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o0zqua'urHoro orIrIoHeHTa roKTopa Quszrco-MareMarr4rrecKr4x HayK, Bapnaunofr Erarepnuu

BlalnuupoBHbl, Ha AI'IccepraIIHoHHyro pa6ory Bsrcoxux IOprEr bu..n 
".""ru<MaDrzroollra'recxufi MeroA B cocraBe aroMHo-crrronofi rn npoa*or, vlr Nrfl,r,rccJleAoBaHrrfl

fiapaMerpoB noBepxHocrl'I u Aoueuuofi crpyKTypbl ToHKI{x rrJreHoK)), npeAcraBneHHyro Ha
coI{cKaHI{e yveuoft creIIeHI4 KaHAI4Aara rexHr,rqecKlrx HayK rro cneqlriurbHocrr4 1.3.2 <t7pu6opu

H Mero4br DKcrrepr4Meura-urnofi $u:zru>

Axryaltuocrb reMbr Ar,rcceprarluonHofi pa6oru:
luccepraqrloHHat pa6ora Bnrcorux I,o. E. uccneAyeT BaxHoe HarrpaBJreHqe,

cocperoroqeHHoe ua parpa6orKy HoBbIX rIoAXoAoB K BbrcorooS$exrznHoMy r,rcnoJrb3oBaHr,rrc
MarHI4To-OIITI4qecKlIX ycrpoficrn. Tenaa [peAcraBnenuofi Ar{cceprarluu coorBercrByer
rIpHopI{TerHbrM HanpaBJIeHrI{M pa3Burr4r HayKr,r tr flBrs,ercs. aKTyanbHofi n syH4arr,reHTaJrbHbrx 14rIpI4KnaAHbIX acrleKTax. 3uaqunaocrr pa6orrt o6ycronruBaercs. uorpe6Hoci"r u paspa6orxe uBHeApeHI'It{ MafHI'IToolrrIqecKI'IX ycrpoficrn AJIx onrllKr.r r,r MarHnTo-SoronHux np"Oopou.

I'IccleAonanHt MarHllToorrllqecKrax csoficrB HaHocrpyKTypr{poBaHHbrx nonepxHocrefi
'trBrjfilorct o'qHofi H3 aKTyiuIbHbIX 3a.4av s o6racru Mr4KpocKonuu. B tlacrHocru, Bo3MoxHocrb
orHoBpeMeunofr perucrpalll4l'I, r<ar nrop$onollrfi noBepxHocrr4, TaK r.r MarHr4THrrx csoficrs
noAJIoXKI4' tIo3BoJrtIoT AaTb r{eTKyIo KapTI{Hy o cTpyKTypHbIX LI MarHI4THsx oco6euHocr{x
HCCneIyeMofo MaTepuaJra.

I-{enr pa6orbl3aKJIIorIeHa B pa:pa6orre H orrrprMr,r3arluu pa6orbr 3oHAoBbrx MrrKpocKorroB,
C BO3MOXHOCTbIO CO3AaHpI'g' KaK KaHTI'IJI€B€pOB HOBOTO IOKOJI9HI,II AJrfl, I.ICCJISAOBaHLIS
MaTHpITHbIX cnoficrs MarepIraJIoB, TaK u MafHI4THbrx rrorJloxeK. p1ns Aocrr,rxeHl,L
rlocraBJleHHoft uewt ueo6xoAlarrao peuI,ITb ptA 3aAaq, 3aKJlroqarcuuxcr B co3AaHlrr,r npo3parrHbx
pelnl{K C BbrcoKI4M npocrpaHcrBeHHblM pa3perrreHr4eM IJUr r{x pefr.rcrp ar\uv a noMorrlbro
o$$exra Oapa4er, SopuIEponaHI{H AByxcrofiurx rrJreHoK SepponaarH"r"no" KaK ocHoBbr
MarHI{TooIITI4qecKI'IX ycrpoficrn n Sorouurx KpI4craJIJroB, a raKxe pa:pa6orra TexHoJrorgr.r
HeMaf HHTHbIX KaHTI,rJIeBepoB.

