OT3bIB
0HIMATIBEHOIO ONITOHEHTA
Ha quccepranuio ®espanbckux Anzipes Bragumuposuyda
«IIpoeKTHpOBaHHE CKOPOCTHBIX aM(QUOMHUHBIX CymoB Ha
OCHOBe IM(POBOr0 MOJIEIHMPOBAHMS a3POTUAPOAUHAMUKIY,
TIPEJCTAaBIICHHYI0 Ha COHMCKAaHHE YYEHOM CTEeNeHH HOKTOpa
TEXHUYECKUX HayK M0 crnemuansHocTsaMm: 02.05.18 —

«IIpoexTrpoBaHue U KOHCTPYKIHS CYJJOBY

Pazsutie ckopocTHRIX am@ubuiHeix cymoB (CAC) pasmudgHOrO
Ha3sHAYeHHUs HAXONUTCS Ha CTaJAWd AaKTHBHOIO TEXHOJIOTMYECKOTO
COBEPINEHCTBOBAaHUA. biaromaps cmocoOHOCTH ABHraThCS B BOJHOM U B
BO3NYIIHOM  Cpefax,  yKa3aHHBIE CyJa  OKa3bhlBalOTCA  BEChMa
BOCTpeOOBaHHBIMU TPAHCIIOPTHBIMH CPEACTBaMM. A TaKHe UX KauyecTBa, KaK
HE3aBUCHMOCTh OT Ha3eMHOU MHQPaCTPyKTYphl, OBICTpOE peardpoBaHue Ha
9Ype3BEIYaMHBIE CUTYallMd, BO3MOXXHOCTh HCIIOJIb30BaHMUS B apKTHYECKOM
30HE, S5KOHOMHMYHOCTh B OKCIUIyaTalldM M psAO JAPYTHX SBISIOTCS
IPEANOCHUIKaMH IS IIHPOKOro (MaccoOBOr0) MPOU3BOACTBA U IPUMEHEHHUS.
CroepxuBaromiuM  (GakTopoM 3[eCh SBISIETCS HENOCTAaTOUHBIH YpOBEHb
pasBuTus MeToposnoruu npoektupoBanust CAC, KOTOpPBIM MOXXET HETaTHBHO
CKa3aThCsl Ha HX 0e30macHOCTH, (YHKIHOHATHHOH 3(GEKTHBHOCTH H
SKOHOMHUYHOCTH.

brnaromapss ycmexaM MareMaTHK{, BBIYHCIHTENBHOM MEXaHHMKH |
MHOOPMATUKH, MOCTUTHYTHIM B MOCIEJHAE JECATHIETHS, HWHKEHEPHI
nonyywad  3GQeKTUBHbIE  NpOrpaMMHBIE  CPEICTBA  PacyeTHOro
IPOeKTHpOBaHUs (MmxeHepHoro aHamu3a) CAC, oOObeqUHEHHbIE B
nHopmaruonnsle cucreMsl CAE- kinacca. OHH TO3BOJSIIOT HCCIENOBATh
CJIOXKHBIE TEXHUYECKUE OOBEKTHI M CBSI3aHHbIE C HHMMH IIPOIECCHl B

yerocmrHocmu U nOJHOmMe. HpulteM, HCClIegoBaTh KOMIIICKCHO, C




[BseguTe TeKCT]

TpEMeHeHHeM MEX/MCLUIIMHAPHBIX METOZOB (TUnOB aHanW3a), 4TO
CBOMCTBEHHO CHCTEMHOMY ITOJXOAY.

