
YTBEPJK~AIO 

IIpopeKTop MOCKOBCKOrO rocy~apCTBeHHOrO 

w.::...--"'-- 2021 r. 

OT3hIB BE~YI.QEH oprAHM3AIJ;IHI 

<l>e~epaJIbHOrO rocy~apCTBeHHoro filO~*eTHoro ofipa30BaTeJIbHOrO yqpe~eHHH Bhlcmero 

ofipa30BaHHH «MOCKOBCKHH rocy~apcTBeHHblH YHHBepcHTeT HMeHH M.B.JloMoHocoBa» 

Ha ,I1;I:ICCepTaI(HOHHyro pa60TY bOraqeBa HHKOJHUI HHKOJIaeBHqa «Pe)KHMhl pa60TbI H H3JIyqeHHe 

CHrHaJIa rrJIa3MeHHOH HecHMMeTpHqHOH BH6paTopHoH aHTeHHoH», rrpe,[(cTaBJIeHHYIO Ha 

COHCKaHHe yqeHOH CTerreHH KaH,[(H,[(aTa 

rro CrreI(HaJIbHOCTH 1.3.9. <l>H3HKa rrJIa3MbI 

B rrOCJIe,[(HHe rO,[(bI B p5l,[(e rrpHKJIa,[(Hblx 06JIaCTeH B03HHKaeT Heo6xo,[(HMOCTb 

yrrpaBJIeHH5I 3JIeKTpo,[(HHaMHqeCKHMH rrapaMeTpaMH aHTeHH (HarrpHMep, o6eCrreqeHHe 

3JIeKTPoMarHHTHoH COBMeCTHMOCTH aHTeHH Pa3JIHQHOrO QaCTOTHoro ,[(Harra30Ha, yrrpaBJIeHHe 

'[(HarpaMMOH HarrpaBJIeHHOCTH, yrrpaBJIeHHe 3¢¢eKTHBHoH rrJIOlI(a,[(bIO paCCe5lHH5I aHTeHH H 

T.rr.). KaK rrpaBHJIO, aHTeHHbI rrpe,[(cTaBJI5IIOT C060H TOKorrpOBO,[(51lI(He I(errH H3 3JIeMeHTOB, 

H3rOTOBJIeHHbIX H3 MeTaJIJIa. O,[(HaKo B HeKoTopbIX rrpHJIO)KeHH5IX rrJIa3MeHHbIH CTOJI6, 

yrrpaBJI5IeMbIH rroBepxHocTHbIMH BOJIHaMH, MO)KeT 3aMeHHTb MeTaJIJI B KaQeCTBe TOKoHecYlI(ero 

3JIeMeHTa. 

TIpe'[(JIO)KeHHe HCrrOJIb30BaTb rrJIa3MY B KaQeCTBe rrpoBo,[(HHKa B pa'[(HOJIOKaI(HOHHOH 

aHTeHHe OTHIO,[(b He HOBO. TIorrhlTKH rrpHMeHeHH5IM rrJIa3MbI B aHTeHHbIX CHCTeMax H3BeCTHbI C 

cepe'[(HHbI XX BeKa. B MO<l> PAH O,[(HHM H3 rrHoHepoB rrJIa3MeHHblX aHTeHH 6bIJI rrpo¢eccop 

AAPyxame, KOTOPbIH 3aHHMaJICH 06ocHoBaHHeM ¢H3HQeCKHX rrpHHI(HrrOB pa60TbI TaKHX 

YCTPOHCTB. 
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Cero,n:HjI Ha6mo,n:aeTCjI B03pmKJJ:eHMe MHTepeCa K nna3MeHHbIM aHTeHHaM, B nepByID 

Oqepe,n:b o6ycnoBneHHOe B03MO)I(HOCTblO C03,n:aHMjI aHTeHHbIX CTpyKTyp C ManOH 

pa,n:MonOKaUMOHHOH 3aMeTHOCTblO (aHTeHHbI pa,n:MonOKaTopOB, CTaHUMM pa,n:M03neKTpOHHoro 

npOTMBo,n:eHCTBMjI M T.,n:.). OJJ:HaKO eCTb ,n:ononHMTenbHbIe npMqMHbI ,n:AA Mccne,n:OBaHMjI 

nna3MeHHbIX aHTeHH. I1cnonb30BaHMe nna3MbI n03BOAAeT M3MeHjITb KOHqmrYPaIJ;MIO aHTeHHbIX 

