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C uenbto onpefeneHnsa xapakrepa NpoLeccos AMHAMNYECKOro NOJIMMEPHOro NOTOKa C MPOCTbIMU XUMUYECKUMN
peakuMaMnN B ABYMEPHOW LUANHAPUYECKOW reoMeTpuUun B pamKax rMapoAMHaMUYeckoro onnucaHuns BblGpaHsbl
06beKTbl — pacnnas caxapa W BbICOKOMOJIEKYNApHaa (ppakumnsa rnioTeHMHa MYKU, KOTOPble UCCef0BainCh Ha
poTaunmoHHoM peomeTpe HAAKE RotoVisco 1 n aHanusatope BnarocogepxaHna OHAUS MB23. PaccmoTpeHa He-
NUHeliHas AMHaMMWKa BA3KOTO TeYeHUA CKMMaeMOoi, OfHOPOAHOM XNLKOCTU C XUMUYECKMMU peakumuamu. Mony-
YeHO HecTalMoHapHOe TOYHOe peLlleHne NyaseliIeBCKOro TMna. 3To pelleHne NCNob3yeTcs, YTo6bl UccnefoBaTb
BMSIHWE BA3KOCTU N XMMWUYECKUX peakunii nepBoro nopsifka Ha xapakTepucTUKM HepaBHOBECHbIX AVHaMMYe-
CKUX COCTOSIHUIA cucTembl. MpuBeaeHHbIE pe3ybTaTbl COBMECTHbIX UCCNefoBaHUI cneynannctos BHNWM KoHAK-
TepcKolv npombiWneHHOCTU N HAAY «MUPU» siBnaoTcAa NpofokeHMeM pa6boT no (OPMUPOBAHUID CTPYKTYp
B MULLLEBbIX AUCMEPCHbIX CUCTEMAaX M YKa3blBalOT Ha TO, YTO NOAOOHbIE 0COBEHHOCTU MOTYT TaKXe MPOosiBNAATLCA
B peasbHbIX MOTOKaxX MOMIMMEPHbIX XXNAKOCTEN B Pa3MYHbIX MPOMbILLIEHHbIX YCTaHOBKaX.
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In order to determine the nature of processes of the dynamic polymer flow with simple chemical reactions in
two-dimensional cylindrical geometry, objects —a sugar melt and a high molecular weight fraction of glutenin of
flour —were chosen in the hydrodynamic description, which were investigated on a rotational rhreometer HAAKE
RotoVisco 1and the Moisture Analyzer OHAUS MB23. The nonlinear dynamics of a viscous flow of a compressible,
homogeneous liquid with chemical reactions is considered. A nonstationary exact solution of the Poiseuille type is
obtained. This solution is used to investigate the effect of viscosity and chemical reactions of the first order on the
characteristics of the nonequilibrium dynamic states ofthe system. The present results ofthe joint research ofthe
specialists of the All-Union Research Institute of the Confectionery Industry and the MEPhI are a continuation
of the work on the formation of structures in food disperse systems and indicate that similar features can also be
manifested in real flows of polymer liquids in various industrial installations.
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1. BBepgeHue

npeHe6peraﬂ BO3MOXXHbIMU U3MEHEHNAMU NJIOTHOCTU N COCTa-

AnHamMmunka NosIMMepPHbIX pacrnaasoB M pacTBOPOB B LUANH-
OPWUYECKOW reoMeTpmmn NpeacTaBNseT UHTepeC Aa Pas/IMUHbIX
TEXHUYECKMX MPUNOXKEHWI. B 4yacTHOCTM, MONMMEPHble pac-
rnaasbl UCNOJSL3YHOTCA B XUMUYECKUX U MULLEBBLIX TEXHOIOTMUAX
[1,2,3.4,5,6,7,8]. B kKauecTBe xapaKTepHbIX MPUMEPOB NCMNO/b30-
BaHMSA NMOMVNMEPHbIX CPeA B MULLLEBOV MPOMBbILIJIEHHOCTN, B T.4.
KOHANTEPCKOW, MOXXHO YKa3aTb 3MYy/IbCUW, CYCMEH3NN, NHBEPT-
Hbl€ U KOHLLEHTPNPOBaHHbIE caxapHble CUPONbI, B COCTaB KOTO-
pbIX BXOAAT ANCNEPCHbIE YacTULbl TBEpPAON dasbl. K aTomy e
Knaccy NoNMMepPHbIX cpef 0THOCUTCS BadpesibHOE TECTO € HabyXx-
LLEW BbICOKOMONEKYIAPHOW hpakLMen MyKn —raioTeHNH 6enka
M aMUNONEKTUH Kpaxmarna.

Mpwn 3TOM, ABMXKEHWE MOTOKOB MOMNMEPHOW XMNAKOCTU, KaK
npaBuao, paccMaTpuBaeTCs B HECKMMAEMOM MPUBAKEHNMN,
ANAa UWATUPOBAHUA: Kapumos AP., TaneiicHMK M.A., CaBeHkosa T.B., Akce-
HoBa J1.M., lepacmoB T.B. ®U3NKO-XMMUYECKME OCOBEHHOCTU AMHAMUKMN MOMN-

MePHOW XNAKOCTU. Muwesble cucTembl. 2018;1(3): 44-54. DOI: 10.21323/2618-
9771-2018-1-3-44-54

44

Ba NoavmepHow cpeabl [2,7,8]. OgHako, B NOMMEPHbIX cpeAax
MOryT npoxoaunTb CbVISVIKO-XI/IMI/ILIeCKI/Ie npoueccbl, NOCTOAH-
HO MeHdALW e cCoctaB NOTOKa, HanpumMmep MHBEPCUA CaXapOo3bl
npun nonyvyeHMnM MHBEPTHOIO cupona, rae NponcxoaAaT KNHeTu-
Yyeckune peakuunmn paspbiBa U CINAHNA NMOJTIMMEPHbIX LENMOYEK.
B atom cny4dae I'IpI/IGI'IVI)KeHVIe HECXKMMAEMOCTUN ABNAETCA He-
npmnemsemMmblM, M NOTOK CNeayeT paccMaTpmBaTb KaK CXXMMae-
myto cpeay [2,6,7].

Llenbto paboTbl SiBsieTCA onpeAeneHmMe xapakrepa npoLec-
COB ANHAMWMYECKOro nosiIMMepHOro noToka ¢ NPoCTbiIMN XNMWN-
YECKMMWU peakunsaMu B ABYMEPHON UUINHAOPWNYECKON reome-
TP B paMKax rmapognHamMmmnyeckoro onmncaHumsa.

OGLLI,I/IM CBOMCTBOM TaKMUX MOTOKOB sBsieTcs HecTaun-
OHApHbIN W HENVHEWHbIN XapakTep TMAPOAVHAMUYECKNX
FOR CITATION: Karimov AR, Taleysnik M.A., Savenkova T.V., Aksenova L.M.,

Gerasimov T.V. Physical and chemical features of dynamic of polymeric fluid. Food
systems. 2018; 1(3): 44-54. (In Russ.). DOI: 10.21323/2618-9771-2018-1-3-44-54
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N KMHETUYECKUX MPOLLECCOB, YTO ONpeensieT BbICOKYH YyBCT-
BUTENbHOCTb JaHHbIX TeUeHU I K BHeLLHUM hakTopam, BKIoYas
BO3MYLLLEHUS B Ha4daslbHbIX WU FPAHUYHbIX YCNOBUSX. ApyruMmum
CNoBaMU roBopsl, AaXe He3HaYUTesbHble BHELUHUE BO3MYLe-
HUSI MOTYT MPUBECTU K CU/bHbLIM U3MEHEHUAM B AMHaMUKe
cuUCTeMbl. DTO 06CTOSATENLCTBO OnpeAensieT rpaHuLbl opmMun-
poBaHUA 4ONYCTUMbIX AMHAMUYECKUX COCTOSIHUIA B MOTOKE, UTO
MOXeT 06ecrneyunTb ynpaBieHne TEXHONOMMYEeCKUMU NoToKamu
nonyyeHus B NuULLLEBbIX cucTemax [9,10].

UTo6bI BbISBUTbL AaHHY 0CO6EHHOCTL, Lieslec006pa3Ho aHa-
NINTUYECKN pacCMOTPETb NPOCTeNLLYH HENMHEHY0 ANHAMUKY
NOSIMMEPHOW XXNAKOCTU, NPU 3TOM, CpaBHUBaeTcst (hopMUpoBa-
HWe CTPYKTYpPbl MOTOKA C NPOCTEALLMMUN PUINKO-XUMUYECKUMN
NnpeBpaLLeHUAMM CO C/lyHaeM NMOTOKa, B KOTOPOM YUTEHbl TO/b-
KO 3pheKTbl HEJIMHENHOCTU N CXXMMAEMOCTMU.

2. Martepuanbl n MeTo4bl

O6bEKTOM paccMOTPEHUS ABMAUCL pacrnnias caxapa U Bbl-
COKOMONEKYNApHasA pakuusa raTeHnHa MyKu, KOTOopble ucC-
cnefoBanmcb Ha potaumoHHom peomeTpe HAAKE RotoVisco 1
(Thermo Scientific, FepmaHuna) n aHannsaTope Brarocogepxa-
Hua OHAUS MB23 (OHAUS Corporation, CLLUA).

