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TennonpoBogHocTb. Auddysus.
MepekpecTHble 3 heKTbI

TennonpoBoaHOCTb, AUPEPY3US, NepeKpPecTHLIE IQPEPEKTHL.

Ongpeysua. Oblwme NoHATUS. BU3UYECKUEe MEXAHU3MEL B Fa3aX, XUAKOCTSX,
TBepALIX Tenax. 3akoH duka. O606LeHHbIN 3aKkoH Buka. CamoanpPy3us.
Ougeysusa B 6UHapHol cucTeme. TTpOU3BOACTBO SHTPOMUM, CBSI3AHHOE C
AN@pysuelt. TepmoanHaMUUECKMe MHOXUTENM.

XapaxtepucTUYeckme CKopoCcTU U cUCTemer oTcyeTa. TTposepka
COOTHOLWeHUI B3aumHocTU OHsarepa.

Heusotepmuueckas augpgysus. TTepeonpeneneHune NOTOKOB U CUT.
Tepmonup@ysuna U ANPEPY3NOHHASA TemnIoNpoBOAHOCTL. [BYXKOMMNOHEHTHAs
cuctema. KoagpopuumeHnT Cope. KoagpgpuumeHt Orogpypa. Tennota nepeHoca.
CTauMoHapHoe coCTosHWe U OAHOPOAHOE MepeMellnBaHUE.

B mopenax ana MHOrOKOMMOHEHTHLIX Cpen cofaepxXarca NOTOK Tenna
N ANPPY3NOHHBIE NOTOKU KOMNOHEHTOB
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C TennonpoBoAHOCTbIO BLI 3HAKOMEI U3 Kypca TennopuUsuKu

1. Onudphy3nn. O6LMe NOHATHUA.

CnoBo «anddy3us» NpoucxoamT OT NaTUHCKOro crnoBa diffusio, YTO B NnepeBoae
O3HayvaeT «pacrnpocTpaHeHney, «pacTekaHme.

MiMeeTca MHOXECTBO onpeaerneHuin 3Toro asneHusa. Hanpumep:

Augbgpy3susi — camonpom3BonbHbIN NPOLLECC BbipaBHUBAHUA KOHLIEHTpaLuii B
cucTeme;

Augbgpy3usi — camonpomn3BonbHOe B3aMMHOE MPOHUKHOBEHMWE COMPYKaCatoLLMXCH
pasnuYHbIX BELLECTB OAHO B PYroe;

Augbgby3ust — npouecc ycTaHOBMNEHWS BHYTPU a3 paBHOBECHOIO pacnpeaeneHms
KOHLIEHTpaLu, BO3HMKAIOLLMIA B pe3yrnbTaTte 6ecnopsagoyHbix 6nyxaaHui
3MNEeMEHTOB CUCTEMbI.

BnyxaaHust 06ycrnoBneHbl TENOBLIM ABWKEHWEM aTOMOB U MOMEKYI
(monekynisipHas Oughghy3usi), a Tarke Bonee KpynHbIX YacTULl, B3BELLEHHbIX B rase
WY XNOKOCTU (6poyHOBCKOE O8LXKEHUE).

OpHoBpeMeHHO ¢ Auddy3MOHHBIM NepeHoCcoM YacTuy
(npumeceit), HepaBHOMEpPHO pacnpegerneHHbIX B Kakon-nu6o. cpepge,

KOTOpPOM NpU 3TOM He N3MEHSIeTCA.

WHoe onpepeneH Me:Camoducpdzysun — NpoLecc BblpaBHMBAHUA M30TOMHOro coctaBa

OT0 sAiBNeHMe MMeeT OYeHb LUMPOKOEe pacnpocTpaHeHue, U onucaHue 3Toro siBNeHusi
BO3MOXHO C pPa3HbIX NO3ULUUNA — C TOYUKMU 3peHunsa MI/IKpOCKOI'IVI"IeCKOﬁ CTPYKTYpbI

BewectTBa U C MaKpOCKOI‘IVI"IecKOﬁ TOYKU 3peHus, Koraa BHYTPEeHHAA CTPYKTypa

BellecTBa (CUCTeMbI) IBHO He yUnThbiBaeTcs U He aHanusupyeTcs.

NOCTOPOHHUX BeLecTB
npoucxoauT
camodughgpy3us - cnyvanHoe nepemelleHne YacTul caMmon cpefbl, XMMUYECKUI CcOoCTaB

OundbdyHampoBaTb MOryT MONEKYIbl ra3oB, XUAKOCTEN U TBepAbIX Ten.

MepBbIM onbiToM HabmtoaeHusa dughgpysuu 8 meepdbix mesax Obin onbIT

aHrnuickoro metannypra AycteHa

YT0 3acTaBnseT MomneKynbl ra3os, XUAOKOCTEN, BOOOLLE YacTuLpbl pas3HbIX

COpTOB, NepemMeLLnBaThbCa?

HGDEMGLIJVIBaHVIe - pe3ynbTaT TensioBoro ABM>XeHna 4acTtuy

CTpemnieHre k 6ecnopsiaky - criefcTeue BTOPOro 3akoHa TEPMOAVHAMUKN,
BTopoli 3akoH No3BonsAeT npeackasaTb HanpasneHne NPoLEeccoB B
3aBMCUMOCTU OT YCIOBUIA, B KOTOPbIX OHW NMPOUCXOASIT.




2.®dusnyeckue mexaHmsambl audpcpy3nm B pasHbIx cpegax
MexaHu3Mbl D,Md)(by3|/l0HHle nepeMeLueanZ MOneKkyn B cpefax B pasfinyHbIX arperatHblX
COCTOAHUAX — raSOO6p33HOM, XWOKOM 1 TBEPAOM — CYLLEeCTBEHHO pa3nnyaroTca.
Augbgpy3us e 2azax ocywectensercs B npouecce 6eCnopsifiouHOro ABUXEHUS
MOTeKyn 1 onpeaensieTcs AnMHon ceoboaHoro npobera <k>

,D,Md)(by&wm B rasax HenocpeacTBeHHO CBA3aHa C ApYyruMu aeBrneHnamum nepeHoca —
TennonpoBoAHOCTbIO U BHYTPEHHUM TpeHnem (BHSKOCTHO). Hanpumep, kak npaBuno

[ KoadpdmumeHT anddysnm B razax = KoapduLNeHTy TemnepaTypornpoBOAHOCTU }

B COOTBETCTBUN C KMHETUYECKON! Teopueit D= %<v><k> = @ﬁnszno (1

<v> - CpefHsis CKOPOCTb MONeEKyn
G - X3 EKTUBHBIN AnameTp

Ny - 4ncro Monekyn B eAnHuLe obbema

D~p™ @)

K-m ougppy3uu
3aeucum om D~TV? npu V =const
mewmnepamypsi:

B cnyyae B3anMHon andpdpysnnm noq g MOXHO MOHUMATbL CPeAHWUI AnameTp MoneKyn

D~T¥? npu p=const [(3)

