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MOJAEJIMPOBAHMUE 3AJIAYU IIEPEHOCA TEILJIA
C IOMOIBIO MOJEJIBHO-OPUEHTUPOBAHHOI'O
INTPOEKTUPOBAHUSA JJIs1 IIJIMC

AHHOTAIIHA. B cmamoee onucsigaemcess HpumMeHerue nooxood MooeibHo-opueHmu-
POBAHHO20 NPOEKMUPOBAHUSA OJisl pewleHus 3a0ay YUCIeHH020 Modeauposanus. B kawecmee
HA4anbHOU 3a0a4u pealu308ana Mooelb HeIuHelHo20 nepeHoca menia no nA0CKOCmu MoHKou
nracmunsl. OcodbenHocmslo 0aHHOU pabomvl AGAAEMCI pearu3ayus MoO0eibHO-0pUeHmUpo-
BAHHO20 NPOEKMUPOBGAHUSL CREYUATLHO OISl HpoedeHus pacuemos no mooensim Ha ILTHC.

Jlns MoieTMpoOBaHMs 3314 HEJIMHEHHOT O NIEPEHOCA TeTljIa CIeIaHo Ipe-
MIOJIOXKEHUE O HAJMYUH MPSIMOYTOJbHOW IJIACTHHBI, TEMIIEpaTypa KOTOPOH 3a-
¢uKcupoBaHa ¢ JeBOU U npaBoii pedep mnactuusl (ycnosus upuxie). Uctounu-
KOM TeIlIa sIBJISIeTCS JIeBOe PeOpo IIACTUHBI, OCTAJIbHBIE TPHU pedpa He ABISIOTCS
MCTOYHUKAMH Teruia (M30JMpoBaHbl). Temnno MokeT cBOOOIHO pacrpoCTpaHATCs
110 000MM, JIMIIEBOW U 0OPATHOM, MOBEPXHOCTSAM IUIACTUHBI Yepe3 KOHBEKIIUIO U
paccenBanue. Tak Kak JOMyCKaeTCsl HAJIMYUE PACCEUBAHUS, 3a/1a4a CTAHOBUTCS
HEJIMHEHHOM.

[Tpu moxenupoBanuy 3a1a4u ObLI C/I€IaH AaHAIM3 KaK MIEPEXO0/IHbIH aHau3,
TaK ¥ aHAJIM3 Ha KOHEYHBI MOMEHT MOJEIUpPOBaHus. B ciaydae KoHEUHOro Mo-
MEHTa MHTEPECYIOIIUM MOMEHTOM ObLIO 3Hau€HHE KOHEYHOH TeMIiepaTypsbl B
pa3IMYHBIX TOUKAX IJIACTHHBI ITOCIIE TOTO KAaK MOJIENb JOCTUTIIA COCTOSHHS paB-
HOBecHs (CXOIMMOCTH). B cimyuyae mepexolHOro aHajiv3a MHTEPECOBAJIO 3HAYe-
HHE TEeMIIEpaTyphl Kak (QyHKIIMH OT BpEMEHHU Harpesa IiacTuHbl. OCHOBHBIM BO-
IPOCOM, Ha KOTOPBIH MOXHO MOJYYHUTH OTBET Yepe3 MepexoAHbld aHaInu3 ObLIOo
TO, KAKOE€ BPEMs 3aHUMAET JOCTHUKEHUE MOJEIIBLI0 PABHOBECHOTO COCTOSIHHUS.

B kauecTBe MaTepuayoB IJIACTUHBI, IS UCCICIOBAHUS B MOJENIU OBLIH
B3SThI AJIIOMUHHIA, MeJib, cepedpo.



VpaBHeHHe B Y4aCTHLIX IMPOHU3BOAHEIX, OIMMUCHIBAOIICC TCMIICPATYPY B TOH-
KOM ITaCTHHE CJICAYIOUICTO BUOA:

pCyt, 5 — kt, V2T + 2Q, +2Q, = 0 (1)

IJi€ p — IIOTHOCTh BEIECTBA, (), — TEMIOEMKOCTb, t, — TOJIIMHA [IACTHHBI
U NIOKa3aTeNu NepeHoca temia (KOHBEKUMH, (. U paccenBanus, Q,) ¢ 00oux mo-
BEPXHOCTEH (YMHOKEHBI Ha J1Ba). PU3UYECKHUI CMBICI OCTAJIbHBIX KO3 PuimeH-
TOB MOKHO HaWTH B [1].

