
oT3btB Oot44l4AnbHoro onnoH EHTA

Ha Ahccepraqhrc Aponna Oranxeca calasenoeu.{a Ha reMy

"Ynpaenenue gneKTpoMarHhrHbrMr4 BonHaMh c noMor4bro

pe3oHaHcHbrx' cy6eonnoeurx crpyxryp", npeAcraBneHHyro B

cner-luanu3,tpoBaHHblfi coeer 049 <orashKa) Ha cohcKaHhe yvenofi

creneHil AoKTOpa $r,rsraro-rraareMarhqecKt4x HayK no cneqhanbHocrl4

A.04.03 - <Pa4no$usnra>

Ynpaenenre 3neKTpoMarHhrHbrMl,r (3M) BorHaMh c npHMeHeHheM cy6eonnoeurx

crpyKTyp flBnflercfl o,qHhM v3 KnrcqeBblx nanpaenenrfi coepeueunofi SoroHraxra u
gneKTpoMarHeru3Ma. B ornuqhe or rpaAuL[l,roHHbrx onrhqecKhx 14 Ml,rKpoBonHoBbrx

ycrpoficre (nrna, $ranurpoe, aHTeHH), pa6ora Koropbrx ocHoBaHa Ha ceoficreax o6uemHurx

MarepnanoB n crporo orpaHhqeHa .qhSpaKqroHHbtM npegenonn, cy6eonHoBbte chcreMbl

no3Bonflpr npeoAoneru SrasrasecKhe 6apuepur noKaru3allvvl n ynpaBneH[fl 3M nonnr,an.

Secnpe4eAenrnulfi nporpecc u uHTerpaqilR Ml4Kpo- u HaHoMacura6nurx rexnonornfi

ceroAHfl I'l4KTylor ocrpyto neo6xo4unnocru B KoMnaKTHbtx, ceepxe$$eKThBHbtx

KoMnoHeHTax' cnoco6nutx c eutcoxofi ToqHocrbto KoHTponhpoBarb npoqeccbl

pacnpocrpaHeHur, norlot4eHhr t4 paccennran 3M BonH.

oAnurr,| n3 nau6onee e$sexrraanurx nyrefi perueHufl srofi npo6nerrasr craflo
qe,IeHanpaBfleHHOe nphMeHeHile MeraMarep[anoB u MeranoBepxHocrefi. ?tu
l4cKyccrBeHHble crpyKTypbl cocroflT rs cy6eonnoBbtx gneMeHTapHblx rqeeK 

- MeraaroMoB,

yHilKa'lbHble pe3oHaHcHble ceoficrea Koropbtx no3BonnrcT chHTe3hpoBarb essexrraeHure

MaTepranbHble napaMeTpbl' He BcTpeqapl4hecn B nphpoAe. 3a cqeT ToqHoro

npOeKThpoBaHHfl reOMeTpu14' npOCTpaHcTBeHHorO pacnOno}KeHrf I MaTephillbHOro

cocraBa 3TUX gneMeHTOB CTaHOBI4TCfl BO3MOIKHbtM ynpaBnfrb floKaflbHblMh

gneKTpl4qecK4Mtt h MarHhrHbtMl,i orKnvKaMV cl,tcreMbt. B pesynurare Bo3HhKarcT TaKhe

aHoMaflbHbte SrasrsecKhe flBreHnA, KaK orpr4qareflbHoe npenoMneHue, noqrh h.q,eanbHoe

nornou4eHile, a raKXe HecraHAaprHoe orpaxeHhe il nponycKaHhe. Taxue MeracrpyKTypbt B



cy6eonHoeoM Macura6e noseoflfltor o6ecneqenile Koltrponn Har, aMnnilTy.q,ofi, easofi ra

nonnpraaqnefi 3M BorlH, npomarqbtBaf, nyrb K npoeKTupoBaHhlo vt npoh3Bo.q,crBy

$oronuulx ycrpoficre HoBoro noKofleHhn (nnocxrx flrH3, cBepxroHKhx nornorvtenefi,

KoMnaKTHbrx $ranurpoB, aHTeHH h Mo4ylflTopoe).

