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Ilosy4gensr mpocThle KAYECTBEHHBIE OIEHKH /I MAKCUMAJIbHON TEMIIEPATYPBI CBEPXIIPOBOSIIETO IEPEX0O-
Jla, KOTOpasi MOXKET ObITh JOCTUTHYTA 3& CUET 3JIEKTPOH-(POHOHHOIO B3aUMOIEHCTBUS B T€OpUN DJinaiibepra—
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daKTUIECKN OMPE/IEIAeTCS ATOMHBIMI KOHCTAHTAME U TIOTHOCTBIO 9JIEKTPOHOB ITPOBOIUMOCTH.
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DKCIIEPUMEHTATHLHOE OTKPBITHE BBICOKOTEMIIEPATY P-
HOI1 CBEPXIPOBOJAUMOCTHU B T'HIPUIAX IO BBICOKAM (Me-
rabapubIM) gaBjieHueM |1, 2] cTEMy/IHpoOBaJIO HHTEpEC
K IOMCKY ITyTeil JOCTUKEHHsI CBepXIIPOBOIUMOCTH IIPH
KOMHATHOI Temieparype [3]. B macrosiiee Bpems 06-
MENPUHATON sBJISETCS TOYKa 3peHust [4, 5], 4TO BBI-
COKOTeMIIepaTypPHas CBEPXIIPOBOJUMOCTL B THUADPUIAX
MOKeT OBITh ONMCAHA B pAMKAaX CTAHJAPTHOW Teopum
Smmambepra—MaxMmana [6-8]. B pamkax aroit Teo-
puH OBLIO IIPEJIOZKEHO MHOTO BAPUAHTOB OICHKH MaK-
CUMAJIBHO JIOCTHXKUMOM TEMIIEPATYPhI CBEPXITPOBOJIS-
HIEro IIePexoIa, 00CYKJIeHNe PSJIa U3 HIX MOYKHO HAWTH
B 0030pax [4, 5, 9]. B nenasueit padore [10] 6bu1a npes-
JIO’KE€HA HOBasi BEPXHAS rpanuna 1ist 1., B BUIE HEKOTO-
poit komOuHaIN OyHIAMEHTAIbHBIX KOHCTAaHT. Hike
MBI IIOKazKeM, 9TO ¢ HeOOJIBIMUME MOAN(PUKAIMAME Ta-
KOe orpaHmvenune Jisi 1. cliefyer HENOCPEJICTBEHHO U3
teopun Jumambepra-MakMuiiana.

Tpanunuonno, mnociie nossienus Teopun BKII, B
GOJIBITMHCTEE PAOOT, IOCBSINEHHBIX OOCYKICHUIO BO3-
MOKHBIX IIyTe#l moBbImenus 1., 00CyKIeHne BeJeTCs
B TepMUHAX 0e3Pa3MepHOIl KOHCTAHTHI 3JIEKTPOH — Po-
HOHHOIi CBsI3U A\ U XapakTepHoit (cpesHeii) yacrorsl ()
dOHOHOB, 00ECITEUNBAIONINX KYIEPOBCKOE CIapUBAHUE.
B uwacrhocru, B dyHmamenTaabHoii pabore Asena u
Haitaca [11], B nmpesesie oueHb CHIBHOMN cBsizu ¢ A > 10
OBLIO TIOJIYUeHO CleIyIoniee Bhipaykerne s 1,2):

T, = 0.18/A(Q?). (1)

Orciona, Kazagoch Obl cpasy CJIEyeT, 9TO OTpaHuYe-
HAA Ha BeaudnHy 1, MPOCTO OTCYTCTBYIOT, TaK HUTO

De-mail: sadovski@iep.uran.ru
2) @aKxTHUECKH Ta ACHMITOTHKA, JOCTATOMHO HEILIOXO paBoTaeT
yoKe mpu A > 2.

B PaMKax 3JIEKTPOH—(POHOHHOIO MEXAHW3Ma CHAPHBA-
HUS MOYKHO TOJIyIUTh BEChbMa BBICOKHE 3HadeHHs T,.
PakTHIeCKN JIeI0 00CTOUT HECKOJIBLKO cjIoxKHee. J[esio B
ToM, uTO mapamerpsl A u (%) B Teopun Dymambepra—
MaxkMwutana He HABIASIOTCS HE3aBUCAMBIMH, YTO U3-
BECTHO JIOCTATOYHO NaBHO [4, 5, 9, 12].

