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MATEMATUYHE MOJETIOBAHHSI CUCTEM TEPMOCTABIJII3ALIIT
HA OCHOBI ®A30BUX ITEPEXO/IIB

AHomauyis. Po3enadatlomscs cucmemu mepmocmabinisayii, OCHOBAHI HA BUKOPUCMAHHT NPUX0BA-
Hoi mennomu ¢a3o08020 nepexody, 01f 4020 8 MeNA03aXUCHUL Wap BHECeHT BKKYEHHSA THWOT
¢asu 3i cneyianbHo nidibpaHo memnepamypoto azo8020 nepexody. [ns po3paxyHKy noss
memnepamyp BUKOPUCMOBYBABCSA MeMOO 2PAHUYHUX eseMeHmis, a BK/KYeHHA THWOoi ¢a3u mo-
denosanuca moykosumu Oxepenamu menna. E¢pekmusHicmes 3anponoHoB8aHoz2o nioxody niom-
8epoXeHa pe3ybmamamu YucesbHUX PO3PAXYHKIB.

Knioyosi cnosa: mepmocma6inisayis, ¢pazosuli nepexio, Memoo 2paHuyHUx efeMeHmis, MoyKose
Oxepesio mensa, MameMamuyHa Mooesb.

Bceryn

PO3BUTOK CydyaCHOI T€XHIKM Ta TEeXHOJIOTil CTaBUTh Mepell TEOPeTUUHUMU Hay-
KaMM 4YMCIeHHi HOBI 3a7ayi, ajie, BOOHOYAC, i MPOLEeCH PO3BUTKY 3MYIIYIOTh 3 iH-
IIOTO TIOTJISIAY TTOAMBUTHUCS HA BXKe iCHYIOUi i mobpe Bimomi mpobaemu. IIpukinagom
TaKOi IMPUHILIMIIOBOI 3MiHM MOTJISIAY Ha BKe TaBHO iCHYIOUYy IMpo6IeMaTUKy Moxe 0y-
Ty MoaMdiKOBaHMI HUHI MiAXig OO0 MPOEKTYBaHHS Ta BUKOPUCTAHHS CUCTEM TE€PMO-
crabimizanii. TpaguiiiiHO cucTeMa TepMmocTabimisalii, To6TO cucTeMa 3axMCTy Bif
eKCTpeMabHMX TePMiUHUX BIUIMBIiB, OyJia CIIpsIMOBAaHA Ha IOIepe/isKeHHsT ab0 Hal-
MipHOTO HarpiBy, abo HaJMipHOIO OXOJIOIKeHHS BMpOOiB. Mawouyu Ha MeTi Mmomo-
JIaHHSI OHOTO JiMilie Pi3HOBMUY TEeIJIOBOrO BIUIMBY, (PAKTUUHO CTBOPIOBAINUCS CUC-
TeMM TEIUIOBOTO 3aXMCTy B PO3YMiHHi, pO3BMHEHOMY B 4yHoBiii cepii pobit 0. B.
ITonexkaesa [1 - 3], i B ibOMy HampsIMKY OyJIM TOCSTHYTI Bpakaioui yCITixu, 0COOIMBO
B 00J1aCTi TEIJIOBOTO 3aXMCTY anapaTiB paKeTHO-KOCMIYHOI TeXHiKM, IO CIYCKAITh-
cs (MMBUTBCS BXKe 3ramyBaHi po6otu 10. B. IMoneskaesa [1 - 3]). OgHak B maHuit yac, B
TepIry Yyepry, y 3B'I3Ky 3 ycIlixaMy 6i0TeXHOJIOTi, 3'IBWINCSI IPUHIMAIIOBO iHIII 3a-
Iadi, B IKMX TIOTPiOHO 3206e3MeUnTy TeIUIOBUI PeskMM BMUPOOY, 1[0 3aXUIIAETHCS, B
CTPOTO BM3HAYEHUX i JOCUTh ONM3BKMX MK COO0I0 TeMIlepaTypHUX MexKax. Binb-
IIiCTh TPaAMUIIHMUX CUCTEM TEIJIOBOT'O 3aXMCTY, OXOJIOMKEHHS Ta 00irpiBy BUSIBU-

