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o QraquanbHoro olrroHeHT a Ha Aucceprarlun Ha cor{cK anue y.reHofi creleHr{

Qeuroceryn4Hofi

QopruyrrEpyercf, Ilenb v ocHoBHbIe 3aAarru pa6oru, orrr.rcbrBaercfl, o6rerr u rpeAMer

I4CCneAOBaHI4fl' I,I3JIafaeTC.[ HayqHa, HOBH3Ha, TeOpeTLIqeCKa, V [paKTI,IqeCK€If,

3HaqlaMocrb Alaccepra\uv, Soprnrynupyrorc, nonoxeHur, BbrHocrrMbre Ha 3arrlrary,

onllcblBaeTcs cTeleHL AocToBepHocTr{ u anpo6aq[{ p$yJrbTaToB pa6orrr, a raKxe

rr{.rHHfi BKnaA aBTopa.

B nepnofi rJIaBe coAepxuTcr o6ruupHuft o6sop coBpeMeHHoro cocrorHntr

I{ccneAoBar,uit nenznefiso-onrlrrrecKr{x 83ar{MoAeitcrsufi QeurocexyH.qHoro
n€l3epHoro H3nyrleHu, c ra3oBbIMIa u KoHAeHCLtpOBaHHbIMLI cpeAaMH.
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KaHAI{Aara Q usnxo-MareMarurr ecKr{x HayK Jlrnoea Kupulla B s.re crasoBr{rra

Ha reMy <,,{uuauuKa Hocr.rrerefi 3apfl,Aa r{ reHeparlr{f, KorepeHTHoro Lrcny.l'eHnfl

SevrrocexyHAHblMr,r nuBepHbrMlr rroJrtrMr4 B rur3oBbrx u KoHAeHcr,rpoBaHHbrx cpeAax)

no cnerlu€rJrbHocrra 1.3. 19. Jla:epuax Snsura

,{ucceprarlr.toHHafl

r{ccneAoBaHLrro nelrEHefiuo-orrrLrqecKr{x 83ar{MoAei4c'tr,uir @euroceryHAHoro

pa6ora Jlreosa Kupznna Bs.recnaroBuqa flocBflrrleHa

niBepHoro u3ryqer^nfl, c rEBoBbrMu H KoHAeHcHpoBaHHbrMr{ cpeAaMu. I4syuarorcr

MexaHu3Mrr noe6yx4enufl, u ilvnauvrKra cBs3aHHbrx H cno6o4Hrrx

rtoA Aeficrnueu uHTeHcuBHoro n€BepHoro u3nf{eHu,

HocureJrefi, zaprga

AJII{TenbHocTH LI reHepaIILIf, u3JlyqeHus rapMoHI{K 14 CyIIepKoHTI{HyyMa np}I

pacnpocTpaHeH[kt TaKoro r.r3nyrreHlrf, B cpeAe. 3rz uccJreAoBaHLfl, KacaroTcf, KaK

Qyn4arvreHT€ulbHhlx acrIeKToB B3auMoAeitcrsus. n€BepHoro u3nyqeHkrfl, c BerrlecrBoM,

TaK U UMeIOT rIptMOe [paKTUqeCKOe [pUMeHeHUe B 3aAaqax [O yUpaBJreHr4rO

xapaKTepucTuKaMu feHepupyeMoro r,r3JD reHr.rfl, a TaKxe IIo

Ml{KpocrpyKrypl{poBaHulo noBepxHocrr{ u o6reua rBepAhrx reJr. Kpoue roro,
uHTepec [peAcraBJlf,er Susura B3auMoAeitcrsufl. c BerrlecrBoM na3epHoro Lr3ryrreHr.rfl

cpeAHero Iau$parpacHoro ALIaTI€BoHa, rITo raKxe orpaxeHo B Ar{cceprarlHoHHoM

uccneAoBaHuvr. B srofi cBf,3H aKTy€trrbHocrb nrr6pauHofi TeMbr He Bbr3hrBaer

couueuufi, a [onyqeHHble B Ar{cceprarlr{oHHoM r,rccneAoBa:HLrLr pe3ynbrarbr

rrpeAcTaBJr.rrroT HarrHyro u IIp aKTurrecKyro 3Haqr{ MocTb.

.{uccepralll4oHHa, pa6ora cocrolrr r43 BBeAeuut, 4 rJraB, 3aKflroqeHtrfl, Lt crrr{cKa

IIHrI{pyeMofi nureparypbl. Ilonsrrfi o6reu Ar{cceprarlr.ru cocraBnrer 126 crpanug,

BKJIIoU€u 28 pucyHKoB. Cuucox qurnpyeuofi Jrr,rreparypbr coAepxr{T 224

HAI,IMEHOBAIJI4fl,.

