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B nanHoit pabote mpencraBieHbl MPUMEPbI UCTIONB30BaHUS ITPOrPAMM-
Horo obecnieuerust PHOENICS f1s1 onmcanus porieccoB TEIio- U Mac-
corepeHoca B okpyxatomei cpene. [IpoBenen kpatkuii 0030p 1o onmca-
HHIO JTAaHHOTO TporpaMMHOro obecrieyeHusi. Pa3paborana mMaremarude-
CKasi MOJIeNlb TEeIUIOMACCONepeHoca Tpyu MoKape B 3JaHUU U BOSHUKHO-
BEHHM BEPXOBBIX JIECHBIX MOKApOB. MareMaTuyeckasi MOJIENb JIECHOTO
NoXKapa TMOJyueHa Ha OCHOBE aHaIW3a SKCIEPUMEHTAIBHBIX JIAHHBIX M
WCTIONB30BaHMS TIOHATHI M METO/IOB MEXaHUKH pearupyromiei cpensl. B
paboTe npezcTaBlieHa HOBasi MaTeMaTHYecKasl IIOCTaHOBKa JIAHHOM 3a/1a-
YM U METOAMKA €€ YKCICHHOrO PEIIeHHs C TOMOIIBI0 MPOrpaMMHOIO
obecniedenns PHOENICS. Ipencraiens! rpaguky IpOCTPaHCTBEHHOTO
pacripenienieHrsl  OCHOBHBIX (DYHKIIMH paccMaTpHBaeMbIX ITPOLECCOB.

Ilomy4yennsie B paboTe pacrpenesieHus] TeMIIepaTyphl, KOHIICHTpaIi
KOMITOHEHTOB ¥ BEKTOPHBIX IO CKOPOCTH ISl Pa3iIMYHBIX CKOPOCTEH
BETpa U C TEUECHHUEM BPEMEHHU TO3BOJISIOT M3YdaTh MPOLECCHI TEIUIO- U
MaccooOMeHa KaK B 3aKpBITBIX 00NACTSX — 3[aHUSIX, TaK M B OTKPBITBIX
TIPY JIECHBIX NTOXKapax.

KawoueBble cjioBa:
Marematrudeckast MOZIETb, TIOXKAP, TETUIOBOU MOTOK, TYpPOYJIEHTHOCTb, JUCKPETHBIN aHaJIOrT.

