MexaHu3M XUMHYECKUX PeaKmuu

BoJIBIIMHCTBO XMMHYECKUX PEAKUUN SIBISIFOTCS CIIOKHBIMU WU BKJIIOYAKOT
LEJIBIA PAJT JIEMEHTAPHBIX CTAIHM.

[To 3aKOHY JEHUCTBYIOIIMX MACC CKOPOCTh PEAKIIUU ITPU MOCTOSIHHOW TEMIIE-
parype nponopuyMoOHalibHa KOHIIEHTPALUU PEATUPYIOIMX BEIIECTB WJIM, KaK TOBO-
PAT, «AEUCTBYIOIIMX MACCH.

CKOPOCThIO XHMHYECKOH peakiuu (v) OPUHATO CYMTATh KOJIHNYECTBO
BEIICCTBA, pearupyromero B eauHuiy BpeMmenu (d7) B equnuie oobema (dV).

PaccMoTprM peakiuio, IpOTEKAIOIIYO [0 YPaBHEHHUIO:

A+B=C+]L.

[TockOMBKY CKOPOCTh PEaKIMH XapaKTEepU3yeT YMCHbBIICHHE BO BPEMEHH
KOHIICHTPALMU PEarupyroiX BEIIECTB U YBEIMUYCHHE KOHIICHTPAIUU TPOJTYKTOB
PEaKIMU, TO MOXKHO 3aIMCaTh:

. __dIAI__d[B] _dIC] _dLA]

i dr dr dr dr '

r1€ MHUHYCbl TIpM TPOU3BOAHBIX TOBOPST O HAIpPaBICHUM HW3MEHEHUS

KOHLIEHTpAllMd KOMIIOHEHTOB, a B KBaJPAaTHBIX CKOOKAaX YyKa3aHbl KOHIIEHTpALUU
KOMIIOHEHTOB.

Torma mnpsimas HeoOpatumass peakuuss npu T = CONSt mporekaeT co

CKOPOCTBIO:

3.1)

__d[A] _ _d[B]

» 47 i =k-[A]-[B], (3.2)

rne: K — xoHcraHTa ckopocTH XxuMmu4eckod peaknuu. OHa HE 3aBHCHT OT
KOHLIEHTPalM KOMIIOHEHTOB, a U3MEHSETCS TOJIBKO C TEMIIEPATypOi.

Ilo 3akOoHY JEHCTBYIOIIMX MAcC KOHLEHTPAlMA KOMIIOHEHTOB pEaKLUU
BXOJIAT B KHMHETHYECKOE YpPAaBHEHHE B CTEIEHH, PABHOW CTEXMOMETPHUUYECKOMY
KO2((PHUITMEHTY ATOTO KOMIIOHEHTA.

Tak, nd peakuuu

aA +bB=cC+d]]

KuneTtnueckoe ypaBHEHUE UMEET BU/I:

__1d[Al__1d[B]_1d[C]_ 1dLJ]

=k-[A]* -[B]°
U= dr b dr cdr Td dr CANBE @3

[Tokasaresnu cTemneHei a, b, ¢, d mpUHATO HAa3bIBATh MOPAAKAMHU PEAKLIUN 110
kommnonentaMm A, B, C, /1, a cymmy nokasaresiei — OOIIHMM MOPSIKOM PEaKIIHH.

Hanpumep, peakuuu Tumna

A — bB + cC - | mopsiaka,

2A =bB + cC - |l nopsiaxa,

A+ B =cC +d -l mopsinka.

[TockoJIbKY KOHIIEHTPALMM BCEX PEarupyroliMX KOMIIOHCHTOB CBSI3aHbI
MEXIy  COOOM  CTEXHOMETPHYECCKHMMM  YPaBHCHHSMH, TO  IPOCTEHIIHE
KHHETHYeCKUe ypaBHeHus | mopsaka sBiasiores  auddepeHIHaIbHbIMUA
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ypaBHeHUsiMU | Topsiika ¢ 0IHOM HE3aBUCUMOM NMEPEMEHHOW — KOHIICHTpAIuen —
Y MOTYT OBbITh TPOUHTETPUPOBAHBI.

[IpocreiiiiuM KMHETUYECKUM ypaBHEHHEM sIBJsieTCs ypaBHeHHe | mopsiika
THTIA

A=bB+cC...,
A qa (3.4)

dr

O603HaunM uepe3 [Ag] KOHIIEHTpallUI0 KOMIIOHEHTa A 710 Havajla peakiuu
¥, TMPOUHTETPUPOBAB YpaBHEHHWE MpH rpaHudHoM ycioBun T=0, [A]=[Ao],
MOJTy4YaeM:

JUISL KOTOPOT'O v,

k==In-2, I [A]=[Ao]-e™.

(3.5)

Takum oOpa3oM, 3aBUCHMOCTh CKOPOCTH PEaKIUU OT KOHIICHTPAINH
BEILIECTB UMEET SKCITOHECHIIMAIBHBIA XapaKTep.

KuneTtndeckas 3Heprus ra3oB o0bscHIET 3TO Tak. [lo runorese Appenuyca
peaKkiusi MEKy MOJIEKYJIaMH MPOXOJUT JIUIIb B TOM CIIy4ae, €CJIM OHU SIBJISIIOTCS
aKTHBHBIMH, T.€. 00Ja7al0T M30BITOYHON SHEPrueH, JOCTATOYHOM I pa3phbiBa
MEKAaTOMHBIX CBS3€H, TAK Ha3bIBAEMOM SHEPTUEH AKTUBALUU E 4.

T.e. CKOpPOCTP XMMHMYECKOM pEAKUUH 3aBUCUT HE OT KOJIMYECTBA
CTOJIKHOBEHHUI BCEX MOJIEKYJ, 4 TOJIBKO AKTUBUPOBAHHBIX.

ITo 3axkoHy bosbiMaHa, YUCI0 aKTUBHBIX MOJIEKYJI

Na=n,* e, (3.6)
rae: E —osHeprus akruBauuu,
T — TemnepaTypa razoBou cMecH,
N, — 001IIee YMCIIO MOJICKY.

Torna m uncno 3¢ GHEeKTUBHBIX COYAAPEHHH, COBMAMAIOIIEE CO CKOPOCTHIO
peakIuu, paBHo:

v, — Zoni — v * e ERT
(3.7)

rae: Zy — o0uiee Yucio CoyIapeHuil MOJIEKYII.

Wrak:

1) CKOpoCThb peakiuu MNpONOpPLUHUOHATbHA KOHIEHTPALMK AKTUBHBIX
MOJIEKYJI, YUCTIO KOTOPBIX 3aBUCUT OT TEMIIEPATYPhl U JaBJIEHUS B CMECH, TaK Kak
JaBICHUE M €CTh KOJIMYECTBO MOJICKYJ, CTaJKHUBAIOIIUXCS C KaKOW-Tu0o
MOBEPXHOCTHIO;

2) peakius BO3MOXHA JIMIIbL B TOM CJydae, €CIH B3aMMOJCHCTBYIOIIUEC
MOJIEKYJIbI TIOJIy4alOoT OMPENIeNICHHbIN 3aMac YHEPryuu, TOCTAaTOYHBIN ISl pa3pbiBa
WM OCHa0JICHUS MEKAaTOMHBIX CBS3€d. AKTHUBAIMS 3aKIIIOYAaeTCS B IEPEX0JIe
MOJIEKYJ B TAKOE COCTOSIHUE, B KOTOPOM BO3MOYXKHO XMMUYECKOE MPEBPAILICHUE.

Yarre Bcero mpoliiecc akTUBAIUU UJIET ITyTeM 00pa30BaHUsI TIPOMEKYTOUHBIX
HEYCTOMYMBBIX, HO BBICOKOAKTUBHBIX COEIMHEHHI aTOMOB.

Takum o06pa3om, HE TOJBKO IJISi MMPOTEKAHUS SHIOTEPMUUECKHUX MPOIIECCOB
HY)KCH BHEIIHUA TIOABOJ OJHEPTUU, HO U JUIS DSK30TEepMHUECKUX. YTOOBI
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MPOU30IIIIa IK30TEPMHUUECKAsT PEAKIUs, HAJO0 COOOIUTHh €l KaKOW-TO HMITYJIhC
TEIUIOBOM dHepruu. Hampumep, Ins NpoTEeKaHUsT peakUUH TOPEHHUS B CMECH
BOJIOPOJIA C KMCJIOPOJOM, HAJIO €€ MOIKEYb.

Konuenuus ncnonb30BaHus NOHATHUSA 3JIEMEHTAPHOU pEaKIIUH UMEET
MHOTO MpeuMyIiecTB. [1opsaaok 3eMeHTapHBIX peaKIMi BCeraa MOCTOsIHHBIN (U,
B YACTHOCTH, OH HE3aBUCHUM OT BPEMEHHU U YCIOBUM MPOTEKAHUS PEAKIIUU) U
MOeET OBbITh JIeTKO onpeaesieH. Heo0xoaumo TOIbKO cleauTh 3a
MOJIEKYAAPHOCMbIO PEAKITUU. JTO YUCIO KOMIIOHEHTOB, KOTOpPbIE 00pa3yroT
PEaKIIMOHHBIN MEPEX0IHON KOMILJIEKC (IIEPEX0THOE COCTOSIHUE MEXIY
HCXOJIHBIMU KOMIIOHEHTAMHU U IPOAYKTaMH peakiuu ). GakTUUECKH, TOJIbKO
CIEIYIOUIME TPYU BO3MOKHBIE BEJIMUUHBI MOJIEKYJISAPHOCTH PEAKIINU
Ha0JII01al0TCS Ha MPAKTHKE.

MoHOMONEKYISAPHBIE pEAKIIMHA ONMMUCHIBAIOT MPEBPAILICHUE U TUCCOLHALAIO
MOJIEKYJI:
bumonexynsipHbie peakiuy TpuHajIekaT K HanboJiee pacpoCTpaHEHHOMY
TUITY pEAKIIUM.
buMonekyspHbie peakiiuu BCceraa UMET BTOPOU MOPSIAOK IO
KOHIIEHTPALMU. Y JBOCHUE KOHIIEHTPAIMU KAXKJI0TO KOMIIOHEHTA PEAKLINU
MPUBOAUT K TOMY, YTO CKOPOCTh PEAKLIMU BO3PACTAET B YETHIPE pasa,

TpHUMONEKYyNISpHBIE pPEaKIMM Yalle BCETO SABJSAIOTCS pEaKUUsIMH pe-
KoMOuHauu. OHU MOJUUHSIOTCS 3aKOHY TPETHEro MOpsAKa M0 KOHIEHTPAINU
pEareHToB.

BooOuie, nj1s sneMeHTapHBIX peaklHil BelIWYWHA MOJEKYJISIPHOCTH paBHA
BEJIMYMHE NOpsAKa peakuuu. [103ToMy 3aKOHBI CKOPOCTU MOXKHO JOCTaTOYHO
JIETKO OINPEAENIUTh. Y PaBHECHHUE DJIEMEHTApPHON PEAKIUU 2 MOXKHO 3alucarh B

BUJIE
5.

S
(p) 4. _Fk § : (1)
Vrs AS e U,.g';‘is,
s=1

s=1

TO TOTrAa CKOPOCTb O6p8,30BaHI/IH KOMIIOHEHTA | B pC€aKnuu ¢ JacTCia CJIC-
AYIOIIKUM COOTHOIMCHUCM:

2o . )
(W)xnm,r = kr (DT('il £ U‘r{‘lf))) H s .

s=1

) (m
3,Z[CCB Uf(-g H Vrs]0603Ha‘IaIOT CTCXHOMCTPUUICCKUC KOC—)(b(I)I/IHI/ICHTBI pPEarcHTOB HIJINU

MPOJYKTOB PEAKIINU, &

Cs — KOHIICHTPAIIUH S Pa3TUYHBIX KOMIIOHCHTOB.
Ecnu B kauecTBe mpuMepa pacCMaTpUBACTCS PEaKITHS
H +O,; — OH +0, To ckopocTH pacxoa0BaHusI 1 00pa30BaHUS KOMIIOHEHT
pPEeaKIUy 3aMUITyTCS B BUE CIASAYIOMMNX YPABHCHUN:



—= = —k[H][O.],
d[ze] = —k[H][04],
%H_J = k[H][0y],
% = k[H][O,].

Hns snementapuoit peakiuu OH + OH —,0+0 (unu 20H
= H20  + O) nonyuaem cienyroiue ypaBHeHUs 1Jis CKOPOCTEN:

d[OH] 2 dH0 : ‘
“a = -2hon?, 200 _ yomp, 40 _ kfompe.

Takum oOpa3om, ypaBHEHHS JJIsl CKOPOCTEN BCerjia MOTyT ObITh 3a-
MHACAHBI JI1 MEXaHU3MOB, COCTOSIINX U3 AJIEMEHTAPHBIX peakuuii. Ecin
MEXaHU3M PEaKLIMI BKIIOYAET BCE BO3MOKHBIE B TAHHOM CUCTEME JJIEMEH-
TapHbIEC peakiuu (MOJHBI MEXaHU3M PEaKIuii), TO OH OyJeT CIIpaBeJIUB JIJIs
BCEX YCJIOBUH, (T.€. IJIsl BCEX TEMIIEPATYpP U COCTABOB CMECEN).

KoHCTaHTBI CKOPOCTE MOHOMOJICKYJISIPHOU OMMOIEKYIIPHON U
TPUMOJIEKYJISIPHOU PEAKIIMKA 3aBUCUT OT TeMIIEpATyphl U AaBieHus. [Ipuuem
TeMIIEpATypHasi 3aBUCUMOCTb HEJIMHENWHAS U ONIUCHIBAETCS YPABHEHUEM
Appennyca. Biusinue naBieHust HEOOXO0AMMO YYUTHIBATh MPU MPaBUIbLHON
WHTEPIPETALNY IIPU UCCIEJ0BAHUN KUHETUKH MIPOLECCA C YUETOM NOPSIKA
peaxuuii, MOCKOIbKY CUMTAETCS , YTO OHU MPOTEKAIOT NPU aTMOCHEPHOM UIIU
HHU3KOM JIaBJIEHWH, B TO BPEMS KAK MHOTHE MPOLIECCHI TOPEHUS UIYT NIPH
ITOBBILIEHHOM JIaBJICHUH.



IToBepXHOCTHBIE peaKIUU

[ToBEpXHOCTHBIE PEAKLIUHA UTPAOT BAXKHYIO POJIb BO MHOTMX IPHUIOXKEHUSIX,
UCIIOJIB3YIOMINX MPOIECCHl TOPEHUs, KaK, HAaIpUMeEp, B cliydae peKOMOMHALINU
Ha CTEHKE IpH CAMOBOCILUIAMEHEHHWHU, NMPH TOPEHUH YIisd, B IpoLeccax
caxxeoOpa3oBaHMs M OKHUCIEHUS CaXd WMJIM B Cly4yae KaTaJIUTHYECKOTO
ropeHus (CM. HUXKE).

Kpome noBbllIeHUs1 TEMIEPATYPbl U KOHLIEHTPALUWK BELIECTB, ISl YCKOpe-
HUS XUMUYECKON PEaKLUU HCIIONb3YIOT KaTaJu3aTophl, T.€. BEIIECTBA, KOTOPBIC
BBOJSITCS B PEArMPYIOIILYIO0 CMECh, HO HE PACXOLYIOTCS IIPH PEAKLUHU, & YCKOPSIOT
€€ IyTEeM CHUKECHUS YHEPTUH aKTUBALUU.

