pposKennbiit xapakrep. Duamueckasgd OpumumEa DUPKAAHHEIX PHUTMOB
HECOMHEHHO JIeKMT B ABTOKOAE0ATENLHHIX MPOMECCAX — HX HEPHOAbI
NPAKTAYECKA HE33aBUCHMEI OT TeMOEPaTypH W [pPyraX BHEMIHHX (aK-
TopoB. IlupKajHLle PATMEL aBTOHOMHS! KaK Ha OpPraHU3MEHHOM, TaK
¥ Ha KIeTOTHOM ypOBHE.

YeTsepTolit, HE MeHEe CYMECTBOHHHE apTyMEHT COCTOHT B TOM,
YTO CKOABRO-HUOYIEL CIOMRHAA MamIWHA MOKeT paGoTaTh HEmpepHiB-
HO JuIIL HyTeM OepuoJauecKOro mpeofpasoBamud dHEPruH B pabory.
Ilepuonununocts croficTBemHA JMIOOMM [ABMKYm@AMCH yCTPOCTBAM —
ofHUM u3 BeymuafiinX wusoGperemmit Homo sapiens ObLIO Koleco
(cM., BmpoueM, c¢. 413). OuemngHo, uTO ChoKHAA KHBAA CHCTEMA,
o6iaiatomas aBTOHOMHLIM CYIM[ECTBOBAHHEM, HBOJIOIUMOHHO OCTHIa-
€T ypOBHA HepHOJUIeCKu paboTamomeil MAanImabl — MH HMEEM B BHIY
cHCTEMBl [piXaHusi W KpoBooOpameHud. [[BusRenmus MUBOTHOTO — Oer
renapja, OPLBKKA KEeHTypy, mosieT NTHANH, DjaBaHme PHOH, CKOIb-
JKeHHe 3Men, [BuiKenue pecHmder HEQYy30puu — HPEACTaBIHAIOT CO-
6oit mepumojuuecKue, 3aYACTYIO. A8TOG0ALHOGbIE NPOYeCCHL TpeBpale-
HUA XUMHYECKOil sHEpTmHw B MexammdecKyio paGory (ra. 12). Teope-
THYECKOE M DKCIEPHMEHTANbHOE MCCHEJIOBAHHE XMUMHUICCKAX u Omo-
JOTHIECKAX MEePHOHUECKUX ABNCHHI UMEET MODTOMY BECHMA BAMKHOE
sHavenue mua Omoduauku, GmoxuMmuu, (QusnoNorvm, I OHOJOTHK
B TEIOM.

§ 16.2. Peakgnu Benoycosa — jlRaGornnckoro

Haumem paccMOTpeHHE mEpUOJMICCKAX HPONECCOB C XHMHUECKHX
aBTOR0JI0ATEILHEIX ABICHUN.

B 1959 r. BenoycoB B kpaTkoil 3aMerTke coolmmin 06 OTKPHTHH
¥M OepHofMYeCKHX W3MEHEHMU I|BeTa PacTBOpPA C 4aCTOTOH HOPAIKA
10~* Tg B xXofe OKHCICHHS IMMOHHON KHCIOTH OpOMAaTOM, HpHYEM
KaTanxmsaTopoM Obviim mOHBI Hepus. Vsmemenme oxpackm ompenensi-
jmoch mepumommuecknMu upenpamenusMu Ce** == Ce**. Beaoycos na-
6uiofjas JecATKA HepuofoB, B manpmeiimieM neTajpHLle BKCICPHMEH-
TaJbHEBle M TEOPEeTHYECKUE HCCHENOBAHUA BTHX M POACTBEHHEIX HM
sBieHnil Gbim oposefedst slaGormHcKEM ¢ cotpymEukaMm (1964—
1974).

