
OT3bIB oQuqHa.nbHoro orrrroHeHTa

o Ancceprarlrru Ha corrcKaHr{e yudnofi crerreHrr KaHAnAara Qurnro-

MareMarr{ rrecKrrx HayK C rcpr6u na Hn rco.naq Hll rcoJraeBuqa

Ha reMy: <<S.nerueurbl JIHHefi so-onruqecrctlx KBaHToBbrx Bbrquc.neuufi Ha

o c H o Be r{ HTe f pa Jr b H o- o rI T I{ q ec K [r x q II II o B>>

ro crequaJrbHocru 1.3.19. JlarepHan Quruxa

fraccepraqrar Huxoraq Huxoraesu.ra Cxpx6rana <<3reueuru luuefiuo-

orITHqecKI4x KBaHToBbIx BbItII4cneHuitlaa ocHoBe r{HTefpilnbHo-orlTur{ecxux rrrrrloB))

rlocBflIIreHa upesnuuafiuo arcrya.nruofi TeMe conperraeuuofi Sorouuxu
TexHonorI4I,I LI3foroBJIeHI4, 3JreMeHToB An, QorouHux KBaHToBbrx KoMrrbrorepoB.

Axryanurocrb tlocrpoeHl4, KBaHToBbIx KoMrrbrorepoB, HaBepHoe, HV y Koro He

BbI3bIBaer coMHeHI,Ifl, H HMeHHo $oronnoe HarrpaBJreHr4e r4x pa3Br,rrr4fl - oAHo r43

caMblx [epc[eKTI4BHbIx c ror{Kt4 3peHl4q orHocnTeJrbHo HecJroxHofi rexuolofl4l4

I,I3foroBJIeulafl KJIK)qeBbIx KoMrIoHeHToB. IrlrraenHo HHTerpanbHo-orlTl4r{ecKlae r{r4rlbl

,BJITTOTCfl OAHTIM KJItOqeBbIMr4 3JreMeHTaMH TaKOfO KOMrrbrOTepa, [ocKonbKy

lo3Borqlor coxpaHqrb KBaHToByrc KorepeHTHocrb trpn KoMHarnofi TeMneparype.

TexHolorl4, H3roroBJIeHI4, tII{rroB Ha ocHoBe eyrr4KarHblx creKoJr c noMorrrblo

upriraofi na:epHoft 3ailr4cvr, qeMy rocBqrleHa Ar4ccepraur4, H.H. Cxpxlwua,

OTJIHIIAETC' OTHOCHTCJIbHOH npocrorofi ru6rocrlro, IIO3TOMy BCe

coorBercrBylolrlne na6oparopvtt Mr4pa ucrroJrb3yror ee Anfl, [pororr.r[t4poBa*Vfl

cxeM KBaHTOBbTX KOMIIbK)TepOB.

flo.noxeHua, BbIHocI.IMble Ha 3arrlHTy, r4cr{ep[brBaroqr4M o6paeou

o6ocHosaHrI uacrura6HblMl,I 3KcrrepnMeHT€rrrbHbrMu t4 Teoperr4rrecKlrMr,r

I4CCneAOB AHIJ.flMId OlTI4rreCKI{X tI I4frO B, r43tOTOBneHHbIX CaMI4M Xe AI4 CCepTaHTOM.

Hay.rurte BbIBoAbI Ir peKoMeHAarlr{H, cSopuynzpoBaHHbre B AHCcepra\vw,TaKxe

noJlHocrbro o6ocHoBaHbl I4 HanprMyro cneAyror H3 pe3ynbraroB, Koroprre 6ruz
lonyr{eHbl c IacrIoJIb3oBaHr4eM HaAexHbrx MeroAux. flocroBepHocrb r.r HoB[3Ha

pe3ynbraroB He BbI3bIBaer couuesufi w rroATBepxqaercfl ny6nnxaqvflv.Lr B

BblcoKopefirznrosrtx pelleH3rrpyeMbrx HayqHbrx xypH€Lrrax, a raKxe AoKnaAaMr4 Ha

TeMarr4qecKux r<on Sepeurrr4rx.



