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no clerlilnJrbHocrr{ 1.3.8. - Qusurca KoHAeHcLrpoBaHHoro cocrorHl{Jl

B npe4crarlennofi Alrcceprarluonnoft pa6ore peanLr3oBaH KoMruIeKcHbIfi noAxoA r
[ccne.4oBaHzro oMr,rccun Sorouon npr.r HeynpyroM TyHHenvpoBanuu sneKTpoHoB B crpyKTypax c

METAJIJIHqCCKI{MI,I TIJIA3MOHHEIMI{ HAHOAHTCHHAMI,I M TIONYNPOBOAHIIKOBbIMII HI,ITEBI{.{HbIMI,I

HaHoKpr{crirrrJraMu. I,IcnomgoeaHrae Heyrrpyroro ryHHenllpoBaHu.s no3BoJrfler co3AaBarb

UCTOIIHI,IKI,I I,I3JIYqEHH.'I C HAHOMETPOBbIMI,I PA3MEPA]\,IU AXTTASHOft O6IACTU, SNEKTPI4qECKHM

nos6yxlenueM il Bo3Mo)Knocrbro ynpaBJreHlm c[eKrpaJrbHbrMl,I xapaKTepllcr[KaMu. Buec're c

TeM, rrpaxTr,rqecKoe [puMeHeHr,re raKr,rx r{croqHuKoB orpaHuqr,rBaercs uusroft e$$ertnnnocrblo
enercrpon-SoroHHoro npeo6pasonaHr{r, qro onpeAenfler neo6xoAuuocrr rloucra cuoco6os

ycv:;cnrs. eo:6yxgaenabrx oflTuqecrr{x cocrofllr,uitw. stp{erruruoro BbIBoAa u3nyqeHur.

B pa6orc raccJreAoBaHbr ABa no4xoAa K perrreHlrro Aauuofi 3a4aqu. flepnufi ro.[xoA

ocHoBaH Ha r4crroJrb3oBaHl{H MaccI,IBoB rroJrbrx 3oJroTblx HaHoaHTeHH, TTJIIBMOHHbIe pe3OHaHcbI

Koropbrx o6ecnequsarcr rraogu{nrcaqurc cnercrpirJrrHbrx ra [pocrpaHcrBeHHblx xapaxTeplrcrl{K

r,r3nyqeHus ryHHenbHoro KoHTaKTa. Bropofi noAxoA cBlr3aH c nos6yx,ueHxeM onrl,IqecKnx

cocrosHr,rfi B nerupoBaHHbrx HureBr,rAHbrx HaHoKpr,rcrirnJlix GaP, offioapeMeHHo BbIrIoJIHrIou[x

SyHrqran rroJrynpoBoAHuKoBbrx HaHoBoJrHoBoAoB. Heo6xoAuuocrr AeranbHoro LI3yqeHu,

Susuuecxux MexaHLr3MoB gMrdccr,ru Sorouon a no.4o6Hux crpyKrypax HerrocpeAcrBeHHo cB.a3aHa

c aKryanbHbrMr4 3aAarraMr4 coBpeMeHuoft uauo$oroHr4Kr{ pr uHTerpanrnoft onrogreKtpoHuKpl, tITo

orrpeAen er Bbrcoxyro arcryaJrbrrocrb Alrcceptaqvouuoft pa6oru.

O6uas xaparcTepncrrrKa pa6oru: Aucceprarlus CoroN,roHosa H.A. I,I3JIoxeHa sa 139

crpaHl,Iqix, BKJIIoqaer BBeAeHI{e, IIrr6 rJraB, 3aKJrroqeHl{e, cltrlcoK corparrleHl,Ift u yclonHux
o6osHaqeHr,rh u 6u1:liuorpaQnuecrcuft cuncorc zs 183 Har,rMeHoBaHrafi. Pa6o'ta cogepxnt 49

pHcyHKoB ra 1 ra6luqy. Crpyrrypa Ar,rcceprarlur,r JroruqHa r{ coorBercrByer [ocneAoBareJlbHocrl,I

[ocTaBJreHHbrx 3aAarl.

