
3AKIIOI{EHZE IVICCEPTAIN4OHHO|O COBETA 24 .2,392.0 I,

co3AAHHOfO FIA BA3E OEAEpArrbHOfo focvAAPCTBEHHOfO

BIOAXETHO| O OBPA3OBATEIbHO| o vr{PExt AEIJJ{ Ifl
BbI CIIIE| O OBPA3OB AHI4'I

(CAPATOBCKI,N>THAI_U4OHAJIbI{bIIZVTCCTEAOBATEJIbCKTfrI

f o c y AAp c rB E HI{II it y tlztr'Ep c t ITE T t IM Erilr H. f . rIEP FIbI IIIEB c K of o ),

MI4HOBPHAYKZ POCCWI,

no lizrc cqp rAr_U4 vr HA c or4c KAHI TE yr{EHo tZ c rp [EHI4 KAHAZAATA

HAYK

arrecraul,IoHHoe .uero lYq

pelueHlre Allccepraul'Iouuofo coBera o't 02.12.2022 Ns 26

O fipLlcy.N1etutr Cropy6,reny Aurouy Bavec.laoonu'ry' fpzDKAarIuHy

Poccuficxoi Oe4epaqzz, yrenoft cTe11egu KaHAI{AaTa Qzsuro-ua'reuaTl,IqecKllx HayK.

[uccepragu'. <dlorryvenue v r{ccJreAoBanr.re QynrquoHaJrbHbrx norpu:ruft na

ocHoBe HarroyrJrepo.{Hbrx KoMlo3trros Arr CBr{ n cy6teparepuonoft uurposneKTpoul'IK}D)

no cfleqr.raJrbuocru 2.2.2. <<3lerrponnax KoMIToHeHTH€uI 6aza MuKpo- u

HaHooJreKrpoHrrxr4, KBaHToBrx ycrpoficrn> uprlHsTa K 3auILITe 16 centx6px 2022 r.

(npororcon 3aceAaHl4t J\b 20) ar,rccepraIII'IoHHbIM coBeroM 24.2.392.01, co3AaHHbrM Ha

6ase @|EOV BO <Caparoncrzft xaquonaarnrrfi ncc;reAosaremcx[fi rocygapcrneunrrfi

yHl4Bepclrrer I,IMeHLI H.f. r{epuuureBcKoro)) (@fEOy BO (Cfy I4MeHI4

H.f . r{epnuureacroro>>), Mrzno6pnayru P@, 410012, r. Caparon, yn. Actpaxancral, 83,

npr4Ka3 Mzuo6pnayxu Pocctttt o co3AaHIII4 AllccepralllloHHoro coBera or 15.02.2013

J\!75lnrc; [pI{Ka3LI o6 aguenenur cocraBa coBera or 15,12.2015 Ns 1598/Hr-9, ot

28.09.2016l\! 1180/nr-52,, or 15.02.2017 Ns 116/Hr-38, o't26.01'.2018 Ne 92lnr-50, or

17.04.2018Np43llnr-26,ot23.11.2018Ne301/Hr-66, or24.09.2019 Ns873/Ex-26;rpI{K€I3

o6 yc'rauoeleHr,ru rorrHoMoqzfi conera or 03.06.2021 J\b 561-nr (flpznoxerure 11597);

npnKa3 o6 rzgnaesenun cocraBa coBera or 15J02021 Ns 1046/HK-33.

Concxarenr Cropy6nen Anron Bs.{ecJIaBoBI4II, 1989 ro,qa poxAeHl{t, oKoHq[JI

@e4epalruoe rocyAapcrBeuuoe 6rOAxeruoe o6pasouareJlbHoe yqpeXAeHI,Ie BLIcuIerO

npo$ecczonaJlbHoro o6pa:oeauua <Capatoncxrzft rocyAapcTBeHurrft yHunepCutet



r4MeHIi H.f. gepuurueucxoro> s 2011 r. no cleqlIaJILIIocTI4 <<MeA Iluncras Qusnxu C

np14cBoeHHeM KBar14oI{KalIr4I'I (abI43I4K>.

,{uccepraqur [oAroroBJIeHa B rlepvoA o6yqeHrfl c 2017 no 2021 r' n

acnr4paHrype (DfEoy Bo (cfy rlMeHr.r H.f. r{epnnureacr<oro)) ro HarrpaBrleu ro

loAforoBKl4 KaApoB BElcrueft KB€uILI$z KaI11Ira 11.06.01 Slerrpouura, paAr4oTexHLIKa Lt

cr4creMLr cBr3[, HanpaBJreHHocrE (TBepAorenLHuuI gJIeKTpoHI,IKa, paAI'IosJIeKTpoHHbIe

KoMrroHeHrbr, Mr4Kpo- rr HaHooneKTpoHr{Ka, npr46opbl Ha KBaHToBbIX e0$errax)).

cupanxa o cAaHHLrx KaHArAarcKrlrx 3K3aMeHax Ns 44-2021 BbrAalra 24.05.2021 r.

@fBOy BO (Cfy urraeur.r H.f. gepnHurencroro>. Pa6oraer HaqaJIbHI,IKoM la6oparoputl

B noApasAenenrau HIIK- 12 I{IIII <3nexrpoHHbre clrcreMbl)), Arquonepnoe o6Iuecrso

<Hay.iuo-npoll3BoAcrBeHHoe [peAnpI'ItrI'Ie <Alvas>>, r. Capaton.

,{uccepmqur BbIIIoJIHeHa na raipe4pe (pu:uru rBepAoro rela $e4epalrnoro

rocy,qapcrBeHsoro 6rc.4xeruoro o6pa-roaaTeJl6rlofo 1n{pex4eHl4t BLlcuero o6pasoaanur

<Capa.roacxuft Har{uonrrJrbHrrfi uccne4onarenrcrnft rocyAapcrBeunrrft ynr'rnepcurer

r.rrraenu H.f . 9epnrtureecKoro)).

