
IIa npaeu_prcontrcu

tu
II4EyJIbHLIKOBA Arrra Baaprqpoura

IUIA3MOEEOE YCN'EITNT. AOTOIIPOqECCOB B MOJIEKYJIAX
JITOMUEOOOPOB tr trt( KOMTTJIEKCAX trOA BJIntIItrEM

HAEOTIACTq CEPEEPA tr 3OJIOTA, B TOJIUMEPHbI'( IUIEEKN(

01.04,05 - Orrnra

ABTOPEOEPAT

'u1rccegrarpan 
Ha coucKaHue yqeHotr crenetur

KalrgAara lprrrmo-uareuaflrrrecrr{}( HayK

Kamuurpal-2015



2

Pa6ora sr,EoJEeIIa ua xar0elpe Qurmo Qaryrorcra rlyamr,rerrarorot uororoEa
Kuumpalcroro rocyrapsraemoro rexssqecxoro yrsBepcrref,a

Haym,rf pyrorotrrteJlr: aomop Qnmo-MareMarutrecKnx Eayr
upoQeccop

Epnxauor Buepd Bemar.rrsonns

OSuuaarorneormoEeurLr: Careuodfuiorcanaplrlnratrnosr%

fiffiJ""lffi:ffiffim"*'
urrrcm M,BJlouoaocoaa), r. Mocma,
sas. rai[ElFot o6uefi Qnnu

Mero oalcmardBsczrceass,
.rlorcrop xtrMlrrocKrD( rap, qporfeccop
(<De,uepamnoe rocyrapsrBeaEoe 6ogersoc
o6parorarcrnxoe ylper([ogf,o Brrcrgero o6paroeamr
Capamacxd rocylapcmemd rocrrrecrd yaEaepcnrsr' 
roreun farapma IO.A.); r. Capamr,
upoQeccop ra{e4rn ilnsmu

Be4nuar opraunrarur: Oeaepanruoe rocylapsrBcuroe 6rosr€Enoe
o6pasoaaremuoe ]nrperKreEse BErcEreFo o6pasoraunr
<Opea6yprud FocylepcrBemd yE BcpcEreD),

r. Oper6lpr

3aryra cocmnrct < 13 > arpenr 2016 m.ua e 15 qacog 00 r.rmyr sa sacetramg coBsra tIo

3'rrIETe rEcc€prad Ea coEcraEre yuexof clleE€Er rerrJlnJ|rra Ea)/Iq Ea ooscraEg yrerof cre-

IreEE AoKmpa aa}( [ 501.001.45 aa 6o3e rccJatpcrB€Eoro yEEB€pcErcra gM€EE

M. B. JlouosocoBa rro alpecy: 119991, Pocc,za r. Mocreg Jlcmcmc mFr, I l, crp.5 (19-f,

ropuyo HI4lLfIo nrem ,[. B. Cro6emqua MrY nrcm ]v[ B. Jlorrouocoaa), alarr,oprr 2-15.

C mccepra.mel Mo)KHo o3HaxoMrrrcr r Haysotr 6d,BsrlE MfY ncm Ii{. B. Jlormn x Erc*
TAJ(

http://istinamsu.ru/mediddiss€'rtations/di$€rtdiode521fta1ls2ggl0/Dbs€ftfBiva_Tsihrbilovoi.Ed'

http://www.sinp.msu.ru/ru/svstem6les/disser6iotrVdissertrcil.. cibuhikovoy0.pdf

Arroperlepar par *tt* Al ,7elptI20t6 rolr'

Vrenrrl oelgcrapr

Ar{coepfiaqtoHHoro coacaa [ 501.001..45 t
ranmmtQusrro,uaftMarnqecxrD(rrayr -/ , --Borcrm0. M,'t/.

,/u,

\



J

OEIIIA' XAPAKTEPI4CTHKA PAEOTbI

ArcrvaJrunocrg uccre.[onaglrft .

Coepeueunoepa3Bltrfielrroleryl*pHoicneKrpocKonHl'IHenocpeAcrBeHHocBfl3aHoc

npo6nerr,roft y[paBJreHr{r r[o'rodr,rrn,recrnrr,tu n Qoroxr4MI'IqecKI{MI{ npoqeccaMu B MOneKy-

n,IpHBri(cI,ICTeMaxHaHoMerpoBoroAna[Ia3oHasfipl,rqeMcaMbIMI{nepcleKT[BHhIMI',ItBilt-

rorc,, r{ccneaoBaHr,rn B o6lacm HaHo- E MoneKyntpHofi enerrponurra, nano$oronnru n

HaHorrn&iMoHr{rn. flpn gToM He ocJra6esaeT uayunrrft I'rHTepec K r'ICCIeAOBaHI'!rc HaHO-

cTpyKTyp6aaropoAurrxMeTaIJIoBcBo3MoxHocTrtoros6yxgeHl{'BHI{xnoBepxHocTHbrx

trJI{BMOHOB-noJItpEroHoB, I',tMercuax [paKTr'IqecKoe npllMeHeHlle'

Bsrcorcar noKalrr{3arlm rrra3MoHHbrx noaefi na MeraJIJIuqecKI{x Hanocryrrypax (nauo-

qacTurlax (HrI) pasnn.mux r[opr,,r n pa3MepoB, KJIaCTepax, HaHonopncr6lx noaepxuocux)

BB?IIeJloKtlJlbHorolloBepxHocTHoroIIJIa3MoHHorope3ollaHcaflpl,fr'ruBaeTnp[cTa'I6Hoe

BHI{MaHI4e UccJreAoBaTeneft n npannroB B CB'3II C BO3MOXHOCTBrc ero fic[oJIb3OBaHI',LI B

nanoQoroHr,rre, npuMeHeHr{r e ru6pnAnux !I noJII'IMepHbIX i[OtOnOnsranuecxnx npeo6pa-

3OBaTeJrrx, omosneKTpoHnrx npn6opax I{ oIITI,IqeCKI{X CeHCOpaX' npl{ co3AaHI',IE AI{nOJIb-

H6rx HaHoJItBepon c nanoanrenHoft.

BaXnefiuurrl r{ aKryaJrbHbIM Ha[paBJIeHlIeM OntZqeCrofi uanOQorOuur[ tBILIeTct IIc-

IIOJIb3OBaHne fionnMepHhlx MaTep[aJIoB B piBILItrHbrx onToSJIeKTpOHUrX Aatqurax n 6no-

Jrofl{qecKHx ceHcop€x. Hanpuuep, B IIOtI,rMepHhIx Marpl{qax' coAepxaqux H9 Ag ut't

Au, uoxso qeneHaflpaueuno yBenl{q[Bats orp([erruauocrb nepeHoca gJleKrpouuoft euep-

rl{r{ c yqacTr{eM MOJreKyJrrpHbD( nrounxor[opoB, MeTa[noopraHl{qecKl{x KoMnJIeKcoB I{

KrracTepoB, IIpI.{ 3TOM E3MeHtt He TOJIbKO onTl{qecKne csOfictsa nOnnuepnOft MaTpLTII6I'

Ho LI ee crpyKrypHble I4 penaKcaqfioHHble cBoftcrBa' Cre'ryer orMerlrtb' qto oco6oe gna-

qeHl{e B [peo6pa3oBaHr{r{ gHeprufi uIeKrpoHHOrO nos6yxgeuur B oTAeJIBHbIX MO'IIeKyJIIIX'

MeTarrJrr,rqecKr{x H{, rnacrepax LI KOVIUIeKC€IX pa3Jll'r'IHofi op6rranrnofi fi cnnHosoft

cTpyrcryphr 6y,ryr r,ruerr saxHefiru{e o6Irlenno-pesoHaHcHble I'I AI4IIOJIb-All[onbHsIe B3aI{-

uogeilcreu, BJII{toqne Ha BepotrHocrn nepexoAoB B MoneKyna( lr KoMruIeKcax'

B aartlroft Ar.rccepTarluoHuoft pa6ote [poBeAeHbI sKCIIepI{MeHTanbHbIe cneKrp€ul6Ho-

Kr{HeT[qecKr.re HCCJreAoBaHr,rr flpoqeccoB flepeHoca u o6ueua rnepruei 3neKIpoHHOrO

nor6yxAeHUr B MoJreKynax n KOMIrrIeKQax c MeTaJIJIr,IqeCxuun Htl I{ KnacTepaMl'r' BHeA-

peHHbIM[ B IIOnI'IMepHhIe Ma'rp[IIbI'



Ilelu pa6o'rsr - ycrauoBr,ITb c[eKTpaJlbno-Kr,rxerr4qecKIae oco6esnoctu o6MeHa :rer-

rponsoft sueprraeft pe3oHaHcHo-Bos6yxgeuHrx MerarIJIt{qecKLIX HaHoqacrllq Lr K;racrepoB

c MoneKynqpHbIMLI KoMffeKcaMI,t B noJII,IMepHbIx Marpl{qax pa:nnvnoE Qxsuro-

xrlruqecroft npplpoArl.

B cootnercrsnn c qefillo 6HnI,r noc'ragreHbl cneAyloqte g4Ary:

1. HccneAosarb ua3MoHH6Ift pesoHanc B SJIeKTpoxI,tMI,IqecKI'r ocDKAeHHblx cepe6pruux

rurenKax c pasaNvuoft HaHorropncrocrbro r,r ero npoflBileune B rI{raHTcKoM rol{6[naquoH-

HoM paccerH[u (fI@) H MorleKyntpHoft $nyopecqeHlrl,Ill MoJIeKyrI poAaMI'IHa 6X (P6X) e

rureHKax nolrr{Br{Hr{JroBoro cnxp'ra (IIBC) rtturpouuof ronIqLIHLI.

