OT3bIB

o(UILMATHEHOTO OINIIOHEHTa, IOKTOpa (GU3MKO-MATEMaTHYeCKHX Hayk, Ipodeccopa,
npodeccopa puznueckoro paxynsrera PIBOY BO «MockoBCKui rocy1apcTBEHHBIN
yHuBepcuteT umerr M. B. JlomoHocoBa» Bragumupa Anatonbesuya Kynp0aduHCKOro
Ha uccepTalroHHy1o paboty demunosa Esrenus Brnamuvuposuya « JJIEKTPOHHBIE
SABJIEHVS [MTEPEHOCA B YCJIOBUSIX KBAHTOBOI'O M KJIACCUYECKOI'O
PA3SMEPHBIX DO®EKTOB B TOHKUX [TNIEHKAX BUCMYTA», npeacTaBieHHY1O
HAa COMCKAHME YYEHON CTeNeHM JAOKTOpa (U3MKO-MaTeMaTUYeCKUX HayK, TI0
cnenuanpHocTd  1.3.8  Du3MKa  KOHJEHCHPOBAHHOTO  COCTOSHUS  ((uU3UKO-
MaTeMaTU4YecKre HayKH)

AKTyanbHOCTE paboThl. KBaHTOBBIH pa3MepHblil a3 dekT cHavaa ObUT npe/ckasa
TEOpeTHYECKHU, a €ro IMepBoe SKCIIepHMeHTalbHoe Habmonenue O6buto cnaenano 1O.0.
Orpunsiv, B.H. JIyukum 1 M.W. Enuncorom B 1965 r. B paGote atux aBTOpOB npH
uccnenoBanuu 3(QQEKTOB TepeHoca B TOHKMX IUIGHKaX BMCMyTa Oblla MOJy4eHa
OCLMISIMOHHAS 3aBUCHMOCTD YAEJIBHOTO CONPOTUBIIEHUS, MArHETOCOIIPOTUBIICHUS U
KOHCTAHTEl XOJJa TUIEHOK OT TOJILUMHBL, KaKk 3TO W IPEACKa3bIBAIOCh B TEOPUU
KBaHTOBOTO pasmepHoro shdekra. HesaBucuMo B 1966 r. KBaHTOBBIM pa3sMepHBIH
>bdext Habmonanu A. Qaynep u ap. npu ucciaenoranuy spdexra lly6nuxosa—ne ['aaza
B WHBEPCHOHHBIX KaHamax kpemHueBoro MJIII Tpansuctopa. B mactosinee Bpems
KBAHTOBBI pa3MepHblil 3G deKT cocTaBnseT 0OCHOBY (QU3UKH HU3KOPa3MEPHBIX CHCTEM.
3a obOHapy)XeHHe KBAaHTOBOro pasmepHoro 3¢dexra asropam, B.H. Jlyukmi, M.U.
Enuncon, B.B.Canpomupckuii, F0.®.OrpuH, 6611 BeiaaH aumiioM 06 oTkpeiTuu Ne 182
ot 25.10.1978 r. B npencraBieHHOM AUCCePTALIMOHHON paboTe NpOBeIEH yUeT BKIIaI0B
[OBEPXHOCTH ¥ I'PaHULl KPUCTANIUTOB B OTPaHUYEHHUE MOABMIKHOCTH HOCHTEIEH 3apsa,
y4yeT BKJIaJOB MMOBEPXHOCTH, IPaHUL] KPUCTANIUTOB W MEXaHWYECKHX AedopMmaLuii B
W3MEHEHUEe KOHLEHTpalUM HOCHUTeNed 3apsiia. DTO MO3BOJIMIO HENPOTUBOPEYUBO
MHTepIpeTUpoBaTh HaOio/aeMble B pamkax paOOThl M OMHCAaHHBIE B JIMTEpAaType
3aKOHOMEPHOCTH TIPOSIBIIEHUS] KBAaHTOBOTO pa3MepHOro 3¢ (deKTa B raJbBaHOMarHUTHBIX
CBOMCTBax  TOHKMX  IUIEHOK  BUCMYyTa. OJTUM  OOOCHOBaHa  aKTyallbHOCTh
nucceptaudoHHoM paboTel demunosa E. B.

