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Pa3BuTne TEXHONOTMM CYNIKH IPEBECHHBI B HACTOSIIEE BPeMs HUAET B OCHOBHOM IyTEM
COBEpPILIEHCTBOBAHMS PEKUMOB CYIIKH Ha OCHOBE COBPEMEHHBIX METOJOB KOMIIBIOTEPHOIO
MOJICJIUPOBaHMUS M ONTHMHU3aLUHU TpoueccoB. IIpu 3TOM nepcrneKTUBHBIM HalpaBIeHUEM
SBJISIETCS COBEPILCHCTBOBAHHE PEXKHMOB CYIIKM B YacTH HX 5HEProdp(eKTHBHOCTH U
obecrieueHus TpebyeMoro morpedHTeqsIMH KadecTBa HpoAyKIuu. llpeamer Hacrosiiero
UCCIEJIOBaHUS — TEOPETUYECKUI aHaU3 TEIUIOMaccOoOOMEeHa MpU CYIIKe IMUIOMaTepUaioB
peXUMaMM, OCHOBAHHBIMH Ha SIBIICHMHM TEpMOBIAronpoBOoAHOCTU. [lomoOHBIE peKUMBI
XapaKkTepU3yl0TCsA HalIW4YMeM TpaJueHTa TEeMIepaTypbl IO CEUYEHHIO COXHYILEro COPTH-
MEHTa, YTO TO3BOJIIET KIACCU(PUIMPOBATh MX KaK CYIIECTBEHHO Henmzorepmuueckue. J[is
aHaJIM3a MPOIECCOB HEM30TEPMHUYECKOTO IepeHoca Moryia Obl OBITh MCIIOJIB30BaHA MOJEIb,
Gasupyromasics Ha ypaBHEHHMAX JABYyX(hasHON ¢uibTpanmy, H30TEpMax CcopOLuH,
TepMoAnHaMH4ecKkuX ypaBHeHUsx Kenssuna—Knalinepona—Knaycuyca, HO 3T0 conpsikeHO
C CYLIECTBEHHBIMH MaTeMaTHYECKUMH 3aTpygHeHusMmu. llenb uccienoBaHus — KOp-
PEKTHPOBKA PEIICHHSI CUCTEMBbl YPaBHEHUH TeIJIoMaccooOMeHa B YCIIOBHUSX CYIIECTBEHHOM
HEM30TEPMUYHOCTH. METOM0IOTHYECKOIT OCHOBOW HCCIENOBAaHUS ABISETCA (PH3MUECKas
MOJIENIb  KaIWIUIIPHO-TIOPUCTON CTPYKTYpPBHl JIPEBECHHBI, YUYHTHIBAIOIMIAS KOJIOUAHYIO
NPUPOAY KIETOYHON CTEHKH, a TaKKe MOJENb IepeHoca BJIAarW B KalMMJUIAPaxX IPEBECHHBL.
VY KanmuIspHO-TIOPUCTBIX TN, K KOTOPHIM MOXXHO OTHECTH JAPEBECHHY, BIArOOOMEH CO
Cpenoi TPOWCXOAWT 3a CUET YAAJCHHS >KUIAKOCTH W3 KaNWUIAPOB, BBIXOMAIIMX Ha
NMoBepXHOCTh. IIpu paBHOBECHM XHMJIKOCTU B KANWISIPE HAaJ €€ MEHHCKOM Ha CTCHKE
oOpasyeTcs IOJUMOJICKYJIIpHAs IUIEHKa TOJIIIMHOM, YMEHBIIAIoIeiics BBEpX MO
OIIpeZIeTICHHOMY 3aKOHY, KOTOPBIH MOXKET OBbITh HaWJEH, €CIM M3BECTHO PacKIMHUBAIOLICE
JIaBJICHUE WJIM HACBHINICHHOCTH Napa IUICHKH B (DYHKIMH €€ TONMMHBI. ISl OLEHKH BKJIaja
IUICHOYHOT'O MEXaHW3Ma IIepeHoca B OOIIMH TOTOK BJIAarM MOXET OBITh HCIIOJb30BaHA
cucreMa ypaBHenuit [lepsruna-HeprmHa. Ha ocHoBe 3Toro ObLIO NPOBENCHO KOMIIb-
IOTEPHOE MOJEIMPOBAaHUE MPOLECCOB KANMIUIAPHOIO BIArONEPEHOCA B LENSAX YTOYHEHUS
BIIMSTHHS TEPMOBIIATONPOBOJHOCTH HAa OOILIMI MPOIECC TEIUIOMAacCOOOMEHa B KOJUIOWIHOM
KalMUIIPHO-TIOPUCTOM TeJe — JpeBecuHe. B xoze aHanmm3a mporeccoB TEmioMaccooOMeHa
MoIaydeHsl  (GOpMyJbl ISl ONpeneleHus Kpurepus (Ha3oBOro Iepexoja M TepMo-
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TPaAUeHTHOTO KO3(h(HUIIMEHTa A CYIIECTBEHHO HEU30TEPMHUYCCKHX DPEXKHMOB CYIIKH
ZpeBecHHBI. Pe3ymbTaTsl paOoOTB MOTYT OBITH MCIIOJIB30BAHBI MPH M3YYCHUH KAIMIISIPHO-
MOPUCTON CTPYKTYpHl JAPEBECHHBI M OINpPEICIICHMH MapaMeTPOB PEXHMOB CYIIKH
mutomMarepruanoB. K MpUHIMNHAIGHO HOBBIM BBIBOJIAM TI0 WTOTAM HCCIEIOBAHHUS MOXHO
OTHECTHU TO, YTO HANpaBJICHUE TPaJUEHTa TEMIIEPATYPhl B CEUEHUU COXHYILEr0 COPTUMEHTA
TOPMO3UT (WJIM YBEIHYUBACT) MOTOK BJIATM B KAaMWUIAPaX, BO3HUKAIOIIMNA Ha OCHOBE
IJICHOYHOTO MEXaHM3Ma MEepPeHOCa, BBI3BAHHOTO PACKIWHUBAIOIIUM JIaBICHHEM. JTO
SIBICHHE CYIICCTBEHHO BIIMSACT HA BEIUYMHY KpuTepus (a30BOr0 mHepexona, a TaKKe
BBI3BIBAET HEKOTOPYIO aCUMMETPUYHOCTh MOTOKOB BJAard NpU U3MEHEHWHU HampaBiICHUs
BEKTOpa rpajiueHTa TeMIepaTyphl.

