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MOnEn ilPOBAH rE TOPEHtAfl yTIEPOIA
B CPENE MOIIEKYIIfiPHOTO il ATOMAPHOI-O KIACIIOPONA

B. f  .  3aeoArHcKufi ,  E. A. MraxaftreHKo

14Hcrrryr MarepxanoBeAeHran Xa6apoacKoro Hayr{Horo qeHrpa llBO PAH, 680042 Xa6apoacx
mea80@list.ru

HesunupnvecKuM MeroaoM Teopulr Qynruuonzula 3JreKTpoHHofi nnorsoct[ s o6o6qeHHoM rpaA]renT-
Hor"r upn6nnxeur{n n nonygMnr{prlqecKuM Mero.qoM PM3 ueyveHa peaKrlnr oKrrcJreHr,rr Morerrbubrx
yfJrepoAHbD( KJracrepoB MorreKyJrrpHbrM r,r aroMapHbrM Kr,rcJropoaoM. OupeAenenur gHeprr{s aKTr{Ba-
rlrlrr4 r4 sHTaJrbuLr.fl STnx npoueccoB, Brrqncnennure 3HepreTr'rqecKr,re xapaKTepr4cT[rKr{ conoc:raBJreHbr co
3naqeHusMr,r, [o[yqeHHbrMu apyfr{Mn aBTopaMr{ gKcnepr,rMerrriurbHo r{JII{ Teoper}rqecKn. IlpuaeaeHu
cxeMbr ocHoBHr'rx cTaAfift oKncneHr,rt MoAeIrbHbD( yrJrepoaHbrx KJlacrepoB. onpe.uenensr JrrlrMnTlrpyrc-
ulrre cTa.q'Iu.

Knrc.reebre cnoBa: PM3, FHI96md, orr,rcnenne yrfiepoAa, 3Heprur aKTrrBaur{lr.

BBEJIEHI,IE

Hecuorpr Ha ro, qro mpeufie yrneporco-
Aepxarqux rorJurB (rnepArrx, xlIAKrIx u rasoo6-
pasuux) ucnonb3yeTc.fl B npaKTfiKe qertoBeqecTBa

c He3anaMsrHbrx BpeMeH, AeTaJlbnsrfi uexanragrur
9TO[O npoqecca ocTaeTcr ,qo KoHrIa He u3yr{eH-
nlru. Ha Haur B3rr.f,A, rJraBr{arl rrpr{qr{Ha raKoro
nonoxeHur seuefi 3aKJrroqaercs s 6omruovr (no-
qrlr Herrcqepnaer"ror'r ) unoroo6p asuu roprcqux yr-
JreporcoAepxarqnx BerrrecTB, Ecuu .qaxe orparlrl-
IIUTbCS TO JIbKO K JIACC}IqECK }IMI{ BIIA AMI{ TBEPAOTO

TolJIuBa (raxuun, KaK yrorlb, KoKc, cJraueu, topQ,

.upeaecuna), r{ To r.rx roprcql4e csofictsa 
,(rcnaue-

parypa Bo3fopaHrrf, !r re[Jrora cropaH]It) Moryr
BapbI{pOBaTb B .qOBOILHO IIIIIIpOKIIX flpeAenax B
3aBr4Cr4MOCTrI OT KOHKpeTHOTO Tlrrra rorIJrIlIBA lr
cuoco6a ero npegBapurennuorl o6pa6o:rxn. flpo-
6.ueua ocJroxHfieTcfl TeM, qro cfopaHl,Ie rouJrr{Ba,
KaK [paBlIJro, He 6brBaeT IoJIHL.rM, qTo, B rracT-

Hocru, Bbrpaxaercr n o6pasooallul{ caxu, crpyK-
Typa r4 cocTaB xoropofr TaKxe Mofyr pa3nuqarb-

cc B 3aBIlcr4MocTrI or BuAa rouJruBa ll yclonnfi

ero cx<riragux. I/IccteloBaHl{e MexaHI{3Ma B3an-
tvroAeficraus pa3nr{trubrx Qoptu yr.nepoAa c KrIc-

JropoAoM r{Meer rd Apyrofi He MeHee saxHblli ac-
leKT: r{cnoJrb3oBaHrre yrnepoAa Ans BoccTaHoBJIe-
Hur pa3flnqHbrx KrrcJropoAcoAepxaulux coeA[He-
uufi, a uepBylo oqepeAr, oKcIltAoB MeraJrJroB) T. e.