3. Pe3ynbTaTbl N 06CYXAEHUE
3.1 ® N3MKO-XMMUYECKNE CBONCT Ba

NMOMMMEPHbBIX XXMNAKOCT eil

MonnmepamMn HasbliBalOT 6GO/bLUME MOJEKY/IbI, MOCTPOEH-
Hble N3 MOBTOPSIOLLUXCA CTPOUTENbHbLIX 6/10KOB — MOHOME-
POB, COEANHEHHBIX XUMUYECKUMM CBA3SAMU B €AUHYIO LLENOYKY.
[JaHHbIM MaKpOMOJEKY/am Mpucylla pasBuTas BHYTPEHHSS
CTPYKTYpa N HalMume pa3INYHbIX CTeneHe cBo60abl, KOTOpbIe
3aal0T OCHOBHble MaKpPOCKOMUYECKUE CBOWCTBA MOMMMEPHbIX
Xugkocte. IMeHHO 3TO onpegensieT yHWKalbHble (U3NKO-
XUMUWYECKME CBOMCTBA MOMIMMEPHbIX XUAKOCTEN U crneundunky
MXTeYeHWU, YTo NO3BO/ISIET OTHECTU laHHble cpeabl K Knaccy Tak
Ha3blBaeMbIX HEHbHTOHOBCKUX XWUAKOCTelh. Cnegysi pabotam
[7.8.9.10.11.12.13.14.15.16.17.18.19]
paccMOTPUM OCHOBHble (DM3NYECKME XapPaKTEPUCTUKU TaKmX
cpeg.

Tak, ¢ pOCTOM CKOPOCTU MOSIMMEPHON XUAKOCTU NMPOUCXO-
ONT 3HAUYUTENIbHOE YMeHblLeHWe ee BA3KOCTU. [laHHble cpefbl
XapaKTepusyTcs BSA3KOYNPYrMMW CBOMCTBAMU: Hamnpumep,
€CNN pacTsaHYTb MONMMepPHbIA pacniaB 1 paspesaTb ero noce-
peaviHe, TO MOJIOBMHKU COKPAaTATCS MPaKTUYecku A0 MepBo-
HayanbHOro cocTosHUA. MNMposiBNeHNe TaKoW BbICOKOW CTeneHm
3M1aCTUYHOCTU 03Ha4aeT, YTO NPU TeYeHUN NOAMMEPOB NPOUC-
XOAUT BbIHYX/EHHOe M3MeHEeHMe pacrnosoXkeHUss aToOMoB (Ta-
KOV npoLecc NPUHATO Ha3blBaTb KOH(DOPMaLMen) N N3SMeHeHne
yucna cuenneHnii Mexay HUMK. YKa3aHHble CBOMCTBa 06yCoB-
NeHbl 0COGEHHOCTAMU CTPOEHUS MOMMMEPOB, COCTOSILLUX W3
OrPOMHOrO0 YuMcna aTOMOB, COEAMHEHHbIX B A/IMHHbIE LIEMOYKM,
KOTOpble MOTyT oOnpejesieHHbIM 06pPa3oM COeAUHSITbCA APYr
C APYroM, CBMBAaTbCA B KNYOKU M HA060POT NPU onpeaeneHHbIX
YCNOBUAX TaKMe HaAMONEKYNAPHble 06pa3oBaHMS MOTYT BbITSi-
rmeatbcsl B Lienouvku. CornacHo Teopuun Pe6uHaepa B AaHHbIX
cucTeMax o6pa3oBaHMe LLeNnoyeK U3 psiga MOHOMEPOB MOJIEKY,
KaK NpaBwn/o, OCYLLEeCTBNAETCS 3a CHET arpermpyemMocT YacTuly,
TBEepAOV hasbl Mo yrnam v pebpam B Lienovkax MaKpoMOoseKyn,
B KOTOPbIX MOJIEKYNISIPHbIE CUJbI CLEMJIEHUSA, & 3HAYUT U NOTEH-
uManbHasa 3Heprusi 4OCTUTaT CBOUX NI0Ka/IbHbIX MaKCUMYMOB
[1.16.19]
NEepPCUCTEHTHOW ANUHBLI (MEPCUCTEHTHaA A/MHA — 3TO A/IMHA
BbINPSAMAEHHOW MOAVMMEPHOW MONEKYNbl), A060N nonmmep
CUNbHO M3rnbaeTcs BCeACTBME TEMIOBOTO ABVMKEHUS OTAeNb-
HbIX CermMeHTOB. Mo3aToMy hOpMy MONNMEPHON MakKpOMOSeKy-
Nbl B 06LLEM C/TyHYae MOXHO 0XapaKTepu3oBaTb, Kak c/ydariHblii

, Ha Ka4eCTBEHHOM YpOBHEe
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K1y60K CO CNOXHOW BHYTPEHHEN AMHAMWUECKOM CTPYKTYpOWi
[18].

B pab6oTtax PebuHpaepa [1] moka3aHO, YTO B CTPYKTYpuUpO-
BaHHbIX CMCTEMax Npw NGOV CKOPOCTU TeYEeHUS, NpoTeKarT
ABa NPOTUBOMOJMIOXKHbLIX MpoLecca — pa3pyLleHne uU BocCTa-
HOBMIEeHNE CTPYKTYpbl. VTOroBoi XapakTepUCTUKON, OMUChI-
BaloLleli paBHOBECHOE COCTOSAHME MeXAy 3TUMU npoLeccaMmun
B YCTaHOBMBLUEMCS MOTOKe, ABNsAeTCcA 3PEKTUBHAA BA3KOCTb.
OCHOBHOeE, Hanbonee cyLLecTBEHHOE, AN NPOBEAEHNA Macco-
06MEeHHbIX MPOLECCOB CNeACTBUE BOZHUKHOBEHUS U paspbiBa
B BbICOKOHAMOMIHEHHbIX TBEpPAOW (pasoi AMCNEpPCHbIX cucTe-
Max —3T0 U3MEHEHME NX CTPYKTYPHO-MeXaHN4YeCKMX CBOMCTB,
XapakTepusyemoe pe3KOoW 3aBUCUMOCTbH BA3KOCTWU, MOAyNs
YMAPYrocTn, XapakTepHbIX BPEMEH penakcauum OT CKOPOCTU ae-
dopmauum (MNn CKOPOCTU M3MEHEHUA 06bema CUCTEMbI), T.e.
B UTOre OT CTeMeH pa3pyLUueHus CTPYKTypsbl [1,16,19]. Ananaso-
Hbl U3MEHEHUA 3TUX XapaKTepUCTUK B 3aBUCUMOCTU OT CKOPO-
cTn fedhopMaLm UM CKOPOCTU N3MEHEHUNA 06beMA CUCTEMbI
MOTYT MEHATLCA B LUMPOKMX Npefenax, KoTopble yBen4nearoT-
CA C POCTOM AMCNEPCHOCTM TBEPAOM (hasbl 1 ee KOHLEHTPaLUm
B ANCNEPCUOHHON cpefe. Tak Kak NpuBeAeHHas Ha Puc. 1 kpu-
Bas XapakKTepusyeT CTeneHb PaBHOBECHOIO paspyLUeHUs CTPYK-
TYPbl OT MHTEHCUBHOCTU MEXaHNYECKMUX BO3LENCTBUI BO BCEM
BO3MOXHOM AnanasoHe nU3MeHeHUS 3PDEKTUBHOW BA3KOCTN,
TO OHa OTpaxkaeT MOJIHble PEOSIOrMYecKMe CBOMCTBA TeYeHUs
AVCMNEPCHBIX cucTem. [pyrMmum cnoBamMmu roBops, AaHHasa non-
Has peonornyeckas Kpusas HeceT Hamb60/bLUYIO MHOpMaLuio
AN yCTaHOB/IeHUA 3aKOHOMepHOCTeli o6pa3oBaHUSA, YCNOBUIA
COXPaHeHUA YCTOMYMBOCTN U, HAO60POT, paspyLLUeHUs CTPYKTYP
B KOHLLEHTPUPOBAHHbIX AUCMEPCHBIX CUCTEMAX.

rpagHeHT ckopocTn, ¢ 1

Puc. 1. NonHaa peonormnyeckan Kpusas
NOIMEPHOW CUCTEMBI

CneflyeT UMeTb B BUAY, YTO COMMIaCHO TEOPUM CTPOEHUS XU -
KocTel ®peHkensa-OvipunHra [20,21] gaHHble 0COB6EHHOCTU NpU-
BOASAT K HEMOMHOMY 3aMo/IHEHMI0 MPOCTPAHCTBA, KOrga MOXHO
CKasaTb, YTO XXNJKOCTb COCTOUT M3 BELLLECTBA M TaK Ha3bIBAEMbIX
NyCTOT, OTAENSAOLWNX OTAeNbHble HaAMONEKYNSIPHble 06pa3oBa-
HUA apyr oT gpyra. O4YeBMAHO, YeM 6OJibLLE A/TMHA NOSIMMEPHOIA
LLernoYKn, cnocobHOM CBEPHYTbLCA B KITYy6OK NpU OfHOBPEMEH-
HOM CHWXEHWUW Y[enbHOW MOBEPXHOCTU, TeM 60Mblue 06BLEM
NycToT B caMUX HaAMOMEKYNAPHbIX 06pasoBaHUAX U MexXay
0TAeNbHbIMU MaKpOMOeKyiamMmu. Yem 60/bLe OCTYMHbIV CBO-
604HbIA 06BbEM, TeM 60MblLUe BEPOSTHOCTb Mepeckoka vacTul.