Hayuurrfi pyxoBoAlrre .fQapos Paszlr KgunuaSonl4q, AoKrop rexHI4tIecKLIX

nayx, npo(feccop, (DI.EOY BO (Cfy znrenn H.f' gepnHrueucrcoro>' r.' Capaton,

Zrvcruryr SusuKr,I, Ka$eApa Su:uxra rBepAoro reila, npo$eccop.

OQraqu aJIbHbIe orIrIoHeHTbI :

1. ApxnrroB AlencaHAp BunropoBuq, AoKrop Svtszxo-MareMarl4rrecKl4x HayK

(01.04.04), OfFOy BO <Canr<r-flerep6yprcxlrft rrorrr.rrexHllqecrr.rft ynurepcrErer lletpa

Be,ruroro> (r. Canxr-llerep6ypr); Brrcuraq rznxenepno-$Lrzr4vecKafl IIrKoJIa, npo$eccop;

2. TuvtoIxeHKoB Ceprefi IIerpoBI{q, AoKTop rexHl4r{ecKl4x HayK (05.27 .06),

yHr4BepcHrerrpoOeccop, OfAOy BO <HaUuoHaJrbHblfi I4ccneAoBareJIbcKI4fi

<MocxoscKuft r.rgcTn yT enerrponnoft TexHr,rKt4)) (r. Mocxna, r. 3ereuorpaA); raQe4pa

Mr4KpO3neKTpOHr4KVr,

ALrpeKrop,

AaJrI,I IIOJIOXfiTeJIbHbIe OT3bIBbI Ha AI4CCepTaIIIrrc.

BeAyrqas opraHrr3aq[s - @eAepalruoe rocyAapcTBeHHoe 6ro4xeuroe

o6pasorarelrHoe f{pex{AeHlre BErcurero o6pasoranur <Caparoncruft rocygapcrnennrrft

rpoOeccop; I4ucrraryr HaHo- vr MkI KpocLlcreMHofi TeXHI'IKI'I,



rexHr4irecKr,rft yunBepcl{rer I,IMeHI4 farapuna IO.A.> (r. Capator) B cBoeM

rroJloxr4 TeJTEH6M oT3LIBe, IroAIItt caHHoM Ifapenuu Bla4r.rclanOu Alerceenuueu,

' AoKropoM rexHlrrrecglix uayx (05.27.02), npoQeccoporu xa(pe4prr (3reKTpoHHbIe

npz6opu 14 ycrpoficrBa>, Mraporuxwenro Alerceeu lOpreenvelra AoKropoM

rexurzqecKrrx nayr (05.27.02), gaseAlrourr1na xa(feapofi (3neKTpoHHbIe rlpl{6opbl u

ycrpoicrBD yKa3aJra, trro Atlcceprarlns Cropy6neaa Anrona B.t'recrasonl4qa

npeAcraBJrser co6oft saeepureHuylo Hayiluo-raann$uraquoHlr)rc pa6ory, B Koropoft

npeACTaBJIeHbI TeOpeTUTIeCKLIe I,I 3KC[epUMeHTELIIbHbIe LICCJIeAOBaHI4'' CBS3aHHEIe C

pa3pa6orKof aBTo3MlrcctroHHrIX KaroAoB rr Hr4 3KogMIaccLIoHHEIx [oKpEITI'Ift AIIr

rrpuMeHeHl4t s KCY 3BfI. VquruBat aKTy€uIEHocrb l{3f{eHHoro Boflpoca, HayqHylo

HOBUr3Hy, [paKTI,IaIeCKyIO 3HaqI4MOCTB nOJrrreHHLIX pe3yJIETaTOB' LIX AOCTOBepHOCTb I4

o6ocgoBaHHocrb BbIBoAoB, MoxHo 3aKJIIoqI4 Tb, tITo AI'IccepraIII4oIrHaiI pa6ora

Cropy6neea A.B. <llonyr etLte Lr r{ccrreAoBaHr{e lpynrquonanrHblx [oKpBITIlft na ocnose

HaHoyrnepoAHbrx KoMlo3I,IToB Ars CBH u cy6teparepqonofi uurposneKrpoHzKlD)

orBer{aer rpe6oBaHrr{M rrrt. 9, 1 l, 13, 14 dlo:roxeulu o [pI4cy]KAeHI'IlI yqeHblx

creueneft>>, yrBepxAeHHoro [ocraHoBJleHr'Ierr.r llparzreJlrcrBa P@ ot 24.09.2013 r.

Ne842, a ee aBrop Cropy6nen A.B. sacnyxl,IBaer rIp[cyxAeHLIt yveHoft crereul4

KaHAr.IAara tf raauro-lrateuarl4qecK1rx HayK rlo c11equ€ul6gocru 2.2'2. (SneKTpoHHat

KOMTOHeHTHaq 6a-Sa rr,II.rXpO- r,r HaHogJIeKTpoHt4 KIl, KBaHTOBbIX yCrpOfiCrn>.

Coucxarelr ulreer 16 ouy6JIIjKoBaHHbIx pa6or, Bce n6 TeMe AI'IccepraIII4t4, o6qltu

o6relaou 8,951 n.n. (antopcxuft sKnaA 3,593 n.r.), lrs suxT crareir B pelleH3l{pyeMbx

HarrHErx xypH€rJrax, BxoAflqlx B crll4coK v3/ia:f,:ai4, peKOMeHAoBaHnUX BAK npu

Mrzuo6puayxr.r Poccrzra Arfr orry6lnxoaanr'rx ocHoBHbIx Ha) rHbIX pe3ynrraroB

.4r.t ccepraqzft (exmo-rar 4 crar:';u B xypururax, BxoAttrlux s 6a3rt SCOPUS uru Web of

Science), 7 pa6or B flpoqI,rx vr3qauvrfrx, BXoA.{Iqux e PZHIL noJrfleHo 2 r'are:ura ua

u:o6perenr.rx P@.