OO6mas xapakTepucTuka guccepraundd. OCHOBHBIE HaydyHBIE pe3yNbTATH,

ITOJTYYEHHBIE aBTOPOM, W HX HOBHU3HA. L[eJ'IB}O pa60T51 SABJIACTCS YCTAHOBJICHHUE
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3aKOHOMEPHOCTEH M3MEHEHHs TajibBaHOMArHUTHBIX U TEPMOIJIEKTPUYECKHX CBOKCTB
TOHKUX TIJIEHOK NOJIyMETA/UIOB B YCJIOBHSIX pa3MepHbIX 3Q(EKTOB Ha IpUMepe TOHKUX
[UIEHOK BHCMyTa. PesysabraTel paboTel  HEOJHOKPAaTHO  JOKJIAAbIBAIMCE  Ha
MEXIyHapOAHBIX M Beepoccuiickux koHpepenuusx. ITo pesynpraram ucciienoBaHui,
BOLIEUINX B JAMCCEPTALMIO, aBTOPOM OINyOIMKOBaHO 68 meyaTHeIX paboT, U3 HHUX 33
CTaThY B XKypHaNaX pekoMeHa0BaHHbIX BAK u npupaBHeHHBIX K HUM, | MoHOrpadus, 4
natenta PO.

Pa6oTa COCTOUT U3 BBEJEHUS, S IM1aB, BEIBOIOB; COAEPKUT 123 pucyHka, 6 TabauLl.
CIMCcOK MCIoJb3yeMoit TuTepatyphl BkiatouaeT 320 HaWMEHOBAHHH.

Bo sgedenuu 060CHOBaHA aKTyalbHOCTh TEMATHKH, C(HOPMYIIMPOBAaHA IOCTAHOBKA
3a7aud ¥ OMpe/ieJieHbl OCHOBHbIE LeJMH palboThl, MOKa3aHa WX Hay4Has HOBHM3Ha U
[PaKTHIECKasi SHAYUMOCTb, IPHBEIEHBI TOJIOXKEHH S, BRIHOCUMbIE Ha 3aIUUTY, 0003HAYeH
JTUYHBIN BKJIAJ aBTOpa M KPATKO U3JI0KEHA CTPYKTypa JIUCCepTalUu.

B znase 1 comepxurcs 0030p JHUTEpaTyphl, IIOCBSAIIEHHOW ONHCAHUIO
KPHCTAJJIAYECKONA CTPYKTYypbl U €€ CHMMETPHHU, OCOOEHHOCTSX XMMUYECKOW CBS3M,
CTPYKType 30HBI BpuiniosHa, SHEPreTHYECKOM CIIEKTPE HOCUTENed 3apsja BUCMYTa,
TEOpUM KJIACCHYECKOTO0 M KBAaHTOBOrO pasMepHoro sddekra, sddekra cnaboi
JIOKaNM3aluy NIeKTPOHOB. OTpaKeHO COBPEMEHHOE COCTOSHME MCCIIEN0BAHUM SIBICHHH
IIEPEHOCa B TOHKUX IUICHKAX IOyMEeTalIoB, MOJY4YeHHBIX paHee ApYyTrMMH aBTOpaMH.
OrMeuy, 4TO Ha OCHOBaHMM aHajlu3a [aHHBIX HAy4HOW JINTEpaTypbl aBTOPOM
copMyITHpOBaHbl UEH U 3a1a41 JUCCEPTALIMOHHOTO HCCIE0BaHHUA.

