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AxkmyanbHocmb uccnedogaHusi npodukmosaHa Heobxodumocmeto paspabomku mamemamuyeckux modenel CBY-Haepesa u MB-cywku
8naxHbIX Mamepuasnog 07151 NONTYYEHUS MEXHOM02UYECKU ONMUMAsTBHBIX U SKOHOMUYECKU 8bI200HBIX peXxuMos. Hacmosiuas nybnukayust
sesiemcs npodomKeHUeM cmamel mex e aemopos 8 «M3eecmusi TOMCKO20 NOAUMEXHUYECKO20 yHUBepcUmema. VHXUHUPUHE 2eope-
cypcos», 8 KOMOPOU ¢ NOMOWbI0 MameMamuyeckoeo ModenupogaHusi NOOPOBHO Bbin U3yYeH npouecc Ha nepeoli u 8mopoli cmadusix
cywku — cmaduu npoepesa, koz0a mennoobMeH Mex0y NOBEPXHOCMbIO 81aXH020 mefnia U okpyxatowel cpedoll ocywecmensemcs 3a
cyem paduayuu u koHsekyuu, a CBY-aHepausi noenowaemesi NOBEPXHOCMHbIM CI0EM U3-3a Masoll €€ eny6UHb! NPOHUKHOBEHUS, @ makK-
XKe cmaduu NoCMOSHHOU ckopocmu Cywku. TocmpoeHbI acuMNMomuYecKue peweHusi amod HemuHelHoU 3adayu 05151 Manbix U 6oMbLUX
3HayeHull 6e3pasmepHo20 BPEMEHU, 8OCMPEBoBaHHbIE UHXEHEPHOU npakmukol, kak Ofis napaMempu4ecko20 aHanuaa, mak u 0n1s npo-
8edeHus onepamueHbIx pacyemos. 100x00, ces3aHHbIl ¢ paccmompeHuem mpemsell cmaduu — cmaduu nadaloweli ckopocmu CywKU,
OCHOBaH Ha ycmaHoeneHuU 6a308020 ypasHeHUs CYWKU, komopoe obecnedusaem 63auMocessb MExdy mennoobMeHoM U elazo00bme-
HOM ¢ homouwbto Kpumepusi PebuHdepa.

Lenb: nocmaHoeka 3adayu mpemee20 amana CBY-CywKu enaxHo20 Mamepuana — 3mana nadaroweli CKopocmu Cywku — U peanuaayus
meopemu4ecko20 peLeHus no onpedenieHuto pacnpedeneHust meMnepamypHO20 NOJs N0 MOMUUHE CIOS U 8UNUHbI CKOPOCMU CYWKU.
O6Bexkmom uccriedosaHus sersiemes Nockuli crioll eiaxHo20 Mamepuarna — y2oiib, NECOK, OpesecuHa U Op. KanurnspHO-NopuCMbIe Mac-
cugbl, Ha komopasle 8o3delicmeyem CBY-usnydyeHue. Takue Mamepuarbl 0bnadaom 8bICOKOU OUINEKMPUYECKOU NPOHULAEMOCMbIO U KaK
cnedcmeue secbMa aghgpekmusHo noanowatom CBY-usnyyerue, komopoe noumu Ha 100 % npeobpasyemcs @ mensogyro SHepauo.
Memodbi uccnedosaHus cesizaHbl C Mamemamu4eckuMm ModenuposaHueM, 8 OCHOBE KOMOPbIX 1eXam ypasHeHUs 31ekmpoduHaMUKU
Maxcsenna u mennosnazonepeHoca A.B. Jlbikoga. B daHHOU cmambe npu oueHke napamMempos mensoenazonepeHoca yyem mennoob-
meHa sedemcs 6onee demarnbHo, Hexenu maccoobmena. Takxe 00HOU u3 ocobeHHocmel 0aHHOU 3adaqu 3IeKMPOMacHUMHOU CyWKU
A/15IEMCA PacCMOMpeHUe Mamepuasnoe ¢ Masoll efybuHol NO2MOWEHUS, 8 CUMTy Yee0 8 cucmeMe ypasHeHul 0n1si Haepega UCMOYHUKO-
8bIli 4rieH Haxo0UMCs 8 ePaHUYHOM yCrosuU.

