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o6pa:onaHur v HayKI4 Poccuficrofi (De4epaqzz Ha

Ar{cceprarllroHHyro pa6ory Cropy6nena AHrona Bs.recraBoBuqa <<|loty'reHze vr

rlccJreAoBaHvre QynxqzoHaJrbHbrx norpurufi Ha ocHoBe HaHoyrnepoAHblx

KoMrro3r4ToB AJrf, CBrI u cyftepareprleBofi unrcpoeneKTpoHLIKLI)), ilpe,qcraBneHHylo

Ha co[cKaHl{e yrenofi crerreHra KaHAuAara Qusrarco-vrareMarl{rlecKllx HayK rlo
cnequ€LnbHocrlr 2.2.2 <SnercrpoHHar KoMrIoHeHTHafl, 6aza MLIKpo- v
HaHo3JreKTpoHrrKrr, KBaHToBbIx ycrpofi crB).

[ucceptaqzoHHar pa6ora Cropy6nena Asrona Bx.recraBoBrlrla rIocBf,IIIeHa

coBeprrreHcTBoBaHr4ro TexHoJrofr4r4 npor{3BoAcTBa u yJlyquleHl4ro xapaKTepLIcTI4K

LICTOIIHLIKOB 9NEKTPOHOB LI KATOAHO-CCTOIIHbIX Y3JIOB YCTPOfiCTN CBII L1

cy6repareplleBoro AI{a[€L3oHoB cpeAHeft z nrrcoxoft tuoulHocrll.
B uocleAHLre roAbr npz6oprr BaKyyMHofi vruxponorHosofi gneKTpoHLIKLI Bce

Iuupe [pLrMeHf,K)Tcr Bo MHofLrx oTpacn.flx HayKI4 ]I TexHI4KpI, yoKopf.fl HayqHO-

TexHLrqecrzft nporpecc. flo.{Tr{ Bo Bcex rexHLrqecKLT pa3BZTbIX crpaHax BeAyrctr

pa6orrr lto ocBoeHlrro HoBoro KoporKoBoJrHoBoro A]IarIa3oHa gJIeKTpoMarHI4THbIX

rone6aHuit - AuanasoHa repareplleBblx AIIIH BoJIH.

flpn6opu CBrI n cy6repareplleBoro

npu6opon Bo3HLrKaer upo6lenra paspa6orKr4 HcrorIHI{KoB gneKTpoHoB c rpe6yervrurr,rra

IIapaMeTpaMLI vr XapaKTepI4CTuKaMvI, trPZ STOM IIepCneKTHBHbIM HaIIpaBJIeHLTeM LIX

paspa6orKlr f BJl.lercf, rIpI{MeHeHI{e aBTooMHccLI oHHbIX KaroAoB (A3K).
CosAaHze upu6opon earyyrr,trofi eJreKrpoHLIKLI CBq n cy6repareplleBoro

Ar{a[€BoHa c 6egnaKulrrbHbrMra AOK rBflrerc.s aKTy€ulbHofi. sa4a.refi, paano KaK I,1

coBeprxeHcrBoBaHLre cyqecrByroulux r<oncrpyrqzfi KaroAHo-cerorIHbIX y3noB

(KCy), BbrrroJrHeHHbrx c npHMeHeHr{eM MeraJrJro-nopl4crblx KaroAoB (MIIK).
I4nrepec r< AOK o6ycnonleH HaJrLrqLreM TaKLrx oco6enHoctefi, KaK MrHoBeHHoe

BpeMfl roroBHocruT, orcyrcrBlle HaKaJIa, BbIcoK€uI rlJlorHocrb roKa, a rarcKe 6onrurag
KpyTr,r3Ha BoJlbT-aMuepHofi XapaKTepyraTkrKu. O4naro, BHeApeHue A3K
cAepxr{Baercr psAoM $ar<ropoa, caMbrMr4 BarKHIIMI vr3 Koropblx tBJIflIorcf,