Kparnufi o6sop coAepxaHrrr Ar4cceprarluounofi pa6oru:
Bo BBeAeHI'IIr csopuynupoBaHbl Ilenu il sa+arrn pa6oru, o6ocnosaHa aKTyirnbHocrb,

Hayr{Hafl HoBIz3Ha u [paKTLIqecKaq 3Haql4Mocrt, c$opuyJll,IpoBaHbr ocHoBHbre lonoxeHr,Ir.
BbrHoct4Mbre Ha 3arrIHTy r4 nurrHbrfi sxraA aBTopa.

llepnaa rJIaBa nocBflIrleHa olucaHr,rro ocHoBHbIX Tr,rnoB AoMeHHbrx crpyKTyp
frepprallarnerlrKoB, paccMorpeurt o6,racru npr.rMeHeHr.rs rorrKr4x ureHoK seppnnaarHerr.rKoB,
ocHoBHbIe TexHoJloruqecKue Merorbr crrHTe3a ToHKHX ureHoK QeppuvrarHerr{KoB Lr
IfirorocloiiHblx crpyKTyp Ha vx ocHoBe. paccMorpeHa Kprdrr4rrecKas BaxHocrb rrapaMerpoB
replroo6pa6orxu (xpucrzuuu3allploHHofo orxl,rra) KaK oAHofo r,r3 KJrrorreBbrx rexHoJrorr{qecKr,rx
3Ta[oB co3AaHHf, rIJreHoK $eppuron-fpaHaroB. PaccuorpeHbr cyuecrBy]oque Merorbr u3yqeHvrfl.
AoueuHoft crpyKTypbl, rIoKa3aHbI IIX AocrorrHcrBa rr HeAocrarKrr. O6ocHosana Ba]KHocrb
coBeplxeHcrBoBaHl4q ueroAuuecxofi h npra6opuofi 6agu Ans r.rcKJrrorreHlrr HeAocrar6oB
cyilIecrByiolrlHx MeroAoB Il Bo3MoxHocrr4 r.rccneAoBaHr.{r lrarHurHofi Aoueuuofi crpyKTypbr
ToHKotIJIeHogHbIX o6pa:qon c BbIcoKHM rlpocrpaHcrBeHHbrN{ pa3perxeHueM c Mr.rHr4Mfisarluefr
BIr]1,fl]F'r4fl. $axropon, oKa3bIBaIoqHX Herarr.rBHoe BJrHrHr,re Ha rroryqaeMbre pe3ynbrarbr.

Bo nropoii rJIaBe [peAcraBnel{bl pe3ynbrarbr r.rccJreAo Ba'vfl. BrruflHyrs. napirMerpoB
KprrcraJlnH3aul4oHHoro or)Kara roHKHx nJIeHoK ua SyHxunoHaJrbHbre (nelnvzua @apa,4eencxoronpauleuux) n ruop$onoruqecKue napaMerpbr rrJreHoK cocraBa Bi2,3Dy6,7Fe+,zcao,sa)r2, & TaK)KO
4nyxclofiHblx crpyKTyp Ha [oAno)KKax ra4orlauufi raJrJrr4eBofo rpaHara rr rroAnoxKax oKcHAa
KpeMHI'It c cocraBaMI4 cJroeB Bi1.elu,.5Gd1.5Fea2416so12; Bi2,5Gd6.5Fe3.sAl1 ,2on,Br2,syo,zFesorz
noJIyqeHHbIX MeroroM peaKTIzBHoro HoHHo-Jryr{eBoro pacnbrneHr4a. llpune4eHbr 3aBr{cr,rMocrr4
yrna $apa4eeBcKoro BparleHl4fl LI uepoxoBarocru or BpeMerrrl Kpr,rcrzrnJrr.r3arlr{oHHoro orxgra.
npelcraBneHbl pe3ynbrarbl peHTreHorpatfruecxoro HccrreAoBaHr4r roHxr.rx rrJreHoK.
onpegeleHbl orITHMilJIbHbIe pe)KI{MbI Kpr4crannl43aur4oHHoro orxvfa Anr o4nocrofiubrx r4



ABycJIofiHbIX TIJIeHoK Seppuron-rpaHaroB Ha noAnoxKax la4oruuufi-raJrJrueBoro-fpaHara,
ralr[uft -naarHrafi -qupxonufi -raAonranufi -rannr4eBoro H oKcHAa KpeMHr4r.

