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[NPEOHUC/IOBHUE K 3-MY H3JTAHUIO

O6a npeauiyux Hagauns 3Tof kuurn (mepsoe Bwulio B 1961 r.,
Bropoe — B 1974 r.) pasuo ywe pazomniuch ¥ crann Gubanorpaduue-
CkOf pearoeTeio. OMHako peuledHe O HOBOM, 3-eM H3ZaHHH ydueOHHKA
0Ka3a/0Ch HCJCTKHM, [OTOMY UTO MaTepHaJa KHurd rtpebosast mepe-
CMOTPA H JIONOJHEHHA B COOTBeTCTBHH € COBPEMEHHBIM COCTOAHHEM
XHMUYCCKOR KHHETHKH M Karasaxsa, a Bcg paboTa Mo NepeH3 aHHio
Roakia Oblsia OCYLIECTBASNTLCH, K COXAJEHHIO, YKe [ocjae CMepTH
aBTOPOB KHHIIL

Brinoansaa sasemlanue 0THA, TPy NO NOATOTOBKE TpPeThero H3ja-
HHS KHHTH B3sJ1 Ha ceba chlH nokoidoro npodeccopa I M. Tlargen-
KoBa, Kaui. xuM, nayk M. I'. [lanuenkos.

B cBsizM ¢ TeM, 4yTo cO BpeMeHH NocJelHerc H3jgaHHsA yteOHHKa
npouto 6oee AdecaTw Jser, OHJIO NMPH3HAHO LeecoQBpasHEM A00O0I-
HHTh eT0 TPEMS HOBHIMH FJ1aBaMH, CllellHa.IbHO HANHCAHHBIMY AJ8 3-TO
H3ManHag AOKTOPOM XHM, navk A. Y. Poszosckum (raasa VIII «[etepo-
reiHsie peaxuuu» H raasa IX «3IneMeHTH AHGGY3IHOHHOR KHHETHKM
XHMHUECKHX peaklUHii») u nokropoMm xuM. Hayk A. M. MakcumosrM
{rnapa XII «[Liasmoxumusi»).,

Kak 1 B mpeablayiinx H3ZaHHAX, OCHOBHON 3azaveli yue6HOro 0CO-
Ons ocranach BHPaGoTKa y YMTATENA CTPEMJIEHHS K CAMOCTOATEdb-
HOMY JaJbHeflleMy H3YUeHHIO OJHOM M3 BaXHeAwnx obaacTefl co-
BPEMEHRHOIO eCTecTBOIHAHHA.

[Toabsylochk cayuaem BHIDA3HTL NPH3HATENLHOCTh ABTOPAM HOBBIX
TJ1aB, DEHEN3eHTAaM H COTPYAHHKAaM H34aTelscTBa 3a OcpexHoe H
BHHMAarTeqblloe OTHOLIGHHe K TPYNY MOEro NoKoHHoro oTia W Ty No-
CTOAHHYIO TOMOIh, KOTOPYIO S HEMPEePHIBHO OUYLla]l W KOTOPOH (Mu-
POKO MOAb30BAJICH [PH NOATOTOBKE K [EeUaTH 3ITOF0 H34aHHA KHHIH,

Kaud. xuw. nays H. . Hanuenkoa



IFTJTABA 1
®OPMAJIbHAA KHHETHKA

OBULHE NOHATHA

Xumureckon KuHeTurRa — paszaed (QHIMYecKON XHMHH, TOCBALICHHHHA
3aKOHOMEPHOCTAM NMPOTEKAHHA NPOLECCOB BO BpEMEHH,

Pa3nen xuMHUeCKOH KHHETHKH, B KOTOPOM PacCMaTPHBACTCS MeTO.L
HAXOKACHHSA Ha OCHOBAWHH OCHOBHOrO IOCTyaaTa XHMHYECKOI KHe-
THKH 3aBHCHMOCTH CKOPOCTH XHMIUECKHX pPeaKLH[l OT KOHUEHTpalLHH
pearnpylouuX BELECTB, NOAYUHJ Ha3BaHHe GopMarbHOd KUHETUKA,

§ 1. CKopocTh XHMHYECKOA PeaKUHH

Iycts upoTekaeT XHMINeCKas PeakllHf, yPaBHeHHe KOTopoii B ofuiem
BEJAE MOKHO 3alIH€ATh CAeIYONHM 0bpasom:

vA F VAt L v AL — VAL VAL L VAL M

’
Tag ¥; H ¥, — CTeXHOMeTpHuecKHe KO3¢(§)HHHEHTH HCXOHLIX H KOHeYHHX BelleCTB,;
!
Ai H Ai — HCXOJlikle }I KCHCUIIhe BELECTBA.

CKOPOLTHIO XUMUMECKOU PeaKyUL HAZMBARTCH KOJHUECTBO MOJIEKYJ
JL@HIOTo BHIA, Pearupylollliix B €AHHHLY BPEMeHH,

CKODOCTH DAa3JHUNBIX peakluil MOKHO CPaBIHTh, €CJIH OTHOCHTE
CKOPOCTb peakudd Kk efubHie ofveMa. [loatoMy CKOPOCTL peaxkuuH
ONPeALIAINT YHCAOM MOJEKYJ HAH MOJed JaHBHOIO BellecTBa, peari-
PYOILEX B eIHHILY BpeMeld B elnHulle o0beva.

Has  anpeaededna CKOPOCTH XHMUYECKOH pPeakull AOCTATOUHO
3HATH H3MEHEHUC BO BPeMeHH KOJuuecTBa ToJILKO OIHOIC H3 BellleCTB —
YUACTHHKOB peakliy (HCXOAHOTO HJIH KOHCUHOTO), TaK Kak HiMeHe-
HHA KOJHYECTBAa BCEX OCTAJbHBIX BEMIECTB MOMHO HaliTH Ha OCHOBa-
HUH CTEXHOMETPIIH H3 ypaBleunsa peakilui {1},

Ewe B caMoM Hayale HCCACIOBaHHA N0 XHMHUECKOH KHHETHKe
6huio caenano PH3HNCCKH OYeBHIHOC NPeIN0I0KCHHE, YTO PearupyioT
TOJABKO Te MOJCKY.IW, KOTOpble CTAJKHBAIOTCH. Kak H3BCCTHO, YHCIO
CTOJIKHOBEHHHA NPAMO LPONOPUHOEAILHO YHCIY MOX€KYV., [103TOMY CKO-
pOCThL peakuHi IoT:Nna 6blTh NPONOPUHOHAILHA KOHUEHTpaUHK pearu-
PYIOILUX Beulects, T. e B O0LLeM ¢ayuae

g ”k
—kerchg . "‘k (2)

Fe @ — CKOPOCTE XHMIYeCKOR peakiuH; & — KOHCTAHTA CKOPOCTH XxHMmuueckoft pe-
AKLHH, €, — KOHUCHTPATNI PearipyIoniix BCILECTS; s; — IOPSI0K PCaKIHH 1o Be-
L
mectey A; (cm. § 3).
]_IOJI}"IEIIIIGE Bbipaikedne HHOT/la HA3BIBAlT OCHUBHOIM ROCTHAATOM
KUMULCCKOT KUMCTHRY,



dusvyeckufl cMblca k; MOXHO HaliTH, ecu TPHHATL, YTO BCe KOH-
UeHTPALIH PABHLI €1HIHIE, T. €. CA =Ca, = ...=Ca, == L.

Tlpn s1oM ychoBHH
w=R (3}

Taknv 00pa3oMm, KGHCTAHTE CKOPOCTY XHMHYecKOll peakilMH ecTob
CKOPOCTb 3TOH PCAKUHH [PH YCJOBHH, HTO KOHUGHTPAalUHH pearHpyio-
MY BEUIECTR NOCTOSHHLL B PaBiibl CAWHHIE.

Hz Bripamenns (2) caenyer, 4TO CKOPOCTh peaKUHH sBJAETCA
¢yurubeil BpeMerH, Tak K&K ¢ TeUeHHCM BPEMEHH U3MeHAKTCA KOH-
LelITpallkil PearnpyoILnX BeulecTs, [[03TOMYy MOKHO BBeCTH NOHSTHe
cpeiHedl CKOPOCTH @, KOTOPAsn PACCYHTHIBAETCA KAk CPeAHAR BeMHYHHA
ANA 33]aHHOr0 MHTEpBAa BPeMEHH:

W= (n;I - nxi)/lf(f” — tf) (4}

4 I/s -
TAE My W ilp - uHCIO MOJell OAHOTO H& HCXOIHBIX BellecTB A; B HavaJbHbA {1 M
KOHeuHbIt {7 MoMeuTH ppemeny; V — o0BbeM pACCMATPHBACMOR CHCTEMbL

Ecau t” —{ OygeT cTpeMHTLCA K HY.I0, TOJAYYMM HCTHHHYIO CKO-
pPOCTE @, KOTOpas $IBASeTCS CKOPOCTBE) XHMHUECKONR peaklluu B AaH-
HBIA MOMEHT BPeMeHH

dn,
VvV af

Econ pacematpuBaeMHit 00beM MNMOCTORHEH, TO €r0 MOMKHO BBECTH

noa sxvax audppeperunana, roraa*

w=— (dcy [dt) (6)

Ypavneduem (6} yno6HO nOgbh30OBATLCA, KOTAa PpaccMaTpHBAKOT
peaklUHH B PAacTBOPAX, TaK Kak H3MeHeHWeM o0beMa pacTBopa B pe-)
3y bTaTe PesKINE MUHO npeHelpeyp.

I3 ypasuerus (1) ruino, uto

dnA‘x-,‘”-’vl a‘rr,\J HAH dnAl/v‘ddnAf/v‘ (M)
[Toaromy, ecanr npasyio 11 JeBY|0 49acTH ypaBHenus (5) nojeants
H& v;, TO NOAVUNTCHA, YD CKOPOCTL Peakiyl, pacCUHTAHHAA Ha eJHHH-
oy CTexHoMeTpIucCKoro Ko3dguuuedTa, He 3aBHCHT OT TOro, 10 Ka-
KOMY BeulecTsy ee Onpeieasion:
1 dnA 1 duA? I dnA; 1 dnAg

!

- -— —_ ... = oz = .. {8

vV oodt v,V dtf o vV o dt vV dt

* Coraacno onpeic’IeBRI0 MOALHO-0OBEMHAx KOHUEHTPAUHS ¢ = Afv, M03TOMY
defdt = (1/v)dnidi — (nfu®)de/dl (a), a 1ag kak ¢ = f(n, 2}, 10 defdl = (Bcfdf), +
+{dcidtr, (6). Conoctamanu {a) ¢ (6), naxoauM, wro (0c/df}, = (Vjvydajdf (s).
CpaBuuBag Bulpamenne (n} ¢ oupelegeHyreM CKOPOCTY XHNIMECKOH peakndu (5), no-
JAyuaes, uro w = —(dc/?f) . Kax spaso ws (a), Tonwko npn v = consl {de/dl), =
= defdt, B ofaew cayase w75 defdi, nosToMy B KBuTe 3C3Ae, TAe Upn onpeje-
NEHHH CKOPOCTH [CURILLL ICNCAbIVeTed MOILn0-00LeMHai KOUUeHTPAURS, CKOPOCTb
SANNCHBAETUR 8 RILle 4ACTHOE NpPou3BOAHON Of KOUNCHTPaWH¥ 1O BPeMeHn [OpH
LoCTOHLNGN Crewe, oua ODGINAeHA OC/0f,

Y



B ofumem Brae (ecaH O CKOPOCTH peaklMR CYAHMTh [0 KOJAHYECTBY
OJHOTO H3 MCUE3AOIUIHX BEeNIeCTB) MOMKHO 3aMHCATh:
1 dny,
Wy, = v,V dt

rae

w

= w/v
v= e

§ 2. O6parnmble W HEOGPATHMbIE PEAKUHH

O6parumoimy B XUMHUCCKON KHHETHKe HA3HBAIOT TaKHe peakllil, KO-
TOpHE OAHOBDEMEHHO H He3aBHCHMO MPOTEKAIOT B /ABYX Hanpapne-
BHAX — 0PAMOM W 00paTHOM, HO ¢ PA3THYHBIMH cKopocTamu. i 06-
paTHMbIX peakuuii XapakTepHo, 4TO uepe3 HEKOTOPOE Bpems nocie HX
Hayana CKOpPOCTH npsMOfi # o0paTHOR peakuHid CTauGBATCA PaBHbIMH
H HACTynaeT COCTOSIHHE XHMHYECKOTO paBHOBECHS.

Bce xuMuueckue peakuuu oOpaTHMBL, HO UPH ONPELCNEHHLIX yC.10-
BHSIX HEKOTODLIE H3 HHX MOTYT NPOTEK#Th TOJALKO B OLHOM IANPAaBJIC
HHM OPaKTHYECKH MO NOJAHOTO HCYE3NOBEHMH HCXOAHBIX MPOLYKTOS.
Takue peakiHn HAIWBaWT HeoHparumotmy. OOBIUHO HEODPATUME MH
OHIBAIOT pEaKUHH, B KOTOPHX XOTA Obi OJHII NPOAYKT peakllMH BLIBO-
AuTcA M3 cdepu peakuun (B cayusae peakuHW B pactBopax — Buna
AaeT B OC3J0K HJH BblaeAfieTcd B BHAe raia), 4 DeakUH, KOTOpHe
CONpPOBOKAAITCA OOMbWHM TOJOAKHTEAbHLIM TENIOBHM 3(HCKTOM.
B cayuae HOHHLIX NPOUECCOB peaklHsA ABJAETCA PAKTHURCKH He-
ofpaTuMOH, ecan B peayabTaTte Hee o0pasyercs OYeHL MAJOPACTBOpPH-
MOe HJIH MaJ0ZHCCOURRPOBAHHOE BEULLCTRO.

PaccmoTperHHoe 3)ech NOHATHe o0DaTHMOCTH PEaKIlH HE CoBIia-
RaeT ¢ TONATHEM [epPMOAHHAMHUCCKoH obGpatumoctd, OGpaTtiman B
KHHETHHECKOM CMHIC/Ie peaklUHf B TCPMOLHHAMHYECKOM CMLICIE MOKCT
nporexkath HeoOpaTHMo. [las Toro 4ToGH peakli Moxuo Obao ia-
3BaTt OOpaTHMOR B TEPMOAHHAMHUGCKOM CMBICJE, CKOPOCTH NPAMOrO
npouecca AoHa (GecKOHEYHO MaJg OTaAHRaThCf OT cKOpOocTH obpart-
HOro npolecca M, cieloBaTedbHO, TpOUECC B UEIOM JOJKEH MpOTe-
KaTh BECKOHEUHO Me/TeHHO.

§ 3. Mopanok peaxunn

Xumuyeckde peakwii pefiko NPOTCKAOT B OAHY CTAAHIO, KAK HX OpH-
HATO 3aNHCBIBATL B yuelinkax xumud. B oOuluHol oavocTaauiinofl
34NHCH YPABHEHHIT XHMHYECKHX PeakUHi yKa3blBaeTcH TOMALKQO Hayajb-
HOe H KOHeYHOe COCTOAHHN CHCTEMB, YTO ABAAETCH MO CYLIECTBY CIIM-
BOJIMYECKHM BbIDAXXEHHeM MaTepHadpHoro Ganauca (3akoHa coxpaHe-
Hs semecisa). B neficTteutenpiocT peaxins oOBUHO HAET yepes paA
NPOMEKYTOUHBIX CTA1HH, UPUUEM CKOPOCTH PEAKUHH onpejeaactcs
CKOpPOCTbIO Hanboee MeAJeHHOoH CTaluy.

B Tex cayyasx, Koraa peakuus NpoTeKaeT B OAHY CTa MK (ra~aq
peakunsl HA3LIBACTCA JAEMEHTUPHBIN XUMUHECKUM RAPOULCCOM), TO-
PALCK pPeakUdn n; 10 AAHHOMY BCUIECTBY { [cTencHn, B KOTODPOH KOH-

i



HeHTpAlHst AAHHOTO BelleCTBA BXOAHT B BHIPAXKEGHHE OCHOBHOTG NO-
CTYJaTa XAMHUECKOR KuHeTuky (2)] coBnajgaeT €O CTEXHOMETPHYRCKUM
KO3 MUUHCHTOM JIaHHOrO BCILECTBAa B XMMHUECKOM YPaBIICHHMH, T.e.
= v;.

O6wuii nopador saesentaproll peaxyuy pPABCH CyMMe CTEXHOMe-
TPHYECKEX KO3 HIHeHTOB BellectB, BCTYNAIOIUHX B PeakllHio, H.H,
JAPYTHMH CJ0BAMH, HHCTY MOJEKYJ, YHacTBYIOLIHX B peakliuil, H Hadbl-
BAETCA MOAEKYAAPHOCTLI0. Eciu npeBpalleHRe MCMHITHBAET oiHa Mo-
JeKyJa, TO PeaKllHsl Ha3HBAETCs MOHOMOJIEKYIAPHOH, ¢CJIH B 3JeMeH-
TAPHOM TIPOLECCE YUACTBYIOT ABe MOJMEKYAM — OHMOJeRYAApHOH H T. 1,
Tak xak BepOATHOCTL OJHOBPEMEHHOrO CTOJAKHOBEHHA GOJblIOTD YHC/IA
JACTHI MaJja, MOJexKyJAPHOCTL OAHOCTANHEHOTO MIpollecca He Inipe-
BHILIAET TpeX.

[Topsanok peaknuu n; = v; AJA BCeX PeakUnd, KOTOpHE [POTEKAWT
0eCKOHeYHO MELAEHHO, T.e. TOrla, KOrld CHCTeMa M3 HayasbHOro ¢o-
CTOAHHS MEPeXOAHT B KOHeHHOe KBA3HCTATHUYECKHM NpoLeccoM * Han
KOTA2 OHA HAXOAMTCH B COCTOAHNH, HeCKOHeuHo DJIH3IKOM K COCTORHMIO
XUMHUCCKOTO DABHOBECHS,

Baasn o7r paBHOBecHA XHMHUeCKas peakUHd HAeT depe3 Habop
JPOMEXYTOUHBIX 3JeMenTaPHBIX peakHHil, KOTOPLIi B 3aAaHHKIX YCI0-
BHAX obecnedniBaeT HanbOMALIUYIO CKOPOCTh NMPOTEKAHHA peakliHH HJH,
HHaue 10BOPA, HAHGOALWYIO BEPOATHOCTL AOCTHMEHKA KOHEHHOTO COo-
cTostHHg. [last TakWx peakuHil ofblYHCe 71 %= v, H, CJIef0BaTeanHo,

ofuIni nopalok n % Z v, Hanpumep, pacnaa nepokcHia BoZopoila
COTMACIIQ YPABHCHHIO
2H, Oy —» 2H,O 4 Oy

A0AXen Ohisi Obl MPOTEKATh KaK peaklisa BTODOIO NMOPAAKA, HAa caMoM
He deje TOPHACK 3TOH peakuHy H3MeHAETCS B 3aBHCHMOCTH OT YC.10-
BHH ee TPOBeAeHNUA W MozieT GbTL mepsbiM H.H ApoOHbIM, [locaenHee,
TakuMm 00pazoM, YKa3ulBaeT 11a To, UTO Peakilus MpoTeKaer yepes pas-
JHYHLIE MPOMEKYTOWIEe cTadnH, TOIbKO B TOM ciydae, KOrAa peak-
Ut mpoTeKacT OeCcKOHedyHO MEUIEHHO, T. €. KaK TePMOAHHAMUUecKAH
KBAa3HPABHOBECHLIH Mpofecc, OHa MOMET HATH H MO Ma/leBepOSTHOMY
NYTH, T. €. HENOCPCACTBERKOMY MPeBPALLCHHIO B QAHY CTR/KIO,

Kax MBI yike BHienn, cyMMa [oxasarenefl cTeneHel, B KOTODHX
BXOAAT KOHUENTDALHH BCeX PearipylolIHX BellecTB B BuIpaxeHne (2),
onpejeaser obukfd nopsiok peakunn. OaHako, ecAH XHMuuecKuil npo-
IleCC OpoTeKacT ueped Ps/l NPOMEMYTOYHBIX CTaiHH, BHpaxenue (2)
fBAAcTea yAOOHOH, HO (HOPMANBLHOR 3aNHCBK YPABHEHUS CKOPOCTH
XUMHUCCKOi O npouecca. TIpH 3TOM nopajoK peaklHH MoxeT OHTh KaK
HeAbM, Tak ¥ ApodubniM. K ApOGHHM [10pAaKaM [IPH pacyeTe CKOPOCTH
NPHBOANT, KaK MHE YBHIKM HHKE, NPHMEHeHHe NMPHHUMIA CTAUHOHAP-
noctr Doaentelina.

YpanHenne (2} oTpamxaeT CylwecTBO NPOTEKAKUIHX [POLECCOD
TOALKO B CJyude OJHOCTAAMAHBIX peakunit. CoBnajeHue MOpPSIKOB
CAOKHON peaKUHIl Mo KAMKAOMY BEIUIECTBY CO CTeXHOMeTpHYeCKHMH

* D70 NUHATHE WCOOAb3YKT B XHMUEYeCKOfi TepMOIHHAMHER TNpH BHBOIE HAO-
TepPMH XHMiugecHof peakunu.
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xoodHUNEHTAMH BOSMOMKHO, HO He BOSFI1a OTBETAET HCTHHHOMY Mexa-
HHaMy e¢ mMpPOTeKaHHA.

Hecmotps Ha ckasaHHoe, Bulpameiite {(2) no3Boager nairn ypasue-
HHS, QpejessijollHe CKOPOCTH PACXOL0OBAHHA HCXOMHLIX BCIIECTB HJH
HAKONJEHHS KOHeYHBX NMPOAYKTOB AMS MHOrHX peawunfl (1e Toanko
OAHOCTAARMHIYX, 110 W CA0XHBIX) ¥ HAXOAANKECH B XOpoweM COriacHu
C OMBITOM,

Tak kak ¢Taaud, ©epe3 KOTOpble NPOTEKAOT peakiuud, B GoJab-
IIHHCTRE CJYY3€B HEH3BECTHH, NPEABHAETh NOPAIKH peaKuHH T0 Kaxk-
AOMY BeLleCTBy HEBO3MOMHO; HX CJelyeT ONpelefiaTh CMelHalbHMMHU
MeToaaMH, KOoTopue GyAYT paccMOTPeHH HHXe.

KHHETHKA PEAKILHA B CTATHYECKHX YCJOBHAX *
§ 4, HeofipaTuman peakuHa nepBoro nopsaka

Tlpumepom HeeGpaTuMbIX peakuuii 11€PBOro NOpsika MOrYT ABAATbGH
peakiuiy pasJoMKCHIA 330MeTaHa

CH3N2C113 — C2113+N2

passoxeHHs Okenaa azoTta (V)
2N205 — 02+2N204
PAa3TOXKEHHA JIHMeTHI0BOTO 3¢Hpa
CH‘;OCHa — CI’Iq. + Hg + CO
U ApYyTHe.

B ofiuieM Bujie yvpasHeHHe MOHOMOJTeKyasipHedi HeobpatuMoll peak-
LMH MOXKHO 3anHCaTh C.ICAYIOLHM 00pa3on:

A —» vwB+v,CH+vwD+ ...

[TpH MOHOMOJEKYAAPHBIX NMPOUECCAX HCXOAHNBIE MOJEKYJbl NpeBpa-
IAKTCA HE32BUCKMO OT OCTajdbHblX, T.e. NpeBpalieHHe Molexya A
3aBHCHT TOMBKO OT HX BHYTPeEHero coctosuua. Takofi npouece mpe-
BpallleHHA Ha3biBaeTes CHONTAMHoLM. Huca0 MoJell, npeBpailaioniuxes
B NPOMEXKYTOK BpeMeHH Meway f W { + df, 101xH0 OHTL NPONOPUHO-
HaNbHO NMPOMEXYTKY Bpemend df W YHCIAY MOJCH a — ¥, OCTaBLIHXCH
HeNnpeBPAILEHHBIMHE K MOMEHTY f, He3aBHCAMO OT 0oObeMa, B KOTOpPOM
OHY HaXxoAATCH {ag — UHCJO HCXOAHHX MoJefl; X — wico MOdeH He-
XOLHOrO BellecTBA A, MPCBPATHBILIHMACA K MOMENTY BpeMenn 1)!

—d{a—xy=Fk(a—x)dx
HJH
dxjdi=k{a— x) {10}

Ypaenenue (10) u Oyiger anddepemninalLHbM ypaBHeHHeM cKo-
pocT# HeoOpaTHMON peaKLnH MepBOTO NOpAIKA.

* CratuuecKHMIl YOIOBHSMI NMPOBCTICHHA peaklHu 6VIAeM HasulBath Takpe, MPH
KOTOpHX OTCYTCTBYET OPHAYAHTE/bRWH MOTOK DearHPYIOUIHX BeMlecTB B 3a0AHHEY
HanpaBAeHHAX.
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C dopmanproli Toukw 3penus swpaxenue (10) moxer GuTo DO-
NYyueHO M HenoCcPelCTBEHHO U3 OCHOBHOrC [1OCTYJaTa XHMHYECKOM
KRHeTHKH (2), TaK KAK MOXKHO HANHCAThb, YTO

_ d{a — x) _ka-—-x
Vdt v

Jlerko yBuaeTh, 4to nocae cokpanienns V u aHpdepeHUHpPOBaHHRA TO-
AyuaeTca BupaxeunHe (10).

Ypasuenne (10) oTHocHTCH K pa3zpady oOuKHOBeHHLIX AHddepeH-
URAMbHBEIX ypaBHeHHH, KOTOpble PelarTes OYTEeM pasleneHHs mepe-
MEHHBX. YMHOKAA NPaByl0 M JCBYW 4acTH Ha df/(a —x), nonyvyaeM

dxfla ~ x) =k dt
[Tocne HHTEIrpHPOBAHHUs BhIpayeHHE NPHBOAHTCS K BHAY
—Infla—x)=6$+C (11)

Koncranty muTerpupoBadus C MOXHO HailTH H3 HavaJbbHHX ycJao-
BHil: Korga ¢=0, 10 x=0. [foacraBaAs 3TH 3HAueHHA B paBeHCT-

Bo (11), naxopum:
__lna=C (12)

MMoacrasass (12) B (11) u pesas oTHOCHTENBHO K, NOJAYyYaeM

1 a
k= 7 In g

Ha Bupawenus (13) BulTekaeT, uTO k& HMeeT pasMepuocTs T\
CheaoBarenbHo, KOHCTAHTA CKOPOCTH MOHOMOJEKYAsipHON peaKUdH
Oyaer BulpaxaTuca B ¢! (MHI—! wan u-!).

B rabr | npuseaenn ZaHHble O KHHETHKC PAa3NOMEHHA [eKca-
(GeHHJI3TAHA, pacThOpenuoro B xJaopodopme (¢ o6pasoBaHHEM TpH-
tenuamernsa) npn 0°C. Cleayer OTMETHTb, UTO KONCTAHTBl CKOPOCTH
PacCYHTAHH TpeMs BOIMOKHHMH cHOcO0aMH € WCHOJL3OBAHHEM Kax
CpeAHMX 3JHaueHHA KOHUEHTPAUWH, Tak H 3HayeHHH KOHUCHTpauuu B
AaHHBIA MOMEHT BpEeMeHH.

Paspennp uncAuTeIp H 3HaMeHaTedb APOOH, CTOALeA MOJ 3HAKOM
norapudma, ra o6beM (NPH YCJAOBHH, YIO OH MNOCTORHEH), BEIpaxe-
Hue (13) MomHO mepenncaTh B BHle

1 Cqg
k——--t— In T

(13)

rae cyp— Hcxoanan KoHleHTpailia pear:{pylou.lero BellecTBa, ¢ — ero KoHleHTRALHA
K MOMEHTY BpeMeHH .

JTo BHIpaKeHHe HCNONB30BAHO NPH pacueTe KOHCTAHTH CKOPOCTH
peakiuu pasnoxeHus rekcadennnsTala, 3HaYeH s KOTOPOH IpHBedeHbl
8 rpade wectodi Taba, 1. B natodi rpade »10l TabnKuw npeacTaBiaenH
3HAueRRns k, pacCUMTAHHHE C HCHOJL30BAHHEM KOHUEHTpPauHi ¢, H
C,, COOTBETCTBYIOIIHMX NBYM KPafiHHM 3HAVEHHAM BDeMEHHOIO HHTep-
Basa Af. B uerBepTofi rpade 3HauUEHHN KOHCTAHTH CKOPOCTH Bbi-
THCNEeHB HR YpaBHeHHA CKOPOCTH MOHOMOJIEKYJSPHON peakuHH ¢ He-
NoJB30BaHeM KOHedHbx pasHocTefl BMmecTto AMddepeHunanos, r. e.

-_ AC}"At = kc‘;p
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Tatruya 1. JIanubie 0 KUHETUKE pASAONEHUR 2exéadentiasTana,
PACTBOPENKOZ0 8 X.10podopme, ¢ o6pasosanuem Tpuderuimeryavho2o paduraan

PhyCCPh, —» 2Ph,Ce

&:10, sy
1, MuH & -E£~ 10
at —%--C_'c;.m T{r' m% o] L ﬁ;--[(l
0,00 1,000
2,00 2,03 2,03
0,15 0,970 2,03
2,07 2,17 2,18
0,29 0,94] 2,09
2,07 2,24 2,24
0,43 0,912 2,13
1,81 2,02 2,02
0,59 0,883 2,11
1,81 2,08 2,08
0,75 0,854 2,10
2,00 2,38 2,38
0,90 0,824 2,15
8,70 0,559 2,15
1,45 2,66 2,66
2,90 0,530 2,19
1,00 1,94 1,94
3,20 0,500 2,16
1,00 2,04 2,03
3,49 0,471 2,16
1,00 2,19 2,19
3,78 0,442 2,16
5,22 0,324 2,16
0,67 2,16 2,16
5,67 0,204 2,16
0,60 2,30 2,31
6,12 0,265 2,16
0,53 2,10 2,11
6,69 0,235 2,17
0,53 2,40 2,39
7.24 0,206 2,18
8,68 0,147 2,20
0,28 2,13 2,09
9,73 0,118 2,19
0,26 2,50 2,45
10,83 0,088 2,23
0,16 2,24 2,26
12,65 0,050 2,24
0,13 2,86 3,00
14,90 0,030 2,35
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MMorennupys supaxenne (13), monyuaem

aflu — x) =¥ (14)
OTKYy.la HAX01UM

a—x=ae ¥ (15)
H

x=a(l—e k) (18)

Bripamenne (15) naer BO3MOMKHOCTH ONPEIEJIHTh KOJHYECTBO
BeillecTBa A, 0CTaBlueecs LIeH3MeHnBM K MOMENTY BpeMenu f, a (16) —
KOJHYCcCTBO Belitectsa B, ofpasosaBuleecAs K MOMCHTY BpeMeHH [
Hz 3Tux ypaeHeHHil BHAHO, 4TO Kak yOLLTL BeulecTBa A, Tak H yBeJH-
YecHHe BELICCTBAa B HPOTEK4AT N0 3KCNOHENIHAILHOMY 3aKOHY.
[Ipu sToM 13 ypaBHenusn {15} BulTexaer, uto korga { =0, a — x =ua,
a koraa [ = oo, a — x=0; 13 ypasienua (16) caeayer, 4yTo npu { =
=0 x=0,anpnf{=wo0 x=nuq.

Ha puc. | oTu 3aBHcHMoOcTE M306paxenn rpafuiecku. [loanoe He-
YE3HOGEHHe WCXOAHOro BemecTsa OyileT HabalofaTbhed TOJbKO yYepea
Geckonequo GOMLIWON NpPOMexYTOK BpemenH. IlpakTHUecKH peakuuio
CYUHTAIOT 3aKOUYHBLUIEHCH, KOrla aHAJHTHYECKHM NyTeM HeJb3d o0Ha-
PYXUTE HCXOAHHX BedlecTs. OUYeBHANO, YTO pe3y/eTaT GyReT 3aBHCeTh
OT YyBCTBATENLHOCTH MIPHMEHNEMOrO aHAJHTHYECKOrO MeTOAA.

Ha puc. 2 npusejieHnl 3KCMeDHMEHTaJabHbE JaHHBE N[O TepMAdg-
CKOMY DAa3/0KeHHe OKCH1a a30Ta (V):

2N20§ e 4N02+02

I

2N.,Oy

‘KoanuecTso Hepacnasuierocs NeHTaoKC#Aa a30Ta PacCUHTAHO MO
ypaguennw o — x = aexp(—~kt); k=00310 muu-!. Koauyectso
o0pasoBaBlerocsl BewlecTBa MOJYYCHO N0 YDABHEHHI X =gjl —
— exp{(~—kt)]; Po=46 xlla, T =45°C.

Kax BHAHO, 3aBHCHMOCTH aHAJOTHYHB H30GPaMEeHHBIM Ha puc. 1.
Ha ofoux pucynkax 1 of03uuuact BpeMs, COOTBCTCTBYIOUleR TOUKe

ez T T T F Ng0g
] N E— = .
T [
'pll
| Z
e
| T i ]
T 1 0 0 4 B s0tmum

Puc. 1, Teoperuyecras 3aBHCHMOCTE KOTHUECTRA OCTasuleroca Bewectsa A g ofipa-
SOBBBUWETOCH BoMeCTBA B o7 Bhevewn 14 peakitin nepBuro NOPAAKA,

Pne. 2. KnieTnseckite Kprnlie TePMHUCCKOID PAsIOMENHA NEHTAOKCH1d a30ra (Tod-
KH — SKCACPHMCL ALILe, 1o AauaEuM Jannzasca n Hwoucons; py = 46 klla).
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nepeceuenns KpuBWX. B ToUKe mepecenenkss KOopHu ypasHenuit (15) n
{16) OyayT paBiibl, CJCAOBATCABHO!
a—r=x (17)

Otciona x = a/2, T.e. K MOMEHTY T MpOpearHpycT NOJOBHHE HC-
XOJHOTO BEULCCTBA, MO3ITOMY BpPEMS T HAZLIBACTCH 4peMeHen noaypac-
nada. Ha ocnoBaknu pasciictsa (17) u3 supamcHuir (15) n (16)
BLITEKAET, 4TO

ae ¥ —a{l — e %)
HJIH
2e Rt 1
OTKYAa
efT—=2 i t=In2/k (18)

Taxum oGpasoM, BpeMa neJIypacnajga He 3aBHCHT OF KOJMHYECTBA HC-
X0AHOTO BeillecTBa, IJTO MOHATHO, TAK Kak B Caydyae MOHOMOJEKYAAp-
HHX [IPOUECCOB MpeBpaileHiie MOJeRY. HBJISCTCS CNONTAHHLIM (He
38BHCALLKM OT MPHCYTCTBHH OCTALHBIN).

ObpaTHa®f BeJMUHHZ KOHCTZHTBl CKODOCTH MOHOMOJeKyaAspHofi pe.
aXKIHH HMeeT (PH3HUECKWH CMBICT cpeduell mPOFOIICUTEAbHOCTI MUK
OTAeNBHOH MOJekyqH. deficTBUTeALHO, CPeAHIOI0 NPOIOJIAKHTEILHOCTD
MU3HH OTASALHOH MOJEKYAH MOMKHO HalTH, NOAL3YACL OnpejeseHieM
cpeaHell BeJHYHIIB:

T= S tdNIN, (19)
4]

rae { — Bpeva KA3HH OTAeNLHOR MOJEKYJH, T, €. BpeMs, Npotekalolliec 0T Havadp-
HOIG MOMENTA, NPUNIBOABHO BAIRTOTO AMR Beell maccul, 1o pacfiana subpagnod mo-
nAexyansl; Ng— olliee YUCA0 MOJEKY.L

Ho
dN = kN di (26)
H
N=~Ng {21)
UO3ITOMY
AN = N e~ "yt {29)

[Toacrapass (22) B (19) u uurerpupys 0o vacTsM, a TaKKe HpH-
HHMasg { = u 1 et = dv, nonyunm

o0 x

- NSRRI NEPRR e Ty ‘ L TR U TR .
twks fe dt k[ t ke ]u k[. ke dl = e A -z {23)
]

Jl

yTo # TpefoBaNOCH LOKA3ATh.

§ 5. HeoGpaTtumas peakuusa BTOPOro nopsajka

[Tpumcpon peakuun BTOPOrO NOPALKA B PACTBODE MOMKCT CAYMKITh -
OMBLIEHHC 3P WLET0ULIO

CH,COOCH; + NaOH —+ CH;CGONa  C,H,0H



B ofmem puae ypaBHeHHe GHMONeKyASPHONH HeoGpaTHMOR peakuny

MOXHO 321lHCaTh
A+B — C4+DH4 -

HonycTuM, 4To B MCXOAHBIA MoMeHT BpeMenu (=0, umeercs
& MOJb BeulecTBa A u b Moan petlectna B, [lycTs k MoMeHTY Bpemeny |
npopearipyerT ¥ MoJdp pBerecTBa A. M3 ypaBHeHHs peakiHH CJAeAyeT,
YTO NpW 3TOM TNPOpPearHpyer X Moab BemlecTsa B, T. €. K MOMeHTY
BpeMeHH { ocTanyTcs HENpopcarHpoBaBUIHMH (@ — X) MOJB Belle-
c¢tBa A H (b -~ x) Moab B. Ecan obvem cucteMn o6G03Ha4YuTL 4Yepe3 V,
TO CKOPOCThL peakiHu, coriacHy (2) u (5), MoxeT GHTH 3anucana cae-
LYIOLIAM 06pasoM:

dia—zx) ,,a—x b—x

B 2 S A T (24)
Cokpaulas na V ¢ aHpdepeHuHpyd, HaXOAHM
d R’
_d_.f’i=—v—(a-—x)(b—x) (25)

Ecnn o6vem cucTembl nocTosHeH, T0 V MOXHO BBECTH B KOHCTAHTY,
T. €. IPHHATB

RV =k (26}
Torna ypannenue (25) sanuwerca npoue
dx/dt =k (@ — x} (b — x) 27)

310 — Auddepenunansioe ypaBHeHHe CKOPOCTH GHMO/eKyaApPHORA
HeoGpartumoit peakuun. Pasaenss nepeMennnle, HAXOAHM
dxflla—x) (b —x)]=kdt (28)
HHTBF})HP}'F{ JIEBYI0 4acTs NOJAYUYEHHOIO BLIPaKeHHA MeTOoEOM He-
onpeaeseHHLx Ko3hQHIIHeHTOB, ToTyqaeM *

1 a—x
-—-—a__b]n———-b__x--ki-l—c (29)
Koitctanty wuuterpupoBanusi € HaXOAMM, YYHTHiBAA HaYa/bHHIE
yeaosun: f=0; x = 0. Osa paBHa

1 q
* Jrame uHTerphpobania. JIpobe
1 A + B Ab+aB—(A+B)x
(a—x)(b—x) a—x b—x  (a~x)(b—x)

Tak kak 3namenatesy ofedx fpoleil PaBAB, AOMKUW OHTb PaBHL H HHCHH-
Teas, 1. e. A+B =0, Ab+aB = 1.
Tleacrasaasn p nocaeanee A = —B, nonyyaem, uto B = 1/{a — b). caegosa-

reasto, A = —1/{a — b): Takum olpasom
S dx - 1 S dx + 1 (_dx -
(a—x)(b—x) a—b a—x a—b b—x

=;11—;,[1"(0—-r)~ln(b—x)]=kt+c



Moactasann (30) 8 (29), cobupan sce norapubmu B OAHH K peinas
OTHOCHTEJILHO k, nojayyqgacem

_ 1 1 mb(a—x)
Tt a—b a{b—x)

k (31

M3 Bupamensa (31) BhTEKaeT, uTo pazvepHocTh £ Oyner
[f]=T"'M"! (32)
rae T — ppema; M — maccea.
Ha puipaxcenns {26) cneanyer, uto
(£} ==T"IM™1L3 {33)
rae L — nanua.
B taba. 2 npuseieHs AaHHble, XapaKTePH3YIOLLHe KHICTHKY peax-
HHH OMELJIEHHR H30NPONHAANETAaTa UIEeN0ULIo:
CH;COOCH({CH,); + NaOH == CI1.CO0ONz 4 (CHy),CHOH

Ecna ucxoanble konuvectsa semliecTB A n B Oyuyr panud, T.¢,
a=V>, ypasHeuue (31) NpHBOLHT K HCONPeleNeHHOCTH

k==0/0

ATy HeonpeleJEeHHOCTE MOMHO PACKPLITE OBHIUHHIMH cnocofama,
Ecan ¢ camoroc sauaza no ycJoBHAM onbita g = b, nuddepennunas-
HOe ypaBHEeHHe CKOPOCTH, KaK HEeTDYAHO BHieTh, 3anHileTcs Tak:

dxfdt =k (a — x)? (34)
rae k = [V,

Pasjessnn nepeMeHHne u uHTerpUpys B npejerax ot 0 po i a

COOTBETCTBEHHO OT 0 R0 X, NOJYUHM

1 x

k=T ala—x}

(35)

Korna KOQJHYECTBO [IPeBPATHBUICIOCH BeILecTBA CTaHeT paBHo
NOJOBHHE HCXOAHOMQ, T.e. x ==a/2, Torga {==1— BPEMEHH [OJY-
pacnajaa.

Tabauya 2. Jannste N0 KHHETUHE OMOLIENUR H3OHPORUAAYETATH
weroaso npu 25 °C
(@ =0,02270 moasfs, b==003140 moas/1)

l

£, mnu a-—x i b—x &, ANMOIE s prce)
i P

Q 0,01874 0,02744

3 0,01664 (,02534 1,49
4 001432 002302 1,57
8 0,01092 0.01962 1,69
16 0,00681 0,01551 1,70
20 0,00424 0,01294 1,68
a1 0,00245 001115 1,48
11 0,00144 0.01014 1,23

Cpesltas £ = 1,54
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[Moactasasia aty peauunns! B (35), HaxonuM
T=1/ka (36)

Tarum ofpazoM, BpeMs noaypacnaja 5 ciayuae GuMONKyNSPHOTO
npoilccca o6PaTIio NPONOPLHONAMBII0 KOJHUECTBY HCXOJHOTO BELLECTBA.
MoxcraBansa B (36) sHaycHwe £ W3 BHpasenus (26) y y4nThiBas, 4TO
a,'V = €p, MOMHO HAMHCATH

4

T==1/k"cy {37)

$ 6. HeoGparumas peakiua n-nopanka

Buiseaem ofllee aulpamedHe KOHCTAHTHL CKOPOCTH ARA PEAKUUM A-FO

nopsAKa ., ,
AtA 4+ A, - A4 A4 e AL

Ecau ye1oBHAME PearUun ABIAITCA NOCTOAHCTBO 00BeMa CHCTEMB

V u paBencrso uHceI MOJA€H Kajil0ro yYacTHHKA peaklUnd B HOxO1-

HuE MOMEHT BpeMeHH, TO ANddepeHsiiaibAOe ypaBHEHHe CKOPOCTH
3ANHIIETCH TaK:

defdt =k {g — x)" (38)

rne
k= pfynt (39)

Kax Buano u3 BupakeHun (39), & 3aBucuT or ofutero ob6wvema V.
[Tockoabky ofGbeM HAfanabHOre rasa no 3akony bBofas — MaprotTa
IPH NOCTOAHNOH TeMiepaType 0OpaTHO NPONOPLHOHAASH 1aBJeHHID,

HMeeMm
b o~ pﬂ—l

Coraacuo (39), ang peakuuidl nepBOro MopsAka KOJAKYECTBO pearu-

pyoolLlere B eduirdily BPCMeHH BelllecTBa He 3aBHCHT or oflnero gas.le-

HHSA, AA8 OUMGIERYIAPHLIX Peakuudl — OpaMo MponopUHOHANLHO 06-

Tafauya 3. BpeMent npespaiqenin 8ewecrea Ha onpedeteanyo 000 8 peakyusx

[;ijg:l—}:;; Ty Ty Ty,
1 1 ] 3 1
i _k- In E T 5] ._j_ ? n2
2 ! ! !
Sk,Cg lefﬂ k'co
3 v 5 3
Tan ] 7 2
18& ¢ Bl ¢y 24 ;)

PR 3yl
(“s\ —! (7) — ! 27~y
I —]Jk’c('f"' (n—l)k’cf,l'] (n—l)k’rf;'l




ieMy AAaBJAEHHIO, & ANA TPHMOJIEKYAADPHHIX ~— NPAMO TPONOPUHORANTBLHO
KBaApaTy ofulero JABJEHHA H T, A.

Paszenss nepemennule w unterpupys (38) e mpeaesax or 0 jgo ¢
H COOTBeTcTBEeHHO oT 0 0 x

x d 14
ﬂS " _"x)n = S ki (40)
)
Oy YHM 1 :
1 1 @ —(a—x)""
AT e e “n

[Moncrasnas x = a/2 u t =1 {rle v UMeeT cMLICJ BPeMeHH MOay-
pacnaga), HaX0IHUM

(42)

T.e. BpeMs moaypacnaja ofpaTHO [PONOPUHOHAJIRHO KOJHYCCTBY MHC-
XOJHOTO BellecTBa, B3jTOMY B CTeNeHK Ha eJHHHUY MeHnure#l, dem
MOPAAOK peakluHH. 3Ta 3aBHCHMOCTb MOKeT OhTh NOJOXeHa B OCHOBY
METOLa oflpeleseHusA uopﬂnxa peakunn. Tak, Jdorapupmupys (42),
noy4HM
28!
lg—'———l —
k(a—1)
B xoopaunarax Igt — lga 310 ypaBHeHue BhIpaxaeTCa NpsMOA, Mo-
ka3anHOM ua puc, 3. OTpe3ok, oTcexaemufl MpsmMoil Ha oci OpPAHHAT,

lgt= n—1)lga (43)

coorperctByer 1g (271 — 1) /(#(n— 1)], a Tanrenc yria nakiona nps-
Mol tg ¢ = n— | onpeaenseT NOpSAOK PEAKUHH
n=tgep+1 (44)

ﬂopsumx PeakuHH MOMXHO ONpeIensTL He TONLKO NO BpEMeRN Nnoay-
pacnaaa, 1o W N0 BPEMCHH npeBpailleHHHA HCXOAHOIoO BeuleCTBa HA .

passsix RopRixos

2 Tl,[’ 1;,1
L1 4 2.4 1,7 0,5
A n s ) ,9
3
e, 3 2 0,33
5 3,86 24 0,20
2k ¢}
41— 2" — g 2" o1 2"
(ﬂ—l)klc‘n.—l '~—l (i)"—l— 4
’ ( ;) ) !

)



W) Prc. 3. JlorapudMuveckan 3aBuCHMOCTE BPEMEHH
NCAYPACNAAS OT KOAWUECTBA HCXOOROIO BeulecTsa,

2"y P ONMpeieacHHYI0 1010, HANPHMEp HA OLHY
Yy Y YeTBEPTDb Ti/q, Ha OAHY TPETH Ty H T. I,
HAH JaXe N0 OTHOWEHHK BPEMCHH [0-
Jypacnafa K BPpCMEHH NPCBPAIUCHHA A
onpefencHHy0 A0AK. Bupamedns aan
BPEMEHH NpeBpAlLlEHHA BellecTBa Ha
ONpefe/CHHYI0 AQJIC IAf peakllHH Da3HbiX MOPHAAKOB NpH YCJAOBHH,
4TO YHCIa MoJqefl BCeX HCXOJAHBIX BeLIeCTB 8 iAYaJNBHHI MOMEHT Bpe-
MEHH pPasHbl, TPHBEAEHK B Tala. 3.

1ga

§ 7. OGpaTuman peakuun nepeoro NOPsiiKa

B Kauectse upumepa oGpaTHMOf peakluH {IEPBOTO NOPSAKA MOrYT
CAYMHTh PeaKlHH B3aHMHOro NpeBpallleHHa 130MepOB, HanpuMep

d-MeHTod == [-MenTOH

HJH npeapalﬂe!me THOUHAHATA B THOMO‘IEBHHyI
NH(NCS z== (NH,),CS

B ofuwemM Buie o6paTHMyK) MOHOMOJEKYJSIPHYIO PEaKLHIO MOXKHO
3aMHCATE CAeAYOUIUM 06pa3oM:

k
A:ﬁB
Ry

Tak Kak peaklUHs OXHOBPEMEHHO IIPOTEKAeT B NPAMOM H 06PATHOM
HaNpan/JeHUAX, €e CKOPOoCTs PaBHA pPa3llocTd CKOPOCTe#d npsmoll w
o0paTHO peakuMH, Ka:Ki1as H3 KOTODHIX ABAAETCE MOHOMOJEKY.Rp-
HOH, T. €,

—d@a—x)di=k(a—x)—k{&+ 1) (48)

fle a v b — HCXoduLe 4HCAAa MoJel sewmiecTB A # B; x — qucAo Monell pemectTma A,
popearuposasllee K MOMEHTY spemeHH L

Ouddpepenunpya (45), nonydaem

dxfdi =k (a—x)—ky (b + x} {46)
PackpuiBan ckoGxH # BEIHOCA 32 CKOGKH k) + ky, NIOTYYHM
dx ka—kb
T (S ) (47)
(O0o3nayasn
kla“kgb
B R (48)
Boipaxekue (47) MOXHO 3anucaThb
dxfdt == (&, + ko) (A — . (49)
Pazneaas nepeMeHHble, HAXOAHM
dx
e (ky + k) dt {50)
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HHTerpupyn 370 BupaxeHHne B npegenax ot 0 10 x H cOOTBETCTBEH-
HO 0T 0 A0 ¢ ¥ peliaf QTHOCHTENLHO R - ko, NOJYUHM
1 A
—In — 51
k1+k2=‘t|ﬂ A—x {51)
CaenoBaTeNbHO, AA8 HAXOMAEHHS CYMMB KOHCTAHT CKOPOCTH Nps-
MOfi M ofpaTHOH peakumii Hago 3uaTe A. UtoGw Hafity A, pasaenum
YHCJAHTEAL H 3HaMeHaTesnb B pameHcrse (48) Ha ky H, NMpHHHMAsA BO
BHHMAaHHe, UTO

(K — KOHCTaHTa paBHOBecHA), NoAy1aeM
A= (Ka—b)/(K+1) (B3}

Taxum o6pasom, AT HAXONKAEHNA BeJHUYHHE A HeoOXOAMMO 3HAThb
KOHCTAHTY paBHOBecHA AaHHOH peakuHH.
B MomeHT paBHOBecus ¢KOpPoCTH npamod M ofpaTHOW peakuuf
PaBHB, NO3TOMY
dxjdt =0 (54)
[MoactaBasa (54) B (46) U OTMeyas KOJHYECTBO BellectBa A, npe-
BpaTHBWeECH K MOMEHTY [OCTHMEHWS DABHOBECHH, HHEKCOM o0,
HaxouM

ki (6 — Xo) — ko (b + Xe) =0 (59)
OTKyZa . .
1 __ Yoo
T a— o e (56)

3nas A, MOXHO no ypasHeHHI0 (D]1) paccynTaTb CyMMY KOHCTAHT
CKOpOCTelt k; -+ k2; 3Had YHCJIOBOe 3HAYeHHe KOHCTAHTH pPaBHOBECHR
H YUHTBIBA®, YTC OHA PaBHA OTHOIIEHHIO KOHCTAHT CKOPOCTEH, MOIKHO
paccuHTaTh KaMAYI KOHCTAHTY CKOPOCTH,

Kak Buano, pacder ckopocTH o0paTHMOR peakLMH oOCHOBaH Ha
NPHHUHIE He3ABHCHMOCTH npsaMoil W obpatHoil peakuudt. Cropocrs
yMeHLIUeHsl KOHLEHTpauln BewecTea A paBHa pPa3sHOCTH CKopocTed
npaMoil ¥ obpaTuofl peaxiHil, IOCKOALKY B DE3y/NbTaTe NpAMOil peak-
UHH KOHLUECHTpalky BeulecTsa A yMelptiaeTcs, a B pe3yabTate obpar-
HoW peakuuu,— HaobopaoT, Bodpacraer. IIpuHLUHT, 1010MKeHHBIE B Oc-
HOBY pacyeTa CKOPOCTH o6paTHMOH peakuup, HMeeT # (ofiee WHPOKOe
3HaueHHe. Ero MOXHO CHOPMYIHPOBATL KAK MPUHLUR HE3QBUCHMOCTU
pas.utnsty peadkyitl, NpoTeKalOUIHX B OJHOI CHCTEMe, W/H, YTO TO XKe,
KaK MPHHUHI COCYILECTBOBAHNA Pa3anudux peakunfi. CoraacHo stomy
NPUBLKETY, CKOPOCTL KaXKAOW M3 NPOTEKANIHX B CHCTEMEe peaxumi
OPAMO NPONOPUHOHANbHA KONUEATDANMAM pearypyioluX BEUeCTB W
He3aBHCHMA OT APYTHX peariHi.

[Tonnoe u3MeHeHHe KOHUEHTPAUHH JAHHOTO BellleCTBa ABJAETCA
CyMMOil Bcex 3THX le3aBHCHMBIX H3MmeHedHAl. [IpuHuun Hezasucu-
MOCTH Pa3aHuHBIX peakuuil Obl1 OpOBepeH 3KCRepHMenTasLHo. [o-
JYYeHHEe ¢ el0 HCNOJIB30BAHHEM YPaBHEHHs 1.8 obpaTumbiX, napad-
JIeTLHLIX H NOCAEAOBATEAbHLIX PEAKIHA XOPOINO COrNacylTest ¢ Onw-
TOM. IJTOT OPHHHHOD GyfeT LUIMPOKO HCOOJIL3OBAH Jahee, Korga
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Tabauya 4. Januste o kuneTuxe uaosepusagun P-oxctinporonogozo spupa
8 ageroykcycnoll aup npu 25°C (a=1 x, =092

£ l—x =% | koot v 4 a lmx X% | g0t 4!
0 (,366 0,288 — 333,3 0,130 0,052 47
71,8 0,277 0,199 47 3835 0,121 0,043 46
145,5 0,215 (0,137 47 478,3 0,106 0,028 45
215,8 0,174 0,096 47 506,0 0,100 0,022 47
264,3 0,152 0,074 47

peakuun OyayT paccMaTpHBATLCH Kak COBOKYIHOCTL 3J1eMEHTapHALIX
NPpoLeccos,

Huoraa vaoGuo o0paTtHMYIO MOHOMOJCKY/ISNPHYIO peakuuido pac-
CMaTpPHBaThb GOPMAJILHO KAaK HeoOPATHMYID. JTO MOMKHO CAeaaTh cJe-
Rytouiny obpasom, [oactapaas {56) B (53), noaygum

A= x,, {57)
nO3TOMY ,
by 4y == In = (58)
OTKYJ4a
ya it
x=xp (1l —e™ ) (59)
rae
k==Fk +ky

Auddepenunpya (59) no ¢ 1 noacrasisis B NOJAYYEHHOE BbIpaxe-
HHe 3HaueHHe exp (—&!) u3 (59), HaxoanM uto

dxfdt =k (x,, — x) (60)
T.e. AH{depenunaabHoe ypapHeHHe CKOPOCTH o6GPaTHMOR peakuuu
nepBoro nopaka $popMaabio 3anuCLBaeTCH TaK Xe, Kak W HeobpaTu-

MOH peakiuu [ICPBOTO NOpsiKa.
B tab.1. 4 npuBejeHbl KHHETHYECKHEe JAHHBE IR DPeaKIHM

CH3;C=CHCOOC;H; == CH,;COCH,COOC;H;
I
OH

§ 8. OGparuman peakuds BTOPOTO NOPAAKA

TunuunslM npnMepoM obparuMoil peakllMd BTOPOrO MOPSAKA AB/IAETCH
peakuHa OMBUTEHHA CTOXHOIO 3pHpa HAH oOpaTHAA ¢it peakuHa 3Te-
pHpHKALKY, HaTpHMep

CH;COOC,H; + H,0 =—> CH,;COOH + C,H,0OH

B ofuwem Buie GHMOACKYIAPHYIO 00paTHMYI0 PEAKLHIO MOKHO 3a-

nucarsn
A+B #= C+D
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CropocTs GHMOJEKYARPHOR 06paTHMON peakuun Takxe Gyiaer pas-
Ha pasHOCTH cKopocTeil npsavoil H ofpaTHoil peaxuaii, T. e.
d{a — x)
V dt
rie @— HCXOAHOE uHCTIO MOJed BellecTBAa A; ¥ — 4HGIO MO.'IEI"!’ pewiec1a A, npo-
pearupoBaBIINX K MOMCHTY speMemy 6 ¥V — ofmen cHCTeMU: &) H Ry — KOHCTANTH
ckopoctefl npasmofi 4 o6paTHOR peakunn; &;-— KOHUEHTPALH PCATHPYIOUIHY BeUICCTS
K MOMEHTY BpeMeHil [,

Mocne auddpepenunpoBanua Buipaxesne (61) zammwmcercs B BHAe
dx/V dt = kjepcq — kicecp (62)

= k:cAcB — Ie;cCcD 61)

Pacemorpum waubosee npocToil ciyda#, KoOraa 4uca0 Maodel wuc-
XOIHHX BellecTd B HayalbHult MOMeHT BpeMenn f:=10 paBlio g,
a YMCJa0 MoJed [poAYKTOB peaxuuw pabxo By, Torna bupaxenue
(62) Gyaer BoINLICTb TaK:

de s {a—x? ¥

vat Ty k2 (63)
HJH N0oCHe coKpallenHs Ha V

dx/df:-k. (ﬂ - I)z bl k2x2 (64)

rae
ky=k(/V B Rky=iafV

PackpeiBas cKOGKH H BHHOCH 32 CKOOKN &y — Rz, IIOIYUHM

dx _ _ . kia kya? ] "
7 = (ki — ka) [x 2 PI— e (65)

Bripaxenue B KBaapaTHhX CKOOKAX MOMKHO NPRACTABHTH Kak Npo-
H3BeJdeHHe IBYX ABY4ACHOB
dx
Tat
rhe m, W My — KODHH KBaipaTHOrO YPaBHENs, NOJiyYAeMOlO, ¢l MPHPaBuaiTh K
HY/MO Tpexu/eH B KBAApaTHLX ckofkax B Bepaxennn (65).

10 YpaBHEHHe MOXKHO 3allHCaTth B BHJAEC

= (ky — k) (1 = x) {23 - X) {66)

2aK alk
2 — =
Bt =0 (67)
rae K = ki/ky — xoHcTaHTa paBHOBECHA.
Kopuu 6yayt paeHul
alkK £4K)
PO AN SN (68)
' K—1
Paagensis nepemenuuie 8 ypapiennin (6G) n HHTErpHPYA, NOJyYHM
1 1 ms (my — x)
ki — k= my — m, In my Uy — X) (69)

Hurerpuposanne ypasHenust (66) TMpoOBOAAT anaJornyiig ypanie-
Huw (27).

KoucranTia cropocTell NOPO3HL MOXMHO HANTH, 3HAS KOHCTAHTY
pasnosecks K.
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§ 9. MapaanerwHue pearunn

Huorpa uexogsnie BelliecTBa PEarnpyiorT cpasy MO HECKOJNLKHM Ha-
npasaenusaM. Hanpumep, npu HuTpoBannu ¢eHoNa OAHOBPEMEHRO
MOJy4alnTcA TPU HIOMepa: Opro-, Mera- W napa-uutpodenonn. Ms-
BECTHO TakKXe, 9T0 0eproseToBa COJb NPH YMEPeHROM HarpeBaHHy
pasjaraercs no ABYM HAMpaBJeHHAM:

—> 2KCl+ 30,

6KCIOs —
— 3KCIO, + KCI

Takne peaKuuu Ha3bIBAOTCA Napaanenabemmu. Pacemorpum mpo-
CTeAWIHA cayyafl ABYX Napajyie/IbHelX HeoOPaTHMBIX MOHOMOJEKYAsp-
HHx peakuufi A—B, A—C.

CKkopocTb nepBoR peakuHH

dx fdt = k; (a — x) {70)
CKOpOCTh BTOpO#Rt
dxz/dt =k, (@ — x) (71)

rae x; H Xz — qucaa monedl semects B u C, 06pa3osaBiHXcA K MOMeHTY BpeveRu f;
x == £, -+ %y — ofmee A0 MOMed BellecTBAa A, npeBPATHBUIGECH K MOMEHTY Bpe-
meHH §; By 8 ky — KOHCTAHTH ckopoctelt mepBOf H BTOpOR peaxnuu.

CkopocTe npeBpallieHHs BeliecTBa A 10 IBYM HanpaBjeHHAM
GyleT paBHa CyMMe CKOPOCTe N0 KaXLOMY HalpaBAeHHIO:

dx dx, dxg
= a vt (72)
[Toasayace Bupaxennamu (70)—(72), raxoaum
dxjdt=h{a—-x)+ ky{(a—x) (73)
Han

dxfdt = (ki + k) (a — x) {74)

Hurerpuposanne ypaBreHHs (74) NPHBOAHT K BHPAKEHHIO
k‘+k2=—;—ln 7 (75)

CpasuuBasi ypaBHenne (75) c¢ ypaBHeHHeM A MOHOMOJEKYJAp-
Hoit peaxuuu (13), BHIHM, UYTO pa3;JHYHe CBOJIHTCA K TOMY, 4TO B
ypaBueHuu (75) B JeBOH YACTH CTOMT CyMMa KOHCTAHT CKopocTeit
ofenx napaajeibHelx peakuuii. B ciayyae Tpex napanjensHbx MoHO-
MONEKYAAPHEX peakUHil B JeBOH YacTH ypaBHeHHs GYAeT CTOAThH CyM-
Ma Tpex KOHCTaHT.

Hna chytas aByx napajientHbix HeoOpaTHMbIX GHMOJEKYASADHBIX
peakiinif nonyuaeM ypaBHeHHe

dxjdi = (k4 k) (a — %) (b ~ x) (76)
[Mocne unTErpHpPOBAHHA HMeeM

- 1 bla--x)
k[+k2 (a"'-b)f In a(b——}T (77)

VYpanuenun (75) u (77) AaloT BO3MONHOCTL ONPEICAHTDH CYMMK
KoucTaHT cxopocTed. Ecan Bo3nukaeT HeoOXOAMMOCTL pacCCUHTAT
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KaXAyi0 KOHCTAHTY, TO HYXHO HMeTh ellle OHO ypaBHEHHe, B KOTOpOE
BXOAKAH OH 5TH KOHCTAHTH. Kak NoJydHTh TAKOE yPABHEHHE, OKAXKEM
Ha npuMepe IAByX NAapanjensHplx HeoOPAaTHMBIX MOHOMOJCKYJAPHHX
peakuuii. Pasneaun (70) na (71), numeem

dxi[dxy == ki[k; (78)

HuTerpuposande aToro ypaBHeHus B mpefenax or 0 no «; B co-
OTBETCTBeHHO oT () A0 X Baer
xifxg= ki fR; {79)

Onpenenns B Kakofi-Ar6yAb MOMEHT BPEMeHH KOJHYECTBA BellecTB
B u C (x; u x2), HafileM OTHOWEHHe KOHCTaHT CKOpocTe# obeux ma-
paanesbHHX peaxunft, 3ateM, pemas (79) cosmecTHO ¢ (75), moayunm
BO3MOXHOCThL PacCYMTATh KajkKAyl0 KOHCTAHTY NOPO3Hb.

§ 10. MocaenosaTeabHbie peakuKH

Ilocaedosareasnoie (Way KOHCEKYTHBHHE) PeaKUHH — 3TO peaxilud,
npoTeKaiolllne OAHa 3a APYrol, T.e. € NPOMeXYTOUHHMH CTaLHAMH,
[Ipumepom rtakux peakumii ABASETCS THAPOJSH3 3PHPOB NBYXOCHOBHBIX
KHCJIOT Ileo4bio, B YACTHOCTH THAPONR3 AHTAZPHOITWIOBOre 3upa

THAPOKCHAOM HATPHA:
CO,C,Hs

C;H4(CO3CsHs)e + NaOH ~— CoH, + C.H,0H

\CO,Na

l-H\IaOH

CzH.Q(COzNa)? + CzH;OH

HJH THAPOJNHI 5PHPA OKCHKHCAOTH B MPHUCYTCTBHH KHCJIOT € NOCAGAYIO-
muM oOpa3oRanueM JaKTOHA:

}

CH,;CH,CO 4+ H:0
Lo
PaccMotpuM nanfoRree mpoctoft caysall ASyX RocleloBaTeNbHRIX
MOHOMOJIEKYAAPHEX Peaklui
ke kg
A— B — C
ITycts B HauaiabHBE MoMenT BpeMeHR f==0 HMeeTca a vo.Jb Be-
wecTBa A, a K MOMEHTY BpeMeHH { BelllecTBa A ocTanoce (@ — x) MoJb

H COOTBETCTBEHHO MOARUAOCH (x — y) MoJab sewectBa B u y Moab
Bewecrsa C. Toraa, nmonbayack BupaxkeHueMm {8), MONKHO HanHcath

dx/dt =k (a — x) (80)
Tlocne unTerpuposaHus Gyaem HMers
a— xm==aexp (— &) (B1)
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Pic. 4. 32BHCHMOCTb KOJHYECTBA MCXOAHOrQ

EU BeillecTBA A, RPOMEXYTOUHOIG Bellectsa B u
[ y KoHeyHoro Belwlecrsa C OT BpeMeHH 148 no-
% enenoBaTenbHEX  peakilMii NepBOrs nOpPAAKA
o (ky = 2k3).
=
§ T qa-x

|
= | |

t 1)

CkopocT npespaileHHa BellecTBa B paBua

d{x—y)dt=" (o —x)—ky(x ~ ¢) (82)
[Tonctapass s (82) pupaxenue (81}, noayunm
d(x — y)fdt =k exp (— ki) — by (X — y) (83)
HJH
d (x — y)fdt + ky (£ — y) = kia exp (— ki) (84)

Ecau ofo3naunte ¥ —y =z, 10 suipaxkenue (84) sanuwercs B
BHJE HEOJHOPOAHOFC JuHedHOoro AuddiepeHnHalipHOTO ypaBHEHHA nep-
BOTO MopAjka (OHO COJEePIKKHT HCKOMYX (YHKUMID z K ee NpoOH3BOA-
HyH0 2’ TOJMLKO 8 MNepBOM CTelleHH)

dz/di + koz == kia exp (— k,f) (85)

O6ulee pelenHe HeOJIHOPOAHONO JIHHEHHOIO ypPABHEHHA MOXKHO
HafiTH MeTos0M Jiiaepa.
YMHoxkuB ofe yacTH ypasuenus (85) na
B (1) = exp (kot)
NOJYYHM ypaBHEeHHe
{dz}dt) exp (kot) + ko2 exp (Ref) = kjaexp (ky — b)) ¢ {86)
Jlerko yBHAeThb, UTO JIeBAs YACTh 3TOTO BHIPAXKEHWs (PEACTABAHET

co00fi MOJHYH [IPOH3BOAHYI0 OT (YHKUMH zexp{kgf), MOITOMY BHI-
paxenue (86) MOXKHO MepenHcaTh B BHAE

(zexp (if)) = Rkyaexp (ks — ki) ¢ (87)
Unterpupys sto Beipaxienne B npegeiax ot 0 o { u NpHHuMas

BO BHHMaHue, 4T nph t = 0 z = 0, noayyum
2 exp (kof) = [R1a/(ky — &1)] {expl(k: — &) 1]} (88)

Pewas 3t0 yYpabHetiie OTHOCHTEALHO Z W NOJACTABJAR BMeCTO 2
€rg 3Ha4eHKe X — Yy, HAX0AHM

—_— = _L._ ki __ —kt
K—y=ap—— (e e~ Ht) (89)
{loacrasnsas B (89) suaucuue x w3z (81}, noayunw
y=all—e Bt) g B (o-ht _ -hi) (90)
Ry — R
MR
ks —ht & ~k.t)
RPN (L R . N 91
¥ a( B — &y +k8"kie ®h
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Ha puc, 4 nokasanw XpuBHe, oOTBedawollue ypaBHenusm (81,
(89) u (91).

BpeMs fuaxe, 32 KOTOpOE noaydaercs HanOo.ibUlee KOJAWYCCTBO Be-
mecTBa B, nafinen u3 ycl1oBHSI 3KCTPeMyMa

d(x — g)/dt =10 (92)
Heddepenunpya (89), noayunm
d(xa; D, kgﬁkl (ke + ko™ ) 93)
[1pHpaBEAB NPOU3BOAHYIO K HYJHO, HAXOAHM
k) exp (Bityaxe) = k3 exp (K2fuarc) (54)
Orryaa nochie JorapHQpMHPOBAHHS HMeeM
tyane = (In k) — In &)/ (R: — k2) (93}
QO6o3nauum
Rijbi=r wim ky=kr (95)
INoactaBaaa (96) B (95), HaxonnM -
fuaxe = Inrf(r — 1) &, {97)

Ioncrapnas 3To 3HaUYCHHE fyaxe B (89}, moayunm
a Inr n¢
= e = 77 [0 (-1 2T ) —ew (- 21)] ow

CneloBaTeNLHO, KOJAHYECTBO MPOMEXYTQUHOrO BeliecTBa B 3aBu-
CHT He OT a0CcoMOTHHX 3HaueHrH ckopocTelf ofeux peakuu#, a TOALKO
OT oTHolleHHusi ckopoctelt. Yem Coablue ko/k), TeM BHIue JIEXHT Mak-
CHMYM Ha KpHBOH (y — x)==f({) (cMm. puc. 4) a Ttem OJaHXe OH
OKa3LIBACTCH K HAYAJY KOODAHHAT,

Kpusas y = f({), xapaKkTepH3yoUlas HaKONJEHHE KOHEYHOro mpo-
ayktra C co BpeMeHeM, HMeeT TO4Ky neperufa, KoTopas CoBNajaer
€ TOUKOH MakCHMyMa Ha KpHBOH y — x = f({). Haauuue touku nepe-
IHba CBHIAETEJNLCTBYET O TOM, uTo BeliecTBO C obpasyercss ¢ Hayajb-
HhIM YCKODEHHeM. PacueTH MOKa3biB2IOT, YTC NPH MajbiX 3HauYeHHsx
OTHOLIEHHS k£/k; KPUBAd y BHauale NPAKTHYECKH JIEMHT Ha ocH afe-
nycee, 1. e. peiectBo C B TeyeHne [MeKOTOPOro BpeMeHH nocje navaja
peakunn anijiNTHYECKH Henb3sst OOHapyXuib, 2TOT NCPHOL NOAYUHI
Ha3BaHue nepuoda undysxyuu, Ecaum ky <C By, TO yepes A0CTATOUHO
GOMbILION POMEKYTOK BpeMelid

exp {— Ryf) < exp (— ki)

Moatomy B Bripaxenun (83) BTOpOE CjaraeMoe B CKOGKAX MOMKHO OT-
6pocuTb, TOrAa NOMYIHM

(x— ) = e o )

ky — &y
Ho, Tak kak

aexp (—Rkifj=a—x

To
x—y=(a—x)k/(ky — ki) (100)

& —ila— x) =k (ks — &) {101)
29
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Takum o6pa3oM, oTHOLIEHHe KOsHYeCcTB BeilecTs B u A chmycrs He-
KOTOpOe BpeMs Noc/e Havala PeakiHH CTZHOBHTCA NOCTOAHHHIM, T. €.
B TeYeHHEe HEKOTOPOro NPOMEXYTKa BpeMeHM He uaMeHserca. Jpyrumn
C/0BAMH, KOJHUecTBa oboHX Bellects A W B Gyayr y6uBaTts ¢ ogHHa-
KOBOH CKopocTblo. Takoe COCTOAHKE HA3LIBAETCH MALPEXOCHOLIM DABHO-
aecuem,

Ecnu ky < Ay, TO

=y kT
a=—x kg T (]02)

Tle T, H T3 — BPEMEHA NOJAYypacnaia eewects A 8 B,

PapropecHe, oTeenalouee ypaBHenuso {102), HasWBaeTCH 82K08biM,
ITpu yxasaHHOM ycNOBHR &y < k; ypasHenwe (91) nepexoaur 8

ypaBHeHHe
y=a(l—e"k) (103)

TaK Kax TPpeTbHM CJlaracMbiM B CKOOKAX H 3RauEHHEM k) B 3HaMenaree
BTOPOTO ciaraeMoro mMoxHo npenefpeus, ChezosaTensHo, TaKkas peak-
lina OyzeT npoTeKaTb KAK NPOCTas MOHoMoJekyJaspHas. Tosisko B Ha-
yaje peakUHs NPH MAAbX ! MBl HOJYYHM OTKJOHCHHE CKOPOCTH peak-
UHH OT ypaBHEeHHsl NPOCTOH MOHOMOJEKYJAApHOfi peaknuu. OnblT noka-
3LIBAET, UTO BO MHOTHX CJAy4asaX KHHeTHKA Takoli nocieioBaTebHOR
peakilyy Xopollo COFNacyeTca ¢ KHHeTHYECKHM YpaBHEHHEM peaKuHH
IepBOr0 MOpAAKa, ec/lH NpeHeOpeyn TeueHHEM peakUHH B HEKOTOPOM
HauaJbHOM HHTepBaJje BpeMeHH. OfHOA H3 MPHYUH TAKOrQ COIVIACHA
ABJAETCR TO, YTO peakuus 00Pa30oBaHHA KOHEUHHIX HPOAYKTOB HAET
OLicTpee peakudud OOPa30BAHHA NPOMEKYTOUHHIX NPOAYKTOB, MOITOMY
OHa ONHCLIBAETCH YypaBHeHHEM CKOPOCTH OAHOCTaARAHOR peaKuud.

B cayuae OGoJee CJ0MHOrO NpOLECCA, COCTORIUErO K3 YeTHpeX
cTaaHi

A — B -— C—D
K DAacCMOTPEHHHM BhLilie YPABHEHHAM MNPHCOEAHHAETCR ellle OfHO

ypaBuenHe
di{y—2)dt=Fky(x —y) — ks (y — 2) (104)

tae ¢ — Z — KOAH4ecTBO MOaell pemtecta C B MOMEHT BpeMeHH f.
3amennn (x — y) B (104) ero snauenneMm u3 (99), nonyuum

d (ydt— 2) -2 —=a qk;’f'__k%l_ (e~ Pt _ g~ kat) (108)

HHTerprpoBanue 3Toro ypaBHeHHs JaeT

y—z=4a (cle"k‘t + c2e‘k" + cse"‘") {106)
riae
o = k|k2 o= k[kg
(2 — &) (ke — k1)’ (k) — k) (ha — ha)
kiks

3=

(kL — ka) (ks — Ri)



Tak e NPOCTO pelnaeres 3aj4aua AJf caydas Goanuiero uncna
eraanfi. Uro xacaetcs peakuuil BHICIINX NOPAAKOB, TO HIITErpHpUOBaHHE
nMoAyYalOMHXCA YypaBHeHHd B KBaApaTypax HA¢ Bceria BO3MOMKHO

§ 11. Croxubple XHMHYECKHE PeaKuHH

B OCHORY pacueTa KHHETHKH CHOMHBIX pPeaxkUnil NOJIOKEH ApURLUN He-
808UCUMOCTY pa3iHUHBIX peakunft (cm. ra1. I, § 7). Ero npnwvenende
CHJbLHO YNpOLiaeT 3ajady COCTaBJeHHA CKOpOCTefi NpOTEeKaHHA peak-
ouft. [Ipuitmn He3aBHCHMOETH PA3JHUMHX peaklHii He BLINOJHAETCA,
ecAH XHMHYeCKpe DeakudH B CHCTEMe IIPOTEKaloT C HACTOJILKO 00Jb-
fliHMH CKOPOCTAMH, YTC APOHCXOAHT HapylLleHHe 3aKoHa pacnpefefe-
HHR CKOpocTeR MoneKkyn rasza MakcBeana wiH ecau B pesysibTaTe
06pa30BaHuA MPOXYKTOB PeAKIHH CHILHO H3MEHAITCA CBOHCTBA CPE/B,

Besikast coxHan peakuus MOMeT GbTh 3aMHCAHA CHCTEMOH XHMHU-
‘WeCKHX YpaBHeAHH, KOTOPOR cOOTBeTCTBYeT CHCTEMa KHHeTHYECKHX
ypapHeHu. Peaxunio, npoTekalollyio [0 YPaBHEHHIO

‘V|A1+V2A2'+ =V1’A|’+V£A;+

MOXKHO B 0filleM BHIe 3alHcaTh, NepeHOCAd BCE BelllecTBA B OLHY
CTOPOHY paBeHCTB4, B BHIE

=i ., imk
‘Z viAj+ Y vA =0 (107)
-] fm]

B sroM ypaBHeHHH cTexuomeTpHueckHe kO3(dHALUHeHTH IpPH HC-
XORHBIX BelllecTBaX HaAo 6paTh ¢ OAHHM 3HAKOM, a PH KOHEWHBIX NpO-
AYKTAX — C NPOTHBOMOJMOXKHLM, YA06HO KO3(MPHUKEHTH NpH BellecT-
Bax, BCTYNawUHX B PEakUHIo, MHUCATh CO 3HAKOM MHHYC, a BO3HHKEIO-
mux —co 3wakom nawoc. Ecau nog cumBosom A, 0603HaYaloUIHM
BENeCTBO, TOHHMATh COOTBRTCTBYWINYI0 MOJEKYAAPHYIO Maccy, TO pa-
BeHcTBo (107) sBasercs BHpa)KeHMeM 3AKOHA COXPAaHEHHA BeUlecTBa
RJIH, APYTHMH CIIOBAMH, ypasuHenuem marepuarbnozo faranca.

ChoxHad peakuua OGyleT 3anHCHBATLCA CHCTEMOR ypaBHEHHR
runa (107). Bee anre6panveckre ypaBHeHus B 3TOR CHCTeMe SIBAFIOTCA
JIHHEAAbIMH, TaK KaK NepeMeHHble B HHX BXOJAT B MNepBOf CTeMNeHH.
SToft cucTeMe JHHeAHHIX YDaBHEHHWA COOTBETCTBYET CHCTEM2 KHHETH-
¥ecKUX ypaPHEHHH, HO A/ COCTABAEHHA €€ M3 CHUCTEMbl 2 XAMHYECKHX
YpaBHeHHA Hafo 0TO6PaTh TONLKO Te r ypaBHeHHA, KOTOpHE ABARIOTCS
JIHHeAHO He3aBHCHMBIMA *.
~ JInnefiHo 3aBHCHMEIE ypaBHEHHR B CHCTeMax ypasHeHufi, cocTosi-
ix H3 JHHEAHO 3aBHCHMHIX W JHHeHO He3aBHCHMEIX YpaBHEHHR, HH-
Yero He Jal0T AJA ONpeleneHBA KopdHeft, Tak KaK ABIATCA TOXIECT-
BEHHLIMH, NIOITOMY TPH DPeilieHHH CHCTEMB YDaBHEHW! J0onXHB OHMTH
O0T6pOoILeHbl.

* HMspeetHo, 4ro Npr yMHOMKeHHH OAHOrO JHHeAHMOr0 VPABHEHNA HA &, 2 apy-
toro ma fi B cneXewdH monyyaercH MfHeMHAR ROMOHMALLIA MCXOIHWX YPaBHeHHI.
E:r 8 cHcreMe gniHeflHHIX ypaBReduil v onHo w3 ypaRucuult He ABAALTCH .THRed-

KOMOHHALHEA OCTAAbHLX, To YPABHOHMA CYHTAIOTCA JHHEHHO HEeaaBHCHMLIMH.



Hanpuwmep, peakuns o6pasopannsa HBr B KHTepBane temnepatyp
200—300°C npoTekaeT mo cxese

Br; —» 2Br (a)
Br+H, — HBr4+H (6)
H 4+ Bra — HBr+ Br (B

H <+ HBr —= H:+4 Br (r)

2Br ——» Br, {n)

Herpynno 3aMeTHTh, yTo peakunu (a) u (1), a Taxxe (6) u (r),
€CJIH HX PacCMaTpPHBATh KaK ypaBHeHMs MaTepHaibHbX 6a1aHcoB, AB-
JAAOTCS JIHHERHO 3aBHCHMLIMU, UYucho JHHEHIO He3aBHCHMBLIX ypaBHe-
Hufl paBHo Tpem. OAHAKO TaKoe pelenne ABAsSeTCS He CTPOTHM,

PaccmoTpum Gosee cTporoe peuledne 3ajaqi HaXQWIEHNS UYHCAA JINHEAHO Me-
33BHCHMBIX ypasitennd B o0MIeM BHAE AMH AAHHOrQ cayyas.

Jas cucrems, cocTommed n3 ypasHeHuf THna (107), mMoMio cocTaBuTh MaTPHIY
CTEXHOMETPHUECKHX KO3duLHeHTOB, AOAb3¥ACL KOTOPOH JerKO PeUIHTh BONPGC O
ufcAe JHHEAHO 3aBHCUMEIX ypaehneHu#t B cucTeme. Uweao cTpok B TakoR maTpaue
COOTBETCTBYET HHCAY YPABHEHHA cucTemBl, UHCAo JuHeHHO He3aBHCHMWX YpaBHeHUH
PaBHO 9HCAY JHHEAHO He3aBHCHMBIX cTpok, OnpeaeteHus NHHEAHO 3aBUCHMBIX H JH-
HefiHO HE33aBHCHMBEIX CTPOK (OPMYJNHPYIOTCA TaK e, KAK H IJS COOTBETCTBYIOLIHX
YpaBHEHHH,

H3 aunefinofl anrefpsl W3BCCTHO, UTO MAKCHMAJIBHOS YHCJIO JHHEHAHO He3aBHCAMLIX
CTPOK B MaTpHlle PaBHO ee paiiry. PanzoM maTpuym waiblBaeTcR NOPANOK Gazucworo
MHEOpA, T. €. camuifl (oaniiof MOPAROK, ANA KOTOPOrO CYWeECTBYIOT OTJHYHHE OT
Hyan Muuopi. EcH B marpnie BWOpaTh § CTPOK H § CTONOUOB, TO MEKOPOM NO-
pAIKa § MATPHLE HA3LIBACTCA [AETEePMHAAHT MaTPHUN MOPAAKA S, 06pajoBaHusit
9/eMEHTAMH, PACNOJONKEHHHMHE HAa NepeceyeHNH BWOPAaHANWX CTPOK H croabuos, Mu-
Hop HopAaka r HaswBaeTcA Oa3ucKbiM, eCHAH O OTJIHYEH OT HYAR, H BCe MHHOPH
nopsinka £ -+ 1 paBitel HyJl0 EAH MUNOPOB HOpwEKA r <4~ | BoOGie HeT, T. e. r COB-
NajaeT ¢ MeHBILHM M3 HHCE/T, XapPAKTePH3IYIOUIHX YHCJO CTPOK HAH GHCJAO CTOAGLOSB.

IMpoule Bcero HAXOAWTE Panr MaTPHUW — ee Oa3HCHBIA MHHOD -— NPH NOMOLLK
TaK HasHBAaeMBIX 3JEMeNTapHEX Npeobpazopanni.

BepreMcs BHOBb K DacCMOTPEHHIO Peakuwd ofpazosamus GPOMUCTOrO BOAOPOAA,
Fe MoMHO 2anHcaTb B BHIe

— Bry+2Br =0
— Br—H;+H4-HBr=0

— Br;+ Br—H4+HBr=20 {108)
Br+H;,—H-—HBr=20
Br, — 2Bt ==(

Tagas 3anuch ypaBHeHud XHMHYECKHX DE3KIHA MO3IBOJAET JIECKO COCTABHTH MAT-
PHUY CTEXHOMETPHUECKHX KO3(HUHEHTOB: - :

—1 2 0 0 0

0 —1 —1 t 1

A=|—1 1 0 —1 1

0 1 I =1 -l

1 —2 0 0 o
Ias oupedesenia paHra STOA MaTpHUb, 2 clefOBaTelbHO, AAH olpedeneHHA
QHCIA JAIelHO He3aBUCHMbIX YpaBHeHEE B cHereme (108) pocmoabayemen snemeH-

TapuuvH npeofpasopanusmi, C TNOMOWLK 3TAx npeofpasopanull noboeMca TOrO,
yrofnt B Beaylles DONOKeHHNH (T. e. OO AAarohaju) ObJM TOABKO ¢AMMHUH, a cleda



or uax crosap uyan. Torna paHr MAaTpHUB OyzeT DaBeH YHCAY eJHHEL, CTOSUIHX
R pelyllem noaoxkekun, [lAs 9TOTO pasjicJiM mepByir CTPOKY Ha BOAYWHA 3remcnt
3Toi crporH, T. e. HA —1. Tak Kak Ham HYXKHKO, YTOOL BCe 3JEMEHTH, CTOSIUAC
clleBa OT BeayUIersc NOACKeHHA, O6GPaTHAMCL B HYJAb, BHMTEM W2 TpeThed CTPOKH
QepBYI0 CTPOKY HCXOLHOH MaTPHIB, & K focaeaned cTpoke HPHGIBHM HePBYIO CTPOKY.
Toraa noayunm

—2 1] ] 0

1
o —1 -1 1 1
A=l0 1 0 —1 1
0 1 I =1 —1
) 0 o 0

3areM, ne o6palian BHEMAHHA HA MepBYID CTPOKY H MepBHA cToAfeu, nosTopReM
Takue Ke NpeobpasoBaHuA ¢ ocrapuiefica Marpuuedi ¢ # — | cTpokaMH, a 3aTeM eule
pas ¢ MaTpHUelt noayyaloweficd, ecqid oTOPOCHTD XBe NepBbie CTPOKH H aBa TepBHX
croabua. B peaynsTaTe 3THX npeoGpaioBaHHR OpHReieM HCXOAHYIO MATDHUY K BHLY

1 —20 0 0

L=}

0t 1 —1 —t
A=[o 01 —2 o
0 00 o0 0
0 00 0 0

OTkyza panr vaTpanw, paBlibi 4wHCAY eAHHRU, CTOALIHX 1O NHATOHAJH MATPH-
usl, paben 3. Takum O6pa3oM, uHC/IO He3aBHCHMHX peakuul paBro Tpem. Hx ueol-
xoARMo BHGpath. Bubpats Hajo JHHERHO NeiaBHcHMbie peakuHd — Be3pa3iuuHo Ka-
ke, TTocne BHGOPA HeOGXQAHMOro WHCAA JIHHEHO RE3ABHCHMHIX peakuai, Haao yGe-
EHMTLCA MYTeM ONpeiCc/cHHA DAHFAa MaTPHUN, COCTABJEHHOR H3 CTEXHOMETPIHYECKHX
KoapHukeHTOB 3THY BLOPaHHWX peakudd, B TOM, 9T0 BMOpPAHHARA CHCTeMAa YpaB-
HeHuit NefACTBHTENBLHO HBJIAETCA CHCTEMO JIHHeAHO He3&Bu#CHMLIX ypasnennii. Yucno
AupdepeuHanbHbHX YPaBHEHAA, HeOOXOAUMLIX IJA OUACAHAA KHHETHKH CAOMHOIO
- XHMHYecKOrc Npollecca, pagHO 4HCAY AHREARO He3aBHCHMBIX CTEXHOMETPHYECKHX YPaB-
IeHKR, HeOGXOAHMHX /AR ONHCAHHA CXEMH Npollecca.

CnenosaTe b0, LJS ONHCAHKA KHHeTHKH peakuuu ob6pasosanus HBr npeobxo-
DHMO COCTABHTL TPH AxGdepenunasbiidx ypapHeHusn. TaxHMu ypaBHeHHAMH MOTYT
GHTL ypaBHeHHS CKODOCTH PACXOA0BaHHA uCXOmNmX Betiects — 6poMa ¥ pogopona —
H ypaBHeHHe CKOPOCTH ofpasosanaf GpoMucTOro BOAOPOIA.

OGpariuble NapaanebHde H N0C/EL0BATeAbHBE PCAKIHN OTHOCATCS K paspamy
CAOMHBIX XHMH4eCKHX peakusfh. Jlas obpaTHMOA peakunn moGore THila, HampHMep
A=B par A = 2B, xamayio 43 KOTODHX MOXNO 3anHcaTh B BHAE ABYX He3aBH-
CHMO NpOTEKAWNUIHX PeakuH, Jerko NoKa3aTh, 4TO PAaHT MATPHUM, COCTABJAEHHOA H3
cTexHoMeTprYeckux Koadduunentos, Oyaer pased eAdfHue, T. €. XAf TaKoro npo-
Hecca CymecTByeT TOJbKO ORHO YPABHEHHE CKODOCTH, B KOTOpoe GYAYT AXOAHTH KOH-
CTAATH CKOPOCTH NpAMoro H oOpaTHOro npoljeccoB. 310 M OHJIO MOK23aHO paHee.
Jas HaxoMIeHHA KaXKIOH KOHCTAHTH CKOPOCTH OTAeAbHO HYXKHO Elle OLHO ypaBHe-
HHe, KOTOPO2 MOXHO HaliTH W3 YCMOBHA XHMHYECKOTO PABHOBECHS, .

Ioan nocnepoBaTenbHofi peakilHH THNA paceMoTpeHnofl sume A-—+B—>C @

napajnenbHof peaxkuun A\ paHT MaTPHUB, COCTABNEHAON H3 CTEXHOMETPHUECKHX

C
K09 HIHEHTOB, pABEH 1BYM, a CJef0BATeJbHO, TaKHe PeaKUHWH GYAYT OnHCHBATLCH
CHCTEMaMi W3 ABYX KHHeTHuYeckHX ypasHeHHd (cu. ri 1, § 9 u 10).

Pewenre cucreMu aAugdepeHUHAIBHEX YPaBREHHA CKOPOCTER peaguun B dopme
KBaApaTyp He BCerAa GLIB2ET BOZMOMHKIM, MO3TOMY AJA DACYETA KOHCTAHT CKOPO-
cTell 4acTo MPHXOAHTCH nMpHOEraTh K UYHCACHALM METOIaM, RCROJb3YA SKCIePHMEH
TaJbHHe A4HHHEe M TpEMeHsn UHPPOBHEe BHYHCAHTENbHIE MairHH. Bo MHorEx cay-
YaAX YpaBHEHHA SABJAIOTCA HeJMHeBHWMH, M AJA HX pPelieHHA TPeGyloTCHA CHelH-
8/bHEIe MeTOLH.

2 ‘tex. 360 33



Mockoabry neTanbHMA MeXaHH3IM MHOCHX peaktinfi He H3IBeCTeH, YACTO NpHXO-
AHTCA CHCTEMY YpaBHeir#fi 3aMeHATh OOGWHM ypaBHEHHeM, HO TOLAZ KOHUEHTPaLNH
B BhIpAMeEHHW (1) BXOAAT B CTENEHRX, OT/AHUHLIX OT HMCTHWHBX CTEXLOMETPHYCCKUX
Ko3gduituenTos,

. M, TMangenxosunm n O. B. KopnycopuiM OH.A pazpaGoTAH METOR ONpefeleHus
KOHCTAHT CKOPOCT&H CNOMHHX XHMHUECKHX DeaklWi M3 aHaAu3a 9qacTHHX pellenuft
ypabuesui Xunetuky., CMuiCH 9TOTC METONA CBOAWTCR X chagayiouewy. [an moSoro
mndpepeHIHANBHOTO YPABHCHHA

dyldx = f (x, y) (109)

OOLUA HHTeTPAR ecTh
w(x, y)y=C (110)

Ha ocHOBaHiH TeopeMH CYMICTBOBAHHA H ERHHCTBEHHOCTH DelleHHA YPaBHe-
wea (109) MOXHO yTBepHAaTh, 4To Ada Jwboro suavenus C* Mmoryt OnTh HalileHu
HAYAJBHEE YCAOBHA, cooTBeTeTByloide 97oMy 3HAueHHo C*, IPH KOTOPHX HACTHHA
HAterpan

® {xg, fo) =C* (Lt

GyReT sBJAATLCA pellieHHem ypaBHenus (109) [npemnosaraercs, uTo COOTBETCTBYIOLLHE
SHAYeHHs Xo H Yy He BHIXOANT 3a npeleiu oOnacte onpefeienns [{x,y)]. YacTHoe
pelleHne, YAUBNETBOPAWILee cwcTeMe ARGMOEPEHLUHANLHEX YPABHENHA KHHETHKM XM-
MHYECKHX peaxlHil, MOXeT OLITh HAALEHO IKCIEPHMEHTAJLHO NMyTeM 33aiaHHA HEKO-
TOPHX HayajbHbx YCA0BMA, YacThHe pellesHs RUyTcR B BHAe, B KOTOPHP 8X0AAT
BeJHUHHH, HSMepieMHe Ha OIHTe € BHICOKOA cTeleHbid TOMHOCTH. [IpH pelieHnu
abdepeHIRaALHLX YPABHEHHRA JacTHOE pellleHHe ROAYYawT MPH NOACTAHOBKe B 0O6-
Hlee pellleRHe HAYAABHRIX YCIOBHA AAA OnpejeNeHds KOHCTAHTH WHTErPHPOBAHHA.
Hymu#o noaofpaTe TakOe sHadeHHe KOHCTAHTH HHTEerPHPOBAHHA, IPH KOTOpoM Hact-
HOe petieHHe COJAEPIKHT KOHCTAHTH CKOpOCTedl peaKUHA B HeKOTOpHE HIMEPHMHE
napamerpu. MeTon NpDHMEHBEM 1A ONPeleNeHHA KOHCTAHT CKOPOCTed CNOKHHX pe-
AKUHA NepBoOro ® BTOPOro nopAzAkos *.

§ 12. Meroas onpelencHHA NOPARKA PEAKUKH

Kax yxe ckazaHo, nojaBasitoniee GOILIIHHCTBO XHMHYECKHX peaKUHH
npoTexaeT HO CTAAHAM, NOSTOMY MOPANOK PeaKUHH He MOxKeT OHTb
onpeiened KaK CyMMa CTeXHOMETPHUeCKHX KO3 (HUHEHTOB BelllecTB,
BCTYMAOUAX B XHMHUeCKY0 peakuio. nasa onpenesnenns nopsaaxa
peakuHH HeOGXOAHMO cHAagaja YCTAHOBHTh NOPAJOK PeakUHH NO Kax-
JIOMY BellleeTBY, BCTynalolleMy B peakuuio. CyMMa MOPS/IKOB peaKLHH
[0 KaXAOMY BellleCTBY H 1aeT oOWMA NOPAROK PeaKUHH B LEJOM.
Ias toro atofel MOXHO GHJIO ONPeReNHTL NOPAACK MO AAHHOMY Be-
MecTBY, Heo0XOAHMO CO34aTh TaKHe YCJOBHA, NPH KOTOPHX Oyaer
H3IMEHATLCA KOHUEHTpallHA TOJBKO 3T10r0 BeulecTBa, [locaeAnee gocTH-
raercs, eCJIH B3ATb BCe OCTaAbiibkie BEINECTBA B KOHOEHTDAUMAX Ha-
CTOJBbKO BOJBUIKX, UTO H3MEeHeHHEM HX CO BPeMeHeM MOMKHO mpeHe-
6peus, T. €. 3TH KOHIEHTPALHH MOXHO BBECTH B KOHCTAHTY CKODOCTH.

Torna Ans peaKnyu
VA VoAt o VA= VA + WAL+ oo 4 viAL

* I'. M. Hansenxos, O. B. Kopnycog. Meron onpenenennp KOHCTAHT ckopocted
K3 AHaJAM3a YACTHHIX pelleHHA ipaaueuuﬁ KHHeTHKH B ¢O. «KuHeTHKa KaTanaWTHye-
ckux nponeccoss, Tpyaw MHHX g ITI am. H. M. T'y6xaus, oun. 86, M., Xamus,
1969, c. 46—66.
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nMeeM "
dny [V dt= Ric)l (119)

— 4yHcao Mosel pemectsa Ay Ry == kcn'cnz 4 ¢ ceoe i —
TAE B, o ARy T TR T A T A T
NOPAAOK DeAKUHH 00 BTOMY BEWECTBY.
IMoacrasum B (112) BHpaxeHne

nA£ == nUAI (]. i x)

rae noﬁi—ﬂaqanbu()e qHCAO MOJel BelwlecTBa Ay X — OTHOCHTERRLOE KCAHUCCTEN
ApOpeArupoBABUIErO BelWecTsa A
[Tocae cokpalieHHs foa, MONYUHM
a1
dx

fy
Rk e U (1)

HeTerpupoBanie 3TOro ypapHeHHsl NPH YCJAOBHH, 4To o0BeM CHCTeMu
V nocrossen 3 4ro npH { = 0 x = 0, NIPHBOIAHKT K BHIPAXKEHHIO
nn‘.m!.
1 1 0A ;
[ u_l—-l]sk‘ —t (114)
=1 La—x" Pk

Ecau 3apaTb BpeMa == 1, TO IPH YCJOBHH, YTO DearHpyioT O1HHA-
KOBHle OTHOCHTEJIbHEEC KOJNHYECTBA HCXOIHLIX BELUBCTB X = X, HPH pas-
JHUHBIX fos, JOrapudiMupys ypasHenue (114), uaiinem

nt—l

|4 1
lgv=—(n,—1)! 1 —1 5
e T Y [(t——m"f‘1 | o

[locTpous rpaduk B KoopAHHaTax Igt —lgnaA‘, NOJNYYHM HPAMYIO,
TaHI'eHc YrJia HakhoHa Kortopofi 6Gyaer pased (ri— I), a orpesox

0O OCH OpAHHAT
a,—1
Vi 1
lg [ AT —l]
ky(ry—1) L(1— %)

Takum 06pa3oM aerko ONPeeNHTL BETHUHAN 1, H K.
TMoao6pap Takhe ABa 3HATEHHA X, M X2, COOTBETCTBYIOIHE BpeMe-
Ham f, A {3, IPH KOTOPHIX

Q= xy) = [1/{(1 — x3}]? (116)
H noacTaBNIAA KaXAoe H3 HUX B ypaBHenue (114), a 3ateM aena oguo
BhpaxKeHue Ha APYroe, NOJyYHM
1 t,

Wﬁ“l:I (117)

OTKYna
np= 14 1g [t/ + )] {lg (1 —xz)]'l (118)
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lag(d”‘ g Pue. 5. I'padmueckoe onpefeneHne HOpRAKA
vdt. PeaKIHH 0 3aJaHHOMY BELIeCTBY.

Bpema 1 MOXHO BHGpPAaTh TAKHM,
B TeYeHHE KOTOPOro BellecTBO npe-

: BpaulaeTcA HanoJoBHRy, T. e. x=1/2.
gk DT0T MeTOA pacueTa HopAdKa peak-
'qu.b UHH NO BpeMeHH foaypacnala Obii

paccmotped B § 6 ra. L.

Onpenenuts nopsigoK peakidH MOXKHO H APYTHM NyteM. Peaxuutwo
NPOBOAAT ABA pa3a, 3a7aBaf pa3JHYHbL¢ HauajbHbBle 3HadveHHs] KoH-
uenrpaunit. ITpuuem peaxuuro He ofsszaTenbHo ofa pa3a HauHHATH
ciayana, MoxHo, onpeje/ss KOHHEHTPAlHIO JaHHOTO BellleCTBa B
KaXabnit 1aHRuA MOMeHT, NPHHATbH KaKOH-AHOO H3 3THX MOMEHTOB 34
HYJeBOR H KOHLEHTPAUHIO BellecTBa B 3TOT MOMEHT — 32 HCXOAHYIO,
a KOHLEHTPAUWK B JApPYroi MOMEHT — 332 KOHeYHOe 3HayeHHe, COOT-
BETCTBYHOIHEE KOHIly HHTEPBAJa BPEMEHH.

Torna, cuurasg ofbeM MOCTOAHHEIM, MOXHO 3anHcaTh JBa ypaBHe-
HHS CKODOCTH

’ /|

— dn [Vt = kiex! (119)
”

—dnj [Vat = kiey )t (120)

Pasnenus ypastenue (119) na (120), nonyuum

(dn} Jan)[(dnf fai) =<} [} (121)

JlorapuMupys v pemas OTHOCHTEJNBHO n;, Haljem
lg(dnA /dt) lg (dn /dt)

lga’:A lg CA:

(122)

Auddeperunansl MOXKHO 3aMeHHTh HA KOHEUHHIE Pa3HOCTH:

]g(An A /At) tg (An”[At) 129
n
i lg cA —lg CAI

Ypasuenne (123) nosBonsier onpefeauTb NOPALOK PeaKUHH N0 Be-
mwectey A;. Kak BHILHO, A1 3T0r0 HAjO ONPRACNHTL HIMEHEHHe dHces
moaeh AnAi H AnA 3a uHTepBaa BpeMedn Af. KoHueHTpauuu CA H cK‘
HY®KHO 6paTh cpennne ANA 32A3HHOTC WHTEPBAJa BPEMeHH. Tamm
NyTeM MOMHO ONpele/HTh HOPSAKH PeakLHH MO BCeM BelliecTBaM.
CymMa ux aact 06LLHA NOPAAOK.

Kpome TOro, nopsifiok peakiuuH M0 KaXAOMYy MNPOAYKTY MOXKHO
ONpPEACNNTEL No ypaeHeuwuo (112) rpaduyecku. Ecay wa BepTHKaabHoN
OCH OTJIOHMHTL Ig (—- dnAl/Vdr), 4 Ha TOPH3OHTaJAbHOM Ig €A, TO 1O

JyuHM OPAMYIO, TaHreHe yria HakJI0Ha KOTopofi 6yAeT paBeH MOPARKY
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#o Aannomy ewectBy (pHc. 5). Jlna nmoctpoenna rtakoft kpusoft He-
60XO1HMO OMpefeNHTb CKOPOCTb peaklun— dna /Vdt  rpaduueckn
puddepenuupopaniem xpuBofl n.q‘=f(t) ¥ KOHUEHTPAUHIO B KaKALIA
MOMEHT BPeMeHH.

O6wHA NOpPAAOK peaklHH MOXHO ONPELeNHThL elle H CJAeilyUlHM
cnocofoM, BoipMeM Bce HCXOAHHE BelIECTBA B 3KBHBANCHTHBIX KO-
JHuecTBax. Torna, ecium HCXOAHOE ¥UCaO Mosefd BeillecTsa A, paBHO o,
HCXOAHOE 4dHCo MoJefi n06oro HcXoAHoro Beuiecta A; GyldeT paBHO
winto/v. K MOMeHTy BpemeHH ¢ uuca0 MoJaeH J1060ro HCXOAHOTO Be-
BmlecTBa OyaeT pasHo uA‘=v,(nn-—x)/v, H CKOPOCTh PEaKUHH 3alH-

1EeTCA B BHAE
dxfdt = k" (ng — 0"

IRE b = kv;2 e v:"/V"—lvT’u'; n=mn +ny4 ... +n,—obmwuk nopaRoK pe-
ARTHH.

Ecay mocTpouTs rpadk 3aBucHMoctH lg(dx/df) or lg(ne—x),
¥0 no TAHICHCY yr/a HaKJoHAa 3TOf NPAMOH Jerko onpefeauTh OOLIHA
AOPALOK PeaKlUHH, a IO OTPe3Ky, OTCEKaeMOMY NPAMON Ha OCH OpAH-
HAT, — KOHCTaHTY k. DTOT METOX npHMeHAeTCA pelKo, TaK Kak rpagH-
|eckoe AHGdepeHIHPOBAHAE CONPSAKEHO CO 3HAUHTENLHBIMH OUIHGKAMH.

w 13. Baustue TeMOepaTyPHl HA CKOPOCTL PeaKUHU

CEOpOCTL XHMHUUECKOH peaKuuH oOHUHO pacTeT ¢ NOBHIIIEHHEM TeMmme
paTyphl. Kak nokasmBaeT ONHT, NPH NOBHIUEHHH TeMNepaTyphH Ha
10 rpanycos ckopocTh peakilun Bospactaer B 2—4 pasa. lna xapak-
TEPHCTHKH 3aBHCHMOCTH CKODOCTH XHMHUECKOH peakuHMH OT TeMnepa-
TYPH Obla BBEAEH TeMneparypuoili KO3guyuest ckopocru peakliH y,
STOT KO2(P(PHLHEHT eCTh OTHOWEHHE KOHCTAHT CKOPOCTel XHMHUYRCKHX
peakuuit npu remnepatype T + 10u T:

Y=t iofty (124

Jlaa mHorux peakumit 3ToT KoadduuneHt O6auzor k 3. Caenosa-
TeAbLHO, IPH H3IMeHeHHH TeMnepaTypH Ha 100 rpaiycoB CHOpPocTb peak-
uun uamensercs B 3'9=59 049 pas. Io1b3ysch TeMnepaTypHEM KO-
dEIHEeHTOM, MOKHO PacCCUHTHBATL KOHCTAHTH CKODOCTH PeaxiiuH TpH
PasNHYHEIX TeMOepaTypax:

Jlorapudmupya supaxenne {124), noayuaem

18hy o —lgky=1gy (125)

Paspenus sto pasencrso nma AT =10 v ofo3nauus g Br 4 10—
— Ig &, wepes Alg &, nonyunm

Alg /AT = Ig /10 (126)

Caurag, uto B npegenax 10 rpagycos TemnepaTypuuii KosdduuuenT
OCTaeTcd NOCTOSHHbIM, BrpaXenue (126) mMoOMXKHO 3aMHCATH

dlg k/dT = lg y/10 (127)
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Tocne wurerpupoBanus Bupaxenune (127) nprMer pun
g (kr.fkr) = (T, — T ) 1g (§/10) (128)

rie §y-—cpexduii TeMueparypHufi Kod(pHUHERT B TeMnepaTypHOM HHTEpBaJje
T —T,

CT])OI‘O OGOCHOBaHH)ﬂO 3aBHCEMOCTL KOHCT2HTH CKOPOCTH XHMH-
YecKON peakuuH OT TeMIepAaTypH MOXKHO HaliTH, NOJb3YyACh ypaBHe-
HHEM H30X0pH HJH H300apH peakuMH. Be3 MHIEKCOB, XapaKTEPH3YIO-
WX YCAOBHH NPOTEKaHHs Npouecca, ypaBHEHHA H30XODH H H300aphi
JanHUYTCA QNKYHAKOBO

dIn K/dT = Q/RT* (129)
rie K — KOHCTAHTA XHMHYECKOrO pPasHOBECHA; ( — TenJOTa XHMHYeCKO peakuHA;
R — ynuBepcansHan rasoBam mocTOAHuAA; T — alCcoMIOTHAR TeMIepaTtypa.

[ToacTaBasgas BMeCcTO KOHCTaHTH pPaBHOBECHA OTHOLUEHHE KOHCTAHT

CKOpOCTel, NONYIHM
d In k”’kg Q

= =R ) (130}
HJIH
(dlnk —dInky)/dT = Q/RT? {131)
3anyweM TelOTY PCAKUHH KAK PA3HOCTb ABYX BeJIHUHH
Q= A'l - Az
Toraa Bupaxenue (131) MOXHO nepenucaTts B BHIE
d‘l'lkq dlnkg _ A] _ Ag.
dr  ~ ~ 4T ~ RT? T R (182)

C TouHOCTBLIO AC NOCTOSIHHON BeAWYHHH B MOXHO CYUHTaTh, YTO
¢caaraeMsle npapofl B Jepofi YacTH ypaBHeHHa (132) paBen monapso:

dink, A
L=+ 8 (133)
dink, A
—- =g+ B (134)

Onwt nokaaaa, uto B = 0. flosrouy, o10pacHiBas HEOEKCH, ypas-
"Henns (133) u (134) moxkno saniicath

din kjdT == AJRT? {(135)

310 ypaBHeHHe, (0JyuHBluee Ha3BaHWe ypasuenus Appenuyca,
NCKa3pBaeT 3aBHCHMOCTb KOHCTAHTH CKOPOCTE peakLHH OT TeMnepa-
Typut 7. Benuunna A no pasMepuocTH AoJxHa OwITb 3Heprheft; owa
Ha3blBaeTca snepeued axktusayuu. Ee voxuo onpenenits kak #3buHToR
3HEPrHH NO CPABHEHHIO €O cpelnch Hepruefl MOJIEKYN PH 1aHHOW TeM-
nepatype, KOTOPHM AOJKHB OGJaraTh MOJeKYJH, HYTOGL BCTynmaTh
B XMMHYECKYI0 peakuuio, TouHee (u3anuecKuil cMLica 3TOH BeJHiHHM
6yAeT pacKphiT HiKe.

Ypassenze (135) ™MoOxBO perko mpoHHTerpuposats. Bagp  ie-
onpejeneHHbLI HHTETPAn H NPHHMMAsn, 9T0 A ecTb BeJIHUHHA NOCTORH-
HaH, ROAYUUM

Ink=[—AHRT)]+ InC (136)

rae In { — KOHCTRBTA MATEIPHDOBAHKA,
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- Ecan B xavecTBe nepeMeHHuxX Buifparth 1gk u 1/7 n 3HaueHnA ux
@TROMATE HA KOOPAHHATHHA ocAX (puc. 6), To rpadmuecku ypabue-
pae (136) Bupasutca npamolt aunmedl. OTpesok, KoTopwH oTCeKaeT
9T4 OpAMas Ha OCH OpPAHHAT, coorsercTByer lg €, a Tawrenc yraa ua-
KAOHA KPHBOH
1go=—A/R (137)
Pasenctso (137) nossoasier onpeaelnTh HEPIrUi0 aKTHBALHHA XHMRS
HeCKOH peakuHH.
 TloreHuupys ypashenue (136), nonyyaem

k= Ce~ART (138)

H3 atoro ypaBHeHHs BHAHO, YTO KOHCTAaHTAMH, XapaKTepH3YIOLIHMH
peaKuHio, ABARIOTCA NPeAIKCNOueHHaNLHBA MHOXHTe b (' H SHEpPTHst
aktHpauun A. Uem Goabme A, Tem MeHbwe npu nawHoM C CKOpoCTh
XAMHYECKON peaklHH.

Ha pr¢. 7 n0Ka3anHa 38BUCHMOCTD JOTapu(Ma KOHCTAHTH CKOPOCTH
o7 OOpATHOR TeMNepaTyp AAA peaKUMM TEUHKIAIAUHH LHKAIONDPONAHE

CH:—-—CHz —— CH;—QH==CH1
NS

CH,

O12 peakunsa MpoTekaer Mo ypaBHeHHIO MepBOro MOPAAKA; SHEPrHA
AKTHBAIWH, HAAJeHHas N0 TAHTEHCY YIria HakJoOHa HpaMon, paBHd
272,14 &1k /M0ab. 3aBHCHMOCTL KOHCTAHTH CKOPOCTH 3TOR PEaKLHH OT
TeMIepATypH MOXET GHTbh BHPAKEHA YPaBHEHKEM

k=2-10'8 exp (— 272,14/RT)
Ecnu Bwpaxende (133) npouHTerpupopaTh B npeaenax of 1) AQ
Ts. nonyunm . A
. 2 1 -_‘1—
o fre k()

- ¥AR Ry # Ry — KOHCTANTH CKOPOSTH XEMMUECKON Deaktdd npk temmepsrypax Ty u 7y
‘COUTRATCTBEHHO.

Lnk “gk
I

24

Wi+ _ 37

35

o v

Puc, 6. 3aBucaMocTs JorapudMa Kom-
CTANTH CKOPOCTH XAMESRCKOR peaXiHa 1 1
OT 0GpatHOfi TeMNepaTypH, 335 0 RE el

Phic. 7. 3aBEcAMOCTL AOTEpHOMA KORCTRRTH CKOPOCTH OT obpatdcl TeMnepaTypw
MRS peakuHH NeUMKNASANMK UHKKAONponana mo AanueM Kophepa & [lnaa [H-
= 272,14 kflx/Monn; & = 2-10-15 exp(—272,14/RT)].
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Puc, B. Cxema 3HepreTHuecKux Mepexolon npa
XHMHEUecKOfi peakmu.
A

F I Az Takum o6pa3zoM, 3HA# KOHCTAHTY
CKODOCTH &, NpH Kakoit-Hubyah TEM-
-4H neparype T, no ypasuchuro (139)
t il MOKHO PACCYHTAThb KOHCTAHTY CKOpO-
ctH kg AR teMmitepaTtypu Te.
Hy DHepruio aKTHBALHKH MOXHO onpe-
NenuTh W He 3Has KOHCTAHT CKOPO-
crefl. OTHolleHHE CKOPOCTel PeaKklHH
NPH ABYX TEMIEPaTypax MOXHO B o6ileM BHAE 3a0HCATh CASAYIOUIAM
ofpasoM:

S —— b

Wy ki (e
Twy | Rf(0) (140)

EcaM peakuuio MpoBOJAST TakK, YTO KOHIEHTPAaLHH YYaCTHHKOB MNpH
ABYX TEMNEPATYpa: OAHHAKOBH, TO

wifwy = kifky (149
Hs dpopmyan (139
dopuy (139) A R In (kofk))
oL
T, T,

no3TOM
Y — Rin (w /w3)
1 1

T, T

A (142)

IKCNepHMEHTaALHO ONpefeasiss CKOPOCTH PeakunH w; H Wy AJA
apyx temnepatyp Ty n T, npn yC/I0BHH, YTO KOHLEHTPALUHH pearHpyio-
LiHX BEIeCTB NPH 3THX ABYX TEeMNEpaTypax OAMHAKOBH, 1O (op-
Myse (142) MOXHO onpele/uTh IHEPIHIO aKTHBAUHH. TaKoR pacuer
npeactaeiser O00AL10f HHTEpeC, TAK KaK MOXET ABHTLCA OJHHM H3
METOLOB TPOBEDKH CHPaBeAJNHBOCTH TPELIAraeMoOro KHHeTHYECKOro
ypaBheHnsi. Ecan 3HaveHHe SHEPruu aKTHBAUMH, HaflleHHOe H3 3a-
BuCuMOCTH |g & or 1/T, coBiagaer co aHaueHHeM 3HEPTHH aKTHBAULHH,
Ha#ZeHHOR no ypaskennie (142), aro cBHAeTeaRCTBYET O CHpaBejaH-
BOCTH NpPeJJ1araeMore KHHETHIECKOTO ypaBHeHHH,

Hurepectto paccMoTpeTs CBA3L IHEPrHE aKTHBALHH C TelIOBHM
sbdexTom peakunu. XHMHUECKYI) peakIdio, NPOTEKAOWYWw NpH p =
= const, MOXHO MPeACTaBHTh KAaK Mepexol CHCTeMH H3 3HepreTH-
qeckoro coctosHus | B coctoanue Il ¢ vendoron AH. Ha puc. 8
BHANO, YTO Aepexod H3 coctosuua | B coctoanue Il BosMoxeH npu
3aTtpate sueprud A, a o6paThuifi Nepexol — NpPH 3aTpaTe 3HepruH A,
[Tpr ocyulecTB/IeHHH peakuHH B NPAMOM HANPABJEHHH BHAEJSAETCH
suepris —AH = A; — A|. Beauuuna —AH parua pa3HOCTH IHTa.b-
nufi HCXOAHBIX H KOHeYHWX MNpOAYKTOB peaklkn: —AH = H, — H,,
g’rcqnaunaemmx 0T HEKOTOPOro YPOBHA, NPHHATOTO 3a& HYJeBOH

== ]
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14. Tennosoh p3pup

Pean 3K30TepPMHUYECKad peaKLHA (HalpHMep, TOpeHHe) nporTeKkaeT
B 3aMKHYTOM obbeMe, BLHASASIOUAACS B OKPYXAOUIYIO CPERY TemIoTa
MOKeT OKasaThbCs MeHblle TeJOTH peakiHy. 3TO NpHBEAET K CaMo-
pa3orpeBy pearHpyloulefi cMecH, a CJMeA0BATeNbHO, K BO3DACTAHKIO
CKOPOCTH peakunH. fBieHHe nepexo/la peakluHH K HECTallHOHAPHOMY,
(POrPecCHBRO YCKOPAIOUIEMYCH BLITOPAHHID CMECH, MOJIyYHJIO HasBa-
Hue TernA0g020 83pelaa,

ITpenctasuM cele 3aMKHYTHI cOCyl, 3anOJHEHHHHA roprodell cMe-
cplo. Ilyers Temneparypa cmece Gyaer Tp, a KOHLUEHTPAUHS TOpHO-
gero ¢. Brjensiouleecd ApH peaKlUHH Telso Nepenaercs CTEHKaM
‘COCYAa H Yepe3 NOCJAeAHHe N0NAfaeT B OKPYXKAWILYIO cpely, TeMmIe-
parypa Koropofi B Hauaje mpoliecca Takxe paBha I,. Xapakrep mpo-
LECCOB, CONPOBOMKAANIUX FOpPeHHe CMecH, Jerde BCero MAPeJCTaBHTD
¢ MOMolUlbIo NMOKa3anHOH Ha puc. 9 amarpammbl. [lo ocu abcumce or-
JOXKEHH 3HAUuEeHHs TeMIlepaTyphl, a N0 OCH OpAHHAT — TeNJOTH, BH-
AeNAILeHCA WM OTBOAHMON B €XHHHLY BPEMEHH OT COCYAA.

