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Paspa6orra BblcoKoe(fserrnrrmx (PyHxrIuoHaJrEHbrx ycrpoficrn CBr{-araana3oHa
cBs3aHa c pa3BI'ITI'I9M BblcoxorexuoJrorr4trHoro upou3BoAcrBa, o6ecueqnnaroulero r.r3roroBJreHr.re
IIOJIyIp0BoAHI,IKOBbIX, AI'ISJIeKTpr,rqecKr,rx r.r MeraJrJrrzarecKr.rx crpyKTyp c pa3MepaM,r oT eAr{Hr,rq
AO AeCSTKOB HaHOMeTpOB.

Cpe4z HoBhrx rI,IIroB TBepAoreJrbHbrx crpyKTyp, [pr.rMeHseMbrx B TexHr,rKe CBrI-
A[ala3oHa, Moxuo BbrAeJrr{Tb flepuoAurrecKr.re crpyrTypbr, [oJryrrr{Brrrr{x Ha3BaHue Soronurrx
KpI'IcranJIoB I'IJII'I 6perrorcxzx crpyrTyp. Ouuqutenruoft oco6eHnoctrro [eproA[qec*r,rx
crpyKryp, ficrloJlb3yeMbrx rpu co3AaHr4r,r (pynrqnouaJrbHbrx ycrpoficrn CBg-auaua3oHa,
flBJlrercfl pasuoo6pa:ue IloBToprrcrrluxc, oJIeMeHToB, B KaqecrBe Koropbrx Moryr [praMeHflTbcs
craH.4aprHue cB rl-sreMeHrbr pasruvuofi sopnmr n xo u(p uryp arfuu.

rlepuo4IauecKue crpyKTypbl Ha ocHoBe pe3oHaropoB B KarrecrBe 3aMeAnrrouux cprcreM
An, BaKyyMurrx cBrl-upu6opon u cBg-QuJrbrpoB 6uru orrrcaHbr eule B 60-e roAu rporrrJroro
sexa. OHE [peAHa3HarIaJILIcb AJIff vc[oirb3oBaHrIfl B KaqecrBe 3aMeAJIgIoqr4x crlcreM B grr4x
upu6opax, o6ecueul,IBtlloqrlx oTITI,IMaJIEHoe sgar.rlaoAeftcrBlre gJroKTpoguoro lrorora c
gJreKTpoMarurtuofi nomlofi .

B nactoatqee BpeMs oAHI{M 143 IrrupoKo rrpr,rMeHfleMbrx rr,rloB peoHarrcHbrx gJreMeHToB,
Koropble I{cloJlb3ylorcfl rlpu cosAaHrrr4 ycrpoftcrn rrep4orelnuofi CBrl-slempoHaKr4,
.sBrslorcs pe3oHaHcHble BoJIHoBoAHbre 4ua$parurr. B KoHcrpyKrlr.rflx arreHroaropoB u
nurruoqateleft ua p-i-n-Al{oAax MarIbIe reoMerpuqecKue pruMepbr rrlen}r peaouaucuoft
4r'Ialppailrarr o6ecue'runalot e(pSeKTlIBHoe nsauuo,{eftcrB}re noJryrrpoBoAHr.rKoBbx gJreMeHToB,
I{Meloqux MaJrbIe ra1apurnt, c [oJreM BoJrHoBoAa.

OAuIau Lr3 coBpeMeHHbrx Al,IarHocrr{qecK[rx ycrpoficrn, [pr{MeHf,eMbrx AItfl
I'IccJIe,{oBaHI'Is xapaKTepLIcrI,IK rloJly[poBoAHr,rKoBbrx npz6opon Mr,rKpo- fi HagogJreKTpoHr,rKr.r
tBJlterc, cKaHllpyloqafl 6rlaNnenonesas CBrl-nrraxpocKolrrs. [na rroBbrrrreHr.r,
qyBcrBLITerbHocrI'I MeroAa 6luxuenolenofi CBrl-MlrKpocxorrvu ilpu coxpaHeurzu srrcoxoft
JIoKaJIbHocrrI I'I3Mepenrafi rzcnonb3ylorc, peouaropbr paiifilrquoft r<ou{urypa\fiu, B xa.rectne
HoBolo rl{na sneKTpoAuH0Ml,Itlgcxofi cucreMbl, LlcrroJmsyeuoft AJu co3AaHux CBr{-pe3ogaropa
Moryr 6rtrr uputr,teHeHbl CBr{ QotoHHhIe Kpr.rcraJrJrbr Ha ocHoBe pe3oHaHcHrrx lua6parM c
HapyureHr.reM [eprroAr,rtrHocTpr.

flpyrofi aKTyanbHofi npo6leuofi, perueur{e Koropoft orrrocurca x $usuKe crpyKryp c
([oronHofi 3a[peueHnofi souoft, sBrtercs nor{cK Bo3MoxHocreft cosaaHr.rs y3KorroJrocHbrx
{unrtpon ,pouycKaH*fl, Lr satpa)KreHlls c greKTpprqecxr{ yflpaBJrfleMbrMr.r B rxr.rpoKoM ,qr,rala3oHegua.reHuft aMrrJrlrryAno-rracrorHbrMr.r xapaKTepr.rcrr,rraMr{.

cos4anne Qotouurx KpHcraJIJIoB Ha ocHoBe ynopf,AorreHHo pacnoJroxeHHhrx gJreMeHToB
paslu'ruofi Sopivlbr u ron$urypa\vlt, orKpbrBaer Bo3MoxHocrb perrreHr{s Apyrofi apya6uofi
upo6ueuu pa4r,loSusr,rrr,r r{ TBepAorelruoft oJreKTpoHr{Kr.r: co3AaHr{x (puntrpoB rrpo[ycK alLrfl. u
3arpax,{eHlls C 3JIeKTpI'IqeCKLI ylrpaBJrfleMbrMr{ aMrrJruryAHo-qacrorHbrMra xapaKTepr.rcrr.rKaM[r,
o6ecne'rusaroul{Mrl AocrLIxeHI,Ie 3Haqr.rremHofi nenuqr.rHbr Ar.rafla:]oHa peryJrr{poBKr,r MorrlHocrr.r
BhrxoAHoro cufH,ura.

