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B pabore paccMoTpeHa BO3MOXHOCTh HCIOJNB30BAaHUS YIJICPOJHBIX MAaTEpUAIOB B KadyeCcTBE
KaTaJln3aTOpoB M cOpOeHTOB. B mocnennee Bpemsi yzaenseTcs MHOTO BHMMAaHHs MaTepualiaM Ha OCHOBE
yraepoaa. M3menus Ha MX OCHOBE OOJNAMAIOT BBHICOKOW TBEPAOCTHIO MPH HATWYMHA MAaJIOW MacChl, CTOHKH
NPOTHUB BO3JEHCTBHA KaK BBICOKHX , TaK M HU3KUX TEMIIEpaTyp , 00Ja/1al0T 3IEKTPOIIPOBOTHOCTHIO, XOPOIIO
COBMECTHMBI C OMOJIOTHIECKUMH TKAHSIMH YeJIOBEKa.

KuroueBble ¢jioBa: HAHOTPYOKH, COPOSHTHI, KaTaIM3aTOPHI.

In current study the possibility to use carbon malke as catalysts and sorbents has been revidwed.
the recent years a great attention is drawn tedhigon - based materials. The products on theis base got
a high strength, low weight, resistant to thBupo6u Ha X OCHOBI MarOTh BUCOKY MILIHICTh MpH Majiii Ba3i,
CTiWiKi J0 BIUIMBY SK BUCOKUX, TaK 1 HU3BKHUX TEMIIEpPaTyp, XIMIYHHUX areHTiB, €JICKTPOIpPOBiAHI, 100pe
CyMiCHi 3 010JIOTIYHIMY TKaHUHAMU JTFOTUHU.
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BU3YAJIBHBIE MWCCIEAOBAHUA PE3YJIBTATOB MOJIEJIUPOBAHUSA
BBICOKOCKOPOCTHBIX TEIIJIOBBIX ITPOHECCOB HA COI'-TACOBAHHBIX
JUCIIVIEAX

[Ipennaraercss METOOJIOTHS BU3YaJbHOTO UCCIIEIOBAHUS PE3Y/IbTATOB MOJECTUPOBAHUS BHICOKOCKOPOCTHBIX
TEIUIOBBIX MPOIIECCOB, pa3paboTaHHas Ha 0a3e MOCTPOCHHBIX AHATUTHYECKUX CTPYKTYp pEIICHUS C
UCTIOJIb30BAaHUEM S-PYHKIUI, TOYHO YIOBIETBOPSIOIIMX OCHWLIUPYIOIIUM YCIOBHSIM TEINIOOOMEHa Ha
rpanunax obmacreidt cioxHOM (opmbl. OmpeneneH KiIacCc TOYHBIX PEIICHWH 3a7ad TEIUIONPOBOJHOCTU C
HECTAI[MOHAPHBIMU TPAHWYHBIMHM YCIOBHSMHU IS OOJIacTei CIOXKHOM (POpMBI, NPUBEACHBI PE3yIbTATHI
BU3YaJIBHOTO MCCIIE0BAHUS BEICOKOTEMIIEPATYPHBIX TEIIOBBIX IIPOLIECCOB.

KuroueBblie ci10Ba: BU3yaabHbIE HCCIIEIOBAHMS, MAaTEMAaTHUECKOE MOJEIMPOBAHNE, BBICOKOCKOPOCTHBIE
TEIUIOBBIE NTPOLIECCHI.

ITocranoBka  mpolsaemMbl  HMcCaen0BaHHMA.  Maremarnueckoe  MOJEIUMPOBAHHE
TEIUIOPU3NYECKUX IPOLECCOB HE SIBJIAETCA CaMOLENbi0, OHO IPHUMEHSAETCS M Hay4yHbIX
UCCJIEIOBAaHUM, NTOCTPOEHUSI MIPOTHO30B M IMPHUHATHS PEIICHUNA NpU YIPABIECHUU MPOIECCAMMU.
CpencrBa aHanM3a pe3yJbTaTOB MaTE€MaTUYECKOTO MOJAEIMPOBAHUS JOJDKHBI I103BOJISTh
paccMarpuBaTh TOHKYIO CTPYKTypy IIpolecca W YYUTBIBaTh Bce (DAKTOpbl, B TOM 4MCIE
3aBUCUMOCTbD TEIUIOBBIX IPOLECCOB OT BPEMEHU U KOOPAMHAT, IIO3TOMY BCECTOPOHHMI aHAIN3
JTAHHBIX HEBO3MOXKEH 0€3 BU3yalIH3ally TEMIEPATyPHBIX MOJIEH B TUHAMUKE.