B npilKnaAHoM acneKre BHeApeHhe cy6eonnoaurx pe3oHaropoB h MeracrpyKryp

oKa3blBaer KorloccanbHoe BnuaHne Ha o6aacrr refleKoMMyuunaqufi, ceHcopnKt4 v1

npeo6pasoBaHufl 9Hepruil. B saehculrrocl4 or Auana3oHa gneKTpoMarHr4THoro cneKTpa

AaHHble rexHorlorhil peua0T pasnoo6pa3Hbte ilHxeHepHbte 3agaqr: B TeparepqoBoM n

onrhqecKoM Ahana3oHax qacror oHtl o6ecneqhearcr chHTe3 cBepxqyBcrBITerbHbtx

ceHcopoB' cBepxroHKhx nortlorurenefi n nepecrpauBaeMbtx cneKTpanbnurx npn6opoB,

Torrqa KaK B MI4KpOBotIHOBOM AUana3OHe OTKpbtBalOT BO3MOXHOCTI4 MA paSpa6Orxra

lrJHpoKononocHblx noilornrenefi n sfleKTphr{ecK[ Manbtx aHreHH (3MA). 1orpe6nocru e

nogo6nutx aHTeHHax h KoMnaKTHbrx KoMnoHeHTax ceroAHn Hocr4T HMneparrBHurfi xaparrep,
rlro npoAhKToBaHo xecrKtlMl4 rpe6oeanrnmr K cBepxKoMnaKTHocrH u

eneproe$Sexrrenocn4 coBpeMeHHblx chcreM cBfl3t4.

l-lonaruo nphKnalqHoro 3HaqeHt,rfl, cy6eonnoeure nra:lMoHHbre crpyKTypbr 14

MeracrpyKTypbl npeAcraBnfrcT KntoqeByto qeHHocrb H B KOHTeXCTe $yngamenransnofi
HayKh. Onra cflyxar yHrranuuofi nnarsopnaofi Anff vtccne1oBa nn cynepnoKa nu3aq1uu

eneKTpoMarHurHbtx nonefi e rny6oxo cy6eonnoeurx o6uennax, unrencrSuKaqnvl

esaruo4eficrBtl{ cBera c Beu4ecrBoM, a raKxe raKux MexaHh3MoB nepeAag4 gHepruu,

Ha6nrcgeHhe Koropblx B Tparq,HLlHoHHbrx cpeAax npaKTrqecKu HeAocn4xr4Mo. B qacrHocrr,

no4o6nute ucKyccrBeHHbte chcreMbr no3Bonflror pa4hKanbHbrM o6pasorrn BMeuJilBarbcfl B

npolleccbl V3nyg'e{t4fl' MHOFOKpaTHO yBenilqhBafl CKOpoCTb CnoHTaHHoro H3nyqeHt4n

(cyl4ecreeunoe Bo3pacraHhe $axropa flapcenna), a TaKlKe uccne4oBarb HoBbre

pe3oHaHcHble u unrep$epeHqhoHHbte ABneHnA, He ceoficreeHHure KflaccnqecK[M

MaTephanaM.

Taruu o6pasou, 4efleHanpaBreHHoe ynpaBneHile 3M BorHaMu c nprMeHeHueM

cy6eonnoeblx nra3MoHHbtx crpyKTyp il MeracrpyKTyp flBnflercn oAHr,rM u3 np4op4TerHbrx

2



HanpaBneHhfi coBpeMeHHofi HayKh, cBfl3yrou-1r4M 3BeHoM Melrt4y Aocrr4)KeHhflMH

Syx4arurenran unofi $usuru u norpe6HocrrMh n pilKfl aAHofi $oronraxra.