Bo sneAenvu o6ocHoBblBaercs aKTyurnbHocrr TeMbr r{ccneAoBanuit, npoBo.{LrM6rx B

paMKax 4aHHofi Al{ccepraqnonnofi pa6oru, vt crerreHb ee paspa6oraHHocrH,



Bo nropofi riraBe rrprrBoAlrrc, onucaHrae MeroAa lILIcJIeHHoro pacqera

pac[pocrpa*e*ufl, Jra3epHoro u3irytreHns, B neruHefinofi cpege, nos6yxAeHus, s Hefi

cno6oAHux Ho curenefi r apxga LI reHep a\r4t4 KorepeHTHoro I,I3nyqeHufl .

B rpemefi rJraBe pa:pa6arbrBaerc, ycoBepueHcrBoBaHHaf, MoAenb Ar,IHaMr{Kr{

cso6oAnHx Hocrarerefi sapr4a (EMRE), xoropaa 3a cqer BBeAeHufl B paccMorpeHue

AOIIOJIHLITeJIbHoTo yCpeAHeHHOrO ypoBH, sHepruu B 3OHe npoBoAuMocTI'I I{ 3aMeHbI

QenorvreuoJroruqecKr{x [apaMerpoB Ha aHutururrecKue paccqurblBaeMble BbIpaxeHLIr

c 6oree sHcoxofi creneHrro roqHocrra [pr{MeHr{Ma Anc r{ccJIeAoBaHVs, aoe6yx4euun

BerrlecTBa Jra3epHbrMlr r.rcrorrHr.rKaMr4 cpeAHefo unsparpacHofo Azana3oHa.

Anarus upyercf, BJrHqHr,re AucrrepcI,toHHoro cJraraeMoro yp aBHeHu.fl @ orrcepa-IlnaHrca

ua oco6eHHocru AuHaMr{K}r cso6oAHbrx Hocr,rrerefi sapfl,Aa I{ [poBoAt4Tcs. BHeApeHI{e

Ar{c[epcuoHHoro cnaraeMoro B MoAenr EMRE Ant yBeJlvrv,enkrfl. ee roqHocr[I [prl
coxpaHeHrru MzrJroro (no cpaBHeHr{ro c ypaBHeHr{eM @orrcepa-flnanr<a) BpeMeHI,I

srr.IucneHufi.

B uerneprofi ruraBe coAepxurcf, anaJrvt3 poJrr{ sHeruHefi Qoxycnpoaru B

rpancQopMarlurr crreKrpa cyrepKoHTrrHyyMa B cpeAe c aHoMErrrrnofi 4ncnepcuefi

rpynuonofi cKopocrrr u [peAnaraercf, MoAepHu3arlufl, Aracnepcr4oHHoro

cooTHoruelIufl, ollrcbrBaroulefo rroJroxeHue aHTHcToKcoBa Kpbrna crreKTpa

cyrrepKoHTHHyyMa, B cnyqae r{ oHr{3 arluoHHoro pexr4Ma p acnpocTp aHeHufl. Jra3epHoro

rr3nfreHr,rr. Ilpono4urc , anaJtu3 ycronufi Qasonoro cuHxpoHLr3Ma rrpu reHeparlurl

rapMoHHK s ra3osofi cpeAe c yrreroM ra3MeHeHuf, BoJrHoBofi paccrpofiru, nrrgsaHHofi

MoAyJrrrluefi unreHclrBHocrr{ Jra3epHoro Lr3ryr{ennfl, npv ero pacrpocrpaHeHr{[ B

rasosofi cpeAe. Kporrae roro, Ha ocHoBe Herrepryp6arznHofi reopuu orKJrrrKa aroMa

Ha Jra3epHoe rrone noJrlnreHo aHurr4Tr,tecKoe BbrpaxeHlre Anf, HenraHefisux

Bocnpur{Mqusocrefi uporr3BonbHoro nopf,AKa rasosofi cpeAbr, 3HarreHrre Koropbrx

neo6xoAuMo rrpr4 pacqere neruuefinofi uonxpv3aqiuu B MoAeffx pacnpocrpaHeHut

na3epHoro u3JrrreHr{r.

