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o$raqnanbHoro orrroHeHTa o Alrccepraquonnofi

TexHLrKkr v\ B qacTHocTr{,

rrpeAorrpeAen{roT BbrcoKyro BOCTpe0OBaHHOCTb

pa6ore @e4opona I4eaHa
Cepreenuua <<Paspa6orrca ocHoB TexHoJrorr{rr QopvrupoBaHilq sJreKTpoAoB

TOHKOTIJTeHOTTHOTO JIITTHH-rIOHHOrO aKKyMyJrqTOpa MeTOAOM MafHeTpOHHOTO

pacrlblJreHrlq>, npeAoTaBreHuoft Ha cor{cKaHlre yueuofi crerreHr,r-Ka:r4r4ryta Sr,rsuxo-
MareMarl{rrecK}rx HayK no cner{r4€rrrbHocrlr 05.27.01 - TeepAorerbHa-s oJreKTpoHr4Ka,

paAuogJleKTpoHHbre KoMrroHeHTbr, Mr{Kpo- u HaHogJreKTpoHprKa, npn6opu ua
KBaHroBbrx e Q Qerrax ( Qusuro-MareMarzrrecKr.re nayrrE)

Arcrya.usHocrb pa6orsr. CoepeueHHbre rerrAeHrllrr4 p€I3Br{Tra.fl gneKTposHofi

r4HTerpanrnoft MktKpo- Lr HaHo-gJreKTpoHHKH

MLrHLraTropHbrx ycrpoficrn
KOHCepBarIUlr eHepD{r4; o6ecreqprBaroqnx OyHKrILroHr4posaHLre KoHeqHofo n3Aenr4r.
B KaqecrBe raKI,IX ycrpoficrn 6olrruue [epcrreKTuBbr r{Meror turuit-uoHHbre
aKKwynsropbl (JILIA). Ouenu4no, rrro MrrHlrarropu3ar\prt IILIA (n rorra trucJre Ll

lI3roroBJIeHI4e IIiA B HHTerparrbnoM ucrroJrHeHvrv\ To ecrb Ha o6rqeft rroAnoxKe c
xpncrarnou) [peAlonaraer nepexoA Ha rBepAoreJrbHbre roHKorrJreHoqHbre

aKKyMyntropbl, TexHoJlorlrrr r.r3roroBneHvrfl Koropbrx Mo)Ker 6um locrpoeHa c
rloMolrlbro 6agoeoro Ha6opa ouepaqufi TexHoJrorr{}r LrHTerp€ubHbrx MlrKpocxeM.
I-fenrro .qucceprarluu kI.C. (De4opoaa ABrrflerc . pa":pa6orxa Sn:uvecrnx ocHoB
BaKyyMHofi rexnonorprr4 rr3roroBJrenvrfl, ToHKorrJreHoqHhrx rBepAoreJrbHbrx turniy
rroHHbrx aKKyMyntropoB. B KaqecrBe gJreKTpoAHbrx Mareprr€rnoB coLrcKareJreM

BbropaHbl HaHoKoMIIo3LIThr Ha OCHOBe KpeMHr{f kr OKCLIAOB BaHAAUfl, r4Meroqr4x

MaKclIMaJIbHyIo reoperuqecKyro durocm orHocHTeJIbHo o6paruuoro BHeApeHr/ur

rrurvrfl. C yr{eroM BbIIIrecKa3aHHoro, aKTyulnbHocrb reMbr pa6orrr He Bbr3brBaer

couneHnfi.
Hayuuar HoB[3Ha rr AocroBepHocrb pe3yJrbraron. flpn o3HaKoMJrenprkr c

TeKcroM Auccepralluu Mo)r(Ho BbrAenlrrb HecKoJrbKo uoroxeuufi, o6ra4arorqux
HecoMHeHHofi Hawnofi nosusHofi :

BrrsereHbl B3auMocB{3Ir Lr rrpoBe,{eH aH€ur}r3 MexaHu3MoB BIrtrnntrfl rraopQonoruu
noBepxuocrlr rroAnoxKlr, a raK)r(e napaMerpoB HaHecelavrs. u rocr-o6pa6omn
rrJreHoK oKcr.rAoB Ba]fllalivrs Ha r4x cTpyKTypy, Qa":onrrfi cocTaB, 3ap.f,AHo-

pa3prAHbre xapaKTepucrr4Klr ucra6unbHocrb.
Ha ocHoBe aHaJII{sa 6omluoro q}rcJra 3Kcnepr{MeHTulilbHbrx AaHHbrx HaAexHo
ycraHoBJIeHbI $a:u oKcLrAa Bana4prs, naz6onee rroABep)KeHHhre AerpaAarllrr4
upu o6pau{MoM BHeApeHr.rr4 rrprrtts. floxa"saHo, lrro B rrpoqecce qprKJroBaH}rt

lpaKTurrecKu rroJrHocrbro pa3pyrxaerc.rr xoporuo oKplrcranJrr,r3oBaHHrrfi V2O5.