OpHako, BO3MOXHbIe Mepexofbl OTAe/lbHbIX MaKpoMmosie-
KyNn OrpaHM4YeHbl PsAOM TOMOJIOTUYECKUX U 3HEepreTUYecKux
YyCNoBWiA. B 4acTHOCTY, AN MaKpPOMOJIEKY/ TEM/IOBOM 3Hepruu
HeZloCTaTOYHO AN O4HOBPEMEHHOrO MepeMeLLeHUs Beeid Ma-

. be3 BHelWHUX Bo3felicTBNIA HporoneraGax, [A3/idliMdosToMy NepemeLLleHMe MakKpOMOEKY-

Nlbl BO3MOXHO NNLLb OTAENbHLIMU CEerMeHTaMu LiernoYvku. B pe-
3ynbTaTe TAKOro Moc/efoBaTe/lbHOro NepemMelLeHns OTAeNbHbIX
CerMeHTOB MOXeT NMPOoUCXoanTb NepemMellieHme Bceit Lenu. Mpu
TaKoM repemeLLeHNM MaKpPOMOJIEKY A BbIHYXAeHa U3rnéartbes,
MEHSITb CBOIO KOH(MIypaLmio, Mo3TOMy Becb MpPOLEcC TeHEHUS
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OCYLLLEeCTB/SIETCA KaK Nepexoibl U3 0AHOM KOHopMaumn Lenu
B Apyrve. 3TOT MeXaHU3M TeuyeHUs1 NPUHATO Ha3biBaTb AUdyY-
3MOHHbIM MeXaHN3MOM MepeHoca.

Hapsigy ¢ ancddy3MoHHbIM MEXaHU3MOM Y MOMMeEPOB MO-
XKET peann3oBaTbCs TaK Ha3biBAEMOE XMMUYECKOE NN KNHETU-
YecKoe TeueHUe, MPU KOTOPOM Moj AeACTBUEM MPUMIOXKEHHOTO
HanpsHkeHWUs1 cHavana UAeT pas3pbiB MaKPOMOJIEKY/T HA OTAENb-
Hble pparmMeHTbl, @ MOTOM Y>Xe MepeMelLleHNe faHHOro dpar-
MEHTa. YCNoBMe MpeBaIMpPOBaHUA XMMWUYECKOrOo MeXxaHW3ma
Haz ANhy3HBIM MOXHO BbIPa3uUTh Hepe3 COOTHOLLIEHME MeX Ay
XapaKTepHbIMM BpeEMeHaMU XMu4yeckoli peakuummn Tdn nepe-
Hoca T B BUAe HepaBeHcTBa [17]:

Tofl T (h)
Hanpmmep, AaHHOe YycCnioBue peasin3dyeTcsa B K/aCcCMYeCKOM
crnocobe nofy4yeHUa pacnnaea caxapa (MHBePTHOro cupona),
B KOTOPOM NpPOUCXOANUT MHBEPCUA Caxapos3bl 3a ,EI,I'II/ITGI'IbeIVI
BpeMeHHOM nepuog (nopsiaka 120 MUHYT). TakxXe cnefyeTt OT-
MeTUTb, UTO NPWU BbINOSIHEHMM (1) BO3MOXHO MU 06paTHOe BO3-
[ecTBME MPOLECCOB MepeHoca Ha XMMUYECKUi npouecc. Ha-
rMAaaHbIM NpMMepoM TaKOoro poga ABNAETCA TOT >Xe npouecc
nony4yeHUss pacnsaea caxapa B 2,5 pas3a 6biCTpee B YC/NOBUSAX
AONONHUTENNbHOIo NoasoAa aHeprmm 3a cHeT COBMECTHOIO p,e|7|-
CTBUS TMAPOAMHAMMYECKON 1 aKyCTUYECKOW KaBuTaLun.
Takmum 06pasom, cneayeT, YTo NP onpeaeneHHbIX YC/I0BUSIX
CTPYKTYypa NnoanMMepHOro noTtoka He ABNAeETCA NOCTOAHHOWN N3-
3a UAYLWKUX BHYTPU cpeabl M3MeHeHWIA, MIOTHOCTb MonuMepa
3aBUCUT OT BPEMEHU, a 3HAYUT UCNO/Ib30OBaHNE I'IpI/I6I'II/I)KeHI/IF|
HECXXKNMaemMoCT B AaHHOM Cny4dae ABMAeTCA HEKOPPEKTHbIM.
B KauecTBe HarnagHoro npmnMepa, NnokasbiBaLero K Kakmm rno-
CNneacTenAM MOXXET MPUBECTU OTKa3 OT YC/I0BUA HEC)KMMaAEMO-
CTU N3-3a KNHETUYECKNUX NU3SMEHEHUN B cpene, pacCMOTpUM Npo-
CTeI‘/JIU.IyK) Moesib BA3KOro NoToKa ¢ XUMNYeCKUMU peakynsamn.

3.2 Mogenb noTokKa

Nccnegyem chopMupoBaHUE CTPYKTYpbl B OCECUMMETPUY-
HOM (ads=0), BAI3KOM MOTOKe, COCTOSILLEM W3 4acTuL, OLHOro
copTa A, rae NpoucxoanT HEKOTOPasi XMMMYecKas peakLms, Me-
HAlOLWAaa cocTaB noToka. K TOMy e, UTHOpPUPYs BHYTPEHHIO
CTPYKTYPY XNAKNX YacTUL, Mbl 6yaeM npeHebperatb 06beMHOM
BA3KOCTbHO. [115 MPOCTOThI aHaIM3a Takxke 6y1eM UTHOPUPOBaTb
CUNY TPEHUS N BUSIHUE XUMUYECKUX MCTOYHUKOB Ha MOJHbIN
MMMynbC NOTOKa. MonnmepHsbIl pacnnae 6yneM paccMaTpuBaThb
KaK CXXMUMaemyto, U33HTPOMMYEeCcKy cpedy, B KOTOpOW Mmnot-
HOCTb MeHSIeTCA TO/IbKO BO BpeEMeHMU, T.e. NA=NA("), a 3HauUnT ans
rpagueHTa fasneHus nmeem VpA=0. Takmum o6pa3oM, AUHaAMU-
Ka 1ccneflyeMoro TedeHUsa onpegensieTcss ypaBHeHMem Hasbe-
CToKca Ansi OKUMaeMOol XXULKOCTHU:

TANLYA+V @ g=~ MV(V sYs) )
rae Ya—CKOpOCTb MOTOKa, TA—Macca HYacTuL, MOABMYKHOM XUAKOCTY;
NPV 3TOM KOS(OIULIVIEHT AVHAMMYECKOW BA3KOCTU M CUMTAETCS MO-
CTOSIHHbIM. /13MeHeHVe NI0THOCTY Cpefbl NAOMMCHIBAETCS ypaBHe-
HMEM HeNpPepPbIBHOCTM C XUMNYECKUM MCTOUHMKOM:

A Th+ Y ya= L 3

roe LLI—cKkopocTb XMMMYECKOo peakupmm, qoopma KOTopoi 6yaeT onpe-
[eneHa fanee.

Ypo6bHo nepenucatb cuctemy (2)-(3) B 6e3pasmepHoii
opme. Hopmupys MNAOTHOCTUM Ha Haya/bHYK MIOTHOCTb
nf0= nAp=0), koopAnHATY Ha XapaKTepHbl HauanbHbIA pas-
mep noTtoka b0=b ("=0), ckopocTb Ha XapaKTepPHY Hayda/lbHYH
ckopocTb Y0=Y ¢p=0), Bpemsa Ha macuTab BpemeHu bOYOun cko-
POCTb XMMNYeCKO peakuun Ha BennunHy nALLI0—xapakTepHas
yacToTa CTO/IKHOBEHUI Heynpyroro npotecca, Mbl MPUXOAUM
K crnefytouler cncteMme ypaBHeHWUA:
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AN+ (YAN)YA=| [AYA+Y A
LAV 1Y 8) =-CHLL,

YN @

®)

3necs AB=n/ ¢ 0TAIAY) —uuncno PeliHonb/ca, KOTopoe 0603Ha-
YaeT OTHOLLEHWE HENVHENHOro MHEePLMOHHONO Y/leHa K BSI3KO-
MYy ANCCMMNATUBHOMY UfieHy B ypaBHeHUU (4) n AN=nQy0bOLLD—
6e3pasmMepHOe YNC/0, KOTOPOE OMNpesenisieT COOTHOLLEHME MeX-
[y XapaKTepHbIM XMMUYECKMM BPEMEHEM CUCTEMbI, B JaAHHOM
cnyyae 3To BennuuHa WENAY LLIQ n xapakTepHbIM BPeMEHEM
npoLiecca MakpOCKOMUYECKOro NepeHoca, B ;aHHOM cy4yae 3To
BennymHa ™ = bW\

MbI 6yaem nckaTb TOUHOE pellieHne cuctemsl (4)-(5) B Buge

T+ [C() +B()r+lW Y]sA (6)

rae HemsBecTHble doyHKumM Ad), C("), Bdb) n H(') ceasaHsbl ¢ pa-
ANanbHOV 1 aKkcManbHOM KOMMOHEHTAMU CKOPOCTU 1 Nognexart
onpefeneHnio, a 3aBUCUMOCTb MJIOTHOCTU, KakK yXe yNnomMuHa-
0Cb, COOTBETCTBYET MNPOCTPAHCTBEHHO OAHOPOAHOW cpeje.
fACHO, UTO NpocTas AMHaMMUecKas CTPYKTYpa, 3a/10)KEHHas B CO-
OTHOLWWeHUN (6) He ABNAETCA eAMHCTBEHHOW. OAHAKO B 3aBUCK-
MOCTW OT UCXOAHbIX AaHHbIX Ah=0) =AQ B ("=0) =B0 C(*=0) =CQ
H (*=0) =HQ 3agatoLmx xapakTep Mons Te4eHUs, fJaHHOe COOoT-
HOLLEeHMe ONucbiBaeT MOBeAEHWE CUCTEMbI, KOTOPOe MOXET
ObITb [OCTATOYHO C/IOXHbLIM U OU3NYECKM cofep>KaTeNbHbIM
C TOYKM 3PEHUA PA3TUYHbBIX NPUIOXKEHWA.