Kniouegvie cnosa: TepMOBIArONpOBOJHOCTb, TEIIIOMAaccOOOMEH, KpUTepHi (a3oBOTro
nepexo/a, peKUMbI CYIIKH APEBECHHBI, TEPMOTPAIUEHTHBIN KO3 duIreHT.

Beeoenue

Pa3BuTHE TEXHOJIOTHH CYIIKH APEBECHHBI B HACTOSIEE BpEMs MIAET B OC-
HOBHOM IIyTE€M COBEpIICHCTBOBAHUS PEKMMOB CYIIKH HAa OCHOBE COBPEMEHHBIX
METOJ0B KOMIBIOTEPHOIO MOAEIMPOBAHN U ONTUMHU3AINH nporieccoB [2]. Ilpu
9TOM NEPCIEKTUBHBIM HAIPABICHUEM SIBISIETCS COBEPIICHCTBOBAHUE PEKHMOB
CYWIKH B YacTH WX dHepro3pQPeKTUBHOCTH M obecreueHus: TpedyeMoro morpe-
outensMu kadecTBa npoaykuuu. OcoOblli MHTEpEC B 3TOM OTHOLIEHWUH Mpel-
CTaBJISIIOT PEKUMBI, 0a3UPYIOIIMECS HA SIBICHUU TEPMOBJIArOIPOBOJHOCTU U Xa-
paKkTepu3yIonecs HaTHINeM I'PaJIUeHTa TEMIIEPATYPHI 0 CEYSHHUIO COXHYIIETO
COPTUMEHTA, YTO IO3BOJISIET KIACCU(PUUUPOBATh MX KaK CYLUIECTBEHHO HEH30-
TepMHUYECKHE.

