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MOJAEJIUPOBAHMUME ITPOLECCOB CYHIKA HA OCHOBE MEXAHU3MA
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3bIkoB A.B., KaHA. TeXH. HAYK, A0UeHT, CMupHoB I'.®., 1-p TexH. HAYK, npodeccop
Onecckast HAIIMOHAJILHASI aKaeMUsl MIIEBBIX TEXHOIOTHid, T. Ofecca

B cmamve paccmampusaemcs Mooenuposanue npoyeccos CywKU Ha OCHOBE COBMECHHO20 PeUeHUs YPa6-
HeHUtl Macoomoayu, urbmpayuu u oud@ysuu é1acu 6 NOPUCMOM CLOE C YUemOoM GIUSHUS MEXAHUZMA KANul-
JIAPHO20 MOpMOdIcenusi. B pabome npusedenvl pesyibmamvl meopemuieckux UCCie008anull nepeoco nepuood
cywKu.

The drying processes simulation based on the joint solution of equation of mass transfer, filtration and dif-
fusion of vapour through the porous layer considering the influence of capillary declination are overveiwed in
the article. The results of the theoretical studies of the 1* period of drying are shown.
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1. Benennue.
B obcrositenbHol MoHOrpaduu [1] npuBoANTCS OOBEKTUBHBIN aHAJN3 COBPEMEHHBIX B3TJISIOB HAa 3aKOHO-
MepHOCTH TporneccoB cymku. [Ipusenem to, yto numert B [1], Ha 3Ty Temy aBTOp: «PyHIaMEHTaIbHBIE OCHOBBI
TEOPUM CYIIKH CIOXKIINCh B CEpPeIUWHE MPOIDIOro CTONETHA W 0Oa3upyrorcs Ha paborax A.B.JIsikoBa wu
I1.A.Pebunnepa [2,3]. OCHOBBIBAsICh Ha 3THX IMOJOKEHHSX, Pa3BUBAIOTCS HECKOJIBKO HAYYHBIX HAIPaBJICHHUH B
TEOPUH CYIIKH. AHAIUTHYECKUE HCCIEI0BAHUS MOCBSIIAIOTCA MOJEISIM I'PaIUEHTHOTO NIepeHoca U TepMOIUHA-
MudeckuM mozensm. deHomenonoruueckas moaens A.B.JIsikoBa nomonnena Jlymukxom ILIL cooTHomeHuaMu
Ui yaéra neopManuu B Marepuaie [4]. YriuyOneHHbIH aHaN3 KHHETHKU CYIIKHA MPOBOIUTCS B LIEHTPE CYIIKU
UTT® non pykoBoacteoM A.A. omunckoro [5]. B paborax FO.®. Cuexkuna u H.M. Hukurenko npemioxeHa
OpUTHMHAJIbHAS MOJIENb BIarooOMeHa [6]». Takas kpaTkas XapakTepHCTHKa JaHa aBTopoM [1] Bo BBemenuu. [la-
Jiee B HEM K€ MIPUBOAUTCS NepeueHb MHOT'OYHMCIICHHBIX HapaBIeHUHN SKCIIEPUMEHTAIBHBIX HCCIeI0BaHUM TIPO-
LIECCOB CYIIKH, UX aBTOPOB U OIIEHKH MX 3HAYUMOCTH. B 3aBepmiennu B 3ToM BBenenuu aBrop numiet: «B gan-
HOW MoHorpaduu [1], He craBMIach [ENb TIIYOOKOTO MCCICIOBaHUSA TCOPHH CYIIKH. CTEpKHEBBIM BOIIPOCOM
OblIa SHEpPreTukKa TEXHOJIOTUH 00E3BOXKHUBAHUS MTPOAYKTOB». TakuM 00pa3oM, OMUPAasiCh Ha MPHUBEACHHYIO WH-
¢dopMaruio U e€ OOBEKTUBHYIO OIIEHKY CYIIECTBYIOIIETO TOJIOKEHUS! B TEOPETUUECKOM aHaIM3€ MPOIECCOB
CYIIKH MOXXHO CYMTaTh, YTO CYLIECTBYIOIINE B3TJIS6I U KOHIETIIMY Ha (PU3NYECKYIO IPUPOLY U NPUHIIUITAAIIb-
Hble BHYTPEHHHE MEXaHU3MBI MPOIECCOB CYIIKH HYXJAIOTCS B YIIIYOJEHHOM MOJXOJIE, BCKPHIBAIOIIEM CYII-
HOCTh T€X MEXaHHW3MOB IpOIEcca, KOTOPHIMU OOBSICHSAIOTCS TJIaBHBIE €ro0 0OCOOCHHOCTH. B Hacrosmed pabore
aBTOpaMU NpeANPUHAMAETCS TONBITKA CeNIaTh B 3TOM HarpaBlIeHWH CBOH miar. Tak kak HEOOXOAMMO CpaBHe-
HHUE C JJAaHHBIMHU OITBITOB JIJIsi OOBEKTHBHOW OLIEHKHM CIPAaBEJIMBOCTH IPEAJIaraeMoro Mmojxoja, TO AJsl 3TOro
UCIIOJIb30BANINCH ITOJYYEHHBIE MO PYKOBOACTBOM Ipod. Bypmo O.I'. maHHBIE ONMBITOB MO CYIIKE 3€PHOBOrO
cnost. B mpemyiaraeMoM mojxozne, Kak yka3aHO B Ha3BaHUH, PACCMAaTPUBAETCs CYILKAa HarpeBaeMoro, HO HE Jie-
(dopmupyemoro marepuaina. [[ppHUMaeTcs, 4TO HarpeB OCYIIECTBIISIETCS Yepe3 KOHTAKT IPeroliell TOBEPXHOCTH
C HarpeBaeMbIM MaTepHaJIOM. JTa CXeMa OTBEYaeT PeaIbHBIM YCIOBHSIM OIBITOB, PE3YIbTAaThl KOTOPHIX UCIIONb-
3YIOTCS JUIS COINOCTaBJIEHHUS C pacyéTaMu IO IpeylaraeMoil MOJEeNu, a YCJIOBUS OIBITOB M3JIOXKEHHI B [7,8].
[IpuHinuansHas cxeMa IoAX0a aBTOPOB COCTOUT B CIIEIYIOIIEM:
1. TlpuHMMaeTcs, 4YTO Ha MEPBOM dTalle MOCTPOSHNUS MaTEMAaTUIECKUX MOJEJIEH MPOIECCOB CYIIKHU CIEAY-
eT c(OpMHPOBATh Ty YacTh OOIIEH CTPYKTYpHI, B KOTOPOi, HA OCHOBE y4éTa THIIa UCTOYHHKA SHEPTUH
U TEIUIOBBIX CBSI3€i C HUM OOBEKTa CYIIKH PEUIaloTCs MPOoOJieMbl pacyéra HeCTallMOHAPHBIX TeMIIepa-
TYpHBIX T0JIel B 00ObekTe. B pamkax 3TOro srama Takke 3allMChIBAIOTCS YCIIOBHsSI paBHOBECHS HA rpa-
HHUNax pazaena (a3, T.e. Ha HTOBEPXHOCTSAX UCTIAPEHHSL.

