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0pUIHAIBLHOrO ONnoHenTa Ha padory Maneesoli Hatammm AunjapeeBHbl «DIeKTPoIHHAMHKA
CBEPXIIPOBOAAINMX MeTAMATEDHAIOB HA OCHOBE ILIOCKHX COHPAJbHBIX Pe30HATOPOBY,
NpeICTAB/IeHHOI HA COMCKAHHE YYEHOH CTeleHH KaHauIaTa (pH3HKO-MaTeMaTHYeCKHX HAYK I10

ciennaabHocTi 01.04.07 - pu3uka KOHIEHCHPOBAHHOIO COCTOAHHSA

HucceprauvonHas pabora  H.A. Marneesoii MOCBSIIIICHA TEOPETHYECKOMY 51
DKCHEPHMEHTAILHOMY HCCIIC/IOBAHHIO B HOBOM M JMHAMHYHO pa3BHBaromiciics obnactd (QU3HKH -
DICKTPOJIMHAMMKH  CBEPXIPOBOIAIIMX MeTamarepuanoB. C nuoHepckoit paGorel B.I. Becenaro
TNPOIITIO ZOCTATOYHO MHOI'O BPEMEHH, YTOOBI BO3MOKHOCTH KOHCTPYHPOBAHHS HCKYCCTBEHHBIX CPEJl C
OTPHIATENIBHEIM TIOKA3aTelieM NpesioMieHust Obula Oco3HaHa W peajm3oBaHa. OJHO W3 [VIABHBIX
[IPEUMYIIECTB METaMaTEPHAJIOB — 5TO BO3MOKHOCTh co3aaBaTh CBY ycrpoiicTBa HOBOrO NOKOJIEHUS C
HU3MEHSICMBIMH CBOMCTBAMH, & TAK/KE MO3BOIAET JEIaTh YIEMEHTHI (HAMPUMEDP, aHTCHHLI M JIHH3bI)
Oosiee  KOMHAKTHBIMH M 5(Q(deKTHBHEIMH. OJHAKO, IIONBITKA MHHHMATIOPH3AMHH DJIEMEHTOB
UCKYCCTBEHHBIX CpeJl, T.H. METa-aTOMOB, BCKOPE HATKHYJach Ha OTPaHHYEHHE, CBA3AHHOE C
BO3pacTaHWeM I[OTeph B MeTaMarepuate. B 9Tod  cBA3M  MccnieloBaHHE  CBEPXIPOBOJSIINX
MeTaMaTepHaIOB, HMCIOIIMX CYLIECTBEHHO MEHBUIHE [OBEPXHOCTHBIE MOTEPH, YeM AaHAJIOTHUHBIC
CTPYKTYPbl M3 HOPMAJbHBIX METANIOB, SBISETCS BaXHBIM H BocTpeboBaHHBIM. Kpome Toro,
HALIJICHHOCTD aBTOPa Ha JajibHElIIIee YMEHBIIEHHE Pa3MEPOB METa-aTOMOB €CTECTBEHHBIM 00pa3oM
MPUBEIO K H3YYCHUIO CBOHCTB CHMPATIBHBIX PE30HATOPOB, YTO COMPSIKEHO € PAIOM MATEMATHUCCKUX
TPYAHOCTEH U IMOTYCPKHBAET HECOMHEHHYIO aKTYaIbHOCTE TMPOBEIEHHEBIX HCCIIETOBAHHIA.

Jluccepranmonnas paboTa COCTOMT M3 BBEICHHS, YETBHIPEX IJIaB, 3aKIIOYCHMS, CIHCKA
nyOJIMKalui aBTopa M CITMCKa IUTHPOBAHHOM JIMTEPATYPhl cocTosIero 13 78 cchutok. OHa H3I0keHa
Ha 103 cTpannnax, Bkarouas 42 pucyHka.

Bo BBesieHHH 00OCHOBBIBAETCS AKTYaIbHOCTD TEMBI JTHCCEPTALIMH, IPHBOIMTCS (OPMYIHPOBKA
HelH  padOThl, OINMCHIBAETCS HayuHas HOBH3HA M IPAKTHYECKAS 3HAYMMOCTE  MOJYYEHHBIX
pe3yabTaToB, GOPMYIUPYIOTCS OCHOBHbIE TIOJIOKEHHS H PE3YIILTATHI, BHIHOCHMBIE HA 3aIUTY, a TAKIKE
IPHUBOASATCS CBEJIeHHs 00 anpodaluu pe3ynbTaToB U yOIHKaLHsX 110 TeMe JIMCCEPTaIHH.