MOXHO BBIAEITUTH LENBIA P TEOPETUUECKUX paboT, CBA3aHHBIX C MOJIE-
JUPOBAaHHEM HEU30TEPMHUYECKOT'O TEIIOMAaccOOOMEHa B KalMJUIAPHO-TIOPUCTHIX
cpenax [1, 4, 5,9, 11-14], B ToMm 4mcie u B ApeBecHHE. ABTOPBI OTMEYAIOT, YTO
B HAcCTOsIIEE BPEMS IIPU ONMCAHUHM COBMECTHOI'O TEILIO- U MAacCOIEPEHOCa B Ka-
NWUIAPHO-TIOPUCTBIX CpeAax Aaxke Uil MPOCTEHINEro ciaydas HE CYIIECTBYET
eIMHOro (PeHOMEHOIOTMYECKOr0 MOAX0a, IPUYEM PacX0oXACHU B GU3NIECKON
W MaTeMaTHYECKON MOCTAaHOBKE MOJOOHBIX 3aJlad B TEOPUHU CYIIKH, COPOIHU U
nByx(}azHoil GUIBTpAIUU HOCIT NMPUHLIUIIHATLHBIA XapakTep. M3BecTHBIC MO-
XOJbl MPAKTHYECKHU HE HCIOJIb3YIOT JOCTIXKEHHA B O0JACTH TEPMOJIUHAMUKH H
(U3UKU MOBEPXHOCTHBIX siBeHWH. Tak, B pabote [5] mpeanpuHsATa MOMBITKA
pa3paboraTh (GEHOMEHOJIOTHYECKYI0 MOJENb HECTAI[MOHAPHBIX MPOIIECCOB B3a-
MMOCBSI3aHHOTO TEIUIOBJIATONEPEHOCA B KANWUISIPHO-TIOPUCTBIX CPelax ¢ yde-
TOM BIIUSIHUS KallWJUIAPHBIX M HMOBEPXHOCTHBIX CHJI, HHTCHCUBHOCTH Macco00-
MEHa MeXIy (a3zaMu U TepMOKaNWUISIPHBIX TedeHuU. [Ipu 3ToM mpeasiokeHa
MaTeMaTH4ecKas MOJENb TEIUIOBIaronepeHoca, 6a3upyomascs Ha ypaBHEHHUIX
nByx(dazHoil punpTpannu, n3orepmMax copOLMH, TEPMOAUHAMUYECKUX ypaBHe-
Husx KensBuna—Knaitnepona—Knaysuyca. Ciaexyer oTMETHTh, YTO ypaBHEHHUS
nByx(dazHoil GuibTpanuy I8 KOJUIOUIHBIX KaMHWUIIPHO-TIOPUCTBIX cpef (THra
IPEBECUHBI) HE COPMYJIUPOBAHBI, YTO 3HAYUTENBHO YCIOXHSET Aake MOCTa-
HOBKY U 0€3 TOro 4pe3BbIYAaHO CJIOXHOW 3alayu, IPAKTUYECKOE PELICHHE KO-
TOpPOH COMPSHKEHO C NMPUMEHEHHEM METOJla B3BEIIEHHBIX HEBS30K lamepkuHa
BKyIIEe ¢ KBagpaTypHoi hopmynoit ["aycca—JIro6aTTO N5 BRIYUCIEHUS ITOBIHTE-
TpaJIbHBIX BBIPAKEHHWI B CUCTEME YPABHEHHH HEH30TEPMHYECKOTO BIIAromepe-
HOCa:
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CoBepIlIeHHO OYEBHJHO, YTO B IMOJOOHOW TIOCTAHOBKE 3a/iaya HE MOXET
OBITH perieHa.
B 10 ke BpeMs [T aHAM3a MPOIIECCOB CYIITKHU JPEBECHHBI C UCTIOJIF30BAHN-

€M SIBJICHHSI TEPMOBJIATOMPOBOIHOCTH MOYKET OBITh MCIIOIB30BaH MOIXO0/, PEATH30-
BaHHBIN B pabore [3].

