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Pesztome. Llensv. Llenvio uccredosanus A6usemcs MOOeIuposanue menio@uuieckux npoyec-
€08, NPOUCXOO0AWUX NPU NPOBEOCHUU MENLOBbIX Ne4eOHbIX Npoyedyp HA CMONY ¢ UCNOTb308AHUEM
MEeXHUYecKo20 cpeoCcmaa, 8 KOMopom 6 Kauecmee UCMOYHUKA Menia U Xoa00a GblCmynaem mepmo-
anexmpuyeckas oamapes (TOB). Memoo. Paspabomana ¢puzuueckas mooenb meniogoco 6030el-
CMBUs. HA CMONY NOCPeOCMBOM YCMPOUCMEA, UCNOTHUMENbHBIM dNeMEHMOM 68 KOMOPOM AGNAemCs
mepmosniekmpuyeckas bamapes. Paccmompenvt paznuunvie sapuanmul npogederusi npoyeoyp, omiu-
yarowuecs: 30HOl Meni06020 B030eUCMEUs, a MAaKxHce HATUYUeM U OMmCymcmeuem epanyisama. s
Haubonee 0bwe20 Cyuas co30aHaA MamMeMamuyeckas Mooeib, NOCMPOEHHAs HA OCHOBe YUCTIEHHO20
peutenus HeCmayuoHapHoU 3a0a4u MenionposoOHOCMU CIOUCMOU cucmeMmsl. B kauecmee yucnennozo
Memooa peuienus cucmemuvl OUPpepeHyuanbHblX ypagHeHull UCnoab308an memoo I arepkumna, xapax-
MepuyIOWUICs 8blCOKOU MOYHOCMbIO U d¢hdpekmusnocmoio. Pesynomam. [lonyuenvt epaguxu 3a6u-
CUMOCMU U3BMEHEeHUs MeMNepamypbl No MOIUWUHE CUCTIEMbL. YCIMPOUCME0 - CIONA NPU PA3TUYHBIX
BEUUUHAX MEN0B020 NOMOKA, UMEHEHUsI MeMNnepamypbl OMOeIbHbIX Yacmell CUCmembl 80 epeMe-
HU, pacnpeoeienuss memnepamypvl HO MOJWUHE CHONbL NPU PA3IUYHBIX BETUYUHAX CA2AeMO2o,
onpeoensiouje2o HeniomHOCMb ee KOHMAKma ¢ epanynamom. Beieoo. Paspabomannas mooens mep-
MOBNIEKMPUYECcKo2o ycmpoticmea 0Jia mennio8o20 6030elcmeus Ha 001acmb CHONnbl N0360.13em 6ce-
CMOpOHHE UCCIe008aMb NPOYeCcyhl Menio00MeHa npu npogedeHul Gusuomepanesmuyeckux npoye-
oyp, ocywecmeums noobop mepmodieKmpuieckol bamapeu ¢ mpebdyemviMu Xapakmepucmukamu, d
makoice Onpedenums pexrcumvbl pabomul npubopa. YcmanosnieHo, ymo npoooI*CUmMenbHOCMb 8bIX00d
8 CIMAYUOHAPHBIIL PECUM BCEX MOUeK CUCMeEMbl: NPubop - buonocuveckull 00veKm onpeoensem npu-
emaemble UHepYUOHHbLE ceoticmea ycmpoticmsa. [Ipu ucnonv3oeanuu npu nposedeHuu npoyeoyp 2pa-
HYIAIMA HeoOX00UMO yHUmuvleams nomepu MOWHOCMU NPU NOOOOPe PedCUMO8 NUMAHUS MePMOITIeK-
mpuueckoti bamape.

Kniouegvie cnosa: mepmosnekmpuieckoe ycmpoucmeo, Cmona, menionepeoaia, 0Xaajicoe-
Hue, Hazpes, MOOeilb, YUCIEHHbII IKCHePUMEHM
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Abstract Objectives. The aim of the study is to simulate the thermophysical processes occurring
during thermal treatment procedures applied to the human foot using a technical apparatus in which a
thermoelectric battery (TEB) acts as a source of heat and cold. Methods. A physical model of thermal
impact on the human foot is developed by means of a device whose actuating element consists of a
thermoelectric battery. Different procedural versions, varying by the zone of thermal influence as well
as by the presence and absence of granulates, are considered. For the most general case, a mathemat-
ical model is constructed, based on a numerical solution of the nonstationary heat conduction problem
of a layered system. As a numerical method for solving a system of differential equations, the Galerkin
method, characterised by high accuracy and efficiency, is used. Results. The graphs of the tempera-
ture variation dependency on the “device-foot” system thickness for various heat flow values are ob-
tained, as well as the temperature changes of system individual parts over time and the temperature
distribution along the thickness of the foot for various values of the summand determining the loose-
ness of its contact with the granulate. Conclusion. The developed model of a thermoelectric device for
thermal action on the foot area allows a comprehensive study of the heat exchange processes during
physiotherapeutic procedures to be be carried out, a thermoelectric battery with the required charac-
teristics to be selected as well as the modes of device's operation to be determined. It is established
that the duration of the steady-state output of all points of the “device-biological object” system de-
termines the acceptable inertial properties of the device. When a granulate is used during the proce-
dures, it is necessary to take into account the power losses when selecting the thermoelectric battery
power modes.

