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II.M. Kprcrururror, B.B. foporor, E.A. foprrenr,
II.II. Horc, B.3.Ihqgnro, A.B. Py6rr

Mcxxoccrud zacyfupcmoauuil yanqcwtutr t t. M.i.nutorurcoaa,
dtuutozurccntdfurytutwr, ll%lR Muxu, &o1n6t*cu anpu,nwl939-1 147; forc: ($st9l9., t ts

, -- ll-crrteAoBaxo lJttttxf,c rclrcprporrnrr, Io6traerrr rnxqeprrtr! i [nucrurcynrQorcnla
([,IUCO) m pcgoxc-rorcnsur E, 6axrcpnouopoOrnar oragururo0 napu pr iat gf"fr|,

. dopocrL xxryrutn tlttcprf,f, or 6ancpaoQooQ*nore Hy x {Pyp1f , ncpolrc clc*rpona or lpyplf
x6amcp@coQ*nrylllr r$ar r nmory Q1 r pouqxodnur{cmpri (pll), Rhdolnctcr
splucni&s.floxgano,qlgruronpxrcHlo-+D1o nc xlrcrrrsr rom$ny nc/rEnqra4. E; erc-'qnelrnol 

napu, torla rax rc6eracsro 7046 ranrcprxr I 35% 4l'lC0 (ho o0rcxy) yxnrqmecr /
$lerrcrrnc E, n 9 r 45 rB soraqnct*lrno. Koxcrrlmr crcpoctcl nrpar$u excprrr

,tr(Hil-&-rP:), parlcrcrnr rlplnor t (pypll'nr-3+lrrfrl+H[1, ncpenoca enexr.
poHa ra :cuor *g t|C u3rdlr|8rucf npn Foaucmn rIn&pnil8, rrr(]rcnt|oc 3araeweHrc n Ao6aucxrc
$vlCO yremurem uurour {", f, tq r 2-3 prra.

Ilporcgpn rtopcnrvcmfr ertaJrr lltrcnaoctrr xnrril$iJrr poAorc-rFrnpa orAr3Jrcr<rprqccxofi
nponr|Ilsexosm c, naoytrluu ocJrroloi rtooyru r prc'tDpmcJrcr t rtr(xc o.r r.t|rpocxonrt.|ccrxr
napoilcrpo. - mxe$c||ni PocnpclctgH|tr rlptAo. (aapqlorHr cr|GlupBxt) r ocaxorou xt|nepbcpc
s6tn3x PqAoxc-qonrpa. llonsoror irno laxGn H2O lr .Q,MCQ rrox6 rtprrccrr x ylcan.rcrrro E

' xa necrtras xttrtttrrortbr. O6repxcxo antyrrruc loppcrrurx rcx4t lrcxcrcrotrxn leat.rnr$ E"
lt cf,opoflrr ptq[cncxrr lrprror I npr nscrorxorr rlycu&ltrt n looaueinn xpxrnporcrfirpol.

. Oqercno rttttttrrc n3uclrcxlt ? cpgrT Ha cr(opogrb ncpcxocr gr€xrpo$a ! pc3yrbrarG yxetrl-
urcnxr ltrcpmr r.cxrfirrcxylrFrofio reeitraonofurrtrr rcxny rcflopolt x rxqdrropox.

ffepnxrxue qpoqeccbt QcfrocsHTcas nypn!?rux 6arrcpr* nporcxogrr B nHrMeHT-6en-
KoBbtx rourureKcar pcaxrtxo.lttrblr qempoB @I$, erutnvaroqflx rHTerpxpoBatlrrbte I crpyr(-
.rypy Gettra nepsnsrrbrfr gorop - grrrcp darrepror:lo@f,ruta (PuPl nnr P2),IBe Mone-
KyJrbt uorxlMcpHono oarrepnoilrop4nnls 81 n By, sKTrBHofi (L) n ne-
arrrBHofr (M) qemx eJren?oHHono rpaHcnoprs, a raKxc IBe xoneKynbr oafreprooeo-
Qemxa H1 n Hs n [Bc MoJ.rerynH lrn|oBoB Qe n Qn. PagAe,ronue 3aprlo8 oc]tlecrBnrErct
B pe3ynbrare nep€Hoca enexrpoils nr nordyxgcrrxom oocnorHnr {PrrrPr,l' K HL npr yqac-
Ttllt ldoJIeryJIbI BL 3a BPeMx - 3 nc. flalruc 3a BpeMr - 200 nc oreKTpoH nepeHocnrcr ory
HL x Q1 [-3].

Oco6exxoctbp nepBuqBux npoqecsoB SoroflHTesa rClrercr ro, rrro peaKq[f, nepe-
Hoca anexrpona orrrsqaercr arrcotsol xla[firBoi oQ{erruou(rrbp (>0,9) n HanpaBJrex-
HocrbKt. Hecornrenruil rnrepoc npenctaBmeT ncc,neAoBaHge ponfr 6eaxonoro oxpyxeHl|t
B grltx 6atcrprrx BbrcorogQoeKrE8Hbrr npoqeccax, 3anycxaexbrx Bo3oyx[eHf,eM Auuepa u
HagaJlbrrbrM pa3IeneHlex 3aprIoB. I
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Panee Mbl noKa3arllflg-PJpn"f*T:-lya xpnoPactBopmeneft' BIsIK)qat rnrqePru{ u

AuMerErlcynrQoxcug tUr"rcoi, n'noucxonei""'pu'*"tt"'e nguerresnt QororPaHcQop-

Mupy}oqefi u*''u"o",n iII: xa6lr6naeTcf, 3aMeAn;HHe cropocrrt. MnrDarII|H sHeprHH rr pa3-

AeJreHr{,3aprAoB n nopQnpuxo"or *ornn"*l-fu;;;;"-,it; eQQerrnnxocrn ooronepe-

HoCa gneKT?O"U " "O"r"rgxtrHOItHbIX aKllenTop.D''yAelnueHne CxOpoCr{ ter'*rOsofi peKoM-

;;Xi#"tXilH:HT"T,f,:T"ti":,'",n",u'"*",**r;,,"g;r'e,'�rroegeexrur'arr-
3brBaeMble KpuoPacrBopllreJlsMu'� :"""1T]-::tuenesnrtun 

Buyrp[Monexylrpnofi AHHaM-nKI{

Qorocunrerro""*o"o 
lnnapaTa (o .racmrocru, D pe3ynbTaTe.MoAIrQIIKaq[n BHyT?I{oen-

KoBbIx BqAoPo[HbIx cst3eft)' npnBoAfiulrlun,r gauilninlllo p€naKcaqnoHxblx npoqeccoB'

conpoBoxlapqux *uo*rii"ti*ro Qmouo6rurl{3oBaHHoro 
eneKTPoHa ua xosarroPax' K

peanl{3aqmonpeAen;$I$lxcrpyKiyPB&A[HaMsqecKnxcogrof,finfiPII'xaPaKTepn3yrc-
ulfixc, pa3nrqHbrMr xoncrandnr cKoPocT;t nepeHoca eneKTpoHa [ut-8]' 3aueuleHHe B

o6pasqax H2O na Dr6;;;;o s66exr, nonobx"tr BJItrtHnro KpnopacTBopnrenefi Ha

oTAenbHb|egTaAI{I{sJIeKTpoHHoroTpaHcnopran6arrepuaJlbHbtxPlI_c.ra6nJru3aquK,

eoror,ro6xnnro"ur"oiJ "n'"*tp"*_rd O"**i".O.oar'rruxe tlulr{ nocrle'ytoqnft nepexoc

gneKTpoHa K nepBxtl'oMy xlllrony 1qo;. CreneU" 
-o*""t'"""toro 

rifropaCrBopllTenf,Mu Bo3-

fieftcrsnf, Na Qynxryro*un"t"'" npbqeccrr s PII xoppempoBana -c 
nx cnoco6Hocrbn npo-

