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HHAPAMETPBI HHEPOXOBATOCTH ITIOPUCTO-
MOHOJIMTHBIX MATEPHUAJIOB HA OCHOBE HUKEJIN A
TUTAHA MOCJIE DJIEKTPOHHO-IYYKOBOM OBPABOTKHA

Annkees C. I'.!, Aprioxosa H. B.!, JTo6ans B. B.!, Bonbmesny E. A.!,
[MTaxonkuna C. A.!
ITomcxuii 2ocyoapcmeennviii ynueepcumem
Anikeev sergey(@mail.ru

Moaudukausi TOBEPXHOCTH MATEpUAIOB C  HUCIOJIb30BAaHUEM
HU3KOPHEPTE€TUYECKOTO CHIIBHOTOYHOTO 3JieKkTpoHHoro nyudka (HCOII)
SBIISICTCSl TEPCIEKTUBHBIM METOJOM il YIPABJICHUS CTPYKTYpPOil,
¢$a30BBIM COCTaBOM M (DYHKITHOHATBHBIMHA CBOMCTBAMH MPHUITOBEPXHOCTHBIX
cinoeB MetaiuioB M crmaBoB. Ilpm BozmerictBum HCOII mpoucxomut
MTHOBEHHOE (B TEUCHUE 24 MKC) KOHIIEHTPUPOBAHUE
BBICOKOHEPT€TUYECKOTO TMOTOKA JJIEKTPOHOB B TOHKOM MOBEPXHOCTHOM
cioe marepuana (rimyoumHoit go 20-30 MKM), YTO MPUBOJUT K €rO
CBEpXOBICTPOMY HAarpeBy, IUIABJICHHUIO, YaCTUYHOMY HCHApPEHHUIO U
MOCIICAYIOUIEH  CKOPOCTHOM  KpUCTauM3anud. B pe3ynbrare B
INOBEPXHOCTHOM  CJIO€  Pa3BUBAIOTCS  HEPABHOBECHBIE  MPOILECCHI:
TOMOTEHHU3AIMS COCTAaBa 3a CYET MHTCHCUBHOTO MIEPEMEITUBAHUS B KUIKOM
dase, pacTBOpEeHNE BTOPUIHBIX HHTEPMETAUTHIHBIX M KapOUIHBIX YaCTHII,
dbopMupoBaHHE  YIBTPAMEIKO3EPHUCTBIX WM HAHOKPHUCTAJUIMYECKUX
CTPYKTYp, a Takxke ouucTka oT jerkux npumeceit (O, N, C) 3a cuer ux
necoporuu. UccnenoBanue Bausauss HCOII Ha cocTosHEE MOBEPXHOCTH
MOPUCTO-MOHOJIUTHBIX ~CIJIaBOB Ha ocHOBe TiNi sBIseTcsa I1EJbIO
HACTOSIICH pabOTHI.

JIs UCXOHOTO IMOPUCTO-MOHOJIUMTHOIO Marepuajga ¢ PeaKkUMOHHOU
nob6aBkoit Ti u Ni nganHas oOpaboTka MMeeT 0co0oe 3HauYeHHue, TaK Kak
1ocjie aKkTHBalMM MaccomepeHoca npu JIu(PPy3nOHHOM CIEKaHUU
IPOUCXOAUT HeuzoexxHoe (hopmupoBaHue yacTtull BTOpUUHBIX (a3 TiaNi.
Moaudukanuo MOBEPXHOCTH MOPUCTO-MOHOIMTHBIX 00pasnoB TiNi-ucx
HU3KOIHEPTeTUYECKUM CHIIBHOTOYHBIM 3JIEKTPOHHBIM ITyYKOM MPOBOIUIH
Ha yctaHoBke PUTM-CII. Hcnonws3oBamu aBa pexrma 0OpaOOTKH: C
sHepruei 35mekTpoHoB 20 20 k3B (o6pazen odpazerr TiNi-20) u 30 30 k»B
(oopazery TiNi-30) npu mwioTHOCTH 3HEeprum noroka 3 3 Jx/cm?> u 6 6
JI>k/cM? COOTBETCTBEHHO, KOJTMYECTBO UMITYJIbCOB — 30.

UccnenoBanue (a3zoBoro cocraBa METOJAOM PEHTTeHO(a30BOro
aHanM3a MoKas3ajao, YTO OCHOBHBIMM (hazaMu BO BCeX 00pas3uax SBISIOTCS
uatepmetauma TiNi B aycrenutHoMm (B2) m maprencutHom (B197)
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cocrosHusX. Ha nudpakrorpammax Takxe UACHTU(GUIHPOBAHBI peIEKChI
BropuuHoi ¢azbl Ti2N1/T14Ni2(O,C). C yBenrueHrueM dHEPTUM MydKa J0JIs
da3sl TiNi1 (B2) Bospacraer ¢ 73 % (TiNi-ucx) mo 91 % (TiNi-30), a
conepxanre Ti1oNi cuHmkaercs ¢ 12 % o 4 %. Yka3aHHble U3MEHEHUS
CBsI3aHBl C PACTBOPEHUEM HWHTEPMETAIUIMIHBIX BKJIIOYEHUW B pacIUiase,
BO3ZHMKAIOIIEM IPU 3JIEKTPOHHO-IYYEBOM BO3JIEUCTBUH, C MOCIEIYIOLIEH
OBICTPOIl KpUCTAJUIM3AaLME W TOMOTE€HHM3alUeld IOBEPXHOCTHOIO CIIOs
riyouHou 10 20 MKM.

Pe3ynbTaThl n3MepeHus MEepPOX0OBATOCTH MOITBEPKIAIOT BO3MOKHOCTh
yopaBiieHUs Tomorpadgueid TOBEPXHOCTH MaTepuana. Ilpurnekanue
mopomka TiNi ¢ peaknuoHHo jgoOaBkoi Ti—Ni  yBenuuuBaeT
ko3 Purment mepoxoBaroctu Ra ¢ 0,5 mxm (TiNi-mact) 1o 88 mxm (TiNi-
ucx). Ucxonnsiii Marepuan mactudbl TiN1 IMEEeT MUHUMAJIbHOE 3HaYEHUE
ko3 PuuueHTa MEepOXOBATOCTH 32 CYET OTHOCUTEIBHO TJIAJKOU
NOBEPXHOCTU MOCJE MPOAOJIbHON mpokaTku. llpunexkanue mnopomika He
NOBEPXHOCTH MOHOJIMTHOTO MaTephalla Ha OCHOBE HHUKENIHJa THUTaHa
CYLIECTBEHHO M3MEHSIET €ro IIEpOXOBAaTOCTh, HO IIPU OTOM JAOJA
OKCUKapOOHUTPUIIHBIX (ha3 Ha €ro MOBEPXHOCTH YBEIMUYMUBAETCS 3a CUET
B3aMMOJICMCTBHASL C Ta30BOM  CpPEIOM  DJIEKTPO-BAKYYMHOM  IICUM.
DJEeKTPOHHO-yYKOoBasi 00pabOTKa TMO3BOJSET BapbUpPOBaTh MapameTp
mepoxoBaroctu oT 53 no 70 MKM. BuIHO, 4TO mHpU CyHmIECTBEHHOM
u3MeHeHuu (Ha30BOro COCTaBa IMAPAMETPhI IIEPOXOBATOCTU CHIIBHO HE
U3MEHSAIOTCS. JTa OCOOEHHOCTh OOBSICHACTCS TEM, UYTO DJIEKTPOHHO-
nydkoBass oOpaboTKa BO3JEHCTBYET TOJIBKO Ha IOBEPXHOCTHBIE CIIOU
DKCIIEPUMEHTAIBHOIO ~ Marepuaia. Y CTAaHOBJIEHO, 4YTO COBMECTHOE
criekanure moporkoBoi muxThl TiNi ¢ peaknronabsiMu H00aBkamu T1 u Ni
MO3BOJISIET ~ CYUIECTBEHHO  TMOBBIIIATh  3HadeHHe  Kod(duiueHrta
mepoxoBatoctd ¢ 0,5 MKM 10 88 MKM. DJIEKTPOHHO-ITy4KOBasi 00paboTka
TOMOTEHU3UPYET (Pa30BbI COCTAB MOBEPXHOCTH, MPU 3TOM CYILIECTBYET
BO3MO>KHOCTbD JIJIl PETYJIMPOBAHMS BEJIMUMHBI IEPOXOBATOCTU MaTepHaIa.
Takum 00pa3oM ONTUMAJIBHBIM MO CBOMM CTPYKTYPHBIM XapaKTepUCTUKAM
SIBJISICTCS] IOPHUCTO-MOHOJUTHBIN MaTeprall Ha ocHOBe TiNi1 ¢ peaKImoHHOM
n00aBKOM TOCJIE DIEKTPOHHO-TIYYKOBOM OOpaOOTKM TpU  SHEPTHH
AIEKTPOHHOTO myuka 20 k3B.

HccnenoBanue BHIMOJIHEHO TTPY (PMHAHCOBOM MOJJIEPIKKE MPOTPaAMMBbI
CTpaTEeruueckoro akageMmudeckoro auaepctsa «lIpuoputer-2030%.
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MOIEJIUPOBAHUE 3ATBEPAEBAHUA OBTEKTUYECKHUX
CIITABOB METOJOM ®A30BOI'O I1OJIA

Ankymunos B. E."*, Topaees I'. A%
" Huemumym gusuxu evicokux oasnenuil
um. JI.D. Bepewaeuna PAH, Mockea
OI'BOY BO Yomypmckuti 2ocydapcmeennbiii ynueepcumem, Hoiceeck
SOIBOY « Canxkm-Ilemepbypackuii 20cyoapcmeentviii MOPCKOL
MexHu4ecKuu YHu8epcumen »
viadimir@ankudinov.org

Pacmupenue mopenu (azoBoro mois (37ech mapamerp MopslKa

¢ <[0.. 1]) IUIS1 OTTUCAHUS POCTA DBTEKTUK, YUUTHIBAIOIIEH P ABHXKYILIUX CUIT
Ha (PpoHTE 3aTBepAEBaHUS NPU BBICOKOCKOPOCTHOM 3aTBEPAECBAHUU C
y4eToM TeMmIieparypHoro T M KOHIIEHTPAMOHHOTO MOJII MOXET OBITh

F(p,c,T)

3alMCaHO C TIOMONIBIO BBEJCHUS CBOOOJIHOW DHEPTUU C

KOHIEHTPAIMOHHBIM BKIaJ0M c [1-3]:

F(ge,T) = dv, {G[qﬁ,c, T,

2 2
%j+|7ﬂ¢| NFAZ
ot 2 2

(D)

B naHHOM ypaBHEHHWM BBEJCHA IMOBEPXHOCTHAS HHEPTUs Mex(pazHOU

IPAHUIBI o Te, sHeprust ['ubG6ca G, 3aBucsAmas OT TEMIEPATYPHI,
KOHIEHTpaluu, (a3pl, a TaKKe YUYUTHIBAIOIIAS YIJIbI HAKJIOHA JIMHUU
JUKBUyCA BOJIM3U 3BTEKTUUYECKOM TOUKH, SHEPTUI0 CMEIICHHS] U Kpocc-
TepMbl I y4yeta dBoionuu c. [anpHedmme npeoOpa3zoBaHuUs
(npenmnonaras He yObIBaHME CBOOOAHOW HSHEPIrHM) MPUBOJUT K 3aIUCU
JUHAMHUYECKUX ypaBHEHUH (a30BOro mojii M KOHLEHTPALIMOHHBIX
YpaBHEHUH C BBEICHHUEM BPEMEH PEJIaKCalluu Ty, Tp.

o¢p ’ oC 2

L =MVu, < - pvic. 2

ot a ot 2)
3nech U = 0G/0¢ — XUMHYECKHM ToTeHIMal. JIMHEHHBIA BKJIa] dHEPTHH

['n60ca G yuuThIBaET I3HEPTrUU OTAEIBHBIX (a3 £, SHEPTUIO CMEIIeHUS (a3

M., obmee nepeoxnaxaenre AT co CKpBITON TETUIOTOM TUTaBJICHUS L:

G(@,c,T)=(1-c)F (¢, T)+cF,(¢,T)+RTM (p,c,T) + a¢§T) (%J + Lg(@)AT

.(3)
2 2 2

3nech p(@=¢(3-2¢) _ UHTEPIOJISAIUOHHBINA TOJUHOM; & @D=¢(1-¢) _

JIBYXBSMHBIA ITOTSHIIMAI, OTIPEACIISIONIANA TTePEX01 MKy COCTOSHHUAMH O.
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Puc. 1. XapakrtepHblil pa3smMep MHUKPOCTPYKTYPhl (MeEXIaMeIbHOE
paccTosiHue A) B 3aBUCHMOCTH OT JBIKYIIEHM CHibl  (ITOJHOTO
nepeoxnaxaenuss AT Ha ¢QpoHTE) B CpaBHEHHM C JUTEPATypHBIMU
AKCIIEPUMEHTAIIBHBIMU JTAHHBIMU (kpacHas TOYKA) [4] 151
MpeIBApUTEIIbHBIMU OIICHOYHBIMU JTAHHBIMU HKCTIIEPUMEHTOB,
MOJIyYEHHBIMH C MMOMOMUIBIO JIazepHoro neperuiaa AlINi; (3eneHas TuHUAS —
JaITa30H IePEOXIIaKICHUHN OIICHEHHBIX 10 SMITUPUIECKON (hopMyIie depe3
CKOpoCTh oxyaxaenus). Pacuer mposonuncs mis f(Al)=0.25, f(N1)=0.75.

Pacuersl ¢ wucnonp3oBaHWEM JaHHOW Mojenu (a30BOrO IO
MO3BOJIMJIM  TOJIYYUTh XApPaKTEPHYIO IBTEKTHUYECKYIO JIAMEIUISPHYIO
cTpykrypy. CpaBHEHME pa3MEpOB  JTAHHOM  MHUKPOCTPYKTYPBI  C
AKCIIEPUMEHTAIBHBIMY JTaHHBIMU IPUBEJEHO HA pHUC. 1.

HccnenoBanue BBIMOJHEHO Tpu noajepxke rpanta PH® (Ne 25-79-
30012) https://rscf.ru/project/25-79-30012/.
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NCCIEJOBAHUE HABOAOPA’KUBAHUA CIIJIABOB HA
OCHOBE UHTEPMETAJVIMYECKOI'O COEJAUHEHMUS Ti:Ni C
JOBABKAMMW MEJU

Aptroxosa H. B.!, Anukees C.T'.!, JIo6ans B. B.!, Bonpmesuu E. Al
[MTaxonkuna C. A.!
ITomcxuii 2ocyoapcmeennviii ynueepcumem
Anikeev sergey(@mail.ru

[lpuknagupie HampaBie€HUsS BOJAOPOJAHOW DHEPreTUKH AKTHUBHO
Pa3BUBAIOTCS M BKJIIOYAIOT B ce€0s HE TOJBKO TEHEpalHI0 BOJOpOa,
TPAHCIIOPTUPOBKY, HO U €r0 XpaHEeHUE. [{J1s1 TOro MpUMEHSIOT B HACTOSIIIIEE
BpeMs JOPOTOCTOSIIIIME TEXHOJOTUM CXKMKEHHUS Ta3a WM XpPaHCHHUE B
ra3000pa3HOM COCTOSIHUM NPU BBICOKOM JaBiieHUHd. OgHUM U3 Haumboliee
0e30macHbIX CIIOCOO0B XpaHEHUsI BOJOPOAA SIBISETCS METAIIIOTUAPUAHBIN.

MarnueBbie, TUTAHOBBIC, JAHTAHOBBIC CIUIABBI HCIOJB3YIOTCS IS
CO3JaHUsI METAINIOTUIPUIHBIX AKKYMYJISTOPOB Bogopoa. B cucreme Ti—Ni
oco0oe 3HaYeHue sl BOJAOPOIHBIX aKKyMyJsiTOpoB uMmeeT ¢aza TizNi, amns
KOTOPOH CymiecTByeT mecTh TuaApuaHbIX coeauneHuit (TioNiHos, TiaNiH,
T12NiH2, Ti2NiHz s, TioNiH3 3, Ti2NiH3z6) u oHO TuapuiHOe COeaMHEHHE
st ¢dasel TiNi  (TiNiH). Takum o6pazom, ¢aza TiNi Haubomee
nepcrexkTuBHas B cucteme Ti—Ni 17s THAPoIN3a U XpaHEeHHs BOJAOPOIA.

CorylacHO MMEIOUIMMCS JTIUTEpPaTypHbIM JaHHbIM, JerupoBaHue TiNi
MEJIbI0 TIPUBOJIUT K CO3JIaHUE HOBBIX HWHTEpMETAUIMUECKUX (a3. ITo
CIIOCOOCTBYIOT BOBHMKHOBEHHUIO MTyCTOT, AUCIOKAINN U IPYTUX e(PEeKTOB,
YTO HEMOCPEICTBEHHO BIMIET HA MeXaHU3MbI auddy3un Bogopoaa. bomee
TOTO, 00pa3oBaHWE HOBBIX HWHTEPMETAIMYECKUX (a3 U H3MEHEHHE
pacnpeesieHrs aTOMOB B pELIETKE MOT'YT CITIOCOOCTBOBATh CO3/IaHUIO OoJiee
OJHOPOJHOW M AKTUBHOW MOBEPXHOCTHU JJISI B3AUMOJECHCTBUS C aTOMaMu
BOJIOPO/Ia, YTO Takke ycuimpaeT cBoiicTBa noryiomenus H. Crnabsl Ti-Ni-
Cu noryomiatoT 00JibIlIe€ KOJUYECTBO BOJOPOAa W 00Jafa0T OOIBIITUM
ko3 pumuenToM muGEGY3UN MO0 CPABHCHHIO C HCXOAHBIM MAaTEPHAIOM.
Hcxons w3 3TOro 1Enbi0 HAcTOALIEH paboThl CTalo HCCIeI0BaHUE
ocobenHocTel HaBomopaxuBanus B kucioit cpeae (H2SO4) crutaBoB Ti2Ni
¢ KoHueHTpausmu meau S; 10; 15; 20 at.%.

DKCclepUMEHTaIbHbIe 00pa3llbl Ha OCHOBE HHTEPMETATUIMYECKOTO
coenuHenust TiaNi ¢ pa3inuuHbIM COJIEpKAHUEM JeTupytomux 106aBok Cu
(5,0;10,0;15,0;20,0 ar.%) moOay4EeHBI METOJIOM JIUThS C TOMOIIBIO
MHAYKIMOHHON miaBwibHOM mneun MCB-0,004 1T MI1. CrpykrypHsbie
OCOOEHHOCTH  HCCIICIOBAM  METOJAMH  ONTHYECKOW,  PacTpOBOU
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MUKPOCKOIIHH, (ha3oBbIi COCTaB OTIpeACIISLIIHN METOJIOM
PEHTIEHOCTPYKTYPHOTO MUKpoaHain3a. MaccoBoe cojepxaHue BoAopoaa
B MOJYYEHHBIX 00pa3lax mociie HaBojopaxuBaHus B pactBope H2SOq
OTpEeNEesUIM METOJAOM JKCTPAKIMU BOJOPOJia B Cpele MHEPTHOrO Trasza
(aprona) Ha ananuzatope Bogopoaa RHEN602 (LECO).

Jns  oOpa3noB ¢ jgo0aBKkaMH MEAW YCTaHOBIICHO 3HAYUMOE
CTPYKTYpHOE IMpeoOpa3zoBaHue MaTepuaja u3-3a OOJbIIeH KOHIICHTPALMH
JETUPYIOIIETO dJEMEHTa. Y CTaHOBJICHO, YTO YBEIMYEHUE KOHIEHTPAIIUH
Cu npuBOAUT K TIOCIEIOBATEIBHOMY M3MEHEHHIO MOPQOJIOTHH OT
JEHIAPUTHONW K U30JIMPOBAHHBIM 3epHaM Ha ocHOBE T12Ni ¢ MOcCienyomum
NEepPeEXoJIOM K Pa3BETBICHHOW NIEHJIPUTHON CTpykType Ha ocHoBe TiCu.
Omnpeneneno konmuuectBeHHoe cooTHomeHue ¢a3 TiaNi u Ti2Cu: ipu 20 ar.
% Cu ¢daza Ti;Cu cranoButcs npeodnanatomei (72 %). CTpykTypHbIe
W3MEHEHUS MPH J00aBKe MeIH 00yCIIOBIEHB POCTOM KOHIICHTPAIIMOHHOTO
NePEOXIIKICHHS M SBTEKTOMIHBIM MPEBPAIICHUEM.

[IpoBeneHna arrecranuss BIUSHAS ~ Pa3IUYHBIX  KOHIIEHTpAIUi
JETUPYIOMUX J00aBOK U PEXHMOB HABOJOPAKUBAHUS HAa COPOIIMOHHYIO
CIIOCOOHOCTH BOJIOPOJA IKCIIEPUMEHTAIbHBIM MaTepuaioM. Hanbomabimmm
3HaUYE€HHUEM HAKOIUIEHHOT'O BOJAOPO/a B KUCIION cpeje 00aaeT UCXOAHBIN
crutaB TioNi — 3a 30 munyT copbuposanock 966:-10* macc. % Bogopona. B
JIETUPOBAHHBIX MEJbIO0 CIUIaBaX HAOIIOJIaeTCsl CHUKEHUE COPOIIMOHHOMN
criocoOHocTH Bogopoaa ¢ 879-10* mo 655-10* macc. % ¢ yBenudyeHuem
no6asku Cu ¢ 5 1o 20 ar. %. CorjnacHO BBINOJIHEHHBIM CTPYKTYPHBIM
uccleoBaHusIM Takoh »ddexkr HaOmogaeTcs B CBA3M CO CMEHOMU
npeobOmagaromieii ¢asel ¢ TioNi Ha TixCu.

HccnenoBanue BBITIOJHEHO 3a CYET rpaHTa POCCHMIICKOrO Hay4yHOro
dbonma Ne 25-79-10232, https://rscf.ru/project/25-79-10232/
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®A30OBBIE ITPEBPAINEHUA AMOP®HOI'O ®YJIVIEPEHA Ceo
ITPU BBICOKOM JTABJIEHUU

Barpamos P.X.!, Banrep M.C. %, ®unonenxo B.II. 1,
3ubpos N.II. ', Bpaxkuu B.B.!
I Uuemumym ¢gusuxu svicoxux oasnenuii um. J1.d. Bepewazuna
Poccuiickoii akademuu nayx, Mockea, Tpouyx
MUPDA — Poccutickuti mexuonozudeckuti yuusepcumem, Mockeéa
bagramov@mail.ru

B pabote meTogoM peHTreHOBCKON MuU(dpakiium eX-situ UCCaeqoBaHO
dazoBoe mpespanieHue amopduoro ¢ymieputa Cso B HEYMOPSTOUECHHBIN
rpadut nipu nasnenuun 8 I'Tla u Temneparypax 600—1800 °C. Ucxonnsiid
amop@ubIii Ceo OTyHYaIN AJIUTENLHON 00pabOTKOW B IIAPOBOM METBHULIE.
Jlnst cpaBHEHMsI M3y4yeHbl Takxke Kpuctammdeckuil Ceo U TIIOOYJISPHBIM
HAHOYTJIEPOJ] C UICXOJHOM CTPYKTYPOIl HEYNOPSAOUEHHOIO rpaduTa.

YcTaHOBIEHO, YTO Kak aMop(HBIA, Tak H KPUCTALINYECKHI
(dyepeHbl nepexoiaT B HEYNOPSAOUYEHHBIH IpaduT Mpu Temmeparypax
Boimie 800 °C. B rnoOynsipHOM HaHOYTJIEpOAE Takas CTPYKTypa
MPUCYTCTBYET U3HAYAIBHO U COXPAHAETCS mociie 00paboTKu.

[lo mnonoxenuto ymupenHoro nuka (002) ompeneneHo cpegHee
MEXIUIOCKOCTHOE paccTossHue do02) MEXAY H30THYTHIMU TrpadeHOBBIMU
cinossimu. IlokazaHo, 4yTO HEymopsiAOYEHHBbIN rpadur, oOpaszyroluiics u3
amopdHoro u kpucramumdeckoro Ceo, UMeeT ckatbie ciion (d(o2) MEHbIIIE,
4YeM y ujealbHOro rpagura), Toraa Kak B roOyJIspHOM HaHOYTJIEPOJAE OH
OKasbIBaeTcst pacTsaHyThiM. C pocToM Temmeparypbsl 00paboTku d(oo2) AJs
IPOJIYKTOB MpeBpallieHus (yiepeHOB yBEIMYHUBAETCS, MPUOINKASICh K
3HAYEHUIO KPUCTAJUTMYECKOTO rpadura, a A 100y IsspHOTr0 HAaHOYTIIEpo1a
— YMEHbIIIAETCH.

Takum oOpa3oM Moka3zaHo, YTO BOJIIOIUS YIIIEPOJHOU CTPYKTYPHI C
YBEJIMYEHUEM TEMIIEpaTyphl B 3HAUUTENLHOM CTENEHU OIpEACIsIeTCs €€
UCXOJHBIM cocTostHuEM. [Tpu aToM 3Bommonus Qymiepena Ceo B amoppHOM
U KPUCTATIMYECKOM COCTOSIHMM pasnudaercs. OLEHKH 3TOro MOTYT OBITh
CIeNnaHbl W3 aHanmm3a cmenieHus «rpaduroBoroy muka (002), koTopoe
KOppeJMpyeT ¢ HW3MEHEHHEM MEXAaHWYECKHMX CBOWCTB. MeTtogom
UHCTPYMEHTAJIBHOTO  WHJIGHTUPOBAaHUA  TOKa3aHO, 4YTO  CHKaTbId
HEyNopAIoYeHHbIM Tpadutr oOnagaer Oosiee BBICOKMMHU 3HAYCHUSIMU
TBEpAOCTH U MOyt FOHTa 110 cpaBHEHUIO C PaCTAHYTHIM, TPUUYEM pa3HULIA
YCWJIMBAETCS C MOBBIIICHUEM TeMIIepaTypbl 00pabOTKH.
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ICEBJOUIEJEBASI ®U3UKA B CJIOMCTONU MOJIEJIA
XABBAPJA C HPUTHXKEHUEM B PE;KUME YMEPEHHBIX
KOPPEJIALIUU

Benos A.B.'%, Pyonos A.H.!
'Poccutickuti keanmoswiii yenmp, Mockea 121205, Poccus

’Hayuonanvuoiii ynusepcumem uayxu u mexuuxu « MUCHUC», Mockeéa
119049, Poccus

[Tocne OTKpBITHS  BBICOKOTEMIEPATYPHOM  CBEPXIIPOBOAMMOCTH
(BTCII) [1] cucteMbl ¢ YMEPEHHBIMA U CUJIBHBIMU KOPPEJSIUSAM CTalu
OIHUM W3  OCHOBHBIX  OOBEKTOB  HCCIEOBaHUS B  (U3HKE
KOHJICHCUPOBAHHOI'O COCTOsIHUS. M3BECTHO, 4TO OJHOM K3 OCHOBHBIX
ocobennocteit BTCII sBnsercs mnceBmouienb — MOpOBaJl B IUIOTHOCTHU
COCTOSIHMM Ha ypoBHE DepMu Npu OTCYTCTBUM JAJBHETO MOPSJIKA B
cucteme. B oatoii  pabGore, MBI paccMaTpUBAEM HUCKIIOUHUTEIIBHO
OJIHOKOMITOHEHTHBIE CUCTEMBI, XapaKTePU3YyIOIIHeCs: OOBIYHOM S-BOJTHOBOMU
CUMMETpPHUEN ClIapUBaHMUsl, TAE MapaMeTpP MOPSAIKA COXPAHSIET MOCTOSIHHYIO
dazy, a moBepxHOCTh DepMHU OCTACTCS OTHOCUTEIIBHO MPOCTOi. [TocKoIbKY
MICEBJIONICNIb OCOOCHHO BBIPAXXEHA B CIOUCTBIX CHUCTEMax, TO MbI
pPacCMOTPUM CIIOMCTYIO MOJIeNb Xal0apja C MPUTSHKEHUEM B PEKUME
YMEPEHHBIX KOPPEJSIIMA Ha KBaJAPATHOW PEIIETKE C MPbIKKAMU 3JIEKTPOHA
Ha OJMKaWIIMX COCENEeH MPHU YETBEPTH3ANOJHEHUU B MEPUOJUUYECKUX
IPaHUYHBIX YCIOBUSIX.

[lonmaras BenuuuMHY MNOpbDKKA MexAay ciosmu t, K U, rtone U -
BEJIMYMHA  MNPUTATHBAIOMIETO  B3aUMOJICUCTBUS,  MEPEXOAUM K
3G PEeKTUBHOMY TaMWJIbTOHHAHY C B3aUMOJICICTBUEM MEXIY CIOSMH.
[locne wucmonp30BaHUsI CpeAHETO TOJS JJsi 3TOro  3(P(HEeKTUBHOTO
B3aMMOJICHCTBUS MTOJTy4aeM 3a/1auy JJisi MoAen Xad0apaa ¢ MpUTSIKEHUEM
Bo BHemHeM U (1)-napymraromem mone. s uicciemoBanust 3Toi 3aaadu
UCIIOJIB30BAJICS METOA (IYyKTyHUPYIOIIETO JIOKadbHOTO Tons [2], CyTh
KOTOPOTrO COCTOUT B YMHOXEHHM CTAaTUCTUYECKOW CyMMBbI Ha
GYyHKIIMOHABHYIO €AMHUILY, COJIEPIKAIITYIO TTapaMeTp MOPsIAKa. DTOT METOT
CBOJIUT HCXOJHYK 3aJadyy HAa KOHEYHOM PEHIETKE K B3BCHICHHOMY
aHcaMOJII0  3a7a4  CPEeAHEro Tojsi C  HOBBIM 3 (PEKTUBHBIM
B3aUMOJCHUCTBUEM. DTOT MOJXO0J] YUUTHIBAET 3HAUUTEIbHBIC HEJOKAJIbHBIE
bayKTyaluy B JOMUHUPYIOIIEM KaHajle yacTulla-yactuiia. B nampHenmmx
BBIYUCIICHUSIX, PACIIUPSIIACH TOTy4YeHHAss COOCTBEHHAS SHEPTUS KOHEUHOTO
KJIacTepa Ha OECKOHEUHYIO CHCTEMY, C HCIOJIb30BAHUEM MPOCTOU
KJIACTEPHOU CXEMBI.
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B pe3ynbrare Habmogaercs ¢GOpMUpPOBAHHME TICEBJAOIIEIN B
kiactepax 8 X 8 u 16 X 16. bbuio mokazaHo, 4TO MHTETPUPOBAHUE I10
GIAYKTYyHpYyIOMIEeMy TOJ0 ASKBUBAJECHTHO CYMMHUPOBAHUIO JIECTHUYHOTO
psifa Ha HYJEBOW MOJIe MPU TeMIlepaTypax BBIIIE Mepexo/ia U MPUMEPHO
pPaBHO COOCTBEHHOM DSHEPrMM CpEIHEro ToJisi MpU TeMmIeparypax
CYILIECTBEHHO HUKE TOUKH MEPEX0/Ia.

Jluteparypa

1.J. G. Bednorz, K. A. Miiller, Z. Phys. B, 64, 189, 1986.
2. A. N. Rubtsov, Phys. Rev. E, 97, 052120, 2018.
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YPABHEHUE COCTOSIHUS ) KUJIKOM DA3bI HEPUS
B IIMPOKOM JUAITAZOHE IIVIOTHOCTEU U TEMIIEPATYP

bosapckux K. A., Xunienko K. B.
ObveouHennwvili uHcmumym vlicokux memnepamyp PAH

boyarskikh.ka@phystech.edu

B nocnennee BpeMsi BO3pacTaeT MHTEPEC K U3YUEHUIO XapaKTEPUCTHK
PEAKO3EMENBHBIX METANIOB, YTO OOBSCHACTCS BO3MOKHOCTBIO TIOJTyUCHUS
MaTEpHUaJIOB, CIIOCOOHBIX BBIICPKHBATh MHTCHCHBHBIC MEXAaHUYECKUE U
TEIUIOBBIE HArpy3KH, Ha OCHOBE 3THX XMMHYECKHX JJIEMEHTOB. B CBsi3H ¢
ATUM HEOOXOIMMO 3HaTh TEPMOJAMHAMUYECKHUE CBOMCTBA PEIKO3EMEIbHBIX
METAJIJIOB B IIUPOKOH 0651acTu (a30BOil 1UarpaMMel.

B Hacrosiem Aokiaze mpencTaBiICHBI Pe3ybTaThl TEOPETUYECKOTO
OMHCAaHUS TEPMOJMHAMHUKH PEIKO3EMEIBLHOTO MeTajula IepHs B KUIKOU
daze. [Ipemioxkena Monenb ypaBHEHHS COCTOSIHUS Ha OCHOBE (YHKIIUU
CBOOOIHOM SHEPTrUH OT 00beMa M a0COIIOTHOM TeMIlepaTypbl. ITa MOJIETb
chopMynIupoBaHa B MPOCTHIX BBIPAKEHHSIX, MO3BOJSIOMMX 3P(HEKTUBHO
OMHCaTh CBOMCTBA JKUJIKUX METAJIJIOB B IIMPOKOM JIMAMAa30HE MIIOTHOCTEH U
temrepatyp. KOHCTaHTBI MOJENBHBIX COOTHOILIEHWUW ONpPEAENCHbl U3
TpeOOBaHUS HAWIYYIIIETO OMUCAHUS COBOKYIMHOCTH JIKCIIEPUMEHTAIBHBIX
JaHHBIX TI0 YAAPHOMY CXKaTHIO U M300apUYECKOMY PACIIMPEHHUIO paciljiaBa
UCCIIelyeMOro MeTajliia. B pamkax mpenokeHHOTO ypaBHEHUS COCTOSTHUS
IIPOBEICHBI PacUeThl yIapHO# aaradaThl I NCXOIHO CIUIONMIHBIX TBEPIbIX
00pasIoB MPHU BBICOKUX JABIECHUAX M M300apbl aTMOC(EpHOTrO JaBICHUS
JUTSL KUIKOTO IIEpHs MPU BBICOKUX TemrmepaTypax. JlocTUrHyTo coriacue
PEe3yIbTAaTOB PACUETOB C COOTBETCTBYIOIMMHU JJAHHBIMHU.

[TonyyenHoe B HacTosIIEeH paboTe ypaBHEHUE COCTOSHUSI MOKET OBIThH
WCITOJIb30BAaHO B THAPOAMHAMUYECKOM MOJCITUPOBAHUN (PU3HUCCKUX
MIPOIIECCOB B XKUAKOW (haze 1epusi B MIMPOKOM TUANA30HE MJIOTHOCTEH U
TEeMIIeparyp.

PaGoTa BemosHeHa mpu moanepxkke Poccuiickoro HaydHoro ¢oHaa
(rpanT Ne 25-19-00944, https://rscf.ru/project/25-19-00944/).
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3A'AJKHA ®YHIAMEHTAJIBHbBIX
TPOUHBIX TOYEK BEIIECTB

bpaxkun B.B.
108840, 2. Tpouyx, 2. Mocksea, Hncmumym usuxu 6vicoxux oasnenutl
um. JI.D. Bepewaeuna PAH

B Hacrosmeld paboTe NPOBOAUTCS aHAIU3 IOJOKEHHUS TPOWHBIX
TOUYEK PA3JIMYHBIX AJIEMEHTAPHBIX BEIIECTB U MIPOCTHIX COeNUHEHUN HA P, T
- (hazoBoii guarpamme. JlaBaeHne B TPOMHBIX TOYKAX CHUIBLHO Pa3IM4acTCs
— JJia OOJIBIIMHCTBA BEIIECTB HA MHOTO MOPSAAKOB BenuuuHbl! Takoif
OTPOMHBI pa3OpoC 3HAUCHHWI CBS3aH C OYCHb CHUJIBHOM, OJM3KON K
AKCIIOHCHIIMAJIbHOM, 3aBUCUMOCTBIO [IaBJICHUS HACBHIIICHHBIX MApOB OT
oOpaTHOW TemmepaTypbl BOJW3U JMHUKA CyOJIMMalMd U KHUIICHUS.
OO0cyxaaercs GU3UYECKUN CMBICI MPEA-IKCIOHEHIIUATBHOTO MHOKUTEIIS
IUIsl JaBJICHUS IApOB. YCTAaHOBJIEHA XOpollas KOPPEsLHs JaBJICHUS B
TPOMHOW TOYKE BEMIECTBA C OTHOLICHUEM TEMIIEPATYyPhl B KPUTUUYECKOU
TOYKE K TeMmIeparype B TpPOWHOW Touke. PaccMoTpeHa cBsi3b (Pa3oBbIX
JIarpaMM BEUIECTB U MOJIO)KEHUEM Ha HUX TPOWHOM U KPUTUUYECKOU TOUKHU
¢ 20(}EKTUBHBIM TMOTEHIHAIOM MEKYACTUYHOTO  B3aMMOJCUCTBUSI.
OO0cyxaeTcs UCIapeHnue TBEPbIX 00BEKTOB B KOCMUUECKUX YCIOBUSX.

PabGorta BbimonHeHa mnpu ¢uHaHcoBor mnonaaepxke PHOD (24-12-
00037)
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HOCTPOEHHUE I'AYCCOBOI'O JIOKAJIM3OBAHHOI'O
BOJIHOBOI'O ITAKETA B JIBYXMEPHBIX BUJIBAPJIAX U3
I'PYIIIIBI KOKCETEPA

Bypkos U. J1.13, Cennos C. C.*!
THUTY MUCHC, Mockea, Poccus
HUY BIIID, Mocksa, Poccusi
SUHMD PAH, Mocxksa, Poccust
masterofphysic@mail.ru

["ayccoBble TOKaIM30BaHHBIE BOJIHOBBIC MAKETHI SIBIAIOTCS Hanbosee
npUOIMHKEHHBIMU K KJIACCUYECKUM COCTOSIHMSIM, YTO J€JNaeT UX KpaiHe
MOJIE3HBIMU B UCCJIEJAOBAHUAX, CBSI3aHHBIX C KBAaHTOBO-KJIACCUYECKUM
cootBercTBUEM. OpHAaKo, MpoOIeMoil OCTa€Tcsi MOCTPOEHUE MOI00HBIX
COCTOSIHMM B OTPaHUYEHHBIX TPOCTPAHCTBAX.

['ayccoBoe  JOKanuM30BaHHOE  COCTOSIHUE,  YJOBIETBOPSIOIIEE
IPAaHUYHBIM YCIIOBUSIM OJTHOMEPHOW OECKOHEYHO TJIyOOKOW KBAaHTOBOU
SIMbI, MOKHO YJIOOHO OMHCaTh uyepe3 MeToJ u3o00paxkeHuii [1] B TepMuHax
TeTa QyHKIUU SIKOOU. AHATOTUYHBIN PE3yNbTaT 7S IPONaraTopa YacTULIbI
B KBAaHTOBOM siMe ObLT MOJIy4deH B padoTte [2].

I'pynna Koxcerepa omnpenenser (uUrypbl, CnoCOOHbIE 3aMOCTHUTH
IJIOCKOCTH yepes OTpaXCHUS OTHOCUTEJIBHO I'paHeu. Eé
byHAaMEHTaNbHBIMU 3JIEMEHTAMHU Ha €BKJIUJIOBOM MJIOCKOCTU SIBIISIOTCS
OpPSIMOYTOJIbHUK,  PABHOOEAPEHHBIM  MNPSIMOYTOJIbHBIA  TPEYTOJbHUK,
PaBHOCTOPOHHHI TPEYrOJIbHUK, a TAKXKE TPEYroiabHUK ¢ yriaamu 30-60-90
IpalycoB.

bnarogaps cBoeMy CBOWCTBY OUIIBSIPABI B (pOPME 3JIEMEHTOB TPYIIIIbI
Kokcerepa yaoBIETBOPSIIOT METOAY M300pa)K€HUU, IMOAITOMY K HUM
OPUMEHUM TOT K€ MOJAXO0/1 ONUCAaHUS yepe3 TeTa PyHKIHo SIkoOu, 4To U B
cllydyae OJIHOMEPHOM OECKOHEYHO TJIyOOKOW KBAHTOBOM SIMBI. JTO
MO3BOJISIET aHATUTUYECKU HOJIYYUTh JUHAMUKY rayccoBOIo
JIOKaJIM30BaHHOI'O BOJIHOBOI'O MakKeTa ¢ Y4ETOM T'PAaHUYHBIX YCJIOBUH B
dbopme pyHIaMEHTaNBHBIX JIEMEHTOB Tpynnbl Kokcerepa.

Jluteparypa
1. M. Andrews, Wave packets bouncing off walls, American Journal of
Physics 66, 252 (1998).

2. Fulling, S. A. and K. S. Giintiirk, Exploring the propagator of a particle
in a box, American Journal of Physics 71, 1 (2003)
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NCCIEIOBAHUE IUHAMUWKU MOJEJIM HEPPUHI'TOHA-
KUPKIIATPUKA BBJIM3U KPUTUYECKON TOUKHU

M.I'. Bacun
Dedepanvroe 20cyO0apcmeeHHoe YHUMAapHoe npeonpusimue

"Bcepoccutickuti HayyHo-uccied08amenbCKutl UHCIMUmym asmomamuxu
um. H. JI. [[yxoea" (OI'VII "BHUUA"), 127030 Mockea, Poccus

KBaHTOBBIE aNTOPUTMBI JAKOT HAJEKIY HA PEIICHUE 3a7a4, KOTOPbIE
OCTAlOTCSl HEPA3PEIMMBIMH [IJIs1 KJIACCHYECKUX KOMIBIOTEPOB. OIHAKO
HKCIIOHEHIIMAIBHOTO YCKOpPEHHUsI, HaOJI01aBIIerocs, HAallpuMep, B 3ajaue
dakTopu3alu 4YKcell, MOKa HE YJAJIOCh OCTUYbL JJIS OO0J€e CIIOMKHBIX
3a/1a4. AJIbTEPHATUBHBIM TOAXOJOM K MX PEIICHUIO SIBISETCS aITOPUTM
KBaHTOBOro aanadatuyeckoro omkura (AO). [Ipeanonaraercs, 4To Jar00yI0
NP-TpynHyto (HeAeTepMUHUPOBAHHOE MOJITMHOMUAIBHOE BPEMS PEILICHMS)
3a/1a4y MOXKHO nepeopMysIMpoBaTh Kak 3a/ady KBaJApaTUIHON OUHApHOU
ontuMmuzanuu. AQO pemaer €€ ¢ MOMOIIBI pealu3alryd KBAaHTOBOIO
raMuJIbTOHHUAHA, 3aMKChIBAEMOI0 C UCIIOJIb30BaHUuEM MaTpull [laymu.

Oxugaercs, 4To yBEIMYEHUE pa3Mepa MOJICIIUPYEMbBIX CHCTEM MOKET
MPUBECTU K 3HAYUTEIBHOMY YCKOPEHHIO BBIYMCICHUN C UCIOJIb30BaHUEM
Merona AQO. OmgHako cymiecTBytomiasi amnmapaTtHas peanmusanus AO Ha
OOJBIINX cucremax HE TaéT 0’KHJaEMOT0 yBEITUYCHUSI
MPOU3BOAUTENBHOCTU. OCTa€TCs HESICHBIM, MOXHO JIK 3TO OOBSICHUTH
KOHEYHON TeMIlepaTypou, Npu KOTOpOW pabOTaeT yCTPOWCTBO, WU €ro
COOCTBEHHBIMM KBAaHTOBBIMU InmymMamu. W3 cratucTudeckoil Quinku
U3BECTHO, YTO 3aMEJJIEHUE NPOUCXOJUT HM3-32 MaJbIX SHEPreTUYECKUX
IeJiei, KOTOpble B TOYKE KBAHTOBOTO (PAa30BOTO Mepexoaa CTaHOBSTCS
HKCIOHEHIIUAJIBHO MaJlbiMU. TakuM 00pa3oM, €cCliM KPUTHUYECKOE
MOBEJICHUE SIBJISICTCSI OCHOBHOM MPUYMHOM 3aMeJJIEHUsl, TO OTBET Ha
BO3HUKAIOIIUM BOMIPOC HAJO0 UCKATh B UCCICAOBAHUU JTMHAMUKHU CHUCTEMBbI
BOJIM3H €€ KPUTUYECKOW TOUYKH.