CeppesHas OpobiIeMa 3aKII04YaeTcsl B TOM, YTO B CHIIy 0COGEHHOCTEH
pacuetasx mogeneir CAC, peanusyeMBIX allOPUTMOB U KOMIIBIOTEPHOIO
cyeTa, Mbl HE MOXEM rapaHTHpOBaTh allPHMOPH aJeKBaTHOCTh (TOYHOCTH)
BEIYUCNEeHHH. IIpH YHMCICHHOM pelIeHHd 3alad THAPOAUMHAMMKH H
ra30OMHAMHKMA CHTyalliis JOIOJHHMTENBHO OCJIOXHAETCA TeM, 4YTO
pesynpTaTel  (peakuuy  aHANM3HPYEMBIX  OOBEKTOB Ha  BHEIIHHE
BO3NEHCTBUA) OKAa3BIBAIOTCS  HCKIIOYMTENBHO  YyBCTBUTENBHBIMH K
IlapaMeTpaM pacdeTHBIX Mofelnell. B pesynbrare, naxe He3HAYHUTENbHEIE, HA
IIEPBBLIA B3MJIAA, M3MEHEHUs YKa3aHHBIX IIapaMEeTPOB MOTYT IIPHBECTH K
ommmO0o4HEIM pe3ynbraTaM. [lo 3TO NpuYMHE ycnexX B IPOEKTHPOBAHUH
CAC pocturaercs JHUIIbF B TOM Clydae, KOTJla HCCIEAOBaTelb HaXOIWT
IpaBHIIBHEIE METOMMYECKHE HPHUEMBI, METOXBl M alTrOPUTMEI IH(PPOBOro
MOJEIHPOBAHUS  a’pOTUAPOAMHAMHMKM cyaHa. IIpu sTOoM  BaxHO
IIOYEPKHYTh, YTO pacueTHas cxeMa (pacdeTHas MOJENb) BCeraa UCKaKaeT
peanbHyI0 KapTuHy. J[s OTpaXkeHHs peaJbHOCTH HeOoOXOAMMEBI 0COObIE
OPHEHTHPEI, KOTOpBIE HOOBIBAIOTCS ITyTEM INPOBEAEHHS MHOTOYHCICHHBIX
SKCIIEPUMEHTABHBIX ¥ aHATUTHIECKUX UCCIEIOBAHUH.

JIOIIOTHUTETTEHBIM dakxTopoM, CIep KUBAIOIAM MaccOBO€
npousBoactBo CAC, sBismiorTcs Gojplnve BpeMEHHBIE M (DHHAHCOBBIE
M3/IEPKKM PACUETHO-IKCIIEPUMEHTATFHOr0 060CHOBAHMA IIPOEKTHEIX PaboT.

Huccepranmonnass  paGora  @espanbckux  A.B.  mocssmeHa
PacCMOTPEHHUIO pslla BaXXHBEIX M BeChbMa CJIOXHBIX AaCIEKTOB YyKa3aHHBIX
npobiaem. Cpenu HuX:

1.Ozpanuvenus 6  npumenenuu  MPAOUYUOHHBIX — MEMOOO8

NPOEKMUpOBAaHUs, XapaKTepHEIX Ui MOPCKOH M aBHAL[HOHHOW

TeXHUKU. Kak u3BecTHO, OHM HE YYUTHIBAIOT MHOTHMX BaXXHBIX

daxTopoB, TakuX Kak mepexo[ MeXIy BOAHOW U BO3XYLIHOH CpeloH,

B3aHMOJEHCTBHE ¢ BOAHOW IIOBEPXHOCTBIO M  Opbl3ramy,



KOMOUMHMpOBaHHas IUHAMHKA CyaHa M Ap. Moxjenn o6ieneHeHus
pa3sBUTHl JUIs aBHALMM, HO OHM HE BIIOJNHE aJalTHPOBAHBI MON
HepeXOqHbIE PEXKUMBI.

2. Heoocmamxu  cywecmeyrowjei  memooonozuu MoOenuposanus
obnedenenus. CynHa, KOTOPBIE NPEICTABIAIOT, MOXAIYI, OCHOBHYIO
npobieMy Ui €ro 9SKCIUlyaTalldd B YCIOBHAX Apktukd. Kak
M3BECTHO,  CYLICCTBYIOIIME MOIENH IUIOXO  IIPeICKa3BIBAIOT
JIOKaJIbHOe 00pasoBaHue JIbJa IPU IIEpexole MeXAy BOXHOM H
BO3IYIIHOW CpeljaMH, HE YYHUTHIBAIOT OIHOBPEMEHHOE BIIUSHHE
BOIHBIX OpBI3ST M NEPeOXTaXIEHHBIX Kallelb, HEe OOeCIIeYHBAIOT
IpsMO  QYHKUMOHANBHOH  CBSI3H € a3pONHHAMUYECKHMH
XapakrepucTukaMu.  CieqyeT OTMETHTh TaKkkKe  OTCYTCTBHE
00beIMHEHUs MOJielIell TEIUIOBOro 6aNaHca, TIOTOKOB KHAKOCTH K
rasa (CFD- Computational Fluid Dynamics), a Takke 9acTHI
(xamens) (DPM- Discrete Phase Model), 4To He TO3BOJSET c
HEOOXONMMON TOYHOCTHIO NMPOTHO3HPOBATH CKOPOCTH H (HOpMy
HapacTaHMs JbJJa B pEalbHBIX YCIOBUSAX OKCILIyaTalluH
CKOPOCTHOTO aMGUOHITHOTO CyIHA.

