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Annomayusn — padoTa MOCBSIIIIEHA MAaTEeMATHYECKOMY MOJeJIH-
POBAHUIO BJIATOTEIIOBOI 00Pa0OTKH Me3rd B MHOTO4aHHBIX MAPOBBIX
:kapoBHsX. [losyyeHa maTemMaTHyeckass MoOJeJb ¢ HCHOJb30BAHHEM
cuctembl Ju(depeHIHAIBHBIX YPABHEHHI NepeHoca Macchl U JHep-
ruu. Jlis 4ucJieHHbIX HCCJIeJOBAHWN pa3padoTaHa JUCKPeTHAsl MO-
AeJib Npolecca BJAroTenJ0Boil 00padoTKU B TOJICTOM CJI0€.

Kntouesvie cnosa — matemaTnueckasi MojJeib, Me3ra, BJaroren-
JIoBasi 00padoTKa, MapoBasi *KApOBHsSI, YyPABHEHHS MEPEHOCA MACChI H
IHEPTrHUH.

Tlocmanoexa npobnemvl. MHOTOUaHHAS TIApOBas KAPOBHS MPEIHA3ZHA-
YeHa JUISI MPeoOpa30BaHUs ME3TH M3 MATKH CEMSH KJICIEBHHBI METOOM BIla-
rOTEeIIOBOM 00paboTKu. J{J1st 3TOr0 IMpenBapuTEIHbHO MPOBOIUTCS NHAKTHUBA-
1wst GEpPMEHTHOM CHCTEMBI MSITKM ITyTEM YBJIQ)KHEHHUS M HarpeBa B TEUCHHE
30 — 40 ¢ HachbImeHHBIM OCTphIM TapoMm a0 Biaxuaoctd 9,0 — 10,0% u tem-
nepatypsl 85 — 90°C. YBnaxxHeHHe MATKU B TIEPBOM YaHE MIPOU3BOIAMUTCS pa-
CIIBLJICHUEM BOJIbI IIPYU TIOMOIIM CTPYH Tapa, MPOHU3BIBAIOIICH MaTepHral IpH
MOCTYIUICHUU B YaH.BbIOOp OMTUMAIILHOTO peXrMa KapeHHsl, OCYIECTBIIsIE-
MOTO B YaHHBIX YKapOBHSX, CBOANUTCS K Pa3IMIHBIM U3MEHEHUSIM BIIAKHOCTH
MSTKU TIPH PA3JIMYHBIX TEMIEpaTypax, MPH Pa3HOM TeMIle H3MEHEHHsS TeM-
nepaTyphl B TEYEHUE PA3HBIX MPOMEKYTKOB BpeMEHH. PaccMOTpUM TOJICTBIN
MJIOTHBIM CJIOW MSTKH, PacIoONIOKEHHBIH HA 000TPEBAEMOM TIIyXHUM IMapoM
nauie. BonsHoii nap (00OBIYHO HACHIIIEHHBIN WK CJIETKA TIEpErpeThlil) na-
BrnerueM 10 0,5 — 0,7 MIla nomaércst B mapoByro pyOalky JHUIIA OH KOH-
JIEHCUPYETCs U OTAAET TEIUIO MOBEPXHOCTU HArpeBa, a uepes He€ MsTKE.

© x.1.1. Tkauenko A.B., k.1.H. [luayp B.B., n.1.1., npod. dumyp B.A., n.1.H., mpod.
Tkauenko B.A.
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Ot HarpeToro JHUINA TEIJIO NepeaaéTcsi HUKHEMY CJIOI0 IepeMerna-
emoii Me3ru. [Ipu 3TOM clol MATKHM WJIM Me3TH OyZeM paccMaTpuBaTh Kak
KalWUIIPHO mopucToe Teso. Jlanee Temsao pacrnpocTpaHsercs: 3a CUET Terl-
JIOIIPOBO/IHOCTH B CaMOM cjloe Marepuana. Kpome Toro, HW»KHHE CIOH Ma-
Tepuaa HarpeBarTcs ObICTpee, IPOUCXOAUT HCIIapeHne, U 00pa30BaBIIIHii-
Csl map, MPOHU3bIBAS CIION KaMMJUISIPHO MOPUCTOrO MaTepuaia, OTIAaET CBOE
TEIUIO BBIIIENEKAIIUM CIIOsIM. B BepxHeM uaHe, rje 3aKpbiTa 3aclIOHKa B
BBITSDKHYIO TpYOy JKapOBHH, MPOHMCXOAMUT MPOLIECC MPOMAPUBAHUS MSTKU.
B mocneayronux yaHax mporecc MporapruBaHusi COUETAETCsl C MPOLECCOM
CYIIKM MaTepuana. MojenupoBaHHUe 3TOro IMpolecca NpeAcTaBisieT co0oil
CIIOKHYIO TETI0(U3NYECKYIO 3a1a4y, pelieHue KOTOPOU MO3BOJIUT ONTUMU-
3UpPOBATh YHEPTOEMKHE TEXHOJOTHUECKUE PEXUMbI U KOHCTPYKTHUBHBIE I1a-
pameTpbl 000pyIOBaHUS, IPEIHAZHAYCHHOTO [T STUX IIETICH.