Peaxnun Beroycopa — HaGoTuHCKOr0 — ORMCIMTEILAO-BOCCTAHO-
puTeiabHble peaknuu. PaccMoTpuM B KaYeCTBe IPHMEpA PEAKIHIO,
B KOTOpoOii orucamteneMm smuasercs 6pomar (mom BrOj), moccramosin-
TeleM — MajonoBag kmerora (MK, H,C(COOH).), a =xartanmasaro-
poM — wonH nepusa. HoneGanus oKpackum, ompeneiseMie u3MeHCHmA-
Mu Koanentpanun Ce'*, apnsioTca penakcanmommsimm (puc. 16.1, a).
Ux mepmopy T peauTed Ha e (asbi, T, H T — HAPACTAHAA H HAajge-
mus [Ce**]. YopomeHnmas cxeMa peakKnum COgepsKuT JBE COOTBET-
CTByIOmuX CTaJHH:

.. BrO3 H
Ce®™ ——— Ce*™ (1, oxmcuerne),
MK , ‘
Ce?t — Ce®t (11, moccramommenne). -
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IIpoaykTsl BoccramoBienns Opomara, obpasylomuecs Ha crajmd I,
6poMEpYIOT ManoHOByI0 KmcioTy. llonywaercs GpoMmalnionoBas Kmuc-
asora (BMK), koropaa nanee paspymaercs ¢ BuiesieHmem Br-. Mom
GpoMA/a CHIBHO MATHGHDPYET peaxnuio.

KonebaTenbusli mpONECC NPOMCXOUT CclefyioinaM ofpasoM.
B cumcreme mMmeerca mavanbmoe koiuuectBo Ce'*, Torma ma crapmm

Puc. 16.1. ABrokonebanun
rounenTpanur Ce*+ (a);
ckavkm a3 B Xofe Kome-
Gammit Ce'*, Bpi3nIBaeMele
O{HOKpaTHEMME jobaBKa-
ME Br~ (6), Ag*+ (e),
Ce'* (2). CrpenramMm yKa-
3aHBl MOMEHTHl J00aB-
JeHAA

II obpasyerca Br—, koTopwii mermbupyer peaxnuio I m c mexroropoi
crxopocThio mcyezaer u3 cacteMsl. Homnentpanus Ce't mommmaercs
XaK BeCaeqcTBHe BoccTamoBiends B peakndd 1I, Tax @ BcaepcrBue
topmomenus peaknuu I GpommpoM. Horma [Ce'*], pacxomyeman =
peaknua 1I, yMennmiaerca [0 HEMKHEro HOPOroBOrO 3HA4eHHd, Haya-
erT U xounmentpammsa Br-. Brosh maummnaercs peakums I u Konmem-
rpanua Ce** Bospacrtaer. Ilpm pfocTH:kemHH BepxXHET0 NOPOTOBOTO
amavennsa [Ce**] pearo Bospactaer [Br-], uto mpuBogur x TOpMO®e-~
nmio pearnua I. IToce sToro muxn moBTOpAETCA.

dT1a cxeMa HOATBEPIKIACTCH CIENYIOIIAMH 3KCHCePHMeHTAALHHMHA
¢gaKTamu.

1. Maante xoimdectBa Br~, BBefeHHBIe B cHcTeMy B ¢ase mapa-
cragug {Ce**], BuiztiBatoT nepewiouenume (puc. 16.1, 6). MurEManb-
HOe KOJMYecTBO Br~, BHI3HBawinee HEePeKIOYCHHE, YMEHbOIAeTCH K
XOHIY Ti.

2. Br~, nobGasiennsiit B gase T, yauasgeT ee. IPPeKRT TeM cHib-
Hee, 9eM Goabpnre fofaBKa @ 4eM oHa GaUKe K KOHIY Ta.

3. NlobaBra Ag*, cBasmBamoinero Br-, BH3LIBaeT OPOTHBOMOIOM-
muie coberTusa, Baenenme Ag* B asy T, NPpHBOMAT K HEPEKIIOUCHHIO
(puc. 16.1, ¢), a moGasxa B ¢ase mapacTaHHA YBEJXHYHBAET T,.

4. Ecam B cHcTeMy, Haxoffginqylocs B KojJebaTenbHOM pemmMe,
HeOpepHBHO Meienno Nobapiare Br~, 10 KoxeGamms mpepsiBaoTcs
u [Ce**] ocraeTca Ha mmmmem mopore. ITocie mpeKpamenusa Homadn
Br- xonebanng Bo306HOBAAIOTCA.

