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KaHAITAaTa rexHllqecKrrx HayK

Bosra Muxaula lOPrenuva

Ha Arrcceprarlr4oHHyro pa6ory A6AenrsaxuAa MoxauueAa Ealla <Mero4uxa

oueHKI4 Brrulr:a:,z:fl. KrzMarl4rlecKllx ycronufi v 3po3uoHHoro I,l3Hoca Ha

xapaKrepvrcrLrKkr TPAAO), npeAcraBneHHyro Ha coI4cKaHI4e yueHofi creIIeHrI

KaHAr{Aara rexH}rqecKrrx HayK rlo oneqllaJlbHocrl4 05.07.05 <<Teulonue,

sneKTpopaKeTHbre ABr4raTerru kt 3HepIoycTaHoBKH JIeTaTeJIbHbIX annapaToB)) B

Aucceprarluonsufi coBer [212.125.08 npLI Mocxoncrou aBr{auLIoHHoM

HHcTI,Iryre (uaqzouaJlbuoM LlccJIeAoBaTeJIbcKoM yHl{Bepcz'rere).

Pa:pa6orr<a MeroAr{K [ilfl onpeAeneHLIfl TexHl4rlecKoro oocroflHHr

aBr4ar\vo]FlHofo ABr{faTelq v efo 3Kc[nyaTaI{LloHHbIX XapaKTepI4cTI{K .flBJI.rIeTC.rI

saxHofi 14 axryalruofi saAaqefr. Oco6enno gro aKTyanbHo c ror{Kl4 3peHrlf,

gKg1rJryaTarryrr4 ABr{raTerrf, rro ero rexHl4qecKoMy cocToflHl4ro. IzIcnoDsoBaHI4e

coBpeMeHHbrx MeToAOB pactreTa, ocHoBaHHbIX HA MaTeMaTVqecKoM

MoAenr4poBatyrkr, rlo3BoJlfler coKparl,ITb BpeMeHHr,Ie ra SuuancoBble 3arparbl Ha

rrpoBeAeHI,Ie 3KcnepI{MeHTaJIbHbIx uconeAoBa:auit. Tar<xe, KarrecrBeHHble

MATCMATIIIIECKUC METOAbI IIO3BOJIf,}OT NPO|HO3HPOBATb TCXHI4I{EOKOE COCTOf,HI4E

ABrlrarenq. Pa6ora ASAenrBaxvAa MoxauueAa Ealla nocBflueHa aKTyanr,sofi

upo6nene orIeHKe ocHoBHbrx napaMerpoB nBl4rare:rx npu 3Kcnnyararryrv B

oJIOXHbIX KrI4MarI4r{eCKI4X yCnOB}Ifl X'

Hecuorpfl, Ha 6onguofi o6neu nonyqeHHblx AaHHbIx IIo sKcIIJIyaraWV

4nurarelefi, B Hacro-fl111ee BpeMq orcyrcrByror pa6orn rIocBrIrIeHHbIe orIeHKe

B3aHMHoro Brr{.sHu{ pa3nr4qHsrx QaxropoB Ha xapaKTept4crktKpr y3noB I{ ocHoBHbIx

napaMerpoB ABHrarenf,. Iloeronry aBTop nocBflTrrJI aBoro AHccepraUl4oHllylo

pa6ory paspa6orKe MeroAr{Kr4 orIeHKr4 B3aI4MHoro BlrvrflHr4fl, spo3rroHHoro I'I3Hoca 14
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BJlaxHocru aruocQepHoro Bo3Ayxa Ha xapaKrepl{crlzKl4 TPAA@.



,{rzccepraqux cocrol,IT v3 BBeAeHlIfl, TrflT:a rJIaB, BbIBoIoB, crIHcKa

nr,rreparypbr r43 95 naulrenoeanufi u 2 npwroxeuufi. O5Ir1ufi oSnevr Al4ccepraqlrl4

175 crpaHraq.