Ananuz nocnednux ucciedosanuti. Pacuér BmaroreninoBoit o0padot-
KA B TAPOBBIX KAPOBHSIX OOBIYHO CBOJIUTCS K TPEM OCHOBHBIM YaCTSIM:
KOHCTPYKTUBHOMY, MEXaHUYECKOMY U TEIJIOBOMY. [Ipy KOHCTpYKTHBHOM
pacuére onpenessroT pa3Mepsl yaHa. [ 3TOro pacCUMTHIBAIOT BpeMsI JKa-
PEHHS 110 OJTHOM U3 IMIMPUUECKUX 3aBUCUMOCTEN. 3aTeM 3a/1al0TCsl POU-
3BOJUTEILHOCTHIO KAPOBHU U YHCJIOM YaHOB.

Pa3znennB KOMMYECTBO ME3rU, MPOLIEAIIEN YEPE3 JKAPOBHIO 34 BpEMs
CYUIKA Ha YMCJIO YAaHOB, HaXOAST KOJIMYECTBO MSTKM B yaHe. 3aJaBUIMChH
JIMaMETPOM YaHa, OMpPEAENSIOT BHICOTY CJIO0Sl ME3TH B YaHE WJIM KeE 3aJaB-
IIUCh BBICOTOM CJIOSI ME3TH, ONPENEIAIOT JUaMeTp YaHa.

[locne onpenenenus pasMepoB YaHOB NPUCTYNAIOT K UX MEXaHHYEC-
KOMY pacué€Ty B COOTBETCTBHU C YCIOBUSIMHU, B KOTOPHIX paboTaeT oOeyaii-
Ka WM JHUILE, IO U3BECTHBIM TeOpUsiM mpodHocTtu. HeoOxoaumas mor-
HOCTb IS PUBOJIa MEIIAJIKU ONpeAeIsieTcs 0 OAHOMY U3 AIMIIUPUYECKUX
YPaBHECHUM.

[Tocne 3TOro MpoBOAAT TEIJIOBOM pacuéT kaxaoro yaxa. Llenb term-
JIOBOT'0 pacyéra — ONpeeIUTh KOJIUYECTBO Mapa, HOTPEOHOro Ha JKapeHue,
U HEOOXOIMMYIO TOBEPXHOCTh HarpeBa. lloTpeOHoe KomuuecTBO mMapa
OIpeeNsieTcsl U3 ypaBHEHUI MaTepuaibHOro M TersioBoro Oanancos. Ilo
TEIUIOBOM Harpy3ke B KakKJIOM YaHe ONPEAeNIoT U3 ypaBHeHUs Dypbe mo-
TpeOHYIO TOBEPXHOCTH HArPEBa.

@opmynuposka yenet cmamou. llenpio maHHON pabOTHI SBISETCA
pa3paboTka MaTeMaTHYECKOW MOJeH, oOecreunBaronieii 000CHOBaHUE Te-
XHOJIOTMYECKH X PEXUMOB M OCHOBHBIX MTapaMETPOB MHOTOYAHHOM KapoB-
HU JJIS1 BJIArOTEIUIOBON 00pabOTKM ME3TH CEMSIH MACIMYHBIX KYJIbTYD.

OcHnognas wacme. 1lo ocyiiecTBieHn0 000rpeBa Y4aHOB TIIyXUM Ma-
POM KapOBHU MOXKHO Pa3JEIUTbh HA TPU TPYIIIbI: )KAPOBHU C 00OOTPEBOM
TOJILKO THUIII; )KapOBHU ¢ 00OTPEBOM JTHUII U BHYTPEHHETO MapOBOr0 KO-
Jblla B BEPXHEM 4YaHe; )KapOBHU C 00OTPEBOM JHHUII U OOKOBBIX CTEHOK.
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CxeMbl HanboIee ynoTpeOUTeIbHBIX KOHCTPYKIIUH YaHHBIX JKapPOBEH JTAHbBI
Ha puc.l.

B MHOTrOYaHHBIX KapOBHSX B KaXIIOM W3 IOCIEIOBATENHFHO PaCIO-
JIO)KEHHBIX YaHOB MOXET OBITh OCYIIECTBIIEHA 00pabOTKa pa3aM4HON WH-
TeHCUBHOCTH. Takum 00pa3oM, Mpu HEMPEPHIBHOM KAPEHUU HEOOXOAUMOE
W3MEHEHUE TEeMIIepaTypbl U BIAXKHOCTH MaTrepuaja O0OECIeYMBACTCS IO
Mepe MPOXOXKIEHUsI MaTepuaia yepe3 YaHsbl,
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Puc. 1. Tunbl yaHHBIX jkapoBeH (YIPOUIEHHBIC CXEMBI):

| — ¢ oborpeBoM IHHWIN — TIECTUYAHHAS >KapOBHS (POPIPECCOB
OIT u MIT; Il — ¢ oGorpeBoM IHHMIN W BHYTPEHHETO KOJIbIIa B BEPXHEM
yaHe — TpéxuaHHas kapoBHs 3kcneiiepoB EIL; 111 — ¢ oborpeBom nHuIIL
1 OOKOBBIX CTEHOK — MSTUYAHHAS KAPOBHSI.