H'Karb.B rngpo$o'nue o6nafi'n np"nup"-" o'*ni"t*oii f,t( nporo*-axqentopnoft cuntt'

BuecrecTeMHelb3f,[cKnK)tlnTb'*o,n*6"*bKpHopagTBopnrelefiMoguQnq[poBart
BoAopoA'bte c't3t{ u Brl}ttrb Ha nontpxo"ti o*py*i"d-!-t-1"1: qe'rpo' Moxer ltenoc-

peAcTBeHHou3MelrflfbTepMoAgHaM,*".*'"|'uk'"PoT;11.!-"-"Irrrr[Hb|peAoxc.noTeH.
qnanos) n"p""**oJu"";;Uil;; ; eu i1'n"*i; 

"*'""-q::lfllBHoro AoHoPa srleKrpo- '

na. comsercrBs'Ho sTOMy f,3MefleHrrfl "r"itpo"-tpancnbPrnoft ,aKTIIsH@Ttr 
PII non ne*-

srBueMKpnonporeKTopoBMoryr*11*:"c"n'n'""etnttBeJII$IIrHbtcao6oAnofigHeprr|{
coctorxrrfinpnpa3AeneHlln3ap'AoB"p"'yn"'u'"cABI{roBpe4orc-noreHqlralanepeHoc.
qr{KOB sreKTpoHa' l. no6""n""rf rpexaroM-

,*.ixxr13ig"*nx;Tffi;i1"ffi :iffix.*:rii'"T6iiil"olinr-rcor
Ha oKHcnrr€Jlblto-Bo@rano"nrenHru" ""olit[" O**ry:T: AilMepa P2 n PII nypnyp-

xrtx 6artep "1, Rh;;;;;;;'r sphaeroides' 9ru pitynttat"t conocraBJle'bl c AaHHbIMIT o

BJTHflHuH y*"r"*r"riioan"t"r""l na synxqnor,unorrtte-npoqeccll 
D oxpyxeHnr cneqnanb-

nofi napu PuPl - *t"n"'1t'" -"1"no" 
" 

f titi"*t'utot berau-xoQaKropoB P[l x P2' paa-

neneHue 3apflAOB uexgy P2 B H; n n"p"to" "n"KTPoHa Ha xrlHoHHblfi axqentop QL'

3KCIEPIIMEHTAJIbHAfl 
qACTb

P{usorrpoBaJlllrr3xpovaro$opo:i:eroKRb'sptueroides'Encsftttrn'XporraroQoprt
n l0 uM Na-QocQatxou 6vQepe' pH #;;ilpor;It c_!tS% Aereprexra JIIAO n

re'�IeHne 30 xrx npu 4 oC' 3areM 'l"od;Ol;;i;;i* 1" lry 
14400os' PII otnencru

xpoMarorpaprpooanueu Ha oKcranarm;;;nacuo [9]' oEarqm' o6oraqenxac PIL cHn'

Mzuracb c KorroHKE npr no"oor" l5O-200;il"|i;:6;6ft;o oyQ"p"' coAepxauero 0'05%

'JI[AO'3areu ery Qparqnt tgryg-:1"t*n" "11$ty ""'19'i- (28% ot nactttqenur)'

nnaaapu$rfi ocaAol( cycriexgnpoo-" i-1ii"r"rha-$ocqa1lT 
6y@pe' pH 7'o' conepxa-

ursr,a 0,05% nAAd: nlr-rri'i-n "."u"1*ii"'tfi;tP; 4 "C npo*rl ne6tttra sroro xe

6ySepa n noutoptn"ipo""to"p"Qrrry::tt" Ha oKcr{anarnre'

lnc peAorc-rorpo*""" o-non"-"uio Pq; 50 uM rpnc-HCl-6y@pe' coAepxauleM

o,osvon[Ao,PHi;';;6do'+'o**1 
rrKoceKyHAH"'* t"""p"ttrri "cnonrgo"-1n:'PU "

10 uM rpnc-HCl-6y@pe' coneP^T:Lgdtwinii^Na' pH-8'0' Kax oKa3anoqb' nPena-

paru PI{ n 'axor'ciei" **v6'po:iy";v*;;;;19 fg;BBbI 
nporl{B Ae'arvPaurr

npr npoqeg]tpe norcyrunna*"" " n*"nYt'q"* P""ytneH$rpoBaHl{fl n iltO {O2O)' a raKxe

ne arperrpvnr npl{ BbtTlrx,fr'It:::;;;o"d q!f:--"-^*pa3llax' neo6xosnurtx rrlt

nffioceKylrAHbrx I|3MepeHI|fi (xonqeFrP"rr"i no QodoarnraHotty o"*""pnoruropoQnnny (Extt)

;;" 0,5 ' 1r3 m' 
r

n2



Anr eauelqeHm H2O na D2O flpenaparbr Pl{.nuoQnnbno BblcytuuBanu npn AaBnenrr
-ld-t uv pr;cr. B Te.tenue2,5-3 rr, a 3areMpegtoreiwponain n D2O (nsoronHoe 3aMe l{e-
rvrc99�,8%) nnr H2O (rourponr).

Ar'rurrygy QororngFgpoBeHHbrx xsueHehHfi norrouleHlrt P2 npr peAoKc-TnrPoBaHr[

Soroalrrnnnoro [nrMeHTa rr3Mepr,In r Qx nonoce domouteHf,r Brur npn.603 HM c noMolllbro
oAnonyrreBoro guQQepenqrraJrbnoro cnexrpoQoroMerpa c JIa3epHbrM nos6yr*genreu
(530 nu, nonyurnpuna nor6yxgalouero f,MnyJtbca 15 nc, oneprur 50 M[x). (3rn uouepe-
Hnr Bbrnonnenu M.,[. MaueAoaHu u A.CI. Qeuenosrrv,HYIW Qnemo-xunuqecxofi 6no.
norrr{ Mfy tlOl). Pegoxc-norenqnan,nsuepdrf, c noMorr{bro nrarnxoBoro n xnoircepe$ .
pf,Horo oneKTpoAoB. Hrrrepurorrxuft gnexrpog xann6pora:rf, no crangaprxoMy pacrropy
Qeppo/$epprqranilAa npu 25 oC. OeppuquaHuA xanrr ncnonrgosax raK rnrpyrcurxfi
arenT, a 2,3,5,6-rerparrerxll-n-Q9r[tenAnax[x (DAD) npnrrexucr Ktx peAol(c-McA[arop.
IMCO (rsaan$nxaqr-rf, x.q. crreqesrneunoro npo[3BoAcrna), rnrqepxH n Apyrfie peaKrrBbt
Snpr*rr 

"Sigma" (CIIIA). Fnnqepnn Ao6auxnn x o6parqau B xoxqenTpaqnn Ao 709o no
o6teuy. 3ro o6rr.rno nfiionb3yeMar B Hu3KoreMneparypxbrx cflerTpanbnbrx onrxqecxrrx
u3Mepeumx KonqenTpaqufl, c[oco6crByroqar o6pasoBaHnK). nepeoxJrilr(Aenxbrx cosrof,-
unft - nn:xorexneparypnore 'GTgxra", c cyqecfBenxo ryqruuror orrrnqecxn-Mx xapaxTeplrc- .
TrKalrn no cpaBuentrrc c rdenxoxpf,cratnxqecr<ruu crpyxrpaxr mna. EIrICO go6arnrurR a
xonqexr?aqrn 15% - B coorlercrBnn c BupaxeuxocrbK) oxiN3braaeiloro nauxofi Ao6asxofi
eQ$exra xa Symqnonarbubte noKa3areJla PII t4l.