B pesynbmame uccnedosaHull bbitu onpedeneHbl meMnepamypa U enaeocodepxaHue nodcywueaemozo mena 8 pexume nadaowel
CKOPOCMU CYWKU, NOMyYeHb! PacyemHble COOMHOWEHUS aHanuMu4ecko2o Xxapakmepa 01 MasbIx U 60/bWUX napamempos 8pEMEHLU.

Knroyeenie crnosa:

CBY-usnyyeHue, anekmpomagHUMHasi CywKa, KanunnspHO-nopucmaIli Maccus, meniousnydyeHue,

KOHBEKUUSs, ypagHeHue mennognazonepeHoca A.B. Jlbikoga, cmadus nadarowiell ckopocmu Cywku.
Beegetne 3JIEKTPOMAarHUTHOTO U3ITyYCHHS Ha MOJISAPHBIC MOJICKYJIBI,

TJIaBHBIM 00pa3oM BOJIBI, KOTOPbIE MOJ BO3/IEHCTBUEM

BBICOKOYACTOTHOI'O  BHEIIHEr0 JJIEKTPUYECKOrO IO

MzBecTHO, uto CBY-n3nmyueHue mpencTasisier co0oi
9NEKTPOMArHUTHBIE BOMHBI ¢ YacTotoil ot 300 MI'm o

30 ITu, ¢ anuHO# BodHbL 0T 1 MM 10 1 M. [IpakTuyeckn
JI0 HeJJaBHETO BPEMEHHU HCIIONb30BAHUE MUKPOBOJIHOBOH
SHEPTUU KaK B MPOMBIIUIEHHOCTH, TaK U B OBITY ObLIO
orpaHnueHo u3-3a noporoBusubl CBYU-texmuku [1-4].
VYcoBepieHCTBOBaHNE TEXHOJNOTUH MPOU3BOJCTBA MHUK-
POBOJIHOBBIX NPUOOPOB MPUBENIO K IIUPOKOMY Pacrmpo-
CTpaHEeHHIO ycTpoiicTB Ha ocHoBe CBU-3Hepruum, B Kaue-
CTBE KOTOPBIX BBICTYIAIOT MUKPOBOJHOBBIE MEYH, CITyT-
HUKOBBIC AHTECHHEI, COTOBBIE cMapT(oHEl u 1p. Ocobo
BocTpeboBaHo CBU-u3nydenue i TeHepanyy Telvia U
SNEKTpOMarHuTHOM cymku [5-12]. ®usuka Harpesa
MHUKPOBOJIHAMHU CBf3aHA, MPEXKJIE BCEro, C BO3AEHCTBUEM

DOI 10.18799/24131830/2020/4/2601

HAUMHAIOT aKTHUBHO KONeOaThCs, 3aTpardBasi COCERHHE
MOJIEKyJIbl. B pe3ynbraTe uero ImpoucxXoquT peryiupye-
MBIl AMBNEKTPUUECKUI HArpeB, TEMIEpaTypa Matepuana
noBblIaeTcs. 3a cueT (ha3oBOro Iepexoia «Boja-Iapy»
uIeT 00e3BOXKHMBAHIE, BOSHUKAIOT IPAIUEHTH TeMIepa-
TYpbl U BIIArOCOJEPIKAaHUs, HAIPABIECHUS KOTOPBIX COB-
MaJa10T, 4T0 HHTeHCUHIUpyeT cymky [13, 14].
HckmounTtenpHas poib B IPOLECCE HNEKTPOMArHUT-
HOM CYLIKH IIPUHAUIEXKHUT TAKOMY CBOMCTBY MaTepuaia,
KaK JIU3NEKTpHIecKas IPOHUIAEMOCTb. | 1aBHast ocobeH-
HOCTb TIOBEACHUS JAHHOW XapaKTEPUCTUKH 3aKIH0YaeTCs
B TOM, 4TO €€ MAaKCUMyM JOCTHIaeTcs IPU 4YacTOTax,
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coorserctBytomux CBU-nuanasony. M3menenue ypoBHs
JVBICKTPUUECKON TMPOHUIIAEMOCTH CHJIBHEHIMM o0pa-
30M 3aBHUCHUT OT BIaXHOCTU. Ero BemMuMHA COCTaBIAET
I CyXHX MaTepUaIOB MOPAIKa HECKOJBKUX €IUHULL, a C
HOBBILIEHHOM BIAXHOCTBIO — MOpAAKA COTHU EOUHHULL.
Taxoe noseneHne AUANEKTPUUECKOM IPOHULIAEMOCTH He
TOJIbKO 00€CTIeYNBACT YIaNeHNE BIaru U3 MPOAYKTa, HO U
BBIPAaBHUBAET BIAXHOCTh 1o oObemy [15-18]. Ha man-
HbIi MOMEHT C IOMOIIbIO MUKPOBOJIHOBOIO HM3IyYeHHUS
peLIAloTCs aKkTyalbHble 33a7add B TaKMX OTPaciAX Mpo-
MBIIIIEHHOCTH, KaK XUMUYECKasl, CTPOUTENbHAS, JepPeBO-
oOpabaTsiBatomias, SHepreTHdeckas u ap. B obnactu mpo-
U3BOACTBA cTpoiMaTepuanoB CBY-texHomoruu mpume-
HAIOTCS [IPU U3TOTOBJIEHUH KUPIM4A, & TAKKe B IPOLIEccax
CYILKY JIPEBECHHBI, JTeKAPCTBEHHBIX PACTEHUH U T. [1.

