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OT3bIB BeAylUleH OpraHu3alnum

OT3BIB
BeIyILell OpraHm3anuy Ha auccepraiimonnyvio pabory Kmoera Hukuter AuapeeBnua Ha Temy
«Mogenuposadue  TypOYJIEHTHBIX  TeUeHWH ¢  TOpUMEHEHHEM  [I€HAIW3UPOBAHHBIX
MPUCTEHOUHBIX (PYHKIMI» 10 cnenuaneHoctd 1.2.2. - «MartematiHyeckoe MOJAeIHpOBaHMe,
YUCJIEHHBIE METOJbl M KOMIIICKCHI IPOTrpamMM» Ha COUCKAHHME YYEHOH CTEleHH KaHIuaaTa
(hU3MKO-MAaTEMAaTHYCCKUX HAYK

AKTYaIbHOCTb TeMbI HcciaenoBanus. /{iccepraunonnas pabora H.A. Kinoesa nmocpsimena
Pa3BUTHIO METO/OB IIPUCTEHOYHOTO MOJENUPOBaHusA TypOYJICHTHBIX TCYCHHH B paMKax
ocpenHénnbIX 110 Peitronbacy ypasuenuit Happe-Crokca (RANS). HucienHoe MoAeIHpOBaHHE
TypOyaeHTHBIX TedcHuil ¢ Gonpmmmu yuciaamu Pelinonpaca octaéres oiHoli U3 Hanbonee
PECYPCOEMKHX 3a/a4 BBIYUCIUTEIBHON a’dpoauHaMUKH. OCHOBHBIC BHIUMC/IUTE/IBHBIC 3aTPAThI
CBSI3aHBI C HEOOXOMMMOCTLIO paspelIeHHs TOHKOTO IOIPAaHUYHOIO BOMM3W  TBEPIBIX
NOBEPXHOCTEl, UTO HAKJIAABIBACT JKECTKHE OrPAHMYCHHA HAa pPasMep NPUCTCHOYHOM SAYCHKH
pacuérHoii ceTkn. Mcnonp30Banie NPHCTEHOUHBIX QYHKINI 103BO/SET CHU3UTH TPEOOBAHUS K
CETOUYHOMY  pa3peuicHunro, OJITHAKO TpaaAuIHUOHHLIC MoaAXOabI HacTo ACMOHCTPHPYIOT
3aBHCHMOCTD PEIeHHS OT [IapaMeTPOB CETKH U CII0c00a IMCKpeTH3aLHM.

B paGote mccienyeTcs U pa3BUBAETCA TEPCIICKTHBHBIH METO/ TICHATM3UPOBAHHBIX

npucTeHodneix  Gynkumii (ITIM), ocHoBaHHBIT Ha AnpQepeHIHanbHON POpMYITHPOBKE
YCAOBHA CINMBKH BHEIIHErO PpeIIeHHMs ¢ mpHcTeHouHoil ¢ynknmeii. Meron T I,

cOpPMYIHPOBAHHBIA HAa YPOBHE MaTEeMATHYECKOH MOIeNH, a He e€ JHUCKPETHOro aHaiora.
obnagaeT TMOTEHIIMAJOM JUIs I[IPEOIOJIEHHMs  HEJAOCTAaTKOB  TPAJMUIMOHHBIX ~ MCTOJOB.
Jluccepramis HampasieHa Ha pacliMpeHue 007acTH MPUMEHHMOCTH METONA [HIID na
OTPHIBHBIE TEUYCHHS C [POJAOJbHBIM T'PaMEHTOM [ABICHMA, TOBBIIICHUE YCTOHYHBOCTH
YUCAEHHOIO pEHICHHS M JeMOHCTPAlNI0 3(POCKTUBHOCTH METOAA [UlA PCIICHHUs CJIOAKHBIX
OPUKIAAHBIX 3a/la4 adPOIUHAMUKH.