2. I''3yq^urs r{3MeHeH{e I,IHT€Hcr.rBHocrrr clrrHarra IIo cneKTpaM rl4raHTcKoro croKcoBoro

xov6lruaqnonHoro paccernnr B MrdKponnbrx n;reHKax IIBC c r<pacure;IeM, ocarKAeHHEIX Ha

cepe6prurre [oBepxnocrl4 pasruavHoft rroprrcrocrl{, B 3aBlrclrMocr[ or ro.nql,tnbl rrOJII{-

rr,repaofi taeHKLI (d <5rr,rxr'r).

3. flpoananutnpoBarb crreKTpturlxo-oHeprerr.rqecKne oco6ensoc'ru nna3MoHnoro yc[ne-

Hr.rJr MoJreKyn{pHofi tpnyopecqeHl{Lltr lr {octpopecueullI4x aHIroHHbIx n KarI'roHHbIX Kpacu-

.rerefr s noJrr{Mepnrrx ruleuKax [IBC; uccneaoBarb AI,rHaMI,IqecKoe B3al,IMoAefic'rsl4e HH Ag

c rIHTpar-iloHaMH LI KarI,loHaMI.I MoneKyn P6X no peaKI{I'rE o6llrega KarI'IoHoB Na* na rca-

Tr,roHsr Kpacr4TeJrr.

4. 3r<cneplrmeuTarbuo accJreAoBarb BtrvrflHve noBepxHocrHEIX nJla3MoHoB HrI Ag paBrI4tI-

Hbrx pagMepoB, BHe,{peHH6IX B IJIeHKI,I ftBC, sa c[eKTpaJIEHo-BpeMeHHyIo AI{HaMI'IKy n

e$Sex'rueuocts cI,IHrJIer-cI{HDrerHoro nepeHoca B AoHopHo-aKqentopHoft flape oo3llH-

lae'runenogHft rony6oft IIpH 3nelcrpoHuofi nolxpnraqura H9 Ag n nonrpr'caquu <Dlyopec-

rIeHrIuI,l MoneKyn KpacrrreJrr.

5. I4ccleAoga'rb I,r cMoAenl{poBarr cvHilrer-Tpr.rnner-TpvnretHrrft Ir cllHrner-Tpllnnentuft

[epeHoc srer,pounoi 3Heprr,rlr Mexqy MoneKynaMLI P6X u arpr<pnaeltu4 ranperqexnuil

cnlrHoBbrMu [paBr4naMlt oT 6opa, flplt HtuurIHLI B nonl,IMepe H9 Ag.

6. flpoaecrr,r MareMarl{qecKoe MoAenLIpoBaHVe Bltr4flHt4s noBepxHocrHrx ma3N4onos HV

Au, cnrne:upoBauHrlx npr,r Qerurocerynguoft rarepnoil adr,stfuw, na oQ$elcrr'reuocrb cIlH-

rJrer-Tpr4nireruoro fiepexoca guepr]rlr B nape MoireKyJr P6X - arcpuQnanrau B IrJIeHKax

|IBC n onpeAenr.rrb KoHcraHTbr cnHrJrer-rpr{uJrerHoro nepeHoca sHeprHLI npa cIreKTpaJIb-

uoft srerrpoHHoft norrpntaqnu HH Au.
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7. flponecrn cneKTpiInbHo-KxHerLItIecKoe r{ccneAoBaHr.re o6rr,reuuo-pesoHaHcHr,rx 83arrMo-

neircrsuia B [pr.rcyrcrBr.rur s$Ser<ra BHerrrHero rrxe.noro aroMa Ha flpoqecc Ae3aKTr,rBarlr{u

rpr{njrerHbrx cocroqHnfr aKr{efiropa B roHopHo-aKrlenropuoii nape P6x c arpu$laauHou n

orcyrcrBr,re nJra3Moxulrx rlauuogeicrwrft c HV Ag.

8. [4ccre4onarb cneKTpar6Ho-Ar,rHaMr.rrrecKr.{e npoqeccrr nepeHoca onerrpoHuoil nJra3MoH-

Hoi sueprnu ot a6llqnouublx HaHoqacruu 3onora B KoHTaKTHbrx KoMnreKcax MoneKyJr

cllHrrlerHoro KIlcJIopoAa n rpl{nrerHbrx MoneKylr 3o3uHa B nJleHKax nonnnnunl6yrr{pans

(flBB) u npoBecrn MareMarnqecKoe MoAennpoBaHr.re npoueccoB.

9. flpoeecra KBaHToBo-MexaHuqecrcltii aHarri3 3JreKTpoHHbrx MexaHH3MoB cr,rHmer-

rplnlerHofi aHP.wrrlJt'.uuu KoM[JIeKcoB MoneKyn KficJropoAa 14 9o3r,rHa c yqacrr,reM nra3-

vounoii gHeprll!{ B no,rrr4MepHbrx Marpur{ax.

O6uercroNr accleaonarrflq cJIyxLInI4 MoneKynbr -rrrovur'ro$opoB B chHrJrerHoM r.r rpuflner-

HOM COCTO'HIIAX 14 UX KOMNJIEKCbI C H{ Ag U AU E NOII,IN4CPHbIX NNCHKAX TIBC U tlBE.

IlDeapreropr uccrenoeautls rBJrrJ.rr,rcb MexaHa3M6r pe3oHaHcHoro noa6yx4euur rroBepx-

HocTHbIX rIJIa3MoHoB HaHoqacTuII 6laropoAurtx MeT€urJroB B no,Toce nofjlorr{eHHt 3JIeK-

rponuofi 3HepfHr.r fi [HAyKTHBHo-pe3OHaHCHO|O Alno.rrb-Ar{noJrr,Horo nepeHoca SHepfHr4 B

MoneKyrax nronrnuo$opoB tr KoMnreKcax B norr4MepHbrx Marpr{qax pa:.nnvnofi xl.rMuqe-

crofi npapogrr.

MeroArr ficcnenoeaHxii. Bce nsuepegnr [poBoAtrJlrcl Ha coBpeMeHHoM onrr,rqecKoM

o6opyAoBaHI.Ilr. OcHosHrIe crleK'Tp€rnbHo-KrlHerr,rqecKHe 3KcnepnMeHTanbH6re pe3yJrbrarrr

[onyqeHLr Ha o[THqecKoM MoAyJrbHoM KOMrureKCe FluOrolog-3 r.r seurocexyuAHoM na3ep-

HoM KoMrrreKce c KoMnpeccopoM r{3rryqeHr.rr MapKr{ TETA-X(TETA Yb amplifier system

(AVESTA, Pocclu). flporpanrvuoe o6ecfle.reHfie oflrrlqecKlrx npr.r6opon c sucoKoil roq-

HOCTBIO NO3BOJI'JIO I,I3 KPHBbIX 3ATYXAHI,Ifl, NONYqEHHbIX B PEXI,IMC PEAJIbHOTO BPEMEHI,I ME-

ToAoM cqera Qorouoe, ofipeAerqrl' ArII{TeJrbHocrL cyu{ecrBoBaHrur eor6yN4eunrrx cocror-

Huil uoleryl nronarznoQopoa. flpn rasrvtepeHr4r4 onr[qecKr{x xapaKrepucrlrr cepe6pxnux n

3oJlorblx noeepxuocreii [4cnoJlb3oBa[I4cb MeroAbr 3rrr]rrrcoMerpr{t. 3xcnepuneHTaJrbHo-

Teoperr{qecKlrft treroA no3BoJrr4jr cocraBr{Tr, cHcreMy .qr.rsoepeHqraa.ntublx ypanaeHnfi. C

ficnorrL3oBaHr.reM nporpaMMbr Mathcad npoBoAfinfi qficreHHoe pe[reHr4e gr,rQQepeuqaans-

uux ypaaHeunft.

Hayqrraq uoefirua noJIyqeHHbIX B Aucceprarlt.ronnofi pa6ore pe3ynrTaroB cocror,rr B c;re-

AyIOIqeM:
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l. 3rcuepulrexranbHo r4ccrreAoBar{ rura:}MoHHbrft pesouauc B gJIeI$poxHMHqecKH oca-

xAerHbrx HanonopucTblx cepe6pxnux noBepxxocTtx c cop6uponaunslrun pa:luvnoil

ToJrrrIItHrI MLIKpoHHsIMI,I IIJIeHKaMI,I fIBC c Mon€KyJIaMI,I P6X u ero npotBneHhe B cneK-

TpaX rUfaHTcKOfO rOIr,r6unaquOnHoro paCCetHLIt MOneKyn KpaCI{Tent npfi H3MeHeH[I'I

yrra ila4enlrs s- u p-[ontpa3oBaHHoro cBeTa I{ BpeMeHlr xI't3HI'I MOJreKyJItpHOfi Q.uyopec-

ueHunlr.

