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OT3bIB

Beayuefi opraHI43aulrl4 Ha alrccepraul4onHyro pa6ory Bepre:reca flaua Cepreenuua

<I4ccreAosaHue MeroAaMr4 pacrponofi uenrponuoft MI{KpocKonulr TIJIeHoK Ir ferepocrpyKTyp Ha

ocHoBe Hr4Tpr4A a farrLrll>>, rrpeAcraBneHHylo Ha coI4cKaHI4e yveHofi creIreHI{ KaH/ltnara @I'n uxo-

MaTeMaTuirecKux HayK no cfleur4an6HocTr4 05.2'l .01 - Tnep.qorelrHar 3neKTpoHr,rKa,

paAr{o3neKTpOHHbIe KoMnoHeHTbI, MI4Kpo- I,r HaHo- 3neKTpOHuKa. npr.r6Opsl Ha KBaHToBbIX

:SrPexrax.

I . Arrya-,rruocrb reMbl Al4cceprallrrl4

B nacro.g[Iee nperrar GaN I,t TpexKoMnoHeHTHbIe TBepAbIe pacTBopbl Ha ero ocHoBe

3aHr.rMaroT onHo I43 BeAyIIII{x MecT nO npIlMeHeHI4Io B Mt4 Kpo?neKTpOuu xe. ferepocTpyKTypbl,

KBaHToBhIe .gMbI, KBaHTotsbre ToqKr.{, cBepxpelxeTKl4 Ha ocHoBe GaN co4epNarct B coBpeMeHHbIx

cBerorr3Jryqarcruvx rr4orax, na3epHbrx [kro1ax u rforonpueuuurax, pa6oraroul4x B Al4ana3oHe

or Brr,ur Moro cBera Ao y,rrrpaSrzolera. fereponepexoAl'I 14 cBepxperrerKl{ tBrtlorc.fi

HeoTceMJIeMbrMv .q'acrsl./l]1l TpaH3LIcTopoB c BblcoKofi noABl4xHocTblo 3neICTpoHoB, pa3nuqHblx

aarqr4KoB ra:a, 6lro,Toru.tecKux .qarr{I4KoB tr apyFI4x yclpoficrB.

,{uccepraquonnax pa|ora Bepre-1eca ll.c. nocnqqeHa uccre,qoBaHr4ro B cKaHr{pyrcueM

3neKTpoHHOM MI4KpOCKOne MeTOAaMLI HaBeAeHHOfO TOKa II KaTOAOIIOMU HeCUeHIII4I4

cBero.uzonoB Ha ocHoBe cucreMbr MHoxecrBeHHbrx KBaHToBbIX qN{ InGaN/GaN 14 nneHoK GaN,

r.r3yqeHr.rrc petcou6uuaquoHHblx cBoficTB H ponl4 IIpoTt)KeuHnx Ae$exroB B :Tt{x cTpyKTypax, a

TaKxe BJII,ItHrr.r o6lyueHu.r Hrr3Ko3HepfernrtHblM nyqroM 3JIeKTpoHoB Ha onrrlqecKl4e Il

3neKTpgqecKrre xapaKTepr,rcrrrKlr cBeron3nyqaloql4x crpyKTyp. B cs.sst4 c 3TI4M, aKTyanbHocrb

npeAcraBneHHoit auccepraguu He B6I3bIBaer couneuuii-

aoKTop



Hayqnaq HoefisHa noryqeHHrrx pegy,'Irraroe

1. Bnepnsre rz3MepeHr,r noKanbHble 3reKTpr4rrecKl4e xapaKTepl.IcruKlz B oTAeJILHsIX o6racrqx

narepa!.IbHo 3apouleHHlrx nJreHoK Ha ocHoBe Hr{Tpr{aa farrvlfl. Yctauoe,reHo, .rro :QQer<rnnnue

KoHrreHTparrr4r.t AoHopoB s o6racr.f,x Beprr.rKilnbHoro H narepzrnbHoro pocra ITJIeHoK pa3nuqalorct

He MeHee, qeNr e 3 pa3a, qro KaqecrBeHHo xapaKTepu3yer BeporrHocrb BcrpaI4 BaeMocrI'I

:rerupyrorqefi nprrMecu B pa3[I4qHbIX nnocKocrtx pocra. flo4reepxaeHo [peAnonoxeHl4e o

3aBucr{Mocrlr rnupr{HEr u:o6paNeHr'rfi [poHl]Ka]oul4x AI.rc,roxaqlrfi B pexttMe HaBeAeHHoro roKa

KaK or Be,Tr{qfinsr ,uuQQy:raousoii a:ruHst, TaK Ll or pa3Mepa o6,racru npocrpaHcrBeHHofo

3ap[!a.