.qrs uonyqeEu.s MeTa-ruroB r43 pyA.
PearquonHas aKTuBHocTb rBepAono yrnepo-

Pa6ora BhrnoJrgeBa uptr no.qaepxxe lporpavr"rht QyH-
aaMeHTaJrlHLrx [ccleaoBe FE; flpetra.ury rta a P A H << @yHaa-
MerrraJrr Hr,re npo6nerurr Sasuxm vr xlrv.vrla H arrop a3MeprrLrx
cr{cTeM r{ HaHoMaTepI{aIoB>.

Aa (KoTopbni r,rcnoussyeTcr, KaK npaBrrno, B !r3-
MeJrblreHHoM cocrosHvil) 3a,Bucvr or pa3MepoB
yrJrepoAub[x rracrurl, ux cTpyxTypbr ]r Qopurr
[1]. Ecnu He rrp]rHrrMaTb Bo BHr{MaHpre Qynnepeurr
rr HauoyrnepoAHbre rpy6xu, Koropbre 3acJryxr{Ba-
IOT OTAeJIbHOTO U3yqeHIJg.t TO OCHOBHI,IMrI CTpyK-

TypHbrMrr 9JreMeHTaMrr TaKlrx TBepAbD( TorrJrlrB,
KaK yroJrb, cJraHeII, KOKC, f,BJrtlorcr KprlcruurJrrrrbl
rpaQura, rpaQnronogo6nsre veuryft xra (rpatpenu)
n .nranefiur,re qeflorrKl{. Kar cneayer I{3 AaHrrblx
pa6or [2-a] u Harrrrrx npe.qbrAyruux uccreAosaHrafi

[5], car"rue Miurbre yrnepoAnbre r{acrurrbr (c vuc-
JroM aroMoB MeHee 10) npelcraBJrsror co6ofi nu-
nerinsre qerroirKu. Koraa trncfio aroMoB B qacr[rle

AocrnraeT 22 u 6onee, gxeprer[rrecKu BbrroAHofi
craHoBuTc.fi r4rx opraHr{3aq[s B Brr.qe rpaoeHoBbrx
qerrryeK (r. e. anyrnlepHbrx cJroeB, cocrosurlrx rI3
r paQnronoao6srrx urecTuy f o JrbHlrKoB - reKcaro-
noa). llpu npoMexyrorraoM KoJruqecTBe aroMoB,
BxoAsllux B yrnepoAHyro qacrurly, Ha6rroAaeTcs
KoHKypeHrIfifl MexAy nprrrerinuura u rpaQeHonrruu
crpyKTypaMrr.

Bsaul,roaeficrBlre rBeproro yrnepoAa c Mo-
neKynspHbrM KrrcJropoAoM r,r3yqeHo 3KcnepnMeH-
Tarrbgo AocTaToqno xoporuo [6-11]. foparao

MeHbrxe BHtrMaHfit yAensnocb peaKIII,I[ yrJlepo-

.qa c aroMapHhrM KlrcnoporoM. Oanaxo sra peaK-

Illrt, Ha Haru B3rJrf,A) He MeHee BaxHa. Bo-neparrx,
npu BbrcoKr4x reMnepaTypax, KoTopbrMlr collpo-
BoxAaerc.f, fipouecc ropellrr.fi yrnepoAa B cpeAe,
coAepx auefi vrorexy.nxpnrrft Ktrc JropoA, Her36ex-
Ho [poucxoAr4T A]rccoq]Iaur4fi MoneKyt Oz u yqa-

crr4e aroMapHoro KucJropola B o6rueM [poqecce
ropeHfis Heo6xoAraruro yrrl{TbrBarb. Bo-BTopbIX, B
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Pnc. 3. Cxeua oKI,IcJIeHI,tt yrnepo.tlHblx KnacrepoB:

r91 - clMrvra exeprnri ne s:atrMo,4eficrByro@rx apyr c

apyroM yrfiepo.llHoFo xnacrepa c n uonexynbl Kr{cJro-
poaa 02, ,92 - cyMMa sneprrfi IIe srarrrto.qericrBylo"
[u{x npyr c apyroM yrnepoauoro Knacrepa C u aro-
Ma Kr4cJropoaa o, Ar - gHeprrt aJlcop6lrpoBaHlroli Mo-
neKyJrEr Kr.rcJropoJla,,42 - glreprur a.ucop6rponarlHoro
aroMa r(rrcJropoaa, R - gHeprlrt npoayxroB peaKurut

