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Hn$oprtratllBHblM rIoAxoAoM B rI3yqeHIIIl Mexa-

Hlr3MoB HarraJIbHbIx craguft tpancooptt'taqnl{ SHep-

rrur peaKIIuoHHbIMIl IIeHTPaMTT (PIl QorocltHTe3a
flBJIteTct aHaJII'I3 teuneparypHlrx gasI4CI'II*{OcTeft

gTrlx npoqeccon. Peaxqlrt reMHoBoro BoccraHoBJIe-

ur.ra $brooKl{cJleHHoro 6axtepraoxlopo$nnna (P)

oT BOCCTaHOBJIeHHOTO IIepB[IqHofo XI{HOHHOTo aK-

rlenropa (QJ s PI{ 6arrepr'rri Rb. sphaeroides uccJle-

Ayerct yxe AaBHo. 3ra_peaxq[s' ocyulecrBJlteMafl
TyHHeJIbHbIM uyreM ot Qusuolor[qecKux reMnepa-

Typ Ao KpI{oreHHbIX, I{Meer aHoMaJIbHyn reMnepa-

TVbHVIo 3aB[cl{Mocrb: xapaKrepHoe BpeMt flpoqec-

ci'ttl oKorlo 100 r"rc npu 295 K corpaulaercq Ao

25-30 Mc rlpu T < 150 K. flpuueu AaHHafl 3aracll-

MOCTb BO BCeM 9TOM Alrala3oHe TeMnepaTyp HocI{T

MoHoroHHbIIi xapaxrep. ?lsMeHeHI'Ie cKopocrl'I pe-

aK\uL| [prr BapbrlpoBaHul{ reMrlepaTypbl MOxeT

6rtrr o6ycnoBJreHo KaK TenJIoBbIM pacruupeHl'IeM

cpeAbl [1], rax u ronsopr,aaqlaoHHblMl'I nepecrpon-

xartru P[ [2]. flpo4onKaq AerarbHoe rccJIeAoBaHI{e

upoqecca, B Hacroclqeft pa6ore MbI pacilupllJrl'I Aua-

nasoH trsysentru peaKIIIM s o6racts reMneparyp

BbIIrre 295 K u o6trapyxHJII'I, qro cKopocrb peaKrII'Iu

n eroft o6nacnr cHosa Bo3pacraer. llccnegonaHnro

eroro eQSerta lr [ocBrlrleHa AaHHat crarbt'

Klerxn 6arreprr:r Rb. sphaeroides nrtpaquBalrn

u Bblllersrn u3 HIlx PI{ npu floMolqu AerepreHTa
JIAAO, KaK'onucano s [3]. PI{ cycnglul{po-Barl.I'I^B

f-il"frl NA-P-6yQepe, copepxalrleM 0'O5Vo JIIAO'

pH 7.0. [na ananusa rpoqecca perou6unaquu P* n

Qe r PU go6annxlu o-QenaHrponnu (5 ' 10-3 M),

6nornpyrcqufi nepeuoc sJIeKTpoHa or Qe K BTopI'Iq-

HoMy xLIHouy. flpu Hlr3KoreMrlepqTyPqblx rl3Mepe-

t ri* o6pasqal 4o6annaln 65-:70Vo (no o6rer''ry)
"n"q"p""a. Ooropearqun perucrpl'IpoBaJll'I n Q-no-
Jroce nouloqeHllr P (870 nu) na KoM[brorepn3l'Ipo-
BaHHoM ogHoryqeBoM cneKTpoQorouetpe flocJle

noa6yxtennx o6pasqoB IrMnyJIbcHbIM cBeroM (euep-

rufl Bcnbllurn 9 u[x, AJrureJlbHocrb Ha [oJryBblcore

npo$una 10 uxc).
3 as[cilMocrb BpeMeHI{ peaKIII{lI perou6unaquu

P* u Qi or reMrleparypbl BnJIorb Ao 320 K rpeA-

craBJreHa Ha prc. 1. PeructpupyeMble Bo BceM eroM

truarla3oHe I,I3MeHeHur t 6rtma noJlnocrbK) o6pam-

urr. PaccuorplrM KaqecrBeHuo Bo3Mox<HbIe Mexa-

Hrr 3MbI s a 6n ro[ aeuori neuonotonnori 3 aBI'Ict{MocrI{'

3a ocuony Bo3bMeM [AeI'I' pa3BI{BaeMbIe n Susnxe
TBepAoro reJra rpI'IMeHrITeJIbHo K flpoueccy eJI9I-

