OT3bIB

o(UIHMaIBPHOIO ONIOHEHTa HOKTOpa TeXHHYECKHWX Hayk, rnpodeccopa, dieH-Koppe-
cnoneHra PAACH KoueBa Anekces ['enHanbeBuya Ha quccepraiuio « MeToao0r s
CO3/IaHUA CUCTEM OOecIeueHHs MUKPOKIIMMATa B YCI0BHAX (Da3oBBIX MpeBpallleHHH B
NOMEILEHHH», IpeicTaBIeHHYIo K 3amuTe UyiikuaeiM Cepreem BiiagumupoBuyem Ha
COMCKaHHME YYEHOH CTeleHH NOKTOpa TeXHMUYECKHUX HayK Mo creruanbHocTH 2.1.3-
TerutocHaOxeHue, BeHTUIALUS, KOHAMIHOHHPOBAHHE BO3AYyXa, ra3ocHaOKeHHe U
OCBelIeHHe

AKTYaJIbHOCTBH TeMbl HCCJIEA0BAHHS

MHTeHCcHBHOE McnapeHHe WM ITapooOpazoBaHHe B IOMELIEHWH, KOHAEHC CALHs
BOJIbI HA CTPOUTEIBHBIX M OTPAKAAIOIINX KOHCTPYKLUMAX, KPUCTAJUTH3ALMS HIH CYyO-
JUMalnMs BOABI HA TEXHOJIOIMYECKUX [TOBEPXHOCTSIX 000PYAOBAHUS B 3HAYUTEBHOM
CTETIeHHU BJIMSAIOT Ha TEMIIEPATYPHO-BIaKHOCTHBIH peXUM OOIIECTBEHHBIX M IIPOMBIIII-
JIEHHBIX [IOMEILEHUH, YTO HEOOXOAMMO YUUTBIBATh MPH MOAAEPKAHUN ONTUMAIBHBIX
WIH JOMYyCTHMBIX IapaMeTpOB MHUKPOKIMMAaTa B 00CIly’)KMBaeMbIX 30Hax. B HacTos-
liee BpeMs KOMILIEKCHBIN IOAXO0J 10 PELICHUIO JaHHBIX 3aJ1a4 He BeIpaboTaH, KakK-
Il U3 TIPOLIECCOB PaCCMaTPHBAETCS, KaK MPaBHUIIO, B OTAEILHOCTH, Oe3 y4éTa comyT-
CTBYIOIIETO BBIACJICHHS MJIH [TOIJIOLIEHUS SHEPTUU. DTO IMPUBOJIUT K OLIKMOKaM B pac-
4eTax, KOTOPbIe MOTYT MPUBOAMTE K HAPYIIEHUIO TEXHOJOTHYECKHX LUKJIOB PaboThI
000py10BaHMs UM IIepepacxo/Ly SHepruu. B 3Toii CBA3H, AUCCEPTAMOHHOE HCCIIEN0-
BaHHE COMCKAaTeJsl HAallPaBJIeHO Ha pelleHHe aKTyalbHON Hay4yHO-TEXHHYECKOH IMpo-
OneMbl pa3BUTHS METONOB pacyéTa M MPOEKTHPOBAHHA CHCTEM BEHTHIALMH, a BbI-
GpaHHbIi TU TOMEIIEHH I, Ha PUMepe KOTOPOTO PELIAIOTCs [OCTABIEHHbIE 3a1a4H,
B [TOJTHOW ME€PE COOTBETCTBYET NOTPEOHOCTSM CTPOUTEIBHOM OTPACIIH B Pa3BUTHH HO-
BBIX WH(OPMALIMOHHBIX MMOJXOJOB K IIPOEKTUPOBAHUIO 3HEProd(M(HEKTHUBHEIX HHIKE-
HEPHBIX CHCTEM.

Ouenka cogep:kaHusl AHCCEPTALHH, CTeNeHb €€ 3aBepLIeHHOCTH

Bo BBeneHnu u3ioxeHbl © 000CHOBAHBI AKTYAJIIBHOCTh pPeliaeMoil mpobJieMel,
OIpeJeNIEeHbl LeNH, 3afadd, OOBeKT M IpeaMeT HCCIeNOBaHuA, CHOpMYTHPOBAHBI
Hay4YHas THII0Te3a, MeToAoNorudeckas 6asza, HayyHass HOBH3HA pabOThl, TEOpETHYE-
CKas ¥ MpaKTHYECKas 3HAYMMOCTh IIOTY4EHHBIX Pe3yJIbTaTOB; M0JIO)KEHHUS, BEIHOCH-
MBI€ Ha 3alUTY, CTENIeHb JOCTOBEPHOCTH U peau3alys.

B nepsoii rnase quccepralyy pacCMOTPEHEI IPEATIOCHUIKH HCCIIEA0BaHUS, CY-
IIECTBYIOIIHE IIOAXO0/IbI K CO3/IaHHIO CUCTEM 00ecredeHIs MUKPOKIIHMATA B YCIIOBUSAX
(a30BBIX NMpeBpalleHUit B IOMENIEHHH Ha MPUMEPE KPBITBIX JIEJOBBIX KATKOB, a TaK
JK€ BBIOCJICHBI OCHOBHEIE HpOﬁHEMBl H BO3MOXKHBIC IIYTH HX penienus.