AIlr - sHTa-rlbrrltt peaKllnu C * Oz, LHz - 38TaJr6-
nr{r peaKrr,rq c + o, Eocr! - sHepr[x ar(Tr{Bautrr{ pe-
axuuu c I 02, Eo"p - 3lteprus axrl,Darltru peaKq[tr

C + O, xpurrre 7, 2 - xoa peaKlrrru c MoJreKynoft r{ aro-
MOM K[CJropOAa coorBercrBeHHo

nopol noMelr(aJrct Ha HeKoropoM paccrotHl4r{ or

aKTrrBHoro rIeHTpa yrJrepoAHoli qacruubl (xpae-

nofi arorra) u OilKcupoBaJrct B sToli rro3nurru. (B

cfiyqae 02 SllxcrpoBaJrcff JI]rIrrb oAI,IH rI3 aro-

MOB MOJICKYJIbI, IIT06I'I AATb MONEKYNE BO3MOX-

HOCTb A[ccoqrrfipoBarb.) @uxcuponanct raKxe

r{ caMbrri yAaJreHHbIIi or Kucnopola aroM yrJre-

poAHoro KnacTepa, qro6br [36exarb orraJIK]IBa-

HUC peareHToB rI TeM caMbIM rrMrlTlrpoBaTb pe-

aKrlfirc KI{CJIOpoAA c AocTaTorIHo I(py[HbrMI'I yr-

rrepoAHbrMr{ qacTI.{IIaMn. ocra,nrnrre aroMbr lr3y-
qaeMori clrcreMbr Mofnu cBo6oAHo rlepe.qBr{rarb-

cs ,'oA AeIicTBI'eM MexaroMHhlx clrJlt BcneAcrB]re
qero pearupYloua.t clrcreMa [3MeHsIa cBolo KoH-

Qnrypauuro I,I sueprurc. Ha c.neayrculeM Iuane BbI-
qucneHuri paccrosuue MexAy KrIcJIopoAoM I'I aK-

TuBHhrM rIeHTpoM yrnepoAHofi qacTuIIbI yMeHb-

ruaJrocb (ua 0.01 nrra) u BHoBb HaxoAunrrcb paB-

HoBecuafl ronsuryparrut tI gHeprrag. flocue ro-

ro KaK AocT[raJrocb cBt3aHHoe cocTosHne (cna-

saHnrrfi KoMnneKc), [poBoArrJracr o6parnar one-
pauus: [ollaroBoe yAaJIeHLIe [poAyKTa peaKlluu

(CO nnu COz).

PE3Yfl bTATbI PACqETOB 14 OECYXIIEHI4E

O6rryfi xapaKTep npqAcraBnexuofi IIa prc. 3
3aBRCUMOCTT{ nOnIIOIi sHepf rru cllcreMbl (yrlepon-
xrd rnacrep * rncnopoa) or paccrosHl'Is MexAy
peanenTaMu .L orncrrsa,er MO(aH[3M oKI4cJI[Tenb-
IIOm npOUeCCa U EnnIOCTpnpyeT OCHOBHLIe OTJII{-
trHs B sEeprertrxe peaxqnft c pa3HbrMtl oKlrcJIlITe-
nrr"ru (O nOil. Kpraue 7a2 unnlocrprrpyror
xog peaKq[n c Monerynoi u ator"rou Kl.rcnopoAa
COOTBCTCTBEEHO.