OcHoeHofi qenbrc npeAcraBnennofi AhccepraquonHofi pa6orur RBnnercn BcecropoHHee

hccneAoBaHhe $rsurecrrx oco6ennocrefi noKullu3aquu vt ynpaBneHh6

sneKTpoMarHt4THbtMrt norrMt4 e cy6eonnoBbrx nna3MoHHbrx crpyKTypax x MeracrpyKTypax,

BblflBfleHhe nex(au4llx B Ax OCHOBe pe3OHaHCHbtX MexaHil3MOB Vt) KaK CTeACTBUe,

npeAnoxeHue uHHoBaquoHHbtx crpyKTypHbrx peueHufi gna nphMeHeHilff B coBpeMeHHblx

$oronnurx t4 Mt4KpoBonHoBbtx ycrpoficreax.

Crpynrypa u o6uem Axccepraqrrl

O6r4ufi o6ueu pa6orur cocraBrfler 253 crpaHhllbr. Ona cocrol4T h3 qerbrpex rnaB,

3aKrrcqeH[fl v1 cnucKa nilTeparypbt, BKnpqapl4ero 471 HauMeHogannfr. OcHoeHure

pe3ynbrarbl rqhccepraqvn ony6nnxoaanul e 21 nayrxofi pa6ore n AonoxeHbl na 11

MexgyHapoAH btx roH$epen Llrfl x.

Bo eaegennr o6ocnoBaHa aKTyanbHocrb reMbr, c$oprvrynrapoBaHbr qenu pa6orur,

HaytrHan HoBl43Ha U npaKThqecKilf, 3Hat{}tMocrb, a raKxe npeAcraBfleHbt ocHoBHbte

noroxeHufl , BblHocl4Mbte Ha 3aquTy.

B nepeofi rnaBe .q,ilccepra4ilh paccMorpeHbr pa3fluqHbre nna3MoHHbre

Ml4Kpope3oHaropbl c l4hnHHApravecrofi crnauerpuefi, nperqcraBneHbt reoperhqecKVe u

flhcneHHble MeroAbl pacqera, onucbrBa}ot4he vx A14CnepchoHHble coorHoueHilf ,

paccnepeAeneHhe nonefi n MoAoBylo crpyKrypy. floxasaFto, qro B Topou4anunulx r,r V-

o6pasnulx xeno6xoebtx pe3oHaropax 3a cqer crporofi noKanh3aqhh Mo4oBoro o6uel a e

HaHopa3MepHoM Ahana3oHe (nopngxa ognofi 4ecnrofi AnuHbt eonHur) cyu{ecrBeHHo

Bo3pacraer Qaxrop llapcenna, nponoplp4onarunurfi orHorueHhro go6porxocrt4 K Morq,oBoMy

o6uerray u xapaKreprasyror4rafi cnoHTaHHoe 3nyqeHhe. 3ro o6croflTenbcrBo orKpbrBaer

lu14poKile Bo3MoxHocrl4 Anfl npaKThqecKoro nphMeHeHnR no4o6nurx crpyKTyp B

l4croqHhKax cBera, ceHcopax, cl4creMax o6pa6orrra reaHroeofi ran$oprvraqr,1r ra SoroHHbtx

cncTeMax.

flpegnoxena crpyKrypa nollyqr4nhHApr4qecKoro MLrKpope3oHaropa c eurcoxofi

Ao6porHocrurc, e xoropofi npuMeHeHhe nrocKoro MeranrrqecKoro cnofl c ronuqnnofi



noprAKa cKilH-cnofl o6ecne.lheaer s$$eKTilBHoe eos6yln4enue pe3oHaropa nocperq,crBoM

eBaHecqeHrHofi censh B ycrloBt4flx B3ahMogeficreun c naAapu-|,efi nnocxo fi eonnofr vlnu

BonHoBoAHofi rvrogofi"

Peanusaqur pe3oHaHcHoro ycnoBul cDa6pra-flepo B npollecce SopruupoBaHun Mo,q,

urenvyr4efi ranepen B nonyqnnuHApr4qecKoM Mr,iKpope3oHarope o6ecne,{hBaer BbtcoKyto

go6poruocru chcreMbt (=2.5"10o) ra SoprrarapoBaHue Mo[, floKarh3oBaHHbrx e1nusu

l,lCKpLrBneHHOrO nephMerpa pe3oHaropa. 3ro no3Bonfler nphMeHflTb ero B

BblcoKoqyBcrBhreflbHblx ceHcopHbtx cHcreMax, HanphMep, Anf, perhcrpaquh ilsMeHeHilfi

noKa3arerfl npefloMfleHhfi BHelUnefi cpe4ut c ror{Hocruro Ao 10-o.

