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[MpegucaoBue

JU1s npaBUIBHOTO MPUHATHS pelleHus B OO0 aesTensHo-
CTH YEJIOBEKA, B TOM 4Hcle B 00JIaCTU MOXKapHOH 0e30macHOCTH,
HEOOXOZIMMBI Cephe3Hble HccienoBaHusa. CTeneHb Nno3HaHHS 00b-
€KTa UCCIIEIOBAaHHA BO MHOTOM ONpEIENAET yCIeX NPUHATHSA pe-
IIEHHA. ITO 0COOEHHO aKTyallbHO IMPU Mepexone K ruOkoMy Hop-
MHPOBAHHIO, OCHOBBI KoToporo 3anoxkeHsi B CHull 21.01.97*
“IloxxapHas Oe3omacHOCTh 34aHHH U coopyXeHHH. B naHHOM
ciiydyae OOBEKTOM UCCIIEIOBAHMS SBILICTCS MOXAp Kak TepMOraso-
AUHAMHUYECKOe sBJIeHHEe. B u31aHuM npuBEOEHBl Pe3yJIbTaThl
HCCIIE0OBaHUH B 3TOH 005acTH, N0 MHEHHIO aBTOpa, Haubolee
NPUMEHHUMBIE U NPaKTHYEeCKUX Leled obecnedeHHs Moxap-
HOM 0e3011acHOCTH 00BEKTOB, B TOM YHCJIE H B 00JIaCTH HOPMH-
poBanus. Ilostomy B paboTe HeT aHaIM3a “HOJEBBIX” METO/IOB
MOJI€JIMPOBAHUS, HECMOTPS Ha TO, YTO aBTOP CUHTAET UX BEChMa
IEPCIIEKTHBHBIMH.

TeMm He MEHee KHMra MocBslieHa “OAHOTOYEYHOMY  Mojie-
NHUPOBAHHIO (3TOT METOJ €LIE€ HA3bIBAIOT “HHTErpajbHbIM ), KaK
B HacTOsALIEE BpeMs JAOCTATOYHO [OJHO MCCIENOBAHHOMY, H pe-
3yJbTaThl, ITOJYYEHHBIE C MOMOLLUBIO 3TOTO METOAa, MAKCHMAJIBHO
FOTOBBI JJI1 UCMIOJIB30BAaHUS B HOPMATHBHBIX JOKyMeHTaX. B pa-
0ote 00CYXHaloTCs KPUTEPHM H METOAbl HMX ONpEIC/ieHI,
110 KOTOPBIM OLIEHHBAETCS KaYECTBO IPUHUMAEMBbIX PELICHHH.



Bo3M0OXHOCTH MPOrHO3UpOBaHHS AWHAMUKH I0XKapa B I110-
MELIEHHAX 3[aHUi pa3/IMyHOrO Ha3Ha4yeHHs MO3BOJISIET BHIBECTH
MCCJIEIOBAHHUE MOXKAapHOH OMacHOCTH OOBEKTOB Ha KayeCTBEHHO
HOBBI JTall pa3BUTHs, 0OCCIIEUUTDh NMEPEXO] OT CPaBHHTEIIBHBIX
METOAOB K IMPOrHO3HAIM, YYHTBHIBAIOLIUM YCJIOBHS 3KCILIyaTallMH
O00BEKTOB. DTO MOXKHO CYMTATh €Ille OJHHM IaroM Ha MyTH pe-
IIeHHs IpobJeMbl 00eCIEUeHHS IOXKApHOH 0€30I1aCHOCTH.

B yxazanHoM HampasneHuu paboraer 0OOJBLIOE YHCIO Y4E-
HBIX Kak 3a pybexoM, Tak u B Poccuiickoit denepanun.

ABTOp TNPHHOCHT OrpoMHYIO 6OJlarogapHOCTh BCEM CO-
TPYAHHKaM, C KOTOPBEIMH OH COBMECTHO H3yuasl JAHHYIO IpO-
onemy. OcobeHHo OmarozapeH OoH OyAE€T TEM CHELHAIHCTaM,
KOTOpHIE 3aHHTEPECYIOTCS 3THM u3naHHeM. Hacrosiimas kHura
HE JIMIIEHA HEJOCTATKOB, MO3TOMY aBTOP € MPHU3HATEILHOCTHIO
IPUMET 3aMEeYaHHsA M IMOXEIaHHSA, KOTOpble CMOTYT YJYYIUHTh

nanbHeiyo pabory.



YcaoBHbie 0603HaveHus

T, —Temnepatypa (akena, K;

T, — cpelHsas TeMmepaTypa razoB B oyare, COOTBETCT-
BYIOILAsi MOMEHTY OKOHYaHHs Ha4aJIbHOM CTaAWH
noxapa (HCII), K;

T, — TeMneparypa razoBOM Cpeabl Ha BHELUHEH rPaHHLE
NOrpaHHYHOro CJ104, 3a NpeesiaMy o4ara rnoxapa
H 332 KOHBEKTUBHOH KOJIOHKOH, K;

T, —TeMmneparypa Ha BHELUHEH rpaHHLIE IPUCTEHHOTO
NOrpaHUYHOIO CNOS NMPU CTPYHHOM TeueHuH, K;

To — HayanbHOE 3HAYEHHUE TEMIlepaTypbl, TEMNepaTypa
Haberaroiero notoka, K;

T, — nokanbHOE 3Ha4YeHHe Temnepatypsl, K;
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Un — CKOpPOCTb ra3oBOro NOTOKAa Ha BHELWHEH rpaHulLie
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rPaHHYHOTO C/IOS, M - C';
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0
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Yo — cpenHsas ckopocTb Bbiropanus B HCII, kr - M2 ¢l
M, - cKopocTh BBIrOpaHHua MaTepuaia NoXapHoH Harpys-