D yBenninBaeTca C yMeHbLUeHUeM MOSeKynapHoro seca

Mopsaok nsmeHeHus 6pom B aproHe - D=0,0861 6pom B MeTaHe D =0,156
npu HopMarnbHOM

pasnennn n T=0 C: Kucropoa B asote D=0,203  penson s

D=0,739 Bosgyxe

D=0,0751

cm2/c Bogopoga B asoTe

Augbgpy3us e xudkocmsix

TennoBoe OBWXEHME B XXNOKOCTU HE MMEET TaKoro NpoCcTOro xapakrepa, kak B razax. Kaxgas
MosneKkyna (aTOM) B XXNWOKOCTU 3HAYUTENbHYIO YaCTb BpEMeHU I'Ipe6bIBaeT B HEKOTOPOW
obnactu NPOCTPaHCTBAa, Koneb6nsicb OKOno cBoero BPEMEHHOro nosioxeHusi pasHoBecus. Mo
ncrtevyeHme cBoero cpegHero BpeMeHu I'IpeGbIBaHMFl B JaHHOM MeCTe MoseKyna MmoxeTt
COBEpPLWNTb CKa4Y0K Ha pacCToAaHMEe NopAaaka cpegHero pacCcTtoaHna mexay cocegHnmm
yactTuyamu. Takoe npeacTaBrieHne XopoLo cornacyercsa ¢ 3aKOHOMepPHOCTAMU
CaMOﬂ,VId)d)ySVIVI NPOCTbIX OQHOATOMHbIX XXMAKOCTEN. B XXMAKOCTAX CO CAOXHBIMU Monekynamm
6OJ'IbLUy}O ponb Urpaet reoMeTpus U opMeHTaums OTHOCUTENbHO coceaen. B cny4yae KpynHblX
YacTuy MexaHusm D,Vld)d)yBVIVI HaNoOMWHaeT OBWXKEHME LapnKa B BA3KOM XXUAKOCTU.

Ons menkux vactuy: D ~ D, exp(—%) Dy~1-10""  cvzic “)
KT )
6mnr

Onsa anddysnm KpynHbIX YacTuL,

n BA3KOCTb pacTBopuUTens, r - paaunyc 4yacTtuy

Mopsinok n3ameHeHus CuSO, 8 BoaHom pacTsope (T=17C) 0,23-10°  om?/eyTku

npn HopMarnsHOM HCl 2,12~103
AaBneHum : .
AgCl B pacnnase KC/, LiCl 3,98

HadTanuH B 6ensone (T=7,6C) 1,O3~103

HAugpgpy3usi 8 meepdbix menax

Takxe MMeeT CBOel NPUYNHON TENSOBbIE ABUXEHUS YacTul,. OpHako, ecnu B raszax
OCHOBHOW BUA TEMIOBOro ABMWKEHNA ENCTBUTENbHO CoBNagaeT C 6J'Iy)KD.aHVIﬂMVI, TO B
TBepAbIX Teflax OCHOBHOMW BUA TENJSIOBOro ABUXEHUA — Kone6aHusi OKoso
noyioXXeHus paBHoBeCUs, YTO He coBnaaaeT C 6ny>|<,an|/|;|M|/|. [a3bl nepemeLyaoTcs B
TBEepAblX Tenax B Buae atoMmoB U MOHOB MO MeXA0y3Jnam KPUCTanNN4eCcKon peLleTkn
nnn No BakaHTHbIM MecTaM.

Bo MHormx cny4yaax anda coeeplieHuna aneMeHTapHoro akta nepexoga 4actuue npmxoantca
npeogoneBaTb 3HEPreTU4ecknin 6apbep, TaK 4YTO BbINOMHAETCA COOTHOLLEeHne

D =~D, exp(— %) 6)

OcCHOBY Ansi CTaTUCTUYECKOro NpeAcTaBneHnst o Auddysun B TBepAbIX Tenax aan
A.DVHLWWITEH, Noka3aB, YTo KO3adULNEHT AN dY3nM BbipaxaeTcsi Yepes BENUUUHY
«3MeMeHTapHOro akta» bnyxgaHus § U Bpemsi, NPUXoAsLLeecs Ha ogHo bnyxaaHve

D=ks*/t (7)

KoadhdmumeHT k 3aBMCUT OT YMcna nocnegoBaTeflbHbIX MONTOXEHU N, KOTOPbIE MOXET
3aHUMaTh AnddyHanpyLas yactuua

B kpucTanne § cBsisaHa Cc napameTpamu peLueTku

BennuuHa D B TBepAbix Tenax 3aBUCUT OT CTPYKTYpbl KpUcTanna, Hanuins npumecen,
HeofHOpPOAHOCTEN U MexaHn3ama auddysnm

BO3MOXHbIE MEXAHU3MbI AN®®Y3UN B KPUCTAITIIAX
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1.BaKaHCUOHHBIN; 2.MPOCTOM MEXY3enbHbIN; 3.UMKINYECKUA OOMEHHBI;
4.Mmexy3enbHbIi MexaHW3M BblITECHEHUS1; 5.kpayaAMOHHbIN; 6.NpOCTO 0BMEHHbIN




Camodudpgpy3susi, T.e. onddy3nsi Monekyn, M3 KOTOpbIX COCTOUT cama KpucTannuyeckas
mMaTtpuua, npoTekaeT C NOMOLLb AedeKToB. Ha pucyHke mokasaHbl BakaHcus v aedekt
dpeHkensl, nepemMeLleHno KoTopbix 06s3aH npouecc camoauddysun B TBEPAbIX
matepuanax. Jegpekm ®peHkenss — 3TO BakaHcusi, obpasoBaBllasics B pesynbTate
nepemeLLeHns aToMa B MeX40y3enbHOE NONOoXeHne

o o o o o o o o MexaHuam npouecca camoqmcb(bysvnil

MOMeKyn Xudkocmu B 3HauMTENbHON

° e o ® °.° cTeneHn nopobeH  auddysum B

L o o e o o o KpucTannax, nockornbKy nopasnstollee

° o o e o o o BGOMbLWNHCTBO MOJIEKYn HaxoauTcs B

BaKaHCUS LlecbekT dpeHkens «KBa3MKpUCTanmn4yeckom KNeTKe»
OKpY>KaloLLMX YacTuy,

Bonbwol BKNag B npouecc camoguddy3uum BHOCUT MepemelleHne NPOTSKEHHBLIX
nedektos - Qucnokauuli. C  TepMOAMHAMMUYECKON TOYKM  3pEHUst  naearnbHbIX
KpUCTanIMYeckux pelleTok He CyLeCcTBYeT: [faxe B COBEpLUEHHbIX KpucTanniax scerda
CylecTBYeT HeKoTopasi paBHOBECHAasi KOHLEeHTpauus OedeKkToB, M Bcerga npoTtekaioT
npouecchl ANddY3MOHHOro nepemeLLeHms Monekyn.