2. flpoeegenu r,rcMepeHnr JroKa!'rbH6IX gnaqenufi 4urpQy:uouuofi AJrI{HrI HeocHoBHbIX

Hocurereft 3aps,Aa a orf@errrzenofi KoHueHTpaut4l4 aoHopoB n ro:ry6rrx cBerou3nyrlaloulux

crpyKTypax Ha ocHoBe MHoxecrBeHHbIx KBaHToBbIX cNl InGaN/GaN Ha o6racr.{x pa3MepoM

roprgxa 1 uxu.

3. YcranosreHo, irro u3MepeHuq Mero.4oM HaBeaeHHoro roKa no3Bontlor oueHHTb

napaMerp, xapaKTepr43yroruufr sepoqrHoct pexona6uHaqrau Hocure,refi 3apfl!.a B aKTI4BHoM c;Ioe

cBerolr4onoB. floxa:aso, qro Ha cBeroArrolax c BblcoKofr r$Ser<rueuocrblo MeroA HaBe.4eHHofo

TOKa nO3BOJI'eT BH3yanr43r4pOBaTb KaHanbr yTeqeK ToKa HJIH noBLIIIIeHHOTO TpaHClOpTa

HeocHoBHbrx Hocrarelefr 3apflna qepe3 aKTt4 BHI'Iii c,roii crpyrcrypl,I B BtIAe 4eQerron, .4a]oulI,IX

cBernbrfr KoHTpacr.

4. O6napyNen Lr o66rcHeH aHoMa,rbHo lre4renHuil crraa curHirlra HaBereHHofo roKa BHe

6apsepa Lllorrrcr.l. Ha6nroaaeuufi n6:ru:u rpanuubr cparluBaHuq o6:racrefi narepa.J'rbHoro pocra

lneHoK Hurplr.qa rannur. Vcrauoueuo, qro yBenHqeHue KoHueHTpaqu14 nerr4poBaHLtc Si

ycrpaHqer :ror e1pfierr. flora:auo, qro rpaHl{Ira cpalquBaHut BcrpeqHI'IX rppoHron pocra

rBJl[ercr 3aprrxeHHbrM nporn xeH Hbr M 4e@exrou.

5. Bnepnsre rroKa3aHo, rrro nplr so:aeiicrnur4 o6,ryueunr Hr.r3Ko3Heprerr4qHbrM 3J]eKTpoHHbIM

NYI{KOM HA CBETOI43NYqATqI,IE CTPYKTYPbI C MHOXCCTBCHHLIMI4 KBAHTOB},IMH 
'MAMI4 

HA OCHOBC

InGaN/GaN B cneKTpax r3nyrreHrar KBaHToBbIX ,rM Bo3HHKaror Hosrre 6oree r.rHTeHcHBHbIe

nr.rHur4 cBeqeHlrt, cMeIrIeHHbIe B cuHloro o6,racrr orHoct4TerbHo l.rcxoAuoi JIl4HHlt I43JIyqeHIrt.

flpu erolr rroJroxeHrre r.rcxolnofi nrrHuu u3rryqeHr.{r coxpaHrercfl, v ee r4HTeHcr4BHocrI>

npaKTLIqecKx He MeHterct, rrro cBl4AererbcrByer o JIoKa!'IbHoM xapaKTepe u3MeHeHr4ii,

npoucxoAqrlr4x B aKTr4BHoM cnoe crpyKTypsr. floxa:aHo, qro raKue r43MeHeHr.r.s BeporrHee Bcefo

npoucxoaqr e6ru:u crpyr<rypnrrx aeQexroB - 
[poHuKa]oulr4x .qnc,roraunfr vJrrr Ax nyqroB.



flpeg:roNeu MexaHr{3M BItus:nus. o6ryveHral 3neKTpoHHbIM nyrIKoM Ha I4ccneAyeMble crpyK'rypbt

- penaKcaul4q npu o6ryueHlru uanprxeHufi, Bo3Hl.iKalourrx e aKrueHofi o6racru BcJIe,qcrBI4e

lrecoorBercrBut napaMerpoB peueroK c:roee GaN u InGaN.