Obvexkmul u Memoobl UCCIeO08AHUS

s Hanbosee mpocToro ciydasi, Koraa rpaJueHTsl 001Iero AaBjIeHUs OTCYT-
CTBYIOT (TIpoliecchl TemioMaccoOMeHa MpH HHU3KOTEMIEPaTypHOH KOHBEKTHBHOU
CYILKE), IIPU aHAJIHU3€ MPOLECCOB OOBIYHO MCHONB3YIOT CIEAYIOLIYI0 CHCTEMY Tud-
(epeHIMaIbHBIX YPaBHEHUH B YACTHBIX MMPOU3BOIHBIX [6]:

ot _ avit + gp ou : (1)
ot c
M _ a,Viu+a,Vvi. )
ot

Hauansasie u rpannynsie yenosus |1 poma mist HeorpaHWIEeHHON TIIIACTHHBL:

t(x,0)=f(x);

u(x,0)=9¢(x);
—xwﬂx[tc ~t(Rr)]-(1-¢)pa, [u(Rr)-u, |=0;
amW+amSW+am [u(R1)-u,]=0.

VYcnoBrue CHMMETPHH:
ot (O,T) ou (O,‘c)
OX OX
B BhIenpuBeieHHBIX GOpMyIax UCTIONB30BAHbI CIEAYIOMINE 0003HAUYCHUS:
t — TeMnieparypa JApEBECHHEI;
T — BpeMmsi;
a — koo punreHT TeMIepaTypOIPOBOIHOCTH;
€ — KpuTepHid (a30BOTo Mepexoa;
p — TUIOTHOCTh JIPEBECHHBI;
¢ — yAenbHas TeIJI0EMKOCTD;
U — BIaXXHOCTh APEBECHUHBI;
am — K03 PUIIUEHT BIAarOnpoOBOIHOCTH;

=0.
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0 — TepMOTpaANCHTHBIN KOA(D(HUIIUEHT;

A — K03(h(OHUIMEHT TETIONPOBOTHOCTH;

R — mosoBHHA TOJNIIMHBI JOCKU;

o — KO3QQHUIUEHT TeI000MeHa;

t. — TemIiepaTypa cpeasl;

Up — PAaBHOBECHAs BIa)KHOCTb JPEBECUHBI;
O — KO3 PHUIMEHT BIarooOMeHa.

OueBuAHO, YTO IS KOPPEKTHOTO PEIIeHHsT cucTeMbl ypaBHenwmii (1)—(2) B
cllyyae HEM30TEPMHUYECKOTO TerIoMaccooOMeHa He00X0IMMO 3HATh 3HAYCHUS € U O
B (YHKIMM TEKyLICH BIaXHOCTH MPU Pa3IMYHOM HampaBlieHHH BEKTOpa rpaJreHTa
TeMIIepaTypsl B COxHyIeM coptumente [10].

B xozne panee mpoBOIMMBIX MCCIIEAOBaHNI HaMU ObLIa MPEIOKEeHa MOJIEIb
KaIMAJUTAPHO-TIOPUCTON CTPYKTYpPhl JPEBECHHBI C YYETOM KOJUIOMIHOM MPHPOIBI
KJIETOYHOW CTEHKH W MOJIENIH TIEPEeHOCa BJIard B KaMWUISPax IPEBECHHBL.

VY KanWuIIpHO-TIOPUCTHIX Tell, KaKUM SIBIISIETCS IPeBECHHA, BIarooOMeH co
cpezlof/i MMPOUCXOOUT 3a CUCT YHAJICHUA JKXKUAKOCTU M3 KAIIWJUIAPOB, BBIXOAAIIUX Ha
MOBEPXHOCTb.

[Ipu paBHOBeCHH KHUIKOCTH B KalIJUIIPE HaJ €€ MEHICKOM Ha CTeHKe o0pa-
3yeTcsl TIOIMMOJIEKYJISIpHAs TUICHKA TOJIIWHOW, YMEHBIIAIOMIEWCs BBEPX IO OIpe-
JIEIICHHOMY 3aKOHY, KOTOPBI MOKET OBITh HAaWEH, €CIIM U3BECTHO PAaCKINHUBAIO-
11ee AaBJICHUE WM HACHIIIEHHOCTh T1apa IUIEHKU B (PYHKIMU €€ TOJIIUHEI.