2.lTpoauwmznpoBaHst cneKTpaJrbto-KuHerr.rqecKr{e oco6enHocrlr a g$$eKTilBuocrb nJra3-

MolrHoro ycwrcHvfl (pnyopecqenqr,rr,r n QocQopecqeHIILIH aHLIoHHbIX LI KaTI{oHHLIx Kpacll-

rereft e floJItIM€pHbIx nneHKax IIBC npr peaKIIHd AI,IHaMuqecKoIo B3allMoAeftcteux HtI

Ag c qurpat-I4oHaMn I{ KarI,IoHaMI{ MoneKyJI P6X no p€aKIII'I[ o6MeHa KarI'IoHoB Na* sa

r(aTr.roH6r Kpac[Tent.

3. HccreAoeago BJtprr,lue JroKaulbnsrx rroBepxHocrHbrx nJIa3MoHoB HaHoqacruq cepe6pa

pa3rurrHlrx pa3MepoB B rureHKax IIBC na cneKTpirJrbHo-BpeMeHHyto AI4HaMI,rKy LI KoHcraH-

TbI cKopocTLI cLIHDIeT-CI{HTJIeTHOTO fiepeHoca B AOHopHO-aKqenTopnOfi nape rpaCu'releft

11pfi cneKTpiulbHoi 3ileKTpoHnofi nonpu3al{I4l4 HI{ Ag n nompn:aq1rr'r Qlyopecqeglll4ll

MOneKyn KpacHTenefi.

4. floc'rpoeua 14 anpoofipoBaHa MareMar[qecKar MoAeJlb cllHUrer-TPlrruIer-TpunnerHoro H

cuHrureT-TpxtneTHoro nepeHoca 3JIeKtpoHHofi 3HeprlII4 MexAy MoneKynar'ln P6X u

aKpr.r$JraBr{Ha, 3aIIpeuIeHHOro CnI{HOBBIMLI [paBUJIaMLI OT6Opa, npu yqeTe IUIa3MOHHrIX

cBoicrB cepe6pa e [BC.

5. SxcnepurueHTaJllHo ycrauoBreHo BrrLrflHlzre fioBepxnocrHrlx nJIa3MoHoB F{t{ Au, cnu're-

3r,rpoBaxnblx npra $enaroceKyuAHoft na3epHoft a6ntguvt, Ha 9tblPeKTLIBHocrb cI{HDIeT-

Tpt4rrJreTnoro flepenoca 3Hepr[r{ B flape MoneKyn P6X - arpzQlaexu B nJIeHKax IIBC r.t

onpeAeireHbl KoHcTaHTsI CVHHIeT-TpI,IIJIeTHOTO flepeHoca gHeprHII npu cfieKTpanbHofr

3neKTpoHHOft rloJl'pr,I3al{fiu Hr{ Au.

6. flpote4euo MoAeJrr{poBaHr4e cneKTparrbno-KfiHerllqecKItx o6MeHHo-pe3oHaHcHbIx B3aI{-

MoAeXcrBHfi B flpr{cyrcrBfir4 3QQeKTa BHerrruero rfl)KeJloro aroMa u cllnrJler-Tpt,tnrerxoro

flepesoca 3Hepr1au B AoHopHo-arl{eflTopgoft nape P6X c aKpHQJIaBItHoM B orcyTcrBqe

nra3MoHH6rx B3ar.rMo,qeftcrBuft c HrI Ag.

7. I4syueHrl c[eKTpaIrbHo-Ar.{HaMr{qecKr,re xapaKfeprrcrr{Kr,r nepeHoca rIJIa3MoI{Hofi gEeprult

or HH Au B KoHTaKTrrbIx KoMnjreKcax MoneKyn cr.rHfJrerfioro Kl,IcnopoAa LI TpI{nrerHEIx

MOJreKyn 3O3LIHa B ruIeHKaX non IIB lIHI,In6yTHpanfl .



8' [Ipogelau KBaHToBo-Mexaua'{ecxufi aHank3 3neKTpoHH'rx MexaHh3MoB cr4Hr]rer-
rpunleruoi aHHr[rUJlAr\Vw KoMnJreKcoB MoneKyjr Kr.rcnopoAa H 303r{Ha c yqacrr4eM II.,Ia3_

uossofr sHepffin HV Au B nonr.{Mepubrx Marpnqax.

flparcrtlqecrcaq rHaqfiMocrs pa6orrr.

Hayvuo-nparruqecKafi 3uar{HMocrb Ar.rccepraqqoHuoii pa6orrr:
- ycraHoBreHH6Ie CIIeKTpaJIbHO-KUHerHqecKr{e 3aKoHoMepHocrH sQQexrr.rnHocrr4 njrai}MoH-
Horo ycruleHfifl fipoqeccoB rlepeHoca olerrpouHofi )Heprlu B MoneKynrpHbrx KoMrrreKcax
rpacarereft B [onr,MepHLrx Marpffqax c Hr{ ,n nopficr'rMr4 nJreHKaMH Ag ra Au no3BoJ.rrror
[c[oJrb30Bar6 flonyqeHHbre 3K.nepr{MeHTarr'Hbre AaHHbre B B,nAe MOAer6Hbrx ooreKros
neperaqu r npeo6pasoeaHr{r 3neKTpoHnoft :Heprurn B pa3rr.rq.srx $ynrcq,ouals''rx 3r.re_

MeHTaX Anfl 3afirlcu, nepeAaqH r4 BoOnpor,r3BeAeuar auQopnrarrt4lr B pa3JruqHbrx 3reMeHTax
u npu6opax HaHo$orounrrz;

- [poBeAeH aH:rnr43 pe3ynbraroB uy6uurr lrpoHr,rKHOBeHrlJr [ra3MOHHOrO uonq B AprgreK_
Tpr'rK' r{To [O3BOJrrer r,{cnoJrb3oBarb [onyqeHHEre AaHHbre npn soprr,rr.rpoBaHr4r{ Haggrere_
pocrpyr(ryp Arr pa3rr,rqH6rx ceHcopHbrx ycrpoftcru;

- froryqeHbr pe3yJr'Tarbr r.rccregonaur.rft KHH.THKH O6UeHuo-peroHaHCHbrX npoqeccoB ne_
peHoca 3Hep*tfi B cl'rcreMax c 3a[peqeHHbrMr{ crr,HoBbrMr.r flpaBr{naMn or60pa npu HurH_
qnrr rrJIa:lMoHHSTX nolefi HLI s nreHxax [oJruMepoB c ,rrouanosopaMr.r c qen'ro ynpaBne-
Hr4{ CKOpOCT''. tHreprcou6'Harlro'Hbrx nepexoAoB B M.ireKynax ro'rnnosopoe, vro
[peAcraBJrrer r.rHTepec Ana Soro6no-rrorut.r r.r MeAr.r u[lH br;

- npoAeraHo qr'rcreHHoe M.Aen[rpoBaHre npoqeccoB c,Hrrer-Tpfin,rer'oft aHH..u'tfrr!*rr4
MoneKyr'r Kr4cnopora rr rpHrrnerH6rx MoneKyJr ceuclr6n,rusaropoB npr.r Hzurar{Hr{ B CpeAe

nonr'rMepa c H9 6.naropoAH6rx MeraurJroB, r{TO rro3BoJTrer nplrMeHr,rrb rro,qyqeH'bre pe3ynb_
TATbI O AE3AKT,,BAIIV'' 3HEPTI,IH CI,HDIETHOfO KI,ICJ'IOPOAA B NPAKT'qCCKOfi UCAUTINgC.

ffolo;xenug. ngtHocnur,le Ha lautul:
l' MexaH'svrl nepeHoca 3HepFI,H JroKiulbHono nJra:iMoHHoro pe3oHa'ca B 3JreKTpooca-

xAeHHbIx flopl4crblx cepe6paaux [reHKax r.r Hr{, nuegpeHHbrx B n,re'Ktr IIBC c nroaercy-
naMn KpacHTe.neft n rolrnneKcaMr4, npr{ cneKTpaJr'HOM nporBreHr.rr.r fKp c noJrrplr3oBaH_

HbrM cBeroM a rpeuenHofi 3aBrcr,rMocrbro ryureHr.rq Qnyopecqeuqur.r.
2. 3aronor''repHocrr'r H po,'r6 nna3MoHHoro B3a,MoAeftcrnur a'r4oHHbrx r,r KarfioH''rx Kpacu_
re:reft npu peaKrlr,rr4 rr{HaMr.{qecKoro asar'uogeicrer'r Hg Ag c qr.rpar-aoHaMn r,r Kpac'_
TCT'MA,
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3. CnertpanrHo-KI,IHer[rIecKIre xapaKTepr{crr{Krr BJr:itan?rfl esarruogeftcrnHrl JIoKaJrbH6rx rro-

BepxHocrHBIx [JIa3MoHoB HH Ag pa3nl.IqHbx pa3MepoB B rureHKax IIBC na cKopocr6 cun-

fjrer-cltHDrerHoro Ar,rnonb-Avnon6Horo flepeHoca B [ape Karr,roHHblx rpactre.nei rlpn

cnerrpaarHofi :aerrponnofi fionrpH3aqr{I{ H9 Ag fi rronrpr.r3arlr4ra s.rryopecqeuqur.r Mone-

xyn xpacurenefi.

4. MareuaraqecKat MoAeJrB cfleKTpocKofl[qecrcofi Ar.ruaMr.rKr.r o6uenno-pesoHancHBrx r.r

.q{[on6-AI'I[oJrbHbIx asauuoAeftcreuft cl{HrneT-'rpfiflJreT-Tpr4rureTHoro I,{ cr4HrureT-

Tprr[[eTHoro lrepeHoca snex-rpounofi 3Heprufi MexIy MoJreKyaarur.r P6X n arpnQnannna n

[oJrr,rMepHbrx rureuKax, flpu yqere nna3Monnbrx cgoficrs FIrI Ag u Au.