B nepsoil riase mMpoBOJMTCS aHAMMTHYECKHH 0030p auTeparypsl Jlarores KJ1accHukaiuu
MarHWTHBIX MAaTepHaloB, MeTamarepuanoB u csepxnposoxsmux CBY meramartepuanos. Jlano
OIMCAHHE 3KCTIEPUMEHTAIBHBIX METO/IOB HCC/IEN0BAHNS CBEPXIPOBOIAIIMX MeTaMaTepHaloB U
TEOPETHYECKHE METO/IbI HCCIIEA0BAHUS CIIMPATIbHBIX PE30HATOPOB.

Bo BTOpOJi raBe mpoBeJEHO TEOPETHUYECKOE U HKCIEPUMEHTATLHOE HécneJLOBaHHe TJIOCKOTO
KOJILLEBOI0 CBEPXNPOBO/IALIETO pe30oHaTOpa B popme cniupamu Apxumesa 6e3 neHTpaibHoil yactn. B

X0Ie HcClieOoBaHHA aBTOPOM ObLT1O IMOKa3aHoO, 9YTO PE30HAHCHBIC YaCTOTbl OTHOCATCH KAK HEUYETHRIE



4MC/Ia. bBUTO TpOBE/IeHO HAal/IIOIEHHEe pacTIpe/ieieHHs TOKA B CIIMPAJIM Ha PE30HAHCHBIX YacTOTaX C
TIOMOMILIO JIA3¢PHOT0 CKAHUPYIOIIEro MUKpockomna. [Tpu 3Tom nokaszano, 4to pacnpeseneHue Toka B
pe30HaTOpe XapakTepHO JUIsl MOJYBOJHOBOTO PE30HATOPA: HA Kpasx CHHPaJd TOK MMUHMMAJEH, a Ha
KQXKJ/IOM PE30HAHCE YHMCI0 MaKCHMYMOB TOKa COBIAZAeT ¢ HOMEPOM MO/bl. Bbila mocrpoeHa
TEOpPETHYECKas MOJIe/lb KOJBIEBOIO Pe30HATOpa, KOTOpas He CMOTPS Ha JOCTATOYHO IIPOCThIE
AHAITHTHYECKHE (OPMYIIBI IOCTATOYHO XOPOLIO ONMCHIBACT Pe3yNbTaThl H3Mepenuii. B mocaeaytonmx
paszgenax JlaHHOH rJaBbl ObLIM NPOBENEHbl AHATHUTHYECKHE M HKCIIEPUMEHTANBHbIE HCC/IEI0BAHUSA
MarHMTHOTO 1105 B PE30HATOPE.

B Tperhell rmaBe NpoBeeHO TEOPETHYECKOE M JKCIEPHMEHTATLHOE MCCIIEOBAHHE IJI0CKOTO
CBEPXITPOBOJIAIIETO pe3oHaTopa B popme criupand Apxumena. Takoi pesoHaTop ABisieTcs eie Golee
KOMITAaKTHBIM, Y€M KOIbLIEBOH pPE30HATOp, M3Y4YEHHBI B MpeablAyIuell [JaBe. OJHAKO ero
TEOPETHIECKOE ONHCAHHE sBisieTcs OojIee CIOXKHBIM, H3-33 TOrO, 4YTO Teneph 0OIACTh 3aIoJHEHHMS
pe30HaTOpa HE ABJIACTCS MAIOH 110 CPAaBHCHHIO C €ro pajuycoM. Tem He MeHee, aBTOpoM Oblla
YCIICLIHO [OCTPOEHA TEOPETUYECKas MOAEIIb TAKOIO PE30HATOPA, U MOIYUCHHBIE Pe3yIbTaThl YAAI0Ch
MPEICTaBUTE B KOMIIAKTHON aHAIHTHYECKOH (opme. Bbulo mpoBejeHO CpaBHEHHE TeOPEeTHUECKHX
PE3y/IbTaTOB € pPE3yNbTaTaMM pacyera B MAaKeTe SJICKTPOJMHAMHYECKOro mozenupoBanus HESS, a
TaKKe ¢ pe3y/bTaTaMH U3MEPEHHUH JIaHHOTO PE30HATOpa KakK JUIS aMIUIUTY Ikl INIOTHOCTH TOKA BJIOJb
pajauyca CrHpaId, TaK U JJIsi MArHUTHOIO NOJA BONH3H 1OBEPXHOCTH cnupanu. [lokazaHo, 4to Bee
PE3YALTATHI JIOCTATOYHO XOPONIO COrIAcyroTcs APYr ¢ JIpYroMm. B 9Toii ke ImaBe JaHO omucanue
YCTAHOBKH, C IOMOMIBIO KOTOPOi OBbLIM MpPOBEJIEHBI M3MEPEHHs COOCTBEHHBIX MO CITHPAIBHOIO
pe30HATOpa U MPOCTPAHCTBCHHOE pacipe/lelleHHe paialbHON KOMIIOHEHTLl MATHHTHOTO MTOJIs BOIH3H
BHUTKOB CITHpAJIH.

