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«VHCTHTYT paAHOTEXHUKH U MEKTPOHHKH uM. B.A.KoTenpaukosa PoccuiicKo# akaaeMud HayK»
(UPD um. B.A Korensruxosa PAH) na qucceprannonnyio pabory Msotosa Annpest BukropoBuda
«MarauTHas aHA30TPOTHS ¥ JMHAMHKA HAaMarHM4eHHOCTH HAHOKPHCTAIIHYECKHX TOHKHX TIEHOK
ans CBU-mpuioskeHuity, MpeicTaBlIeHHyI0 Ha COUCKAHHe YUCHOM CTeleHH J0KTOpa PHU3HKO-
MaTeMAaTHYeCKHX Hayk 1o crenuansaocTd 1.3.12. «Pu3nuka MarHUTHEIX SIBICHUN)

AKTYaJILHOCTH TeMbI BBHINIOJTHEHHOH paboThl H ee CBA3h ¢ ILIAHAMH COOTBETCTBYHINHX
oTpacjeil HAyKH

MarauTHEIE MATEPHANLI HA MPOTSHKEHHH YXK€ MHOIMX JIECSTKOB JieT pcmoin3ytores B CBY-
TEXHUKE B KA4yecTBE KOMIIOHEHTOB BBICOKOUACTOTHBIX YCTPOHCTB. IIpOM3BOAMTENBHOCTE TaKHX
YCTPOMCTB B OCHOBHOM OIIPEAENISETCs NapaMeTpaMyd MarHUTHBIX MaT€pUAasioB, HCIOIB3YEMbIX ITPH HX
paspaborke. Ha cOBpeMEHHOM 3Tame pasBUTHUA HAyKM M TEXHMKM, XapaKTEpHOW 4Yeprodl KOTOpOro
ABIAETCS. MOBCEMECTHOE BHEApPeHHe HH()OPMAIIHOHHBIX H TEIeKOMMYHHKALIMOHHBIX TEXHOJIOTHIA,
OYeHb BOCTPeDOBAHBI MarepHanbl ¢ BBICOKOM HAMACHWYEHHOCTBIO HACHIIEHWS, MAarHHTHOU
[POHUIAEMOCTRI0 M MalbIMH MarHMTHRIMEH noTepsamu Ha CBY. Ocobas ponbs B 9TOM BONpoce
OTBOJMTCA MAarHUTOMATKHM HAHOKPHCTAITHYECKMM TOHKUM IJIEHKaM, NPHBJIEKAIOIIAM BHUMaHHE
VUEHBIX W TEXHOIOTOB MHOrooOpasueM ¥ HEOOBIMHOCTBIO MATHMTHBIX CBOHCTB, @& TAKXKC HOBBIMU
BOBMOMKHOCTSIMH HMX TIPAKTHYECKOrO WCIOJIB30BAHMS. B 5TOH CBA3M aKTyallbHOCTh BHIOPAHHOIO
HaIpaBIeHKs HCCIETOBaHUM — H3yueHHEe MEXaHH3MOB, OTBEYAIOIHX 3a (POPMHUPOBAHHME MAarHHTHBIX
CBOMCTB HAHOKPUCTA/UIMYECKUX IUIEHOK, M CO3/JaHHE Ha HX OCHOBE MArHMTHBIX KOMIIOHEHTOB
anekTpoHHbIX CBU-ycTpoiCcTB — HE BEI3BIBAET COMHEHHI.

Tema muccepranuorHOi padorsr M3otoBa A.B. TecHO cBs3aHa ¢ OJHHUM M3 MPHOPHTETHBIX
ganpasaenuii [IporpaMmel (yHIaMEHTaTbHBIX HayUHBIX HccnenoBanuii B Poceuiickoi Menepannn Ha
monrocpounsit nepuon 2021-2030 romer (Pacmopsxenue Ilpaurensctsa PO No 3684-p ot
31.12.2020r.), a mmenHO ¢ myHKTOoM «1.3.2.3. du3nuka MarHUTHLIX SBJICHUH, MATHUTHBIEC MaTepHAJIbI 1
CTPYKTYpbl, CIMHTPOHHKA», ¥ B TIOJTHOH MEpe COOTBETCTBYeT mnpuopuTeram CTpaTerui Hay4HO-
TEXHONOTHYECKOro pasBuTHs Poccuiickoit @enmeparuu, yreepikaeHHoi Ykasom llpesunenta
Poccuiickoit @eneparau o1 1 stEBaps 2016 1. Ne 642 «O Crparerun Hay4HO-TEXHOJIOTHYECKOTO
pazputs Poccuiickoit Meaepaimim.