CTPYKTYP no <popMe, qaCTOTe, nmpMHe nonOCbI, HanpaBneHHOCTM M YCMneHMIO BO BpeMeHHbIX 

MaCIIITa6ax OT MMnnMCeK)'H,n: ,n:o MMKpoceKYH,n:. C nOMOmblO Hee MO)I(HO CPOpMMpOBaTb 

3neMeHTbI aHTeHHOH peIIIeTKM, qTO npMBo,n:MT K cymecTBeHHOMY YMeHbIIIeHMIO Beca M 

ra6apMTOB no cpaBHeHMIO C MeTannMqeCKMMM KOHCTPYKUMjIMM. 

XOTjI B HaCTOjimee BpeMjI pa3pa60TaHO MHoro pa3nMqHbIX KOHCTPYKUMH nna3MeHHbIX 

aHTeHH, Mccne,n:OBaHbI MX xapaKTepMCTMKR, HO OCTaeTCjI PjI,n: HepeIIIeHHbIX CPYH,n:aMeHTanbHbIX M 

npMKnaJJ:HbIX 3a,n:aq. ,[(MccepTaIJ;MOHHaJI pa60Ta H.H. nOraqeBa nOCBjImeHa TeOpeTMqeCKOMY M 

qMCneHHOMY Mccne,n:OBaHMjI pe)I(MMOB pa60TbI, a TaK)I(e qMCneHHOMY M 3KcnepMMeHTanbHOMY 

Mccne,n:OBaHMIO M3nyqeHMjI CMrHana nna3MeHHOH HeCMMMeTpMqHOH BM6paTopHOH aHTeHHOH 

(I1HBA). BM6paTopHbIe aHTeHHbI npMMeHjJ:lQTCjI B CMCTeMax pa,n:MOCBjI3M, pa,n:MOHaBMraUMM, 

TeneBM,n:eHMM, TeneMerpMM M ,n:pyrMX 06naCTjIX pa,n:MOTeXHMKM. Cne,n:OBaTenbHO, ,n:aHHaJI 

,n:MccepTaIJ;MOHHaJI pa60Ta He TonbKO aKTyanbHa, HO M MMeeT 60nbIIIyID npaKTMqeCKyID 

3HaqMMOCTb. 

OCTaHOBMMCjI BKpaTue Ha CO.l1:ep:iKaHHH .l1:HCCepTaUHOHHoH pa60Thi. 

,lJ;MccepTaIJ;MjI nOraqeBa H.H. MMeeT ,n:OCTaTOqHO CTaH,n:apTHyID CTPYKTYPY. COCTOMT 1I3 

BBe,n:eHHjI, qeThIpex rnaB, 3aKnlOqeHMjI 6M6nMorpacpHqeCKOrO cnMCKa, BKnlOqaIOmerO B ce6jI 

CBhIIIIe 100 MCTOqHMKOB. 

Bo BBe,lJ,eHHH 060CHOBaHa aKTyanhHocTh TeMbI, ccpopMynMpoBaHbI uenM M 3a,n:aqM 

Hccne,n:OBaHMjI, ,llaHa o6maJI xapaKTepMcTMKa pa60TbI M npMBe,n:eHo KpaTKoe M3nO)I(eHHe 

OCHOBHhIX pa3,llenOB ,n:HccepTaIJ;MM. 

B rrepBoH r J1aBe npe,llCTaBneH KpaTKMH 0630p OCHOBHbIX HanpaBneHMH Hccne,n:oBaHMH H 

npMBe,lleHa nna3MeHHbIX aHTeHH. 3aMeTHaJI qaCTb o630pa nOCBjImeHa aHTeHHaM M3 

ra30pa3pjI,llHbIX TPy6oK, a MMeHHO O,llHOMY H3 BM,llOB TaKRX aHTeHHhI - nna3MeHHOH 

HecHMMeTpMqHOH BM6paTopHoH aHTeHHe. ,lJ;AA nora TMna aHTeHHhI onHcaHhI ero 06mHe 

CBoHcTBa, OCHOBHbIe napaMeTphI, npe,llCTaBneHhI cxeMhI pa3nHqHhIX KOHCTpYKUHH M BhI6paHa 

O,llHa M3 HHX ,llAA npOBe,lleHHjI Mccne,n:oBaHMH. 