Bo sneAeHuu o6ocnosaHa aKTyirnbHocrb nr.r6pannoro HarrpaBJrenua, cQoprraynupoBaHbl

Ilenb v ga1aln I{ccJreAoBaHHf, HayrIHiIfl HoBH3Ha r,I nparTr4qecKiur 3HaquMocTb pa6oru.



flpe4craueHbr ocHoBHbre rroJroxeHl{.rl, BbrHocI,IMbIe Ha 3arrIHTy, cBeAeHI,Lfl o AocroBepHocrl{ H

aupo6aqnu pe3ynbraroB, ny6rurcarlusx I4 JII{.IHoM BKJraAe aBTopa.

B uepnoft rJraBe rrpeAcraBJreH anannrnqecrraft o6sop coBpeMeHHoro cocrorHl4s

uccnegonanufi e o6racrn HaHopa3MepHbrx r,rcroqHllKoB Sorouoa c SneKTplIqecKuM

nos6yx4euueu. PaccuorpeHbr KorcpeHTHbre u HeKorepeHTHbIe I,IcroqHI,IKI4 kr3ilyqeuLrs., BKJIloqafl

HaHona3epbr, crra3epbr, rroJrrptrToHHbre cTpyKTypbr I,I I{CTOL{HnKI,I Ha OCHOBe Heyilpyroro

ryHHenr,rpoBaHr{fl gneKrpoHor. flpoanaJrr,r3r,rpoBaHrl I{x ocHoBHbIe npeuMylqecrBa I4 orpaHI,IqeHI4f,

cBs3aHHbre c pa3MepaMl,r arcrraeHofi o6racru, sr[r[errunnocrblo, TeruIoBbIAeJIeHI,IeM vt

coBMecrr{Mocrbro c SorouHuMr{ raHTerpalbHbrMa nlarQopruauu. Oco6oe BHVMaHpIe yAeJIeHo

MexaHr{3MaM ro:6yxgeuus olrr4qecKr4x cocroflHufi n ctpyrryptx MeraJIn-I,I3oJrrrop-MeraJIJI }I

MeraJrJr-H3oJurrop-nony[poBoAHr,rK. Ilponeg€unHfi anarus y6egntelruo o6ocHosrtaaer uu6op

3oJlorbrx nJIa3MoHHbx HaHoaHTeHH I,I Hr4TeBI{.{HbIx HiIHoKpI{criInJIoB GaP s KarlecrBe o6teroos

Aalrsefi urero uccJreAoBaHl{f, .

Bo nropoft rJraBe olprcaHbt gKcnepr.rMeHTaJrbHbre MeroAbI u o6opy4onauue,

r,rcnoJrb3oBarrHbre [pr,r BbrnoJrHeHr,rkr pa6oru. flpegcraalena rvrogntfuqrapoBaHHa:l

cBepxBbrcoKoBaKyyMHar CTM-ycranorra, rro3BoJIrIoqaJI oAHoBpeMeHHo petucrpl,IpoBarb

rcnorpa$uro, BoJrbraM[epHbre xapaKrepr,rcrr,rKr,r ryHHeJIbHoro KoHTaKTa pI oflTuqecKIaft curnal.
Paccuorpeubr MeroAr.rKr.r CTM-JI u CTC-JI, cxeMa cr,rHxpoHl,I3alluu LI3MepI4TeJrbHbIx KaHiIJIoB I,l

paspa6oranHoe [porpaMrranoe o6ecueqeHr.re.{rs aBToMarl,I3upoeaHuoft o6pa6orru AaHHbIx.

