
3AKJIIOqEHI4E (IIo nroPuo e)

Carsr$aen Afayranrr {xyuycoBrrrt, AoKTop Quruxo-MareMarlrrlecKlrx HayK' upoQeccop,

t6cfiepr AgccepraurroHHoro coBera A 05.21.631 rpu l,Iucruryre MarrIrHoBeAeHIrff Lt

aBToMarrrKr.l Hauuosa,rsHofi aKaAeMr{r{ Hayx Kurprstrcrofr Pecny6.nuxu r'r KuIprbl3cKo-

Poccr.rficxom CflassucroM yHuBepcl{Tere uM. E.H. E,rsuusa tro Arlccepraql'rn

TypraH6aenofi Arnapn Eanra6aenurr <<CosAaHne aJlroplrrMa AJrfl MareMarlrqecKoro

MoAeJrrrpoBaHuq re.reH[fi HaA cJro)rffiofi noAcru.narouleft fioBepxHocrbx)))r upeAcraBJreHHoft

Ha corrcKaHrre yueuofi crerreHu KaHArrAara Snrurco-naareMarllqecKlrx HayK IIo
cneqrraJrbHocrrr 05.13.18- MareMarr{qecKoe MoAeJrIrpoBaHLIe' qllcreHHbIe MeroAbl Ir

KoMn,,rercbr trporpaMM, paccMorpeB [peAcraBneHHyro coplcKareJleu Typran6aesofi A. E.

Ar,rcceprarlfi]o 14 aBTope$epar, trpumen K crleAy]oueMy 3aKnioqeHHro

l. Coornercrsue pa6ornr c[equaJrbHocru, no rcoropoil AaHo flpaBo

Ar{ccepraIIIroHHOMy coBery [pI{HI{ M aTb Alrccepra IIUII K 3aIrIuTe

flpelcraueHHafl KaHAVAarCKas AI4CCepTaIIIrs cooTBeTcTByeT npoSumo

AnccepTaulloHHOI-O COBera.

B 4r,rcceprauuousoir pa6ore hccner'IoBaHH, nocBflUlerlbt ql{c,reHHoMy MoAenHpoBaHH}o

rrpocrpaHcrBeHHbrx 3aAaq o6rercaHas ecrecrBeHHoro npertqrcrBu, c yqeroM pacnpocrpaHeIIHfl

3KoJrotuqecKr4 BpeAHoft naccnsuoft npurtecrz. flpuee4eHbl ocHoBHbIe ac[eKTbI tlucreHHol.o

MoAenrrpoBaHu, B naxere OpenFOAM, co3AaHa rpexuepua, pacqerHafl cerKa c yqeroM

c:roNHofi ronorpa$uu MecrHocrr.r, pa:pa6orauu allfopllrM H KoMtlrIeKcL,I [porpaMM nnfl

peueHr4f, 3a1l4uu [ocrpoeHr4.a rpexuepuofi cerxu, qro e no,'IHofi Mepe orBeqaer nac[opry

cfleqr4aJrbHocrr{ 05.13.18 MareMarr4qecKoe MoAenHpoBaHIae, qucJIeHHbIe MeroAbI u

KoMrrJreKcbI nporpaMM, n.4, rt.5., n.7 .

2. I{e;rr,ro uccreAoBaHuq sBrqerc, MareMarl{qecKoe MoAenHpoBaHI4e B]ilvflHl4fl

ecrecrBeHHoro npe[{TcrBr4fl Ha paclpocrpaHeH}r, ?KoroI-uqecKI4 npeanofi [pI'IMecH Ha

[pr4Mepe ropu CynaftnraH, r. Oru B paMKax oTKpblToro IIaKera OpenFOAM.

Anq1ocruxeHrrs nocraBJreHuofi uelu perxeHbl B Ahccepraunl4 cneAylouHe 3aAar{u:

1. flponegeno qprcJreHHoe MoAenHpoBaHfie BllLis,Hllfl ecrecrBeHHofo npeflrrcrBHfl Ha

pac[pocrpaHeHr4, 3Kororr4qecKa BpeAHofi naccileuofr npuvecu Ha rtpuMepe ropbl Cy,rafiuau, l.

Oru;

2. Pazpa6otau MeroA aBToMarr4qecKoro flocrpoeHua rpdxuepnofi pacuerHofi cerKH c

noMour,ro yrvnurbt snappyHexMesh rraKera OpenFOAM !'ns 3altaqv o6rexaHnq Bo3AylxHbIM

rloroKoM ropu Cynafi rrlau ;

3. flpone4eua neplrQuxaur.lr ucnorb3oBaHHoro orKpbtroro raKera OpenFOAMT,

ycraHoBneHHoro B onepauuossofr cncreMe Ubuntu 20.04 LTS Ha pa3nuqHblx 3aAaqax

Bbrr{LIc:rr4Terrsofi agporLIApoAI4HaMl.IKH.

Coomeemcmeue o6'beKma gccredosauua duccepma1uu qenu u sadaqau duccepmatluu.