Pe3ynpTaTOM MaTeMaTH4YeCKOTO MOJEIMPOBAHUSA YHMCIEHHBIMH METOJAaMU SBISAIOTCA
OoJiblIIiE MAcCHBBI JUCKPETHBIX JAaHHBIX, 3aJlaya CXKaTUsl KOTOpBIX ele He pemieHa. B psne
CllydaeB HUX MOXHO TMpeoOpa3oBaTh B AHAIUTHYECKYI0 HWHGPOpPMAIMIO C TOMOIIBIO
MHTEPIIOJISILIUOHHBIX TTOJMHOMOB, HO /Il CKOPOCTHBIX TEIJIOBBIX IMPOLIECCOB JIaXeE MOCTPOEHUE
IMIUPUYECKUX POPMYJI SIBJISETCS CII0KHOM, U BO MHOTHUX CIy4asiX OTKpPBITOI npoOieMoii.
Pemenne 3amauM TEMJIONPOBOAHOCTH UUCIEHHBIMM METOAAMU MpH OONbIIMX TIpajueHTax
TEMIEPATYPHBIX MOJE€H MNPUBOAMT WIM K HEIONYCTHUMO BBICOKMM pE3YJIbTHPYIOLIUM
HOTPEIIHOCTAM WJIM Pa3Bajly BBIYACIUTEJIBHOIO IIPOLECCa M3-3a MOTPEIIHOCTEN JUCKPETHOTIO
YJIOBJIETBOPEHUS OBICTPOM3MEHSIIONIMMCS TPAHUYHBIM YCIOBUSIM, OCIIMJUIMPYIOIUM BHYTPEHHUM
UCTOYHHUKAM U Au(QepeHnaTbHOMY YPAaBHEHHIO TEIUIONPOBOTHOCTH.
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[ToaTomMy akTyanbHa pa3paboTKa MPUOIMKEHHBIX AaHATTMTUYECKUX METO/IOB PEILIEeHUs 3aau
TEIJIONPOBOJHOCTH, KOTOPBIE MO3BOJISIIOT TOYHO YJIOBJIETBOPATH HECTAIMOHAPHBIM T'PAaHUYHBIM
YCIIOBUSIM U PE3YJIbTAT IPUMEHEHHSI KOTOPBIX 3aIIUCHIBAETCS B AHAIUTUYECKOM BUJIE.

JInsi  KayeCcTBEHHOTO M3YYEHUsT TOHKOW CTPYKTYphl © TpOpbIBAa B  BU3YaAIbHBIX
UCCJIEIOBAHUSAX  BBICOKOCKOPOCTHBIX TEIUIOBBIX IMPOLECCOB HEOOXOAMMAa  METOA0JIOTHS,
MO3BOJISIOIIAS ONPEAEIATh COOTBETCTBYIOIINE KJIACCHI TOYHBIX PEIICHUH.

Ananu3 myOaukanmii. B mavane 80x r.or. XX Beka ans BH3yaJbHBIX HCCIIEAOBAaHUI
TEMIIEPATYPHBIX MOJIEH MCIOIB30BAICS CTPYKTYPHBIH MeTon [1]: Koa(duImueHTsl A1 JaHHOTO
Habopa mapaMeTpoB MOJECIUPOBAHUS ONpenessuiuch Ha Oomnbmiod OBM, a Buzyanusanus
TEMIIEpAaTypPHOTO IMOJIsl HA OCHOBE MapaMeTpoB BhINONHsIach Ha Manioit DBM. Ckopoctb paboThl
ompenensgack ObIcTponelicTBueM Manod OBM, B KkauecTBe BapbUpPYEMBIX MapamMeTPOB
BBICTYIAJIM TEII0(PHU3NYECKUE XapaKTEPUCTUKU U TEMIEpaTypa Cpeibl, h3-3a UCIONb30BaHus R-
(GyHKIMI TomycKanach HePU3MYHOCTh B OMMCAHUU TCOMETPHH HCCIIeyeMoro o0bekTa [2], a us-
3a MaJOMOIIHOCTH BBIYMCIUTENHFHOW TEXHUKM 3aJa4d OBUTH OTPAHUYCHBI CTAIlMOHAPHBIMH
3a/1a4aMHM TEIIONPOBOJIHOCTH.

[ToMmumo pabotel [1] cHenManbHBIX  YINOMHHAHHUN O  BH3YaJbHO-aHATUTHYCCKHX
UCCIIEIOBAaHUAX 3aJad TEIUIONPOBOJHOCTU B JIMTEpAType HaWTHU 3aTpyAHUTENbHO. B npyrux
o0nacTsX BH3yaJlbHas aHAJUTHKA pPEe3yJbTaTOB MHOTOMAPAMETPUUYECKOIO0 MOJEINPOBAHUS
NOJTy4riIa IIMPOKOE pa3BUTHE, M BCTpedaeT psi oomux npobieM [3], CBA3aHHBIX CO CI0KHOCTBIO
CHUHTE3a peLIeHUN TMoj3agady Mo Bapuanuu HAO00poB (HAKTOPOB MOAETUPOBAHMS, YUETOM
($akTOpPOB U KOPPEKTHOCTHIO BXOAHBIX JTaHHBIX.