TpoHuoro repenoca B Heynopc[oqeHnblx cpegax [4]'

fnr yvera e$Qexta JroKiulbHoro oKpyxenl{t [oHo-
pa I,I aKqelTopa ucrloJlb3yeM npeAcTaBIeH[q o BJII'IS-

nnu pacmoprlTeJrt Ha cKopocTlr xnMllqecKnx (oruc-

Jrr{TeJrbHo-BoccraHoBl'rreninslx) peaxqnfi [5]'

TyunelupoBaHl{e sJreKTpoua MexAy f u Qo

uAer qepe3 eHeprerlrqecxufr 6aprep U(r) (puc' 2),

onpegeJttetrtli 
- 

xylouoBcKl{M osanuogericrnueu
anexrpona c AoHopoM rI aKllenTopotrl' flycrr TO!IKa

r = 0 orseqaer qegTpy JroK:uII'I3aII[I'I gJreKTpoH? {3
P, r = l,o - sa Q6. Si6mpon o6nagaer eueprueft E,

urrllrpl,IHa 6aprepa Ha ypoBHe E ecrs L = b - a, rae a tr

M ocrcoacrcufi zocy dap cmaeHHbtti y Huaep cumem
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Pnc. 1. Terr,rneparypHat 3aBl'IcltMocrb xapaKTepHoro BPe-

MeHI{ T (n rr.roioercuoxeHlll{aJrbHoM npu6nnxenuu) pe-

arquu perou6rHallut p* u Qe s PU Rb' sphaeroides'

T, MC



YCKOPEHLIE PEAKIII,II4

b - sHaqeHr,rt KoopAtlHar, npu Koropblx U(r) = B.
B rnagurlaccnqecKoM npr'r6nr'rxerul{ BpeMt nepe-

xoga oJreKTpoHa or Qo sa P* on[crlsaerct Bblpaxe-

sraer'l [6]

PEKOMEI4HAIII4I4

U( r )

829

- r  l z ' ,  - -  - )
1 = v-'.-p j ;J J2m(U (r) - E)dr 

l, 
( I )

fle v - ,,uout"tol ,ot"ro*"t cMbIcJI Ju.tot", o"-
qulnrquft eaerrpoHa B Mecre JIoKaJII'I3aIIun, h -no'

croflHHEuI fltattxa, m -Macca eJreKTpoua' U(r) - nmeu-

r+,r:urbHiul 9HepruUI sJIeKTpOHa, r - upoqpaHcTBeHHa'
KoopAllHara. Bpeux ryI{HeJIlIpoBarrrA 3aBvlcrlT KaK or

E,iaxu or Qoprnrsl u IIIupllHbI 6aprepa U(r), oupe-

AeJrfleMoro KyJroHoBcKI'IM B3a[MoAeIicrBI'IeM oJIeK-

TpoHa c AoHOpoM lI aKIIelTopoM I{ noJrtpHblM OKpy-

xeHrIeM. Stor 6aprep MoxHo rlpeAcraBllTb KaK

Plc.2. flpo$nlr noresql{arlbHoi sueprnr U(r); 1 - 6eg

yqera noreHql{ana cpegbl 9(r); 2 - c yueroM roreHrlnarla

Ar.rrroJrt p, Haxogtlqerocfi Ha paccrosnrn AR ot elexrpo-
ua. Ilpri yqere sreKTpocraruqecKoro n:aulrlogeficrrur
eneKTpoHa c AnnoneM p ruuplrna 6aprepa yMelrblraerct
nanenuvuny 6L=b-b"

rge tf;) - paccrotul,Ie MexAy Q; n P* npn 6olee

nr.rgrori TeMneparyp ", L{) - npu 6olee nrtcorofi,

cr - roeSQnqrenT luner?noro pacrurpeHl{n, LT -

pa3nocrb 3TrIx reMneparyp. Cle4ooateJlbuo' TenJIo-
noe pacrurapenl,Ie AoJDKHo 3aMeAJrttr pearqurc. Og-
HaKo pocT reMnepaTypbl MOXeT npI{BoAI{Tb I'I K aK-
ru"aqun ronsoprtraqlroHHblx nepecrpoeK PI{, cno-
co6ctsonars nponuruoBeHl'IK) BHyrpb rno6ylrr Pl.{
MoJreKyJr pacrBoprlrelx (nogrr). Y qenrpa JIoKaJII'I-
3arlilu SJIeKTpOHa MOXeT [oqBI'ITbCq rloJltpHat rpyn-
fia r4rrkr AI,I[oJrbHafl MoJIeKyJra' VIs-sa roro, qro no-
rqpHocrb oKpyxeul'Ifl gJreKTpoua rasuenutcx, Qop-
ua 6aprepa Moxer rpaucQoprwtpoBarbct, B ToM
rrr,rcre r,r B cropoHy ero cyxeHl{t. cyulecrneHHblM yC-
JroBileM cy>KeP.ufl, flBJrfleTcfl notBJIeHI{e COOTBeTCTBy-

roulr,rx ragtuenesraft noJrtpHoro oKpyxeHl'It s o6racru
MexAy IIeHTpaMI,I JIOKanrI3aqI'IlI SJIeKTpona na P u