B anase 2 comepxuTcs KpaTkas TEOpHs IMPOLECCOB pOCTa TOHKHMX TUICHOK MU
OIMCAHWE PA3JIMYHBIX METOJOB IOJyYEHMs TOHKHX IUIEHOK: METOJ| TEePMHYECKOro
MCIIApeHUs] B BaKyyMe, MOJIEKYJsipHas JydeBas SMMTAaKCHs, HUMITYJIbCHOE JazepHoe
OC@X/IEHWEe, MArHeTPOHHOE pacrbUieHUe, OdJIeKTpoocaxaeHue u ap. OTpaxkeHsl
MpedMyIlecTBa W HEJOCTaTKU JaHHBIX MeTOomoB. PacckaspiBaercs 0 pasiuvHbIX
BO3MOXXHOCTSIX YJIYUIIIEHUS! CTPYKTYPbI MJIEHOK: OTXKUT, 30HHAs PEKPUCTATUTH3ALMS [10/(
3aIUTHBIM TIOKpbITHEM. [loKa3aHO, 4TO Ads MOJYy4YeHUS KpPYMHOOJIOUHLIX TIJIEHOK
BUCMyTa ¢ Tutockocteio (111) ¢ pa3mepamu OnokoB Oosee 4eM Ha MOPAIOK

HpeBBIUJa}OiHHMH HX TOJIIMAHY ONTUMAJIbHBIM SABJIACTCA UCIIOJB30BAHUE ITOMJIONKKHA W3



cmofbl (MyCKOBHT) M METOJ TEPMUYECKOTO HCIIAPEHHs B BaKyyM€ C TEMIIEparypoH
mommoxkd 140°C u oTxurom mpu Temmneparype 240-260°C B TeyeHuu He menee 30
MHHYT.

MeTonoM JHMCKPEeTHOro TEPMHYECKOro MCTapeHHs B BaKyyMe C MOC/eyloLlei
30HHOH MNEpEeKPUCTAUIM3ALMK II0J 3alIMTHBIM [OKPBITHEM aBTOPOM [OJIyYEHbI
MHOTOKOMIIOHEHTHBIE MOHOKPUCTANIMYECKUE JITUPOBAaHHbIE TEJIYyPOM  TUICHKH
BICMyTa M TUIEHKM TBEPIOrO pPacTBOpa BMCMYT-CypbMma, TonuuHOX 0,3 - 1 MKM ¢
PAaBHOMEPHBIM paclpe/ielleHHeM KOMIOHEHTOB 1o o0bemy. Panee naHHas METO/MKA
MCIIONB30BANachk TOJNBKO JUIS TIOJNyueHHs MOHOKPUCTAIHYECKUX I[UICHOK YUCTOro
BUCMYTa.

B naHHON TIyiaBe TPUBEAEHO OIMCAHUE HCIMOIB3YEMbIX METOIOB KOHTPOJLA
CTPYKTYpbl ~TOHKHX IUIGHOK (aTOMHO-CMJIOBas M 3JIEKTPOHHAas MHKPOCKOIMS,
PEHTTeHOCTPYKTYPHBIM aHaN3) W pa3palOTaHHBIX HOBBIX CIOCOOOB HM3MEPEHHS
pa3MepoB KPHCTAIUIUTOB, HX B3aHMHOI KpUCTaorpabuyeckol OpUEHTALIMHA B OJIO4HBIX
IUVIGHKaX BUCMYyTa METOJOM aTOMHO-CHJIOBOM MHKDPOCKONMU ¢ TPUMEHEHUEM
M30MpaTeIbHOrO XUMUYECKOTO TPaBIECHUS UIH AeKOpHpoBaHus. TaxKe Ui IUICHOK
tTomuuHod MeHbiie 100 HM mpeiCTaBlIeH BBICOKOTOYHBIM METOH OIpENeNeHHS HX
TOJNIUUHEl ¢ TTOMOILBI HU30MPATETBEHOTO XUMUYECKOTO TPAaBJIEHUS U aTOMHO-CHIIOBOM
MUKPOCKOIIHHU, pa3pabOTaHHbIA B paMKaX UCCIIEIOBAHMS.

