
OT3['IB

o$nqraalgrofo o[rroHeHTa AHr4cHMKr,rHa Bna4rarvuapa Vlsanosuqa Ha.4uccepraql4oHHyIo

pa6ory floporfeeuofi CserraHH CepreeeHsr <tr4cr;le4onal{I4e aKycruqecKl4x BOJIH B

nF,e3ogneKTpr4LrecKux Marepr4anax Anf co3AaHl4fl r'epltocra.6nJlbHF,Ix u repuocrofixux

aKycrogneKTpoHHbrx ycrpoficrn>), [peAcraBneHHylo Ha collcKalrue yueHofi creneHu KaHAI4Aara

TexHr4qecKux HayK no cneuuanbHocra 2.2.2. - Snerrpouuaq KoM[oHeHTHafl 6a:a ltuttpo- t't

HaHooneKTpoHuKh, KBaHToBIJX ycrpofi crn

AnropeqepaT Ar,rccepTaqrara ,{opo$eeeofi ceerlaHsl cepreenuu rpeAcraBnter co6ofi

dryH4aitreuraJlbHoe I4CCJIeAOBaHHe, nOCBflIIeHHOe I43yqeHI4IO aKyCTI4qeCKHX BOJIH B

nbe3ogJreKTpr4qecKlrx Marepuanax c Uenblo co3AaHlrtl repltocra6uJlbHBlx 14 TepMocroftrcux

aKycTooneKTpoHHbIX ycrpoficrn. Pa6ora BbIIIoJIHeHa s OOO <GyTI'IC) IIoA pyKoBoAcTBoM

AoKTopa rexHz rrecKl4x HayK CnHuqntuofi Tamssu B tlxropoeurt.

I4ccIe.I,osaHI,Ie oXBaTbIBaeT ruupot<tzfi cIIeKTp aKTyiilbHbIX 3a4aq, cB'n3aHHbIX c

noBbrlIeHI4eM reivrnetrlarypHofi cra6ulrnocru ycrpofic're Ha IIoBepxHocTHbIX v

rpnrroBepxHocrHbrx aK'ycrr4qecKux BoJrHax (IIAB n lIllAB). llpo6lervrarl4Ka, 3arpoHyrafl B

Ar4ccepraUr4r,r, r4Meer 6olturoe npaKTr4qecKoe 3Har{eHHe [nfl pant4o3JIeKTpoHI'lKl{, B qacrHocrl4

AJrs cl4creM cafl3k1 yrlpaBneHl4r u o6pa6orKl4 cl4fHaJlols.

AmyalruocrF, TeMI'I Al{cceprallull

Anryaltuocr6 TeMbr rrccneAoBaHur o6ycloBJleHa 6rtc'rpltrr,t pa3BI4TI4eM coBpeMeHHE'IX

cgcreM cBr3r4 u ran$oprr,raur4oHubrx rexHoJlorufi, rpe6yrorqplx BbIcoKorotIHbIX II HaAexHbIX

KoMrroHeHToB. AtcycroeleKTpoHHble ycrpoficrna Ha IIAB 1rlupoKo l4c[onb3yloTcfl B

pa3nr4qHbrx pa.quoqacrorHblx rlpr4nox(eHr.Lrlx, BKJIrorIaJl tro6ultnylo cBfl3l;, paAI4onoKaI{I4oHHbIe

cHcreMbr 14 yCTpOfiCTea O6pa6orKI4 cllfHanoB.

OAszna rr3 KJrrorreBux SaxropoB, BJrr4flroilIIrx Ha KarrecrBo pa6oru raKt{x ycrpoilcrn,

qBJueTc.f, TeMflepaTypHafl Cra6r.mlHOcrl. flputvteueune MaTepl4anoB c ynyqtrreHHbIM14

XapaKTepucruKaM14 tiIo3BoJIf,eT cynIecTBeHHo rloBblcllTb s$$enrraeHocu pa6orbl

o6opyAoeauu.a B ycJroBr4rx H3MeHrloulr4xct reMneparytrl. I4ccle4onauue ,{opodreeeofi

HarrpaBJreHo Ha peneHue srofi aKTyanbHofi ga aqv, qro nol\TBepll(Aaer erci 3Haql4Mocrb AJIfl

coBpeMeHHoft uayrn 14 TexHI4KH.