IMporpammuoe obecrieuerrne PHOENICS [1] — sto mMHOrodyukimonansaoe 110, mo3Bossiio-
Iee MPOrHO3UPOBaTh U (OPMAIN30BaTh OMMCAaHUE, HAPUMep, Ype3BbdaiiHbix cutyanuii (UC) mpu-
POAHOTO M TEXHOTEHHOro XapakTepa. IIporpamma mo3BossieT pemars OQHO-, ABY- U TPEXMEPHbIE 3a-
Jlauy C Y4eTOM TeIJIo- U MaccolepeHoca, TypOyIeHTHOCTH, IEPEHOCa SHEPTUN U3IIydEHHUEM U XUMH-
4yecKux peakuuil. J[aHHOe mporpaMMHOE OOECIEUeHHE MOXKET OBITh HCIIOJIB30BAHO IUISl M3Y4YEHHS
MIPOLIECCOB TEMJIO- M MaccoOOMEHa B Pa3jIMYHBIX OOJIACTSX, Al KOHCTPYHMPOBAHMS BO3MYLIHOTO
TpaHCTOpTa U 000pyAOBaHUS, 3IaHUN U COOPYKEHUHN, MPOTHOUPOBAHUS 3arPsI3HEHMs OKpYKaroteit
Cpenbl B PasIMYHbIX cpefax, yIpaBieHus (€ClId BO3MOXKHO) BO3JCHCTBHS U ONMACHOCTH 3arpsi3HEHUs
okpyskaromei cpensl. I'papuueckuii penaktop (VR — virtual reality) 8 cocrase PHOENICS no3Bosnsier
3aJaBaTh B PacyeTHOH 00JacTH KOHCTPYKLHUH C HEOOXOOUMBIMH CBOWCTBAMHM MaTEpHalioB, U3 KOTO-
PBIX OHM W3TOTOBJICHBL. B COOTBETCTBHH € MOCTABJICHHOM 3aa4yell IMEETCsI BO3MOXKHOCTD ONpPENeNsiTh
HeoOXOoOuMble A7l JAHHOW MAaTEeMaTU4YeCKOW MOJAENU YpaBHEHMs, HayaJbHble U T'PAaHUYHbIE YCIIOBUS,
3a/laBaTh MCTOYHHUKOBEIE WIEHBI, ONMUCHIBaroImue nzydaemerid npomecc. [lpu stom PHOENICS rene-
PHUpYET CIelnanbHbId KO/, KOTOPBIN MOJIb30BATENb MOXKET PEAAKTUPOBATh AJISl 3a7aHUsI HOBBIX yCIIO-
BUH M CBOICTB MaTeMaTHYECKOM Moxenu pemaeMol 3amadu. Kpome Toro, mmeercs BO3MOXHOCTB
MOJKIIIOYATD JOTOMHUTENbHbIE KOMITMINPOBAHHBIE MOJYJIM, HAMCAHHBIEC HA aJTOPUTMUYECKOM SI3bI-
ke (Harpumep, Fortran). OnpeneneHHy0 TPYIHOCTb, TPEOYIOIIYIO 3HAHUI BBIYUCIUTENBHBIX METO/IOB
1 MEXaHHKH JKUAKOCTU U Ta3a, MPEACTaBIsieT NOIy4eHHEe KOPPEKTHOTO YNCIIEHHOTO PELICHUs 3a IpH-
emJIeMoe BpeMs cueTa Ha KomibloTepe. B cnenumansHoM moayie TpeOyercs 3a1aTh mapaMmeTpsl Auc-
KpeTH3aluy PacueTHON 00JIaCTH M MapaMeTpbl UTEPAllMOHHOTO mpolecca. Pe3ynbTaTel 4HCIEHHOTO
peleHurs 3a1a4 MOr'yT ObITh IPEICTABIICHBI C IOMOLIBIO Pa3BUTOr0 rpaduueckoro nutepdeiica B Buae
W30JIMHUM, H30MOBEPXHOCTEH NCKOMBIX (DYHKLMH, BEKTOPHBIX IOJIEH CKOpOCTH, JIMHUM TOKa U T. 1. Ha

Cepusi UH>KeHepHbIe HAYKU
34



BecTHuk Hayku Cubupu. 2014. Ne 1 (11) http://sjs.tpu.ru

caiire komnanuun CHAM paszpaborunka PHOENICS nmeercs noapoOHoe onrcaHle OCHOBHBIX MaTe-
MaTHUYECKAX MOJIENEH U YHCIEHHBIX METO/IOB, UCTIOIB3YEMBIX B JaHOM MPOrPaMMHOM 00€CTIeUeHHH.