2. Ha cnenyromem stane GopMHPYIOTCSl T€ YaCTH MOJIEINEi, B KOTOPBIX Ha OCHOBE JAaHHBIX O CTPYKTYype
cpenbl (MOPUCTOCTh, Pa3MephI TO0p, X CTAOMIBHOCTD WIIM HE CTA0MIBHOCTh MX U T.J.) 3aIHCHIBAIOTCS
T€ ypaBHEHUS, KOTOPBIE OIpPEIENAIOT PEeKUMbl M 3aKOHBI JBIDKEHHMS MAacChl yAajseMON B Ipolecce
cymiku Biard. [Ipyu 3ToM mpuHUMAaeTcsl, YTO B 3aBUCHMOCTHU OT THIIAa 00BEKTA (CILIONIHOE TIOPUCTOE Te-
JI0; CJIOW 3€pEeH; CIIOH MOPOIIKOB; TKaHb; MJIEHKA U T.JI.) BHIOMPAIOTCS MOJIEH IBMXKEHUS KaK JIsl yja-
JII€MOH BJaru U3 BHYTPEHHMX MOBEPXHOCTEH MUHHM — WJIM MHUKPO — KaHAJOB, TaK M U3 BHYTPEHHUX
00BEMOB (B 0COOCHHOCTH ISl MUILEBBIX TPOAYKTOB).

3. Jlanee 3amuchIBalOTCSI OCHOBHBIE COOTHOLIEHHUS, CBA3BIBAIOIINE PACIIPECICHUS TEMIIEpaTyp C BEIUIH-

HaMH, KOTOPBIMH OIPENENAIOTCS «IABWXKYIINE CHIIBDY JOKAJbHBIX IIPOIECCOB IiepeHoca Macchl. [IpuHu-
MAaeTcsl, YTO B IPE/Ieax IEMEHTApHBIX sUeeK M 00bEMOB, IS ONPEENICHNs] MacChl YAaIsieMOH Biia-
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T, JOIYCTHMMO HCIIOJIb30BaTh MU3BECTHBIC (POPMYIIBI MACCOOTAAYH, B KOTOPBIX MPHUCYTCTBYIOT HAWICH-
HBIC BEJIMYMHBI «IBHXKYIIUX CHI», yIACIbHBIC MOBEPXHOCTH MCHapeHus U K03(QdUIIMeHTh MaccooTaa-
yn. [Ipu 3T0M QopMYyJIBI TS pacuéTa JOKAIBHBIX KO3(P(HUIIMEHTOB MacCOOTAAYH IPUHUMAIOTCS U3 H3-
BECTHBIX WU MPHUHITHIX KPUTEPUATBHBIX GOPMYII. DTOT 3JEMEHT ITOCTPOCHHs OOIICH CXEeMBI pacuyéra
COJICPKUT HAUOONBIIHIA YPOBEHh HEHM3BECTHOCTH. [109TOMY, aBTOpHI MOIAralOT, YTO BHAYAJIC OMYCTH-
MBI pa3in4yHbie GOPMBI BEIOOpA 3THX PacU€THBIX (OPMYII, HAIPUMEp, JOMYCKash aHAJIOTHIO C MPOIEC-
caMHU MepeHoca TeIia U IPUHUMast He0OXOqUMBbIe pacyéTHbie (hOPMYITBI H JIp.