B rperseft rJraBe npe.{craBJreHbr pe3yJrbrarbr I,IccJIeAoBaHI,L MaccHBoB rloJrblx 3oJrorblx

HaHOaHTeHH, r43rOTOBJreHHbrx MerOAOrr,r seUrocerynAHofi ra-:epnofi neqaTI,I. flponeleuu aHaJrI43

naop$olorutr, qucJreHHoe MoAenr{poBaHr{e co6crseHHHx MoA, r,I3MepeHl{fl crIeKTpoB pacce{Hlrfl I,I

npfMbre H3MepeHI,IJr rlHTeHcLrBHOCTlr JIIOMI,IHeCrIeHrIr,u4 TyHHenbHoro KoHTaKTa. florasano, uto
MaccriB HaHoaHTeHH o6ecneqzsaer gnerrpurrecKu ynpaBnreMoe H3JryqeHue npu eos6yxgenuu

3oHAoM CTM. Btuueno, qro B cr{creMrx 6rusropacnoJroxeHHbrx HaHoaHTeHH onruqecxraft

cr.rHirJr Moxer 6urr ynemaqeH Ha 10-15 oZ screAcrsue 6ruxnefloJlbHoro ssauMoAeftcrnu,

nJr€r3MoHHbrx p$oHaropoB. flolyuennrre pe3yJrbrarbr AeMoHcrpr{pyror Bo3MoxHocrb

ynpaBJreHr,r, cneKTprrJrbHbrMr{ yt [pocTpaHcTBeHHbrMr,r xapaKrepHcTI4KaMI4 E3IyqeHUf,

TyHHenbHoro ucToqHI{Ka.

B .rern6profi HraBe paccMorpeHbr oco6ennocru rpoBeAeHr.rfl CTM-u:rr,repeuufi

nerprpoBaHHbrx HlrreBuAHbrx HaHoKplrcrrurJroB GaP. HccreAoBaHbr ABe MeroAr,rKn nepeHoca HHK
Ha n.'ITb TLIIIOB IIpOBOArIqux no.UloxeK u O[peAeJIeHbI yCJIOBI,Ifl nOIyqeHI,Ifl BoclpO]I3BOAI,IMbIx

rouorpa$rEuecKr,rx nso6paxenufi. florasauo, rrro uarn6oree cra6unrrrue H3MepeHIm

Aocrurarorc . rrptr MexaHurrecroM rrepeHoce HIIK Ha Hr,rKeJreByro noAJroxry. Burueuo, .tto

orrruMrurrHbre napaMerprr ryHuenbHoro KoHTaKra cocraBJrflrorT-l} B upra roKe He 6oree 400 uA,
qro o6ecne.rr4Baer flonyqeHue cepufi us 6oree qervr 15 nocne,qoBareJrbHrx raao6paxenufi.

B nqroft rJraBe HccJreAoBaHbr crpyrTypHbre, orrrrrqecKr{e r{ BoJrHoBoAnHe csoficrea H}IK
GaP:Si u GaP:Be. flponegeuu r,r3MepeHus rranrpotfororuoMnHecrleHryt4 t4 BpeMeHLI xI{3H}I

ros6yxgeunrx cocroxuuft, qr{cJreHHoe MoAeJrLrpoBaHHe BoJrHoBoAHbrx MoA u CTM-JI
KaprlrpoBaHue. filt HHK GaP:Si saperumpupoBaHo cra6oe pacnpeger€HHoe Lr3JryqeHr{e,

cB.a3aHuoe [pelrMyrrlecrBeHHo c nprdMecHo-4e$erruuuu cocro.,rHr,rrMr,r. B HHK GaP:Be

o6napyxeubr JroKaJru3oBaHHbre o6racru uoeHueHHofi cBeruMocru, accoqprupoBaHHbre co

BcraBKaMr4 eropqurnoft $asu n AorroJrHlrreJrbHbrMu olrlrrrecKuMr,r flepexoAauu. llora:ano, qro

HHK GaP:Be Moxer BbrrroJrHrrb Syurqnro HaHoBoJrHoBoAa c MoHoJTETHo r,rHTerpEpoBaHHEIM

gJreKTpoynpaBir.rreMhrM r{crorrHuKoM rfiorouon, nos6yx4aenauna 3a cq€r Heynpyroro

TyHHenr4poBaHr4.,r 3neKTpoHoB.