Jliis petieHusi MoJIydeHHOTO JBYMEPHOI'O HECTAI[MOHAPHOTO YpaBHEHUS
TEeIJIONPOBOJHOCTH ObUT MPUMEHEH CTaHAAPTHBIM YUCICHHBIA METO KOHEYHbIX
pa3HOCTEH B SIBHOM CXEeME C LIEHTPaJIbHOM pa3HOCTHIO [2].

JIJ1s1 KOMITBIOTEPHOTO MOIEIMPOBAHMS 33/1a4u MEpeHoca Teria Obul npu-
MEHEH TMOJX0J MOJEIbHO-OPUEHTUPOBAHHOTO NpOeKTUpoBaHus. Peanuzanus
M0JIX0/1a OCYIIECTBIISIACH C IIOMOIIBIO CPEbl BU3YAIBHOTO MPOrPaMMHUPOBaHUS
Mathworks Simulink [3] B coctaBe nakera Mathworks MATLAB [4] nns moze-
JIMPOBAHHUS U aHAJIM3a CJIOKHBIX CUCTEM, B TOM YHUCJIE PELICHUS 3a/1a4 C ypaBHe-
HUSIMH B YaCTHBIX NMPOU3BOHBIX. B Simulink Obu1a mocTpoena Bu3yajabHas MO-
JIeNb 3a/1a4M NIepeHoca Teruia, MpejcTaBlieHHas Ha puc. 1.

OCHOBHOI 11€J1b10 PA0OTHI ABIISIIOCH CO3AHNE PeAIN3allUU MOJICIH B BUJIE
IIPOrpaMMbl KOMIIBIOTEPHOI'O MOEIUPOBAHUS, KOTOPast Oy/1eT UCIIOJIHATCS O/1M-
HAKOBO Ha KOMIIbIOTEpE U Ha ycTpoucTie ¢ [Iporpammupyemoit Jlornueckon Mn-
terpanbHOi Cxemoit (ITJIMC). Copemennsie [IJIMC obnanaror napamienbHOM
APXUTEKTYPOI BBIYUCIUTEIBLHOM CUCTEMBI, YTO TEOPETUUYECKHU JEJIAET UX MIPHUME-
HEHHE 11eJ1IeCO00Pa3HBIM JUIsI 331a4 YMCICHHOTO MOJACIMPOBAHUS, IIe TpeOyeTcs
BBICOKAs BBIYMCIIUTEIbHAS MIPOU3BOAUTENBHOCTD. [IpH MpOEKTHPOBAHUHN MOIEIIH
YUUTBIBAIUCH criennduka npeactaBienus AaHHbiX B [TJIMC u cBsi3aHHbBIE C 3TUM
0COOEHHOCTH pabOThl NMPOrpaMMHON peayiM3alv Mojaenu. B dactHocTH, BCe
Tunsl JaHHbIX MATLAB, ucnons3oBaHHbIE B IEPEMEHHBIX U BXOIHBIX ITApAMET-
pax nmpu MOJICIMPOBAHUU Ha KOMITbIOTEpE ObLIN TUTIA TaHHBIX Single (BEIeCTBEeH-
HBIA THUII C OJIMHAPHOW TOYHOCTBIO), B TO BpeMs Kak MpPHU 3alyCKe pacuera Ha
[TJINC, Bce Tumbl ObLIU IPUBENEHBI K fixdt(1, 16, 5). JlaHHbBIN TUI TaHHBIX SIBJIS-
€TCsl TUTIOM ¢ (PMKCUPOBAHHOW TOYKOM, INTMHHON MAILIMHHOTO ci1oBa 16 Out, 1mu-
HOM ¢pakuuu 5 6ut. [I[pumMeHeHue TUNa TaHHBIX ¢ PUKCUPOBAHHON TOYKOM 00Y-
cnoBiieHO cneuupukoit apxurektypbl RISC-mpoueccopoB, nmpuMeHs€MbIX B
[JINC [5].



2D ypaBHeHWe TennonpoBOJHOCTH METOOM KOHE4HBIX PA3HOCTeR
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Puc. 1. BusyansHasi MOJIeJIb 3a/1auu 1iepeHoca Tera B cpene Mathworks Simulink. Cnesa —
obee npescTaBieHre cucreMsl. CripaBa — nojicucTema solver ¢ 0JJHOMMEHHO# S - QyHKIHeH
pemarens (solver).