4. Ha 3aBepiuaromemM dTarie MpeAroIaraeTcs COBMECTHOE O0beIMHEHHE PACUETHBIX COOTHOIIEHUH B He-

KYIO CIUHYIO0 OOIIYI0 MOJEIh M OCYIICCTBICHUE PACUETHBIX YIPAKHEHHM, B KOTOPHIX B Ka4eCTBE OC-
HOBHOM IIEJIM CITY)KUT BEJITHMUYWHA YOBUTH BJIard. IIpu 3TOM BO3MOKCH Pa3JIMYHBIA YPOBEHBb 3TOH BEJH-
YHHBI, B 3aBUCMOCTH OT TPEOOBaHMUIl TEXHOIOrUM: (yIajJeHHe 3aJaHHOIO KOJHUYECTBA BIIATH, TMPH KO-
TOPOM HE JOCTHTacTCs MOJTHOIO OCYIICHHUS; OoJiee TIIyOOKHUH YPOBEHBb OCYIIICHUS, IPH KOTOPOM Yaas-
€TCs BCS WJIM TTOYTH BCS BJIara ¢ BHYTPEHHHUX MMOBEPXHOCTEH CTPYKTYPHI; TIOJTHOE OCYIIICHUE HE CBA3aH-
HOE C yJaJIeHHEM BJIard MpHHAIIeKANIEH MaTepually 00beKTa; IOJTHOE yJalleHne BCEH BIIaru, BKIIIO-
YaroIei Ty, 4YTo MPUHAJISKUT CAMOMY MaTepHaly OObEKTa | T.]I.).

5. Tlo pesynpraTaMm HpEAbIIYIIMX STAlOB MOXKET BO3HHKHYTh HEOOXOMUMOCTh B KOPPEKTHPOBKAX COOT-
HOIIICHUY B TIEPBOHAYANBHBIX dTamax (1, 2 u ap.) mo pe3yabraTaM KoHedHoro 3tamna (4). Tak, Hampu-
Mep, MOXKET OKa3aThCs HEOOXOTUMBIM B UCXOIHBIX YPaBHCHUAX [UIS PAcYETOB HECTAIIMOHAPHBIX TEM-
MepaTyPHBIX TOJNEH, YIUTHIBATH 3aTPAThI YJHEPTUH, CBI3aHHBIC C UCIIAPCHUEM BJIATd M T.J. [IposBUTCS
HEO0XOIUMOCTh OpPTaHU3AIMH COOTBETCTBYIOIIEH MPOLEAYPHI MOCICIOBATEIBHBIX PUOIIKEHHIH.

ABTOPBI MOIBITATMCH OCYIIECTBUTh 3TOT MOAXOI, UCIIONB3Y B KauecTBE 00BEKTa CIIOH 3epHA, KOTOPHIHA Ha-
rpeBaeTcs MyTéM KOHTAKTa 3TOTrO CJIOS ¢ BHEIIHEH MOBEPXHOCTHIO BPAIIAFONICTOCS UCIIAPUTEIBHOTO TEPMOCH-
¢oHa xaxk [7,8].

2. Moaenun pacnpeae/ieHAd HECTAITMOHAPHBIX TEMIIEPATYP M CBA3AHHBIX ¢ HUMH «IBHKYIIHX HAIO-
POB» MACCOOTAAYH MPH 3aJAHHBIX YCIOBHAX CYIIKH.

VYpaBHeHHe, onpeesioiee N3MEHEHUE CPEIHEl TeMIIepaTypbl HarpeBaeMoro Cjiosi 3epHa 3aJaHHBIX pa3-
MEpPOB, MOXKET OBITh MOJIYUCHO KaK YPaBHEHHE SHEPTUH MPH HECTAI[MOHAPHOM HArPEBE CHCTEMBI, COCTOSIICH U3
TPEOIIET0 YCTPOHCTBA (MCIIapUTEbHBIH Bpaliaromieiicss TepMocH()OH UMEIOIMHA MacCy U YAEIbHYIO TEIUIOEM-
KOCTb, a, TAK)KE MacCy 3alpaBKH TEIUIOHOCUTENS U €€ TEIUIOEMKOCTh U TEIUTOTY (ha30BOro Mepexo/ia), 36PHOBOT O
CJIOS C CBOEH MAacCoi M TEIUIOEMKOCTHbIO, B KOTOPOM M OCYLIECTBIISUICS MPOLIECC CYIIKH. DTO ypaBHEHHE, Ha
JITAHHOM dTarle pacuéra, He YYUTBHIBAET 3aTPAThl TEIJIa HAa CaM IPOLECC CYIIKH, TaK KaK Ui 3TOro HeoOXOIUMO
3HAHHUE pe3yNIbTaTa CYIIKU (MacChl yAaJEHHOHN BJIarH B JMHAMHKE), UMEET CJICITYIOITUIA BH/I;

