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xr4Mr4qecKtrx [poqeccoB.
erca neo6xo4t4Mocrbro peureHuJr p.rrla [paKTnqecKlrx
3a,4arl.

- B pa6orax [1,2] ycranoBJreHo, uro nop@zpraHrr,
$raloqzaHl4Hhl r4 rlx KoopArrHarluoHHhre coeru_
}IEHVIfl , BBEAEHHbIE B CTAHAAPTHbIE SJIEKTPONVTbI
Hr4Ken kr p o B aHrIA lr rar bB aH V q e cKo ro o c ilKI eHr4fl
crrJraBoB Ni-Co u Ni_Fe, cyrlecrBeHHrru o6pasou
ynyqnaror KaqecrBo noxprrrufi . Manrre .{o6anxu

- 
Pa6ora BbrloJrHeHa B paMKax locy4apcrneuuoro sagaHlrr Munr.r_

crepcrna o6pasouaHus. Lr HayKrrp@ (Nb upoerr a 4.7 305.2017 / g\.

(0,5-50 rvrr/n) lraxporerepoqr4rcrr on n 2,0_2,5 paza
c Ht4xaror yp oB e Hb rrrep oxoB aro crvr rr oKp :srrvri4,
yBenn qv BaroT I,rX oAHOp o.qHocTb, Mr,rKpoTBep.4ocTb,
MHOIOKpaTHO CHlrxarcT noprrcTocTb r4 BHyTpeH_
Hue HanpsxeHll.fl. paccerasarcuafl crroco6nocru

Baer orpiDKarenbHyro cnoco6nocrr rroKpbrrr4Jr A o g0% 
.

I4sMeueHze uop@olorzu rroBepxHocrr4 HuKereBoro
[oKpBrrr{.fl , no - Br,rAt4 Monay, o 6yc.toBJr eHo nrrc orofi
a.qcopbqraonnorl cnoco6Hocrbro MaKporerepoqr{KJrrr_
qecKr.rx coeAuHeHzft. ero noxagauo n [3] Ha npr4Mepe
Terparo3r{nara 5, 1 0, I 5, 2 0 _rerpa<rac (N_uerrurnupu _

4rur-4')nop$uHa.

o 2,4-gtt(l-mer_
(Aruervu) cno_
cocTo.f,H[e MeAr4

B UOpr4ICOIep)Karur4x pacrBopax IIpv KoHUeHrparILlr4
10 uxrvronr/t (-7 ur/fl, .rro.roor" n 50 pas MeHbrrre,
IreM KOHTIeHTpa\nfl cTaHIapTHOro Aerraccr4BaTopa _
1, 2, 3 - 6ensorpr4a3ona (BTA).

B pa6orax [5, 6] erexrpoxzMvqecKtle r4ccre,uoBa_
rrvIq Ha cralllz,. Cr3, norasanra, .rro 4o6aBKa ArlMerI4 Ha

.dtroppoenr: DrareprmJrlr, 3augrra> Ne 3/Z0l g
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I4HTI{EI4TOPbI KOPPO 3I{I{

(lo 30 rr,rxrr,rorm/n) B xnopr'IAHo-6y(pepHuft pacrBop

cHtl)Kaer rrJlorHocrb roKa rraccl4Ba\rru crasrul Ct3,
yB enlrquB a.fl n ore HIIlr ar nr4TTlrnro o 6p ason auul.
A4cop6upyxcb Ha noBepxHocrl,I gneKrpoAa, AI{MeII4H

cnoco6eH ynyquarb 3ailIl4rHoe Aeitcrsl4e Apyroro
uuru6uropa Koppo3r{I4 - ETA.

B pa6orax [7, 8] nora3aHo, qro npl4 BBeAeHI4I'I

B gneKTponr{r aHoAI4poBaH:,u.fl. TuraHa ,qo6anxu 4zr-

cylr@oxuclorrt @raloq r4aHvrHura xo6allra o6pasy-

ercfl oKcI4AHuri cloft , o6laAarourltfi nossIilreFlHblMlr

sHaqeHI4{MI4 (boro- eAC. flneHru AI'IoKcr{Aa rvrraHa

r,r3 pacrBopoB, coAep)Katqrax @raloqr'IaHusar xo6a-lr-
Ta, Moryr npllMeH-flTbcn n QoraxaraJll43e.

B HacrosurelZ pa6ore uccneAoBaHa a\cop6tlun
5 - (4'-auuHo$enral) - 1 0, 1 5,20 - (4' -cy ttr(f o(f enun)nop-

Sr,rua (s lanrueftruelr nopQrana) ua rloBepxHocrl4

cepe6pa MeroAaMr{ orpa}GTeJIbuoft elluncoMerpl{ll
(OO) u peHrreHoBcxoft Qoroelerrpounoit cneKrpo-
cKorrrlr{ (P(DOC).