Takum 00pa3oM, Tema [HCCEpPTAIMOHHOI paGoThl, CBsi3aHHAs ¢ Pa3paboOTKOH
KOHOMHUYHBIX M TOYHBLIX METOAMK MOJEJUPOBAHUA TYpOYJIEHTHOTO MOTPAHMYHOTO CJIOA.
SBJISETCA aKTYallbHOI KaK ¢ Hay49HOi, TaK U ¢ MPAKTHYECKOH TOUCK 3PEHHSL.
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Hay‘maﬂ HOBH3HA  JUCCCPTAIITHOHHOTO HCCIICIOBAaHHUA ONpeAC/IICTCA  KOMILICKCOM
OPHUTHHAJIBHBIX MAaTEMATHYCCKHX, aJITOPUTMHYCCKHX H ITPOTPAMMHBIX pGHICHHﬁZ

1. TlpennoskeH HOBBIN METO/ aJANTALIIH [IOI0JKEHUA TOUKH CLIMBKH, OCHOBAHHBII Ha y4éTe
JIOKAJIBHOI'O MPHCTEHOYHOIO paspelieHHa pacyéTHOH CETKH U MapaMeTpOB TeUeHHs
(BeJIMUMHBI TPEHUSI W KOMIIOHEHT TIpaJiueHTa JaBjeHus). MeToa I03BOJACT
JHHaAMHYCCKH CMCIIAaThk TOYKY CIINBKH B BA3KHI IIOACTION B oOmacTax OTpeIBaA H
[IPHUCOCAHMHEHMA IIOTOKA, YTO CYHMECTBCHHO TMOBBIIIACT TOYHOCTE MOIACTHPOBaHMA
HEPABHOBECHBIX TCUEHUIA.

2. PazpaboraH noaxoj K cTabMIM3aluu YUCIEHHOIO PELUEHHs YpaBHCHUS [T CKOPOCTH
TPEHHST Ha HECTPYKTYPUPOBAHHBIX CETKaX TYTEM BBEACHUS  aHU30TPOIHOM
HUCKYCCTBEHHO Bsi3KoCTH. [l €€ anmpoKcHuMaliu MpejuiojkeHa KOMIIaKkTHas cXeMa Ha
OCHOBE METOJA JIOKAIbHBIX pasoueHuii amemenToB (AES).

3. Cosnanue nporpamMuoii peanuzarmu metona 1O ¢ npennoxeHHpIMH
moaupuKkanmamu B coctase nporpammuoro komriexca NOISEtte, Brmoyas
noep:kKy rubpuaHoit mapauienusauuu (MPL u OpenMP) aist npose/ieHust pacy€TOB
Ha CYINEPKOMITbIOTEPAX.

4. BrepBble MpOBejIeH CPaBHUTENBHBIN aHanu3 mMetoda [P ¢ TpaanunOHHBIM METOIOM
TIPUCTEHOUHBIX (DYHKIHL, HAISIHO MPOIEMOHCTPUPOBABIINI CHWKEHHE CETOYHOH
3aBUCHMOCTH U MOBBIIIIEHHE TOYHOCTH PacdETOB.

5. DpDHeKTUBHOCTE MeToj1a [I1D & pe/II0KEHHBIMH MOAM(pUKATTUAMH
MPOJEMOHCTPUPOBAaHA pe3yJbTaTaMd pacy€ToB HIMPOKOro Kiacca JABYMEPHBIX U
TpéXMeprIX 3a/1a4. BKJIKOYAs [POMBIIIJICHHO-OPUEHTHPOBAHHOC MOIEJTIHPOBaHHUC
oOTeKaHus caMoJIETa ¢ TI0CaJI0YHOI MeXaHH3alue.

Teopernueckass M NPAKTHYECKAsT 3HAYHMOCTH Pe3y/ibTAaTOB padoThl. TeopeTHyeckas
3HAYUMOCTh JHMCCEpTAllMH 3aKJIHOYacTCA B IepeHoOce H,[[eﬁ METOIa XapaKTCPHCTHUYCCKHUX
wTpadubIX GYHKIMI HA HOBYIO 001aCTh - METO/IbI IPUCTEHOYHBIX (yHKIMA. TIpeiokenHbIi
METOJl afamnTaliy TOJOKCHHS TOYKHM CIIMBKH, OCHOBAaHHbI Ha JIOKAIBHBIX llapameTpax
TeueHMs (TpajMeHTe JaBICHHUA), SBISCTCA YHHBEPCAIbHHIM W He Tpedyer noabopa
SMIMPUYECKIX KOHCTAHT JUIS KaK/I0H 3a/1a4H.

