Haytszle cmamsu U 3aMemKu

A.C. MYPATOB

3®OEKTHI HEMOHOTOHHOM PEJIAKCAIIUU IIPU IIEPEHOCE
TEIIJIA U MACCBI BMHOT'OKOMITIOHEHTHbBIX CUCTEMAX

B pa6orte [1] Ha ocHOBe TepMOJMHAMUKH He-
00paTUMBIX MPOIIECCOB, XapaKTEPU3IYEMOId TeM, YTO
JIMCCUTIATUBHBIC MOTOKU BBOATCS B KQUeCTBE Mapa-
METPOB JIOKAJILHOT'O COCTOSIHUS, JaHO 000O0IIeHne
YpaBHEHHI TepeHoca It CUIILHO HEPABHOBECHBIX
mporieccoB. J[aHHas Teopus, yIUTHIBAIOIIAS PEllaK-
canuoHHble (PpdexTrl, oblamaeT BCeMU JTOCTOWH-
CTBaMH U HEJ0CTaTKaMH (PEHOMEHOJIOTHYECKOM Te-
opuH. AJBTEPHATHBHBIM HAMPABIICHUEM SIBIISCTCS
WCITOTb30BaHNE HEPABHOBECHOW CTATHCTUYECKOH
MEXaHHUKH, PACIoIararomieil METoaMu MOCTPOCHHS
TAKUX YPaBHCHHH, KOTOPBIC MO3BOJIAIOT C CIMHOM
TOYKH 3PEHHSI OMUCATh PAa3THYHBIC THAPOINHAMU-
YeCcKue SBJICHUS, 000CHOBATh CYIIECTBYIOIIHE PEeHO-
MEHOJIOT'MUYECKHE MOJIEIH, a TAKKE JIOOTPEICINUTh UX,
T.€. BBIUUCIUTH BXOIAIINE B (DEHOMEHOIOTMUECKHE
YpaBHEHHsI HEU3BECTHBIC KO PUITHEHTHI epeHoca.

[Ipu sTOM Ompenenstonie COOTHOIICHUS, T.€.
TaKHe COOTHOIIICHH S, KOTOPHIC YCTAHABIIMBAIOT CBSI3b
MEKTy TOTOKAMHU U TEPMOTUHAMUICCKUMU CHUIIAMH,
SIBJISIOTCS HEJNOKAJbHLEIMHA M 3aI1a3/bIBaOIIUMU.
IIpocTpaHCTBEHHAS] HEJIOKATHHOCTh MOXKET OBIThH
00ycnoBiieHa 0COOCHHOCTSMH B3aMMOJCHCTBUS
CTPYKTYPHBIX 3JIEMEHTOB CPEJibl, a 3ama3jbIBaHuUC
CBSI32HO C KOHEYHOW CKOPOCTBIO PacCpOCTpaHEHUS
BO3MYILICHHI B CPeJIe ¥ C KOHEYHOH CKOPOCTHIO B3a-
HUMOJICHCTBHSI DIIEMEHTOB cpeibl. [Tomyuaemble mpu
3TOM O0OOIIEHHBIE YpaBHEHUS TIepeHOCa MT03BOJIS-
FOT OIIUCKHIBATE KaK KIIACCHYECKHE, TaK U HEKJIACCH-
YecKHe CPEeIbl, a TAK)KE OBICTPOIIPOTEKAIOIIHE U BBI-
COKOT'paJIMeHTHEIE TIPOIIECCHI.

OO0mas CTpyKTypa MOTOKa UMEET CJIETYFOIHit
Bun [1-3]:

3,RY)=J,(Rt,)+J (Rt)+
+ 3 [JdLdRN, (RRVLL )R (RYE), @
E -

rie N +i - DETAKCalMOHHBIC sIpa nepeHoca; k
TEPMOAVHAMUYECKUE CUJIBI.