B npencraBieHHOM JOKJIaJ€ MPUBEICHBI PE3YIbTATHl UCCIEIOBAHUS
KPUTUYECKOW JUHAMHUKKA Mojenu cnuHoBoro crekna Illeppunrrona-
Kupknarpuka [1] B mpouecce AO. ['aMuinbTOHHAH MOJIEIIA UMEET BUI:

N
H(0)== 2, J,0/0]-(A-an)) o7,
i=

1<i<j<N
rae &, — cnuH 1/2 Ha i-ToM y31e, N — KOJIMYECTBO Y3JIOB, J, =+l —
Cly4yahHas BEJIMYMHA CBSI3M, A — HAYaJIHOE 3HAYEHUE YaCTOThI

TYHEJUPOBAHMUS, & @ — CKOPOCTb OTXKHTA (o << A).
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JInst  TeopeThyeckoro aHaiau3a MOJEIM Obll MPUMEHEH METOJ
dbepmuonuzanuu 1/2-cnuHoB, mnpeioxeHHbl KutaeBbiM [2], KOTOpPBIH
MO3BOJMJI CBECTU 3aJadyy K aHalu3y JAMHAMUKM CHUHOBBIX Ieneil. B
nokjaae OyAeT MoKa3aHo, YTO MPEUIOKEHHBIN METOJI MO3BOJIAET OMUCATh
M3BECTHBIE CBOWCTBA MOJAENM CHnuHOBOrO crexia Illeppunrrona-
Kupknarpuka, BKIOYash KPUTUUYECKYH0 TOUYKY, a TaKXe€ HCCIEA0BaTh
JUHAMUKY CHUCTEMbl BOJM3M 3TOW TOYKU. PaccmarpuBas MexaHU3M
3amep3anusi Kuboma—3ypeka [3], moka3zaHo, 4TO dHEpreTuyeckas 1eiab B
TOYKE 3aMep3aHus CIUHOBOM cucTeMbl B mporiecce AO ymeHbIIaeTcs ¢
pPOCTOM  KOIMYECTBA Y3JI0B MOJEIM IPOIOPIMOHANILHO /1/N, a
BEPOSITHOCTH OLIMOKH MPU 3TOM MOKHO OI[EHUTH KaK

P~ exp|:_L:|,

J2NJ«

YTO COTJIACYeTCS C pe3yJbTaTaMM, TMOJYYCHHBIMU paHee APYTrUMHU
Metoaamu [4].

Croucok nureparypsl

[1] D. Sherrington and S. Kirkpatrick, Phys. Rev. Lett. 35, 1792 (1975)
[2] A. Kitaev, Annals of Physics, 321(1), 2—111, (2006)

[3] W. H. Zurek, Phys. Rep. 276, 177 (1996)
[4]

4] S. Knysh, Nat Commun 7, 12370 (2016)
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MAI'HUTHOE COCTOSAHHUE ATOMOB Fe u Co
B I'EJIMMATI'HETHUKE Fe;..Co.xGe 110 JAHHBIM
SIMP CHIEKTPOCKOIIUHU HA SIJIPAX 'Fe, *Co

3.H. Bonkoga'?*, B.B. Orino6muues', A.B. bokos?, A.B. LIsimenko?
TUnemumym gusuxu memannos um. M.H. Muxeesa YpO PAH,
Examepunbype, Poccus
?Uncmumym ¢usuxu evicoxux dasnenuti um. JI.d. Bepewazuna,
Tpouyk, Mockea, Poccus
"E-mail: volkovazn@imp.uran.ru

Cucrema Fei;-«Co.Ge, kak W JApyrue COEIUHEHUSI W3 CEMENCTBa
MOHOCWJIHMIIMIOB 1 MOHOT€PMAHUJOB MEPEXOIHBIX 3d METAIJIOB, a TAKKe
UX TBEpPABIX pPAacTBOPOB, OTHOCUTCA K KIAcCy COEAUHEHUH C
HELUEHTPOCUMMETPUYHON KyOmdeckoi cTpykrypoil B20, ornuuutenbHOM
OCOOEHHOCTBIO KOTOPOW SABIISIETCS HAJIMYHME CTPYKTYPHOW XUPAIbHOCTH.
JlanHast 0cOOEHHOCTh 00YCIOBINBAET AHTUCUMMETPUYHOE CIIUH-CIIMHOBOE
B3aMO/ICHICTBUE JI3stmommHCKOro-Mopust [1], MIPUBO/ISIIEE K
(bOpPMHUPOBAHUIO XUPATBHBIX TEIUKOUIATBHBIX MAarHUTHBIX CTPYKTYp [2],
BBI3BIBAIOIINX OIPOMHBIN UHTEPEC K JAHHBIM CHCTEMAaM.

Hacrosimas paboTa MOCBSIIEHA W3YYEHHUIO TNPUPOABI IOJIABJICHUS
MarHuTHOro mMomeHtra B cucreme Fe-Co.Ge mnpu 3amMenieHud atoMoB
xene3a koOoanbToM. JlaHHOE siBjeHue ObUIO paHee OOHAPYKEHO METOJA0M
SQUID-marnutomerpun  [3], OJHAKO HAMArHUYEHHOCTb  SIBJISIETCS
VWHTErPAJIbHOM XapaKTEpUCTUKON BELIECTBA M HE JAeT OTBETa Ha BOIPOC,
KaK BJIMSET 3aMEIICHHE HAa MArHUTHOE COCTOSIHUE KaXk10To U3 3d atomoB. B
JAHHOM KOHTEKCTE JIOKAJIbHBIM METOJ AJIEPHOTO MAarHUTHOIO PE30HAaHCa
(AAMP) umeer ocoboe 3HAUECHHE, T.K. MO3BOJISIET CEJIEKTUBHO BO30YIUTH
onpeneseHHblii THI saep, °'Fe umu *°Co, U NONy4uTh MHPOPMALHMIO O
paclpesiesieHM CBEPXTOHKHMX moneil Ha sapax °'Fe m *°Co, To ecThb
ONPEJEINTh MATHUTHOE COCTOSIHUE KaXKJIOTO U3 aTOMOB, a TAKXKE BIIUSHUE
Ha HEro XMMUYECKOIr0 3aMELICHUS.

B pa0oTe BBIIOIHEHEI M3MepeHus criekTpos SIMP Ha sapax >’Fe u *Co
1151 TBepabIX pacTBopoB Fe-.CoxGe (0 <x <0.3) B MAarHUTOYNOPSAI0UCHHOMN
¢daze B HyJIEBOM BHEIIHEM IIOJI€ TPH TEMIEPAType >KUAKOTO Telus.
OmnpeneneHa KOHCTaHTa CBEPXTOHKOTO B3aUMOJACHCTBUA JJIs SIJEP Keyesa,
T4 = — 129 kD/us, a TakKe NOKA3aHO, YTO C YBEIMYEHHEM KOHIIEHTPALUH
KoOanbTa pacmpesielieHue CBEPXTOHKHX MOJEH Ha jKelle3e CYLIECTBEHHO
Bospacraer. Cnekrpol SIMP *Co AeMOHCTPHPYIOT, YTO KOJIUYECTBO
KoOallbTa B pPa3jMYHbIX KOOpAMHAIMAX OJMXKailllero MarHUTHOTO
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1.0 —— ‘ : : OKpY>KECHUS Fe )7} Co

osl = ; . o | ONHKChIBACTCS KJIACCUYECKUM

8 OMHOMUATIBHBIM

3 0.6 : z(S(%IPD)) s pacrpeneieHueM, IpYTUMU
Tod . ﬂr ] CJIOBaMH, pacnpezeneHue
o o KoOalbTa B KPUCTAUIMYECKOU
0.2¢ “ 1 CTPYKTYpE TBEPABbIX pPAacTBOPOB
0.0 : : : Fei-xCoxGe HocuT ciyyaliHbIN

0.0 0.1 0.2 0.3 XapaKTep.

X
AHanu3 CBEpXTOHKHUX IOJICH

Ha saapax °'Fe m *Co mossosimn
ONPENCIIUTh CPEHUE 3HAYCHUS
MarHUuTHbIX MOMEHTOB aTOMOB
xKenmesa W KoOambTa,  fFe
U [lico COOTBETCTBEHHO, a TaK¥Ke
MOJIHBIN MOMEHT Ha (POPMYJIBHYIO €AUHULY, Liot = (1 — X)'ure + X 'tco (CM.
puc. 1). 3Ha4EeHUS Lot XOPOIIIO COTIIACYIOTCS C MOMEHTOM [, OTIPEACIICHHBIM
SQUID wusmepenusamu. M3 puc. 1 BUAHO, 4TO MarHUTHBIN MOMEHT Fe
yMeHbIIaeTcs mpu nodasnenuun kobanbTa ot 0.9 up (st x = 0.1) mo 0.85 us
(ms x = 0.3), Torna kak Co ocTraeTcsl MOYTH HEMArHUTHBIM B JTAHHBIX
COeIMHEHUX. BompIne CBEpXTOHKHE MOJIs Ha MO3UIUAX KoOanbTa (~ 4 + 7
Tin) uaAYUHUpYIOTCS aTOMaMU Kelie3a OIMKaiIlero OKpyKeHus BCIEICTBUE
cuibHOM rubpuanzanuu 3d opouranei Fe u Co.

Takum oOpazom, mns cocraBoB Fei-»CoxGe yMeHbIlIEHHE MOIHOTO
MarHUTHOTO MOMEHTA C POCTOM KOHIIEHTPAIlMK KOOaIbTa 0OOYCIOBICHO HE
TOJBKO 3aMEIICHUEM MArHUTHBIX aTOMOB €Je3a MOYTH HEMarHUTHBIM
KOOaIbTOM, HO TAK)K€ YMEHBIIICHHEM COOCTBEHHOTO MarHUTHOTO MOMEHTA
xKenesa.

Puc. 1. Cpegnue 3Ha4Y€HUSI MOMEHTOB
MFe, Lico W Lhot, TOTYy4YEHHBIE U3 JMP,
B cpaBHEeHUU ¢ pe3yapratamu SQUID
u3Mepenuit [3].

PaboTa BblmonHeHa mnpu (uHaHcoBoil noaaepxkke PH® B pamkax
Hay4yHOro rpoekra Ne 22-12-00008 I1.

Jluteparypa
I. E. Dzyaloshinskii, Zh. Eksp. Teor. Fiz. 46, 1420, 1964.

1.
2. Y. Ishikawa et al., Solid State Commun. 19, 525, 1976.
3. S.V. Grigoriev et al., Phys. Rev. B 90, 174414, 2014.
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TEIIOOTIAYA OT MUKPOHAT'PEBATEJIA B IIEPEI'PETYIO
BOAY B YCJIOBUAX N30TEPMHUYECKOI'O BO3JAEUCTBUSA

Bonochaukos /1. B.

Deodepanvroe 2ocyoapcmeennoe 0100icemuoe yupeldcoenue HayKu
Huemumym mennoguszuxku Ypanvckoeo omoenenus
Poccuiickoii akademuu nayx
dima_volosnikov@mail.ru.

C ucnonp30BaHUEM MHUKpPOHArpeBarels [uameTpoM 20 MKM U MeToAa
VIPaBISIEMOr0 HMMIYJIBCHOTO BO3AeHCTBUSI (1 C€) MpOBEAEHBI ONBITHI C
neperperoit Boaou [1-4] mpu armocdepHoMm naBieHuu. OmnpeaeneHbl
TeMIEpaTypHbIe 3HAYCHUSI YEThIPEX PEKUMOB TEIJIOOOMEHA C CHJIBHO
pa3IMYarONIMMUCS 3HAYCHUSIMU TIOTHOCTU TeroBoro notoka (TIT) [3]: B
JuanasoHe 3HaueHuil remneparyp 125+25°C Habntoaanuch KOHTYKTHUBHBIM
(K) 1 konnyktuBHO-KkOHBEeKTUBHBIHN (KK) pexxumbl, B quanazone 163+12°C
— pexum cnoHtaHHoro Bcekumanuss (CB) um mpu 180+4°C  pexum
cBepxuHTeHCUBHOTO TermioooMena (CUT). BeigeneHHsM — pexxumam
TEIUIOOTAAYM K IEPETPETOM BOJE COOTBETCTBOBAIM PA3IMUYHbIE HHTEPBAJIBI
M3MEHEHHUS TeIUIOBhIX MOTOKOB: 1 pexkumoB K m KK ot 0,2 go 0,5
kB1/cm?; mns pexuma CB — o 1 kBr/em? u auis pesxuma CUT — 2,4 kBr/em?,
COOTBETCTBEHHO.

[lonyuennsle 3HaueHusa temneparyp CB Haxomdrcs B coriacum C
JaHHbIMU paboT [4, 5], a cBeaeHuss o 3HavyeHusx temneparyp u TII
aKTyalbHBl TpHU pa3pabOTKE TEXHOJOTUN pACIbUICHUS KOMIIOHEHTOB
OMOTOIUINB [6] M cCUCTEM OXJIAXACHUS MUKPOIJIECKTPOHUKH.

HccnenoBanue BBITIOJMHEHO 3a CYET rpaHTa POCCHMIICKOrO Hay4yHOro
donga Ne 23-69-10006, https://rscf.ru/project/23-69-10006.
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CYINECTBOBAHUE BHEHTHE-JTIOKAJIM30BAHHbIX
JJIEKTPOHHBIX COCTOSHHUHU B JOITUPOBAHHBIX
YIVIEPOJHbBIX HAHOTPYBKAX

Borsxkos C. A.
HUnemumym obweu gpusuxu umenu A. M. Ilpoxoposa
Poccuiickoii akademuu nayx
savotyakov99@yandex.ru

OOBEMHO  JIOKAJIM30BAaHHBIE OJEKTPOHHBIE COCTOSHUSL WM Ke
superatom molecular orbitals (SAMO) mnpencTaBisioT 0COOBIM Kiacc
COCTOSIHUM TOJIBIX YIJIEPOJHBIX HAHOCTPYKTYD, JJEKTPOHHAS IUIOTHOCTH
KOTOPBIX MOXKET OBITh COCPEIOTOUEHA HE HA aTOMax CTEHKH, a B 00JIacTAX
C MaJIOW aTOMHOU IUIOTHOCTBIO. {711 OTAEIbHOM OAHOCTEHHOM YIJIEPOIHOMN
HAHOTPYOKH €CTECTBEHHBIM LIEHTPOM TaKOW JIOKAJIM3aluu SBISETCA
BHYTPEHHSII IMOJOCTh. B IMUIOTHOM Tmydke HAHOTPYOOK BO3HHMKAET
JOTIOJHUTENbHAsE 00JacTb - MEXTpyOHas MyCTOTa, OrpaHUYEHHAas
HECKOJIBKUMHU COCEIHUMH CTEHKAMH, MIO3TOMY IIPUHLIMIIUAIBLHBIA UHTEPEC
IPEJICTAaBIsSET BO3MOXKHOCTh (OPMHUPOBAHUS MOTEHIMAIBHON SIMBl U
COOCTBEHHOTO 3JIEKTPOHHOT'O COCTOSIHUS HEMTOCPEICTBEHHO BHE OT/IE€IbHBIX
HAaHOTPYOOK.

JInst mpoBEpKHM CYIECTBOBAHMS (U3MYECKH PEeaM3yeMOil BHEUIHEH
JoKanu3auuu — ObUla  paccMOTpEHa  JBJIEKTPUYECKH  HEeUTpalbHas
aTOMUCTHYECKAsA CUCTEMA M3 B3aUMOJCHCTBYIOIIMX MOJYIPOBOIHUKOBBIX
OJTHOCTEHHBIX HaHOTpyOok THuma (10,0), JerMpoBaHHBIX aKIENTOPHBIM
atoMoM (ropa. Pacuérel 3eKTPOHHON CTPYKTYpPBI BBIIIOJIHEHBI B paMKax
Teopur (YHKLIHOHANA 3JIEKTPOHHON IUIOTHOCTH C MCHOJIb30BaHUEM
Quantum ESPRESSO. Jlns anamu3a JoKaau3aldi COMOCTABIISUIMCH
MPOCTPAHCTBEHHBbIE pacmpeaeneHus |[W(r)? W TOJHBIA  JOKaJbHbBIN
(O PEeKTUBHBIN MOTECHIINA.

[Tpu ManoM MeXTpyOHOM paccTossHUM mopsiaka 3 A B momsom DFT-
noreHuuase GOpMUPYETCS CaMOCTOSITeNIbHAs 00JIaCTh  MOHM)KEHHON
HEPrUU B MYCTOTE MEXAY coceAHUMH F-mernpoBaHHBIMH HAaHOTPYOKamH.
C »>TMM MHMHUMYMOM CBSI3aHO DJJIEKTPOHHOE COCTOSIHME, MaKCUMyM
KOTOPOTO pAacCrloOJIO)KEH BHE CTEHOK OTAENbHBIX TpPYyOOK, OHO HMEET
BOJOPOAONOAO0HYI0  s-oA0OHYI0 SAMO-CTpYKTYpy  OTHOCHUTEIBHO
LEHTpa MEXTpYOHOIl mosiocTu. B naHHOM ciydae BHEIIHSS TJIOTHOCTD
ABIISIETCS  JOMHUHHUPYIOIIEH YacTbl0 COOCTBEHHOIO COCTOSIHUSI U
MPOCTPAHCTBEHHO COBIAJIAET C OTACIbHON MEKTPYOHON KBAaHTOBOM SIMOIA.

[Ipu pa3nBHXKEHWHM HAHOTPYOOK BHEHIHSS SMa IMOCJIEIOBATENIbHO
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0cJIadeBaeT U UCYE3aeT, a penabed 3PHEeKTUBHOTO MOTEHIIKAIA TEPEXOIUT K
pPEXKUMY OTIEIBHBIX BHYTPUTPYOHBIX MHUHUMYMOB. Clie0BaTeIbHO,
OOHapy>XEHHOE COCTOSIHHE HE MPUHAMICKHUT OTIACIbHOU JIETMPOBAHHOMN
HaHOTPYyOKe, a dbopmupyercs COBMECTHBIM MOTEHIIMAJIOM
B3aMMO/ICMCTBYIOIIETO MMyYKa.

HccnenoBanue BBINOJHEHO 3a cyeT rpaHTa PoccuiiCKOro Hay4yHOro
donna (mpoekt Ne 26-12-00323).
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BJIUAHUE HOAJIOKKHN U TEOMETPUN HAKOHEYHUKA HA
PE3YJIBbBTATBI MUKPOC®EPUYECKOI'O UHAEHTUPOBAHMUS
TOHKUX METAJUIMYECKUX MOKPBITUH

C.A. Borsakos!, C.U. Borskoga', I'.X. CynranoBa*, A.C. YcenHoB'
"Unemumym pusuku evicoxux oasnenuti umenu J1.d. Bepewaeuna PAH, 2.
Tpouyx, Mockesa
*Texnonocuueckull UHCMUMYmM C8epPXmMeepoblX U HOBbIX YeepOOHbIX
mamepuanos, 2. Tpouyk, Mockea
SMocrosckutl pusuxo-mexuuueckuti uncmumym, 2. J{onconpyouwili,
Mockoeckas 06a.
sivotyakova@yandex.ru

Mexannyeckue  CBOMCTBA  TOHKHX  METAJUIMYECKUX  IUICHOK,
UCIIOJIB3YEMBbIX B Kaue€CTBE M3HOCOCTOMKMX U 3alIUTHBIX IMOKPBITHIA,
CYILIECTBEHHO BJIMSIIOT Ha 3KCIUTyaTallMOHHBIE XAPAKTEPUCTUKHU JIETANICH U
AJIEMEHTOB KOHCTPYKIIMI, HA KOTOpPbIE OHM HAaHECEHbl. B cBs3u ¢ 3TUM
JIOCTOBEPHOE OIPEACIICHNE MEXaHUYECKUX CBOMCTB TAKUX INIEHOK METOJIOM
WHCTPYMEHTAIBHOTO WHJICHTUPOBAHUS SIBJSETCS aKTyallbHOW 3amayer [1].
Hcnonb3oBaHne MHUKPOCPEPUUECKOTO AJIMAa3HOTO HHIEHTOpPA PaalycoM
2,5 MKM TMO3BOJIIET OIPEACIUTh TBEPAOCTb, MOAYJIb YIPYLOCTH U
IUarpaMmy «HampspkeHue—aedopmaiysy. OIHaKo HHTEPIPETAIHs JaHHBIX
OCJIOXKHSETCSl BIUSHUEM MOJJIOKKM HAa OTKIHMK IJIEHKHM M OTKJIOHEHUEM
peanbHOM (OpMBI HAKOHEUHUKA OT UJIeaTbHOM CepHhl.

Lens pabotrbl — aHanu3 (aKTOPOB, OTPAHUYMBAIOIIMX TOYHOCTH
OTpeeIeHUSI MEXaHUYECKUX CBOMCTB TOHKUX METANINYECKUX IUIEHOK MpHU
WHJECHTUPOBAHUU  MHUKPOCPEPUUYECKUM HAKOHEYHUKOM, Ha OCHOBE
HSKCHEPUMEHTAIBHOTO HWHJCHTUPOBAHUS W MOJECIUPOBAHUS METOJOM
KOHEYHBIX 3JIEMEHTOB.

B nmanHOM paboTe mcciaenoBaHbl HUKEIEBBIC TNICHKH TONIMUHON 3,7 U
9,2 MM Ha ctanu Mapku 9XC u cepeOpsiHas IIeHKA TOIUMHOM 3,4 MKM Ha
KpEMHHEBOW moanioxke. MHIEHTHUpOBaHHWE MPOBOAUIOCH CHEPUUECKUM
aJIMa3HbIM HAKOHEYHUKOM paguycoM 2,5 MKM Ha HaHOTBEpAOMEpE
TESTURION T2 (P®). MonaenupoBanue BbinosHsusioce B COMSOL
Multiphysics B AByMEpHOW OCECUMMETPUYHOW IOCTAHOBKE C YHPYro-
IUIACTUYECKON MOJENIbI0 M M30TPOMHBIM YIIPOUHEHHEM IO 3akoHY Boiica.
st cepeOpsiHOM TJIEHKU pealibHbI MPOo(Puiib HAKOHEUHUKA, TTOTYYECHHBIH
Meto oM ACM, yuduThIBajICS NONPABOYHON (PYHKIMEH MIONIaAN KOHTAKTa
@(h) Ha OCHOBE JIByX HACBHIIIAKOIIUXCA YKCIIOHEHT, a epecuer P-4 KpuBou
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B KOOPJMHATHI «HANpsiKEHUE—Iepopmaius» MpoBOAWICA MO (Gopmyliam
Teii6opa.

[TokazaHo, 4TO MapaMeTp 7, ONpeaesieMblid KaK OTHOILIIEHUE TTyOHUHbI
MPOHUKHOBEHHUSI MHJECHTOpPA K TOJIIHMHE IUIEHKH, TPU KOTOPOM BIIMSIHUE
MOJUIOKKM HAYWHAET MPOSIBIATHCS B PE3yJIbTaTaX WHICHTHUPOBAHUSA, IS
MUKPOCHEPUUECKOTO HHJIEHTOpPA CHUKAETCS C YMEHBIIEHUEM TOJIIIUHBI
HUKEJIEBOM IUICHKH, TOT/Ja Kak JUisi CaMOMOJOOHBIX HAKOHEUYHUKOB 7]
ocTtaercs Ha ypoBHE 0K0J0 10% Tommunael mokpertud. i niueHok 3,7 u 9,2
MKM pacXO0XkJAEHUE HArPY30YHbIX KPUBBIX C COOTBETCTBYIOIIMMU KPUBBIMH
JUTSI TUICHKH O€3 BIMSHUSA MOJIJI0KKH 00HAPYKEHO yxke Mpu # okoio 3,5%,
YTO MOATBEPKICHO MOJCIUPOBAHUEM B JHANA30HE TOJIIIUH [UICHKA
0,1-9,2 mxm. [lns cepeOpsiHONM TUIEHKM auarpamMma 0e3 ydeTa pealbHOU
dbopMbl  HAKOHEUHHMKAa  3aMETHO  OTKJIOHSIETCS  OT  pPe3yJbTaToOB
MojienupoBanus. BBeneHue nonpaBoyHol (GyHKIIMY 110 TUIOIIA U KOHTAKTa
CYIIIECTBEHHO YJIyYIIIa€T COTJIACOBAHUE IKCIIEPUMEHTATILHOU U MOJICTILHOM
KPUBBIX, a 00paTHOE MpeoOpa3oBaHUE MOJICIIBHOM KPHUBOM uepe3 Ty Ke
GyHKIMIO  BOCTIPOU3BOAUT (GOPMY HMCXOJHOM  AKCIIEPUMEHTAIBHOU
3aBUCHMOCTH.

[Tony4denHsie pEe3yJIbTaThI MO3BOJISIIOT chopMyIUpOBaTh
PEKOMEH/IallMK 10 BHIOOPY TOJIIUHBI MMOKPHITUI U AOMYCTUMOMN TIIyOUHBI
MPOHUKHOBEHUSI CHEPUUYECKOr0 HMHJIECHTOpPAa C YYE€TOM Hauajla BIIUSHUS
noyIoKku. Takke OHM TMOMOralT YYECTh €ro peajbHyr ¢GopMmy MNpH
UCCIICIOBAHUM TOHKHUX METAUIMYECKUX IIJIEHOK. DTO HEOOXOAUMO JIJis
TOYHOM OLEHKU CBOMCTB M3HOCOCTOMKMX W 3AIUTHBIX MPOMBIIIJIEHHBIX
MTOKPBITHH.

PaGoTa BeIMOSTHEHA B paMKax MporpaMMbl MUHHUCTEPCTBA HAYKH U
BhIciiero oopazoanust PO FFUW-2021-0003.

Jlureparypa

1. E.A. Opemixo, JI.A. YTkun, B.C. Epacos, A.A. JIsxos, Tpyast BUAM,
85, 1,2020
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YIIPOUYHEHUE KPYITHOKPUCTAJUIMUECKOM U
CYBMUKPOKPUCTAJUIMYECKOW MEIU
METOJAOM I'HIPOOKCTPY3UN

Tanramo A. H.'?, Sfmaposa E. B.!, Cyposuuxuii B. JI.!
IDI'BEHY «/loneyxuii puzuxo-mexuuueckuti uncmumym um. A.A. Iankunay
OI'BHY «Mucmumym (usuxu 20pHvix npoyeccoéy
al-gangalo@yandex.ru

['unposkerpysus (I'9) saBnsercss ogHuM U3 d(PPEKTUBHBIX METOIOB
WHTCHCUBHOM ruractudeckor naedopmarmu  (MII), mo3Bossronum
dbopMupoBaTh MPYTKOBBIC H3JEIUS 3aJaHHOTO CEUYEHUS M TOBBINIATH HX
bu3NKO-MexaHn4YecKre XapakTepucTuku [ 1]. Baxxnast ocobeHHOCTh MEeTO1a
3aKJII0OYAETCS] B MCMOJIb30BAHUM JKUJIKOCTH B KaueCTBE pabouei cpebl s
nepeayu JaBlieHUs, Oyarojapss 4eMy CHIDKAIOTCS MOTEpPU Ha TPEHUE
3aroTOBOK 00 HWHCTPYMEHT, a TaKXe YJaeTcs pealu30BaTh CXEMY
BCECTOPOHHEr0 CXKaTHsi. B OCHOBHOM [1aHHBIM METOJ| WCIOJb3YIOT s
oOpabotku kpynHokpuctammmyeckux (KK) wmarepuanoB, opHako, ¢
pazButueM metonoB UIIJ] ycmemHo cramyu mpuMeHSTh U 711 00paboTKu
CyOMUKPOKPHUCTANIMIECKUX MaTepuasion [2—3].

[lenbto naHHOM PaOOTHI SBIISIETCS UCCIIEIOBAHUE BIUSIHUS 00paOOTKHU
MmetonoM I'D Ha mexaumueckue ceorictBa Mmeau B KK u CMK cocTtossHUAX.

B kauwectBe  Marepuasia  JUIi  WCCIENOBaHUSA  BBICTYNHWIIA
oeckuciopoanas meapr Mapku M06 B KK coctosiHum ¢ pasmepom 3epeH
nopsiaka 20 mxkm u B CMK cocrosiuun ¢ pasmepom 3epeH 0,2 Mxm. 1D
OPOBOJIUIN C PA3IUYHONW BEIUYMHOW Pa30BON  JOrapu(pMUYECKOU
nedopmaruu ot ¢ = 0,3 10 ¢ = 1,2 ¢ mrarom B 0,3. MexaHn4ecKkue CBONCTBA
MEIU OMNPENeNsUIUCh C TOMOIIBK HCHBITAHUNW HAa  PaCTSIKEHHUE,
npoBeneHHbIX 1o ['OCT 1497-84.

Hedbopmanmonnass oOpabOTKa NPUBOJUT K pPa3orpeBy Marepuana.
AnmabaTuyeckoe MoBbIIEHNE TeMIepaTypsl pu 00padoTke ['D ouenuBanu
M0 YPOBHSIIO 1aBJI€HUS B CTAOMJIBHOM CTauu npoliecca. B 3aBucumocTu ot
BennuuHBI nedopmaruu gaBiaeHne ' KK Menn m3aMmeHsmachk B mpeaenax
280-670 MIla, CMK 410-810 MIla. Ilpm ga"HHBIX  JABJICHUSIX
annabaTHYeCKuil HarpeB 3ar0TOBOK OMpenein Ha ypoBHE 369-475 K s
KK menu u 409-514 K nns CMK. Temneparypa Hayana DMHAMUYECKOMN
pexkpuctaiuzannu 1st CMK cocraisiet okoso 400 K, mosromy mporeccsl
pa3yNpoOYHEHUs]  3aMyCKAIOTCA YK€ TMPU MUHUMAJIBHOW  CTENEeHU
nedopmartuu I'3.

HUccnenoBanue BansgHua D Ha M3MEeHEHHE MEXAaHUYECKUX CBOWCTB
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MeM MoKa3aio, 4To oopadoTka I'D npuBoauT k pocty npounoctu KK menu
¢ 242 MlIa B ucxoanom coctosinuu A0 431 MlIla nipu e = 1,2 u CMK meaun
c 434 MIla B ucxomnom cocrostHuu 10 476 Mlla ipu € = 0,9 (puc. la).
YBenmuuenue crenenu aedopmaruu I['D 1o € = 1,2 npuBOAUT K MaJCHUIO
npoudoctd CMK wMenu, 4To OOBSCHSETCS 3allyCKOM pPelaKCarMOHHBIX
MPOIECCOB  BCIEACTBUE J1€DOPMALIMOHHOTO pa3orpeBa U CHIDKCHUS
mwioTHOCTH auciokamui [4]. [lnactmynocte CMK Meaum HaxoauTcs Ha

0onee BbicOkOM ypoBHe, ueM y KK meam Ha umHTepBane aedopmanuii
e =0,6—-1,2 (puc. 10).

®© X 224

cC N
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© 450+ ~ > ,

= S T 201 P
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C 330 —A= CMK Z 16 — A= CMK
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a 0

Pucynox 1. Bausinue crenenu nedopmanuu ['D Ha MexaHudyeckue
cBoiictBa KK n1 CMK menu: a — npenen mpoyHOCTH, O — OTHOCUTEILHOE
YIUIMHEHUE.

HccnenoBanue BIUsiHUS 00pabOTKU MeToJOM ['D Ha MeXaHMYEeCKUe
coiictBa KK u CMK wMenm moka3ajio, 4TO JaHHBIM METOJ ITO3BOJISET
MNOBBICUTH IPOYHOCTh MEAM B 000MX CTPYKTYPHBIX COCTOSIHUAX Ha 78% u
10% cootBerctBenno. Ilokazano, uro g1g CMK Meam MakcHMalabHO
monmycTuMas crerieHb aedopmaruu I'D cocrtaBisgeT e = 0,9; npeBbiieHNe
JTAHHOM BEJIMYMHBI PUBOAUT K TOHUKEHUIO TPOYHOCTH.

PaGoTta BeimonHEeHa Tipu nogAep:kke Munoopuayku Pd, OromkerHas
tema FREZ-2024-0001.
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1. H. Garbacz, K. Topolski, M. Motyka, Nanospd5, ed. A. G. Werner, W.
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AMP CIIEKTPOCKOIIUA BbICHINX BOPUI10B
PEJAKO3EMEJIBHBIX 3JIEMEHTOB RBs u RB12

Tunmayc A. A", Bacenes O. M., Cinyuanko H. E.?
EMTY um. M.B. Jlomonocosa
2 UOD PAH um. A.M. Ilpoxoposa
S UDTT PAH um. FO.A. Ocunvana
e-mail: gippius@mail.ru

Jloknan mpeacTaBiseT co00il O030pHYIO JIEKIIMIO O NPUMEHCHUH
Metona SAMP crieKTpoCKOIUHM B MCCIIEAOBAHUM I'eKca- M J0JIeKaOOpHIO0B
pEeIKO3eMENbHBIX METAJIIIOB.

B mepBoii 9acTu JIEKIIMKM pacCMaTPUBAIOTCS JINTEPATypHBIC JaHHBIC,
noyueHHsie Jisi coequHenuil LaBs, YbBs, a Takxke YBes u rekcabopuion
HEKOTOPBIX IIEIOYHO3EeMENbHBIX 31eMeHTOB AEB¢ ¢ momompio AMP Ha
aapax g, [IpuBomutcs cBojaHasi TaOJMIla 3HAYEHUM KOHCTAHTHI
KBaApynonbHoit cBsasu Cq spep ''B, a Takke 3aBUCHMOCTb U30TPOIHOIO
XUMHUYECKOro casura ''Kis, OT mapaMerpa PpEmIeTKH IJis PasjIdyHbIX
rekcabopunoB. Ha mnpumepe NdB¢ aHamu3upyroTcs HaBeICHHBIC
MarHuTHBIE TOJs Ha aroMax Oopa B aHTU(EpPpOMarHUTHON (ase.
MarauTHele CcBOMCTBAa W cnuHoOBasg auHamMuka EuBe wucciaenoBanHbl ¢
nomoieio SIMP Ha sapax '"Eu. Oco0GeHHOCTH U3ydeHMs DIIEKTPOHHOM
COIMHOBOW JWHAMHUKH IIOCPEACTBOM HM3MEPEHUS  CIIHMH-PEIICTOYHOU
penakcanuu saaep ' 'B paccmarpusarorcs Ha mpuMepe B NdBs, PrBs u SmBe.

Bo Bropoii uactu nekmuu Oosiee TOAPOOHO paccMaTPHUBAIOTCS
IKCIIEPUMEHTANIbHBIE PE3yJIbTaThl, MOJTyYeHHbIE aBTopamMu B JlabopaTopuu
SAMP TtBepaoro tena ®UAH u Jlabopatopuu cepxnpoBogumoctu UDOTT
PAH npu uccnenosanun coequnenud YBg [1] 1 LuBi2 [2,3].

Hccnenoanue BeinonHeHo npu nojgaepxkke ['panta PH® Ne 26-12-
00258.

1. O.M. Vyaselev, N.E. Sluchanko, A.V. Bogach, N.Y. Shitsevalova, V.B.
Filipov, A.A. Gippius, J. Alloys Compd., 921, 165627, 2022

2. OM. Bscenes, A.A. Tunnuyc, H.E. Cayuyanko, H. 1O. Illunesanosa,
ITucema B JKOTD, 119, 524, 2024.

3. O.M. Bscenes, A.A. I'unmuyc, H.E. Cnyuanko, [Tucema B XKOT®, 121,
828, 2025.
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B3AMMOJEUCTBUE KBAHTOBOM CUCTEMbBI C BHEITHEHN
CPEJIOM B CTOXACTHYECKOM UHTEPIPETALIUA

I'nazkoBa E.B.'"2, Cennos C.C.?
THUHMD PAH, Mockea, Poccus
HUTY MUCHUC, Mocksa, Poccusi
elzvtg@gmail.com

KBanTOBO-CTOXaCcTHUECKOE COOTBETCTBHE [l] TIO3BOJISIET CBECTH
KBAaHTOBYIO JMHAMHUKY K YHHCTOXaCTHYECKOMY mpoiieccy. Kcnonb3ys
omepaTop  HBOJIOIMH,  MPEACTABISAECTCS  BO3MOXHBIM  COCTAaBUTH
YHUCTOXACTUUYECKYIO MAaTPUILy MEPEX0I0B HEMAPKOBCKUX MPOIECCOB

Iy; = Uf = p(i,tl), 0), (D

KaXJIbIi 3JEMEHT KOTOPOM OIMCHIBAET BEPOSITHOCTh IEpexXoja W3
OJJHOTO COCTOsIHHS B apyroe. 3aech U = et — omepaTop sBomomuu;
p(i, t]j,0) — BEepOsATHOCTh HAXOXKACHUS CUCTEMBI B i-i KOH(MHUTYypallud B
MOMEHT BpPEMEHHU f, YYHUTBIBas, YTO CHUCTEMa HaxXOAUTCS B HaYalbHBIN
MoMeHT Bpemenu 0 B j-if koHbuUrypaiuu. Takas HHTepIpeTamus M03BOJISICT
MOTEHIIMAIPHO PEIIUTh MPOoOJeMy KBAHTOBBIX HW3MEpEHUM, wu30eras
TPaIUIIMOHHBIX TApPaJOKCOB: KOJUIANC BOJHOBOW (yHKIMH, IpobiiemMa
HaOII01aTeNs U T. 1.

[{enbto pabOTHI SBJISIETCA TMOCTPOCHUE CTOXACTHUUYECKOW AMHAMMKU, B
KOTOPOU JCIMMOCTh KOHTPOJUPYETCS B 3aJJaHHbIC MOMEHTHI BPEMEHH, HO
Ipd O3TOM BO3MOXXHO YCTaHOBJIEHHE PaBHOMEPHOTO PaBHOBECHOIO
pacopeneneHusi. B kauecTBe HCXOJHOW KOHCTPYKIUM MCIIOJIB3YETCS
nepectaHoBouHas Marpuna y(t), HOedCTByromas Ha KOMIIOHEHTBI
BEPOSTHOCTHOTO BekTOpa. OHAKO YMCTO MEPECTAaHOBOYHAS JMHAMHUKA HE
MPUBOAUT K peIaKCallMK, MOCKOJIbKY OHA JIUIIb HUKJIUYECKH TePECTABIISIET
KOMITOHEHTBI BEKTOpA.

Jns mpeodosieHus 3TOr0 OTPAaHUYEHUS BBOJUTCS peEryisipyu3alius
MEePEeCTAaHOBOYHOM MaTpHIlbl MajbiM IapaMmMeTpoM €. PerynsipuzoBaHHas
MaTpuila  CTPOUTCS  TaKuM o0pazom, 9TOOBI  COXpaHSIACh
OMCTOXaCTUYHOCTD, IIPH 3TOM J00aBIAETCS Maiasi BEPOSITHOCTD IIEPEX0/1a B
JIPYTUE COCTOSIHUS, YTO JIeTIa€T MATPUILY MOJO0KUTEILHON U 3PTOIUUECKOM.
B pesynbrare, cornacuo teopeme Ileppona—®dpobennyca, mosoxuTeIbHAS
oucTroxacTUdyeckass MaTpulla HMEET E€IUHCTBEHHOE CTallUOHAPHOE

. 1 1
pacnpeneneHue p* = (N N)’ rae N — pa3mep BeKTopa.

Jns mepexoga OT AMCKPETHOW II€PECTAaHOBOYHOM JIMHAMHUKH K
HENPEPHIBHOMY BPEMEHU MCIOJIB3YETCSI UHTEPIOISALMOHHAS] KOHCTPYKIIUS:

- 38 -



_(Lx€[01]
rae I(x) = {O,x g [0.1]

110001 MOMEHT BPEMEHH.

T — JUCKPETHBIE MOMEHTBI BPEMEHHU, t —

MopaenupoBaHue TMOKa3ajlo, 4YTO NPU HAIUYUU E-PETYISPU3ALUU
pa3linuHble HAaYaJdbHbIE BEPOSITHOCTHBIE BEKTOPHI CXOIATCS K OJHOMY H
TOMY K€ PaBHOBECHOMY COCTOSIHHIO. JlOTIOJHUTENBHO OblIa paccuuTaHa
surpornus Illemnona H = —);p;Inp;, s pasivuHbIX HadalbHBIX
COCTOSIHUM HAOJI0/IaeTCsl POCT HHTPONUU C BBIXOJOM Ha 00U
npefeiabHbIi  YPOBEHb, YTO COOTBETCTBYET IOTepe UHGPOPMALUU O
HA4YaJIbHOM PaCIPEICICHUN U YCTAHOBJIECHUIO PABHOBECHS.

Takum o6pazom, B pabore chopmyInpoBaHa HWHTEPHOJIAIMOHHAS
KOHCTPYKIUS [IJI HEMPEPBIBHOW CTOXAaCTHUYECKOW AWHAMHMKH, MOTYYEHO
YCIOBUE JHCKPETHOW  AEIUMOCTH, MPEIJIOKEHA  E-PEryIsIpU3alus
NePECTaHOBOYHOW MATPHUIIBI C COXPAHEHHUEM OMCTOXACTUYHOCTH U MOKa3aHa
penakcanus Ha4aJlbHbIX COCTOSIHUI K PABHOMEPHOMY PaCIpEICIICHHIO.

Pabora BeimonHeHa B pamkax npoekta No. 125020501540-9
MunucrepctBa oOpa3oBanuss u  Hayku P®. UsrotoBnenuwe u
XapakTepu3anus o0pa3loB ObUIM BBINOIHEHBI C HCMOJb30BaHMeM YHY
«KYTT'Ny» - «Komriekca 000pyI0BaHUM 711 UCCIIEIOBAHUS TEXHOJIOTUI
reTEPOreHHOW UHTErpalui U KPEMHUM-YIJIEPOAHBIX HAHOTEXHOJIOT UM

Jluteparypa

1. J.A. Barandes The Stochastic-Quantum Correspondence, arXiv:
2302.10778, 2023
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AHAJIN3 MEXCJIOMHOW 'PAHUIIBI YJIBTPATOHKHUX
IIVIEHOK NbN/ScN C IOMOIIBIO SVM U QSVM

I'maskosa E.B.'?, 3.C. En6aes!, JI.A. Boaxosa!, H.B. ITopoxos',
M.A. Tapxos'?
THHMD PAH, Mockea, Poccus
HUTY MUCHUC, Mocksa, Poccusi
elzvtg@gmail.com

VYapTpaTonkue miaeHkd HUTpuaa Huooust (NbN) sBistoTCs OTHUM U3
OCHOBHBIX MAaTE€pUaJOB [JIi CBEPXIPOBOMASIIMX HAHOMPOBOJIOYHBIX
onHo(doToHHBIX AeTeKTOopoB (SNSPD) [1] u OGomomeTpoB Ha ropsamx
anexktpoHax (HEB) B kadectBe cmecuteneid st TNPUMEHEHUNU B
TeparepiioBoM jauamnazoHe [2]. I['panuna paszgena ScN/NbN wurpaer
KJIFOYEBYIO POJIb B MEXaHU3Me pocTa MieHKu NbN, HO onucaHue TPaHUIbI
paszesia Ha OCHOBE MHUKpodoTorpaduii mpocBeUMBAIONIEH 3JIEKTPOHHOM
mukpockoruu (IT9M) ocraercs HeTpUBUATIBHOM 3a1auel, 0COOEHHO KOT/1a
rpaHMIla  MEXAY  MaTepuaJlaMd  HEpOBHas, 00JlajaeT  HHU3KOU
KOHTPACTHOCTBIO U MOP(OJIOTHYECKHU CIOKHA.

B »sTOoM wuccnenoBaHMM TPEACTaBICH CpPAaBHUTEIBHBIM  aHANW3
KJIACCUYECKOr0 ajroputMa OMNOpHBIX BekTopoB (SVM) [3] u ero
kBaHTOBOro anasiora (QSVM) [4] nns aBTOMaTU3UpOBAaHHON CEerMEHTaIUU
IpaHull pasjena MaTepuanoB Ha uzoOpaxenusax [1OM (puc.1).