6. O6HapyNeno aBr{xeHae cefMeHToB ar.rcroxauufr rpu o6:ryueHHu B cKaHrrpyrculeM

DneKTpoHHoM MrrKpocKone Hrr3Ko3HepferuqHbrM freKTpoHHbrM yrrKoM. floxa:aHo, qro

cKoJrbxeHr.re .qu croraunfi proxer na6moaarbcr aaxe npu oqegb Hr,r3Kr{x ypoBHqx no:6yN4enu.e.

HayqHaq :naquMocrl r,r aocro gepHoc.tl no,ry.reHHbIX

flpe4loxeHuue MeroAr,r r{3MepeHr4r ocHoBHbrx 3neKTpr4qecKr4x xapaKTepncrr.rK ro:ry6ux

cBeroAr4oAoB, orIeHKa Ha r4x ocHoBe Bepo{THocrr.r perol,t6IzHaquu Hoczre,refi 3apqaa B aKTr.rBHoM

croe cBeror43Jryqarouux crpyKTyp, a raKxe o6uapyNeuHa.r B pex(r,rMe HaBeIeHHofo roKa

BA:,yarrA3al\t4fl KaHa,loB )-IeqeK HocHTe,refi rapraa voryr Hafiru npu\{eHeH14e (ora:arscr

nole:Hsruu) trp14 orrrr,rMH3ar]1414 napaMerpoB cBeror43nyLrarcul14x crpyKTyp. Pa:pa6orauHrre

MeroAbr r43MepeHr.rr 3neK'rpuqecKr4x xapaKTepr.rcrr4K orae;rbHbrx o6nacrefi e rureurcax GaN r.r

oryqeHHrre 6naro,qapr r,rM pe3ynbrarbr aaror BaxHyro unSopuaquro, Koropyrc neo6xorr.rlro

npuHr.rMarb Bo BHr4MaHrre npu pa:pa6ome 6olee a$Sexruruux Jra3epHbrx crpyKTyp.

Mero.qurn uccJre.qoBaHr4r o6pa3uoB n caltu o6pa:qrt noapo6Ho orrr4caHbr n r:raee 2..{r.r

npoBeAeHr.rfl zccreAoeaHr4ii 6suo npnnreqeHo HecKonbKo Mero^qoB usuepenufr. AHa,rHs

pe3ynbraroB Br,rno:rHeH B coorBercrBr{r4 c coBpeMeHHbrMr.r npencraBlreHhflMr4 Sa:ur<u rBepaoro

Terra u tfusur<u nonynpoBoAHl4KoB. Bce c.qeJraHHLIe n pa6ore BbrBoarr Jrofr4qHbr 11

rrocJrenoBareJrbHo BbrreKaror H3 pe3ynbraroB r.rcclreloBaHufr. IIpe4cranJreHHbre pe3ynbrarbr

AoKJraALrBanr{cs n o6cyN4a,r }rc6 Ha poccr.rficxax u MexryHapo4urrx xoH@epeHrg{rx 14

ony6,ruroaaHst e erlAe crarefi B peueH3hpyeMsrx poccraiicx'jx h MexnyHaponHbrx xypHanax.

florrouy AocroBepHocrb noJryqeHHbrx pe3ynbraroB fi o6ocuoeaHHocrb BbrBoIoB He Bbr3brBaer

coMHeHut.

O6rrraq xapqrr€pqlrura p46or sr

[uccepraquouuar pa6ora cocrouT ns BBe.4eHrn, nqru rJ'raB, 3aKr]oqeHr4r, cnucra pa6or,

ony6:ruxonanHrrx rlo reMe Arrcceprarlrru, 14 crrrrcKa HcIIoJtb3oBaH Hoii rureparypbl us 136

nauneHonanufi. fluccepraqur I43JroxeHa Ha 140 crpanrauax MarrruHolr4cHoro reKcra, BKrror{at

54 pr.rcyHr<a u 3 ra6ruqu.

fIepEA! I:rqEA coAepxr.rr o6:op :rureparypbr no reMe ArzcceprauH14, coAepxaueii pe:ylsraru

no r4ccJreroBaHlro JroKaJrbHbrx csoficre h csoftcrs flpor.flxeHHbrx 4e$exroe s nreHrax GaN Ia

crpyKTypax Ha ero ocHoBe Mero4aMr4 pacrpoBoi ererrpoHuoii nanxpocronuu. Onucasrr



npeHMyrlecTBa MeToAa HaBeIeHHofo ToKa KaK o.qHoro I'I3 ocHoBHbIX MeTOAOB paCTpOBOx

SneKTpOHHoii MHKpOcKOnnll, npIIMeHteMbIX Ant OnpeAeneHH,I JIOKaJIbHbIX 3JIeKTpI{qecKI4X

napaMeTpoB nonynpoBoAHIrKoBbIX MarepI4UIJIOB.