Bo BTOPOH rJlaBe paccMorpeHhI OCHOBHhle qMCneHHbIe MeTo,n:bI M npOrpaMMbI ,llAA 

Mo,n:enHpOBaHHjI xapaKTepllcTMK aHTeHH. B 3TOH fnaBe npoBe,n:eH cpaBHHTenhHhIH aHanH3 
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pe3ynbTaToB MO~enHpOBaHH~ B HeCKOnbKHX rrpOrpaMMax H pe3ynbTaToB H3MepeHHH 

~HarpaMMbI HarrpaBneHHOCTH MeTMnHqeCKOH HeCHMMerpHqHOH BH6paTOpHOH aHTeHHbl. Ha 

OCHOBaHHH rronyqeHHbIX BbIBO~OB ~AA qHCneHHOrO MO~enHpOBaHH~ 6bill BbI6paH rrOnHbIH 

:meKTpO~HHaMHqeCKHH KO~ KAPAT. OrrHCaHbI ~Be qHCneHHble MO~enH rrna3MeHHOH aHTeHHbI: 

O~Ha MO~enb C rrpOBO~HMOCTbIO rrna3MbI, OrrHCbIBaeMOH rro TeopHH .lWy~e, )l;pyrM -. C 

Hcrronb30BaHHe Particle-in-Cell (PiC) MeTO)l;a. 

TaK~e B 3TOH rnaBe orrHcaHa MeTO)l;HKa 3KcrrepHMeHTMbHoro HCCne)l;OBaHH~ 

XapaKTepHCTHK rrna3MeHHOH aHTeHHbl. I1pHBe)l;eHbI cxeMa na6opaTopHoro CTeH)l;a, 

HCrrOnb30BaHHbIX rrpH H3MepeHHH )l;HarpaMM HarrpasneHHocTH H crreKTpoB H3nyqeHH~ 

rrna3MeHHOH H MeTMnHqeCKOH HecHMMerpHqHbIX BH6paTopHbIX aHTeHH. 

B TpeTbeii I'JIaBe rrpHBe)l;eHbI pe3ynbTaTbI HCCne)l;OBaHHH pe~HMOB pa60TbI H 

xapaKTepHCTHK rrna3MeHHOH aHTeHHbl. C HcrrOnb30BaHHeM )l;HCrrepCHOHHoro ypasHeHHe 

rrpO)l;eMOHCTpHpoBaHo BnH»HHe BapHaUHH 3HaqeHHH 3neKTpoHHOH KOHueHTpauHH H qaCTOThl 

CTonKHOBeHHH B rrna3Me Ha cymecTBoBaHHe rpex KaqeCTBeHHO pa3nHqaIOIII,HXC» pe~HMoB 

pacrrpOCTpaHeHH~ rroBepxHocTHOH 3neKTpoMarHHTHoH BonHbI Ha rrna3MeHHOM UHnHH)l;pe 

KOHeqHOrO paLJ:Hyca. ITpe)l;CTaBneHbI pe3ynbTaTbI HCCne)l;OBaHH~ pacrrpe)l;eneHH~ KOMrrOHeHT 

Harrp~~eHHocTH 3neKTpHqeCKOrO rrOAA B6nH3H aHTeHHbI H )l;HarpaMMbI HarrpaBneHHocTH. 