Har.r6oree 3HaqI4MbIe Hayqurle pa6oru rro reMe Al'Icceprallrr[:

1. Yafarov R. K., Storublev A. V. Stability of the Emission Characteristics of Thermal

and Cold-Field Cathodes Operating in a Vacuum. // Russian microelectronics.2021.

Vol. 50, No. 2. P. 102-107.



2. Yafarov R. K., Nefedov D. v., Storublev A. v. vacuum-plasma processes at

extreme field emission in diamond electron sources. ll lnrestiya of Saratov

University. New Series. Series: Physics,202l,vol.27, iss. l, P. 69-79'

3. Yafarov R. K., Storublev A. V. Durability of High-Current Field Sources of

Electrons Based on Nanocomposite Diamond-Graphite Film Structures // Russian

Microelectronics,2022, Vol. 5 l, No. 2, P. 54-58.

4. fopena T.A., 3onorHx A.H., Cropy6.neu A.B., lllanaeg fI.,{., Illecrepxr.rn B.I4.

CnoCO6 r43rOToBJIeHZrI KaToAHO-CeTOqHoro y3JIa C aBTO3MI4CCI{OHH6IM KaT6AOM'

flarent na uso6per:enlre RU 2713381 CI,05'02.2020.

Ha arropeSepar At4ccepral{ull lrocry[fiJlo 6 uonoxr'rtelrHblx 01361808:

rB HI4I4 Morexyn.spHofi ererrpoHr4Kr,r (MocKBa, 3eleuo;paa) or A.r.H. (05 .27.06)

Boxapena B.lI; krs HaqzoHaJlbHoro vrccnepoBareJlbcKoro

vlerl4ryr 3neKrpoHHofi rexuI4KI4) or A.S.-M.H. (05.27.0 I )

paAI4orexHrIKIz vr gneKrpoHI4KI4 I4M. B.A. KorelrHI4KoBa

npo$eccopa Koureleq B.lI.; ug Eauxupcxoro rocyAapcrBeuHol'o yullBepcr'rreta ot 4'Q.-

rrr.n. (01.04.04) npo$eccopa Eaxruguna P.3.; r,rs Vlxcruryta upo6neu toqHoi MexaHI'IKI'I t,t

ynpaBrreHnf, - o6oco6nenHoro crpyKr)?Horo roApa3AeneHr{Jl @I4I{ <capatoscrrft

nayuuuft qenrp PAH> or A.(p.-u.n. (05.13.18, 05.27.02) fxyuuua A'H'; ras AO

<flnyrou>, r. Mocxea, or K.r.H. (05.27.06) Xau6erosa I'I.(D.

B otgrleax c.IIeJIaHbI 3aMeqaullf :

o 3aMeTHoM pa36k1quu (n ryrlryro ctopony) MeXAy IInaEI'rpyeMbIM IIeJIeBbIM

napaMeTpoM rrJloTHoCTLI TOKa 9MLICCI4LI C eAI,IHLIIIbI [OBepXHOCTI4 KaTOAa I4 UOJTqeHHbIM

pe3yJrbraroM; o6 orcyrcrnnr.r B HraBe 4 aaropeQepaTa yKa3ltrvIe o pexlIMe pa6otrt

r{cToqHI4Ka 3IeKTpIZTIeCKOTO IIOJIT npI.I uclLITaHI4I',I gMLITTepa Ha AolroBeqHocTb; o

xeJrareJrbHocrr.r fipoBeAeur.u 6onee rouKoro auaJrv3a rIoJrfIeHH6Ix aBTOSMLI ccI{oHHbIx

xapaKTeprrcTr4K KaToAa c olpeAeneglleM BSJIIaqI,IHEI noTeHq[aJlruOro 6aprepa; o

xeJIaTeJrbHocTIt npeAcTaBJIeHI4t pe3yJIbTaToB SMI,ICCI4II KaTOAa TaKXe c xoopAutratofi

<Paguocrl rroreHllltaJroB); O XeJrareJlbHocrl4 [pOBeAeHI'It AOIOJIHI{TeJIEHOTO aHaiII43a

MexaHrr3Ma cBerregrrfl Toprla 9Mr4rrr4 pyrouleft a"rua:orpa(f u'rosoft urdHKIa rlplr ruIorHocrl4

yHr4Bepcl,ITera <MocxoBcKI4U

I4trsuqeBa 3.A., H3 VI:acrwryTa

PAH or A.$.-M.H. (01.04.04)

roKa 1000 Alcw/; o MeJTKOM rxpr4ste, ucrroJlb3yeMoM Ha MHofI4x pI'IcyHKax;



Brr6op o$lrqnalrnrrx o[[oHeHToB O6OCnosrrnaercr 6wrgruu cooTBeTCTBIleM

lpoBoAr,rMLrx r.IMZ I,TCCJTeAOSaHUfi reN{e AnccepTal$tl{, rx nlrcoroft xnannsuraqraei n

o6lacrz [ccJIeAoBaHI'It $uszvecxr'rx tr;rreuvrit, cBt3aHHbrx c $opuuponanueu

3ireKTpl4qecKoro rloJrt I'I I4CCJIeAOBaHVeM SMI4CCI4OHHOTO TOKa, B TOM ql1cJle rI3

yrnepoAHblx crpyKTyp, nosnonxrorqefi oIIeHI'ITb HaytIHyIo II llpaKTr4rlecKylo 3Haql'IMocrb