MOCKO/MbKY MIOTHOCTb He 3aBUCUT OT MPOCTPAHCTBEHHbIX
KOOPAMHAT, BblpaXKeHUe 4715 XMMnyeckoii ckopocTu LLtakxke He
MMeeT NPOCTPAHCTBEHHOM 3aBMCMMOCTU. M03TOMY NOACTaHOB-
Ka ypaBHeHUs (6) B ypaBHeHwUe (5) gaeT

A+ (A +B)nA=-CULL, (7)

MopactaBnasa cooTHoweHme (6) B (4) 1 yunTbiBasi, 4TO B Ha-
weii mogenn dp/dr=0, Mbl noNy4mm

YN

Ya

(Ar+¢\2)r=0

C+BC- f8H + (B+B)r + (H+ (A+B)H)r2=0

KOTOPbIe JO/MKHbI BbIMOMHATLCA A5 N06bIX 1 . [M03TOMY KO-
3 PMLMEHTBI ANA KaXKAO0M CTENEHW T U T JO/MKHbI 6bITb NPUpPaB-

e A2
+ =9 )]
B+s2=0, 9)
H+(A+B)H =0, (10)
. 4
c +BC- 4dBH, 11)

Takum 06pa3om, Mbl MONYYMUIM NPOCTEMLLYIO MOAENb He-
NINHENHON AnHaMmnyeckonm cuctemsl (7) —(11), B KOTOpoOW Npo-
CTpaHCTBEHHbIE 1 BPeMEHHbIe YacTu Mnonsi ckopocTeid (6) pas-
AeneHbl. Kak BUAHO M3 JaHHbIX ypaBHeHW, noBefeHue 3Tol
MOoAenn 3aBUCUT OT ABYX 6e3pazMepHbIX NapameTpos A8 u CUL.
MoaTomy NpeAcTaBNsAeT UHTepec U3yUYeHue BUSIHUA Ha AUHa-
MUKY CUCTEMbI flaHHbIX NapameTpoB fB u C/1 no-oTaensHoOCTU.

3.3 AwvHamukanoTokanpu”™ ™ 0

CHavyana paccMoTpuUM MpocTeiilne guHammyeckme CBOM-
cTBa npodmns (6), npucywme npegeny Hs mM 0. 3mm
0Cc06eHHOCTM Bcerga GyayT NposiBAATLCS Ha HavyasbHOM 3Tare,
KOrja AMHamMuKa notoka onpegensietca LMAMHAPUYECKOW reo-
MeTpue.

XoTsi B 3TOM MOJfle CKOPOCTel Bcerpga BbiMonHseTcss Ydr0,
B JaHHOM TEYEHUW MOoABASAETCS asuMyTa/ibHas cocTaBnstoLLas
3aBMXPEHHOCTU, T.e. AOMONIHUTENbHOE [ABWKEHME >XUAKOCTU
¢ 06pa3oBaHNEM KOHLLEHTPUYECKOM OKPYXXHOCTU CMeLLLaoLLLeiA-
€A OT LeHTpa Tpy6bl K Nnepudepmu,
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° =-2H () re, (12)
UYTO CBUAETENLCTBYET O CYLLECTBOBAHUWN BMXPEBOTO ABUXEHUS
B MI0CKOCTU p=const. UTOObI BbISBUTbL NPUPOAY AAHHOTO BUX-
peBOro ABVMXEHUSA B paccMaTpuBaeMoM Mnose ckopocTeii (6), He-
06xoaMMmo nepenucaTtb ypaBHeHMe (4) Kak
dt® + (VA=V) ° - (0 <V) YA=0, (13)
Jlerko BnaeTh, Uto ansa (° <V) VA=0 gns (6) n (12). 310 03Ha-
YaeT, 4YTO 3HaYeHMe 3aBUXPEHHOCTU M COXPaHAETCS BLOMb Tpa-
eKTopun, oNncbiBaeMon ypaBHeHnem (13).
Tenepb NepeigeM K paccCMOTPEHUIO TOFO, YTO MPOU30IAJET,
ecnn y Hac Re ABNsieTcs KOHEYHO BeNMUYMHOW. N3 ypaBHEHWA
(7) —(10) mbl nonyyaem

M=V OH= (14)
rae BennumnHa 0 ectb
m =ftAfc) +B(z))dz, (15)
3/echb
A B
[ BMt)= 7
AW® 1+A(\)rt/2 ® 1+B t (16)
Mopactasnssa (16) B (14), Mbl NPUX0AUM K
A —
nA) = H()= AL @D
(1+Bot)(L+ ~ )2 (1+Bot)(L+ T )2
MopctaHoska H 13 (17) nB u3 (16) B (11), paet
_ 8HO01 1
CO=[ re %00 ol @ +Bot)’ (18)

CooTHowweHuA (17) n (18) MoXXHO paccMaTpuBaTb KakK OCHOB-
HYI0 AHaAMMYeCKY0 CTPYKTYPY NOTOKa B UCCNesyeMON Moenn.

Kak BUAHO M3 AaHHbIX COOTHOLUEHW, ecnn BennvnHbl AO
1 BO nonoxuTtenbHbl, TO UMeeM perynsgpHoe TeyeHue, Xapak-
Tepunsyemoe 3aTtyxalwlWmMMn BO BPeMeHU napameTpamu. [pu
A0<0 nnn BO<0 cooTHoweHMsA (16) onmcbiBatOT BOSHUKHOBEHME
CUHIYNSPHOCTeM B MOTOKE 3a KOHeYHOe BpeMs, Korga sHameHa-
Tenun B BblpaxxeHUax (16) o6pauwiatoTca B Hy/M. ITO MU3BeCTHasA
MaTemaTmnyeckass 0CO6eHHOCTb Pa3INYHbIX TeYUEHUN, B KOTOPbIX
HeNnHelrHble 3heKTbl OKa3bIBAKOTCA CUTbHE ANCMEPCUOHHbIX
[22,23,24]. K Tomy Xe, coOTHOWweHUs (16) — (18) nokasbiBatoT,
UYTO paguanbHble N akCMasibHble KOMMOHEHTbI MOTOKa CU/IbHO
cBfi3aHbl, ocobeHHO Npn A0<0 n B0<0, korga ecTb cXXaTme NoTo-
Ka B pagnanbHoM HanpasneHun. C opyroii cTopoHbl, ans A0>0
1 B0>0 Takoro adodpekTa HeT, Tak Kak H(£) ybbiBaeT co BpeMeHeM
M HeT YCU/IEHUS aKCUaNbHOTI0 ABUXEHUS.

N3 cooTHOweHnA (18) cnegyeT, 4TO Yncno PelHoNbAca OKa-
3blBaeT caMoe CUbHOe BIMSAHWE Ha BDEMEHHYHO COCTaB/MAIOLLLYHO
oceBo ckopocTu C(£). Ho npu atom BenuunHa C Takxe CUIbHO
3aBUCUT OT Hada/bHbIX 3HaueHnit A0, BOmn HOn3-3a B3auMHoOro
B/IVIAHNA Pa3INYHbIX KOMMOHEHT ckopocTu (5). JaHHOe CBOWA-
CTBO fBNSieTCA CNeACTBMEM HENMHEMHOCTU paccMaTpuBaemoii
mogenn (7) —(11).

B kauecTBe wunncTpaumu Takow AWHaMUKKM Ha Puc. 2
1 Puc. 3 npeacTaBieHbl XapaKTePHbIe YMCeHHble pelleHuns (11)
ona Ar =1 mnAr =10 cOOTBETCTBEHHO.

Kak BugHo, 3aBMCUMOCTM Ha PuUc. 2 aHanornyHel Puc. 3, oHn
OT/INYAOTCSA TOMbKO BennuunHoii C onpegensemoii Buaom
M UHTEHCUBHOCTbIO BHELLHUX BO3AelicTBMiA. Hanbonee cnnsHoe
B/IVISHNE UCXOAHbIX AaHHbIX U 4ucna PeliHonbaca 6ygeT npu
Ar > 1, korga ¢ pocToM umcna PerHonbAca ycunumBaloTcs Npo-
Leccbl Auccunauunm, YTo CBUAETENbCTBYET O Nepexose KUHeTu-
YeCKOM aHeprum B Tennosyto. OTMETUM, UTO U3MEHEHMe Ymncna
PeiHoNbACa MOXET MPOUCXOANTb, Hanpumep, 3a CYeT mWyBe/nt-
YeHUS BA3KOCTU MOTOKA, UAM YMEHbLUEHNSA CKOPOCTU MOTOKA,
WA YMeHbLLEHNA XapakTepHoro pasmepa b0 B atom cnyyas Mbl
LO/DKHbI YYUTbIBATb MOMHYIO CTPYKTYPY Nons ckopocten (6). Oa-
Hako npu Ar < 1 B NpPakTUYECKUX OLLeHKaX MOXHO YUYUTbIBaTb
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ToNbKo KOMMOHeHTY C(£), Bbi6packiBasi agpyrue. Mpasaa, Takoe
YTBEPXAEHME CrpPaBefMBO TONbKO A/ PacLUMpPSIOLLLMXCA MOo-
TOKOB.