5. Keanroso-N{exaHr.rqecKoe MoAenlrpoBaHr{e, Kr,rgerr.rqecxuft auatwz 4nsipysuouuux npo-

IIeccoB B KI{cnopoAonpoHHIIaeMBIx cficreMax r.r BbrrBJIeHHe oco6esnocreft fiepeHoca 9.rreK-

rpouuoft lr nnasN{oHxofi gHeprflI,I or Ht{ Au B KoHTaKTHbrx KoMnreKcax cggilrerHoro Kr.rc-

nopoAa r.{ Tpr.rrrJreTHbrx MoneKyn.

Crenenr ,qocroneDnocrlr DesyJrrlaroe [poBeAeHHBrx nccnegoeauui noATBep)KAaerct

r,ry6oxoft npopa6otroft ilnreparyplElx ucrorrHr4KoB rro reMe ,q[ccepral{r4r,r, nocraHoercofi

Heo6xo4uurtx nayvHo-o6ocHoBanublx opflfr{Hzurbubrx cneKTpuu6Ho-KnHerr{qecKfix SKcne-

pI4MeHTOB, [pltMeHeHI,IeM COBpeMeHHLIX r{HCTpyMeHTa[bHErx MeToAoB onTLIqecKofO AHATT;1I-

ra, ny6.nnrcaqHeft ocnogHtrx uoloxenufi rficceprarlHr,r B BeAyrrIHx )KypH€UrZX nO OnrHKe.

,ftx uateuauqecrcoft o6pa6orrcz pe3ynrTaroB accregonannfi ucnoJrs3oBaHbr [pr.rKJraAHbre

KOM[BrOTepHEre [pOrpaMMEr.

AnDo6auuq Deryfl r,raroe pa6orb,r.

Ocuoeurre pe3ynbrarbl AnccepraqroHuoft pa6oru r,r3JroxeHbr n 26 pa6orax, BKJrroqa-

rcu{rrx B ce6s7 crareft B peqeH3HpyeMbrx HayqHbrx vsrali,vflx (nr Hrax 5 crareft no llepev-

trro BAK). Mar:epaansr pa6orsr 6srnu npegcraBJreHbr Ha cneAyroqfix rou{epeuquxx: poc-

csficraq MoroAexHEUr ron$epeuqur no Qrslrre u acrpoHoMr.ru (calrrr-flerep6ypr. 2012,

2013, 2014), Bcepoccr.rftcrar rcon$epenqu-s (<OrrrKa u cneKTpocKorrr4r KoHAeHcnpoBaH-

Hbrx cpe,q) (Kpauro4ap: 2013,2014,2015), XXI n XXII Mex4yuaposnue xoH$epeuqr.rn

cryAeHToB, acnl4paHToB I,I MoJIoAbrx yqeHBrx no Syn4arueuraJrbH6rM HayKaM <<Jloruoso-

coe-2014D u <<llouonocoe-2015) (Mocxaa. 2014,2015), Marepnanu ra X nex4ynapog-

Ha Hayr{Ha npaKTr,rqHa roxQepenqur <<Hosl{Hara 3a HanpeAHiurv HayKa - 2014>, (co$rax.

2014), XIII MeN4yuapogxarr Hayqgar rconsepenqar <<I,IuHoaaqru B HayKe, o6pasoaaur.rn

n rpeAnpl'IHrlMareJl6crBe)) (KanltrNnrpal:. 2013,2014,2015), XI International scientific
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and practical conference <Modem scientific potential -2015) (Sheffield. 2015), The X In-

temational Research and Practice Conference <European Science and Technology> (Miin-

chen.20l5).

ABropoM nonyqeHa rpaMora ra lyvullil AosraA na XXI MexAyuapo4Hod r<on$epen-

rlr4r,r cTyAeHTOB, acn[paHToB I,I MOJIOAI,I1 yqeHblx nO OyHAaMSHTaJIsHbIM HayKaM <JIOnoHO-

coB-20 | 4>, (Mocr<na. 20 I 4).

Crpyrcrypa n o6tenr Aucceprauuu

[lrccep.raur.rx cocTor.rT r.{3 BBeAeHnfl, nrTu IJIaB, ocHoBHbIX B6IBOAOB, Cn[cKa

nhreparypbr r{ cfirrcKa corpauleHnii. 06IIIHft o6terrl ,qucceprauuu 195 cTpaHuq.

Koru.{ecrso pr4cyHKoB - 67, rolllqecrno ra6ruq - 18. Cnucorc nl4reparypbl rr-nroqaer 150

HanMeHoBaHI,Ift ua l5 crpaHl'Iuax.

focvnapcrseHHrle rcoHrpaKTrl u npaHrrr: uccJleAoBaHut r{acTuqHo IIOMepxaHbI npo-

eKrHoR qacrbro rocyAapcrBeHHofo 3a.qaHrt Muno6pnayrn PO -ille 3.809.20141K sa 2014-

2016 rr. no reMe <<Cnerrpalrgo-KnHernqecKfie nccneAoBaHufl nJ'la3MoHHoro eranuo4eii-

cTBr,rt HaHoqacTI,III MeTaJIJIOB C OpfaHI{qecKHMIt MoJIeKyflaMI4 t4 KBaHTOBI'IMI{ TOqKaMI',I B

pa3nHqHbrX CpeAax).

Jlrlqgr,ri aKJraA agrOpa. SrCnepauenraJILHEIe pe3yJIbTaTbI ngnyqeHbl JI]IqHO aBTOpOM'

o6IIIee nnaHr,tpoBaHr,re 3KC[epr{MeHToB, l{x o6cyxAeHue }I noAfoToBKa pe3yjILTaTOn r< ny6-

nrrKarlfitr npoBoAr{nr{cb coBMecTHo c g.tf .-rr.r.n. npo$. B.B. Eprcxauoeult. Ha saqlrry nuue-

ceHbr ToJrbKo Te nojroxeHr.rr 14 pe3ynbTaTbr, B IIoJ]yqeHlIl.I KOTOpbIX ponb aBTopa 6bIIa

onpe4errorqe[.

OCHOBHOE CONEPXAHI{E PAEOTbI

BO sseAegu1a O6oCHOBblBaeTCt aKTyaJILHocTL TeMbI A[ccepTaqn6HH6fi pa6OTbI, I.{31oxeHbt

ueJ1b r4 3 Eaqv ficcne.qoBaHr.ffi, onucaHbr HoBr{3Ha 14 npaKTHqecKat 3HaqHMOCTb pa6oTbl,

npr4BeAeH61 3aU{I{tllaeM6Ie noJIOXeHI4{.

B nepnofi rJIaBe npI,IBeAeH nl{reparypnsrfi o6sop coBpeMeHHoro cocroqHl'lt [ccne.4oBa-

uuft npoqeccoB rrJra3MOHHOrO nepeHoca 3Hepful{ B pa3ILIrIHblx cpeAax, I'I3 KOTOpOTo B6ITe-

KaeT. qTO MexaHI,I3MbI nOrgefiCrnur n.[a,SMOt{UOft 3Hepr1fi Ha TpI.{nneTHbIe COCTOqH14T MO-

neKyn r{3yqeH[,I He Ao KoHIIa, OTCyTCTByIOT I{CCneAOBaHut BIrr4flHr{'{ JIOKaJIbHbIX noBepx-

HOCTHbTX nJTa3MOHOB Ha 3arrpeuleHHbre nepexoAbl B MoneKyne. orrraeveuo' qTo cyqecTByeT

np66en B UCC1eAOBaHI{qX BJIlItHllt nOBepXHOCTHbtX IJIa3MOHOB IIIepOXOBaTbIx MSTZIJIJII4qg-

cKux noBepxHocTeil Ha npoqeccbr flpoTeKaoul{e B aAcop6l4poBaHH6IX MOJIeKyflAX U UX



t0

KoM[JI€Kcax. llorarano, qro orcyrcrByror r.IccJreAoBaHLIt IIo BJIr.IrHHro pe3onaHcHo-

eo:6yxgeHnux JroKiulbHbrx ruIa3MoHoB Ha [poqecchr, nporeKaroq[e B KoHTaKTHoM KOM-

IUIeKce cencu6unusaropa l,r cr{HrnerHoro Kl,rcJropoAa.