KprBasa [ nokasmBaeT 3aBHCHMOCTb OT TEMMEPAaTypsl TeNJOTH,
BHAGNAIOIEACA 3a CUeT XHMHYecko#i peakuuH INpH ajHabaTHYecKOM
ppolecce. 3Ta KpHBaA AOJKHA OBITh NMOX0XKA HAa KPHBYIO 3aBHCHMOCTH
CKOPOCTH XHMHUECKOH Peakuru OT TeMNepaTtypul; KpHBas 2 oTpaxaer
3aBMCHMOCTL KOJHYeCTBA OTBOAHMOTO TeIJia OT TEMNepaTyps npH
HavanoHo# Temneparype To. KpuBas TensooTaaus BCerjia HMeeT MeHbs
My KPHBH3AY, 4eM KpDHBad TemNOBH/edeHHS 3a C4eT XHMHYECKOrd
IpOIECca, H MO3TOMY ¢ AOCTATOUHOA CTENEHbIO TOUHOCTH B HeGomblsoM
HHTEpBaje TeMHUepaTyp MoXeT OHTh H3o0pa)keHa B BHZe NpaAMof
Ecan HayaibHYHO TeMnepaTypy ROBHUIATH, TO NYTeM NapasielsHOro
DEPEHOCAa MOXKHO NepeBecT KPpUBYIO 2 B NMoJoxKeHHe 2 u 27,

B crauuonapHOM COCTOSIHHH KOJWYECTBO BLIAEARIOMIErOCA H 07
BOJIHMOrO Telljla B eJMHMILY BPEeMeHK NOJKHO OmTb paBHOo. Kak BuaHO
H3 pHC. 9, TAaKHX CTALHOHAPHHX COCTOSHHA MOXET OhlTh HJIH ABa
(touku I u II nepeceuenus kpuswx / u 2), yin ogHo (Touka B), au
HH oaHoro (KpuBas 2), T.e. 4uc/o HAGMIOAAWOMNXCH CTAUHOHAPHBIX
COCTOSHHA 32aBHCHT OT HavaibHol TemnepaTypu To. B ciyuae, ecan
AAS CHCTEMHB BO3MOMHGI JABAa CTALHOHAPHHX COCTOSHHA, TOJILKO OAHO
¥3 HHX, (a uMenso I), KaK N1€rko yBHAETb U3 PHCYHKA, COOTBETCTBYET
YyCTORYHBOMY PaBHOBECHIO.

JeficTBuTenbro, B 06JaCTH HUKE TOU-
kH 1 KoaMuecTBO Tenna, BelAeAIOHIEroc- 4
¢ B eIHHHIUY BpeMeHH B pPesyabrare
peakuuy, 60JbUIC, YeM KOJHUYECTBO OT-
BOJAHMOrO Telsa, cJeloBartesbHO, CHCTe-

Ma B TAKOM COCTOAHHU 4Yepe3 1eKOTopoc
BpeMs 3a CYeT Camopa3orpeBa BHOBb

Prc. 9. 3asucumocTs OT TeMNePATYPH KONHYE-
CTBa Tenad, BLAENAONIEroCH UIR OTBOAHMOTO 8
CAHHHLY BPeMelH OT COCyad, B KOTOPOM RpPOHC-
XOAHT XUMHNECKAH Peakuus,
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vonajer B Touxky I, Ecin cHcTema HaxoRHTCR B COCTOSIHHAX, PACAONO-
WeHHWX BHUe TOUKH I, 70 BWAeJeHHe TelJa B COCYAe B €IHHHLY
BpeMeHH Tpr 3TOM OyAeT MeHBbIE, YeM TeNJOOTAAYa B eAHHHLY Bpe-
MEHH B OKPYXKAIOL(YK Ccpely, H, CISAOBATENbHO, CHCTeMa HadHel
OXJa)AaThCl M BEPHETCH B COCTOSIHHE, XapakTepusyeMoe toukofi [

Heo6xoauMo 38MeTHTb, YTC CHCTEMa, BHBeJeHHas® H3 COCTOA-
#Ha 11, ne sepHerca B Mero, T.e. coctosinke II apasercs cocroshnem
HeycToHunBOro paBHOBecuf. JefCTBHTENILHO, €CAY COCTOSHHE CHCTEME
ONHCHBAETCA TOUKAMH, P2CHOJIOXKeHHHMH- HHxe Toukm II, To rtemao-
BHIEACHHE MeHblie, YeM TeNJOOTAAYa, PeaKLHOHHAA CHCTEMA OXJaX-
naeTca H, CAeNOBATENbHO, COCTOAHHE CHCTEMM YAaaserca oT Todkd lI;
BC/AH JKE COCTOSIHHE CHCTEMHB OMHCHBAETCH TOUKAMH, PacHOJOMEH-
HniMy Briulle Touku 1l, TenroBHaenende B cacyde Honblue, 4eM ero
TeNA00TAA9A, NO3TOMY cHcTeMa OyZeT pasorpeBartbcs, T.e. ee co-
ctofnHe Oyjler Bce Goabule yaansrtbes of Touku Il Ecam nocrenenno
NOBHIIATh HayaJbHY©O TeMmneparypy Tq, TO npu Ts ANA CHCTEMH BO3-
MOXKHO TOJLKO OJHO CTALHOHAPHOE COCTOSMHHE, OTBeuaiomee TOYKe B.
{lcan gauaabuan Temnepartypa Goapine Ts, TO cTalHOHApHHI npouece
CTZHOBHTCH HEBO3MOMHMM. Ko/JHY4ecTBO BHAEAAIOLIEroCS B eAHHHUY
BpeMenH Tensa Gyser Gosblle KONHYECTBA Tensaa, OTAABAEMOro OKpY-
Kawue#t cpene, n npouecc Byler NPOTeKaTh TONBKO KaK HeCTALMOHAD-
HEIl ¢ CaMOPA30rpeBOM H YBeJHUEHHEM CKODOCTH TeUeHHsl NpOLecca.
Yenosue, otseuaoliee Touke B, oOHYHO HASHBAIOT KPUTUYECKUM
ycaosuem BOCIAAMENEHUR. YCJAOBHR BOCNAAMeHeHus (B YacTHOCTH,
TeMiepaTypa BOCNJaMeHeHHs) 3aBHCAT OT [PHPOAH TOPOUEl CMecH,
ee KOHUEHTPAUMH, MaTepHajsa CTEHOK K (OpMH COCYAa, OPHPOAN
BHelWIHe# cpelH, TaKk KaK OT BCeX 3THX YCJOBHH B CBOI0 ouepels 3a-
BHCHT TeNJIOBOA DEMHM Hpoluecca.

KonnyecTBO Tensa Q, Bulje]HIOIUErocs B €LHHHHLY BpeMeHH B CO-
cyle, rie NPOTEKaeT 5K30TePMHYECKHHA npolece, paBHO

Q =wQV (143)

TAg W — CKOPOCTh XHMHUECKOro fpoleccd; § — rennosodl 3ddekt XEMHIECKOS pe-
aKunu (TepMOXAMHuecKas Temnora); V — ofnem cocyna.

CKOpPOCTL XHMHUECKOH peakUHH MOXHO 3afucath Kak (YHKIHIO
TeMNepaTyps W KOHLUEHTPAUHH pearHpyloUIHX BellleCTs:

-E/RT

w = ke w, {¢) {144)

rae we{c) — HeKOTOpan QYHKUHA KOHUEHTPAlMH PRarHPYWIIHX BellecTs.

PaccMOTpHM KHHETHKY NPOLECCAa MPH CPaBHUTEALHO HH3KHX TeM-
neparypax, Koria BHIOpaHHe CMeCH He3HauHTedbHO. TOTAa BeaWduHy

ko, (&) V@=28 (145)

MOHO CUHTaTh nOOCTOAHHOH. Cheposartenbho, Buipaxenne (143)
MOMHO 3a0HBcaTh

Q) = Be~EH . {(146)
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KOoNH4ecTBO Tennma, OTAABAEMOTO COCYAOM OKpyXamotleft cpeie,

1 aBHO
Gyxer p Q=aS (T —~Ty) {147)

At @ —cyMmapuufi Ko3((HIHERT Ten/ooTAAMH, § — NOBEPXHOCTE COCYAA.
an HOCTHXEHHH CTAIHOHAPHOI'O COCTOAHHA

Q=2Q: (148)
Ha ocnoBanun pasencts (146) u (147)
Be ERT (T —Ty) (149)

rie L = oS — nocroaEnas peauuuMa.

B Touke B KacaHHA KPHBHIX BoiZeleHHA H OTBOAA TeMJaa AOJIKHH
BHINOJHATLCA paBeHcTBA:

Q=Q:
X
dQ,/dT = dQy/dT {150)
'HAH, 9TO TO e CaMmoe:
Bexp (—E/RTg)=L (T, — Ty (151}
B
(BEIRTR) exp (— E[RTg) =L (152)
[MoactaBaaa (151) B (152), noayuum
E
w8~ Toy=1 (153)
Hmm e P
T’B——ETB+-R-TU=O (154)
Ha ypaBnenus (154) HaxolHM 3HaueHHe TeMmepaTyps BOCILAA-
MEeHeHHS

E iR
TB=_2T(1_4/1_-§-T‘,) (168)

Kopens co 3HakoM miiloc y paauxaia oTOpachBaeM, MNOCKOAbKY
OH COOTBETCTBYeT 06JaCTH BLHICOKHX TeMIepaTyp, KOTOPYIO, KaK He-
ROCTHXMMYI0O B OOBIUHHIX Mpoleccax, HeT CMHCJAa pacCMaTPHBATH.

W3 ¢opMyan BHZHO, 4TO BOCIH/JaMeHEHWe MOMET NPOHCXOAHTL B
Onpeae/ieHHOM HHTEPBaNe TEMNepaTyp oKpyxawilefl cpefn

0 Ty E/4AR (186)
Temneparypa BOCNJaMeHeHHA TOraa 6YI[ET HMETE MAKCHMAJbHOE

SHayeHHe, KOTAa paankan B ¢opmyre (1565) crawer pasHHM Hymo,
T. e Koraa To = E/4R. 13 dopmynau (155) nonyuaem

T, =Ef2R (157)

MARC

[lpu Temnepatrypax okpysawilefi cpean Bniwe 7o = E/4R pac-
HoJioxKeHa 00JacTh «TEIVIOBOFO B3pLHIBA®», B KOTOPOH CTaLHOHapHoe
TeueHHe peaKUHR HEBO3MOXKHO.
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Kak Brano us crcremn ypaBmerufi (151), (152}, npu sagamHmHX
BeanuuHax B, L u £ BO3MOMHO TOABKO OAHC 3HAYEHHE KPHTHYECKOR
TEMIepaTypbl BocnaaMeueHHn Ts NpH BroJHe oONpeje/eHHOM 3Haue-
Huu Tp. [losbaysack sTof cHCTeMOR ypaBHeHHA, MOMKHO BBIDA3HTH
SHAaUeHHe KPHTHYECKOH TeMnepaTypu BOCHJiaMeHeHHs uepe3 B, L u E.
3Havedne Tz MOXKHO HaATH rpadHueckuM peinenueM. Torja BeNHYHHA
Ty ORHO3HAYHO OnpedesseTcs NEePBHIM H3 THX YpaBHEHHR.

KHHETHKA FTOMOTEHHbIX XHMHYECKHX PEAKLUHA,
NMPOTEKAIOWHX B OTOKE

§ 15. PexxuMubt BBITECHEHNS H NePeMERIHBAHNS

KpynsoToRHa)HNEe XHMHYECKHE NPOUECCH OOHYHO OCYHIeCTBAAIOT B
NOTOKE, T. €. B CTPYe rasa, NpoXofsiledl Yepes pPeakTop ¢ 3aBaHHOH
Temneparypolt. [Tocneauufi MoxeT OHTL NYCTHM HJH CO CJOEM 3epHe-
HOro KaraausaTtopa. [IpuMepamu peakuMil, ocyllecTBAAEMKX B MOTOKE
B IHPOKHX TeXHHUECKHX MacwTabax, ABJASIOTCA KPeKHHI Hedrenpo-
AYKTOB, I'HJPOKPEKHHT, KATAJAUTHYECKOR AJKHJIHPOBaHHE, NOJHMEDH3A-
Lns, THAPO- H JerHiporeHH3alHA YrAeBOAOPOIOB, AETHAPATALUHT
CAMPTOB, ruipataiins oJe(pHHOB, raJOTeHHDPUBAHHe, HHTPOBAHHE OKCH-
XaMH a30Td, CHHTe3 aMMHAKa, KOHTAKTHHHA cnocof noJyueHns cepHof
KHCAOTH, KaTaJHTHYecKHA prdopMuHr M T. 0,

[TpoBenenne peakuni B NOTOKe ofecHeyHBaeT HENPePHBHOCTL TIPO-
Lecca, BHCOKYKW 3(¢(eKTHBHOCTD HCHOMAB3OBZHHA PEAKTOPOB, CO3RAET
GoabuiHe BO3MOXHOCTH AJA DPeryNHPOBAHHA H ABTOMATH3ALHH TPO-
necca. Muorde TeXHMYCCKH BajKHHEe peaKLHM NMPH H3YUeHHH HX KHHe-
THK# B 1a60pPaTOPHBIX YCHOBHAX NMPOBOAAT TaKie B NOTOKe.

ManoToRHaXRHe TPOLECCH, a TaKXKe HEKOTOPHE NPOueccH, mpo-
XOOAUIHEe ONHTHYIO APOBEPKY, ¥Mallle NPOBOAAT B pPEAKTOPaX [EpPHOAH-
YeCcKOro OeficTBHA ¢ QNHOKPATHOA 3arpy3koi HCXOAHHX Bemrects. Pe-
AKUHH B IIOTOKE MOJKHO KJAacCHHIHPOBATb NG PeuMaM TPOBeACHHSR,
lpexenbHbHMA PeXXHMAMH ABJAIOTCA: PEeXHM HAEAJTHHOTO BHTECHEHHSA
H peXMHM HAeaJLHOre Mepemeiwnsanus. Ha nmpakTuke Moryr peaanso-
BAaTLCS H NPOMENYTOUHBIE (EXMHMEL.

- Pexum udeaibHo20 8bITECHEHUA, OCYHIECTBJAEMBIH B TPy6uaTHx
peaKTopax, XapakTepusyeTca T€M, YTO B NOTOKe pearHpylollerc rasa
OTCYTCTBYeT [poJO/bHOE H NoNepedHoe NepeMeinsanne.

Pesicum udearbnozo nepemelieanya XapakTepHayeTc TeM, UTO B
pe3ysbTaTe HHTEHCHBHOrO NepeMeliHBaHHA KOHUEHTDALHH Bcex pea-
FRPYIOLUKX BellleCTB B J0GOR TOYKE peakTOpa pPaBHH KX KOHHEHTpa-
[HAM Ha BLIXOJE H3 peakTopa.

OueBHaHO, UTO CTpOras peaiusauus HACAABHEIX PEXHMOB OueHs
3aTpyAHRTeNbHA, W MOSTOMY XHMHUECKHe HpOUecch B NOTOKE B jeil-
CTBHTEJILHOCTH TPOTEKAOT HJAH MO PexAMaM, GAH3KHM K HAeasbHHM,
HAH mo cMelWaHHBM. MaMeHenHe KOHIleHTpallMH OZHOTC H3 pearHpyio-
LIAX BellecTs BAOJb MGTOKA B PeaKkTope UPH ABYX HAeaJbHHX pexRH-
MAX BEACHWA Npouecca NOKas3a#o Ha puc. 10.

PeakToph, B KOTOPBIX MDOMCXOAAT XMMHUECKHE P@aKUHH B 1OTOKE,
ABJIAIOTCA YACTHHM CydaeM OTKPRITHX CHCTEM,
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Puc. 10. Hamedenne uncna wonefi na, pears- B
PYIOLIEro BEMIeCTBA BAONL PEAKTOPA IAHHH [ LY
'—DEKHI HIeANbHOTO BHTECHCHHSN, 2-])91““" Hae- P

AnLHOTO HePEMElUBBaHHA ("0:\,— HACAO Mouefl Be- ;
iecTBa A, NOAGBACMHX B HAYANO DEAKLHOHHOR 30KH

8 CAHHHLY ’npeuenn].

o [

KuneTHuecKHe ypaBHEHHS NpOHeccos B MOTOKe BCJEACTBHE TOro,
9T0 MX OOHUYHO MPOBOAAT NPH MOCTOSHHOM JAaBleHHH H OHH COUPO-
BOXKAAKTCA B GOJLIIHHCTBE CHYYacP H3MeHeHHeM o0beMa YYacCTBYIO-
XX B PEaKIHH BelIeCTB, AONXKHH OTJIHYATLCA OT OGHIYHHMX KHHETH-
4eCKHX ypaBHeHWH, NPHBEJEHHHX BLlilé H BMBEJEHHHX AN YCTOBHA
noCTOsIHHOrO o6beMa. KpoMe TOro, Meroj paciera KOHCTAHT CKOpO-
cTeit peakumii, WIyHIHX B NOTOKe, AoJkeH GHTh HHHIM H3-3a TPYA-
HOCTH OMNpefesieHHsl BpeMeHH MpeGeIBaH#s pearHpylUiHX BellleCTB 8
30HE peakKIlHK (TaK HA3HBAEMOrO 8PEHENI KOHTAKTA).

O6mpe ypaBHeHUA KHHETHKH XHMHUYECKHX MDOLECCOB B IMOTOKe
MOJKHO MOJYUYHTH, KaK 370 6blio noka3aHe . M. [laHueHxoBEIM, nOJb-
gyscb MeTOfAMH THAPOAHHAMHKH. JTOT TPHEM HHTEpeceH H BaXeH
B TOM OTHOIUIEHHH, 9TO M03BOJIseT PACCYHTHBATL JHHAMHAKY KakK cTa-
BHOHAPHEX, TaK M HeCcTaHOHApHHX mnpolleccoB. [lofiyueHnue obnine
YPaBHEHHS NO3BOJAIOT PACCUUTHIBATH CKOPOCTH KAK TOMOrEHHBIX peak-
uuit n06bix MOpPAAKOB H 06O cnodHocTH (HeoOpaTHMHX, o0paTh-
MHX, .71apajienbHhX, NOC/AeN0BATeJbHHX, 3BTOKAaTAJNHTHIECKHX, Len-
HHX M fp.), TaK H reteporeHduix (cm.ra. X, § 16},

§ 16. O6ee ypapHeHAHe JHHAMHKH
W CKOpPOCTH XHMHYECKON peakuny, npoTekaiomwed B noToKe
B pPeXXHMe HAeaJLHOTO BHTECHEHAN

O6muM ypasnenHeM IHHAMHKK XHMHUYECKOR peaXIlHH *, mpoTeKalomed
B MOTOKE B DEXHME WAEaJbHOrO BHITeCHEHHH, ABJAAETCA ypaBHeHHe,
BHpaykamlllee 3aKOH COXpAHeHHs BelllecTBa. 3TO YpaBHeHHe B Teope-
THYECKOH OU3HKe Ha3WBAIOT YPABHCHUEM HEPA3DLIBHOCTU, a B TeX-
HHKe — YPasreruem marepuanviozo b6aianca.

ByneM paccMaTpPHBATH NMOTOK XHMHMYECKH PearHpyOLLHX Bellects,
npoxonfAllui depes cedeHue [} # [, HaxoZAUlHecA Ha paccTOAHHH Al
(puc. 11). B notoke NpOHCXOOHT XHMHUECKAA peaKUHA

VA 4 kg oo VA== VIAl FviAs 4 oo+ VRAG (6)

Jas npoctoTn pacueroB GyleM CUHTATH TEMIEpPATYPY B PEAKTOpe
nocrosnHoft. ITepedocom BewmecTBa 3a cweT aupbysnn H AeficTBHEM

* ITpu ONMWCAaHRRE XHMHYECKHX NPONECCOB B MOTOKE B peXXHMe BHTECHEHHA Re-
OOXOINMO YUHTHBATL He TOJMBKO TMPOTEKanWe PpeakUHH BO BPeMeHH, HO H nepeMe-
IMEHHE REIMECTB BAOAb KOOPIHHAT MPOCTPanCTBA peakropa. [1o3ToMy ypaBHeRRAs,
ONHCHBAWWHE XAMHYECKHe TNPOISCCH B MOTOKe B HecTADAOHAPHHX YCJIOBHAX, CO-
RepHAT He MeHee 7BYX NepeMeHAHX (AAA OLHOMEPHOrO NOTOKA) — BpeMs H KOOp-
AWHATY. JTH ypaBHeHHS HOCAT HA3BAWHE YPASHERUN xumuvecxot GuHaMuKL,
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)I Puc. 11. ITorok semecrsa 8 TpyGxe.
g

-

—— 1_-:
g ) ————
L lg

AHCCHIATHBHBIX CWJI, T. € BS3KOCTH H TENMONPOBOAHOCTH, nperelpe-
weM. 3aganuMm mjoulafb, cedewus noTtoka, pasHod p. CHayanaa 3a-
NHINEM ypaBHeHHe MaTepHaabHOro 6anaHca CI0BaMHu:

Koanuecrso Beuwectna A;, Konwuecrso semectsa Ay,

BXOAAWErO B cedeHHe {; — BHXOANMErO H3 cedeHus [, =

3a BpeMsa Al 38 ppema Af (168)
Koauvectso pemgectss Ay,  KoawuecTeo memectea Ay,

= npopearHpoRaslierc %a -+ ocTaBneroca 32 apeMs Af
BpeMa Al B ofneme p Al B obbeme p A/

IMyctn auHefHas cKopocTh NOTOKAa B J06oM ceueHuu Gyzer u,
a KOHUEHTpauuf BemecTBa A; B mio6om CEUCHUH CA,. ITH BEJIHUHHH
B ofiieM cAyyae HBAAIOTCA NepeMeHHBIMH, T.€. B KAXAOM 3afaHHOM
CYUEHHY HMEIOT pa3Hoe 4YHCAoBoe 3HavenHe, Torza 3a exHHHUY Bpe-
MeHH uepe3 ceyeHHe [, mpofiser ofvem, paBHHEt up|l;, a uepes ceue-
Hue [, coorseTcTBeHHO wp|l». EcaM $TO BeJHUHHB YMHOMHTL Ha
MOJIBHO-OGBLEMHYI0 KOHUEHTPaUHIO * BeillecTBa A; B KaXI0M JaHHOM
CeueHHH, TO MB HafijeM YHCJAO MOJeHl BemlecTBa A npoxoasuiero
3a elHUKILY BpeMeHH ceueHun /) v I

YMHOKHB STH BEAWUYMHW Ha Af, NOJYyIHMM BeNHYHHB, CTOfIIHe
B JeBofi 9aCTH YpaBHEHRA MaTepHaJbHOrQ Hajasca, T.e. KOJAHYECTBO
BelllecTBa A, npoxonsmero ceveure [, ¥ Iy 3a Bpema Af,

OG6o3HauuM ya, KOJMYECTBO BellecTBA Ay, pearupyomero K mo-
MeHTy BpeMeHH ! B awboM 3asannom ob6reMe V. Torma xosauwectso
BellecTBa A;, PearHpywIIero K MOMEHTY BpeMeHH [ B ofheme pAl
Gyiaer pasHO (yAf/VS pAl. Konuwuecrsa semectsa A;, npopearuposas-
ero Kk MOMeHTaM BpeMeHH £ H !, B8 oGbeMe pAl, 6yAyT paBEH

Ya Ya
bl B —peal,
a KOJHYECTBO BeillecTsa, NpopearkpoBasllero 3a Bpemsa Af B ofbeMe

eAl, 6yner paBuo
¥a ¥a
e sl ——phead,

Konuyectpa memectsa A; ocTaswerocss (HenpopeardpoBaBLIEro)
8 ofbveme pAl K MOMeHTaM BpeMeHH ! H f3, OYAYT pPaBHH COOTBETCT-
BEHHO cA‘pAl e, H cAtpAl lt,» Toraa xosnuuyecTBo Bemecta A;, ocras-

iteroes B o6beme pAl 3a Bpemst Af, Syaer passo  ca pAll, — capAl .

* Konuenrpalus MoMer OHTh BHpaXeRa B JMOOMX CABHANAX Macch HAa enH-
HHUY ofbema, HO TPH PACCMOTPEHKY KHHCTHKH XUMEYECKHX peaknull ee yiolHee
RUPAKATL YHCAOM MOJeA B einHhue olbeMa,
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[MoacTaBass naffeHHHe TakuM 00pasoM BeJIHYHHH B ypasHeHHe
MaTepuaabHoro 6ananca (158), nonyunm

Y ¥a
upcy At); —upcy Al = _V.L p AL, — _V_L pALly +eppBlly —ep ALl
(159)

Jexas npasyw u Jepyw uacTy paBeHctBa (159) na AIAf u cokpa-
mad p (cuurasl €ro AJS NPOCTOTH HOCTOAHHBIM), HAXOAHM

m:Ai ,11 - ucAl |1, yAl Ih - yAt If, c‘q‘i ,g, - CAI lgl

= 164
Al VAt At (160)

[Mepexoas K npeaeay npu Al—0 u Af — 0, noryunM
_ d(ucn‘) _ 6yA‘ N ‘”Az
ol Vot at

IlepBoe caiaraemoe B NPaBOi 44CTH PABEHCTBA MO (PHIHIECKOMY

CMHIC/]Y HBJSETCA HCTHHHOA CKODOCThbIO XHMHYECKOH peakuuum w, no-
3ToMy ypaBHeHHe (161) mMoxeT 6HTL 3alTHCAHO B BHje

~ 8 (e, )00 = w -+ dey [0 (162)

(161)

310 BHIpaKeHHe K ecTh ofliee YPaBHEHHE AHHAMHKH TOMOrEHHOro
XHMHYECKOTQ NpoLecca, NPOHCXOAALUEro B MNOTOKE B PeXHMe HAealh-
HOI'O BLITECHEHHS.

[Moab3ysick BeKTOPHHIM o503HadeHHeM, BhipaxkeHHe (162) wmoxno

3anucaTtb
—div ¢y 4)=w +0c, fot (163)

Ypasuenns (162) n (163) moryr SHTH HCMNOAL30BAWW IJs pacueTa
HECTAllHOHAPHHX MPOLECcCOB.

Ecan KoaxyecTBO HCXOOHHX BelieCTB, MOAABaeMbiX B peaxkLHOH-
HYI0 TpyOKy, IOCTOfIHHO, B TPYOKe K MOMEHTY, KOTZa pearHpyioliHe
BEWIECTBA MOCTHraloT KOHHA PeaxkUHOHHOH 30HE, YCTaHaBJHBAETCH
CTAYUOHAPHOE COCTORHUE. B cTanmoHapHOM COCTOAHHH KOHLEHTpauHH
B Ka¥<JOM AaHHOM CeYeHHH CO BpPeMeHeM HE H3IMEeHAWTCH, T. e.

Ocy [0 =0 (184)
Korfia ycTaHoBuTCA CTauROHADHOE COCTOfIHHE, KOHUEHTPAaunn Ca
¥ AHHefiRasg CKOPOCTb BellecTBa # B 3a4aHHOM CedeHHH TPpyGkmr Gyayr

OAHO3HATHO ONpPeeasiTbCA TOALKO PaccTOSAHHEM [ 3TOTO CeYeHHS OT
Haya/ja peaklHONHOA 30HBI:

"AI=‘PU)
=) (165)

IMosromy ypasreunsn (162) m (163) ans craudoHapHOro coctos-
HEM 3aMHIWIYTCA CAEAYIOIMHM 06pa3omM:

—d (cAtu)/dl =t

—div(cy 4)=w (166)
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Onpegenyv KOHHEHTPALRW i-10 KOMNOHEHTA TakK
ea,=na /v (167)

rie nAi —= QHCA0 MOJeR BeulecTBa Al, npoxojfaLierg depel 3afaHAoe CeueHne B CNH-

Ay Bpemenn; V —olbeM selliecTBa, TPOXOSAUETO B efHHHLY BPeMeit uepes 9TO
CiReHHe, ‘

JIrHeAnyI0 CKOPOCTbL MOXKHO BHPAa3uTh
u="V/p (168)

Moacrapnaa {167) u (168) B nepsoe ypaeHeune (166}, Haxoaum

1 dﬂA

-3 di

le=w (169)

Ho n,,=noa (! —x) (r.ie noa,—uncio monefi Beuwecta A,

NOCTYNAKIUEro B €IHHWIY BpPeMeHH B Hawalo pPeakUHOHHOH 30HL;
X — KOJIH4ecTBO BelecTBa A, NpopearupoBaBLIero Ha DACCTOSHHH [
OT Havala PeakUHOHHOH 30HL, BHPAXKEHHOE B A0JAX OT HCXOLHOTO
KOJIHUeCTBA), NO3TOMY

- dnA:/dl =figa, {dx/dl) (170}

Hoacrasasa (170) B (169), noayuum
naa, ([dxfpdl) = 1w (171)
I10 — ypaBHeHHe KMHETHKM Ji0GOH XMMHUECKOR DeaKuHH, TPOUC-
XOJAUleR B IIOTOKE B PeXMME HIEaJbHOTO BHTECHeHHA B obuieM suie.

[Monb3ysacs OCHOBHBIM [MOCTY/NATOM XHMUYECKOH KHHETHKH, BHIDAXKe-
e (171) ans HeoGpaTHMEIX peakuHE MOMHO 3aNHCaTb B BHte

dx M e
"UA! P al =k"‘Al‘:A2 N cAk (1?2)

a DA oOpaTHMHEX peakUHA OHO 3amUWIeTCH CJAERYIOHM 06pasoM:

l'! fl n

n dx =kichley? ... Cy kot bed ... ¢
OA!pdl IA 'A‘2 Ak A A2 A

;™

(173}

]

rae Ry # k3 — KOMCT3HTH cKOpocTell NpaAMOH H obpaTHol peakuud.

Das unrerpupoBanust ypasHennfi (172) u (173) nHeobxoaumo Bhi-
PasHTh KOHleHTpauuu Kak QyHxkuud [ 310 ocobeiHo ferko caenatsb
AR WieaAbHLIX Ta3eB. B 3ToM cayvae

v=(3 nRT}/p (174)

cA‘=n0A‘{l —x) p/Z aRT {175)

", CAeA0BATCALHO
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rae ¥n— oftlee qucA0 MoOJeR BCEX YUACTHMKOB peakKlda (KaK HCXOAHHX, TaK H
KOHeuHWX NPOAYKTOB), NPOXOAAUIHX B ¢AMHHIY BpeMeHH uepes 3anaHHoe ceuenHe *;
p— ofllee naBJeHHe CMECH HCeX Faaos.

Hasnenne p B obuieM cayuae GyAeT ¢yHKuUuel paccToaHus ! OT
Hayana peakiHOHHOA 30HH, T.e.

p=Ff{) (176)

Haa nnterpuposanns ypaeHenud (172) u (173} sva ¢yHxuua
RojxHa OHTL 3aganHa. HafiTh Bua »Toft (yHKIMH JIE€rko, TaK Kak
AaplleHde B Hayajle H B KOHUE PEaKIHOHHOE 30HH B Ja6opaTOpPHBIX
¥ TEXHHYECKHX PEaKUHOHHHIX annapaTax u3BectHo. Yaile Bcero nepe-
naj AapjieHHs Ap OT Hava/a pPeaKLKOHHOR 30HH K ee KOHIly HEBeJHK,
H, C/ief0BaTeibHO, B 3TOM CJYyyae 3HavueHHeM Ap MOXHO npenebpeds,
a BeJIHYHHY p PaccMaTpHBATh KAK NOCTOAHHYIO.

Ecan pearupylomuii ras cuabHo pasfabjieH HHEPTHHIM Ta3oM, Tak
4YTO H3MCHeHHeM o00bheMma, NPOHCXOLSUHM BCJASACTBHE XHMHYECKON
peaKkllHH, MOMKHO npeueﬁpeqb, HAH XHMHuUeCKad DeakKlHA MNpoTeKaer
Ge3 u3MeHeHHA 00beMa, HWIH DeaklHs MpoTekaeT B NMOTOKE MHAKOCTH,
T0 (Tak kak oObemBas cKOpOoctTh OYAeT NOCTOAHHOR BeAHUHHON) Tpn

NOCTOAKHOM p
dufdl =0 (177)

ITosTomy ypaetenHe (166) sanuwercs B Buje
—u(dey fdl)=w (178)

Hoxcrasnsaa B (178) 3HaueHue NpOUSBOAHOH dcai/dl ¢ yuerom

{177), Haxoaum :
—dny fodl=w (179,

Kax BHaHO, ypaBHeHHe (179) mo dopme noxoke Ha ypaBHeHHe
(169): npu BwBode ypaBueHns (169) ofbeM rasa V, npoTekawuiero
B €JHHHUY BpCMEHH uYepe3 3ajaHHOe CeyeHHe, MPHHHMAJCH 3aBHCA-
IIHM OT PAaccTosiiHA [ OT Havyaaa peakUHOHHOR 30HH, 4 OPH BHBOJE
ypaBuenns (179) 10T 06beM NpHHRMAJICHA MOCTOSHHbBIM.

* Jlnn peakunr {a) npH YCA0BHH, UTO KOHIEHTPAlUMH KOHEUHLWX MPOAYKTOB
B HA9aNbHHR MOMEHT BPeMeHH PaBibl HYJIO

En:nmi (a4 Bx)

npHuem

pa T, nos

1 2
a= — 2
iy Roa, “u.ai
I r n
o) . " n

1 2 k i 2 k
p=—+—..+—— = —— ———
n, n, n, n; n, "

rae ng, — 9HCAO MoJeft BemecTBa A;, MOCTYNAaoMiero » eJAHHUY BPeMeHH B Ha-
- r
9200 peaKUHOHWOR 3OHH, 1; W N; — CTEXHOMETDHuECKHE KO3DODULNEHTR HCXOANWX

'
A, y KoMeuHbx A; NpPOAYKTOB DEAKHHA.
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B suipamednsx (172), (173) n (179) peanunny pd! MoXHO 3aMe-
HHTbL Ha 3JeMeHT of6beMa dV npocTpaHCTBa, rie MpOTeKaeT peaKLHA,
T. €, MOXHO 3aMHCATh

pdl=dV (180)

VKazaHHaR 3aMeHa MO3BOJSET HCNONb30BaTh ypasmeus (172),
(173) u (179) npas pacuera obbeMa peaxTopa, HeobxoauMoro #Jana
OCYIIeCTBJCHHS 3aAaHHOM cTemend npeBpalens x. OweBAgHO, 4TO
AAS TaKoro pacyera HeoOXOAHMO 3apaHee ONpe[efiHTb KOHCTAHTH
CKOpPOCTEH NAHHOA PeaKI[HH.

Jf HeH30TepMHHuecKOTo npouecca (4ro dYacto HabJojaercs B
NPOMHILJIEHHHX PeakTopax) HeoOXOAHMO BHPA3HTh C MOMOILILIO YpaB-
HeHHst AppeHHyca KOHCTAHTY CKOPOCTH KaK (QYHKUHIO TeMIepaTyphl
H 3aJ]aThb H4d OCROBAHWH JKCNEPHMEHTANbHHX AAHHHX 3aBHCHMOCTh
TEeMNepaTypnl OT PACCTOAHHN BAOJbL TPYOGKH ¢ Hadajla peaKUHOHHOMA
30HH.

Huxe Gyoer pacCMOTPEHO HECKOJNLKO NPHMEPOB COMOTEHHHIX Ta30-
BHIX HeOGpaTHMHX peakliuii. '

§ 17. HeoGpatuMan peakuds nepeoro nopajka

B ofliem BHZE TAKY!0 PeakLHIO MOMXKHO 3anHCATh
A — V|A| +V2A2+ s +'V];Ak

B stom cayuae ypasnerue (172) c yuerom pasenctBa (175) npm-
ofpeTaeTt BUA
n dx —k {(1l—x)p
ATodl ~ " i+ px) RT

(181)

Pasaensns MepEMEHHLIE, NOJAYyUaeM:

ﬂd,,:ﬂ_d;

= T (182)
BJK
dx xdx _ kpp
—x TP~ rr 4 (183)

TIpuGaBnfia H BHYKTaRA e1HHHLY B YHC/IHTE]e BTOPOrQ C¢J1araeMoro
AEBOH 4ACTH, HMEEM:

dr o 1—x—1 kpp
l—x g l—x = nyaRT di (184)
RHJH
dx dx  kpp
11—« de+ﬂl—x_Wdi (185)
HJIN
dx kpp
1 —pdx=
R e T (186)



@
A-520°C
0-550
y 8 - 580
I78(pa figq L {1-4) -
"mr{ / o4

[T N T B |
0 4 8 -plafral?
Puc. 12. 3aBHCHMOCTL fgax OT —#gs In(l — x) AAA peaklHH NepBOTQ NOPAMLKA, NpPO-
Tekaioulefi B NOTOKe.

Puc, 13, KuheTnka TepMHWeCKOrD KDEKHHTA H-TeKcaleKaHA B [OTOKe (10 AaHHLIM
I'. M. Manuekosa u B. P, Bapanosa).

Huterpupys 3To Bupaxenue B npefienax or 0 A0 x M cOOTBeTCT-
BeHHO oT 0 10 [/, nOayuHM

- 3} — B PP
(148 n (1 — )~ prx = H0s (1879
oTKyaa
oy R (= (14 B) (1 — ) — Bs] (188)

rre V = pl — obbem peaxum:'mnoro NPOCTPaHCTBA.
HOna peakuus A;—- A, Tax Kak B =0, ypaeHeune (188) aa-
nHulercs
k=g Sy y=y (189)

13 conocrabienns ypasuenufi (189) u {13) puTekaeT
ngs (RT/pV) =1/t
T.€. BpeMA NpebHBaHHA BeLleCTBA B PEAKUHOHHOR 30He, HAH BpeMs
KOHTAKTa, s HaHHOTO caydas

IlpoBepuTe NpHMeHHMOCTL ypaBHeHHS (188) K ONHTHHM AaHHHM
W ONpeJeNuTh 3HadeHHe KOHCTAaHT yAolGHee BCero ciaeayloulum obpa-
3oM. 3anuuem ypaBHenHe (188) B Buae

nmx-=-nml’;°ln(1—x)-k—§%‘%- (191)

Toraa, ecan BHOPaTh B KAUECTBE NEPEMEHHBIX 2 =/fgX R
y = —noaIn(l —x), ypasuenrio (191) GyneT cOOTReTCTBOBATL HpH-
Mas Ha puc. 12.
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3ToMY ypaBHCHHIO TOAYHHAETCH KHHETHKA DEAKUHH T€DPMHUECKOro
KPeKHHT'a H-reKcajleKaHa, ecaH 0 Hefl CyAHTH 00 KOJHYECTEY Hefrpe-
BpalleHHOr0 K-reKcajeKaHa MPH Pa3dHYHBIX CKOPOCTAX €ro MoAa4H
B peakiHOHHYW 30Hy (puc, 13).

TIpsMas OTCEKaeT MO OCH OPAHHAT OTPe30K, pasHufi —kpV/PRT
TaHreHe yrjia HaknoHa npaMofl (ge = (1 + B) /P
Orcioza nerko onpeneasetca P. 3uas P, HeTpyaHo paccunTaTh k.

§ 18. HeoGpaTumas peakuns BTOPOro NOPsAKa

HonycTaM, uto B mnoToke npoTekaer peakuHa A4+ B-—C 4 D.
Ecan uncao Moaeli BemjectB A ¥ B, noxapaeMHX B eIHHHLY BpeMeHH
B HAYaJO PeAKUUOHHOR 30HH, COCTABJAET COQTBETCTBEHHO figa H figs,
ypasuenne (172) ¢ yuerom paseHcrsa (175) npuoGperaer Bua

dx p (1—x) (Pop — nopX)

ar == kp 'R‘zrz ("OA + "03)2 ([92)
Iocae pa3aeneHHA NepeMeHHbIX H HHTerHPOBaHHH NOJAYIHM
nga + 2 RT? fgg (1 — x
P (7oa + "op) t g { ) (193)

mgy—nRop  Vp? ("op — Moax)

Ecny HCXOAHBEIE KOHLeHTPAUHH OGOHX BelmecTB OJHHAKOBH, ypaB-
Rexue (172) ¢ yuetom papeHctBa (175) mocie HHTErpHpOBaHHA AAET

R M2 x
k= 4n°AW T {194)

§ 19. OGpaTuman peakuHs nepeoro NOpaaka A, == Ay

O6patumyio peakusio (OPMagbHO MOXKHO pacCMaTpuBaTh TaK e,
KaK W Heo6paTHMYIO, CUMTAf, YTO DEarHpyeT He BCe HCXOLHOe YHCJ/IO
MOJIEeH fga, @ PA3HOCTh MEXKJY HCXOAHHIM HHCJAOM H TeM, KOTOpOe
OCTaeTcsl HENpPopeardpoBaBUIHM K MOMEHTY pasHOBecHA. B atom cay-
vae ypasrexne (173) c¢ yuetom pabeHcTBa (175) npuoOperaer sun

o dl oa RT

(195)
3necs
1
Rop, = nmAI/noAl
rae n; A, — THcAe modefl pewectda A;, 06pasyIOHErocs K MOMEHTY PaBHOBECHA.
[Tocne UHTErpyPORAHHS NOAYIHM

RT [ —figy,

k=”0A|T;T|“ “96)

1=, —x

B s1oM paBenctBe Bk =Fk; + k3 {k B k; — KOHCTaHTH CROpocTeR
npamoii H 06paTHON peaKlKH).
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Ry
§ 20. O6paTnman peakuus sroporo nopsaka A + B ? C+D

B cayuae ofpaTuMoii peakunn BTOporo nopsaka ypasnenue (173),
ec/lA B HayanwHbli MOMEHT BpeMeHH HMEWTCA HAJMLUQ TONBKO Be-
wecrtea A u B, ¢ yuetom paBenctBa (175) nproGperaer Bun
dx . Pt (1 — x) {ngg — mpp%) p? fgpx?
pdl ~ “URTE (foa — Mom)’? PR (mgp + nop)’
rA8 nMga H fos — YRCAO Moned pemiectB A g B, nocrymaomux 8 Hawano peakuwonHoR
SOHKW B EAHHHLY BpEMeNH.

[Tocte mHTerpHpPOBaHAA HAXOAHM
R2T? ms (my — X)

(197)

ky — ky= (ngy — o)’ 27V {my — mig) n iy (s — %) (198)
rae
my g=0A " fon % A/ (o ~ non)* K2 — dngpnopK (K — 1)
' 2n95 (K —1)
Ke=1/k;

§ 21. MocaenoBaTenbHan peakuisa B NOTOKe

3anaua pacuera KOHCTAHT CHOpOCTell TOMOTEHHGH NOCAELOBATEALHON
HeoOpaTuMOfl peaKuHH, NPOBOAMMO# B NOTOKe, pewaercd Jerko. Pac-
CMOTPEM NOCJe10BaTe/IbHYI0 HeoOpaTRMYIO peakuHio
A b
A — vwB — ¥,C
rae k; % k; — KOHCTAHTH CKOpOCTEA COOTBETCTBYIOIIHX peakituil,

JonycTuM, 49T0 B HaYalkHHHA MOMEHT BPEMEHH WHMeeTcd TOJbKO
BeiecTBO A. Ha HexoTOpOM paccTosiHMH ! OT Havyajda peaKuHOHHOH
30HB AHCJIO0 MOJAeH BeuwlecTBa A coCTaBMT feal(l — x), rae nga—
YHCJIO MOJieR 3TOro BellecTBa, MOCTYNAIOWlere B eQHHHIY BpeMeHH
B Ha4a/l0 peakuHOHHOR 30HH. Kak Jerko yBHAeTb H3 XHMHUYECKOro
ypaBHeHHS, JOJKHO BOSHHKHYTb vifipax MoJefi BeliectBa B, wa koro-
PHX noay Moaefi npesBpamiaercs B Bellecto C, T.e. uHcIO MoJedl
BemlecTBa B, npoxoasulerc B eaWHHEY BpeMeHH cedeHHe, KOTOpoe
HaxXOAHTCA Ha paccTOSHHW [ OT Hayala peaKLHOHHOR 30HbI, Gyler
noa(vix — y). Kpome Toro, ofpasyercs, cOrJacHO XHMHYECKOMY ypas-
HEeHHIO, Vattoay/vi Monei Bemectea C. CyMMHpYA 5TH BeJHUYMHH,
noJayIaeM

ZnsnOA[1+(v1—-l)x+(:—:-—l) i (199)
[Toavsyscy Bupamenuem (175), nafinem
(1—x)p
0y = — (200)
[+ m—vs+ (2 —1)g]rr
(ij e y) P (201)

= [l-—-(v;——l)x+(:—:— 1) y]RT
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N3 puipaxenns (171) ana aByx nocaeaQBaTeNbHHX peakiult, cun-
Tas, 410 BTOpas peakuus TAKNKe MMeeT NepBLIfl NMOPAAOK W Onpese-
Jfs ee CKOpocTb No ofipasoBannio semiecta C, nonmygaeM

dx {(1—-x)p
Mor 5T =B T F o =Dk F ((valvr) — TG RT (20)

dy_ _ . N (vix—y)p
Pan wal =R N T= = D x + [vafn] — 4T RT (208)

Pasnenns ypasuenne (203) ra ypasnenne (202), Haxonum
VX -y

d
s = oo
HJaY d X K
y N = ™ x
ot T==Y=7=> (205)
rne

K == kv [l ve

I10 auvefiHoe AunddepeHuHabHOe ypaBHeHHe B ofwmeM Buie
MOXHO 3aHCaTh

Vi) =g (206)
YpaBnenue (206) uMeeT caeayioniee pellleHHe:
x
y=eF0 (B + S g(xyef™® dx) (207)
i
Tae
x
F(x)-§ fix)dx

Has ypasuenns {(208)

Flxy=K/(1—x)
g (x) = Kwix/{l — x) } (208)
CaeloBaTe/bHO!
F(x)n-s {(_f’i =—Kin(l—x)
a
"

= Fla) _ Kin(l—x)
MocneaHee nerko npeoSpasyercs K sHAYy *
ef P (1 — 5)~K (209)

H3 KOTOPOrO MOXHO ONpefle/IHTh 3HadeRHe WHTerpata B (207). [ef-
CTBHTEJLHO

X x x
S g (x) e”"dx=KS —11}‘;(1 —x) Ky = Kv, S x (1 — x)~K+D gy
0 0

* Tax kax F(x)==In{l — x}—%, ocBo60OXBRascek OT jorapadMa, noayium ypas-
venue (209).
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3101 HRTerpan Jerko Gepetcs mo uactsM. [Mocne myTerpupoBaHAA
NOAY4aeM
x
Kvy S x(l —x)" KD gp cm
&

MoncraBass (209) u (210) B (207), Hafinem

—i—u*l5 VX vwil—x'"k ] a1
y=a x)[+(1_x),(+ = " (@11)

=gk ¥ 210
(l-x)K+l—K( x) ——” (210)

3uaveHwe B HaXOAMM H3 Haua/JpHHX ycaomufi, koraa x=0, y =
= (); noatoMy u3 ypaBHennsa (211) noayuum
B=0 212)

Toacrasans (212) s (21[), HAXOAHM
y=wir+ g (=0 =1~ 5] 213)

CaeaopaTensbio

—{1—x)] 214)

Vx — Y
! 1—K

KoanuectBo BelllecTsa 8 JAONKHO NPOXOAHTL 4Yepe3 MAKCHMYM.

B Touke MakCHMyMa
d{vis—y)fds=20

Haxoas npoussoznyio ot (214) u npupaBHHBa% ee HyJIo, nonytmm
O — )" =K 215)

rde Xm — KONu4¥eCTBO NPEBpaTHBIllerocA BeLIeCTBA A, COOTBeTCTBYIOULE® MAKCHMAMb-
HOMY BHXOAY eellecTea B,

¥Ypashenne (215) nossonser onpezeants K. DT0 MOXKHO crenars
u rpaduyeckn. [Iponorapudmnposag Bupaxenne (215), nonyuuwm

(1—K)ig{l —zm)=1gK
O6o3nauum 0~ K ig -
1—K)lgll — xq) == .
ko) et

Fpadux puc. 14 nocrpoen ana stex ypaBHeHuA. Touxa nepecede-
uua Z ¢ U v AaeT HCKOMLIA KopeHb — 3hauenue K.

Takem ofpazom HaxoAMM K H3 ONBITHWX A4HHHIX, onpeiedss 06-
liee OpeBpalleHde HCXQAHOTG BeLIECTBA Xm, COOTBETCTBYIOUICE MaK-

Zy .

v
]

Puc. 14, 3aeucumoets Z = (1 — K}lg(l — xm) «
U=IlgK or K 1ns peoGpaTiMoii Dnoclerosa-
TeNbROA peaKllHd B BOTOKE.
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CHMaJLHOMY BHXOAY NpoAykTa B. 3Has y, MOXHO pellaTh ypaeHe-
uue (202}, TloncraBasin y W3 ypaeHeHua (213) B ypaeueHue (202),
noJy4YuM ' :

dx _ {(1—x)p 9
ﬂpdl_kl | 1—x (1—0X @17)
R O B i el 1 .02

1,

3710 ob6bKHOBeHHOe AHbdepeHIHabHOE YpaBHEHHE, KOTOpoe poe-
waercs HyTeM pasjeneHHs nepeMeHHux. MHTerpmpoBanHe ypaBHe-
Hus (217} naer

b= on sy e gy L R UK =0 = =1+ K~ vlx +

V2 — ¥V

K YaTW
e T

YpaBuerue (218) nospoaseT BHUHC/AHTL KOHCTAHTY CKODOCTH nep-
oAl peakuyn. Tax Kak Ham H3BecTHa K, KOTOpYI0 HaxogsaT ¢ no-
MOLLIO Tpaduka puc. 14, caenoBaTesibHO, H3 COOTHOWEHHS K ==
== Rov,/R(Vy; JMerko oOnpefeNiiTh H KOHCTAHTY CKOPOCTH BTOpOH pe-
aKItHH:

ky= K F1%
b/

§ 22. Pacyer 3HepTHH aKTHBAUHH XHMHYECKOH PEaKuUHH,
nporexawiledi B NOTOKE B PEHHME HAEANBHOTO BLITECHEHHA

SHepruio aKTHBAIMH peaKllHH, TNPOTeKalouledl B NMOTOKe B pexuMe
HAEAJbHOTC BHTECHEHHSA, MOXKHO ONPEAENHTh, NOJb3YACh rpadHKoM
aagucuMoctu lgk or 1/T, Tak, Kak yxe paccmotpero sume. g storo
HYXHO YCTaHOBHTb, KAKOMY KHHETHUECKOMY YPaBHEHHIO NOAUHHAETCH
peakuHd, H, NOAb3YACL HM K 3KCHePHMEHTAJbHBMH JAHHBIMH, pac-
CYHTATH AJ/A PA3HBIX TEMMEPATyp KOHCTAHTH CKOPOCTER,

OAHaKo 3HePrHI0 AKTHBALHH PEaKIHH MOXKHO DPACCUHTATH H HE 3HaA
KHHETHUECKOr0 ypabBHeHHA, JKCIEePHMEHTAJbHBlE JAaHHWe O KHHeTHKe
peakuuu B nOTOKe OOHUYHO rpadrdeckH H300DpaxKalOT B BHAE 3aBHCH-
MOCTH KOJU4eCcTBa HellpopearupoBaBllelc BellecTBa A; HJAH KoaHue-
ctBa 06pa3oBaBlLuerocs MPOAYKTA PeaKilHH OT YHCAA MoJel noa, Be-
mecrBa A;, nogaBaeMOro B Hayalo peaKuuownofi 3omd. [lostomy
oflltee ypaBHeHHe KHHETHKH XHMHYECKOH peakUHH B NOTOKE B PexHMe
KJeaJbHOIC BHITecHeHHS ylolHo mnpeoGpa3oBaTh tTakK, 4TOGW BMeCTo
HepeMeHHOR [ BXOIHAA MIePEMeHHas Noa .

Hurerpupys Bupaxenne (174)B npegenax ot 0 go [/ v ot 0 a0 %,

NOAYYHM
x

el ={L
nﬁA‘ 5 w
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IMpoxuddepenunposan (219) 1o s, NpuMeHsia TeopeMy O AH(-
¢epeHLHpOBAHHA ONpeeAelHOr0 WHTerpasa mo NapameTpy, Haitgem

X

pl =L dx +S 4 (1/w) dx (220)
ngAi w dnm‘_ P énuA!

Ecnu B peakunu (a) (cm. § 16) yvuacTBylOT rasel, TO COIVIACHO
3aKOHAM HAeaJbHHX Ta30B €5, = Pa /R

(Moafmon,) — VafV1) x

Pai= [(3 mon )moa, ] + (Avifv:) ¢

r r’ r
[le x — A0AR npempaTHBUIerocs semiectBa A Av=v;+ v+ ... F v, —v -

(221)

— V¥ ... --'V,‘.

Takum oBpasoM, B ofLieM caydae, TOCKOMBKY @ ==f{(Ca -..C4 ..
... €a ), CKOPOCTh peakuun GyneT 3aBuCeThb OT noa; H X. Kak Buako
u3 Buipamenns (221), B aByx cayuasx, KOTJa pearupyeT OZHO Be-
IEecTBO H KOrj4a B PeakTop NoAaeTcA CMECH BELeCcTB, HO Ha MpOTAXe-
HHH BCET0o ONEITA COCTAB CMECH HEe H3IMEHAETCH, a M3IMEeHHeTCH JHILb
CKOpPOCTh MOZAYH B PEAKTOP DEaKUHOHHOH CMeCH HeH3MEHHOro co-
CTaBa, CKOPOCTL DeaKUdu ARJAeTcs QyHKuHedA ToabKo X. [laa 3Tux
CaY4acs : : :

1
> (3)/on

u Bulpaxenne (220) npeo6pasyercs K BHAY
"3M dx

"’=_TW

(222)

Jlerko mokasaTh, uto Qopmysa (222) npHMeHAMa H K PeaKkLHAM
B KHAKOR daze nupu cobMIOIEHRH YKa3aHHBIX B¢ YCJAOBHRA.

Monbaysace xpusbiMmr x=f(nox,), MOJAYYEeHHHMH HA OCHOBAHHH
ONBITHBIX JAHHWX NPH Pa3JHYHHX TEMIePatypax, MoxHuo Haéitu dxf
[dnex, ANR OQHOTO M TOFO XK€ 3HRYEHHH X, NOC/E HETr0 BHYHCIUTH
CKOPOCTH peaKkUHH TpH pasuuHuX Temnepatypax. Iloactasass Had-
JdeHHHe TakuM 06pa3oM 3HaueHHs CKOpocTell B BhIpaxeHHe (142),
HaXOAWM 3HepPrur0 akTHBauHH. ComocTaBafs HAKAEHHYIO 3THM CNOCO-
60M SHEpPrHI0 AKTHBALKK C BHIYHCAGHHOA H3 (QYHKUHOHANLHOA 3a-
BecuMocTH Ink ot 1/T, MOXHC cyAIuTh O CNPAaBEANHBOCTH BLIGpaH-
HOrO KHHCTHWECKOrO YpaBHEHHS NJS ONHCaKRA AAHHOA peakiHH.

PaccMoTpenHHR npueM NpeoGpa3oBaHHA YPaBHEHHS CKOPOCTH pe-
aKlUHM B peXHMe HIeaJbHOTO BHTeCHeHHS B GopMy, yrobHyio AJf
HCTIO/Ib30BAHHA KCIEPHMEeHTaNAbHbIX KPHBHX Y= f(noa,) mpu pac-
qeTe CKOPOCTeH peakuuH, MoxeT OHITL NPHMEHEeH AAs peakunn Jo6of
CIIOXKHOCTH.
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§ 23. Bpemn ycTaHOBACHHS CTAHHOHAPHOTO COCTOSHAN
8 pecakrope HALAALHOTD BHTECHEHHR

PaccMoTpum s npmMepa peakuui nepBoro nopsaxka tuna A — B.
B pesysibTare HeHSMEHHOCTH WHCAA MOjedl BelleCTB B peakuHu gauHefi-
Had cKOPOCTh NOTOKA OyaeT BeNHUMHOA NOCTOSHHON, H CKOPOCTH XHMH-

yeckolt peakuun OyjeT paBHa
w=ke, (223}

Toactasasas (223) B (162) K yyaTHBas NOCTOAHCTBO MHHEAHOR CKO-

pOCTH, HafiaeM
dey de,
T + o ET] == —-kCA (224)

3710 nHHeliHOe HEOAHOPOAHOE YPABHEHHE B YaCTHBHIX NPOH3BOARBIX
nepEoro MNOPAAKA MOMHO NPOHHTETPHPOBATL € Y4ETOM CJEAYIOUIHX
rpaHHYALIX H HAYAJBHBX YCAOBHMA:

c(0, =g, (225)
c(l, )=0 (226)

Huddepennnansabe ypapHeEHs XapakTepHCTHK AJA ypaBHeHH:A (224)
3anMuIyTcs B BHAE

dt 4l dey
T 0T T ey, (227)
H3 nepsoro paBexcTBAa BHTEKaeT, 4TO
le=ut + C, {228)
a H3 paBeHcTBa KpafiHux gacrell Bhipaxenus (227)
te=—(l/R)Inc, +C, {229)

PaccMorpum o6stacth, B koTopolt [ — uf << 0. 3ananum 1 =0 npu

! =={o. Torna uz (228} noayuum
fo=0C/u (230)
TMoacrasasaa (225), (228) u (230) B (229), naxoauM 3HadeHUe KOH-

CTAHTH HHTETrPHPOBAHHA:
{—ut 1

C?= +TII‘| Cy (231)
[Toactasasa (231) B (229), nafinem
€y =a ¢, exp (—kifu) {232)
PaccmoTpum Tenepn obaacTe, B Kotopofi [ — ut 2> 0. TIpamewm, yTo
f () (233)
Toraa H3 (229) noaywum
Co=(1/k) e (L, 0) (234)

Noncrapaan (234) B (229), noayaum
eall, Dm=c(l, 0) e ™
Ho, yarTuBas (226), naxonum, uto
ep(ht)=0 (235)



Takum o6pasoM, pemieHHe ypaBHeHHa (222) c yuerom (225) w
(226) MOXHO OKOHUATE/ILHO 3aMHCATL B BHAE

_ Cop exp {—RI/u) pan I —ut <0 236
calh ”—{0 xan | —ut >0 (236)

OHo noxasbiBaeT, YTO KOrAa MOTOK pearHpyiollero rasa NOAXOAHT
K CeueHHI0 [, KOHUeHTpAalLKA BeulectBa A pacteT OT HYJA A0 CTAUHO-
HapHoro 3uauenua Cysexp (—E&i/u).

§ 24. Knuerska roMOTeHHbIX XHMHYECKHX peaKuni
B peXHMe HALAALHOTO fepeMellHBAHHA

Ecau B peaxtop, o6beM V KOTOPOTO MOXKeT H3MEHATbCA, BBOAAT cMech
pearnpyiouiHx BellecTs ¢ oObeMHOA CKOPOCTbIO Up H OT6HpAWT ¢
O0GBEMHON CKOPOCTBI) U, TO KOJHYECTBO MoJedl Jioboro selllecTBa
B peakTope OyaeT H3MeHATHCA BO BPEMEHH.

[Tycrs KOHUeHTpaumMs BeulecTsa A; Ha BXOJde B pPeakTop paBHA
coa,. Eciu B peaktope OCYWIeCTBAAETCS HAeasbHOE NepeMellHBAHHE,
TO KOHHEHTDALHA BELieCTBA HA BLIXOAe M3 peakTopa GyaeT TakoH Xe,
Kak ¥ B J1060fi Touke BHYTPH peaktopa. OfosnauuM ee ca,. Hcrus-
HYI0 CKOPOCTh XHMHYECKOH Pe4KUHH, ONpelefieHHYI0 NO BellecTBy Ay,
0603HayYHM w.

YpaBHeHHe MaTepuanbHoro GanaHca AJns paccCMATPHBAEMOro npo-
Lecca ¢/JJORAMH MOMKHO 3alACaTh CAeAyIolHM o6pasoM:

HM3menenne uncna sonef pemectBa A, _ UAcno maned seuwecrBa A;, BBeneHHOTO-

33 eQHHHLIY BPEMEHH B peakrtope B PeakTop 3a EAHEHEY BPEMEHH
= Uhcno moded semecta Ay, swmmenwe-  Yncno Mone#t semectsa Ai;, nmpopeard-

TO W3 DeaKTopa 3a €LUHELY BPEMeHN DOBABIIETO B PEaKTOpPe 33 eQHHHLY
BpEMEHH

[MoacTasads B 9T0 ypaBHeHHe 3HaYeHHs COOTBETCTBYWOUIHX BeJH-
YHH, N0JYYHM

d (cAiV)/dt = Cyp 0 — €A P wV (287)
HJIH
dey, dv v
VT-}-CA‘? acUA‘_vl—cAlvz-—w (238)

Ecay paccMaTpuBaTh pPeakTop (OCTORHHOrO ofbeMa, TO B cayyae
JKHIKHX PpearHpylLHX BeUleCTB MOJKHO NPHHATH, 4TO BHa9aje OHH
umenn ob6beM Vo, a 3aTeM, BCJaeACTBHEe TOro 4to OTGHpaeMHil 3a
eAHHUUY BpeMeHH 00beMm V, MeHblle, WeM N0JaBaeMbH B peaxTop,
ofbeM MUAKOH pearHpyioulell cmecH OyneT pacT A0 TeX NOp, NOKa
He CTaHeT DaBHHM oObemy Bcero peakropa. HMameuemnem ofneMa
3a cyeT peaklHH HJM, APYTHMH CJOBaMH, HaMeHeHHeM MJIOTHOCTH KHJ-
KOCTH BCJIEACTBUE H3MCHEHMA COCTABa CMecH MW mpeHeOperaem (npwu
TOUHBIX PACYETAX ITO HETPYAHO yuecTb). [103TOMY MOXHO NPHHATD,
970 ‘

dVidt =0, — vy (239)
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Hurterpuposaune STOro ypaBHEHHS OT HCXOAHOro ofbema pearu-
pylowefi ¢cMecu Vo 2o moboro nepementoro obvema V B o1 0 go f paer

V“ (U: — 02) t + Vu (240)
Moacrasaas (239) n (240) B (238), noryusm
£ — L] de

w ( 0a; ~ CA) % Ay @41)

T Vet (o —of  df

Ilo sTomMy ypaBHeHHIO MOMHO DacCUHTATbh CKOPOCTh XHMHUECKOR
peakuuu, KOTAa B peaxTope HAeT yBesiHyeHHe o0beMa pearupyloilef
cmecu. [Toactasnas B 310 pabeHCTBO @ = &f (Ca ... Ca;), MOXHO Ha
OCHOBANHH 3IKCIEPHMEHTAJbHRIX RAHHLHIX PACCYHTATh KOHCTAHTH CKO-
pocTell NpOTeKaMIMX XHMHUYeCKHX peakuuil. EcaH KOHCTAHTH CKOpoO-
cTeit H3IBECTHL!, MOXKHO HaATH, KaK H3MeHAeTCs KOHUEHTpauMs Be-
mwecTBa A; Ha BHIXOJe H3 PeaxTopa CO BpeMeHeM.

Ecan B peakTope NpOMCXOZMT peakuufi B ra3losod ¢ase, To ras
BO BpeMR npouecca GyAeT 3aHEMAThL Bech oObeM peaxtopa V. Oanako
NaBJieHHe ra30B B peakTope He GyAeT NOCTOSHHLIM B cayvyae, ecsu
oT6op H3 peakTopa v; OyaeT MeHble, ueM aJjrefpandeckad CyMMa
NoCTynamouero ofbeMa v, W HaMeHeHUs o6beMa BCACACTBHE PeaKIMH.
JlaBJeHue B peakTope OyAeT pacTH M, C/lELOBAaTEJLHO, CO BpeMeHeM
6yaer pacTH 1HCHO MoJeil BemtecTBa A,

Bruipamenne (237) zna rasoBofi peakUHHM B pexHMe HAe4JBHOIO
nepeMellHBaHHA 3alHIIETCA B BHAE

ch'
v, TR T R W Sl v, (242)
Orkyna
Coa®; — a0y _ chi
Vo dt

® = (243)
flo 3TOMy ypaBHEHHIO MOXHO DPacCUHTHBATL CKOPOCThL PeaKiHH,
eciH B PeaxTope B X0Ae Npollecca H3MeHseTcsl aaBnende, Bripaxe-
Hre, NoJydaloHleecd NOCJe HOACTAHOBKM B 3TO ypaBHEHHE DaBeHCTBA
w = kf (ca, --- “h)' no3B0JAET PACCYHTHIBATL KOHCTAHTH CKOpOCTed
peakuud, a ecJqH NOCAeAHHE H3BECTHH, TO PACCYHTHIBATL HIMEHeHie
KOHUEHTPAlHH BellleCTBA A; Ha BHIXOAE M3 peaxTopa. 3Has ca;, MOKHO
paccuuTaTh M3MeHeHHe JaBJeHRS BHYTpH peaktopa. OcoleHHo Jerko
ONpeAe]HTL AaBJeHHe B peaxTope AJaA HIeadbHHX rasos. B stom

cayuae
cp,="oa, (1= ) p/ ¥ nRT (244)

rhe p—oblee faBJeRHe B PeaKTOpe B JAHHHA MOMCHT BpeMeHu; 21 — ofmee aucao
Mmojelt B peaKTope B JAHHHH MOMEHT BpeMeHH.

CranHoHapHOe COCTOSTHHMe B PeakTope, B KOTOPOM MPOTeKaeT peak-
KA B XKuiko# dase, XapakTepu3yeTcin TeM, UTC B mnpeHebpexkeHHH
H3MEHEHHEM MJOTHOCTH CMECH BeILeCTB BCJAEACTBHE peakuMH v, ==
=y, = U, ¢aeioBaTtebHo, dv/di = 0. OTcofra nonyvyaeMm, 910 y =
= const. D7oT nocToAHHHA o0beM OyIeT COOTBETCTBOBATL MOCTOSIH-
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HoMy O6beMy pearnpyloilefi cMech Vo=V, Bcaeacteue storo uucao
MOJiefi B peakTope MepecTaeT 3aBHCeTh OT BPEMEHH, T.e. dca,fd!=10,

H BHpaxeHue (241) ynpoutaetcsa: 7
w=(c0A‘—-cAt) U/Vp (245)

CralHOHapHOe COCTOSHHE B PeaKTOpe HAeaJbHOrC [epeMeluHBa-
HHA, B KOTOPOM NpOTEKaeT pPeaKUHs B ra3oeoli dase, HacTymaer Toraa,
Korfa KOHUCHTpAalUHA aboro BelecTna AJ nepectaeT 3aBHCETH OT
BpeMmeHH, T.e. dca,/di=0 u Bopakenne (243) nepexoautr B cuie-

ayiollee:
W= (""0;\,01 — "’Ai"z)/vp (246)

B cayuae cTannonapHoro cocTofHHuA (Ans rasosofi ¢ask) B peak-
Tope ofbeMHAa® CKOPOCTb U; HO MOMKeT OHITh npoussoJbHOR. OHa AB-
JReTCH ¢Tporo (PUKCHPOBAKHOA BeJIMYHHOR, TaK KaK B IPOTHBHOM
cAyqae JaBJeHHe B peakTope OyAeT H3IMEHATbCA CO BPeMeHeM, H Mpo-
tece He Gyger cranuoHapubiM. O6BeMHYIO CKOPOCTL Ha BHXOAe M3
peakTopa Hajao noAOHPATL JHOO ONWTHBIM NyTeM, AHGO, 3HAs KOH-
CTaHTy CKOPOCTH peaKllHH, PAcCUHTHBATL MO ypaBHeHKH (246) npu
YCJIOBHH, YTO BCE OCTAJbHLIE MapaMeTPL H3BECTHH.

Konuenrtpausio BeillecTsa A; B peakTope, a CJeI0OBaTte/bHO, H Ha
BHIXO/IE H3 PEaXTOpa MOXHO ONpelefiHTE H3 DABEHCTBA

cA‘=uA‘/vz {247}

rae IIAI—"IHCJIO MoJiell BemllecTBa Al, BHIXOASLIErD 33 CAHHNLY BpeMe&RH N3 peak-
Topa.
KoHuenTpaunio pemecTBa A; Ha BXOJde B PeaxTop MOMKHO oflpene-

JINTb aHAJAOTHYHO, T, €.
Coa, = "o, [0 (248)

JAansa peaknuft B xuakofi dase, Kak yxe ckKasaso, v; = v,. Uucno
Moded fia, JIETKO BBIPA3HTL YePe3 HCXO/HOE YHCAO MoJjeft cienyio-
IHM oGpasoM:

mp, = "oa, (1—x) (249)

Moacrabasa Boipaxenne (247)—(249) s eoipaxenns (245) u (246)
H YUHTHBAS, 9TO Uz = v, NOJYUYHM
w= nOAlx/Vp (250)

floacraBnss B (250) Bupaxkende (2), HaxoAMM AJS HeOOGPATHMHX
peaxilui

gp X
i n oy nx
= Rioa oyt Ll e 25
v, (CACA, < Cag (251)
H AaA 0OpaTHMBIX
nUA~x n, n n n’ ﬂ’ 'S’
i 1 2 X 1 2 (4
—— =k Ay ...y =k .. C 252
Vo 14, %A, LI WO Ve W (252)
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MHTepecHo OTMETHTb, U4TO CKOPOCTL DEAKUHH B DeXHME HAEaJbHOrO
BHTECHeHH: onuchBaerca AH(depeHUHaJLHHM ypaBHEHHEM, a CKO-
POCTL peakilHM B peXKHMe HIeaJbHOre nepeMewlWBaHHA — aireGpaH-
UeCKHM YypaBHEHHEM.

PaccMoTtpum npnMeHeHde ypaBueHHf (201) ma npuMepe peakuuu

A='V|A] + V2A2+ e +‘WcAm
nporekalowel B rasoBod Qase.

B peakTop B eAHHHLY BpeMeHH N0OAAaeTCH nea MOJbL BellecTBa A,
Uucna mosiell BEINECTB, BLIXONALLHNX H3 PeakTopa B elHHHIY BpeMeHH,
GyayT uMeTh 3HadeHUA: Aa = floa (1 — X); na = vinoax.

O6bem BellecTB, BHIXOAAILHX H3 DeakTopa 3a eAHHHIY BpeMeHd,
pabeH

o= nRT)/p = ngs {1 + Bx) RT/p (253)
rie p=vi+vo+... +vw—1

FiMes 3TH AaHHBle, Jerko HAaATH KOHLEHTpAlHWi0 BeulecTBa A B
peaxTope:

€y = (1 —x) p/(1 + px) RT (254)
CkopocTh paccMaTpuBaeMoRi peakuuH, coraacHo (251), Gyaer papna
Noa¥ (il—x)p '
-—l'/-];--—kCﬂ k W {255)
OTKYZAa
k=rngax (14 Bx) RTH1 — x) pV,, (256)

Ecan B =0, 1.e. uMeer Mecto peakuus A = A’, supaxenne (256)
npuobpeTaeT BHA

k= ng xRTI{1 — x) pV (257)

Ecau nporekaer peakuusa A4 A:=A]+ A u B eaunuuy spe-

MeHH B PeaKTop NONAIOT fign, MOJIb BemecTsa Ay H flos, MOJb Be-

uectBa Ay, TO UHCAO Moneh semects A; B A; BHXOASLIHX W3 peak-
TOPa 3a eIHHHLY BpeMeHH, 6YAeT paBHO

| — _ Ton,
ny, = figy, ( X) % na, = gy, x

ﬂOA'
OGbeM, BHXOAAWMKA H3 peakTopa B eAHHHLY BpeMEHH, paBek
vp={( ) nRT)/p = (ron, + nop) RT/p (258)
Torna, noab3ysach BhpaxkenHeMm (251), HalifieM CKOPOCTb peakuuu
Rop % (1—x){y—x) p*
= T 7T (259)
rae
Y= Noa,/fon,

Tak xke npocTo pemalOTCs 3ajaYH HAXOKAEHHA KHHETHYECKOTO
ypaBHeHHn GoJlee CNOKHHX PeaKlUuH, NPOBOAHMEX B PeKUME HAealb-
HOTO HepeMeluuBaHHs.

[Ipn oaMHAKOBLIX CTeneHAX npeBpauleHHf HCXOLHONO BelleCTBA,
YuHTHBasA, 4T0 06BbeM peakTopa V, NOCTOAHEH, H NOAL3YACH BLipaxe-
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Puc. 16. 3asHCHMOCTb QKc/ta BHXONAUETO HI PeadK- Py £
TOpa B CHHAHUY BpeMeHH MoOAed BeuwlecTsa fla, OT Moa {
A/IHEl peakropa | mpH OOMHAKOBHX 06beMHHX CKO- oAcp |
POCTAX MOAAYH pearHPYICULHX BEIURECTB B PeakTop H
OJHHAKOBWX TeMmrnepaTypax B peaKTOpax: h 2

!

! — HACAALHOrQ BHTCCHCHHA, 2 — HIAEa/NBHOMO NEpeMcurABa-

HHA (DeAKTOP CEKUHORHPOBAN, RAKHA cekuwu ;). I L/_. /
bl

I

it
b byl by by g by b

HueM (250), Haxoaum CKOPOCTH peakUHii NPH ABYX TeMIepaTypax:
W, [0y =Roa, [P0, (260)

IMoacraBnas (260) p Bhipaxenune (142), Jerko HafiTH 3HEPrHIO aKTH-
BallHH AJIfl P€akUHA, NPOBOAMMLIX B peXHMe HAEaJbHOTO NepeMellH-
BaHuH.

IMpn ocyllecTBAeHKH npoliecca B CHCTEME MOCJAEJOBATENLHO CO-
elHHEHHHX PeaKTOpoB, pafoTAILHX B peXHMe HAealbHOro nepe-
MCLIHBaHHS, HJAH B peaKTope, pas3fiejleHHOM HA CeKLHH, B KamJofl
H3 KOTOPHIX OCYLLECTBJISIeTCH 2BTOHOMHOe IlepeMelllHBaHHe, BHIXOAN
KOHEYHHX TPpOLYKTOB npHOaHKaloTcAd K BHXOAAM INpPORYKTOB Npo-
mecca, NPOBOAKMOro B oanoM peaktope. ONHT MOKasbiBaeT, 9TO yXe
npu HeboabwoM uHcae (-~ 10) ceKUHR MM TOCJAEAOBATENbHO COEAH-
HEeHHBX peakTOpOB HAeaJbHOr0 MNepeMellNBAHAS CHCTEMA B- lleJoM
HAYHHAET BeCTH Ce6ff Kax OJAMH DeaKTOp HIeaJLHOr0 BHITECHEHHS.
PeaynuTaThl CpaBHeHHsl KHHETHKH PeakinHi B PEakTOpax ORAHAKOBOMR
AAHHL, HO paboTalIIUX B pasHEX pexuMax (IpH opuHakoBoli o6beM-
HOR CKOPOCTH NOAAYH CMECH pearHpyiolllx BellleCTB B PeakTOpHl H
NPH CAHHAKOBBIX TeMNEpaTypax), NoKazaHe Ha pHC. 15,

Kax nokasano BHiue, peajibHble PeXHMH B PEaKTODax OTAHYAHOTCS
oT HIeanbHbiX, OTKIOHEHHS DeXHMOB peaJbHHX DEakTOpPOB OT Hje-
AJbHBX MOXHO YHecTh BBEJCHHEM B COOTBETCTBYWOILHE ypaBHEHHUSN
IMHAMHKH H KWHETHKH NONpaBouHuX KO3bduuuenTOB, HAXOAMMHX
CHelHaAbHEIMH  JKCTEPHMEHTA/bHHMH METOA&MH, HA KOTOPHX MH
OCTaHABJIMBATECH He GyneM. '

TJAABA II
OBIUHE 3AKOHOMEPHOCTH PACIIALA
H OBPA30OBAHHS MOJIEKYJI
HEKOTOPHIE BOTIPOCH! TEOPHH

§ 1. BaeMeHTapHLHe XHMHYECKHE npoleccH

Bcakaa xuMugeckan peaKliHA cJaaraerca H3 psaja [poleccoB, B KOTO-
PHX YYACTBYHOT OTAeJbhHHE ATOMH, pagAKalJbl, HOHH, Boaﬁymnenﬂue
4TOMBl HJAH MOJEKYJH, BOSHHKAIOIHe NMpPH €€ HHHUHHPOBAHHH H B ee
xode. Taxue HPOMEXKYTOUHLIE oAHOCTadHAHBIE pPeaKLHH HASLIBAIOT
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SAEMEHTAPHBIMY  XumudecKumu npoyeccanu. JleTanbHHE MeXaHH3M
XUMIYECKOH peawiiHid, T.e, BC¢ CTAaAMH, H3 KOTOPHIX OHa €.1araercs,
B GoabliHKHCTBe cayuaeB (H3-3a TPYLHOCTH 3IKCMNEPHMEHTAaNLHOrO 06-
HAapyxeHHs [POMeXYTOUHLIX, OOHUYHO OueHb pPeaKIUHOHHOCHOCOOHRIX
NPOAYKTOB peaklUn#) ne H3BecTeH. Mckaouennem ABAAROTCA peakuHH
MeX[1y NapiMH IeJOYHHX METaJIOB H rajJloreHaMH, TaKk HaznBaembe
PeakiuuH B paspexerRunx naamenax {(cM. ra. I, § 7).

XuMmydeckas peakuWs B LeJOM 0poTeKaeT B OQHY CTAAHIO JHIb
B OYeHb peakux caydasx. [lpumepoM Taxofi peakiunn MoxeT OHTb
peakuHs pacnaja woaHcroro Bojfopona. [lpu cTONKHOBeHuM ABYX
MOJexy; 1l WORHCTOrG BOJOPOAd, 06/Majaloliux AOCTATOYHOR 3Heprueh
H COCTBETCTBEHHO OPHEHTHDOBAHHEIX APYT OTHOCHTe/bHO Apyra, npo-
HCXOAHT paspuBs cBA3ed H—I u ofpasoBande NBYyX HOBHIX cBA3ed
MeX1y aToMaMH BOAOPO/AA H MEXKJy aTOMaMH HoJa.

TIpn Hay4YeHHH KHHETHKH MHOTHX peakIlHA HeoGXOAHMO 3HAThL KHHE-
THKY 3JeMeHTapHHX XHMHUeCKHX npoleccoB, [losaToMy paceMorpum
peakudr (cBA3aHHHE ¢ pacnaioM u obpaz0BaHHEM MOJEKYJI), KOTO-
phle SBJASIOTCH 3JIEeMEHTAPHLIMH NpOoLecCaMH.

HanGonee npocroit smeMeHTapHHR XUMHYECKHfi npouece — Mpo-
Lecc JINCCOUMALMH MOMEKYN noj AedcTBHeM cketa. Ho mnpexiae uem
paccMarpuBath npouect (OTOAHCCOLHALHH, BCNOMHHM HEKOTOPHC
ofliHe cBefeHus W3 OGAACTH CHEKTPOCKONHH MOJEKYJA, KOTOpHe He-
00X0AMME ANA MOHHMAHHA Npoilecca pacniaja MOJeKyJa B Pe3yabTare
MOrAOUIEHHA CBETOBHIX KBAHTOR.

§ 2. Cnekrpn MoaeKya

CrexkTpnl HCHYCKAHHS H NOTJIOLEHWsl ABYX- H MHOrOaTOMHKWX [a30B
HAH NapoB, HAaxOAAIIHXCA MOA HeGOMLIIMM AABJEHHEM, HMEIOT Mo
CPaBHeHHIO ¢ ATOMHBIMH cneRTpaMH 6oJee cAOXHHA BHA. Monekynap-
HHE chextp npeacTasaferT cobofi psia nodoc, KaMaas U3 KOTOPHX
COCTOHT K3 Goseuloro yncaa aunui (pHe. 16,a). Paccrosinua Mexay
NOMOCaMH K (HONETOBOMY KOHLY CHEKTPa OOHYHO YMEHbIAlTCH H
NOJOCH TEPeXOAAT B KONTURYYM — 00MACTH CIVIOWHOTC NOT/IOLUEHHS.

Kaxaas nosoca umeer ABe Kpafinne AuHRH, Haprbosee HHTEHCHB-
Haf Y3 KOTODHIX HA3LIBAeTCA KAHTOM nojoch. MHTeHCHBROCTL nHHuMA
B NI0JI0Ce OT OAHOrQ Kpas K ApYroMy focreneHHo yMenbmwaetca. Ecan
HHTEHCHBHOCTL JHHHEA TajaeT B (HONETOBYIO CTOPOHY, TO TOBOPSHT,
410 noJaoca OTTeHeHa 8 DHOMETOBYIO CTODPOHY, €CAH e HHTEHCHBHOCTD
JIHHHA BajlaeT B KPacHYIO CTOPOHY CHeKTpa, TO TOBOPAT, 4TO NOJ0CA
OTTEHEeHa B KPACHYK CTOPOHY. ‘

ChoxHbft BHA MOJEKYJASPHHX CNEKTPOB M0 CPABHERHIO C aTOM-
HBIMH CreKTpamu o0bAcHACTCH OOJALIIHM HHCJIOM Pa3/JHYHOrC THHA
BOSMOXHbLIX SHEPIeTHUECKHX NepexoaoB B Modekyne. B moaexkynax
KpOMe JIeKTPOHHLIX NepeX0I0B, BO3MOXKHHX H B aTOMAaX, CYIECTBYIOT
ewle konebaTesbHHE R BpaulaTesibhnie nepexonbl. [lonocH Moaexkyssp-
HHIX CNEKTPOB OOHYHO OGYC.I0B/IeRB Ko/1ebaTeJbHBMU lepeXolaMHu;
JAUHKH, BXOfifllllHEe B COCTas NOJOCH, OOYCJACBAEHH BpawlaTeabHBIMH
nepexosaMk. KaXaoMy 3neKTPOHHOMY NEpeXOly COOTBETCTBYeT CBOA
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Puc. 16. TunruHble MOJIEKYJAAPHHE CTEKTPH,

cCHCTeMa N0.0C. Jieprud BpallaTeNbHbX H KoJlcOaTe/bHHX mepexol1oB
COOTBETCTBYIOT 3lieprHH HHpPaKpacHuX Bo.au. IlpuueM Bpamarenn-
Hble TEPeXOAbl HMEIOT HAHMEHBUIYI0 3NEepPruio, COOTBETCTBYIOLLYIO
SHepru{ jajekoRl wmHdpaxpacHoil obmactu. Hauboasmas sneprrs me-
of6xonHMa ANA »JAeKTPOHHOrO NMepexoia, NO3TOMY MocHefHul eMeulaer
Bech MOJOCATHI €NMeKTp B BHAMMYIO of1acTh, TaK Kak 4actoTa v, €o-
OTBETCTBYIOLLAA NaHHOH JHHHH B noJoce, paBHa cyMMe 4acToT oOT-
JeNLHBX MepexofoB, 06yCAOBARBAIOUINX €e:

v ==v¢ + Vxon + Vep (0
rie vy — J4CTOTa 3JeKTPOHHOrO NepeXofa; Vues — HACTOTE koaelaTensROTO nepexoa;
Vep — 43CTOTA BpallaTeqLHOrC nepexond.

KanTel no/soc Mo#Ho Da3GHTL Ha rpynnbl, OXBATLIBaeMble OAHHM
ypaBaenneM. Kaxjpomy siexTponnoMy nepexoay OyleT COOTBETCTBO-
BaThk CBOA rpynmna nordoc, Bee JHHHE AaHHOR noJocul He MOryT OHTh
OXBayeHhl 0AHHM ypaBHenHeM. FIX moxuo pa3BGHTL Ha FPYNNH, Kaxaas
H3 KOTOPHIX OXBATLIBA@TCH CBOWM ypaBHeHHeM, DTO BO3IMOXHO NoO-
TOMY, YTO KAMKAOMY 3JIEKTPOHHOMY H KoJeGaTelbHOMY TepexoLy co-
OTBETCTHYET Onpeae/leHHOe HHCJIO BPallaTesbHEX OepeXoioB.

Yueno nosoc B MOJeKY.ISPHOM cHeKkTpe OOBIYHO HOCTHTaeT He-
CKOABLKHX AECATKOB, 4HCAO JHUHA J0x0auT Ao THcAd. OO6HYHO Aas
MOJIEKYJISIPHLIX 3308 HJAH NapoB HabJw01aloT HE CHeKTD HCMYCKaHHs,
a CNeKTP NOTVICWIEHHA, TaK KaK AJNA MOAYUEeHHA CIIEKTpPOB HCNyCKaHus
ra3 HeoOXOIHMMO HarpeBaTh A0 BBHICOKOH TeMMePaTypH, IPH KOTOPOi
MOXEeT NPOHCXOAHThL pacnal Modekyn. Haununas ¢ Hekoropofl uactoTh
Najlamiers CBeTOBOrO KBaHTa, MoJieKysla MOXKeT MOrJollaTh CBeTO-
Bhle KBaHTH 10005 3HEPruH, COOTBETCTBYIOLLEH HACTOTE V > Vikax.
ITpn 3TOM uacTbL MOFMOUIaeMON 3HEPIMH WAeT Ha PA3PHB XHMHUYECKOI
CBA3H, 4 OCTaJbllad YacTh NMPeBPalliaeTcsi B 9HepPrHio BO3OYXKIEHHAS W
KHHETHUECKYIO JHEPTHIO MPOAYKTOB Pacnala MOJeKybl.

TlogBsnenHe cnaomnoil ©o6AacTH TIOTJIOWIENHA B ChOEKTPe obbsc-
HAETCH TeM, UTO MOJIeKYJa pachmajaeTcs Ha COCTaBHBIE YAacTH, Mo-
$TOMY ROIVIOILEHHE CaeTa YkKe He NOJUHHAETCH KRAHTOBHLIM 3aKOHAM.
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W3 monoxenus rpaHuubl KOHTHHYYMa B MOJIEKYJADHOM CHeEKTpe, KakK
3T0 OyiaeT NOKa3aHO (HKE, MOXHO pACCUHTAThL PHEPrHI0 LHccouMna-
UHH MOJEKYJH.

Mounexkyaspunil cnekTp OnBaetr u Gosee caoxneiM. Henocpea-
CTBEHHO Mepel rpaHuuel CRJAOWHOH 0GMACTH MOrACILEHHA MOJOCHI
nepecTaioT GHITh JNHCKPETHHIMH (HCue3aeT BpallaTedbHas CTPYKTYpa),
Aenasich AHdbysusmu {puc. 16,6). HHoraa BosHHKIMHe auddysHue
TICJOCH nepefl Ha4ajaoM CrJAOWHOH 00.1acTH NOrJouleHHs BOCCTaHaB-
JIMBAIOT JIRCKPETHYIO CTPYKTYPY, YKa3LIBAIOILYI0 Ha HaJHuWe Bpaliia-
TeJbHBX Hnepexodos (pHC. 16,8). B HekOTOpBIX cAyuYasX MOJEKYJIAp-
Hble cHeKTPL) NpH BCeX vacToTax HocAT ARQdy3Hulit xapakTep,
a HHOTAa ORM MOXDXKH Na JuHeflyaTble aTOMHBEle CHeKTpPHl. 3TH 4acT-
HBie Cay4Yan CIeKTPOB H [IPHUHHB HX BO3HHKHOBeHHH OyayTr pac-
CMOTPCHB! HHXKE, ’

B undpakpacuoii ofnacTH MoxHO HaL.0AATL CMEKTPbl, CBA3AH-
HHE TOALKO © BpallaTeNsHHMH HAM ¢ BpaulaTefibHO-KoJcbaTeLHBIMH
nepexogam. BpamatennHne CneKTpH COCTOAT H3 pfila JMHHE; Bpa-
waTenbRo-KoaeHaTeNbible CHEKTPH COCTOAT M3 pAJa l0A0c, HHTEHCHB-
HOCTL JIVHHA B KOTODHIX NajlaeT no ode CTOPOHW OT LEHTPa {0JIOCHL.

Bpamateapinie ¥ BpamaTeNLHO-KoAeHaTebHBIE CHEKTPH MOTYT
BO3HWKATL TONLKO B TOM Cllytae, ecii MoJeKy/a JCKTPHYECKH acHM-
merpiyna. Bpamareasinie cnekTps Bab1104a10TCE TOJABKO AAA MoJje-
KYN, uMeUUX CoBcTBenHulll AMNOAbHLl MoMment. IloatoMy Takue
INEKTPHUECKY CHMMETpPHUHBIC MoaeKyaw, kax Hs, Ng u ap., Bpawa-
TeALHBIX CReKTPOB He AalT. Bpamatenvno-KoseGartesnbHIie cIeKTphl
MOTYT HalII0AATHCA AJAA MOJCKYJN, HMEILIUX COOCTBERRWE AHIOIL-
HBIH MOMEHT, HAH RJI8 MOJEKYd,y KOTODbiX Macthl ATOMOB, BXO/AALUIHX B
COCTAR MOJEKYNAL, PAa3fiMuHL, 4TO MPHBOAMT K NOABJIEHHID 3JeKTpuue-
CKOH aCHMMETDPHH IIpH KOJeOaHHH ATOMOB OTHOCHTEJALHO APYT ApYTa.

§ 3. Morenrunanvunie KpHBbIE

Iaa nonumanns nabaonaoUIMXes B MOJEKYASPHEIX CHEKTpPax 3aKo-
HOMepHOcTefi  mpouecca hOTOXHMHYecKofi AUCCOLMAlHH  MOJEKYA,
4 TakKXe 3aKolUOMepHOCTeR ADYTrHX XAMUYECKHWX peakilufi, yaioOHO
NOJIL30BATLCA Tak NA3LBASMBIME  NOTEHHUAADNLMIL KDUBBIML, T.€,
KPHBBIMH, H30OPAKAOWHMH 33BHCUMOCT OTCHIHAMBHOA SHEPIHR MO-
JEKYJEl OT PACCTORAHHA Mewiy ee fnpamu, OrpaHHusMCs paccMoTpe-
HHeM Haubojee NPOCTOrO cAyyas, KOCL3a MOJeKyna SBYXaTowmHa.
Ecnu npeanonouth, 4ro aroMnl B MONCKYJNE COBEPIIAIT TapMo-
HHYeckye Kkoae(aHud, TO CHAZ, BOIBPAWLAIOULAA ATOM £ NOJOXKEHHe
PaBHOBECHA, AOMKHA GLITh OpsvMO NPOMOPUHOHAALNCH OTKJIOHEHHID
€ro 0T DOJGHeHHs paBHOBecHd. Toraa yeM Gojbiite PACCTOARNE MEAAY
atoMaMH, TeM Oo0Jblic TO/DKHA HBITH HX IOTEHHHAbLHAR SHEPTHA.
OnplT, 0ZHAKO, NOKA3blBaeT, UTO MpH JOJBMINK DACCTOAHHAX MEMKAY
ATOMAMH CHJAB NPUTANEHHA Ouellb Madw. [Ipn Gonplinx aMmauTyiax
KOJIeGaHHA CHJB MNPHTAKCHUS MOTYT VMEEBIUHTLCH HACTONLKO, 4TO
aTOMBl NONYYAT BO3MOKHOCTL PAaz0liTHCL Ha GeckoHeuwo OSonbinke
paccTOAHKA, T.e, MOJeKyja pacnajaercs H4 cocTapgHble 4acTH. ilo-
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STOMY MNpeANOJOXeHHe, UTO aTOMH B MOJeKyJe copepulaloT rapMoHude-
CKHE ABHMKESHHS, MOMHO MPHHATH TOMbKO MR MaJblXx aMAJHTYZR KoJe-
Gauuii aTOMOB AJA YNpOUeHHs pemacmofi zafaun, B saciterBHTeNbHO-
CTH aTOMLI B MOJEKy/e COBEPLIAIOT aHrapMOoHHYecKHe KOJebaHus.

KpHBasi 3aBHCHMOCTH NOTEHUHAJILNON IHEPrHH ABYXaTOMHOH MoO-
AeKyJLl OT PaccTOANNS MEMKAY Ce #ilpaMil r HMeeT Biil, H3oOpaxeH-
el na pue. 17,a. B unavade KoOpAHHAT LAXOJAMTCH H1D0 OAHOTO
aTtoMa, AAPO APYroro aToMa MOMKET HaXOAHTLCA Ha awboM paccTos-
nuu. Ha 3HaynTCAbHBIX paceTosuusX aTOMBLI APYr K JPYry IpHTACH-
BaloTcsA, Ha OJIH3KHX paccTosHuAXx oTrTanxkupaioted. Ha paccerostus re
CHJILl TIPHTSXKEHHS H OTTAJKHBAHHA YPABHOBelUIHBaloTcd. JToMy pac-
CTOAHHIO COOTBETCTBYET MHMHUMYM TOTeHUHAJBHOH 3sHepraw U(re).
EcaH 3TOT yposCHbL 3neprdW ycJoBHMCS NPWHHMATE 3a HYJb NOTEH-
LHAJAbLHOW 3HEPrun, 10 BeaHunHa U/ (r) aqas moboro Apyroro paceros-
HuA  Mexay sdpamd OyAeT I1aBaTb [OJHYI0 SHEPTHI MOJEKYJH.
[Ipn r = o 3Hauenue U(r) Oyper paBHO 3HEPrHH QHCCOUMALNH MO-
JekyJdsl Ha aromul. Ilpu r =10 noTeHuuanwHasa 3Heprua obpaulaercs
B GECKOHeUHOCTh.

Huest noTeHUHAJNLHYIO KPHBYIO, JIETKO HOCTPOHTL KPHBYK) 3aBUCH-
MOCTH cHAaW F B3auMOfeficTBHA AaToMOB B ABYXaTOMHOH MoJeky.e
OT paccToAHHA MeKAy aapami. M3 MeXaHHKM H3BecTHO, 4TO

Fe=—dU (r}/dr @)

[Ipoeas rpaduyeckoe middcepenuuposanne kpupoit U(r), noay-
YHM KPHBYiO A4 F (puc. 17,0).

ATOMBI B MOJIeKy.Je MOPYT COBEpPIIATH KONeGaHHs TOMBKO CO CTPOTO
onpefeneHHLIMH UACTOTAMI, KOTOphie ONpeeNAloTcs 3aKolaMy KBai-
TOBOH MEXAHMKH. YPOBHH KoJehGaTelk-
HOH 3HEPrHH MOXIO HAnecTH Ha Tpa-
()HK MOTEHLHAJLHOH 3IHCPLHH MOJEKY-
au, Kamxiaomy ypoeHio RodeGatenbHof
IHEePTHH Hajl0 MPHIHCATL ONpEIeaeNioe
KBAaHTOBOE 4YHCJAO f., KOTOpPOE MOMKeT
NPUHUMATH UEJOYHC.I0Bbie 3HauyeHHA (),
1,2 3 41 g Iru UHPPE W OPIBE/IEHH
HA KoaeGaTe lbllbix  ypoBHAX, H306pa-
KCHHEX Hd NOTeHUHAALHOH KpPHBOR [

ur) a

(cM. puc. 17, 4). g =
PaccMorpuM  kakoii-indyap Kogeba-
TCALHEIH  VPOBellb, Hanpumep BTOPOi F i

{(rny = 2). V3 pucyuka BHIHO, 4TO 0OpH
paceTosinuax saaep ro=0Q u r,=0P,
T. €. B TOYKaX, I/le TPCOHCXOIHT nepe-
Melia HanpasJends JIBHMKCHHA aToMa

Puc. 17. [loTeHuuaabHas KpHBast ABYXATOMHORR [ r
MOJeKYAH (@) U KDHBAA 33BHCHMOCTH CHAW |
B3a1MONleACTRHA aTOMOB OT PacCTOAHUA MeXay
uiMit (6), L
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B MOJMeKyJe (TOUKH NOBOPOTa), BCH SHEPrHS MOJNEKYJH NOTEeHUHAdb-
Hafl; B TOYKe MHHHMYMA, OTBeHalOUlell PACCTOAKHIO r., BCH 3IHEPrus
CTARHOBHTCH KHHeTHYecKoH, B  npoMexyTounom nonoxedun safep
OR =r{ros > r>>r)) 4acTb 3HEePTHH KHHETHUECKaf, 4aCTb MOTEHLH-
anpHas. [lpu aTOM paccTOfHHE MeuJy AJPAMH MOTEHHMHAJEHAA SHEP+
rua 6yner RB’, knueruueckas — B'B, a obwas sueprua— U(r)=
= RB 4 B'B.

[Ipuraxenue Mex1y aTOMaMH {lpu PACCTOAHHH fAEP r >=r. Ha-
6/11013eTCH TOJLKC B- TOM CJyuae, €ciH CIHHE 3AeKTPOHOB AHTH-
napaniensHsl. Ecag  cHHHBI 3JIEKTPOHOB, KOTOPHE OCYILECTBJSIOT
CBA3b, Ndpa/jenbHH [OpH MOOLIX PACCTOAHUAX, MEeXAY AApaMH Ha-
6a10j1aeTcA TQJNBKO OTTaJkHBanHe, Kpumasa 2 wa puc. 17,a coorser-
CTBYET HMEHHO 3TOMY cJay4alo. MoJdekyaa, npHeeleHHas B COOTBReT-
CcTBYWOlllee 3TOH KPHBOH COCTORHHE, HCMELJICHHO IHCCOUHHDYET.

llns nocTpoeHns noTeHIMaJbHON KpHBOf HEOBXOAHMO 3HATL ypas-
HeHHe, fawiiee (QyHKUHONAJIbHYI0 33BHCHMOCTh NOT@HUHAMLHOA 3HCD-
THH OT PacCTOAHHA MEHULY SAPAMH.

Ecan Monekyna nocTpocHa u3 HOHOB ¢ 3apAAOM —te, TO COrJacHO
sakoHy Kynora

Ufr)=—elr {3)

3TOT 3aKOH ABJASETCH TPYOWM (pHOJMKEHHEM H CHPABEAJHB
TOJILKO NpH GOALIIMX PACCTOAHHAX MEXAY 3apfKEHHBIMH YaCTHHAMH,
Onuit nokaselBaer, 4T0 B C.Iyuae HOHOB, HMEIOLIHX NPOTHBOMOMOX-
HH® 3apsAbl, Ha OJH3KHX DPACCTOAHHAX HAYHHAIOT AeHCTBOBATL CHAB
orrajkusanud. Ias yuera Hx BuipaKeHHe AN NOTEHUHANLHOH SHep-
THH MOXRO H306pa3HTL B BH/IE pHIA

2 C C,
vo=-L+594+ 544 ()

rae C;~— NpOH3BOJIHEIE SMIUPKUECKHE HOCTOAHHLE.

Ecan npuusts, uto KoseGaHHR B HOHHOH MOJEKyne TapMOHHYe-
CKHe, TO Pa3/joXeHHe B PA/1 OTEHUHAJLHOR IHEPrHH NPUBOAMT, KAK
3T0 OBJaC Nokasano Kpatuepowm, K Gopmyae Buaa

2
r

. 3
U(r)=C—x[-ri—?:_’:2-+C(r '*)] )

e

rne C W K — XKOHCT3HTH, KOTOpHE MOMHO BHYHC/AHTL H3 MOAOCATHX CIEKTPOB MO-
AEKYN; 7. — PRBHOBECHOE PacCTOAHHE ALED B MOMNEKYJE.

Jlyauefi dopMyaoh 1A pacyeta NOTEHUHAABLHOK SHEPTHH ABYX-
aToMHOA MoJseky/n apasdercs dopmyna Mopse, kotopan umeer Bua

U-=D[l-—exp (—-a—i—_—-r-‘--)}2 (6)

re

rae D— SHeprHA AHCCOUHAUHH MOJeKY.,

Mogcrarans 310 Brpaxenue B ypaBHenue Hlpenunrepa ana gpyx-
aTOMHOR MOJIeKy/n H OTHICKHBaA COGCTBEHHWE 3Hau4eHHH 3TOrO ypase



HeHHs, MOXHO HafiT, kak 570 OyaeT nokalzaHo Huxe, opmyny,
CBA3LIBAIOLIYIO NOCTOAHNYIO @ ¢ KOHCTAHTAMH MOJEKYJh:

= ,\/2:: pmere .

Tfe | — NpHBeNeHHAR Macca MoAekyas (lp = lfm; - 1/mg); ®,-—sacToTa KOME-
Banun, M=,

Beanundu re, wy, 4 D HAXOAAT H3 aHAJH3A NOJOCATHX COEKTPOB
WY e PACCUHTHBAIOT 10 COOTBETCTBYIOIIEM GOLMYNaM.

PapdoBecHoe paccTOsSHHE MEXAY AApaMk MoxeT GHTbL nerko Haf-
AGHO K3 aHajiHza BpamarenbHHX cnekTpoB. OcofeHHO NpOCTO 3TY
BENHUHHY MOMHO HaHTH Aasd BYXATOMHLIX MOJCKYJL.

H3eecTHO, 4T0 5HEPrUSK BpaILeHHA

Epp= —2’— I ®)

rRe | — MOMEHT WHepUHH; & -— YIA0Bas CKOPOCTh BpalleHHA.

Hcxons H3 KBAHTOBHWX NpeAcTaBJeHHA, MOMEHT KOJHYeCTBAa Bpa-
UleHHS HE MOMKeT NpHHHMaTh AI00BIX 3nauenid, a #uaMensdeTca CKavKo-
o0pa3Ho COrJJACHO PaBEHCTBY

A
“l)“?n—ﬂr (9)

rae n, = 1,2, 3, 4 ... — BpamaTe/eHOE KBAUTOBOE YHCAO.
Hs MOCJACIHErO BhiDaKEHHA NOJAYUACM

k .
m==mn,- (10)

[loacrasass (10) B (8), HaxoanM
A2
b= T "r an
C noMoIg0 KBAKTOBOH MeXaHHKH MOMNO NOAYYdThL Gonee TOYHOE
BLIDAMEHHE

EB

h? .
8321 iy (’lr + 1) (12)

MawveHenue BpawaTennLHCH 3Hepruy OpPH Nepexofe ABYXaTOMHOH
MOJIeKYab ¢ $ojlee BHICOKOTO BPALIATENbHOMG 3HEPreTHUeCKOTO YPOBHA
Ha Gonee uH3KHH OyleT paBHO

AE,, = Eyy— Emy= _”:_,_ [n) (n, 4 1) =5 (a) +1)] (13)

Epp=

Cornacuo npabuiam 0T6opa BOSMOXKHE TONLKO TaKie NepexoiH,
npH KOTOPHX An, =0 uau ==1. Ecnn n, —n, =1, uto ccoTsercTByeT

BpamatessHOMY KBAHTOBOMY YHCAY A, =n, — 1, TO

h?
AEyp = i P a8

OTKyla
AE"P h ’ ’

vﬁ—%—=mﬂr=bﬂr (15)
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HenocpeacTsen#o u3 BpalIaTeNLHOTO CMEKTPa MOXKHO onpene-
JAuTb b; 3Has nochelHee, JIETKO BHIYHCJHThE ¢ momomsio (15) I, uro
MO3BO.IAET ONPeAEAUTh

re={I/p)" (16)

§ 4. Ypasueuune llpenunrepa ans ABYXATOMHMX MOJEKY
H €ro peiieHHe ANfl AHTAPMOHHYECKHX KoneGanHii

PacemoTpin  HaXOAAMYIOCK HA NEKOTOPOM MNOCTOSAHHOM 3JEKTPOHHOM YPOBH®
ABYXaTOMHYIO MOJRHYAY, aT0Mb KOTOPOl COBEPWIAIOT TONBKO KOMefaTebHOE ABH-
semne. Ecau » ravecTse KGOpPAWNATH NPUHATE PACCTORHHE £ MedAy ATOMaMH, TO
BOJIHOBOC YPABHEtHE KoNCOAUNS 3ANUUIETCH B CHEAYIOUWeM BHe:

Cdp (r, t) 4niv?
7 T e g(r. $)=0 (N

FAe i — (asznBan CKOPOUTL, v — yaCTOTa KoaebaHmun,
BoanoBas dyuxunn @(r, ¢} pagHa

Qir, H=1p(r)e” 2V (18)
TMoxactasaan 8 supamenne (17) coornowenne ge Gpodna
afv == hfpo (19)

(roe h — yunsepcasbias mocronuHas Ilaadka; g — npeBeAenHan macca M OJIEK Vbl
v — JxHeliHaA CHOPOCTH ABHIKCHHSA amma) H BHIPaXXEHHE AJAA KHHETHUeCKOR SHeprAHK

T= —2_ =E—U (20)
{rre £ — nonnan u U — notednsalieHas sHEPri) NOAyuaeM
2 8
CED | B vy =0 1)

370 u ecTb ypaeHenue [pedurcepa AN ABYXAaTOMHOH wmoviekyJel. Jas ero pewennr
YROGHO 33aMEHHTD NEPeMEHHYIO £ HA HOBYIO NEPEMEHHYO

p=(r—re)ire (22)

T. €, Ha OTHOCHTEJBHOE OTKIOHeHHe TOMOB OT NOJMOKEHHHA PaBHOBECHD,
QueBHAKRO, 4TQ

gy _ dyp dr
dp T dr dp (23)
H, Ce0BATENBIO
iy dyp dPr ( dr 2 d% 24
dp? —dr dp? dp / dr? (24)
H3 suipaxenun (22) sbiTexaer, uro
r=rep+re (25)
MO3TOMY
dridp=re (26)
[’}
dridp? =0 {27)
Tloactasassn (26} 9 (27) 8 (24}, a 3atem b (21), naxoanu
d? 8n7
A0e) 8 g gyyipy =0 (28)

dp? hi

rae [, == prf— MOMEHT HHEPILHH MOJEeKyJlll.

70



Han pewemnn sToro ypasHeHHs HeoGXO4MMO 3afaTh oONMpeRejefnylo GYIKILNO
noTenumaawuoi snepray U, lan paccMarpitpaeMoro cayuas oHa momeT OulTs npex-
CTaBJeHa B BHIAE CYMMH ABYX CJaraemulx

U=E.+U(p) 29)

rae £, —3Hepria COOTBETCTBYWILErO 3JEKTPOHHOTO YpoBHS; {/(p) — morenunatn-
Has Heprus kKoJAcHaHHH HOaep.

Ecas npuests, uto
U (p) = ap’ 130)

2 3T0 MOMET ObiTb, eCJH MOAEKYJY PACCMATDHBATHE KAK [apMONHYECKNfl OCUHAIATOP,
To petenne ypasienns IMpezunrepa aaer

Ex.m=hwc(n;. _;-) @1)

rie Lyon — KOEOATEABNAN SHEPLHR MOJASKYVIB, W — CCHOBHAf aacTora Kogefaunsy
MOJEKYA dd  NANHOTO  3JeKTPOHHOTO  YPOBHSA; My — KojteGaTeJbHOC KBAUTOBOR
MHEO.

Ho, kax yKe yKasLiBAMOCh, TPeANOJCHMCHHE © TapMOHHIecKoM KonebaHiu aTo-
MOB B MOJRKYJAe sBIASTCH IpYGHM NPHOARAMEeHHEeM, KOTODHM MOXHO NOJR3I0OBATLCA
TOABKO MpH 7, ONM3KUX K rfe. B AeACTBHTENLHOCTH KoMeOaHHA ATOMOB B MOJeRy.e
AHrAPMOHHYIH, HOITOMY pas.uomuw snepruw KoneGanufi 8 pan H o6opeeM ero ua
BTOPOM 'lAeHE:

Fuon =t (o5 ) — aweh (a5 + 5 ) (32)

rie o — XapakTepHas ANA LAHHOTO 2JeKTPOHHOrC YPOBHA KOHCTAaHTA aHTAPMOHHY
HOCTH.
Has Goapmurcrsa cayuaes 3Ta (GOpMyda XGPOIID COTAACYeTcA € ORBITOM.
Buiupeanm  snayemne xoseGaTensHoll 3HEDPrHH, ROAB3YSCh AJAA TNOTEHUHAJNBHON
aneprrn dyuxuncli Mopse (6). kotopyio ¢ yyetom supaxenus (22} woxno 3a-
OHCATh

Upy=D(1—e ) (33)
Cuuras, uTo .
Em= Exon + Ee (34)
n noactasans (34) n (29) s {28), noayumm
12 8
L 4 2 Bron— U ()] 0 () =0 (35)
[Toacrasasis (33) 8 (35}, moavuaem
d? 8/
—E‘fp[)(Tp}_'i’ 1£[FK01—'D(""0 ap)]“" = {386)

Jar yaoborsa Raaoefiwcro pelienns TNPONIDCREM 3aweny nepevendhix. BueaeM
nepeMeHH Y

g=e7" (37)
Toraa
4% lp) _ 4% i) dy
do dy dp
R, CC40BATEHHO
Ll dvipn Ly (ﬁ * (o) -
dp?  — dy  dpt T \dp J dy’ (38)
Ho na (37) creayer, uro
dyldp = — ae“’“.-.-.-.-—ay (39)
H
d'yldp? = e ™™ = o’y (40}
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Moncrasnan (39) = (40) s (38), waxomum

d?;;gp) — "‘53"’ + atyr 000} wtp) 1
Toacrasnas (41) & (36) u mens ua a%y? noaygum
O | L0 Bl (B =D 30l
l'lpencraaum
b (o) =f ()5 (43)
Otcionz noayuaem, uTo
¥ (o) =y (§) ~ 5 4 (9) (44)
mAu
TV O =y W~ 5 v W) (45)

Ha swpaennn (44) surexaer, uro
TR R 1 vy, 3 s
V=g T W =5 T T ) (46)
Toncraeus (45), (46) u (43) s (42), noayuum
1 82!, E“(,,.—D

Baenem ofo3HaueHAR

+2-p}rw=0  wn

8n/ Eyoz— D I
M Zo® o Q02— gy (48)
Torpa ypaBhedre (47) npumer aun
- D
i+ 3 [ F o = x| =0 (49)

INoaotutie auddeperukaiviile YpaBHEHHS PRINAIOT B ABA PTANA: CHARAJA HAXO-
RAT ACHMATOTHYECKHE DEIIEHHA NPH KAKEX-THOO cHenNHaJbHHX YCNOBHAX, 3aTeM Mpd
HANHYHH ACHMNTOTHYECKOTO DEIIEHHH OTHCKHBAIOT I0JHOE ¢ NOMOMLK NMOACTAHOBKH
CTeNeHHOro pAfa.

Bynem HcKaTh acHMIOTOTHYeCKOe DellleRHe A48 GOJblHX Suavenult y. B sToM
caydae B ypasneHud {49) Moxuo mpemelpeus uNemaMH, COASPXKAIIHMH B 3HAMEHA-
Tolle y, ¥ MepenHcaTh YPABH@HHe B cAenylolieM Bufe:

D
F (y)-1’-;,—f(y)=0 (50)
Bro ypaBHesHe, KAK 7erk0 YOQAHTLCR APH NOACTAHORKE, HMERT ABA pemeHuH
fi, acaun-r—'ay ) (61)
H

f:‘ acrunt ==& By (62)

rae
B =+/AD]a’ (63)

dynxnns [(y) nomxHa GHTL KoHeyHOR BO Beed O67ACTH HSMEREGHHR g, [OITOMY
peweiive (51) HeoSxonAMO OTBPOCHTB, TAK KAK OHO AJA § -» 0o AaeT [, = oo, Torna
NCKOMLIM ACHMNTOTHUECKHM pelleHHeM ypaBHenua {50) Oyaer

facounr ™=@ B exp (_' ry 1/3'#) (84)



Monnoce pewenye ypapHeAHa (50) OyaeM HMeTs B BHIE NPOH3IBEACHHS

F{g) = ¢ (4) facmame = ¢ (g) e ~F¥ (55)
H3 awipaxenus (55) snTexaer, uro
Filg)=c (g) e P —Bc(y)e P (56)

P y=c"(y)e P —pc’ (e P —p’ (e B+ p (e P BN

Moacrapans (57) B (50) n cokpawan ra e~ B¢, noayuaem

’ 2D
& W) =2 ) + 1 [ + 2] e =0 (68)
Peinense 9Toro yPaBHEHHA, Kak HeTPYAHO YOeiHTbCA HOACTAHOBKOA, Gyner
HMETh BHA
clyy= ) by*t" (59)
X
Ha supasenns (59) cneayer, uro
W)=Y, b (v+r) g+t (60)
X
H
() =3 b (vtr) (vt r—1) g te? (61)
x

Moacrasasn (59), (60} u (61) B (58), nonyunm
Yoo vtm)(vth— D) g 28 Y b (v xR
+AQ Y bt T4 28 Y bt T =0 (62)

IOas rtoro urofH 3TC ypaBHEHHe PAaBHAJOCH HYMO, HeoOGXONAMMO H AOCTATOWHO,
yrofh CyMMa KO(puukenToB npu wiewe moGofl cTemenn paBHAMNack HyMmo. Paccemor-
puM xod(unuented npu y¥HE—! w gv+E—2 Corjacuo yK43aHHOMY BHINE YCJIOBRIO,
CYMMa HX JOMKiHA OWTR paBHOR HyMO, T. €

bepr (W x+ 1) {(v+x) —28b (v+x) + A2Qb, ., + 2%, =0 (63)

HJIH
fvha+ 1) (v+x)+4°Q1 6, ==[2B(v+x)—2p%] b, (64)
OrpanuynM NOJHHOM B ULEJSIX COXPAHEHHS €r0 KOHEYHOCTH YCAOBHSMH: bg==0
Wby +2=0, rae ny=1, 2, 3.... Toraa ann cayuas & = 0 noayyum
((v+ v+ A2Q16 =0
HJH
v+ 1)v=—2%Q (65)
a I8 cayuan &= Ay + 1 GyleM uMeTb
[2B (v + np + 1) — 2B2] b4y =0 (66)

OTKYR4 NosyvaeM

v+ng+ 1= (67)
HJH
v=fl—ny—1
{logcrasasig (67) B (65), noayuaem
B—ne)(@—n,—1)=—24%Q (68)
i, noacrtapasia {48) B (68), waxoaum
D At |

(ﬁan)(ﬂ_nD‘"l)=—a'§‘”‘“"—a-z"EKM—~z (69)
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TMocne packpuTHA cKOBOK HMeeM

) 1 An A? 1
Bt =2 (mot 5 ) o (ro+ 1) == ~ 7 Exon — 5 (70)
Ho, cornacno (53)
p?=A!Dfal {71)
[Moatomy
1 1 A2
28 (nv+ 5—) —ny {ng+ 1) ”T=?E“°“
OTKyIa 2Ba? | L2
a a
Exon= T (ﬂu -+ E‘) — 37 ("u + ?) {72)
Tloacraraas (48) u (83) e (72), uwafzem )
1 2h [ a?h? 132
Exon =57 ah \/ T (ot 3) = war (w+3) {79
Bsogs oGozuauenua _
a 2D
g = T /\/—[:— (74)
H 242
a ath h 0)2 (75)

e =TT, = 4D O

bopmyay (73) upuBoAKM K BHAY
1 2
Exon = om0+ 5 ) = o, (no+ 3 (76)

TO¥ AecTBEHHOMY ¢ sMnuprueckoft dopMmynod (32).

CopasenanBocTe opuyan (74), T. €. COOTBeTCTEHE NPABOA 9acTH paBRCHCTBA
yacToTe cOGCTBERHLIX KOAeBaHHA MOJGKYAW (. MOMKHO J0KAa3aTb, HCXOAA HZ ofulero
ypaBHeHHs KoseOaHKA i popMynn Mapae.