Etqe, oAHofi axtyalruofi npo6neuofi, perreHr.re xoropofi ueo6xogurrro A1fr
coBepITIeHCTBOBaHI'Itr COBpeMeHHbIX pa,quoJroKarlproHHbx cllcreM r,r crlcreM c[yrHI{KOBOft CBA3U,
tBJUIerc, paspa6otra, Hapfl'Ily c [oJIocoBErMr,r Qznmpauu, [perHa3HaqeHHhrM[ ;iila



pacllpocrpaHeHl'Is O]ITHZIJIoB Ha Bbl6pauubrx qacrorax, tuupoKofi HoMeHKnarypbr CBrI-
Qunrtpon 3arpaxAeuux, neo6xorllMbx AJr.[ [oAaBJreHr,r, HexeJlareJrbHbrx Jroxgbrx cErHaJroB,
cy6rapuonur u 6on_ee BbIcoKI{x rapMoHI{K. Conpeueuune CBg-Sr{Jrbrpbr 3arpaxAeH us,, Haps,Eyc BbIcoKI'IM xos$QuqzeHToM ocna6renus r nrr6panuoft noooaa qacror, AonxHbr
xapaKTepl'I3oBarbcs xoeSQaqueHToM [poxoxAeHl{, oJreKTpoMarHr.rrHoro r.r3JrfreHr,rs 6nrrsrc,rr{ K'eAI'IHI'Iue BHe IIoJIochI 3arpax,{eHl,Is. Tar<ne $unrrpsr Moryr 6rrrr perlJlr.r3oBaHbr c
LtctIoJIE3oBaHI{eM 6perrorcrux crpyxTyp c gJleKTpr,rtrecKu yrrpaBnreMbrMr,r aMrrJrr{TyAHo-
gacTOTHbIMH xapaKTepI{CTr.IKaMr.r.

B cn-ssu c 9TI'IM [poBeAeHI{e reoper}rqecru{x [I gKcttepilMeHTaJrbHhrx uccre4onauzfi,
HEITIpaBJIeHHhIx Ha co3AaHlle HoBoro trana CBr{ (fotounoro Kp}rcraJrJra Ha ocHoBe pe3oHagcgbrx
guaSparu, gneKTpoAI{HaMI'IuecKue xaparTepucrr4KtrKoroprrx ylpaBJrrrorcs c roMorqrw n-i-p-i-n-ctpyxtyp, 14 ero ucloJrb3oBaHl,Ie AJL Aocrr{xeHr.r, pexop4nofi tryBcrBr.rreJrbuocrr,r 11ppr
I{3MepeHI'IfiX rlapaMerpoB AHsJleKTpr.rqecKilx Marepr,rruoB MeroAaMu 6rulxueuolenofi cBr{-
MlIKpocKoIIuLr flB[rflercf, aKTyaJIbHbIM.{JIfl paguo$wsuKl,I I{ TBepAorenrrrofi gJreKTpoHrrpt4.

.{ucceptaqrlo,Ha, pa6ota cocrol4T I,I3 BBeAeHr{ fl,, rtflTvr pa3AeJroB, 3aKJrrorIeHrL u cnrrcKa
Jll'rreparypu. Pa6ora I'I3noxeua sa 129 crpaHr{rlax u coAepxvio6ruupnufi curacox Jrr,rreparypbr
us 153 Hauuenorauwfi.

Bo aeedeauu olocsoBaHa aKTyaJlbHocrb reMhr Ancceprarlaz, c(foprrryJrr4poBagbr rleJrbpa6otrr, pel[aeMble gal.aqu) orIpeAeJIeHa HoBrBHa r.rccJreAoBaHnfi z o6ocuouarra npaKT14qecKas
3HaquMocrb noryqeHHhlx pe3yJlbraroB, c$opuynzpoBaubl ocHoBnbre [oJroxeHur, BhrHocLtMhre
Ha 3arru,rry, orrucaHa crpyxTypa u o6reu pa6oru.

B nepooJvt patdene Azcceprallult rlpoBe.{eu rpuru.recrufi aHaJrrr3 coBpeMeHHoro
cocrosHl{s rIccJIeAoBaHlL crpyKTyp c r[otouuofi 3a[peuleHuofi soHoft, oco6ennoctefi uxgJreKTpo,U4HtlMlIrIecKI4x xapaKTepI'IcrI{K. B pe3yJlbrare [poBeAeHHoro a*aJrursa
c$opuynupoBaHhl HoBBIe sa+aqfirro reMe Ar.rcceprarlr4oHHoro r1cc1re1oBa1ug.

Antopol't cAeJIaH BbIBoA, qro oAHoMepHbre CBg QoroHuhre Kpr{craJrJrhr uoryr 6rrrrpIcrIoJIb3oBaHbI lrs co3AaH[t gJIeKTpoAIaHaMLIqecKLtx cllcreM, xapaKTepr{3yroquxcs Hturr4qraeM
3arlpeqeHHbrx I{ pai}pe[reHHblx 3OH, I,r COBeprrreHcrBoBaHus MeroAoB asnaepeuuft [apaMerpoB
MareplltuloB Lr crpyKTyp CBrl-rraetoAaMLr. IIpu oroM orMeqeHo, qro CB{-iueroau,
I4crloJlb3ylouue rarofi TIIII SJIeKTpoALIHaMI{rrecKr,rx c}rcreM, o6raAaror 6oree 

"urao*oftrryBcrBI'ITeJIbHOCTbIO K I'I3MeHeHI{rO flapaMerpoB KoHTpoJrr{pyeMbrx crpyKTyp IIo cpaBHeHuro c
rlBBecTHbrMr ycrpofi mBaMr.r.