[Tpu 3anycke 3amaun moaenupoBanus Ha [IJIMC pacuuThiBamack TOJIBKO
nojacucrema solver ¢ S-gpynkuueit pemarens (¢ TakuM K€ Ha3BaHUEM), TI€ pea-
JIU30BaH OCHOBHOM aJTOPUTM MOJIENH JBYMEPHOIO HECTal[MOHApHOTO audde-
PECHLMAJIBHOIO YPAaBHEHUS! TEILUIONPOBOJHOCTH HAa SA3BIKE MPOrpaMMHUpPOBAHUs
MATLAB. Bxoausie napameTpsl ¥ BU3yaJIu3alus NOJTy4EHHOW B MaTPHIIbl BbI-
nojHsack B cpeae Simulink Ha koMmbiOTEpE, K KOTOPOMY ObLIT MOAK/IIOYEH
[JINC.

[TocTpoeHHast BU3yaabHasi MOZEIb pa3paboTaHa ¢ MOMOILBIO MTOIX0a MO-
J€JIbHO-OPUEHTHPOBAHHOTO TMPOEKTUPOBAHMS Ul PELICHHs 3aladd IepeHoca
TEIUla B JIByMEpHOMW Iu1acTuHe. Mojens OCHOBaHA HAa HEJIMHEHHOM ypaBHEHHUH
TEIUIONPOBOJHOCTH € (PUKCUPOBAHHBIMU IPAHUYHBIMU ycnoBusiMHU ([upuxie) u
HayaJdbHBIM pacrpe/ie]IeHUeM TEMIIEpaTyp Ha JIEBOM M TMpaBoM pebpax mia-
cTuHbl. PazpaboTaHHblii pemiaresnb MpoJ0KaeT HaXOAUTh PEIeHHE 3aauu J10
JOCTMYKEHHUSI COCTOSIHUSI PABHOBECHSI CUCTEMBI € 331aHHOM TOYHOCTHIO. [Ipu ana-
JIM3€ KOHEYHOT'O COCTOSIHHSI 110 BPEMEHU rpauueckoe MpeCTaBlIeHUe peleHus
MOKa3bIBAET TOJI€ PACIPOCTPAHEHUSI U3MEHEHUs TEeMIEpaTypbl MO OKOHYaHWU
MO/JICJIMPOBAHUS, B TO BPEMS, KaK IPOMEKYTOUHBIM aHAIU3 MOKA3bIBAET pacmpo-
CTpaHEHHE TeIlia 10 MEepPEe BBIMOJIHEHHS PACYETOB 110 MOJEIH C 3a/laHHBIM Bpe-
MEHHBIM HIaroM. B naneneiimedl pabore mmanupyetcs pa3paboTka METOIUKH
CpaBHEHHS U MPOBE/ICHUE UMUTALIMOHHBIX YKCIEPUMEHTOB C LIEIbI0 CPAaBHEHUS



IIPOU3BOJAUTEIBHOCTH 3a/1a4 MOJACIIMPOBAHMSA IIPU BBINIOJIHEHUH HA KOMIIBIOTEPE
u [JINC.
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cmea pynKyuonuposanus cucmemvl zawumst om DDoS-amak ebiuuciumensHvlx pecypcoe
KopnopamueHou cemu Heghme2azoeot komnanuu. /Jannas memoouka nocmpoena Ha Ucnob-
308aHUU MAMEMAMUYECKO20 Annapama meopui Heuémkux MHOJCeCms, 4mo ynpowaem coop
OYeHOK Kcnepmos 04 pacuéma nokazamens. Ilonyuennoe 3nauenue nokazamens UCnOIb3y-
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B Hacrosiiiee Bpemsi IPOMBIIIICHHYIO JESTEIbHOCTh HEBO3MOKHO TpPE/-
CTaBUTH 0€3 MCII0JIb30BAHUS COBPEMEHHBIX TEXHOJIOTHA. BBICOKHE CKOPOCTH Tie-
penaun, 00paboTKH HHGOPMAIIMH OTKPBIBAIOT COBEPIICHHO HOBBIE BO3MOKHOCTH



