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OT3bIB

o SzqzanbHoro orrloHeHra Cynenqosa H. I4. Ha ALI cceprall?IoHHylo

pa6ory Mareeea Mcruclaea OreroBvIq1 BbIrroJIHeHHyIo Ha reMy:

<Pa:pa6orKa KoHcrpyKTopcKo-TexHoJrorvrIecKLIX MeroAoB rI cpeAcrB

rr o BbrrrreH zs, rrapLlxHo cTtI cM e crITeJr efi p aguoctl rH zIII oB H a o c HoB e

p e3 oHaHcHo-TyHHeJIbHbIX AI4OAOB) II IIp eACTaBneHHyIO Ha COLICKAHLIe

yrenofi crerreHkr KaHALrAara rexHuqecKlrx HayK rlo crrellll€trlbHocr.lM "
05. 1 1. 14 <<TexnoJrorz{ upu6opocrpoeHLIn) u 05.27 .06 <<TexHoJlorut

u o6 opy4oBaHlle Anlt [pou3BoAcrBa [onynpoBoAHLI KoB, Mareprl€uloB

u npu6opoB 3neKTponnoft rexHLIKI4)).

ArcryamHocrb reMbl ArlcceprarlrroH Horo rlccJreAoBaHrrfl

Cuecurelvr paprnocrlrHttrloB Ha pe3oHaHcHo-ryHHeJlbHbrx AVoAax (PTA),

o6naAaroqrae ynfrureHHbrMr4 TexHzrIecKIlMrI xapaKTepLIcrLIKaMrI,

rrpeAcraBJrrrorcr 6esycnonHo nepcneKTkIBHbrMkr Anfl.IrrktpoKoro LIcrIoJIb3oBaHI4rI B

TexHlrqecKlrx crrcreMax cpxslr CBrI 
_ 
AI{arr€BoHa, B oco6eHnocru B

znQoprr,raqrroHHbrx P3C aBlraqLroHHoro LI KocMLIrIecKoro 6asuponanus.. I4cxo M vrs



lpl4o6peraer HaAelKHocrb QymqlroHllpoBaHul cMeckrreJrefi pa4zoclrrH€rrroB Ha

PTA.

PeqenszpyeMaf, Arrcceprarlr4fl HarrpaBneHa Ha perxeHLre npooneMbr

rloBbllueH?rfl HaAe)K ocrkr cMecrrrenefi. pa4nocr4rH€rrroB ua PTr{ nyreM paspa6orrz

KoHcrpyKTopcKo-TexHonorrlqecKr.rx MeroAoB Lr cpeAcrs. B cBfl3vr c

rrpLr3Harb, qro cQepa BbrrroJrHeHHbrx aBTopoM LrccneAoBalauit

aKTyzrnbHa p.nfl TexHoJrorLrkr rrpoLr3BoAcrBa znftoprvrarlkroHHbrx POC, TaK KaK

KOHCTpyKTOp CKO-TeXHOJTOf r4rre CKO e o6ecne.reHue errcorcofi Ha.uex(Hocrra

cMecllreJlefi paguocr{rH€rrroB flBIrflercfl ruro.resofi upo6nenaoit ux e$QerrunHoro

rIpLI MeH eHkrfl B aBr4arlu oHHorr rr Ko cMlrrre cKolr oTp ac Jrf, x rrp o Mbrrrr Jr eHHo cTLr.

HayvHan HoBrI3Ha [oryrleHHblx pe3yJrbraroB A[ccepraqlroHHofi pa6oru

OcnonHruu Haf{HhIM pe3yJlbraroM Avrcceprar\Lrv cneAyer crrr4Tarb

paspa6orr<y KoMrrJreKca MeToALIK rex z.recrofi AlrarHocrrrKLr PTA. flannrrfi
KoMTIJIeKc BKrloqaer n ce6.s MeroAkIKy AI4arHocrkrKz KarrecrBa HaHopa3MepHbrx

AlAs/GaAs pe3oHaHcHo-TyHHeJIbHbIX rerepocrpyKTyp c rrcfroJrb3oBaHr4eM MeroAa

I4K-cnerrpamnofi gnJlkIrlcoMerpvrvr vr MeroAzKy orIeHKz Lr3MeHeHurr BoJrbr-

aMrrepHblx xapaKTepvcrkTK PTA no4 4eficrBLIeM AerpaAarlrroHHbrx upoqeccoBG

ero crpyKType, u rro3BoJlter orleHurb KaqecrBo Lr3roroBJreHLrx PTr{ Ha ocHoBe

AlAs/GaAs pe3oHaHcHo-ryHHeJrbHhrx rerepocrpyKryp.