IzIs xoAa srru( rpl{Bbf,x BnDtEo, tITo B AaHH},rx
peaKuHsx Mox(Ho Bbfuerurb Jrl|Mn?rpyrculue cra-

auu. D,ts cnyqas xpnaofi .l nrrulrrupyroulefi cra-

Auefi f,Bn.sercr Sopt"tupoBanl4g cBt3arlHoro KoM-

rnexca,41 (yrnepoana.s qacrnqa * O2), arepruc

o6pasonanus KoToporo (Eoat Ira puc. 3) npenu-

rrra€T oneprlaIo orpblBa rpoAyKTa peaxql'Iil (CO

unu CO2), T. e. gneprfiIo repexoAa lr3 cocTosHrt
.A1 B KoIr€EHoe cocTo.f,nne R.

enepreruvecrrafi 6aprep Eac^ orrpe!|en$rtr
rro paslrrrqe MexAy MaKcrrMzubnori snepruefi B3au-

MoAefi crByrorqeli yruepoA-KucnopoAHofi crlcreMbl

Emax 1 I{ cyMMofi sueprnft ee rI3oJIrIpoBaHHbD( tla-

crefi Eil671r(Cr) u Et1s7^(Oy):

Eac,tL: Ema>c1 -l(Ertortt(Cr) + Erlorg(Oy)],

rAe
Jrr{qecrBo aroMoB Kr{cnopoAa.

e srarrrumo peaKlllrrr oKrrcJlenu.f, yr JIep oAHo-
ro KnacTepa Kl{cnopo.uoM onpeaensfiI{ ro Qopt"ty-
JIC

Af/1 : l9,.nt(C'-r) * Ey;nr(Coy)l -

lE startr(C r) * fu16r1(O y)1,

rge Ey;nt(Cr-r) - Konetruat 3xeprrt yrnepoA-
HOrO KJIaCTepa [OcJIe oTpbrBa oAHoro aroMa yr-
nepoAa, EyA(COi :- sEeprur o6paeoraBltrero-

cs, o:Kc;,1.&a yrrlepoAa (CO nrn COZ). Snepreru-
qecKl{e napal{erpbl An-s npoqecca oKEcJreHfis. yt-
nepoAEbD( rrArrorlutcTtrq aToMapEL'IM KIICJIOpOAOM

paccqnrbrBaJrEcb uo noAoonrrr't QoptuyraM' Ho c

saMenofi lrg.(eKca 1 nn.qexcov 2.

3ua.rennr gnepFeTrrqecKlrx [apaMeTpoB' pac-

crMTaHEhD( rro trpRBeAeHHbIM Bbrrue Qopuylau
An.s nIIEefiIIbD( u rpaoelroBbrx qacrfiIl, trpeAcTaB-

JreHbr B ra5n. 1. Blr,I{uol .rto 60lee peaKIIIIOHHO-

cnoco6grnr n sBnslor c g. luneft Hrre HaHoK rI acrepbl t
Ars 3ax r.rrafi rrt l(oTop brx HeooxoIrlMo [peoAoJrerb

snepnernqecxuri 6aprep 0.3 eB. flpu erona n pe-

3yJrbrare oKrrcJlerrut rfiHeft HbIx uefioqeK BbIAers-

ercr raxoe KoJr[rrecrBo renJlorbr (-5.2 sB), ro-

L
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(co Toporo BIIoJIHe Aocraroquo AJIf, HaqaJra oKucne-

nua rpaoenoBblx CJrOeBr TaK KaK gHeprus aK'rr4Ba-

quu nocneAHero [poqecca cocraBJlser =3 eB' Ta-

xurrl o6pasovtr MO)KHO floflararbt qro nprr crcpa-

Hnr,r rBepAbrx ronJIUB B flepByro oqepeAb oKI',ICflS-

,ota" rr""efinlre xnacrepbrt cBs3brBalolu[e Mex-

.qy co6ofi KpucraJrJlrmrr rpa$ura' rr JIItrub 3areM'

c ncrloJrb3oBalrueM BbrAeJlf,rolueroct rennat cra-

HoB'ITcsBo3MoxHbIMropeH}IerpaQurono'uo6rroro
yrnepoAa.- 

B Hacrosulee BpeMs oxIlcJIeHIiIe yrJlepoArlblx

crrcreM MoneKyJIf, prrbrM Kl'rcnopoAoM xopouo usy-

qeHo, rr 3TO [o3BoJlter cpaBHrrBarb reoperllqecKll

pacctll4T aHHbre I'I I KcnepllMerrraJrbHo r{3MepeHHble

gHepreruqe"*"u,"u"tir'rg' Kax BIIAHo lla la6n' 1'