TEM-image Normalized

2688x2688 px TEM-image
336336 px

Materials
Labeling -
— : .

Image
Prepracessing

e
P

Feature
Extraction
SVM X, v.h

classification
< kgar =1 :

; ) SVM Training

QSvM
classification
ke =| ;

: ) QSVM Training

Puc.1. Cxema cermentaruu SVM u QSVM st nzo6paxkennii [I1DM
CpaBHeHHE TIPOBOAWIOCH Ha OCHOBE TPEX KPUTEPUEB: TOYHOCTHU

CErMEHTALlUM, YCTOWYMBOCTU K CTATUCTUYECKOMY IIYyMy W BpPEMEHU
kiaccudukanuu. Pe3ynpTaThl mokassiBatot, 4To SVM npeBocxoaut QSVM
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0 TOYHOCTU He Oojee yeM Ha 4%, B TO BpeMsl Kak BPEMsl BBIUMCIICHUH,
Tpedyemoe QSVM, npessimaet BpeMs BoruuciaeHuit SVM B 25000 pa3 npu
BBITIOJIHEHUH Ha KJIACCUYECKOM 000pYA0BaHUU. DTH PE3yJIbTaThl IOMOTAIOT
ONPENEINTh TPaHUIBl TPUMEHUMOCTH METOJI0B KBAHTOBOI'O MAaITUHHOTO
oOyueHust 1)1 3a1a49 00pabOTKH M300paKEHNM, TTOJIYUYEHHBIX B pe3yJIbTaTe
peanbHbIX (PU3NYECKUX IKCIIEPUMEHTOB.

Pabora BpimonHeHa B pamkax npoekta No. 125020501540-9
MunncrepctBa oOpazoBanus u Hayku P®. Wsrotomienue wu
XapakTepu3anus o0pa3loB ObUIM BBINOJIHEHBI C HCMHoOJdb30BaHMeM YHY
«KYTT'Ny» - «Komriekca 000py/I0BaHUM 11 UCCIIEAOBAHUS TEXHOJIOTHUN
reTEPOr€HHOW UHTETPALlU U KPEMHUM-YTJIEPOAHBIX HAHOTEXHOJIOTU»»

Jlureparypa
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NCIHHOJIB3OBAHUE DO@PEKTUBHOI'O TEIIVIOBOI'O
NCTOYHHUKA NJI51 YYHETA T'HAPOAUHAMUKHA ITPU
MOIEJIUPOBAHUU AJJUTUBHBIX TEXHOJIOI'MHN

Topunees I'. A.12
IDIBEOY BO « Yomypmckuii 20Cy0apcmeenvlii yHUEepcumen y
PIr'A0Y BO «llepmckuil HayuoHa bHbill UCCIE006aMeNbCKUL
HOUMEXHUYECKUL YHUBEPCUMEM )
gordeevgeorgii(@gmail.com

AJITUTUBHBIE TEXHOJOTHM II03BOJIAIOT IIOCJIOMHO W3rOTABIMBATH
U3JIENHSI CIIOXKHBIX (POPM U3 OJUMEPOB, METAJIIIOB U KepaMUKH. TOJIbKO B
y3KOM JIMara30He PEXUMOB OYyJIeT MPOUCXOAUTh KAuECTBEHHAs Me4YaTh.
Bonee Toro, cymecTByIOT 3aJja4 HAMPaBICHHOTO (DOPMUPOBAHUS CIIOEB C
TpeOyeMOl TEXHOJIONOM MHUKPOCTPYKTYpOil. 3ajaya IpPOTrHO3UPOBAHUS
MUKPOCTPYKTYpbl BO MHOI'OM ONPENESETCA TeMIIepaTypHOU HCTOpUE
BOMM3U (PpoHTa KpuUCTAUIM3aUUU HU  (POPMON 30HBI MPOIIABICHUS.
AJIEKBaTHYIO TEIJIOBYIO UCTOPHUIO Ha ME30CKOIMMUYECKOM MacuTabe MOXKHO
HNOJIYYUTh C IIOMOLIBIO YHCIEHHOIO MOJECIMPOBAHUS  ypaBHEHUS
TEIJIONPOBOJHOCTH C KOPPEKTHBIM YYETOM BO3ICHCTBHS Jlazepa U
TUAPOAMHAMUKN B 30HE paciiaBa. OJHAaKo MpsSMOM pacueT ypaBHEHUU
HaBpe-CroKkca kpaitHe pecypCOEMOK B MOKET 3aHUMATh MPOJOJKUTEIBHOE
BpeMsa. [[ns ydera BIUSHUA TUIPOJAMHAMUYECKUX TEUEHUW B OBICTPBIX
MOJICNIIX B YPaBHEHHUM TEIJIONPOBOJHOCTU MPEAJIaraeTcsi HCIOJIb30BaTh
3¢ (PeKTUBHBIA 00BEMHBIN TETIIOBON UCTOUHUK Omeir:

oT
Cppa = —V(k(T)VT) *+ Qiaser T Omeir
I'JIe TeTJIOBON UCTOUYHUK Opeir AIMEET BHI:
Qmett = Qneatr T Qcoots

/1€ Ohear OTBEYALT 3a HATPEB JIOKATBHOM 001acTH, @ Qcool — 32 OXIIAKICHHEC
JOKaJIbHOW 00JIacTH TIOTOKaMHW B 30HE pacmuiaBa. JIJIsi agIuTHBHBIX
TEXHOJIOTH CYIECTBYIOT JiBa OCHOBHBIX 3¢ (deKTa, TEHEPUPYIOIINX
TEUYCHUsS B 30HE paciuiaBa: 3¢dekT MapaHroH! U JTaBJICHUE HACHIIIEHHBIX
MapoB Ha TMOBEPXHOCTH, HArpeTON J0 TeMIlepaTyp BOJU3HM TeMIepaTyphl
KuneHus. B mepBoM mpHONMMKEHUN PAacCMOTPUM PEKHUMBI adUTHBHOM
neJyaTd, B KOTOPBIX TEMIIepaTypa KHUIEHUS HE JJOCTUTaeTcs. Takue
TeMIeparypbl XxapaktepHbl ajis TexHosiorui [1JIB u g1 6eckeiXoabHbIX
pexumoB CJII. Dddext Mapanronn dopmupyer ABa XapaKTEpHBIX
peXrMa TCUCHHS B 30HE pacIuiaBa B 3aBUCHMOCTH OT 3Haka KO3 dHUIIEeHTa
Mapanronu y. J{is oTpumiatebHOTro Y GOpMHUpPYETCs TEUSHUE OT HArPETOTro

_42 -



LHeHTpa K nepudepun 30HBI paciuiaBa, a g HOJOXKUTEIBHOTO 7Y
dbopmupyeTcs TeueHue ot nepudepun K IEHTPY U BriyOb 30HBI paclljiaBa.
Pacnpenenenne wncrouHuka/croka  Ohear, (Qecool HMEET Ka4ECTBEHHO
YCTOWYUBBINA BU M MOXKET OBITh alllTPOKCUMHUPOBAHO:
Q = JoAzAxy,

rae Jo — Hopmupyronmii kodpdunuent, pyHkuun Az, Axy OTBEUalOT 3a
anmpoOKCUMALIUIO pacpeiesIeHUsI TEMIOBBIX HCTOYHUKOB/CTOKOB BAOJb OCU
z W TJIOCKOCTH X0y cooTBeTcTBEHHO. DyHKIMU Az, Axy MOryT
NpPUHAIEKATh KJIaccaM: HJKCIOHCHIUAIbHBIX (YHKIUM, JBYMEPHOI
¢bynkunu ["aycca, konpueBoil ¢pyHkuuu I'aycca n/mnun pynkuun beccens.
[Ipy yucneHHON peanu3aluu HEOOXOJMMO MPOBEPSITH U HOPMHUPOBATH
byHKIMHA Oheat, Qcool TSI BEITIOIHEHHSI HYJIEBOTO MHTErpalibHOTO OanaHca
3¢ PEKTUBHOTO UCTOYHHUKA!

theat d + f Qcool dq = 0.
Q

Q

heat cool

HccnenoBanue BRIMOJIHEHO MTpHU noaepxkke rpanta PH® (Ne 25-79-10169).
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MOIEJIUPOBAHUE JIBUKEHUA
HU3KOSHEPI'UTUYHBIX 3JIEKTPOHOB
METOJOM JUDIJIEKTPUYECKOU ®YHKIINN

I'pauxoB A.A., Kocos M.B.
BHUUA um. /[yxoea, 127030, 2. Mocksa, yn. Cywesckas, 0. 22

N3naraercs MeTOX, MO3BOJAIOIIMNA MOJEIUPOBATH MOTEPIO SHEPIUU
aleKTpoHaMH ¢ dHeprusmMu  Huwxke 100 »B. Hcnome3ys meTon
HKBUBAJICHTHBIX (JOTOHOB M ONITHUYECKHUE TAOIUIIBI (POTOHHOTO MOTJIOIIECHHUS,
cedeHus nporecca Gpororddexra paccCUUTHIBACTCS 10 AECATHIX T0JIei 3B.

[Mpumep dyukuu noreps (OELF — Optical energy loss function) pist
3070Ta mpeacraBieH Ha Puc. 1. BungHo, uto ceuenue Qororddexra,
YMHOKEHHOE Ha SHEPTeTUYECKOE PaCTpeIe/IeHEe SKBUBAJICHTHBIX (JOTOHOB
B DJIEKTpOHE (OpaHxkeBas KpuBasi), HaunHaetcs ¢ 10 3B. C apyroii cTopoHsl,
MHHMAasl 4acTh AUAJIEKTPUYECKON (PYHKUHUHU ONTUYECKUX TaOMULl (CUHSA
KpHBasi), HAUMHAETCs ¢ AoJier 3B u 3akanuuBaercsa Ha 100 k3B. Kpussle ¢
xopoiei ToyHocThio coBnaaaoT ot 100 3B mo 100 x3B.

Combination of Optical data and Photoabsorbtion

.-f"'ﬂ-‘
1071 \\‘\¥ﬁ
T,
5 103 N\

2 N\

Q 10_5 \!

10—? — I‘J]T.il"u] data
Jslu it b J]]i-'.'il.‘f'_ k

W T ¢ 01
eV
Puc. 1. Onrtuueckas ¢yukuusa norteps sHepruu (OELF) nna 3o0m0rta,
BBIYHMCIICHHAS W3 ceueHus Qorodrddekrra (opamxkeBas) M ONTHUCCKUX
JAHHBIX (CUHSS).

N3 monyueHHoU QyHKIMU HHepreTudeckux mnoteps (Puc. 2) ¢
nomoibto noaxoaa Puun-Xosu [1], Ilena [2], u Mepmuna [3], koTopsie
MO3BOJISIIOT  O0OOIIUTh JUAJIEKTPUUECKYI0 (PYHKIIMIO Ha WMITYJIbLCHOE
MIPOCTPAHCTBO, HAXOAAT HeoOxoauMoe it MouTe-Kapno moaenupoBaHus
ceueHue pororddexra Ha mare MOACTUPOBAHUS. [4]
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Stopping Power for electrons in Au

10
1 Kgf
= 10 W
O
0
'-é 1 O x  Salvat2009 dots
5} TPT4
1 A ESTAR
1 O a ESTARradiation
== hethe
10-* 1072 10V 107
E. MeV

Puc. 2. ®yHKUHS S3HEPreTUUECKUX TOTEPD SHEPTHUHM (3€1E€HAS) AJIsI 30JI0Ta, B
CPaBHEHUU C HKCIIEPUMEHTAIbHBIMU JAHHBIMHU (KpecThbl), (pyHKIMEN Oere
(cunsist), 6azoit ESTAR (cunue kpecthl), 6a3oii ESTARradiation (xénthie
KPECTHI).

[TapannensHas rereporeHHass mnporpamma TPT4 paccuurtsiBaeT
VMOHU3ALMOHHBIE ITOTEPHU 3JIEKTPOHOB JO MPEAEIbHO MaJIbIX 3HEPIrui U
TakUM 0O0pa3oM MOJEIUPYET BJIEKTPOHHOE O0O0JIaKo, BO3HUKAIOIIEE B
0o0JaCTH  OCTAHOBKM  3JeKTpoHa. Bo3Hukaroume TakuM oOpazoMm
AJNIEKTPOHHbIE OO0JlaKa WrparoT OOJIBIIYI0 POJIb MPU MOJAEIUPOBAHUU
BO3JICUCTBUSl 3JEKTPOMArHUTHOTO H3JIYUYEHHUs Ha IMOJYNPOBOJAHUKOBYIO
ANEKTPOHUKY M KUBYIO KJIETKY, B KOTOPOW 3JEKTPOHHOE OO0JIAKO MOXKET
IPUBECTH K IBOMHOMY pa3psiBy JHK.
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OCOBEHHOCTH MAT'HUTOCOIIPOTHUBJIEHHUA U
KBAHTOBBIX OCHMJJISAIUMHU BBJIN3U IIEPEXOJA MOTTA B
OPTAHNMYECKHUX ITPOBOJHUKAX

I'puropnes IT.1.!
! Unemumym meopemuueckoti pusurxu um. JIJ. Jlanoay PAH,
Yepnoeonosxa 142432, Poccus

['MranTckoe MarHUTOCONPOTUBIIEHUE C OTPOMHBIM TUCTEPE3UCOM (PHC.
1) nabmonaercs [ 1] B opranndeckom meraiie k-(BEDT-TTF),Hg(SCN).Br
IIpY HU3KOHM TeMmIlepaType B MHTEPBAJE JaBICHUN OKOJ0 3 KOap MIUPUHOU
~1 xOap, cooTBeTCTByIOLIEMY mepexoay MoTTra, KOTOPOE€ B 3TOM
COEIMHEHHH TAaK)KE COIPOBOXKAAECTCS CTPYKTYPHBIM nepexonoM npu T=90K
[2]. DTO MarHUTOCONPOTUBIIEHUE U30TPOMHO OTHOCHUTEIIHLHO HAIPaBICHUS
MarHUTHOTO TOJIS, YTO UCKIIIOYAET OpOUTATIBHBIN (D PEKT KaKk ero mpuInHy.
Bo3moskHast mpuunHa - cIBUT nepexoga MoTTa BO BHEUIHEM MarHMTHOM
nosie [3,4]. OnHako HaOnogaeMas TeMIeparypHas M MarHMTOIOJEeBas
3aBUCUMOCTh THCTEpE3UCa W BPEMEHHM €ro pelakcallud YKa3bIBaeT Ha
CTEKOJIbHOE TOBelneHHE [l], KOTOpoe Takxke NpOosBISETCS B JPYTHUX
HaOmoaeMbIX BenuuuHax [5]. XoTs KOJIMYECTBEHHAsh TEOpUsl 3TOTO
3 ¢ekra, 0OyCIOBICHHOTO CUJIBHBIMH 3JIEKTPOHHBIMU KOPPEISALHUIMH,
TpeOyeT CIOKHBIX YUCIEHHBIX PACY€TOB, Mbl MIPEAJIaraeéM €ro 0ObsICHEHHE
U MPOCTYK0 MOJEINb, OCHOBAHHYIO Ha PE3HCTHBHOM CETKE, YIpPaBIsIEMOU
CIIMHOBBIM COCTOSIHMEM B Mojenu WM3uHra. Ota Mojelb KaueCTBEHHO
OMKCHIBACT HAOJIOAAEMOE MArHUTOCONPOTUBICHUE W JEMOHCTPUPYET
CWIbHYIO CIHH-3apsiIOBYI0 CBsi3b. llpennoxkenusiii 3¢ ekt mnpemnaraer
HOBBIN MEXaHN3M SKCTPEMAIIbHOI0 MArHUTOCONPOTHBIICHHSL.

4x10° 1 p=2.9 kbar
Bl|plane

1 1 1 1

3x10° -

R(B)/R(0)

c 1+ 2 3 4 5 6 7 o[t it e el el G L ol el g
BIT] B(T)
Puc. 1. Ha6mogaemoe B k-(BEDT-TTF),Hg(SCN),Br marHuTOCONpOTHUBIICHUE C
CUJILHBIM THUCTEpE3rcOM npu JaBieHusx P=2.9 kbar (a) u P=3 kbar (b).
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[loxoxkee MarHUTOCONMPOTUBIICHUE HaOMogaeTcsi [4] B pOJICTBEHHOM
opranudyeckomM Metamwie «-(BEDT-TTF):Hg(SCN):Cl, xotopsiii mnpu
atMocdepHoM naBiieHuH npu oxyaxaeHuu Huxe T = 30K mepexogut B
COCTOSIHUE MOTTOBCKOTO H30JsTOpa. BHemHee ruapocratudeckoe
nasnenue P > 0.7xk0ap BoCCTaHABIMBAECT METAITUYECKOE COCTOSIHUE U 1aeT
BO3MOXXHOCTh HucclenoBarh ocuwuisiiuu [llyOnukoBa-ne ['aaza mpu
reJIMEBBIX TEMIIEpAaTypax B MHTEpBaJie BHEIIHUX JlaBieHui P = 1-8x06ap.

DOBOJIIOIMSI MATHUTHBIX KBAHTOBBIX OCHMILISALMI B 3TUX COCAMHEHUSIX
NpY WU3MEHEHHWM JAaBJICHUS HMHTEpPECHA MO cCieAylomuM npuurHam. (1)
KBaHTOBBIC OCIIMIIIAIIMY HAOIIOAAIOTCS Jaske B TOM 00J1aCTH IaBJIEHUH, T
CONPOTHUBJIEHUE HAMHOI'O BBIIIE, YEM B METAILUINYECKOM COCTOSIHUM IpHU
BBICOKOM JIaBJIE€HUU. DTO YKa3bIBAET HA BO3MOXXHOE MPOCTPAHCTBEHHOE
paznenenre (a3 MOTTOBCKOIO M30JsITOpa W METallla ¢  pa3MepaMu
METAJUTMYECKUX JOMEHOB OOJIBIIE WM CPaBHUMBIX C JIAPMOPOBCKUM
paguycoMm. (2) YacroTa octmuisiui ciabo 3aBUCUT OT JABJICHUS, HO UX
aMILTUTY/]a CUJIBHO YMEHBIIIAETCS C TOHMKEHUEM JIaBJICHUS, YTO YKa3bIBAET
HAa YMEHbIIEHHE 1oau Metamdyeckod ¢aspl. (3) Illupokas oOmacTth
CUJIBHOTO MAarHUTOCONPOTUBIIECHUS] U CHIBHON 3aBUCHUMOCTH AMIUIUTYIbI
KBaHTOBBIX OCHUJUISIUN OT JaBJEHHUS YyKa3bIBaeT Ha OOJBIIYIO HIUPHUHY
nepexona MoTra 1o 1aBJICHUIO.

Pabota BeinonHeHa npu noaaepxke rpanta PH® Ne 26-12-00345.
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MOJAEJTUPOBAHUE CIUIABOB Al-Ni METOJAMUA
MOJIEKYJISAPHOU IUHAMUKHU C UCITIOJIb30OBAHUEM
IHOTEHIUAJIA T'/TYBOKOI'O OBYYEHUA

O. P. I'puropeesa'?, B. O. Bammynun'®, A. B. Muxeenxos®, I1. JI. Tlex?
! Hayuonanvuviii uccnedosamensckuti mexHono2uyeckul
yuusepcumem « MUCHC»

?Uncmumym ¢usuxu evicoxux daenenuti um. Bepewazuna PAH
SMockosckuii pusuxo-mexnuueckuti uHCmumym (HayuoHa bHbllL
uccedo8amenbCKull YHUGepCumem).

CmnaBbl  cuctembl Al-Ni Omaromaps YHHMKaibHOMY COYETaHHUIO
JIETKOCTH, TPOYHOCTH W KOPPO3UOHHOM CTOMKOCTH HAaXOMIST IIUPOKOE
IIPUMEHEHNE B PA3JIMYHBIX 00JacCTAX HAyKH M TeXHUKHA. OCOOBIM MHTEpEC
NPEJCTAaBISIOT MX pacIiulaBbl BOJIM3M HOBTEKTHMYECKOHW TOYKH, TJIE
HAOIOAIOTCS aHOMAJIMU CTPYKTYPHBIX, KHHETHYSCKUX U TPAHCTIOPTHBIX
CBOMCTB. |75 viccienoBanus Takux cucteM 3(P(HEeKTUBHBIM UHCTPYMEHTOM
SBIISICTCSI MOJICKYJISIpHAs JUHAMHUKA C TOTCHIIMATIAMH, MOJYYCHHBIMH Ha
OCHOBE JIaHHBIX MIEPBONPUHIIMITHBIX PACUETOB.

B nmanHOl paboTe BBIMOJHEH pacyeT CBOMCTB paciiaBoB Al-Ni ¢
UCIIOJIb30BaHUEM HelipoceTeBoro norennuana DeePMD, o6yuenHoro Ha ab
initio maHHbIX. PaccunuTanbpl CIBUTOBAs BA3KOCTh — PABHOBECHBIM METOI0OM
I'puna—Ky60, u xosdpuimentsl camogudPys3uu — mo aCUMOTOTHYECKOMY
HAKJIOHY CpPEIHEKBaIpaTHUHOTO cMenleHuss. OOHapyKeHbl HEMOHOTOHHBIC
KOHIICHTPAIIUOHHBIE 3aBUCHUMOCTH: MAaKCUMyM BSI3KOCTM W MHUHHMYM
muddy3uu aromoB HaO0at0TCs B 00mactu 0,7 at. mosu Ni, 4TO yKa3bIBaeT
HAa OKCIEPUMEHTAJIbHOE TIOJIOKEHHWE DBTEKTHKA H COTJACyeTcsl ¢
JUTEPATYPHBIMU  JTaHHBIMH.  JlOTIONHWUTETHLHO  BBIMOJHEHA  OICHKA
TeMIlepaTypbl IUlaBieHUs cruiaBoB Al-Ni B 3aBUCHUMOCTH OT COCTaBa.
[Tokazano, utro DeePMD naer 3HaueHus, CyleCTBEHHO Oojiee OJIM3KHUE K
IKCIIEPUMEHTATBHBIM, YeM KJIACCUYSCKHN MEKaTOMHBINA ITOTEHITHAAI.

[lomy4yeHnusie  pe3yJabTaThl MOATBEPKIAIOT  3(PHEKTUBHOCTH
NPUMEHEHHUS METOJOB MAIIMHHOTO OOydYeHHs JUIsl HCCIeAOBaHUS
KHHETHYECKUX U TPAHCIIOPTHBIX CBOWCTB MHOTOKOMIIOHCHTHBIX CIIJIABOB H
OTKPBIBAIOT IEPCIIEKTUBHI JIJIS1 U3YYCHUS 00JIee CIIOKHBIX CHCTEM.
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METOA PA3JAEJIEHUA BKJIA/TOB B MATHUTHY IO
BOCITPUMMYNBOCTD B MHOI'O®A3HbIX
XPOMOHUMKEJIEBBIX CTAJIAX

Lyaun C.A."*, Cramkos A.H.!, Kopx M.K.!
! Unemumym usuxu memannos umenu M.H. Muxeesa YpO PAH,
Examepunbype, Poccus
‘e-mail: gudin@imp.uran.ru

Hanuune B omHOM Martepuwane JAByX (QeppoMarHUTHBIX (a3 —
TepMOCTaOMIIBHOTO (heppUTa U METaCTAOMILHOTO MapTEHCUTA — CO3/aeT
CIIO)KHOCTM Ui MX pa3fenbHoM uaeHTupukauuu. HccnenoBanue
npojoJixkaer padory [1], B koTopoit 6b110 TOKa3aHo, uTo 94,8 % oT o01ero
o0beMa uccieayeMbIX 00pa3OB COCTABIISIET NTapaMarHuTHas ayCTEeHUTHAas
¢aza (y-da3za), a octaBumecs 5,2 % BKIIIOYAIOT B ce0s 1BE (heppOMarHiTHbIE
da3wl — epput (0b603HaueHHAs Kak ¢daza «1») u mapTeHcut nedopmaruu
(paza «2»). M3-3a masnoro coaepkanust (GeppoOMarHUTHHIX (a3 OIEHUTh UX
CoJlepKaHUE METOJaMH MHKPOCKONIMU WM PEHTIeHa MPaKTHUYECKU
HEBO3MOKHO. [109TOMy BO3HUKIIA UJesl BBISICHUTH BEJIMYUHY BKJIAJ0B MPU
MIOMOIIIM MAarHUTHBIX u3MepeHui. [IpoBeieHHbIC UCCIIeI0BaHMS MarHUTHBIX
CBOMCTB MOKa3alid, YTO MOCJE CTAOWJIM3UPYIOMIETO OTXUTa MPOLIEHTHOE
cojepxkanue peppoMarHuTHBIX a3 B oOpasnax cHrkaercs ¢ 5.2 % 1o 3.6
%. Bo Bpems omxura geppomarautHas MapteHcuTHas (aza (Paza «2»),
peTepreBaeT HeoOpaTUMBbII BBRICOKOTEMIEPATYPHBIN (pa30BbIil nepexos B
NapaMarHUTHOE  ayCTEHUTHOE COCTOSIHWE, YTO  TPOSBISETCS  Ha
TEMIIEpaTypHOU 3aBUCUMOCTH MArHUTHOW BOCHPHUMYHBOCTH B IIHUKIIC
OXJIQXKJICHHS - OTCYTCTBHE CTYNEHBKHM Ha KPHUBOU «2» HaOMIOZaeMOM Yy
kpuBoi «1» mpu Temneparype 556 °C puc. 1.

HakormuieHHbI# y aBTOPOB OIIBIT MO Pa3/IeICHUIO MarHUTHBIX BKJIAJIOB B
MeXaHu3Mbl paccesHuss [2] — [4] ObuUl TIpUMEHEH IS pelIeHUs
NOCTaBJICHHOM B paboTe 3agauu: pa3padoTarb METOJ U MPOU3BECTH
paszlieneHue BKIAJOB B TEMIIEPAaTypHYIO 3aBUCUMOCTbh MarHUTHOM
BocripuumMuuBocTd  ¥(T) B MHOTO(a3HBIX XPOMOHHUKENEBBIX CTaJSIX,
COJIepKalIuX MpU KOMHATHOW TeMmIiiepaType Tpu ¢asbl: MmapamMarHUTHYIO
ayCTCHUTHYI0, (eppoMarHuTHyr0 (QeppuTHyo, U (QeppOMarHUTHYIO
MapTEHCUTHYIO.
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MeTon ocCHOBaH Ha aHalM3e OCOOCHHOCTEH TeMIlepaTypHBIX
3aBHCHUMOCTEH MarHUTHBIX BOCIPUUMYHUBOCTEH, MOTy4aeMbIX BO BpeMs
IIUKJIOB HarpeBa M oxJaxJaeHus oopas3ioB puc.l. Harpes ocymectBisercs
70 TeMmIeparyp, MNpU KOTOPBIX MPOUCXOAUT HEOOpaTUMbId (pa3oBbIH
NePEeX0/i MApTEHCUTA B ayCTECHUT, KOJIMYECTBO (GeppUTHOI (azbl IpHU 3TOM
ocTaeTcsi HEM3MEHHbIM. Meroa ampoOUMpoBaH Ha CTald  MapKu
08X20H10I2b. B pesynpTaTe mOMy4YeHBI U3 OOLIEH HU3MEPEHHOU
TEMIEPATyPHON 3aBUCUMOCTH MarHUTHOW BOCITPUUMYUBOCTH (KpHuBas 4 Ha
puc.2) BblIEIEHBI BKJIAAbl OT (eppUTHOM «l», MapTEHCUTHOH «2» U
aycreHuTHOW «3» (a3 puc. 2. IlokazaHo, UTO CyIIECTBYIOIIAsi B ITUKIIE
HarpeBa CTyNeHbKa Ha TpadvKe MarHUTHON BOCHPUUMYHUBOCTH CBSI3aHA C
HeoOpaTuMbIM  (pa30BBIM TEPEeX0AOoM (EepPPOMArHUTHOW MAapTEHCUTHOU
¢da3pl B MmapaMarHuTHyIO aycTeHuTHyIo. Ilpm stom (azoBoro mepexosna
dbeppuT-ayCTEHUT HE TPOUCXOAUT, W TIPU OXJIAXKIACHUU (Peppur
BOCCTAHABJIMBAECT CBOM MAarHUTHBIE CBOMCTBA.

PaGora BhIMONHEHAa B  paMKax TOCYJAapCTBEHHOIO  3aJaHUs
Muno6pnayku Poccun nnsgs UOM YpO PAH.
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JINJIATAIIMOHHBIN IIUJIMHJIP B YIIPYTOM KJIMHE

I'yaxuna XK. B.'?, T'yrkun MJO.!3
'Yuueepcumem UTMO
OTH um. A.D. Hopgpe PAH
S Uncmumym npobiem mawunoseoenus PAH
gudkinazhanna@mail.ru

HccnenoBanue BKIIFOYEHUM UMEET OOJIbIIIOE 3HAUCHHE IJI pa3paboTKu
COBPEMEHHBIX  MaTEpUaJOB  JJIsI  a’pPOKOCMUYECKOM,  MOPCKOW,
aBTOMOOWJIBHOW M MHOTHX JpYyrux ooOsacteit mnpumeneHus [1].
AKTyallbHOCTh pa0OThl 3aKJIIOYAETCS B HEOOXOIMMOCTH Ppa3pabOTKH
TEOPETHUUYECKUX OCHOB JJIA YIPaBJICHUS Kaue€CTBOM IOJIYNPOBOAHUKOBBIX
HAHOCTPYKTYp IIyT€M TIPEOJOJICHHS OrpaHUYEHUN, CBSA3AHHBIX C
neeKTHOCThI0  rerepocTpykTyp. MccnemoBanuwe — aedopmauuii  u
HaINpsOKEHUH  HECOOTBETCTBUS, CBS3aHHBIX C  IOJIYNPOBOJHUKOBBIMU
HAHOTETEPOCTPYKTYpaMu CIIOKHOM apXUTEKTYphl, SBIAETCS BaXHOU
mpoOJIeMoil MaTepHalOBEICHN U HaHOMEXaHUKH. CHUYKEHUE HANPSHKEHUN
HECOOTBETCTBUA 3a CUYET O00pa3oBaHUA PANIMUHBIX JEPEKTOB YacTo
COMPOBOXKAACTCS YXYAIICHHEM (DYHKIITMOHAIBHBIX CBOMCTB T€TEPOCTPYKTYP
U UX TNOCIenyoluM paspyuieHueM. [losTomy TiIaTenbHbIA aHaIu3
HaIpPsHKEHUH HECOOTBETCTBUSI B T€TEPOCTPYKTYpaxX € YUETOM UX peajbHOU
GbopMBI OTpaHKU UMEET OO0JIbIIIOE 3HAYCHUE I co3AaHus O0e3neeKkTHhIX
MOJTYTIPOBOJIHUKOBBIX YCTPOWCTB C OBBIILIEHHBIMUA XapaKTEPUCTUKAMU [2].
C 3Toil LEeNbl0 Mbl HAIIM AHAJUTUYECKOE PELICHHE KPAeBOM 3ajJayu B
KJIACCUYECKOW TEOPUHU YHPYTOCTH JJIsI KIMHOBUAHOTO TeNa, COAEPHKAIIETO
BKJIFOYCHHE B BUJIe OECKOHEYHOTO UTUHIPA, TIOIBEP>KEHHOE TPEXMEPHOMY
PACTSDKEHUIO0 COOCTBEHHOM edopMariuu.

Jlnst onpenenenus noJisg HanpsbKeHU 3Toro edexra BBeaeM PyHKINIO
HaIpPsDKEHUN DpU B BUJIE CYMMBbI:

Y=Y + .,
rae Y, — pelienue ypaBHeHus Ilyaccona ang AMiaTaiiMOHHOTO MUIMHAPA
B yOpyrou cpezae, a P, — aHAIUTHYECKOE pPEIICHUE OUTapMOHUYECKOTO
ypaBHEHUS yIPYToM 3a/1auu BKJIIFOYEHUS B YIIPYTOM KIIMHE.

HuTterpanibHOe peoOpa3zoBanre MenHa UCIOJIb3YeTCs I BBIBOAA
CUCTEMBbI ypaBHEHWU i (YHKIWH HampspkeHus Opu. B pesymbrare
KeTaeMble KOMITOHEHTBI HAMPSOKEHUSI HAXOATCSA B HHTETPAIbHOM hopme ¢
NoMOIIIbI0  00paTHOro mnpeoOpazoBanusa Jlamnaca-MennuHa. AHanus
NOJIyYEHHOTO PpEIICHUs] TMPOBOJWICS UHUCIEHHO C HCIOJb30BaHUEM
rpaduKoOB U KapT MOJIel HaAnpsHKEHUI.
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METO/J KOPHEBOT'O BEKTOPA U151 AHAJIM3A TUHAMUKH
TPEXYPOBHEBBIX CUCTEM B 3ATAYAX KBAHTOBOU
OIITUKH

EnucrtparoB A. A.
Bcepoccutickuti hayuno-ucciedosamenbcKuti UHCIMUNYM A8MOMAMUKU
um. H.JI. [{yxoea, Pocamom, Mockea
andrei.a.elistratov@mail.ru

TpexypoBHEBbBIE UM  MHOIOYPOBHEBBIE  KBAHTOBBIE  CHCTEMBI
MHTEHCHBHO W3YYalOTCs B CBSI3M C HMX HCIOJIB30BAHHEM B KBAHTOBBIX
TEXHOJIOTHSIX. Tax, CBEPXIPOBOJALINE KyOUTBI SBJISIFOTCS
MHOTOYPOBHEBBIMH ~ CHCTEMAaMH €  HEIKBHJIMCTAHTHBIM  CIIEKTPOM.
[IpuxoauTcs NPUMEHATH CHEHHUAIbBHBIE CXEMOTEXHUYECKHE MEpbI, YTOObI
3aIECTBOBATh  TOJBKO [JIBa HIKHUX  DJHEPreTUYECKUX  YPOBHH,
HEO0OXOAMMBIX JIJIs1 paboThl KyouTa. CTposiniuecss KBaHTOBbIE KOMITbIOTEPHI
Ha MOHHOM m1aT(opMe UCIOJIb3YIOT B KAUeCTBE KyOUTOB MHOTOYPOBHEBBIE
atoMbl. MHTepecHa M Masio u3ydyeHa (u3MKa LENoYeK M MacCHUBOB
TPEXYPOBHEBBIX CUCTEM, BO3MOYKHBIE TUIIbI KOJUIEKTUBHBIX BO30YXACHUH,
BO3MOXKHBIE (Da30BbIE MEPEXObl B TAKUX cUCTeMax. B miane npusioxeHui
o0cCyX/1aeTcsi NPUMEHEHNE MHOTOYPOBHEBBIX CHCTEM K CO3/IaHUIO TaKHX
HOBBIX YCTPOWMCTB, KaK KBAaHTOBas MaMsTh, KBAaHTOBBIC JBUTAaTeld U
XOJIOAUIBHUKHY.

C Touku 3peHHs Teopuu Haubojee MOMYJSPHBIM anmapaToMm s
ONMCAaHUsl THUHAMUKA MHOTOYPOBHEBBIX CHUCTEM SBIIIETCS YIPaBIISIOLIEE
ypaBHEHUE JUIsl MAaTPULbI TUIOTHOCTU. DTOT METOJ MO3BOJISIET PACCUNUTATh
MHOTME BaXKHBIE ACHEKTBI IPOLIECCOB B MHOTOYPOBHEBBIX CUCTEMAX, HO
UMeEEeT P Cepbe3HbIX orpaHmyeHui. Hampumep, TpeOyeT nmpumeHeHus
PErPECCUOHHOM  TEOpPEMBI  MPU  BBIYMCICHHH  HEOJIHOBPEMEHHBIX
KOPPENSATOPOB BEIWYUH, YTO MPUBOAUT K CIOKHOMY, TPOMO3IKOMY
pacuery. [IpensaTcTBueM K MOCTOEHHUIO AbTEPHATUBHOTO MeTOAa (QYyHKIIMIA
['puHa sBIAETCS HEIKBUIUCTAHTHOCTH CIIEKTpa, T. €. HEOJMHAKOBOCTH
DHEPrUi  TMEpPEeXOJ0B MEXKIYy MapaMu COCEIHUX YpPOBHEHU. ITO
0OCTOSITENICTBO MPEMATCTBYET MPUMEHEHHUIO CTAaHIaPTHON anreOphl CliMHa
S=1, u, HarTpumep, CTAaHAAPTHOM CIIMHOBOM AUAarpaMMHOM TEXHUKHU. O THUM
U3 BO3MOXHBIX PEUIEHUN SIBIISIETCS MCIIOJb30BaHUE METOAA KOPHEBOIO
BEKTOPA, 3aKIIOYAIOLIETOCs B PA3JI0KEHUU TPEXYPOBHEBOM CHUCTEMBI IO
KaHoHH4YeckoMmy Oa3ucy Kaprana-Beitng. Meroa KOpHEBOro BeKTOpa
SBIISIETCS] Pa3HOBUIHOCTBIO TEXHUKH Xa00apI0BCKUX ONEPAaTOPOB, AKTUBHO
UCIIOJIb3YEMOM B 3a71a4aX MarHeTu3ma.
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Ms1 B poknazne oOCyAMM JaHHBIA METOJ B NPWIOKEHUU K AHAIN3Y
TPEXYPOBHEBBIX CHCTEM B 3aJayax KBAaHTOBOW oONTHUKU. B KkayecTe
MPOCTOTO  TOSICHAIONIEr0  IMpUMeEpa  paccuuTtaeM  KOADPUIIUECHT
MPOXOXKACHUSI ~ OJHOMEPHOTO  MHMKPOBOJIHOBOTO  (hOTOHAa  uepes
TPEXypOBHEBYIO CHCTeMy C JsMOma-cxemoil ypoBHeid. [lomydeHHoe
BBIDQXKEHUE  UCIOJB3YyeM Uil  KpaTkoro  oOcyxzaeHus 3ddekra
AIEKTPOMArHUTHO-UHAYLIUPYEMON IIPO3PAYHOCTH U YCTPOMCTB KBAHTOBOM
naMmsiTd, paboTalmMX Ha ocHOBe 3Toro sddekra. [lanee, obOcyaum
dbu3nYecKre MPUHIMIBI pa0OThl KBAHTOBOT'O XOJOAUIBHUKA, TOCTPOSHHOTO
Ha OCHOBE TPEXYPOBHEBOM CHCTEMBI, U PAaCCMOTPHUM MIPUMEHEHUE METOAA
KOPHEBOT'O BEKTOPA K BHIBOJIY YPAaBHEHU M, OMUCHIBAOIINX €TI0 JTUHAMUKY.
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IKCHEPUMEHTAJIBHOE UCCJIEAOBAHUE CUCTEMbI
YIVIEPOA-BOJOPO/ ITPU JABJIEHHUU 7.5 I'Tla

Edumuenko B.C.!, Koporkosa M.A.!
' Unemumym gpusuxu meepoozo mena umenu FO.A. Ocunvana PAH
efimchen(@issp.ac.ru

Panee, nns cuHTe3a TBepnoro yrieojgopoaa CH npu naBieHuun
Bogopoaa 7.4 I'lla ucnonb3oBaicst rpaduT, METaCTAOMIBHBIA MPU ITOM
napienun [1, 2]. OxpHako, corjmacHo mpaBwiy OcTBaibaa, MOIYyYEHHOE
COEIMHEHHE TAKKE MOYKET OKa3aThCs TEPMOJIMHAMUYECKH HEPABHOBECHBIM
npu 5TOM JaBjieHUU. B TakoM ciyyae, HEOOXOIMMO HCIOJIb30BAHUE
anMa3Ho MoauUKAUKM YIJIEpoaa JJii HAXO0XJIEHUS €ro HUCTUHHOIO
TEPMOJUHAMUYECKOTO paBHOBECHS C BOAOPOAOM Iipu Aasienuu P=7.5 I'Tla.
HccnenoBanue npsAMor peakiuyi MOHOKPUCTAIBHOTO ainMasa ¢ BOJIOPOJIOM
3aTpyJHEHO U3-3a M1oxou aud@dy3un Bojopoaa B CTpyKType aiimasza [3] u,
COOTBETCTBEHHO, HHU3KOW CKOPOCTH pEAKLUM MEXIAy HUMH. MBbI
MPEANOIOXKIIN, YTO UCIOIB30BaHUE yTieposa B (popMe JAETOHAIMOHHBIX
HaHoanMa30B (JIHA) MmoO3BONUT yMEHBIIUTH BEPOSITHOCTh OOpa30BaHUSA
MeTacTa0MiIbHBIX coequHeHuid B cucteme C-H, npu mnpoBeneHun
HKCIIEPUMEHTOB B 00JIaCTH CTAOWUJILHOCTH aiMas3a, U yJIydiuT Jud@ys3uto
BOJIOPO/Ia U3-32 MAJIBIX PA3MEPOB aJIMa3HBIX yacTuil (2-3 HM).

HUcxonaubie yactunbl JIHA Obuium mpenBapuTeabHO 00paboTaHbI C
UCIIOJb30BAHUEM METOAa OKHUCIUTEIBHOrO KapOOKCWIMPOBAHUS JUIs
CO37aHusl TIOBEPXHOCTHOTO 3apsifa Z , MPEMSITCTBYIONIETO 0Opa30BaAHUIO
armomeparoB. Cnexktp komOumHamuoHHOro paccesaus cBera (KPC)
UCXOJHOTO 00pas3iia, IMOMHMO CHJIBHOTO JIFOMHUHECIIEHTHOTO (oHa,
comepkKal TOJNBKO JMHUM Ha 4acrorax ~1323 wu 1615 oM,
COOTBETCTBYIOLIMX BUOPOHHBIM KOJ€0aHHAM Sp” U sp-yriepoaa. OOmumii
npo@uiib JIMHUM COOTBETCTBOBAJI pa3MepaM HaHOAIMa30B 6-8 HM.

['uapupoBaHue HMCXOJHBIX JIETOHAIIMOHHBIX HAHOAIMa30B ObBLIO
MpoBeACHO B Kamepax tumna «Topoun» npu pasienun 7.5 ITla un
temneparypax 600 u 700 °C B teuenue 1 uaca. [yt BO3MOKHOTO pocTa
gactun JIHA B mporiecce runpupoBanus npu 700 °C, B ucxomnsiii oopaser
100aBIISIICS IEHTA3PUTPUT.

[Tokazannbie Ha pucyHke 1 Tunuynbie criekTpbl KPC rugpupoBaHHbIX
o0pasioB coaepxanu aunun [JHA na wacrorax ~1323 u 1615 cm’l, a Takke
HE HaOJIOABIIYIOCS B CIIEKTPE UCXOTHOTO O0pasiia MIMPOKYIO JIUHUIO Ha
gactore ~2900 cm'. Hanuume 5TOM IMHMM yKa3blBA€T HA PEAKIIUIO
noBepxHOocTHbIX aroMoB /IHA ¢ Bogoposom ¢ obpa3zoBanueMm cBsizu C-H
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1ociie ruApupoBaHus npu aasieHur 7.5 I1la ¥ BO3MOXHYHO CMEHY
IOBEPXHOCTHOI'O 3apsijia YacCTHIBI C HMCXOAHOro Z Ha Z'. YBenndcHue
WHTCHCUBHOCTH OTOM JIMHUM B  HEKOTOPBIX TOuykax oOpasma
rugpupoBanHoro npu 700  °C  compoBOXIANOCh  YMEHBIIEHUEM
WHTEHCUBHOCTH JIUHMUM Ipu 1615 cM™! B 00IIero JIOMHUHECIICHTHOTO ¢doHa,
YTO MOXKET YKa3blBaTh Ha YBEJIMYEHUE KOJMYECTBA CBS3EH MEXKIY
MMOBEPXHOCTHBIM YTIJIIEPOAOM U BOJOPOJOM IMPH 3TOU TEMIEPATYPE.

sp’ sp+sp’ C-H
L |

/""“’"W

%m

1000 1500 2000 2500 3000 3500

Intensity, a.u

Raman shift, cm’

Pucynox 1. Cnexmpor KPC ucxoonwvix /{HA (HuoicHss yepHas nuHus),
J[HA euopuposannvix npu oaenenuu P=7.5 I'lla u memnepamypax:
T=600 °C (cpeonss cunsasn aunus) u T=700 °C (86epxHss KpacHas TUHUS).
Bce cnexmpul nonyuenvt npu HopmanvHwix ycaosusx, A=532 Hm.

