Ke Ipu-
Bezienbl B Tabsune (cronbupt “A-D-2” u “El-27).

Ta6mauna 1. Temneparypsl CBEPXIPOBOISIIETO IEPEX01a HEKOTO-
PBIX THIPHUIOB DU BHICOKUX [[ABJIEHHUSX

Bemecrso | P (T'Ila) Te (K)
A-D-1 A-D-2 El-1 El-2
LaBeHg 50 194 167 192 191
LaBHg 70 160 144 159 160
LaAlHg 100 145 130 145 144
CaBeHg 210 307 254 303 302
CaBHg 100 241 212 239 238
YBeHg 100 250 215 248 249
SrBHg 150 206 163 204 200

Kak Bugro n3 Tab. 1, BO-TIEPBBIX, PE3YIHTATHI Ha-
IIAX PACYeTOB W aBTOPOB paboThl [41] B OCHOBHOM COB-
nagaor ¢ rounocrbio 10 1K (pacxoxnenue, oueBu-
HO, CBSI3aHO C OIMIHUOKOM O1udpoBkyu rpadukoB QpyHK-
nuit dnambepra, MPUBEICHHBIX B CTaThe). BO-BTOPHIX,
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pacuerst o anropurmy Asnena—/laiiHca B JaHHOM CITy-
Jae JTal0T OYeHb XOPOIee MPUOINKEeHNe K TEMIIEPATYPe
CBEPXIPOBOJISAIIErO Tepexoa (171 GOBbITUHCTBA, MaTe-
puaJios He xyxke 2 K). HaoGopot, ucrosib3oBanue Moau-
GUIMPOBAHHOrO ypaBHEeHHsS MaKMUIIaHA B TPHOTAZKE-
unu Ajnena—/ladinca maer 3anmxkenne T, Ha HECKOIHKO
JIECSITKOB I'PAJLyCOB.

O6pa3oBaHne MeTAJNIMYECKUX Kamejlb BOJII-
3u rpaHuibl (a30BOro mepexoga MEePBOTO Poja
MeX/Iy MeTAJUIMYECKUM U MOJIEKYJIAPHBIM BO-
JmopoaoM. B kKagecTBe ecTeCTBEHHOTO ODODINEHMS pe-
3YJBTATOB, MPEJICTABIEHHBIX B PAbOTe, MBI ILJIAHAPYEM
PACHIAPUTH HAITY MOJIEb IJIsi yPABHEHUI DIHAIToepra,
9TOOBI yUECTh BIUSHUE TPUMECeil, MHOTO30HHBII XapaK-
Tep uccienyeMbix coenunenuii [3,5,35], a Takxke BO3-
MOYKHOCTH OOPa30BaHUSA HEOJHOPOJHBIX COCTOsTHUI (06-
pa30BaHUe KAIE/b), BO3HUKAIONUX TIPU MPUOIHKEHIN
K (ba30BOMY MEPEXO/Iy TIEPBOrO POJIA MEXKY YKUIKUM U
KPHUCTATIMYECKUM METATLTHIECKUM BOIOPOIOM.

MpbI mIaHUPYeM ydYecTh TaKKe BO3MOYKHOCTH 00pa-
30BaHUS B CHUCTEME JIBYX 003e-KOHIEHCATOB, TEPBHIH 13
KOTOPBIX MIPEICTABIIET CODOM DO3e-KOHIEHCAT KYIIEPOB-
CKHX TIAp B 3JIEKTPOHHOM IOJCUCTEME, a BTOPOil — Om-
NPOTOHHBIN (03e-KOHAEHCAT B MOHHOM KOMIIOHEHTE (TI0-
JIOOHO cuTyanuu B HEATPOHHBIX 3Be3jax). Kadecrsen-
HbIE COOOpasKeHUsi O BO3MOXKHOCTH COCYIIECTBOBAHUS
IBYX 003e-KOHJIEHCATOB KYMEPOBCKUX TAp U OWIIPOTO-
HOB B HU3KOPA3MEPHBIX (hpa3ax METAJINIECKOTO BOIOPO-
Ja (TakMxX Kak IJIaHapHas W HUTeBUIHas dasza [24,45]
6t chopMynupoBaHBl HaMHU B [46, 47].

