
YTBEPXAAIO

,{npertop I45A CO PAH,

II.B.

cents6ps 2023r.

OT3bIB

ne4yrqeft opraHr43arluu Ha AECCepraqI'IoHIIyrc pa6ory Jleonrrena

Alercau4paH[ronaennqa<<Parpa6otrauIIccJIeAoBaIIue
peIqTuBucTcKIIxrupoTpoHoBMI,IJIJII[MeTpoBoroAI{aITa3oHaAJIIIHBOJIH)>'

IIpe.4cTaBJIeHHyIo Ha co}IcKaHI,Ie y.reuoft cTeIIeHu KaHAI,IAaTa t|usuro-

MaTeMaTI{qecK}IxHayKIIoclleqilaJlbllocrul.3'4-paAuo(bfi3uKa

IrlccreAosauus B paMKtX AI,ICCepTaur'IoHHOft pa6oru Jleonrresa Alexcau4pa

Huxolaenuqa cocpeAoToqeHbr na npo6leMe noBbIItreHLIS MOIqHOCTII lI qacToTbl BbIXoAHOro

u3nyqeHl,IgMoIIIHbx}IM[yJIbcHbIxIlIpoTpoHoB,BKoTopbD(LIcIIoJIb3yIoTc'pen'THBLIcTcKve

3neKTpOHHbre [yrlKr{, tlopir,lupyerrarre }IHxeKToptlM}I c TepMo9MLICCI{OHHbIM}I vtL

B3pbrBoOMr.rccIIOHHbIMI4 KaToAaMu. ApyalrHOCTb SrOft pa6orrt O6yCnoUIeHa TeM' tITo pe[Ienue

o6os'a.reHnofi srrile npo6leuu Ha[psMyro orHocrrrcfl K rIyHKTy 1.3.6.2. <PaSBI'ITI'Ie MeroAoB

reHeparlr4l,I, yCIlIIeHill. npeO6paSoBaHI'IlI I{ [pueMa gneKTpOMarH[THbx BOJIH)) B [porpaMMe

(pyn1arr,reuranbnbrx I{ccJIeAoBaHIaft araAeu}Iu HayK PO na 2021'2030 rr' B ra'IecrBe ocHoBHbrx

3aAaq Ar,IccepTaquonnoft pa6orU aBTopoM o6OsHaqegrr pa:pa6o6a IIoBbIx lIHxeHepHO-

su:u.recr<ux perueuufi, cnoco6ubx o6ecne.Iutr e([(fertraBHylo reHepaq[Io MllKpoBonHoBoro

u3nyqeHl4flBrl4poTpoHaxM}IJIJIlIMeTpoBoroA[uIIIa3oHaAII,IHBoJIiIBycJIoBIIflXIIoBbIItreHu'

HarrprxeHr.rr B ycKopffollleM IIpOMexyTKe I',IHXeKTOpa lI TOKa, [onylaeMoro s HeV I]YtKA') A

TaKXe rrpoBeAeHre qlrcJreHHoIO MoAenr4poBailus, pa3pa1aTbrBaeMblx ycTpoftcTB I',I CO3'UaHI'Ie

sKCrrepr.rMeHTaJrbHbx rrpoToTlrrroB Ha ocHoBe pa3pa6oTaHubrx aBTOpoM IIOAXOAOB'

B yra:auuoM HaIIpaB IeHvfi4I4ccJIeAoBaHIlfi anropotvt IIoJITIeH pgA HoBbIx peayllraron' B

ueJroM, 3aulurqaeMbre A.H Jleonrsenrru IIOJIOXeHII' AOKa3aHbI u pacKpblTbl B AIICCepTaIIUOUnOft



pa6ore. Aerope(fepar B cxarofi (fuoprr're AocraTotlHo IIoJIIIO orp'DKaer coAepn(aHlle

ALrCcepTaIIUII.

,{raCcepraqru gOSTO}IT }I3 BBeAeHvIq, Tpex rnaB, a TaKXe 3aKJIIOqeHut' B KoTopoM

cQopMyn[poBaHbl ocHoBHbIe pe3yJIbTaTbI pa6oTbl. Bo nneAeul;In o6ocHoBana aKTyilnbHocTb

TeMbr, olpeAeneHbl II9JIII AI4ccepTaIII4oHHoft pa6oTbl, OTMeqeHa HayqHa'I HoBIBHa rrpgBeAeHHbnr

r4ccJIeAOBaH r4it, npvBeAeHbr ocHoBIIbIe IIoJIox(eHIIs, BbIHOCI'IMbIo Ha 3aIII]ITy' a TaKxe KpaTKo

r43JrO)KeHo coAepxaHl'Ie AI'.ICCepraIIlI[.

