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BeAyrnlefr opraHlr3aqrr Ha ArrccepraquoHnyro pa6ory 3apanrcenuqa Urbn Anqpeenura

<<rlnc;rennoe lr 3KcrrepnmeuTaJrbHoe MoAeJr[poBaHrre npoqeccoB n gnyxQauronr

,rilrAKocTHo-ra3oBoM SrKeKTope npI|MeHl|TeJrbHo K ncnbITaHHsM peaKTHBHbIx

ABnrarqrrefi>>, npegcraBJrenHyro Ha corlcnaHlre yrreHoft crenenn KaHAnAara rexHlrrrecrux

HayK no cnequarbHocrlr: 05.07.05 - <<Ten;roBbre,3JreKTpopaKerHbre ABnrareJrn u

3HeproycraHoBKrr JrerareJrbHbrx annaparoB>>

Paspa6orra r,r MoAepHr.Barlr4r paKerHbrx u aBvaqtaoHHbrx ABI{rareJIefi rpe6yer ux

sKcnepr.rMenralurofi orpa6orKr,r c zuuraquefi Harypnbrx ycronrafi sKcnJlyarallun ArA

noATBepxAeHrrrr pacqerHbrx napaMerpoB. B qacrnocru, Antfl. orHeBbrx creHAoBbx Iacnrrranr.rfi

xorAKocrHbrx paKerHbrx gnurarerefi ()IPA), npeAHa3HaqeHHbrx AJII BepxHnx cryneHefi paKer I4

parroHHbrx 6roxos KocMlrqecKofo Ha:iHarreHr,rr, Heo6xoAuMo cleqrrilJlbHoe creHAoBoe

o6opy.uonaHr.re, Koropoe AoJrxHo o6ecneqr,rrb r.rMr4Tarluro BbrcorHbx ycJIoBI,Ifi pa6orbl KaMep

cropaHrnr c 6onrIrtofi creneHbro pacnlrpeHlrr coneJr. B crenAosofi nparrnKe AJII co3AaHvt

pa3pgx(eHr,rr B r4cnbrrareJrbHbrx KaMepax npr,r BbrcorHbrx [crrbrranulx npltMeHtlorcr crpyfinrre

annaparbr - gxerffoprr. flepcneKTr.rBHbrM rBJrrercs npr.rMeHeHlre anyxtbagHbx xHAKocrHo-

raBoBbrx gxeKTopoB AJrr noBbnuenux eQQeKrnBHocrr.r npoBeAeHr4r Bbrcornux prcnrrtaHlafi

peaKTrrBHbrx Asr.rrarerefi. B Hacrorlqee BpeMt HeAocraroq
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gKcrrepr{MeHTaJrbHbrx pa6or, cBr3aHHbx c vccneAoBaHlaeM Blrvtfl:avlfl Al4crlepcHocru pa6o.rero

reJra Ha y.uenbHble napaMerpbl 4eyx(pa":uoro oxeKropa.

,{uccepraqzouuofi pa6ora 3apaurenu'ra llrru Au4peenzua rocBtlrleHa aKTyanbHbIM

BonpocaM rroBbrrrreHrzr s$QexruBHocrr4 creHAoBofo o6opy4onanvrs.Lr cHI,IlKeHI4t Marepl{aJlbHbrx

3arpar rrpr4 rrpoBeAeHur4 ucrrcrcattuft peaKTr.rBHbrx Aeurarereff v Lrx arpefaroB nyreM

coBeprrreHcrBoBaHr,rr pa:pa6omra 4nyx$a:nsx xr{.{KocrHo-ra3oBblx crpyftnrx sxeKTopoB

(xfcA).

Hayunar HoBu3Ha Ir [paKTrrqecKafl 3Haql{Mocrr, pa6orrr

Anropou [poBeAeH alaurlts r;rr4snvrs. A]rclepcHocrlr pa6oueft xI,IAKocrI4

cMecr{TeJrbHoro grreMeHTa oxeKTopa Ha yAenbHble napaMetprr XfCA.

Pa:pa6oraHa Mero4rrKa qucreHHofo MoAen:rrpoBar^vrs. pa6o.rero flpoqecca xlrAKocrHo-

ra3oBoro 4nyxlpasuoro gxeKTopa B rraKerax nplrKnaAHbrx nporpaMM rr{Apora3oAlrHaMr{Krr c

yqeroM rrapaMerpoB cTpyl4.

flpone4eua orIeHKa rlorperxHocrrr sKcrrepr4MeHTaJrbHbrx AaHHbrx r{ cpaBHeHue r4x c

pe3ynbraraMr.r trprcJreHHofo MoAeJrkrpoBaHars, npoqeccoB e 4nyx$a:HoM xlrrKocrHo-ra3oBoM

3xeKTOpe.