Ar4coepTaur4oHuoft pa6oTbr, flrrzpor<ofi r43BecTHOCTbIO I,I [pIl3HaHHbIMI',I AOCTZXeHI',ITMLI

cpeAr,r cneqtr€urr4cToB. Brr6op o$uquanrnrrx 6ITISH9HTOB O6'SXCnXerct', KpoMe Toro'

oTcyTcTBr,reM COBM99TH6IX [elIaTHbIX pa6OT C cOI4CKaTeJIeM. Brr6op BeAylqefi

opfaHr{3arlufi o6ocuoBblBaerct ee BbIcoKI',lM aBTOpIaTeroM cpeA[ Hayquo-

rrCcJreAOBaTeJrbCKLIx opfaHtl3api1, HAJILI4,ISM B KOJIJIeKTIase 6oIruOrO quc;1a I{3B9CTHrIX

cneUlIaJrr4CToB, pa6o:ratoulUx B Ha[paBJIeH[f,x, CBt3aHHbIX C TeMaTI4KOil EUACgqTAggla, a

raKxe orcyrcTBr.reM AoroBopH6rx orHorrr e]flr4il C colIcKaTeJIeM. Bu6op oabl4q[anLHblx

orrrroHeHToB v BeAyulei opraHl{3allvu yAoBneTBopteT KpI'ITepLItM' cQopMyI[poBaHHrIM B

fir. 22 u 24 aeftcrvyrorJlero (floJroxeHr4r o npvcyxAeHl4l4 yr{eHBIx CTeleHeiD oT 24

ceHrr6pt 2013 r. Ne 842.

COI,ICKATEJIEM I,ICCJIEAOBAHI4fi :

pa3pa6oTaH br o[3LrKO-TeXHOIOTT{qecKue MeTOAI4KL noJlyqeHl{t KoMIIO3LIUI4OHHbIX

rrJreHoqHbrx cTpyKryp, [peAcTaBnrrourTx co6oft rpa(bIrToBEIe MaTpuIIbI c BKIIOqeHI'UIMLI

aJlMa3H6Ix HaHoKpI{oTEIJIJII{ToB c pa3MepaMI'I or 5-10 HM do 100 tttvt v [JIorHocTbIo Ao

108 Crrl-2, I,IMeIOUIVx p€tgII,FIHrIe IIoBepxHOCTHbIe gneKTpo[pOBOAHOCTI4, AJIf, IIOJIeBbIx

rzcroalHr4KoB gJreKTpoHoB c rlJrorHocrblo [oJleBoro cBbIIIre 1000 A,/crta2, yAoBJIeTBoptIoEILI x

pa3Jrr4qHbrM cxeMOTeXHI4qeCKLIM 'rpe$OBaIIIIfM, BKJII9q€y1 IIOJIyISHI{g aTO9MI'ICCI4oHHrIX

BAX c 3aAaHHLIMI4 Kpyrl43Hoft' KpI'ITI'IqHocrbIo K I'I3MeHeH[Io yupaBnqloq[x

HarrprxeHl4ft, floporaMv HaqaJIa rloneBoft 9MLICCUU I'I MaKCI',IMaJIbHbIMI4

ABTOgMI,ICCPIOHHbIMI4 TOKTIMI'I;

noKa3aHo, qTo B3aI,IMocB'36 MeXAy IIoporoBbIMIz HaIIp'XeHHocTfMI.I IIoJIeBofi

SMVC9zU 3JIeKTpOHOB B cI-lJIbHbIX I'IMIIyJIrCH6IX gIeKTpI4qecKLlx noJltx MI',IKpOCeI(yHAHOfi

AIrr{TeJrrHocTLl I4 yAeJIbt{bIMIr [oBepxHocTHEIMI'I cofipoTLIB lIe:at4flMu anMa3orpaQliToBbD(

KoMnO3r4TOB O[ucbIBaeTCt 3aKOHOM OVra. MarCzM€UIbHLIe aBTO3MIIoCIIoHHEIe TOKI'I'

xapaKrepr{3yroqr4e rrepexoA oT pexr.rMa ycTofi.IfiBofi svlvrccuv K B3pbIBHOfi sMIIQCI',Iu'



3aBla}'l-t OT TTOBepXHOCTHOTO COnpOTnBJreHr,It yrnepoAHLrx IIJIeITOIIHbIX KOMITO3I4TOB rI

r.rMeror MaKcI,IMyM flpil olpeAeJIeHHLIx ero 3HaqeHllf,x. B nusrOol4urrx cTpyKTypax

ocHoBHbIM MeXaHII3MOM pa3pyIIIeHLIt IOJIeBLIX KaTOAOB IIpIi 3KCTpeMaJI6HbIX pe)KI',IMEX

oKcrrny arar\krkr sBJrfler afl, y [apHafl. vron:agaIJzr, B BbIcoKooMHbIX - s$Sexr 3zHepa;

ycTaHoBJreH pa3nHrrHbII4 xapaKrep BaKyyMHo-rIJIa3MeHHbIX npoueccoB,

Bo3ur{Karoqux [pr,r gKcrpeMaJnnoi noreeofi gMucclrr.r a a:rvasorpatf nroBbrx I4croqHl4Kax

3JreKTpoHoB. B cJrfrae Hu3KooMHbIX anMa3orpaQ[ToBbx crpyKTyp rtprltluHaMl{

uecra6unrnocrl,I napaMerpoB gMltccr{I,t Id pa3pyrrreulrfi. frBrfiercfl. Bo3IrI,IKHoBeHI4e Ha

Karo,{e ((cerKu) gJreKTporerlJlorrrx npo6oea, xapaKTepHLIX AJIf, ToHKlIx AlrsJIeKTpv qecKIl x

UOrprr:rraft flpu [pOTeKaHIaLI CKoI63.tIqerO IIOBepXHOCTHOTO 3IeKTpI{veCKOrO paSpr4a. B