JIACSI TIOTaHO IIPUCTOCOBAHI AJIs1 pO3B’SI3aHHS MOJiOHMX 3a7au.
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Cepell MPUHLMUIIIB TEIUIOBOTO 3aXMUCTYy, 10 BUKOPUCTOBYIOTBCSI B CYYacCHiit
MpaKTUIli, HalleeKTUBHIIIMMIM BBaXKAIOThCSI TEXHOJIOTii aKTMBHOTO TEIJIOBOTO 3a-
XUCTY, SKi IPYHTYIOTbCS Ha MIPUXOBaHil TerioTi ¢a3oBux repexois. Llimkom mpu-
PO HOI0 BUAAETHCS i/iess BUKOPUCTOBYBATU TaKuii IPUHLIUIT Y HOBUX CUCTEMaxX Tep-
MocTabimisarnii y By3pbKOMY fIiama3oHi TemIiepaTtyp. i IIbOrO B TeIUIO3aXMCHUIA
map CJi BHeCTM BKIIOUEHHS iHmoi ¢asu 3 TeMIiiepaTypoio ¢a3oBOro mepexomy,
6/IM3bKOI0 0 OAHi€l 3 r(paHMYHMX TeMIIepaTyp HeOOXiTHOTO /ialta3oHy.

3araspHa MOCTaHOBKA 3aj4ayvi Ta ii aKTyaJIbHICTh

Po3rissHeMO JIeSIKy CUCTEMY, IO 3aiiMae 3afaHuit 06’eM i moTpedye MmiaTPUMKIU
TeMIepaTypu B 3aJaHOMY Jialla30Hi, HAIIPUKJIAI, CXOBUIIE 6i0J0TIiYHMX MaTepiaJiiB.
[Ipn KOpOTKOUAaCHMX HebakaHMUX TeIUIOBUX BIUIMBAX CUCTeMi MOske OyTHM HaHeceHa
MeBHA IIKO/a, TOMY JaHa TeXHOJIOTiYHaA cucTeMa IMOBMHHA OYTH JOYKOMILJIEKTOBaHA
CUCTEMOI0 TEeIJIOBOTO 3aXUCTY, a IJIs1 JOBrOTPUBAINX HETATUBHUX TePMiUHUX BIJIU-
BiB HEOOXiJJHO 3aCTOCOBYBAaTM CTaHAAPTHI 3ac00M OXOJOMKeHHSI/06irpiBy. Cucrema
TEIUIOBOT'O 3aXMCTY, YKOMIUIEKTOBAaHA 3aCcO6aMM JIOKAJIbHOI'O ITOIIMHAHHS TEIIOBUX
TIOTOKIB, Ipalllo€ K CUcTeMa TepMmocTabinisaiii. O6MekeHa KiJIbKiCTh 00'€KTiB iH-
moi ¢asyu Mae 6yTM BHECEHA B TEIIO3aXMCHUIA IIap, Py IIbOMY 00'€KTH iHIIOi a3y
MaloTh OYTM JOCUTh MaJli. 3ajjlaya BMOOPY MiCIlb PO3TAIlyBaHHS PO3T/ISTHYTUX BKITIO-
YyeHb Ta iX Tertodi3suyHuX mapamMeTpiB € JOCUTH HETPUBiIaJIbHOIO i MPU3BOIUTH J0
iCTOTHMX MaTeMaTUYHMUX TPYAHOIIIB. [JOLibHUM OyIe TmepeayBaHHS PO3IISIY 3a-
3HAQUYEHOI MOBHOI 3a4aui pO3BUTKY METO/iB PO3PaxyHKYy I0JIiB TeMIIepaTypu B CUC-
TeMax TepMocTabii3amii Ha ocHOBI (pa30BUX IepPexXomiB, IO i € MpeaMeTOM TOCJIi-
IDKeHb 11iei poboTH.