O6ocnonasHocrl' I'r AocroBepHocrb pe3yJrI'Ta roB

Hayuuste IIOJIOXIeHVI II BrIBOArI, IpeACTaB.[eHHbIe e pa6ore, Oti:ragarOr ebtCOKOfr

crerreHbro o6ocHoeap{Hocrr4. Anrop 14crroJIb3oBaJta coBpeMeHHbIe Me'.'oAbl qI4oJIeHHofo

MOAenI4poBaHr4.g Lt 3KCrIepr,lMeHTaJIbHbIe uccJIe,4oBaHH[, qTo IIO3BOJII4JIO nonyql4Tl)



AocroBepH6re pe3yJrbrarrr. flpr4MeHer-rr4e KoMIIJIeKcHo,ro rIoAXoAa K I4ccneAoBaHHro cBoficrB

rrbe3o3JreKTpr4qecKr{x vraTep}ranoB H aHanr43y aKycTl4r{ecKn4x BOJIH CBI4AerenbcrByeT o

rrry6oKofi rpopa6orKe reMbl

Pesylsraru r4ccJreAoBaHrafi corlacylorcr c AatsHbIMI4, rIpeAcraBneHHbIMI4 n uayuHofi

nl,ITepaType, a TaOKe AOIIoJIH.IIOT IIX HOBbIMI4 rOBeAeHIa]tIMH. ,{uccepraqul cOAepXI{T

y6e4urelrHoe O6ocnOsaul4e AOcTOBepHOcTI'I Ka)K4Oro BsIBOAa, qTo IIOATBeplKAaeTcfl

conocTaBJIeHI4eM TeOpeTzqecKux pacqeToB 11 SKClepI4lvIeHTaJILI{bIX AaHHbIX'

Hayvuaa HoBr{3Ha I{ [paKTrrqecKaq 3HaquMocrb

Hayuuat HOBLI3Ha Ar4CCgprauI4oHHOfO HCCneAOB,aHI4t 3al{JIIOqaeTct B BLI'BIeHI4I4 HOBbIX

3aKoHoMepHocrefi pacnpocrpaHeHr4fl aKycrr4qecKnx B;orIH B pa3nl4r{HbIX rIbe3oSJIeKTpl4qecKHX

Marepr4anax. Oco6oe Br{r,rMaHrre yAe[eHo nu6opy Marepl4anoB h KoHcTpyKTHBHbIX peneunft,

o6ecnequearcnlr4x rroBr,rrxeHHyro TepMocra6ulr,uocrt ycrpoilcrn.

llparruuecxar 3lraqI4Mocrs pa6ortt 3aKJrroqa.ercf, B Bo3MoxtHocrll 14crloJlb3oBaHufl

iloIyqeHHbIX pe3ynbTaToB .4nq [poeKTI4pOBA]H]l1lfl u IIpOI{3BOACTBa aKycTosneKTpoHHF',IX

ycrpoficrB HoBofo rroKoJreHr4{. Pa:pa6oraHHble MeroAuKH 14 psKoMeH!;al!r1.t4 Ivroryr 6uTb

rrptlMeHeHbr n o6opouuofi., ayttatluosuofi r,r KocMur{erlrofi orpacIIflx, a raK}I(e B fpa)fiAaHcKoil

paAHocBt314.

OcHoeHrre p$yJI[,TarbI

ocHoeHHIut'I pe3ynbraraMl{ AI4ccepraul4oHHofi pa6omt fl BJItIorct :

- Paspa6orrca MeroAoB oUeHKr4 TeMrreparypHorl cra6unruocru IlbesosneKTpl4qecKux

MarephanoB.

- Onpe4eneHr4e orrrr4MaJrEHbrx [apaMerpoB MareplztaJloB 14 KoHcrpyKllufi Nts'Aocrl4r(eHl4q

BbrcoKo fi TepMocra6I4JIbHocrI4.

- llpe4noxeHue peKoMeHAarlr4fi no nu6opy MarepuanoB Anfl ycrpoficre ua IIAB u lIlIAB.

- 3rcnepuueHTaJrbHafl nepra$uraquf, flonyqeHHrlx Teoperl4qecKux pe3y.rllTaroB.