KH, KI * c";
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10
rnABA 1

e ————————

h

OCHOBHbBIE HAINMPABAEHHSI MOAEAHPOBAHMHSA
TEMNAOBOI'O U TEMIIEPATYPHOI'O PE2KHMOB
MO2>KAPA B INOMELUEHHSAX

1.1. Obwas xapakrepuctuka merogos
u npakTuueckue obaacTu ux npumeHeHus

MopaenupoBanue no)xapa B IOMELIEHHAX OCHOBAHO
Ha MPEACTaBICHHH MoXkapa Kak (U3UYECKOro SABJICHUS Tepela-
YH TEIUIa U MacChl B COOTBETCTBYIOLUX YCIIOBHAX €r0 pa3BUTHA.
YcnoBus pa3BUTHS M0XAapa XapaKTepU3YIOTCS BUJIOM NMOXXapHOH
Harpy3kH M KOHCTPYKTHUBHO-IUIAHUPOBOYHBIMH XapaKTEPHCTHU-
KaMH 34aHuA (IIOMeleHHs). B 3aBHCHMOCTH OT TOro, Kakum
00pa3oM ONHUCHIBAETCS M3MEHEHHE NMapaMeTPOB COCTOSHHSA IPH
no)kape B ITOMEILEHHAX, Pa3jIMyaloT ABa OCHOBHBIX IPHHIIHIIA
MaTeMaTH4YeCKOro MOJAEIHPOBAHHS ITOXKapOB.

MozaennpoBaHue Ha ypOBHE YCPEIHEHHBIX XapaKTEPUCTHK
HJIH, KaK BCTpe4aeTcs B JIUTEpaType, “HHTerpajbHoe” MOJENH-
POBaHHE, NMPHUMEHSIOT NPH ONHCAHUHU IOXKapa CpPeIHEOOBLEM-
HBIMHU NapaMeTpaMHu COCTOSAHHS (BaXXHEHILHMH H3 KOTOPBIX AB-
JIAIOTCA: NMJIOTHOCTh CpPE/Ibl, JaBJICHHE, TEMIIEpaTypa H KOHIIEH-
TpalHs KOMIIOHEHTOB ra30BOH Cpebl).
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C noMouIbl0 ypaBHEHHH pa3sBUTHUSA IOXKapa, KOTOpPbIE BbI-
BEJEHbl U3 OCHOBHBIX 3aKOHOB (PH3HKH — 3aKOHA COXPaHEHHUS
MacChl U TNEpPBOrO 3aKOHAa TEPMOJMHAMHKH, OIpEleseTcs W3-
MEHEHHUE CpeIHEOOBEMHBIX MapaMeTPOB COCTOSIHUS BO BpeMe-
Hu. CucreMa aud@epeHUHAIBHBIX YPaBHEHUH, OMHCHIBAIOIIAs
pa3sBHTHE [10Xapa, BKJIIOYaeT CIeAYIOUHe YPAaBHEHUS:

ypaBHEHHE MaTepHanbHOro 6ananca

d(z';'V)=GBMH—Gr; (1.1)
ypaBHEHHE KUCJIOPOAHOro dajaHca

d

E(melV)=Gsxla -Gomx; - M nL;; (1.2)

ypaBHEHHe OajlaHca IPOAYKTOB FOPEHHS

d
;,}'(mezV) =M, L, +x,,G, ~n,x,G ; (1.3)

B

ypaBHeHHe OaaHca HHEPTHOrO rasa
d
ypaBHEHHE DHEPIrHH
)
dr\ k-1
= h|1]Qf{’+cp,ﬂ§'"c,oGB + LMy ~me, . TG ~ g, =g (1.5)
YpaBHEHHE COCTOSIHUSA

Py = pmRmT, (1.6)
YpaBHEHHE TEIIONPOBOAHOCTH

o _a(,er\ af(. ar) a(,or),
‘é}'(""f’r)‘ax(?“ax%aa»[lay%az[laz]w“’ o

HayaJlbHBIE YCIIOBHUS

Pn=PF, s Pm=Pmy> T=To x1 =x10,X2=X20,x3=x30;  (1.8)
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G yHKUHOHATBHBIE 3aBHCUMOCTH

xi, Gs, Gr, o, M, = f{t) — KpaeBble YCIOBHS U1 COOTHO-
wexus (1.7); (1.9)

Py, Pm T, R, — cpenneoObEMHOE OaBleHHE, IUIOTHOCTD,
TEMIIepaTypa u CpeaHss razosas [IOCTOSIHHa,

X1, X2, X3 — CpelHe0OBbEMHEBIE KOHLIEHTPALIHH KHCJIOPOJa,
MPOAYKTa CropaHusi, HHEPTHOTO rasa

G, — pacxoa nocrymnaroiiero Bo3ayxa; Gy — pacxoa yxons-
IMX Ta30B; M, — CKOPOCTh BBIrOpaHHs MaTepuaia; o, — Koapdu-
[IMEHT TEMJIOOTAAYH Ha i-i MOBEPXHOCTH; [ — TEKYILEE BpEMSI.

CoBokynHocth ypaBHeHHH (1.1)—(1.7) coBMecTHO ¢ Ha-
YaJIbHBIMU ycstoBHAMH (1.8) ¥ (yHKUHOHAIbHBIMH 3aBHCHMO-
CTSAMH NapaMeTpoB noxapa (1.9) cocraBisdloT 3aMKHYTYIO CHC-
TEMY YpaBHEHUH pa3BUTHA I10XKapa Ha YPOBHE €ro MHTErpab-
HBIX XapakTepucTuk. BeiBoa ypaBuenuit (1.1)—(1.7) moapobHO
paccMoTpeH B padbote [1].