B uerBeproii rimase nosyueHHble B MPEBUIYIINX INIaBaX PE3YILTATH MO3BOINMIM [IPOBECTH
obobmaroLee Heee0BaHUE KaK MM0I00HbIE METa-aTOMBL B3aHMOJIEHCTBYIOT MeXLy coboii. B EepBOM
pasjiesie nojy4eHO KOMIAKTHOE aHAJIMTHYECKOEe BBIPAKCHME JUIS DHEPIHH B3aUMOJICHCTBHS JIBYX
CHupaiel, U3 KOTOPOTO CIEAYEeT, YTO SHEPrUs B3aHMOJEHCTBHS YBEJIMUHBAETCS NPH YBEJIHUCHHUH
[JIOTHOCTH HABMBKH., @ TaKkKe ClajaeT Kak KyO paccTOSHHS Mexjly LeHTpaMu cnmpaneif. B
CNENYIOIMX pa3/ie/laX [VIaBbl IPOBEJICHO TEOPETHYECKOE HCCIIEIOBAHHE HIEKTPOMATHUTHOIO OTK/IHKA
MeTamaTtepHata B BHIAC KyOM4ecKoH pemeTKH, B y3jaX KOTOPOH BMECTO aroMOB HAaXOIATCH
CIUPAIbHBIE META-aTOMbI, Ha BHEILIHEe MArHUTHOC I10J1e, @ TAKKE YYTEHO BIUSHME PaMAIlHOHHBIX
MOTEPh METa-aTOMa Ha MarHMTHYIO BOCIPMMMYHBOCTH MeTamaTepHana. [lokasaHo, yto Ha IIEPBOii
Mozie K03(b(GHIHEHT TIOTEPh TakoH cnupaiu coctabuser nopsaka 0.1-0.01 u mpu stom coxpansercs
4acToTHasi 00JAcTh, TI€ MAarHWTHas BOCIPHUMYHBOCTE OTPHUATENbHA, IIHPHHA TOH 0OJacTH
coctasisgeT nopsaka 10%-15% or pezonancHO#H 4acTOTHI.

B zaxmouenun CYMMHUDYIOTCS OCHOBHBIC PE3YJIBTATHI U BBIBO/IBI ﬂHCCCpTaHHOHHOﬁ p8.60TbI.
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B memom paborta ocrasiser xopomee BrnevarieHne. OHa IPAMOTHO HANMCAHA M XOPOIIO
HJUTIOCTPUPOBAHA, aBTOP YMEJO COYETAET JOCTATOYMHO CIOXKHBIE M JETAIBHBIE SKCIEPUMEHTAIBHBIC
HCCIICZIOBAHMs ¢ AHATMTHYECKHMH PAcueTaMy Ul PEIICHHs TTOCTABICHHBIX 33/1a4 U JaeT TPAKTOBKY
MOJIyYEHHBIM pe3yIbTaTaM. JIoCTOBEPHOCTh Pe3yIbTATOB HE BhI3bIBAET COMHEHHIH.

[Tony4yeHHBIE pe3yIbTaThI MOTYT HMETh HE TONIBKO (DYHIAMEHTAILHO-HAYYHOE, HO M NIPUKIAIHOe
3Ha4YeHHe. DTH pe3yJIbTaThl MOTYT OBITH HcnoIb30BaHbl B MI'Y, UTMO, CITI6I'Y, HHI'Y, UOM PAH,
HUII® PAH, UPD PAH u B ipyrux opraHu3auysax, 3aHHMAIONIHXCs HCCIIEI0BAHAEM METAMaTEpUAIOB,
U [IPH YTEHHH CIIEHHAIBHBIX KYPCOB JIEKIHH /U8 CTYJEHTOB COOTBETCTBYIOLIMX CIIEHIHAILHOCTEH.

Cozepsxanue apropedepara COOTBETCTBYET COACPIKAHMIO JHCCEPTALHH.

K 4ynciy HepocTarkoB uccepTalioHHON paboThl MOKHO OTHECTH CIIEIVIONIEE:

. B pabore MHOrOKparHo roBOpHTCs O BKJIAJIE€ COABTOPOB B CO3/AHHE DKCIIEPHMEHTAIBHOM

ycranoBku B MMCuC u nposenenne uncieHHoro moaenuposanus B nakere HFSS, ognako He

aKIEeHTUPYETCst TO, YTO 4HacTh HW3MepeHWd Obuta mposeneHa B MUCHC, a m3mepenus Ha

JIA3ePHOM CKaHHPYIOIIEM MHKPOCKOMNE, CY/Is 110 NPEeICTaBICHHBIM (OTO, IPOBEIEHBI BO BpeMsl

KOMaHIHPOBOK B YHHBEPCHTET Kapacpys, XoTa ObL10 OBI IOMHYHO 3TO TAKXKE OTPAa3UTh B TEKCTE.