Bo aropofi rnaBe rqnccepraltuvt nccne$oBaHo rBneHhe crpyKTypHoro pe3oHaHca B

l],vnnHqptAqecKux I norocKoBblx MeraaroMax. f]oragaHa Bo3MoxHocrb ynpaBfleH]tr $a:ul
orKnhKa MhKpoBonHoBoro r3nylleHhfl, narq,apu{ero Ha cucreMbt, cocrof,u4he u3

MhKpononocoK c nphMecbrc rpa$rara. flpoanannshpoBaHbr ycnoBul Lut4poKonoflocHoro h

nepecrpahBaeMoro norno[4eHhr B MeracrpyKTypax, cocrof,rJ-l],tx h3 cy6eonnoaurx

sreMeHToB. YcraHogreHo, qro 6naroAapff Bo3HilKarcr4nM pe3oHaHcaM B greMeHTapHbrx

nqeilrax uccneAoBaHHblx MeracrpyKryp cy6eonHoBbrx rrracurra6oB, Bo3Molnno o6ecneqeHhe

tul4poKononocHoro n eS$exruBHoro nornolt-1eHhn B MhKpoBonHoBoM, TeparepqoBoM t4

onTn qecKoM .qhana3oHilx.

' B naurpoBonHoBoM Ailana3oHe ceqeHhe nornouleHufl MutponoflocoK c npnMecb;g

rpaSnra, fBnn}oulhxcn sneMeHTaMh MeranoBepxHocrt4, npuMepHo B 22 pa3a

npeBblluaeT ttx reoMeTphqecKoe ceqeHue. B pesynbraTe y4aercn o6ecne.{nru

paBHoMepHoe nomot4eHne, npeBbrlxatol4ee 3HaLteHue 0.82 B qacrorHoM

Ahana3oHe B-12 l-fq, npu cpeAHrax roes$hqheHrax orpaxeHre h nponycKaHiln

0.13 ra 0.05 coorBercrBeHHo.

' B reparep4oBoM Auana3oHe xou6uHaqhfl MeranoBepxHocn4, cocroflr4efi us cnoeB

Al'lOKChAa BaHaAl,|f c orpaxapl4t4M 3OflOTbtM CnOeM, KOTOpbte pa3AeneHbt roHKl4M

AhsneKTphqecKhM cnoeM ront4unofi 35 mxnn, o6ecneqheaer norflouleHne Bbnue 0.9

B nonoce qacror 0.66-1.84 Tfq. O4noepenneHHo noKa3aHa Bo3MoxHocrb



ynpaBneHun ypoBHeM nornol4eHnfl 3a cqer reMneparypHo-3aBucHMoro il3MeHeHhff

npoBoAHMocTil LI4OKCUAa BaHaAhf .

' B ran$paKpacHoM Ahana3oHe MeranoBepxHocrb, cocrorr4afl u3 HuKeneBbrx noroc,

orAeneHHar or orpaNarou-1efi nnocxofi merannuqecxofi noBepxHocl4 HnKenf,

h30nhpyrou-u4M croeM AVoKCttEa KpeMHLlf rOnu_1unofi oKono 1.8 MKM,

AeMoHcrpl4pyer uilpoKonorocHoe (8.2-18 uxu) nornou4eHue c xoe$SraqheHroM

Bblrue 0.9. lllrporononocHoe norflor4eHhe o6ycnoeneno eos6yxgennen

pe3oHaHcHbrx MoA c HusKofi 406porHocrbro B croflx Hu(enn.