BUTOKYM nOCTia)KeHHSI aBTOPiB

KiacuyHa Teopis cuCTeM TEIUIOBOrO 3aXMCTY ByKe JaBHO po3pobJieHa Ha JI0-
CUTb BUCOKOMY HayKOBOMY piBHi [1 - 3]. OgHaK omycaHi BUIlle CUCTEMMU TepMOCTabi-
Jizanii Bce IIe 3HAXOISAThCS Ha CTafii po3poOKM i He cTalyu HmpeaMeTOM CKiJbKMU-
HeOyIb MOMITHMX My6JIiKalliil. 3 iHIIOro 60Ky, SIK 3ragyBajoCs paHille, FreOMeTPUYHi
pPO3Mipy BK/IIOUEHb iHIIOi a3y iCTOTHO MeHIlle po3MipiB 00'eKTa B IIJIOMY, 110 TO-
poOJI>Kye OGaraToMacIITabHy 3aJady 3 yciMa TpymHOIIaMM, IPUTAMAaHHUMM PO3B'S-
3aHHIO TaKUX 3a/ay.

[lIo6 momosiaTy TPYyAHOIII, ITOB'I3aHi 3 6araToMacuITabHMM XapakTepoM 3aja-
yi, TeruioBi edeKTH BKIIOUYEHDb iHINOI a3y MOIeNI0BaIMCSI TOUKOBUMM IKepeiaMu
Teria, a Jjisl PO3PaxyHKy I0JIs1 TeMIlepaTyp 3aCTOCOBYBABCSI METO/I, TPAHUYHUX eJie-

MEHTIB [4 - 7], IKMi1 JIEeTKO BpaXOBY€ HAsIBHICTb TOUYKOBMX AyKepesi Teria [8].
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MeTa poo6oTn

Ha migcTaBi BUIEBUKIAZEHOTIO JOCUTh IIPOCTO BKAa3aTy METY POOOTH SIK ITOOY-
OBy MaTeMaTMYHOI MOZesi Ta IMOJasabIlly PO3pOOKY METO[iB PO3paxyHKy CUCTEM
TepMOCTaTyBaHHS, 3aCHOBAaHMX Ha e(eKTi MpuxoBaHOi TerioTu ¢ha30BUX ITepexoIiB
JIOKa/Ti30BaHMUX BKJIIOUEHbD iHIOi (a3u.

MaTemMaTYHa MOJeIb CMCTEMM TepMOCTabimizaiii

Po3risiHeMo moJjie TeMIlepaTyp Yy TeII03aXMCHOMY ITOKPUTTi. BBaxkaemo, 1110
cucTeMa TepMocTabinizalii mpairoe HaJIeXXHMM UYMHOM, a 3aJaHMii Tialla30H TeMIIe-
paTyp Takuii, 10 Teriodi3MuHi BJaCTMBOCTI MaTepiasy Terio3axmuCcHOro MOKPUTTS €
craauMmu. Toxi

oT (T &'T o°T) U

=da + + + (7)0(X,X;,Y,Y:,2,%;), 1
P R R ;ql(r)( i YsYi>2:21) (1)

e 7 —d4ac, d — Koe®illieHT TeMIiepaTypOIpOBiAHOCTI, X,y,Z — IMPOCTOPOBI JeKap-
TOBi KOOpAMHaTy, & - QyHKUis Jlipaka, q; — QyHKUii iHTeHCUMBHOCTI IpKepe, SIKi
JIOKJIAIHO PO3IJISTHEMO HIDKUE.

PiBHsHHS (1) Mae OyTM OOIOBHEHE MMOYATKOBMMM Ta TPAaHMUHMMM YMOBaMM.

He 3MeH1IyI0uM 3arajbHOCTi, MOKHA ITOKIACTH
T(z=0)=T,, Ty, <Tp <Tp , (2)

ne Ty = const ; Ty, T, — HVKHS Ta BepXHS MeXi 3aaHOTO [{iania3soHy TeMIeparyp.