B cocraB nporpammuoro obecrniedenuss PHOENICS BxoauT HeCKOIBKO MOy, TO3BOISIO-
HIMX pelaTh pa3invHbIe THITH 33124 (MHOrodasHas cpesa, e opMUpyEeMOe TBEpPIOE TEN0, TEUECHHE C
XMUMHAYECKUME PEaKIHUIMH, YUeT DIIEKTPOIUTHYCCKUX TporieccoB u Ap.). Hanpumep, FLAIR [2, 3] —
CTEUAN3UPOBAHHBIA MOIYJIb JUISl PELICHUs 3a/1a4, CBSI3aHHBIX C IpolieccaMy NepeHoca Terla, BeH-
TUIAOUOHHBIMU CHUCTEMaMH U CHUCTEMaMH KOHIAWIUWOHUPOBAHUA BO3JyXa, KOTOPLIC 06eCHqu/IBaIOT
TEIJIOBOM KOMQOPT, 370pOBhE U 0E30MaCHOCTh, KaueCTBO BO3AyXa W KOHTPOJIHUPYIOT 3arpsi3HEHHE.
FLAIR mno3BosnsieT HHXeHepaM MpH MTOMOIIN MOIIHBIX U JIETKOYIPaBIsSEeMbIX HHCTPYMEHTOB IIPOTHO-
3UPOBATH MOBCACHNUEC BO3AYUIHBIX ITOTOKOB, PAaCHpPCACIICHUC TEMIICPATYPbl U JABUXKXCHHUC AbIMa B 31a-
HUAX W MPOYMUX 3aKPBITHIX ITOMCIICHUAX. ,Z[aHHI)II\/'I MOAYJIb 1Aa€T BO3MOKHOCTH IPOBECTU HUCCIICAOBA-
Hue [2] 1o MOAETUPOBAHUIO BO3ICHCTBUS TEIIJIOBBIX ITOTOKOB Ha uenoBeka [3]. st aToro ¢ moMonipro
VR-penakropa KOHCTpyHUpYeTCs MOMEIIEHHE C OMpENCIICHHBIMU pa3MepaMH M TerohU3nIecKuMu
CBOMCTBAMH MaT€pruajioB, U3 KOTOPBIX M3TrOTOBJICHBI KOHCTPYKIIUH. B HEHTPEC MOMECIICHUSA pa3MElIICHa
MOJIeNb YenoBeka. Taxke ObLIM J00aBJICHBI HECKOIBKO (PU3NYECKUX O0BEKTOB, & MMEHHO: OKHA, JIBE-
pu u HanpaiieHue notoka (puc. 1-2). bonee moapoOHO MOCTaHOBKA JaHHOM 3a/1a4y TPECTaBICHA B
[2, 3]. Ha puc. 1 uzo0paskeHO MOITy4eHHOE B MPOIECCEe YHCICHHOrO MOJICIMPOBAHHUS Paclpe/ieieHIe
BEKTOPHOTO ITOJIsl CKOPOCTH, & Ha pHC. 2 — paclpeelieHue TeMITepaTyphl B pacueTHON O00JIACTH.
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FLAIR My first flow simulatiocn
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Puc. 1. Pactipenenenre BEKTOPOB CKOPOCTEH
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FLAIR My first flow simulation
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Puc. 2. Pactipenenenuve nosei remmnepaTyp

Jnst neMoHcTpanuu Bo3MoKHOCTel nporpammuoro obecriedennst PHOENICS paccmatpuBa-
Jach MaTeMaTHyecKkas MOJENb TEUCHHUs B MPU3EMHOM CJO€ aTMoc(epbl IpH JIECHBIX Mmoxapax [4].
YucneHHO permanach TpexMepHas HecTallMOHapHasi CHCTEMa ypaBHEHHH COXpaHEeHHs (Macchbl, KOH-
[EHTPAIMU MTPOIYKTOB TOPEHUS, UMITYJIbCA M SHEPTUH). MaTeMaTHUecKn 3a/ada CBOAMIACH K pelle-
HHUIO CIIEAYIOLIEH CUCTEMBI YPABHEHUI:

op .

—+div =0;

~+div(pU)

A div(pcu - pD, gradC) = sc;
Dy =V, /Sc, +v,/Sc; Sc, =D, /v, Sc, =1,

(pu)+d|v(puU pveﬁgradu)——a—+pg,,
ot OX;
i=12,3U=(u,u, U); Ve =V, +V,;

(pcp AT, div(pe, TU - paeﬁgrad(cT))——P S,

A =v,/Pr,+vt/Prt;PrI = pvic, /k;; Pr,=1.

31ech Cp, p — TEIIOEMKOCTh U INIOTHOCTh Ta30BOH (asbl; T — Temnepatypa; C — mMaccoBas
KoHUeHTpauust; P — naBnenue; U — BEKTOp cKOpocTH; Uj — MIPOEKIMK CKOPOCTH Ha OcH Xi; t — Bpems;
D — koapduument muddysuu, Sy — KCTOUHUKOBBIN WIEH IJIs1 ONMCaHMS MIpoLiecca TOPEHHs; § — YCKO-
peHue cBoboHoro naaeHus; S, Pr — uncna Imuara u [pauaris. Manekcst | u t otHOCATCS K Tamu-
HapHBIM U TypOyJIeHTHBIM napamerpam. s onpenenenus kodpunrenta TypOyIeHTHON BA3KOCTH Vi
UCIIONB30BANIACh CTaHIapTHAsE K—&-MO/eb TypOyICHTHOCTH ONMUCAHKS TEUCHHS B TIOFPAHUYHOM CIIO€
atMocepsl. Panmnannonnsiii TermnoooMeH (koG GUIMEHT Sy — B ypaBHEHUN TEIUIONPOBOAHOCTH) YUHU-
ThIBascA ¢ ucrons3oBanueM BcrpoeHHo B PHOENICS mopenn nznyuenns IMMERSOL [1]. Ha rpa-
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HUIIAX PACUYCTHON 00JaCTH MapaMeTphl JICCHBIX M0KAPOB (BEPTHKAIIbHASI CKOPOCTh ra3a M TeMIIepary-
pa IJIaMeHH | T. J1.) ONPEIeISFOTCS Ha OCHOBE DMITUPUYCSCKUX KOPPEISIHIA B 3aBUCHMOCTH OT UHTCH-
CHBHOCTH JICCHBIX MTO)KaPOB.