3.0mcymemeue  Oondicnoti  uHmezpayuu moodeneti TpPH PacIETHOM
IPOeKTUpOBaHUK aMbubuitHoro cymxa. Ilo ykazaHHON mpuduHE
MOJENIA aHAIM3UPYIOTCS, KaK MpaBWJIO, OTHENBbHO. Peub uuer o
MOJZEISIX a3p0 M I'MIPOMEXaHMKH, TEIIOMacCOIepeHoca, JUHAMUKA
CyiHa Kak TBepaoro Tena (C IIECTBIO CTENEHSIMH CBOOOIEI),
obneneHeH s u ap.

Huccepranyonnas paGora HaxomUTCS B IOTOKE MHPOBBIX HAYYHBIX

WCCIIE/IOBAHUM B yKa3aHHOM mpeaMerHoit o6nactu. Ona o06o6maer
TCOPETHYECKUE U OKCIEepUMEHTAJIbHBIE  KCCIENOBaHHS  aBTODA,

HanpaBJIeHHbIE Ha YCTpaHeHHE aKTYAJbHONM M 3HAYMMOM IpoOJIeMBI-

HCAOCTAaTOYHOI'0 YPOBHS HOBEIX 3HAHHII B obytactH IIPOCKTHPOBAHUA

CKOPOCTHEIX aM(DUOUHHBIX CyHOB.



[BseguTe TekcT]

Axmyansnocmb OUCCEPMARUOHHO20 UCC1e006aHUA OBYCIIOBIIEHA:

-HE0OXOIMMOCTEIO BCECTOPOHHETO a”HajIus3a COCTOSIHUS U

dyskmponuposanus  CAC, Bxmodas (QaKTHUYECKUH (aMnmpHrYeckuif)

MaTepHall, OHTOJIOIUYECKHE CXEMBI, aKTyalbHYIO NpOGIeMaTHKy, 3amaun,
CHCTEMBI IIOHATHH M METOAMK, (HKCHPYIONIMX IpPOLEAyps HAyIHBIX
UCCIIEOBaHUM, TEOPHH W MOJENH, NPEICTaBIAIONINE YaCTHBIE OOBEKTHI
uccnenosanuiit CAC;

-He00XOIMMOCTBIO COBCPIICHCTBOBAHU S METOO0JIOTUH pPacyYeTHOT O

npoextrpoBanuss CAC kak OONBIIOH OTKPBITOM CHCTEMBI, HaxOmsIieics

IO ekicTBAEM (DaKTOPOB BHEIIIHEH Cpebl;

-HeO6XO,HHMOCTBIO BBEIABJIICHHS KOHCTPYKTHBHBIX, @ TaKXK€ HHBIX d)aKTODOB,

OKa3bIBAIOIMX CYINECTBEHHOE BiusHHe Ha noseneHne CAC B peanpHBIX
YCIIOBUSIX SKCILTyaTaIlUu;

-HCO6XOJII/IMOCTI>IO IIOJTYYCHH TIOJIHBIX M = JOCTOBEPHBEIX JAHHBIX O

mapaMeTpax IIOBEACHHUS CAC, a TaKXKE IIPOBEACHUSA aHalli3a IIpUYHH H

XapaKkTepa U3MEHEHHM YKa3aHHBIX IIapaMeTpPOB B IPOLIECCE 3KCILTyaTaI[MH

CynHa;

-COXpaHSAIOMIeHCcs H606X0,HI/IMOCTBIO A BO3MOXHOCTBIO _ pa3paboTKu

OIITUMAJIbHBIX IIPOCKTHBIX pELIICHUM (KOMHOHOBOK) B qaCTu

asporuapoarHaMuku CAC ¢ yueroM BIUSHUS OOJIeIeHEHHS B 00ecIieYeHus]
YCTOMYMBOCTH  JBIDKEHHSI, a TakkKe pa3paboTku  3(PPeKTHBHBIX
IPOTUBOOOJIEICHUTENBHBIX U aHTHOOJIEAEHUTEBHBIX PEIICHUIH.