IIpouecc yBennueHNnss CKOPOCTH PEAKIUU C TIOMOLIBIO KaTalu3aTOPOB Ha3bl-
BAETCS KaTAJHU30M.

KaranuzaTopsl y4acTBYIOT B IMPOMEKYTOUHBIX PEAKIHUAX MO CO3JAaHHIO aK-
TUBHPOBAHHOT'O KOMIJIEKCA 3a CUET OcialJeHHs CBA3EH B MOJIEKYJaX MCXOAHBIX
BEIIECTB, UX PA3JIOKEHHUA, a7COpPOLMU MOJIEKYJI Ha MOBEPXHOCTHU KaTallu3aropa,
1100 BBOJIAa aKTHBHBIX YaCTHI] KaTaau3aTopa.

XapakTrep ydacTus KaTaJIu3aTopa MOKHO MOSICHUTB CIEAYIOLIENH CXEMOM:

Peaknus 6e3 katanmmu3aropa: A +B=AB.

C karanuzatopoM X: A+ X=AX > AX+B=AB+X.

[IpuBeneM KapTUHKY, TOJOOHO MPEACTABICHHOW HA pUC.

Puc.. Cxema pneiicTtBus Karta-
mmsatopa: E" u E*" — suep-
MM aKTUBAIlMM peakuuu 6e3 Ka-
TAJIN3aTOpa U C KaTaIU3aTOPOM
COOTBETCTBEHHO.

IIpu BBOAE KaTanm3aTopa peakys MOXKET MPOTEKATh MO WHOMY NyTH C
MEHBIIIUM JHEPTeTUYECKHM OapbepoM. ITOT IyTh COOTBETCTBYET HOBOMY
MEXaHU3MY pEeaKIMu 4yepe3 oOpa3oBaHWE JPYTroro aKTUBHPOBAHHOTO KOMILIEKCA.
W HOBBII Oojiee HU3KUN DHEPTETHUYECCKUM Oapbep MOXKET IPEOoJOJIeTh OOJbIIee
YHUCJIO YACTHUL], YTO ¥ IPUBOJUT K YBEIIMUEHUIO CKOPOCTH PEAKIIUU.

Crnemyer OTMETUTh, YTO SHEPIHs aKTUBAIUU OOpPATHOM pEaKIMU MOHMKACT-
Cs Ha TAaKyIO )K€ BEIMYMHY, KaK M SHEPTUs aKTUBAIIUU IIPSMON peakIiuu, T.e. 00e
pEaKIK YCKOPSIFOTCS OJJMHAKOBO, M KATAUIM3aTOPhl HE MHULIMUPYIOT PEAKIIUIO, OHU
TOJIBKO YCKOPST PEaKIMI0, KOTOPAsi MOKET MPOUCXOJUTh B UX OTCYTCTBUHU, HO
3HAYUTEIIBHO MEJIJICHHEE.



KaranuzaTopamu MOTYT CTaTh MPOMEKYTOUHBIE POAYKTHI peakluu, TOTa 3Ta
peakiis Ha3bIBaeTCs aBTOKATAIMTUYECKOM. Tak, eciaum CKOpOCTh OOBIYHBIX pe-
aKIUi CHUXKAETCA MO0 MEPE PACXOJIOBAHUS PEArupyrollMX BEUIECTB, TO pPEaKIIHUs
TOpPEHUs U3-3a aBTOKATaIN3a CAMOYCKOPSETCS U ABJISIETCS] AaBTOKATAIMTUYECKON

OCHOBHBIM OTJIMYMEM MOBEPXHOCTHBIX PEAaKLMil OT peakiuili B ra3oBoil (asze
SBJISIETCA HEOOXOJMMOCTh MPUBIICUEHHS ISl OMUCAHUS HMX CKOPOCTEH TaKUX
NOHATUM, KaK T[OBEPXHOCTHBbIE AaKTUBHbIE ULEHTPhl U  YacTULbI, aj-
copOMpOBaHHbIE HA OSTHUX AaKTUBHBIX IleHTpaxX. [loBepXHOCTHBIE aKTHUBHBIE
HEHTPbl M YacTHUlbl, aJACOpPOMpPOBAHHBIE HAa AaKTUBHBIX IIEHTpaxX, XapakTe-
PU3YIOTCSI TTOBEPXHOCTHOM KOHLEHTpALMEN, H3MEPSEMOU B MOIIB/CM®, Ha-
npuMep, sl OTKPHITONW MOBEPXHOCTU METANIMYECKON MIaTUHBI TOBEPXHOCTHAS
KOHIIGHTpAIMs aKTUBHBIX LEHTPOB paBHa 2,72¢10™ momb/cM . [TOBEpPXHOCTHBIC
KOHILIGHTPAallUM B CBOIO OYEpeIb MPUBOAAT K HECKOJIBKO HENPUBBIYHBIM
€AUHULIAM JIJI1 CKOPOCTEH U KOHCTAHT CKOPOCTH NMOBEPXHOCTHBIX peakiuid. Jls
OJIHOTO M TOTO K€ MaTepuaja MOXKET CyIIeCTBOBaTh 00Jjiee, YeM OJIHa KOHCTaHTa
CKOPOCTH TOBEPXHOCTHOM peaklMy U3-3a TOr0, YTO AKTHUBHBIE IIEHTPHI MOTYT
UMETh pa3Hble SHEPTUU aJcopOuuu (HaIpuMep, PacloJ0XKEeHHbIE Ha Teppacax
UJIM Ha CTYINEHSX, U JOJKHBl PACCMATPUBATHCS KaK Pa3IMYHbIe KOMIOHEHTHI
peaKIuu.

AicopOuusi — MOBEPXHOCTHOE MOIJIONIEHUE KaKOro-iaubo BeliecTBa U3 ra-
3000pa3HOI Cpeabl UM PAcTBOpa MOBEPXHOCTHBIM CIOEM JPYroro BEIIeCTBAa —
KHUJKOCTU WM TBEPAOTO Tela.

Hanpumep, ancopO1usi TOKCUYHBIX Ta30B HA MOBEPXHOCTH aKTUBHUPOBAHHO-
rO yIJIsl, UCIIOJIb3YEMOTO B MPOTUBOTa3ax.

U aacopOuus, 1 KaTanu3 OTHOCATCSA K TOBEPXHOCTHBIM PEAKLIUSAM.

B xauectBe mpumepa B Tabu. 6.3 MpUBENEH MEXaHWU3M PEAKIUN OKUCICHUS
BOJlopoJa Ha mnoBepxHocTu miatuHel  (Pt) ¢ coOTBETCTBYHOIIMMU
KOHCTaHTaMU CKopocTH (mo gaHHbIM padotel [Ljungstrom et al., 1989]); on
CXEMaTHYECKU WIUTIOCTpUpYyeTcss Ha puc. 6.7. MexaHM3M BKIIOYAET CTaIUU
nucconuaTuBHOM ancopOuuu kak Boaopona (Hp), tak u xucimopomaa(o,),
KOTOpble BeAyT K oOpazoBanuto atomoB H u O, aacopOupoBaHHBIX Ha TO-
BEPXHOCTH. DTH aTOMbI OUY€Hb MOJABMXHBI. [lo3TOMY afgcopOupoBaHHBIE ATOMBI
CTaJIKUBAIOTCS IPYT C APYyromM, 00pasys B pe3yJibTaTe MOBEPXHOCTHBIX PEaKIUM
cHadana OH wu 3arem ajacopOMpOBaHHYI) Ha TMOBEPXHOCTH BOAY(H.0).B
KOHEYHOM HTOT€ MPOUCXOAUT JecopOmus oO0pa3oBaBLICHCS MOJEKYJIIbI
BOJBI(H,0)B TazoByto (¢azy (cm. puc. 6.7). PaccmarpuBaemblii MEXaHU3M
NOBEPXHOCTHBIX PEAKIMHA OCHOBAH Ha U3MEPEHHUSIX METOJOM JIa3epHO-
UHIYIUPOBAHHOW (IIOOPECHEHIMU JecOpOMpOBaHHBIX pagukanioB OH wu
aHAJIOTHYEH MEXaHU3My peaklui, MpeuioKeHHOMY B padotax [Hsu et al., 1987;
Williams et al., 1992]. Tloxoxue MeXaHWU3MBI CYIICCTBYIOT W JUISI OKUCJICHHUS
MeTaHa(CH;) bykBoil S o0o3HauaeTcs koddduuueHt npunumnanus (cm. (6.27));

KOHCTAaHTa CKOPOCTH

k = Aexp(—Ea/RT),



pUYeM TeMIIEPaATyPHON 3aBUCHUMOCTBHIO TMPEAIKCTIOHEHITUATBHOTO MHOKUTEIIS
A mnpenebperaercs; (S) 00603Ha4aeT MOBEPXHOCTHBIC KOMIIOHEHTHI PEaKIIuu,
api(s)— CBOOOHBIC TTOBEPXHOCTHBIC aKTUBHBIE IIEHTPHI.

Aocopoyus. CkopocTu aJcopOLUHMM HE MOTYT MPEBOCXOAUTH CKOPOCTb, C
KOTOPOW MOJICKYJIbl U3 Ta30BOHM (ha3bl CTAJKUBAIOTCS C MOBEPXHOCTHIO. Ha
OCHOBE MPOCTON KUHETUKU CTOJKHOBEHUU TBEpABIX cep B razoBoil ¢aze
MOHO TOKa3aTh, YTO MaKCHMallbHasg CKOPOCTh aACcOpOLHU HE MOXKET
IPEBOCXOIUTH

Kmax=cVv/4

IrJ1¢ ¢ — KOHICHTpanus, V — CpCAHAs TCIIOBAasg CKOPOCTh YaCTHII.

TabGauna 6.3
JleTanbHBIN MEXaHU3M NOBEPXHOCTHBIX PEAKIIMKM OKACIEHUS BOLOPO/A Ha I10-
BEPXHOCTH IUIATHHBI, 3aIIMCAaHHBIA B BUJIE DJIIEMEHTAPHBIX CTaUN

Cramus S |4, E.
CM, MOJIb, | KJ>K/MOJIB

1. Peaxuus
H,+Pt(s)=Ha(s) 010| 15010% 00
R2(s) + Pt(s 17,8
=H(s)+H(s) 0,046| 5,0010% 00
O, + Pt{s) = Ox(s) 0,0
2. [1oBepXHOCTHBIE pEaKLH
H(s) + O(s) = OH (s) + Pt(s) 3,7010% 193
H(s) + OH(s) = H,O(s) + Pt(s) 3,7010% 0,0
OH(s)+OH(s)=H,0(s)+0+Pt{s) 3,70 107 00
3. Axacopbouus/aecopOoLus
OPOAYKTOB PEAKLIUUA
H + Pt{s) = H(s) 1,00 0.0
O + Pt(s) = O(s) 1,00 00
H,0 + Pt(s) = H,0(s) 0,75 00
OH + Pt(s) = OH(s) 1,00 00

Puc. Cxemarmueckuii MEXaHU3M MMOBEPXHOCTHOMN peakly OKUCIIEHUS BOAOPOAA

QH @02
4

D = 0 © ) - O O

Ancopbuus

[ToeepxHocTHas
peakius

Jecopbuums




@dakTHYECKass CKOPOCThb SABIAETCS MPOU3BEIACHUEM 3TOM MaKCHUMAaJIbHOU
CKOPOCTH U KO3 duIMeHTa NpUIUNaHUS S, KOTOPHIH paBEH BEPOSTHOCTHU
MPUJIUIIAHUS MOJIEKYJIbl TIPH €€ CTOJKHOBEHUU C TMOBEPXHOCTHIO. CKOPOCTH
afcopO1u Toraa OyaeT paBHa

{ RT
kage = Skmax =5 m (

Teopernuecku HepereHHOM MPOOIEMOil ABISETCS OLICHKA BETHYUHBI
ko3 duureHTa NpuIunanus S, KOTOPbIN, pazyMeeTcs, JOJKEH UMETh
MaKCHUMaJbHOE 3HAaUCHUE, paBHOE 1, HO MOKET UMETh U OYEHb MaJjible 3HAUCHUS
rnopsiakaio=—*

Ilosepxnocmuas peakyus. J1ns TOro 4ToO6bsl NpopearupoBaTb, KOMIOHEHTHI,
a7copOMpOBaHHbBIE HAa MOBEPXHOCTH, NOJHKHBI UMETh BO3MOXHOCThH JBUTATHCA
0 TOBEPXHOCTH. MeEXaHM3M TaKOro [BUXEHHUS COCTOUT B IIPEOJOJICHHUH
ancopOMpPOBAHHONW 4YacTULEW HEOONbIIOrO0 SHEPreTHYecKoro Oapbepa u
NEpENpHIrMBaHUM Ha COCEHUM aKTUBHBIM LIEHTp. IHTEpECHO OTMETUTH, UTO
B CJIydyae CHUJbHOM aJCOpOLIMOHHOM CBSI3M YacCTUL C HNOBEPXHOCTHIO OHHU
OyIyT HENOJBW)XHBI M B pE3yJbTaTe TakKas I[OBEPXHOCTh OyAeT IUIOXUM
KaTajiu3atopom g 3Tux yactul. (B nanpHeimem yacTunbl € CHIIBHOM
a7coOpOLIMOHHON CBSA3bI0 HE OYIyT NOKHUJATh MMOBEPXHOCTh U OYIyT OTPABIATH
ee, MOCTOSHHO 3aHUMasi aKTUBHBIE LEHTPHI; Cepa U CBUHEI] OOBIYHO SIBISIOTCS
3¢ pexTUBHBIMU sAaMU AN KaTanu3atopoB). CKOpPOCTh S MOBEPXHOCTHOM
peakiuu

A(S)+A(S)

3aMKMCHIBACTCS AHAJIOTUYHO CKOPOCTH OMMOJIEKYIISIPHON Peakiuu B ra30BOM
¢aze. CKOpoCTh V IepeMeIIeH s YaCTHI] IO MOBEPXHOCTU paBHA
IPOU3BEICHUIO YaCTOTHI V MEPENPHITNBAHUS U3 OJHOI'O aKTUBHOTO LIEHTpA B
JIpYTroil U pacCTOsIHUS o, HA KOTOPOE MPOUCXOUT NIEPEMEIIECHUE YACTULBI,
I7I€sPAaBHO IHMAMETPY MOJIEKYIbI A. 3ur3aroodpasHas TpaeKTOpHs
HepenpbIrnBaOLIei YaCTULbI TOKPBIBAET MJIOMIAlb «CTOJIKHOBEHUII»

200At,

raeAt— paccMaTpuBaeMblii MHTEpBajl BpeMeHU. TakuMm oOpa3zom, 4YHUCIO
CTOJIKHOBEHMH B enuHulily BpemeHu N paccmarpuBaeMoidl MOJIEKYJBI C
JPYTUMH YaCTUI[AMHU BHYTPH TJIOLIAIA CTOJIKHOBEHUN PaBHO

N = 20vu[n],
rae [n] — KoHueHTpanus (IUIOTHOCTH) HOBEPXHOCTHBIX uactul A(S). Cie-
JOBATCJIbHO, IIOJIHOC YHCIIO CTOJIKHOBECHHUMN B CAMHMIY BPCMCHH [JId BCEX
gactuil A(S) OyaeT paBHO20v[n][n]. HakoHel, yMHOXeEHHE Ha BEPOSATHOCTh TOTO,
9YTO YacTMIa o0JagaeT JOCTAaTOYHOHW OdHEprueil (KOoTopas OIHCHIBACTCS
APPCHUYCOBCKUM quHOM), AacT BBIPAKCHUC OJIsSI CKOPOCTH PCAKIINN:

-

2002 exp (— %) [n][n] =5 = Auos (— %) [n][n].