Ces3b A n (Q?) apko nposiBisiercs: B bopmyie Mak-
Munnana s A, mostydeHHoit B [§]:

N(0)(1?)

A= M(Q2) )

rae M — macca nona, N(0) — mIOTHOCTB cOCTOsTHU# Ha
yposHe DepMU U BBEJEH YCDEJHEHHBIH 1O IOBEPXHO-
crr PepMn MATPUUHBIN JIEMEHT TPAJMEHTA JIEKTPOH-
HOHHOTO HOTEHINAIA:

2 1 2
() = WZ‘;;KPIV%(I‘)IPH )3(ep)d(ep) =

= (|(p|VVei (r)[p)|*) rs. 3)

3xmech €p — CHeKTP CBOGOAHBIX JIEKTPOHOB, OTCUUTAH-
ublil or yposua Pepmu. Boipaxkenue (2) gaer BecbMa
[OJIE3HOE IIPEJICTABJICHUE st KOHCTAHTBI A, KOTODOE
PYTHHHO HCIIOJIb3YETCsI B IATEPATYPE U B IPAKTHIECKUX
(IepBONPHUHIMIIHBIX) pacdeTax [5].

Eciu Bocmonb3oBarbes BelpaxkenueM (2) B (1), To
HEME/IJIEHHO II0JIY IHM:

. N(0){(I?)
Y =018/ — (4)

TaK 4TO U \ U (QQ> BOOOIIE BBINAJAIOT U3 BhIparke-
Hust Jyist 17, KoTopasi BEIParKaeTcsl Telephb IIPOCTO Yepe3
yCpeaHeHHbIH 1m0 moBepxHOocTr PepMu MATPUIHBII 3J1e-
MEHT I'DA/IMEHTA JIEKTPOH-MOHHOIO ITOTEHIINAJIA, MACCY
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MOHA U IUIOTHOCTH 3JIEKTPOHHBIX COCTOSHUII Ha YyPOBHE
Q®epmu. HemocTaTkoM 3TOi OPMYJIBI SIBJISETCS HEKO-
TOpasl MOTePsl HATJISJTHOCTHU 3a CUET OTCYTCTBHS Iapa-
METPOB, B TEPMHHAX KOTOPBIX OOBIYHO IPUHSATO TPAaK-
TOBaTh 1.

Kax ormedeHo BbIllie, Bce apaMeTphbl, BXOISIIUE B
9TO BBIPAYKEHUE, JTOCTATOIHO JIETKO BBIUUCIISIOTCS MPU
[IEPBOIIPUHITUIIHBIX pacdeTax 1, /i KOHKPETHBIX MaTe-
puanos (coemuuenuit) [5]. ITomuepkHeM, 4TO BeJMINHA
T, oupenesentast B (4), paccunTaHHas JJisl KOHKPET-
HOTO MaTepraja, He MMEET MPsIMOTO OTHOIIEHUS K pe-
anpHOU Benmuune T, a ompeesisieT UMEHHO BEPXHIOIO
rpanuny 1., KkoTopas “Moryia Obl ObITH JTOCTUTHYTa B
peiesie JJOCTATOIHO CHJIBHON 97IeKTPOH-(DOHOHHOMN CBSI-
3u. Huxe Mbr ipoBezieM 3jieMeHTapHBIE KaYeCTBEHHBIE
OIIEHKU ITON BEJIMIUHBI.

Hasee Mbr Oy/1€eM UMETh BBUY TPEXMEDHBIH METAJLI
¢ KyOmvIecKoil cumMMmeTpueil 3JIeMEeHTapHO sIefiku Co
CTOPOHON @ ¥ OJHUM 3JIEKTPOHOM ITPOBOJUMOCTU HA

arom. Torma
_ mpr 3
oty ()

rie pr ~ h/a — nvoynse Pepmu, m — macca cBOGOHO-

N(0)

ro (30HHOrO) 3sieKTpOHA. [ToTeHIIAT JIEKTPOH-HOHHOTO
B3aNMOIENCTBUST (0ﬂH03apﬂ/1HmI71 WOH, € — 3apal JJIeK-