Anpo6aqun pa6orsr

OuroeHne pe3ynF,Tarbr pa6omr ony6rurxonaHbr B 35 uayvnux rpyAax, B ToM qucre e i0

crarb.f,x B )r(ypHanax, BxoAflrr{r4x e flepeueur peIIeH3I{pyeMbIX HayLlHIIX uzganufi,,

peKoMeHAoBaHHrrx BAK Mrano6pa:onauufl. Lr Hayr<r4 PO, 3 rlareHTax, 4 CslaAereJlbcrBax

OI4IIC o rocyAapcreeHHofi pefr4crparlura LrHTerpaJrbHtIX ronolorufi, IIoJIyrIeHHbIe Ha

npeAno)KeHHhre oputl4HanLHbre KoHcrpyKTrrBHF,Ie pemeHl4.fl. A raKll(e [peAcraBneHbI Ha

poccuficrcux kr Melr,4yHapoAHbrx rou$epeHqraxx,, fAe pe3ynbrarb'I pa6oru ronyLII4nH



rrojrolnl4TeirbHble OT3bIBLI oT cIeUI4aJII4cToB B oOnacTI4 aKycToSneKTpoHI4KI4, qTo [oATBepAI4no

aKTyaJrbHocrb Bbl6paHHofi TeMH il HOBH3Hy npeAnolKel{Hblx pelueHufi.

AHarng coAepll(aHLrr AI,IccepraIrIdI{

[raccepraqnoHHar pa6ora cocror4T r,r3 BBeAe]II4fl, Tpex fJIaB, 3aKJIIor{eHplq, crllcKa

nr4Teparypbr, BKJrloqarorqero 93 Har{MeHoBanraq. OcFltlsHat qacrb pa6oru u3JIo}I(eHa sa 184

crpaHr{qax, coAep)ItI4T 156 pncyHrcos u 15 ra6luq.

Bnegenue coAepxrprr o6ocHoeaHtre aKTyanbHoc'fl4 TeMbI, (ltopuylupoBKy uenl4 14 3aAar{

r4ccJleAoBaHprfl, a TaKlKe onpeAeneHl4e MeTOAOB U IOAX,CAOB, [pI4MeHfleMbIX B pa6Ore.

flepnaa rJraBa ilocB.f,rrleHa uccJreAoBaHr4ro csoficre STW eort{ B cpe3ax KBapqa

(YXls/ryl90o) u cos4aHuro Ha vx ocHoBe BrrcoKoqaclorHslx llbe3oeneKTpl4r{ecKl,lx $lurrpor.
O6napyxen& &Hr,r3orp,orrHfl ceoficrs BoJrH, TaKIrtx KaK cKopocrb pac[pocrpaHeHAq,

ros(p$r.rqneHT gneKTporvrexaHr.rqecKofi csq:r4 u nosStluql4eHT orpaxeHl4t, Koropble 3aBI{cflT or

yrna V v roJrrrlrrHr,r aJrroMr4HrleBofi nlesru. TaIcNe BbIflBJIeH stfr$exr ecrecreeHHofi

oAHoHarrpaBJreHHocrrl nolu. Cpes KBaprIa YXls/38'/90" npo4euoHcrpl4poBan MaKcI4ManbHyIo

pa3Hocrb $as rueN4y s${rerrunHbrMr4 rleHTpaMr.r orpax(eHvrfl, pt npeo6pasoeaHl4{ BonHhI s 25".

Mo4enupoBaHr4e xapaKTepr4cruK ycrpoficrn c r4otIoJIb3oBaHI4eM MoAenH P-rvrarpraq 14

[pofpaMMbr SAW_PVI rroKa3aJro BbrcoKyro roqHrocrb kr onrI4MaJIbHbIe ycnoBl4fl AJIfl

Mr4Hr4MH3ar{r4H TeMneparypHbrx r{acrorHrrx yxoAoB. [rn o6ecneqeHufl repuocra6uJlbHocrn

peKoMeHAoBaHo HcrroJrE,3oB&Tb cpe3 KBapua YXls/36'190o tt aJIIoMI'IHI4eBste nldsru ro,rulnuofi

l,95Yo-2,23o4.