Hgnenenru nornouleHrrf,, orpaxaroulre noxBJreune u pacnag axxon-paA{Kanrxofi Sop-
urr H1 noc,Ie nxnylrcxofi caerono* srrFBaqf,a ptl, perncrprpgBanE npn 665 HM Ha
a6cop6qnoxnou nrxoaeKyrlnxox enexrpoQcrrouerpe, nxerculev AJrr$e,Ibxocrb nos6yxgan-

' qero rr 3on4rrpyKrittero runylrcor 5 nc, TorrHogrb n3xepenf,r ggrrexennfr onrn.recxofi
nJronrocrtr AD - 3. l0-3. AJrnlra BoJrnbr aos6yxgerm cosrarrttJla 532 xu (Q; noJtgca nor-
nouleHni Hu) nn6o 590 xx. Mareuarn.recxyro odpa6orxy xrxernrlecKlrx AaHHbIx
rporrrBo[rrJrx n}neu BapbnpoBa[rf, nspeMer?oB cf,cl€Mbt gnQQepcxtuarFnblx ypannexx*,
onrcbrBatoqEx nepexoAbr s pII, penrenne srofi cucreMbl cnopa$maJrocb c SyHKI{Hefi 9(l),
xapaKTepnsyroruei Qopxy soruupircqero Runynbca (g(t) nu6npanacr raycconofi c
noryrtrEPmofi, parnofi 5 nc).

PE3YJIbTATbI

Pegoxc-nrpoBan[e $orooxncnen[r ArMepa Bx:r no ero nornouleuaxt B PII r 50 uM
rpnc-HCl-6y0epe, pH 7J lano suaqexue cPegneroqeqxono nonenl$rana E^= 430 nB,'Iro
cooraercrdyer pcsynbrarau, noJrfrexnbru AJrr gtorro Brrga nypnlpubtx 6axreprfi paHee
[l].3auerqentre B npenaparax PI{ H2OnaD2O ne BbrtBrJIo mrnqrtfi B xoAe xpxnoft
peAoKc-TnrpoBannf, no cpaarrenf,to c KonTpoJreu. Perynrraml peAoxc-TrTpoBarrlt t{3MeHe-
snfi nornoqenxr n oQpargax, cogcpxaqax 7A% rnuqeprrna nnu 35lo [,MCO, 4ar[ 3Ha- '

qenur EnryrnP24ffi u 475 uB ooorBorcrBertno.
Taruu o6parou, Ao6arresne rnf,Ileprrua rr EMCO ! orrltqne or geftrepnPoBaHrn

uguerudt Bernqnny E,, neprr.rnoro Aoflopa oneKrpoHa I Pq. llgsecruo, tlro senn.una E ,
onp€AeJrrerot loxanbnrru 3aptAoBbrx oxpyxenrex enexrponxofi napu. OverlrflHoi Kprro-
pacrBopaneJru, xogrQrqrPyrcqfe EoAopoAxbte cnf,3n B'noxyoe FeAoxc-ltpnTpa (guxepa
Exn), uoryr reM gauttx n3MenflTb H JroKaJIbHbre AHgJrexrpHrIccKRe croftc'rga 6enxa r6rnsil

. Auuepl Exn. Taxoe.npeAn(utoxexne oornacyercr c saKJqoqerrf,en [2], qro sxcnepfiMex-
ralrgci nnreprerrar Bern{trHa ox[clrrreJlbHo-Boccraxoq.nrenbnoro noreHl$raJla AnMePa
Exl n PI{ ranncrr He rgnbxo ot Brntnnr csmafixofi BoAbI f, orP]nxapqero pasrBopa, Ho I{ '

or cocrorqrr nolopolnbrx clr3eft 6ronolxnepa [31. Ilpnrrexntctbno K $orocirxtern-
rrecKnx P{ o6,erou, B rracruocf,n, cluAererbcrByror pe3yJtbraru roqettxono Myrarene3a.
Tax, s pa6orax [4, l5l nnr P[| Rb, splweroidcs 6uno uoxasaro, rrro goGannexne n pe-
3yrbrare aunHornclrrTxbrx 3alrgn HoBbrx BoAopaArrbrx csrrcfr ueryy nepBrrqnbtu AoHopoM
n6enxburnpnnogni r noDbrllleHs|o qpeAHemqerrilgno norsHqnalta P2, npreeu nPonop-

/ 2 Eno,nornqecrnc r,rex6panu, JQ 3 n3



l r l r l

50 m0 0 t a 0 w
lPcnr, nc

Hoprnporamuc xrrxcmxr OsronrlyqnposaHrtrrx r3xexerxil norrouleHxr attrrox-psrrxrna Hl npn 665 xv a
P\Rh, sphacroidcr. .(1rxa rolnu aor6y:*ge8[r \rr590 nn (Qx nepcrog nn cp. cncqxubrof, napu P2).
/ - xo*r?oarnuc o6parpu 2 - npenaporbr P{, uonnQnqnpoBarnue 3auelofi H2O + D2O; J - o6parqu, uogr-

Qrunporanxue Ao6ruennsv AMCO (35% no o0rcxy). Cnaourrue (pnru€ nofl?octru ! oocrrsncrBnil c xr-
nsnrqccxofi cxerrofi (l).3Haqexxr lapbfipyeubrx napaxerpor (, = llt" r tq r l/tg nprrcnenu r ra6a. I

qrrouaJrbHo KornqecrBy gonoJrxrrreJrbHbrx BoAopoAnbrx caeleft. Ogxaxo anaJromqnbre
llrccrregoBaHrrfli EpoBeAeHHbre Ha PII Rps. viridis, cqnAererbcrByKyr, qro H yMeHbrrrexr{e
quc,rra DoAopoAxrrx cmseft a oxpyxexrn P2 MoxeT nptrEolnTb K noBbrrueHnrc eFo peAoKc-

noreHqfiana [16]. Taxnu o6parou, rrs grrrx pa6m cnelyer, qro Kax yuerf,qeHne, TaK r
yucnfmerne qxclta BogopoAubrx csrgefi Mexgy nepBnrrxLrM AonopoM n 6elxou Moxer
nprrognrr K yBenuqeullrl pe1oKc-norexqxaJra P2. Cxopocrb pa3genexrr 3aprAoB MexAy
P2 n trepBntrnbrM aKqerroporrr 6amepxoQeoQermroM r o6ou cx|Tyargrx ynexruranacr [15,
l6l .

B naueft pa6me Mbr npoanaJr[3rponaJrn Brrrrme xoggQmcaqru BoAopognbrx cBfl3eft PII
Ha clre1yroqrre Qyuxquoxarbnbre npoqeccbr c fracrueM Qmoanruauoro nnrMeHra: MHr-
paqnlo sneprnl| c Hy Ha P2, pa3fleneHf,e 3aprAoB uexflY P2 u H1 n nocrreAyrcqrfi nepexoc

Smouo6ru[3oBafisoro snerrrpoxa x Q1. Pesymrarbr gKcnep[MexTaJrbubrx uccreAonannfr
rrpeAcraBnenbr Ha prrcyHxe n s ra6r. l.