[IpakTHYecKas 3HAYUMOCTh PA0OThLI OMPEAEIACTCA CO3MaHHEM, nMporpaMMHON peanm3anneii n
BepuduKalueidl METOAMKH YHMCJICHHOIO  MOJCIMPOBAHUS TYpOYNEHTHBIX TE€YEHHH C
npuMerennem Metona III® B pamkax mporpammuoro kommiekca NOISEtte. PaspaboTtannas
MEeTOJINKA IMO3BOIIET IPOBOJNUTDL paC‘-léTbI IMPAKTHUYCCKH 3HAYUMBIX aAdYpOoAHHaMHYECKHUX 3aja4
C CYILECTBEHHO MEHBIIMMH BBIYHCIUTEIbHBIMH 3aTpaTamu (B 2.5 - 3 pasa OBICTPEE 10 BPEMEHH
CXOMMOCTH U ¢ coKpalienrueM o0béma ceTkH 710 30 - 40%) 6e3 moTepH TOYHOCTH, 4TO 0c00eHHO
BaKHO IMpHU mapaMeTpH4YeCKHUX ucciaeJJoBaHUAX U OTIITUMHM3AllHH.

PesynpTaThl JAMCCEPTAIMOHHONH pabOTBl MOrYT OBITB HCIOJB30BaHBI B  HAY4YHBIX H
00pa3oBaTebHBIX ~ OPraHU3aLMAX,  3aHUMAOLIXCA  YMCICHHBIM  MOJACTHPOBAHHMEM
TypOyNEHTHLIX TedeHnii B aBHALHOHHBIX M APYrHX 00JacTsIX (LIAI'M mm. H.E. XyKoBckoro,
UTIIM CO PAH. MT'Y um. M.B. Jlomonocosa, MAH, CIIGITY, n 1p.).

OGOCHOBAHHOCTD M JOCTOBEPHOCTH HAYYHbIX NOI0KEHHIi, BLIBOIOB H 3aK/II0MCHHH

HOCTOBepHOCTb pGByJIbTaTOB._ IIOJTY1CHHBIX € NIPUMCHCHHCM pa3pa60Ta11Hor0 aBTOpPOM MeTOJa
NCHAJTH3HPOBAHHBIX I[TPHCTCHOTHBIX (pyHKunfi- MNOOTBCPIKAACTCS CPABIEHMEM C ped)epeHCHbIMH



pELICHUSAMH, PACCYMTAHHLIMHU HA MOJPOOHBIX CETKAX ¢ paspelleHHUEM BA3KOI'O IOACIOs 0e3
WCMONB30BaHUS MPUCTEHOUHBIX (yHKuMid. I[IpoBOAMIOCE COMOCTABICHHE PE3YJILTATOB
MO/IEIMPOBAaHUS C JIAHHBIMH U3 TeCTOBBIX NpuMepoB pecypca NASA Langley Research Center
Turbulence Modeling Resource, a Takwke ¢ IKCIepUMEHTAIbHBIMH JaHHBIMH. B pabore
[POBEJEHO MCCIIEJOBAHUE BIWAHUA CETOYHOrO paspelieHus Ha MojlydaeMoe pelIeHUe U
MPOAEMOHCTPHUPOBAHO XOPOLIEE COracacue ¢ pePEepeHCHBIMU JaHHBIMH, YTO CBUCTETBCTBYCT
0 HAJIEKHOCTH MPE/IOKEHHBIX MOIU(UKALINI METOA U IOCTOBEPHOCTH MOJIYUEHHBIX HAYYHBIX
BBIBOJIOB.

CoorBeTcTBHE NACHOPTY cnenuaabHocTH BAK

O61acTh UCCIENOBAHHUS COOTBETCTBYET (GopMmyie crneuuanbHocTH 1.2.2 - «MareMaTnyeckoe
MOJIE/TMPOBAHNE, YHUCICHHBIE METOIBl M KOMIUICKCH mporpammy». Jluccepraumonnas pabora
COOTBETCTBYET CIICAYIOLUIMM ITYHKTaM 00IaCTH HCCIEI0BaHHIS MacTopTa CenalbHOCTH!