O6rexrorrl rrccneAoBaHr.rf, sBrtrercq rpexMepHble ryp6yleuturre aruoc$epHlte reqeHHfl.

flpe4rraerOU HCCIeAOBaHHq f,BIqeTCg qI4CJICHHOe I,ICCJIOAOBaHIIe BilIl1'flHklfl 0CT9CTBeHHOTO

flpenf,TcrBri fl Ha pacnpocrpaHeHr4e 3KonoruqecKli rpe4uoft naccueHofi rlpuMecl'l. Atrs
I

AOCTIt1xeHHfl IIocraBJ'IeHHOfr e AHCCepTaUuOnHofi pa6Ore USJIH hcgneno

npr,rMeHflnHcb pa3nI,IL{HbIe MeToAbl, a I4MeHHO, MeTOA KOHTpOJIbHbIX

pa3nHr{HbIMH cxeMaMH AHcKpeTH3aUH}'l AIIfl KOHBeKTI'IBuO-AuQSyrraoUl

uHTepngrq\W Lnfl pacqeTa ssaqeuufi BSJII{qLIH Ha lpaHII pacue'ruofi a

vs 3aAAq

HaqHI4 C

MeTOA['I

Lnfl

z"
BbII{I4CICHH' I4HTCTPAJIOB TIO KOHTPONrHOMY O6ICMY. 3TU METOArI
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K I{ccne.{oBaHl,Irc rro cfieUraanbnocrl,I 05.13.18 - uareruarfiqecKoe Mo,qen]rpoBaHvre, qucneHHbre

MeTO.4br [r KOMrrJreKcbr [polpzlMM.
Axmyanuuocmb met4bt duccepmaquu. Hacrosqas Ar{cceprarluoHHa.r pa6ora [ocBrrrleHa

upo6leirae AonroBeqHocru MareplrilJroB H Koucrpyxtluu nwuuit, eneKTporrepeaau (JI3II) n
ropHblx MecrHocrf,x. ,{nx 3arrIlITbI JI3fI srrcoKr,rx Hanprxenraft or ubrJreBlrAHbrx qacrr,rq,

[pI,IBoArIrIux K HexeJIareJILHoMy 3irrpr3HeHr{ro r,r3oJrrrlu}r JI3n, o6uqno coopyxarorc,
3aIrII{THbIe gKpaHbI }IJII,I ucrroJlb3yrorcfl ecrecrBenHrre oco6eHuocrr.r penre(pa. Cpe.ry pa3r[qHbrx
tIoAxoAoB, [p[IMeHreMbx K pemeHr.rrc eroft npo6neruu, BzDKHoe Mecro 3aH]rMaer

MareMarHqecKoe MoAenHpoBaHLIe. Hacyrquar norpe6uocrb B coBeprrreHcrBoBaHr{rr MeroAoB
MoAenplpoBanux tpexMepHbrx ryp6yneurnbrx orphrBHrrx reqeur,rft u nepeuoca 3KoJroruqecKlr
BpeAHbrx npuuecefi , onpeAenrrcT axTyaJrbuocrb reMbr r{ccJreAoBaHr,rr.

Ha ocnosaHl,Il{ BbIIueu3JIoxeHHoro MoxHo 3aKJrIotIrITb, qro HarrHoe I{ccJIeAoBaHue,

BbItIoJIHeHHoe colrcKareJleM Typrau6aenoft A.8., upeAcraBflserc, aKTyrrrrbHhrM u
cBoeBpeMeHHbrM.

3. Hay.rnue peyJrbrarbr.
3.1. B pa6ore upeAcraBJIeHbI HoBbre nayuHo-o6ocHoBauHbre reoperr{rrecKr,re t4

[paKTLIqecKLIe pe3ynbrarbl, coBoKynHocrb Koropbrx r{Meer 3Haqeur{e NU pa3Br4rr,rx Qr.rszro-
MareMarrlqecxofi HayKLI. flpoaegeuo qucreHHoe MoAenr.rpoBaHr.re Brfi4fi:ftrilfi, ecrecrBeHHoro
upeu.,ITcrBI,L Ha pacflpocrpaHeHrl gxonorfiqecrr.r npeguoft uaccunnoft [pr,rMec]r Ha [pr,rMepe

ropu Cylafiuau-Too, npeAJloxeH MeroA aBToMarr.rqecroro [ocrpoeur4.x rpexuepHofi pacuetuofi
cerKI,I Ailfl 3aIia'q o6rexaHr.Is ecrecrBeHHoro upeflflTcrr3hrfl; paspa6orau KoMrrneKc rrporpaMMHbrx

cpeAcrB, Koropble IIo3BoffiIoT qr,rcreHHylo peaIrLI3aIIHro Sa4aIJ'u B'ItHflHI.ls. eCTeCTBeHHOTO

rrperrflTcrBr,r, Ha pac[pocrpaueHr,re gxororuqecrr.r Bpe.qHoft naccunnoft nprauecu.