[TepeiinemM K pacCMOTPEHHIO 3aKITIOYUTENBHOM CTa UK
CYIIKM — CTa UM MaJAoNIeH cKopocTu. BaxkHo 0TMETHUTD,
B TIEpUOJIE TAJAIOell CKOPOCTH MHTEHCUBHOCTD TEILIO-
00MeHa (p, W HMHTEHCHBHOCTh CYIIKH J, HEIPEePHIBHO
YMEHBLIAIOTCA MO BpeMeHU. BaxxHeHnmMu KpurepusMu
JUTSL OTOM CTAJMH BBICTYNAIOT TETUIOOOMEHHBIH M Macco-
obMeHHsIH kpuTepun Kupnuuesa [19, 20]

Ki, (t):qi#)l Ki =

5 (@)
n .
c &nOolo
Mexnay Kig(t) u Kiy(m) mis namsoit cragum cyme-
CTBYET CBS3b B CIIEAYIONICH KpUTEPHATBEHON (hopme

Ki, (t)=Ki, (t)LuKo(L+ Rb),

rae Rb =E(2—Tj — xputepuii Pebunnepa.
ridu

Huxe OyayT moCTpOeHbl aCHMITOTHYECKUE PEIEHHUS
HEJIMHEHHON 3a/1a4M TEIIO-BIAaronepeHoca Uisl ManblX U
Oonprmx 6Ge3pasmepHbIX BpemeH FO. [Ipu sToM mcmomns-
3yercs CleAylolee CBOHCTBO MHTETPalbHOro Ipeodpa-
3oBanus Jlanmaca. bosipmmm 3HaueHUAM mapamerpa Impe-
o0pazoBanus Jlamnaca S COOTBETCTBYIOT MaJible 3HAYEHHS
Fo, 1 Ha00OPOT — MalbIM 3HAYEHUAM MapaMmeTpa Tpeood-
pa3oBaHus S COOTBETCTBYIOT OoJbIINe 3HaUeHHS FO.

3amava mepro/a Majaomel CKOPOCTU CYLIKH JUIS H3-
MeHeHHil moneii 6e3pa3MepHoil TeMnepaTypbl U BIaroco-
JepKaHUA BBITIAAUT CIEOYIOIUM 00pasoM:

90X, Fo) _ (I+e KoPnLu)M
oFo
—eKoLu m =0, @)
X
UXFo) | GV Fo) o FOX,Fo) - )
oFo ox*
o0, F . -
%Jr Ki, (Fo) - (1—¢&)LuKoKi,(Fo) =0, (3)
_ULFO) , p, OLFO) (Fo)=0, (4
ox oX " '
00(0,F0) _ . dU(0,Fo) _ ©)
x X
®(X,0)=06,; U(X,0)=U,, (6)

TAC BBCACHLI CJIICAYIOIINE KPUTCPUN TCIUIOBIArOIIEPEHOCA:
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a .
Lu = —® —kpurepuii JIbikoBa,;
a

Ko =

—xkputepuii KoccoBuua;

Pn=

—kputepuii [locHoBa;

ch
Rb = — —xpurepwuii Pebunepa,;
r

. R
Ki, = 4%, TermnooOMeHHbIH kpuTepuil Kupnuuesa;
AT,
C
H J)’l RV = =
Ki, = —MaccooOMeHHbIH Kputepuii Kupnnyesa.
anPolo