Oco0bl1il Hay4HbIH HHTEPEC BBI3BIBAET MPEACTABICHHEIN BO BTOPOIi IrJ1aBe Juc-
cepTauuu pasnen «HucieHHoe MoJelupoBaHie TeIIoMacCOOOMEHHBIX POLIECCOB B
IIOMEIIEHHUAX B YCIIOBUAX (i)aBOBBIX npeBpameHHﬁ>>, B KOTOpOM 000CHOBBIBAETCH BbI-
OOp MCHONB3YEMBIX METOZIOB MOZEIMPOBAHUS T10JIeH CKOPOCTH, TEMIIEPATYpPhl U BJla-
rocojiep>KkaHus Bo3ayXa IIpU OPraHU30BaHHOM M HEOPTraHU30BaHHOM BO3yX000OMeHe.
Otmeyaetcs oOpa3oBaHie LUPKYJSLUMOHHBIX 30H Hajl IIOBEPXHOCTBIO JIbJA 1O JIei-
creueM TeveHHsa Credana. PazpaboTaHHble KOMIIBIOTEPHBIC MOLEIH OTIHYAETCS OT
CYIIECTBYIOLIMX y4ETOM BO3MOKHBIX IIPOLIECCOB UCTIApeHUs, KOHISHCAllUH, KPHCTal-
JM3aLKH U IIABJICHUS Y [IOBEPXHOCTH J1bJa. MicecnenyroTess THAPO- U TepMOIUHAMUYE-
CKHE IPOLECCHI NIPH BHIKJIKOYEHHBIX CUCTEMAX BEHTUJISIUMM U KOHIMLIMOHMPOBAHUS
BO31yXa B BBIXOJIHBIE U Pa3IHUYHbIE IHH, a TAK)Ke B Hepaboyee Bpems. [ mpumMepa
ObLIO 10Ka3aHO, YTO BO3HUKAIOUWMI rpaaueHT Jlapcu MpUBOAMT K (POPMHPOBAHHMIO
00BEMHOr0 BO3JYLIHOTO IIOTOKA, YBJIEKAIOLIEro BIIAr'Y BO BCeM O0BEME MOMEILEHHS
NIPH HaJTH4YHH [JIEHKH BOJbI HA IOBEPXHOCTH TAIOMIETO JIbAa. AHAIN3 BEJIUYUH H3Me-
HEHHs KOHILICHTPALIMH 1apa IoKa3ajl HHTEHCHBHOE PACTeKaHUE BJard BIOJb MOBEPX-
HOCTH JIEIOBOr0 KaTka ¥ ()OpMHPOBaHHE JUHAMUYECKOI0 paBHOBECHs ¢ 00pa3zoBa-
HHEM M30TepMallbHBIX 00s1acTel B cll0€ BO3AyXa HaJl MOBEPXHOCTHIO Jbaa. Pazpado-
TaHHBIE MOJIEJIM BEpU(PHLIMPOBAIUCH Ha 0a3e pe3yJIbTaTOB HATYPHBIX 0OMEpOB TEMIIE-
paTypbl © OTHOCHTEIBHON BIAYKHOCTH BO3[yXa B 00CIIy)KHBaeMOi 30HE CyLIECTBYIO-
IIEro KpheITOTO JISAOBOI'O KaTKa, pacIojloKeHHOro B I. Boponexx. CpaBHeHHe pe3yiib-
TaTOB NOKAa3bIBAET YIOBIETBOPHUTEIIBHYIO CXOAUMOCTB, Nopsaakal2...18%, 4yTo nmo3so-
JII€T C/IeNaTh BBIBOJ| O IPUMEHUMOCTH PACCMOTPEHHOI0 II0JX0/1a U CUCTEMBI YpaBHe-
HAH TpY MOJEIMPOBAHMH TEIIOMAacCOOOMEHHEBIX IPOLIECCOB CHCTEM 00eCIIeYeHHs
MHKDPOKJIMMATa B YCIOBUAX (Pa30BbIX IIPEBpALEHH B TOMEIIEHNH.

B Tperbei riiaBe paccMaTpHBalOTCS IIPOLECCH TEILUIOOOMEHa MOBEPXHOCTH
TbJIa ¢ BO3AYXOM 00CIIy)KHBaeMOM 30HBI. BBIIeNsieTCsl TP OCHOBHBIX Clly4ast, KOTOpPbIe
MOTYT HaOJIONaThCs NPH SKCIUTyaTallMK KPBITBIX JIEJOBBIX KaTKOB. [lepBblii cayuaii
XapaKTEepHU3yeTCsl PABEHCTBOM MOJABOJUMBIX H OTBEJCHHBIX ITOTOKOB SBHOM TEILIOTHI
K0 Jip1y. Bo BTropoM citydae noaBoaumblii MOTOK OOJIBIIE OTBOAMMOr0, HabI01aeTes
IUIaBJIeHUE JIbJ1a, TOJIIKMHA IIEHKH YBEJIMYMBAETCS, CyXOH TEIUIbIH BO3AYyX OXJIaxa-
€TCsl ¢ OJJHOBPEMEHHBIM YBEIIMYEHHUEM Bllarocojiepxanusi. B Tperbem cirydae moaso-
AUMBIH IMOTOK MEHbILE OTBOAMMOIO, B PE3yJIbTaTe, NOTOKH TEIUIOTBI H MAcChl OYAYT
HarpasjI€Hbl OT BHYTPEHHEro BO3yXa, IPOMCXOJUT HapacTaHHe MacCHBa JIba, CO-
IIPOBOXKIAIOLIEECS OJJHOBPEMEHHBIMH IIPOLIECCaMU KOHAECHCALMH M KPUCTAJTH3ALHH
C BBIJICJICHHEM CKPBITOH TeIIoThl. DopMyiMpyercs rurnoresa 0 HaX0XJIeHHH Ha I10-
BEPXHOCTH JIbJia IJIEHKH BOJbI WIIH KBA3HXKH/IKOIO CJIOS BIMSIOUIErO HA TEIJIOOOMEH.
Mogenupyercs HecTalMOHapHOE TeYeHHe TOHKOM HEeHM30TEPMUYECKOM IIEHKH HKH/I-
KOCTH Ha TOPH3OHTAIILHOM ITOBEPXHOCTH MO JeHcTBUEM Haberaiomero noToka BeH-