J1is OLIeHKH BKJIa/1a TNICHOYHOTO MEXaHW3Ma MepeHoca B 00IIUH MOTOK BIIATH
MOJKET OBITh UCTIONIb30BaHa crcTeMa ypaBHeHu# [epsruna—Hepnuna [7]:

oV, oIl 0P,
T Tax ox
oV, oI 6P
a2 Ty oy

rae 1 — BSIBKOCTb KUIKOCTH;
V., Vy — CKOpOCTh NepeMeNIeHHs CI0EB JKHIKOCTH IO OCAM X, Y, Z, TIOCTEAHIs
U3 KOTOpBIX HampaBjieHa MO HOPMalIM K OJIHOW U3 IOBEPXHOCTEH
paznena;
I1 — packimHMBarOIIEee JaBIeHNE, SBISIONIEeCs (PyHKIINEH TONIUHBI CIIOS,;
P. — BHelIHee naBleHUE HA CIOH.

Heo6xoaumMo OTMETHTH, YTO BCE MCCIICIOBAHUSA C HCIIOIB30BAHUEM MOICIIH
KOJUIOMJTHOW KaNWIISPHO-TIOPUCTON CTPYKTYPHI JPEBECHHBI paHEe MPOBOIMIUCH
JUISE M30TEPMHUUYECKUX YCI0BUM. [109TOMYy HaMH OBLT BBIITOJIHEH BBIYMCIMTEIBHBIN
SKCIIEPUMEHT I10 ONPEACICHUIO BIMSHUS TEPMOBJIArOIPOBOIHOCTH HA OOILIUI Ipo-
LIECC TeIIOMaccooOMeHa B KOJUTOMIHOM KalUJUIIPHO-IIOPUCTOM TeJle, ISl OLICHKH
BIIUSHUSI TEPMOBIIATOMIPOBOHOCTH — KOMIIBIOTEPHOE MOJICIUPOBAHUE MPOIIECCOB
KalmMUIIPHOT'O BJIArOTIEPEHOCA C MCIIOJIb30BaHUuEeM pacueTHbIX (hopmyn H.B. Uypa-
eBa [8].

Peszynomamer uccredosanus u ux obcyscoenue

Ha puc. 1 mpuBeneHb pacueTHbIE 3aBUCUMOCTH KpUTEpHst (pa30BOT0o Mepexo-
J1a OT TpaJiueHTa TeEMIepaTyphl.
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Puc. 1. 3aBucumoctsb kputepus HazoBoro nepexosaa oT rpaaueHra
TeMIepaTypsl: 1 — rpaiieHT TeMIlepaTyphl IIOJIOKUTEINICH; 2 — OT-
punaTesneH; 3 — U30TEPMUYECKHUI IEpeHOC

Ilpu 3TOM MOYKHO OTMETHTh, YTO CBOOOJHAs Bjara MpH MOJOKUTECIBHOM
HANpaBJICHHN TPAJUCHTA TEMIIEPATypBl yaaisercs B Buje mapa (¢ = 1,0), 1. e. Top-
MO3SIII[ee BIMSHHAC MOJIOKUTEIBHOTO TPAJHCHTa TEMIEPATYPhl OKa3bIBACTCSI
HACTOJIbKO 3HAYUTEIBHBIM, YTO TIEPEKPBIBACT MOTOK KUIKOCTHOM Biaru. C apyroii
CTOPOHBI, 3TO TMOJHOCTHIO MOATBEPsKAaeT runote3y A.M. dosoMuna 00 yaaacHuu B
apooOpasHoM BHIE cBOOOIHOM Biary [11].

Ipu pelieHnr CHCTEMbI YPaBHEHUH TEIJIOMaccoOOMeHa HEOOXO0AUMO TMpe/-
CTaBHUTh KPUTEPHUil (ha30BOr0 mepexoia B BUIC

€ = k1 (At)e; (u) + ko (A, (w),
rae kq(At), k,(At) — remneparypHbie K03)(UIUCHTBI, 3aBUCSIIAC OT HATPABICHUS
rpagreHTa TeMIIePaTyPhI;

g1 (u), €, (u) — xpurepuu hazoBoro mepexoja.