II3C. +

'ferprao3uxa r 5. I 0, I 5.20,rsrP[Ktrc

(N-ile1 rilrupfi ur-4)troIrhrlra

flnoynbrDoKtrcrora (b l?rorulourilal a )-t1 -Auul Dqrof [n h L v, | -)'zu'(a -

so6a.rrro oYJrr{,o4reuw)l0l0nu

OO nossor.fler I43MepIlTb I4 npoaHanpl3llpoBarb
p a3rw4rilrs. ilap aM eTp oB n onqpkl3,a\w flno c KorloruIpu -

3OBaHHOTO CBeTOBOTO IIOTOKa, naAaloilIero rIoA yfnoM

Q Ha rpaHI,IUy AByx oAHOpOAHbIX CpeA c pa3HbrMl',I

orrrlrqecKl{Mu csoft crsaN{v v pa34enrlolqerocs Ha ABe

BoJrHbI: [poxoAquylo Bo Bropylo cpe,4y (npenoMJrfl-

rouyrocs) I4 orpaKeHnyro. flpu orpaxeHr'Iu cBera

or 3epKanbHofi lonepxuocrll KoMnoHeHTbI SneKrpI4-
qecKoro BeKTopa cserosoft BoJIHbI [apilJrneJlbHbre

rrJrocKocTl4 na4:ennfl, I{ neprleHA}IKyn.apHble r ueft
MeHsror He roJrbKo Benl4qnHy, uo u Qasy npu mo6ou
yrne naAeHgq. Oe rlo3BoJlrer onpeAgnl4rb erpl I'13-

MeHeHI4t. IrlssecrHo [9], qro gJlJrl4lrcoMerpvuecxvit
gKCnepr,rMeHT CBOAI{TC.fl K I,I3MepeHI'{rc yrna cABI4ra

$as A la yrna nonflpl43allull cBera V, orpaxeHHoro

or rroBepxHocrl,I gJIeKTpOI.A, 14 OCHOBHOe ypaBHeHI'Ie

SJrJrr{[c o M eTpur4 vrMe eT Blj["

tg V exp (lA) :/(N"o.ou, {"", Nrn,9,L, A, (1)

r.qe N - KoMrrJreKcHnfi noxa3areJrb rtpenoMneHl4.fl

cooTBeTcrBeHHO CpeAbI, MeTUUIJTa I4 rrJIeHKI4 Ha ero

rroBepxHocrkr; q - yrcn naAeHI4 fl; X - grt.lr'lna BoJIHrI

rraAaloqero cBera; d - roruIuna ITJIeHKI'I, o6pasonaH-

Hoft na MeraJIJIe.

flpu ycloeul'I, qro o6pasytorquftcs alcop6lrl4oH-

nrrft croft Ha noBepxHocrl4 Meriuula Henououatouluft
r{ ToJrIqI,IHa ero He rlpeBblllraer 10 nu, Ar.f, olpeAene-

HpIs ronnlr'IHu aAcop6unoHHoro cJroq MoxHo npl4Me -

Hr,rrb ypaBHeuue Apyle [10] :

d: -crDA: -cr(A - Ao), (2)

r4e o( - xoe(b$raqueHr nporropul{oHzulbHocrtt', Lo -
HaqaIlbHoe 3HaqeHrre gJlJll4rrcoMerpl4qecKoro yrna (lo
BBeAeHuq aacop6ara); A - reryuee 3Har{eHue yDIa,

r43MepeHHoe npu pocre TTJIeHKI',I'

MaxczIr,ralrHafl. Betrvl'uvrHa yrna A cooreercrnyer
<<qucroft)> rroBepxHocrl{, T.e. rloBepxHocrt4 6es nreH-
xrl. CreAosarellbHo, npra 0A ( 0 na6lrclaerct pocr

rrJreHKr,I, ailptr 6A > 0 rrJIeHKa craHoBl4Tcl roHbllre.

Ecrur s [epBoM cn) {ae raKl4e [3MeHeHI'Ifl A yxasu-

Baror Ha a4cop6qurc, ro Bo BropoM - uaAecop6quto'
C yrerou npeAnono)I(eHr{q' qro crerreHb 3aronHeHl4.fl

noBepxHocru aAcop6arorvr (0) lponopqr'Ionanrna EA,

ypaBHeHI,Ie (2) npuo6peraer BrrA:

e: -F(A - Ao) : -p54, (3)

rAe B - xoe@$ruueHr nponopquoHtulbHocrl4'

ero raer Bo3MoxHocrb [ocrpol4Tb I'I3orepMy a'q-

cop6qnra Ia oIIeHIlrb ee craHAaptryro cno6oAHylo

eHeprr{ro (-AGl).
OcnosHrre npeArlonoxerrvfl npr4 lIHTepnperaIII4r'I

gJIJrI4[COMeTpI4q ecKI4X I4SIrlepenuft Anfl pI3M epeHI',Lfl

aAcop6quu o6ocrosaurr n pa6orax [11, 12]. 9ro:
. OAHOPOAHOCTb IIJIEHKI'I IIO TONIIII4HE;