CTpykKTYpa M coepxaHue padoThl

[Ipencrasnennas AUCCEpTallMOHHAs paboTa COCTOMT M3 BBEICHHs, CeMH IIIaB, 3aKIIOYEHMA,
NBYX NPUIOKEHUE M CIIACKA HCIONB3YeMbIX MCTOYHHKOB U3 346 HamMeHopanuid. OOumumi 06bem
JHCCEepTAIiH cocTaBAeT 296 crpanul, Bkmodasd 91 pucyHok u 12 Tabmuir,

Bo Beenenum maHa o0Inas XapakTepucTHUKa [yccepTanuy: 0O0OCHOBaHA aKTYalbHOCTH TEMBI
JMCCEPTALHOHHOM paboThl, chOPMYIHPOBAHEI LIETh ¥ OCHOBHBIE 3a[a4d HCCIEIOBAHMSA, ONpeeIeHa
HAy4yHAs HOBM3HA, TEOPETHYECKAs M  NPaKTHYECKas 3HAYMMOCTh  PE3yIbTaToB  paboThL,
chOpPMYJTMPOBAHBI OCHOBHBIE ITOJIOKEHHS, BHIHOCHMBIE HA 3aIIHTY.

Bx. Ne 287-03/6224/29
ot 03.04.2023 r.



[lepBasi rmaBa HOCHT OO30PHBIA XapakTep W TIOCBsmIeHa o0wum xapakrepucrakam CBY-
MArHMTHBIX MAaTE€pUAIOB H IPEABABIACMBIM K HHM TpeGoranusaM. OOOCHOBAHO INPEHUMYIIECTBO
HCIIONL30BAHMS HAHOKPHCTAUIMYECKHX TOHKHX MArHMTHBIX IUIEHOK B Ka4€CTBC MarHUTHBIX
KOMIIOHEHTOB coBpeMeHHbIx CBY-yeTpoiicTs.

Bropasi riaBa [HCCEPTAallidl [OCBAIICHA OSKCICPUMEHTAILHBIM METONAM UCCIIeIOBAHKS
MATHUTHBIX XapaK1€pUCTHK HAHOKPHUCTAIIMYCCKAX TOHKHX ILICHOK B CBY-muanaszone. [Ipupojures
omuMcaHde  IBYX  pa3pabOTAHHBIX  OKCIEPUMEHTAIBHBIX  YCTAHOBOK: — CKaHMPYIOMIETO W
IMHEPOKOIOJI0cHOTO criekTpoMerpos @MP. PaccmoTpena HoBas METOAMKA ONIPC/ICTICHIA s dexTuBHOM
HAMATHUYEHHOCTH HACBINEHHS W apamMeTpoB IIAHAPHOH MAarHUTHOH aHM30TPOIMH TOHKHX IIJICHOK
M3 YITIOBHIX 3aBUCAMOCTEH pesoHancHoro momst. ChopMyTHpoBaHEL KIIOUEBbIe TPOOIEMEI, CBSI3aHHBIE
¢ peaiusanyeil METOAWKM, a TalOKe IIOKA3aHBl CHocoObl MX pemenus. [IpaBOAATCS TPUMEPHI,
JieMOHCTPHpYIonTHe 3P HEKTHBHOCTE METOIMKH.

B Tperneii rmape npezacraBieHbl pa3pabOTaHHBIE COMCKATENEM YHCIECHHBIC METOABI H
nporpamma it DBM, mpejHazHaueHHbIe JUlS M3YYeHUs! CTATHYECKHX H BBICOKOYACTOTHBIX CBOMCTB
HAHOKPUCTAJUTHYECKMX TOHKMX MATrHUTHBIX IIJIGHOK. PaccMOTpeH alroputM pEUICHHs CHCTEMBI
JIHHEeHHBIX HEOJHOPOAHBIX YPABHEHHMH C HEOIPE[eNIeHHBIMH MHOXMTeIsMH Jlarpamka s
OTIpe/Ie/IEHNs YCTOMYMBOTO PABHOBECHOIO COCTOSHUS (eppoMarHeTHka; MeToA COOCTBEHHBIX
3HAYeHHl U COOCTBEHHBIX BEKTOPOR, a TAKXKE METO/ HeonpeeleHHbIX Koa(duiuuenToB s pacyera
HOPMAIBHBIX MO/ KoNeDaHWH HaMarHW4eHHOCTH H crektpa CBY-mornomenus ¢eppoMarHeTHKa.
PaccMOTpeHBI JIOCTOMHCTBA ¥ HEJJOCTATKH METOJIOB, a TAKkKe 0COOCHHOCTH NPUMEHEHHS METOIOB Ha
TIpaKkTHKE.