1. Pa3paboTKa HOBBIX MaTeMaTHYECKHX METO/I0B MOACTHPOBAHHA OOBEKTOB U SBJICHIH.

2. Paspabotka. 000CHOBaHME M TeCTHPOBAHHE YP(HEKTHBHBIX BBHIUMCIUTEIBHBIX METOJOB C
HpUMEHEHHEM COBPEMCHHBIX KOMIIBIOTEPHBIX TEXHOJIOTHIA.

3. Peanuzauus >GGhEKTUBHBIX UYHCICHHBIX METOIOB W AITOPHTMOB B BHIEC KOMIUICKCOB
po0IeMHO-OPUEHTHPOBAHHBIX [IPOIPAMM JUTS IPOBEACHNS BHIYHCIUTEIBHOTO SKCITEPUMEHTA.
8. KoMmruiekcHble HMCCIEIOBaHMA HAy4YHBIX M TEXHMYECKMX TIpodieM ¢ TMpHMEHEHHEM
COBPEMEHHOM  TEXHOJOIMH MATEMaTHYECKOTO  MOJCIMPOBAHUS W BBIYUCIHTEILHOIO
IKCIICpUMCHTA.

Anpobdauusi paéoThl H NyOJHKANHH

OCHOBHBIE Pe3y/IBTATH MCCEPTALIH TOKIAABIBAIHCH W 0OCyKIanuceh Ha 6 koHpepenimsx. ITo
TeMe JUccepTaluu OomyOJHKOBaHO 3 rnedyaTHble paboThl B U3MAHUAX, BXOAALIMX B ICPCUCHD
BAK, 2 W3 KOTOPbIX MHACKCHPYIOTCS B MEXKIyHapoaHbIX Oaszax gammbix Web of Science
Scopus. Omna u3 crareii omybnukoBaHa 6€3 COaBTOPOB.

Conmepxanue auccepTauuu. Jluccepraiiis COCTOMT U3 BBCACHMS, IATH [JaB, 3aKIOYCHUA,
CIIMCKA COKpallleHuit u jmreparypbl. OOmmit 0o0béM paboThl coctasisier 131 crTpanmiy.
BKJII04as 59 pHCYHKOB 1 2 Tabmiibl. CHIMCOK JIUTEPaTypbl COASPKHT 105 HAaMMEHOBAHHH.

Bo BBeaeHHH OOOCHOBAHA AaKTYalbHOCTh TeMBL C(HOPMYJIMPOBaHBl Liejib W 3a1a4n
Mce/Ie0BaHNA, Ipe/ICTaBICHbI Hay4Has HOBU3HA, TCOPETHYECKas U MPaKTHYECKas 3HAYUMOCTD,
METOIO0JIOTHA, TIONOKEHIIS, BHIHOCHMBIE HA 3allMTY, a TakKe cBejleHns o0 anpobauuu paboTsl
1 1y OIHKalUaX aBTopa.

IepBasi raaBa coaepKUT 0030p JHTEPATYPHI [0 METOAAM NPUCTCHOYHOTO MOJIETIMPOBAHMS 1
npucTeHOYHbIM QyHKIMAM. [IpoBenén aHamu3 CYMECTBYIOUIMX MOAXOI0B: OT KIACCHHECKHX
pabot INatankapa 1 CriasHHra 10 COBPEMEHHBIX METOIOB, MPHMEHAEMBIX B MO/ICTHPOBAHNH
kpynneix Buxpeii (LES) m RANS. TloapoGHo paccMOTpPEHBI TPaAHIHOHHBIC METOIbI
MPHUCTEHOYHBIX (YHKIHIA, X NPEHUMYIIECTBA 1 HEOCTATKH. BKIIOUAs CETOTHYIO 3aBUCUMOCTD
¥ BapHATHBHOCTh MX peamusaluu. OTjaeibHOEe BHHMAHME YICICHO aHAIUTIICCKHM
IPUCTCHOYHBIM (PYHKIIHAM U CTIOCOOAM UX COTTIACOBAHUS C MO/IE/ISIMHU TypOyneHTHoCcTH. O630p
BHITIOJIHEH HAa XOPOIIEM YPOBHE M JA€T U4€TKOe MPEeICTaBlIeHHEe O MECTe METOMA [T cpenu

CYLICCTBYIOLIUX [OAXOO0B.