HanumewM ofuygoe ypabuenne xoneGauui

pdlrfdt = — dU (r)}dr (77)
H BEC/lleM HOBYIO NMepeMennyiw p, onpelenendyi paeenctdom (22), mpu stom eupa-
weHHe (77) 3anitlercs B cAelYIIEM BHAES

Ted?pjdt? = — dU (p)/dp (78)

Pasaaras ¢yusumo Mopse (6) 8 paa no crenensm p u or6pacwmas ang caysas
Ma/bx KoAeGaHNi CTENCHU p BHINe BTOPOIL, MOAYUHM

U {p)=U (0) + a%p?D (79)
OTKYAa
dU (p) / dp =2a%D (80)
[MopcraBasa (80) s (78), waxoauu
d?p 2 2D
ETA N @D
Pemenne storc aufrbpepeHUHaNbHOrO YPaBHEHHA HMECT BHA,
p= CQnimf (32)

IMopcrasaan (81), (82) u suaucuue BropoR nponssoAnod p no {, Haillaenmof
& gOMOWEI0 ypaBuendn (82). s pasenctso (78), safiiem

(2aw)? = a22D//, (83)
B
w = (a/20) V2D]I, (84)
HTO OKA3MBAET CHPABEIBOCTE pabewcTBa (74), a Ted camuym n (76).
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H3z swipaxenns (75) puTexaer, 4T0
D= Lalda (85)
a W3 BupaxeHnua (74) — Bolpaxenne (7).
Beanunny aw. ONpefelsiOT H3 AHAAFI3d NOI0CATLX CNEKTPOB OAHOBPEMeHHO

€ W, TakEMm oOpazom, supaxenun (85) m (7) NO3BOAMOT ONpENENHTE KOHCTAHTH &
u D, Bxoaduine o popsyay Mopae

JAHCCOHHALLIHA MONEKYJT oA REACTBHEM CBETA
{®OTOAHCCOUHAILHA)

§ 5. Mpunuun @panka — Konnona, THNbL MOTEHUHWAJbHBIX KPHBBIX.
Crpyktypa noaocareix CREKTPoOB

C NcpexoaAoM 3JeKTPOHA B BLICUIeS 3IHEPTeTHUECKOE COCTOHAIHE MO-
JieKyJaa nepexojit B I!O36Y)Kilellﬂ()e COCTOAHHE. :‘)TOMy HOBOMY CO-
CTOSAHHID MOICKYJL COOTBEeTCTBYET BepXHAA [OTeHUHaNbHAd KPHBAaA
pec. 18. Huxhsan NOTeHUHAABHAA KpHBAaA COOTBETCIBYST HOPMAalb-
HOMY COCTOAHHIO MOJIEKYJIBI,

[Ipouecc mepexoaa sAeKTpoHa B BLICiUce 3HEPTeTHYECKOE COCTOA-
HHe COBepHideTCHd BecbMa 6bICTp0, TAK YTO OTHOCHTEIbHO THHKEABIE
A1pa B MOMEHT, KOTAa MepeXoA 3JeKTPuHAa y#e 3aBepIICH, NPAKTH-
YecKH 3aHMMAIOT CBOM NpexHBe MecTa. [loaToMy nepexod sexkTpoxa
COOTBETCTBYET Mepexojly ¢ HHIKHeH NOTEHLHaJbHOH KPHBOH B TY TOYKY
BEpXHel [OTEHUHANBHOH KDHBOH, KOTOPAs OTBEUAET HEH3IMEHHOMY
PACCTOSIHHIO MeEXK1Y AADaMH, T. €, JeXHT HajJ €€ NPeXKIHM TOJ0He-
HueM B HeBo3OyxcieHHoM cocTostnuM. HauGosbluee Bpemsa sapa, Ha-
XOAdAUIeCcd B HEKOTOPOM KoJebaTellbHOM COCTOHHHH, npeﬁhma!o'r B
TOYKax nopopora, rie oHH 06.121210T HAaHMeUbLIe] CKOPOCTHIO.

Far

uri U

“

U i)

I

Pue. 18. HauGoaee seponrt- I
HLI2 3JMEKTPOHHLIE MNEPeXOAlW |
B OBYXATOMHOH MOJeKyJe. i
|

Puc. 19. Tunu noTengHanb- ]
HHX KPHBHX. g 7 bi'¢ r

]



OHeprus sgep B TOUKax NOBOPOTA, KAK yiKe CKA3aHO BoUe, UeNH-
KoM nortedudanpHas. [losToMy HauGosee BepOATHH Tepexoib H3
TOYEK, PACHOJOKEHHBIX Ha HMKHeH noTeHUHanbHOH KDHBOH, COOTBET-
CTBYIOIWHX KakoMy-HHOGYIb BO3MOXKHOMY KoJiefaTeibHOMY ypOBHIO, B
TOYKH BEpXHel KPHBOH, paclONOXeHHHE Ha OAHOH BEePTHKa/NbLHOH
aunnn. [Tepexoam nopo6HOoro poaa mnoxkasaHs sa puc. 18. [lepexonn,
npeAcTaBJeHHHE BEePTHKaJbHBMH JIHHHAMH Ha KDHBHX [OTEHUHAJb-
HOH 3HepPrHn, RauuRaAlOUlHecH W3 KpafHHX NonoxeHud nnep, wauboiece
BEPOATHHW. B0O3MOKHE nepexodol M H3 APYrHX TOHEK, XapaKTepHaylo-
IIHX RAHHBIN YpPOBeHbL, HO OHH MeHee BEPOATHH, H COOTBETCTBYIOLLHE
NOJNOCH MeHee WHTEHCHBHH. 3T0 NpaBMJO, yCcTaHaBJHBalollee BO3-
MOXHOCTH HepexcAa ¢ AadHHOTCG KoMe6aTellbHOrQ YPOBHA HA JKGOH
ApYyrol ypoBeib, cpopMynuposaHo ®paHKOM H nosaHee ObLIO 000-
CHOBaHO KBaHTOoBOMexaHuueckH KonpoHom. [loaToMy 3T0 npaBHJo,
paccMOTpeHHOe HaMH B nepBOHauvanbHOA QGopMyaHpoBke Oe3 KBaHTO-
BOMEXaHM4eCKOTo YTOYHEHWs, Ha3niBaeTcs npuxyunosm Ppanka —
Koundona.

IMpunnun ®panka — Konaora no3sonserT paszobparsca B ocoGeH-
HOCTAX MOJQCATHX CIEKTPOB HA OCHOBAHHH OTHOCHTENLHOro pacioJo-
MeHdst n0TeHUHanbHbX KpuBWX. Ha puc. 19 nokasaHH gerHpe THna
PacnoNOMEeHHA NOTCHUHAJNbHHX KPHBHX APYT OTHOCHTeNBHO ApYra,
XapaKTepHbIX JJA MOJEKYA ¢ aTOMHOM cBA3L0. L/ Mojexkya c nep-
BHIM THNOM pacnoJIOXeHHs KPHBLIX XapPaKTepHO YBeJHYeHHe DaBHO-
BECHOrQ DPAaCCTOAHHS MeX1y fApaMH B BO3GYXKAGHHOM COCTORHHH.
DHeprus JHCCOLHALHH MOJCKYJA B BO3OYKAGHHOM COCTORHHH BCJICH-
cTBHe 3TOro najaer. 3to Haubonee pacnpocTpaHeHHuld cayuah. [lpa-
Mepami Takux monaekya 6yayt N, Py, Oy, Bry, I, LiH, KH, SO u 1. 4.
Biopofi THU pacnosoxeHus OTAHUaeTcs OT nepBoro GOJIbLIKM cMelle-
HHEM [OTeHUHaNwHOA KPHBOH Bo3Gyu/AEHHOro COCTOAHHA BIPABO.
Monekynnl ¢ TakuM THIOM PaCNONOXKeHHS NOTEHUHATBHHX KPHBHX
XapaKTepU3ylTCA CHABHLIM YMEHbIUEHHCM 3JHEprHH AHCCOUHANHH B
BO30y K/€HHOM COCTOSHHH H, COTJiacHO npHHLUNY Ppanka — KoHaoHa,
YMEHbIICHHEM YHCJAA [OJOC B CHEeKTpe, Tak Kak OOJAbWIHKHACTBO mepe-
XOA0B C HHJKHefl KPHBOfi Ha BEPXHIOIO MPHBOAMT B COCTOSHHE C 3ana-
COM »HePrHH, IPeBBILAICUIHM JHEPLHIG AHCCOLHAUMH B BO3GYKICHHOM
COCTOHHH. Yixe y Bry cMellleHHe noTeHuHanbHOR KPHBOH BO30YyKIeH-
HOro COCTOSHUS HACTOABKQ 3HAYHTEALHO, YTO C 3aMEeTHOH HMHTEHCHB-
HOCTLIO OPOABAHIOTCA JHIULb HEMHOTHe AHCKDETHEIE NOAOCH. ¥ XJAopa
cMellenHe elle GoJblile, W 0JOCH He nodyvaiotcs BoBce. [TpuMepamu
Takux xe Moaekyn sapagiores HCI, HBr v HI. :

Ilns HexoTopHX MONeKysa Ha6/0AATCE NOTEHLHAJbHHE KPHBble
TPETbEro THNA ¢ HEH3MEHHHIM MEMXAaTOMHHIM DacCTOAHHEM B HOPMaJb-
HOM B BO30yaIenROM cocTosbuaxXx. O6GBYHO 5TO CONpPOBOXKAAeTcs H
OJHHAKOBOH 3HeprHefl AHCCOUMAUHH B HOPMANLHOM H BO3GYKAEHHOM
cocTofnuaX. Toraa nepexoan H3 HOPMAaNbHOTO COCTOSAHHA B BO36YyXK-
AeHHBle, KAK 9T0 BHTeKaer u3 Npuuunna Ppanka — Kougoua, nopoue-
XOAAT HA BpaulaTebHble YPOBHH, XapakTeDH3VIOUWIHECH OJHHAKOBLIMH
KBaHTOBBIMH 4HCAaMH, T.e. Ano = 0, [IpHMepamu Takux mojexky. as-
Jasmorcs moaexvast CN, SiN,
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M, nakonen, cywecrtsywor monekyanw (CdH, HgH), xotopee xa-
PAKTEPU3YIOTCR MEHBLIHM MeXaTOMHbLIM paccTOfAHHEM B BO30YyXieu-
HOM COCTOAHHH, 4eM B HopMaabnom (puc. 19,1V).

Huoraa posbymaeHHOMY COCTORUMID OTBCUAET KPHBAA OTTaTKHBa-
Husi (puc. 20). B sTom cayuyae Bcerna OyayT HaGJIOAATBCA CHEKTPHI
Axddy3Holo Xapakiepa, TaK Kak Mepexojl Ha KPHBYID OTTAMKHBaHHA
BJaeyer 3a coloi AWccouHauu© MoJekyno. [IpumepoM Takoro Trna
nepexoaa fBAAETCA COJOUWHOH CHEKTP MOJEKYJIAPHOro BOAOpOAA.

Jlasi Moslekys ¢ HOHIHOI CBA3bIO NMepexo] B BO30YMAReHHOE COCTOR-
HHe O0yCaORIEn [epexoAoM 3JeKTpoHa OT aHHOHa K KaTHOHY, 4TO
NPHBOAHT K CHUAbHOMY oOcaafneHnio cBA3H., OOLIMHO LJIf HOHHHX MO-
JeKyJl TOoTelllHaJbHble KPHBHE HOPMajdbHoro H BO36YKAEHNOIo co-
cTonHuE uepecexawrtea (puc. 21). Hounnle Monexkyiwn 4gacto pacna-
haTcs a HeiitpanbHble HeBo3OyxaeHHbie aTombul. [Ipumepom Takoro
TINA MOJCKYA ABJAIOTCH MOJEKYJH aJ0TeHHAOB UISJOUHBX MeTad-
5ioB. Mx cnekrpbl mpH A0CTATOYHOH NJOTHOCTH NAPa HMEKT BHUL KOH-
THHYYMa € PAAOM MAKCHMYMOB, CTYILAIOWHXCS B EPACHYI0 CTOPOHY.
XapawnTep 9THX CHEKTPOB JErko NOHsTL C NOMOIMNLI npunnnna $pan-
ka — Koirnona, Tax kak npaBas BeTBs ROTEHWNAABHOR Kpueofl 2
Ha puc. 2] pJeT MOYTH TrOPH3CHTAALHO, TO HeDOJbIIHE H3IMEHEHHA r
(nepeskocTk) BO6NU3K, HAanpuMep, TOYEK @), @ BEAYT JHIIL K MaAbM
M3MEHeHHAM AJHE CTPCJOK, A4 CJEJOBATC/ABHO, M SHEPTHA NepexoaoB.
[TostoMy MakcaMyMbl NOMJIOMIEHHS BBIPAXKEHH DE3KO H HMEIOT BHI
NOCASAOBATEILHEX Y3KHX CHEKTpadnieiX nodocok. W3 pucynka sua-
HO, 4TO Bre H3MEHEHHN B 3HepPrHH Nepexoda QNpeleAsIOTCS HHMKHed
ROTeHUHAABHON KpHBOM, NO3TOMY paccTOAHHe MeMAY Y3KHMH ToJjoc-
KaMH B CcHexTpe NolVIOUIeHHN onpeiensercd KonebaTeAbHLIMH KBaHTO-
BLIMH YUHCJAMH OCHOBHOIQ COCTOAHHS.

Korna nounble MOJexkyJn MOOrJOLLAIOT CBET B MOMEHT HaHGOJb-
wero ¢6AHKPHHY A€D, TO, KaK BHANO H3 pHC. 21, neboabwne BapHa-
W4H B 3HAYCHHH r BEAVT K 3HAUHTENbHOMY H3MEHEHHIO LJIHHM CTpe-
aok. [Tosromy BMecTo Y3KHX MOJOCOK B CNEKTpe MOAYYAIOTCH MaJhle

Ug’r) iﬁ

Y |

\_— :

I
r a4

Prc. 20. Kpusule noTenusadbllodl 3aHeprih, KOMOUHHDYIOMIHECH ¢ KPABOR 0TTaA«
KHBAHHA

Puc. 21. TMepexoanw Meway yposnaM# mopsadnbioro (/) u sosfyxaenuoro (2)
COCTORMME MORHOR MUJABKYIH.
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ofnactu aGcopluuu, KOTOpHE OTBEUAIOT PA3NHUHHIM CTenensM BO3-
6y:KAeHHs MPOAYKTOB pacnafa Mo.eky.d. [loTeHunaabuble KpHBBE
MOJIEKYJl ¢ aTOMEOH H HOHHOIT CBH3BIO, @ TAKMke HX CHEKTPH MNorjoile-
HUA CHJALHO OTJAMYANOTCH, TMOITOMY H3YHelHe CMeKTPOB M XapakTepa
NCTeHIHAALHLIX KPHBHX 1103BOJSET YCTAHABJINBATH THI XHMHUYECKOH
cBa3H. Takoro poia HCCJICAOBAHHS NOKA3aTH, HANPHMEp, 4TO Moje-
Kyawl rajorerosogopoansx Kucaor [ICI, T1Br, HI, a taxxe raiorexnt
Taaaus | cepefpa B ralooninazeEoy COCTOAHHH ABASIOTCHA He HOHHBIMH,
a KOBANEHTHBIMH.

§ 6. Onpepenende IREPruy AUCCOUHAUMH
M3 CNEKTPOCKOMHYECKHX AAHHBIX

B HekoTOpeIX chayuasx, Korja CUCKTD MOJekyadnl COCTOHT M3 psAja
10J10¢, NepeXOuAliX B (PUOJETOBOM KONHE B CHJIOMNYI 06jaCTh RO-
T/IOLIeHHA, OSHEpPTHI JAHCCOIHAUHH MOJEKVAL MOAHO BBUHCAWTD,
onpeaenad 4YacTOTy MecTa CAHSHHS KaHTOB HJH, APYIHMH CJOBaMH,
YaCTOTy rpadMubl cioiownofl ofjactu norgowleHns. Hanpumep, ans
Modexyan I; wacrote Mecra coussas kanros (2050 cm—') coorser-
ersyer ksant 2,4 3B, Dueprus auccolyannu MoACKyAM HOAa No Tep-
MOXHMHUECKHM AauHuM cocTapaser 1.5 3B (1443 klx/mous,
34,5 kkan). Takum 00pasoM, MeCTY CAHSNHA KAHTOB H [OSBJEHHIO
conowHoll 0o61acTy MOTAOUIEHHR COOTBCTCTBYeT Goaniias Hepras,
geM JHCCOLHalnn.

HecooTBeTCTRUE CHEKTPOCKOMMUECKH W TEPMOXMMMUCCKH HalieH-
HEIX 3HaueHHil 00BACHAETCA TeM, UTO MOJEKYyJa HOLa paclaiaercs ok
AeHCTBHEM CBETa Ha MOPMaJbHBIA M BO36yKIcHHWA aTom. TMocneanee
TIOATBEP 1aeTCH XaPaKTepOM pPACIOAOMKEHHS NOTEHUHAABHBX KPHBBHIX
HOPMAJABHOTO K BO3OYXKISHHOIO COCTOMHIA MOJeKYaAwn (phec. 22) (Mo-
Aekyaa woja npuHasaexkuT K [ Tuny). Tak, us pucyHka BuaHO: 3Hep-
ruf, xeofxoauMas 4701 TOro, 4TOOW MOJEKYJA pacnajace Ha /Ba He-
BO30ymAenHMX aroMa Dy, MeHblIe, TeM 3IHEPrHA, 3aTpayHBaeMas
npH PoTOXUMHYECKOil Anccoutnaluu, pasnaa A(y) + D(y). [Ipu doro-
KHMUMECKON  MCCONHAIMMA TIPOMCXONHT CHAYANA 3JICKTPOHHOE BO3-
6yxaeHHe MOJIEKY.IBl H TOILKO NOTOM (TaK Kak MOJICKY.Jda MOXKET
OKa3aThesl B COCTOANHYM, KOTJa €c 3Heprisi OKA3uBaeTcs GoJblie 3Hep-
THH JHECOUHAIUIH B BO30YMAEHHOM COCTOAHHH) NPOHCXOAHT pacnajg
MOJEKYJBl Ha ATOMBIL.

TH BLIBOAR MOKHO OPOMLTIOCTPHPOBATh a8 ACHOCTH CXeMoR
puc. 23. Tlo BepTHKAAH Ha DHCYHKE OTIOXKEHH KodebaTelbHble ypoBHY
HEPMAABHOTO H BO3GYHASHHOTO COCTOSHHA Modexkyau. Mecto cananua
3THX ypoBieli cooTsercTByeT HanOGonnwlell Ko.1e6aTe1bHOH 3IHEPIUH,
KOTOPYIO MOMKCT HMETh MOJeKyAda B MaHHOM cocTosHuH. Bee BeICIIHe
YPOBHH HCKBAHTOBAHM, TAK KAK MOJEKYJa DaclalaeTcs Ha ATOMBL
O0nacTh #HeKBAHTOBAHHHIX YPOBHefl 3amTpuxoBava. Ecaw 6n Mone-
KyJa, HaxolsCb B OCHOBHOM 3JeKTPOHHOM COCTOANHH, MoOrJa pacna-
AaThCSl HA ATOMBI, TO ee 3Heprus RHCCOMHANHMH COOTBETCTBOBana- Ghl
Dzuw, cOBRaAalomieN ¢o 3HAYEHHEM, HAXOIHMBLIM H3 TePMOXHMHUECKHX
RapHHX. PoToxuMuyecKHi pacnmaz RPOHCXOAHT B pe3yJabTaTe SJeKs
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Puc. 22. [loresLEadblibic KpHBLE KOBANCHTHOI UBYXATOMHOH MOJERYJAW & HOP-
maasHod (1) 1 Bo3byxesnow (2) cocToamuix.

Puc. 23. Cxena pacnoaoiieHitss KoneGaTesblnX YPOBHeH HOPMAJLHOTC 11 BO30YyHaeH-
HOTO COCTOHRHIE ABYXATOMHOE MOJEKYJLL

TPOHHOTO BG36YK/IeHHA BCASACTBHE MOIVIOILEHHA CBETOBOIO KBaHTA.
DHeprud, neobxoAuMan LA pacnaga MOJEeKyasl B 5TOM COCTOAHHH,
JIOMKHA COOTBETCTBOBATL AV, DTO KBAHT, OTBEYAIOIMHA MECTY CIHAHUY
noaoc. JHePrud 3J1eKTPOHHOrO BO3OYHI1€HHH MOJEKYJAbl W HPONAYKTOB
ee pacnana COOTBETCTBYIOT Aive H Ave. M3 puc. 23 Buawo, uTO 31eprus
BO30YXKIAEHHS OAHOTO M3 [POAYKTOB pacnaga Oyaer hve. Beauuusa
D(y) cooTBeTcTBYCT 3HEPrHH IHCCOLHAUHMH MOJEKYJbl B BO36YKIAEH-
HOM cocTOoAHHH. Takum o6pa3oM, 3Has 3HEPTHI0 3JEKTPONNBIX YPOB-
Hel, BO3HUKAWOMWHX NPH AHCCOUUALHM AaTOMOSB, 110 FpaHHIE CIJOUIHOH
00/aCTH TMOTACILEHHS MOJKHO OUPEACJHThL SHEPrHio  AHCCOUHMALHH.

Bosppamasc, onmAaTL K DpHMepY € HOAOM, MOMKHO YBHIETh, 4TO
SHEPTHH JCKTPOHHOIrC BO30YXKAEHHS OJHOFO H3 aTOMOB HOJ1a, BO3HH-
Kalollero B pe3yasTare AHCCOIHAIHN MOJNEKyAH, paBHa 2,46 — 1,5 =
~ 0,9 3B. Taxofi sHepreTHueckuii ypOBCHL Y aToMa HOAA H3BCCTCH,
3TOMY YDOBHIO OTBeuyaeT MeTacTaGHIbLHO® COCTOsIHHE, HMEollee 3Hep-
raio na 0,91 3B dogutue sneprun wopmaseroro cocrosuns 2P Ecau
yueeTh 310 06CTOATCALCTBO, TO JCTKO YBHAETb, YTO 3HAUYEHHE 3IHCPTHH
JLHCCOIHAILHY, HAaHIeANOC U3 CTIeKTPOCKONHYECKHX JAaHHLIX, XOPOIIO Co-
TJAACYETCH €O 31aYeHleM, UOJYYeHUHHM H3 TePMOXHMHUECKHX NAaHHLIX

Tab.auye 5, Fnepeun JUccoquayitt MOIeKY.1 2G.1028H08, HAriderHme
U3 CHEKTPOCKOMUUETKNX 0 TePMOXUMHNECKUX FUANBY

m , D
Lo )
Monekyaa rpatin- hvy I pOAYKTOR XHA
AN pacnana, KL Moas
il El:] 3B LIPS GR Y
Ci; 478,5 2,58 _“Pl =0,11 2,4740,02 2385 238,5
Br; 510,7 2,41 Py=04h 1,96-+0,02 1801 192,5
I; 49495 2,47 Py =091 1.53-+0,1 147.3 144,14
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Puc. 24. TloTeduuanbiuie XPHBWE HOPMEALHOTO
# B0o30YHKAEHIOTO COCTONHIIA HOHHOA MOMNeKy.hl.

B 7abn. 5 upHReiens pe3yabTaThl pac-
YeTOR PHEPTHH AHCCOUHAILHH 418 T4.0-
TEHOB.

Jna MosicKyisl ¢ HOHHOH CBA3bIO (B HX
CHIEKTPaXx OTCYTCTBYCT JIHCKPCTHAA 44CTh)
MeCTO CJAHSIHHA KAHTOB B CIeXTpax 1orJ0-
MeHHA  HenocpelCTBeHH0 JaeT 3HEpruio
Asiccounanun Dy, Kaxk noxasauno, B03-
GyMAeHHe HORIION MOJEKYJH MpHBOIHT K lepexojly 3JexkTpona or
AHHOHA K KAaTHONy, C€J1eJ0BaTeibHO, pacial Takolfl BO3OYKAHHO
MOJACKYIBl IIPHBeleT K 00pa30BaHHI0 HEeATPaJmiibix aTOMOB. DTOT pe-
3YyNbTAT XOPONIO HAMIOCTPHPYIOT TOTEINIHAJLHLIC KDHBHE HOPMAaJb-
Horo ¥ BO30Yykiaennoro cocrosnuft HOUNOH MoJexkyan {puc. 24).
M3 pucynka suano, uto

Dxum =D (g} + A () (86)

Ecan crekTp MOHHOH MOJCKYJAB CJAOXKILIT WM MOJOCH PasMbiThl
H HX HHTEHCHBHOCTL MaJsa, yaobuee ONPeICINTb IHEPTHIO AHCCONHA-
UHKE OYTeM BLIUHCJACYHA HaCTOTHl MeCTa CJAHAHHSA KaHTOB ¢ NMOMOILLIO
CeuHalnHOR HOpMy bl

[Ipr 37eKTPOHHHIX NePeX0Aax M3IMEHSIOTCS OCHOBHbLIe YacTOTH
(1acToThl KoaeGannit MOJEKYJAL B OCHOBHOM COCTOSHMM) KoJebaHHil.
Ecin kakas-1160 uacToTa B OCHOBHOM (HOPMAJLHOM) 3JKTPOHHOM
COCTOAHHH MOJCKYJB DdaBHA ®”, a B BO30OYXAGHHOM ', TO 3Heprus
B KaM/a0oM cocTosiiin Oyaer paBHOil:

’ S ’ 1 4 P iy 1}?
E =ag+(nv+~§) ho' — a'ha’ {0+ ) ®7)
; 2
E”E E;’-I" (n:;, + _;-) ho” — o he” (n: + _%_) (88)

OTKy.ELa YacTOTL! COOTBCTCTBYIOUIHX CHeKTPANLILIX JIHHHA
1 1
v=v,+ [(n;—l- —-2-) o — (n;' -+ -5) m”] —_

1y2 1
- [(n; + ?) wo — (n, + 7) a” m”] (89)
310 BLIPAKCHHe J1eTKo Npeobpa3oBaTth K BHAY
vl p a2 2
v=nx,+ (a r,—bn, ) - (a”nz —b"nl) ) (90)
rie
Vo= Ve + .]_m’ __!, 0"’ — ]—0)'(].’ +_!_w”afl
0 e ) 3 2 4
ar — (!J' - Q’(l)’ all — (1]” — u”m”
bl — a’m’ b,’= a”(.l]”

- . 1 - _— s —_ ”
[Ipn wanuyu# s7eKTPOlHLIX nepexoiaos nepexoin Am =n) —n)

MOT'yT OLITE .TfOlijSIII, H TaK Kax Kaaloc uaMeHete J4eT (ofocy,
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TO KaXAH{ 3N1eKTPOHHBIA Nepexoj BhHI3MBaeT cHcreMy mosoc, U3 dop-
Mydan {90) Buano, wrto npu 1) =10

v=ve+arzv-—-bn?, (91)

T. €. YacTOTa HY.J1eBOR JIHHHW NOKOCH v 3aBHCHT OT N, He JNHHEHHO,
a no napaGoJHuecKoMy 3aKOHY, NMO3TOMY PAacCTOSIHHA MeXAy YpOB-
HAMH YMCHLIIAKOTCA € POCTOM 3HAYEHHH o (puc. 25). Kptiaaﬂ ag,,
XapakTepusylouas nepexoibl ¢ ypoBHsa n, =0 ka mobofi aApyro#
YpOBeH,, n,, NPOXOAHT Hepe3 MaKCHMYM.

Emy cooTBercTByeT Haualo CRJOWHON 061acTH  MOTVIOILEHHS.
B touke MakcHMyMa KPHBOH

dvfdng =20 (92)

beps npousBoanyw no n, ot Bupaxenus (91), noayuaem
dvfdny = g — 2bng {93)

B Touke MakcuMyMa 5Ta NpPOH3BOAHAA JAOJKHA OHTb, COrJacHo
(92), parua nymmwo;
a— 2bn,,mm: =0 (91)

OTKyia
= a/2b (95)

Moyake

IMoacrapass (95) s (91), nonyyaem

q? a? a?
Vuakc=ve+'§‘5‘—ﬁ=\’e+ﬁ‘ (96)

Beanunna wvuaxe onpefenser TpanHuy o06JaCTH CONOIMHOLO MO-
raoulenns. CneaoBaTe/bHo, € ee NOMOIILI0 MOMKHO PAacCyYHTaTh 3HCP-
rHI0, HeoONOANMYI0 A8 (POTOXHMHUECKOH AHCCOUHAUHH &x == AvVuake.
3Ha8 nOCJACAHION H 3HEPTHIO BO30YK1eHHS BOSHHKILETO aToMa, MOXKHO
HaATH 3HEPrHl0 JHCCOUHANHN MOJCKYIH.

Pacemorpum stor cnoco6 onpefeneRHs 3HEPrHd NHCCONHAUHH HA
npuMepe cnektpa MoJjekyasphoro 6poma. Ilodocw B cnektpe Gpoma
o,

-

o o~ N AUttt

Pue. 25, Paccroauis sesny xoneSatelLHBIMH YPOBHAMH Kak OYHKLHA Koaefatedb
HOIro KBUHTOBOIO 4HClA.
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ONUCHBAIOTCA YPABHEHHEM
¥ 3
v’ = 16463 + (151n, — 1,82n] ) — (326,6n7 — 1,720

rae v’ — BOJHOBOE YHCAO.
PaccMoTpuM nepexonsl, A KOTOPX 7, ==0; NpH 3TOM

l; , 3
v = 16463 — 1511, — 1,82, (97)

B Touke Makcumyma
r r !
av' dn, =151 —3,64n, =0

AKT
OTKY/la MOKHO ONPEeIEIHTL 3HAYEHHE /1, ! OHO paBHO 41,48.
MaKc
Hojacrtasass 910 3anayenie s pbipaxerne (97), noayunM
= 19595 cu~' = 10,5105 um = 2,434 sB =234,51 xIx/Mons

z
Vuakc
Dheprus Bo30yiK/IeHHA BO3HHKAIOUlEr0 aToMa 6poMa COOTBETCTBYET

0,454 3B, nostoMy 3Hepruq AHCCONHAUWH MOJeKyJaw Opoma paBHa
D =12,434 — (0,454 = 1,980 B = 190,87 /I x/monn

DHePrud AHCCOLHAUNH JBYXATOMHON MOJIEKYJH MOXHO B HEKOTO-
PHX CAy4adx paccyuTarh u HHave. Kaxk yXe nokasaHo, 3Heprus kKo-
Ae0agua MoAeKyad

. 1 132
a,,=[ n,,-I-E) —u(nﬂ+—2-) hw
Ecan BBecTH BOJHOBble 4HCIa @', TO KoJefareqbHasmt 3Heprus
MOJIEKYbl 32MHIUeTCH B BHIE
Ey= hew' (z — az?) (98}

1
rne 2=y 4 5+ € — CKOpoCT: CBeTa.

C noMmoineio Bupaxenus (98) MOKHO ONperenuTh MaKcHMaJbHoe
3uaueHHe koAeGaTeNbHON INePruv, BOIMOXKHOR A7 JARNOH MOJEKYJIbI.
Jlag sToro HyxHO UpOH3BORHYIO dE./dz NpupaBHATL HYAIC W ompele-
JAWTE MAKCHMAaJAbHOe BO3MOMKHOE 3HAYeHHe KoaebaTefbHOTO KBaHTO-
BOTO upcJia AJA KAHHOH MOJeKyJaHl.

Jlerko yBuiers, 4TO

dEpfdz = heo' (1 — 2a2,31c) =0
Ortwyna
Zyake = l/2a 93)

[loacrasans (99) B (98), nonyuaem

= hco'f4a (100)

E”uaxc

Ecaun SHEPTHIO AHCCOLIHAIIHN BHIPAaXaTh B CM_‘, TO CYEBHAHO, ¥MTO
E = hcD (101)

Puake
Coaccrupang supamenne (100) ¢ (101), okonyatensno noayyaem
D=0/l (102)



TakrM o6pa3oM, A5 ONpPEAe]eHHS SHEPrud AHCCONHMANHK Heol-
XOAHWMO 3HaTh OCHOBHYW uacToTy KosebauHit o W KOHCTaHTY aH-
FapMOHHYHOCTH 4.

PaccMoTprM, KK ONpeAe]sioT BeIHUMHH @' H O H3 CHNEKTPOCKONHYeCKRX Laf-
Bwx, Jaa razoofpa3Horo XAOpHCTOTO BORCPOA3, HampHMep, HafiieHo, uTo NOGJOCH
HaXOIATCA NPH CJAeLYIOUIHE 9acToTax:

0,867-10'%; 1,705-10 w 2,521-10'% ¢’
HspecTHO, uto
2 1\2
By — B} =(n— ) ho — aho [ (ny + 3) ~(m+3)] oo
Otkysa uwacToTa Koaebaditlf, cooTBeTcTByfOUlaN AAHHOHA noaoce, pablia
2 132
v=(n;-4n:)m+am[(n:+%) - (ni-{— ?) ] (104)
Ecan n: =0, T0
v=n[1 —a (a+1}] (105)

rae np =1,2 3
[Mostomy pas HCI
) o {l —2a)=10,867- 10"
2@ {1 — 3a) = 1,705 1014
3@ (1 — 4a) = 2,521 - 1014

Pelnas cucTeMy 13 NBYx yPaBHeHHH n 6epa R3 NOAyueHHWX 3HAueHitA CpelHHC,
HaxoAMM, yto © = 8,96-101% o = 0,01618. 2Te no3BOIACT ONPEACHHT: SHEPrHIO
AHCCOLHAIHH]

8,96 - 10"

D= {50618

== 1,384 - |0'3 ¢~*

§ 7. SiBAenHe eNPEeAHECONHANKH»

Kax yxe OTMeyaioch, B HEKOTOPHIX CJyuasx, HayHHag C olpene’en-
HOH QJHHBL BOAHH, B KOJAeGaTelbHbIX CNeKTPax BIE3anHo (a HHOCAA
nocTeNeHHO) Hcye3aeT BpallateAbHad CTpyKTypa noJoc. [loaocu
CYUIECTBYIOT, HO HMeldT AHbPysHuii xapaktep. Takwne auddyssbie
f0J0CH MPOCAeXHBAIOTCA BIIOTH A0 06JacTH CHOJAOLIHOTO MOrJoLLe-
HUfl B yALBTpadHOJETOBOH YACTH cHeKTpa; HHorAa BOIM3K obaactH
CMMIGIIHGrC TOTJCUEHHs BpallaTenrsHad CTPYKTypa NOJOC BHOBL BOC-
cranasauBaercd. [locne otBelleHuWs MOJEKYJA CBETOM C MJIHHON BOJ-
HbI, COOTBeTCTBYWOIIeH AHbDYysHEIM yyacTKaMm 1oJoC, OGHAPYKH-
BAIOTCH NPOAYKTH HX AHCCOLHALUHH.

[lepBoHayanbHO npegnosarand, 4To HalHude AHGOY3HHX modoC
CBHIETEJbCTBYET O Nepexode MOJEKYya B 0c000 aKTHBHOe COCTOSHHE,
npejlllecTBYOINEE JHCCONHALNH, H NO3TOMY HA3BaHHOE <TpeliHCCOIIHA-
udeit», B aefcTBHTELHOCTH e, KaK TOKA3uBAKT ONBT H TeOpHH,
nossuedHe AnddyIHEX nosoc cBA3aHo ¢ pacnagoM MoJexyau. He-
CMOTPA HA 3TO, TEPMHH ¢NPelHCCONHALHA® COXPAWHACH, TAK KaK Me-
XaHu3M ee, Kak OyJleT MOKAa3aHO HHKe, HECKOJBKO OTAHYAETCH OT
pPacCMOTPEHHOTO paHee MeXaHH3Ma (QOTOXHMHYECKOH AHCCOUHALKH,
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Pre. 26. Brfpaunontile YpOBIIH, COOTBETCTBYIOIURE
TPeM 24eKTPOHHHM coctosiuam A, B u C.

CBA3AHHOH ¢ nOABJeHAEM CIVIOWHoOA obaa-
CTH NOTVIOUIEHHS B KOPOTKOBOJHOBOH 49acTH
crnekrpa. 7

$lanenne npeauccouHauun €abalolaercd vy
JABYXaTOMHEIX MOJEKYJA, TakHX Kak S, D,
HO Yalle BCero y MHOrMOaTOMHDBIX MOJeKY.:
aMMHaKa, aleraiblernia, GeHzona, DHPHIH-
na, nadraanva 4 ap. Tax, B CnekTpe auer-
ajibiernfaa ot A ==348,4 umM 10 A==305,0 um
AOJIOCKH HMEIOT OTUHeTAHBYIO BpamwarTeasyto
(porauuonnyto) crpyktypy. [Ipn A=305,0 um
nojocH craHoBaTcA AHQGVIHBIMH, Bpallareiblas CTPYKTypa ucue-
3a€T, XOTA elle YiaeTcs NPOCNEAHTb OKOJIO wecTHaecaTH nojoc. [lpu
OCBEILEHHH aUCTAIbAETHAA CBETOM C AJHHOW BOJHB A >> 305,0 uu
OH He pa3faraercs, HO NPH OCBELIEHHH CBETOM ¢ AJHUOH BOTHH
A < 305,0 M oO6HApYXKHBAIOTCA MOPOAYKTH /HCCOUHALHH aleTanb/e-
ruaa va CH, u CO. '

Taxum o00pa3oMm, Hcue3HOBeHHe BpallaTeasHOR CTPYKTYPH moJocC
o6bACHAETCA TeM, 4TO MOJEeKyJda pacnajaeTcsi 3a BpeMs, MeHbluee
O/HOTO 060POTA, HO OHA YCNeBAeT COBEPUIHTH TIPH 3TOM 3HAUKTEILNOE
yucsao kKoaebauuit (= 100), moaToMy KBaHTOBaHHe KOJeGaTeNbRbBIX
ABHKEHHHA OCTaeTCs BO3MOMHBIM.

KBauTtoBas MexauHka No3posuja pa3paboTaTh TEOPHId MPEAHCCO-
uvauud, Iins moHMM2HHA ABJEHHA NPeZHCCOLHALMH PAacCMOTPUM Ka-
YecTBEHHYIO CTOPORY 3TO TeopHH. [lnf KasKA0ro AaHHOTO 3JeKTpOH-
HOrO COCTOAHHA {TepMa) MOJIeKYJEl MOXHO MOCTPOHTb CHCTEMY KoJe-
GatenhHpix (BHOpauwoHHHX) ypoBHeft. Ha puc. 26 uepca A, B, C
ofo3uadenul KosaeGaTe/ibHbie YDOBHH, COOTBETCTBYIOLIHE TpCM 3/€K-
TPOHHHM COCTOAHHAM MoJjekyan. KBanToBas MexaHHKa MOKasbiBaer,
HTO CYULeCTBYET KOHEUHAH BepoOfATHOCTL NMEepexOfa CHCTEMH ¢ KaKoro-
BHOyab AHCKPETHOr0 YPOBHA CHCTEMBl TepMoB B B 064aCTb KOHTH-
HYYMa CHCTeMbl TepMOB A WM COOTBETCTBEHHO H3 JAHCKPETHOrQ yPOBHSA
cHcTemil TepmoB C B 061acTh KOHTHHYYMA CHCTeMB Tepmos B, rpas-
yaulyio ¢ 3THM yposHeM. ITepexod ¢ AMCKPETHOrO YDOBHSI OJHOM cHC-
TeMK YpoBHeH B CMJAOWHYK oOaacTb Apyrofi CHCTEMH ypoBHeli Bo3-
MOXeH NPH BHNOJHEHHH NPasHJ 0T60pa A JIEKTPOHHHX [epexo/os:
o6a ypoBHS NOKHW HMeTh O/IHHAKOBHI MNOJHBIE HMOYJILC Bpallle-
nua J, 1. e. AJ = 0; MOMeHTH BpalleHus A 3J4€KTPOHOB OTHOCHTEbHO
JMHAKH, coefyuatomed AApa, AOAKHL OTIHYaTHCH He 6oJlblue, YeM Ha
eannuuy, T.e. Ak =10 nan £1; o6a YPOBHR AOMKHH NPHHALINEKATH
SNEKTPOHHLIM COCTOAHHAM OJAMHAKOBON MyAbTHMIETHOCTH, T.e. AS =
= 0, oHn A0NXHH 06nanaTy OLHHAKOBON CHMMETpHeH Ans OTpaiKe-
HHA B HayaJe KOOD/AHHAT, 8 JAAd MOJEKYJ, COCTOALHX H3 ABYX ONHHA-
KOBbIX fiZeD, OHH AQJMHB Takme 00732aTh OZHHAKOBOH CHMMETpHeH
B OTHOWenHR rAep. Kpowe TOro, AOKHBI BHMOJHATLCS  yCAOBMA,
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Haiaraemble Ha KoseGaTesibHble cOCTOSHHS aep npuaunnom $pan-
ka — Kougona.

Jng monexyaul, HaxolsleAca Ha BLICOXKOM KodeDaTelbHOM YPOBHE
B BO30yA(AeHHOM COCTOAHHH, €CTh JABe BO3MOMKHOCTH: JHOO BEPHYTLCR
o GoJce HH3KOe 2HEepPreTHYecKOe COCTOSHHe TyTeM H3JydeHHs CBeTa,
nuGo nepefiTH B COCTOAHNE, [le e YDOBHH JHEDTHH OKaMyTCs B Koll-
THHYYMC, T. e. H30HTOK 3HCPrum mofifeT 11a pa3pliB XHMHUYECKOR
CBSI3H — AHCCOIHaUMIO. TakuM ob6pasoM, ecaHn NepexoA OT AHCKpeTHOR
CHCTeMB ypoBuefi K CNJAOUIHOA pa3pelleH COOTBETCTBYWOUIMMH MPaBH-
Jamu 0160pa, TO HACTylJeHHE MPeRHCCOUHAUHH AOJKHO C(Ka3aThCh
He TOJLKO B TOM, UTO HCHE3HET DOTAIHOHHAs CTPYKTypa NoJoc, HO H
B TOM, IO YMEIBIIHTCS HHTEHCHBHOCTH (payopecteninn. [lTocaeanioo
HCMOABL3YIOT AJIS YCTAHOBJIEHHS HaAHYHA npeidccouHaund. Bo mrorux
CaAyuasx TaKOW MeToj YCTaHOBJeHUN [PeIACCOIHAUHH OKa3LBaeTCA
Goaee y100HBIM, YeM OOGHApyXenKe PACIUHPEHHA BPAIlaTe/bHLIX JH-
Huit B nonoce. Hanpumep, npu o6ayueiun NHy cBeToM, AdHHA BOJHB
KOTOPOTQ COOTBETCTBYeT 00JaCTH NPEAHCCOUHAUHY, NOJHOCTHIO HCHE-
3aeT ¢ayopecLeHUHS H pacnal aMMHAKa OKA3LBAEYCA He3aBHCHMBIM
OT 1aBJEHHA. ITH (JaKTH COBEPIUEHHO OANO3HAUHO YKa3hBAIOT HA TO,
4TO RHCCOUHAUHA aMMHAKa OPOHCXOAHT HENOCPeACTBEHHO B pe3yJib-
TaTe NOTJIOUIeHHA CBeTa, a He B pe3yjbTaTe ACHOJAHKTIbHOTO CTOJAKHO-
BEHHS MOJeKyJ.

[Tpoucce npesHccouHaLHB Jlérye BCero MOXHO cefe (PEACTaBHTD,
paccMaTpuBas ¢ yueToM npuHnunma Ppanka — Konaona noteHuHandb-
Hble KpHBBIE (pHC. 27, a).

KpuBas 7 na puc. 27,a 0 6 COOTBETCTBYeT HOPMAaJbHOMY COCTOS-
HKIO. B pesyibTaTe 31eKTPOHHOrO BO3GY:KACHHA MOJeKyJna MepexoiHT
B HOBOC 3IHEpPreTHUECKOe COCTOSHHE, KOTOPOMY COOTBETCTBYET KpPH-
Bad 2; elle 6GoAbLlIeMY -3a0acy.3JeKTPOHHO{I 3HEPTHH COOTBETCTBYET

) a | U 6

r r

Puc. 27. pa cayuas BO3MOXKHOIO PACACMONEHHA NOTEHUHAJBHBEIX KPHBHX nad ofb-
ACHelHs NoaBieHHA AudPysHRx nonoc B KoAeGaTeNbHWX CHEKTPAax MOJEKYJ,
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Ut Pre. 28. TloTenitAa/bHbE KpHsbe MOJEKY-
NOwgpm) + Of'D,) A NO.. '

; kpueana 3. [loxa BepxXHHA KkoJeba-
[ TeJbHHH YpOBeHb JIEHHT . HHXKeE
| ToukH [, MOJeKy/a BIOJHE YCTOM-
NO+ Ofgom) YHBa H B clexkTpe Haba10A310TCA
noJockl  JHHeHUATOH CTPYKTYpHI.
Haunnas ¢ ypoeus D H Bulle ero
B COCKTPE NORBAAITCA AHPPYsHLIE
rnoacckt. IMosieaenue ux Jerko 06b-
ACHNUTB, paccMaTpHBaf [foOBCACHUE
N MOJIEKY b, 3HepruH  KoneGanms
KOTOpOR  COOTBETCTBYIOT TOUKAM,
pacnooxReHHbM Bbille TOYKH D,

IlyeTh, nanpiumep, MoJcKyJa npH Bo30Y®#ICHHH NOflajaeT Ha ypo-
Benb E. KoseGauus simep MOJCKYyAs ¥ H3MEHEHHH ROTEHIMANLHOH
FHEPrUH MOJCKYJB MOryT OBITL HArJSZHO TIPEACTaBJeHnl JBHIKEHHEM
TAKEJOTO INAPUKA; JBUTAIOHIErOoCs TO NOTCHUMAAbHOR Kpuso# 2.
lIapuk, noauaTulii Ha ypoBeHs £ W nNpelocTaBieHHB caMomy cefe,
OyieT ABHraTbCsl CO BCe BO3pACTaiollell CKOPOCTHIO H, NPOAAA HH3WIYIO
TOYKY NOTEHUHANBHOH KPHBOH ¢ MAKCHMAJbHOH KHHETHYECKOH 3Hep-
ruefi, BHOBb NOAHHMETCH A0 ToukH E, Jexameli ua yposHe E. Ilpn o6-
paTHOM ABHIKCHHM, KOI'Aa llapik nomafeT B touky C,y Hero HyleT ke
BO3M(IKHOCTH: HJH KaTHTLCA BHH3 MO NpekHeHd KPHROH, HIH mepefiTH
Ha KpHBYID 3 €3 H3MeHEeHHst KHHETHYeCKOH 3HeprHH B COnJachu ¢
npuhnunom Ppanka — Korgona. Ecau wapHk nepefiler Ha KPHBYIO 3,
TO, KaTAch No iell, OH TOAHEMETCHd Bulie YpoBHA D, u mostoMy
NMpH ABHXeHWH 06paTHO 10 3TOH e KPHBOH OH BHICKOUHT 3a e¢ Npe-
ndensl. PH3HYeckH 3T0 GyJIeT COOTBETCTBOBATH JHCCOHHAUMH MO.1e-
KyJbl, OpHYCM COCTABHBIE YACTH MOJEKYJB PAa3jeTsTcA ¢ OnpereicH-
HOR Kuuernwecroll suepruef. OueBHaso, YTO uem Bbille YPOBelb,
Ha KOTOpHH [epPeXOAHT MOJeKyJda MO CPABHEHHIO ¢ ypoBHeM D), TeMm
¢ Gonblielt KHHeTHUeCKOR 3HeprHefl pasieTATCA OCKOJIKH MOJEKY.bl.
Ho uem Beime waa ypomneM D pacnionoxen ypoBeHb £, wa KoTopwifi
Nepexo;lHT MoacKyaa, TeM Goablleli cropocThio o6AajanT Ko.1el.110-
HIHECA Aapa TpH NPOXOMAEHHH TOUKH mepecevyerun € NMOTEHUAATIBHLIX
KPHBBIX, TOITOMY TeM O60.bile BEPOATHOCTh, YTO MOJEKVJia «npo-
CKOYHT® 3Ty OMacHYX .TOYKY H ocTaHeTcss Ha Kpueoit 2. Otciofa
NMOHATHO, NOYEeMY HHOTAZ B yALTPadHOTETOBON YacTH CNeKTpa BHOBb
BOCCTAHABANBAETCA POTAIHONHAA CTPYKTypa nojoc. B paccmarpusae-
MOM C/lyyae rpaHulla NPeiRCCOUNHANHH, COOTBETCTBYIOLIAR 3HEPIHH
Touku C, Gyner pearofl.

Ecam kpusag 3 smasercs kpusofl orraixuBauus (pue. 27,6), 1o
Nepexol Ha 3Ty KPHBYI) OKa3bBaeTcd BOIMOMKHBIM H HHXKe TOukH C
3To Tak HagbiBaeMuil Tywueavwoi spexr. Ilepexoa BoamoxeH
MeAKAY TOYKAMH KPHBBIX 2 u J, COCANHEHHHWX OYHKTHPHONl KpHBOM.
B stOM cyyae pasMuiBanse [0JIOC HAYHHAETCS DaHee CPAHHUM Tpe-
Buccouyaudn C, :
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Hutepecua u xopouio usydena npeanccousanus NO, Cnertpi 0o-
TJIOUIEHHA NOKA3MBAIOT [ABAa «MecTar» MNpelucCcollMalliy: NOoCTeneHHoe
pasMblBanne JHHHE B nosoce Habawaaercs okolo A= 380,0nrM u
npu 2459 um. [lepBoe «MecTO» npeAMCCOUHALHM COOTBETCTBYET nepe-
CeUCHHI0 AOTEHUMAJNBHBIX KPHBHX 2 B J puc. 28 B NPHBOAHT X BO3-
HukHoBenno NO W HopMaJbHOro atoma xucnopoaa. Ilpu nepeceue-
HHH NOTEHUMANBHHX KPHBHX 4 W & Ha0JAOAaeTCca BTOPOE «MeCcTO»
MpeaHCCOUKAUHH, COOTBETCTBYIoMee o6pa3oBanuic NO U BO3OyMKieH-
HOTO aTOMa KHCJOpOAa B cOcTosHHM 'Dp. B ofJacTH npeiHCcCOnUamnH,
KOfla TOJNHOCTBbIO 3atyxaeT (uyopecleHuHA, (OTOXHMHUECKAa AHC-
COIMALKA MONEKY/L WAeT ¢ KBaHTOBHIM BuXodoM 2. IJTOT ¢akT mo-
3BOJISIET NPEMIIOJONKHTE, UTO peaklHs MpOTeKaeT No CJASAYIILeMY
MCXanu3My:

NO;+ hv —> NO4O
NO;+0 — NO+O;

2NO, -+ v — 2NO 4+ O,

TouHo omnpeiaesuTh «MeCTO» NepBofl AHCCOLHAUMM, KaK BUAHO H3
XapakTepa OOTeHUMAJBHLIX KDUBHIX H CKAa3aHHOTO BhHIlE O BO3MOXK-
HOCTH B TAKMX CIyY4aAx TyHHeJbHOro 3didexTa, AOBOJBHO TpyAHO.
BTopoe «MecTo» AMCCOUHAIHH, KAK BHAHO #3 KPHBhIX, MOXHO onpeie-
JAHTH TOMHO. Kak yiKe cKasaHo, «MeCTo» BTOPOA TNpelHCCOLHALMH
JeKHAT 0KoJo 2459 um. 1ol AaHHe BOJNHLEL COOTBETCTBYET KBAHT 3Hep-
run 486,18 k[l /Moab. Jueprus Bo3byAeHH KHCJAOPOJa, COOTBETCT-
Byioulaa ypoBHIO 'D,, pasxa 189,95 x[x/monb. IlostoMy sHeprus
OTWeNNieHna nepBoro aToMa kHcaopoaa or NO, Gyaer 486,18 —
— 189,95 = 296,23 k[]x/Mob.

3TH JadHHble NO3BOJASIOT ONPEARSHTL IHEPrHI0 AHCCOUHALMH KHC-
J0OpoAa Ka aToMH ¢ NoMollblo 3akoHa ecca. M3 Tepmoxumuueckux
LaHHBIX H3BECTHO, YTO

NO, —» NO+ —;- 0, — 56,4 kI

Bouutas M3 3TOTO ypaBHennsi ypaeHeHHe  (POTOXHMHUeCKOH
peakiny
NO; —-» NOH4 0 —29,2 x[Ox

H yMHOH\'aH ﬂOﬂy‘le]lelﬁ pe3y."leaT ITa ABad, HAXOJIHM
0, — 04+0—4795 xlx

Kax yidce yKaibBaJoch, A8 TOro, 4ToObl [POLECe NpeIRCcoLlla-
uHH Obln BO3MOmeH, Heo0Gxoaumo cofuiofieHHe nNpaBra  0T8Gpa.
DTtu npasHaa OTHOPA MOTYT ObiTh HAPYIUCHBI, IIPH NOMEIUEHHH MOje-
KYJH B 3JeKTpHueckoe HJAH MarnuTHoe nojae. Tak, dayopeciteHums
napos HOA4, BO3OYAUUCHHLIX cBeTOM ¢ A 3enencoli prytHoll anuuu,
MOKeT OBTL HOTYUIEHA AOCTATOMHO HHTCHCHBHLIM MArHHTHLIM NOAEM,
Kak #CHo #3 OABITa 11 KAaK {IOKA3HBACT XAPaKTep NOTENUNAALHBIX
KPHBRIN, TPH  3TOM MPOHCXOAHT IHCCONMANNA MOMEKVAL HOAA Ha
atoMpl, B OTCYTCTEHE MATHHTHOrO N04s ITOT OPONeCC 3anperden
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npaBuaaMa orGopa. Ilpy Ha/NOXeHHH METHHTHOIG NOJR B JAaHHOM
caydae cHHMaercd npapuiao, Ttpefywouee AJ =0, BeaeacTeHe 4ero
CTAHOBHTCH BO3MCKHBIM npoLecc npedHccOUMAUHH. JTO ABAEHHE
NOJIyYHJIO HA3BAHHE MAZHUTHOZO TYWeHUR Payopecyenyun.

CHUMATh YCJIOBHA 33Mpera MOXET H NPHCYTCTEHE NOCTOPOHNUX
atomMos. Hanpumep, Monekyan Iy cnoHTaHHO AMCCOUMMDPYIOT B MpH-
CYTCTEHH aTOMOE KMCNOPOZA HJAM aproHa npn AeHCTBHH CBeTa C 4acro-
TaMy 43 ofJacTH AUCKpeTHOro crnexkrpa aGcopbumn (A = 510,0 um).
Takoe sBJAeHHE NOAYYHAO Ha3BaRHe HHOYUUPOEANHOD npeduccoyua-
yuu. OHo OOHApPYXKEHO A MOJAEKyAAPHHX raszop 1, Bry, Te;, S, N,
NO. B oflieM Buje MexaHH3IM 3TOTQ NpoLecca MOXeT GHTh 3anfcad

AB*+X — A+B+X {106}

raAe AB* — no3Gykaennas Mojexkyna AB.

SiBaeHye NpeJHCCOUHAUMH NPeACTaBafeT OYeHs OOJBIIOH HHTEpec
aad nposejenns (DOTOXMMHYECKHX peaKUHl, Tak Kak npx 3aTpare
He0O/bLIHX KOJHYECTB 3JHEPrHH, MeHbLIHWX, YeM 3TO COOTBETCTBYET
cnnoinol 06aacTH NOrJOILeHHA, yRaeTcd BH3BaTh pacnaj MoJeKynbl
Ha atoMbl. Oco0bit HHTepec B 3TOM OTHOUWEHHH NPeACTaBJAsAeT sBJe-
HHE MHIYUHPOBAHHOH NpPCAHCCOLHALHH.

AneMeHTapHble (HOTOXHMHYECKHE NPOUECCH MOMKHO CBECTH K ABYM
THNAM: |} MepBHYHOMY 39JEKTPOHHOMY BO3SOYIKIACHHIO MOJEKYJH, HC-
NHTHBAWILeH# 3aTeM pacnaj HAE NpeBpallleliHe NPH COyJ1apeHHH, H
2) cnonTarHOR doToOXMMHYeCKOH AHccounalud. [Ipu ofayueHHH Mo-
JEKY/ CBETOM € Y4cTOTAMH, COOTBETCTBYIOUIHMH JHCKpeTHOR o6nacTH
abcopOuun, BO3MOMXHH TNPOUECCH TNEPBOTO THNA, a NPH 06JyYeHHH
CBETOM C YACTOTAMHM, COOTBETCTBYIOUIHMH CILIOWHOR 06/1acTH cnekTpa,
HaBMI0AAI0TCH [IPOLIECCH BTOPOrQ THIA, ‘

ITpouecc auwccounauns HHorda Habmiofaercss NPH CTOJAKHOBEHHH
$OTOXHMHYECKH BO3OYXACHHHBX MOJEKYJA € HeBOAGYKIEHHWMH Mo-
Jnekyhamy HHOH npupoAb. O4eBHAHO, 3TOT NpOUECC NPOHCXOAHT
BCREACTBHE Mepeflaud OPH CTOJIKHOBCHHMH 3HePruH BO3OYXIEHHLIX MO-
JeKY/l HEeBO3OYKAECHHLIM MOJIEKYTaM, H eCJ/H 3Ta NepCAaHHas 3Heprus
OKasuBaeTcsl fogblUIe HX 3UEPrHH JLHCCOUHANMH, OHH PACMANAOTCA Ha
yacty. Tlepenada sueprum Bo3OYMAEHHN APYFHM MOJEKY.1aM Ha3bi-
Baetcst yaapom BToporo poaa. llpolece auccounauus B pesyabrate
yAapa BTOpOrc poAa IOAYYHI Ha3BaHHC cencubuausupoeaxnoi duc-
coquayuu,

3To gpjeHHe GHJA0 OTKPLITO, KOrAa YCTaloBHAH obpa3zoBanue aTo-
MCB BOAOPOIa B CMeCH PTYTH H BOIOpoda OpH OOJYYEeHHH CBeTOM
€ AJHHOH BOAHW, COOTBETCTBYOUCH AHHHH BO3GYXIEHHS pPTYTH,
3TOT npolece MOKeT GLITh H3OOPAKEH CAEAYIOIUHM 06pa3oM:

Hg + Av —> Hg* (107)
H;+Hg* —» H+H+Hg
Hpouecc 3TOT BUOJIHEe BO3IMOMXKeH, NNCKOJALKY SHEDrHA OHCCOLWAa-

LHH MOJEKYA BO/Opula paBHa 4,4 3B, a nepsbli ypoBeds BozOyxie-
HHA PTYTH 4,9 3B,
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OBMEH 3HEPTHER NMPH COYJAPEHHAX.
JHCCOLMKAUHA ¥ OBPA3OBAHHE MOJIEKYJT

§ 8. O6MeH KHHeTHYECKOM 3HEPTHEH NPH ynpyrom yaape

PaccMorpusM cHavasla o6MeH KHHeTHUeCKOA 3Heprueil ympyrux 4acThu
npu UenTpadbHoM yaape. O603HauHM MacCy TNCPBOH YacTHUH Yepe3
1y, €e CKOPOCTh A0 yAapa vi, 4 Mocjae yAapa u;, Maccy BTOPOA 4acTH-
UK fMg, CKOPOCThL [0 yiapa vp;, a mocje yjapa up. Toraa, coraacHo
34KOHY COXpaHeHHRf 3HEPrHH H KOJIHYECTBA JABHMXeHHA A0JA 3SHEPTHH
NepBOfl YacTHUL &, KOTOpas 6yaeT nepejaHa BTOPOWH, paBHA
2 2 2 2 2
g Mgtig — Myly - muy — m =1 _(_“L) (108)

2 2
m mp U,

Be/HuyHHY @ MOMHO BHPA3HTh Yepe3 HCXQAHLIE CKOPOCTH YaCTHL
caenyrowuM obpazom

2 P 2 .2
m ("1—“1)=m2 (“2"”2) } (109)
my {v; — t) = ma (3 — 0,)
Hensn BepxHee ypaBHeHHe Ha HHIKHEe, TIOJYYHM
0, +u =uvy+ i (110)

Ymuoxas seipawende (110) wa #12 1 BHIYHTAA NMOJYYEHHOE paBeH-
CTBO M3 BToporo ypasHemus cucteMst {109), Haxoaum

oy — mgv) 4+ 2mgug == mu; 4+ Mmotly (D
OTKY/A
#y = [2m,0; + (my — ma) o)/ (my 4+ my) (112)
[Mogcrapasna phipaxenne (112) B (108), noayunm
_ {m; — my) 4 2my (nafvy) P
a_l_[ my + mg ] (13

Ecau npeanonokiTs, 970 CKOPOCTh YAapsaeMoll gacTHUW vy =0, TO
a == dmymaf(my -+ my)? (114)

M3 3T0ro BRpameHHs BHAHO, UYTO €CJH My ==m, TO0 & =1, T.&
BCA 3HepPrHa YyAapsawouell uvacTuusl OydeT NepelaHa yAapAeMod.
Ecan m, <« m,, 10, npeneGperas 3HaueHHeM B 3HAaMeHaTele BHIpaXe-
A (114), noayuum

a = 4dm,/m, (115)

JonycTHM, YTO yJapsiowlas YacTHIA — 3JAEKTPOH, a yAapsAeMas —
monekysa Bogopoaa Hs Tax kak macca atoma Bojopoaa B 1836 pas
6o.blile Macchl 3JeKTpona, To

l

a

T.e nepeiannan 3Heprus OyjeT oveHn MaAa, 3MeKTPOH foejge yiaapa
flepeMeHHT TOJbKC Hanpas/eHne /BHMEHHA, COXPAaHHB IOYTH BCKO
OPeXHIO0 CKOPOCTD,
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Tak kak Macca 3JCKTPOHA OUEHh Majla, OH He MOXKeT MNpPH Ynpy-
TOM COyAapennn ¢ MOJeKkyJoll nepelars efi CBOK KIHETHUECKYIO SHep-
rHio, 4ToO6LI NOBHICHTL Ce BPALLATEAbHYIO HJAR KodeGarensnyws 3wep-
reio. Jlna nmepexoda KHMHETHiueckOH IHePrHH [OCTYMATedbHOrO JlBHIKe-
HHR B KoaedaTedbHY0 Hauboaee 3¢QdexTHBeH yiap BAO0AB OCH
Mmojexkyanl. Ho game § npd TakoM yiape BCJAeAcTBHE HeBBIOLHOTO
COOTHOUIeHH® Macc MomeT OuTe nepepaHa anmbL HeboJbluias fOAs
KHHeTH4YecKoll sHeprun 3jekTpoHa. HecMoTps Ha 370, npu nekoTophix
06CTOATENLCTBAX WepPexoj KHHETHUeCKOR SHepPIHH NOCTYNATEeNbHOTQ
JNBHIKCHHA 3JEKTPONTA B KONcGATOAbHYH) SHEPTHIO MOJEKY.Jbl, ¢ KOTO-
POl 0 CTAaAKHBAETCH, OKA3LIBAETCA BO3IMOXKHBIM, IDACKTPOU CBOUM
JIEKTPHUECKHM T0JCM MOXET TdaK HCKa3HTb BHYTPeHHee nojde Mo.1e-
KYAbl, 4TO MpOM30iHJleT H3MeHeHHe ee KoJaeBaTeNLHOrO COCTOAINHSA,
Onuit noxaszana, uTo 3JekTponnl, ofgasawowue sHeprueft 5 3B, Boa-
Gy:xnalor KoiebaTennHole ypossu Moaexyna Ny u CO. Bpauarenpioe
JBHKCHHE MOJICKYNBl DM 3TOM He H3MexsieTcA. Ecan cunrtarts, uto
8030yKIAIOTCH JHWL NepBble KojeGaTeJblble YPOBHH, TO pacueT 1O-
Ka3LIB2eT: BepOATHOCTL BO30Y:K/AEHHHA MOJeKyaul a3oTa pasxa 1/110,
a wmonekyan CO-——1/30. 3Sueprus xoneGarenbHHX YpOBHEHA 3Tux
MOJIeKYJl NOYTH ONHHAKoBA. Pa3diHuHbe BeposTHOCTH Bo3byKAeHusd
VKa3aHHHIX MoJeKya o0bACHAIOTCA TeM, YTe MOJeKyJa MOHOKCHIA
yraepora ofnaaaer coOCTBEHHHM AHMOJBHHIM MOMCHTOM, a 3TO yBe1H-
YHBAET BIANMOALHCTRYE £¢ ¢ 3,IeKTPOHOM.

§9 Mepexol KHHETHYECKOA SHEPIHH NOCTYNATEAbHOTO ABHKEHHUA
B JHEPTHIO IIEKTPOHHOrO 8030y ACHHA

Hexoas u3  kjacCHYeckHX [PeACTABNEHHA mepexol  KHHeTHYecKofd
9HEPIHH MOCTYNATEJLHOTO ABHIKEHHS 3J€KTPOHA B JHEPTHIO 3JEKTPOH-
HOTO BOSﬁy?K,[leI”Iﬂ aToMa HJIH MO.’]EKy.flbl MOXKHO paCCManHBaTb KaK
Heynpyrud yaap. [lpn seynpyrom yaape AedopMmanus yaapsiommuxcs
TeJ YBENHUHBaeTcss 40 TeX MOp, MOKa CKOPOCTh HX HE CpaBHSAeTCH
(T.e. uy=wuy=u), Nocae 4ero CTaNKHBAlOWIHECH TeJa ABHIAIOTCH
BMecTe.
[lo 3aK0HY coXpatesns KOAMUBCTBA ABIKEHUR

moy + myey = (m + mz) u (116)
OTKyAA
u={muo, + mva}{(my + m) (117)

Konnuectso aBuxenus, KoTopbiM OOMEHHBAIOTCA UIApH NPH He-
yOpyrom yaape
= mn — mv, = myu — m,0- (118)
iToveps KuneTuwecko#l snepruy NpH HEYNPYroM yaape
l 2 1 2 ! 2 1 P)
=g mit 5 myy— (Emi“ + g mo ) (119)
loactasass 8 {119) supamenne (117), nonyuum

PR L N (120)

L + tily



Joas KuHeTHueckoR 3nePruH, NepexoAfiiuas BO BHYTPECHHIOW
— 2
mym; (0 2’-’2) lr(”le -+ ) (121)
myo| 4 mgls

i1
ﬁ’—’Fg

3HaK paBeHCTBA COOTBETCTBYCT LEHTPAJbHOMY YAapy; OPH HEleH-
TPAaJLHOM YyAape A0Js lepeJasioll IHepriil MeHblie.
Ecnn ckopocts yaapaemoit vactuin Gyjaer v, = 0, 1o

B << maf(my + ma) (122}

Ecau nepeas uacTuua — 3JIeKTROH, a BTOpas# — MOJIEKYJaa, TO
my < my B, CJAeAOBaTe]bHO, NIPH Heynpyrom yaape Pp=1, T.e. BCd
3HEPrHA 3JIEKTPOHA MOIKeT LeJHKOM nepedTH B SHEPTHIO 3/eKTPOH-
HOTO BO30YMjIEHHA aToMa HAH MoJekyas, OnbIT nokasblBaeT, 4TO
TaKOH [epexojs NOAUHHEN KBAHTOBLIM 3akoHaM. OH BO3MOMNeH TOJbKO
BPH YCJAOBHM, YTO 3HEPrHst yLAPAIOLWETD 3JeKTpOHA paBHa SHeprHd,
HeoOXOUMOIl 118 flepeRoda 3.JIeKTPOHA B MOJIeKYJae H3 33JaHHOrO
coctoanng B Jodoe Apyroe coCTosliHe, pa3pelieHHOe KBAHTOBLIMH
ycaoBHaMil oTGopa. Eciii CTOMKHOBEIHST MCHIY 3JCKTPOHAMH H aTo-
MaMH KM MOJeKYyJaMd BeAyT K BO30YKICHHIO aTOMOB HJIH MOJIEKY
3a C4eT KHWHETHYCCKOH 3HePrHH 3/JEKTPOHOB, TO TaKH¢ CTOJKHOBEHH:A
Ha3mBawTcs ydapamu nepgozo poda. HMccaelya CTONKHOBEIHA 3AEK-
TpoHoB ¢ aTtoMamu, ®paux u [epy paspaGorann yaobuble METOAR
OnpeaeseHHs pe30HAHCHKX, KPHTHYCCKHX W HOHH3ALHOKHBIX LOTEHIHA-
JCB aTOMOB.

Bo30yx/ieHHe WJH HOHH3AllHA ATOMOB TPH CTOJKHOBEHHH HX ¢
9NEKTPOHAMH 3ABHCAT OT SHEPTHH HJH CKOPOCTH nocnegdux. B 6onb-
IHHCTBE CAyuaeB BepOSITHOCTL BO3OYMIeHHS (OTHOILeHHEe 4YHCaa
CTOJIKHOBEHHH 3JIEKTPOHA H aToMa, NPHBOASIIMX K BO30YXAEHHIO, K
oflleMy UHCJIy CTOJKHOBEHHH) COOTBETCTBYIOULEIO YPOBHS aTOMOB
BO3pacTaeT 0 MaKCHMyMa ¢ POCTOM CKOPOCTH 3JCKTPOHOB, HauHHAg
¢ HCKOTOpPOro 3HAaYeHHs, a NpPH AaJbHCHIUEM YBEJIHUEHHH CKOPOCTH
3JICKTPOHOB BEPOATHOCTh BO30YXKIeHus naiaer. KpHBHe, RawliHe 3a-
BHCHMOCTL BepoATHOCTH BO3OYyXKIeHHs [ OT CKOPOCTH 3/IeKTDOHOB
(B BOsibTax), HA3LIBAWTCA KPUBBIMU (hyrKylL 8030YNCeHUA.

Honoxenue MakcuMyma Ha KpuBoR OYHKUMH BO3GYXKIEHHS 3aBH-
CHT OT MYJAbTHNJETHOCTH HCXOZHOTO M BO3Oym/JAeHHOro ypoBHs (Tep-
Ma) aroma. [Ipu BO3OYKIAEHHH TEPMOB TOH e MYIbTHIJETHOCTH, YTO
H HCXOAHBI TepMm aToMma, QYHKUHA BO3OyXKIAeHHS] HAPACTAET NOBOJbLHO
Me/UleHHO, AOCTHrafg MaKCHMAaJibHOTO 3HateH#f NpPH 6OALIIMX 3Hade-
H¥AX cKopocTedl 3JeKTpoHoB. CKOPOCTb 3JAeKTPOHOB B 3THX CJy4Yanx
OBBITHO B HECKOJABLKO Pa3 NpeBHItaeT MHHHMaJbHOe 3HAYEHHE CKOPOCTH
(sHCpruH) 3JexTpoHa, NPH KOTOPOfl 0KA3LIBAETCSi BO3MOMKHHM BO3-
6yAUIcHHE aToMa.

Ecnu ke B pesynbrate yaapa 3/eKTpoHa BO30Yy:kIaeTca TepM
HHON MYJbTMNJIETHOCTH, UeM HCXOAHLIA TepM, To (QyHKuUus BO36YyKae-
HHA OLICTPO JOCTHraeT MAaKCHMyMa M 3aTeM OBICTPO yMeHbLAeTcH.
O6a ykazanublx cJyyasi 3aBHCHMOCTH BEPOATHOCTH BO3BYMAGHHA OT
CKOPOCTH 37€KTPOUOB HIIOCTPHPYIOTCA puc. 29, rae nokasana ¢ywk-
uua Bo3OYXKAeHHA AAA AByX GAH3KUX aunuil pryr. [1pu Bo36yxkienng
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' do ngcag noene
LI | |- H { 3 -
8§ 126 20 3 4 5038 S P, epe g,

Pic 29. OyHkUHY BO3OYXaeHHS AN ABYX GJAHIKHX JHMHMEA PTYTH:
I—265,5 nm (4 0,— 2Py, 1~ 2653 uu (9D, —Bp),
Pac 30. Cxema koudurypauuii cniHOB cBOGOAHOrO 3JEKTPOHa H SJSKTPOH2 aToMa

AC K Toche COYAapeHHs:
a— 6?! HiMeHeHHA MYNbTHINETAOCTH; O = ¢ H3IMEHeHNEM MYJNBTHOAGTHOCTH,

oHofl JUHMH aTOM DPIYTH NEPeXOAHT H3 HOPMAJbLHOTO COCTOSHHA
1'Sq B coctosune 4'Dp [lpr 3TOM MYJLTHIVIETHOCTb HE MEHSETCH.
Bo36y:aeHHbA aTOM uepe3 HeKOTOpOe BpeMA NepexOAHT H3 3TOro
BO36yxKaeHHOro cocTosiuua 4'Dy B cocTosinke 28P), uTO CBA3aHO C HC-
nyckaHueM CBeTa ¢ AJHHOH BosHH 265,05 uM. BosGyxieHue Bropof
JHHHK CBA3AHQ C flepexolomM H3 cocTofAHua 1Sy B cocrosnue 43D,
Ilepexos DPOHCXOAHT MeiKy COCTOSHHAMH € Da3HOH MYJBTHOJET-
HOCTBIO M HA3BIBARTCH UNTEPKOMOUHALLORHBIM,

[lpn HHTepKOMOMHAUKMOHHOM Nepexoje YIADAIOUIMA M yoapAeMmbilf
3MCKTPOHBE aTOMa MEHAOTCA MecTaMH. YIapsiolHi 3/1eKTPOH 3aHH-
MaeT MecTo yAapsemoro. Jlas takoro ofMeHa 3JeKTPOHOB HEOSXOAHMO
onpejelieHHoe BpeMs, MO3ITOMY TaKoil llepexoi BO3MOMKeH NPH Malbix
CKOPOCTAX ABHUMEHMA 3JEKTPOHa; npH OoJAbLIHMX CcKOpocTHX ofMed
CTaHOBHTCH 3aTpyAHHTeNbHLIM, Cxema KOHMHrypauwil CIHHOB 3jeK-
TPOHA B aTOMe H YyAapsolleM 3JeKTPOHE AAs nponeccoB Bo3Gyie-
KHS, IPOHCXOARNIHX ¢ H3MeHeHHeM H 03 WIMEeHeHHA cIMHOB, NOKa3aHa
Ha puc. 30. BepoaTHocTh BO36YKAEHHA CHIABHO 3aBHCHT OT NPHPOAH
aToMoB H HX Tepmos. Bosbymxnawouiee feficTBHe 31eKTPOHHOrO yaapa
fodgee apdexTHBHO, YeM deficTBHe cBeTa. ITO OODLACHAETCA TEM, YTO
SJIEKTPHUECKOE [OJIEe JEKTPOHA CHHMaeT 3anpeTh ¢ nepexogos, Ha-
ApHMep, NMPaBHIO COXPaHeHus MyabTHNAeTHocTH AS = 0 zaMeHzercs
B cayyae 60MOapAHPOBKH MOJIEKYNL 3J€KTDOHAMM MEHEE KeCTKHM

TPABHJIOM:
AS=0, =1

JTO NPABMAO TONYYAETCA KaK CJEACTBHE BO3IMOMHOCTH OOMeHa
MECTaMH YIapseMOro H YAAapaiollero 3JeKTPOHOB, OJarcaaps uemy
SAEKTPOHHHN CiIMH MOXET HJAH OCTAThbCA TPEeXHHM MAH HIMEHHThCH
Ha 41 wan —1. BepoATHOCTL HOHM3AUMK 3JIEKTPOHHHM YAAaPOM HMeeT
MAKCHMYM TpH  HEPTHH 3/EeKTPOHOB, paBHoA ~ 100—200 3B, 4
OBBIYHO COCTABAAET HECKOJbKO ACCATKOB TPOIEHTOB.

ITpn GoMm6apanpoBKke MOAEKYJNH 3/JEKTPOHAMH [POHCXOIAT pasHo-
ofpasHble mpollecchl HOHH3anuu ¥ Auccounaunud. [loka Her Teopunm,
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KOTOpas N03BOJHJAAa GH PaccyHTaTh BEPOATHOCTH NPOTEKZHHA Onpe-
Jle1eHHOTO flpoliecca BO30YXOEHHS MOJEKYNhn HJH ee pacaala Ha Co-
craBHble uyacTH. CTOJKHOBGHHe 3J€KTPOHa, obhajaioulero Majgoh
SHepruef, ¢ MONeKVJol OOLYHO NPHBOAHT K NepesOAy MOJeKy/n na
6osee BHICOKHE BpallaTtesbHule, KoneGarejauHble HAH 3JAEKTPOHHLIE
SHepreTHuecKHe ypoBHH. [1pu MOBLIIUEHHH CKOPOCTH ABHMKEHHS 3JIeK-
TPOHOB AOCTHraeTCsad MOMEHT, Koria 3HCPI'HA yﬂapﬂmmero QHEKTPOHH
OKa3HBaeTcs AOCTATOUHOM AJA HOHU3AUHH MOJEKY.IH.

[Totenuuan HOHH3AUHKY MOJEKYJn CKAAALIBAGTCA H3 BHEPIHH Pa3-
pLiBaeMoOll XHMH4YecKOli CBA3H, NOTedUMajsa HORN3AUMR O0OPa3UBAR-
IIerocs HOHU3UPOBAHHOIC OCKOAKA MOJIEKYJhi, KHHETHHECKOR 2ieprud
W sHepruH Bo30ykieHHs Bcex 0OpazoBeBWIHXCA ockonkos. Ilpn no-
BHUIEHHH SHEeprHH 3JeKTPOHOB BO3OYXKieHHe Ronuaaposaano@ MOJe-
KYJAH MOMXeT NPHBECTH K AMCCOLMALHH, B Pe3yJAbTaTe KOTOPOH ROAB-
JAAITCA WOHH ¢ MeHbllell Maccofi, a Takie MoOryT ofipasoBaTbcs H
HeHTpaJbHbE OCKOJKH MOJEKV.Inl,

HauMeHblnasi 3HEPrHA 3JeKTPOHA, NPH KOTOPOA MPOHCXOAKT AHC-
COIHMAIlHR MOJIEKYMH ¢ o6pa3oBanneM HOBWA HOHOB, HOCHT HasBa-
Hue norenyuara noasaenus, [loTenunaas  nogshedHa  ocoleHHo
yao0HO H3MepATh € MNOMOULIO Macc-cliekTpoMeipoB. [Jluccounamms
MOJIEKYJH Nox ACHCTBHEM YA4apa 3JEKTPoHA OOLNHO CACAyeT He-
OCpeICTBeHHO 3a BO36VXKIeHHEM MOJeKYJan H TI0X0Ka Ha pac-
CMOTPeHHBIi HaMn npouecc doTosuccounauun, B ofoux cayuasx
HMeeT MeCTO NepexoAd MOJeKY/Ju Hda KPHBYIO OTTAJIKHBAHHA HJAH B
Takylo o6aactb KpuBofi ycTOR4HBOro BO3OY:NAeHns, rAe SHEPras
MONEKYAb OKajulBaeTcd GOAble 9HEPTHH ANCCOLNALAYW HA COOTDETCT-
BylOLIHe HPOAYKTH.

[ToteHunanel NOSBJEHHA HEKOTOPHIX HOHOB B MeTaHe, H3MepeH-
Hble ¢ TIOMOINBIO MAcc-CNEeKTPOMETPa, NpHBefeH B TabA. 6.

Hiurepecso, 4To BBeieHHe B MOJNeKyAY H3OTONHHX ATOMOB 4acTo
OPHBOABT K 3HAUHTEJbHOMY H3IMEHEHMIO BeDOATHOCTH pacllieniedus
CBA3H mpr GombapaupoBke aaekTponoM. Tak, ceask C—D B MeTane,
aTaHe ® mponaHe chabee, yem cpa3s C—H B Tex e Monexkynax,
Kpome Toro, n3oTonkoe 3amemenue BooGlLle NPABOAMT K OLJiaBAEHMIO
cocenHnx c 3aMellexnoli cessei C—H. BeposthocTs pacwiensienus
cBasu C—'"C okasuBaercs Ha 20 %G6oabwe, yem BEPOATHOCTL pac-
wenyaenus ¢pasu 2C—12C.

Tabauya 6. MHorenyuoaw noreaenusn uono8 npu Sombapduposke
BAEKTPOHA MU METARQ

Morentnan Hotenyuaa
Peaxunn i Peaxuns no:as;fe-
| 3B | sB
CH, -—— CHy 13,1 CH, —» H'4+:CH,+4-H 22,7
CHy --» CH!+4H 144 CH, — :CH'+3H 233
CH, —» CH; +H 157 g CHe —> H'+C+3H 294




PaccMOTp#M pacueT 3HepruM CBA3H MO MOTEHUHANY NOSBJSHHS.
[lpn GomOapaupoBke nponaHa 3JeKTPOHAMH MNOTEHIMAA [OABAEHHSA

uoHa C,H; papen 14,5B:
Citls —> C.H? 5 CHs AH® =145 3B

DHeprust 3TOH PeakiMH JOJAHA PABHATBCA CYMME 3HEPIHH pa3pHBa
cBA3K  Dcn,. ¢, M SHEPTHH HOHHM3aUud pajukana - CpHs.

IMotennnaa nossacuus wona CoHs npw AHCCOLHAURH 3TaHa
paseH 15,2 B:

C:Hs —» CH: +H AH*=—152 3B

OH paBeH 3HEPTHH pa3puiBa CcBA3H Dcp,-n M SHEPrHH HOHH3AUUH
paankana -C,Hs. M3 TepMOXHMHUeCKHX ZAHHBIX H3BECTHO, 4TO

CHq + CzHﬁ —» C3Hs + 2H AH? == 5,08 sB
Ec/iH 3TH ypaBHEHHS CAOKHUTE, TOJYUHM

CH, —» CH;+H Dgpy—p =438 3B

ITosyuetnoe 3nageHde sHeprun cessw C—H goctoBepHo ¢ Tou-
HocTbio -0,253B u paBHo 422,6 + 18,8 k[lk/Monb. 310 3nauenue
cornacyetcsl ¢o 3HauyeHHeM 431,0 xJlx/MoNb, BLIYHC/JIEHHHM TEOPETH-
QeckH, & Takxe NPHONH3HTEILHO COBNAjJaeT cO CPeAHHM 3HAYeHHEM,
HaHJZEHHBIM KHHETHYECKHM u (OTCXUMHYECKHM MeTOAAMH, KOTOpHE
nawT cootBetcTBeHHO 451,9 1 396,6 kA /Moan.

Ilpn 6omGapaHPOBKe MOJEKYsn 3/eKTPOHaMH Habawofaercs ofpa-
30BAHHE HE TOABLKO MOJOXKHTEAbHHX HOHOB, HO H OTPHUATEALHBIX.
Hanpumep, npn 6omMGapanpoBke MeTana 3JeKTPOHAMH Habawjaaercs
nospaenue nonos CH,, CH-, C~ u H~. Ilpucoeannenye saekTpoHoB
K MoOJeKkyJaMm, pafHKajJaM HJAH artoMaM OCDbACHAETCA HalHYHEM ¥
HEX CPOACTBA K 3AcKTPOHY. [IpH 08pa3oBaH¥i OTPHUATENLHLX KHOHOB
oueHb 4aCTO 3HEPrHs, BLIAAAWILAACH NPH IPHCOeHHEHHH 3JIEKTPOHA,
NPEeBOCXOANT SHEPrHIO JHCCOLMAUHH MOJeKyan. Tak, B cayyae rajo-
renoB HabJa0zaeTcs npouece

e+ X; — X"4+X
rae X — aToM raJforena.
AnatorudHuli npouecc HAGAKAAETCA H AJA TaJ0reHOBOAOPOLOB:
e +HCl — CI"+H

O6pasosaine OTPHUATEJIbHEIX HOHOB NPOHCXOAHT BO MHOTHX ra-
aax, Hanpumep B NHj, N0, SO,, H,S, H,O. O6pasyiotea wonm NH-,
O-, 8O-, HS- u HO~.

[IpH CTONKHOBEHHH 3JIEKTPOHOB ¢ BO3OYMAEHHHIMH MOJEKYJaMH
BO3MOXKHA Tepelaya 3HEPrHH BO3GYKAGHHA MOJEKYJH 3JeKTPOHY, B
pesyJbTaTC Yero MOJeKyJja NePexcAHT B HOPMaJbHOe COCTOsHHe Ge3
Haayyennst. Takaa nepenaua asHepruu BO3OYKAEHHA KakOH-HUOYIDb
4acTHIle ¢ NePexoioM MOJEeKYJL! Ha HH3WHil 3HepreTHYeCKHH ypoBeHb
fic3 H3Ny4eHHs NOJyyHJa HasBaHue ydapa 810poz06 poda.
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§ 10. Houwnszaunn MosleKyN aTOMHBIM H HOHHLIM Y1aPOM

Jlonn KHEeTHYECKOR dHePrHH, nepexoifilian BO BHYTPEHHIOW, KaK 3TO
6L10 nokasaHo, onpeneasercs paBeHctBoM (122). Ecauw my & my, 10

T2l {123)

TaknM o06pasoM, KuHeTHYeCKas 3»Heprua yaapsiollefl YacTHIK
AOJIKHa OBITb B AiBa pa3a GoJblie SHepruu Bo3byxaenus. OuulT HOA-
TBEpHKAAeT 3TO 3akmouedue. [leficTBHTENbHO, TPH HOIM3ANAK aTOMOB
aTOMaMH, SHEeDPTHA, TPH KOTOpPOH OLICTDBH aroM MOXKEeT HNHUIHPOBAThH
4TOM 3TOr0 e rasa, NpUBJIH3UTESLHO PAaBHASTCH YABOEHLOMY IOTCH-
LUHAJY HOHH3AUHMH. DT0 BHAHO H3 NPHBEASHHEIX HHXKE AaHILX:

AroM . o . . . . L Lo ool . He Ne Ar
Yapoenuwh notedunaa Honwsauwu 2/, 3B . . . 19 43 31
Sueprua Bu3nBaOINEro HoHM3aUHW atoMa, 3B 60 60 40

C noBullIeHHEM IHEPTHH YAAPAIOILEr0 aTOMa BEPOATHOCTh HONH3A-
UHH YBeJHYHBAETCHA, NpPHYEM HOHH3HPYIOWAf CHOCOOHOCTE TANEIBLIX
aToMo08 BHle. Tak, npu sHeprun yaapsiomero aroma 8 100 9B kaxk-
Ebifi aTOM aproHa MOHH3HDYyeT B CpeiHeM OKoJo ABVX aroMos Ar, 10
atomoB Ne — okosio oxnoro atoma Ne u rtosmko 100 aromos He
HOHH3HDYIOT onuH atoM He. Ilpu nonu3zaunu atomo08 HOHAMH COOTHO-
LIeHHS HECKOJBKO MEHSIOTCH. YAapsiomuil Hon J10/1#eH TNpeofoserh
OTTAJKHBAHHe, BO3HHKAlOUIEe B pe3yibraTe HOUH3ALHE aTOMA. B. stom
clyyae SHepTHIO YAapRIOUIEro HOHA, KOTOPHIi BLI3HIBAET HOHH3ALHIO,
npubAHXKEHHQ MOXHO NPeJCTABHTL B BHIe CyMMbl

v=2(14-U) (124)

rge U/ — DoTeHuHaAbHAA 3HePrHA ABYX HOHNOB, paBHan &Y (r 4 r3) (r; w ry— pa-
AHYCH HOHH3HPYIOLIErO H BHOBbL BO3HE[K3E_OHIEI'O HOH:’l).

Kosdduunenr 2 cnpapeasur TOJBKO S HOHOB, MacChi KOTOPNX
6an3kn, OnbiTHHIM nyTeM Haiigcno, TTO Wonkl aproda Art HauHHawoT
HOHH3HDOBATL aToMbl Ar N0 JGCTHAENHH CKOPOCTH, COOTSEICTBYIO-
et 330 2B. Honuzanus atomos He # Ne cTanoBuTca 3aMeTHOR JHIIB
NpH  CKOpocT® yAapsiowkx uouos Het u Net Goabwe 500 3B.
Tlpu yaapuom B036GyKAZEHHH aTOMOB M MOJEKYJ floTexunan Bo3byxae-
HHH B CJIyYae HOHOB MHOrO BHIUeE, YyeM B CJydae 2JeKTPOHOB.

§ 11. TepMHUeCKAA HNCCOUHALHA

JiAccolHallA MOJEKYA B Pe3yJnTaTte TeNAGBOro 8037AeHcTBHS MOXKeT
OPOHCXOANTE WAK 3a CHET MOTJIOLWEHHA MOJEKYJaMH SHEPrHE HIH 32
cyeT CTOJKHOBeHHi MoJexy.. [luccoilauus MOJeKyJ B peayasTare
LOITIOWIEHHA 3HEPrHH NPHHLHGHANLHO HHIYEM He OTJAHYaeTes Of npo-
necca GOTOXHMHUECKOR AHCCOUHAINH.

[Ipn aHccOUMAUHH MOJIEKYJ, APOTEXKAWILEA MO BTCNOMY MEXAHH3-
MY, CBA3aHHOMY CO CTOJKHOBEHHAMH MOJeKYJ, TJIaBHVIO DOJL Krpaet
KoneGaTeanHan JHEPrHS H OTYACTH BPALIATENbH2A SHEPrHS MOMEKYJL.
Ecnu B pesyinTaTe CTOMKHOBEIHS MOJICKYJd KOJEOATC/AbHAA SHEPrHs
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oaHOR H3 HHx BO3pacTaer, TO 3Ta MOJeKyJda B pe3yabTate NMOCTeRyio-
IIHX CTOJNKHOBEHHE MOXKeT HCpeﬁTH B COCTOAHHe C MCHLUIHM HJH e
6oaplnEmM 3anacoM KojebaTensHoH 3HepruH. OOLIUHO B peayabTare
O4HOFO CTOAKHOBen#s TMepeAaercsd OARH KoaeGatenpHblt kpanT. Be-
POATHOCTL Mepefau KoJebaTeJbHbIX KBAHTOB NyTeM <cOyalapeHuit
pPe3Ko yBeJHYHBAeTCs C POCTOM Temnepatype. Ecau nByxaTomHas
MOJeKYJ/1a B pe3y/bTaTe CTOJNKHOBEHHH MepedeT B COCTOAHHE, B KOTO-
poMm ee KonebaTe/ibHag IHEpruy GYJIET COOTBETCTBORATL KonedaTtens-
HOMY KBaHTOBOMY Y¥CAY Mo, — 1, TO cuaelylllee coylapeHue, npH-
BoJfAllee K BO3PACTAHHI0 KOAeOATEILHON 3IHEPru# MONEKYJIbl, BhI3H-
BaeT ee Auccolnauunio. [lpouece wmoxer OuTe H306paxen cxeMoH

X, ("Uuanc - l) + X — [X2 (nvm“)Xg] — X+ X+X

(B kpagpatHuXx cKoGkax H306pazeHO COCTOSHHE B MOMeNT coyaape-
Hns).

B cromxuwx MoJekyaax HakonaeHHe KojeGaTedbHOH SHepPrHy uier
o BceM CBf3fiM, N03ToMy ofIlad kouefaTeabHas . 3HEPTHA MOXeT
NPeBOCXOAHTh 9HEPIHio AHCCOUHALHH, 3Ta HAKONJIEHHAS KoJefaTelb-
Hagd SHEPrHf, MUTPHPYS BHYTPH MOJEKYJH, MOMNET COCPeIOTOUATHCH
Ha OAHOM Hu3 cAA3eli, 9TO W TNpHBEAET K pacnaly MOJekyan, Ecan
BpeMs, Heo0XoAHMOe NJaA COCpelOTOUEHHR IHEPTHH Ha ORHON olpene-
JeHHOR CBf3H, COMOCTABHMO CO BPEMeHeM COYAapeHHs, TO peaKlus
TepMHUECKOAA aHcconHauMH OyzeT npoTeKaTk N0 GHUMOJEKYAAPHOMY
3akony. Eciu 3to Bpems Goabwle BpeMeHn COYLapeHus, 10 pacnaj
MOJIeKYNH OymeT OTAesieH OT COYAAPEHHA BPeMeHHBIM NPOMEKYTKOM,
& MeXaHH3IM AHCCOUHAUHH 6yXeT MOHOMOJEKYAAPHBIM.

Hexroropyio posib B nponecce TepMuYecKol IMCCOUHANHE MOJEKYN
Hrpaer H BpaulaTeJbHas SHEPTHs,

BpauarensHast sHeprusi MoJieKyJIH paBHa

Egp=la?j2 (125)
fie [ — MOMEHT HHEPLHH MOMEKYNH; @ — YIJI0BAA CKOPOCTh BPaLCHH.
IMoacrasum B BHpaxenue (125) aHaueHHe MOMeHTa HHepPUHK
[=yur? (126)

rae @ -— NPHBejeHAAA Macca ABYXaTOMHOA MONEKYNH; 7 — paceTofAuue MemAy SA-
PaMH.

YMHOKHB 4YHC/HTeN: M 3HAMeHaTeab BopaweHus (125) wa pr?

noJyanM
Epp = u?ririo’/2pr? (127)

Ho ro=v (v — annefinas ckopocTb BpalleHHA). TO3TOMY BLIpae-
Hue (127) MoxHO 3anHcaThb

Eop == n20r?j2pr? {128y

HJIH, TAK KaK por == P (p — HAMNYJILC BPalleHHd)
Byp = p*f2pr? (129)



Hs kpsautoBofi TeopHH HW3BECTHO, 4TO BpallaTCALHAR SHEPruf
MOJexys paBHA

hz
Egp= g7 e (e + 1) {130)

rae h — nocrosHdas Tliauka, n, — BpalwaTeinbHoe KBAHTOROE YHEJO.

Buyrpennas sueprass W(r) MOJeKyaH CKJAaALIBAGTCA H3 NOTeH-
umansHoit U(r) K BpawaTtensHoi Eap

W (r)= U (r) + p*/2ur* (131)
Juddepennnpys 310 BupakenHe, HaXOLHM

dU 2
W =--Hfi - ﬁ% {132)
HJH U ,
~f(n= df') _.;"’FT (133)

rae f(r) — cuaa, ReficTBYIOIAA MEXAY aTOMAMH.

H3 nocaeasero BHpaXKeHHS BHAHO, YTO NPH GoJBLLIOM 1, IEHTPO-
Gexuas cuna p?/pr® 6yner Goavwe dU/dr, 1. e. f(r} OyieT noJOXKH-
TeanHa, JIpyrRMu clnoBaMi, cuanl OTTaMKHBAaHUs OYAYT Oodblle CHJ
OPHTAMEHHH, H MOJIEKYJad PacflafileTCs Ha coCTaBHble YACTH.

Ecau noctpouTs rpadHk 3aBHCHMOCTH BHYTpeHHnel sHepruu OT pac-
CTOSMHA MeX1y AApPAMH HJAA PasHuNKX fr (M COOTBETCTBEHHO p?),
TO NOJYYHTCA ceMeficTBO KpuBnix (pHc. 31). Bece 3TH Kpubue B ofaa-
c¢TH GoAbUIMX r CTPeMATCA K ofHOH acumnrore. [Ipm nepexome k
MaJbM 3HaueHHAM r (B OT/JHUME OT NOTeHUHaJLHBIX KPHBHX He-
BpawawlleficA MoJAeKyabl) cHawana HabawaaeTcs MaKCHMYM, a 3a-
TEM yMe MHHHMYM, OTBeYaIOLKH YCTOAYHBOMY COCTOAHHIO. 348Ch Op-
IHHATH Ka)KAOH TOYKM KPHBOH DaBHH CYMMe HOTEHUHAAbHOH IHEPruH
U(r) v KnHeTH4YeckOR sHeprum E£(r). Tlpn HeKOTopOM BpawmaTeanHoM
KBAHTOBOM YHCJIE MAaKCHMYM M MHHHMYM Ha KPHBOR HCYe3aloT H nHO-
ABAfAeTc Touka Neperufa. Kpusas ¢ 6oablIHM n, yike He OyleT uMeTh
HH MaKCHMyMa, HH MHHHMyMa, T. e, OYART KpHWBO/ OTTaJiKHBAHuA.

Pacnaa monekynsl TOJBKO B pe3dy/hTaTe YBeJMueHHS ee Bpaiua-
TeJAbHOW 3HepruH yecraxosien aas HgH. B nonocatom cnekrpe ue-
nyckanua HgH npu n, = 31 nonoca oGpriBaercd, D10 yKaswBaeT Ha
pacnaa wmonekyaw HgH., B cay-
yae OJHOBpPeMeHHOro BO3BYMAeHHA Wi
KoneGaHHil pacnaj MOMEKyIH Mpo-
MCXOAHMT NPH MeHbLUIHX mnpelebHBX
uyenax n,. Jna Monekyanl, Haxojs-
wefick B KojdebGaTeALHOM  KBaHTO-

BOM COCTOfIHHH N == |, CQOTBETCTBYIO-

mee JAHCCOUHAUHH 1, = 24; AnA

=5
pret
Puc. 31. 3aBHCHMOCTL BHYTpeHHed 3HepPTHH pP=g
ABYXATOMHOR MOJIEKYAH OT PACCTOSHHA Me-
KLY HAPAMH. T
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nY==2pn =17 n 1aa n, =3 n,—=38. Orciona MOXKHKO CAeNaTh BH-

BOJA, YTO BpaulaTeibHas 3HEpPruna B cyMme c KoJaebateabHOR Momer
HMETh CyIeCTBeHHOe 3HadeHHE NPH TEPMHUECKOM pacnaje MOJexyJd,

§ 12. Jduccounauna MONEKYA Ha NOBEPXHOCTAX

Tlpouecc AxccouHauHH MoaeKyan HepelKo o6JerdaeTcs HaJHdHeM
TBepAofi nosepxHocTH. M3secTHo cayyaw, Korna aKTHBHBIE UEHTPHI
PEaKUHH — aTOMBl HJAH PaJHKa/bl — 32pOXKAAI0TCA HA NOBEPXHOCTH H
3aTeM HHHUMHPYIOT peakuu#, nponcxoasuuue B obveme. Tak, ecau
HalpaBuTb APYT Ha JApyra Harpetne 2o 520°C cTpyd BoAOpoAa M
KHCAOpOAa, TO peakllds MeXAY HHMH He [POHCXOAHT; peakuHi
yhaeTcs BH3BaTh TOJbKO NpPH TeMnepatype ra3oB Boiute 560°C,
Ho ecau B nepeceuenny raaoBbix ¢Tpyd BOACPOJAA H KHCJAODOLA BBECTH
Rarpethiii 10 520°C kBapuesHil cTepxKeHb, NPOHCXOAHT B3PLIB.

Juccolnanua MoJeKysn Ha HarpeThiX TOBEPXHOCTAX MOMET Mpo-
HCXOAHTbL MO ABYM COBepUIeHHO PasfAHYHHM MexaHH3amam: [} Bcsener-
BHe nepenaiH 3IHEPrHH 3JeKTPOHHOTO BO3OYXACHHA MNOBEPXHOCTHHIX
2TOMOB H MOJEKyJ MOJeKyJaM, YIapAiollHMcA O NOBEePXHOCTh, H
2) BcaeAcTBHE yMeHbIUEHHS SHEPrHH [QHCCOUHAUHH Y ancopbHpOBaH-
HEIX MOJIEKYI.

[Mpouecc auccOUHAUHH MOJEKY/NHW Ha aTOMBl TO NEpPBOMY Mexa-
HH3MY NOXOX Ha PacCMOTPEHHHII HAMH Npollece HHAYUHPOBAHHON JHC-
counaund. Bo3MoxkHOCTb Takoro mnpoliecca Nepedaud 3HepPrHH 0OOA-
TBEPHAAETCA TYLUGHHEM C MOMOULLID KHciaopoaa (JyopecleNIlHy Kpa-
CHTeNeH, aAcOPOGHPOBAHHBIX Ha MOBEPXHOCTH TBepAblx Teqa. K Takomy
Ke MeXaHH3My MOXKHO, MO-BHAHMOMY, OTHECTH H AHCCOLHANHIO MOJe-
KYJ raforeH0OB HA HATPETHIX TBEPABIX MOBEPXHOCTAX.

B page cnyuaeB AHCCOLHMALHS MOJEKYJ Ha NMOBEPXHOCTH SBJAAETCS
THMNHYHLIM [€TepPOreHHbLIM INpONECCOM H BLI3BAHA TeM, HTO IHEpPrus
AHCCOUHANMH MOJIeKYJ, AAcOPOHPOBAHHLIX HA TOBEPXHOCTH, HHKE
SHePruy JHCCOLUMALHN MOJEKYJ, HAaXOAAIHXCS B 00beMe.

Tenaora auccounauun D ra3oo6passofl ABYXaTOMHON MOJeKyan
OOHIYHO HMEeT 3HaueHue, paBHOe mpubansureanio 400 kx/moan,
Tennota aacopbunn Monekyaw ¢ = 40 kIlx/Moxb, a Ten’ota aacopb-
uny atroma Q == 140 kx/Moas. C nomowsio 3akoHa lecca MoxHO
HalTH HHTEpecymywe Hac Ds— TCua0Ty IHCCOUHALMH MOJCKYJH ila
nosepxHocTH. Peaknnio 06pasoBaHud MoJcKy.as B 00beMe MOXKHO
3anHcaTthb

2X=X,+ D
Ecan noBepxHocTh 0603HawnTL depe3 S, To mpoiece aacopGiHy
MOJIeKY/IlE HA MOBEePXHOCTH MOMHO 34MHCATh CJASAYIONIHM 06D a30M:
X,+8=X:5++¢
[Tpouecc ancopﬁunn ABYX aTOMOB Ha NOBCPXHOCTH § MOMKHO 3a-

MHUCaTh TakK:
2X 4+ §=2XS + 2Q



BblunTas U3 CymMMbl ABYX MEPBbIX PeaKLMiA TPETbH, MOMyUMM

2XS= X3+ D+ q- 2Q
OTKyaa BMAHO, 4TO _
Ds= D+ g- 2Q

Ecnnm BOCMO/Mb30BaTbCA YKa3aHHbIMW BbIle 3HAYEHUSMU 3HepreTu-
4eckmx 3(hheKToB, TO MOMYUUM

Ds — 400 + 40 —2+140= HO k[x/monb

Takum o06pasom, Tensiota Auccoumauum agacopompoBaHHON Mose-
Ky/lbl MHOTO MeHbLUe TakKOBOM [/ MOMEKY/bl, HaxoAsulencs B 00b-
eme. Ecnm cumtatb, 4TO 3Heprus akTmeauuMm npouecca Auccoumauum
6113Ka K 3Heprum guccoumauyu, To, cnefoBartenbHO, CKOPOCTb npoLecca
Avccoumauyn MONeKysl Ha MOBEPXHOCTAX OyfeT Bbile, YeM B 06beMe.
MoBepxHOCTb GyfeT wrpatb Pofib KatanuMsatopa npouecca guccouma-
umn. Ho, kak ato 6yget nokasaHo B rf1. XIII, § 1, katannsaTop He cMe-
LLaeT MONOXKEHNA paBHOBeCUS. Takum 06pa3oM, KOHLIEHTpaums aTtomoB
B 00beMe B MPUCYTCTBUM TOBEPXHOCTA W NpU ee OTCYTCTBUM OyaeT
OfHOW 1 Tol >ke. OfHAKO ecnm B 06bemMe BO3MOXEH MPOLIECC, CBA3aH-
Hblli C NoTpebneHMeM aToMoB, TO B MPWUCYTCTBUM MOBEPXHOCTU 3TOT
npouecc 6yzeT UATK ¢ 60/bLUEA CKOPOCTbHO.

§ 13. CB0OGOAHblE aTOMbl U paguKasbl

CBobGoaHble aTOMbl U pagukanbl UrpatT 6OMbLIYI0 POfb BO MHOMMX
XMMMYECKMX Mpoueccax. B uenom psge cnyyvaeB OHU ABNSIOTCA TEMM
aKTVBHbIMW LieHTpamu, KOTopble BeAyT XMMUYECKMIA MpoLecc, 0CO6eHHO
LenHble peakumn. CBOOOAHbIE aTOMbl (KPOME WMHEPTHbIX ra3oB), Kak U
pagvKasbl, OTANYAKOTCA OT MOMEKYN HaM4YMeM OAHOM0 WM HECKO/b-
KX HECMapeHHbIX 3/1EKTPOHOB. 3TVM U OOBACHAETCA WX BbICOKAsA pe-
aKLUMOHHasA Cnoco6HOCTb. [MepBblii CBOGOAHBIA pafuKan Obll OTKPbIT
B 1900 r. Mombeprom, Haweawmm, 4to rekcagenunataH (C6Hs)3C —
C(CB1H3 puccounmpyet Ha [fBa CBOBGOAHLIX pafukana TpudeHun-
meTuna (CHBH5)3C-. Bo3MOXXHOCTb BO3HMKHOBEHMSI CBOOOMAHLIX aTOMOB
B pe3ynbTaTe TEPMWUYECKON Auccoupaummn npegnonaranacb [aBHO, HO
Tonbko B 1922 r. Bym, oTkaumBass BOAOPOA M3 Pa3psgHOA  TPyoKw,
YCTaHOBW/1, YTO B OTKAYMBaEMOM ras3e COAEPXWUTCS aTOMHbI BOAOPOL.
B 1929 r. MaHHeT m odegny, oBHapy>XXunu CBOGOAHbIA pajgukan Me-
™n -CH3 nonyyatowmiics npu pas/ioxeHU TeTpaMeTUICBAHLA Npu
HarpeeaHun o peakumm

Pb(CH34 2=»: Pb + 4CH3

Pa3fioXKeHVeM TeTPasTUICBMHLUA Obln MoMyyYeH CBOOOAHLIA 3TWU/bHBbINA
pagvKan, a pasnoXeHnem TeTpabensnionoBa —pagukan  6eHsunn
*CHrCsH6. BblICLuMe anKubHble U PEHW/bHBIA paanKanbl TakKUM Chno-
COBOM MONYYUTb He YAanoch.

CBobofHble pajuKanbl MOryT ObiTb MOMyYeHbl ¥ C MOMOLUBIO ApY-
rMX MetofoB: 1) TePMUYECKUM pa3/ioXeHWeM OpraHUYecKuX CoeaviHe-
HUR;, 2)  (DOTOXMMUYECKUM PA3/IOKEHWEM  aNibernjoB W KETOHOB;

*
4 99



3) peakuusAMH B 3JEKTPHUECKOM paspaje; 4) AeficTBHeM MeTaal0B
Ha OpraHuyecKHe raflOreHIPOHSBONHHE; D) GoMOGapAKPOBKOR MOJIEKY
a-, p-, y-1y4aMH H HEATDOHAMH.

Paspuis KOBaseHTHOH CBA3H B MOJeKyJnax rasa oOHYHO MPHBOAMT
Kk o6pa3oBaHHid BYX CBOOGOAHHX paiHKanoB. Takue peaxilHH NpH-
HAANEeXaT K AaTOMHOMY HIH 20MOAUTUMECKOMY Tuny. Pa3puiB KoBa-
JEeHTHO/l CBA3H B MOJEKYJle MOMeT NPHBECTH H K 00pa3’oBaHHIO ABYX
NPOTHBONOAOXKHO 3apAKeHHBX HOHOB. TaKoro Tuma npouecchl — 2ere-
poautudeckuli pacnad — nouTy ne HabNOZAKTCA B rd3ax H XapaxkTep-
HW Aas pactBopoB. QOBACHAETCH 3TO TeM, YTO TETEPOJHTHYECKHA
pacnaj B rasax tpebyer zaTparn 6oJbwod paloTH - Ha NpeciofeHHe
AEKTPOCTATHUYECKOr0 NPHTHXKEHHs HOHOB, B TO BpeMfA KaK B pacTBo-
pax Gonbluiaf AMINEKTPHYLCKAS NPOHHUAEMOCTh MHOTHX DacTBOpHTE-
Jell CHJAbHO MNOHMMKAET 3JEKTPOCTATHYECKYyXO paboTy pasieNeHHA
HOHOB, T.€. YHePrHs TeTEepOJHTHUYECKOr0 pa3phBa KOBaJeHTHOH CBA3H
MOJKET CTaThb HHe SHEPrHH IOMOJHTHUECKOro paspuBa. Kpome Toro,
reTepOaHTHUCCKOMY pacnaly CNocoGCTBYeT SJeKTpHuYecKas MNOJAPH3a-
Uust JHCCOUHHDYICLER CBA3H Mo jAefCTBHEM 3JeKTPHYECKMX moJef
NOJMAPHLIX MOJIEKYJ pacTBOPHTEJ.

" TetepoauTtueckufi pacnaj MpoTeKaeT TeM jaerde, dem GoJblue
3NeKTPHUECKAsl ACHMMETpPHs Da3phiBpaeMoil CBs3W. ['oMoJMTHUECKHA
pPa3pHB KOBAJEHTHHWX CBA3el B pacTBOpax HabAOJaeTcs TOJLKO B
pPacTBOPHTEIAX € HeGOJLIION OH3JCKTPHYECKOH NPOHHUAEMOCTBIO H
€CAH pearupywlllHe CBS3W Majo NoJAsApHL, Hanpumep, ceask C—C,
C—H, C—N. B cayuae cuapHo moaspHuix c¢sszedt, kak O—H, N—H,
C—Cl, o6HYHO NPOMCXOAMT TeTepOJATHUeCKHHA pacmaa faxe B pac-
TBOPHTENAX C HHU3KOH AMIJEKTPHYECKOH NIPOHHIAEMOCTLIO,

Cao0oanbie opraHiueckne pPajHKa ] bl OOBIGHO HMEKT HeCKOMIIEHCH-
POBAHHHA 3/MEKTPOHHBHA COHH, H HO3TOMY OOHapyKHBAlOT napamar-
HHTHHE CBoficTBa, [TapaMarHeTHaM sBAfeTC CBOEro Pojda «HHAHKATO-
pom» Ha cBoboaHHe pagnkanw. Dnaropapa nannuuio y panukalor
CBOGOJHEIX BaJleHTHOCTEH SHepPrHA aKTHBAalU¥H ODOLECCOR, mpoTeKalo-
INMX ¢ HX yYacTHeM, HMeeT TOPHAOK 3IHEePTHH AKTHBALMH AaTOMHHIX
peakuufi. CieAoBaTeIbHO, OHH HAYT C TaKO{ e BHCOKOA CKOPOCThLIO,
KaK H PeakilHH, B KOTOPHIX YYaCTBYIOT aTOMHI.

MSBCCTHH PagdKaldel, HMEWIHe [OBa HECNapeHHHX SJEKTPOHA!
ApyxBajentuble atoMbl O, S, Se, panukan meruaen :CH,, nmoaygalw-
HIHACA TepMHUECKHM WIH  DOTOXMMUUYSCKHM DA3JOMEHHEM AW230-
merana (CHyNy—»:CH, 4 Ni) uau GOTOXHMHYECKHM pasioxkeHHeM
kerena (CHy;=CO-»:CHy; 4 CO) u np. ¥YcTofiuuBne opraHuueckue
OHMpaAMKaJ K MOTYT OHTH MOJYYEHH OTPHBOM ABYX aTOMOB BOAOPOAa
OT MOJEKYJ YIJIeBOAOPoAoB, AKTHBHBIE GHPaAHKaJln HMEWT 00JblLoe
3HayeHHe, TAaK KaK NPHBOAAT K pasBHTHIO Da3BETBJEHHHX UENHHIX
IPOLECLOB.

CeofoanHe PpaarKadp ualle BCero COAEPIKAT HecmapeHHue
p-3NEKTPOHH, NO3TOMY HB/AAIOTCH XHMHUYECKH OUeHb AKTHBHBIMH.
Opnako cpegH HHX HMEIOTCH JOBOJABHO Ycrof4uHbble. Hanpumep, paanu-
Kan aanua H:C:CHz--CH,, rpudenuameran -C(Ph); u apyrue,
a tarke Mosexyam NO, NO,, ClO,, Toxe cofepikaulie HecnapeHHue
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p-37€KTPOHH, JTH pPajHKajJWl H MOJEKYJH YCTOfiuMBH H3-33a JeJ0-
KaJH3alHH HecnapeHHOIo 3JEKTPOHA MO CHCTEMe CONPANKEHHBIX CBA-
3efi. HHoraa ¢soGoatbe pagHKanb OKasuBalOTCA cTabHIBHRIMH BCaAeMd-
CTBHE TOTOQ, YTO aTOM, COAepXAaWlHfi HecnapeHHBIA 3JEKTPOHd, OKas3H-
BaeTcs 3KPaHHDOBAHHHIM KakKHMH-1u60 aTOMHBIMH IPpynnaMi, Bxond-
I1WMH B COCTaB painkana., [IpuMepoMm Takoro cTabHIBHOTO PafuKaja
ABJAETCH WHPOKO HCHOJb3yeMbIA B TEXHHKE DaAHOCNEKTPOCKONHA pa-
AHKAA JHGeHAANHKPHITHAPA3HA

NO,

Ph_ . \
N—N— '_N03
ph”

NO»

§ 14. O6pasoBanHe MONEKY] H3 aTOMOB HAH PAaJHKaNOB

Hns ofpasopanus cralHabHOR MOJEKYJIL B pe3yabTaTe cTOJAKHOBERHSA
ABYX 4TOMOB HNH DAJHKaJ0B Heo6X0AHMo, YTOOHM HeKOTOpOe KOJH-
4ecTBO 3Hepruun (He MeHnulee, UeM CYMMAapHAA KuHeTUUECKad 3IHEPCHA
CTAJKHBAKWIUIHXCA YaCTHU)} OHJAOC NoTepsiHo JH00 33 cUeT H3JIydeHHH,
Au60 B pesyJabTaTe CTOJKHOBEHHA C TpeThell wacTHleRk (TpoifinoH
yAap), poas KOTOpoR MOXeT HIpaTh H TNOBEPXHOCTh TBEpPAOTO TeJa.
Ecan Takol AOTEpH 3HePTHM He MPOHCXOJHT, TO BO3HHKIIAA B Pe3yJb-
TaTe CTOJKHOBEHHA MOJeKy/aa 32 NepHOA OoAHOro KoelaHHs pa3py-
LIMTCA, TaKk KaK X KHHETHUeCKOfl 3HEprHH CTAJKHBAIOLUIHXCA YACTHI
elle NPpHOABHTCA 3HEPrHfA, BLIAENAIUAACA NPH o6pPA30BAHHH CBASH.
CyMMB 3THX 9Hepruii 6yleT A0CTATOYHO, YTOOH Pa3OpBaTh BOHHKLIYIO
CBA3b H NMepeATH B KHHETHUECKYIO SHEPTHIO MOCTYMaTeIbHOrO ABHIKE-
HHSl BO3HHKUIHX OCKOJKOB (aTOMOB HJIM PagHKAaJIOB).

PaccMoTpHM, HacKoAbLKO peaseH TNpouece CcTafuaH3aLHH  MoJe-
KyJAu TNyTeM H3JiyyeHH, CBA3AHHOTO ¢ KoaebaTeianHBRIM K 3JEKTPOH-
HHM nepexofaMi. JIas ctaGuau3auud HeoOXOIHMO Mpexae BCEro Ha-
JHuse KoMOMHHpYIOIIHXCS YPOBHed, Eciu cTankuBawTes jBa OdHHA-
KOBHIX aToMa, TO H3AYUeHHA cBeTa BooOlle He MoOXeT OMThL H3-3a
OTCYTCTBUSI 2JEKTPHUECKHX 3aDRAO0B, CJEIOBATENbHO, HE MOXKET OblTh
KOMOHHUPYWIHHXCH  BpallaredbHeX W KoJdelaTeAbHHX  ypOBHe#.
TonpKO ecly CTankHBalOllMecAs aToMmni O0n2Aal0T pas3invynoil Maccof,
noABNAITCH KOMOHHHPYHIOIIMecs KoJeGaTenbHele YPOBHH, Bo3mox-
HOCTL CTaOH/AH3aLHK BO3HHKAIOUWEH MOJEKYJH B 3TOM c/yyae JIEerKo
ONpeleHTh NYTeM CONOCTABJICHHA MPOROTKHTENBHOCTH coyaapenuii t
H BpeMeHH XH3HH BO36y>kaeHHOH MoJeKyJn 1g. OueBHaHO, 4TO mpo-
Hecc cTabuansalHn OYNeT BO3MOXeH, ecliH ofe BeJHUHHB T K To 6yAyT
OAHOTO TIOPAAKA. 3a Mepy BepoATHOCTH cTalbHAM3AUHH MOJAeKyJH
TYTEM H3JYUEHHS MOXHO B3ATh BEAHNMHHY

y=1/% (134)
[TpoAO/IKHTENLHOCTE COYAGPEHHA MOXKHO ONPEleaHTh KaK
T =2d/v (135)
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Tae d—pacc‘ronnne, npoxXoaAnNMoe ORHEM ATCOMOM B TOJEe ApPYroro; 0 — CpeARAN CKO-
POCTL ATOMOB OTHOCHTERBHO APYr IpYyra.
IMoaaraa d =2-102% cm n v = 5:10* cm/c, moayunm v = 10-'? c.
CpeaHOl0 NPOLOMMKHTEALHOCTh #H3HH KoneGaTennHo BO3GYmAeH-
HOH MOJIEKYJNH MOMHO APHONH3HTEJbHO OLEHHTL KAK BpeMs 3aTyxa-
HHA KJacCHYeCKoro BHOpaTopa

3 ep,,
=2 B (136)

8r? ¢*

TA2 ¢ — CKOpOCTH CBeTd; W — IHpHDBelieHHdag Macca MOJRKY/Ib, }.—nmma BOJIHH H3-
AyuaeMoro cheTa; ¢t — 3pdexTHBUME 3apan, pabuuid p/ry (P — AMDONBHHA MOMEHT;
Fo — PABHOBCCHOE paccTOANMNE MEHAY ATOMAMH B MOJIEKyJIe).