. lponopul{oHiulbHocrb Mex[yronlqunoft rureHKll

il rr3MeHeHI4zvuyrta L;
. creileHb 3aloJrHeHl4fl @ panHa 1, ror4a yrol A

nepecTaeT MeH.flrbc.s c yBeJrllqeHr{eM KOHIIeHTparI4vt'

agcop6upyeMoro BelrlecrBa.

flocrollry, KaK yKa3brBiulocb s [13], ocHoBHbre

u3MeHeHI4s n @uxcupyeMblx sJlJlllrrcoMerpraqe cKrlx

rrap aM erp ax nplr @oprvrup oB aHI'IlI a4c op6quoHHblx

cJroeB cJleAyer cB.a3blBarb c KoMrroHeHroft elexrpnue-
cKoro BeKTopa cnerosoft BoJIHrI, neprrer{Al4Kynxpuofi

rrJrocKocrl4 rraAeHu.a, To ecrecrBeHHo o)o4Aarr 6A < 0

B paccMarpl{BaeMblx crpaqx, qro pI Ha6rrcAaercq
rrpr4 I,I3Mepenurx. Koe$$uqueHr rlponopu[oHzlrlb -

Hocrtl B onpe4enrerc.fl u3 gKcrrepl'IMeurallnoft

Hrc-f.Hz

5-(4 -AuurD{rorrr)- L0,l 5,20'(4'-
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npr4Bs3Kr4 3aBzcrlMocrlr (3) x KoHKperHo nu6upa-
euorZ ngorepue a4cop6quz. flpe4no)KeHHa.s n [14]
rrIIIOTe3a O HaJtVIllVVt Ha IIOBepXHOCTI4 MeAI4 JTOK'UIb-
Hbrx rIeHTpoB, Ha KOTOpbTX Mo)KeT npor4cxoAr4Tb
xerraocop6qlrr BBoAr4Mbrx B r,rcxoAnyro 6y@epuyro
cpeAy MoneKyn vnv colerZ, B ToM qr4cJre npr4 Bbrrec-
HeHrru c [oBepxHocru a4cop6r4poBaHHbrx MoneKyn
KvcnopoAa v rur4poKcumon, @axrraqecKr4 o3Haqaer i
BBeAeHr4e npeAcraBneHva o6 euepreruvecxorl rerepo-
reHHocrr4 noBepxHocrra ; erz [peAcraBJreHr4s MoxHo
nepeHecrr4 r4 Ha noBepxHocrb Ag. I4uenuo rrogroMy
uau6olee ecre crBeHHbIM oKa3bIB aer c fl. np vHflTt4e
B KaqecrBe r.r3orepMbr a4cop6qun Ar.s I,rcrtonb3ye-
ur,rx unrra6r,rropoB Iorapn$unqe crorZ r43orepMbr
Teuruna. Olruncbuerpuvecruft MeroA ro3Bor.fler
trsfrarb in situ [poueccbr alcop6qprz opraHuqecKrlx
coeAr,rHeHr,rrZ, xunerury r4 xapaKTep pocra rrJreHoK
Ha rroBepxHocTr4 MeTIUTJTOB rrpl{ pa3Hbrx rroTeHrl}ralax.

MeroAuxa gKcrrepr.rMeHTa

5 - (4' -awuuoSeHran) -rp uc- |0,|5,20- (4'-cynrSo-
(peuur)nop@lru (4anee nop(f upun) ronyqeH B p$ynb-
Tare MHorocra.4raftHoro cr4HTe3a:

IIN0.1

H2SOr

- 

ll()rs

tn

Terpa$eunnnop$un (1) nurpon atm I00Vo -uoitt
asorHorl Kr,rcnordfi a xnopoSopMe Ao MoHoHrarpo@e-
uumopQup vna (2) . flocle4yrorqr4M ero BoccraHoB -
JIeHVeM Ar4rr,rAparoM.xttopuIa oJroBa (II) n conaHolZ
Kr{cJrore nonyqeH coorBercrByroulrarf aurauonopSra-

puu (3). Ero cynr$rzpoBaHr,re B KoHueHrpr,rponannorZ
cepHoft Kr4cJrore rrpr4Beno K rrcKoMoMy nop$zpraHy.