113MeHeHHe 3THX xapaKTepHCTHK 06'b~CH~eTc~ CMeHOH pe~MoB pa60TbI rrna3MeHHOH aHTeHHbI, 

BbmeneHHbIX rro )l;HCrrepCHoHHOH KPHBOH: pe~Ma rroBepxHocTHOH 3neKTpoMarHHTHoH BonHbI 

(HacblmeHH»), HenHHeHHoro H nHHeHHoro pe~HMOB. ITpe)l;CTaBneHbI pe3ynbTaTbI 

3KcrrepHMeHTMbHbIX H3MepeHHH )l;HarpaMMbI HarrpasneHHocTH )l;AA rrna3MeHHOH H 

MeTMnHqeCKOH HecHMMeTpHqHbIX BH6paTopHbIX aHTeHH. 

qeTBepTaB I'JIaBa nOCBBm;eHa ~CneHHbIM H 3KcrrepHMeHTMbHbIM H3MepeHH~M 

crreKTpMbHbIX xapaKTepHCTHK HeMO)l;ynHpOBaHHOrO H MO)l;ynHpOBaHHOrO CHrHMOB, 

H3nyqaeMoro rrna3MeHHOH HecHMMerpH~oH BH6paTopHoH aHTeHHoH. B 3KcrrepHMeHTMbHbIX 

H3MepeHH»X rrpOBe)l;eHO cpasHeHHe MeTMnHqeCKOH H rrna3MeHHOH aHTeHH rro crreKTpaM 

H3nyqaeMbIX CHrHMOB. B pe3ynbTaTe 6bma o6Hapy~eHa reHepauH~ KpaTHbIX rapMOHHK B 

crreKTpe HeMO)l;ynHpoBaHHoro CHrHMa OT rrna3MeHHOH aHTeHHbl. KpaTKo orrHcaHbI B03MO~Hble 

rrpHqHHbI o6Hap~eHHoro ~BneHH~. OCHOBHbIH BbIBO)l; )l;aHHOH rnaBbI, qTO rrna3MeHHM aHTeHHa 

rro KaqeCTBY H3nyqeHH~ qaCTOTHO-MO)l;ynHpoBaHHoro CHrHMa He YCTyrraeT MeTMnHqeCKOH 

aHTeHHe. 

B 3aKJIIOQeHHH C<popMynHpoBaHbI OCHOBHble pe3ynbTaTbI, rronyqeHHble B 

.IJ:HCCepTaUHOHHoH pa60Te, H C)l;enaHbI BbIBO)l;bl. 



)..(OCTOBepHOCTh pe3YJIhTaTOB .r.HccepTaU;HH rrp.I1MeHJleMbLMH 

COBpeMeIlHbl]l/1]1 MaTeMaTI1QeCKI1MH H 'llfCJleHHhlMH MeTO.r.aJlv1H, TaK)KC XOPOlllCH 

COrml.COBaHHOCTblO C UMelOlllHMHCX ::mCrrepHMeIITaTIhHbIMH .r.am-IbIMI1. ,[{I1CCepTaHT rrpl1MemlCT 

)l;OCTaTOQHO H3BeCTHble Ha~J,le MeTOp;hI P;Jl51 060CHOBaIUUI HOJIyqeHHhlX pe3YJH,TaTOB, 

BbIBOl(OB H peKOMeHl(aIlHH. Bce pa3pa60TaHHble MO)J,eJJH H KOMIIJIeKCbI IIpOrpaMM 6hTJJH 

rrpOBepeHbI C HCnOJIb30BaHHeM TeCTOBbIX 3a)J,al.J:. KpoMe Toro, pe3YJIbTaTbI )J,aHHoro 

HCCJIe)J,OBaHHX XOPOlllO comaCYIOTCX C )J,pyrHMH pa60TaMH no )J,aHHOH TeMaTHKe. 

llpaKTHQeCKaH u;eHHOCTh HCCJIe)lOBaHHH COCTOHT B TOM, l.J:TO 06HapY)J(eHbI TpH 

pe)l(HMa pa60TbI lIHBA no )lHCnepCHOHHOH KpHBOH. JIHHeHHbIH pe)KHM onpe)J,eJIeH KaK 

OrrTHMaTIhHbIH C TOl.J:KI1 3pemUI xapaKTepHCT.I1K aHTeHHbI, )J,mI Hero YKa3aH )J,Hana30H 