.(nr ynpauleHllfl aM[Jll{Ty,{Ho-qacrorHhrMr.r xapaKTepvcrnKaMu $oroauux Kpr{crrrJrJroB
aBTOpOM I'IClOJIb3yrorcs SreMeHTBI, HapyluarcIllr4e efo [ep]IoAI4qHOCTB. .fcHo, rrro B KaqecrBeTaKI'Ix yllpaBJlflIolqfix SJIeMeHToB napl6onee nepcrIeKTI..rBHbrM flB1rfiercfl, r{cloJrb3oBa,I,re
TIoJIyIIpoBoAHI'IKoBEIX crpyKTyp c gneKTpr.rqecKra yfipaBlseuofi gJreKTponpoBoAHocrbro.

C,ue'rran BbIBoA o roM, rrro Arfl rloBblrrreHlafl tryBcrBr.ITeJrbHocrr.r 6maNneuoreBoro CBII-MI{KpocKorIa [pu coxpaHeHl{I{ rrrcorcofi JIoKaJIbHocrLt Iasuepeuufi frBilfreTcfl, npuMeHegr{epBoIIaHcHofi cncrenabl Ha ocHoBe 6pemorcxofi crpyrcryphr paccMarpr{BaeMoro n pa6or e rufia.Bo omdpom pasdene IrpvBeAeHbr pe3yJrbrarbr reoperr{trecKoro u ggcrrep[MeHTaJrb,oro
I4ccJIeAoBaH[s [peAroxeHHoro 3oHAa 6lnxuenoleBoro CBrl-nararpocKorra B B]rAe perouaucHofi
AuaSparurt c pe3oHaropoM Ha ocHoBe BoJrHoBoAHofi 6perroncxofi crpyrtypbr c HapyrreHr.reM
[epI{oAI4}THOCTI'I C qeJrblo ero [crroJrb3oBaHu' n 6lzNUeloJreBoM cBr{-uulcpocKorre rpu
I,I3MEPEHI,I'X AI,ISJIEKTPZ'IECXOfi IPOHI{qAEMOCTT4 MATEPIIAJIOB.

C rcnomsoBaHlleM [porpaMMHoro o6ecu.r"rm ANSYS HFSS BbrrroJrueHbr pacqerbr
aM[JIHTyAHO-qacrorHbrx xapaKTepI{CTLIK 3OHAa B Br.rAe pe3oHaHcHoft 4ualpparirabr c pe3oHaropoMHa ocHoBe BonHoBorHoro $otouuoro Kpl{crtuula. Anropou oflr.r-cauo Bo3Hr.rKHoBeHrre
BbIcoKoceJIeKTrIBHoro pe3oHaHca Ha ArIX, qro o6ecue.Illro Aocrr.rxeHr,re Berr.Iqr.rHbrqyBcrBurerbHocrl{ noe0$nqueura orpaxeHl{fl K }r3MeueHr,rro Ar{oJre1Tpr{.recrofi
lpoHr'rqaeMocrrr B oKpecrHocrlr 3HaseHr4ft ex2.0, flpeBhrrlarcrqefi 100 aB/e.

Ars .uocruxeHl'Ifi MaKcI'IMaJIbuoft vyncruirrrurroarr4 3oHAa B Ar,rana3oue 66.ururrEx
sHa'reHl'Ifi AI{SJIeKTp}Iqecrcofi fipoullqaeMocrlr uuprrHa 4raa$panrrbr AoJrxHa 6116 ynaenbrueHa.



B KaqecrBe o6pasqon c pasrnuuofi .u.r9nerTpr4.recKofi [pogr,rqaeMocrbro 6urua
[crIoJIb3oBaHbI [JIacrI4HEI [I3 $topounacra, B Koropux 6rrlu co3AaHbr orBepcrr,rr. Beru.ruHa
o0$enrunnoft Ar{eJreKTpr{.recroft rpour,rqaeMocrr.r ter $topounacroBbrx o6pasqon c
Bo3AytIIHbMLI BKJllotleH'vIfl[lu paccql'ITblBaJlacb c uc[oJIb3oBaHI,IeM naoAeuefi <e$$errunno[>
cpeAbr.

Karc cne4yer I'I3 p*yJIETaroB gKclepHMeHToB, aBTopoM [oATBepx,{eHa Bo3MoxHocrb
AocrI4xeHI'Ifl qyBcrBI'ITeJIbHocrLt rosQ$uqueuTa orpaxeur,rs K H3MegeHr.rrc .qr.roJreKTpllqecrofi
rlpoHl4uaeMocrl'I, upensluratouleft 100 4B/e, upll Ir3MepeHrrrx c uc[oJrr3oBaHr.reM
lpeAJloxeHHoro 3oHAa 6luxuenoneBoro CBl{-rvrurpocKofla. Teu caurru [peAcKa3aHilfl Teopu1t
loryqr.uu{ gKc[epr.rMeHTaJrbHoe nolTBepxleHue.