3.2. O6ocsoBaHI,Ie AocroBepHocrr{ Hafrubrx pe3ynbraroB. Bce uolyueHHbre aBTopoM
p*yJlbrarbl LI BbIBoAbI AocroBepubr, TaK KaK [oATBepxAeHbr u o6ocHosaHbr Kopperruoft
uocrauonrcofi galiaqLt, o6ocnosauHrM I,Ic[oJIE3oBaHI,reM MeroAoB MareMarl,IqecKoro
MoAenHpoBaHI,I{ u [porpaMMl,IpoBaur{r, qracJleHuhx MeroAoB, gocrr.rxeuuft coaperrrennofi
BbIqLICJILITeITHOft ClICTeMbr, AOCTaTOqHbIM O6reuorr [poBeAeHHbIx Bbrrr]rcJrr,rreJlbH6D(

3KC[ep[IMeHTOB I,I CpaBHeHLIeM rIOJIrreHHbrX III{CJIeHHbX p*ynBTarOB r,r cooTBercrByroqr,rMr,r

9KCnepr,rMeHTaJIbHErMrr r{ pacqeTHbrMrr AaHHbrMt{ Apyrux aBTopoB.

3.3. Teoperu.recroe 3HatIeHLre pa6oru oupeAen ercs pa:pa6orrofi MeroAa
aBToMarl,Iqecroro uocrpoeHllf, rpExrrrepuofi pacuernofi cerKr{ Ntfr. ga4aq o6reranur
ecTecTBeHHoro upe[flTcTBI,Ir, a TaKXe anropr{TMa Anfl MaTeMaT}rqecKoro MoAenr.rpoBaHra,

tpexrr.tepnux ryp6yleHtHrx orpbrBHbD( reqenufi il flepeHoca 3KolorurrecKr{ npeAHofi

uaccfisHofi npr.rMec[.

3 . 4. CoorsercrBr{e rna-nu ([uxarluouHoMy rrpr,r3naKy.

flpegctaueHHuul pa6ora coorBercrByer ocHoBHbrM rna-uu{uraq}rouHbrM [pr,r3HaKaM

KaHAI{AarcKLIx Allccepral4uit, u.u. 10 flonoxennfl o flopflAKe rrpucyxAenr.rff yqeHoft creneur,r

KaH.qI4Aara $usuxo-uateMarllqecKr,rx HayK rro cueqlranbHocrr.r 05.13.18 - rraareMarr,rqecKoe

MOAeILIpOBAHYIo, qUCiIeHHhIe MeTOArI II KOMrrJreKCbI [pOrpUtMM, fiBJrreTCfl HHAUBLTAyaITUOft

HafrHo-KBulrln(puxaquonHofi pa6otofi, uMeroulefi cyqecrBeHHoe [paKTr,rqecrofi gua.reuue.

4. llparrnqecrafl 3Harr[Mocrb [oflyrreHHrrk pesyrbraroB (grn orpacJrrr, crpaHbr,
uupa). floly.rennrre pe3ynrTarhr Aracceprarlxouuoft pa6orrr Moryr 6rrrr ucnoJrb3oBaHbr B

paspa6orxe reppl,ITopl,Iaaruoft aBToMarr.r3r,rponannofi cucreMbr KoHTpon, nrr6pocon
sarprsuureleft n atrr,roc{epy u BHoc{T cyrqecraennrtft BKnaA B MareMaruqecKoe

MoAenIrpoBaHLIe rpexMepHbrx aruoc$epuux reqeHufi c freroM nepeHoca oxofiorfiqecK]r
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BpeIHofi naccl4BHofi [pI{MecI{. Irlueetcs aKT o BHeApeHHH pe3ynbraroB Ar.rcceprarluoHHoro
I{ccJIeAoBaHI,Is B ,(errenbHocrb Olncxoro perproHaJrbHoro ylpaBneHus MplnracrepcrBa
lplIpoAHblx pecypcoB, 3KoJIorI{LI LI TexHllqecKoro HaA3opa Ksrpruscxofi Pecny6tuxu. Cle4yer
oco6o ro.qqepKHyrb eepn(praxaqnro rraKera OpenFOAM Ha pa:uoo6pa-:urrx 3aAatrax
MoAenvpoBaHI'Ir aruoc$epHrrx reqenr.rfi u pa3Blrrr{e uogpo6noro pyccKor3brrrHoro

AOKyMeHTr.rpoBaHr4r rraKeTa.

5. CoornercrBrre anropeQepara colepxaHrrx) Arrcceprarlufi
Anrope$epar coorBercrByer coAepxaHr,rro Ar{ccepratJavt, flocraBJreHuofi n uefi qelu u

3aAaqaM r.rccneAoBaHr{r.

6. 3anre.lauuq
l. Anrop Ha crp.30, e no,{nyHKre 1.1.6. <TonorpaSlrr Ia pacronoxeHpre BerpeHbrx

reHeparopoB) o6cyN4aer BIrutsHvIe ronorpa@uu MecrHocrr4 Ha eQ(perrznuocrr
Berpo3neKTpocralrquft. O4uaro, 3To Bonpoc HanprMyro He cBr3aH c rlenbrc v 3a1aqay1u

Aucceprarl14r.r.

2. B Arccepra\uv orcyrcrByer uHsoprr,raqur o roM, KaKa.,r nporpaMMa 6rrra
llcrlonb3oBaHa l.ilfl,IlnetHofi TpexMepHoit vuzyastusarlupr pe3ynbraroB r{krcJreHHbrx pactreroB.