B nepBoft rJraBe orrlrcaHhr lIccJIeAoBaHlIt lIMrIyJIbcHofo MyllbruMefaBarrHoro

pentTLIBlIcTcKoro rplpoTpoua W-AlanasOna Ha IIfIKe il3 I'IHXeKTopa c TepMooMI'IccuoIIHbIM

KATO]IOM.

Bpa3Ae[e1.1[p}IBoMTc'3JIeMeHTbIpacqeTavlloIITIIM}I3aIIn[ilIpoTpoHa'

flpe4cranneHo oIIlIcaHLIe OcHoBHbrx perrleuvir, flpkrMegeHHbD( Ant co3AaHils KoMilOHeHToB

rrplrlopai gneKTpoHHo-oIITLIqecKoft cIIcTeMbI, OopMl{pyloueft BI4HToBoft gJIeKTpoHHbIfi IIyqoK'

rrpocrpaHcTBa 9nSKTpSHHO-BOJIHSBOIO BaI4MoAeft cTBYIfl) gJIeKTpOAI'IHZIMI'IqeoKofi cIIcTeMbI

BbIBOAa BbrcoKorracrorHoft 3HepilIH.

pagaen 1.2 orse,qeH olr4caHr.rro gKcrrepllMeHTaJrbHoro r1ccneAoBa]flfiA Fl'IporpoHa W-

Ar4arra3oHa c MyJrbrlrMeraBarrgoil BbIxoAHofi MolrlHocrbro. On14cHsaercfl' cllcreMa 113MepeH1Is

rrapaMeTpoB BbIxoAHoIO I,I3JIyqeHI'Is, MeTOAIIKa I'I xOA gKC[epI4MeHTa) A TarcKe o6cyx'4aIoTcr

pe3ynbTaTbl.

Bo BTopoft rJIaBe paccMaTpllBaeTct rupoTpoH Ka-Azanagosa c KlInoaMIIepHbM

gneKTpOHHbIM ilyqKOM I'I Cy6rllraBarrHoff BbrxoAHOfr MOrqHOCTbro'

B pa3Aene 2.1 orllcblBaeTc.fl MOAeJII{poBaIMe uI pacrleT sJIeKTpOHHO-OIITI'IqecKoft

cI,ICTeMbI Ha ocHoBe MarHI'rrHo-rr3OJIlIpOBaHHOrO KOaKCI,IZLIbHOTO AI/rOAA C B3pbIBOgMlICCrroHHbM

Karo.4oM tr ctrcTeMbr pacKaqKil IIOIIeperlHbIx cKopocTeft B lf'leAAVIA6ATlrqecKoM MaTHI',ITHOM IIOJIe'

tfopnrupyroUefi cLIJIbHOTOtIHbIe BI{HTOBrIe gneKTpOHHbIe rryrlKIa C [IaTtI-OaKTopoM

rrpr4$nllxarcilIuMgs K e.ryIHLIqe. Onr'Iganrr MeTOA[Ka ]I p$ynbTaTbl gKCIIepI{MeHTaJIbHoIO

TICCJIE,IIOBAHI{' 3 O C.

B pas4ene 2.2 npegnoxeH pe3oHaTop npoAoJIbHO-iIIeJIeBOro TldIIA I'nA CeJIeKTUBHOTO

Bo36yxAeHprs TM-NroAbr B CHJTbHOTOIIHOM II4pOTpOHe. flpe4crauleHa aHaJI[TI',IqeCKafl Teopus

TaKoro pe3oHaTopa, pe3yJrbTaTbl pacqeTbl MeTOAOM KOHeqHbrx 9JIeMeIITOB I',I "xoIo'4HbIX"

gneKTpoAlIHaMI4qecKI',IX I'I3MepeHI',Ifi '

PagAel2'3coAepnolTolll{caHileMoAeJIfipoBaHvIg'BgavIMoAeftcTBLI{cI,IJIbHoTolIHoIo

pe;1flTr4Bt1cTcKolo 3neKTpoHHoIo uyqKa c MoAaMlI rupoTpogHbx pgoHaTopoB TE I'I TM TilIIoB'

oulrcanrr MoAenb Ha ocHoBe ycpeAHeHHbIx ypaBHenkrir, a TaKx(e llp'fiMoe MoAetI'IpoBaHve

MeToAoM KpyrrHblx qacTuu' 
.