Hag HCI A =352 10— cm, p= 1,03-10-8 en, CI'C3, ry= 1,282
-10—® cmM, nostoMy v = 0,035 ¢ = 102 ¢. Orciona y = 10-'9, 1. e
pas3nHiHe MeHAy T H To HACTOABKO BeNHKO, HTO CTaOHJIW3aUHs MoOJC-
Kyau HCl nyteM n3aydenusa xonefaTesibHOTO KBAaHTAa NPAKTHYECKH He-
BO3MOXKI1ia. Pacuer H ONBIT MOKA3WEBAIOT, YTO cTabliai3aniHa MoJeKyJ,
BO3HHKAWILHAX H3 aTOMOB H PajiHKaJOB NYTeM H3ayueHHs KosebaTesib-
HOTO KBAaHTa, #B/1AETCA MaAOBePOATHLEIM NPOLECCOM.

Crafunu3auus MOJekyJdb OyTeM H3JAyYeHHS, CBA3AHHOIC ¢ 3JeK-
TPOHHHM nepexojoM, Gonee seposTHa. Kak H3BecTHO, BpeMs XKH3HH
3JIEKTPOHHO-BO30Y M AEHHOIO aTOMa HJH MOJeKysaH Ty =~ 10-% ¢ u, Tak
Kax NpoioJKHTEAbHOCTh COyAapeHHsi, kak 370 Ouioc HaAieHo, paBHa
t &~ 10-12 ¢, y okasbiBaeTcst paBHO# 104

B menoM ke MOXKNO yTBEPXAATb, 4TO CTAOHAH3AUHA MOJEKYJL,
BO3HHMKAIOWEeA NyTeM cOYAapeHHs aTOMOB HJH pAalHKaloB, 3a cHyeT
fipollecca H3NYUICHHS MaJloBepoATHA.

Bonee peanen nmpollece CTalHAH3AUMH ¢ NOMOUILY TPOHHOTO YAapa

A+B4+M — AB4+M
Dror npouecc npoTeKdeT No YPABHEHHIO TPCTbEro Mopsjika
d [AB)/dt =k [A][B}[M] (137)
BepoaTtHocTe TakoH crabsansauuu Tem Godblie, yem GOJblie cTene-
Hell cBoGoabl y TpeTbel 4YacTHIW. Hanpumep, crabuin3auns Mo.e-
KyJH 80A0pOAa 3a cHeT npouecca
H4+H+1, —» Hy 411

To

6onee sdpexTHBHA, YeM 3a CUET ORHOBPEMEHHOrO CTOMKIOBEHHS Tpex

aTOMOB
H+H+H — H;+H

Tpetbsi 4aCTH{la BOCTIPHHHMAeT HC BCKO BBUICISIOULYIOCH 3UEPrHI0
(paBHYIO CyMMe 3HEPrHH CBA3H M KHIETHYECKOH SHEPrHH CTAJKHBAIO-
HIMXCH YacTHl), & TOJbKO YACTh, He MEHbLIIYH KHHETHYECKOR 3HCPrHH
CTAJKHBAIONIHXCA YACTHIL

B cayuae o6pa3nBaHKA CAOKHOH MOJEKYJH, cocTodAell Gonee yeM
M3 ABYX aTOMOB, BO3MOKHA BPeMeHHas CaMONpPOH3BOJbHAsi CTabu.u-
3allusi 3a CYeT nepepacnpefc.eHHs sHeprun no cpasaM. [lpu ctoakHo-
BEeHHWH J[BYX AaTOMOB HJIH DajJHKaJ10B BO3HHKAaeT MOJeKyJa, 3anac
koneGaTenbHOll 3HEPrHH KOTOPOH BHILIC SHEPIHM €€ JHCCOUHALMH,
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Bpems KH3HH 1ByXaTOMIIOfi MOJEKYALI HMeEeT NOPAAOK  apoaod-
HWHTEALHOCTH CTOMKHOBEHHR T = 10-'2¢, BpeMs M3HE  MHOIMOaTOM-
HOH MOJICKYJ/Ibl, KaK TIOKa3bIBaloT PacyeThl, BCAeACTBHE BO3MOIKHOCTH
nepepacnpeiesieHHAs 3HEPrHH [0 CBA3AM MOAET OKAa3aTeCa L[OPAdKA
10-7—10-%c. Takylo MOJeky/1y MOKHO PACCMATPHBATD KAK CTAOHL-
Y10 KBA3HMOTERY.IY.

B cayuae ofpazopanus B xolc peakunu craluinHoll <BA3HMOJeE-
KyJbl peakiua

AL+TB4+M — AB+M

NpOTEKAECT B TPH CTAAHI:

A+B L ap+

2

AB 4 M 5 aB4M
AB* B A4B

Ha neproit craaun ofpasyercs BpeMeHHO CyUleCTBYIOIAs CTabuIb-
Has KBa3HMOJeKY.Ja 3a cueT nepepacilpelAe/ICHHS SHCPTHH MO CBA3AM;
Ha BTOPOll CTAAMHM TPOHCXOAHT MNepelada HEKOTOPOro KoJuluecTsa
SHEPTHH TPeTLeH yacTHUe ¢ oO0pasoBatideM CTaOHJALHO% MOJeKVJHL
Tperus cTaaus — pacnaj KBazuMOJeKyJH B CIYYae, eC/H He APOH30H-
JleT CTOJIKHOBEHHS ¢ TpeThel yacTHueH.

KuneTHyeckoe ypaBHenue peakuHu 00Pa3oBaHUs CTAGHABHEIX MO-
JEKYJ 3anuIleTca caelyioulHM obpa3oM:

d [AB)/dt = k; [AB*] [M] (138)

KolueHTpaLnio NPOMeKYTOUROTO MPOAYKTa — CTAaGHJABHEIX KBa3H-
MOJIEKYJI — MOMKHO NPHOJIMKeHHO HalTH ¢ TIOMOLIBIO TAK HA3bIBACMOrO
npunyuna crayuoraprocty Bodernwredna. CoraacHo 3ToMy DPHHUKDY,
COYCTA Kakoe-TO BpeMs [OC/Je Havyana TMPOUeCca B TeuEHHEe HeKOTO-
pOrC KOHEYHOro HHTEPBAJa BPEMEeHH KOHUEHTPAUH® ITPOMeXVTOYHOTO
NpoAykTa nocTosHHA. TOrAa Ans paccMaTPUBAEMOTO CAYHAS MOXKHO
3amucath

d [AB*)/di = ky [A] [B] — k2 [AB"] {M] — k3 [AB*} =0 (139)

O1xy1a HaxoaAuM, 4YTO
[AB®] = & [A] [B]/{k: [M] -} &3) (140)

Moacrasasa (140) B (138), noayvaem
d[AB] _ kik: [A][B][M]

at 72 (M) T ks (141)

Besuunna k!, corgacHo noxkaszauuoMmy B ra. I, § 4, ecTo cpeansis
MPOACTANTENLIOCTE  AH3HH T CTabWabHOA KBasHmoJekyaw AB*
Ecan 1 Beauko, To k3 Mana, H 3Tofl BeJiHYKHONI B 3HaMmeHaTele EH-
paxenus (141) Moxito upeHelpeysb. '

[MosTomy
y d {AB]/dt = k; |A] [B] (142)

T. € B 3TOM Cayvac peakUHa, XOTA H HJIeT dYepe3 Tpoixoft yiap, npo-
TEK4EeT 110 GIMOJCKYAAPHOMY 3AKOHY.
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TprmMeM, 4yTo B peayibTaTe KamAaoro ABofiHoro coyfapewus npo-
HCXOAHT oOpa3oBaHHe crabuibHoil kBasuMoaexkynw AB* Uucno apoft-
HBIX CTONKHOBEHWH paBHO

‘!
2= nyngdiy [SnRT (7417\_ + —A%;)]’ (143)

FRe na, s — 9NCT0 Moaekyn B | cM® dyg—cymma paauycos modekyn; M —macca
1 Moab.

Ecau 1t — npoao/xuTeAbHOCTh XH3HH MoAexkysant AB*, To H3 KnHe-
THUeCKHX coobpaxceHHH oYeBHIHO, YTO
[AB*] =215t (144)

Uncno 3ddeKTHBHBIX TPOHHHIX CTOJNKHOBEHHH MOMXHO HAafiTH Kak
9HCIO0 CTOKHOBeHHfi Mogekyaw AB* ¢ rtpernedl wacTHued M.
OHo pasHo

2 | i 2
205 == 2157 Ao [smzr (7‘”7; + M—M)] (145)
OTHomeHHe YHCAa TPOAHLIX CTOJAKHOBERHR K ABOAHBIM
2123 2 1 1 'y
= 8 _—
Zyg deAB.M[ nRT( Mype + My )] (o

PaccmaTpuBas efHHHUY oObeMa, YHCAC MOJEKYHA #ilm MOXHO 3a-
MeHHTb Ha Nap/RT (rae Nj-—uucio Asoraapo), H TOraa BhHIpaxeHHe
(146) sanuwercs B Buje

Zi23 2 8n 1 1 h
LE- R S o [ ——+——-)] 147
2, AB*M A[Rr (MAB. Mu )l 7 (147)

Ecau yuyecTh, 4TO 4HCAO CTONKHOBeHWH, NPHBOAKIIEX K o6pasosa-
HHI0 Mojekyin AB*, B neficTBHTeslbHOCTH MeHblle B exp (—E/RT)
pa3 (£ —>3Heprusa akTHBalUMH), TO Ha CaMOM JeJe A0JA TPOAHBIX
CTONIKHOBeHHR Oyaer Goaswe B exp (E/RT) paa. Pacuetn B 3TOM
Cjiyyae NOKa3biBalaT, 4TO NPH JaBJeHHAX B HeCKOJAbKO ntackajeil ABOA-
Hble H TpoilHble coyaapeHHs 6yAyT OAHHAKOBO YaCTHIMH.

O6a cayvas cTabHIH3aUHH MOJeKyJH (dYepe3 TPoOfAHOA yRap H
uepes o6pasoBaliHe CTaGHJabHOH KBa3HMOJIEKYJH) B pe3yJbTate
CTONMIKHOBEHHA C TpeTbeR yYacTHUEeR MOMKHO W3006pasuTh caeiylouled
cxeMoh:

Aboivod ydap o Kaaumonenyaa co
A+B AB HOM CYUIeEmio =
it T=0 g
o
g-n ]
S8 ,
135 §
§ g
AB — == Al
Cmathtronan wlogu- Bodnou yoap Cmadiunsan Monexysy
27 co fpeme - f M"mﬂﬂ} cp Bpemerem cyuecmbo-
obanug Jomin T=oa

L
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Kak ykasano, poJib TpeThefi 4acTHOW MOXKeT HIPaTh NOBEPXHOCTh
TBepJOro Teaa. TBepoe TeJO MOXHO paccMaTpHBaTh KaK YacTHLUY ¢
OTrpOMHHIM YHCAOM CTeneHed cBOGOAR, [0ITOMY CTOJNKHOBEHHE HAacTHI
¢ TIOBEPXHOCTBIO OYeHb S(PPeKTHBHO ANA pacceHBAHHA SHEPrHH H
cTabH/IH3AUNY BO3HHKaIOWeER MoaeKkyan. IloBepXHOCTb, Kak MH yxe
BHAe]H, MOMXeT ABHTbCA MeCTOM, [Ae TeHepHPYIOTCS akTHBHhWE YacTH-
bl — aTOMBl H DPalHKaJbl — BCAeldCTBHe OOJeryeHHs mpoliecca QHCCO-
UHALWH MOJIEKYJ, HO OHAa TaKMKe MOXKET HIPaTh POJb H HHTHOHTOpa,
T. e, ¢nocobCTBOBATL THOETH aTOMOB B PAAMKAJOB,

PekoMO#HAHA aTOMOB Ha NOBEPXHOCTAX MOMET NPOHCXOAHTL MO
AByM MexaHuamaM. HauGonee npoctofi MexaHuaM — 3TO OXHOBpEMeH-
HOe CTOJNKHOBEHHe ABYX 4TOMOB Ha MOBEPXHOCTH, KOTOPOe MOXKeT GHTh
3aNHCAHO B BHAE CXEMH!

A+A+S — A4S

Buaendoniasncs [pH STOM 3SHEPrHs NepefaeTcds MOBEPXHOCTH H
MOXET CAYXKHTb HCTOUHHKOM Tenna. [IpH GoJbLIOM yHC/Te PEKOMOHHHK-
PVIOLIHX HAa TOBEpPXHOCTH AaTOMOB TBEpAOe Tejd0 CHALHO pasorpe-
Baetcsl. [IpuMepoM MOMeT CAYHHTb CHJbHOE pa3orpeBaHHE TBEPALIX
TeJ Nph pekoMOHHaUKH Ha HX NOBEPXHOCTH aTOMOB BOAOpOLa (aToM-
Has BOAOPOAHAA CBapKa).

CKopocTs peKOMOHHALHK aTOMOB Ha NOBEPXHOCTH 3aBHCHT B PAAE
cJayyaes OT DPHPOAH BellecTBa noBepxnocTd, Tak, Ouao Ha#zeHo,
OT0 CKOPOCTh PEKOMOMHALMH ATOMOB BOAOPOAA Ha PasjiHYHHX No-
BepxHoCcTAX yOHWBaer B caeaylomem paay: Pt, Pd, W, Fe, Cr, Ag,
Cu, Pb, HutepecHo, 9T0 N0 OTHOLIEHHI® K BQIOPCAHOMY MepeHanps-
HEeHHIO MeTa/Jll PacnoJaraloTca B Tako# e pal. [lepenanpskenne
Boaopoaa Boapacraer ot Pt k Pb.

[Mpouecc pekoMGHHALHK aTOMOB HAa NOBEPXHOCTH TBEPALIX Tek fB-
AseT¢ THNHYHBIM TeTepoTeHHLIM NpoLeccoM. 3TO NPOMBJSETCA B TOM,
4TO CKOPOCTL PEKOMOHHALIHHM CHALHO 3aBHCHT OT XHMHUecKol NMPHpoAH
nosepxHoctn, Hanpumep, HaJHuHe MOHOMOJEKYJAPHOrO CJOA BOAB
Ha TOBEPXHOCTH KBApLA H CTEK/a CHJILHO 3aTpyAHHeT peKOMGHHALMIO
aTOMOB BDJOPOAA H KHCJAOPOAd, TAaJOTCHHAW [MEACHHHX MeTasJacB
3ATPYAHAOT pekoMOuHAUHIO aToMoB xJjopa. Ha rereporednocts
fpouecca YKa3eBaeT H 3aBHCHMGCTb  CKOPOCTH  PeKOMOHHAUHH
aTomoB oT TeMnepatypd. [lonnxenHe TemmepaTypbl MNOBepXHOCTH
yacto cnocobereyer pekoMmbunaunmy. Hanpumep, pexoMOGuHaunusa
ATOMOB BOAOPOAa YCKOPAETCR ¢ TOMHXKeHHeM TeMnepaTypH no-
BEPXHOCTH.

{leppoit cTazuneli reTeporeHHoro npouecca peKOMOHHALHH ABASETCA
ancopbuua atoMoB TBepioro Tena. KoaHuecTBo ajcop6HpOBaHHHX Ha
ROBEPXHOCTH AaTOMOB CHJABHO 33BHCHT OT NPHPOIW TMOBEPXHOCTH H OT
temnepatypul. Ha BTopoit cTagmu aToMBl, HaxognsllHecs B TasoBoft
dase, yaapasco 06 aToMmel, agcopOupoBaunbie Ha NOBEPXHOCTH, H pe-
arupys ¢ HUMH, oOpasylor MmoaekyaH. [locheaueli TpeThelt craaueft
TAKOro mpollecca ABfAeTc AecopbuHA BO3ZHHKIIMX Monekyd. Taxoft
reTeporeHHnlii mMpouecc peKOMOHHALMH ATOMOB HAa [OBEPXHOCTAX
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MOXKHO H300pa3uTh cleaylomedi cxeMoit:

A+S = AS
AZS = A3+S

Fereporenuas peakunsa pexomOunauuy atoMor ofnaizaeT Brogue
ontpefeneHHoll 3fepruell akTHsanHu. JHeprus aKTHBaUHH peKoMmOuna-
MW aTOMODR BOAOPOAA Ha NOBCPXHOCTH cTexkaa pasia 3,8 kllx, a na
nogepxuocTi naaraun 12,5 xJIx. Dosee Buicokve 3HAYCHHE SHepruy
aKTHBAUND peakuun pekoMOWHAWMH ATOMHOIO BOAOPOAA HA [I1aTHHE
ofbacHEACTCH Gonbllell NPOYHOCTLIO CBA3H aTOMHOFO BGA0POAA C a-
THHOB. Jlerxo BHYHMCAWTL, YTO CCJAW HEPTHS AKTHBAUMH paccMaTpH-
BaeMoil peaxuun coorsetcrsyer ~ 125 xAm, to npn Temmepatype
750 K +1oanko osH0 coyaaperHe uz 10 aBasercs 3pQpesTHBHLIM 1as
apouecca ajcopOunit aToMa Ha NOBEPXHOCTH.

TOTABA ITI

OCHOBbL!I TEOPHH CTONKHOBEHHWA
U BUMOJNEKYJNAPHbIE NPOUECCH

§ L. Mousatie 06 AKTHBHBIX CTONKHOBEHHAX

OueBuano, 4TO BO BceX peakUHAX DearHpylT TOJIbKO Te MOJICKY.IH,
KOTOpPHE CTAJKHBAIOTCH. 1103TOMY, 3HadA UHCI0 CTOAKHOBCHHE, MOXHO,
Ka3ajoch Obl, paccyHTaTL CKOPOCTh XHMH4eckoH peakuny, Pac-
CMOTPHM XOpOILO H3YHUEHHYI PeakUHlo Pa3iorKeHus HOAHCTOTO BOJO-
poOAa, KOTOpas NpOTeKaeT N0 YPaBHENHD

[
2H] kﬁ: H; + I;

Uneao cToAKHOBEHHAI MOJEKYJ OHOTO BHAZ B €1MHHIY BpeMeny
B eauHRIle 00beMa

2.2 7

z; =2n"d” (NRT/M} " {1)

T2C A UHCT0 MOJEKYT B ONHOM KyOuieckoM canThHMerpe; d — AHAMETP MONEKYyAu,
cM: R — vHuBepca bHas rasonas nocrounHas; M — macea oanoro moas

Tax Kak ®am10C CTOTKHOBEHHE RPHBOIHT K YHHUTOMMEHMIO ABYX
soerya HI, kak 3To BHIHO H3 ypaBHelMA peaKUUK, TO 4HCAO peart-
PYICUEHX MOJEKVI B CEKYHAY B OJHOM KyOMUecKOM caHTumerpe Gyaer

Z’:f-QZ“ (2)
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Ecnn ckopocts peakuMn w ONpeneAuTh KaK UAC/A0 Moneli, peard-
PYIOUIHX B CeKyHAY B ONHOM KyGHYecKoM cautumerpe *, To

w =27, /N, ‘ 3)
rae "Na — uueqao Asoraapo.

Ecan konuuecTBO peardpylollero BellecTRa PaBHO OLHOMY MOJIO
B KyOHUecKoM CaHTHMeTpe, TO BHUYHCTenHas no dopmyae (3) cxo-
POCTL YHC/AEHHO PaBHA KOHCTAHTE CKOPOCTH XHMHHecKOH peakuuu &,

Huametp Moaekyaun di = 3,5-10-% cm. [ycte B oanoM KyGuue-
CKOM caHTHMeTpe cojepxurtead monn HI npu teMmnepatype G698.6 K.
Torna

_2-2{602- 10%)* ~ (35 1078 ( 3,14-8,314 - 107-698,6)'": o
w= 6,02 - 107 128
X107 =1,11-10" wmoas/{c-cu?)

CKopocT, pacnaga HOAHCTOrO BOAOPOAa NpH YCAOBHI, YTO THCAO
pearnpymwiy MoJeKys PaBHO OAHOMY MO0 B ¢M%, HafiaeHHas onLiT-
nkiM  oytem npu 6986 K, coorsercteyer 1,24-10-% wmoan/(c-cM3).
Kaxk BHAHO H3 CONOCTABAEHHH PACCYMTAHHOA H HAHAEHHOH ONLITHHIM
nyreM CKOpoCTel pacnaja HOAHCTOrO BOJAOPOARA, PacXoXKiIeHHe noay-
uyaeTcd orpoMHbLIM (B 9- 10'3 pas),

AppeHHyc nepBblM NPEINONOMKHI, UTO PeardpylT He BCE CTANKH-
BapIUlHecs MOJEKYAH, & TONbKO T€, KOTOpele 06JaAa10T HeKOTOPOR
nabuiTounofi 3neprueli £ no cpaBHeHHIo co cpedlielt suepruefl Beex
MosieKya. TakHe MOJEKYAH NOAYUYHIH HA3BAHHE AKTUBHLIX, @ BeJH-
uHHa 3TOf 3IEpPrHH CTana uasuWBaTbeA IJHepeued axTusayuu Eagr
AKTHBHBMH fBJIAIOTCA MOJEKYAbi ¢ MOBLIWEHHON KHHETHYECKOR 3uep-
rHefi NOCTYNATEILHOrO ABHAEHHA, HIH MOJeKY N, aTOMH KOTOPHIX Ha-
xoasTes Ha Goice BLICOKHX KogebaTeNbHLIX YPOBHAX, HAH Xe MoJe-
KYJbl, 3JIEKTPOHL KOTOPHIX Hax0AsTcAd Ha Gonee BIMCOKHX 3IHEPreTH-
TeCKHX YPOBHSX.

YiCao eTOJAKHOBEHHE MOJIEKY, OTHOCHTELIIBC CKOPOCTH KOTODHIX
pPaBHH WJH TIpEBLILIAIOT 3HA4YeHHe Up, @ KHNETHYECKAR 3IHEPrus ofT-
HOCHTENMLHOrO ABRIKEHHS BAOJb JHHHH LEHTPOB pasHa HaH 0oJblle
Eaxr, OyzeT paBHo

Zakr = ze_EaKT/RT 1)

[ Zaxr — YHCAO CTOJIKHOBEHAH MOJEKYJ, ¥ KOTOPHIX COCTABJAKINET JHEPUHR BLOJL
FUHIM LeHTPOB paBHa Han Goaslle Eaq; z— olfliee yicAe CTOAKHODEHHE B €aH-
HHILY BpEMEHs B elkHIlle o6heMa.

ByneM npu pacueTe CKOPOCTH pacnaja MOAHCTOTO BOAGPOIA MOJAb-
3oBaThCs Boipameudem (4). Toraa, noacrasasisi (4) B (3), Haflaem
CKOPOCTH Pacnaia HoAHCTOro BO.IOPOIA:

w==2zexp(—E  JRT)IN, 5

* CKOpPOCTL DAkl B PACTEOpax YAOGHO OTHOCHTD X OfHOMY JINTPY, TaK Kak
KOHUEHTPAUND BCILECTB B 3THX peaxnusx OOLYHO BWPA#AWTCH B MOAAN HA JHTP.
B rakowm cayuae w == (2z;,- 1000} Na. ;
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LT - gk Puc. 32. 3asmenmocty Ig kf4/T u lgk or YT

aaa peakunn 2HI I + H; (no nanamm Bo-

4 4 neHITeHHa).

It 14

[1poBepuTh NpaBHABHOCTH 3TOH (OP-
12 MYJbl MOMHO, CPaBHHB 3Ha4YeHHA Eagr,
e / BHYMCAeHNMe no 3Tofl popMyse H mo
i ypaBHeHHio Appennyca (135) B ra. L
ok 0 [Toka HeT AOCTAaTOYHO XOPOLIHX METO-
-k » OB TEOPETHUECKOTOo PACYETA BEJHUHHH
'1 Eayr, MO3TOMY paccuHTaeM ee no ¢op-
-2t Tz MyJae (5), NOACTABHB B HEro OHbLITHBLIE
3HAYEHHA CKOPOCTH peakuun. Pacuer
I 17 RaeT 3nauenue E,x; = 186,4 kIl /Moab.
_ﬂ. -4 3Ty ¥e BeJHYHHY MOMKHO pacCUHTATh
o Ha OCHOBaHHH ONMTHHX JAHHHIX, NOJb-

R T A 3yAch ypaBHeHHeM Appennyca, H3 TeM-
nepaTtypHofi 3aBHCHMOCTH  KOUCTAHTH
CKOPOCTH XxumHvecKofl peaxuud. HeobxoguMbie nannne AJAA TaKoro
pacyera upeacTaBieHn Ha pHe. 32. .
U3 Tanrencos yria HakAoHa NPAMLIX DOAY4A€TCH, UTO

Ep=19,13.9,375/0,000035 == 191 794 Mx/Monb 2= 192 xlw/Monb
Ek/q/i" = 19,13 - 7,860/0,000810 = 185 685 dx/moib == 186 wkIk/Mons

Kak BHAHO, coBmajeHHe 3HAYeHH, HaMJNeHHHX pa3HHMH CNOCOGaMH,
Xopollee. 3THM caMbiM MBIl NOJy9aeM NOATBEpXK/eHHe HPeANOJONKe-
HHA Appenuyca, 9TO DearHpyioT He BCE CTa/JKHBAIOLIHECH MOJEKYJH,
a ToAbKO akTHBHbe. OJHAKO TaKoe Xopollee cOracHe PacyeToB CKO-
pocTefi peaxuyuy NO YHCAY AKTHBHHX COyAapeHH#i Hal.aw0/aeTcA peako.
Yawe Bcero cKOpocTh peaklUud, PAcCYHTAHHAS W3 UUCAA AKTHBHMX
coynapeHuii, okasmpaeTcsd OGosewle wHabhaiofaemoft Ha onwmre. Ha-
nNpHMep, AJAA PeakilHK
2NQO; —» 2NO+ Oy

H3ydeHHo® B uHaTepBane Temnepatyp or 200 ao 300°C, Guuao uah-
IEHO, 4TO
k=125-10" exp (— 110 800/RT)

[Ipunumas guamerp monekyan NO, paBuuM 2-10-®cM, aerko pac-
CYHTATHL NMO YHCIY ANTHBHHIX CTOJIKHOBEHHMA KOHCTAHTY CKOPOCTH peak-
LHH, KOTOpas oKasuBaeTcd pABHOR

Bory=2,29 - 10'? exp (— 110 800/RT)
OTKyAa
R/ kg == 1,25/22,9 a¢ 0,06

T. ©. PacCYHTaHHAH CKOPOCTh PE2KUHH OKalbbaeTch Gofblle HadgeH-
Hoit onbITHMM myTeM. Jlas coBnageHus NpUILAOCH O NPEANOOMNHUTS,
q9ro auameTp MoJaekyan NO; pasen 2,5-10-°cM, 410 NpPOTHBOPEHHT
bH3ntecKoMY CMBICAY.
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TaxkuM o6pasoM, B dopMyay (5), onpelensiomylo CKOpPOCTb Peax-
HHH, HYKHO BBeCTH €l ORHH MHOXHTE/b, XapaKTepH3yWINHA Be-
POSTHOCTL peaKNHH MeXAY MOJeKy/jaMH, 3SHePrust KOTODHX paBHa
HAH GoJblle SHEPTHH AKTHBAUMH. DTOT MHOMHTe/lb, ofo3HadaeMbli
6yxBofi P, 4acTo HA3WBAKT CTepuxecKum muoxcuresem. C 3THM MHO-
¥uTeleM ypaBHeHHe (D) 3anHilieTcs B BH/e

w== 2Pza|cr/NA (6)

TIpHuyH NOMBJAGHHA STOTO MHOMKHTENR MOKET OWITh HECKOJLKO.
[lo-snapMoMy, ans TOTC 4TOGH MOJEKYAh MOINIH ILIPOPEarnpoOBATh,
OHH KpOMe NOCTAaTOYHOH 3HePrHH AOJKHBL HMeTh elile Oflpeiae’eHHOoe
PACNOJOKEHIEC APYF OTHOCHTEJIbHO ApYyra: pa3pHB OAHHX cBs3eil
LOTJKEH TPHBOAHTh K BO3HHKHOBEHHIO APYrux cBszefl H o0pa30BaHKI
KOHEUHH X HJH IPOMEXYTOUHBIX NMPOAYKTOB, T. € AKTHBHLIE MOJeRYJIb
JOJIXKHBI CTONKHYThCA onpeleseHHNM ofpaszom. Orciofa noHATHO Npo-
HCXOXIEeHHe HA3BAHHA MHOXHTEN P —C ero IOMOIILIO YYHTHBAAY
NPOCTPAHCTREHHLE NPENATCTBHA AJA OCYLIECTBJACHHA PeaKiHH.

Ho 3ta npuunna He exnHcTBeHnas. IIpH CTONKHOBEHHH AKTHBHHX
MOJIEKYJ SHEPTHA MOXeT He ycneTb Nepepacnpefe’uThcs B BO3HHK-
IeM KOMMJEKCE,  OH PaspylIHTCA 10 TOFO, KAK AKTHBHBbE MOJEKYJH
npopearupylor. B TeOpPHH axXTHBHPOBAHHOTO KOMILIEKCA, KOTOpas
fyaer pacCMOTpeHa HHXKe, MHOXHUTenwo P npujaaercs cMmbica, OTAHY-
Hbifi OT PACCMOTPEHHOrO 37eCh.

§ 2. Pacyer KOHCTAHTH CKOPOCTH XHMHYECKOR peaKuun
no YHCAy CToJKHoBeRnil

Paccmotpum peakuno A+ B—C 4 D. M3 ypaBheHus peakumuu
BHIHO, YTO A5 TAKOH PeakUuH Kawjoe CTOJIKHOBEHHE AKTHBHLIX MO-
JIEKYJ ZOJKHO NPHBOAHTL K HCUE3HOBOHHIO OJHOR MOJIEKYJH NaHHOTO
BRIa, IO3TOMY CKOPOCTh TAKOR peakuHH 3anuuercs *

W=2sp nKT/N;\ (7)

Hucno CTOIKHOBEHHA MOJEKYJ TepPBOro BHAa ¢ MOJEKYJAaMH BTO-
POro B OAHOM KyGHUeCKOM CaHTHMETpe B OAHY CeKYHAY IpH yCJOBHH,
4TO MX PHEPTHs PaBHa WK Goaplie E..,, paBHo YHCTY AKTHEHBIX
CTOJKHOBeHHIL:

1 1 s
ZAB. aur nA"Bd‘iB [BﬂRT T’f:\- + 7’g_)] “Fal® ®

rae na H Hg— YHCJAO MOMekyl A n B B oaHOM KyGaueckom CAHTHMRTDE; dap =
== ry+ rg —cymMma paanvcos Monekyn A H B Ma u Mg - macew moneft A u B
COOTBETCTREHHO.,

Mopctasias supaxenue (8) 8 (7), noayqgum

i 2 1 1 g/ ~E5KT/RT
w = gy man [89RT (= + 5 )] ®
* Tpu ycaoBi, 9T0 KaXRO0E CTCIKHOBEHNe § KOTOPpo:: (CTABIAIOUAN FHEPTHA

BAOMb JHHHH LEHTPOB TNPEBHUIAET HEKOTOPOS KPHTHYECKOE 3HAUEHHE, MPHBORMT K
peaKiuH,
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Coraacuo OCHOBHOMY fIOCTYNATY XHMHueckofli KHHETWKH Ans pac-
CMaTpHBaeMoll peakLHH
w==kcpcg (10}
KouneHsTpaluuu peardpylollnx BeHleCTB Cao H Cg MOXKIO BBLIPA3HThL Hepes
na ¥ ng
ca=nufNy  cp=ngfNy

Moncrasasg 374 seanyunsl B (10), noayuum
w = knyng{N, Ny (1)

Ipupasunsas (11) u (9), HaxoauM
b= NAdiH [SﬂRT (7\711: —A%;-)]’h e~ Eant/RT (12)

Takum 00pa3oM, KHHETHUCCKAs TEOPHs NO3BOJNET PACKpPbLITL (PH3HIC-
CKHM CMBICA KOHCTAHTH CKOPOCTH XHMHUECKOH peaxiHil.

IpeHeGperas 3aBHCHMOCTBIO NPEA3KCIOHEHULANLIOIO MHOKHTEISN
OT TeMNeparypsl, 0003HaUHM

a2 1 1 ';’2_~
Nadly [SnRT (74_; ¥ 71;—)] — const (13)
Moacrasasa (13) B (12), noaytum
k= const exp (— Er{RT) {14)
[MponorapudmupoBan 370 BHpameHHe, HAXOLHM
in k== In const — E x¢/RT (15)

Hnaddepenuupys no remnepatype, NOAY4HM
dIn kfdT = E 44 /RT? (16)

Conoctagafa 370 BHpaXKeHue ¢ ypabhenuem AppeHuyca [eMm. ra.l,
ypasrenne (135)], naxoanm
A= Egr. (17

OtTkyZa siceH (DH3HUECKHIA CMBICA JHEPrHU akTuBauuy A.
[Tpu Goaee crporom paccMoTpeHnyM BesaHyuny T' nano u3 &oOH-
CTaHTH B BolpakeHHi (13) HCKMIOUHTH, T. €. NPHHATDL, YTO

l 1 '
N, d: [BnR (-—— +—-——)] = const (18
A%ae M, T M, )
A, caefoBaTensHo, coraacuo (12)
k= const T/ exp (— Egr/RT) (19)

Jlorapuomupys 310 BupaxeHue, TOAYUHM

In £ = In const -- -é— InT — Eaxe/RT (20)
Ouopdepennnpys ero no T, naxoaum

din kjdT = (Em. + ;— RT)/RT’ @1)
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-COIIOCTaBJIﬂﬂ 3TO BHIpaxeHHe ¢ YpPaBHCHHEM Appennyca, HafineM
. i
A=Eam+‘§'RT (22)

B GoanwuucTRe cayuyaes peaklHH LIPOBOAAT MPH TeMOepatype He
peiwe 1000 K; npHiaMas Bo BHuMatHe, uTo R == 8,31 Ix/(Moas-K),
BHAHM, YTO 3Havenne RT/2 =~ 4T o6buno we npesblwaet } K x/MO0Jb.
JHeprus akTHBAauHH OGONLWHHCTBA peakuudt wMeer nopsiiok 04—
105 1)K /M0.1b, 003TOMY C JCCTATOUYHOH CTENeHbIG NPHONHKENHST MOXHO

CUHTATD, 4TO
Az Egpr {23)

3Haueltne KOHCTAHTHL, onpejensieMoe pareHctBoM (13), no ¢wuau-
UECKOMY CMBLICJY COOTBRTCTBYET YHC/Y CTOJKHOBEHHH B CEKVHAY MO-
JAEKYJ HepBOro BHJAA € MOJEKY.J1aMH BTOPOro BHAA, AeAeHOMY Ha
yuc1o AROraipo, NpH YCNOBHH, MTC HX KOHUEHTPAIHH, BHpaKentble
YHCIOM MoJieli B Ky6HUeCKOM CaHTHMeTpe, PaBHL APYr APYTY H PaBHEH
0AHOMY Moo B KyGHgeckoMm cantuMmetpe. [ToaToMy 3Ty KOHCTaHTY
MOXHO 0603HauNT: GYKBOA 2 # paBeHcTBO (12) sanucath

k= zexp (— Ea:/RT) (24)

Takum o6pa3oM, npedsKCnoHeHLHANLHMA MHOXHTENb B ypaBHe-
HHM AppeHHyca HMeeT BIOJHEe ORpejlefeHHbIE (HIMUECKHA CMDIC.

§ 3. JHeprus AKTHBAUMHA GUMOJNEKYJSPHEIX PeaknHi

Boaee crporoe onpeaelielne 3HEPrHd AKTHBALMN OGHMOJAEKYAAPHOR
PeaKuHy MOXKHO MOJYYHTb, Y4HTHIBAsd [IPH pacyeTe KOHCTAHTH CKO-
POCTH 3aKOH pacnpelenenus Makcsensa — Boasumana.

Coracno 3akoHy pacnpeae’enus Makcsenna — Boabumana, gucao
YacTHU, 1;, 061ana10UHX SHEpraefi e;, PaBHO

_ o ngexp (— e, fkT)
; g, exp (— a]]kT)

(25)

y

rje n — ol0Wee yHCAO HACTHLL, g: 4 g!—cramcruqecxne Beca JaNnRoro epreTH-
HECKOTO COCTORHHA, CYMMuposamiie 1o { NpOBeAEHO DO BCEM TeOPeTHYECKH BO3MOX-
HEM MHKPOCOCTOAHHAM CHCTEMH.

Ecau B raze TpoTekaeT XHMHYCCKHII npolece, To pacnpeaeienne
Makcseana — BoabuMana Momer Hapywatees. Hanpumep, ecan B
peayiILTate pCAKLHH [IPOHCXOJHT €aMopasorpeBadHe CHCTEMB, KOH-
(UeHTPAUHA AaKTHBHBIX Y4CTHL MOMET YBeQHUHThCA, CMellas pac-
npeae’eHie B CTOPOHY YBENHYEHHS YHC/1a COCTOAHHA C© NOBLIEHHOH
sxeprued. Kpalinum c¢iyuaem NpH 3TOM ABHTCA NEpexXol mpolecca
8o B3puip {cM, ra 1, § 14). Ecan ke B x0Ze npolecca aKTHBHBIE
HACTHIBE N0TPeOJsoTCH OblcTpee, UeM YCTaHABJHBAETCA B peay.b-
TaTe CTO.TKHOBEHHWIT HX KOHIEHTpPauMsd, COOTBEICTBYIOUIAA MaKcBeJJI-
GoAbUMAIIOBCKOMY pacnpeae.ieHHIo, XHMHYeCKaR peaklHa 3aTyXaer,
C TaxHM dsJeHiieM yallle BCEro BCTPeYaloTCH NPH MAJbiX AABJIEHHAX.
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Yem MeHblle 3HEDrHA aKTHBANHH, TeM OBICTDEe HCUe3aldT AKTHBHLIE
MOJEKVAN 0, CJe10BaTeNbHO, TeM Jelle CMellaeTcs pacinpejciernHe
8 CTOPOHY OGCANEHHST CHCTEMLl YacTHILAMH, objanalltuMu 60JbWok
sHepruelt. Kaxk Mbl yme BRI M, UOBHIUeHHE TeMHePaTYpH YCKOpHey
BHIXO,1 AKTHBILIX YACTHIL, [OITOMY OHO cnocoBCTBYET CMEUeHHI0 MAak-
€Be.1.1-G0.TbU MaHOBCKOTO pacnpeleels.

Eciil B pe3yvanraTe XHMHMECKOTO lpolecca KOHUEHTPALHA AKTHB-
HBIX 4ACTHU UIMEHHETCH Mo cpaBHeHuw ¢ pacupeneneduem Makcsear-
na-— Boanlivana, po ocraercl cTaulHoHapHoit B X0J¢ peakudH, To 3a-
BHcHMOCTL Ini/n = [(e./T;44) COOTBETCTBYET GPAMON, TAHICHC YIVIA
HaknoHa xotopoil pasen 1/T;sq. Bennuusa 1/T.4e we pasua obpart-
HOH TeMmIlepatype CHCTeMNl, Haxolsuleficst B paBHOBecHn. B 3ToM cay-
qac BeaNTHHY 7,34 Ha3biBal0T 3(peKTHBHOI TeMilepaTypoil cHcTeMhl,
a YycTadaB.ipalolleecss NpH 3TOM pachpeje’lende, KOTOpoe MOMKET
OnTE 3allicano B suje

n
% == const exp (— &¢/Tapa) @0

HOCHT HA3BaH{e ACCB00MARKCEENT-GCABYNAROBCK020 PACHpeOereHIA.
TIps He COAHWKOM BLICOKHX TeMNepaTypax H He OdYeHb MAaJmx
OaBJeHHAX npOecc o0bluI0 JIPoXedaT NpH cO0AIONeHHHA pacnpeaens-
Hus Maxcseana — BoasilMana.
UHe 10 cTOIKNOBEHHE 2 axr MOJEKY., 081a]al0lLHY B CYMME OIIpe-
IedeHHOll 3Hepruell £, B cuHcTeMe, NOJIUHHAKINEHCH pacHpelelieHnI0
MakcBenaa — BoasuMana, taxke nNo4HACTCS 3TOMY pacnpeencHH;

z exp (e /&T)

Zhakr T Tw

(27)
exp (— g/kT) de

Sy

B 3sTOoM BLIpascHHH CYMMHPOBAHHE 3aMeHEHO WHTETDUPOBAHHEM,
TaK Kak JILI8 MOJACKYJISIPHLIX CHCTEM JHEPTeTHYeCKHH CHeKTp CTOJK-
HOBEHHIT, eciilt He YUHTHEAIOTCS BHYTPEHITHE CTCNEeHH CBODOAB, MOXKHO
CUMTATH SEKBAUTOBANILIM,

[MockornKY 4HENO CTOJKHGBREHHHE 3aBHCHT OT 3IMEePrHH CTOJKHOBE-
HHA €, KOHCTANTa CKOPOCTH DPeakUHM Takike 3ABHCHT OT 3HEPrHH
croaxdosennil. Ona pasua nexoTopolt peanwmie &k{e:).

Coraacho {27)

___Zoexp(-—e./kT) (28)

S exp{— ¢/kT)de
1)

K peakuuH IPHBOAAT BCe CTOJKHOBCHIMA, ¥ KOTOPHIX 3HEPIHS 60Jb-
e HIH PaBHA KPHTHHECKOH IHEPTHH £,x; (COOTBeTCTBEHHO £; == Nag;
paBia i 0oablie KPHTHUECKOW 3uepruy Euxe = Naeawr). [Mostomy
lp1 pacueTe KOHCTAHTLI CKOPOCTH PeakuHu £ (ee HHOT1a HA3bBAIOT
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CYMMapHOH KOHCTAHTON) HAAO YYeCTh CTONKHOBEHHR BCeX YAacTHI,
IHEePruA KOTOPHX paBHa HJIH BHIIUE Ezxr T. €.

oo

E S exp (—e ;/kT)de

=]

k= S k (2) do = — oK =

4

axT S exp (— efkT) de
0

20 S exp (— E/RT) dE

iakr 29)
S exp (— E[RT) dE
0
Jlorapudmupys suipakenne (29), naxoaum
ink=1Inzo+In S e ERT yE —1n S e ERT 4E (30)

EaHT

Oubdepenunpys Bupaxenwe (30) no T, npeneGperaeM 3aBHCH-
MOCTBIO 2zg OT T, KOTOpas npu AR(ppepeHlHpPOBANHH AdeT claraeMoe

d In zofdT = 1} (2T) (31)

CunTan z; NOCTOAHHBIM, NOJYYHM

oG

1 ~E[RT U po-Ear
o S Ee~ERT4E S Ee~EIRT 4
dink B 0
a7 T T = = 2)
S e BRT qp S.fffRT dE
£ 0

AKT

ITepBoe caaraemoe npasofl uacTh Bupaxenisn (32) Ges MHOXHTenn
1/RT? ecTh cpeflHas 3HePrusl aKTHBHBIX CTOAKHOBeHHR E.x:, a BTopoe
caaraeMoe, ratke Ges MuomitTean 1/RT? — cpeanss 3ueprus BCCX
CTOARKHOBEUHH HexXoaHLXx Modekya E. Tlostomy Bmpamenne (32)
MOZKHO 3anHcath CRedylomuy ofpasom:

dlnkfdl =(E,, — E}/RT? (33)

H3 arvoro Bripaixeiius siCHO, YTO 3HEPrdsi AKTHBAUKH €CTL PAIHOCTh
MeXkay cpelHed sHeprueil akTHBHLIX CTOIKHOBEHHH W Cpeldlieli 3Hep-
THER BCeX CTOOKHOBEHHH,

Heo6xoaumo orMernts, 4T0 Bre BHUYHCAEHHA OBLMM CJCI3HB B
MPeANONOKeHIH, To £ He 3aBHCHT 0T Temmepatypbl. 310 coraacyercs
U ONETOM, KOTOPLIH NOKA3LIBAeT, UTC B He oueHb 0OJbLLIOM TeMIepa-
TypHoM nittepsade lnk nuuefino 3asucnt ot 1/7. MockonbKy kBaapart
CKOPOCTHt MOTeky.] raza OpAMO HPOHOPLHOHAdeH TeMmnepartype, Eaxe
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B £ Taxke H3IMEHSIOTCA NpPAMO [IPONOPIHOHAJIBHO TEMIepaType.
BeaencTeue 3TOrO HX PasHOCTL 3HAYMTEALHO MEHBIIE 3aBHCUT OT TeM-
nepaTypul H B AOCTATOUHO LIHPOKOM HHTEPBAaje TEMIEpaTyp ee MOXKHO
CYHTATb MPAKTHIECKH NOCTOAKHOM.

§ 4. CrepHuecKHH MHOXHTETh

Kak nokasaHo B § 1 3Toil raaBul, 4HCJO CTOJKHOBEHHH 2, HaijeHHOE
Ha OCHOBAHHH ONBITHbIX JAHHBIX MO 33BHCHMOCTH KOHCTAHTH CKO-
PCCTH XHMHYeCKOH peakUHH OT TeMnepaTypsl, B GOJbLIIMHCTBE CIyUacB
He COBNAA&deT ¢ PACCYHTANHLIM H3 YHCHA AKTHBHBIX CTOJKHOBEHHH.
TMosTtoMy B BrlpaxeHHe (24) TPHXOAHTCA BBOIHTL €ILE OXHH MITOKH-
Teds P, HOJyuHBIUHIL HA3BaHHE CTEPHYECKOrO MHOMKHTEAH, T.C. Bbl-
paxeHhe (24} Haa0 3a0McATEL B BHj1E

k= pze EIRT (34)

3HaueHHe CTEPHYECKOr0 MHOMHTEAA 0OLUIIO JIEKHT B Npejeiax oT
1 no 10-8. Hanpumep, 414 peaknuH NPHCOeJHHEHHS HOAHCTOrO AJKHIA
K TpeTHYHOMY amuuy (peakuusa MeHWyTKuHa), npoTekawllefl B pac-
TBODe, CTePHYECKHH MHOXKHTeAn HuMcer mnopsaok 103 Hekortopme
HOHHHIE peakilHH, MPOTEKalollHe B PACTBOpAaX, XapaKTEPHIYWTCA CTe-
pPHIECKHM MHOxHTeJeM, GoabwnyM eannuunl. Hanpumep, ans peakuun
HoHa ammonus ¢ HoHom CNO- crepuueckn#i mnoxurenb pasen 102

Eciu He yuHTHIBATL CTePHUECKMH MHOMHTENb, TO AJif peaklHH

k
A+B k-e'_—"] C+4D

yleNbHAs CKOPOCTh NPAMOIT peakUHH A0JxHa ObiThb paBHa

by = z,e = EVRT (35)
H yAeJbHas cKopocTh OGPaTHON PeaKUuH
ky = z,e " EIRT (36)
Ilenn pasencTBo (35) Ha (36), MOAYYHM, 4TO KOHCTAaNHTA pPaBHO-
BeCHSA

OTHowenHe 2,/2; A0A4HO GBITL GMH3KHM K elHHHIE *, a pa3Huua
MKy SHePIHAMH aKTHBALHH NPAMOro M 06PATHOro ipoliecca 10XKHA

* NeilcTBHTEALHO
"

2 1 1 2
1= dhy [8aR7( 57+ )] ¥

1 1
= iy [8aRT (g7 + 57)|
Ecau
dyy 2 d H L + l o1 + 1
AB = ECD My, T My T Mg UM,

370 wacto cobaodaetcs, NUAyYdaes 2| & 2.
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6biTe paBHA PA3HOCTH 3HTaJALOHA H KOHEUHBIX W HCXOJIHBIX BeLiCCTH,
Kak 3To BHTeKaeT ¥3 XMMuueckofl tepMmoanHaMukld, Takum 0&pason,
TEOPHA CTOJKHOBEHHA NPHBOAHT K TOMY, 4TO

K = exp (— AHJRT) (38)

OucBUAHO, UTO 3TO BLIpaKelHe MOXCT OHTh COpaBeAJHBbIM TOALKO
npu abCodOTHOM HyJde WJIH OPH YCJOBHH, HTO pPeAaKLii® MPOTEHAET
€3 HIMCHEHNWS SHTPONUH.

Ecan me yuecTn najwuMe CTepPHUECKHX MHOMNHTeseli, TO W3 aHajo-
THUHBLIX pacCyXKAeHitl Mo1ynaeMd

kg PQZQ
H, CJ¢loBaTenbio, OTHOUleHHe P\z/Phzy A0AKHO COAEPXAThH SHTPO-
miiiHelil wieH.

FH3 TepMORHIAMHKHY H3BECTHO, UTO

K = exp (AGY/RT) (40)
rae AG” — HiMeneHue CTAHAAPTHOro H306aPHO-HIOTEPMHYECKOTO TNOTeHNHaNA2 8 pe-
3¥ IbTATE peakilH.

[losToMy npejcTaBasieTcd BO3MOMHLIM BBeCTH B KOHCTAHTY CKO-
POCTH xHMHYECKOH peaKuw# H300APHWH NOTEHLUHAJ aKTHBAUHH:

k=zexp (— AG*RT) =2z exp (AS*/R) exp (— AH*/RT) (41)
rae AG®, AS* u AH* — cooTBeTcTBCHHO H30G2pHKA {IOTEHLHAN, IHTPONHA H BHEPIrHA
{3HT2NLNHR) AKTHBALNH,

CoraacHo nogayuyeHHOMY BHpaxeHHID AH* Halo Ha3kBATL TeMNO-
TOH AKTHRALWH,

Pacemorpentoe anech ofocHoBanne ypasHenus (41) He sBasercs
crporuM. Crporoe o60CHOBAHHE HeoOXOAWMOCTH BBeIeHHS 3HTPONAM-
HOTO WICHA B ypaBHeHHe, Olipefesioilee KOHCTAHTY CKOPOCTH XHMH-
YecKOro npouecca, 6y/leT paccMorpeno s . IV,

K= k _ Pz, e—AH]RT (39)

§ 5. Ocaoxuniomee neHCTBHE reTeporeHHpix Nponeccon

Hapsaay ¢ peakunAMH UHCTO TOMOreHHLIMH, MPOTEKAWIHMH BCEHENO
B rasoBofi ¢raze, cyllectsyeT 00/bWIOC YHCAO NPOUECCOB, NPOTEKAK-
WHX KA DOBEPXHOCTH TBEPAOH dasw ¢ NOCIeIVIOUIHM TPaHCHIOPTOM
npoiykToB peakinn B ofbeM. HMuoria oanorpemeHHo #ayT ofa upo-
Hecca, rOMOTeHIH H reTeporedHsll, npuieM poJb reTeporcHHOro Ka-
Tadu3aTopa BHOOANAET MaTepuad cocCyda, B KOTOPOM HaxoAsTcA
pear’pyiouiie BeiliecTBA.

Tak, npn Temnepatypax okoao 60—100°C TepMuueckoe pasnoxe-
Hye 030Ha SIBAfETCA TOMOTeHHOH peaxkuHed BTOpPOro nopalnka.
Ilpu HH3KMX TeMnepaTypax HOPAZOK CTAHOBHTCS APOOHBHIM M opH
AaabitefiuieM NoHHXKeHHH T MepexoiuT B NepPBHIE 3a cueT BO3PacTauud
CKOPOCTH TeTePOreHHOro MNpolecca Nepeoro TNOPAAKa Ha CTEeHKax
cocyAa,

Hacto BCTpedatoTcs cayyau, KOPAA CKOPOCTH TeTEPOFeHHBIX MNpo-
ecCOB HACTOILKO BEJHKH, 4TO TOMOTeHHAA NEaKUHR [OJHOCTLIO KO-
Aasjsiercs. TakoBo, HanpuMep, TepMHHECKOE DA3JI0KEHHE AMMHAKA 4
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napyrux ruapuaos Vo orpynnet {(PHj;, AsH,, SbH;) B crekasnubx u
KB4pIEBbIX cocydax. B HeKoTOpbIX c/yuYasix B3aHMHOe BJHAHHe roMo-
TEHHOrO M reTeporeHHOrQ MpoLeccoB He NO3BOJAET AelaTh ONpejeseH-
HBIX KOJHTECTBEHHLIX BLIBOJAOB O KHHETHKe DeaKLHH, 4TO, MO-BHIH-
MOMYy, HMEeT MEeCTO, HallPHMep, PH pasnoxenun K cuuresze NO.

Takum o6pasom, AAA 0OJY49elHs AOCTOBEPHBIX KOJHYECTBEHHHIX
BHROAOBE K3 ONBITHHIX AAHHBIX HeoGXOAHMO 3HATh, ABJNETCA JH pac-
CMATPHBAEMBIH MPOLECC CTPOrO TOMOTEHHHM HJIH OcjoXKHAeTes (B Ka-
KOft cTemeHH H B KakOH o6yacTH TeMnepaTyp?) reTeporeHHHM [po-
TILeCCOM,

3T0 MOMHO BEIICHHTH ABYMA cnoco0amu: BO-NEPBEIX, H3IMCHEHHEM
fI0BEPXHOCTH COCYAa, B KOTOPOM NPOBOAHTCS ONKIT; BO-BTOPLIX, H3yue-
HUEM SKCNepHMEHTa bHOH 3aBHCHMOCTH KOHCTANTHL CKOPOCTH AT TEM-
TepaTypH.

¥YBeanueHne o6beMa cocyna ¢ COOTBETCTBYIOUIHM yBeJHUEHHEM IO-
BEDXHOCTH B HECKOJALKO pa3s PelKo MOMEeT JaTbh BO3MOMXKHOCTH Cle-
JaTh OJHO3NAuHLle BHIBOAH. Jlydule BBOAHTR B pPeakuHid B MeJKoO-
pa3ApobieHHOM BHAEe MaTepHaJ, H3 KOTOPOTO CAeJaaH COCY/, YBEJHYH-
Bas TakHM 0O6pa3oM NOBEPXHOCTL B COTHH THICAY H MHJJHOHH pa3.

Jnsi MHOrHX reTepOreHHbIX MpPOLECCOB 3HEPTHW AKTHBALKH 3HA-
YHTEJILHO MeHbLIe, YeM AJH TOMOTeHHHX, H [OPH KOHKYPEHIHH peax-
A 0GOMX THNOB 3aBHCHMoCTE lg & ot 1/T npeacrasaser coboft KpH-
BYl0, CHPAMJSIOLIYIOCH @NpPH HH3KHX H BBICOKHX TeMIlepaTypax
(puc. 33). TIpu HH3KHX Temnepatypax (yuacTok 3) CKOpPOCThH roMo-
TeHHOH peawuHyd He3HaUHTeJLHAa H LCIHKOM NOAABJASETCA TeTeporeH-
HHM npouieccoM. Haknon npaMoll paer Kaxymylocs SHepruio akTHBa-
LHK rereporeHHoNl peakuns Erqr.

Mpu wekoTopeix cpeanux Temnepatypax (yuacTok 2) CKOPOCTH
O00OHX NpOlleccoB CTAHOBATCH CPABHUMBI (CKOPOCTL [OMOTEHHOro mpo-
HeCCE, KAK NpaBuio, GhlCTpee YBeJAHYHBAEGTCS € POCTOM TeMuepary-

Lk

I ! 1 H
yr 0F 47 48 69 10 Hre?

Puc. 33. Bua 3aBHCHMOCTH AOTapH(Ma KOHCTAHTH CKOPOCTH QT obpaTHOi resnepa-
TYpH NpH KOHKYDeHIHH TOMOTeHHOrO H re'repbrelmoro NpoLecCoB:
a — ofmufi cayvaf; 6 — peakuHs NO + NO — N; + Oy (no fannuu Eannexa).
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Tabauya 7. Kuneruneckue Januse 0 HEKOTOPSLE BUMOACKYAAPHNY peaxyuay
MERCTY BANCHTHO-HACHIUERRB MU MOAEKYAA ML

TeMnepa- ¥1eAbHER cKOpOCTH * Crepigecknit
Peakynna au;)e’g:::n. K cudi(mons Q) [ uuml(‘;l'rellb
2HI —» H;+1, 556—781  3,32.10'7 4/T e~ I840RT ~1
H,+ 1, —» 2HI B56—781  3,62.10'2 /T o~ !%80RT ~ 0,1
2NO; —» 2NO + O, 592—656  1,25.10" /T £~ !1LOURT ~ 0,05
gNOC] —» 2NO+Cl,  451—567  3,83,10'24/T e~ 10RT ~1,0

* 3ueprus shpaxena B KIX/'M0Ab.

pH *) u Ha rpadmuke nosaydaercs 3arubaloulasics BBepX Kpupasi. Ha-
KOHell, MpH AOCTAaTOYHO BHICOKHMX TeMmepaTypax (yuactok [) cKopocTh
FOMOreHHOro npoulecca npeo6hajaeT ¥ TNO TaHTEHCY YIJa Hak/OHA
OpAMO B 3TOH 06JACTH TeMIepaTyp MOKHO BBIUHCJ/HTb 3HEDTHIO
2KTHBALMK TOMOTEHHOro npouecca Ergy.

JauHuee o© KHHeTHKe OHMOJeKyJAfpPHHX pPeakUHR, [ONydIeHHble
SKCIEPHMeHTaNbHO, NpHBedeHI: B Taba, 7.

Brino o6HapyxeHo, 9TO YHCTO rOMOTEHHLe NpoleccH CYLLecTBYIOT,
HO CpaBHHTebHO pedkH, C yBepeHHOCTbIO MOXHO YKa3aTbhb JHib
qeThpe PeaKUKH: pa3foXeHHe W CHHTe3 HOAHCTOrO BOAODPOAA, TEPME-
yeckoe pasnoxenue NO, u NOCI BoapwHHCTBO rasoBHX peakuui,
HO-BHAKMOMY, HAYT Yepe3 pajHKajbHble 3JE€MEHTApHHE CTAdHH H
QCJIOKHAIOTCA reTepOreHHHMH TIpOLeccaMt JMHO0 LeMHHM MeXaHH3MOM,
JIR60 H TeM U APYFHM OLHOBpPEMEeHHO.

Korpa cosgamoTea YCJA0BHA AAA NpoLiecca ¢ MeHbUIMM aKTHBAHHWOH-
MbiM GapbepoM, HanpHMep, AJs reTePOreHHOTO TNPOLECCd, Peakuus,
€CTeCTBeHHO, YCTPeMJAeTcd B 3HAYHTENLHOH CTENEeHH NO 3SHepreTHye-
«CKH naubosiee BHIrOAHOMY nyTH. TakoBO TepMHUYECKOe Pa3/oMKeHHe
'MOHOKCHJ@ a30Ta

INO —» N;+ 0, 42)

Kotopoe or 690 no 1350°C npoTexaer Kak peaKuus BTOPOro Nopsika.
Onnako XOA 3aBUCHMOCTH 1Nk 0T TeMmepaTyp 3acTaBJseT AyMaTs,
WTO 3/eCh HMEET MeCTO TeTepoTeHHWA mpouecc, H JHUIL B 0OaacTH
Temnepatyp Buiuie 110°C nmpouecc CTAHOBHTCH NONHOCTBIO OMOreH-
HHM. 3TO XOpOUIO HANOCTPHPYeTcA KakK puc. 33,6, Tak U npHBeleH-
‘HHMH HHXKE AaHHBMH, H3 KOTOPHX HAarVIAAHO BHAHQO HENpepHBHOe
yBeHYeHHe SHePTrHH aKTHBAIHH ¢ POCTOM TeMNepaTypH:

K ......... 952 1108 1201 1252 1 355 1526
&, cwd/(Moan-c) . . . . 40 228 625 1 073 3843 47 059
E, xIw/moas . . . . . 106 120 133 183 253 303

BeposThOo, npn HU3KHX TeMnepaTypax B OCHOBHOM HJeT TpeBylo-
Masi CcpaBHUTE]BHO HeOOALUION 3HEPTHH AKTHBAlMH TeTeporeHHAS

* 3a cuer GoJblllel HEPIuy AKTHBAUWK.
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peakuna. C BospacTaHHeM TeMMepaTypH H, CJeJ0BaTeNBHO, C YBEJTH-
Yelinem B obbeme wnesla OOTATHX 3NEPrHed KaCTRU roMorelubii upo-
Lece HauHHAaeT KOHKYPHPOBATh C TeTepoTeHHWM TeM YchellHed, yey
BHllle TeMiepaTypa. Takum o00pa3oM, BHYHC/JIEHHHIE 3HAYEHHS 3IHED-
run aktnBaunn (174,0 K1 /MoAb) ¥ KOHCTAHTH CKOPOCTH

k — 5'3 R Iog ﬁ e-—l?!.OfRT (43}

OTHOCATCA, CKopee Beero, K NepexoaHoll o6MacTd H HOCAT QHKTHBHLIA
xapakrep. [Ipenenbuoe 3Haycyue sueprun axtupauud 303,0 kdx/Mom,
OTHOCHTCA K MOMOIreHHOMY MpoUeccy, OAHAKO AJA YBEPEHHOCTH B 3TOM
Heo0X0oHMO GuAO GH HMETh AaHHLe, OTHOCALIKHeCH K ofjacTH 60.11-
WHX TeMmmeparyp.

§ 6. Peakuuu csoBonHLIX ATOMOB # pa/iiKanos

[MTpumepamit  GHMONEKYASIPRLIX [POUECCOB  MOTYT OHITh pearuHI,
YYACTHHKAMH KOTOPGLIX ABJAAIOTCA CBOOOIHME aTOMBl HJIH PAAHKAIL,
UscTo roMoreHHele Tipouecth Menily BajeHTHO-HaCHOIEHHBIMH MO.Ic-
KynaMH peiKH, Tak Kak OHH TPeOyioT 3HaUHTeNbHBIX HeprHil aKTHBA-
nuu. B snepreruyecku Gonee BHIOJHOM NMOJOMEHHH HAXOAATCA 4ACTH-
uH, 06Maaamnmpe y¥Ke rotoBol ¢BOGOAHOH BaNeHTHOCTBIO, — ATOMBI H
paankaapl. [Tpouecch ¢ HX yvacTueM TpeOylOT, ecTecTBeHHO, 3HAUH-
TEJAbHO MEHBIIHX 3HEPTHHA AKTHBAalUMH, H B ITOM OCHOBHAA NPHYHHA
TOTO, 4TO MHOTHE CIOIKHBIE PEaKUHH HAYT Hepe3 3JeMeHTapuuie CTa-
AWH ¢ yyacTHeM CBOOO/HLEIX aTOMOB H PaJHKa/OoB,

MoryT ObiTh ABa THNA peakKuWH ¢ yyacTHeM BaJeHTHO-HeHaCHILEH-
HbiX vacTHl: 1) B3aumogeficTBHe (pekoMOWRaLKA) ARYX BANEHTHO-
HeHaChIIIEHHEIX YACTHIL, MPHBOAAUlee K HCUe3HOBEHKIO cBoboiHoll Ba-
NEeHTHOCTH; 2) B3aumodeficTBHe BAJelTHO-HEHACHUICHHOR dacTHUL ¢
BaJeHTHO-NACHIIENHONE MOJexyno#i, NPHBOARLICC K COXpaHeHHio uau
AdXe YBeJHYCHHIO YHCIa CBOBOAHBIX BAICHTHOCTEN.

[Mpoueccs BTOpOro THNA HABAAIOTCH Hanbosiee MHOTQUACIEHHLIMH
H THTHYHBIMH OMMOACKYAAPHEIMHE NPOULCCaMy.

BaxHuocTe wu3yueHusi noaoGHblX peakuuit AHKTYeTca HeolxoiH-
MOCTBK) BLISICHEHHS HCTHHHOTO MeXailHiMa CJOMHBX peakluit. Bojn-
WY poib ¢ROGOANLIE PAAMKAALL HTPAIOT B ULNHBIX PeaKuuAX.

FHepeus aRTUBAUUL PAOUKALBHOLY peariyul

Ecan nas monekyaAfpHuIX peakuhfi He OuL10 HalideHO MpoCTOfl CBA3N
MeXy 3Hepruell aKTHBALLHH H TeNNOBbIM 3 eKTOM, TO AnsA PaHKAIL-
HHX peaklufi 3aMedeHa BeCcbMa HHTEPECHAS H TPAKTHYECKH Cyille-
CTBEHIAN 3IMIHPHYECKAH JHHEHAA 3JABHCHMOCTh SHEPIrHH AKTHRALHH
OT TeNNOTHl peaklnd Q:
Ear==A+aQ (44
rae A 0 o — noctoRHuLe.
3uaveHus A B o HECKOJBLKO H3MEHAIOTCS OT OJHOTC THIA peakuui
K APYIOMY, ORHAKO, YYHTHIBAas OFPAHHUCHHYIO TOYHOCThL 3IKCNEpHMEH-
TAJBHOTO ONMPEJENEHHA 3HEPrHH AKTHBAUMH, MOXKHO, NO-BHIHMOMY, He

il8



E, x o mons

o*CHg+RH ¢D+RH
eH+RH 4+CH,* RCI
AH+RCHO o+CH;+RBr
xH+RCl1 aNa+ RCl
aH+RBr 4Na+RBr
++OH+RH

a8
48
40
Jz
24

18

1 i
40 80 20 =~ #5 /M0N0

Puc. 34, CBaab Memay 3HePrHel aKTHBALMK H TeNJOTOR DedKUHH A/An IK3IOTEPMH-
yecknx peakiit Tupa X 4+ RY > R 4 XY (no paunns H. H. Cemenora).

BeIXOAf 3a mpejaeiul omubkp B 6300 3k, B GOoJbLUIHHCTBE cayuaes
YAOBJIETBOPHTLCA YpaBuenHeM (44), OpHHAB HeKOTOpHeE CPelINHe 3Ha-
YelHs MOCTOSAHMbIX o 1 A.

Tak, #a ocnoBe pacCMOTpPeHHS JaHHMX 3HAUKTEJLHOTO YHCAA pe-
akuvi H. H, Cemenop npeanaraer A4 3K30TepMHUYECKHX peariuil
cAeayIoulee ypapHeHne:

Eaxr =48,100 — 0,25 [ Q | k]0x/mMonb (45)

a 473 3HAOTCPMHUCCKHX
Eqer = 48,100 + 0,75 | Q| xIlx/monp (46)

Ha puc. 34 npupeichsl oupbTHBIC AaHHBE B KoopAHHaATax £;q—Q.
Kax BriHo, npubauaeHHan 3MIUPHYECKASs 32BHCHMOCTh B  IEJOM
ONpaBAMBACTCA AJS 3HAYHTEJNbHOro 9HCjaa CayuaeB. YKa3auHofi 3a-
BHCHMOCTH He MOAUMHSIIOTCH PEaKLHH, B KOTOPWX YYaCTBYIOT CBOBOI-
#oie atoMm Ci, Br, I, peakuns H + Hy,— H; + H u avanoruyune
peakunu ¢ aroMamu D n Mo.aeky.rami Dy u DH.

Peaxyuu aromrozo sodopoda

Knner#ika B3anMofieiCTBHA aTOMHOrO BOAGPOAA ¢ MOMEXYASPHHM Ghiia H3yuena
A i JI. ®apkacamn Ha npumepe napd- H OPTO-TIpeBpAILEHHH

H+H2napa — H‘Zopro+H

H peakunii cOvena MeXIy BOI0POLOM H AefTepies.
Hpunnwvas pasyc Motexyaw paBuum 0,74-10-% oM, monywaem pas amamerpa
cronkioBeana 111-10-8 ¢y (1484 074)/2 = 1,11, 71aKk kaxk dy =ry} orkyia

OpeiskcnoHeliliaNuanil ey ypasnesna (13) (Gez yuera muoxnreasy/T ) wsome
GLTh BLYNCIe No hopuyie

a, =510 4/{M, 4+ M)A M,
19



Tabauya 8. Kuneruxa esaumodeidcreus aromnozo sodopoda u dedrepus
€ MOACKYAAPHBIM 8000podoM U dedrepuem ’

Peakuus £.10'2 /T, en/imoan-c)* ag-10—"2 P
H4+ H, 5,03¢ ~38/RT 5,86 86-10~!
D+ D, 9,57¢ = 3hS/RT 4,13 62-107"
H+D, 2,650~ M.8/RT - 5,46 485.10""
D+ H; 5,54¢ = SRT 85 1

* Duepraa Bupaxena s KM /MOMb,

JKCIepHMeNTanbibe pe3yAbTaTh NpHBeseHH B 726 8°*.

OGpanaet Ha cebn BHHMaHHe CPaBHHTE/NBHO XQpoOlllee COTAAcHE ¢ TeOpHeR CTOJIK-
HOBEHHA — nonpapouHmil GakTop P BO Brex ciyyanax GJIH30K K elHMHHLe.

BechMa BaXHOH A48 H3YUCHHA MeXAaHHSMA TODEHHS SBJAETCH CHJALHO SHAOTEp-
MHYeCKaR peakllHf aTOMHOIO BOAGPOJAA € MOAEKYAAPHEIM XKHCAOPOLOM

H+0; — OH40, AF ==71,1 xJ{x/Monb

DPHBOAAULIAH K YyBeNHUEHHIO WYHCJAAa AKTHBHHX (PaJIRKaJNBHHX) 9acTHIL B CHCTEME,
HenocpenctBennoe usyvende 310l peaxunn nposegexo He Ouao. H. H. Cemenos
C €OTP. OUEHHNH SHEPTHI0 aKTHRALHH B 75,3 kILK/moab.

A. B. Haa6anasn 1 B. B, BoeBoackuf xoCBeHHHIM myTeM H4 OCHOBAHHH aHAAH3A
KHHETHUECKHX JAHHHX M0 OKHCJIEHHIO MOJEKYJAAPHOrG BOAOPCAA TOAYYHAH CAEAYIo-
1ee BHPANKEHHE A KOHCTAHTH CKODOCTH!

k=25.1012 A/T ¢~ 75387 oy3i(monn - ¢)

K. ©. SHEPrBH AKTHBAMUHH aTOMHOTO H MOJEKYJAAPHOrO ROZOPOLA GAHIKH.

JlutepaTypHiie naHHHE RO B3aHMOJeACTBHIO ATOMHOrC BOAOPOAA C YTJEBOAD-
posaMy CBHAETENLCTBYIOT O CACKHOCTH PAAHKANGHWN TPeBpalleHHA: peakuHH MOTYT
DPOTEKATh N0 HECKOMbKHM NYTAM, HaIPHMEp

RH+H — H:+ R
a4 AAf YLAEBOAOPOLOB OJedHHOBOTO PAA2 BOIMOXKHH IBA TNPOLECCa — MPHCOSAHHE-

e 4TEMA BOAOpOAA
H4RH — RH,

1 ero otllenjeHHe; B 0OGOHX CAYYafAK cOXpaHaercs cpoGogHAasl BAJEHTHOCTD.
Peakuni ¢ MeTaHOM, STAHOM, RPONAHOM, HOPMAJNbHWM H H300yTaHOM NpH KOM-
HaTHOR Temnepatype Owap H3yyewn CTHcH H TpocroMm. DHepruM akThHaaumy OuAH
PaccYHTaHH H3 ONBNTHHX KOHCTAHT NpPH MpeAnoaACxkeHHH, uTo ¢akTop P pamen 0,1
OuH NOAYUH/JIH 3HagseHHA SHepruu aKktHaanuy 54,4 kll/MoAb Aam MeTaHa, OkomO
37,7 xlx/vons aas srada H 418 xJIx/monb Anm nponasa W ofoux Gyramon. Pe-
ayapTaTe GoJee no3gHHx paboT He coryacylorcs ¢ sTHMN uuédpaMmi. Tak, Jle Poft
¥ Bepan nsyuanu ssausogefcTeie H-aTOMOB ¢ 5TaHOM, MPONYCKad CTPYIO aTOMHOTO
BOJOPOAA H3 PaspAna Ha NJATHHOBYH TPOBOJIOYKY C TAaKHM pacdeToM, 9TOOH BO-
Aopoa TOMHOCTHK pekomGuurposas. [lo Temmepartype pazorpeBansst MpPOBOJOUKH
onpenennJH KOHUEHTPAUMIO aTOMHOTC BOAOPOAA. 3aTeM K BOAOPORY MNOAMELIHBAAK
HeSonbIIOe OMPefeNeHHOe KOJNHYECTBO HapoB 3TaHa. [lo H3MeHewHwo HarpeBaHHA
NPOBOJIOYKH OIPEfeNAAH KOJIHYeCTRO NPOpearHpORaBIUHX &TOMOB BOAOPOAA. ITH
JAaHHHE NPOBEPHAR 110 KOHHEHTPAaUHH KOHEYHOrO RpPOAYKTA — MeraHa. Taku nyTtem

* PacyeTHbie 3HAUEHHS SHEPTHit AKTHBAUMWH B3ATH W3 KHHLH: [Aeccron C., Jedd-
aep K., 3dpuxe I'. «Teopus abcomorhux ckopocTed peakuuits, Ilep. ¢ aura/Iloa
pea. A. A. Basananna. M,; Hagatunaur, 1948, cu. ¢, 208,
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Tabauya 9. Haunme o xunertike ezaumodedcrounr aromos sodopoda
u JeiirepuRr ¢ yeresodopodamu

Yaeawsnan
C R’
Yeacaaapo Wnuons | cronciosemmn, | SRR | T
i em3f(Moab-c)
H-+ RH
C,H, 17,2 0,48 2,29 0,09
CHg 209 0,54 30 0,52
D+RH -— H+RD
C;H, 37.7 0,50 2,53 0.6
CsHa 30,1 0,54 2,89 0.6
H-CyHq 297 0,58 2,77 0,6
unno-CaHg 26,4 0,59 2,77 0.6
H; 20,9 0,56 2,77 0,3

6uiaR nafileHH KOHCTAHTH CKOPOCTH H 00 HX TEMIEPATYPHOMY HIMEHEHHIO — BHEp-
r#s aKTHBALMH.
371H aBTODH ANA PLAKIHH

H+ CHg —> Hy -+« CHs
NpeANOKHAN KHHeTHueckoe ypasnenne B Buie (E b x[lx/monn)
B==34-102 4/T e~ BRT oy3yony - ¢)
a dartop P okazancs paBaum 481073

Hanguie B KOHEQHHX NpOAYKTAX MeTaHa obbAcHAeTCH BTOPRYHHMH NpOUECCAMH,
H3 KOTOpHWX NEePBHYHLM SBJAAETCA CTOJKHOBeHHE aTOMa H ¢ pPanHKaNOM ITHIOM

/2 - CH,

N, H,

[leppoe HanpaBaexne TPOUECCa KAk He TPeOVIOlLee cTaGHAHIHPYIOMILTO Tpoiinoro
CTOJIKHOBEHHS ABANETCA HaHGOgee BEPOATHHIM. B IajdbHednieM MeTHJAbHEE paABKaAn

olpasyT MeTal:
+CH;+H;, — CH,+H

«CHs;4+H — CH,

(nov;nemmﬁ npomect HMeeT HanGoanliyio 3¢deKTHBHOCTH NpPH TPOAHOM CTOJKHOBeE-
HHH),

Aapysur # Pabeprc mostopio #ayyuan 3tH peaxinn 218 H n D aromos. Arom-
Hule BOJOPOA H GefTepHil noayuadn fipu $oroxumuueckom pasnokennd HpS m DoS
ofnyuennem xaamkesof (228,6 UM} w prytHOA (255,0 wm) aamuamn, Kunetnyeckwe
AaHHHE AJMA ITHX PeaKUHA NpHBelend B Taba. 9.

Ecan nan srana uafigennan Jlapysatom w PolepTcom sneprus axTHBauum GAH3KA
Kk paccantansol Creen w TpocToM, TO B OCTAJBHHX CAYRafx NOAYYAOTCA 3HAYHA-
TeJAbHO MeHbIuHe UHGPH.

H 4 « CoH;

HJIH

Peaxyuu aromrozo Kucaopoda

Taprex » Konm HenocpeacTBeHno H3yuHas B HHTepBate Temnepatyp or ¢ go 180°C
PeaKuHIo
O+H, —» -OH+H

ATOMHHA KHCANOPOA NOAYYANE B Theolem paspffle, 4 3aTeM CMELIHBAJH C MO-
JNEEYAAPHHM BOAOPOJOM, PerdcTpHpOBald KOJHYECTBO noayyaiwielfcs Boaw. Yeeaw-
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wefHe fociennefi ¢ pocTOM TeMNepaTypw oT KoMumarthoit go 189°C yrasmeaer na
TO, uTO ueprust akrupauni papHa 25,1 w/la/moae Mexaunam propuynuix peaktii,
npyBoasix ¥ obpaszosanwio H;O, noanocto ne suscmen *. Cpabuenile onwTinix
JaHHNX C PacCUHTAaHHHM YHCAOM CTOJKHOBeHNA nokazano, ute ua 10* cronknonenmi:
ATOMOB KHCAQPOAA ¢ MOJEKYJaMH BOAOPONA JUIUbL OMO ODPHBOANT K 0Gpasonawiio
Boad. B TakoM ciayuae cTepudeckmfi MHOMMHTe s Gyger 2-10-*** C npv.od cTo-
POHH, #3 JI4HHEIX 0O (bomxnuuqecxou; oxkucnenno A, B. HanGaunan w 3. B. Boe-
BOACKHA NPAEEMAIOT P paBubniM 7-10¢ v npennaraior ciefylouiee Bhipad.eHHe LIS
KCHCTZHTH CKOPOCTH!

E=12.10" ,/i-‘e—25.le'Rr

Peakusu aToMHOrD KHCAOPORE C MeTAHOM, 3TAHOM # aAblelAnavn GBIAH [HaY-
uwennl JI. H. Appamenko r P. B. Koaecunrkosofi. Atomauil kiclopoil moayuaniw
B TJEOMleM paapafe ABYMA TYTAMHI #3 MOJEKYJIADHOTO KHCIOPOAA M U5 [APOD
BOAH.

B neppom cnydae kpoMe OKHCIREMOTO KOMNOHEHTZ B pearHpYwuled CHCTEMe
HAXONHIHCE ATOMHBI H MOJIEKYARPHEI BOAOPOJ, BO BTOPOM — Maphl BOIW, aTOM-
HHR KHCAOPOR, aTOMuHIi BOAOPOJL H CBOGOAHME riapoKcia ***. 3To obcToATE IBCTEO
MO3BOJNI0 CAEMaTh MHTEPECHHE BHIBOAW O POJAH MOJIEKYJIAPHOTO KHCTOPoLa B OG-
P230PaHHH NPOJAYKTOB PeaKUWH, a TaKKe [1eTAAHIHNDOBATH ITEMCHTAPNHC CTau,
OTBETCTBEHHBIE 32 06pa30BaHHe TOTO HJH HHOLO IPOAYKTE PEAKLMH.

Tipy B3amMofeficTBAW MeTAHA C aTOMHHM KHCAOPOOM MPOAYKTAMH peakuui
ABNAOTCA HOPMATbIer T, MeTaROM, OKCHAN ¥Tlepoaa.

QOopmManbAeryl MOMET TIOAYYHTECA MO PEAKIHH

O+ CH, —» CH;0O-+ H,, AH = — 29,3 x[Ix/uons
O6pa3opalie MeTaHo.Ja NPOHCXOAHT B PE3YALTATE BHEAPEHHA ATOMA KHCAOpOAA
B MOJIEKYJAY METaHa:
O+ CH, — CHiOH

Meranon, B3aMOfeAcTBYS ¢ ATOMHHWM KHCAODOZOM, MOMET AaTh MOAEKYAY
tdopMansreruna ¥ Boay. MOHOKCHA yraepoja ofpasyerca B pesydbTare pedKudll
MeXAY aTOMaMH KHCA0pOLa It POPMaJbleraioM:

O+ CH,O0 — CO+4H,0

Jrokcun yraepoza noAysaerca 6Aaronapd peakmAH ¢ YJACTHEM TpeThel wacTHUL
O+ CO+M — CO+M

Ecag opH noayveHsun atoMoOB KHCJAOpOIA H3 paspafa » Napax S04M 106aBIATHL
MONEKYJAADHHEA KHCIODOA H MOJYY3aeMY0 CMeChb HCIORb3OBATH AR PEaKlHH ¢ Me-
taom, To pwixog CO; He H3MeHseTcd, a2 BWXOA (opMankIersia BOIPACTAET A
25 %. H3 storo, Bo-mepBHX, cheAyeT, 4TQ MPOUCXOART PEAXIIHH € YYACTHEM Mafe-
KYJAPHOTO KHCIOPOAA, NpHADAAWHe K ofpasosannio (opmaneiernna. HanGonee me-

* Hau6once eeponTHO, 4T0 O0Pa3yIOHACA THAPOKCHA BCTYRAeT BO BIAHMO-
BeACTBHE ¢ MOJEKYARPHHM BOAOPOAOM MO PEaKIHH

+OH+H; —» HOL+H
** JleRcTRHTEbHO

e . 3
Zakr, sren - [0- ZaxT, pacu —ex (__ 25,1109 i |O,5
z : z P\™ 837300
H, c1eq0BATLAEHO 8
z 10~

p— Caxtosken 9. 1074

z 5.107°

axT. pacu

*+* Konueutpauus uochesnero mpumepo 8 10 pa3 medvive, uew H 1 O,
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POATHO, H4TO TAKOBHMH HABJAIOTCH saaumonefictBue O; ¢ PARHKANAMH METHAOM H

METH/IEHOM!
«CH; + 0, — CH,O++0H
$CH,4+ 0, —s» CH,O+0O

Bo-propex, 3T0 nokaswBaer, uTo B o6pazoBanhd CO; MOJeKYAAPHBIA KHCAQpoA
YU3acTHS He NPiHHMaeT *

[Ipn peaKuuu »TaHa ¢ aToMaMy KHCACPOAA, NONYYeHHHMH H3 NIAPOB BOAH, OO-
pasyloTest Qopmanbleris, 3TaHOM, MeTaH, OKCHA YI1epoaa, STHACH H CAERH YKCYc-
HOTO albieruaa ** ¥ opraHuyeckoro NepoKcHAA.

Echi aTOMHBA XHCJAODOL 0OAYYaloT H3 MOJekyAAproro, To B peakiun ¢ Cpllg
ofpasyioTca T¢ Ke DPOAYKTH, TONbKC OTCYTCTBYeT MeTa M Noaydaercs GoJblioe
konmngecteo CHyCHO. Jlo6aBka KkcAGpOja B HepBOM cJydae NPHBOAHT K YBeJH-
geHuro 8 2 pasa suxosa CHy0 n B 5—6 pa3 CHCHO.

Mz storo cheayer, 4to HanOoJee BEpOATHH CHAeAYOLIHe NPCUECCH (AoMoJHH-
TeAbHO K yXKe paccMOTpeHHbIM 8 chcteme O 4 CH,):

ofpasosaune dopManbaeruia

—» CH, O+ :CH; +H;, AH=—B84 xJlx/moas
O + CH3CH;—
—» CH,O4+CH;+H, AH=1628 x]lx/vons

ofipazoBaiiie YKCYCHOrC anibierkaa
O+ CH;CH; — « CH,CH; 4+ +OH
+» CH;CH; + Oy ~— CH,CHO 4 - OH
obpascBanue 3TAHONA
O+ CHy,CH; — CH;CHOH
o0pa3opanKe THAeHA H YKCYCHOro aJbgersja
O+ CH;CH; — H:0 4 $ CHCH;
: CHCH; ——» CH;=CH,
CH;CH$t 40O — CH;CHO

HMHTepecHo, 9T0 ¥ OpH peakKHHH 4ATOMOB KMCJOPOJA C YKCYCHHM aibJerunoM
DPOHCXOAHT BHEApehye Kucaopoja no ceazn C—H ¢ ofpasoBawdeM yxcycnod wiic-

JIOTHL O 0
7740 —» cc?
\H \oH

Takam ©0pazoM, AJAA aTOMOB KHCAOPOAA XapakTepHH TPH THia Bs3apvoged-
CTBHA C OpraHNyecKHMH MoReKyaamu: |) peaxuma pacuwenaenus ceasg C—C avo-
MOM kKcaopuaa (oGpasosaiue CHyO u CoHg)y 2) peaxkuun sHeApeHHA KHCIOPORa
no ¢pasn C-—H (oGpasoBaniie MeTaHoNa, 3TaHQIA H YKCYyCHOH KRCJIOTH; 3] peawtus
OTpHIBA ORHOTO WA ABYX *** aTOMOB BOAOpOJA OT yriepoamorc atoma (oGpa3osa-
aue CO us CH.0, C;H, n3 C;Hs n +C;Hs na CzHg).

Bee 310 nokasbhiBaeT, d4TCe 4TOMHHA KHCAOPOD B GOJbIUHHCTBE CAYH4EB CTpe-
MUTCH HCMOAL30BATH OOe CBOH cBOGOAHHE BAaJEHTHOCTH.

CH\C

Pearyuu ce0600m020 2u0pokcuia

Peaknouu cBOGORHOrO THAPOKCEJIA ¢ BOLCPONOM, MOHOKCHAOM YFJepOAA H Pa3aiuy-
HHMY YIJIeBOJOPOJHLIMH MOJGKYJAAMH H ajbAerujaMi Guau dccneAosand JI, M. Ags
pamenko n P. B. KonecnukoBoi.

* DTHM onpoBepraeTcs padee peanoxeHsufi TeAGoM MeXxaHuaam o6pasoea-
sus CO; no peakuun H 4 0. 4 CO -~ Z0; + -OH
** QfpascpaHue ero, BepoaTHD, OGYCAOBAEHO HaduuweM cAeios Oy B cMecH,
*** HyeeT 60AbLIYI BEPORTUUCTL,
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Ta6auya 10. Kuneruvecxue dannwe dan peaxyud 2udpoxcura P = Ekonusu/komn

Peaxuus K.llx%co:m k* cudiMoan

«(OH + CQHQ —_—» HgO + -CQH +l6,7 8,55 ) lOlZ T_e—m’afRT
«OH + C,Hi — H:0+-Cotly —54.4 1,26 - 103 o/T ¢~ BURT
'OH + Hz —— Hao + H —-58‘6 4,48 . 1012 T e—-ﬂ.ﬂfRT
+«OH 4+ C;Hy — H;0+4-C;H; -795 6,58 - 1012 -TFe-.Qa,D,rR]‘
*OH+CO — CO;+H —1088  4,74. 10" 4/T o~ B3RT
*OH + CH;CHO ~— H,0 + CH;CO —133,9 1,50 - 1012 /T ¢~ '87RT
OH +HCHO —» H,04 HCO 1623 60-10°4/T e~2VRT

* JHeprun aKTHpaunu (4 R) upaxeda s kX MoAk.
** Nlas pacuera P npuHATO, Yyto T==300 K.

Urapokcun nocrynaa crpyed H3 paspsaad€ofi TpyOkH B napax poau. [Ipu ma-
JHYHH B CTPYe BTOPOrG KOMNOHEHTd peakilhH (BOZOpoxAa, OKCHAA YrAepoda HIH
OpraiHYecKOH MOJeKyhH) YGWAL THIDOKCHAA MO QJHHE DEAKUHOHHOA 30HL SBARET-
€A, OYEBHIHO, MEPHJIOM CKOPOCTH PeakLHH, HO HeODXOLHMO y9ecTe YORAb THAPOKCHAA
32 c4eT OOBEMHOR W MOBEpXHOCTHOR peKoMOHHAUHH.

ABTOpaM yialoch AHANHTHYECKH CBA3ATb KOHCTAHTY CKOPOCTH B34UMOAEACTBUS
FHAPOKCHAA H TOpWOYEro ¢ YOHALK THAPOKCHAA MO AJAHHe paIpAfHOR aoHM (Kak
B NPUCYTCTBHE TOPIOYETO, TAK W B €U0 OTCYTCTBHE), ¢ KOHIeHTpauweR ropmouero,
C JHHeAHORM CKOPOCTLI® CTPYH, C KOHUEHTpalHed TPeTbHX 4ACTHIU, H C KOHTAKTaMH
pexoMGHHAUHYE FHAPOKCHAA B ofbeMe H Ha cTeHkax. JIBe mocienuHe BennuuHH Gran
B3BeCTHH, ¥OH/b KOHUEHTPALUHH THAPOKCHAA 110 JJIHHE PeaKUHOHHOR 30HH onpeje-
JAJH CHEKTPOCKONHYECKH ¢ NoMomslo paspatorannore-B. H. KonapaTvesnm merona
aunefitoro noraciiennd. OcranbHhie BeAHYHHR ONpelelAJR W3 onuTa. [lpoBesenne
ONHITOB MpPH Da3HLIX TEMIEpaTypax NOSBOJHAO BO BCeX CAyYadAx ONpelenuTb sHep-
THI0 AKTHBAlHH.

Hanpumep, Aa5 B3auMOReAcTBAA rHIPOKCHAA € BOAOPOLOM

«+OH+H; — H:O0+4H, AH == — 586 kJx/Monn
NpHHAB AHAMETP CTONKHOBeHHA PaBHwm 1,7-10-8 cM, momyuus znavenne npexszxcno-

HeHuHanbHOro uiena mpu 378 K, pamuoe 1,53-10%. SrcnepumeHTasbuoe 3HauchHe
IpeA3KCHOHEHIHAMLHOrO uJeHa NpH TOH e TeMnepatype paBHo 8,71-1083 Toraa

P= %’-é—::—g;=5.7- 107 26107
Kpome B3anmogeficTBUA ¢ BOAOPOLOM Oully HCCACAOBAHH CAEAYIOIMHE PeakUHH:
+sOH+ CO —» CO,+4H, AH = — 108,8 k1x/Monn
«OH+4 C,Hy —» H,0+ » C;H;, AH = — 79,5 k]x/mons
«OH 4 C;Hy — H;0 4 » C;H;, AH == — 544 k]lx/Moan
«OH 4 C;H;, —» H;04 « CH, AH = 16,7 xkAx/mMons
«OH + HCHO —» H,04-HCO, AH = — 159,0 kJx/Moan

« OH + CH;CHO —» H:0+ CHyCO,  AH = — 1339 xJIw/Moab

PesyabtaTl Heclle0BaHHA NpHBeldeNn B taba. 10.

Jas p3aaMoieACTBHA THRAPOKCHNA ¢ OPMAJIbAErHAOM U3 ONMTHHX OAHHLX He-
BOIMOXHO ORpeXeSHTh 3HAUeHHe IHePFHH AKTHBAUWH. SICHO TOABKO, YTO OHA Ma.ao
OTAHYaeTCH OT HyAA. ABTOpamu OWJO NPUHATO Jexallee B lipejedax IKCHepuMeH-
TajabHuix owHGoK snayenue 2,1 wlx/moab,
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Hutepecio, 410 BPH B3aUMOREACTBRRX
THAPOKCHAA ¢ YrAeBOACPONAMH IHEPrud

P exp X PP exp X AaKTHBALHH BeCckMAa 3HAayHTelbHa, a dax-
w E"—E’ E"—E’ top P 6ansox K eadadue. Ilpa B3aunmMo-
""oumu/ksuqx(_ “RT x(— RT ) LefiCTBYH € aAbJleTHACM SHePrHA AKTHBA-
UHH R4aeT M BMECTE C TeM yMeHbllaeTcd
u 3hipeXKTHBHOCTb dKTHBHHY CTOJKHOBeRuH.

84107 1 1 )

1,3 5,25 8.1 Pearyuu paduxara HO;Z

-1 - -3

5.7 IO_I 67.107 455-10 Bnepsiie Ha ROIMOMHOCTh CYINIECTBOBANHA
6,6-10 1.21-10 9,5 panukaza HO;' ygazsan A H Bax
6.8-1072 1,39 1.2 (1897 r.), koropuit cuntan, aro HO; aB,
5.1072  1,48.1072 88 NAETCA NMEPRRYHHM NPOLYKTOM B3aHMO-
- . AeficTBus BOAcpoja ¢ KucaoponoM. Tloaxe
5-10 48-10 286 TFabep upeAnonoXHA AaXe, YTO OPH HH3-

KOTeMNepaTyPHOM B3auMONeACTBHH AaTOM-
HOTO BOAOPOAA C KHCJIOPOAOM palHKal
HOJ Momxer GHITh BHMOPOXKEH B TBepABX

NPOAYKTAX PeaKlHH.
B 1938 r. Jiblone i Dable NMpeAsONHIN CXeMY OKHCJEeHHA BOAOPORA, B KOTO-
poit npu cTabuaH3HpYylomleM TPOAHOM YAape aToMa BOJODORA ¢ MOJCKY/I0A KHC/O-
poaa H Tpersel wacthueli (H; unu Op) ofpasyercsn HOBas dacTHua — paaukaa HOg

H+ 0,4+ M — HO; +M
lMoBenense 3T0ro MmanoakTHeHoro pagukana HO § cymecTBenHO BAHAGT HA  Mexa-
HH3M npouecca B UeloM. Bo-nepsux, Guao npeanoaoxkeno, uto HOF wma creuke
MOMET NaBaTh NEPOKCHA H BOAY:
~— H,0.+ O
—+ H, 0+ /0,
Bo-pTopHx, B 0fbeMe BOIMOXKHO B3aHMOLEACTBHE C BOXOPOAOM M BOROA:
—_— HgOz + H
—_— Hzo ++C0OH
HO; 4 H,0 -— H;0,+-0H

HO; |

HO; + H,—|

Joaroe Bpems cymecTBosande paikkana HO,® amws npeanomaranocs (xota

RpYTHe DaiRKanw ObAH YiKe H3IBECTHR H NOCTATOYHO XOPOLIC HCCAeAOBAHH); Ipes-
TOI0MKEHAA STH OCHOBHIBA/JHCh HA KHEETHUYeCKHX PacueTax, HAlOU(HX COBHAfeHHe ¢
onttoM. Boepeue HOJ Gun sxeneprMeHTaNLHO OGHADYXEH MAacc-COSKTPOMETpHUE-

cky Qorepom i Tagconov. OHH HAWAH B NMPOAYKTAX PeakiHH aTOMOB BOACPOAS
€ MOJEKYAAPRHM KHCIOPOAOM B aTMOCQepe HHEPTHOTO ra3a HacTHUH € MaccaMmy
32, 33, 34, xotopuie GnaH OTHeceHW cooTBeTcTBeHHO k Of, HOY n H;0..

ITpe pacuyere cyMMapHOA CKOPOCTH FOpPeHHA BOAOPOIZA OHAM OnpeaedeHH KOH-
CTAHTH CKOPOCTH OTIEJNEHHX 3JeMeHTAPHHX CTaaull, YTo MO3BOAMIO CO 3HaYHTeb-
HOR CTeNeHblc AOCTOBEPHOCTH PACCUMT&Th KOHCTAHTH CKOPOCTH H SHEpPIHH aKTRBAIMH
peakuun ¢ ysactiem HOj . Oas peakuun

H+0,+M — HO; + M, AH = — 188,3 kllx/monn
SHEpPrHA aKTHBAlUHH, [O-BHAMMOMY, Malo OTJHYaeTCH OT HYJAA W KOHCTAaHTa pABHA
k=87 10"* cu®/{mong?- c}
Koncranta cxopoct esaumoneficteus HOZ ¢ pozoposom
k=18 1012 4T ¢~ 1W0A4RT e {soan - ¢)



H, HAXOHEl, KOMCTAHTA CKOpOcTH peaxudu mexiy HOJS w sonod moxer OuTe -
BA430 Te L0 OUEHEHA
E=06- 100 4/T e 13URT cyapivons - c)

Bricokne 3Hepruu aKTHRALHK, XapaKTepHLle AAA MOJEKYJIAPHHX, a He TR pa-
AMKAJBHLIX peaKUidl, ABNHIOTCH CAENCTBHEM Majlof KHHETHYECKOW AKTHBHOCTH pa-
ankaza HOZL.

Hecaenosanue paguxaana HOZ ucropHuecks cBASZHO ¢ NpobaeMoil CYUIecTEOBRA-

HIf BLICUICTO nepokcitia sogopoda HyO4 Ileno B ToM, wTO upn caMBx pasasuiilix
npomeccax — IH3KOTeMACPATYPHOA K 11€HCANHH JHCCOIMHPOBAHHWX B  3JIeKTphue-
CKOM Da3piie HAPOB BOAW, BIAHMOAL.CTBHH ATOMHOTO BOOPOAA € KHCAOPOLOM HJIH
osoins — ofpasyercs TBepAbA NPOAYKT, KOTOpHWIi, pasnarasice npy —115°C, naet
KHCAOpOA 1 Nepokcpd Bogopoza. DBogee feratibHOE HOC/e10BAHHE MOKA3470, 4TO
STOT MPOAYKT B OCHOBHOM cocTorT 3 coelunedus HoQ, B koTGpOM uacThuso 3a-
mopowensl paadkanw HOF (comepanHe RoCJelHErQ HeBeJ HKO ¥ He (ipeBbllaer

HECKOJMbKHX JecATuX A0JeH BecOBOre NpOLEHTA).

Hexoropueie dpyzue paduxkassrbie peariyuu

Jas onpesenenHA MexalH3Ma [OPEBPALLECHHA yIVIeBOAOPOIOB HYNKHO 3HaTh HJMeMeH-
TapHLE peaKNHH YTAeBOAOPOAHMX panHKanoB. OnHOH W3 XapaxTepHeX peakukil As-
ASICTCH NPHCOEAMHCIIHE, NPHBOASEe K 0OOpA30BAHIKY HACHIUEHHOI YLAEBOLOPOAHON
MOJEKYNLE # HOBOrG OAHOBAJEHTHOro paauxana, Hampuwep:

«CHs+H; — CHy4+H
.CHE+D2 b CI{ZD_(_D

HnurepecHo, 410 aHANOTHuHLE pPCAaKIHH AefiTepO3aMEIUCHHOrD MeTHAA (sTDy) uayr
€ HeCKUABbKO Doabiuell 3Heprueil akTHBALKH,

BaaumosneficTene MeTHaa (a Takke 3THAA) ¢ AefiTepHeM MpoHCXoJsT AocTa-
TouHo Jerko. Tak, B. B. Boesoackui c coTp. OGHapyMXHJIHM, yTo UpH H3OWTKe neR-
Tepita sawvewlciie aToMoB H ppocXoaHT HACTOABKO GHICTPO, NTO HPHXOLMTCA uped-
MOAOKNTL Hajdwie npoTekawunx Oez 3HePrAy aKTHBAUHH peakluii oGmeHa:

- CH3 + Dz —_— - CH;D + HD
L] CHQD + D‘_g —_— e CHDQ + HD
«CHD;-+D; —» +CD; +HD

o aHanoTHuHON cxeMe NpPOTCKAEeT B3aHMOOEHCTBHe MeTHAa H C GoJdee CJAOK-
HBIMA MoZeKyhsamu. Tak, © aueToHoM noayyaerca MeTaH H pajHKag aueTHA

» CH; + CH;COCH; —» CH,+- « CH,COCH;

B nexoropux chydasx MOryT Nporexath H OoMee CIOKHbE UPOUECCH OTpPLBA
OT MOJEKYJH He OAHOTO HAChULAOLIETO BAMCHTHOCTH ATOMA, 4 UPMOH PaAHKAALHON

rpynNs, HANpHMCD
« CHy + CyHg —» CiHg ++ CH;
K astomy e Tumy peakuwil OTHOCHTCS H B3aMMOZCHCTBHE METHJIA € AHALCTILIOM
« CH; + CH;COCOCH; —» CH;COCH; ++ CHaCO
B sTOM cayuae, npaBia, OIHOBPEMCHHO HIET PEAKIHA NPHCOSHEHAR
« Clly + CH;COCOCH, — CH, + CH,COCOCH,

HauGollee BepOoATHHA MexaHH3IM npoleccd 3AKJKYAeTcs BO  B3AHMOACACTBHN
+CH; ¢ rpynnoi CO

0 o) CH,
I | | .
CHy—C—CO—CH; —» CHy—C—CO—CHy —» =0 4 QC—CH,
£ ; ‘
+ CHq CH, éHa
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Jna Gonee CNOMHHX YINEBOJOPOAHHX PAaAMKANOR BO3MOXHH NpOHeccl, nep-
BUYIIAN AKT KOTODH X 3AKJAI0YAeTCA B peakling NPHCGeRHEEHN, TBKOHD, HanpHmep,
BRAHMOASACTBE. 3THAA € MOJEKYJHpHLIM hic10pogoM. [lepBoHavanako obGpaayercs.

STHANEPOKCH-PAAHKAEN
. C2H5 + 02 b C2H502 .

KOTODH{ 34TéM MOXeT AaTh pasHooSpasHbie NPOXYKTL:
CoH:02

|

C2H4 + HOz . CH3CHO + + OH ‘CHs + HEO + coO

Hatnune B TpPOAYKTaX NEPOKCHAOD YKA3WBAeT Ha B3anMogeficTBie ITHAMEp-
OKCH-PagHKala ¢ YTJIeROADPOAAMH

C2H502 L4 + RH — CzHr,OOH + R

HeckoALKo Huaye NpoTexaer peakuus Onpajiukada metnaena :CHj xotopw
MOMeT ObiTh MOAYUEN APH TepMHTECKOM 1 (GOTOXHMHUECKOM pacnaje AHAa3oMeTaHa
CH,Ny u gerena CH.CQ, a Takke npH BlaHMOASACTBIH HATPHA C METHACHXNOPHOOM

2Na 4+ CH,Cl; —— 2NaCl 4 : CH,
Mpexae Bcerc AAA MeTHJEHA XapaKTepHl peaknuy nplcoeiunennn. Tax, c

OKCHAOM Yyrlepoia oil o0paiyeT KereH
1 CHL 4+ CO0 — CH=C=0

¢ MOJEKYAPHLIM KHCIOPOAOM — dopManbierun
tCH;, +0; —» CH,O04+0

C BOLOPOACM — MeTaH
H CH2 + H_g _— CHq

Cnompee RIAUMOJICACTBHE wmeTHIeHa ¢ yriesoaopoiamu, C 3THNEHOM NPOHCKOAH
peakins 1OIHMCPU3ALNH, NPHBOAALIAA K O6PasoBamuio BPOAYKTOB 0bwed ¢opMyan

(CHZ}R:
Cqu + : CI‘IQ I CaHa
CsHeg+ ¢ CH; —» CHs
CHa+3sCHy, — CHou T A
OcnoBHbBM OpOIVKTOM BI@UMOAEHCTBHA MeTHIeHA C MeTaHOM ABASETCA STAH.

4TO, NO-BHINMOMY, CBUETeNThCcTBYET © TIpoilecce
: CH? + CH.| e 2'CH3

3arem crelyer pemuﬁnuamin c UGpﬂBOBBHHCM 3TdHa
- CHa + . CH3 —_— C,Hs

Jdna sancarommuax pajukanos pekomOGuuauMa s ofveMe TpelGyeT CTabHAH3L
pPyollero TPOAKOro <rodkHoBenHs. TaK, BepoOATHOCTh OOBEMHOR peKOMOGHHALH:
ATOMHOro BORepoza He npeBumaer 10 'L Ho yeroxnenne paaWkada yBeNHZHBae)
BOIMUOAEOCTD Mepepacnpeleicius suepriy BHOBL 0fpa3osaBlliefics CBA3H NO CBA3AM
MHEOTOATOMITOA MOJeK . Ihl.

Tagyw obpa3dow, yke o6pa3oBaHHC 3Tana U3 MeTHJLHBIX PAAHKAJNO0B WBANETCH
OHMOIEKV.IAPHLM  npoteccod. [IpHCOCINHene ATOMA ROIOPOIR K MeTHAY eule Tpe
Gyer tpofnoro coviapenas, Ho vwe npouece H -+ «CoHg — Collg, ne scedt seposr
HocTH, Guvoneryasiped. Beceva aerko et pekoMOniansn o MeTHAeHa, IPHBOAsLIAS

K 06pa3UBaH]1}O 3THJACHA:
tCH:+: CH2 —_— CzH‘
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Cooeofpasre  eilte MaNOHIYuenfibie RuNeTHueckne choficTba ATOMHONG 230TA.
C oanolt cTopoHH, ¢ napaluavi NPONCAOANT peaku#s paciieniennd, npHBoIALas
K o0pa3oBaHHK CHHHJABHOR KHC/IOTE W yrJeBOAOpofHOro pazukaia. HauGonee me-
POAITEH ClleAYIOWINN MeXaHH3M:

RH+N —» RN+4+H
RN — R"+HCN-+H
B c¢Bow ouepens H YraeBOAOPOARbie PaAMKann CNOcOGHH BeTynaTh ¢ aToMoM N Bo
B3aHMOeHCTBHE, HalpiMep:
«+CHy+ N —» HCN4H,
'C2H5+N e HCN+°CH3+H
B To Xe BpeMs B peakuud ¢ ojdedHHasmH &TOM d30Ta BHCTYNAeT 8 poJan 3Hep-
TeTHYECKOTC KATANN3aTopa, Mepeiaioliero MOMeKyae YrAeBOIOPOAA BHEPUHIO CBOCTD

Boabyxienns. B peakinp ¢ 3TuAeHOM OCHOBIHIM [POAYKTOM HBASETCH aueTied,
noayyaomHilcs no cxeme

N*+ CHy —» CyHi-+N
CQH: — C2H2+Hq
Ipu doronnze naw 8 TAeOUleM paapane rascobpasHbii aMMuak o6pasyer nma

paguxaia — monopanukan <NH; u Gupanukan :NH. [Mocaeannii woswuxaer npu
pacnaje 3MeKTPOHHO-BO3OYMIEHHOR MOMEKYNMM aMMHA3Ka

NH; — :NH4+H;
OcroBroA peaxliefi, npHpopAwefl x 06pa3oBaHHl MOHODAAHKANAR, ABAXETCH
B3aHMOAEHCTBHE AMMHAKa ¢ AaTOMaMH BOAOPOAA;
NHs+H — «NH;+H,

IIpn Ttpoftuom coynapenws paiuxaza «NH: pexomGurupyior ¢ o6pasosaHuem rua-
pasmHa :
'NH2+'NH2+M —-— N2H4+M
Bumonexynspuoe coylapesue TPHBOAMT X pacuaay paauxana NH; na asor
B BOAOPOA
+«NH; + « NH, —» N, 4 2H,

K Tem e pe3yibTaTaM [OPHBORHT B3AHMOAefiCTBHe GHpﬂRHKaJIa tNH ¢ amvnakom
:NH+NH3 7-'—-} N2+2H2
tNH4+NH; 4+ M — NH,+ M

Pa3noo6pasiit peaxlul aMMHAaumBX PaTHKAIOB B NPHCYTCTBHH OKCHEA a30Ta
NO B nnamenax, HeueTHoe uMeio BHewIANX 3ACKTPOHOB Ha BuewneR oboncuke
OKCHAa a30Ta 00YCJOBMBAET BHCOKYID PeaKIROHHYI CNOocoBGHOCTL 3TON MOJeKyaH,
Aenaf ee Kak Obl NpDOMEMYTOYHWM 3BEHOM MeMJY HACHLUIEHHMMH MOJEKYAZMH H
paanxaaamit. Jdas NO, Hanpumep, BOSMOMHI PEAKLHH NPHCOEIHHEHAR

NO+H —» HNO

C paauxanom NH; noayuaetcs asor u soaa

+NH; + NO —» N; +H;0
ac tNH -~ ruaporcna u asor
tNH4+NO — N;+HO.

Monexyna NO cnocofna sueapsaveen no ceaan C—C, nasax CO u ofipasys
C—N-cBR3b.

CKNORROCT K DeaKklHfM [OpHCOeAHHeHHS [IOBHIIAET BePOATHOCTH TPORHOrQ
yaapa B peakuuax ¢ yyactveM NO. Kax HuXe OyZeT nokazauo, 3T0 NpHBOAHT K
CYUIECTBOBAHHIO HECKONLKHX TPHMOJEKYNRPHHIX peaKLHA B raaosoft Qase.
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Pre. 35 3onu peakuun Na -+ 1; {no
mansuM Toasuu};

1 — konmuectao  obpasyoweroca Nal; 2 —
EMTEHCHBNOCTh CHEMEHHR (B NPON3BOTLHOM
sacwrabe).

§ 7. Peakuun 8 pa3pemeHHbx
mjaamexHax

TepmHHOM «peakuhu B paspe-
FKEHHBIX M1aMenax» 0603Haqa0T
ApoueccH B3aWMOAEHCTBHA aTo-
MOB WEJOMHHX MeTannoB (B OCIOBHCM  HaTpHA H  KajHA)
€ MOJEKYJAMH [AJOTGHOB H HEKOTOPLIMH [AJOreHHAHLIMH coexHHe-
HHAMH, H3yuenaple raaBueiM ofpasom [loasny ¢ cotp. ITH
peakunn uporekaiotr npd pasaendax 0,1 —10,0 [la B Temneparyp-
HoM HHTepBate 200—300°C. ITapu 060RX KOMTIOHEHTOB CMEIINBAOTCA
B AJHHHOA peakiuoHHOR TpyGre (puc. 35). [lodyualownecs npoAYKTH
oTHaralTcs Ha CcTeHKax TpyO6kW H MOTYT ObITh MPOAHANH3IUPOBAHSL.
Peakunus conpoBomaaeTca WMHTCHCHBHOR  Xemuaromunecyenyuet -—
cBeyeHHeM, 0DYCJIOBACHHBM T1€PEXOLOM Ha HOPMAILIKIA YPOBEHb aTo-
MOB, BO30YKACHHRIX 33 CUET TeX HAH HHLIX 3JeMEHTapPHHX peakuuf,
npoTekawuy B cHcTeMe*, HH3kHe AaBJeHHH UCKJI0HAOT KaKylo-
JHO0 BEPOATHOCTH TPOMHBIX CTOJNKHOBEHHH; TakHM ofpa3oM, Bce Tpo-
Hecchl PaKTHYECKH MOCYT OHTh TONLKO GUMONEKYISIPHLIMH **,

BcaencTsie HU3KHX TeMNepaTyp W OTCYTCTBHS ACHOH 33BHCHMOCTH
CKOPOCTH OT TEMNepaTypu aKkTHBAUMOHHBE npolecchl He Hrpalor
CyLIeCcTBeHHOA POJTH. TaK, (0-BHAHMOMY, BOOOGWIE He TpebyiOT AKTHBA-
OHH {HAy TpebylOT BechMa MaJIoit} peakiHK

Cly, Brs. I;
Na, K + { HgCl,, HgBr,, Hel,
HC1. HBr, HI
C HeGonpwofi 3Heprdefi aKTHBALHR (POTeKaeT B3aUMOABHCTBHE
HaTpHA ® KaJHs ¢ ankmarajorednsamu RX. Ilaa npumepa paccMmot-
PHM pPEaKL¥i0 B3aHMOLEACTBUA aTOMHOrO HATPHA ¢ HOAOM *** Tlpexne
Bcero, OpocaeTcs B rvasa, 49TO A0 AJHHe TPYOKH BO3HHKAIOT JBRe
pa3nnunele 30u6l (cM. pHc. 35): I — 30na HauGoanwero oBpa3oBaHHA
NpOAYKTa Ppeakln# (pacmono:keHHas OaWxe K BXOASILEMY MOTOKY
MOJEKYARDROTO Hona): 2-—30Ha HanboJee UHTEHCHBHOIO CBEUEHHS
BeaencTBre npoueccca Na*— Na 4 Av, dnuua oan apoitio D-aHHHE
HaTpHa pabna 588,996 um u 589,693 HM, UTO COOTBETCTBYeT NPHMEPHO
202,1 gdx/Monb, Bo3HHKaeT BONPOC, KaKOH 3.1€MeHTAapHHIA XHMHUE-

* Haauure cBeweHHA nNpH HHIKHX NaBAeRHAx # OOGYCAOBHIo TepMHH «pa3-
pexeHnble NJaMeHas.

** Tepmin «GHMONSKYAADHEICY B JAHHOM CAyude He COBCEM YAaueH, MOCKOALKY
peub HRET O CTOJIKHOBEHWH MEeXAY MOJeKVJAAPHEIMH i PRAWKANBHLMH 92CTHUAMH.
Oanako 3a OTCYTCTBHEM APYrorc o6UlenpHHATOND OfipelefeHMs 3aech H HHXe Gvaem
AOMLIOBATLCA MM, MOMHH O CTO HEKOTOPOHA YCJAOBHO! TH

b Hsyqenuaa (Toasun u [laem peakius Memay HATPHEM i KJIOPOM AOAPOBHO
onucana B kudre: Racceas JI. C. «KuHeTHKa roMoreHHBIX rasoBux peakuii», [lep.
¢ amra/Tlog pex. C. 3. Porusckoro. M., Xumreopernapar, 1937. 314 c.
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cKHl mpolece BHIBEIBaeT NoABrienHe BO3GYXAEHHHX ATOMOB HATDHA.
B 3one I uaer ocnoBHoll npoilecc oGpasopaiia Nal

Na4Iy —= Nal+1, AH = — 141,80 xOx/Moab

OueBuHO, YTO 3HEPrHH 3TOrC MpolLecca HEAOCTATOUHO AAR BO3GyMxie-
HHA XeMuMlOMHHecUeHunH. [loayvalouniicA aToM HoZa MOXeT coeaH-
HHTBCA C 4TOMOM HATPHA:

Na+1 ——» Nal, AH = — 286,68 xllx/uons

OaHako NOCKOALKY cTabniu3auna TPORHHM YIapoM MaJjoBeposiT-
Ha, nogoOHBIA npollecc MOXET HATH JHIUL Ha CTeHKAaX; ero pois B
obulem SasaHce, NO-BHAHMOMY, MaJa.

B 3one 2 BOaM3H BTEKAWOWER CTPYH aTOMHOTO HATPHSl 0Ka3WBaercs
LOBOJILHO 3HAUHTENbHOH KOHUEHTPAUHA MoJeKy/asipHoro Harpus. Jle#t-
CTBHTE/bKO, KOHCTAaHTR PaBHOBecHd 0OpaTHMON peakLHH paBHa

Na-+ Na == Na;
K200 oC =PN52/P§|8=0'085

ChenoBaTeqbio, B 30He 2 MOXET HATH MPOUECC B3auMogeficTBUA
aTOMHOTO HOJa ¢ MOJIEKYJIOR HaTpHSA

14+ Na, — Nal+4 Na, AH = —207,1 gJix/moan

BeposATHO, 3TOT npolecc BH3WBaeT NOABJeHHE BO3GYKIEHHHX
aToMoB *,

KakoB xe MexaHH3M NOepeiauydH 3HEpruH atoMaMm Hatpus? [as
yCTaHoBJeHHA OLIAH NMpOBeJellnl SKCNEPHMEHTH CO CMeChlo HaTpHf H
kaaus. Ilepsoro Geno B3ATO 7 % B cmecu. Hoaucroro Harpua mnoay-
gnaH 2 % oT obulero KoJAHYecTBA HATpHA, a M3 HabhlogaeMol HHTeH-
CHUBHOCTH H3ayueHHA [D-THHHMW HATPHA clenoBano, uro 13 % mcero ero
KOJIHYeCTBa AKOOB IIPHHWMAeT ydyacTHe B nponecce. Cief0BaTeLHO,
npoutecc I 4 Nap — Nal 4 Na euie ne cnoco6eH BLI3BATE XeMHAIOMH-
HecleHllHio. Ee BH3HBAIOT BTOPHUYHHE TIPOUECCH NMepelaud Bo3byxae-
HHSL OT MOJeKyasl COAH atomMaM Hatpus., [loayuaomasca B
npouecce I+ Na, - Nal* - Na Moaekyaa Nal* umeer smepruwo
207,1 x/Ix/mons **. Tlpu cTONKHOBeHHH ¢ aToMaMi Hatpus Nal* 4
+ Na— Nal + Na* 31a usiumusas sHeprus nepejaercs aToMy Hat-
pus, mocje uero MPOHCXOAHT Ye 3aBepUIalOIHA LUK NPOLece Hc-

MyCKaHHS KBAHTA:
Na* — Na+ av

K anaJorHyHbIM pesyJbTaM NPHBENO H3yuyeHHe NJaMeH XJ0pa H
HaTpHs, 6pOMa H HATPHSA, XA0pa H KaaHsd # 6poMa U KaJus.