3. Cne4yer nepeBecrll Bce HaATII{cu Ha anmufictcoM ,3brKe B pr4cyHKax, npprBe.ueHnbrx B

o6: opHo fr qacrr.r lucceprarl vtv Ha pyccrufi .s3 brx.

3aueqanue r npeAJroxeHuq (gononneno):
rro aBTope$epary:

1. flocronepnocrb... .. o6ecneqllBaercr: KoppeKTHofi uocrauonxofi sagavu- n pa6ore
KoppeKrHocrb 3a,{atlH (cyrqecrnoBannfl, eAr.rHcrBeHHocrb, ycroftunnocu) He ycraHoBneHa.

2. Anpo6aqz, MoxHo 6sIra corparrlTb yKa3aB ccrrm<ofi ron$epeuqvrfi, a rarNe HyxHa
anpo6aqua Ha cneuceMr.rHapax [o cleqlranbHocru 05.13.18.

3. B ra6maqe cpaBHeH[, pesynbraroB c gKcnepr{MeHTirJrbHbrMr.r AaHHrTMH 27%
lorperxHocrb MHoto, o6H.rHo pirperlaercs lo 20o/o.

4. B gaxlroqeuuu 13 TIyHKToB cJIr{rxKoM MHoro, MoxHo 6rrlo coKparHTb o6reAraHzs
nyHKrbr I 1-13, 8-9, 5-7.

5. B npamzuecxofi peroMeHAawh HarrktcaHa, rrro pe3ynbrarbr Ar.rcceprarlprr.r BHeApeHa
Omcronay pet?IoHanbHoMy yrIpaBneHI{Io, a B Arrcceprarlur{ gToro Axr nue4peHyrfl. - Her, Kcrarr{
Arrsl BHeApeHI4fl, aBTopcKHe cBl,IAerenbcrBa Kupru:flareHTa HaAo BKnroqr.rrb n anropeQepar.

no ArrccepTarluu:
l. Orrasreuile pas.qyro, crp.72 paspa6orauo Ha ocHoBe cneAyrou[x 4onyqeuafi u

ynpouleHlrfi :, uanepno MM.
2. Crp. 88 - rpoI,I3BoAcrBo ?, .{ucxperv3a\ufl. MeroAoM KoHTponbHoro o6reMa s

.qocraroqHofi crenegu o6ecnequnaer BbInonHeHI,re 3aKoHoB coxpaHeHu, Maccbl rr gHeprurr - Ha
cKonBKo o6ecneqr,rs aer Yo.

3. Crp. 94. fpauu.true ycnoBLL - orKyAa B3.flTbr, crp. 104 - cKopocrb :0, O:,l}n: 0,
Vco : 27.5 ulc .

4. Crp. 115 - Peruatelu ypaBHeHufi att ocHoBHbrx rrepeMeHHbrx roqHocrs 1e-3
cJrr{rrrKoM roqHoe ?, crp. 126 - lnuno4 y6parr - He BbrBoA, 2 nunol paccuorpeH ?.

5. Bsrlo 6u xoporuo ecnu ycraHoBlrrb cxoAr4Mocrb perrreHile AlrcKperuofi sa4a.ru x
perrreHr.rrc au$(f epenuuzurruofi saAaqu MareMarr.rqecKr,r.

7. llpegroxeHrrfl
7 .1. Hazsaqplrb B KaqecrBe ne4yIqefi opraHu3auzra xa(fe4py llpunna4nofi uuQopMarlrKr{

rpaxy:mrera $rasuxo-MareMarllqecxoro o6paronanur h uu$opnaaqlroHHbrx rexsorouEfi
Kupruecroro rocyAapcrBeHHoro yHr{Bepcr.rrera r.rMeHr.r Irlurenalsr Apa6aena.

7
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7.2. Hagna.rum ilepBbIM oSlaqua-nrnrnu olrroHeHToM a.$.-na.u. Kepuu6erona A.,
LlMelouero BaxHhIe HayrIHbIe r?yasr rro reMarlrxe lrccneAoBaHr.rs Ar,rcceprarlnonnofi pa6oru
(cnequamnocrb ro rpyAaM 05. 13. I 8).

7.3. Hagnaquru BropbIM o(prquamurur,r ourroHeHroM n.(p.-rvr.n. Kapmuoay A. Ax.,
uueroulefi BaxHbIe HayqHble rpyAbr IIo reMarlrKe rrccneAoBaHlr.fl A]rcceprarlronnofi pa6orrr
(cnequa-nruocrb rro anrope(pepary 05. 1 3. 1 8).