N3-3a CIOKHOCTH pacyeToB MHOTIMX CHMYJIALMM, NEPCHEKTUBHO pa3BUTHUE OH-JAH
BU3yalu3alud  (BBIYMCIUTEIBHBIH TpolecC pa3OuBacTCs Ha Ha0Op NapaUleibHBIX H
pacIpeeICHHBIX BBIYMCIICHUH, BBITIOIHAEMBIX Ha YJAJIICHHOM KOMIIBIOTEpE) W YAaJCHHOW
BU3yanm3anuu (Ha yJAJIEHHOM KOMITBIOTEPE MPOUCXOAUT M IPOIECC BBIYUCICHHN, M IMPOIECC
noctpoenus: Busyanusaiuu) [4]. Ilomp3oBarens MOMKEH HMMETh BO3MOXHOCTb YIPAaBIISThH
BBIYMCIIMTEIBHON MPOrpaMMoOii B Xoje ee paboThl (OCTaHABIMBATH, CO3[aBaTh KOHTPOJIbHBIC
TOYKA U T.I.) U HAONIONATh 32 MOCTPOCHHWEM BHU3yalH3allMd B pealbHOM BpeMeHU. CeromHs
CTaHJApPTHbIE TAKETHbIC IUIAHUPOBIIMKM UM CPEACTBAa IPOrPAaMMHUPOBAHUS HE TO3BOJSIOT
WHTEPAKTUBHO M3BJEKATh JaHHBIE U3 YAAJEHHBIX MPOTrPaMM M YHpaBiIsATh UX pabotoii. s oH-
JaifH BU3YyalIHM3allMd pPa3palaThIBAIOTCS CHEIHATbHBIE CHUCTEMBbI, BKIIIOYAIONINE KOMITOHEHTHI
BBIUHCIIUTENIBHBIX — MPOIECCOB  (BBIYUCIUTEIBHBIC IPOrPaMMbI), CEPBUCBHI-IOCPSIHUKH U
IpOrpaMMbl BU3yaJIU3alUU.

[lokxa He pemeHa npoblieMa YHUBEPCAJIbHON OH-JAWH BHU3yallM3allMM, OCTAETCs
HEPEAIM30BAaHHOM MHJied CO3JaHusl BUPTYAJIbHOI'O HCHBITATEIBHOTO CTEHJA — CpEIbl Ul
IIPOBEACHUS BBIYUCIUTEIBHOIO IKCIIEPUMEHTA.

JInst ynaneHHO# BU3yaln3alii HeJOCTATOK TOT e, YTO U OTMe4eH B pabote [1] —3anmepxka
BPEMEHM Ha JTale BU3YAIM3aLUUMU U3-3a OTHOCHUTEJIBHOM Majold MOIIHOCTBIO BTOPOIO
KOMIIBIOTEpA.

B pabote [5] mpemnoxeHna mporpaMMHasi CHCTEMa peIlieHHs OOpaTHBIX 3a7ad METOJaMH
peryisipuzalud W HMTEPAlMOHHOW ammpoKCHMalud, padboTa ¢ MNporpaMMoOil 3akirodaeTrcs B
noadope mapaMeTpoB M aHAIM3€ pe3yiabTaroB. braromaps opraHuzanuu mapayuienbHOU
UHQPACTPYKTYpbl M OH-JIAllH BU3yalM3allMH, HCCIEIOBaTellb OJHOBPEMEHHO HAOII0JaeT Ha
HKpaHe MOHUTOPA 332 BCEMH BU3YaIIM3UPYEMbIMH BbIUNCIUTEIbHBIMU ITPOLIECCAMMU.

OCHOBHBIC HANIPABJICHUS Pa3BUTHSI HAYYHOH BH3yasn3anun [6]:

- aJanTanys CYyIECTBYIOLUIMX METOJOB U KOHUENIMN K NPUMEHEHUI0 HA HapajulesIbHBIX
BBIYMCIIMTENIbHBIX CUCTEMAX;

- pa3paboTKa METO/IOB aHAJIN3a JaHHBIX U UX CHHTE3 C METOaMHU BBIPA3UTEIHHOCTH;

- CO37aHKE B KJIaccax 3aj1a4 0a3 SKCIIEPUMEHTANBHBIX U PACUETHBIX TaHHBIX;

- pa3BUTHE CUCTEM aBTOMATUYECKOI0 MHOTONIapaMETPUYECKOIO aHaJIN3a,
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Pemenuto 3amay TEMIOMPOBOJHOCTH C HECTALIMOHAPHBIMU TPAHUYHBIMH YCIOBUSIMU B
IpUOIMKCHHON aHATUTHYECKOM (popme mocBsieHsl padboThl [7-12]

Heab padoTsl. PazpaboTka BU3yaabHO-aHATUTHYECKOTO METO/a, MO3BOJISIONIETO Ha 0ase
CTPYKTYp pEUICHHH JIJIsI MHOTOMIAPAMETPUUIECKUX 3a]1a4 TETIOTPOBOJHOCTH C OCIHIUTHP YIOIITUMHU
IPAaHUYHBIMUA ~ YCIIOBUSIMH, TPOBOJUTH KOMIUIEKCHYIO JIMarHOCTUKY U IPOTHO3WPOBaHUE
BBICOKOCKOPOCTHBIX TETIJIOBBIX MPOIECCOB

OcHoOBHbIE MaTepHAJIbI HCCIEIOBAHMS.

BusyanbHble HCC/IeI0BaHHSI MHOrONapaMeTpu4eckux 3agay. MaTemaTHieckoe
MOJIETTUPOBAaHNUE TEMIIEPATYPHOIO MOBEACHHS 00bEKTa BKIIOYAET UCCIEAOBAHUE IIPU BapUAIUAX
CJIEIYIOIINX TPYII MapaMeTPOB:

- Teropu3ndecKre XapakKTepPUCTUKHA MaTepraia

- XapakTep TEII000MeHa ¢ OKpY Karollel cpeoit

- TeMIlepaTypa OKpy:Karouiei cpebl y rpaHuiibl o0JacTeit o0bexTa

- TEOMETPHS UCCIIEYEMOTO 00BEKTA

- XapakTep MOBEJEHUS U paciipeieIeHUE BHYTPEHHUX UCTOYHUKOB U CTOKOB SHEPTHUHU.