[Ipu pa3zBuTHH nOXapa B IOMELIECHHUSAX 3aHHH pa3/InyHO-
ro Ha3HAYCHUs, UMEIOIINX CBOOOHBIH razoo00MeH C OKpYKaro-
LIed Cpeloy Yepe3 pas3luuHbIe NPOEMBI, JaBJCHUE B ITOMEIE-
HUH U3MEHAETCS He3HAUMTENbHO. [lo JaHHBIM NpOBEIEHHOH Ce-
PHH SKCIIEPHUMEHTOB Ha (pparMeHTax 34aHui pazMepoM 6x6x3 M
H 6x6x3 M3, B JIHana3oHax HM3MEHEHHUS OTHOLUEHUS IUIOLIAIH
MpoeMOB K Iiomazaud mona 4,5-25 % W noxapHo#l Harpysku
U3 JIpeBECHHBI pasHbIX mopox S0-175 kr - M MakCHMAasbHble
3HAYEHHS JIOKAJIbHBIX U30BITOYHBIX AABJICHUIH (JIOKATBHOrO pas-
pexxenus) He npepbiuany 40 Ila. 3HadyeHue cpeaHEOOBEMHOrO
JaBJICHHS HE MPEBBIIATIO HECKOJIBKHX MacKaJIeH.

Jlna pemenus 3anad, CBSA3aHHBIX C HCCIIEJOBAaHHUEM OIAC-
HBIX (PaKTOPOB NOXapa, KOrja CpejlHee NaBleHHE H3MEHSEeTCs
B HEOOJIBLIMX MpeJieNnax, ¢ JOCTATOYHOH CTEMeHBI0 TOYHOCTH
MOXXHO ITPHHATE JIEBYIO 4acTh ypaBHeHus (1.5) paBHO# HyI0.
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B psine cnydaeB npd pelleHUH NMPaKTHYECKUX 3aj1a4 CHC-
teMy ypaBHeHuH (1.1)—(1.7) moxHO ynpoctuTh. B 3aBUCHMOCTH
OT KOHEYHBIX HeJedl peluaeMble 3aJayd MOXKHO TOApa3/IeisTh
Ha JBa BUJA, XapaKTEpPU3YIOLIHECs CYILUECTBEHHBIMH OTJIHYH-
TEABHBIMH [PU3HAKAMH, CBA3aHHBIMHU C X2paKTEpPOM yyeTa Terl-
noobMeHa oyara rno)kapa C OIPaKJAIOI[HMHU CTPOHTELHBIMH
KOHCTPYKUHUSIMH.

Ecnu 3agaveil uccnenoBaHus siBaseTcs nojaydeHue (mpo-
THO3MPOBAHHME) TEPMOJAHHAMMYECKHX XapaKTEPUCTHK oyara Io-
Kapa, TO Takue 3afa4yu OyaeM HasbiBaTh enewHumu. 11pu peue-
HHUHU GHEeWHUX 3a0ay [OIYCKAeTCs HCIOJIb30BaHHE pPa3IHYHBIX
SMIIMPUYECKUX 3aBUCHMOCTEH, OMNUCHIBAIOMIMX TEIMJI000MEH
ouara rnoapa co CTpOUTEIbHBIMH KOHCTPYKLIUSIMH.

K paspsny BHEIWIHHX 3agad OTHOCSATCS KOHCTPYKTUBHBIE
pacyeTbl TEMIIEPATYPHOIrO pexuMa noxapa B nomeuieHusx. Lle-
JIBX0 KOHCTPYKTHBHBIX PAcHeTOB SIBJISIETCS TOJIyUEHHE XapakKTe-
pa U3MEHEHHUs CpeIHEOOBEMHOM TemMiepaTyphl B BU1€ QYHKIIHH
TeMneparypa — Bpems. OyHKUMOHAIbHAS 3aBUCUMOCTE 1 = f(1)
SIBJIIETCA XapaKTEPUCTUKOHW MOMEUICHUS U OLHUOOYHO MCIOJib-
3yeTcs Ui UCCJIeIOBAaHUS TEIJIOBOI0 BO3EHCTBHS ovara nosa-
pa CO CTPOUTENILHBIMU KOHCTPYKLMSMH B LEJISAX ONpeae/ieHus
OKBHBAJIEHTHOM NMPOIOJIKUTEIBHOCTH NOXKapa U aHajau3a yCcTou-
YHBOCTH NIPOBEPAEMBIX KOHCTPYKLUH B YCJIOBUSAX T10XKapa.

[lpy peumieHMM BHEIIHMX 3a/lau HMCIOJIb3YETCs CHCTEMa
ypaBHeHu# (1.1)~1.6) 6e3 ypaBHEHUS TEMJONMPOBOAHOCTH, U TPH
BBIMOJIHEHUH KOHCTPYKTHBHBIX PacuyeToOB MO METOJlYy BHEILIHHX
3aja4 JOCTAaTOYHO MCNOJb30BaTh ypaBHeHus (1.1) u (1.5) mns
[IOMELLEHUH, UMEIOIIMX CBODOAHBIH razo00MeH C OKpYyXaroleH
cpenoit, a ypaBdHenus (1.1), (1.2) u (1.5) — ang noMeleHUH
CO CTECHEHHBIM ra3000MEHOM.

Pe3ynpTaThl KOHCTPYKTHBHOTO pacyeTa, MoJIyY€HHBIE H3 pe-
LLIEHHS BHELUHEH 3a/1a4, MOryT ObITh HCIIOJIL30BaHbI JUIS aHAJIH3a
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TENJIOBOrO BO3ACHCTBMA Oyara Ha CTPOMTENILHBIE KOHCTPYKLHH,
yJIOBJIETBOPSIIOIIME YCIIOBHIO conpspkeHus Br < Bry. PacueTHbIC
COOTHOLLICHUS JUISl OTIpe/IeieHHs Yucia BpioHa uist KOHCTpYKUHH
M pe3yNibTaThl YHCICHHBIX IKCIIEPHMEHTOB II0 OINPEC/IeHHIO Ipa-
HHUYHBIX 3HA4YeHui Br¢ 119 KOHCTPYKUHMH W3 pa3iMYHbIX CTPOH-
TEJIbHBIX MATEPHATIOB MPHBEAEHBI B pas3al. 1.2.2.