HeAocrarorrH€ur HaAex{Hocrb r4 AonroBeqHocrb. PeureHurevr Aannofi npo6leuu Mo)Ker

npuMeHeHl{e KaK B Ha3eMHbIX, TaK Lr B

ycrpofrcrnax, Anfl lo.aBzrraIJvrv, paAuonoKar\vrvr

AI4arruBoHoB HaxoAtr Ixl{poKoe
KOCMZTIECKLIX PAAUOTEXHI4IICCKLIX
n cBf,3kr. llpn co3AaHLII,I TaKLIX



cTaTb IIp?IMeHeHLre yfnepoAHbrx MaTepHaJroB, B ocHoBe KoTopbrx Jre)KrrT

€LrlMa3orpaQzronufi KoMrro3rrr, o6ra4aron\vfi nosrrueHHofi ycrofivznocm K

aruocQepu, a rarcKe o6ecne.rzearoqufi
B 3IeKTpI4rreCKLIX TIOJI'X IIOBbIIUeHHOT4

HarlprxeHHocrlr. Buecre c reM, BapbprpoBanue napaMerpaMra [oJryqeHltg

pacnbrJreHlrro LroHaMLr ocraro.rHofi
cra6umnoe QyHrqzoHrrpoBaHue

€urM€BorpaQzronrx KoMrro3r4ToB rro3BoJrrer c?rHTe3r4poBarb crpyKTypbr c

noesrureHHofr pa6oroft BbrxoAa, Koropbre Moryr 6rrm nplrMeHeHbr B KaqecrBe
HLr3KogMI4ccr4oHHbrx or<prrrzfi cerorrHbrx 3JreMeHTon KCV.

Tarzu o6pasovt, TeMa nccJleAoBaHLrfl Cropy6nena A.B., HanpaBneHHafl Ha

coBeprueHcTBoBaHr{e TexHoJroft'rl4 rrpor43BoAcTBa kr yn)qrueH?re xapaKTep}rcTr{K
rroJreBbrx LTcTorrHLlKoB sJreKTpoHoB u KaroAHo-ceToqHbrx y3noB gneKTpoBaKyyMHbrx

npz6opoe (3BlI) CBr{ v cy6repareprleBoro Akrana3oHoB cpe4Hefi v nsrcorofi
MolqHocrv\ flBrrflercr a KTyar b HoR.

Hayvnan HoBrr3Ha Ar4cceprarlzonnofi pa6oru. B xoAe BbrroJrHeHz-s

uccJreAoB a:nuit co LrcKare JreM noJrlqe Hbr HoBbre BaxHbre p e3ynbrarbr :

1. VcraHoBJIeHbr Qarcroprr r4 npoqecchr, orpaHLrruBarou{ue MaKcLrMErrrbHyro

IIJIOTHOCTb TOKa, CTaOI{JIbHOCTb LI AOIfOBeqHOCTb IIOJIeBbIX I'ICTOTIHI{KOB SneKTpOHOB

Ha ocHoBe KoMrro3rrrHbrx aJrMa3orpaSuronrrx [reHorrHbrx crpyKTyp.
2. Bneprrre o[peAeJreHbr rexHoJrorrrqecKr,re Bo3Mo)KHocrLT co3AaHrr-rr

CIIJIbHOTOHHbIX IIOJI€BbIX ZCTOTIHITIKOB SneKTpOHOB Ha OCHOBO TOHKOIIJI€HOqHbIX

rInaHapHo-TopIIeBbIx aJrMa3orpa$zronbrx crpyKTyp, yAoBrerBop.flrorrlr4x pa3nLrqHbrM

cxeMorexHkTqecKr4M rpe6onaHz.au.
3. llorasaHo, rITo A3K Ha ocHoBe Hr{3KooMHbrx urrrMur3orpaQuroBbrx crpyKTyp,

no cpaBHeHI{Io c BbrcoKooMHbrMLr, r{MeK)T BbrcoKyro Kpyrrz3Hy BAX, 6olee Hragrzft
rlopor Harrp-rrxeHHocTkt tloJr.rr Haqalra aBToswLrccvrr4, a MaKczMtrJrrnufi
aBTogMrrccrEoHHrrfi ToK AocrLlraercr npr,r MeHbruefi Haupr]r{eHHocrr4 gneKTprrqecKoro

IIoJI_fl.