* Caeayer 3aMeTHTh, 4TO BEPOATHOCTH NlePelav#l 3HepTHH TeM OGosbie, Hem
Onaxe 3HAucHWe mepensBaemoil IHEPrMH K PE3OHAHCHOMY TepMY BOzDymKaaeMoro
aroMa. CreaopaTedbHO, M ¢ ITOR TOWKH 3peHAA ofcymaaeMufi mpouece Gosee 3d-
dekTHBER, HeM coequHeHIle aTOMOB HOAAa H HATpHA.

** HauGoaee BepoATHO, UTO IHEPTHS, BLIIENAKMIASCA OpH IKIOTEPMHRECKOR pe-
AKELHH, NepelfleT Ha wacTHUY, oGhajalomylo GOIBUIHM 4HCJIOM cTeneHed csobOaH.
B nanuom cayuae atom natpes o6AajlaeT TOABKO TPeMs NOCTYNATeThbHBIMH, 4 MO-
Jlekyna — TPeMd TOCTYHATE bHEIME, ABYMA BpamtaTefbHuiME B OAHON KoaeBaTenbHod
cTenensAMH CBOGORH.
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Takum o6pa3oM, MoxeT OHITL JaHa caeaywilas obulas cxeMa npo-

TEKaHHA npouecca:
M+X; ~— MXJX

rie M — atom wmienounoro meraana, Xz — Cla, Bry uan [a.
B 3one I npoTekaeT peakuus
X, 4+ M o MX4+X

B 30He CBedeHHA — CJAeIYIOLLHE PeaKLHH!
a) oGpasoBaHHe BO3OYXAEHHOH MOAEKYNbl COJH

X+M; — MX*"+M
6) nepenaia Bo3GYXKIAEHHA OT MOJeEKYJh COJNH K aTOMy MeTajna
MX*4+M —» MX 4 M
B) HaAyueHHe CBeTa BO30OYXKNEHHHM aTOMOM
M —» M4 hv

HecKoNbKO OTAHUHH peakllHH HATPUA C XNODHOR PTYTHIO.
B 3one ! uaer npouece

Na 4+ HgCl; — NaCl 4 «HgCl, AH = 125,5 g/Ixk/monk
B 3one 2 paaukan -HgCl B3auMongeficTByer ¢ aTOMOM HaTpHSA
Na + +HgCl -——» NaCl 4 Hg, AH= —242,7 kIx/monn

Hoayvaromanacs TakHM o0pasoM Bo3GyXKAEHHasi MoJleKyJa HeceT
242,7 k1% /M0Nb, T.e. HMeeT AOCTATOUHYIO 3HeDryio IJs BO3Gyxie-
HHSl ATOMa HaTPHs NO peakuHH

NaCl* + Na — NaCl 4+ Na* — Na 4 Av

CaegoBaTesbHO, B 3TOM cayyae AeJo He MOXOAHT AQ B3aHMOJAeACTBHA
rajjoreia ¢ MOJIEKYASPHBIM HATPHEM.

HHTepecHue peayabTaTel ObLIIM MOJAYYEHH H IIPU B3auMOLEHCTBHK
ATOMOB IHEJOYHBIX MeTall0B ¢ rajoreHoBojopogaMmu (Taba. [1).

Tabauya 1. Kuneruaeckue JanHbie O peakyul aTOMO8 WeIONHBLY
HETU.AA08 ¢ 2aA02en0aodopodam

H. E,p Ad, .
Peaxnus xﬂ.;ﬁ]uoﬂb m»:’nuronb Peakuus kI&/Moas Kﬂi:l’::o}lh
Na + HCI +21,3 18,8 K + HCI 75 ~Q
Na + HBr +6,7 7,9 K+ HBr —22,2 {14,0)*
Na 4 HI 0 {0.8) K+HI —17,1 ~0

* [To apyruM SAHHLIM 3T2 PEAKIHA HACT NPH KAXKAOM CTOIKHOBEHHH, T. €. SHCPrii aKTHBA-
AN SIHIKE K HYO.
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Baammoaeiticteie Na ¢ HCl u HBr — sunotepmuueckne peaxuun,
HO TeM He MeHee TeMNepPaTYPHHH KO3(pQHIHEHT yKa3HBaeT Ha HH3Koe
3HaueHHe 3IHEPrHH aKTuBalUHH, M3yueHHe peakUWH B paspexeHHHX
RiaMeHax NPHUBOAWT K WHTEPECHOMY BHIBOAY, ITC AJis 3JK30TepMHUe-
CKHX Deakiuii 3TOTO THNZ Ka}JA0e CTOJKHOBEHHE OKASHIBAGTCA XHMH-
YeCKH AKTHBHBIM, a AJAf 5SHAOTEPMHUYECKHX — XHMHYECKH aKTHBHO
KaMiaoe CTOJNKHOBeHHe, obaajgaloillee 3HepPrHed, PaBHOH TEMJOBOMY
sddexTy. I10 06CTOATENBCTBO elile pas NoAYEPKHBAET 0COOYI0 XHMH-
YeCKYW AKTHBHOCTb PAAHKa/JbHBIX YaCTHIL

PaccMoTpenHsle peakiHH #ABASIOTCA [PUMePOM OYEHb PeIKOro
clyuas, KOraa NPAaKTHYeCKH Bce S/jeMeHTapHHEe NPOLecCH H3BECTHH.

§ 8. Peakuux B aHdGy3HBIX NaaMeHax

INpH B3aHMOAEACTEHH ATOMHOrO HATPHUA C AAKHAraJOTeHHAAMH MHTeH-
CHBHOCTb XeMHJMOMHHecUEHUHH MaJna, nostomy [lonsHM ¢ corp. He-
CKOJILKO BHAOH3MEHWIH METONHKY 3KcnepuMeHTa. [lapn natpus say-
BaJH yepe3 COIIO razoM-HOCHTeJdeM B cOCYA C napaMH alKHJraiore-
#una. CO6oky cocyn ocBelland CBETOM Pe30OHAHCHOA JHHHH HATpHM,
4 ¢ NPOTHBONOMOXKHOH CTOPQHH paclojyaraidd 3KpaH, Ha KOTOPOM Mo-
Jyqalacb TeHb OT napoB HaTpHA. 110 BellH9HHe TEHH MOXHO GbUIO
CYAHT, O IJ1yGHHe NPOHHKHOBEHHS Napo8 HATPHA B AJKH/TAJMOreHHA,
2 cneJOBaTeJqLHO, H O CKODOCTH XHMH®ecKoro maaumoaelcrsus. [Ipo-
BOAA 3KCIEPHMEHTH NpPH PAa3sHLIX TeMNepaTypax, aBTOPH OmpeieNHIH
SHepruu akThpatiiH. lloayueHHEIe AaHHbe CBeZeHn B Taba. 12,

Kak BHIHO M3 RaHHBIX 3ToR TabJHUH, 3HeprHd AKTHBAUHH BOs-
pacraet oT uofa kK xaopy. HanbBonee unTepecunm pe3ynnTaToM 3kcne-
PHMeHTa #ABJaAeTCA OO0HapyMeHHBIH CTPOrHA RApaJJAeNH3M MeXILy
sHepruefl cBsA3H W SHepruefl akTuBaluu. OcoGeHHO 3TO NOKa3aTeabHO
B cayyae fnepexofla OT TeTPaxJopHAa Yriepoia K MeTHJAXJIOPHAY.

Haunne 06 sHeprasix aKTHBAaLHM, NPHBefeHHHEe B Taba. 12, ue
OvYeHb TOSHH. Tak, A8 peakUHH

Na + C2H5Cl —+ NaCl + 'C2H5
1lperanosuy u Jie Pofi nphBoaaT sHauende E = 42,7 kJIx/Moab (npu

P 7~ 1). TeM ue MeHee 3TH JaHHHE, NO-BHIHMOMY, XOPOIIO OTPaXalOT
o0l He 3aKOHOMEPHOCTH.

TaGauyn 12, Kuneruveckue dannbie 0 peakyuu s3aumodedrrTsus napos
METAAAUNECKORO RATPUA ¢ AARKUI2AA02EHUOAME

Doxe E Pex E
RX uﬂ,}i( uim, Kﬂ.z:l;"nrcnu RX L4ie 4 H’lg i ldh: }: nr'o.ns

CH-I 228,0 0 CqHsl 2176 7.1
CH;Br 276,1 13,4 C,H;sBr 2720 18,4
CH,Cl 3473 36,8 C,H,Cl 3347 30,56
CH;F 5272 104,6 CH,Cl, 3284 20,5
CeH:l {23,8) 0 CHCI, 307,5 84
CsH:Br 297.0 13,0 CClL, 286,2 0
CeH:Cl — 30,1
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§ 9. O peakunonnoRt cnocolHoCTH paankanos

OaHa H3 UeHTpalbHBX NpoO/eM XHMHYECKOA KHHETHKH — OUEHKa ofT-
HOCHTeIbHOK PeaKUHOHHOA CHOCOGHOCTH TeX MM APYrux B3aUMOJeH-
CTBYIOIIKHX YacTRU. IlockosbKy HaHGoJbliee 3HayeHHe NPHOGPETAOT
npeobiajajoulHe B JEMeHTaPHBX aKTax paAHKajbHbie NpespalleHHs,
HaHOoJee HHTEpeCHA OlleHKA CPAaBHHTEJALHOH peakUHOHHOH CMOCOG-
HOCTH PajHKaJ0B.

[Tpu npakTuueckofi 6au3ocTd GaKTOPOB CTOJKHOBEHHA 2z B CPaBHH-
MHX YCJNOBHAX [AJf OfHOTHIIHHX peaKUHfi OTHOUIEHHE KOHCTAHT CKO-
poctefi NpuOIHKEHHO PaBHO

L E” — E’
v (- “n

TakuM 06pa3oM, ec/H B3ATb ONBITHWE Pe3y.asTaTH M0 B3aHMOneh-
CTEHIO MOJEKy/J OAHOrC TOMOJOTHYECKOI'0 PAla ¢ OJHEM H TeM Xe
PaAHKAMOM, MOMHO NOJNYIHTH JaHHbBIE TIO OTHOCHTE/JBLHOR aKTHBHOCTH
B TOMOJIOTHYECKOM PARY.

YuntuiBag, 4To QNS CXOAHHIX peakuuit dakrop P H3MeHAETCA He-
3HAYNTEJBHO, YpaBHeHHe (47) MOXKHO MepenHCaTh B BHAE

k"/k’ = exp [— (E” — E’)/RT] (48

H. H. CeMenos npeasoxui cpaBHHBATH OTHOCHTEJbLHYI &KTHB-
HOCTb PaflHKAAOB MO 3HAYEHHAM TelNOTH peakuud. Buure 6HI0 yKa-
3aHO, YTO 3HeprHA AKTHBAUMH ANA PalHKAAbHBIX NpeBpalileHult sB-
JAseTca aAuHefiHoR pyHKuWeA TemMoTh peakuuu. Taxum oGpa3oM, Ten-
J0Ta pPeaKUHH MOMKET 4YHCJRHHO XaPaKTePH30BaTh OTHOCHTEABHYIO
AKTHBHOCTb PALHKaJa.

¥YpapnenHe (48) mokasniBaeT, 4TO NpH H3MEHEHHH TEeNJOTH DeaK-
uug Ha 16,7 xJlxX/Moap oHeprHa aKTHBAaLHH H3MEHSETCA Ha
4,2 kN x/monk.

ClenoBaTesibHO, OTHOWEHHe KoHCTaHT (npw P” =~ P’) npn koM-
HaTHOfi TemnepaType 6yleT paBHO '

e WHRT o =18 019

Tabauya 13. OTrocuressras peaKyuosRa’ cnocobrocTs paduxaros R,
onpedesesnaR no renaosomy sddexry peaxyun

AH {2 R/M0ab) ANA DaAHKAICB
] .5
Peaxuan .E .g 5 E g
L o S | 4% | 'E i
- % T T T % =
3] ") Q [SR ] Q o
R + CH, —126 4155 4251 4502 41000 410,00
R+ CiH, —293  —I13 4167 4314 +795 4962
R+ CiHio —293  —11,3 - —314  +795 4900
«- Bospacraune PEAKUKORHOR eMocOGHOCTH
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VYueublltenne sueprun aktusanuu Ha 4,2 klx/mMonp Oyirer Aasath
YBeJHUEeHHC CKOPOCTH NMPHMEPHO B MATL pas,

B ra6a. 13, cocrasaennoil no gauusiM H, H. CemencBa, npusesena
noa00Has oUeHKa peaKUHOHWHOMA cOcOOHOCTH Jf WECTH YIAeBOAOPOa-
HEIX pajHKajoB HpH B3aHMOAEACTBHH € METAHOM, 3ITAHOM H H-1IpO-
NaHoM.

Onsit B obuieM NMOATBEp:K1aeT 3TO mpeAncaoxenne, Tak, BO MHO-
rHX paforax 0blna KOHCTATHPOBAHA HCKJIOUMTENLHO MAadasi AKTHB-
HOCTb pajdkada (eH3M.1a, HOUTH He B3aUMOJASHCTBYIOWETQ ¢ APYTHMH
MoJeKkyaamy M oOpasylollero B pesyabrate peKoMOHHAUHH AHOEH3HJ.

OueHHTh peakHHOHIYIO CNOCOGHOCT OAHOTO pagHKala ¢ PasHHIMH
MOJIEKYIAME MOXKHO TeM e ¢nocofioM, 0AHAKO TOJYYEHHBIE DPe3y.ih-
TaThl OYAYT HecKO.bKO MeHee TOUHHMH, OueHWM AJaA NpHMepa peak-
UHOHHYIO ¢nocoGHOCTL THAPOKCHJA, B3aHMOAEHCTBHE KOTOpPOro ¢ pA-
JoM MoJiekya Gblio paceMoTpedo suine, B ta6n. 10 napthHepu rugpo-
KCHJI4 PAaciiojosedsl 10 yOBBAHHIO Teliarel peakuun. HMaMeHenue
SHEPTHH AKTHBALMH, 33 HCKJIICYeHHeM OKCHJAAa YrJepoia H BOZODOAA,
HPOHCXOAHT fosee AW MeHee 3aKoHoMepHo. EcaiH npHHATH, uTO cTepH-
uyeCKHe QakTopnl O/M3KH HO 3HAYEHHAM, TOJYYHM 3aKQOHOMepHHIH pag
BO3pacTaHHs PeakuHHOHHOH CMOCOOHOCTH OT aleTAJeHa XK ¢opmans-
meruay (3a uckmouenueM, ectectBenno, Hy m CO) (5-f croabeu
Taba. 10). Oanaxe Goree TOYHOE CPABHEHUE C YYETOM CTEPHUECKOTO
tdakropa (6-fi ctonGen Taba. 10) naeT HECKOABKO XYAWIHE pe3yib-
TaThl — BhinajaeT 0 3TaH. .

3T0 NOHATHO: PAa3HHLA B TeNJOTe PeakUHH He MOXKeT OTPa3HThbCs
HAa NpHYHHAX, BLI3LBAIGIMHX OTKJAOHEHHS 3HAYEHHA KOHCTAHTH CKO-
pOCTH OT ypasHeius (34) TeOPHH CTOJKHOBeHHH M BHIDAXKAIOLIHXCA B
NOHBACHKYM 3IMAHPHYECKOro NonpaBouHoro daxktopa P. BenoMmuum, uto
JHHEHHAA 3aBHCUMOCTE MEKIY TENNOTOR peakluu U >Hepruef aKTHBRA-
uuy npubanxenna. Tem ile MeHec OLEHKA PeaKIHOHHON CHOCOGHOCTH
N0 TelyioTe PeaklUH MOXKeT, HECOMHeHHo, AATh NepBoe NPHOAHIHTE h-
HOoe IIpejCTaBJeHHe O PeAKIHOHHOA aKTHBHOCTH TeX HJIH HHBIX 4aCTHIL

TJABA IV

TEOPUS AKTHBUPOBAHHOIN KOMNIJEKCA
(NEPEXOAHOIO COCTOAHHUA)

§ 1. TloBepXHOCTE NOTEHUNAABHOR IHEPTHH.
[Mepexo/iHoe COCTOSIHHE, NYTh 4 KOGPIAHHATA Peakuuk

PaccMoTpum  B3aumojefictsie atoMa Z ¢ JAByXxaTOMHOA Mo,eKynoR
XY 1o peakuuu
XY+Z — X+ YZ

TIpu npubnikennn atoma Z Kk Moaekyae XY BAOAL HpAMOil, coeaH-
nAlonled sapa atoMos X M Y, 3Heprus B3aHMOAeHCTBHA aToMOB Z M
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Y Bo3pacraer, a aromo X u Y ocaabaserca. Ha nexoropom paccros-
HHI aToMa Z oT MoJekyan XY BOIHUKAaeT NPOMEKYyTOUloe COCTOATIe,
TaK Ha3nlBaeMblfl QKTUBUPOBAHMbIL KOMNIEKC, TPeACTaBAAIQULIHI
coboft HeycroiuuByw Moaekyny XYZ. [locneanas, pacnanasics, obpa-
3yeT KOHEYHble NPOAYKTH peaxkunu: cBoboanmii atom X 0 Moje-
KynlleZ. :

pHO/THMEeHHEe KBAHTOBOXHMHUYCCKUC PACYETH HOKA3LIBAKT, YTO
Ha paccMOTpeHHoe cOJHMKeHHe aToma Z ¢ Mogdekyaoit XY satpavu-
B3aeTCHd HAHMEHBUIAA IHEPTHA.

Has Toro utofel npocieiuTs H3MeHeHHe TOTeHUHALION IHCPTHH
CHCTeMBl H3 TPeX aTOMOB B MpOHEcce peakiHH, MOCTPOHM AHATPAMMY
B AEKapPTOBOW CHCTeMe KOODAMHAT, OTKAaALBafA no ocx alcuucc pac-
cTosiHHe Mexay atoMamu X H Y, rx_y, a 0 OCH OpPJHHAT PacCTOsHHE
Mmexay atoMaMu Y H Z, ry_z NpH ycaoBHH, 4TO yroa ZXYZ ¢ukcupo-
BaH W paBen 180° (puc. 36). B npoTuBnOM cayyae, Kax NMOKasbiBaloOT
pacueTnl, yIo0HO MOJL30OBATLEH KOCOYTOJbHON CHCTEMOIl KOOPAMIAT.
JHepruy Ha pacCMATPHBAeMOil AHarpaMMe OyaeM HaHOCHT, Ha OCh,
NepNeHIAHKYIAPHYI0 K IIOCKOCTH YepTerka, aHAJOrHIHO TOMY, KaK Ha
Tonorpacguueckux Kaprax Hiolpaxawt peaved MecthocTH. Cnnorm-
HHIMH JHHHAMW OTMETHM YPOBHH paBHOH sHeprdau. H3avenenme no-
TeHUHAAbHOA 3IHEPrHH MONKHO INpPOCAEIHTL N0 H30IHEPTeTHUSCKHM
JIHHHAM, NIPOBeleHHBM B MJOCKOCTH rx_y H Fy_z.

ITo AuarpaMMe Jerko NpeiCTaBHTL, YTO TOTEHLHAJLIIAA [OBCPX-
HOCTL OyleT HMeTh JABe JAO.HHH (OTBeualoT ceueHHAM, H3o{paxen-
HEIM CBEPXy M CNpaBa OT JHATPaMMbLi), PasieleAHLIC HepeBatoM,
BepIIHHA KOTOPOTO TpedcTaBaseT cofiofl COANGBHAHYIO TOUKY (Ha
puc. 36 oTMedeHa Kpe-
CTHKOM) .

Korpa atrom Z Haxo-
AATCA AaJeKo OT MoJe-
Kyanl XY (Bepxuu#i Je-
BMil yroa AHarpaMMu),
MoTeHU#AaNLHASE SHePrHA
CHCTEMBl Tpex aToMos
B OCHOBHOM 3aBHCHT OT
MeXKaTOMHOIO paccTod-
uuss X—Y. I'lo Mepe npu-
GauxeHHs artoMa Z K
aToMy Y ¢ HEKOTOPHIX
paccToAHMA  HauHHaer
CKA3LBAaTBCA  B3aHMO-
JeficTBHE MeXAy HHMH,
cease X---Y ocaabesaer

Puc. 36. [MoBepXHOCTh WOTEH-
LHHANLHOR 3Hepriud NpH B3an-
mofeficTBiHH aToMa Z ¢ IBYX-
aToMuoli  Monerynon XY
(uudpaMH OTMEUEHW YPOBHH
pasuoil sueprud B 0,25 klx).
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r Pue, 37. Knacchuneckas F., u mcTHHHas Ep
9HeprHH awTHBauuH peakunn XY+ Z-—+ X+
+ YZ [sHeprus aKTHBalHH oﬁperuoﬁ (suao-

TepmAYecKoA) peaxiun pasna L= Eg+ ﬁ].

BCAEICTBHE  YBGJHYeHHH  DacCTOAHHA
X—Y H HaunHaeT BO3HHKATL HOBaA
ceAss Y—Z. Ilpu 3ToM, KaK BHAHO H3
AHarpaMMB, TNOTEHUHAJbHAA 3HEPTHA
Hoopbuname peauu CHCTEMBl pacTeT H B HEKOTOPOA TOUKE
(oTMeueHHOH HAa AHarpaMme KPeCcTHKOM)
JOCTHTAaeT MakKCHMyMa. 3jech yiKe HeNb3f TOBOPHTL 00 OTAEJbHOM
cymecTBoBannd Mosekya XY H YZ: ectn cHCTeMa H3 TPEX aTOMOB,
NpeacTaBafIOWAA HeYTO Ueave H No CBOACTBAM HOXOXad HA HECTOM-
KYKO TPeXaTOMHYIO MoJekyJy. IJT0 COCTOfIHHE MOJYYHJIOC Ha3BaHHe
OKTUBUPOBARKO2O KOMRAeKCdE, HNH IIEPE)CO&HOEO COCTOARUR.

[Ipr RanbHelweM npu6aHxenun atoma Z # Y cBasp Z—Y ynpou-
Hiercs, atoM X otaensercss oT Y, NOTEHUHAJbHAA SHEPrHR CHCTEME
Hauunaer yOulBaThb U CHCTeMAa, HAKOHel, NEPEXOAHT K KOHEYHOMY CO-
CTORHHIO — YCTOUHBOH Monekyne YZ, noteHLKaJbHas 3HEPTrHa KOTO-
pofi H3oOpasKeHa KpHBOH, NOKa3aHHOM copama Ha mRarpaMme, o
cBoGonHOMY aTtomy X.

Puc. 36 noxasuBaer, uto Haubosiee BEPOATHOE COCTOSHHE CHCTEMH
(TPH H3MeHEHHH MeXAaTOMHKX PAacCTOAHHH rx—y H ry_z) NMPOXOIHT no
HeKOTOpOHR 3HepreTHyeckoll «noxOHHer, NepexoAHT uyepe3 «liepeBanb-
HYIO» TOUHY H NO Apyroft «noxOGHHE* CKATHBAETCH K KOHEUHOMY co-
CTOAHHIO. 3Ta COBOKYNHOCTb HaHGo/iee BEPOATHHIX COCTORHHH CHCTEMB
HOCHT HasBaHHWe nyry peaxyuu (Ha puc. 36 oGo3HaueHa KHPHOA NMyHK-
THPHOH NHHHeH).

OueBHAHO, NpHBejeHHAs RHArPaMMa JeTAJH3HDYeT SHEpreTHye-
CKYK0 KapTHHY AKTHBHMX CTOAKHOBEHHH, O KOTOPHIX TOBODHAOCH B
ri. 11, Pa3sHocTs Mexay noTeHUWAAbLHON SHepPruedl HayaJbHBIX [po-
AYKTOB H NOTEHIHAAbHOA 3HeprHel Ha BeplilxHe Sapbepa H ABJIAETCH
dHepeueld axrusayuu, T.e. ToH 3HepTrHed, KOTOPOH A0aMHH 00JaaaTh
Y4ACTHUL, YTOOHM MNpeoAo/eTb NOTeHUHaAbNBA OGapbep n NepedTH B
KOHEUHOe COCTOAHHE NPOJYKTOB PEaKUHH.

[TocTpoenne noBepxHocTedl NOTeHUKANLHON 3Heprud B ofuiem cay-
qae BeCbMa CJOKHO H ero MOMXHO OCYILecTBHTH JHIIGL 114 Hefoabioro
9HC/]la OYeHb NMPOCTHIX peakuHH H TO odeHb NPpHOAHKeHHO. Ecan cre-
JlaTh paspe3 MOTEHUHANLHOR NOBEPXHOCTH, NEPNCHANKYAAPHEA K mJoC-
KOCTH YepTeXa H NPOXOAAMHA BJAOAL NMYTH peaKkUHH, H DPa3BepHYTh
NOBepXHOCTh pa3pe3a B OAHY ILIOCKOCTL, TO NOJYYHM KPHBYIO, ABJAAIO-
mytocq npoduiiem nyta peakunu (puc, 37),

Kak Buauo, pearnpyoilias cuCTeMa, Npex/ie YeM NepefiTH K KOHeu-
HOMy COCTOAHHIO, JOAXHA NpPecAodeTp NOTeRUHANbHEIA OapLep, pab-
HHI Exs — KnaccHueckoll 3HepruM aKTHBalMHM. PaanocT, Mexay fo-
TeHUHANbHBMH JHEPrHAMH HCXOJHHX BeIeCTB H [POAYKTOB pPeaKIlHy
paBHRETCA TeNa0BoMY 3diderty @ = —AH. Bosee tounoe pacemorpe-
HHE MOKa3nBaeT, YTo Ji06as aToMHaf CHCTEMa HMeeT HyJEBYIO 3Hep-

TmemEmALNIR MEDS
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THIO, HHXKE KOTOPOM IHEPrasf CHCTEMH HE MOMKET CHH3HThCH HH NpH
KaKHX YCJNOBHAX, Rake Npu TeMneparype abconoTHoro uyas. Tak,
KoseGaTe/IbHas SHEprus HBYXaTOMHOMA CHCTeMH

e=(np+%) hao m

fhe fp, — KONeGaTeNLHOe KBAHTOROE GMCAQ, @ — OCROBHAR [acTora KofleGameEd.
Korpa n.= 10
1
gy == T ho @

4TO B COOTBETCTBYET HYJEBOA PHePrHu ABYXaTOMHOR CHCTEMH, HMelO-
wed oaHy KoaebaTeNbHyI0 cTenedb cBoGoaw. aAa MHoroaToMHOH CHe-
TeMB Hy/eBasi HEeprus paBHAa CyMMe TakHX UJeHOB AJA Bcex Koneba-
TeJbHHX cTeneHedl cBoGoaH. [To3TOMY 3Heprusl AKTHBALHH, OTBeYalo-
Was TeMpepaType aGCOJMIOTHOrO ByJs, paBHa

EoEm—-[-%-th‘—T}th]NA 3)

TAe CYMMHpPOBaHHE TPOBOAWTCH NO BCeM KONAEOATEJIbHLHM CTeNeHsM
¢cBo0OIN HCXOAHOTO COCTOSIHHA, KOTOpOoe XapaKTepH3yeTca dacTo-
TAMH © H AKTHBHOTO COCTOSHHA € uacToTaMH ®* (Na--uncao Apo-
raipo).

O6umee uyucno crenedefi cBoGoAb, KOTOpHMH of6jaanaer n-aToM-
Hasl MOJIeKyJa, PaBHO 311; B3 HHX 3 cTemeHH CBOGOLH XapaKTEPHIYIOT
Bpauien’e MonekyAn (HAR 2 B cayuae aAunefiRofi Monexyau) u 3 cre-
neHy cBOGOAH ONpeAefdloT MOCTYNaTeLHOe ABHXNEHHE MOJCKYJH Kak
nenoro. TakuM ofpasom, obiee uncao KosebatenbHnx crenened cpo-
Gonbl AAF CHCTeMH, COCTOALIER M3 n aToMoB, pasHo 3n — 6 (B ¢nyuae
nuHefinod cHetemu 371 —5). Ham ax1usupoBAHHOrO KOMILIEKCA $TO
YHCNO Ha eAHHMIY MeHblle, TAK KaK OAHA H3 KOJebaTe bHHX CTene-
Heft ceofiofl npeBpaliiaeTcA B KoopAdHatly peakuuu, KoneGauue oG-
pasoBaslleroca xoMmniekca X—Y—Z Brosb BaneHTHHX cBA3ell pefet
K pacnazay. :

B TeopHH aXTHBAPOBAHHOTrC KOMILEKCa 5TO KojJebaHHe 3aMeHACTCH
IBHXeHneM KoMnaekca XYZ ocoboro pona, BeAVIUHM K 0fpa3soBaHHIO
MoJekyaul YZ n atoma X; oHO Obuio onucano Beilie H H300paxeHo
Ha pHc. 36 Kak nyTh peakid. Takoe aBHeHHE paccMATpHBaeTcA
KaK BHA NOCTYNATENBHOTO ZIZBHXKCHHA AaKTHBHPOBAHHOTO KOMILJIEKCA.
TMonATHa «Bpallenne» U «kojeb6aHue» B MPHMeNEHHH K aKTHBHPOBaH-
HOMY KOMILJIeKcy He HMelwT OOHRYHOro CMBIC/d, TAK KaK KOMILIEKC He
ABAAETCA MOJeKyJOH B OObIYHOM CMEICTE CNOBA M CYWECTBYET CJAHIU-
KOM Majoe BpeMs. DTH NOHATHA 0Q3HAYal0T, 9TO 33BHCHMOCTb MOTEH-
LHaJbHOK M KHHETHUECKOH SHEeprHH aTOMHOH CHCTeMH OT KOOPAHHAT
H CONDAMEHHHX ¢ HHMH HMIyJbCOB TaKas e, Kak JJf YCTOAYHBHX
MOJIEKY A,

OnHuM H3 NOJOKEHHA TEOPHA HABJSETCA NOCTYJAAT O TOM, YTO aK-
THRHPOBaHHHI KOMIJIEKC, BO3HHKIUHH H3 HCXOAHHX BelecTB, Bceraa
npeBpailiaeTc? B KOHEUHBIe BELUECTBA H HHKOTL2 — B Hcxofhuwe, ATo-
MH, NOCTHras KOH()HIypalUHH AKTHBHPOBAHHOMO KOMIJeKCa, MPOAOJ+
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KAIOT ABUTATLCA O HHEPUHH B HanpaBjeHHH 00pa3oBaHHA KOHEYHBIX
npoiAykToB. B cayuae ofpaTHMblX peaKUHd aKTHBHDOBAHHHHA KOMIIEKC
015 06paTHOI peakllHH HMeeT TY e KOHOHUIYpauHWo, 4To B AKTHBHPO-
BAHHLI KOMOAEKC HCXOAHMHI PRaKUUH, HO HPOTHBOUOIOKUOE HAlpaB-
JACHHE ABHAEHHM3 BLOJbL KOOPIHHATH DeakllHH, NO3TOMY He/b3d Ccyd-
TaTL, UTC AKTHBUDOBAHHLIA KOMILICKC HAaXoO/HTCS B PABHOBECHH C Hc-
XOAHBIMH TpoiykTaMy peasiui, [lpadoil u obpaTHblit upouecchl ¢
ofpa3oBaHieM aKTHBYPOBAHHOIO KOMIJICKCA NPOTEKAOT HE3aBHCHMO
ApYT OT Apyra.

Meranuyzauus TCOPUM CTOAKHOBeHUH BBeJeHUWeM COCTOSHMA, Mpo-
MEeAYTOUHOTO Meaidy HCXOLHBIM H KOMCYHBIM COCTOSIHHEM, NO3BOJIHJIA
MPHMEHUTL K pacyeTy CKOPOCTCH DeakilMi annapat cTaTHCTHYeCKOH Me-
XAHUKH. ITOT MeTOA, Hoayausiimi 1338aiue MeTOAA TePeXOAHOTO COo-
CTOANNY, WK AKTHBLPOBAHHOTO KOMNJeKkca, Obl1 paspaGotan B 1935,
JitpHuroM n ozHonpeMenno ¢ uuM IsancoM H [Moasnu.

§ 2. BniBoA OCHOBHOTO YPABHEHKH TEOPHH
AKTHBHPOBAHHOTO KOMIJIEKCA

B ochoBe Teopau NepexoAHOTO COCTOAHHA JIEXAT TPH NONOMKEHRHA:

1. Ilporekanne peaklUHu cyleCTBEHHO He HapyluaeT pacrpejede-
HHY MOJEKY.1 N0 COCTOSHMAM, TAaK 4TO QHQ OTBeYyaeT CTATHCTHUYECKH
paBHoBecHoMYy pacnpepesenny MaxkcBenna — Boabumana. Pacuerw,
Ea KOTOPEIX MBI OCTAHABJAHBATLCA He OyaeM, NOKaspBaloT, YTO 3TO
COpaBelanBo 217 MHOTHX cayyaeB. KpoMe TOro, cCKOPOCTH XHMHYECKHX
peaxunﬁ, paccuiHTaHHble 110 TEOPHH AKTHBHPOBAHHOIO KOMIJIEKCA,
COraacyoTCH ¢ JaHHBIMH ONETA.

2. OaeMenTapdblfi a2KT peakllHH HPOTeKaeT aaHabaTudeckd. 3TOT
TepMHH B JaluoM C.Jaydyae He HMEeT HHYero ollero ¢ NoHATHEM alH-
abaruylocTn B Tepmoaduampke. On 03HavdeT, UTO ABHXKEHHe sjep
aTOMOB [POHCXOAHT Tropa3jic MedJcHHee, uYeM ABHXKEHHEe 3JEKTpPOHOB,
No3ToMY IPH Kaxkaol koH@UIypalHH AAep 34€KTPOHB yCcneBaloT nepe-
CTPOHTBCH, @ HX [BHXKeHHe yclleBaeT NPHHATE TAKOH xapakTep, Kak
ecian Obl siipa npebuBaan GeCKOHEYHO A0ArQ B CBOHX MOJOMXEHHSAX.
Takum o6pasdom, alitabaTHuecKHii XapaKTep ABHMKeHHS siep NPHBOAUT
K TOMY, 4TO sipa ABHKYTCH HC3aBHCHMO OT [IBHJKEHHS 3/IEKTPOHOB,
H NOTEHUHAJALHAA JHeprHd NpH JBHMKEHHH fAlep H3MEHAEeTCA HEMpe-
PLIBHO, T4K Kak 3TO ABHAEHHE He COTPOBOMX/AAETCH 3JMEKTPOHHBIMA
llepexofam.

3. ,H\BH)KEHHQ siaep B asHaGaTHYECKHX YCJIOBHAX MOMKHO paCcMarT-
PHBATL NMpH OOMOIILH KJACCHYCCKOH MeXaHHKH. KBaHTOBOMexaHliWECKHE
pacueTe NOKAa3LBAIOT, YTO 3T0 NOJ10MKEHHE CTPOro BHIOJHAETCH Ha
BepUIHHE HOTeHIHAIRHOTO Gaphepd iIPH KOHeUHOH CKOPOCTH ABHMKEHHS
YacTHUB A BOTH3W BEpUIMHBI NOTCHUHAJBHOTG Oapbepa NPH YCJAOBHH
AoctaTtoutio 6oabusoli CKOPOCTH ABHMKeHH# vacTHu. OHO CHIbLHO ynpo-
HOlaeT pelleHHe 3a1aull HAXOMXK/ICHHA cpPeiHell CKOPOCTH 3JeMeHTapHOR
peakIlHH, TaK KaK NU3BOJAET N0AbL30BATLCA KAACCHYECKO CTAaTHCTHKOM,

Kax ™Mbl yBHANM HHe, NDpesnonoxenne o6 aauabaTHueCKOM Tede-
HHH 3J1eMCHTAPHONO XHMUUCCKOTG NPOUESCCa MOMET U HE BalNOJIHATHCH,
HO Kdk NOKA3BIBACT ONLIT, TakHe OpONeCCCHl CcpapiuTeAbHO peaKH
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OueBnaHO, UYTO CKOPOCTH XHUMHUECKON PeaklIHun paBHa CKOPOCTH
fepexona akTHBHPOBAaHHOIO KOMIVIEKCa Yepe3 norennnaavimii Gapoep.
BuifepeM BiOMb KOOPAMHATH peakKLHH HEKOTOpHH HHTEpBAn KOHed-
HOR NpOTHAXKEHHOCTH IJHHOA &, 9T0GH OR BKJKYA] BePlUHHY MOTeH-
nHaasHoro Bapwepa. CyuiecTBylOIaf B TOM HHTepBaJje KoH{HIypa-
HHA aTOMOB, H3IMEHAIOLLAACA B CTOPOHY KOHEUHWX DPOAYKTOB, H fAB-
AfeTcs aKTHBHPOBAINILIM KOMILIeKcoM. CpeiHee BpeMs HKU3HH aKTHBH-
POBaHHOTO KOMILIEKCA PABHO:

== 6."61: (4)

The Cx-—-CpelIHﬁSl CKOPOCTh MPpOXOKAETiA AKTHBHPOBAHHEKMM KOMIJIEKCOM Bepmmm
noTeRNHaAALHOTO 6apbcpa HAH, ApYTHMH CJIOBAMH, Ccpelnce H3MeHeHHe pcaKuuom:ou
KOODAKHATH CO BpeMeHeM Ha BepliHHe NOTEHIHAILHOrO 6aphep‘1

JTa BeNHYHHA COOTBETCTBYET cpeanell cKOPOCTH IBHIKeHHA aTtoM-
HOH KOH(HTYpallHH BIOJL KOOPIMHATHL PeaKUHH H PaBHa CyMMe CKO-
pocTefi KOMINeKCOB, nepexoialunx 4depe3d 6apbep, AedeillHol HA YHCIO
ItePexoAILHX KOMHAekCOB
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Zcmn{ Scxdn )
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CornacHo craTHeTHKke Makcsenna — Doabumana, yncao MOJEKYS,
CKOPOCTh KOTOPHIX JEKHT B Ipefenax cx H x4 dtx, papno
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ITpeae st HHTETPHPOBAHHA B YHC.IHTe e AaHLl C Y4YeTOM, YTO ABH-
HeHHe aKTHBHPOBAHHOIO KOMIEKCa OCYLIECTBIAETCH TOALKO B OAHOM
HanpaBNeRHH, B 3HaMeRaTede Xe YUHTHIBAIOTCA BCE BO3MOXHbIE Ha-
TpaBJieHHs ABHAEHHS,

Huterpan, cToswuji B YHCAHTENe, MOMKHO B3fATh, eCAH 0603HAYHTE
uclf2kT =2, Toraa dz=2uc dc [2kT, otkyna c.udce =kTdz/n n,
CJIeA0BATEILHO,

o o0 o0 =

2
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Huterpan, crosiunit B 3HaMeHaTesne, MOMHO CBECTH K HHTErpaay
Tlyaccona. Tlpumem p/2k7T = k2, Torna

R 2 +oa
Sexp( 2kT)dC“‘ Sexp(—h )dcx

+0o
O6oanauny hc, = x, Torga dc,=—dx{h u S exp(—Hc,) dc, =
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n
[Moacrabass (8) u (9) B (7), Haxoaum

1
£ = f,l‘_ =( kT )"j‘ (10)
AT Ty 2mp

[Moacrapnsis (10) B (4), HaxoAWM, 4TO cpeiHee BpeMsd KHIHH
8KTHBHPOBAHHOTO KOMIJIEKCA DaBHO

1
T— 8 (2ap/kT) 2 an

0O603HaynM KOHUEHTPALUHIO aKTHBUPOBAHHBIX KOMIUIEKCOB, IpH-
X0MALLYIOCA Ha HMHTepBaJ § peakUNOHHOR KOODLHHATH, uepes c¢*.
Jta BeanynHa OyAeT COOTBETCTBOBATH HHCAY BO3HHUKIIHX aKTHBHpO-
BAHHLIX KOMILJIEKCOB WM YHCJY aKTOB peakuufi 3a Bpems 1. [Toatomy
YHCI0 aKTOB PEaKUHH B elHHHlUC ofbeMa Ha eAHHHLY BPEMEHH HJH,
ApYTHMH CJOBaMH, CKOPOCTb PEaKUHH DaBHa

1
w=ctfr=c* (kT/2up) 2 8~ (12)

310 BHIPAXeHHEe CNPARELAUBO TOJILKO B TOM CJaytuae, KOTAA AOCTH-
HeHHe KOHQHUIypalUwH aKTHBHPOBAHHOIO KOMMJeKCa rapaHTHpyeT Npo-
TeKaHHe peaKUWH, T.e., KAaK yKe OblI0 cKa3ano, TOAbKO AJs aju-
afaTHUYecKux mpoueccoB, B ofiulem cayuae B Bblpamenue (12) He-
ofXxo1HMO BBeCTH ewe n00ABOYHHIA MHOMXHTEAb — KO3 ullHenT npo-
XOWIEHHA (TPaHCMHCCHOMHBIA Xo3pduuHenT) ¥, KOTOPHE Moxer
6uiTh paped WaIu Medbie 1. TMosromy swipaxenne (12) zanumem cie-

Tyl HM o0pa3omM:
+
%
=TT 2::u) ) (13)



BbIBOJI BHpaXeHHA AAA KOHCTAHTH CKOPOCTH xumugeckoft peaKUHH
paccMOTPHM Ha npumepe GHMONEKYIAPHOR peaKkuuu
A+B — Z — CH+D+...
rie A H B — MolekyJdm HCXOHLIX BelllecTs; Z — aKTHBHPOBaHAMA KoMmhekc; €, D
H T. A -— MOJEKYJH KOHEYBHX BeUlecTs.
TOFIL&, COrJIaCHO OCHOBHOMY IIOCTYJaTy XKEMHYECKOH KHHETHKH, CKO-
pocTh peaklLHH
we=m kg (14)

CpasruBan Beipamenns (13) u (l4), noayyuM Ans KOHCTAHTBL CKO-
pPOCTH BHIpameHue
b= ct AT ‘]Tl (1%)
_chcB o J T8

CornacHo  nepBOMY  TNOJIOMKEHHIO — NPUMEHHMOCTH  CTATHCTHKH
Maxkcesenaa — Bosabumana K pearupyiouleli CHCTeMe — KOHCTaHTa CKO-
pocTy sjeMeHTaptoii peakuun A +B—-> C + D ..., nporexamwouei
NpH OTCYTCTBHH XHMHYECKOTG PABHOBECHS, MaJ0 OTAHYAETCA OT KOH-
CTAHTH CKOPOCTH TOTO XK€ MpPOIECCd, BLIYHCIAEMON IPH MPERNoJIoKe-
HHH HaJHYHA XHMHYECKOr0 PABHOBECHA KaK C KOHEYHLMH MPOIYKTa-
MH, TaK H ¢ NPOMEKYTOUHLIMH, NPEACTABATIOMUME 000 aKTUBHPO-
BaHHpi#l koMmaeke. [lostomy BuipaxenHe {15) Moxno aanucate

B BHIe )
+
L ( - )7-'— (16)
€A, pans®H, paon 2nu 8

r'Ae HHITEKC ¢plBH$ 0O3Ha4aeT, yTO KOHIEHyPALHH COOTBeTCTBY[OT COCTOAHHIO XHMH-
YeCKOro paBHOBECHSA.

MuosxnrTenp, cotepKalyil paBFOBeCHEE KOHUEHTPALHH, MOKHO 3a-
MEHHTL Ha KOHCTAHTY XHMHUYECKOTO PIBHOBECHS HCXOJHLIX Bellecrs
€ KOH(HrypauHed aTOMOB, COOTBETCTEYX el AKTHBHPOBAHHOMY KOM-
Iekcy:

"";:mu/cA, pannfB. panH =K (17)

Kak H3BECTHO H3 CTATHCTHUECKOH TepMOIHHAMHKH, KOHCTAHTY paB-
HOBECHA MOXHO BBIPa3HThL Yepe3d CTATHCTHYeCKHE CYMMEl @ CooTBeT-
CTByIOI.llHX BEIICCTB

K = (Qf /QsQs) exp (— E,/RT) (18)

IIPH 3TOM 3HEPrHs OTCHHTHIBAETCH OT HY.1€BOTO YPosHA COOTBeTCTBYIO-
med MoJeKyaAM HAH AKTHBHPOBAHHOTO KOMMIekca, no3ToMy E; coor-
BETCTBYCT IHEPrHH AKTHBALHH TPH alCOMIOTHOM HyJe TeMIepaTypHI.

CraTHCcTHYeCKaA cyMMa aXTHBHDOBAHHOTO KOMnaekca QF B or-
JHYHE OT CTATHCTHUYECKOH CYMMBI CTabHIBHON MOJEKYAH COOEpKHT B
BHAE MHOXHTEAN MAONOJAHHTENLHYIO CTeleHb CBOGOAB NOCTYNATENh-
HOTO ABHXEHHA BAONDL NYTH PeakUHH Qnocrr). JLAT CTATHCTHHECKON CYM-
MBl [IOCTYNATEILHOTO JBHIKEHHS €TATHCTHYeCKAd MexaHHKa Jaer

3

Qroct = (2xm&T) 2 V/as (19
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Yrobul #alfitH Quoer AMA oAROA cTenenu cBoBoAb, HAZO H3BJEUbL
H3 3Toro BIpaxkeHust KyGuueckuii Kopedp, npuuem V' ana paccmar-
pHBAaeMOro caydas cOOTBETCTBYeT HHTepBany nyTH paakuuu §. [lo-
3TOMY YYHTBHIBAfA, 4TO B Bulpaxeune (18) BXOAAT cTATHCTHYECKHE CYM-

Mbl, MOXKHO HANHCATE .

Quocr (1) == (2RET) % 8/ (20)
1

QfF = Q¥ (2nneT)? &/n 1)

[Toacrasasa (21) B (18), noayuum

|
K= -2_ (@mukT) ® K+ 22)
rae

KY =(Q%/Q,Qp) exp(— Ey/RT) (23)

MOXHO Ha3BaTb KOHCTAHTOA PABHOBeCHA MeXIy MepexoiHbIM H HC-
XOAHBIM cocTOAHHeM. B neficTBHTeIbHOCTH, KaX OLLIO CKa3aHO, TAKOro
pasuoBecHa Her. HecMoTps #a 510, K¥ MoXer OHTh paccuHTaHa Kak
OOBYHAA KOHCTAHTA PaBHOBECHA, TOJBKO H3 CTATHCTHYECKOH CYMMBb
AnA KOHQHrypauHy aTOMOB, OTBedatollell aKTHBHPOBAHHOMY COCTORHHIO
(opMabHO NMpu pacweTe TaKyio KOHGHIYPAUHIO aTOMOB MOMHO pac-
CMaTpPHBATL KAk MOJIEKYJNY), HYXKHO HCKJIWUHTh MHOMKHTENb, COOT-
BETETBYIOULHA ABUKEHHIO BAOAbL DPeaKLHOHHON KOOPAHHATH.
Ionctapasns Boipaxenue (22) 8 (15) M YUHTHIBAH BHPAKEHHR
{17) n (16}, noayunm
kT _QF  -pyar

“h T0,G, 24

kT
b=n K¥ =y

§ 3. Crob6onHas aHeprns (3HeprHa leabMroasla) aKTHBAUHH

Kak H3BecTHO H3 TepMOAHHAMHKH, KOHCTAHTa paBHOBECHS CBf3aHa
co cBOOOAHON 3neprueil npouecca. JTY CBASh MOMXKHO HCOOJIb3OBATH M
AnA BeNHunHEl K*, BBOAS nNOHATHE CBOGOAHON 3HEPrHH aKTHBALHH,
XapaKTepH3ywuleil HaMeHeHHe CBOGOAHON 3HeprHH NpH Nepexofe CHC-
TeMBl H3 HCXOAHOTQO COCTOAHHA B SKTHBHOE H YUHTHBaKlled BCe CTe-
neHn cBoGOAL, KpoMe KOoOpaWHAThl peakuud. Ecaw sewecrsa Haxo-
AATCA B CTamJlapTHOM COCTOSHHH, TO AJA TpoLecca, NpoTekawilero
NpH NOCTOAHHOM o0heMe

—AFF=RTInK* (25)
H TaK KaK

AFF = AUF — TaAS* (26)

BHIpaKeHHe (25) MOxHO 3anHcaTh
K* = exp (AST/R) exp (— AUJRT) @n

[MoacTaBana sto Bupaxenue B (24), noayuum
T AS* AU

k=t e (45-) oo (- 57) 8
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CooTBETCTBEHHO, eC/IH NMpoLecc NPOTEKaeT NPH MOCTOSIHHOM HaBJe-
HHH, HAl0 NOAL3IOBATbCA H300apHLIM NOTEHUHAAOM (cBoGoaHON sHep-
el NpPH NOCTOSHHOM ZAaBAeHHR, 3Hepruedi ['u6Gca). AnanoruuHne
paccysleHusl NPHBOXAT K BHPAKEHHIO JAJ7 KOHCTAHTH CKODOCTH,

kT G* kT AS¥ AHE
K= xemw (— 7 =XT‘-‘-‘P( R )‘*"P("T 29

B sTux Boipaxenuax AUF y AH* nmelor ¢uandeckwit cMbICA Tefl-
JIOT aKTHBALUMH, a AS* — 3HTpPONHH aKTHBalKH,

Bupaxenus (27) n (28) c¢opManbHO NOXOXKH Ha BHIpayeHHe, IO-
JdyueHHOe HaMu noiysmmupuyeckd B ri. III, Ho Tenepe crepuueckufl
MHOXHTeNb Opuobperaer BRosHe onpegeneHunifi cmuicn. Kak 6yner
noxasado HHxKe, AU¥ uw AH* cpasausl ¢ 3Hepraefl aKTHBAaLWH, onpe-
HeaseMof ONBTHLIM NYTeM, H, CACA0BaTENhlIO, MHOXKHTENb, COlepKa-
WIHH 3HTPONHIO akTHBauHu AS*, COOTBETCTBYET CTCPHYECKOMY MHO-
KHTENI0 TeopHK CTOJNKHOBeHH. M3 ypaenennd (27)—(29) suTekaer,
9TO CKOPOCTh PEaKIHH oupeAensercd He TENAOTOA aKTHBAllMH, a H3-
MeHeHMeM CBOOOJAHON 3HeprHH HPH Nepexoje CHCTEMB B AKTHBHOE
cocrosnue. EciH mepexo] B COOTBETCTBYIOIIEE COCTOSIKHE CONPOBOXK-
paerca OOJbLIEM YBeJHYeHHeM 9HTPONHH, TO, HECMOTpPA Ha BBICOKOE
sHayeHHe SHEPrHH, peakuus OyleT NpoTexaTts ¢ GOJBUIOH CKOPOCTLIO.
Hao6opoT, npouecchl, CONPOBOMAAILUINECS YMEHblUIEHHEM SHTPONHH,
HECMOTPA Ha MaJyi0 TenaOTy akTRBauuu AH¥, Gyayr nporexatbh men-
JenHo. JIio6of BHelW K $aKTOp, YMEHbUAOIHKA CBOGOAHYI0 JHEPTHIO
aKTHBAUHH, 6yaerT crnocoGCTBOBATL YBEJHYEHHIO CKOPOCTH XHMHYe-
ckoro npotlecca, Takum obpa3oMm, Ha3BaHHE <CTePHUECKHA MHOMKH-
TeNb», KAK BHAHO, HE COOTBETCTBYET (PH3IHYCCKOMY CMHICJY 3TOH Be-
JIHYHHHE, H [O3TOMY €€ Jydylle Ha3WBaTb «3HTPONHAHBIA MHOMKHTEJbY,

HHorna ee Ha3HBAIOT «BEPOATHOCTHHM QAKTODOMS,

§ 4. IxcHepUMeHTANbLHAS SHEPIBI AKTHBAUHA

B Bupaxenna (28) u (29) BXOAST He 3KcnepPHMEHTAJLHO Ollpefensie-
Mhie HePIHH aKTHBAIHH, 2 H3MEHeHHA BHYTDedHeH SHePrHH HIH TEMIO-
COAEPIKAHHA NpPR Nepexoje HCXOAHBIX MONEKYJ B COCTOSHHE AKTHBH-
POBAHHOTO KOMILIEKCA,

Hdns npakrHuecknx pacyeto 6pjo Gbl Gosiee HHTEPECHHM BBECTH
B 3TH BhPAMEHHA 3JKCICPHMEHTAJNBHO ONpele/]AeMYi0 IHEPrHI0 aK-
THBAUHH, EcAn B KavecTBe He3aBHCHMBIX NepeMeHHHX BHGpATh AaBJe-
HHe W TeMnepaTypy, TO YAOGHHM BHpa){eHWeM [Jfi pacyera CKO-
POCTH peakuHn Oyier Bupaxenue (24). [lponorapudmuposas Bul-
paxeHne {24), Haxonum:

Ink,=Iny+In(k/k) + T4 In KF (20)

HudodepeHunpys 510 BHpaXKeHHEe NC TéMIePaType W NPHHHMAs BO
BHUMaHHe ypaBHeHHe Appenuyca, NOJIYUHM:
E din K 1 din KF
L, _dlhnk, 1  din&g
RTT = ~Gr =T T —4F 30
THe Ey—QKCnep“,\leHTaﬂbHﬂﬂ SHEPFHH AKTHBaLHH.
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TMpuHuMas BO BHHMAaHHe, UTO COTJIACHO YPABHEHHIO H306apH XHMH-
YeCKOH peaklHH ,
din K} JdT = AH* [RT? (32)

Bupaxende (31) MOXKHO 3anHCaTeb

E 1 AH*
ReT= Tt R (33)

OTKyla
E, = RT 4 AH¥ (34)

Tak Kak ANA HAaeaNbHEIX razcB AH* He 3aBHCHT OT JaBJeHHA, 37a
BeJHYHHA B PacCMOTPEHHLIX YPAaBHEHHAX He OTHeCEHa K CTaMaapt-
HOMY CoCTOsHHI0. Jla8 BRIOpAaHHOFO CTAHAAPTHOrO COCTOAHHA BHpaXKe-
nue (29) nproGperaer BuA

&7 AH* as¥

kp=y—pexp\ — 7 Jep \ (35)

IMoncrapnas snavenne AH+* u3 puipaxenus (34) s (35), nosygnm
kT E, AS}

kp = zeT expy — W exp T (36)

Ecau yieabHaa CKOPOCThL BLIPaXeHa B €AHHHIAX KOHI.[EHTPHLIHH,
TO, IPHHHMAada BO BHUMAaHHe, UTO

K§=xF(RTY @7
(x— gHcao MoaexyJ, BXOAAIIRX B @KTHBHPOBAHHHWA KOMIJIEKC) TMO-

aydgaem
&=k, (RT)*"! (38)

Hns npouecca, nporekaowwere Npu MocToaHHOM ofbeMe, aHano-
THYHO BHpa)ieHuo (31), noxyuum

E dink 1 dinKF

SKcn
RrZ —dr T v Tar (39)
OTKYNa
Eypey=RT + AU* =RT + AH¥ — pAVTF (40)

rae AV +— uimeuenue o6beMma Npl NePexXohe B aKTHBHOE COCTOAHHE.

Jna peakuuu, nporekaioulef B razoBod ¢(ase, MPH YCJOBHH, 9TO
rassl HieajbHH

pAV* = (1 — ) RT 1
[Moactasasa sto Bupaxenne B (40), noayunm
Egren=Ep+ (x — 1} RT (42)

TNoxzcrasassa (38) u (42) B (36), GymeM umern

k P S 4 kT ‘Emcrl AS*
= yRT* e e - cxp {43)
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B cayuae pacTBOpPOB CTAaHAADTHOE COCTOSAHME COOTBETCTBYET KOH-
HeHTpauuy (MW aKTHBHOCTH), PaBHOR enHHHUe, TOITOMY ypaBHeHHe
(29) nano sanucate B BHAE

kT as¥ Aff#*
k=1 -h—exp( Rc )exp (— "TQ"I_) (44)

e yKa3aHke Ha CTaHAapTHOe COCTosHuie AM¥ onylleHo, Tak Kak NpH-
HHMaeTCA, u4TO CHCTeMa wMjaeanpHa. [locKosinKy B c¢Jydae pacTROPOB
AV npakruueckw paBHO HYJAWO, Jerko BHUeTh, 9TO BHpaxXeHHe (43)
3anvlleTcs B BHIE:

kT Eoeen AS*
toes = 1 2500 (= S5 ) e () w

§ 5. BaauMopeicTBHEe ABYX ATOMOB.
CpaBHeHHe TeOPHH CTOJKHOBEHHHA
C TeopHeR aKTHBHPOBAHHOro KOMNJeKea

PaccMOTpHM pacueT CKOpPOCTH peaKiuHH B32RMOAEACTBHA RBYX aTOMOB
No TEOpPHH NMEPeXOAROro cocToAHHA. [1ycTe Macch atoMos SyAYT ma H
ms, 2 HX 30deKTHBHEE pajMychl —ra H rs. AKTHBH[POBaHHBIA KOM-
MJeKe B 3TOM caydae GydeT aHaJOTHYeH ABYXaTOMHOA MoJjekyse AB.
CyMMu cocTosHull aas aToMoB, 06/1a1alolINX TOJbLKO TpeMA MocTyna-
TeIbHBIMH CTeNeHAMH cBOGOAH, PABHH
3
(2rmpkT) (2remykT)
Q=g W Q= — (46)

NI [

ARTHBHPOBaHHEIA KOMNJeRc obnanaer TpeMs NOCTYNAaTeJbHBMH
{yueT o0AHOM u3 KOTOPHWX, COOTBETCTBYIOLIeH NepPeMEelleHHId KOM-
nfeKca N0 KOOPAHHATE pPeakKUHH, NPHBEN K (OABJIEHUK MHOXHTEINA
kT/h) u nBymMs BpamaTeJbHBIMH CTeneHsmu cBofoaH. Ero cymma
COCTOAHUA paBHa

3

[27 (my + ) kT]® 8T

ot = QAB,TOH' AR E %] (“47)

MoMeHT HHepIHH aKTHBHPOBAHHOTO KOMILIEKCa

TN 2
I = (2 + 1) 48)
rae ra + rs — AHaMeTp aKTHBHPOBaHHbTO KOMIIJIeKCa,
[Toncrapnas (48) B (47), HaxoauM
3
[2% (mp + my) kT]® BuimymykT
- . 2

Qap+ == A b (mp + my) (ratrs) {49)
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~ 3Has CTAaTHCTHYECKHE CYMMBI, MOMKHO DPacCUHTaTh KOHCTAHTY CKO-
poctd peakunH. IlojcraBnsa pupaxende (23) B (24), nafigem

kT Q7 o EuRT 50)

=% 5.,

ILas npocTtoTh no;ioxuM, 4to ¥ = | U E¢ =0, Toraa, noacrasass
B BHpaxeHne (50) sHaueHHs cTaTHCTHUeckux cyMm (46) u (49), no-
JIY4HM, YTO YHCJIO CTAAKHBAWOIWUXCA (pearupyouHix) MOAEKYa B efd-
HHLY BpeMeHH B ejliHHle 06beMa paBHO

k=(rA+rB)2(8nkT "+m“ )“ Gh

Cor/ilacHO TeOpHH CTOJKHOBEHHH YHCAO CTAJNKHBAIOUIHXCA MOJIEKYJ]
B CIMHHUY BpeMCHH B ejHHHIC ofbeMa NPH YCAOBHM nx==fp = 1

paBHO
s [ 8mkT
Zap = d3n (m )= (52)

TlputinMas BO BHHMAaHHE, 4TO
My + my
=
kap Myt

dpg=(ra+rp) #

noJayvyaeM BhlpaxKeHue

iy +m ..I.. )
zpg =(ra + r)? (SnkT . 2 ) ) (53)

KOTGpOe COBNALAET ¢ BHIPAIKEHHEM, HOJYYEeHHBIM N0 TEODHH &KTHBH-
poBaHHoro KoMmnjexca (bl}. Tawum ©GpasoM, aad B3aHMOAEHCTBHA
IBYX ATOMOB TEOPHSA CTOJKHOBeHHH NPHBOAHT K QAHHAKOBOMY pe3yJib-
TAaTy ¢ TeopHell aKTHBHPOBANHOTD KOMIJEKCA,

PaccMorpuM, coBnasyT JIH pe3yinTaThl pacieToB CKOPOCTEl peak-
LHH METOACM TEeODHH CTGJIKHOBCHHH € De3yJbTaTaMR TEOpHH nepe-
XOJHOrO COCTOAHHR B CJIyuade, eciH PearHpyloT He aToME, @ MOJACKYAH,

Jias pewenna storo BoApOca YNPOCTHM 3aAauy, MPUHAB, 4TO A8
KaxXAOTO BHIAA :)HEPI‘HH CII0KNIOM MO.‘IEKY’II:I CymMMa COCTOSAIHLH CKJa-
AblBaeTCA U3 OAHHAKOBBIX MHOKHTeldell, 10 ONHOMY Ha KaAylo CTe-
nenb cBoboanl. O6O3HAYHB YePE3 Guoer, Gopaw H Gron COOTBETCTBEHHO
NOCTYNATE/NbHY0, BPAWATEALRYIO ¥ KoAcOaTedbHyo CYMMLI COCTOA-
HH# Ha OAHy cTemeHb CBOOOABI, AJA MOJHOA CYMMBl COCTOAHME no-
JAYUHM

Q= qucr qapautq;o.u 54)

The f, r B U — COOTRETCTBYIOMHE THCNA cTelneHed epobond,

Jdas ToAbKo uro pazoGpaHHOrO CNy4as PeaKllH.. ATOMaMy
CYMMEI COCTOSHHA HAXOASAXCS B PABHOBECHH YacTHI, PABHH

3 3 b
QA quut.r' QB = e Q:\{i = q[lurrql‘llaﬂ-l (55)
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H OpeA’KCnoHeHUAa eHBl unenn B ypasHeRun (50) xns KoHCTaHTH
CKOPOCTH peaKUHH BLIPA3UTCA COOTHOIUEHHEM

BT Qupx kT Goouw

o = 3
h QAQy h Groer
Ho, rak 6ulac nokas3aHo, 5T¢ BHPAMEHHe JaeT YHCAO CTOJKHOBe-
Huii atomop A ¢ B B enMHHIY BpeMeHH B elHHHHEe O0Gbema IPH ycao-
BHH, YTO Ha = tig = |, T. €.
2 3
z= (kT/k) qspam/qnocr 67)

Jas nenuHeHHHX MHOTOATOMHHX Moaekyar A B B, coctoaumnx ma

N4 W Ag aTOMOB, CYMML! COCTOSAHHI HMEIOT BHA .
—- 6 -8
an

(56)

in

_.3 3 A .3 3 B

Qa~ TuocrTepanTkon ¥ Q= TractTupamTres (58)

a AN AKTHBHDOBAHHONG KOMMJEKCA, HMCIOWEro Ha OOHYy Kojeda-
TeJLHYK? CTeleHs CBOOGAL MEHbille N0 CpaBHEHMIO ¢ MOJeKyJaof, co-

CTOALLLH H3 TAKOTO XKe KOJAHUECTBA 4TOMOD
__ 1 3 3 (n‘IA +rg) -7
QAB* = fnoctepawTron (59)

Torna mpeaskcnoneHunabHbiis aier B (50) pasen

BT Quut kT g .

3 3
h Q.\QB h qnocrqnpam
WM, IPHHEMAS BO BHEMaHHe BHpaxeHHe (57) uMeey

AT Qup+ =z( Txon )5 1)
h QAQB qnpaul

TaxuM ofpa3om, AnA B3aHMOLEHACTBHH JABYX HEJAHHEHHX MHOro-
ATOMHBIX MOJeKyJ (4n8 JAPYTHX THNOB NpPeBPailleHHH noayyaloTcs
HECKOJbKO OTJIHUHLIE BLIPAXKEHHf) TCOPHH AKTHBHPOBAHHOFO KOM-
nJAeKca RaeT 3HaueHHe KOHCTAHTH CHEOPOCTH, OTJAHvamouledicd Ha MHo-
WKUTEAb (Jxon/Gopam)®, OT 3HAUEHHA KOHCTAHTH CKOPOCTH, 1aBAEMOTo
Teoptcil ¢ToMKHoBennf — ypasneHue (53). Tloatomy paHee BBeaeu-
HBfl CTepHYeCKHR MHOMKHUTENB, COTJIACHO pACCMATPHBAEMOH TeOpHH,
OKa3bIBAETCH PABHBIM

P = (Gxor/gnpam)® {62}

[Tockoabky cyMma cocTosHHA ANA KoJdeOaTeLHOH sHepruu G.IH3KA
K eHHKLUe, 4 TTOPSAAOK BpallaTe.lbHOI CyMMbi COCTOAHUI JICKHT B Npe-
geaax or 10 ao [0%, KpafinHe 2Ha4YeHWd CTepHUeCKOTO ¢akTopa, co-
TA4acHO 3TOMY NPHOJMMKEHHOMY COOTHOLIEeHHIO, 06pa3yloT HHTepBa’
10-5—10-"% 3DToT MHOMHTe L, NOCKOJBKY OH CBSI3aH ¢ OHTpPOUHeH,
HHOrIA HAa3blBAIOT «BEePOSTHOCTHBIM (2KTOPOM».

§ 6. HeannaGaTuueckHe npouecesl.
TpaHCMHCCHOHHBIA KoahduuHenT

Kak 6ui0 nokasano, B ciyyae aanabaTHYeCKHX NpoLleccoB Kosddu-
IIHEHT NPOXOKAEHHA (TPAHCMHCCHORHBI Ko3pduiHenT) x==1. DemeH-
TapHHe NpollecCH, COMPOBOKAAWUIHECA INEKTPOHIBIMH [IePexoAaMH,
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U% = Prc. 38. AgwaGatauecxnf (a) W neanwaGaTdue-
cxkuft (6) xoax npouecca B o6aacTH RaRGOJBIUEro
COHMERHR ABYX IOTEHIHANLHEX KPHBHX.

\

) ABAMIOTCA HeajinabaTHUeCKHMH. JJeK-

‘ g TPOHHbLIl MePeXoa COOTBETCTBYET NEpPexo-
AY CHCTEMBl NPH AOCTHXEHHH BEpIIHHH

Gapbepa ¢ OAHOH NOTeHUHAALHOA MO-

BeDXHOCTH Ha [pyrylo (pHc. 38; r—

l MeXKaTOMHOE PacCTOAHHE).

[~

IIpn wveamuaGaTwyeckux rpolleccax
JOCTHXKEHHE BEPUIHHBE MOTeHIHA/LHOTO
Gapbepa eule He o3nauaer Ge3yca0BHOTO
nepexona K KOHeUHHM NPOAYKTAM HCYLECTBYeT KoHeYHAA BepOATHOCTD
nepexoaa CHCTEME! ¢ HHXKHEi HoTenutaabHoll NOBEPXHOCTH 112 BEPXHIOI0.
TaxkuM o6pa3oM, A4 HeaaHa6aTHUECKHX MPOLECCOB TPAHCMHCCHONRBIA
KoshduuneHT ¥ 3aseroMo MeHblle eqununnl. Kax npaBuao, neajuaba-
THYECKOe TeueHHe NMPOLECCA HMEET MeCTO, €CNH PeaklH# NPHBOAHT K
H3MEHEHHK) CYMMAPHOLO 3JeKTPOHIOro COHHA HAH K KAKOMY-HHOYADL
APYroMy 3anpelieHHOMY nepexoay. TpaHCMHCCHOHHBIA KO3()DHUHEHT
Aaa HeaaHabaTHUecKHX NpONeccOB dYallle BCero OKa3biBaeTcs MOpAAKa
10-5. Tlpubaukennble pacyeTH NOKa3HBaiOT, UTO HeagHaGaTHUECKHe
PeakuuH BCTPeYaroTcA AOBONLHO PEAKO.

Takum oOpazoM, TeopHs akTHBHDPOBAHHOrO KoMOJieKca B TOM CJy-
q4e, KOTrJa H3BeCTHA KOHQHTypaling pealHDYICILHX MOJeKyJa B Mepe-
XOZHOM COCTOSIHHH, [03BOJfAeT DAaCCUHTaTh IpelIKCNOHEHIHANbHBI
MHoxnTens. Ho B GoamwmicTBe cayyaes, K COXAJAEHHK, CTPOeHHe
AKTHBHPOBAIHOTO KOMILIEKCA M €ro €BOfcTBA OLIBAIOT HEH3BECTHLIMHL.

CrpykTypa coelHHeHHs, NPEACTABJSIOIETO NePeXOJHOE COCTOS-
HHe, COTJIACHO nocrylaTy XeMMOHZA JAJA CHIBHO 3K30TepMHYecKHx
peaKuHi GJH3KA K CTPOEHHIO MCXOAHBIX MOJEKVJN, a /s CHJILHO 3HIO-
TEPMAUECKHX peaxkuuil OAM3KA K CTPYKTYDPe KOHEYHHWX NpPOAYKIOB.
J710oT mocTysaT Jyuule BHOOJHACTCH jJAf MOHOMOJEKYJTAPHHIX peak-
uHf. A GHMONeKyJAAPHHX peakKUHii OH BBINOJIHAETCH MJIOXO, TAK KaK
H3MeHeHHe 3Heprud [HO66Gca B 3Tom cayuae 06YCI0BJAEHO B OCHOBHOM
yMeHbIIeHHeM 3HTPONIHH, a4 He 3HTAJLIHH DEakUHu Nepexoia CHCTEMB
B KOIleUHOe COCTOfIHHE,

HHoraa TeopH aKTHBHPOBAHHOrO KOMILIEKCa HA3WBAaWT Teopuell
abcoatotroix cxopocred pearyuti. Ho Takoe Ha3zpaHHe HeNpaBHJLHO,
TaK KaK 145 pacuera abcoMIOTHHIX CKOPOCTEH XHMHYECKHX peakuuf
Hal0 HMeTh BO3IMOXKHOCTL PACCUHTATh He TOJBKO NMPei3KCIoOHeHLHahb-
HHe MHOMHTENH, HO H 3Heprun akTHeauHH. TeopeTHuecku# pacder
SHEPrifi aKTHBALMH MOXKHO OCYULeCTBHTH JHIlb METOAAMH KBAHTOROMN
MexaHHkH. Oanako nocleiHHe MOKa Ma/ONPHTOAHLI 1Al NOJYYeHHA
KOJHUECTBEHHBIX De3YNbTATOB.

HecMotpa Ha yKkasaunble HE/JOCTATKH, TEOPHS MNEPEXOANOTe Co-
CTOSIHHA MO3BOASET TOJIYYaTh KAUGCTBEHHHE Pe3y/abTaThl, HHTepecHbe
OAs MOHUMAHHT NPOTEKaHHA XHMHYECKHX NPOUECCOB. [IpHMeHeHHe
STOA TeopHH .19 BHISACHEHHS XapaKTepa TNPOTEKAHHA HEKOTOPHIX XH-
MHYECKHX Tpoileccop OyiaeT PaccMOTPeHO B TIOCAeAYHOWLHX IJ4B4X,

A
r
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FTJTABA V

MOHOMOJNEKYNAPHDBIE B TPUMOJNEKYMAPHDIE
PEAKLHH

§ 1. MonoMoJeKyaApHble peaKiHH B ra3osoi dase

B HacTosulee BpeMa H3BecTHO 00.bllee YHCIO TFOMOTEHHBIX ras’oBBIX
peakunit, Yr051eTBOPANIIHY KHHETHYECKHN YPaBHEHMAM NepBOro 1o-
pHiKa,

Kpome yKasauuulx B ri. [ peakuuil pa3noxeHnus a3oMeTaHa, NeHTa:
OKCHIA a30Ta, AMMETHJI0BOrO 3HHPAa K HHM OTHOCHTCA Da3fciKeHHe
TeTpaaJkuaoB sdementoB IV rpynns [lepuozudeckoR cucrembl, Ha-
OpHMep, TeTPAaMeTHA0J0B4A

SII(CHa); —+ 5Sn + 4. CHg

PasNoXeHHe HEKOTOPBIX aan(aTHUECKHX TaJOreHNMPOH3BOAHBIX, Ha-
npuMep, 2-XJ10prnponaHa
CH,CHCICH; ——» CHsCH=CH, 4 HCI

Yuc-TpaKc-NpeBpalieHHst NPOU3BOJHBIX 3THJEHA, HalpUMep, MaJeHHO-

BOH KHCJOTH
HC—COOH HOOC—CH
—_—

[
HC—COOH HC—COOH

TepMHUECKOE npeBpallléHHe pa3dJIHYHHEX OPraHH4YecKHX MOJIEKYJ, Ha-
fnpHMep, 3THAOEH30a8

2C5H5CH2CH3 —_— CGHSCH2CH2C5H5+ C',)Hu

TepMuyecKHi pacnal AKA30CORLMHEHHH, HanpuMep, NHA30NPONaHa
C3H;N=NC;H; — N2+ C;Hy,4

pacnaa aJjb/Aerujios, HallpHMep, NPONHJACBOIO
CHsCHO — CHs+ CO

M HeKoTophie JpyrHe peakuuu. MoHoMoJeKyIapHHA pacnaj fpeTepmne-
BAWOT, Kak [PaBHI0, CJA0MKHbIE MONeKYJhl, cocrofllxe H3 GOJbLIOTO
YHCAA aTOMOB; 3HeDPHH aKTHBAaUHH GOJLUIHHCTBA peakiuufi oTHocH-
TeAbHO BLICOKH (Taba. 14).

Tlpu HH3kHXx JaBJeHusAx A1 OOJABUIHHCTBA MOHOMOJEKYJIAPHLIX
peaxusfi nabalogaeTcsa HHTepecHoe fBJeHHe NMepexola peaKUHH B pe-
AKUHIO BTOPOTC mopsika. Tak, AAA TEPMHYCCKOIO DASJOMKEHHA H30-
NPORARXAOPHAA npu AaBjaenuax suuwe 0,53 k[la xoHcTaHTa cKopocTH
NepBOro MOPAJKA He 3aBHCHT OT HAYAJIbHONG JaBJeHHSs W COXpaHseT
nocrosxHoe 3Hauvenne. OAHako, Kak BHAHO u3 puc. 39, a, npu nasie-
Husx Hxe 0,53 kfla 3HaueHde KOHCTAHTH CKOPOCTH CHCTEMATHYECKH
YMeHbUIaeTCA H Mpouecc ABHO MepecTaeT YAOBNeTBOPATbL KHHETHUe-
CKOMY ypaBHCHHIO Nepporo mnopajka. Mntepecho, uto aob6aBnenne
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TabGauya [4. Hannse o KUHETURE HEKOTOPBX MOHOMOACKYARPHBIX peaxyuld

Hurepaan Hurepaan ﬁg::::;: 3uarponns

Pasxarawuteecs seutectao TEMNEPATY P, Aamiesud p, Bo BrOpodft KoMCTaHTR CKOpocTs *, €= aKTHBauuu **,

K xTla nag?ﬁux. #f{moan-K}

N.O; 273338 2,6-107°—9,3 0,008 4,5 10" exp( - 02587y 8,16 (300}
CH;N=NCHj 551—603 35-1073-93 5,3 1,1 - 10'S expi — 200,2/R7) 45,61 (600)
CH;N=NC;H; 523—605 7,7-107 %73 3.3 28 10" expl— 192,5/RT) 17,57 (600)
CyH;N=NC;H; 523—563 33-1073-06 0,03 5.6 - 10" exp(— 167.4/RT) 4,90 (530)
CHaOCH;, 695—825 0,4—53,3 46,7 1,9 < 10'3 exp- 20.3:RT) 6,07 (700)
CH4OC,H; 559—773 0,3—7.2 — 1,2 - 10" expi - 192.5:RT) 29,12 (700)
C,H:OC,H; 699—861 0,3—26,7 20 3.1 10" exp(- 218,787 40,33 (700)
Si{CHa), 733—933 06—77,9 1,3 1,6 10'° exp( - 320.7,RT) 31,13 (750)
Ge(CHa)y 620—715 0,2—62,0 11 1.9 - 10" exp(— 213.4/RT) 13,15 (700)
Sn(CHa)4 713—766 0.01—22,7 10,7 8,1 - 10! expi- 243,0/RT) 162,42 (750)
C3HsCI 723~-773 0,07—29,3 11 3,9 - 10" expl— 343.1RT) 19,04 (700)
CH3CHCl, 685722 0,07—9,3 2,7 45+ 10" expi—251,4°RT) 37,00 (700)
CH3CHCICH, 673—683 0,01—1,3 0,5 2,5 103 expt- 211.3,R7) 3,22 (650)
CH,CC1,CH;, 803 —690 1.1~8,7 — 7,9 - 10" expt~ 183.7/RT) 13,92 (650)
CH;CH,CHCl; 603700 2,3—8,1 - 5,8+ 10'% expi- 214,287y 15,39 (650)
C.HyNH, 773—813 0.7—8,0 6.7 2,9 - 10° exp'~ (72,0/RT) 80,96 (750)
C,H;CHO 723873 0.3—5,3 10,7 14 10" expt—247/RT) 28.53 (750)
H,C—CH, 651—788 0,3—47 38,0 8.4 - 10 exp( - 21301y 13,43 (750)

e}
N;O 833—940 1,1—1067 - 4,0 - 10° exp(—216,7/RT) 76,80 (850)
CHANO, 693—753 - — 2,7 < 10" exp( - 209,2/RT) 3,18 (700)
* JHepruA aKTHBall'H H TaloBad NoCTOAHHEA R BHpamenww B KA#/Moab (‘R=B.3l-lﬂ—s Kﬂx{uonb).

** B cxofKaXx—TeMneparypa B K.
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Puc. 39. B.uusHwe 06aBok NOCTOPOHIErO a3d HA KOHCTaHTY CKOPOCTH MOHOMOJe-
KYJIHPHOR peakmHi:

@ — pacnaj H30NpOTNHAXAOPHAA (fo AankeiM XoyaerTa): = C:H,Ci; 2 — GH;Cl B npucytcraim
HCI (0.4 #l1a); 3 — Ca1;,Cl B npucyrcTsud HCI (2,66 klla); .

6 — pacnan ,l-aKxaupnponana (no AduMeM Xoyaerta): /— CHzCH,CHCl; 2 — CHCHLCHC): 8
npHcyTeTeun 430-C.H,y (1,33 Klla);

8 — pacnag aueTaibiernpa 8 npucyTereud NO npn 822 K (no samnux [RRWeanDyfa).

NapoB XNOPHCTOrG BOAOPOAA NPH AABJEHHAX H3OMpPOURAXJIOPHLA, GOJIb-
wrx 0,53 klla, He oKasnBaerT HHKAKOIO BJAHAHHSA HAa KHHETHKY; NipH
JaBJEHHAX H3olponHaxnopuaa, menvwnx 0,53 klla, mpouecc BHOBb
BO3BpallaeTcid K NepBOMY NOpsaaky, Takof xapaktep AeHCTBHA aoba-
BOK THIHYeH. AHaJOrHYyHOe BAHAHNS Ha KHHETHKY OKa3hBaeT Ao{ashe-
HHE BOZOpPOAA NpH Pachaje aJH{aTHYeCKHX 3PHPOB, BAAKHOIO &30Ta
RpH pacuaje HuTpoMeTara B T.A. (CJexyeT OTMeTHTb, MTO A0DasKH
MHOTHX Ta30B 80061119 He OKJA3RRaloT BOBJ.[CHCTBHH Ha X041 MOHOMOJEe-
KyasapHore npolecea, HanpuMep No, Ile, CO, CO, npu pacunape adu-
poB; NO upn pacnane Terpaaakuaoe siaeMentoB IV rpynnml.

HMHorga npu Hud3kux AabjieHunax #ad1i04aeTcd pe3knfi pocT KOH-
cTaHTel peakuuu {puc. 39, ¢,8). D10 oObichseTcd NOABAEHUEM [MPH
HH3KHX NaBJeHH$X 3HaUYHTeNLHOrO KOJH4eCTBa cBOOOAHBIX DPaJAHKAJOR,
HanpuMep, npr pacnaie aueraaslerH]la noayqyalotTcs paixkaan -CH;
u +CHO:

CH;;CHO —— i 'CH3+‘CHO

criocoGHule BCTYNATh BO B3AHMOACHCTBHE C HCXOJAHBIM BeUECTBOM 1O
nenHoMy Mexauusmy. Llennofi npouecc mMomer GuiTh NojgaBneH no6Gas-
Kofi razos, B3alMOAelCTBYIOWHX ¢ palnKkanaMu. TakoBo jefcrsHe
Iponuaesa upn pacnage 1,2-auxjopstana, H300yTHAEHA NPH pacnaje
1,1-auxmopnponana {puc. 39, 6). Ocodenno xapaktepHo nelicteue NO,
MeJeKyaa  KoToporo 06.1872eT OduNM  HeCNapellHbiM  JACKTPOHOM,

151



ITpn croakHoBeHHH co cBOGORHNM paiukanom NO nerko K uemy npu-
coepxunercsi, o6puBas Uenb, H 3Ha9eHHe KOHCTAHTH CKOPOCTH CTAHO-
BHTCA COOTBETCTBYIOLUHM HCTHHHOMY MOHOMOJIEKYJAPHOMY paciiany
(puc. 39,8). Ha ocu opaunar vy, — Bpems nosypacnazna).

§ 2. Pannue TEOPHH MOHOMOJCKYNAPHBIX pPeakuuii

CKOpPOCTE  peakUHH MepBOr0 NOPAAKA NpPAMO NPONOPUHOHAJMBLHA MAasJjendio  (HAH
KOHUEHTPALHH) B NepBoA cTenend. MeXay TeM, cOIVIACHO paHee pPacCMOTpeHHHIM
MeXanH3MaM, aKTHBalidg MOJEeKyAd NOCTHraercs nyTeM CTOJAKHOBEHHA, YHCAO Xe
CTOJIKHOBCHKA PPAMO NMPONOPUHOHAALHEO KBaApaTy JAaBJeHAsa (WIM KOHUSHTPALKH).
Taxum ofipasom, H2 NepeHf BsrAAd KaKeTCA, uTO CTOAKHOBEHHA He ABJISIOTCH MApH-
YHROR MOHOMOJEKYAAPHOPD 1RONEeSCca. OT(.‘IOD.& TNOHATHO, 4YT¢ HEepBHE DONLTKH 1aTh
TeOpeTHIRCKOE NCTOIROBANNE WMOROMONEKYARDHEX peaxunﬁ OCHOBHIBaMNCh Ha NO-
HCKax MPHYBH aKTHBAUHH MOJEKYJ, He JABHCHALIHX OT CTOJKHOBEHHA.

[Meproii Takoh nonuiTkoRt Gwaz runoresa [leppena (1918 r.), cormacHo xoropoi
AKTHBaLHA npH MOHOMONEKY TAPHHX PEAKUHAX NPOHCXOMHT 33 CueT DOTJOLIeHHA HH-
dpakpacHofl pagnaunmu, Jra runotesd He DHLEPXKana ONHTHOR NpPOBepKW, Tax Kax
OKa3aJoch, 970 O06Ay4eHHe pearnpyiolllelt CHCTeMH OOTOKOM KBAHTOB C 9acToTOR,
COoOTBeTCTRYWOMIeH SHEprid axTHRaUHH (v = EfAN}, Be H3MeHseT CKOpOCTH Mpouecca.

B 1924 r. XpucrHancen w KpaMepc nWTajJHch OOBACHHTL 8KTHBALHIC B MOHO-
MONEKYARPHOM MPOLEcCe CTONKHOBEHHEeM HCXOLHHX MOJNCKYA € GOTaThiMH 9mepried
OpoRykTaMn peakiH. ONRAKO R 9TO O6BACHEHHe NPOTHBODEYHAO ONHTY, BOCKOABKY,
BO-IEpPBHX, CYMECTRYKIT 3HAOTeDMHYECKHe MOHOMOMEKY/ApHHE peaknuy (Hanpumep,
pacoag N2Os) B, BO-BTOPHX, KaK Buille OHJIO NOKA3aHO, MHOPHE NOCTOPOHHHe rasn
He OKa3LBawT BO3AEACTBHA Ha xOA Npoliecca, MeXIy TeM, Ae3aKTHBHPYA HNpPOXYKTH -
pea2KlUyH, OHH NONWHH OHJH 66l CHCTEMATHYECKH CHHXATb CKOPOCTb DEaxlHH.

§ 3. HcToakoBaHHe MOHOMOREKYAAPHBIX peaKkuui
HA OCHOBAHHMH TEOPHH CTONKHOBEHHH

B 1922 r. Jlangemar Zan cxeMy, NO3BOJASIOULYI0 MOHATH MEXAHUIM
MOHOMOJEKYAAPHBIX PeaKlui, HCXOAS H3 NPEeACTABIEHHA O CTOAKHOBE-
HHH MoJekyn. kg Toro yTobW MNpoH3OmE] MOHOMOJEKYJAPHHA 0po-
Hecc pacnaja Monekysaw A, et Heo6xogumo ob6nazaTe focratounoft
KoneGaTe IbHOH 3HEpryef AAA pa3pHBa cBasefl. 3Ty >3HEprHio MoJe-
KyJa MOXeT H4KOMHTH NyTeM COyJapeHyi, T.e. INpoLecc aKTHBALHH
MOJIEKY/B MO/KRO 3anHcaTh B BHJe

A+A B oarga

rie A* — BO3fymAeHHAR MOJEKyna.
Hapsay ¢ upotleccoM akTHBallHH B pe3yJbTaTe CTOJIKHOBEHHH 11poO-

HCXOAHT H ne3dKTHBalHA

A4A B oAqa

O6a 3TH npollecca TOAREPMHBAIOT PABHOBECHYH KOHUEHTPAUHK
akTHBHHIX Mosexya [A*], cooTBercTBYylOWYIO pacnpedenennio Makc-
pejsa — BosbuMana. B oTcyTcTBHe XHMHUECKOH peakUH#d JOJH aKTHB-
HBIX MOJEKYl HC 3aBHCHT OT AaBJeHHd (KOHUeHTpauuu), a YHCAO WX
NpAMO TPONOPUHOHATLHO AaBJIeHHK (KOBUEHTPAUHH), MOCKOJILKY ¢
H3MeHeHHeM NaBJEHHA MPOIOPUHOHAJDHO H3MEHSIOTCA H CKOPOCTH akK-
THBAIHHK, H CKOPOCTh Ae3akTHBauuH, [IpH HaMHYMH XHMHYeCKOR peak-

162



UMK yOeh KOHUEHTPALUMH AKTHBHBIX MaCTHIl MPOHCXOAHT H B PeE3y/fb-
TaTe Npouecca Ux pacnajga

k
A* — TIpoayxTw peakuns

[Ipu ycTaHOBHBIIEMCH Npolecce MOCTOSHCTRO KOHUEHTPALHA aKTHBHAEIX
MOJIEKYJ! OnpenensieTcs yCJ0BHeM:

CKOPOCTb dKTHBAUMH == CKOPOCTb [1e3aKTHBAUHH -|- CKODOCTh peak-
IHH, T. €.

B [AP =Rk [A][A'] 4+ R [A%] {n
OTKYAa ‘ o AP
e N ET @
a CKOpOCTb p@aKIJ.HH
J[A] . kiks [A]?
T =k"’[A]=e={1A31+k, @)

AKTuBHHlE MOJeEKyan A* HMeIOT onpelesieHHOE BPeMs MXH3HH Tas,
CBA3aHHOE ¢ BepOATHOCTLIO npeppauleHuss A* B KOHeYHble NPOAYKTHL.
B 3aBHCHMOCTH OT COOTHOIUGHMA Ta¢, H BDEMEHH MEXAY CTOJKHOBe-
HHUSMH Tc; YpaBHeuHe (3) Moxer ObITh npelcTaBJeHo B ABYX NpeAesh-
HHlX dopmax.

[Ipu sblcokux AaBJCHWAX CTONKHOBEHHS HACTONBKO YacTH (T &
<€ Ta%), UTO NOYTH Bce MOJEKYJH A® jJe3aKTHBHPYIOTCAl, He ycneBas
NpoOpearupoBaTh, T.e. ky[A] < k;, H

d[A] _ k&
et T TRy

1A)=k&_ [A] 4

TaKyM 06pasoM, PeaklUHs ABAAETCA UPOUECCOM NEPBOro NOPAAKa.

C NOHHKEHHEM [aBJEHHA BPEMA MeWAY CTOJKHOBEHHAME BO3-
pP4CTaeT W MOIKeT OPEBLICHTh BpeMs KKH3HH AKTHBHOH MOJEKYAM (Ver®
> 1a’)., Toraa 6oapluas 4acTb MOJEKYJ, He YCIeBast Je3AKTHBHpO-
BaTbCsl, IpeTepreBaeT NpeBpalleHHe, T. €. k3 > k2{A] &

— QA =k, [A]? (5)
YTO COOTBETCTBYET NPOlecey BTOPOrQ MOpAIKa.

Takum obpazom, cxema Jlunaemana nozsoifieT OOBACHHTL Kak
MeXaHH3M aKTHBAlUMH, TaK U NPHUHHGI [1€PEXOAA MOHOMOJEKYJIAPHBIX
peakUHH NpH HH3KHX NaBJeHHAX B peakLUHH BTQPOTO MOpAAKa.

Ckopocts — d{A] /dt MOHOMOJEKYASAPHON peaxuuH, corjacHo oc-
HOBHOMY MOCTYJaTy XMMHYECKOH KHHEeTHKH, MOXHO 3anHcaTh B BHAe:

~ d[A]/ot =k [A] {6)
rae k-— KOHCTAHTA CROPOCTH, ONpejesAeMan H3 ONHTA.

CpaBuusas ppipamenus (6) u (3), HaXxonHM

ks [A]
= RIAT T+ e @
HJIH
] &k 1
T ol T EA )
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Puc. 40, 3aBHCHMOCTD KOHCTEHTH CKODOCTI! MOHOMOJEKYASPHON PeaKIHH OT Hada’h-
HOTO JaBJAeHHA:

8—pa3fowenne AHHHTPOKCHA (00 maunbiv DPonemepal, 338 K, k"]=522+8_‘m- lDGp"l. k=
-t,92.10—3 c—1; 6—pathazy ARa’oMeTaHa (do Aadiuwy Pavcneprepa), 603 K, R 11750 +
+3,75.10% 1, &_=872.10"% c~ L,

3aMenss [A] uepes pa = [A]|RT u ky/kiks = 1/ke, Noayuaem

1 _I_ const

Ry ' Pa ®)

rae, Kak nerko segets, const = RT /4.

TaknM oOpazoM, B KOOpAHHATaXx k—'-—ps [AOJKHA NOJYYHTLCS
JHHe#HAaA 32BHCHMOCTb, (103BOJMIOINAA BHYHCJAHTL TMpeAeNbHYIO KOH-
CTAHTY npH OonbHHX (hopManpHo NpH p—o0) Japiaeuuax. Ecrtb
SKCMepHMEeHTaAbHKE [pPHMepHl BHIOJAHEHHs  3TOH  32BHCHMOCTH
(puc. 40,a4), HO 3HAYUTENLHO ualle THHEHHAA 32BUCUMOCTL HCKa-
KAETCH M TOYHOe BHIYHCAEHHE Re 3aTPyAHHTeHO (puc. 40,6) *.

Ecau ucxoouts H3 cxeMH JIMHAEMaHa, TO MeXI1y MOHOMOJEKyJsp-
HBIMH H OHMOJeKYJIAPHBIMH PEaKUHAMH HeT IPHHUMIHANLHON PA3HHIIL.
B 3aBHCHMOCTH 07 YCAOBHH (TeMIeparypll, AaBJEHWUs} M CBOHCTS
peardpyiouiell crcreMbl (BpeMeHH MH3HH aKTHMBHOTO COCTOAHHA) JIIO-
Gofi npollece, AKTHBHPYEMBIH JABOHHHMH CTOJKHOBEHHAMH, MOXKeT
BATH Kak no NepeoMy, Tak W Mo BTOpoMy mnopsjky. Tlpu 3TOM cKo-
pPCCTh MOHOMOJEKYJAAPHOA peakKLHUH He MOKeT NPeBHIUATh CKOPOCTH
AKTHBAUKM, T.e, OUMOJEKynspHoro npouecca. Tawkm o0pazoM, Npu-
HAB TOT HWJAH HHOH BHA AJA QYHKUHH pacnpenetenus [(E), Hanpumep
pacnpexenende Maxcpeana — BogpuMana and cucTeMB ¢ ABYMs cTe-
neHsMH cBOOOAM, Ka3anoch OB MOMKHO BBIYHC/HTH NpeNeNbHO BO3-
MOXKHYIO CKOPOCTH MOHOMOJEKYAAPHON peakuny: **

®, e = 44°" (TRT/M)" N o~ FIRT (10)

* llpupeaernad Ha pue. 40,6 nuHefiHAn IKCTPAaNmOMMIA H3 06A2CTH MAaJHX H8B-
JeHHH, cTPOrc rosops, HeBepHA, XOTH W HCIOJBAVCTCA HepeaKO B OPHIHHAJABLHOR .1H-
tepatype. [ledo B TOM, 9TO HEJb3A NOALIOBATLCA SHAUENNEM KOHCTANTH TPA Malklx
AABJeHHAX, TaK KaK B 370/ 06JacTH MOROMOJEKYJNADHWA Xapakrep npoleccaz Han-
fofee ncka¥ed. JKCTPANOIAUMI0 MONKHO HRPOBOANTH TOAbKO B 06aacTH BHCOKNX
AaBJAeHHA, KaK 3TO MOKa32HO HA DHCYHKE TOYKaMH.

** Ypasuenne (10} naer yHCAO AKTHBHWX IABOAHBLIX CTOJKIOBEHHH, BLIpAMEN-
Hoe B Moabfcm? {cm. ra. 1II).
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PaccMoTpHM AJ8 3TOrQ pasjaoxeHue 3THAXJAopHAa tpr 13332 Ila
(100 MM pr. cr.} u 750 K. B 1 cM® npu aTHX yCJOBHAX COMePXKHTCA

100 - 0,001

-6
760 - 0,821 750 =214 10 MONb CszCl

M3 ganubix Taba. 14 noayvaem:
we=39-10".214-107% exp (— 254 400/8,314 - 750) =
=39-10".2,14-107%.1,9. 107 % =1,59- 107 moasf{c - cu®)

MB}KJIY TEM npeAenbHasg CKOPOCTh He A0JIKHA IMPeBHINATH

. 107 - L
wpen =4 (5,2 1078 (222240 750)"-6.02-1023><

X (2,14-107%2.1,9. 107 ¥ =3,13. 107" monsf{c: cu®)

Takum o6paszom, onuttHas ckopocTs B 1,59-10-%/3,13-10-1% = 5,09 X
> 105 pas npeBHlLaeT OPeAEILHYIO BHHYHCAEHAYID. AHaJOTHYHBIE pe-
3YALTATLL NOAYYAKTCA H AJHA APYCHX MOHOMOJEKYJIADHHX peakuui.

§ 4. DHeprus aKTHBAUHH MOHOMOJIEXKYAAPHOH PeakuHH

Ecad cyHTaTh, YTO MOHOMOJEKYAsApHasd peakUHs NPOTEKaeT HACTOJb-
KO MeAJIeHHO, uTo pachpefeienHe Maxcsesna — boabiiMana He Ha-
pyulaercsa, TO UHCJAO MOJIEKY/, JHEPrHfi KOTOPHX paBHa g;, ONpele-
AUTCR BHPAaAEHUEM

n

n, = ) g;exp (— e, fkT)

rie n — YHCA0 MOJEKyJ, 3HepPrAd KOTOPHX paBHa #aH Gojce e; n — obluee YKCAO
MONEKYA, Q - cTaTHCTHUECKAR CYyMMA; gi— CTATHCTHYECKHE BeC NAHHOUO COCTOSHHR.

CrarucTaueckas cyMMa paBHa
Q= Z}: g, exp (— el/kT)

B paccMarpuBaemoM cJayuae SHEPrHR e; Kak COOTBETCTBYOLLAd
KOJe6aTehHOA 3HEPIHH MOJeKYlEl KBAHTOBaHa.

Ecan 61 MoJeKyns B Ka10M aKTHBHPOBAHHOM COCTOAHHH pearu-
poBaid co CKOpocThio k(e;}, TO CyMMapHas CKOpPOCTb peakliuH, oby-
C/I0BJeHHaR BCeMH aKTHBHPOBAHHBIMH MoJeKyjaaMH, Gblia O paBHa

—dn,fdt=Y k, n;
mpfdt =3 ki (1)
[ToacTasass » Bpamense (11) 3uauenue n;, NOAYYUM
in, 2. e 81 °XP (= &4/4T)

=IIA
dt },3 g, exp (— &,/kT)

(12)
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OTKY/la KOHCTAHTa CKOPOCTH MOROMOJIEKYNApPHOA peakiny
\ | dn, Z{ kc‘gi exp (— &,/kT)

- : 13
ny db Y. g, exp (— &,/T) 3
!

Jlorapudmupys Buipaxenue (13), noayuaem

nk=1n Y k. €, exp (— e jkTy —in g, exp ( — ¢ JkT) (14)
‘ 7
OTKyaa
£ e
Y () e e Y () gt oepn
dink __! 5 5
ar 2 k,‘g; exp (— e fkT) 2 g, exp (— al/kT)

Jlerko BHAeTL, 4TO NepBOe caaraeMoe ecTh CPEAHsSA 3HEPrHs aK-
THBHBIX MOJIEKYJ Eaxr, A€JIENHAA Ha kT?, a Bropoe cJjaraeMoe — ana-
JNOrMYyHas Beauuuda aaa Beex wmouekya, [Nostomy Bmpamenne (15)
MOIKHO 34MHCaTh B CJASAYIOLLEM BHAe:

dink _ Bar—% _ Eger —E

dT  ~— kT~ RT?
ITo BHewHeMy BHAY 3TO ypaBHeHHe T0OXOXKe Ha ypaBHeHue AppeHuyca.
CnenoBaTenbso, ¢ ]S KBAHTOBZHHWX CHCTEM CIIpABeAJHBC ypaBHe-
Hue Appetinyca. M3 soipaxenns (16) BHAHO, 4TO 3HEPrHs aKTHBAUKH
MOHOMOJEKYAAPHOH peaKUHH paBHA PA3HOCTH CPeJHeH 3IHePrHH aK-
THBHHIX MOJIEKYJ H CpeAHedl 3HEPrHH BLeX MOJeKYJ.

(16)

§ 5. Teopun 'mnweabsyna, Kacceas, Caerepa

FuamensByn nepshM o6paTH/ BHAMAaHHE Ha HeOoOXOQHMOCTL yuera
BHYTDEHHHX cTeneHefl cBoGOAbLI MOJIEKYJbl, MpeTepresaoliel MOHO-
MonexyAApHLE pacnad. B ero teopuu ¥ eule fojee 0TYETIHBO BO BCex
AOCJeAyIOIIHX TEOPHAX YUHTHBAIOTCH KojebaTelbHHle COCTAB/AKLIHE
BHYTPeHHeH YHeprHH MOJeKy/bl: MOJEKYJla paccMaTPHBAETCH Kak Co-
BOKYNIHOCTh § OCUHAJATOPOB.

Teopusa [NuuuienbByga ocHOBala HA ABYX HOJOMKEHHAX.

1. Mosekyaa cTaHoBATCA CNOCOOHOH X MOHOMOJEKyAApDHOMY pac-
najly TOJbLKO B TOM cJydae, ecld Ha BceX KoJeGaTeNbHHX CTe-
neHAax cBoGOJAH MOAEKYAH COCPEAOTOMHTCA HEKOTCpPaA KPHTHUe-
CKas BHeprug g.. CylllecTBeHHO, 4TO He AenaeTcs Kakoro-anGo
OpeanouTeHHa AJS COCPeIOTOYEHHS ONpedeNeHHOR JAOMH 3Hep-
THK Ha HEKOTOPOR n3bpaHHoi cTenenn ¢BOOOAH,

2. HocTHKeHHe CYMMapHOA 3HEpruH g, fABJSETCA HeOGXOAMMHM
H ROCTATOYHLIM YC/QBRHMEM AJA AKTHBRAUWH. Paanuuyua B peak-
HHOHHOA cnocoOHOCTH MoJexyn, o6GAagalollux JOOHM H3OHT-
KOM 3HEPTrHH RO CPaBHEHHIO C E, BIJOTHL [0 ©0, HE paccMaTpH-
RAlOTCA,
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MoxHO MoKa3aTb, 4TO YHCJAO AKTHBHLIX MOJIEKY/, 1aBaemMoe Teo-
pHeid I'HHIWIenbBYAA, PAaBHO

e = G (E/RT) ! e~ BRT an

Tle 5 — MHCAO xodebaTeNbHHX CTeNeHeR CBOGOAR,

Bce akTuBHpoBaHHKeE MoJekydbl (no [HHmeAbByLy) obe3/HYeHHI,
MO3TOMY KOHCTAHTA CKOPOCTH DeaKUHH K., HE3aBHCHMO OT 3HAYeHHH
£, paBHa HeKOTOPOfl NOCTOAHHOM BEJIHYHHe A.

CKOpOCTb peakuH npH GOJLWHX NABJEHHAX pPaBHA

dn,
dat

An
- =An,, =__:5T)_! (EJRTY~" ¢~ EIRT (18)

(s

¥pasueHne (18) oTawgaercs or BripaxeHHs, JasaeMoro Teopueid
CTO.TKHOBEHU, na MHOXKHTeab (E£/RT)s='/(s— 1)!

Teopusn ['HHWeNBBYO4 LAST XOpOUIEe COrMACHe ¢ ONLITHEIMH 3Haue-
HHAMH CKOpoCTel peakUHH A4 OrpaHHueHHoro Habopa KoaefaTenbHBIX
cTeneHel ¢BOGOAK, HO MOMEEH yueT KosehHaTeabiblX cTeneseli cBoG0LN,
HanpuMep, B peakiHH TEPMHUECKOro pacnaja 3THAXJOPHEA, DACCMOT-
pPeHHOH HaMH paHee, MPHBOAHT K HeflpaBAonoA06HO 60/bIIOMY TEODETH-
HYeCcKOMY 3HaYeHHI0 CKopocTH, OOBACHAETCH 3TO TeM, YTO, BEPOATHO, He
Bce cTeneHH cBOGOAN MPHHHMANWT YYACTHE B AKTHBALHH MOJEKYAH,
HO60 pa3pbiB OOHYHO NPOHCXOAHT N0 HeGOMLLIOMY UYHCAY cBA3ed —
Yaille Bcerc oaHof. [Ipu 3TOM, ecan OTBJeubCs OT NPOH3BOJAA B BHbope
YHcaa cTeneHed cBOOOAW, YUacTBYWOIIHX B aKTHBALKM, NPH (pOBEpKe
COOTBETCTBHA TEOPHH H OINbiTA BO3HHKAET CEPbe3HOE MNpPOTHBOPERHE.
Ecnu TONBKO HEMHOTHe CTeledH cBOOOAB yYyacTByOT B AKTHBAUHH, TO
A0JIKHA OGLTh yuTelid BeDOATHOCTh COCPENOTOUEHHS! JHEPTHH HA 3ITHX
crened®x cBoGoAN. STa BepOATHOCTL B caydae pa3pHBa OJHOH CBA3H
uMeer 3HadeHre nopaaka 10-4—10-5 Ee yueT cBea 6 Ha HeT coryiacHe
TeopuH [ HHIe1bBYAAa C ONBHITOM.

HanbHefiuee pasBHTHE TeOPHH MOHOMOJEKY/NAPHHX peakKuni o
O NWHKK YTOUHMEHWS NOHNTHS AKTHBHPOBAHHOR MOJEKYAHL. Ouesnano,
MoJleKyJa, ofJaRanllas sHepryefl, paBHoil HIH Goblluell ., He Beeraa
crnoco6Ha K MOHOMOJEKY/APHOMY NpeBPAlleHHI0, AKTHBHBL TONBKO Te
MOJEKYAH, ¥ KOTOPHIX H3OLITOK 3HEPrHH KOHLEHTPHpyeTCcA Ha olipeje-
JEHHBIX CBA3fX. JTOT rakT yUHTHBAETCA B8 TeopuAax Kaccens (1932t‘)
u Caerepa (1939 r.).

B reopnu Kaccena moaekyna paccMaTpHBaeTcs KakK COBOKYHOCTb
$ rapMOHHYECKHX OCHH/JIATOpOB, 00na1alollHX OAHHAKOBON NOCTOAH-
HOA 4acTOTOR KoJeGaHHs v H, CJe/0BaTeqbHO BOCAPHHHEMAIOHIHX M
OTAAIOUWIHX 3HepPruio, KPaTHyW 3HeprHH kBauTa Av. Yucno rapMoHHye-
CKHX OCUHJJATOPOB NPHHHMaeTcH PaBHHIM YHCAY KoJaebaTelbHMX CTe-
neneft ceobonu. Jas HenuuefiHoOR N-aTOMHOR MOJEKYJIEE

$=3N —3 19y
AxTHBHOM MosieKynoit GyleT TaKas, y KOTODOH HA OJHOM Olpe-
ACNAEHHOM OCUMJATOPE COCPEAOTOYEHG YHCJAQ KBAHTOB, DaBiuoe m.
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Ilna onpefefeHHA YucAa AKTHBHRIX MOJEKYJ HeoGXOAHMO HaHTH se-
POSITHOCTL COCPELOTOUEHHS ri KBAHTOB Ha OJAHOM H3 § OCUMJIATODOB
NPH YCJAOBHH, UTO MOJeKyla B ueqoM 00J1a1aeT { KBaHTAMH 3HEPrHi.

HenMi cnoBamu, HeoOxo0auMo HaHTH BepPOATHOCTL TAKOTO pac-
npefejeHHdA, KOrAa 3Hepruefl € = en == mhv oOnajaeT ONHH OCUM.T-
JaTop, a 3Heprueit e == (i — m)hv Bce ocTaAbHBe s— 1 OCLHLIA-
TOPOB,

Teopusa Kacceas, no 21ofl joruke, faeT A48 KOHCTAHTH CKOPOCTH
MOHOMOJIEKY/ISDHOH Peakl K BRpakeHHe:

k_=Aexp(—E_(RT) (20)

Takum o6pasom, mpouecc HAET ¢ SHepPTrHel aKTHBaLHH
Ep=Nep=Nphv

OaHako 3TOT pe3yJbTaT CNpPaBeAJHB TOJAbKO B TOM CJy4ae, KOT1a
CKOPOCTh DEAKHHH NpPAMO NPONOPHHOHAJbLHA KOHUEHTPAUHH B NERBOil
CTEMeHH, T.e. eC/]H peaKuua NpoTekaer npH OOJbUIHX /JaBJeHHAX.
Ilpn MaJjuix JaBieHHSX TEOpHA AdeT HHOe 3HAYEHHe IHePLHH ak-
THBALHH
Epwr=Em—(s—1)RT 21
YMeHbILeHHe 3HEePruH aKTHBAilHM € yMeHblIEHHeM [apJieHHd Iio-
3BOAACT MOHATh, No4eMy ONBITHBIE JaHHbE PeJKO COMAacylTcs <
naBaeMoli Teopuedl [uHmenssyla Junefinoli 3aBHcHMOcTblO  R™' —
__f(p;‘). ¥YMeHblleHHe 31IEPrHH aKTHBAUHMH NPHBOJAHT K YBENHMEHHIO

3HAYeHMA Kk NMPH yMeHbLUeHHH JaBJCHHSA, 9TO HEe COrJIaCYeTCcA ¢ 3aBHCH-
MOCTBIO, aBaeMoll ypasHeHHeM (9).

B kauecTBEHHOM OTHoOleHHH Teopus Kacceas ABasercA 3HATATENE-
HBIM 1IAroM Brepel no cpasHeHuwo ¢ Teopueil I'muwmensByaa. Ognako
B Hell TEOPETHUYECKH He Ofpelesiell MHOKHTe L A B OCHOBHOM ypaBHe-
Hun (20). Kak u B rteopun I'HHIineqbByla, coBNageHne pesyabTaTos
TEOpHIl H ONbITA NPOHCXOAHT TOILKO npu noabope uucia KojebaTenb-
HEIX cTenleHell cBOBOALI S, YTO He MO/KeT He BHI3BaTb ONpeleneHHON
HeYLOBIeTBOPEINOCTH IPH 0GOCHOBAHHH NPHMEHHMOCTH TEOPETHUECKHX
COOTHOIIEHHH K dKCHEepHMEHTY.

B teopuu Chetepa MOMeKysa paccMaTPHBAETCH KaK MexasHyeCKan
cuHcTeMa, cocTofulad u3 N aToMOB, KaXKAHH H3 KOTOPHIX COBepLiaer
rapMoHudeckhe KoJeGaHusd. BaauMmopelicTBHe MOJeKyJ - OCYIECTB-
JAETCH TOJBKO MPH CTOJKHOBEHHHM, B [IDOMeXYTKH BpeMeHH Memiy
CTOJAKHOBEHHAMH Kawk/JALil aTOM cOXpaHseT HMelouluiicad y Hero sanac
KoseOaTeabHOH 9HEpPruM, mepepacrnpele/ieHHe KOTOPOH BO3MOMKHO
TOJBKO B MOMEHT CTO.1KHOBeHHA. AKTHBHOH MoJexkynaok, mo Caerepy,
ABJAETCH TOMBKO T4, Y KOTOPOHR HA OAHOM HJH HECKOJbKHX KOOPAMHA-
TaX COCPELOTAUHBAETCA 3HEPTHsA, paBHasd HJAH GOJbIIAY HEKOTOPOTV
KPHTHYECKOTO 3Ha4eHHs eq. [Ipy 3TOM B MOJIeKY/1e B LEJOM COCPedoTo-
THBAETEH SHEPrHs

Epe=N ), & (22)
i

rje CyMMHpPOBaAHHe TIPOBEJAEHO [0 BCEM KoaehaTeabHBIM KOGpAHaTaM
MOJEKYJIH,
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Yenosue (22) apasercs neoGxoj MM, 110 HenocTaTounkM, Kpome
STOrO YCJI0BHA HeoOX0HMO, UTOGHM TPOH30ULTO COCPEAOTOUeHHe IHep-
THH, paBHOf HAH Gogbluell e, Ha oNpefe eHHON cBA3H.

Hexoas n3 atux npeanosoxenndi, Ciaerep noayuuna dopMyay aas
KOHCT2HTH CKODOCTH NIPH BBICOKHX laBaeHusix (TodHee, 018 Npelesb-
HO{1 KOHCTAHTH IIpH GeCKOHEUHO GOABLIHX AaBJEHHAX)

b, =%exp{— £, JRT) (23)
rae
N6 Yy
a=( Y. vijan —e) (24)
i=l
(vi—uacToThl HOpMaabHEX KojebaHufl mo.aekyas). CpaBHuBan (23)
¢ (20), MoxuHo yBHAETL, uTe Teopus CJeTepa AaeT HCTO.IKOBaHHe He-
onpejfedeHHoro B Teopuu Kacceass Muoxutess A W OTKpHBaeT BO3-
MOXHOCTb €r0 pacycTa TO 3IKCNCPHMCHTAILHLIM JaHHLIM (dacToTaMm
konebaHHil aTOMOB B MOJeKy.e).

B nperensHom cayuae manislx Aasiesui teopus Chaerepa Takxe
naeT fnepexod K CHMOJEKYJNAPHOMY 3aKoHY H, nodo6ro teopHu Kac-
cenn, ofbAcnaeT 3P@eKT YMEHbIUEGHHA 3HEPrHH AKTHBALMH C YMeHb-
mweHueM Aasaenusi. s HeKOTOpHIX peakuHHd paccmMaTpuBaeMasi Teo-
PHA MPHBOAHT K YAOBJETBOPHTEILHOMY COTJAACHIO TEODHH C 3JHCHEpH-
MEHTOM.

§ 6. MoHOMONeKYAApHbIE PeaKUHH B TEOPHH
AKTHBHPOBAHHOIrO0 KOMNJEKCa

AKTHBHPOBZHHBII KOMMNJIEKC IPH MOHOMOJEKYJIAPHOM TpeBpallleHuH
M0 CBOHM CBOMCTBaM 6JIH30K K HCXOIHOH MOJEKyJe, OLHAKO €ro KoJc-
Gareﬂbume CyMMbI 3HAYHTEJBHO OTJHUAKTCH OT QKUJ:I HCXOAHBIX Mone-
Kya. B MeHbilefl Mepe oTanualotrcd Qepam, TAK KaK CJErKa H3MeHAOTCS
MexKaTOMHble paccrosiHus. [locTynaresbnble ke CYMMH  COCTOAHHA
(mockonbXy Maccel OCHOBHOTO H AKTHBHOTO COCTOSIHHA paBHb) GyayT
PaBHBl H COKPATATCA B ypPaBHEHHHM AJR KONCTAHTH ckopocTH., Bes cy-
ICCTBEHHOA OINKOKH MOMKHO f0Jarath, uTO (GakTOpH CHMMeTpHH §
OyIyT OAHHAKOBLIMH B OCHOBHOM H ilepexo]HoM cocTosHusx, [loj-
CTaB/IA4 3HaUeHHe CTAaTHCTHHECKHX CVMM B YpaBHeHHe, olpeaefslee
KOHCTaHTy CKOpOCTH, H COKpaTHB PaBlibie MHOAKHTENMH B HHCJIHTEJE H
3HaMenareae, [IO.J'IY'-IHM QOCHOBHOE ypam{euue TEOpHH aKTHBHPOBaHHOTO
KOMIL1eKCa AJA MOHOMOJIEKy.VlﬂprIX peaKum"{:

kT QF ( Eo)
P g, P\ RE) T
=3N -6
f i_N[ [1 ( hvi)]
—expl — = .
kT (’f’f"z* ) i kF ( Eq )
SX TN, T=3N -7 o expl—pr) @3

11 I[' _e""(ﬁ_ kT )]

i=l
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te I 1, I, m If,ly*, !z* — TAaBALie MOMEHTH NHUEPUHU MOJEKYMd @ OCHOBHOM

N NepexoAHCM COCTOAHHAX: ¥V, H V‘* — QaCTOTH XoJebaHHA 8 OCHOBHOM H nepe-
KOAHOM COCTOAHHAX.

ITocKOMBKY B AKTHBHPOBAHHOM KOMILIGKCE OTCYTCTBYeT OJHa KO-
nefaTenbHasd cTenedb cBOOOIH, OAHNI K3 MHOMKHTeNeH B KoJebaTelb-
HOifl CyMMe COCTOfHHH, COOTBETCTBYWOLWHH 4acToTe KoJeQaHHA BAOJAL
pasphiBacMmoll ¢BA3H, HCYe3aerT,

Ynpoctum ypassieHde (25), nosoxHB (Ix[y!’z)lﬂ ~ (i)
_paccMoTpHM ABa npesedbHbix cayuan. [lepswifi cayuafi, korna Av, <
€ kT w hvi < kT, toraa, nockoaeky [l — exp (—hv/kT)] =
2 hv/kT, nonyuaem

R
¥
R @6
v
il

YacToTi B akTHBHOR MOJexkyfie Bpsal Jd CHALHO OTJUYAKTCA OT
YaCTOT B OCHOBHOM COCTOAHHN H MOTYT Omith coxpawmennl. Tlostomy
B HHCJHTene ypaBHenust (26) octanercs oiHa uacToTa KoseGaHpsa pas-
puiBaeMoil cBA3H

ko xve“E""'RT 27

310 ypabHeHHe (OPMaJLHO AHAJOTHYHO YpaBHeHHo (23), noay-
jalollleMycs B Teopud CueTepa, H NpH NpelANONOXKeHHH, yto A =W,
ypaBHerHio (20} B Teopun Kaccensn. [lockoabky v HMeeT HOPAROK.
10'2—10"% ¢~!', 310 ypaBHEHHe COIJIAcCyeTCs ¢ 3KCHePHMERTAAbHBIMH
AaHHbIMKE A3 0OJALIWIOro YHC/1a peakiuf.