5 -(4' -numpofi enua) - I 0, 1 5,2 0 -mpuQenutnopfiuru,
TerpaSeuunnop$uprau (2,0 r, 3,25 nanrolr) pac-
rBopflnr4 s 300 Nor ruropo$oprr,ra n arnaocSepe apro-
ua. KpacHyro AbrM-fltrlyro a3orHyro Kr{cnory (3,4 r,
54 vrrvronr) ao6antwnt K rrepeMerx[BaeMoMy pacrBopy
nopQupuua nplr 0-5 "C uepes KarenbHyro BopoHKy
c nporr,rBoAaBJreHrzeM B TeqeHr4e 2 q. Peaxqr,rro KoHT-
ponupoBan[ qepe3 olpeAeneHHbre r4HTepBanbr Bpe-
MeHr4 rrpr4 rroMorrlr4 TCX, vro6rr o6ecne.rurr nonHyro
KoHBepcr4ro r4cxoAHoro nop@upuua.

TeMuo-sereuuft pacrnop npoMbrBanra 5 pas no4oft
no 300 Mn 14 cyrlunz Ha4 cynr@aroM Harpuq. Pacrnop
KoHrreHrpr{poBiur}r u xpoMarorpa$rapona;ru Ha chrvr-
KareJre 60, elrcnpya xnopo(foprvrorr,r. Buxo4 - 55%.

'H .flMP 6, nr. A.: 8,86d (2H, F-H); 8,85s (4H,
B-H); 8,69d (2H, B-H); 8,54d (2}{, NOrAr); 8,31d
(2H, NO2Ar); 8,19m (6H,2,6-H-Ar); 7,7tm (9H,
3,4,5-H-Ar); -2,74s (2H, NH); (CDCI3, 500 Mnr)

MALDI-TOF MS : m f z. P accuuraHo : CaaH2sNrOz,
659,7 3. Haft4eHo: 659,34.

5 -(4' - amunoQenun) - I 0, 1 5,20-mpufieau.nnopQun.
5 - (4'- urarpoSeHr,rn) - 1 0, 1 5, 20-rpu@euralnop$zu
(2,50 r, 3,79 uuolr) pacrnoprnu s 80 MJr KoHrIeHr-
praponauuorZ cor.flHort Kr4cJrorbr n aruoc@epe a3ora.
lvruapar xrropv,qa orroBa (II) (2,6 4 11,5 uuolr) 4o-
6awutu x pacrBopy u peaKrlr,roHnyro cMecb HarpeBzulr
lo 65 "C s reqeHrze 1 v. PeaxquoHrryro cMecb oxJraKAa-
mr ra 4o6ausrra 300 MJr xoJroAHori no4rr, 25%-:rcru
pacrBopoM aMMrraKa AoBoAr4nr4 Ao pH : 8. Oca,qox
nop@upuua orSultrponbrBirrrrl r,r npoMbrBzurlr no4oft .

BrrcyrueHurul oc 44ox xp orraarorpa@u p oBurtr Ha cvuwr-
KareJre 60, eruozpyx Ar4x:ropMeraHorr,l. Brrxo4 - 7 4% .tH.flMP 

6, u.4.: 8,95 (2H,B-H); g,g4d(2H, p-H);
8,83s (2H, B-H);8,22m (6H,2,6-H-.tu); 8,00d (2H,
NH2Ar) ; 7,7 6m (9H, 3,4, 5 -H-Ar) ; 7,06 d (2H, NH2Ar) ;
4,02s(2H, NHr); -2,73s (2H NH); (CDCI3, 500 MIq).

OCII: 1..u*, HM (lg e): 648(3,98), 592(3,98),
554(4, 1 8), 5 t7 (4,42), 42t(5,89) (CHCI3).

MALDI-TOF MS : m f z. Pacc'ilnano: CaaH2sNsOz,
629,7 5. Harl4eHo: 629,34.

5 -(4' -amunofienua) -mpuc - I 0, I 5, 2 0-(4' - cyatfio -
fi enw)nop Qun. 5 - (4' - aul,rnogeHzl) - 1 0, 1 5, 20 -rpu-
@eHr,rnnopSun 900 rrlr (1,43 uuolr) pacrBopsnu
s 40 Mn cepHofi Kr'tcJrorbr (98%) krHarpeBurvrrpr ne-
peMerrrr4BaHyruloT0 "C sre.renr,re 2lrreit. Pacrnop ne-
peMerll,rBiuru n aruoc@epe a3ora B TeqeHr{e erqe 3.qneft
npu25'C u sarer,{ BburktB€urr,r B 200 nr:r xololnor? sorlr
rlpr4 rrep e M e ruvrBaHvryr. Te M no - s er e Hyro cyc [eH3r,rp
qeHrpu@yrt 4p oBaJwr, Qralrrp onalrl r4 np oMbrB iurrr
4 pasa no4ori rropqusMtr no 200 Mn .qo orcyrcrBr4s
rloMyrHeHr4.fl pacrBopa xJropr4Aa 6apvst. flop(f upzH

l8 .I{oppoenr: Drareprlarrbr, gangmo Ne 3/20lg
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pacrBopqnu s 25% -uovr pacrBope aMMr4aKa, ylapu-
Burvr 14 B brcyrrr r4B aJrr4 B B aKywe . Bsrxo l: 9 2% .