C ucloJlb3oBaHrleM AaHHrIX MeTpALIK 6lutu olpeAeneHbr qr{cJreHHbre

xapaKTepucTvrKvr ocHoBHbrx AeIpaAarILroHHbx rrpoqeccoB, npolrcxoAf,rrlux B

crpyKType cuecurenefi Ha ocHoBe PTA, KoI4MLr rBJrrrorcr aKTLrBarIuoHHbre

rrapaMerpbr 4zQ@ysuz Al kr Si B pe3oHaHcHo-ryHHelrHofi crpyKrype vr

TIpLIKoHTaKTHbIX o6nacrsx, a raKlKe gaBvrcuMocrb KoHTaKTHoro couporr4BJreHlrrr

AuGeNi oMLrqecKkrx KoHraKToB or BpeMeHkT Lr reMrreparypbr.

Kpoue roro, BDIIHIIM EayIrHbIM pe3ynbraroM Ar4cceprarlzr4 flBrrflercfl.

pa":pa6orKa MeToALIKI4 nporHo3I4poBanurt HaAexHocrrr cueczrenefi Ha ocHoBe

Tofo, qro IIeHa orK€Ba Anfl AaHHIIX crlcreM BeJILIKa, oco6oe 3HarreHLIe

KOMTIJIEKCA

STkrM HaAO



PTA, B ocHoBy Koropofi JrerJra pa3pa6oraHHas. MareMarlIrlecKa.l MoAenb

AerpaAarllroHHbrx rrpoqeccon n PTr{, rto3Bofl.flrcIrla.fl [poBoAI4Tb oIIeHKy Blrkrfllaus.

apefiQa BAX PTA B rrpoqecce oKcrrJryararlnn Ha BbrxoAHbre oneKrpuqecKlTe

rrapaMerpbr cMecr.rreJrr Ha ocHoBe PTA npv pEt3[krqHbrx KoHcrpyKTopcKo-

TexHoJrorrrrrecKLrx peureHLT.f,x vrgl'ennfl. llpz' groM MoAenb cocroLIT Lr3 AByx

uo4ynefi: MoAynb pacqera AerpaAarluu p$oHaHcHo-ryHHeJrbHbrx rerepocrpyKryp,

Koropar orpeAenrercr 4n$fyszefi Al u Si, u MoAyneM pacqera AerpaAaIIkILI

KOHTaKTHOTO COlpOTrrBrreHUfl, OMUqecKnX KoHTaKTOB, KOTOp€U IpOT4CXOALIT B

p*ynbrare Ar,r$OFLroHHoro pa3Mbrrrll LIX crpyKrypbl. B pa6ore rroKa3aHo, qro

r{MeHHo gTLr Qarroprr oK€t3brBaK)T AoMlrHrrpyroqee Blrvrfllavre Ha rroKa3areJILI

rraAe)KHocrz PT,{ Lr, KaK cJIeAcrBLIe, Bcero cMecvreJul B IIenoM.

Taruu o6paeou, lnaytrlaas, HoBLr3Ha perleH3rrpyevrofi ALrcceprarlvLr coMHerrutrt

He Bbr3brBaer Lr 3acJTyxLTBaer noJrox{urenrnofi oueHKLt.