I'paHMYHi YMOBM Ha 30BHIIIIHii TOBEPXHi TEIJIO3aXMCHOIO Iapy MOXYTb OyTU
3ajaHi OyIb-SIKOI'0 3 OCHOBHUX TPAAUIIiiHMX TUIIIB - M€ PIIOro, IPYyroro abo TpeTbo-
ro poay (3apaay CTUCIOCTi, HABOOUTH iX TYT He Oymemo). Ha BHYTpilllHiii ITOBepxHi
TeII03aXMCHOTO IIapy MOBUHHI OYTH IMOCTaB/IeHI YMOBM CIIOJIYYE€HHS 3 T10JIeM TeM-
repaTypu Tila, 10 3aXMUIIAe€ThCs. s Toro, mo6 MocTaBUTK Taki YMOBMU, CJTif, pO3T-
JSIHYTU MOXJIMBY TeIuioi3auuHy TPUPOAY Tija, IO 3axXMUIIAETbCS. SIK MpaBuMio,
00'eKT, 110 3aXUIIAETHCS, SIBJISIE COO0I0 CKIAMHY CTPYKTYPY 3 OUCKPETHOIO MPUPO-
II010, HATIpUKJIaJ, eJeKTPOHHI MPUCTPOi, 1[0 BUKOPUCTOBYIOTHCSI Y BUCOKOTEMIIepa-
TYPHOMY CepeJlOBUIIIi, piflie BHYTPIIIHS CTPYKTypa JOCUTH OJHOPigHA, HAIPUKIIAZ,
6iosioriuHi MaTtepiann. Y 6yab-sIKOMY BUIIA[IKy, PO3B’SI3aHHSI 3a7adi TepMoOCTabiIi-
3allii CITiIBHO 3 3a7jauel0 TeruioMacooOMiHy BcepeauHi 006J1acTi, 10 3aXUIAETHCS,
MOB's13aHe 3 MPAaKTUYHO HeIepebOpHUMMM O0UMCTIOBAIbHUMM TpygHOomaMu. Tomy
MIpU YMCEeTbHOMY aHaJsli3i poboTH cucTeMM TepMocTabiizallii Jo1iIbHO BUKOPUCTO-
BYBaTH [IBi TpaHMYHI MOeJIi Tijla, IKe 3aXUIIA€ThCSI: TBEP/IE TiJIO 3 mesiKoio e(heKTu-

BHOIO TEIUIONIPOBiIHICTIO i iHTerpaabHy TEIJIOEMHICTD 3i CTaJI00 32 06’eMOM TeMIIe-
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paTypolo, 110 XxapaKTepHO, HaIlpMKJIad, sl TlepeMilllyBaHUX pigKux abo rasoropio-
HUX CcepeloBull,. s uX OBOX BUITAAKIB IPAaHMYHI YMOBM Ha BHYTPIIIHI ITOBEpXHi
TeII03aXMCHOTO IIapy CTaB/SITbCS OUYEBUAHMM UYMHOM: YMOBM YETBEPTOTO POLY
(YMOBM ifea/JibHOTO TeIJIOBOTO KOHTAKTY) y IMepIIOMYy BUIIa[Ky Ta yMOBa MepIIOro
pony — y apyromy. CaMe Ha BHYTPILIHil TOBEPXHIi TEIUIO3aXUCHOI CUCTEMMU CJIif, CTa-
BUTU IIiTbOBI YMOBM TepMocTabinisarii (1o mocTaHOBKM KpaioBoi 3amaui mjis pis-
HSHHS (1) 1Ii yMOBM BiTHOIIIEHHS HE MalOTh, ajle BOHU € KPUTEPieM aHaJli3y pe3yiib-
TaTiB PO3B’SA3aHHS 3a3HAUeHOi KpaioBOl 3ajaui, B KiHIEBOMY IMiCyMKy IIiJIbOBi
YMOBM CJIY>KaTh [IJI1 palliOHAJIbHOTO BMOOPY IapaMeTpiB CHUCTEMM TepMocTabimisa-
1ii). IisbOBi yMOBY MOXYTb OyTM ITOCTaB/IeHi Pi3HUM UMHOM: 32 CYMapHUM TeIIo-
BMM IOTOKOM, 38 MaKCMMAa/JIbHOIO TeMIIepaTypol0 Ha JlaHiil rpaHuili, 3a cepegHbOI0
TeMIIEPaTyPOIO Tijia — 3aJI€KHO Big 00'€KTa, 10 3aXUIIAETHCSI.