AcumnToTHKa ANsA ManbIx ucen Pypbe

(6onbwmx 3HaYeHMAX NnapameTpa npeobpa3oBaHUs

Nannaca s)

[IpencraBuM pemenue 3axa4u B n3oopaxennsx (1)—(6)
gepes NMepefaTovHbIe QyHKINNI:

0L(X,5)~ 22 =Kiy (R(X,5)+Kiyy (IP,(X,9);

UL<x,s)—%:KiqL(s)Ml(x,s)+KimL(s)Mz(x,sx )

e Py, Py, My, My— mepenatounsie gynkimu. [Ipencrapim
MX B BHJIE PA3JIOKEHIS 10 OOJIBIIOMY MTapaMeTpy S B BUIE:

e Vs p 2
Pl(X,S):¢O(X,S)T+¢1(X.S)—+

,f efzﬁ
P(X,8)=yo(X,8) 7 +y,(X,s)
,f efz\E
M, (X,8)= 76(X, ) = % +7(X,s)
e Vs 2«/s‘
7 +v, (X, S) .. (8)

Taxxe BBeIeM 0003HAYEHHMS:
Y, =1+eKoPnLu;
Y, =—eKoLu.

+..

M, (X,s)=v,(X, s)

[Ipencrasum (1) B m300paxkernusx 1o Jlamnacy:

([ 0
SL®L_?OJ:Y1®E+Y2ULH' )

Haiizem ©],U":
Huddepenuupys (7), umeeM:

. eV g2
O =Kiy () (Pé’(X,S)—\/g +¢[(X,s) S ol

. e g2
Kiy, (S){Wé'(X,S)fJF wi(X,s) }

o
UI:':KiqL(S){ (X, S) \/_ + (X, S)
S

e—ﬁ e—ZJE
Ki,, (s) vg(X,s)f-r V(X,s)




113BecTnst ToMCKoro nonuTexHnyeckoro yHusepcuteta. MHxmmpuHr reopecypcos. 2020. T. 331. Ne 4. 139-147
Canomatos B.B., KapenuH B.A., Canomaros B.B. SnextpomarHnTHas cyluka BraxHbIX MaTepuarnos ¢ Manoi rny6uHON MPOHUKHOBEHMS ...

[Moxacrasnss (10) B (9), 3anuiuem:
( ek e—uE
KIqL(S)k(Po(X S) \/= +9,(X,s)

+. .]+

S =

( o F e2F )
mL(S)L\vg(X S) 5 +y, (X, S) J
KiL(S){%’(X,S)iwl(X i }

=Y q d +

-

1 i ( ){ (X )er (X, ) *Zf
+Ki (s)| wg(X,s +y/(X,s .
mL 0 1 :|

(){ 108 ) s }
Ki, (s X,s +x(X,s S+
+Y, ¥

e —Zf '
KimL(s)[ J(X, s) % +v/(X, 5) :I

I'pynmupys 4ieHs!, NOTy4UM CIEAYIONUE YPABHEHNUS:
-5

Cnaraembie pu Ki,. (s)% LS@ =Y,00 +YaXo s

e
Cnaraemprie npu Ki, (s)——

-k
Cnaraemsie npu Ki, (S) eT LSy,
S

s@ =Y, Y01 5

n ”.
=Yy, +Y,Vq,

g2
Yo, +Y,v).

Cnaraemste pu Ki,, (s) sy, =

Jls epBOro 4ieHa pasioKeH s MOXKHO 3aIUCaTh CH-
cremy:

Sp =Y, 0g;
(PO, (0, S) = 01
Js
S (1)

Pewas cuctemy (11), umeem (12):

eJSl\/YE?‘/EX (1+ eZ‘EX J N2

Po(X,8)=— Z\F (12)
~1+e "
AHanorn4Ho IS Yo osydaem cucremy (13):
Sy, = Y]_\VON
Wol (0,s)=0
yi(l,s) = iij; (L-¢)LuKo (13)
e

peleHreM KoTopoii asnsercs (14):
s Fx (2 fx)
ef\/;\l;XL1+ez\/;XJ\/Y_l
2 s
-1+e \[Y?