3naqexrrfl flpelcraBJrexxbrx B ra6n. I KrrHernqecxf,x napaMerpoB t. = l/&c r te = llko
onpeAcntnn npn annpoKclrMarlm oKcnepnMeHTarrbHbrx xrHeTlrqecKr{x KpnBbrx TeopeTr{qec-
xnuu (pncynox), noly.raeMbrMil nocpeAcrBoM perrr€Hnr cf,cr\eMbr g[Q$€petilsranbgbrx ypaB-

Ta1nwP t

3rrqcf,rr rrx€rrrGcrrr rrp.rrcrpol rrprrcprryroqrr Qyrrqrorurryxl rxrrrxrrr ?tlRb. sphaeroidcs s
rorrpoJrHrrrx f,pcmprnr r odpr{rr, mn$qlpourrlrr trtotofixHr 3rilGutcxrail H2(] -+ D2O, r trrxe

no6au:mcr 70* rarqp;rm r 3595 ,[D,1ICO (uAt)

35%AMCOL

Ic, nc

tQ. nc

tfi, nc

i lc,nc
tq, nc

llpute,unue,l., - IJ|rxa rorxu oor6yxgeBnt; t, - EpeHt rr|rpa$t|| sHcprxr Hi, -+ P2; tc - BpeMf,

pa3Apnerur 3apf,AoE Mer(Ay P2 n H1; tO - eperrr ncPclrocl s.rert?ona or Hg x xxiloHllox! ixqemopy Q1.

590 nn

532 xr

3,4 J 0,5
2 0 5 = 5

3,2 + 0J
3,5 + 0,5
t 9 5 t 5

E,5 r 0,5
350 + l0

45 I 0,5
6,8 r 0,5
3/|(}: 5

3,5 t 0,5
2 3 0 r 5

3,6 t 0J
4 0 * 0 5
2 ' m + 5

r0,8 t 0,8
510 t 20

5,3 + 0,5
9,8 t 0,E
490 !20

n4



lenrft' onneblBarcuFx nepexoAbl MeX[y cDclr)tnxtMtt PI{ n coornersrBf,R co cxevoft (l):

lpzHuQe)* l{ptp;}. Hr,Qr)i -*:rr{pfip;}. HrQe), *" ,

, 
-3-lriHgq^y-.-$4tpiHlet). (l)

B emfi cxeye &r, tq - xoncrfurrr cxopocret pa3AeneHxf, 3aprroB f, nepeHoca eneKryo-
xa Ha xanoHrrrfi axqenmp QA. B -cxeue (l) ycrena persKcaqri ""*-i"oro *"r*"""
ItPilP;l'Hr- Q*)i I Koxe.'noe l{pfip;l'Hr, er), cocrorrue pll, xoropoe npeAurecrByer
cocTof,HxK) c pa3[eneHrbrxf, 3apxAaMf, lpi HL Q1). KoncraHTa cKopocrB p€naKcaqun Ha-qanbHoro nos6l0xgenxoro cocrorurm Pl{ B opeJraxcf,poBaHxoe rog6yxgennoe c()gTor-.ttu.e - kr.

finr onpegereum 3naqenm KOHCraHTbr cropocrn Mf,rpaqrtr gueprnrr k, = lltr-60co-
aor6yxgerue o6pasqa ocylqecmrfJrs n ex noJrooe norJroqqHrr Hu G* = SIZ ""1. Xlp""_
rsp gxcnepnuenrarLrrblx rmsrrnrccr(rx xpmrrf nepexopirrx [poqeocoB (ho =] 6eS "x),
conPoloxqarorryr o6pasoeaxre r Pacna,q alinon-pagrxa.na H1 E sFox cJrysae 6rln 6nxrox xTaxoBbIM' noKaSanHbtM HE Pnqmsc. Omnqne 3axJtpqarocb rnaarrrx o6pasox r 3artrrBa-
Hrf, repeAfiero Qpoma rfHerf,N, cBc3aHHbrM c 3axeArren[ex npoqecca o6pasoraxnr Hl ra
crrer uxrparyrx oHeprrx Hii -+ P2. rrocnegoasTe.rbHocrb co6rnst r pll r floM cnyqae
uoxer6rnr npe[Eranneua B EqAc otegynqef, cre]rbr:

lHgP2H1Q1) h r lH;p2HLeA) "-r l{pf ip;fHr.ee)i . ,  )

+t { pfi p; }' Hrql1, -rr-r I niH;q^ 1 -!q I pinr,e; ).
B cxeue (2) krr= l/t, * xoxcianra cKopocrtr Mmpar{f,tr oxeprf,r Hir - p2.3navennr na-pal1ryB kn,l<ru,fo, yxararurrr r cxen:e (2), npraegerrr s ra6a. l.

Lrq)ouletrHbre pe?yJrbrarLr f,erreAoDaxnf Brfrxrr MoAEQnspyr,onlf,x aosgeftcrrrl xacpeltsero{eqtrbli orscnnrcrlbn<>xrocrarcEarerurrrt norernfuur iz " *i*"].ilrEogd*pa3,qereHE 3aprroB *o n nepcrioca 3trexrpoH8 ils nHox *q r rq na. ,pm"rian;il-
Talrernt s ra6r. 2.

BRAno, qro rPnoPacTroprrenx, o6utxno f,cno[Byeyslc s 6xoaorf,qesxnx g3cn€pf,Meg-
Tax - rnf,|lep|tH h IMCO' uOrJrr lJlrtTb IIa TePMoAf,xaXagecxfe xapaxTeDf,crxKx DeroKc-qeHrpoB r QymruonaJrbrrbrr 6erxax. cax no ce& sror oart "adJ,*d;f ;;Jd;'"
AoJIxeH' orI€BxIlHo' ywtiHBsrbct s cootBeTcrByK)qrx ncqrcloraxrix. Bxecre c reM ubr.
*:rtiYljgnxo^pP€nrqf,B xe)xAy l(txeHeHreM p€Ioxc-fronenrirrana pz nps uognenxargrn
rq B pe3yJrbrare r3oTorurono SsMeUlenur H2o ra D20 u go6araenrr x npenaparan
RccneAo8aBlllxxcf, KpHopacrEoP-menefi E BJlf,trpncn,qarnirx nocgcf,cr.rr* ra Qyrrrpoxaaa.
Ibre npqpccbr c yqacrreM P2. TaKrle{I1plpg{rf,e pll ne f,sxerurro penort-noreHqran
P2' a go6auexxe x npenapsrax pu 35% nuco c,Arsrsro e** oon *q""a na 45 xB.
P,n3:"::I"*t1P"""rf,r In cropocm pa3Aen€nxr 3ap{noB (&.) r uepexoca oJrerrpoHa((Q, (cM. raor. z)' obrno oAf,orc noptAxa c BJfarnf,ex IlvfCO. [oOauexnc 70% rarueps[acArtr|aJro E-^neprmxoro Aoxopa xa aeanunxy, cocraaarrorq5iro z/g o'r e.ooe;*;ffi;-
neHf,r AMCO' rrrtt' oAr|axor IIq orpaxaJlocr rirrenrux o6palox aa Berxqgtre xogcrahT
cxopocrr-t" H tq (cM. ra6l. 2). Ilocte$rre naqsnarn n3xeu*rrct, rax 6uao noxa3Sxo Haxf,paHee [4]' ronbKo npu roEqeHTPaqf,tx rnf,qeprsa auuue 90%, npf,qeM crrenettb errrx
f,3MeueHnfr 3axeflro xerrbrue, qex npn nefirepnp6ranrn Flt nnu rcoainexn [I\{co.-

. oBcyxArr|IfE PESyJtbTATOf,

B odrqeu Enle BnExHf,e,qngrerrpf,qecroro oKpyxenrr na nor€nqnan Hetro-Toporo
peAoKc-qempa xoxHo yqssrb H8 ocxolanf,x rgo?rn lodaarnom nonr Jlopenqa tl7l. 3ToBJIntHf,e onpeIe,rf,ercr A3lnir ocrtbJntK)umfi: l) raxpocroru.isryn rcirercrprrecrnrn

Q)
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I

Tdrthp2
Bmnrorctrcprponrrr rlO6eirorrf rarrcpnr rrr$fCO 6pcAlc.roltlru (EJcro{'urrof nptr

P1 crogoctr pqgocnr rrpp l, rcqry P1 r ll1 r'rcacroc ar.f,rporr or Ir[ r| rnc tq.