Yerpeprasi riaaBa [UCCEPTAllM IOCBSLIEHA YCTAHOBICHHIO CBA3H MENIYy pasMepoM
KPHMCTAILIUTOB M MArHUTHBLIMH CBONHCTBAME HAHOKPHCTAILIMYECKHX TOHKHX INIEHOK. C mOMOIIBIO
pa3paboTaHHOH NPOTPaMMbl MHKPOMATHUTHOIO MOJEIUPOBAHUS M3YHEHO BIIMAHHE CIy4alHOIO
pacmpesieieHsst Oceif IIeTKOr0 HAMAarHWYMBAHHMS OTHEBHBIX KPHCTALIUTOB Ha (OpMUpPOBAHHE
KBa3UIIEPHOIUYECKOH HEOJHOPOIHOH MATHUTHOW CTPYKTYPHI — «psaOM» HAMArHHYEHHOCTH, a TaKKe
BIMSHME pa3Mepa KpPMCTAITUTOB Ha ocobeHHocTH QopMupoBanus crekrpa CBY-mormomenws.
DKCIepUMEHTALHBIME, YHCICHHBIMA I aHAJTHTHYECKHMH METOJaMHU MOIPOOHO M3yYeH W OOBACHEH
06HAPYKEHHBIH B HAHOKPHCTAUIMYECKMX HEPMAIUIOCBBIX IMJICHKaX S(PQCKT pe3sKoro yuHpeHus H
cmemenus maHIE OMP.

B nfToii rJaBe TEOPETHUECKH W JKCIEPUMEHTAIBHO HCCIeNOoBaHa IpUpoa GopMHPOBAHUS
MATHUTHOM aHW30TPONHH HAHOKPUCTAITMYECKHX TOHKHX TUIEHOK ITOJ{ BO3JIECHCTBHEM HEOIHOPOIHBIX
ynpyrux Hanpskenuii u medopmanmii. C HOMOLIBIO CcKaHupyiomero crekrpomerpa OMP u
TEOPETHYECKUX PACUETOB MOJPOOHO M3YyHYEHO BIMSHUE HEOJHOPOJHBLIX HANPLKCHHH HAa OHOOCHYIO
MATHATHYIO AQHHM30TPOIMIO M €€ pacrpeleneHHe II0 IUIOIAJd HAHOKPUCTAIIMYECKUX IIJIEHOK.
[Tpe/icTaBIeHEl pe3yIbTaThl IKCIEPHMEHTABHEIX H TEOPETHUYECKHX HCCIEN0BaHUi 00HAPYKEHHOTO B
HAHOKPUCTALTHYECKOH TOHKOH IIepPMAJUIOeBOil IIIEHKE HOBOIO SBIEHHS — OJHOHAIpPABJIECHHON
MAIHUTHOH aHU30TPONKH, HHIYIUPOBAHHON HEOTHOPOIHBIMHE Je(opMaIMAMH.

[llecTas riaaBa MOCBAICHA U3YYSHUIO BIMSHUS TEKCTYPBI [TOJUIOKKH U HAKJIIOHHOTO OCAMICHHSI
aToMOB Ha (OPMUPOBAHHE MATHHTHBIX CBOHCTB HAHOKPHCTALIMYECKMX IIJIEHOK. PaccMoTpeHs!
BO3MO)KHOCTH HOBOIO OpPHTHHAIBLHOTO MeTOJa M3TOTOBICHHS IUIEHOK OOJBIIOH IIJIOmamd ¢
HEPUOMYECKH MOJYIMPOBAHHOM CTPYKTYpOH 3a cueT (DOPMHUPOBAHHS AIMAa3HLIM  PE3LOM
mapajiebHbIX PHUCOK HA MOBEPXHOCTH NOUIONKKH. [TokasaHo, YTO Npeiyio’KEHHBIA METOJ HMEeT
BBICOKHH TTOTEHIHAN IS CO3JIaHMA M ONTUMH3AINH TEXHOJOTHH CHHTE3a IIEHOK ¢ TpeOyeMBIMHE s
CBEPXBBICOKOYACTOTHBIX NPHJIOKEHHH xapakrepucTukamu. IIpuBeneHsl OCHOBHBIE pE3yIbTaThl
SKCHEPUMEHTANBHBIX U TEOPETHYECKMX HCC/IENOBAHUM BIMAHMA yIjla OCAXKICHHS aTOMOB Ha
popMEpoBaHUe C10I09aTON MAKPOCTPYKTYPbI H MATHUTHBIX CBOHCTB TOHKHUX IICHOK.

B ceapMoil riaBe AUCCEPTALMH PACCMOTPEHBI BOIPOCH! ONTHMM3ALMH I1apaMeTPOB HOBOM
KOHCTPYKIMM MAarHMTOMETpa CTabblX MATHHTHBIX IOJieH, NOCTPOEHHOH Ha OCHOBE PE30HAHCHOH
MHUKPOIIOJIOCKOBOH ~ CTPYKTYphl € HAHOKPHCTAIIMYECKMMM TOHKMMM MAarHHTHBIMH  ILJICHKaMH.
PaccMOTpeHO BiIHMsHEE HEOTHOPOIHOTO PACHpE/ENeHHs MarHUTHBIX I1apaMeTpoB MO MOBEPXHOCTH



TOHKHMX TUJICHOK Ha ypPOBEHb MX MArHUTHBIX LIyMOB. YHCIEHHBIM MOJEIUPOBAHMEM HCCIEN0BaHA
npuposa  (GOPMEpOBAHHS ~ OMEHHOH — CTPAMI-CTPYKTYphl M BIMMHHE €¢ HA  TPOLCCCHI
epeMArHUYMBAHMS, & TAkKe KOIQPUIHEHT npeodpa3oBaHds B TOHKHX MEPMAJLIOEBBIX IUICHKAX.
JzyueHa BO3MOJKHOCTh YIYYIICHHS XapaKTEPUCTHK NaTIHKa crmabpIX MArHUTHBIX TOJCH 3a CYET
HCIIONG30BAHMS B HMX MHOTOCIOMHBIX HAHOKPHUCTATTMIECKHX TOHKHX MArHUTHBIX TIIEHOK.