THIALUOHHOIO BO3ayXa. [ u3yueHus XxapakTepUCTUK MOTOKA YKUAKOCTH U €€ TeIIo-
nepeza4dy paspadoTaHa MOJEIb, BKIKOYAKOIIAas CUCTEMY YPaBHEHHUH IJIA YHUCIEHHOTO
MO/IEJIMPOBaHH A Pa3BUTHUS BOJIH Ha IIOBEPXHOCTH MeNKOM BoJbl. [lenaercs mpeamnoo-
JKEHHe, YTO IIPUPO/A JAHHOTIO SIBIEHUS CX0Ka C MPUPOIONA TEYEHUS CIIOS KUIKOCTH
Ha FOPU30HTAJIBHOMN IUTaCTUHE, pa3Mephbl KOTOPOH BO MHOT'O pa3 MPeBLIIAIOT TONIIHHY
cios. MoznenupoBaHue Mokas3ano HaJIU4YHe JIBYX TEUYEHHH: JAaMUHAPHOTO MPUCTEHOY-
HOT0 ¥ [TepeHoca BOJIHOM. /[y IpOBEpPKHU aleKBaTHOCTH PE3YJITATOB YUCIEHHOI'O MO-
JAEJIMPOBAHMs IIPOBEAEHBbl 3KCIIEpUMEHTalbHbIE HCCIIENOBaHUs Ha paspaboTaHHOU
ycraHoBKe. B xojie okcrniepuMeHTa NpOBOJUINCE H3MEPEHHUS TEMITEPaTyphl H OTHOCH-
TEJIbHOM BJIQKHOCTH JaTYMKaAMU TEPMOTHTPOMETPOB. Tak ke Bellach BHIEOCHEMKA
[10/ICBEYEHHON JIMHEWHBIM HCTOYHUKOM CBETa [TOBEPXHOCTH JIbJa JJI PerucTpaludu
€ro COCTOSIHHMA. AHAJIU3 NaHHBIX MPUBEIECHHBIX MOKA3bIBAETCS, YTO MIPU MEPEXOTHOM
pexuMe Te4eHHs HalOrofaeTcss HHTeHcupuKauus teryiooomena, kotopas Ha 15-20%
BBIIIE, [0 CPABHEHHIO ¢ JJAMHHAPHBIM. JTO 00bsACHAETCS 00pa3oBaHHEM BOJHOBOI'O
TEYEHHs Ha IIOBEPXHOCTH JIb/Ia, KOTOPOE TakK ke ObLII0 3aperucTpUPOBaHO NPH BHJIEO0-
CbeMKE C IIOMOILBIO TEHEBOI'O METOZAa HCCIIeJOBaHUS. AHAIU3 U3MEHEHHUS (OPMEI
BOJIHBI IIOKa3bIBAET CABUI (pOHTa e€ rpebHs, qeaeTcs aKIeHT Ha MOsABJIEHUH IapMo-
HHYECKUX COCTABIIAIOIIUX TeueHus. ['eHepanus BTOpoil rapMOHUKH U TOCTIENYIOLIee
YBEIIMYCHHE aMILUIMTYIbl CBUAETENECTBYET O MPAadHUeHTe CKOPOCTH BIOJIb TPAEKTOPUH
BoNTHOOOpa3oBanus. [IpuBoanTCS CKOPPEKTHPOBAaHHAs 3aBUCUMOCTD I/ PacyéTa Ko-
3¢ duureHTa TeNI00TAAUYN NOBEPXHOCTH HCKYCCTBEHHOTO JIBJA MIPH PA3NHUHBIX 3HA-
YEHHSIX [TOJABHKHOCTH BO3/yXa, €ro TEMIEPAaTypbl U OTHOCHTEIbHON BIAXKHOCTH.

B yerBepToii riiaBe NpUBOAATCS AaHHBIE TepMOrpahHIecKoro o6cie10BaHus
CTPOUTENIBHBIX U TEXHOJIOTHYECKUX IOBEPXHOCTEH CYLIECTBYIOMIETO KPBITOTO JIeI0-
BOI'O KaTKa /IS BbIABJICHUS XapaKTePHAIX TEIUIOBLIX 30H C TEMIIEpATypaMy HH)Ke TeM-
nepaTypel HachIIeHHs. PaccmaTpuBaeTcs TeMnepaTypHbIi pesKuM KOHCTPYKLHH MPH
CTallUOHAPHOM U HECTAllMOHAPHOM PaJHallMOHHO-KOHBEKTUBHOM TeIJIO0OMeHe, yuu-
THIBAKOLIEM PaJHallMOHHOE OXJIaKIEHHEe OT [TOBEPXHOCTH JibAa. JlJis MCClieI0BaHus
HECTAlHOHAPHOTO PaJMallMOHHO-KOHBEKTUBHOIO OXJIXACHHUsS HeCylled KOHCTPYK-
LMK, KaK HanOoJiee BEPOSITHOIO MecTa 00pa30BaHUs KOHIEHCATa, BBIABIEHHOIO IIPU
TepMorpaduyeckoro obciaenoBaHuy, ObLIa MOCTPOEHA YUCIEHHAsS MOJENhL TEIMI0006-
MeHa, peanu3oBaHHas B nakere COMSOL Multyphysics 1 ocHoBaHHass Ha COBMECT-
HOM PEIICHHH CUCTEMBI ypaBHEHUH TeIL10NpoBOAHOCTH, Pypbe, CTedana-bonpiMana
1 byrepa-bspa. Pazpaborana meTouka u nporpamma pacuéra HeCTallHOHAPHOIO pa-
JHUAlHOHHO-KOHBEKTHBHOIO TEILIOOOMEHa KOHCTPYKIHI TIepeKpPhITHS JIeJI0BOI0
KaTKa. ABTOPOM pa3paboTaHa UTepallMOHHAs MOJIENIb pacuéTa TeMIepaTypbl BHYTPEH-
HEH MOBEPXHOCTH CTPOMTENBHBIX H OrPa’KJAIOIIMX KOHCTPYKLHMH KPBITBIX KaTKOB,



TMO3BOJIAIOLIAsA OCYIIECTBHTEL [TOBEPOYHBIA pacUET MUHUMAIBHO JOMYCTHMOM TeMIIe-
paTypbl HOBEPXHOCTH, HCXO/Is U3 YCIIOBHH HEIONYILEHHs BbINIa/IeHUs KOHIEeH caTa [Py
YCTaHOBHBILEMCS PEKUME TeriooOMeHa.