Bropofi cayuafi, xoraa Av: 3> kT u hvi#* > kT. Toria, nockonsky
[l —exp (—hv/kT)] = 1, nonyuaem

by kTTe—ErrRT (28)

Hna remnepatyp or 300 a0 1000 K, npu kortopsix o6bIUTiO IpOBOAAT
peakuud, MHoxuTeanr kT/h cooTBercTBeRHO paBHfeTcst 6,6-10'% ¢l o
2,1-10% ¢!, 1.e. mmeer nopagok 102—I10%c-! uro Takme coraa-
CYeTesi ¢ OUBITOM. ‘

Taxum o6paaom, Teopus aKTHBHPOBAHHOrO KOMILIEKca AAf 6oJb-
IIHHCTBA Peaklpf, KaKk 3TO BHJHO W3 AaHHbIX Taba. 14, yioeaeTBopH-
TeNbHO O6DBACHSET ONLTHOE 3HAYEHHE TPCAIKCMOHEHUHANbHOrO MHO-
HKHTEIA. OIlHaKO HaﬁJI}OIlalOTCF! H OTKJAOHeHHA, HE YKJaanlBaloulnecsa
B pDaMKH DAacCyxJeHHA, CNeACTBHEM KOTOPLIX ABJFIOTCA yDaBHEHHA
(27) u (28). Hanpuwmep, aas pacnaga N;O u C;HsNH, npeaskenonen-
INHaAbHEA MHOXHTEIb uMeer nopsaaok 10°, nas pacnana CH3N =
= NCH;0H pagen 2,1-10'®, ana pacnagza CH3;N = NC,H, — 2,8-10'%,
rna pacnaga Sn{CHi),— naxe 8-10%'. [Nono6GHHe OTKJAOHEHHA He
MOrYT OHITh OOGbLACHEHH [PHOJHIKEHHAMH, CIeMaHHNMH OpH BHBOIE
ypaBhenu#t (27) u (28). Moxno npeanosoXHTh, 4TO B AAHHOM CJOY-
yae BEPOATHOCTh OOPa30BaHHst AKTHBHPOBAHHOTO KOMIIEKCA 3HAUH-
TeJbHO OTKJAOHAETCA OT €AHHHUK. DTO JETKQ Y4ecTb, eCAH BOCMOJb3O-
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BAaThLCS OCHOBHHM ypapHeHHeM TEODHH AaKTHBUDPOBAHHOTO KOMIIeKca
B TEPMOJHHAMHYECKOM BHAE:

¥ +
Ba=ry % exp (%—) exp (—— %_ : (29}

Cuntan y==1, u3 (29) noayuaem ypaBHeHHe [JJf pacuyeTa 3Ha4e-
HHSl 3HTPONMKH AKTHBALHH, €CJIH H3BECTHH ONBITHHE KOHCTAHTZ CKO-
POCTH H 3HEPrHA AKTHBAIHH

—_ Rsken €XP {EI’BT)
AS¥ =RIn T * (30)

Ecau 3HTpPOMHA aKTHBALMH NOJOXMHTEJbHasA, T.e. AKTHBHPOBAH-
HBfl KOMIUIEKC TpeacTaB/deT cofoit MeHee YNODAAOYEHHYIO CTPYKFYPY
110 CpaBileHHIO ¢ OCNOBHLIM COCTOSHUEM, npenaxcnoneuuﬂanbnuﬁ MHO-
®utent Gyner Goabme AT/h  [pacman CHzN =NCH; CH:;N=
=NC;H,;, Si(CHj),, Sn(CH;)i]. HaoGopor, B cayuasix, kKoraa ob-
pa3oBaHHe AKTHBHPOBAHHOTO KOMIJeKca CBA3aHO C YMNOPAAOYEHHEM
CTPYKTYPH, T. €. 3UTPONHs dKTHBALMH FBJIAETCA OTPHUATENbHOA BENH-
UHHOM, ONLITHOE 3HAUYeHHEe NUPEAIKCNOHEHHHAJBHOrO MHOMXHTeds Oyrer
anomanbno Hu3KHM (pacnapg NpO, C,HsNH,). B taba. 14 npusenennt
sHadeHus AS, BniuucacHHe no ypapuenuio (30). Kax Buiro, B 60ab-
WHHCTBE C/AYYaeB B3HTPOIHA aKTHBAUHH HEBEJHAKa, clel0BarelbHO,
NpeANnoAOKeHHe 0 MOACGHH BKTHBHPOBAHHOTO KOMILJIEKCAa HCXOAHOH
MOJIeKYJIe 9acTo ApaserTcs AonycTumuM. OAHAKO HAafxo NMOMHHTh, 4TO
3TO JONYIeHHe CNIPaBeAAHBO JHUWIL AJA MOHOMOJEKY/SIPHBIX peaKiHi.
B ofuiem cayuae, Kak oTMcYaJoCh BHIUE, He3RaHHe KOH(HUrypaluH
H CBOMCTB AKTHBHPOBAHHOTO COCTOSIHHA B [IOAABAAIOIIEM GOJLIUIHHCTBE
CAy4aeB He JaeT BO3MOMKHOCTH NPOBECTH KOJHUECTBEHIOE COMOCTABJe-
HHe TeopHH ¢ IKCNEepUMCHTOM,

Jlyuure coraacyercsi ¢ onelToM TeopHa Mapkyca, B ocHoBy kotopolt
nonoskeHa Teopust Pafica, Pamcneprepa, Kaccens, nonyunsiian nHasba-
Hie PPKM 10 navanLubeiM 6ykBam damnaufi apTopok. B sToRt TeopHH
KOHCTAHTA CKOPOCTH A4KTHBALHH DacCUMTHIBAETCH KBaHTOBOMEXaHHYe-
CKH, a KOHCTAHTa CKOPOCTH Ae3aKTHBAUHH — H3 YACJa /1€3aKTHBHPYIO-
UWHX CTOJIKHOBEHH, Bo3nnKiiHe aKTUBHHE MOJEKYJH BCiaeICTBHE
CTONKHOBeHHA ¢ Mo6uMH wacTHUuaMH M npeBpamlaloTca B MOJEKYJIH
AKTHBHPYIOIIEro KOMNJIEKCa H TOJBKO HOTOM B KOHEYHBI® TpPOAYKTHL.
BBuIY rpOMOBAKOCTH M CJOKHOCTH BHYUCAEHHA, OTCHAACM HHTATE-
neft k kuure H. PoGurcona n K. XoaGpyka (cM. cOHCOK JHTepaTyph).

§ 7. TpeMoJieKyAupHLe peakiHH B razosofi dase

HM3BecTnnl weThipe peaknuu B raszopofi dase ¢ yuacTHeM MOHOKcHIa
830T4, KHHeTHYECKH sABMAOIIAEc NPOLECCAMH TPeThero mopsjaKa:

INO+ O0; ~— 2NG,
2NO + Cl; —» 2NOCI
2NO 4 Br; —» 2NOBr
NO+H; — H, 0+ N,O
(aan 2NO + 2H; — N; + 2H,0)
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Kpome sTux fnpoueccoB, TPHMOMEKY/SIPHEIMH ABAAIOTCH PEakOuA pe-
KOMGHH&HHH BaJIEHTHO-HEHACHIUEHHH X YaCTHIL:

M+R +R" — RR"+M
rae M — mo6as uacrdua;, R — aToMm co cBOGOAHON BajfeHTHOCTHIO BAH PajHKan.

Ilns TpHMOJEKYyAspHOR PeKOMOHHAIHH XapaKTepPHO, YTO TPeThA
YACTHLA He NPHHEMaeT HeNOCPEeACTBEHHO YYaCTHA B XHMHUYECKOM MpO-
necce, CTEXHOMETPHYECKH ABJAIOLIEMCA GHMOMEKY/IAPHBIM:

R'+R” — R'R”
8 JHIb CNOCOGCTBYET CTaGHAH3ALKHH, OTBOAA H3OMTOUHYIO 3JHEPTHIO
oT Mosekyas R'R”. TakoBH, HanpuMep, ciIeAyIOILKe NPOIECcCH:
H4+H+M — H;+M (M —Hy)
Br4+Br4+M — Br:+ M {M — Br2)
OH+OH4+M — H 0.4+ M (M — H;, O, H0)
H4OH+M — H,0+4+M (M — H,, H,0)

Kak yxe ykasmBanoch, 3¢(eKTHBHOCTE CTAGHMU3HpYIOWEro TPORt-
HOro CTO/AKHOBeHHs Tem G6oJsblie, yeM 60Jblie ATOMOB B MOJNeKyne
TpeTbefl vacTHunl M. Jlesio B TOM, 4TO yBeaHueHHe UHCIA KoaeGaTesb-
HBIX creneHeli cBOOOAN yBeJHYHBAeT BEPOATHOCTb OTBOZAA 3HEPTHM OT
BHOBb O0Da30BaHHOR MOJNEKYJH Ha MeXaTOMHEE CBfA3H MOJEKyan M.
370 MOATBEPHKIAETCA NPHBEAEHHLIMH HH}Ke ONWTHHMH AaHHLIMH NPH
pekoMOuHaluH atomHoro Hoxa (npu 25°C) I+14M=DL+M B
NPHCYTCTBHHE PAasJHYHBIX CTAGHAH3HDPYIOLIHX A00aBOK:
M, .. ..., .. He Ne Ar Kr Xe He
k, cMb/(moan? - c)

no nauked  Xpucrs, Hopprma ’

Alfoprepa. . . ... ..... L,73 1,86 242 341 344 -_

Paccena u Cafimonca, . . . . . 094 1,00 2,00 — — 2,63
M PO 0, CO; CCly CH;OH CyHiCl CeHCHg

A, ém‘-‘/(.nc;n;?:c-) )
no nagunM Pacceaa
n Cafmouca . . . . 3,69 7,44 28,0 35,8 46,3 183

Kax BHIHO, A ATOMHWX CTAaOHIH3ATOPOB (HHEpPTHBIE rasul) 3d-
($exTHBHOCTb CTabHuJH3ALMH pacTeT ¢ YBeJHTEHHeM aTOMHOH MaccH,
AN MOJEKy/JHPHHX — ¢ POCTOM YHCJI2 aTOMOB B MoJexyae. Ilpasaa,
npu Oojee feTaNbLHOM paccMOTpeHHH Hal/ionaercd H HEKOTOpasa coe-
UnpHUHOCTE  HefiCTBHsl, HampHMep, Rcuu,ci=46,3, Rcyupc= 14,2
ke == 38, Ho o0llas KapTHHAE OCTaeTcd THIHUHOR.

Hen6onee XapaKTepHHM AJfl TPHMOJEKYAsipHMX peakuu#t ds-
JIAETCA HX OTPHUlaTeNbHHA TeMneparypHuifi koadduunent, Ha pre. 41
NpHBEJeHAa SaBHCHMOCTb KOHCTaHTHl CKOPOCTH OKHcaeHH NO ot TeM-
nepatrypul B koopauHatax k—f(7T){a) u lgk—f(T-'). B oranuue or
BCEeX JI0 CHX NOp pasofpaHHBIX CJyuiaeB, CKOPOCTh 3TOH DeaKUHH OT-
YeTHHBO CHHXAETCH ¢ POCTOM TEMIIepaTypH; 3aKOHOMEPHOCTH, THIA
HaAgenHunx Bant-ToddoMm u Appennycom, He cofmwonatorcs. To ke
HabulopaeTcs H ANA peKOMOHRHALHH: NpPH DPeKOMOHHAUWH AaTOMHOrO
HO/a ¢ yBejHueHHeM Temmepartyph ot 25 g0 125°C xoHcTanTa peKkoM-
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Puc. 41, 3aBHcuMOCTb CKOPOCTH OKRCAGHHS MOHOKCHOA as0Ta OT Temmepatypu (no
nanuum Kaccenn). (Bce TOukm ONHTHHE, 10 YgpHHM paccauTansl KpHBHE).

Gusauuu yMeusliaetrca B 2—3 pasa. Takum o6pasoM, nepsoe, 4TO
HAA0 OOBACHHTb NPH TEOPETHYECKOM HCTOJKOBAHHH TPHMOJEKYJAD-
HBIX peaxuuii, f8JaseTca aHoMaabHas TeMNepaTypHas 3aBACHMOCTb.
Ecan nonofitn dopMaabHO K HCHOAL30BATH ypaBHelHe AppeHnuyca
aHAJOrHYHO TOMY, KaK 3TO 6ul10 cAeano A11 OH- H MOHOMOJIEKYJAp-
HEIX peaKlHH, TO 3HEprHd AKTHBALHH MOJYUYaeTCH OTPHILATEJLHOA.

ITepras nonbiTka o0BACHeHWH XapakTepHuX ocobenioctelt TpH-
MOJEKYJAAPHLIX peakuuil npuHaaiexut TpayTuy, KoTopoif paccMaTp-
B4J 3TH PeakluH Kak ABycraiHiigble mpouecchl. [lepsaa craaus pas-
HOBecHa H, HamnpHmep, AJdsi O6PA30BaHHA HHTDO3HJAXJOPHAA 3aRJIO-
YaeTCA B IPHCOEJHHEHHH 006J8al0Iled HeCnapenHblM 3JIeKTPOHOM Mo-
nexynut NO x moliekyde xaopa

&
NO 4 Cl; ;k—'»_ NOCl,
2

[oatomy .
%:&l [NO] [Cly] — k2 [NOCI;] =0 @1)
OTKYAa Jerko HaXOAHM, UTo
[NOCI;] = K [NO] [Cla] (32)

rae K = k;/k; — KOHCTaHTa paBHOBECHS.

BTopas, MeinenHas, cTaius, ONpeleAIlad CKOPOCTH TpOLecca
B 1LlesioM, ABJAAETCH peaKuHeli B3auMOREHCTBHS OPOMEXYTOUHOrO CO-
exHHEHHs co BTopofi Moaekysnol NO

NOCI, + NO —%» oNoCI

CieoBaTeNbHO, CKOPOCTH PeakUMH 06pa3oBaHHi HHTPO3HJXJIOPHAAE

OyaeT paBHa
d [NOCI}/dt = & [NO] [NOCl,] (33)

Hoacrasnas B 370 BHpaxeHue 3HadeHre KonueHTpaunn NOCI
H3 BulpaxkeHHa [32] noayuum

3 [NOCIY/af == &K [NOJ? [Cl5] (34)
(e 163



T.e. Npouecc #BAseTcs peakuued Tperwero mnopsaka. [lo Tpayruy,
¢ POCTOM TeMHepaTypH PABHOBECHE CABHTAeTCs B CTOPOHY JAHCCOUHA-
nHH npomexyTouHoro coennnenns THna NOCl,. Takum obpasom, co-
rnacHo ypaBueHuio {33), cKopocTh CHHXKaeTcsl ¢ NOBHUIEHHEM TeMipe-
patypn 3a cyer yMeHbuenus Konuenrpaumu NOCl,. Habnonaemas
Ha ONLITE KOHCTAHT2 CKOPOCTH €CTh NpOM3BeleHHe HCTHHHOH GHMo.e-
Ky ApHOA KOHCTAHTH CKOPOCTH Ha KOHCTAHTY P3aBHOBECHS, YMECHbLle-
HHE KOTOPOR ¢ pOCTOM TeMNepaTypu W NPHBOAHT, COTJAacHO YpaBHe-
w0 (34), ¥ nabawnaemoll aHOManbaol TeMnepaTypHON 3aBHCHMOCTH
RorTulgkor T\

PaccMOTpHM, KaK MOTYT OWTh OGbACHEHH TPHMOJNEKyaspHLlE peak-
LIHH M0 TeOPHY CTOJKHOBRHHH.

Uucno Tpofiknix coydapesufi mMoxer OHTh HafiAeHO NPH YCJOBHH,
YTO H3BECTHA AJHTENbHOCTh ABOHHOro coynapenus. Ecam cuntath mo-
JEKYJH HAeaALHO YOPYTHMH WapaMid, TO ABCHHOE CTONKHOBEHHE MTHO-
BEHHO M YYaCTHe B HeM TPeTLeH UYacTHIB HeBO3MOXHO. 3ajaga pac-
yeTa YucJa TPOMAHBIX CTOJTKHOBEHRE pellaeTcd, eCiH OTKa3aThea OfT
npeAcTaBjieHHsl 0 TPOHHOM CTOJAKHOBEHHH Kak O MOMEHTe Haxomae-
HHSA HeHTpa TpeThell MOJeKyJabl Ha TIOBEPXHOCTH ¢depH, palHyc KOTO-
pofi paBeH cyMMe paldHYyCOB ABYX CTOJKHYBUIHXCH MoJerya. [leo6xo-
AHMO pacCMAaTPHBATL KOHEUHYI0 AJNHTENIbHOCTh Npe6HBaHHS leHTpa
MaJjofl MOJMEKYJH B LiapOBOM C/I0€ ¢ PAAHYCOM, PABHEIM Oam H Gas -+
4+ 8 {oap=ra-+ ro— cyMMa paiHycOB CTaJKHBAIOUIHXCA MOJeKya A
r B). INpn stoM 6 — BeaHurHa HeompexeseHHas, YTO OrpaHHYHBaer
BO3MOKHOCTh KOJNWYECTBEHHKX PAacyeTOB. _

Hucsao TPOMHLHX CTONKHOBEHHA MeXIY MOJMEKyJaMH TPex pasjHi-
HHX BRAOB B O/\HOM KyOWYeCKOM CaHTHMETPE B CEKYHRY paBHO

2= 8 Vé‘ na,’nlngﬂsﬂchzncé (kT)‘I! [( l/"-’Al’B) + (‘/pg’c)] (35)
TAe |kap H Woc — MpABeAeHANe Maceh Monekya AB w BC.

CpaBnnBas BupaxkeHHe 1JA TPOHHHX coyaaperuft (35) ¢ Buipaxke-
BHEM AJS Yucia ZBOHHLIX cOyAapenni:

219 =21n,07 (2R T/l 45) " (36)

HETPYRHO YBHAETB, 4TO )93 OTAHYALTCA OT 2)p.

Ecaiu npHHATB, YTO ma == Mp == Mc A Gae = Ouc == Oac, TO, CONO-
cTaBifAn Bulpamedme (35) ¢ (36}, wafimem npuw yCRoBHH ) = np =
=nz=1"*

20y 2y = 807 (37)
0 1
Tak kak o & 10-% cM H 8, NO-BHAHMOMY, TOTO Xe MOPAAKA, Ziw/2iz =
=~10-#.

Ias wreansHOro rasa YHEJI0 MOMEKYA B OAHOM KYGHYECKOM CaH-
THMeTpe paBro n = p/kT. ChenoBaTenanio, YHCIC TPOHHBIX CTOTKHOBE-
HUH TNponopuwoRanbHo KyGy, a ABOHHBIX — KBaApaTy [aaBJenHs.
[Tps MaiMX ¥ CPeAHHX AABJCHUAX YHCJIO ABOAHHX CTOJKHOBeHHH 3Ha-

* BunosiHeHHe 3TOrO yca08MA (HKCHPYRTCR BepPXHHM HHOAEKCOM <€HyJdb» y Be-
ANYEHH 2.
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YMTENIbHO MPEBbILLAET YMCI0 TPOMHBIX, OfHAKO C MOBbILLEHWEM [AaBfie-
HUA 3TO COOTHOLLEHWE W3MEHSIETCA B MOJMb3Y TPOMHBLIX CTO/IKHOBEHWIA.
®akT OTHOCWTE/NIbHOTO POCTa YWUC/Ma TPOMHbLIX CTONIKHOBEHWIA BaXKeH
ONS UCTONKOBAHWUSA MHOTMX XUMWYECKMX MPOLEeccoB, uaywyx ¢ mno-
MOLLBIO TPOMHbIX CTO/MIKHOBEHWIA, B TOM 4ucrie A1 OOBACHEHUS Mpe-
JeNbHbIX fBMeHWIA npu B3pbiBax (cMm. rn. VI, § 6).

KOHCTaHTa CKOPOCTW TPUMOJEKYNAPHOM peakuumn MOXET ObiTb fer-
KO HalifleHa YMHOXEHUEM BeNNYUHbl 2°12Ha appeHWyCOBCKWUIA 3KCMo-

HeHLLVIaJ'IbeIVI MHOXUTENb:
k= zme~EIRT 138)

OfHako pesy/bTaTbl pacyeta Mo 3TOMYy YypasHeHMO He CorsacytoTcs
C OMbITHLIMW.

3 BbipaxxeHns (38) BbITEKAET, YTO €C/IN BeNMYMHA MOCTOAHHA,
TO KOHCTaHTa CKOPOCTW [OJ/IXHA YBE/IMYMBATLCA C POCTOM Temrepa-
Typbl. HO Bbille 6bII0 CKa3aHO, YTO KOHCTaHTa CKOPOCTU TPUMOJIEKY-
NAPHbIX peakumii YMeHbLUAeTCs C pocToM Temnepartypbl. Kpome Toro,
B BE/IMYMHY 2,23 BXOAWUT HeOMNpefenieHHbI MHOXUTENb 6, YTO CWU/bHO

3aTPYAHSET pacyeTbl.
MHOXWTENb 6 41 HeMAeabHbIX CUCTEM AO/MKEH 3aBUCETb OT TEM-
nepaTypbl, TaKk KakK C W3MEHEHMEM TeMrMepaTypbl MEHSETCA KWHeTWYe-
CKasi 3Heprms CTa/IKMBAKOLLMXCS YacTWL, a CNeAOoBaTeNbHO, W 3HEpruis
VX B3aUMOJENCTBUS. VI3MEHEHVe 3HEpriy B3aMMOLENCTBUS  MOXET
ObITb Y4YTEHO MOMpaBKOoi MCe3epnieHa, T. €. MOXHO TMOMOXUTb, UTO

6~ 1+ (cho/NIN) (39)
roe o — MocTosiHHasA, CBSi3aHHas C 3Hepruell B3aMMOAencTBuS.
Torpa
2123 Hemp= [1+ (do/AT)] reg (40)

MMoaTomy AN HeunpeasibHbIX CUCTEM
M= [1+ (@0AN] 2ulk BAr (41)

3 BbipaxkeHus (41) nocne norapuiMUpPOBaHNA U AUepeHLmpo-
BaHVA no " nony4yaem

diInk do , E

dT ~ T(RT + dv) + RT2 (42)

OT0 ypaBHEHWe AaeT KpMBYHO 3aBMCUMOCTU k OT -1, KayeCTBEHHO COB-
nagaroLLyto ¢ KpuBoin puc. 41,6. OfHAKO HeonpefeNeHHOCTb BEMYUHBI
do fenaeT KOMMYECTBEHHbIE BbIBOAbI BECbMa HeHaAeXHbIMW. B cBA3M
C 3TUM MHOrve WCC/efoBaTeny OrpaHNYMBaOTCA AMMNUPUYECKUMUN 3a-
BUCMMOCTAMY KOHCTaHTbl CKOPOCTM OT Temnepatypbl. Hanpumep, ans
peakuum 2NO + C12 amnupuyeckas 3aBUCUMOCTb KOHCTaHTbl CKOpPOCTU
OT TemMnepaTypbl UMeeT BUL,
Igk= 490/7" + 1051g T — 20,697
8 ana peakuumn 2NO + H2
lgk= 38m m/l - 66,37 1g T+ 24541Q
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§ 8. TpAMoOReKyAnapHbIE PeAKIHH B TEOPHH
AKTHBHPOBAHHOrO KOMNAeKCa

OCHOBHOH TPYAHOCTLIO NpPHMEHEHHA TEODHH AKTHBHPOBAHHOTO KOM-
IJIEKCA K TPHMOJEKYJNAPHHM DeaKLHAM ABJISETCA OTCYTCTBHE CBele-
HuH 0 cocTabe W CTPYKTypa nepexoiHoro coctosuus. OGBIYHO NpPHHH-
MaloT, 9TO aKTHBKPOBAHHBIN KOMIJICKC COCTOHT M3 TPEX MOJEKYJa, npH-
HHMAIOIKX YYacTHe B PeaKUHH COrJacHO CTeXHOMETPHUYECKOMY
ypaBHeHH0, CTPYKTYpa AKTHBHPOBAHHOIC KOMILAEKCA 3HAYHTENLHO
Gonee ynopsigoyeHa 0O CPABHEHHID C HCXOLHBIM COCTORHHEM, H IKRTpO-
MHA AaKTHBAUWH [0OAXKHA OHTL cyllecTBeHHO Oosee oTpHUATe/bHONM
(AS* < 0). KauecTBeHHO 3T0 OGCTOSITEALCTBO COrJIACYeTcsl ¢ MaJbiM
3nayeHHeM CTePHYECKOTO MHOXKHTE/SA, OJYYEHHRIM NPH HCTOJKOBAHHH
TPHMOJIEKYJAPHHX peaklUHii Nno Teopuw CcToAKHOBenuil. Ilis peakuuu
¢ yyacTHem NO akTHBHPOBaHHBI KOMIIEKC, COTJIacHO cAeNaHHOMY
upeanooxennio, uMeer cocraB {NO)Xe, rae X;— O, Cly, Bry, Ha.
Ero cTpykTypa ocraercs HeonpejeneHHOR. i KOHKpeTHOro paciera
KOHCTAHTH CKOPOCTH B cayuae R3aumogeiictsua NO ¢ Oy u Cly Bitprur
u lepminucBuuy BUGPATH NPAMOYTOABHYI CTPYKTYPY AKTHBHpOBAH-
HOTQ KOMIJIeKca:

T o
T v
|
O O O A
Monexyra N,O, AKTHABHPOBaHKBIA

KOMILTeXe

OcnoBatueM s Taxkoro Buifopa sBNSETCA HaNpaB/AeHHE BaJeHTHOCTER
B MOJIeKynax KHCJOpCoAa H MOHOKCHIA a30Ta.

Takum 06pa3oM, WeCTHATOMHBA aKTHBHPOBaRHHA KoMuiekc obaa-
JaeT YETLIPEMA NOCTYI13TENbHBIMY CTEIIEHAMH CBOéO}lbI, oAHa H3 KOTO-
pHX yXe yuYTeHa B OCHOBHOM YPaBHEHMH TEOPHH AKTHBHPOBAHHOIO
KOMNAeKca, TpeMs BpamarenbHblMH H 3°6 — 7 =11 koaeGatens-
wpiMH. OTCi08a RS peaKklUHH

2NO -+ X, == ONXXNO —> 2NOX
CTAaTHCTHUYECKAA CYMMa COCTOAHHA AKTHBHPOBAHHOIO KOMILIEKCA PaBHA
4 mu¥en)™ 8a (8a’FIFiT)" (kr)'f=g*x
£ # a¥r?

TMoerynarensras Bpamarensras
cocTasARi0man COCTARAAIOLAR

1 -1
hv?
<[ [1- o (- 55) ] )
{=1

KonefarennHan
CcocTABAAIOW AN

Q¥ =

Ofulee BHpaenHe AJA KOHCTAHTH CKOPOCTH B NPeANOJOXKEHHH,
YT0 TPEHCMHCCHOHBHA KO HUHEHT ¥ == | H BCe HCXOAHBIE MONEKYAH
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NBYXaTOMHR, GyaeT HMeTh BANA

E 3
kTQABC e—'EfRT —

hQxQ%Qc
kT @ap*er)h 8a® (8n31F13IF) O

hvF )]_
x'y‘z ]
—_— 1 — ex —_
A P o*n’ H[ p( kT

- = o~ EaRT

2am kT U 8n¥l BT hv, ]
ng( )H Gh? [ “"(_—

fml

k=

g*

(44)

rie ¢7* u Gi— QakTopu CHMMETDHH, g7 H g; — BJCKTPOHHAS MYJALTHIVIETHOCTh
AKTHBHPOBAHHOLO KOMIIEKCA M HCXOLHOTO COCTOAHHA COOTBETCTBEHHO,

Paagenum Bce yiesH BHpaxenus [44] Ha 3aBHcsmne H He 3aBH-
cslllie OT TeMmepaTypH: mocaepnxe o6o3HauuM wepes G. Torza

(48)

L] 4 1
. g* dh”( A N p$/1([f1;'=12*)h

g, 16 \Znk "
g ot TT ML

- 91

1"
-1
\ E[I—-exp(—-fwf/k?‘)] (—ERT ‘
b= G 12 - (46)

7l
1_'[1 [l —exp (— }wi/kT)]‘1

[1poaorapudmuporas {46] nosyzum
§
nk=1nG—=InT-+ in [T (1 — exp (— Avyje1y] =
fml

— ][] [1—exp (— av}/kT)} — EIRT (47

=1

OcranoBumcs npexKie BCero Ha HEKOTOPHX coofparkenHaX Kaye-
CTBEHHOIO XapaKTepa, BO3HHKAWUIKX B CBA3H ¢ MPHBEJEHHBIMH Bhl-
KAajKkaMH. YpaBHenna [44] W [46] nokaselBalT, HYTO CKOPOCTH TPH-
MOJIEKYJIADHON peakLUHH AeHCTBMTEJILHO JOMKHA BECbM& 3aMETHO
YMEHbINATLCA ¢ POCTOM TEMNEPATYpH (KOHCTAHTA TKODOCTH obparho
nponopuuonanwua T) NpH yCNOBRY, 4TO IHEPrHsi AKTHBAUHH HMeeT
KOHEUHYIO BEeJHYHHY H B COOTBETCTBHH C €€ (DH3HYECKHM CMBICJAOM
nonoxurenbHa. TakuM o6pa3oM, Teoprs AKTHBHPOBAHHOIO KOMI.ieKca
ZaeT KauecTBeHHOe OOBSICHEHHE IKCHEPHMEHTaJbHON TeMIepaTypHoh
3aBHCHMOCTH TPHMOJIEKYJspHO#H peakuud. Jlanee oKasHBaeTcs BO3-
MOXHBIM 10O ONHTAHM AaHHHIM MNPOBECTH pacyer HCTHHHOA 3SHeprHm
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aKTHBALUHKH TPHMOJeKY/sipHOrO mpouecca. Hlas sToro pocTatouro ro.
CTPOHTL TpadpHK 3aBHCHMOCTH

]i[ [l — exp (— hv?‘/kT)]

nk+ 40T +in 2 =f(+ (48)
H [l — exp (— AvfkT)]
i

W N0 TaHreHcy yraa Hak/aoHa Nojaydawilefics npaMoRt ONpeAedHTh
3HEepTHI0 aKTHBaLHH. BOSMOKHOCTL KOJHYECTBEHHOR NpPOBEPKH TEOpHER
Cepbesno OCAQMHAETCS OTCYTCTBHEM RAHHHX O 9acToTax KoaebaHHA
aKTHBMPOBAHHOro Kommiekca. IIpuGauikeHHBle NYTH NPOBEPKH pac-
CMOTPHM Ha npuMepe peakuuk okHcaenns NO. Tunoternyeckas cTpyk-
Typa aKTHBHPOBZHHOrO KOMNJeKkca TaKaf, Kak OJi0 NOKA3aHo BHlLE.
B cBA3M ¢ NpHHATOA reOMeTpRYECKOA MOZEJbIO ORHA KOJeGaTe/bHas
CTeneHb cBOOOAK 3aMEHsleTcs Ha BpallaTe/IbHYI0 N0 CBA3H 0—0, no-
aToMy ocraetcs 10 konefaTebHHX cTelneHell cBOGOAHN, H B [49] no-
ABJAETCSE MHOXHTeNdb (8m2lookT/h%)% (rae o0 — MOMeHT AHepUHH
BOKpYr ocH cBa3n O—QO). Hcxona 43 3Toro, nofydyaeM AJA KOHCTAHTE!
CKOPOCTH cJlie[lylolitee BHpaKeHHe:

PRV A Y. R A,
h Qo,QNO EBos8No
kT (mp*kr) froan? (8P IFIE): (0T) (87%1G0kT)"
&\ & o¥h’ h
(@nmo kT (2nmyokT)? sn%o,kr
A2 At 0.1’

1[50

() T 5T T3]
il (-5
T T T )]

rae yuuTHBad, UTO 0o, == 2 H ono == 1

X

X

X “‘EHIRT=

o €

¢ BIRT

- g* P T ( A )3 u#'h (1;:1:1:!00)% )
2nk

3 73 7
80,8N0 16 "*"’é’,’"uo’ oxno
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Puc. 42. Ipadmyecknin cnocob pacyeta 3Hep-  Ink+f(T)
rmm aktusauum peakymm 2NO + Or-

] RE O
39 o
39,2

1/T-10 3

YpaBHeHue (49) B norapugmMmyeckoin opme UMeeT BUL
t0

Ink+ 3InT+ In [l—exp[ Akﬂr 1 1— expi
7=1

|
E
(R B A

[na npakTMyeckoro Mcnonb3oBaHUA YypaBHeHUs (48) Heobxoaumo
3HaTb 10 4YacTOT KosiebaHWiA aKTUBMPOBAHHOrO Komnnaekca v f . [lo-

CKOJ/IbKY CTPYKTypa W COCTaB aKTMBMPOBAHHOIO KOMIJ/EKCa rMnoTeTu-
Yeckve, HUKaKMX MpAMbIX AaHHbIX O V HeT. [Moatomy 6b10 npeano-
YKEHO WMCMNO/Mb30BaTb YacTOTbl KoniebaHus Monekynbl N2 4, vmetoLei
TOT >Xe COCTaB, YTO W MpegnonaraeMblii aKTUBMPOBAHHbLIA KOMM/IEKC.

MpUONMKEHHOCTb  3TOr0  NPEANONOXKEHNs HarnagHo BuAHa npu
CPaBHEHWN CTPYKTYP aKTMBMPOBAHHOIO KOMMEKCa W peasibHOM Mone
Kynbl N20 4, MMeloLLIein Apyroe reoMeTPMUeckoe CTPOeHMe W Apyroi
NOPSAOK aTOMHbIX CBSi3el. ITOT MPOU3BOS BHOCUT HEU3OEXKHYH) He-
OnpefjeneHHOCTb B KOHeYHbI 4McioBoin pesynbtaT. M3 10 cobeTeH-
HbIX KonebaTenbHbIX 4acToT Monekynsl N2 4 Tonbko 6 (680, 283,
752, 500, 380 1 813 cm-1), meHbLMX 900 cM-1, AO/MKHBLI ObITb MPUHATHI
BO BHMMaHuWe, M60 AN OCTa/bHbIX 4acToT, 6osbwmx 900 cm-1 (1380,
1265, 1724, 1749 cm-1), npaktnyeckn [L—exp (—hv/kT)] ma 1

To Xe OTHOCUTCA M K OCHOBHbIM 4acToTaM KonebaHuii MONEeKyrbl,
kucnopoga (1580,32 cm-1) u moHokcmpa asota (1906,54 cw-1). Takum
obpaszom, ynpowas ypaBHeHne (50), OKOHYaTE/IbHO MOMyYaeM €ro
pacuyeTHyo opmy

Ink+ 3T+ In I l—@ﬂ)] ‘Ink+ f(T)= INnG—E/RT  (52)
7=1

rge
7

/(MN)=3InC+ InM [1- exp(- Avf/*r)] (53)
7=1

Ha pvc. 42 npviBegeH rpadwk 3asmucumoctv Ink-\-f(T) ot 1/T
MpuyeM pacyeT NPOW3BefeH ANA OMbITHbIX TOYeK (YepHbIX) Ha puc. 41.
Kak BugHO, ona peakumu okucneHus NO nofyvaeTcs, 4YTO 3Heprus
aKTMBauuMn [eiCTBUTENbHO, Kak Obl10 paHee MPearofioXXeHo B pacye-
Tax MO YpaBHEHUSM Teopun CTO/IKHOBEHWIA, paBHa Hy/nto. Pacyer
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TaBauya 15. Sxcnepusentasshoie U pPAcCHuTannsie nNo Teopln
QKTUBUPOBARRO20 KOMRALKCRA KOHCTART O CKOPOCTU OKUCABRUR

£-10° cn®/{monn?-c) £10% cu®/{smonsi-c)
T. K T. K
SKCIEPHMENT packer SKCOEDRMERT pacuer
80 41,8 86,0 413 4,0 2,2
143 20,2 16,2 564 28 2,0
228 10,1 5,3 613 2,9 2.1
300 T\ 33

'KOHCTaHT NPH PasHHX TeMnepaTypax, NPOH3BeleHHHIH N0 ypaBHEHHIO
7

-1 7 -1
a Avi 445.10' avF
k=FH[1”"’“’(_ i )] == [[l = (-5 )] oo
1

i=
MPHBOAHT K Pe3yJAbTaTaM, CONOCTABJEHHHIM B TaGA. 15 ¢ ONHTHHME
RaHHBIMH.

Kak BHAHO, 0cO0eHHO B KOHTPacTe C Pe3y/bTaTaMH, NOJyYaeMLIMH
B TEQPHH CTOJIKHOBEHHMHA, COBNAJeHHe JOCTaTOuHO Xopouwee. Jlydmiero
MOXHO OBblIO 6B AOCTHMHYTh, MPOH3BOJBLHO H3MEHHB 3HAaUeHHe He-
KOTOPBIX 1acTOT, 0AHAKQ ANA 3TOro HeT HIHUeCKHX OCHOBAHHA,

Auanoruanuil pacuet ans peakuun 2NO + Cl;— 2NOCI npusoaur
kK E =201 kllxx/Monn ® K XOpolleMy COBNALeHHIO TeMIEPaTYPHOrO
XO[a ONLITHHX H BHIYHCJIEHHBIX KOHCTAHT.

B uTOre MoxHO clenaTh 3akJIO9eHHe, YTO, HECMOTPA HAa pAA Opo-
H3BOJABHBIX JIONYUICHHH, TEODHA 4KTHBHPOBAHHOTO KOMILIEKCa pas-
peluaeT OCHOBHLie TCOpPCTHYeCKHE TPYAHOCTH, BO3HHKAIOLUIHe UPH pac-
CMOTpPEHHH TPHMOJICKYJAPHHX DEaKUHA, H M03BO/IET 3HAYHTEALHO Je-
TaJabHEH OMHCaTh Npotlecc, UeM 3TQ (L0 BO3MOXHO B paMKax Teopud
CTOJIKHOBEHHH. 3aMeTHM eIle, YTO, f0-BHAAMOMY, HeclyuafiHO TpH-
MOJICKYJ/I9pHHe peakKiWH OOLIYHO MAYT ¢ y4acTHeM paiHkasios. Moae-
kyaa NO, uMeomas HecnapeHHHR 3eKTPOH, MOKET PaccMaTPHBATLCA
kak paxukaa. Haanude cBoGOAHOH BajJeHTHOCTH NPHEOAHT (B pe-
3yabTaTe B3aHMOACACTBHR BO BPEMA CTOJKHOBEHHA) K YBEJIHYEHRIO
BPEMCHH JKH3HH CTaAKHBAIOUHXCS Dap H, cAeOBATENbHO, K YBeJHue-
HHIO YHCha Tpolublx croaxuoBenu#t. [locaeanee ofcrofrenscTeo yse-
JHYHBAET BCPOATHOCTH 00Pa30BaHHA TPHMOJIEKYJIAPHHX KOMIJIEKCOB.

'1TABA VI
PEAKLHH B PACTBOPAX

§ 1. O npUMEHHMOCTH TEOPHH CTOAKHOBEHHMA
K peakuHaM B pacTBopax

OcHOBHOe ypaBHeHHe TEOPHH CTOJNKHOBEHHH, MO3BCNAWILRS PACCUATH-
BaTh CKOPOCTH I'a30OBLIX XMMHHYECKHX peaklUufdl, Kak Mbl BHeNH, 6a3H-
pyeTcA Ha NPHMEHHMOCTH K pacCMaTpHBaeMOd CHCTeMe pacnpejene-
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Tabauya 16. Kunerudecxue dannsie 0 MONGMOAeKy AApROM pacnade N,Oy
8 pazaiyasx pacrsopureasx npu 20°C

PacTaopateas B!t £10-8 o=1 | ®paern/#*ras
(Fasopas dasa) 4,5 . 1013~ 1025/RT 1,89 1,00
CH;3NO, 3,1 . 10'% ~ 102.5/RT 1,53 0,81
Br, 25 . 1013~ 100.4/RT 2,15 1,14
CHCL,CCl, 10,4 - 10'% ~ 1046RT 2,20 1,16
ccl, 2,8 . 10"~ 108RT 2,35 1,24
CH,CICH,Cl 4,1 - 10'%e~ 102LRT 2,38 1,26
CHCls 6,4 - 1013~ 1023/RT 2,74 1,45

' CH,CHCl, 12,5 1013~ [04YRT 3,22 1,70
N,O 16,3 - 1013~ 1M48RT 3,44 1,82

* BEeprik Bepameda 3 KJia/Moas.

Hus Makceeana — BogbliMana B Ha BO3MOXHOCTH MOACYETA YHCJA
CTOJIKHOBEHHA 110 YPABHCHHIO, BLIBEACHHOMY JIJii HIEAaJbHOTO rasa.

B pacTBopax MOJIeKY/H PacnojoMXKeHhl 3HauuTeJbHO GJHxke APYr
K APYry, 4eM B rasax: Aojs cBoGoAHoro o6wema V.. konebnerca ans
GoabinuHcTBa KHAKocredl ot 0,15 po 0,06. Kpome Toro, Heabxonumo yuu-
THIBATh HA/JAMYKE MOJEKYJ PAacTBOPWTEJs, HEMOCPEACTBEHHO He TPHHH-
MaloUHX yYyacTHd B peakuHd. OOa 3TH 06CTOATENLCTBA NPHBOAAT K
TOMY, UTO B PpacTBOpax MO CPaBHEHHIO C ra3oM Bo3pacTaer ofinee
guciao ¢ToakHoBenui, HanpaMep, B napax AnHuTponeHTackcHaa NiOs
npu KoHuentpauuu 0,01 M npu 298 K B 1 cM® nmeerca 6,02-10'% mo-
JeKysl M [OJHOE YHCIO CTOAKHOBeHHH paBHO 3-10% B 1 cm® B | c.
B pacteope xjopojopma, colepxaiiem B 1 cM® npH KOHIEHTpaLHA
0,01 M 10 %e gncao Monekyn NgOs Hajanyse MONEKYJ pacTeopuiens
CHClI; nosoagut obltee ancao croaxkHoBenud 10 4,2-10% B 1 em® B 1 ¢
(cnoco6 pacueta cM. HHxke). TaknMm 00pa3oM, 9HCJIO CTOJKHOBEHHHA
b AAHHOM cJydae NpH Tepexoge OT ra3a K pacTBOPY BO3DacTaeT B
1000 pas. :

[TocKoNbKY ¢ POCTOM WHCAE CTOJNKHOBEHHH NPOMOPUHOHAJBHO BO3-
PacTalT CKOPOCTH aKTHBAUHH M JIe3aKTHBALMWH, pacnpelenenne Max-
cseana — BosbnMaHa He TOJbKO He HCKaxaeTcs, a HaoGopPoT AOMKHO
GLICTpee ycTaHaBAHBaTheA. TaK Kak Re CYUECTBYET AOCTATOYHO Pas-
pafoTaHHON TEOPHH XH/KOTO COCTOAHMA, pPacyeT 9HCAA CTOIKHOBEHH
MeXAY PpearHpyOWHMH MOJEKY,JaMH B pacTBope uedecooOpasnee
BecTH no copmyre (1) ra. III, BuBenennoli aas rasa. Yuclo xe
CTOJIKHOBEHHA € MOJIEKYJaMH pacTBOpHTENs Momer OblTb npubiau-
KEHHO MOJICYATANO MO PAAY NOAY3IMOHPHUECKHX GOPMYJ, H3 KOTOPHIX
yKaeM Ha HauGoJee 9acTO NPHMEHAEMOe BHIPAKeHHe, lIpelI10KeHHoe

MeaBaH-XbI030M:;
z2=45INnd /M, (1)

rae 1 — BA3KOCTh pacTBopHTend; Ma W da—macca | MoONL w AMaveTp Modexya
pacTBOpeHHOra BELLECTBA. :
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¥ Prc, 43. 3asncuMocts Igk or 1T anm pe.

I * - 2asodaq pasy akupr paanowenis CoHuly (mo aadnmim Mea-
or °o-fCCl, BHE-XbI03a).

2 JLas GOpMANBHOTO ONHCAHHS CKO-

~7F pocTeli NPOTeKAHHA XHMHHYECKHX pe-

4 - aKUHMii B PacTBOpPax MOXHO NpHMe-

L.l F I W N | 1 "

20 25 bidi HATb OCHOBHO#A NOCTYNAT XHMHYECKOi

KHHETHKH.

CpaBHeHse cKOpocTefi NPOTEKAHWs XHMHYeCKHX peaklufi B pac-
TBOpe H B rasopoli ¢ase moxaswiBaer, ¥TO B pAle cJaydaeB OHH MaJjo
pasauuaiotca. B ta6a. 16 npuBeseHnt AaHHBE O CKOPOCTH PasJOXKeHHs
neHTaokcuaa asora{V) B rasosoft ¢ase H pasaMuHHX PACTBOPHTENAX,

Kak BHaHO #3 Taba. 16, H3MEHEeHHs SHEPrHH AKTHBALHH NPAKTH-
HecKH LEJHKOM JIeXAT B pPAaMKax HJONYCTHMHX ONBTHHX OWHGOK H
MOJKHO KOHCTATHPOBaTb IIOCTOSAHCTBO Eqxr RNPH Mepexofe OT pacTBo-
pHTeJs K pacTBopHTea1s. IIpefsKCnOHeHUHaJbHHA MHOXHTEJb H3Me-
Hgerca ve Gosee ueM B 2 pasa. Takum ofpasoM, B JaHHOM NpHMepe
BJHSHHE DACTBOPHTE/]A KpaiHe He3HAUHTEJbHO.

He Toabko ans MOHOMOJEKYASAPHHX, HO H AJA HEKOTODHX GHMoue-
KyJADHHX peaklHH# B pacTBOpax 3HAUeHHA KOHCTAHT CKopocTefi H
SHeprufi aKTHBAUHH OJH3KA K HaflileHHHIM AJA peakUuid B Tra3oBof
tdase, Ha pnc. 43 npuBesenw B Koopauuatax Igk— 1/T naunne ans
peaxuuy -

CHdy — GH(+ 1o

B ra3oBoit ¢ase ¥ B pacTBOpe TeTpaxJopuia yriaepoia. Kak BuaHo,
ofe rpynnel TOYeK NPAKTHYECKH JIEKAT HA OAHON NPAMOM.

Oxanako, Kak HHe GyJeT MOK233HO, ecTh NPOLECCH, BAHAHAE pac-
TBODHTEJNEHR HA KOTOpHE BechbMa CYLIeCTBEHHO.

§ 2. CxopocTh XHMHIECKHX peaRuMii B pacTsopax

ITo ckopocTAM nNpoTeKaHHs XHMHUECKHe DEaKLHH B PacTBOPAX MOXKHO
PA3geNINTL HA ONpefe/ieHHbie TPYNNLL

l. Ouedp 6HCTPHE PeaKIlHH, B KOTOPHX OTCYTCTBYIOT H3-
MEHEeHHS KOBAJEHTHHIX CBAsefl. B ITHX peakuUHAX ONpereAmOUNM
ABNAETCA 3JIEKTPOCTATHYRCKOS BlaMMojeficTBHe HoHnor. CxopocTb npo-
TEKaHUA TaKOoro THNAa peaKU.Hﬁ 3aBHCHT TJaBHHM 05p830M oT mox-
BOJA DRATHPYIOIHX BEIECTB JPYr K LpPYTy — NepeMeilABaHu%, KOH-
BekuuH, AHDDY3HH. [TpHMEpPOM MOTYT CAYKHTL DEaKIMH:

Ag*+CIm —» AgCl
H*4+OH  —» H;0O
H,O+ + OH® — 2H,0
Ba™ 4 SOI" —» BaSO0,
K ouens GHCTPHM peakUHAM MOXKHO OTHECTH TAKXKE PeaKlUuH fe-
pelanH NpoTOHA aHHOHY HJH HeRTpasabHON Mogekyne. KoHcTanTH cko-

poctefl Takux peakusHi, onpeAe/ieHHbe peJaKCallHOHHHM MeTOJOM,
npusefenn B Taba. 17,
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Tabauya 17. Koncranrtt cxopocred peaxytn nepedasu nporons
¢ yeacruem H0% npa 25°C

Peaxnus & a/(sons-c
H;0' 4 0OH™ —» 2H,0 - 1,4, 100
HgO' + SH® — Hgo + Hgs 75 1010
H,0* 4+ F~ — H;0 4+ HF 1-10'
H;O* + S0 —+ H,0 4 HSO; 1101
H:0" 4+ HOCOO™ — H,0 -+ H,CO, 4,710t
HiO* 4 CH.COO™ — H,0 + CH3COOH 4,5 10
H,0" 4 (CHap:N —> HyO 4 (Cll)sNH 25+ 100
HiO' 4 umpaazon —> H;0 4 xaTuon Emugazornsus 2,5 10'¢

Tabauya (8. Korcrautet ckopocred peaxyiuu Repedasu nporoxd
¢ yuwactuen O npu 25°C

Peaxnan R, afiMonn-c}

OH™ + NH; —» H;0 + NH, 33.10'
OH" + CHNH! —» H,0 + CH:NH, 3,7 10"
OH" + HOOCCH,NH; ~> H;0+ HOOCCH,NH, 1,1-10'
OH™ -+ katuos nangazonpnria — HyO -4 umunason 2,3.10'0
OH™ + HOCOO™ — H,0 + CO¥" 7-10°

KoHCTanTal CKOpoCTed peakuHil nepepad NPOTOHAa € yuacTHeM
FUAPOKCKAA DNPHBEReHM B Taba. 18,

2. BucTpHe peaxklHH, XapakTepHIyHLIHeCA BHCOKHM 3Ha-
yenueM Ccrepnueckoro MpomikHTeas {cM. ra. III, § 4). Our nporexawr
MEMLY CJOKHYHMH HOHAMH, 8 KOTOPHIX NPOHCKOAAT H3MEHeRRA KOBa-
JEHTHBIX CBH3elf, a Takxe MeXAY HEKOTOPHIMH MOJeKYyJaMu.
B raba, 19 npuBeseHnt 3naueHHA CTepHUECKHX MHOMUTe ell AJa peak-
UM Taxkoro THna.

3. «HopMaabHue» peaKUEH €O CTEPHUECKHM MHOMHTEJEM,
11pEBOCXOASIIHM eANBKLY, ke foaee yem B 10° pa3.

TaGauya 19, 3navenus crepuvecxtx MHOMuTeseil
das nexoroputx Gwerpux peaxtid

Peaxmus Crepusecknfl wiokuTeAL P
[Cr{H,0)s]%* + CNS~ 1,09 10¢
{Co(NH3)sBr}?* 4+ OH™ 1,39.10°
NH{ + CNO- 48,3
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Tabauya 20, Kuneruusckue danusie o HeXoTOPHX BUMONEKYARPHNN
Peaxyunx & pacrgope

Peaknus Pacreopureas &, cMf(Mann-c) P
C:H;ONa + C,H;l C,Hs0H 1,5 101 ~364/RT 07
Cotl;ONa + C3Hl C,H,0H 8,5 - 104~ RIRT 1,5
(CH3):SO, + NaCN$ CH;OH 1,8 - 10'3.~728/RT 0,1
(CH3);50, + KCNS CH;OH 5,7 - 1013 ~748/RT 0,3
CH,ICOOH + OH H,0 6,3 - 10!~ 928/RT 2
CH,ICOOH + CI” H;0 7.9 - 1014 ~9B0RT 3
CeHsCOCH,Cl 4 I” CH:COCH, 1,0 - 1013, 9%7RT 5
CHy(CH,)sCl1 + I CH;COCH; 2,2 1011~ %-3RT 1,1

Hekoropsle THNH TaKHX peaklUHA H KHHeTHYeCKHe ABHHHE O HHX
npuBelAeHH B Tabu. 20. DHeprun aKTHBAUHH 3THX peakuHil cpaBHH-
TeALHO HeBHICOKH — OKoA0 85 k[ xk/Moab, O6paulaer Ha ce6a BHHMa-
HHe TOT ¢aKT, 4YTO ‘AJf HEKOTOPHIX PeaklHHi C HOHHHM MeXaHH3IMOM
takTop P HEHAMHOTO [IPeBHIIAET eAHHHILY.

Jna GHMONEKyASDHHIX PeakUHidl B pacTBope KOHCTAHTA CKOPOCTH
MOXKET 3aMeTHO H3MeHSITbCA ¢ H3IMEHEHHeM RauaibHOR KOHUEHTPaLHH.

Kak npaBu/o, ¢ pocTOM KOHUEHTPAUMH KOHCTAHTA CKOPOCTH peak-
IHA najfaer. Dto HaGaAaeTcs, HANpUMep, IPH B3aUMOILEACTBHH 3TH-
JlaTa HaTPHA ¢ METHJIHOAHAOM B COHPTOBOM pacTBOpe

C,HyONa + CH:l —» C,H;OCH;+ Nal 2)

Oanako BCTPeHATCA H HCKIIOYEHHS: HanpuMep, LJAA DPeakudH
B3aHMOIEHCTBHA ITHI4TA HATPHA C A-AHHHTPOGEH30JIOM B CIHPTOBOM
pacTBOpe

2C,H;ONa + n -CoH (NOg)y —+ n-Celli(OCoHs) 2 + 2NaNO, (3)
KOHCTAHTA CKOPOCTH He 3aBHCHT OT KOHLUEHTpallHH. 3Ha'-IEHHﬂ KOHCTAaHT

CKOpOCTeH A/ 3THX ABYX peaklMi B 3aBHACHMMOCTH OT pas0aBleHus
npuBedeHH B Taba. 21 u Ha pHe. 44,

Tabauya 21. 3asucumocts cROPOCTU PERKHUL OT KOMYEHT POyl
peazentos 8 pacraope C.H;0H

a3GARNCHHS, eaK 2 k pe " (3
¢, Moas/a F Jstlno;:“ k pyc:xft?;l.( > 'i:%né -
1,000 1 176 -
¢,7000 2 3,14 —
0,7000 5 3,59 —
0, 1000 10 3,98 —
0,7500 20 4,35 3.83
0,1250 40 4,72 3.82
0167 60 — 3,82
0,026 80 B,11 3.83
0,0100 100 - 3,82
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Pac. 44, 3apECHMOCTh KOHCTAHT CKOPO- k

cTedl peaxumd OT pasfaBiesus pacTBopa s 7 |
STAHOJIOM B
f— CyHgONa + CHzl — C3HgOCH3 + Nal; s " N
2— 2CaH;0Na + n-CeHe(NOgly —» 4
w3 -CeH{OCzH )y +2NaNO2.
ia 1\ ! 1 3 r 1 1
R T

c-Uhaml 50 35 57 425 4

Oauoit H3 nepBHX KHHETHYECKH H3YYERHHX peakuufl, ABasfeTcA
GHMOJ/IEKYIAPHOE OMBLIEHHE CROXKHHX 3QHBDPOB, HampHMep, OMBIICEHHE
9THJalleTaTa

CH,COOC,H; + OH™ — CH3COO™ + CoH;OH

Kak BHAHO M3 mpHUBeJEHHHX HHKe AaHHLIX, CKOPOCTh DeaklHH He
HIMEHAETCA C H3IMCHEHHEM XHMHUYECKOR NpHPOAH INEJOYH H Majo
HIMEHACTCA ¢ H3MEHEHHEM HavaJbHOH KOHUeHTpauHH:

Ocuosasge . . LiOH NaOH KOH Ca(OH); Sr(OH). Ba(OH); Cpennee
3HaueHHe

k, cu3¥/{MonE - ¢}

npH ¢ (B MOAB/N)

X .. 639 6,36 6,65 = — 6,23 6,41
0,0250¢ . . - 6,32 6,46 6,06 6,08 6,29 6,24
00125 . . - 6,21 - 6,31 - 6,36 6,30

Ilepexoa k ApyraM 3dupaM noxasniBaeT, YTO H3IMEHEHHE 4KCHa
aTOMOB B YIJIeBOAODOAHOM PaRHKAJE HE NPHBOAHT K CYIICCTBEHHOMY
K3MEHEHHIO SHEPTHH AKTHBALMH H OOIIeH KHHETHICCKON XapaKTepH-
CTHKH fpolecca

KOHCTaHTH CKOPOCTeR H CTepHuECKHe (aKTOPHl peakiufi oMLLIeHHs!
cnoXuHX apupos menaouamu CH;COOR + OH-— CH;COO-+ ROH
CJEAYIOLLHe:

...... C2H5 CaH-p C..Hg

o?/(moab +¢) 1,38 exp (—469/RT) 194 exp (—47,3/RT) 2,12 exp (—47.7/RT)
P10 . ... 5 7 7

J10 yKa3HBaeT Ha JOCTOBEPHOCTb HOHHOTO MEXAHR3Ma PeaklHH
OMBIJIEHHA CJIOKHHX 3PUPOB.

4. «MennendHe» peaxllHH, XapaKTePH3YIOILHeCs CTepHUe-
CKHM MHOMHTeJeM, MHOTO MEHbIUKM eHHHILL.

B konue XIX pexa H. A, MeHWIYTKHH npeinpuHAN NepBoe cHCTe-
MaTH4YeCKO® HCCJeJOBaHAE BAHAHHS PACTBOPHTENS HA CKOPOCTL peak-
uun. HauGomee neTanbHO GHJ HCCAENOBAH OTKPHTHIA HM KJacc peax-
UHf oOpa3cBAHHA YeTBEPTHUHHIX AMMOHHEBHIX COJefl H3 aJKuJrano-
reiunoB RT 4 rtperwudnx amuuoB: RI+ R;N —R.NT. B rtada. 22
npHBe/leHH KHHETHUYECKHE JaHHBE AAA PAJA NOAOGHLIX peakLuil.

TeopeTuueckn npeacrapisieT #HHTepec TOT hakT, uTo Goablioe
YHCJ10 3THX peaklUuii NPOXOLHT NPH KpaliHe HH3KOM 3HAUEHHH CTepH-
4eCKOro MHOMHTeasn P, aoxojasuiero no 3navenuit 105 = 10—10 Che-
ACBATENLHO, W3 MHJAJHOHA WAH Aaike W3 ¢TA MH/LIHOHOB AaKTHBHHX
CTONKHOBEHHH TOJAbKD OAHO NPHBOMAHT K OCYLIECTBJAEHHIO NpoLecca.
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TaGauya 22. Kuneruvecxue daunsie o peaxyunx Mewmwmyrruna

Peaxuns PactaopaTéis k, cu¥)imons.c) P
(GaHg)sN + CHyBr CeHs 2,8.10% 8RT 53-10°%
' CH;3;COCH, 8,5. 10%~0RT 16-107%

BOY CgHy n 50% 7.2 103~ 04RT 1.4.1078
CH:COOCH;
CeHsN(CHs); + CHsl CeHs0: 2,6 10%e ~3WYRT 53-.1078
C.H,Cl, 2,1+ 10% ~8ORT 48.1078
CeHy CH,OH 7,0 - 108 ~60.%RT 1,7-1078
CeHsN(CHy), + C:Hsl  CH;COCH; 2,7-10%5M%RT  g3.1078

Tabauya 23. 3asucusocrs cxopocru 06pa3odanul 4odLIA TETPAITUARMMONUR
OT XuMu4ecxoil npupods pacrgopureas npu 100 °C

f
Pacraopuren brocup | Auemosn | Ao v,
Yraenoaopoas
lexcan 1 - 1,87 0
Fentau 1,31 1,97 0
a-Keunon 16,9 2,37 0,37
Beuson 18,5 2,28 0
Tanoreunpoussoinme
Tponunxnopun 30,8 7.7 2,03
Xaoptenaon 134 5,94 1,55
Bpomtenson 156 5.4 1,53
a-Bpomuadrannn 653 817 1,58
IMpocteie sdupu
DTRAR30AMBAOBLA 3,62 3,56 1,15
HusTHAOBHTA 4,38 4,34 1,18
denderon 123 4,56 1,28
Annaon 233 4,35 1,16
Chaomnbie 2hHpH
HaoGyTanauerar 33,1 5.6 1,87
IJTHAANETAT 1285 6,4 1,74
Aran6ensoart 149 6,2 1,82
CnApTa
HaolyTuaoauf 149 18,7 1,70
Srtuaopuft 211 25,7 1,68
AnnnioBmit 250 21,0 1,63
MeTtHaoswi 292 33,7 1,68
Benawtopuft 770 13,0 68
KetoHy
Aueton 35,1 21,3 2,84
Aunerodenod 74,83 18,3 2,86
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npH ‘
100°C or amsnextpmueckofi mpomuuze- A0
MOCTH pacTBOpHTeJeh:

! — yraeponoponn; 2 — ranoTedNpoM3BofHEe; ;5
3 == NpOCTHe 3bHpw, 4 — cAOMKHBC odUPH;
5 — CILHPTHW; § - KeTOHH,

Puc. 45. 3aBucumocts Jorapudma or-  Lgk
HOCHTEJIbHO KOHCTaHTH CKOpOCTH (KOH- 2
CTaHTa CKOPOCTH B rexcane MPHHATA 3a 25t i
CANHHILY) JAMA peakUHW MeHWYyTKHHA ! 4
(Cptl5)sN + CyHsl —{CyH;z) NI
DN
- §
J

|-

70

Ha npumepe o6pazoBanuf
HOAHAA TeTpa3THAAMMOHHA 83

CszI +(C2H5)3N e (C2H5)4NI

B Taba. 23 nokazaHo Bo3JAefi-
CTBHE Ha CKOPOCTb PEaKHHH ITPH-
poant pactBoputens. Kak BHAHO, pacTBopHTE b OKa3HBAET OTUETAHBOE
BO3/JelCTBHe HA CKOPOCTL NMPOLCCCA: NPH 3aMelie rekcana GeH3MJIOBLIM
CMHPTOM CKOPOCTh MersieTca moutH B 800 pas.

Boina caenaHa NONHTKa CBA3aTs BJAMAHHE PACTBOPHTENR Ha CKO-
pPOCTh XHMHYECKOT0 MpOLEecca C €ro 3JeKTPHYeCKHMHM CBOACTBAMH H,
B UYACTHOCTH, Jdame G0 BHBENEHO HPABUJO, COIJIACHO KOTOPOMY
CKOPOCTh PEAKLUHH 3aBHCHT OT AW3JEKTPHUECKOR NPOHHLAEMOCTH pac-
teopuTens. Hanpusmep, no JaHHBIM ANH ueTHpex pacTBOpHTejefi (rek-
cada, O6ensona, xXjaopGeH3osaa, HHTpPoOeH30N2) MoJydanocs (CM.
taGa. 23), uto uweM Goabue &, TeM 60Jblle cKOpocTh OO0pa3oBaHHS
HOJHAA TETPAITHAAMMOHNA,

Mexay TeM HMCOOJAL3OBAHHE BCeX AAaHHWX Tabu. 23, Kak 370 cae-
AaHo Ha pHc. 45, nMokasnBaeT, 4TO AJA GOMABIIOTC 4YHC/AA PAacTBODHTE-
Jgefi 3TO HDOCTOE MpPABHJIC HE NMPHMEHHMO H 33BHCHMOCTH OT B €CAH
K CYLIECTBYET, TO ABMAAETCH 3HAYHTENbHO GoJee CJJOKHOM.

§ 3. lNpuMereHHe TeOPHH AKTHBHPOBANHOTO KOMMAJIEKCa
K peakuuam B pacrBopax. YpaereHwe Bpescrena — boeppyma

PaceMmoTpus peakuiio, kotopas B obuiem BHIe MoxeT GHITh 3amHcaHa
A4B+ ... —» AB*+N+O+ ... — CH+D+ ...

rae AB+ — axrusnposarEwd komniekc; N, O — npoMexyrouyHde seuwectsa; C, D —
NPOAYKTH pPeakuH.

KoHcranra CKOPOCTH peaKUHH MO TeOPHW HepeXOoJHOro COCTOSAHHSA
paBHa [rr. IV, dopmyna (24)]

kT 4
k= - K (4)
rie K ¥— koucranta pantomeca Mexay ABT, N, O, ... a A, B, ....

Kak 6nto ckaszavo B ra. IV, nennunna K* HeHCTHHHAA, T. €. He
TepMOIHHAMHYECKAA KOHCTAHTAZ PABHOBeCHS, a aHaJloTHYHAs eH, BH-
pameuHan yepes KOHUESHTDAUHHI

K* =, n+0NCO + - -/€ACH {8)
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IMoacrasasaa (5) e (4), nonyunm

kT ¢ c
AB¥ N
K=x L‘ACB can (6)

CornacHo TepMOAHHAMHKE HeHAEaJbHHX CHCTeM KOHCTAHT4 PaBHO-
BECHA AQJ)KHA BHIPAXaTbCHd He gepe3 KOHLUEHTPAUWH, a Yepe3 aKTHB-
HOCTH, T. €,

K¥ = “aptin%o - - €aB+N°0 """ fAB*foO
9 ﬂAaB CACB ‘e fAfB

@

rae @4;— aKTHBHOCTH COOTBETCTBYIOLIHX MOJEKYN; f: — KosipruHenTH akraBHocTedl.

[loacTasass OTHOLICHHA IPOH3BEACHHR KoHUeHTpaumni H3 (7) B
(6), noayunm

kT fafs

fafg +vo
k=x 7 KOf AlB

=k (®)
as+hfo fm*fufo
Tae Ko HMeeT cMHcCA Koucmu‘ru K ’pocm npa GeckoneuHom pasbaBieHus, TakK Kax
OpH 5TOM [y =fp =2 N=fg=...=L

DTo ypaBHeHHE, BHIBeleHHoe Jpyrum cnocobom Bpenctenom
(1922 r.) 4 Beeppymom (1924 r.}, B HauGoaee obumeil popMe MOKa3sl-
BaeT MPHYHHH OTJHYHA CKODOCTER pPeakiHH B rase u pactBope. Ecan
KOH(UrypPaUHA AKTHBHPOBAHHOFO KOMILIEKca OJH3KA K KOHOUrypauuy
HCXOAHOM MOJAeKyJbl, YTO HafJi0/1aeTesl, HanpHMen, AJla GONbLIIHHCTBA
MOHOMOJIEKYAAPHHX Peaklufl, CKOpPOCTh B PACTBOpPE HE NOJKHE CHILHO
OTJHYATBCE OT CKOPOCTH B ra3opof (dase, Tak Kak KosdduuHeHTH
AKTHBHOCTH HMCXOJHHX BEUIECTB H AKTHBHOI'O KOMIIEGKCA NPaKTHHECKH
PaBHHL

TlockosabRy Koddh¢HIHEHTH AKTHBHOCTH 3aBHCAT OT psAla CBOACTB
cpefbl (AHINEKTPHUECKOA NPOHHILAEMOCTH, 3apsjia 4YacTHIl, HX pa3Me-
po8 M XHMHIEEKOH NMPHpPOAH), ypasHerHe (6) nosposser HalTH 3aBH-
CHMOCThL CKOPOCTH PEaKkHHM OT BCex 3THX dakrtopos. Taxk Kak B raso-
Bo#t ¢asze NpH He CAHWKOM GOJIbLINX AABJAEHHAX B pa3baB/eHHEX pac-
TBOPax B PeAKUHAX MEX/Yy 3apfAMeHHBHMH vacTHUAMH KodqduuHeHTH
akTHBHOCTeH GOJH3KH K elrHuue, ypaBHeHwe Bpencrena — Boeppyma
HMeeT Hanbojblee 3HaueHHe NPH OObBACHEHHH peakKURH C yuacTuem
HOHOB B Hepa3GaBJeHHHIX PacTBOpax.

Bocnoapayemca aaa KosdrbHUACHTA AKTHBHOCTH KaKHM-1ub0 BH-
pa¥eHueM, COJEpPHKAWHM 3aBHCHMOCTb OT TEMNEpaTYPH, HampUMep
ypasHedueM Jleurmiopa:

f=ﬂTl/,e—AH/RT (9)

rae B-—nocrosunas (&AR HeACCONHHPOBAHHLIX KHXKOCTell, pasuarn ~5); AH —
TeNJOTa HCNapeHHs BelecTh.

Teneps MOXHO TOPHOMMKEHHO OUCHATH, KAK H3MEHRIOTCA npef-
3KCNOHEHUHANBHEA MHOXHTEJAL H HEPrHA AKTHBAUWH AAA OiMoje-
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RYAAPHOR DEaKLuH, eciH ee OCYNIeCTBIATL He B ra3opofi (ase, a B

pactsope ‘
fuls -k Baby T'% exp ( AH, + Ay —OH, oy )
Faot " Brot RT

[TpH nocTosAHHOM TeMneparType MHOXKHTEAH B MOCYT U3MEHHTbL Be-
POATHOCTHH (axkTop P, BeauuwHa AH, +AH, —AH, « Bpsn au

UpEBHILAET HECKONbKO KH/IOLKOY/AeH, H B OOIIEM caydae 3HEprus
AKTHBALMH He JOJKHA OLLYTHMO H3MeHATHCHA. DTH pacCyxeHHs cnpa-
BE/JIHBH, €CJIH HeT 3aMeTHOTO MeKMOJEKYJAPHOrO B3aHMOACHCTBHA
MEXJY PpacTBopiHTeJeM W AaKTHBHBHIMH COCTAaBJAIOLUHMH CHCTEMH
(HCXOAHBIME MOJIEKY/IaMA H aKTHBHPOBAHHBM KoMiljiekcoM). Haanzue
B3aUMOACHCTRUA MOJKET NPHBOAHTL K MCKaXEHHI) MOBEPXHOCTH NOTeH-
IHAJLHOH 3SHEPrHH H COOTBETCTBEHHO K PE3KOMY YBEJAHYEHHIO HJIH
yMeHbIUeHHIO CKOPOCTH peakuud. Hanpumep, cosabBaTallia pacTBOpH-
TeJeM HCXOLHHIX BeliecTB {puc. 46) NpHBOAHT K YBeJHUEHHIO SHEPTHH
AKTHBAUHMH, a COJbBATAlAs AKTHBHPOBAHHOTQ KOMIJIeKCa-—K ee
YMeHbIUCHHIO HA BeJMYHHY 3Heprud cosbsBartauud. [lo-BuauMowmy,
HMEHHO 3THM OGCTOATEJNBCTBOM (4 He 3aBHCHMOCTRIO OT AMIJEKTPHUE-
€KOl NPOHHUAEMOCTH e) MOXeT OHITH OOGBACHEHO pe3koe pasnuuue
CKOPOCTH peakuHd MeHIIYTKHHA B 3aBHCHMOCTH OT NIPHPOARI PacTBO-
purenast. CaefyeT OTMeTHTb, UTO KOJHYeCTBeHHBIe pacyeThl BecbMa 3a-
TPYAHHTEJLHLI, MOCKOJBKY B peajnHOi cicTeMe Haub6oJee npasgono-
OOGHO OMXKHAATbL pa3HblX 3HepreTHYeckHX 3¢deKToB coanBaTalHi
HCXO/JHbIX BELIECTB H aKTHBHPOBAHHOrC KOMIIEKca. DHEprHs COJbBa-
TalliH ONpejensieTca NPHPOAOAi W CTpoeHHEeM B3aAMOAeHCTBYIOLIHX
MOJIEKYJ, B UYaCTHOCTH, HX JHNOJLHHMH MOMEHTAMH H KOJApH3Ye-
MocThio. OT 3THX e napameTpoB 3aBHCHT H e. Taxum o6pasom, Het
OCHOBaHHH OKHAATL INPOCTOH 3ABHCHMOCTH MeXIy CKOPOCThIO peaks
IHH H JAH3JEKTPHUECKON MPOHHIASMOCTRIO PACTBOPHTEJA.

Jenate Kakne GH TO AW OBIJIO KOJHYECTBEHRbLIE pacyeTh no ypas-
HeHHI0 DBpencrena — Breppyma Hean3s, Tak Kak OTCYTCTBYWT cBeje-

y 7] U

k='ko

(10)

Eoum

=7

el

Koopdurama pegru
Puc. 46. Banaune conbBatamiE Ha SHEPTHIO AKTHBANHY PEaKOAH:
& — CONLDBATALHA HCXOAHHX BelNecTd; O < COMbBATALWA AKTHBHPOBAHHOMO KCOMILIEKCa (ﬂyﬂlﬂ'ﬂp'
Hhe KPHELE COOTBEICTBYNOT HECOJBBATHPOBAHHBM BEILECTBAM),
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HHA O CTPYKType W CBOHiCTBaX AKTHBUDOBAHHOIO KOMMJAEKCd B pactBo-
pax, u n003aToMy KO3(pQHUHEHT aKTHBHOCTH ero Hen3pecteH. Hena-
BECTHH TaKxke KO3@pHUHEHTH aKTHBHOCTEH HeYCTOAMHBHA NPOMEXY-
TOYHBIX MpoAyKToB. Oznako u3 ypaBHeHHA (B8) MOXKHQ H3B/IeUb, Kak
6yJeT MOKa3aHO HHXe, Pl HHTEPECHHX H COTJIACYIOLIHXCH C OMKHTOM
CBeJIeHHIK.

§ 4. Banande woHHON CHABI PACTBOPA HA CKOPOCTH PEAKHHH.
Conesne sddekTsl

CorsacHo TeopHH CHIBHHX 2JeKTpoanToB HeGas u Xiokkend, Kosddu-
UHEHT aKTHBHOCTH TPH BuHOOpe B KauecTBe CTaHAAPTHOTO COCTOSHHS
GecKOHEYHO pa3baBieHHOTO pacTBOPa NPHOJHMEHHO MOMET OHTh BH-
paxeH cleaylolluM obpasoM:

—In[==AZ? //p ~pp (n

f=exp (— AZ2 4/u 4 pp) (12)

rie Z — 3apsif MOHA; § — AOHHAR CHAA; B — HEKOTOPAA MOCTOAMHAN, 3aBHCALIAA OT
XAMHAYECKOH TpPUPOAN HOHAa W NpuGuMeHAO OGPATHO UPONOPLHOHRJALHAA PaRHYCy
gona.

IlocTosaARan A mMoxer GHTh HafileHa H3 paBeHCTBA

A= N?e® 4/2n[+/1000 (eRT)° (13)

rne ¢ -—sHayeHAe SVeMeATapHOrQ sSapfaia; € — JHINEKTPHUYecKan [POHHLAEMOCTH
cpeasl.

Jlaa sonroro pactsopa npr 25°C noctosHnas A npubaH3ATENBHO
paBHa 0,51.

PaccMoTpHM 1ABa THNAZ NPOLECCOB: PEAKLHI) MEXAY HOHAMH H
PeaKUHI0 MEXKAY HOHOM H HefiTpajbHOH MOJIeKyJIof,

IMpu peakuun Mex Ay HOHOM A ¢ 3apafoM Z, H HOHOM B ¢ 3apsjom
Zy obpasyeTcss aKTHBHPOBaHHHE XoMOdekc ¢ 3apaaom Zx+Zs no
peaxuHu

HJA

APA g g%, aBT BATEB) . Koneuame mpoayxra

[Moacrasnsas B ypaBHeHHe BHPaXeHHA AJAA HO3HPHUHEHTOB aKTHB-
Hoctu {12}, monyuum

k=kyexp {— 051 [Z) + 25 — (Zy + Zu)"| Vi  exp [(B, + By ~B,,4) 8] =
=k, exp (1.02Z,Z, Vi) exp [(Bat+Bg—Byps)n]

In k= Ink,+ 1,022, Z, A/l + (B, + By~ 8,4 1 (19)

3Havenne NOCTOAHHORA P,,4 , BEPOATHO, MAJO OTIHYAETCA OT CyM-
MH NMOCTOAHHMX AA HCXQAHLIX HOROB, TOTOMY CyMMa P, 4B, — B o+

Maja M JAMA DEAKIHH MEeXAYy 3apAXKeHHHMH JaCTHLAMH NpOH3Beje-
HHeM 3TOf BeJIBYMHE Ha HOHHYIO CHJIY MOXHO npeHefpeun. Torsa soi-
paxenne (14) sanuimercs B Buge

Ink=1Inky-+ 1,02Z,Z5 VA (15)

HJIH
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Takum o6pasoM, NpH DPeakUHH MeXAY HOHAMH NOrapudM KOH-
CTAHTH CKOPOCTH OKa3HBaeTcA JHWHeAHOH QiyHKuUHed KBaapaTHOro
KOpHSA K3 HOHHON cuauw. Ha puc. 47 npuBejeHH RaHHBE NJAH WECTH
peakuuii ¢ pa3HYHBIMKH 3HAYeHHAMH npousBeneHHd Z,Zs. B cooteer-
CTBHH ¢ TeOpHEN (pH MOJONKHTEbHBX 3HAUEHHAX MPOH3BeReRRHA ZaZp
JAOrapu(M KOHCTAHTH CKOPOCTH PacTeT ¢ POCTOM A/ npuuem Tem
cuibHee, uem Goabuie npoH3BeneHHe ZaZgp; NPH ZaZp, PEGBHOM HYNIO
(ruapony3 sTHAaLeTaTa), CKOPOCTH He 3aBHCHT OT A/w: npu otpuna-
TedbHOM ZaZyn CKOPOCTH DANaeT ¢ POCTOM 4/i> nprueM TeM cHAbHeR,
qeM Metibire ZnoZg. _

Ilpu yBeJHUEHHH HMOHHOA CHJIH, OCOOEHHO B MNPHCYTCTEHH MHOFO-
3apsAHBIX HOHOB, JHHefiHas 3aBMCHMOCTh Ink oT 4/p HekamaeTcs.
Heso B ToM, uTo npy BuiBoAe ypasuenua (15), Bo-nepsux, 6ui10 ApH-
HATO TPHOJHXKeHHOe ypaBHeHHE AJMA Ko3pPHUAEHT2 AKTHBHOCTH H,
BO-BTOPHX, /A GOJIbIIHX B YK€ Heab3sl NpeHeOperartb cJjaraeMbiMHE

Bat By —Bape-

k
1’9/"“ P
2
g3} !
J
b2 rs
4
0
g2 N\ 2 a
6 5
=03 1 . 1 1 |
] g1 g2 g ¢ o1 gz g

?rc. 47. 3aBHCHMOCTb JAOrapudMa KOHCTAHTH CKOPOCTH DPEAKI®R OT KOpHW KBaj-
JATHOTO H3 HOHHOH CHJH AAA pPA3JHYHHX peakuufi (no aanmnm Jla Mepa):

Za%B ZpZg
1~ [Co{NHg)sBr|2* + Hg2* +4 4— CHyCOOCzHs + OH™ 0
1—8,0F +1° +2 5Hz0s +H* + B~ -1
8—[Co{NH3)sBr|2* + OH" -
8—0,N=NCOOC,Hj + OH" +1 [CotNHslsBr]™* +OH 2

Puc, 48, OtHOCHTeAbHOE yBe/HdeHHe KOHCTAHTH CKOPOCTH rHAPONH3A STHACEALSTAIA
B 3aBHCHMOCTH OT HOHHOfl cHam pactBopa B npucyTereun 0,1 a4, HC!Q, u noGapae-
HHH pa3NHyHHX coned {no zaudsiM Bpemcrena m I'poma):

I—NaCl; 2—KNOjg: 3-—NaNOs; 4—NaSO3CzHs (Rkg— KOHCTaHTa  CKOPOCTH 8 NPRCYTCTBHE
KHCAOTI O¢3 p[oGaBKM CONH; R — KOHCTAHTA CKOPOCTR B NPHCYTCTBHH COJH),

181



PaceMoTpHM Dpollece B3auMOAeHCTBHA HeHTpAABHOH MOAEKYJH ¢
HoHoM B, nMelolHM 3apAn Zs, MO YPaBHEHHIO

A+ B(ZB) —_ AB* {Z8) —+» KoHeunue mpoayKkTH
Koa(HIHEHT aKTHBHOCTH A/ HeHTPAaJbHGH MONEKYJM paBeH

Iny=pp (16)
HJIH

y=e (17)
[IpuMenas K paccMaTpuWBaeMOMy npolieccy ypaBHeHWe Dpencrena —
BreppymMa, noayuum

k=Fk exp [—— 0,51 (Z: — Zé) '\/u_J exp [(ﬂA +B; — ﬁAB*) u»] =
=k exp [(ﬂA-I_ﬁB—_ﬁAB*)P'] (18)

Bume 6vlio ckazaHo, uto cymMa f, + By —f,p+ BecoMma Hese-

JIHK4, N03TOMY, pasJjaras 3KcnoHeHTy B dopmyae (18) B pax u upexe-
Gperasl BCEMH WIEHAMH CO CTeNEHsIMH BLILIE {1€PBOH, MOJYIHM

b=k [L+ (B, + By —B,ps)n] (19

Taxum ofipasoM, Aa8 B3aHMONEeHCTBHA HOHa ¢ HefiTpaibHOlt MoJse-
KYJ0#i KOHCTAaHTA CKOPOCTH (a He ee JorapH(M) OKa3blBaeTCs JHHEHRHO
3aBuCALIeH OT HonHo# cHan pactBopa. Ha puc. 48 mpueeseno orHo-
CHTE/IbHOe YBeJHYEeHHE KOHCTAHTBlI CKOPOCTH MOPH TFHIPOJH3C 3THICH-
aueTajf B 3aBHCHMOCTH OT HOHHOM CHAWl pacTBopa. Karaausaropom
Bo Beex cayuasx spasnaacek 0,1 . HCIO4 B pside onuiTOB MpH Hewus-
MEHHOH KOHUCHTpAaUHH KHCJAOTH I[OGHBJTHJIE\CB Td HJAH HHaA NOBHINAKD-
IMas HOHHYIO CHAY pacTBopa cosb, Kak BHAHO W3 pHc. 48, ONMBITHLIE
JaHHBIE XOpOIUO ONMHCHIBAKTCA JHHEHHOM 3aBHCHMOCTBIO MEXAY
k/k(} H Q.

BiinsinHe AOHHOM CHJH DacTBOpPA Ha KOHCTAHTY CKOPOCTH PeaKUHH
Ha3LIBAETCA REPBUYHOIM COAeBbM 3DdexToMm.

CKOPOCTL peaKkUHH MOXeT H3MeHAThCH He TOJBKO B pe3yibrate
H3MEHEeHHS KOHCTAHTH CKODOCTH, HO H BCNEACTBHE H3MEHEHHS KOHLEH-
TPAIHH OJHOr0 H3 DEATHPYIOIUHX HOHOB B NPHCYTCTBHH MOCTOPOHHHX
3JIEKTPOJIHTOB, H3MEHAIOLIHX HOHHYIO CHJY PacTBOPA H COOTBETCTBEHHO
cTeneHb NHCCOUMALRK pearupyioulero siaektpoanta. Takoe saBaeHue
HabmonaeTcs y ca1albX 3JMeKTPOJHTOBR M HA3HBAETCH STOPUMHBIM CO-
Aegoim spdpesrom, ConeBuie 3ppekTH HrpaloT SOABUIYIO POJb B KHC-
JIOTHO-OCHOBHOM TOMOreHHOM KaTaJu3e, H MH BepHeMcAd K HX pac-
CMOTPEHHIO.

§ 5. Peakuns MeXay HOHAMH H MeKIY ARNOAAMH
Coraacio TeOpHH aKTHBHPOBAaHHOrO KoMmnJekca [cM. ra. TV, dopmyaa

(29)]

BT AGH
Re= 5 =\~ 57 (20}

Jaga PEaKilHH MeXJ1y HOHaMH H3IMEHEHHe Hsoﬁapﬂo—uaorepmnqe-
CKOTO MOTEHLHAJMA B pe3yabTare OﬁpaSOBaHHH AKTHBHPOBAHHOI'QO KOMII-
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Puc. 49. 3asucumocts Igk ot lfe ana peak- ¥

UHH MeXAy HOHAMH GPOMALETATa H THOCY/b- ok
tdata b Boje [ZaZs = 2 B u3 ypaBueHus (31) :
dan = 0,6 Hm).

4351

NeKca 6y11e'r CK/JIAABIBATLCH H3 ABYX
BEJTHUYHH, COOTBETCTBYHOUIHX He3eK-

TPOCTATHYECKOMY H 3JEKTpOCTaTHUYe- g50|-
CKOMY B3aHMOJCHCTBHAM, T. €.
AG* = AGE,, + AGH 21
Q7 1 1 1N
Hamenenne H3oOapHO-H3OTEPMH- 400z a0 ife

QecKOro  noTeHlHala  BCJIeICTBHE
3/JEKTPOCTATHYECKOTO BIAHMOACHCTBHA MOMKHO PACCHHTATh Kak paborTy,
KOTOPYIO COBEpIUAIOT HOHH IIpH flepexoie H3 GeCKOHEYHO yAaNeHHHIX
nonoxeHnfi Ha pacCTOSIHHE KACAHHA ra -+ rg = das. MOHW B TmpocTeii-
leM cayuyae MOXHO NDeACTABHTE B BHAe NPOBOASIIHX IIZPOB ¢ pa-
AHYCaMH ra H rp H 3apafaMu Zye u Zse [rde e —3apan ajekrpona;
Zy u Zg — uenne gncaa (NOJOXKATEIbHHE MM OTPHIATE/NbHLIE), 03HA-
Yaiol(He YHCJI0 3apANOB B KaMAOM HOHe].
Pabora cOunuxeHus HoHoB GyJaeT pasHa
A d‘i‘“ ZpZpe _ ZpZye?
ex? edyp

(22)

(3HaK MHHYC CTOHT NOTOMY, YTO paccMaTpHBAaeTCA cOMHKEHHe HOHOB).
Ecnu HOHB HMMEIOT O/HHAKOBBE 3HAKH 3apaioB, To pabora 6yzer
MOJIOKHTeIbHA, B MPOTHBHOM cllydae — OTPHUATE/bHA.

[Toncrasass (22) B (21), noayunm

ZyZpet
AG* =AGE + ey (23)
IMoacraeasa (23) B {20), nafigem
kT AGH ZpZgeN
=——exp| — nean  “A°B A (24)
K RT ed,,RT
Jlorapudmupys (24), noayunm
Z,Zne’N
Ink=In kn—ﬁ (25)
TAe
AGE,

HEIA

: kT ( )
|ﬂk0=lﬂ TEXP —-—R-T-H-

(ko — nocTosiHHas NPH NOCTOSHHON TeMneparype). Bmpaxkenne (25)
NOKAa3LBaeT, §T0 J0OrapHOM KOHCTAHTH CKOPOCTH JHMEHiHO 3aBHCHT OT
ofpaTHOH BeJUYHHHE JAH/JeKTPHUECKOA NPOHHIIAEMOCTH; 3TO COrAa-
CyeTCA C ONLITHLIMH JauHBIMH (pHC. 49),

183



Tabauya 24. Hexoropue wabamodaemsie 4 pacceurannng
npedaxcnoreryuarsrsie muoxuresu C [4f(xoas - c))

u axrponuy axrueayun AS¥ [Tm/(xoas + K)}

JKCAEpHMeHTAAbILIE Paccuurannue
Pearnpymmﬂe — 3nA4CAUT AHAMRUHS

c AS* c aSTE
[Cr(H.O)J** + CNS~ ~ 104 125,5 10'® 125,5
Co(NH3)sBr?* + OH™ 51017 92,0 1017 837
CH;BrCOOCH; + S,0%" 1-10! 25,1 10t 0
CH.CICOO™ + OH™ 6-10'0 —50,2 10t —41,8
CIO™ + C10; 9.10° —83,7 UL —41.8
CH,BrCO0" + §,0% 1-10° —71,1 10° —837
Co(NH;)sBr?* 4 Hg?* 1-100 —100,4 106 —167,4
8,0% + 8,0 2. 104 —1715 108 —167,4
8,0% 4 803" 2.10 —1255 108 —167,4

Moabayacs HU3BECTHHIM H3 TEPMOAHHAMHKHM BHIpaXXEHUEM IJf 3H-
TPONHH

S = —(8G/aT),
HAaXO/HM IA
GM) NpZaZy ( aa)
ASu=—\"ar J,= w4, \ar/, 26)

B BoaHHx pacTBopax e = 80 u (dIne/dT), ~ —0,0046. Ecau npu-
HATb, 4TO dap & 2-10-% ¢M, TO

ASH = —10Z,2, {27)

T. €, SHTPONHA aKTHBAUHHM JOJIKHA HOHHXKATbeA na 10 eauHHu HAa
KaX1ylo eAuHHLY ZaZsp.

[penskcrnoHeHIHAMBHBA MHOXHTeAb mponopuuodaser (AS*/R) u,
¢JeA0BATeNLHO, OYAeT yMEHbIIAaTbCH Ha' KaxAyio eduduuy Z.Zn B
1010/2,303R o 1(!9/4.57 pa3 T. e. NpUGIUIHTERLHO B CTO pas.

B raba. 24 mpeacraBneHH HalamjfaeMble H PacCUMTaHHLE Npe-
SKCTOHEHURANbHHE MHOXHTETH H SHTPONHA aKTHBAUHH IS HEKOTOPHIX
peaklHi Mexay HoHamu. Kak suako, nab.1ionaercsa npub.iHxeHHoe co-
raacHe ¢ TeOpeTHUeCKHMH pacueTaMH. KakoBa B aeHCTBHTe/bHOCTH
CTPYKTYpa aKTHBHPOBAHHOIO KOMIJEKCa, cKasaTb Tpyalo. Kpome pac-
CMOTPeHHOR CTPYKTYpH B BHAe JBYX lLlapoo6pa3nuX HOHOB, Kacam-
UIMXCH  APYr APYra, HEeHTPbl KOTOPLIX UAXQJATCA HA PACCTORHHH
CYMMELI PaiHyCOB HOHOB, MOXKHO NpeiCTABHTL CIPYKTYPY B BHIe inapa
casoeHHoro ofveMa. Torna Kaxawil won A w B Gyler BHocuTh CBOi
BKJaJ4 B 3apsl HOBOro Wapoo0pa3HOro MOHa pajuyca r.

[ToatoMy MOMHO paccMOTpeTb HpoOLECe 3apAiku cdeps papuyca r
OT HCXOJHOTO HYJNeBOlO 3aPfla A0 KOHeUHOro 3apfAja, pasHoro Ze.
3toT mpouecc NPOHCXCAMT TYTeM NOCTENEHHOrQ NOABO/A 3apfJA0B €
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KaKoro-T0 HEONpeJleNeHHOTO PACCTOSHAS MANHMH nopuuamu edh (b —
napameTp, Hamensdwowuics or 0 g0 Z). Ecan sapsa wapa cran pas-
HBIM A¢ M HOHW HAXOAATCH HA PACCTOAHHH X, TO RPHPOCT CHJAH, AefCT-
BYIOILEH Mexay HUMH, Oyaer paBeH

dF = Ae? dhfex? (28)

Pa6ota, kotopas Heo6xoaHMAa AaA npHoOpeTeHHs CHCTeMOHR pa-
AHyca r noadoro 3apana Z

¥ Zer (29)

Zr
e? S S Adhdx Z2e?
A o= —
g
0 o
H paBHa BKJaay B H3MeHeHHe HSOGSPHO-HSOTEPMH'{QCKOPO noTeHHaNna
AaHHEM HOHOM T1IDM OGPHBOBE!HHH AKTHBHDPOBAHHOro KOMNJeKCa 3a
CYeT INCKTpOCTATHUECKOrO BS&HMO}].EI"'ICTBHH HOHOB. HOBTOMy, TaK Kak
B peaxmm Y4acTBYIOT ABa IOHA

(Zo+Zp)' e Zhe Z3é

Al g, == 30
* 2er¥ 2ery 2erg (30)
Mo ananoruu ¢ ypaBuenueM (25) MoxKHO 3amucaTh
2 2 2 2
e ry+r A Z
]nk:lnku— (A B) —_-_A__._._B_ (31)
2ekT r¥ ra  rp

Bupaxenua (25) n (31) AalOT 3HaYEHHWS KOHCTAHTH CKOPOCTH
peakusin BIAWMOLEHCTBUS WOMOB AJN ABYX BO3MOMKHHX Kpaf#HHX
CTPYKTYp aKTHBUPOBAHHOro KOMILIekca. Ha camom Aede BOIMOXHH H
NpOMeXyTOUHHE CTPYKTYPHI, KOPLa CAHAHKE 3apAAOB OKa3blBaeTcs
HeMoJHKM, nostoMy Beipaxennsa (25) u (31) Hago cuntaTe NpHGAH-
KEHHHIMH,

JIng caygas, KOrAa pearHpyIoT QHIQABHLE MOJeKYJIH H ofpasyio-
DIAfCA aKTHSHPOBAHHHIA KOMIJIEKC TAKXKe HMEET AMNOJbHEA MOMEHT,
KHpKBYA NOTYYH] BHpaKeHue

2 2 2 2

e z z Iy+Z

Ink=Inke+ _‘.:\_.,_._,IE__L.L".'__Q +
2ekT | ra ry r*

+

8 [ui T (u*)’] )

kT __7§—+T_ *p

s

rae r;— pagHycH DacCMATPHBaEMHX YACTHI( py — ARNOJAbHLE MOMEHTH,

Ecag aunodpHEe MOMEHTH PaBHE HYJK, TO BMpaKende (32) ne-
pexoant B (31). M3 Bupaxenus (32) takxe BuTekaet JuHefiHaq 3a-
BHCHMOCTb 1n & oT 1/e.

B ciyyae, eC/qH pearHpyioT HeATpa/JbHHe MOJEKYNH, e? == 0 H
ofpasyeTcsl CHJIBHO TMOJAPHHIA aKTHRHPOBAHHuIRA KOMILIEKC, T. €.
w¥ > pa -+ pp, 43 BHpaxeHus (32) BuTekaeT, 4TC KOHCTAHTE CKOPOCTH
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6y1eT pacTH C NMOBLINCHHEM AHIIEKTPHUTECKOH nporuilaeMocTH. Takum
o0pasoM, pacTBOPHTEAH ¢ O0O0abLIOH AWSACKTPHIECKOH IpoHulae-
MOCTLIO cNocoOCTBYIOT 0GPAa30BAHHID NOJAADHOTO aKTHBHPOBAHHOTO
KOMRJeKca.

§ 6. Bansine AaBleHUa HA CKOPOCTh PEaXuMu B pacTBope

M3 xumuueckofi TepMOAHHAMHKH H3BECTHO, YTO KOHCTAHTA DABHOBCCHSA
Ky (KOHUEHTDauHH pearHpyiolluxX BENIeCTB BHIDAXKEHH Yepes3 MOJbHHE
IOJH) 33BHCHT He TOJIBKO OT TEMNEpaTYphl, HO H OT ZaB/jeHHR. ITa 3a-
BHCHMOCTb 3allHCHIBAeTCA B BHAe

(0 1n K /0p)y = — AV/RT (33)
tAe AY — HaveHeHue ¢0beMa B peayJbTaTe PEAKIHH, )
Tak kar Ky = &:/k,, ypasnente (33) MOXHO mepein~ni vjeAyio-
OiHM 05pa3oM:
6lnk‘) _ 6Inkz) __ AV (34)
dap T dp /r RT

3710 BHpaXKEHHE TNOKA3LBAET 3aBHCHMOCTh KOHCTAHTH CKOPOCTH XH-
MHYECKOH pPeaKklUHH OT JaBJIEHHA.
CornacHo TeopHR aKTHBHPOBaHHOTO KoMmiaekca [cm. ri. IV, dop-
myay (24)]
k= (kT{h) K*

Jloraputmupysa 510 BupaxeHuwe H AHPpPepeHUHDPYs MO p NPH MO~
croaunofl T, BaxonuMm

(@1n #/3p)y = (3 In K*/apy (36)
Yuyurwsasa {33), sanuuem
(310 K*/ap)r = — AV#/RT (36)

rae AV+® — naMeHeHde o0beMa akTHBRALMH.
MNoxncrasaaa (36) 8 (35), moayunm
(3 In £jap), = — AV¥/RT (37)

H3 pupamenua (37) smirekaer, uto ecan AV* << 0 (o6nem akTH-
BHDOBAHHOTO KOMIJeKca MeHbiie o6beMa HCXOAHHX pPearHpYIoliux
MOJIEKYJ1), KOHCTaHTa CKOPOCTH YBeJHUHBAETCs C POCTOM [aBJEHHSA
H, HaoGopor ecian AV* >0, KOHCTaHTa CKODOCTH peaKkUHH YMeHb-
IIAETCH C POCTOM JAaBJCHAS.

Hayuasa HaMeHeRHSE JorapHpMa KOHCTAHTH CKOPOCTH pPeakuUHH H
JNaBJeHnsn, MoXHO onpeaennts AV*. TIpu 3Tom kejaTedbHo, YTOGH
H3MeHeHHA naBaenHfi OblH NOPAAKA AECATKOB MeranacKaJed, Tak Kak
KOHCTAHTA CKOPOCTH MaJ0 M3MeHAeTCd C uMeHenweMm AaBiennsn. Ecam
rpaduk 3aBHCHMOCTH In& ot p Asasercs NpAMOfl, To 3TC 3HAYHT, YTO
AV#* ge 3aBHCHT OT jaBieHHs W ypaBuense (37) MOMXHO NPOHHTErpH-
poBath. B aToMm cayuae nonyzaeM

Inkwminky+ AV¥p/RT (38)
rae ks — KOHCTEBT@ CKOPOCTH OPH HYAeBOM AABJCHHH,
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Puc. 50. 3asucamocte lg kfk, or nasnensn aas vkl
peakiliy WEJ0YHOro THAPOSH32 3HHDPOB H aAMH-

aop (no paunnim Jlefignepa u Yena): BRI H

I — nponHoHaMHA; 2. — aneramnl; & — METHAALETAT; 2

4 — 3THAAUETAT. 3
B2

Beanuuny kg MOXHO 32MeHHTL Ha

ovelb GAH3KYIO el KOHCTAHTY CKOPOCTH oI 4

XHMHUECKOH peakllHd NpH aTMoChepHOM -

JAABACHHH. 1 1 1 1
Vpasrenne (38) xopolwo nNpHMEHH- & 03 4% 66 pépa

MO K HEKOTOpHM peakuusm {puc. 50).
B Ta6a. 25 npHBegeHH jaHHBle 00 o6heMax H SHTPONHHX 4K-
THBALHH. : .

[NoayueHHbe 3KCNepHMEHTaNbHble A2RHLE O BAHAHHY RaBJCHHA Ha
peakuuH B pacTBope o0beAHHeHbl B Tala1. 26.

Mexay ofbeMOM H SHTpONHefl aKTHBAUWH AJS DEaKUHA B BOJHBIX
pacTBopax HabJ/IoAaeTcs JAHHediHas 3asHCHMOCTb, OObeM akrusauum
MEeHbLIE 3AaBHCHT OT AABJEHHS, UeM SHTPONHS &KTHBAUHH. DHTPOIHSA
AKTHBALUMH CHJbHO 3aBHCHT OT NPOYHOCTH XHMHUECKHX CBA3eH, B TO
BpeMs Kak o6beM aKTHBALKH CHJLHEe 3aBHCHT OT 3JIeKTpOHANpapJjeH-
HOCTH, T. €. OT 3/eKTPOCTATHYECKOTO BO3AEHCTBHS PEarHpyolHX HOHOB
HA MOJEKYAH DacTBOPHTe s, NMPHBOJAIIEN0 K YMEHbIIEHWIO HX CTene-
HeA CBOGOJH.

Eecnu peaxunsa cosepuraercs nyteM cOJHXKEHHA HOHOB OJHOTO 3HaKa
HJIH pa3feeHud HOHOB TPOTHBONOJIMKHEX 3HAKOB, TO MPOHCXOLUT yBe-
JHYEHHE IJNCKTPHUECKOTO MOJaA H, ¢JieJ0BATSAbLHO, YBE/JHYCHHE 3JCKTPO-
HAlPaB/JeHHOCTH, B pe3yjbTaTe 4ero o0beM aKTHBAIHH yMeHbLIAETCH

TaGauya 25. Inavenun obvemos u snrponuld axrusayui

Peaxusn PacTeopaTteas Ac‘;:: J—l*ﬁf:;;‘xl
Co(NH3)sBr?* + OH™ ——» Co(NH;)sOH?** 4+ Br- H,0 8,5 92,0
CHa{C;H5)(Cells)(CoHs CHRIN* 4 Br —s H;0 33 62,8
—_— CHg(Csz}(CGHbcHg)N + C2H5Bl'
CH,BrCOOCH; + $,05 ~ H;0 32 25,1
—» CH,(5,03)CO0OCH; + Br~
H+
Caxapo3a 4+ H,O0 — rnioxosa 4 ¢ppykroaa H,0 2,5 33,5
C'_:Hso- + Cg”sr —_— CszOCgHs + 1 C2H50H —4,1 "-'4].8
CH,CICO0™ + OH™ —s CH,(OH}COO™ 4 CI™ H,O -6, 50,2
CH,BrCOO™ 4 $,05 —> CH,(5,0;)CO0™+Br~ H,0 —48 =711
H* .
CH,COOCH; 4+ H,O —» CH;COOH 4 CH,OH H,O —87 -—41,8
OoH"
CH;CONH,; + H:0 —» CH,COOH + NH; H,O —142 1428
C5H5N+ CgHs] — CgHs(Csz)N’l_ CHSCOCHQ '-'16,8 "'[46,"
CgHsCCl; — CgHsCCly 4 CI™ 80% C,H:OH 145 —1464

— ~
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Tatiauya 26. Bauanue dasaenus na o0sen axrusayuu
U INTPONUIO QKTHBAHUN peaKyul

Kaaceudu- O6nex Bllt]fglm
KALARA Houunif xapakrep Peakuus AKTHBA- | gprypg.
peakuuf uHn Uy

«Mepnen- O6pasoBanue nonos Mexay Houamu ojHoro <0 <0
Han» NPOTHBONOAQMHOIO 3HaKa: THAPGIH3 3¢H-
3HAKA HJAH COCAMHCHHR POB, sTepHOHKALNY,
HOHOB OJHOr0 3HAKA peakurH MenwyTkuna,
MOHOMONEKYIAPRHA
COJbBOARA
«Hopmane-  Hecymectsen saextpo- 3amewenne OTpHHa- <0 <0
Hafs cratHaeckufl adpexT TeAbHLIM HOHOM
«Bucrpans  Coennnenne nonos npo- OGpaThue peakunn Men- >0 >0

THBOMOAOXHHNX 3HAKOB
HJAH pa3genenHe 3sapa-
NOB

IYTKHHA, peaKuHy
MEMAY HOHAMH NpPOTH-
BOMOJOMKHHY 3HAKOB

H NOHKWKAETCA SHTPONHH AKTHRAILHH 33 CYET YMEHbLIIEHHS CTeneHe
cBoBoan MOJeKyldaMH pacTBoputeas. Ecan e saexTpudyeckoe nose
ocaalaseTcd, YTO MOMKET NPOH3CATH BCAEACTBHE COeAHHEHHS HOHOB
OPOTHBOIOJOKHOTO 3HaKa, TO OPOHCXOAHT OCJabJeHHe CBA3BIBAHHA
MOJexy/t pacTBOPHTe 5. ITO NPHBOAHT K TOMY, YTO 06hbeM AKTHBALHK
H DHTPOIHH AKTHBAUHH OKa3HBAIOTCA NOJOXKHTEAbHEIMH.

§ 7. dddiekTd 3aMecTHTEEA B OPraHHYECKHX MoOAEKyJax

H3yuerue BAASHUSA 3aMecTHTeNeH B MOJSKYJJaxX OPTAHHYECKHX BelleCTR
Ha CKOPOGTh, MPEA3KCHOHEHUHAILHBA MHOXHTENb H 3HeprHi0 akTHBa-
IHK CMOCOGCTBYET NOHHMAHHI) MEXAHH3Ma NMPOTEKaHHus peakllAH. 3a-
MeCTHTEH ODpejesieHHHM 0Opas0oM BJAHAKT HA pacnpele/eHRe 3Jek-
TpoHHON NNOTHOCTH B Monekyse. ITpotexanuio uenoro psiaa peakumii
cnocoficTBYeT yBeJHueHHe 3JIeKTPOHHOH NJOTHOCTH y OnpeAefeHHOro
aroma, KOTOpPHA HrpaeT poJb PeakuHoHHoro tleutpa. [loBHienne
9JIEKTPOHHOA MJOTHOCTH CROCOOCTBYET MOHHIKEHHIO SHeprHM aKTHBaA-
IME ¥ TEM CaMHIM YBeJHUEHHIO CKOPOCTH XHMHUecKOH peakuuu. Ha-
npHMep, BBEAEHHE METHJAbHOR TPYNNH B MOJEXYJY MHpHAHHA cnocob-
CTBYeT YBEJHYEHHIO 3JeKTPOHHOoB NJOTHOCTH HA aTOMe a30Ta, a 3TO
B CBOH Ovepeab Aegaer ero (0/ee PeakUHOHHOCHOCOGHRM. CKOPOCTh
peaxiMHd MeTHANHPHAHHA ¢ METHJIHOZHAOM OKAa3WBAETCH BhLIILE, YeM
pPeaKkuMH DHPHAHHA.

CMelleHHe 3JeKTPOHOB BAQJL LENH aTOMOB Ge3 H3IMeHEHHHA XHMH-
ueCKHX CBA3eH HA3nBaeTCA uNOyKTUsHbiM 3PhexTom. [1pu Hannuun B
MoJexyae JABOHHBIX CONpAMeHHBX CBA3eA BOIHUKHOBEHHE HEPABHO-
MepHOro pacnpejejeHHs 3JeKTPOHHON MJOTHOCTH HOCHT Ha3BaHue
3ACKTPOMEPHO2O 3@dekTa. INEKTPOHHAA NJOTHOCTb HA OMNpeaeNeHHHX
ATOMAX B MOJEKYJAX MOMXET W3IMEHATLCA W B XOJe peakiuy,

B arrawfckoff MIKONe XHMHKOB-OPrafHKOB TePMHE <AHAYKTHBHHR 5¢dekT> opH-
MeHaloT ¥ MOCTOARAO AeflcTByomemy, a 3¢ipexT, BOIHHKAIOWIHA B XOAE pPeakUKH,
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fa3WBAIOT «HHIYKTOMEDHEIM®, TEPMHH <3JeKTPOMepHHf» TPHMeRAT K 9hbderTam,
NOABASIOUIHMCH B XORE peakiMH, COOTBETCTBYOWMHA NOCTOAHHO neAcTBYKOUHE 8d-
(eKT Ha3HBAINT ¢MEIOMEPHBIMA».’

[o TeopHM aKTHBHPOBAHHOrO KOMNJCKCA KHHeTHuecKue 5(dekTn onpeaenforcs
adpeKTaMH 3amecTHTeJeli B AKTHBHOM H HCXOQHOM (HaualbHOM) COCTOAHHAX, HO-
8TOMY HeT HeoGXOAHMOCTH AeluTh 3(dexTbl HAa MNOCTOAHHHE, HMEWLUIRECA B HCXON-
HhIX MOJEKYNaX, H NOAAAAIQIIHECA B XORe peakKlHH,

DpdexT BauAHNA 3aMECTHTENEH Ha CKOPOCTh PEAKIHH B HEKOTO-
PHX Cayuasx Moxer GblTh onucan npasuioM [ammera. Coraacho emy
AorapHpMbl KOHCTAHT CKOPOCTEH peakilHfi, MPOTeKalUI¥X B GOKOBOH
uenu Y, COeAHHEHHA THNA &

O OH
N/
Y C

a 6

WAH JOrapHGME KOHCTAHT paBHOBeCHH peakusfl, 3aTparABalOLIHX
rpynny Y, JHHefHO CBA3AHL ¢ KOHCTAHTAMH HONH3AUHH COOTBRTCTBYIO-
MHX GEeH3OHHBIX KHCJOT, HMRIOUIKX Te e 3aMecTHTeau (COeAHHEHHAN
tTHna 6), T. €.

lg (k/ky) = p 1g (K/Ky) : (39
rae k—- KOHCTAHTA CKOPOCTH peakluHd, npoTexalouiefi 8 GoxkoBofi nend Y coeaHHeHHA
Tulla 4, C MeTG- WIR napa-saMecTHteJem R; k; — KOHcTanTa CKOPOCTH (WAW paBHO-
BecHA) peakuud, npoxoasmed ¢ wedamewlenuwm (RH) coepwrennem; K u Ky — xou-

CTAHTH HOHM3AUMH R-3ameitenHo H He3aMelleHHOR OeHAOAHHIX KHCJAOT, p — KOHs
CTAHTA.

Beona ofosnagenne

_ lg(K/IK)=0 (40)
MOKIC BHpaxenne (39) nepenHcaTts B BHIE
Ig (k/ko) = po (41
Tabauya 27. Inavenun O-KOHCTAGHT
R o R °
ITA Rapa-3aMemeHgLx AAR Mera-laMeuieHnux
OH —0,37 CH; -—0,069
OCgHg —0,320 OCH, 0,115
OCH; —0,268 OH 0,121
C{CHa3); —0,197 OCH; 0,252
CH, —0,170 F 0,337
CsH;s ~—0,151 | 0,352
uso-CzHy —0,151 Ci 0,373
F 0,062 CICH, 0,376
Cl 0,227 P 0,391
Br 0,232 CN 0,56
COCHs; 0,592 NO, 0,710
CN 0,660
NO, 0,778
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Tabauya 28. Inavenun KOHCTART P OAR HEKOTODHIX PEAKYUONHBIX cepud

Peakuus ]

ArCOOH — ArCOO 4+ H* 1
ArBr + C5H100H — ArOCsHm ‘+' HBI’ 4,918
9ArCHO —— ArCH,OH + ArCOCH 3,633
ArCOOC,H; + OH™ —» ArCOOH + C;H;0” 2,468
ArCOOC,Hs+H*4+0OH™ —» ArCOOH 4 C,H;OH 0,144
ArCH; 4+ Br; —» ArCH;Br 4 HBr —1,085
AIN(CHy)s + CHsI —»> ArN (CHz)sl™ —2,29
ArH 4+ NO; ——» ArNO; 4+ H* —7,202

BLIYHCIMB HAa OCHOBE H3BECTHHIX ANA OEH3OHHLIX KHCAOT 3HAYEHHI|
O KOHCTAHUTY p AJAf KaKofi-HHGYIb peaklHd, MO:KHO 34TeM HCOOAL3O-
BATL NMOCJEAHION AJd HAXO0XAEHHS APYTHX O-KOHCTaHT.

3uaueHHA O-KOHCTAHT AJA MeTQ- H napa-3aMectatejell, ompeje-
JIeHHHE¢ H3 KOHCTaHT HOHH3AUMH 3aMELLeHHHX GeH30HHEIX KHCJIOT NpH
25°C, npuseaeun B Tada. 27.

3nas o-KOHCTaHTy, U3 rpaduKa 3aBHCHMOCTH 1g (k/ky) OT G MO0
onpefeaHTh KOHCTAHTY p. A7 3TOTO UPGBOAAT HCCJARAOBAHHA KHHE-
THKH peaklUHfi COEfHHEHHA THIIA 4 ¢ Da3NHYHEIMH 3aMecTHTeNsAMH R
B HACHTHIHBIX peaxuuonﬂux YCJIOBHHX C MOCTOAHHBIMHA IlpyrHMH pearn-
pYIOUIHMH BellecTBaMH. PeakuHI0 MOXKHO TaKie NpPOBOLHTb, H3MEHSs
BpPHPOAY BTOPOro pearHpyiolulero BeulecTBa M COXPAHAS HeHaMel-
HOfl MPHPOAY 0NEPBOro pearHpyollero BellecTsa. MoxHO DpOBOAHTH
peakuuk H ¢ (PUKCHPOBAHHLIMH BelleCTBAMH, HO B Pa3HBX PacTBO-
putensx. Jas Taxkux cepHil peakuH#i C OZANOTHIIHBIM MeXaHH3IMOM
B3aHMOJIeHCTBHA MOryT OHITh Onpefe/eHn KOHCTaHTH p {Taba. 28).

KOHCTAaHTH ¢ H p NO3BOJAIOT BLHACHATL, K4K OHICTpo GyAyT mApo-
TeKaTh peakuHH. TIpeino/IoKHM, YTO HAC HHTepecyeT, Kak OBICTpPO
6yIeT MPOHCXOAHTL UIEJIOTHOH THAPOJIH3 3THA0BOrO 3DHpa /-HHTPO-
6eH30AHOH KHCJAO0TH

om-@—coocms O oN— N—coon

M3 ta6n. 28 BHAHO, uTO OJA 3TOR peakuHd p =~ 2,5; u3 taba. 27
BHAHO, YTO O-KOHCTaHT@ HHTPOTPYINB B napa-NOJOKEHHK paBHA
~0,78. TloacraBnaa 3TH 3HadveHusa B ¢opmyay (41), Haiinem, uto
k/ko == 90, T. e. CKOpPOCTb LIEJAOYHOTO THAPOJH3A 3THAHHTpOOEH30aTa
B 90 pas Buiue, ueM 3THAOGEH30aTA.

3HaueHHe H 3HaK KOHCTAHT G H p XAPAKTEPH3YHT THI PeaKilHOH-
HOro npeBpalleHHd. 3aMecTHTeJH € MOJOXHTEALHLIMH 3HAUYEHHAMH
O-KOHCTAHT NpPHUTATHBAIOT 3JEKTPOHH CHJ/bHEEe, yeM BOLOPOM, 4 3aMe-
CTHTE/H C OTPHUATEJbHHM 3HAYeHHEM O-KOHCTAHT MPHTATHBAIOT 3JeK-
TPOHH Cnafee, 4eM BOAODPOA, H, CJAEAOBATE/BLHO, OTTANKHBAIOT 3JeK-
TPOHH CHJbHee, ueM BOAOPOA. PeakuuaM ¢ NOJIONKHTEIbHHM 3Ha-
9eHHeM p CN0CQOCTBYET OTTACHBAHHE 9/EKTPOHHOH IJIOTHOCTH OT
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PEaKUHOHHOTO NEHTPA, A PeakUHAM ¢ OTPHNATENbHHIM 3HaYeHHEM p
OHO NpPensATCTBYET.

Ecan B ypasHeHHe ['aMMeta (41) noacTaBHTh 3HAyeHHA JIOraph-
MOB KOHCTAHT CKOPOCTEH NBYX CepHil peaKUHH, BHYHCJAEHHLIX HA OCHO-
BaHHU TEODHH AKTHBHDOBaZHHOro KoMmmaekca [cM. ra. IV, dopmyny
(24)], To nonyuaTcs cieaywlLRe JHHeAHbE COOTHOUIEHHs 3Hepraf
T'ennMroJiblla aKTHBAIHH!

AF* = AFf — RTop (42)
AF¥ = AFF — RTop’ (43)

(CumBOaH, noMedYeHHBle HHAEKCOM «HYJAb», OGO3HAYAIOT BeJHUHHH,
XapaKTepH3YIOlUlHe He3aMellleHHbe COe/HHERHA).

[Tono:nM, 4T0 BTOpas cepHA peaKluHil HMEET TO e 3HaueHHE T,
aro # nepeas Jeas Kamjoe BHpaXKeHHe COOTBETCTBEHHO HAa p H p” H
BHUYHTAas OAHO H3 APYTOTo, MOJYUHM

AF¥  AF¥  AFF  AFY )
P p’ P p’
Pasnocts oTHOwleHH#, CTOALIMX B JNeBoR ¥ NMpaBofi YacTAX pabeH-
c¢TBa (44), KaKk BHAHO H3 3TOTD PaBeHCTBA, ABJAETCA NOCTOAHHOH Be-
JAIHRON, MOSTOMY BHpaxeHne (44} MOXHO mepemucaTb B BHIE

AFF = (p/p’) AF¥' + const (45)

CrpasefiIHBOCTb ITOTO COOTHOIUEHHA NOATBEPKIAETCH HA 1paK-
e (pHc. 51). JluHefinble COOTHOIUEHHS SHEPrHil AKTHBALHH He BHI-
NOJIHAKTCHA, KOria HMEWTCA CTepPHYECKHe 3aTPYAHEHHS, HAupHMep, B
peaKkuUHAX, NPOTeKAOWIHX ¢ YYacTHeM MOJEKYJH ¢ 3aMecTHTeJNAMH B
opro-nosoxernH, CTepHyecKHe NPeNaTCTBHA NPHBOLAT K 3aMelJICHHIO
peaKIHi.