O6parrl (o*-'

IGNrrporrb
H2O-+Dp
70% fanpprrr
35SIIMCO

rraPaMetPaMf, cPeAbl x 2) gerurrurr MxKpocKoruilrecxofr crpyxr5pu 6nprcaftu"* "rororo*
oxp'4xer|xr peloac-qet*rpa.

O6osHa'rrx saprfl peroxc-uexTpa 'reper.Q, rf,gJreKrprqecxxe n(rcroxnabte 6e,nxa r
pacrBoPf,Terf, % x e.t co(ytBercrBeuxo. 3aprg Q oxasrtraer tr(utrpxryK)qee rorgelcmre
Ha ggonexrpf,x, a gTa nonxprcar{f,f, B cBorc oqepeAb - Ha oneETprsecKEl norinrylan pe-
Aoxc-qerrrpa. B mrofr saMocorra@raxuofr cf,grexe x3xerresrc oAEoFo napaxerDa aa"r",
sa co6ofi nsMeHeHEe Apynono. Monerylu pacrBoprTarrx, I ronolx)L naiongc* 6enox,
Moryr qacrssllo nponnal5 BH]'rpb mo6y:ru 6elxa. Ecnr na6yxaxne no paAf,ycy rno6yau
nepaEnouepuoe (xarpnrep B cf,ny rono, qro Hapyebre oror dolee puriue), to nrsnirr-
pEqecKar llocmrlrr|ar rao6yau 6yger Qpucqrefi palraaHrono paocro$flx m peAoxc-
qerrpa % = %(r). Paxryc o0epr.recrofi rao6yau 6cnxa npu xa6yxarrr 6yner rsxixrrbct
o! 3rraqe8f,f, R;1' (}rBG{abqero f,croAnorry c{rcrormrc, qo iR6n - p4Arycs na6lxurefrrno-
6yau. B paxrar reoprr Jloperqa t17l nonerr{Ear Ha peAoxc.qenrp€ rpf,Mer BnI:

e,=Qi  #- t ,
rAe gr - nrrer?aJrbHbri srrar B noreHrFaJr pcroKc-qeHpa or oxplrxaK)qem BbrAenerffyK)
nonocrb (nolocrr Jloperqa) o6tena Af,enerrpf,xs; Rr, - pqAnyc rroJrocrf, Jloperqa (au-
gelexnofi BoKpyr PeAoxc-qenrpa ot[epu, Ha rpatrf,rlar xorropofi yqnrtrlatgr€r noJrrpf,3a-
IIuoRHbIe 3aptAbl ot ocraJrblroft qac"rr 1f,orcn?f,Ka), Yoroaue na 6ecroseqxocrn:
9(-) = 0.

Ananrsnpyr y?aDEenf,e (3), rx'avale npexe6pexex gQoerrou naoyxarurr mo6ynrr, a
yrrreM ToJIbKo lf,9nerlpEttecxne n()crornrrre 6clxa u pacrBopEfc.nr. 3anroruocm e(r) a
eToM crryqae nPEr|er BEA:

,(,) = {:: l',iJ* *"
flogcrarra snagenxe e(r) r lgannerrue (l) x BbrnoJrnnB Enrerprponarue, noJryqf,x:

( ,  ( - ' - \ \ -*t=[+-'-',1*-*))#, (4)
rAe fo = RJRi".

Ypanxexne (4) nosronrer or{eHrrb s3Menenne nqrerqnaJra gf pe4oxc-qexTpa nps
3aMexe, nanpxMep, BoAbl na AMCO. flycrr Rl = 15 A - xeroe opf,enrnponorrnoe MnHtr-
Marrbrroe paccnorHre or r{eHrpa, cpaDrlf,uoe c pansyoox gKpamrpoBanur Ae6ar u7], xorla
AneneKlpf,{ecKyK) cpery_ aHe emfi oQgp"r xoxno xapaxr€pf,3oBarb tferoropofi ycpeg-
lexno! AEgneKrpnq€cro* nocrorruro* 6es yq€Ta Aerane* xrrgocionnrecN(o* crpylcrypu.

, Ec.rllt Rin npnrrm parnbtr.25 A, ro Anttlo nonruarrcf, tnarlenrre 0,61. flreaenrpsqe&11e
nosrofnnue aogu, IMCO u 6e,rxa BogbMcx paBnbrxr coorBercraenxo q = 80, to = 49,

n6

4,76
2,6
4,35
t,96

o//,9
0,t2
0r8
oN2
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€p = 3 (e glx 6enxa PI{ o6rnrxo nrtduparcr B rxrepBane 2-4 tl8l). Oxagrrsaercr, trro npn
' errx ycnoBHrx u3MeHeHrre norenrluara aql = qflGzo)-qluuco),cocraBrrrer - 5 vB.

Taxnu o6paaou, yxe fipocrat 3aMexa pacrBopnrenr Moxer noBJrr{rrb Ha norexqr{an pe-
AOKC-qelrrpa

- Yqreu reflepb Bo3MoxHocrr eQQexra na6yxaxm 6elra. Kaxnu npr{ aroM 6yAer anA
Symqnn eo = eo(r), anplroprr cKa3arb cJIoxHo, rax kax 9To 3aBlcHT or uxo'rux Qaxropoa.
OAttofi n3 nan6onee npocrbrx tBJlflercr creneHxar 3aBr.rcl{MocrF, Koropyro MoxHo npeAcra-
BHTb B B[AE:

e(r) = s0 - 1e$ - tlrl fo" + (ef - t)r I R6n, (5)

rAe I{HAeKc 0 yxa$traer Ha 3HaqeHue I Ant qucroro BerrlecrBa. Hcnonrryr coorHourenfie
(5), na (3) nonyur.ru oleAyroqee 3HarreH[e roreHrlr{iua nocne xa6yxaxnn 6e.rxa or Rin Ao
Rnn:

rAe yRn = R1 / R61, Aeo = eP - e3.

c nououtsro BbrpaxeHilc (6) oqexnu cABrrr norenqr{ana lgfn npn 3aMeue BoAbr Ha
AMCO. finr oqenxu BeJIIrqlfHbr f61 BocnoJrb3yeMcr nonyqeHHbrM HaMr{ SOBMeCTHO C
P.JI. Karorunuo* (I,[xcrnryr Kpncrannorpa0un PAH) MeroAoM penTrexoBcKoro
MaJIoyrJIoBoro Paccef,Hltt gKcnep[MeHTaJrbnbrM Qaxrov, qro paAnyc rrHepql{n 6enxa PI{
Rb. splneroides s 4o7o pacf,Bope AMco Bo3pacmer na l5%. B raxou cnyqae 3xaqenre
ft;1 cocroBur - 0,53. coornercrneuHo cABnr noreuquana peAoKc-qeHrpa n aur6panxux
HaM[ yclloBlrf,x Aocrnraer 9 uB. Taxnu o6pasou, ecJrrr npuHrrb, .rro !,MCO npoHr{Kaer B
6elox, qagm.rno Bbrr€clrtt BoAy I{ arrgrrdan na6yxaHRe rno6ynu, cgBsr norenqnaJra pe-
AOKC-rIeHTpa OKa3btBaercr 3aMerHo 6omrue, qeM B cJryqae, eclln gToro eQQexra xe
yqurblBarb. Teu He MeIIee ero BenuqrHa MeHbrrre gKcnepf,MeHTaJlbro na6llogaeuoro
cABI{ra (- 45 uB) P2 upu geficrrnn [MCO. B csnsH c ernM yqreM, qro pacrBoprrreJrb,,
nPoHHKat n 6eJrox, Moxer Bbl3blBarb c[Brtr gneKTpocrarnqecKorq noreHr{f,ana peAoKc-
qeHrpa He roJIbKo BcneActBrre e$Qexron 3aMerqexnr offrnx MaJrbrx MorreKyJr ApyrrMr{ c
noBbrM 3HarreHHeM e n na6yxanRe rno6y.nrr, Ho r{ B pe3yJrbrare Bo3Moxxoro rr3Mexenrt
pacnpegeneHnt 3aptAoo n 6enronoM nHTepbepe q6.rlnru peAoKc-qerrpa. MnxpocKonryec-
xnft nxlag B norexlllran peAoKc-qexTpa or aroMoB, cocraBnruq[x ero 6lnxafturee
oKpyxeH[e n HaxoAcrqExcn r c$epe paArryca R1, onpeAeJrrercf BbrpaxexneM:

r\e Qi - sQQexrnnnufi sapr4 B TorrKe, orcroerqeft or peAoKc-qexT?a Ha paccrof,Hrrn rr.
Molerynrt pacrnopnrenr, flpoHfir(ar B]r]rrpb 6elxonofi rno6ylu n "pacranxusat" aroutr
6erxa, Moryr BbI3Barb cMeIIleHRe grl{x aroMoB r{JrH aroMHbtx rpynfl l{3 HaqarbHbrx
nonoxeHufi. O.tenngno, stm sQQexr 6yger raKx(e npnBonrmb K s3MeHeHnK, 92. flpu eror"r
qeu 6luxe K peAoKc-qeHT?y pacnonaraercfl cMecrnaurrficf, aroM HJru rpynna aroMoB, TeM
6olee BbIpaxeHHbIMMoryr oKa3arbct nocfleAcrBr{t r{x cMerrlennt Ant gz. Tax, Buurc-
JreHr{t, rrpoaeAeHnbre np[MeHnTeJrbrro K 6elry py6petoxcuny, noKa3brBaK)T, rrro 3aMeHa
Bcero oAHoro aMlHoKr{cnornoro oqrarxa B noJro)xennn 214 (Val xa Ala) a6nnrn peAoKc-
qenrpa cABuraer ero norexqnaa Ha 50 uB - ng-ga aQQerra ne6onruroro cgBrrra nonrpnoro
"ocnona" norr[enrr{nnofi qenu I l9].

Yqnmtsat BbrcoKue 3Harlexrrf, AnnoJrbHono MoMenra n nporox-axqenropxoft cnJrbr MoJre-
ry.nrr IMCO l2O,2ll, BnorIHe Bo3MoxHo Aonycrrrb ee nosAeftcrBrre Ha JrerK[e nporoH-
coAepxaque rpynflbr B xrrrepbepe 6erxa PII. Taroe rosqeficrane np[BeAer K rr3MeHeur{ro
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3aprloBono pectrp€AencHf,r B orPyxellsx PeAoKc.qeHtpA, B l1old tlttcle n qepe3 cncreMy

ndAopolrux csffiefr. Bupaxcrre (7) xoxto trcpe[xcarb B BnIe: ,

Agz -; e,,S'

rAe cMeqexf,e i-r eaprgo" la", l= lr,- ,o l< ,i9. otennr nopf,ror Bcn*nnbl xt3Moxno-

ro f,3xenennn Agz. Tax, dc:rn npmrrtr Qt=Q,Ar;-Q,l A,to- l0A, to isxen€Hne
ntrrtxrlnara ot elnrf,cxoro cMect!ilIleFoct 38ptAa 6yqer noprgra l5 xB.

Taxrx o6pa3ox, npr O6trcuenrr nadtlOltcxux n8xu B OxCIIGpI|xcrnE c'[arno8 pelo{c-
norerqna.Ea'P2 trpn flo68Eilerxf, xpf,osscrtopmcRefi, ocoGonxq flMCO (cx. ra6l. 2)'

,ueo6xolrxo yqrruBarb 9Q&xrbt, G.rlgagsbre rre Tonbxo c f,sxcxenncM atrrcrPalbHoro
3naqcx t e a 6clre PlI, tto I c xxnaffinogtllo 3SPrgolblx ctetqcxfi B o*P]treHE 12' ,

Ilponcgerurrl axaJrEt trf,rlrf,x Qanopor pslextpnrecKortt oKpyxennr r|a r.0DeHqnan
pego*c"qernpa abuiotrnex s car.ox o6qex BEAo, 6egornocmeJlbno r ronxgernofr rpf,poAe
caxoro pegorc-qepTpa. O.rcmAno, grf, x€ Qaxroprr qnarorf,qxux _o6parou AoJIxHbt
f,3xenrrb xe rotbxo notcrrr{xan trcpBrrttonr lonopa sterrpottt r PII, no r nbrerqran
aKqenrrpyxr[€ro gonnpyerrul orexrpon 6arrcproSeoQtrrxnS, nprrcx r npf,Hqf,ne na
6nnrxyn ramuny. Ipyraxr sloBautr, cgrgrn orxcJlrrsJtbH(>loccmxolri€Jlbxblx ncrneH-

Wuroi Agxepa P2 f, npoMcxlmruroro srqemops Hl nPr $tclpclsF t9ropacrloprrenefi s
cTpyKTypy P4 p:rroru npoxcxo1trTb_oAgoBpeyegao r B onxysgtpopy. CReIpsaTeRsHo'
pa3gocrb pcAoxc-noteaqlarot P2 E HL 6yler l:ilrenlrbcr E xoncrrnolt f,TonE xaro, He
oxa3btBar 3axsmoro BJInxnxI aa crop(xlrr noPelrocr gficxapoilt xcqy nxl Srolcpn-
xe$ra.'tbnbtcpc3ylbTaTb[pa6oltlgor,lac}'KncrcAarf,E|xgllJ||oqonf,exf,c'rlcla,lbcr.
ayrot o oTuoininuofi poan Apyrnx Quci'opol, rrexrxo pelorc-ricreuqla{ot' xooopble
BJttrry1T Ha cropogrb ps3lcrtcntr saprgol.,flclsrnrrcnbgo' .tr3ofonxoe 3arrculcnue
H2O + $O ne raurer Hs tcrf,cFHy cpolIeroqoqnor! lrore[WaJla P2, TorIa {lK 4991-
nio" mileprna (79,h tlv]|rAtrlCO (SS*ulu) yEerrtr|lf,Baer norcxqna.n P2 ua 30 4S IP
coomercroeiuo (or. rafu. 2). Bxcsr€ c lex nrorottroe 3axeqennc n lo6aanenne AIVICO
npf,BoArT x 3axeA^[emK, r8r, cxopocrs Pa3leJlerur 3apIIoB, TaI I trCPGE(rcr snerTpoHa Ha
xilrormrsrl axqGnmp trpn cpf,o I oA&aroDofi src[ctrr - n 2-3 pesa, rorlr rrr Ao6raleme
?0% urqeprra nparcrrrccrr re uircr ra srri croposrz (or- 116l. li 2).