B 3aKrroqeHr-ru

r{ccJreAoBaIJIdfl..

cSoprrrynupoBaHEr ocHoBHEre pe3yJrrTarbr Ar.rcceprarruoHHoro

B paMKax ALlccepraquonHofi pa6oru ilolyrreH pflA pe3ynbraroB, 6esyclonHo

o6raAaroqux Hayuuofi noausHofi. llpe4noxeHa ycoBeprueHcrBoBaHHafl MoAenb

AI{HaMI{Ku cno6o4uux noczrenefi 3apfl,Aa (EMRE) B Ar{3JreKTpr,rKax v

lonylpoBoAHrrKax uoA AeficrBr{eM Jra3epHoro r{3nf{eHurfl, vr [poAeMoHcrpr,rpoBaHa

Heo6xoAnMocrb ee [pI4MeHeHHf, B cpeAHevr nnQpaKpacHoM Ar.ra[€BoHe AJrlrH BoJrH.

floryueHo aH€LIIHTrIrIecKoe BbrpaxeHr{e, rro3BoJlflrcqee paccqr4Tarb cMerrleHrre

KoporKoBolnosofi lpaHI{IIbI cneKTpa cy[epKoHTHHyyMa rrpu r.r3MeHeHr,rn xecrKocru



BHeIrrHefi Soxycrapoexn na3epHoro H3ryqeHr.rr. Ilpoanalr.r3r{poBaHbr ycJroBr{fl

Qasoaoro cI{HxpoHI{3Ma rpu reHeparlur,r rperbefi rapuoHr{Kr{ B rasosofi cpeAe c

freroM H3MeHeHI,Ifl paccrpofiru BoJrHoBbrx BeKTopoB ocHosHofi rracrorbr t4

rapMOHI{KH BCJIeACTBLIe MOAynf,III{II I4HTeHczBHocTH JI€BepHorO I{3JIrIeHI{, IIp]I ero

pacnpocrpalaeHLrut. Iloryreno aHalrurrnvecKoe BbrpaxeHr{e Arfl ueluHefiuofi

BoclprrrlMrruBocrLr [pou3BoJrbHoro [opf,AKa rasosofi cpeAbr.

.{ocronepHocrb u o6ocnoBaHHocrb rrpe.qcraBJreHHhrx B Arrcceprar\uv pe3yJrbraroB

floATBepx.(aercs ny6luraq LtsMLr B peIIeH3I{pyeMEIx BrrcoKopefirunronrrx HayrrHbrx

xypHarlax v ycnemnofi aupo6aquefi Ha Bcepoccuficrzx Lt MexAyHapoAHbrx

npoQrusnrrx roHQ epeHrllrfl x.

,{uccepraqzx <.{znaMrlKa HocLrreJreit zapxga Lr reHeparlr4f, KorepeHTHoro r{3nyrreHr.rt

Sel,rrocexyHAHblMu n€BepHbIMI4 rroJrrMu B r€l3oBbrx r{ KoHAeHcLrpoBaHHbIx cpeAax)

rlpeAcraBJlller co6ofi IIeJIocrHyro HayrrHyro pa6ory, BbrrroJrHeHHyro Ha BhrcoKoM

ypoBHe. Marepzalrt Auccepralluu r.r3JroxeHbr rroHf,THbrM HafrHbrM ,3brKoM kt

xopomo rpouJlnlocrpllpoBanrI. AsropeQepar n uolsofi Mepe orpaxaer coAepxaHr{e

Ar.rcceprarlrEousofi pa6oru

B xa.IecrBe 3aMerlasufi r Ar{cceprarlprr{ BbrAeJrro cJreAyrorrlue:

l. B p€BAeJIe 2.1 BbIBoAI{Tct MoAeJrb oAHoHalpaBJreHHoro pacnpocrpaHeHufl,

Jla3epHoro IrMrynbca (UPPE). 3ta MoAenb HcrroJrb3yer upn6lprxeHrre MeAJreHHo

ueHfioIqeficx aMrInHTyAbI. OAnaxo B TeKcre AucceprarlIlIE gro BaxHoe

Ao[yqeHr{e He [oArrepKuBaeTc.[.

2.8 pasgene 3.3 ycoBeplleHcrBoBaH*afl. MoAeJrb Ar{HaMr4Ku cso6oAHbrx Hocr{relefi

(EMRE) rpuMeHf,ercf, Anfl pacqera o6renrHofi rrJrorHocrrt oHeprr,rr{, repeAannofi

o6rerray KpeMHpIf, QerrarocexyHAHbrM Jr€BepHbrM r{3JrfreHr{eM. Ilpra groM

IloKtl3hlBaercf,, qro Qerr,rroceryH4nrrfi uMrryJrbc cuoco6en co3Aarb B 3JreKTpouHofi

rloAcucreMe raKylo tlJrorHocrb gHeprl,tLr, KoropEur rrpu A€rJrbueftruefi peJraKcarluu

nocurelefi npeBbIcI{T rlopor [JIaBJIeHrrr Kpr.rcr€rJrJrz.recrofi peruerKu KpeMHr{s.

I4urepecHo 6ulo 6u vccneAoBarb s$QerrunHocrb reHeparluu rapMoHr{K kr

cyrrepKoHTuHyyMa B cpeAe c rarofi creleHbro no:6yxgeHuf, Hocurelefi.

