H3BECTHA
TOMCEOI'O OPJEHA OKTABPBCHOW PEBOJIIOIIHUH
H OPJEHA TPYJOBOI'O KPACHOI'O SHAMEHH
MNOJMUTEXHHYECKOI'O HHCTHTYTA uv. C. M. KHPOBA

Tom 274 1976

ONPEAEJREHUE KUHETHYECKHMX NAPAMETPOB
[IPOHECCA TEPMUHYECKOIO PA3JIOKEHHA TONJIMBA
No ZEPUBATOIPAGHUYECKHUM HAHHBIM

C. H. CMOJIBAHHHOB, E. H, JIO3BHH, B. M, MHPHH, . A, BEJJUXMAEP

(IIpepcTarneHa OPraHUYECKO#l CeKnuel HaydHO-METORMYECKOro cemuuapa XTD)

Msyuenne KMHETHKM M MeXaHH3Ma TeDMHUECKOH JeCTPYKIHH TBEPABIX
ropIouuX HCKCIaeMbiX HauOosee 3 (PexTUBHO IPH HCIOJb3OBAHHH KOMILJICK-
Ca 5KCHEePHMEHTAJBHBIX JaHHBIX, NOAYyYI2eMbIX (QU3HUECKHME, QUIHKO-XHMHU-
YeCKHMH ¥ XMMHIECKHMH METOLaMl.

B macrosmiee BpeMsi HOJYYalOT paCIPOCTpaHEHHE YCTAHOBKH, COUETAIO-
e onpeieeHue TepMOrpa@HUeckux 1 TepMOIrpaBUMeTPHIECKUX MapaMeT-
POB ¢ aHAJH30M JIETYYHX HDOIXYKTOB passoxkeHus Hpobel (mpexne BCEro
OTIENbHBIX KOMIIOHEHTOB rasa) B OAHOM onuiTe. [Ipym »ToM BO3MOXKEHB! 1Ba
pasiuy#bix MeTOAa 0TOoOpa IaporasoBblX NDOAYKTOB peakluyu:

1) w3 ornenbHON peTOPTHl, PACHOJOKEHHON pPALOM ¢ paGouuM THIJIEM
4 PaBHOLIEHHOH eMy B TeNJIO(PU3UYECKOM OTHOLIEHHH;

2) myTem OTCOCA HENOCPEACTBEHHO H3 PabOuUero THIVISI B CPEIe HHEDT-
HOIO rasa.

OueBuzHO, 4TO MOCTETHHUE CIOCOG /s PEUIEHUsS] 3a7aU KMHETHKH SBJIS-
ercst Gojiee TOUHBIM M THOKHM LpH YCJOBHH Haajgexamed 3QQPexTHBHOCTH
aHayiusa pa3baBJEHHHIX NPOAYKTOB peakuuu. [Ipu stoM, ecan obecneunsaer-
Csl IOCTOSIHHAA CKOPOCTb OTCOCAa NaporasoBOH CMeCH, KOHIEHTPANHS KaK-
JIOr0 KOMIIOHEHTa B ra3e NPONOPIHOHAABHA CKOPOCTH €ro o6pa3oBaHus.

s ompejeseHHst KHHETHYECKHX IapaMeTpoB Npolecca TE€PMHUECKOTO
pasJoxKenusa TONIMBA IO JAepUBATOrPA(UUECKHUM [AHHBIM HCIOJAb3YIOTCS
KpuBble norepu Beca (TI') U oTHOCHTEBHON CKOPOCTH TNOTEPH Beca (,HTI‘).)
Macwrad opaunare kpusoil ATL, xapakTepusyomuil cCyMMapuyio CKOPOCT
BBIICICHUS JIETYYHX, MOKeT OHITh JIerKo HaifeH rpabuueckuM rupdepernu-
posanuem XpuBojl TI' B COOTBETCTBYIOLIUX TOUKAX. |

Tepmuueckoe pasiomeHue TBepABIX TOPIOYHX HCKONAEMBIX NPOTEKAeT
70 M3BeCTHOH cTeleHy CTYNEeHYaTo, 4TO BLIPAXKAETCH XapakTePOM KDUBHIX
TI u OTT, ocoGenno nocienHel, na KOTOPOH JHOCTATOYHO OTYETIHBO HABJIIO-
JaeTcst HECKOJbKO MaKCHMYMOB CKopocTefl moTepu Beca. Ha ocnoBauun uve-
IOUIUXCs NAHHBIX 3TH BLIAEJASIEMble CTAJHU TIpouecca TepMHYECKOro pasio-
KEHUsl TOIJIMBA MOXKHO TPAKTOBAaTh KaK 30HbLI, B KOTOPBIX NPOUCXOMHT Mpe-
UMYINECTBEHHOE PA3JOXKEHHE OJHOPOJHBIX TPYMH BELIECTB WU HNPOTEKAIoT
OJHQTUIHBIE PeaKIluH.