B pa3Aene 2.4 [puBoAflTCS p$ynbTaTbl gKClepuMeIITZlJIbHbIX l4}Cne'loBaH.lflilI

cr,rnbHoTorrHoro il{poTpoga Ha MoAax TE-Z,z I'r TMs,r c MoU$IocTbIo BbD(OAHoro I,I3nyqeHllt B

.[ec.fiTKr.r MeraBaTT. o6cyx4arorcr Bo3MOXHbIe cfloco6bl oIITIIMI3aII}|]I pexI',IMOB pa6oTbl

f r,rporpoHa lI rIoBbrIIreHI'It BbIxoAHOft UOunocrr',r'

CogepxauueTpeTbefirJIaBbIcocpeAoToqeHoHaIIoBbIIIIeHIII{pa6ouefiqacToTbl

CI,IJIbHOTOIIHbIX PEJI'TI4BI'TCTCKI'IX ruIPOTPOHOB AO HECKOJIbKI'IX COTEH I'I'ITATEPq'

B pas4ele 3.l na ocHoBe aHaII'ITI'IqgCKO1O [oAxoAa I4 qI',ICIeHHOIO MOAenvpoBaHI4s

rroKa3aHo, IITo B cBepxpa:|MepHoM III'IJII'IHApI'{qeCKOM pe3OHaTOpe c M [pOAOJIbHO-IIIeJIeBbIMI4

pa3p$aMrr cBfl3b rraprlr4anbHbrx MoA peryntpgofo B6JIHOBOAa C M U 2M I',IHA9KCaMLI MOXeT

rrpr,rBoAl4Tb r< (fOpvrupoBaHlllo BbIcOKOAO6poTHbIx MoA c MaJIbIMI4 paAlIaJIbHbIMI4 IIoTepfiMI{ Ha

KBa3UKpIITI,IqeCKI,IX tIaCTOTaX. 3tO, n CBOIO OqepeAb, O6eC[eIII{BaeT BO3MOXHOCTb CeJIeKTI4BHOTO

Bo36yXAeHI,It IIOAO6H6I; MoA BI'IHTOB6IMII SneKTpOHHbIM[ 11yqKaMu B peJIflTI{BI4cTcKI4x

il.rpoTpoHax cy6reparepqoBoro AI'IarIa3oHa'

Bpa3Aene3.2BpaMKaxycpeAHeHHbXypaBHeHI',IftvrHaocHoBerpexMepHolo

MoAenI4poBaHLIsMeToAoMKpyIIHbIxqacTIIII}IccneAoBaHpeXflMyMIIoxeHH'qacToTblB

c'IJrbHoTorrHoM pemTr'rBktcTcKoM fI,IpOTpOHe. lloxasano' .ITO OTHOIII9HUe MoILIHOCTI',M3nyqeHI4r

Ha BbrcoKI4X rapMoHIIKax K ypoBHIO leHepaql,Ifi Ha ocHoBHOM IILIKJIOTpoHHOM pe3oHaHce Ha

HecKoJTbKOIIOp'AKOB[peBocxoAl',IT3HaqeH?If,'AOCTI',IX]IMbIeBII',IpOTpoHaxco

cna6opentrTI4BlICTCKlIMI'I gneKTpOHHbIMlI nyqKaMl',I'

IIocoAepxaHr.rrcTeKCTaAI,ICCepraIIuoHHOftpa6oTblI4MeeTc'f,ps[3aMeqaHl'Ifi14

BOrIpo coB, I',I3 KOTOpbrx BbIAeJII',IM CJleAyroque :

1.Bpa^:,qele2'2yrcepxAaeTcg,IITOI{cIIoJIb3oBaHlIeTM-rr,roArrBKaIIecTBepa6o.IefiB

cr.rJrb'ororrHoM peflqrr.rBrrcrcKoM rr.rporpoHe rlo3BoJlser 6onee e(f(lercunuo ocBal'IBarb

BbrcoKrre roKr{ r4HxeKqlrr4. 3ro yrnepxAeH}re He HaXOAI{T noATBepxAeHI',IS B pacrlerax'

rrplrBeAeHHbIX B pa3Ae IIe 2.3,rAe MaKcI{MiInbHbIft KilA Aff rLIpoTpoHoB Ha MoAax TE-t'z v

TMs-r oKa3brBaeTct oAr{HaKOBbIM. ,{anuoe HecooTBeTcTBI4e IIyxAaeTc ' B AOIIOJIHI{TeJIbHOM

KOMMeHTapI'Iu.