B ro xe BpeMr, ecrb pflA He[pr4Hrlr.r[[€ubHbrx 3aMeqaHr4ft no reKcry B

uaparpa$ax Ar4c cep rarJ:aLr,

1.2.4. Ha Pzc.1.3. orpaxeHre B cBeroAenr4reJre [por4cxorr4T trpvr

[IepeceqeHl4H cBeToM rloBepxHocTlr rrJracTr4HKVt43 Hee Bo BHe[rHroro cpeAy, To ecTb

npl4 rlepexoAe v3 cpeAbr c 6orsunu rroKa3areJreM rrpenoMneHr4{ B cpeAy c

MeHrITII,IM noKa3areJleM v yrBepxAaerc.fl, uro $aea rroJu MeHqercfl Ha rc.3ro ne

BepHo. Oua uesserc, Ha r rrpur o6paruorvr repexoAe (ras nos4yxa B rrJracrunxy).

1.4. Ilpannnrno orIHcaHbI ocHoBHbIe rprr apxr{TeKTypbr BoJrHoBoAoB,

co3AaBaeMblx cSorycupoBaHHblM [ytIKoM SerrarocexyHAHoro na3epa. OAnaxo

HeKoppeKrHo cKa3aHo co ccurxofi ua pa6ory 2000-ro roAa, qro B Kpr,rcr€Lnne

KBapIIa 6rtr gaul4caH BoJIHoBoA ((rro aHallofHr4 co creKiIaMH), xorf, aBTopbI s rofi

panuefi pa6ore raK kr noJlarzlrrr4. OAnaxo rro3xe 6frno ycraHoBJreHo, r{To B

KppIcr€LIIne KBapIIa [poHcxoAHT arraopQnaaqraa Kpr4crzlnnn.recxofi peurdrru c

yMeHbIrreHI4eM nnorHocru n o6racru Bo3AeficrsHq na3epHoro [yqKa, [o3ToMy

BOnHOBOA e rOfi pa6Ore 6Sll O6pa3oBaH v34a crpecca, HaBeAeHHoMy pflAOM C

o6racrrro sosAeficrnHs.

K npune4eunofi rnaccu$Hrarlur4 cneAyer go6anurr Hosrrfi noAKnacc

BonHoBoAoB c Aenpeccl4ponaHnofi o6orour<oft, o6pa:oraHnofi He MHoxecrBoM

TpeKoB, a oAHI4M TpeKoM, Ho LlMeroulnna Qopvry crrupanv c [raroM [opsAKa AnHHbr

BOJIHbI:
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1.4.1. Knaccu$vKarJkrr, pexr,rMoB nasepHofi 3ailr4cvt B KBapueBoM creKJre

rlpeAcraBneHa B HecKoJIbKo ycrapeBrrrHx Bo33peHrlrx. Ilpau4JrbHo orMer{eHo, rrro

Anq 3anl4cu rnaAKI4x rpeKoB c r43orponHbrM v3MeHeHaeM rroKa3areJu rpe6yrorca

se6olruu4e gHeprl4lz na3epHoro HMrrynbca (uevtroro [peBbrrxarorrlue 3Heprr4ro Ha

nopore rrao4uQlaxa\r4v trtarepzar), v AJrHTeJrbHocrb r4Mrrynbca, orpaHr4r{eHHa,



BeJII4tIHHofi npuvrepno 200 Qc. KoHer{Ho, 3Tor pexr4M 6omure Bcero }r r,rHTepecoBaJr

Ar4ccepraHTa rn, 3ailvcpt BonHoBoAoa. Ho orMeqy, qro B o6uerr,r cnyqae Arq ero

peanv3aqukr HeAocraroqHo ronbKo unoro$oroHHoro [orrouleHr4q, KaK

yrBepxAaer AI,IccepraHT. 3ro Moxer r4Merb Mecro Jrr4rub rrpu AJllrrenbHocrr4

HMnynbca Kopoqe 100 0., a rornoqeHr4e alexrpouuofi uasNaofi npu

nocne4yrotqefi rasLIHHofi voHn3ar1.r414 BcerAa r4Meer 3aMerHylo Aonro B

3HepfoBKnaAe B Marepu€ul [pr4 pe€LnbHo r4c[onb3yeMbrx AJrr,rrenbHocTrx r.r 3Hepfr4r4

na3epHoro rrMrrynbca.