.{auu peKoMeHAarlrrr4 rro MoAenr.rpoBaHlrro 4nyxlpasnrrx XfCA AJII [oBbIIIreHI{-tr

s $ f eruunn o crr.I np o B e reutrfl BbIc o rHbx rz cusrraHlaft P,{.

floryreHnue gKcrIepLIMeHTaJrbHbre AaHHbre rro3BoJr.sror cHr,r3r4Tb ra6apnru v

eHeprerrzr{ecKpre 3arparrr crpyfinrrx arraparoB rrpu rpoBe4enurvr ucuuranufi XP,{ u P.{ 6es

cHr,rxeHr.rt I{x [pol,I3BoAurenbHocru. B pa6ore rroKa3aHa Bo3Mo)KHocrb lrcflonb3oBaHr,rr naKeroB

npr,rKnaAubrx nporpaMu ANSYS r{ MoAynr CFX ans pacqera gnyx(pasnsx xr4AKocrHo-ra3oBbrx

crpyfturx alnaparoB 6eg rroreprr rorrHocrrlr onpe4eneHrr.f, xapaKTepr,rcrrrK 4nyxQasuoro

sXeKTOpa.

[ocronepnocrb p$yJrbraroB rl o6ocnosaurrocrb HayqHbrx rroJro)r(eHr{fi o6ecneqeHa

yrreroM nau6oree BaxHbrx ra3oAl{HaMrrqecKr4x npoqeccoB B 4nyxlparnorvr gx{eKTope,

rrprrMeHeur,rerra cepru(prrqupoBaHHofo KoMMeptrecKofo cpegcrBa rrucneHHofo MoAenl{poBauut

(ANSYS CFX), xopoureft cxoAr{Mocrbro pacqeroB rz sKcreprrMeHroB.

O6qre cBeAeHr{s o Arrcceprarluosnoft pa6ore

,{uccepraqvronnas. pa6ora 3apaHxenuua W.A. cocror4T vr3 BBeAeHrr{, Tpex rJraB,

3aKJIIoqeHHg, cttrlcKa ycnoBHblx o6osua.{euufr, cnucxa ucrroJrb3oBaHHbrx rrcroqHr4Koe. O6reN{

Ar4cceprarlur{ cocraBJrrer 101 crpaHr.ruy, crrrrcoK rzcrorrHr.rKoB BKJrroqaer 183 ccrrrlxra.

Bo seeAeHura o6ocnoBaHa aKTyanbHocm pa6oru, cSopuynr4poBaHa rlenb r,r 3aplaqvr

rrccneAoBaHlr.g, nplrBe.qeHbl rIoJIox{ eHus, BbrHo cr,rMbre Ha 3 arrl'rry.



B nepBofi FJraBe npeAcraBJIeH o6sop JluTeparypHbx

uccneAoBanilrv, gnyxQarnrx xcI4AKocrHo-ftBoBbIX gxeKTopoB

aBlraq[onHofi rz paxurnofi rexnure u o6rqefi npoMbIruJIeHHocrI,I.

Bo nropofi ruraBe onucaH o6rerr rrccJreAoBannt, rpanuqHble ycJloBvlfl, vIcnoJtb3yeMble

MaTeMaTVqecKI4e MoAeJrrr, npr,rMeHeHHbre npH qUcJIeHHOM MOAeJII'pOBaHIdI'I npoqeccoB,

npoucxoArrru4x n 4nyxtfasnou )Kr,rAKocrHo-fa3oBoM o)KeKTope. flpunogurcr pealmsa\ufl,

r{r.rcreHHoro MoAenr,rpoBaHhfl. B ANSYS CFX, a raKxe p$ynbrarbl pacqerHo-Teoperllqecroro

HCCJTeAOBaHUT.

B rperrefi ruraBe onrrcaH gKcneplrMenramnufi creHA, Aagtcfl onlrcaHne

nocneAoBaTeJrbHocTr.r npoBeAeHr.rfl gKcnepuMeHToB, a TaKxe npeAcTaBneHbl ocHoBHbIe

p$yJrbrarbr zcnrnanufi paspa6oranHoro AByxQa3Hofo gxercropa. flpano4lrcx peKoMeHAaIILtrI

n npeAnoxeHnr no npoeKTlrpoBaHltrc n opraHz3aqnu pa6orrr crpyfinoro ailnapara.