B urore ¢ y4eToM MEpBOTO WICHA PA3TOMKEHHS st
n300paxenns Temnepatypsl i cBsizb Kig 1 Kiy nveem:

v, (X,s)=(1-¢)LuKo (14)

[ [E_[x 2 Fx
B e‘ﬁ k [1+e‘E J\/Y_l\
G)L(X,s)—%:KiqL(s) s +
L—1+e VIJJE
( [5_[5x 2 Ex
e‘ﬁ‘ﬁ {1+e K J\/Vl\
+Ki,, (s)| 1—¢)LuKo 7 = =

(ej%‘i%X {1+ ez‘ﬁlx} \/\Z\

7

L—1+ ez‘E} Js

x| =Kiy (s)+ Ki,, (s)(1- &) LuKo | =

(e‘Ei‘EX (1+ ezﬁx] \/Vl )
{—1+ ez\l;:] \/g

[ Kqu(s)JrKqu(s)1 Rb:|

(e‘ﬁg}‘EX {1+ ez‘EXJ \/Y_ )

1 5]
1+Rb (

L—1+ eZEJ Js

= Ki,. [—1+

HaHHOC peueHne MOXKHO NPEACTAaBUTH B CICAYIOLIEM
BUIC:

0 (X, s)—%_

L V[Y% +e‘/; }

l-¢ _
1+Rb] [—E_E+6JEJ\/;

ch

. 1- 5 L\/7 J
=Kqu(— 1+Rb \/’ (\/’)

[Tpu GompImwX S:

ShL\FJ~e
e Chlf

1+ Rb

= Kiy, [—1+

(15)

0, (X,s)—

S
Y].
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Haiinem oOpatHoe mpeobpasoBanue Jlammaca ot

S S
Y1 Y1
S
e YT(X_D e— - (X+1) (-x)? 7(><+1)2\ v
! —|g 4N g 4Fon 1
S 7Fo
Y,
1

Jnst HaxoxaeHus: opuruHaia ot (15) Bocmois3yemcs
TEOPEMOii 0 CBEPTKE:

O(X,Fo) ~ [1+

1-¢ e
Wj \/\le; Ki, (7)
_a-xy 1
x e 4(Fo-n)Yy +e 4(Fo-n)Yy d 77_'_
«/ﬂ'(FO— 7)

Jlns packpeiTus uHTerpana pasnoxuM Kig(m) B pan
Teitnopa:

Ki, () ~ Ki, (Fo) + (77— Fo) Ki; (Fo) +...

C(x+1)?

Taxxe yurem:

Ki, () = Ki, —Sk[ ©,* 1] Bi[®,,—1].

B pesynbrare nomyunm

1_R‘9b] (Ki,-sk[®,*-1]-Bi[®, -1])x

O(X,Fo) = (1+
C(@-x)? (X+1)?

4(Fo-n)Y, | o A(Fo-n)Y; 1
x\/Y_J.[L +e J\/m:idnﬁ-

[IpoBoas panbHelIIee WHTETPUPOBAHUE, 3AMHMLIEM
TEMIEPATypHYI0 aCUMIITOTUKY JUI1 Maibix ducen Oypoe
C YYETOM IIEPBOTO WIEHA Pa3lI0KEHUS

1- (K, —5k[®4—1] Bi[©, 1]
®(X’F°)z( 1+ij v )
s [+ o)

(1+X) erch—(1 Z)i/)Y_:/F_J+

+(1— X )3 erfc(—(l_;\/)%/ﬁ}

[Moncrasnsis X=1, moxydnM ypaBHEHHE YETBEPTOM
CTETICHH JIJIS TIOBEPXHOCTHOM TeMnepatypsl (16):

®Wz[1+ 1_5jx
1+Rb

(i, -sk[®,* -1]-Bi[®, -1))

X

(VFo) (1)
&%)

T erfc\
3y
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B urtore neicTBUTENBHBIA MONOKUTENIBHBIN KOPEHD

JaHHOIr'O YpaBHCHHUS MOXHO 3allUCaTh TaK

2\3
1 4(5] D¢
0,~ T2
2\ F 12
233°B
1
2)3
4D
1 (3) B B 2C _
2 F 12 1 ’
3123
233%B 4[3]3D
3 F
\ B +
F - £
233%B

1
F= (9Bc2 +3\27B°C” —25683D3)3 :
D=-A-B-C+1;

Cz%Bi(l—ZJ?\ +1;
B:A\)Sk{l—z\/:—?}
A= AKi, Ll 2 ”YJ

1-¢

[l+1+ Rb)