[ToBepHiMOCS A0 I>Kepe/bHUX UjeHiB y piBHSHHI (1). I KOXKHOrO 3 IKepe
BBeJeMO Temreparypy dasosoro mnepexony, T, ,; 6mmsbky go T, abo Tup. Tomi

BM3HAUMMO iHTEHCUBHICTb IKepea SIK

q; = (T(Xi’yi’zi) - Tp.t.i)ai’ 3
ne T(x;,y;,z;) — TeMIlepaTypa B TOYLli PO3TalllyBaHHS JKepena; ¢; — KoeQillieHT,
SIKMJi BU3HAUYAEThCSI eMIIpUYHO ab0 TeopeTndHO. KoedilieHT ¢; MOXKe 3MiHIOBaTUCS
y vaci 3ajeskHo Bin mepemicTopii HarpiBy/oxooaykKeHHsI, KpiM TOTO, 1ieit KoedilieHT
3aJIeXXUTD Bifl KOHCTPYKTUBHMX 0COO/IMBOCTel BKIOUeHHsT Q;. BBememo 1ie cymapHy

TeIJIOEMHICTh BK/II0OYeHHS. OUueBUIHO, 110
dQ; _
dr

a came Q; mae Jesike IMovaTKoBe 3HaueHHs1 Q;, . [Tic/a Toro, Ik 3HaYeHHsa Q; J0CsAr-

_ql' ) (4)

He 0, mKepesno/cTik nepectaHe QyHKIIIOHYBaTH.
MeTon po3B'sa3aHHS 3aJavi

[TeperBopuMO piBHSIHHS (1) y TpaHMYHe iHTerpajibHe PiBHSIHHS Teopii MOTeH-
uiany. [TonmepenHpo 3a3HaUMMO, 10 PiBHSIHHS (1) 3a CTPYKTYPOK He MOXXHA KJIaCu-
dixkyBaTu gk OyAb-sike 3 KIACUMUYHMX PiBHSIHb MaTeMaTuuHoi (ismku. [ilicHo, mo
IKepesIbHOTO WwieHy piBHSIHHS (1) BXOAUTH Jesika (YHKIIisI, JIOKa/lli3oBaHa Ha IMC-
KpeTHOMY HocieBi. ToMy 3a0BONMBHITUMEMOCS KJIaCMYHUMM (DyHIaMeHTaIbHUMMU
PO3B’sI3KaMM PiBHSIHHSI TeIJIONPOBiAHOCTI, Y IVIOCKOMY BUIAIKy

1 (x=x0)" +(y - ¥p)*
t,7,X,X9,Y,Yp) =——————eXp| —
Po(t,7,X,X0,Y,Y0) dra(t—r) p da(t - 1)

©)

1y IpOCTOPOBOMY BUMAIKY
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1
(Po(t,T,X,Xo,y,yo,Z,Zo): X
(1/47ra(t —z‘))3
(6)
2 2 2
X eXp (X =x)"+ (Y —Yo) +(2—2p)
4a(t—7)
Togi (o1 BU3HAUEHOCTi BUKOPUCTOBYEMO MMPOCTOPOBUIA BUMAIOK) [4 - 5]
t
0T (z,x,Y,2)
T £,X9,Y0,%0) = L,7,X,Xy,Y,Y0,%,Z —— 222228 XY,z dT —
(t,X0,Y0,20) t{g%( 0¥ Yo 0) on(x,y,2) (X,Y,2)
t
- [[[T@,%,y,2) BT X%, Y:Y0:220) g, y, 2)dT +
T on(x,y,z) 7

+ J‘J.J.T()(X,y,Z)¢0(t,t0,X,Xo,y,yo,Z,ZO)dXdde+
D

M t
+ zai _[Qi(f)(ﬂo(t:Taxi’XO:YiaYOaziaZO)dT .
i=1 ¢,
Ilo 5k 10 MEeTO/iB UMCEeTbHOTO PO3B’sI3aHHS PiBHSIHHSA (7), TO MOXXHa 6e3 oOme-
’KeHb 3aCTOCOBYBATU CTaHOAPTHY MpPOLIEAYPYy METOAY T'PAaHUYHUX eJIeMEHTIB, OIN-
caHy B MoHorpadisx [4 - 5]. OgHaK HasIBHICTb JkKepebHOr0 UleHy, [0 CKIaJaeThCs
3 TOYKOBUX JKepesl, BHOCUTb 3MiHMU Yy 3aTaJibHY CTPYKTYPY MPOLleAypy PO3B’SI3aHHS.