Qs. Ecnu AI{noJrb upu6lusurct Ha AocraroqHoe pac-

crornr,re K eJIeKTpoHy - AR = lr - rpl, ro 6apsep npu

xarofi-ro reM[eparype B xoAe ee noBbIIrIeHI'Ifl Mo-
xer HacToJrbKo cy3l'lTbct, rrTo 3TO CKOMneHClIpyer
renJroBoe yilupeHl,Ie. B pesynrmte noqo6uofi K9I5I-
peHIIruI Moxer npu ganrnefiruerta HarpeBe Bblrle 295K
pealneonatbct yxe ycKopeHl{e peaKIII'Ir. Vg (l), (2)

r.r (4) crenyer, qro npu rucreftuoM TenJroBoM p-a-cll-l:
p""nr" PI{ npeua t" upu HTI3KI'IX T(uanpuuep, 200 K)

6yger paBuo BpeMeHH ahnpvrBblcoKrlx T (32O K) npu

ycJroBlrll, qro AuloJIb orcToI'IT OT SJIeKTpoHa Ha pac-
CTO'HIIH

U(r) =
2 2

e - e_ __-_-_ _ ____i _ eQ(r),
elr  -  rr l  € lr  -  r4l

(2)

r[e r - TeKyulat KOopA[HaTt,t1lzr rd - KoOpA]IHaTbI
rroroxeHl{q AoHopa rI aKIIe[Topa' Q(r) - sreKTpuqe-
cxr,rfi norenquan, onpeAeJlteMuft crpyrtypoft uax-
poMoJreKyJlrl (pacnpegeJrel{[eM 3aptxeHHblx n no-
JrrpHblx rpy[n aroMoB):

o(r)=t#+,  (3)
se l r  -  r i l

sqecr q, - e$Qermnnslfi 3apffA i-fi atousoft rpynrlbl'
r i - pa!.uy c-BeKTOp ee TIoJIOXeHI{' B MaKpoMoJIeKyJIe.

fta rounoro pacqera Q(r) ueo6xoAI'IM aHaJrIa3 Ae-
ranurofr crpyKTypbl PI{. flocxoJlbKy, oAHaKo' rag (3)

BI,IrHo,.no Hau6orbllree BJII'ISHIIe Ha eJIeKTpoH oKa-
3brBaror 6luxafturne noJlspHble rpylnbl (4nnonu)'
TO 3TO TIO3BOJIfleT CAeJrarb onpeAeJIeHHbIe OIIeHKI'�I lI

6er yvera err{x AeraJrefi. floloxuM, qro B oKpecr-

Hocrl{ IIeHTpa JroKaJrl{3aqurl eJreKTpoHa na Qn n pe-

3yJrbrare, Ha[pI,IMep, xonQoptrlaql{ouHblx I'I3MeHe-

nr.rn pq oxagstsaetCq ArlnoJrb c MoMeHToM p. B uec-

Te JroKaJrIt3aIIllI{ SJreKTpoHa AaHHbrrZ gunonr co3Aaer

EOTEHUIAJI:

,  pcos0
9p= l--;|

€lr  -  rel
(4)

rle rp - paAI{yc-BeKTop AI{noJrt, 0 - yrol MexAy

ocbro AI,I[onr I,I paAHycoM-BeKTopoM r. 3ror floreH-
rIlraJI I{CnOJIByeM AIt KaqecTBeHHbIX OIIeHOK.

Kax clegyer us (1), r.lrnfllane reMrleparypbl Ha
cKopocrb pexou6unaqun tBJltercs onocpeAoBan-
Hrnvr. flpexqe Bcero oHo cBt3aHO C TenJIoBbIM pac-
mr,rpeHl,IeM PI{, ynelu'rrlBaloulllM paccrotnl'Ie Mex-

Ay IIeHTpaMu JIOKaJI[3aII[II4 sJIeKTpoHa lI ylllupqrc-
rrlr4M gHepreruqecruft 6aprep. B clyvae nuner:rnori

3aBr4cllMocrrr L(T) I{Meer sn[, r{) = Lf' (1 + crAI),
e2l\I - D.Vlg (5) nony'raeM, rrro Arq AT =
= 320-200 = l2O K AR - 4 A. florenqnan