[3] B. Rethfeld, "Free-electron generation in laser-irradiated dielectrics," Phys Rev

B Condens Matter Mater Phys, vol. 73, no. 3, 2006, doi:

1 0. 1 1 O3/PhysRevB.73.035 1 0 1.

[anee B Aucceprar\r4u HerIpaBI4nbHo yKa3aHo, r{To [pr4 rroBbr[reHrrr4 3Heprr4r4

I4Mnynbca 3a pexI,IMoM 1 cre4yer pexr4M 2, cooreercrByrcrquit olpazoBaHr4ro

HaHopeudrox. Tarc cqur€ulocb Ha paHHr4x cra1.vflx rrccneAoBartkrit lasepHofi 3ailvcv

B KBapTIeBOM CTeJre. cOUaCHO IOCneAHT M 3a 10 ner pe3ynbraraM

3KclepI4MeHT€LIIbHbIx rI TeoperuqecKrzx r4ccneAoBasuit o6pasonaHr4ro HaHopeurdrox

npeAruecrByer o6pasonaHze HaHorrop, a Anfl o6pa:onauur HaHopeuoroK

KJIroqeBbIM Saxropou f,BJIflercfl He 3Heprl4t (ro [pI,I npeBbrrueHlrH 3Heprr4r4,

neo6xoAzuofi Anfl o6pasonauua HaHorroJrocru), a AocraroqHoe KoJrr4r{ecrBo

I4Mrlynbcon, no:4eficrBytoq?Ix Ha oAHy I4 ry xe rrauxpo-o6Jracrb creKJra. To ecrr

HaHopeuorKr4 o6pa:yrorcq B pe3yJrbrare sBonrcqIz u attcatt6.[q HaHolop.
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334, Mar. 2016, doi: 1 0. I 002/lp or.201500272.
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glasses," Appl Phys A Mater Sci Process, vol. 124, no. 1, Jan. 2018, doi:
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[6] A.Rudenko, J.-P. Colombier, and T. E. Itina, "From random inhomogeneities to
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93, no. 7, p. 075427, 2016, doi: 10. I 103/PhysRevB.93 .075421 .



1.4.2. B o6:ope 3ailuct4I4HTerpilnbHo-orrrr4qecKr4x 3JreMeHToB cneAoBulJro 6lr

yl(a3aTb TI4n apxHTeKTypbI BonHoBoAoB, pIcfIoJIb3oBaHHbIx B otITI4rrecKI4X rII4naX Anr.

KBaHToBbIx BbIr{LIcr,euuit, trocKonbKy I43foroBneHze raKplx quloB 
- 3To oAHa v3

ocHoBHbrx 3aAaq Ar.{ccepTarlu[.

2.1. HexoppeKrHar Qpasa: (... BbrpaBHLrBaHHe yrnoB o6pa":qu. OuenH4uo,

r4Meercf, B Br,rAy BbrpaBHr4BaHWe opueHTarlzz o6pasqa.

Moqnocru o6paruoro orpaxeHr4q or{eBHAHo He <sa6moAaJracb)), a

AereKrupoB€LrracE Ha Soro4ereKrope @ A2.

OnHcaHnaq cxeMa [o3llllnoHprpoBaHr,rfl [eperqxKr4 na3epHoro [yqKa Ha

noBepxHocru o6pasqa pa6orocnoco6ua Jrlrlrrb, ecJu4 paccroqHue or

Qoxycupyrouefi JITIH3rI AI oo Qoro4Iao4a @[2 z Qte yKa3aHo B Ar4ccepraqrzu)

6ecroneqHo MHoro 6orlrrue, uerra $oxycHoe paccrorHr{e Jrr4H3br f. Ecnu 3To He

BbIrIoJIHeHo, To MaKcI4MyM cl4rHuura c Soro4rao4a coorBercrByer rroiroxeHr4ro

neperrxKr4 HaA noBepxHocrbro o6pa:qa Ha Bbrcore 7 - f2/(22), a He Ha

noBepxHocrl,r. Hanpravrep, Aaxe rrpv z : I m nonyquM, 'fio h:10 ruxu, uro

cocraBrqer 3aMerHyrc Benv-tvHy no cpaBHeHr4ro c [peArrolaraeruofi uy6unofi

3ZLIIefaHI4' BOIHOBOAa B IIOAIOXKe.