5. Cxopmmniit peaynbTaT HOAYYAETCA HPH MeJJeHHOM fo0aBie-
muun Ce'*,

6. JloGaBnenme Ce'* B (¢hasy T, Bui3HBaeT DepeKJI0YCHHE
{puc. i6.1, ¢).

Obman cxeMa peaxnum DoKasama Ha puc. 16.2,
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ITn oublTH ouenb 3PEPEKTHH — OKPACRA PACTBOPA HepHOfIge-
CKu mepeXofuT u3 roixy0oit B po3oByw u obpaTHO.

B aBTokone0aTelbHBIX PEAKNHUAX TAKOL0 THIA BOCCTAHOBHTEIH
HOInKEH JIerko OKMCIATLCH OoRACIennoir opMoil KaTaimaaTopa m HO
JOJKEeH pearupoBaTh HEMOCPEACTBeHHO ¢ OpoMa-

toM. Hy®Ho Takme, 9T00b BOCCTAHOBATENE JIErKO HBrD HBrD
OGpoMupoBaJicA H MOIyYaeMbie OpPOMIPOH3BOHEE }
pasiarajuch, Bhimedss Br-. Buu mayuen psag pe- i
AKNAN ¢ PABIUYHBIMH BOCCTAHOBHTEIAMHE. gei+ cpdt
IlpambiMm onpiTaMu MOKa3ano, 9T0 peaKIUR
BIIOJIHE TOMOr€HHLI; MIOBEPXHOCTh PEaKIHOHHOTO
Br- BMK

cocyqia He BIHfET WU HA XOJ JaHHOI nmepmoxmde-
CKOli PeaKknmud, HA HA 3aBHCHMOCTh YCTOHYHBOCTH Pge. 16.2. Ofman

OT KOHNEHTpAanud PEareHTOB. cxeMa HepHOAWYe-
Peaknun Benoycoa — HRabOTMHCKOTO BEChMA CIIOM- Cxoft  XmumdecKoi
n JN10yCcoB pearyun

HBI, y49eT BCeX WX cTaguil sarpyaHuaTencH. Ilo-BuguMoMmy,
wcno craguix He Meuniie 11, OpHakce MoMHO yOpocTHTh
3a7a9y ¥ O6BACHATHL KOJIeHAHWA B TOMOTEeHHOM pacTBOpe, HCXOAA U3 TPEX KO-+
yesux Bemecrs: 1) HBrO,, mrpaioimero poas mpoMemKyTouHOro mepeRiiowareisd,
2) Br~ — KOHTPOJNHPYIOMEr0 IPOMEKYTOYHOTO COeAMHeHHs M 3) KaTanusaropa
Cet't, [loMUHMDYIOT PeaKnuH:

NpU J[0OCTATOYHOM KojmuecTBe Br—

BrO; 4 Br~ +2H* 25 HBrO, 4 HBrO, M
HBrO, + Br~ + H* 15 2HBr0; (an
HpHA MaJIOM KoJaugecTBe ocTaBmierocg Br—
BrOj - HBrO, 4 Ht 25 2Br0, -+ 1,0, (111
2Br0, 4 2Ce** - 20+ 1% 2HBrO, + 2Cet*, (ivy
2HBrO, 25 BrO; + HBrO + H*. V)

HepBaa cragmsa onpegenaeT cKopocrh. BpommoBarmcram kueiacra HBrQ 6uicTpo
pacxoayerca Ha GpomupoBaEme MK. B cragmax (I) m (II) Hocrraerca Kpaau-
crag@oHapHoe cocrosgnane (A):

k, [HBrO,] , [Br=] [H*] &~ k, [BrOo ] [HYF [Br~],
T. €.

eMm k/k 10-? [HBrO:] 4 = (ki/k2) [BrOs] [H],
npmaeM ki/ky = 10-°.