[TpuBeneHO ONMCAHHE HCIONB3yeMbIX B paboTe MEeTOJOB KOHTpPOJsS COCTaBa
TOHKOTUIEHOYHBIX o0pa3Los: BPEMSIIPOJIETHAS MaccC-CMEeKTPOMETPHUS,
PEHTIeHOCTPYKTYPHBIM aHaau3 (N0 M3MEHEHUIO MEXKIIIOCKOCTHBIX pacCTOAHUN B
3aBUCHMOCTH OT COJEpXKaHHs CypbMbl B TBEpAOM pacTBOpe BUCMYT-CypbMa),
peHTreHodoopecLeHTHbIN aHanu3. [l peHTreHo(III00PeCIeHTHOTO aHaAI3a TOHKUX
TJIEHOK KPUTUYECKH Ba)KHBIM SIBJISETCS HATHMYHE TOHKOTIJIEHOUHBIX 9TaJIOHOB cocTaBa. B
paMKax wuccnenoBaHus coBmecTHO ¢ B.A. KomapoBbiM pa3zpaboTaH OTHOCHTEILHO
IPOCTON CrMocO0 H3rOTOBNEHUS 3TAJIOHOB IS PEHTreHO(IIyOpPeCLIeHTHOro aHau3a
cocTaBa TOHKHMX IUIGHOK MaJlOKOMITIOHEHTHBIX TBEpP/JBIX pPacTBOPOB U CIIJIABOB.
[IpencraBneHHble B IJ1aBe METOAbl MCIONb30BATKMCH JJIsi MPOBEACHUS UCCIEA0BaHUM,

OIMCAHHEIX B MOCJIEAYIOIIHUX TIJ1aBax.



Imasa 3 TIOCBSIIEHa ONHCAHUIO pPe3yJbTaTOB UCCIeN0BaHuUsl ralbBAHOMArHUTHBIX
U TEPMOIIEKTPUUYECKUX CBOMCTB TOHKHUX TUIEHOK YUCTOrO BHUCMYTa W BUCMYTa,
JerupoBaHHOro  temypoM.  OtpenbHble, Haubonee  BaxkHBIe  JUJII  TEeMBI
JUCCEPTaUMOHHOIO MCCIEAOBAaHHS pPE3yJbTaTbl IPUBEACHBI 10  3JIEKTPUUYECKUM
CBOMCTBaM ILIEHOK TBEPJOI'0 pacTBOpa BUCMYT-CypbMa.

['anbBaHOMArHUTHbBlE U TEPMODJIEKTPUUECKHE CBONCTBA B TOHKUX IUIEHKAX
B 3HAYUTENILHON CTEIeHU OIPEeAeIIIOTCS CTPYKTYpO# TUIeHKH —
Kpuctauiorpapuyeckoil opueHTanuei ocei OJIOKOB OTHOCHUTEIBHO IOJIONKKH U
CTEIeHbIO COBEPLUEHCTBA CTPYKTYPHI (pazMepaMu OJIOKOB, UX B3aUMHOIN OpUeHTaLMel,
KOJINYECTBOM TOYEUHBIX 1e(EeKTOB).

Jst onpenienieHust BKiaia rpaHyll KPUCTAJVIATOB B paccesiHie HOCUTENEeH 3apsaaa
B IUIEHKAaX BUCMyTa OBLIM KCCIENOBaHbl raJlbBAHOMArHUTHBIE U TEPMOAJIEKTPUUECKUe
CBOMCTBAa B IUIEHKax BUcMyTa TONIMHOM 300 HM, MMEIOIMX pa3lIWYHBIE pa3Mepsl
KPUCTAJUIMTOB U MOHOKPHUCTAJUIMYECKOM IUIEHKHM TaKOW K€ TONIIMHEL Pa3zmepsl
KPUCTAJIJIUTOB BapbUPOBAIUCH [IyTEM M3MEHEHUs TeMIlepaTypbl MOJUIOKKH B IIPOLECCe
[MOJTyY€HHS IJICHOK.

B 2nase 4 TpuBOAATCS OOIIUPHBIE SKCIIEPUMEHTANBHBIE TaHHEIe. B paMkax qaHHOMH
PabOoTHI yCTAaHOBIIEHO, YTO B INIEHKAX BUCMYTa pealu3alus KIacCUuIecKOTo pa3MEepPHOTO
apdexra cBsizaHAa € YMEHBIIEHHWEM MOJBI)KHOCTeW HOCHTeNled 3apsaa IIpu
B3aMMOJEHCTBUU C IOBEPXHOCTHIO, TPaHULIaMU OJIOKOB ¥ XWJIJIOKOB. B paMkax maHHOM
paboThl yCTAaHOBIEHO, UTO B TUIEHKaX BHUCMYTa, UMEIOUIMX PasMep KPUCTAIIMTOB Ha
nopsiiok Gosblle, YeM TOJIIMHA IJIEHKH, OrpaHUueHHe IMOIBHKHOCTEH JJIEKTPOHOB
CBfA3aHO, B OCHOBHOM, C B3aUMOJENUCTBUEM C IMOBEPXHOCTHIO TUICHKU, & MOABUIKHOCTEH
IBIPOK — C B3aUMOJIEHCTBUEM C IpaHHLaMK OJIOKOB.