B naTol raase yaenseTcs BHUMaHUE TMPAKTHYECKOMY MIPHUIIOKEHHIO TIONyYeH-
HBIX pe3yJILTaTOB, IIPeII0KEeHbl KOHCTPYKTHUBHBIE PEIIeHUS, TTO3BOISIONIHE TOOUTHCS
CHH)KCHHSI SJHEPTeTHYECKUX 3aTpaT Ha OCYLICHUEe HapYKHOr0 BO3/1yXa [IPH 3KCILTyaTa-
[UM CACTEMbl KOHAHULMOHUPOBAHHUA B XOJIOJHBIN MEPUO I'0JIa U BKITIOYAIOIIHE 3ara-
TEeHTOBaHHBIC CXE€MY BO3[yXOpacIpeleleHHs U KOHCTPYKUHUIO MPUTOYHO-BBITSKHOM
YCTaHOBKH CHCTEMBI KOHIULIMOHUPOBAHMS 30HBI JIEZIOBOrO NoJIs. PazpaboTaHbl aHaIU-
THYEeCKas METOAMKA W IPOrPaMMHBIN KOMILUIEKC pacuyéTa IapaMeTpPOB COCTOSHHUS
BJI&XXHOT'O BO3/yXa, MO3BOJISIOIIMI MOBBICUTE TOYHOCTh pacuéra MHUKPOKIMMaTHYe-
CKHUX MapaMeTpPOB IPHU MMPOEKTUPOBAHMH CHCTEM BEHTHIISILIMM U KOHAULHOHUPOBAHHUS
BO31yXa. OTIMYHUTEIEHOH 0COOEHHOCTHIO MPEIIOKEHHOM METOIUKHY SBIISETCS IIPHMe-
HEHHE HTEPAllMOHHOI0 MeTo/Ja pacuyéra Inpu BeIOOpE ONTHUMAIBLHOIO COOTHOIIEHHS
pacxoq0B BO3JyXa Ha MEPBOH M BTOPOH CTYNEHAX PEeLUpPKYIAUHUU. Mcmonp3yeTcs
TpO¥Has aHaJIOTHA [IPU PACCMOTPEHHH KOHBEKTHBHOTO TEIJIOMAaccO0OMeHa BHYTpEH-
HEro BO3[yXa ¢ IMOBEPXHOCTHIO JIbJd, YTO IIO3BOJIMJIO MOBBICHTh TOYHOCTh pacyéra
BJIArONOCTYIJIEHHMH K yaalsseMOMY BO3JyXy 3@ CUET BBEIEHHUS ITONPABKU K BIIAroco-
NepIKaHHUIO.

HlecTasi riiaBa JuccepTalMyu MOCBAINAeTCs paspaboTKe MOAXO0Aa K BBIOOPY
HauboJjiee 1e1eco00pa3HOro BapHaHTa NMPOEKTHOrO PEIEHHs CHCTEM 0oOecredeHHs
MHKPOKJIMMATa MOMEIIEHHH ¢ ()a30BbIMHU NTPEBPALIEHHSAMH BOJbI, KOTOPLIH BKIHOYAET
MaTeMaTH4YeCKyI0 MOJEIb H aJirOPUTM pacuéTa 0600IIEHHOT0 BEKTOPHOTO KPUTEPHS
ONTHMATBEHOCTH. OOOCHOBBIBAETCS BBIOOP YaCTHBIX KPUTEPHEB, B KAY€CTBE KOTOPHIX
BBIOpaHbl YKpPyIHEHHbIE ITAPaMETPhl, ONKCHIBAIOIIIE H3MEHEHHE PACXO/0B TEIJIOTHI,
X0JI0a, 3JIEKTPOSHEPIHH, CTENIEHH OCYIIeHUs BO3yXa U Ko3ddunuenrta s dhekTus-
HOCTH BO31yXxoo0meHa. Bepudukauus Monenu u onpeeiieHre 061acTy eé IpUMeHHt-
MOCTH Oa3MpYHOTCsi Ha METOJE CyMMAapHbIX AMCKOHTHPOBAHHBIX 3aTpar 3a MepHo/|
)KH3HEHHOTO L[UKJIa CHCTEMBI 00ecrieyeHUss MUKPOKIIHMATa.

B 3axmroueHMH NpHBEIeHbl OCHOBHBIE PE3yJIbTAThl U BBIBOMBI IMCCEPTALMOH-
HOI paboTBl, OIpesieIeHbl IePCIEeKTUBEI AATbHEHIIMX HCCIIe0BaHUH B TaHHOH 00ia-
CTH. B npuiioskenry NpuBeeHb! aKThl BHEAPEHHs pe3y/IbTaTOB HayYHBIX MCCIIE10Ba-
HUH, TPUMeEPBl pabOThl MOCTPOEHHBIX KOMIIBIOTEPHBIX MOJeNed, OXpaHHBIE JOKY-
MEHTbI Ha 00BEKThl MHTE/UICKTYaJIbHOM COOCTBEHHOCTH, pe3y/IbTaThl PacyéToB 3Hep-
ronorpebieHus Ha 06paboTKy BO3ayXa B LEHTPAIBHOM KOHIHUIIMOHEPE JJIsi PACCMOT-
PEHHBIX BApHAHTOB CUCTEM.

Coneprxanue apropedepara oTpakaeT OCHOBHBIE ITOJOXKEHHS, UIEH U BBIBOJIbI
nuccepranui. B aBropedepare nocTaTouHO MoApoOHO U3NAraeTcs COAEpIKAHUE IHC-
cepTaLuH.