B pacCMOTpPOHHOW MoOAeNnn BO3HWUKHOBEHWE CUHOYNSAPHbIX
ocobeHHocTer npn A0<0 unn BO<0 cBsi3aHO ¢ TAM, 4TO 3BOJIIO-
LM BA3KOro NOTOKa He orpaHuYeHa KakumM-nm6o pusnyecunm
MexaHM3MOM. Hanpumep, TakKMM Kak; rpagueHT AaBfieHus, Ko-
TOPbIi 06bIYHO CHUTAETCA OrpaHUYMTeNIeM pocTa NUKa NI0THO-
cTu. OfHaKo B cny4vae MoAMMepHOM XUAKOCTU MOXHO yKa3aTb
1 Apyroii! MexaHU3M. B HauanbHbI/i MOMaHT OCEBOrO NMepemMelle-
HUS MONMMEPHO XXNAKOCTU N3-3a 3HAYUTENIbHOM HeEpaBHOMEP-
HOCTW pacnpegeneHns 60bLLNX MONEKY, HAIMUUSA CYyYaliHbIX
KNy604KOB CfA, CMOXXHOW BHYTPEHHEW AUTraMMUecKoWn CTPYK-
Typoiil Kak oTMe4anocb B pasfefe 2, U Kak cnefcTsie, HHOKOM
Wy/ieNbHOV MOBEPXHOCTLIO W 3HAUUTENAHOW HEOAHOPOLHOCTLIO
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MX pacnpefeneHusl, BA3KOCTb MMHUManbHa. B npouecce aBU-
YXeHUA pacrn/asa, MOBbILWAETCA pABHOMEPHOCTL pacnpeaeneHuns
MOJIEKY/l, MPOUCXOAUT paspylleHWe paHee 06pas3oBaBLUUXCS
KNy6KOB M Lienoyek, ¢ o6pasoBaHMeM HOBbIX. [pyn 3TOM BS3-
KOCTb MMeeT TEHAEHLNIO K NMOBbILLEHUIO.

B npuknagHoM BapuaHTe AoKa3aHo, YTo Nnpwu ntobbix 06¢TO-
ATeNbCTBAX BOKPYT TBEPAbIX YacTUL, MULLLEBLIX CUCTEM OCTaeTcs
npocnolika AVUCMePCUOHHOW cpeabl NPensiTcTByloLas ha3oBo-
My cLiensieHUto yactuy,. Ha onpeseneHHOM BpeMeHHOM Mepu-
one o6pasyloTcs CONbBaTHble 060/I0UKM BOKPYT AUCMEPCHbIX
yacTuLl, MAn cnou aacop6LMOHHON CBA3AHHOW Bnarv, BOKPYr
HabyXLINX BbICOKOMONEKYAPHbLIX (PPaKUUii MyKW, MOHOCIOW
KOTOpbIX 06/MajaeT cBOMCTBAMM TBEPAOro Tena. bnarogaps ato-
MY YBE/MUYMBAETCSA MOABMXKHOCTb MOJIEKYNT OTHOCUTE/NIbHO ApYT
Apyra v BA3KOCTb HauMHaeT cHuxkaTtbes [19].

Ho naHHbIA MOHOCNOM TakxKe GyieT NpenATcTBOBaTb pa3Bu-
TUIO KONancoB NA0THOCTU. XOTSA 3TO CNpaBef/IMBO TOMbKO ANA
cpea coaepXallinx MyKy, To cnefyeT oxumaaTb, UTo ob6pasoBaHue
TaKNUX MOHOC/I0€B MOXET MPOUCXOANTL U B APYTUX NOSIUMEPHbIX
XUAKOCTAX. B 3TOW CBSI3N MHTEPECHO PacCMOTPeTb AUHAMUKY
mogenn (7) —(11) npu yyeTe KMHETUYECKMX MPOLLECCOB pa3pbl-
Ba N CINSIHMA NOIMMEPHbIX Lienoyek.

3.4 [AwvnHamuka noToka npm ™ 0

B Haluelit mogenun Takoi cueHapuii peanusyetcst npu N (0.
Mbl nccnegyem 3TOT cnyyali NPUMeHUTENBHO K NpoLLeccy nony-
YeHUs pacniaBa caxapa, pacCMOTpPEB BAUSHWE MHBEPCUM caxa-
pO3bl B [1H0KO3Y 1 (HPYKTO3Y Ha AUHAMUKY NMOTOKaA.

Kak BngHo n3 (7) —(11), B Hawewn npocTeiLeil Mogenn ecTb
BNVSIHUE MO CKOPOCTU Ha NIOTHOCTU, HO HEe HAao6opOoT. Takoe
nosefeHNe BO3HMKAeT MU3-3a TOrO, YTO Mbl HE YUYUTbIBAEM W3-
MEHEHME MOSIHOr0 MMMy/bca UCCeayemMoro NoToka, o6ycnos-
NIeHHOe HeynpyruMu, AMccUnaTMBHbLIMUI NMpoueccaMm (Xummye-
CKUMU NCTOYHMKAMW, CU/I0V TPEHUS), @ 3HAYUT B ypaBHEH UM (2)
OTCYTCTBYIOT COOTBETCTBYIOLLME YMEHbI.

UTo6bl BbISABUTL Hanbosee IBHbIM 06pa3oM BAUSHWME MO
CKOpOCTeli Ha KUHeTUKY, MPOUCXOAALLYI0 B Cpefe pacnniasa
caxapa, orpaHM4MM Halle paccMOTpeHMe 0co60 npocToii chop-
MO XMMNYECKOW KNHETUKN, MPUHVMAasi BO BHUMaHMWe peakuum
TO/IbKO MEePBOro nopsijka.

B KauecTBe TUMMYHOrO NpYMepa peakLn NepBoro nopsgka
MOXHO yKa3aTb peakL o pa3noXeHUs caxaposbl (MOMeUYeHHY0
34ecb MHAEeKCOM A) Ha DpyKTO3Y (MOMEUYEHHYIO 3eCb MHEKCOM
B) v rnoko3sy (NomeyveHHyto 3ecb MHAekcom C), BCTpeyaroLLyto-
csl B MOIMMEPHOM pacnaBe caxapo3sbl [25]:

A" B+C, (19)

Monarasi NNOTHOCTbL MOTOKA, PaBHOM MMOTHOCTU pacnfasa
caxapo3sbl, MOXHO 3anucaTtb CKOPOCTb XMMWYECKOW peakuumu,
kak LU=LL/A Toraa ypaBHeHue (7) cBOAUTCA K

nA+ (A +B + CM)nA=0, (20)

roe pyHkuum A(1) n B(l) onpegenstoTcsa cooTHoweHUs MM (16).
PelueHne faHHOroO ypaBHeHUSA eCTb
nmexp(—C}'IC)
rX1) — (21)

(1 +Bol)(1 +A 1)2

B oTcyTcTBME XMMUYecKo peakuum (N ~ 0) 3TO COOTHOLLE-
Hue nepexoanT B (17). Kak BUAHO 13 (21), XMMU4veckas peakums
BNUSIeT Ha NOTOK Yepe3 napameTp AQ BOn C/ 1.e. 34ecb Mbl Ha-
61t04aeM HOBOE KauyecTBO —B/IMSIHWE Ha AMHAMUKY NJIOTHOCTU
XNAKOCTU CKOPOCTHbIX napameTpoB A0 n BOBmecTe ¢ umcnom
C/ oTpaxarLlM NposBieHne KUHeTUKKU. 13 LlaHHOro COOTHO-
LLeHWA cefyeT, 4TO B 3aBUCUMOCTU OT 3HaKa 1 BennumHbl AQ BO
MOXHO NONyUNTb NM60 YCKOPEHUE, NM60 3amea/ieHe CKOPOCTY
peakuunu.
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Tenepb paccMOTPUM cnyvald, Korga CKOpOCTb peakuuun
onpegensieTcs BHeLWHUMUN ycnoBuamu. MNycTb nccnegyemas cu-
cTeMa —3TO0 cpeja, cofepkallias NoABUXKHbIE YacTULbl Tuna A
(3TO MOryT 6bITb YaCTULbI Caxapo3bl, rMOKO3bl NN PPYKTO3bI)
M HeMoABM>KHbIe YacTuLbl TUNa B. B KauecTBe TaKo HeMoABUX-
HOVi KOMIMOHEeHThI, UTPatoLLLeli K TOMY XXe po/ib BHELLIHEro yrnpas-
nawoLwero akTopa, MOXXHO NMPUHATb YacTULbl caxapo3bl B BUAE
caxapa-necka, AONOMHUTENIbHO BHECEHHOrO B cucTemy. MycTb
MeXxay 3TUMWU cy6CTaHUMSIMU MPOXOAUT peakuusi, Beayllas
K 06pa3oBaHN0 HOBOW HEMNOABWMXXHOWM KOMMOHeHTbI AB [25]:

A+B~ AB, (22)

Takasi cuTyaums MOXeT GbITb peann3oBaHa, ecin macca Mo-
nekyn Bupa B 3HauMTenbHO npeeocxoauT T A Hanpumep, AaH-
HYI KMHETMYECKYI CXEMY MOXHO paccMaTpuBaTb B KaudecTBe
npoLiecca yC/0oXHeHUsi CTPYKTYpPbI MoMMepa Mo cxeme, aHaso-
TMYHbIN peakumm (19).

Takke NpeanonoXum, 4To A KOMMNOHEHTA HAXOAUTCS B U3-
6bITKe, T.e. MA NB. B 3TOM cnyyae MOXHO MNpeHebpeyb n3ame-
HeHMeM A — KOMMOHEHTbI, 3anucaB CKOPOCTb XUMWYECKOW
peakuuu, kak LLI=WMB. Torga 3BONOLMOHHbIE YpaBHEHUS 3a-
NuLLIYTCS B BUAE

A+ (A+B)nA=- AnB, (23)

ATk=- CbIB. (24)
M3 3TUX ypaBHEHWNI MOXHO MOMyYMTbL COOTHOLWEHME Ans Ma
B BUAE
nAO+ CHYED] (1 +BOT)(L +AG/2)2exp(-CH AT

(1+s )'K+A)

) (25)

roe MO=IB(1=0).