YCTaHOBJICHO TaKXKe, 4T0, KOHTPOIUPYS OrpaHHYeHHe ITOABMKHOCTH 3JIeKTPOHOB
U JbIPOK IIOBEPXHOCTBIO M TIpaHUIlAMU KPUCTAIJIUTOB, MOXHO H3MEHSATHh 3HAYEHMS
TEPMOI/IC IUIEHOK BUCMYTa U TBEPAOr0 pacTBOpa BUCMYT-CypbMa B LIMPOKOM AMaNa30He
U Jlayke CMEHUTD 3HaK ¢ OTPULATEIBHOIO Ha MOJIOKUTENBHBIA. Y MEHbIUIEHUE TOLLMHbI
IIJIEHOK BUCMYTa Ha CIIIOJIE IIPUBOAUT K BO3PACTAHNUIO KOHLEHTPALIUU HOCUTENeH 3apsa,
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HalI49HeM CBOOOHON MOBEPXHOCTH, TPAHULIAMH KPHCTAUIMTOB M XUJLI0KOB. [IpH 3ToM
BO3pacTaHWE® KOHLEHTPAalUWH HOCUTeNeH 3apsiia, Ul TOMUIMH MeHblle 25 HM,
NPOUCXOAUT C 0GoJiee CUIBHBIM POCTOM KOHIEHTPALMM MABIPOK, [0 OTHOIICHMIO K
JJIEKTPOHaM.

KBaHTOBBIN pasmepHBIi 20(eKT yMeHblIaeT KOHLEHTPALMIO HOCHTeNel 3apsaa n
OTHOCHTENIBHO JIMHEHHON 3aBUCHMOCTH n OT 1/d, XapaKkTepHO#t [Is TONIUKH MIEHOK, IIpH
KOTOPEIX KBAHTOBBIM pasMepHblid 3¢ ()eKT He nposBIsSETCs.

B enase 5 paccmatpuBaroTcss 0COGEHHOCTH MPOSIBIIEHHS KBAHTOBOTO Pa3sMepHOro
d(pexTa ¥ U3MEHEHHE 30HHOTO CIIEKTpa HOCHTE e 3aps/ia B TOHKUX IIeHKAaX BUCMYTa.
ABTOp 0OHApyHJT POCT KOHLEHTPALUKU HOCHTEJIeH 3apsjia NIPYU YMEHBIIEHUH TOJLLHHEI
IUIEHKM BUCMYTa, YTO NPUBOJUT K YMEHBIUEHHIO JUTMHBI BOJIHBI Jie Bpoiis anekTpoHoB
¥ COOTBETCTBEHHO YMEHBIIEHHWIO NEpHOAa OCUMIUISIHMNA COTPOTUBIIEHUs BCIIEACTBHE
KBaHTOBOT'O pa3MepHOTo 3¢ dekra.

Ilpn mocTvkeHuMu TONIMHBI MTeHKH BucmyTa (111) 60mbIero 3HaueHns, Yem
AndHa CBOOOIHOTO TpoGera 37IeKTPOHOB, B NAHHOM TIIEHKe, B HampaBneHu#n ocu Cs
KBAaHTOBBIA pasMepHeli 3bdexkt mnponamaer. JlaHHAas TONIIHHA JOCTATOYHO
TyBCTBUTENIBHA K CTPYKTYpE IUIEHKH BUCMYTa U yCIOBHAM €€ MOITyYEHHs.