‘TakuM 06pasoM, NepBOHAUANLHLIMH HAPAMETP2MH, XapaKTePHIYIOWHMH
KHHETHKY PacCMaTpPUBaeMbIX IIPofleccoB, MOTYT GLiTh:

1) Temmeparypel MakCHMYMOB CKOpocTefl nmoreps Beca 1o xpupofr JTT;

2) abCcomOTHBEIE CKODOCTH MOTEPH BeCca B TOYKAX MAKCHMYMOB, OTHECEH-
HbI€ K €IMHHIE Beca OPTaHHYECKOH MacChl TONIUEBA;
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¢3) BBIXO JIETYYHUX B XapakTepHLIX HHTepBaJgax TeMOepaTyp.
JocrarouHo XapakTepHbl U TeMOepaTyphl skcTpeMyMoB Ha kpusoil JITA,

OJIHAKO HCIONb30BAHME IOCJAENHEH [Jid pacyeTa KHHETHYECKUX IapaMerpoB
B CHJIY M3BECTHBIX OOCTOSITNLCTB KpaliHe orpaHuueHHo. Bo3aMoXHOCTH KHHe-
THYECK O OL{CHKH IIpCcHecca TEePMHUUYECCKOro pasJaozKeHus TONJNBa CHJLHO BO3-
pacrawT, ecau TPaiHUHOHHYIO HH(opMauuio aepuBatorpaduu JONOJHHTH
CBEIEHUSMY O JMHAMHKE BBIAEJCHHH OTHAEJNbHBEIX KOMIIOHCHTOB JIeTYYHX
HIPOJAYKTOB,

7OcHOBHBIE KMHETHYECKHe mapaMerphl: sHeprus akrusauuu (E), mpen-
KCTIOHeHInaabHbH Muoxkuteas (Ko) m mopsanok npouecca (peaxkuuu) (1)
PACCYMTBIBAIOTCS MO YPABHEHUAM HEN30TepPMUUeCKOH KHHCTHKH:

W= _dT: oe—-E/RT(l_x)n (1)
u
dx Ko n
o= =g e (1—=H)" (2)
rae

X — CTelleHb NPEBpallleHHsT B AOIAX eINHHIBI,
. b — cxopoctb Harpesa.

VicxoaHbIMY 3KCIEPUMEHTANBHBIME NAHHBIMHE IJISI pacyera cayXat CTe-
IeHb NpeBpalieHHs HJH IIPONOPLUOHAJNBHEIE € BeJIHYHHE, OIHpeJeseHHbie
DU pas™ibiX TeMIepaTypaxX M pasHBIX CKOPOCTHX Harpesa, H CKOPOCTH IIPO-

 hecca wt u w-.

OcnoBYEEe TPYLBOCTH B YCIIENIHOM PelIeHHH TOCTABJEHHON 3aJaud KakK
pas u 3ax/JI0YalOTCH B NPABHJABHOH TPAaKTOBKE HCXOAHBIX IKCHEPHMEHTAJb-
HBIX BesnuuuH. CJI0XKHOCTh COCTABA HCXOJHBIX BeWIECTB M caMoro npouecca
TEPMHUYECKOr0 Pas3jloXkeHNs BBI3BAJH MHOXKECTBO IONBITOK NpeobpasoBaHud
KECXOIHBIX ypaBHeHH!l B GOpMBI, yRoOHbIE [JisS NOJIb30BAHUS XapaKTepHCTHYe-
CKMMH IlapaMeTpaMH JepHBaTOTpaMM, HaXOXK/IEHHS YCJIOBHH M TOYEK, HOBHI-
[IAIOWHUX TOYHOCTb M3MepeHMH, a TakKe IOHCK SKCIEPHMEHTAJbHBIX H pac-
YETHBIX IIpHeMOB, obecneurBalomux 6ojee yerkyo AuddepeHnranyo oTAe/1b-
HbIX CTyIeHel TepMHYeCKOro pasJjoxXenusd [1].