Jlro6ol deghekm noebiwaem 3Hep2ur Kpucmasnna, T.e. obpa3oBaHue fedekrta ecTb
3HepreTnyeckn HesbirogHbl npouecc. OgHako npu noboii TemnepaType ycTaHOBIEHWe
TepPMOAMHAMUYECKOTO paBHoBecUsi npeanonaraet HekoTopoe, onpenensiemoe
pacnpenenenvnem MakcBenna-bonbumaHa, 3aceneHne 3HepreTUYeckM HEBbIFroAHbIX
COCTOSIHUI.

Bropoe (kpome AedekToB) BaxkHOe omuiuyue MexaHu3Ma nepemeLLeHnst Yactuy B
KOHAEHCMpPOBaHHON a3e om dughgby3uu 8 2aze HOCUT Ha3BaHWe "K1emoYHbIl
aghghekm”. JTO OTNNYME C O4EBUAHOCTLIO CreyeT U3 PpacCMOTPEHHbIX HA PUCYHKaXx
MexaHu3moB. [leficTBUTENbHO, ecrivi ABE MOMEKyIbl B rase MOryT npopearnposate Mexay
coboll TOMbKO B TE4EHWE 4OCTaTOYHO KOPOTKOrO BPEMEHW KOHTaKTa B XOAe UX
CTONKHOBEHUS, TO 8 KOHOEHCUpOoe8aHHOU ¢hase dge MOJIEKY b, 8CMpemuewuecs 8
«K/1emke» Mampuybl, dosl20e epeMsi 0CMmaromcsi 8 coceGHUX y3nax
Kea3ukpucmasiu4yeckol peuwemku. 3Ha4nTenbHoe BpeMS OXnAaHWs CreaytoLLero
cKayka MOXeT «MCMnonb30BaTbCA» MOMeKynamm Ans npoTekaHusi peakumu.

Onddpy3noHHbIE 3aKOHOMEPHOCTM MOTYT BbITh UCMOMb30BaHbI HE TOSMBKO AMS ONUCaHus
NPOLLECCOB (PU3NYECKOro nepemelLeHrst Monekyn. OHM MOryT OnuchIBaTL Takxe Apyrue
NPOLLECChI ABMKEHMS YacTul. B kayecTBe NprmMepa MOXHO NPUBECTU 3CTaETHBIN MEXaHN3M
nepemMeLLleHns pagukanbHbiX LEHTPOB. Jpyroi npuMep - NpoLecc nepeMeLleHunsi MpoToHOB B
KpucTannax Bogbl v ApYrux BeLWecTBs, o6pasyoLmx BoAopoaHble cBA3n. HeoBbluHO BbicOKast
3MeKTPONPOBOAHOCTb TAKMX KPUCTAsSOB 06BbACHAETCS 3CTadeTHLIM NEPEHOCOM MPOTOHA OT
O HO MONEKynbl BOAbl K APYroi Mo HanpasfieH1io BOL4OPOAHON CBA3MN.

- BpoyHOBCKOE ABMXEHNE KONNMOUOHBIX YacTuL,;
- OBontouns ManakTuk;

- Murpauusi MukpoopraHusmos, 6enkos;

- PacceneHue ocobet

3.3akoHbl Puka

Mepenbiii 3akoH ®uka (1855 r.) BolpaxaeT aKCrepuUMeHTanbHO Habnogaemyto
NpONopLMOHANBHOCTL MEXY PagUeHTOM KOHLEHTpaLUUM YacTuL, Kakoro-nubo copta
U COOTBETCTBYIOLLMM AMPY3UOHHBIM NOTOKOM (XapakTepUCTUKA ABMXEHUS 4acTuL):

ia=-DyVny  (8)
[ 4]= mons/(M2-c) - AMcbchyY3NOHHBIN NOTOK
ny, Ng - 4nCno YacTuy (WTyK, aTomMoB, Moseit) copta A,B B eguHuLe ob6bema

D, - xoacbdnumenT anddysum, m2/c iy

OTHOCUTENMbHbIE MOJbHbIE KOHLEHTPALMK:

4 np
Ya= s V4= s (9)
ny+npg ngy+ng

yatyp=1 x

B 1855 r. Agonbdy ®uky 6bin0 26 net. OH Bbin He PU3NKOM, U HE XUMUKOM, a
puamnornorom (accucteHTom npodpeccopa aHatomun B Litopuxe)l OH Bbin
NpOCTO YENOBEKOM BbICOKOW Hay4HoW KynbTypbl. B 1856 r. oH ony6nukosan
kHUry nog HassaHveM «Medical Physics”.

3.3akoHbl Puka

Bmopol 3akoH ®Puka CBS3bIBAET NPOCTPAHCTBEHHOE N BPEMEHHOE M3MEHEHME
KOHLIEHTpaLuM 1 yCTaHaBMMBAETCsl M3 NEPBOro 3akoHa Nnpu y4eTe 3akoHa
COXpaHeHWs BeLLecTBa.

Hanpumep, ecnu B 0OAHOMEPHOM KpucTanse npumechk Obina Kakum-nmbo cnocobom
pasmelLieHa Tak, YTo B 04HOW YacTu kpuctanna n,=0, a B Apyroi ero 4actn h,=h ,,,
TO 8 HEKOMOpPbIX yC/108USX 3a BMOJIHE OnpeaeneHHoe BpemMs B 3TOM Kpuctansne
[OOIMKHO YCTaHOBUTLCS OAHOPOAHOE pacnpeneneHne KOHLEHTpaLMU NpUMECH.
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52 X‘ ox

on
X,="4 - cuna, npyBoaALLasn K NePePacnpeaerneHnI0 KOHLEHTPaLUM SNemMeHTa




4. Onchdy3na n KoHBeKUUs

Bo mHorux cutyauusix ynobHee nepemMT oT MOJbHbIX
KOHLUeHTpauMi K MaccoBbIM, Ui OT Yncra Mornen K