Yqre-x HctrogpgpgTDctuut eSQcm f,3xcf,ef,xr e GpCA5; nE caxy cropocTb rcPcnoca
eneKx?o[a. Aclcrcrrerbf,o, nr o6q!r €oo6paxcnxf _clreIycr' 

qro gneprrf, ]acnfi]tory-
nrpxoio agannqcfc$nr I cxcneHe lpnop.arq€ryrop 6yner saBf,cierb or gnercrrpn'recrofi
nporf,qacxoqm pACTBopf,T'oJtI q, npf,lIGM lcx GtrJtbltG€; qex 6lnxe K noBcprrrccrl
6enxoaofr rno6ylrr pacuoloxest aganrogefismylou6e 3apf1bl. 3m ruurrre o6ycroucxo
oxpanrpyloqna lclcrrrcxCra g3o$ptxenxr' losHlrtKrtl$|I Ha rPal|f,qe palleta [Byx
pa3Jrrqrux ggeJlcrrPrnrot - 6onra r pacrropncnr [221.

[ar oqenxn aem'rruu rc3xox;oro eSqerra nixenergr e Ha cxopocrllllepexoca
orexTpona paccr.oTpxlt osepnrectyp doJtxoByro uroGyay c Ine:texTPnqocKofi nPoHrqae-
Mocrbp €t. B qcnrpc rrdylrbr nexonrrrcr lgurcp elcrrpdna, a axipmop Pacnorlracror Ha

paccrordrr L ( fp, r1c Ro - palxyc uo6ynU. TorAc I CooTteTcTlRn c reoplel

I:roprue.pa [23] ornorrcune roucraxt cropocrtl rcpc*rca eten?oHa nPf, 3ax€He PacrFo''
pm€;r c lgorcrxpxlrc4rro! npmneuccmp glll(tr ) Ha pecTBoprre,Ib c FxltnerrPrlecxol

npoHntaexfffbto el2)(,t2 )- *ono nP€Icraln! t BfAc:

a\- L')

+ep)

(8)

(e)
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Herpygxo noKs3arb' qro ecJIIl n (9) xue{exrplqecK[e nocrof,H'bre pacrBopnrenefi pas-r'rlalorct a 2 pasa (elt) = 2el2), uro npa6nntnrerrbHo orBeqaer crryqarM Bo'br n rnuqe-prr'a HJ* gMco), ro or'orrre*rr" *or.r"# k1ft2 coeanrr * 0,96. olru*o " "*;;;or_MeHTe 3eMeHa BoAbr,,HanpriMep Ha AMco, 3aMeArrer cxoposrb nepe'oca gneKTpOHaropj3Ao cE r,bHee, npn6lxrrrcluno u 3 pasa.
rax*M Oopa3.M' uo4nQrxaqnr crpyKTypbr pI{ nyreu [3.TonHOno 3aMerqeH'' H20 HaD20, nHegpeHnfl xpnopacrnopnreaefi, cnoco6nux lracmqHo 3aMerqarb BoAy B ersx 6el_KOBO-nrfrMeHrHbrx KoMnJIeKCaX, BJrUrer Ha cxopocm nepB*r'brx cragnfi QotmpancQop-Maqn[ gHeprrtr B OCHOBHOM lfe BctreAcrBne Ir3MeHeHI{g oK[clnreJIbHO-BOCCTaHOBT{TeJIbHbrx

nore'rlnaJroB nepe'ocqrKoE sneKrpoHo-l. gtor "oo";',ii.u"" geftcraneu ApyruxQaxropon. on, no-ongn*o'y, onpeAiarercr I nepByro oqepeA' BosAetctanen Ha crpyK-TypHGAnHaMuqecKoe cosrotnne PI{ tIeP$ grgreMy ero Bogopogxlrx cnlrefi, or cosror'n,xoropof, 3aBucrr cKopocr' nolrpnrafino.lHrrx nepecrpoeK (npoqeccon colrnaraqnR) nrHTepbepe AoHOps x€xqenropa, conpoBo)rqarcIlllrx nepeHoc greKrpoxa.
Irpo6ler*ra nepeHoca gne*rpo'a n qmocnnre3e or'ocnftfl r oOqefi npo6leue nepeHoca3aptAoB B HcynoptAorleHHbrx cpeAax' Teopfit xoToporo pa3BxBanacb, B rrasrHocTr{ Bpa6orax [24'251' B grenexrprqetrnx cpi.lax B ycnoBanx paB'oBec'r BcerAa rMeer MecroAeral'ruft 6alanc cal, nooro*y reporrrocrn-t"o.n"i,ip"*i'u"n oopatnux nepexoAoBpaB[bt. ftr xapyurerrur palnoBecxe neo6xogrro "urrg*ir n"'"r"rrry sJreKrp[qecKoenone, Koropoe 6yger ruruaart 6olee qac

npaBneHrH. 
' I oDrJDtnoI.D u{'rre9 rlacrble nepexoAbt SnerarpoHa a onpelenexHoM Ha-

oco6ennoctrrc npoqecca nepenoca oneKrpoHa no eorocunrernqecxofi gneKrpo'-rya'c-noprnoft qenn rBJrtercn ro, .rro gror npoqe@ c gHcOKoft eQQexnraxocrbro ,, HanpaBne'_Hocrbfo nponcxoAf,T B npilcyrcrBrrH BHJrrpeHHnx eneKTp[qicxnx nolefi " "*fy*"-r""-i"-AoKc-qeFTpoa' Tarne noJls m3flIlxapr- B-OorocrrnTerf,qccKrx rraKpoMonexynrp'brx c'c-TeMAx HenocpeAc-TBeHHO B npoqecce paagelenxr 3apxroB, [pyrxrrn cJroBaMn, nocJreQoroaor6yxgeHxfl. MoneKyn' nurMe'Ta n nocrre'yrcrqero pas[eJreHu, 3apf,,qoB B cpeAeBo3HRKaer eneKTpnqecKoe noJre, cnocodcrnyroulei eQsexinn"L* "".p"qrn"'"r"p"l" "neprHocy eneKrpoHa oTAOHOpa K axqenTopy

---_I:*un"r* enerrp*recxoe.noJre lrpagie'r nore'qriaJra), saga'qee HanpaBneHf,e ABx-xeHm grexrpofia, onpegenrbrcfl HarnqneM clteAyrouux crpyrcypxrrx ocooennocreficp€gbr: a) rapnxeRruror f, noJrf,p*brMn rpynfiaMn aT*,uoB- B Orp]'rennn AoHOpHo-aKqen_ropHbtx qeHTpoB; 6) nonrpneyeuocrbto' isrgaHrroft c *onqopuiinonuor noABr1xHocrbK)6e.nxortrx MoneKyn; s) ntrenixrpuqec*nMr cnoficrmuR "i"iiio*py*arou1eft MoneKyxy6enra' ,[pyrrxr e'oBaM[, noxanb*@ sneKryf,qecKoe noie B TorrKe HaxoxAeHRc gJreKT-po'a onpeAe*ercr npocrpancr'e[HbrM painpegeaerr"r, ""p"goB, rroJrrpHbrx rpynn naToMoB Boxpyf AoHopxo,aKqerrnopnono qearrpa.
ra3Aene[Ee 3apr'qoB R rlepBtr.lnax cra6nnnraqnr eneKrpoHa Ha xr{HoHHoM axqenrope e1o PI{ nypnypxrrx 6arreprfi ocyqecrurrercr ga l}t2 - 1b-ro " g;Hur€er Bonpoc, Ka*reQnrnvecKre MorerynnP[ble npoqeccbr cnocodnu oo3.qarb nog;;;" enexrprrlrec*Re noJ'