Y6e4urerbHo npoAeMoHcrpr{poBaHo, r{To An{ uHvrr\lakrpoBaHr{f, r4HTepKanflrlprr

Irnrvfl neo6xoAIaMo HullrnqLre npoBoArrrlr4x $as orczAa BaHaAuA, npu sToM B

o4nosasnrrx rrJreHKax vzos rrpoqecc nnTHpoBaHLrr He kr]cl:]1lr\vupyeTcfl.

Brrcoxa.a AocroBepHocrb rrpeAcraBJreHHbrx coprcKareJreM gKcnepuMeHT€rrrbHbrx

AaHHbrx He Bbr3brBaer coMHeuufi u noATBepx{Aaercq LrcfroJrb3oBaHr.reM aoBpeMeHHbrx
MeroAoB anaJrkr3a, a raKxe nepu$zraquefi nonf{aeMbrx pe3ynbraroB



HE3AB11C}IMbIMII

AOCTOBepHOCTb

MeroAr,rKaMr4. B rIeJroM,

BbIBONOB COT4CKATCJI' NO

He rroABepfaeTcr coMHeHHro lr
MexaHH3MaM Srasuro-xrlMLrrlecKrrx

ycTourlLIBbIX

KOMTINCKCHOTO
$a:- Kporrae

oKcrrAoB

3TOIO,

[poqeccoB, Jle)Kalqttx B ocHoBe gKc[epraMeHT€rJrbHo o6uapyxeuHbrx s$Serron n
.flBJIEH}IU.

lpaxrn.recKafl 3Haq[Mocrs. BucoK€ur [paKTr4qecKar 3Haq]rMocrb pa6orrt
npeAonpeAeneHa reM; qro B Hefi ycranoBnerr'- Ifiarr€i3oH TexHoJroruqecKlrx
napaMerpoB, B KoropoM rapaHTr4poBaHHo nonln{arcTc.fl rrJreHKr{ rpe6yerraoro

Qa":onoro cocraBa Lr uopSonoruu.
CUCTEMbI KAK HAHOKOMTIO3I4T

3ro npnHrlr4[uaJrbHo BDr(Ho Nrfl, raroft
Banailvrfl, B rlurAy 6olrruoro KoJrlrqecrBa
rrpeAnoxeHH€uI cor4cKaTeJieM MeTOAlrKa

anaJrn3a rraop$onornn, sJreMeHTHoro cocraBa u Qasonoro cocraBa
TIJIeHoK oKcI,IAoB Balaa4us Mox(er 6rrru uclonb3oBaHa 4na nu6opoqHoro KoHTpoJrt
KaqecrBa rrpoAyKrlr,rv npn [popr3BoAcrBe roHKonreHorrHrrx JII4A.

O6rr1aq xiparcrepncrnxa pa6orrr. [uccepraqnr Vl.C. @e4opona rocrpoeHa
IIO TpaAUIII4OHHOI4 CXeMe u COCTOIIIT LI3 BBeAeHvI\ qeTblpex rJIaB u 3aKJIIOII9HLITI.

B uepsofi rraee Aucceprarlrra npLrBeAeH o6sop nrrreparypbr no turwit-
I4oHHbrM aKKyMyn.sropaM, Bcero rpoaH€rJrrr3upoBar{o 209 JrureparypHbrx
I{croqHI,IKoB. OcnosHoe BH}IMaHrre cor4cKareJrb yAenr,rx' 'Hcropnu p€BBHTr,rt

sneKTpoxl4MldrlecKtlx crrcreM JWIA, ocHoBHbrM gJreKTpoxr4Mr{qecKuM cucreMaM IWIA
I,I TexHoJIorIdrIM I{x rr3roroBJreHr{r. Ha ocHoBe cucreMar}r3arlr4r,r 6olruoro qr{cJra

nl,ITepaTypHbrx AaHHbrx cAenaHhr 3aKJrroq elJvrfl. 3aKrroqeHze, rrTo:

QynrquoHtulbHble cJIoI4 noJro)Kr{TeJrbHoro Lt orpr{rlareJrbHoro gneKTpoAoB

JWIA AoJIxHbI o6na4arr AocraroqHo xopouefi npoBoAr{Mocrbro, a raK)r(e
LrMerE crpyKTypy, o6ecne.rzBaroltyro HH3Koe BHyrpeHHee co[porlrBJreHrle
JWIA r.r BbrcoKyro cKopocrb peaKqlru 3ap{Aapa3pflAa;
Haz6olee [epcrIeKTHBHbIMLr Marep]rruraMn Anr ]r3roroBJreHufl. noJro)GrreJrbHoro
SneKTpoAa JWIA tBJI.rIorc{ BbrcoKoBzlneHTHbre oKc}rAbr BaHaAufl, r,r3 KoropbD(
Hau6onrrryro eMKocrb rirMeror VzOs, VoOr: u Y3O7;

Han6olee nepc[eKTLIBHbIMLT Marepr,ranaMu Ans n3roroBJrenvrfl orpvrlareJrbHoro
sneKTpoAa JWIA tBJl.trorc-a rrJreHKu HaHoKoMno3nra KpeMHrrJr (e uacrHocrn Si-O-
Al), npu sroM rlpl{eMneMbre 3HaqeHHe yAenrnofi eMKocrr,r rpe6yro ronrqr.rHbr
rrJreHoK MeHee 300 Hrr,r.

B saKnrorleHlll4 HIaBbI nprrBoAr,rrc.s o6ocHoBaHlre nrt6opa gneKTpoxuNalr.recrofi

cllcreMhr (Si-O-AI)-(LP-71)-V*O, Anr roHKorrJreHoqHoro BapuaHra ffuIA, a raKxe
MeTOAa HaHeCeHkIrI TOHKOrrJreHOqHhrX 3neKTpOAOB MeTOAOM MaTHeTpOHHOTO

pacrlblneHl4x. I{enu v [ocraHoBKa 3aila't uccneAoBanr4s, JrorlrqHo BbrreKarcT u3
npeAcTaBJreHHoro MaTeprrErrra.

Bropa.f, masa rrocB.llr1eHa orrucaHuro ocHoBHbrx rexHoJror]rqecKax ouepaqufi
[o HaHeceHrrro lr nocr-o6pa6orxe nJreHoK V*O" u Si-O-Al, a raxxe MeroAuKr{ 14

pe3ynbrarbl KoHTpon{ uop$onoruu crpyKTypbr 14 cocraBa rrJreHoK MeroAaMr4
craHnpytorqefi snermponnofi MLtKpocKonnu (C3M), peHrreHo$asuoro anarrrr3a,
pauanoncrcofi crrelffpocKorrnll vr cneKTpocKonr4Lr rou6unaqtroHHoro paccesnprs.
Ilnesrra oKclIAoB BaHa vfl HaHoct4Jrr{cb MeroAoM MarHerpoHHoro pacrrbrneH}rt



BaHaAIaeBofr MLIureHII B cMecu Kr{cnopoAa H aproHa. lIneHrH Si-O-Al HaHoctrJrrrcb
MeroAoM MarHerpoHHoro pacrrbrneHr,r.f, MLrrrreHH Si-Al B cMecu Kr,rcnopoAa u
aproHa. B o6rqefi cnoxHocrll 6srro r43roroBJreHo 17 cepnfi sKcrrepr{MeHT€rJrbnbrx
o6pasqoa [oJIo]I(rITeJIbHbIx I4 orpr{rlareJrbHbrx sneKTpoAoB, tr3 Koropbrx qacrb 6rua
oroxxeHa npu pa3nuqHblx pexuMax. flpuae4eHbr rexHoJrortrrrecKlre [apaMerpbr
MarHerpoHHoro HarIhIJreHLIt u or)Kr.rra. IIo pe3yJrbraraM HccJreAoBaHtrfl cnoficre
IIneHoK oKclrt{oB Bal/.a[uf^ ycraHoBJIeHo, qTo: a) rrJreHKrr HMeror crol6uarylo
HaHocrpylcrypy, o6pasonanHyro KoHHqecKrrMu cron6zr<aMn, pacrxuprrcullrMucfl B
repxHeft qacr?r, npI{MecI4 [ocropoHHtrx 3JreMeHToB orcyrcrByror; 6) y
HeoTolKlKeHHbIX nleHOr OTHOUTeHHe BAHaAVrs. K Kr,rCnOpOAy yBenl,Irr[BaeTct IIo
Mepe yAarIeHI{t or uoBepxHocrH nJreHKr,r, a y oroxxeHHbrx rrJreHoK - yllleHblrraercr;
n) flocle orxrlra B o6pasqax 6rrnu o6napyxeHu 4z$parcquoHHbre rrHKH,
coorBercrByroque Qasarvr VzOs, VsOz, VoOr: , yOz, yzOz, VO.