'H .flMP 6, rra. 4.: 8,94d (2H,0-H); 8,81s (4H,

B-H); 8,82d (2H, p-H); 8,Ild (6H, B Konbrrax c SO3-

rpynnoft); 8,03d (6H, B Konbuax c SO3-rpynnoft);
7 ,88d (2H, B Konbrlax c NH2-rpynnoir); 7 ,26s (4H,
arr,rrraoHr,rir); 7,13d (2H, B KoJrbrlax c NH2-rpyrnoft);
7,01s (4H, arrarr.rounft); 3,33bs (2H, n NH); -2,90bs
(2H, NH) (DMSO-d6, 500 Mlu).

('H.fIMP cHrrArrq aMMoHr4ftsoft coru 5 -(4' -awuo-
@enrur) -rpzc- 1 0, 1 5, 20 - (4'-cyrrSoQeunn nop$una).

OCII: l,-"*, HM (1g e): 4I4 (4,99), 654(3,26),
568 (3, 56), 525 (3, 55) (narpuft -(foc@aruuft 6y0ep).

MALDI-TOF MSi m/2. Paccqr.rrauo Arr.fl
C44H3rNsOeS3 - 869, 13; uaft4euo: 869,48.

Zsuepeuua aacop6guvt npoBoAr{n}I Ha pyqHoM
gnnr{lcoMerpe Suprvrsr Rudolph Research n .aveftxe,
clyxaqeft Ar.f, oAHoBpeMeHHoro [poBeAeHr4q gneK-

Tpoxr,IMuqecKr4x 14 SJIJrI4nCOMerpI4qeCKI4X I,ICCJIeAOBa-

uvtit.llcto'tHr4Kr43Jr]reHvs,-retmit-ueouonlrft rasep
cMunoft sommr 640 HM, yroJr rra,qeHr,nr cBeraHao6pa-
geq 68,5". flonepxHocrb gJreKrpoAa Beprr4KaJrbHa

orHocr4TeJrbno 4na nuerlxz. Toquocrb B onpe4eneHr,rpr

oJrnr,rficoMerplFrecKoro yrna c4u,rra $a: A panHa 0,05'.
Xrall[.recxafl aKT]rBHocrb cepe6pa rr,ra-ra. flpu o6ru-

Hoft reuueparype cepe6po He B3a[Mo4eftcrnyer
c KucnopoAoM, T.e. gneKTpoA He rroKpbrr oxcuAnoft
nnenrofi. OrerrpoxuM[qecKr,re ll a.qcop6quoHHbre
r,rccJreAoB aHv fl rrp oBoAr4nr,r n 6oparnorrr 6yQepuorr,r
pacrBope (pH : 7,4), roroprrri rorosurr4 v3 nepe-
Kpr.rcraJurrr3onannoft 6ypbr MapKr,r <<x.u. >, opro6opHorl
KI,IcJIorrI M apK{ <<x. q. r> I4 6 r44r4crwIrmponauuoIZ no4u,
trpu E:0,2 B (u. o. e.). eror uoreHrllriu 6ru nu6pan
rroroMy, qro oH 6rzsox K rroreHrlr,ra[y lorpyxeHr,r-fl
Ag-ererrpo4a B pacrBop. Ag-snercpo4 uuuQonaru
Ha Hax4aqHor? 6yl,rare, [onr4poBaJrrr ua Qerpe nsnecrro
oKcr4Aa aIrroMr4Hvra. flepea noMerqeHr,ren n .averZry
ero [poMbrB ankr [krcrunnuponannoft soAoft . Karurs
BoAhr yAepx[B€uracb Ha rroBepxHocrn cepe6pa, T.e.

na o 6 e:xrap eH HoM gneKrp o,q e. Ars craHA ap rvrsa\r4lr
rroBepxHocTrr gneKTpoAa [poBo.4r4nr4 HecKonbKo pa3

rlr4Krrr4poBaHue naexq4y E : -0,6 v. 0,2 8 . lIpu E : 0,2 8
yrol A qepe3 30-40 MlrH rrepecraBaJr MeHsrbcs.
flocro.fl Hcrso gToro [apaMerpa no3BoJurer npoBoArrrb
lr3) reHrae a4cop6quu ua cla6ntlrrrorl nonepxgocru
gneKTpoAa.,{rur eroro nocne cra6rarusaqrrr4 rroBepx-
Hocrrl B pacrBop BBoAr,rJrr4 KoHrleHrpar nop$r,rua
u @urcupoBirJrr{ rr3MeHeHr4s grrr4lcoMerpr,rqecKr.,rx

yrnoB Bo BpeMeHr4 Ar.fl Kaxloro 3HaqeHr4fl KoHueHT-
paur4r4. flfira nocrpoeuuu Qynxur4r,r gruruncoMerprl-
qecKrx [apaMerpoB or KoHrIeHrp a\vv arcop6upyro-
nreroc.fl peareHTa (c) ncnom:oBuurv 3HaqeH[e yrna A,
nocTo'IHHoe Bo BpeMeHI4.

