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O4uonpeMeHHo Bo3BparqaeM Alrcceprarluro

06 orsrree ne4yu1efi
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f ocxopuo p a\vrfl. <<Po carou>>

ne4yrqefi opraHl43arlulr

ArqraoHepHoe o6ulecrno <Kpacnaa 3se3Aa)

OT3bIB

AO <KpacHafl, 3se3Aa) Ha Arcceprarlr4oHHyro paoory

3ner<rpon urnstir rpoe3A, A. 1 A, r. Mocrcn a, 1 I 523 0,
re;l: (499) 317-63-09, Sarc: (499) 613-34-88, e-mail: in

Morynruna An4per Zropenu.ra
4eSoprr,raqnfi upoQznupoBaHHbrx

<<MexanuKo-MareMarr{qecKaf, Mo.[eJrb
gneKTpo.qoB uonnrix ,4nurarenefi>>,

rrpeAcTaBneHHylo K 3arrlLrTe Ha colrcKaHue r{eHol4 cTerreHu KaIJAuAura
TexHLrqecKux HayK rro clerlrl€rrrbHocrr4 05.07.05 - <<TeuroBbre, oJreKTpopaKerHbre

ABWaTenU pr 3HepfoycTaHoBKpr JreTaTeJIbHbrx aIIIIapaToB)

llpe4craeJleHH€ul Al4cceprar\ufl Ha cor4cKaulre yuenofi crerreHpr KaHAr4Aara

TexHLTrIecKux HayK cBt3aHa c arryanrnofi npo6rervrofi co3AaHHr troHHbrx

IBlrrareJr efi (VI[) KocMr{qe cKr4x anraparoB.

flper pa6ore W nau6olee HarpyxeHHbrM y3noM f,BJrfleTcr r{oHHo-

6onee 90% MoruHocrrr,orrrLrrrecK€ur cLrcreMa (I4OC), B nefi peaJrr,r3yerct

rroABeAeHnofi rc .qBr{rarenro.

O6ecne.reHze nopvranrnofi pa6orrr ABLIfaTenf, OrrpeAen.rreTcq

cra6utrcsocrbro pa6overo 3a3opa Mexqy npoSunzpoBaHHbrMr4 oneKTpoAaMr4

WOC, qro o6ecreql{Baercr ycrofiquBocrbro Sopuu sneKTpoAoB npu geficrnuu

TerrJroBbrx Halpy3oK pa6orarorqero 2,,{.

floerovry 3a4aqa pa:pa6omra MexaHr4Ko-MareMarz.recrofi MoAeJrr4

4eQopruaqufi snercrpoAoB rBJrserc.fi sar(Hofi r{ aKTyaJnnofi .

B paspa6orannofi repMoMexaHzqecKofi uo4enz oneKTpoAbr npeAcraBJreHbr

f

KaK TOHKOCTeHHbTe OOOnOqKr4 Bparr{eHr4.fl, Halpyx{eHHbre paA



reMneparyp. Tarcas. MoAeJrr ro3BoJr.rrer orrpeAenlrrb yrpyrue 4eQopuaquu

oJIeKTpoAoB npLI rpaHZqHbIX ycnoBLrsx B Sopvre cno6o4noro orrkrpaHr4fl, rro

KoHrypy noJrororo cSepuuecKoro cerMeHra.

Hayvuan HoBrI3Ha pa6orrr 3aKJrroqaercfl B ToM, rrro Ha ocHoBe perueHr4t

cllcreMbl aIaQ$epeHllllzurbHbrx ypaBHenzft paspa6oraya MeroAr{Ka Lr aJrropr4rM

onpeAeneHur neo6xo4uvrofi (rng ycnoBr4s ycrofiuznocrr4 $opvru) na.ranrHofi

BeruqllHbl rloAbeMa aJleKrpoAa (ucxo4nar Qopvra), a raxxe nporu6a sneKTpoAa,

roroprtfr Bo3HI4Kaer 3a cqer lpaAlreHTa reMneparyp. Peruenue [ocrpoeHo B Br4Ae

nenznefinoro anre6paurlecKoro ypaBHeHrrr rperrefi crerreHr4, no3BoJrrroulero

orrpeAenr{Tb 6espasrurepnufi na.ranrHrrfi rroAbeM cQepnvecrofi

gneKTpoAa u nporz6 (uepeivreqenue), o6ecue.ruBaroulr4e

Me)KsneKTpOAHOrO 3€BOpa B 3aAaHHbrX rrpeAenax.