B paccmarpuBaemoii obnactu 1000x1000x500 M 3a1aBanich HECKOIBKO OTACIBHBIX JIECHBIX
noxapoB pasmepamu 100x100 m. HMccnemoBanock moBefeHrne aTMOCQEPHOro MOrPAaHUYHOTO CIIOS B
3aBUCHMOCTH OT COCTOSIHHSI OKPYXKaIoIIei cpelibl (CKOPOCTh BETpa, TeMIIEpaTypHas CTpaTH(GUKaIms 1
[IEPOXOBATOCTh MOBEPXHOCTH 3€MJIM M T. JI.) B OKPECTHOCTH OYaroB JIECHBIX MOXkapoB. M3ydanoch
THAPOANHAMHUYCCKOC U TCIIJIOBOC B3aI/IMOILCI>'ICTBI/IC MCKY HECKOJIbKMMU KOHBCKTHBHBIMU KOJIOHKA-
MH. B pesymbrare MaTreMaTH4eCKOr0 MOZECIMPOBAHUS IIOJYYEHBl CTAllMOHAPHBIE PAaCHpENeIeHUs
TPEXMEPHBIX noneu CKOpPOCTH, TEMIICPATYPhI, KOHHUCHTPAIIUN AbIMa U IMMOTOKOB TCIIJIOBOI'O M3JIYUCHHA
(puc. 3-5) must pa3nUYHBIX CKOpOCTEH BeTpa. M3 pHCYHKOB BHIIHO, YTO M3Y4ajoCh BIHUSHHE CKOPOCTH
BETpa Ha yroJ HaKJIOHAa KOHBEKTUBHOH KOJIOHKH, a TAK)KE Ha pacipeelieHne TEeMIIepaTyphl, TOTOKOB
TeITa ¥ MacChl B PacueTHOM 00iacTh. Pe3ynbTaThl pacyeToB, MOMyYeHHBIC C TTOMOIIBIO JTAHHON MO e-
Jin, MOT'yT 6BITB HCIIOJIB30BAaHBbI JIA OLICHKH TEIIJIOBOI'O BO3ZICI>1CTBI/I$I KaK Ha MMOBECPXHOCTHU 3EMIIU (Ha-
MIpUMep, Ha 3[aHHsl, COOPYKEHHS U T. 11.), TaK ¥ HaJ Oo4araMu TOpeHHs (Halpumep, Ha JieTajJbHbIe all-
raparsl).

Teaperature, o Probe value Teaperature, o Probe valoe
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T
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5100000
We.15
3815000
326 2500
2650000
203.1580
1425000
£1.25000

167.3543
Average value
308.4059

20.00000

2090000

Crown Fire Slumes Wind 2n/s

Crosm Fire Selumes Wind la/s

Puc. 3. Pacnipenenenue TemmnepaTypsl 1 CKOPOCTH B KOHBEKTHBHBIX KOJIOHKAaX HaJl OYaraMu JICCHBIX
MOKapoB TS Pa3IMUHbIX CKopocTeit BeTpa (1 u 2 m/C)
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Puc. 4. Pacnipenenenue TeMriepaTypbl H CKOPOCTH B KOHBEKTHBHBIX KOJIOHKaX HaJ| O4araMu JIECHBIX
MOXKapOB JUTSA pas3IM4YHBIX cKopocTeit Berpa (5 u 10 m/C)
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Puc. 5. Pacripenenenue TemnepaTypbl Ha MOJICTUIIAIOIIEH TOBEPXHOCTH M CKOPOCTH BETpa Haj odyara-
MU JIECHBIX IIOXKapoB A1 cKopocTH Berpa 10 m/C