Paccmorpum Teneps BO3MOXKHOCTH OOPA30BAHNST Ka-
meJIb B METAJIINIEeCKOM Bomopoze. Ha pucynke 8 npuse-
nena T'—P ¢a3oBast nuarpaMMa MOJIEKYISPHOTO B aTO-
MapHOT0 MEeTAJIJIMYECKOTO BOIOPOIA TIPU BBHICOKUX TAB-
snennsix. @a3oBast nuarpamMma, comep:kut 4 a3kl MO-
JIEKYJIIPHOTO M METAJLTHIECKOr0 BOJOPO/IA, a UMEHHO
2 da3bl TBEpAOro (KPUCTATIIMIECKOrO) MOJIEKYIAPHOrO
U METAJIJINIECKOTO BOIOPOIA TP BBICOKUX TABJIEHUSX
U HU3KUX TeMreparypax u jBe (a3bl KHIKOTO MOJe-
KYJISPHOTO U METAJLIMIECKOrO BOIOPOJIA MPHU BBICOKUX
JIABJIEHNSX W BBICOKWMX TeMreparypax [48].

ITpu sToM ba30BbIil TIEPEexoa U3 KPUCTAINIECKON
B XKUJKYIO a3y Kak i ATOMAPHOTO METALIHIeCKOrO
BOJIOPOJIA, TAK U JIJIsl MOJIEKY/ISPHOTO ([IUJIEK TPUIECKO-
ro) BOIOPOJA ABJsAeTCs (DA3OBBIM MEPEXOJO0M TIEPBOTO
pOJIa, MIJIsT KOTOPOTO XapaKTepHO 0Opa30BaHNe HEOIHO-
POJIHBIX KaMembHbIX cTPYKTYyp. OTMerum, 9ro o6pazo-
BAHMUE KUJIKUX KAMEJb U MAJEHbKUAX “JIbIMHOK BOKPYT
MOJIOYKUTEIBHBIX U OTPUIATETHHBIX MOHOB XOPOIIO W3-
BECTHO B (DU3MKE KUIKOrO U TBepaoro remus [49]. Ana-
JIOTUYHO, MOXKHO OXKHUIATH (POPMUPOBAHUE KAIesb Me-
TAJITIIECKOTO BOJOPOJA B IUIJIEKTPUUECKON MaTpuIe
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Puc.8. (Ieernoii omnaitn) T — P da3oBaa mmarpaMma
MOJIEKYISPHOTO U aTOMAPHOI'O METa/LTMYECKOTO BOIOPO-
[Ta TTpT BHICOKUX JaBaeHnsx. @a3oBasd AuarpamMMa BOIu3N
$a30Boi TPAHWUIIEI MEXKIY MOJEKYISPHBIM M MeTaJLIAYe-
CKHM BOZOPOJIOM COZEPKHUT 4 CyImeCTBEeHHbIE 11 HAC (da-
3BI, & UMEeHHO 2 Ga3bl TBEPAOTO (KPUCTAITMIECKOTO) MO-
JIEKYJASPHOTO W METAJLIMIECKOTO BOIOPOIA TIPH BBICOKIX
MAaBICHUAX M HA3KWX TeMIepaTypax m ase (pa3bl KUIKO-
TO MOJIEKYJSPHOTO M METAJLINIECKOTO BOAOPOAA TIPH BhI-
COKHMX JJABJIEHUSIX U BBICOKUX TeMmIeparypax [48]

MOJIEKYTISIPHOTO BOJOPOA. DKCIEPUMEHTATBHBIM TTOJI-
TBEPXKJIEHUEM 3TON HIEN SBJISIIOTCS SKCIIEPUMEHTHI C
ynapHbiMu BosHaMu [50] ayist mefirepueBbIx cucreMm.
VII.
me AaponoBa—Boma [51]
CBEPXIPOBOASAIINAM MOCTHUKOM KaK
MaiopaHOBCKMX

Kounmanc pesonanca PaHo B KOJb-
C TOIIOJIOTUYECKUM
TecT Ha
He-JIOKAJIbHOCTh mon. UWaen
pocTpaHCcTBeHHO-pa3aereHHbix @epvu 1 Bose crucrem
U HETPUBHAJIBHOU CBEPXIPOBOAUMOCTH, HABEIEHHO
B HUX, MOU'YT OBITh PEAN30BAHBI M B OTPAHUIEHHON
FEOMETPUM MHUKPOKOHTAKTA C 2 Wi 4 KBAHTOBBIMU
royramu [52-54].

B reomerpun pomba, mokaszaHHoi Ha puc. 9 ¢ 4 KBaH-
TOBBIMH TOYKaMH, ABa (epMueBckux pykasa ((daxru-
gecku, Jse dpdexruBabe HepPMUEBCKHE 30HBI) KOTOPO-
r'0, OMMCHIBAEMBIE TYHHEIHHBIMU TAMUIHTOHUAHAMU JIJTsT
dbepMUEeBCKIX KBA3WIACTHUIL, COEIUHEHBI CBEPXITPOBO/IsI-
IIIUM MOCTHUKOM, COJIEPKAIIUM TAaPHBIE DO30HHBIE COCTO-
sunst [55-57]. TIpu 3TOM B CBEPXNPOBOASAIIEM MOCTH-
K& MOYKeT HABOIUTHLCS TOMOJOTUYECKN HETPUBUAIHHAS
CBEPXIPOBOIUMOCTD [55].