Me>1<;[y TEKYIIMMHU 3HAUYCHUAMHU TEMIICPpATYP t] 5 t} CYIIECTBYET CBA3b, OIpEAciiieMas yCIOBUAMU TEIIIO —
MaccCoOIepeHoca B CICAYIOUIEM BUAC:

Pemrenue storo YpaBHCHHUSA UMECT CJ'IeI[yIOH_[I/Iﬁ BU:
() —t3) =, —13) -exp(=2-65/4/Cy a5 -7) 3)

3nech (t; —t3)( — pPa3sHOCTH TEMIEPATyp B HAYAIBHBIH MOMEHT BpeMeHH (TeMIIEpaTypHBI HAIlOp B Hayaje

)

IpoIiecca HarpeBa 3ePHOBOTO CIIOS) MEXIY KOHTAaKTHOU MmoBepXHOCThI0 U TC M mpuiieraronmm K HeMy IepeMe-
IIMBAaeMbIM 32 CU€T BpallleHus 3epHOBBIM ciioeM. CoBMecTHOe paccMorpenue ypaBHenuit (1) u (3) mpuBoauT K
crnenyromei gpopmyie:

dtyldt=Q/[(M,-C; + M, -Cy)+p3-65-S3-C3]—

—(t; =13)9 - 03 /|Co a3 T - p3 - 03 -S3-C5-exp(-2-65 -/Cy -as -7)/[(M, -C, + “4)
+M,-Cy)+ p;y 6585 -Cs]
Hpe[[BapI/ITeJ'H)HLIe KOHerTHBIe paC'-IéTBI II0KasaJid, 4TO B Ha4YaJIbHbBIC MOMCHTHI BpeMeHI/I 3Ta (l)OpMyﬂa
MOXET UMCTh TaKOﬁ BU:

U3 storo CJIIEAYET, YTO BECH HavaJIbHBIA TIIeprUoa CYKU I10 3TOH TEXHOJOTHUU CBS3aH C HECTalMOHAPHBIM

PEKMUMOM HarpeBa, Koraia OCHOBHBIC TEMIICPATYPhI r‘pe}omeﬁ IMOBEPXHOCTU U 3€PHOBOT'O CJIOA 6y}IyT HU3MCHATh-
CsA BO BpEMCHU. DTO 00CTOSATENBCTBO CJICAYCT YUUTHIBATH B pacqéTax IIpoueccoB MacCoOOTaAAYH. Cnez[yeT TAaKXKE
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B YPaBHEHHH SHEPTHH YUUTHIBATh 3aTPATHI TEIIA, CBA3AaHHBIE C €r0 OTBOIOM OT BHEIIHUX moBepxHocTeit UTC B
OKpYKaromiyro cpery. Takoil yuaér NIpUBOIUT K CICAYIOIIEMY YPaBHEHHIO:

O=M,-Ci+M,-Cy)-dt)/dt+py-6y-85 -ky-Cy-dty/dr+o5-[t; —1,.]- S35 (6)
3nech: Sy, = (1—k3)-S; — macira6 Bremmneit nosepxuoctr UTC, 0T KOTOPOi OTBOAMTCS TEIUIO B OKPYXkKato-

ryro cpeny. ITockonbky, Kak paHee OTMEYalloch, MOYKHO MPEHEOpPEYh BTOPHIM ClaraeMbIM, TO ypaBHeHue (6)
CTaHOBHTCS 3aMETHO mporiie. Ero pelnieHre mpuHUMAaET BHUI:

A

_“
t =toe = [1—exp(=B, - 7)] 7

B 1
CrenyronuM BaKHBIM MOMEHTOM MOCTPOeHUs 3()(HEKTUBHON MOJEIH pacuéTa pachpeieicHUs TeMIepaTyp
SIBJISIETCSL aHAJIU3 OTOTO paclpesesieHus B TOM 4acTH 3€pHOBOrO CJI0f, B Mpezesiax KOTOPOH OCYIECTBIISIETCS
Harpes. [lomaraem, 4To 9TO Ta €ro 4acTh, B MpeAesiax KOTOPOH UMEET MECTO HarpeB ¢ YUETOM €ro HecTallloHap-
HOro xapakrepa. [lomaraem, 4To ’TOMy OTBEYAET YacTh CJI0S TOJIIIMHON PaBHOM:

—_

50 - *v'lcﬁ.a’a T T )
CyIIeCTBeHHBIM MOMEHTOM SIBJISUIACh HEOOXOAUMOCTh y4ETa MepeMEIIMBaHus CJI0s TPU BpalleHUU. Briio
MPEIONIOKEHO, YTO 3TO MOXKHO CIIeNIaTh MO aHAJOTMH TOMY, KaK BIUSICT TYpOYJICHTHOE MEpeMEIMBaHUE Ha
MHTCHCHUBHOCTH ITEPEHOCA TEIlIa B )KHIKOCTHBIX TypOyneHTHBIX cTpysx [13]. Hyxnuas dopmyna u3 [13] umeer