Kopperrnocrb rrocraHoBKri 3KcrrepuMeHTa, rroJrHora
MeroAprqecKprx BorrpocoB u o6ocHoBaHHocrb [pr4MeHeHr4r{ MeroAoB

npopa6orxn
HCCJIEAOBAIJLIfl

He Bbl3blBaror coMH esuit.
B rperuefi ruase coAepx(arcr pe3ynbrarbr rrcrrbrraHrrfi ercueprrMeHT€urbHbrx

o6parqon roHKorIJIeHoqHbIX rroJroxfl4TeJrbHbrx gneKTpoAoB Ha ocHoBe oKcr,rAoB
BaJJa4nfl. I'IccleAonaJlocb HecKonbKo cepuit gKcrrepr{MeHT€urbHbrx o6pa:qoe, ;^Irs.
Koropblx 6slnu co6panu sqefiru rroJrygneMeHToB rro craH4apruofi MeroAr,rKe.
Marerrr nonygneMenToB uMeJILr AorronHr4Temnrrfi gnercrpoA cpaBHeHlr-f, r43 lrvrrvrs,,
pa6ouurvr sJreKTpoAoM cnyltrrn oKcr,rA BaHa1:afl, a rrporr,rBognelcrpoAoM
Meralrr}Iqecrulfi wnnit. Coucrarem no4po6uo paccMarpr.rBaer pe3ynbrarbr
qlIKJII4poBaHufr Bcex cepwtrt SKcnepl,rMeHTaJrbHbrx o6pasqon, a raKxe rrpHBoAr{T

Aeralrnrrfi aFraJrur3 BIrvrflHur. rlapaMerpoB HaHeceHlrfl rrneHoK u KrrcnopoAHoro
orxllra Ha LIX Saronufi cocraB, pa3prAHyro eMKocrb u cra6ralrnocrb.
flpnuqnurr€ulbHo Bax(HbIM BbrBoAoM 4aHnofi HraBbr flBrrflerafl To, qro, xorr rrJreHKLl
rroJroxrrreJrbHoro SJreKTpoAa coAepx(ar Ao 6 $as oKclrAoB Ba]rl \r4fl9
aKKyMynsropHbIMI,I Marepr{€rJraMr4 MoryT cJry}errb roJrbKo 4 us lnux - VzOs , Y3O7 ,

VoOt: n YO2. Kporr,re rofo, ll3-3a pa3nnqtrl- B noJro)KeHlrv y3noB vr rraex4oysrnfi B

cnoxnoft Kpl4craJlnuqecrofi peruerKe Kax(Aoro oKcHAa, Aaxe [pr4 oAr,rHarosofi
B€ureHTHocrI{ Banaa4ufl 3HaqeHr4rr eMKocrrr 14 cra6alrnocrb rrJreHoK 6y4yr
pa3nr4qHbr.

r{erseptas rrlasa rrocBtlqeHa gKcnepuuenramHoft rrpoBepKe Bo3Mox(Hocrr4
H3roroBJIeHus, rIoJIHocrbIo rBepAorelrHofi aKKyMynmopuofi crpyrcrypbr Ti/Si-O-
Al/LiPON/LilCu/Ti. ftr eroro 6sno Lr3roroBrreno 9 eKcnepprMeHr€urbHbrx o6pasqon