Keywords: thermoelectric device, feet, heat transfer, cooling, heating, model, numerical experi-
ment

BBenenne. B uenoBeueckom opranuzMe umeercs psq obiacteil, HaChIEHHBIX OMOJIOTHYECKU
AaKTUBHBIMU TOUKaMH. [IoMUMO cerMeHTapHBIX Ha Telle YeloBeKa UMEIOTCS pedIeKCOreHHbIE 30HBI,
COOTBETCTBYIOIIME MPOEKIUHN Pa3IMYHBIX OPTaHOB M YacTel Teja Ha KOpY MO3ra U Tonorpaduiecku
JIOKaJIM30BaHHBIE B OMPEICIIEHHBIX 00IacTsIX. B vcciemoBanusaX, MPOBEACHHBIX B 3TOM oOmacTu [1-6]
MIOKa3aHO, YTO B OMOJIOTMYECKN aKTUBHOM TOYKE M MpUJIETarolledl K Hel 30He MMEIOTCS MOJKOKHBIE
HEpPBBI, BEHbI, apTepuu. YacTo moa 30HONW TakoW TOYKH OOHApYXHUBAIOT JUM(pATUUECKUE COCYIbI,
CKOIUJICHHSI KJIETOK, UTPAIOIIMX BOXKHYIO pOJib B OOMEHHBIX Mpolieccax opranuzMa. BosjaeilicTBue Ha
9TH 30HBI (B TOM 4HCJE M TEIUIOBOE) pa3Apa)kaeT MHOTOYHCIEHHOE KOJUYECTBO PELENTOPOB, YTO
BBI3BIBAET MHOI00Opa3Hble OTBETHbIE Ouonormueckue peakuuu [7-10]. K takum 30HamM oTHOCATCS
JaIoHHas TOBEPXHOCTh KUCTH, MTOJIOIIBA CTOIbI, 30Ha 00JIaCTH HOCA, yIlIHas pakoBUHA U T.4. [11].

JleueOHast >(pPEeKTUBHOCTH TEIUIOBOI'O BO3AEUCTBHS Ha CTOMy OOYyCJOBJIEHAa TEM, YTO Ha ee
MOJIOIIBE CKOHIEHTPUPOBAHA Macca KOXHBIX PELENTOpPOB, KyAa BBIXOASAT 10 72 ThICAY HEPBHBIX
OKOHYAaHMWH, uepe3 KOTOpble OpraHu3M CBs3aH C BHemHed cpemoit [12-13]. 3oHbl Ha cromax
B3aMMOCBS3aHbl C BHYTPEHHUMHU OpPTraHaMu MOCPEICTBOM UX OOIIel MPOEKIMU Ha YPOBHE BBICIIHUX
HEPBHBIX (BEreTaTHBHBIX) LIEHTPOB M MX CTUMYJSALMS MPUBOAUT K OMPEEICHHBIM PEAKIUsM CO
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CTOPOHBI BHYTPEHHHUX opraHoB. IlosToMy pa3paboTka METOIMK C HCHOIb30BAHHMEM CIIELHHUAIIBHBIX
TEXHUUYECKUX CPEACTB JUIsl NPOBENEHUS TEIUIOBBIX MPOLEAYp UMEHHO Ha 30HY CTOIIBl YEJIOBEKa Ha
CETOAHSIIHUN JICHb ABJIAETCS NOCTATOYHO aKTyaJIbHOM.

IMocTranoBka 3amaum. ABTopamu B paborax [14-18] paccMoTpeHbl yCcTpoicTBa MOJO0OHOTO
poJia ¥ Ha3HAUEHUsl, OTIIMYAIOIIMECS] KOHCTPYKTUBHBIM HCIOJHEHHEM, OOIIMM B KOTODPBIX SIBJISETCS
MCIIOJIb30BaHUE B KaueCTBE UCIOJHUTEIBHOIO ieMeHTa TOb, paboTatomieil B pexumMe OXJIaKICHUS
VI HarpeBa B 3aBUCUMOCTH OT XapaKTepa 03J0POBUTEIBLHOIO BO3AECHCTBUS.

Lenpto HacTOSIIEH CTaTbU SBISAETCS MOJEIMPOBAHUE TEIUIOPHU3UUECKUX MPOIIECCOB,
IPOUCXOJAIIMX IPU MPOBEICHUM TEIUIOBBIX JIEYEOHBIX MPOLEIyp Ha CTOMY C HCIIOJIb30BaHUEM
TEXHUUYECKOT'O CPE/CTBA, B KOTOPOM B KQU€CTBE MCTOYHUKA TEIUIA U X0J10/1a BbIcTynaeT TOb.