CreneHb 060CHOBAHHOCTH M JIOCTOBEPHOCTH HAYYHBIX 10/10KEHHH, BbIBO0B H
peKOMeHAALHs, BLIHOCHMBIX HA 3aLIUTY

B COOTBETCTBUH C aKTYallbHOCTHIO PelIaeMbIX 3aa4 aBTop 000CHOBaHHO BbLJie-
nAeT pa3pabOTKy METOJOJIOTMH CO3/laHMs CHCTeM O0ecrevueHHs MUKPOKIMMAaTa B
yCIoBHUSIX ()a30BBIX NpeBpalleHHil B TOMELIEHHH B CAMOCTOATE/IbHYIO Hay4HYIO MPO-
61eMy, HMEIOLIYIO CYIIECTBEHHOE 3HAYEHHE /ISl CHHXKeHHUS SHepro3arpaT CUCTEMaMu
OTOIUIeHUS, BEHTUJISALMHA U KOHAMLMOHUPOBAHUS BO3/yXa M yBEJIMYEHUs CPOKa IKC-
IUTyaTalli¥ paccMaTpuBaeMbIx 00bekToB. TeopeTndeckue uccieoBanus 6asupyercs
Ha OCHOBHBIX [OJIOKEHUAX TEMIOMAaccooOMeHa ¥ CUCTEMHOI0 aHanu3a. Matemarudye-
CKHM€ MOJE/IH BepH(pHIIMPOBAINCH MYTEM aHalM3a COrJIaCOBAaHHOCTH ¢ pe3y/bTaTaMu
SKCIIEPUMEHTAIBHBIX U HATYpPHBIX HccienoBanui. [IpuHsTEIe Oy IIEHUs TaKXkKe IIpU-
BOATCS B paboTax Apyrux aBTopos. [loydeHHBIe HayuHbIE 3HaHHA 00JIaAIOT BOC-
IPOH3BOAMMOCTBIO U HENPOTUBOPEUUBOCTBIO, YTO [I03BOJISET CUUTATh UX JOCTOBEP-
HBIMH H 000CHOBaHHBIMH.

Hay4Hast HOBH3HA AHCCEPTALHH

["oBOpsI 0 HAy4YHOI HOBHU3HE, HEJIb3sl HE OTMETUTh OPUTMHAIIBHOCTD B3ITISA/1a aB-
TOpa Ha MpobyieMy MOJEeIHPOBaHHUS TEIIOMacCOOOMEHHBIX MPOLECCOB B IOMEIICHUH
KPBITOTO KaTKa, KOTOPBIHA OTIMYAETCS YYETOM BIIMSHUS TEPMOJAMHAMHUYECKOrO dazo-
BOI'0 [epexo/a BOJBI 3a CUET ypaBHEHHUs COXPAHEHHS MAacCChl Yepe3 SHTPOIHUIO U BO3-
Hukaronero reyenus CredaHa HaJl TOBEPXHOCTBIO JbJia. Tak Xe clielyeT OTMETUTh,
4TO pazpaboTaHHas MOJelb BepuduIupoBaHa Ha 6a3e JaHHBIX HATYpHOro obciie108a-
HHS CYIIECTBYIOIIEro KpeITOro Karka. B paGoTe npuCyTCTBYIOT BCe NMPU3HAKH Hayu-
HOM HOBH3HBI, XapaKTepHbIe JJIs JOKTOPCKOM JUCCEPTALlMH, U BKIIIOYAIOIIHE HOBbIC
pacrnpesieieHus: CKOPOCTH, TEMIIEPaTyphl U BIArOCOAEPIKaHUs BO3/lyXa B TOMEIEHHH
KPBITOTO JIEIOBOI'O KaTKa, HeOOX0oAMMBIE /1Jisi KOPPEKTHPOBKH pacHETHBIX 3aBUCHMO-
CTe#t IpHM MPOEKTUPOBAHUM CUCTEM oOecIieYeHuss MUKPOKIMMaTa. BriepBbie paccMoT-
PEH ciIy4aii HeOPraHW30BaHHOIO BO3yX000MEHa B IIOMEIIEHUH KPBITOrO KaTKa I0Jl
neiictBueM teuenus Credana, B pe3ysbTaTe [OJy4YEHBI 3aBUCUMOCTH, OIKMCHIBAIOLINE
W3MEHEeHHe TUIOLAAN KOHAEHCAlMH BOASHOTO Mapa Ha BHYTPEHHE! [TIOBEPXHOCTH I1e-
PEKPBITHS JIEJOBOTO KaTKa M BPEMEHH €€ OXNaXKIeHHMs MOJ JIeHCTBHEM paanallioH-
HOTO 0TOOpPA TEIJIOTHI K JIeJ0BOMY I10/I0. Tak e clieayeT OTMETUTD, YTO C MOMOLIBIO
pa3paboTaHHOM 3KCIIEPUMEHTATBHOH YCTAHOBKH OBLIIO JOKa3aHO 00pa3oBaHUe BOJIHO-
BOr0 T€YEHHMS IJICHKH BOJBI HAa ITOBEPXHOCTH TAIOIIEr0 JIbJa, & TAKXKe [M0CTPOeHa MO~
JeIb Pa3BUTHS TEYCHHS B JaHHOH IIEHKE 10/ AeHCTBMEM CIBUTOBBIX YCHIIMH ITOTOKA
Bo3ayxa. [IpennoskeHHas MoJeb TelsIooOMeHa Ha IIOBEPXHOCTH JIb/la yUHUTBIBAeT Ile-
pPEMEHHYIO TOJIIUHY CJIOs >KUAKOCTU IIPH BOJTHOBOM TEYEHWH, UTO MO3BOJIAET pac-



CMOTpETh IMHAMHMYECKOE H3MEHEHUE MIPOIOTBHOr0 NPOQUIIs BOIHEI ¢ TEYEHHEM Bpe-
MeHH. Pa3zpaboTaHa MeToaKKa pacyéra HeCTallHOHAPHOI0 paJualliOHHO-KOHBEKTUB-
HOTO TEII000MeHa KOHCTPYKIMH TepeKpBITHA JTE€I0BOr0 KaTka ¢ BO3AYXOM BEpXHEH
30HBI, HE0OX0aUMast 115 OTIpe/ie]IeHUs] BpEMEHH OXJIaKeHHsI BHYTPEHHEN ITOBEPXHO-
CTH JIO TeMIIEpPaTypbl TOYKH POChl. B 0T/iM4YMe OT U3BECTHBIX METOJAHK OHA YIHTBIBACT:
CMeIIeHHe TEIIOBOTO LEHTPa IPH HECUMMETPUYHOM OXJIaXKIECHUH B CIIy4ae pa3sHOHa-
IPaBJIEHHOCTH TEIUIOBBIX TOTOKOB Ha IPOTUBOIOJI0KHBIX CTOPOHAX KOHCTPYKLHI I1e-
PEKPBITHSA, ¥ IPOCTPAHCTBEHHBIE H KOHCTPYKTUBHBIE XapaKTEPHCTUKU DIIEMEHTOB I1€-
PEKPBITHS NIPH UX PaJHALIMOHHOM BBIXOJIAXKUBAHHUH ITyTEM BBEIEHHA CPEIHEr0 K09 (-
¢bunueHTa 00 Iy4eHUS U CyMMapHOro KO3 @HIMEHTa TEMIO0T/Ia41 TOBEPXHOCTEH Tell
KOHEYHBIX pa3mepoB. [IpennoxkeHa U BepupULUMpPOBaHA MaTEMAaTH4ecKas MOJEIb,
npeiHa3HAYeHHas IS [IOMCKA PAllMOHAIBHOTO IPOEKTHOTO PEeLIeHHs CHCTEMBI obec-
NeyeHus MHUKPOKIMMATa KPBITOTO JIeJ0OBOr0 KaTka no 0000LIEHHOMY BEKTOPHOMY
KPUTEPHI0O MUHAMYMa aJJIUTUBHOM (QyHKUMH. B 1emom, Bce MOIy4YeHHbIE B paMKax
JaHHOU pabOTHI pe3yJIbTaThl aBTOPA ABISIOTCS OPUIMHAIBHBIMU M HOBBIMH.
TeopeTrHyeckasi H NPAKTHYECKAasl 3HAYHUMOCTh PaboThbI