Ecnu npuHATH OIEHOYHBIEC 3HAYCHUSI o = 2108 ca, § = 104 ¢~!, MOXKHO
BBIUKCJIUTH 3HAUCHUE MPEIIKCITOHCHIIUATBHOTO MHOXUTENS A ;04 °

4YTO HAXOAUTCA B YAOBJICTBOPUTCIbHOM COIJIACHH C BEJIMYWMHAMU IIPCAOKC-
IMIOHCHIIMAaJIbHBIX MHOX(HTGHGﬁ, NpCACTaBJICHHBIMHU B Tabi. 6.3.

Iecopoyus. Jns necopObuuu HeoOXOAMMO, 4TOOBI MOJIEKYJIbl oOJaganu
SHEpPrueH, AOCTATOYHOM JJIi TPEOJOJCHHUS DJHEPruM CBS3M MEXIy II0-
BEPXHOCTBIO U aJicopOupoBaHHOW uacTuied. OOBIYHO Mpolecc aecopOIru
BeneT ceOsi B COOTBETCTBUH C apPEHUYCOBCKOW 3aBUCUMOCTBIO C JHEPTHEH
aKTHUBAILlMH, BEJIMYNHA KOTOPOU CPABHUMA C DHEPTHUEN CBS3U:

—Epec
Kaee = ,r_tecQXp(_ k; )

IpeanojaraeTcs, 4To BEJIWYMHA MPEIIKCIOHCHIIHAIBHOTO MHOXKHUTEIIS
Azec MOXKET OBITH OIICHEHA 110 3HAYCHUSAM YacTOT KOJICOAHUN COOTBETCTBYIOIIEH
CBSI3W,  KOTOpasi  OTHOCHUTCS K  DdHepruu  cBsizu.  [losBistommecs
KBAaHTOBOMEXAHUYECKHUE PACUYEThl MOBEPXHOCTHBIX DHEPTUU CBSI3U TO3BOJISIOT
YIY4YIIUTh OIEHKH XapaKTePHBIX YaCTOT M DHEPTUM aKTUBAIUU IS MPOIECCOB
afacopOnuu u JecopOoIuu. Ben4uHbl MPEAIKCIOHCHIMAIBHBIX MHOXKHTENCH
s gecoporuu OH wmH,0 (~ 10130 ) HaXOoJATCS B IOJHOM COTJIACHU C ATOM
KOHIIEIIIUEH.

JIist pacyeTa KWHETUYECKUX KPUBBIX CIIOKHOU PEakLUU IIPU
(UKCUPOBAHHOMN TeMIEpaType HY>KHO IPOMHTETPUPOBATH MOJIHYIO CUCTEMY
KMHETHYECKUX YPABHEHUH C YUETOM KaXJOW YyYaCTBYIOIIEH B pEAKIIUU MOJIEKYJIbI
(BcTymaromiei B peakiuio u oopasyroieiics B pesyaprate ee). CyMMapHbie
peaxIuu SBISIOTCS TMOCIEI0BATEIbHOCTHIO OOJBIIOTO YHCIIa 31€MEHTaPHbBIX
peakuuii. BelieneHue 3Tux dJIeMEHTAapHbIX peaKkIuii — BECbMa CIIOKHAS U
TpynoeMkas 3agavya. OOpa3zoBaHUe BOJBI IO CyMMapHOM peaklMi MOXKET OBbITh
OMMCAHO MEPBBIMU 38-10 AJIEMEHTAPHBIMU peakuusiMu. M3-3a CII0KHOCTH
BBIYMCIICHUI aKTUBHO MPHUBJIEKAIOTCS KOMIIBIOTEPHI CO CIELUAIBHBIMU
IporpaMMHBIMM pacuetamu. OIHAKO NMPU HEU30TEPMHUUECKUX MPOLECCAX,
CUCTEMY KMHETUYECKUX YPABHEHUI HAJI0 peliaTh COBMECTHO C YpaBHEHUEM
OaslaHca SHEPTUH, a 3TO eule 0osee 3HAYUTENIbHO YCI0XKHSIET pacueThl. Bo3Hukaer
NOTPEOHOCTH B YIPOILECHUSIX.

Onuum u3 Haubosee YnoTpeOUTEIbHBIX MPUOIMKEHHBIX METOOB SIBJISCTCS
METOJ1 CTallMOHAPHBIX KOHUEHTpaluii, cpopMynupoBanubiii boaenmreiinom. O
OCHOBaH Ha BBICOKOW PEaKLMOHHON CIIOCOOHOCTU MPOMEKYTOUHBIX AKTUBHBIX
BEILECTB.

B pa6orax H.H. CemeHoBa 110 11emHOMY CaMOBOCIIJIAMEHEHUIO
CTallMOHAPHBIMU MPEANOIarajJiuch KOHIIEHTPALMU TOJIKO Hanbojiee aKTUBHBIX
BEILECTB, U METOJI ITOJIYYHJI Ha3BaHUE KBAa3WCTAlMOHAPHBIX KOHUEHTpauil. B
KaueCTBE PACCMOTPUM PEAKIIMIO BOJOPOJIA C XJIOPOM, MEXaHU3M KOTOPOU
HanOoJIee XOPOIIIO UCCIIeIOBaH.



Buowt 603nuknosenusn 2OPEeRUA.

Paznnuaror TPHU BUAAd BOBHUKHOBCHUS I'OPCHUA

1. BocmiameHeHue - BO3HMKHOBEHHE TOPEHHS B pe3yJibTaTe€ HarpeBa YacTu
TOPIOYETO BEIIECTBA MCTOYHUKOM 3a)KUTAHUSL. [Ipouecc BocIUIaMeHEeHUS
IIPOCTPAHCTBEHHO OI'PAHUYEH YACTBIO TOPIOYETO BEIIECTBA.

2. CaMOBOCIITAMEHEHHE - BO3HUKHOBEHHE TOPEHUS 32 CYET CAMOIMPOU3BOIHLHOTO
YCKOPEHHUS DK30TEPMUYECKHX MPOLECCOB BHYTPU TOPHOYErO BELIECTBA IPHU
OIPENIECIEHHBIX YCIOBHSIX. [Ipomiecc mpoucxoaut BO BCEM 00BEME
TOPIOYETO.

3. CaMmoBO3ropanue - CaMOBOCIZIAMEHEHHE, HAUMHAIOIIEECs MPU TEeMIIepaTypax
okpyxaromiei cpensl Hike 50 °C. [Tponecc mpouCXoaUT BO BCEM
00BEME TOpIoYero.

IlenHbie Hepa3BeTBICHHbIE peaKIUM.
B npuHIuIe 3Tot npouecc MOXeT MPOTEKATh YEPE3 MPOCTHIE TBOMHBIE
CTOJIKHOBEHHUS
H2+ C|2=2HC|
OpHako LEeMHbIE PEeaKIUU MPOTEKAIOT HACTOJIBKO OBICTPO, YTO OMMOJIEKYJIIpHasI
peakuys He UMEET HUKAKOTO 3HAYCHUSI
[TepBUYHBIMY AKTUBHBIMU LIEHTPAMU SIBIIIFOTCSI @aTOMBI XJIOpA MPHU CTOJIKHOBEHUU
C HEKOTOpO# TpeTbeid yactuueid M.. OOpa3oBaHHe aKTUBHBIX LIEGHTPOB Ha3bIBACTCS
peakuuyen 3apoxKIACHUs Lerer. Peakuyu, COIpoBOXKAAOIINE HCUE3HOBEHUE
CBOOOTHOM BaJICHTHOCTH HA3bIBAIOTCS PeaKIMAMU 0OpbhIBa Ienei

Cly+M — Cl+Cl+ M,
Cl+H, - HCl+H,
H + Cl, = HC1 + Cl,
Cl+Cl+M — Cly + M.
kl- KOHCTAHTa CKOpPOCTH HepBOI‘/'I p€aKuuu 1 T.A1.

Hcnonb3ys NpeamnoyioxkeHue 0 KBa3UCTAMOHAPHOCTH, NOIYyYaeM YPaBHEHHUS

JUIS CKOPOCTEH 00pa3oBaHUS M PACXOJOBAHUS MPOMEKYTOUHBIX KOMIIOHEHTOB
HuCl:

CrnosxeHue 3THX YPaBHEHUM JUI CKOPOCTH MO3BOJIAET IOJYUUTh BHIPAKEHUE
it koHreHTpanuu [C1]: )

K[CI2 = ky[Cly],  [Cl] = ’Ai_"_[cb].
Tm“rm RRINAXEHUE TTI1d CKONOCTHN Oﬁnﬂ'KORHHVIﬂ HC] TmUUMeET RUT

d[HCI] . :
== = kp[C)[Hy) + ks[H][Cly] = 2k, [CI[H,] =

2sy [ 1 [CL]Y2[Hy] = knon[Clo]/?[H). (7.10)
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Takum o0pa3om, CKOpOCTh 00pa3z0BaHMs XJIOPHUAA BOAOPOJA MOKHO BBIPA3UTh
yepe3 KOHIEHTpamuu ucxoanbix peareHtoB (H, wu Cl,). Konnenmus
KBa3UCTAI[MIOHAPHBIX COCTOSHUHN IMO3BOJISIET MOJIY4YaTh PE3YJbTaThl HECMOTPS
Ha TO, YTO UCXOJHAsI CHUCTEMa KUHETHYECKUX YPaBHEHHU MPECTaBIsET cOOOi
CUCTEMY CBSI3aHHBIX MEXAY co00i nudpepeHInanbHbIX YpaBHEHUH, KOTOPYIO
HENb3sl PElINTh aHAJTUTHUYeCKH. Kpome TOro, mpuMep peakuuu BOAOPOIA C
XJIOPOM MOKAa3bIBAET, YTO CyMMapHasi peakius

HE MOJAYMHIETCS 3aKOHY BTOPOTO MOPSIIKA MO KOHLEHTPAUH (KaK MOKHO OBLIO
Obl MHTYUTUBHO 0XUJaTh). B 3TOM ciydae nepBslif MOPsAI0K PEaKIUu MO
BOJIOPOZLY UY2 MOPSAAOK PEAKIIMH IO KOHIIEHTPALUH MOJIEKYJIIPHOTO XJIOPA.
DopMaIbHO MOYKHO MPEAIIOI0KUTH, YTO PEAKLIMHU UIET YEPE3 aTOM XJIOpaA.
OnHako, 3TO JMIIb YKA3bIBAET HA LIEMTHOM XapakTep peakuuu. Bnpouem
OTCYTCTBHE APOOHON CTEMEHH TaK)Ke HE YCTPAHSET BO3MOKHOCTD CJIOKHOTO
MEXaHNU3Ma C YYaCTUEM MPOMEKYTOUHBIX AKTUBHBIX BEIIECTB.

Jpyrou npumep LENHON HEPA3BETBICHHON PEAKIIUUA — PEaKIUs
OKMCJICHMS a30Ta, IPOTEKAIOIIEW B COOTBETCTBUU C YPABHECHUSAMU:

O+N,=NO+N-75kkan/moin

N+0O,=NO+0O+32kxkan/moib

CKOpoCTh peakunu JUMUTUPYETCS MEPBOU IK30TEPMUUYECKONU CTAIUEN.

Hcue3HoBeHME aKTUBHOTO LIEHTPA B DJIEMEHTAPHOM aKTe IPEBPAILCHUS
COIIPOBOJKIAETCS PEreHepatuer OJHOr0 HOBOTO aKTUBHOTO LIeHTpa. pyrou
kiacc nenubix peakui oTkpeIT H.H. CeMeHOBBIM. DTO pa3BEeTBICHHBIEC IIEITHBIC
peaKLMy, 3aKOHOMEPHOCTH KOTOPBIX PACCMOTPUM HA IIPUMEPE LETTHOTO
CaMOBOCIUIAMEHEHMS CMECH BOJOPOJA C KUCIOPOJIOM.

Camoyckopsilomiuecss XUMHYECKHE PeaKI U

CylecTBYIOT XUMUYECKHE PEAKIIUU, MEAJEHHO pPa3BUBAIONIUECS BO
BPEMEHU, U NMPOTEKAIIINE «B3PBIBOONACHO» C 3BYKOBBIM
CONPOBOXKJIEHUEM, BCUBIIIKON U T.1. B uem ux otnuune? OcoGeHHOCTH
B3PBIBHBIX peakuuil ormeueHsl bynzenom u Baut-I'opdom. B
3aBUCHUMOCTH OT TEMIIEPATYPbl CKOPOCTh pE€aKIIUU MEHSIETCSA OUE€Hb PE3KO
IIpU KAKOM-TO KPUTUUYECKOM 3HAUYEHUU. [ pemydas cMech KHCI0pOAA C
BOJOPOJOM MpHU aTMOC(HEPHOM J1aBJIEHUU BO3HUKAET MPHU 550°C. [Ipu
0oJiee BRICOKMX TeMIlepaTypax JaBJIEHUE PE3KO MOBBIIIAETCS, YTO
MPUBOJUT K MTHOBEHHOMY pa3pbiBYy cOCyAa.

Hmax, e3pvienasn cmecv xapakmepuzyemcs Haiudyuem memnepamypbl
gocniameHenus, npu KOMopou cKa4KkooOpa3Ho MeHsAemcs CKOpOoCmb
peaxkyuu u 0aeleHus 60CNiIaMeHeHus, KaKk KpUmudeckux napamempos.

B ocHoBe mpo1ieccoB ropeHust Jexar paJuKalbHO-IEMHbIE PEaKIIHH.
OO611ue 3aKkOHOMEPHOCTH MEXAHU3MOB TAKUX peakiuii OyyT pacCMOTPEHbI Ha

npumMepe BO,Z[OpOI[HO-KPICJIOpO,Z[HOﬁ CHCTCMBI. I[J'I}I HEC CIICAYET OTMCTHUTD
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0COOEHHOCTH MPHUCYIIHE BCEM B3PBIBHBIM PEaKLUSIM: HATUUYUEM IepHUoa
VHIYKIIMHU U CYIIECTBOBAHNE KPUTUYECKUX YCIOBUM. OUYeHb 4acTO B3PBIBHON
X0/l peaklMK O0BSICHAETCS LIEMHBIM XapaKTepOM U 3aBUCUMOCTBIO CKOPOCTH
Ipolecca OT KOHIUEHTPAlMU aKTUBHBIX LICHTPOB. B X01€ peakuuu KoJIU4eCTBO
AKTHBHBIX YaCTHI] MOKET YBEJIMUUTHCS MO0 B pe3yJbTaTe JUCCOLUALUU, TM00
IpY pa3BETBICHUH LienU. B Tabi. npeacTaBiaeHbl peakiiuu, HauboJiee BaXKHbIE
IJI STOU CUCTEMBI.