floryqeHHoe HaMil 3rraqeHue gHeprlr[ aKTriIBaqI4r4

o*""nut"" nI'IHefrHoiI qeroqKl{ (0'3 sB) 6nusxo r

MtlHtIM alrbHoMy eKc[epI'IMeHTaJIbHoMy, 3HaaIeHuIO

eHepl'rru aKTI{Baurr[ &""u'n"t caxra (0'5 sB) r'r

pa".rutrnoty 3Har{entrro gtoi nenra'ruHbr nplr oKllc-

J le l luuaruopQnoroyrnepoAa(0.26e8) ' [oJIyqeH.
no*v 

""to*rra 
QyxxuuorlaJra sJreKTpoxnoft nJlo'r-

noct", xolopr'rir ocHoBaH Ha reoplll4 crtnl'nofi csq-

tt lZ gi. e uep"ernv ecxuil 6aprep s gau l\'{olefi crsu s

"puqerrouoro 
Krlacrepa c MoJIeKyJltpHbIM KI'ICJIo-

poAoM xopoilo coot"oc"tcc c SHeprfiefi oxlrcne-

BI{c rBepAbrx rorrruB) T?KI4X 
":1 

n:PoyrnepoA'

*o*a o xauennrrfi yrollb (1'4 + 2'l eB)' r c 3Hep-

rraefr arrrmau"" o*"atteHus yrilepoga r p aQenono-

.qo6soi crPYKrYPbr (2'   eB)'

9m xacaglcs 3uTarrbnllra peaKuultt To AJrfl

roDeHI[t rrugefinoi qeuoqKll ee a6conrolHat Be-

,r"utrnu (5.2 sB) AoJrxEa 3rraqIiITeJILHo npeBbl-

ruarb sHeprtrro arrlrBaqsH peaKquu (0'3 sB)'

.lt.o ooecnermBa,qr caldotroAAepxllsarcuufics xa-

paxrep npoqecca rt)pexlra' B cayvae xe rpa$e-

rroBoft qacrrrubl peaKllut ropenlrtr (c nurAenenueu

CO2) uoxer uATll ToJrbKo [plr HaJrI4qlIu BHeIrr-

Hero lIcrorIHI{Ka renJla' .IIrs raxnx qacruu caMo-

floAAepx]IBalouluMc.f, tBflflercs Ilpouecc ra:raQn-

Katrl(uc Bbl.4eJleHtrertr CO (cr"r' ra6n' 1)'

BsauMoAeficrBlle aroMapgom Kr'IcnopoAa c

qacruqaMfi yrnepoAa ]IMeer csou oco6eHHocrl{'

O6urnfi xoA taxoft peaKllru AeMoHcrplrpyer Kplr-

sas, 2 napuc. 3. Br'rAHo, 'rlo o6pasoBaHr{e cBq3aH-

Horo yurepoA-K u cnopoAHor-o KoMr Jrexca ( nepexoa

n3 HatIaJIbHoro cocrotHul s2n cBs3aHHOe cocrofi-

nue A2) nporcxoAllT 6es6aprepuo co 3HaqllTerb-

I{bIM noHI{xeH[eM nonnofi SHepfu]I cuc, eur'r' fle-

pexoA rI3 cocrotH nx A2 B cocro'flHl1e R (o6paso-

Bar{rre [poAyKTa peaKul4r4 - CO) safis'ercs' flvt-

Mrrrr{pyrcueft craAuefi ArIt peaKurlrr c aroMap-

HbrM Kllc[opoAoM. Peoynrtarbr pacqera sHepre-

Tur{ecKux xapaKTep[crl4K peaKIII(rr aroMaprloro

KIIc[opOAa 
" 

y"t"pog"blMlrl KJIacTepaMI4 (Eoct2'