Ha ocHOBe moiydeHHBIX TaHHBIX M3 IPECTaBICHHBIX pe3ynbTaToB cienyer, uro PHOENICS
MO3BOJISIET U3y4aTh B3aMMHOE BIMSHUE MTOTPAHUYHOIO CJIOS aTMOC(Ephl 1 KOHBEKTHUBHOM KOJOHKH OT
KpPYITHOMAcIITaOHOrO BEPXOBOr'0 JIECHOTO IMokapa. Takum o0pa3oM, MaTeMaTH4ecKOe MOAEIMPOBa-
HUE C Ucnoib3oBaHueM mporpamMMHoro obecnedeHuss PHOENICS moxer cucreMaTH4ecKkd IpHMe-
HATBHCS JJIS1 MCCIIEAOBAaHMS JTUHAMHUKH JIECHBIX IIOXKAPOB, PAaCIPOCTPAHSIOIINXCS U B3aUMOJCHCTBYIO-
IUX C TIPU3EMHBIM CIIOeM aTMOC(Eephl TP PA3INYHBIX BHEIIHUX ycioBHsX. Hampumep, mpu pazmnd-
HBIX METEOPOJIOTHYECKUX YCIOBUSX (TeMIlepaTypa BO3AyXa, CKOPOCTb BETpa, CTpaTH(UKALUSI aTMO-
cdepsl U T. 1.), penbede MECTHOCTH, TUIIE Jieca (Pa3IMuHbIe BUJIBI JIECHBIX TOPIOYMX MaTepHalioB) U
ero mapamerpax (3amac, Biarocojepkanue u T. 11.). Mcciaenosanue ¢ nmomornsio PHOENICS nossoss-
€T JIydlle NOHATh OCHOBHBIE ()M3NUYECKME MEXaHU3MBI, KOTOPbIE KOHTPOIMPYIOT BO3HHUKHOBEHHE U
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pa3BUTHE KPYITHOMACIITAOHBIX JIECHBIX ITOXKAPOB, UX PACIPOCTPaHEHHE U BIMSIHUE HA 3/aHUS, COOPY-
KEHUs, TEXHUKY U JIOJEH, a TakKe JaeT BO3MOXKHOCTH pa3paOOTKH MHCTPYMEHTOB MOJEIHPOBAHUS
MOBEJICHUS JTaHHOTO OMACHOTO SIBJICHHS ISl €0 IPOrHO3a U OOpPHOBI C HUM.

Taxum o6pazom, ¢ momomsio PHOENICS ¢ ucnonszoBanuem monyns FLAIR 6buto anpoou-
POBAaHO PCHICHUEC IMPAKTUYCCKHU BAXKHBIX 3aaay, CBA3aHHBIX C MOACIMPOBAHUEM BO3)Z[€I7[CTBI/I$I TEIJI0-
BBIX IMOTOKOB Ha 4YCJIOBCKA W BO3HUKHOBCHHA W PA3BUTHUA prnHOMaCHITa6HI)IX JICCHBIX IIOXKapOB.
HpeHCTaBHeHbI IMOJTYUYCHHBIC C MMOMOMIBIO YUCJICHHOI'O PCIICHUS paCHpeACICHHUA CKOPOCTH U TEMIIC-
paTtypbl B 3aBUCUMOCTH OT Pa3IMYHLIX ITapaMETPOB, KOTOPLIC MOI'YT 6I>ITI> HCIIOJIBb30BaHbl AJIs1 OLICHKU
COCTOSTHHSI OKPY’KalolIel Cpeabl B OKPECTHOCTH JIeCHBIX mokapoB. Jlannoe [1O Taxke MOKeT OBITH
MOJIE3HO AJII MOJEIMPOBAHUS UPE3BBIYANMHBIX CUTyalMd, CBA3AHHBIX C 3arpsA3HEHUEM OKpYXKarOLIEH
Cpe/ibl, a TaKKe IoKapaMu U B3pbiBamu. [l ucnonp3oBanus atoro [10 B yueOHOM mpoliecce U Hayd-
HBIX I/ICCJ'IG}Z[OBaHI/Iﬁ CO3JJaHbl METOJUUYCCKUEC YKa3aHHs, KOTOPbIC ITIOMOI'YT C MUHUMAJIbHBIMH 3aTpaTa-
MU PCHIUTD MMPAKTHUYCCKUEC BAXKHBIC 3a/1a4H.
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