Ha ocHoBanuu naHHBIX 00 yBenMueHHH KOHLEHTpPALUMM HOCHTenell 3apsiia mpu
YBEJIMYCHUHU TOJILIMHBI TUICHOK BHcMyTa (111), ycTaHOBIEHO M3MEHEHHE IMOIOKEHHUS
OHCPIeTHICCKUX SKCTPEMYMOB 30HHO# CTPYKTYPBI TOHKHX IIJIEHOK BHCMYTa TOJILHHOMN
meHbire 100 uM. bBiusocTs 3HaueHMIT 10N10KEHHS SKCTPEMyMa 30HbI IPOBOAUMOCTH B
TIJICHKE BUCMYTa TOJMIIMHOA 15 HM, MOTyYEHHOTO B paMKaxX KBaApaTHYHOM MOJIEeNU Ha
OCHOBE HM3MEPCHHBIX 3JIEKTPUYECKHX, TaJbBAHOMATHHTHBIX U TEPMOIJEKTPHYECKHX
CBOWCTB, ¥ 3HayeHus mis noBepxsoctd (111) BucMyTa, MOJIYYEHHOI0 pacyeToM u3
IEPBBIX ~MPHHLMIIOB  SJIEKTPOHHOM CTPYKTYPBI C Y4eTOM CHHH-OPOMUTATBbHOIO
B3aUMOJICHCTBHS, YKa3bIBA€T Ha TO YTO B MIIEHKAX BHCMYTa C nmoBepxHocTho (111)
OCHOBHBIM MEXaHM3MOM (hOPMHPOBAHHS JOTONHUTENBHON KOHLEHTpaLMel HocuTeeil
3apslla  ABJIACTCA HANUYHWE MOBEPXHOCTHBIX COCTOSHHH B 30HHOMW CTPYKType

noBepxHocTH (111) BucMmyTa.



Crenenbs 00OCHOBAaHHOCTM HAy4HBIX IOJIOKEHHH, BHIBOJOB U PEKOMEHIALUH.
Teoperuyeckas U NmpakTH4ecKasi 3HAYMMOCTh Pe3yIbTaTOB AUCCEpTalnU. Pe3ynbrathl,
IOJTy4YeHHbIe aBTOPOM, HOBBI ¥ 000CHOBaHbl. O01IKe BBIBO/IbI ¥ BBIBOBI K KaXKIOM IJIaBe
4eTKO c(hopMyIMpPOBaHEI. J|0CTOBEPHOCTH MOJTyYEHHBIX Pe3yJIbTAaTOB, a TAKKE OONBIION
JTWYHBIA BKJIaJ aBTOpa Ha BCEX JTanax BBINOTHEHHUS MWCCIEOBAaHUS HE BBI3bIBAET
COMHEHMWH,

[TonydeHnHsle pe3ysbTaThl B 00JIaCTH KBAHTOBOTO M KJIACCHYECKOIO pa3sMEpHBIX
apdexroB  OGazupyroTCs Ha  KOMIUJIEKCHOM  MCCIEJOBAHMU  DJIEKTPUYECKHX,
raJlbBaHOMarHWTHBIX W TEPMODJIEKTPUUYECKUX CBOMCTB TOHKHMX IUIEHOK BHCMYTa B
IIMPOKOM JIHana3oHe TOJIIMH IUIEHOK U YCJIOBHHM UX MONY4Y€HHS, BBITOTHEHHOM IIpH
OIHOBPEMEHHOM IETAJbHOM KOHTpOJe CTPYKTYpPhl M TOJIIMHBI HCCIIEJOBAHHBIX
00pa31oB, CUHTE3UPOBAHHBIX [1PX HENIOCPEACTBEHHOM Y4acTUU aBTOpa. Y CTAHOBIIEHHA
poJib NOBEPXHOCTH U Ae(EeKTOB CTPYKTYPHl B M3MEHEHMH KOHLIEHTpAaLUW HOCUTEeH
3apsajia MOXKeT CTUMYJIMpPOBaTh NalbHEWIINe HMCCAeAOBaHUS MPUPOABI AIEKTPOHHBIX
COCTOSHMM B Y3KO30HHBIX NOJIYNPOBOJHUKAX M TMOJyMeTauax, 00YCIOBIEHHBIX
CBOOOIHOM MMOBEPXHOCTBIO U Ae(PEeKTaMU CTPYKTYpHI.