4. YcranoBJIeHo Brrulfllr^ue rrJra3MeHHoro QropLrpoBaHLrA yrnepoAHsrx norprrrzfi
HA 3MI4CCLIOHHVIO cIIocooHocTb ynpaBn_srouux ceqoK 3BlI cKopocrb

QopvrnpoBaHr4s, Ha HLIX nosofi $a:rr u3 TepMr{qecKr4 pacnbrJreHHbrx aKTuBHhrx

upzuecefi MIIK. llora:aHo, qro ALrnoJrbHaf, rroJrrpLr3arlr4f, yrnepoAHbrx noxprrrzfi,
ocaxAeHHbIX Ha yrrpaBJuroqve cerKu Morr{Hbrx CBH 3BfI, yBe[r,rqr4Baer pa6ory
BbIXoAa gneKTpoHoB, rrro rro3BoJrfler B p€r3br yBenr4rrlrrb AonroBerrHocrb SB|L

[ocronepHocrb rIonyreHHbIX pe3ynbraroB u o6ocHosaHHocrb HayqHbrx
rro JrolreHzfi , etrrn oAoB 14 p eKoMeHA a\uit n oATBepxAarorcr :

- KoppeKTsofi rocraHoeKofi H perueHr4eM paccMarpuBaeMbrx 3aAaq, rpavrornoft
o 6p a6 orrc ofi. u auawr3 oM oKcrrepkr M eHT€LrrbHbrx AaHHbrx ;

-cofJlacoBaHHocTbIo lonyqeHHbrx TeopeTr{qecKI4x u 3KcrreplrMeHTaJrbHbrx
pe3ynbTaToB;

-LIcIroJIb3oBaHLIeM anpo6upoBaHHbrx MeroAoB lrccJreAoBaHvrs, r4 arrecrosaHHofi
annaparypbr.

flparcruvecKaq 3HarrrrMocrb, rlenHocrb tr pearlr3arluq pe3ynbraroB
pa6oru.

1. Paspa6oraHu HoBbre HayrrHo-TexHrrrrecKr{e perxeHr4rr, yryrrrxarcque
sMrrcclzloHHble u 3KcnJIyaraIILIoHHbIe XapaKTepvIcTLIKkI MoIIIHbIX SB|I CBr{ kr



cy6TepareplleBoro AI4arI€BoHoB. B qacrHocrLr, Lrctrbrra:nr4fl Ha AoJrroBpeMeHHyro
Bocnpoll3BoAlIMocrb xapaKTepLIcrI{K clrJrbHoroqHbrx rroJreBbrx €rrrMa3orpa$zronrrx
KaroAoB rIpI4 LI3MeHeHuvr BaKyyMa B Ar,rana3oHe or 9.10-6 lla 4o 0,1 lla u anapzftHrru
oTKlIoqeHLIeM Hecra6zll,I3uIpoBaHHoro nr,rrarorlero HanpDKeHLrr cyuuapHofi
AJIkITeJIbHocrbIo cBbIIue 13,5 qacoB rroKa3€Lrrn, qro uonesofi ToK r'BMeHf,Jrc[ B

rlpeAen€Ix or 6 Ao 8 iuA, rITo cocraBJurer oKoJro 25%o npu cpe4nefi rrJrorHocrkT

rorcoor6opa 1,3.1 03 A/cvr2.

2. llpe4loxeH cnoco6 BoccraHoBJreHLr-f, evrzccuonnofi cnoco6Hocru
aJlMa3orpaQzronux A3K npl{ AonroBpeMeHHofi erculyararl vr co cBepxBbrcoKr4Mr4

rIJIorHocr{MrI ToKoB uyr€rvr o6parHoro oca)KAeHr{r yurepoAnofi Qarrr, pacnsrl€HHofi
c A3K Ha aHoA vr Apyrtre 6rusrexarqlre oJreKrpoAbr.