9.3arclro.reHlre

.(zccepraqlroHHa, pa6ora Typran6aenofi A.B. rBJrrerc, 3aKoHqeHHofi un4unwAyalrnoft
HafrHo-KBanuQuxaquounofi pa6oroft, upe4craueunofi B Br{Ae crreq[zrnbHo floArorouennoft
pyKonllcIa, coAepxaHlle xoropoft orBeqaer rnalu(pnxaq]roHHbm [ppr3HaKaM r,r coorBercrByer
tpe6onanuqN,I HAK [IKP, ilpeAbfiBnseMbrM K KaHAr.rAarcKr.rM Ar,rcceprarlusM rro cflerlr{urnbHocrr.r

05.13.18 - MarerraarllqecKoe Mo.(enupoBatre, qrrcJreHHbre MeroAbr lr KoM[JreKcbr [porpaMM.
10. Srccnepr AlrcceprarlrroHHoro coBera, paccMorpeB npeAcraBJreHHbre AoKyMeHTbr,

peKoMeHAyer ArrcceprallrroHHoMy coBery A 05.21.63L upu Irlncruryre Marrrr,rHoBeryenfis, Lr

aBToMarIrKu HAH KP u Krrprrrscxo-PoccuficroM CnassHcKoM yHr{Bepcr,rrere nruenu B. H.
Emuuna trpl]Hsrr AI,IccepraII[Io Ha reMy <CosAaHr.re anropr,rrMa Anfl MareMarlrqecKoro

MoAenI{poBaHI4, TeqeHufi r^a4 croxnofi rroAcrr.rnarculeft nonepxHocrbro), [peAcraBneHHyro Ha

coI,IcKaHLIe yueHoft creleHrr KaHAr,rAaTa (pusuxo-uareMarr.rqecKr,rx HayK IIo cflequanbHocrr,r

05.13.18 - naareuarllqecKoe MoAeJILrpoBartile) qr{cJreHHbre MeroAbr r.r KoM[JreKchr [porpaMM.

3xcuepr, 4.0.-u.n. Yfre ca*t6aesA'rx'

70,4'/,'\'o&t' L'ffi
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3AKJIIOqEHUE

Carsr6aer A6gyranu AxyHycoBrrrr, AoKTop Qnrnrco-rrareMarrrqecKrlx HayK,

npoQeccop, sKcrrepr ArrcceprarlrorrHoro coBera A 05.21.631 rpr llnctlrryte
MarrrrrHoBeAeHrrfl kt aBToMarlrKrr Haquonamuofi aKaAeMIrIr HayK Kuprurcrofi
Pecuy6lurcn u Kuprrrscro-Poccuftcrcou CJransHcrcoM yHrrBepcrrrere urvr. E.H. Enrquua
rro Alrcceprarlr,lrl Typran6aenoft Arcnapu Ea.rrta6aenurr <<CosAaHlre aJrroprrrMa AJrfl

MareMarrrqecxoro MoAeJrrrpoBarrrrfl re.reHnfi HaA c;roxuofi noAcrularouleft

rroBepxHocrbro), npeAcraBJrennofi Ha corrcKaHrre yqeHofi crenenu KaHArIAara Quruxo-
MareMaruqecKlrx HayK rro c[eunaJrbHocrlr 05.13.18- MareMarrlrrecnoe MoAeJrrrpoBaHr{e,

qrrcJreHHbre MeToAbr rr KoMnJreKcbr rrporpaMM, paccMoTpeB [peAcTaBneHHyIo coI{cKaTeJIeM

Typrau6aesofi A. E 4tIccepraqruo, rrpuIrren K cneAylorqeMy 3aKJIIoqeHI{ro.

l. Coornercrnue pa6orbr creqr{aJrbHocrr.r, uo tcoropofi AaHo rlpaBo

ArrccepTarlrr o HH oMy coBeTy rlpr{HlrMaTb AlrccepTallurr K 3 alrlrrTe

Ilpe4craueHna, KaHAr.rAarcKarr Ar{cceprallux coorBercrByer upo(funro

AUCCepTarIr{oHHoro coBeTa.

B gucceprarluonnoft pa6ore r{ccneAoBaHr.r, rrocBrrqeHbl tI]IcneHHoMy MoAeJII,IpoBaHI,IIo

[pocrpaHcrBeHHbx 3a4aq o6rexanus ecrecrBeHHoro ilperlsrcrBl,I.fl c ytleroM pacflpocrpaueuvfr'

3KoJrorr.rqecKr,r BpeAHofi naccusuofi npuuecu. flpune4euu ocHoBHbIe acrIeKTbI tILIcJIeHHoro

MoAenlrpoBala.nfl B [aKere OpenFOAM, co3AaHa tpexrvrepuax pacqerHa, cerxa c yqeroM

cloxuoft rouorpa(lru MecrHocrr.r, paspa6oraHbl anropI,ITM u KoMrIJIeKcbI [porpaMM Ans

peilreHr.rq 3a1aqv nocrpoeHlrr rpexnrepnofi cetrpl, uro s uorHofi Mepe orBeqaer [acflopry

clequanbHocrr.r 05.13.18 MareMarr,rqecKoe MoAeJIpIpoBaHt4e, qIrcJIeHHbIe MeroAbI t4

KOMIJIeKCbI nporpaMM.

2. Ilelrro [ccJreAoBaHrrr sBlrfle"rcfl MareMarr.Itlecroe MoAenI,IpoBaHI,Ie BlrvtflHvtfl'

ecTecTBeHHoro ilperl.f,TcTBl,Is Ha pacupocTpa}ile]Flilfl. sKoJIor[qecKI,I npeguoft [pI'IMecI{ Ha

rpr.rMepe ropu CylafiMaH, r. Om e paMrax orKpblroro uarera OpenFOAM.