pe3ynbraraM ucnrrranrEft ycraHoBJreHo,
o6na4aror $yHxquoH€urbHbrMr4 cnoficmarrau

aKl{yMyntropHblx crpyKTyp. llpu oroM BburBJreH prA HeAocrarKoB TexHoJrorHn, B

llacrHocrvr H.n3Kafl aAre3uoHHar rpotrHocrb nHrepQefica LiPONlLi. llocronbKy oror
HeAocraroK Moxer 6rrrr ycrpaHeH QopuupoBaHlreM 3D crpyxrypbr Ha
LiPoN, B pa6ore cAenaH BbrBoA o Bo3MoxHocrrr r{3roroBJreHvrfl

aKKyMyJrrTopHbrx

sKclepuMeHTarrbHbre
f,qeeK. lIo

o6pa:qn

IIOBepXHOCTLT

NOJIHOCTbIO

TBepAOTeJTbHOTO TOHKOrrJreHOqHOro ilLrrlIr-uoHHoro aKKyMyJrflTopa.



Hapxqy c orMeqeHHbIMLI Bbrrrre AocrorrHcrBaMr4, AkrcceprarllroHHar pa6ora
Vl.C. @e4opona pa6oru uMeer LrpflAHeAoqeroB:

1) Anropy He yAaJlocb B rroJrHofi Mepe orcJreAr{Tb B3auMocBr3}r MexAy
BxoAHbIMI{ napaMerpaMl{ [poqecca MarHerpoHHoro HarrbrJreHr{r, Qusuro-
xI{M}IrIeCKprMH CSOfiCTBaM}I [Onr{aeMbIX trJreHoK H HX 3[eKTpI4rIeCKI{M}r CnOfiCrnanan,
orlpeAerf,IolqllMtl [ptrroAHocrb AJr-rr lrcrroJrb3oBannfl s JII4A. B qacurocrn, ycJroBlrrr
HalbIJIeHnt (nrna4unaeMafl MorrlHocrb, cKopocrb rroroKa 14 AaBJIeHLTe ra3a,
coorHorueHrre KoMrIoHeHToB B nna:rvroo6pa:yroqeft cruecn) rr3MeHrJrrrcb B y3Kax
AHanzBoHax n/unu rloAAepxlrB€Lrrrrcb Ha rrocro-rrHHoM ypoBHe 6eg qerKorc'
o6ocHoeaHu.r nu6opa roro I,IJII4 r,rHoro pexuMa. Taxas ctflyar\rrfl. ne o6ecuequBaer
rIoHnMaHI4t rrytefi orrrrlMr{3arlurr TexHoJrorrru rro eu6opy pe]erMoB HaHeceHurr
IJIEHOK.

2) OrcyrcrByer qerKoe o6ourosauue nu6opa 3neKrpoxunru.recrofi cncreMbr.
EAIancrseHHoe yrIoMI{HaHI4e KpeMHr4rr u oKcHAoB ria*a4us, KaK nepclercr{BHbx
gneKTpoAHhIX Marepu€uloB AJr.f, LruTerpalrnofi TexHoJroruft co4eprorrcs roJrbKo B
pa3Aene <<ArryalrHo crb reMbr prccneAoB atakrfl>> .

3) Bropar rJIaBa Ancceprarlurl HeAocrarorrHo crpyKTypr{poBaHa H qpe3MepHo

cxara, rITo 3arpyAHteT conocTaBJreHue nonrreHHbrx pe3yJrbTaToB 14 r{x
I,IHTepnperallurc. B .racrHocrll, Ha crpaHlrrle 32 crta'rura paccMarpuBarorcr rrJreHKr4

rpyn[ I, 2, 3, T.e. cornacHo rIpLIHf,rofi rraaprcr4poBKe oro)Kx(eHHbre IrJreHKr4, rrpurreM
oro)I(xeHHble npu M€LIIoM 3HaqeHrrr4 pacxoAa KrrcnopoAa (rar cneAyer ra3 H€BBaH]rrr

a6:aqa). B cne4yroqzx a6saqax paccMarplrBarorcr rrJreHKrr rpynn A - H, T.e. He
oTo)ruKeHHbIe IIneHKu, vI, cneAoBaTeJIbHo, 3Aecb perrb r4AeT o pacxoAe Kr4cJropoAa rIpH
HaHeceHI4tE. TorAa Bo3HI{Kaer Borrpoc, a rarcofi pacxo,q Kr.rcnopoAa r{MeJrcr B BktAy

Anr nneHoK rpyrrrr 1,2,3 - rrpn HarrbrJreHuuvluru orxr{re B nequ CAO?
Bce otueqeHHbre 3aMeqaHlu He cHLDKaror rleHHocrrr pa6orrr B rlenoM u He

onpoBepraloT ocHoBHbIx pe3ynbraToB 14 BbrBoAoB, nonrreHHbrx coHcKaTeJreM.