[ls. ttccrrerosaHuilr MeroAoM POO C cepe6paurtft
o6paseq nepeA oKcnepr4Meurou uluQoBanl,I Hax4arr-
uoft 6yrrarofi (1000, 2500), AoBoAI4nIlAo 3epKanbHoro
6recxa arua3HblM rroponKoM, orMblBalra nporovnorl
4r4crvmr4p oB auH oft n o4otZ, a 3 are M Au crl4nnl,Ip oB aH -

Hoft soAorl s ynbrpa3ByKosoft saHFIe. flocre nrr4epxrcr
n 6opaurou 6y$epe Irnr BoAHoM pacrBope rp v pH 6,7
tt9,8, coAep)Karqr4x 5 rvKnrolr/n nop@lrua, o6paseq
no.4BepraJlr,r raxoft )Ke oTMbrBKe.

P@9-cuercrpbr noBepxHocrHbD( cJroeB perl4crpl,Ipo-
BiuII4 Ha cneKrpolraerpe OMICRON ESCA+. [aueHIae
B KaMepe aHiurr43aTopa noAAepxuBiurocb He BbIIIre

8' 10-10 rraBap, r4croqHr4KoM I,I3nyqeHr4fl cJryxvn
Al-asoA (eueprux r43nlnreHllfl 1486,6 eB ra uouluocrr
250 Br). Ouepnu nponycKaHl,Lfl aHiull4saropa cocraB-
tsta2} eB, [n.a yrera 3ap.flAKu o6pasqon rIoJIoxeHI,Ie
P(DOC-nuroB craHAaprr{3r4poBzlnl,I no nnry C1s yue-
BOAOpOAHbTX npl4rvreCeri ras aruocsepu, gHeprwl cB.fl3ll

du xoroporo rpr,rHsra pasHol? 285,0 eB. Pagloxeuue
crreKTpoB Ha cocTaBrsloilIve [poBoAI{nI4 rrocJle BbI-
rrvrra:r^nfl. QoHa, onpeAeneHHoro rro MeroAy IIIuplu
[15, 16]. floroxenue []rKa oflpeAelrfl;rv c roqHocrblo
+0.1 eB. CooruoureHl4s gJreMeHToB Bblqr{clrflIrvt,
r4cnolb3ys r4HTerpanbHbre I4HToHcI4BHOCTII IIOA nI,I -
KaMrr c yqeroM ce.reHuft $orououusa\wo coorBer-
crByrorlr4x eneKrpoHHbrx o6onoqex [ 1 7 ] . I4cnomsya
I4HTerpanbHbre T4HTeHcI4BHOCTI4 IVKOB npl4 IIOMOIqU

rporpaMMbr MultiQuant [18], paccvuraHbl roJIIqu-
Hbr cJroB, $opuupyenrblx Ha rroBepxHocr[ c yqeroM
cpe4uerZ AruHbr cso6oAHoro npo6era enexrponon 1,,

onpe.qeneHHoft no (f oplryne Kanrcona u Cuxa ll9l.
nts. uccteroBar'vrfl KoJrl{qecrBeHHoro I{ Kaqecr-

BeHHoro cocraBa nJIeHoK, $optvu,tpytoquxc;l Ha rlo-
BepxHocrr{ MeraJrJruqecxux o6pasqoB B rlpucyr ctBv;lz
nop@upuna, 6rurz npoaHaIlrr3r.IpoBaHrr cnerrprr C ls,
N 1s, O 1s, S2p, Ae3 d, A9MNN. Cnerrpu o6pa6arnsa-
nr{cb nporpauvrorl Unifit@ 2009. Ha alcop6ul4lo rop-
@zna na rroBepxHocrv cepe6pa yKa3blBaer HiuII4qI4e

rrr4KoB Ha crrerrpe S2p u cJlo)cloro cneKrpa a3ora Nls.

9xcnepuueHTaJlbHhle p$yrbrarbl
lrux o6cylr4euue

flo AasHrrM KBaHToBo-xl{MplqecKoro pacqera
MeroAoM PM3 (prac. 1), tuoreryaa nop@npr,rua I4Meer

, 
nnocrqlo crpyl<rypy c 6engomnrtuz QparueHraMl{,
pacnoJro)KeHHbrMr{ rrpaKTr4qecKl4 nepneHII,IKyJUIpHO
rro orHorrreHrrro K apoMarr4qecKoMy .aApy nop$uua.
ero npe4noJraraer rrJrocKoe pacilonoxeHl,Ie MoJIe-

Kynbr Ha floBepxHocrv cepe6pa. C yrerou Bau-.qep-
B aamcoBrrx p a3Mep oB MoneKyJIbI e e <(ToJltqlrHa>>

cocraBJrfler -0, 5 HIr,t.