Tpemuit pazden AI{ccepraII}Iu rrocBflrrleH Tgoperr.rqecKoMy r4 gxcrrepfiMeHfturbHoMy
I'IccJIeAoBaHlLM HoBoro Tutra CBrI Sotouuoro Kpl,rcraJrJra, [peAcraBJrrroqero co6ofi
Ilepuo.{uqecKl'I paCIOJIOXeHHbIe B BOJTHOBOAe MeraJrJrr{qecKr4e pe3oHaHcHrre Aua(ppatMbr Ha
AugJreKTpr,rqecKr,rx [oAJrOXKaX.

C ucnolrgoBaHl'IeM rlporpaMMuoro o6ecneqeHr.rs ANSYS HFSS BbrroJrHeHbr pacqerbr
aMIJII'ITyAHo-qacrorHblx xapaKTepI'IcrI'IK CBrI SotoHnoto Kpr,rcraJrJra, l,r3 Koropbx cJrgAyer
SBplacrl'Iqocxr'rfi nrrno.( o roM, qro yBerLI.IeHr.re rrruplrHbr ueneft 4na{parrrr r,r BeJrr{qr.rHbr
AI'ISJIeKTpI'I'recrofi upoHl'IqaeMocrrl ArIgJIeKTprrKa, 3anorHsroueno uleJrb grubpu.*ur, flpr,rBoArrrK yBeiu'IqeHl'Irc u[pI{HbI pr ruy6uuu 3aflpeqeHHofi 3oHbr. floxasauo, qro pacilMpegr,re
3alpeueHHofi soHrr rIpoI4cxoALIT 3a cqer cMeuleHr,rfl BbrcoKotracroruoro Kpar 3alpeulenuofi3oHbI B BhlcoKoqacrorHylo o6lacrr. flpunegeuuue pe3yJrbrarbr cpaBHeHr4r
sKcnep[MeHTaJrbHbrx AaHHbrx c pacqeTHhIMLI AaHHrIMII, cBI4AeTeJIbcTByror o6 rrx ioporoe*
KAqECTBEHHOM rI KOJITITICCTBEHHOM COOTBETCTBI,IZ.

flpoaua-uusllpoBaHo BJIIIIHI'Ie HapyureHr.ur B BoJrHoBo.qnofi 6psrroecxoft crpyKType Ha
ocHoBe pe3oHaHcHrrx 4na$parM B BLIAe yMeHbrrreHHoro paccroflHt4r Mexrg/ rleHTprurbghrMr,r
4raa$parualan Ha Ia3MeHeHue BHra Arx Sorouuoro KpllcraJura, Bhrpp6aroqeec.f, B
Bo3HI4KHoBeHlrI{ [prKa IIpo[ycKaHYIs, B 3alpeuleHHofi soHe CBrI QorogHoro KprrcrrurJra r,r
yBeJrr{rreuLru rurtp}rHbl 3arrperrleHHofi gonrr.

- B qem^epmoM patdene upeAcraBJreHbr pe3yJrbrarbr r,rccne4onauuft
Sorouurx KpkrcraniroB Ha pe3oHaHcHhrx aua0paruax c y[paBJr{eMhrMr,r
Ano AaMu x apaKTepzcTr.r KaMrr.

I4cc;re.4yeirruft (fotonnuft xpucraJrJr rpeAcraBJrrJr co6oft crpyKrypy, cocrorrqyrc r.r3
flepuoAl'IqecKl{ pacnoJloxeHHblx [pffMoyroJrbHbrx MerairJrr{secKr{x pe3oHaHcHbrx ana$pana napaccro,Hl{w L=20 MM Apyr or Apyra B npflMoyroJlbHoM BoJrHoBoAe rpexcaHTrrMerpoBoro
A[ana3oHa' Pac'ret ArIx [ccJleAyeMoro (potouuoro KpucraJrJra [poBoAr4Jrcfl Ha ocHoBe
III'ICJIeHHOTO MOAen[pOBaHus c ]ICnOJIb3OBaHI{eM MeTOAa KOHeqHbrX gJreMeHToB s ANSyS
HFSS.

Bu'ut't paspa6oraHhl KoHcrpyKIII,II4 (porormrx Kpr,rcrrrJrJroB Ha p*oHaHcHbrx 4rEa6paruax,B Koropbx n'ilusu oAHoro I'I3 KpaeB IIeHTpaJIbHofi 4rzaSparMbr c rrleJrbro yueurruennofi
mI'IpI4HbI vrtv Ha [porI'IBoTIoJIOXHbX Kpalrx sroft Auasparnrr pacnoJroxeHhr n-i-p-i-n-
crpyKrypbr.

Yctauonneno, rITo n-i-p-.i-n-Auoutafl crpyKTypa npn 6omruux rpsM6rx roKax
BbI[OJIHser poJlb [poBoASIrIero BKJIIOqeHr,r.f,, yMeHbrrraroqero [rl4pr{Hy rrleJrr.r 4raasparirarr ra
cMelrlarcIllero rIoJIoxeHI'Ie flpl'IMecuofi MoAbI ttole6auufi Soronuoft crpyKTyphr r,r3 AeBsrr.rpe3oHaHcHrx 4r'ra$parM Ha BeJIlIrrrIHy, paBHyIo 0.5 ffu, B cropoHy BbrcoKoqacrorHoro Kprur
3aflpeqeHHofi sourr llprl ]IcloiIb3oBaHI4rI oAuoft n-i-p-i-n-crpyKTyphr [r Ha BeJrr.rqr.rgy, paBHy]o
1.0 ffu, uplr rcroJrb3oBaHlrr{ yayx n-i-p_i_n-wpyxiyp.

flpoaualusEpoBaHhl ArIX $otoHHoro KplrcraJrna c n-i-p-i-n-uarpzqeft , cocroxrqefi usqerblpex AI'IoAHbx gJIeMeHToB LI BblnoJrH.r[oueft pons Hapy[reHr.r{ [epuorr{qHocr6. Anropou
ycraHoBJIeHo, rITo I'I3MeHeHrIe BeJIIztrI{HbI yAelruofi gneKTpolpoBoAHocrrr i-cnos n-i-pii-n-
crpyKTypbl or 0 Ao 104 Cira/ru rpllBoAtlr K MoHoroHHoMy yMeHbrrreHr,rrc roe6(bprquenra
rpoxoxAeHus'Ha tlacrore npuuefiroft MoAbI xole6anprfi or -0.65 AB Ao -40.6 AB.