® B pabore npucyrcTByrOT oneuatku. B 0CHOBHOM OHH CBSI3aHBI ¢ He BCer/la KOPPEKTHBIM
NEPeBOJIOM aHITIOA3BIYHBIX yOiMKaumii aBropa Ha pycckuil si3pik. Hanpumep, wa crp. 13
NPUCYTCTBYET TEPMUH "pajHaliioHHas >(PPEeKTHBHOCTB", B TO BpEMsl KAK B PyCCKOM SI3BIKC
CJI0BO "pajinaiiionHas" oObIYHO yrnoTpeOuseTcs B KOHTEKCTE PaJMAllHOHHON Oe30MacHOCTH H
CTOMKOCTH, a HE B KOHTEKCTE M3mydeHus. Ha ctp. 17 - Ob11 npesickasan v Ha3BaH MMEHEM ... -
Hajo ObUIO CHA4ala HamMcath, YTO TpPENCKa3’aH Ha OCHOBe Teopuu Bapauna-Kymepa-
[lIpudepa. a motom yike 4to Hazpan numeneM JIxosedbcona. Ha crp. 21 - pd cKBUI - JOIIKHO
obrre CBY CKBH/I. Ha ctp. 22 - quncTuk - 00BIMHO B pycckoM He yrnorpebisiercs. Ha erp. 25 -
JICM wmzo00paxeHue - naHo Oe3 rpenBapHTENbHON pacmMdpoBKH "Ma3epHbI cKaHMPYIOIHi
mukpockon”. Ha crp. 44 - Kapnemanosoro tuna - jomkno 0bite Tuna Kapnemana. Ha crp. 45
omewatka B Homepe Qopmyist (67): (67) u (67). Ha cip. 47 B QyHkuusx mporpammbi
Mathematica ecTb ImycThle KBaApaThl, OHH BO3HHKJIM BHIHMO H3-3a2 OTCYTCTBHMS HYMKHBIX
wpudros. Kpome Toro, npu napamerpax, NpPeICTaBICHHBIX IIPH ypaBHeHHH (65) Bpoje Gbl
10J0kHO ObITh Log[7.5], a ne Log[15.], BO3MOKHO CKPHITThI IPHBENEHBI B KAYECTRE IPUMEPA TSt
napameTpos Jpyro# cnupanu. Ha ctp. 60 u nanee s naspanuu auon Iottku nponyiiena 6yksa
"1". B moamucu K Puc. 23 "MHKpOBOIHOBas 4acTh YCTAHOBKHM CTOMT" - JODKHO OBITH COCTOMT. B

KOHIle CTp. 72 - "npuBejieHa Ha pucynkax 3—-8" - BUAMMO, umerotes B Bujty Puc. 34 u 38.

Jlannple HenOCTaTKH HE CKa3blBalOTCS Ha OOIIEM [IOJOKHTEIBHOM BIEYATIEHHH OT
JAHCCePTALHOHHOM padoThl. Pe3ynbTaThl paboThl JOCTATOUHO MOJNHO OIMYOIHMKOBAHBI M JOJI0KEHb HA

KOH(EPEeHIMAX caMoro BbICOKOro ypoBHA. CumTalo, 4To mHccepraims «NEKTPOXHHAMHKA



CBEPXTPOBO/IALINX METAMATEPHATIOB HA OCHOBE IUIOCKHX CIHPATBHBIX PE30HATOPOBY» COOTBETCTBYET
TpeOoBanuaM "TI0N0KEHNS O NPHCYXKIACHHH YYEHBIX CTENeHCH", YTBEPKIEHHOr0 MOCTAHOBICHUEM
IIpaButenscrea Poccmiickoii @enepamun ot 24 cenrsiops 2013 roma, Ne 842, npeanaBiseMBIM K
KaH/IMJIaTCKUM  iuccepranmsm, a e€ asrop, H.A. Maneepa, 3aciay:KMBaeT NPHUCYKIEHHS YYEHOI
CTENICHH KaHJuaaTta (U3MKO-MaTeMaTH4ecKuX Hayk mno cmemmansHoctn 01.04.07 - ¢dm3uka

KOHJCHCUPOBAHHOI'O COCTOAHHS.
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