llparcur.recKaq rleHHocrb pa6orrr

flpnuene HLre Ha rrpaKTkrKe paspa6oraHHbrx aBTopoM HayqHbrx uonoxenzft

rro3BoJrLrJro [oJIyqLrTb cneAyroque pe3ynbTaTbr, LrMerolpre [pLrKJraAHoe

rrpoLt3BoAcTBeHHoe 3HarreHrre, [oJIHocTbIo oTBeqaloqee rIeJrLr n 3aAarI€IM

[porpaMMHo-pacqeTHofo KoMrrJreKca

dif2RTD Molrer 6urr rpoBeAeHa orrrLrMlr3arlurfl. rrapaMerpoB pBoHaHcHo-

TyHHeJrbHbrx rerepocrpyKryp (rorqlrn u xlrMlrrrecKoro cocrana) c qenbK)

ynfrrxeHkrfl HaAentHocrll PTA LI cMecvrenefi Ha rrx ocHoBe. Kporr,re roro,

dif2RTD rro3BoJr-[er ) recrb raKkre rexHoJroruqecKLre oco6ennocrn

Lr3roroBJreHVA AlAs/GaAs pe3oHaHcHo-TyHHeJrbHbrx rerepocrpyKryp, KaK

reMrreparypy MJIS r{ TeMrreparypy Lr BpeMr repMLrqecKprx orxrvroB rrocJre

MJIS kr npu Lr3roroBJreHvrkr oMrrqecKrrx KoHTaKToB; TarcKe oH f{LrrbrBaer

ycnoBrrfl gKcrrJryararJvr4" ycrpoficrna, Brruflrtvre repMLrqecKofo or]Kkrra

pe3oHaHcHo-TyHHeJrbHbrx ferepocTpy-KTypbr npv ee rBfoToBJreHkrr4 Ha

LICCJIeAOBAHkTg.:

1. C rroMorubro pa3pa0oTaHHofo



KOHTIeHTpaTIZIO AeQeKTOB, AelpaAallruo oMnqecKklx KoHTaKToB IIpU

sKCrrnyarar\vrr4 vr AefpaAaIIIIrc pBOHaHcHO-ryHHenbHOfi CrpyKrypbl B

pe3ynbrare reMrleparypHofi aIEQ Qysuz.

2. MeroAzxa ALrarHocrLrKtr KaqecrBa HaHopa3MepHbIX AlAs/GaAs

pe3oHaHcHo-TyHHeJrbHbrx rerepocrpyKTyp Ha ocHoBe ZK-cnerrpalurofi

gJrJrrrlcoMerpuu Mox(er rrpklMerurrbct Ha grarle orpa6orrn rexHoJIorLIIz

r{3roroBJrenvrfl, cMecrrreJrbHbrx PTA Ars nrr6opa pexsMoB BblparrvBanult

AlAs/GaAs pe3oHaHcHo-ryHHeJIbHbIX ferepocrpyKryp MeroAoM

MoneKyntpHo -nrreBoll 3TILIT aKCVrI"j.

3. TexnororLrqecK€Ls onepaqur KoHTpoJIt KaqecrBa LI3roroBJIeHufl.

HaHopa3MepHbrx AlAs/GaAs pe3oHaHcHo-ryHHeJlbHbrx rerepocrpyKryp Ha

ocHoBe ZK-slllr[coMerplru rro3BoJl.f,er o6ecueqrlBarb rpe6yervrrrfi yponenr

HaAe)KHocru PTr{ rI cMecLITerefi Hakrx ocHoBe;

4. PerorvreHAarlnu rro rrcMeHeHkrro [apaMerpoB KoHcrpyKIIrlLI HaHoptBMepnofi

AlAs/GaAS pe3oHaHcHo-Tynnelrnofi cTpyKrypbr HanpaBneHbl Ha

rroBbrrrreHr{e na,u€xnocrz vr oHLI)KeHLIe ce6ecrolrMocrl{ cueczrelefi

paArrocrrrH€lrloB Ha ocHoBe PT[.

O6o6qas BbIIrreLI3JIonteHHoe, MoxtHo cAenarb BbIBoA o

p erlercvpyeMar ALr cceprarl us, o6 ta4aer HecoMnenHofi rlpaKTllqecrofi

TOM, otfO,

Ans rexHoJroruqecKLlx n KoHcrpyKTopcKLIX rloApa3Aelenrafi

upu6 op ocrp orrrenbHblx rlpeA rtputrufi .