B mociegyomux peaknEsx ckopocts ammurmpyerca (111), Cragmm (III)
(IV) BMecTe aBIAIOTCA aBTOKaTaJHTHYecKHMEH no orHomeEmi K HBrO, Hosoe
KBa3MCTapHOHAPHOE cocrosiHme (B) orBewaer yCJOBHIO

— +
k, [HBr0,|; =~ k, [BrO3 | [HBrO,] [H™],
uin
[HBrO,] 5 = (k, k) [Brog ] [H],

tae ksfks = 10~4, k3 = 10* M2 ¢!, -
Cragmz  (II) = (III) mnowaseearor, aro Br— u BrO; xroEkypupyior
sa HBrO,;, ABrOKaTanuTHYECKAA npoayrnuAa HBr0; HeBoaMOxHa, MHOKa
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ky [BrT]>k, [BrO;]. IIpun kpurHueckoit rORNMenTpanun GpomMmpa:
. .
- 3 - - -
[Br ]“p = F, [Brog] ~ 5-10¢ [Bro; ],

peaknma meperdwouaerca ¢ (1), (II) ma (III), (IV). C Bospacrammem [HBrO,}
y6rsaer [Br—] coranacmo (II) m npoxoAHT 4epe3 KpurmieckHi ypomemb. C apy-
roit cropomkl, npoaynupoBaEusiii B (IV) Ce*+ peremepmpyer Br—:

4Ce**+ BrCH (COOH),+ H,0 + HBrO e oBe— 1 4Ce T 3CO, + 6HT, (VD)

[Bt‘g{ BHOBB IpeBrimaer [Br—]xp m BoccramaBampaerca ypoBerb [HBrO;] 4.
aTeMaTHiecKag MoJeab nponecca («opezonarop») caemyiomad. O6osma-

ummM X = [HBrO:], ¥ = [Br~], Z = 2[Ce*+], A =[BrO; |, P, Q — npoume npo-
nyKTH, YpaBuends (I)—(VI) nepenmmyrca B BHfe .

k3,4
Ay x xoviEp arx—Sox4z,
2x %0, z 54y,

3necy v — mogxomanmumit crexmoMerpHueckmit koaddunmenr. HomerauntTel cropo-
CTH, ONeHeRnmme H3 onmTa: k; = 1,34 M~lc¢™!, k= 1,6-10° M~l¢c~!, ks 4 =
== 8.103 M—2¢~!, kg == 4-10" M—!c~!. 3naueusa v u ks — napamerpsl. [ipaauma-
oTea noctonmmasie A == 0,06 M, [H¥] = 0,8 M. Hennneiiebie ypasuennan HeoOpa-
THMBIX, T. €. JaJ€KEX OT PABHOBECHH, pEaKNUll HMEIT BH]
X = k1AY — kXY + ks (AX — 2k5X?,
= —kAY — kXY 4 vkeZ, (16.1)
Z = k3, 4AX — keZ.

BsojgaM GespasMepibie IepeMeHHbe
k k kk

2 2 276
z=5—X =—Y, z= ,
kA Y ks ad " k1k3,4‘42
k k k.
L. s 156 3,4
T=4 Vk1k3’4t, g=2 PR s= l/—I;T' (16.2)
2 3, '

ke
W= ——""TF———
AV,
Honyaaem

dz dy 1

d:
g;=3(y-—xy+x—qrz), =y —zytva), 7:=w(x—~2)- (16.3)

Y3 npuBejleEAEIX ONEHOK cuepyer, uro q = 8,4-107%, s ~ 80 m w = 0,16k;. Cuc-
TeMa EMeer JiB¢ BPEMEHHEIX MIKANHl — JBOJIONAA Z onpejendercd GOABIIOR KOH-
CTANTOH §, a BBOJIONMA y H 2z — MaJGIMA KOHCTaHTaMH,

CranmorapHsie pemerns (16.3) Emeor Buj

‘VIO
zo = IO’ yo = m = 1/2 [(1 + V) — q10]. (16.4)

Bropoe ypaBmemwe (16.4) SkBHBajileHTHO NOJTY9aeMOMY M3 LEPBOr0 ypaBHeHHA

(16.3)
433 +lg— =) 2y — (1 +v) =0,
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Ilpn sumeapuzanEy 0O yiKe W3BECTHOMY Hpasuxy (c. 500)
z=1=zxo+ aexp (M), y=yo+ Pexp (A1), z = 20+ yexp (M).