Hayunan HoBrr3Ha Alrcceprarluousoft pa6oru 3aKrloqaercs B nonyqeum pflAa HoBbIx

pe3yn6TaroB, r,rMeroulux 3HaqeHr,re glr Susaru HaHocrpyKTyp Ia nanotporoHl{Kl{. Bnepnue

[poBeAeHbr CTM-JI uccne.{oBaHufl Macc}IBoB rroJlblx 3oJlorblx HaHoaHTeHH, I{3roroBJIeHHbIx

MeroAoM {err,r:rocexyuguofi la:epnofi neqarr,r, t4 npo.4eMoHcrplrpoBaHa 9JleKrpnqecKiul

nepecrpoftra cneKrpa r4x rr3nyqeHur. Bnepeue c HaHoMerpoBbIM paspellreHfleM IaccJIeAoBaHo

r,r3MeHeHI,Ie noxzurgrofi nJrorHocrr,r orITI,IqecKHx coctosHllfi rlpu n:anrraogefictrnu

SrursropacnoJroxeHHbrx rrJra3MoHHbrx pe3oHaropoa. Paspa6oraHa BoclpoH3BoAI'IMaJI MeroAI'IKa

CTM 14 CTM-JI usuepeuufi nerurpoBaHHbrx HI{K GaP rpr rounaurofi reMrleparype.

VcranosreHa cBr3b JIoK:urbHbIx MaKcI{MyMoB cBerlaMocrl4 GaP:Be c HiIJI}rq[eM BcraBoK

nrcpuurnoft t[asu ra npoAeMoHcrp]rpoBaHa Bo3MoxHocrb co3AaHLIs llcrotlHr{Ka $otonol,
r4HTerpprpoBaHHoro B rloJlyllpoBo.{nzKosHft HaHoBoJIHoBoA.

Teopern.recrcan 3HarruMocrb pa6oru cocrolaT B pa3BHTuIa npeAcrasleuuft o

nos6yxgeunu oflraqecKr{x cocroqHr4fi rrpu HeynpyroM TyHHenI4poBaHHI,I 3neKTpoHoB B

MeraJrJrr4qecKr,rx r4 rroJry[poBoAHkrKoBbrx HarrocrpyKTypax. florry.reHHble pe3ynbrarbl yrotlruIlor

BJrrlf,HHe [iIa3MoHHbIx pe3oHaHcoB, aorarsuofi [JIorHocrI,I onr]IqecKl{x coctosHl'Ifi vI

Kpucruuur,rqeclofi crpyKTyprr [oJry[poBoAHIrKa Ha sipserrurnocrb sMl{ccuu $oroHoB I'I3

TyHHeJrbHOrO KOHTaKTa.

Ilpanruuec1afl 3HaqrrMocrs pa6orbr onpeAenserc, AeMoHcrpaqneft AByx [oAxo.4oB K

co3AaHr{ro HaHopa3MepHbrx gneKTpoyflpaBJr.f,eMblx I,IcroqHI{KoB {oronon. I,IcnoargoeaHue

rrJrtt3MoHHbrx HaHoaHTeHH o6ecneqneaer yrrpaBneHlae crIeKTpoM E3JryqeHl4f,, a [p]rMeHesIae HHK

GaP 11oseon er coBMecrlrrb r{croqHr{x SoroHon u onruqecKufi naHoeorHoBoA B oAllofi crpyKType.