Bo sne.ueHuu o6ocHosaHa aKTyanbHocrb reMbr Ar4cceprarluouuofi pa6orrt,

c$opnrynupoBaHbr rlenb v 3aaa.ulr, HccneAoBanr4fl, orpaxeHbl HayrlHaf, HoBI,I3Ha,

3Hairr{Mocrb pa6orrr, MeroAbr rrccJreAoBaHrfl v froJloxeHraq, BbrHocI4MbIe Ha

3arrlr4Ty, a raKxe anpo6aqrzx pa6omr.

B uepnofi ruane paccMarplrBarorc.f, oco6eHuocrrr 3KcrlJryara\Lrkt fTA B cJroxHblx

KruMarurrecKr{x ycnoBr{flx. Ha ocHoBe BbrrroJrHeHHoro o6:opa nlrreparypbl no

taccnetroBaHlrro Blrkrfl:a:afl gpo3r4oHHoro r43r{oca kr BrlaxHocrrr a'rnaoc$epHofo

Bo3Ayxa Ha xapaKTepr4crr4Krr KoMnpeccopa fTA yaraHoBneua ueo6xoAllMocrl,

paspa6orKl4 HoBbrx qacrHbrx MeroAHK yrrera BrruflHr4s. 3po3lroHHoro H3Hoca v

BJraxHocTr4 Bo3Ayxa Ha xapaKTepvcrkrK[ KoMllpeccopa, a raKxe KoMIIJIeKcHbIx

MeroIHK orIeHKH BrruflHr4fl. grr4x Saxropon Ha gKcrrnyararlt,roHuble xapaKTepI4crI4KI4

.qBI4raTeJIf,.

Bo eropofi rraee npeAcraBJreHa MeroAlrKa pacqera xapaKTepI,IcrI4K oceBbIX

KoMrrpeccopoB c nprrMeHeHr4eM coBpeMeHHbrx MeToAoB pacr{eTa TpexMepHoro

TerreHr4-fl B JrorrarorrHbrx Marur{Hax (CFD-xoa). Ilponoaprrcfl. oueHKa aAeKBarHocrrr

pe3ynbraroB pacqera xapaKTepr4crrrK oaeBbrx KoMrlpeccopoB. B ruane npoBe.(eH

aHAIILI3 SKCnepLIMeHTaJIbHOTO I4CCIeAOBaHI4{ I43MeHeHI4-f, reOMeTpI4II noIIaTOK B

pe3ynbrare 3po3r4oHHoro r.r3Hoca. Anropou r{3JroxeHa pa:pa6orannafl, MeroAI'IKa

SopuupoBaHnfl. upo@ranefi JroraroK rro pe3ynbraraM I43MepeHHf, reoMerpl4l4

rro[aroK. Ilpe4crawreHbr pe3yrrbrarbr 3-D pacrrera BIrvrflHLrfl nocle4crrilff

op o3r4oHHoro rr3Hoc a Ha xap aKTepI4crHKH KacKaAoB KoMrpec copa TPAAO.

B rperrefi rrtase H3JroxeHbr reoperr4rrecKr4e r4 MeroAr,IqecKne ocHoBbI yr{era

BrrvfrHvrfl BJraxHocrr4 Bo3Ayxa Ha csoficrna paSor{ero reJla I4 xapaKTeprrcruKl4

KoMrrpeccopa (npra KoHKperHbrx 3HarreHurx orHocl4Telruofr BJIaxHoarl4 v



reMrreparypbr arMocdlepuoro no:4yxa). llpegcranJreHbr pe3ynr,raru 3-D pacrrera

Blrr4ruvtfr BnarocoAepxaHr4, Ha xapaKrepr,rcrr4Klr KacKa.qoB KoMnpeccopa TPf[@.

B .Iereeprofi rrase H3JroxeHbr ocHoBbr pa:pa6orassofi MeroArrKH pacr{era

BblcorHo-cKopocrHbrx xapaKrepucrrrK TPAA@ (ua upunaepe ABr4rarenx P[33-2C)

Anfl oIlpeAeneHr4, 3KcnnyaTarlzoHHbrx xapaKTepr{cTr,rK ABr4faTeJrfl trpt4 3aAaHHbrx

3HarreHrr-flx BJlarocoAepxaHa-s Bo3Ayxa. fauuax MeroArrKa rro3BoJrfer onpeAeJrr{Tb

napaMerpbl ABr4rarenfl Ha MaKcr{MaJrbHoM Lr SopcaNuovr pexr4Max c yrreroM

BlrLrflHr4fr BIaXHOCTT4 BO3AyXa Ir SpO3HOHHO|O rr3HOCa irOrraTOK KOMrrpeACOpa.