EciiH 1enpi0 MCCIEIOBAHUHN SBISECTCA ONpeACIeHHEe Tell-
JIOBOrO BO3AEHCTBHUS ouara IMo)kapa Ha CTPOMTEJIBHBIC KOHCT-
PYKIIHH H OLEHKA UX YCTOWYHBOCTH B YCJIOBMSIX IOXapa, MpH-
MEHSIOTCS TakK Ha3bIBAEMBIE GHYMPEHHUE WIIH CONPANCEHHbIE
3a0qyu. [Ipu pelieHud BHYTPEHHUX 3aJ1a4 HCIIOJIB3YETCS CHCTeMa
ypaBHenuit (1.1), (1.5) u (1.7) — 1 MOMEILEHHH C €CTECTBEH-
HbIM ra3000MEeHOM C OKPY>KaIOLLEH CpeIo, H ¢ UCII0JIb30BaHHEM
AONONHHATENBHO ypaBHeHH# (1.2) u (1.6) — mis noMelueHuH
C yXYAIIEHHbIM ra3000MeHOM (repMETHYHbIE TOMEIIEHHS).

OnpenensiouuM s pelIeHUsT BHYTPEHHUX 3a/ay4 sIBJs-
€TCA TpaBWILHBIH ydyeT 3aKOHOB TemnooOMeHa ouara mno’kapa
C KOHCTPYKUHAMH. BHyTpeHHHE 3a1a4yd noApa3aeiistoTcs B 3a-
BUCHUMOCTH OT KOHEYHBIX LEJed Ha KOHCTPYKTHBHBIE WU TOBE-
pouHble pacueTsl. Kak ObLIO CKa3aHO BblllIE, KOHCTPYKTHBHBIE
pacyeTbl HCIIOJIB3YKOTCS Ul IIOJYYEHUS TeMIepaTypHO-
BPEMEHHOH XapaKTEpHCTHKH MTOMEIIEHHS.

[Ipu vcnosnb3oBaHNM BHYTpPEHHEH 3aaui B KOHCTPYKTHB-
HBIX pacyeTax B KaY€CTBE OrPaKIaOIMMX KOHCTPYKLUHI MOXHO
HCII0JIb30BaTh JIIOOBIE, YAOBIETBOPSAIOIIME YCI0BHIO Br < Br,.
IIpu npoBeneHHH MOBEPOYHBIX PACYETOB MJIM PACUYETOB TeMIle-
PaTypHO-BPEMEHHBIX XAPAKTECPUCTUK C YYETOM KOHCTPYKIIMIH,
YIAOBJIETBOPSAIOIHNX yCIOBHIO Br < Bry, 10JKHBI HCIIOJIB30BATE-
Cs1 XapaKTCPHCTHKU KOHCTPYKLMM, Ul KOTOPBIX OBUTH MOJTyye-
HBI paC4€THbIC TEMIIEPaTypPHO-BPEMEHHBIE ITApaMETPh.

IlpakTHyeckn BaxkHBIE pE3yNbTAaTBI MOJEIHPOBAHHE MO-
’KapOB Ha YPOBHE YCPEIHEHHBLIX XapaKTEPHCTHK MOMET AaTh
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B TOM CJy4ae, KOrja ra3oBylO Cpely € JOCTAaTOYHOMH CTENEeHBIO
JOCTOBEPHOCTH MOXHO CUMTATh OAHOPOJHOM.

JlanHoe yci0BHe, OrpaHHYHBAIONIEEe NPHMEHEHHE “HHTE-
TpajJIbHOro” METOJa MOAEIMPOBaHHUs, 03HAYAET, YTO STOT METO/
MOKHO HCMOJIb30BaTh, KOrja IpH IOXape B NOMEIIEHHWH Ha-
Omopnaercs xopollee MepeMelUIHBaHHE TPOJYKTOB TIOPEHHs
M NIOCTYMAIOUIEro BO3JyXa, a TOPEHHE INPOHCXOOHUT BO BCEM
o0BeMe MoMelIeHUs. Takoe COCTOsSIHME XapaKTepHO i 0ObeM-
HBIX MOXApOB B YCIOBUAX FOPEeHHS paclpeleeHHOH NoXapHOoH
Harpy3ku. Knaccudukauus noxapos paccMOTpeHa B I'l. 2.

Haubonee s¢pPexkTuBHO “UHTErpanbHBIA’ METOL VOIETH-
pPOBaHHS MCMOJB3YETCS I8 MNPOTrHO3MPOBAHHUS TOBEICHHS
CTPOMTEIbHBIX KOHCTPYKLUHH B YCIOBHSAX MOXapa, MOCKOJBKY
MPOrpeB KOHCTPYKUUH B OOJBUIMHCTBE Cily4yaeB Haubojee HH-
TEHCHBEH B Pa3BUTOM CcTaauH noxapa. [IpoBenenHwle uccneno-
BaHUs JIOKaTbHBIX noxkapoB W HCII mo3Bonunu ompenenuts
IrpaHHUEB] ITPUMEHEHHS “HHTErpaIbHOTO” MOJEIHUPOBAHUS IS
peIIEeHHUs] INPaKTHYECKUX 3aJay MOXAPHOH Npo(HIAKTHKH H,
B YaCTHOCTH, [UUIs1 UCCIIEAOBAHUS OTHECTOMKOCTH CTPOUTENBHBIX
KOHCTPYKLHUH B YCIIOBHUSIX ITOXKapa.

HeoOxoaumbie U JOCTaTOYHBIE YCJIOBHS IPAKTHYECKOTO
HCIIOJIb30BAHUS “MHTETPAILHOIO” METOAa MOAEITHPOBAHHS MOXHO
BBIPA3HUTh CIEAYIOIIMMH HEPaBEHCTBAMU

Fo> 7 (Uotyen ); (1.10)

2.3
rae G — obilee KOJIMYECTBO IOXapHOW HArpy3Kd B KI, BbIpa-
. _ 1
XEHHOEe B “‘cTaHfapTHoii” apesecude ¢ QP = 13,8 Mk - kr™.