Bo rropoft rnaBe onucaHrr MeroAr.rKrr flony:reurrr pacrBopoB rngporoaefi HaHoqacrr.rq

(HtI) Ag t't Au. I4sroxeHa MeroAvKa r,I3roroBJreHur H r,rccJreAoBaH[r uepoxoBar6rx 11o-

eepxnocteft cepe6pa MeroAaMH CTM-ur.rrcpocKorm[ r{ slercrponnofi unxpocronna. oc-
HOBHbIe CrIeKTptUlEHO-KAHeTnqeCKI{e }rCcJreAoBaHI,rt AnCcepTarlufi noiryqeHbl Ha cneKTpo-

Qnyopzrraetpe Fluorolog-3 Qr.Iprrlsr Horiba (<Dpanqnr) c ficnorrr3oBaHr.reM rMflynbcHbrx nr-
KoC€KyHAHEIX ra3epHLrx Ar.roAoB Nanoled c L = 405, 450, 508, 530 nrrl (x:250 nc) ra ne-

rrpepbrBH6rMr.r u r{MrD/JrBcHbrun Xe-lauuauE, c Bo3MoxHOCTbn perHc,rpaqfin Kpr.rBblx 3a-

"ryxarlwfr saMeAtefiHoE nrcMI.IHecI{eHI{Lru. florpeunocrb Kr{Herr{qecKr.rx r,r3MepeHu[ co-

craBJIuIa =2Yo. [nt' perucrpalllall cneKrpoB JrroMrlnecrleHrlr.rl cr,rHnrernofo Kr.rcJropoAa

npHMeHrnr{ I4K-4erextop 1427c (Horiba). cnerrpu [onrouleHr,r{ perucrpr{poBrur,r Ha

AByxJryqeBoM cnerrpo$ororrletpe Shimadzu UY-2600. Pasrvrepu Hr{ cepeopa r{ 3orora r,r

r4x KoMrDreKcoB perncrpr,rpoBairr.t Ha ycraHoBKe (foronaoft KoppeJrrqfioHHoft cnerrpocro-

nr'rn Photocor-complex @occar). crnres Hg cepe6pa lt 3orrora ocyulecrBnrnn MeroAoM

aCnxqlw B xHAKocrL ua Qeu'roceryn4gofi nasepuofi ycrauoere TETA-X (TETA yb

amplifier system (AVESTA, Poccr.re). cnerrpu rona6unaquoxHoro paccergnr 6surn uo-

lrytreHEr Ha KoMrureKce centaur-u npr,r sos6yxAenr.rr,r rBepAoreJrbHbrM Jra3epoM c 4lrognofi

Haxa'rxoft - DPSS (?\ -- 632 Hru, w:50 r',rBr). .{usnerrpuqecKar rrpoHr,rrlaeMocrr o6pasqon

cepe6pa r.r3Mepena Ha crreK'rpaJrbHoM gJrJrr.rflcoMetpe Quprrlrr Horiba.

B rperrefr r.nane (ra^:4eau l-3) uccnegoBano BJrr.rrHr{e nnasvouHofi eHeprfin cepe6pruux

ruepoxoBaTElx uoeepxnocrefi Ha npoqeccbl rl{raHTcKoro rou6usaqnosHoro paccerHr,ur

cneta (|KPC) n (pnyopecqeHr.Irr nonrrMepgrrx rrnefioK IIBC c KpacrrrerreM p6x (c:1.10'3

M) n clrcreue Merarrn-AlrgJreKTpr4(.

Pucynox I - Cran rroBepxHocrr,r 3neKrpoocar(aeHHofi mepoxonarofi
cepe6prHofi [JreHKr{ c rny6unoft aHoAHono pacrBopeHuc Mer€urJra

d=0.5 r"rrrr,r

flpeo6pasoaanue r{HTeucr,rBnocrr{ cBera nplr orpoKeur.rrl:

r =Ilio+I::; +I]+lf, 
, (l)
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rge d uHreucnBHocrr{ orpaxenuofi gneprnn, 0nyopecuenutata nJrBHoK ftBC c Rpa0]rreJr6M

It ycHJleHI{e Qlyopecqenu Hv npn reHepauun noBepxgocrHbrx ua:rMoHoB coorBercrBeHHo,

Bneprue onpeAeJteHa lom Mjp= 0,ll p-nolrxpr,r3oBanuorlo cBera orp$KeHnoro or ce-

pe6prHrx nonepx'oc"refi c n:uepeuHofi mepoxoBarocrro (€'o'). B o6nacrn p.gofiagc-

Horo noffIolueHuJl llepoxoDarux nJieI{oK cepe6pa 6una cAenasa roqgan oueHKa cner-
rparuuoft ,UllsrlerTptrqecrofi nponn[aeMocru Ha AJluHe BoJlHbr l= 455 HM: Arr.fi cepefipa -
€'n = -2,5+i'2 ,r Ar.r3JreKrpr4ra - 6a * 2,39+i.0,1i. 3rlr .qaunue flosBoJlr.rrrr,i onpcAeJrr4tb B.rx-
qefiulrft napaMerp ' my6rany (d) uponr,rrHoBeufir rura3Moungrx BoJrH B cnoreMe MeTfl]rrr.

Ar,r?IeRTptrK c r,tcrloJtb3ouauueu aupaxenut (2):

n-=#*{ffi*t,'*fr,')oo[*[*)"*,,j], 
e)

rAe p-uH,4rtluponarnrrri Aunolunril MoMeHT B rrJreilKe nBC c KpacnreJreM

(p:4,5'10-30 Kr'r.,r;. .ftx ruepoxouaroft norepxrocru cepe6pa r.rry6nna npoHr,rKHoBeHHq

[JrasMOHoB Co-s-raBHra &88 urnr (;rrareparypuoe 3HaqeHlrs gnr rnagxofi nooepxnocrH =1 
g0

urrr). AHa.nr,u |KPC s rurenKe IIBC c p6X na ruepoxonarofi noBepxgocrn cepe6pa norca-

3aJI, rtTo c yBerugeHlleM T0JTITII,IHBI TIJI0HKI4 flBC ot 2,5 AO 10,0 rrlrrr,r Ha6mO4aeTcJr IIOporO-

Boe TyueHI{e fKPC, ycr'rnenHoe nJIa3MoHaMu, Ll yMeHbueHLIe HHTeHcuBHocTr,r paccetgn-f,

(lnlpu".) npI,I roJII[uEe mregrr.r rr.tsJreKrpr4ra d<5.0 uru,
Ha urepoxorarofi norepxuocnr cepe6pa c menrofi nBC (ds 2,5 ruru) u p6x uo ragrrae-

sesuto |KPC 6r,rna encnepnMegraJrbno onpeAeJrena 3aBilcr,rMocrb eura =l/f yMenlrrre-

Hra-r (n : 8 par) eQ$enra BeJrr{qr.rubr cepe6p.rHoro 6yropra urepoxoBarocrr.r.

i ]@
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Pr'cynor 2 - Cnerrpu |KPC na urepoxosarofi (anoAno-pacnopennoft) noBepxHocrr{ Ag (a) n un-
reHcl'rBHocrb paccermil.fi 0nlp*.) (6) - Ha noBepxHocrr Ag c ano4ruM pacrBopeHnerr.r ( + ) r,r 6es
ueno( * )
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Tarxe o6napyxeHo noponoBoe H3MeHeHr,re cBerreutllt $fiyopecqeHrlr,rra IIBC c P6X noa

BJILr.f,Hr{eM reuepautrrl ruragN,rouos (Ifr') B 3anr,tcr{Mocru or ynra orpuDKeur4r p-

uonsplt3oBauHora cBera or urepoxoratofi uoBepxHocrr,r cepe6pa c aHoAHbrM pacrBopenr.reM

(*) n 6es uero ( * ) [p!r r3MeHeHl,lrl roJrulr.rurr 4ue.nercpnra d<5,0 rrlru.

Ilomprl3oBaHHoro

( * oileKrpoocaxAerme, *
30 40 50 60 ?0

)rd nl'qaqrr rPq[

B ueraeprou pa3AeJIe I,r3y{eHbI KoHaraHTlI .{e3arcrr,rBarluu cr{HurerHBrx Ir rpurrJrernLrx

coetoanufi MoneKyn Karl.tounbrx P6X r,r auuonulrx (rol.rn) rpacareneft B lrJreurtx IIBC n

lplrcyrorBr{}r H{ Ag qurparuom 3ons.

Srcrpeuamuoe ltoBeAeHlle KoHcr&HT Ae3aKr]rBzu[ru xpacureleil $a puc. 4 orpaNaet au-
gral{q}IoHlryK] 3aBLIauMOeTb l.DSexra llJra:rMorrHoro yctrJreHutr patropaHnf, r,r yMeHbrueHr4f,

rflryopecueNunlr MoJreKyn rpacurenefi r{ nocne,uytouero MeranruqecKom ryruenuf, npu

yBeJllareurtr{ KourleHrpaut,tu H{ Ag, Beruquuur Koucraxr ryuenrlx Kw-q * Illrepna-

Oom,rrrepa, *o - r:yuerura, {..ri*ryrueirr,rr crlHursroB, *f - tpuuneror r.r KoHcraHrbr ,uu-

noJIb-II{noJIbHOrO nepeHoca tao nPeAcraBJrenrt s ra6r. l. IlorasaHo. rlm 3HarreHHr floiry-

qeHHbfx KoHcTaHT 3HAqlrTeIbHO npeBHruaroT KoHcTaHTbr TyueHwt cuHnIeToB 14 TpH[JreToB

n o6ycnorneno METrurJrlrqecKuM Tyruer{r4eM - rrepeuocoM gneKrpoHa.
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Pucyuor 3 - tDrryopecuenrrr.r.fi P6X
B rrJreHKax flBC (5 rrar<rra n l0 unru)

Ha luepoxoBarbrx nouepxuocTrx Ag
B 3aBr{C}TMOCT}r OT yrna fia,qeHn p-
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Pucyuox 4 - <Dnyopecuexryr (a) r.r rcr.*rerluca (6) P6X (2) r.r eo3r.ilm (l) n IIBC c fF[ rpnparHoro
rrutpo3oJlt cepe6pa

Ycrauogrexo. rtro upl4 ?ToM flpo]rcxoaxr o6pa3oBaH[rc rronr{LrK KoMrrJroKcoB MoJreKyJr

P6X u socrna c HtI Ag c repeHocoM 3aprAa, BKJrloqaprrlax 14-18 r*roleryn rpacureaefi,

40 t0 60
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npfiqeM oTpnuaTeJrbHbrft sap-rg rOrr,rruteKca c aHaOHHbIM?I MoiIeKyJIaN{u yMeHbIIIaeT Oot[er-

Tr4BHocrb ryrneur.r,{ t[nyopecuenunr.r.