AII2) upureAellr'r B Ta6n' 2' Cpanrreu[e ux c rrarl-

,r"ttl tu6tt. t noKa3brBaert rlro sllraJlbtrrrl peaK-

u"" C, * 02 -+ Cr-t * CO2 (AfI1) Haunoro

torrt* (no a6conrolnoft gefllt'tr'rne)' rIcM 3IIT?]JIL-

;;;;il 'u cx * o -+ c,-1 + co (Ar12)' ro
ecrb oKIrcJIeH[e yrfiepoAa aroMapHblM Kllcnopo-

AoM - rlpoqecc 6onee esrrogurrf ileM ero rope-

HI'IE B MOJIEKYNJIPHOM KI'ICJIOPOAE' ^BONCC 
TOTO) NO-

cKoJIbKy a6conrotnar BeJrr{trr{Ha A'Ff 2 3H arlurerb-

HO npeBbrrrraer 3HeprI4IO 3axlllraHl'Is .yrnepoAa 
B

cpeAe aToMapHoro *"t"opolu (EoctZ)' ro raxofi

,rpoua"a sBrsercfl caMonoAAepxuB-arouuMcq'

Kax vt B cryqae asa[\'loAefictsnq c Mo-

nexynoft Kl'rcJropoAar oKucJIeHI4e nunefinoro xla-

crepa aroMapHbrM Klrc[opoAoM tpe6yer rpe-

oAoJIeHI4rI MeHbruero suepreruilecroro 6aplepa'

qeM oKucneuue rpaQenoBbrx rracrl4lr' To ecrb I{

Cucteua

Cri- * Oz

E a 6 1 1 ,  e B Ar![1 , sB flpolyxr PeaKur!il lrlcro.lrnx

0.3 -5.2 COz Pac.rerbl aB:roPos

[7, 9-111
Qrcot * Oz

Cn", * Oz

Cn., * az

Cpyrocorbo, * Oz

Q"o6o I  Oz

Cn., * Oz

Co^orpn * Oz

0.5 + 2.6 co

2 .8 -0 .9 COz Pac.reru aBToPoB

1 .9 -2.8 CO -t t*

1.4  +  1 .9 ColCoz (r12) ral

-il-
1.4  +  2 ,0 Colcoz (rlz)

2.44 co [25, 26]

0.26 co -il-

oy)],

EPoA-
|t yr-
ItEro-
I\ETU-
|l yr-

FAOM
l E O C

r, pac-
fyna,Ivt

IC'rAB-
toEIIO-
ftPH'

iollerb
B pe-

rgent-
t), xo-
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Pesynsraru pa6r{eTa 36epru1,1 aKTxBaqxx OXllCneHHt yrnepgAa aTOMOM KnCnOpOAa
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B sToM cnyqae qefloqKu 6onee peaKurroHHocrlo-

co6Hbr. Hecuorp.r Ha ro' rITo nplr B3allMoAerl-

crBnil I43yqeHHbrx yrnepo.qHbrx rlacrrru c aroMap-

HbIM KI{CJTOpOAOM SHepr[r{ aKTtrBaIIuU [peBbIIUa-

IOT 3HAqCHU'' NOIYIICHHbIC IIPU OKI'ICJICHIII MOJIC-

KynspHbIM KUCJropoAoM, B IIeJIOM [epBaf, peaKq]rt

6oree BhIroAHa 3a cqer 6onrruero KoJl[qecrBa Bbr-

Aen.f,eMofi TenrIoTbI (cp. AI/1 w A'H2 Ha pI'Ic. 3).

Hauru p$ynbrarLr noATBep)KAalorct AaHHbIMIII

(cr'a. :na6n. 2), no.nyvennbrMtl rrpu uc[oJIb3oBaHI{u

MeroAa VASP (viena ab initio simulation packag)

Taxxe B paMKax reoputt Qynrullona-na sJreKTpoH-

nofi naoruocTu tl nceBAo[oTelrquaJroBr Ho c no-

Morublo HecxonbKo uHoro noAXoAa [29]' a raKxe

MeroAa MP2 (r'reroa reopul4 Bo3MyureHr{.f, Mon-

nepa - flleccera BToporo noptAl(a) c ucroJlb3o-

BaHLreM 6a:ucos c auQoy:uoHHbrMlr u nontpl{3a-

urronxbrMn rpynxuurrtlra [33] .