Paspa6oraHHrre MeroAHKlr flo.{roroercn o6parqoB LI [poBeAenus CTM-JI ueuepeuafi naoryr 6rmr

ucrroJrb3oBaHbr npu HccJreAoBaHI,In ,4pyrux [onylpoBoAHl.IKoBbtx HaHOCTpyKTyp.

PenouenAyercfl npo.4oJDKr{Tb r{ccJIeAoBaH}r, B HanpaBlteHlavt IIoBbIITIeHI,If, sHeuHefi

reaHTosofi s$r[errunnocrr{ TyHHeJrbHbrx. LrcroqHr.rKoB, onrl{M[rsalluu rcoMerpl.Iu nJIa3MoHHbIx

HaHoaHTeHH r,r stftfercruBHocrr,r BBoAa fi3rryqeltfl B BoJrHoBoAHbIe MoAbI. flepcletcraBHblM

flpeAcraBirrerc.f, Taxxe EepexoA or xoH$urypaqr{u c CTM-gonloM K Macllrra6upyeurrrr,t

rrJraHapHbrM TyHHeJrbHbrM crpyrrypaM, npvro.4HbrM.{nfl rrHTerpaqurl n SorouHue cxeMbl.

OrMeqas nucorrafi uayuuufi ypoBeHb pa6oru,, ee aKTyanbHocrb Lr Hayr{Hyro HoBI,I3Hy,

cneAyer BbrcKa3arb pflA BorrpocoB rr 3aMeqanuft:

1. B uase 2 (crp. 44), sHaveHus BK3 paccqaTrrBarorc, nyreM HopMr,rpoBKH orruqecKoro
cHrH:IJra Ha 3HaqeHru roKa o6parnoft cBrsra. Tarcoft noAxoA olpaBAaH, ecJrlr Lr3Mepreuuft

onruqecrufi clrrHrrrr crporo flponoprlr4oHrrrreH ToKy o6pa'rnoft cBs3[ vt He npoflBn er

AorroJrHr,rremnoft 3aB[cr,rMocrri or paccroflHar MexAy 3oHAoM u o6pasqou An, rrocro.fiHHoro

3HaqeHI,Ir rora. flponepflJrocb Jrrr raKoe rroBeAeHr,re gxcnepr{MeHramno? Kaxuru o6pasona upu

STOM UCKrrOqaeTC-S BKIaA TeMHOBrIX OTCqeTOB r{3 O[TI4qeCrOrO CUrnana?

2. B uane 3 (crp. 56) o6cyxaarorc.rr pelreroqHbre pe3oHaHcbr Maccr{Ba HaHoaHTeHH, Ho He

yKa3brBaeTc.,r Ar,rarra3oH yrnoB rraAeHra,s cBera AJr.f, u:rrrepeuuft FTIR e cpaBHeHr,rr4 c yrnaMlr c6opa

B ycraHoBKe CTM-JL Hsnecmro, qro raKr{e pe3oHaHcbr r4Meror cyruecrBeHHyro Ar{clepcrd}o, T.e.

3aBLrcI,IMocrb gHeprpu4 or yrna naAeHr4.,r cBera. Moxer npr pirHr{rla B gKcnepuMeHTaJrbHbrx

rontfurypaqusx o6rscH.{Tb ror $axr, uro B gKc[epr{MeHTax He yAanocb sadurcuponarr CTM-JI
cllrHaJr s 6ruxHeld HK AuanasoHe (crp. 65)? floreHqr{rurbHo, B ra3yqaeMbrx crpyKTypax Moryr
lorAepxr,rBarbc, peueroqHhre pe3oHaHcbr Bbrcrlux nopflAKoB B BH.qLrMoM Aprarra3oHe. Moxer rut

Bo3H[KHoBeHue (aHoMaJrbHoro) pexr,rMa CTM-JI (crp. 69) 6rrrr csqgaHo c aos6yx4eHr,reM

pelreTorrHbrx Mo,q BToporo [oprAKa c BoJrHoBhrMr,r BeKTopaMu, cooTBeTcTBy]orrIHMI{ reoMeTpI4I{



c6opa onrr,rqecKoro curnala? Karcosa ocHoBHaJr rrrrrore3a Bo3HHKHoBeHI,II (aHoMilJrbHoro)

pexrarraa?