B pabore packphlTO OZHO W3 BaXHBIX HANPABICHHH COBPEMEHHBIX
Hay4YHBIX MHCCIIE[IOBAHUI B paccMaTpuBaeMoOi IIpeAMETHOH obnacTy,
CBSI3aHHOE C pa3pabOTKOH TEOPETHYECKHX OCHOB M COBEPIIEHCTBOBAHUEM
MeronoB mnpoektupoBaHus CAC, 3HauyMMBIM HMTOTOM HCCIEAOBaHUH
®eppanbckux A.B. aBnsercs noctpoenue, 060CHOBaHIE U PeaNTU3aIMK pAla
MaTeMaTtuyeckux (UMQpPoBBIX) Mopesnell W HPOrpaMMHBIX CPEJCTB,
IPUTOAHBIX U1 IPAKTHYECKOro IpUMEHEHHsT | oOecreunBaroIuXx,
BCIIEACTBUE ydYeTa psfa CYyIIECTBEHHBIX (PaKTOpOB, YIyYIIEHHYIO

GyHKIHOHANBHYIO 3 ()EKTUBHOCTD, MOBHIIIEHHYIO, [0 CPaBHEHHIO C



CymeCTByIOI_L[I/IMI/I a”HaJjioraMu, 0€30I1aCHOCTh U OSKOHOMHYHOCTH CyIoB

paccMaTpuBaEMOro THUIa.
IIpoGieMbl, BOSHMKAOME B  CBA3M  MOJCIHPOBAHHEM CAC,

aKTyanusupyloT, C OJHOH CTOPOHBI, ~BCECTOPOHHHME HCCIIe/I0BAHUS
(haKTOpOB, CYIIECTBEHHO BIUSIOIIMX Ha BBIXO/IHbIE XapaKTEPUCTHKH CAC, a
C Ipyroll - pa3paGoTKy aIeKBAaTHbIX U S(GGEKTHBHBIX METOHOB y4YeTa
yKa3aHHBIX (paKTOPOB B POEKTHOM HeSTeNBPHOCTH. JluccepTanus COAepKUT
SHAYMMBIE  pEe3yNbTAaThl  HCCIENOBaHMH 1O  o0OMM  yKa3aHHBIM
HaIpaBJICHUSIM.

Asporuapoaunamudeckoe npoextrpoBanre CAC Tpebyer cucTeMHOro
noxxoxa. YCIex IpoeKTa, Kak IpHobpeTaeMoe CHCTEMHOE (IMEPIKEHTHOE)
CBOHCTBO, OIpeeNsieTcs HEOOXOAUMOCTBIO YydYeTa MpH OIpe/eleHUH
asporuapoauHamudeckux — xapakrepuctuk CAC  Gonpmioro  umcnma
CYINECTBEHHBIX (aKTOPOB, TAKMX KaK TE€OMETpHs KOpIIyca, SKpPaHHBIH
3b(}eKT, MeTeOpOIOrHIecKrue sBIeHHsA (OONeNeHeHre), XapaKTePUCTUHKH
IIOTHPOBaHMsA,  pabora  ABWXKHMTENHHO-NOULYBHOLO  YCTPOHCTBA,
nedopMaIiy BOAHOM TOBEPXHOCTH, OphI3roo6pasoBaHue  JIp.

[IprMeHeHHe METOJUKY CHCTEMHOIO aHAJIN3a II03BOJIHIIO aBTOPY:

-0003Ha4WTh O0JIACTH HAYYHOI'O  MCCIIEJOBAaHMs, OLECHUTH €€
(aKkTHIECKOe U XKeJIaeMoe COCTOSHHE,

-HaMETHTH KJIIOYEBEIe MPOOJIEMBI U LIEIH HCCIIEIOBAHNU;

-chOpMyIHpOBaTh 3a1a4d, peLIeHHe KOTOPBIX HEOOXOMMMO I
JIOCTHXXEHHS IIOCTABIIEHHBIX LIeJel;

-BbIOPATH U MPEIOKUTH HOBBIE METOBI PELIEHHUS TIOCTAaBICHHBIX 3a/1a1;

-peanu30BaTh NPeJIOKEHHBIE METOBI;

-[TOJIYYHTh, IPOAHAIU3UPOBATh M 000CHOBATH ITOJyYCHHBIE PE3YIBTATHL;

-cJieN1aTh MPaKTUYECKU 3HaYUMbIe BBIBOJEI.