BbrcoKooMHbrx cTpyKTypax ocHoBHbIM xapaKTepoM pat3pylueHllt B gKc'IpeM€UIbHbIX

pexr4Max gKcrrJryararllrr4 rBJrrerct 9po3r,r{ xaroAnofi qacrl,I [reHKLI. 3posr,rr o6ycloulena

asprrnuoft eir,rncczeft oJIeKTpoHoB c oMt4cctIoHHEIx IIeHTpoB rouuogtltnoi cTpyKTlpbl c

Bo3ur.rKnoBeHr.reu Sarenoa raroAnoft nragu I4 paclbrJreHlleu rpaiplrtorofi xounogenrrr

Marepr,rana KaroAa Ha aHoA LI B MeX9JIeKTpOAHBII{ npoMe)KyroK;

rrpeA.,'IorKeH nonrrfi Qr.rsnxo-rexnolornqecrzft fipoqecc florytleu[t

aHTrr3Mr{ccr4oHHbrx yfnepoAHblx [JIeHoqHbIx floKpLltttft c uosrrurennot pa6oroi

Bblxo,qa BToprrrrHbrx 3JreKTpoHoB n nngxoft cKopocrblo repMl{rlecKoro ocaxAeHus Ha

Hr4x aKrr,rBHbrx nprrMecHblx ro6asor MnK KCy MoIrIHbIx 3BlI CBII. lloxasano, vto

nJra3MeuHoe rproplrpoeanne rpa$utonogo6urx yrlepo4'urrx IIJIeHoK yBenl'rq[Baer

pa6ory BbIxoAa gJIeKTpoHoB, ToK c yupaBJl{rorqef ce'rxu c QropLIpoBaHHbIM yHrepoAHbIM

rroKpbrrr,reM yMeHBIIraerc{ 6oree, veu B IItrE pa3, no cpaBHeHl{rc c roKoM cemu tunosoft

KoHcrpyKrlrrrr KCV, no.nyrennsrfi upu crangaprnoft, tr.renrruefi B ABa pa3a, AJII{TeJILHocrrI

ucrt tranuia. flpra ogltnaronoft AJIureJrbHocrI{ ucurrrauufi, coorne'rcmyrorqefi

crau4apruoft AoJrfoBeqHocrra MIIK 3B|I CBr{, pa3nvtll{e B 9MI'IcczoHHErx roK€x

npeBbrrraeT oArrH rroprAoK.

:

AOKa3aHa BO3MOXHOCTE [OJrr{eHI'It C rrCrrOJrb3oBaHI4 eM Hl43Koenepreruvnofi

Mr4KpoBoJIHoBot nlagvru HI,I3Koro AaBJIeHLIt yrnepoAHbx rrfleHoqHbrx crpyKTyp c

pa3rzrrHErM coAepxaHl{eM rpa$uronofi fi MeJlKoKplrralluqecroft aluasnrrx Sas,

o6nagarorqux p€BruqHbrMLI snerrpotf r'rsuvecKuMlr csoictsalru l'I pa6oroft BbxoAa
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gJreKTpoHOB, KOTOpbIe MOryT 6EIT6 I,IoIIOJIE3OBaHrI AIs CO3AaHI'Ix IIOJIeBrIX I'ICTOqHUKOB

3JTeKTpOHOB C pa3JII4qHbIMI4 CXeMOTeXHLI qeCKLIMI{ XapaKTep[cTI',IKaMI',I' a TaKxe

KoJrJreKTopoB gJIeKrpoHoB II aHTLI9MLISSI{OHH6IX 11JIeH9qHEIX [oKpbITI4ft B KaToAHO-

ceroqHbrx y3nax MorrlHbrx SB|I CBr{ v cy6TepareplloBoro I.uaIJa3oHoB;

noKa3aHo,aITo'BcJIeAcTBIzepa3II4tIHbIxMexaHII3MoBreHepaIII4I.IvpaccevBaIlI4a

socurelefi 3ap'.$a B CLTJTLHbIX greKTp[qecKLrx noJUIX, [OJIeBbIe vcTotIHLIKLt SJIeKTpOHOB Ha

ocHoBe Hr.r3KoOMHbrx a.nlra:Orpa(pr.rToBblx cTpyKTyp, rro CpaBHeHUIO C BrICOKOOMHrIMI{'

r4MeroT BrICOKyTO KpyTI'r3Hy BAX, 6onee nusruft [opor Ha[pDKeHHOCTI4 norlS HaqaJIa

aBTo3Mr4CCI,Iu, a MaKcIIMa,.IEHHft aerogN{I,ICcuOnnUfi TOK AooTtlfaeTcfl rlpll n'renrUei

Harrpf,xeuHocrll gJIeKTpI'ItIecKoro trollt. ,,{uanason pa6ovrx HarrpllreHui'

o6ecne.{unarculii o finar<osrIfi MaKcIzM€uILHbIfi nonesoi To(' y BErcoKooMnbrx

r,rcroqHr.IKoB 3JIeKTpoHoB e pa3rr 6omue, qeM y HLI3KooMHbIx.

H3yqeHbI Qyn4arueHraJlbHble SusrauecKl4e SaxroPu v npoqeccbl,

qrpaHr4rrrrBaloulfie MaKcr,IMaJIbHyIo [JIorHocrL ToKa' Kpyrl{3ny BAX, cra6ulrnoctr n

AoI|oBetIHocTb[oJIeBbIXI4cToqHI4KoBgneKTpoHoB]J,aocHoBeKoM[o3I,ITHLIX

a.rrua:orpa$zroBblx nJIeHorrHbIx crpyKTyp;

flpeA,'roxeHr'l Qr'rsuxo-xrzuzqecKl'Ie MexaHI'I3MbI (pOpnrupouauur

aHTr4gMr4CCr4OHnsX cnOfiCrs yilIepOAHbIX norprrr1ti c 11JIa3MeHHEIlr $topzpOaanUeu

noBepxHocTlt;

noarBepx.uaeTcq reM. qro:

ooocnoeaHsr u parpaooranrr $raaraxo-rexHoflorllqecKze MeTOAI{KI{ CO3AaHI4'

cI4JrbHoToiIHbIx IIoJIeBbTX I,IcTotIHtl KoB SJIeKTpoHoB Ha ocuoBe anuasorpa0zronrrx

rrJreHoqHLIX cTpyKTyp, yAoBneTBoptrcqllrx pa3II{tIHbIM CxeMOTeXHI{qecKI'IM rpe6OaanUrU;