Bropas riaaBa mocBAIIcHa MaTeMaTH4YecKod Monenu TypOyJIeHTHOro O0TeKaHusa ¢
npuMeHeHreM Metonaa I1IId. Ilpencrasnena cucrtema ocpenHEHHBIX 10 PaBpy ypaBHeHHH
Harpe-CTokca ¢ Mojaenbto TypOyaentHocTu Cnasapra-AsiiMapaca. JleTaabHO OMHCAH BBIBO
ypaBHECHHs Ui cKopoctH TpeHuss B Metoie [IIID, ocHoBaHHBIA Ha MICSIX METOJA
XapaKTepucTUUeCKUX MmTpadHbIx (QyHKUHHA. LleHTpaJbHBIM pPE3YJbTaTOM TJIABBI SBISCTCS
pa3pa60TKa HOBBIX METOIOB alanTaluu IMOJOKCHHA TOYKHM CHIMBKH BHCHIIHECTO PCIICHHA H
NPUCTEHOUHOM YHKLIUU. ABTOPOM ONUCAHBI U UCCIIEI0BAHBI TPH BapHaHTa: METO/I C TPOCTHIM
OrpaHMYE€HHEM CKOPOCTH TPEHHs, METOJ ¢ YYETOM JIOKAJIBHOTO MPUCTEHOYHOrO pa3peuIeHus
CETKH W, HAuOOJEE COBEPUICHHBIH, METOJ Ha OCHOBE y4uéTa MPOJOJBHOIO M HOPMAJbHOTO
rpagdeHTOB jdaBiaeHud. J(Ba nNocCieIHHUX METOAAa TMPC/UIOKEHBI aBTOPOM B paMKax
JUccepTalMoHHON paboThl. Meroa, OCHOBaHHBI Ha HOPMAlbHOM TIpajJHEeHTE [daBJICHMA.
103BOJISIET IMHAMUYCCKH CMEIaTh TOYKY CIUMBKH B 00JIaCTAX HEPABHOBECHOIO MOIPAHHYHOTO
CJI0Sl M OTPBIBHBIX TEUCHMIA, YTO NPHHUMITMAIBHO PAaCIMpsET 00J1acTh MPUMEHUMOCTH METO/1A.

B TpeThbeii riaBe ONUCHIBAETCS MCTOINKA UHCIEHHOIO PEIICHUA YPaBHEHHI MaTeMaTHICCKOM
mozeau. 11oapoOHO M3JIOKEHBI TpoLeaypbl pacuéta ¢ mpumeneHueMm merogos IO u
TPaAMLMOHHBIX NprcTeHouHbIX GyHKimit (TTID), yncneHHbie CXEMbI A PEIICHUS ypaBHEHHI
RANS u Mozenu TypOyJIECHTHOCTH, a TAKKE METO PelleH s YPABHEHUS JUIsS CKOPOCTH TPEHHUS.
BaXHBIM BKJIQIOM SBIACTCA LPEIIOKEHHBIH aBTOPOM METO[ CTa0MIM3AlMK YHCIEHHOTO
peIieHHsT HAa  HECTPYKTYPUPOBAHHBIX ~CETKAX HAa OCHOBE BBEJICHHS  aHM3OTPOMHOM
MCKYCCTBEHHOM BA3KOCTH B YpaBHEHHE Ul CKOpOCTH TpeHus. PaspadoraHa anmpokcHMaluA
ollepaTopa BS3KOCTH Ha OCHOBE METOJA JIOKaIbHBIX pasOuennit snementoB (ALES) ¢
HCMONB30BaHHeM MeToa | anépkuna ¢ KycouHo-THHeiiHbIMI 0a3ucHBIME QYHKIUAMHU. Taroke
OMUCcaHbl BCIloMoOraTelibHbIe poite/ypsl Meroa [1I1M, Takue Kak ycTpaHEHHE HEIOCTOAHCTBA
MOJIOYKEHHMS TOUKH CIIMBKH BIOJL HOPMaJiel W pacnpocTpaHeHHe BEIUYHMHBI MPACTEHOYHOIO
mara B OOBEM CETKH, II03BOJSIKOIIAE IPUMEHATH TMPCIVIOAKEHHBIC MCTOABI ajanTalnH
MOJIOKEHNS TOUYKH CHIMBKH B 3a]1a4aX CO CJI0KHOM KOHpHUTypanueil M reoMeTpHen TeYCHHUS.