B srom kouTekcre comectHo ¢ C. B. AkceHoBbIM [57]
B 2020 1. perrena 3a/a4a O KOJJIAIce Y3KOrO PE30HAHCA
®ano [58] B KOHIAKTAHCE CHCTEMBI BCJIEICTBHE HEJO-
KaJbHOCTH MaiiopaHoBckoro cocrosuus [59]. IToguepk-
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Puc.9. (IIsernoit onmaita) Kosbno Aaponosa-Boma [51]
CO CBEPXIIPOBOIANIIUM MOCTUKOM B TOIOJIOIUYECKH HETPU-
BUAJIBHOM COCTOSIHAU C ACUMMETPHel TYyHHE/JbHBIX Mapa-
METPOB MEXK/ly PYKaBaMU KOJbIA U KOHTakTamu. Koib-
o AaponoBa—Boma ucnonb3yercsa B kadecrse uaTEpde-
PEHITMOHHOTO YCTPOUCTBA i HABJIOIEHUs DPE30HAHCOB

Dano [58]

HEM, 9TO OJHA W3 TMTABHBIX OCODEHHOCTEH MailopaHOB-
CKHAX COCTOSHUI, IIPHUBJIEKAONIas OOMBINON HHTEpEC K
9TUM BO30YXKIEHWSM B TBEPAOTEIbHBIX CHCTEMAX, 3a-
KJII0YAETCA B UX HEJOKAJBHOM XapaKTepe.

B [57] wamm paccmorpeno wuHTepGhEPEHIIUOH-
HOe YCTPOHCTBO B BHJE ACHMMETPUYHOTO KOJIbIA
AaponoBa—Boma, pykaBa KOTOpOTO COEIMHEHBI TIO-
[IepeYyHbIM MOCTUKOM B BHJIe OJIHOMEPHOI'O TOIO-
JIOTUYECKOTO  CBEPXITPOBOJHUKA. ACHMMETPHYHOCTH
YCTPOMUCTBA 3aKJIIOYACTCA B HEOJIWHAKOBOCTH MapaMeT-
POB TYHHeJIMPOBAaHUA t; U to MEXKJAYy KOHTAKTaAMU W
ABYMs PyKaBaMu KOJIbIIA.

Ilokazano, 9TO B OT/IMYME OT PACCMOTPEHHON HaMu
B [56] cuMMeTpUYHON reoMeTpuu, B KOHIAKTAHCE aCUM-
METPUYHOI'0 YCTPOHCTBA BO3HUKAIOT HOBblE DE30HAHCHI
®ano. OOHAPYKEHO, UYTO WX MIAPUHA MPSMO MPOMOP-
OMOHAJIbHA BEJMYNHE HEJIOKAJIbHOI'O COCTOSHUSA CBEpPX-
MIPOBO/IHUKA C MUHUMAJIbHOW SHEPTUeil, paBHON SHEPTUnA
CBSI3U TAPBI KPAEBBIX MANOPAHOBCKUX BO30Y K ICHIH.

1 T —
-::, —sym: N =30
0.8f " 1
"". --asym: N =30
go 0.61 -—asym: N =60 | -
- 5 t |asym: N =90
© 04 2 B 1
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h

Puc.10. (LlserHoit onnaiin) Kosamnc y3koro pe3oHaHCa
DaHo ¢ yBeJWYeHWeM CTeTleHN HeJIOKAJIbHOCTH Maiiopa-
HOBCKUX MOI B CBEPXTIPOBOAAIINEM MOCTHUKE

JIpyruMu CIOBAMH, MOXKHO CKa3aTbh, 9YTO YeM CHJIb-
Hee TIJIOTHOCTh BEPOSTHOCTH KOHIIEHTPUPYETCS Ha Kpa-
ITucema B 2KOT®
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gax, TeM yxke pesoranc @ano. B pesyabrare, B mpeaenb-
HOM CJIyYae ABYX HEB3aMMOIEHCTBYIOIINX MaiiOpaHOB-
ckux (epMuoHOB (OU€Hb GOJIBIION MJIMHBI TOHOJIOTHU-
YECKOrO CBEPXITPOBOMMAINEr0 MOCTUKA) JAHHAS OCOGEH-
HOCTH KOHJaKTaHCa ucyezaer (cMm. puc. 10).