[oKa3aHo, qTo nara6olee BbIcoKaJr KpyTr,I3Ha aBTo9MI'ICCIITOHHLIX BAX,

o6ecneqlsalotUat [OBEIII]ennoe 6rrCrpO4efiCtn1e IOJISB6IX I4CTOqHI'IKOB 9JISK'I]pOHOB B

ycrpoftcrnax CBr{ n cy6reparepqoBoro AI4ana3oHoB' pe€ul'I3yerct B uoJleBbrx

IrcrorrHl,rKax gneKTpoHoB Ha ocHoBe anvagorpa0lrroBblx [JIeHorIHbIx KoM[o3I'IToB c

sucorofi rloBepxHocrHoi slexrponpoBoAHocrblo;

ycTaHoB.,'|eHaAoJIroBpeMeHHruIBoc[poI,I3BoAI,IMocTb9MI,IccI4oHH6IxxapaKTepI,IcTuK

[oJreBLrx r4cTorrHuKoB 3JreKTpoHoB Ha ocHoBe KoMrIo3rlTHbIX yDIepoAHbIX IIIeHOqHbIX



fiorpbrrr,rft c rrJrorHocrbro aBrogMr4ccaoHHoro roKa 6o:ree 1000 Alcm2 s Hecrarl[oHapHblx

TeMIIepaTypHo-BaKyyMHErx ycJroB'rrx 3KcruryaTarlrrl{;

rrpeAJroxen cnoco6 BoccrauoBJreuutlyttywteuu{ AoJrroBpeMennofi evraccuonnofi

cnoco6nocru a,-rlrasorpaQuroBbrx r.rcroqHr{KoB 3JreKTpoHoB uprr gKcnJryaralll4t4 co

cBepxBbrcoKr4Mr,r nJroruocrrMr4 roKoB B cocraBe MorrIHBrx 3BlI CBII nyrdna o6paruoro

ocax,qeur4r yrnepoAHof $a:lr, pacnru€ssoft c KaroAa Ha aHoA kr Apyrue 6nusrexarque

3JreKrpoAbr.

o6ocuonan n paspa6oran Qusr.rro-rexuoJroruqecxufi npoqecc rronyqeuut

aHTI,I3MI,rcclIoHHbrx yrJrepoAHbrx [JreHoqHErx fioKpbrruft c uosrrruennofi pa6oroft

BLIxoAa BTopr4qH6rx gJreKTpoHoB r,t nugxofi cKopocrbro repMlrqecKofo ocaxAeHur Ha

Hr4x aKrr,rBubrx [pr4MecHbrx 4o6arox MIIK KCy MorrIHBrx CBII ycrpofictn,

I4CnOJI63OBaHr.re KOTOpbTX [OBbIIUaeT AJII,ITeJI6HOCTb IlrX 9KCIIJTaTaTIUU 6Olee, qeM B TplI

pa3a.

pe3yJrbrarbr uccre4onauufi [cnoJrb3oBaHbr [pr.r BbrfloJrueHr.rr{ rpaHToB P@(DZ ]\!

19-38-90216 r.r PH(D Ns 16-19-10033, a'rarxe n yue6uou npoqecce rpu roAroroBre

6arararpor r.r Maxrzcrpor ra(pe4pu (lusr,rrr rBepAoro reJra Cfy r,rM. H.f .

r{epurunencroro.

:

A,'Ig gKcrreprrMeHTaJIbHbIx pa6or AocroBepHocrb pe3ynbraroB o6ec[eqeHa

lpI,IMeHeHr4 eM yrBep)KAeHHbx [por43BoAcrBeHHbrx MetoAt4i ra cepzftnux :rexuolrotzfi,

arrecroBaHuofo t4 3MepureJlrHoro o6opy4onauux, a raKx(e Bocnpou3BoAlrMocrbro

pe3ynbTaToB; rrpr,rMeHeur.reM conpenreunofi KoHTpoJrbHo ra3MepLITeJIbrIoi Lr

Al4arHocrrlrrecrofi annaparyprr, [poBeAeHIieM pa3rr4qHrrx flap€urJreJrbxbrx Mero,qoB

xapaKTepl4 3allar4 noryqeHHbrx MaTepv €IJroB I{ IlonrleHlteM HerrpoTr,rBopeqLrBbrx Apyr

Apyry pe3ynbraroB (arontro-ckrJroeofi v oneKTpouuofi MI4 KpocKorrr4vr,

peHrrenocrpyKrypHoro anaJru3a u xolr6r.traquouHoro paccefl:eurr cBera, Ap. lrero4oe),

o6pa6orra gKc[epr,rMeHT€urEulrx AaHHbrx npoBo,qunacb c rrcrroJrb3oBaHr,reM [porpaMMHol'o

o6ecneqeuuq rzcnonssyenrofi upu6opnoft 6asw u crartr crfirrecKr.rx MeroAoB na 3BM;

ycraHoB.,'reHbt KoJII4qecrBeHHbre rz KaqecrBeHHble coB[aAeHr,rf [oJIrIeHHbrx

pe3ynbTaToB C KJIaCCUTIeCKLIMLI [peACTaBIeHI,ISMI4 U Onl,igallvfrMvr IIOJIeBbx 9MI,ICCLIOHHEIX

npoqeccoB, 6asr,rpyrouqzxcr Ha reopr4lr @aynepa u HopAreftr"ra. llocrpoeuue (lusuro -



xr.rMr,rirecKr4x MoAeJIeft tIOJIyqeHI,It aHTI49MI4CCI,IOHHBIX nJIeHOqHbIX nOKpbITLIfi KCy