CornacsHo JTAHHBIM PEHTTE€HOBCKOMU nudpaxuu, o0a
THAPUPOBAHHBIX 00pasma He COJEPKaIH KaKWX-THOO YIIepoaHbIX ¢as
kpome JIHA, 94TO yKa3bpIBa€T Ha yCTOMYMBOCTh aJIMA3HOW CTPYKTYPhI IPU
nasiaenuun Bogopona P=7.5 I'Tla u remneparypax T<700 °C.

Jluteparypa
.E. Antonov, et al., Carbon, 100, 465, 2016

1.V
2. V.A. Yartys, et al., Mater. Chem. Phys., 332, 130232, 2025
3. A. Stacey, et al., Appl. Phys. Lett., 100, 071902, 2012
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JUHAMMWYECKOE PA3PYIIEHUE TAHTAJIA BOJIHOM
PACTAKEHUSA

Kaxosckuii B. B.
Bcepoccuitickuii nayuno-ucciedosamenbckuti UHCIMUNYM ABMOMAMUKU
um. HJI. [[yxoea Pocamom, 127030 Mockea

basilz@ya.ru

[ToHuMmaHue SBICHUN pPa3pyLIEHUS MaTepualia NPUA YPE3BBIYANHO
BBICOKHMX pACTATHUBAIONIMX HAMpPSOHKEHUAX M CKOpPOCTAX Jnedopmanuu
ABJISIETCA  KIIFOUEBBIM BONPOCOM JUIsl I[IMPOKOTO CIEKTpa HAYYHBIX
VCCIIEIOBAHUM, HAuWHasg OT IPUKJIAJHBIX HAyK M TEXHOJIOTMYECKUX
pa3pabOTOK U 3aKaHuMBas (PyHIaMEHTaIbHBIMM HAayKaMH, TaKUMH KakK
JIa3€pHOE B3aMMOJIEMCTBHE C BEMIECTBOM M T'€OJIOTHS.

Ho Takoe uccienoBanue TpeOyeT MOAPOOHOIO MHOTOMAacCIITaOHOTO
OMMCAaHMs KaK TMPOLECCOB HAa MEXKATOMHBIX pPACCTOSAHUAX, TaK U
MAaKpOCKOIIMYECKHUX MTPOLECCOB, YTO MOKA JTOCTUKUMO TOJIBKO C TIOMOIIBIO
KpyIHOMAacIITaOHOTrO aTOMHOTO MojenupoBanus. HemaBHO mnpsamon
CBEpXOBICTPBI MOHUTOPUHT JUHAMUYECKOTO pa3pylieHus (0TKOJIa) MOUTH
B MacmiTade aTOMHOM pEHIeTKH B PEXHUME PEaTbHOTO BPEMEHU C
MUKOCEKYHTHBIM BPEMEHHBIM pa3pelieHueEM cTan JNOCTYIIEH
AKCIEPUMEHTAIbHBIM MeTojaM [1]. MbI moka3zanu, 4yTo (heMTOCEKYHIHbIN
30HIUPYIOIIMN PEHTIEHOBCKUM HMMIYJIBC, CO3JABAEMBIM PEHTIEHOBCKUM
Ja3epoM Ha CBOOOJHBIX JIEKTPOHAX, O3BOJISIET PETUCTPUPOBATH JUHAMUKY
KPUCTAJUTMYECKON pEeNIeTKH B TaHTAIOBOW (HOJbre MPU CBEPXBHICOKOM
temrie negopmanmu 2-3.5%108 c-1, BbI3BAaHHBIM BO3ACHCTBUEM MOIIHOTO
VMMITYJIbCA ONTUYECKOTO JIa3epa.

be1o IPOBEJIEHO KpyIHOMacIITabHOe aTOMHUCTHYECKOE
MOJIEJIMPOBAHUE PACIPOCTPAHEHUs YIAPHOM BOJIHBI, OTPAXEHUS €€ OT
CBOOOJIHOM TrpaHUIBl C (POPMUPOBAHUEM CHUJILHON BOJHBI PACTSKEHUS,
KOTOpas NMpu AOCTHKEHWMU HanpspkeHus -17 I'lla u BbI3BIBa€T OTKONI U
paspyienue oOpasua. Pe3ynbTaThl MOJEIUPOBAHUS OKA3aJIUCh B XOPOIIEM
COTJIACHM C HENOCPEACTBEHHO M3MEPEHHBIM C IMOMOIIBIO PEHTTEHOBCKOU
Tu(pakuy maieHueM mIoTHOCTH Ha 8-10% MIOTHOCTH, KOTOPOE CBS3aHHO
C HA4aJIOM OTKOJIa B IPOLIECCE Pa3pyLICHUS.

Jluteparypa

1. B. Albertazzi, N. Ozaki, V. Zhakhovsky, et al, “Dynamic fracture of
tantalum under extreme tensile stress”, Science Advances, 3, 1602705, 2017
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YIIPABJIEHUE ITOBEPXHOCTHBIM 3APA1IOBbIM
TPAHCIIOPTOM B SmBe

B.C. Xypkun, A.Jl. boxxko, M.A. Aancumon, B.M. Illesntora,
b.B. Anapromeukus, B.B. ['mymikos
! Unemumym obweni pusuxu
um. A.M. Ilpoxoposea PAH, 119991, Mockea, Poccus

CunbHble SJEKTPOHHBIE KOppesuu B Tekcabopuae camapus,
KOTOpbIE OTKPBIBAIOT y3KyI0 4f-5d rubpunuzanmonnyto meinb (Eg=19 MaB)
npu nepexojae Metami-uzostop Huxke 40 K [1,2] BeI3bIBatoT 3HAYUTEIIbHBIN
MHTEPEC K UCCIIETOBAHUIO TOIOJIOTMYECKOro n3oisiropa SmBes, B KOTOpOM
napameTpbl MOBEPXHOCTHOW MPOBOJUMOCTUA CYIIECTBEHHO 3aBHUCST OT
BBIOPAHHOT'O METO/Ia IIPEABAPUTENILHON 00pa0OTKH MOBEPXHOCTH [3,4].

20 \\ 100

—_ o o —
£ 2 . -
5 £ v
S 10 & e
~wr v
Q o -100
5L 110 100
= E
-200 N
0 L 3 N BT oY TR TETE FYTTTTTTI ITTTITIN T Lussusndh
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Pucynoxk 1 TewmneparypHble 3aBUCUMOCTH Kod(pduuueHta Xomna (mpaBas IaHeNIb) U
yJIeIbHOTO CONPOTUBIICHHUS (JIeBas MaHelsb) 00pa3ioB SmBe mocie XMMHUYECKOTo TpaBlieHHE
(E) u 6ombapaupoBku nonamu Ar+ (Ar) ¢ paznuuHoit opueHtauuen rpaneit (110 u 100).

B pamkax naHHOM paOOTHI BBITIOJTHEHO UCCIIEIOBAaHUE TPAHCIIOPTHBIX U
raJlIbBAHOMarHUTHBIX CBOWCTB MOHOKPHCTAJUTMUECKUX 00pa3ioB SmBs ¢
paznuuHoit opuentanueit rpaneit (110 u 100) B nuanazone temneparyp 1.9-
300 K B MarauTHbIX nosix 10 8 Tin. M3mepenns npoBOIWINCH B HECKOJIBKO
ATaloB, HAa KaXJIOM U3 KOTOPBIX TMOBEPXHOCTH TeKcabopuja camapus
00palaThIBAINCh PA3IMUYHBIMU  criocoOamu. M3HayaiabHO BCE TIpaHU
oOpasuioB SmBg mosMpoBanuch ajiMa3zHbIM a0pa3vBOM C MOCIEIYIOLIUM
TpaBieHuemM B BogHOM pactBope HNO;[3]. 3arem npoBOauics LMKI
U3MEPEHUN TapaMeTpoOB 3apsIOBOr0 TpaHcmopra. Ha 3akiroduTesrHOM
JTamne TpaHu 00Pa3IOB MOABEPTAIUCH OOMOAPIUPOBKE HOHAMH apTOHA CO
cpenneit sHeprueil nonos 500 5B m motHOCTHIO ToKa 1,2 MKkA/cM*[5], ©
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nocexyromum omkurom 10 800°C B yCIOBUSX CBEPXBBICOKOIO BaKyyMa
(mo 2x107'° Topp). ITocie 4ero moaHbIN UK U3MEPEHHI TTOBTOPSIICS.

B pamkax pgaHHOW pabOThl OBUIO OOHAPYXKEHO, UYTO Y/EIbHOE
COTNPOTHUBJICHUE TIOCIIE OOMOAPAMPOBKH MOHAMH aproHa pacTeT sl 000uX
o0pa31oB, mpuieM g 00pasiia ¢ opueHTaruen rpaneit (100) HabmrogaeTcs
pPOCT mpakTU4eCKu B ABa pasza or 13,9 no 21,1 Om:-cM, B TO BpeMsl KaK s
oOpasua (110) aTo usmeHenue cocrapinsget nopsiaka 15% ot 19 1o 22 Om-cm
(puc. 1) mpu T=1,9 K. TemmnepaTypHble 3aBUCUMOCTH Kod(dullueHTa
Xomnna JAEeMOHCTpUPYIOT Oosiee ciiokHOe u3MeHeHue. I[locne oO0paboTku
MOBEPXHOCTEH MOHAMH aproHa, ko3 durument Xojuta MEHSET 3HAaK MpU
T=3,7 K u T=3,9 K ans o0pasnoB ¢ opuenrarued rpadeit (100) u (110)
COOTBETCTBEHHO. AOCONIOTHBIE 3HadeHus Ay oopasma (110) pactyt ot
sgauenni [Ru[=107 eM*/Kn no [Ru|=142,4 cM*/Ki, a ms o6pasia (100)
yMenbmarores ot |[Ruj=237,5 em®/Kan no |[Rul=75,8 em®/Kin mpu T=1,9 K.

N3  jgaHHBIX  0Xe-CIEKTPOCKONHMHM  OBLIO  OOHApYXEHO, YTO
OoMOapAnpoBKa MOBEPXHOCTEN rekcadopuaa camapusi MOHHbIM IyYKOM Ar
IMPUBOANUT K MPAKTHYECKHU MOJTHOMY yAAJICHHUIO YIJIepoda ¢ MOBEPXHOCTH
obOpasna. Ilpu sTom HabmOMaeTCs ycwieHue auHuu kuciaopoja (mo 30%),
KOTOpPOE COBMECTHO C TeHeparuei 1edeKTOB B MPUIIOBEPXHOCTHOM CIIOE,
MO-BUAMMOMY, U TPUBOJIUT K TOSBICHUIO HOCHUTENCH 3apsiia p-Tulla B
MIOBEPXHOCTHOM ciioe SmBe.

Pesynbrarhl, monydeHHBIE B paMKaxX JaHHOW paOOThI, OTKPHIBAIOT
BO3MO>KHOCTH HaIIPaBJIEHHOTO yIPABJICHUS MTapaMeTpaMu MOBEPXHOCTHOTO
3apsiI0BOTO TPAHCTIOPTa B rekcabopuie camapusl.

HccnenoBanue BBIOTHEHO 3a cueT rpaHTa Poccuiickoro HayyHOTO
dbonna Ne25-72-20032, https://rscf.ru/project/25-72-20032/

Jluteparypa
N. Sluchanko et al, Phys. Rev. B. 2000. 61. 9906.
L. Li, K. Sun et al, Nat. Rev. Phys. 2020. 2. 463-479.
V. V. Glushkov et al, JETP Lett. 2022. 116. 791-797.
. V. Demishev et al, Sci. Rep. 2018. 8, 7125-8.

1.
2.
3.
4.5

5. 'mymikoB B.B., u 1p., Jlokn. PAH. ®wus., texu. nayku. 2025. 525, 1, 11-20.
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®A3A BBICOKOI'O JABJIEHUSA AusSi

Bpaxkun B.B.!, Troxxesa T.W.!, 3ubpos W. I1.!, Hlenxaues H.M.>
"Unemumym ¢usuxu evicoxux oaenenuii PAH, Mocksa, 2. Tpouyx
206veounénnlii uHcmumym s0ephuix ucciedosanut, 2. yona, MO
zibrov@hppi.troitsk.ru

PentrenodasoBeiii aHanu3 oOpasiia, IOJYYEHHOTO B pe3yJbTare
B3aUMOJICUCTBUSL MEXAY MOPOIIKaMH 30J0Ta U KpeMHusa (Au:Si=4:1-2:1)
npu P=7.5 I'Tla, T=1150 C, =5 MuH. nokasaju, 4To B HEM coaepKuTcs 4
da3pl: MO HECKOJBKO TMPOIEHTOB HCXOAHBIX Au U Si, OCHOBHas
nceBIoKyOnueckas (asa ¢ 00beMHO-IEHTPUPOBAHHOI sueiikoii ¢ a~5.56 A
u 15-20 nuKkoB, KOTOPbIE HE YAATOCh UIEHTUPUIUPOBATh C U3BECTHBIMU B
3TOM cucTeMe coequHEeHUAMHU. HeCKOIbKO MUKOB KyOM4eCcKO# (pa3bl UMEIOT
HEOOJIbIIIOE PaCUICIJIEHUE, YTO CBUAETEILCTBYET O TETPArOHAIBLHOM WIIU
IeKCaroHAJIbHOM HCKaXeHUU KyOumueckod suediku. Ha mnepBom arame
paccMaTpuBaAIIOCh TETPAroOHAJIBHOE MCKakeHHE. Bcero B TeTparoHaabHON
CUHTOHUM CyliecTByeT 19 npoCTpaHCTBEHHBIX Tpynn i OOBEMHO-
LHEHTPUPOBAHHBIX syeeK. JlJig pacmu(ppoBKU CTPYKTYpbl HCHOJb30BAIU
naket nporpamm EXPO 2001 [1]. beuiu nporectupoBansl Bee 19 rpynm, u
BTpeX - [-4 ¢ 2 (Nel20),7-42m (Nel21)ul-4 2 d (Nel22) Obly moJTydeHbl
npUEMJIEMbIE MOJENIHU CTPYKTYpbI, KOTOPbl€ HE3HAYUTEIHbHO OTIMYAIIMCH
npyr oT npyra. Cienyer oTMETUTh, YTO B padoTe [2] ObUia mpeiokeHa
Mozelb CTPYKTYphl AusSi B rpynmne / -4 2 m (Nel21), koTopasi oTianm4anach
OT MOJENHW, IMOJy4YeHHOW Hamu. Ha crenyromeM stame HMpoOBOAWIOCH
YTOYHEHHE CTPYKTYPBI 3TUX MOJIEIIEHN C UCITOJIb30BAaHUEM ITaKETa IPOrPaMM
GSAS [3]. B pesyabTare 371011 paboThl ObUIO TTOKa3aHO, 4TO R (akTops! Ais
CTPYKTYpPhl HalIUX MOJENel Onu3Kku, a s Mojenu u3 padborsl [3]
3HAYUTENBHO MEHBIIE, HAIIPUMED, I Hallerd Moaenu B rpynne [ -4 2 m
(Ne121) Rg=0.0426, a u3 padotsl [2] Rr=0.0259. IloaToMy naHHas Mojelb
CTPYKTyphl 0ana BeIOpaHa B KadecTBe paboueil: a=5.56110(7) A,
c=5.54351(12) A, V=171.438(3) A3, Z=2, d-calc.=15.807 g/cm’. B neii
aTOMBI 30J10Ta 3aHUMar0T mo3uIrio (81) (0.29779(9) 0.29779 (9) 0.3562(2)),
a atombl kpemHus — (2b) (0 0 0.5). Ha Puc.3 mokazaHa cTpykTypa
U3y4aeMOro COEIMHEHHUs, KOTOpOe IMOCTPOEHO U3 OucaucheHou10B
[SiAu8], B KOTOpBIX aTOM KPEMHHSI OKpPYKEH BOCEMbIO aTOMaMH 30JI0Ta,
npu 5ToM 4 aromMa KpeMHHUs UMEIOT pacctosHue Au-Si 2.4740(9) A, a
apyrue 4 - 2.5353(12) A.
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a b

Puc.1. Ctpykrypa AusSi: a — BJOJIb OCH ¢; b - BIOJIb OCH 4.
bucnuchenonapl mokazaHbl 3€JICHBIM IIBETOM, aTOMbI AU — KOPUYHEBBIM.
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Puc.2. Duransnusa oopazoBanus Au—Si npu 10 ['ma, T=0 (anroput™m
YCIIEX + MJI notennuansi [4]). boapmme Toukn — AuaSi (x = 0.2).

Jluteparypa
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R., J. Appl. Cryst., 32, 339-340, 1999

2. Yue-Hang Dong, Wen-Cai Lu, Xin Xu, Xin Zhao, K.M. Ho, C.Z.
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DPOKYCUPOBKA HHTEHCUBHOI'O MAT'KOI'O U )KECTKOI'O
M3JIYYEHWA PEHTTEHOBCKHX JIABEPOB U CO3JAHUE
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2Ob6vedunennvlii uncmumym evicokux memnepamyp, PAH, Mockeéa
S Unemumym meopemuyeckoti puzuxu um. JI. J. Jlanoay, PAH, Mocksa
‘Mockoeckuii Qusuxo-mexnuyeckuti uncmumym, JJon2onpyoubiil

nailinogamov@gmail.com

B nokinane aHanu3upyroTcs 0COOEHHOCTH TPUMEHEHHUSI PEHTT€HOBCKUX
Ja3epoB Ha MArkoMm [1] u kectkom [2-4] peHtrene. BaxkxHoil nmpoGiemoit
ABJsieTCS (POKYCHpPOBKA U3JIyYEHUsS] B Majible IISITHA MHUKPOHHOTO U
CyOMHUKPOHHOTO pa3MepoB. ITO TO3BOJSET JOOMBATHCS  BBICOKOU
KOHIIGHTpauuu (¢JIroeHca W COOTBETCTBEHHO T'€HEPUPOBATH BBICOKUE
JABJICHUS B KOHJICHCUPOBAHHBIX 00pasiax.

B cnydae )kecTKOro peHTreHa NpuMEHSIETCS KOHLICHTPALUs U3y YEHHS,
OCHOBAHHas Ha lienouke JuH3 u3 oepuiuus [3]. C oJIHON CTOPOHBI, painycC
MATHA HAa MUIIEHU R JOJDKEH OBITh HE CIUIIKOM Mall, YTOObI YBEJIUYUTh
PENEEBCKYI0  IIMHY ~ R\,  onpemensdiomyr  auppakndoHHYO
pacxoguMocTb; A=0.138 um mist 9 xk3B. C npyroil cTOpoHbl, JUMHUT MO
SHEPTUU UMITYJIbCA HE MO3BOJISIET MPUMEHSITH O0sbIHe maTHa. C MOMOIIBI0
HAalJICHHOTO ONTHUMyMa MEXJIy OTUMH JBYMS VYCIOBHUSIMH YAAIOCh
MOJIyYUTh  PEHTTCHOBCKMW  My4YOK OOJBIIONW  OJIWHBI C  MaJou
pPacxoAUMOCTBIO.

B pesynaprare B IUIMHApPE M3IYUYCHHUS IMydyka OBUIM JOCTUTHYTHI
BBICOKME IUIOTHOCTH JHEPrUM Ha eauHuIly oobema [2,3]. IlmoTHOCTH
SHEPruu B KOHJIeHcUpoBaHHOHU (aze 10 100 sB/aTom, naBienus nopsaka 1
TIla. ITygokx mpoOrBaeT MUJUTMMETPOBBIA KaHall CYOMUKPOHHOTO pajnyca
C OTHOIIEHHWEM JUIMHBI K JUAMETPY MOPAAKA HECKOJBKHX ThICAY. OTHU
3HAYEHHS] HAMHOTO MPEBOCXOJAT T€ 3HAYCHUS, KOTOPBIM MOJIYYArOTCS MPU
MPUMEHEHNUN ONITHYECKUX JIA3€POB U (POKYCHUPOBKH uepe3 akcukoH. [Ipuaem
He TpeOyeTcst MPO3pavHOCTh 00Iy4aeMoil cpeibl.

B caydae nazepoB ¢ MsSTKUM peHTreHoM [1] ynmaercs moouThes yaapa,
dbopmupyroIIero KCTpeMaIbHO TIyOokuid kpatep. [lpu 3ToM oTHOLIEHUE
TJIyOMHBI KpaTepa K JUIMHE 3aTyXaHHs COCTABIISIET HEOOBIYaiHO OOJIBIITYIO
BEIIMYMHY [JI0 HECKOJBKUX JECATKOB. B 1okmaae aHanu3upyroTcs
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(du3nYecKue MOJEIN U YUCIECHHOE MOJACIUPOBAHUE, KOTOPbIE OOBIACHSIIOT

yKa3aHHbIC HAOIIOACHUS.
HccnenoBanue BBIMOIHEHO TpH nozjaepxkke rpanta PH® (Ne 26-19-

00292).

Jlureparypa

1. Hasegawa et al., Springer Proceedings in Physics, 202, 273-277, 2018
2. Makarov et al., Optics Express, 31(16), 26383, 2023

3. Makarov et al., Nature Comm., 16, 11504, 2025
4. Xoxmnos, Mnoramos, Becthnk OVIBT PAH, 8(2), 38-44, 2022
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CBEPXU3JYYATEJIBHOE COCTOAHHUE B CUCTEMAX
AKO3ZEQ@COHOBCKHX KOHTAKTOB 3A IIPEJEJIAMHA
ABYXYPOBHEBOMU AIINIPOKCUMALINHU

Kazak A. H., Ceunos C. C.
HUTY MUCHC
archiem328(@gmail.com

PaccmoTpuM  ramunbTOHHMAH aHcambOia N - 1KO3€)COHOBCKUX
KOHTAKTOB B3aWUMOJICUCTBYIOIIMX C DJJICKTPOMArHUTHOM BOJHOW B
pe3onarope. CBsi3b peanu3yeTcsi uepe3 KaaTuOpOBOYHO-MHBAPHUAHTHBIN
($a30BbIii CIBUT:

P’ wlq? ~ 99
H:7+ 5 +Z {4Ecni2—E]cos<<pi—\/—N>}
l:

Bocrnonbs3zyeMcs kaHOHUYECKUM MpeoOpazoBaHueM [1] u mpubianxeHueM
CpEIHEro MoJIs:

n;= (n) + on;,

3leCb (M) - cpejiHsAs pa3HOCTb YKC/IA KYNEPOBCKUX Map Ha 6eperax
KOHTAKTOB B 1leNy, 6n; — paykTyanuu. Toraa nosy4um
raMUJIbTOHUAH:

P2 w2q?
HMF :N?'i‘ 2 + .
2
gp g> m)°N
4ECZ n?+(\/—ﬁ+g2 (n) )Z n; —E; cos ¢; — 5 :

i i

[aMunbTOHMAaH ~ OAMHOYHOTO  JKO3E()COHOBCKOTO  KOHTaKTa
BbIpakaeTcst B 06a3uce Marbe pynkiuii [2]. B pesynbrare 3¢ dexTuBHBIN

MOTEHIMAI OyJeT 3aBUCETh OT OCHWUIATOPHOW YacTH, MaThbe BKJIada U
eff

KBaAPATUYIHOTO HJICHA, BOSHUKAOIICTIO B PE3YIbTATC 3aBUCUMOCTHU ng OoT
pu M) :
2
2 2 g m) N

Uerr(p, (m)) :% g (p+g M) \/N)2+NEC av< E])

 16E, - 2E, 2

g(p+g () VN)

_ eff effy) —
Vv=-2 (ng +k(m, ng )) = -2 8EC\/N

+ k(m, ngff) .
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3HaueHWE  CPEIHEr0  TMOJs (n) ompenensercs  MHHUMU3ALUEH
3¢ PEeKTUBHOTO OTEHITHANIA:
d {(n) dp gVN
AHanu3 HaWJEHHOTO pEelIeHUS U YYET IMOJHOTO 3aps/I0BOTO CIEKTpa
IPUBOAAT K BBIBOJY O CYIIECTBOBAHHUM MEPEXOJia B CBEPXHU3IIyHaTEIbHOE
COCTOSIHUE.

Pabota BeInonHeHa npu noajaepxke Munoopuayku Poccun B pamkax
[IporpamMmbl CTPAaTETMYECKOrO aKaJeMU4eCcKoro juaepcrsa 'llpuopurer-
2030" B HUTY MUCHUC (Crtparernyeckuii TEXHOJIOTUYECKHM MPOEKT
"KBaHTOBBII HHTEPHET").

Jluteparypa
1. Mukhin, S. 1., Gnezdilov, N. V. (2018). Physical Review A, 97(5),
053809.
2. Koch, Jens, et al. Physical Review A—Atomic, Molecular, and Optical
Physics 76.4 (2007): 042319.
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CHEKTPOCKOIIMA PEHTT'EHOBCKOI'O ITIOI'JIOINEHUA
B UCCUIIEJOBAHUAX MATEPHUAJIOB ITAMSATHU HA OCHOBE
XAJBKOI'EHU 0B

Kono6os A.B.
HUnemumym usuxu, Poccutickuii 2ocyoapcmeennbiil neda2ocuveckui
yuusepcumem um. A.U. I'epyena, 191186, Cankm-Ilemepobype
akolobov(@herzen.spb.ru

PazButne TexHomoruii OONBIIMX JaHHBIX, WHTEpHETa Bemed u
HCKYCCTBEHHOTO MHTEJUIEKTa TpeOyeT CO3/1aHMsI HOBBIX KJIACCOB YCTPOMCTB
NaMsITH, U OJJHUM W3 NEPCHEKTUBHBIX KaHIUJATOB HA 3Ty POJIb SIBISIOTCS
aMmopdHbIe XaJTbKOTCHHUIbl. DTH MaTepHasibl JEMOHCTPUPYIOT OBICTpOE U
oOpaTuMoe (pa3zoBoe MpeBpalIeHue MEXIY KPUCTALTMYECKOW U aMOphHOI
dbazamMmu  Toa  JEHCTBUEM JIa3€pPHBIX HMIYJbCOB WM HMMITYJIbCOB
AJIEKTPUUECKOTO  ToKa. [IpuMepamMu  MOpakTUUYECKOTO  MPUMEHEHUS
MaTepuaioB ¢ (a3oBbIM TEPEXOJOM CIYKaT TEepe3anrchiBacMbIe
ONTUYECKHUE JUCKU U IHEPTOHE3aBUCUMAs AJIEKTPOHHAS MMaMSTh, TaKask KaKk
3D X-Point (kommepueckoe HazBaHnue — Optane). B mocnennee Bpems Bce
Oomplliee BHUMaHUE TPHUBICKACT HOBBIM KIACC MaMSTH — CEJIEKTOPHO
WHTETpUpOBaHHas MamsTh (selector-only memory), riae pyHKIu ceekropa
U STYEHKU TTaMsITH COBMEIICHBI B OJTHOM CJIO€ aMOP(PHOTO XaIbKOTE€HU/1a.

XOTs CyIIECTBYET MHOXKECTBO METOJIOB HCCIIEIOBAHUSI CTPYKTYpbI
KPUCTAJLIOB, BO3MOXXHOCTH PSIMOTO U3YUYCHUSI CTPYKTYPBI
pasymnopsI0UEeHHBIX MaTepUaIoB BechMa orpanndeHsl. OHUM U3 Hanbosee
MOIIHBIX METOJOB ABISETCS CIEKTPOCKONHUS PEHTT€HOBCKOT'O MOTJIOICHHS
(XAS). B nmanHoMm pgokjnaze, MOCIE KpPAaTKOro M3JIOKEHUS OCHOBHBIX
MPUHIIMIIOB METO/a, METOAUK MPOBEACHUS U3MEPEHUN U aHAJIN3a JAHHBIX
XAS, OyayT mpoAeMOHCTPUPOBAHBI MPUMEPHI YCHEITHOTO MPUMEHEHUS
ATOTO  METOoJa JJIg  HUCCIeNoBaHWsT  aMOP(HBIX  XaJbKOTEHHUJIOB,
UCIIOJIBb3YEMbIX B YCTPOUCTBAX MTAMSITH.

CHauana paccMaTpuBaeTcsi MeXaHu3M (OTOCTPYKTYPHBIX U3MEHEHU I
B XAJIBKOTEHUAHBIX CTEKJax [1], a 3aTem — nccieaoBaHus XaJIbKOT€HHUI0B
c (a3oBeIM TepexonoM. B 9acTHOCTH, AEMOHCTPHUPYETCS paauKaIbHOE
WU3MEHEHHE JIOKAIbHOUM CTPYKTYPBI IPH MEPEXOE MEXITY KPUCTALTAYECKON
u amopdpHOM dazamMu B KJIACCHMUECKOM (Ha30MEPEMEHHOM  CILIaBe
Ge2Sb2Te5 [2, 3]; nanee 0OCYXIArOTCsI CErHETOAICKTPUUECKUN (Pa30BbIit
nepexona B GeTe [4] u Hen3OexHOE 00pa3oBaHKNE BAKAaHCHUM B y3/1aX aTOMOB
Ge B stom Marepuaine [5]. Ocoboe BHUMaHHUE YIEISETCA HU3MEPEHUSIM
dazoBoro  mepexoma € BPEMEHHBIM  pa3pelIeHHEeM,  KOTOPBIC
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JEMOHCTPUPYIOT BAXXHYIO POJIb 3JIEKTPOHHOI'O BO30YXIEHHUS B IPOIIECCE
amopduzaiuu [6].

B 3aBepmieHue moknaza INPEACTABICHBI IIOCICAHUE PE3YJIbTAThI
uccienoBaHuii MeTo1oM XAS cr1aBoB ¢ (pa30BbIM EPEXOAOM U aMOP(HBIX
XaJIbKOT€HUI0B, IPUMEHSAEMBIX MPHU pa3paboTke HEUPOMOP(HBIX ceTel U
IIaMATHA Ha OCHOBE CEJIEKTOPOB.

PaboTa BbImOJIHEHA HpHU MOAAEPKKE cOBMECTHOro rpanta PH® u
NSFC (rpant Ne 25-49-00103).

Jluteparypa
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3. A.V. Kolobov, M. Krbal, P. Fons, J. Tominaga, and T. Uruga. Nature
Chemistry 3, 311, 2011

4. P. Fons, A.V. Kolobov, M. Krbal, J. Tominaga, K.S. Andrikopoulos,
S.N. Yannopoulos, G.A. Voyiatzis, and T. Uruga. Phys. Rev. B, 82
155209, 2010.

5. A.V. Kolobov, J. Tominaga, P. Fons, and T. Uruga. Appl. Phys. Lett.
82, 382, 2003

6. P. Fons, H. Osawa, A.V. Kolobov, T. Fukaya, M. Suzuki, T. Uruga, N.
Kawamura, H. Tanida, J. Tominaga. Phys. Rev. B 82, 041203, 2010
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« BCE-TAKH OHU BEPTATCS!»:
HUPKYJIAPHO NOJIAPU30OBAHHBIE ®OHOHHBIE MO/IbI

Komnesa E. B.
Hncmumym ¢uzuxu memannos umenu M.H. Muxeesa YpO PAH,
2. Examepunobype
komleva.evg95@gmail.com

HupkyasipHO  NOJSIPU30BAaHHBIE  KOJIEOAHUS  KPUCTAIUIMYECKOMN
pelieTkr, OOHapyXEHHBbIE SKCIIEpUMEHTaNbHO MeHee 10 ner Hazafg,
IPEJICTaBISAIOT COOO0M KPYroBO€ IBHIKEHHUE ATOMOB BOKPYT MX PABHOBECHBIX
MOJIO)KEHUW B KpUCTaJIe, BCIEACTBUE YEro AaHHbIA (POHOH mpuoOperaer
COOCTBEHHBIM MeXaHWueCKui (yriaoBoi) U S(PPEKTUBHBIM MarHUTHBINA
MOMEHTHI.

Ha ceroansmHuii JeHb OOHApy>KEHbl MaTepualibl, B KOTOPBIX Kak
HKCIIEPUMEHTAIbHO HaOmMtogatoTcst 3(Q(EKThl, CBS3aHHBIE C JIaHHBIM
SBJICHHEM, TaK W MPOSBISIOTCS albTEPMArHUTHbIE cBoicTBa. [Ipumepom
TaKUX CHCTEM SIBIISTIOTCS COSTMHEHUS TTepexoaHbIX MeTalliioB Ni3TeOs [1] u
Fe:Mo030s [2]. MonenupoBaHue 3JIE€KTPOHHON CTPYKTYphl U JTUHAMHUKU
pPELIETKH COCIWHEHHM NEPBONPHHIMIHBIMU  METOJaMHU  I103BOJIAET
UCCIIEIOBATh B3aUMOCBS3b X AIEKTPOHHON U (POHOHHOM! MOICUCTEM.

HccnenoBanue BBITOMHEHO NpU noaaepkke rpanta PH® No26-72-
00118.

Jlureparypa

1. J. Okamoto et al., arXiv:2512.00388.
2. W. Fangliang et al., Nature Physics, 19, 18681875, 2023.
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BJIUSTHUE KPUCTAJIJIOTPA®UUYECKOM OPUEHTALIUU
AJIMA3A HA DJIEKTPUUYECKHUE CBOUCTBA JIABEPHO-
I'PAOUTUNPOBAHHBIX CTPYKTYP HA ITIOBEPXHOCTHU U B
OBBEME MOHOKPUCTAJIVIMYECKOI'O AJIMA3A

Komuenok M. C.!, 3aBenees E. B.!, Ammkkamuena K. X.!,
Hopmxues K. M.!, Komarauu I'. A.!, Bopucos 10. W.!, Bonsmaxos A. I1.!
THnemumym obweti pusuxu um. A.M. Ilpoxopoea PAH
komlenok(@nsc.gpi.ru

Ha mnoBepXHOCTM MOHOKPUCTAUIMUYECKUX alIMa3HBbIX IUJIACTHUH C
opuentammsimu  (100), (110) u (111) cosmanbl TpaduUTU3UPOBAHHBIE
CTPYKTYpHhI ¢ momoiibio 3kcuMepHoro yazepa KrF (A=248 um, t=20 Hc,
00O «Omrocucremsl»). M3MepeHa uX 3JEKTpUYECKas TPOBOJMMOCTb B
pPa3IUYHBIX HAIMpPABJICHUSX U ONTUYECKOE IMPOMYCKAaHUE B TepareproBOM
auanasoHe JMH BojaH. OOHapyXeHa M UCCleAoBaHa AaHU30TPOIHUS
NIEKTPUYECKUX U ONITHYECKUX CBOWCTB.

OObeMHas nazepHas rpaduTHU3aus UCCIe0BaHa IPU MepeMelICHUH
dbokyca ocTpo cPOKyCHPOBAHHOTO (PEMTOCEKYHJIHOTO JA3epHOr0 ITydykKa
(tutan:candupossiil nazep, OO0 «ABectay, A=800 uM, 1=35 ¢c, yactoTa
noBTopenus 1 kI'1) mepneHIuKyIIpHO ONTHUYECKOM OCHU B aiMas3e BIOJIb
miockocTu cnaitHoctu Kpucrtamia (111). IlokazaHno, 4To HexenaTenbHOE
JNBUKEHUE BOJIHBI TpaUTH3allMd HABCTPEUy Ja3epHOMY JIydy B 3THX
YCIOBHUSIX MOKET OBITh TMOJHOCTBbIO ToAaBieHo. [lpu mnomnepeyHom
OTHOCHUTEJIHO Ja3€pHOro Jiyuya CKaHUPOBAaHUU B aliMasze Ha riryoune ~70
MKM OBLITU MOJTYYEHBI CIUIOUIHBIE CTPYKTYPbI (TPaQUTHU3NPOBAHHBIE JICHTHI)
npu dHeprusix ummynbca oT ~70 vk (0au3ko k mopory rpaduruzanuu
MOBEPXHOCTH) 10 3 MK/[K.

MexaHnusMm TmoAaBi€HUS BOJIHBI TrpadUTH3ALMK  3aKII0YaeTcsl B
GbopMUPOBAHUM  JOMHUHHUPYIOIIEH  MHUKPOTPELIMHBI,  OKpYyXarolen
rpa@UTU3UPOBAHHYIO CTPYKTYpPY M PACHOJIOKEHHYIO BJOJIb IIOCKOCTU
(111). Bo-epBbIx, Takasi TpeIMHA TPOBOIUPYET TPpaPUTH3ANIO HA CBOUX
CTEHKaX 3a CUeT HU3KOT0 MOpora Mo CPaBHEHUIO C 00beMHBIM. BO-BTOpBIX,
Oyay4yd JOMHUHUPYIOIIECH, Takas TpEIIMHA B 3HAYNUTEIBHONW CTENEHU
CHUMAaeT MUKpPOHANPSIKEHUs, BbI3BAaHHBIE TOSIBJICHHEM Tpadura B
KpUCTajUle, W TMPEJOTBpAIlaeT PAa3BUTHE MUKPOTPEIIMH [0 JIpPYTrUM
miockocTsM cemeiictBa {111}, oOecrieunBas Gosiee MeIIEHHOE pPa3BUTHE
3apoAblle sl IBMKeHUsT (poHTa rpadUTU3alUMK HABCTPEUY JIa3epHOMY
ay4y.

[Tokazano, yto MomudunupoBanHas Qa3za MPEeACTaBISIET COO0O0M
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TUIAYHBIN ISl J1a3€pHOT0 BO3JCUCTBUS Pa3yNoOpsSAOUYECHHBIN (aMOP(HBIIN)
yraepoa. Ilpu 3ToM, B OoTiiMYME OT JPYrUX KOH(PUTYpALM J1a3epHOTO
PHCOBaHUS, MOTYYEHHBIE MUKPOCTPYKTYPHI 00Ja1at0T CYIIECTBEHHO OoJiee
BBICOKOM TMPOBOJAUMOCTBIO, CBSI3aHHOM, OYEBUIHO, C OTCYTCTBHUEM
MHUKPOCETMEHTAIIUH 00paboTaHHOTO anmMasa U Pa3phIBOB
rpa@uUTU3UPOBaHHON (has3bl.

[TomydyeHHble  pe3yibTaThl  OTKPHIBAIOT  HOBBIE  BO3MOXKHOCTH
UCIIONIb30BAHUS  JIA3€PHBIX METOAOB JUJII MOJU(DHUKAIMU  aJIMa3HBIX
MaTepuaioB, Kak Ha MX MOBEPXHOCTH, Tak U B oObeme. Pa3zpaboranHbie
MOAXOAbl MOTYT OBITh UCIOJIb30BAHBI JJISI CO3/IaHMS HOBBIX IJIAHAPHBIX U
OOBEMHBIX  JJIEMEHTOB (POTOHMKM ¥  DJEKTPOHUKHM Ha  OCHOBE
CUHTETHUYECKUX aJIMa30B.

HccnenoBanue BBIMIOJIHEHO 3a CYET I'paHTa PocCcHMiiCKOro Hay4HOTO
dbonna Ne25-19-00796, https://rscf.ru/project/25-19-00796/
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HEA®®UHHBIE JE®OPMALIMU U YIIPYT'UE MO YJIU
AMOP®HbBIX HAHOKOMIIO3UTOB

Kontox JI. A.!, baoun /1. B.!, Paiikos 1. O.!, BenpTrokos 5. M.!
'DTH um. A.@. Hogpghe
conyuh.dmitrij@yandex.ru

OnHMM W3 AaKTyalbHBIX HaINpPABICHUM B COBPEMEHHOM TEOPUH
KOHJICHCUPOBAHHBIX CpeJl SIBISETCA M3ydeHUE aMOP(HBIX U MOJUMEPHBIX
HAaHOKOMITO3UTHBIX MaTepuanoB. Kak MOKa3bIBalOT 3KCIEPUMEHTAIBHbBIC
UCCIIETOBAHMS, TaKue BEILIECTBA o0naaaroT YIIYyYIIEHHBIMH
MEXaHHUYECKUMH,  DJIEKTPUYECKUMH W  TEIUIOBBIMH  CBOWCTBaMH.
HaHnokoMIO3UTHI HAXOIAT MIMPOKOE MPUMEHEHUE B PA3JIUYHBIX OTPACISAX
MPOMBIIICHHOCTH,  BKJIIOYasi  a’pPOKOCMHYECKYI0, aBTOMOOWJIBbHYIO,
CTPOUTEIIbHYI0, CIOPTUBHYIO U MEIUIIMHCKYIO0, BBUAY MX IMPEBOCXOIHOMN
YAAPOIIPOYHOCTH U KOPPO3UOHHOM CTOMKOCTH [1].

HccnenoBanue ymnpyrux CBOMCTB aMOpP(QHBIX HAHOKOMIIO3UTOB
ABJSACTCA HEAOCTATOYHO PELIEHHBIM BONPOCOM, B MEPBYIO OYEpElb C
TEOPETUYECKOM CTOpOHbI. COBpPEMEHHBIE HCCIIEOBaHUS MTOKA3bIBAIOT, YTO
B HEYINOPSAOYECHHBIX BEIIECTBAX BHE 3aBUCHUMOCTH OT UX XUMHYECKOTO
cocTaBa TMpOSIBISAIOTCS TaK Ha3biBaeMble HeapduHHBIE Aedopmaluu -
HEOIHOPOJIHBIC JIOKAJbHbIE ATOMHBIE CMEILICHUS, KOTOPbhIE€ HE MOTYT OBbITh
OMMUCaHbl KOMOWHAIMEW JIOKAIbHBIX PACTSHKEHUN WM CIABUTOB. Takue
HEOJHOPOJIHbIEC JAehopMalvK JIeTA0T OJHOPOJHYI TEOPUIO YIPYrOCTH
HEMPUMEHUMON Ha MacmTabe HeapPuHHOCTH ¢, KOTOPBIA OICHUBACTCS
JNECATKAMH MEXATOMHBIX PACCTOSIHUM M MOXET OBbITh COMOCTABUM C
XapaKTepHbIMU pa3MepaMU CTPYKTYPHBIX 3JIEMEHTOB KOMMO3uUTa [2, 3].

[IpoBeneHHBIE HaAMM HCCICIOBAHUS TMOKa3aiv, 4To HeapUHHBIC
neopMaliu  CrOCOOHBI  OKa3bIBaTh  CYIIECTBEHHOE  BIIMSHUE Ha
MAaKpPOCKOTIMYECKHUE YIPYrMe€ CBOMCTBA HAHOKOMIIO3UTHBIX MAaTEpHUAIOB.
OTO BIUSHUE UCCIIEAOBAIOCh HAMU KaK C MOMOIIBIO YHCICHHBIX METOJIOB
MOJICKYJISIPHOM AUHAMUKH [4, 5], TaK U B paMKaxXx COBPEMEHHOW TEOPHHU
CIIyYalHBIX MOJOKUTEIBHO ONPEAECICHHBIX MaTpuLl [6, 7].

Teopus  ciaydyallHbBIX ~ MaTpull  NO3BOJWJIA  HAM  HU3YYUTh
dbyHIaMeHTaNbHBIE CBONCTBA HEAP(OUHHOCTH W AHAIUTHYECKH IMPOSIBUTH
Macitad HeahpunHoctu . Harm TeopeTuueckue UCCie10BaHus BIIEPBHIC
npejcKa3ajid, 4YTO MPOCTPAHCTBEHHbIE Koppenanuu  HeapOUHHBIX
cMmenieHnit Kqp(r) coeprkar Kak CTeTIIeHHOM, TaK U 9KCITOHEHITUAIbHBIN CI1ajl
Ha maciitade &, [Ipeapiayniyme TeoOpeTUUeCKUe UCCISOBAaHUS YUUTHIBAIN
MPOCTPAHCTBEHHBIE (IIYKTyalluh KECTKOCTH B pPaMKaX KOHTUHYAJIbHOU
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TEOPHUH YIPYTrOCTU U BBEICHHUS MOJs AedopMaliy, 4TO MO3BOJSIIO HAWTH
JUITL  CTENECHHOW yOBIBalOIIMI  BKJAJ OT TeH3opa IpuwHa Ha
MaKpOCKOITMUECKUX MacITadax u He onpeesiio MacmTao ¢.