IIpakTHyeckass 3HAYUMOCTb pabOTBl HE BBI3BIBAET COMHEHUH, HOCTATOYHO
OTMETHUTH 4 MOJTyYeHHBIX [1aTeHTa.

B To xe Bpems, UMEIOTCSl HEKOTOphIe 3aMeuaHus K padore.

1) Ha MHOTHX pHCyHKaX He yKa3aHbl JOBEpUTEJbHbIe HHTepBabl. [Ipy 9TOM IpoBeeHb!
CIUTOLUHBIE IMHUU U HETIOHSATHO [IOYEMY 3TU JIMHUU NPOBEACHBI UMEHHO TaK, a He WHave.
B kauecTtBe npumepa cM. puc. 2.22, 2.25,2.29-2.31, 2.36.

2) ABrop HabmoJan MW3MEHEHHe XapakTepa TeMIlepaTypHOW 3aBHCHMOCTH Ap/p mns
mieHoK TtoinmuHOW 50 HM M MmeHee. Jlns MaHHBIX IUIEHOK Ha TeMIepaTypHOM
3aBUCHMOCTH MarHeTOCONpPOTHBIIEHHS HaOIIOaeTcs MakKCUMyM. ABTOpP TpeJIoJaraer,
4TO yKa3aHHas aHOMaJIUsl MOXeT ObITh nposBieHueM 3ddekra cnaboii Tokanu3anuy 1
9TUM oOrpaHuyuBaerca. Hamo ObL10 3TH npeanonokeHus MOATBEPAUTh, MOCKOJLKY B
ciydae c1aboi JOKanu3alMH TeMIepaTypHas 3aBUCUMOCTb CONPOTHBIICHHS |

Mara€ToCONPOTUBICHUE TIOAYHNHAIOTCA ONPEACICHHBIM 3aKOHAM.



3) K coxaneHuro, aBTOp He IPHUBENl CXeMy INepeCTPONKH 30HHOM CTPYKTYpHI CILIaBOB
BiSb B 3aBucuMocTH OT coctaBa. A 3T0 ObITO OBI KpailHe [10J1€3HO, TaK KaK TPUBOISTCS
JaHHBIE U IS 3THX CILIAaBOB.

4) B nucceprallMM  COAEPXKMUTCS  O4YeHb  OOWIMPHBIM  Marepuan. MHOro
OKCIEPUMEHTAIbHBIX 3aBUCHUMOCTEH, Hanpumep TEPMOI/IC. [IpuBonsTest
COOTBETCTBYIOIME (GopMynbl. MHe Kaxercs, 4To ObUIO Obl I0JE3HO MONpPoGOBaThH
CMOJEIMPOBATh SKCIIEPUMEHTAIBHBIE 3aBUCUMOCTH U CPABHUTH C TeOpHel IS pa3HbIX
MEXaHM3MOB pacCcesiHUsl HOCUTeIeH 3apsfa.

5) EcTb cTHAMCTHYECKHE OCOOEHHOCTH B TEKCTE, KOTOPBIE, ¢ MOEi TOUKH 3PEHHSs, HAL0
u3MeHuTh. Hampumep, BBIpaXK€HUS B TEKCTE€ «C POCTOM pPasMepOB KPHCTALIMTOB
3HaYeHHe KodhduuuenTa Xomna cTpeMUTCs K 00Jiee MOI0KUTENBHBIM 3HAYEHUSAM CTP.
137.

Crenansble 3aMeuyaHUsl HE CHIIKAIOT OOLIEro MOJNIOKHTENBHOTO BIIEYATIEHUS O
MIPEJCTABIIEHHON JUCCEPTAaLMOHHOW padoTe U He YMEHbBIIAIOT €€ LEHHOCTb.
ABTropedepar, a Takxe oIryOIHKOBaHHbIe PabOTHI B peLleH3HPYEMbIX H3/IaHUAX [IEPEYHS
BAK mo Teme nuccepTaniy oTpaxaroT B TIOJTHOM o0beMe ee cofeprkanue. Juccepranus
COOTBETCTBYET IIyHKTaM 2 W 7 macnopra HaydyHOW creuuaibHocTH 1.3.8. ®usuxa
KOHJIEHCHPOBAHHOTO COCTOSAHUS ((PU3NKO-MaTeMaTHUECKHE HAYKH).