3. Paspa6orana rexHoJrorr4qecKas MeroALrKa nonrreHLr.{ yrnepoAHoro
aHTIagMI4ccLIoHHoro ceroqHoro rroKpbrrus KCY 3BlI, o6ecnequBarorlar yBenvrreHr4e
pa6orrr BbIXoAa gneKTpoHoB, rrro rro3BoJrrer yBenr{rrzrr KlI.{, AoJrroBeqHocrb r{

KaqecrB o ynp aBJreHr{r 3 JreKTpoHHbrMLr rr oro KaMr{ Mo rrlHbrx 38 lI.
flpaxruuecKa-f, IIeHHocrb pa6oru npeAcraBJr-rrer r4Hrepec Anr rrpeAnpuxrufi. u

HarrHo-I4ccJIeAoBaTeJIbCKLIX LTHCTI4TyTOB, 3aHkrMarOrIUXC-f, LICCJIeAOBaHI,lflMI,{ V

paspa6orrcofi npu6opoB BaKyyMHofi CBII 3neKrpoHzr<n. Pegynbrarbr Moryr 6um
peKoMeHAoBaHbI K rlcrloJrb3oBaHnro B cneAyroulrlx opraHusarJkrflx: AO (HlIlI
<AnNlas) (r. Caparon), AO (HlIlI <<I4cror zu. llloxuHa>> (r. @prszHo), AO (HlIlI
<Toprafi> (r. Mocrna), Ao (HlIlI <KoHraxr> (r. Caparon), @fEyH (I4P3 zu. B.A.
KorerrHuKoBa PAH) (r. Mocrcna), (DfByH (O[fl] I'4fIo^ PAH) (r. Hnx:nuir
Honropo4) u tp.

flo MarepLIaJIaM AucceprarJLrvr ouy6nuroBaHo 16 pa6or, B ToM rrrrcJre 3
pa6oru B vrs4a:rtuflx. peKoMeHAyeMbrx BAK, 4 pa6orrr, BKJrrorreHHbre B 6azrt
SCOPUS znz Web of Science, 7 pa6or B npoqzx u31aHvrflx, BxoArrqux n PZIII-{,
loJryqeHo 2 narerrra ua zso6pereHzs P@.

Pesynmarrr, npeAcraBJIeHHhIe B Atrcceprar\ur4, 6rtrvt ucrroJrb3oBaHbr rrpvr
BbIrIoJIHeHuLr rpaHros P(D@LI J\b19-38-90216 u PH@ J\bl6-19-10033, a rarcKe B

yre6HoIr,r [poqecce rpz noAroroBKe 6arcaranpoB Lr Marr{crpos ra$e4pH <<QusLrKa

rBepAoro reJrD) Cfy rrMeHLr H.f. 9epHbrrrreBcKoro.

Marepual ALIcceprallvru rt3rroxeH crvrrwrcrl{qecKlr rpaMorHo, B coorBercrBlrr4
c rpe6onaHr4flMvr, rrpeAbtrBn.aeMblM K KaHALTAaTcKZM ALrcceprarlr4rM. AnropeQepar
AOCTaTOqHO rrOJrHO OTp DKaer C OAeplKaHr4e Ar,rc ceprarlr{oHHofi p a6 oru.

llpe4craureHHar pa6ora He JrvrrreHa HeKo opbrx HeAocrarKoB.
1. B rnase 3 Ha pucyHKe 3.2 rtpvtneAeHbr aBTo3MrrccLroHHbre BoJrbr-aMnepHbre

xapaKTepurcrvIKvI, cHtrhle 4rx o6pasrloB c (Hrz3KzM)) Lr (BbrcoKt4M) colporr.IBJreHr{eM.
Tax 4lr o6pasqa c ((Hrr3KLIM)) conporr{BJreH[enr BAX r4Meer .rrpKo nupaxeHnrrfi
3KcrloHeHqzalsnrrfi xapaKTep, To Arrfl o6pasqa c (BbrcoKLrM) co[porrrBJreHlreM
oqeBLrAHo cLIJIbHOe OTKJTOHeHTIe OT 3KCTIOHeHTbI. HO C qeM 3TO CB_'I3aHO He

IOBOpT4TC_rr.