Koo dunments k, (At) u k, (At) 3aBHCAT OT BIAKHOCTH IPEBECHHEI (pHC. 2).

1,8
16 e
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Puc. 2. 3aBucumocth TemreparypHsix kodddumuentos k, (At) u k,(At) or
rpajiMeHTa TeMIeparypbl: 1 — rpajiieHT TeMIIepaTyphl MOJOXUTENEeH; 2 — OT-
pHuLarencH
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Pacuernbie GpopMyIbl mi1s ompeneneHus TeMIepaTypHbIX KodhPUIueHToB u
KpUTepHeB (pa3zoBoTO Mepexoa:
k,(At) = —5-1073At3 + 1,018 - 1073At% + 0,55At + 0,399 ;

k,(At) =5-1073At3 + 1,018 - 1073At? — 0,55At + 0,399 ;
g;(u) = 42,054u® — 94,787u* + 75,965u® — 27,191u? + 5,229u + 0,298 ;
g,(u) = —78,103u> + 170,324u* — 125,386u> + 34,667u? — 2,778u + 0,506 .

[Ipu pemennu cucteMsl ypaBHeHUH TeruioMmaccoooMena (1)—(2) Heobxoaumo
YUUTBIBAThH CIEAYIOIIEE.
1. CymecTByeT HEKOTOpass aCUMMETPUYHOCTh IIOTOKOB BJIard IpU HU3MEHe-
HUM HalpaBJIEHUs BEKTOpa IPaiueHTa TEMIIEPATYPBbI.
2. YpaBHEeHHE BJIaronpoBOIHOCTH (2) B TaKOM Cjiydae MpuoOperaeT Cliemay-
FOIIMU BUJ.
ou o%u a%t
ot dmoye ax?
rae kg — KoapPUIUEeHT, YIUTHIBAIOIINNA aCHMMETPHYHOCTD TIOTOKOB BIIATH,

ks (u) = —84,154u>+ 185,116u* — 139,868u? + 42,552u? — 5,434u + 1,112;
ksz(u) = 98,812u° — 217,104u* + 163,626u — 49,458u” + 6,208u + 0,862.

JlaHHBIE, TTOMyYeHHBIE HAMHU B PE3YNbTAaTe TEOPETHUECKUX HCCIIEAOBaHUM,
MTO3BOJIMIIM B JJATBHEUIIIEM BHECTH KOPPEKTHPOBKH B METOIMKY aHAIHM3a IMPOIIECCOB
CYIIKH NP HEM30TEPMHUYHOCTH UCTIOB3YEMbIX pekuMoB [9].

Buvi6oowi

1. [nsa aHanm3a MpoLEcCOB HEM30TEPMHUUECKOIO MepeHoca Moria Obl ObITh
WCTIONb30BaHa MOJeNb, 0a3upyomascs Ha YpaBHEHHUAX AByX(aszHoW (pumpTpariim,
n3oTepMax copOIuu, TepMOIUHAMHUYECKHX ypaBHEeHUsAX KenpBuHa—Knaiimepona—
Kraycuyca, HO 3TO CONPSKEHO C CYIIeCTBEHHBIMUA MaTeMAaTUIECKUMHU 3aTPyIHEHH-
SIMH.,

2. B 3aBHCHMOCTH OT HampaBlICHUs I'paHEHTa TEeMIEPaTypbl TEPMOBIIATO-
MPOBOJHOCTh MOXKET YCKOPSTDH (MM TOPMO3HUTB) MpOLecC BIaroyaajieHus. TopMo-
31U AP GEKT MOKET CYIIECTBEHHO YMEHBIINTh W JaKe MOIHOCTHIO OCTAHOBUTH
MTOTOK BJIaTH.

3. Haubonee cymecTBEHHO TEpMOBIATOMPOBOIHOCTh BIUSET HAa yIAJCHUE
cBoOoHOM Binaru. [Ipu BnaxHocTn apeBecuHbl MeHee 20 % BIUSHHE TEPMOBIIATO-
MMPOBOJHOCTU CTAHOBUTCA HCCYHICCTBCHHBLIM, YTO HCO6XOI[I/IMO YUYUTBIBATh IIpU
pa3paboTKe PEKUMOB CYIIIKU IPEBECHHBI.