[TosTOMy mepcrneKkTHBEH pacueT penakcamu-
OHHBIX S7ep MEepeHoca METOJaMH, HCIOJIb3YIo-
LIMMU pa3IMYHbIe AllMPOKCUMAINH, OCHOBaHHBIE
Ha wHPoOpMauuu O GU3MIECKOM MEXaHH3ME

MNpoLICCCOB.

Heo0xonumMo 0TMETUTD IUPOKHE BO3MOXKHOCTH
MOJICIIUPOBAHUS C TIOMOILBIO PETaKCAMOHHBIX SEp
nepeHoca Npu MUHUMYME (PEHOMEHOJIOTHYECKUX
coOOpakeHUH, UTO AeIaeT TaHHBIH METO/ MepCIIeK-
TUBHBIM NIPHU M3YyYEHHUHU BIUSHUA 3PPEKTOB MpO-
CTPaHCTBEHHO-BPEMEHHOHN HETOKaJIbHOCTH Ha sIBJIe-
HUS TEIIOMacCoIepeHoca.

Tak, ¢ MOMOIIBI0 TOZOOHBIX METOIOB MOXKHO
BBIBECTH YpPaBHEHUS IEPEHOCA C YUETOM IepeKpec-
THBIX 11 (PP y3MOHHBIX TOTOKOB.

B stom cnywae anis siaep mepeHoca Lenecoo0-
Pa3HO HCIOIB30BATh ONKCHIBaIOIIEe UX U QepeH-
LIUAIbHOE YpaBHEHUE B BUJIE:

OnRe+ M) g0,
ot T
rae f (t) - HekoTopast pyHKIMS BpeMEeHH ¥ POCTPaH-
CTBCHHBIX KOOPIHAT.

Jist Toro, 94TOOBI Y4ecTh MEePEKPECTHBIC AP QeK-
ThI, ypaBHEHHS JUIs PENTAKCAMOHHBIX s7Iep TepeHoca
TeIUTa ¥ MaCChI JIOJDKHBI ObITh 3aIMCAHBI B COMPSLKCHHOM
¢opme. ITO MOXKHO CHENAaTh CIACAYIOIIM 00pa3oM:

N 1 1
L =-N_7. +N,7,°, 4
&t m®m h®x ( )
ON _ _
&th =N 7. =N, 7" . (5)

31ech T, MOKET OBITH OIPENEICHO M0 AHAJIOTHH

CO BPECMCHEM pPCJIaKCAallur KaK BPpEMs BOSMYILICHUA.
I/IHI[CKCLI m u h o3nauaror MacCCy U TCILJIO COOTBCT-
CTBCHHO.

3aZ[aI[I/IM Ha4daJIbHBIC YCJIIOBUA IIPU PCIICHUU
CUCTEMBI B BUJIC.

Nm(t0)=Nm01 Nh(to):NhO' (6)
[Ipu 3TUX yCIOBUSX pEIICHUE CUCTEMBI ypaBHE-
HUU BBITIISUT CIICAYIOIIAM 00pa3oM:

N 1
Nmzﬁ 12+E exp(4,s)-
1 N
— il A ____ho
21+Tm exp(,3) +Tx(ﬂ1—ﬂz)x

x(exp(4,s)—exp(4,s)), (7)
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[Tomy4eHHble perieHus MOKa3bIBAIOT, YTO Iep-
BbIC cJIaraeMble B YPaBHEHUSX CBSI3aHBI C TPSIMBIMH
MOTOKAMH, a BTOPBIE IPEICTABIIAIOT COOOH MOTOKH,
CBSI3aHHBIC C IEPEKPECTHBIMU TIOTOKAMH.