,{lr 4ocrzxeHr.rfl [ocraBJreHnofi Uenra pe[reHbl B AI,IccepraUI{u cneAylolq[e 3mav.u:

1. Ilponegeuo qrrcJreHHoe MoAenr{poBaHr4e BIrrtflHLL ecrecrBeHHoro flpeflcrcrBl'Is Ha

pacilpocrpa:aenilfi. oKoJrorlrqecKr BpeAHofi naccfieHofi npuruecu Ha npl,IMepe ropbl Cylafirrlan, r'
Our;

2. Paspa6orau MeroA aBToMarr,rqecroro [ocrpoeH]Ix tpexuepuofi pacveruofi cetxu c

loMorrlbro yrr.rJrprrbr snappyHexMesh rraKera OpenFOAM [Irfl 3a4a'uu o6teranus Bo3AyIIrHbIM

rroroKoM roprr Cynaftnrau;

3. flponegeua nepuQnxaqur rcroJrb3oBaHHoro orKpblroro raKera OpenFOAMT,

ycraHoBneHHoro B ouepaquonnoft crrcreMe Ubuntu 20.04 LTS Ha piBnlrlHbrx 3aAaqax

BbrqlrcJrr.rrerurofi agporI4ApoAHHaMI,IKI'I.

Coomsemcmeue odteKma ucciledoeauun duccepmaquu qeilu u zadaqoM duccepmaquu.

O6rerrou rrccneAoBaHlr, flBrflercfl TpexMepHble ryp6y;reHTHble atuoc(pepuue rerleHl{r.

flpe4uerou trccJreAoBaHlr.fl flBr,lercfi. trucleHHoe LIccJIeAoBaHI,Ie BlwlflHt4fl ecTecTBeHHoro

rrperrflTcrBr.r fl. Ha pacflpocrpaHeHr{e 3KoJIorI,IqecKLI npegnofi naccfisHoft [pI'IMecI'I. fia
AocTr,rxeHLLs flocTaBIennoft n Al,IccepTallI,touuoft pa6ote qenIa I{ccneAoBaHrUI

lpl,rMeHsnl,Icb pa3nuqHble MeTOAbI, a I{MeHHO, MeTOA KOHTpOnbHbx

pa3nr4trHblMH CXeMaMTI AI4CKpeTI?I3aJJII.LT AJL KOHBeKTI'IBHO-,

[rHTepnOnrWU 1.ilg. pacqeTa gna.IeHl,Ifi BeI[rIkIH Ha rpaH]I pacuernOfi

'lr'/
,{,1 l.
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Bbrrr[creHra, r4HTerpanoB Iro KoHTponbHorray o6reuy' 3ru MeroAbI

'zV'
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K lroone.UoBaHlrro rO clequaJrbHOCTI{ 05.13.18 - MaTeMaTuqecKOe MOAenLIpOBAHvte) qI'ICJIeHHbIe

MeTOAbr r,r KoMIIJIeKCbI rlporpaMM.

Arcmyanuuocmb meMbt duccepmaquu. Hacrogua.s ALIccepraIIrIoHHiuI pa6ora fiocBtlrleua

upo6reue AoJpoBerrHocrlr Marepr{anoB r,r KoHcrpyKIIHu nI,IHuft enerrponepeAatl (n3II) e

topHbrx Mecrrrocrflx. ,{nx 3arrlr,rrbr JI3II srrcoKllx Halrpsxenuft or [bIJIeBI{AHbIx qacrHII,

lplrBoArulux K HexeJrareJrbuoMy 3arpt3HeHI,IIo n3onilruttz, JI3fI, o6H'rHo coopyxarorcs

3arrlr,rrHbre gKpaHbr r{Jrlr ilcrroJrb3yrorcs ecrecrBeHnrre oco6ennocru penreSa. Cpe4I'r pa3nu.IHblx

loAxoAoB, nplrMeHfleMbrx K perxeHr,rrc srofi npo6rerrlrt, BaxHoe Mecro 3aHI'IMaer

MareMarr,rqecroe MoAenvpoBalue. Hacyunar norpe6nocrb B coBepIIreHcrBoBaHlII,I MeroAoB

MoAenr,rpoBanux rpexMepHbrx ryp6ylenrHbrx orpblBHblx re.Ieuuft u [epeHoca SKoJIoruqecKI{

BpeAHbrx upunreceft , onpeAenrrlr arTyilnbHocrb reMbl I4ccneAoBaHI'Ir.

Ha ocuosaHl{I,I Bblllreu3JroxeHHoro MoxHo 3aKrIoqI,ITb, tITo HafrHoe I,IccJIeAoBaHI'Ie,

BbrnoJrHeHHoe colrcKareJreM Typran6aenofi A.8., [peAcraBJulercs aKTyaJIbHLIM vt

cBoeBpeMeHHbIM.