IIapaMeTpOB rIJla3MhI; nOJIY'ICHbl MO,D,CnbHhle n 3KcnepUMeHTaJIbHhie xapaKTcpHCTHKH TaKOH 

aHTCHHbl H lIepe,LlaBaCMOro em CHrnaTIa, no pe3YJIhTaTIDvf rrpOBe.ueIlHhlX HCCJIe.uOBaIHIH 

rrpe)lJIO)KCHbI PCKOMCH)J,aIlHH no OTITHMJnaIJ;HH HCnOJIb30Ramno JIJIa1MeHHOH 

HeCHMMeTPHqHOH BH6paTopHOH aHTeHHbI. ITo pe3YJIbTaTaM HCCJIe)lORamrH nOJIyqeH naTeHT Ha 

H306peTeHHe RU 2544806 Cl, 20.03.2015 «I1na3MeHHM BH6paTOpHM aHTeHHa C HOHH3aIJ;HeH 

nOBepxHocTHOH BOJIHoib>. 

HOBH3Ha HayqHbIX nOJIO)l{eHHH H BbIBO.r.OB, C<P0PMYJIHPOBaHHbIX B .r.HccepTaIJ;HH, He 

BbI3bIBaeT COMHeHHH. MO)KHO Bbl)J,eJIHTb CJIe)J,YIOIIIHe pe3YJIbTaTbI: 

• 	 TPH KaqeCTBeHHO Pa3JIHlfHbIX pe)KHMa pa60TbI rrJIa3MeHHOH HeCHMMeTPHqHOH 

BH6paTopHOH aHTeHHbI (pe)I(HM CTOXl.J:eH rroBepxHOCTHOH 3JIeKTpOMarHHTHoH BOJIHbI, 

HeJIHUeHHblM H JIHHCHHhll-i PC)J(HMhI) 11 nOKa3aHa 3aBHCI-IMOCTh 3HIX PC)KI1MOB OT 

I1X CBX3h pacnpOCTpaUeHI1CM rrOBcpxHOCTHOH 

3HCKTpOMarIIHTlIOH BOoTHhI Ha llJla3MeHHOM IJ;J1J1IfH,n:pe KOHeqnOrO pa.LJ,Hyca. 

• 	 B H3JIyqeHHH nJIa3MeHHOH aHTeHHbI rrpHcYTcTBYIOT CneKTpaTIbHble COCTaBAAIOIIIHe Ha 

KpaTHbIX rapMoHHKax BXO.r.HOrO CHrHaTIa C aMrrJIHTy.r.aMl1 OTJIHl.J:HbIMH OT H3JIyqeHHx 

MCTaTIJIHl.J:eCKOH aHTeHHbl. 

• 	 B cneKTpe Y3KOrrOJIOCHOrO l.J:aCTOTHo-MO,IlYJIHpOBaHHoro CHrHaTIa OT nJIa3MeHHoii 

aHTeHllhI avmmny,n:w HemmeHIIbIX KOM6HHaIJ;HOHlIbIX qaCTOT IIH)I{C, l.J:eM B crreKTpe 

cHrHaJ1a, H3JIyqacMoro MeTaJIJIH'4eCKOH HeCHMMeTPHqHO~i BH6paTopHOH aHTcHHoH. 

http:BbIBO.r.OB
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Anpo6aUHH. ITo pe3YJIbTaTaM ,n;HCCepTaU;HOHHOH: pa60TbI 6bIJIH orry6JIHKOBaHbI 11 

CTaTeH: B peu;eH3HpyeMbIX HayqHbIX H3,n;amrnx H3 rrepeqml BAK, rrOJIyqeH 1 rraTeHT pcp Ha 

H306peTeHHe. 

OCHoBHble pe3YJIbTaTbI 6bIJIH rrpe,n;cTaBJIeHbI Ha TeMaTHqeCKHX Me)l()J;YHapo,n;HbIX H 

BcepOCCHH:CKHX KOH<!>epeHU;HHX, Heo,n;HoKpaTHo 06CY)l()J;aJIHCb Ha HayqHbIX ceMHHapax 110CP 

PAH H PTY MI1P3A. 