TeMrrepaTypHo-BaKyyMHbIX ycJloBl4ffx,

aBTO3Mkr CCLTOHHbTX [apaMeTpOB.
AeMOHCTpI4pyrOqaJI CTaOUJIbHocrb

2. LIs raHQoprrrarJkrv, rpvBeAeHHofi B pa3AeJre 3.3 ne Ao KoHIIa rloHtrHo, KaK

Moxer 6rrtr o6ecue.reta cta6urbHocrb / eocrpoz3BoAllMocrb roKoB gKcrpeManrnoil

uoresofi sunccvrL1 ecJrur B xoAe ee nporeKaHlltr llMeer Mecro pacrlblneHLIe

rpaQuronofi Sasrr, Koropa.rr ocyrqecrBrrfl.er rroABoA sneKrpoHoB K oMLIccLIoHHbIM

rIeHTpaM.

3. B pa3Aene 4.1 npr aHaJru3e Brrvrfl:nvrfl. ocraro.{Hofi ariuocQeprr Ha

aBTooMlrccLroHHbre xapaKTepLrcrurKvr A3K AeJlaerc.fl rrpeArlonoxeHlle, lITo

yBenurleHI4e llopofa HaIJ.aJIa S:l..{vIccvn v cHLDKeHI4e aBTOSMLTCCI4OHHO|O TOKa

rBJrrroTc.[ cneAcTBLreM yBenuqeHLrr rroBepxHocTHofo colpoTnBlreHvrfl. svrraccuonHofi

crpyKTypbr, Bbr3BaHHoro 6ou6ap4upoar<ofi BbrcoKooHeprerurlHblMll LIoHaMLI a3ora c

o6pasonaHr{eM HLrrp?rAoB yrnepoAa. llpu oroM B cneAyrorleM pa3AeJIe rpllBoAllrc.tr

BAX [ocJre ucn:stra:rruit €rJrMa3orpa$uronoro A3K B HecraquoHapHblx

4. B ra6nuqe 5.1 pa3Aena 5.2 npuyeAeHbr r,rcrrbrrareJrbHhre peIftIMbI ro
TeMneparype KaroAa vr Anr4TeJrbHocrr4 pa6our KCy, npz srI4x reMneparypax

KaroAa. Vrcaganrr pa3nlrqHbre reMrreparypHble pe)KLIMbI KaroAa or 950 ao 1200 "C.
VIs ra6rurlbr cJreAyer, rrro KaroA B cocraBe KCy pa6oran ilplr pa3HbIX reMneparypax
Lr An?rTeJrbHocT.rrx BbrAepxKlr rrpr4 3Tr4x TeMnepaTypax B npeAeJlax cyMMapHofo

BpeMeHrz Ka)KAoro orarra ucuuranufi. B pa:4ene 5.3 Ha pvc.5.11 upe4craBJleHa

3aBr,rcLrMocrb roKa cerKlr or AJrlrreJrbHocrr4 pa6oru KaroAa B cocraBe KCV. llpz
3ToM ne o6rscH.rrercr KaK paccqI4TbrB€uracb .qJrr4TenbHocrb pa6oru KaroAa B cocraBe

KCy Ha KaxnoM 3Tarre vcrrbrraH?rit uutorosas
OAnarco orMerreHHble He.4ocrarKLr He

3HarrLrMocTb rrpoBeAeHHofo LrccJleAoBaHvrfl. rI He

pa6orrr.