YerpépTast riaBa IpejicTaBisieT MapauleibHYO0 PCamu3aliio pa3paboTaHHOH METONMKH B
nporpamMmmuoM komiuiekce NOISEtte. Ornmcana apxutektypa moaysis HII®, ero narerpamnus
CYLIECTBYIOMIMH KO ¢ HCHONB30BAHHEM TCXHOIOTHIH MapajlIe/IbHOTO MporpaMMHpOBaHA MPI
n OpenMP. [IlpuBeneHbl pe3ylbTaThl OLEHKH  Tapasjie/bHOM YPHEKTUBHOCTH  HA
cynepkommsioTepe K-60 (¢ nenonb3oBaHueM 10 896 npoLeccopHEIX Saep), AeMOHCTPUPYIOIIHE
XOPOLIYK) MaciITabupyeMOCTh H HE3HAUUTENbHOE (MeHee 10%) CHIKeHHe 3PHEKTUBHOCTH 110
cpaBHEHHUIO ¢ 0a30BOM BepcHel KOMILICKCa.

IIaTas riaBa COLEPIKUT PE3yIbTaThl YMCICHHOIO PEHICHHs MIHPOKOro Kpyra TCCTOBBIX H
IPaKTHYECKH 3HAYMUMBIX 3a7ad: oOTeKanue IJIOCKOH TJIaCTHHBI 6e3 rpagu€HTa AaBJICHHA,
obTexanne IUIACTHHBI ¢ HeGJIAaronpHATHBIM [PAAMCHTOM JIABJIEHUs (OTPHIBHOE TEYEHHE).
TpéxMepHOoe OOTEKaHUE BBIIYKIOCTH B KaHaJC. o0TeKaHue a’poOAUHAMHUECKOro Npoduis
NACA 0012 mpu pasiduHbIX YIJaX aTaky, a Takike 00TeKaHHE MOZICIH CaMOJIETa ¢ nocaa0uHo
mexannsaimeii CRM-HL. TIpoBenéH JeTanbHblil CpaBHUTEIbHbI ananus meroga IMT® ¢
TPaUIHOHHBIM METO/I0M IPUCTEHOUHBIX QYHKIMH ¥ ¢ pe(ePCHCHBIMA pacuCTaMH Ha CETKaX C
pa3peIIEHHBIM BSI3KUM TocnoeM. IIponeMOHCTPUPOBAHO, YTO MCTOA [TIId obecnieunBact
CYMECTBEHHO MCHBIIYIO CETOYHYIO 3aBUCUMOCTD, OBBINICHHYK TOYHOCTH B obacTax OTpblBa
H II03BOJIAET HCIIOJIb30BATH pacqéTHme CETKH ¢ IIPHUCTEHOYHBIM [Harom, B JICCATKH pa3
MPEBBIIAFOLIIM 1H1ar, HeOOXO/IMMBIH JULsl Pa3pEIICHHS BA3KOIO HOJCTOA.



B 3akmioueHum COpPMYJIIMPOBAHBl OCHOBHBIE pe3yabTaThl padoThl, IOAYEPKHYTA HX
3HAYMMOCTH ¥ HAMEYEHbI HAllPABJICHHUA 1ajbHEHIINX MCCISI0BAHMIA.

ABTopedepat MoJIHOCTLIO OTPAXKAET COMepKAHHE AUCCePTaLIUH.

Co cTOpoHBI Beayllledl OpraHu3alud K [JHCCEPTALMOHHON paboTe HMMEIOTCS Cledyroline
3aMe4YaHHsI 1 BOMPOCHL.