MeToabl ucciaegoBaHusi. AHaJIU3 BO3MOKHOTO TEMJIOBOTO BO3JEHCTBUII Ha 30HY CTOIBI (B
JanpHEeHmeM OObEKT BO3JCHCTBUS) MPUBOIUT K HEOOXOIMMOCTH PACCMOTPEHUS PEKHMOB PaOOTHI
YCTPOMCTBA, COYETAOIINX OXJIAKIAAIOUIME M HArpeBalOlIMe BO3ICHCTBUSA, COOTBETCTBYIOIIUE
OIpeIeIEHHOMY THITY JIEYEOHBIX MPOLENYp, IPUBEACHHBIX Ha puc.l [19].

Oowext Bo3aerictBust Object of influence

e e e T e e e e e e e A e T A e A o

Oo6wext Bo3aeiictust Object of influence

2)

Puc.1. CxeMbl TEILIOBOTO BO3/1eiiCTBHS HA CTOMY
Fig.1. Schemes of thermal impact on the foot
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Kaxnass W3 npHBENEeHHBIX Ha puUC.l CXeM BO3NEHCTBHA COOTBETCTBYET ONPEIACICHHOMY THUITY
ne4eOHBIX MPOLEAYD.

IIpencraBnenHas Ha puc.l a cxema xapakTepHa JUlsl IPOBEAEHUS HamOosiee NMPOCTBIX [UIs
peasiv3aliii IpOLEAYp, CBA3aHHBIX C TEIJIOBBIM BO3ACHCTBUEM TOJBKO Ha IOJOLIBY. 31€Ch
IPENOoIaraeTcsi HeMOCPEACTBEHHbIH KOHTAKT 0OBEKTa BO3AEHCTBHS — MOJOLIBBI Yepe3 3IACTUUYHYIO
BBICOKOTEIUIONPOBOAHYIO Ipocioiky ¢ TObB. Ilpu 3ToM ThUIbHAs YacTh CTOIBI HAXOIUTCS B TEIIOBOI
u3ossanuu. Bropas cxema, mzoOpakeHHas Ha puc.l 6, oTiauuaercs OT MpeAblAylledl HaJu4ueM Ha
BEepxHEH moBepXHOCTU crombl BTOpod TOB. Eciu B mepBoM BapuaHTe B Mpoliecce MNPOLEayp
OXBAaTbhIBAJIACh TOJIBKO IIOJOLIBA, TO B 3TOM CJIy4yae TEIUIOBOMY BO3ACHCTBHIO IIOABEPracrcs U €€
ThUIbHAsl IOBEPXHOCTh, TAK)XXE BECbMA HACBILEHHAs KOXXKHBIMU PpELENTOpamMH, YTO 3HAYUTEIILHO
ycunuBaeT 3¢ (eKTUBHOCTh MPOLEYp 3a CUET ylydlleHus Tpoduku TkaHei. Cxema, puBeieHHas Ha
puc.l 6, mpegycMaTpuBaeT TaK)K€ U MEXAHWYECKOE BO3JEHCTBUE, CBSA3AHHOE C IIEPEMEILEHUEM
00BEKTa IO FPaHYJIATY.

[Ipu 3TOM Hanmuuue rpaHyssiTa TpeOyeT BBEACHHS MPU NOCTPOCHUU MATEMATHUYECKOM MOaenu
JIOTIOJTHUTEIBHOTO YCJIOBHSI, CBSI3aHHOT'O C HEIUIOTHOCTBIO TEIUIOBOTO KOHTAKTA MEX]y IT'PaHyJIATOM U
nosomBoi. OTHOBPEMEHHOE TEIJIOBOE U MEXAHUYECKOE BO3JICHCTBUE HA MOAOLIBEHHYIO [IOBEPXHOCTh
CTOIBl YCUJIMBAET JeueOHbIH 3((eKT, CBA3aHHBII C TEIUIOBBIM U MEXaHMYECKUM MaccaxeM. Cxema,
npezcTaBiIeHHas Ha puc.l 2 sBiseTcss Hanboee o0muM citydaeM (pU3HOTepaneBTUIECKUX MPOLEIYD
Ha CTOIly YeJIOBEKa. B TaHHOM cily4ae TelIoBO€ U MEXaHUYECKOE BO3JEHCTBUE Ha CTOIY OKa3bIBAETCS
U C HW)KHEH MMOBEPXHOCTHU (IIOAOUIBBI) U C €€ ThIIbHOM CTOpOHBI. [10100HBINM THI TpOLIEAYp SABISETCS
HauOosiee MpHEeMJIEMbIM, YUYUTHIBAs IOBBIIIEHHE TepameBTHYeckoro sddexra 3a  cyer
OJIHOBPEMEHHOT'0 BO3ACHCTBUS «XOJIOAOM», TEILNIOM» U MEXaHUYECKHUM MACCaXKEM.