JlokanpbHO-yNIpYyTUii KOHTpPACT BOJIM3M TpaHUIlbl aMOp(GHOro Tema
OMKCHIBACTCS TOJYYEHHBIMH HaMH aHAJUTUYECKUMH BBIPAKECHUSIMU,
COrJIaCHO KOTOPBIM MMEETCSI IKCIIOHEHLIMAJIBHBINA CIIajl YIPYTUX MOJYJIeH
Ha Macutade HeagpuuHoctu ¢ B rryob amopdHoro marepuaina. [lpu atom
BJIMSIHUE HAHOYACTHI] HAa YNPYTOCTh KOMIIO3UTA MOXKET YBEIUYUBATHCS B
pasbl, €CJIM UX XapaKTEPHBIN pa3Mep COMOCTABUM C MACIITa0OM C.

Pe3ynbpTarhl T€OpuU OBUTM MOATBEPKJICHBI YMCICHHBIMU pacdyeTami,
BKJIIOYAIOIIME  MOJICKYJIIPHO-AMHAMUYECKOE MOJCIMPOBAHUE CTEKJIa
Jlennapna-J»xoHca W MOJIUCTHPONA B aMOpP(HOM COCTOSIHMM, a TaKXKe
CUCTEMBbl BOJM3M TMOpora MEpKOJISUMU KecTKocTh. [lomydeHHbie
pe3yIbTaThl IEMOHCTPUPYIOT 00pa30BaHUE KECTKOU MexdazHoit 00acTy,
MUKpPOCKOIIMYECKasi MpUpoJa KOTOpPOW CBsi3aHa C  IOJABJIECHUEM
HeadPuHHBIX nedopmanuii BOJU3H MEPEXOIHbIX IPaHUIl HAa MaciTaoe &.

Mexanusm 00pazoBanus Mex(a3zHON 00JaCTH OKOJO CTPYKTYPHBIX
3JIEMEHTOB KOMIIO3UTa Ha MacuTade ¢ AaeT mpaBiono100HOe 0ObSICHEHHE
CYLLIECTBEHHOMY YBEIMYECHHID MAaKpPOCKOIWYECKUX YIPYIMX MOAYJIEH,
HAO0JI0IaeMbIX B HAHOKOMIIO3UTaX IO CPAaBHEHUIO C KOMIIO3UTAMH,
CoJIepKaIIMMU BKIFOUEHHUSI MUKPOMETPOBOI'O pa3Mepa Mpy IKBUBAJIEHTHBIX
o0beMHBIX 10J1sX [8]. bonee Toro, npenckasaHHbINA SKCIIOHEHIIMATBLHBIA HA
Macitade ¢ crnaa MHAYIMPOBAHHBIX YIPYTUX MOYJIeH BOJIM3M HAHOYACTHULL
MOXXET OBITh HM3MEpPEH JOCTYNHBIMH SKCHEPUMEHTAIBHBIMU METOJaMU
VICCJIEIOBAHUI C UCIIOJIb30BAaHUEM aTOMHO-CHUJIOBOK MUKPOCKOIIHH.
PaGota BeimonHeHa npu noanepxkke rpanta PH® Ne 22-72-10083-I1.
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HU3KOYACTOTHASA PEJIAKCAIHIMOHHASA TUHAMUKA
MAT'HOHHUOBATA-CKAHAOHHNOBATA CBUHIIA

Koponesa E. 10.!, Monokos A.IO., Casun J[.A., Jlelineka A.B.
TOTH um.A.D.Hogge
e.yu.koroleva@mail.ioffe.ru

OnHUM U3 KIIIOUYEBBIX MOMEHTOB B (DU3MKE PEIAKCOPOB SIBISETCA MX
peakius Ha MPUIOKEHHOE BHEIIHee »JJeKkTpuueckoe moje. OObIYHO
U3MEPEHUs] MPOBOJATCSA MPU (HUKCUPOBAHHOM HANPSXKEHHOCTU TOJIS MPU
M3MEHECHHUH TEMIIEPATYPhI U HA HECKOJIBKUX M3MEPUTEIBHBIX YaCTOTaX.

Mpbl  uccnenoBanu TpaHCHOPMALIMIO JTUAIEKTPUUYECKUX CIEKTPOB
MOHOKpHUCTaJJIa TBEPJOTO pPacTBOpa MarHoHHoOOaTa-CKaHJIOHMOOaTa
ceuHma 0.9Pb(Mgi3Nb23)O3—0.1Pb(Sci12Nbi2)O3 (0.9PMN-0.1PSN) npu
W3MEHECHHMH BHEIIHETO MOJIA IPU HECKOJIBKUX TEMIEPATYpPaX BBIIIE U HAKE
TPUKPUTUYECKOU TOUYKHU. IloJlydyeHbl BEJIMYMHBI KPUTHYECKUX II0JIEU
epexona B HMHAYLUPOBAHHOE CETHETODJIEKTPUYECKOE COCTOSHHUE IIpU
temneparypax 255, 260 um 265 K. IlokazaHo, 4Tto HaOII0IaeMbIiA
MOJIOKUTENBHBIN BOJBT-(hapagubii 3(hdPexT oOyCIOBICH YyKECTOUECHHUEM
CIIEKTPA IUDJIEKTPUYECKUX MOTEPb.

M3  aHamn3a  4YacTOTHBIX  3aBUCMMOCTEM  BBIABIEHBI  TPHU
penaKkcalMOHHBIX IPOLIECCA, IBA U3 KOTOPBIX CBSI3aHbI C IEPEOPUEHTALUEN
NOJISIPHBIX HAHOOOJIACTEH M JUHAMUKON WX TpaHUl, a TPETUM BO3HUKAET
nocie rmnepexojaa oOpaslla B CErHETO3JEKTPUYECKOE COCTOSIHUE, YTO
IIO3BOJSIET  IPEAIIOIOKUTH 0 €ro CBSI3W C  JWHAMHUKOWU
CErHETORJIEKTPUUYECKUX TOMEHOB. M3 aHanu3a nosieBbix 3aBucumocteit €(E)
npu 255K  oOHapyxkeHO  yBEeTWYEHUE  XapaKTepHOHW  YacCTOTHI
HU3KOYAaCTOTHOT'O PEIAKCAMOHHOIO IMPOLECcCa HA BOCEMb IMOPSAKOB MPH
W3MEHEHHMH BHENTHEro noJist oT 2 710 9 kB/cMm. JlaHHOE yKecToueHue CrieKTpa
MOXXET OBITh OOBSICHEHO CHHYKEHHEM aKTHBALlMOHHOTO Oapbepa mpu
YBEJIMYECHUU BHEIIHETO TOJIS.

[IpoBeneH AeTaNbHBIM aHAIA3 TEMIEPATYPHOW SBOJIIOLWHU TIETEIIb
rucrepesuca  MoHokpuctaiuia  0.9PMN-0.1PSN  u  BBIABHHYTO
IPEANOJI0KEHUE, YTO HAOII0Ja€MbIE IBOMHBIC IETIN THCTEPE3HUCA CBA3AHbI
C  HWHIAYUMPOBAHHBIMM  BHEIIHMM  IIOJIEM  IIEpEXOAaMU  MEXIY
Napa’JIeKTPUUYECKOM U CErHeTORJIEKTpUYECKOM (a3zaMu WM  MEXIY
PEAKCOPHOM U CErHETORJIEKTPpUUIECKON (pazamu.
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CHUHTE3, CTPYKTYPA U SJIEKTPOTPAHCIIOPTHBIE
CBOUCTBA HUKEJIATOB CEPUUA PAJIJIVIECAEHA-IIOIIIIEPA

Kopsaxos A. J1.!, Jleonunos U.A.!, Yapukosa T.B.!, Jleonos 1.B.!
I Unemumym gusuxu memannos um. M.H. Muxeesa, HOM YpO PAH,
2. Examepunobype
korykov.ihim@yandex.ru

B Hacrosimee BpemMs OOJBIION HMHTEPEC MPUBJICKAIOT CIOHWCTHIC
HHUKEJNaThl C KPUCTALIMYECKOW CTpykTtypou Pammimecnaena-Ilonmepa
Lan+1N14Osn+1 (RP), oOnaparonme mupokuM pasHOOOpa3ueM CBOWCTB B
3aBUCUMOCTH OT n=1, 2. OcoObIii UHTEpEC MPEACTABISAIOT UCCIEIOBAHUS
nBycinoHbX a3 LasNi2O7:5 B koTOpbhIX 1oA nasienuem ~15 I'lla Obuia
oOHapyXeHa  HETpPaJAMIMOHHAas  CBEPXIIPOBOJUMOCTb C  BBICOKOH
Kputuuecko — temmeparypor  ~80-90 °K. bospmas dyacteb  pador
COCPENOTOYEHA  HA  HCCIENOBAaHWHM  CBEPXMIPOBOMSIIMX  CBOMCTB
MOHOKPHCTAJUIOB U TOHKHUX IUICHOK JaHHBIX CHCTEM, IIPU 3TOM BIIUSHHE
KUCJIOPOAHOM HECTEXMOMETPUM HA MArHUTHBIE, CTPYKTYpHBIE U
TPaHCIIOPTHBIE CBOMCTBA OCTAETCs C1a00 MCCIEAOBAaHHBIM.

[enpto  maHHOW  paOOTHI  ABJSICTCS  HANpPABJICHHBIM  CHUHTE3,
ONPEAECIICHUE KPUCTAJUIMYECKONM CTPYKTYpPBl, TPAHCIIOPTHBIX CBOMCTB M
KUCJIOPOJHON HECTEeXHOMETPHUHM CEPUHU JICTMPOBAHHBIX JBYCIOWHBIX (a3
La3N1207+5. [Tonukpuctammmaeckue oOpasisl cepuu Laz—«PriNi2O7+5 ¢ x=0,
0.15, 0.3 u 1.0 ObuM MOJyYEeHBl UUTPATHBIM METOJIOM CHHTE3a W3
HUTPATHBIX PAacTBOPOB. ATTecTauusT COCAVMHEHUN NPOU3BOAUIACHE C
MOMOIIBIO PEHTIe€HO(A30BOT0 aHAIN3a U MPOCBEUMBAIOIIEH IJIEKTPOHHOM
MHUKPOCKONIMH. bbUIM YTOUHEHBI NapaMeTphbl >SJIEMEHTAPHOM SYECHKHU.
[TapameTp OTKJIOHEHUSI OT KUCIOPOJHON CTEXUOMETPUU O ObLI OINpeAesieH
MeTonoM TepMorpaBuMmerpun B 5% cMmecu Hx B Ar. IIposeaeno
WCCIICIOBAHUE 3aBUCUMOCTH TPAHCHOPTHBIX CBOWCTB KEPAMUYECKHUX
00pa3IoB OT TeMIIepaTyphl Ha BO3AyXe B auarna3zoHe temmeparyp 4-298 °K.

YCTaHOBIIEHO, YTO TOJYYEHHBIE TBEPABIC PACTBOPHI  CEpPUH
Las—xPrNi2O7:5 ¢ x=0-1.0 kpucCTaIM3yIOTCI B OPTOPOMOHUUYECKOI
CHHTOHMHM € TpocTpaHCTBeHHOW rpynmnor Cmcem. Kucnoponnas
Hecrexuometrpusi 6 Bo3pactaer ¢ 0.035 no 0.106 npu yBeauyeHuu
comepxanusi Pr. HauMmeHbIIMM CONMPOTUBICHHEM 00JIaIa€T COCTaB
La;PrNi2O745, 9uTO, IO BCEW BUAMMOCTH, CBSI3aHO ¢ 00Jiee COBEPIIICHHBIMU
CTPYKTYPHBIMHU CBOMCTBAaMH K€PAMUKHU JJAHHOTO COCTaBA.

PaboTa BeinosHeHa npu noajaepxkke rpanta PHO® (Ne 25-12-00416).
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BOJIHBI 3APSJIOBOH IVIOTHOCTU (MUHHUOE30P)

Jlapuonos U. A.*
Hncmumym @usuxu, Kazanckuii @edepanvusiii Ynusepcumem, Poccus
" Larionov.MRSLab@mail.ru

Bonubl 3apsgoBoit minotHoctu (B3I1) — mepuonuueckas MomyJsius
IJIOTHOCTU 3apsiia B (KBa3W-)OJHOMEPHBIX M JBYMEPHBIX KpHUCTaJIaX.
B 1954 ronmy ®pénux [l] npemiokun MHKPOCKOMUYECKYIO TEOPHIO
CBEPXIPOBOAUMOCTH Ha OCHOBE BOJIHBI 3apsiI0BOM IUIOTHOCTH, OJHAKO B
PEAIbHOCTHU TIOSBJICHUE BOJIHBI 3apsI0BOM MJIIOTHOCTU HUXKE TEMIIEPATYPbl
nepexoaa [laiiepnca wMokeT mnOpuBOAUTH K  (ha30BOMYy  IEPEXOTY
METAUI—>JIUAJICKTPUK WA TOJYIPOBOJAHUK M3-3a [HUHHHUHTA BOJH
3apsiIOBOM IJIOTHOCTY TPUMECSIMU U JIeeKTaMU PEIIeTKH, KOTOPhIE BCEraa
MPUCYTCTBYIOT B METaJUIaX. boiiee TOro, BOJHBI 3apsiOBOM IUIOTHOCTH
KOHKYPUPYIOT CO CBEPXIPOBOJMMOCTBIO [2], MOCKOJBKY ¥ BOJHBI
3apsiI0BOU TUIOTHOCTH U CBEPXMPOBOAUMOCTD CO3JAOT IIEJb B INIOTHOCTH
coctosiHuil Ha ypoBHe Depmu. DT U Ipyrrue HeOOBIYHBIE CBOMCTBA CUCTEM
C BOJIHAMHU 3apsI0BOM TIJIOTHOCTH MPOJOJIKAIOT OCTABAaThCA B LEHTPE
BHUMAaHMUS UCCIIEIOBATEIEH.

Jluteparypa
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SJJEKTPOHHOE CTPOEHUE U MATHUTHBIE CBOMCTBA
HOPMAJIBHOU ®A3bI CBEPXITPOBO/HHUKA LasNi2O

Maxkaposa I1.0.'%, Jleonos U.B.?
'Unemumym ecmecmeennvix nayx u mamemamuxu, Yp®@Y,
2.Examepunobype
’Uncmumym ¢usuxu memannos um. M.H. Muxeesa, UDM YpO PAH,
2. Examepunobype

OTKpbITHE  BBICOKOTEMIIEPATYPHOW  CBEPXIPOBOJUMOCTH  C
CYILIECTBEHHO BBICOKOW KpuTHueckou reMmneparypoi ~80-90 K B oOpazmax
nByxciaonHbeix (a3 Pammnecnena-Ilonmmepa LasNi2O7—s monx gaBieHHeM
cbite ~14 I'Tla[1,2] BbI3Basio OOJBIION UHTEPEC K CIOUCTHIM HUKEIaTaM
Kak npeacraBurento HoBoro kijacca BTCII. HecMmoTpsi Ha MHTEHCUBHBIE
HCCJIEIOBaHMS, MUKPOCKOIIMYECKOE OOBSICHEHNE aHOMAIBHBIX (PU3NYECKHUX
CBOWCTB JAHHBIX MATEPHUAIOB OCTAETCA OTKPBITHIM. OIHOUN W3 KIIOUYEBBIX
npo0JieM SIBJISIETCSI BBICOKAsi YyBCTBUTEIHHOCTh CBOMCTB K CTPYKTYpPHOM
OJIHOPOJTHOCTH, CTEXUOMETPUHU U YPOBHIO JIETUPOBAHUS 00pa3IoB, CUHTE3
KOTOPBIX OCTaeTCs KpauWHE CIO0XKHOW 3aaadeil. B IaHHBIX yCIOBUAX
NEepBOOYEPEIHOE 3HAYCHUE MPUOOpPETAET MOJCIUPOBAHUE DICKTPOHHOM
CTPYKTYpbl, MAarHUTHBIX M PEMIETOYHBIX CBONCTB, & TaKXE€ OIKCAHUE
MEXAHU3MOB UX BOJIFOLINY ITPU U3MEHEHUHU BHEIIIHUX [MAPAMETPOB B paMKax
MHKPOCKOITMYECKHUX MOAXOIOB.

B namHoit pabGore Obulo wuWccnemoBaHo BimsHHE 3ddexTa
KYJIOHOBCKUX KOPpEJAIMI Ha SJEKTPOHHOE CTPOEHUE, OpOUTAIBHO-
CEJICKTUBHOE IOBeJAcHNE N1 €g COCTOSHMM W MAarHUTHBIE CBOMCTBA
HOpMallbHOW  (pa3bl  AByXchoiHOro cBepxmpoBoguuka LasNi2O; mog
naBjieHreM. Ha oCHOBe 30HHBIX PacyeToB JJIsl YACTUYHO 3alOJTHEHHBIX Ni
€g COCTOSIHUW B MPUOJMKEHUH TMOJX0/1a CUIBLHOM CBSI3U ObLa MOCTPOEHA
s ekTuBHAS BYyXOpOMTaIbHAas Mojelb Xab0apjga Ha JABYXCIOWHOM
KBaJpaTHOM pemetke [3]. Pemenune ™Monmenu HalAeHO B JIOKAaJIbHOM
NpUOIMKEHUH B paMKax Teopun auHamudeckoro cpeanero noss (DMFT)
IJI Pa3IMYHBIX 3HAYCHUN MapaMeTpPOB OJHOY3EJIbHOTO KYJOHOBCKOTO
B3aumojeiicteus U u obmena Xynaa Jy. beumm  paccuutanbl u
MIPOAHAIM3UPOBAHBI k-3aBUCUMBIE CHEKTpajibHbIE (YHKIIMH, TPOBEICHA
KOJIMUECTBEHHAsI OIIEHKa OPOMTAIbHO-CEJICKTUBHBIX KBa3WYaCTUYHBIX
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nepeHopMupoBOK Ni €g cocTosiHuU. bbuta mocTpoeHa u MpoBeIeH aHaIHu3
BIOKEHHOCTH (d(dekTa HecTuHra) mjsi noBepxHocTH Depmu. bboiia
BBIUMCJICHA HEOJHOPOJIHAs CIMHOBas BOCIPUMMYHBOCTH |(q) (B
OJTHOTICTJICBOM NMPUOJIMKEHUH 03 yueTa BIUSHUS BEPIIMHHBIX TTOTPABOK),
NpPOBEJICH aHAJIW3 MArHUTHBIX Koppensauuil. Iloctpoena (dazoas
auarpamma HopMmasibHOro coctosiHus LazNi2O7 B koopAuHaTax mapaMmeTpoB
U-Ju. boul cnenan BbIBOJ 0 OJIM30CTH ABYXCioiHOro Hukenara LasNi2O7 k
(daze opOUTAIBHO-CEJIEKTUBHOTO JUAJIeKTprKa MoTTa.

PaboTa BeinonHeHa npu noajepxke rpanta PH® Ne 25-12-00416.
[1] H. Sun et al., Nature 621, 493 (2023).

[2] Y. Zhu et al., Nature 631, 531 (2024).
[3] Z. Liao et al., Phys. Rev. B 108, 214522 (2023).
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JANHAMMUNYECKASA ITOJAPUIALINUA SIKCUTOHOB U
TPUOHOB B I'MBPU/IHBIX BAH IEP BAAJIBCOBBIX
CUCTEMAX

Mamnrnesuu B. H.
MI'Y umenu M.B. Jlomonocosa
vmantsev@gmail.com

3ajaya co3/laHus CIMHOBOW TMOJAPU3AIMKM HOCUTENIECH 3apsna, Kak
JOKaJIU30BaHHBIX, TaK M  CBOOOJHBIX  TPAAUIMOHHO  BBI3BIBAET
3HAYMTENBHBIN UHTEPEC C PyHTaMEHTATbHOU U MPUKIATHON TOUYEK 3PEHUS
[1]. CoBpeMeHHBIE 3KCHEPUMEHTHI MPOAEMOHCTPUPOBAIA BO3MOXHOCTh
CO3JlaHMslI HE TOJIbKO CTaTHUYECKOM, HO M JMHAMHUYECKOM CIIMHOBOM
nojspu3auvu. JuHaMu4deckas CHOUHOBas TNOJSpU3ALMS  BO3MOXKHA B
OTCYTCTBUE BHEIIHETO MATHUTHOTO TOJISI, YTO M BBI3BIBAET 3HAYUTEIIbHBIN
UHTEpEC C MPHUKIAAHON TOYKU 3peHust [2], oOyCIOBIECHHBIA MOMBITKAMU
CO37aHusl yCTPOMCTB, B KOTOPBIX HOCUTENEM MH(GOPMAIUU SBISETCS CIIHH.

['ubpuHbIe CTPYKTYPBHI, chopMUpPOBAHHBIC MOHOCJOSIMU
MOJIyIIPOBOJIHMKAa U (eppoMarHeTuka 3a CUYeT BaH-Jep-BaallbCOBa
B3aMMO/JICUCTBUSA OTKPBIBAIOT YHHKAJIbHBIE BO3MOXKHOCTHU IJII HU3Yy4ECHUS
3 PekToB OJM30CTH, 3aBUCIIIMX OT MHOXECTBA SIBJICHUM, BKIOUas
HAJIMYWE JOJIMH U CWIBHOE KYJOHOBCKOE B3auMojeiicteue [3]. Panee
HKCIEPUMEHTAIBHO OBLJIO TOKa3aHO, 4YTO (HOTOJFOMUHECICHIIUS B
CTpYKTypax, chopmupoBaHHbix MoHociosMu MoSe2 wu  CrBr3,
oOyCJIOBlIcHa ~ OCOOCHHOCTSIMH  CIIMH-3aBUCUMOTO  TYHHEIUPOBAHUS
AJIEKTPOHOB MEXAY MOHOCIOSMHA U COOTHOLICHUEM MEXKIY BPEMEHAMH
TYHHEJIMPOBAHUS U BPEMEHAMU KU3HU SKCUTOHOB U TPUOHOB [3].

B nokmnane Oyner getanbHO 00CyXJeHa pa3paboTaHHAs HAMU MOJICIb
BO3HUKHOBEHUSI (DOTOTIOMUHECHICHIIMM OT OSKCUTOHOB U TPHOHOB,
dbopmupyeMbix B MOHOCI0€ MoSe2 npu BO30OYXKIECHHH SJIECKTPOHOB U3
BAJICHTHOW 30HBI B 30HY IIPOBOJAMMOCTH JIA3€PHBIM U3JIydyeHUEM. BaxkHON
0COOEHHOCTBIO MOJICIIH SIBJIICTCS YUET CIIMH-3aBUCUMOTO TYHHEITUPOBAHUS
AJIEKTPOHOB MEXKIY 30HOM MPOBOAUMOCTA MoSe2 M pacClIenI€eHHbIMH 10
cnuny noazoHamu CrBr3. B pamkax pa3paboTaHHOW MOIENTH NETATbHO
ONMCAaHbl BPEMEHHBIC 3aBHCUMOCTH IOJSPU3ALNU DKCUTOHOB, a TAaKKE
MOJIOKUTEJIBHBIX M OTPULIATEILHBIX TPUOHOB. IlokazaHo, 4TO BapbUpys
BpEMEHA TYHHEJIUPOBAHUS MEXKJIY MOHOCJIOSIMA OTHOCUTEIBHO BPEMEH
JKU3HU OKCUTOHOB M TPUOHOB MOXHO 3((PEKTUBHO  YIPaBIATH
noJIsipu3alell KBa3uyacTUll B THOPUIHBIX CTPYKTypax MOJIYIPOBOIHUK-
dbeppomarseTuk. OOHaApPYXeHO, YTO B 3aBHCHUMOCTH OT YCJIOBHUHU
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BO30YK/I€HUSI HOCUTEJIEH B MOIYIIPOBOAHUKE (JIMHEIHAS WM LIUPKYJIIpHAs
noJisipu3alusi)  BO3MOXKHO  IIOJIHOE  TOJABJICHUE  LUPKYJISPHOU
(GhOTONIOMHHECIICHITNH, O0YCIOBICHHONW PEKOMOMHAIIUEH 3KCUTOHOB, INPHU
HAJIMYUU LUPKYJISAPHOU Mossipyu3aliviv (pOTONIOMUHECIIEHIINY, BbI3BAaHHOU
pexkoMOnHaIue TpuoHoB. Takxke nmokazaHa BO3MOKHOCTh HEPEKIIIOUEHUS
3HaKa  LUPKYJSIPHOW  mossipu3auuy  (DOTOIIOMUHECLHEHIIMH  TpU
BO30YKICHUH LIUPKYJISAPHO-TIOJIIPU30BAHHBIM JIa3€pPHBIM U3IIydeHUuEM [4].

PaGoTa BeinonHeHa mpu noajaepxke rpanta PH® Ne 24-12-00020.

Jluteparypa
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6021 (2020)
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KBAHTOBBIE MOJEJIM KOTEPEHTHOI'O TPAHCIIOPTA U
NX KITACCUYECKHUE AHAJIOI'H

Macnosa H.C.
Mockosckuii eocyoapcmeennsiil ynusepcumem umenu M.B. Jlomonocosa,
Guzuueckuti paxyromem
AnexmpoHHwlll adpec: nsmaslova@gmail.com

HccnenoBano  pacnpocTpaHEHUE — JIOKAJIBHO BO30YXICHHBIX
KBa3U4YaCTUIl B HECKOJbKUX TOYHO PpEIIaeMbIX KBAaHTOBBIX MOACIAX:
MPOCTOM MOJICNIM CHJIBHOM CBSI3W, HEOJHOPOJHOM aHcaMmOJje IENMOYeK ¢
rayCCoBbIM  pacHpeleieHUeM aMIUIUTYJl TepecKoKa, MOJEIHd  CO
CITy4aiiHBIMH 3aBUCSIIIMMHU OT BPEMEHU aMILTUTYAaMU EPECKOKa U MOJIEIIH,
B KOTOPOM MEXKYy3€JIbHbIE MEPEeXO0bl MPOUCXOIAT C y4acTheM (DOHOHOB.
@DOHOHHBIN pe3epByap CUUTAETCA OOIIHMM JJI BCEX y3JI0B.

IToka3zaHo, 4TO B IPOCTOM MOJEIN CUIIBHOMN CBSA3U IIPOCTPAHCTBEHHAs
byHKIMS pacnpeaesienns Bo30y X AEHHBIX kKBaznuacTull umeeT U-o0pasHyto
dbopMy, XapakTepHyl ISl KIaccM4eckux Omyxaanuii JleBu, a
pacmpoCTpaHeHHE KBa3W4YaCTUIl HOCHUT OaJUTMCTUYECKHH  XapakTep
BCJICZICTBME OTPAaHUYEHUS MAaKCUMAaJbHOW CKOPOCTU WX HABMOKeHHS. Jlis
HEOJHOPOJIHOTO aHCaMOJig IIEMOYEK YCTAHOBJIEHO, YTO W3MEHEHHUE
napaMeTpoB pacIpeeieHUs aMIUIUTYT TEPEeCKOKa MPUBOJIUT K U3MEHEHUIO
MPOCTPAHCTBEHHON  (YHKIIMU  paclpefesieHus]  KBa3U4yacTUI[  OT
OMMOJaNbHOM K MOHOMOJAILHOM (Qopme dYepe3 MNPOMEKYTOUHYIO
TPUMOJAIIbHYIO, TIPU 3TOM  PEXKHUM  PACIpPOCTPAHCHHS]  OCTaeTCsA
OAIITUCTUIECKUM.

B Mogenu co ciiy4ailHBIMU 3aBHUCSIIMMHU OT BPEMEHU aMIUTUTyAaMHU
MepecKoKka OOHAPYKEHbl YHUBEPCAIbHbIE ACHMMTOTHYECKHE CBOMCTBA
MPOCTPAHCTBEHHON (PYHKIIMU paclpeliesieHusT C  JOoTapuPpMUUECKUMHU
MOIPaBKaMH, COOTBETCTBYIOIIUE MOJIETU muddyHaupyromnei
nuddy3uBHOCTU. B OTIMuMe OT NpeablayIuX Cly4aeB, paclpoCTpaHECHHE
KBa3u4yacTuil uMeeT nudy3noHHBIN XapakTep.

[TokazaHo, 9TO MPU MEXKY3EIbHBIX MEPEX0/Iax ¢ ydacThueM (POHOHOB3A
CUET B3aUMOJICUCTBUSA C OOIIMM JABYMEPHBIM (POHOHHBIM PE3EPBYAPOM,
POCTpAaHCTBeHHAsT (QYHKIMS  paclpeleieHUs] KBa3W4YacTHI[  TakKKe
npuooperaer  U-oOpazHyro  ¢opmy  Omarogaps  BO3HMKHOBEHHIO
BBIPAKEHHOW OaTMCTUYECKON KOMIIOHEHTHI. Y CTAaHOBJICHO, YTO JIAHHBIM
3bdexT 00ycrnoBIeH KBAaHTOBOM KOT€PEHTHOCTHIO, HWHIYIIUPOBAHHOM
B3aUMO/ICUCTBHUEM C OOIIMM PEe3epByapoM, B COYETAHUM C OTPAaHHUYCHUEM
MAKCHUMaJIbHOM CKOPOCTH KBa3W4acTull. B oTimume OT mpoCTOM MOAEIHN
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CWJIBHOM CBSI3M, pacCMAaTpUBAEMbIi MEXaHHM3M MpEACTaBIsSeT CcoOOMU
(bU3NYECKN peaTnu3yeMblii KBAaHTOBBIM aHAJIOT KJIACCMYECKHX OJIy»KIaHUM
JleBH, MOCKONBKY BKJIFOYAET PEAIbHBIE MPOLIECCHI PACCESTHUS.

[TokazaHo, 4TO B3aMMOJEHUCTBHUE C OOLIUM ABYMEPHBIM (DOHOHHBIM
pe3EpByapoM  MOXKET  CIYKUTb  MHUKPOCKOIIMYECKUM  MEXAHU3MOM
GbopMUpOBaHUS CTEIICHHBIX PACIIPEICTICHUN BPEMEH.

B COBOKYITHOCTHM pe3yJIbTaThl MOKA3bIBAKOT, UTO KBAHTOBBIE CHCTEMBI
BOCITPOM3BOJAT CTATUCTUKY Kiaccuueckux Onyknanuii Jlesu. U-oOpa3Has
dbopma pacnpencneHus W OAUIMCTUYCCKHM PEKUM BO3HHKAIOT W3
OTPaHUYCHUS HA CKOPOCTh KBa3UYACTHUIIBI CBEPXY; CIydalHasi 3aBUCUMOCTb
IepecKoKa OT BPEMEHH, HAmpoTuB, MAET AUDPY3UOHHBIM PEKUM C
YHUBEPCAIbHON HETraycCcoBOM acMMNTOTHKONW. HanOonee MOTHOIICHHBIM
KBAHTOBBIM aHasor ONyXaaHui JIeBU — KBaHTOBasi MOJIETb MEXY3EIbHbBIX
NEePEXO0JI0B C yyacTueM (DOHOHOB: OHA OMUPAETCSA HA PeaIbHbIE MPOLIECCHI
paccesiHus U Ha KOT€PEHTHOCTh, HABEAEHHYIO OOIIIUM PE3epPBYapOM.

HccnenoBanue BBINIOTHEHO Mpu noaaepkke rpanta PH® No 24-12-
00020.
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BbICOKOJOBPOTHBIE PE3OHAHCBHI TOPOUIHOI'O META-
ATOMA JJIA CAHUTBIBAHUA CBEPXITPOBOJALIEI'O
COCTOAHUA

Matsees I'.A."?, Illu6anos M.B.!, I'mnemynun C.B.!, Peikos A.C.!,
I'maskosa E.B."?, IlleBuenko A.P.!, ITopoxos H.B.!, Mymnsaxos A.M.!,
lIuTos C.B.%, Tapxos M.A.!2
I Unemumym nanomexnono2uii muxposnexmponuxu (MHMD PAH),
Mockea, Poccus
? HayuonanbHwili ucciedo6amenbCKutl mexHoI02UYeCKUll YHUGepCumen
MUCUC (HUTY MUCHUC), Mocksa, Poccus
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enpto pabOThHI SBISETCS CO3AAHHME MHUKPOBOJHOBBIX PE30HATOPOB
YBEJIMYEHHON  JTOOpPOTHOCTH 3a CYET MCHOJb30BAaHUA TOPOUIHOU
AIEKTPOMArHUTHON MOJIBI.

[ToBbImIeHNE JOOPOTHOCTH PE30HATOPOB SIBISIETCS KIIOUEBOM 3a7aueii
JUISL TIOBBIIIEHUS YYBCTBUTEIBHOCTH OOJIOMETPUUYECKUX CEHCOPOB U
CUMTHIBAIOIIEH  JJEKTPOHUKM  KyOuToB.  M3mepeHue  cOCTOSIHUS
YYBCTBUTEIBHOTO J3JIEMEHTA MOXET IPOU3BOAUTHCS IO ONPEACIICHUIO
PE30HAHCHOM YacTOTHI WK MO r1yOuHe pe3oHaHca. [loaToMy moBbilieHnE
NOOPOTHOCTH  YBEJIMYMBAET HEIMHEMHOCTh WM3MEHEHMs CHEeKTpa U
OTZEJIBHOTO PE30HAHCA.

CrneuvaibHOE  IPOCTPAHCTBEHHOE  paCIpEACIICHHE  TOKOB B
MeTamaTepuagax I03BOJSIeT 3HAYUTENbHO YBEJIMUYMBATH JTIOOPOTHOCTH
PE30HAHCOB 32 CYET MHTEP(PEPEHLIMOHHBIX CBOWCTB MYJIbTUIOJBHOIO
paznoxenus[1]. g MUHUMU3ALMK pa3MEPOB pe30HATOpPAa HEOOXOAMMO
YUYUTBIBATb  MYJBTUIIONM TEPBOTO  MOPALKA, KOTOPBIM  SIBISIETCS
ANEKTPUYECKUN UIMOJIBHBII MOMEHT, KOTOPBI B OOLIEM CIydyae MOMKET
uHTEpPEeprupoBaTh TOIHKO C TOPOUTHBIM MOMEHTOM. Ha ocHOBaHMM JaHHON
Teopuu ObUT pa3paboTaH METa-aTOM, C UCIIOJIb30BAHHEM MUKPOIOJIOCKOBOM
JUHUW B KadyecTBE MeToAa Bo30yxneHws. M3o0pakenwe meTa-aTomMa H
CUCTEMBI BO30YKJI€HHsI TOPOUIHON MOJIbI IIPEACTABICHO HA PUCYHKE 1a).
Takke mokazaHo pacnpeneneHue TOKOB, ONPENENSAIONIEE TOPOUTHYIO MOAY.

OOpa3upl ObUIM M3TOTOBJICHBl Ha IJIACTUHE M3 BBICOKOOMHOTO
KPEMHUS, TOJIAHOMN 500 MKM. Marepuanom MeTa-aToMa,
MHUKPOMOJIOCKOBBIX ~JIMHHUM M 3KpaHa HCIOJb30BaJCAd  AFOMUHHM.
CBepXITpOBOASIINIA MOTJIOTUTENb OBUI W3TOTOBJEH W3 HUTPHUAA HHOOUS
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TonmuHON 10 HM METOAOM AaTOMHO-CIOEBOTO OCaxacHus. Paszmepsl
norjaoTuTens coctaBisitoT 100X2 MKM, CONPOTHUBJICHHE NPU KOMHATHOM
Ttemriepatype Ragsk = 12 kOm.

MocTtuk NbN

Q~ 103

PeauncTusHoe cocTonHue
CBepxnposoaHHK

-10!

5
39 391 392 393 394 395 396 397 398
Yactora, My

Puc.1. Mera-atom. a) CxeMaTtuueckoe n300pakeHue MeTa-aToma,
3€JICHBIMU CTPEJIKaMU MOKa3aHO HAIpaBJICHUE MOBEPXHOCTHBIX TOKOB
TOPOUHOUN MOJIbI. 0) I3MEepeHHBIH CTIEKTP.

N3mepennie 00pa3iioB NPOU3BOAMIOCH BEKTOPHBIM aHAJIM3aTOPOM IMIPU
TeMmreparype nepexoja Hurpujaa Huoodus, oxosno 11 K. Ilpu satom merann
METa-aTOMa HaxOoAWJICi B HOPMAJIBHOM COCTOAHMM. B  cnekrpe,
MpeJCTaBIeHHOM Ha pucyHke 10). [lpu cBepXImpoBOAsIEM COCTOSHUU
HUTpUJA HUOOWS HAONIIOAancs pe30HAaHC C BHYTPEHHEH JTOOPOTHOCTHIO
nopsaka 10* u rmy6unoii 20 nb. [Ipu nepexoze IWIEHKH HUTPUAA HUOOKS B
CBEPXITPOBO/ISIIEE COCTOSIHUE BO3HHUKAI APYTrOd pe30HaHC, JOOPOTHOCTHIO
nopsiaka 10°.

Pabora BeimonHeHa B pamkax npoekta No. 125020501540-9
MunucrepctBa oOpasoBanuss u  Hayku P®. UsrotoBnenuwe u
XxapakTepusalus o0pas3oB ObUIM BBITIOJIHEHBI C HUCHOJb30BaHueM YHY
«KYTT'Ny» - «Komriekca 000pyI0BaHUM JIJIs1 UCCIIEAOBAHUS TEXHOJIOTUN
FETEPOr€HHON MHTETPALU U KPEMHUN-YTIEPOIHBIX HAHOTEXHOJIOTHU») U
npoekta HUTY MUCHUC «KBanrtoBeii uHTepHET» NoK2-2022-029 B
paMKax NOporpaMMbl CTPATETHYECKOTO  aKaJeMHUYECKOIro JIMAEPCTBA
«ITpuopurer-2030».
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CPABHUTEJIbHBIA AHAJIN3 D®DEKTUBHOCTHU
PA3JIMYHBIX YIVIEPOAHBIX ITPEKYPCOPOB B
NIAEHTUYHBIX YCJIOBUAX HPHT-CUHTE3A

Mennemb6eroB A.P., JIutacos K. /1., barpamos P.X., N.I1.3ubpos
Hnemumym ¢uszuxu evicokux oasnenuti um. J1.®. Bepewaeuna Poccuiickoii
akademuu nHayx, Mocksa, Tpouyx
e-mail: menlembetovi@mail.ru

Beenenne

TpamunuoHHBIE  METOABI CHUHTE3a  ajlMa3a, OCHOBAaHHBIE Ha
WCIIOJB30BAaHUA  METAUIMYECKMX  KaTaau3aToOpoOB, HMMEKT  OJHH
CYLIECTBEHHBIM HEIOCTATOK: B IIPOLIECCE POCTAa KPUCTAIIA IPOUCXOIUT
HEen30€KHOE BKIIIOUEHHME YacTUl[ MeTayla B aJMa3Hyro matpunmy [1]. B
CBSA3U C 3TUM aKTyaJIbHBI aJIbTEPHATUBHBIE ITYTH ITOJTYYECHHS BBICOKOYMCTHIX
aJIMa3oB, U OJIHUM U3 HauOoJiee MEePCIEeKTUBHBIX HAIIPaBICHUN BBICTYIAET
UCIOJIb30BaHNE O€3METAIIIMYECKMX HCTOYHUKOB YIJIEpoJa B KauyecTBe
MPEKYPCOPOB ISl CUHTE3a anmasa [2].
B noctynHo# Hay4dHOU JIUTEpaType OTCYTCTBYIOT pabOThI, B KOTOPBIX ObLI
Obl BBINIOJIHEH COMOCTAaBUTENbHBIN aHanu3 3(Q()EKTUBHOCTU Pa3TUUHBIX
npeKypcopoB (HadTanuH, aJjaMaHTaH, MeK, Caka) B MACHTUYHBIX YCIOBUSIX
HPHT-cunTesa, 4To HE MO3BOJISIET KOPPEKTHO CPABHUTH MOBEICHUE 3TUX
matepuanoB. Hacrosimas pabota BOCIONHSET 3TOT MpoOes, MpeacTaBiss
pe3yabTaThl SKCIIEPUMEHTOB, BBIIIOJIHEHHBIX B OJIMHAKOBBIX ycaoBusx (P =
8 I'Tla, T = 1600°C).
MeToauka 3KCepuMeHTOB

Meronuka TpoOBENEHUS OKCIEPUMEHTOB BKJIIOYAla HECKOJIBKO
MOCJEA0BATENBHBIX ATAIOB: MOATOTOBKY HCXOJHBIX MAaTEPHUAIIOB, 3arPy3Ky
o0pa3lioB B SUEWKY BBICOKOIO JaBJICHUS, MPOBEIACHUE CHUHTE3a IpU
3aJlaHHbIX MapaMeTpax W MOCIEIYIOLMNA aHadu3 MOJYYEHHBIX OO0pa3loB.
OOpazenr wiM TMOPOIIKOBasg CMECh B BHJAE MPECCOBAHHOIO JHCKa
pa3MeniaeTcsi B IEHTPE SMEUKH M HU30JUPYETCs OT IpaUTOBBIX YacTen
SYEHKM C TOMOIIbIO TAHTAJIOBBIX BCTABOK (puc.l).

M
| Ipeccoannas maitéa us rpadura

? Tanrtanoas mait6a(msomsrms)

3 Tantanosas (onpra (M30mAIIHA)

4 Hcxonnsrii MaTepnan U CHHTE3a

5 T'paduToBsIil HarpeBaTeh

Puc. 1. Cxema s4erku.

- 85 -


mailto:menlembetov@mail.ru

PesyabraThl

1. Ilpu duxcupoBaHHBIX YCIOBUSIX mapameTpoB napieHus 8 ['Tla u
temnepatypbl 1600°C HM 0AMH U3 UCCIEAOBAHHBIX MIPEKYPCOPOB B YUCTOM
BHJIC HE TIPUBEJ K 00pa30BaHUIO aiMa3HOM (ha3bl:

e Habranmun (AM-1) — cuHTe3a HeT (coriiacyercs C JUTepaTypoi,
JaBJICHUE HUXKE ONTUMAIBHOTO);

o Ilek (AM-2) — cuHTe3a HET (JaBJICHUE HIXKE JHUTEPATypPHOTO
Jarna3oHa);

e AnamanTtaH (AM-3) — cuHTe3a HeT (PacxoXKICHUE C IUTEPATypoi).

2. I'padut cnocoOCTBYET CHHTE3y aIMa30B — YBEIWYEHUE €0 JOJHU
(90%) B cMecu ¢ alaMaHTaHOM MMO3BOJIUJIO IOCTUYb YCIICIIIHOTO CUHTE3A.

3. Hcnonb3oBaHWE HaHOAIMAa30B KaK 3aTpaBKU  yJIydlllaeT
KPHUCTAJUIM3ALUI0 — 3TO MOJATBEpP)KIAeTCs 3SKcrepumeHTom AM-7, rae
HAOIIOAAI0TCA YETKHUE aJIMa3HbIE CTPYKTYPHI.

4. B obpasnie AM-11, rae ncnoib30Bajgach CMECh CaXXy U aJlaMaHTaHa
B mnpomnopuun 90/10, 3aduxcupoBaHo oOpa3oBaHHE anMa3HOW ¢asbl.
[TonydeHHbI pe3yJabTaT CBUAETEIBLCTBYET O TOM, UTO aJaMaHTaH
BBICTYIIA€T B POJIM MHULIMATOpPA KpUCTAILIM3AIMU, obecrieunBas (pa3oBblii
Nepexo/i B yCIOBUAX, HEAOCTATOUHBIX JIJISI IPSMOTO MPEBPAIICHUS CaXKU B
anmMas.