Takou BUJI:
a, = ag + 55 - Wy, - L (10)
Jls onpenensroniero pazMepa MpUHITO, YTO OH PaBeH IOJIHOM TONIIMHE 3epHOBOrO cios: L=063. [Tocnen-
HSS PACCUMTHIBACTCS KaK YaCTHOE OT JCJICHHsS BCero 0o0bEMa CJIos Ha TMOBEPXHOCTh €0 KOHTAKTa C TPEroIei
noBepxHOcThI0O MTC. Cucrema pacyérubix (opMys mpoliecca HECTAI[MOHAPHOW TEIUIONPOBOIHOCTH NaHHOU

3a71aud UMEET CIEAYIOINN BU/I;:

i =T, +Zy,; - (T; —T,.) (11
1 a 2 1 a
Z,,; =erf| ——— |—exp i.]ﬂ.%.a@.ﬁ cerfo| ———+—2Ja, -1, (12)
2\ Foy, /laqb ( aqb) 2\ Foy; /laqb

3HaHMe TEMIIEPATYP B MECTaX, B KOTOPBIX BO3MOKHO UCIIApEHHe, TAET OCHOBBI JJIS PacYETOB MapIHaaIbHBIX
JABIICHUN U OTPENETICHUS «IBIKYIINX CHID» MPOIECCOB MaccooTAaur. KITFOUeBBIM CITYXKHUT CIEMYIOIee ypas-
HEHUE:

P, =F 'eXP(Zli) Zy; =(”/R1)' L—L (13)

oc 1i

3. Monesiu ABUKEeHUsI APOBO3YLIHOW CMeCH U3 BHYTPEHHUX 00bEMOB M MpoLecca MaccoOTAAYU NPU
HCIApPeHNH, PeATU3YIOIIMX CaM MPOIecC CYIIKH.

IIpennonaraercs, 4To MepBOHAYATHLHBIM UCTOUHUKOM YyaAajieHHs] UCTIapEHHOM BIIard SIBJISETCS TOBBIIIIEHHUE
JIABJICHUS B MAPOBO3YINHOW CMECH IOJ] ACHCTBUEM Tepenaa JaBICHHA MEKTY U30BITOYHBIM JaBJICHHEM, BO3-
HUKAIOIIUM KaK CJIEJCTBUE UCIAPEHUsS C BIAKHON MOBEPXHOCTH U JIaBJICHUEM B OKpYXAIOIIeH Telo BHEIIHEeH
cpene. DTo IBIKEHHE MOXHO PACCMAaTPHBATh KaK «(GHIBTPAIMIO» MAapOBO3AYIIHOIO IOTOKA W3 BHYTPEHHHX
00BEMOB HATPETOH 30HBI, B KOTOPHIX UMEET MECTO UCIIAPEHUE B OKPYIKAIOIIYIO cpeny. IIpeamaraercst mpu 3ToM
HCIONIB30BaTh U3BECTHOE ypaBHEHHUE (DMIIBTPAILIMH, OTBEUAOIIee JUHCHHOMY 3aKoHY Jlapcu U UMEIoIeMy ciie-
JYIOIIMNA BUT;

AP, Ky
Wy, = _:,-_.l.M .
aiMai (14).

Jliis ompeseneHUs] IPOHUIIAEMOCTH MIPU W3BECTHBIX JAHHBIX IO COCTaBY 3€PHOBOIO CIOs (pa3sMep 3€EpeH,
MOPUCTOCTD CJIOS M IIp.) JOIMYCTHMO IOJIb30BAThCS U3BECTHBIMU pacuéTHhiMH (opMmyaamu Kapmana — Koszenu
WA UM TIOO00HBIMH, MMEFOIIIUMH CJIETYFOIIUIA BUI:

_ 3.2 2

K ; =const-&; - D; (1-¢;) (15)

Jl1s pac4€ToB IpPOLIECCOB MacCOOTAa4YN IPU HCIApEeHUH BHYTPH CJIOS HEOOXOAMMO ompezeneHne kodddu-
IIMEHTOB MaccooTaaud. Kak mpaBmio, Takie 3aBUCUMOCTH HE M3BECTHBI, @ BO MHOTHX CIIy4asx TPYIHO Ompese-