OCHOBBIBasICb Ha PaCCMOTPEHHBIX CXEMax, COCTAaBUM MaTEMaTHUYECKYK) MOJENb TEIUIOBOIO
BO3JICUCTBUS mocpeAcTBoM TOb Ha cromy B cienyromeM Buae A Haumbojee oO0IIero ciydvas,
COOTBETCTBYIOIIEro puc. | 2 (pacyeTHas cxema MpUBe/ICHa Ha PUC. 2).

2 2
Ol op O Trm | Iomlom
=aryp > T
ot 2 CmopP TR (1)
a’-‘[‘OB aZTOB qOB
=a,, =+
ot OX"  CouPoy )
2
oT,, . o°T,
ot Poox? 1 3
T 1552 —ar, 0" T o5 + | 552 52
. " amp
ot ox’ Crap2P B2 (4)
oT
B’I‘C (TT3151 x=0 — Tm) = }‘“TSEl % x=0 (5)
7\’ a'I‘TBBl _ _ 7\’ aTFP
TOB1 P x=L, QTSBI —Mrp ot x=L;
T : (6)
oT
7\.05 a;):}s <=L, —fVP:lrp KFP x=L, (7)
oT oT,,
A52 aTzEZ x=Ly ~Am =Aos ox Il ®)
oT
Bre (T35 x=L, — T,.) =5 — x=L,
ox , (9)

TTSBl’ TT352 ! Tr‘p’ TOB

rae - temneparypsl TOb 1, TOb 2, rpanynsata, o0beKkTa BO3AECHCTBUS; T -
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BPEMS;, Arsp1, Aoy 8y 80y~ KOO GUIIMEHTHI TeMmepaTyponpoBoanoct TOb 1, TOb 2, rpanyisra,

00BeKTa BO3/1EHUCTBYS; boen ok - cpe NEKTPUYECKOr0 TOKa, IIporekatomiero uepes TOb 1 u TOb
2; "osuMoe2 - spexrpuueckue conpormpnenus TOB 1 u TAB 2; Yo - xommuectso Temnotsl,
BBIJIEIAEMOIl B IMHUILy BpeMeHHU B crome; “mB ™52' Cos - temmoemkocty TOB 1, TOB 2, o6bekTa
BO3JICUCTBUS; P Pms2: Pos - dPGdeKTuBHBIE 3HadueHHs 1mioTHoctn 1Ob 1, TOb 2, oObekra
BO3JICUCTBUS; Arobts Mroszs Mrps Aoy - s¢dexTuBHbBIE 3HaUeHUS KOod(DPuiirenTa TemtonpoBogHoctu TOb

1, TOb 2, rpanynsrta, o0beKTa BO3JACHCTBNUS, Qo510 Aom2 - xosoonpousBoauTenbHOCTH TOb 1 u TOb
2; T - kooddunmeHT TpeHHs CTONBI MPU €€ MEPEMEIICHUH BIOJb MOBEPXHOCTH EMKOCTH C
rpanyaaToM; V - CKOpOCTb NepeMeIleH s CTOMBI; P - JaBlieHue CTOIMbI Ha eMKOCTh C TPaHYJISATOM.

TBB 29 TT'JBZ

Thermoelectric battery

Crorma, Foot T,

Emkocts ¢ rpanynstom, Container with granulate T, Ly

Ls

TOB 1, Tyop, L

Thermoelectric battery Ly

Puc. 2. ®uznueckas Mojaeab TENJI0BOI0 BO3AeliCTBUS
Fig. 2. Physical model of thermal impact

Ha puc. 2 cnoit 1, TonmuHoi L, mpezncrasiser coboir TOb 1, npuBenaeHHYI0 B TEIUIOBOH
KOHTAKT C MOJOLIBOM, cioi 2, TommuHon L, —L, — eMKOCTh 4, 3all0JIHEHHYIO TPaHyJIsITOM, CJIOH 3,
TOJILIMHON L, — L, — HEMOCPEACTBEHHO CTOIY, U clIoi 4, TonmmuHon L, — L, — TOb 2, conpskeHHyr0
C BEpXHEH MOBEPXHOCTHIO cTombl. [Ipeamonaraercs, 4To naHHAs cHcTeMa HM30JIMPOBaHA ¢ OOKOBBIX
MOBEPXHOCTEW; MorjiomaemMass M Bblaendgemas TOb Temora paBHOMEPHO pacmpeiesneHa Mo Beei
MIOBEPXHOCTU CONPUKOCHOBEHMSI C €MKOCTBIO, 3allOJJHEHHOM TIpaHyJIsATOM, U CTONOW; MOIIHOCTb
TEIUIOBBIIETICHUI B cTONE (PMKCHPOBAHA, HE 3aBUCUT OT TeMIIepaTypbl U PAaBHOMEPHO paclpejeseHa
no o0beMy; K03((UIIMEHT TEIMIONPOBOJAHOCTH TPAHYJIATA UMEET ONpPEICNICHHYIO BEINYHMHY, TaKkKe
HE3aBUCAIIYIO OT TeMIIepaTyphl; epeaada TEIUIOTHl BO BCEX CIIOSIX CUCTEMBI OCYILECTBISETCS TOJIbKO
TEIJIONPOBOAHOCTBIO.