YpaBHeHde I'amMMeTa nmjI0X0 NPEMEHHMO K ajJHdaTHYECKHM COelH-
HeHHsAM. KoppeasiuHoHHOe ypaBHeHMe AAs pacyera KOHCTAHT CKOPO-
CTefi peakuuif, B KOTOPHX OJAHA H3 PEarHPYIOUIHX MOJEKYJ TpHHaAje-
HKHT K anHbaTHIECKOMY pALY, .
6nao npepnoxmeno Tadrom, — 4F wixjkm
OHO HMEET BHJ

lgk=Ilg ks + o"p" (46)

rge k— xowcTaHTa cxopocTH (HJH
paBHOBecHA) ATH OTAEJLHOrO APCA-
CTaBHTeAs  PeakmHOHHON  CepHH;

Pre. 51, JluwefiHocTs  sueprmft
FesbMronnua JABYx cepuit pearmAf
{mo nausnim Ceio66ca n [rumens-
BYZ1a) (AF™ — IHeprua I'eaLMronn-
Ua aKTHBANHH  GeH30HRHPOBARHA
bAMENEHHNX  ankAHOB; AF™ — ‘

sHeprHa DenbMrosula AHCCORHALHR & 1 L L 1
AHHIBHOB), b e & 60 AF, rhxcjmant




Ry — KOHCTaHTA CKODPOCTH (MAH PABHOBECHA) AAA CTAHRAPTHOTO COeARHeHMA {0GHIRG
cogepxaitero pajaukan-CH,); p* — koHcranta peakunu; o* — NONAPHAN KOHCTanTa
3aMecTHTe s

3uagenne o*-Koncrante Tadra siBndeTcs Mepofl 3/eKTPOHOAKUEN-
TOpHOIl CIOCOGHOCTH 3aMeCTHTeJs!, T. . XapakTepHsyeT MHAYKTHBHHIH
aboekr. Jasa onpegeneHus sHavesnfi ¢* Guao NpelJoXKeEHO HCNOAL3O-
BaTh B Ka4yeCTBe CTAHAAPTA DPEAKLUIO KHCJAOTHOrO H OCHOBHOTO THAPO-
JaH32 3pupoB KapGOHOBHX KHCJIOT.

Peakuua runponrsa 3¢HpPOB KapOOHOBHX KHCAOT MPOTEKaeT Mo

YPABHEHHAM:
B 1eJOTHOH cpele
H
/0 H30 A0
R—C<O + O —» R—COCH;, —* R—C] + C;H;OH
OC,H;s No-
B KHCJOH cpejle
A . H,
R—C\ +H'+H0 -~— R—C——O—C:Hy —
0C;H, H

0
R~C7 4+ H' 4 CHOH

\oH

Kak BuaHO, aKTHBHpOBAMHHE KOMOAEKCH B O6OHX cAy4adx oyeHb
6an3akyu no cTpoennio, I1o3TtoMy MOKHO AyMarTh, 4TC crepHYccKHe 3g-
¢dexTH 0Goux THNOB peakuufl ognuaxoBul. OARAKO ONLIT NOKAa3LiBAeT,
4TO CKOPOCTb DeaKUHH [OPH 1IEJO0YHOM THJAPOJAH3e OUeHb TYBCTDH-
TelMbHA K XApaKTepy 3aMecTHTeNs, B TO BPEeMS KaK MPH KHCAUTHOM
THAPOJH3e XapakTeD 3aMeCTHTENS MaJo BJHAET HA CKOPOCTL peayLHH.
Boapioe 3naveHHe NMpH KHCJAOTHOM THAPOJH3E HUMEIOT CTEPHYECKHE
satpyaHedus. [ToaToMy MOXKHO cKa3aTh, UTO B CJydae WIEJOYHOFO TH-
ApoJiH3a CYILECTBEHHYIO POJb HIPAOT HHAYKTHBHEIE H CTepHYECKHe
3¢eKkTH, a B cly9ae KHCJOTHOrG THOPOAH3A — TOJLKO CTEPHYECKHE.
OrHowenne kfk; Npu MEN0YHOM CHAPOJIH3E NPOMOPUHOHAILHO ABYM
sdrpexTaM (HHAYKTHBHOMY H CTEPHUECKOMY), a B CJAyYae KHCIOTHOFO
THAPOJH3a OHO NMPONOPIHOAANLHO AeHCTBHIO TOJIBKO CTepHUECKHX (ak-
TopoB. TakuM ©o0pazoM, pasHHIA MexXly 3THMH OTHOLIGHHAMH AJR
IIEA0GHOTO H KHCJIOTHOrO THAPOJH3OB JIo/iKHA OHTL NPONOPUHOHANLHA
HHAYKTHBHOMY shdekTy.

Tabauya 29. 3uavenus o*-xoncranr Tagra

3amecTHTeNL a* 3aMecTuTE D ar
CH, 0,00 CeHs 0,60
C.H; 0,10 CeHsCH, 0,22
u3o-CyHs —0,19 CH:CO 1,85
rper-C.Hy —030 | CH=CH, 0,40
l'r 0,49 OH 1,55
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Tabanga 50. 3navenus p*-roncranrs Togra

Peakyus p*

RCHzOH + Hgs 04‘ —— RCHzOSOxH + HEO 4,60

RCHO + NH; —» RCH=NH + H,0 2,29
. 0 -

CoHyCOCHR, + Br; — CeHsCOCR,Br + Br- 159
HC1O

RCH—CH, -+ H;0 —— RCHOHCH; 1,83

NS

Ha ocHopanun storo Tadt npeanoxun onpeledsnTs ¢* CAeLYOILHM

ofpasoM: , . .

3Hasd BeJHUYHHY ©%, MOXHO DacCYHTHBATh [JIA DA3JIHYHHX CepHR
peakuuil BeJHYHHY p*, 4 pachonaras 3THMH KOHCTAHTAMH H NOJb3YACH
Boipaxennem (47), MOXKHO CPaBHHBATh CKOPOCTH peakuuft AAs 3ajaH-
HOTO WieHAa PeaKLHOHHON CepHH U CTAHAAPTHOICO COEAHHEHHA,

3uavenus o*, Hajizennsle TadrtoM, npusegenn B Taba. 29, a 3Ha-
yeHNus p* Aas cepufi peaxunt — s Tabn. 30.

§ 8. ToMOANTHYECKHE W TETEPOJAHTHUECKHE PeaKUHH

XHMHYeCKRe PeakiMd MOryT GuTh KJAAcCHOHUHPORAHB NHO cnocobam
pas3puiBa CBA3ell, 3aBHCAILHM OT XMMHYECKOR NPHPOAN pearHpyolinx
BEIECTB H CPeAbl, B KOTOPOH QIPOHCXOINT peakuus. Pasamuarwr, Kak
Goino nokasaso B rA. I, mBa ocHOBHuIX THna peakuuit. Ecnu paspus
CBA3H B pearupyiolileffl MoJieKky/ie NPHBOAHT K Pa3be)HHEHHIO 3JIeKTPO-
HOB CBASH H HOBAs CBA3b BO3HHKAET 3a cUeT CNAPHBAKHA 3AEKTPOHOB
IBYX peaTHPYIOIDUX MOJEKYJ, TO PeaklUus Ha3hBaeTcd 20MoauTHYe-
cxod, unu paduxaasrol, TaK KaK MOJieKyaa, HMelollas oOAnH Hecnaped-
HHH 3/IeKTPOH, ABNgeTcA CBOGOAHBIM PaNHKAJOM,

Ecan paspuB xuMuueckoR CBI3H TNPOHCXOAHT 6e3 pazbeauHEHHS
3MCKTPOHHOH Napu, a HoBas cBA3L OOpasyeTcs 3a cUYET 3JEKTPONOB,
ABNABUIAXCA A0 PeakilHA CMAPEHHHMH, TO TaKad Peaklus HAILIBAETCH
2eTepoautuseckoll, unu uowxnod., Hanpumep, BO3MOXKHB Deakuus 3a-
MelleHHR, KOTOPHe B ofileM BRAe MOTYT OHTh 3aNHCAHB

Xt1+R$tY — RiX+ Y (a)
X+RiY — RIX+Y (6)

B cayuae (a) sewectBo X MoxeT GHTh MOJEKyJofl HJIH aHHOHOM.
AtoM 3TOrO BellleCTBa, HMEIOWHA HeTONEeNEeHHYIO Mapy 3JEKTPOHOB,
TIPHCOEAHHACTCA K TOMY aTOMY, OKOJIO KOTOPOro CTOMT Y B MoJeKyne
RY. lpu stoM Y oTillenaserca BMecTe ¢ 9]eKTPOHHOR napoR, afpasya
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AHUOH RAK HeATPaNbLHYW MOJACKYNy. TaKUMH DeakKiUfiMM ABAAIOTCA,
HaanMep: -. - Ll L1 -

£1:7 4+ CH;CH:tClt — C,HSCH2=I=+=(_:.I:
HJIH

OH™ + [CHs ¢ N(CHj)s]* —> CH;0H 4 $ N{CHa),

B cayuae (6) saexktponuas napa HoBoH cBa3w 00pa3syeTca 3a cuer
3/JeKTPOHOB, WMEIILHXCH B MOJEKYJE, H BellecTBO X HEe3aBHCAMO OT
TOrC, ABJAETCA JH OHO HeATPaJbHOA MOJEKYJOH HJAH KATHOHOM, HNpDH-
COEAMHARTCS, He MOCTABJAA 3JEKTPOHOB AJA HOBOA cBs3u. Hanphmep

H

H i H
D*+ NtH = D:NtH == D:N:+H
i ti fi

leTeposnTHYecKHe peaKUHH B CBOK Ouepelb KNacCHPHIMPYIOT nO
TRy AeHCTBYIOUIEro peareHTa. PeareHT, KOTOPH# faeT 3JeKTPOHBYN
napy AJA BHOBb BO3HHKaIOLieli CBA3H, HA3bBAETCA HYKJIeO(HIbHLIM
peareHTOM, a peaKUHH ¢ €ro y4acTueM HAa3LBalOTCR HYyKAeoputs-
Koimu (a). Pearedr, He nocTaBJAAIOMHA 9/eKTPOHHOA napul Anas BHOBb
BO3HHKAIOLLeH CBA3H, fABJAETCS 3JMEKTPOPHILHHM, a PeaklHH ¢ ero
yuacTueM — 3texTpoduisnvimuy (6). Monekyan, KoTopHe B 3TOM chy-
qae OTAAIOT CBOK MApy 3JEKTPOHOB ANA 0OpasoBAaHHA CBHA3H, NMPOAB-
JRI0T  3JeKTPOHOAOHODHHe cBoficTBa. [eTeponuTHueckHe peaxluH
MOTYT OHTH peaKUHSiMH 3aMelleHns, OTIIeNJeHHA HAH NPHCOSIHHEHHS.

Hykaeoduabune pearenrt HO®, RO’, RS™, T'", HSO;5;, CN’,
R=C", C,H;0", NHz, NR; HOC;H;, H,0, > 03, 7N s, >S t U ap.

COCPXKAT HenmoAeJeHHBE NMaphl 3JeKTPOHOB. DJeKTPodHAbHNE peareH-
Tl — 3T0 KaTHOHE Metajnos, H+, H,O+, HNO,; H,50, HNO,, BF;,
AlCls, Moseky/Iu, HMEIOIIHE MOJOXKHTENLHO 3aPsAKEHHBE aTOMBl NpU
kpatHoit cBa3u >C =0 u Ap.

SnexTpodribHbe H HYKNeOOHNbHHE peakiHH MOKHO paccMaTpH-
BaTb KaK YacTHHA caydad of0OUIeHHNX KHCJIOTHO-OCHOBHHX peaKIHi,
MOCKOJIbKY, cornacHo BpeHcreny, KHCIOTH — AOHOPH MPOTOHOB, a OC-
HOBaHHs — aKuUenTopH npoToHoB. Kpome TOre, 9TH peakUHH MOXHO
CAHTATh H YACTHBIM CJyudeM OKHCIRTENLHO-BOCCTAHOBHTRNLHHX peak-
UHHA, Tak Kak, cofsiacHo JIbioUCY, KHCJOTH 3TO COGAHHEHHH, CNoco6-
HBle NpHHUMATL JEKTPOHHLIE Haphl, a OCHOBAHHSA — COGAHHEHHH, CMOo-
cofuble OTAABATL 3NeKTpoHHbie naph. [lo Jlvioucy, TpudTopua 6Gopa
HaAQ CYHTATL KHCJOTOH, NOCKOJIBKY I(1pH peakilHH TpudrTopuia Gopa
¢ TPHMETHJIAMHHOM OH [IPHHHMAET Napy SJEKTPOHOB a30Ta TPHMETHJ-
aMuda, Taxum o0pa3oM, JLIOHCOBCKHE KHCAOTH ABJAIOTCA 34€KTPO-
$HIBHEIMA pearcHTaMu.

§ 9. HykneodnauHsie peakunu

Peakuun HYKJeODHIABHOTO 3aMellleHH MOMHO pa3fe/ITE Ha jABa
THNA: GHMOJeKYJADHHE H MOHOMOAeKyaspHHe., Huroawba npeanoxuna
ByxneopHIbHOE OHMOJIEKYNApPHOE 3aMellleHHe 0003HAYATh CHMBOJIOM
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Sx2 [rae S — substitution (3amemenue); N - nucleophyl; 2 — bur-
MOJIEKYJNADHHA MeXaHH3M], a HYKJIEO(QH/IbHOE 3aMellleHHe, NPOTEKaio-
HOiee 0O THOY MOHOMOJIEKYJASPHON peakuuH, 0603Ha4aTh CHMBO-
Jgom Syl.

Hykaeodunsuufi peareHT Z, UMelOMWABA XOTA GH OLHY HeMOAeJeH-
HYI0 1napy 3JeKTPOHOB, NPHGAHKAACKL K pearupymouled MoJaekylne
R—X co cTopoHE, mpOTHBONOJMOXKHOA 3aMeltaicmieli rpynne X, XOTo-
paa obnanaeT 3AeKTpoHOAKLENTOPHBIMH CBOACTBAMH, BH3HIBAET OC-
AabneHne, pa3pHxJeHne u pactaruBanne csszn R—X. Tpymna X
OOLIUHO 3JEKTPOOTpHIaTeNbHa H HeceT 3apaAd 8. [Ipoucxoaamu# npo-
necc Moxer ObiTh B ofUleM BHRe 3aNHCaH KaKk OHMOJEKYJAsPHHIRA

npouecc
O+ 8- 8- &+ 6- -
ZZ+R—X —» Z+R+X — Z-—-R+X

[Mpucoeantenue Z— ¢ ofpazoBaHueM a2KTHBHPOBAHHOrO KOMILIEKca
H OTPHIB X~ NPOHCXOAAT OAHOBPEMEHHO, NO3TOMY MNpOIECe ABJAETCA
CHHXPOHHHIM, [IpuMepoM TAKOro THNa peakilHd MOXKET CAYKHTh THAPO-
au3 aakuaxaopunos; OH-+4 RClI— ROH + Cl-. K Takomy xe Tumy
peaxuuii oTnocATcAa 3TepHPHKALUHA W OMLNEeHHe 3(QHPOB, aMHIHPOBaA-
uue, o6pa3oBanie OpocTHX 5dupos, cuHres HHTpuJoR no Koanbe, pe-
akuusa Mannuxa.

PearupyloilliM BEIIECTBOM MOXeT OHTb He TOJALKO aHHon Z—,
HO H MOoAApHAS MoJeKyJaa, Toria Z— 6yaer o003HauaTs ee OTPHLATEJb-
HBIA KOHell.

BHuMonexkyafpHLIA MexXaHH3M B CJaydae, ecJH OfHa& H3 pearHpyo-
LHX MOJIEKYJ COAEPKHT acCHMMETDHUECKHA aTOM, MOXKET NPHBECTH K
BO3HHKHOBEHHIO ONTHUECKOro aHTHNoza. Hanpumep, ecan MoJexkyaa
COAEPXHT acHMMeTpHdecKufl aToM yrjaepoia H aTaka pearedta mpo-
HCXOJAHT DO 3TOMY aTOMy, CX€MY PeaKlUHH MOXHO NpPeJCTaBHTb B BHAE

) ) )
zZZ+ C —_ Z---C-X —» C + X
/&\ /\ /1N
fR"X Z R"R'

STo aABJeHHe HA3LIBaeTCHd BAALGCHOBCKUM OOpauieHiem N0 HMeHH OT-
KPBIBIIEro €ro H3EECTEOrO XHMHKA.

YynTHBAA CTpOeliHe AKTHBHPOBAHHOIO KOMILIEKC3, MOMKHO CYH-
TaTb, YTC OHMOJEKYJApHbE pPeakuHH HYKJIeOQUJIbHOTO 3aMelleHHs
IPOTEKAIOT N0 aCCOUHATHBHOMY MeXaHH3MY.

Peakuuy nykaeoduEHOTO 3aMellleHHsl, NPOTEKalOWiHE TO MOHO-
MOJIEKY/JIADHOMY MeXaHH3My, [pPOTEKalT B /JABe cTaiwry 1) wmex-
JeHHYI0 JHccouHanKio Mojekya RX na nonsi: RX-—>Rt 4+ X-
2) OLICTPYIO PeaKlHIO MOJOKHTEILHOr0 HOHa R* ¢ HyK/I€OQHIBHHM
peareitom: Rt +Z-—- R —Z.

[Tepmasi ctaaun onpeaensieT cKOpOCTh Beell peakuuu. Peakiust npo-
TeKaeT B JIBe CTaJMH acHHXPOHHO, [103TOMY, eC/H CKOPOCTh peakilmu,
npoTekaiomleil mo MexaHWsMy Sx2, OxadWBaercA NPAMC TNPONOPUHO-
HaJbHOH KOHUeHTpauus Z- u RX, ckopocTe peaklud, npoTexamuel
no mexaHuaMy Syl, OKa3nlBaeTcd NPONOPIHOHAALHOH TOJbBKO KOHIEH-
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Tpauun RX, 7. e. peaxuun umeeT nepBuA nopanok, Peakuus anccouHa-
UHH MOJeKyJasl RX Ha HOHH 4acTo NPOTEKAET C yYacTHeM MOJAeKy]
PaCTBOPHTENA, HO, TaX KaK KOHLEHTPAalUHA pacTBODHTENH BeJHKa,
peakuus B JeACTBHTEIbHOCTH NCEBAOMOHOMOJEKYISPHAA,

[Ipn mexanusme Syl, ecqu OJHH M3 YYACTHHKOB PEaKUHH ONTHYE-
CKH AKTHBEH, B pesyabTaTe peaKllHH NOAYYaeTCH paleMHuYecKas
cmech, Hanpumep, npu ruzpoause aakuaragorernaa R(R’} (R”)CX,
HMEIOIHEro TPH PAa3HHX 3aMeCcTHTENIf, N0 MeXaHu3aMy Syl ofipasyerca
o CR(R’) (R”)* naockofi kongpurypauun. IIpn peakuun ero ¢ Moje-
KyJAaMH BOLK H/JIH HOHOM THAPOKCHJA BepOATHOCTL aTAKH 3TOMQ HOHA
€ Kaxaofd CTOPOHHW OJHHAaKOBa, NO3TOMY OOpasyloumHAcA COHPT
R(R’)(R")COH sraserca pauemuueckoli cmecsio. Onsaxko Takas
paueMu3alus MoXeT OmThb M He coBcem nosHoli. Hanpumep, ecan
annoH X~ etlle He ycnien OTOATH OT MOJEKYAH, OH 3KPaHHPYeT H 3a-
TPYAHsAer NOAXOA rpynnsl Z—,

Peaxuun, npoTexkamoulde no MexaHH3My Syl, MOXKHO paccMaTpH-
BAaTh KAaK PeaKUHH, NPOTEKalmHe N0 AHCCOUHATHBHOMY MEXaHH3MY.
[MpuMepoM peakuyn ¢ Syl-MEXaHU3IMOM MOMXKeT GHTH PEaKUAA COJALBO-
AH33 GeH3HATHAPOXIOPHIOB:

AI'X\ AI’X\ CyHgQH Al'\

CHCl === CH' + CI
P’ P/ ph/

Cu/bHOe BAMAHHE HA KOHCTAHTY CKOPOCTH peakuuii 3aMelleHHA
MOXeT 0Ka3blBaTh pacTBOpHTeb. [locnedHnf coNLBATHPYeT pearupyio-
HlHe MOJEKYAB W HOHH H TeM CaMbIM H3MeHAeT CKODOCTH peaklHA.
Ecnu pearwpyioumiasi yacTuua — WOH, TO TpH nepexode K 6ofee noasp-
HOMY DPACTBODHTENI0 CKOPOCTh DeaKunH Sy2 6yner najath. Ecam pe-
ATHPYIOUIHH areHT — MOJEKYJd, T0 Npr 00pa30BAHHH NMepPex0iHOrD Co-
CTOAIHHA MOAAPHOCTb CHCTEME! BO3pacTaer, nostomy Gonee mnonspHuie
pacTBopHTead GyayT cnocolGCTBOBaTL 00PAa30BaHHIO TAKOH CTPYKTYpHI
H CKOpOCThL peakuuu Oyier 6oapnie. B ciyvae peakiuHf, nporexalo-
KX no mexaHusmy Syl, ysBeauueHne NONAPHOCTH PacTBOPHTENd CNO-
co6CTBYET COJBBOJIMTHIECKOMY Pacraiy HCXOJHOR MOJeKyJbl Ha HOHH
M, C/l1eJ0BATEeNbHO, PEaKUHH 3aMellleHHS. JTO NPHBOAHT K TOMY, UTO
¢KOPOCTh peakuun 6yAeT Bo3pactath, [lo THNY BO3JeACTBUR HA XHMH-
YeCcKHe pPeaKUHM pacTBOPHTENH MOXHO rpyl6ec pa3zeluTb Ha TpH
TPYHIH:

1) mykaeodunvube: sdup, AHOKCAH, aleTOH, AUMeTHadOpMaMui,
AHMeTHACYAL(POKCHA, HHTPOMETAH, TTHPHAMH,

2) anektpoprantine: AlCl;, BCli, ZnCly, HF, BF;;

3) pacTBOpHUTEJN €O CMEMIAHNBIMH CBOHCTBAMM: BOAA, CHNHPTH,
Kap6oHOBLIE KHC/IOTBI, aMMHAaK, aMHHBI,

Jns OKOHYaTeJqbHOTO pellleHHN, NO KAKOMY MEXaHH3MY NpoTeKaeT
pPeaKLHs 3aMeuIeHHs, HeJL3d OCPaHHYHBATHCH TOMABKO KHHETHUECKHM
HCCJeJ0BaHHEM PeakiluH, a HeoGX0OZHMO MPHBJEKATh AOMOJHHTEbHHe
CBE/EHHS O CTEPEOXHMHH NMPOIYKTOB, O BJHAHHH 3aMeCcTHTeJedl M pac-
TBOpUTeaell, H3oTOmHYeckuX 3dderTax, MOBEACHHH MedyeHbIX aTOMOB.
Hepeakn cayuad, KOraa peaxlius B 3aBHCHMOCTH OT pacTBOpHTENs

CHOC:H;
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HJIH TNPHPOAH 3aMeCTHTeNsl NPOTEKaeT TO Mo MexaHAaMy Si2,
To mo Syl.

Peakuun dyKkneo(pHALHOTO 3aMEILEHHA 4aCTO CONPOBOXKAAWTCH OT-
menseHueM. 3T peakuuu, no Heroabny, neasrtea Ha gBa THnma: npo-
Tekaomne mo OHMoJeKyaapHoMy Mexauusmy E; (E — elimination)
K no MoHOoMoJeKyaspHomy E,. BuMonexynspHuifi MexaHH3M CBOAHTCH
K 00pa308aHHic AKTHBHPOBAHHOTO KOMILIEKCA H3 pearupylollux uac-
THII, T. €. COOTBETCTBYeT ACCOUHATHBHOMY Ipoueccy

(¥s

Z~ + H—CR;—CR;—X — Z..H..CR, YCR, -X°" —»

—>Z—H + CR,=CR; + X~

[IprMepOM MOKET CAYKHThL PeaKUMs LIEJOYHOFO pacilelNeHHf aj-

KHJIAMMOHHS 7
+
OH™ 4+ HCH,CH,—N(CHs); — H;0 + CH; = CH; 4 N{CHj3}s

MonoMonekyasipeRil, WAH AHCCOLUMATHBHLIA, MEXaHH3M BKJAOYAET
MEJIERHYIO CTAAHI0 peakHHH O0pa30BaHH HOHOB H NOCJAEAYIOULYIO
GLICTPYIO PEAKILHIO ¢ OTIeNJeHHeM HOHA, HallpHMep:

H— CRy—~CR;—X —» H—CR,—CR;j + X~
H—CR,—CR; —> CR~CR:+H’

[To mykneoduabHOMY TUIY NPOTEKAIOT H HEKOTOPble PeaKilHH NpH-
coelMHeHKS no ApofHON cBa3H. OO6HYHO MECTOM HYKJeOQHALHOH
ATAKH ABJSIOTCA ATOMH YIrAepola, CBA3AHKbBEe KPAaTHWMH CBA3AMM ¢
rerepoatomaMp; >C =0, —C =N, >C = N—, usu azora uam
cepul —N =0, —SO,. Peaxupsa npucoeAuHeHHs NpoTeKkaeT TeM GHCT-
pee, ueM CHJbHee MOJAPH30BAHA JBOAHAA CBA3b.

Peakuuu HyK/J1eoDHABHOrO 3aMellerHs XapaKTepHb H XOPOlo H3y-
YeHH AJ8 HEOprasW4yeCKuX KOOpAHHAUHMOHHBIX COeAWHEHHA H QJdA op-
raHudeckHx coepHiteHuil anudaTHaeckoro paja.

§ 10. dnexkTpodHAbHBE PEAKUHH

Hutpopanue Gensona sipasierci THNHYHON peaKUueH 3JeKTPOPHALHOrO
3ameuleHns. DeH301 HHTpyeTcd CMECBLIO a30THOH M cepHOH KHCHOT.
IKcnepHMeHTaAbHO NOKAa3aHo, YTO B 3TOH ¢MecH 00pa3ylTcAd HOHR
HETDOHHA NO PEaKUMH

HNO; + 2H,;504, —»> NOj 4 H,0" + 2HSO;

HoHH HETPOHHA peardpyloT ¢ 6eH30/10M, NPHBOAA K 06pPa30BanHI0
MPpOMEXYTOYHOTC MONMOKHTENBHO 3apAXKEHHOTrO AaKTHBHUPOBAHIIOTO KOM-
nJeKca, KoTopuift pearupyer ¢ anuonoM HSOJ u ofpasyer wutpoben-
30J1 H CEPHYIO KHCAOTY NO YPABHEHHK

0, NO,
+ HSOT
C) ot =[5 =5 () + e

197



Tor daxr, aTo BTOpas CTAAKA STOR pPeaKuuA He ABISETCH JHUMHTH-
pywoulef, NOOTBEPKAAETCA Pe3y/NbTAaTAMH HCCACLOBAHHA HHTPOBaHHA
HUTPOOEH301a, ATOMB BOAQPOAA B KOTOpPOM 3aMeHeHH Ha AelTepHA.
CKopOCTH peakuH¥ OTUIENNEHHS NPOTOHA W JeHTepHA AOJNMHH OHTh
CyWIeCTBEHHO pa3anuHbiMA. OZHAKO ONNT NOKa3alj, 94T0 CKOPOCTh peak-
HHH TpPaKTHYeCKH OAMHAKOBA AJs oOHITHOTo HHTpoben3oda H noa-
HOCTbIO fefiTepupoBanuore HuTpobensona. Hutpobenson 6us BuGpan
HOTOMY, UTO OH Jy4Yile PACTBGPHM B CMECH CepPHOH W a30THOH KHCJIOT,
NOSTOMY npolecc He JHMHTHPYETCH CKOPOCTBIO pacTBOPeHHA. DHeprHs
o6pazoBanHa cBasH C—NO; B npoMeXyTOYHOM aKTHBHPOBaHHOM
KOMMNIEKCe HCNOAb3yeTcs Ha paspywenne cBAsH C—H. Opnako B
ReACTBHTENBHOCTH MeXaHH3M peaKlHH HHTPOBAaHHA, NO-BHAHMOMY, fB-
afeTcs 6oJiee CAOKHLM, ,

IIpn B3anMopeficteur GeH3ona ¢ HOHOM HHTPOHHA MOXeT obpaso-
BaTbCA He TOABKD O-KOMILTeKRe (&)

H No,

O O
(-4 .1 ‘

(B Hem Bo3uuKaeT cBa3b H  NOj ¢ aToMoM yraepoia KoJbla, a HoJ0-
KHUTENLHBIA 3apsAj paclpeledsieTcst 10 OCTAAbHHIM MATH aTOMaM
KOJIbIIA ¢ Y4acTHeM HX M-OpOHTaneft), HO H x-KOMnaekc (6), Apasio-
mufcs pe3yJbTATOM B3aHMONEHCTBHS N-CHCTEMH KOJbIla C MNOJOXKH-

TeabHHM HoHoM NO% Ilas toro utob6u H3 T-KOMIJekca ofpa3oBancs
O-KOMIJIeKe, HeoGXOAMMO NpeojoJeTs 3SHepreTHueckHi Gapbep, Tak
KaK B O-KOMIJEKCEe peareHT KOBAJMEHTHO CBA3aH ¢ aTOMOM yrjepona.
ITpu 06pasopaHHH R-KOMILJIEKCA CHCTEMA X-3JEKTPOHOB GeH30JbHOTO
KOJiblia NperepneBaeT He3HAYHTeJNbHbLIE W3MEHEHHS H apoMaTHYecKas
NPEPOAA COXpaHAETCH, B TO BPeMs KaK B O-KOMILJIEKCE N-CBR3H OXBa-
THBAOT TOJbKO NATb aTOMOB YrJepoAa, BCHEACTBHe YEero apoOMAaTHY-
HOCThL CHCTeMnl Hapyuraercd. Bo3HHKaeT cTpeMseHHe K BOCCTaHOBJe-
HUHIO CHMMETDHH N-3]eKTpoHHOro o0saka depes o6pa3opaHHe I-KOM-
OJeKca, YTO H JOCTHraeTcA nyTeM OTWIENJeHHA HOHAa BOJOPOAa H
o6pa3oBaHus yCTORYHBON MOJIEKy/n HATpoGen3ona.

Takum o6paszom, MeXaHH3M peaklUHH HHTPOBAHHA GeH30ja Haao
3anucaTty cAeayiculdM obpasoM:

NO, NG

H NO;
+
@ +NO} —> @NOg — — @-’H+—> +H

#-xomnmerc]  G-KoMrmexc  A-xosuiexcl,

IIpyruMy H3yUeHHHIMA DEaKUBAMH 3NeKTPOPHABHOrO 3aMelIeHHS
#BNAIOTCH MHOTHe peakuHn gefitepoofMena, raforeHHPOBAHHA KeTO-
HOB B MIeIQYHOR Cpele, HHTPO3HPOBAHHA KapOOHHJICOAEpPXKAWIMX CO-
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eaMHeHuH a30THCTOR KHchoToft, peakuus cy/nbdHpOBaHAS, AMKHJIHPO-
BakHsl, alleTHIHPOBAHHA, XJNOPMETHIHPOBAHHSA, a30COYeTaHKA, METHAN-
poBaHHSA, LeaJKHIHPOBAHHA BOAOPOAOM, AMHAHPOBAHHA THIADOKCHJ-
AMHHOM, raJlOreHHPOBAKHS H AD.

~ Tlpucoearnenne no ABOAHOA yriepoA-yr/iepoAKOR CBSI3H MpoTeKaeT
KaK pe3yJbTaT 3/eKTPoHJIBHON aTakW f-3/1eKTPOBHOTC 00JaKa MoJe-
Ky/aH. [oBHIeHHe 3JeKTPOHHON MAOTHOCTH CBA3H YCKODSET, a CHHIKe-
HHe 3aTpyAHseT NpoTeKaHue peakuud. Hanpumep, npHcoesnHeHue
6poma B IPHCYTCTBHH BOAK K TETPaMETHISTHIEHY |

HaCQ (\ CH3 H\ m /0

C=CHYC
“NoH

HacJ (JCH H” L

Rier B 14 pa3 ckopee, ueM MpUCOSAHHEHHe K akpHAOBOA KHcaote I1
B B 33 pasa MelJeHHee, deM K sTHaeHy. MoxHO npeamosararth, 9T0
npHCoeAHHeHHe rajoreHa K ABoﬁHoﬁ CBA3K MPOXOQAHT uepea ofipa3oBa-
HHe N-KOMIJIeKCa,

§ 11. PanguganbHbie peaKkuHy

Boabwwoe uncao peakuufl (HykneoduAbHBIX H 3/€KTPOPUAbHEIX) B
pacTBOpax RPOTEKAT MO TeTepOAHTHYECKOMY OVTH, ABJAACL Npolec-
CcaMA CMelleHHs HJ/H Nepefaud napH aJeKTpoHoB. QNHAKO B pacTBOpe
BO3MOJHE M TOMOJIHTHYECKHe peakMHH, KOTAa OAHA HAK HeCKOJbKO
SJEKTPOHHLX Nap B MOJeKyJe Pa3lieasiorca H o6pasywres csoboiHHe
pandkanb. CpoboaHbe pajidkaan o6JafalOT. MaPaMATHHTHHMH CBO#-
CTBAMH ¥ MOTyT OBbiThb O6HApYEHH MEeTOJOM 3JEKTPOHHOro Tmapa-
MarRuTHOrO pesonanca (3[1P). XopowuMm XHMHYECKHM HHIHKATOPOM
Ha cBo6OAHHE pafHKaJBl #ABJAAeTCA ARPEHHAUHKPHATHIAPA3HA, OKpa-
WeHHHR B ¢$uofeToBLH uBeT. B3auMogefcTBYs co cROOOAHNMHE pain-
KanaMH, AHQEHHANHKPRATHAPA3HA obecuBeyHBaeTCA: NPOHCXOAHT pe-
KL peKOMOHHALHA PafHKaJIOB M0 YPaBHEHHIO

NO, N02
H

R 4 Ph—N-N NO, —>» R—@—I}I—gl NO,
|

Ph Ph
NO. No‘.‘

Peaxuun ¢ yyacTHeM pafHKaNOB, KaK YKe FOBOPHJOCH, 9acTO IPO-
TEKAOT B Ta3oBol ¢ase, HO OHM MOryT NPOHCXOAHTL H B pacTsopax,
OCOGEHHO ecJH DAacTBOpPHTeNL HemoJsped, B pacTBopax BO3IMOXKHO
ob6pa3oBanHe HONTOXHBYIHX pajHkaaoB. Hanpemep, rekcadenun-
stan B Geusose ofpasyeT P&CTBOD, OKpallieHHHA B XeATHR UBeT,
JIETKO pearHpyer ¢ KHCJAopoioM, 06pasyd TPHpeHHAMETHANepOKCHA,
& ¢ HOAOM 00pasyer TpHdeHHAMETHAROAKA, PacTBop rekcadeHunsTana
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B Gensoje mapamarnuTed. Bee sTO mossosifger cuyHTaTh, 4TO TeKca-
(eHuNIITaH B pacTBOPe NHCCOIHHPYET Ha PaABKaJn TPHOEHHIMETH]2

PhyC:CPhy == PhyC.+ «CPhy

HuTepecro, uto sHeprus cesazu C—C rekcadeHunsraia cocras-
aser 46,02 xlx/Moas, B TO BpeMs KaK B STaHe OQHa papHa
347,3 xIlx/moab; aauna cBAsn C—C B rekcadenunsrane Oogbiue,
yeMm B 3TaHe, Ha 0,004 HM, : -

Panukanu Moryr o6pa3oBaThcsi He TOJNbKO NpPH paspuiBe CBA3EH
C—C, Ho u Apyrux. Tak, HarpeBanHe pacTBOPOB TeTpadeRHATHAPA3H-
HOB B HENMOJAPHHX PaCTBOPHTENAX MPHBOAMT K 0OPa3oBAHHIO HECKOJIb-
KO MeHee ycTOAYMBHIX, 4eM pajiHKagn TpHGeHHIMeTHAR, OKpalleH-
HHX B 3@/eHbf UBeT Pa/HKAJOB AH(DEHHIaAMHHA

KMnO,
2Ph,NH — Ph,Ni1NPh, == Ph;N«+ «NPh,

Csofo/iHBIe paAMKaaBl MOTYT O6pasoBaThCsl NPH Pa3JiOKEeHHH pas-
JHYHBX NEPOKCHIOB, HARDHMED, NPH Pa3jIoMeHHH GeH30HANEPOKCHAA:
T 1 1
Ph—(n]--O—O—!:—Ph — Ph—(!':—-O et O-—é‘.—Ph

HectabuibHocTs Takol MOAeKyABb 9acTHUHO OOBLACHAETCH TeM, UTO
OHa npeicTaBifer coBOA COBOKYNHOCTh [ABYX AHMOJeR, o0pallleHHHX
ADYT K APYry OTPHLATEIbHHMH KOHILAMH. BBeaeHHe 3JeKTPOHGAOHOD-
HBIX Tpynn B GeH3o/bHble KOJbLA MPUBOAHT K NOHHKEHHIO YCTOAYH-
BOCTH CO¢IMHEHHH, T. €. K CNoco6HOCTA pa3floXeHna B Gojee MATKUX
ycnoBuax. HaobGopor, PBeneHHe 3/eKTPOHOAKHENTOPHHX FPynn [pH-
BOAHT K YBe/JHYEHHIO YCTOAYHBOCTH IO CPABHEHHIO € YCTOHYHBOCTHIO
He3aMelleHHOrO CoefHHEeHUs. ,

Ve npH KOMHATHOH TeMliepaType PacTBOPH GeH3OHINepOKCHAA
BuaeasoT CO; no peakuuu

0

|
Ph—C—0+ —» Ph.«+ CO,

Takum oGpazoM, B pacTBOpe NOSBAAETCA ABa THNA PA/HKAJOB,
KOTOPHE MOrYT BCTYNaTh B PEAKUHKIO KaK ¢ HCXOJAHHM GeH30H/INepoK-
CHJIOM H pacTBOpHTe/aeM, TaK H MexJy coGofi. B Genaoabuom pacTsope
BO3MOMHH CAeAYIOIHE peaKLHH:

O
| 0
Ph—C—0O I PhH |—+ Ph—COOH + Phs (a)
| —> 2PhC—Q+¢ —
Ph—(i.'.—o —+» Ph—COOPh +H (6)
0 —COq
phH |—» Ph—Ph+4H {(8)
Ph . ——
—» Ph—H 4 Ph. )

OnuiT noka3wBaer, 9T0 OCHOBHON peaKuuell fABaseTcH peaknua (a).
Kpome sTux nepBHYHLX DeakUHA BO3MOKHH DEakUHB DalHKaJa0B

200



PhCOO- wn Ph- c npogyktamu peakumin (a), (6) n (B), a Takxe
peakumy BGeH30aTHbIX W PEHWNbHBLIX PaAMKanoB C Hepas/noXMBLUMMCA
GeH30MNMEPOKCUAOM, YTO NPUBOAUT K 06pa3oBaHWIO  pajuKanos
XCBHACOO* n XCOHA* 1 K NOMyyYeHWO M3 HUX HOBLIX MPOLYKTOB.

Mop [eiicTBMEM CBETA U U3MYYeHUIA BbICOKOA 3HEPruM B pacTBopax
MOryT NO/yYaTbC W HU3KOMONEKYNAPHbIE KOPOTKOXMBYLUME pajuka-
Nbl, NPUBOAALLME K LEMHbIM peakuuam. Mpy onpeseneHHbIX YCI0BUAX
B MOJIEKY/le MOXET 00pa3oBaTbCA [Ba HeCMNapeHHbIX 3/71EKTPOHa, T. €.
Takas Mofekyna 6ypet 6upagukanom. bupagmkanom SBNsSeTcA aTtoM
KUCMOpOLa, KOTOPbI WMeeT [Ba HecnapeHHbIX 3/71eKTPOHa, pafukan
metuneH :CHe. Bupagmkanbl MOryT ObITb 1 COXHOIO CTPOEHUs € 60/1b-
LLIOV MONEKY/SAPHOM Maccoli, Hanpumep

K 6upagmkanaMm MOXHO OTHECTW KapGeHbl — HecTOliKne COeAMHEHWs
[BYXBaJIEeHTHOIO Yrnepofa, MWMewole ABa CBOGOAHbIX 3MEKTPOHa.

8§ 12. Peakuuu nepefayun 3nekTpoHa

OKUCNUTENBbHO-BOCCTAHOBUTE/bHbIE PeakLMM MeXay WoHamu B pacTBo-
pax 00blYHO paccMaTpyBalOT KaK peakuuu repeHoca 3/1eKTpoHoB. [Mo-
Teps 3/1EKTPOHA Ha3blBAETCA OKWC/IEHWEM, a MPUCOEAVHEHWE 3/1EKTPO-
Ha— BocCTaHoB/eHMeM. OfHaKO CYLLEeCTBYeT Lefblid pag peakumin, Ko-
TOpble, ABNASCH OKUC/UTEIbHO-BOCCTAHOBUTE/IbHBIMU peakumsmMu, Tem
He MeHee He CBsi3aHbl C MpoLeccaMn NepeHoca 3/1EKTPOHA W ABAAKOTCA
peakuMsMKU MepeHoca atoMamy Wian rpynnbl atoMoB. Hanpumep, WOH
[BYXBa/IEHTHOIO >Ke/fe3a MOXeT BeCTU cebs KakK BOCCTaHOBWTENb Mpu
nepeHoce aToMa BOAOPOAa M3 rmapaTHOM 060/104KM K BOCCTaHaB/MBae-
MOMy BeLLecTBY (cy6CTpaTty):

Fe(H)j?++ R —=m Fe(HD)®0OH2+ RH

MoH TpexBaneHTHOro >kenesa MOXeET MepefaTb pafuKan ruapokcuna
cybCcTpaTy Mo peakumm

Fe(HX)jj++R —-» Pe(/1,C»l + H++ ROH

Peakuun mnepeHoca MOMOXUTENbHOW TPyMMbl WM aToMa  MOXHO
paccmMaTpuBaTh KaK peakuwu, 3KBUBA/IEHTHbIE MPUCOEAVHEHUIO 3/eK-
TPOHa, T. €. KaK peakuuy BOCCTAHOB/EHWS, a Peakuuu, CBsi3aHHble C
MepeHOCcOM OTPULATE/bHOW TpYNMbl WM aTOMa,— KaK 3KBUBA/IEHTHbIE
rnoTepe 3/1EKTPOHA, T. . OKUCNIEHWIO. B nepBoli peakuun ruapaTmpoBaH-
Hblli WMOH [BYXBAaJIEHTHOrO >Xefie3a BbICTYMaeT KaK BOCCTaHOBUTESb,
a BO BTOPOM peakuMW TVAPaTUPOBAHHbIA WOH TPEXBAIEHTHOTO >Kese-
3a —KaK OKUC/ATESb.

Mpn peakuWsix MepeHoca 3M1EeKTPOHA, Kak W B C/ydvasx MNepeHoca
aTOMOB, 06pa3ytoTCsi BrOMHE OMPEAeNeHHbIE MePexodHble CTPYKTYpbI
(aKTMBMPOBaHHbIE KOMM/EKCbI), CMOCOGCTBYIOWME Peakuun OKUCHe-
HVISi — BOCCTaHOB/IEHWSI.
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[MTepexon 2;eKTPoHA OT OAHOrO HOHZ K ADYFOMY B pacTBope He
MOJKET NPOHCXOAATh NPH CPEAHHX SHEPrHAX pPearHpyIOLHX HOHOB, TaK
Kak cornacho npuHuuny ®panxka — Konpoua npounece nepexona 3jek-
TpoHa GoJee OHCTPHIE, TeM W3MeHeHHe pacnojoxeHHs sjtep. [Ipen-
NOJIOXKHM, 4TO Mepexod 3JeKTPOHA OCYLIEeCTBAAETCA MeKAY HOHAMH
CO cpelHefl sHeprueil, Toria BOSHHKIIHe B pe3y/bTaTe OKHCJAHTENbHO-
BOCCTAHOBHTE/NbHOH peaKUHH HOHBl AOMKHE 06Ja2aTh H3OLTOUHOR
aHepruefi. PaccTosnus MeXAy AApPaMH B HHX He OYAyT COOTBETCTBO-
BaTb MHHHMYMY UOTeHUHaJqbHOW 3HepriH, Hanpumep, npr peaxunu
akpa-noHoB Fe*t n Fe?* noaxun 6yayT ofpa3oBuBaThcd BO36YKIEH-
Hole HoHB. McxonHule HOHB CO cpefHedl Hepruell THAPATHPOBAHH MO-
JeKyJaMH BOAHI, HAXOAAUIHMHCA Ha PacCTOSIHHAX, KOTOpHE COOTBeT-
CTBYIOT MHHHMaJIbHEIM 3HAaUeHHAM NOTeHLUHaJabLHOH 3HEDrHH; TH pac-
CTOSIHHSl He JOJIAHb, Mo TpHHUHNY PpaHka — KoHEOHA, H3IMEHHThCA
8 pe3ynbTaTe nepexoia 3JMEKTPOHA, T.e, NPOHCXOARINHA npouecc
MQXXHO 32NACATh YPaBHeHHEM

Fe(H;0)2* 4 Fe(Hy0)3* —» Fe*(H;0)* + Fe*(H,0)%*

(sBe3nouKkoli 0003HayeHH BO3GYKACHHLe aKBa-HOHH XKeJjesa).

Bos6yaeHnble HOHH JOJIKHH nepefaTh H3OLITOYHYIO SHepruio
MOJEKY.J1aM Cpeanl: 3TQT mpolecc 6YAeT CONPOBOXKAATHCS BHIENEHHEM
Tensa:

Fe'(H,0)3+ 4 Fe'(H,0)2+ —> Fe(H0)2+ + Fe(H,0)2» — AH

TakuM 06pa3om, HOMHBIA MPOLECC ROMNMKEH XapAKTEPH30BATLCA BH-
AesienneM Tenaa, 970 ABAAETCH HAPYMICHHEM 33KOHA COXPAHEHHUS SHEp-
rin. [TosToMy mnpouecc mepefayd 3JeKTPOHA MeXAY HOHAMH, HMEIO-
IHMH CPeJHION SHEPTHIO, HCKJIKOUEH.

[lepedauya 3MeKTpoHA BO3MOMNHA TOJBKO MEXXY HOHAMH, y KOTO-
PHX THApaTHHE O00JOYKW NePecTPOSHH! TAK, WTO PACCTOSHHA MEXAY
AApamMy OMU3KH Kk HX OyAyllemy HOBOMY COCTOSIHHIO, HACTyNaioliemy
nocje HepeHoca 3JeKkTpoHa. Ilps 3ToM posixeH OLITL NpeofOJeH He-
KOTOPH MNoTeHUHaJbHHRA Oaphep. B nepexonnom cocrosnuy Gyayt
TOALKO TaKHe NPEABApPHTEALHO NOATOTOBJICHHLIE WOHLL. 3Ta NOATOTOB-
Ka NPOHCXCAHT 3a cyeT Hepejadyd SHEPTHH NpH CTOJKHOBEHHAX H 3a
CUeT 3JeKTPOCTATHYECKOrO B3aHMOJAEHCTBHS HOHOB C MOJIEKYJaMH pac-
TBOPHTENA. JlONOIHHTeNbHOE KOJHYECTBO IHEPTHH MOMET [0y4YaThCA
BCIEACTBHE 3K30TEPMHUHOCTH npolecca O6Pa3s0OBaHNA AKTHBHPOBAH-
HOTO KoMmJekca. KpoMe Toro, Npolecc nepeiadd 3AeKTPOHA BO3-
MOXKeH TOABKO B TOM cJydae, ecJH He NPOHCXCIHT HIMEHeHHH CIHHA
3JIeKTPOHA.

M3-3a nannuna TynHeabhoro sthheKTa NEPeHOC ACKTPOHA MOKeT
OCYILECTBJIATLCA H TIPH PAaCCTOAHHAX, 3HAYHTENLHO NPEBOCXOAALIHX
Te, KOTOpLEe COOTBeTCTBYIT (aKTHUECKOMY PACCTOHHHIO CTOJKHOBEHHA
PearBpymwLIHX HACTHU,

KBanToBOMEXaHHYECKHE PACYETH MOKA3HIBAIOT, UTO OfHOBPEMEH-
Has fiepesasa JABYX WM 0OJbIIero Wuoja 3JeKTPOHOB MaJlOBEpOsATHA,
XOTH HEKOTOpbie peaklUWH N03BOJAIOT MpeAnoaraTb OLHOBPEMEHHH A
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nepeHoc ABYX SJeKTpOHop, Hanpumep, B peaknmn Hg 4 T+
~— Hg?+ + TI+,

IMepexoay »iekTpoHA MeXKAY HOHAMH, HMEIOUIKMH ORHHAKOBBLIA
8HAaK 3apAla, CHOCOGCTBYIOT HOHM MPOTHBONOJOXHOro 3Haka. [Ipo-
THBONOJOXKHO 3apAMeHHHN HOH BHeAPseTCH MeXAy HOHAMH OILHOro
8HaKa H yMeHbliaeT OTTaJKuBaH#e, IIpn sToM obpasyerTcd Tak Ha3u-
BaeMbIfi MOCTHKOBHH KoMnjexc. MocTHK MoxeT o6pa3oBHBaTh 00l
MOJIEKY/la PacTBOpHTEJIA.

Hanpumep, B xeae30xpoMOBOA cHcTeMeé MOCTHKOM MOMKET CHYXKHTD
MOJIEKYJa BOAH

Fe¥* ... H,O .., Cr**

M3 onunTta u3BecTHo, 4T0 nepepada 3JEKTPOHA MEXAY HOHAMH
ABYX- H TPeXBaJeHTHOTO KeNe3a YCKODAETCs B MPHCYTCTBHH CEPHOR
KHeaoTH. [lo-Buaumomy, nepepava 9/1eKTPOHA [POHCXOHLHMT MO MOCTH-
koBoAl cxeMe. Mon HSO; ceA3uBaerca ¢ rHAPAaTHPOBAHHBIM HOHOM
IBYXBAAEHTHOrO xene3a, o6pasys son [(H.O)Fe’'OSO;H]*, a Hoa
SO~ -—c¢ ruapaTHpOBaHHHM HOHOM TpeXBaJE€HTHOro MeJje3a, ofpa-
3ya won |{H.0);Fe''OS0,)+.

AXTHBHPOBAHHHMA KOMIJEKC, KOTOPHA 06pa3yloT sTH HOHH, colep-
XHT B KauecTBe MOCTHKa npotoH. [lepegasa sTorc mpoToHa SKBH-
BaNeHTHa Mepefade JeKTPOHA B TOM e Hanpasjenud. Cxemy #po-
TEKaiolllefl PeaklUHH depe3 MePexoQHOE COCTOAAHE MOCTHKOBOIO THNA
MOMKHO 3allHCATD CJACAYIOIEM 00pa3oM:

[(H;0)sFeHOSOH]" + [(H:0)sFellIOSOs]* —»
— [{H,0)Fell0S0; ... H ... O;SOFe/(H,0)5)" —»
—» [(H,0)sFelliOSO;]* 4+ [(H,0)sFellOSO;HJ*

Cnenyer 3aMeTHTb, 9T0 A3HHHX A/ OKOHYATEJALHOrO pelieHHs O
MeXaHu3Me [polecca OKHCJAEHAA — BOCCTAHOBJEHHA He Bceraa GHBaeT
NOCTATOYHO, W ORHA H Ta XKe peaklua MoxkeT GHTL OOBACHEHA H
NepenocoM 3JIEKTPOHA, H MePeHOCOM aTOoMa M0 cxeMe, paccMoTpeHHod
pamee.

Jpyrum MexaHu3MOM nepelaun 3JeKTpOHa faBasieTcR o0pasoBaHHe
TaK Ha3WBAEMOro 8Heuinecpepuseckozo xKomnaexca 6e3 HIMeHEHHH
YHCJIa H MPHPOAW TPYNMN, COEHHEHHHX C KaxAnM HOHOM. [Ipu atoM
BEO3MOXKHA Tepefadua SNEKTPOHA CHAUANA MOJAEKYJIaM PacTBOPHTEJf,
a 3aTeM OT HUX K HOHY.

B HeKOTOpHX cAyuasx B PaCTBOPHTENSAX MONeT BO3HHKATh COMb-
BATHPOBAHHHWH 3NeKTPOH, [HADPATHPOBAHHHA 3JMEKTPOH HMeeT Majoe
BPeMA KH3HH — NOPAAKA HEeCKONbKHX COT MHKPocekyHA. Hampumep,
okHcende Ru!! B KHcaI0A ¢pese BOxO, MO-BHAHMOMY, NpOTekaeT 0O
cxeMe

3+ -
Ru** — Ru* o],
e;q-!—H' ~—» H
2H —» Hz
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Teppas peakuus MedIeRRaA R oOnpeleNsieT CKOPOCTh Deaximuy
OKHC/IEHH JBYXBAJeHTHOTO pyTeHus. Takue MpoUeccH — mphiep
HepeAaun 1eKTPoHa Yepes MoJeKyJas pacTBoputens. CoabBaTHPOBay-
HHA 9/eKTPOH Hrpaer O0OJbLUIYI0 POJb B PaAHAlHOHHO-XHMHYECKN
nponeccax. Peakuuun ¢ ero ynacthem 6yayT paccMoTpenn 8 ra1. XI § o,

§ 13. Conpaxennple peakuHH

Conpsdcentibimy Ha3HIBAOT TakMe OANOBPEMEHHO HAYINME Ppeakuii,
OJHH H3 KOTOPHX MOrYT HATH B OTCYTCTBHE APYIHX, a 3TH NOCJAeldHie
He MOFYT NpOTeKaTh B OTCYTCTBHE [EPBHX,

Hanpumep, xHucropold Jerko okucaser Nap,SO,, Ho He OKHCafer
Na;HAsQO;, ecin 3TH BemiecTsa B3ATH NOPO3Hb, €CJIM Xe B3ATh 1y
cMech, To 064 OHH JIerke OKHC/ARAIOTes KHeqaoponoM. Takum obpasow,
[IpoTeKaHHe B CHCTéMe peakuuu okHcenrennsi NapSO; BHaHBaer peax-
‘unio okucnedHa Na,HAsO,. Hnu, Hanpumep, nepokcHz Bojopoia
oxucasier conb xienesa(ll), uo e B3anMomeficTBYeT ¢ HOAMCTHM Bo-
ROpPOIOM B BOAHOM pacTBope; ec/JH Xe K cMecH cy/baTta xeaesa(ll)
npHBaBHTL WOOHCTHA BOJAOPOM, TO OJHOBPEMEHHO C peakiduel OKHC.le-
Hua FeSO; npoHCXORHT OKHCNEeHHE H HOAHCTOBOAOPOAHOH KHCJOTEL!L

PacTBop HMHAHrO moj HeficTBHEM KHCNOpoaa He ofeCHBeYHBAETCH,
HO €CJH K PACTBOPY NpHOaBHTE OeH3aNblerHi, TO MNOCALAHHA OKHC-
JNAEeTCH KHCJAOPOAOM A0 OeH3OHHOM KHCJAOTH, OJHOBPEMEHHO HHAHIO
OKHCJIAeTCH B H3aTHH, H PacTBOpP 0OGecHBeYHBaETCA.

Takum ofipasom, conpameHHHE peaKUHH — 3TO CHCTEMHB Kak Mu-
HHMYM ABYX NPOTEKAalOWiHX B OAHOR (hase peakndi, H3 KOTOPHX 0JHu
8aBHCHT B CBOEM TeYeHHH OT ApYrofl; caMOnpoK3BoabHas (NepBHYHAS)
peakuus o6yCHOBAMBAET HAH yCKOPSIeT CBOHM TeueHHeM HecaMONpPOH3-
BOJLHBIH (BTOPHUHRI) npouecc. Takoe ABJAeHHe TOJYUHNIO HA3BAHHE
XuMueckod uroyxyuy.

CleloBaTearHo, B 1npocrefilieM c¢aydae cONpAXKeHHe peakLHH
MOKHO 3aMHCATh B BHJE CXEMHI!

1) A 4 B (nepeuunas peaxnus)
2) A+ C (atopuunan peaxunusn)

BemecTBo, y4acTByiollee KaK B TNePBHYHOR, TaK H BO BTOpHYHOM
peaxunsax (A), Ha3sWBAOT axTopoM. BellecTBo, KOTOpPQe yuacTByeT
TOALKO B NMepBHUHON peaku#n (B) u cBoMM B3anMofeficTBHeM C aKTo-
pPOM BH3HBaeT BTOPHYHHA mpouecc, Ha3WBAWT undyxkTopom. Bewe-
CTHO, KOTOPOe BXOAHT JHUIL BO BTOPyio peakuHiw (seutectBo C) u rta-
KHM 00pazoM BocnpHHHMAaeT 3¢¢eKT nepBHYHOH peaKNHH, HA3bIBAIOT
aryenropom. TIpH XuMHUeckofi HHAYKUMHM, B OTJAHUHe OT KaTaJsH3a,
KOHIleHTpalHa BCeX NMepBOHAYAJbHHX BENIECTB B pe3y/abTaTe Ipoyecca
yMeHblUaeTcs.

Conpsaxenne peakuufi BO3MOXHO TOJIBKO B TOM CJIydYae, ecllH Mpo-
MeXYTOouHble BelllecTBa NepBOfl peaKUHH ABAAIOTCA HCXOAHEIMH BG BTO-
poii. [IpoMexyTouHOoe BellecTBO CAYXMHT CBA3SYIOUIHM 3BEHOM NEpBHU-
HOTO H BTOPHYHOTO NPOLECCOB H oOyc/A0BAHBaeT HX ofllee TeuyeHHe.
Hanpumep, 6poMHoBaTan kucaora HBrO; menmocpeiCTBEHHO OKHC/AET

204



H2503 Ho He okucnseT H3As03 OaHako ecnn B3fTb CMeCb CEPHUCTOM
N MbILWbSKOBUCTON KWUCMOT, TO OGpOMHOBaTasd KUCNOTa OKUCNSET WX
06enx. 3T0 MOXKHO OOBACHWUTL, pacCMaTpUBas XO[, pPeakuun OKWC/EHUA
CEPHWCTOM KWCNOTbI MO CTafusM:

HBr03+ H2S03 —> H2S04+ HBr02
HBr02+ H2S03 —> H2S04+ HBr0
HBro + H,SOa — > H2S0,,-fHBr

Bo3Hukatowme B pesynbTaTe 3TWX peakuuid, MPOMEXYTOUHble Be-
wectea HBr02 u HBrO okuCAsOT MbILLLAKOBUCTYHO KUC/IOTY.

BaXkHOV BENMYMHON, XapaKTepu3yHOLLein CONPSHKEHHbIE peakumu,
SBMSETCA (hakTop WHAYyKuUWM, BBEAEHHbIA H. a. LLINNOBbIM, MHOroe cae-
NaBLWMM B M3YYeHWWM 3TOr0 TuMa peakumii. PakTop WHAYKUMM onpege-
NAeTCA OTHOLUEHVEM

/ = [Ocaku/fcuHa (48)

roe  [Ocaky, —y6blb  KOHUEHTpauum akuentopa; [Jcu,a— yObllb  KOHUEHTpaUUM UH-
LyKTopa.

Tak Kak ydyacTve B peakuuy WHAYKTOpa MNPUBOAUT K MOSBEHUIO
B CMCTEMe MPOMEXYTOUHOr0 NPOAYKTA, BbI3bIBAIOLLEN0 BTOPYH peak-
Um0 (npeBpalleHns akuenTopa), To (hakTop WHAYKUMM MOXHO onpe-
[enuTb eLle Tak:

LA 49
y6biNb MPOMEXYTOUHOrO NPOAYKTa (49

B 3aBMCMMOCTM OT 3Ha4eHUs (hakTopa WMHAYKLUMM MOXHO pasnmyatb
TPU TUNA COMNPSYKEHHbIX PeakLmiA.

1 Ecnu B pesynbTaTe WMHAYLMPOBaHHOM peakumn OyaeT npomcxo-
OWTb Y4aCTMYHAA pereHepaums MHLYKTOpa WM NMPOMEXYTOYHOrO BeLle-
CTBa, TO TeM Oo0/bLUee KONMYEeCTBO MCXOLHOro BellecTBa (akLentopa),
OyfeT sBCTyNaTb B peakuuto W, CnefoBaTte/lbHO, Tem 60sblue 6OydeT
(hakTop WMHAOYKUMW. B npegenbHOM Cryyae, Korfa MpOMEXYTOUHbIN
NPOAYKT Oy[eT pereHepupoBaTbCs HaLeno, 3HameHaTe/lb BblpaXXeHWs
(49) obpatutcs B HyMb W (DAKTOP WHAYKUMW CTaHeT paBHbIM 6ecKo-.
HeYyHocTU 1= oo. Takoro TvMna npouecc OyfaeT CTauMoHapHbIM. Ha
NpakTMKe TakMM npoueccaMm, Kak Mbl YBUAUM [Janiee, COOTBETCTBYHOT,
KaTa/IMTUYeCKre MPOLIECChl Y Hepas3BeTB/IEHHbIE LIEMHbIE MPOLECCHI.

2. Ecnu B pesynbTaTte peakuuy KOHLEHTpauus WHLYKTOpa Wim npo-
MEXYTOYHOro npoaykTa ybblBaeT, TO, O4eBMAHO, npouecc OyaeT 3aTy-
Xalowmm, T. e. OyaeT uatnm ¢ yMeHblUeHMeM cKopocTu. B atom cny-
yae / > 0.

3. Ecnu ke KOHUEHTpauus MHAYKTOpa WM MPOMEXYTOYHOro npo-
OYyKTa B pesy/nbTaTe peakuuy BO3pacTaeT, TO HabGMOLAeTCA ABNeHue
CaMOVMHAYKLNYU, XapaKTEePU3YHOLLeecs Haya/lbHbIM CamMOYCKOpPEHMEM.
JTOMy TWMy MPOLECCOB COOTBETCTBYHOT CaMOWMHAYKTUBHBIE MPOLECCHI,
NpoTeKaroLMe C Havya/lbHbIM YCKOPEHUEM, W, KaK YBUAUM HWKe, pas-
BETB/IEHHblE LenHble npoueccbl. B 3TOM cnydvae (hakTop WMHAYKUMK
Oyper oTpuuartesibHbimM / -< 0.

ABMEHNE XMMWUYECKON WMHAYKUMN VHTEPECHO B TOM OTHOLUEHWW, YTO
cB06OAHaA 3aHeprus, BblAENAOLWAACH NMPXU CaMOMNPOU3BO/IbHON peakumu,
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B KOTOpoft yuacTByer HHAYKTOP, MOMET KOMNEHCHPOBATH 3aTPaTy
padors, Heo6xonumylo and oOpasoBandd BewecTs ¢ OOJLUIMM 3ana-
coM cBoSonuofi aueprui. Taxoh asnsercs H3ydenHas H. A. Ulunoenim
CAMOMNPOH3BONLHAA pPeaklHA OKHCAEHHA TPEXOKHCH MHEIIbAKA GpoM-
HoBaTOH KHcaoTOH. Yrolw peakuus oxucieHun As,0; GpoMHoBaTOMl
KHCAOTOHR Obila BO3MOMHA, HEOOXNOAHMO RPHCYTCTBHe B cHcTeMme Opo-
MHCTOTO Bojopoda. [1pn noakucaenny cvecy HBrO; u As,O; caabod
KHCJIOTOR peaKllHs MpakThHyeckH He nier. Tolbxo npu Godbmoll KOH-
LEeHTPAalHH BOAOPOAHBIX HOHOB OKasblBaeTcsd BO3MOMKHHM 00pascBaHHe
6pOMHCTOrO BOAOPOJAA NO PEAKLHK

. 3A3203 —+ QHBI'Oa —_— 3A5205 + 2HBr (a}

B Hauane peakuwH obpasyercs oYeHb MaJjo GPOMHCTOTO BOJOPOAA,
HO NOTOM peakuds oxkHcieHHs AsyOy camoycKopsieTcst NOj BJAHSHHEM
poapacTaoulero koaxdecrsa HBr. CkopocTs pcaklpH AOCTHraeT Mak-
CHMYyMa, KOrjla MNOJOBHHA Bcero KoJaHdecTBa GPOMHOBATON KHCJAOTH
OK&3LBAETCH BOCCTAHOBJACHHOMH.

Tlop AeficTBHeM BO3HHKLIETO OGPOMHECTOrO BOAOPOAA NPOHCXOANT
CACAYIOlUIHEe peakLHH, NIPHBOJsAIHe K peredepauu HBr;

HBrOs; + HBr — HBr0; + HBrO (1)
4HBr + HBrO 4+ HBrO;, — 3Bra + 3H,0 {n)
2Br; 4 As,0: -+ 2H,0 — As;05 + 4HBr (r)

B peakuuax (6) H (B) DpPOHMCXOZHT noTpebaexue GPOMHCTOrO
BOAOPOAA, 4 B peakKUHH (I') ero pereHepauHs, YTO OTKPHIBAET BO3MOXK-
HOCTH NOBTOpeHHs peakudi (6} # (B).

Kak BHAHO W3 3TCH CHCTCMEl PEAKIHH, MTH BOWIEAHM B PeakiHIO
mosiekynaM HBr cooTBeTcTByeT nosiBieHHe B pPe3yaLTaTe NpoLecca
wectd Moaekysn HBr, Takum ofpazom, npouece ASJAXeH HATH © CaMo-
yckopeuneM. Bech npollece okHcaenus Asy;O; npoMCXOAHT 3a cuer
Tpex peakuu#i (6), (B) u (r). YUro kacaerca peakuun (a), To oHa
MpOTEKAET OuUeHb MELJEHHO, HO ABAAETCA HeoOXONMMON AJS PA3BHTHA
nponecca. ATy peakiHIO MOXHO PACCMATPHBATH KaK PeakUHIO 3apoxK-
JeHH] Hpollecca, a pearuur (6), (B) H (r}) Kak peaKUuHH DPa3BHTHA
npouecca.

Peaxuusa (6) npoTeKaeT MelaeHHO, HO ObICTpee, yeM peakuus (a),
H ONpejesser CKOPOCTb BCEro npoHecca B LEJOM, peakuHd (B) H (r)
MpOTEeKaT GHCTPO.

TaxHm 06pa3oM, MH BHAHM, 9TO NMOJ AeACTBHEM MHAYKTOpa SBJSAIO-
nierocs cJabHM OKHCJHTeNeM, BO3HHKAIOT 6oJiee SHePrHIHHE OKHCMH-
TeJIM, KOTOpHE NMPOBOAAT IPOLECC OKHCACHHA odeHb OGnlcTpo. B atom
8aKMIOYAETCH NPHHIHNHAALHOS OTJIHTHE CAMOHHAVKTHBHHIX COIpSAXEeH-
HHX IpOUECCOB M, KAK YBHIHM JaJbliie, IleOHHX NpOLECCOB OT Karta-
JHATHYECKHX U ABTOKATAJHTHUECKHX. B KaTaJHTHUecKHX mpoueccax
HMEeTCY TOJIBKO OJHH THil YCKOpHTens — KaTaaHuszatop. Ou Asnfercs
He TOJbKO KOHEYHHM, HO H HCXOIHHIM MNDPOIYKTOM, T2aK KaK C caMmoro
HAYaJMa BBOJAHTCH B peaKuuir. B xofe CaMOMHAYKTHBHOIO COMpPAKEH-
HOTO MPOUECcca HHAYKTOD BO3HHKAET H3 HCXOJHHIX NPOAYKTOB H BH3H-
BaeT NOABJEHHE OYeHb AKTHBHHX XHMHYECKHX IIPOAYKTOB, XKOTODhI
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«MOMEHTANLHO® BCTYIAIOT B PEAaKUMH H OCYMIECTBAANOT TaKHe peax-
OHH, KOTopble fe3 HHX ObliH OH HeBOSMOXHH. HMurtepecho, 9To moJe-
KyAb npoMexyTounnx npoaykro HBr, HBrO, HBrO; asasioren
gacTaM# wrcxoanofl Mogexyau HBrQ,; Heo6xoaumaa ana HX BO3HHK-
HoBenHa pafora obGecneyHBaeTcs 3a CUET XHMHYECKOR HHIYKUMH.
BereneteBue TOro, 9To MelJieHHad peakUHda (6) OMMOJeKyIdpHA,
ee CKOPOCTh MPAMO MpPONOPUHOHAABHA MPOH3BeJEHHI0 KOHUEHTPauMi
6poMHCTOro Bofopoaa ¥ GpoMHOBaTON KHCJOTH, DTa peakuHs onpene-
JAsieT CKOPOCTb MpoLecca OKHCJAEHHS TPHOKCHAA MHILIbAKA H, CAeL0Ba-
TeJAbHO, ero KHHeTHueckoe ypaBHenue. [losToMy Moo HanHcaTtb

[As;05]/3f = k, [HBr] [HBrOs) (50)

O6o3uauum HauanbHyw KoHuenTpanni HBrO, uepes c;, a depes
¢ — ee BOCCTAHOBJEHHOE KONHYECTBO, T. e. KOJ#HYecTBO o0pasoBaBllle-
rocss Gpomucroro Bojopoia. Konueurtpauus obpasosaBmierocs nexra-
OKCHAA MLIILAKA, O4eBHAHO, GyaeT nponoplLHOHANbHA KOHUEHTPALHH
obpasywowmerocs 6POMHCTOrO BOJAOpOAa

3 {As;05)/0f = a 3 [HBr)/0f (1)

rae @ — k03 HHIHSHT NPONOPUROHANLHOCTH.
[Toatomy Bupakenne (50) MOXHO nmepenHcars B BAJE
dcldt =kelcy— &) {52)

(k n3-3a Kosp¢HUKENTAZ MNPOMOPUHOHANLHOCTH HMeEeT HHOe YHCJO-
BOe 3HaveHue, ueMm k;}. M3 Bupaxenus (52) serko wafiTH, OpH KaKOM
KOJIHYEeCTHe npopeardpoBasiieli fpoMioBaTod Kuchnore Gyger HafJio-
RATLCA MAaKCHMYM CKOPOCTH peaknHH. HHpgepeHudpys BupaxeHHe
(52) no KoHUEHTpPAUHH H MPHPABHHBAA NPOH3BOAHYIO HYJIO, NOJYUHM

€ ==yf2 (53)

4TO COOTBETCTBYET ONBITHHM AAHHBIM, ModydeHHbM [IIngoBuiM,

Ypaenenne (52) sBnserca npuGaHxeHHbM. OHO He MOXKeT ONHCH-
BaTh HavaJbnbiXx CTajHi Mpouecca, Tak KAk ¢caH ¢ =10, To npouecc
Boollle e MOMeT uayaTbcd. KOHCTAHTA £ B $TOM ypaBHEeHHH He HMeeT
$H3HYeCKOro CMbICIA, KOTOPEIA eff CBOACTBEH B OOLIUHLIX KHHETHUECKHX
¢opmynax. Oua He BHpaXKaeT HAYaJIbHOA CKOPOCTH npollecca mpH
eAHHHIE KOHLOCHTPAUHH. 3TO NPOHCXOZHT fOTOMY, YTO NPH BHBOJIE
ypasterna (52) ve yutena peaxuHs (a}, ¢ MOMoulblo KOTOPOH 3apox-
Aaetcsa npoMexyTounni npoaykt HBr M KoTopas npHBOAHT K peak-
UHAM P23BHTHS npolecca peakuun (6}, (B) u (r).

EcaH yuectb, 4TO [IpPOlIeCC MOXKET HAYaThCA, KOTAa B CHCTEMe
BOSHHKHET HCKOTOPOE, XOTA H OYelb N1eb0JblUDC KOMNHYCCTBO HHIYK-
Topa, W/AH, 4TO TO ¥Xe CaMoe, MPH YCAOBHH BBOJA B CHCTEMy «3a-
tpaBkii» B suge HBr, 10, ofosnavas 31y HebOLUIYID KONUUEHTpPALHIO

!

HBr uepes c;, 3anuuwem ypasHenue (52) B Buie
dcjot =k (co— ¢) (e — c) (54)
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Huterprpysa 310 ypaBHeHHe, NOAYTHM
) : c{, +e¢
== n
k (cﬁ- co) beg—c)

1

raoe
L4
b =-c0/co

Ecan ¢ » ¢y, a ¢,2> ¢ TO, nperebperas MaJbiMH BeJKYHHAMH,
HaXoLHM
I
f=——n - (56)

OTKynAa
c = gell®

Trne
u=(,‘ob =]lk00

M3 srOor0 NpHOAMIKEHHOro BHPAXKEHHS BHAHO, 4TO TPH [ ==7 Ko-
JIHYECTBO KOHEYHOTO NPOAYKTa BO3PACTaeT B € paa.

ConpsxeHHble DPEAKINHH IUHPOKO PacnpocTPaHeHHW B OpHpPOZe.
B oyeHL MHOTHX cay4qasX Mbl HMeeM JIeN0 C OJHOBPEMEHHO NPOTeKalo-
IHMH XHMHYECKHMH HIpoueccaMu (3To ocofenHo xapaktepho Aaa Guo-
XHMHYECKHX NPOUECCOB), H TOJBKO B PEAKHX CAYRafX OHH MPOTCKAIOT
He3aBHCHMO ApPYr oT JApyra. OpHako H3-32 GOJBUIHX TPYAHOCTEH
0o6HApYKeHHA NPOMEeXYTOYHHX pPeaKUHOHHOCNOCOOHBIX YACTHL, BO3-
HHKAIOMHX B XOAe Npollecca, MEXaHH3M CONDAXKEHHBIX peaklUHii noka
u3yden kpafine Hejocratodro. O6Imas TeopHs CONPHAXKEHHHX MpoLec-
coB, paspaborannas lHnoBbHM, MOXKeT GHITL pacnpocTpaneHa K Ha
_NponeccHl, TOAYYNBLIHe Ha3BaHHe LEMHBX.

FTABA VIl
HETNHLIE PEAKULHH

§ 1. OcHOBHLIE NOHATHA H NPHMEPH LEeNHbIX PpeakKuHi

Psia xuMHvYeCKHX peakuHfi npoTeKaeT TakuM o6pa3oM, u4To BHauaJe
B CHCTeMe OGpa3sylOTCs aKTHBHBIE YacTHUB, Yaule BCero cBOGOIHHE
ATOMB H PAAHKahl, KOTODHE H3-32 HAJHUHUA CBOGOXHHX BasleHTHOCTER
OdeHb PCAaKUHOHHOCNOCOOHB. OHH BCTYNAT B peakilnio, B Pe3yib-
trate KOTOpef pereHepupyrorcsa. TakuM o6pazoM, 3apoKAcHMe OUEHb
HeBOABIIOr0 YiCJa TAKHX PeaKIHORHOCOOCOGHKX YaCTHI[ NPHBOJAHT
K npeBpailieHnio 60Jb1UOro KOJHYECTBA HCXOAHHX TpoAyKroB. Takue
MpoueccH OBBITHO MPOTEKAKT LUHKJIHYECKH H UA3WBAIOTCA HEMHbIMU.
AXTHBHAA Y4acTHUR, PeredepHpOBaHHAs B KOHUE LHKJIA, DaeT Havalao
AOBOMY LHEAY, B KOHUE KOTOPOrg CHOBA MPOHCXOAHT perenepalHA
AKTHBHOR YaCTHHM,
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THNHIHHM NPHMEPOM LENMHOR PeakiUHH MOXET CAYNKHTbL peakuus
COelHHEHHN XAoPa ¢ BOAOPOAOM HA cBery. EciM ocBeTHTh HAa OuYEHb
KODOTKHAi NPOMEKYTOK BpeMeHH (Hampumep, HCKpo#) caech rasool-
pasHoro xjopa H BOAOPOAA, TO MPOHCXOANT B3PHIBHAA peakuua ofpa-
SOBAHHA. XJIOPHCTOrO BOAOPOAA. JTO OOLACHAETCA TEM, YTO BCJef 3a
37eMEeHTAPHEM (OTOXHMHYECKHM AKTOM, 3aKMQYaloUUMcsd B pasao-
¥eHHH NMOTNOTHBIIER CBeT MOJeKyJn XJ0pa HA ATOMBI, KaK 3TO 3Kc-
nepHMeHTaALKO OHJO 10Ka3aHO, NMPOAVKTH 3TOH NePBHYHOH peak-
IIHH — ATOMB XJOpa — H OPOAYKTbl BTOPHYHON peaKUHH — aTOMH BO-
A0p0Ja — BCTYRAKOT 8 AJAHHHYK Uelb peakKUHH ¢ MOJEKYJMaMH XJaopa
H BOJAOPOAA, He NOrNOTHBIIKMH cBeTa. CxeMa 3TOl peakudH, npejao-
xenuas Hepaerom, MoKeT ObITh 3anncaHa Tak

1. Cly 4+ Av — 2Cl 3apoxsenwe nenu®
2 Cl4+H, — HCI+H

3. H+ Clz —+ HC1+C1 } pa3BHTHE LET i

rae S — ynenAbHas NOBEPXHOCTS PEAKUHOHHCIO COCYAR.

B >Tofi cxeMe MOMHO BHIEIHTE TPH rpynnst peakuuii. B repryw
TPYNNy BXOANT NepPBHYHAA PeaKilHA [QHCCOUMALMH XJopa nojx nefi-
CTBHEM CBCTa — peakiHs 3apokaeHus nend. Xapaktepnofi ocobes-
HOCTHIO peakLuu ! ABiseTcd TO, 4TO OHA CO343eT aKTHBHLIE HMeHTPH —
atoMbl. CAeZyeT OTMETHTh, YTO aKTHBHHIMH LEHTPAMH MOTYT GHITL CBO-
Gomnee aTOMHI, KaK B DACCMATPHBAEMOR DeakuWH, H palHKanW HiaH
XHMHUECKH aKTHBHBIE MOJIEKYAbl, 006JMaalomne HIGHTKOM BHYTpeHHeH
3HeprHH.

Boayyukitkil aToMUBIH XJ0D MOMET PearHpoBarth C MOJEKYyASAPHHM
BOAODOAOM, NpHYeM obpasyercs aTOMHHA BOZOPOA, KOTOPHEH B CBOIO
oueperdb MOXMET pearHpoBaTh ¢ MOJEKYJAPiLiM XJA0pOM ¢ ofpasoba-
HUeM CHOBa aTOMHOro XJopa. JDTa Ipynna peakilhii, XxapaxTepuayemast
¢BOEH NOBTOPAEMOCTLIO, Ha3hiBaeTCA yennold peaxyued.

Takum ofpa3om, 110A BAHRHHEM HHHUHHpYOUIe# peakuhH [ BO3HH-
K4eT COBOKYMHOCTb CJAEAYIOWHX APYT 338 APYrOoM UMKJIOB, HA3WBAEMAN
yenow

Hz Clz Hg Gty
€l —+= H — ¢ —+ H — Cl -—

Peakupn (4 u 5) TpeTvell Ipynnel, KoTopLIe NPHBOAAT K rubedn
AKTHBHKIX YACTHU H NPH JAOCTATOYHOM HHTEHCHBHOCTH — K Mpekpauie-
HHIO LeNHON peaKuH, Ha3BIBAIOTCA peakyuanu obpeisa.

UuCaAo UHKAOB OT MOMEHT2 3apOKAEHHS Uend a0 ee ofphiBa HasH-
BaoT daunod yenu.

H3BecTHO, 9TO peKoMOHHAIRA aTOMOB Kak OUMOJeKy/aspHnfi npo-
Hece B O0beMe HEBO3MOMHA, NOCKOJBKY BHaensoweics npid o6paso-
BAHHH MOJEKYyJh 3HeprHi KOCTATOWHO JLIA PA3PLIBa BO3HHKLIER CBAM,

* 3Ta peakInf MOKET HATH A¢ TORBKO NOAL AefcTBiuem CHETA, HU M, HANPHMED,
oA NeACTBHEM TENNA,
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Has crabunnzaunu Bo3HHKaOUIEA MOIEKY/IH HEOGXONUMO NPHCYTCTBRE
TPEThEA HAaCTHUH, KOTOPOR flepesaeTcs H3GHTOYHas 3ueprus. Taxoi
TpeTbel YacTHUeHR MOTYT OHTh HIH MOJIEKYJH MOCTOPOHHErO BenlecTsa,
HJIH CTEHKH PeaKIHOHHOIO cocyaa.

[Ipu ManbiX napieHusiX aKTHBHHE NEHTPH FHOHYT Ha cTeHKaX, NpH
BEICOKHX — MPOHCXO/HT TPHMOJeKyaApHuA obpms. Hanpumep, Cl4-
+Cl4+M->Clh+M H+H-+M—H,;+ M. B npucytcToun KHeo-
pora oGpHiB UENH MOXeT NpoucxcoAnTs no peakunn H+ 0y + M —-
~— HO:Z 4 M ¢ nocaeayiomed ruensio HO; Ha creHkax WiH no peak-
uuy HO? + H-—H, 4 O,.

AnanorHyHHe NpoOlecch NPOHCXOAAT H ¢ aToMaMHK Xaopa. [losToMmy
ANA IeNHBIX peakuH# XapakTepHa 3aBHCHMOCTb CKOPOCTH peaku#s OT
YAeNbHOHR NOBEPXHOCTH PEaKLHOHHOrO cOCYyAa, OT HaAHUYHA NOCTOPOH-
HEro HIEPTHOIO BeUleCTBA H OT AaBJeHNd HAH KOHUCHTPALHH peard-
PYIOIHX BelieCTB, MPHYEM peakuus NPOTeKAET KAK B3PLIBHAR TOALKO
NO AOCTHXEHHH ONpeAe/eHHHX 3HAUCHHA AaBJeHHA (TAK Ha3blBaeMmnle
KPHTHUYECKHE NpelesH B3PLIBHLIX JaB/eHHA). 3aBHCHMOCTh CKOPOCTH
peakuHH OT JHAMETPA COCyAa H A0GaBKH HHEPTHBIX Fa30B XOTA H CJay-
JMHT NPH3HAKOM Uen#of peakusy, 10 3TOT BPH3IHAK HE ABIAETCH Heol-
XoguMbiM. Hanpumep, B neunux peaxkiudXx, KOrAa Uen# 3aposkAaiorcs
H r#bHYT HAa CTeHKaX, Takas 34BHCHMCCThE MOXET H He Hab/l0faTheH.

Brepsrie Mbic/Ib O BOSMOKHOCTH NPOTEKAHHA XHMHUYCCKHX peakUHi
MO MCXaHH3MY, KOTOPHIl Teneph HA3MBAIOT UEMHBIM, 6LL1a BLICKAa3ana
[. Y. MchaeneesniM 11pH 0OBACICHHA HM ocOoGeHHOCTENl peakuud OKHe-
JeHHS OKCHAa YI/epofa KMCAOPOAOM B NDHCYTCTBUH TNapoB BOAM.
{(Mendences /1. H. OcuoBu X)MuH, 2-e uaf, 1. 1. M, ——JI. TocxumTex-
uapar, 1932 r. c. 419, npuMeuanue 265).

Llennuie npoueccH chezyeT OTAHYATH OT KATAJTHTHYECKHX H aBTO-
KaTasJHTHUECKHX, XOTS PA3BHTHE NOCHENHHX TAaKXKe HOCHT MHKJIHYECKHH
xapaktep. OZHO H3 OCHOBHEIX OTAHUHA KaTAMHTHUECKHX peakuuii oT
LeMHHX 33aKAKYaeTCA B OTCYTCTBHH peakuUd® 3apoXKAeHHA LenH, Tak
K4aK OJAMH H3 KOMMNOHCHTOB NPOMEXYTOUHHX MPOAYKTOB MPHCYTCTBYET
B YHCJIE€ HCXOZHLX MPOAYKTOB H HOCHT HasBamue xarasusaropa. Kpome
TOrO, A KATAMMTHYCCKAX PeaKilufi BE XapakTepHH peaklHH oOpHBa
LenH.

Kpome Takoro pasjH4YHsA ULeNHBX H KaTaJdHTHUECKHX peaklUMi no
YHCAY M XapaKkTepy 3JieMEHTAPHBIX 3BeHbeB, CYLUICCTBYeT edl¢ OAl0
3HAYHTEJNbHOE: B [eMHHLIX [pOLEccaX OAHA peaKUHd, TNpoTeKkalomas
CaMONPOM3BOABHO, T. €. C YMeHbilleHHeM 3HepTHH NPOAYKTOB, MOMET
ofiecieuHTs 3Hepréed gpyrie peakiHd, HAYIIHE ¢  yBeJHYEiiHeM
3HEprHH.

BoabLIVIO posib B LENHBX XHMHUYECKHX peakLHAX HrpaioT cBoloi-
Hble aTOMB H pagnkaau. Diaarogaps HajH4HiO cBOGOAHBLIX BAJICHTHO-
cTefi 3TH AaKTHBIILE LEHTPH PeaKLUHH JETKo BCTYNAlOT B PEaKUHH C Ha-
CHILCHHBIMH MOJEKy/aM{, NpHYeM B pe3yianTaTe 3TOro B3awmonefi-
CTBHSl BCerja BO3HHKAWOT HOBHe pajHKaau. [lepHopHueckas percHe-
palsus CBOGO/HBIX PaAHKAIOB HIM aTOMOB B XOA€ PeaKUHH H MPHBOIHT
K UenHoMy MexanusMmy nponecca. Heemorpa wa To wTo npornecc o6pa-
30BanHA croO0AHOTO aToOMa H/AH pajHKana TpebyeT GoubIIOH 3aTpaThl
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SHEPI'HH, JIETKOCTh B3aHMOAefCTBHA CBOGOAHMX PAAHKANOB ¢ HACH-
[eILIMH MOJIEKYJ1aMH H pereHepals MPH 3TOM HOBhX CBOGOAHLIX
pPafHKaJ0B NPHBOJAT K TOMY YTO CKOPOCTH UENHOre Mpouecca MOMXEeT
GeITh GoJiblIe CKOPOCTH NMPOCTOrO HEUEMHOrO Mponecca. ITHM MOXKHO
OGBACHHTL GOJbLIIYIO PACHpOCTPaHeHHOCTb TAKHX XHMHUYECKHX peakuuil.

Ecan B pesyabTaTe OZHOrC 3/J1€MEHTAPHOrO aKTa BO3HHKAIOT IBA
HAH GoJee XHMHUECKH AKTHBHHE 4acTHIN, TO TaKoil MPOLECC HasH-
BACTCHA PAIBETBACHHBIM UENHolM npoyeccoM, UHCA0 aKTHBHHX LEHT-
pOB, a cJel10BaTeJbHO, H CKOPOCTh Npolecca B HaYalbHHH NepHOA
Bpemenn O6yAyT JaBHHOOOpPA3HO HApacTaTh AC HEKOTOPOro npeaena,
KOrJa H3pacXOAOBaHRe HCXOZHOrO BelleciBa HayHeT NPHBOAHTH K
YMeHbIIEHHIO CKOPOCTH NMpolecca.

[TpuMepoM Takoro mpouecca MOI'YT HBHTbCA PeakiHH CrOpParHA
yraesogopoaoB. Tax, npH "OKHCAEHHH MeTana BO3MOXKHA peakLHA
paaukaga HO7 , BO3HHRAIOILEro f1pH AOCTATOUHO BHICOKHX TeMnepary-
pax, ¢ OfHHM H3 NEePBHYHBIX MDOAYKTOB OKHCJEHHS — GopManblAeruaoM
H KHCJIODOAOM, B pesy/anTaTe KOTOpoR o6pasyloTesi TpH pajHKana
+OH no ypaBHenHIO

HO; + H,CO + 0y —» CO, + 3.0H

Ecan pasBeTBJieHHe NPOHCXORHT NPH KaXXAOM aKTe PeaKuuH, To
HMCGET MECTO PEeaKlHa ¢ CHALHO PasBeTBNeHHWIMH uenaMu {pHuc. 52, a).
[TpuMepoM Takoro THNA peaknmHK MOMKET CAYXHTh PeakUis OKHCJIEIHd
BOJAOPOJAA NPH HH3KHX JaBieHusx W Temneparypax okouo 900°C. [lpu
5TOM B pe3y]bTaTe ORHOTO 3/7€MEHTAPHOTO aKTa BO3HHKANOT ZBa pa-
IMKaNa, a B HEKOTOPbIX peakuHaX aroMibl ¢ JABYMR HEHACHIULEHHEIMH
BajeHTHOCTAMH (—O—), KoTopHle, BCTYNAs B PEaKUHIO ¢ MOJIeKYJO0H,
NPHBOAAT K BO3HHKHOBeHMi0 ABYX CBOGORHHX paiHKanoB, Peakuun
33pOXKACHHSA UMK IS 3TOFo Npolecca CAeAyIOllHe:

H+0; — «OH+4O
O+Hy, — -OH+H
«OH+H; — H;,0-+H

Pa3BeTp/ieHHe MOMKET NPOHCXOIHTDL HEe TOMLKO B pe3yibTale olpa-
30BaHHA JABYX HAH Goabllero YHC/A2 ATOMOB HJIH DANAHKANGB MOpH
rufenn ofHOTO, HO H NpPH peakuUHAX BO3CYKAEHHOH MONEKYJH Mpo-
IyXTa ¢ ofpa3oBahHHeM aTOMOB HJH PafHMKasoB. 3Ta peakilHsd MOMeT
6biTh HJM - peaklUHell MOHOMOJNEKY/1SPHOFO pacmaja 3ToH BO3OYyXMIAeH-
HOH MOJEKYAH, HAH OHMoneKyAspHOA peakuHefi ee ¢ Monexkynofl
nexoaHoro BemecTBa. Tak, oaua u3 peaxunfi ¢pTopuHposanka R 4 Fo—-
—RF 4+ F Hacronbko sk3orep-

MHYHa, YTO BO3HHKAOUIad Moae-
kvia RF ob6aanaer auepruei,
npeBocXCAALLER 3HEPrHIO CBA3H
R—F, nosromy Mojexyra RF ™
pacnajgaerc Mo MOHOMOJEKY-

Puc. 52. CxeMa pa3sBeTBAEHHHY LENHHX
TpoLeccos, & 4
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AAPHOMY 3aKOHY Ha paauxan. R n arom ¢Topa, uTO NPHBOAHT K pa3-
BETBAEHHIO [eNH.
Ilpn peakuun ¢TOpa ¢ METHAMOUHAOM HPOHCXOAAT PeaklHH

F 4+ CHyl —» HF 4« CH,I
+CH,[+F, — CH,IF+F, AH = 323 x]Ix/Mons

Ecan B Mosnexkyse CH,IF ocraercs Bess HiM 3HaUHTENLHAas YacTb
SHEPTHH, BHIASNAIOILEACH B PE3ysbTaTe pPeaklUHH, TO, IOCKOJbKY 3Hep-
rus cBasH C—I MHoro MeHpiue TenmJOTH peakuHH, BOHHKIIAA 4KTHB-
Haa Mojlekyaa pacnagaercd Ha pajgnkaa «CH3;F uw atom uopma. Peak-
uua Gropa ¢ MeTHJHOAMAOM [pOTeKaeT KAaK CHJILHO pa3BeTBJAeHHas
DenHAas peaklius,

Ecan pasperbaende NPOHCXOAHT He TNPH KaXKAOM 3JeMeHTapHOM
aKTe PEAKUHMH, a NMIIb H3pejKa, TO HMeeT MeCTo peakuHa ¢ pedxo
passerasennold yenvro. CxeMa ee npeicrasaeHa Ha pue. 52, 6. Ipume-
poOM Takol peakuHM MOMeT OhTh peakllisl OKHCJIEHHA BOXOpPOZA IIpH
BLICOKHX JlaBJIeHHSX H TeMnepaTtype okonao 500°C:

Ht0,+M — HO}+M
HO; +H, —» H,0,+Hu . 1
H+0; —» +OH+O
«OH+4+H; — HO+H
O+H, —» «OH+H

Peakuss H+4 O;— +OH 4+ O uger B 3THX YCAOBHAX MejJeHHee,
gem H -+ O; 4+ M- HOS + M, npuBoas K pelKHM Da3BeTBJAEHHAM.

HHorma peakuHH CTAaHOBATCA pa3BeTBAEHHHMH 3a cier 06pa3oBa-
HHA MAaJOYCTOAYHBHIX MOJIEKY/T NMPOMEXYTOHHOFO MPONYKTA PeakiHH,
KOTOpH® pacnajaiorcA ¢ obpas3oBanreM cBoGOAHEIX paiHKaAoB. Takue
peaklHH YacTO HA3HBAlOT DEAKUHAMH ¢ 8bIPONCOCHALM paseersae-
riem. B aTHX clyuasix pa3BeTRieHHS BcerZa peikd. IlpuMepoM momer
GHIThL peaklUHs OKHCJAEHHS MeTaHa, NPOTeKalias o cXeMe

«CHs +0; —» CH300-.
CHaOO o 4 CH; —_— CHaOOH 4. CH; HoT A

Bosnukalouufi nepoxcng Moxer ¢ HeScabulofi fofefl BePOATHOCTH
pacnagaThes ¢ obpasoBanHeM cBOGOAHNMX pafHMKaJdoB, YTO H MPHBORHT
K BHPOXKASHHOMY Da3BeTB/EHHIO, NPOTeKAWWEMy N0 caeiywuied
cXeme: '

CH;00H -— CH;0-+4+OH
CH;O+ 4+ CHy — CH;OH + + CH,
'OH+CH.| —_—r .CH3+H20

Ilepoxcra Moxer pacnajaTbCsi H JPYTHM OYTeM, HampHMep:
CH;00H —» CH,0+ H,O
Ecnn e B pe3yibraTe peakltmH BO3HHKHOBeHHs uenun obpasyercs
CBOOOANLIA PAAHKAJ HJIH aTOM ¢ OQHOA ¢BOGOAHON BAJEHTHOCTEIO, TO

lenn 6yayT Hepa3BeTBJAEHHHMH, KaK MH 3TO BHLeNH HAa NpHMepe peak-
MHHE XJ0pa € BOAOPOJAOM,
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Besikas peakuna MoXKeT HATH KAaK MO MeXaHH3My Neperpynns-
POBKH CBf3eH, TAK H 11O LEMHOMY c 00pPAa30BalHeM H yd4acTHeM B Mpo-
necce cBOGOIHHX aTOMOB H pajnka/icB. BepoATHoCTL LemHoro Mexa-
HH3Ma Gonpllle, TaK KaK paguKanH o6aanaioT Gospluefi peakUHOHHOH
CNOCOBHOCTHIO H NPH peaKIHH OJHOBAJNEHTHOTO CROGOAHOIO pajiHKanaa
¢ MOJeKy/oll cBOOOAHAN BAaJNEHTHOCTb He YHHUTOXaeTcsl, YyTo obecie-
ulBaeT pa3BHTHe IeNH.

Hanpumep, peakuus pacnajia aleTajabjeruia, npoTeKawluas B ra-
30BOH daze npu TeMnepatype ~ 500°C, Moxer HATH IO MOJEKYJIAp-
ROMY MeXaHH3MY HeNOCPeACTBEHHOTO pacliafia Kamaofl o10e/bHOR
MOJeKyAH ¢ 06pasoRaHHeM MeTaHa H MOHOKCHIA yraepoja

CHsCHO — CH, 4 CO
H [0 HeNHOMY MeXaHH3My ¢ o6pasoBaHHeM CBOGOLHHIX PajfHKAJIOB

CH;CHO —» (:,‘Ha 4 HCO 3aPOKAEHHE UEnH
CHy 4+ CH;CHO —»> CH,y + CHyCO passuthe memn
CH;CO — CH;+COm T 2
(.‘.Ha+ éH; —>» CgHs 06puB nenn

XoTa meTadbHBII MeXaHH3M 3TOH peakuHH HeIOCTATOYHC H3y4eH,
BCE XK€ ONWT MOKAa3aHBdeT, 4YTO peakuHdA NpotexaeT IO leMHOMY Mexa-
HH3MYy. HecmoTpst Ha O4eHb Manyw CKOPOCTb 3aPOXKJAEHHS lend, Len-
HaA peakilHs OKa3biBaeTcd BO MHOrO pa3 Gojee OulcTpoil, yeM npocTas.

JpyruM npHMepoM, MNOKa3WBAWOWIHM BO3MOXKHOCTh OPOTEKAHHA
peaklHH o MOJEKYJAAPHOMY HJH UeNHOMY MeXaHH3IMY, ABAACTCA peak-
nua o6pa3oBaHiA rajoreHosoopofoB. Kak MH Bblllle BugenH, peak-
LuA oOpaz0BaHHs XJOPHCTOrO BOJAOPOJa H3 MOJEKYASAPHHX XJopa
H BOJAOPOA2 TpOTeKaeT KaK THNHYHAS Hendas peakuHs. B cayuae
peakLis 6poMa ¢ BOJOPOACM BCJAEACTBHE 3HIOTEPMHYHOCTH peakLKH

Br+H; —» HBr+H, AH =628 Hx/Moab

ANHHA Lenefi MHOro MeHbOle, YeM B peakUHH XJOpa C BOJOPOAOM.
Peakuus Hoda ¢ BOJOPOJOM MPOTEKAaeT M0 MOMEKYAAPHOMY Mexa-
HH3MY, ABASACH THIHYHHIM NpHMepoM GHMOJEKYJIAPHOR PeakimHH. ITo
NPOUCXOAHT BCIeACTBHe GO bWOR SHACTEPMHIHOCTH MPpolecca

I1+H; —> HI+H, AN w1381 JDx/mons

OG6pasyolmnecd aTOMK HONAa PeKOMOHHHDYIOT B MOJICKYJH, He
ycneB BCTYNHTh B PeaklHio ¢ MONEKYNAPHHM BOAOPOJLOM.

IlenHnIMH peaKUHAMH SBJAIOTCS MHOTHe D[pOLECCH OKHCJEHHS
W ropeHHs, KPeKHHTa, NOJHMEPU3ALHH, TaJA0reHHPOBAHHS H Ip.

OubT NOKasblBaeT, 4TO MPH HarpeBaHHH NapoB YIVNEeBOACPOJAOR
ocofeHHo npH Hu3koM japneHyu (~0,13—0,27 kIla uan nAuxe) 06-
pasyloTca  cBoGolHbe paadkaan. [loaToMy B8 OCHOBY OGBACHEHHA
KHHeTHKH KPEKHHra yraeBoAopoAcB OblIa TOJIOKEHZ Hjes UEIHOro
XapakTepa INpouecca ¢ yyacTHeM CBOOOAHEX paAHKanioB, HOO CXeMH
peakuHi ¢ ydacTHeM CBOOOAMHX PajvKaloB XOPOWO COrnacyloTcs
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€ ONLITHHMHA AAHHHIMH O BBIXOA4X KOHEUHHX MPOAYKTOB pPa3sAH4YHON
OPHPGAH,

Hanpumep, npH KkpekuHre fponaHa pepBHe CTaHH Lpouecca Mo-
Iyt ORITH CNeNYIOUHMH: '

CHsCH,CH, —» CHyCH; + CH,
CHsCH, — CH,CH,+H

Tlocsie wero HAYT peaKUHH ¢ y4acTHeM MeTHJALHOrO pajHKaja
CHsCH,CH; + CHy —» CH, + CH;CH,CH,
CH;CH,CH, —» CH,CH;+ CHs u . 2
H peakKuuy ¢ yuactHeMm aToMa BOAOpoaa
CHsCH,CH, + H —» Hj + CHsCHCH,
CHCHCH; —+ CH;CH=CH,+H u . n.

MoxHO NpeAnoNOXMTE H pasaHYHHE ApPYTrHe npokleccH. Ho ua
NPHBEACHHON CXeMH TeYeHHA PeaKUHR BLITEKReT (PaBHILHOE COOT-
HOUIEHHe MEXAY KOJHUECTBAMH BOA0DOAA, MPONHJIEHA, MeTaHa H 9TH-
JeHa, KOTOphE fABIAIOTCA KOHEYHHIMH NPOAYKTaMH TePMHYECKOro Kpe-
KHHra nponaHa. EciM npeanosoXuTh, 4T0 BEPOSTHOCTL pa3phiBa CBA3H
pasua exp(—E/RT) (rae E — sHeprus cBa3H), TO BHYHCJEHHA MOKa-
3WIBAIOT, 4TO NPOAYKTH pa3aoxewHa nponana npa 650°C poaxun
cogepxartp no 19,5 % sonoposa u nponuneda u no 20,5 % wmertana
R 5THJeHa. JKCNepHMeHTaJbHHEe HaHHble NOK23HBAIOT, 9TO NPH ITOM
obpaayerca 21—22 % Bogopoaa, 28—31 % Metana u 47—50 % 3TH-
JeHa H nponuieHa B cyMMe. Kak BHAHO, cOrJacde pacyeToB ¢ OMNHT-
HEIMH AaHHBMH xopoluee. HecMoTps Ha GOJBIIYIO 3HAOTEPMHYHOCTD
npouecca cbpajoBaHHA CBOGOAHWIX PAAMKAJIOB, KOTOpas COHaMepHMa
€ 3JHeprieli pa3pHBa cOOTBETCTBYMoUHleH CBA3H, T. €. HMeeT O0OPALOK
gecaTkoB KII#/MOMb, OTHOCHTeNbHAA JerkoCTb OCYLIECTBJEHHS Mpo-
MEXYTOUHHX 3BeHbeB AesideT BenHofi npolece 3HauHTeAbHo Gosee BH-
TOAHHM, YeM NPOCTO# MOHOMOJEKYAAPHBIR pacnaj N0 pPeakuHAM

CiHs —~» CHy+H,
CiHs — CH, 4 C:Hy

HurepecHo orMeTTh (nogpobHo 3T0 6YEeT UOKA3aHO HUKE), uTO
enHas cxeMa TeyeHls peaKUHH TepMHYECKOro DAa3JOoXKeHHA YriaeBOXO-
poooB NPHBOAHT BO MHOIBRX cAy4dadX K ypPaBHeHHIO KHHETHKH, COOT-
BeTCTBYIOUIEMY PeaKUMU 0epBOro NOpAAKa.

Boablioe NpakTHYeCKOe 3Ha4eHHe HMeOT IllenHbie peakUHH MOJH-
MepH3aluuy. B nenoM psge cayuaeB OHH NPOTEKAlOT C YYaCTHEM CBO-
6OAHHX pajlKaloB. Takafd NOJHMePH3aLHA HONYUHJa HasBaHHe pa-
Ouxassnod.

CeoGoaHHe paZHK&JiH, KOTODHE BHAaYyaj€ BO3NHKZIOT Npd pacnajie
HHHLHATOPOB, BXOAAT B COCTAaB MOJEKVIAH TOJTHMEepPa B BHIE KOHEYHHX
rpynn, Ilpu 3ToM UenH HMeiOT BelllecTBeHHMWH Xapaktep, Hnuna uend
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pPaBHA YHCIY MOHOMEPHWX 3BeHbEB B MOJeKkyJje nonauMepa. OGpHB
TaKHX BelLleCTBEHHBIX DeNeR NPHBOAHT K 3aBepleHHIO mpolecca obpa-
30BaHHA MakpomoJsekya. O6phis UenH MOMKeT NPOHCXOAHTb B Pe3yiih-
TaTe CTOJNKHOBEHWA PearHpyIOllel Henu ¢ pajuKal0M, BCIEACTRHE Hero
HacelawnTca cBOOOAHKE BadeHTHOCTH. CTOJAKHOBEHHE DamHKaJOB MO-
¥eT npHBecTH K OOPHIBY Uenit H3-3a mepexoja aToMa BOZOpOAa OfHOH
pearHpyioulefi llend K APYTroH, B pesy.braTe dero Npekpallaerca pocT
o6eHrX MOAEKYJ, TAK KaK ¥ OJHOA MOJAEKYAbl BO3HHKAET IBOMHAA CBA3h,
a Jpyras CTAHOBHTCA HachlmeHHoH. OGDHB UenH MOXeT OuTL cJaed-
CTBHEM CTONIKHQBEHHA DacTyllero pajJHKafna ¢ MOJEKyJaMH pPacTBOPH-
TeJs, MOHOMEpa HJH NOJHMepa; B pe3y/bTaTe 3TOTO CTOJKHOBEHHS
HachllaeTcss cBOGOAHAA BAaJEHTHOCTL JAHHOTO PajgHKana H obpasyerca
HOBH! ¢BOOOAHKHA PalHKaJ, HAYHHAWINHA HOBYIO UENb peakuuii. 3ToT
npolece HA3HBaT nepenocom Yenu. [lepenoc UenH MOXKeT NPHBOAHTHL
K Pa3BeTBJEHHIO HdeNH H o5pa30BaHHI0 TAK HA3BLIBAEMEIX TPEeXMepHHX
MOJIHMEPOB.

HapectHo a0BOABHO OOMBIIOE YHC/O UENHBIX peakUHA, KOTOpHe
MOr'YyT OHLIThb HHHUHHPOBAHH B pe3yabTaTe HeGOJBIIOTO A0GaBJAEHHA
BellleCTB, ¢nocofcTByOmuX o6pa3oBaHHI0 cBOGOAHLIX paiHKaJIOB, HJH
B pe3yJbTaTe TOrO, YTO 3TH BellecTBa, pacnagasicb, caMH o6pasyioT
cBOGOIHBE paAHKAJE, KaK 3T0 Halmnwjaercs B cAyuyae NEPOKCHAOB
IpH NMOJMMEPH3AUHH, HAH B pe3y/bTaTe XHMHUECKHX peaKUHil MHHIHA-
TOpa ¢ PearHpPYIOLIHMH BellecTBaMH, KaK, HalpHMep, YCKOPeHHe peak-
UHH COeQHHEHHS XJOPa ¢ BOAOPOAOM B TEMHOTE B NDHCYTCTBHH [14pOB
HaTpus. ATOMM HATPHA PeaTHPYIOT C MOJEKYJAPHHM XJopoM ¢ ofpa-
30BaHHeM HAcHIIIeHHOH MOJEKyJH XJOPHIAa HaTPHA H aTOMOB XJ0pa
no peakuud Na 4 Clo— NaCl 4- Cl.

MHoOrHe peaKUHH OKHMCJAEHHS YI/eBONODPOAOB NMPOTEKAIOT NO Wen-
HOMY MeXaHH3MY C BHIPOXHCHHLIMH DPA3BeTBJIEHHAMH H fO3TOMY YacTo
HMeloT 00JbliKe MepuoJk! HHAYKLUHHA, KOrja CKOPOCTh PeakudH HeHs-
MepEMO Mana. B Xunkodl dase (Hanpumep, 0OPH OKHCASHHM napas
tuua) nepHoAH HMHAYKIHH HHOTIA ROCTHralor cored dacoB. [IpuGap-
JAeHHe K cMecH HeOOJablIOro KOJHYecTBa OKCHEOB a30Ta yMeHbluaer
nepHoA MHAYKUHH Onarogaps GoJjiee OHICTPOR reHepalluH DajHKAJIOB,
"BO3HHKAIOUIHX B pesy/braTe PeakUHH OKCHAOCB as0Ta ¢ YIVIeBOLOpO-
namu. OxkcHAL a30Ta JAOCTATOYHO BROAHTE TOJBKC B TeueHHe HeGOMb-
HIOTO MPOMEXYTKA BpeMeHH, YToOH peaklds HAuajachk, a 3aTeM oOHa
paspuBaeTc CaMOCTOATENbHO. [eHepanmio pajiHKanoB, Kak Oyjaer
NMOKAa3aHO HHXKe, MOXHO BH2BaTh K AefiCTEHEM pa3JHYHOIO THNA
H3JYyUeHHH.

Peaxunn, WHAUHHPOBaHHBe no6aBjeHHEM BEUIECTB HJH Bo3AeH-
CTBREM H3Ny4YeHHu#, CNOCOGCTBYIOIIHX NOABJEHHIO DPANHKAJOB B CH-
cTeMe, HA3HBAIOTCA UHOYWUPOBAKHMMIL UENHOIMU PEAKyUsMU.

BoaHHKHOBeHHe PAJHKAJIOB He BCErfa CONPOBOXKIASTCA BO3IHK-
HOBeHHeM LeHOT0 XHMHYECKOro fnpolecca. Bee 3aBHCHT OT PeaKUHOH-
nofl criocOBHOCTH BO3HHKAIOUIHX PAaJHKAJOB H OT TeMJoBoro stdekra
Tofl peakuud, B KOTOPYX BCTynmaeT pafAHKad Tak, npHOaBierue
K CMECH XJ0pa ¢ BOJOPOJAOM KHCAOPOAA ¢nocodcTByeT oOpLIBY UenH.
B npHCYTCTBHHM KHCJOpPOAA aTOMH BOLOPOAA BCTYNaloT B peakilio
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H4+0,+M-—->HO;« + M (rie M— mo6as gacthua), obpasys Ma-
NnoakTHBHEA pagHkan HQOZ, HecnocoGHHA npomonkath uenb. Pa-
Aukann HOZ? pexoMOHHHPYIOT B ofbeMe HAH Ha cTeHKax. dpyrum
NPHMEPOM MaJIOAKTHBHOTO PAaJAHKaNa ABAACTCH ANAHALIHEA panukan
+CH; — CH = CH3, 8 xortopoM . cBo6oAHaA BaJEHTHOCTh COMpAKEHA
¢ ABoHHON cBA3LO. BBeieHWe nponHiena B CMeCk YILJeBOAOPOAOB,
YUYACTBYIOUIHX B HENHHX peaKUHAX, NPHBOAHT K oOpWBY lenwH, TakK
KaK MpOTHJEeH, peardpys C aKTHEHHM paJHKAaJOM, NpeRpalilaeTcs
B HHEpTHHH aNaHABHBIA pagukan. MajoaKTHBHLIM pagHKAJIOM #B-
aferea 0 NO. Panukan MOxeT 0KasaThCsd MAJOaKTHBHHM H TOT/A,
KOTJa peakliHs, B KOTODYIO OH BCTYNaeT, 3aMeTHO 3HjaotepMHuna. [Ipu-
MEPOM MOKET CAYXHTb aTOM HOMA B peakunn Hp + L.

Jns uennblx peakuuif 0YeHb XapaKTepPHO fIBJAE€HHE OTPHIATeJBHOTO
KaTajiH3a BellecTBAMH, COSAHHANLIHMHCA C AKTHBHHIMH MepeHOCYH-
KaMH peaklHH H BEISHBAIOUIHMH OGPHIB Leny.

Hanpumep, npy pacnage yriesoJ0poaoB AKTHBHON 4YacTHUedA AB-
NARIOTCA aJKHJbHHE PAXHKAJbl, KOTOPHE MOTYT pearHpoBaTh ¢ OKCH-
KoM a3oTa nmo ypaeHeHHlo +CHj; 4+ NO-— HyO 4+ HCN. 3ta peakuus
NPHBOAKT K OOPHBY LellK H TOPMOJKEHHIO pPeakLHi pacnaja, YTo CHH-
WaeT CKOPOCTL peaklMH B 1eCATKH pas.

Peaknunn okHejenus MHAKHX YIJEBOAOPOLOB TOPMO3ATCA (enoaom,
aMHHAMH H APYCHMH BelllecTBaMH, HA3LIBAeMHMU un2uburopamy,

llBapy names, 4To NpH NHPONH3E OPraHHYECKHX BelUECTB B TO-
TOKe [IpH HH3KOM AaBJeHHH B 6oJjbuiOM R3OEITKe TOJNYOoNa obpasyio-
mdecs palukansl PearupyloT no cxeme

R + C4HsCHs —» RH + CoH;CH,

BeHsunbHBle pAfHKANH DEKOMOHHHPYIOT B MOJeKyny AHGeH3H.a,
Ilo koaHyecTBy oO6pasoBaBulerocsi AHOEH3HAA MOXHO ONpPeAEAHTL
yHCcAo OGPA3OBABILHXCH PaJHKaJO0B, a aHAJH3HPYyA npoayktel RH,
HIeHTHOHUHDPOBATL MepBHYHO O06pasyiollHecss pajHKaldb. TaK Kak
SHepTHS aKTHBAIHH TePMHUECKOIO pasjioMeHHd Ha PAJHKANH, KAK yXe
6H10 CKa3aHo, paBHA 3HePrHH CBH3H, 3TOT METOA MOXKET CAYyMHThb
cnoco6oM onpefeseHHsl SHePrHH cBA3ed B OpPraHHYeCKHX MOJIEKYyJNax,

IlepBiivHLIM npoleccoM NPH TAKOM IMHpOAH3e ABAACTCA pacnan
HCXOAHHX MOJekyd RR’ Ha pajAHKa/ b; BTOPHYHHMH HPOLECCAMH HB-
JAKTCH PEAKUHH B3aMMOZERCTBHA 3THX PAAHKAA0B ¢ NOIABHMKHBIMH
aToMaMHi BOJZOpOoXAa B MeTHABHON rpynne toayona. [lpd sroM obpa-
sylotcs KoHeudwe npoayktel RH, R‘H u aunGeHana B pesyabraTe pe-
KOMOGHHaluuy GeH3HABHHX paaukanop. VcueanoBenHe panukanos R
¥ R’ B pe3ynbTaTe B3aHMOACHCTBHR ¢ TOJYOJAOM H Majas aKTHBHOCTD
6enanapHoro paaukana «CH;CgHs AenaioT MaJOBepOATHHM LenHoR
Mmexanuam peakunn. Ilo3ToMy H3 3aBHCHMOCTH CKOPOCTH peakUHH OT
TEMIEpaTYPH MOXHO HAfTH ee 5HeprHI0 AKTHBAHUHH, KoTOpas paBHa
aneprdu csa3u R—R’. 3TOT MeTox HMeeT OrpaHHuCHHS. JUEPTHA LHC-
COLMAILHE TOAYONAa Ha BOZOPOA M OeH3MABHHA DaJHKad COCTaBAfeT
3473 k/Ix/Moan, noatoMy aneprus cssisn R—R’ ponxuna O6HTH cyule-
cTBeHlio MeHpmie (He Mexee yeM Ha 41,8 k/Ix/Monp) sHepruu nmcco-
uHauuy roayosa no peakuun CgHsCHg— «CH;CsHg 4 H. Toapko nps
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STOM YCJIOBHH MOXKHO npeHebperaTh peakuueli pasfoMeHHs TOMYOJA.
Kpome Ttoro, #eo6xoxAMo, 9To0H X0TA OH ONHH H3 pajgHKaiaoB 6oLl
HACTOJILKO BHCOKOAKTHBHBIM, YTO6H Eo3HHKaluHe Moaekyau RH wan
R'H wuMenn rennory auccounauna Oonswe gem 347,3 kIx/Monn
H, CJel0BaTeNLHO, ABJAAJHCE YCTOHUMBHMH [POIYKTAMH PeaKiHH.

lenHHMH peakKuHAMH HBJAIOTCA peakKIOHH JReneHmns U, 23U
1 2°Pu. B npouecce feneHHA Apa ypaHa HAH NJYTOHHA, BH3BAHHOTO
3aXBaTOM HeBTpPOHA, NPOHCXOAHT BHIAEJIeHHE HEe TOJBKO 3HAYUTEJh-
HOTO KXOJHYECTBAa 3IHEPTHH, TO TAKXKe H HEKOTOporo uYHcjaa (oT ABYX
[0 TpPeX) HeHATpOHOB. JTH HeATPOHH 3aXBATHIBAIOTCH APYCHMH SApaMH
ypaHa HAH NAYTOHHA, KOTOPHE NPH ONpeleNeHHHX YCAOBHAX HadH-
HAlOT AejATheH, KaXanf HeATDPOH B CBOK OuYepelh MOXKET BH3BaTh
JdefleHHe OAHOTO figpa ypaHa Hau nayToHHs. [Tostomy uncio HefiTpo-
HOB, BO3HHKAaIOWHX B De3yabTaTe JAeJeHMA, BOIPACTAET B TEOMETPH-
zeckofi nporpeccuy. Takum o6pa3oM, ecan Om npeobiaajgawomee LHEAC
HEATPOHOB MeNeHHA MOMHO OHJ0 6H HCNOJLIOBATh S HOBHX AKTOB
JeNeHHA, MLl HMend OH JaBHHooOpasHoe HapacTaHHe 4YHCJAA Aeas-
IHXCH aTOMOB H, CNEJOBATEALHO, UHCAA HEATPOHOB H BHIensoUiedics
SHepruH, T. . HMeJAH G THNHYHHA pa3BeTBACHHHE Opolecc, B KOTO-
POM POJb NIPOMEXYTOUHOrO BellecTBa HrpaloT HeATPOHH. JTOT mpolece
H HCHOJL3YeTCH [TPH NOJYYEHHH ATOMHON SHePTHH.