Ta6rlra l.

Kpacrarens Cpeaa
.C,

rpacu'releE

Kn--o,

M-r

ko,

-l -lJr'c -'M -

tsne,

-t -lJI'C 'M'

ha,
-lc-

IC; ,

JI.C 
..M

PoAartaun

6X

tIBC 7.5 
jl0-M 3,55.10'

M-r

6,55,10" r.10" r,0. 10" 8.10

Sosi{H TIBC 7,5.10" M 0,32.10'

M-l

l.l0'" 6,6'[0" 1,8.10" 1,5.10"

B usroM pa3AeJrg npeAcrasneHH cneKTpaJrbHo-Kr{HernyecKr4e l4ccJle.uoBaHut AHrloJrb-

AHnoJIbHora (d-tJ) cugrugr,cuururerHoro nepeHoca ?HeprLIH Mex"lly KpacLITeJI[MIl go3llH-

NaergreHosufi rony6oft u IIBC a.upltcyTcrBl,Ilt HtI Ag (R;30 nr'l) uur:parnoro n*IApo3orlfl'

B coornErcrpllu ao craHAaprHHMlr [porleAypaMH MoAeJrI,rpoBaHI,I{ onpeAeneHbl KoHQTaflTbI

d-d nepeuoca, Kpr,rrlrqecKoro paccrorHHs nepeHoca. gHaqeHr4{ cpeAHero paccmsHl{t nepe-

Hoca B fiape xpacurelefil K6: A,24:l0t c-], ft, = 55 A, R = 80 A. Paccqutaunas s{rSerc-

rr4BrrocTb d-d uepeuoca - E=l - \alrd npn re6epaqnu 1loBepxHocrHbrx nJIa3MoHQB [OKa-

3brBaer, qro ap& pocre KoHrlenrparlr4r{ tII r IIBC {JryopecqeHIII{I yBeJII'IqlIBaerct B [ape

ua =20o/o. a BeJII{.luHbI tP, :u tp* yBefll'lqfiBaroTcg B p$yIbTATe MeTAflJIHqeCKOro Tyrue'

nur. Moxno noJla.rarb, qro cyuecrByur nortr6aunpoBaul{ruI KOHKypeHuI4t ryueHI'IeM qo3-

6yxaeunux cocrorsprft More(yn r.,reran.nolr H nra3MouubrM yMeusueHrlerrr rt[t[ext'runo-

crr.r trpoqecaa 6erttrnyuaTelbuorg ngpeHoca ?Hepruu, flOlapuraquouHble u3Mepeuut

Snyopecueruur,r KpacHTeJreft uoxataaan r{To'yron Mex4v ,lr{noJltMu noruoueHut I4 lt3Jty'

qenur nexnt B npe.IleJlax l.,0ou ne santrqu,r o'r Haafiqfis H{.

B urecmu pa3AeJre npeAcraBreHo MareMarlrqecKoe MoAeJIHpoBaHrle flpotloacos d-d ne-

penoca ?Heprt{H B nape Kpacl,ITelefi a nplrcyrCrBuu ngBepxuocrHbtx IIJIa3MOHoB Ag c yve'

ToM pa3MepoB Hq (RF30 uv), MoaennpoBarrt,terrouc,ranrLr flepeuoca BKJrIorIaro Bapbl,lpo-

Baur4e paccrotHr.rft vex,[y AI,t[oJrtMr.I rpacurenef c H{ Ag:

i \l

tJ, tR:,:u,:.,,{to,,o)=-9c.' ",!?-')[#) !avu1r,1,u1p.,kd4+tJoQ*,,Q,.^l. (3)
6rn.4Tb . rir., \rnrj ) "
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rre o((D) - noJrrpt43yeNrocrb Hr{i Fo(trl) - r(oHryp JuoMHHecueHunk noHopa: lle(or) - nor<a-

3aTL'Ib nO|JlOlIleHilfl aKUe[TOpa: t1-,lIH )JleKTpfiqecKtut npoHHUAeMocTb Cpe4bl Han npoBo-[-

Hr{KoM. BLtqHCn-senar Ha qacrore nepexoAa aoHopa; e2(rrl) - Ar.r3reKTpuqecKae npoHhuae-

r\rocrb ruerarra Ha qacrore (ot) rnexrpouuoro nepexora B NoJleK)Jre AoHopa, c, rtt, tlt _

cKopocrb cBera B BaKyyMe, BpeMfl xr43Hr,r eoroyx4eHHoro cocrorHru AoHopa u I(oHueH-

rparlas aKuerrropa coorBercrBeHHo. IlpN u<xenr.rpoBatar.r nepeHoca no $oprrtyne (3) noly_
t{eHa norvrorapur[lrrauecrat 3aBHcHMocrl, KoHcraHT nepeHoca or pacclorHHt t4 r\rexny

yrJlal\'lH Innonefi rpacurelefi, paccrocHnflMh or floBepxHocra na3epHbtx a6rruaoHHbrx

Ht{ Ag n tlBC B .uuana3oHe or MI4HI4M{utbHbrx Ao MaKcfiMaJrbHLrx paccroxnufi (r s 8-ZS

un) u 4.rana^loHol{ TeoperuqecKnx KoHcraHr nepeHoca (UDA:1,66. l}ta * 2,5.108 c-l) npa

onrr,tMztjtbHoM paccrorHr.il4 rpepcrepoucrofo nepeHoca nlagvouuoft rHeprun c Hg

Ur : 2'-l | 03 c-r.

+-r0 fpu
+ li rpe\c

.- 6{ rpu
--:*9{ r?u

Plrc,vnox 5 - 3ae[craMoc-Tb KoHcraH-
rli cropocrz d-d nepenoca 3Heprnrr B

lape xpacrrrenef 3o3r{H-
MeTUneHOBbr"i rol-v-6oli oT paccmr-
Hr,rr Io HH cepebpa B cJryqae Bapn-
auu|l yDra o r{ex.ry,nffroiuMr{ Mone-
ryl.{-A napu

tc tl

Verneprar ruraBa nocBrilIena uccJle^oBauuro cr4HfJrer-Tpnruer S,o -(4'+ qt)d-d

rrepeHoca ?Hepruu B AoHopHo-nKUerropHofi nape MoneK''n rpacureaef P6X-arpu$.naaun

(AKP)" ycr{JreHHoro no.u so:.qeiicreneNf nJra3MoHHofi rueprwa a6lrqnouHsrx Ht{ Aga Au a

nBC. B c\eMe ypoBHefi 1 prac. 6; ulreercr HaJrfir{fie perouaHca ypoenefi S,n = {' u.cv-

ulecrBoBaHl.re nilnoJrbHoFo nepe\ona T,^ -+ T;n. o4uonper,aeHHo B cHcreve 5.poaHefi

Sl' -+ f;a Bo3MoxeH raKxe 3arpeqeuHrrfi no cnauy S-T nepeHoc, roropufi 6y.;rr:r ycutru:

Barbcr npu HaJruttflu cnuH-op6uralbHoro B3auMoneficrBl4fl (COB) e ilonerq.n?x c 6oru-

illnM KBaHToBI'IM Bblxo.4oi\l t[nyopec4eHquu u 6yger rrrparb ponb B ]'cHreHr4l4 t4HTepKorvr-

6rrHauuosuurx flepexonoB B KoMnheKce.

*:",.
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$=,"-*i. s!-kn.s:.s(

#=of .s! -rcf.r,o 
$)

ff=r,-s,'.sf -ki-r,'

r,=fr##ftfiw""'''n ''r

Prcynor 6 - CxeMa oneKrpoHnhD( cocrocnr4fi S.", Sf , S/, z;' , {' n roucranr nepexoAoB

k&,kn,kt"p ,kt' ,k? ,ki ,k: ,k'ff co craHAaprx6rMr.r nnreparypgurrrr o6ognaqeHr.rrMn

B nepeofi qactu l-ro pa3AeJra reop€Tr.rrr@Kr,r r{ gKcrrepr{MeuT{urruo onpeAenenrr KoH-

craHTLr k, =ffq = 6,2'10? uo*-l'a'c-t d-d nepe'oca rpacurerefi r,r Ko'crar{Ta cKopocrr{

TyIIIeHT{r dnyopecqeflrl^ kt =3'lOe pronr-l.n.c-t. Pasnr.rrle cocraBJrrer ABa noprAKa

k{ 14"'o =1g2, vm o6ycroBJreHo ryrrreHneM cr,r*nrerH'rx cocros$,nfi flapbr rpr.rrrerH'r-

Mr{ cocrornr,rrMr,r arcrlerrropa. 3arrreHsr B n€pBoM ypaBHeHnH crcreMbr (rraogenupooanne

rpoqeccoB 4esarrrnaqr.rz) (4) (fnS,DSl) Ha &f)Sif,^), nolyvrau&fi =1,04.107

Morr-t'Jr'c-t, MoxHo raKxe olpeAenr.{T6 KoHcraHTy S-(T-+T) d-d nepenoca E Bepof,THocrb

'rpnuner-Tpnrurernoro rrorJroupnur Tr^ ->T:. gro no4reepx4aer HaJuurtr4e B cr{creMe

Ar,rnon6-Ar,rnoJr6noro nepeHoca MexAy MoJre(yJraMr{ rpacureaeft e ilBC

Sl -+ Qrn --+fh rpr yBeJrrrqenr r{ 3aMeArreuuoft {nyopecqenrlr.ru AKP.