TPOHA): ,
Ve~ =~ epp/h, (6)

a ero rpaJiueHT MO2KHO OIIE€HUTH KaK:
62
2,2 2
VVeiNENepF/h. (7)

Orcrona nosyyaem oueHky (3):

2\ 2
e

2 2,2 /3212

|| ~(€pp/h7)" (8)

Baech ObLIM OIyIIeHLI Pa3Hble YHCIeHHBbIE Kodddu-

UEHTHl TopsaKa eauanipl. Cobupas UxX JJId MOJEH

cBOGOJTHBIX 9JIEKTPOHOB, IMOJIydaeM OIeHKy 17 u3 (4)
B BUJE:

m€2

M hop

rie Ep = p%/2m — sueprus Qepmu, vp = pp/m — cKo-

pocThb 3j1eKTpoHOB Ha noBepxHocTr Pepmu. Besmauna
2

+—— KaK M3BECTHO, UT'PAET POJIb 6e3pa3MepHOro mapa-

hvp’
MeTpa KYJIOHOBCKOT'O B3aI/H\/lO,HeI‘/'ICTBI/IH7 B TUIINYHBIX MeE-

Tr ~0.2 Er, (9)

TaJTaX OHA TMOPSIKA WM OOJbINe eIWHUILI. MHOXKM-
TeJIb \/% ompeJiesisieT N30TONUIeCKuit 3D PEKT.

Bynem uzmepsiTh JyinHbL B e juHAIIAX OOPOBCKOTO Pa-
Juyca ap, BBeIs CTAHIAPTHBIN Oe3pa3MepHBIN Imapa-
METp Ts C HOMOIIBIO COOTHONICHUS G° = 47”(73@3)3.
Torma nmeem:
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h? h
a~Tsap = TS—Q =Ts ; (10)
me mco

2
. — €
IJIe BBEJIH €lle IOCTOAHHY0 TOHKOH CTPYKTYDPbL ov = .

CooTBeTCTBEHHO JJId UMITYJIbCa cDepl\/II/I 3allulIeM:

h me2  mec
" = = 11
pr rsap hrg hrsa (11)
Torna T (4) nepenucebiBaeTcs Kak:
0.2 /m 0.2 [m me* 02 /m
T ~ 22 ZaPme? =22, 2 22 | "R
eI NME" T N R T VY
(12)

rme Ry = me?/h? ~ 13.6eV — mocrosmnas Punbepra.
3/iech BO3HUKJIA Ta Ke caMasi KOMOMHAaIus (pyHIaMeH-
TAJbHBIX (ATOMHBIX) KOHCTAHT, KOTODasi Oblia MpeJio-
»keHa B pabore [10], u3 coBepuieHHO ApyTrUX cOOGpazKe-
HUIi, B KAYeCTBE BepXHEl IPaHUIbI TEMIIEPATYPhI CBEPX-
npoBojsIero mepexoga. OQHAKO B HAIIEM BbIPAXKEHUU
IIPUCYTCTBYET JIOTIOTHATEILHBI MHOKUATEND 75 1, KOTO-
PBbIil ¢ HEOOXOIMMOCTBIO OTPAXKAET CIEU(DUKY PacCMaT-
pPHBAaEMOro MarTepHuaJia (IJIOTHOCTH 3JIEKTPOHOB IIPOBO-
JIUMOCTH ), TAK 4TO BeJuauna T, BOBCE He SBJISIeTCS yHU-
BepPCAJIbHOM.

Kak yke ormedasoch BbIIle, BeJIMInHA 17 CTPOro
TOBOPSI He UMEET OTHOIIEHNS K PEATHHON BETMIIHE TeM-
LEPATyPhl CBEPXIIPOBOAAILIEro nepexona 1. OmHaKko BbI-
paxkenust (9) u (12) MOTYT ObITH IOJIE3HBI JIJIST OIEHOK
“IOTEHIUAJBHBIX BO3MOXKHOCTEl” TOro WM HHOI'O Ma-
TepuaJja B CMBIC/IE JOCTUXKEHUS B HEM BBHICOKUX TEMITE-
paTyp Iepexojia B YCJOBUSX OUYE€Hb CHJIBHOU 3JIEKTPOH-
donoHHOI cBsA3Ku. Hanpumep, [js MeTaJLJIMTYECKOrO BO-
o~ 0.02
myp
u aida rs = 1 Mbl moigydaeM omenky 17 ~ 650K.
DTa OIeHKa IIPEKPACHO COTJIACYETCsI CO 3HaUYeHueM 1, =
600 K, nosryuennbiM B [12] u3 perienns: ypaBHeHuii -