B 3akmouennn chOPMYTHPOBAHBI OCHOBHBIE PE3YIBTaThl pabOTHL.

Marepuas B IUCCEPTALMH, B [IEJI0M, H3II0KEH YETKO U SICHO, paboTa XOPOUIO CTPYKTYpUpOBaHa
u opopmnena. Cozeprkanue apropedpepara COOTBETCTBYET COASPIKAHMIO IUCCEPTALIMH. [Tybnukaryu B
PELICH3UPYEMBIX HAYUHBIX W3IAHHSX OTPAkKAIOT colepikaHue paboTsL BBIBOIBI 1O JHCCEpTALMAM
SIBJIAIOTCA TIOIHBIMHE, JTOTHIHLEIMH M 000CHOBAHHLIMH.

Hoeuzna MccJIeN0BAHAS H MOJTYy4eHHBIX Pe3yIbTATOB

VI3 IIpe/ICTABIeHHOTO BhINIE KPATKOTO ONHCAHMS CONEPIKAHHSA JUCCEPTAlMOHHON PabOThI BH/IHO,
qro B HeH pAcCMOTPEH IIMPOKHME Kpyr BOIPOCOB, OXBATHIBAIOMMEA M Pa3paboTKy HOBBIX
OKCIIEPAMEHTATEHEIX M TEOPETHUYECKHX METOJOB HCCIIEIOBAHMSA, W TOXPOOHOC H3YUeHHE CBOHCTE
HAHOKPHCTAUTMYECKHX [IEHOK, U, YTO HE MEHEE BaXHO, UCIIOJIB30BAHIE PE3y/IbTaTOB UCCIICI0BAHMA B
pa3paboTKe HOBOW KOHCTPYKIIHM MarHMTOMETp, BHOAPEHHOIO Ha HPEIIPHATHH PEAIbHOTO CEKTOpa
skoHOMHKA. K ey Hambogee 3HAYMMBIX HOBBIX HAYYHBIX Pe3yJIbTaroB pabOTBl MOXKHO OTHECTH
CIIEIYIOIIHE:

1. Pa3paGoTana METOJMKA ONpPEE/IeHNs [apamMeTpoB TEOPETHUECKOH MOZEIH AHH30TPOIHOH
TMII 13 H3MepeHHBIX YITIOBBIX 3aBucuMocTel ot ®MP. Briepsbie moka3ano, 4To ¢ MOMOIIBO 9TOM
METOIMKH TOMHMO IapamMeTpoB MAaTrHWTHOH aHH30TponuH M 3()QEeKTHBHOM HaMarHHYE€HHOCTH
HACKHIIEHHS MOXHO OJHOBPEMEHHO ONpPEACTHTH MOJPHBIM M a3MMYyTAIBHBIA YITIBI Pa3sOpHeHTALUH
KpHcTaIorpadpuyIeckoil MIOCKOCTH MOTIOKKH SITUTAKCHAIBHBIX IIICHOK.

2.  Paspaborama  JMCKpeTHas  MHKPOMArHMTHAas  MOJENb  HAHOKPUCTAITHYECKOTO
theppoMarHeTHKa, KOTOpas TO3BOJMIA PEANM30BATH HOBBIC 3(PQEKTHBHBIE METO/BI M ATTOPHTMBI
pacyera CTATHYECKHX M BHICOKOYACTOTHBIX CBOHCTB HAHOKPHCTAILTHYCCKIX TMIL

3. Breperle ¢ IOMOIBK MWKPOMATHHTHOTO MOJIEIMPOBAHHS ObLI oOHapyxeH, a 3aTeM
SKCHEPUMEHTANTBHO TTOATBEPAKACH S(QQeKT pe3koro yuUpeHds W CMELIEHUs JIMHUM OMP,
BO3HUKAIONINH HAa ONpeNeIeHHoN yactore B HaHOKpucTammyeckux TMIT ¢ pasmepoM KpuUCTLIHTOB,
IPEBHILIAIONIMM HEKOTOPOE IIOPOTrOBOe 3HAUEHHE.