2.2. He yKa3aHo, .rervr o6ycJIoBJIeH nu6op KBaprleBoro creKJra 4ra na:epuofi

3auvcu orITI4rIecKHx trl4[oB. Haupuuep, [oqeMy He I,IcIroJIb3oBaJrocb

pac[pocrpaHeHHoe B orrvqecxoff nporrrbrrrrJreHHocrr4 creKno K8 (BK7 uo sana4nofi

xraccu$uxaquu)?

2.3. flo,teMy pacqer MoAoBoro cocraBa cAeJraH ToJrbKo Anfl KBaAparHbrx

noluono4oa?

2.4.2. HenonqrHo yrBepxAeHue:

((...HecMorpfl Ha ro, r{To qr4cJroBa, a[eprypa nnH3br AJ12 npeBbrrxaer

arleprypy BoJIHoBoAa, uzo6paxeHrre floABepraercq Hr43Kor{acrorHofi Srznrrpa\vLt
u3-3a orpaHl{qeHuofi sxoAHofi aleprypbr cHcreMbr Br43yaJrr43a\w.>> BeAr areprypa

cLIcTeMbI Bn3yann3a\r4v - 3To H ecrb areprypa JII4H3rI AII2. Mory rpeArronoxr4Tb,

qro upo6nervrsl c BlI3ytLIIH3arInefi cBq3aHbr c HcnoJrb3oBaHr4eM acQepuuecrofi

Jrr4H3br, a He cQepu.recrofi. AcQepuvecKaq Jrv*3a BHocr{T a6eppa\Lrur Anfl

BHeOCeBbTX [yqKOB, r4 frOsTOMy He fOAr,rrC{ Anfl nocrpoeHHq nso6paxeuufi.



Eruo 6rr unQopvrarunuefi rpeAcraBnrb 3neKTpoHHyro cxeMy

caMoAeJlbHoro ycrpoficrBa perr4crparryvt oAHoBpeMeHHoro npr4xoAa AByx $oroHon,
qeM ero Sororpa$uro.

3.1. r{eu o6ycnonneHa perr,rcrpa\Ltfl oArHorrHbrx (ue napuux) Qorouoo npu

I4c[onb3oBaHnu [apaMerpl{qecKoro npeo6pa:oBaHuq BToporo rvffra B Kpr4cranne B

KaxAoM KaHane - cHrH€LlbHoM 14 xoJrocrorra? HaupuMep, tgrAa r4cqe3aer xolocroff

Soron rtpu reHepaIIHI4 cr,rrHaJrbHoro, ecJrr4 oH rpe6yercr [pr4 BTopoM Tr4[e

cr4HxpoHr4srvla?

3.2.1. CnpaneAnuBo cKa3aHo, rrro pexr,rM 3ar,krcv BoJrHoBoAoB cneAyer

no46Iaparr plcxoA{ I43 Saxtu.recxu r4Meroulprxcf, arr[aparHbrx cpeAcrB B

la6oparopur,r. O4naKo AI,IccepraHT He npuBen pe3ynbraroB trccne goaauuit, [oLreMy

oH ocraHoBt4tcfl Ha KoHKperHo nrr6pauuoM pexr4Me.

llpra 3ar,vcLt rpeKa B pexr4Me rr.r[a 2 vMeer 3HarreHr4e HarrpaBneHr,re

lonrpll3alq:ar 3arTucbrBarcrqero [yrrKa. Ouo ue yKa3aHo.

3.2.4. (DororpaQzz nomrono4uofi crpyKrypbr w BbrrpaBrrpoBaHHbrx

y[IpaBnflolrlHx 3neKTpoAoB B t{I4ne TIJIOXO|O KarIeCTBa, He TIO3BOJIflIOUIefO

paccMoTpeTb HeKoTopbre EeTanv.