Mpy 3agaHHON TemnepaType U NOCTOSHHOM [aBNEHUM BO3HMKAIOLLAs CKOPOCTb TpaHcnopTa Py _pB
(Mdbchy3nH) NPOMOPLMOHANBHA TOMLKO TPAANEHTY KOHLEHTPALIMIA napumarnbHbIM MITOTHOCTSIM, OT MOJIbHbIX MOTOKOB — K ny= P ng =
maccoBbIM. B aTom cnyvae anddysusi onvuceiBaeTcs B 4 B
TTepBbIii 3aKOH 3uKa ju=-DyVny (13) cucTeMe OTcYeTa LieHTpa Macc. Torga nepBbiit U BTOPOW
3akoHbl Puka BbIrMAZAT creayowmm 06pasom:
B rasax 1 XuakocTsax HabrogaeTca T.H. BUXpeBas unv TypbyneHTHas auddysusa —
BOSHMKaET [OMNOMHUTESbHBIM NEPEHOC BELLECTBA B NMOTOKE, CBA3aHHbIN C NepeMeLLBaHneM _ 2
MaKpOCKOMUYECKUX 06HEMOB KUOKOCTU J4=-DypVCy rl(mZc)
jA :_(DM +DT)VHA (14) dCA _ (17)
P~V
B nonBuxHOM cpefe B 0BLLEM Criydae A onMcaHns NpoLeccoB NepeMeLLnBaHmns, Kpome .
OaHOMepHOe ypaBHEHME B «MOABUXHON» cpeae
anddysun, TpebyeTca yUnTbIBaTbL ELLE W KOHBEKLIMIO.
oC oC 0 oC
o dn . de. O.. b’ B /et B P Y4 (18)
Bropoti 3axkoH ®uka thA =Veias 7= o Tvm Ve (15) p( ot » o ) ox o
BKIMIOYAET CPEAHIOI MOMSPHYIO CKOPOCTh KOHBEKUUA AVpy3una
Vi(ng+ng)=vny+vgng .
N (16) [ns )upKocTe 1 ra3os YacTo CripaBeAnveo npubnxeHne  Dp ~ const
Vmn=VaYa+VBYB 5
oc _oC_ _0°C 19
B 3TOM criydae roBopsT, YTo A onucaHns anddysnm Cnonb3yeTcs cucTeMa oTcHeTa YacTul o + Vg = Dia > (19)
X
O6a cnocoba oNUCaHUa AUPEPY3UM SKBUBATEHTHBI
n . n-1
pocTeiune 3a0a4m — BNOJIHE aHANOrMYHbI — O606LeHHLI 3aK0H Buka  Jj = —PZDkIVCI (20)
3aga4yaM TennonpoBoaHOCTH ) J Cy =
d=C =
0 0=D dxz Dkl - napumanbHble KoaduuneHTbl Anddysmumn
2 n
pa :Daig x=0:C=Cj5 x=h:C=Cy ZCk:I (21)
ot Ox o) et
C=Ax+B .
B yacTHOM criydyae TPeXKOMMNOHEHTHON CUCTEMbI UIMEEM:
Ci=A4-0+B; C=A4-h+B
_______________________________________________________________________________ Cl + C2 + C3 =1
3y =—-p[Dy VG + DV Gy,
Ecnm /Dt <<h ,3agavy o
HcabeILueHVIVI MNacTUHbI MOXHO o S2c J5 =—p[Dy|VC + D3V G,
CPOPMYyNUPOBATL Kak Ans = _p== PelueHne numeeT BUA: .
GeckoHeuHoM obnacTu ot P A B o6uiem cnyvae:
X
C —0:C = C =Cyerfc—— - _
0 x=0:C=C, oerfe—r I ==p[D11VCy + D1V Cy + .+ Dy, VC, | Dy  Diy e Dy
X—)OO:8C/8X:0 0 Jl = —p[DZIVCI +D22VC2 +...+D2nVCn] D21 D22 sosee D2n—1
2 [ )2
N t=0:C=C, erfc(z):ﬁj.e Vdy | ] e
g D(u-1y D(u-1y2 wooe D(n-1)(n-1)

J, =—p[D,,VC, + D,,VCy + ...+ D,,VC, |




conmonomon Pk vy,
dc, (oc, “
S pjzp(g+ vVCk):[ZI:V-[pDk[VC[] (22)
YacmHble eapuaHmbi:
3 oc, ©
1) B «HENoABWMKHOM» cpene: pW:IZ;V-[pDk,VC,] (23)

oaC, o
Ecrm p = const : a—tk = [ZI:V [Duva]

2) Bce yacTuubl ABUXKYTCS C OAHOM CKOPOCTbIO — «HET siBNEHUs Anddy3un» (3To

MOXHO noKa3aTb CTpOFO)

a@%wvck =0 (24)

(npumep — ras, ABMXYLUMIACS C BOMNbLUON CKOPOCTbID; COBCTBEHHO AN dy3nein MoXHO
npeHebpeyb). 310 M ByaeT rmapoanHaMMYeckoe nNpubnmxkeHue.

Mpocmeliwas 3ada4a o HacblWeHnn GUHapHoi cMecu (crnnasa) TPETbUM KOMMNOHEHTOM

2 2
:.: C2+C3 %:Dlla?*'Dmagz,
Cl :F ot ox o
X 2 2
%=D217(3 €1+D22L 62‘2’
C1+C2+C3 =1 t ox agx aC
x=0: G =Cyp3 J2=*D218—;7D22(9—;:0

x—ow: Jy=0; ¢=0: G=0; C;=0,5

0,72
4123456 7
C2

0,70
0,68

0,66
x,cm

"0,0 4,0x10° 8,0x10° x,cm 0,0 3,0x10°  6,0x10°  9,0x10°

Dy1=2,5-1078, D1, =107%, Dy =7,0-107, Dy =1,5-10° cm?ic
KoadbcpuumeHTsl aAnddysmmn BelbpaHbl Takum o6pa3om, YTobbl NpounmiCcTpUpoBaTh
«HENUHENHbIN XapaKkTep» B3aMMOAENCTBUS NOTOKOB.

t=1.-2,5-107;2.-5-1074;3.-1,5-1073;4.-3,5-1073;5.- 7,5 - 10>;
6.-1,25-102;7.-2,25-1072 €

5. TepmoaguHamuyeckasn teopusi aucpdysmm

n
[ YpaeHeHue MM66ca ] dg=—sdT +ydp® + ngde (25)
k=1
g:u—pey—Ts g:g(T,pe,CkJ (26)
n
_ 27
M3 (25) npu ycnosun I = const, p =const : (dg)T,p = ngde @7
k=1
n n
Takkak g= ngck : dg:Z(gdek +Cxdgr) nopcrasum B @7) (28)

k=1 k=1

Tlonyuum cooTHoweHue

n
Fu66ca- [rorema: Zdegk =0,T =const; p = const (29)

k=1

B ypaBHeHusix 6anaHca Ans KOMMNOHEHTOB dC
HaM HYXXHO HanTn ANddDY3NOHHBLIN NOTOK pJ =-V-Jy,
KOMMOHEHTa dt

(30)

BOCI'IOJ'IbSyeMCFI Teopuen OH3arepa 1 BTOPbIM 3aKOHOM TepMOANHAMUKN.