- 9Tambl U MPOJOJDKUTEIBHOCTh TEMIIEPATYPHOT'O BO3/ICHCTBHUS.

[Iporiecc MoaenMpoBaHUs O BCEM BaphUPYEMBIM MapaMeTpaM MOKHO MPEJICTABUTH B BUJIC
cinoxHoro rpada, Kaxaas BETBb KOTOPOTO — MOJCIHUPOBAHHE BO BPEMEHH IO BBIOPAHHOMY
HaOOpy MapaMeTpoB U COOTBETCTBYIOIEE € MPUHATHE PELICHUS O MPOJOJDKEHUU WM OTMEHE
UCCJIeIOBAaHUS IIPU JAaHHOM Ha0ope MmapameTpoB.

Curyarus, KOT/1a peIBaApUTEITHHO chopMyITHpPOBaHHBIC BETBU rpada
MHOTOMapaMeTPUUYECKOT0 MOJECTUPOBAHUS M COOTBETCTBYIOIIAS KaXJIOW M3 HUX JUHAMHYECKAsS
CUMYJISLIUA TIPOIECCa, PACCUUTHIBAIOTCS, W Ppe3yibTaThl pacyeTa BBIBOJATCA Ha AHUCILICH
MOOYEPETHO, OTpaBlIaHa I YHCICHHOTO MOJICIMPOBAHUS, KOTOPOE JUIsl CIOKHBIX 3a/1a4
TpeOyeT OTHOCHUTEIHHO OOJBIIOrO MAIIMHHOTO BPEMEHHM W MAIIUHHOW MaMSATH JJIsl PEIICHUS
KaXJI0M KOHKPETHOM NOJ3aauu.

C pazBuTHEM NPUOIMIKEHHBIX aHAJTUTHYECKHX METOJOB CTaja BO3MOYKHOM OpraHu3alus
MaTEMATHYECKOTO MOJICIMPOBAHMS TEIUIO(QU3UIECKIX MPOIECCOB BO BPEMEHH, KOTIA PEIICHUS
3a/lady cO BCEMU OTOOpaHHBIMU HabOpamH MapaMeTpOB PEIIAIOTCS OJHOBPEMEHHO B PEAIbHOM
MacmitTabe BpPEeMEHHM, a pPe3yJbTaThl PEIICHUs BBIBOJSATCS OJHOBPEMEHHO HA COTJIACOBAHHBIE
nuciuied (WM OJMH JUCIUICH JUIS IPOCTBIX CHUMYJISLMIA). DTO YCKOPSET MPOIECC BU3YaIbHOTO
U3YYCHHSI PE3YJIbTATOB pEHICHUS W TIOCIHEAYIOIIEr0o NPUHATHS PEIIeHUs, IJIs Iepexoja K
cienyrouieMy — 3Tany — MojaenupoBaHus.  Takum  00pa3oM,  €IUHUYHBIM  3TalloM
MHOTOMapaMeTPUUYECKOTr0 MOJECIUPOBAHUS CTAHOBUTCS HE aHAJIU3 PEUICHUS C OJHUM HaboOpOM
napaMeTpoB, a aHAJIN3 CEMENCTBA PEIIeHU C BRIOpAaHHBIMH HA0OpaMHU MapaMeTPaMHU.

[TockonbKy NMpUONIMKEHHbIE aHATUTUYECKUE METObI MO3BOJISIOT COXPAHATh HH(POPMAIUIO
0 CUMYJSILIMM B CXaToM BuZe, 0€3 MOTepu TOYHOCTH H3-3a HMHTEPHOJSLUUA M 3aHUMAIOT
3HAYUTEIHHO MEHBIIIE MATUHHOW TTAMSTH, BO3MOXKHA aBTOMATUYECKas JOKYMEHTAaIUs Ipoliecca
MHOTOTIAPAMETPUIECKOTO MoJienupoBanus. [locTpoeHHBIN Tpad HCCIIeTOBaHUS COXpaHSIET Ha
Ka)KJI0M BETBM KaK MHQOPMAIMIO O PEIICHUH 3a/1auMl MPU MPUHATHIX MapamMeTpax, Tak U peleHue
ormepaTopa O JaJibHEWIEM MOJAEIUPOBAHUS 3aJadd C JaHHBIM Ha0OpOM TMapaMmeTpoB.
CymmMmapubiii Tpad HCCIEIOBAHUS MOXKET OBITh BHU3YaJU3UPOBAH C IOMOIIBID COBPEMEHHBIX
METOJIOB MOCTpOoeHusT rpadoB (IMEPCIEKTUBHBIMU TPEACTABIAIOTCS METOIbl «)OKyC IUIIOC
KOHTEKCT») JUIs TMOCIIEAYIOIIEro U3YUYEeHUs WM XPaHEHHsI NOJy4YeHHOW uH(OopMaIuu B y100HON
dopme.