MotuHbrx cBr{ 3B|I [poBoAr4Jrocb c r{crroJrBoBaHraeM coBpeMeHHbIX [peACTaBJIeHI4i O

MexaHr,r3Max AI4IIOJIbHOi UOIqpV3aII[U 14 KOHAeHCaqULI TOHKI,IX IIJIeHOK I'r3 ra3OBOft oa3LI;

Ltcnoflb3oBaHbl C[eIII4 €IJILI3I4pOBaHHbIe [pOrpaMMHbIe [aKeTbI' BXOAtIque B COCTaB

npr{MeHreMofi r43Mepr{TeJrbHoft auuapa'ryprr I,I no3BoJrrroql4e c BbICOKOfi TOqHOCTbIO U

HaAexHocTbro KoHTpoJrr.rpoBaTb [poqecc c6opa AaHHbIX I4 I{x o6pa6oTKtr AJIr floJryqeHl4t

AOCrOBepHot r{HsOpMaIIlII{ o xapaKTepl4crlrKax I{ccJIeAyeMhIx crpyKTyp I{ rlpoqeccoB.

Jluquufi BKJTaA corrcKarerfl Bbrpa3urc-s B [poBeAeHI4I,I gKcrIepI4MeHT€uIbHLIx

vcclre1oBatnit, o6pa6orxe pe3ynrTaroB I,I3MepeHLIi, B rIpzMeHeHIlLI MoAeneft, aAeKBarHo

o[r.rcbrBaloqlrx pe3yJrbTaTEI 9Kc[ep]IMeHTOB, Lt AH:aIrI|I3e [Onr{eHH6IX pe3ynETaTOB.

3aururuaerrrue HayqHble noJloxeuv{ v pe3ynbrarbl npl{Ha,4nexar aBTopy'

Perylsrarlr [peAcraBJreHHblx B Ar4cceprarlrit4 r4ccJIeAoBaHI4f peKoMeHAoBaHbI K

ucloJrb3oBaHr4ro Ha flpeAnprfl'tur'ix 14 B opraHI,I3aIII4tx gneKTpoHHofi [poMbIIrueHHocrI'I

PO (AO (HI4}1M3)), r. MocKBa, r. 3eneuorpag, AO (HIIII (I'Icror>) uM. LLIoKTHO), r.

@pasuHo, Mocroscxat o6nacrr, Haqnoualurrrft ucclegouatenrcruft IIeH'lp

<Kypuarorcxrzft r.rnc'rzryr>, r. Mocrna, AO <llnytort), r. MocKBa, AO (HII|I <<Allra:>,

r. Caparor, AO (HIIII <Ca"nror>>, r. H. Hoaropo4);

B Bblcurllx yre6urrx 3aBeAeHLIrIx Mzno6puayrcz PO (@fAOy BO <Haquonalrsrrft

14ccJreAoBareJrtcrzft ynuaepcnrer <<Mocxoncruft lrHcr[Tyr enerrpounofi TexHI{KlI>'

r. 3enenorpa4, (DfAOy BO <Canrcr-Ilerep6yprcxuft no;ritrexgra.Iecrufi ynvrnepcrrer

flerpa Belzxoro>, f. Canr<r-lletep6ypr, OfAV BO <Mocxoscrraft rocyAapcrBeuHbli

yHr4Bepcr.rrer r,rrraenu M.B.JloMottocosa>, r. Mocxna, (DfEOy BO <Caparoncxuft

rocyAapcrBeHuufi texnzqecruft ynunepcltrer I{MeHu faraprzna IO.A.>),

B uncrzryrax PAH (I,Lrcrnryr o6lqeft tpusuxz urra. A.M. flpoxopona PAH,

r. Mocxea, OfEyH LIucruryr HaHorexHoJlorufi vlrrpoel KTpoHLIKI{ PAH, r. Mocrna,

I,Iucruryr npo6nev roqHof MexaHI'IKut I,I y[paBJIeHI4r PAH, r. Caparor,

Co4epxaHze Auccepraul{u yAoBnerBopter rpe6oBaHI'IrIM n.u.9-11,13,14

4eficrnyrorqero <lloloxenllf o IIp[cyXAeH[I4 yqeHblx creneuefil>, yTBepXAeHHoI'o

flocraHosreguev flpanureJlbcrBa Pocctzftcrofi @e4epaqun ot 24 ceuv6px 2013 t'

N0842, upe4ttBJIteMEIM K AI{ccepraIII4rIM Ha colzcKanze yrenoft cTeIIeHI'I KaHAI'IAaTa



Susuro-narevarr4qecKrrx HayK rro cfleqltaJrbHocru 2.2.2. <<3rertponnax KoMIIoHeHTHaUI

6a-ra uurpo- r.r HauogireKTpoHLrKr,r, KBaHToBbIx yctpoftcrn>.