Hay.ruan HoBrI3Ha a [paKTnqecKas 3HarrllMocrr, rlpeAcraBleHnofi

pa6oru cocrol4T TaKxte B ToM, qro rronfreHbr pe3ynbrarbr irr4cJreHHoro

MoAenllpoBaunfl.4eQopua\ufi Anfl, pa3nlrrrHbrx Marepr,rarroB z Sopu oJreKTpoAoB.

Vqrenrr neperraAbr reMrreparypbr rro pa4kry cy gneKTp oAoB.

llpe4noxeHHafl MeroAI{Ka rIo3BoJI{er nporHo3r4poBarb r43MeHeHr{.rr

Mex{3neKTpoAHofo 3a3opa IIpu pa3nr4qHbrx feoMeTpr4qecKlrx [apaMeTpax

oneKrpoAa 'I coKparurb BpeMflBapuraHrHbrx pacqeroB npr{ npoeKrr4poBaHuul4[r.

B npoqecce kIccJleAoBanufi BbIrBJreHo r43MeHeHLre BeJrr4rrr{Hbr rrJrorHocrr4

I{OHHOTO TOKa B 3aBI4CI4MOCTLI oT I/I3MeHeIJVIfl. MOX{SJIOKTpOAHO|O 3a3opa, a TarcKe

orlpeAeneHbl .quana3oHbl Haq€LIIbHbIx loAreIr,toB gneKTpo.4oB, o6ecue.IuBarcIrll4x

neo6xo4uMyro rrJrorHocrb r4oHHoro roKa.

ilparcuruecKas 3Harr[Mocrr pa6orbr olpeAer.f,ercr reM, qro B pe3ynbrare

o6oro.{Kra

I{3MCHEHLIE

pacqerHo-TeoperruecKoro I{ccneAoBalrtlas. nsrpa6oranbr peKoMeHAarlun uo nu6opy

rapaMerpoB KoHcrpyKrlau oJreKTpoAoB Lr y3na I4OC

CosAaHHas MeroAr{Ka rrpuMeHeHa rrpn pa3pa0oTKe rrpoMbrrxneHHbrx

o6pasqon KoHcrpyKuuir LIOC l4!,, gaw:r^ peKoMeHIarJVLr,qrrf, KoHcrpyrlpoBaHr4rr

orreKrpo,{oB I4OC VIA, paspa6arrrBaeMbrx B IilrfuI IIMO MAI4. Peaylrraru

B rIeJroM.

BIITIoJTHeHHrIX tlccJreAoBanuit vr pacqeroB r4crroJrb3oBaHbr rrpz pa:pa6orre



KoHcrpyKrlLrr4 BbrcoKoqacrorHbrx l4I pflAa: 80, 100, 160, 450, 500 MM.

ZsrorosreHbr r{ HcrrbrraHbr na6oparopHbre MoAenr{ Bril4A- 8 u BWIA- | 6 .

{ocronepHocrb HafrHbrx noroNeHufi v loryqeHHbrx aBTopoM

pe3ynbTaToB IIoATBep)KAaeTct TeM, qTo pe3yJrbTaTbr pacqeToB rro [peAJro)Kennofr

MOAenH COTIOCTaBJIeHbI C SKCrrepr4MeHT€LIrbHbIMr4 AaHHbrMrr) A TarcKe

couocTaBJIeHbI c pe3yJIbTaTaMI4, Ironr{eHHbrMLT B rrpolpaMMHOM KOMrrJreKCe

ANSYS. CouocrauleHLIe pe3ynbraroB pacqerHo-Teoperr4rrecKoro zccneAoBaHvrfl. c

pe3ynbraraMu MoAenrlpoBaHvrs. reMneparypHbrx 4eQopuaqufi 3neKrpoAoB B

lporp aMMHo-BbrrrlrcJrkrTeJrbHoM KOMIIJIEKCC ANSYS IIOKA3€LiIO

yAoBneTBoprrTenbHoe cofJracoBaHr{e pe3ynbTaToB.