Tperrx fJIaBa nocBtlrleHa pa:pa6orxe KoMrrJreKca Mero/IoB, ocHoBaHHbrx Ha o6re4uueHrar.r
MafHl4Too[ruqecxoft MpIKpocKonuH vI a'roMHo-crrJroBofi lrurpocx oililv. floxasaHo, rrro raKoe
ooreruueuae Ilo3BoJrter orHoBpeMeHHo ilccneAoBarb ronofpaSuro u MarHr.rrHyio roMeHHyrocrpylflypy npo3paqHblx TIJI€HOK $eppuuaruerl4KoB 6e: nepeuafHr4rrr.rBaHrrr o6pasqa, np, ,ronno6ecneqasaercq Bo3Mo)KHocrb rlpeABapuremsofi Bu3yanr.r3arluu 6orlruofi o6racrz o6pa:r1apa3MepaMl{ .4ecsrKll H COTHI4 MI4KpOH C piBperleHr4 eM BnJrorb AO Orrrr4qecKoro
4u@paxqnoHHoro flpeAena I'I Bo3MoxHocrr nepefiTv K r4ccJreAoBaHlrro cy6uuxpouuux o6racrefi
c cy6auSpaxquouuofi pa:peuarouiefi cnoco6Hocrrro. Paspa6orau r.roa onpereneHr1g c
BbICOKI'IM npocrpaHcrBeHHblM pa3pelxeHHeM AoMeHHofi Crpyxrypbr Herrpo3paqHbrx o6pa:qon ua
ocHoBe repMoMarHurHoft Ileqarlz c tIpI4MeHeHLIeM BblcoKoKogpuuruBHbrx 3rrr{TaKcrraJrbHbrx
$eppnr-rpaHaroBbrx [neHoK c nusrofi TeMneparypoft Kropu.

tleraeprax fJIaBa rlocBtqeHa LccneAoBaHr{ro alepryprrbrx KaHTuJreBepoB, r.3roroBJreHHbrx
LIOHHO-aCCUCTLIpOBaHHbIM OCaXAeHI{eM, U I{X tlpr.rMgHeHr.Irc AJ'rr MarHarootrrr4LrecKoro Mero,{a B
cocraBe aroMHo-cl4lonofi MI4KpocKoIIuI4. floKasaHa Bo3Mo)r(Hocrb r.rcnoJrb3oBarb .rlaHHbre
KaHTVJreBepbI oAHoBpeMeHHo An{ pl3f{eHr{r ronofpa$uu H ,{oMeHHofi crpyrrypbr roHKr{x
rrJreHoK c strcoxofr piuperxarcqefi cnoco6uocrtro.

Xorelocr 6lr orMerldrb' rrro aBTop BrrepBbre [peAnoxun ucrroJrb3oBarb c,creMy
TepMoMafHuurofi [errarl'I c [pI.IMeHeHHeM BbrcoKoKo3prlr,rrr{BHbrx onuTaKcr,raJrbHbrx Seppui-rpaHaroBbIX-[JIeHoK c nu:rofi revrneparypofi Kropu Anr uccneAoBaHr4q Henpo3paqHbrx
o6pa:qon MafHr'IToolrrllrrecKI,IM MeroAoM B cocraBe aroMHo-curosofi MI4KpocKort14 r,r, qro
tIo3BoJI.ger HccrleAoBarb Ma|I{LITHyTO AoMeHHyro crpyKTypy Herlpo3paqHbrx o6pasuos c
BbrcOKI{M IIpocTpaHcTBeHHbrM piBperrreHr,reM.

Pa6ory orJll4rlaer xoporuuft crI,IJIb r,r3JroxeHr'tr. oua BBrrroJrHeHa Ha BErcoKoM ypoBHe, qro
rloATBepx,Aaer xnaluSuxaqurc ALIccepraHTa. OpuruHzurtHue pe3ynbrarbr noryrreHbr c
HCnOJIb3OBaHI'IeM piBnI4qHbIX COBpeMeHHbrx MeroAoB r.rccJIeAoBaHHr vr rroAKperrJreHbr
Teoperl'IqecKl4Ml{ oqeHKaMI'I. Ilooronay B AocroBepHocrn u o6ocuosaHHocrrd rrpeAcraBneHHbrx
pe3ynbraroB He npl4xoAHTct coMHeBarr,cq. 3agauu, [ocraBJreHubre B pa6ore, rroJrHocrbro
BbInoJIHeHbI. [p"lataBJIeHHbIe pe3ynbrarbr Moryr asrrorb3oB arbcs. rnfl Aalruefiruero
npoAon)KeHIax pa6orsl B pa3BI4TI{t4 I4 rlpoABrrxeHr{t4 HoBbrx r{e)r(Ar,rcuunnr,rHapHbrx rroAxoAoe. B
rlpeAcraBneHHoM anrope$epare IIoJIHocrbIo orpaxeHo ocHoBHoe coAepxaHr4e Ar4cceprarlrjr{.