1. TIpe/UTO’KEHHBII METOJ CBA3aH C peleHHEM IUPOEPEHLHANbLHOIO YPABHEHUS [UIs
HAXOKJICHUA TPEHHUS HA CTEHKE, MOITOMY UL IIPAKTHYECKOr0 MCIOIB30BAHUS JaAHHOTO
METOa BaXHO OLIEHUTh THIIMYHOC BPEMS BBIMOJHEHUA JAHHOH IMPOLCAYPHI. IO
CpaBHEHHIO C OOHMM BpEeMEHEM OJIHOH uTepauuu peuienus. B jauccepranun
MH(OpMALIUS 110 JAHHOMY BOIIPOCY OTCYTCTBYET.

2. 3ameHa anrebpanyeckux CcOOTHOIIEHHIH anddepeHIMaNbHBIMH  YPABHCHHUSMH B
HEKOTOPBIX CJIydasX MOJYKET YBEJIMUMTb KOJHYECTBO HEOOXOJMMBIX HTCPAlMH s
HAXOKIEHMS pEIIeHHs, 4YTO YyBENMYMT oOmee Bpems pacyera. B muccepraunn
nHdopMaLUs 110 JaHHOMY BOIIPOCY OTCYTCTBYET.

3. B NpealoKEHHOM METOJ€ BBOAUTCS IONMONHUTEIbHAA «CTEMECHb CBOOOABD) —
KO3(Q@UIMEHT HWCKYCCTBEHHOI  BA3KOCTH.  ONTHUMAIBHOE  3HAYCHHWE  KOTOPOro
HcciIeyeTcs BCero JIMIlbL Ha 0HOM 3aade. [To HameMy MHEHHUIO, HEOOXOMMO GombIie
YUCJICHHBIX IKCIIEPHMEHTOB, B TOM 4HCIe Ha 00jlee CII0/KHBIX TEOMETPHSX.

4. B wmeroze INT®, napameTpst Cpr U Cpn MOAGHPANUCEH IPU PEMIEHNM 3a/1a4i 00TCKaHHs
npoduns NACA 0012 poa yrnom ataku 5° Takum obpaszoM, utobBl obecreynTh
yCTOIUMBOCTE pacuéra npyu Haubosee OIM3KOM K CTCHKE TMOIOKEHHUH TOUKH CINUBKH.
Hackonbko KpUTHYEH STOT BBIGOP? MeHAOTCA JIM PEKOMEH/I0BaHHBIE 3HAYEHUS TMpPH
nepexoze K APYruM unciiam PeiiHombaca win K Apyroit reoMeTpun?

5. B riaBe 5 yka3aHo, 4TO B pacyeTax HCIO/b30BATHCh HCXO/IHBIH U ONMTHMH3HPOBAHHEIH
Ha0opbl MapaMeTpoB B IpHCTeHOUHON (yHKIH. OJHAKO HE ACHO. KaK MPOHCXOHIIa
ONTUMM3ALHS KOHCTAHT., TOJBKO Ha 3ajauc o0TeKaHUs IUIaCTUHBI MIIM HCITOIb30BaNICA
fomee WIMPOKUIL KpyT 3a/1a4u?’

6. B mmccepraiiu pacuerbi MPOBOASATCS s ¢1ab0CKHMAeMBbIX TCYCHHUH C MajlbIMU
gucnami  Maxa. EcTh Jii  NpUHIHNMaAbHbe orpanudenns Mmeroxa [P s
J103BYKOBBIX/CBEPX3BYKOBBIX TE€YCHHH

7. B auccepralluy He npuBecHa HHGOPMALMA O COOTBETCTBHH H3IOKEHHOI0 MaTepuasla
HANPaBIIEHHAM  MCCIEAOBAaHMI  Macropra Hay4yHOH  CHICHMATILHOCTH 122 -
Maremarnueckoe MOIEIHMPOBAHHE, YHUCICHHBIC METOAbI M KOMIUIEKCH MPOrpaMM.
CyMTaeM, 4TO HTO JOKHO OBITh OTP@KEHO € IIPUBA3KOH K KOHKPETHBIM paszesam
JIMCCEPTAIIMOHHOM padoThI.