Takum 00pazoM, MOKHO ONIPEEIUTh XapaKTep-
Hble OPMBI AJIS NPSIMBIX U MEPEKPECTHHIX SIAEP
nepeHoca:

dir _ l

1
Sy 12+T— exp(4,s)-

m

- 21+Ti exp(A,8) |, (9)
ﬁir:)‘?—]_-ﬂi AQ'F% exp(ﬂiS)—
- 21+Ti exp(A,9) |, (10)

N, =;(exp(ﬂys)—exp(ﬂis)) . (1)
Ty (A‘Z - Al )

3aBHCHMOCTH IEPEKPECTHOT'O AApa MEPeHoca OT
BpPEMEHH MPOXOIUT Yepe3 MaKCUMyM. JTO CIeLu-
(urueckoe sIBICHIE HEMOHOTOHHOCTH, 00YCITOBIIEHHOE
BrusiHueM Tepmoanp dysun wiu sddexra Cope [4].

MakcuMyM 3aBHCHMOCTH TIEPEKPECTHOrO sapa
MepeHoca OT BpPEMEHHU OIpEAENseT MepHos Hapac-
TaHUs HAYaTbHBIX BO3MYIICHU I TEMITEPATYPHOTO U
KOHILIGHTPAL[MOHHOTO TI0JIEH, 00YCIIOBJICHHBIN BO3-
NEHCTBUEM TEPEKPECTHBIX TEPMOJAMHAMHYCCKUAX
3¢ (heKToB. DTOT MAKCHUMYM HaWJIeM U3 YCIOBHS:

dN
~=0. 12
ds (12)
Ortcrona nonydaem hopmyiy:
In(A
AtT cr :n( 2/11) . (13)
}‘1 )

Jns1 6onee monpoOHOro aHasu3a BBeneM Oe3pas-
MEpHBIE TapaMeTphl, XapaKTepH3YIOIINE COOTHOLIIE-
HUS BPEMEH pelaKkcalyy MPsIMBIX U IePeKPECTHBIX
BO3MYIICHUI!

Tm m
o, =—"; a,=—"; 0, =Z o, , (14)
Th Tx
rne0<z<1.

Orcrona nmonmyvaem Oe3pa3MepHbIC XapaKTepuc-
TUYECKHE NTOKA3aTeNN B BUJE!

(Atn)= —%(al +l)—%\/(a1 1) + 42, , (15)

(A7) = —%(al +1)+%\/(a1 1) 1 42%, . (16)

Ha puc. 1 moka3aHsl HEKOTOpBIE PE3YNbTATHI
YHCJICHHOI'O AKCIIEPUMEHTa MO OMpPEesIeHUI0 Bpe-
MEHHM HapacTaHHs BO3MYILEHHs, 00YCIOBICHHOTO
nepeKpecTHBIMU 3 dekramu THIa TepMoanhy3un
u 3¢ dexra Cope.

s,

OTHOCUTEIBHOE BpEMS BO3MYILEHUI

[MapameTp HENOKANBHOCTH (1,

l1-a, 01 2=ca, 0,2;3=a, 04;4=a, 0,625=

Puc. 1. OTHomeHHe BpeMeHH HapacTaHHs BO3MYILEHHH
B CHCTEMaXx C HepeKpecTHbIMU dddexramu
K XapaKkTepHOMY BpeMeHU au(Qy3noHHON penakcaruu

U3 rpadukoB BUAHO, YTO ¢ BO3pacTaHUEM Bpe-
MEHU TIEPEKPECTHOM peNaKcauu 7, TEPUOJ Hapac-
TaHMS TAKXKe CTAaHOBUTCS OoJiee TPOAOKUTEIbHBIM.