Jlns omucaHusT BHYTPEHHETO BJIArOTEIIOBOTO OOMEHa B ITapOBOM
’KapoBHE IPH BJIArOTEIUIOBONM 00pabOTKEe ME3rd CeMSH MAaCIMYHBIX KYJIb-
Typ UCHOJIb3yeM cHCTeMy AudQepeHnaibHbIX YpaBHEHUN epeHoca dHe-
pruM M Maccel, pa3pabOTaHHYI0 Ha OCHOBAaHHUU TEPMOAMHAMHUKHU HeoOpa-
TUMBIX TiporieccoB A.B. JIbikoBbiM [1]

dT(X,Fo) _ &*T(X,Fo) I OT(X,Fo) Ko' d6(X,Fo)
oFo OX 2 X  oX oFo ' o
2
86(X,Fo) _ (1 Pn)-Lu o 0(X,2Fo) I d0(X,Fo) |
oFo oX X  oX

be3spasmepHbie TpaHUYHBIE YCIOBHS TPETHETO POJa MPUMEHUTEIHEHO
K CUCTeMe YpaBHEHHI TEIUIo- U MaccolepeHoca, CopoBokaatonierocs ha-
30BBIMH MPEBPALIEHUSIMH, UMEIOT BU:
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% — Bi, [1-T(1,F0)] + (1 - £)KoLuKiy, =0
(2)
00(LFO) o TIFO) i _
oX oX
[TocTostHHBIE HAYaJIbHBIC YCI10BUA
e
T(X,0)=6(X,0)=0. t.—t, ’ 00— Q_p ’

B Beipaxenusnx (1) — (2) npuHsATHI cieayronme 0003HaYCHHUS:

[' — moctostHHBIE POPMBIL: 1J1s1 HEOTpaHUIEHHOH TockocTu [ = 0,
JUTS HeorpaHudeHHoro mmHapa ['=1 pig mapa [ =2,

W3, V1 — cuMIIIEKChI HEpaBHOMEPHOCTH HAYaIbHOTO PacIpeIeICHIs
MOTEHIUAJIOB TEILJIO- M MacCoIepeHoca.

Wupaexc m — moBEpXHOCTb.

X — Ge3pa3mepHas koopauHara, X =c/R;

C - TeKyIIasi KOOPAMHATA;

R — xapakTepHblli pa3Mep, paBHBIN i1 HEOTPAHMYECHHON TIJIACTHHBI
MOJIOBUHE €€ TOJIIIMHBI, a IS [apa — paanycy).

Kpurepun momo6ust Terio- 1 MaccorepeHoca, UCIoab3yeMbIe B pac-
cMaTpuBaeMoil cucteme TudPEepeHIHATBHBIX ypaBHEHUH W TPaAaHUIHBIX
YCIOBHSIX TPETHETO Pojia:

a,t
FOq — TemmoobMenusIit kputepuit Oypsbe, FO, = _qz ;
d3
. . ant
Fom — MaccooOmenHsli kputepuit @ypre, FO,, = PEE
rDu
Ko — kputepuit Koccouua, Ko = _—~;
cqDt

Ko* - monmudumnmpoBannsiii kputepuii Koccornua Ko =[1Ko;

. a
Lu — xpurepwuii JIsikoBa, Lu =—"1;
a
q
Pn — kputepuii [locHOBa, yuYnTHIBaIOIIMI IEPEHOC BIaru Macconpo-
BOJHOCTBIO;

aqd3 _

b
;{q
Kin — MaccooOMenHHbI# kpuTepuit Kuprnnuéra,

< =@,
PN

m

Biy — Temnoo6MenHslit kputepuii buo, Biq =

, T1ie J(0) — MOTOK Macchl.
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B nHamewm cirygae rpaHUYHBIC YCIOBUS CBSI3BIBAIOT 3HAUEHUS MTOTEH-
IIUAJIOB TIEpEHOCa Ha MOBEPXHOCTH TeJa C COOTBETCTBYIOIIUMHE MOTEHITHA-
JaMu cpefbl 4epe3 3aJaHHbIe 3HaueHUs KOd(P(UIMEHTOB TEII000MeHa U
MaccooOMeHa WJIH, YTO TOXKE CaMoe, Yepe3 3aKOHBI KOHBEKTHBHOTO TEILIO-
oOMeHa U MaccooOMeHa Ha MOBEPXHOCTH. B KauecTBe 3aKOHAa KOHBEKTHB-
HOro TeriooOMeHa MpWHUMAaeTCsl 3akoH HpIOTOHA, a B KadecTBE 3aKoHa
MOBEPXHOCTHOTO MaccooOMeHa — 3akoH JlanbToHa.