4. B HAHOKPMCTAIUTMYECKOM TOHKOHM MEPMAIOCBOM IJICHKE 3KCICPHMEHTATBHO 0OHapPYKEHO
HOBOG SBJICHHE — OJHOHANPABICHHAS MATHMUTHAA AHM30TPOIMsA, WHIYIHPOBAHHAS HEOIHOPOJHOU
nedopmanmeir. IlokasaHo, 4YTO 5Ta OJHOHANPABICHHAS aHW30TPONHUA ABJIACTCS  CHCICTBHCM
duexcomarsutHoro d¢pdekrTa, YCTAHABIMBAIOIETO CBS3b MEXKAY HM3MEHCHHEM HaMarHM4CHHOCTH
UTIEHKU M BeJIMYMHO# rpaaueHTa fedopmaryn.

5. TlpemoeH OPUTHHAIBHBL METO CO3AHHs C IIOMOLIBIO alMa3HOIo pesia napauieIbHOH
IEePHOMUYECKON TEeKCTYPH! (C IEPHOJOM 0 5 MKM) Ha IOBEPXHOCTH IOJJIOKKH, KOTOpas MO3BOJIAET
parorapmeate TMIT ¢ mpocTpaHcTBeHHOH Momymsuued npoduis. Ha ocrose Teopnn Hersenbmara
BIIEPBbIE TOJTYYEHB! AHATHUTHYECKHE (DOPMYJBI Ul pacuera IUIaHapHOTO M OPTOrOHATBHOTO MOI
MATHWTHOH aHU30TPOIHE U3IOTOBIEHHBIX TAKUM CIIOCOOOM IIEHOK.

6. PazpaboTraHa HOBasi KOHCTPYKIIMS [1aT4yMKa CabbIX KBa3UCTALMOHAPHEIX M BHICOKOYACTOTHRIX
MATHHTHBIX TIOJeH, TOCTPOEHHAs HA OCHOBE MHKPOIIOJIOCKOBOTO PE30HATOpa € MHOIOCIOHHOH
TOHKOIUIEHOYHOM CTPYKTYpPO#H, COCTOAIIEH M3 HAHOKPHCTAUIMYECKHX TOHKHMX MArHUTHBIX IUICHOK,
pa3eNICHHBIX HEMar HUTHBIMH TIPOCJIOHKAMH.

3HAYMMOCTE Pe3yJbTATOB I/ HAYKH H NIPOU3BOACTBA

[omyucuusic A.B. M30TOBBIM pesymbTaThl [PEJCTABIAIOT HECOMHCHHBIA HAY9IHBIA W
NpaKTHYeCKuii uHTepec. B yacTHOCTH, aBTOPOM:

1. TlpeniokeH crocod peIeHHs CHCTEMbI [ABYX CBS3aHHBIX HEJMHEHHBIX YPaBHEHHH,
ONpEJE/MIONNX ~ YCIOBHE paBHOBECHs HAMArHUYEHHOCTH M YCJIOBHE OMP  oxHOpOIHO
HAMATHIYCHHON B IUIOCKOCTH aHH30TPOMHOM MarauTHOH renky. Ha ocHoBe sroro crmocoba, a TaksKe



3a/IaHHOT0 BHMOA IEICBOM (DYHKIMM OITHUMMU3ALUMOHHON 3ajauu, paspaboTaHa KOMIBIOTEpHAL
nporpaMma Jiis OIPENeICHUs JTOKaIbHBIX MarHUTHBIX [apameTpoB TMITI, koTopast BOIJIa B COCTaB
nporpaMmuoro obecnederus paspaboransoro B M@ CO PAH yHHKaIBHOIO CKaHUPYIOLIETO
crniekrpomerpa OMP.

2. PaspaGorana u 3aperucTpupoBaHa B PocmareHre Iporpamma Jutd SBM «MultiLayers»,
[peHA3HAYSH A U MOJC/IMPOBAHHA M MCCICHOBAHMSI MATHHTHOH MHMKPOCTPYKTYPEL, LETENH
MATHUTHOIO THCTEpEe3Nca, 4 TaKke BBHICOKOYACTOTHBIX CBOMCTB Kak OJHOCIOMHBIX, TaK H
MHOTOCIOMHEIX MATHUTHBIX HAHO- U [E€TEPOCTPYKTYP.

3. Ha ocHOBe pe3yibTaTOB DKCIEPUMEHTAIBLHBIX H3MEPEHHH, YHCICHHOTO0 MHKPOMArHHTHOIO
MOJIETUPOBAHMS M aHAIM3a JBYXMATHOHHOW MOJENH PACCEeSHHS CIMHOBBIX BOJIH J[AHO OObACHEHHE
obuapysxkensoro B Hanokpucraumueckux TMIT addexra peskoro ymupenus maaun OMP, a taxke
HOJIYYEHO BhIpaKEHWE I [OPOrOBOro pasMepa KPUCTAUIHTOB, BhIIIE KOTOPOIO BO3ZHHKAET 3TOT
adpexr.