JiseMbl. ABTOpPBI MOJIAraloT, YTO HA pacCMaTPpUBAEMOM HMMU dTaIle, 3aBUCUMOCTA MOKHO HaTh 13 [11], ucmonb-
3ysl IMEIOIIHecs (OPMYIBI IUTs IIporiecca BHYTPEHHEH TEIIOOTauH.
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Pazymeercst, 4to Ui pacu€ToB MaccoOTAa4un U3MEHSTCS (POPMBI M COCTaBbl COOTBETCTBYIOUIMX YHCEN (KpH-
TepUeB) MOA00US.
XapakTepHas CKOpOCTb JBIKCHUS B CJI0€, IOIPYKEHHOM BO Bpamiaroieiics rpetonuii 006éM UTC co cko-
POCTBIO BpallleHHs1 B 1 000pOTOB B MUHYTY paBHa: W ,=®-2-T'R,
[ToTok Macchl B mpefenax «IBIKYIIEiCsS HarpeToil 30HbI ONpeIesseTcsl U3 U3BECTHOTO YPaBHEHUSI Macco-
OTHaYH:
Je =B '(PW _PEi)'Sy '(2'5bi 7D, +5172i )'Lt (16).
Ha ocHoBe mosnoxeHui M3II0kKEHHBIX B maparpadax 2 u 3 chopMUpOBaH ajropuTM MOCIEI0BATEIEHOIO
pacuéra nporiecca cynrkd. CyliecTBEHHbIM JOMOITHUTEIEHBIME 3JIEMEHTAMH 3TOTO PAcuéTa SBISIFOTCS TPOLETY-
PBl, YUUTHIBAIOLIHE KaK B CAMOM IIPOIECCE CYIIKH, BOSHUKAIOT MEXaHU3MBI, MOAaBJISIFOLINE HHTEHCHBHOCTh 3TO-
IO MpOIIecca, BHI3BIBAIOIINE TOPMOKEHHE.
4. Moaenb ¢GopMUPOBAHUS «KANMJUISPHOI0 MeXaHH3Ma TOPMOKEHHSD» MPoIecca CYIKH.
[penamnonaraercs, 4To MEPBbIA TAKOH MEXaHW3M CBSI3aH C ylaJCHHEM BIIard, HaXOAsIIeHCS Ha BHYTPEHHEH,
HO BHEITHEH MOBEPXHOCTH HCHapeHus. B pa3smuuHbIX 00bEKTax 3TOT MEXaHU3M MPOSIBIISIETCS pa3IMYHbIM 00pa-
30M. B ciydae, KOTOpbIil U3ydascs aBTOpaMH U OTHOCHJICS K CYIIKE CJIOSI 3epHa, IO MPECTaBICHUSIM aBTOPOB,
WCTapeHHe BJIard ¢ BHEIIHEH MOBEPXHOCTH 3€pPEH MPUBOIUT K CHIKEHUIO e€ 00béMa M, KaK CIIe/ICTBHE, K yTO-
HEHUIO COOTBETCTBYIOUIECH IUIEHKH KHUIKOCTH, YTO BEAET K e€ MEepeMEIleHNIO K Y3KUM MECTaM CJIOsi: K MecTaM
KOHTaKTOB OTJENbHBIX 3€peH. Tak Kak 3TO UMEET MECTO IPH UCIIAPEHHH, TO B 3THX MECTaX KOHTAKTOB BO3HH-
KalOT «YTJIyOIsionmecs» Mo Mepe UCNapeHHs: KpUBOJIUHEHHbIE TPaHUIbl pa3aena ¢a3 nap + xuiakocts. [Ipu
9TOM KPHMBHW3HA 3THX TPAaHUII pa3jieiia BO3PACTAET, YTO BEAET K MOSBICHUIO CYIIECTBEHHOTO MO BEIMYHHE «Ka-
TMMHJLISIPHOTO JABJIEHUSD CHIDKAIOIIETO «BIDKYIIYIO CHIIY» IpOLlecca MaccooTaauu. Vcxo/s 13 3HaHus OCTaT-
Ka MOBEPXHOCTHOM BJIard, W MpeAarnonaras, 4T0 B MOMEHTH BPEMEHH, OTBEYAIOLIHe €My, OH pacrpeessiercs,
TJIaBHBIM 00pa3oM, B MECTaX KOHTAaKTa AJIEMEHTOB (3EPEH) CIOs, MOXKHO CIeNIaTh OIIEHKY paauyca KpUBH3HEI
KPHUBOJIMHEHHOW TpaHUIBI pa3jiena ¢as, mperoaras, 4YTo TOT pajnuyc CBsI3aH ¢ MacTaboM 00BEMOB JKUIKO-
CTH B MecTax €€ pa3MelIeHHs] KyONYeCKUM 3aKOHOM, T.€. MEXIY 3TUM 00BEMOM M paJnycoM KPUBU3HBI CIIpa-
BE/JIMBO COOTHOLICHUE: Rgi ~ const-V; . 3HaHWE 3TOTO paJuyca MO3BONAET BBIYUCIUTh OTBEYAIONIEE EMY «Ka-
MUIIPHOE JIABJICHHEY CIIENYIOUINM 00pa3oM:
o
AP, =2.— a7
0i
Korza 3ToT pamuyc KpUBH3HBI CTaHOBUTCS OJM3KMM K pajilycaM BHYTPEHHHX KaHAaJOB CpEIpbl, KOTopas