B n.srofi rraee npeAcraBJreHbr oSulrae cBeAeHr{, o ABurarene P[33-2C, pacuerHbre

napaMerprt u oco6eHHocrrr ero nporpaMMbr perynupoBaHrr{. Ilpone4eua oqeHKa

aAeKBaTHOCTI{ pe3yrrbTaT0B pacrreTa BbrcoTHo-cKopocTHbrx xapaKTep14cTHK

ABl4raren, PA33-2C, roJIyrIeHHbIX c noMolrlbro paspa6orauriofi rporpaMMbl

pacrrera. Ilprzno4xrcx pe3ynbrarbr r{HcJreHHoro r4ccrreAoBaHnfl. Brrkrfl:evrfr

Spo3r,roHHoro H3Hoca v BJraxHocrr4 Bo3Ayxa Ha BbrcorHo-cKopocTHbre

xap aKrep ?rcr u:r.Lr ABr4raren t P [3 3 -2C .

B ga4lroqeHrae pa6orrr [peAcraBJreHbr ocHoBHbre pe3ynbrarbr pr BbrBo4br rlo

[poBeAeHHoMy .4r{ccepTarlrroHHoMy Hccne.{oBaHr,rro.

Hayuuax HoBr{3Ha paSomr 3aKJrroqaerc, B paspa6oraHHblx MeroArlKax

pacrlera fa3oAr4HaMr,rr{eQKr4x xapaKTep[crprK oceBblx KoMrrpecaopoB H BblcorHo-

oKopocrHbrx xapaKTeprrcrrrK TPAAO c yr{eroM spo3rroHHoro r,r3Hoca 14 BrlaxHocrl4

Bo3Ayxa.

flocronepHocrb ra o6ocnoBaHHocrb nonyrreHHbrx B Aucceprarlur,r pe3yJlbraroB

[oATBepx4aeTcfl, HcrroJrb3oBaHHeM rrrLrpoKo npr4MeHseMblx MeToAoB pacr{eTa

TpexMepHbIX re.IeHufi B Jloflaror{Hbrx MaIrIHHax v MareMarl4r{ecKoro

MoAenupoBa:nkrfl. pa6ouero npoqecca TPAAO, a raKxe repu$uxaqueit

[onyqeHHbrx pe3ynbraroB c 3KcnepI4MeHT€uIbHbIMI4 .4aHHbIMrr.



MexAyHapoAHbrx Lt Bcepocctrficxzx xoH$epeurlu-f,x. IIo reMe

ouy6rur<oBaHbr ABeHaArIarb pa6or:, kr3 Koropbrx r{err,rpe crarbr{

v34aHnflx, peKoMeHAoBaHHbrx BAK P@.

Ouy6nzxoBaHHbre

l\lacceprar\uu. Pa6ora

Co4epxauue

A14CCepTarIHA.

pa6oru locrarorrHo orpaxalor ocHoBHoe

anpoSrzpoBaHa Ha HayrrHo-TexHI4r{eoKI4x

coAepx(aHHe

ceMr4Hapax,

AVCCepraqr4H

B HayrIHbIX

anrope$epara coorBercrByer ocHoBHbrM rroJroxeHr4-flM

3ame.raHrrfl rro pa6ore:

HeoSxolr{Mo orMerr4Tb prA 3aMerrauuit uo pa6ore:

1. B pa6ore orcyrcrByer aHaJrr{3 (4axe oqenouurrfi) MexaHrr3MoB

o6pa:onaHuf, 3po3uu. He paccMorpeH Borrpoc: roqeMy Ha nouarr<ax FIA

3po3u.f, He Bo3HrrKaer, a pa6ovue Koneca [oABepxeHbr raKoMy

3Har{HTerbHoMy rasnocy? Kpoue roto, ro pe3ynbraraM 3Kcnnyarapr

ABllrarenefi e sanruensofi ar:lloc0epe, Br4AHo, r{To u3Hoc JrorraroK pa6oul.rx

KoJIec r,rMeer .rrpKo BbrpaxeHHyro $op*y. BosuoxHo, rrro a:aarrv3

MexaHH3Ma opo3rrr4 rro3Borrrrr aBTopy :aaitru perxeHrre lnfl cHr4xeHr4r

3po3r4r{.