PesynbTarhl paboThl OTKPHIBAIOT MEPCIEKTUBBI UCTIOIB30BAHUS MAJIBIX
n00aBOK aJaMaHTaHa K YIJIEPOAHBIM Marepuaiam (rpadurt, caxa) s
MOJIy4eHUsT anMa3HoU (a3bl B YCIOBUSX, TI€ TPATUIIUOHHBIE MPEKYPCOPHI
He paboTaroT.
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SITEPHBIA MATHUTHBIN PE3OHAHC B HAHOCTPYKTYPAX
N HOBbIX NOHHbLIX ITPOBOJHUKAX
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OI'bYH Uncmumym ¢uzuxu memannos um M.H.Muxeesa YpO PAH,
Examepunbype, Poccus
e-mail: mikhalev@imp.uran.ru

SAnepHbiii MarHuTHBIA pe3oHaHc (AMP) addexkTuBHO UCTIONB3YIOTCS B
NOCJIETHEE BpPEMS JUIsl U3YUEHUSI MarHUTHOTO COCTOSIHHSI HAHOCTPYKTYpP Ha
OCHOBE IEPEXOJHbIX METAJIOB M TPAHCIALUMOHHONW AUP(y3Un JIerKux
MOHOB B HOHHBIX NpoBoAHUKAX [1-3]. SAMP no3Bonsier aHanmu3upoBaTh Ha
HAaHOCKONIMYECKOM YPOBHE, C OJHOW CTOPOHBI - CIIMHOBOE WM 3apsgoBOE
pacmpezienieHne B ONMKaWIIEM  OKPYXXEHHUU  Pa3IUYHBIX  HOHOB,
bopMUPYIOMINX KPUCTATUIMUECKYIO PEIIETKY HAaHOCTPYKTYp [2], a ¢ npyroi
— HHM3KOYaCTOTHYIO CIHHOBYIO JHWHAMHKY H30UpPATEIbHO Ha MO3UIINH
KaXJIOT0 aToMa B CTPYKType Hccieayemoro coenunenus [3]. B nocnennee
BpeMs ObLIO TMOKa3aHO, YTO METOJbl PE30HAHCHOW CHEKTPOCKOIUU
ABIAOTCA Oonee S(QPeKTUBHBIMM TpU aHainu3e (Ha30BOro COCTaBa
HAHOYACTHUIl 1 HAHOKOMIIO3UTOB, YeM JTU(PPAKIIUS PEHTICHOBCKUX JTYUEH.

HaHOKOMIIO3UTHBIE MaTepHalbl NPUBJIEKAIOT BCE BO3PACTAIOLINN
UHTEpEC, TaK KaK C HUMHU CBS3BIBAIOT Ppa3pabOTKy HOBBIX MPUOOPOB U
YCTPOUCTB, Omaromaps pazHO00pa3uio Pa3IMYHbBIX CBOWCTB
HAHOKOMITO3UTOB, KOTOPBIMH MOXHO YHIPABJISATH C MOMOIIBIO TOoa00pa
MOpP(QOJIOTHH, COCTaBa W JAW3aiiHa HCXOAHBIX HaHOOJIOKOB. HamGoinee
MPUBJICKATEILHBIMU M BMECTE C TE€M Majo HM3YYEHHBIMH OOBEKTAMHU
SBJISIFOTCS. HAHOKOMITO3UTBI HA OCHOBE CTPYKTYPBI «SIIP0O-000JI0UKa», TAKUE
kak MarHuTHbeI MeTtamt (Fe, Co, Ni), nmokpbiTeiii yriaepojom. He menee
WHTEPECHbl U HOBBIE MOHHBIE MPOBOJHUKHU, TJI€ HOHHAs MPOBOAUMOCTH
OCYILIECTBIISIETCS 33 CYET MOHOB MArHUS WU HATPUSL.

B npemnmaraemom gnoknage pgaetcs 0030p pabor mo SAMP B
HAHOCTPYKTYPax U HOBBIX MOHHBIX MPOBOJIHUKAX, BKIIOYAsi OPUTMHAIIbHbBIC
pe3ynbTaThl, noyueHHsie B UOM YpO PAH. B noknane 0ynyT 3aTpOHYTHI
CJIELYIOLIUE TEMBI:

Kparkas ucropusi otkpsitus SAMP;

ocobeHHocTu Metona AMP npu M3ydeHUH COCTUHEHUN C CHUIIbHBIMU
ANEKTPOHHBIMH KOPPEIALMUSIMU U TAIbHUM MarHUTHBIM TOPSIIKOM.

Moryt mu mHanouactuibl Al2O3; Ob1Th heppomarauTabiME [4]7?

SIMP B MarHuTHBIX HAHOYACTHIIAX M HAHOKOMITO3WTaX: (ha30BBIN
aHaM3 ¥ HOBBIE pasmepHbie A dexTr [1,5].
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N3ydenue  TpaHCHAlMOHHONW  auddy3uM B HOBBIX  HMOHHBIX
MpoBoJIHMKaxX meTtogoM SAMP [3].

OKcnepuMeHTalbHbIE PE3yibTaThl, OOCYyXJaeMble B ATOM 0030pe,
MOJTy4eHbI B paMKax ['ocyapcTBEHHON ITpOTrpaMMBbl (TeMa « DyHKITHS» ).
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JloKam COCTOUT U3 IBYX YacCTEM.

B mepBoil caenaHa TONBITKA MOPOCTOM  MEPEUYUCIUTEIBHOU
Kiaccuukanuu Hanbosee YacTo MUCIOJIb3yEMbIX MPE0Opa3oBaHUN MEXKIY
OCHOBHBIMU  THIIAaMH  OIEPATOPOB,  HCMOJIB3YyEMbIX B  (Pusmke
KOHJICHCUPOBAHHOT'O  COCTOSIHUsI. OJTO  omepaTopbl  (pepmMueBckue,
003€BCKHE, CIMHOBBIE W  xab0apoBckue  (MapacTaTUCTHKa  HE
paccMaTpuBaEeTCs).

O6miee mpeacTaBiieHre 00 3TON YacTH J0KiIaaa naet Puc. 1.

®epmu [« Coun
|
|
|
|
|
|
\ 4 4
bo3ze Xab0apna
< g

Puc.1. Cxemarudecku npeaACTaBJICHBI HCKOTOPLIC BHUbI

npeoOpa3oBaHuii  omepaTopoB. ToJyicTas JNHHUS — CIHH-O030HHBIC
npeoOpa3oBaHusi, OHU MOAPOOHO PACCMATPUBAIOTCS BO BTOPOM HACTH
JOKJIa/1a.
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Bo BTOpOIii yactu 6oJiee AETaTbHO PacCMaTPUBAOTCS CIIUH-O030HHBIE
npeoOpa3oBaHus.  37eCh  XOpOIIO  M3BECTHO  XPECTOMATHiITHOE
npeobpazoBanue XoibinTelHa-IIpumakoBa, pexke UCIOIB3YeTCs, HO TOXKE
XpecToMaTuiiHOEe TIpeodpa3oBanue [lalicona-Marneesa, B IUTEpaType MOUTH
HE YMOMHHAETCS MPOMEXKYTOUHOE ceMmelcTBO JlemOuHCckoro. M3BecTHO
TaKKe JIBYXMOJI0BOE npeoOpa3oBaHue BCIIOMOTATEJIbHBIX
(LLIBUHT€POBCKUX) O030HOB.

A paboTe TpeIONKEH EAWHBIM TOoAX0J K CIUH-O030HHBIM
npeoOpa3oBaHUsIM Ha OcHOBe (Qopmanusma f-medpopMupoOBaHHBIX
ocumisATopoB. [lokazaHo, 4ToO B OJIHOMOJIOBOM cCllydae MpeoOpa3zoBaHUs
XonemreiiHa-IIpumakosa, Jlaiicona-ManeeBa u JIeMOMHCKOTO BO3ZHUKAIOT
KaKk pasnuyHbie (GaKTopu3alyd OJHOT0 M TOT0 XKe anreOpandecku
¢ukcupoBanHoro oObekTa. TO ecTb CTaHAapTHBIE CHOUH-OO30HHBIE
OTOOpaXXEHUsSI THTEPIPETUPYIOTCS KaK peain3aliu 001 CTPYKTYpbl, 4YTO
MO3BOJISIET IBHO OTJIEIUTH TOUHYIO aIreOpanyecKyro 4acTh Ha (PU3NYECKOM
cekTope OT 3(PGPEeKTOB, CBI3aHHBIX C HEIPMUTOBOCTHIO, METPUKON U
BHEOJIOUHBIMHU TIPOJIOJDKCHUSIMU. B TBYMOZOBOM cilydae TOT ke MOJXO]
OPUBOAUT Kak K JAeQOpMHUpPOBAHHBIM BapHaHTaM MpPeoOpa3oBaHUs
Hopnana--11IBuHTEpa, TaK ¥ K HOBBIM TOYHBIM JBYMOJIOBBIM PEaH3aIHsIM.
[lonydeHHble pe3ynabTaThl HAIOT €AMHOE ONUCAHHE W3BECTHBIX CIIHUH-
0030HHBIX MPEOOpa30BaHMI, a TaKXKe MPUBOMASIT K HOBBIM OO30HHBIM
MPECTABIICHUSIM.

Jlureparypa

1.B. A. Opnos, JI. A. MapkoBuu, A. B. Muxeenkos, B. . Mansbko,
TM®, 2026.
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ME/UIEHHBIE OCHWLISIHUA
TEPMOJUHAMUWYECKHUX CBOICTB
N3-3A MEXKDJEKTPOHHOT'O
B3AUMOJIEMICTBMS B KBA3UJIBYMEPHbBIX
METAJLJIAX

Morumok T. N.'?, 'puropses I1. J1.°
'HUI] Kypuamosckuu uncmumym
?Uncmumym meopemuyeckoti puzuxu um. JI. JI. Jlanoay Poccutickorl
axademuu Hayk, Poccus

B croucTeix MeTamiax MarHeTOCOIPOTUBIIEHUE, IIOMUMO U3BECTHBIX
TyOHMKOBCKUX OCIHWUISIIIUNA, WMEET MeJJIeHHble ocuwuisiiauu [1-5].
MemieHHbIE OCUMIUISIIAA OTCYTCTBYIOT B IMTOYTH U30TPOIHBIX TPEXMEPHBIX
MeTaiiax. Takue OCHWIISAIMM BO3HUKAIOT M3-32 BOJHOOOpa3HOM (HOpMBbI
noBepxHoctu Depmu  CIOUCTBIX MeTauiax. Yactora MEMNJIEHHBIX
OCUMJUISALIMM  ONPENEIACTCA HMHTErpajoM  MEXKCIOEBOrO  MEPECKOKa
ANEKTpOHOB. OHU HE YYBCTBHUTENBHBI K pa3MbITHIO YpoBHSI Depmu n3-3a
JUITMHHOBOJIHOBBIX ~ (pIyKTyanuii, Oojee CTOWKH K  TOBBIIICHUIO
TEeMIIepaTyphl IO CPABHEHUIO C ITYOHUKOBCKUMU OCIUJUISAIIUSIMU U TIOTOMY
MOTYyT OBITh TOpa3/l0 3aMETHEE TNPU TOBBIIICHUM TEMIIEPATYPhI.
MemjieHHbIE  OCHWJUISIUUM ~ BHYTPUCJIOEBOTO  MAarHeTOCONPOTHUBIICHUS
HaOII0IANIMCh B TPUTEIUTYPHUIAX PEAKO3EMETbHBIX METaIoB [3,4].

Hama paboTta MOCBSIIECHA MEJICHHBIM OCHMJLISALIUSAM
TEPMOJMHAMUYCCKUX CBOWCTB CJIOUCTHIX MeTaioB. Panee [1] Obuio
MOKa3aHO, 4YTO B OJHOAJICKTPOHHOM MPUOIMKEHUU  MEJJICHHBIC
OCUMJUISALIMM HAMAarHW4YEHHOCTH B CIIOMCTOM METAJUIE HE BO3HHMKAKOT, B
OTJIMYUE OT MEIJIECHHBIX OCHWUISIUA MPOBOAUMOCTH. MBI BBIYUCISAEM
MONPABKU K TEPMOJUHAMHUYECKOMY MOTEHIMaNy (), BOZHUKAIOIIME H3-32
MEXKAJICKTPOHHOTO B3aUMOJICMCTBUSI C TOMOIIBIKO BBIpaXEHHUN W3 [6], a
3aTEM  HAXOAUM  BBIPAXEHHE [  MEJICHHBIX  OCHUJUISLMI
HaMarHn4eHHOCTU. [loKa3aHO, 4YTO MEXIJIEKTPOHHOE B3aUMOJICCTBUE
MPUBOAUT K BOSHUKHOBEHHUIO MEJIJICHHBIX MArHUTHBIX OCUWJIISALIMN TAKXKE B
HAMAarHM4€HHOCTH W JAPYTHX TEPMOJAUMHAMUYECKUX XaPAKTEPUCTHUKAX.
[Tomy4yeHHBIN pe3ynbTaT akTyaleH s OOBSCHEHUS HaOII0daeMBbIX
MarHUTHBIX MEJICHHBIX OCHIMJUISIIANA B KYIIPATHBIX BBICOKOTEMIIEPATYPHBIX
CBEPXIPOBOJHUKAX.

['puropseBbiMm I1. JI. mcciienoBaHWe BBIMOJHEHO MPH MOJJIEPKKE TpaHTa
PH® Neo 26-12-00345. Mormwmokom T. M. paGoTa BhIMOJHEHA B pamMKax
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rocynapcreeHHoro 3aganusa HUL[ <<KypuaroBCkuil UHCTUTYT>>.
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TEPMOJAUHAMMUMKA IIVTIABJIEHUA METAJIJIOB
ITPU BBICOKUX JABJIEHUAX U TEMIIEPATYPAX
B YIAPHbBIX BOJIHAX

O6pyukoBa JI. P., bospckux K. A., Cepenxun H. H., Xumenxko K. B.
Ob6veounennwvili uHcmumym evicokux memnepamyp PAH
o_liliya@ihed.ras.ru

[Tpu ynapHOM Harpy>k€HUU TBEPAOTO Tejla MPOUCXOAUT HEOOpPATUMOE
MOBBILIEHUE TEMIIEPATYpPHI (BMecTe ¢ dHTponuei). C pocToM AaBIEHUS B
YAApHOM BOJIHE TEMIIEpPATypa CKaTOr'o BELIECTBA MOXKET IPEB30UTH TOUKY
iaBieHusa. B Hacrosmieil pabote paccmaTpuBaeTcs MOJETb YpaBHEHUS
COCTOSIHMSI 11 METAJUIOB MPHU BBICOKMX JABIEHUAX W TEMIIEpaTypax C
y4eTOM IIaBjieHus. Mojenb CTpOUTCS Ha OCHOBE TEPMOJUHAMUYECKOTO
noTeHIMana CBOOOAHOM 3HEPruM Kak (PyHKIMU O00beMa M TEMIEPATYPHL.
CBoOoaHast sHEprusi TBEPAOU M KHUIKOU (a3 Gopmyiupyercs B pamKax
KBa3UTapMOHUYECKOTO MPHUOMKeHUs [1] m Momenu BBIPOKIACHHOTO rasza
JIEKTPOHOB MPOBOAMMOCTH. Pe3ysbTaTsl pacyeToB MapaMeTpoOB yAApPHOIO
C)KaTHs CIUIOIIHBIX U MOPHUCTBIX 00pa3LoB aTIOMUHMS, CBUHIA U HUKEISA
IPUBEICHbl B CPaBHCHHHM C HMMEIOLIMMHUCS JaHHBIMH YIAapHO-BOJIHOBBIX
HKCIIEPUMEHTOB MPU BBICOKUX MJIOTHOCTSAX YHEPTHUU.

PaboTa BeImosiHeHa npu nojaepxkke Poccuiickoro HaydHoro ¢onzaa
(rpanT Ne 25-19-00944, https://rscf.ru/project/25-19-00944/).

Jluteparypa
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OCOBEHHOCTHU AMP-UCCJIEAOBAHUA MAT'HETUKOB HA
INPUMEPE YETBEPHOI'O IEPOBCKHUTA CaCusFe:Re;012

Bonkosa 3. H.!, Cagpixos A. @.!, Iuckyros 0. B."", Ctpensnos C. B.!
I Unemumym usuxu memannoe umenu M.H. Muxeesa YpO PAH
piskunov@imp.uran.ru

SAnepublii MarHUTHBINA pe3oHaHc (IMP), Hapsay ¢ HelTpoHorpaduei,
ABIISIETCS. BecbMa MH(GOPMATUBHBIM METOJOM HM3Y4YEHHUS PUPOIBI
MarHUTOYIMOPSJOYEHHOTO COCTOSIHUS BemlecTBa. OH MO3BOJISET MOJIy4YaTh
uHDoOpMallMIO O  JIOKAJIBHOM  MPOCTPAHCTBEHHOM  pacipeiesieHuu
ANEKTPOHHOM U CIIMHOBOM IIOTHOCTEW B TBEpAOM Tese. OQHAKO SIBJIECHUE
SAMP B MarHeTukax HUMeEET psJ OCOOEHHOCTEM IO CpaBHEHUIO C
HEMarHuTHBIMU Kpuctajuiamu [ 1, 2].

1. Ocb KBaHTOBaHHS SJACPHBIX MOMEHTOB 33/1a€TCA HE BHEIIHUM
MArHUTHBIM TIOJIEM, @ OrPOMHBIM BHYTPEHHHUM JIOKAJbHBIM
MAarHUTHBIM TIOJIEM, CO3JAaBa€MbIM Ha SApPE YHOPSAOYECHHBIMHU
AJIEKTPOHHBIMU MarHUTHBIMA MOMEHTAMH.

2. Slnpa B JOMEHaxX W JOMEHHBIX CTEHKaX B MAarHeTUKE HMEIOT
pas3IuYHbIC AMP-ntapameTpsl. A IIOTOMY BO3HUKAET
HEO00X0MUMOCTh pazaeneHus AMP-curnajioB ot 3Tux sijep, Korja
Mbl XOTUM TMOJYYUTh HMHOOPMAIMIO OTACIBHO O JOMEHax |
JOMEHHBIX CTEHKax. DTO HE BCEraa MPOCTO CAECTATh.

3. Pe3oHaHCHBIE TMEpEeXoabl SACPHBIX CIMHOB B  MarHeTUKax
WHIYIUPYIOTCS TJIaBHBIM OOpa3oM HE BHEIIHUM [E€PEMEHHBIM
MAarHUTHBIM MOJIEM, @ NMEPEMEHHOW COCTABJISIIOIIEH BHYTPEHHETO
JIOKaJBHOTO TOJs, KOTOPOE HAa HECKOJBKO MOPSAIKOB MOXKET OBITH
0oJibIlIe TEPBOTO. DTO NPUBOJUT K 3HAUYUTEIHHOMY YCHUJICHHUIO
curgaia JIMP B MarHuTHEBIX BellleCTBaX.

B nokinane Ha npumepe yersepHoro neposckuta CaCusFe;Rex012 [3, 4]
OyJleT TOKa3aHOo, KaK MOXHO BbIAeAuTh AMP-curHam oT JOMEHOB U3
oOImero curHamga, WCmoias3ysa pasnmuune SMP-mapamerpoB  siep,
pPACIOJIOKEHHBIX B JIOMEHAaX W JOMEHHBIX CTCHKax, a TaKXke cladoe
BHEIIHEe MarHuTHOe nose Bo = 0.4 T. B cinenctBue pa3aeiaeHus CUTHAIOB
HaM yAajo0Ch ONPENEINTh CBEPXTOHKAE MAarHUTHBIE TMOJI HA AApAX KEne3a
B nomeHax CaCusFe:Re012, a Takxe wucciaenoBarb HHU3KOYAaCTOTHYIO
CIIMHOBYIO JIUHAMHUKY B YETBEPHOM MEPOBCKUTE B IIMPOKOM JUANA30HE
TeMIeparyp.

PaGora BbIOJHEHAa B  paMKaxX TOCYJapCTBEHHOTO  3aJaHUs
MunoOpHayku Poccuu nnss UOM YpO PAH.
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KBAHTOBBII ITIOUCK C ®A30BBIM OPAKYJIOM HA OCHOBE
I'AMUWJIBTOHHUAHOB U3UHTI' A

[Mnameunuk A.C., )KykoB A.A., Jledbener A.B., [Torocos B.B.
DeodepanvHoe 20cy0apcmeenHoe YHumapHoe npeonpusmue
"Bcepoccutickuti HayyHO-uccie008amenbCKutl UHCIMUmym
asmomamuku um. H. JI. /[yxoea" (©I'VII "BHUHA"),
a_plyashechnik@mail.ru

['amunpToHManbl W3MHra HIMPOKO HCIOJIB3YIOTCS HPU ONUCAHUU
dbuznyeckux cucreM. Bmecrte ¢ TemM MHoOrue 3agadyd KOMOWHATOPHOM
ONTUMHU3AIMKN €CTECTBEHHBIM 00pa30M CBOJASATCS K MOUCKY 3KCTPEMYMOB
TaKUX TaMWIbTOHMAHOB. B 3TOM ciydae caM raMWJbTOHUAH SIBISETCA
bu3MUecKn peain3yeMbiM OOBEKTOM, TOrJa Kak CTaHJapTHBIM Oyies
opakyll anroputma ['poBepa [ TPOBEPKU YCIOBUS HA SHEPIHIO
HEOOXOAMMO CHHTE3UPOBATh HCKYCCTBEHHO: OOpaTHUMO BBIYUCIATH
HEPrui0 KOH(UIypaluu, CpPaBHUBATH €€ C 3aJaHHBIM IIOPOTOM WU
LEJIEBbIM 3HAYEHUEM, BBIMIOJIHATH YCIOBHBIM (Da3oBbIA CABUTI U 3aTEM
IPOU3BOJUTH OOPATHOE BBIUUCIICHHE.

B pabote paccmarpuBaeTcst allbT€pHATUBHBINA TOIXO0/1, B KOTOPOM POJIb
opaKyja MTpaeT omepatop ¢usmueckoii sBomoruu et TlokasaHo, uTo
yepelloBaHUE JTON H3BOJIIOIMU C omnepatopoM [poeepa mnpeoOpasyer
¢dazoBblii pe3oHanc npu TE = +m B ycuiieHHe aMIUTUTY]T KOHPUTYpaluid ¢
3amaHHON »Heprueil. Panee naHHas wumes Oblla MpeajoXeHa Ha
(€HOMEHOJIOTHYECKOM YPOBHE M HCCIEAOBaHA METOJOM YHUCIECHHOTO
mozaenupoBanus [l]. B HacTosimiedl paboTre MOMy4YeHbl PEKYpPpPEHTHBIE
COOTHOILIEHUS, ONHWCHIBAIOIIME 3BOJIIOLHIO PACIpPEIEICHUs] aMIUIATY, a
TaK)Ke BbIBEJEHA sBHAas (opMyna Ajis KOHEYHOTO paclpeliesieHUus uyepes
POU3BOIALIYIO PYHKIUIO pacTpeesieHUs YHEPTUH.

PaccmarpuBaercst ramunbsToHMad M3uHra

n
ES = z hiSi + 2 z ]iijSi
i=1

1<i<jsn
TJIE€ N — YKUCIIO CIIMHOB, & KOOQGUUMEHTHI h;, J;j. ABJIAIOTCS HE3ABUCUMBIMH
CIIydallHBIMHU BEJIMYMHAMH, PACIPEICIICHHBIMA TI0 HOPMAaJIbHOMY 3aKOHY.
[Tpu ycpenreHuu 1mo ancamoro K03 GUIIMEHTOB pacipeie/iecHHe dYHEPTUH
TaK)Ke SBJISICTCS TAYCCOBBIM.
Jlis rayccoBa pacrpeiefieHusi SHEPruu IOJyYeHa aHaTIUTHYeCKas
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dopMyna 11 KOHEYHOrO pacmpeneieHuss aMIuiuTyi. s JUCKpPETHBIX
pacrmpesielieHni, BO3HHUKAIOMUX MpU (UKCUPOBAHHBIX peaTu3alusaxX
K03 HUIIMEHTOB, OOHAPYKEHBI JIBa CYIIECTBEHHBIX OTJIMUMS OT rayccoBa
ciy4dasi. Bo-mepBbIX, MaKCUMYM pacrpeeieHUs] OKa3bIBAETCSl CMEIIEHHBIM
Ha BEJIMYMHY IHOpsAaka N~ >. Bo-BTOpPBIX, MaKCHMajbHas aMILIMTYA
yMeHbIIaeTca ¥ Macmrabupyercs kak 2249 pmecTo uaeansHOro 3HaYeHus
2™/2 TlokazaHo, 4To 06a 3 deKTa 06yCIOBICHb KOPPETSALUAMH B CIIEKTPE
DHEPTUH, BCJICICTBUE YETO MOJEIh HE3aBUCHUMBIX CIIyYaWHBIX YpPOBHEU
OKAa3bIBACTCS HEIIPUMEHUMOM.

CMenieHHE MaKCUMyMa MOpPSAAKAa N> CyHIECTBEHHO IPEBHINIACT
SKCTIOHEHIIMATBHO MAIyl0 IIMPHHY Pe30HAHCHOTo Tuka 2~ 2. Tlostomy
IIPU UCIOJIb30BAHUU MPOCTOTO ycioBus TE = +m MpOUCXOAUT yCUIICHUE
HE 1eJIeBOM KOH(PUTYpAINH, a APYTOro COCTOSIHUS. J{JIs1 yCTpaHeHus 3TOTro
a¢dekTa npeasiokeHsl ABa noaxoa. [lepBplit OCHOBaH Ha CHMMETPHU3ALIUN
CIEKTpa MyTeM BBEJCHUS TOTMOJHUTEIBLHOIO CIMHA. BTOpoil ncmons3yer
UTEpaTUBHYIO KalMMOpOBKY TMapamerpa T: moclie KaXaoro 3amycka
anroputMa 3HaueHue T KOPPEKTUPYETCS Ha OCHOBE pe3yJbTaTOB
u3Mmepenns. [loka3zano, uro mocime O(n/logn) wurepanmii JOCTHTAeTCS
3HaueHue T, oOecrneuuBaroliee YCUICHHUE aMIUTATYA COCTOSIHHM B
OKPECTHOCTH 33JJaHHOM DHEPTHUH.

Jlureparypa
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OIMUCAHUE DJIEKTPOHHOI'O IAPAMATHUTHOI'O
PE3OHAHCA U MOJI MATHUTHBIX KOJIEBAHUH C
MOMOIIBIO KBA3BUKJIACCHYECKOH CIIMHOBOM

JTUHAMUKU C KOMBUHUPOBAHHBIM PEJTAKCAIIMOHHBIM

YJIEHOM

[Monos A.B.!%, Temumes C.B.!2
T Unemumym gusuxu evicoxux oasnenuii um. JI. @. Bepewazuna PAH,
Mockea, Poccus
’Uncmumym Hayuonanenolil ucciedosamensckutl ynueepcumem “Boicuas
wkoaa axkonomuxu’”’, Mockea, Poccus
arvipopov@edu.hse.ru

B wnenaBHelt pabore [1] Obuta paccMOTpeHa KBa3HKJIACCHUUECKas
MOJIENb JIsl ONMMCAHUS TUHAMUKH HAMarHU4€HHOCTH ¢ KOMOMHUPOBAHHBIM
pEaKCallMOHHBIM YJIEHOM, BKJIIOYAIOIIMM BKJIaJAbl penakcanui Jlannay-
JIupmuna u [mnapbepra, W e€ mNpuMEHEHHE MJid pacu€ra CIEeKTpa
AJIEKTPOHHOTO TapamMarHuTHoro pezonanca (JI1P). Panee Oblo mokaszaHo
[2], 94TO, HECMOTPS Ha OOMICTIPUHITOE YTBEPKACHHE 00 SKBUBAJICHTHOCTU
ypaBHenu#t Jlangay-JIudmmia u I'napbepra, OHM OMUCHIBAIOT Pa3IUYHBIC
bu3nUecKkne MeXaHu3Mbl penakcauuu. [103ToMy Henb3sl UCKITIOUUTh, YTO B
peaNbHOM CHUCTEME 3TU PENIaKCAllMOHHBIE MPOLECChl MOTYT HAaOII0aThCs
OJIHOBpeMeHHO. B HacTosmieil pabore mokasaHo, 4To Korjga oba BKJIaja
UMEIOT CPaBHUMbBIE AMIUIUTYJbl, U3MEHEHUE MapaMeTpa pejlakcaluu o
NPUBOJIUT K Tmepectporike cnektpa IIIP, uMmuTupyromumid MarHUTHBINA
epexo] C PE3KUM HU3MEHEHUEM NPUBEAEHHOIO PE3OHAHCHOTO IOJIA
@,/ w=yH/® w pacwennedyeM JIMHUM TOIJIOMIEHUS Ha HECKOJIBKO

CIIEKTPaJIbHBIX cocTaBisitomux [1]. 3mech @ wactora MUKPOBOJIHOBOTO
W3JIyYEHUsI, ¥ THUPOMArHUTHOE OTHOIIEHUE M [ MOCTOSTHHOE MAarHUTHOE

none. Jlanupie 3((}EKThl BO3HHMKAIOT B CHCTEME, KOTOpas OIMCHIBACT
OJIMHOYHBIA MArHUTHBIA OCHWJUISITOP C TOCTOSIHHBIM THPOMAarHUTHBIM
OTHOIIIEHUEM ) =const U 0OyCJIOBJIEHbI UCKIIOUUTEIBHO OCOOCHHOCTSIMU

MAarHUTHOU peNaKkCaliy B CHCTEMAX CO 3HAYUTEIIbHBIM 3aTYXaHUEM, TO €CTh
¢ mMpokuMu JuHUSAMH noryomenus JIIP. Takue nuHumM XapakTepHsl 1
Pa3IMYHBIX CWJIBHO KOPPEIUPOBAHHBIX JJIEKTPOHHBIX CHCTEM, THE
MarHuTHble (GIYKTyallud BHOCST JOMOJHUTEIbHBIA BKJIAJ B YIIUPEHUE
auHUU. PaccMoTpeHHast MOAEb XapaKTEPU3YETCS CI0KHBIMU MarHUTHBIMU
KOJIEOAHUSIMU, YTO YKa3bIBAaCT HA OTPAHUMYCHHBIN XapakTep KJIACCUYECKOU
uaTepnperarun  JIIP  kak CcOOCTBEHHOW MOJbI C KPYTrOBOW WIIA
AJUTANITAYECKON TTOJIIpU3alluer TMHAMUYECKOM HaMarHndeHHocTH [3]. [
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OIIP B reomerpun @Dapanes, Koraa IOCTOSHHOE MAarHUTHOE TMOJIE
HaIllpaBJIICHO BJOJb OCH Z, MOJSpU3alMsi BEKTOpPa OCHHUIAPYIOUIEH
HAMarHU4eHHOCTH M = {mx, My} BEeIET ce0s HETPUBHAIBHBIM CIIOCOOOM,
M3MEHASCh OT JJUIMNTAYECKOM K JIMHEMHOM C YBEJIWYEHHUEM Iapamerpa
penakcanuu ¢ . Pe3ynbTaThl HAIIETO MOJAEIHPOBAHUS MOKA3bIBAKOT, YTO
CIOXHasg CTpykrypa crnekrp OIIP B CHIBHO KOppEIUpPOBAHHBIX
ANIEKTPOHHBIX CHUCTEMAX MOXKET ObITh OOYCJIOBJIEHA MpoLEeccaMu
MarHuTHOM pellakcaluu, U B OOLIEM CiIy4dae MOXET OBbITh HE CBsI3aHA C
HaJIMYUEM HECKOJBKUX TUIIOB OCUWUITUPYIOIIMX MAarHUTHBIX JUITOJEN
HccnenoBanue BBIIOJIHEHO npu nojjaepkke rpanta PHO (Ne22-12-

00008-IT).
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CO3JAHUE KBAHTOBOM 3AITYTAHHOCTH B CUCTEME
MHOI'MX CIITMHOB

Pemuzos C. B.'%, Enucrpatos A.A.!

IPeoepanvroe 2ocyoapcmeennoe ynumapnoe npeonpusmue
«Bcepoccutickuii hayuno-ucciedosamenbCcKuti UHCMUNYM A8MOMAmMUKU
um. HJIL Jl[yxoeay (OI'VII « BHUUA»), 127030 Mockea, Poccus
’Hayuonanvnoiii uccredosamensckuil ynusepcumem «Bvicuias wikona
sxonomukuy (Mockea, Poccus), 109028 Mockea, Poccus

KBanToBasi 3amyTaHHOCTh MEXKAY YacCTSIMH OOJBIIONW CHUCTEMBI
OTpaXkaeT HaJMYUE KOPPEISAUMM MEXIy BO3HUKAIOIIMMU B HHUX
KBAaHTOBBIMM IIyMaMH. B KadecTBE TAKOM CHCTEMBI MOYKET BBICTYNATh
aHcaMOJib OOJIBILIOTO YHCIIA MAJIbIX CIMHOB, COCTOSIHUA KOTOPBIX MOTYT
ObITh CcKOppenupoBaHbl. OJHOBPEMEHHOE HCIOJIb30BAHUE HECKOJIbKUX
NOJ00HBIX CUCTEM, B KOTOPBIX (DIIYKTYyal[Mu CIIMHOB MOJAAI0TCA KOHTPOJIIO,
MOKET OBITh IEPCIEKTUBHBIM KaK JJIsl KBAHTOBBIX BBIYMCICHUN, TaK U JJIs
MPWIOKEHUN B 00J1aCTH KBAHTOBOM METPOJIOTHH.

B pabore uccienyroTcs CTaTUCTHYECKHE CBOMCTBA (IIyKTyaluil B
CHUCTEME JBYX OOJBIIUX CIUHOB, B3aUMOJICHCTBYIOIIUX C HEJIWHEUHOU
Cpeloi, poJib KOTOPOW UIpaeT MapaMeTPUUYECKUN YCWINTENb Oeryuien
BoiHbl (ITYBB). Korepentnas nakauka [1YBB npuBomut kK renepauuu
JBYMOJIOBO-CYAaTOI'0 COCTOSIHHUSI CUTHAIBHOM M XxosocTord MoA. Kaxnas u3
3TUX MOJ| CBSI3aHa C OJJHUM U3 JIBYX OOJBIIMX CIMHOB. MOXHO MOKa3aTh,
YTO B TaKOM cHCTeMe BO3HHUKAeT J(G(PEKTUBHBIA JBYXCHHUHOBBIM
raMUJIbTOHUAH JIBYXOCEBOTO 3akpyuuBaHus (2A2S), SBIASIOIIMMCS
CHMHOBBIM aHAJIOI'OM JIBYMOJIOBOTO C3KaTHsl B OO30HHBIX CHCTEMAX.

AHaIM3 JUHAMMKH CHCTEMBI NPOBOAMUTCA C HCIOJb30BAHHEM
CTOXaCTUYECKHUX HEMMHENHBIX nu(depeHtnanpubix ypapHeHuid. Ha ocHoBe
YUCJIEHHOTO MOJEIMPOBAHNS U AHATUTUYECKUX OLEHOK, MOJYYEHHBIX IS
JIMHEAPU30BAHHOW CUCTEMBI YPAaBHEHHWM, MOKA3aHO CYIIECTBOBAHUE IBYX
PEeKMMOB,  XapaKTEPU3YIOIIUXCS Majgoll U OOJIBIION  BEIMYHMHOU
daykryanuit cnuHOB. llepexnioueHne MeXay 3TUMHU pPEXUMaMU UMEET
XapakTep KBAHTOBOrO (a3zoBOro MEpexo/ia, YNPABISIIOUIMM HapamMeTpoM
KOTOPOTO BBICTYIIA€T 4aCTOTa MPELECCUN CIIMHOBOM cucTeMBI. [locnennss
MOXXET KOHTPOJHUPOBAThCA TMOCPEACTBOM BHEHMIHETO 3((HEKTUBHOIO
MAarHuTHOTO MOJs, NMPUIOKEHHOrO K cUcTeMe CnUHOB. [lokazaHo Takke
BO3HMKHOBEHHME KOPPEJSIIIUN MEXAY CIMHOBBIMU (DIIYKTyalusiMd B 000MX
peXKUMAX.
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ICP-UCCIIEJOBAHUE AHTU®EPPOMAT'HUTHOI'O
COCTOAHUA CeBe

Cemeno A.B., Camapun A.H., Auucumo M. A.
Hnemumym oowei gpusuxu um. A.M. I[Ipoxoposa PAH, Mocksa
sasha@|lt.gpi.ru

OOHapy:KeHue cUrHaia 3J1eKTPOHHOr0 CIIMHOBOTO pe3oHaHca (DCP) B
anTudeppokBapynoasHoi ¢aze CeBs Ha uactoTe v=60 I'T'11 [1-2] cnenaino
OCP »(ddekTuBHBIM METOJIOM HCCICIOBAHUS 3TOTO 3K30THYECKOTO
coctosiHus [3]. PacmmpenHue 4acTOTHOTO OHMana3oHa W3MEPEHUN MOKET
NO3BOJIUTh TMpoBecTH Oojyee pAetanbHoe wucciaenoBanue ADK ¢asbl
(To<3.2K), a Takke U3YyUYUTh PE30HAHCHOE TMOBEJCHHUE B
antudeppomaruutHoii (ADM) daze (Tn<2.4K) CeBs. B nHacrosmei
pabote ObUT HCCIEIOBAaH DJICKTPOHHBIM CIMHOBBIA PE30HAHC B
MoHokpuctaiuie CeBs Ha yvactotax 27, 33 u 43 I'T'u nns HanpaBieHUI
marautHoro noJist H||[100] u H||[110]. O6napy>keno, uto noseaenue ICP B
A®K daze cymectBeHHO oTinyaercs ot ciaydas v=60 I'T1, B gacTHOCTH,
BeJIMUMHA g-(pakTopa 3HAYUTEIBHO MEHbIIE, g=~1.4, U HE 3aBUCUT OT
HaIpaBJICHUS TOJISI U TEeMIeEpaTypbl. IJTOT pe3yJbTaT JAEMOHCTPUPYET
BO3MO>XHOE U3MEHEHUE COCTOSIHUSI HOHOB Ce B MAarHUTHOM T0JI€, U3YUCHUE
KOTOPOTO TpeOyeT mpoBeeHne MOAPOOHBIX U3MEPEHUM B 00JIee IITUPOKOM
JMana3oHe 9actoT. XapakTep (a3oBoil guarpaMmsl (puc. 1) mo3BOIMIT IS
nanpasnenusi H|[[100] Bnepssie nposectu uzmepenne ICP B AOM daze
CeBs. OOHapyxkeHo, uto npu nepexoae B AOM a3y HabmrogaeTcs caBur
PE30HAHCHOM JIMHUM B CTOPOHY HU3KHUX IIOJIEH, a TAKXKE CYLIECTBEHHOE
YBEJIMUCHHE IITUPUHBI TUHUU, TAK YTO JJUHUS TIEPECTAET OBITh HAOII01aeMOM
Hike T <2 K. Takoe NOBEJCHUE CBUICTEIBCTBYET O CYIIECTBEHHOU
HeoaHOpOoAHOCTH B ADM (asze JOKaIbHBIX MArHUTHBIX MOJeH (ToJis
oomMena Hg w mons anmzorponuu Ha), KOTOphIE ONpPEnemnsitOT CIBUT
PE30HAHCHOW JMHUHU, YTO OOYCJIOBJICHO HEOAHOPOAHBIM (KJIACTEPHBIM)
pacnpenenenrnem DCP-akTuBHBIX MarHUTHBIX MoMeHTOB Ce** B mponecce
WX JIOKAJTU3AIUH.
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HccnenoBanue  BBINIOJHEHO TMpU  Hojaepkke rpanta PHO
No 25-22-00503.
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JUOJHBIN Y®DPEKT B TPAHC®OPMATOPE ITIOCTOSAHHOT O
TOKA C QJIEKTPOMAI'HUTHBIM 3®PEKTOM BJIN30CTHU

CamoxBanoB A. B.
HUnemumym usuxu muxpocmpyxkmyp PAH, o. Husxcnuti Hoseopoo
samokh@ipmras.ru

B nokmazge paccMOTpEH HEB3aUMHBIM DJIEKTPOHHBIM TPAHCIOPT B
TUOpUTHON CTPYKTYpE CBEPXIPOBOAHUK/(PEeppOMarHeTUK/CBEPXIIPOBO/I-
HUK (C®C) BO BHEIIHEM MAarHUTHOM IIOJI€, CO3JAIOIIeM B IUICHKaX
CBEpXIIPOBOJHUKOB pemieTkn Buxper AoOpukocoBa (Puc.l). MarautHas
CBSA3b MEXIY HWICHTHUYHBIMU pEUIETKAMU BUXPEH B COCEIHHUX IUIEHKAX
CO3J1a€T B3aWMHBIA NEPUOJUYECKUN IMOTEHUMAI [UHHUHIA, KOTOPBIN
o0ecIreurBaeT B HUX COrJIacOBaHHOE JBWXeHue Buxpeil. [lpu orcyrcTBun
(eppOMarHUTHOTO CJIOSL MOJOOHBIE CTPYKTYpPhl M3  JJIEKTPUUECKHU
W30JIMPOBAHHBIX ~ MAarHUTOCBA3aHHBIX  CBEPXIPOBOJHUKOB  MOJYUHIIH
Ha3BaHHE “‘TpaHcPopMaTop MOCTOSHHOTO Toka’[l]. DaeKTpoMarHWUTHBIN
b dexT OIU30CTH COMPOBOXKAACTCS BOSHUKHOBEHHEM SKPAHHUPYIOIIETO
Toka Jum=JM[nXM] B CBEpXIpPOBOJHUKE, KOTOPBIA HAXOAUTCA B
NMEKTPUIECKOM KOHTaKTe ¢ (heppomarnetukom [2,3]. 3nece M=M xo — 31O
OJIHOPOJIHAas HAMAarHMYEHHOCTb (PEPPOMArHUTHOTO CJOSI B IJIOCKOCTH
CTPYKTYPBHI, a N — BeKTOp HOpMaiu kK DC rpanurie.

Puc. 1. Cxematnunoe Puc. 2. KauecTBeHHBIN BUJ
M300paKeHUE MOJICNIb-HOM BOJILT-aMIIEpPHOU 3aBUCUMOCTU V(J)
rudpusinoit COC cTpyKTypHI € COC crpykrypsl : M=(0 — TOUKU;

MAarHUTO-CBSI3aHHBIMU pelieTKaMu  M#() — cruiomHas JTUHUSL.
BUXPEH.

Hpe)monara;{, qTO CHJIa B3daMMHOI'O IIMHHHI'a MArduTOCBA3aHHBIX

pPEIIETOK  BHXpPEH ¢ IEPUOJOM d  OINKCHIBAETCS  IPOCTEHIICH
CUHYCOMJAJIBHOM 3aBUCUMOCTBIO fi2(X1, X2) = =fy sin(2rx(x2—x1)/a)
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ypaBHEHUS IBUKEHUSI PEIIECTOK B HIDKHEM (S1) U BepxHeM (S2) C10s1X BJI0JIb
OCH X MOXHO 3aIiCaTh B BHJIC:

—nty — Py (J + Jpr) e+ fosin(2m(z2 — 21)/a) =0,
—niy + Po (J + ) fe — fosin(2m(zy — x4)/a) = 0.