CpaBHMBast cooTHoweHMS (21) n (25) ¢ (17) npuxogmm K 3a-
KHOYEHUIO, YTO 3aBUCUMOCTb NANpU N (0 B 06LLMX HYepTax Cco-
OTBETCTBYET AMHAMNUYeCKON CTPyKType notoka (17). Mpn A0 >0
1 B0 > 0 npomcxoANT MOHOTOHHOE YMEHbLLEHWE MIOTHOCTU MA
a 3HaUUT C TeYeHNEM BPEMEHU CKOPOCTb COOTBETCTBYHOLLLEN KN-
HETUYECKO peakunm 6yaeT yMeHbLUaTbeA. OAHaKo, ¢ pocToM A,
KOrAa MpoucxoauT yBeIMyeHne Auccnnalnm KNHeTUYEeCKoM aHep-
rMn NoToKa, yBeMYNBAETCS BPEMEHHOW MPOMEXYTOK, Ha KOTO-
pPOM MOTHOCTb UMEET AOCTATOUYHYIO BE/IMYMHY, YTO CNOCO6CTBYET
MeHbLUeMY ybbiBaHMIO LLI(cm. Puc. 2 n Puc. 3). MOXHO TpakToBaTb
3Ty 0COGEHHOCTb, KaK MHTEHCUMMKALMIO COOTBETCTBYHOLLUX KU-
HETMYECKMX MPOLECCOB C YCUNEHMEM TypOy/leHTHOCTM MOTOKa.

Kak BmngHo 13 (21) n (25), Bo Bcex cnyyasx, korga A0<0 n B0<O0,
paccmaTpuBaemas Mofenb MNpeackasbiBaeT pasBMTUE Kosnarca
NI0THOCTM 3a HEKOTOPOE KOHEYHOe BpeMs TC ITO 03HAYaeT, YTO
Halla Mofefb CTAHOBUTCS HeAelCTBUTENbHOM ANA BpeMeH t >Tc=
wT(1/ JAL V/ |B)).Bb1n0o 6bl MHTEPECHO 06CYAUTL AaHHY 0CO6EH-
HOCTb /151 CUCTEM C LUMHAPUYECKOV TeOMeTPUEA C TOUKU 3pEHUS
YCKOPEHUSA XUMUYECKNX peakuunii B6/IM3M ToUeK, Fe MOXET pas-
BUTbCA KO/anc naoTHOCTY 3a Bpems t~Tc B paccmaTpmBaeMbix
0CECMMMETPUYHBIX MOTOKax JaHHbIE CUHTY/SIPHbIE 0COGEHHOCTH
MOryT 06pa3oBbiBaTb AYEUCTbIE CTPYKTYPbI B LIUANHAPUYECKON
reoMeTpun. B pesynbTaTe MHTEHCMBHOCTb XMMUYECKUX peak-
UM1IA, HaNpUMep, CKOPOCTb PeaKLniA pa3noXXeHUsl, pacCCMOTPEHHas
B pasgene 4, 6yaeT CUbHO BO3pacTaTh B OKPECTHOCTU TOYEK, rae
NPOUNCXOANT 3HAUYUTENbHOE YBE/IMYEHME MIOTHOCTU pearnpyto-
LLIero KOMMoHeHTa. [lJaHHyo 0c06eHHOCTb, MO-BUANMOMY, MOXHO
MCMONb30BaTh A5 PeLleHNs HEKOTOPbIX TEXHOIOTMYECKNX 3aau
B 06/1aCTV CO34aHMA MULLLEBbIX MPOAYKTOB C YHUKa/IbHbIMW CBOM-
CTBaMU, TPeBYHOLLMX CENIEKTUBHOIO BO3/elCcTBMS.

4. BblBOAbI
MpuBeaeHHbIE pe3ynbTaTbl COBMECTHbLIX MWCCNeAOBaHUM
cneymannctos  BHWWM  KOHAMTEPCKOW  MPOMbILLIIEHHOCTY

n HAGY «MNDUN» asnatoTcs npogo/mkeHeM paboTt no cop-
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MWPOBAHUID CTPYKTYP B MULLEBbIX AUCMEPCHBIX CUCTEMAX.
B naHHOI paboTe paccMOTPEHbl HEKOTOPbIE MPUHLUNNANbHbIE
0COBGEHHOCTU TeYeHUs MOMIMMEPHONM XUAKOCTU. B pesynbTa-
Te aHa/M3a OCHOBHbIX PEONIOrMYECKUX CBOMCTB MOMMEPHbIX
XNAKOCTEN MOKaszaHo, YTO B OT/INYME OT OObIYHbIX XXNAKOCTEN
B MO/IMMEPHbIX cpefiaX HE0GX0AMMO YUUTbIBaTb CKMMAEMOCTb
cpefabl, 06yCNOBNEHHYO U3MEHEHWEM BHYTPeHHel CTPYKTypbl
NONMMepPOB N3-3a KUHETUYECKUX NpoLieccoB. 34ecb GbIIM pac-
CMOTpPEeHbl TO/IbKO peakLun pas3pbiBa MNOIMMEPOB U 06paTHbIe
npouecchl (19) n (22).

JaHHble 0CO6eHHOCTU pPaccMOTPEHbI Ha NPUMEpPE NMPOCTENA-
Lero NpocTpaHCTBEHHO OAHOPOAHOro TeyeHus (6). MokasaHo,
4YTO B TAKOM TEYEHUW BO3MOXHO pa3BUTMeE KO1amncoB MJ0THO-
CTW NpW onpeaeneHHbIX HavabHbIX YCNoBMSAX, cM. (21) n (25).
B AaHHbIX CUHTYISIPHBIX TOYKAX BO3MOXHO 3HaYMTe/IbHOE YCKO-
peHne pacCMOTPEHHbIX KWHETUYECKMX MPOLECCOB B MOTOKE MO-
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NNMEPHOI XnakocTn. Taknm 06pa3oM, NpuBefeHHble pPe3y b-
TaTbl MO3BONAKT 0XKUAATb, UTO 3a CYET M3MEHEHUS HaYdaslbHbIX
WU TPaHUYHbIX YC/I0BUI MOXHO YMpPaBisiTb CKOPOCTbH KMHe-
TUYECKNX peakunin [26,27]. B yacTHOCTM, 3TOF0 MOXHO A06UTb-
CA 3a CYeT reHepauun 3BYKOBbIX BOJSIH OMpeAeneHHOro Buaa
B noToke [28,29,30]. B cnyyae A0O>0 n B0>0, korga HeT He06Xxo-
AVMBbIX YCNOBUIA ANS Pa3BUTUSI CUHTYISIPHOTO MOBeAeHUSs, BO3-
MOXHO YBe/IMYeHNe CKOPOCTU XMMUYECKNX peakuunid LL3a cueT
YBeNM4YeHunsa TypbynesaLmnm noToka.

Takxe cnegyeT OTMETUTb, YTO MOJIHOE aHaINTUYECKOe
onucaHVe paccmaTpuBaeMol 3ajayn MosayyeHoO [ANs Npo-
CTeLMNX KNHETUYECKUX peaKLnii. TemM He MeHee, HacTosLue
pe3ynbTaTbl yKasblBalOT Ha TO, YTO MofO6GHble 0COGEHHOCTU
MOTYT TakKXe MPOSIBNSATbCS B peasibHbIX MOTOKax Moammep-
HbIX XXWAKOCTel B pas/IMUHbIX MPOMbILLIEHHbIX YCTaHOBKax
[25,31].

TrrrrryYyNYAFTTTTYYYATTTTYYY T T T TYYY T YT T T TYYMTTT T TYYYMTTTTT T

1. Introduction

The dynamics of polymer melts and solutions in cylindri-
cal geometry is of interest for various technical applications. In
particular, polymer melts are used in chemical and food tech-
nologies [1,2,3,4,5,6,7,8]. Characteristic examples of the use of
polymeric media in the food industry, incl. confectionery, can be
emulsions, suspensions, invert and concentrated sugar syrups,
which contain dispersed particles of solid phase. This class of
polymeric media includes wafer batter with swollen high mo-
lecular weight fraction of flour — protein glutenin and starch
amylopectin.

In this case, the polymer flow movement, as a rule, is con-
sidered in an incompressible approximation, neglecting possible
changes in the density and composition of the polymer medium
[2,7,8]. However, in physicochemical processes, physicochemical
processes that constantly change the composition of the flow
can occur, for example, sucrose inversion in the production of
an invert syrup, where kinetic reactions of polymer chain dis-
ruption and fusion occur. In this case, the incompressibility ap-
proximation is unacceptable, and the flow should be regarded as
a compressible medium [2,6,7].

The aim of the paper is to determine the nature of dynamic
polymer flow processes with simple chemical reactions in two-
dimensional cylindrical geometry in the framework of the hy-
drodynamic description.

A common feature of such flows is the nonstationary and
nonlinear nature of the hydrodynamic and kinetic processes,
which determines high sensitivity of these currents to exter-
nal factors, including perturbations in the initial and boundary
conditions. In other words, even small external disturbances can
lead to strong changes in the system dynamics. This circum-
stance determines the boundaries of the formation ofadmissible
dynamic states in the flow, which can provide control of process
production streams in food systems [9, 10].

In order to reveal this feature, it is advisable to analyze ana-
lytically the simplest nonlinear dynamics of a polymer liquid,
while the formation ofthe flow structure with the simplest phys-
icochemical transformations is compared to the case ofa flow in
which only the effects of nonlinearity and compressibility are
taken into account.2

2. Materials and methods

The subject of the review were a sugar melt and a high mo-
lecular weight fraction of flour glutenin that were tested on a
rotational rheometer HAAKE RotoVisco 1 (Thermo Scientific,
Germany) and a moisture analyzer OHAUS MB23 (OHAUS Cor-
poration, USA).
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3. Results and discussion
3.1 Physical and chemical properties ofpolymer liquids.

Polymers are called large molecules, built from repetitive
building blocks — monomers, connected by chemical bonds in
a single chain. These macromolecules are characterized by a de-
veloped internal structure and the presence of various degrees
of freedom, which determine the basic macroscopic properties
of polymer liquids. This is what determines unique physical and
chemical properties of polymer liquids and the specifics of their
flows, which allows us to classify these media as a class of the
so-called non-Newtonian fluids. Following the works [7,8,9,10,
11,12,13,14,15,16,17,18,19], we will consider the basic physical
characteristics of such media at a qualitative level.