Tabnuna

Campble BaXXHbIEC PEaKIMU JJi BOCIIAMEHEHUS BOJIOPOIHO-KUCIOPOAHONU CMeCH
(0) H, + Q2 = 20He 3apoxeHne uenu (ckopocts | ).

(1) OHe +Hs =H:O +He  pacnpocrpanense nermu

(2) He +0;=0He +0O Pa3BEeTBJICHUE TIETTH

(3) 0] +Hz = OHe + He  paspersienue memnm

(4) He =1/2H, rubens nemn (rereporenHas)

(5) He + 03+ M =HO; +M  rubens uemu (rovorennas)

(1+1+243) [3Hy , +02=2He +2H,0

Mexanu3M BKIIOYAET CTaJUM WHHUIMAIUHA 1IEMH, B KOTOPHIX 00pa3yroTcs
XAMUYECKN AaKTHUBHBIC 4YaCTUIBl (paguKaibl, 0003HAadYaeMble TOYKOW) W3
cTabmIbHBIX KOMIOHEHTOB (peaknwus (0)); cTamwu pacnpoCTpaHEHHS IETH, B
KOTOPBIX  PEAKIMOHHBIE  MPOMEXKYTOUYHBIE  YACTHI[BI  PEarupyrT  CO
CTaOMJIbHBIMU KOMIIOHEHTaMU € OOpa30BaHHWEM HOBBIX AKTHUBHBIX YaCTHI]
(peakumst (1)); craguii pa3BeTBICHMS IEMH, B KOTOPHIX AKTHUBHBIE YaCTHUIIBI
pearupyror co cTaOMJIbHBIMU KOMIIOHEHTaMHU C 00pa30BaHUEM JIBYX aKTHUBHBIX
gactull (peakuuu (2) u (3)); craguii rubenau 1enu, B KOTOPHIX aKTHBHBIC
YaCTUIBl PEArupyroT CO CTAOMIBHBIMU KOMIIOHEHTaMH (C TOBEPXHOCTHIO
pPEaKIIMOHHOr0 cocyaa — peakuus (4) uiau B razoBoil ¢aze — peaxnus (5)).
Ecnu cinoxuth crtaauum pa3BuTHs (pacnopoCTpaHEHHUs) I[N W CTaluu
pa3BetBiieHus nenu (1 + 1 + 2 + 3), TO MOKHO BUJIETh, YTO B 3TOM MEXAHU3ME
pagukanbl 00pa3yloTcsi M3 peareHTOB. B COOTBETCTBHE CO CXEMOW peaKIuid,
MPECTABICHHONW B Ta0J., MOKHO TOJYYUTh CICAYIOIINE TPU KUHETUUYECKHUE
ypaBHEHUS [ CKopocTel oOpazoBanus akTuBHbIX yacTull H, OH u O:

d[H]

g = "1 [He[OH] + s[H][0] — ko[HI[O5] — ku[H] — ks[H][O-][M],
dt M = kz{HHOQ] =+ k:i[O][sz — ki [OH][HZ] 1T,
%Ql = k3 [H][O2] — k3[O][Ha].
OTH aKTMBHBIE YaCTHLBI ABJIAIOTCS NEpeHOCUYnKamu nenu (rae | — ckopocTs

nHunuanuu nenu). CxkopocTh oOpazoBaHUs CBOOOJHBIX BajgeHTHocTeu (He,
*0OH, O°) mony4aeTcs mMyTeM CYMMHPOBAHHUS ATUX TPEX ypaBHEHUU, IpUUYEM
aTOMBl KHCJIOpOJa JOJDKHBI YUYHMTBIBATHCS JBaXJbl (IBE CBOOOIHBIX
BAJICHTHOCTH Ha OJMH aTOM KHCJIOPOJaa):
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d([H] + [OEH +200D) _ 14 (2k2[0s] — ks — ks[O2)[M])[H].

Ecnu B kauecTBe rpy0o0i#l anmpoKcUManui KOHIIEHTPAIIMIO aTOMOB BOJIOPO/Ia
[H] 3amennTh KOHIICHTpanueh /n/ cBoOOAHBIX BajgeHTHOCcTeH [Ilomann, 1975],
TO MOJYIUM
‘%‘1 = I + (2k2[02] — k4 — ks[02][M])[n].
nuddepennairHOe YpaBHEHHE MOXKHO JIOCTATOYHO JIETKO MTPOUHTETPHUPOBATH.
Jlst HagambHOTO yCJIOBHS [N]i=o = 0 pe3yabTat OyAeT CIIeayIONIIM:

[nj=1I-t mpu g=f,
[n] = —= (1~ expl(f

rIe

f=2k[02] m g=ks+ ks[02][M]
O BBEeAEHBI 151 yaoocTBa. [lomy4atoTcs Tpu pa3indHbIe CIydasi, CXe-
MaTHU4Y€CKHU MOKa3aHHbIE Ha puc. 7.18.
Hnst g > fOKCIOHEHIMAIBLHBIM YIEH CTPEMUTCA K HYJIIO C POCTOM
BPEMEHM peakunu. J[JIs 4aCTUL-IEPEHOCUMKOB LIEIH MTOJYy4aeTCs HE3aBUCUMOE
OT BPEMEHH CTAlMOHAPHOE PEIICHUE, U B3PBIBHOTO pa3BUTHUS MpoIecca He
MIPOUCXOJIUT:

=
i ipenenbHOTOo ciydas g = [ MOJIy4aeTCsl JUHEUHBIN POCT KOHLIEHTPALUU

[I’l] JaCTULI-IICPCHOCUYUKOB LI CO BPCMCHEM.

B cayuae g < f yxke yepe3 KOpOTKOE BpeMs €IMHUIIEH MOXKHO peHeOpeyb 1o
CPaBHEHUIO C SKCIOHEHIIMAIbHBIM YWICHOM; B PE3yJIbTaTe MOJy4aeTcCs
AKCIOHEHIIMAJIbHBIA POCT KOHIEHTPAIMU PaJUKaJIOB, T.€. IPOLECC
npuoOpeTaeT xapakTep B3phIBa:

[n] = fiiq (1 —exp[(f — g)t])-

[n]
g</] a=/

Puc. Cxematnueckas WUTIOCTpaIUs MOBEJIECHUS BO BpEMEHU
g>7 HOCUTENEN LETH.

i

9T10 IMpOCTOC ONMMCAHUEC ITOKA3bIBACT, YTO CTAAWUN PA3BCTBIICHUS LCIIH Hanboee
BAXHbI B IIpoHeccax ropcHusl, u OCO6CHHO, B IIponeccax BOCIINIAaMCHCHHUA.

Ha wnHavanbHOU CTaauM XHMMHUYCCKas OHCPIrUud MCXOAHBIX BCHICCTB
MNEpexXoJuT HEC B TCINIOBYIO, @ B XUMHWYCCKYIO OHCPTUIO aKTHBHBIX YaCTHUII.
9T1OT HHTCPBAJ HA3bIBACTCA MCPUOAOM HWHIYKIHU. T.e. nepuoa MHAYKIHUU
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9TO IIPOMCIKYTOK BPEMCHM OT Ha4dalla CaMOpa3orpCBaHusA TOprodcro g0
IMOABJICHUS IIJIaMCHU.

OT BEeTUUYMHBI Nnepuoaa HHAYKIOHUH 3aBUCAT MEPhI HpO(pI/IJ'IaKTI/IKI/I.

CaMoyckopeHHe pa3BETBICHHON IEMHOW PEaKIuy CBSI3aHO C TEM, UTO
CKOpPOCTh THOETM aKTUBHBIX YACTHUI[ MEHBIIIE CKOPOCTH UX 00pa30BaHUS.

Ecnn BeposSTHOCTh MPOJOJKEHUS LIETIEH BBIIIE BEPOSTHOCTU MX OOpHIBa,
peakuus MpOXOAUT 10 KOHIA, T.€. 0 MOJHOI0 PACXOJ0BAaHUS PEarcHTOB.

B Hacrosiee BpeMsi HET TBEPIO YCTAHOBIIEHHBIX CXEM MEXaHU3Ma
OKHCJICHHUS OOJBIIMHCTBA TOPIOYHX BeIeCTB. TOIBKO MEXaHNU3M OKUCICHHUS
BOJIOPOJIa C XJIOPOM M KUCJIOPOAOM Hanbosee HIMPOKO U3yUEH U MOXKET CUUTAThCS
JIOCTOBEPHBIM.

Hauanvnas memnepamypa okucienus

HavanbHas Temneparypa OKHCIEHUS TOPIOUYUX BELIECTB 3aBUCUT OT
CTPYKTYpPBI UX MOJIEKYJ M MOJIEKYJISIPHOTO BECa.

1. Tak, B KaKJIOM TOMOJIOTHYECKOM psAJly HaualibHas TeMIlepaTypa
OKHUCJICHUS! TOMOJIOTOB MOHMKAETCA C YBEJIMUEHUEM UX MOJIEKYJISIPHOTO Beca.

W3 mpenenabHbIX YIIIEBOAOPOJOB HanboJee YCTOMUUBBIM K OKHCIECHUIO
aBisieTcst MeTaH. Toabko npu Temrneparype Bbie 400° mpoucxXoauT ero
okucienue. Cpenu NpoAyKTOB OKMCIICHHUS MeTaHa OOHApy>KEHbI MypaBbUHBIN
aJIbJICTU]], MypaBbUHASI KUCJIOTA U BOJOPO/I.

UYewm BblIIIe MOJIEKYJISIPHBIN BEC OKUCISEMBIX YIJIEBOJOPOIOB, TEM MEHBIIIE
oOpaszyercsi KUCIOPOI0COAEPKAINX BEIIECTB C TEM K€ YIIIEPOIHBIM CKEJIETOM,
4TO M Y UICXOJHOTO yriieBoopoia. OOBsACHAETCS 3TO HE TEPMUYECKUM PacajioM
CaMOT0 OKHUCJISIEMOTO YIJIEBOJIOPO/a, @ 00pa30BaHUEM B MIPOLIECCE OKUCIICHUS
YIIIEBOIOPOa HECTOMKUX COSIMHEHUH C MOCIETYIOIINUM UX Pa3I0KEHUEM.

2. YTIeBOI0pOABl H30CTPOCHUS OKUCTISIIOTCS TPYAHEE, YeM HOpMaJbHbIC.
Yem pa3BeTBICHHEE YTIACPOAHBIN CKEIET MOJICKYJIBI, TEM TPYJHEE OHA
OKHCIISIETCSI.

3.0KucieHne HenpeAeabHbIX YIIIEBOJOPOI0B POTEKAET Mpu Oosee
BBICOKHX TeMIIepaTypax, YeM MPeAeNbHbIX, XOTS OHU U UMEIOT JBOMHYIO CBS3b.

4. OkucineHnue apoMaTUYECKUX yIieBOI0POIOB IPOUCXOIUT Mpu Oosiee
BBICOKHX TeMIIepaTypax, YeM MPeAeTIbHBIX 1 HEMPEAEIbHBIX, COACPKAILIUX TO K€
YHCIIO YTIAEPOAHBIX aTOMOB B MOJIEKYJIE.

Oxucienue 6eH3051a IPOUCXOAUT IpH TeMiieparype Bbiiie 500°, a rekcanHa—Ipu
300°. ApomaTtrueckue yriieBoJI0pOIbl ¢ OOKOBOM HETbI0 OKUCISIOTCS MPHU OoJiee
HHU3KOM TeMIEpaType.

5.Kucnoponocoaep:xaiiye OpraHu4ecKiue COeAMHEHUS OKUCISIOTCS OOBIYHO
npu OoJiee HU3KUX TeMIlepaTypax, 4YeM IMpeeiabHbIe YTIIEBOIOPOIbI C TEM Ke
KOJIMYECTBOM YTIIEPOAHBIX aTOMOB B MOJIEKYJIE

Takum 00pa3om, HayaJIbHAsl TEMIIEPATYPa OKUCICHUS TOPIOYMX BEILECTB
HEOJIMHAKOBA U 3aBUCUT KaK OT JHEPTUM CBSI3U MEXY pa3IMYHbIMU aTOMAMU B
MOJIEKYJIE TaK U OT MOJIEKYJISIPHOTO Beca. BemiecTBa HavanbHas TeMneparypa
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OKHUCJICHUA KOTOPBIX HU3KAs, IIPCACTABIIAIOT HaI/I6OJ'IbI]_Iy}O OIIaCHOCTB, 0o
HCKOTOPBIC N3 HUX CITOCOOHEI B MpoHecCC OKUCIICHUA CAMOHArpeBaTbCA, 4YTO
HHOrga BEACT K BOBHUKHOBCHHUIO T'OPCHUS.

CamoBOCIUIIaMEHEHHE MOXXET OBITh MO3TOMY TaKXe U TeruioBoe . llpwu
TEIJIOBOM CaMOBOCIUIAMEHEHUU MPUUYMHOW YCKOPEHUS PEaKIMU OKHCIICHUS TPHU
YBEIIMYCHUHU TEMIIEPATypbl M BO3HUKHOBEHUM TOPEHUS SIBJISICTCS MPEBBILICHUE
CKOPOCTH BBIICJICHHUS TEIUIa HaJ CKOPOCTHIO TEILIOOTBOAA, (@ MPH IETHOM —
IIPEBBINIICHUE BEPOSTHOCTH TPOJIODKCHUS TSN Hall BEPOSITHOCTHIO UX OOpBIBA).
OOBIYHO Yalle TOpEeHUE BOSHUKACT B PE3yibTaTe TEIJIOBOTO CAMOBOCIIAMEHEHUS,
XOTSI CaMO XMMHUYECKOE MTPEBPAIIEHNUE TTPU 3TOM MOXKET IMPOTEKATh B BUJIE LIEITHBIX
peakuuii. H.H. CeMEéHOB mepBbIM MOKa3aj, YTO B XHUMHYECKHUX CHCTEMax, B
KOTOPBIX BO3MO>KHA PA3BETBIIEHHAsA LIEMHAsI PEAKIMsA, CAMOYCKOPEHHUE PEaKlnH,
MPUBOJSIIEE K CaMOBOCIUIAMEHECHHUIO, MOKET IPOM3O0MTH NIPU IMOCTOSHHOMU
Temrneparype. Takoe camoBoCIIaMEHEeHHE ObLJI0 Ha3BaHO IIETTHBIM.

UToOBI peaynpeanTh BOSHUKHOBEHUE T0Kapa, HY>)KHO 3HATh €ro MPUYUHY.
Jns kinaccuukauud BEUIECTB MO CKJIOHHOCTH K CAaMOBO3TOpaHUsS CIEAyeT
ySCHUTh, KaKu€ HMMEHHO NapaMmeTpbl yuuTbiBatoTCs. OOpaTuTe BHUMaHUE Ha
HEKOTOPYI0 HEOJHO3HAYHOCTh TPAKTOBKM IIOHATHM «CaMOBO3TOpaHUE» U
«CaMOBOCILJTAMEHEHHE» B pa3HbIX UCTOYHMKAX. [log camoBo3ropanremM Mol Oyaem
IIOHMMATh NPAKTHYECKU TO K€, YTO M CaMOBOCIUIAMEHEHWE, HO B ClIyyae, €Cliv
IPOLECC CaMOHAarpeBaHus HayuMHaeTcs O0e3 KakKoro-imbo JOMOJHUTEIHHOTO
HarpeBa, T.€. IIPU TEX TEMIIEPATYPHBIX YCIOBUAX, KOTOPBIE MOTYT CIIOKHUTHCS IpU
IIEPEBO3KE, XPAaHEHNUH, BHYTPU ITIOMEILICHUM.