XapaKTepH3Y$! ,n;HccepTaIImo B u;eJIOM, OTMeTHM, qTO OHa BbIIIOJIHeHa Ha BeCbMa 

BbICOKOM HayqHoM ypOBHe. ITPH 3TOM ,n;HccepTaHT rrpO$!BHJI ce6$! HCCJIe,n;OBaTeJIeM, crrOC06HbIM 

aHaJIH3HpOBaTb H HaxO,[(HTb rro.n;xo,n;bI K pellIeHHIO CJIO)J(HbIX rrp06JIeM. 

KaK H JII06M pa6oTa, ,[(HCCepTaU;H$! H.H.EoraqeBa He JIHllIeHa p$!,n;a He,[lOCTaTKOB. I1MeIOTC$! 

CJIe,n;YIOIIIHe 3aMeqaHH$! HJIH BorrpocbI: 

1. 	 ..uocTaTo~o HeaKKypaTHo H3JIO)J(eHbI TeOpeTHqeCKHe BorrpocbI pa60TbI 

paccMaTPHBaeMOH: aHTeHHbI. B qaCTHOCTH, <!>0PMYJIbI (3.3a) H (3.36) B rrpe,n;CTaBJIeHHOM 

HaM 3K3eMrrJI$lpe ,n;HccepTaIIHH co,n;ep)J(aT CMeCTHBllIHeC$! B CTOPOHY CHMBOJIbI, 

3aTpy,n;H$!IOIIl;He rrOHHMaHHe, qTO )J(e HMeJIOCb B BH,n;y aBTopoM. TaM )J(e OTCYTCTBYIOT 

MHHMble e,n;HHHU;bI B 3KcrroHeHTax, orrpe,n;eJI$lIOIIl;HX BpeMeHHYIO H aKCHaJIbHYIO 

3aBHCHMOCTH. He BbIIIHcaHbI rpaHHqHble YCJIOBH$! ,n;JI$I CllIHBaHH$! pellIeHHH: Ha rpamlu;e 

rrJIa3MeHHOH: Tpy6KH. HerrOH$!THO ,n;JI$I qero yrroMHHaIOTC$! Ha CTp. 63 rpaHHqHble 

YCJIOBH$! JIeoHTOBHqa. 

2. 	 ITOJIyqeHHoe B maBe 3 ,n;HcrrepcHoHHoe ypaBHeHHe ,n;JI$I rroBepxHocTHbIX BOJIH Ha 

rpaHHu;e rrJIa3MbI co,n;ep)J(aT ,n;BY3HaqHYIO <!>YHKU;HIO - KopeHb, a rrpaBHJIO BbI60pa BeTBH 

He o6CY)l()J;aeTC$!, rrpH 3TOM rro,n;KopeHHble Bblpa)J(eHH$! KOMrrJIeKCHbI 3a CqeT yqeTa 

MHHMOH: qaCTH ,n;H3JIeKTpHqeCKOH: rrpoHHu;aeMocTH. 

3. 	 He OqeHb rrOH$!TeH pe)KHM pa60TbI aHTeHHbI, Ha3BaHHbIH: pe)l(HMOM HaCbIIIl;eHH$!. B 

,n;HccepTaIIHH YKa3aHO, qTO OH peaJIH3yeTC$! rrpH YCJIOBHH, Kor,n;a qaCTOTa reHepaTopa H 

rrJIa3MeHHM qaCTOTa CB$!3aHbI COOTHOllIeHHeM wp = ...J2wo (KcTaTH, ,n;anee B CJIe,n;YIOIIl;eH: 

maBe, B rraparpa<!>e 4.2 3TO )J(e YCJIOBHe Y)J(e HaIIHCaHO B BH,n;e wp = 2wo). 

4. 	 B rraparpa<!>e 3.4 rrpHBOMTC$! pe3YJIbTaTbI 3KcrrepHMeHTaJIbHOrO HCCJIe,n;OBaHH$! 

rrJIa3MeHHOH: aHTeHHbI. He OqeHb PaIIHOHaJIbHO, qTO rrapaMeTPbI rrJIa3MeHHOH: Tpy6KH B 

3KcrrepHMeHTe H rrapaMeTPbI B rrpe,n;llIecTBYIOIIl;HX qHCJIeHHbIX paCqeTaX TaK CHJIbHO 

Pa3JIHqaIOTC$! Me)l(,[(y co6oH:. 