[Ipu cocTtaBneHun ypaBHeHUH, onuckiBatomux TerioooMeH B TOb (cootHomenus (1) u (4)),
NOCJIEIHUE TPEACTABIEHBl B BUJE IIEJIOCTHOM KOHCTPYKLMH, UMEIOUIEH OIpENeICHHOE 3HAYEHUE
KO3 UIMeHTa TEIUIONPOBOAHOCTH U AJIEKTPUYECKOTO COMPOTHUBIIEHUS, B KOTOPOH HMEET MECTO
BbIIeTIEHUE Temuia /Koy, onpenensieMoro BEIMYMHON MPOTEKAIOIIET0 3JIEKTpuieckoro Toka. [Ipu
ITOM TOTJIONIEHHUE (BBIICTICHHE) TEIUIOTH [1eThThe YIUTHIBACTCS B YCIOBUSIX CONPSDKEHHS CIIOEB 1-2
u 3-4 BBeneHHEM BeIMYUH (isp, g . [10100HOE MOMyIIeHHE CYIIECTBEHHO YHPOILACT MOJENb,

JCJIacT €€ 60)166 HaI‘JDI,Z[HOf/'I, BMCCTC C TEM BE€ECbMaA HC3HAYUTCIIBHO CHUXKAsl TOYHOCTbD.
OO6mrast cxema YMCICHHOTO PEIISHU 3a1a9i UMeeT cieayromuid Bu [20].
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Jnst guckpeTusanmMM Kaxzaoro u3 ypaBHeHui (1)-(4) ucmomb3yercss Meron [ 'amepkuHa.
CooTBeTCTBYyIOIIEE CKAIAPHOE IPOU3BEIEHHE, OOpa30oBaHHOE C MOMOIIBI0 KYyCOYHO-JIMHEHHOMN

0asucHo (bYHKI_[I/H/I Nj (X) , IIOCJIC UHTEIPUPOBAHUA 110 YaCTAM 3allMChIBACTCA B BUAC

- L AT L AT
(LT N )= [ Nk +af T N gy — g
0 ot 0 OX OX . (10)
C moMomip0 COOTHOIICHUH, U3J105KeHHBIX B [ 15] Beipakerue (10) mpuBoauTCs K BUAY
USSP (T.,-2T +T.,)=0, k=12,.,K-1. (11)

dt  dt dt h®
[Ipu nanpHeWmen quckperusanuu cootHomieHue (11) 3anmuceiBaeTcst CleIyronM 00pa3oMm:

Tl +4TY + T = (6:ft + 1ka"1 + [4 - 1ia2At ka” + (—Gs?t + 1)Tk”+1

t

rae n= At At _ ar BPEMEHHOM CETKH.

Boeipaxkenuss (10)-(11) paroT BO3MOXKHOCTH YHUCIEHHBIM OOpa3soM pEUIUTb CHUCTEMY
mubdepenimanbupix ypaBHeHud (1)-(9) um momyuuTs naHHBIE 00 HM3MEHEHHHM TeMIIepaTyphl IO

TOJIIUHE CUCTEMBI H300paXKEHHONM Ha pHC.2 TpH pasIuyHbIX 3HadeHHaX  Ymsir A,
MIPOJIOJDKUTENBHOCTD IEPEXOAHBIX MPOLIECCOB MTPU M3MEHEHHUH 3HAKa TEIIJIOBOTO MOTOKA.
OO0cy:x1eHne pe3yabTaToOB. Pe3ynbTaThl pacueToB MpUBEICHBI Ha puc.3-4.

Beruncnenus npousBogquanuch npu 1= 20°C, Ap =Ams =L3B1/(M:K), M p=10 Bt1/(m-K),
Aos = 0,2 Br/(M:K), 90s=30 BT, Iop =Imp =050m f =05, v=0,01, P=1000 H/m?, Tonmmuna TOB 1
u TOB 2 — 4 MM, TonmuHa ciost rpanyisaTa — 20 MM, ycpeHEHHast TOJILMHA CTOMbI — 40 MM.

Ha puc.3-4 paccmoTpeHo pacnpeieieHue TemIeparyp MO TOJILIMHE KaXA0Tro CcJos IpH
pa3IMYHBIX 3HAYEHUSX M HANPABICHHOCTSAX TEIUIOBBIX IIOTOKOB 110 JOCTM)KEHUIO CHCTEMEI
CTALlMOHAPHOT'O pPeXHUMa.

Kak cienyer u3 rpadukos (puc. 3—4), pacnpenenenne TeMiepatypsbl 1o TOb HOCUT THHEHHBIH
XapakTep. JTO CBSI3aHO C TE€M, YTO IPHU JaHHBIX BEJIMUMHAX TOoKa nutaHus ooe TOb QyHKIMOHUpPYIOT
B ONITUMAJIBHBIX PEKUMaX.