Bo aropou rr rperbeM pa3Aentx npe4cr€rBJreno BJurrur.re rroBepxuocrnrrx rrJra3MouoB

I{9 Ag n Au sa cneKrparrbHo-Kr.ruerr{qecKre napaMerpbr Sf -+(4'-+()oepenoca e

KoMIUIeKce xpacurenefi P6X-AKP s IIBC. YctaxorureHo, rrro rrpu l,rcnoJr63og€u{l{ra HrI Ag

AsoftHofi eunccnouuo-a6cop6quouxorfi u ruralMounbrfr pesouaHc He3Haqr{TeJr€H Anfl Mo-

neryr P6X u HrI Ag no cpaBHeHr{ro c a6arqnounnun Ht{ Au (R=30 eu; C(Au):0,27.10-e

M). 3r$Qercr rrrra3Monnoro ycnfienr.rq oQlperrunnocrn ,S," -+ (4' -+ f ) nepenoca cocra-

sEJr 4o/o.3rcnepnverrarruo ycraHoB:reHo, rrro yBer[qegne HacereHrrocrr{ Tpr{rurerggrx
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cocrorH,'fi aKrlemopa {'npo*rcxogar B pe3yJrbrare AonoJrHr,rreJrB'oro fiepe'oca g'eprufi

or noBepxHocrH'rx frJra3MOHOe HtI Au Ha aos6yxgeuH're gnercrpoHHsre cocro.sHl,, AoHOpa

s,' ' g ra6t' 2 nlteAcraBne''I or'olrre'r{n ugruenesufr (I+ / ID,)^,, 1tfi r rft\t, aKrleflropa [r

AoHopa, KoHcraHrbr - k{, ti;*, kl" / k, - a ITBC (Cpex:4.10-3M; Co*r=0,g.l0rM) c Hq

Au- Bragno, 'no e(psexruunocrr sf + {r uepeHoca rroA Birr.rf,Hr,reM HrI Au pacrer KaK

ornorueane&f'/ko s =2,9 pasa np,n curu6atnoM Bogpacra'r,r' r.tHTeHcr,rBHocrr4 3aMe.rIJreH-

uoft Qayopecqenqr.ru (3@) aKrlerrropa s =2,5 pa3a.

Ta6tw\a2.

B pa6ore 6ruro npoaege*ae MoAerrr{poeaHr.re,gf -+(Trn -)ri)a-d nepeqoca B crcreMe
P6X-AKP s IIBC B flpftcyrcrBr{,r u,raL:rMo'Hofi sueprrn a6nrqlrouHgx HH Au. ouemz
Koucranr nepeuoca no Sopruyne (3) npnseaeHu uapuc.7.

*ryt*
9t0ullt3l415t6

s-ryq4!& {m

a) 6)
PucyHor< 7- cnerrpu ,qneaerrpavecrofi npoHr.rqaeMocrr-r (a) r.r roucmnrbr nepe'o"a or paccroF

Hr.rr MexAy a6nsqnonnupra HrI so.nora (6) onpegeaeuusre no ypaeHeauro (3)

u
It
2'
t1

3r'
t0
t9

tt
l7

1t.$ / tD*)n

aIm

(r$ / r!)n,

1n;n1p,
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flpu noge,rnpoBaHnr.{ nna3MoHHbrx sQ$ercron nepeHoca 6rrlo noryveHo, qro MrrHlr-

MaJrEHOe r{ MaKcr4ManbHoe paccrorHfie .qo :oloroft Hg cocrasrxror r(Mm)=g HM r.{

rluarcy:16 HM r.r KoncraHTrr nepeHoca gHeprlrfi paBHbr, coorBercrBeHHo, Ua" :1,06.1011 c-lu
Uau =18'107 c-t. flpltveru n3MepqeMar KoHcraHra nepeHoca panua kn :6.107 c-1.

B ve'reeprou pa3AeJre c rle;rbro BJrr4AHufr rrJra3MoHoB Hg Ag r.r BTA ua ycKopeH'e 3a-

npeqeHHBIX IIo cnlrHy nepexoAoB S,' -+ 4' , ocyurecrBr,reHo MareMarhqecKoe MoAejrlrpo-

BaHr{e fipoqeccoB Ae3aKTr.{Bar{r.tH Tpr{[nerHux cocrossuft B AoHopHo-aKqenropnoft nape

MoreKyn rcpaorreleft P6X-AKP s IIBC c r{xerrbrM aroMoM (BTA, cons KI). Cocrannena

flo;rHarr cxeMa Kr,rHerr.rqecK[x QoronpoqeccoB [r oueHegbr KoHcraHTbr nesaKTtlsaul,tr,r ll S_T

rrepeHoca.

# =, 
" - 

k!, si - rr'* s i - k ;, . s : . s( - k:,,,. s,, . 4, - retel..s,,

T=of .s: -kf .r,D +kn[e).r,o.s! +ko.T,o.r,o

#=of.si.sj -kN r,u +kff,.so.T,n -ko.T,n.T,o

(s)

Ha cxene (5) eee4eHsr KoHcraHrbr ryweuut kn v k::) , kft S-S a s-T nepeHoca. B orcyr-

cre,e BTA flonyqeHo k',',-6,2- 107 c-1, a flpv HarnqurvKl - i.,=2,610e c-1, vro no4_

TBepxAaer polr BTA. Tarxe u:nrepeHll KoHcraHTbr ryrleHr.rfl Tpr,rnnergbrx cocrosHr.rfi

P6X arcqenropou: kf=1,25.10i c-r, KoHcraHra o6parnoro repeHoca kn: 3,7.103 c-|. pe_

3yn6TaroM aHaJrvl3a rBJrrercr troATBep)KAeHVe 3anpeureHHofo no cfiuHy S_T nepeHoca a

pe3ynbrare ycvre'Iil.'.fl cur-rH-op6ra'ranbHofo B3ar.rMo4eficraar noA Brr,rrHr,reM BTA. ftpn
Haruqvu HH Au B cHrry cJroxHoil fllcreurt se 6ruo cAenaHo oAHo3HaqH6rx BbrBoAoB o

TyrxeHr,[t BTA n ycr4neHufl rura3MoHHofo eosAeftcrnnr B nonyqer{Hbrx SKcnepr.rMeHTax.

Ilsraq rJraBa nocBtllleHa ckHruIer-Tpnnaeruoi aHHHrr{nrL(un (STA) rrroleryJr cr.rHrJrerHo-

fo Kl,rcJropoAa r,r rpr.rnJrerHbtx MoreKyn KpacaTeJrr (oo:r.+r-3) B KncropoAoHacbrrrleHH6rx

nreHKax ([IBB). Ha pr.rc. 8 npe4craueHa cxeMa Soronpoqeccoe srA. B nepaofi cepar.r

3Kcnep[MeHToB npoBeAeHo MoAeJIHpoBaHne flpoqeccoB (6), vro no3Bonlljro yroqHarb

sKCnepr.{MeHTaJrbHbre BpeMeHa HapacraHr{r 3<D rcpacarenefi a npoqecce srA 1rori", :1,25

nc) a nonyveuo xopouee coBnaAeHr4e c reopueft 14 nnreparypHbrMu raHHsrMlr.
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Plrcyxor 8 - Cxeua gJreKTpoHHLrx co-
crorHufi KoMnJIeKca It Kurrert,tKa JIro-

Mr{HecIIeHrlr,m ctIHfJIeTHofo KncnopoAa

Ha cxenae npeAcraBJreqbr cocrofrrnr ss; si T;; 32; ; tlr;ttc* tanr,rreparypHlre o6osHa.{e-
Haf, KoucraHTAe3ArcrnBaqrrr.r k1 ;ka6 krdori k*; ksr: k"; krr; k6^; ksy.
Mogerr.rponaufi e npeAcraBnenurrx QoronpoqeccoB:(sr
l* = -r,.r, - k: .r, t Ei - k,,o -7, -' L,
ldt
1a,t- I*(t)=prrn.ksr.a.7,(t)j|r(t) (6)
|,:= k:.r,J 2" -k,^-' Lr-knn.T,) L,tdt

B 'rperserrl piBAeJre BlepB;Ie gKcnepr.rMenTalsHo rrcyqeHo pe3onancuoe ma3MoHgoe

eosAeftcrrae a6rrqnonnrrx Hr{ Au (C(Au") = 0,25.10-e + 0,5.10-e M) s rureHrax lIBb
(d = 20 rurna) Ha Qo'ronpoqeccEr B KoMrrJreKce croJrKuoBeHr.rq MoreKyn 3 n rrlcropoAa. B

ra6l.3 noKa3aHo, r{To rtra3MonHrrft d-d nepeHoc Ha clrHrtrerHlle cocrotggr ce1cu6unusa-