Kosdpuuuentsr Tennoobmena (a,) u maccooomena (a,) B obrmem

Clly4ae 3aBUCAT OT PEXUMHBIX IapAMETPOB U COCTOSIHUS IIOBEPXHOCTU Ma-
tepuana. s ynpomenus pemennii A.B. JIpikoB mpussut KodhQUImeHTs
8, ¥ @,, PaBHO KaK TemIepaTypy cpeapl ., IOCTOSHHBIMHU U OJJMHAKOBbI-

MM JJIs1 BCEW TOBEPXHOCTHU TeJa.

VcioBusi mponapku M CYIIKM B YaHaX >KapOBEH HECKOJIBKO WHBIE.
Croil Matepuralia IPOHU3BIBAETCS TAPOM, MOTYYAEMOM MPHU UCIIAPEHUH BO-
el ¢ camor Me3ru. [lodTomMy mMaremaTwdeckue MOJeNd, pa3padoTaHHBIE
A. B. JIBIKOBBIM, JOIKHBI OBITH TOPAOOTAHBI IS 3TUX YCIOBUH.

AHalv3 ¥ NpaKTHKa PELICHUs] CUCTEMbl YPAaBHEHUU C YaCTHBIMU
MPOX3BOIHBIMU MOKA3bIBAIOT, YTO MPUMEHEHUE KJIACCHYECKUX METOJ0B HE
1mo3BOJIsIET 3P(HEKTUBHO PEIIMTh ITH yYPaBHEHUS M TEM CaMbIM JIOBECTH
pellIeHnE 3a7]a4u J10 KOHII.

[Ipu npumeHeHHH METOJIOB HMHTErPaJIbHBIX MPeoOpa3oOBaHUN ATH
TPYIHOCTH MPEOI0JIeBaoTCA. Pemenrne Momeny BIaroTerioBoii 00paboTku
MSITKM B MHOTOYaHHOM MapOBOW KapOBHE C MCIOJIb30BAHUEM KJIACCHUYEC-
KOTo TeJia MPaBWILHON (HOPMBI B BUJI€ IMJIMH]IPA ¥ TPAHWUYHBIMH yCIIOBUSI-
MH TPETHEro POjJa TMOIYYEHO METOJOM HHTETPATbHOT0 MPEeoOpa3oBaHUS
Jlannaca [2,3].

Jlns pacnpeneneHust 0e3pa3MEpHBIX MOTCHIIMAIOB TEIJIO- U Macco-
MEPEHOCA TIOJIYUYEHBI CIEIYIOIINE PEIICHUS:

T(X,Fo)=1-¢KoK, -~ eKoLuKiy| 1~ X2 + -2 |-
2 Bi,
SRS KoKi
—chni‘]o(‘/iﬂnx)eXp(—#ﬁFO)—gz—g‘x (3)
n=1 i-1 vy =V}

o 2

x> D Crido (Vitim X )exp(—,u% FO);
n=l i=1
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6(X,Fo)= Kim{ZLu Fo—%(1+ eKoPn Lu)(%— Xzﬂ+

1 & 2
7o 2 2 Coi (=) ol X Jexp 44 Fo) + @
Kip, 5 iZZ:Cmi (1—vi2)J0(vi,Lth )exp(—uﬁq Fo).

2
Vo =V1 m=li=l

+

I'ne
2 — .
Coy =——] (1-£K0K; )Py, +£KoKiQpy |: (5)
Ha¥n
2 — .
Cpp =——| (1-£K0K, )Ry + £KoKiQp |; (6)
Ha¥n
Wi =V1AuFh2 +V2Bho Qu —vo AP —viBQno; (7)
1 .
Qni = ‘]O(Vi:un)_gvi:un‘]l(vi:un)' (8)
q
Poi :—[5 KOPn+(1_Vi2):|virun‘]l(vi:un); (9)
1 :
Ani :Jl(viun)"'ﬁviﬂn‘-]o(vi/un)! (10)
q
By :|:8K0Pn+(1_Vi2)}vi1“n‘:l0(vi:un); (11)
2Lu 2Lu
Crn1 = C (12)

12 3o(vi) " 1230 (vatty)

XapaKkTepucTHYECKHE KOPHU i, ONPEEISIOTC U3 PELICHUS ypaB-
uenus (13)

2 2
[2KoPn +(1—vf)}M-[g KoPn +(1-v)] Jolvatn) _va—vi (g5,
VZILthl(VZILln) Vitn ‘]1 (Vllun) qu
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a M, —¥3 pemieHns ypapaenni (14)

(14)

VYcpennénnble o KOOpAUHATE O0e3pa3MepHbIE BhIPAXKEHUS MMOTEHIIH-
aJI0B UMEIOT CIEAYIOIINE BUBL:

-F(FO):l—eKOIZl—igKoLuKim 34—& —
’ 2 Bi,
EKOKI
_E;Z]:. Dni exp(_ﬂﬁFO)_ﬁzz Dmi e)(p(—,l,lﬁ1 FO),
n=l i= 1

6 (Fo)=2Ki, LuFo +iizz: D, (l—viz)exp(—uﬁFo) +

eKoi3i3
Kip &< ) ) (16)
+5s > > D (1 Jexp( - Fo),
Vo =V maia
rie
J ViH J Vil 17
Dnizgcml(_ln), D, —2C. 1(Vitm ) (17)
Vit Villn

Cucrema nuddepeHIraIbHBIX YpaBHEHUHN JODKHA 3aMBIKAThCS JKC-
MEPUMEHTATBHBIMH 3aBUCMOCTSIMH TEXHOJIOTHYECKUX CBOUCTB (Teriodu-
3MYECKHE M TEPMOJUHAMUYCCKHE XapaKTePUCTUKH) IepepadaThiBaeMOil
Macchl U 3aBUCUMOCTSIMH, ONPEIEISIIONIMMI OCHOBHBIE ITapaMETPhl areHTa
CYLIKH.

MatemaTuyecKyto MOJieb BJIArOTEINIOBOM 00pabOTKH MATKH B TOJI-
CTOM HEMNOJIBM>)KHOM CJIOE ITAPOBOM KapOBHU CIIEAYET NPHUHATh KaK CYMMY
TOHKHUX BJIEMEHTAPHBIX CIIOEB. TOICTHINM HEMOABUKHBIN CIIOM YCIIOBHO pa3-
OMBaeM Ha 3JEMEHTapHbIE CIOHM, a BpPEeMs BJIAroTEIIOBOM 0OpabOTKH Ha
MaJIbl€ TPOMEKYTKH BpEMEHH. J{J1s KaxKA0ro 3JIEMEHTAPHOTO CJIOSI B MAJIOM
MIPOMEXYTKE BPEMEHHU B IpeJenax JAaHHOIO MHTEPBAJIA MTOTEHIUAIOB IIPU-
HUMAIOTCS TIOCTOSIHHBIE KO3()(HUIIMEHTHI TEIIO- U MaccolepeHoca u Tep-
MOJIMHAMUYECKUE XaPAKTEPUCTUKH. A C MEPEXOOM U3 CJIOS B CIOM U U3-
MEHEHHEM BpeMEeHH KO3(PHUIIMEHTHI TerIo- MaccolepeHoca U TepMOJIU-
HaMHMYECKHE XapaKTEPUCTUKN MEHSIOTCS TUCKPETHO.
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BrnaroconepxkaHue U TeMIepaTypy areHTa CyLIKH CIEAYET Ompene-
JSITh COOTBETCTBEHHO M3 MAaTEPUAIILHOIO U TEIJIOBOTO OanaHca.

MarepuanbHblii 0ajJaHC IO UCIAPSEMON Bare MOXKHO MPEJCTaBUTH
BBIpa)KCHHEM

L(KK - YH ) nE':m(UH - UI( )’ (18)
rie L - pacxonm cyxoro CymuJbHOTO areHTa, Kr, 3a Bpewms ot, c;
« X, — CpeIHee BIAroCOIEp)KaHWe TEIJIOHOCUTENS 3a Bpems ol Ha

BBIXOJIC W3 1-TO 3JEMEHTApHOrO cjios W Ha Bxoae B (it+l)-if

3JIEMEHTAPHBIHN CIIOH, KI/KT,

M; — Macca CyXoro BEIIeCTBa 3JIEMEHTAPHOIO CJI0SI COOTBETCTBEHHO
ME3TH;

U,, U, — cpeanue no o0bEMy BIarocoJAep:KaHus ME3TH Ha KT CyXOro
BEIIECTBA COOTBETCTBEHHO B HayaJie M KOHIIE J-T'O MPOMEKYTKA BPEMCHH,
KI/KT.

Cpennue mo 00bEMY BIIAroco/IepKaHusi ME3TH OIPEAeisieM U3 ypaB-
Henus (16).

Cpennue HavaJbHBIE BJIATOCOAEPKAaHUA Me3TH U, ONPENENtoTCs U3
BHYTPEHHETO TEIUIO- U MaccomepeHoca i-ro cjiost me3ru (j-1)-ro mpomexy-
TKa BpeMeHH. Cpe/lHnEe KOHEYHBIE BJIarocoAepKanus mesru U, onpenens-
I0TCSl M3 BHYTPEHHETO TEIUIO- U MacCcolepeHoca i-ro ¢jiosi Me3rH j-To Mmpo-
MeXyTKa BpeMeHH. CpelHee Ha4aIbHOE BIArocoep KaHue TETIOHOCUTEIS
X, ompenensercs U3 MatepuanpHoro 6amanca (i-1)-ro cios (j-1)-ro mpo-
MEXKYTKa BPEMEHH.