[Ipu ycnoBuu HeBbInmoJiHeHHs HepaBeHcTBa (1.10) moxkap
OyIeT HOCHTH JIOKAJIBHBIH XapaKTep, a NPH HEBBIIIOJIHEHUH YC-
noBus (1.11) konuyecTBO MoXkapHO#M Harpy3ku Oyner Hepocra-
TOYHO I Iepexofa JNOKAIbHO20 noxcapa B obvemubi —
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TO M JPYroe NPHBOJAMT K CYIECTBEHHBIM OTJIHYHAM JIOKaJIbHBIX
3HAueHHil TePMOJMHAMHYECKHX NAapaMeTpoB MoXapa 0T X HH-

TerpajibHBIX 3HAYEHH.
Becbma BaXHBIMH SIBISIFOTCS MCCIIEOBaHHS, CBSA3aHHBIC

¢ paclIMpeHHeM O00JacTH NPAaKTHYECKOTO NMPHMEHEHUs “HHTE-
rpaibHOr0” MET01a MOJIETHPOBAHHH.

PacluMpHTh 007acTh MPUMEHEHHS “MHTErpajbHOrO” Me-
TOJIa MOJICJTHPOBAHHS NTO3BOJIAIOT 30HAIbHbIE METOABI.

HUccaenyembiii 00beM pa3OHBaeTCs Ha 30HbI, JJI KOTOPBIX
MOXHO MCIIOJIb30BaTh “HHTErpaibHble” MoAENH. 30HBI BBIOH-
NAIOTCA TakuM 00pa3oM, 4yToObI B Npefiesiax KaXJIoH U3 HHX ra-
30BYIO Cpelly B ouare nojxapa MO>KHO OBUIO JOCTOBEPHO OITH-
caThb YCpPEeJHEHHBIMH mapaMeTpaMH. [l KaXIoH u3 30H CO-
CTaBJISIOT B 3aBHCHMOCTH OT XapakTepa peliaeMoH 3aJaydH
(BHEILHSS WK COpsbKeHHast) cucteMy ypaBHeHui (1.1)—(1.7).

B ycnoBusX NOKaJdbHBIX MOXApOB HCIONb3YETCs pa3due-
HHE Ha 30HbI TOPH3OHTAIBHBIMH TUIOCKOCTSAMHU: PA3JENsutoT 00-
JacTh, 3aHUMAEMYIO MPOJYKTaMH TFOPEHHs, U 00JacTh C BO3-
NyUIHOH Cpelioi, nmocrynaroumeii B 30Hy ropeHus. [Ipu peureHuu
CONpPsDKEHHOH 3aJayu, B YCJIOBHAX JIOKAJIBHBIX MO0XapoB (Ha-
YAIbHOH CTaIHH NOXKapa), UCIOJb3YIOTCS 3aKOHOMEPHOCTH Te-
MJIOBOTO B3aUMOJEHCTBHS CTPYHHOI0 TE€YEHHS CO CTPOMTEJIb-
HBIMH KOHCTPYKUHAMH. CTpOHTENbHBIE KOHCTPYKILHH pa3OHBa-
IOTCA Ha 30HBI, COOTBETCTBYIOLIME XapaKTepy CTPYHHOro Teye-
HHs (005iacTe YCKOPEHHOTO TeUeHHs, NepexoaHas obnacTs, 06-
NaCTh aBTOMOJAEIBHOrO TeveHus). OToensHO paccMaTpHBaeTcs
KPUTHYECKass TOYKA, KOTOpas OMNpelenseT B KOJIUYECTBEHHOM
OTHOLICHHH YCTOHYHBOCTh KOHCTPYKLHH. Bomnpochl Tennoo6-
MCHa o4ara roxapa O CTPOUTENBHBLIMH KOHCTPYKUIHSAMH pac-
CMOTPEHHI B I'11. 2.

B ycnoBusx pasBHTON CTamuyl M NpU JIOKATBHBIX mokapax,
KOrla MoxkapHasi Harpy3Ka 3aHHMaeT IUIOLLA b J'c(Uotch)2 <F,<F,
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obbeM pa3buBaeTCs Ha 30HBI BEPTHKAIBHBIMH IJIOCKOCTSMH:
30Ha BOCXOMSIIEro NMOTOKA ra3oBOH CTPYH, OTpaHHMYEHHas IJIOo-
aabl0 pacIOIOKEHUS IOXXApHOH Harpy3kH, U 30HbI, HaXOJs-
IHecs 3a NpeAeslaMH paclofioXeHus NOoXapHOW Harpy3ku. Ko-
JIHYECTBO 30H ONpeAeNIseTcs 3ajlayaMy HUCCIIEJ0BAHUS U pa3Me-
ILIEHHEM ITOXKApHOH Harpy3ku B IOMELIEHHH.

[Ipy ucnosb30BaHUM 30HATBHOIO METOAA, ¢ pa3OHeHHeM
00BEMa NMOMEILEHHUS BEPTHKAIBHBIMU MMOBEPXHOCTAMH, pacnpe-
IEeJeHUE TeMIepaTyphl (Fra30BOH Cpelbl U MOBEPXHOCTEH KOHCT-
PYKIHMH) MO JJIHHE IOMENICHHS HAXOAUTCS B BHIe NOJHHOMA i-H
crerieHd. CTeneHs NOJWHOMA 3aBHCHT OT YHC/Ia 30H 1 U OIpe-
nensercs cooTHoueHueM i = n + 1. Koadgdpunuente! nonuaomMa
OIPEICIIAIOTCA U3 IPaHUYHBIX YCJIIOBUH U YPaBHEHUH BHAA

l;
.5 j:r(x)dxﬂ;, (1.12)
Ax;
i-]

rae T, — cpenHsa Temrneparypa B 00beMe YacTH NOMEILEHHS, Orpa-
HHYEHHOI'0 BEPTHKAIBHBIMH IUIOCKOCTAMH C KOOPAMHATaMH /i
H [, ompezensieTcs U3 peleHus cucteMsl ypaBHenuit (1.1)(1.7).