B xoAe 3arrlr4Trr Ar4cceprar\trr4 6stu BLrcK,BaHbr cneAyloql4 e KpLITIltvecKLIe

3aMer{aHrir o neo6xoguvocrz: a) noscHurb rloHrrl{e rroBhrrrreHgoro napq[aJlbHoro

raBretvs. asora, 6) [poKoMMeHTr.rpoBarb, KaK na6ruo4anncr KaroAHLIe Qarelrr npra

rrJrorHocrr{ or6opa roKa c floBepxHocrrr KaroAa oxono 1000 Ncv2, n) yKa3arl BoJIbr-

aMnepHbre xapaKTeprrcrlrKll, rIoJIfreHHbIe B KaroAHo-cerorIHBIx ysnax, r) fiof,cnt4Tb

xapaKTepHbre pa3Mepbr gKcleprzMeuTaulrurlx MaKeroB rr ]IccJIe,{yeMLrx o6pa:qor, a rou

r{rzcre fioBrrzrBrrrrre Ha pacv€r rrJrorHocrt4 or6npaenroro 'rora, 4) o6rscnurr rIoHtrI,Ie

cKoJlL3rUIerO sneKTpUqeCKOrO pa3prAa, KOTOp6TM Onr{CbrBaeTCr pe3yJrbrar 9KcIIepI,IMeHTa

c Hr43KooMHbrM o6pasqorrl

Cozcrarelr Cropy6nen A.B. ornerun Ha 3aMeqaHLIt, coAepxaqfiect B or3blBax

re4yrqefi oprarrr3ar\uu, o$uquanruux oflfioueuroB r,r or3EIBax na anropetpepar, na

3aAaBaeMbre eMy B xoAe 3ace1anufl. Borrpocbl z Aar neo6xoAI,IMbIe uoxcnenrx: 1) o

noryrrenrir4 rrrrorHocrz roKa c rroBepxHocrr.r KaroAa 1000 A/crra2; 2) pexznre pa6orEl

t4 crorlHr.{Ka nvra*vl B 9Kc[epI,rMeHTe c AoJrroBeqnocrblo aBToraroAa; 3) o6

zcrroJlL3oBaHr4rr KoopAlrHarbr (pa3HocTb noreHllr.raJroB>; 4) o uexaul,I3Me cBeqeHllt B

BaKyyMHoM 3a3ope MexAy KaroAoM r.r aHoAoM qpI,I BblcoKofi nloutocrrz tora

aBTogMr,rccrrr4; 5) o6 ncxnroveHlr4 eMrocrHoro roKa fiplr [MrryJrrcnblx pexuM€Ix pa6orbl

afl[aparypbr; 6) o no:lroxn ocru ar.arflrza nropSo:rorun liccrelyevux o6pasqoa MeroAaMI,I

ACM c rroMorrlrro 3oHAa c Ar.raMerpoM 10 uu; 7) 3aBrzcr,rMocrl,I TeMrlepar)?6l cerorrHoro

oJreKrpoAa or MorrlHocr[, BbrAeJreHHoft na n€v; 8) pasnuvnofi KpyrIl3ne BAX n

3aBucr4Mocrri or conporr4 BJreHLrrr nccJreAyevoro o6pa:qa; 9) o $oprrayne, zcnonroyeuoft

npu pacuere AJruTeJrbHocTr, gKcrrepr{MeHTa c Hr43Ko3Mr4 cc[oHHbrMI4 nOrcputuxlrlz; 10)

noHrrr4r.r rroBLrrrreHHoe napqlr€urbHoe AaBJreHr,re, r4cIIoJrL3oBaHHOnt A pa6ore; 1 I ) o

rro.rBJreHr,r[ KaroAHbrx $axenon npu srrcoroi [JIorHocrI,I ot6upaeuoro roKa c

noBepxHocrr4 KaroAa; 12) reonrerpwrecK[x pa3Mepax MaKera AJIf, 14 crrrlTaHuir; 13) o

'troll'''tr4r4 cKoJrb3{rr{efo SIeKTpt4 qecKoro pa3prAa Ha rroBepxHocTll aBTO9MLICCZOHHbIX

o6pasqon.

,{rzccepraqux C'ropy6nena A.B. coAepNI,Ir peIueHI,Ie arryalrsoft 3aAaqr rto

yJr).{rxeHvro xaparreplrcrnK sJreKTpoHHsrx ycrpoicrB Mr{KpogJIeKTpoHI{KII (noleorx
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ucroqHr4KoB gJreKTpoHoB lI KaTOAHo-CeTOIIHEIX y3JIoB rI3AeJIuft cBtI 14 Cy6TeparcpIIoBOrO

Ar,ra[a3oHoB AJrIH BOJIH CpeAHeft LI BbICOKOft MOIUHOCTLI) I{ rlo coBepueHcTBOBaHI{IO

TexHoJrorul4 Lrx [porr3BoAcTBa.

Ha race4aur.ru 02 pra6p9. 2022 roXa A1lcceprallfioHnrrfi coset 11puHsI pelIeHLIe

npucyAr4rb Ctopy6neny A.B. yrenyro creleub KagAraAara $usnxo-uateuarliqecKlD( HayK

ro cleqrr€urbHocru 2.2.2. <3nexrponnar KoMnoHeHTHtlJI 6a\a MLIKpO- vl

HaHOgJreKTpOHr4Kr4, KBaHTOBbTX yCtpOfi Cre>.

flpu npore4enuu rafisoro rorocoBant.rs Al,rcceprarltloHtmrfi coser B KoJILIqecrBe 24

ireroBeKa (23 ve.nonex H€xoAr{rcs B Mecre npoBeAeHzfi 3aceqanurs., 1 qenoner yqacrBoBEUI

B 3aceAaHr4 r.r coBera B yAaneHHoM I,IHTepaxrI,IBHoM pexLIMe), I{3 HIlx 9 4orropon no

crierlr4aJrbHocru 2.2.2. <<3lexrponnax KoMIoHeHTH€ur 6asa rr,rurpo- LI HaHogJIeKTpoHI{KIlI,

KBaHToBLIx yc'rpoficrn>, fIacrBoBaBIrrI4 x B 3aceAaHnvl, vr3 30 venonex, BxoAtulrx B

cocraB coBera, rrporoJlocoBaJl: sa24, [porl4B - Her, Bo3AepxaBIIrt4 xct - Her.

llpe4ceAarenb

Ar4CCepTaUr4OHHOfO COBeTa

V, o. yrreHoro ceKperapfl,

Ar4CCepTarIr4OHHOfO COBera

02 aexa6pr 2022 r.

Banepufi Mr,rxafrrosu.r

KoBa la;r.ulE.aLlsalg'osna
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