A=—7
3y,

3Has rpaHUYHYI0 TEMIEPaTypy, OKOHYATEIbHO MOXK-
HO OTIPE/ICNUTh TEMIIEPaTypHOe pacupeneneHne il Ma-
71X yrcen Oypbe ¢ y4eToM MepBOro uiieHa pas3ioKeHHUs:

1_8](K| .~ Sk[©, “—1] Bi[o, —1])
1+Rb

O(X,Fo) ~ [1+
24Y4
(1+X)° en‘<{—<1+ X)\/_OJ +
x Z\M Fon

+(1-X) erfc {%\

AcumnTtoTuka npu 6onbnx Fo (Manbie 3HaueHus
napameTpa npeobpa3oBaHus Jlannaca s)

[IpencraBum pemenne O (X,S) depes mepenaToyHbIe
(yuxuun Py u P, (17)

O, (X,8)=Kiy ()R (X,s)+Kiy, (s)P,(X,s), (17)

KOTOpBIE PA3JIOKUM B psifi 110 Maniomy napametpy S (18),
(19)
R(X,8)=,(X,5)+5¢,(X,5)+5°9,(X,5)+... (18)
P,(X,8)=y,(X,8)+sy,(X,s)+s2y,(X,S)+... (19)
Awnanornyno mis U(X,S) Beipasum (20)
U(X,s)=Ki, (s)M,(X,s)+Ki, (S)M,(X,s) (20)
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¥ TPECTaBUM TepenaTounble GyHkuuu M; u M, Takke B
BHUJIC PA3JIOKEHUH B Psijl 110 Masiomy mapametpy S (21), (22)

M, (X,8)= x,(X,8)+Sx (X,8)+5°1,(X,S)+... (21)
M, (X,8)=v,(X,s)+sv;(X,8)+5%V,(X,8)+... (22)

[loxcTaBnsds aHHBIE PA3NOXKEHNS B OCHOBHOE YpaB-
Henue (9) 1 npupaBHUBas KO3(GUIHEHTH IPH OXHHAKO-
BBIX CTETIEHSIX S, UMEEM CIEYIOLIYI0 CUCTEMY JUIS OIIpe-
JeNeHus COMHOKHTEICH ®g, Yo, 91, Y1 ...

@5 =0; (23)
@7 =Y, 9o =0; (24)
vo=0; (25)
vy =Yy, =0. (26)

JlaHHBIE CHCTEMBI YpaBHEHWH BTOPOrO MOPAAKA IIPU
MHTCTPHPOBAHMM TpeOYIOT 3aJaHMs JBYX TpPaHUYHBIX
YCIOBHM JUIsl HAXOXAEHUS IBYX KOHCTAHT WHTETPHUpOBa-
Hust. [lepBas KoHCTaHTa HAUETCS U3 YCIOBUS CUMMETPHH.

94(0,8) =0; (27)
¢;(0,8) =0; (28)
v;(0,5)=0; (29)
v!(0,5)=0. (30)

BTopylo KOHCTaHTy HaiiieM M3 CIEAYIOIEro UHTe-
IPaJbHOTO YCIOBHUSL:

1
[spox=1; (31)
0
1 1
'[(p()’dx = Ylj @,dX; (32)
0 0
1
[ swodx=1; (33)
0
1 1
[witx =Y, [ w,dx (34)
0 0

Pemas cucremy (23)-(26) ¢ yuerom (27)—(30) u
(31)—(34), nmeeM acHMNTOTHKY PEIIEHHS C YYETOM JIBYX
YJICHOB PA3NOKEHHS:

Fo 2
o(X,Fo) = | Kiq(n)dn—Kiq(Fo)xYl[X?—lj .
0

Fo
+(1-&) x PnLuKo [ Ki, (n)dn-+Ki, (Fo) x
0

xY, [XTZ—(l— £) LuKo} +on

(35)

Hcnonb3ys U3BECTHYIO I/ CTAAUM NAJAIOIICH CKO-
POCTH CYLIKH CBSI3b MEXIY TEIIOOOMEHHBIM H Maccoo0-
MEHHBIM KpuTepueM Kupnudesa (36)