Bropaa rJraBa locB-fluleHa r4ccneAoBaHr4lo KaraHf aczfia Anfl npI4MeHeHHt B TexHI4Ke

IIAB. Olruva;nsbrMr4 opr4eHTarluJrMu Als racrolr3orBaHl4fl n ycrpoficrBax .qBrflIorcl (0", 90',

V), rle yfon V BapbhpyeTc.s or 0" Ao 40", qTo o6,3cIIeqL{BaeT HaunyqilIl4e pe3yn6TaTbl IIo

roe{r$raqraeHTy sneKTpoMexaHr4r{ecrcoft csqsr4, 4o6porHocrl{ pe3oHaropoB u reuneparypHofi

cta6ralssocru. Cpanueuue 3Kc[epuMeHTaJrbHbrx AI]HHrIX o MoAenHpoBaHueM IIo3BoJII,tJIo

TorrHo olpeAenr4Tb 3aBr.rcr{Mocrb gJreKTpo$usuuecrux napaMe'rpoB or yrna V, a I4ccJIeAoBaHI4r

TeMleparypuofi cra6u.rrbHocrpr rroKa3anr4 u3MeHqr4Bocrb xapaKTepI4crI,IK TKH s txl4poKoM

TeMrreparypHoM Ar{ala3oHe or -60"C 4o +120oC. Karanracur rroKa3aJr cnorc e$tpexTaBHocrb B

BbrcoKoreMfleparypHbr)i ceHcopax, coxpaH.f,fl nbe3ooneKTpr4qecmr4e ceoiicrsa rtpLI

TeMfleparypax Ao 1000"C. Paspa6oraHHa.s KoHcrpyKur4fl ceucopa c N4oHoKpr4crarrr.{qecKl4M

Kop[ycoM 14 r4pnAr4eBoii rr4eraltrtusauraefi o6ecne.rrara cra6ulrsyro pa6ory Aarr{r4KoB AaBneHI4t

B gKCTpeMaJrr,HbrX yonoBr4rrx. 3rr.r pe:yrrTaTbr rroATBepxAaloT KaTaHfacr4T KaK orrTHMarruufi

Marepr4an aff IIAB yurpoficre, pa6oraroqux B cJroxlubrx ycnoBr4rx.



rroJroxr4TeJrbHhre oT3brBbI oT cneur4anr{cToB B o6nacTr4 aKycTo3.rreKTpoHr4Kr4, rrTo froATBepAHno

aKTyanbHocTL Bbr6paHHofi TeMbr 14 HoBr43Hy npeAnolKeHH6rx peueHr4fi.

AHarus coAepxaHr.rr Arnccepraurrrr

[nccepraqaoHHaq pa6ora cocr]oHT I43 BBeAeHI4q, Tpex rJIaB, 3aKJr[or{eHLrfl, cnHcKa

rr4Teparypbr, BKJrroqaroulero 93 HauMeHoBaHn.q. OcHosHa{ qacrb pa6oru r43Jro}(eHa na 184

crpaHr4rlax, coAepxfl4T 156 pucyuxoe n 15 ra6luq.

Bnegenue coAepxr4T o6ourosaHr4e aKTyanbHocru TeMbr, (fopnaynupoBKy rlenr4 v 3araq

I4ccJIeAoBaHvIfl, a TaK)Ke oflpeAeneHl{e MeToAoB u IOAXCTAOB, [pI4MeHteMhIX B pa6ore.

flepnar rJraBa nocBflrqeHa uccneAoBaHuro cnoficre STW sorFr B cpe3ax KBapqa

(YXls/y/9Oo) n co:4anl4ro Ha rlx ocHoBe BbrcoKor{acrorHbrx rrbe3o3JreKTplrqecr(r4x $nnmpoe.
O6napyxeHa aHr43orporru.fl csoficrs BoJrH, TaKn( KaK cKopoclb pac[pocrpaHeHr4r,

noe(fSuqraeHT 3neKTpoMexaHr4rlecr<ofi cessr4 ra roe$$prqr4eHT orpalr(eHr4.s, Koropbre 3aBucqr or

yrna V 14 TonIqHHbr amonaraHueeofi nrdnra. Taru<e BsrrsBreH etp$err ecrecreeFrr{ofi

oAHoHanpaBJIeHHocrH ncuH. Cpe: KBaprIa YXls/38"/90o npo4emoHcrp?rpoBan MaKcuMaJrbHyro

pa3Hocrb (fa: lrexgy e$tferruaubrMr4 rIeHTpaMr4 orpa)Kentrfl. 14 npeo6pasonaHu-rr BorHbr s 25o.