4.1. lloveuy 6ur I4crIoJIb3oBaH Seurrocexyn4nufi n€Bep Anfl HaKarrKr,r

xnanrosofi ToTIKI{, ecJII,I ero crreKTp cJrr,rrxKoM rurzpox? He nyqrue 611 6rrlo
LrcrroJrb3oBarb rronynpoBo4uuxonufi uunylrcusrfi Jra3ep, v [pI4 3ToM He

norpe6onilrocb 6u SnnrrpoBarb cuexrp?

Her noscHeHnfl, [or{eMy e xax4ufi KaH€ur orKJroHrJrocb rro 4 Soroua, a He rro

oAHOMy.

4.2.3. O6napyxeHa 3aBHcLIMocrb tlporycKaHuf, BoJrHoBoAa or my6Hnrr

3arrvoLr, Ho rrpr4 sToM He yKa3aHo, npr,rMeHrJracb npr KoppeKun, c$epnuecxofi

a6eppaqna. Haanyuurufi BonHoBoA 6rrrt nonyr{eH AJrfl uy6Hurr, Ha xoropofi

c$epuuecxax a6eppartr4fl, AoJrxHa 6srrr 3HarruTeJrssofi. B csqsa c 3Tr4M oc'rae'rcq

HeBblflcHennofi npuqklHa croJlb 6onrruofi orrrr.rMaJrbuofi rny6uHbr. He csssaHo Ar4

3TO C yBenUrIeHHeM pa3MepoB rrepeTflxKr4, KaK pe3ynbTaT [poqBneHr4t

cSepuuecxofi a6ep paquu?
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4.2.4. Ha uofi B3rnflA HeyAarIHo rIpHMeHeH TepMr4H (rrapulnneJrbHafl 3arrr4cb)).

3ro 6ulo 6u yuecrHo, ecJII4 6rr gan[cr 6ura [poBeAeHa oAHoBpeMeHHo lByMfl Ll

6onee [yr{KaMH.

4.3.2. BnAuno HerrpaBr,rnbHo yKa3aHa ccbrJrx a rua Puc.4.l0.

4.3.2. floveruy 6rtra rIpHMeHeHa croJrb ue6omruat rty6uHa 3anucu (15

uxna)? B upe4uAylrll4x naparpa$ax 6ura uafi4eua orrr4MaJrbHar rny6vua, v oHa

3Har{r4Teruuo 6olrure.

4.3.3. He rloHrrHo I,t3 TeKcra, qro o3Harraer BpeMq xra3Hlr oArrHorrHbrx

Soronon 150 nc?

5.1. HercoppeKrHo yKa3aHa ccbrrrKa na pa6ory [70]. B nefi acrr4rMarkrqHafl

QoxycupoBKa rIpHMeHeHa An, ynyqueHr4r acrreKTHoro orHorrr eHufl B ceqeHr4lr

TpeKa 3atTvev (npn6nvxeHwfl ero K eAunraqe). TorAa KaK Ar4ccepraHr rrpr4MeHr4n

3TOT MeTOA Anfl yBenHqeHH' pa3Mepa [epeTsxKr4 Blonb 3ailvtcv, r{To cnyxr4no An,
ynyqureHuf, rnaAKocru TpeKa (llp, 3ToM coBeprxeHHo crrpaBeAnlrBo yKa3aHa

ccbrrrKa [ 19].)

I-{enecoo6pa3Ho 6uro 6rr yxa:arb ccbrJrKy Ha pa6ory, B Koropofi nnepnue

6ulo [poBeAeHo cpaBHeH]Ie rnaAKocrr4 TpeKoB, 3aur4caHHbrx o6rrqsofi

curapoo6pasuofi neperaxxofi H JlplH3oo6pa:nofi reperqxKofi c yBerurreHHbrM

p€r3MepoM BAorrb rpeKa [A. G. Okhrimchuk, V. K. Mezentsev, H. Schmitz, M.