Bo sropofr rrane npllBeaeHo olru caHue l{ccneayeMblx crpyKTyp: ueuox GaN, roly6ux

cBero.qlroaoB c MHolKecrBeHHrrMr{ KBaHToBbIMu .sMaMu Ha ocHoBe cr4creMbl InGaN/GaN,

J'rarepaJrBHo 3apoureHHbrx flreHoK GaN, a rarNe crpyKTyp co cBero,rlIroAHbtMH HaHocroJl6uralrl'r.

flpe4crae:reHu MeroAuKfi, npt4MeHqB r4ec.fl An.s r43yr{eHut 3neKTpurjecKux 14 onrl.IqecKux

ceoficrs ficcne.qyeMbrx o6pa3rroB: rr3MepeHue r.r MoaenlrpoBaHI4e 3aBl4cl4Mocrtt cfla!a

HaBe,qeHHoro roKa or paccrosHl.{t uex4y rourofi na,4eHut sneKTpoHHofo nyqKa 14 KpaeM

KOnneKTOpa, 3aBrrcr,rMocru arprper<rznnocru co6upauut HeocHoBHbIX uoctmelefi 3aptAa or

ycKoprrcuero Harp.sxeHltt B cnyqa.sx p-n flepexola tt 6aptepa LI Io'r'rxtl. .{lr clyual 6aprepa

Lllorrrr.r npr,rBeAeHa MeroAuKa r{3MepeHus roxa,tsnofr e$QerrIanHocru co1upauux HeocHoBHbIX

HOCr4TeJrefi 3lps.p:a. Kparro oIrI4caHbI Qoplruponanue KoHTpacra u3o6paxeHl'Ifi B pexuMe

HaBe.4eHHoro TOKa I{ KaToAonIoMIIHecUeHUI'II4, pacqeT IIIHpI4HLI o6,rac-rtl npoc-IpaHcTBeHHoro

3apsra KonreKTopa H Meroa C-V u:uepeHIafi 4nr onpegeleHu.s KoHueHTpaIII4I4 nerupytoulei

[pr4Mecu B nonynpoBonHuxax. ,{a,ree trpnBo.qqrct onucaH]lt I4oIIoJIL3yeMIIX e pa6ore npu6opoe

u rrapaMerpoB u:uepeHufi .

B rperlefi r:rase IIpr4BeAeH6r pe3ynbrarbr r.rccJreAoBaHr4r MeroAoM HaBeAeHHoro roKa ITJIeHoK

GaN. [nr uccJreAyeMbrx o6pasqon c pa:uofr KoHIIeHTpauue[ ,rerupyrcruefr flpttMecu B pexl4Me

HaBeAeHHofo rora 6uru r,r3MepeHbr ocHoBHbte 3JreK'IpuqecKI'Ie xapaKTept'tcruKu: .ullQ$y:rloHual

p.nvHa A rxrrprr Ha o6lacru pocrpaHcrBeHHoro 3ap.flna. Bnepnrte 6r,uu lpone4eH6l n3MepeHl4t

noKa;rbHbrx napaMerpoB narepa.nrHo 3apolIeHHLIX ITJIeHoK GaN: luQtpy:uousofi AlHHst

HeocHoBHbrx nocure:refi 3aps,ra u:rpQer<rznHofi KoHueHTpau[u aoHopoB. Bulo nora:auo, vro

ypoBeHb nefupoBaHl4c e o6,racrrx BepruKanbHoro pocra He MeHee, qeM n 3 pa:a npeBblrxaer

ypoBeHb nerr4poBaHu.s B narepanbHo pa3poctxt4xct o6racr.sx nJreHKll.