ocymiaercs (B JaHHOM cilydae 3To 3épHa), TOrja HACTYINaeT Mepexo/l K HCIapEHHUIO BIIard N3 BHYTPEHHUX KaHa-
JIOB, ATOT TPOLIECC aBTOpAaMH HE paccMaTpHUBAJICA IO HeJoMY psay npuuuH: 1. B croms manbix mo pasmepam
KaHaJlaX JIBI)KEHHE MapoBO3AYIIHON CMecH MepecTaér OBbITh CIUIOLIHBIM, T.€. OHO MOAYMHSETCS 3aKOHOMEpPHO-
CTSM MOJIEKYJSIDHBIX TeueHHi; 2. Ha BHYTpeHHHX MOBEPXHOCTSX 3THX KaHaJIOB IPH MCHAPEHUH JTOJKHBI UMETh
MECTO CKauKu TeMIeparyp u aasienuii; 3. Ham He n3BecTHa HeoOXomauMasi MCXoaHast HH(OpMAIHs 110 TaKUM
pacuéram, BKJIIOYasi CBEIEHHSI O pa3Mepax 3TUX KaHAJIOB, X paclipeleNeHny u T.4. B janpHeliem, npu HEoO-
XOIMMOCTH, TaKH€ PacUETHl MOT'YT OBITh BBINOJIHEHBI [IPU YCIOBUH, YTO HY)KHAsI UCXO/IHAsI HH(OpMAIHS MOTy-
YyeHa M IocTaToyHa Haa&xHa. [IoHATHO, YTO aHaJIM3 Mpollecca YIaIeHHs BJard U3 BHYTPEHHUX KaHAJOB CTaHET
HCTOYHUKOM CBOEro MeXaHH3Ma TOpMOxkeHUs. [Ipn 3ToM BO3MOXKHBI pa3HOOOpa3Hble (U3UUECKHE TPHYUHBI
BO3HMKHOBEHHS U Pa3BHUTHS TaKMX BHYTPEHHHUX KaHasoB. OHM MOTYT IPHCYTCTBOBATh BO BHYTPEHHHX 00BEMax
00beKTa U3HAYAIILHO; MOT'YT BO3HHKATh KaK Pe3yJibTaThl (PU3NUECKUX, OMOIOTMUECKUX (IS IMHIIEBBIX TPOIYK-
TOB), XUMHUYECKUX WM MEXaHWYECKUX WM Pa3IMYHBIX KOMOHMHAIMI 3TUX BO3JeWCTBUil. EcTecTBEHHO, B Kax-
JIOM TaKOM Cllydae HeOOXOIMMbI COOTBETCTBYIOINE UCCIEOBAHMS U H3YUYE€HHE 3TUX TPOOIIEM C IIEITBIO MOy4e-
HUS HY)XHOW UCXOJHOW MH(popMmanmu. MOXHO mpennonarath, 4YTO pe3y/bTaThl Ha3BaHHBIX HCCIEIOBAHUN M
pa3BUTHE, HA UX OCHOBE aHAJIN3a COOTBETCTBYIOMINX MPOIECCOB TEIIO MaccollepeHoca, IpUBEAYT K oOHapyxe-
HUIO, OTBEYAIONIMX 3THM (hOpMaM HCHapEeHHs, CBOMX MEXaHH3MOB TOPMOXKEHHs mpolecca cymkH. [To Ha3BaH-
HBIM BBIIIE IPUYNHAM aBTOPBI OIPAHUYMIIUCH PACUETHHIMU HCCIIEOBAHUAMH ISl PEKUMOB, B KOTOPBIX UMEET
MECTO TOJIBKO UCTAapEHHe TOBEPXHOCTHOM Biary. Pa3BepHyThIi anroput™M ¥ HanbOolee Ba)KHbIE PE3YIbTAaThl UX
MIPE/ICTABIICHBI HIDKE.
5. Anroput™ pacdera nmpoiecca ¢ y4eToM MeXaHN3Ma KaNWIJISIPHOT0 TOPMOKEHHSI
AJNTOpUTM pacuera OCHOBAaHMHM Ha ONPEAENECHHU JUIl KaKJOro MOMEHTa BPEMEHH TOJIIMHBI MPOrPETOro
CI101, B TIpeJieNiaX KOTOpOro MPOUCXOIUT UCIIapeHue, o ¢popmyde (9) U peleHnn CUCTEMBl YpaBHEHHI MaTepH-
anpHOrO OanaHca, YUYUTHIBAIOUIEH CIIENyIONINe MaTepHaibHbIe IOTOKK B IIPOIPETOM CJIO€ — HMCHAapeHue C Mo-
BEPXHOCTH, (DUIBTpALUs CKBO3b CIIOW MaTepuaiia, MoleKyiIsipHas Augdy3usi BOASHOTO rapa ¥ Bo3IyXa:
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dGl
- lp, -(P,, +ap,, )-v-s,
dGz_if'[(Psl_‘_dPS/)_PO]'pa'SV'V
dt 83 -u i
p,, (P, +arP, )-P,
v Dz‘_i
p, (P dPZ) P (18)
,+ v )4 pv
d;4:R”;l- e 2™ z-L,-(D, +25,)
a Dt_i
2
dM = dGl-dG2—dG3+dG4
dM =dM , +dM
M, - ier+aas
1+x
dM, = dGl-—>—dG2 - dG3
1+x