3nech 1 — KOA(POUIMEHT BSA3KOCTH [JI8 KaXKJIOW U3 IUICHOK,
KOOPAWHATHI X1 U X2 ONPECTSIOT MOJIOKEHUE BUXPEH B TUICHKaX Si U Sy,
COOTBETCTBEHHO, P9 — KBAHT MarHMTHOI'O MOTOKA, a J — BHEIIHUM TOK.
BBojas Benuuuny ¢=27(X2—x1)/a , KOTOpasi OnpeaensieTcsi OTHOCUTEIbHBIM
CMEIICHUEM PEIIETOK BUXpPEH B COCEAHUX TUICHKAX, MOJYYUM ypaBHEHHE
PE3UCTUBHOM MOJIETTH JHKO3€()COHOBCKOT'O KOHTAKTA

ap+ J.sing =J+ Jyy,

B KOTOpOM THapamerp o=nac /4xPo ONUCHIBAET IUCCHUMAIMIO, a
s dexkTuBHBIA KpuTUUEeCKU TOK J. = ¢ fo / Do onpenensercs
MaKCUMAJIbHBIM ~ 3HAYEHUEM fo CUJIbl B3aMMHOTO TMHUHHUHTA
MarHUTOCBSI3aHHBIX peIIeTOK Buxpeu. Ilpu moamep’kaHMM MOCTOSIHHOTO
BHEIIIHETO TOKa CPEAHEE HANpPSKEHHE J BO3HUKAET IMPHU MPEBBILICHUU
CYMMapHbIM TOKOM J + Jy KpPUTHUYECKOrO Jc M 3aBUCUT OT B3aWUMHOWU
OpHUEHTALMHA BHEUIHETO U SKPAHUPYIOIIETO TOKOB:

V(J) ~a W(£|T]+ Ju)? = J2.

Ha puc.2 noka3aH KayeCTBEHHBIN BUJI BOJIbT-aMIIEPHOW 3aBUCUMOCTH
V(J) nnist cranmapTHOro TpaHcopmaTopa MOCTOSTHHOTO Toka (M=0) u co
cioeM (peppoMarHeTrka Mex1y MarHUTOCBS3aHHBIMH CBEPXITPOBOIHUKAMU
(M#0). Bo BTOpOM ciyyae CHUMMETpUS OTHOCHUTEJIbHO HalpaBICHUS
BHEIIIHETO TOKa HapymieHa ( V(—J) # —V(J) ), 4TO CBUIETEIBCTBYET O
HEB3aMMHOM TPAHCIOPTE U BO3MOKHOCTH AHOJHOTO 3¢ (deKTa B Mog00HON

CTPYKTYpE.
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OBOBHIEHHBIE KOI'EPEHTHBIE COCTOAHMUS B
KBAHTOBBIX BUJIBAPJAAX

Ceupnos C. C.
HUTY MUCHUC, Mockea, Poccus
alikseidov@yandex.ru

KBaHTOBBIE OUITBAP/BI MPEACTABISIOT COOOM OrpaHUYEHHBIE 00IaCTH
pocTpaHcTBa (OOBIYHO IBYMEPHOTO, HO HE 0053aTENbHO), BHYTPU KOTOPBIX
YyacTHIla JBMXKETCS CBOOOJHO, a Ha TPAHMUIIC BBIMOIHSIOTCS TpaHUYHbBIC
ycioBust [upuxie — BonmHoBas ¢yHKIMS oOpaimiaercs B Hylb. B
3aBUCUMOCTH OT (hOpMBI OWIIbsSIp/Ia, KBAHTOBAs JTUHAMHKA B HEM MOXKET
ObITh XaOTHUYECKON MO0 HMHTErpupyeMoM, Omarogaps 4yeMmy KBaHTOBBIE
OWIIBSIPABI IBJISIOTCS TUTMYHON CUCTEMOM JIJIsI U3yYEHUSI KBAHTOBOIO Xaoca.

AKTyanbHOM sBJIsSIETCS MpoOJieMa MOCTPOEHUS JIOKAJU30BAHHBIX
BOJIHOBBIX (DYHKIIMI B KBAHTOBBIX OUJIbSIp/IaX, HA IPUMEPE KOTOPHIX MOKHO
u3ydaTh MEPEXOJl KBAHTOBOW JMHAMUKK B Kiaccuueckyro. OCHOBHas
MaTeMaThyeckasi CIOXKHOCTh 3aKJIFOYaeTcsi B TOM, 4YTOOBI MOCTPOHUTH
BOJHOBYIO (DYHKIIMIO, KOTOpas OJHOBPEMEHHO M Tayccolojo0Ha W
YAOBJIETBOPSIET TPAHUYHBIM YCIOBHSIM Ha T'paHUIE. TUIUYHBIM MOAX0JI0M
ABIIIETCSL  Pa3NIOKEHUE TaycCOBOIO BOJHOBOTO IakeTa B 0Oasuce
COOCTBEHHBIX (YHKIIMH dacTUIbl B Ounbsipne. Ero HemoctaTok
3aKJIIOYAETCS. B HEOOXOJUMOCTH BBIUMCIEHUS OOJBIIOTO KOJWYECTBA
BBICOKOHEPTeTUUECKUX COOCTBEHHBIX (PYHKIIHIA.

B macrosmieit pabore MBI mpejyiaraéM CTPOUTH 00OOIIEHHOE
KOT€PEHTHOE COCTOSIHUE C MOMOUIBI0 MHTErPAIbHBIX METOJIOB HA TPaHULIE
Ownbsipsia, B 4acTHOCTH, ypaBHeHus banmmana-brmoxa [1]. B atom ciyuae
0000IIIEHHOE KOTE€PEeHTHOE COCTOSTHUE TPEJICTABIISIETCS KakK pelieHue
MHTErPAIbHOT'O YPAaBHEHUS C SIPOM, ONPEICTICHHBIM Ha TPaHULIe OMIIbSpA.
Taxxe ¢ hopmManbHOIl TOUKHM 3peHUs JaHHOE O00O0OIIEHHOE KOT€PEHTHOE
COCTOSIHME 3TO MPOEKIIUSI TayCCOBOI'O BOJHOBOTO MaKeTa Ha COOCTBEHHBIE
GbyHKIMH 9aCTHUIBI B OWIIBSIp/Ie, TAPMOHUYIECKAM 00pa3oM MPOI0KCHHBIS
3a TpaHUIIbl OMJIbspa Ha BCE IPOCTpPaHCTBO R™.

PaboTa BhimonHeHa B pamkax CTpaTeruyeckoro TEXHOJIOTHMYECKOTO
npoekta HUTY MHUCHUC «KanrtoBeii wuHTEepHET» IIporpammer
CTPATErnuecKoro akajaeMudeckoro auaepcrsa «lIpuopurer-2030%.

Jluteparypa
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MOJIEJIb TEPMOANHAMUKHU TAHTAJIA, KAPBU /A
TAHTAJIA U CMECEHA HA UX OCHOBE ITPU BBICOKHX
IHVIOTHOCTAX QHEPTUHN YIAPHOI'O C/KATUA

Cepenxun H. H., Xumenko K. B.
Obvedunennwvii uncmumym vlicokux memnepamyp PAH
nikserl2@yandex.ru

[Ipu mMonmenupoBaHUU THUAPOAMHAMUKH MPOIECCOB B TBEPJBIX Telax
1oJ BO3/ICHCTBMEM HMHTEHCUBHBIX MOTOKOB »Hepruu [1] tpedyercst 3HATH
ypaBHEHHUE COCTOSHUA TUX TeJl B IIMPOKOM Jrana3oHe napaMmeTpoB. B atoi
CBS3M AaKTyaJbHOM 3amauedd s (U3MKK TBEPAOTO Tela SIBISETCS
pa3paboTKa YpaBHEHUI COCTOSIHUA Pa3IuYHbIX MaTEpPUAIOB (B YaCTHOCTH,
Ha OCHOBE TaHTaja, ero Kapouaa U CMecell ¢ ITUMU KOMIIOHEHTAMH) MpU
BBICOKMX JIABJICHUSX U TeMIepaTypax.

B nHacrosueid pabote MoJeab TEPMOIMHAMUKHY BEIIECTBA CTPOUTCS HA
OCHOBE Pa3HbIX TEPMOJMHAMUYECKUX MOTEHUHAIOB JJIsI KOMIIOHEHTOB U
camoil cMmecu [2]. B ciyyae koMImoHEHTOB (TaHTaja U KapOuja TaHTasa)
ypaBHEHUS COCTOSIHUS (POPMYITHPYIOTCS Ha OCHOBE dHEPruu [ enpmrombiia
(cBoOomHOM »Hepruu, F), mis KOTOpoil €CTEeCTBEHHBIMH IEPEMEHHBIMU
apisitorcss 00beM (V) u temneparypa (T). AIIUTUBHO YUYUTBHIBAIOTCS
BKJIa/Ibl IBUKEHUS U B3aUMOJICMCTBUS YacTHIl (ATOMOB U 3JIEKTPOHOB) MPHU
aOCOJIOTHOM HyJIE TEMIEPaTyphl, @ TaKKe TEIJIOBbIE BKIJIAJbI MOJCUCTEM
stux vactuil [1]. 3 coorHomennit repmoaunamuku E = F — T(OF/0T)V u
P = —(0F/0V)T [3] Torma moiy4aroTcs KaJOpPUUECKOE W TEPMUUYECKOE
ypaBHEHUS COCTOsHUS B BuAe PyHKIui BHyTpenneu sneprun E = E(V, T)
u nasnenusi P = P(V, T) cooTBercTBeHHO. /{151 cmecel (B MpeanonokKeHuu
1300apHO-U30TEPMUYECKOTO PAaBHOBECUSI B KOMIIOHEHTaxX [2]) ypaBHEHUS
COCTOSIHUSA 3aJal0TCsi Ha ocHOBe 3Hepruu ['nddca (G) ¢ ecTecTBEHHBIMU
nepemeHHbiMu P u T. B atoMm cnyuae ynenbHast aneprusi ['mb0ca cmecu
CKJIAJbIBACTCSl W3 YAENbHBIX HHepruil ['mbOca Kaxaoro KOMIIOHEHTa,
YMHOXEHHBIX Ha MacCOBBIE JOJIM 3THUX KOMIIOHEHTOB. M3 COOTHOIIEHUI
tepmoauHamuku E = G — T(0G/0T)P — P(0G/0P)T u V = (0G/0P)T [3] rorna
NOJIy4YarOTC KAJIOPUYECKOE U TEPMHUUYECKOE YPABHEHHUS COCTOSIHUS B BHUJIE
dbynkumiit E =E(P, T)u V =V(P, T) cooTBeTCTBEHHO.

C ucnosib30BaHWEM TPEIOKEHHBIX KAJIOPUUYECKUX M TEPMHUUYECKHUX
YpaBHEHUN COCTOSTHUS PACCUUTAHBI yJIapHbIe aauadaThl 1Jis TaHTala, e€ro
Kapbuga u ux cmeceil. ComnocraBiieHHE Pe3yJIbTATOB 3THX PACUETOB C
JAHHBIMH, U3BECTHBIMU U3 yAapPHO-BOJIHOBBIX SKCIIEPUMEHTOB, TTO3BOJISICT
cleyiaTh BBIBOJ OO0 a/JIeKBaTHOCTU IOCTPOEHHBIX MOJENIEH HMEIIecs
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HKCIIEPUMEHTAIbHOW WH(OpMalMKd MPU BBICOKUX JABJICHHUSIX YAAPHOIO
ckarus. [lonydyeHHble ypaBHEHHSI COCTOSIHUSL MOTYT OBbITh UCIOJIb30BaHbI B
pacyeTax TEpMOJNHAMHYECKUX [TAPaMETPOB PACCMOTPEHHBIX MATEPHUAIIOB B
TUAPOAMHAMUYECKHX ITPOLIECCaX MPU BBICOKUX TUIOTHOCTSX SHEPTUU.

PabGora BeImosiHeHa TIpU mojepxkke Poccuiickoro HaydHoro ¢oHaa
(rpant Ne 25-19-00944, https://rscf.ru/project/25-19-00944/).
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WHJIYIIUPOBAHHASI CTPAUIIAMU MATHUTHAS
AHMU30TPOIIMA B KYBUYECKOM
AHTUDPEPPOMATHUTHOM METAJIJIE GdBs
C MATHUTHBIMHA HOHAMMU S-THUITA

Aszapesnu A .H.', Bonoruna H.B.2, Xpeikuna O.H.2, I'puguuna B.M.2,
Borau A.B.!, IIsetkos A.IO.?, I'aspunkun C.I0.°, Boponos B.B.!,
I'a6anu C.*, ®nax6apr K., Cryganko H.E.""

' Huemumym ooweri pusuxu um. A.M. Ilpoxoposa PAH, Mockea, Poccus
’HUI] «Kypuamosckuii uncmumymy, Mockeéa, Poccus
SDusuueckuti uncmumym um. I1. H. Jlebeoesa PAH, Mockea, Poccus
Uncmumym skcnepumenmansnou gusuxu CAH, Kowuye, Cnoséaxus

*nes@lt.gpi.ru

B antudeppomarautaom (A®D) meramie GdBg, xapakrepusyromemcs
POCTOM KyOWYECKOW KPHUCTALIUYECKONW CTPYKTYpOH, B y3llax KOTOpPOU
pacrosiararoTcsi okTa’apbl B¢ 1 MaruuTHbie noHbl Gd S-THma (31eKTpoHHAs
xkoupuryparus 4f 7, L=0), nmeranbHO MCCIEIOBaHBI  OCOOEHHOCTH
3apsiIOBOTO TPAHCTIOPTA M @aHU3O0TPOIHSI MATHUTHBIX CBOMCTB. B pe3ynbrare
BBIMIOJTHEHHBIX B pabOTe€  MPEUU3MOHHBIX  HU3KOTEMIIEPATYPHBIX
PEHTTC€HOBCKUX JU(PPAKIIMOHHBIX OSKCIEPUMEHTOB HaWJIEHBI Malble
CTaTUYECKHUE STH-TEIJIEPOBCKUE UCKAKECHUSI KYOMUECKON PEIIETKU, a TaKKe
METOJOM  MaKCHUMaJIbHOW  DHTPONMUU  OOHApy>KeHa  dDJIEKTPOHHAs
HEYCTOMYMBOCTh HaHOMACIITa0a (IMHAMUYECKUE 3apsI0BbIC CTPANIIBI, CM.

puc. 1).
2 Bs B heop= 120 meV

<100>—;

Gd Gd

6
=
5d
(“
? lme—BmeV
2p
I @ %
®
Gd o Gd Gd vl
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Puc. 1. JImramMudeckue 3apsI0BbIe CTPaIIbl, 00yCIIOBIICHHBIE CBSI3aHHBIMA
Kojae0aHusAMU OKTa’apoB Oopa u wuonoB Gd*" wu mnepuogmyeckum
WU3MEHEHHEM THOpUAN3ALNU Sd-2p COCTOSTHUM.

elvoxel

S < 110>

o
jus)
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[To pe3ynpTaTaM MarHUTHBIX, TEIJIOBBIX M TPAHCIIOPTHBIX W3MEPECHHIM
MOCTPOEHBI  JleTajdbHble MarHuTHble H-T  (a3oBble  aUarpammel,
CoJIep>Kalllie JBE OCHOBHBIC aHTH(eppoMarHuTHbie ¢as3el, - AD(I)
(remneparypa Heensa Tn = 15,5 K) u AD(II) (temneparypa nepexona Tm =
8,5 K). IlpoBenenHbie HU3KOTEMIIEpaTypHBIE HCCICIOBAHHS YIJIOBBIX
3aBUCUMOCTEN MarHeTOCONPOTUBIEHUS p(¢) U HamarHudeHHoctu M(g)
NO3BOJWIN MOCTPOUTH YIJIOBbIE MarHUTHbIE HH-¢ (Da30Bble IHUAarpammbl,
koTopble B iockocTsax (110) u (111) umerotr popmy KpblIbYaTKH, IPUYEM
MarHutHbele ¢azel AD(I) m AD(II) okasbiBaroTCS pa3aeIeHHBIMU

paavagIbHBIMU M KPYTOBBIMH TpaHUIIAMH (CM. pHC. 2).
[110]

p (u*em) 5K 80 - B ° [112] p (uCem)

80+ g .
75

0 60
70 - 7.0

40 401
| 55 - 65
20 4 20 |

80 ~ 8.0

H (kOe)

—55

H (kOe)

55
204
50 50

40

- 4.5

45 60

60

40

80 |40 80

Puc. 2. Y aenbroe conportuBnenne GdBs B monsapHbix koopanHatax (H, ¢) B
npoekuu Ha tuiockoctd (110) u (111), usmepennoe npu 7o = 5 K B
MarauTHOM noJie H < 80 k0.

[TonydeHnHble pe3yabTaThl CBUIETEIBCTBYIOT O 3HAUYUTEILHOU POJU Sd-
KOMIIOHEHTBl BOJIHBI CIIMHOBOW IIJIOTHOCTH B MAarHUTHOM CTPYKType
antudeppomaruutHoro coctossHusi GdBe. [lpemnoxkeno oObsicHeHUe
OOHapYyKEHHOW AaHM30TPONHM MAarHUTHBIX U TPAHCHOPTHBIX CBOICTB, B
pamMkax KoTtoporo (uyKTyaluu 3apsija B CTpaliax SBISIOTCS MPUYUMHOU
MO/IABJIEHUS] KOCBEHHOTO OOMEHHOTO B3aMMOJEHCTBUSI Yepe3 AJIEKTPOHbI
IIPOBOIMMOCTH, MexaHu3M Pynepmana-Kurrens-Kacys-Mocuns (PKKIN),
MeXAy ONMKAUIITUMU U CJIETYIOIMMU 32 OIMKaNIIMMU COCETHUMU HOHAMU
Gd**, pacmonoxeHHBIMU BIOIb TEX ke Hanpapiaenuid <100> u <110>, uro
Y JTUHAMUYECKHE 3aPsI0BbIE CTPAUIIBI.

HccnenoBanue BBIMOJIHEHO TIpU (MHAHCOBOM Moiepxkke rpanta PHD
No 26-12-00258.
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OT HEJIMHEHHOI'O DKCUTOHHOI'O OTKJIMKA K
JANHAMHUYECKUM ®OTOHHBIM KPUCTAJIJIAM B
KOJVIOUJIHBIX PACTBOPAX ITOJYITPOBO/JHUKOBBIX
HAHOKPUCTAJLJIOB

A.M. CmMupHOB
Mockosckuii 2cocyoapcmeennsiil ynusepcumem um. M.B. Jlomonocoasa,

Mockea, Poccus
E-mail: alsmirl988@mail.ru

CoBpeMeHHas (QoToHUKA BCE OOJIBIIE OPUEHTHUPYETCS Ha CO3JaHHE
ONTUYECKUX CTPYKTYp, IApaMETpPbl KOTOPBIX MOTYT HM3MEHSTHCA
HEIMOCPEACTBEHHO B IPOLIECCE B3aMMOJECHUCTBUS CO CBETOM. B oTinmume ot
TPAAUIIMOHHBIX (DOTOHHBIX KPHUCTAJJIOB, TEOMETPUS U CIEKTpaIbHbIE
CBOMCTBa KOTOPHIX (DUKCHUPYIOTCSI Ha 3TAale M3TOTOBJICHUSI, TUHAMUYECKUE
(GOTOHHBIE KpUCTAJUIBI  (POPMUPYIOTCS  HEMOCPEACTBEHHO JIA3€PHBIM
U3IIy4YEHUEM, a UX [apaMeTpbl ONPENEIAITCA XapaKTEPUCTUKAMU
BO30Y)KITAIOIIETO TMOJII M JUHAMUKOW 3KCHUTOHHOW MOJCHUCTEMBI. Takoi
MOAXOJ OTKPBIBAET BO3MOXHOCTh CO3/IaHHUSI TOJHOCTBIO ONTHYECKU
YOPABJISIEMBIX YCTPONCTB ISl CIIEKTPAIbHON (DUIBTpaIlii, KOMMYTAIUHN U
00paboTku uHGOpPMaIUU.

B pabGore  wuccrmemoBanbl  (PyHIaMEHTaJIbHbIE  MEXaHU3MBI
dbopMUpOBaHUSI TAKUX CTPYKTYP B KOJUIOUJHBIX PaCTBOpPaxX KBAHTOBBIX
TOYEK TIPU PE30HAHCHOM BO30YKJICHUU SKCUTOHOB NHUKOCEKYHIHBIMU
Ja3epHbIMH  MMMyJbcamMu. briarogapss BBICOKOM  4YyBCTBUTEIBHOCTH
HSKCUTOHHBIX MEPEXOJ0B K MHTEHCUBHOCTU M3IIyYEHUS MPOCTPAHCTBEHHAS
uHTEeppEpeHIIMOHHAsT  KapTWUHA mpeoOpazyercs B  MEPHOIUYECKYIO
MOJYJISIIMIO KOMIUIEKCHOW JTUAJIEKTPUYECKON MPOHULIAEMOCTH CPEIBI.

[Ipu uHTEepdepeHIMu JIBYX KOTEPEHTHBIX JIA3€PHBIX HMITYJIbCOB B
KOJUIOMHOM pacTBope (QopMuUpyeTcs NpOCTPaAHCTBEHHO-IEPUOIUUYECKOE
pacrpeneneHue KOHILICHTpAIU1 BO30YXKIEHHBIX HKCUTOHOB,
WHIYIUPYIONMee CMEMIaHHYI0 aMIUTUTYIHO-(a30Byl0 IU(PPaKIIMOHHYIO
peméTKy, Ha KOTOPOW BO3MOYKHA CaMOJU(PPAKIHS B3aHMOJICHCTBYIOIINX
BoNH. [lokazaHo, 4YTO DOTOT TMPOLECC ONPEACISIETCS COBOKYIIHBIM
u3MeHeHrueM Kod(dduImenTa NorjomeHns U moKa3aTessl MPeJIoOMIICHUS B
00JJaCTM  AKCUTOHHOTO  pe3oHaHca. Takum  o0pa3oM, H3MEHEHHUE
WHTCHCHUBHOCTH, JJIMHBI BOJHBI WJIM MOJISIPU3ALMU JIA3€PHOTO M3JIYUCHUS
MIPUBOJUT K HEMEJICHHOW MEpecTporKe HaBEIEHHOU PeIETKH 0e3 KaKuX-
ambo u3MeHeHud camoit cpenbl. Ilpu sTomM mpouecc camonaudpakiuu
BBICTYIIAE€T HE TOJIBKO MPOSIBJIEHWEM HEIMHEHHOTO OTKJMKa Cpelibl, HO U
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3(()EKTUBHBIM METOJIOM HCCIIEOBAaHUSI €€ HEPAaBHOBECHOW IUHAMUKHU U
HEJIMHEMHOI'O OTKJIMKA ITOIYIPOBOJHUKOBBIX HAHOKPHUCTAJIOB.

Pa3BuTneM maHHOro mojaxoaa crajgo (GOPMHUPOBAHHE IUHAMUYECKUX
(OTOHHBIX KPUCTAJUIOB PAa3IMYHON pasMmepHocTH. Mcnonbp3oBaHue Tpéx u
YETBIPEX KOTEPEHTHBIX JIA3€PHBIX HMIIYJILCOB IIO3BOJIMJIO PEATIN30BATH
IBYMEPHBIE M TPEXMEPHBIE MEPUOAUYECKUE CTPYKTYPBI, T'€OMETPUS
KOTOPBIX OIpeAenseTcss UHTep(PepeHInOHHbIM TojieM. M3MeHeHue uucna
B3aMMOJICHCTBYIOIIMX BOJH, MX B3aUMHOM OPHEHTAUMH M IOJSIPU3ALHU
o0OecIieynBaeT NEPECTPONKY pa3sMepHOCTH (HOTOHHOTO KpHCTauia B
peaqbHOM BpeMeHHU 0e3 KaKoTro-TM00 U3MEHEHUs CaMOM HEJIMHEHHOM Cpe/Ibl.

Ogaum w3 Hambojee  BaXHBIX  PE3YyJbTAaTOB  SBIISIETCS
IKCIIEPUMEHTaJIbHAs peau3alus TUHAMUYECKOW Op3rrOBCKOM CTOM-30HBI,
CIIEKTPAJIbHOE MOJIOKEHUE U IIUPUHA KOTOPOU OIPEAECISAIOTCA BEIUUUHON

(GOTOUHTYIUPOBAHHOU MOAYJISLIUN KOMIUIEKCHOTO NOKa3aTes
npenomieHus. BenenctBue 3Toro copMHUpOBAHHBIE CTPYKTYPHI MOTYT
(yHKLIHOHUPOBATh KaK nepecTpauBaeMbie Y3KOIIOJIOCHBIE

uHTep(epeHIIMOHHbIE (PUIBTPHI, CYLIECTBYIOIINE UCKIIFOUUTENBHO BO BpeMs
Ja3€pHOTO  BO3JECHMCTBHS W H3MEHSIOIIAE CBOM  XAPAKTEPUCTUKU
OJTHOBPEMEHHO C MapaMeTpaMu BO30YkKIAIOIIEro U3TyUYeHUsI.
JIoCTUTHYTBIE PE3YJIBTATHl MO3BOJISIFOT MEPEUTH OT HCCIEHOBaHUS
OTZIEJIbHBIX HETMHENHO-ONTUYECKHUX ITPOLIECCOB K CO3/IaHUIO0 HOBOT'O KJlacca
camMoopranu3ytomuxcsi (HOTOHHBIX CTPYKTyp. [lpemnoxeHHslii meTon
No3BOJISIET (OPMHUPOBATH OJHOMEPHBIE, JBYMEpPHBIE U TpPEXMEPHbIE
JUHAMUYeCKne (POTOHHBIE KPUCTAIIBI C MEPECTPAUBAEMBbIMU B peajbHOM
BPEMEHM TapaMeTpamMu U TMPEACTaBIseT HWHTEpeCc s pa3paboTKu
aaNTUBHBIX DJIEMEHTOB HEJIWHEWHOW ¥ WHTErpalibHON  (POTOHUKH,
MOJIHOCTBIO ONTHYECKUX NepEKIIoYaTeNei, NIEPECTPANBAEMBIX
CHEKTPalIbHBIX (UIIBTPOB U CUCTEM 00PaOOTKM ONTHYECKOU HH(POpMALIUK.

HccnenoBanust BBIMOJIHEHBI TpY (MHAHCOBOM NoiepkKke rpanta PHO
#24-12-00020.
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CIIEKTPAJIbBHO-CEJEKTUBHBINA PEXKUM 'EHEPALIUU
CUJIBHO JIETTUPOBAHHBIX 3PBUEBBIX BOJTIOKOHHBIX
JIABEPOB IIPU KPUOI'EHHBIX TEMIIEPATYPAX

A.M. Cmupnos, ML.II. bazakyna, A.C. [llukun, O.B. ByToB
UPS um. B.A. Komenvnuxosa PAH, Mocksea, Poccus
E-mail: alsmir1988@mail.ru

HccnenoBanbl CHEKTPAbHBIE W JUHAMUYECKHE XapaKTEPUCTHUKHU
Ja3epHOM TE€HEpalMi B CUJIBHO JIETMPOBAaHHBIX MOHaMH Er** kBapueBbIxX
BOJIOKOHHBIX CBETOBOJAX, HW3TOTOBJIEHHBIX METOJOM MOBEPXHOCTHOTO
MIa3MOXUMHUYECKOTO OocaxkJeHus u3 ra3oBoil ¢a3sl (SPCVD). Bricokas
KOHLIEHTpalusi aKTUBHBIX MOHOB MU OCOOEHHOCTHM UX B3aWMOJECHCTBUS B
CTEKJI0O00pa3HO MaTpulle MO3BOJISIIOT UCCIIEI0OBATh BIUSHUE KPUOTEHHOTO
OXJIQXKIECHUS Ha CHEKTPAJIbHO-CEJIEKTHUBHBIE IPOLECCHI, ONPEACIAIOIINE
PEKUM JIA3€pHOM T'E€HEpalud B pacliupeHHoOM L-auana3zone. Pe3oHaTopsl
®adpu-Ilepo chopmupoBaHbl HENOCPEACTBEHHO B AKTUBHOM BOJIOKHE C
NOMOIIbIO  BOJIOKOHHBIX  OpAITOBCKMX  PEIIETOK,  3alMCAHHBIX
(eMTOCEeKYHHbIM H3JIyY€HHEM MOTOYE€YHbIM MeToaoM. llokazaHo, 4TO
XapakTep reHepalyu ONPEAEseTCs COBMECTHBIM BIIMSIHUEM JUJIMHBI BOJIHBI
U TeMmIepaTypsl akTuBHOM cpenbl. [Ipu oxmaxaennn no 77 K Ha piumHax
BOoJH 1590-1597 HM wuMnynbCHas TeHepauusi TMOJABISIETCS U
YCTAaHABJIMBACTCA HEMPEPBIBHBIM pexuM. OIHAKO TMpU JATBHEUIIEM
YBEJIMYEHHUH JUJIMHBI BOJIHBI UMITYJIbCHAsI TEHEpALs BOCCTAHABIIMBAETCS, a
BOM3u 1620 HM BO3HUKAET YCTOMYMBBIA PEKUM THTAHTCKUX HUMITYJIHCOB.
JImMTeNbHOCTP UMITYIbCOB cOCTaBisieT 35-50 HC, 4acTOoTa MOBTOPEHUSA —
okojio 0,2-7 kI'm, B 3aBUCUMOCTH OT MOIIIHOCTH HaKadyku, a UX ITHKOBas
WHTEHCUBHOCTh Ha 3-4 mopsiaka MPEeBBIIAET COOTBETCTBYIOIIEE 3HAYECHHUE
Py KOMHATHOM Temneparype. DPPeKT uMeeT BhIPaKEHHYIO CIIEKTPAIbHYIO
u30uparenbHocTh: pu 1610 1 1615 HM UMIYIBCHI UMEIOT CYIIECTBEHHO
MEHBIIYI0O U MeHee CTaOWibHyl0 amrumTyny. llpenmonaraercs, yTo
OOHapy>KEHHBI PEKHUM CBSI3aH C HW3MEHEHUEM YCIOBUM MEXHUOHHOTO
NIEPEHOCa HHEPruu, an-KOHBEPCHUM W TOTJIOLIEHHS W3 BO30YXKIEHHOIO
COCTOSIHMSI B CWJIBHO JIETUPOBAHHOM Er’"-BOJIOKHE NOpU YyMEHBIICHUHN
OJHOPOJHOTO YIIMPEHMS DHEPIeTUYECKUX YPOBHEHM IIpU KPUOTECHHOU
temneparype. IlomydeHHblE pe3yJbTaTbl MOKAa3bIBAIOT BO3MOXKHOCTh
reHepalMi MHTCHCUBHBIX HAHOCEKYHIHBIX UMITYJIbCOB B pacliMpeHHOM L-
JMana3oHe B KOMIIAKTHOM II€JIbHOBOJIOKOHHOM Jiazepe 0e3 BBEICHHUS
JOTIOTHUTENBHOTO MOTYJIATOPA IOOPOTHOCTH.
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DA30BOE PASJAEJIEHUE KUJIKOCTbD - ZKUJIKOCTD I1PH
IHOJIUMEPU3ALINN

Con JLJI..! Bansxun U.A,"? Peutsnies P.E.!
TUMET YpO PAH, Examepunbype.
? [llxona xumuu u Xumuueckou unicenepuu, Xapounckuii
noaumexnuyeckuti uncmumym, Xapoun
ldson@yandex.ru

dazoBO€ pacciaoeHue KUIAKOCThb-KUIAKOCTh (DPPXKOK) urpaer 3ameTHyro
pOJIb B MaTEpHUAIIOBEICHUU M OWOJIOTHH, JICKUT B OCHOBE 0Opa3oBaHUsA
MOJIMMEP-00TaThIX U MOJUMEP-0eAHBIX (a3 B MIMPOKOM KJIACCE CUCTEM —
OT CHUHTETHYECKMX IIOJUMEPHBIX CMece 10 OHOMOJIEKYJISIPHBIX
koHAeHcaTtoB [1, 2]. OHO 4acTO TECHO CBSI3aHO C MOJUMEPHU3ALUCH, TAE
MOHOMEpPHI OOBEIUHSIIOTCS B 1€MW WK arperatbl. Jo HelaBHEr0 BpeMeHU
CUMTAJIOCh, YTO oOOparumas JMHEHHas MoJuMepu3alus cama 1o cede
HEJI0CTaTOYHA JUIsl MHAYIHUPOBaHUs (a30BOT0 PACCIOCHUS B OTCYTCTBUE
JIOTIOJTHUTENIBHBIX B3aUMOACHCTBUM [3].

Hamu B pamMkax mosieBOro mojaxoja TOKa3aHO, 4YTO OOparumas
HaIlpaBJICHHAs JIMHEWHAsl MOJUMEpPU3ALUS MOXKET BBICTYIIaTh B Ka4E€CTBE
CaMOCTOSITENIBHOTO TepMoauHamuyeckoro mexanusma DOPXOK naxe B
OTCYTCTBHE SIBHBIX aTTPAKTUBHBIX B3auMojeicTBuil. Pazpaborana teopus
2-(pyHKIHOHATBHBIX MOHOMEPOB, 00pa3yIOIIMX 00paTUMbIE HAIPABJICHHbBIE
CBSI31, B KOTOPOU SIBHO Pa3JIMYaIOTCS JIOKAJIbHBIC COCTOSIHUS, CBSI3aHHBIC C
oOpa3oBaHHEM CBsI3el U KOHIIaMU 1iernieil. B pamkax »Toit moxenu ¢ga3zoBoe
paccioeHre BO3HUKACT M3 KOMOWHATOPHOW SHTPONMUU KOH(UTyparuit
ces3eir [4]. Ilomydyennas wmopenb JeMOHCTpupyeT Ooratoe (a3oBoe
MOBEJICHUE, BKIIIOYAs PEIHTPAHTHBIE (Da30BbIEC TUArpaMMbl, PACCIOCHHUE B
UJICaTbHBIX PACTBOPUTENSAX U BBICOKOTEMIIEPATYPHBIM PEKUM pa3ieicHUs
(a3, 00yCI0BIECHHBIN UCKITIOUYNUTEIHHO SHTPOIUEHN CBA3HOCTH.

Hanee, BBEJICHUE JOTIOJTHUTEILHOTO BEKTOPHOTO noJIs,
aCCOIIMMPOBAHHOTO C  HAIMPABICHHBIMU  TMOJUMEPHBIMU  CBSI3SIMU,
MO3BOJIMJIO  ONHCATh  MOJSPHOE  OPUEHTALMOHHOE  YHOPSAOYCHHUE,
BO3ZHHKAIONIEE KOJUICKTUBHO B Tpollecce OOpaTUMON HAmpaBICHHOU
nonumepusanuu. [lokazaHo, 4To OpUEHTAIMOHHBIN BKJIal IEPEHOPMUPYET
3 PEKTUBHBIN YJIE€H CBSI3HOCTH, MPUBOJAS K CUJIBHOW B3aMMOCBSI3U MEXKIY
nojMMepu3alMed M OPUEHTAIIMOHHBIM  yropsjgoueHueMm. Mojenb
MpeCKa3bIBACT CIIOHTAHHOE BO3HUKHOBEHUE OPHUEHTAIMOHHOIO TMOPSIKa,
COCYIIIECTBOBAHHE OPUEHTAIIMOHHO YIOPSIOYEHHBIX U HEYIOPSI0YCHHBIX
KUIKUX (a3, KPUTHUYECKUE, IBTCKTOWIHBIC W TPUKPUTUUYECKHE OCOOBIC
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TOYKH, & TAKXKE MIHPOKOE Pa3HOOOpa3ne TOMOJIOrui (Pa30BbIX JUATPAMM .

OcoOblli MHTEpeC MPEACTABISIET IBTEKTOUJHAA TOYKa Ha (ha30BOid
quarpaMme, TJI€ CMBIKAlOTCA 00JacTH  KUAKOCTHO-KUJIKOCTHOTO H
KUJKOCTHO-KUIKOKPUCTAITINYECKOTO paccioeHus. O6cyxnaercs
BO3MOXHBIM CIEHAPUU JBYXCTAJAUMHOM CaMOOpPTraHU3allMh, B KOTOPOM
HayaJbHOE KOHIICHTPUPOBAHUE BEIIECTBA B IUIOTHBIE KOHJCHCATHI C
NOCJIETYIOIIMM HaKOIIEHUEM I0J] IEMCTBUEM HEPABHOBECHBIX IPOLIECCOB
OPUBOAUT K BTOPUYHOMY (A30BOMYy PpACCIOECHHIO M 00pa30BaHUIO
YIOOPSAOYCHHBIX MHKpooOiacTed. Takol MexaHW3M MOXET HMETh
OTHOIIICHUE K MPoOIeMe MTPOUCXOXKICHUS TPOTOKIIETOK [5].

Taxum obOpazom, oOparumas HarpaBJICHHAs CBSI3HOCTD
YCTAaHABJIMBAETCS KaK HE3aBUCHMMAasl JABWXKyLlas CHiIa >KUIKOCTHO-
KUJKOCTHOTO (ha30BOro paccioeHusl, a pa3BUTHIA TEOPETUUECKUI MOJIXO0/
MPEOCTaBIACT THOKYIO IUIATPOpMy Il U3YUYEHUS CBSI3AHHBIX SIBJICHUUN
¢dazoBoro paccioeHus, caMOCOOpKH u YHOPAIOUECHUS B
CYNPaMOJIEKYISPHBIX U CAMOOPTaHU3YIOIINXCA.

HccnenoBanue BBIIOIHEHO NMPU oAAepkKe HallmoHanbHOro Hay4yHoro
donaa Kuras (rpantet Ne W2512010, 22374033) u OTKpHITOrO MpOEKTa
["ocynapcTBeHHOM KITFOUEBOM Ta00paTOPUH TOPOJCKUX U CENbCKUX BOTHBIX

pPEeCypcoB W OKpYyXKarIleh cpeapl XapOWHCKOTO IMOJUTEXHUYECKOTO
uHcTuTyTa (ZD202520).
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PACITPEAEJIEHUE ATOMOB YIJVIEPOJA
B HAHOKOMIIO3UTAX Ni@C I1O JAHHBIM SIMP *C

CyBopkona E., [IpokonbseB 1. A., Muxanes K. H., Yitmun M. A.,
Koponér A. B., Munun A. C., EpmakoB A. E., 'aBuko B. C.
Hnemumym uszuxu memannos umenu M. H. Muxeesa YpO PAH
e.v.suvorkova@mail.ru

HanoxkoMmo3utsl  Hukenss B yraepogHodt  oboinouke  Ni@C
NEPCHEKTUBHBI I KaTajiu3a, OMOMEIUIIMHBI W CO3JIaHUsl THOPHUIHBIX
MatepuanoB. [lpenpimyiue wuccienoBaHus MOJOOHBIX  MaTEpPHUAIOB
CBUJIETEIIbCTBYIOT O 3HAYUTEIBHOM CHWKEHHMM HAMarHM4€HHOCTH MO
CpaBHEHHIO ¢ MakpooOpasumamu [l], YTO MOXeET mpeanojaraTh
MPOHUKHOBEHUE YTriepoja B SAPO YACTUI[ B IMPOIECCE CHUHTE3a U
oOpa3zoBaHue TBEPJOTO pacTBOpa yriaepoaa. JJist IpoBEpKH ATOM TUIIOTE3bI
obu10 TIpoBeneHo AMP-uccnenoBanue gokanuzaiuu yriepojaa B Ni@C.

CornacHo JaHHBIM MPOCBEUUBAIOIICH 3JIEKTPOHHOW MUKPOCKOIWH,
oOpazell mpeacTaBisieT coOOoM Onu3kue K CcPepruuecKuM YacTHUIBI CO
CPEAHUM pa3MEpPOM OKOJIO 6 HM. PEHTT€HOCTPYKTYpHBI aHAIU3 BBISBUIL,
nomuMo ocHoBHOM (a3el I'LIK Ni, Hammune ~15% NizC.

B cnekrpax IMP *C o6GHapy»xeHbI AB€ OTAENbHBIE TMHUU (puc. 1),
CYIIIECTBEHHO OTJIMYAKOIIUECS M0 TEMIIEpaTypHOMY MoBeaeHu0. OnHa u3
HUX pacnoJjiokeHa BOau3u HyJieBoro casura (125.76 MI'n), u e€ nonoxenue
HE 3aBUCUT OT TeMIlepaTyphbl, YTO COOTBETCTBYET pe3yjbTaram,
MOJYYEHHBIM paHee JJIsl aHAJIOTHYHBIX HAHOKOMITO3UTOB [2]. CpaBHEHHUE C
o0pa3lioM  TMOJBIX  YIJIEPOAHBIX  00OJOYEK, TMOJYYEHHOM  IyTEM
XUMHYECKOTO YJAJCHUs] METAIMYECKUX SAEP, MO3BOJSAET OJIHO3HAYHO
CBSI3aTh ATY JIMHUIO C CUTHAJIOM OT YIJIEPOJIHBIX 000JIOYEK.

Bropass 5nMHUS MEHBIIEM WHTEHCUBHOCTH HUMEET ITOJIOKUTEIbHBIN
casur (v = 126.84 MI'u ipu 100 K), KoTOpHhIil 3HAUUTEILHO YMEHbBIIIACTCS
C POCTOM TEMIIEpaTyphl. DTO OOYCIOBICHO MNPHUCYTCTBUEM IOOJIM30CTH
(GbeppOMarHuTHOTO HHKEJIsA, HABOJSIIETO JOMOJHUTEILHOE MAarHUTHOE
nmojie, TaKxke YOBbIBawolllee C TEeMIIepaTypoil, 4YTO MOJITBEPKAACT
JIOKAJM3aIMI0 JIAHHOTO yTJiepoJa BHYTPH sapa HAHOKOMIIO3UTOB. B
CIIEKTpax 4acTull, oTOxKEHHBIX mpu 1000 °C, 3Ta cCMENIeHHas JUHUSA HE
HAOJII0/IaeTCsl, 4YTO KOPPEIUpPYeT ¢ POCTOM HAMarHUYEHHOCTU W
CBUJICTEIILCTBYET O pacmaje TBEPAOrO pacTBopa yriepoja MpU OTKUTE.
OTcyTcTBHE paCIIEIUICHHS JIMHUU YKa3blBa€T HA TO, YTO YIJIEPOJ B slpe
3aHUMAeT KpHUCTALIOTpa@UUeCKN SKBHUBAJIICHTHBIEC TO3UIIMH, BEPOSTHEE
BCETO, OKTadpuueckne Mexaoy3nus ['IIK-pemérkn Hukemns.
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Pucynok 1. Cnexrp AMP *C manoxommnosuros Ni@C mpu T'= 100 K
BO BHEIIHEM MarHUTHOM moze 11.7467 Ti.

CnegoBaio ObI O0XHJaTh, YTO TEMIIEpATypHOE IOBEJICHUE CIIBUTA
KOppEIUPYET C MOBEICHUEM HaMarHH4eHHOCTU. OJTHAKO MOCTEHSSI UMEET
0oJiee CIIOXKHBIN XapakTep, Mpeanojaras HaJluuue MHOXKeCTBa (pakiui ¢
paznuunbiMu Temnieparypamu Kropu Tc (Bkmtouas Ni3C ¢ Tc~ 17 K [3]). B
cnektpax SIMP wnaGmronmaercss jumib yacth yriaepoaa ¢ Tc ~ 300 K.
Pacxoxnenue, BEposITHO, CBA3aHO C TeM, uTo SIMP oTpaxaer JIOKaJIbHOE
OKpY>XEHUE aTOMOB YTJIEpOJa, TOrJa KAaK HAMarHWYE€HHOCTb SIBIISIETCS
00BEMHOM XapaKTEPUCTUKON BCETO o0paslia.

Takum o6pazom, meromom SIMP 3C 6buio dKCIEpMMEHTAIBHO
JI0Ka3aHo, uTo B HaHOkomIMo3uTax Ni@C yriaepo JOKaIu3yeTcs He TOJIbKO
B 000J104Ke, HO U BHYTPH METAJUIMUECKOTO si/Ipa, 00pa3ys TBEP kI pacTBOP
BHeIpeHusi. CpaBHEHHE UHTEHCUBHOCTEH JIMHUI TTO3BOJISIET OLICHUTD JI0JIIO
yraepona B siape npuMepHo B 30%, 4To OJIM3KO0 K pacu€THOMY 3HAYEHUIO,
MOJIyYEHHOMY Ha OCHOBE CTPYKTYPHBIX COOOpaXeHHl U pe3yJbTaTOB
TepMOrpaBUMETpUYECKOro aHanu3a (24%).

PaGota BbIMOJHEHA B paMKax TOCYJApCTBEHHOIO  3aJlaHMUs
Muno6puayku Poccun s UOM VpO PAH u mononexHOro mpoekrta
«m 09-25» (CyBopkosa E.).