B saKnroqurelurofi qacrpt Arlcceprarlnr,r nprrBeAeHbl BbIBoAbr rI peKoMeHAarI[[.

flo reMe Avcceprarluu npe4craBJreHbr AoKJraAbr Ha ceMn ncepoccuficrnx

MexAyHapoAHbx ron<fepenqyltx, a ocHoBHbre peyJrbrarbl Avcceprallnu orry6tuKoBaHbl B

perlercupyeMblx xypHanax

Anrope$epar orp tDKaer ocHoBHoe coAep)I(aHI,Ie AI'IccepraI{LI I4.

Cquraeru neo6xoAuubrM BbrcKa3arb cJreAyroulee 3aMeqaHl4e no pa6ore.

1 Hassanrae pBAeJra 2 gucceprauur4 "HucJreHHoe MoAeJIrIpoBaHIle gx(eKTopa c 4nyx(pasnurra

pa6ovravr reJroM c [pr4MeHeHHeM MeroAoB KoHeqHbx sJIeMeHToB". Boo6ue foBopt, s CFX

nplrMeHrerct MeroA KoHeqHbIx o6reuon, a repMr,rH MeroA KoHeqHbrx gJIeMeHToB orHocuTct K

pacqeraM HanprxeHHo-4etf oprvrupoBanHo ro cocrotHlrt rBepAbx reJI.

2 B nucceprarruu HanvcaHo, rrro Arr pacqeroB npllHtra "rranoroSa3HaJl MoAeJIr 3filep-

3filepa". ,{anee npr,rBoAr4Tcr yroqHeHue - "B paMKax MoAeJrn 3finep-3finepa, ucrroJlrcyerct

MoAenb cMe[reHr4r gneMenrapnrx tpasonrx o6teuoB IaJII,I MoAeJIb cno6oAnofi rraex(pasnofi

noBepxHocrn". V3 Aalrnefiurero onucaHr,rr c oqeHb 6omruuu rpyaorr,r Mo)IGo noHtrb, qro LI3

r.rMeroquxcr uoAenefi rraKera CFX, nueracb BBr.rAy MoAeJIb nanoro$asuofi cuecu, B Koropoft

cno6oluar rraex(fasHar noBepxHocrb - uHTeptfefic ne paccMarpllBaerct. O.reHr ne6pexuoe

onncaHlre MeroAoB pacrrera 3aTpyAHreT oqeHKy p$ynbTaroB pacqeToB, no4rqaeMbx B paMKax

nrr6pannofi MoAeJIH.

3 Oann r,ts rryHrcroB nocraHoBKr4 3aAar{rd - "Paspa6orKa HaI4MeHee pecypcoeurofi MeToAHKLI

trr4cJreHHoro MoAeJrnpoBaHr4r ocHoBHbx napaMeTpon pa60ru 4nyxQasnoro xI4AKocTHo-

ra3oBoro gxeKTopa B naKerax npr4KJraAHbrx nporpaMM rIrApora3oAI4HaMHKI,I." O,qHaKo, no

Harrrr4M orIeHKaM, pacr{erbr noAo6nofi gaAaqfi Ha cerKe ug I7,7 MJIH. tr{eeK rpe6yror
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KoMnblorepa c oneparr4BHoft naMflTbro noprAKa 32f6, l6 slepnoro npoqeccopa u, nocKoJrbKy

coJrBep Hecrarrr{oHapnufi, BpeMr pacqera cocraBr4T noprAKa 100 qacoe.

[eranrnrrfi pacqer 4nyx$asHofo reqeHur B o6racrn BbrxoAa )Kr4AKocr]r us $opcynxn u

BHyrpv cnepxsnyroeofi KaMepbr cMelreHrrr g)KeKTopa, Koropar o6na.qaer pa4uantnofi

cl4MMerplrefi, uoxno 6rno rpoBecrrr Ha AByMepHofi cerre c 30 - 300 ruc. sqeer. 3ro

no3BoJII4JIo 6rr c ne6oJIbrIILIMIt KoMnbrorepHbrMr4 pecypcaMr4 locroBepHo nocqnrarb Bce rroJrt

napaMerpoB Ia paccquraru roetp$HrlueHT 3xeKrlr4r,r, u Aanee onrlrMr43upoBarb FeoMerplrqecKr4e

r4 pexraMHbre napaMeTpbr 3)r(eKTopa.