13 matepuanbHoro OGamancoBoro ypaBHenus (18) ompenmernsiem Bia-
rocojiepskaHue TEMIOHOCUTEIS Ha BBIXoje i-ro u Ha Bxoje (i+1)-ro cioés

K:mm(uﬁ_EKHLX”- (19)

CoryacHO 3aKOHY COXPAaHCHHUS YHEPTUU NPHUXOJ TEIUla B CYIIUJIKY
JOJDKEH OBITH paBeH ero pacxoay. CliegoBaTellbHO, TEIJIOBOW OajlaHC BJja-
TOTEIUIOBOM 00pabOTKH I-T0 CII0S B MEPHO/I TaJaromieil CKOPOCTH CYIIKH
OyJleT UMETh BUJI;

Qe + Quu + Qo + Q= Qe + Qe + Qi +Q, +Q, + Q. (20)
rie Q.. Q., — TemiIo HCXOAHOTO U OTPAOOTAHHOIO CYXOI'0 areHTa
CYILIKH;
Q... Q.. — Temao ncxoaHOI 1 0TPabOTaHHOH MAPOBOH (ha3kl areHTa CyIIKH,
Q,,,Q,, — HauaJIbHOE U KOHEYHOE TEeILIO TBEPIOH (a3bl ME3IH;
Q,,,Q,, — HauaJIbHOE U KOHEYHOE TEILIO KUAKOH (ha3bl Me3Ty;
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Q, — Temo, 3aTpayeHHOE Ha MICIIAPEHNE BIIATH ME3TH,
Q,, - motepu Terua, JIx.

Wunexcel 0003HAYAIOT CIIEAYIONIEE: CT, I, T, B — COOTBETCTBEHHO CY-
XO0i ra3, mapoBas ¢aza rasza, TBEpaas (asza matepuana, xuakas (asza mare-
puana; ¥, T — COOTBETCTBEHHO UCIApEHUE BIIard, MOTEpU TeIa; H, K —
COOTBETCTBEHHO HayaJIbHOE, KOHEUHOE COCTOSHUS ME3TH.

[loce moacTaHOBKM 3HAYEHUW COCTABIISIIOIIMX PACXOJa W MOCTYII-
aenust Terwia B ypaBHenue (20), ypaBHEHHE TEIJIOBOTO OajiaHca MPUMET
BU/I!

LCCFtI‘H + (rO + CHtFH)XHL + CTmTtTH + CBUHmTtT = LCC]"tFK + 21
+r,+ct )X L+cmt +cumt +mo(U, —u)r+ct)+Q, (21)

rae Cp Cy Cp C; — yIEJbHAS TEIIOEMKOCTh COOTBETCTBEHHO CyXO-
ro BO3/1yXa, mapa, Cyxoro BeliecTsa, Bojabl, J[x/Kkr-rpaf;

to U U L — TEMIepaTypa Bo3ayxa (areHta CyIIKH) B Hayajie W
KOHIIE MTPOX0/Ia Yepe3 dJIEMEHTapHBIH CIION, TeMIepaTypa CyXoro BelecT-
Ba ME3TH JJIEMEHTAPHOTO CIIOS B Hadale M B KOHIIE PacCMaTPUBAEMOTrO
MpOMEeXyTKa Bpemenu, °C;

I, — yIenbHas Teriota napoodpazoanus npu 0° C u HOpMaTbHOM
atMochepHOM aaBieHuH, [,=2493 kJK/KT;

C; — CpemHsis yJelibHasi TEIIOEMKOCTh BOIsHOro mapa C; = 1,97
kJx/(kr-rpan).

[Tpu ananmm3e TemsoBoro OaaHca MpoIecca BIArOTENIOBOH o0pa-
OOTKM ME3TH B AJIIEMEHTAPHOM CIIO€ PACCMOTPHM CIIEAYIOIIHE TIEPUO/IbI
mporiecca: HarpeB OT HadaJbHOM TeMIepaTypbl MaTepHuaia J0 3aJaHHOHI
TEMIEPaTyphl; CYIIKY C MaJarollell CKOPOCThIO, KOTAa TeMIeparypa Ma-
TepuaJja MOBBIIIACTCS, MPUOJINKASICH K TEMIIEPATYpPE areHTa CYIIKH.

Jlns ynpolienus pacuéra MpUHUMAeM, YTO B MEPUOJ HAarpeBa Bia-
JKHOT'O MaTepualia UCHAapeHUsl BJard He mpoucxoiut. [losromy Biax-
HOCTh BO3/lyXa JOJDKHA OCTAaBAaThCS IMOCTOSHHOW, €CITH TeMIlepaTypa ero
HE OITyCKaeTcs HUXKe TeMIlepaTypbl MOKPOro TepmoMerpa. B ciryuae ma-
JICHHUS TEMIIEpATyphl areHTa CYIIKH HUXKE TEMIIEPATypbl MOKPOTO TEPMO-
MeTpa, MPOUCXOAUT KOHACHCAIUS BJIarH.