Kaace To4yHBIX pelieHuil 3agady  TemaonpoBoaHocTu. Ha 06a3e permoHanbHOTO W
PETHOHAILHO-CTPYKTYpHOTrO MeTomoB [1, 7] pa3paboTaH KJIacC TOYHBIX pEIICHHHA 3a1ad
TETUIONPOBOTHOCTH IS JBYXCBS3HBIX OOJIacTell CIIOKHOW (GopMbl. B mpemimaraeMbIx TOYHBIX
pEIICHUAX TeIIo(PU3NYecKue XapakTEPUCTUKH MaTepualia, KpaeBble YCIOBUS M TEOMETPHS
UCCIIelyeMOro 00OBbEKTa YUUThIBAE€TCSA TOUHO. Pa3paboTaHHbIe TOUHbBIE PEIICHUS 3aMMChIBAIOTCS B
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3aMKHYTOM BHJ€ M OOJaJalOT CBOMCTBOM KOHCEPBATMBHOCTH. biaronaps MCHONb30BaHHUIO S-
(GyHKIMH, reoMeTpusi ucciieayeMol obnactu (Tena) OiM3Ka K TEOMETPHH PEANbHBIX Tel — S-
(YHKIUH TTO3BOJISIOT 331aTh CKPYIIIeHHE Ha yriiax (rpaHsx) UCCIeIyeMOro 00beKTa, KOTOPHIM
001a1af0T Bce peanbHbie (PU3NIECKHe 00JIaCTH U Tela.

W3meHeHune TeMiepatypsl cpesbl, Kpurepust buo niau reomerpun nccienryeMoro oobekTa He
TpeOyeT NepecTpOKN aHATUTUYECKOH (POPMBI TOUHOTO pEIIeHHUs, IOITOMY BO3MOXKHO OBICTpOE
NOCTPOEHHE MHOXKECTBA Ma)KOPAHTHBIX PEIICHUI 3aJaund Ha 0a3e OJHOTO TOYHOTO PEIIEHUs U
OpraHu3aliis BHU3YyalbHbIX HMCCIEIOBAaHMNA MOJENeH, mepecTpauBaeMblX B peajlbHOM Maclutade
BPEMEHHU.

JIns ABYXCBSI3HBIX 00JacTeil MmomepedHoro cedeHus aneMeHToB KoHcTpykimu ([ICOK),
xapaktepHblii pazmep IICOK 3HauMTeNnbHO MEHBIIE XaPAKTEPHOTO pa3Mepa KOHCTPYKLHUH,
paspabotanbl Tounsle pemieHus (1) — (6)Ha 6a3ze permonanpHoro meroaa [1] u pemrenune (7) Ha
0a3e peruoHaIbHO-CTPYKTYPHOTO MeToa [7]:

1. Tounsie pemenus (1) - (3),B cirydae, Korja AJsl IBYX IPaHUI Tella TEMIIEPAaTypa CPebl
(Tc(Fo) ) onnHakoBa, a kpurepun buo, 3aBucsnime ot Bpemenu, paznmuyssl (Bi (Fo) u Bi,(Fo) -
KpuTepuu bro 11st HapyKHOW ¥ BHYTPEHHEH TPaHUIIBI TeIa COOTBETCTBEHHO):

T(x,y,Fo) = Te(Fo) + {1+ W, (x,)* DW, (x, ) Bii (Fo) L+ I, (x, ) DW, (x, ) Bi, (Fo) | (2)

W (%, ) 2sz (%, ¥)Bi,(Fo) +W, (X, y) 2VV1 (%, y)Bi, (Fo) )
W, (x, y)* +W, (x, y)*

T(x,y, Fo) = Tc(Fo) +expW (x,v)? [IW, (x, ) [Bi. (Fo) + W, (x, y)* W, (x, y)[Bi. (Fo)) (3)

rae W (X, y) u W, (X, y) - GyHKINH, ONMCHIBAIOIINE BHEIIHIO ¥ BHYTPEHHIOIO TPAHUILY 00JIacTH,
MOCTPOEHHBIE C MOMOIIBI0 S-pyHKIH [2;9] 1 COOTBETCTBYIOIIMX OMOPHBIX ()YHKIIHHA.

2. Tounsle pemienus (4) u (5), B ciiydae, Koraa [uis JBYX TPaHUIL TEJIa TEMIIEpaTypa Cpeibl
(Tc(Fo) ) onuHakoBa, BHELIHSISI IPAHUIA CTPOUTCS C IIOMOIIBIO IBYX OMOPHBIX QYHKIMU ¢, (X) U

T(x,y,Fo) =Tc(Fo) +1+

a,(y), Kaxaas M3 KOTOPBIX OMUCHIBACT OJHY M3 BHEUIHUX CTOPOH o0iactd, Kputepuil buo
pasyinyeH i BHyTpeHHe# rpanuiisl oosnactu (Bi,(FO)) u ais aByx BHemHUX cTopoH Bij,(FO) u
Bi,,(FO) , COOTBETCTBYIOUINX OMOPHBIM PYHKIMAM &, (X) U &, (Y) .