dra cucreMa cioiuee pamee paccMoTpeHHBIX (Mofenb Jlorka — Boabreppa,
OpIOCCENIATOP) — xapaKTepPHCTHYECKOS YDABHEGHWE He BTODOYO, a TPETHETo MO~
pAnKa:

AM—fA+gh—h =0, (16.5)

the f, g h 3aBHCAT OT o, Yo, Zo H OT DApPAMeTPOB s, w, ¥, ¢, NPHIEM V H
BapBEPYIOTCA. ABTORONeGarebHE MPONECE, T. €. mpeAeabHblil UK, BO3HHKALT,
€ecl¥ TOYKa (Zo, Yo, %) Heycroilumsa. Momx-

HO OO0KAa3aTh, YTO OOJNACTh TAKAX pelIeHMmit N
HeHCTBATENBHO CYmMECTBYeT, eCiid 57
L
050 < v << 2,41, ’
. 36,7
Ha puec. 16.3 nokasam npemenbHBIE NEKI Ha E% 4o’ ‘E
unockocru 1g X, 1g Y. & B y
S
~ -
Moo ynpasnsiTs pemuMoM Kouae- 20 '|
Gammit mocpeficTBOM BHEIIHMX Bo3fielt- £ |7
creuit. TakopwIMEH fBaAOTCH mocTofm- 2 47 -
HHf OpuToR Br- wam soaneiicTeue ma -~ RS T 410'
acTso ABTPAQHOJETOBEIM CBETOM W TeY 6 5 g
p p yastpad ’ yer 65228

HpUBOAAINEE K TeM jKe peayabTaTam,
TaK Kark 5ToT cBeT paanaraer BMHK ¢ Pme. 16.3. Ipegensmpii  mmgx
BHeneEneM Br-. ApTorone0aEus CuH- AJH €OPeroHATOPA»
XpPOHM3YKOTCH [PH BO3JEHCTBHH IIe- :
PHOIAYECKOH BHEMIHEH CHIBI — IPAMOYTOJNBHBIX CBETOBBHIX HMIYJb-
COB ¢ YaCTOTON MOBTOPEHHS, GnM3KOX K wacToTe asTokroxebammit, Ko-
HeuHo, Iponecc mpexpamaercd, xorga sca MK oxucngerca mo CO,
(pearuua (VI)). ' ’

Mur paccMoTpenum TOYEdYHYIO, COCPEHOTOUEHHYI0 cucTeMy. Ecum
cHCTeMa pacumpejielieHHas, T. €. HAPALY C XHMHYECKHMM DeaKImuIMR
umeercs nuddysna (eMm. § 15.4), To B meilt MoryT posHuKaTh BON-
HOBLIE MPONECCH, NPOCTPAaHCTBEHHHE M BpeMeHHble XapaKTepHCTHKH
KOTOPHIX He B3aBHCAT OT HA4YadbHHX YCIOBHI,— A8TO80.HOGbLE
npoyeccsl.

Muzr ye ropopmiad 06 aBTOBOJHAX B BO3GYAMMEHIX, aKTABHEIX Cpe-
Jlax, paccMaTpuBasf paCupoCTpameHue HepsHOro mMmyanca (ra. 11).
Cpena, B KoTopoit mpoucxoput peaknus Beroycosa — fHaGotumcko-
r0, €CTH aKTHBHAMA Cpejia.

HaGorurcruit 1 3ankus HaAOGMIOAANd W H3YYadH ABTOBOJHOBEIE
nporeccll B ONMHCAHHOE XuMuueckoil cacreMe. [lag Toro d9ToGH CH-
ctema Oblia pacIpe/eseHHol, HE00XOAUMO OTCYTCTBHE KOHBEKIUHA
npu maanunn gaddysua. ITo OCYmecTBASeTCs B TOHKAX TPYOKax
(ommoMepHas cuCTeMa) miH B TOHKHX CIOfX (AByMepHas CHCTeMa).
B kauectre wxaTanmsatopa npumensacs nme Ce’*, a ¢eppoumoBnIil
KOMILIEKC sKeneaa. Boaly:RmeHne CHCTeMH IPOH3BOAMTCA IPHUKOCHO-
BeHHeM K [DOBePXHOCTH pAaCTBOpa HINIOH, CMOYEHHOA pacTBOPOM
AgNO,; (Ag* cpasniBaer Br-) mnm marperoil mpoBonoroir. Boammrka-
10T BOXHEL, Gervimue co CropocThio okrono 0,01 cM/c. Ixcmepmmen-
Tanbuo Obli 00HAPYREHH! ToUeYHble HCTOYHHKE aBTOT@HEpANHH —
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Puc. 16.5. Cxema obpasosanna pesepbepaTopa HM3 PpaspeiBa ¢poHTa BOJHHL.
Hlupnan smEmMA — 30Ha BO3OYKAEHNA, AB — nuuas paspuia ¢ponta, 0—6 —
HOCIefOBaTeLHEE MOMENTH BpeMepn, MN — nuuns $punTa B Momeny G