BOCﬂOﬂb3yeMCﬂ YpaBHEHUAMMU:

ds
dt
1 du p dy < gk dC;

p—=-V-Js+og

CnenyeT U3 OCHOBHOM ds

@14,
copMbl ypaBHeHust M’n66ca pdt Tpdt Tpdt £ P

Ecnu cuctema He obmeHMBaeTCst aHeprmen ¢ oKpyxaroLlemn cpenon n He
COBEpLUAET HMKaKOM paboThl, TO

n
ds _ N8k (4G
Par™ Z 7" ar
k=1
[Mpon3BoaHbIE KOHLIEHTpaUMin Haaem 13 ypaBHeHW 6banaHca Ans KOMNOHEHTOB
n
ds 8k
LM Sk(Ly.g
P ;T( AN
MpocThle npeobpasoBaHus: -

. 8k |- 8k |, 8ky. 5, — Eky.g :V(J &)fJ V(&)HOD.CTE)BMMB(?)’I)
V(JkT) JkV(T)-i—TVJk T k kT k T

n
ds _ 8k |_ 8k CpaBHvBaem ¢
Pt Z[V (Jk T ) ka( T ypaBHeHVeMm BanaHca

k=1 SHTPOMUM




J, = —ZH:(Jk %"); o, =Zn:{— ka(%’fﬂ (32)

k=1 k=1

T.0., Mbl HaLNK Nnpon3BOACTBO SHTPOMNUN, CBA3AHHOE TOJIbKO C ABJ1IEHNEM

anddysmu:
B cooTBeTCTBUM CO BTOPLIM 32aKOHOM TEPMOANHAMUKM NMPOM3BOACTBO SHTPOMUMN —
BENMYnHa HeoTpuuaTtensHas. Torga B COOTBETCTBUM ¢ Teopuent OH3arepa, ans

3TOro A0CTaTo4HO n
g.
Jo=—) L.Vv|2L 33
k Z;‘ K (Tj (33)
=

X;= _v(gTjj 00006LLEeHHblE TEPMOANHAMUYECKNE CUTbI

B cootseTcTBUM C Teopuei OHsarepa:

Bce rnmaBHble MUHOPbLI MaTpULibl
ceHoMeHonorMyecknx KoaPuLMeHToB

Lige 205 Ly 2 05 Takke HeoTpuLiaTenbHbI

3T COOTHOLLEHMS cripaBeanuBLI AN NoGbIX cpeq — rasos, XXMOKOCTEN U TBepabiX Ten

Ecnu TemnepaTypa — NOCTOSIHHAsi BEMNWYMHA, TO € MOXHO BbIHECTM M3-NOA 3HaKa
NpPoOn3BOaHOMN

Ly
I = 727]Vg ; (34)

j=1
n ! n
(dg)r,, =ngde @) — g =alC;) — (dz),= Zﬁ(f)dcj (35)
k=1 j=1
J

310 — TOXE 2 2 . .
COOTHOLLIEHUS B(k) = (&g/‘j B A U iy S (ag]j = BSCJ)
Makceennal!! / oG ), \0CaC; ) \oC;0C 9Ck (36)

n n
BmecTo (36): Vg = Zﬁgk)vcl n ng :ZBSJ)VCI. noacTaensiem B (34)
=1 i=1

j=1 =

=1\ =l

Tenepb HaM OCTanoCb y4eCTb, YTO U3 N NMOTOKOB HE3aBUCUMMbI N-1, U 13 N
KOHLEHTPaLM TakKe He3aBUCUMbI TOSbKO N-1

CTporue BbIKIIagKu NPUBOAAT K COOTHOLLEHMAM 06061 eHHoro 3akoHa duka. B

OTNNYnE OT HEro UMEIKOTCHA OrpaHMYEHMs Ha BENUYMHBI U 3HaKWU KO3 PULIMEHTOB.
Bonee Toro, nosaBNseTCs BO3MOXHOCTb paccunTaTb NepeKpecTHble KOIPULINEHTDI.

Haigem koacpuumeHTbl ng): g;=8j0 +RTmJ_-llanyj ne
) (%) RT & RT @
0=(21] BT 0 ieyr)) 2T 2 )l -
6Cl Cl,lii mj 6Cl mj 6Cl
oC; OJOlmy; C;0lmy;
_RT| 19C; Oy, :RT{BJ#} vj}:RTgﬁ 38)
gi=%j +ié)lniyj - TepMoAnHaMumyeckue MHoxuTenm  (39)
RN oI ' Yo
oC; Lj=i;
—L=5,=|"""" 40
ac; [O,j:si. (40)

3Has  3aBUCUMOCTb  XMMWYECKMX MOTeHUMaroB OT CcocTaBa, MOXeM paccyuTatb
TEpMOAMHAMUYECKNE MHOXUTENU SBHO. PasnnyHble Teopuu UMETCA B CTaTUCTUYECKO
hu3MKe U Teopuu pacTBOPOB: WAeanbHble, PerynspHbie pacTBopbl, pacTeop Ban-Naapa;
Teopusi BarHepa, KBasmxuMmyeckue Mogenu u ap.

Mpumepbl:
BuHapHasa cuctema
Ji+J,=0 C+Cy=1
oy =31 X1 +32Xp =05(Xo - Xp) =1 (X; - X)) (41)

__ V&, x _ V&
MRy “2)

(&
M3 cooTHowweHws [mB6ca-Aorema: CVg+CVgr =0 == Vg, :,Flvgl
2
L In(,, G
I =-AL(vg —Vgy)=—"[ 1+ L v 43
1 T(gl 22) e, a 43
Ecnu peyb nget 06 nogeansHom pacrteope, To

g1 :g10+RTml_llnC1, Y1 21; Cl <<C2

n Ll lR
Ji~r——-V( ——prVC 44

Ecnun C, — koHueHTpaums nsotona C,, 1o (44) byoer ypaBHeHVeM Ans
camoamnddyanm, 1 COOTBETCTBYHOLLMIA KOIPDMPULIMEHT — KOIPDULINEHT
camoaunddpy3anm.




Camoauddpysus

LencTeuTensHo, camon,wd)(byswo MOXHO nccnegoBaTtb B CMeCU ABYX N30TOMNOB, KOTOPYHO
MOXHO paccMaTpuBaTb Kak CMeCb naeanbHbIX ra3oB, A4 KOTOPbIX cnpaseanneo

g =RTm'InC; =

Ji= _lLii % v, = - R
T " ocC; Cim;

1

VG,

B cuny nepBoro 3akoHa ®uka

J,=-DjpVC;, =12 ———

* _ RLl

*
D; n DiCmp _ L (45)

Cimip R
Ecnu ras HempgeanbHbIn
-1
g = RTm; In(Cyy;)+ g

RL; Olny; -
Ji=- miéli * alnCIi VC=TPDvCh Di=Digi
gji=1+ Olmy; TEpMOANHAMUNYECKUI MHOXUTESb
Oln Ci