3. B reKcre pa6oru noA reHepr{pyeMbrM KorepeHTHbrM rr3f{eHlreM [oHuMaercf,

r3JlfreHue rapMoHrIK I{ Ll3ilf{eHrre cyrepKoHTr{HyyMa. O4narco cyrepKoHrnHyyM

o6la4aet uupoKI,IM c[eKTpoM, r{ cre[eHb ero KorepeHTHocru Moxer 3HaqureJrbHo

orJll{rlarbcf, or eAI{HrTIIrI. B pa:4erc 4.1 6ruro 6rr uoresHbrM yKiBarb creneHb

KOfepeHTHOCTr{ H3) raeMOrO CynepKoHTr4rryyMa.

J



4. B pasaerc 4.4 [puBoAf,rc.f, 3HarIeHu, HeJrr4HefiHofi BocrpuLrMr{prBocrrr 3-ro z 5-ro
rIopf,AKoB or AJII{HII BoJrHhr, paccqr4TaHHbre rro nolyrenHofi B pa6ore

aHaJII'IrLIrIecrofi Soprrayle. CleAoBano 6u cpaBHr{Tb AaHHbre 3HaqeHr4.f, c
H3BeCTHhrMr{ 9Kcrrepr{MeHT€urbHhrMr4 pe3ynbTaTaMr,r.

Buecre c reM, BhIcK€BaHHbIe 3aMevraHufl, He BJrrlf,ror ua o6qylo BbrcoKyro orIeHKy r{

3HarII4MocrE AI{ccepraIII4oHHoro HccneAoBaHufl,. [uccepraqun orBerraer
tpe6onanvtflM) ycraHoBneHHbIM MocxoscruM rocyAapcrBeHHhrM yH[BepcureroM

I{MOHI'I M.B. JlououocoBa K pa6orarta noAo6uoro po.{a. Co4epxaHue Ar.rcceprarlupr
coorBercrByer crequ€rJlbHocrr{ 1.3.19. Jlasepnar Qusura (no Qusuxo-
MareMaruqecKl4M Hayrcau), yAoBilerBoprer Kplrrepuf,M, onpeAeJreHHbrM nn.2.1 - 2.5
floloxerrlzfl. o [pl4cyxAeHnu freHErx creneHefi n MocxoBcKoM rocy.qapcrBeHHoM

yHI{BepcI{Tere LIMeHH M.B. JlouoHocona, a TaKxe oQoprvueHa couracgo
tpe6onaHz.aNd lloroxeHlu o coBere rro 3arrlr4Te Ar{ccepraqrafi Ha coucKaHr{e yreHofi
crerleHl{ KaHAI{Aara HayK, Ha coucKaHne yrenofi creleHl,t AoKTopa HayK

MocroscKoro rocyAapcrBeHHoro yHr.rBepcurera r{MeHz M.B. Jlouogocona.

Taxnu o6pasou, cqurato, rrro corlcKareJrb Jlraon Kupuru B.g.recflanoBlrrr

3acJlyxl{Baer flpucyxAeHlrrl yveuofi crerleHl{ KaHAr{Aara Su:uro-MareMar,r{ecKr.rx
HayK no cnerlu€rlrbHocrr{ 1.3.19. Jla.:epnax Qnszxa.

O$zqzanrHuft orrroHeHT:

AoKTop Su:zro-uareMarLrqecKrax HayK,

upoQeccop xa$eapu o6u1efi Qz:uru
Susuuecroro Qarcynbrera OfEOy BO

<<Mo croscrufi rccyAap crseHHrrfi yHr{Bep cr,rrer

I{MeHr{ M.B. Jlovronocona

MAHIIbI3OB Eopuc I4nanosu.r

( 18 ) ceHrq6ps 2024

KoHrarurhre AaHHbre:

r e n +7 (49 5)93 9 - | 4- 8 9, e-mai I : mantsy zov @phys. msu. ru,
c[eqI{EIJIbHocrb, rlo Koropofi oQzquELIIEHEIM orrnoHeHToM 3arrluqeHa Aucceprarlur:
01.04.05. Onrura.
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Andrey
Прямоугольник



A4pec Mecra pa6oru:

ll999l, r. MocrBa, yn. JleHrancrr{e ropbr, A. 1, c. 2, (DfEOy BO

<Mocroscrufi rocyAapctseHHsrfi yHr{Bepcurer }rMeHu M.B. JlouoHocoBa),

Quszuecrufi Qarylbrer, raQe4pa o6qefi Qu:zru
Ten.: +7 495 939 16 82; e-mail: info@physics.msu.ru

floAnucr AoKropa Qzsu

rpo$eccopa MaHrlbr3oBa

3aBepf,ro: 0e

u_y'Y-:, ceuu6px 2024 r.
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