TeopeTnyeckas 3HAYMMOCTb IUCCEPTALIMOHHOTO HCCIIEIOBAHUS OCHOBBIBAETCS
Ha MpeAT0KEeHHbBIX, BEpUPHLUPOBAHHBIX U alpoOUPOBAHHBIX pe3y/bTaTaX 4YHMCJIEH-
HOT'0 MOJIeJIMPOBAHMS Pa3BUTHUS TeUCHHUs TOHKOH IIJICHKH KOHJIEHCAaTa Ha [TOBEPXHOCTH
HCKYCCTBEHHOTO JIb/1a, HHTEHCUBHOCTH KOHBEKTHBHOI'O TEIJI000OMEHa JIeJOBOr0O 101
C BO3IyXOM 0OCIy’KHBaeMOH 30HBI, BO3AYXOpaclpeAeIeHHs B 30HE JIEJOBOIO IOJIA.
TeopeTHuecku 3HAUUMBIM SBIISETCS TaK XKe MOTy4eHHOe MaTeMaTUYecKoe OIMCaHue
npolecca U3MEHEHHs ITapaMeTPOB BIaKHOTO BO3/yXa MPU KOHAULIMOHUPOBAHUH BO3-
ayxa B 30He JienoBoro nois. PaspaboranHble cxema BO3AyXopaclpeneleHuss 1 KOH-
CTPYKLHUS PUTOYHO-BBITSKHOM YCTaHOBKHU, aJlTOPUTMbl U KOMIUIEKC [IPOrpaMM pac-
4yéTa TeMIrepaTypbl, OTHOCUTEIBHOH BIaXXKHOCTH, [TOJABHKHOCTH BO3/(yXa 30HBI JIE10-
BOT0O TI0JIsI, aHATUTHYECKHE 3aBHCHUMOCTH pacuéTa TeIyIoMaccoOOOMEHHBIX IIPOLIECCOB
BJI&JKHOIO BO3JlyXa ¢ BHYTPEHHUMHM MOBEPXHOCTAMHU IIOMELIEHHS, @ TAKXKE I0JIyYeH-
Hble TEOPETUYECKHUE 3aBUCHMOCTH HApacTaHUsl CKOPOCTH M IIOLAJH KOHIEHCALUH
BOISHOTO I1apa OT BEPTUKAIBHON KOOPAWHATEI 1101 A€HCTBHEM PaJHallHOHHOIO OXJIa-
YKJI€HUS TIOBEPXHOCTHIO JIb/1a MOTYT MCIOIb30BaThHCS PU BHEAPEHUH TEXHOJIOIHH HH-
(GOopMaMOHHOIO MOEIUPOBAHHS B KOMIIEKCHBIE CUCTEMBI BADHAHTHOT'O IIPOEKTHPO-
BaHUS BEHTWJIALUWH, KOHIAUIMOHUPOBAHHS BO3YyXa, X0JI0J0CHA0KEHUS KPBITBIX KaT-
KOB M apE€H C UCKYCCTBEHHBIM JIBJIOM.

[My6nukanusa 1 anpodanua OCHOBHBIX Pe3yJ/JIbTATOB JAHCCEPTALHH
Ilo TeMe Hay4YHBIX HCCIEA0BaHUH OIyOIMKOBAaHO 34 pabOTBhI, U3 HUX B BEAYLIHUX
pelieH3HpYEeMBIX HAYYHBIX J)KypHaJax U U3aHusaX, pekomenayeMblx BAK P® no cne-

[IHAJIBHOCTH 3allUINaeMoi aucceprauuy, omybnukoBaHo 13 pabot xBaptmieil K1 u



K2., 4 cBumerenbeTBa 0 perucTpaiuy rnporpammsl i 9BM, 2 naTeHTa Ha 10J1e3HY0
Mozenb, | maTeHT Ha H300peTeHue, B TOM YuciIe 3 paboThl OIMyOIMKOBaHO B U3AAHUSIX,
HHIEKCHPYeMBIX B 0a3e JaHHBIX Scopus.