[nddyansa nrpaeT BaxHyl0 porb B pasfmyHbix 06nacTax Haykn U TEXHWKK, B NpoLLeccax, MPOUCXOAALLMX B
XMBOM M HexuBol npupope. OHa okasblBaeT BMUSIHWME Ha NpoTekaHue WNu onpeaensieT MexaHusm u
KUHETUKY XMMUYECKUX peakuuin , a Taikke MHOTUX (Pu3.-XMM. MpOLeCcCOB U SBMEHW: MeMBpaHHbIX,
1cnapeHusi, KOHAEHCaLWW, KpuUCTannusauuM, pacTBOpeHusl, HabyXaHWus, ropeHus, KaTanmTU4eckuX,
XpomaTorpan4eckmx, JIOMUHECLIEHTHBIX, 3MEKTPUYECKNX N ONTUYECKUX B MOMYNPOBOAHMKAX, 3aMeAeHUs
HENTPOHOB B AfEpHbIX peakTopax v T. A. bonblioe 3HayeHne mmeeT Auddy3nst npu obpasoBaHWN Ha
rpaHuMuax a3  [ABOMHOrO  3neKTpuyeckoro cnos, Auddysmocopese U anekpodopese, B
3MeKTPOXMMUYECKUX MeTodax aHanusa v npoueccax, B doTorpaduyeckmx npoueccax Ans Owictporo
NOMy4YeHNs NO3UTMBHOTO M306paxeHus u Ap. [Ouddysns CnykUT OCHOBOM MHOMMX pacnpoCTpaHeHHbIX
TEXHUYECKMNX Omnepauuit: CrneKkaHWst MOPOLLKOB, XMMMKO-TepMUYeckoir obpaboTku meTannos (Hanpumep,
a30TMPOBaHNSA U LieMEHTaLumn cTanei), roMoreHu3aLym Cnnagos, MeTannmsauum n cBapku matepuarnos,
nybneHus KoXu U Mexa, KpalleHus BOMOKOH. [Audpdpysus - ogHa U3 cTagmMil MHOrOUMCIEHHbBIX XMMUKO-
TEXHOMOrMYECKMX MPOLIECCOB; NpeAcTaBneHns o AUddY3VOHHOM NepeHoce BellecTBa MCMOMb3yT Npu
MOJENUPOBaHNN CTPYKTYPbl MOTOKOB B XMMWYECKMX peakTopax u Ap. Ponb auddysum cyliecTBeHHO
BO3poc/ia B CBAA3M C HEOOXOAVMMOCTBLIO CO3[aHUs MaTepuanoB C 3apaHee 3aAaHHbIMW CBOMCTBaMW ANS
pasBMBalOLIMXCA obnacteil TexXHWKU (SAepHO  3HepreTWkM, KOCMOHABTMKWA, pPaguauMOHHbIX U
NnasMoXMMUYeCcKUX MNpoLeccoB M T. N.). 3HaHWe 3aKOHOB, YynpaBnsloWMX Auddysueit, nossonsieT
npeaynpexaatb HexenaTenbHble W3MEHEeHUs B W3AenusX, MPoMCXoAslive Mo BIVSIHUEM BbICOKWX
Harpysok ¥ Temnepatyp, obnydeHus u T. A. 3aKOHOMEPHOCTAM AUDMDY3UM MOAUMHSIOTCA MPOLECCh
UBNKO-XMMUYECKOA MWUTpaLIMM 3NeMeHTOB B 3eMHbIX Heapax WM BO BceneHHol, a Takke npoLecchbl
XKU3HEAEesTeNbHOCTM KIEeTOK U TKaHEeN PacTeHWIA U XMBbIX OPraHN3MOB.

Mpu onncaHum gnddy3mm B TBEPAbLIX Cpefax nmeroTcst ocobeHHocTn. Ho yxe
BbIMUCAHHbLIX COOTHOLLUEHMWI [0CTaTOYHO ANs PeLLeHNst psifa NpakTUu4ecku
nonesHbIX 3a4au.

XapakTepucTnyeckme CKOpPOCTM U CUCTEMbI OTCYeTa

MaccoBbI il NOTOK Ji =PrWp, [Jk]:Kr/(MZ'C)

MorbHblii MOTOK Jk =npWe, lix ]= monb/(m2-c)

AndbyanoHHbIE CKOPOCTM TaKKE MOXHO ONPeAenuTL Mo-pasHoMy. w, = v, —v*
Mo OTHOLLEHMWE K BblIGpaHHOM cucTeMe oTcyeTa
v® - xapakTepucTuyeckasi CKOpoCTb

Yxe 3HaeM [Ba BMJa CKOPOCTEMN:

n n
P
CKoOpoCTb LieHTpa macc vi=v= ZCkvk, ZCk =1, Cp= Pk ()
k=1 P P
n n n
—
CpeaHsAa CKOPOCTh «4acTULL» v* =vy" = Zykvka leyl. =1, yi= o 2)
k=1 i=

«Pas3nuuHbIiM» KOHLEeHTpauuam COOTBETCTBYKOT U «pasnunyHblie» XUMUYeCcKue noTeHumanbl:

RT
8k :?kmak +8k0>  ay =v;Cy (3)

gk =RTInay +gio,  ap =Ypvk 4)

,D,VI(beySVIOHHbIe N MaccoBble MNOTOKKU onpeaendem cnegylowum o6pa:30M:

monb/(M2c)  ji = nk(vk —V(XJ " J =pk(vk —v“) (5)
n
Toraa B cucTeMe oTcyeTa LIEeHTPa Macc UMeeM ZJk =0, (6)
k=1
n
a B CUCTEMe OTCYeTa «4acTUL» ij =0 (7)
k=1

n

n n n
JencTBUTEnbHO: ZJ/‘ = Zpk(vk - V) = Zpk"k - Zpkv =0
k=1 k=1 k=1 k=1

n n n n
D= b=y Y- Y =0
k=1 k=l k=1 k=1

Bbl60p CUCTEeMbl OTCYeTa CBA3aH C BbI60pOM ce4yeHusd, Yepes KoTopoe npoxoaAaT YacTulbl.

n
ZJ'kCOk =0 ®)
k=1

o - napuunarnbHblii MONSIpHbI 06beM

WcTopuuecku B Teopumn
A dy3nm nonynapHa
cucTteMa otcyeTa duka:




CnepoBaTensHo, Ans GUHAPHON CUCTEMbI:

W3 cooTHowweHust MMb6ca-Aiorema (B
COOTBETCTBYIOLLUMX eAnHULax):

Oy :J1X1 +J2X2

_Vai,

V.
Xlz T s X2 :*7g2

. 1 nmow 1
—_— JlZ_LllT(l“' ! IJV&:—LU(H

nyy T

DT
Ly =

Ecrmn Ny, — pacTBOPEeHHOE BELLECTBO; Ny, — pacTBoOpUTENb U 1y << np

J101 =—jo0

n
n1Vg1 +n2Vg2 =0 = ng = —éVgl

(., n. 1 moy .
s :_T(Jl —llzjvgl = —(1+HJJ1 Vg 20
ny T ()]

n

’Wj(agljwl =—D\Vn (9)
)

e 5]

6n1

(10)