OAsaro ueo6xo4uuo orMerLITb r{ npncyrcrBrle HeAocrarKoB B Ar4ccepraqrEouHofi pa6ore:
1. Crp 42. Ha pucyHKe 2.6 rtpegcraBneHbl 3aBrrcr4Mocrr4 yrna Qapa4eencKoro BpailIeHHs

@F v uepoxoBarocrl'I RMS or BpeMeHH Kpucrannrr3arlrroHHofo orxt4ra Anfl rrJreHoK
Bi,Ga:DyIG Ha rloAnoxr<ax GGG. floxa:auo, qro rrocJre l0 uuuyr orxura 3HaqeHr.re y;;1a
$apa4eencKofo BpalrleHl4s Ha 3aB,c'Mocrqx Aocrr.rraer Hacbrrr-(e'r4fl,, [pr.r groM uepoxoBarocrb
cocraBtlter 3,3 HM. flocrte 60 MHHyr orxl4ra yron rfapageencxoro tsparrleHr4{ yxe
yBenl'IquBaerct He3HaqI4TeJIbHo, B To BpeMr KaK rxepoxoBarocrb Bbrpacraer Ao l0 uu u 6olee.
Crpyxrypa noBepxHocrll TIJIeHoK r43MeHqerc fl - rrpv orxufe Sopuupyrorcq yxe 6oree KpyrHr,re
3epHa. B qepr Su:zuecxr'Ifi uexanugM HacbrrrleHr4s 3HarreHHe yrna Sapaae.""Koro BpaxleHr{f,
rrpr4 r43MeHeHr4r4 rxepoxoBarocrr{ o6pasua c 3,3 Ao l0 nrra?
2. Clp' 51. BsInz olpeAeJIeHbI napaMerpbr rreperraAa Bbrcor P, cpe4uerBaAparr4rrHoro 3HarreHr4q
uepoxoBarocru RMS, I4 cpe.4Hero pa3Mepa nonuKpucrurJrJrr,rroB AGS. OgHaro e ra6rr.rue ue
npaBeAeHbr cpeAHHe pa3Mepbr 3epeH AGS.
3. Crp. 65. Kos$QuLu4eHT nponycKaHllt qepe3 aneprypy 3aBucur or Ar4aMerpa aleprypbr a rz
.qJrHHbI ua4arotqefi soruH i KaK (a/1) 4 [95]. B o6uleu cnyqae Mo)KHo cKa3arb, rrro
6mlxtuelolbHiul orlTl'IqecKafl Ml4KpocKornrr ocHoBaHa na e(pSer<Te npr4cyrcrBr4s B ga-urnefi soue
H3nyqeHl{t ugeHrra0uqHpyeMblx cneAoB esazNaoAeftcrBrlr cBera c 3oHAoM, HaxoAflrrlr{Mcfl B
6lIzxHeu cBeroBoM rIoJIe, To ecrb Ha paccrosHrirr MHoro MeHbIIre AnHHbI BoJrHbr h nruoro
ueurme ,1, rrro Bblps)l(aerct yc.nonraerrl h<(2, Arq soulos c aneprypofi rarxe Aonlr(Ho
BbIrIoJIHsrbcq ycnoBHe, lITo areprypa d ueurne .qJILIHbr BoJrHbr (d< 2). Kax alpepHarl{Ba
cxauupyroulefi 6luxuenolrnofi onruqecrofi MrrKpocKorrr4r4, He paccMarpuBaJlacb IrH



Bo3MoxHocrb Ha l4ccneryeMbrx o6pa:qax HaHeceHr4fl uauoc(fep, HaHoqacrl,Iq, r.rMeloq[x
orlTl4qecKl4x pe3oHaHc, KaK HcroqHr,rKoB ycLIJIeHHt gneKTpoMarHldrHoro noJltr. Irlsnect:Ho, ulo
raKoro Po.qa uasoo6nexrsl rIo3BoJIflIor Bo MHofo pa3 rroBbrcuTb sstfemr,rnuocru
neauvro4eficrBl,It cBera co cpe4ofi, orKpbrrb HoBbre sBJreHr{s, go6rarrcr yBejlgqgHr4{
onrl'IqecKI,IX, nemaHefino-otITI4rIecKr,rx, MarHr{Toorrrr,rqecKr4x sS$erron [Bukharin, M. M.,
Pecherkin, v. Y., ospanova, A. K., Il'in, v. B., Vasilyak, L. M., Basharin, A. A., & Luk'yanchuk, B. (2022). Transverse Kerker effect in all-dielectric spheroidal particles. Scientific
Reports, I2(l), 7997., Wang, 2, Guo, W., Li, L. et al. Optical virtual imaging at 50 nm lateral
resolution with a white-light nanoscope. Nat commun 2, 2lg (2011).
https://doi.orgll0.l038/ncomms12ll, Wang, 2., & Luk'yanchuk, B. (2019). Super-resolution
imaging and microscopy by dielectric particle-lenses. In Label-Free Super-Resolution
Microscopy (pp. 3 7 1 -406). cham: Springer International publishing.l