T(Xx,y,Fo) =Tc(Fo) +1+ W, (%, y)z(wl(x)wz(y)z Bi,,(Fo) + wl(X)zwz(y)Bilz(Fo))

@@, () Wy () @02+ @ (VE)

4
W, (%, y) e () @ () * Biy (Fo) “
@, (X)? @, (y)? +W, (%, ¥)* (@ (X)? + @, (y)?)
T(x,y, Fo) = Te(Fo) + {1+ | () Dlea, (Y)W, (%, ))° [Bis(Fo)) ) 5

{9 2 oW, (%) i Pl efs i, () Dl (90 a0 i (o)
3. Tounoe pemenue (6), korma temneparypa cpensl (Tc(Fo)) u kpurepuu buo (Bi,(Fo))
OJIMHAKOBBI ISl BCEX TpaHul] oomactu, Wo(X, y) oOIiee ypaBHEHHE TPaHUI] 00IaCTH
T (x, Y, Fo) = Tc(Fo) +expWo(x, y)Bi, (F))) (6)
4. Tounoe pemenue (7), Korma Temreparypa Cpeisl pa3jindHa Jisi BHYTPEHHEH M BHEIHEH
rpanunpl obnactu (T, (FO) u T, (FO) cooTBeTcTBeHHO), KpuTepHu bro Tak ke pasnuuHbl ISt

BHYTPEHHEH U BHeLIHeW rpanuiisl oosactu ( Bi(Fo) u Bi,(Fo))
T(xy,Fo) = {Tl(x. Y,F0), X2, Y25y
T2 (X’ y’ FO), X< X12' yS y12
T,(x,y,F0)=T,, (Fo)expl-pW, (x,y)?) + y(Fo)(L+W, (x, y)Bi,(F0))expt-pW: (x,y)*); (7)
T,(y,FO)=T,,, (Fo) exp(-p,W, (x,¥)*) + y(FO)(L+W, (x, ) Bi, (Fo))exp(-p,W, (x, )*)
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rae p, =const;p, =const X, u Y,, - 0011as rpaHuLa sl IBYX PErHOHOB.

BusyanbHoe ncciieoBaHue pe3yJbTATOB MO/EJIUPOBAHUSA

1. TICOK B Buae kBagpata co cropoHamu [-1;1] m KBajpaTHBIM BBIPE30M B LIEHTPE CO
croponoit 0.3,¢ CHIIBHBIM CKpYTIJIEHHEM BcexX yrioB (puc.la).

y ) y ~

0.8+ 0

0 4 06 -

0-4- 044 O
024 ] 0z
a

0 02 04 06 08 0 02 04 000 5
a 0
Puc. 1 -TICOK co croponamu [-1;1], kBaapaTHbIM BeIpe3oM co ctopoHoit 0.3u
CKpYTJICHHBIMU yriiamu, IIeHTp Beipesa [0;0] - a [0.45;0.45] 6

Wi (% y) = (x) Da, (¥) s Wy (%, Y) = @y (x) Doy (y) 3 e (x) = 05(L-x7); ey (y) = 05(1-y?);
w,(X) =-05a7"(a® - x%); w,(y) =-05a7'(a®* = x*); a = 0.3;
Tc(Fo) =Tc (Fo) =Tc,(Fo) =100+1201- J, GOOF0))
Bi(Fo) = Bi,(Fo) = Bi,(Fo) = 7(sinG00Fo0) + 1.2); x, = y,, = 065y =50 p, = p, =10 k=20
Ha puc. 2-4 nokazaHa temiieparypa M IpaBas 4acTh ypPaBHEHHs TEIUIONPOBOJHOCTU IS
tounbix perrenunii (1) — (7)B moment Bpemenn 0.014F0

2. [ICOK B Buze kBajapaTa co ctopoHamu [-1;1] u kBaapaTHbIM BbIpe3oM co ctopoHoi 0.3,
CMEILEHHBIM OTHOCHUTEJIBHO IICHTPA, C CHIIbHBIM CKpyTJieHHeM yriioB (puc.l10).

Wi (% y) = @ (x) Da, (¥) s Wy (%, ) = @y (x) Doy (y) 3 e (x) = 05(L-x7); e (y) = 051~ y?);

w;(X) =-05(a, - al)_l(az =X)(x —a,); w,(y) = -05(a, _al)_l(az -y)(Y-a,); a, =03 a, = 06

Temmeparypa cpenbl OAMHAKOBa JUIi BHYTPEHHEH ¥ BHEIIHEH T'paHUIBI, HO YCIOBHUS
TETUIO0OMEHA Pa3IMYHbI JJIs1 Pa3HBIX CTOPOH:

Tc(Fo) =Tc (Fo) =Tc,(Fo) =100+1201- J, GOOF0))

Bi, (Fo) = 7(sin(G00Fo) + 1.2); Bi,,(Fo) =5sin@300Fo +10) + 6G, Bi,,(Fo) = Bi,,(Fo) +5k =20

Ha puc.4. nmokazana Temmeparypa W TpaBas 4acTh ypPaBHEHUS TEILIOMPOBOJIHOCTH IS
touHbIx perienuii (4) — (5)B moment Bpemenu 0.014F0

3. [ICOK B Buae kpecta, oopazoBanHoro mojocamu 1x0.6, c BbIpe30M B BUAEC OKPYKHOCTH

pamuycom r=0.3 B nientpe [ICOK (puc.5a) u takoii xxe [ICIK, ¢ otBepcTuem pamuycom r=0.2, ¢
neHTpoM B koopaunatax [0.3;0.3] puc. 50).