nopoma M paBHO Macce MIPOTOHA, TAK ITO

ambepra mrsa 'K pereTkn MeTaimaecKoro BOIopoia
crs =1, c yieToM pacCIUTAHHOTO B 3TOH paboTe cMsr-
yeHUsi (POHOHHOI'O CIIEKTPA, IPUBOMMAIIEIO K pPeaJn3ar-
UM OYeHb CHIIbHO cBaA3u (A = 6.1). B To ke Bpems
B HEJIABHO NosiBuBINElica pabore [13]|, O6buio nposeeHo
UBSIIITHOE YUCJIEHHOE UCCJIE0BAHNE CBEPXITPOBOIUMOCTH
METAJIJITIECKOTO BOIOPOIA ¢ MOIen “7Kee”; B KOTOPOM
MaKCUMaJibHOe 3HadeHune 1, JOCTUTaJIoCh IpH s ~ 3
u #He npesbimaio 30 K. D9To 6bLIO cBsSI3aHO ¢ TeM, YTO
B 9THUX YCJOBHUSX B MOJEIU ‘Kejie’ peau3yercs Cja-
0as CBA3b W HE BO3HUKAET CMSTIEHUsT CIIEKTpa (POHO-
HOB. Bo3M0OKHO, 4T Bhipaxkenus (9) u (12) moryT 6bITh
[IOJIE3HBI JJIs [IPEJIBAPUTEJIbHON OlleHKu 1, B TeX WIu
WHBIX THIPUIAX METAJLIOB, KOTOPBIE Cei9ac NHTEHCUBHO
HCCJIEAYIOTCA B IMOUCKAX CBEPXIIPOBOIUMOCTH IIPU KOM-
HATHO TeMIlepaType.
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dunancupoBanmne pabotrbl. lannas pabora pu-
HAaHCUPOBAJIAChH 3a CUET cpeicTB Oiomkera MucruryTta
snekrpopusuku YpO PAH. Hukakux J10mOIHATEILHBIX
TPAHTOB HA MIPOBEJICHIUE WM PYKOBOJICTBO JAHHBIM KOH-
KPETHBIM UCCJIEOBAHUEM IIOJIyIEHO HE OBLIO.

KondaukT mHTEpecoB. ABTop jaHHON pabOTHI
3asBJISIET, YTO y HETO HET KOH(JIMUKTA WHTEPECOB.

1. A.P. Drozdov, M.I. Eremets, I.A. Troyan,
V. Ksenofontov, and S.I. Shylin, Nature 525, 73
(2015).

2. J.A. Flores-Livas, L. Boeri, A. Sanna, G. Pinofeta,
R. Arita, and M. Eremets, Phys. Rep. 856, 1 (2020).

3. U.A. Tposn, /1. B. Cemenoxk, A.B. Canakos, U. C. Jlio-
6yTun, B. M. ITynanos, 2K9T® 166, 74 (2024).

4.

10.

11.
12.

13.

L.P. Gor’kov and V.Z. Kresin, Rev. Mod. Phys. 90,
01001 (2018).

W.E. Pickett, Rev. Mod. Phys. 95, 021001 (2023).

I'. M. Dumambepr, 2K9T® 38, 966 (1960) [Sov. Phys.
JETP 11, 696 (1960))].

. M. DanambGepr, 2K9T® 39, 1437 (1960) [Sov. Phys.
JETP 12, 1000 (1961)].

W.L. McMillan, Phys. Rev. 167, 331 (1968).

M. B. Cagnoeckuit, YOH 192, 773 (2022) [Phys.-Uspekhi
65, 724 (2022)].

K. Trachenko, D. Montserrat, M. Hutcheon, and
C. J. Pickard, arXiv:2406.08129.

P.B. Allen and R. C. Dynes, Phys. Rev. 12, 905 (1975).
E.T. Makcumos, YOH 178, 175 (2008) [Phys.-Uspekhi
51, 567 (2008)].

D. van der Marel and C. Berthod, arXiv:2404.05554.

IIucema B 2KOT® Tom 120 Bem.3-4 2024