IIpu 3TOM KOJIMYECTBO TEMJIOTHI, MOIJIOIIAEMON (BBIAENSEMON) B €IMHUI]y BPEMEHU Ha HUX
BHYTPEHHUX CIIasgX, 3HAYUTEILHO TIPEBBIIIACT BEIUYMHY JDKOYJIEBOTO TEIJIa, BBIACISIONIETOCS B
obbeMme.

AHAIIOTUYHBIA XapakTep HMMEIOT 3aBUCHMOCTH, IPEICTABISIONINE COO0OW pacmpeieieHne
TEMIIepaTyphl 10 TOJIINHE EMKOCTH C TPAHYJIATOM.

[MpuBenennsie rpaduku (puc. 3—4) UHTEPECHBI BO3MOXKHOCTHIO OIICHKH BEJTMYMHBI TEIIOBBIX
oTepb B CJIO€ TpaHyisTa. Tak, JUid CiIydaeB, COOTBETCTBYIOUIMX IPEACTaBIECHHBIM TIpadukam,
BEJIMUYMHA TEIUIOBBIX MOTEPh Ha CJI0€ TpaHyisATa ToMmuHON 2 cM. gocturaet 0,5-1 °C. CHuzuth 310
3HaYeHWEe, OYEBHIHO BO3MOXHO, YBEIHYMB KOI(DOUIIMEHT TEIUIONPOBOJIHOCTH TpaHylsiTa H
ONITUMHU3UPOBAB TOJILIMHY €0 CIIOS.

[lepBoe MOXHO OCYIIECTBUTH, MOAOOPAaB COOTBETCTBYIOIIMM  MaTepual (C Kak MOXHO
601b1NM K03()(PUIIMEHTOM TEIJIONPOBOIHOCTH) U pa3Mep IrpaHyll, BTOPOe — Mo100paB ONTHUMAIbHBIE
TE€OMETPUYECKUE Pa3Mephbl EMKOCTH C TPaHYJISTOM.

Ha rpadukax (puc. 3—4) Takxke mnperocTaBieHa HHopMauus 00 YpPOBHE TEIUIOBOTO
BO3/ICIICTBUS HETIOCPEJICTBEHHO Ha CTOITY YEJIOBEKA.

Kak cnemyer U3 mpuBEICHHBIX 3aBUCUMOCTEH, NMPH OCYLIECTBICHUN TEIUIOBOIO BO3JAEHCTBHUS
OJIMHAKOBOHM HAIMpPaBJICHHOCTH W TNPHUMEPHO OJWHAKOBOW BEJIWYHMHBI, IEperaj TeMIepaTypsl 10
TOJIIIMHE CTOMNBI HE3HAUYUTENIEH U ONpEAessIeTCs pa3HOCThIO B BEJIMUYMHAX TEIUIOBBIX MOTOKOB Ha €€
MIPOTHBOMIOJIOXKHBIX TOBEPXHOCTSX U TIOTEPSMH TEIUIa B TPAHYJIATE.

B uaeansHOM cityyae, IpH HYJEBOW MOTEpE TEIUIa B CJIOE TPAaHYJSATa U PABEHCTBE TEIJIOBBIX
IIOTOKOB Ha IPOTHBOIOJIOXKHBIX MMOBEPXHOCTSX, paclpeieieHue TeMIIEepaTyphl MO TOJIIMHE CTOIBI
uMeeT napabondecKuii BUL.
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Puc. 3. Pacnipenesienue TemnepaTypbl no ToJiune cucremsl TIb 1-rpanyasr-crona-TIb 2
npHA r3p1=Qr382~ - 6000 ]3'1'/M2
Fig. 3. Temperature distribution along the thickness of the TEB system of 1-granulate-stop-TEB 2
at qTEB1 = qTEB2 = -6000 W / m2

[puuem BepmivHa MapabOJIBI HAXOIUTCS B IEHTPE CTOMBI (Ha paccTosHuu L, +%), a
Pa3HOCTb MEXIYy 3HAUYECHHUAMH TEMIIEPATypbl B ILEHTPE M Ha Kpasx OJMHAKOBA W HMEET
HE3HAUYUTEIbHYIO BEJIMYUHY, ONIPEIEIAEMYIO TEIIOM, BBIIEISEMBIM B CTOIIE.

[Ipy HanM4YMK HA IPOTUBOIIOJIOKHBIX ITOBEPXHOCTAX PA3IMYHBIX 10 HAIIPABJICHUIO U BEJINYUHE
TEIJIOBBIX ITOTOKOB NIEPETIAl TEMITEPATYpPBI IO TOJIIUHE CTONBI YK€ 3HAYUTEIICH.