[Tocne cooTBeTCTBYMOMUX MpeoOpa3oBanuii ypaBHenus (21), Haxo-
JIUM 3HAYCHHUE TEMIIEPATypPhl TEIIJIOHOCUTENSI HA BBIXOJIE U3 DJIECMCHTAPHO-
ro CJIOSl i B MOMEHT BPEMCHHU | U HA BXOJC B DJIEMCHTAPHBIN Cioil i+1 B
MOMEHT BpeMeHH j+1 B mepuoj majaroomieil CKOpOoCTH CYIIKH, T. €. MPH
CYIIKE B 00JIACTH TUTPOCKOMUYECKON BIKHOCTH
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_Cyt,b+(p+ct )X L+mt (¢ +c0)

" (e, tc. X)L

_mt. (e +¢u)+m (T, -T)F+c,t,)+rXL+Q,,
(c, +C. X)L |

B nepuopn HarpeBa BIIaXKHOTO MaTepuallia OT HAYAJIbHOM TeMIlepaTy-

pBI 110 3ajanHoN TemnepaTypsl Q, =0. Toraa temmepaTypa areHTa CyIIKH
Ha BBIXOJIE M3 DJIEMEHTAPHOTO CJI0si OyAeT paBHA

t

(22)

— CcrtrHL + (rO + CHtFH)XHL + mTtTH (CT + CBUH) _

t
b (c,+c X)L
o (23)
_ mTtTK (CT + CBuK) + rOXKL + QHT
(c,+c. X )L '
L(Xk(ie1),j = Xugiv2)js k(ivn)j = tuiva).j)
ﬂ L (X, ty) ﬂ
1 Tianj=T(): Oy 6(1)
T pAT; j=1.K
N BN ﬂ L (Xugisn) = Xiijr Lugiea) j = b )
= E— —
i T . 6, Ti;j=T(v); 6, 6(7)
= — EAT, j=1..K
Tii-1),5>0i-1) i .
ﬂ L (Xui j = Xic(iz1).j5 aij = Tk(icnyj)
Y -T_(i—l),j =T(x); 6(El),j (1) ‘

T AT j=1.K
ﬂ L(x,.t,)

)

L (Xu(ic1),j = X(i-2).is Tu(i-1),j = Wi-2).i)
a) 0)
Puc. 2. JIuckpeTHas MOJIENb IPOIECCa BIAroTeIIOBONH 00pabOTKU
ME3TU B TOJICTOM CJIOC MHOFOanHOﬁ )KapOBHI/IZ a) - pa36I/IBKa TOJICTOI'O

CIIOSI ME3TU B YaHE JKaPOBHU HA TOHKHE 3JIEMEHTAPHBIC CIIOM B MOMEHT
BpEeMEHH |; 0) — cXxema TeIio- U BIarooOMeHa mpoiiecca.

Jlns aHanM3a MPOIECCOB BJIATOTEILIOBOM 00paOOTKM ME3TH CEeMsH
MAaCIMYHBIX KYJIbTYp B TOJCTOM CJIO€ MHOTOYAaHHOH MapoBOH KapoBHE
pa3paboTaHa JUCKpETHAash MOJENb, CXeMa KOTOpOi MpHUBEIeHa Ha puc.2
[4]. Toncteiit cinoit | mpencraBien kak cymMma U3 N TOHKUX 3JIEMEHTap-
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HeIX cl0éB Al. Bpems BiarotemioBoit oOpaboTKkd pa3OMBaeTCs Ha Ma-
Jbple NPOMEKYTKM BpeMeHH. Uepe3 clIOM CHU3Y BBEPX IMPOXOAUT Cy-
HIMJIBHBIN areHT ¢ pacxomgoM L(X,, t,) Kr 3a Bpems t, ¢ Ha4aIbHBIM Bila-
rocojiep>kaHueM Xy U HavdallbHOW Temmepatypou t,. CyluibHBIA are’HT
oTAa€T Me3re TeIIo U 3a0upaeT Biary.

[Ipu BbIXOZE M3 TOJCTOrO CJIOS BJArOCOAEPIKAHUE CYIIUIBHOIO
areHTa MOBBIIIAETCA 10 Xi, & TEeMIlepaTypa nmoHuxaercs 10 t. Ilpu cym-
K€ i-TO CJI0S B J-OM IPOMEXKYTKE BPEMECHH Oe3pa3MepHbIe MOTCHIHAIIBI

TEIJIO W BJIarolepeHoca 'T'ij =T(1), 0;; = 6(1) mesrn ompenensiorcs no

dbopmynam (15) u (16). Arent cymku L mpu Bxojae B dJIEMEHTapHBIN
CIIOH 1 BO BpeMs j HMEEeT HadaJbHOE BJIATOCOJEpKaHUE, paBHOC KOHEY-
HOMY BJjarocojepsxanuio (i-1) ciaost Bo Bpems (j-1) u HauambHYIO TeMIie-
paTypy, paBHyIO KOHeuHOH TemmepaTtype (i-1) ciaos Bo Bpems (j-1).