6 


5. 	 B IIaparpa<pe 4.2 B IIO):{IIMCID( K pMC}'HKaM Heo):{HoKpaTHo MCIIOJIb3yeTC5I BbIpa)l(eHMe 

«6JIM)I(HAA BOJIHOBM 30Ha» M He II05lCH5IeTC5I l:JTO 3TO TaKOe, Ha KaKOM paCCT05lHMM OT 

M3JIY"IaTeJI51 IIPOM3BO,lUITC5I M3MepeHM5I. 

6. 	 fJIaBa 4, IIOCB5IIIJ:eHHM CIIeKTpaJIbHoMY aHaJIM3Y M3JIY"IeHM5I IIJIa3MeHHOH aHTeHHbI, 

MOrJIa 6bI 6bITb cYIIJ:ecTBeHHo 60JIee MHTepecHoH, l:JeM OHa IIpe):{CTaBJIeHa CeHl:Jac. O):{MH 

M3 BbIBO):{OB IIO rJIaBe 4 COCTOMT B TOM, l:JTO reHepaUM5I rapMOHMK B CIIeKTpe 

HeMO):{YJIMpOBaHHoro CMrHaJIa 06YCJIOBJIeHa HeJIMHeHHOCTbIO IIJIa3MbI. Bpo):{e 6bI 3TO 

Ol:JeBM):{Hoe YTBep)l():{eHMe ):{JI5I CTaUMOHapHOH BO BpeMeHM CMCTeMbI. fpaqmKM TMIIa 4.1, 

):{eMoHcTpMpYIOIIJ:Me COOTHomeHMe aMIIJIMTY):{ Pa3JIMl:JHbIX rapMoHMK MMeJIO 6bI CMbICJI 

IIpMBecTM ):{JI5I Pa3JIM"IHbIX 3Hal:JeHMH aMIIJIMTY):{bI OCHOBHOH rapMOHMKM. Ka3aJIOCb 6bI, 

KpaCMBbIM pe3YJIbTaTOM 3TOH rJIaBbI MOrJIO 6bI 6bITb BbrnCHeHMe YCJIOBMH, Kor):{a 

HeJIMHeHHble MCKa)I(eHM5I CMrHaJIa IIJIa3MeHHOH aHTeHHOH He 6Y):{YT CYIIJ:eCTBeHHbIMM M, 

COOTBeTCTBeHHO, IIJIa3MeHHM aHTeHHa MO)l(eT KOHKypMpOBaTb C MeTaJIJIMl:JeCKoH. 

O):{HaKO, 3TOT BOIIPOC OCTaJIC5I OTKpbITbIM. 

B ueJIOM YKa3aHHble 3aMel:JaHM5I He HOC5IT IIPMHUMIIMaJIbHOrO XapaKTepa, a l:JaCTb M3 HMX 

MO)l(eT paCCMarpMBaTbC5I KaK peKOMeH):{aUM5I ):{JI5I IIOCJIe):{YIOIIJ:MX MCCJIe):{OBaHMH. 

Co):{ep)l(aHMe ):{MccepTaUMOHHOH pa60TbI COOTBeTcTByeT YKa3aHHOH CIIeUMaJIbHOCTM 1.3.9. 

<l>M3MKa IIJIa3MbI. Co):{ep)I(aHMe OCHOBHbIX IIOJIO)l(eHlfH ):{MCCepTaUMM M ):{PyrMe He06xo):{MMhle 

CBe):{eHM5I B ueJIOM ):{OCTaTOl:JHO IIOJIHO OTpa)l(eHbI B aBTope<pepaTe. 

3aKJIIOQeHHe. 