IIpu 5TOM yromn HakJIOHa HMPSIMBIX, ONPEAEIISIOIUX PACIPEAEICHUE TEMIIEPATyphl 110 TOJIILUHE
CTOIbI, TeM OoJibllle, YE€M BBbIIIE 3HAUYEHHE TEIUIOBBIX IIOTOKOB Ha €€ IPOTHBOIOJOXKHBIX
ITOBEPXHOCTSIX.
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Puc. 4. Pacnipenenenne temneparypsl mo TojamuHe cucremsl TIOb 1-rpanyasar-crona-TIb 2
pH Q1= - 6000 BT/M?, Qr5:=3000 Br/m*
Fig. 4. The temperature distribution over the thickness of the TEB system of 1-granulate-stop-TEB 2
at qTEB1 =-6000 W / m2, gTEB2 = 3000 W / m2
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Puc. 5. U3menenne temneparypsl cuctembl TIB 1-rpanyaar-crona-TIb 2

BO BPeMeHH IPH (ry5:=0ro52= - 6000 Br/m’.
1 — remnepartypa xoJioaHbIX cniaeB TIB 1, 2 — TeMnepaTypa Ha OBEPXHOCTH FPaHyJIATa,
3 - TeMmeparypa cTomnsl, 4 — TeMneparypa ropsiunx cnaes TOBb 1

Fig. 5. Change in the temperature of the TEB system of 1-granulate-stop-TEB 2

in time for dras1=0Ta82~— - 6000 BT/MZ.
1 - temperature of cold junctions of TEB 1, 2 - temperature at the surface of the granule,
3 - temperature of the foot, 4 - temperature of hot junctions of TEB 1
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Ha puc. 5 npeacraBieHO W3MEHEHHE Pa3JIMYHBIX TOYEK CHCTEMbI BO BpemeHU. COriiacHoO
MPEACTABICHHBIM JAHHBIM IPOJOJDKUTEILHOCTh BBIXOJAa B CTAallMOHAPHBIA PEXUM BCEX TOUYEK
CUCTEMbI COCTaBliseT mpumepHo 10 MHH., 4TO JaeT BO3MOXHOCTb CJIeNaTh BBIBOJ 00 yHA0OCTBE
MPOBEICHUS MEIUIMHCKUX MPOLEIYp C UCIOJIb30BAHUEM PACCMATPUBAEMOTO TEPMOIIECKTPUUECKOTO
npubopa.

Tak kak mnpoBeneHHE TMPOLEAYP C HCIOJIB30BAaHUEM TEPMOIJIEKTPUUECKOTO TMpudopa
COMPOBOXKAAETCA TMEPEMEIICHUEM CTOIBI IO MOBEPXHOCTH TpaHylsATa (MEXaHHMYeCKUHd Maccax),
BAYKHBIM SIBJISIETCS YUY€T HETUIOTHOCTH X KOHTAKTA.

B paccmarpuBaeMoii MOJieNid yCTPOMCTBAa y4eT ATOr0 00CTOSATENIbCTBA TPOU3BE/ICH BBEICHUEM

B IpaHUYHOE YCioBUE (7) IOMOJHUTEIHLHOTO 4YJIeHA fVP, BEJIMYMHA KOTOPOTO OIpEAeNsieT MOTepU
TEIJIa, BO3HHUKAIOIIME NpPHU HE IJIOTHOM (CKOJIB3SIIEM) KOHTaKTe ABYX MoBepxHocTeil. Ha puc.6
NpUBEICHA 3aBUCUMOCTh TEMIIEPATYphl CTOMbI OT KOOPAMHATHI X MPH TEIUIOBOM IOTOKE C 00eHX
. 2
noBepxHocTel crombl, paBHOM —3000 BT/M°, W pa3IMuYHBIX 3HAYEHUSAX IPOU3BEICHUS VP Kax
cleyeT W3 PHUCYHKA, C YBEIMYECHUEM 3HAYCHUS fvP TEeMIlepaTypa CTOIbI MOBBIMACTCS (MpU
YBEJIIMYEHUU fvP 53 pasza Temnepatypa yBenuuuBaercs npumepHo Ha 1°C). Takum 06pazom, mOMUMO
MOTEPh TEIJIa B CJI0€ TPaHyJsTa, OOYCIOBICHHBIX TEIUIOBEIM CONPOTUBICHHEM, UIMEET MECTO TIOTEPS
MOIIIHOCTH H3-32 €ro HEeIUIOTHOTO KOHTakTa co cromoi. IlosTomy mpu ocyiiecTBieHUU

JO3UPOBAHHOTO TEIIOBOTO BO3JCHCTBHUS HAa CTOMY HEOOXOJUMO YUUTHIBATH JAHHBIC MOTEPU IPH
noabope TOb.
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Puc. 6. PacnpesnejieHne TeMnepaTyp 1o ToJUIMHE CTONBI IPH PA3IHYHBIX 3HaYeHusx fvP
Fig. 6. The Temperature distribution over the thickness of the foot for different values of fvP

BriBoa. B pe3ynbrare NpoBEAECHHBIX UCCIEA0BAHUN MOKHO CHENIATh CIEAYIOIINE BbIBOBI:
1. Omaum u3 >QexkTUBHBIX (HU3MOTEPATIEBTHUCCKUX METOJ0B MTPO(PMIAKTUKH, JICYCHHUS U
peadWIMTalMyd Pa3TUYHBIX 3a00JIEBaHUM SABISETCA JIOKAIbHOE TEIUIOBOE BO3ACHCTBHE Ha
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OMOJIOTMYECKH aKTUBHBIE TOYKH YEJIIOBEUECKOT0 OpraHu3Ma. Peanmsarus JaHHBIX METOJIOB Ha
00J1aCTh CTOIBI MOXKET OBITh OCYIIECTBIEHA 3a CUET MCIIOJIb30BaHUS B KaueCTBE MCTOUYHHKA
Temia U xosiona TOB.