4., UucaeHHBIM pacdeToM TEH30POB HEOIHOPOIHBIX YHPYrHX AehopMaudil W HaNpsHKEHHR
YIPYTOU30TPONHON TOHKOH IUICHKH HA M30THYTOM YIPYTOM30TPOIIHOH IIOJUIOKKE YCTAHOBIICHO, YTO
HANPSUKEHUs] HEeOHOPOIHO pacHpefeleHsl MO IIOMANM IUIEHKM M HOCAT [BYOCHBIH XapakTep.
[TonyueHsl aHaIMTHYECKHE BBIPAXKEHHS IS ONpefeNeHus NapaMeTpoB OJHOOCHOH MarHATHON
AHM30TPOIIMHU, HHYIIMPOBAHHOM ABYOCHBIMH YIPYTUMHU HAMPSUKCHUAMH.

5. PazpaboTan MeTOJ TeKCTYPHPOBAHHUS C ITOMOINBIO AITMA3HOTO Pe3a MOBEPXHOCTH MOIIOKKH,
nossosiromui marorapnueate TMIT ¢ mepuogmueckn MojymupoBaHHBEIM npoduieM u Oaaronaps
5TOMY B IOWPOKHX TIIpeJefax KOHTPOIHMPYEMO YIPABIATh MAarHUTHOH aHH30TPONMEM, a TaKKe
YaCTOTON M IIMPHHOM JHHUY ecTecTBeHHOT0 OMP.

6. Ha ocHoBe MpoBeNEHHBIX HCCIeOBaHME Obun paspaboran W 3ammiieH nareHToM Poccum
MarHATOMETp Ca0bIX KBAa3MCTALMOHAPHBIX M BBICOKOYACTOTHBIX MOJEH, KOTOPBIH B paMKax
KOMILJIEKCHOI'O npoeIcTa Mo CO3/TAHWHKY  BBICOKOTEXHOIOTHYHOTO HpOHBBO,HCTBa BHEOPCH B
npoussoicTBO Ha mpeanpustun AO «HIIIT «Pamuocsassy (r. KpacHospek).

Pesynbrarel paboThl MOrYT OBITH MCIIONB30BAHBI [UIS PELICHUS NPUKIATHBIX 3ajad B 00macTu
MHUKPOJIEKTPOHUKA H MArHUTOIEKTPOHHKH CBEPXBBICOKHX YacTOT, HAHOXICKTPOHMKM, TEXHUKU
MATHUTHOMW 3amucu HHGOPMAIIHK U CIIMHOBOH 3J1eKTpoHUKH. Pesynbrarsl paboThl pEKOMEHAYIOTCS K
HCIIOIL30BAHUIO B HAYYHO-HCCIICAOBATEIbCKHX OpraHu3almsax H YHHBEpPCHTETAX,
CIIELMAJIM3UPYIOIMXCA B 00JacTM CHHTE3a W MCCIIENOBAHME HOBBIX MArHUTHBIX IUIEHOYHBIX
marepuanos (MPD um. B.A Korensaukosa PAH, NOM VpO PAH, N® CO PAH, KOTHU OHII
KasHI[ PAH, MI'YV um. M. B. Jlomonocosa, T['Y, Yp®V umenun b.H. Ensuuna, COV, JIBT'Y, TT'Y,
TITY), a Takxke Ha NpeNPHATHNX, pabOTAIONMK B 0BIACTH PATHOTEXHHKHE U PaHONICKTpoHHKHA (AO
«Depponpubopy, r. Caukr-Ilerepoypr, HUU «Deppur-Homeny, . Canxr-Iletepbypr, AO «MCC» um.
Pemernesa, r. Kpacrnosipck, AO LIKD «l'eopuzukay).

OG60CHOBAHHOCTH H IOCTOBEPHOCTH HAYYHBIX MOJI0KEHHIT, BHIBOJOB M 3aK/II0YeHHI

ChopMynupoBaHHEIE B JMCCEPTALMM HAyYHbIE IIOJOXKEHHMs, BBIBOABL M 3aAKIHOYCHHS
OCHOBBIBAKOTCS HA HAYYHBIX PE3yIbTaTax, IOJYYeHHBLIX Ha 0a3e COBPEMEHHOI0 SKCIEPHMEHTAILHOIO
000PYIOBAHAS C MCTIONB30BAHUEM KOPPEKTHBIX M 0DOCHOBAHHEIX TEOPETHYECKHX MOJEICH, METO/IOB
M aaropuTMOB pacuera. JIOCTOBEPHOCTH pPE3YJIBTATOB PabOTBI MOATBEPHKIAETCS HMX BHYTPEHHEH
HEIPOTHBOPEYHNBOCTEIO, BOCIIPOM3BOIMMOCTBIO, @ TaKKe COTJIACHEM € OKCIEPHMEHTAIBHBIMH H
TEOPETHYECKUMH AHHBIMH JPYTHX aBTOPOB. PesyibraThl, NIpeacTaBlIeHHBIE B JUCCEPTAUH, ObUIH
arpoOHpOBAHBI HA PA3THYHBIX MEKIYHAPOIHBIX H POCCHHCKUX KOH(EPEHIHAX.