CYIIJ:ecTBeHHbIX 3aMel:JaHMH HeT, ):{MccepTaUMoHHM pa60Ta, BbIllOJIHeHa Ha aKTyaJIbHYIO 

TeMY, 06JIa):{aeT HaY"lHoH HOBM3HOH, IIpaKTMl:JeCKOH ueHHOCTbIO, 51BJI5leTC5I CaMOCT05lTeJIbHOH M 

3aKOHqeHHOH HaY"lHO-MCCJIe):{oBaTeJIbCKOH pa60ToH, BbIllOJIHeHHOH aBTopoM CaMOCT05lTeJIbHO 

Ha BbICOKOM HaYl:JHoM ypoBHe. B cBoeH ):{MccepTaUMoHHoH pa60Te aBTOp IIpo):{eMOHCTpMPOBaJI 

BbICOKMH ypOBeHb BJIa):{eHM5I MeTO):{aMM QMCJIeHHOrO Mo):{eJIMpOBaHM5I M 3KCIIepMMeHTaJIbHhIX 

M3MepeHMH. OOral:JeB H.H. BHec 3Ha"IMTeJIbHbrn BKJIa):{ B MCCJIe):{OBaHMe IIJIa3MeHHbIX aHTeHH. 

,n:MCCepTaUM5I 51BJI5leTC5I 3aKOHQeHHOH HaYl:JH0-KBaJIM<pMKaUMOHHOH pa60TOH, B KOTOPOH 

co):{ep)I(MTC5I peIIIeHMe HaY"lHOH 3a):{a"IM, MMeIOIIJ:eii: 3HaQeHMe ):{JI5I pa3BMTM5I <PM3MKM IIJIa3MbI. 

,n:OKJIa):{ COMCKaTeJI51 6bm 3aCJIYIIIaH M 0):{06peH Ha ceMMHape «<l>M3MKa IIJIa3MbI» 

Ka¢e):{phI ¢M3MQeCKoii: 3JIeKrpOHMKM ¢M3MQeCKOrO ¢aKYJIbTeTa MfY 12 MM 2021 ro):{a 

(IIpOTOKOJI NQ4). PerneHMeM ceMMHapa 6bmo IIopYQeHO IIo):{rOTOBMTb OT3hIB Ha IIpe.uCTaBJIeHH)'lO 

pa60TY ):{oueHTY Ka¢e):{pbI ¢M3MQeCKoii: 3JIeKrpoHMKM If.H.KapTarnoBY. 
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,lJ,HccepTaUIUI OOraqeBa HHKOJIa51 HHKOJIaeBHqa «Pe)l(IfMbI pa60TbI H H3JI)'qeHHe CHrHaJIa 

rrJIa3MeHHOH HecHMMeTpHqHoH BH6paTOpHOH aHTeHHOH» rrOJIHOCTbIO COOTBeTCTByeT rraCrrOpTY 

CrreUHaJIbHOCTH 1.3.9. <l>H3HKa rrJIa3MbI H Tpe6oBaHH5IM, rrpe.lX'b5lBJI5IeMbIM K .lIHCCepTaUH5IM Ha 

COHCKaHHe yqeHOH CTerreHH KaH,lIH,lIaTa HayK, YCTaHOBJIeHHbIM B «ITOJIO)l(eHHH 0 rrOp5l,lIKe 

rrpHcY)l(,lIeHH5I yqeHbIX cTerreHeH», YTBep)l(,lIeHHbIM rrOCTaHOBJIeHHeM ITpaBHTeJIbCTBa P<l> OT 24 

CeHT5I6p51 2013 rO,lIa }{2 842 C ,lIOrrOJIHeHH5IMH OT 21 arrpeJI5I 2016 rO,lIa }{2 335, a nOraqeB 

HHKOJIaH HHKOJIaeBHq 3aCJIY)l(HBaeT rrpHCY)l(,lIeHH5I eMY yqeHoH CTerreHH KaH,lIH,lIaTa <pH3HKO­

MaTeMaTHqeCKHX HayK rro CrreUHaJIbHOCTH 1.3.9. <l>H3HKa rrJIa3MbI. 

PYKOBO,lIHTeJIb ceMHHapa «<l>H3HKa rrJIa3MbI» 


Kacpe,lIpbI <pH3HqecKoH :meKTpOHHKH, 


,lI.<p.-M .H ., rrpo<p. 


,D;oueHT 

Ka<pe,lIpbI <pH3HqeCKOH 3JIeKTpOHHKH, 

K.cp.-M.H., ,lIOU. I1.H.KapTallIOB 