4. TepMOBIaronpoBOJHOCTh CYIIECTBEHHO BJIHSET HA BEIHMYWHY KPUTEPHUS
(hazoBoro mepexona. ITO CBA3aHO C TEM, YTO W3MEHEHHE HAIIPABIICHUS TPAIUEHTA
TEMIIEPATYPhI IPUBOIUT K CYIIECTBEHHOMY H3MEHEHHIO TUIOTHOCTH ITOTOKA BIIATH.

5. Best cBoOo1HAS Biara mpu MoJIOKHUTEIFHOM HaIllPaBIE€HUH IpalieHTa TeM-
MepaTypsl yAajaseTcss B BHJE Tapa, T. €. TOPMO3SIIee BIMSHHUE TMOJOKUTEIBHOTO
rpaavucHTa TEMIICPATYPhl OKA3bIBACTCA HACTOJILKO 3HAYUTCIbHBIM, YTO IIEPCKpPLIBA-
€T MOTOK BIIATH, BBI3BIBAEMBIN PACKIIMHUBAIOIINM JIaBICHUEM.

6. [Ipu pemeHnn 3ama4 TEIOMaccooOMEHa B MPOLECCE CYIIKE IPEBECHHBI
HEO00XOIMMO YUYHTHIBATh HEKOTOPYI aCHMMETPUYHOCTH TOTOKOB BJIATH MIPH U3Me-
HCHUM HAIIPaBJICHUA BEKTOpA rpadivu€HTa TEMIICPATYPHI.
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The wood drying technology is being developed mainly by improving the wood drying
schedule based on modern methods of computer simulation and process optimization. A
promising direction is the improvement of drying schedules in terms of their energy
efficiency and ensuring the required quality of products. The scope of research is a
theoretical analysis of heat and mass transfer when wood drying by schedules on the basis of
the phenomenon of thermal moisture conductivity. Such regimes are characterized by the
presence of a temperature gradient along the section of the drying assortment, which
classifies them as essentially nonisothermal. A model based on the two-phase filtration
equations, sorption isotherms, the Kelvin—Cliperon—Clausius thermodynamic equations
could be used to analyze nonisothermal transfer processes, but it is associated with
significant mathematical difficulties. The goal of research is to adjust solve simultaneous
equations of heat and mass transfer under the essentially nonisothermal conditions. The
methodological basis of the study is the physical model of the capillary-porous wood
structure, taking into account the colloidal nature of the cell wall and moisture transfer
model in wood capillaries. In capillary-porous bodies, to which wood can be referred,
moisture exchange with the medium occurs due to the removal of liquid from the capillaries
on the surface. When the liquid in the capillary is in the equilibrium over its meniscus, a
polymolecular film is formed on the wall. Its thickness decreases upwards according to a
definite law, which can be found if the disjoining pressure or saturation of the film vapor is
known in the function of its thickness. To evaluate the contribution of the film transfer
mechanism to the total moisture flow the Deryagin—Nerpin system of equations can be
applied. On this basis we carried out computer simulation of the processes of capillary
moisture transfer in order to clarify the influence of thermal moisture conductivity on the
overall process of heat and mass transfer in the colloidal capillary-porous body, which is
wood. In the analysis of heat and mass transfer processes, the authors have obtained the
formulas for determining the phase transformation number and the thermal-gradient
coefficient for essentially nonisothermal wood drying schedules. The results of the work can
be used in studying the wood capillary — porous structure and determining the parameters of
wood drying schedules. The fundamentally new conclusions of the study include the fact
that the direction of the temperature gradient in the section of drying assortment inhibits (or
increases) the flow of liquid moisture in the capillaries occuring on the basis of a film
transfer mechanism, caused by the disjoining pressure. This phenomenon significantly
affects the value of the phase transition number and causes some asymmetry of moisture
flows when the direction of the temperature gradient vector changes.

Keywords: thermal moisture conductivity, heat-and-mass transfer, phase transformation
number, wood drying schedule, thermal-gradient coefficient.
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