B 'lereeprori fnaee [pelcraBneHbr pe3ynbrarbr r.rccJreaoBaHr4fl MeroroM HaBeAeHHoro roKa

cBeror{3Jryqa}o lr{x crpyKTyp c cncrevofi MHo)KecrBeHH[,rx KBaHToBbIX qNa InGaN/GaN c

pa3nr4qHbrM r4x qucJloM (or I ,qo 5 KsaHroerlx .ru). Ha ocHoBe H3MepeHuq LI MoAerLIpoBaHuq

sasucuN4ocrefi aQ$errurHocru co6upaHur rnq cBeroatlo.qoe 6rL'IIa rtoryr.IeHbI 3HaqeHI{s

anSSy:uouuofi AJ'rr4Hbt HeocHoBHbrx HocrfieJreft zaptaa r{ rx14pt4Hbr o6,racrlr npocrpaHcrBeHHoro

:aplga. florasaHo, qro B cBerolr3Jryqaloxlnx crpyxTypax c MilnbIM trLIcJIoM KBaHToBbIx.sM oHn

npaKTr{qecKr4 He BJrrrrror Ha eS$errrznnoct co6upaHur HocuTeJrefi 3aps4a, B To BpeMt KaK rJrt



crpyKryp c 5 KBaHroBbrMu rMaMlr Heo6xo.qr4Mo BBo.qr4Tb nonpaBoqHbrfi Ko3oouuueHr f,
MeHbmnii e,4r{Hrrrlbr, Konr,rqecrBeHHo xapaKTepH3y}oulrfi :$SexruBHocrb peKoM6ulna:grz'u

HeocHoBHbIX HOCI4Tenet 3apg,IA B KBaHTOB6TX tMaX.

B nsrofi rrage npl,IBe.qeHbr pe3ynbrarbr ucc:regonanufi Brrlr.AHrtr o6ryveHlu gireKTpoHHbrM

rryqKoM nusrofr aneprr4rr Ha sneKTprrqecKr4e r{ onrr4qecKr4e csoficrsa n,resox GaN u

cBerou3nyqarcqnx crpyKTyp Ha ero ocHoBe. Errl npe4roxeH MexaHH3M BrruflHus. o6ryveHrlr

Hr43KO3HepfeTI4rrHbrM 3neKTpHqeCKr{M nyqKOM Ha CBeTOv 3nyrrarcLrlr4e CTpyKTypbr c

MHoxecrBeHHrrMr4 KBaHToBhrMr4 rMaMrr InGaN/GaN - peJraKcaulr.r nanp.rxenlrii n

Kpr.rcranrurrecKoil peuerKe crpyKTypll B aKTHBHoM cJroe, fipr.rBoArular K ocJra6neHurc

BcrpoeHHoro flbe3oror.x H, coorBercrBeHHo, KBaHToBo-pa3MepHoro eS$erra lllrapra. flplr

uccJle,qoBaHI4LI Mero.qoM HaBeAeHHofo roKa BJII4tHLTT o6,ryueHur f,qeKTpoHHl,rM [yr.rKoM Ha

roHxue (ronqr4Ha cnor Ha.q naacxofi 6 r'rru) rrJreHKH GaN 6uno o6uapyNeHo cKoJrbxeHrze

rrpoHrrKaroulrrx Auc:roraquil, a r,rMeHHo r4x cerMeHToB, nexauux s 6asucHofr nlocrocru. flplt
-l-rov 6o,tsruar qacrb Ar4cJ'loKaulrfi ocraercr HenonehNllofi, a cMe leHhe cefMeHToB,4tzc,roxaquii

npolrcxoAl4T Ha MaJIbIe paccrotHttt lr34a HarALlLtA 6olruroro Kor'Il4qecrBa cronopoB, TaKLIX KaK,

Hanpr4Mep, npoHr4Karoqr{e Ar4cnoKaurrr4. Eula oqeneua cKopocrb cKo:rbxeHr,rr. O6uapyxeuo,

qTo ArrcJroKaurrr{ MoryT aBIIf aTbct B npI43MaTuqecKI{x IIJtocKocTrx.

3aMeqaHu.q no pa6ore

flo pa6ore rrMerorcr cneayrorque Bo[pocbr H 3aMeqaHuq:

l. He4ocr,rorpu npu oQopru,reHr4r4 ArzcceprarlnoHuofr pa6orlr: ua crp. 75 noMe[IeH puc.28,

a rro.4rrr4cb K HeMy - ua crp.76; na crp. 90 no ocr4 opAr4Har He yKa3aHa pa3MepHocrb.