W, (%, ) = |@ () D, ()] O] (e () Do, (V) |5 () = 050-%%); ean(y) = 050 y?);
wy(X) = -05a™(a” - x*); w,(y) =-05a7(a* - x°); a = 06; k =10Q

|/ -1
JOua TICDK puc. 5a WZ(X’y)_( x2+y2—rk2r)’ s TICOK  puc. 56

W, () =[x 0397+ (y - 03)” ~rJar)

Temmeparypa cpeapl OAMHAKOBA ISl BHYTPEHHEH W BHEIIHEW TPaHMIIBI, KpUTepUH buo s
BHYTPCHHEW U BHEIIHEH TPAHUIIBI Pa3THYHBI.

Tc(Fo) =Tc (Fo) =Tc,(Fo) =100+1201 - J, 6G00F0))

Bi, (Fo) = 7(sinG00Fo) + 1.2); Bi,(Fo) =5sin(300Fo+10) + 60

Ha puc. 6 mokazana remneparypa [ICOK B momenT Bpemenu 0.014F0omist TOYHBIX peIICHMIHA

(Du(2)
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Puc.2 - Temneparypa I[ICOK (a, B, 1) 1 npaBas yactb (0, T, €) /U TOUHBIX perieHuii (a), (0)

- (1) 6) ()= (2), @, ©-G)

Puc.3 - Temniepatypa [ICOK puc. 1a (a, B, 1) u npaBas 9acth (0, T, €) ISl TOYHBIX PEIICHHIA

(a), ©) — (4); &) () - (5), @ (e) — (6)

ISSN 2079.545Ricnux HTY “ XI1I». 2013 M216(989) 198



4.TICOK B BuIe KpecTa, puc. 5a u puc.50, ¢ pa3nuyHbIMU KputepusiMu buo Ha BHyTpeHHe
U BHEUIHEH TrpaHUIle U Pa3IMYHBIMH 3HAYCHHUSIMH TeMIepaTypbl Cpellbl Ha BHYTPEHHEH U
BHEITHEH rpaHuIle, U3MEHSIOMUMUCS Kak QyHKIus becces.

Bi, (Fo) = 7(sinG00Fo) + 1.2); Bi,(Fo) =5sin(300Fo +10) + 60

§) r €
Puc.4 - Temnepatypa [ICOK - a, B, 11, ¥ ipaBasi 4acThb - 0, T, € JiJIsl TOYHOTO perieHus (7)
IICOK puc. 1a (a u 0), u ig Tounsix pemrenuit (4) -8, 1, u (5) (1, ) asa [ICOK puc. 16.

0.2 - 03+
06 - 0.6 -
0.4 0.4+
D.E—\ 0z
I:I I I I | I:I I I | ]
0 02 04 06 0F 0 02 04 06 08
a §

Puc. 5 -TICOK B Buze kpecta, o0paszoBannoro noiocamu 1x0.6 ¢ kpyrasiM oTBepcTHEM
paauycom 0.3,uientp orBepctus [0;0] - aun [0.45;0.45] -6

Tc (Fo) =100+120(1- J, 600F0)); Tc,(Fo) = 50(1+ J, B00F0) y = 50,k = 200

['panunia pasnmena pEermoHOB — OKPY)KHOCTh, IIEHTP KOTOPOW COBMANaeT C IEHTPAMH
otBepcTuit, a paauyc paBeH 0.5 mus IICOK, mzobOpaxennoit Ha puc.2a u 0.35 mgnsa T1COK,
n300pakeHHOM Ha puc. 20.

Ha puc. 6 B u puc. 6 e moka3ana temneparypa ainsi [ICOK B moment Bpemenu 0.014Foms
TOYHBIX pereHuii (7)
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Puc. 6 - Temnepatypa I[ICOK puc. 5a (a, 6, B) u [ICOK puc. 56 (r, 1, €) A1 TOYHBIX PEeIICHUI
(1) -@, @), (2-6), @u(7)-6) @

BoiBoabl.  [locTpoeHHble — OPUOMMKCHHBIE — AHATMTHYECKHE  pEIICHHs  3a1ad
TEIIONMPOBOTHOCTH, TOYHO Y/OBJIETBOPSIONINE OCIHHUTUPYIOUIMM TPAHUYHBIM YCIOBUSAM JUIS
obJyiacTel CloXKHON (HOpMBI i BO3MOXKHOCTh Ha HOBOM KaueCTBCHHOM YPOBHE pa3paboTarh
BU3YaJbHO-aHAIUTHYECKUI METOJ, KOTOPBIi Jier B OCHOBY METOJOJIOTHH BHU3YaJIbHOT'O
UCCIICIOBAHMUS PE3yIbTATOB MOICITUPOBAHHS BHICOKOCKOPOCTHBIX TEIUIOBBIX MPOIECCOB.