3akarouenne. Jluccepranys NpeacTaBisieT COOOH 3aKOHUEHHYIO HAy4YHO -
KBIM(QUKALKOHHYIO paboTy, B KOTOPO# pa3paboTaHbl TEOPETHYECKUE MOJIOXKEHUS I10
YCTaHOBJICHHUIO 3aKOHOMEpHOCTEeN U3MEHEHHUs rajlbBAHOMarHUTHBIX u
TEPMOIEKTPUYECKUX CBOMCTB TOHKHX TIIJIGHOK IONYMETA/UIOB IPH KBAHTOBOM |
K/IacCUYeCKOM  pasMepHBIX  3((HEeKTOB,  COBOKYMHOCTb  KOTOPBIX  MOYKHO
KBanMGUIMPOBATh KaK CYyIIECTBEHHOE Hay4YHOE JOCTHXKEHHE B O0ONAcTH (DU3MKH
HHU3KOPa3MEPHBIX CTPYKTYP Ha OCHOBE I10JIyMETAIIOB U Y3KO30HHBIX Oy TPOBOAHUKOB.
Bce pesynbrathl, NojayuyeHHBIE COMCKATeNleM, MOCTOBEPHBI, a BBIBOJbI OGOCHOBAHBI.
Huccepraunonnas pa6ora « DNEeKTPOHHBIE SIBIEHUS IEPEHOCA B YCIOBUAX KBAHTOBOIO
KJJaCCHYECKOTO pasMepHBIX 3()()EKTOB B TOHKMX IICHKAX BHCMYTa» COOTBETCTBYET
kputepusiM 1mn. 9-14 TlonokeHus o TNpPUCY)KASHUH YYEHBIX cTeneHeil (yTs.

Ilocranosnenuem [pasurensctra ot 24.09.2013 1. Ne 842 B aelicTByromieit penakLm),



NPEeNBABIIEMBIM K JMCCEPTAlMsM Ha COMCKAHUE Y4YEHOH CTENeHW HOKTopa (H3UKO-
MaTeMaTH4YeCKHX Hayk, a ee aBrop [lemunos Esrenuii BramumupoBuy 3aciyxuBaer
NPUCYXIEHUS YYEHOM CTeneHW JOKTOpa (U3MKO-MaTeMaTHUeCKHX HayK [0
cnenmanbHocTd  1.3.8  @uH3MKa  KOHAEGHCUPOBAHHOTO  COCTOsHUSA  ((hu3HKO-

MareMaTU4eCcKue HayKu).

JOKTOp (PM3MKO-MaTeMaTHYECKHUX HayK 10 CIeLHalbHOCTH
01.04.07 — «du3mxa TBepaOro Tenay», npodeccop, npodeccop
Kagenpsl GU3MKU HU3KUX TEMIIEpaTyp ¥ CBEPXIIPOBOAMMOCTH
dusngeckoro paxynsreta MI'Y umenu M.B. JlomonocoBa

Kynsbaunnckuit Bnagumup AHatonbeBuy
22.06.2026

KounraktHeie nansble: OenepanbHoe rocy1apcTBeHHOE OI0KeTHOE 00pa3oBaTe/lbHOe
y4pexIeHue BeIcIIero oopaszobaHus «MOCKOBCKHI rocyAapCTBEHHbBIN YHHUBEPCUTET
umenu M. B. JlomoHocoga.

Anpec: 119991, I'CII-1, r. MockBa, Jlenutckue ropsl, a. 1, ctp. 8, MI'Y, ®usuyeckuii
daxynbrer, kKadeapa GDU3MKH HUZKHX TEMIIEPATYP U CBEPXITPOBOJMMOCTH; Tel.: +7

(495) 939-11-47; e-mail: kulb@mig.phys.msu.ru ; web-caiit: https://msu.ru/
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