3. Hayunrre pe3yJrbrarbl.

3.1. B pa6ore [peAcraBneHbr HoBbre uay.*ro-o6ocHoBaHHble reoperl,ItlecKl{e vt

npaKTurrecKpre pe3ynbraTbr, coBoKy[Hocrb Koropblx I,IMeer 3HaqeH[e An, pa3Bl'Irur Su:uro-
MareMarr.rrrecxofi HayKr.r. flpone4eno qlIcJIeHHoe MoAenl,IpoBaHfie BlrraflHt4fl, ecrecrBeguoro

[perrrrcrBr4s Ha pacflpocrpaHeH]r, gKoJrorlrrlecKl,I BpeAHoft uaccunnofi lrpI,IMecI'I Ha [p]IMepe

ropu Cynafiuau-Too, flpeAnoxeH MeroA aBToMarltuecroro [ocrpoeHl{r rpexrraepnofi pacuernofi

cerKr,r lrrfl 3a1aq o6reranr.rs ecrecrBeHuoro rrpeflfiTcrBus,; paepa6oran KoMnneKc rlporpaMMublx

cpeAcTB, KoTopbre [o3BoJr.f,roT qr,rcneHHyro peaJIH3aIIruO 3aI.aqil BllvtfrIJt4s. ecTecTBeHHOrO

flperrsrcrBr{fl Ha pacfipocrpaHeHlre gKororuqecKl{ BpeAHoft uacczsuoft npurraecu.

3.2. O6ocnoBaHrre AocroBepHocru HayqHbrx pe3ynbraroB. Bce nonyueHuble aBTopoM

pe3ynbraTbr r,r BbrBoAbr ,UocroBepHbr, TaK KaK [oATBepxAeHbI r,I o6ocnosaHbl Kopperrnoft

uocraHosroft ga4aqv, o6ocnosaHHuM I,IctroJIb3oBaHlIeM MeroIoB MareMarl,ItlecKoro

MoAenr.rpoBaHprr vt [porpaMM[poBaH[t, tII,IcJIeHHbx MeToAoB, Aocruxenrafi conpeuennoft

Bbrqucrl,rrelruofi crlcreMbl, AocraroqHblM o6reuou [poBe.qeHHblx BbFIucrI'ITeJIbHbD(

SKCrrepIrMeHToB u cpaBHeHr{eM rloJlyqeHHblx q]IcJIeHHbrx pe3ynbTaToB ]I COOTBeTCTByIOq]IMI'I

3KC[epr.rMeHTaJIbHbIMI{ LI paCqeTHbIMI,I AaHHbIMI'I ApyrilX aBTOpOB.

3.3. Teoperuuecroe 3Hatreulre pa6oru oupeAenflerc, paspa6otroft MeroAa

aBroMarr{rrecKoro nocrpoeHru rpexuepuoft pacuernoft cerKLI Lns 3aAaq o6rexanils

ecTecTBeHHoro [peIItTcTBI,I.f,, a TaKxe anIopI,ITMa .qng MaTeMaT[qecKofo MoAenI{poBaHu,

rpexuepusrx ryp6yleurnrx orpbrBHbx re.reul,Ift pt [epeHoca gKoJIorI{rIecKI{ BpeAHofi

nacc[suoft [pI,IMecI,I.

3 . 4. C oorsercrBl,Ie xnanr.I(f uraqlloHHoMy npI{3HaKy.

flpegcrannenHa"rr pa6ora coorBercrByer ocHoBHbIM rnzutu$uraqrloHHblM tIpI'I3HaKaM

KaHArrAarcKr.rx Ar{ccepraqufi, u.n. 10 floroNenr,rs o ropf,AKe Irp}IcyxAeHI,Ifi yreuoft creIIeHI'I

KaHAr{Aara Su:uxo-uareMarr,rqecKrrx HayK rro cneq[anbHocrl,I 05.13.18 - MareMarl'MecKoe

Mo.qenupoBaIvte, qucJreHHbre MeToAbr r,r KoMtIJIeKCbI IIpOrpaMM, sBJIreTcA kr]f,At4P]krgya;rrHofi

HayqHo-KBa;lusuraquounofi pa6orofi, urraerollleft cylqecrBeHHoe IrpaKTllqecrofi 3HaqeHile.

4. Ilparcrlrqecnafl 3HaqrrMocrb noflyrrenurr* pery;rbraroB (Aln orpacJrlrr crpaHbrt

nrnpa). Ilolyuenurre pe3yJrbrarbr Ar.rccepralluoHHofi pa6orrr Moryr 6utr ucnoJIb3oBaHLI B

parpa6orre reppr{rop}ralrnoft aBToMarr{3I,rponanuofi crlcreMbl KoHTponf, nu6pocon

sarpx:uurelefi n arrvroc(pepy u BHocrT cyqectneugufi BKnaA B MaTeMaTI'IqecKoe

MoAen[rpoBaHue rpexMepubrx amaocQepuux teqeHllft c yqeroM lrepeHoca sKoJIor[IqecK[



BpeAHofi raccr{BHofi [pr,rMecr{. I4vreercs. aKT o BHeApeHr,r}r pe3yJlbraroB AllccepralluouHoro
r,rccreAoBaHr,rq B AerrenbHocrb Ourcroro perrroHaJrbHoro ylrpaBneHllfl Muuucrepcrna

rpr{poAHbrx pecypcoB, oKoJrorr.ru r.r rexHr{qecKoro HaA3opa Kuprnscxofi Pecnydtuxu. Clegyet
oco6o roAqeprHyrB nepuQuraqrro rraKera OpenFOAM Ha pasnoo6pa.:urx 3aAaqax

MoAenlrpoBaHr,rs arrvroc$epuux re'reurafi il pasBI,ITI{e uo4po6noro pyccKor3blqHoro

AOKyMeHTUpOBaH[r.'r [aKeTa.