A R -
pe(L6+ 4a)

mELr'
(s)

r \ 9 a =
= Tn- T,
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Taqr{}o ArrnoJrr. Hs eroro Bbrpa)<eHrrr npurhlxr= ll2
(uro coornercrByer AZ s (5)) roryrraeM 4rx AR re
xe 4 A. O6parurta raK)Ke BHItMaHI{e na cnegyrcrquft
MoMeHT. Bennquna AR sasficur or opr,reHTarlun AI{-
rroJrr rro ornorueHr,rro r npruoft, coeAr,rHsrouefi P u
Q1. Bnguo, rrro npu Q = nl2 np[cyrcrBne Alrrtorq He
oKa3brBaer Brr*rflHtrfr Ha gJIeKTpoH, a npn Q > nl2 ero
nprrcyrcrBne 6yger 3aMeAJrrrb nepexoA. Yser[.{e-
Hr{e TeMnepaTypbr rro3BoJrfler [peoAoJreBaTb MeJI-
KI,re norenrlr{aJrbHbre 6aprepsr r,r B crrJry 9Toro "[pa-

Br,rrbHo" oprreHT[poBarbcc ArrlontM uog gerf creueu
SJreKTpnqecKoro noJrr gJreKTpoHa.

Taxnu o6paaou, Br{AHo, rrro cKopocrb peaKrlr.r}r

pexou6nnaqr,ru P* n Qo uox<er onpegeJrrrbcr KoH-
KypeHTHbrM BJrrrrHrreM $arropon reruroBoro cyxe-
r^ufl-pacrnrpeHlrs 6erxa u [r3MeHeHuri ur.xporon-
Qopuaquonnori gunaur.rru PI{. Bnrcnue nocregHeft
MOXeT [pr{BOAr4Tb K TaKHM n3MeHeHr{rM napaMeT-
poB noreHrluuurbHoro 6apsepa, qro yBerfiqenfle cKo-
pocrr,r peaKrliln 6yger npoucxoArrrb He roJrbKo rrpn
rroHrn(eHr{r,r reMneparypbr or rouHaurofi, Ho rr npn
ee pocre Bbrrrre 295 K.
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"ycxopeHur" peaxquu Moryr co3Aarb HecKoJIbKo no-
JrrpHbrx rpyn[ r{J[r MoJreKyJr BoAbI, qro npnBeAeT K
yBerr,rqen[K) paccrorHr,rfi AR.

B pauxax AaHHoro noAxoAa noHflTHo HaJrnqne
"[raro" Ha 3aBr,rcrrMocrr{ T(7) (pnc. 1): B r,rHTepBaJIe
or -23O go -290 K npor,rcxogr,rr KoHKypeHrHar KoM-
neHcarlnr renJroBoro yrur,tpeHur 6aplepa B pe3yJrb-
TaTe ero cyx<eHns 3a crreT eJleKTpocTaTr,rqecKoro
n:anrrrogerircTBllq sreKTpoHa c npu6luu,rBrrrrrMr,rct
Al,rnoJrrMr,r. B urore cKopocrb peaKrlr,rn ocraercfl no-
crosHHofi. OqHaro pocr Z> 295 K BeAer x raxori un-
rencnQnraqnn roHQopMarlnoHHo-grQQyeuoHHbrx
lpoqeccoB BHyrprr PI-{ (uru, Mo>KHo cKa3arb, K TaKo-
My yMeHbruenr,rro nrsrocru), .rro o6ycnoBJreHHoe
gJreKTpocrarr{qecKr,rMr,r nrauuoqeftcrar4flMr4 cyxe-
Hne 6apsepa Haqr{Haer npeBaJrrrpoBarb HaA ero rerr-
JroBbrM pacmlrpenneu. 3ro n npuBogr,rr x na6moga-
eMoMy ycKopenr,rrc peaKrlr{[ pexou6nHaqun.

SQQexr Mo>KHo rrHTepnper[poBarb u c no3uqurlr,
uro Sopua 6aprepa He Merrrercr, a [r3MeHrerct
gHeprrdr oneKTpoHa B noreHqr,r:rJnnori qr\,re Ha x[Ho-
ne. Y.r4rrrszur BeJrrrqlrHy paccrorHr,rfl MexAy P n Qn
B crpyKType PI{ (orono 30 A), Qopuy norerilInarrbnbrx
sM Mox<Ho npu6naxeuuo npr,rHrrb nprrrroyromnori.
flpu erorra oHeprut eJreKTpoHa E = Eo + eQ(r), rge
Es - ero eHeprur Ao peoprauu3arluu cpeAbr. I4cnom-
ryn (1) AJrfl orleHKrr paccrorHrrr AR, noryvnM Bbrpa-
)KEHIIE

A R =

f[e

/rn\ hw, = eQQ) = -r"l;,)U

ecrb oHeprrar [onrpr,r3arluu cpeAbr, U6 - ruy6una no-
Teurlr,raJrbHor? {ubr, 0 - yron, onpeAersrorqnri opneH-

5 .

6.

Uo- Eo
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