B rperuefi rraBe Ahccepraqrh npeAnolKeHbr noAxoAbr, ocHoBaHHbre Ha nphMeHeHilh

MarHhroAl49neKTpl4qecKhx MarephanoB ],t cBfl3aHHblx pe3oHaropoB, Koropbte no3Boflfllor

nonyqurb sneKTpl4qecKh Manbte aHTeHHbt c eulcoxofi eQ$errraeHocrbto ra uuporofi

nonocofi nponycKaHhr.

floxasano, vro:

t flprueHeHue MarHuroAl4gneKTpr4qecKux MarepuanoB n03Bonner 3HaqhrenbHo

yMeHbul4rb pa3Mepbl aHreHHbl (npnrvrepHo e 7 pas) h oAHoBpeMeHHo pacu4p,trb ee

nonocy nponycKaHhr npHMepHo e 6 pas, o6ecneqhBafl co3AaHue uhpoKononocnofi

gneKTphqecKh manofi aHTeHHbt. .Qannurfi noAXoL no3Borfler npeogolerb

orpaHhqeHhe, xapaKTepHoe Anf, npoeKTilpoBaHnr Marbtx aHTeHH ra o6ycnoeneHHoe

14x BbrcoKofi 4o6pornocrbro.

H1,13K14X LTaCTOTaX 

- 
nprMepHo B nfrb pa3 Hilxe il3HaqanbHo

l-fr4, Ha qacrore oxono 2.5 l-l-q. flp, eroM coxpaHflprcfl

npileMneMo BbtcoKue 3HaqeHtafl xoe$SrqraeHTa ycrneHhn.

rnaBe Ahccepraqhil ocBet4eHbt MeroAbl paspa6oilfl,r cilcreM

TeparepqoBoro Ahana3oHoB c MaflblMr4 oMl4qecKrMu norepflMl4,

BbtcoKhe cKopocrl4 nepeAaqh AaHHbtx 1,1 tlMelol4he uilpoKononocnurfi

. SnaroAapn eos6yx4enraro pe3oHaHcHbrx MoA u.renryu_1efi ranepeil B

nonyc$eprqecKhx

MilKpononocroeofi

3HaqilTeflbno 6onee

cornacoBannurx 13

MarHhrorq,h9neKTp14qecKilx pe3oHaropax, ycraHoBneHHbtx Ha

aHTeHHe, aHTeHHa HaltilHaer e$$errreHo il3nyqarb Ha

B vereeprofi

rhrarepqoBoro a4

o6ecnequeatot4he

pe3oHaHcHutfi orrnnn. YKasaHhtute cncreMbr ocHoBaHbl Ha nphHt-p,rne eoa6yxAeHilg u



pacnpocrpaHeHufl noBepxHocrHbtx BonH 3onarvrep$eflbAa B npoBoArrJ-f,t4x nuHVAx

cy6eonnoebtx pa3MepoB.

YcraHoeneHo, qro B npoBo4f,q,l4x crepxHrx cy6eoanoebrx pa3MepoB Bo3MoxHo

eos6yx4enue noBepxHocrHbtx BonH c SopmrapoeaHheM TaK Ha3blBaeMbtx nnnnfr l-y6o,

Koropble B rurarepqoBoM u reparepqoBoM Bilana3oHax qacror o6ecneqreapr Manbte

oMhqecKue noreph, Hl43Kyto ghcnepchro 14 BbrcoKylo cKopocrb nepe.q,aqn AaHHbtx. .!,annoe

o6cronrenbcrBo no3Bonner npnMeHflTb r4x B npoqeccax MaHr nynnqnvtgneKTpoMarHHTHbrMr4

BonHaMh ra o6pa6ornu cnrHanoB B yKa3aHHbtx Arana3oHax.

floxasaHo raKxe, qro o4creMbr, cocroflr4re h3 neproghqecKil pacnonoxeHHbrx

npoBoAfll4l4x crepxnefi cy6eonnoeutx pa3MepoB, AeMoHcrpr4pyror MHorope3oHaHcHoe

noBeAeHue, nopoxAaff B BbtcLllt4x nopflAKax 6eaursnysareflbHbte pexhMbt,

cnoco6creypl4ile crporofi noKanil3aqnv BonH n $oprvrrapoBaHhp ct4nbHbtx p$oHaHcHbtx

xapaKTeprcruK.