Ki, (Fo) = Ki,, (Fo)LuKo(1+Rb), (36)
e Ki _BORY i LORY
‘ AT, a,Poly

[Tpencraeum (35) B caenyromeM BUIE:
Fo

O(X, F0)-B0 =2, [ Ki,(n)dn+ z,Ki,(Fo)+.. ~ (37)
0

rac

Z,= {1+

Jlnst pacuera 1o (37) BHayane HEOOXOAMMO OTPEIEIUTh
TeMmeparypy Ha mosepxHoctd mpu x=1 ©(1,F0)=0,. ITo-
marasg B (37) x=1, mOMyYMM HWHTErpalbHOC YpaBHEHHE
Bomsreppa Il poma (38)

XZ
(1—8) Pn XZ 7—(1—8) LuKo
A A S
1+Rb 2 ' LuKo(1+Rb)

0, :le[KiW—Sk((a;‘V ~1)-Bi(®,,—1) jin+
0

+12,[ Ki, —Sk(®},-1)-Bi(®, -1) |+..  (38)
0, : 3
[ 2B A0y 4o 7 (Fo-Fo.). (39)
o Ki, —Sk(®,-1)-Bi(®, -1

PackpsiBast unTerpan (39), MoXHO 3amucaTh OKOH4YA-
TeNbHOE pelieHue 11 O, B aneMeHTapHbIX QyHKIHAX (40)

2,(Fo-Fo.)=F,(©,)-FK(©}), (40)
rae F umeer Bun
1
Fl(®w) = 3 x
4(Ki+ Sk + Bi)4 Sk
( 3

1
\ 1
2Sk* (1+ Bi-z,) Arctan &Wl -
(Ki+ Sk + Bi)4
3

—Sk* (1+Bi-z,) x

(LOQ {(Ki +Sk + Bi)% - Sk‘l‘GW}—\

1 L
—Log {(Ki +Sk +Bi)4 +Sk4®w}

~4(Ki+ Sk + Bi)% z,Log [ (Ki+Sk +Bi)-ske,* |)

3Has Temepb TEMMEPaTypy MOBEPXHOCTH MOXKHO pac-
CYUTaTh U MOJHOE pachpesiesieHne TeMIepaTypsl 1o ce-
YEHUIO IIACTUHBI TI0 3aBUCHUMOCTH (37).

JUs OIIeHKH BJArOCOZCPXKaHMs HEOOXO/MMO 3HATH 3a-
BHUCHMOCTb MEXIy MaccooOMeHHbIM KpuTeprem Kuprmyesa
U BpeMeHeM. Ee moiydeHHe BbI3bIBACT OINpEENEHHbIC
TpyAHOCTH. UTOOBI 000MTH MX, HAMH TIPHHAT CIEAYIOLIHiA
noaxod. [lone Temnepatyp B TpeTbell 4acTH, Kak U B JIBYX
TPEIBIIYIINX YaCTAX CTaThH, HCCTemyeTcs Ooiee IeTaIbHO.
Brarocoznepxanue usydaercs MeHee MOAPOOHO, IS YEro
TPUBJICKAIOTCA Haubojee anpoOMpOBAHHBIC MPAKTHKOM
3KCTEPHMEHTATIBHO-KOPPETALMOHHBIE CBS3M MEXIy OIpe-
JIENSIONMMHE TTapameTpami. B pesynbrare umeem (41)
1? dw _ yNIZ W-W,

a,(W,-W,) dt  a, W,-W,’

Ki_ ()= (41)
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TZIe  — OTHOCHTENbHBINH K03 duuuent cymky, 1/%; N —
ckopocTh cymiku, %/c; W — Tekymiee Bimarocojaepika-
uue, %; Wo — HauansHOe Bnarocoxepxkanue, %o; W, —
PaBHOBECHOE BIIArocoepkanue, %.