Cnenyer yTOYHUTH, UTO CaMOBO3rOpPaHUE SBISAETCS OJHUM U3 BHJIOB
BO3HMKHOBEHHUSI TOPEHUS, OOBSCHUTH CYIIHOCTh JTOr0 TMpoIlecca, VYSICHUTH
MPUYUHBI U YCIIOBHS, IPUBOASIIME K CAMOHAIPEBAHUIO TOPIOYEH MAcCChl, a TaKkKe
BIIMSAIONIME Ha TEepuoj HMHAYKIUMU. VIMEHHO B 3aBUCUMOCTH OT 3THX MPUYUH
KJIACCU(ULIUPYIOTCS BU/IbI CaMOBO3rOpaHus, pa3pabaThIBatOTCA
npoUTAKTUIECKUE MEPBI.

OnpenenéHHpli BUJ CaMOBO3TOPaHHS B «YUCTOM BHJIE» BCTPEUYACTCS
JIOCTATOYHO PENIKO, Yallle Ha HAYaJIbHOM JTale noabéma temrneparypsl. [loatomy,
u3ydasi 0COOEHHOCTH Ka)KJOT0 M3 HUX, HEOOXOJIUMO Pa3rpaHUYUTh BECH IPOLIECC
Ha  OTHEJIBHBIE  JTaIlbl, KOTOPBIE  XapaKTEPU3YIOTCS  OINPEACIEHHBIM
DK30TEPMUYECKUM apdexrom: KU3HENIEATEIILHOCTh MUKPOOPraHU3MOB,
ancopOuusi, OKUCICHUE Ha BO3JyXe, XUMUYECKOE B3aUMOJEHUCTBUE, Pa3IOKEHUE,
NOJINMEpU3ALUS U T. 1.

Ha ocHoBanuu (pakTopoB, BAMSIOUIMX Ha CKOPOCTh PEaKIM, U3yUYEHHBIX B
npeaplIylield TeMe, 1 0OCOOEHHOCTEN CaMOBO3TOpaHUsl BELECTB Ka)AOW IPYIIIbL,
MOKHO YCTaHOBUTb U OOBSICHUTH (DAKTOPBI, BIUSIOLUIME HA CKOPOCTh U camy
BO3MOYKHOCTh CaMOBO3rOpaHusi. B KaXJoM pealbHOM cilydyae TakuxX (PakTopoB
MOKET OBITh MHOKECTBO C CAMbIM HENPEABUIACHHBIM HMX COYETAHHEM, KaK I10
BPEMEHU MOSBJIEHUS, TaK U MO MPOJAOHKUTEIEHOCTH BO3IEHCTBHUS.
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Buowvt ucmounuxos 3axcuzanus u ux eocnjiamenAarnuian CRHOCOOHOCM .

HOI[ HNCTOYHHUKOM 3a’KUI'aHUA (BOCHH&MCHCHI’IH) IMOHUMACTCA TopAlIce HIIN
HaKaJIEHHOE TCJIO0, a TaKXC E)JIGKTpI/ILICCKI/II\/'I paspiaa € 3armaCcoM JHEPruu M
TeMnepaTypoﬁ, A0CTAaTOYHBIMH I BOSBHUKHOBCHHUS IT'OPCHUA APYTUX BCIICCTB.

[Ipomecc BoOcIUIaMEeHEHHs OrpaHWYeH dacThlo o00BéMa [.B., mpum
BOCIUUJIAMEHEHUU YJeJIbHasi MOBEPXHOCTh TEIJIOOTBOJA OOBIYHO BBILIE, YEM MpPU
CaMOBOCIVIAMEHEHUH, U YCKOPEHHE pPEaKIMM OKHUCIICHHMsS] HauMHAeTcs Mpu Oojiee
BBICOKOM TeMIEepaType.

Hckpa, oOpa3oBaHHasi MPU TPEHUHU, MOXKET BOCIUIAMEHUTH Ta30BO3TYIIHBIE
CMECH, BOJIOKHUCTBIC W MEIIKOPa3ApOOJCHHBIE MaTepHUalibl, MUMEIONIUE MaTyIo
TEIUIONPOBOJAHOCTh (XJIOMOK, TKAaHW, CEHO U T.N.). MUHUMAaiIbHas D>HEPrUs
3aKUTaHus i Ta3oB MoxeT ObiTh 0,2-0,3 k. Ilmams mpeactamisieT coOoi
BBICOKOHATPEThIE€ Ta3bl M SBIACTCS OOJee MOIIHBIM HMCTOYHUKOM 3a’KUTaHUSA,
MIOATOMY MOKET BOCIJIAMEHUTh MHOTHE KUJKUE U TBEPJIbIC BEIIECTBA.

MOIIHOCTh 3JEKTPUYECKUX UCKP 3aBUCUT OT MapaMeTPOB SJIEKTPUUYECKOU
LEIH.

Bocmiamensromnass crnocOOHOCT, MCTOYHHMKA 3a)KUTaHUS 3aBUCUT OT
KOJIMYECTBA DHEPIUM, IEPENABAEMOTI0 K TOPHOYEMY MaTepualy 3a BpEMsS €ro
BO3JICUCTBHS, a TaKXKe oT camoro I'B u ero cocrosinus.

Temnepamypuolt 60CNIAGMEHEHUA U CAMOBOCHIAMEHEHUS.
Cornacuo ['OCT 12.1.044-89

TemnepaTypoit  BociuilaMeHEHWs]  HasbiBaeTCsl  (t,,.. ) HaWMEHbIIAs
TeMIIepaTypa TOPIOYEro BEHIECTBA, MPHU KOTOPOM B YCIOBHUSX CIEHHUATbHBIX
VCMBITAHUWA BEIIECTBO BBIICISIET TOPIOYME Mapbl WM ra3bl C TAKOM CKOPOCTHIO,
YTO IMOCJIE UX 3aKUTAHUS BOSHUKAET YCTOWYHMBOE IIJIAMEHHOE TOPEHUE.

Temneparypoil camoBocmIaMeHeHHs Has3biBaeTcs (t,_ ) camas HH3Kas
TEMIIEPAaTypa BEILECTBA, NPH KOTOPOW B YCIOBUSAX CIIEHUAIBHBIX HCIBITAHUN
IPOUCXOANUT PE3KOE YBEIMYEHHE CKOPOCTH DK30TEPMHYECKMX  PEaKIMi,
3aKaHYMBAIOIINXCS IJIAMEHHBIM TOPEHUEM.

3HaueHue t. cleAyeT MPUMEHATH MPH OIEHKE TMOXKapo- B3PHIBOOMACHOCTH
BEIIECTB, MPH OIpENeNCHUH TPYIIbl B3pbIBoomacHoi (B/0) cmecu mo ['OCT
12.1.011-78 nns BBIOOpA THIA B3PBIBO3AIIUIIEHHOTO 3JIEKTPOOOOPYI0BAHUS, TIPU
pa3pabOTKe MEpONpHUATHI 1O OOECMEYEHUI0 T0KapO- B3PHIBOOE30MACHOCTH

TEXHOJIOTMUYECKUX MPOIeccOB B cooTBeTcTBUU ¢ TpeboBanusamu ['OCT 12.1.004-84
u 12.1.010-76.

Ha BenuuunHy t, KOHKPETHOTO BELIECTBA BIMSIOT
1. O6BEM U CKy4YEHHOCTH (OTHOIIEHUE 00BEMA K TIIIOIIATH )
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2. CoctaB cMecu  (t, MUHMMAaJIbHA MPU CTEXUOMETPUUYECKON KOHIIEHTPALIMH, CM.
4.2))

3. aBnenne (poct P cHmkaer t. )

4. KaTanu3aTtopbl CHUXKAIOT t.

5. U3Menbu€HHOCTh CHMIKAET t..

IIpeoopazoBanue [[.A. ®pank-KameHenkoro

Cnennduka B3pBIBHBIX PEAKIINN OUYCHb CHJIBHO CBSI3aHA C TEM, YTO
CKOPOCTb MPOLECCOB 3aBUCHUT OT TEMIIEPATYPHI B COOTBETCTBUU C 3aKOHOM
Appennyca. [ToaTomMy 1714 KOJIMYECTBEHHOTO ONMCAHUS MPOLECCOB TOPEHUS
HEOOXOMMO OTepUpoBaTh GYHKIUSIMHU TUIIA e ERT, ®pank-Kamenenkuii BBea
YIPOIIEHHUS, TO3BOJAIONINE AHAIN3UPOBATh 3aKOHOMEPHOCTH MPOLIECCOB
CaMOBOCIUIAMEHEHUS U TOPEHUA U MOJIy4aTh JOCTOBEPHBIE U U3SAILIHBIE
pe3yiabTaThl. Pazdepem nBa npumepa.

1. Ilpuébnusncennan 3amena cmenenHnoll QynKkyuei

IKCNOHEHUUATIbHYIO.

T"=C ¢*R7

Hatinem xonctantel C u E.Ilponorapudmupyem.

m InlelnC - E]_/RT;L

m/T,= E4/RT,’

N3 5TuX ypaBHEHUH CIEAYET,4TO

E.=mRT., C=(e Tl)m

[TonmcraBisisi mosydeHHBbIE 3HAUCHUS, HAXOAUM, 4TO BOMM3u T=T,

TmzemTlme-mT/T

Takum 06pa3zoM, yacTo BCTpeUarolleecs B KHHETUYECKUX (popMymax
IIPOU3BEAEHHUE B HEKOTOPOM MHTEPBAJIE TEMIEPATYP MOXKHO
NpUOINKEHHO MPUPABHATH

[IpousBens pacyeTsl , MOJCTAaBUB B (POPMYITy SKCIIOHEHTY U CPaBHUB UX
CO 3HAYEHUSIMU MOJYYEHHBIMU B COOTBETCTBUU C MEPBHIM
npubnmxkenueM dOpank-KameHenkoro onpeaennay, 4To B UHTEpBaje
200°C ommbKa MOXeET COCTAaBIATh OKOIIO 1%, a B VHTEpBaje 400°C
TOYHOCTb PACUYETOB HAXOAUTCS B npeaenax 5%.

2. Ilpeobpa3zosanue appenuycoeckoii memnepamypHoil 3a6UCUMOCHU
6 IKCHOHEHUUATIbHYIO.

Opank-KameHeukui npeanoxuia 3aMeHUTh (QYHKIIUIO

W(T)=C ¢“R" ua W' (T)=CeTT/®

KOTOpast BeChMa GJIM3Ka IIPH COOTBETCTBYIOMIMX 3HAUCHUAX KOHCTAHT C

u © 1 HEKOTOPOM MHTEpBaje TeMIepaTyp BOIU3M KaKOH-Tn00 3a1aHHON

temieparyps! T;.
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UToOBI TPOU3BECTH TAKYIO 3aMEHY

PaccmoTpum nBa ciydas: TOMOT€HHOE BocIiaMeHeHue [Semenov, 1935] u
reTeporeHHoe Bociiamenenue [Frank-Kamenetskii, 1955].

Ecnu TennooOmeH B pearupyromeid cucteme ObICTpee, YeM TEeII000MEH C
OKPY’KaIOIIUM MPOCTPAHCTBOM (CO CTEHKAaMH COCyJla U TOMY MOJOOHOE), TO
oonpmie moaxoaut teopus CemenoBa. Teopuss ®dpank-Kamenerkoro mydiie
OMMCHIBAET TPOIECCHl BOCIUIAMEHEHHS B CiIy4asX, KOIJa TEIUIOOOMEH C

OKpYXalOIlUM  MNPOCTPAHCTBOM  OBICTpee, YeM TEeIUIOOOMEH  BHYTPH
pearupyromen CUCTEMBI.

TensoBoi B3pbIB: aHaau3 CeMeHOBA

B cBoem ananuze TtemnoBoro B3peiBa CemeHoB (1935) paccmarpuBan
MPOCTPAHCTBEHHO OJHOPOJHYI CHCTEMY, T.€. CHUCTEMY C IOCTOSHHBIMU
JaBJI€HUEM, TEMIEPATypol U cocTaBoM cMmecu. Kpome TOro, Xumuueckue
MPOLIECCHI AMMPOKCUMUPOBAIUCH OJHOCTAIUNHON peakuen

['oprouee (I')—IIpoxyxTer (I1)
CO CKOPOCTBIO peaKMU NEPBOrO MOPSAIKA:

e ——Mﬁ’.yﬁlexp(—%),
rie Mg — MonspHas macca, Cg — KOHUEHTpauus TOIUIMBa, A — Tpen-
DKCIIOHCHUMAIbHBIM MHOXWTENb, £ — »dHeprus axtuBanuu. Ha paHHUX
CTaIMAX BOCINIAMEHEHUs pacXOJ0BaHHE roprodero Mano. Ecin pacxomoBannem
peareHra MOYKHO npeHedpeyb ~ HayvaJjbHas

KOHLEHTpALMs), TO CKOPOCTh pEaKLUU PaBHA

r=—pA exp(u%)
Jluis omucaHus MOTOKa TEIUIa J, B OKPY’KaoIlee MPOCTPAHCTBO HCIOJIB3yETCs
3akoH HproTOHA 11 TemiooOMeHa, T.€. TEIJI000OMEH ¢ OKpYsKarolleh cpeaoit (¢
MOBEPXHOCTHIO PEAKIIMOHHOT'O COCY/1a) MPOIMOPIIMOHATIEH PA3HOCTH TEMIEPATyp

MEXY pearupytouiei CUCTEMOU u OKPYXKaIoIIUM

MIPOCTPAHCTBOM:
poctp (10.4)
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3neck T 0003HAaYaeT MPOCTPAHCTBEHHO OJAHOPOJHYIO TEMIIEpaTypy B CHCTEME,
T, — teMmepaTypa CTEHKH COCYyJAa, S — IUIOLIAb MOBEPXHOCTU CUCTEMBI, X —
ko3 dumment temroormaun (Br/mM%). DTO HOCTATOYHO NPOCTOM MOAXOX (B
CTAallMOHAPHOM COCTOSIHUU He TpeOdyeTcs paccMarpuBaTh AuddepeHInaIbHoe
YpaBHEHHE), HO LIEHOW MOAOOHON MPOCTOTHI SBISETCS TO OOCTOSATENHCTBO, UYTO
K03 PUIHMEHT TEMI00TAAYMU X 3aBUCUT OT (PAKTUUECKUX YCIOBUH, OCOOEHHO OT
reoMeTpuu. BpemeHHOe TOBeleHHE TeMIepaTypbl MOXHO BBIYHCIUTH U3
HapyuieHus OanaHca BeieneHus temia P u tenmooOMena (motepu Temna) L ¢
OKPYXKAIOUIEH Cpenou:

(10.5)