5. CoornercrBrre anropeQepara coAepxaHrrro Arlcceprall[rr
Anrope$epar rroJrHocrbro coorBercrByer coAepxaHraro Ar{ccepraut4r4, rlocraBJleHuofi s

neft qeru r.r 3a,4aqaM I,IccneroBaHLIr.

6.3anreqau[s
l.Anrop Ha crp. 30, n rroArrynKre 1.1.6. <Tonorpa$ufl il pac.rtoJloxeHlle BerpeHblx

rereparopoB) o6cyxgaer BJrr,r.flHrre ronorpaSuu MecrHocrl,I Ha s$Qextunnocrr

BerpognerTpocranquft. OAsaxo, oro Boupoc HarrprMyrc He cBs3aH c IIenbIo u 3a.I.avralifi

Ar,rccepTallI,II,I.

2. B Ar.rccepraurr orcyrcrByer un$oprr,raqur o roM, KaKalI rlporpaMMa 6rua
LrcloJrb3oBaHa Ntfl qneruoft TpexMepHofi rrsyaruaarluu pe3yJlbraroB tII,IcJIeHHbIx pacqeroB.

3. Cnegyer [epeBecrrr Bce HaAlr{cr,r Ha anuuficroM s3blKe B p}IcyHKax, flpI,IBeAeHHbrx B

o6sopnofi vracru Ar.IcceprarlvtvI Ha pyccrufi ,3hIK.

7. llpegrorxeHr{fl
1. Ha:naqurb B KaqecrBe BeAyrrlefi oprauusapu ra$e4py llpurnaguofi nu$oprvrarl,IKl,I

(!axynrrera (pusuxo-uareMarr,rqecKoro o6pasonauur v r,rH$opMaIII{oHHbx rexnolornft

Kupruscxoro rocyAapcrBeHHoro yur,rBepcr.rrera uMeHI{ lhuenarur Apa6aena.

2. Hagna.r[m nepBbru o$uquamnrura olrroHeHToM A.0.-M.H. Kepuira6erona A.,

r.rMeroulefo BaxHbre HayqHbre TpyAbr rro TeMaTr.rKe r{ccneAoBaHl,Ifl A}Iccepralluounofi pa6orrt

(cnequa;rsnocrb rro rpyAaM 05. I 3. I 8).

3. Hagnaqprrr BropbrM oQuqraamnuu ourroHeHToM x.(f.-rvr.n. Kapranony A. AN.,
raueroulefi BaxHbre HayqHbre rpyarr rro reMarr,rKe lrccJIeAoBaHLI.u Allccepralluonnofi pa6omI

(cnequarsnocrb ro antope$epary 05. 13. 1 8).

9. 3arc.rrro.renue

,{uccepmq}roHHrur pa6ora Typran6aeeoft A.B. flBilflercfl 3aKoHqeHHofi unALrsu.uyanrnoft

HayqHo-KBaln$zxaquounofi pa6oroft, [peAcraBnennoft B BrrAe cleq]IaJlbHo rlo.(rorosreHHofi

pyKorrflcu, coAepximue roropofi orBeqaer rnannSuxaql{oHHblM rIpLI3HaKaM I,I coorBercrByer

rpe6onauusrvr HAK IIKP, [peAbrBnreMbrM K KaHAr.rAarcKr,rM ,{I,IccepraII}IrM IIo cuequaJlbHocrl{

05.13.18 - Mareuarr,rtrecKoe MoAenr.rpoBarrr{e, q}rcJreHHbre MeroAbr I,I KoMtIJIeKcbI [porpaMM.

10. 3rccnepr AucceprarllroHHoro coBera, paccMorpeB [peAcraBJreHnble AoKyMeHTbIt

peKoMeHAyer ArrcceprarlrroHHoMy coBery A 05.21.63L upu Zttcturyre MaIIrLIHoBeAeHufl u

aBToMarr.rxn HAH KP u Ksrprrrscro-PoccuficroM Cras.flHcroM yHI{BepcI,ITete uueuu B. H.

Elrquua [pr,rHrrb ,{ucceprarlruo Ha reMy <CosAaHue anropl,ITMa AJIfl MareMarllqecKoro

MoAenupoBaHu, TeqeHuit :ua4 croxnofi rroAcrrrnarcrqefi norepxHocrblo>, [peAcraBneHHylo Ha

colrcKaHr,re yueuofi cTeIIeHlt KaHALI,(ara (puszro-rraareMaTl{qecK}Ix HayK rlo clleufianbHocrl'I

05. 1 3. I 8 - nareuatllqecKoe Mo.{enplpoB arvle, qucreHH r.r KoMrrJreKcbI IrporpaMM.

0r..!iel;!l i.i TIXt I$ii 0t-H {[Ci(

i,iit:: n r.x xil c.-algrl; riaA f ii ;

FsrliE'ao Arrruixari Kar;;n,;r:a

-M.H.r npoQeccop Carrr6aen A.Ax.