3. B mane 4 (crp. 92) o6cyx,qaercr ((cJreA) Ha Ni uogloxxe, o6uapyxesusrft nocJle

nepeMerqeHns HFII( B Apyryro o6lacrr o6pasqa. IIeM o6rscH.f,Iorc, Heo6uqaftno 6onrurue

3HaqeHr,rs Bbrcorbr (cJreAD) (orono 30 nu npu o6rqeft Bblcore HI{K 150 uu), npegcraBJleHHble Ha

Puc. 37(r)?
4. B nrase 5 (crp. 112-113) o6cyxlanrc, pe3ynbrarrr LI3MepeHI,Ifi CTM-JI Ar.s GaP:Be H

GaP:Si HIIK u AeJraercfl BbrBoA o pa3nr,rqlrf,x B [pocrpaHcrBeHHoM pacnpe.4eneHllu orlTtlqecKoro

cvrHiula, cBfl3aHHblx c pa3iruqHbIMI,I MexaHI,I3MaML JIIoMI{HeoIIoHIII4I{. Ognaro, [3-3a

3HaqureJrbHrrx apre$arroe s CTM rouorpaQuu lr.fl GaP:Be HIIK cloxuo oueHHTb, HacKoJrbKo

cyqecrBeHHbr pa3nr{quq B npocrpaHcrBeHHbrx pacnpeAeneHl4rx c[rHaJlos. @arruqecKl{, Ha

o6ovtx rpa$r,rrax (6) u (a) na6lroAaercr r,r3JrfreHlre crrHaJla uo scefi AnlIHe HHK c JroKiuIbHbIMIr

r[rymauurrrar,r KoJrr4qecrBa orcrreroB. B rerccte raKxe yrloMuHaerc, (JroKaJrI{sosaHHHft s o6racru

Topua HHK czrnan CTM-JI or GaP:Be HHK) - ueo6xoAnMo rloflcHl{Tb, KaKafl oco6ennoctr

r{Meerc, B Br4Ay, nocKonbKy I,I3 rIpeAcraBJreHHbIx rpaSnron sro He oqeBlAHo.

5. B uoloxenuu 1 (crp. ll), an'rennu Hil3brBarorcnnapa6oll.latlecKl,IMu; oAHaJo B TeKcre

Ar,tcceprarlur,r peqb r,rAer o nolyc{epuqecroft reoMerpurr, Koropas B pacqertx oflHcblBaerc.fl

gnnr{rrcou.{oru. Ha crp. 28 BMecro repMrdHa (cBfl3aHHoe cocroflHl,Ie B KoHTI,IHyyMe) I,Icflonxyercs

HeKoppermHrrfi rcpuuu (cocroflHr,re, cBr3aHHoe c KoHTLIHyyMoM). flna a66penuarypbl JIHTS ne

rrpeAcraBJreHa [oJrHaJr pacrunt[poera. Ha HecKoJrbKLIx pucyHKtx orcyrcrBytor rIoAnI,IcI,I An,
BeJrr{rrr.rH, coorBeTcTByroq[x ocrM rur60 qneroBbrM rrrKaJrau rpasnron, Halpl{Mep,Puc. 17(s),

Puc. 19 (6, e), Pttc.49. Ha Puc. 4l lls, upeueuuofi ocr,r HercoppeKrHo yKa3aH6I eAI{HIIIIII (HM).

Ha crp. 103-104 repMr{H (BeKTop flofisrusra) ucnoJrb3yerc.u c oue.{amofi v c eArz.r.lat\aMla

r,r3MepeHr.r, <Br/u> BMecro <Br/u2>. B rercre [pr4cyrcrByer HecroJrbKo AoTIoJIHI{TeJIbHbIx

OIIEIIATOK.