11 =1

YT1o06b! npoBepuUTb COOTHOLWEHNA B3aUMHOCTU OH3arepa, Tpe6yeTc;|, Kak MUHUMYM,

TPEXKOMMOHEHTHas cuctema
T = const mVg)+nVgy +mVg3 =0

oy =hXi+hXo +j3Xz20  (11)

v v v
X —-Y8 x V& Ve

T T T

J1op + jooy + j303 =0
Wcknoumm un3 (11) To, 4TO OTHOCUTCS K pacTBOPUTENIO:

1
Vg3 = —n*(ntl +n,Vg,)
3

. 1. .
3= *7(J1@1 + Jzﬂ)z)
3

«3» - pacTBopuTEnb

.V .V 1 1 .. . 1
Og = _(Jlgl+12g2+T|:_m(Jl(Dl +sz2)} '|:_n(”1Vgl +”2V82)D =
3 3

%8y __RT oy __ RT _RT L _Dim T T
om  (m+m) oy (m+mly m 1=
_ . . 1 1
os=Rji+Kj;=20 (12 J= Ly~ [ 1490 g 4 2Py = 1| L[ 147292 |vg, + %2 vy,
T N33 N33 T N33 N33
1 mowy Ny
370 npuBeno K F = —Kl*'ngl + Vgr 1 "o o 1 . .
nepeonpegeneHunio T 1303 1303 (13) Jy =Ly T (1+’110)1ng1 +n2—w1Vg2 —Ly T (1+’120)2ng2 +ﬁVgl
cun 303 303 303 3W3
1
Fy = L1292 g, M2 gy ,
T n303 n303 BblpaxaeM rpafMeHTbl XMMNYEeCKX NOTEHLMAaroB Yepes rpaameHTbl KOHLEeHTpaLui:

DeHOMEHONOornYeckme COOTHOLLIEHMUS:

Ji =LK+ LB

()
Jo =LK+ LK,

Onsa HEKOTOPbIX TPEeXKOMMNOHEHTHbIX
CUCTEM IKCNnepumMeHTaribHble
AaHHble B npegenax own6ok
JKCnepumeHTa noaTBepPXAa0T
COOTHOLUEeHUs B3aUMHOCTHN

[ins npoBepkn cooTHoLeHUs B3auMHOCTK (Lq,=L,4), HyXHO CBsi3aTb (heHOMeHonornyeckme
KO3 (PPULIMEHTBI C 3KCNEPUMEHTANbHO namepseMbiMu KoadduumneHTamm guddysnm Dy,

J1==D\Vi = D1aVm

Il
( ) J2 = —DZIVHI - D22Vn2

Ogy Ogy
Vg ==2Lvp + 2Llvp;
&1 anl 1 anz 25 anl

Moactasnsiem ux B cuctemy (l). B pesynbtare nonyuum:

F =-aVn —bVny; D,o!vla:
Han Ty
Fy =—cVn —dVny; ab,c,d

ng :&an +ng2Vn2

ny




CﬂeﬂOBaTeﬂbHO:
Iy =-[Lja+LiscVm —[Ly b+ Ljd Vny

Iy ==[Lyja+ LypeVm —[Ly b+ Lypd [V,

Heunsotepmuyeckasn audpcysusn

[lns cucTembl, B KOTOPOIi €CTb SIBMIEHUS TENNONPOBOAHOCTY 1 ANDEY3NUM, HO
KoTOpas He coBepluaeT paboThbl paclumMpeHnst

n n
du p Sk du Sk
ds="" Dy 72 8k 4c, :—72 Sk 4c
gTﬁ'/y rakd k T 4T k

du n dC, Hainaem 13 ypaBHeHuii 6anaHca: p% =-V-Jr _% " dek =-V-J;,
CpaBHMBas AB€e CUCTEMbI A1 NOTOKOB, MPUAEM K COOTHOLLEHUSIM: . d
n
ds 1 gk
[ p— j—
P =7 VI T (EVI)=
Ll lelibDIZ lezaDlzchn; dt T z T
ad —bc ad —bc { n
dD1 —bD 4D — D dy=0 O3Ha4YaeTM V.y :*?V'JT+zg7kV'Jk=
, =9P21=bDs y _aDyy =Dy p
ad —bc ad —bc ;
Jr vr 8k 8k
COOTHOLLEHMNA B3aMMHOCTU CBOAATCS K cnieaytowemy:  aDyp +bDyy =cDy+dDy =-V: T JT?+Z(V'(7Jk -JV T
k=1
n
Jr *ngJk "
— vT g
=V |k g -y gy ok
T T T2 Z k T
k=1
n
Jr - zngk <
= — k —
3, -—i —r ZJ %) :
8k\__y VT Lk _ ds _ ket | Ny VT N 8kOk : VT
Ons Pa3NMuHbLIX Oy = JT 72 ZJ V( )——JT?—Z(Jkng?+7V(8k) = pdt -V-Js+o,=-V: T T Jr T + T +ZJk (ng)T Ty, T
NpPUIoXeHn i k=1 —_— —_ k=l k=1 _—
NOTOKM U cUrbI vr & VT 3. (5 s (16)
ﬁ'sosHo =*JT7*Z 8k 5 +*k Bk VT +5V(gi )y | =
peonpenenuTb 72 T\aor C. T
[ — J IJr=J, +thJk, TToacTasum B 3T0 ypasHeHue:
k=1
n
& . (o Bce noguepkHyTbie
(dgk )p = Sk‘”*’Z(a&j dG; (%j ==k cnaraemble co6upatroTcs n
-1 Ci T,p G BMecTe 3, +TZska
ds _
n pi -V J;+o0,=-V- 7]}1 ngck ZJk ng T
Jq:Jszhk‘]k (17) hy =gp +Tsy ——— k=] m—
k=1
1 Pe3ynbTaT He M3meHUnCs.
Torpa Hailaem HoBoe Ir _Z(hk —Ts )Jk
A A J n , Ecnn umeeTcs BHelWHAS MACCOBAS CUIA, TO MPOU3BOACTBO SHTPOMUM, CBA3GHHOE C
g:f:g;’:j””e notoka J,= k=1 7 = —7‘1 —Zska =J,  (18) ANPE@Y3UOHHEIMU MPOLIECCAMU, NPUHUMAET BUA

k=1

Zn:Jk '[(ng)r —Fk]
k=1




Tepmoauddysua n auddysmoHHasa TennonpoBoAHOCTb

B3aumopeiicTBue Mexay notokamu Tenna u BeLecTBa ONuCbiBatoT ABa addekTa —
adpcpekT Cope 1 achbcpekT Arochypa.