:::jff *1fTl1 
" axqenropa -orexrpoHa B nux(rcexynqsoM EpeMeHuoM gnana3oHe.Lo.nacHo reoprfn enermpomrexoHQopnaqxo'Hbrx "a"""og"ft.r"ri, nocrie o*";;y*_Ae*rr sne*rpo'a H eno peraxcaryilr ia - lO-la " * "rr.iry-.oneo"rc""r;rtt;;;;,"nordl6geruroro enexrpoHfiono cogrorH,,r Bo3tr'Kaer enexipnvecxrfi grnolr (4upxa_enexrpon)' 3a apenr cyqecrBoBaHnf, eroro,qnnoJrr I pesyJrbrare rcam{o[eficr'r* erosnerclprqecxoft' noJlr c sp''xapu$llx noirpurnrr rpyfiafi r"toyrv"ro"o xone6arenr-Hbre MoAbr 6erxa, np*re' nan6omuue crrerqerur ";;;;;;lr"o"",Apa, HaI,ptrMepnporonbr, oolagarcque sbtooroft noABDXHOCrbrc.

llger o peopf,e'Tar{r' noABurb* aroMol_BoAopo[a B greKTpnrrecKoM noJre AxnoJrx,Bo3HRKarcureM nDH Da3Aere'f,x 3apf,AoB a pI{, 6rina np"gno*;ra n pa60rax [26,271.cor'nacno [28,zgi,crieu1exne ,'po..,oo, Bolbr B eJrerrprqecKou nore Moxer npolcxoArrr,t1 
fo-tt 

- 10-12 c' B pesyntrare raxoro nraxxogcftcram qacri """po, gJrexrpox*oroaor61m<gBxnr nrrMeHra 6y4er pacxogoBarbc' "u;;;;;";;;;- BoAopoA'btx carsefi,



T.e. rrep€xo[ETb I erreprf,xr f,orolo rmpoxonQopnargonuoro cocrof,Hxr xarpoxorery.lrtr.
' Ilcpepacnpcgenc$sc e-nerrpomrofi rrtrcrnoctxr amcqexlulsc xomfi rqt$opxaqnn, rroxsr

npaBecrn r rccf,rinoocrrx) Jr(xsJlhHors grerrpmccr(oro nolir E, 4ctcmynqcro I cBoro
oqepelb xq Bos61.xleHrtblt ercrcr?on

[Ia aenrrrtry tr uanpaurcrrf,olgToro no:4 E xor],'r EJrf,rrb n xaKpocxonrqecK[e
Atsonernpx'recrf,e crofrcraa mgSocrri, orp)ryapqei 6eaxoaylo r.oreKyny, Koaopbre npo-
iDJilKlrsf, Gnnroppr *oopy [oJrxprra{ru pa'cr?opr nol[clcrsner. srexrpf,qecxono.n<>
rrr Af,Ironr. Ilomprearpr 6onrr, xtnptxepr lolbli Bocns:aQil sa Bpexern l0-ll - l0-r2 c.
Bnurnne raroro poge norrpmeqgosxbrr npoqcccor Ha xoncranry gxop ,ogrtr/nepenoca
onexTpoxa ocyutecfalrcrcr qeP€3 gHePrsrl lof,op-a$terropf,om aeanxogefitrsuc v,a
Ta(xe qepes {3x€He$re crodopnof oneprfrr r.e. qepcs napa$crpbt, Brogtu{ne B
Bbtp$xexre g^rtr *oncrar*ru cxopoefrnep€f,oca orertrpof,a - Qopxyny fuopEnepa [23].

llxenxo 6rarogapr dtrc-'rpofr ron0opxaqronxol pcnsxcaqr! 6enroaofi xoneryrbt,
'coqpouoxgalorrclcl rcpepaclpcge,rcrtcrr errcrrporrlrol nJr(ttrHocrfr optrclrriltltonxofi no-
arpusargefi rcIopqilfiilr cnf,tel, a rame EctrE[crlre r;4rpgcxonrqsffiono Brnrtrrt oxpy-
xrrcqeno Arererrprxa npoxcrogrr 6uc.rpar (10-ll - lFll c) pellaxcaqrr errexrporxono
)?oBfir Aoaopa grempoila, conpoBgrqaGxErPasroloDil|xer. qacru fl$pmr 3J!€rrpotrtoro
ror6yxgenrn A,E - 0,05 eB [8, 2E, 30]. Ilorepr rracrx ottcprsn qnrbxo nonn:xagr

Bepormr<rcrb o6panrnx pcarqgt (nur6poc eneprn Eos6yxgcaxr Pi a arnernryr pGKoM-
6nnaqsr pasgarrerxux gapqor). 9rr xe pcJlaxctqlonnbta npoqeccu cnoco6ctrynr
nosnrxnonenrro ormralrtrol rouQrqrparp IJrf, Aoiloparn1cflToprono rcanr@[c*crrm' s
pesynbrarc qeFo o(yNArro"cr yctlolnr gnr ncodpararoFo nqpcl|oct g,rcxTpofla no eJIeKr.
pox-rpaucnopmot qonn Qorocmilcsi I mro€q/isotr EpGrcltts'il irant:me.

Aaropu 6narogaprt Poccrficxnfi SorU QynnaxerraJrblrbrx nocttcloBtmrfi (npoexru
JS 98-0+48874 n 98-O{4E677) n sacrtrrtf,yto noggopxry gaxrofi pa6oltt, I Tarxe n@.
K.B. Itrairaxa s norc3noc o6clrxnexre P€yJtbrafi)D!
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INVESTIGATION OF THE ELECTRON TRANSFEN, REACTIONS
AND REDOX IIdIDPOINT P'OTENTHL oF PHoToAcTIvE
BACTERIOCHLONOPHYLL IN THE REACTION CNNTER,S

oF Rhdobacur spltutolbsMoDmDD By.D2o AND cRyopRorEcrANTs
' 

PJll. Kmrilnilov, V.V. Gorokhov, E A. Goryrchevq
P.P. Knox, V.Z. Prrhcnko, A.B. Rubin

Dcprtnunr of Biophysics, Fcutty of Eiology,Ia ntotwsov Moscaw Statc lJnivcrsir;y,
I19E99) Marcow, Rsrsia

Changes of rc&x midpoint potential E, of bacterkrchlorophyll of thc spccial pair (PyPL|, the rares
of cnergy migration from bacteriopheophytin Hy to IPyPL|,-eltctron tonif.t from {pyF1} ro H; and
from Hg to quinorn Q6 werc investigsted in reaction centea (RC) of Rlrodobacter sphaeroides underthe
rction of deuteration and addition of glycerol and DMSO. It was shown that H2O -+ D2O substitution did
not change Ir of lhe special pair, while the addition of 7wo glycerol and 35% DMso (u/y) increases the
value of E n by 30 and 45 mV, correspondingly. Rate constants of energy migrarion
fn (Hi, --rt-tr} chargc scparation &c ({PMP1.l'Hl -3-, {pupl}* Hl), electron transfcr to

Qa tq rcmained stdble upon addition of glycerol. On thc other hand, isotopic substitution of water and
addition of DMSO lead to a Z-3-fold increasc of t , t, and *q valucs.

Theoretical analysis of the dependcnce of the redox-center potential on the dielectric constant e,
swelling of the protcin globuh in solvent, and changing in thc distribution of charges in the protein
interior in thc vicinity of thc redox oentcr was performcd. It was shown that rcplacement of H2O by
DMSO rcsulted in thc incrcase of Enby tcns of mY. Thcrc was no corrctati6n betwccn changes of E,
and k', &c 8nd ta urder dcutcrrtion and pMSO rddition in thc RC's. Direct influencc of changcs in e of
the medium on the rate constant$ ofelectron transfcr as a rpsult ofdccrease ofenergy of intermolecular
interaction bctwecn donor and acccptor molcculcs was analysed.
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