Haunbonee TouyHo ¥ noapoOHO pa3BUTHE MOXKapa ONMHCHIBA-
eTCs ¢ noMoLIbl auddepeHHanIbHOro MoaenupoBanus. OcHo-
BOM IS 3TOro Merona ABJSIHOTCS (yHIaMEHTaJIbHbIE 3aKOHbI
COXpaHEHHs KOJIMYECTBa JIBH)KEHHS, SHEPrHH M MacChl, 3aru-
CaHHBIE /I dJIeMEHTapHBIX 00bEMOB, Ha KOTOpble pa3buBaeTcs
paccMaTtpuBaemas 001aCcTh IPOCTPAHCTRA.

Onpepessnoas cucrema Ju¢depeHLHATBHBIX YPaBHEHHH,
KOTOpasi ONUCHIBAET JUHAMHUKY NOXKapa B TOMELIEHHH, UMEET BH:

YpaBHEHHE ABH)KECHUSA

DU . ,
p—, ==gradp + V(uVU)+ pg;. (1.13)
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ypaBHECHHE HEPA3pbIBHOCTH

-Z—p+div(pﬁ)=0; (1.14)

!

ypaBHEHHE COXPAHEHHA SHEPTUH

p%ﬁ=v(pth)+QW+vaR; (1.15)
,

YpPaBHEHHC COXpaHCHHA KOMIIOHCHTOB

p%é—n—"z‘V(pD,Vm,-)+ VW (1.16)
'{

YpaBHEHHE COCTOSHUS

P =pRT; (1.17)

YpaBHCHHE TEIJIONIPOBOIHOCTH

X v, (1.18)

ot

J{ns 3ambIkanus cucteMsl ypasHeHuit (1.13)—(1.18) k HUM
HeoOX0IMMO 700aBHUTH YpaBHEHHUS, OMUCHIBAIOLIHE MTPOLIECC I'O-
peHus I onpeneneHus TernoBoro 3ddexta peakuuu (), Cko-
pPOCTH XUMHYECKHMX peakiuii W, coctaBa NpoAyKTOB TI'OpEHHs
m;, auddepeHIHaTbHO-HHTErPAIbHOE YPaBHEHHE JIYYHCTOIO
IEpeHoca Tella 4 COOTBETCTBYIOUIME YCIOBUS OJJHO3HAYHOCTH.

B obuiem ciryyae pemenue cucrems! ypasHenui (1.13)1.18)
COMNPSDKEHO C PA/IOM TPYAHOCTEH, INIaBHBIMH M3 KOTOPBIX SIBJIS-
I0TCSl CNEYIOMIHE:

HEOOXOIMMOCTh yuyeTa CXKHMAeMOCTH CpPeJbl, YTO BENET
K OONBUIMM 3aTpaTaM MAIIHHHOIO BPEMEHH;

SIBiCHHE TYpOY/I€HTHOCTH;

CNOXHOCTE OIpEJEIEHUs YCIOBHH OJHO3HAYHOCTH IUIf
peabHBIX MPOIECCOB.

Jluddepennnansioe MONETHPOBaHHE MO3BOJAET IMOJTY-
4yaTh HaHOoJIee HCYEPMBbIBAIOIYI0 HHGOPMALHIO O BEIHYHHAX
CKOpOCTEH, TeMneparyp, KOHUEHTPALUA OKUCITHTENS U MTPOLYK-
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TOB FOPEHHS, TEIJIOBBIX MOTOKOB B KAXXIOH TOUKE MPOCTPAHCTBA
u BpemeHH. OfHaKo 4Ype3Bbl4aliHas CIOXHOCTb €ro IpaKTHYe-
CKOH peasu3allMH, CBsA3aHHas ¢ TPYJHOCTSAMH OpraHu3alHH ca-
MOI'0 YHMCJIEHHOIO JKCIIEPUMEHTA, BKJIIOUYAIOIIUMHU B cebd TeX-
HHYECKHE M HaY4Hble MpOOJEeMbl, BOIIPOCH TOpPeHHUst U TypOy-
JIEHTHOCTH, HE TO3BOJISET B HACTOSIIEE BpeMs ITOJIHOCThIO HC-
10JIb30BATh IOTEHUUAIBHBICE BO3MOXHOCTH, B TOM YHCJE
M B HOPMATHBHBIX BOIPOCAaxX, 3aJIOKEHHBIE B CaMOM METOJE.
OCHOBHOM OTJIMYUTEIBLHON 4epTOH TU(hEepeHIHanTbHOro METo1a
MOJENMPOBaHUS SBISETCS TO, YTO OH MO3BOJISIET MOJYy4yaTh JIO-
KaJIbHBIE 3HA4Y€HHs TEPMOJAMHAMHUYECKHX ITapaMeTpoB I0Xxapa.

OcHOBHOM 007aCTBIO MPAKTHYECKOTO HCIOJIb30BAHHA
I epeHUHaTIBHOTO METOa MOAEIMPOBAHHUS MOT'YT SIBJISATHCS
JIOKaJIbHbIE 110Xaphbl U HaYaJlbHas CTaaus noxapa. B 3aBucHMO-
CTH OT XapakTepa peliaeMbIX BOMPOCOB, KaK M MPH “HHTETpaJib-
HOM”~ METOLE MOJEIHPOBAHUS, Pa3HYAIOT GHEWHUE U 8HYM-
peHHue 3a0ayu. BHelwHue 3aa4yH, B 3aBUCUMOCTH OT XapakTepa
OIHCAHHs UCCIIEAYEMOTO Mpouecca, IeasaTcs Ha aBa Buaa. Ilep-
BBl — OU(depeHIHaIbHas MaTeMaTH4YecKas MOJIEIb C YYETOM
Ipoliecca ropeHts — BIEPBBIE O KOTOPOH B HalUEH CTpaHe CKa-
3aHO B pabortax [2-5]. Dta MoJenb IPHMEHSETCHA, €CIH BO3-
MOXXHO OIHCaTh MPOLIECC TOPEHHS B PEAIbHBIX YCJIOBHIAX,
H MOXeT OBITh HCNOJIb30BaHa OCOOEHHO YCMELIHO MpH ONHca-
HHH KPHTHYECKOH A 4enoBeka craauu mnoxapa. OaHako npu-
MEHEeHHe 3TOM Haubojiee IMOJHOH MaTeMaTH4YeCKOH MOJENH
OrPaHHYEHHO H3-3a OTCYTCTBHS aJleKBaTHOH MOJEIIH IIpOLIECCOB
rOpeHHs 0XKapHOH Harpy3KH.