Ha mnepummii mor/sj, BpaxOBYIOUM JHIMHICT 3a TeMmepaTypor T; CIiBBiZHO-

1eHsb (3), MOKe 30aTHUCS, 1[0 HaBeJeHa 3aJa4ya TaKoX JiHiiiHa B mocTtaHoBI (7). Of-

Hak lle He Tak 4yepe3 oOMexeHHs B pobori mkepena (0 < Q; < Qyy), i 4yepe3 3amex-

HICTb IHTEHCUBHOCTI Aykepena Bing Temnepatypu. CripaBa B TOMy, 110 TeMIlepaTypa
T:

: B (3) i, BigmoBigHoO, B (7) — 1e QiKTMBHA TeMIlepaTypa, sika OOUMCIIOETHCS 3a Tpa-

BUJIOM: JI)KepeJIo He BIUIMBAE Ha IoJle B TOYIli, Aie BiH 3Haxoautbcs. Temmnepatypa T;

JIETKO 3HaXOIUThCS 3a hopMysioro (7), SIKILO BUKIIOUUTY { -€ JIKepesio.

MoOsKIMBI TpU MiAXOAM OJis1 KOPEKTHOTO BpaxXyBaHHS JKepe/bHUX ujeHiB y (7).
[Mepmii i HaOiMBIT OYEBUIHMIA: 3MEHIIUTM KPOK 3a YaCOM Y ITOKPOKOBOMY (3a ya-
COM) Mpolieci po3B’si3aHHs piBHSIHHS (7) IO TAKOTO 3HAUYEeHHS, 100 Y (3) MoskHa OY10

3 IPUMHATHOIO TOYHICTIO KOPUCTYBATUCS 3HAUeHHSAM T 3 IoInepesHboro 4acoBOro

wapy. Ipyruii croci6 nossrae y BKIOYeHHi 10 CIMCKY HeBimoMux Temneparyp T; i
IO CUCTeMM PiBHAHb M [OJATKOBUX PIBHAHb I (Xg,Yq,Zg) = (X;,Y;,%;) . Takuii
IiAXig He mepeBM3Havac CUCTEMY, ajle il *CyTTEBO IICye” BJIaCTUBOCTI MATPUILi CHC-
TeMM JiHiTHUX anre6paiuHuX PiBHSIHb Ta, MIMOBIPHO, MOTipIITY€E TOYHICTb PO3paXyH-

Ky. Haperrri, Tpetiit nepen6avae TpaKTyBaHHS JIKepeIbHOTO UJieHa SIK HeJTiHiifHOTO
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3 OpraHi3alli€o iTepaliiHOro mpoilecy Ha KOKHOMY Kpolli 3a yacom. OCTaHHi mifj-
XiJl HaOibI yHiIBEepCcaabHMIA, ajie i HaltOiIbIl BUTPATHMI 3 00UMC/TIOBAIbHOI TOYKM
30py.

AHaji3 oTpMMaHMUX pe3yJIbTaTiB Ta BUCHOBKM

3amponoOHOBaHMII BUIlle ITiAXiA € MaTeMaTUUHOI MOE/UII0 i BiAIIOBigHOIO i
PO3paxXyHKOBOIO CXEMOIO CUCTEMM TepMOCTabimi3allii, 3aCHOBaHOI Ha IMPUXOBaHi
TeryoTi (pazoBoro nepexoxdy. Ha skanb, oTpyMMaHi pe3yibTaTy YMCeNbHUX PO3paXyH-
KiB He BAAJIOCS IiATBEPAUTU Hi MOPIBHSIHHSM 3 aHaJITMYHMMM pe3yJbTaTaMu, Hi
TIOPiBHSIHHSM 3 eKCIIepMMEeHTa/IbHUMM JOC/iIKeHHSIMM, Hi 3 podoTaMM iHIINX aB-
TOPiB, OCKiIJIbBKM OCTaHHi ITPOCTO He 6yJI0 3HaiIeHO0. 3i 3pOCTaHHSIM KiJIbKOCTi BKITIO-
YyeHb MaTepiasl TeIJIO3aXMCHOTO MIapy MOYMHAE OYTM CXOKMM Ha TeTeporeHHe cepe-
JIIOBUILLE, 10 BCEJISI€ HAJlil0 HA MOSK/IMBOCTI MOPIBHSHHS 3 aCUMIITOTUYHUMU Pe3yJib-
TaTaMMu.