IIEHHOCTbK)

upoQumHrtx

AHa.nlrs lr orIeHKa coAep]KaHrlfl AlrccepraurloHnofi pa6oru

Crpyrcrypa Ar4ccepra\vu JrorlrqHo rlocrpoeHa, lrallurcaHa .lcHbIM,

TexHr{qecKlr fpaMoTHbrM .rr3brKoM, He coAep)KI4T cyIqecTBeHHbIX CTLIJILICTLIIIeCKLIX

HeAocrarxos. AsropeQepar u orty6nuKoBaHHhre pa6orrr orpaxaror coAepxaHvre

Alrcceprar\vwr v coorBercrnyror euy. Bo BBe/{eHr{r{ aBTop rlerKo o6ocHosrrsaer

aKTy€lJrbHocrb rrpoBoArrMbrx rrccneAoBantuit, Sopvrynupyer Ilenb u craBur



ocHoBHbre 3a4arrv uccneAoBaHvrfl, Lr3JIafaeT HayqHyrc HoBLt3r{y, [paKTLIqecKyIo

3HaqLrMOCTb, rrprrMeH{eMbre MeToAbr LIccJIeAoBaHvriT., a TaKx{e IpLIBOAIIT

rroJro)KeHpnr, BbrHeceHHbre Ha 3arrlrrry. llpoanann3LIpoBaHo coBpeMeHHoe

cocrorHlre uayrnofi 14 TexHoJrorrr.recKofi upopa6oxn BolpocoB o6ecueqenz.fl

HaAe)KHocrpr npv [pokr3BoAcrBe cueczrenefi paAkIocurHutrloB Ha ocHoBe

pe3oHaHcHo-TyHHeJrbHbrx ALroAoB, TeHAeHIIVV pa3BnTkrs. paALrOSneKTpOHHbIX

cpeAcrB cBfl3vr v uepcneKTr.rBHocrb rrpuMeHeHr4fl PTA B uerznefinrrx

upeo6pa"eoBareJrrx paAr,roclrHarroB. Pacrprrrrr 3aKoHoMepHocrlr Qopvrupo Ba:aus,

nocrerreHHbrx orK€BoB cMecureleit paAVocLIrH€uroB Ha ocHoBe PT.{, B ocHoBe

Koropbrx Jrex(ar AerpaAarlLroHHbre upoqeccbl B crpyKrype PT[: az{Syszs Al u Si

B pe3oHaHcuo-ryHHeJrbHbrx rerepocrpyKrypax u az(fQysuoHHoe pa3Mblrkre

crpyKTypbr oMurrecKrrx KoHTaKToB. Oupe4eneHo, rITo azQQysuoHHbre npoqeccbr B

rraHopa3MepHbrx AlAs/GaAs pe3oHaHcHo-ryHHeJIbHbIX crpyKrypax Lr AuGeNi

oMlrrrecKr.rx KoHTaKTax oK€r3brBaror cyrqecrBeHHoe Blrvrfl:elvre Ha r43MeHeHLre Soprvru

BAX PTA, BbrxoAHbre gneKTpr4rrecKlle lapaMerpbr ur, coorBercrBeHHo,

HaAe)KHocrb cMecrr etefi paALrocurH€lrroB. llpone4euo vccneAoBaHure BrrunHkrl

TexHoJrorr{qecKoro rrpoqecca Lr3roroBJIeHnfl, Ha rrao4r,rQurcarluro csoficre

p e3oHaHcHo-TyHHeJrbHbrx f eTepocTpyKTyp t4 oMkrqecKlrx KoHTaKToB cMecr4TeJrbHbrx

PT!: olpeAeJreHbr rrktcJreHHbre xapaKTepr4crvrKkr ocHoBHbrx AerpaAarlzonrBfx

rpoqeccoB - aKTkrBarILroHHbre rapaMerpu alr$$ysuu Al vr Si B pe3oHaHcHo-

TyHHenbHbrx crpyKTypax v npLIKoHTaKTHbIX o6racr.f,x, a raK)Ke 3aBkrckrMocrb

corrporltBreHus AuGeNi oMlrqecKrrx KoHTaKToB or BpeMeHV kr reMrreparyprr. Ha

ocHoBe groro 6sutu pa:pa6orausr MeroArrKr4 rexnz.recrofi ALrarHocrLrKLr:

MeroALIKa AlrarHocrrrKLr KaqecrBa HaHopa3MepHbrx AlAs/GaAs pe3oHaHcHo-

TyHHeJIbHbIX rerepocrpyKTyp Ha ocHoBe IrlK-cueKTp€urbHofi sllnucoMerprrrr Lr

MeroALIKa oIIeHKLI [3MeHeHaf, BAX PTA rIoA 4eficrnzeu AerpaAar{LroHHbrx

npoueccoB B ero cTpyKType, a TaK)r{e MeToALtKa rrpofHo3rrpoBaHu[ IJaAe'.KHocTkr

cuecurenefi paAlrocurHzlrroB na' ocHoBe PTA. 3ro no3BoJrlrJro paspa6orat

KOHCTpyKTOpCKO-TeXHOJrOfLrrreCKUe MeTOAbr Lr -CpeACTBa rroBbrrrreHLrfl, HaAeX{HOCTT{



cMecrrTenefi paAlrocrrfH€rrroB Ha ocHoBe PTA Ha pasnuqHbrx gTarrax

TexHoJrorkrrecKoro rlrrKJra rr3roroBJle[vrfl. cMecLITeJIefi' paAVocLlrH€lIIoB.

An po6aqrrfl pe3yJrbraroB Arlcceprarluonnofi pa6oru

Co4epxanne pa6oru o6cyNAurJrocb Ha oAr4HH a4rJarvr HafrHo-TexHkIqecKLIX

rcon$epenr\urx, BoceMb rr3 Koropbrx LrMeIor craryc Me)KAyHapoAHbIX, a raKxe Ha

r{ayrrHbrx ceMLrHapax rcaQe4pu <<Texnororu.f, upu6opocrpoeHrlrl)) MfTy rIM.

H.3. Eayvrana.

Pa6ora upouna aupo6aquro KaK B rrpolr3BoAcrBeHHbrx ycJloBvrflx, Tatr. Lr B

yre6norvr lpoqecce. 3ro rroATBepxAaercfl, nprlnaraeMblMkt rc pa6ore aKTaMLI o

BHeApeHrrr{ ee p*yJrbraroB n yre6norvr [poqecce rrpoqecce rlpu noAroroBKe

6arananpoB r{ MarzcrpoB rro HarlpaBnenzro <<HaHollHx{eHepufl>> MfTy zrvr. H.3.

Bayuaua LT B opraHvrsar\vrflx OfyTI LHI4PTI4 zM. aKaAeMI4Ka A.VI. Eepra, Iil,fu|

PJI z yI,IU HT HMCT MfTy uvr. H.3. Bayvrana. Pesynrrarbl Moryr 6nrr

LrcrroJrb3oBaHbr Ha rrpeArrptrflTvrffi. paALIogJIeKTpoHHoro LI KocMuqecKoro npoQulx,

raKr{x KaK: OAO "Konqepn IIBO "Alvrag-AHrefi", OAO <<Konqepn

<PaAraorexHuqecKr4e Lr unQopnrarlLroHHble cLIcreMbD), OAO "Konqepn

t'Co3Be3,4r,re", OAO "Zxencrufi pa,4zosano4", OAO t'Hosocz6upcxufi,

eneKTpoBaKyyMHblfi sasoA-Coro3" Lt Apyrlrx. -'f

3aue.ranrrfl rro pa6ore

1. llporpavrMHo-pacqernrrfi KoMrrreKc dif2RTD paccqllrblBaer BAX

PTA Ha ocHoBe MeroAa I-ly-Ecarn, qro flBIrflercfl. upu6nnxeHHblM pacqeroM.

2. SxcuepnueHTarlbHble uccneAoBalIvrfl. oIIeHKLI

rexHoJrorlrrrecKoro npoqecca MJIS Ha MoArl$zr<aqzro cnoficrs

rynnemnofi rerepocrpyKTypbl npoBeAeHbl p.nfl M€uloro 'rvrclra

BJIVIflH.I.IS,

pe3oHaHcHo-

(ncero 2-x)

6

o6parqon.