B achcbekte Cope NoTok Tenna nopoxaaeT NOTOK BellecTBa
B adpdpekte [odypa npy CMeLLeHnn BELLECTB BbIAENAETCA Tennora
[Mpor3BOACTBO 3HTPONKMK, CBSA3AHHOE C MpoLieccaMm TEN0oNPOBOAHOCTY M ANddy3nu

n
1. vr
o= Jq~7+;Jk~(ng)p,T o

B 33MKHyTOI7I cucteme JC/ =0 npun NOCTOAHHOM obGbeme N3MeHeHne 3HTanbNuM n3-3a
N3MEHEHNA cocTaBa paBHO <<06MeHy TENnOoTbl C BHELUHEN CPEQon»:

n
Ir= kahk @
k=1

B oTKpbITOW cucteme npu prkcuposaHHoOM o6beme 0BMeH TennoTol onpeaensercs
PasHOCTbIO MEXAY M3MEHEHNeM SHEePruM BCreacTBUE TEMMONPOBOAHOCTU U U3MEHEHWEM
3HTanbMNUM, 06YCMNOBMNEHHLIMM MOTOKOM BELLEeCTBa

n
R
k=1

,D,ByXKOMHOHeHTHaFI cucrema

p = const dg =-sdT +g,dC; + g,dC, ®)
v (dg)r =g1dC; +9,dC;y
1) Tak kak dg =d(g|C; +9,C>), TO

YpasHerue Mm66ca-Oorema | Ci (Vg )T,p +C,(Vg, )T,p =0

2) J2 +J1:0
1 (Vo)1 (Vaa),7
— Gs:Jq'VT_|:J1 Tp +J7 Tp =

1 (Vgl)p,T Jl Cl 1 1 Cl
:Jq'vT—{JlT—T _Ez(vgl)pT =Jg- ?*Jl'f 1+C72 (Vgl)p,T

M3 (5) cneaytoT peHOMEHOMNOrM4Yeckme COOTHOLIEHMUS AN MOTOKOB:

L

Jg=-JavT- qu;_( gljsglvc
L

Jy=-29vT- i1+ 8%y,
T T 02 6C1

®)

Tenepb MoxeM onpeaenuTb KoadduumeHTsl Anddy3um 1 TENNONPOBOAHOCTU:

D, _Ln(;, G )% @)
Tp Cz 6C1
L
ar="1 (®)
T
COOTHOLLEHNE B3aUMHOCTH: Ly =Lgq (9)

[epeKkpecTHbIi NOTOK  — (qu/Tz)VT 06bIYHO npeacTaendloT B Buae

~(Lq /T2 T =—CiDrpvT (10)
Dy - koadbpuLineHT Tepmoanddy3nm
== []OTOK BeLLECTBa NPONOPLMOHANEH KOHLLEHTPaLUK

S (11

KoadcomumeHnT Cope: 2
Dy DT%Cp

B 3akpblTOit cUCTEME U3-3a MOTOKA TEMMOTLl YCTAHABNMBAETCA rPagNeHT KOHLEHTpaLMK.
Monaras, 4to J; =0 , HalWaem cTauMoHapHoe pacnpenenenne Cy

(nosiBNEHMe NNOTHOCTU CBSA3aHO C TEM, YTO paccMaTprMBaeM MacCOoBbIE NOTOKM)

MNonaras Jl L VT D]PVC1 O Hangem cTaunmoHapHoe pacnpeaeneHue
72

KOHLIEHTpaLum
L
Wcnonb3ays (9), (11), Hangem qu :I—lq ©) st :& :% (11)
ve, oDy D pTCp
Vo __ 71 —_Cys7 =0 (12)
VT o7

Koagppuyuenm Cope nmeeT paamepHocTb T+

2 -3
[inst aNeKTponuToB, HeanekTponuTos u razos: ST ~10 ~-10
[ns nonMmepoB — MHoro Gonblue

SBnexHne TepMoanddy3nn UCMONb3YeTcs Npu pasaesneHnn n3oTonos

B MonekynsapHoWn Teopum razoB 1 XuakocTten KoadduumeHT Tepmoanddysnm umeet Ty
e pasMepHOCTb, YTO U K-T KOHLEHTPALMOHHON Anddy3un, Toraa

kr _br -Be3pa3mepHas BenuunHa, CrioxHas (pyHKLms
D koHueHTpauwit




Momok mennomel, 8bi38aHHbIU MOMOKOM 8eujecmeaa, onpeaensieTcs
koagppuyueHmom frogpypa: Dy

Tak kak TennoTa ConpoBoXaaeT NOTOK BELLEeCTBa U NPOMNopLMOHanbHa KOHLLEHTpaL M,
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370 cooTHOLLEHNE Bbino noaTeepXaeHo akcnepumMmeHTarnbHO
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B pe3ynbTarte umeem CUCTemy ypaBHeHI/IVI Anda NOTOKOB: (15)
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TEPMOOAN®DY3UNOHHOE PA3ENEHUE

B HedTAHOW NPOMBILLNEHHOCTW pasfeneHne oCcyLEeCTBASAIT B TepMoanddy3noHHON
KOINOHHE, COCTOsILLEeN U3 ABYX KOaKCHanbHbIX LUINHAPOB C 3a30poM Mexay Humu 0,25-
0,5 mm. Pasgensiemyto cMecb NOMeLLaloT B MPOCTPAHCTBO MEXAY LUNMHApaMuy, oauH 13
KoTopbix HarpesatoT Ao 120-130°C, a gpyron oxnaxgatT go 10-15°C. Mpu aTom
MOMeKyrnbl OQHMUX KOMMNOHEHTOB NepeMeLLaloTCs K XONOAHOMY LMNUHAPY U B pe3ynbTare
KOHBEKLIMM OMYCKalTCs BHU3; MOMEKYrbl APYrMX KOMNOHEHTOB ABUXYTCS K ropsiyemy
LUMMUHAPY U KOHLEHTPUPYIOTCS B BEPXHEN. YacTU KOMOHHbl. OCHOBHbIE 3aKOHOMEPHOC T
npotiecca (YyCTaHOBMEHbI OMbITHBIM NYTEM), HAaNpUMep, AN ropsivero uunuHapa: 1) k
HEMY MepeHOCUTCS KOMMOHEHT C MeHbLIUMM Yncriom atomoB C 1 Temnepatypom
KWMeHWst; 2) Npy OAUHaKOBbLIX TeMNepaTypax KANeHust K aToMy LUNUHAPY nepemMellaeTcs
KOMMOHEHT ¢ 6onbluMM MOnsSIpHbIM 06beMoM; 3) Npy OAMHAKOBBLIX MOMSIPHLIX 06bemax u
Temneparypax KUNeHust K aHHOMY LUMUHAPY ABUXKETCSt KOMMOHEHT ¢ GornblLuei
NOBEPXHOCTbI MOSEKYI.

Pa3geneHuio noaBepratoT, kKak NpaBuio, CpaBHUTENbHO y3kokunsawme (20-50 °C)
dpakunn. TepmoanddysmoHHOe pasgeneHne NPUMEHSIOT Takxke ANs ApYyrux Lenewn:
Ons pasfeneHus u3omornos

Ipio K. 3., N66¢ T. J1., Tepmuueckan anddysmsi B razax, nep. ¢ aHrin., M., 1956