Kak BuaHO 13 puc. 2, BTOpol XapakTepucThyec-
KUl 1moKaszaTenb A,7, C BO3pACTAHHEM BPEMEHH

¢ y3nOHHOH perakcaluy MOCTENeHHO CTa0MITH-
3upyercsa. DTO 00CTOSITENBCTBO M MPUBOAUT K
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M XapaKTCPUCTHYCCKUH IMOKA3aTCIIb
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Be3pasmepHbr

[TapameTp HeNnOKanbHOCTH

Puc. 2. 3aBucumMocth 6e3pa3mMepHOTO
XapaKTEPUCTHYECKOTO MOKa3aTeNst A,T OT Mapamerpa o,

XapakTepHOU HEMOHOTOHHOCTH PEaKCal[MOHHOTO
poUIIs BO3MYIIEHUH TeMIIepaTypHOro 1 KOHIICH-
TPalKOHHOT'O TOJEH.

bbbt mpoBeeH Takske CrielnalbHBINA YUCICHHBIN
SKCIIEPUMEHT MO PacUeTy IPSIMBIX U MEPEKPECTHBIX
KOMIIOHEHT pelaKCallMOHHBIX siAep mepeHoca. Ha
puc. 3 moka3aHa 3aBUCUMOCTh MIEPEKPECTHOTO A (]-
(hy3MOHHOTO PETaKCAI[MOHHOIO SI[pa MepeHoca OT

0e3pa3MepHOro BpeMeHn AT = O npu 3HAYEHUM

T

napamerpa o, = 1,8.
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Puc. 3. Pa3BuTHE nepeKpecTHOrO
PpeJaKcalMoHHOro Bo3Mymenus — o, = 1,8

[Tpu BBIOOpE Gonee CIOXKHBIX siAEp MepeHoca,
YUUTHIBAIOUINX O0JIee TOHKHE CBOMCTBA CPEbI, MO-
JTydaeM Oojee CIOKHBbIE ypaBHEHHs nepeHoca [5].
[Tpu 5TOM MOXHO IPUMEHHUTH TaKyIO Ke MPOLEIYPY
WCKITIOYEHHSI TIOTOKOB, KaK IPH BBIBOJIE MTOTYYEHHBIX
BBIIIIC ypaBHEeHUH. Pa3paboranHsbiii MmeTon o0nana-
€T BO3MOXKHOCTSIMH aJlaliTalluy K peajbHbIM (Qu3u-
KO-XMMHYECKHUM CHCTEMaM, MIOCKOJIbKY MTPH BBIYHC-
JICHUH PelaKCallMOHHBIX sIAep IepeHoca MOryT OBITh
WCTIONIb30BAHBI SKCIIEPUMEHTAIbHBIE TAHHBIE O CBOM-
CTBaXx pearupyromux cpe.

Henuneiinoe 00001eHre ypaBHEHHH TOTOKOB
MOXHO MPEICTaBUTh B BUIE HEIOKAJIBHON (POPMEI
BTOpOIi CTEIIEHH C TEH30PHBIMHU sipamu [5]:

j‘dTile th_tl)'v Vk(R,tl)

T
t
k=1 p=1'([

v (Rit)
T

n+1

k=1

n+l n+l
(2) o

dt,dt,N2 x (17)

O e

"p(R’tZ)

T

(Rit—t;t—t,):V

B cnabonenvueitHOM TPUOINKEHUH MTOJIOKHM

ikp (18)

TJIe € - MaJIBId TapaMerp.

B kadecTBe Takoro napamerpa MOXHO HCIIOJIb-
30BaTh OTHOLIEHME ABYX uncen KHynceHa, paccuu-
TaHHBIX 10 IBYM XapaKTEPHBIM TPOCTPaHCTBEHHBIM
HIKanam, - s yIpyroro u HEynpyroro MojaexyJsip-
HBIX CTOJIKHOBEHHUH COOTBETCTBEHHO [2, 3]:

in

<<1.

&€= (19)

Kn

el

Takoit moIx o1, Ha3bIBAEMBIH TaKXKE MPUOITHAKE-
nueM [Ipuroxwuna [6], ocHOBaH Ha AOMYIEHHUH, YTO
YUCIIO HEYTIPYTUX CTOTKHOBEHU B SIUHUITY BpeMe-
HU MHOTO MEHBIIIE YHCTIa YIPYTUX CTOIKHOBEHUH.
Bynem paccmaTtpuBaTh pasnokeHHE pelaKcallioH-
HBIX S7Iep B ACHMIITOTHYECKUH Pl IO IPUHATOMY
MajoMy rmapamerpy.