Mo4elupoeauue xapaKTepl4crl4K ycrpoficrn c uc,[onr3oBaHr4eM MoAeJrr.r P-nrarpuq 14

npofpaMMbl SAW_PM IroKa3aJro BbrcoKylo rorrHocrF, u orrrr4MaJrbHhre ycnoBr4.[ Anfl

MI4HI4MI43aqHH TeMnepalypHbrx qacrorHrrx yxoAoB. .{nr o6ecneqeHr{r repuocra6unbHocrr4

peKoMeHAoBaHo I4crloJlb3oBarb cpe3 KBapua YXls/36"1\)0" u aJrroMuHueBue nl€uru rolquuofi
l,95oh-2,23yo.

Bropan fJIaBa nocB.srueHa r4ccneAoBaHl{rc KaraHf acvrril Anr rrpr,rMeHeHnr B TexHHKe

|IAB. OnruualsHliMl4 clpl4eHTar\LtnMvr AJr.[ r4crroJrb3oBieHr,rfl n ycrpoficrBax flBJrrr]orcn (0", 90",

V), r,qe yron V Bapbl{p'yerct or 0' Ao 40', .{ro o6e,;neqr4Baer Haunyqilrr4e pe3ynbrarhr rro

ros$Ququel{Ty oneKTpoMexaHl4qecrofi ce.{su, 4o6poluocrr4 t'e3oHaropoB u reMneparypHofi

cra6ulrHocru. Cpanueuue 3Kcnepr4MeHTaJrbHbrx AalrHbrx c MoAenrdpoBaHr4eM rrosBoJrr4no

TortHo orIpeAeJII4Tb 3aBl4ol4Mocrb 3JreKTpo$usuuecrr4x rapaMerpoB or yfna \y, a HccJreAoBaHr4t

TeMrleparypHofi cra6l4JlbHocrll IroKa3aJrr4 r.r3MeHqr4Bocrb xapaKTepl{cruK TKH e ilrr4poKoM

TeMrreparypHoM Alra[a3oHe or -60oC 4o +120"C. Karauracar noKa3aJr cnoro s$$eKTr4BHocrb B

BblcoKoreMrleparypHhlx ceHcopax, coxpaH.fir nbe3ooneKTprrqecKHe ceoftcrsa npT

TeMrleparypax Ao 1000'C. Paspa6oraHHa.rr KoHcrpyKr:ILrf ceHcopa c xroHoKpr4craJrJrr{qecKrdM

Kop[ycoM 14 upuI.r4eBofi tuerallu:arluefi o6ecneqrura cra6nlr,syro pa6ory Aarqr4KoB AaBneHr,rt

B 3KcrpeMaJIbHbIX ycJloBrl4sx. Srra pesymrarbr rroATBep)KAaror KaraHracr.rr KaK orrrr{Malr,Hnfi

Marepr4an 4m IIAB ycrtrloficre, pa6oraroqr4x B cJroxHbrx ycJrour4.f,x.



Tperr,a rJraBa otlrr4cbrBaer r,rccJreAoBaHr4fl repMocra6nmnnx IIIIAB $ralmpon Ha

ocHoBe cJrotrcrbrx rrfiacrr.rH LT/Si. Koucrpyr<qnn c nbe:togneKTp,I4qecKl4M cJIoeM n rcpevruuenofi

noAloncrcofi o6ecnequearcT TepMoKoMrreHcar{Hro ,t ynyquleHHyto cta6ultuocrr npH

r43MeHeHr.rr4 TeM[eparyp;r. LlccleAoBaHr4s rroKa3aJrrr, uTo KoHcrpyKuI4I4 L{M[eAaHcHofo rl4na

yMeHblxalor rIapa3I,ITHbIe MoAbI B BblcoKoqacrorsofi rloJloce, a I4cloJIb3oBaHI4e cJIoI4crhIX

rrJracruH c ronil{lrHaMr4 [be3ogneKTpr4qecKoro cJror or 3,5 Ao 9 Arlru BonH ynyq[aer

repruocra6r4JrbHocrb rf ranrrpoe v 2-3 pasa.