3arc.nroqeHne ro pa6ore. Co4epxanne orry6nnroBaHHbrx aBTopoM pa6or
(crarru, TpyAbI ronQepenqufi) rroJrHocrbro orpax(aer ocHoBHbre pe3ynbrarbr pr

BbIBoAbI Allcceprallnu, raK)r(e KaK u coAep)Kanue anropeSepara. ,{uccepraqur
(De4opona Llriarra Cepreenuqa flBrfrerc.f, 3aKoH.reHHofi Ha)^{Ho-r,rccneAoBarelrcrofi
pa6orofi, BblnoJlHensofi aBTopoM Ha BbrcoKoM npoQeccrEoH€rJrbHoM ypoBHe.
Co4epxanze pa6otu orBeqaer rr. I <Pa:pa6orxa n uccneAoBaHr4e Snsnuecxux
rIpuHIIuIroB co3AaHlrs HoBbrx pr coBeprrreHcrBoBauLrr rpaAr{quoHHbrx npn6opon
TBepAorelrnofi gneKTpouvrKv, pa4vrosneKTpoHHbrx KoMrroHeHToB, r43Aelufi uurcpo- u
HaHogJIeKTpoHLIKLI, npu6opon Ha KBaHToBbrx sQQexrax, BKJrroqar o[TooneKTpoHHbre
npu6oprr n npeo6pa3oBarenr.r Suenuecrlrx BeJrr{qun (ceHcophr)> ra u. 3 <<Paspa6orxa
14 vrccre AoBaHLIe rexHoJroruqecKr4x ocHoB co3AaHuf rr MeroAoB coBeprueHcrBoBaHlrt
usAeiluir uo r. 1>> nacnopra creqlr€rJrbHocrr4 05.27.01- Teep4oreJrbHar eJreKTpoHr{Ka,
paAuo3neKTpoHHble KoMrIoHeHTbr, MprKpo- 14 HaHosJreKTpoHprKa, upra6opu Ha
KBaHroBbx s$Qerrax.

,{uccepraquoHna.f, pa6ora Oe4opona Vlsanra Cepreealrua <Paepa6oma ocHoB
TexHoJIorkIH QoprraIEpoBaHLrfl, sneKTpoAoB ToHKorrJreHoqHoro ttpttuit-uoHHoro
aKKyMyntropa MeroAoM MarHerpoHHoro pac[ErneHr4q) rro csoefi aKTyarr;Hocru,



,/

soAep)Kar{Luo, rlo o65eMy rit ypoB}r}o non)rqeH}r6rx pesynbraroB, rro ux HSBLI3HS Fr

3HaqfiMocrH coorBercrByer rpedonaHuxtvt nyHrqroB 9-14 <<floroxenra-fl o
fiprcy)I(AeHHlr freHbIX ctenenefi>> (llocraHoBJrenr{e flparurenbcrBa PO Ns842 <<O
IIoptAKe npI'IcPKAeHHt f{eIIbIX creneHefi), npegoxnrseMbrM K A}rcceprarl}gM Ha
cCIplcKaHrre yteuofi crenellu KaHALI.qara $u:uxo-MarqMarr,rqecrr,Ix HayK. Pesylrtatrt
paSorrr orry6lnroBaHbl B pellelr3upyeMbrx npo$unurrrx x{ypHanax kr rrpourng
xopomylo aupo6aryno Ha Mex(AyHapoAHbIx xon$epeHrlr.rflx. Cvuraro, rrro aBTop
Ar{ccepraII}II4' Oe4opoe I4sau Cepreeeu.r 3acJlyxr,rBaer FrprdcyxrA oaufl yleuofi
e?erIeHH KaH'qrlAara $nauxo-naareMaruqecKnx HayK rro c[erlaaJrbHocrr4 05.27.01 -
Teep4oretbHa{ 3neKTpoHHKa, paA}ro3neKTpouHbre KoMrroHeHTbr, Mr,rKpo- H
IraHosJreKTpor{HKa, npHbopu Ha KBaHTonnx e$$exrax.

0$lnrlraanrHrrfi orrrroHeHT,
xa$e4pu <<Texnororu.fl
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