?lsnrepennaMlr Ha Bo3Ayxe o[peAeneH KoMruIeKc -
nrrri noxasareJrb rrpenoMJreHrrfl cepe6pa. OH paneu
o,g7 -3,64i.
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I4HTI{SI{TOPbI KOPP O 3IdI4

Puc. 1. Ctpyrrypnar Qoprrrpra 5- (4'-anrnnoQenu.rr)- 10, 15,20-
(4'-cprQorleuu.rr)nop$una

Ha pr.rc. 2 npuneaeuar,r3orepMa rl3MeHeHn.tr grJrr,rn-

coMerpr4qecKoro yrna A npv Ao6aBneHr,M nopor,rHa
B pacTBop. flynrrnpovr o6o3Ha.reH npeArronaraeMbrft
MoHocnorl (nrxo4 Ha nnaro). Orolry ycnoBHoMy Mo-

HocJroro coorBercrByror rr3MeHeHr4rr I 64 | = 0, 5 0 - 0, 5 5 ".
Ha ocnosaHr,rr( grr,rx usrrrepeuuft pacctrr,rraHa

u3orepMa aAcop6urur rop$lrHa (puc. 3), Ha Koropoft
npeAcTaBneHbr gKcnepuMeHTarbHa.fl lrvr}Ir4s. r4 Teope-
rrrqecKafl Mflf : 1,6. B o6racrr,r cpeAHr,rx 3arroJrHe-

nrarl onr,r coBrraAaror. Buxo.q Ha rrlraro coorBercrByer
@: 1. B o6racru cpeAHux3anomrenprft rroBepxHocrrl
serr4.rr,rFra @ nponopu[onamua lg C, cre4onareJrbHo,
gKolepuMeHTiurbHbre AaHHbre a-qeKBaTHo ofl]rcbrBaroT-
cx rorapu$uuqecxorl usorepnaorl Tenaxzna:

@: I/flrn(Bc\1, @)

r4e f - BeJrrrqr4Ha, xapaKrepr,r3yrouar (farrop eHep-
rerraqecroft HeoAHopo4Hocr[ noBepxHocrrr; B - al-
cop6quonsas flocrosHHa.fl , cB.fl3aHHas co cso6oAHoft

-8 -7 -6 -5
teC

Pnc. 2. llsmepua usueueullr gJrJnrflcoMerpxrrecroro yua A npu
Ao6auenuu nopQruu B pacrBop

euepruert aAcop6ulru (-AG,') coorHorrreHr4eM

B =exp[(-Acb t arl/ss,s.
Benavlruy -B onpe,qerxru rpa$zvecrra. ,{nx ero-

ro r43orepMy a.qcop6quv cnpnv,JrflIrl4 B KoopAlrHarax
lnc-@. Ilepeceueuue c ocbro lnC4aer sHa.reHr.Ie lnB.

Beruunny (-AGj) paccqr4rbrBarrl rro ilpuBeAennoft
Bbrrrre (popuyne. Oruu6ra B orrpe,qenenzn ne 6o-

wr: lnB: 15,35 (n/rvrom); f : 1,6 u (-tG!1=
: 47 2 xflx/rrroru, qro no3BoJr.rrer rrpeAnoJro)o4Tb
ero xeMocop6quro ua cepe6prHoM gneKrpoAe.

@opuuponau[e xeMocop6quoHnoro cro.fl Ha ce-
pe6pe B pacrBope nop@uua rroArBepxAalor raK)I(e
pe3ynbrarbr u3MepeHr,rs Kr4HerrrKr4 a,qcop 6qura. Ha
puc. 4 cneBa nplrBeAeHo r43MeHeHI,Ie yrrta A or Bpe-

MeHrr rrpr4 KoHueHrparlut4 nopSuHa B pacrBope
7,4 rvrxrvronr /n Ha puc. 4 cnpaBa oTa 3aBr,IcllMocrb
rrepecrpoeHa B Kooprr,rHarax @-lnt. Ora gasncuMocrb

xopouo oflvcbrBaercs ypaBHeHpreu PoruncKoro-
3enr4onuva [20]:

9 = (1 / D) ln lltc I O1tl, (s)

rAe r - BpeMfl; b u k - KoHcraHrbr.
O xcn epr,rrrr e HTaJrbHbre roqKl4 xop oru o ro)Karc.fl