CooTBeTcTBYIOIIICE CTAa0OHETMHEIHHOE MOIEIh-
HO€ ypaBHEHHE IS PElIaKCal[MOHHBIX sJep B CHC-
Teme 6e3 mepeKpecTHBIX AP PEKTOB 3aMnIIeM B BUAC:

dN _ 1
dt T

rae N(r,ty)=Ng(r).

(1-eN), (20)
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OTHOCUTETBHOE BpeMsl Ipoliecca

Hckmiouas 4icHbI BTOPOTI'O U BHIIIC IMTOPAIAKOB Ma-
JIOCTH IOJIy4acM CICAYIOIICC PCIICHUC!

t, —t

N = N, exp
T

—eNZ|exp 24 -Y) —exp Loty 1)
T T

Ha puc. 4 npuBeneHs! pe3yabTaThl YUCICHHOTO
9KCIIEPUMEHTA 110 pacyeTy BJIMSHMS HEIHHEHHBIX
MIONPABOK Ha peNTaKCallMOHHBIE SApa MepeHoca npu
pa3IUYHBIX TapaMeTpax HeMUHEHHOCTH.

[Ipu BpemeHax pernakcaluy, MajbIX 110 CpaBHe-
HUIO CO BpeMEHEM HaOIoeHUs, 3TH YPaBHEHHUS
HY>KHO pacCMaTpUBATh KaK CUHTYJISIPHO BO3MYIIEH-
HbIe 110 BpeMeHU. [IpoBeneHHbIe nccieoBaHus Mo-
Ka3bIBaIOT, YTO 3P QPEKTHl HEMOHOTOHHOCTHU pellaK-
caly BO3MYIIIEHUH TeMIIEpaTypHOro U KOHIIEHTpa-
LHUOHHOIO IMOJICH B MHOTOKOMITOHEHTHBIX (PH3HKO-
XUMHAYECKUX CUCTEMaX MPOSIBISIOTCS B CUITY BJIHS-
HUS MEPeKPECTHBIX AU(PPY3HOHHBIX U TETIOBBIX
MIOTOKOB, & TaK)X€ BCIEACTBHE HETMHEMHOCTH CBA-
3e IOTOKOB M TPaJUEHTOB TEPMOAMHAMHYECKUX
napameTpoB. VIMEHHO 3Ta HEMOHOTOHHOCTH 00yc-
JIOBJIMBAET CJIOKHOCTh M JTUHAMHUYECKOE Pa3zHo00-
pasue Takux CHCTEM.
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Pe3ome

Kypaeni KenkoMmoHeHTTi xyiienepaeri KUbIIbICTBL  Tep-
MOIMHAMHKAJIBIK aFbIMIAP/IbIH 63apa dcepi, xKyieneri Temiepa-
TYypaJbIK ’KOHE KOHIEHTPALMSIIBIK OpIiCTepHiH YIBITKbIFaH Ou-
MOHOTOHABI peakcaluuschl 3¢ dekTicine ajabln KeaeTiHi
kepcerinred. Ochl acepAiH KyHeHIH Heri3ri emuemci3 6ackapy
napaMeTpiHe Toyenal YMBITKBIHBIH KYLICK YaKbIThI JKOHE CH
JKOFapFbl MOHI TYpiHIeri Heri3ri cunarramanapbl aHbIKTAIFaH.

Summary

It is shown that interaction between cross thermodynamic
fluxes leads to the phenomena of non-monotonically of the
perturbations relaxation of temperature and concentration fields
in the system. The main characteristics of this phenomenon such
as the time of perturbation increasing and maximum values of
the perturbations in dependence on the dimensionless
government parameters have been described.
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