KauecTBeHHOE MTOBEICHNE CUCTEMBI MOYXKHO MOHSTH, €CIH OTJIOKHUThH Ha rpaduke
NIOBE/ICHUE YJIEHOB, OINHKCHIBAIOIIMX BBIJICIICHUE W NOIVIOLIEHHE Temia (puc.
10.1). Ynen, onuchiBaONIUK MOIJIOIEHUE TEILIA, TUHEHMHO BO3PACTAET C POCTOM
TeMIlepaTyphbl, KaK 3To cieayeT u3 cootHomeHnus (10.4), B To Bpemsi Kak YJi€EH,
ONMCHIBAIOIINN BBIJAEIECHHUE TEIJIA, PACTET SKCIHOHEHIMAJIbHO C TEMIIEPATypOM
(coornomenne (10.3)). Kpusbler, p, uw p, JEMOHCTPUPYIOT TEMIIEpATypHBIE
3aBUCMMOCTH JUISL  pa3jIMYHBIX BEJMYUMH HHEPruu aKTuBauum FE U

NPEAIKCIIOHEHINAIbHOTO MHOXKUTEINS A.
PL P,
A

Heycrofungasn
CTALHOHAPHAR
TOUKA

-~ Yeroitunean
- CTALMOHAPHAN TOYKA

Puc. Cxemarndeckasi WIUTIOCTpAIUs TEMIIEPATYPHBIX 3aBUCHMOCTEH TeTl-
JoBBIICNICHUS P (CIUIOIIHBIC TUHUN) U TerionoTepsb L (TyHKTHD)

Paccmorpum BHauane kpuByroP:;. Korma onHa mnepecekaer kpuywo L,
TEIJIOBBIACIICHUE M TIOTEPU TEIUIA pPaBHbl. Takue TOYKU NEPECECUEHHUS
Ha3bIBAIOTCS CTalMoOHapHbBIMU. HaOmromaroTcs JBe CTalMOHApHBIE TOYKHU
(Tsy u Tsp) . Ecnm cuctema uMeeT TeMmmeparypyr < Ts,, TO TMpeoOiamaeT
BBIJICJICHUE TENJIa UM TEMIepaTypa CHCTEMBI BO3pAacTaeT A0 TE€X IMOp, MOKa
BbIJICJICHUE TeIia He Oy/IeT CKOMIIEHCUPOBAHO MOTEPSMU Teljia, T.€. MOKa He
Oyner mOCTHUTHyTa TemmepaTrypars,. Jias Temmepatyp mpeobiiagaior
NOTEpPU TEIJIa; CUCTEMAa OCTBIBAET OO0 TE€X TMOp, IOKa HE JOCTUTHET
CTAallMOHAPHOTO COCTOSIHUAT = Ts,. louka T =Ts: Ha3bIBa€TCA yCTOWYMBOU
CTallMOHAPHOW TOYKOM, a Touka I = =Ts2 — HEYCTOMYMBOMN CTALIMOHAPHOM
TOYKOH.

Ecnu cucrema umeer remneparypy 7 > TS,2, nmpeobiianaeT TeTIOBBIACICHUE.
TeMmmepaTypa cCHUCTEMBI BO3PAacTaeT, €Ime OOJbIIE YCKOPSAET XUMHUUYECKYIO
pEaKUHIO, U MPOUCXOAUT TETIJIOBOM B3PHIB.
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Touka T = Tm saBnsgeTcs MeTacTaOWIbHOW Toukou. JIt0oO6oe OTKIOHEHHE
TeMneparypbl OT 3HaueHus 1 = 7Tm 3acTaBise€T CUCTEMY HU3MEHSITHCH.
beckoHeYHO Manoe BO3pacTaHHWE TEeMIIEpaTypbl MPUBOJUT KO B3PBIBY,B TO
BpeMsl KaK OECKOHEYHO Majio€ YMEHBIIIEHUE TEeMIEpaTypbl CHHXKAET CKOPOCTh
TEIUIOBBIACIEHNUSI CHIIbHEE, YE€M CKOPOCTh TEMJIONOTEpPb, TaK 4YTO CHCTEMA
ABOJIIOIIMOHUPYET K YCTOMYUBOM CTaOMIBLHOM TOUKE Ts.1:

Kak MOXHO BUAETH U3 PUC., CYUIECTBYIOT KpUBbIe (HampuMep,p,), KOTOpbIe
HE mepecekaroTcs ¢ auHuen L, onuceiBaroniedi reronepenady. B atom ciyuae
CTallHOHAapHasg TOYKAa OTCYTCTBYET M TEIUJIOBBIICICHUE BCEra IPEBBIIIACT
CKOPOCTh OXJIAXJEHHUs; CHUCTEMA B3pbIBA€TCSd NpU JIOOBIX HayaJbHBIX
TeMmnepaTtypax. s anmabaTudyeckux CUCTEM TeIJIomnepenada paBHa HYIIO W,
TakuM oOpa3om, Jro0as SK30TepMHUYecKas anuabaTudeckas cucrema Oyner
B3pbIBaThCA. Kpome toro, u3z puc. 10.1 BUAHO, YTO CyHIECTBYET KpUTHUYECKas
KpHBasi TEIUIOBbIAEIEHU (F2), KOTOpas MepecekaeTcss ¢ KpuBol L TOIbko B
OJIHOHM TOUYKE.

TensoBoii B3pbIB: aHaau3 Ppauk-Kamenenkoro >

Amnanu3 TerioBoro B3peiBa dpaHk-Kamenenkoro (1955) pacmupsier ananus
tensoBoro B3pbiBa (CeMeHOBa myTeM 3aMeHbl 3akoHa HprotoHa pos
termonepenaun (10.4) nHa Oosiee peanucTuyHbli 3akoH Dypbe, KOTOPHIU
JIOITyCKaeT NEpPEHOC SHEPrMM B CHCTEME K CTeHKaM cocyaa. Kak ciencrtsue
TeMmIeparypa B CHUCTEME He€ OJHOpojHa. Jlnsg mpocTOTHl paccMOTpPEHUE
OTPaHUYEHO OJIHOMEpPHOW reoMmeTpueil (MJIOCKOH, NUIUHAPUYECKOW U
chepudeckoit). 3anuieM ypaBHEHHE COXPAHEHUS dHEPTHUH JUISI OJTHOCTAANIHON
peaknuul — PB Buze

Adird o pA(hp — hy) exp(—%).

v dr?
[Tokazatens crenenn % B ¢Gopmyse IaeT BO3MOKHOCTb PACCMOTPEHHS TpPex
OJHOMEpPHBIX reoMmeTpui:i= (0 i IUIOCKOM TreoMeTpuu OEeCKOHEYHOMU
NJACTUHBL, ;= | ISl UUIMHIPUYECKOM TeOMETpHUM (3aBUCHUMOCTH TOJIBKO OT
paauyca HUIUHIApa) W i=2 i cPepuyeckod reoMeTpuu (3aBUCUMOCTH
TOJBKO OT paauyca cdepbl). ITU pa3IUdyHble T€OMETPUU TNOKa3aHbl HAa PUC.
10.2.

Puc. 10.2. OprOMEpHBIC TEOMETPUU: a) IIOCKAS TEOMETPUS; 6) ITUITHHIPHUICCKAS
reoMeTpusi 0ECKOHEUHOTO IIMIIMH/IPA; B) CheprudecKas FreoMeTpust

Ecin  xapakTepHble BEJIWYMHBl PEAKUMOHHOM  CHUCTEMBI  HM3BECTHBI
(he, hr, p, A, A), TO MOKHO BBIYHCIHTH TEMIIEPATyPy CTCHKH T, JJIs
PEAaKIIMOHHBIX COCYJIOB pAa3JIMYHBIX pa3MEPOB , NOPU KOTOPOM cucTEMaA
cTaOuWJIbHA U TEIMJIOBOTO B3PhIBA HE MPOUCXOIHUT.

HenocratkoM aHanu3a TemnoBOoro B3pbiBa 10 Ppank-Kamenenkomy
SABJSIETCS JOMYIIEHUE O TOM, YTO PEareHTbl HE PaCXOAYIOTCS. YIIy4LIEHUs
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JAHHOTO TOJXOJa CBSI3aHbI TJIABHBIM 00pa30oM C OTKa30M OT 3TOTO MpPej-
noynoxxenus (Hanpumep, [Boddington et al., 1983; Kordylewski, Wach, 1982]).

OCHOBHOH MOJIyYE€HHBIN 37€Ch Pe3y/bTaT 3aKII0YAeTCS B CIEAYIOIIEM: IS
BOCIIAMEHEHHsT HEoOX0auMMO, uTOObI BBIJEICHHE Tella B  Mpolecce
XUMHAYECKUX PEaKIMii B CHCTEME ObLIO OOJIbINE, YeM CKOPOCTh TEIIONepeHoca
U3 CHCTEMBI B OKPYXKaIoIiee MPOCTPAHCTRO.

TEOPUSA AETOHAIIUMN B3PBIBYATBHIX BELHICTB
HekoTopsbie cBOMCTBA B3PHIBYATHIX BelllECTB

B3preiBuatsie Bemecta (BB) non nefictBueM HauyaabHOTO UMITYJIbCA
(HakoJa, HarpeBa, yJapHON BOJIHBI U T. [I.) CIIOCOOHBI K OBICTPOM XMMHYECKON
peakuu, GPOHT KOTOPOM B TBEPBIX U KUIKUAX BEIIECTBAX MOXKET
pPacIpoOCTPaHATHCA CO CKOPOCTAMHU 110 9 kM/c. Takoi OBICTPHIN mpoIecc
XUMHUYECKON peaKMi Ha3bIBAETCS JETOHALIMEH.

[Tpu onpenenéunnix ycnopusix BB criocoOHbI kK ycTounBOMY ropeHuto. B
ATOM clTydyae CKOPOCTh TOPEHHUsI PU aTMOCHEPHOM JIaBJIEHUU UMEET MOPSIIOK
CaHTUMETPOB B CeKYH1y. CKOpPOCTh rOpPEHUS PONOPLIMOHAIbHA TABIECHUIO
OKpykaromeu cpeapl. [lpu onpenenénubix yeinoBusax ropeaue BB Mmoxer nepentu
B JIETOHALNI0. MexaHu3M TOPEHHUsI BEUIECTB OTIANYAETCA OT MEXaHU3Ma
neroHauud. [Ipu ropeHun nporecc nepeaadyu 3JHEPrun OT TOPSAYETO CIIOs BEIIECTBA
K IPYTUM CJIOSIM BEIIECTBA OCYIIECTBIISIETCS 3@ CUET TEIIONPOBOAHOCTH,

G Gy3un 1 U3ITy4EHUS.

OO0111ee KOJIMYECTBO SIHEPTUH, KOTOPOE BBIAEIAETCA MPH JETOHALIUU OJTHOTO
xkuiorpaMmma BB otHocutensHo HeBenuko 1000-2000 kkai; a, Hanpumep, npu
cxurannm 1 kuimorpamma OeH3uHa (6e3 yuéra Beca KMCIOpo/ia BO3TyXa)
Boiiensiercst 10000 kkad.

Ho s dexT neficTBus Ha OKPY’KAIOIIYIO CPEAY B ATHUX 000X CITydasx
(IeToHaIUs ¥ TOPEHUE) CYIIECTBEHHO Pa3IMYEH.

Hanpumep, nporiecc BbICICHUS SHEPTUH NPU AeToHAUMU 3apsiaa BB nnunoit 10
cM Maccoii B 1 kr, ocymecTtBisiercs 3a Bpemst opsika 20- 10-°c (D — 5000 m/c) u,
CJIeI0BATEIIBHO, MOIIHOCTh B3pbIBa paBHa 5 * 10 kkan/c. MOIHOCTb FOpeHH s
O€eH3MHA B MUJUTMOHBI pa3 MEHBIIE U SHEPTHS CTOPEBIIIETO

OeH3uHa OyJIeT epeiaBaThCsl OKPYKAIOIIEH Cpelie 38 OTHOCUTENIBHO OOJbIINI
IPOMEKYTOK BPEMEHU MYTEM TEILUTONPOBOAHOCTH, KOHBEKLIUU, U3ITyUYEHHUS, a
TaK)Ke ¢ MOMOILBIO 3BYKOBBIX BOJIH. [IpH 1eToHanuum npouecc nepeaadn SHEPrun K
cpene OyAeT OCYIIECTBIATHCA 32 OUEHb Majoe BpeMsi B OCHOBHOM

C IOMOILBIO YAAPHBIX BOJIH, KOTOPbIE BO3HUKAIOT IIPHU OTPAKEHUH JE€TOHALTMOHHON
BOJIHBI OT CPEBI.

PaccmoTpum HEKOTOPBIE CBOMCTBA B3phIBYATHIX BEUIECTB. B3ppIiBUaThie
BEILECTBA 10 HA3HAYEHUIO JEJISITCS Ha YEThIPE TPYIIIIbL:

1 .uHUIIMUpYIOIIKE (TIEPBUYHBIE),

2.0pu3aHTHBIE (BTOPUYHBIE),

3.MeTaTenbpHbIe (Topoxa, TBEpAbIC pakeTHbIE TorunBa) BB u
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4. NTUPOTEXHUYECKUE COCTABBI.

Nuunuupyronme BB (B cocTaBe Kancrofsi-AeTOHATOpa) OOBIYHO CIY>KaT ISl
BO30Y>KJIeHUsI Tpoliecca B3pbiBa Opu3aHTHBIX BB. MHuiuupytomire Beecrna
(rpemyuas pTyTh, a3ua ceuHia, THPC, TeTpaseH u ap.) 4yBCTBUTEIbHBI K
IPOCTOMY HAauaJbHOMY UMITYJbCY (HArpeB, HAKOJI, yJ1ap | T. I1.) U MIO3TOMY
UCIIOJIb3YIOTCS KaK CPEJICTBO ISl IETOHAIIMM MEHEE YyBCTBUTENIbHBIX OPU3aHTHBIX
BB, x koTopbiM oTHOCSITCS Takue BB kak Tpotuin, rekcoren, TOH, terpun, JIMHA,
OKTOT€H U Jp., HIMPOKO UCIOJIb3YIOTCS CIUIaBbI U CMECH pa3HbIX BB, Hampumep,
TPOTHUJIA U TeKCOreHa B pa3nnuHbiX cooTHomeHusx: TI" 50/50, TT" 40/60 u T. m.;
TPOTHJIA U OKTOreHa, TpoTuia u TOHa, KoTopble Ha3bIBatOTCS IEHTOJIUTAMHU
(manmpumep, 50/50), aMMOHUTBI — CMECH AMMHUAYHOU CEIUTPHI C B3PHIBUATHIMU
(Hampumep, TPOTHIIOM) UM HEB3PHIBYATHIMU (HAIIpUMEDP, TOPPOM) TOPIOYUMHU U
T.I1.

B3prbiBuatbie BeniecTBa (C TOYKU 3pEHUS UX ACHCTBUS) XapaKTepU3yrOTCs
PSAIOM MapaMeTpPOB: IIOTHOCTHIO Po, TEIJIOTOM B3pbiBa Q, CKOPOCTHIO I€TOHALIMU
D, kputnueckum d,, 1 npeaeabHbIME U, THAMETpaMH, TTOKA3aTeISIMH U303HTPOITBI
K.

B pe3ynbTaTe XUMHUECKOW peaklMK BBIEISETCS SHEPTUA 3a CUET pa3phiBa
XUMHYECKHUX CBs3el Mosiekyn — TerioTa B3pbiBa Q (Jlk/kr). Temnora B3psiBa Q
MO3BOJISIET ONPEAEIUTh SHEPTHUIO B3pbIBa JaHHOTO 3apsifa £: E = mQ, rae m —
Macca 3apsga BB.