§ 2. da#Ha uenu u BeTBH

JAns xapakTepHCTHKH LENHHX NPOIecCOB Ba)KHOE 3HaUeHHe HMeer
MOHATHe NJHMHE LefnH M ANWHN BeTBH. J{Auna yenu paBHa WHCIY peax-
unfl, BOSHHKAWILHX BCAEACTBHE MEPBHYHOIO BCTYIJIEHHA B PEaKIRIO
OIHOH MOJEKYJld NPOMEXYTOUHOrO NpoAykTa. Berymiewwe oanoi mo-
JeKyAn NPOMeXYTOUHOrO TNPOAYKTA2 B NEPBYD peakuuo (uaId nep-
BHA UMKJI) jdaeT B CPefHEM o HOBLIX MOJIEKYJ NPOMEXYTOYHOrO Mpo-
Aykra. BCTYNHE cHOBa B peakuHio, OHH AalOT O MOJEKYA TOro ke
NPOAYKTA U T. A. B cayyae npocTuiX, Hepas3BeTBJIEHHHX LENHHX peak-
IMA © MOXeT GHTh TOJMLKO MEHbIUE HJIH PAaBHLHIM elHHHIE. Takum o6-
pa3oM, ofmee yuc/Io peakiuft, T. €. JJIUHA LENH

I=14+o0+o*40’+ ... =1/l—0 )

Ecan @ = 1, 1o BCTYNJIeHHe B peaxuHl0 OAHOR axXTHBHOAR YacTHUH
NMPHBOAHT K pereHepalli Takie OAHOA axkTHBHOA uacTHuMW. [laHHa
Iend MpH 3TOM, KAK BHAHO H3 BHMpameHHs (1), pasHa GeCKOHEUHOCTH.
[Tpouecc sBasierca craunoHapHbiM. Ecin ke o <C 1, To B pe3ynasTaTe
BCTYIVICHMSE B DEAKUHI0 OIHOH 4KTHBHOA YacTHUBl pereHepHpyeTcs
MeHblle, yeM ofHa. B stom ciyuae, o4eBuaHO, npouecc Syaer 3aTy-
XalouMM, H AJHHA LEeNH TIPH TOM, KaK BHAHO H3 paBeHctBa (1), Oy-
Jer Gogblle eiAHHHUH. JIIMHY LenH MOXXHO ONpeleNHTh M KaK OTHO-
IIEHHE CKOPOCTH 06pa30oBaHHA MPOAYKTA PEAKIHH K CKOPOCTH HepBHY-
HOR yOBIA AKTMBHHX YacTHU. Jlerko ysh3JeTb, 4To 3TO ONpede/ieHMe
corJacyerca ¢ AaHHHM BHIue, [efcTBHTENbHO, NYCTh 33 NPOMEXYTOK
BpemeHn Af ofpasoBanoch Aa Mosiekyn KoHewHoro npoaykra. [lpa
STOM HMeJa MecTo VORI An MO/eKyJ DPOMEXKYTOYHOTG OPOAYKTa.
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Cornacho nocaeAHeMy onpefenenyio ANHHA HeNy paBHA

Ecau npouecc sBAsieTcs UENHHM, TO HMEET MecTo, XoTa 6b yac-
THYHO, pereHepalisa MDOMeXyTouiorD NpoLyKTa, T. €,

An = An’ — An” 3

rae An— nabniofaeMan yGuAbL MoJeKyl NPOMeMYTOUHOrO NpoAykTa; An’ — nepady-
Hag yOuJb MOAEKYA TOro Xe NpOAYKTa;, An” — KOAHUECTBO pereHepHpOBAHHEX MO+
AeKy MpOMEXYTORHOrO BPORYKTA.

Moacrasaas (3) B (2), nonyuum
I = Aa/{An’ — An™) 4

Pasgeaum uucauTenb W 3HaMeHaTeab BHpaxenns (4) na An’ npu

S5TOM
Aa/AR = | (5)

TaK Kak 4aule BCEro OQHOR moru6iuel MoJiexyne MpoMeXyTouHOro npo-
BYKTa cOOTBETCTBYET ofpasoBanHe OIHON MOJIEKYAH KOHENHOro npo-
AYKTa.

OTroneHRe
An"iAn’' = o (6)

NOKAa3LIBAET KOJHYECTBO MOJIEKYJ MPOMEXYTORHOIO MPOLYKTA, BO3IHH-
KaloLHX B pe3y./ibTaTe rHOeNH OQHOH MOJMEKY/IH NMPOMEXYTOYHOrO Hpo-
aykra. [loncrasass (5) u (6) 8 (4), noayunm cooruomenue (1).

Jns pasBeTBJEHHLIX UeNHHX NPOLCCCOB @ > 1, B, ¢Aed0BaTENbHO,
Bhipaxende (1) K 3ToMy THOY npoueccoB Henpumenumo. OnHaxo
MOXHO BOCNIONBL30BaTLCA BupaxenneM (4). Tax kak ana sToro cayuas
An” > An/, To nosysum, 4ro BeamuHHa [ < 0. OrpuparesnpHrle 3pa-
qeHna [ He BEMelOT QH3HYECKOro CMhICIA, HO OHH MOTYT XapAKTepH30-
BAaTh HaJHUHe B CHCTEME pasBeTBACHHOrO LEMHOTO mpoliecca, Mpore-
KaIOIIero ¢ CaMOYCKOpeHHeM.

Ecan o Gonplile egudHub, TO A0COJIOTHOS 3HAYeHHe BeJHUHHH [

({l=1/{w—1) @)

RaeT ViKe He ANHHY Lenu, a AXHHY BETBH, T, €. YHCJHO NEPBHUHHX
S/IeMEHTAPHHX DEeaKuWil, KOTOpHe MPOH30HAYT AC MOMeHTa pa3Bers-
JIEHHA, KOTfld KOJHY4eCTBO AKTHBHOTO NPOAYKTA BO3pacTeT Ha OAHY
yacTHRY. JTO NOATBepXKAaercA BhpaxeHHeM (4). 3anucaB abconrioT-

Hoe 3HavYeHHe [;
| 1] == Aa/(An” — An’) (8)

HEeTPYIHO YBHIETh, UTO eCAH An” — An’ = |, TO _
{f|=Aa (9)

T. e. / cooTBeTCTBYET UHCAY MOJEKYJ KOEeYHOro mpoiaykra, o6pasyio-
HIErOCH ¥ MOMEHTY pa3BerBjeHBs, KOTAa BO3HMKAeT OAHA YacTHUA
IPOMEXKYTOUHOIO MPOAYKTE,
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O6uvHO B pa3BeTBJAGHHHX NpOILECCaX HApAAY ¢ PeakKIHAMH, B KO-
TOPHLX MOABAAETCH BMECTO OAHOA BCTYNHBIIGH B PeakUHi0 ABe HJH
6oJlee MONEKYNl GODOMEXYTOYHOTO MOPOAYKTZ, MOPOUCXOAHT mpoctaf
peresepalus, 0OpH KOTOPOH B3aMeH OJHOH BCTYNHBIIEA B peaklHIO
MOJICKYJ Dbl PereHepHpyeTca TOJbKC OOHA MOJEKYy/aa MPOMeXyTOUHOTO
npooykra. JnnHa BeTBH Kak pa3 H NOKA3HBAET, CKOJAbKO [POCTHIX
pereHepalHit NPOHCXOAMT B CPelHEM MeXAy ABYMS Da3BeTBJEHHAMH.
UYen yanle BCTPEYalOTCA Pa3BETBJEHHS, TeM Kopoue GYAET A/MHHA BETBH.
Ilpu cniomb pazBeTBAeHHOH UenKH @ == 2, AJHHA BeTBH papHa l.

§ 3. O6puB uenn

Kak yXe cKasaHo, OZHHM H3 NpPOLeccOB, MPHBOAAWAX K OOpPHIBY LenH,
fABAsfieTCA 3aXBaT cBOGOAHMIX paAHKajioB creHkofl. [lpouecc ofpmiBa
LeNH B 3TOM CJiydae fIBJISETCH TeTePOreHHHM H CKJaALIBAETCA H3 ABYX
npoueccoB: a) AH(pPy3HH PAAHKANOB K cTenke H 0) 3axBara pa-
avKana creHkofi. Donee MelseHHBIA W3 3TEX MPONECCOB ONpene/ser
CKOpOCTh Beero npollecca B LeioM.” Ecan meianeHsHM nponeccoM
aBasiercs Aup¢y3us, TO npouece o6pHBa Ienn Ha3uBaerca Jupgy-
BUOKHLIM, €T0 CKOPOCTh ONpeensieTcss CKOPOCThIo AHMDY3HH cpoboa-
HHX PafHKaNOB K cTeHke. EciH Xe MeaNeHHHM TNpOLECCOM ABAAETCH
peakliua B3a2HMOIeACTBHA PaAHKa/i0B CO CTEHKOH, TO CKOPOCTL 06pHBa
OIpPeAeIAeTca 3TOH CKOPOCTbIO H He 3aBHCHT OT CKOPOCTH audPysHH.
Takum obpa3om, JAHMHTHpYIOWeHR crafHedl ABAAETCH KHHETHYeCKas
cTaJHA, H OGPHIB Ha3biBAeTCA KUHETUYECKUM 0Dpoigom. KHHeTHYecKHH
0oOpHB peanu3ycTCA, KOUAa BePOSITHOCTh NPHAHIAHAA aTOMa WJH pa-
IHKaJla K CTeHKe NPH COyAapeHHH ¢ Hefi menblie 10~°. B stoMm cayuae
MPOHCXOAHT Gojlee THICAYH COYAAPeHHN aTOMa MJIH PaLHKaJa cO CTeH-
KOM, mpexcae yeM npousoiifer ero rubeanb. [loatoMy MoikHO ¢ jpocTa-
TOYHBIM NPHOJHMEHHEM CUHTAaTh, UTO KOHUEHTPAUH# ATOMOB HJIH pa-
JHKaJ0B B 06beMe CTAILHOHAPHA, T. €, He 3aBHCHT OT BpemeHH. Uucao
yZapoB 4TOMOB HJH PajHKAJOB B €IHHHUY BpeMeHH O CTeHKY mJo-
mazsio § 6yaeT paBHO

; RT

n=n Sl s (10)

rie 1 — oflllee YHCAC aTOMOB HJAH PajHKaloB B eaHmiue ofvema; T — alcoaoTHan
TeMnepatypa; M — MoasHAs MaccA 2TOMOB MM PAdKKSJOB.

Ckopocts rH6eNH aTOMOB HJAH PajiHkanos GyleT paBHa Npcl3Be-
NEHHI0 YHCa YAAPSIQUIHXCA aTOMOB HNAH PafHKAJAOB O CTEHKY B e/(i-
HHIY BpeMeHH Ha BepPOATHOCTb NMPHJIHNAHHA e, T. €. Oylxer paBua n'e.

CkopocTe 06pa3oBaHHA aTOMOB HJAH PBINKAJNOB B elHHHUY Bpe-
MeHH B exuHute o6beMa 0003HAYHM W, TOrAa YHCA0 BO3HAKAIOHI{HX
aTOMOB HJH pajuKa.aoB B oGbeMme cocyna ¥V Syaer pasuo Vw, Kax
y#e CKa3aHO, H3-32 MaJofi BePOATHOCTH rHlenu pPAaIKKAaJoB HA CTeHKe
yCTaHaBJAHBAETCA CTallHOHAPHOE COCTOSHHE, T. e. CKOPOCIL BO3HHK{O-
BEHHA AaTOMOB HJH pPaAKKa/J0B CTAHOBHTCA paBHO® CKOPOCTH MX
rabenu;

Vw,=n's (11}
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Moxzcrapnas B (11) Bupakenue (10), nafinem, 4To UHCIO ATOMOB
RJIH PaiHKasoB B o6beMe B cTaumHapHou COCTOSIHKH PaBHO

~ V (12)

2o (B
CaenoBaTesbHO, YHCAO THOHYWIMX PAJHKAJ0OB B COCYAe OGBEMOM K
MAOLaAb0 CTEHOK S B eAHHHNY BPeMeHH B KHHETHYECKOH o06JacTH
(cm. ra. XIII, § 12) npAMO nPOMOPUHOHA/IBHO AJOLIAJAH NOBEPXHOCTH
peakllHOHHOTO cocyla. Kpome Toro, ckopocTh oGpblBa 3aBHCHT OT
& — BCPORTHOCTH 3aXBaTa cBoGoAHOro pajnKaaa. ITa BeJHUYHHA 3aBH-
CHT OT MaTepHaJ/la NOBEPXHOCTH CTEHKH K H3MEHAETCA NPH pasaMyHOH
obpaboTke nocaeaned. Tak kKak cxopocTh LeNHON PeaKUHH IPAMO Npo-
NOPUHOHANIBHA YHCAY AKTHBHHX HacTHll, T0, K&K BHAHO H3 BHPaXKeHRA
(12), ona okasuBaerca o6paTHO npanopunonanbnoﬂ YAeJALHOH NOBepX-
HOCTH S peakKLHOHHOI¢ COCyaa.

Peakuun o6pbiBa uUenH, CKOPOCTH KOTOPHX MPAMO MPONOPLHO-
HAJbHM KOHUEHTPalHH cBOOOAHKWX PaJWKaJa0B, Ha3wIBAIOTCH peak-
IHAMH Aunelinoeo obpwsa yeni. KuHeTHuecKMA OGDHIB Ha CTeHKax
PeaKUHOHHOrO coCYAa ABAAETCA JnHeARbiM. JIHHefiHHE 06pHB Halm0-
faeTcd H TOrZa, Korja paiaHkan ruOHeT 3a CUET B3aHMOAeHCTBHA
C BaJeHTHO-HACHIIEHHHMH ATOMaMH, eCJH B pesy/ibTare obpasyercH
MaJOAKTHBHHH pafHKaJj, Wik 33 cYeT B3aHMOJNEHCTBHA ¢ HOHaMH Me-
TaAJOB NepeMeHHOH BaJeHTHOCTH. B mnepsoM cayyae ofpasoranne
MaJIO2KTHBHOTO pajAHKasja MNPHBOAHT K HHrHOHPOBAHHIO UEHOTO
npoiecca,

[pu auddysroHHOM OOPHBE CKOPOCTE rHbeJH PalHKAJIOB HA
CTeHKE BeJIMKa H BEpPOSITHOCTb NPHJHNAHHA aTOMa K CTelNKe GJH3Ka
K eauntne. CKopocTh oOpbiRa UenH JuMUTHpYyeTca auddysHeir aToMa
HJIH pangvKa/da K creHke. B 3ToM cayuae B ypaBHenwe (13), onpeae-
nsollee TOXHOE H3MeHeHHe KOHLEHTPaluHH PaAHKaNoB B JaHHOM 3Jje-
MenTe 06bema, BXOXHT BelRuHHa DVn, xapakTepH3yiollan H3MEReHHE
KOHHUEHTPALUHH cBOGOAHLIX PafHKaJOB B 33XaHHOM SJeMeHTe ofbeMa:

3njot = DVn + wo — wp {13)
rie D —xosdpduunent auddyaun; V = 0%d%x + 3%/9%y + 3%/0*z — oneparop Jla-

IAACA; 7 — KONHeHTPALMA 4TOMOB HAM PaliHKano@; We H Wp—— CKopoctd obpa3osa-
HHA H PACXOIOBAHHA CBOGOAHMX paAnkancs B olbeme.

Crporoe peuwenne ypasHesus (13) ouenb caoxuo. Jenas pasmHy-
Hee Ynpoljalouiie NPeANoJONKEHHA, MOXHO DPHATH K HHTEpPEeCHHM
npubAHKeHHHM COOTHOUIeHHAM. Hafzeno, HanpaMep, 9TC KOHCTaHTa
¢KOpOCTH 06pHBA HeNH AA HUHAHHAPHYECKOrO COCYaa paBHA

1
(p/8D) + (2p/ea)
Tae p— pagHyc coCyAa; # — CpeaHfia CKOpOCTh RTOMOB B/ paAHKaJIO0B,

M3 pupaxenns (14) sHaHo, uro ecau p?/8D > 2p/ed, 1o

k= 8Djp? (15)
¥, cAEeA0BATeNbHO, £ HE 3aBHUCHT OT BEPOATHOCTH 3axBaTa cBOGORHHIX
PanHKanoB MOBEPXHOCTLIO cTeHKH. OGaacTh sHauenu# D), oTmevawmasn

k= (14)
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YXa3aHHOMY HeDaBeHCTBY, coorBeTctByer [H(dyanounoft obnacra,
Ecan xe Bropoe caaraeMoe B 3sHaMeHaTeJe Buipaxenna (14) Goawlre

nepBoro, To
k=2d(2p (16)

H oOpBIB LenH OyZeT MPOHCXOAHTbL B KHHETHYECKOR OOJACTH, TaK KakK
npH s1oM D umeer Goablline 3HAYEHHA.

Ucenepopaune ypabuenns (13) npH PasJHYHHX YNPOLIAIOUIHX
MPeRNONOKEeHUSX MOKa3hBaeT, YTO B C/1ydYae COCYLoB ceprHueckol
dopMb 3(eKTHBHAA KOHCTAHTa CKOPOCTH OGpLIBA LenH Ha CTeHKe
paBHa :

E 1

= @*/15D) ¥ (4p/3ed)

3HanHe 3aKOHOMePHOCTefi ofpHBa LeNH NO3BOJAET YCTaHAB/AHBATD,
OT KaKHX 0apaMeTpoB H KaK 3aBHCHT CKOPOCTb HemHodl peakuun. [a-
JNee OyAeT MOKa3aHO, 9TO HAa CTeHKaX NpH ONpefefieHHHX YCAOBHAX
NPOHCXOAHT He TOJAbKO FHOeNb aKTHBHHX YaCTHI, HO H WX TeHepamUMA.

O6pHEB LeNH MOXKeT NPOHCXORHTh H B pe3yabTaTe HacHILIEHHA CBO-
GOAHBIX BAJEHTHOCTEH MNPH B3aHMONEACTBAK ABYX CBOCOANHIX palHKa-
JoB. B 3ToM cayuae o6pHIB UenH ABASETCH peaKlHedi BTOpOro Io-
psiaka. B cayyae, ecaH CKopocTs OGPLIBA LENH OKA3HBAETCH MPAMO
NPONOPUHOHAALHOH TNPOH3BEJEHHIO KOHLEHTPAallHH pafHKaJOB HJIH
KBajpaTy KORIEHTPAlHH OAHOTO H3 PAJHKAJOB, OHa HA3WBAaeTCH peak-
nueli ksadparuxnoeo obpsea yenu. KBaapaTHuHWA oGpHB HENH xa-
pakTepeH AAs peakuHfi B xuzkofi dase, Korga AuddysHs cBOSOAHEX
PajHKaJOB K CTEHKAM 33TDYAHEHa.

Eciu peakuds o6pHBa onpegeasercs peakuHedl TOMNLKG OAHOTO
panMKaaa, TO B CTAIlHOHAPHOM COCTOAHHH, KOTAAd CXOPOCTb 3apoxie-
HHS lenH paBHA CKOPOCTH 06pbIBa, NPH JHHEAHOM O6pLIBE KOHIEHTpA-
nHA cBoGOAHHX PAAMKAJOB GyjaerT NPAMO NPONOPUHOHANLHA CKOPOCTH
33pOX/IEHUA LeNH, a NPH KBAaJpaTHYHOM O6pbIBe KOHIEHTPauUAA CBO-
60aHHX pafHKanoB OydeT NpsMO MPONOPIHOHAJIbLHA KOPHIO KBajpaT-
HOMY H3 CKOPOCTH 3aDOXAEHHA CBOOOAHLIX paiHKaJOB.

(1n

§ 4. Kunernka Hepa3BeTBAGHHLIX IENHWX peakunit

Ecan B BHpaxeHHR (2) BeqnurHH Aa W An onpeneasts a1g At =1,

TO
Ad=uw (18)

TAe W — CKOPOCTh PRaKIUH.
Mogctasaasa (18) B (2}, naxoaum _
we=1IAn (19

Ecan KakuUM-HHOYIER cnoco60M MOMXKHO ONPEAeHTh [JHHY LenH
H YKHCJIO MOJEKYJ aKTHBHOIO NpOAYKTAa, 00pa3yloliuxcsa B eAHHHILY
BpPEMEHH, TO JleTKO HAaHTH CKOpoCTh XHMHYeCKOR peakuud. Bce sens-
YHHH, BXOAfIIHE B NpPaBYID 4YacTb DaBEeHCTBA, SABJARIOTCA (YHKUHef
BpeMeHH, [Mocne HeKOTOPOTO ficpHOAA, B TeyeHHe KOTO]JO]."O {IPOHCXOOHT
3apoxJeHHe Lenel, pPeakuHA NpPOTEKaeT CNOKOHHO ¢ MOCTeNeHHO
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yMeHblIawoueficA CKOPOCTHIO, T2K KaK 0 Mepe YMeHbIeHHA KOHIeH-
TPalUKH peardpyioulHXx BeLlecTB YMEHBLIUAETCA YHCJIO CTOJKHOBEHHH
H, CAEIOBATENbHO, BeJHYHRH [ H An.

Jnuxy uenu ¥ uHcao ofpasyIoLIHXC AKTHBHHX YaCTHI B eIHHHUY
BpeMEHH 0COGEHHO JErKo ONpejesHTh 18 HepasBeTBJAeHHHIX UemHLIX
OTOXHMHUYECKHX peakuHii. [JKHHa llenH AJAA 3THX peakUHH paBHa
KoNxYyectBYy o6pasoBaBIIHXCA KOHEUHBIX MPOAYKTOB, OTHECEHHHX K OJ1-
HOMY [NOIMIOIIEHHOMY KBaHTY CBeTa, a 9YHCAO o0pasylowHxcs B elH-
HHLY BpPeMeHH aKTHBHEIX YacTHI MOXHO HalTH, 3Had YHCIO MOTJO-
NEeHHHX B e/IHHHIlY BPeMeHH CBETOBBIX KBAHTOB H yPAaBHeHHe peakHUHH
nepBHYHOTO POTOXHMHUYECKOrO mpolecea.

CKOpOCTb HEPA3BETBIEHHAX UENHHX PeaKHH# OONYHO NOITHHACTCA
NPOCTHM KHHETHYSCKHKM YPABHEHHAM, HO NpPH OOALUINX 3HAYEHHAX
AAHHE {leNH KOHCTAHTA CKOPOCTH TAKHX peaklHH HMeeT aHOMaJbio
6oJibllIoe 3HAYEHHE.

Jns pacyeTa NpoCTHIX LeNHBIX PeaKUHR IIHPOKO MPHMEHSIOT NPHH-
OHN ¢TauMoHapHoCTH Bomenmrtefina. BoiBoZ KHMHETHWYeCKHX ypaBHeHu#l
He fpeAcTaBiseT OOablIOro Tpyla. TPYAHOCTb 3aKIOUAETCH B TOM,
5T0 B MOAABAAKIIEM GOJBIUHHCTBE CJAyYaeB JeTalbHHA MexaHH3M
peaknWH HeHapecTeH. [IpaxkTHYeCKH He CYILeCTBYeT MeTOAa COCTABAE-
HHA IeNHOR CXeMBl, OJJHO3HAYHO YAOBJETBOPAoUlel 3MIHPHUSCKR Hafl-
JEHHOMY KHHOTHYeCKOMY YpaBHCHHIO peakuHH. OGHIYHO cHavaja €o-
-CTABJAIOT BEPOATHYIO CXEMY, 4 MOJYYeHHOe U3 Nee ypaBleHHe PeaKUHH
CPABHHBAOT 3aTeM C OAHHLIMH ONHITa. PaccMOTpHM HexoTOpLle NpH-
MepBl TAKHX peakiluil.

Peakuua ofpasoBanusa ¢ocrena

nporexaeT KAK HEpPa3BeTBNCHNAA LenHas peakilHs. Oua oﬁpa'rpma,

HO NMPH AOCTATOYHHX CTENEHAX NPEBPALICHHA NPOTEKAET CO CKOPOCTEIO,
onpeAcaA0Iedcs npHOIHMKEHHO YypaBHeHHeM HeoOpaTHMONA peaxiHiu:

3{COC1,)/3f = R[CO] [Cl,)" (20

310 ypaBueHHe MOXHO MOJYYHTb, NPEANOJOKHB CACAYIOWHE Me-
xanu3M peakuHH. [TepRHYHEM MpoLeccoM 3apOXICHHA LelH ABIfeTcs
6uUMOJIEKYIApHAA peaKUda AHCCOUHAlHH XJa0pa

&
ClLi4+M — 2CI4+ M (6)

rie M — moGas sacruua (Cl;CO man nocToponHEro raza), npH CTOJAKHOBeHHH C
KOTOPOR MPOHCXOAHT Tepeflaya SHePruH, NOCTATOUNOH AAR AMCCOUHAKMH MOJEKYAR
xnopa.

3aTeM MPOHCXOZAT peaKUHH PA3BHTHA LCNH

CO 4 Cl —> .COCl (8)
k
. COCl 4+ Cl, — COCI, + Cl (r)

B pesynbTaTe 3THX peaKkLHH PereHCPHPYIOTCH aToOMB Xaopa. Kpowe
TOro, MPOHCXOAKT peakiun pacnaja paauxaia »COCI

k.
.COCt —> CO+Cl w
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B pe3y/nbTaTe KOTOPOW KOHLEHTpauuMsi aTOMOB X/1opa CTaHOBUTCA 6osee
BbICOKO, YeM KOHUeHTpauus pagukanos -COCLl. 310 npusogut
K TOMY, YTO pPeKOMOMHAUWA aKTUBHbIX 4acTWL, MPOUCXOAMT TNaBHbIM
06pa3om 3a CYET aTOMOB X/0pa B Pe3y/ibTaTe TPOWHbIX CTO/IKHOBEHWIA

Cl+ Cl+ M —— * Cl2+ M (e).

CkopocTb 06pa3oBaHMs (pocreHa, cornacHo peakuum (r), 3anu-
LLETCA Criefyrowym obpasom:

4 [COC12)/<d/= kr[. COC1] [C12] (21>

Ona onpefeneHusa KoHueHTpauuy pagvkana »COCL Hanuwem KuHe-

TUYECKVEe YpaBHEHWS 006pa3oBaHUA aTOMHOro xjopa W pagvkana

*COCL:

-~ j = kt[C1Z[Mj+ h [+COCI] [C1Z + h [+COC1] - k2[CI] [CO]- h [C1]qM]

(22

9[C°Cl = k2[CI][CO] - h [+ COC1] [CI2] - kt [ COCl] (23)

Cnycta HeKOTOpoe BpeMs MOC/ie Hayasa npouecca KOHLUEeHTpauuu
aTOMOB Xnopa W paavkanos *COCL 6yayT CTauMOHapHbIMKU, MO3TOMY

A[CLY31=0 wu d[-COCI]/dt= 0

CknafbiBad npu 3TOM YCoBUW ypaBHeHve (22) c ypaBHeHvem (23)t

Moy4mm
bIC1[M]-M C1]2[M] = 0 (24)
oTKyfa

[cI] = [c12] (25)

M3 BblpaxkeHWs (23) € y4eTOM CTalMOHapHOCTU HaxXoauM
[+ coc1] = /¥ C1] [COJ/(*3[C12] + ii4) (26)

W, NOACTaBNAA B 3TO BblpaKEHWE KOHLEHTPaLMIo aToMOoB X/opa
[hopmyna (25) ], nonyyum

¥[co] fe Ci
[ coc1] = [N]'Y(&/E?][ q (7>
MoacTasnsaa sBenmunHy [-COC1] B ypaBHeHue (21), Haxogum
A[COC12] = k2 [CO] Wikjkr,) [CT23 (28)
dt k$ b K2[C12]

JT0 ypaBHEHVE NEPEXOAUT B MNPUBEAEHHOE BbILE 3MMMPUYECKOE
(20), ecnv NONOXMUTb, UTO
kt i3 [C12] (291

T. €. JOMYCTUTb, UTO peakuus (4) MpoTeKaeT BO MHOrO pa3 ObicTpee
peakuyy (r). 3TO [OMyLUEHWe BMO/HE BO3MOXHO, TaK Kak peakuus
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{r) tpebyer 3amernofi SHEPTHA AXTHBAUMR W MPOTEKAET He MPH KAX-

aoM cronkHoBeudd, a paaukan COC| orxocaTednHo HeycTORYHMB.

Jauia uwenu gns peakilBH chMTe3a QocreHa, COTJIacHO oripeaele-
HH10, 6yler paBHa

= kal+ COCII[Cly] _ kal- COCI) _ ks [CO +/{C1

ky [CL,] [M] ke [M] ko A Fiks [M]
Kak nokasuiBaeT onuT, ANHHa menr O6au3ka & 1000, 7. e. okoao
1000 monexya docreda ofpasyetca Ha OAHH norHOGwrf atoM XJjopa.

(30)

§ 5. Tepmuuecknit KpeKuHr yrieBoAGPOAOR

HurepecHofi paguKaanAo-ReNHOA peakiyef,, umeioiiefi GoJpuwoe npak-
THYECKOe 3HAaueHHe, ABJKETCHA DeaKlind TEPMHUECKOTO KPeKRHTa yrie-
BOJOPOJOB.

A5 PHBOAa ypaBHeHHs! KHHETHKH PeaKUHH HCXOINAT oOnidHO JAHOO
H3 3HAHHMA [eTaJbHOrO MeXaHH3Ma paccMaTpuBaeMofl peakuuu, T. €.
BCeX 3JIeMeHTApHHX NIPOLECCOB, H3 KOTOPHX OHA CKJIAAWBaeTcH, JHOO
H3 HeKOTOPHX OOIHX Ka4eCTBEHHHX coobpaxeHHA, coraacyluHXcs
¢ onurtoM. [lepBHft nyTh NPAKTHYeCKH HEeBO3MOMEH, TaK KakK, 3a
HCKJIOUEHHEM HEKOTOpPHX pPeakudfl B paspemxelHbX miaaMeHax (cM.
ra. [11, § 7), Aervansbuufi Mexanuam nojasasiuiero GoabHIMHCTBA XU-
MHYECKHX peakuufi HeuspecteH. [lostomy peanpHHM ABNfeTCA TOMRKO
BTOpOA 1yTh.

K BHIBOLY KHHETHZECKOTO YPaBHEHHs TePMHUSCHOTO KPeKHHTa yrie-
BOJOPOAOB MOXHO MOJAOATH, KakK 3T0 §blio nokasano I'. M, ITanueHko-
BoiMm B B. §. BapanoBuM, ¢ AByX ToueK 3peHus HA NpoLeECC 3apoxKie-
HHS Uenefi, KoTopue NPUBOAAT K GopMaAbHO OAHHAKOBOMY THRY OKOH-
9aTeJbHOrO YPaBHEHHSA.

Peakuna TtepMHyeckore KpekHHra 8 ofumeM BHIe, eclH 0 ee
KHHeTHKe CYAHTE 00 TpPEBpPALIEHHI0 HCXOOHOMO BENIECTBA, 3aNHCH-
BpaeTcH clefylomEM o6pa3oM:

A —s vA +vAo4 ... FviAn

Ecan cuurats, uTo HauGosee MeIneHAOH CTaZMell ABAAETCH peax-
HHA B3aHMOAefCTBHA HMelolINY HeOOMbLIYIO MACCY PajHKasaoB, BO3HY-
KalIHX B MpOLECCe PeaKIUHH H3 WCXOJAHHX BEIIECTB, ¢ HCXOAHLIMH
MOJIEKYJIAMH, TO CKOPOCTb PCAKIHR TePMHYECKOro KpeKuHra Gyaer

w=~k{R]{A] (31

O,LIHEIKO He RCKJI09eHa BO3MOXKHOCTbL npoTeKauus npopecca H 1o
ApyroMy MexaHusmy. Ecan ywecrth, 4TO BO3HHKalOHUIHe ¢BoGOAHHIE pa-
ARKaJH OPH J10CTaTO4HO OOJbLUIMX LABJEHHAX, UPH KOTOPWX NpPOBO-
IOHTCA KPEKHHT, Jerke rHOHYT, a CKOpPOCTh BO3HHKHOBEHHH PajiHKaJIOB
B pe3yiabTaTe pacilana HCXOAHBIX MOJeKYn MaJja H3-3a BRICOKOR 3Hep-
THH aKTHBalMu 31OTO mpouecca {~30 kIx), To CKOPOCTh KPEKHHTa
Gynet onpelensThCH CKOPOCTHIO APOLECCA pacnana HCXOAHBLIX MoJe-
KyJl Ha cBOOORHBIE PAZKKANH H CKOPOCTBIO MPOIECCa BIauMOASHCTBHA
PajHKAJOB ¢ HCXOAHBIME MOJIEKYJAAMH, T. €.

wy =& [A] + & [R][A] (32)
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KoHUEHTPALNIO PEAHKAIOB, BXOAAWYIO B Bupaxenns (31) u (32),
MOXKHO HafiTH, NOJb3ySACh NPHHUKMNOM CTALHOHAPHOCTH, H3 paccMoTpe-
HHS 1IPOLECCOB BO3HHKHOBEHHA H rHOeNH PALHKANOB.

PagukaZl MOTYT BO3HHKaThL 3a CYeT TpeX HpOLeccOB: GHMOJEKY-
JAPHBIX CTONMKHOBEHUH HCXOAHHX MOJIEKYJ, MOHOMOJAEKYJIADHOTO pac-
naja HCXOAHBIX MOJIEKYN H percHepalHd B peayabTaTe pPeakuHH pa-
AHKAJMOB ¢ HCXOIHBIMH MOJIEKYJaMH.

Pagukanul THOGHYT B pe3yJbTaTe PeaklLHH B3auMOJefCTBHH C MO-
JeKYAaMH HCXOJHOFO BellectBa H 3a cueT peKomGunauuu. Ilepsas
peaKilHd NpPHBOAHT K BO3HHKHOBEHHIO DaJHMKanoB ¢ GOJIBIIOA MoJje-
KyJAspHOH Maccoll, KOTOpHe B pe3y/nTaTe pereHepaunH pajHKana e
MeHbIUeH MOJIEKYJAApHOH Maccoil INpeBpamIalOTcd B KOHEYHHIE Npo-
IYKTH (HanpHMEp, B AJKeHH, eC]HH HCXOAHLE TNPOAYKTH aJKaHH).
PexoMmGuuanna Majo BeposATHa H3-34 GOJbUIOA KOHUEHTPAOHH HCXOA-
HblX NPOXYKTOB.

Cxopocth peakiuH# o0pa3oBa#HHA PajiHRANOB, 64/ Y9ecTh npo-
uecchl 3apoAeHHA R THOeJH palMKaJoOB, parHa

Wy =Ry [A] + ki [A] — k4 [A] [R] (38)

TAe Ry W k) — KOHCTAHTH CKOpOcTedl 3apOMJeHHA PajHKafoB B pe3yabTare Gumo-
AEKYAAPHMX CTOVIKHOBEHHR H MOHOMOMeKY/RPHOro pachaia; ky = ks — & (#5 — Kom-
cfdHTa CKOpPOCTH perelepalliH paAKKanos; % — KoHcTaHta oROpOCTH HX TIuOelxn B
pe3yabTate BSauMOAeNCTBHA € HCXOAHLIM BELLECTBOM).

Coraacuo NPHHIHDNY CTAUHOHAPHOCTH CHOYeTA HeKOTOpOe BpeMs
nocje HavaJsa nmpoluecca

[Ipa sToM ycsoBHH H3 pasencrBa (33) noayynm
(R]= 2 [A] + £ (35)

Hoacrasass (35) 3 (81) m (32), HaxonumM
w; = k{1 + k5 [A]} [A] (36)

rae 8 caysae noacraueskm (35) B (81), A =kk /k, a ki=k /R
& B caydae noactaHoBkH (35) B (32)

K o b+ ok [y ky == kokyf(kk, + kgh,)

Peirute BONIPOC, KAKGMY H3 NOAYYAIOGIIHXCA ABYX YpaBHEHHH HaL0
oTAaTh NPEANOYTEHHE, MOXHO GYAET TOJBKO NOC/]e AeTadbHOTO U3yue-
HHfA MEXAHH3Ma TePMHYECKOro KpeKHHra. Il peiueHus NPakTHUeCKHX
3ajay BHoJHEe AOCTATOYHO ypaBHeHus (36).

Ecan peakund ofpa3ongHHsl pajHKANOB 32 ¢YeT GHMOJeKYISAPHHX
CTOJIKHOBERHA HCXOAHBIX MOJIEKYJ HE HrDaeT cyllecTBeHHON poawm, T. €.

OUeHh MANQ, TO NEPBHM CcJAaraeMblM B HpPAaBOH YaCTH p&BEHETRA
(38) MmomHo npeHeBpedn M, esesoBaTeNbHO:

[R] == k1fR4 (37)
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Bupaxenne (36) npm 9TOM mepexoAHT B ypaBHeHHE KWHETHKH PeaK-

LHHA NepBOro nopsaaxKa
wy = k' [A) (38)

OHo cnpapeAssBo, eciH KPEKHHI NPOTeKaeT MpH MaJjbLlX AaBJeHHsX,
YTO NMOATBEPKAAETCH ONLITOM.

Ecnu M0xHO npeHefpeun peakuuesi MOHOMOMCKYJAAPHOFD pacnana
HCXOJHBIX MOJeKyJ Ha paJHKaau, T. €. ecjH %, OueHb Mana, TO H3
pupaxends (35) noayuaem

[R] = (ksfk4) [A} (39

H ypaBHEHHE CKOPOCTH TepMHueckoro Kpekuura (36) nepexoaur s
YpaBsHeHHe KWHETHKH peakliud BTOpOrc Nopaika

@, = &'ky A} (40)

Takoro THDA. ypaBHeHHE TePMHYECKOrO KpEKHHTa JOJIKIO CO0T-
BeTCTBOBAThb, NO-BHAHMOMY, HEBHICOKHM TeMMepaTypaM KPeKHHIa.

Kak nokaselBaeT ONWT, KHHETHKa TEPMHUECKOTO KDEKHHra, MPOBO-
Xumoro mpd Aasaennax oT 101,3 no 5-10° x[1a mpu 500-—600°C, xo-
pouro corsacyeTca ¢ ypasHeHHeMm (36).

Ecin TepMHuUecKHil KDEKHHT QCYLIeCTBaseTcs B TMOTOKe (B [po-
MBIUJEHHOCTE 3Ta PeaKUHSA BCEraa OCYIUeCTBANETCS B MOTOKe}, Ypas-
HEHHe CKOpOCTH, corsacHo ypaBHenuws (171) ra. I v ypasuenuio (35),
3anKmeTcs B BHAE

dx ’ ’
mo—oar =* {1+ kyea} en (41)

Ecan TepMuueckmii KpPeKHHr MpoTeKaeT B rasoBoii ¢dase npu He-
SoJIBIINX A3BNEHHAX, TO MOXMHO CYHTATh, 9TC K DeardpymolHM Be-
mectBaM W NPOAYKTAM pPCAKUMM [PHMEHHMHE 3aKOHW HAeAJbLHHX
razos. Torna

ca= {1 —x) p/(1 + Px) RT (42)
FRe X — KOJHWECTBO pAachaBmIeroc BelllecTBa A Ha JayHOM PACCTOAHME OT Hayajaa
PeakIHoOMHOR 30HHN; fl = v, 4+ va-} ... —1; p— obiee papreHue.

JOna kpekHHra moA BHICOKHM fAaBJeHHeM HeoGXOTHMO YURTHIBATH
OTKJIOHeHHE Ta30B OT HAEaJhHOCTH.
MMoncrasnas (42) B (41), nonyaum

de P [(1~x)(|+ﬁx)m'+k;;u—x)fp] “3)
Tood =* RT T+ P27 RT
PaSIlEJIﬁﬂ nepeMeHHse u HHTEFpHpYﬂ, HaX0oauM
(1 +8)2 1 T(1—B)n 1
— =+ [ g (248 =28 )[inim 4
% 17 {1—BpPn m . K
~Ea = [_____m+n —ﬁ(2+ﬁ—~—u-—-ﬂ)]lnmm re e D
r'Ae
m = RT + kgp (45)
A= BRT + kyp (46)



Ho
Inmtatxinm4 %x 4N

nostomy, noacrasasa (47) s {44), noayuum
z 2 —_ 2

m-+n {(m+a)m
k' pp ‘
= (48)
OGo3uauan .
(1+8)? BB _mey_(U—Brn
LE - o T4l (248-50) mmtm
HaiaeM 2 ’
finx = — < i In (l—x)——a%l (49)

Vpasuenne (49) B KOOPAHHATHHIX OCAX ngx # —ngin{l — x) naer
NpAMYI0 JHHMIO, TAHTEHC YIJia HAKJAOHA KoTopoh pasew A/B, a orpe-
30K, OTCEKAEMHN OpPAMOR Ha OCH OpAHHAT, OyaeT paeeH k'ppl/BR3T3,
O6e 3TH BeJRYHMHLI 32BUCAT OT AaBJEHHA H TeMlepaTypHl.

YpaBuenne (49) xopouo coraacyetrcsi ¢ OUHTOM, Kak 3TO BHAHO
H3 puc. 53, a.

Ananu3 yraosoro Ko3ddauuedTa ypasHenns (49) nokasuiBaet, 410
BeanuuHa A CYIEeCTBEHHO 3aBHCHT OT TeMNepaTypu, B TO BpeMs Kak
B 3aBHCHT OT TeMmnepaTypw B MaJoh cTeneddn. B koopaunarax
A/B — 1/T nosyyaem npsMyio, BHIXOASUIYK0 H3 Hadajla KOOPAHMHAT.
M3 puc. 53,6 BHAHO, 4TO LaHHOE NPeAnoJOXeHHE ONpaBALIBaETCA.

B ra. | 6uLio nokasaHo, YTO PEeaKUHIO TEPMHUECKOr0 KpPeKHHra
HAajA0 pacCcMAaTpPHBATL KaK [OCJAeI0BATEJIbHYIO, B ODOCTeRUIEM Cayuae
COCTOALLYIO H3 ABYX CTaiHi

A — A+ viAs A — WA VAL

JeTanucHHA MeXaHH#3M ee Hed3BecTeH.
MozxHe AyMaTb, 970 ¢BoGOAHNE PANHKANH, BEJYUIHe NMPOLECC Kpe-
KHEra, o0Pa3yIOTCH KaK W3 UCXOIHHiX MONeKys BeulecTsa A, Tak 4 u3s
MOJIEKYJ, BXORAILHX B COCTaB MPOMEXYTOYHOrO npoaykta A; (ua-
npuMep, OCGH3HHA B cAyYae KPEeKHH-
ra rasoiviel WM masyTos). Takoe &% A8
npeanoJgoXKelive NPHBOJHT K ouUeHb 50

CIOKUBIM AnddepesuHanbHbM
ypaBHeHHAM, KOTOpDHE MOXHO pe- 50
IHHTE TOJBKO NDHMEHHAHA BbIYHCIH-
TeqbHDLIe MalllHHH.
a0
Puc. 53. KnHeTHueck#e KDEBHE TepMu-
YeCKOr0 KPeKHHT2 (DpakIlHg POMAIUKHK- 1
ckofi HedTH, BHKHMaOmeR 8 npexesax 0
320—-450°C (mo aammmm I'. M. [an- L, 30 50 76 ]
senkoea B B. $. Bapauosa) (a) u ‘—r,ay/ -ngln{i-x)1°
sasacumocte A/8 ot /T (6). i]
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MoxHo HcxonuTh H3 OoJee rpyOHX, HO 3aT0 Gofee NPOCTHX npen-
nonoxenufi. HasecTHO, 9To yem Bbillle MOJEKYAApPHLIH Bec YIrJAeBOAO-
pPOAa, TeM MEHee OH YCTOHUHB B peaxiMH TepMHYECKOrQ KpPeKHHra.
ITosToMy MOMHO CYHTaTh, 9TO PJABHHIM TOCTABUIHKOM CBOGOARHX
paaukanos OyAyT ucxoinbe Mmonekyan A. Paaukaawm Gyayrt pearupo-
BaTb KaK C HCXOAHHMH MOJEKyJaMH A, Tak B ¢ MOJNeKyJaMH npome-
KYTouHOro BelliecTBa A;. CuHTas, 970 CKOpOCTh KPEKHHIa onpeje-
aserca ypasuenHeM (31), AJA CKOpOCTH TepMHUYECKOTO KpEKHHTA
HCXOAHLIX MOJEKYJ MOMKHO HAMHCATh ypaBHEHHE

o = k,[A] [R] (50)

AnA CKOPOCTH TepMHUYCCKOro KpPEeKHHra npouemy‘roqnoro NpoOAYKTa
(Hanpumep, GeH3uHa NPH KpPEKHHIre Maayra)

w; = k; [As] [R] (51)

a AJA CKOPOCTH 06paSOBaHHH CBOGOAHHX panuxanon, COrJJacHo CKa-

3anuomy BHILIE c.ne.&yiomee: )

ws== ky [A]2 4 k4 [A] — &5 [A] [R] © (52)

ITpHyeM KOHCTAHTH B 3THX YP4BHEHMAX OTJAHYAIOTCH OT MpelbAYILHX,

XO0Td H HMEWT OJHHAKOBble ¢ HHMH HHAEKCH (OAHHaKOBHe HHAGKCHI

cAeNaHb TONbKO AnA yaoGersa). Ipumensas K peakuHH o6pa3oBaHus
PajiHKaMoB TPHHINN CTALHOHAPHOCTR, HaflaeM

(R] =2 [A] + £+ (&)
IMoacrasass (53) B (50) u (41), nonyunm
' w, =& {1 + £3[A]} [A] (54)
wo=k" {1+ ky{A]} [A] (55)
rae B = kikofk, k7 =Rokyfky, k= kofky

[Ipu ocyuiecTsieHun peakunwn B notoke, ypasresns (54) u (55)
cortacHo ypaBHeduio {171) ra. I nago sanHcats

dx ’ ’
noﬂ‘m=k CA(I +k30A) (56)
V4 dy " ’ ‘
o dl = oas (14 £xea) (57)

Fhe X — CTeNedb NpeBpalleHHs BeulecTBa A, g — KO/HYeCTBO pachammerocs npo-
AYKTa Ay BO BTOPOR CTAAHH B CTHOCHTE/MBHBIX @JHHHUAX.

Henn ypasuenmne {57) Ha (56), noayuuM

dyfdx = Kcy fep (58)
TAEe K=z=k"vi/k1vy
cp= U —x) p/(t +ox + By) RT (59)
__ yx=pp
‘A= (T ax T py) RT 60)
e=vi+v:+vs—1 =—%+:—:—-1
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Toscrasnsaa (59) u (60) B (58) n pewras nonyueHHoe ypapHEeHHe,
AOJYYHM :

y=vr -+l —n— (-0 (61)

D10 ypaBHeHHe NO3BOJSHET JErKO ONpefesinTh BHIXOA Xa, TpOMe-
WYTOUHOTO BellecTBAa As B 34BHCHMOCTH OT TAYGHHM MPeBPALLEHHSH
HCXO/JHOTO BellecTBa:

xpy = Vex =y = [l — )X — (1 — )] (62)

Haxons npou3BoAHyi0 Mo x oT Bupaxernusa (62) H npupaBHuBas
€e HYJI0, HaXOLHM
(1~ xm) =1/ (63)

rhe Xm — KOJAHYECTRO NPCBPATHBIIGIOCH HCXOAHONO CHPpbA, COOTBETCTBYWIICe MAaK-
CHUMANLHOMY BLXOAY NPOMEXYTOUHOrO BelllecTBa,

IMoas3yscs ypasuenueM (63), moxuo onpeaeauts K MetoioM, pac-
CMOTPEHHHM B [a1. |,

[Toacrasasa B Bupasenue (56) 3HaueHHe KOHLUEHTPALHH HCXOJ-

Horo Bewectsa (59), noaywum

dx ., RT (1 —x)(1+ax)+kp (1 —x) +BRT (1 — x) ¢
Modl = RTT 0+ éx F B9

Jlna HHTErpApOBaHHA ypaBHeHHst (64) B Hero Heo6XOZHMO MOA-
CTABHTH 3HauyeHHe y H3 ypabBHeHus (61). [Tonywaemoe npu stom ypas-
HeHHe MOXET GBIThb PeIleHO TOJbKO YHCJAOBHMH MeTONAMH,

Jas Toro 4to6H YRPOCTHTHL pelleHHe, yAoOGHO BeaHunHy (I — x)X
Pas3/ICXKHTL B Pl H 060PBATH €ro Ha TPETbeM CJAaraeMoM:

KK—1)
52

(64)

A—0% st~ Kx+ o (65)
Jas HeBoNbIIHX ¥ TaKoe AONYyIleHHe OYAeT AOCTATOUHO TOUHHIM.
Moxncrasass (65) B (61), moayuum

y=vigy (66)

Ioxacraeasnsn (66) » (64), paéne.rma nepeMeHHHe, HHTerpHPYA H
Aenaf ynpouleHun, Hadgem

A k" ppl
% o= — g o In (1 = 2) — gkl 67)

rae KoHeTadTl A B B uMmenor dH3HUECKHA CMHCA, OTAHUHER OT dH3HU-
YecKOro CMHC/A KOHCTAHT, BXOASIUHX B ypaBenue (49). Kak BHIHo,
Bupaxenue (67) ¢dopMalbHO noxoxe Ha ypasuenue (49). Orauune
32KJI09AETCH TOJNLKO B (PH3HYECKOM CMBICAE KOHCTAHT.

Hnd peakuus TepMHUECKOrO KPEKHHra HCXOJIHHX MOJEKYJI H Mo-
JeKyJ OpOMeXYTOUHOrO NpPOAYKTa YpaBHEHMs, aHaJoruudule (54) H
(55), MOXHO HOXYYHTb, NOMbL3YACH H ypaBHeHHeM (32).
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§ 6. PasseTBaeHHBIE HeNHbie PeaKIIHA

Ecau npoucxoanT paspeTBJAeHHE LENH M 9IHCAO HOBHX lUenedl, BO3HH-
KalouluX B KOPOTKHII NepHod BpeMeHH, Goablie axcaa oOpHBatoUIHXCH
nenei, To CKOpPOCTh PeaKkUHH GHICTPO PACTeT, peaKilkst MOKET nepedTH
BO B3pLIB, XOTA TeMOepaTypa HE CTOJb BHICOKA, 4TOOH NpOH3OWeN
TennoBofi B3psiB. ONHT NOKA3HBAET, 4TO Nepexol peakLiHd Bo B3pHIB-
HOW DEeXHM BO3MOXEH TOJIBKO MPH BNOJiHe oNpeleleHHBIX AaBJleHUAX
(MM KOHUEHTpaUufiX) W TeMneparypax pearnpytomieft cmecu. [lpu
LaiHoll TeMnepaType CyuleCTBYIOT Npelefill AaBjeHHH, B ofiaacTu Ko-
TOPHIX BO3MOXKEH B3PHB HAHM CaMOBOCIIaMeHellHe. Takoro THna B3pHB
HA3KBACTCA HENHbIM.

Peakuun caMoBochjaMeHeHHs OblJIH H3BECTHH A2BHO, HO ofnhaAcHe-
HUe ‘OHH TIONYYUAH COBCEM HeAaBHO [JaBHHM oGpa3zom Oaarosaps
paGoram H. H. Cemenopa H ero corp. Ouu O6BACHHAH 3TH NpoUECCH
KaK peaklUHH ¢ PA3BeTBJEHHHMH UENAMH H [M0Ka3aJlH BAaXKHYW) poJb
ne3aktuaudn (rufesiH) akTHBHBIX 9acTHIL Ha CTeHKax W B ob6beMe,
BCAEACTBHE 4YEro CKOPOCTb DeaKlUHH OKA3nBaercs 3aBHCAINEH OT pa3-
MepoB cocyza. DEUM ycranoB/eHH ABAa Npejlesa B3pHBa AAA cMecedl
KHcaopora ¢ PocdopHCTHM BOAOPOIOM, Cepofl, CepOBOLOPOAOM, CEpo-
YCAepoioM.

OTKpPLHITHE HHXKHEro npelesa BoOCNJaMeHeHHA B cMeck docdopa
¢ xuncaopojom (1O, B. Xapurton, 3. ®. Baasra, H. H. Cewmenos,
1926 r.) nocAyXHJC MOI{HBIM TOJYKOM K H3YYeHHIO UENHLIX pa3Ber-
BACHHBIX peakuuf. 3TH aBTOpPH OGHAPYXKHJIH, 9TO HAYyLlee BechMa
HHTCHCHBHO ropeHHe napoe ¢ocopa B KHCJAOpOAe MNOJHOCTLIO Tipe-
KpamaeTCA NPH NOHHMEHHH DAaPUHAJABHOrO LaBJAEHH] KHCJI0P(OAA HHXKE
HekoToporo npejena, okoqo 6,7 Tla (0,05 mm pr. ¢T.) (HuxHee kpH-
THYECKOe JaBJeHRe BocniaameHeHHs). JIOCTaTOUHO 6GLLIO HHYTOKHOIO
nonpieHHs AapieHds Ha 1,33 [la (0,01 mm pr. cr.), utobm onath
npousomsa Beneiwka. [lpe pasaenun uuxke 6,7 [la (kputHieckoe fas-
Jenie) cMech MOTJIa CYUIeCTBOBATh CKOJL yroauo noaro. [logxpoGhoe
HCCJIeN0BAHAE 3TOTO ABJAEHHA 10KA3AaN0, YTO KPHUTHUECKoe AaBJeHHe
KHCJOPOAA 3aBUCHT OT AaBJeHus napos docdopa, AHamMeTpa cocyaa
W NpUCYTCTBHA HueprHoro rasa. bwiao mnafizeHo, uto paizGabaenue
peaxilHOHHOR CMECH HHeDTHLIM Ta30M NOHHXKAeT 3HaueHHEe KPHTHYE-
CKOTO JaBjeHHsl. Bee 3T 3aKOHOMEPHOCTH XOPOLIO ONHCHLIBAIOTCSH
sMnnpiueckod GopMyJiofi

d*(1 —L) == const
pP‘p()g ( + pP4_+ pOz (68)
FAC pp, Po, W P, — NApUHafbHLle faBieHda Napos docdopa, KHCIOPOAA H HHEPT-
vorg rasa, d — ARaMeTp cOCyaa,

KauectBenno 3To fB/1eHHe MOXHO OODBACHHTL CAEAYIOIHM 0Bpa3oM,
[Tpn BHSKHX NaBACHHNAX, MEHDLLIHX HHMHEr0 KPHTHUECKOro AaBMeHHH,
cpejHee YHCJIO 8KTOB oOpHBA UENH NpEBHIIaeT YHC/IO aKTOB pa3BeT-
BJCHHA Lienefl, H TOpeHHe CTAHOBHTCA HEBOIMOXKHLIM. [IpH Dapaenwusx
BHIIE KPHTHYECKOTO BEPOATHOCTL OOPHBA NeNH YMEeHbUIaeTcs, TaKk Kak
H3-32 CTOAKHOBEHHA YaCTHI, YMEHLLIAeTCH BEDOATHOCTL ROCTHIKEHHA
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Puc. 54. Ipepeaw Bocnaamenenns (B3puiBa), r

¢
aKTHBHHIMH 4acTHUAMH CTEHOK COCyna, e
]
e H IIPOHCXOAMT OGPHEB UEMH, BCIEA- p|———mfee——

CTBHE 3aXBaTd AKTHBHLIX TacCTHL CTeH- =
KOH HAH pPeKOMOKHAaLMH AKTHBHBIX Yac- BL‘;‘:" e =
THI Ha CTEHKe. e e

Tpubarienue HHEPTHOTO ra3a H ybe- 1 =T
AHYEHHWe JAHAMeTpa cocylda S3aTpyauser T =

AMpPY3HI0O AKTHBHLIX LEHTPOB K CTEHKe.
ST1o BH3HBaeT YMeHblUeHHe CKOPOCTH peakilHdH OOpHBa M NPHBOAHT
K MOHHMXEHHK KPMTHUECKOro JaBJjEHHf KHCJAOpOAa Ha Ipejgede.

Aty (aKTH OBIH KOJHYECTBEHHO NOATBEpIKIEHHl [ocje pa3spa-
GOTKH TeOpUY PAa3BETBJEHHBIX IENHLIX peakuud. [loapobro 3ToT BO-
npoc 6yaer pacCMOTpeH HHKe.

[IpH noBulweHuM OaBieHus ropadeli cMmecH HabaioRaeTcs BTOPOR
KPHTHUECKHH fpejea AaBJeHHs, Bblille KOTOPOro BOCIJIaMeHeHHe CTa-
HOBHTCA HEBO3IMOMKHHM. Cpem-lee YHCJO AKTOB 06])[:133 HaYBHaeT npe-
BHILIATh YHUCJIO 2KTOB Pa3BeTBAEHHA leneH BCACACTBHE MHOCNH AKTHB-
HHIX 9aCTHU 3a CYeT TPOAHHX coylapeHn#i B ofbeMe.

Ecau moCTpOHTL TpacHK 3aBHCHMOCTH AABJIEHHA, TPK KOTOPOM IIPO-
HCXOAHT BOCIJIAMEHeHHe, OT TeMNepaTypbl, TO BO MHOTHX CJyuasX OH
6yaeT MMeTb BHJ, NOKasaHHHH Ha pHc. 54, Bea ofaacts, pacnoso-
enHas BJaeBo 0T kpuBoil ABC, coorBeTcTBYeT COCTOSHHAM, NMPH KO-
TOPHIX CaMOBOCTIaMEHEHHe HEeBO3MOXKHO. BocniameneHne Trasomo#
CMECH BO3MOXHO TOJBKO B 3alITPHXOBAaHHOR ©6JacTH, orpaHHYIeHHOH
kpuBoft ABC. [Ipu nekotopofi 3aj1aunoit Temnepartype T, KaK BHAHO
H3 PHCYHKa, CYUIECTBYeT HHXKHHA Dpejes AABJCHHA p|, HUXe KOTO-
poro camoBocCIiaMeHeHHe HEBO3MOMHO, H BeDPXHHH pejen AaBNeHHH
P, BHIIE KOTOPOTQ TIPOLECC CAMOBOCHIAMEHEHHS CTAHOBHTCS CHOBR
HEBO3MOXKHLIM,

Ecan B pesyapTare rufedn OAHOTO pPazWKala BCAEACTBHE PeakInH
¢ HCXOJAHHMH MOJEeKYJAaMH A NOAy9awTes fBa HOBHX, To oflluee YHCTIO
pasBeTBJeHHN wp B eJHHHLY BpeMeHd B oGneMe V Gyi1er paBHO

wp =2k jA] nV {869)
B xuseTHueckofl o6aacTH, Kak Owjo nokasano (cm. ra. VII, § 3),

CKOpOCTh 06pblBa DaBHA UHCAY THOHYUIHX DajMKal0B B GAUHHLY
BpeMeHH Ha BCefl MOBepXHOCTH COCYAa nJowaasio S, T. e.

w,=en A/RT/(2aM} S (70)

I'Ipﬂ HaJMHYHK HHXHETO Npejena CKOpOCTh pAa3BETBJEHHA 1leNH B
ofbveMe O0TKHAE PABHATLLA CEROPOCTH €€ oﬁpmaa, npoxucxoaduierc
npH HH3KHX AaBJeHHAX NPAKTHUYECKH TO/JbKO H& CTEHKAaX cocyira.

2k [AlnV == 81 4/RT[(2nM) S )

Orclofa, NPUHEMAA BO BEHMARHE, 4To AJA WapooGpasnoro cocyla
S/V = 3r
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NOJYYHM, YTO KOHUSHTPALHA HA HHXKHEM Npeleje

3¢ A/RT/(2nM) 79
(A] = 20D (72)
rie [A] — uneno mosnexya s ofneme | cm?

Bmecto 3Tofi BeAWUMHH MOXKHO NOACTAaBHTL NapuHAJbLHOE AaBJE-
HHe BeulecTBa A, paBHOe yp; (Y — MOJbHAg N0JA BellecTBa A; p;—
ofles AapjieHie B CHCTeMe). JIerko yBuAeTb, uTo

[A]T 760 ‘LF
Y = 5T 10W. 913

b == 097 - 10T
[TosToMy Buipaxkenne (72) MOXHO 3amHcaTh B BHAe

= 2e v/ RT/(2xM) (13)

2kbyr

rpge

H3 storo BHpaeHHs BHAHO, YTO AAA JA8HHOTO COCyZa NpH IO-
GTOsIHHOR TeMmnepaType NpOH3BeleHHe p;y — BRJHYHHA NOCTOAHHASA.
Kpome TOro, BHAHO, YTO HHXKHMA Tpexes o6paTHO NPONOPLHOHANEH
AnaMeTpy cocyda. [locKoabKy BeJqHUMHA e 34BHCHT OT MaTepHaja
cocyia, HHXKARA mpejent NPH KHHETHUECKOM OOpHBe CHABLHO 3ABHCHT
OT NPHPOLH CTEHOK PeaKIHOHHOI'O COCYAA.

BennuHHa e, TAK K€ KaK KOHCTAHTa CKOPOCTH XHMHuecKoH peak-
LHH, 3ABHCHT OT TeMnepatyphl. OnuT noxkasuBaer, 4to o6wyHo £ > E
(rae E u £’ — oHepraH aKTHBAlHH COOTBETCTBEHHO PEaKUHH DPa3BeT-
BlIeHHSl H peaKiUH# oOpHBAa), NOSTOMY HHXKHHA npefen nmajaer ¢ po-
CTOM TeMnepaTypun no sakomy exp{(£— E’)/RT]. Ot stux xe tak-
TOPOB 3aBHCHT H NOJOXKEeHHE TOUYKH B.

B cayuae auddysuonsoro o6pnBa HHXKHHA Npejea He 3aBHCHT OT
e. [IpubauxenHo Wi UHIHHAPHIECKOrO COCYA& HMXKHHA Npegena ompe-

ReJIACTCH BhipaxenHeM
1 232
L e —— 4
p'”d'\/%vb b, {74)

rie d— pHameTp cocyna; Do — xosthdunuent anpdysHH pALHKANOR NPH eIWHHU-
HOM JABJAEHHH.

Hs storo smpakenusi caeayet, 9To npu AnddysnouHoM obpriBe
Pruxy "/\TN const (75)

YunrwBas, 4o b ~ 1/T, Dy ~ T n k ~ exp(—E/RT) noayanmt
HHAXHEA NDelel 3aBUCHT OT TEMMEPATYpH [0 3aKOHY

Py T1.8,E/2RT (76)

Bepxuudt npenen p; GYAeT ONpefeisdTbCs PaBEHCTBOM CKOPOCTH
pASBETBJeHHs UEMH H CKOPOCTH ee o6pHBa B ofbeme. 3Hafd ypasRe-
HHA CKOpOCTefl 9THX MPOUECCOB AMA OTaHHOTO KOHKPETHOro chaydvas,
MOMHO Jerko HafiTH BHpaXeHHe, onpeleadollee p;. Beanuuua
YBeAHUHDESTCA ¢ DOCTOM TeMNEpATypH N0 3aKOHY exp(—E,/RTg'
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Pue. 55, 3aBHCAMOCTh DepPHOA2Z MHAYKUHH OT AaBieHHA AnaA peakusn Hz; 4 O; npr
442°C (no paunum A. B. HanGaunasiua):

1 — wonvrag noax Op = 0,33; 2 — sMonwEan aoas Qp = 0,50; I — pacueTdHwe TOYKH 0O YDABHGe
HHIG (59).

PHc. 56. Ilpeaenn camoBocmAaMenenHsa AAA PeaKimH OKHCJeHHA ceposojcpoga (no
naudum B. M. frkoraesa r [1. C. Mauroposnua) nas cocysa paauyca Ry = 4,6 MM
u moasHof aosin Op — 0,6 (KpHBas — TeOpeTHYecKas, TOUKH — SKCMePHMEHTAJbHER).

3nauenue £, AAA peakUHH OKHCJAEHHA BOLopoida paBuo 75,3 x[L#/Mob.
3HaueHue p, oueHn c¢jaabo 3aBHCKT OT MOBEPXHOCTH, PasMepoB H
¢opmul cocyna.

BaxHoH XapakTepHCTHKOH pa3BeTBJEHHHX UENHHX MPONECCOB fB-
JAETCH TaK HA3WBaeMHA nepucd undyxyull, KOTOPHHE XapaKTepH3yeT
BpeMf, B TeueHHe KOTOPOTO KOHUEHTPaUHA NPOMEXYTOUHOr0 TPOAYKTA
(aKTHBHHIX HEHTPOB peaKUMH) ypeiuuHBaeTcsl B e pa3. Ha npakruke
OOLITHO MOA REPHONOM HHAYKIUKH TOHHMAIOT YCJAOBHYIO BEJIKUHHY —
BpeMs, B TeyeHHe KOTOPOro CKOPOCTb NPouUecca [IEPexOdHT OT HesHa-
UHTEALHON HeH3IMepHMOH BeJHIHHKM K O0YeHb GoJblnoft naMepuMofl Be-
JruHEe. O6GBIYHO CKOPOCTH Npollecca HapacTaeT JABHHOOGPAa3HO.

3aBHCHMOCTb MEPHOJa HHAYKUHH OT AaBaeHus B peakuwn Hp 4 O,
OJ% ABYX OApUHAJBHHEX KOHUEHTDAUHA KWCJAOPOAA NOKa3aHa Ha
puc. 55. 3aBucHAMOCTL DEPHOAA HHAYKUHE OT A3BJEHHR WAH KOHLEH-
TpalHH cMecH (AAd cAydas He CAHIIKOM OOJbLIHX p) MoMKeT GHTh
ONHCaHa NPHGJHIMEHHHM ypaBHeHHeM, BbiBeteHHnM H. C. AKyaoBLiM:

(P —p){p.—p)
rae Tp— NOCTOAHHAR, py B pPp — Npeledinl AaBACHHH, NPH KOTOPWX NPOHCXORHMT BOC-
nJaMeHeHHE.

H3 ypasnennsa (77) caenpyet, 4To npH p << p; HAH p > p, napa-
MeTp t oTpHUAaTeleH. Kak MOKa3wlBaeT ONLIT ¥ TEOpHA, mpouecc 6yieT
3aTyXalliHM; TPH 3TOM, KaK NOKa3aHo BHUIE, o << 1, a AJHHA uenu
I > 0. B o6nactu p; << p < p; napametp t > 0 4 nmpouecc npotexaer
¢ caMoyckopenneM, o > 1 # [ <C0. Tleproa HHAYKUHH CTaHOBHTCS
paBHHM GECKOHEYHOCTH MNpPH NABJEHHAX P ==p; H p=p;. ITH JasBje-

T n
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HHS H ONpejeJAOT Npejeshl nepexofa peakuHa Bo B3pHB. ChefoBa-
Te/IbHO, YCA0BHE TPedeJOB CAaMOBOCITaMEHEHHS 5KBHBAJEHTHO YCJO-
BHID T = 00,

JKCNepUMEeHT [OKa3biBaeT, YTO B pAje c/aydaeB HabalofamTcs He
IBa, a TPH Ipejenra caMOBOCILIaMEHEHHA HJH B3pwBa. Tak, Ha pHc. 56
nokasaHsl TPefes il CaMOBOCMJIAMEGHEHHA AJNA peakUHH OKHCJEHHS ce-
poBoslopoaa. Betsb AB cooTBeTcTByeT HHXHEMY (IEPBOMY), BETBb
BC — Bepxuemy (BTOpOMy} M CD —TperneMy npejenaM BOCIJIaMEHE-
uua. [locne nepexoja uepes STOT TPeTHA Npejes] CHOBA HauHHAeTCH
WHTEHCHBHOE camoBocndamenedde. B OoAbliMHCTBEe caydYaeB TpeTHH
npejfes HMeeT uHCTC TelIoBYIO npupoay (cm. ra. I, § 14). B nexoto-
PHX CAy4asx H, B 4aCTHOCTH, B peaxkildd OKHCJEHHA BOAOPOAA, TPeTHH
npejaen HMeeT LelHoA XapakTtep, T, €. CaMOBOCIIJJaMeHeHHe NPOHCXOAHT
HE 3a CYeT YCKOPeHHs PeakUHH B CHAYy CaMopasorpesa, a 3a CUeT
pasBuTHH pa3BeTBAEHHBIX LEMHHX peakiuii. JHaveHHe TpeTLerc mpe-
Jena ps AAA peaKUMH OKHCJEHHA BOACDOIA YBEJHYHBAETCH C IOHH-
JKeHHeM TeMIepaTypH Mo 3akoHy exp(Es/RT) wu 3aBHCHT 0T obpa-
6OTKH NOBEPXHOCTH COCYAA, KAK H KHHETHKAa MejfJeHHOHR peaxlMH,
nportekawouiel suxe npefena. {lonoxenne Toukn C TakiKe 3aBHCHT OT
06paboTKK MOBEPXHOCTH cOocyla.

TeopeTHdecky MOXHO NOKa3aTh, YTO TPeTHA Npeaen KakK lennoA
BOIMOXKEH B CJyyasX, Koria Ha CTeHKax PeaKUHOHHOrO COCyZa TpgQ-
HCXOANT HE TOJRKO THienb cBoGOAHEIX pafMKAaNOB, HO H ofpa3oBaiive
HOBBIX CBOOOJHBIX PAfHKad0B 3a CYET peaKIHH CBOGOJAHLIX pagHKa/oB
¢ aACOPOHPORAHHHIMH MOJEKYJiaMH, H, KpOMe TOro, Korja IPH BHCO-
KHX JAABJCHHAX OKA3bIBAIOTCH BO3MOXHBIMH TPOHHbE COYILApeHHS,
OpPHBOAAILHE K 3aPOMKACHHIO Ienef,

CJaenyeT OTMeTHTh, UTO NOHATHE «Ipefeshl B3DPHIBa» NPHMEHAETCH
B TpeX Pa3JHYHbIX cMHIC/IaX. Bo-nepBuix, 0 npeaesax B3phiBa FOBOPST
Kak O AaBJeHHH NPH olipefe/IeHHON TEMNEpaType, HHXKE KOTOPOrQ He
MOKET HacTYOHTh CaMONPOH3BOJbHAIA B3IpHB. B 3TOM ¢/ydae B3pHB
AMeeT YHCTO TelL1OBYH NpHpody. [IpH 3K30TepMHUeCKOH PEaKIHH MO-
JKeT HAcTYNHTh TAKOe COCTOSIHHE, KOTAa TelIOOTBOL H3 pearnpyiouedt
CHCTEMH MEHbIIE KOJHYeCTBa Temna, BO3HHKAIIEre BelejCTBHE XH-
MHYECKOH DeakUHH. ITO NPHBOZHT K POCTY TeMNepaTypn pearupyio-
IeHd CHCTeMbl M, B CBOK OuYepeihb, K Pe3KOMy HaDAaCTaHHIG CKOPOCTH
XuMHUYecKofl peakuHd no 3akoHy k= cexp(—E/RT). Taxoe Bo3pa-
cTaiollee TENJOBOE ABTOYCKODEHHE DEAKHHH HPHBOAHT K B3pPLBY.

Bo-BTopLIX, 0 npeseaax B3peiBa TOBOPAT KakK O KOHLEHTPAaLHOH-
HulX Tpefesax, HMeOWHX uenHyio npupody. B astom cayuae nalio-
ARaloTcA /Ba npejesia CaMOBOCTIIAMEHEHHS WM, B Oojee oblleM cay-
dae, Kak 3T0 OBIJI0 MOKA3aHO BhIILE, TPH Npelesia caMOBOCI/IAMEHEHHH
WJH B3pHBa. TpeTHfi mpejen BOCNAAMEHeHHA MOMXeT HMETh B HEKQTO-
PLIX CayYadX TEMIOBOH XapakTep. ,

O6uiee MexAy TeNJOBEIM H HENHHIM BOCI/AMEHEHHEM 3aKTi0YaeTca
B TOM, 9TO B 06OHX ¢ayuasix BOCM/NAMEeHeHHe CBA3aHO € BHIAEJEHHEM
TenJsla B peayanTate peakiud. [Tpu TenjopoM Bocn/iaMeHeNHH 3Ta Ten-
JIoTa NPHEBOHT K aBTOYCKODEIHIO PeaklHH, 1o peakuHs npoTexaer
€ HIMEPHMOA CKOPOCTLIO R0 HACTYIJCHHA BapuiBa. [IpH ueilHom BOC-



nJaMEHEHHA BHACTAOMAACE TENAOTA NOTPeOARETCA B peakunax obpa-
30BaHHR aTOMOB W PAaAHKaJ/0B, NPHYEM A0 HACTyNJeHHA B3PHIBA Xa-
PAKTEPHO TIPaKTHYECKH NOJHOE OTCYTCTBHE peaknHB H peskoe BO3pa-
CTaHHe CKOPOCTH PEeaKUWH nocJe nepexoha npepesa. Tenaosoll B3DHB
Halle BCEro [POSBAACTCA MPH BHCOKHX TEMTEpPAaTypax, UeNHOA B3PHSB
Goabuiel 4acThbi0 MPOHCXOAHT fpPH HeBLICOKHX TeMnepaTypax.

B-TpeTbHX, B TeXHHUECKOA JHTEpaType NOA BEPXHHM H HHKHHM
npeiesaMi B3pHBA (IOHHMA0T KOHLEHTPallHORHbBIE Npeaelbl [pH 3a-
WHEraHHY. Baphs s03HHKAeT B OrPaRKYeHHOM NPOCTPaHCTBE OT HCKPH,
HarpeTofi OpPOBOJOUKH H T. A. B 3TOM oOrpaHdveHHoM 0POCTpAaHCTBE
0Ka3ulBaloTeA COOWACHHBME BCe YCJIOBUA (KOHIENTpalLHds, AaBReHHe
W TeMiepaTypa), NPH KOTOPHX BO3MOMKeH lenHoH B3pniB. OueBHAHO,
YTO BHe KOHLEGHTPAlLHOHHLIX MpeleioB 0PH chneuHalbHOM 3aXKHIAHHH
B3DLB HE MOXET PacnpOCTPAHATLCA NO CMecH, HAXORAUIeHCA 7IPH 3a-
AAHHOM [aBJEHHHA H TeMnepaType. BoannkHOBeHue B3pHBa B OZHOA
H3 TOuEK eIlle He 03HAYAET BO3MOKHOCTH DPACHPOCTPAHEHHA ero no
BceMy oGwemy. Ecan BO BceM OCTa/IBHOM MPOCTPAaBRCTBE Temieparypa
Huxe, ueM 5TO0 HeoOXOAWMO AJf OCYyLleCcTBJAENHS [eNHOro B3pHBA,
peakuus He HieT. OHa MOXET HAuaTLCA B PE3yqabTaTe pacnpocrpane-
HuA NJaMEHn OT MEeCTa 3aXHTaHHA 33 CYeT Temjonepeiayd o7 ropd-
IMero CJoA K rpadHyameMy ¢ HHM HeropsIUeMy CJQK H 38 CYeT BO3-
pacTanHs NaBJeH#d BCJAGACTBHe peakiuH ropenus. B pesysbrare
HNOBHIIEHHA TEMIEpPaTypw H NPOHCXOAAT BOCNJaMeHeHHe rpaHuua-
LIHX C TOPALINAM Cloes rasa.

TaxuM ofpazoM, KpUTHUYeCKHe ABJCHHSA XapaxTepHH He TOJABKO A
TENJOBOrO W LEMHOrO CaMOBOCN/AAMEHEHHA, HO K AJS NPOLECCOB NOA-
JHCAUHA W pacnpocTpaHeHHa niamexnd. PacopocTpadenue nnamedu
BO3MOAHO TONBKO OPH ONpefeNeHHOM COCTaBe CMEeCH pPearHpyioliRx
MoneKyi. C yMeHbUIeHHeM RABJEHHA <«KOHUEHTPALUOHHEIE TpeAeNH»
CYKAaIlOTCH W HHIKE HEXOTOPOro AaBJeHHA BOCNNAMEHEHHe CTAHOBHTCA
HeBO3MOXKHLIM. PacnpocTpanenue naaMeHd B ra3ax W TBEDABIX TOpIO-
9UX BEIIECTBAX BOIMOXHO fIOTOMY, 9TO MPOHCXQAHT DACHPOCTPAHEHHE
30HH peaKkluH, pa3fesiolel FopAmKe NPONYKTH peakiiH H XOJoA-
HEle Hcxoanee pewectsa. [aa pacnpocTpaterns naaMeHn HeoOxo-
LHMO, 4ToOW B ropgriueM ¢podTe Cco0AI0AaJ0CE PABEHCTRO TEMIOOT-
poaa ¥ tTengosbinenenusn. [locaeanee Moxer 6biTh 0OGecneyeHo TOABLKO
NpH CTPOrQ OMpefe/eHHON CKOPOCTH pacnpocTpakneHns njamend. [lpn
ODOJAKHTAHHR ra3a CKOPOCTb PAcNPOCTPAHEHH] [JAAMEHH YCTaHABJ/IH-
BAeTCR aBTOMAaTHUeCKH. ITY CKOPOCTh MOMKHQ BHIMHCIAKTL, 311af CKO-
POCTb NPOTEKAHRA XHMHUYECKON peakunu.

LenHofi mpouecc BHe npefenos KOHLUEHTPanufl, TeMnepatyp # RAae-
nenufl, HeoOXOAHMMHX AJRR CaMOBOCHAameneHHs1 H B3apwea, BoobMnuie
TOBOPSA, BO3MOXKEH, HO off 6YIET 3aTYXaiOUiuM,

§ 7. KunerHKa pa3seTBAEHHMX WENHLIX PeakuUi

PaccMoTpAM KBHeTHYeCKHR pacdeT paszeTBACHHLIX NeNHWX peaKyud
Ha MpUMepe NOCTATOYHO XOPOINC HM3YIEHHOA PeaKHHW OKHCACHHA BO-
JAopoaa. HccneloBaunio 9TOH DeaKUMH NOCBALIEHO GO/LLNOE YHCAO
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gadm. B cou;reueuuou OCBEIISHUH HA oOCHOBAHWHH paGot Jlbiouca,
anbe u H. H. CemenoBa oHa npeacTaBaser €OGO# NOCACAOBATENh-
HOCTb 3/IeMEHT2pHBIX XHMHYECKHX NpPOLECcCoB:

H2+02 —3 2+0H
H:+M — 2H4M }3apomnenﬂe neau
G40 —> 040y
+OH+ H; — H;0 + O [Tpononxkenne Hemn
H+0; — «OH4O
O+H, — +OH+H

CTEHKA

} PaapeTpnenne nemn

erenxa }Ospun Ueny HA CTeHKe

+OH _
H+ O0; + M=HO,;» +M O6pup B ofnere
HO\e CTeHRA { 1sHzO2 + 1,0,
’ Y3Hi0 + 3,05

HPOJIOJI)KGHHC nenH ¢ mOMOMbIo MANTO-

HO,- + Hg —_— HzOg + H }
SXTHRHOTO paswkana

HO:' + HRO —_— HzOg + . OH

O6pasoBaHHe B pe3yJabTaTe peakIHH STOMOB BOAOPOAA H KHCJO-
poza, & TaKkKe CBOGOAHOTO THIPOKCHAZA OblJI0 JAOKA33HO HENO-
CPeLCTBEHHHM IKCIIEPHMEHTOM; YYacTHE B DeaKUHH MaJOaKTHBHBIX
panukanop HOp+ ycTaHoBneHo KocBeHHHM nyteM, YTobn onucath pas-
BHTHE TaKOTO CJOXHOro npolecca, Heo6XOOHMO 3HATbH 3aKOHH H3Me-
HeHHA BO BpeMeHH KOHUeHTpalHA BceX HHAMBHAY2JbHHIX UACTHIL,
aMewouuxcs B cucreMe, Takoro popa 3apavya BechMa CIOXHA H O
cero BpeMeéHH He pa3peileHa. [TosToMy NpH aHaAH3e KHHETHKH NpH-
XOAHTCH NOJb30BATLCA PALOM YIPOLIAIGIIHX AOMYIIEHHA.

Pacemotpum Goaee mpocToit HaGop 3JeMEHTAPHHX peaxmuf, npea-
craBMeHRHX B Tabn. 31. TaM B BHpaKeHHHuX RJAA CKopocTefl peakuny
nprMexeHo o803HAUEHHE a;7l;, B KOTOPOM ff; — KOHUEHTpP2uMA aKTHB-
HOro MPOZYKTA; @& — BEJHUHHH, KOTODHE ONpefedfiOT CKOPOCTh ero
PeaKuHH B MAHHHX YCJOBHAX. DTH BeJHUHHH INPH 7; = ] paBHH KOH-
CTaRTe CKOPOCTH DeaKLHH B 33laHHLIX YCJOBHAX R;, YMHOMEHHOA Ha
JAaBJeHHe HCXOZHOR CMeCH, KOTOpPOEe NPAMO NPONOPHHOHANBHO HPH
_3aJaHHOM COCTABe CMECH KOHLEHTDAlMH PearHpyloulero ¢ aKTHBHLIM
BemecTBOM NPOAYKTA HJAH NPOAYKTOB B CTENEeHH, OTBeYaioIHA cTe-
XHOMETDHUECKOMY YpaBHEHHIO.

HauGonee MeI/EHHHM [IPOUECCOM, ONPEALHAIAM CKOPOCTh peak-
IHA OKHCJIEHHA BOAOPOALE, SIBASETCA peaKUHA MeKIY aTOMOM BOIO-
poaa M KHCJAOPOAOM, Tak Kak TpeGyeT RanGoJbiueli >Heprus# axkTH-
BallHH,

CkopocTe 06pa3soBaHHf BOAH COMVIACHO NpHHATOR cxeMme O6yaer

pasua
Onox /At == asny = kspn, (78)

Fae nox — KOHUERTPANEA BOAH.
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Tabauya 81. Kuneruveexue Jannste dax peaxguu 2H; 4 Og == 2H,0

Bueprua B
~ eHHe
e decea " Peakusa ¥ | "Zam | ans exopoers *
k1 %/ Mo
3apoxnenne H, -+ 0, —» 26H 0 ~ 188,3 2knn§

IMpogoaxkenne 6H +H; — H,O+H 3 < 58,68  ang == kypity
Paapetnienue H40; — OH+4+0 2 > 837 anye=Rypns
O+4+H; ~—» OH4H 1 <377  @ny =kipm
O6pus H+0,+M —» HO,+M 4 ~0 g e kiping
. H+S — %H,+S B <335  aymy=ksSny

* 3pecs np—konuentpaind Hz u Og; ny, A2 A 79 —KOHUCHTDALHH &TOMHOTO KHCAOPOAS,
8TOMHOMD HOZOPOAA H THAPOKCHAA COJTRETCTRGHHO, X, —KOHUERTPAMuA BOAa; S-—yaeabHas
NOBCPXHOCTL peaxuuonuoro cocyAa. Kowuemtpamaa Hgz, Oz 4 M—7rpernef useTaun, BHINBAOmMEN
NEIdKTRBAUKIO ATOMHOTO BOACPONA, OpPOMOPUMOBANLYH RABAEHRW p; N —HHJEKC ¥ KOHCTAMTH
CKOPOCTH PeaKUa.

Boaopoanuie aTOMH HaKailIHBAalOTCA B cHCTeMe B Gonbuefi Mepe,
geM XMCJOPOJHbBIE aTOMB H CBOOOAHHE THAPOKCH/M, MOITOMY peax-
uuy o6puBa HemH GYAYT NMPOHCXOAHTH IABHLIM 00pa3soM 38 CYET BO-
JAOPOAHHX aTOMOB.

Jas cropocteii o6pa3oBaHHA AaTOMHONQ KHCJIOPOJA, aTOMHOIO BO-
ROPOJ& H HAPOKCH/1a MOXKHO HalHCATh CJAEAYIOULHE YPABHEHHI:

0n110f = Qolty — 1M (79)
dngfdf = asns + ayny — aan2 — auntz — Gglts (80)
Ingfat = 2gnt + ayny + agny — agny (81)

Ilaa ynpouleHHs PacyeTOB MOXKHO MPEANOJOXHTb, 9TO B HEKOTO-
POM HHTEPBaj€ BPEMEHH KOHIECHTPALHH aTOMOB KHCJIOpOAa H THAPO-
KCHJa CTAHOBSTCA CTALHOHAPHBIMH *, T. e.

ony /0t = dnsf0f = 0 (82)

. Pemag cucremy ypasuenaft (79) u (81) ¢ yuetom (82), Bce kow-
IEHTPALKH AKTHBHHX YaCTHIl MOXHO BbPa3HThb 4epe3 KOHUEHTPAUHH
aTOMHOTO BOAOPOAA fiz H HCXOARHIX BelleCTs.

Ckaajppas sepaxenua (79) u (81), HaxoarM

fy= ,_% (ko"g + "‘!’2) (83)

* IprMensTs TPHHLUHN CTAMHOHAPHOCTA NPH DACCMOTPEHAH DA3BETBACHHNMR Wen-
HHX peakUHMR Hesb3d, TAK KAK QUEBHAHO, 4TO KOHUSHTDAUHS PALHKAIOB He MOXKer
6uTb B 3TOM cayuwae crauuonaprofi, Mas ynpowenns pewenss H. H. Cemenos
TOpenAOKKEA TAK HaINBaeMHA MeTOd KeQSUCTARUORAPROLX KORUENTpayuil, XOTODHM
MH BhIle H BOCHOMb3ORAAHCh. STOT METON CBONHTCA K TOMY, YTO KOMUCHTPAHHK Beex
PRAHKAJOB, KpoMe OIHOr0, KOHUEHTPAUHA KOTOporo HanGosblias, IPHHHMAIOTCH no-
cTOSHHEMH. Taxoll moaxon B HEKOTOPHX CAYYaAX NO3BOANET YNPOCTHTL 33a0auy Ha-
XOXACHHA YDPABHEHHA CKOPOCTH Apolecca 8 AOCTATOUHO XOpOLIEM NpHOAHKEHHH.
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Moxcrasnas (83) s (81), noaywuum

ny == ay,n;/a, (81)
[oacrasasa {(83) u (84) B (80), Haxonum
Onyfdt = 2k n; + (2a, — 8y — A5) 7 (85)
AMH, NOAGKHUB
2 ~nu—am=9 (86)
NONYHHM
dn,fot = kinl + gn, (87)
Pewenne storo auddepedunanbHoro ypasHeHua §yaeT
2k0n§
fty wa et 1 (88)
2 7 ( )

IMoncrasassa (88) B (83) u nonyuerHoe sbipamenwe B {78), Ha-
XOZHM

3 Qkgni '
__5"‘?1 = ayn; = a:@“ [22,6% — 20, + ¢) (89)

INoabsysace BHIpaxeHHeM I cKopoctefl npoueccop #3 tafa. 31,
noacTasiseM B Bupaxenue (86) 4, xak dyHKHMM p, TOTAA nOMYyyHM

@ =2k:p — kyp” — £sS (90)
DTo BHpaMeHHe MOMKHO 3aNHCAThL B BH/E

e={p—p)p:—p) : (80
rie py H p2— KOPHH KBaAPaTHOTO YpaBHEHHs

kap? — 200 + B S =10 {92)

Peizasa 310 KBajpaTHOe ypaBHeHHE, HAaXOAHM

Ry + Af K — 4k ksS

pr= o (93)
kg — Af ks — 4k yksS
= 5 (94)

B anrepsane AasJeHUA OT p; A0 p; BEJHUYHHA @ MNOJAOKHTEAbLHA,
BHE HX — OTPHUATeAbHA. [IpH OTPHUATESBHOM ¢ KOHUEHTDAUKSA np H
TEM CAMbIM CKOPOCTH PeakliHy He MOryT GHCTPO BO3pACTaTh, TAK Kak
#3 Bupaxenua (86) BHAHO, 4TO B 3TOM Caydae peakunH olphiBa A0-
MHHHPYIOT HAJ peaklUHSMH Pa3BeTBJICHHSA.

ITpu @ == 0 pewmenne ypaBuenus (87) naer

ny = 2knit (95)

a ypasrenne (78) noc.e noacranoBkk B Hero (83) c yuetom (95) me-
_ PEXOJHT B ypaBHeHHe
Ongx /0t = Uegn? (1 4- 2a51) 196)

T. €. peakilHs CTaHOBHTCA caMoycKopsaledicd. Ycnosue ¢ == (), Takum
ofpa3oM, ABAAETCA YCAOBHEM Mepexold peakLHH OT MeAJEHHOH K ca-
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soyckopawuleiica. B o6nacta ¢ > 0 peakilust npoTekaeT KaK CaMo-
yesopsoulasicss ¢ TeM GOMbLIHM caMoyCKopenHeM, uem GoJbule @.
B 3ToM cayyae peakiuw® pa3seTBJCHHS LEMH NOMHHHPYIOT Haj peak-
1usaMH Hx o0phHIBa.

H3 suipakenus(92) sujHO, 4TO Opefein AaBJeHHA p, H Pz, NPH
KOTOPLIX PEaKUHA NepexoluT B CaMOYCKOPHIOLLYIOCH, 3aBHCAT OT TEM-
[MepaTyphl, TdK KaK KOHCTAHTA CKOPOCTH Pa3BETBJICHHA UENH K, 3aBH-
CHT OT TEMNEpaTypul 10 3KCHOHEHIAANbHOMY 3aKOHY

by = ke EIRT (97)

Str ypapHeHHA OpHOAHKEHHO ONHCHIBAIOT QNUBTHHE AAHHLIE TOJLKO
NpH HH3KHX [aBAeHHsX. B 06nacTu BHICOKHX AaBJAeHHA NOABIAETCA
TPETHH mNpeaes, HAJHYHe KOTODOro He BHTEKaeT H3 pPaccMOTPenHoM
RaMH cXeMbl, [IpH BHCOKHX JA2BJEHHAX CJCAYeT YUHTHBATL PeaKUHH
npoioakedus lenun yepes HOJ, a Takke BO3IMOXHOCTh 3aPOKIEHHH
AKTHBHMX YACTHI Ha CTEHKAX PEAKIIHOHHOTO COCYAa,

PaccMoTpeHHBi HAMH BbIBOJ KHHETHKH MpOUECCa ABJACTCH MpPH-
ONHACHARM He TOJBKO MOTOMY, YTO MH YTPOCTH/H CXeMy fpolecca,
HO H TIOTOMY, YTO MH TOQJb30BAJIHCh METOXOM KBa3HCTAUHOHAPHHIX
KOHUEHTpauuil, KoTOpHA AnA JaHHOTG Cayuas HelocrarodHo obocno-
BaH. Bojee crporoe pelueiiHe 3a7aud MOMKHO MOJYUHTb, paccCMarpH-
Bas peuieniHe cucteMbl AU depenuuanbupiXx ypasHerHi (79)—(81)
B obulem BHae. Taxkoe pelieHHe MOXKHO NPOBECTH, HO pacyeT HOAY-
YaeTCH OYEHL CJGHKHBIE B FPOMO3AKHA. .

Crporoe peienne Mbl paccMOTPpuM #€a Gosaee obwieMm mnpumepe
(cm. § 8).

[Moap3ysice ypamnennsaMu (79), (80) u npRHUHTOM CTaHH€OHAD-
HocTH (82), MOMHO NICAYYHTL yPaBHeRHe, XapakTepHIYIOUlee KHHETHKY
Npoilecca ¢ yYyeToM BHrOpadHsA (PacXoLOBaHHs HCXOAHBIX TIPOAYKTOB).

TToacrasasa B (78) Buipaxerue (83), monyuum

dngxlot =2 (kgnﬁ + ayny) {98)

Ona ynpoulends pacuera GyAeM paccMaTpPHBAaThb CAydYail HH3KHX
fAaBaedufi, xoraa p 6AH3K0 K p). Torla cKopocTblo peakiun ¢ N == 4
(cm. taGa. 31) moxHo mpeHeGpewn, a CJIeAOBATeNbHO, BLIpAKEHHE
(81) s3anuwercda B BHIE

an,fat = 2gn) + (20, — ag) ny (99)

Ot6pacuiBas  ¢JaraeMoe, ONpeleqsAloliee CKOPOCTE 3apOXK/IeHHA
IenH KaK Maayw BeJIHUHHY H 3aMEHSs AaBJ/eHHe HA NpONopUHOHAJE-
HYIO BeJHYHHY — KOHUEHTPALHIO KHCAOPOLE, H3 Bupamennﬁ (98) u
(99) moayumm

3[0,]fat == &3 [0;] [H] (100)

H
d1H)/ot = {k; [0,] — k5S} [H] 101)
Hens supaxenne (90) Ha (89), naxonum
ATH] _ £[0)] — S

a[0,) | &[0y

(109
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l'IponH'rerppreM 3TO BHIpaXeHHe, NpPHHHMAass BO BHHMAaHHE, 9TO
OpH  KOHUEHTPAlUKH KHCAODPOAA, pasHo#d HadauawHo#, T. €. Korjaa
[0z} ={O:] o, KOHUEHTPALHS aTOMHOrO BOAOPOAA NPAKTHYECKH DaBHa
HyJ/10, TOTAA HOJYYHM

(1] = [Oalo ~ [0s} + 5> In L5 (03)
IMoAcTaBasa 3To BHpaXeHHe B (100), HaXO[AHM
a0 S 0
Lo =104 {od—10 5 [[02"}10} (104)

CkopocTb peaKlHH, COIVIACHO 3TOMY YDAaBHEHHIO, BHAauaje YBENH-
YHBaeTCs, 3aTeM NPOXOAHT Yepe3 MakCHMYM, PacloJOXeHHHR BOAH3H
NONOBHHE MMOJHOTQ NpeBpalleHHR, W NajaeT K KoHuy peakuud. Ha
BHBOAA 3TOTO YPABHEHHA BHIHO, YTO OHO HOCHT NPHOJHAEHHbIA Xa-
pPaKTep H MOXeT OnTb CIPaBelJIHBblM B HEKOTODOM CpelHeM HHTep-
Bajie BpeMeHH TeueHHs Npouecca.

CoBpeMEHHAA TeOpHA LENHLIX peaklHi NO3BOJAET NOJYUYHTb YPAaB-
HEHH LEMHHX NPOLeccoB, KOrja H3MeHeHHAMH KOHUEHTPaUKH HCXoI-
HHX NPOAYKTOB MOXHO NpeHebpeyb. ITH ypaBHEHHS XApaKTepH3YIOT
HavaJbHbe YCJAOBHA peakuud, B s5TeX HadaabHEX CTAANAX peakuuy
NPOABANIOTCA PACCMOTPEHHEIE BhIILE ABJEHHA NDPENEJIOB CaMOBOCTIIA-
menenns. B obluem cayyae yueT BHIOpaHHS HJIM DAacXof0BaHus B pe-
3yAbTaTe peaxkili HCXOAHBIX NPOAYKTOB FPHBOAUT K CHCTEME HEJH-
HefiHbiX AHdGepeHHaAbHbIX YpaBHeHHA B YaCTHHX NPOH3BOAHHIX, pe-
WeHHe KOTOPBIX CHOMHO: MLl TaKHe PEIEHHS PaccMaTpHBaTth He Gy-
aeM. OaHako, eC/H OfiHa peaKlHs #BJAfETCS MeNJIEeHHOR, a Apyrue
coBepuI2loTes OBICTPO, TO CHCTEMAa YPaBHEHHA 3aMeHMeTcs OJHUM,
KOTOpOE JIeTKO pellaeTcs.

IycTb, HanpHMep, MH HMeEM LHKJ MpeBpauieHui

Al — A" — AT — N {105)

Ecnu nepmpas peakuns MelneHHAsl, a OCTajbHblE COBEpIIAIOTCH
GHCTPO, BPeMA Pa3BHTHA BCEro LHKJIA CBOAWTCH K BpeMeHH pa3sBHTHA
peakuvn A’— A”. 3a 370 BpeMs mpu P23BETBJEHHOM TIpoLECce BO3-
HHKaeT BMECTO OAHON MOAeKyan A’ mo Kpafinefi Mepe ABe MOJEKYJIH
H, KpOMe Toro, OAHa MOJexyJa KoueuHoro npoaykta X. Caegopa-
TenLHo, KaxAo# norufitefl Modexkyse A’ COOTBETCTBYET NOSBACHHE
0AHOH MOJEKYJhl KOHe1HOro NpoAYKTa X, NO3TOMY

— da’[Of = ax[at (106)

rAe @’ ¥ X — KOJHYECTBO MoNekyA A’ u X B ellHHHMIe 06heMa B MOMEHT BpeMeHH f.
3ta CKOPOCTh onpeaeser THCIAC €XHECCKYHAHO pa3BHBaHLIMXCH
unkaoB. TaK KaKk BpeMf Da3BHTHA LHKJAA ONpefessieTCst mepBoi Ou-

MoNeKyAspHOll peakivel B3auMOAEACTBHA AKTHBHHX YacTHW A’ ¢ uc-
XO/IHBIMH MOJIeKyJaaMu A, To

dxjdt == ka'a (107)
rne .

a=ay— X {108)
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B 5TOM paBeHCTBE @¢-— HCXOAHAS KOHLUEHTPALHA MOJEKYn A} X-—
KOHUEHTDALLUA 06paBOBﬂBHRHUCH KOHeYHOoro NpoOAYKTA.
Huterpupys supaxenne {106), naxoaum

a = "3 +x (109)

rae a;— KOHUEHTpPAHA AKTHBHHX UYACTHL B HAYAALHLIA MOMEHT BpeMeNH.

[Moactrasaaa (108) n (109) B (107), noayyaem
%/t =k {ag + x) (g — x) (110)
Onbit nokaswBaer, 4To ypasHenHio (110) noawnHsieTca GoJblioe
qucno lentux peakuuit. Muterpupys 3to ypasuenue, noaydaem
t= : In a(', ik
k(agtag) (2—x)a,

(111)

” r
rae gy = agfa,
Ecau x> ap, a a,>» x 710, npenelperan MalHMH BelHYHHAMH,

HAX0IHM
t=—t 12, (112)

T. €.
x=qe'" (113)
rie
T=1/kay B a= aoag

Hetpyaso yBuaets, 9To no ypasHeHHio (110) ckopocTe Takoi
peakndu NPOXOIMT 4epe3 MAaKCHMYM, KOrla x == (a, ~a{’,)/2. 310 3Ha-
YHT, 9TO BHAuaje peakius mner ¢ yckopermem. Ecau nocrpoutws rpa-
(MK 32aBHCHMOCTH KOJIHYECTBA KOHEUHOrO MNPOAYKTA OT BpPEMEHH, TO
OH 6yjeT HMeTb BHJI, NOKas3saHHWA Ha pHC. 57. Kpusasa x — f(f) umeer
Touky Neperufa.

KosiuenTpaliust aKTHBHEIX aTOMOB B CAyYae Pa3BeTBJCHHHIX UENHHX
peakiHfi MOXET CTaThb B AECHTKH H COTHH THCHY pa3 BHILe PaBHO-
BecHuX. 710 nokazan B. H. KonapaTheB NpAMLMA ONBITAMH AJA
paspeXeHHOro NJaMeHH BOJOPOAd HPH TeMIeparypax 3HauHTENbHO
auxe 1000°C, B KOTOPOM KOHLEHTpAUMsi ATOMOB BOMOPOAA ACGCTHraeT
10 % ot ofmero cogep:aHHs BOAOPOAA B CMeCH., JTa KOHUEHTpauusa
B 10° paz Gonblie TepMOAHHAMHNMECKH
papHoRecHo. T

[Tpu BuBode ypasHenns (110) pe-
KOMOGHHALUHEH  NPOMeXYTOYHEX  NpO-
AyKTOB Mbl npenebperaH. Ecan yudecti
rubenb  NPOMEXYTOUHBIX  [POAYKTOB

Puc. 57. 3aBHCHMOCTb KOJHYECTBA KOHEMHOTO
NPOAYKTA X OT BpeMeHH { /A UENHOR XHMH-
YECKOit PEaKIHH, 2
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BCAENCTBHE PeKOMOHMHAaUHH, TO KoHUeWTpauws A’ K KoHUY peak-
LHH MOMXeT NafaTh, XOTS KOJHYECTBO KOHEUHOIo MPOAYKTa elle
npojonxaer pacrd. CoorseTcTBeHHo B ¢opmyae (110) Oyzer npu-
CYTCTBOBAThL AOTNOJHHTEILHBHA OTpHUATENbHBH YieH, abcoMOTHOe 3Ha-
YyeHHe KOTOPOro pacTeT ¢ yBeJHYeHHEM KOHIEHTPALHH KOHEYHOTO Npo-
aykra x. Kak noxazaa H, H. CemeHoB, Takana pekoMGrHauusa jaocra-
TOYHO TOYHO MOXKeT OhITL Y4TeHa TOJALKG MM NMPOCTEHIIHX CaAydaen
MeTo/aMy YHCJIOBOrO HHTErPHPOBAHHS.

YpaBuenua (110) u (111) ONHCHIBAIOT KHHETHKY CaMOYCKOPSIO-
erocs npoilecca BO Bce BpeMs ero TedeHus. OxHako TOMAbKO Ha
OCHOBAHHH ypaBHeHHH, paccMOTpeHHuX B § 6 u 8 3Toff rnaBul, MOMKHO
€Ka3aTh, NIPH KAKHX AABJeHHAX H TeMOepaTypax passeTB/EHHHH npo-
uecc OymeT caMoyckopaioumuMmca (t>>0) H NIpE KaRHX — 3aTyXal0-
muM (1 << 0).

PaccMoTprM ellie oIHH BO3IMOXKHEA yNPOLIEHHBHA BLIBOA /BYX i1pe-
JeJIOB caMoBOCNNaMeHenus, Hanumwem cxeMy UHKJAZ TaK, uToOH B
KOHIE [HKJ4 pEereHepHPOBAJICA HMEHHO TOT THI HPOMEXYTOUHOTO
NPOAYKTA, KOTOPhiM OOYCAOBNEHO Ppa3BHTHE 3TOro uukJaa. Tak, inas
peaklinu TOpeHHs BOAOPOAA, KOTOPYIO MOXHO H300pa3nTh B BHAE MNO-
CTe/IOBATeJbHLX peakiHil, NPHBeACHAHX B Tabn. 3], LHKI MOKHQ
NPefCTaBHThL CXeMOH

a2 &y
> OH > H
H —
®ia Tan . %21
— O — (OH + H
Tt
H

YkasaHuHuoiii CJHOKHBI UMK COCTOHT H3 TPex MOpPOCTHIX [IHKJIOB,
KaX{AbiH M3 KOTOPHIX 32KaHYHBAeTCA reHepailHeit aTOMOB BoAOpona.
BeposiTHOCTL TOTO, WTO OCYUIECTBHTLCHA Da3BHTHE JAHHOTO [POCTOTO
UHK]A, OTUpe/leAeTCA NMPOH3BEAEHHEM BepoATHOCTEA a;; 1AA KamAof
CTajiHH 3Tore UHKA2. Tak, BePOATHOCTL PA3BHTHA NEPBOTO LHKJA

8 =00y (114)

BEPOATHOCTL pA3BHTHA BTOPOFO LHKJ&

8; = a,303,a (115)

¥ BEPOSITHOCTEL PA3BHTHA TPeTHEro UHKJAa

03 == @30 (116)

ITycTL #; — 4HCAO MOJNEKYJ RPOMEKYTOYHOTO MPOAYKTA, KOTOPHIM
noayaaeTcs, €cJH OcymecTBHTCﬂ ﬂepBHﬁ LHKJI, M2 — GHCAO MOJEKYyJa
NPOMEKYTOUHOTO TIPOAYKTA, KOTOPHH MONyYaeTcs IPH PASBHTHH BTO-
poro HHKna2 U T. 4. TOI‘,ILa paBBHTHe BCeX NPOCTHX LUHKJIOB OacT B
cpeaueM

© ==y dy + %eds + %ads (117)
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MOJIEKYJl MPOMEXYTOTHOTO MpoAyKTa * (B paccMaTpuBaeMoM ApuMepe
BCE ¥; PABHH €JAHHHLE).

YcnoBHe CTAUHOHAPHOCTH NMpOLECCa NPEeACTaBHTCA B BHAe o == l.
3To ecTh yCJAOBHE nepexoia mpolecca OT 3aTyXaHHA K caMmoycKope-
HMIO, HaNpHMep, CAMOBOCNIaMEHEHHe Ta30BOH CMECH BO3MOKHO, €CJH
fPOLECe HAST C HAPACTAHMEM CKOPOCTH, T. €. ecan o > 1. [lostomy
ychaOBHE © == | gae1 ypasHeHHe MpeleJOB CaMOBOCIJaMeHeHus, T. €,
NO3BOAAET YCTAHOBHTbL CBH3b MEXAY AaBJieHHEM pi, Temnepatypoli T
H APyraMu GH3HYECKHMH [DapaMeTPaMH, XAPaKTePH3YIOULHMH Takoe
COCTOSIHHE Ta30oBOR CMecH, KOria NpR COOTBETCTBylomeM, XOTH Ou
HEe3HAYHTeJLHOM, H3MeHeHHH p H T MOMKeT HaCTYNHTh CaMOBOCMAa-
MeHeHHEe, ’

Jna pacuera npesesioB caMoBocnaMeHeHHsi HeOGXOAHMO C TO-
MOIIBIO 3aKOHa AeficTBylowuX Mace HafiTH oy, YToOH yuecTs poJn
JHaMeTpa COCYAa, 3aKOH NefCTBYIOUIHX MacC NPHMEHHAIOT HE ¢ TOoA-
CUeTOM 3HAYeHHA CKOPOCTH peakKuufi B exunHne ofbema, Kak 2To
OGBIUHO feNaeTcA, a C MOACYETOM CKOPOCTH JAHHOrO BHAA PeakuHh
BO BCed pearupyiolleli cucreme.

[lycTs © — KoHUEHTpaUHA MoJeKyn HauGojee MeJJeHHO pearH-
PYIOLUEr0 ¢ HCXOAHHM AKTHBHOTO MPOMEXYTOYHOTO NMPOAYKTa (Hampw-
Mep, atomos H B mpuBeneHHofi Bhle cxeme), & ¢ — KOHUEHTPAlLHA
BCero HCXOJAHOTO TPOAYKTA, KOTOPHIR pearupyeT no GuMmonekyaapiofi
cxeMe C AKTHBHWMR MOJIEKY/JlaMA NDPOMEXYTouHoro apoaykra. Toraa
JU1A CKODOCTH peaKuHfi 8 oGbeme (4HC]A DEeaTHPYIOIIHX MOJEKYJA B
efUHHLY BpeMeHH) GyieM HMeTb

Zy = kyuev (118)
rae v— ofuem peaxKnyOoHROro cocyaa.

Ecan nNpHHATb, 9TO AKTHRHHA NPOMEXYTOUHHA OPOAYKT FHOHET
npH TPOAHEIX COYJ4pPEHHSX, TO AJA YHCJIA caydaeB rHbesu B obneme
noJyyaem

Zy=kouc® (119)

Kpome Toro, akTHBHBIAI NpOMEXKYTOYHHI TMPOAYKT MOMXKET THOHYTBb
B pe3yabTaTe COyAAapeHHA aKTHBHLIX MOJeKyJ €O CTeHKaMH cocyaa.
Exxecekynanoe uncao caydaes rubeau na cTenkax Gyaer

Zy = £uS (120)
rAe § — NOBEDRHOCTL CTEHOE COCYAA, @ KOTOPOM {IPOACXONHT PeaKHHA.

BepoATHOCTh KaXAof M3 9THX peakiHfi onpejeaseTcss OTHOCH-
TeJbHEM YHCAOM COOTBETCTBYIQMIHX peakusi;

a A 1 S
U™+ 2+ Z.

Ecan npuasath, 4To Oosee OHCTPO pearHpyiilfe aKTHBHLIE Be-

mectBa (HanpuMep, -OH u O B npusesfieHHofl BHILC cXeMe) HE THOHYT

(121)

* B naunom cayuae cpejHee 3HaYeHHe HAXOAHM HAK MATEMATHYECKOE OXHIaHue
cAyuaknofl sennunnn. Maremaruveckus omulanuem ciydafEofl BeAHTAHNH AHMCKPET-
HOQTO THNA HASWBAETCA CYMMA BOJMOMHHX €¢ SHA4eHHB, YMHOMEHHHX HA COOTBeTs
CTBYIOLEE BEPOATHOCTH,
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B ofneMe ¥ Ha UOBePXHOCTH BCNEACTBHE KPATKOBPEMEHHOCTH W®X
HH3HH, TO Qo = Olaza = Q31 = I, 4 TAK KAk oz =13, TO 6§ = 62 =
= 83 == 03. CaenoBaresHO:

@ = (% + %y -+ us) A2 (122)
[oacTaBAss B 5TO BLIPAXNKEHHE 3HAYSHHE Oz, NONYUHM
Zy (3 + %2 + %3}
2l et g 12
Z + 2o ¥ 7 (123)
3nas ©, MOXKHO HAATH CKOPOCTb HAPACTAHMA KOKUEHTPALWM aK-
THBHHX LUEKTPOB B HATANLHEIA NEPHO/ PEAKIHH, KOTAa YGLALIO HCXOA-

HHEX NPOIYKTOB elie MOMKHO npededpevb.
JeficTBHTEILHO, NOMaras, COrN1acHo NOKA3aHHOMY BEHILIE, YTO

o=1 (124)
sHpaxenne (123) moxuo 3anuCaTh B CASAYIOIEM BUAe:
(K1+5€2+H3—I)Z1—23—'23=0 (125)

Tlonctasasa e (125) suauenwa Z), Z, u Z; COrNACHO DAaBEHCTBAM
(118)—(120) u cokpawas, noJygHM

(u;-!—xg-{-m—l)k.c—kgcz—k3%=0 (l?ﬁ)

Jlas paccMaTpHBAaeMOro cayuast x; == %g==%; =1 nostomy ypas-
Hekne (126) sanMiercs :

Ok — Bac? — ks %=-o (127)

Tax Kaxk monydeHHOe ypaBiHeHHe HBJAETCH OTHOCATENBHO KOHIEH-
TPalHH YPaBHeHHeM BTOPOR CTENeHH, CYIECTBYIOT OBAa 3HAYEHHS KOH-
HeHTPaLHH, YAOBJETBOPAIOLINE 3TOMY YPaBHEHHIO, a CAEAOBATEJALHO,
R ucxopnoMy yciobuwo (124). Ho, xak Owino noxasano, sHpamenue
(124) apasercs ycJoBHeM Tepexofa Npouecca OT 3aTYXaHMA K CaMo-
socniiamMenenn. [lostomy ypasrenre (127) ecTh ypaBHeHHe ABYX
NpeesioB CaMOBOCILIAMEHeHHA. JTO ypaBHeHWe LaeT ABa 3HaueHHs
KOHIEHTPAUHA ) R €2, KOTOPHE OrPaHHUYMBAIOT 06xacrs BOCnJaaMe-
HeHHA. BocnnaMeHenHe, HJAH, ADYTHMM CJOBaMH, CaMOYCKODEHHBL
npouece, BO3MOXKeH B 06/1aCTH KOHLEHTPAUHH ¢ <5 ¢ << Co.

K Takomy ke peaynbraTy MOXHO NDHATH NyTeM pacuera nepHona
maaykuud. CornacHo onpenenenuio Zy, Zy H Zy MOXHO HANHCATE

Uduldt=-Z; —Zy— 2 (128)
Yuutusan (118) —(120), noayuyaem
dufof == (ke — Rge? — R3Sfv) u == ujx (129)
rne
T o= 1/(Re — kie? — B3Sf0) (130)
Hs suipaxenns (129) nocje MHTErpHpOBAHHS Clexyer
U= uoem (131

rle T— MacWiTaCHpit MAOMMHTENb, KOTOPHE B SKCHOHEHUHANLHWX (YHKAHAX THNA
(131) NPHEATO Ha3HEATh MNEPHOROM AHOYKIHH; o -— KOHUEHTPAIHA AKTHBHHX MO-
JIEKYN B HAUAJbHHI MOMEHT BpeMeHH | == 0,
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Kak Brano H3 BHpaxenus (131), mepHoA HHAYKIHH ecTb BpeMs,
B TedeHHe KOTOPOI'C KOHUEHTpAUHA NPOMEKYTQUHOTO NPOLYKTa yBe-
JIHYHBAETCS B ¢ pas.

B 3TOM YypaBHEHMH He YYHTHBAEeTCA CKOPOCTb CHOHTAHHOTO 3a-
POKIEHHA A4KTHBHHX UEHTPOB, KOTOpOfi B OOJBINHHCTBE CJAYy4aeB
MOKHO TIpeHe6peyb. JIefiCTBATENBHO, TYCTh MH HMEEM JBa ABYXAaTOM-
HHX ra3a, HanpuMep H; v O, HaxoAsduHxcs B CTeKAAHHRIX cOCyAax
IPH AOCTATOUYHO BHICOKOA TeMnepatype. Torga B KaxXAoM H3 HHX
YCTAHABJABAETCA PABHOBECHE THMA:

0 == 040

MNocne cMemrmBanus >Thx rasacs atomMm O u H Oyayr wrpats pom
«3aTPaBOK», HHHUHHpYylollux uend. Kpome TOrO, AOMOJHHTENBHO MO-
ryT 3a cueT AaabHefimuefi aunccounaunu O, u H, so3nukats atoMn H
# O. OOnvHO CKOpOCTL STOTO NpoUecca OKA3SHBAETCH 3HAYHTEJNLHO
MeHbllle CKOpocTH obpasosanus O u H B pesyabrare pa3sutua uenu.
IMo3ToMy, KaK HPaBHJO, 3THM [POLECCOM MOXHO NpeRe6pets.

OnA HaxoXOeHHR 3aBHCHMOCTH MepHoZA HHAYKUHH OT TeMHepa-
TYpH HeOOXOAHMO YYeCThb TeMNePaTYpHYD 3aBHCHMOCTh KOHCTaHT
CKOPOCTH

k) == koe~EIRT (132)

DHeprui0 aKTHBAUMH peaKuHH r'nbeiH NpH COYAAPeHHH CO CTEHKAMHA
AJH NPH TPOAHKX COYAAapeHHAX MOMHO MOJaraTe pasHoff Hy/moO, T. e.
CUHTATh, 4TO Az H k3 He 3aBHCAT oT Temneparyphl. Ilocne moacra-
roekd {131) B (130) noayuaerca dopMyaa nepuoja HHAYKIHH, Dpea-
JgoxenHasd H. C. AxkyJoBHM A4 caydas He CAHKIIKOM GOJBIUMX KOH-
HenTpauHi

T=tyf{c — 1) (82 — ¢} (133)
3aech vo=k;!; €1 H ¢z — KOPHA YpaBHEHHA
K ERT — @ —pdy =0 (134)

rie & = kofky; EB” = Rifks; do = v/S — BenHUHHA, TPONOPHHOHANLHAA AA2METPY
cocyaa.

YcaoBue npejesioB CAMOBOCIVIAMEHEHHS © == ]! SKBHBa/IeKTHO
yCTI0BHIO T == oo, JleficTBuTebHO, B 3TOM cnyyae #3 ypaeHedHs (I31)
CAEOYeT U = Ug, T. €. TMPOLECC ABASETCA CTALHOHIPHHIM.

Takum obpazoM, H3 ypasHeArs (133) BoiTekaeT, 9TO CYLIECTBYIOT
ABa Mpefena camoBo