Pe3ynbTarsl JECCEPTALMOHHON pabOThI OCTATOYHO IOMHO OTPaXeHbI B 43 CTATBIX, Cpeau
KOTOphIX paborel B Bedymmx poccuiickux («[lmcema B XKOTD», «[Imcema B JKTO», «Dusuka
TBepmoro Tenay, «IIpubopsl M TexHHKa JKCIEpUMeHTa», «3aBojckas naboparopus. [uarHocruka
MaTepHaNoBy, «BLIUMCIATENBHBIE METOIBl ¥ HPOrpaMMHpPOBAHHEY», «YCIEXH COBPEMEHHOH
pajmodneKTponuKn», Russian Physics Journal,) u 3apyGexnsx xkypuatax (IEEE Sensors Journal,
Journal of Magnetism and Magnetic Materials, Physica Status Solidi — Rapid Research Letters, Journal



of Alloys and Compounds, Physical Review B, Journal of Physics D: Applied Physics, Physica B:
Condensed Matter, Journal of Physics Condensed Matter, Materials Research Express, Solid State
Phenomena). HoBu3Ha NpeiIoKeHHBIX TEXHWYECKHX H [IPOrpaMMHbIX pelneHuii moaTBepIKICHa 8
naTeHTAME Ha H300peTeHHs M 9 CBUAETENbCIBAMH TOCY/QPCTBEHHOH PETUCTPAIMH IPOTPaMM UL
DBM B PocniatenTe.

Bonpock! B 3aMe4aHUA

[lo cymecTBy AUCCEPTALMOHHOM paboThl HEOOXOAUMO CAENATH CIICAYIOMIIE 3aMEHAHUA.

1. B paszmene, MOCBSIICHHON METO/MKE OTIPEJICNICHHs MAapaMeTPOB MAarHUTHOH aHU30TPOINH
TOHKHX MATHUTHBIX [UICHOK M3 VIJIOBBIX 3aBUcHMocTel pezoHancHoro mois ®MP, orcyrcTByer ee
CpaBHEHHE ¢ METOIMKAMHM, MCIONB3yeMBIMH IPYrMMH aBropamu. [lo 5TOH IpUYMHE CTIOXKHO
00BEKTHBHO OLEHUTh JOCTOMHCTEA U IPeMMYNIecTBa pa3pab0oTaHHOIO COMCKATENEM MOIX0/A.

2. B Tperbed TIyaBe, IOCBAIIEHHOH YHCICHHBIM METOJAM pacdera CTaTHYECKHX H
BBICOKOUACTOTHBIX CBOMCTB HAHOKPUCTAUIMYECKHUX IIJICHOK, MOJENh HAHOKPHUCTAIIMYECKOTO
deppomardeTika OBLIA MOCTPOEHA HAa OCHOBE BBIPAKEHWS dHEPruu (3.1), B KOTOPOM /Ui ONMCAHH
JIOKATBHOH CTyJaifHO# aHM30TPOIHH HCIONB3YETCA YWICH OJHOOCHOH MArHHTHOM aHH30TPOIHHM CO
cysaiineiv HampaeinenaeM OJIH. B 1o ke Bpemst 0ecropsnovHO OPUSHTHPOBAHHBIC KPUCTALIUTEL B
(GeppoMarHMTHBIX CIUIABAX, KAaK MPABHIO, XapaKTEPH3YIOTCA HE OJHOOCHOH, a KyOHuueckoi
MArHHTOKpHCTAIIOrpaduaeckoll anuzoTponuel. HemoHSTHO HacKOJBKO ONpaBAaH BBIOOp TaKoH
TEOPETMUECKOH MOJIENH, M KK W3MEHATCA Pe3yIbTaThl pacyeTa IPH IEPEXofe OT OXHOOCHOH K
KyOMUeCKOH CHMMETPHH MarHHTHOM aHH30TPONMU KPHCTALIUTOB?

3. B pasgene 4.1 4ucieHHO HCCIeAyeTcs BIMSHHME pasMepa KpUCTaLTUTOB Dy Ha NPHPOIY
(GopMHpOBaHHA CTATHYECKUX M  BBICOKOYACTOTHBIX ~CBONCTE HAHOKPHCTALIMYECKHX TOHKHX
MATHHTHBIX TJIEHOK. B 3TOM ciiydae NOrHYHO ObI10 OBl OKMIATH, YTO IPH BapbHpPOBAHHH OIHOTO
napamMerpa TeopeTHueckoil Mojend, T.e. Do, 3HaueHus JPYrHX IapaMeTpPOB JIOJDKHBI OBITE
sapukcupoBansl. Toraa kak B paboTe OJHOBPEMEHHO ¢ Do H3MEHSCTCS W TONIHHA ILICHKM d = Dy.
ITO CUIIBHO 3aTPyIHACT aHAIU3 PE3YIbTATOB pacyera.