OcHOBHBIE pe3yJIbTaThl UCCIEAOBAHUN U HAYYHBIX pa3paboTOK AOKIaAbIBATUCH
¥ 00CY)KIalIMCh Ha: Hay4YHO-00pa3zoBaTelbHOM (Gopyme «MiHHOBaUKU B chepe HAyKH,
00pa30BaHUs U BBICOKMX TEXHOJIOTUMH. Majnoe UHBECTULIMOHHOE IMpeAlpUHUMATE b~
ctBo» (Boponex, 2013); koudepenunn «1HHOBalMOHHBIE TEXHOJIOTHH B CHCTEMax
TeruiorazocHa0xeHus» (Boponex, 2012); mexayHapogHONH Hay4yHOH KOH(epeHLUH
«I'pamocTpouTeNnbCTBO, HHPpPACTPYKTypa U KOMMyHUKauun» (Boponex, 2014); XXI
International Scientific Conference «Energy Management of Municipal Facilities and
Sustainable Energy Technologies EMMEFT 2019» (Voronezh, 2019); XVI mexnyna-
POHON MEXBY30BCKOH HAYYHO-TPAKTHUYECKOW KoH(pepeHIUH «CTpPOUTETBCTBO —
dbopMupoBaHue cpenbl JKu3HemesTenbHOcTH» (MockBa, 2013); Bcepoccuiickoit
Hay4YHO-TIPAKTUYECKOH KOH(EPEHLHH C MEXIyHApOAHBIM ydacTheM «MartemaTtuye-
CKO€ U 3KCIIEpUMEHTAIIbHOE MOJEIUPOBaHue GU3UYECKUX npoueccoBy (bupobumxaH,
2022); MexxayHapoAHOH HAayYHO-TeXHHUYECKOH KOH(epeHIIUH, ocBsmeHHoi 170-1e-
Tdro co aHs poxaenus B.I'. [lyxosa (benropox, 2023); LXXVIII MexayHapomHoi
Hay4YHO-IIpaKTUYeckoi KoH¢pepeHunu «Apxurekrypa. CtpourtenscTBo. TpaHcmopr.
OxoHoMuka» (Cankt-IleTepOypr, 2024); II MexayHapoaHas Hay4dHas KOH(EpPEeHLUS
«Civil, Industrial and Urban Construction» (Cankr-IletepOypr, 2025).

3aMeuaHus N0 JUCCePTALHI

L, 13 paboTel He ICHO Ha CKOJIBKHX JIeJOBBIX apeHax MpOBOJUIUCE UCCIIe-
NOBaHUS?

2. He moxer ObITh pelienueM crenentoro ypaBsHenus (1.27) na crp.47 npobb B
1-o0i1 crenenu (3aBucumocTh (1.28)), X0Ts pe3yabTaT MOACTAHOBKH B popmyisl (1.29)
u (1.30) 3anucan BepHO.

3. IIpu noctpoeHuu npoieccos 00padoTku Bo3ayxa Ha [-d-nuarpamme ucmonb-
3yeTcs IoJIHas TeIlloTa, MO3TOMY clefoBano Obl noapoOHee 00BACHUTH, TOYEMY B
¢opmynax (1.32)+(1.34) Ha cTtp.51 u 52 HanucaHbl HEe SHTAJIBIIUH, @ TEMIIEPATYPbI?

4. Ilpn aHanu3e YUCIEHHOIO MOJEJIMPOBAaHMs BBINAACHHUS KOHJAEHcaTa Ha I10-
BEPXHOCTH NepeKpbITUs Ha puc.2.16 u 2.17 HeoOX0auMO yKa3aTh Mepuo rojaa, xapax-
TEPUCTHKH HApYKHOT'O KITUMaTa U CONPOTHBIIEHUE TEIIONEPEAadyl KOHCTPYKLIMIA 3/1a-
HHUS JI€JOBOM apeHEl.

5. Yucno IIpanaris Pry=0,71 npu Temneparype Bozayxa t,=20°C, noaromy cie-
A0BaJI0 Obl OLEHHUTD [TOIPEUIHOCT Pe3yIbTAaTOB MPH UCIOJB30BAaHUH dTOTO 3HAUEHHUS
B hopmyite (3.10).



6. [Ipu rccen0BaHUSX TeMIEPaTyphl BHYTPEHHUX 3JIEMEHTOB U OTPaXKAA0IINX
KOHCTpYKLU# nenoBoi apensl TerosusopoM NEC TH 7700 (Smonus) puc. 4.1, nac-
TIOPTHBIHA IHana3oH uaMepeHuit koroporo ot +20°C no +250°C, aBrop He yKasal To4-
HOCTh H3MEpEeHHsI TeMIlepaTypsl noBepxHocter Huxke +20 °C B Tabi. 4.1.

7. ABTOp He NPUBEJ OL[EHKY TOYHOCTH 3aBUCUMOCTH (5.24) Ha cTp. 201, Tak Kak
qrcyto JIplonca BBIMOTHAETCS IPU MOJIIPHOM TEIIOMaccoOoOMeHe.

8. B pabote HeT 0OBACHEeHNIT, MOYeMY IPU ONpPe/EICHUH COOTHOILEHHH perup-
KYJSILIMOHHBIX PacXo/I0B BO3/1yXa B 3aBUCUMOCTAX (5.27) +(5.30) ucnons3yrorcs 00b-
&MHBIE YaCOBBIE PacXo/Ibl IPUTOYHOrO BO3yXa Ha 1-0M M 2-0 CTyIIeHSAX pelHpKyJis-
L[MH, & He MAcCOBBIE YaCOBbIE PacXo/bl, XOTS BBILIE YTBEP)KAAIOCH, YTO OHU MMEIOT
pa3HbIe TeMIIepaTyphl?

9. B ta6:.5.2 Ha c1p.204 xmoueBsle Touku C; u C, ans onpezesieHus 3Hepro-
cOepexxenus Ha puc.5.3 umetot 3HaueHus C; =+0,7°C, C,=+3,5 °C npu HOpMaTHBHOM
TEMIIepaType Hapy»KHOTo Bo3ayxa t; = -26°C, xakoBa Oyner 3¢(eKTHMBHOCTb Ha
puc.5.3 npu Apyrux napaMmerpax Hapy>KHOro Bosjayxa?

10. B pabote uMerotcs nocagueie opdorpadhuyeckre OIUOKA U OTIeYaTKH:

- Cniicok nuTepatyphl 0pOpMIIEH HEKOPPEKTHO: CM. 11.28 U 11.59;

- Ha puc.2.10B nmokasaHo pacrpezesieHre BIarocoaepKaHus 1o BbICOTE, a OANHCAHO
BJIQ)KHOCTH;

- B pa3HBIX IIaBaX OJHM M T€ e XapaKTepUCTHUKHA 0003HA4YAIOTCS Pa3HBIMHU CHMBO-
JaMH: B TJIaBe 2 CHMBOJIOM t B 3aBUCHUMOCTAX 0003HaYaeTCsi BpeMs, CAMBOJIOM T —T€H-
30p HaNpsDKEHMI; B Ii1aBe 3 CUMBOJI t —3TO TeMIlepaTypa, T— BpeMs U T.1.;

