
OT3bIB
o6fiuuaflbHoro on[oHeHTa Ha AficceprarlrroHHyx] pa6ory fy6nna Alerccaugpa Cepreeeu'ra

<<Hosbre cxeMbr KogrleHTprrpoBaHr{fl n onpeAeJreuun QeHoJra' Hlrrpo-' xJlop- n a.nnulQeHoJtoB

s o6reKrax o11pyrcarculefi cpegu (noga, noqBbl, AoHHbIe orJlorteHun, pu6rr)>> Ha col{cKaHlre

yueHofi cretreHg AoKTopa xnMuqecnrrx HayK no cneq[aJlbHocrll 1.4.2 - Anarnr[qecKafl

xfiMrq (xutunveucue naYnu)

Arcryalgrocrr. @eHorbr rBrqrorcq pac[pocrpaHeHHblMl4 3afpt3HureJlflMll orpyNarouleft

cpeAbl, r,rcTorrHr4KaMr }VrLhCCVTU KOTOpbTX flBJItIOTCs MHOrI4e npeAnplrflTllt npoMbIlxJIeHHOCTH IIJII',I

ceJlbcKoro xoggficrsa. Hecrvrorpr Ha o6quocrr cnofictn, o6ycnoeneHHblx HaJII4t{I4eM

apoMarr,rqecKoro Konbrla u rr{ApoKcr4lrsofi rpynflbl, B npl4poAHblx o6tex'rax oHu npotBnflIorct no-

pzl3HoMy, .rto o6ycnoBJreHo HaJrr4qr4eM pa3nLIrrHbIX 3aMecrl4Teilefi s 6eHgoJIbHoM x4pe. Hau6olee

ToKcr,rqHbr xJrop3aMerqeHHbre Qenorrr, MeHee roKcr4qeH t[eHo.n u ero HI4Tpo- H aJIKI4JI[poI43Bo.4HbIe.

OeHolrr Hefarr4BHo nos4eficrnyror Ha BoAHyto 6uory vI flBltttrorct SHAOKpI4HHbIMI4 All3panropaMl'I

3a cqer cxoAcrBa c MoJIeKyJIofi scrpa4uola.
pasnoHanpaBJreHHoe roKcr4qecKoe ,(eftcrnue pa3HbIX rpynfl Seuolon 3ar{acryto rpe6yer

pa3AeJrbHoro onpeAeJreHl,rfl BerqecrB AaHHoro KJIacca, B ToM rll4cre s o6teKrax co cloxgofi

r'la'rpraqeft. Peuenne Aaunoft sa1aqu o6ycrauuBaer norpe6nocm e etpQerrnBHblx MeroAax

BbrAeJreHr4fl H KoHueHTpprpoBaHr{r (feuoron LI3 [pI4poAHbIx Marpllq. B ronteKcre coBpeMeHHbIX

'resAeuqufi <sereHoft)) aHaJrr,rrr4qecrofi xnunrr nepcneKTI4BHbIM IIoAxoAoM flBnfrsrcfl MarHI4THat

TBepAoOa3Har gKcrpaKqur, oco6eHHo B Bapr4aHTe aBToMarI43HpoBaHHbIx npoqe.4yp AI4HaMLIrIecKofo

cop6uuouHoro KoHIIeHTpI,IpoBaHI4.n.

B csssn c 9Tr4M TeMa paccMarpuBaeMoitt pucceptatrytossoft pa6oru, [ocBtlrleHHoft peureunro

npo6nerr,r paspa6orxu cxeM KoHr{eHTprrpoBaHnfl, v vr3BIreqeHI,It t[eHonoe I{3 rIplIpoAHHx o6reKros

MeroAoM uarsn.rnofi TBepAoOa3Hofi gKcrpaKIIHI4 c I,IcIIoJIb3oBaHI'IeM cop6eH'ron Ha ocHoBe

naogut[ uqupgBaH HbIX HaHoqacTI,III MarHeTI4T a, flB ;;fleTcfl arcrya.n rno ft .

Hayvnan HoBu3Ha Alrcceprarl[ossofi pa6o'ru olpeAenflercfl pflAoM noloNeulafi'

llpegloNeuu ro.{xo,qbr K nrr6opy MarHr,rrHbrx cop6euton, o6ecnequsaloull4x e$tferrunHoe

r43BreqeHr,re 14 BbrcoKr4e nos<f$uqueurn KoHIIeHTpLIpoBaHvfl (peuolon pa:]nl4qHblx rpynn'

paspa6oranbr Bapr,raHTbr cr.rHTe3a prAa HoBbIx BblcoKogtp$errunuux B orHollleuuu $euoJIbHbIX

to*a"*ut"on cop6qraoHHblx MarepvaJloB, B ToM qncJle Ha ocHoBe I4OHHbIX xltAxoctefi