BOJIHOBOIHblx

n-i-p-i-n-



flpu erou yBerllqeulle y4emnoft oileKrpoupoBorHocrr.r i-ctrox n-i-p-i-n-crpyKTypbr Ao
suauenufi, 6olrurrax 20.0 Cvlrvt, [pLIBoAt4Jro K rictre3HoBeHr.rrc upraiyrecnofi MoAhr xoleOagrf rra
uactotel/irrop = 8_.91 ffrl. r Bo3Hr.rKuoBeHr,rrc ee Ha qacrorcfznopl9.47llu,orru.rHofi or,/irrop.

Taxuu o6pa:onr, aBTopoM gKcrIepLIMeHTaJrbHo rroATBgpxAeua Bo3MoxHocrb co3AaHr.r, Ha
ocHoBe CBrI SoroHHoro KpI{craJIJIa Ira pe3ouaHurux guaQparMax eneKrp[rrecxu ynpaBlseMoro
MoAyJrrropa u [epeKJrrorrarem CBg-crarsa-rra.

B nnmoW posdene [peAcraBJleHbr pe3yJrbrarhr zccreAonaHrft r.rcrroJrb3oBaHr.r,
orpaxareJlbHLlx csofictn Sorouuux KpI,IcraJrnoB Ha ocuoBe pe3ouagcnrx 4uaQparM B cxeMe c
I-quprcynrropoM.

Anropou uccJIeAoBarIbI xapaxrepacrlrKt4 pa3perrreHHofi soHrr Qorouuoro Kpr.rcraJrJra c
qacrorHo-He3aBl{cl{Mofi uepeAatoquoft xapaKTepl{ctuxofi, peiul43yeMofi upu [crroJrb3oBaHrrr.r
CBrl-cxerr{bt c r-uupr<yJrflTopoM, B oAHo r{3 rrJrerr Koroporo BKJrrosaerc fl uccileliyerrarrfi $oronurrfiKpl'Icrarul Ha pe3oHaHcHhlx .uua$paruax. YctaHouleuo, trro rlpu BKJrroqegrrr{ n SorcHnrrft
KpI'ICTaJIJI B KatrecrBe gJIeMeHTa, BhlrroJrHrrouero ponb HapyureHlr, [epuoAl,rrrHocru, n-i-p-i-n-
AIaoAuofi MarpI{IIbI I'IJITI oALIHorrHoro n-i-p-i-n-AproAa n6nnsu oaroro r.ra KpaeB qeurpalruoft
4uaSpanrlrt c qeJILIo ytrleHrruennofi tufipr.rHhr Bo3ur.rKaror [pr{MecHbre MoAbr 3aryxaHras
xole6auuft.

Ha ocuoBe Sotouuoro KptIcraJIJIa c qacrorHo-He3aBlrc[MbrMr.r xapaKTepr{ crr4KaMu
aBTopoM 9Kc[gpI{MeHTuIJIbHo peaJIrI3oBaHbI Qnlrtpu 3arpaxAeHr{s Ha ocHoBe SorouurxKpI'IcraJIJIoB c pe3oHaHcHbIMLt 4na0paruauu B cxeMe c lz-qrapxynsropoM, o6na,qaroulrax
BbICOKI'IM ypOBHeM 3aililpalJvfl. B IIOJIOCe 3arpax.4eHVrfl.14MAJrbtMH rlorepsMlr BHe [oJrocbr.B 3arutru"eLuu [pI{BeAeHbI ocHoBHbIe pe3yJrbrarbr u csopuynupoBaHhr BbrBoAbr
Ar.rcceprarluounofi pa6otrr.

cuutaro, tITo pe3yJlbrarbl, [oryqe,Hhre AI,IccepraHToM, flBJlflrorcf, H'B'IMLI, xopomo
o6ocuonanHhlMLt u IlMeIouuMIa Baxuoe 3Haseur,re r[rfl pa4rao$usr.rru u tnepgore6uoff
eJIeKTpoHI{KH. MoNuo orMerI'ITb, vro HoBIz3Ha KoHcrpyKrlr,ru [perJroxeHuoro QoroHHoro
KplIcraJIJIa [oATBepxAeHa [oryqeHHbrM aBTopoM [areHToM P@ na zso6perenue.

Cpe,{u Hoebtx uau1onee gHaqulvtbtx c uayruofi TotIKr.r 3peur.r, pe3yJrbraroB, rorytreHHhlx
aBTOpOM, MO)KHO BhrAejrHTb cJreAyrouve:

1. TeopetuqecKoe H gKclepI,IMeHTaJIbHoe r4ccireAoBaHr{e xapaKTepr.rcr}rK [peAroxegHoro
aBTopoM 3oH.{a 6nuNneuoJleBoro CBrl-rraurpocKola B BHAe pe3oHaHcnof arna6parMbr cpe3oHaropoM Ha ocHoBe BoJIHoBoAHoro (potouuoro KplrcraJrna c AlroJreKTp[qecKr.rM
3aloJIHeHLIeM, rotopufi o6ecne'r[nan AocrlaxeHl{fl rlyBcrBr{TeJrLuocrri rrpu rr3MepeHr,rrx
AI'IgJIeKTpI'IqecKofi [poHl,IqaeMocrl{ MarepraaJroB, upenrrruaroulefi 100 aB- Ha aarrrqy
.{H9JreKTpt4.{ecxofi [poHlrqaeMocrr{.