9to6u 6ulr ynepe'HbrMl{t rITo Sgepr€Tlrtle-

CKue flapaMeTpbl) [OJIyqeHHbIe pa3HLIMI'I MeTO-

nar'ru (no.trygMnupuqecrur'l PM3 u HesMlr{puqe-

cxrau FHIg6md), Ha/rexHo coorBercrByror Apyr

APYTY, Mbr upoBeJrrl TecroBoe MoAenl{poBzurue oII-

sofi ug peaxur.rfi (rsaur'aoaeftcrBrre MoneKyntpHo-

ro KrrcJropoAa c yrrepoAHofi qerorrKofi) o6ounau

MeroraMil u cpaBnl{nil pe3yJlbrarbl' Oxasanocs,
qTO SHeprIIf, aKTIIBaUUI4IT paCCqUTaHHat M€TO-

.uor*a PM3, paBxa 0.3 sB, a noJIytreHHM MeTG'

.qoM FHIgOmd - 0.5 sB. enra,mnns srofi peax-

quu, Onpe[ereHHa.f, O6Outvtll MeToAaMlI, OAnHaKOBa

c roqHocTbro Ao norperrrHocrtl pacrrera (0.1 sB)

lr paBHa -5.2 sB. Irlnuuu cJIoBaMrI' ucnonb3ye-

Mbre HaMrr MeToIbI IIaIor co[ocraBuMbre Apyr c

ApyroM 3HaqeHll.fi gHepferllqecKux napaMeTpoBt rl

pe3yJrbraTaM [poBeIeHHbD( pacqeroB MOxHo IIG'

Bepsrb.

BbtBoIlbl

Cpaanurenrnrrri ana.nn3 oKllcJrexlr.s HaHo-

KJracrepoB yrnepoAa aToMaplrbrM u MoreKyncp-

rrbrM KUCJIOpOAOM rIOKa3aJr, qro:

. yrnepoAHrre nusefimre qeroqKu 6onee pear-

qnorrHocfioco6xr'r, qeM rpaoeHoBble cJlolrt

o 3r{eprnt aKTIIBaIIIIII orEcneEtrt JIr'rHefiHLIX
qenoqeK yrJlepoAa MoJIeKyrIfrpHbIM KucnopG'

AOM COOTBeTCTByeT MI{ERMaJrbHOMy 3lraqg'

HIIIO gHeprull aKTI[BaqnS rOpeEI'It CaXIltt

. Srreprut aKTr[BaqEtr orncrleEf,t rpaoeEoBbD(

cnoeB MoJIeKyJrtpHbrM KtrCJTOpOIOM Xopomo

coorHocllTct c BeJIuqlIHaMIl 3EepneTrrqecKofo

6aprepa Ars ropeHr.n rBepAbD( Qopu yrnepo-

Aa, lIMeIo[pIx rpaQulonoAo6noe crpoeHlIet

. aroMapHrrfi rracnopoA oKl{cnter HanocrpyK-

rypxrrft yrnepoA c BbIAeneHr{eM 6onblxoro

KOJrrrqecTBa TeIrJIoTbr,

nr{Mr,rrtrpyrcuefi craAueft sgau\4oAefictefig
yrnepognofi qacrnqbl c MoJreKyntpHLrM Kxc-

nopoAoM frBrfiercfi. o6pasonanue cBt3aHHOrO

KOMlJIeKca,

JrtrMrrrrrpyrorqefi craAneft ssan"roleft clsus c

aroMapHbrM KI,I CJTOpOAOM CBr.f, eTct oTpbIB oK-

cr,rAa yrnepoAa (co) or yrnepornofi qactu-

qbr.

B qenou, Moxno ctra3arb' tITo KBaHToBo-

xrlrMrrqecKoe RccneIoBaEue npoqeccoB oKrlcne-

Hrrr yrJrepoAa, flpoBegeElroe Ha HaHopa3MeprroM

ypoBHe, no3BOJIter UoJryrraTb 3HalleHr{t 3Hepre-

TIIqecKux rlapaMerpoB, xopo[ro cornacylouluecc

c 3KCIIeprIMeETaJrbIrbIMIr AaHHbIMII.
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