flpu cpaBHeHI4LI pe3yJlbraroB Bbrqr{cJreHLrr nporu6oa oneKTpoAoB rro

paspa6oraHHofi AuccepraHToM MeroAI4Ke vr pe3ynbraroB 3Kcnepr{MeHra Ha

ABlrrareJre IfuI[-200, nonyreHHbrM e FIAV zrr,r H.E. Xyrconcroro "Xapmoscrufi

anuaqnonnufi IaHcrr,ITyr" orMe.reHo xopo[ee coBrraAeHLre. Pacxox4eHpre rro

MelK3neKTpoAHoMy 3a3opy cocraBuJro B rleHrpe 3,7Yo, na nepuQepw-I,4oA.

Peeylmarbl LlccneAonalr^uit, [peAcraBJreHHbre B Alrcceprarlkrvr, ]r3Jro)KeHbr B

ceMI{ orqerax, ,qByx rlareHTax ) rrflTvI vr34alavrflx, peKoMeHAoBaHHbIX clrl4cKou BAK,

B OAHOM peIIeH3EpyeMOM LTHOCTpaHHOM U3AaHVTV\ A TarcKe AOKJraAbrBUrkrCb HA

p oc czfi crux r4 Me)KAyHapoAHrrx ron S ep eHrILrf, x.

,{ucceprarluoHHyro pa6ory A.VI. Morylruna xapaKrepu3yer srrcorzfi

nayrHrrfi ypoBeHb, aKTyanbHocrb reMarIrKI,I, [paKTr4qecKar rleHHocrb r4 HoBr{3Ha.

Orueruvr cneAyrouLr e 3HaqlrMbre pe3ynbrarbr pa6oru :

- pelxeHa sa4aqa o6ecue.reHr{rr ycroir'rur,oiT, pa6oru y3na I4OC VTA npw

reMrr ep aryp H oM H afpy >KeIJI.I[:'

BbrnonHeHo pacrreTHo-Teoperr4qecKoe r4ccneAoBaEvre TeMrrepaTypHofo

4eQopuupoBaHkrfl, oneKrpoAoB I4OC vr nrrpa6oraHrr peKoMeHAar\uv Anfl

rrp o e KTr,rp oBa}Ivrfl . 9n eKTp oAo B.

c vclloJlb3oBaHpleM nonrleHHbD( B AI,,CCepTarJnVr pe3ynbTaToB

pa:pa6oraHa rexHklqecK€tf, AoKyMeHTarJvrfl. I4[, usroroBJreHbr orrbrrHbre o6pa:qu

ABl4rareneft BHLII-8 z BIII4A-I6, uporueAluue uccneAoBareJrbcKr4e vrerrbrra;rtkrfl.



,{uccepraqr4oHHar pa6om A.vr. Morynrzua rpeAcraBJrf,er co6ofi

3aKoHqeHIryIo HaflHo-KB€ull4Qzraquourryro pa6ory. Marepr4urJr r{3no)KeH rroHrrrHbrM

f,3bIKoM vr xoporuo crpyKTypr4poBaH, o6ognaqeH nu.rHrrfi BKJTaA aBropa B

pe3yJrbrarbr rrccneA osauuir.

K ueAocrarKaM pa6orrr MoxHo orHecrr4 cneAyroqee.