- B hopmynax (3.3) u (3.8) pasmepHOCTH B KKaJ, a B popmyrnax (3.2), (3.4), (3.5) B Br;
- B IepBOe ypaBHeHHe cUcTeMsbl (5.1) Ha c¢Tp.185 mo/bKkHA BXOAMTH ITOJIHAs TEIJIOTa, a
He sIBHAs, KaK HaIlMCaHO B paclIu(poOBKE CHMBOJIOB;

- BTOpoe ciaraemoe B hopmyie (5.8) Ha cTp.192 He UMeeT 3as1BIIEHHON pa3MEpPHOCTH;
- B dopmyne (5.56) Ha cTp.206 pa3sMEpHOCTH TEIUIOEMKOCTH TEIJIOHOCUTENS B
kJx/(c - Kr);

-Hapuc.5.13 u 5.14 va cTp.215 u 216 HanpaBlieHHE CTPENIKH BEHTUIIATOPA IPUTOYHOMH
YCTaHOBKH JOJDKHO OBITH B IPYTYIO CTOPOHY.

3ak/Il0ouYeHHe
JluccepTanys BBINIOJIHEHBI HA JOCTATOYHO BEICOKOM TEOPETUYECKOM H IKCIIEPU-
MEHTAJIFHOM YPOBHE, MOJIy4YeHHBIC pe3y/IbTaThl 00Jadat0T HEOOXOAUMBIMH NPU3HA-
KaMM HAay4YHOM HOBHU3HBI U MPAKTHYECKOW 3HAYMMOCTH. B Hel H3/105KeHbl HAy4HO
000CHOBaHHBIE TEXHHYECKHE H TEXHOJOTMYECKHE PellieHus, BHeAPEeHHEe KOTOPbIX BHO-
CHUT 3HAYMTENIbHBIN BKJIaJ B pa3BUTHE OTpaCiell CTPOUTENLCTBA U SHEPIreTUKHU B YaCTH
CHIDKEHHsI SHepros3arpar Ha obecrnedeHHe 3aJaHHBIX MapaMeTpOB MHUKpPOKIMMAaTa U
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noznepxaHus TpedyeMbIX yCIOBUi 9KCILTyaTallMHy TOMEIeH . BolbIHHCTRO paspa-
0OTOK JMCcepTalMy MPEeACTABISIOT OYEBUAHYIO LEHHOCTH VIS PasBHTHs y4eOHBIX
AUCLMILIMH 10 HanpasieHU0 «CTpouTenscTBO». O003HaYEHHBIE LEIU U 3a1aud Hc-
C/ICIOBAHUS TOCTUTHYTBI, [10JI0)KEHHS, BHIHOCUMBbIE Ha 3aIlUTY, JOKa3aHbl.

HAuccepraunonnas padora Uyiikuna Ceprest BiaquMupoBida BIseTcs 3aKOH-
4CHHON Hay4HO-KBaIU()UKALMOHHON PaboTOii, BHIIOJIHEHHOM CAMOCTOATENBHO. Jluc-
cepTauus «MeTo0I0rHs Co31aHus CHCTeM 00ECIIeYCHNsS MUKPOK/IMMATa B YCIOBUSX
(a3oBbIX MpeBpalleHNi B IIOMELIEHUH» OTBeYaeT TpeGoBaHusaM I.i. 9-14 «Iloosxke-
HUSA O TIPUCY)KACHHUHU YHEHBIX CTCHCHEN», IPEAbABIAEMBIX K JUCCePTALMAM JOKTOpA
HayK, COOTBETCTBYET MNAaclopTy Hay4HOM creuuansHocTd 2.1.3. TemnocuabxeHue,
BEHTUISILMS, KOHAHLIHOHUPOBaHHE BO3/1yXa, Fa30CHA0KEHNE U OCBEILCHHUE, a €€ aBTOp
Yyiikun Cepreit BranuMupoBud, 3aciyKuBaeT MpUCYKISHUS y4YEHOU CTEeNeHu JI0K-
TOpa TEXHHYECKUX HayK.

OdunmaneHbIi OMITOHEHT,
JAOKTOp TEXHHYECKHUX HayK, podeccop,
yieH-koppecnonaeHT PAACH A bz, 4 KoueB Anekceit ['enHaaneBuy

Hoxmucs npodeccopa Kouepa Anekcest ['enHanbeBuua 3aBepsio.
[IpopexTop no Hay4HOM paboTe
OI'bOY BO ((HPI}Kel"Op(} KM,

0CYyAapCTBEHHBIN
apXHUTEKTYPHO-CTPO CHUTET»,

HJOKTOp TBXHH‘IGCK?

: & ~—=>- Monnu JImutpnit Buxroposuy
« 27 » HKHS 02580, 2 oD
e
603950, Poccus, Huxuuit HoBropon, yiu. Unbuuckas, 1.65,
DI'BOY BO «Huxeroponckuii rocy 1apcTBEHHbIN apXHTEKTYPHO-CTPOUTEbHBIH
yuusepcure» (HHIACY).

Ten./pakc: 8 (831) 434-02-91/ 430-53-48, e-mail: srec@nngasu.ru

Koues Anexceii ['ennabeBuy — wieH-koppecrionieHnT PAACH, 10KTOp TeXHHYeCKHX HaykK, nnpogec-
cop, 3aBenyromuii kapenpoit «TemnorasocHabxenuey, peaepaibHOe rocyIapCTBEHHOE GIOKETHOE
o0pasoBaTe/bHOE Y4peKIeHHE BhICIIero oGpasoBanus «HUKEropoJcKumii rocy1apeTBeHHBI apXu-
TEKTYPHO-CTPOUTENbHEIH YHUBEpcUTeT». [TouToBsIi agpec: 603950, r. Hixuuit Hosropos, yi1. Mib-
uHCKad, 1.65, I kopmyc, ayn. 217; ten. (831) 433-45-35; e-mail: tgs@nngasu.ru. Hayunas crewu-
AlIbHOCTB, 110 KOTOpOH 3anmmanacek auccepramus: 05.23.03. «TennocHabkeHne, BEHTHISIAS, KOH-
JHIIHOHHPOBAHHE BO3/1yXa, razocHabxenue u OCBCIIICHHEC ).