IMepexon ot Il cramuu x 1l ¢pukcupyercs 0CTHXECHH-
eM IUIACTUHOH KpuTmyeckoro piuarocopepxkanus W, u
PaBEHCTBOM CKOPOCTEH CYIIKH, TO ecTh (42)

dt|, dt

B utore uMeeM BBIpaXECHHE I KPUTHUECKOTO BJa-
rocozepskanust (43)

(42)

1k

W =W-W, +k$ J , (43)

rae 4, B, x — xoadduumentsr cymxu; W, W, — cpesnee
TeKyIllee ¥ PaBHOBECHOE BJIATOCOICPIKAHHE, KI/KT.
PaBHOBecHe BIAarocofepKaHusd IUIACTHHBI, COOTBET-
CTBYIOIIEE ITapaMeTpaM OKpYXKAIOIIEH cpesibl, ompeaens-
eTcsl 10 M3BECTHOMY ypaBHeHuIo JleHrmiopa (44).
0,5

W, =[D- E(T, —273)][%@} L

3nech D, E, F — mocrosHHBIE, 3aBUCSIIME OT MaTepH-
aJa; (¢ — OTHOCUTEIbHAS BIAKHOCTH CPE/IBL.

Juis [l cramuu CKOpPOCTh CYIIKH OMpefensercs 1Mo
dopmyie [.K. ®unonenko [21] (45).
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daw _dwl W-W)r (45)
dthy dtl, A+BW-W,)’

3aknioueHne

B pexume magparomei CKopocTu CyLIKH TeMIeparypa
U BJArocojepkaHue NOJCYIIMBAEMOIO Tela OLpEness-
IOTCS B3aUMOCBSI3bI0 BHYTPEHHETO U BHEIIHEro TEILIO-
MaccooOMeHa. B paccmarpuBaeMoM B cTaTbe Cllydyae 3TO
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ELECTROMAGNETIC DRYING OF WET MATERIALS WITH A SMALL DEPTH
OF PENETRATION OF MICROWAVE RADIATION IN THE CONDITIONS OF HEAT REMOVAL
BY RADIATION AND CONVECTION. Ill. STAGE OF FALLING DRYING RATE

Vladimir V. Salomatov'2,
salomatov.vv@mail.ru

Vadim A. Karelin'2,
vadZhen@mail.ru

Vasiliy V. Salomatov?,
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1, Pirogov street, Novosibirsk, 630090, Russia.

2 8.S. Kutateladze Institute of Thermophysics SB RAS,
1, Academician Lavrentiev avenue, Novosibirsk, 630090, Russia.

The relevance of the research is dictated by the need to develop mathematical models of microwave heating and MV-drying of wet mate-
rials to obtain technologically optimal and cost-effective modes. This publication is a continuation of the articles of the same authors in The
Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering, in which using the mathematical modeling, the authors have studied
in details the process at the first and second stages of drying — the heating stage, when heat exchange between the surface of a wet body
and the environment occurs due to radiation and convection, and microwave energy is absorbed by the surface layer owing to its small
penetration depth, as well as the stage of constant drying rate. The authors constructed the asymptotic solutions of this nonlinear problem
for small and large values of dimensionless time, which are demanded by engineering practice, both for parametric analysis and for per-
forming operational calculations. The approach associated with the consideration of the third stage — the stage of the falling drying rate, is
based on determination of the basic drying equation, which provides the relationship between heat transfer and moisture exchange using
the Rebinder criterion.

The aim of the research is to state the problem of the third stage of microwave drying of a wet material — the stage of a falling drying rate,
and to implement a theoretical solution to determine temperature field distribution over the layer thickness and the drying rate.

The object of the research is a flat layer of wet material — coal, sand, wood, etc. capillary-porous arrays, which are affected by microwave
radiation. Such materials have a high dielectric constant and, as a result, very effectively absorb microwave radiation, which is almost 100 %
converted to thermal energy.

The research methods are associated with mathematical modeling, which are based on the equations of Maxwell’s electrodynamics and
heat and moisture transfer by A.V. Lykov. In this article, when assessing the parameters of heat and moisture transfer, heat transfer ac-
counting is conducted in more details than mass transfer. One of the features of this problem is the consideration of materials with a small
depth of absorption, whereby the source term in the system of equations for heating is in the boundary condition.

The temperature and moisture content of the body to be dried were determined in the mode of the falling drying speed, the calculated
analytical ratios for small and large parameters of time were obtained.

Key words:
Microwave radiation, electromagnetic drying, capillary-porous array, heat radiation, convection,
A.V. Lykov heat-moisture transfer equation, stage of falling drying speed.

The statement of the problem and the solution for the stage of falling drying rate were performed within the framework of the
state task IT SB RAS, the search for approximate analytical solutions was done with the support of the Russian Foundation for
Basic Research, grant No. 17-08-00752.
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