2. IIpu o6cyN4enUu pe3yJIbTaTOB sKCIIepI',IMeHTaJIbHOIO I{CCJISAOBaHUfi CI',IJIbHOTOIIHbX

penf,Tr.rBr4oTcKr4x rr.rpoTpoHoB B IJIaBe 2 s Ka'IecTBe ocHoBHOft [putII4HbI CyuecTBeHHO

rroHr.rxeHHOil nrxo4nofi MOIIHOCTI4 IIO CpaBHeHI4IO C pacqeTHbIMI{ 3HaqeHHtMtr rIprrBoALITCfl

CJrlrrrrKOM BbrcoKI4[ IIo cpaBHeHI,Irc c [epBoHaqaJIbHbIMI4 OqeHKaMI'I pa36poc (nosuquounuft

r4 rro fioflepeqHbrM cKOpocTtM) snerrponoB B IIyt{Ke. Brno 6rr xelareJlbHo IIpI'BeCTI'I

[oATBepxAeHrre AaHHOfo yTBepxAeHuIs,,Ha[pI4Mep, c [oMOIrIbIo PIC-uoaen[poBaHLIfl'



orMe.reHHrre 3aMeqaHr.r.f, Hocrr cKopee xapaKTep noxenanuft \n5' Aanruefiurero

pa3B:[ITLIfl r4CCneAOBaH[ft vl He BIUSIOT Ha o6qee IIOJIOXIITeJIbHOe BleqaTIeHI',Ie o

Ar4CCepTarIlloHHOfi pa6oTe. B IIeJIOM AI,ICCepTaIIII' Jleontsesa Anercangpa Huronaesu'Ia

flBrrfrercr.3aKoHqeHHoft uayno-rnanra(luraqlroHHofi pa6oroft, B Koropofi peilreHbl BaxHbIe

ganalfi4 co3AaHrr.f, e(f$er<runurx rIMnyJIbcHbIx I{CTOqH}IKOB MyJlbT}IMer.a'narrnofi uI

cy6ruranarruofi MOTTIHOCTII B MI'IJIJII',IMeTpoBoM Al4ana3oHe AJIIIH BOJIH' flonyuennrre

pe3ynbTaTbr, 6esycnonHo, [MeIoT Ba)KHOe [puKJI4[HOe 3HaqeHl',Ie ]I MOIyT 6blrr ucnoJIb3OBaHbI

Ans Aanbgefiruux I4ccJIeAoBaH uftn ptgeaKaAeM[qecK]Ix ra ApyI?Ix npo$nngrblx opranl4saqraft' n

TOM rrr.rcJre, 3aHlrMaroq?rxcr [paKTI{tIecK}IMII pa3pa6oTKaIUU n o6cyx'4aerrloft Uayunoft o6lacrz'

MoNuoyTBepxAaTb,IIToJleourrenAjrexcaHApH}Ironaes}Iq-BuomrofiMepe

cleq[aJII,IcT B o6nacrU pa4IaO(lurraxu u BbIcOKOIIaCrOrnOft gJIeKTpOH]IKu; e1o BbIcOKaJI

rnalu(lr.rraqr{r He Bbr3bIBaeT coIunenr,rft. oclronnble p$yJIbTaTbI eFo A}Icceprarvronnofi pa6oTbl

ouy6nraxonaHbr B npo(lunlnrx peifepupyeMblx HarIHbx xypHaJlax' a raKxe HeoAHOKparHo

AoKJraAbrBzrnr4cb Ha poccuftcrux Lr Mex,qyHapoAHbx r<ou([epenuuxx. flpnueHteMble MeroAbI

I4ccIIeAoBaIIuficnugerejlbcTByloToAocToBepHocTlIIIoJIyqeHHbIxpByJIbTaToB.

B qelorr,r Ar,rccepTaquoIIHUUI pa6oraJleonrresa Alercan4pa Hrronaenuua <Paspa6otr<a

u I4CCJIeAoBaHIIe peJuffnBvlcTcKllx rllpoTpoHoB MktJIJIfiMeTpoBoro AUaIIa3oHa AnilH BOJIH)

yAoBneTBoprer rpe6oBaHLIsM BAK PO, ,,peA'sBn-f,eMblM K KaIIAUAaTCKIIM A]ICCepraLIWIM', a ee

aBTOp 3acnyxr,rBaeT rrpllcyxAeHufl yqeHofi crenenu KaHAI'IAaTa ([usuro-rrlareMaTl'IqecKl'Ix HayK

ro cflellllarlbHocrll 1.3'4 - Pa'4uo(brsura'

Pa6ora 3acnyrlaHa u o6cyNganacb Ha ceMuHApe IIJIa3MeHIIbx na6opatopufi LIAQ CO PAH

rrporoKon l\b 12 ot 4 ruor-fl 2023 torc'
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AoKTop Qzsuro-uareMaruqecKllx HayK' ApNanuuron A.B.
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