[TepcrieKTMBY MOAAJIBIINX OOCTIIKEHD I[IIKOM OY€BMAHI Ta IOB'SI3aHi 3 ONTU-
Mi3alli€io cucTemM TepMocTabinizaliii, 3acCHOBaHMX Ha IMPUXOBaHil TeIIoTi (a3oBuUx
repexo/iiB. BuKoHaHi po3paxyHKM MiATBEP/IsKYIOTh BUCHOBOK PO BUCOKY eeKTUB-
HICTb TAKOT'O MiIXOY.
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Mathematical modeling of thermal stabilization systems
based on phase transitions

At present, first of all, due to success of biotechnologies, tasks have arisen in which it is re-
quired to ensure the thermal regime of the protected product within strictly defined and fairly
close temperature limits. Most traditional thermal protection, cooling and heating systems have
proven to be ill-suited to such tasks. Among the principles of thermal protection used in modern
practice, active thermal protection technologies based on the latent heat of phase transitions are
considered to be the most effective. It seems to be quite natural to use the same principle in new
thermal stabilization systems in a narrow temperature range. To do this, sufficiently small inclu-
sions of a different phase with a phase transition temperature close to one of the limiting tem-
peratures of the required range should be introduced into the heat-shielding layer. As the geo-
metric dimensions of the inclusions of a different phase are significantly smaller than the di-
mensions of the object as a whole, a multiscale problem is generated with all the difficulties in-
herent in solving such problems. To overcome the difficulties associated with the multiscale na-
ture of the problem, the thermal effects of inclusions of a different phase were modeled by point
heat sources. The thermophysical properties of the heat-shielding coating material were assumed
to be constant due to the narrowness of the considered temperature range. Boundary conditions
for the heat equation at the outer boundary of the heat-shielding layer were set of the first, sec-
ond, or third kind. On the inner surface of the heat-shielding layer, conditions were set for conju-
gation with the temperature field of the protected body. In this case, two limiting models of the
protected body were considered: a solid body with some effective thermal conductivity and an
integral heat capacity with a temperature constant over the volume. In the first case, the condi-
tions of the fourth kind were set, and in the second, the condition of the first kind. To calculate
the temperature field in the system under consideration, the boundary element method was
used, which easily takes into account the presence of point heat sources. Thus, a mathematical
model and the corresponding calculation scheme of the thermal stabilization system based on
the latent heat of the phase transition were constructed in the work. The obtained results of nu-
merical calculations could not be confirmed either by comparison with analytical results, or with
experimental studies, or with the works of other authors, since the latter were not found. With an
increase in the number of inclusions, the material of the heat-shielding layer begins to resemble
a heterogeneous medium, which inspires hope for the possibility of comparison with asymptotic
results. Prospects for further research are related to the optimization of thermal stabilization
systems based on the latent heat of phase transitions. The illustrative calculations carried out
confirm the conclusion about the high efficiency of this approach.
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Bbpaszanyk Onekcanzap KocTSIHTMHOBMY - acIipaHT Kadeapu aeporigpomexaHiku
Ta eHepromacornepeHocy, [IHINpOBCbKMIT HalliOHAJIbHUII YHiBepcuTeT iMmeHi Omnecst
F'oHuapa.

Bbpasanyk I0iis BosogumupiBHa - noieHT Kadeapyu aeporiipomMexaHiky Ta eHep-
romacoriepeHocy, JIHimpoBCbKMI HallioHaIbHMI YHiIBepcuTeT iMeHi Osecst ['oHuapa.
I'y6in Onexkcauap IropoBuu - noueHT Kadeapyu aeporigpomexaHiky Ta eHeproma-

cornepeHocy, JIHITpOBChKUIT HalliOHA/IbHMI YHiBepcuTeT iMmeHi Onecs ['oHuapa.
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