2. Anrop npaKTI{rIecKH He yAenfler BHr4MaHr4.rr MeroAZKe rpexMepHoro pacrrera

KoM[peccopoB. B reKere [pr.rBeAeHa roJrbKo KoHcrararlr,rf, Sarra, r{To

pacr{er BeAercfl c r4crroJrb3oBaHr{eM MoAeJrr4 ryp6yneHTHocrr4 Spalart-

Allmaras, [pr{BeAeHo KoJrr4qecrBo -f,rreeK B cerKe. flanee [prrBoA-rrrc.f,

pe3ynbrarbr pacr{era Lr cpaBHeHHe c gKCrrepr4MeHToM. floryueuur,re

pacxoxAeHu.r{ aBTop crrr4Taer Aorrycrr4MbrMrr, Ho Bo3Moxr-ro eu6op

ceroqHofr MoAeJIIT 14 MoAenrr ryp6ynenrHocrr{ rro3Bolr?rr froBbrcrzTb

cxoAl4Mocrb pacrreroB r4 DKcrreprrMeHTa. Kax raronoft, a:aarrut3 rrocraHoBKr{

rpaHurrHbrfi ycronufi ua pacuer orcyrcrByer.

3. flpe4craBrreHHaq MM TP,{.{<DoM f,BJlflerc.s MoAenbro lrreparlr4oHHoro 'rkrrra.

Hauucaga oHa, AocrarorrHo ynporqeHo, c r4crroJrb3oBaHr4eM qenoro pstra
4



AonyqeHr4fi. Vpoeeus, paspa6oraunofi MoAeJII{, rlo3BoJlrer irpoBoAl4rb

ToJrr,Ko KaqecrBesuufi aHaJrr,r3. Konra.{ecrneuuufi a:e.alwt3 neoSxoAlarrto

Becrl4 ToJIbKo Ha MM 6olee BblcoKoro ypoBH.a upopa6orr<ra.

CrtelosareJlbHo pe3ynbTaTbl pacrleToB, tlo paspa6orassofi MM, HeJIb3.rI

paccMaTpr{BaTb KaK r,rcTorrHr4K trpvrHflTkrf pelxeHl4f o rlpeKparueHIj'l4

3KcnnyaTarJ[vr ABr{fareJr.rr B pe3ynbTaTe yxy,4lxeHl{, ero xapaKTeprlcrr{K.

Tarxe MoxHo orMerr,rrb r4 Apyrr4e 3aMeqaHl4.fl, Kacarouuec, o$oplnlneuua

paSorrr v arvlrfl. H3iloxeHrlq, Ho He cMorpfl. Ha loalrtrque 3aMeqauuil H HeAocrarKoB

ocraerc, [onoxrlTeJlbHoe MHeHI{e o Al4ccepraqlzounoff pa6ore.

,{uccepraqras A6aenbBaxr{Aa MoxanMeAa Baua .f,BJlrercfl saKoH'IeuHofr

rnalusuraquonsofi pa6orofi u orBerlaer rpeSonanuru BAK PO,

npeAbqBnfeMbrM K KaHAr4.{aTcKr{M ArrCCepTaIII{flM, a ee aBTop 3acnyxHBaeT

npr4cyxAeHvrfl. y.reHofi crerreHlr KaHAr{Aara rexHl4tlecKr{x HayK no cnequaJlbHocrl4

05.07.05 <<Tenrtonrre, 3JreKrpopaKerHbre ABrrrareJlr{ v 3HeproycraHoBKl{

JrerareJrbHbrx anflaparoB)).
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