,,{zccepraqux Cropy6nena A.B. Ha concKaHLre y.1eHofi crerleHu Kalr4vl4uta

Qzsutrco-rvrareMarLrqecKlrx HayK <<flolyveHrze vr LrccJIeAoBaHr4e SyHxqnoH€ulbHblx
uorpurufi Ha ocHoBe HaHoyrnepoAHbrx KoMrro3r4roB Am CBII z cy6reparepqenofi
Mr4Kpo3JreKTpoHr4Krl)) .rrBJrrercr HayqHo-Knanu$zrcaqzonnofi pa6orofi, B rcoropofi

coAepx(r.rTcfl perxeHr,re aKTy€rJrbHbrx HayqHo-TexHr4rrecKr4x npo6leu, cBg3aHHbIX c

paspa6orroft A3K Lr oMLrccuoHHbrx roKpbrrr{ir, gw, npLIMeHeHvrfl, B KCy 3BlI. B
pa6ore Lr3JroxeHbr HoBbre HayrHo o6ocnoeaHHbre reoperl4rlecKlle paspa6orrz,
I4MeIOUIUe CyUIeCTBeHHOe 3HarreHze Antr pZt3BLrTI"{fl. 3IeKTpOHHOLI TeXHI{K?I CTpaHbr.

Teua Ar4cceprarllrr4 coorBercrByer cnerlr{aJrbHocrl'I 2.2.2 <SnexrpolnHas

KoMrroHeHTHas. 6asa MraKpo- n HaHo3neKTpoHI{KLI, KBaHToBbIx ycrpoficrn>.
Anrope$epar Aprcceprar\prkr coorBercrByer ee coAepxaHl4rc, 14 BKlroqaer Bce

HarrHbre rroJlo)KeHLrfl, a TaKxe ocHoBHbIe BbrBoAbI 14 pe3ynbraTbl.

OcHosrrea.f,cr Ha aKTyaJrbHocrr4 rrocraBJrenHofi 3a4a.v.vr, AocroBepHocrla vt

o6ocHosaHHocrlr pe3ynbraroB, a raKxe Ha npraBeAenHofi [paKTllqecrofi 3HarII4MocrI4

r{ HoBLr3He, MOXTHO CAeJraTb BbIBOA, qTO Ar,rCCepTarIUs COOTBeTCTByeT rpe6OnaHnlV

.rlJrzre JrbHo crb lrcrlbl r auuia.

yMeHbruaror HayqHo-TexHl4qecKyro

CHI4X(AIOT NOJIOXI4TENbHYIO OUCHKY

n.n. 9,11, 13, 14 <dlono)KeHklr o rpucylr(AeHtrr4 yqeHbIX crenenefi> (yrnepxAeHo



rIocraHoBJIeHI4eM llpanurerbcrBa Pocczficr<ofi @e4eparJur4 J\lb 842 or 24 ceHrr6px
2013 r.), upe4r.lBJIteMbIX K KaHALIAaTcKLTM ALTcceprarJvrflM, a ee aBrop Cropy6nen
Anros B.fl.recraeoBLTq 3acJry)Kr4Baer rrpvcy)KAelrrufl, y.reHofi crerreHr4 KaHAriAara

Qnsuro-vrareMarurrecKr4x HayK rro cnequarrbHocrr4 2.2.2 <3lexrpoHHafl.
KoMrroHeHTH€rfl 6asa vrur<po- Lr HaHogneKTpoHLrKr4, KBaHToBbrx ycrpoficrn>>.
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Orgrrs o6cyx4en v yreepx4€H Ha 3ace4aHvru r<aSe4pu <SnerrpoHHbre
npz6opu z ycrpoficrBD) nporoKoJr J\b 9 or <<02>> Hox6pr 2022 r.

floAulrcn Bratucrar,a Arexceesz.ra
MzporuHlrrreHKo 3aBeprrc

Y.IeHHfi ceKperapr V.reHoro coBera
C|TY LrMeHLr farapzHa IO.A.,
A. KynbTypoJroflrpl, AorIeHT
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H. B. Tzueuxo