Tlo pexomenmanyn Baun-Kpeseneua [2] BecbMa monyJsipHa TpPaKkTOBKa
CTeNeHH NpeBpallleHHsi 0 OTHOINEHWIO NOTEPU Beca Ha JaHHBLIE MOMEHT K
«Mpe/le/IbHOMY > BLIXOLY JIeTYYHX BelllecTB. Kpome ompejieieHHOH YCAOBHOCTH
noCJeHero NOHsATHS, HoX00HOe NIpPeACTABIEHHe SBJSETCA CAMIIKOM OOIINM.
bonee crporuit monxon Moxer SuTh pasBUT HPH BO3MOMKHOCTH YETKOTO BHI-
JeNCHHS OTAENBHBIX CAMOCTOATENbHBIX yuacTKoB Ha xpHuBbHX ATI mam cko-
pocreil 06pa3oBasys KOMIOHEHTOB rasa. B 3ToM ciydae cTelleHb Hpespalie-
HHS onpelessieTcsl 0 OTHOIIEHUIO MJIOHIael MOX KPUBOH HA AAHHHII MOMEHT
BpeMeHH KO Bcelt miomani,, Mcxkomas BenuuuHa MOXKeT ObITh HaHIeHa, KOr-
Ia GHKCHPYeTCs BHIXOJ KaKOro-iufo OTAENbHOrO NPOAYKTa, HallpuMep, yrie-
KMCJIOTDI IO IIpKBecy noriotutensi. OQHaxko U 3/1ech cjaeayer cob0fath 0CTo-
POXKHOCTD DM OTHECEHWH HAO6JI0/1aeMOl TOTepH Beca K JaHHOMY NPOAYKTY,
TaK KakK NPH HAJOXEHHH CJSAYIOUHX IPOLECCOoB APYL Ha Apyra omnOka Mo-
Xer OwiTh 3HauuTeNbHOH. M, Haxomen, ecanm B pacueTHy (GopMyny BXOAUT
OTHOLIGHUE CTenmeHe! NpeBpalleHwsi, TO MOIYT OBIThb HCIIOJb30BAHBI JIOOHIE
NPONOPLHOHAJBHBIE €ff BEJHUMHHL.

B romonneHue X 13/103KEHHBIM B BHIIIEYKA3aHHOH JuUTepaType MeTOLaM
HaMU NpelJaralorcs HeCKOJbKO NPeo6pA30BAHHBIX YpaBHeHUH, MO HalleMmy
MHeHHu10, 6oJiee NPOCTHIX U YAOOHHX, AJS PAacueToB KHHETHUeCKUX Iapamer-
POB IO AepHBATOrPaPHYSCKUM T aAHHLIM.

"Ecawm nposenens! ONBITH NpH PAsIHUHLIX CKOPOCTSX HArpeBa, TO 3Hep-
THI0 aKTHBAIMH MOXHO ONpele]nTb 13 0OBIYHOro ypaBHenus Appennyca
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E=4,575- LS Tl lg , (3)

npeo6pas3oBaB ero CJAeAyRIIUM o6pasoM. SamenuM K, ucxozst us odule-
ro KHHETHYECKOTO YPaBHEHHs B HHTETpaJbHOl GopMe,

Kr=1y(x),

TOoria

E=4575+"—-

Ty Ty 6]
T, 1, g [:;X ml)] (4)

niyg JJid paBHOﬁ CTCICHH TNpeBpamieHuss HPH JIBYX pPasHbIX TeMOeparypax

E—4,575 TT° }f g 2. (5)
Ho npu Harpese ¢ NOCTOSIHHOH CKOPOCTDIO
T=To+br, {6)
rne
h — cropocTe Harpesa, H, Cle0BaTeJIbHO,
E=4,5757 21 T g ETX‘?‘}% )

Hacrosmzee ypaBHeHHe }’1106}10 TeM, UTO IIpH HEH3BECTHOM HOPSIAKe
NO3BOJIsIET ONpeIeNsITh IHEPTUIO aKTHBalUuy peaknyuu. Kpome Toro, uM MOXHO
NOJMb30BAThCSl B LIMPOKOM AMalia3oHe TeMIepaTyp M crelleHefl NpeBpalleHUs
H B TOM CJydae, KOTjia 3HEPTHSI aKTHBAIHU OKa3blBAETCS JepEeMEeHHOIl BeJsH-
ynHO#.;OfHAaKO 3/ech caelyeT o6paTHTb BHHMaHHe Ha HEOOXOXHMMOCTb YCTa-
HOBJIeHHs1 wiu BblGopa To. Hekoropast ycaoBHOCTb (JOrHYecKHe NPeANOChlI-
KH HJIY 3KCTPANOJSIIMS KPHBEIX) HE MOXKET, HO-BHAHMOMY, IIPUBECTH K IIPHH-
HHIHaAbHOR omMbKe. B Tex Xe ciyuasix, KOTAa OTHeJbHbIE CTYNeHH pasfio-
KEHH OpraHHyeckoro BeLlecTBA He HaKJ/JIaAbIBaKXOTCs APYr Ha japyra, o mo-
¥KeT OLITb ONpeeseHO JOCTAaTOUHO TOYHO.