U3I105KeHHbBIC 3aMEUaHts He CHIDKAIOT HEHHOCTH paboThl, MOIyYEHHBIX PE3YIBTATOB U OOLIEH
[TOJIOKUTENBHOMN OLEHKH AUCCEePTAIMOHHON paboThI.

3akaoueHue

Jucceprannonnas padora Kmoesa Hukutel AHIpeeBnya «MonenupoBanue TypOyJIEHTHBIX
TeYyEeHHH ¢ TOPUMEHEHMEM TEeHAM3HPOBAHHBIX  TIPHCTCHOYHLIX GYHKUHTY  ABISACTCA
3aKOHYEHHOH HAYYHO-KBAIM(PUKALMOHHONH paboTod, B KOTOPOH COJICPKHTCA  PCLICHAC
AKTYaThHON HAy4HOMH 3ama4yu — paspaboTKu YKOHOMUYHON U TOYHOM METOMKH YHCIEHHOTO



MOJIEJTMPOBAHUS  TPUCTEHOYHBIX  TYpOYJEHTHBIX  TEYEHHII Ha  OCHOBE  MCTOAA
MEeHATM3UPOBAHHBIX PUCTEHOUHBIX (QYHKIIHA.
PaGora coormetcTByeT Tpebopanusm 1. 9 «llomoxenus o nopsiake NpucyKIeHHS YUEHBIX
creneuneit». yreepxkaéunoro [Tocranornenunem Ipasurenncrea Poceuiickoil denepaumm ot 24
centsOps 2013 1. No 842, nipeapsBiisieMbIM K KAaHAUIATCKUM AHccepTanusm., a e€ aBrop, Kimoes
Hukura AHOpeeBHU, 3aCTy’)KUBAET MPUCYKIECHHS €My YUEHOIH CTEerneHM KaHmuaara (pUsuKo-
MaTeMaTHYeCKMX HayK 10 crneunasbHoctH 1.2.2 - «MareMatuueckoe MOJICITHPOBaHNE,
YUCIEHHBIE METO/Ibl U KOMIUIEKCHI IIPOIPaMM».

Huccepraumst oOcyx/IeHa, U OT3bIB Ha JUCCEpPTalMIO0 yTBepKIeH Ha 3aceganun HTC
HHUO-08 UTMD OI'VII «PDAL-BHUUDD» (mportokoa Ne 195-96/2798-11P ot «19» masa
2026 1.).

[Ipencenarenr HTC HHUO-08

3amectutens aupekropa POSL-BHUHUDD
10 IPUOPUTETHOMY TEXHOIOIHYECKOMY
HAIIPaBJICHHIO, 3aMECTUTETh HAYUHOTO
pykooauTens POAL-BHUND®, neprelii
3aMecTuTelb aupexkropa MTM® —
HauaIbHUK HAY4YHO-UCCIIEI0BATEIBCKOTO
OTJIENIEHHUS, TOKTOP (PU3UKO-

MaTeMaTHYECKUX HaYK, 1/
yjieH-koppecrionaent PAH P4 P.M. [llaranues
OT3BIB NOATOTOBUII:

HauansHHUK HAyYHO-HCCIIE10BATEIBCKOIO
oTAeNa — IMaBHBIH KOHCTPYKTOP 110
nanpasnenuio Jloroc A’po-I uapo. 10KTop
(hU3UKO-MATEMATUUECKUX HAYK

A.C. KozenkoB

CBenenus 06 opranumsauuu: ['ocynapcTBeHHas KOPIOpalys MO aTOMHOM 9HEPIHH
«Pocarom», denepanpHOE rocy1apCTBEHHOE VHHUTApHOE TIpearpusaTHe
POCCUUCKUIN ®EJEPAJILHBINA AJIEPHBIA LIEHTP «Beepoccuiickuii HayuHO-
HCCJICIOBATE/IbCKHUIT HHCTHTYT dKkcnepuMmeHTanibHOH (usnku» (OIYIL «POALL —
BHUUDD»): 607188, Huskeropoackas obu. r.Capos. nip. Mupa, 1.37. ®axc 83130
25638, E-mail: staffi@vniief.ru.

[{ubepepa FOnaus AnekcanapoBHa
8 (83130) 28017