Ecll,u He npoBoAr.rnacb orIeHKa BrwrflHvtfl, MoAenrr ryp6ynenrHocrr.r Ha pe3yJrbrarbr

pacqeroB, ro xaxofi cMbrcJr 6rm usueJrbqarb cerKy n pafione creHKr.r u paccMarpr.rBarb

pacnpeAenenrae Yf?.

He npnne.qen o6utuit sLtA pacqerHofo o6reua, He npr.rBeAeHbr raruKe napaMerpbr

conBepa, cooTBeTcTBeHHo, HeT orleHKr.r noprAKa TOqHOCTTT, C KOTOpbTM npOBOAr4nHCb paoqeTbr.

4 Her Bo3Mox(Hocru cpaBHltrb paccqlrraHHbre u n3MepeHHbre pacnpeAeJreHur KoHueHTparruu

xu4xofi Sasu, xors 6u AJrt Kaqecrnennofi orleHKr.r. 3a cnepxsnyxonofi xauepofi cMerrreHrrt

pacqeTbl npoBoAIrJIHcb, Ho AaHHbIe He npr,rBeAeHbr, KaK HeT r,I SKCnepUMeHTaJrbHbX AaHHbrX.

flpnre4enu Qororpatfuu tpaxena pacnbrna $opcynru (6es cnepxsnyronofi KaMepbr crvreruenu-a),

HO HeT paCr{eTOB.

5 He6pexnoe otfprvrneHze Ardcceprarlulr :

o Pucyuorc7, ulaeroquitcs s anropetfepare, B Ancceprarrulr orcyrcrByer, xorr gru AaHHbre

npr4BeAeHbr na puc. 5 5-5 8 s Ar.rcce pra\wr v Ha pvc.l 0. anrope$ epara.

o B asropetpepare npnBeAeHo, qro npu lrcnbrraHlurx r,r3MepeHue Ar.rcnepcHocrlr noroKa

onpeAeJltJlocb MeToAoM MiLJroyfnoBoro paccevrBaHvfl., oAHaKo B Ar.rccepTarlrrH HeT

AaHHbrx, noJryr{eHHbrM STrrM MeToAoM.

o Her ccbrJrKr4 Ha plrcynox 48.

o Ha pplcyHKe 14 anropetfepara orcyrcrByer JrercHAa r rparpnry KfI,{ no"rrnop:BMepHoro

3xer0opa c[poeKTupoBaHHoro c npr.rMeHeHr.reM qncJreHHoro MoAeJrLtpoBaHufl..

Orvreqennsle 3aMer{aHvrr, He cHux€ror n o6rqevr noJroxuTeJnnofi orleHru pa6oru r,r He

BJILIflTOT Ha OCHOBHbTe p$ynbTaTbr.

finccepraql4oHHat pa6ora orBer{aer rpe6onanurM nyHKTa 9 <floloxeHlrr o noprAKe

npucytqeHplt yqeHbrx crenenefi>>, yrBep)KAeHHoro flocraHosreHr4eM flpanurelrcrna

Pocczftcrofi @e4epaqulr or 24 cemn6ps 2013 roaa itlb842, npeAbrBJrreMbrM K Ar.rcceprarrr4rM Ha

col4cKaHlle yvenofi creneHll KaHAuAara HayK, a ee aBTop, 3apanxesu'a Hnsn AH4peenuu,

3acny)s4Baer nplrcyx,{eHl4q yqeHofr crenenu KaHAr{Aara rexHr,rqecKrrx HayK no cnerluaJrbHocrr{



05.07.05 - <<Tenlonue, gneKTpopaKerHhre ABr{rareJr}r u gHeproycrarroBK}r JrerareJrbubrx

a[[apaToB)).

Orcun Ha ArlcceprallploHHyro pa6ory 3apanreeuq Vlxss. An4peenu.r paccMorpeH vr

ogo6pen Ha 3aceILarrvrv ceKrlrdr.r (C) HayqHo-rexHr.rqecKoro coBera @KII (HI4U PKII>,

IrporoKorr Ns 8 or 29 lr'ox6pt.20l7 r.

frasHufi uayrurrft corpyAur,rK

AoKTop rexHr.rqecKuir wayx, npo$eccop

Crapnruft uayrHufi corpyAur{K

KAHAI,IAAT TEXHI,IqECKI4X HAYK

A.f. faneen
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