2. ouracanue oco6ennoctefi AYX CBrI SoroHHoro Kpr,rcrrrJrJra, npeAcraBJrrroulero
co6ofi IlepiloAl{qecKu pacrloJloxeHuble B BoJrHoBo,{e MeranJrr,rqecKrle pe:o"arrurue gua6parvru
HA AI'ISJIeKTpI{q9CKHX IIOIJIO)KKaX, ilpu rz3MeHeHr,rr4 rxr{pr.rHbr rqeueft anaspainr u
Ar-rgJreKTpllqecrcoft flpoullrlaeMocrla rroAJroxeK.

3. I'IccneAonanue sQQexta Bo3HLrKHoBeHr.rfl npr.rMecHbrx MoA KoJre6anui,t Ha AByxqacrorax B 3arlpeuennoft soHe Sotouuoro KpllcranJra npta r.r3MeHeHr,u4 ToKa n n-i-p-i-n-gno4uofi Marpl'Iqe, ssruorHgrcueft poJlb HapyureHr{, B Br4Ae rrpoBoAflrrlero cJro, c
peryJll'Ipyeuofi nponoAl{Mocrbro n (potouuoM Kpr.rcrarrJre Ha peoHaHcHhrx 4raa6parrraax.4. Bogrraoxnoctr co3Aaurlfi CBr{-cucrenmr c unocrofi pasperueunofi souoft rrpr4
I'IcnoJIb3oBaH\II'I CBrl-cxeuu c Y'qupxywropoM, B oAHo r.r3 turerr Koroporo BKrroqaercfl
uccre4yeuufi Sotounufi Kpr.rcraJrn Ha pe3oHaHcHbrx Ar.ra$paruax u cos;aHrs $umrpon3arpaxAeHut', o1naailoq[x ypoBHeM 3arfirpalt4s B rroJroce 3arpaxAegug 6olee qZ $ "rrorepsMr.r BHe rroJrocbr MeHee 0.8 aB.

Cne4yet orMerI'ITb, rITo pe3yJlbrarbr pa6our r,rMeror HecoMHeHHyro rleHHocrb AJrs
IIpaKTlrKr.r.

Bneprue upeAJloxeu soHA 6ruNHelroJreBoro CBrl-vrzKpocKorra c po3oHaropoM Ha
ocHoBe BoJIHoBoAHoro SotouHoro Kpt4crtulJla B Br.rAe pesouaucubfi 4na$parMbr, r,r3MeHeHr.reM



pa3Mepa Koropofi Moxer 6utr nolyreHa qyBcrBlrreJrbuocm roerp$nur{eHra orpaxeHra, K
I'I3MeH9HI{IO AI'IgJIeKTpLI.recrofi flpoul{UaeMocrr.r, flpeBbrrrrarcrlaf, 100 4E/e, n rpe6yeuoira
Ar,rana3oHe rEsnaepeuufi ru,rgJrerTpr{qecrr{x [pour{uaeMocrefi .

Anropou B[epBbre paspa6orau la co3AaH fiepeKnrorrarenr CBg-cutHura Ha ocHoBe
$otounoro KpI'IcraJIJIa Ha pe3oHaHcsrx rura$parMa& B KoropoM B KaqecrBe greKTpuqec1u
ynpaBil.fircuelo SJIeMeHTa I{ctloJlb3ylorc.fi n-t-p-i-n-Ar4oryHafi Marpraqa, BbrloJrHfl]orrlaf, poJrb
rlpoBolsqero cJIo, c peryJrl{pyeir,tofi [poBoAuMocrbro, vutvt 4na$panraa co uleJrbro
yMeHbIIIeHuoft ruupuuu, r6lu3u oAHoro LI3 KpaeB roropofi pacrroJroxeuan-i-p-i-n-crpyKrypa.

Buepnrte roKa3aHa Bo3MoxHocrb co3AaHug CBrl-cucreMbr c urocxofi paspturelruoft
soHofi tlplt uctIoJIE3oBaHI{I,I CBg-cxervrr c )'-qupryJrrropoM, B orHo r.r3 [Jrerr Koroporo
BKr0qaercs I{ccJle.{yeMuft Sotonuufi rpuctarlJl Ha pe3oHaucHrx 4uaSparMax u co31a1vrfl.
Sumrpon 3arpaxAeHux, oltagatoflIllx BbrcoKr,rM ypoBHeM 3a[[paHr,r, B noJroce 3arpaxAeHLrfl Lt
MaJrbIMt4 IIOTepTMI{ BHe IIOJIOCbI.

flolyueuurre aBTopoM Al{cceprallupr pe3yJrbrarhr, 3arquuaeMbre Hayq,bre noJroxeHr,rs,
HAYrHas HoBI'I3Ha, [paKTl'Iqecrr8f^ 3HAIVMOCTb IIOJIfIeHHbIx aBTOpoM pe3yJIbTaToB, Cop;Iagr4e
Teoperl'IqecKoro orlt4caH,lrg. fi pe3yJlbraroB SKcrIepr,IMeHTOB, CoqeraHue MeroAoB, xapaKTepHbx
EIrfl pa4uo0usuxlt, c IlpeAcraBileHruflvru rr,r[utrHbrMrr Arrfl rnepgorentHoft *nrporrn,
rlo3BoJr.f,Ior cAeJlarb BbIBoA o6 o6ocuonasuocrll [peAcraBJreurrfl Ar,rcceprallur Ha crLrKe
cueqrIaJlbHoctefi: pa4uoSr'Isura u rBepAoreJrLHas gJreKTpour,rKa, paAr.ro3JreKTpoHHbre
KOMrrOHeHTbr, Mr{Kpo- r{ HaHosJreKTpOHr4Ka, npu6oprr Ha KBaHTOBTX S$QerCmx.