YxasaHHrre 3aMeqaHr,r, He craB.,rr noA coMHeHHe .{ocroBepHocrb ocHoBHbIx pe3yJlbraroB

pr He cHprxam o6qeft noJloxllTeJlrsofi oqenru Alrccepralluonnofi pa6omt.

,{uccepraquoHHrur pa6ora CoroMouosa Huxraru Anencan4poBl{qa flpeAcraBnter co6oft

sanepurEHHoe HayqHo-KBanu$urcarluoHHoe rrccJre,4oBaHr{e, B KoropoM pemeHa aIcryuInbHUI 3aAaqa

uccJreAoBaHr,rfl gMlrccI,ru $orouor flprd HeynpyroM TyHHenI{poBaHilL grelcrpoHoB B

MerarrJrr4qecKr{x r4 noJryrrpoBoAHr{KoBbrx HaHocrpyKTypax. flory.reHHble pe3ynbrarhl o6la4aIor

uayuuofi uonusHofi u r,rMeror cyrqecrBeHHoe 3HaqeHr4e AJrfl tpnsnru KoHAeHcI{poBaHHoro

cocro.f,Hrlfl , Hano{orouurupt u EHTerpzlJrbHofi onroeneKTpoHI,IKI,I.

,{ocrooepuocrb pe3ynbraroB o6ecrequnaerc, [pr,rMeHeHr..reM KoMnJIeKca coBpeMeHHbIx

gKcnepuMeHTutrrbHhrx MeroAoB, conlacoBanHocrbro He3aBI,IcI,IMbIx I{3MepeHr{fi u couocrasJleHlreM
grcrrepr,rMeHTirJrbHbx AaHHrrx c pe3yn6TaraMr{ qr{cJreHHoro MoAennpoBaHufl. OcnosHHe

pe3yJrbrarbr pa6oru orry6luronaHbr B nrrt,r perleH3r,rpyeMbrx HafrHbrx I,BAaHI,I.flx I,I npeAcraBneHbl

Ha npoSumnrx HayqHrrx rconSepeHqarx. Arrope$epar coorBercrByer coAepxaHulo

Ar,rcceprarluu r{ orptD{€er eE ocHoeHbre noJroxeuufl. vr pe3yJrbrarbr.

,{uccepmquoHHa, pa6ora coorBercrByer rpe6onanusM fIoroxeHIaJI o rp[cyx,qeHl{I,I

yr6urx creneneft s C[6AY PAH nna. X. U. Antpepor4 rrpeAt.rrBJr.,reMbrM K KaHAI{AaroKI,IM

Aucceprarll,IrM, a eE aBrop, Cororr,roHoe HurrEra ArercaH4poBilq, 3acJryxnBaer rIpHcyx,(eHLLs

yuEHofi crefleHr,r KaH.4r4Aara Susuxo-uareMarurrecKux HayK no c[eq]raJrbHocrra 1.3.8 - 
11@s3s114

KOHAeHCT,TpOBaHHOTO COCTO.SHr,r.f, ).



O$uquamHsrft onnonenr, PhD uo

Susure, ne.4yrqnfi uayunuft corpyAHr,rK

Susauecroro Saryrrrera @egepamuoro

rocyAapcrBeHHoro aBToHoMHoto

o6pasonarerbHoro fryexreHr,r, Bbrclrrero

o6pasoeauur

<Haqaosalrnrrfi accleAosaremcKufi
yHraBepcvrer I,ITMO>

Bacv:rlait AH4peenu.r

.l$ "€Zrs'u- 2026 r

Mecro pa6oru: @e4epa;rruoe rocyAapcrBeHHoe aBToHoMHoe o6pasonareJlbHoe yqpexleHl,Ie
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Susuuecrcuft t[aryrrrer.
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