o6napyxeHo flBneHre chrbHo AhcnepchoHHoro nponycKaHun DM u3nyqeHrn B

Aayxcnofiublx MeranoBepxHocrf,x, cocrorr4r4x h3 npoBolq,nt4t,tx crepxH efr, u BbtrcHeHbl

ocHoBHbte Saxropul ero Bo3Ht4KHoBeHhfl. lloxasaHo, r{ro Ml4KpoBonHoBoe none Soplahpyer

Ha crepxHflx noBepxHocrHbte croflque BonHbr, Koropble o6ecnequealor B3auMogeficreue

6nuxnux nonefi B MexcreplKHeBbrx o6nacrnx. OgnoepemeHHo ycraHoBfleHo, qro

xoe$SraqraeHT cBf,3t4 MexAy crepxHflMr4, pacnoroxeHHbrMl,r B nporr4BononoxHbrx c1oflx,

hMeer KoMnneKcHutil xaparreP, r Harlrqile ero MHhMofi .{acrh npuBo.qhr K achMMerphtl

pe3oHaHcHofi nunuu u pe3KilM t43MeHeHunrvr roe$$raqueHTa nponycKaHua. B pesynbrare

noKa3aHo, vro no4o6Hble gByxcnofinure MeranoBepxHocrr MoryT npilMeHnrbcr B KaqecrBe

ynpaBnneMbtx Ltlt4poKononocHbtx 3arpalKAalol4t4x $r,rnurpoa e 6nrxHerra rnsparpacHoM

Ailana3oHe.

B 3axnpqeHll,t o6o6r4esur ocHoBHbre pe3ynbrarbr, nonyqeHHbre

Arccepraquonnofi pa6ore.

flpegcraeneHHan AnccepraqnA Ha3aqhry yveHofi creneHn AoKTopa HayK, KAK il BCflKAR

HeKOTOpbrepa6ora crorb 6onuuloro o6ueua, Hehs6exHo Bcer4a cogepxtaT

conyTcTByrot4ile HeAoqeTbt, 3aMeqeHHbte u h3IolKeHHbte Hhxe:
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1. B excneprMeHranbHoM t4ccneAoBaHnn, npe4craBneHHoM B naparpa$e 1.5 nepeofi

ilaBbl, paccMarphBaercfi Bo3MO)ltHOCTb ynpaBneHufl nfla3MoHHbrMl4 BOnHaMh C

noMou-lblo c$epravecxoro p$oHaropa. Bonpoc 
'Ke

Soprrnrapoeanran

KonnilMilpoBaHHoKo nyqKa eoa6yxgenxofi BonHbl noBepxHocrHoro nra3MoH-

nonfphroHa gnnnofi oKoIo 15 rraxna HyxAaercfl B HeKoropoM noflcHeHh]4.

2. B naparpa{e 3.3 rperuefi rflaBbr, B paMK€x 3a4aqh MuHharrcpAsaquvl anrennofi

peuerKu 6utno 6ut xenarenbHo paccMorperb h npoaHafln3upoBarb raK4e cxeMy

nuraHufl 3IeMeHTOB C UCnOnb3OBaHUeM MhKpononocroeofi nuHuvl.

B naparpa$e 3.4 rofi xe rflaBbr nyreM nphMeHeHhfl MarHhro4hgneKrpl4qecKoro

pe3oHaropa aBTop AeMoHcrpt4pyer Bo3Mo)trHocrb o6ecneqenrn pa6orut aHTeHHbt B

6onee Hh3KoM qacrorHoM Arana3oHe. o4naxo, corflacHo npeAcraBfleHHbrM

pe3ynbraraM (puc. 3.19 u phc. 3.20), u3nyqeHhe aHreHHbr nprao6peraer

MHoronorocHutfi xapaKrep. B pesynurare eroro npohcxoAhr nepepacnpegeneHue

3Heprrh no pa3nHqHblM qacrorHbtM Ahana3oHaM, qro npnBoAl4T K CHh}KeHhlo

e{$errraeHocrt4 u3nyqeHilf, e qeneeofi nonoce qacror.