[Ipu MPOXOKICHUH areHTa CYIIKH CKBO3b JJIEMEHTAPHBIC CIIOM TEM-
nepaTypa ero MOHMKAETCs, a BJarocoepKaHne MOBBIIIACTC.

ITpu TOCTHXKEHUHM HACHIIIEHHOTO BJIATOCOACPIKAHUS U JaTbHEHIIEro
MOHIDKEHUST TEMIIEPAaTyphl 0 TOYKH POCHI Biara KoHjaeHcupyetcs. Kouu-
Y4eCTBO KOHJCHCHPYEMOI BIIard B SJIEMEHTAPHOM CJIO€ 1 B MOMEHT BpeMe-
HU | paBHO

gk =L - (X j = Xmaxi,j )-
24)

Brnaroconepxanue U TeMIiepaTypy areHTa CyIIKd B Ka)JIOM 3JIeMEH-
TaApPHOM CJIO€ OINPEIEieM COOTBETCTBCHHO M3 YPaBHEHUI MaTepUAILHOTO
U TEIJIOBOTO OaJiaHCa DJIEMEHTApHOTO CJiost. YHCIeHHOE pellicHne ypaBHe-
Huit (15) u (16), MO3BOJIMUT MOCTPOUTH TUATPAMMBI 3aBUCMOCTH BJIaXKHOC-
TH ¥ TEMIIEPATypbl ME3I'M CEMSIH KJICIICBUHBI B TOJICTOM CJIOC YaHa MHOI'O-
YaHHOU YKAPOBHHU OT BPEMEHHU CYIIKU M TITyOUHBI CIIOS.

Buvisoour:

1. BriepBbie monyyeHa MaTeMaTHYECKasi MOJICIb BJIaroTeILIOBOM 00-
pabOTKM ME3rd B MHOTOYAHHBIX MApOBBIX >KAPOBHSAX C HCIOJb30BAHUEM
cucteMbl TudPepeHIMATBLHBIX YPaBHEHUH TIEpEHOCa MacChl U YHEPTHH.

2. JIJig 9MCIIeHHBIX UCCIIeIOBaHUI pa3paboTaHa JTUCKpETHAs MOJIECIb
Ipolecca BIaroTerjioBoH 0OpabOTKH B TOJICTOM CJIO€, COCTOSIIEM U3 JJie-
MEHTAPHBIX CIIOEB, B KAXKJIOM M3 KOTOPBIX KO3 (DHIMEHTHI BJIaro- U TEIUIo-
MepeHoca, TePMOJIMHAMHYCCKUE XapaKTePUCTUKH MPUHUMAIOTCS ITOCTOSH-
HBIMH, HO U3MEHSEMBIMH IIPH IIEPEXO0JIC U3 CIIOS B CIIOM.

3. [l 9MCIeHHOT0 MCCIIEeIOBAHUS MTPOIIECCOB BIIATOTEINIOBOM 00pa-
OOTKHM ME3T'M Ha OCHOBE IMOJYYECHHOW MOJIEITH HEOOXOMMO dKCIIEpHMEHTA-
JBHO ONPEICINTh OCHOBHBIC TEIJIOOOMEHHBIC M BIIArOOOMEHHBIC XapaKTe-
PUCTUKH M3y4aeMOU ME3TH.
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MATEMATHUYHA MOJEJIb BOJIOT'OTEILIOBOI OBPOBKH
M'SITKH HACIHHS OJIIMHUX KYJIbTYP
Y BATATOYAHHOI ITAPOBOI ’KAPOBHI

0O.B. Tkauenko, B.B. Hinyp, B.A. Hixyp, B.O. Tkauenko

Anomauyia - pod0oTa NPUCBSIYEHA MAaTeMATHYHOMY MOJEJTIHOBaH-
HIO BOJIOTOTENJI0BOI 00pPO0KHM Me3ru B 0araTOYaHHUX MAPOBUX KAPOB-
HaX. OTpUMaHO MaTeMaTH4YHY MOJej]b i3 BUKOPUCTAHHSIM CHCTEMU
nudepeHniaJIbHUX PIBHSAHDb NMepeHOCY MacHu i eHeprii. A ynceabHux
AOCTiIKeHb POo3p00JieHa JUCKPeTHA Mo/e/ib Mpolecy BOJIOTroTel10BoL
00po0KH B TOBCTOMY HLIAPI.

MATHEMATICAL MODEL MOISTURE THERMAL OF
PROCESSING SUSPENSION OF SEEDS OF OLIVE CULTURES
IN TUB THE STEAM BRAZIER

A. Tkachenko, V. Didur, V. Didur, V. Tkachenko

Summary
Work is devoted mathematical modeling moisture thermal
process suspension in tub steam braziers. The mathematical model
with use of system of the differential equa-tions of carrying over of
weight and energy is received. The discrete model of process is
developed for numerical researches moisture thermal process in a
thick layer.