TOpa BO3paCTaer c nocneAyrorqr.{M KacKa,4oM sneMeHTapHhrx npoqeccoB [epeHoca 3Heprr.rH

Ha pa3rl'lrrHble cnfiHoBsle cocrotultt enexrpoHnoft c[creMbl croJrKHoBnreJrrublx KoMruIeK-

con (cxerua pwc. 8). flpu ananltse KoHcraHT cropocreft 3aryxaHb{ 6ucrpoi n tauegleunofi

Qnyopecqeuqr,ru KoMruleKcos - k7 , kpho" , ka1 - o6aapyxeno, r{To nMeerc{ KoHKypeHr{[t

pa3ropaHr.rr slyopecqeuqvu v ilrasMoHHoro (ueralauvecroro) TyureHr.rr rpayopecqen-

UI{I,I MONEKVJI.

flneuru

IIBE cAu

llt t

ns
Ian ,

CPS

Tpn '
ms

tan '
ms

lrae ,

ruxB

TA,

trs

ko'*"(Au
l.

c-t'M-l

^STA 
;

c't.M-'
^STA

AU

c't.M-t

3osun ) 1') 3,7 . t0" 0,83 0,83 2580 37,51 t,7 5-t0'

3+
Au.it

)7< 3,8.10" 0,92 0,79 2872 25,59

3*Au*q 2,95 4,8. 10" 0,99 0,65 16,5s 8.10" 22-lo'
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3ro s qerola Brl4qer Ha:S$errnoHoctr nlanuogeftcrsfir{ ceucu6finu3aropa c crlurlrerHsrM

KllcnopoAoM r.r nporBnrercr B feHepau[u (117) cuurnetHoro KncnopoAa u r.{3MeH€r{ufi ero

BpeMeHr.r nroMr,rHecrleHuuw (t) e fI86. Bnepeue n3MepeH r,r paccqr.rraH rcnauroeui asrxo4

noMr,rHecrleHrlr{u cr,rHrurerHofo Kr.rcnopoAa B npr,rcyrcrBr,ru Ht{Au: 96'\"(srcn) - 3,5.104;

glAu (reoP) = 1'6'lo-s'

B rperreu pa:t.qeJre nx'roil massr [poBeAeH KBaHToBo-Mexauuqecrufi aHaJrH3 3neKTpoH-

Hbrx MexaHI,I3MoB cl{Hfner-Tpunlernofi a*Hvrilrtr\fiv Kl,IcnopoAa H MoneKyn 3o3l,Ira c yqa-

crr.reM nJrrBMonuofi:ueprulr. Ocuosuaq KBaHToBo-MexaHHqecKar MoAeJrb STA pa:pa6om-

Ha npo$eccopotr Mt,txaeerrNr 5.@. c yqeroM MexMoJreKylrrpHofo B3aaMo4eficrrul no

TeopHH Bo3Myil{eHuil r,r [onpaBoK cocrorHufi 'A" c pa:urrlu nplrMecrMt{ nepeuoca 3apr.qa

(cfr3):

td, =atvr, +f'vrr, 'd, =lt' V, , *vt V/ cr,

tAe tver, =( l/d(t*yyl-lnyyl) u 'vrr, =(l/'(l^ryl-lr**yl)/ '12"' '/ 
'12,.

3aecr rog$SrlqrreHTbr o n trr 6lnrrcr K eAr,tnt{qe, a MaJrbre nonpaBKr,r paBHbr:

^ lr Llt \,,r^ r- lt l.J! \,,r-lJ=\'V,,,lvl'Vt)/('8,-'8,.,,) ; v=\'V/cr,lvl'v,)l('E"-'E,.,,), (8)

rAe o, B, p[, v - c[HHoBbre $ynrcquu c Ko3S(b[rIHeHTaMv; t//,t//cr- BollHoBbre gJreKTpoHubre

c npl4Mecblo fl3 n arorr.rsrre BojrHoBbre Syurcqun.

Blnffrue Hr{ Au Ha SBorrouHro cocroqHnfi napu 02 - 9o31'rH MoxHo TaK)Ke qacTr4rrHo

cBecrn K r{3MeHeHr.lo poan COB. 3Aecs 6onee BaxHyro poJrb, [o-BHAt4MoMy, r,rnpaer cynep

o6MeH [ocpeAcrBoM crrnproBofr o6oroqKr,r, KaK noKaitaHo B Teoperuqecrcnx pa6orax. Ho

ean4y 6onrruoft rcoucrau'rst cnun-op6uranbHoro Bo3Myrr{etvfl l.Jrfi aroua Au e${rexrur ne-

peHoca 3aprAa raKxe 6yAyr nnr.rrr; Ha [Jra3MoHHbrft nepenoc 3Heprkr,r. flpu srorra MoxHo

oxHAaTb I,I oTpt{llaTenLurril eQQenr BHeIIrIIero TtxeJroro aToMa, KorAa zsueHeHrae op6n-

rzur6Hofo yrnoBofo MoMeHra 3a cqer npHMeceft cfl3 c yvacrneM KvcnopoAa r.r HY Au

r4MeroT npoTnBonoloxHbre HanpaBneHHr.

OCHOBHbIE PE3YJIbTATbI 14 BbIBONbI

1. 3rccnepr.rrr.reHTaJlbHo HccneAoBau nra:uoHssrii pe3oHaHc B 3JreKTpoxr4Mr.{qecKu oco(AeH-

Hbrx HaHoaopncrux cepe6prHbtx noBepxHocrrx c MoneKynaur.r P6X B nrreHK€x IIBC. flo-

Ka3aHo, vro oStfertlrnHocrf, nJIrL3MoHHofo pe3oHaHca 3aBHcrir or creneHn uepoxoBarocrK

(7)
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lopllcrocrlt cepe6ptHoft noBepxqocrl{, 3HaqLITenbHo ocJla6eBaer B cneKrp:x rr.rFaHTcKoro

rolr'r6anaq{oHHoro paccerul'It c yBenHr{eHr,IeM ToJrrrlfiHbr noJrr{MepHofi n-neurcn c Kpacr{Te-

JreM Ao < 5 nru, 3aBr.rcl,fr or BpeMeHr.r xr{3HIr MOJreKyn xpacareneft l{ yDra naAeHr,r, s- II p-

noJrfi pr.r3oBaHHoro cBeTa.

2. llpoauatuzxpoBauLl cneKTpztr6Ho-Kl{Herr,rqecKue oco6ennocru u eQQexrraagocr6 pe3o-

HaHcHOfO [Jra:rMoHHoro ycr.rJreHu{ Q.nyopecqenqrar,r a Qoc{opecqegr{Hr,r aHr4ggHbrx r{ Ka_

Tr,roHHbrx rpacurenefi, a4cop6r.rponanHlrx Ha HrI Ag r Au, a noJrr.rMepHr,rx nnenrcax fIBC.
O6Hapyxeua KoHIIeHrpaI{EoHHarI 3aBuclrMocru sQt}erra rrJra3MoHuoro ycuneHr.rrr c 3Kc-

TpeMaJIEHEIMH 3HaqeHI,ItM{ cneKTpaJrbHo-Kl,rHerilqecKr,rx BeJrt,lqr.rH. YcranosreHa oco6en-
HOCT6 PEAKTIT{'I AIII{AMIi{ECKOTO B3A'IMOAEfiCTSUI H'{ Ag C qI,ITPAT-I,IOHAMN I{ KATI,IOHAMH

uoreryl P6X.

3. Hcc-ne4onaHo BJII'ltHI4e IUta3MoHHbIX cgoftcts H9 Ag pa3Jrr{r{Hbrx pa3MepoB B rureHKax

IIBC Ha c[eKrpaJr'Ho-BpeMeH'yrc ALrHaMr.rKy r.r KoHcraHT'r cKopocrr4 cr{Hrurer-

cr{Hilrerrroro nepeHoca gHeprrrr4 B AoHopHo-aKqen'ropHoft nape Kpacr{Terefi - gosr4rr-

N{eraneHoerrft rory60fi - npx Lr3MeHeHr,ru cneKTpaJrrHofi elexrpouuoft no.napusaqua Hg
Ag u uonapusaquu $lyopecqeHur{l MoneKyn xpacnreleft.

4' Paspa6oraua u aupo6upoBaHa MareMarr4qecKtur MoAerb Aftflonb-Ar'noJrbHoro cr4*rlrer-
Tpl'runer-Tpl'InnerHoro n o6ueHHo-pe3oHaHcHoro cr4noler-Tpr{nlrerHoro nepeHoca gJIeK-

rpounofi gHeprnn Me)KAy MoneKylarr,rr p6x u arpz$nanrxa B flonr.rMepHsx nneurax [IBC,
trpu yqere pe3onaHcuoro [JrarMoHHoro nos6yxgenlrr H9 Ag.

5. o6napyxeno BJrr.rrH[e rroBepxxocrHbrx rrJra3MoHoB, reuepr.rpoBansrx Hg Au, roroprre
cr{HTe3r,rpoB€tru npu Qeru'loceryu4Hofi a6ntguu, na s$$ercrr.rnnocrb cr,rHmeT-1p[[JrerHoro

[epefloca 3Hepr[r4 B flape MoneKya p6x - arpuQ;raer.ru s flBC npfi cneKTp€rnrsofi nong_

pr'r3yeMocrr'r H9; onpegeaenrr KOHCTaHTrT Cr.ruuer-Tpr{nnerHoro nepeHoca, KogcraHr6r
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