Thus, as a polymer fluid velocity increases, a significant de-
crease in its viscosity occurs. These media are characterized by
viscoelastic properties: for example, if we stretch the polymer
melt and cut it in the middle, the halves will be reduced to al-
most the original state. The manifestation of such a high degree
of elasticity means that during the flow of polymers there occurs
a forced change in the arrangement of atoms (such a process is
called conformation) and a change in the number of cohesions
between them. These properties are due to the peculiarities of
the structure of polymers consisting of a huge number of atoms
connected in long chains that can connect with one another in a
certain way, roll into tangles and vice versa under certain condi-
tions such supramolecular formations can stretch into chains.
According to the Rebinder theory, in these systems, the forma-
tion of chains from a number of monomers of molecules is usu-
ally accomplished by aggregating the particles of the solid phase
along the corners and edges in chains of macromolecules in
which the molecular forces of cohesion, and hence the potential
energy, reach their local maxima [1,16,19]. Without external in-
fluences on scales larger than the persistent length (the persis-
tent length is the length of the straightened polymer molecule),
any polymer is strongly bent due to the thermal motion of indi-
vidual segments. Therefore, the shape ofa polymeric macromol-
ecule in the general case can be characterized as a random coil
with a complex internal dynamic structure [18].

Rehbinder’s works [1] showed that in structured systems
at any flow velocity, two opposite processes occur — destruc-
tion and reconstruction of the structure. The final character-
istic describing the equilibrium state between these processes
in a steady-state flow is effective viscosity. The main effect, the
most significant for the mass-exchange processes, the effect of
the formation and rupture in disperse systems, highly filled with
a solid phase, is the change in their structural and mechanical
properties, characterized by a sharp dependence of the viscosity,
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modulus of elasticity, characteristic relaxation times on the rate
of deformation (or rate of change in the volume of the system)
i.e. as a result of the degree of structural failure [1,16,19]. The
ranges of variation of these characteristics, depending on the
rate of deformation or the rate of change in the volume of the
system, can vary within wide limits, which increase with increas-
ing dispersity of the solid phase and its concentration in the dis-
persion medium. As shown in Figure 1, the curve characterizes
the degree of equilibrium destruction of the structure from the
intensity of mechanical effects in the entire possible range of
variation of the effective viscosity, it reflects the complete rheo-
logical properties ofthe flow of disperse systems. In other words,
this complete rheological curve carries the greatest information
for establishing the patterns of formation, the conditions for
maintaining stability and, on the contrary, the destruction of
structures in concentrated disperse systems.

Deitrovfd ivsiflii

on R

velocity gradient, c

Figure 1. A complete rheological curve
of a polymer system

It should be borne in mind that according to Frenkel-Eyring’s
theory ofthe structure of fluids [20,21], these features lead to in-
complete filling of space, when it can be said that the liquid con-
sists ofa substance and so-called voids separating individual su-
pramolecular formations from each other. Obviously, the longer
is the length of the polymer chain that is capable of coiling into
a coil while reducing the specific surface, the greater is the vol-
ume of voids in the supramolecular formations themselves and
between individual macromolecules. The larger is the available
free volume, the greater is the probability of particles jumping.

However, possible transitions of individual macromolecules
are limited by a number oftopology and energy conditions. In par-
ticular, for thermal energy macromolecules it is not enough for the
simultaneous displacement of the entire macromolecule [17,18].
Therefore, the movement of the macromolecule is possible only
by individual segments of the chain. As a result of this successive
movement of individual segments, the whole chain can move.
With such a displacement, the macromolecule is forced to bend,
change its configuration, so the whole process of flow is carried out
as transitions from one conformation of the chain to others. This
mechanism of flow is called the diffusion mechanism of transport.

Along with the diffusion mechanism, polymers can imple-
ment the so-called chemical or kinetic flow, in which under the
action of applied stress, macromolecules first break into sepa-
rate fragments, and then the displacement of this fragment. The
condition ofthe chemical mechanism prevailing over the diffuse
one can be expressed in terms of the correlation between the
characteristic times of chemical reaction xhand the transport t
in the form of inequation [17]:

tThn 4 (@)
For example, this condition is implementes in a classical
method of obtaining a sugar melt (invert syrup) in which sucrose
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inversion occurs over a long time period (about 120 minutes). It
should also be noted that when performing (1), the reverse ef-
fect of transport processes on the chemical process is possible.
A good example of this kind is the same process of obtaining a
sugar melt 2.5 times faster in conditions of additional energy
supply due to the combined effect of hydrodynamic and acoustic
cavitation.

Thus, it follows that under certain conditions the structure
of the polymer flow is not constant because of the changes oc-
curring within the medium, the polymer density depends on the
time, and hence the use of the incompressibility approximation
is incorrect in this case. As an illustrative example showing the
consequences of the failure of the incompressibility condition
due to kinetic changes in the medium, let us consider the sim-
plest model of a viscous flow with chemical reactions.

3.2Flow model

Let us study the structure formation in axisymmetric (d*=0),
viscous flow, consisting of particles of the same A grade, where
a certain chemical reaction occurs that changes the composition
of the flow. In addition, ignoring the internal structure of the
liquid particles, we will neglect the volume viscosity. For ease of
the analysis, we will also ignore the friction force and the effect
of chemical sources on the total flow pulse. A polymer melt will
be considered as a compressible, isentropic medium in which the
density changes only in time, i.e. NA=nAt), so for the pressure
gradient we have VpA=0. Thus, the dynamics of the studied flow
is determined by the Navier-Stokes equation for a compressible
fluid:

mANAN A+ (Vae)Val= nVWA+1 V(VIVY 2
where VAis the flow rate, mAis the weight of particles of the mobile fluid;
in this case, the factor of dynamic viscosity n is considered constant.

The change in the density of the medium nAis described by the
continuity equation with a chemical source:

dtnA+ nAV/ VA=W, (3)

where W is the rate of the chemical reaction, the form of which will be
defined later.

It is convenient to rewrite the system (2) —(3) in a dimen-
sionless form. Normalizing the density to the initial density
nA= nAt=0), the coordinate to the characteristic initial size of
the flow b0="b (t=0), the velocity to the characteristic initial ve-
locity V0= VZ(t=0), time to the time scale b&/\V0 and the rate of
chemical reaction by the value NAOWO—characteristic frequency
of collisions of an inelastic process, we come to the following
system of equations:

dtVar (VasV) VA=ie IAVA+T V(V VgL ()
dtnA+ V «(nAV/ ] =-ChW, (5)

here Re=n/ (bOmAAM) is Reynolds number, which denotes the
ratio of nonlinear inertial term to viscous dissipative term in
equation (4) and Ch=nOM0bOWDis a dimensionless number that
determines the ratio between the characteristic chemical time
of the system, in this case it is Th=nAY WQ and the characteristic
time of the process of macroscopic transfer, in this case this is
Tr=bOAQ.

We will seek the exact solution of the system (4) —(5) in the
form

VA=~ re +[C(t) +B(t)z + H(t)rez (6)

where the unknown functions A(t), C(t), B(t), and H(t) are
associated with the radial and axial velocity components and
are to be determined, and the density dependence, as already
mentioned, corresponds to a spatially homogeneous medium. It
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is clear that the simple dynamic structure inherent in correla-
tion (6) is not unique. However, depending on the source data,
A (t=0) =AQ B (t=0) =BQ C(t=0) =CQ H (t=0) =HQ which determine
the nature of the flow field, this relation describes the behavior
ofa system that can be quite complex and physically meaningful
in terms of various applications.

Since the density does not depend on spatial coordinates, the
equation for the chemical velocity W also does not have a spa-
tial dependence. Therefore, the substitution of equation (6) into
equation (5) gives

M+ (A +B)nA=-ChW, @)
Substituting correlation (6) into (4) and taking into account
that in our model dp/dr=0, we get
- A2
(A+y)r=0
and
C+BC-RM"H+B+B)z +(H+(A+B)fi)l =0

which have to be true for any r and z. Therefore, the factors for
each degree rand z have to be equal to zero, io particular,

+ =2 (8

B+b2=o0, )

H+(A+B)H =0, (10)
- 4

¢ +BC - ReH, an

Thus, we have obtained the simplest model of a nonlinear
dynamic system (7) — (11), in which the spatial and temporal
parts of the velocity field (6) are separated. As can be seen from
these equations, the behavior of this model depends on two di-
mensionless parameters Re and Ch. Therefore, it is of interest to
study the effect on the dynamics of the system of these Re and
Ch parameters separately.

3.3 Flow dynamicsat Ch~ 0

First, we consider the simplest dynamic properties of the
profile (6), which are inherent in the limit Re » and Ch 0.
These features will always appear at the initial stage, when the
flow dynamics are determined by the cylindrical geometry.

Although V =0, is always true in this velocity field, the azi-
muthal component of vorticity appears in this flow, i.e. addi-
tional fluid movement with the formation of a concentric circle
moving from the center of the pipe to the periphery,

° =-2H () re, (12)
which indicates the existence of a vortex motion in the plane

9 =const. To reveal the nature of this vortex motion in the con-
sidered velocity field (6), it is necessary to rewrite equation (4) as
dt® + (VA=V) ° - (° V) Va=0, (13)
It is easy to see that for (° <V) VA=0 for (6) and (12). This
means that the vorticity value @ is conserved along the trajec-
tory described by equation (13).
We now turn to the consideration of what happens if we have
Re is a finite quantity. From equations (7) —(10) we get

Na=Nxe e H=Hye-e (14)
Where the value ofe is

e(t) =J0(A(z)+B(z))dz, (15)

here A B

A(t)~ 0 B(t)~ 0

© 1+A012 © 1+B t (16)

Substituting (16) into (14), we come to
nAD) = A HO= (17)

(l+b0t)(l+A)2 (1+bOt)(1+A A
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Substituting H from (17) and B from (16) to (11) gives
1

Ca (1+Boty

Correlations (17) and (18) can be considered as the main dy-
namic structure of the flow in the model under study.