Temnota B3pbIiBa Q MOXKET OBITH ONPEEIICHA HKCIIEPUMEHTAIIBLHO, a TAKXKE
nyTéM pacuéra. Hanbomnee pacnpocTpaHeHHbIH MeTo1 BbluuciaeHus: Q OCHOBaH Ha
npUOTKEHHBIX YPAaBHEHUSX XUMHUUECKOT0 pa3noxkeHus qanHoro BB. 3nas
TEIUIOTY 00pa30BaHUs MPOAYKTOB B3phIBa U TEIUIOTY 00pazoBaHus JaHHOrO BB,
MO>KHO ONPEJIEIUTh TEIUIOTY B3pbIBa. Pacu€éToM Takke onpenensercs
npUOIMKEHHOE 3HAYCHUE TEMIIEPATYP, COCTAB U 00BEM MPOIYKTOB JETOHALIMU
(I11).

Teopusi neToHAUMHU UIEATBLHOT0 B3PbIBYATOIO ra3a
OTHOCHUTENIHO TIOJIHO TEOPETUUECKU U IKCIIEPUMEHTAIBHO UCCIIEA0BaHa
JIETOHAIIMS B3PBIBHBIX Ia30B (HanpuMmep, B rpeMydeil cCMecu BOI0poJia U
KHCIIOPOJia, UJIM B CMECSX YTIEBOAOPOIOB C KMUCIOPOAOM UB TOILJIUBHO-
BO3aAyIIHBIX cMecsax — TBC).

TomIMBHO-BO3AYIIHBIE CMECH — 3TO CMECH FOPIOYHX I'a30B WIH I1APOB
TOIUIMBA C BO3AYXOM, a TAK)KE a3pPOB3BECH MEJIKMX KUIKUX Karleb WIH TBEPJbIX
YacTHIl TOPIOYNX MaTepuasoB. B kauecTBe roprouero, 00bIYHO YIIIEBOAOPOIHOTO,
MOTYT MCIIOJI30BaThCs T'a3bl (METaH, 3TaH, MPONaH, alleTUIIEH, IPUPOJAHBIN I'a3 U
1p.), OO0 Maphl )KUAKOCTEH (OEH3UH, KEPOCUH, alleTOH U Ap.).

CymecTBytoT 1Be (popmbl B3pbIBUaTOro npespaiienus TBC — ropenue u
netoHanus. Jns BozuukHOBeHUs ropeHust TBC HeoOX0IMMBI 1Ba YCIOBUSI:
nepeMelIMBaHue TOPIOYETO C BO3yXOM B ONPEEICHHOM COOTHOLIEHUU U
HaJM4Yue UCTOYHUKA BocIlaMeHeHus (10 Temreparypsl 400° u Boiie). [1pu
BocruiameHeHuu TBC B 3aMKHYTOM 00b€MeE (70Ma, rapasku U T. 11.) MOBBIIIAETCS
JABJIEHUE, U CKOPOCTh ()POHTA TOPEHUSI MOXKET IOCTUTATh COTEH M/C, T. €. UMEET
MECTO B3pBIBHOE rOpeHHe, Ha3biBaeMoe nednarpauueid. [Ipu 3ToM MakcumanbHOe
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JIaBJICHUE MOKET JOCTUTaTh HECKOJIBKUX aTMocdep, UTO TOCTATOUHO IS
pa3pyLIEHUs] OKOH, IBEPEM, @ UHOTJIa U CTEH CTPOEHUM.

st neronanuu TBC HeoOX01uM JE€TOHATOP, B KAUECTBE KOTOPOTO CIIYKUT
B3pbIB KOHJIEHCHpOBaHHOTO BB (0T cOTE€H rpaMMOB /10 HECKOJIBKUX KAJIOTPAMMOB)
WJIA MOIIHBIN UCKPOBOM paspsil.

Cxkopoctb neronanronHou BosiHbl B TBC cocrasisier 1500— 1800 m/c,
nasnenue 15-20 atM, maccoBas ckopoctb 600-800 m/c. Ilpu aetonaruu TBC
yIelbHas TeIUIOTa B3phIBA s yriaeBoaopoaoB coctaiseT 10000-12000 kkaw/kr,
yto B 10 pa3 Oosbliie, yeM y TpoTuiIa. A TemrepaTypa B I€TOHAIIMOHHOW BOJIHE
cocrasiseT 2000-3300 K.

JlaBnenne neTonanuonHoit Boxas! 8 TBC B 10 pa3 MeHbLIE JaBJICHUs [IPU
JNETOHALMA KOHACHCUPOBaHHbIX BB, HO Bpems nelCTBUS yaapHOW BOJIHBI IIPU
netoHan TBC B ThICAYM pa3 NpeBbIIAET BPEMS ACHCTBUS yIapHOI BOJIHBI
KOHJIeHcupoBaHHOTO BB BOMM3M 0T 3apsiga. B 3aMKHYTBIX 00bEMaX npu
onpeaesieHHbIX ycinoBusax (Heooxoaumas TBC, s dekTuBHbIN 1eTOHATOD,
IIPOYHOE 3aMKHYTOE MOMEILIEHHUE) TPOTUIIOBBIA SKBUBAJICHT MPU JETOHAMH 1 KT
rOPIOYEro MOKET ObITh paBeH 5 KI TpOTHUIIA.

B pesynbTate rcciienoBaHuii J€TOHAIMK B3PBIBHBIX Ta30B ObLIa CO3/1aHa
TUAPOJMHAMUYECKAs TEOPUS IE€TOHALIMOHHOW BOJIHBI B Fa30BbIX B3PhIBUATHIX
cucremax. OCHOBHBIE 3aKOHOMEPHOCTH 3TOW TEOPUU CIIPABEMNJIUBBI U JIJIS
KOHJEHCUPOBaHHbIX BB.

Haubonee npocThiM ciydaeM sIBISIETCS] pACCMOTPEHHE B3PBIBHOTO rasa, Kak
COBEPILEHHOIO ra3a, NOJAYMHSIOIIErocs ypaBHeHHIo PV = RT ¢ mocTosiHHOU
TertoéMKOCThIO [1J1. B 3TOM Cityyae BHyTpeHHsIs ynebHas SHEPTUS

E = p/p(c — 1),

r7e Kk — MoKasaTellb U303HTpoIbl (aguadartel [lyaccona), p — Apk.

[Tonnas cucrema ypaBHeHui (4.4) nisi COBEPILIEHHOTO B3PbIBUATOTO T'a3a
3alMLIETCA B CJIEIYIOIIEM BU/IE:

D=/2(k* - 1)Q,

d TaKKC YPaBHCHHA IJIA NABJICHUSA, INIOTHOCTH U CKOPOCTH:

_ poD? w— D _ k+1
PH=077 A=r5r PET PO

[Ipu netoHanuu B3pbIBUATHIX FA30B CBOMCTBA MCXOIHOTO T'a3a U CBOICTBA
POJYKTOB AETOHALMU PA3TUYHBI (Pa3IMUHbIE YPABHEHUS COCTOSHUSA), YTO
TpeOyeT AJi1 TOYHOrO pacy€Ta paccMaTpuBaTh BOIIPOCHI, CBA3AHHBIE C XMMUYECKOM
peakiMeil B3phIBYATOrO ra3a B JETOHAIIMOHHON BOJIHE.

JleToHallMOHHOE TOPEHUE B BUJIE B3pbIBA TOPIOYMX Fa30BbIX CMECEN BCTPEUYACTCS
Ype3BbIYANHO peaKo. [[eTOHAIIMOHHOE TOPEHUE PACIIPOCTPAHSIETCS CO CKOPOCTHIO
YIApHOH BOJIHBI, T. €. OT HECKOJIBKMX COT METPOB B CEKYH]y /10 HECKOJIBKHX
KHJIOMETPOB B CEKYH1y.B 3aBUCMMOCTH OT ME€XaHU3Ma paclpOCTPAHEHUs 30HbI
XUMHUYECKUX PEAKLIUI TOPEHUS IO TOPIOYEH CMECH Pa3IMyaroT ABa XapaKTEPHBIX
pexuma ropeHust: aedaarpainoHHOe (CpaBHUTEIBLHO MEIJIEHHOE
pacrnpoCTpaHEHUE 30HbI XUMUUECKUX PEAKLIHNM, CO CKOPOCTBIO IBUKEHHUS
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TEIJIOBOM BOJIHBI 1O Toprodeit cmecu ot 0,5 10 50 m/c). B ycnoBusix moxapa
TOpEHNe MPOTEKAET TOJIBKO B AedaarparimoHOM pexuMe.

I'oMoreHHoe W rereporeHHoe ropeHue. B 3aBUCMMOCTH OT arperaTHoro
COCTOSIHHSI KOMITOHEHTOB TOpIOYe cMmecu (T. €. TOPIYEeT0 U OKHUCIIHTEIIS)
HEIMOCPEJICTBEHHO B 30HE MPOTEKAHUS XUMHYECKUX PEAKIMid B3aUMOJICHCTBUS
TOPIOYEr0 C OKHUCIHTENIEM pa3InyaloT JiBa BUJA WM JBa PEXHMa TOPEHUS:
TOMOTE€HHOE TOpeHHue, Korja 00a KOMIIOHEHTa HaXOASTCS B OJMHAKOBOU (aze, u
reTeporeHHoe (T. €. pa3Ho(da3zHOE) TOpEeHHE, KOTJa arperaTHOE COCTOSIHHE Y
KOMITOHEHTOB TOPIOYEH CUCTEMBI paznnyHoe. [[0CKOIbKY B Ka4eCTBE OKUCITHTEIS
B pEaKIMsAX TOPEHHs Ha IMOoKape yalle BCEro y4acTBYET KHMCIIOPOJ BO3lyXa, T. €.
OJIMH M3 KOMIIOHEHTOB TOpIOYEH CHUCTEMbl HAXOJUTCS Bceriga B ra3oo00pa3HOM
COCTOSIHMM, TO TOMOTE€HHBIM F'OPEHHUE B YCIOBUSIX MOKapa ObIBAE€T B TEX CIyyasx,
KOI/Ia U BTOPOM KOMIIOHEHT TOpIOYei CHUCTEMbl — CaMO TOprodYee HaXOAUTCS B
TaKOM K€ arperaTHOM COCTOSTHUM — Ta30- WU MapooOpasHOM.

['oprounie KUJIKOCTH U MHOTHE TBEP/AbIE TOPIOYHME MaTepHayibl TaKKe TOpAT Ha
noxkape NperuMyIIeCTBEHHO B PEKUME TOMOT€HHOTO IJIAMEHHOTO TOPEHUS], TaK Kak
B 30HY T'OpPEHUS MOCTYNAIOT HE CaMH ATU KUJIKOCTU U TBEPJbI€ BEIIECTBA, a ra3o-
U TapooOpa3Hble TPOAYKTHI HMX HWCHAPEHUS € TEPMHUYECKOTO PA3IOKEHUS.
[IpumepoM reTeporeHHOro, OECIUIAMEHHOIO TOpEHHs B YCIOBHUSX IOXKapa
SBJIIETCS TJIICHHE YIJIEPOAHOTO OCTaTKa TBEPABIX FOPIOYUX MAaTEPUANIOB, KOTJa BCE
JeTy4Yue, BCE MUPOJU3YEMble KOMIIOHEHThI YK€ BBITOPENIM U3 MPOTPETOro CIOA.
Torga HactynaeT pexuM OeCIJIaMEHHOTO NeTepOTreHHOTO TOPEeHHs], Ha3bIBAEMOIO
elle TJICHUEM (XOTS OHO MOKET ObITh U OYEHb WHTEHCUBHBIM, C BBIJEICHUEM
OOJBIIOr0 KOJMYECTBA TEIUIa M BO3MOXKHOCTBIO MOBTOPHOTIO Tiepexoia B
IJIJAMEHHOE TopeHue). TaeHrne MOKeT BOSHUKHYTh U B HAYaJIbHOU CTauU MOoXKapa,
KOTJja MOIIHOCTHM HUCTOYHUKA 3aKUTaHUsI HE XBaTWIO JUIsl IPEABAPUTEIHLHOIO
porpeBa TBEPIbIX TOPIOYMX MATEPHAIOB, KOTOPBIA SBISETCS HEOOXOIUMBIM
YCIIOBUEM HMX WHTEHCHUBHOIO IHPOJIM3a, CIEAOBATENIbHO, €llle He 00pa3oBajach
roproydas Ta30BO3/YIIHAS CMECh, CIOCOOHas K IUTAMEHHOMY (TOMOTEHHOMY)
TOPEHUIO, a HAYaJIOCh MEJJIEHHOE TIEHHE. 3aTeM, MO0 Mepe HAKOIUICHHS Temia B
TBEPJIOM TOPIOYEM MaTepualie, MOBBIIICHUS €TI0 TEMIEPATypbl M YBEIUYEHUS
MacChl MPOTPETOTO CJI0sl, UHTEHCU(ULIUPYETCSI MPOLECC MUPOIN3a U BbIACICHUS
roprouux jetyuux ¢pakuuii. CMemuBasch ¢ KUCIOPOJIOM BO3/1yXa, OHU 00pa3yroT
rOPIOYYI0 Ta30BO3/IYIIHYIO CMECh, KOTOpasi BOCIJIAMEHSIETCS 1MOJ| JEHCTBUEM BBbI-
COKHUX TEeMIIepaTyp 30HbI TIeHus. HaunHaeTcss MHTEHCUBHOE MJIAaMEHHOE TOpEHHUe,
OBICTPO PACHPOCTPAHSIONIEECS MO MOBEPXHOCTU TBEP/ABIX TOPIOUUX MaTEPUAIIOB.
[Io TakoMy MeXaHHW3MYy BO3HHUKAIOT MHOTHE TOXKaphl, CBS3aHHBIE C TOPEHUEM
TBEPJBIX, TOPIOYMX MATEPUAJIOB, HAYMHAIOIIMECS TOJ BO3JCHCTBHEM CIIa0bIX
MCTOYHUKOB 3)KUTaHUS: UCKP, TIACIOIINX OKYPKOB, HEMOTYIIEHHBIX CIIUYEK U T. II.
Pexxe mo Takoil ke MNPUMEPHO CXEME HAUYMHAIOTCS TMOXKAaphl, CBSA3aHHBIE C
CaMOBO3TOPaHUEM TBEPJbIX TOPIOYMX MATEPUAIOB B PE3yJbTaTe€ MEIJICHHO
TEKYIIUX peakuuii okucieHus. OHU TakKe MOTYT HayaTbCsl C TICHUS, MEpPEexXo-
JAIIET0 3aTeéM B  OTKPBITOEC IUIAMEHHOE TOpEeHHE. XapaKTepHbIM IS
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TeTepOreHHOr0 pEeXKMMa TOPEHUs SBISETCS Haiauuue paszzaena (as3: TBepAoro
roproyero M ra3zoo0pa3zHoro oxuciautend. [lpm 3ToM XuMuYeckue peakuuu
OKHUCJIEHUSI MIYT MPEUMYIIECTBEHHO Ha IMOBEPXHOCTU paszjaena (a3 (HO mnpu
OOJBIION MOPUCTOCTU MaTepuaia MOTYT UJTH U B €0 TOJIIE, BHYTPH MOpP, HO TEM
HE MEHEEe — Ha I'PaHulLIe pa3aena TBEPIOE TeJI0 — Ia3).