K cox€LIIeHI4Io, B Al{cceprarlr4r,r orcyrcrByer cpaBHr4Telrurrft aHLtrH3

B€JII'IIII4HbI uporz6on, Koropble nafiAenhr Ha ocHoBe perreHr..rfl alre6par.recKoro
typaBHeHufl, C TeMI4 )Ke BeJII4r{r,rHaMr4, noJrrreHHbrMr{ B p$yJrbTaTe perxeHurr

c?IcreMbl nelzHefiHux ypanueuuit, onucunarorqefi nporz6u sJreKTpoAoB KaK

IroJrorHX c$epzvecKr.rx cerMeHToB.

llpru cpaBHeHuI4 pe3ynbraroB pacqerHo-Teoperr4rrecKoro LrccneAoBaHvrfl. c

3KcnepHMeHT€LIIbHbIMI4 AaHHbrMrl cneAoBErrro 6rr orpanzqr4Tbcr sKc[epr4MeHToM rro

4eQopvrrEpoBaHl4lo oneKrpoAoB ABHraremIWI[-200,Apynre AaHHhre rdMeror MHoro

HeonpeAeJreHHocTer{, ux CNCAOB€TIIO ObI pacCMaTpLIBaTb TOJIbKO

zu$oprr,raqr4oHHoM rrJraHe.

flpe4craurf,erc.fi HeyAaqHbrM nu6op TepMr4HoB "HasarbHbrft" 14

"4orlorurnrelsurrfi npolu6 " .

Kponre rofo, Ar4ccepraHTy cneAoBano 6u He BhrxoAr4Tb 3a paMKr4

peKoMeHAoBaHHoro o6leua rnaluQuraquonuofi pa6oru, a B pa3Aene 3.3 uz6parr

6 olee HarJrrAHyro Oopry np eAcraB lreHufl, rrr4cJroBbrx AaHHbrx.

Orrrae.IenHble He,IIocrarKI{

npeAcraBleHuoft Ar{cceprarlpu4.

He cHr4)Karor HafrHoft z npamu.recroft qeHHocrr{

Perylrrarrr Arrcceprarlzonnofi pa6oru A.VL

MorynruHa Moryr 6um rpI4MeHeHbr npu paspa6orre r{oHHbx ABr{raren efr n I*fuI

IIMO MA[40 OfyTI OKE <<(Daxen>, KE <XurvraBroMarr4Ku))

3aHHM€lIOqI4XAfl, [poeKTI{poBaHLIeM kI H3TOToBJIeHI4eM 9Pn.

Pa6ora B rlenoM yAoBnerBoprer rpe6onauz.f,ra floroxeHur BAK o ropf,AKe

npI4cylKAeHLIrI fIeHbIX crerlenefi, npe4r.aBJr.rreMbrx K KaHAr,r.4arcKr4M Ar.rcceprarlr{lrM,

a ee aBrop Au4pefi I4ropennu MoryrKr4H 3acJry)r(r4Baer npr.rcyxAeHufl. crerreHr4

KaHArIAara TexHI{qecKI4x HayK rro cnerlr4aJrbHocrr{ 05.07.05 <<Tenloslre,

3neKTpopaKerHble ABI{rareJIrr H 3HeproycraHoBKr4 JrerareJrbHbrx alnapaToB).

r4 ApyMX OpraHu3arlr4rrx,



Orgrre paccMorpeH kr o4o6pen Ha 3aceAaHvrv ceKrllrr{ Nsl Hayrrro-

rexHrrrrecKoro coBera AO <KpacHafl.3nes4a> (Ilporoxon Ns9/ 2015 or 17 yox6pr,

2015 r . )

frannrrfi KoHcrpyKTop
AO <KpacHafl,3nes4a>,
3acnyxennrrfi roncrpyKrop
Poccnficrofi @e4eparyrr4

Ha.ramHur ra6op ar opr4u np oqHocrll
AoKT.TexH.HayK, upoQeccop

Be4yqufi HayrHufi corpyAHr,rK
na6oparoplrkr lporrHocrlr
KaHA. TeXH. HayK

Y.reuHfi ceKperapb ceKrIHr{ i\bl HTC
AO <KpacHas,3nea4a>
KaHA. TeXH. HayK, CT. Harr. COTpy.4Hkr

B.B. KarueJrKr4rr
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