Pac. 16.6. Xauuuecxkne pesepGepatopu. Uepnile KPYMKKH — OY3HIPBRE BOJAYXNa
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eedyyue yenrpt: (BIl), po3EMKalmue B OJHOPOXHOE cpene B pe-
3yJNbTATO JIOKANBLEHX (QAYKTYanuil KOHNEHTPAIHH, T. €. 0CoGRX Ha-
ganeERX ycaopmil. HoEmemTpanuoEEble BONHEL pacnpocTpaHAITCH
u3 Bl ¢ nocroseroii ckopocteo. Ha puc. 16.4 norasamm BII, cdo-
TorpadHpoOBaHEEIE B YKA3aHHOH cHcTeme uepea Kajasie 30 c.

. IIpu paapriBe BOmEHOBOrO (JpOHTA MOMET BO3HMKATL peeepbepa-
TOop — cnWpaibHas BoXHa. PesepGeparop ofpasyercs, B u9aCTHOCTH,
OpH [IBMXEHHH BOJHEI B ABYMEPHOH Cpeie BOKPYr OTBEPCTHH — CHI-
payb ABIAETCA PasBepPTHON (SBOMLBEHTOH) OTBEPCTHAL

Cxema ofpasoBanus pepepbeparopa mokxasama ma pmc. 16.5. Ha-
foruECKEH ¥ 3auknm HaGaOfadE CuMpaJbEbIe BOJIHEL, BLISBAHHEIE

Pec. 16.7. Jlemaiiaug Parmelia centrifuga Puc. 16.8. ComparbHne
BOJNHEL

HAPVIIEHHEM ONHOPOIHOCTH CHCTEMH — JOKAILHBIM TNOHMKEHEEM
xucoraocty. Ha puc. 16.6 nokasama ¢ororpadmsa xmMHYeCKHX pe-
BepGeparopos, a Ha puc. 16.7 — dororpadus numaiinrra. Buenmmee
cxonictBo Opocaerca B rnasa. HomewBo, nepuoanyeckuit pocr Jumaii-
HHMK3 He ABIHACTCH AHAJOrOM IOBElEHHsA pPacCMOTPEHHHX XHMAYE-
CHMX CHCT€M, HO €CTh BCe OCHOBAHHMS CYHTATh, YTO XHMHYOCKHE aB-
ToKonebaTeLHEbBIE M ABTOBOJNHOBEIE IPONECCHI MOMEAHPYIOT BayKHLI®
OHOJIOTHYECKHE ABJICHHUA.

VYundpu HaydYanm TpeXMepHHe AaBTOBONHHI B cucTeMax bBexoyco-
Ba — Haborunckoro. Arnayise u Hpumrcknii o0HADYKHJIM B 3THX CH-
creMaX CIHpaibHLIE BONHEL ¢ TonoxormueckuM 3apsagoM (T3) Goxee
equppnil. T3 coupanbmoit BOMEE! paBen HameHeHHI0 (hasbl, BHpa-
seHHoMy B enuENOax 2m mpH ofxone IO 3aMKHYTOMY KOHTYDY,
OXBaTHBAKINEMY AJpo BONHK. T3 NpoOCTOHl CHHpANbHOH BONHEL pa-
Ben enumeune. Ha pac. 16.8 moxasambr cnmpanbeete BodER ¢ T3 =

=1, 2, 3, 4
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