Ha oAHy npqMylo. Pac.rer noKa3brBaer, vro b: 5,3,
A K : 5 .6 5 MUH-' . B OSIVIOXHOC Tb OIII4QA:FILIfl KI'IHETIIKI4

a,qcop6qnu a4cop6ara no groMy ypaBHeHI4Io yKa3bIBa-

er Ha MeAreHHrrfi, rorapz$nau.recKurZ pocr 3anonHe-
Hr,rr noBepxHocru cepe6paBo BpeMeHu. Oro orpoKaer
KrlHerlnrecKr{e 3arpylHeHu.fl npoqecca cop6quz no-
cneAyroqlrx nopquft Mcop6ara I43-3a pocra gHeprul4

aKTvuar\lrvr np r,r g H ep rerv q e c xoft He oAH op oAH o crl4

1.0

-17 -16 -ls -14 -13

InC
Puc. 3. llsorepnra aAcop6quu nopSuua: gKcnepnMeuTaJlbuat
KprlBar H TeoperrrrecKar r{3orepua (nyurrnp), nocrpoennar,rpra
f:1,6
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noBepxHocTr{, KorIa copoql,I,s HaqI,IHaeTc.s c 3anoir-
HeHn.fl rleHrpoB c Har4MeHbrrreft 3Heprl4eft ar<JvBa\uvL

Couacno,qaHHbrM P(DO-cnertp a3ora nopollrKa
nopSupuna (puc. 5) Moxer 6um pasroxeH Ha rpll
rrvtKa, Koropbre o6ycnooneubl a3oroM rpynrrbl NHz -
(400,7 eB), ra 4na nuKa oAI4HaKoBoft uurencuBHocrl4 -
nporoHr,rpoBaHbre (40 I,4 eB) u nenporoHlaponanude
(399,8 eB) arolrlr asora nop@upl4HoBoro Konbua.
Throe pacnoroxeHne ruKoB no,qrBepx4aercl KBaHTo-

BO-MEXAHI4IIECKI,IMI{ PACqETAMI,I NONY9MNI{PUqECKUM

MeroAoM PM3. Ha puc. 5 paccql,IraHHble 3apsAbl

0 50 100 150 200 x. rnrll

Pnc. 4. KlrHeruxa usMeueuua yma A (crena) n creneHl{ 3arIoJIHe-
Hr{r rroBepKrocrn cepe6pa @ (cnpara) npr a,qcop6quu nopQuua
n3 pacrBopa (c =7 14 uro'ro.nr/;r)

(t.42

4*4 4A3 4A2 401 40(0 3t9 391t

5wepraxeatr#.eb

Puc. 5. Cnemp Nlsnopouxa

Ha aToMax a3oTa yKa3aHbI rIoA cooTBeTcTByloquMrr
TII4KAMI4.

flpu nrr4ep)KI{BaHI4I4 o6paqon B BoAHrIX pacrBo-
pax, coAepxaulux 5 MKMoJIs nopQzna, ot I lo 24'r
c flocneAyloilIeft orrrarrsrotl n ylrrpasnyxonoft BaHHe

Ha rroBepxHocru cepe6pa o6uaplx<r'IBaercs. cloxnrrft
cneKrp asora (pnc. 6), n xoropoM npl4cyrcrByer raK-
xe rrrK, o6ycnoueusrtft aAcop6LIpoBaHHbIM a3oroM

r.r3 Bo3Ayxa. CneAyer noAqepKHyrb, qro Oxe-cnerrp
AgMNN coorBercrByer MerzuIJII'IqecKoMy cocro.nHllrc
cepe6pa. Moxno orMerl{Tb, qro orrl4qrlrZ n cnerrpax
nprr BbrAep)KKe B BoAHrIX pacrBopax c pH 6,7 u 9,8,
araroKe n 6oparuovt 6ySepe c pH: 7,4ue na6lrc.qa-
ercs. TaKr,rN,r o6pa3oM, AaHHbIe P@OC noarBep)Kralor
BbrBoA o6 aacop6uuu nop@IaHa Ha rloBepxHocrlz Me-

TiurJrrrqecKoro cepe6pa.

0.06

404 102 400 39,3

3rreprr'm oBtlil'rr )B
Puc. 6. Cnextp Nls na rloBepxlocrrr cepe6pa

lnr
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r,rpoBaHHoro ilopov_
r43 Korophrx Bropofi
ooycnoBneH oKr4cJre_

HlIEM@zua 
"?x'i"ffii'#?3:LIs r4HTerpiurbHbrx zH_

Ha MoHocJrorluoe no<prrrue cepe6pa npz yrasaHnorl
KoHrIeHTarIuu nopSrana, 9To o3Haqaer, qro ero MoJre_
Kynbr aAcop6upylorca ua cepe6pe 3a cqer xevlocop6_
rJr4r4 v HaKJroHeHbr rlo oTHorrreHr,rro K lroBepxHocTt4
rrol yrnoru ne 6o.rree 30".

BrrnoAu
C nououruo AByx MeroAoB - orpa>rcarellnorl

lonararorcs rro,4 yr.noM 30. r nonepxHocrr{ Mer€urJra.
Tolulzua aAcop6quonuoro cros He npenuuraer I uu.
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