B nupdepenunansoi Moaenu 6€3 ydera npouecca rope-
HHUS [6, 7] HCTOYHHKOBEIE 4lieHbl B ypaBHeHHsX (1.15) u (1.16)
OMHUCHIBAIOTCS C MOMOIUIBK) 3KCIIEPUMEHTAJIBHBIX JaHHBIX,
a He MaTeMaTHYeCKUuX Mozeneid ropeHus. [Ipu MonenupoBaHHH
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MCTOYHHKOBBIX YIEHOB HCIIOJIb3YIOTCS KaK I'PaHUYHBIC YC/IOBUA
I pona, Tak ¥ rpaHuYHbIe ycnoBus I poaa.

DTOT METO MOAEIMPOBaHHS MOXeT ObITh Haubosee MoJ-
HO pealu30BaH MpPH pPELUCHHH BOMPOCOB, CBA3aHHBIX C NMPUME-
HEHHEM CpEJCTB aBTOMATHYECKOH I0XapHOH CHIrHAJIM3alHH
H [MOXKapHOH 3allUTEL. )

Jlns perienus 3aa4 BTOPOro BHAA — O TEMJIOBOM BO3ACH-
CTBMHM O4Yara rokapa Ha KOHCTPYKLHH H pa3jH4Hble OOBEKThI,
pacroNOXKEHHBIE B HCCIENAYEMOM ITOMELICHHH, — MOXET HC-
M0JIb30BATHCS BHYTPEHHsI 3a1a4a [8, 9).

[TockoJIbKY OCHOBHO#! LIe/IbIO BHYTPEHHEH 3a/1a4yH SBJIACT-
Cs HCCIENOBAHHE TEILJIOBOrO BO3JACHCTBUA Ha pa3jiM4YHble KOH-
CTPYKIIHM, MOXKET OBITH MpHMeHeHa au¢pdepeHupanpHas Mo-
nenp 0e3 ypaBHeHHS COXpaHEHWsT KOMIIOHEHTOB. M CTOYHHKO-
BbIM 4ieH B ypaBHeHHMH (1.15) B 3TOM cilyyae ONUCHIBAETCS JIM-
60 npy NMOMOIIH MaTeMaTHUECKOH MOJIEIH IOpeHus, JIM0O ¢ uc-
[I0JIb30BAHHEM JKCIIEPUMEHTANbHBIX JaHHbIX. [IpH onucaHuu
JIYYACTOM COCTEBJISIONIEH TEIUIOBOTO TNOTOKAa B YpPAaBHEHHH
(1.15) mMoryt OBITH KCNOJIB30BaHbI Pa3IMYHbIE MOJIEIH, YHPO-
IIaKOLIKE MPOLECC BBIYUCIICHUS TYUHCTOrO Temnoobmena. [lpu-
4YEM MOJEH ONTHYECKH TOHKOIO H ONTHYECKH TOJICTOrO CJIOEB
NMO3BOJIAIOT pewate ypaBHeHue (1.15) 0e3 nomoJIHMTEenBHOro
ypaBHEHHs JIyducToro temiooomena. Ilpumenenne moaenu ori-
THYCCKH TOHKOIO HJIH OINTHYECKH TOJICTOIO CJIOEB 3aBHCHT
OT BCJIMYHMHB!I KpuTepus Bu B kaknaom anemMeHTapHoM oO0beme
NpOCTPaHCTBEHHOH ceTku. Ilpu 3nauennu Bu = k(1)A; < 1 uc-
NOJb3YETCST MOJEITH ONTHYECKH TOHKOIO IOIPAHHYHOrO CJI04,
npu Bu > 1 — Mozienns ONTHYECKH TOJICTOrO MOrPAHHYHOTO CJIOS.
ObsriHO Benmumua k(T) A1 JaHHOTO BHAA NMOXKAPHOH HATPY3KH
ONpPENEIACTCS SKCIEPUMEHTAILHO, & BEJHYHHA A; COOTBETCTBY-

€T Wary Mo MNPOCTPAaHCTBEHHOH KOOPAHHATE, PeaTn3yeMOMY
NPU YHCIIEHHOM 3KCIIEpHMEHTE.
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BaxHeliuiuM HanpapjieHUEM HCCIENOBaHHS TEMI0- H Mac-
cooOMeHa npH noxape ObUT U ocTaeTcsl GU3UYECKHH IKCIEPH-
MEHT, KOTOPBbIH MO3BOJIAET NOJy4YaTs HEOOX0aAuMYIO HHDOpMa-
OUI0 00 HCCiIeayeMOM MpoLEecce W MPOBEPATH JOCTOBEPHOCTD
pa3pabaTbIBaeMbIX MOJEIIEH.

Pa3sBHTHE METONOB MaTeMaTHYeCKOro MOAETMPOBAHHUA I1O-
»Kapa CTaBUT HOBBIE 3a1a4M 1epe]l PU3NYECKUM IKCIIEPHMEHTOM.

[Io xapaxTepy OCHOBHBIX pelIaeMBIX 3ajay KCIEPUMEH-
TaJIbHbIE METOJBI UCCIIENOBAHUN MOrYT OBITh pa3fiesieHbl Ha TPH
OCHOBHBIE IPYMIIHL.