PaccmoTpenbl BO3MOXKHBIE BapUaHTHI TEIJIOBOIO BO3ACHCTBHUSL HA CTOMY C HCIOJIb30BAHUEM
oaHoil u nByx TObB, pa3MmeniaemMbIX MOJA MOJOIIBOM M HA ThUIbHOM IMOBEPXHOCTH CTOINBI, a
TaK>Ke UCIOJIb30BaHKE TPaHyJIsATA.

[IpenyioxkeHa  MareMaruyeckass MOJEIb  TEPMOAJICKTPUYECKONM  CHUCTEMBI,  KOTOpas
paccMaTpuBaeT YCTPOWCTBO Kak EIWHYI0 COBOKYITHOCTh JJEMEHTOB - TEIUIOOOMEHHBIX
YCTPOMCTB, OOECMEYMBAIOIIMX TEMIEPATypy BO3JCHUCTBHS Ha OWOJOTHYECKH OOBEKT 3a
TpeOyemMoe BpeMs 10 HEOOXOAMMON BETHUNHBL.

YCTaHOBJIEHO, YTO TPH TEIJIOBOM BO3JCHCTBHM Ha OHOJIOTHYECKHH OOBEKT (CTOMy) HE
HaOJIIOZaeTCsl CYIIECTBEHHOTO TMepernaja TeMIeparypbl Mo ero ToJuHe. JlaHHBIM acnekT
MO3BOJISIET YTBEP)KAATh, YTO MpeJjiaraeMoe YCTPOUCTBO 0€30MacHO B UCIIOJIb30BAHHH, TaK KaK
IIPH TETUIOBOM BO3JCHCTBHHM Ha OMOJOTHYECKH aKTUBHYIO TOYKY OTCYTCTBYET Mapa3HTapHOE
TEMIEpaTypHOE IO0JIe, 3aTparuparoiiee OJIu3nexaliue Opraibl 1 TKaHU.

YcTaHOBIEHO, YTO MPOAODKUTEIBHOCTh BBIXO/JA B CTAllMOHAPHBIA PEXKHUM BCEX TOYEK
CHUCTEMBI: TpuOOp — Owuonoruyeckuii oOBEKT cocraBisger 10 MHH., 4YTO OIpeAeseT
npreMJIeMble HMHEPIIMOHHBIC CBOWMCTBAa YycTpoiicTBa. Ilpm 3TOM 1enecooOpa3HbiM Oyer
MpeBapUTENbHBIN BBIBOJl YCTPOICTBA Ha pabOYMil PeKUM 0 MPOBEIEHUS MPOLEIyp, UYTO
MO3BOJIUT COKPATUTH MPOJIOJDKUTEIIBHOCTD JIOCTHKEHUS CTAIIHOHAPHOTO PeKUMA paOOTHI.

[Tpu ucronb30BaHUU TPaHYJIATa HAa PEKUM TEIUIOBBIX MPOIEenyp OyAeT BIUATH MepeMelIeHne
CTOTIBI 10 €r0 MOBEPXHOCTH. J[aHHOE 00CTOATETHLCTBO OOYCIIOBIUBAET IMOTEPH MOIITHOCTH H3-3a
HEIUIOTHOTO KOHTakTa TOb co cTomoif, 4yTo HEOOXOAMMO YYUTHIBATH MPH MOAOOPE PEKUMOB

NUTaHus OaTapeu.
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CaeneHus 00 aBTopax:

EBayisoB Oiaer BuKTOpOBMY — KaHAWIAT TEXHUYECKUX HAYK, HONEHT KadeApsl TEOpeTHUeCKOod W oOmiei
JJICKTPOTCXHUKH.

Kanguposa J:xamuias KagupoBna — crapmmii mabopaHTt Kadeapsl TCOPETHIESCKON U 00IIEH 3TeKTPOTEXHUKA

MaromenoBa Capat ['yceHoBHA — acTipaHT KadeIphl TCOPETUICSCKON U OOIIEH IIeKTPOTEXHUKH.

ParumoBa Tammuia ApciiaHOBHA — KaHAWIAT TEXHWYECKHX HAYK, HOICHT KadeIOphl TEOpEeTHYSCKOW W oOmmiei
JJICKTPOTCXHUKU.

XazamoBa Maguna AGayJaeBHa — KaHAWIAT TCXHUYCCKUX HAYK, JOICHT Kadeaphl TEOPETHUYCCKOW M oOIIen
DJIEKTPOTEXHUKH.
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