R,-Tl R,-T1
YuureiBasi, uro: Py =P, +P,, dP, = -dM, dP, = -dM, dP, =dP,+dP,, cucrema
a a
(18) Mmoxer OBITh TpeoOpa3oBaHa K BUIY
ZX28-dM} +ZX33-dM ] +ZX34-dM ]} + ZX35-dM , + ZX36 =0 (19)

KOPHEM KOTOPOT'O ABJIACTCA UBMCHCHUEC MACCHI CYyXOro BO3JyXa B CJIOC 3a BpEMs At. Pemenue YpaBHCHUA
26 no3BoIISIET OINpCACINTb UBMCHCHUEC MACChl BOASHOT'O ITapa B IPOIpE€TOM CJIOC U KOJIUYECTBO yz[aneHHoﬁ BJIaru

dM (M, +dM,)
M, +dM,
Tak xak, ©3MEHEHHUE MACCHI CJIOS MPOMCXONT TOJNBKO 3a cueT yhaneHus Biaard (AM=dGl), To, ucnomas3ys
3aBUCUMOCTH 17-20 MOXXHO ONpPENENIUTh CHIKCHUE MBIKYIIEH CHJIBI MPOLIecca UCIAPEHUS BJIard ¢ MOBEPXHO-
CTH 32 CUET KaIWUIIPHOTO TOPMOXKEHHS. ITO CHIDKCHHE JABDKYIICH CHITBI YUUTBHIBACTCS MIPH pacieTe MPOLECCOB
B IIPOTPETOM CJIOC B CIICTYIOIIMIA MOMEHT BPEMCHH.
6. OcHOBHbBIE pPe3yJbTAaTbl MOJEJIUPOBAHUS.
Pe3ynbTaThl MOIEIMPOBAaHUS MPEACTaBlIeHb Ha rpadukax. Kak MOXXKHO 3aMETHTh, KOJIMYECTBO BIIarM Ha
BHEIIIHEH MOBEPXHOCTH YMEHBIIIAETCS, YTO MPUBOJUT K YMCHBIICHUIO Paliyca KPUBU3HbI HA TpaHuIe (a3, a 3TO

dGl=|dG3+dM , - (20)
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COTIPOBOXK/JIAETCS YBEIMYEHUEM KANTWIIISIPHOTO aBJIEHUS M COOTBETCTBYIOIIUM CHIDKEHHUEM "NBIDKYILEH CHUITbI"
MepPEeHoca Macchl B TOT MOMEHT. DTO B CBOIO O4Yepe/b MPUBOAUT K PE3KOMY COKPAIIIEHHUIO CKOPOCTH YAaJIECHUS
BJIArd.

—

BriBoabI

1. TlpeanoxeHHBIH MOAXOJ SBJISETCS HOBBIM IIArOM B ONMCAaHWM BHYTPEHHUX MEXAHHU3MOB Ipoliecca
cymky. OH noseseH a1 6os1ee rTyOOKOro aHaIu3a BHYTPEHHET0 MEXaHU3Ma CYIIKH.

2. Heob6xoaumo pa3paboraTh MOAXO/bI, CBSI3aHHBIE C HCIIAPEHUEM BHYTPH HEKOTOPBIX BHYTPEHHUX MHHH
WIN Ta)kKe MUKPO KaHAJIOB B TBEP/BIX Cpeax.

3. Paznuynbie npoOieMbl pa3BUTHS ATOrO MOAXO0AA U TPeOYIOT MPOBEACHHE CHENUAbHBIX IKCIIEPUMEH-
TOB. DTO MOXET OBITh CBSI3aHO, HAIPUMED, C PSIIOM BaXKHBIX IPOOJEM, TAKHX KakK OIpeieleHue pac-
TIpe/ieNieHns] KOJIMUECTBA BJIard BHYTPH MaTepHaia, Onpe/esieHHe pa3MepoB BHYTPEHHUX MHKpOKaHa-
JIOB ¥l UX PACIIPE/ICICHUsI IT0 MOBEPXHOCTH U TaK Jajee.

4. OCHOBHOM LIEJTBIO MICCIIEIOBAHUS SBIISETCS HE MOTydeHne (OopMyIl sl TEXHUYECKHX PacyeToB, HO, TO-
MIBITKA JTYYIIEro MOHUMAaHUs MHOTUX OCOOEHHOCTEH ITPOIIECCOB CYIIKH U HA 3TOH OCHOBE YJIy4IIEHHUE
XapaKTEePUCTHK TIpoIiecca.

5. ABTOpBI TaKXe CYMTAIOT, YTO TAKOW TOAXOJ SBJSIETCS HOBBIM CIIOCOOOM TIOCTPOEHHS OOIIeH TeophH
Pa3IMYHBIX MPOLIECCOB CYIIKH.
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