Hamypnwvie ucneimanus 1poBOJAATCSA Ha peaibHBIX 00BEK-
TaxX. Y4HUThIBasg X OOJIBIUYIO TPYAOEMKOCTh H BBICOKYIO CTOH-
MOCTh, OCHOBHEIMH 3a/JlayaMH IIpH WX BBIIOJHEHHH JOJIKHBI
OBITH IpOBEpKa yke 0TpaboTaHHBIX MOJIENEH U MONyYEHHE IKC-
NEePUMEHTAJIBHBIX JaHHBIX JUIS AaJIbHEHLIEro pa3BUTHS MoJjie-
JIMPOBAaHUA.

ITonuzonnvie ucnelmanus NPOBOAATCS Ha Pa3IHYHBIX CIIE-
IIHaJIbHO 00OpYAOBaHHBIX (parMeHTax, HUMEIOLIHX pa3Mepsl,
OJIM3KHE K pealbHbIM. DTH UCIIBITAHUSA TTO3BOJISIOT IPOH3BOIUTH
IOJIHOE MJIM YAaCTHYHOE MOJECTHPOBAHHE MPOLIECCOB TEIJIO- H
MaccooOMeHa mpH mokapaX. OHH TJIaBHBIM 00pa3oM JOJIKHBI
MCII0JIL30BaThCs ISl OTpabOTKH pa3HyHBIX MOJENEH, Moayue-
HHUS (YHKUHOHANIBHBIX 3aBHCHUMOCTEH /I TepMOTra3oJHHaMH-
YECKHX MMapaMeTpoB, B TOM YHCJIE H JUIA [TOJyYEHHS X BEPOSAT-
HOCTHBIX XapaKTEPHUCTHK.

Jlabopamopmnbie MemoObl MCCIEAOBAHHA IPHMEHSAIOTCH
B LEAAX M3Y4YCHHUS 3aKOHOMEPHOCTEH HW3MEHEHHS pa3IHYHBIX
rlapaMeTpoOB, C HCMOJIH30BAHUEM METOJ0OB YaCTUYHOIr0 MOACIH-
pOBaHHA. DTH METOABI JOJDKHBI 00/1anaTh BBICOKOH CTEINEHBIO
TOYHOCTH M3MEPEHHMH H MOBTOPAEMOCTHIO MPOLECCOB HCCIIEI0-
BaHHsA. C MOMOIIBIO METONOB YaCTHYHOTO MOA0OHS, CXOAH-
MOCTh KOTOPBIX JIOJDKHA OBITH MpOBEpeHa NpH 5adopaTOPHBIX
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H MOJMTOHHBIX MCIBITAHHUAX, Ha JaOOPAaTOPHBIX YCTaHOBKAX
BO3MOXHO M0;Iy4aTh 3HAYEHUS PA3IHYHBIX BEJIHYHH (CKOPOCTH
BBIFOPaHHS, K03QOUIMEHT HenoXKora, KoIQHIUEHT Term1000-
ME€Ha M T. J1.), HCIIOJb3yeMbIE B TOM YHCJIE I MOCIEAYIOLIETo
YHCJIEHHOTO IKCIIEPHMEHTA.

1.2. MogeaupoBaHue noxkapa B nomeuleHuu
NMpuMeHUTeAbHO K HOpMaTuBHBIM 3agadam

1.2.1. O6wue npuHLUnNkEl MOgeAupoBaHusA

Meroa MoaenupoBaHUs N0XKapa, HCITOIB3YIOLIHH CHCTEMY
ypaBHenuit (1.1)—(1.7), saBnsercsa 3anayeii Tuna Kowm. [na Ta-
KHUX 3a7a4 BaXXKHBIM SBJISCTCS MPaBHJIBHOE OINpeeicHue HeoO-
XOOUMBIX (YHKIMOHAJIBHBIX 3aBUCUMOCTEH, YTO MPUBOJMT
K TOCTOBEPHOCTH KOHEYHEIX PE3YJIbTATOB.

PacueT TeMneparypHOro pexxuma npH rnoxape B rnomelie-
HHUH COCTOHT M3 CJIEAYIOUIMX OCHOBHBIX 3TaIOB:

- @GHAJIM32 KOHCTPYKTHBHO-TUIAHUPOBOYHBIX XapaKTEPHUCTUK
NMOMEILICHUH W OMNpEJeTIeHUs BUAA, KOJIMYECTBA U pa3MeENICHH
110)KapHOH Harpy3KH;

- ONpeJIeIeHHA BHAA BO3MOXKHOT'O NOXKapa;

- BbIOOpA ONpeACIAIONINX XaPaKTEPUCTHK MOXKapa;

- BIOOpa MeTOa M NPOBEEHUS pacuera;

- ONPEIENCHNS SKBUBATICHTHOH IIPOJOIDKHTE/IBHOCTH [TOKapa;

- pacyeTa BepOATHBIX XapaKTEPUCTHK M0XKapa;

- PELICHHA MPAaKTHYECKHX 3a1a4 IT0XKapHO#H NPOGUIAKTHKH.

Ha puc. 1.1 npusenena 610k-cxema pacuera TeMneparyp-
HOT'O peXHMa B ITIOMEIICHUSX Pa3liyHOro Ha3HAYCHHUS.
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I. OnpeneneHne KOHCTPYKTHBHO-NJIAHHPOBOYHLIX XaPAKTEPHCTHK NOMelIEHHS,
KOJIMYeCTBA, BUAA U pa3MeLleHHS NOKAPHOH Harpy3lKu

Ty A T

i Cxopocts | , Koabduuu- ! 10Opuenrauns; 1 Cranua

1
| 1EHT MOMHOThI; , KOHCTPYK- :: noxapa
]

BLITOPAHHA | |

- B r
Huterpanshbii : i  HuTerpansrmid
METOA ' wmeronc HCN :

- o o -

V. Pacyer Ha 9BM *‘I V1. Onpenenenne 1,

VIIL Pewsexne npakTH- VII. PacyeT BepOATHOCTHBIX
YeCKHX 3aaa4 XAPaKTePHCTHK

Puc. 1.1. bnok-cxema pacyema memnepamypHo20 pexuma noxcapa