Ha phcyHKe 4.9 (6) p$oHaHcHbre KpuBbre 2 ra 3 AeMoHcrpr4pyror 6onee

cyl4ecrBeHHoe pacxoxrq,eHhe Mex(Ay pe3ynbraraMt4 r,tl,lcfleHHbtx paci{eroB u

sKcnepuMeHranbHbtMh AaHHbtMr, t{ero He na6nrcgaercfl na rpaSrare (a). flpravrana

AaHHOTO paCXOXrq,eH nfl B EUCCepTaqnh He n poKoMMeHTnpOBaHa.

Ognaxo, l43roxeHHbte Bbrlue HeAoqerbr He Hocf,T npHHqhnuanuuurfi xapaKTep h He

cHilxaPT eutcorhfi nayvnulfi ypoBeHb Bbrno Hennofi pa6orul, e xoropofi nperq,craBneHbt

hHHOBaLIhOHHble pe3yflbrarbl, hMercl4ue BbrcoKyp 3HaqilMocrb KaK B TeoperhqecKoM, TaK

il B npaKThqecKoM nflaHax.

3.

4.

Hayvnan HoBt43Ha, BbtHoc14Mbte

pe3ynbraTbt aBropoM KoppeKrHo

Ha 3au_[14Ty HayqHbte nonoxeHhfl h nonyqeHHbte

orpaxeHbt e peQepare. V1x AocroBepHocrb

noATBepxAaercr ony6nranoeaHHbtMl4 32-n pa6orarur B BilAe AoKna.qoB Ha HayqHbtx

roH$epenqvnx u crarefi B HayqHbrx r43AaH flx, yBaxaeMbrx Mer{AyHapoAHbrM HayqHbrM
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3axnpqenre

O4enraan npeAcraBneHHylo K 3au-[hre AhccepraqiloHHyro pa6ory O.C. AponHa Ha reMy

<Ynpaenenhe gneKTpoMarHurHbrMr4 BoflHaMu c noMou4bp pe3oHaHcHurx cy6eoflHoBbrx

cTpyKTyp)) cqhTap, qTo oHa flBflfeTcf, BecoMbtM Hayi{HbtM BKIaAOM B pa3BhThe

HanpaBneHHR e pagraoQn3nKe n paAhogneKTpoHhKe, cBfl3aHHoro KaK c caMnMh

npoqeccaMh ynpaBneHur gfleKTpoMarHhrHbrM noneM, TaK n c paapa6otxofi n co3AaHheM

coorBercrBylol4l4x KoMnoHeHr AnR ee npaKThqecxofi peaflh3a4nh. Hayvnulfi ypoBeHb

eutnonHeFlHofi A[ccepraqronnofi pa6orur n ee KoppeKTHoe o$opnurenrae Bceqeno

yAoBnerBopfltor rpe6oeaHunu <llono]KeHrf, o noprg,Ke npncy]KfleHhff yqeHbrx crenenefi>,

npeAbnBrrneMbrM K AOKTOpCKI4M Al4ccepraqhfM, a ee aBTop, O.C. AponH, 3acnyxhBaer

n phcylKAeHnn yvenofi creneHu AoKTopa $rasuro-uareMarhqecKilx HayK no cneqhanbHocl,l

A.04.03 - <Pagro$rasura>.

OSn4raanun ur fi onnoHeHT:

A.T.H., npo$eccop Anctwyra Maremarvtvr, @uzunn n Burcorux rexronorrfi

Poccraficro - A oyHrBepchrera,

B. l-. AeerucnH

n

yfreHbl KOrO yHl,lBepcilTeTa,

n.S.n., P.C. Kaca6a6oea

nO/,
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