3. Mero4zra ALrarHocrr{Klr KarrecrBa pe3oHaHcHo-TyHHeJIbHbrx

rerepocrpyKTyp Ha ocHoBe ZK-cnerrpamnofi eJIJIrIrIcoMerpLrkr flBlrflercfl.

pzBpyrrrarcrlofi, qro rro3BoJr.[er rrpoBoAurb roJIbKo nrr6opouHblfi KoHTponb.

Brrurerasro]KeHHbre 3aMeqaHlrr He BJILI-f,ror Ha o6nryro rloJloxurenbHylo

orIeHKy AocraroqHo BbrcoKoro HarrHo-TexHl4qecKofo ypoBHt pelleH3LIpyerraofi

AkracepTar\w.

,{ucceprarlufl xoporuo oQopvueHa vr HanrrcaHa rexHrIqecKLI rpaMorHblM

-f,3bIKoM. Cepresnrrx [pereHgufi rc ee oQoprvuleHzro He rlMerorct.

3aK.rrro.reHue

Mareesa Mctucnaea Oneronu.ra lpeAcraBnter

Ha) {Ho-KnanzszrarlLToHHyrc pa60ry, rlo3BoJlrrou1ylo

3aAa'ty o6ecue.reHz.f, HaAe)KHocrLt cueczrerefi Ha

pe3oHaHcHo-TyHHeJrbHbrx AkroAoB. Paspa6oraHHble aBTopoM KoHcrpyKTopcKo-

BbrcoKoHaAer{Hbrx paArrosneKTpoHHbx cpeAcrB

df

HoBbrx HayqHbrx noroxenzfi, [paKTLrqecKI4

KarrecrBa AlAs/GaAs pe3oHaHcHo-ryHHeJrbHbrx

Irtx OCHOBO, KOHCTpyKTOpCKO-TeXIIoJIoruqeCKIIO

peKoMeHAar\vtur, a raK)Ke o6raAaer BHyrpeHHr{M e.qrrHcrBoM. AnropeQepar u

ocHoBHbre rpyAbr Mareesa M.O. coorBercrBylor reMe ALrcceprarlww AocraroqHo

rroJrHo oTpax(arcT ee coAepx(aHue.

Ha ocnonannu Bbrruekr3JroxeHHoro cqrrraro, rrro pa6ora coorBercrByer

rpe6onankrrM rr. 9 <<llonoxeHr{r o nop.f,AKe rrpucy}c4euvrfl, freHbrx creueuefi>>,

npeAbsB[.neMbrM K KaHAr{AargRurvr Ar..IccepraIIvIAM) a ee aBTop Marcees M.O.

3acJrylKlrBaer rrpvcyllr.4eHkrfl yrenofi crerleHl{ KaHAr{Aara rexHr{rrecKLrx HayK rlo

co6ofi

pelruTb

ocHoBe

npn6opocrpoeHkrt, B

[uccepraqun

3aBeprxeHHyro

aKTy€lJrbHyro

TexHoJIOfLrqecKkIe MeroAbI vI

cyqecTBeHHoe 3HaqeHne I'II[
qacrHocrrr IIpu u3roroBnelJvrvr

CBrI Auan€BoHa.

Pa6ora coAepx{zr pflA

3Haqr{Mble MeToALTKLT OTIeHK}r

rerepocrpyKryp 14 PTA Ha

cpeAcTBa AJrf, perxeHlrt

pa3BvrTu[ TexHoJrofrrlr

3TOLT 3AAAI{I.d LIMEIOT



creqviurbriocrsvr 05.1 1.14 <<Texnororu.f, npz6opocrpoeHl4n> u 05.27.06

<<Texnonorras u o6opy4onanve Anfl rlporl3BoAcrBa nonylpoBoAHuKoB,

Marepuuilon u upu6opoB gJleKTpoHnofi rexnLIKI'D).

O(puqlranrnrrfi ornoHeHT, K.T.H.,

AorIeHr, 3aBeAyroqnfi raQe4pofi
KOHCTpyr4p OBaIJLrs 14 IIp O lI3 BOACTB a

paAuoeJrerrponnofi anraparypbl
O|EOY BIIO (lIfTY)
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