2. He yraraua rorrHocrb (norpeurHocrr) usnepeuufi :na.reHr4fi N6 u L6 crpyKTyp,

npr{Bo.qr.rMbrx s ra6rr4ue 3 upuc. 19.

3. B nyHrre 4.3 uccre4oeaH MexaHu3M $optruponauur cBeriloro KoHTpacra n peNulae HT.

[na 6onee nonHoro noHrrMaHr4r npr4po.qbr KoHTpacra cJreAoBMo 6u nponecrz

r4ccneloBaHr4r lpu olpegeldHHbrx coqeraHunx E6 u 16. Cylr no pnc. 28 u 29 npu

onpelendHHoM nu6ope grnx :Ha.reHufi B03MoxHa uHBepcr4.l KoHTpacra u:o6paxeuu.r.

4. Eclu tBJIeHI{e ycvnetvfl cr{rHana KaroaoJr}oMrrHecrleHrlr4r.t B 3aBHcuMocrr4 or Ao3br

flreKTpoHHoro o6,ryueuua n pa6ore y6e4urensuo o6rscseso, To crraa B riHTeHcHBHocrt4,

T.e. ralreHr.re, npu 6olsurx Ao3ax He Hamen AonxHoro o6tscHesus. Bpr; lrl rolrxo

rBireHr4e yrneBoAopoAHoil xoHrauunaquu o6r,xcHler etpQexr 3dryxa*ufl. Bo:uoxHo,



npri AocrH(eHHr4 orrpeAeJreHHofi Ao3LI 3neKTpoHHoro o6ryveuur o6pa3yrorcr HoBbIe

paar4arlr4oHHo-crr{Mynr4poBaHHrre 4eQerrr,r - L(eHTpbr 6e:u:ly.rarelrHoft pexou6uHaquu.

3axrrcqenze

flrzccepraqronHa.r pa6ora Bepre:reca lLC. <tr4ccre.uosaHl4e MeroAaMr4 pac:rponofi

3neKTpoHHoi MnKpocKon u rrJreHoK r4 rerepocrpyKTyp Ha ocHoBe HurprrAa rarrv[>> npouna

Heo6xo4ur',ryro anpo6aquro Ha ncepoccuficKnx H MexAyHapoAHbrx roHQepeHqrarx, ocHoBHbre

pe3ynbrarbr ony6nr.monanu B prAe aBToprlTerHbrx perpepupyer'.mrx Poccuiicxux A

Me)KAyHapoAHbrx xypHanoB, qro rro.urBepxAaer I{x AocroBepHocrb. fluccepraquonHa.r pa6ora

Bepre:reca lI.C. npelcraBn.ser co6ofi oprrrr{HanbHoe caMocroqrer6Hoe r,rccJreAoBaHr4e,

BbIrroJIHeHHoe Ha BrrcoKoM HayqHoM ypoBHe. o6la,qaroruee aKTyartrHocrbto, Hayuuofr nogt4:Hofr

u rpaKTurrecKofr gnaqulrocrr,ro. Anroperfepar lucceprarrrrr4 no;rHocrblo coorBercrByer

co.qep)r(aHr4ro pa6oru.

Pa6ora coorsercrByer ncelr rpe6oeannqla BAK, npear,rBnseMhrM K KaHAr{rarcKr4M

.qrrccepraur{rM, B ToM rrr4cJre Kpr{Tepr4rM II pa:4ena flo,roNesr.rs o [oprAKe npucyxaeHfiq

yqeHbrx creleHefr, yrBepxIeHHoro nocraHoBneHueu flpanure,rrcrea PoccflficKofi (Delepaqr414

ot 24 cesrs6pt 2013 r. Ns 842, a ee aBTop llanel Cepreenuv Beprelec 3acnyxr4Baer

npucBoeHuq eny yudnofi crerreHlr KaHIr,IIara tf u:uxo-uarelrarr,rlrecKr{x HayK no cnerlr4anbHocrr4

05 .2'7 .01 - TBep.qoreJrbHar oJreKTpoHHKa, paAHo3neKTpoHHbre KoMnoHeHTr,r, Mr4Kpo- 14 HaHo-

3JreKTpoHuKa, npu6oprr Ha KBaHToB6rx r@Qexrax.
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