4. B pazzene 5.2, IPA HCCIENOBAHUK TIPHPOIBI OTHOHANPABICHHON MArHHTHOM aHH30TPOIUH B
HEOHOPOAHO  1eOPMUPOBAHHOM HAHOKPUCTAIMYECKON NEpMaIUIOCBOM  IUICHKE —H3MEPeHUA
nposoauikchk Ha yactore 2.274 T u, Kak ClIeJCTBUE, B OTHOCHTENBHO MANBIX MOISX BHEIIHETO
MarauTHOro mnouss. Ilo 3ToM npuumHe oOpasel IJIEHKA IIOTEHIHAlbHO MOI HaXOJHThCA B HE
[OJNHOCTHI) HACHIIIEHHOM cocTosHui. KpoMe Toro, B H30rHyTOH IIeHKE MAarHMTHBIH MOMEHT MOXKET
BBIXOJIUTh M3 €€ IUIOCKOCTH W CO3/IaBaTh HEOJHOPOJHOE pacIpeje/leHHe «MarHUTHBIX 3apsioBy» Ha
MPOTHBOIOIOKHBIX CTOPOHAX IUICHKH. HeonHopojaHas HAaMarHMYEHHOCTh M BOSHUKAIOMWIKE Ha
MOBEPXHOCTH IUICHKH (MATHHTHBIE 3apsibly MOTYT CIYXHTh [NOTCHIHAIbHEIM HCTOTHHKOM
MArHUTHOH aHH30TPOIIHH, HEeYITEHHOU B AMCCePTALIMOHHOMN paboTe.

5. B Teopermdeckod MOJENM MAariMTHOH IUICHKH Ha MEPUOJHYCCKH TEKCTYPHPOBAHHOH
mooxkke (pasmen 6.1.3) wcmonmb3yercs mpAMOYroibHas (opma pHCOK (KaHaBOK), TOrja Kak ¢
[IOMOLIBI0 ATMa3HOIO pe3lla BPsi JM BO3MOXKHO CO37aTh Tako# mpodmie. BosHukaer Bompoc,
HACKOIBKO aIeKBATHO ONHCBHIBAET PACCMOTPEHHAS B AMCCEPTAIMU TeOpeTHdYecKas MOJEb CBOWCTBA
peanbHbIX, IKCIEPHMEHTAIBHO HOJYyISHHBIX 00pa3os?

3akmnovyeHue

Bhickasanible 3aMeUanis He H3MeHsoT obmei mooKuTeIpHoH oeHKn quccepranun. PadboTa
BBIIOJIHEHA HAa BBICOKOM HAYYHO-TEXHHYECKOM YPOBHE U IpecTaBseT coOok 3aBepIIeHHYI0, Hay4HO-
KBATH(QHUKAIMOHHYIO padOTy, BHOCAILYIO 3aMETHBIA BKJIAJ B PasBUTHE AKTYalbHOIO HAYHHOIO
HAMPABJICHHS, CBA3AHHOTO C M3YYEHHEM CBOMCTB MArHMTOMATKHX HAHOKPHCTAIHYECKHX IJICHOK M
BO3MOYKHOCTeHl HX IIPHMEHEHHs B KayecTBe MarHWTHHIX KommonenTor CBY-yerpoiicts. Hobeie
HAYYHBIE PE3Y/BTATHI, MOTYIEeHHBIE TUCCEPTAHTOM, 3HAYUTENLHO PACIIMIM HAMIF IPEICTABICHHS O
MPUPOJIE MATHUTHOTO COCTOSHHSA HAHOKPHCTAUIMYECKUX TOHKUX [LJICHOK M IO3BOJIMIM PCaTi30BaTh
BHICOKOUYBCTBHTEBHBIH BHICOKOYACTOTHBIA MATHATOMETP, BHEJPECHHBIA B IIPOU3BOACTBO AO «HITIT
«Paymocessby (r. Kpacmospek). I1o COBOKYIHOCTH NOIyYeHHBIX Pe3ynsTaToB paboTa MOXeT OBITh



KBaIMPUIUPOBAHO KAK HOBOE KPYIHOE HAydHOE IOCTHXKEHHE B 00JacTH (U3MKH MarHHTHBIX

SBIICHHH.

Jluccepranus A.B. M30T0Ba YI0BNETBOPAET KpUTEPHIM «I110T0KEHHS O MOPS/IKE IPUCYIKICHAS
YUCHBIX CTeTleHeil», YTBEPH/IEHHOTO NocTaHoBienueM I[IpapnTenbcTsa Poccmiickoit Denepaiinu
Ne 842 ot 24 cents6psa 2013 r., a ee aBrop M30ToB Anzipeit BUKTOPOBUY 3aCIyKUBACT IPUCYIKACHHA
y4eHON CTeneHu JOKTOpa (GM3UKO-MATEMATHYECKHX HAYK II0 CHEIHATBHOCTH 1.3.12. Ouzuxa
MATHUTHBIX SIBICHUH.
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