CKopoCTh pacrpoCTpaHEHUs T€TEPOreHHBIX MPOIECCOB TOpeHus (TJIeHUs), Kak
MpPaBUJIO, HECKOJIBKO HMKE CKOPOCTHM  PAaclpOCTpPaHEHUS  T'OMOTEHHOIO
(mmameHHOro) ropeHus. MHTEHCHBHOCTH Mpollecca TE€TEPOr€HHOrO0 TOpEeHUSs
3aBUCUT OT TIOCTYIUICHHSI TOPIOYMX KOMIIOHEHTOB B 30HY TOpEHUS
(MpeuMyIeCTBEHHO — KHUCJIOPO/ia BO3/lyXa) U CTENEHH PAa3BUTOCTU MOBEPXHOCTHU
TOPIOYEro MaTepualia, Ha KOTOpOil UAYT XUMHUECKHE PEAKIIUU OKUCIICHUS.

Kunernueckuii 1 1u(Py3uoHHBIN peskMMbI ropenusi. B 3aBucumocTtu ot
YCIOBUI cMeCeo0pa30BaHMsI TOPIOUYNX KOMIIOHEHTOB U OT COOTHOLIEHHSI CKOPOCTH
XMMHMUYECKUX PEaKUUi TOpEeHUs] U CKOPOCTH CMECEOOpa30BAHMS PA3NIUYAIOT JIBA
XapaKkTEepHbIX peXHMa TOpeHUs — KuHeTHueckoe U 1ud@dy3noHHOE.
OnpenensomUM B 3TOM Cllydae SBJISIETCS BONPOC O TOM, Kakas W3 CTaaui
ABJIAETCS. TUMUTUPYIOIIEH B CYMMAapHOM CKOPOCTH Ipoliecca FOPEHUs: CKOPOCTh
cMeceo0pa3oBaHMsl WM CKOPOCTh XMMHUYECKOIO IPEBPALIEHUS KOMIIOHEHTOB
CMECH B IIPOYKTBI TOPEHHSI.

I'openne npenBapuTENBHO PABHOMEPHO MEPEMELIAHHBIX I'a30- WU
apOBO3YLIHBIX CMECEH BCETr/1a MPOUCXOIUT B KHHETHUECKOM pexnMe™
TaK KaK CMECh FOPIOYETO C OKUCIUTENEM (paBHOMEPHAs HA MOJIEKYJIIPHOM YPOBHE
CMEIIIEHHUs) CYLIECTBYET €Il 0 MOMEHTA €€ BOCINIAMEHEHUS U CyMMapHas
CKOPOCTb MPOLIECCa TOPEHUS] IUMUTUPYETCS TOIBKO CKOPOCTHIO (KMHETUKO )
XUMHUYECKUX PEAKIUI OKUCIICHNS U CKOPOCTBIO NIEPEMELLEHUS 30HbI PEaKIUi
ropeHus 1o roprodeit cmecu. [103Tomy Takoe ropeHue Ha3bIBa€TCs KHHETUYECKUM.
Ecnu cropanue Takoi ra3o0BO31yIIHONM CMECH TPOUCXOAUT B 3AMKHYTOM HIIH
OTpaHMYEHHOM 00bEME, OHO BOCIIPUHUMAETCA KaK B3PBIB, TAK KaK SHEPTHUS,
BBIJICIIAIOIIASCS [IPYU CTOPAHUM CMECH, HE YCIIEBAET OTBOJMTHCS 3a MPEIEIIbI
paccMaTpuBaeMoro o0bemMa, AaBJIeHUE BO3PACTAET U MPUBOJIUT K pa3pyLICHUIO
KOHCTPYKIMU. [ [ppuMepoM CITIOKOMHOIO KNHETUYECKOTO TOPEHUS SABIISIETCS TOPEHHE
ra30BO3AYIIHON CMeCH Ha KOH(OpPKaX KyXOHHOM ra30BOM IIJIUTHI, KOTJa CMECh
XOPOIIO MOATOTOBJICHA U TIaMsI UMEET PABHOMEPHYIO CHHE-TOJIYOYIO OKPAacKy
(0e3 KeNThIX WM KPaCHOBATHIX OKOHEYHOCTEH A3bIYKOB Iu1aMeHn). [losiBnenue
JKEJTO-OPAaHKEBBIX 30H INIAMEHU — IIPU3HAK HEAOCTATKA BO3/AyXa, INI0XOr0
CMeIlIeHus, 00pa30BaHUs MPOLYKTOB HETIOJIHOIO CTOPAHUSL, B TOM YHUCIIE
CBETSLIUXCS XKENTBIM CBETOM CaXXUCTBIX YACTHLI.

Ecnu e KOMIIOHEHTHI TOPIOYEl CMECH CMEIIMBAIOTCS HEMOCPEACTBEHHO TIEPET
30HOM FOPEHMS WK B caMOM 30HE, TO HaOMoaaeTcs AUQPY3UOHHBIN WU
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G GHy3nOHHO-KMHETUYECKUIM PEXKUM FOpEeHUsl. DTO 3aBUCUT OT HHTEHCUBHOCTHU
CMEIIEHHUs, CTENIEHU PAaBHOMEPHOCTU U MPONOPLUNA CMELIEHNS FOPIOYMX
KOMIIOHEHTOB, KaK Ha IJIOXO OTPETYJIMPOBAHHOMN ra30BOil ropeike KyXOHHON
mwnThl. [Ipu noxape Ha ycThe ra3oBoro ¢akesna, Ipyu UICTEYEHUH METaHa MO/
0O0JIBILINM JABJIEHUEM CMECEO0Pa30BaHNE TOPIOYETO ra3a ¢ BO3AyXOM Iepes
(akenoM IiIaMeHu OyJeT CTOJIb UHTEHCUBHBIM U PAaBHOMEPHBIM, UTO IIaMs OyJeT
IIOYTH MOJHOCTBIO KMHETHYEeCKUM. [Ipy Hamm4uuu B roproyeM raze KoHJeHcaTa OHO
oyzaet nud¢Hy3nOHHO-KMHETHYECKHUM, a TIPU TOpeHUH (poHTaHHUpYIOIIel HedTH U
npu noxkapax B peseppyapax ¢ JIBXK, [K unu mtabeneit npeBecuHbl pesxum
ropenus Oynet aAuddy3noHHbIM. ['eTeporeHHoe ropeHre Ha MoKape TaKkKe BCEr/ia
unet B 1 hy3uOHHOM peKUME.

I'azopuHamMuYecKkne pe:XKMMbI TOPeHHMs: JaMHMHAPHOe U TYypOyJeHTHoe.
BaxHOM XapakTEpUCTUKOM NPOLECCOB TOPEHUS HA II0XKApPE SABIIETCA TaKKe
ra3oMHaMU4YECKOE COCTOSHUE KOMIIOHEHTOB I'OPIOYEM CMECH B 30HE DPEaKLUU.
OHO, Kak IpaBWJIO, XapAKTEPU3YETCd MHTEHCUBHOCTBIO MX IMOCTYIUIEHUS B 30HY
rOpEHUS.

Ecnu KOMIOHEHTHI roproveil cMecH MOCTYIAIOT B 30HY TOPEHUSI CPABHUTEIBHO
«CTIOKOWMHO», MO 3aKOHaM MOJEKYJSIpHOW WM ciabod (He CUIBHO DPa3BUTOM)
KOHBEKTUBHOM nu(dy3un, U YUCICHHOE 3HaueHHE Kputepusi PeliHonbaca Oyner
3HAYUTENbHO MEHBIIE KPUTUYECKOTO, MPOLIECC TOPEeHUs OyJeT JTaMUHApHBIM * (T.
€. OTHOCHUTEJIbHO CIIOKOWHBIM) C MOCTENEHHBIM, IUIABHBIM MEPEXOJOM OT 30HBI
cMeceo0pa3oBaHMsl K 30HE TOPEHHs] M Jajee — K 30HE (OPMHUPOBAHUS MOTOKA
OTTEKAIOLIUX MPOAYKTOB TOPEHHUS.

HpI/IMepBI CHUCTEM C PA3JIMYHBIM THUIIOM IIJIaMCH

JIBIDKCHIC
['oprouee/ ToToKa [Tpumepst
OKHCJIUTEID
LIpeaBapuTe€IbHO /|BUTATEIIL BHYTPEHHETO CTOPAHUS C
nepeMelIanaas HCKPOBBIM 3a)KUTaHHUEM
CMECh CranuoHapHbIE Ta30BEIC TYD6I/IHII>\II 6
TypbyrenTHoE HHU3KHM BBIX0J0M OKHUCIOB a30Ta NOx
[Inockue niaamena
JlamunapHoe —|DYH3CGHOBCKHE ILIaMEHA
ITpeABapuTEIbLHO T"OpeHIE paCIbLICHHOT O YIS
HE JIBurarenau camoJieToB /{13eabHbIE
nepeMenIaHtas nsurarenu (H,/O5)-pakeTHbie
CMeECh TypOynenTHOE | iBUTaTE M
Tlamunuapuoe | I opeHue npesecunsl M3pydaroniye
p TrOpeJIKU 1 ooorpeBa CBeun
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Jlamunapuvie niamena npeosapumenbHo nepemewlannHou cmecu. B na-
MUHApHBIX TJIaMEHaX TpPeIBapUTEIHbHO TEpEeMEeIIaHHONH CMeCH Topiouee |
OKHCIIUTENh CMEIIMBAIOTCS J0 Hadajla TOPEeHHs M TOTOK jamuHapeH. [lpu-
MEpaM{ TaKOTO IUIAMEHH SIBISIOTCSA IUIOCKOE JIAMHUHAPHOE TUIaMs W TUIaMsl
OYH3EHOBCKOM ropeliku (B ciydae 0emaHbix cMmeceit) (puc. 1.1).

a Cropesiiie rasbl @ Konuueckoe

) | //’nnmm
| :
DponT __| ] lﬂ
TITAMEHH i
i

[Mopucran __
MIaCTHHA

* T

oy

[oprouee + Bozayx  [oprouee + Bo3ayx (@ < 1)

Puc. 1.1. Cxemaruueckas WUTIOCTpAIMs MIOCKOTO JAMUHAPHOTO
rJIaMeHu (a) ¥ IaMeHu OYH3€HOBCKOM TOpeku {6)
IPEIBAPUTENILHO MEPEMEIIAHHON CMECH

Ecnn uyncnenHoe 3HaueHne kputepus PeliHonbAca 1 MOTOKA KOMIIOHEHTOB
roprodeit cMecu OyaeT OJU3KUM K KPUTUYECKOMY MJIM HaXOAUTHCSA B TEPEXOTHON
obsactu 3HaueHui (2300<Re< 10000), mporecc ropeHus OyaeT TypOYJEHTHBIM.
DTO TPOU3OUIET 3a CYET TOro, YTO aBTOTYpOyJM3alusl IJIaMEHU CBOMCTBEHHA
CaMHMM MpolLeccaM TOpPEHUs, YTO TMPUBOJUT K MOTEPE TIa30JMHAMUYECKON
YCTOMYMBOCTHU «CIOUCTOCTH» T'a30BbIX OTOKOB B 30HE PEAKIMH, & TAKKE OT YCKO-
pPEHHsI Ta30BBIX NOTOKOB' B pE3yJIbTATE HMX HWHTEHCHUBHOI'O PACIIMPEHUS IIPU
HarpeBaHUM B 30HE XMMHUYECKUX peakuuid ropeHusi. CteneHb TypOYyJIEHTHOCTH B
ATOM cllydyae MOKET OBbITh pa3IMyHOM B 30HaX ropeHus. HemocpencTBeHHo nepen
30HOM TOpEeHUs OHA OyAET CPaBHUTEIHHO HEOONBIION WM MOYTH HEBHIUMOM, B
30HE TOpPEHHUs — Yyxe Oosee 3aMETHOM, a B 30HE JOTOpaHus U (OPMUPOBAHUS
MOTOKOB MPOAYKTOB TOPEHUS B BEpXHEW 4acTu (hakena miaMeHu — emre Oosee
VHTEHCUBHOM.

Takoil pexxuM TOpeHUsl XapakTepeH s cla0bIX MOTOKOB TOPIOYETO rasza, MajbixX
PEe3EpBYapOB C TSHKEIIBIMU TOPIOUYUMH KUJIKOCTSIMHU, HEOOJBIINX 0O4aroB TOPEHUsI
TBEPJIBIX TOPIOYMX MaTepUaJiOB C HEPA3BUTON IOBEPXHOCTHIO TOPEHUS™ W IS
OOJIBIIIMHCTBA BHYTPEHHUX TMOXKAPOB, I7I€ MPUTOK KOMIIOHEHTOB TOPIOYEH CMECH B
30HYy TOPEHUS U OTTOK MPOAYKTOB TOPEHUS OJEPKUBAKOTCS, OTrPAHUYHMBAIOTCA
FEOMETPUYECKUMHA KOHCTPYKTHBHBIMH NIapaMeTpaMyd NPOEMOB 3JaHUM WU TIO-
MEIICHU.

Ecnu moToku razo00pa3HOro roprovYero Uin OKUCIUTENS, UM CMECH TOPIOYEro
C OKUCJIUTEJIEM B 30HY TOPEHUS MOCTYIAIOT T0CTATOYHO MUHTEHCUBHO U YUCJIEHHOE
3HaueHue kputepus PeilHonbaca, XapaKTepu3yIOIEero ra3oIMHaMUYeCKU pexuM
TEUEHHUsI, 3HAYUTEIBHO OoJibllle KpuTHueckoro Reyxp, paBHoro 2300, To pexum
ropeHuss Oyner TypOyJeHTHBIM, T. €. C WHTCHCUBHBIMH 3aBUXPEHUSIMU,
nepeMenIMBaHueM IMPOJYKTOB TOPEHHUS C HENpOpearupoBaBIIEHCS CMECHIO,
OTPBIBAMHU KIIYOSITIIXCSI 30H TOPEHHSI OT OCHOBHOTO (hakesia TiaMeHu. XapakTep-
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HBIM TIPUMEPOM TaKOTO TOPEHUS SBIISICTCS MOXAp Ha MOITHOM ra3oBoM (pOHTaHE,
Ha KPYIMHOM pe3epByape, Ha OoybIIoOM MITabene IPEeBECHHBI C OOJBIIUM
YUCJICHHBIM 3HaueHHWeM Kod(pHUIIMEHTa TIOBEPXHOCTH TOpEeHUs™ ™ u Ha
HEKOTOPBIX JIPYTUX KPYITHBIX MOXKapax.

Takum oOpa3oM, XapakTepu30BaTh MPOLECC IOPEHUs Ha IOXKape MOXKHO I10
MEXaHU3MY pPAclpOCTPaHEHHs] 30HbI XUMHUYECKOW peakiuu (fedrarpanruoHHOe
WIM  JETOHAllMOHHOE TOPEHHE), IO €ro KHHETHYECKHUM  IapameTpaMm
(mndpy3roHHOE MM KMHETUYECKOE TOPEHHE), TI0 MPUPOJIe XUMUYECKUX peaKiuit
(B 30HE WX MPOTEKaHHs] — TOMOT€HHOE WM TETEPOr€HHOE TOPEHHE) U TIO0
ra3oAMHaMUYEeCKUM  [apaMeTpaM  peXxuma TropeHus (JJaMHHapHOE WU
TypOyJE€HTHOE).
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