UEcsan NOpsALOK peakuuu u3BecTeH, JHGO €10 MOKHO [IPHHAThH ANPHODPH, TO
Ha OCHOBAHHHM ypaBHeHHus (3)

W, 1—x

B KOTOPOM W Haf'meﬂo U3 06mero ypaBHEHHS CKOPOCTH peaKuH
w=K(l—x)" (9)

' MoXHO mokazaTh (CM. HHXKe), 4TO OTHOHIEHME CTeNeHed TpeBpalieHHs
(1—x) B ompenenennnix Toukax kpusoit ATl u TI He 3aBHCHT OT cxopocTH
HarpeBsa AJisi peakuuit ojHoro nopsaxa..lorna ypaBHeHHe AJst OnpejesieHust
SHEPruy aKTHBALMH 3HAYATEJbHO YIIPOLLAETCS.

t Maa pacuera ynoGHO MO/Ib30BATLCHA ABYMA TOUKAMH Ha KPHBBIX ATT:
TeMIIepaTypod MakCHMyMa CKODOCTH IIOTepH Beca H TemIilepaTypol, Koraa
NOCTHIa€TCS IOJOBHHA 3HAUYeHHs MAKCHMaJbHOH ckopoctH. [as atux veao-
BHH OTHOLIEHHe CTeleHel NpeBpalleHHsi cocTaBasder 2,22 y peakuuil nepsoro
nopsiaka u 1,74 y peakuuii Broporo nopsiaxa. Toraa

Tm'TrE)
H
Tor Toem -
E=362 100 (n=2), (11)
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HJH B o0lleM BHIE

e (12)
rie B COOTBETCTBUHU C YPaBHCHHEM (8)
M=4,575 (1g2+n1g . ), (13)

Ha pac. 1 mpexcras/ieHsl, pacCunTanible HAMH N0 NaHHMM Ban Xwkxa
» I0urrena [3], oTHoOlIeHYs cTemeHell HempeBpalleHns H Ko3p{uunmenr M,
BXoaauui B popmyay (12).

dopmynamu (12) u (13) u rpaguxom Ha puc. 1. MOKHO BOCIIOJb30OBATD-
¢d 7% OHpejesenist Nopsiika peakuuH, ecan E HafileHO He3aBHCHMO OT fl.
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Puc. 1. Crenedp HenpeBpamieHHs B MaxcH-

MyMe KPHBOH 3aBHCHMOCTH CKODOCTH peakuygy

oT rteMmepatypsl  (a) [3], orHomenue 3THX

. .. creneHefl /B TOUKAX IOJOBHHBL MaKCHMYMa M

.. MaxcuMyMa (6, 1) u xosdpduuuent M no dop-

" omyae (13) (6, 2) mpu pasyMYHBIX TOPAJKAX
peaknuH. '

DTOT npuem HONOJHSAET -M3BeCTHhle Tpeanoxenus Kuccunrepa, Bau
Xuka u IOnTrena [3), cormacHo koTopbeiM (popMa KPHBOH 3aBHCHMOCTH CKOPO-
CTH PEaKUHH OT TeMIepaTypbl, a CAeLOBATEeNbHO, H. CTENEeHb IPeBPAalLIEHUs
B MaKCHMyMe ONpe/eIsTIOTCs NOPS/IKOM PeaKIHH,

- Onpejenente KMHETHYECKHUX HapaMeTpOB B 9KCTPEMaJbHBIX TOYKAX JacT
60abLIOH 3(QPeKT He TOJNLKO HOTOMY, YTO 3TH TOUYKH SKCNePHMEHTaNbHO DHK-
cupyroTcsl Haubosee SCHO, HO ¥ TIOTOMY, Y4TO MHOTHe KHHETHYECKHE YDaBHE-
HHA npKOGPeTanT B 1aHHOM C/lydae HauboJee IPOCTOH BHA.

Tak, Hamu N0Ka3aHo, YTO JeBas 4acThb YPaBHEHHS IIPH HHTerPHPOBAHHH
B npeznesaax ot O jo xi
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T dx K
| =) a1 (14)

B TOuIKe MaKCHMyMa CKODOCTH pEakUHH paBHa | HesaBHCHMO OT n. B
3TOM JIerKO YOeIUTbCs, IPOH3Belsl COOTBETCTBYIOLIHE IOACTAHOBKH |—xm
un (v3 puc. 1).

Torma, ucnonbays ypapHenune Korca u Pendepna [1], nosyuennoe npu-
OaMKeHHEIM HHTErDHPOBAHMEM OCHOBHOTO ypaBHeHHus (2), HafineMm crenyo-
ee CpaBHHTEJbHO NPOCTOe BhIpaxenHe Ajas Ko:

bE E . —
Ko=RT»7 ¢ RTm” (1)

rae ¥HAekc m o6o3HAuYaeT 3HAUEHHE JAHHOrO napaMerpa B TOYKE MAak-

cHMYMa,
IMpenmyinecTBOM HACTOSILIEr0 YPABHEHHUS SIBJSETCS M TO, YTO JJs pacye-

Ta Kg He HYXKHO OnpenensTb CTENeHb IPEBPallCHHU .
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