Pa3paboTrana METOI0JIOTHs TIOCTPOCHUSI KJIacca TOYHBIX PELICHUH 3a/1a4 TEIIONPOBOIHOCTH
C HECTAllMOHAPHBIMU TPAHUYHBIMU YCJIOBUSAMH JUIsi OOJIAaCTeH CIIOKHOW (OpPMBI, KOTOpas
MO3BOJISIET Ha HOBOM Ka4eCTBEHHOM YPOBHE OINPEIeNsaTh IOCTAHOBKM TECTOBBIX 3aj1ad,
MaKCUMalbHO MPUOIIKCHHBIX K PEabHBIM HAyYHO-MPAKTUYECKHM 3aJadyaM. B TeCTOBBIX
3aJa4ax TOYHO COXPAHSIOTCS KaK FeOMETPHs, TaK M KPaeBbIe YCIOBHSI MOCTABICHHBIX HAYYHO-
npakTHUecKuX 3a1ad. OT HAyYHO-NPAKTHYCCKUX TAKHE 33]a4d OTIIMYAIOTCS TOJIBKO HavaIbHBIMU
YCIOBUSIMH W (YHKIMEH B TpaBbIX 4YacTSIX ypPaBHEHHWH TEIJIOMPOBOTHOCTH, KOTOpas
XapaKkTepu3yeT paclpeeieHue BHYTPEHHUX UCTOYHUKOB U CTOKOB SHEPIUH.

JIaHHBIN MMOAXO MO3BOJISIET CTPOUTH MAKOPAHTHBIC PELICHHUS JJIs 3a[a4 10 OTHOIICHUIO K
COOTBETCTBYIOIIUM HAYYHO-IPAKTHYCCKAM 3aadyaM, TOYHBIC PEHICHUS KOTOPBIX JafoT
pe3yIbTaThl ¢ U30BITKOM U HEOCTATKOM IO TEMIIEPAType MO OTHOLICHUIO K PEHICHUSIM HAy4YHO-
npakTHUecKuX 3anad. CTaHOBUTCS BO3MOXHBIM TPEABAPUTEIBHO MOJCIUPOBATh IIMPOKHUI
JIMAIa30H TEIUIOBBIX IMPOIECCOB B KOHCTPYKTHBHBIX 3JIEMEHTAX Ha CTAJUU TOYHBIX PEIICHHUM, U
BBIOMPATh ONTUMAIbHBIC XAPAKTCPUCTUKU Ui YTOYHEHHS PEUICHUs PEaJbHBIX HAYIHO-
MPAKTHYECKUX 3a71ad.

Pe3ynpTaThl MOXKOPAHTHBIX PEIICHUH 3314 BBIBOIATCS Ha COrJIAaCOBAHHbBIC TUCIIICH (MM Ha
OJTHOM JHCILIee JJisi HeOONMBIINX 00acTeil) B pealbHOM MaciiTabe BPEeMEHH, YTO MHOTOKPATHO
YCKOPSIET IIPOLIECC BU3YaJIbHON aHAJIUTUKU U IPUHATHUS PEILICHUM.

Cuucox Jmmrepartypbl: 1. Pgaues, B. JI. AnreOpo-IoruvecKkue M MPOSKIMOHHBIE METO/AbI B 3aj1a4ax
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BusyanbHble HCCI€I0OBAaHHS Pe3yJbTATOB MOAEJIHMPOBAHUS BBICOKOCKOPOCTHBIX TeMJIOBBIX
npomeccoB Ha coriiacoBanubix quciuiesx/ Ciecapenko A. I1., Koopunosuu 0. O // Bicauk HTY «XITI».
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[TponoHy€eThCSI METOIOJIOTIS Bi3yaJIbHOTO JTOCIIIKSHHS PE3Yy/IbTATiB MOJICITIOBAHHS BUCOKOIIBHIKICHUX
TEIUIOBUX TIPOIIECiB, po3pobieHa Ha 6a3i moOyIOBaHMX aHATITHYHUX CTPYKTYP PO3B’ 3Ky 3 BUKOPHUCTAHHSIM
S-pyHKIIIH, M0 TOYHO 3aJ0BOJILHSAIOTH OCIMIIOIOYMM YMOBaM TEIUIOOOMIHY Ha Meax oOjacTed CKiIagHOl
¢dbopmu. BuzHadueHo Ki1ac TOYHUX PIlIeHb 3a/1a4 TETUIONPOBITHOCTI 3 HECTAIlIOHAPHUMH TPAaHUYHUMH YMOBaMH
Uit obnacTeil ckimamHoi (GopMH, HaBEACHI PE3yJabTaTH Bi3yallbHOTO TOCIHIHKCHHS BHCOKOTEMIIEPATYPHHUX
TeruioBuX  mporeciB.  Kio4yoBi  cjioBa:  Bi3yanbHI  JOCHI/DKCHHS, MaTeMaTHYHE  MOJICTIOBAHHS,
BHCOKOIIIBU/IKICHI TEIUIOBI IPOIIECH.

In paper proposed a methodology for visual studiethe results of high-speed simulation of thermal
processes, developed on the basis of analytieadtates solutions using S-functions, which are #yaatisfy
the conditions of an oscillating heat transfernat tcomplex boundary. The class of exact solutidriceoheat
equation with unsteady boundary conditions forateas of complex shape is determined; the resiiswmal
studies of high heat processes are shown.

Keywords: visual studies, mathematical modeling, high spgesat processes.
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METOJA UBMEPEHUS NIOBEPXHOCTHU NOPOIIKOOBPA3HBIX U
I'PAHYJINPOBAHHBIX CIIVIABOB

B nanno#i paboTe onmcaH MEeTO1 H3MEPEHHS yIeIbHON IO I IIOBEPXHOCTH NOPOIIKOOOPA3HBIX U
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