Pesylrramr HccreAoBaHuit 6sutu [oATBep]nAeHr,r BHeApeuraeru tfiulrrpa p'nfl [oAaBJIeHI4t

rloMex B fpa)KAaHcrcofi aenarlr4r.r, qro o6ecne.Ilaro noAaBneHr4e cnyrHI4KoBbIX rloMex Ha

rracrore 1626 Mfu,
3ameqaHuq u [pe,AJro]r(eHr{fl

Hecuorp.a Ha BblcoKoe KarlecrBo errnorHeHHofi pa6oru, I4Melorcf HeKoropble

3aMeqaHl{fl:

1. Bua4y orJrr4qr4fl Marepr4anr,Hbrx Ko]:rcraHT MoHoKpr4craJrJIuqecKHX \1

rronnKpacraJrJrnqecKux rrJreHoK Al roqHocrb onpe.4eneHu.f, orrruMalruofi ToJIU],I4HbI nneHox Al

Ao corbrx sFraqeHr4fi rrpo rreHTa [peAcraBmercf, 3aBr,ruerssofi .

2. He orpax(eHbr nper{MyqecrBa cocraBHbrx rlJracrr4H rro cpaBHeF{uro c rpaAI{IInoHHbIMH

crpyKTypaMr4 ToHKafl rrJreHKa Ha o6:rensofi noAiro)xme c rIporHBorIono)I(HbIMH

TeMneparypHbrMr,r ros${ruqueHraMr4 (Haupunaep, rrJrer-rKa ZnO (-30 ppm/"C) Ha oKHcJIeHHoM

KpeMHr4r.r SiOz(+85 ppm/"C)/Si (-21 ppm/"C) S.Ono, K.Wasa, S.Hayakawa. Wave

Electronics, 19J7, vol.3, no.1, pp.35-49).

3. flpra [epeqr4c.[eHr4r4 pe3ynr,Taron pa6orut, cAenaFrHrrx B KoHqe AncceprarP4tr,

cneAoBano 6u yrasrrnarb He ro, qro cAeJraHo, a ro, qro ilonyrreHo B Ar4ccepraqr4r4.

OAnaro otrr4caHHble 3aMeqaHHrI He cHl4xalor o6uero loroxr4TerbHofo BnelrarreHl4fl or

pa6oru. Co4epNauue pa6orsr coorBercrByer crrequanr,Hocrr4 2.2.2. 3ler<rpouuan

KoM rro He HT sar^ 6 az a M 14 Kpo - 14 HaHo3 ne KTpo Hr4Ktr, KBaFt:ToBhrx y crp o fi crn

3arc.nro.reuue

Vqurttea.fl BblllecKa3aHHoe, crrr4Talo, qro Araccsprarlr4oHHafl pa6ora [opo$eeeofi
CeerraHrr Cepreenuu qBr.flerc.s 3aBepIxeHHbrM Ha'yqHbIM llooJreAoBaHr4eM, o6raAalounrt

sHiorofi uayuuofi HosrlsHofi L{ npaKTr4r{ecKofi snaqr4Mocrb}o.

flpe4cranneHHar Al4cceprarru x <<VIcc.rreAoBaHrre aKycruqecKr4x BoJrH B

rIbe3ooJIeKTpHqecKI4x ldarepr4aJlax p.nfl co3AaHHr repnaocra6uJlrHslx Lr repnaocrofircux



aKycrooneKTpoHHr,rx ycrpoficrn>) coorBercrnyer rpe6oBaHlrflM rryHKTa n.n. 9-14 <<lloroxreufi.fl

o rlpucyx(AeHl4r4 yqeHbrx creneHefi>>, BAK MnHo6pHaynra PO yrBepxAeHHoro

flocraHoereHr4eM flpanuremcrea Poccuficrofi (DeAepaqupr or 24.09.2013 roAa Ns 842,

lpeAb.flBneHHbrM K KaHAr4AarcKr4M Ar{ccepraur4rrw, a ee aBTop flopolpeeea Ceerrana

CepreeeHa, 3acJrylr(r4naer npr4cyx neHvA yudHoft creneHr4 KaHAr4Lara rsxHr4qecKr4x HayK no

cneIIIzaJIbHoctu 2.2.2" 
- 

<SnempoHHar KoMrroHeuTsax 6aza Mr4Kpo- H HaHo3neKTpoHr4Kr4,

KBaHToBbrx ycrpofi crnr> (nynrr J\b 1,4,5 [acnopra clerlr4anF,Hocrn).

OQuquanrsnfi onnoneHr

Asucuiunuu Bra4zuup I,lnanonuu,

AoKTop Qusuno-iraareMarr4rrecKr4x HayK,

rrtaeusrfi Hayunufi corpyAHr4K

na6opa'ropur4 aKycrogneKTpoHHbrx npoqeccoB
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