OTO yTBEPKIECHNE MOXKET OBITH MTPOULITIOCTPUPOBA-
HO B paMmKax GeccuumHOBON Mozesnu KoJbla [57], B po-
JIM MOCTHKA JIJTsT KOTOPO# MCMOJIB3YeTCsT MailopaHoOBCKast
nenodka Kuraesa [60] ¢ gernbiM guciom y3inos. Ilpu
9TOM MMOKA33aHO, 9TO OOHApPYKeHHBIN 3] derT cBs3an
C yBEJUYEHUEM KPATHOCTU BBIPOXKIEHUS CTPYKTYPHI C
HyJIEBOIT 3HEprueil B 0coboit Touke momenmun Kuraesa u
YMEHbIIIEHUEM TTEPEKPBITHsT BOTHOBBIX (DYHKIUI Maito-
PAHOBCKUX (PEPMUOHOB MPH YBEJIUYEHWN UHUCJIa, Y3JIOB
(dpaxTuyuecku JAJIMHbI) IEIOYKH, YTO U HPUBOIAUT K KOJI-
Jlarcy y3kKoro pe3onanca ®awno.

JIOMOTHUTETEHOE PACCMOTPEHUE YACTHOTO CJIydast
naTepdEepoMeTpa, BKIIIOYAIONIET0 TOJIHKO €ro TOJOBH-
Hy (HampuMmep, KOrja CBEPXIPOBOAMAIIUI MOCTHK HA
puc. 9 CBA3aH TOJBKO C JIEBBIMU TPOBOJIOKAMHE ), TIOKA3a~
JIO, 9TO TEePEKPBITHE MAHOPAHOBCKHUX BOJHOBBIX (DYHK-
uit, 06pa3yoIx 60JI0r0O0BCKOE BO30Y XK IeHUE C HYJIe-
BOW 3Hepruei, TpuBOAUT K yABOECHUIO IMEPUO/IA OCIIUAIIIA-
nuit Aaporosa-Bouma [61].

IX. 3axkJiarouenme. B o030pe B

®epmu-boze  cme-

paMKax
MPOCTPAHCTBEHHO-PA3IETIEHHON
CH MBI OITUCAJIH PsIJ] CBEPXITPOBOJSAIIIX U CBEPXTEKYIUX
CHUCTEM, B KOTOPBIX BO3MOYKHO (hOPMUPOBAHWE KAIETh
WU KJIACTEPOB MapaMerpa MOPsiIKa B MaTPHUIAX
HOPMAJILHBIX HECTAPEHHBIX COCTOSHUNW. DTHU CHCTEMBI
BKJIIOYAIOT B Ce0sl CBEPXMPOBOJISINNE OKCHIBI BHC-
myra BaKBiO, pasbanancupoBannbsie @epMu-ra3sl u
®epmn—bo3e cMecn B MArHUTHBIX JIOBYIIIKAX, [IBY-
MEPHBIE CHUCTEMBI C MAaJIOI 3JIEKTPOHHOU IMJIOTHOCTBIO,
omuceiBaembie 2D momenbio Xabbapma € CHIBHBIM
JIOKAJIbHBIM TPUTSKEHHEM Ha y3Ji€ W CHJIbHBIM JTHATO-
HaJIbLHBIM OecropsakoM. OOpa3oBaHne Kalejlb TaKKe
XapaKTepHO Jisi KOJUIAICUPYIONIMX SKCUTOHHBIX [62]
U TJIA3MOHHBIX CHCTEM C TPUTATATEIbHBIM 3HAKOM
9KCUTOH—IKCUTOHHOTO U TLIA3MOH—ILIA3MOHHOTO B3aM-
MOJIEHCTBHS, & TAKKE JJI METAJJINIECKOT0 BOJOPOIA B
9KCIEPUMEHTAX C YIAPHBIMU BOJTHAMU BOIM3U MPAHUITHI
¢da30BOro mMmepexoma MEPBOTO POMA MEXKIY KUIKON
n Kpucrammndeckoit ¢azamu. Ilomyderubie B 0030pe
pPe3yabTATHI MOTYT OBITH TTOJIE3HBI JJIs MPUJIOXKEHUH
B CBEpPXIPOBOIAINEH HAHOIIEKTPOHUKE W Pean3a-
[ CBEPXITPOBOISIINX KyOWTOB B T'PAHYJIMPOBAHHBIX
cpemax.

Amroper BhIpaskaioT GaarogapHocTh Poccuiickomy
douy pyHIAMEHTATLHBIX HCCIEIOBAHNI 32 MOIIePIK-
Ky B pamkax rpanTta # 20-02-00015.
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