odocuoeanuocmb u docmoeepnocmb rtofiyqeHubrx Ar,rccepraHToM pe3yJrbraroB,
uo.noNenuft LI cAeJIaHHbIx lIM BbIBoAon o6ecueqr4Baerc, o6ocuonasrorria nrr6panlroio MeroAa
pacqera xapaKTepI'IcrLIK kIccJIeAoBaHHbIx Sotonurx Kpr{craJrJroB Ha ocHoBe pe3oHaHcHhrx
4za0paru c greKTpI'ItIecKlI ylpaBJlreMbrMr4 xapaKTepr.rcrr.rKaMr,r, rrcnoJrb3oBaHueM coapeuennofi
rzrueputeurHoft amlaparyp6l u aupo6uporaHHblx MeroAoB usuepeuufi npu BbrrroJrueHr,rr{
sKcrIepI'IMeHTaJIbHbx ltcclegorauufi, o6pa6orrofi 9Kc[epr.rMeHTaJrbHrrx AaHHbrx c
rIctIoJIb3OBaHlIeM CTaHAaprHbrx MeroAoB, KaqecrBeHHbIM H KOJrr,rqecrBeHHbIM COOTBeTCTBI,IoM
pacqerH6lx AaHHErx ocHoBHLIM pe3yirbraraM, [oJryqeHHbrM SKCrrepI,rMeHTaJrbHO.

,{ucceptaql{s coAepxlaT xopo[o o$opir,rneuurrfi nnnrocrparururrfi Marepr,rrrJr.
otMeqas HecoMHeHHyIo HayuHylo u [paKTutrecKyro rleuHocrb Ar.rcceprauuounoff

pa6orrr, ueo6xo4zirao cAeJrarb psA 3aMeqanufi :

Pa6om He Jrr,rureHa orAeJrbHbx HeAocrarKoB:
1. B pasgerc 2 auccepraquoHuoft pa6otrt 6uro 6rr zurepecHo npuBecrrr peyJr6rarhr

cpaBHeHI{, ustuepeuufi AI{3JIeKTpIa'recrofi [poHr.rqaeMocrr.r c rroMorrlbro 3oHAa 6rprNrenoneBoro
CBr{-rralrrpocKola c pe3ouaropoM Ha ocHoBe BoJrHoBoAHoro Sorounoro Kpr.rcrrrJrJra 11p1,
(fraxcuponauHoft aleprype 3oHAa u pa3n,,qub,* flapaMerpax cJro.f,, Hapymarcqero
lepuoAuqHocrb crpyKryphr Sorouuoro Kpr{craJrJra

2' B pailAeJle 3 ,qzcceprar\uv flpu paccMorpeHr{ra aM[Jrr{TyAHo-qacrorHbrx
xapaKTepl'Ictux SoroHHbIx KpI{craJrJIoB Ha ocuoBe pe3oHaHcnrrx 4ua$parM ycraHoBJreHo, qro
BBe.{eHHe Hapy[reH]Ifl B crpyKTypy ([otouHoro Kpl{craJrJra B BkrAe yMeHbrrreHHoro paccrorHr{rr
Mex4/ ueHTpnJrbHurrtw Araa6parMaMu IpI.{BoALIT K Bo3HktKHoBeHr.[o u[IKa rrpoflycKaHgf, B
3aupelrleHHoft soHe CBIr SotoHuoro 4pucraJrJra r.r yBeJrrueHr{ro mupuHbr 3a[perrleHHofi soHrr.
Oruraxo [prFII4HbI Taxoro il3MeHeHplfl aMrrJrr{TyAno-rracrorr{hrx xapaKTepucrar uoApo6no
o6cyxgensr ne 6ruua.

3. B pasaene 5 npu paccMorpenuu CBrl-cxeMbr c )'-qrapxynaropoM, B oAHo r.r3 nrerr
Koroporo BKlrloqaercfl $otouuuft KpLIoTaJIJI Ha pe3oHaHcHbrx ar.ra$paruax, Arrfl co3AaHr4s
IOJIOCbI 3arpaxAeHufl C ynpaBJIfeMbIM ypoBHeM 3ailupA1Ltfl. I4C[IOJIb3OBaJILICb sJIOMeHTbI B BI{Ae
n-i-p-i-n'4uo4uoft MaTpLIIIbI I,IJII,I oAl{HorrHoro n-i-p-i-n-Auoya alnusu oAHoro u3 KpaeB
ueutpalruofi 4ua0panusI, BbIloJIHflIoIque poirb HapyrueHras [epuoAr,rrrHocrr{, 6uno 6rr
xeJlareJrbHo o6cyAurr AocrI'IxeHrIe croJlb BblcoKoro ypoBnfl sailupaHufrB [oJroce 3arpaxAeH]rr,
6onee 43 aB, r{ MrrJrbrx [orepb BHe rroJrocbr, Meuee 0.g aS.



CAelansrre 3aMerlarll4fl He ,Bflsrorc.f, rrpr.IHIIr.r[uaJrbHbrMLI v rrogToMy He cgr.Ixtlor
UEHHOCTI,I I,I 3HAqI,IMOCTIA NPOBEAEHHbIX ABTOPOM UCCIEAOSAHPIfi .