(xap6orccnnarbr MeruJrr.rMr,rArroJurx) u ua ocHoBe ryMaroB. O6ocHosaHa Bo3MoxHocrb rIpI4MeHeHI4t

MarHlrrHbrx KoMno3r.rroB Ha ocHoBe ryMaroB r.r Ha ocHoBe oKcI4Aa rpa$eHa u uosHofi xl4AKocru Anfl

KoHrleHTpr.rpoBaHrf, 6racseHona A rs cJroxHblx MarpIlII MeroAoM MarpllqHoro 'rnep,no(pa3Horo

Ar4c[eprupoBaHr4r. YconepureHcrBoBaHbr cxeMbl cHHTe3a I43BecrHbIx cop6euton. B '{acrHocrn,

npeAJroxeH cnoco6 cr4HTe3a MarHurHbrx cop6euron Ha ocHoBe cBepxclxl4Toro noJILlcrI4poJIa H

aMuHtlpoBaHHofo cBepxctur4Toro noJII,IcTnpoJIa c eHcoKofi HaMafHl'IqeHHocrbto HacbII[eHHt I4

pa3MepoM r{acrr4rl se 6olee 200 Hnr. ,{lr cererrl4BHofo I43BJIeqeHI4s or.lleJlbHblx Qeuolon u nx

npor43BOAHbrX rrpeAJlolr(eHbr MafHI4THbIe MOJreKyJItpHo-I{MnpI4HTI4pOBaHHbIe noJluMepbl Ha ocHoBe

N-saHr4rnupponprAoHa n N-sxulrrKanponaKTaua. Pa-:pa6oraHbl cxeMbl rlarpoHoB c noABI4xHbIM I4

HenoABLrxHbrM cJroeM MafHr4THOrO COp6eHra, I4HTerpI4pyeMhIe B CXeMbI ycTaHOBOK AIrfl

Ar4HaMl4qecKoro KoHI{eHTpI{p oBAHvr. B TOM qI4cJIe pa6oratoqux B aBTOMaTI4qeCKoM vI

noJryaBToMarr4qecKoM pexr4Me. floxasasu Bo3MoxHocrLI coqeraHl4fl npeAnoxeHHblx BapLIaHToB

Maruursofi rBepAoaba3uofi srcrpaKrllrr4 c MeroAaMra |X-MC, KarI'IJIntpHoro eneKrpoSopesa n

cnerrpotporoMerpLln.
Teoperuuecrcan u npaKT[qecKaq 3HaqHMOCTb 3aKJIIOqaeTcfl

npeAJroxeH prA HoBbrx cop6eH'ron Arq BhrAereB[fl U KOHUeHrpHpoBaHLIt

B ToM, r{To e pa6ore

Qenoron pa:lHbIX rpyrn 14



c(popMynnpoBaH cr4cTeMHbrfi rroAxoA, no3BoJltlolqufi aApecHo npl4MeHflTb COp6eHTbI Anr

rpynloBoro r43BrerreHr4a (yuunepcaJrbHbre cop6euru), ceJIeKTI4BHoro u3BreqeHnr '(uolexynqpHo-

r,rMnpnHTr,IpoBaHHbIe cop6enrsl), I43BiIeqeHI{t $euoloe c ru4po$o6suuu 3aMecTuTeJItMI4

(rynaarn). onpegeleuu o6lacna [puMeHeHLIx cop6ernon Anfl MaKCHMaJIIHO Stft[exrunHoro

r43BJreqeHr.rr aHaJrr'rToB. Ilpe4loNeurt cnoco6rt cTaTI4qecKOrO V AI'HaMI4r{ecKofo BbIAeJIeHI',Ifl

tpeuonon MaIHI4THIIMLI cop6eHrauu, o6ecnequsarculue BblcoKue ros$<puqlreHmt

KoHrIeHTpI4poBaHul. flponegena alpo6al{I4t cxeM rIpo6orIoAroToBKH I{ onpeAeJIeHHt tfeuolruux

T6KCT4KaHTOB B MO.4eJIbHbIx vt peanEHbIX O6rerrax flpplpoAHoro n aHTpolorcHHoro

npol4cxoxAeHufl.
creuenr AOCTOBepHocrrr .4r4ooeprarlr4r.r ocHoBaHa Ha I4CnoJIb3OBaHI4I4 CTaHAaprHbIX MeroAI4K

gKcnepr,rMeHTaJlbHbtx uiCne4Onaunfi, c6opa, o6pa6O:6u 14 aHa1ru3a uu(popuaUnn' cpeAcTB

r43MepeHprfi n M9TOASB MaTeMaTI4tIeCKOfi cTaTI4CTI{KI4. [U O6pa6OTKn pe3ynbTaToB l'tCcJleAoeaHl'Ifi