4. Crp. 88 I,IgHa-rarbHo Jra3epunrfi ly.r HMeer sHarreHr.re HHTeHcr.rBHocru 0,93. Kaxas
eAUHHIIa I'I3MepeHLIs? klnrescuBHocrb Jla3epHoro usnyvreHvs, o6H.rHo rr3Meprercs n Br/cvr2.

flepe'rncleHHble 3aMerlauvt He rBJrrlorcr fipr,rHurrnhaJrbHbrMvt v He BJrr4rK)T na o6qyro
BbIcoKyIo oIIeHKy pa6orrr. Teua IuccepraIII4H Lr BbrnoJrHeHHaq Hayquar pa6ora coorBercrByror
creuHaJlbHocrl4 I.3.2 - llpra6opu kr MeroAbr 3KcrreprrMeHra,'nHofi $urzrn. flolyuennrre
aBTopoM pe3ynbrarbl npeAcraBJleHbr ua PoccuficKux H Me)KAyHapoAHbrx rconsepeHquflx H
ony6m'lronausl n 31ofi pa6ore B ToM rrr4cne I7 crarefi, BxoArrrlr4x B [epeqeHr BAK,
tII{rI'IpyeMbIx s Web of Science urLI Scopus. Co4epxauue aBrope$epara coorBercrByer
ocHoBHbIM noJIox(eHI{tM I4 BbrBoAaM r43 npeAcraBJreuuofi Azcceprarluouuoft pa6oru. Jftz.rHrfi
BKJIa.q aBTopa AocrarorrHo IIoJrHo r43Jro)KeH B Atrcceprarluounofi pa6ore u anrope$epare.

Cuutato, tITo AI{ccepraIII{oHHas pa6ora Bucoxlzx }O.E. <MarH}rroorrrr,rqecxufi Mero,rl B
cocraBe aroMHo-curoeofi MLIKpocKonLIn nnfr r4ccJre,qoBaHr,rs flapaMerpoB noBepxHocrq H
Aoueusofr crpyKTypbl ToHKHX nJIeHoK)) flBJrsercfi 3aBeprxeHuoft Hayuuo-rnalu$uraqnouuofi
pa6orofi, coorBercrByrorqeft rpe6onaHuru BAK ilpeAbrBnseMbrM K Ar.rcceprarlyrM Ha
coI{cKaHI'Ie yveuofi creneHu KaHAr{.qara rexHuqecKr4x HayK. Anrop Ancceprarlzu Bucorux IO.E.
3acnyxl'IBaer npllcyxreunfl, yreuofi creneHrr KaH.4r.rAara rexHrlqecKr4x HayK rro crrequurnbuocrpr
1.3.2. - llpu6opu r.r MeroAbr oKcrrepr.rMeHralrHofi $uruxz.

O$Hrlr.ranrnrrfi onnonenr
[oxrop Su:uro-uareMarl{r{ecKkIx HayK, 3aBeAyrourarr na6oparopuefi MaKpoKr.rHerraKr.r

HepaBHoBecHbIX rlpoqeccoB Hay.rHoro rIeHTpa BoJrHoBbrx ilccle4onannfi (Degepaltnoro
rocyAapcrBeHHoro 6ro.[Neruoro yqpexAeHr4r HayKr.r Oe4epalruoro nccneAoBareJrbcKoro
IIeHrpa <I'lHcrIaryr o6ueft Qusuxu r.rM. A.M. llpoxopona Poccuficroft aKaAeMr.rH HayK)
($uruar)
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EapuuHa ExarepuHa Bnaluur.tpoRHa, AoKTop Su:uxo-rr.rareMarr.rqecKr,rx HayK,
3aBenyrcuuii Jla6oparopueii MaKpoKHHerr4KH HepaBnoBecHbrx npoueccoB Hayuuoro ueHTpa
BoJIItoBbIX LlccreAoBannfi (De4epaJrbHoro rocylapcrBeuHoro 6roAxteruoro yqpelKAeur{r HayKr4
@elepzurtnoro ltccreAoBareJlbcKoro qeHTpa <I,Incruryr o6rUefi Sn:aru plr.r. A. M. llpoxopona
PoccrficKoft axaAenauu HayK)) (Svnua;l), r. Mocrea.
ll999l, Poccux, r. Mocrcna, yl. Banulona, g. 38
Ten: +79852577588
E-mail : banninaev(@ gmail. corn
KaHAnAarcKar nucceprarlfls 3arrlt4 uleHa tro I - Jlasepuax $ra:ura
/{orcropcrcar rracceprarlr4s 3aurr4ureHa rro Jlasepnar Snsuxa
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