Anrop e{ep ar rrpaBr{Jrbuo orpaxaer ocHoBHoe coAepxaHr.re .{ucce prar;ii4u.
.{zccepraqus.:aafiuca*a xopourl{M Jrr{TeparypHhrM r.r npoQeccnoHilrbHbrM f,3brKoM.
flo rraarepuanlaM Al,Iccepralluu onydnur(oBauo 11 pa6or, B ToM trr.rcre 4 crartu s

xypHaJltx' peKoMeH.{oBaHHbx BAK npu Muuo6pnayxu Poccura. O.qHa crarb, ouy6lzronaHa B
HayqHoM ?,34aldvtu, Bxo,(.fluleM n 6asu AaHHhrx Scopus u Web of Science. Ilolyren I uarerm p(D
Ha zso6pereuue.

B qenon'r, HayqHEIe pe3yJlbrarhl, [oryqeHHhre B xoAe BbrloJrueHr,rf, Ar{cceprarluonno7
pa6otu, MoxHo xnanra0uqupoBarb KaK perrreHue 3afta.clyr, uuercqeft cyqecrBeHHoe 3HaqeHr,re
.qrs paAfio$usr'Irn I'I TBepAorelruofi sJreKTpour.rKrr, cBtr3agsoft c paspa6orrofi nosoro ruua
9JIeKTpo.{}IHaMI4qecKI{x crIcTeM CBrI Sotouurx KpLIcTaJIJIoB Ha ocHoBe pe3oHaHcHbx
4rEa(pparna u ux vc[oJrb3oBaHrlena n 6mrNHenoJreBoM cnarrpyrorqerra CBu-rr,rrnpornon" gry
rIoBhIlreHI'L gro lryBcrBl,rreirbHocrr{ IIpI{ coxpaHeHr,rn nrrcoxofi JroKaJrbHoctn usnaepenufi.

Pa6om Enteena C.f. .f,BJlflercs 3aKoHqeHHbrM HayqHhrM lrccfie,qoBanr.reu. pa6ory
BbIro,4Ho orJll'Iqaer coqeraHl,Ie reoperr.rqecKoro o6ocuoraur{fl 3arqfiqaeMbrx uonoxen,nfi c
.4eraJIbHbIMI{ gKClepuMeHTaJIbHbIMLr ITCCJIeAOBAHUflMV:, HaXOAfirrII{MHCfl B XOpOUIeM CoHracuu c
teopueft. XaparcrepzcrlrKl'I rrpeAJloxeuubrx ycrpoftcrn coorBercrByror caMbru BbrcoKr,rM
rpe60rauurM, rrpeAbfl BrseMbrM r upu60parrr puccrarprBaeMoro KJracca.

flponegeuuue I{ccJIeAoBaHLL orKpbrBaror rrepcleKTr.rBy co3Aa'r{, HoBbrx rr.rrroB
yctpoftcta rBepAoreJlruofi CBr{-eJIeKTpoHr,rKr.r Ha ocHoBe CBII SoroHubrx Kpr,rcraJrJroe c eu€
6 ol ee Bbrco Kr.rMr.r o cuoBHbrMr,r xapaKTep ilcrutaMw,

Tarzu o6pasou, cqllTaro Bo3MoxHbIM cAeJrarb cJreAyrouee 3aKJrroqeHue:
AHccepraul'IoHHaf, pa6ora C.f. Esteesa (CBq Qorouurffi xprcia-rm c sJreKrpr,rqecKr,r
yIIpaBJI'eMLIMI'I xapaKTepI'ICTI{KaMLI II BO3MOXHoCTb ero IICIIoJIb3oBaHLrf, n 6nuNneuoJreBoM
cKaH[pyfoueu CBrI-uI{KpocKorIe) coorBercrByer Kpr{TepuflM u.9-11, 13, 14 <flonoNegr,rf, olpIIcyxAeHl'III yqeHblx creuenefi>, yrBepxreHuoro llocrauosreHpreM flpanzrerucrna
Poccuftctcoft oeaepaqrlrl or 24 coarslpx 2013 r. Ns842, [peAbrBJrreMhrM K KaH,qr.rAarcKr4M
AI'IccepraIIvIflM, a aBTop Aucceprallzl{ Entees Cepreff feuuaAzenuq 3acryxvBaer [pr4cyxAegrrs
eMy yqeHoft cteuenu Kil{AI{Aara Qusutto-uateMarr{trecKr,rx HayK rro cuequaJrbHocrrM 01.04.03 -Pa4I'ro(pr'rsuxa u 05.27.01 - Trep4orenbHur oJreKrpoHrrrca, paAr{oeJreKTpoHHbre KoM[oHeHTbr,
MI,IKPO. I,I HAHO9JIEKTPOHITKA, UPZ6OPTT HA KBAHTOBTX ESQEXIAX.

,{omop rexHr4 qecrr,rx HayK,
upoQeccop, 3acJryxeHnrrfi Aesrelr uayxz pO
ne.{yquft nay.rurrfi corpyAur.rK
AO (HIIII <Anuas-OailorpoH) Koloivrefi

floAuucr upoSeccopa Koloueftqena Bxvecnana
3ABEP,f,IO
Ha.{anrHr,rx orAena ynpaBJreHu, [epcoHanoM
AO (HIIU <ArMas-(Da3orpoH) A. Arexceenna

Arqzonepsoe o6ulectno <HayuHo-rpo -(Dasorpou>
Poccrnx, 410033, r. Capaton, yn. flau(fr,rrroBa, A.
Ten. 89063074550 E mail: afazofion

Alercan4poBuqa - 05.L2.21Pagaotexurrecxr.re clrcreMhr c[errurrJrbHoro HrBHaq ellrfl.)BKrroqaf,
rciuury CBII u rexHoJrorurc tlx rpo[3Bo.4crBa.
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