r,rcnoJlb3oBaJII4 crIeqLIaJIH3I{poBaHHbIe trplIKJIaAHbIe nporpaMMHbIe KoMnJIeKcbI' O6pa6orra

pe3ynbTaT6B BKJITqaJIa yCTaHoBJIeHI4e npe.4eJloB Onpe,4eJIeHI4fl vI O6HapyXeuur aHaJIuToB'

r4HTepBilIa JILIHefHocTu rpaAyl4poBoqHblx tpynrqufi, Ko3(bOI4III4eHToB perpecclf|/l saBucl'IMocTefi'

crarr{crlrrlecKl,Ix xapaKTepI4crI,IK MeroAIlK llsuepeuufi. HayuHrte noJloxeHl4t' BbIABI4faeMbIe B

Ar4CCepTaI{uI4, BbrBoAbI u peKoMeHAaIIUU O6OCSOSaHbI I,I ;1OrUqecKI{ BbITeKaIOT H3 [OJIyqeHHbIx

aBTopoMSKcnepnMeHTaJIbHbIXAaHHbIxuuxaHa:"ill/i3a,aTarcI(ecollocTaBJleHuflcAaHHbIMl4
nr4TepaTypbI.

CoornercrBne HayqHoft crequaJrbHocrrr. ,{nccepraqvoH:glafl pa6ora fy6uHa Alercau4pa

Cepreenuua COoTBeTcTByeT cJIe.(yrcqLIM nyHKTaM 1lacnopTa uaytHofi c[equanbHocTl{ l'4'2 -
AHaruruqecKafl xuMLIt:

n.2. Merolbt xr,rMlrqecKofo aHaJrlr3a (xr4MuqecKr,re, 0I,I3I4Ko-xI4MI4qecKI'Ie' aroMHat 14 MoJleKyntpHat

CIIeKrpocKoIII4t, xpoMaTorpaQu.fl, peHTreHOBcKaq c[eKTpOCKOnI4'f,, MaCC-CneKtpOMeTpl'It'

tAepHo-abu3l4qecKl'Ie Mero,(bl 14 Ap).

n. 3. Auarurr4r{ecKlle npu6opu.
n. 4. MgroallqecKoe o6ecne'reHl'Ie xnMprqecKofo aHarvl3a'

n. 7. Teopuf Lr npaKTr4Ka npo6ooT6opa n npo6onoAfoToBKl,I B aHaJIUTHqeCKOfi x.VtMvM.

n. 8. Mero.qbl MacKI4poBaHvI\ pa3,4eneHl4t 14 KoHqeHTpI4poBaHI4'I'

t.12. Aualug o6reKros oKpyxaloqeft cpe4st.

n. 13. Aualpl3 nI4IrIeBbIx npo.4yKroB.
pa6ora rporna mr4poKyro anpo6aq[rc. IIO pe3yJlbraraM npoBeAeHHbIX IICCJIeAOBaHI4LI

ony6luron ar{ir 2g crarcft B perleH3r4pyeMbrx HayrrHbrx vrcAailvr'Ix, BxoAfltrlflx n nepeuenr BAK

ulinu6n6nraorpatpuuecrue 6asn AaHHnx PI,IHU, Scopus, Web of Science. flpaKruvecKat HoBI43Ha

pa6orsr noArBepxAeua2 nareHTaMr4 Poccuficroft @e4epaquu. llolyueHbl aKTbI anpo6aqllu AByx

MeroAr4K onpeAeJreHufl B rraloparopr4flx Pocnorpe6HaA3opa. Pesylltarrt pa6o'rsr AoJloxeHbl Ha

rrpeAcraBI4TeJIbHbIX HayrlHbIX xoHtpepeHqnrx.

^ 'O6rervr u crpyKrypa pa6orul flnccepmrytr'
pr4cyHKa 14 100 ra6nnll, BKJlloqaer BBeAeHI4e, 6

r{3JloxeHa sa 547 crpaHl4llax, co4efxut 194

uraB, BbIBoAbI, crII4coK Jll'ITeparyprr ns 543

HarlMeHo Ba suir u 1 4 llpranoN euuit .

Bo eeedeuuu o6ocloBaHa aKTyanbHocrb reMbr r4ccJreAoBaHux, cifopn'rynllpoBaHbl Ilenu I4

34 Aqu vlccileKoBailUff, HAYLHaf_ HOBLI3Ha' TeopeTllqecKafl v [paKI[lIeCKat 3HaqLIMOCTb',

npeAcTaBJIeHbIocHoBHbIeIIoJIoXeHI4fl,BbIHocI4MbIeHa3aIIIpITy.