Jluteparypa
1.M. A. Yimun u ap., DMM, 120, 245, 2019

2. K. N. Mikhalev et al., J. Phys.: Conf. Ser. 1389, 012137, 2019
3. Fujieda S. et al., AIP Advances, 6, 056116, 2016
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BJIMSTHUE SKCTPEMAJIBHBIX BO3JTEMCTBUI HA
OCOBEHHOCTHU PEAJIN3ZAIIUU JE®OPMALIMOHHO-
UHAYIIUPOBAHHBIX CTPYKTYPHO-®A30BBIE
NMPEBPAILIEHUN «<AMOP®HOE COCTOSHUE — KPUCTAJLJI»

Cynnees P. B. '2, Ilanumona A. B. 2, Poraues C. O. 3
I PTY MUPIA, Mocksa, Poccusi
2 @I'VII « [[HUHuepmem um. U 11 Bapounay, Mockea, Poccus
S MUCHC, Mockea
sundeev)S@yandex.ru

B nHacrosiiee BpeMsi OJHUM U3 NEPCIEKTUBHBIX CIIOCOOOB MOIYUYEHUS
aMOp(PHO-HAHOKPUCTAIUIMYECKUX W  HAHOKPUCTAIUIMYECKUX  CTPYKTYpP
ABIISIFOTCS. METOJIbl AKCTPEMAJIbHBIX BO3JEHCTBHI: 3aKajka U3 paciuiaBa u
OonpIMX IUIACTUYECKHX JAedopmanui, B YacTHOCTU JAedopmanus
KpY4YeHHEM I0J] BBICOKMM KBazurujapocraruueckum nasienuem (KB).
3akanka W3 KHUAKOTO COCTOSIHUSA SIBJISETCS HauOoJiee pacipOCTPaHEHHBIM
METOJIOM JJIs OJIy4eHHsI aMOP(GHOTO COCTOSHUSL METANIMYECKUX CIJIaBOB.
OpnnHako, aMOp(PHOE COCTOSTHUE MOXKHO TaKKe MOJIyYUTh U B IpoLEecce
pPa3TUYHBIX BUAOB OOJIBIINX MJIACTUYECKUX JIePOopMaLnii KPUCTATUTMUECKUX
matepuanoB. [Ipu 3ToM He Bce cCIUIaBbl JETKO MEPEXOAsIT B amopdHoe
COCTOSIHME B XOJ€ OOoJblIMX IacTuyeckux aedopmanui. Tak Hamu
yCTaHOBJIEHO, 4TO0 B xoxe KB/l 5-TM pa3snuyHbIX KpUCTAIMYECKUX
crutaBoB:  NisoTi30Hf20, TisoNi2sCuzs, ZrsoNiisTii7Cuis u FersBgsSioPas
MOJIHOCTHIO aMOP(PU3YIOTCS TOJIBKO KPUCTAIIIMUYECKHE CIUIaBbl HA OCHOBE
TiNi, koTOpBIe, B OTIWYUE OT APYTUX MATEPUATIOB, UMEIOT OJWHAKOBBIN
XUMHUYECKHIl COCTaB Kak B aMOpP(pHOM, TaK M B KPUCTAIMUYECKOM
cocrogHuu. OOHaApYy>KE€HO, YTO CKJIOHHOCTb K JAe(OpMaIlMOHHOU
amop@u3alMM  KPUCTAUIMYECKUX  CIUIAaBOB U COOTBETCTBYIOIIMX
Kpuctajuinueckux (a3 mnpu  OodbIIMX IUIACTHYECKUX Jedopmanuid
onpenensiercss TpeMs (pakTopamMu: MEXaHUYECKUM, TEPMOJAMHAMUYECKUM U
KOHLIEHTpAaUUOHHbIM. Ha OCHOBaHMM SKCHEPUMEHTAIBHBIX JaHHBIX
MOKa3aHO, 4YTO CKJIOHHOCTh K JepOpMamroOHHOW amopduzammu
KPUCTAJUIMYECKUX CIJIABOB OINPEIEHSAETCS aJJUTHUBHON CKIOHHOCTBIO K
neopMarmonHoi aMopdH3alui KPUCTAUIMISCKUX (a3, BXOMSIINX B
cocTaB cIIaBoB. Brienenue amopdnoii ¢assl B mpouiecce KB/l naunnaercs
Ha rpaHunax aeopMalMOHHBIX (PPAarMEHTOB B peE3yJIbTaTe pealn3aluu
IPOLIECCOB 3E€PHOTPAHUYHOTO MPOCKAIB3bIBAHUS W TE€HEpAlMu BBICOKOU
IUIOTHOCTH U30BITOYHBIX BAKAHCHIA.

ABTOpBI BeIpaxkatoT OsarogapHocte PH® (rpant 25-22-00132).
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T'MBPUIN3ALIINS NEPHEHAUKYJSIPHBIX CTOSTUNX
CIIMHOBBIX BOJIH 1 TIPOCTPAHCTBEHHBIX TAPMOHHUK
BUXPEBOH PEHIETKU B TUBPUJHOMN CTPYKTYPE
CBEPXITPOBOJHUK/®EPPOMATHUTHBINA JUDJEKTPUK

Typkun 4. B.!, Ilyraa H. T'.!
! Hayuonanonwiii uccredosamenvckuii ynueepcumem «Buvicuias wxona
aKoHOMUKUY, 2. Mockea, Poccus, yturkin@hse.ru

['uOpuaHble  HAHOCTPYKTYpbl HAa  OCHOBE  (DEeppOMArHUTHBIX
JUAJIEKTPUKOB U OOBIYHBIX S-BOJIHOBBIX CBEPXIPOBOAHUKOB MPEIACTABISIOT
3HAQUUTENbHBIA HMHTEpPEC MJI1 CBEPXIPOBOJHUKOBONM CHUHTPOHUKH,
rUOpUJHON MarHOHUKM M CO3JaHUS METaMaTepUAJIOB C YIPaBIISIEMBIMU
AJEKTPOJIMHAMUYECKUMHU CBOWCTBAMU. B 4acTHOCTH, CIMHOBAas HAaKayka B
CBEPXITPOBOJHUK MOXKET MPUBOAUTH K BOBHUKHOBEHUIO O€3/IUCCUTIATUBHBIX
CIIMHOBBIX TOKOB, MEPEHOCSIINX YIJIOBOM MOMEHT B CBEPXMHPOBOJISIIMX
CIIMHTPOHHBIX cucTtemax [1,2].

B Hacrosmeir pabore wuccieayeTrcs JBYXCIOWHAs CTPYKTYpa,
cCoCTofAIlllass U3 TPASHOTO CBEPXMIPOBOJHUMKA H  (PEePPOMArHUTHOTO
nuanekTpuka. [lokasaHo, 4To cBepxmpoBoAsmuil 3¢pdekT Omuzoctu
CYIIIECTBEHHO BJIMSET HA CHEKTP MEPHEHIUKYISIPHBIX CTOSMMX CIHMHOBBIX
BOJIH ¥ MPUBOAUT K THOpUIU3AIIUY OOMEHHBIX BOJIH C MPOCTPAHCTBEHHBIMU
MOJaMH BUXPEBOM pemeTkn AOpUKocoBa.

[Tonepeunas MarHUTHasE BOCIPUUMYUBOCTb THOPUIHON CTPYKTYPHI
(puc. 1) paccumThiBaeTcsi Ha OCHOBe ypaBHeHus Jlangay—JIndmmia—
['mnebepra ¢ MOAM(PUIIMPOBAHHBIMU TPAHUYHBIMU YCIOBHSIMHU. OTHU
YCIOBUS ~ YUYUTHIBAIOT  HEPABHOBECHYKD  CIIMHOBYIO  IUIOTHOCTb,
BO3HMKAIOIIYI0  Ha  TpaHUIlE  CBEPXIIPOBOJHMK/(PeppOMarHUTHBIN
JUAJIEKTPUK BCJEACTBUE MOBEPXHOCTHOTO OOMEHHOTO B3aUMOJACHCTBUAL.
CHnHUHOBBIN OTKJIMK CBEPXIPOBOAHUKA ONPEEISAETCS U3 INHEAPU30BAHHOTO
ypaBHeHus1 Y3anens—Kennpima, HOpUMEHUMOro B TPSI3HOM TMpeEJene.
BnusiHue npeueccupyroiei HaMarHH4eHHOCTH (epPOMArHUTHOTO CJI0S Ha
JTUHAMUKY CBEPXITPOBOASIIEIO KOHJIEHCATa OMUCHIBAETCS TUHAMUYECKUMHU
IPaHUYHBIMU YCJIOBUSIMA B TPHUOJTMKEHUHW MAaJIOTO yTJia CIIMHOBOTO
cmemieHus [3]. dopma BUXPEBOW PEIIETKH PACUMTAHA AHAIUTUYECKOIO
pELIeHHs] U3 MarHUTOCTaTUYECKOM 3a1auu.
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Puc. 1. Paccuntannas monepedHas MarHuTHasi BOCHPUUMYHBOCTh
rudpuHoit ctpyktypsl CIT/OM/I.
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JTUHAMMKA PELIETKU TUAPUJA U JEUTEPUIA HUKEJIS

Yemanos P2, Kynakos B!
"Huemumym usuxu meepoozo mena PAH, Yeprozonoexka
? Hayuonanvnwiii ucciedosamensckuii ynueepcumem «Boicuiasn wixkona
sKoHomukuy, Mockea
mephistomadjim@mail.ru

I'mpopun wHukens c¢ I'HHK cTpykTypod OTHOCUTCS K JOBOJIBHO
MHOTOYHUCJICHHOW TpYyINe THAPUIOB d-METAIJIOB, OOpPa3yIOUIUXCS MpU
BBICOKHMX JIaBJICHUAX Bojaopoja. luHaMuka peneTkd OOJIbIIMHCTBA U3 HUX
paHee Oblja M3y4eHa METOJIOM Heynpyroro paccesnus Herponos (HPH).
[Tonyuyennsie cnextpel HPH, nononnennsie DFT pacueramu, Obuin
UCIIOJB30BaHbl  JUISi TIOCTPOCHUS CHEKTPOB IUIOTHOCTH (POHOHHBIX
coctosiHui g(E) TuIpUIOB U pacueTa ux pemeTouHon temioeMkoctu Ci(1)
10 1000 K [1]. To4HOCTB 3TUX pacu€TOB HEM3BECTHA, A SKCIIEPUMEHTAIBLHOE
HCCJIEIOBAaHUE TEIIOEMKOCTH THAPHUJIA BBHICOKOTO JIaBlIeHUsI OBLIO paHee
npoBeieHo nuib g ogHoi cucteMmsl — CrH [2]. I'mapuasl d-31eMeHTOB,
oOpa3oBaHHBIE TP BBICOKMX JaBJICHUSX BOJOPOJa, TEPMHUYECKHU
HECTAOWJIbHBI B HOPMAJILHBIX YCIOBHUSX M MOTYT OBITh MOJIYYCHBI JTHUIIH B
HEOONBIIUX  00BEMAx, 4YTO 3aTPYAHSET MX OKCIEPUMEHTAIBHOE
uccienoBanre. Kpome TOro, Bce OHM, BKJIIOYasi HUKEJb, — METaJlIbl, B
pe3yabTaTe 4ero OHu 00JIaJIal0T 3HAYUTEIBHBIM 3JIEKTPOHHBIM BKJIAJIOM B
TEIMIOEMKOCTb, KOTOPBIM TPYJIHO OLIEHUTH C XOPOIIEH TOUHOCTHIO.

OOpa3upl TuApuAa W JAeUTepusia HUKENs, CHHTE3MPOBAHHBIC MPHU
nasnenun 7.4 T'lla u temneparype 873 K, Obutn mccienoBaHbsl METOIOM
mudepeHIaNIbHON CKaHUPYIOMEH KaJOpUMETPUU TPU TEeMIeparypax
120-220 K ¢ nomompto kamopumerpa DSC-7 ¢upmbr Perkin-Elmer.
Nwmeromuecss IUTEpaTypHbIE JAHHBIE SKCIEPUMEHTAIBHO IOJYYEHHOTO
YPaBHEHHUSI COCTOSIHUSI THUJPUJIAa HUKEIS NMPU BBICOKUX JaBieHusx [3], a
TaKK€ €ero pacyeTHOM 3aBUCUMOCTH KO3(duIMEHTa  TEIIOBOrO
pacliMpeHnsl OO BBICOKHX TeMmmepaTryp [4] MO3BONMMIM Y4YECTh Pa3HUILY
Mexay Cp, KOTOpas MOTYYaeTCA U3 KaJOPUMETPUUECKUX UCCICAOBAHUN, U
Cv, koTopas mojay4daercs u3 pacuera. OIeHKa 3JeKTPOHHOr0O BKiIaja Oblia
BBITIOJTHEHA HAa OCHOBE IMPOBEICHHBIX B HacTosmer padore DFT pacueros
IJIOTHOCTH COCTOSIHUM Ha ypoBHEe Depmu. Xopouiee coriacue pacueTHbhIX
3HAYEHU I TEMIIEpATypPHOI 3aBUCUMOCTH TEIIOEMKOCTH c
SKCIICPUMEHTAIBHBIMA ~ JTAHHBIMU ~ TO3BOJIMJIO  HMCIOJBb30BaTh  3THU
3aBUCUMOCTH ISl TOJIYKOJIMYECTBEHHOW OLICHKM TMOJIOKECHUS JIMHUMU
¢$a30BOro paBHOBECHS MEXKIY JIMHHSIMU OOpa30BaHUS U PaA3IIOKCHUS

- 120 -



TUAPUIOB, a TAKXKE JJI MPOBEPKU BO3MOXKHOCTH pacuera MU3MEPEHHOU B
HBIHEIIHEH paboTe M30TepMbl PACTBOPUMOCTHU BOJOpPOAA B HUKENE IPH
873 K B MOJienn pEryJIApPHBIX TBEP/IBIX PACTBOPOB.

Jluteparypa
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BJIUSTHUE NEPEKPBITUS BOJTHOBBIX ®YHKIIUHA HA
OBMEHHBIH MEXAHU3M OTPULIATEJBLHOI'O
MAT'HUTOCOINPOTUBJIEHHUSA B CJIOUCTBIX
AHTUPEPPOMAT'HUTHBIX ITOJTYMETAJIJIAX

®asopos B.O.!, I'puropses I1.11.!
! Unemumym meopemuueckoti pusurxu um. JIJ. Jlanoay PAH,
Yepnoeonoexa 142432, Poccus

B cnoucteix antudeppomarautHeix (AD®M) momymeraniax, TaKux Kak
EuSnxAsz, EuSn2P2, CsCozSez, Habmomaercs 3¢(dEKT OTpUIIATEIBHOTO
MarHutocornpotusiieanss (OMC), H30TPOMHOTO MO OTHOWIEHHIO K
HaIPaBJICHUIO 3JIEKTPUYECKOTO0 TOKA U MPUI0KEHHOIO MAarHUTHOTO TOJIS
[1,2] ¥ 1O OTHOCUTENHLHOW BEIWYMHE CJIA00 3aBHUCSIIEEe OT KayecTBa
oOpasna. lutepBasi MarHUTHOTO 1018, rae HaOmonaercss OMC, orpanuyueH
TOJIbKO 00nacThlo, rie uMeercss ADOM ynopsipouenue. bouio npeanoxeHo
TeopeTrueckoe 00bsicHeHne n3oTpornHoro OMC B TaHHBIX CO€TUHEHUSIX, B
KOTOPOM TpeAroiaraeTcsi, 4ro 3ToT 3()QPEeKT BO3HUKAET B pe3yJbTaTe
HapylIeHus T, CHMMETPHUH BOJHOBOH (DYHKIIUM 1 STEKTPOHOB IS KaXKI0H
KOMITOHEHTHI cnuHa B ADPM meraax [1,2], U3-3a 4ero 3T BOJIHOBBIE
GyHKIMHM CKUMAIOTCS B KOOPAUHATHOM TMPOCTPAHCTBE, YTO YBEITUYMBAET
CKOPOCTb paccesHUsl 3JEKTPOHOB Ha MpUMeEcSIX W jAedekrax. Bemnumna
addekra okazanach 3aBUCHIIEH OT OJHOTO O€3pa3MEPHOro IMapaMeTrpa —
OTHOLIEHUS OOMEHHOTO CITIMHOBOTO PACHICIUICHUS Eex SHEPTUU JJIEKTPOHOB
MPOBOAMMOCTA Ha Kaxaod u3 ADPM mnoapemerok K HMHTErpaily Hx
nepeckoka ¢t Mmexny ADOM noapenieTkamu.

JlanHnas Mmozenb OblTa IpuMeHeHa [1,2] mis pacdeTa OTHOCHTEIIBHOTO
YBEIIMYEHHS] CONPOTUBICHHUS W MakcumanbHOoro 3Hauennss OMC B
cioucTtoM anTudeppoMaraHuTHoM nosymeramuie EuSn2As;. [1o cpaBHeHUIO
C DKCIIEPUMEHTOM TEOpHs Jana 3aBbIIIECHHBIA pe3ynbTaT — nopsaka 10%
TEOPETHUYECKH Mpe/icka3aHHOro A(d@exra, Korma ->SKCIepPUMEHTAIbHOE
3HauyeHue aaet ~6%.

B paborax [1,2] ObUIO caenaHO JAOMYIIEHHE, YTO TEPEKPHITHE
BOJTHOBBIX (DyHKIIMH 3JIEKTPOHOB Ha cocennnx ADM noapemnieTkax Maio, v
MOATOMY TIPU pacyeTe BOJHOBBIX PyHKIMM B ADM COCTOSHUU BEITMUUHOU
wHTerpana nepekpsitus 0 = (Y, [Y,) = [ Y (2)y,(z)dz npenebpermu. B
ATOM paboTe MBI yiaydinaeM Teopuio s u3zorpornHoro OMC, Bkirouas
MEPEKPHITHE BOTHOBBIX (DYHKIMU U TIOJTyYas YIy4IIEHHOE BbIPAXKEHUE IS
OTHOCHTENIBHOTO YBEJIMUECHHS COPOTUBIICHHUS B Pe3y/IbTaTe HAPYIICHHS T,
CUMMETPUU BOJHOBBIX (GyHKIHH. MBI TIOKa3bpIBa€M, 4YTO TEPEKPHITHE
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BOJHOBBIX (yHKIMIA ymeHbmaeT 3¢gdekt nzorponHoro OMC, u HOBbIU
TEOPETUYECKUN PacyET HAET BEIMYMHY mopsaka 6%, 4YTO IMOITHOCTHIO
COTJIACYETCA C DKCHEPUMEHTAIbHBIMU TaHHBIMU [ 1].

B pesynbrare yu€T mnepeKkphITUS BOJHOBBIX (PYHKIMH COCETHUX
MOAPEIIETOK B HOBOM MexaHuzMme wuzorponHoro OMC pan xopoiuee
KOJIMYECTBEHHOE COIJIACHE C SKCHEPHUMEHTOM, KOTOPOrO HE XBaTajo B
paHHEM TEOPETHUYECKOM OMHUCAHUH.

HccnenoBanue BBIMOJHEHO Npu nopaepxkke rpanta PH® Ne 26-12-
00345.
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BJIUAHUE PASMEPA YACTHUI AVIMA3OINIOAOBHOI'O
HUTPUJIA BOPA HA UHTEHCUBHOCTbD JIIOMUHECHEHIINHN

®dunonenko B.I1., 3udpos N.I1., barpamos P.X.,
JIsmun C.I'., PasrynoB A.A.
HUnemumym usuxu evicoxux oasnenuu PAH, Mockea, 2. Tpouyk
filv@hppi.troitsk.ru

Coueranue B anmasonojoOHoM Hutpuae 6opa (cBN) yHUKaIbHBIX
CBOMCTB (BBICOKasi MPOYHOCTb, XMMHUYECKasi WHEPTHOCTb, TEpMHUECKas
YCTOMUHUBOCTh M XOpOIlasg TEIJIONPOBOJHOCTh) OTKPHIBAET IMIUPOKUE
MEPCIEKTUBBI JJI €ro HCHOJIb30BaHUS. B 4YacTHOCTH, HaHOpa3MEpHbIE
KPUCTAJUIbI TIPEJCTABIISIIOT UHTEPEC ISl OOpHEUTPOH3aXBATHOM Teparnuu, a
HaJM4Yue ONTUYECKUX LIEHTPOB MO3BOJIAET UCIOIb30BaTh CBN B kauecTBe
JATYUKOB TEMIIEpaTypbl BHYTPU JKUBBIX KIETOK, OJHO(DOTOHHBIX
UCTOYHMKOB JJI1 KBAHTOBOM 00paOOTKM HHOpMaLUM U JAPYIHX
HampaBieHusx. Psg Toueunsix nedexToB, koTopeie 00pa3yroTcs B cBN Bo
BpEMs CHHTE€3a WM TMPH  BBICOKODHEPIETHYECKOM  BO3JIECHCTBUU
MIPEACTaBIISIOT COOOM aKTHBHBIC ONTHUUECKHE IeHTpPHI [ 1,2]. LlenTp okpackm
C Y3KOM W ApKOM JNUHUEH JIOMUHECIICHIIMM Ha JJIMHE BOJIHBI 683 HM OBLI
OOHapy>XeH HaMU B ajaMa3onoJoOHOM HHUTpUje Oopa, MOJYYEHHOM B
YCJIOBUSIX BBICOKMX JnaBiieHU# [3]. B HacTosimiedt paboTe uccliienoBaiach
3aBUCUMOCTh JTIOMUHECIICHIIMKM OT pa3Mepa KpHUCTAUIOB B JMANa3OHE OT
10 am o 10 MxM.

B kauecTBe UCXOAHOTO MaTepualia HCHOJIB30BAICS MOPOILIOK
oopazana (H3:BNH3). Cuntes mpoBoawnmm npu paBiaeHusx 7-8 I['Tla u
temneparypax 1300-1500 °C B kancynax w3 UMpPKOHMS WiM Menu. B
nporecce cuHTe3a  (GopMHupoBaIMCHL  Kpuctaibl cBN ¢ y3kum
pacripe/ieJieHueM 4YacTull IO pa3MepaM, KOTOpbIE AaHAJIU3UPOBAIUCH C
UCIIOJIb30BAHUEM METOJIOB 3JIEKTPOHHOW MHUKPOCKOIHUH, PEHTIEHOBCKOM
nudpakiuy, KOMOMHAITMOHHOTO paccestHUS U (POTOTFOMUHECIICHIINH.

beuto ycranosieHo, uro obpasoBanne ¢cBN npu nupoause 6opaszaHa
COMPOBOXK/IAETCS MPOTCKAHUEM XHUMHUYECKUX PEaKIUid BHYTPHU KarlCyJlbl,
KOTOPBIE CBSI3aHbI C aKTUBHOM ajicopOIreit Oopa3aHoOM BJIard M3 BO3IyXa.
Ha nudpakrorpammax npoaykra cuaTeza kpome cBN npuCcyTCTBYIOT MUKH
neHrabopara ammonusi (NH4BsOs). Taxke B0O3MOXHO oOpazoBaHuE
bmronaneix ¢a3 azora (NHz wim NOx) u 6opuoii kucnotsl (H3BO3), uto
MPUBOJIUT K HAPYIIEHUIO CTEXUOMETPHUH B HUTpHJIE Oopa U (HOPMUPOBAHUIO
pPa3IMYHBIX TOYEYHBIX Je(EKTOB — BaKaHCHI, aTOMOB 3aMECIICHMUSI
(kucopon, KpeMHHI), 3aHATHE aToOMaMu 0opa U a30Ta YyKHUX MO3UIINHA B
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pemetke (antisite defects). Pacuetsl, npencraBieHHsie B padborax [3,4],
TIOKa3aJy, qTO IKCIIEPUMEHTATLHOMY 3HAYCHUIO SHEPTUU
JFOMHUHECIIEHTHOTO IIEHTpa HambOojee ONM3KO COOTBETCTBYIOT BapHUaHTHI
3aMeIIeHUs a30Ta KPEMHHUEM HITH OOPOM.

-
1

L 683

Raman cBN @

w

A
A

—

Intensity (a.u.)
PL Intensity (a.u.)

[\ ]

1

w

e

95 500 550 600 650 700

]
|

28 Wavelength, nm

Puc. 1. PesynbraTel ananuza kpucramioB cBN ¢ paznmnunabiM pazmepom
YacTHI[: @ — Y4aCTOK AU(PPaKTOrpaMm, O — CIIEKTPhI JIOMUHECIEHIIUN
(1 — pa3mepsl kpuctamio 1-5 mxm, 2 — 0.1-0.3 mxm, 3 —0.01-0.02 mxm)

7! 85

Ha pucynke 1 mpencrasinen anamus Tpex obpasnoB cBN, pazmepsl
YacTUIL B KOTOPBIX OTIAYAINCH APYT OT Apyra Ha OJWH HNOPSAOK U TOYHO
(GuKCUpOBANINCH C MOMOIIBIO 3JIEKTPOHHOW MHKpockonuu. M3 pucynka
BUJIHO, YTO C YMEHBILIEHHEM pa3Mepa YacTull MUKU Ha AU(paKkTorpaMmax
HE TOJIBKO YIIUPSIOTCSA, HO U CMEIIAOTCA B CTOPOHY MEHBIIMUX YTJIOB, YTO
CBUIETENLCTBYET 00 yBenuYeHUu napamerpa pemeTrkd. ChnexkTpsl
JIOMUHECLICHIMN TIOKa3bIBAKOT, YTO ONTUYECKUW UEHTP C JIMHUEN
JIOMUHECHEHIIMU ~ 683 HM B MHUKPOHHBIX KpPHCTaNIaX OTCYTCTBYET, B
CyOMHUKPOHHBIX TOSBIISICTCS, @ B HAHOPA3MEPHBIX HMEET BBICOKYIO
VHTEHCUBHOCTb.

PaGoTa BbIlOHEHAa B pamMKax HporpaMmMbl MUHHCTEPCTBA HAYKH U
BbIciIero oopazoanusi PO FFUW-2021-0003.

1. E.M. Shishonok. Phys. Solid State. 49, 10, 1884—-1890, 2007.
2. R. Buividas. Optics Lett. 40, 24 5712, 2015.

3. V.P. Filonenko. Mater. Lett. 383, 138011, 2025.

4. V.P. Filonenko. Phys. Stat. Sol. (RRL). 20:€202500478, 2026.
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MOJIEJIA 4J15 OIIMCAHUSA TEPMOJINHAMHNYECKHUX
IHAPAMETPOB METAJIVIOB ITPU BBICOKUX JTABJIEHUAX
N TEMIIEPATYPAX

Xumeuko K. B.
Obvedunennwvii uncmumym vlicokux memnepamyp PAH
konst@ihed.ras.ru

HeobxoaumMocTh onucanus TEPMOJIUHAMUYECKUX CBOMCTB Pa3IMYHBIX
MaTe€pUaJIOB BO3HUKAET MPU PEMIEHUU 3a/1a4 YHUCIECHHOTO MOJEINPOBAHUS
JTUHAMUKHA HECTAIMOHAPHBIX MPOIIECCOB B YCIOBUSIX BBICOKHX IIIOTHOCTEMN
3HEpruu. B yacTHOCTH, JUIsI 3aMBIKaHMSI CUCTEMbl YPAaBHEHUI JBUKCHUS
CIUIOLIHOM Cpellbl B aauadaTU4YecKOM Ipoliecce TpeOyeTcsl ONnpeneianuTh
B3aMMOCBSI3b MEXAY AaBlieHreM (P), ynenbHbiM 00beMoM (V) u yaenbHOM
BHyTpeHHel sHeprueit (E). s MoaenupoBaHusl JUHAMUKHU MPOLECCOB C
TEIJI000MEHOM HEO0OXOAMMO 3HaTh Takke a0comtoTHYI0 Temmnepatypy (7).
B »To0i1 paboTe paccmaTpuBalOTCsl BAPUAHTHI ONMMCAHUS CBOMCTB METAILIOB
Ha OCHOBE Pa3HBIX XapaKTEPUCTHUECKUX (PYHKIMH (TEpMOAMHAMHYECKHUX
MOTEHLMAJIOB) MIPU BBICOKUX JABJICHUAX U TeMmIleparypax. TpagulluOHHbINA
BBIOOp ylenbHOM cBOOOAHOW sHepruu (F) B KayecTBE TaKoW (DYHKIIMH C
NepeMEHHbBIMU V' U T BeNEeT K ONpENeNIeHUI0 CBS3U Mexay P, V' u E ¢
MOMOILIBIO ABYX ypaBHEeHUM cocTosinus B popme P=P(V, T)u E=E(V, T).
Bo16op pyHk1uu ynensHol 3HTponuu (S) oT nepeMeHHbIX V u E TpuBOAUT
K KaJOpUYECKOMY YpPaBHEHUIO COCTOSIHMSI HEMOCPEACTBEHHO B (Qopme
P=P(V, E) u, nna pacuera TemMnepaTypsbl, K OTACIbHOMY TEPMHYECKOMY
ypaBHeHUt0 coctosinusg B dopme T = T(V, E). IlpennoxkeHo BbIpakeHHE
xapakrepuctudeckoit pynkiuu S = S(V, E) nns MeTalaoB MPU BBICOKUX
naBlieHUsX U Temmneparypax [1, 2]. IIpuBomsarcs npumepsl ypaBHEHHI
COCTOSIHMSI aJIIOMUHUSA, Keje3a, MEAN U JIPYTUX METAUIOB CO CPAaBHEHUEM
pE3yJIbTaTOB PACUYE€TOB TEPMOJMHAMHUUYECKUX MapaMeTPOB M UMEIOIIUXCS
JAHHBIX SKCIIEPUMEHTOB IIPHU BBICOKMX JABJIECHUSAX U TEMIIEpaTypax.

PaGoTa BemosHeHa mpu moanepxkke Poccuiickoro HaydHoro ¢oHaa
(rpanT Ne 25-19-00944, https://rscf.ru/project/25-19-00944/).

Jluteparypa

1. K. B. Xumenko, TBT, 64, 223, 2026
2. K. V. Khishchenko, Materials, 19, 3351, 2026
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OCHNJVIAIINUA 3AITPEINEHHX 30H, HAIBAPBEPHOE
OTPA’KEHME U IPYI'ME UHTEPECHBIE HCTOPUMU O
ABYMEPHOM TOITOJIOI'MYECKOM HU3O0JIATOPE

[BetkoBa A. B.", Ponuonos . U.', I'puropses I1. /1.’

' Becepoccutickuu HUH aemomamuxu um. H. JI. [[yxoea, Mocksa, Poccus
> Unemumym meopemuueckou gusuxu um. J1. J[. Jlanoay PAH,
Yepnoeconosxa, Poccus
"E-mail: al.v.tsvetkova@yandex.ru

Tononornueckue wuzossitopsl (THM) XapakTepusyroTcs HaJIUYUEM
U30JUPYIOIIEH MIEIN B CIEKTPE OOBEMHBIX AJICKTPOHHBIX COCTOSHHUM U
OecCIIeNIeBEIMA ~ KPAaeBbIMM  WJM  MOBEPXHOCTHBIMHU  COCTOSIHUSIMU,
3alIMIICHHBIMU TOMOJIOTUYEeCKA. T MHTEpecHbl CBOMMM YHUKaJIbHBIMHU
(GbU3NYeCKUMU CBOMCTBAMHU M TOTEHIIMAJIOM HCIOJb30BAaHUS B KAdyeCTBE
HAJICX)KHOW 0a3bl KBAHTOBBIX BbluucieHuil [1]. BaxubiM cBoiictBom TU
SBIISIETCSI UX BBIPAXKEHHOE CHUH-opOuTaibHOe B3ammojeiictBue (COB):
KpaeBble COCTOSIHHSI OOJaJar0T >KECTKOW CBS3BIO MEXKIY CIHMHOM U
UMITYyJIbCOM, TO €CThb OOpaTHOE paccesHue Bcerjna BiedeT 3a coOoM
nepeBopoT cruHa. CiaegoBaTeNbHO, B OTCYTCTBUE MArHUTHBIX MpHUMECEN
WM MarHuTHOTO TMOJIsl, HAPYLIAIOIMUX CUMMETPUIO MO OTHOUIEHHUIO K
oOpalieHuI0 BpPEMEHHU, YIPYroe paccesHue KpaeBbIX COCTOSHUUI
3anpenieHo. B nanHoil pabote paccMaTpuBaeTCs BHECEHHBIN BO BHEIIHEE
OJHOPOJHOE MAarHutHoe mnoie aAByMepHeln TH, Kpall KOTOpOro
NepUoINYecKr ToppUpoBaH (MO ACUCTBHEM YIPYTUX MOBEPXHOCTHBIX
CWI, Kak B JKcmepuMmeHte [2]), yron npepopmammu: ¢(x+L)=@(x).
MarauTtHOE 1noJie OpTOroHabHO MIOCKOCTH TH. I'amMuiibTOHMaH KpaeBbIX
cocTosiHuit [3]:

H'"(x)=vp,0,+uc, +U(x), (1)
e u=u,gH, ¢ — g-GakTop s KPaeBbIX 3JEKTPOHOB, o, — MaTPUIIGI
[Taynu. IToreHuman U(x)Z%[[jx¢(x)+¢(x) p.lo. OIIMCBIBACT NEPECHOPMUPOBKY
COB B mpucyrcTBuM KpaeBod nedopmaiuu. 3eeMaHOBCKUM WICH uo.

OTKPBIBACT B CIICKTPC JSJICKTPOHOB IICJIb HIHpHHOﬁ H, U YCIOBHUE &> u

BBITIOJIHSIETCST Beeraa. Tak peanusyercs HaaOapbepHOE OTpa’KE€HUE, KOrja
KBa3UKJIACCUYECKUN UMITYJIbC HE UMEET HYJIEH Ha BEIIECTBEHHOM OCH.
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0.00

5 8 7 3 8
Puc. 1: (a) TU ¢ nepopmupoBannbiM kpaem. (b) lllupuna
3amnpeIIeHHON 30HbI ¢ n=8 s ¢(x) =0.5+cos(2zx/ L), N3 BeIpaKeHU (2)

(opanxeBasi), U3 HHTErpUpoBaHus raMmuiibToHraHna (1) (romybas), u3
yrounenHoit BKb ¢popmyisl (kpacHas).

JIns  peumieHus: OJHOMEPHOIO YpaBHEHUS H'’y(x)=sw(x) OBLI
npuMeHeH MeTol [TokpoBckoro-XanaTHUKOBA I MEPUOJAUCKON 3a1a4u
[4, 5]. B npubnmxenun 00bIIUX MArHUTHBIX MOJICH 1~ & ObUIU MOJTyYEHbI
BBIPAXEHUSI IJIs IIIUPUHBI 3aITPEIICHHON 30HbBI A:

4 oIm Ldx z
A=—|coszade|e"”, ]:)=J- —, S=jo7z'(z)dz, 2)
Té 0 Q X0
II€ Jc=&—pu KUHETUYECKAas HHEPTrusi 4YacTUlpl, 7, — BpeMms

MPOXOKJICHUST YaCTUIIEW PACCTOSIHUS, PABHOTO MEPUOAY IOTEHIMana L,
a~L, n(z) — KBa3WKJIACCUUYECKUHW HUMITYJIbC U § —KBA3UKJIACCHYECKOE

nencTBue (z, HyJlb 7(z) B KOMIUIEKCHOM TJIOCKOCTH). Bripakenue (2)

MOKa3bIBAET, UTO IIMPUHA 30HBI A OCHWJUIMPYET Kak (PYHKUHUS BEIUUHHBI
MarHuTHOTrO 1moJjist. OCUUIUISIIUA BOSHUKAIOT B CUJIY TOTO, 4TO cuctema (1)
npeacTaBisier u3 ceds untephepomerp Jlangay-3eHepa B KOMILIEKCHOM
IJIOCKOCTH.

Tak ’xe NpPOBENEHO UCCIEIOBAaHUE 3a/ladyd B PEXKUME CIIa0bIX
MarHATHBIX NOJIEW wul/(v;h < METOAOM TEOPUH BO3MYIICHUH W

KBa3UKJIacCUUYeCKUM  TpuOiamxenuem.  Ilociaegnee  mpuBOAUT K
yABUTEIbHOMY  0000menuto  metoma  [lokpoBckoro-XanaTHUKOBA.
Oka3sbIBaeTcs, JJIs1 BAKHOTO KJjlacca MOTEHIIMAIOB, PACCESTHUE MPOUCXOIUT
B 0OECKOHEYHO yJAJlCHHOW TOYKE MHHUMOM OCHM  KOMILIEKCHOM
MOJYTIJIOCKOCTH.

Jluteparypa
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SJIEKTPOHHBIE, MAT'HUTHBIE U PEHHIETOYHBIE
CBOUCTBA KOPPEJIMPOBAHHOI'O OKCH/JA LaNiOs

SAuymxkesud H. A.!, Jleonos U. B.?
TYpanvckuti @edepanvuviii Ynusepcumem
um. Ilepsozo Ilpezuoenma Poccuu b. H. Envyuna
’Uncmumym ¢uzuxu memannoe um. M. H. Muxeesa YpO PAH
tavatuil 18@yandex.ru

Penko3emenbHbIC HUKENIATHI ¢ TIEPOBCKUTHOM CTpYKTypoit RNiOs3 (R—
PEeIKO3eMENIbHBIN JIEMEHT TPYIIIbI JIJAHTaHa) 00J1aJal0T PSIOM HEOOBIUHBIX
AJIEKTPOHHBIX, MATHUTHBIX M PEHIETOYHBIX 3(P(PEKTOB, TAKUX KaK MEPEX0]l
METAJI—AUAJIEKTPUK C U3MEHEHUEM TEMIIEPATYPHI U JaBiieHus. [lepexon ot
JTUBJIEKTPUYECKOr0  (MMapaMarHUTHOTO WM  MAarHUTOYIOPSI0YEHHOTO)
cocTosiHusg B a3y  MeTajlla  CONPOBOXIACTCS  HCKaKEHUEM
KPUCTAUIMYECKON PEIIETKM M CBA3aH C IMEepPexXoJoM U3 3apsgoBO-
YHOOPSA0UYEHHOTO MO «JIbIxaTeabHol Moje» (“‘breathing-mode™) cocrosiHus
c BekTopoM pacmpoctpanenus Q=[1/4,1/4,1/4] (B mnceBmoKyOW4YeCKOU
sYeHKe) B TOMOT€HHOE MeTajuimdeckoe cocrosiaue. B otauune ot RNiOs, B
LaNiOs3 mepexon B IUAJIEKTPUUYECKOE COCTOSHHME HE HAOI0/IaeTcs, a caMm
MaTepHa SBIAETCS XOopolum rpoBoaHukoM. CBoiictBa LaNi1Os 1o cux mop
MOJTHOCTBIO HE U3YUYEHbI, OTKPBITHIM OCTa€TCsl BONPOC O (HhOPMUPOBAHUU
MAarHuTHOTO YHOPSIIOYEHHS B JAHHOW cucTeMe [2].

B nmanHo#l pabore Obula HCCEAOBaHA »dJIEKTPOHHAsT CTPYKTYpa,
MarHuTHBIE U pelieTO4YHbIe cBOMCTBa nmepoBckuTa LaNi1Os. beuto nmokaszano,
yTO0 B paMmkax cnuH-nojisipu3zoBaHHbix DFT wmm DFT+U  pacueros
OCHOBHBIM COCTOSIHUEM SIBJISIETCS JUAJIEKTPUK C aHTHU(EPPOMArHUTHHIM
nopsigkom E’-Tuma, ¢ 3apsm0BO-yHnopsiiOYEHHBIM COCTOSIHUEM HMOHOB
Hukens. [loaydeHHOE  JUANEKTPUUECKOE  pElIeHWE  HaXOJIUTCS B
KAa4eCTBEHHOM IMPOTHUBOPEUHMU C OIKCIEPUMEHTAIBLHO HAOJI0JaeMbIM
MeTtautmdeckuM  coctossHueM — LaNiOs, d4TO  CBUAETENBCTBYET O
CYLIECTBEHHOM  pOJM  OuHaMuyeckux KOPPESIUOHHBIX 3A(]dekToB
(ciHOBBIX (DITYKTyaIuii) I OMUCAHUS €TO CBOMCTB.

B nanHoii pabote nmpoBeaeHo uccieaoBanue ceorctB LaN1O3 merogom
Teopuu auHamuueckoro cpeanero nojass DFT+DMFT, B pamkax koTopou
CTAaHOBUTCS BO3MOKHBIM y4€CTh OJHOY3€JIbHbIC CITMHOBBIE (IIyKTyariu B
Ni 3d oOonouke mnpu koHeuHou Ttemmneparype (T =116K) [3].
PaccmoTpeHbl pa3fiiuHble BapUaHThl PEIIETOK: 3KCIEPUMEHTAIbHAs
pemeTka [4], pemeTka, NCKaXX€HHAs MO «IbIXaTEIbHOM MOJIE», a TaKXKe
CTPYKTYPBI, IOJIy4YEHHBIC B pE3yJIbTaTEe MOJHOU CTPYKTYPHOU pelakcaluu B
pamkax DFT-pacueroB. DFT+DMFT pacuersl narorT MeTamimyeckoe

- 130 -


mailto:tavatui118@yandex.ru

pemieHre ¢ 3(PEKTUBHOM KBA3WYACTUUHOM NEPEeHOPMHUPOBKONM Ni eg
cocTosiHUA m*/m = 2.4. JlanbHUM MAarHUTHBIM TIOPSIOK IPHU 3TOM HE
CTAaOMJIM3UPYETCS — pEUIEHUE CXOAMTCS K IMapamarHuTHoMy. HaumOoiee
CTaOMJIBHOW  CTPYKTYpOM  SIBJSIETCS  CTPYKTypa II€pOBCKHUTa  0Oe3
«IBIXaTENbHBIX» UCKAKEHUH.

CnekTpasibHasa NA0THOCTb COCTOAHUIA HeofoHopoaHas BOCMNPUUMYMBOCTDL X(q)

; T ax NA 3KCNepUMeHTanbHo i R3C-CTPYKTYPbl
Nomag DFT bands M A P PYKTYp
: 7 114 —— DFT+DMFT

DFT solution

1.0

0.9

x(q)

0.8

A(k,E)

) / \/\/’\

0.6

min
Z R r X
Pucynok 1 — (cneBa) criekTpajibHas MIIOTHOCTh COCTOSTHUM, OJTy4YeHHAas
meTooM DFT+DMFT ipu T = 116 K miist yaBoO€HHOM
AKCIEPUMEHTAIBHOM pelIeTKH, (CIipaBa) HEOJHOPOAHAS MarHUTHAs
BOCIPUMMYMUBOCTS JJIs1 OJMHAPHOU siuerKu B pamkax DFT u
napamarautHoro DFT+DMFT meTonos.

BaxHo OTMETHTBH, YTO pacueTbl HEOJHOPOJHOW BOCHPUHUMYMBOCTH
x(q) moka3eIBarOT Hamure uka B Touke X=[1/2,0,0] B pomO031pudeckoi
aneMeHTapHou staeiike ([1/4,1/4,1/4] B nceBIOKyOnMYeCcKO suerke). Yder
JTUHAMUYECKUX KYJOHOBCKUX KOPPEISAIMN KPUTUUECKH BaKE€H Kak s
OMMCaHUsI IEPEX0/1a METAJUI—IUAJICKTPUK B cepun coenrHeHnii RN103, Tak
" 11 o00bIcHeHusT MeTamdeckux cBoucTB LaNiQOs. Chenan BBIBOJ, YTO
HeoObIyHbIE cBOiicTBa LaNiOs3 cBsi3aHBI ¢ €ro OJM30CTHI0O K KBAHTOBOU
KPUTHYECKOU TOUYKe Ha (azoBoil quarpamme RNiO3; HUKEIaToB.

HccnenoBanue BbINMOIHEHO TpHU noajaepxke rpanta PH® (No 25-12-
00416).

Jluteparypa:
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3. G. Kotliar, Journal of the Physical Society of Japan, 74, 1, 2005
4. J. Garcia-Munoz et al., Phys Rev B, 46, §, 1992
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