Dubov, and I. Bennion, "Cascaded nonlinear absorption of femtosecond laser pulses

in dielectrics," Laser Phys, vol. 19, no. 7, pp. 1415-1422(2009)1.

5.2. He yKa3aHo B xarofi r43 BoJrHoBoAoB 3aBoAr4nc, ryrroK npr4

I4ccJIeAoBaHvPt xoeSQuqHeHToB AeJIeHr4r. He xcno, 3aB:acflT lu xos$Sr4rlr.reHTbr

AeneHr{, oT Toro, B KaKoe nJreqo 3aBoIHTcq [yqoK.

Brraecre c reM, yKa3aHHbIe 3aMeqatufl. He yMansror 3Har{r{Mocrr4

AI,IccepraIIVoHHoro HccJreAoBalrlafl. [uccepragur. orBeqaer rpe6onauuxu,

ycraHoBneHHbIM MocxoecxuN,I rocyAapcrBeHHbrM yHHBepcureroM r4MeHV

M.B. JloruoHocoea K pa6orala no4o6uoro pola. Co4epxauue Ar4cceprarrnr,r

coorBercrByer cnequ€LllbHocru 1.3.19. JlasepHax Szsr,ma (.ro Sraswxo-

MareMarvr{ecKr4M uayxau), a raKxe Kpr4Tepl,rf,M, onpeAeneHHbrM rrr. 2.1-2.5

lloloxeul4fl o npI4cyxAeHI4I4 yqeHbrx creneuefi n MocxoscKoM rocyAapcrBeHHoM

yHI{BepcI4Tere I,IMOHI4 M.B. JlolaoHocosa. {racceprarlaoHHoe r4ccneAoBa:a:ze

6



oQoprvrneHo coruracno rpe6onaHurM floroxesllq o coBere rro 3arur,rre Araccepraqrafi

rra coHcKaHHe yuenofi cre[eHu KaHAuAara HayK, Ha coucKaHlae yveHofi creneHr4

AoKropa HayK Mocxoscxoro rocyAapcrBeHHoro yHraBepcrlTera r,rMeHr{

M.B. Jlorr,roHocosa.

Taxula o6pasoru, cor4cKarem Cxpr6nH Huxorafi HuronaeBr.rq 3acnyxlrBaer

[pltcyxAeHnfl, yueuofi crerreHr,r KaH1la4ara Su:uxo-naareMarr,rqecKux HayK rro

creqranbHocrr.r 1.3. 19. Jla:epHar SH:uxa.

O$uunansurrfi o[rroHeHT:

KaHlurar $u:-rraar. HayK,
Beayurufi uayuusrfi corpyAHr.rK,
Hayunufi ueHrp BonoKoHHofi onruxv kru. E.M. fluauoea,
@e4eparrHoe focyAapcrBeHHoe 6roAxerHoe yqpexAeHue HayKH @egepamnufi
llccJreAoBareJrbcKr.rfi rleHrp <l{ucruryr o6rqefi $u:uxn rarvr. A.M. Ilpoxopona
Poccuficrofi axaAenauu Hayp)
Oxprarra.ryK@

1U0512026

Kouraxrubre AaHHbre:

ren.: +7(916) 989-47-95, e-mail:
C nequar sHocrb, rro Koropofi oQraquulrrbHbrM orrrroHeHToM
3arrlHuleHa ArlccepTau},fl:
01.04.21 - Jlasepnar Quenxa

A4pec Mecra pa6oru:

ll999l, r. MocrBa, yJr. Banurosa, A. 38,
Vlrucruryr o6urefi $rEsnrH rarr,r. A.M. flpoxopona
HayvHufi ueHrp BoJroKoHHofi onrHxa vM. E.M.
Ten.: +7 (499) 503-87-34, e-mail: office@gpi.ru

floAnucr corpyAHr4Ka I4OO PAH
s.H.c. A.f . Oxpurvrvyra yAocroBeprK
I4.o. yuenoro ceKperaps I4OO PAH
4.0.-rra.H. fnyruxon B.B.

PAH,
fluanona.

il.0s tu2 e

Andrey
Прямоугольник

Andrey
Прямоугольник