As can be seen from these relations, if the values of A0 and
BO are positive, then we have a regular flow, characterized by
parameters fading in time. When A0O< 0 or BO< 0 correlations
(16) describe the occurrence of singularities in the flow in a fi-
nite time, when the denominators in equations (16) turn into ze-
ros. This is a well-known mathematical feature of various flows,
in which nonlineai effects are stronger than dispersion effects
[2f,23,24]. In addition, ccfrelations (16) — (18) show, that radial
and axial components of the flow are strongly connected, espe-
cially at AO< 0 and BO< 0, when there is compression of the flow
in the rad.al direction. On the otger hand, forAOg0and. >0
there is no such effect, since H(t) decreases with time and there
is no increase in axial motion.

From correlation (18) it follows that the Reynolds number
hrs the staongest influence on the tempoaal component of the
axial velocita C(t). But at the same time, the mvalue oC C also
strongly depends on the initial values of AQ BOand HOdue to the
mutual influence of the various components of the velocity (5).
This property is f consequence of the nonlinearity? of the model
cndrr consideration (7) —(11).

As an illustration of such dynamics, Figure 2 and Figure 3
present typical numerical solutions (11) for Re = 1 and Re = 10,
respectively.

8HOL
CO) =[ Re(2+a0y (18)

As we can see, the dependences in Figure 2 are similar to
Figure 3, they differ only in the magnitude of C(t) determined
by the type and intensity of external influences. The strongest
influence of the initial data and the Reynolds number will be at
Re>1, when with an increase in the Reynolds number the dis-
sipation processes increase, which indicates the transition of
kinetic energy into thermal energy. Note that a change in the
Reynolds number may occur, for example, by increasing the vis-
cosity of the flow, or reducing the flow rate, or reducing the char-
acteristic size b0. In this case, we must take into account the full
structure of the velocity field (6). However, with Re<1, only the
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C(t) component can be taken into account in practical estimates,
throwing epy others away. But such an assertion is valid only for
expanding flows.

In the considered model, the emergente opsingflaa features
at AO0<0 orB0<0 ifdae to the fact that the evolution of a viscous
flow is not limited by any physical mechanism. For example, by
such as pretsure gtadient, wXich is usually? eonsidered as a limit
of the density peak growth. However, in the case of a polymer
liquid, another mechanism can be indicated. At the initial mo-
ment of axial movement of die polymer liquid due to the large
uneven distribeeifn odlarge moleculeo, the presance of random
coils with a xomplex internal dynamic structure, as it was noted
in nectien 2, and as a reeult, lew specific surface arna and tignifi-
cant heteiogeneitf oftfeir distribution, the viscosity is minimal.
In the process of melt movement, the uniform distribution of
molecules increases, the previously formed coils and chains are
destroyed with the formation af new ones. In this case, the vis-
cosity tends to incsense.

In the applied, it was proved that undxr airy circumsXances
aeound the solid particles of food sysiems there remains an in-
tetlaner of a dispersion medium that prevents phase cohesion
oHtXe particles. At a certain time period, solvation shells are
formed around dispersed particles or layers of adsorption-bound
moisture, around swollen liigh-molxcular fractions of floue, e
monolayer of which f as the properties of a solid body?. Due to
this, the mobility of molecules relative to each other increases
and the visaosity begins to decreass. [19]

But this monolaxer will also prevent the derelopmeat oX
density? collapses. Altiyugh phis is true only for mtdia contain-
ing flour, it should be expected that the formation of such mono-
layers can occur in other polymeric liquids. In this regard, it is
interesting to considee the dynamics of model (7) —(11) when
takino ixto account the kinetic proeesses of breaking and merg-
ing of polymer chains.

3.4Flow dynamics at Ch ~0

In our model, such a scenario is implemented at Ch f 0. We
investigate this case as applied to the process of obtaining a sug-
ar melt, having considered the effect of the inversion of sucrose
into glucose and fructose on the flow dynamics.

As we can see from (7) — (11), there is an influence of the
velocity field on the density in our simplest model, but not vice
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versa. This behavior occurs due to the fact that we do not con-
sider the change in the total pulse of the studied flow condi-
tioned by inelastic, dissipative processes (chemical sources, fric-
tion force), and therefore the corresponding terms are absent in
equation (2).

In order to reveal most clearly the effect of the velocity field
on the kinetics occurring in the medium of a sugar melt, we limit
our consideration to an especially simple form of chemical ki-
netics, taking into account only first-order reactions.

As a typical example of a first-order reaction, we can specify
a reaction of sucrose decomposition (labeled here with index A)
to fructose (labeled here with index B) and glucose (labeled here
with index C), which is found in a polymer melt of sucrose [25]:

AN B+C, (19)

Assuming a flow density equal to the sucrose melt density,
we can write the rate of a chemical reaction as W=WA Then
equation (7) is reduced to

nA+ (A +B + Ch) nA=0, (20)

where functions A(i) and B(t) are determined by relations
(16). The solution to this equation is
n. exp(-Cht)
na(t) A (1)

(1+Bot)(1+A h 2,

In the absence of a chemical reaction (Ch ~ 0) this corre-
le-ion turur into (17). As can be seen from (21), the chemical
reaction affects the flow through the parameter Ag Bg and Ch,
i.0. here we observe a new quality —the effect on the dynam-
ics of fluid density from velocity parameters Agand Bgtogether
with tie number Ch, which reflects the manifestation of kinet-
ics. From this relationship, it follows that, depending on the sign
and magnitude of AQ BOeither acceleration or deceleration of the
reaction rate can be obtained.

Now let us consider the case when the reaction rate is de-
termined by external conditions. Let the system under study be
a medium containing mobile particles of A type (these can be
sutrose, glutose or fructose particles) and fixed particles of B
type. We can take sucrose particles as granulated sugar added to
the system as such a fixed component, which also plays the role
of an external controlling factor. Let the reaction occur between
these substances and lead to the formation of a new fixed com-
ponent AB [25]:

A+B~ AB, (22)

This situation can be implemented if the mass of molecules
of the B type exceeds mAconsiderably. For example, this kinetic
sthemrcan lie considered as a process of complicating the struc-
ture of a polymer according to a scheme similar to reaction (19).

We will also assume that A component is in excess, i.e.
nA>>nB. In this case, we can neglect the change in A component,
putting the rate of the chemical reaction as W=W0nB. Then the
evolution equations will be written as

P+ (A+B)nA=- ChnB (23)

dtrB=- ChnB. (24)
From these equations, you can get the ratio for nAas follows

nAO+ ChnENI 1 +B)(1 +AX/2)2exp(-Chz)dz

na(t) (25)

where nB=nB(t=0).

Comparing correlations (21) and (25) with (17), we conclude
that the dependence nAat Ch 0 generally corresponds to the
dynamic structure of flow (17). With Ag>0 and Bg>0 a mono-
tonic decrease in nA density occurs, and therefore the rate ofthe
correspondingkinetic reaction will decrease with time. However,
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with an increase in Re, when there is an increase in the dissipa-
tion ofthe kinetic energy of the flow, the time interval increases,
in which the density is sufficiently large, which contributes to
a lower decrease of W (see Figures 2 and 3). This feature can be
interpreted as the intensification of the corresponding kinetic
processes with increased flow turbulence.

As we can see from (21) and (25), in all cases when A0<0 and
B0<0, the model in question predicts the development of a den-
sity collapse in a certain finite time t . This means that our model
becomes invalid for the times t >tc=min(1/ |XI, 1/ |B]). It would
be interesting to discuss this feature for systems with a cylin-
drical geometry from the point of view of accelerating chemical
reactions near points where density collapse can develop during
time t~tc. In the considered axisymmetric flows, these singular
features can form cellular structures in cylindrical geometry. As
aresult, the intensity of chemical reactions, for example, the rate
of decomposition reactions considered in Section 4, will greatly
increase in the vicinity of points where a significant increase in
the density of the reacting component occurs. This feature, ap-
parently, can be used to solve some process problems in the field
of creating food products with unique properties that require
selective influence.

4. Conclusions

The results of joint research conducted by specialists from
the All-Russian Research Institute of the Confectionery Indus-
try and the NRNU MEPhHI are a continuation of the work on the
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formation of structures in food disperse systems. In this paper,
we consider some fundamental features of the flow ofa polymer
liquid. As a result of the analysis of the main rheological proper-
ties of polymeric liquids it was shown that, unlike conventional
liquids in polymeric media, the compressibility of the medium
due to changes in the internal structure of polymers due to ki-
netic processes has to be taken into account. Here only the poly-
mer splitting reactions and the reverse processes (19) and (22)
were considered.

These features are considered as exemplified in the simplest
spatially homogeneous flow (6). It is shown that in such a flow
the development of density collapses is possible under certain
initial conditions, see (21) and (25). At these singular points, it
is possible to significantly accelerate the considered kinetic pro-
cesses in the flow of a polymer liquid. Thus, the above results
suggest that due to changes in the initial or boundary condi-
tions, the rate of kinetic reactions can be controlled [26,27]. In
particular, this can be achieved by generating sound waves of a
certain type in the stream [28,29,30]. In the case of AO>0 and
B0 >0, when there are no necessary conditions for the develop-
ment of singulary behavior, it is possible to increase the rate of
chemical reactions Wby increasing the flow turbulation.

It should also be noted that a complete analytical description
of the problem under consideration was obtained for simplest
kinetic reactions. However, these results indicate that such fea-
tures can also manifest themselves in actual flows of polymeric
liquids in various industrial installations [25,31].
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