[pencraBisiorcs 1eIecoo0pa3sHBIMU IIOCTAHOBKA M PELICHHE aBTOPOM
3a/a4 JIMCCEPTALMOHHOTO KCCIIeOBAHMS, HAIPABIEHHBIX Ha pa3paboTKy

TEOPETUYECKUX OCHOB M COBEpPIICHCTBOBAHWHW METOIOB NMPOCKTUPOBAaHUA



[Bsepute TeKcT)

CKOPOCTHBIX ~ aM(UOMHHBIX ~ CyJOB €  HCIONB30BaHHEM 11 poBoi

TEXHOJIOTHH.

Pemenue IIOCTABJIEHHBIX aBTOPOM 3a1a4 noTpeboBao
COBEpIIICHCTBOBAHUA METOLOJIOTUH Hay4YHOT'O HalpaBJIeHHs,
COOTBETCTBYyIOMEro creruanbHoctaM 2.5.18 —  «IIpoexrupoBanue u

KOHCTpYKLHs cynoB». lIpercraBieHue paboTHl K 3allMTE IO YKa3aHHOU

CHEIHMAJIBHOCTA MOXXHO CUUTATh 000CHOBaHHBIM.

Pemenusi, DOJYYEHHBIE aBTOPOM, XapaKTEPUIYIOTCA HAay4YHOU U

IIPAKTHYECKON  3HAYMMOCTBIO B obyractu aA3poruapoAuHaMH4I€CKOT'O

IIPOEKTHPOBAaHHUs CKOPOCTHBIX aM(HOMHHEIX CYIOB.
Hayunas Ho6u3HA OUCCEPMAUUOHHOZ0 UCCIIE006AHUA
B pabote IpeJICTaBlIeHa HOBast METO/I0JIOTHs
a3pOTHIPOANHAMUYECKOrO IPOEKTHPOBAHUA CKOPOCTHBIX aM(HOUHHBIX
CymOB. DIeMEHTH Hay4HOW HOBM3HBI (HOBBIX 3HaHHH) B 00JNacTH
HcclleoBaHKs aBTopa mo creruansHocTu 2.5.18 — «lIpoekTupoBanue u
KOHCTPYKITUS CYZOB» CBOAATCS K ClIEXYIOIIEMY:

1) Pa3zpaboTanbl METOHOJIOrMYecKass cXeMa, CHCTeMa pellaeMBIX

3a7a4y ¥ nudpoBas MoJelb, COBOKYIIHOCTh KOTOPBIX IO3BOJISET
y4ecTh B a3pOTMApouHaMudeckoM IpoektupoBanun CAC
reoMeTpHYecKHe napaMeTpsl, a3pOruIPOJHHAMUYECKHE
XapaKTEPUCTUKH, METEOPOJIOTHIECKHE YCIOBUS SKCILTYaTalHH,
a TakKe  XapaKTEPUCTUKH  YCTOHYHUBOCTH  JBIIKCHHA.
[Ipennoxenue aBTOpa OTJINYACTC oT aHaJIOrOB
IIPEUMYIIECTBEHHBIM JOCTHXEHHEM I[€JIOCTHOCTH,
KOMIUIEKCHOCTH H IIOJHOTHl IPOEKTHOTO  HMCCIEAOBAHUS
asporunpoannamuku CAC.

2) Pa3paboranbl, Ha OCHOBE LKU(POBOrO MOAEIUPOBAHMS, HOBBIC

meTonpl mpoektupoBanus o6BojoB CAC, mosBojfromme

ONpeACIIATE XapaKTCPHUCTHKH 3KpaHHOﬁ aBPOI‘I/Ileo,IlI/IHaMI/IKI/I

YKa3aHHBIX CYyJOB W OTJIHYAIOIIUECA OT AQHAJIOrOB Yy4Y€TOM