B odsope flumepamypb, npI4BeAeHa cTaTucTI4Ka o coAepxaHl{u Seuonou B BoAax I'I A9HH6IX

oTJroXeHI,IJIx B pa3II4r{HbIx pell4oHax MI4pa, ilpeAcTaBneHa uHtpoprvraqua o HopMaTI'IBax

AorrycTI4MOro coAepxaHu.r $euOJIbHbIX ToKcI4KaHToB, yCTaHoBJIeHHbIx HaA3opHbIMI'I opraHaMH

rocyAapcTB, O6cyN4eubl AoKyMeHTbI no HopMI'IpoBaHI4Io Qeuolon, ycTaHoBneHHbIe B cooTBeTcTBI'ILI



c 3aKoHoAareJrbcrBoM P@. Bo eropofi qacrlr o6sopa nllTeparypbl onucaHbl cnoco6u orpeAeJleHl4fl

tr KoHr{eHTp r4poBaH:afl Qenolon, B qacrHocrll BHpIMaHI4e yAeJIeHo aKTI4BHbIM yrJIflM, 6ltoyuau,

rpr4po.qHblM HaTypaJIbHbIM MaTepI{aJIaM, o6pasqau Ha ocHoBe rpa(feua, nauoroclofiHuu

yfJrepo.{HbrM HaHoTpy6rau u Apyfr4M MaTepuanaM Ha ocHoBe yfJlepoAa, |JII4HaM I'I noJII4MepHbIM

cop6euraira, Marep I4aJIaM Ha ocHo Be M af HI'ITH bIX HaHor{ acrllu'

Bmopan zrq7a (erccnepuueHmarbHan uacmu) BKJlloqaer ollucaHl4e cl4HTe3a ceMI4 MaTHpITHbIX

cop6eH'ron (Hauo.racruq *u."at"ra, $ynrqr4oHaJII,I3I,IpoBaHHbIX: cBepxclul4TblM noJIHcrl'IpoJIoM;

aMLrHr4poBaHHbrM cBepxcurarbrM noJrr4cTl4ponoM; MOiIeKyn.flpHo-lIMrIplIHTlIpoBaHHbIMI'I

noJrlrMepaMrr Ha ocHoBe N-euHr4InuppoJrLIAOHa U N-euHI4IXa[poJIaKTaMa; fyMaTaMI4 nOCiIe

oqucTKr4 OT npuuecefi, pacTBoplrMbrx B BOAe vI opraHuqecKl4x pacTBopI',ITeJItx; LIOHHbIMpI

xr4AKOCTflMu), a raxXe KOMnO3I4Ta Ha OcHOBe oKCI{Aa rpaipeHa u uOHsOfi XI'IAKoCTL1 I'I MaTHI4THbIX

yrrefi, rrao4n(praqupoBaHHblx o6paUenHoft $asofi. fitn Bcex cop6euron I43yqeHI4e csoficrs

npoBoArrJrocb 11o eALrHoMy aJrropr..rrMy: I4K-cnerrpocKorlllfl Anfl I4.AeHTl'Itpraraurau QyuxqltouaJlbHblx

fpy[n Ha IIoBgpxHOcTI4 cOp6en:ra, peHTreHoAl'ItfpanquOnHrtfi asalug (nO.nrnepNAeHl4e Ha1uqt4fl

flApa MarHeTvtTa 14 noKpblTl4fl HeKoTopbIMr'r uo4utfuxaropauu), cKaHupyloqa{ u npocBequBaloqafl

gJreKrpoHHafl MllKpocrotrlrfl (paSrrlep qacTI'IIIbI cop6en'ra V s;1Pa trlaruuruoft uacruqu)'

gHeproAr4c[epcr4oHHafl cneKTpocKouua (ereuenruufi auatuz), MarHltroMerpua (!.nfl. nocrpoeHHfl

MaTHI4TH6IX KpI4BbIX, HaxOXAeHUfl 3HaqeHI'It HaMarHI4qeHHOCTlI HaCbIIII9HI'Ifl), HuSrOreMIIepaTypHag

cop6qm-gecop6qlra troTa (yc:rauoueHl'Ie noBepXHocTHbIx XapaKrepucrrax cop6eura)'

I4gloNeuu [oAXO,4br K nocTpoeHu]o H3OTepM Cop6quu, nu6opy MoAeiII4, Han6olee

aAeKBarHo o[rrcbrBa]ou1efi cop6uuro. llpuaeAeHbl pacqerHble xapaKTepuc'n'lrcr'r etptpeKTl4BHocrl'I

cop6qlru. llpe4craBJleurr noAxoAbr K onpe,qeJreHlllo aHaJII4ToB rlocile cop6qnoHHoro

KoHrleHTpr.rpoBaHnfl MeroAaMr,r cnexrpo(foroMerpl4u, |X-MC H KanI4JlJItpHoro slercrpoQopesa'

OrAelsso noKa3aHhl ycrpOficrno vt [pI'IHIII4nII pa6Otrr IIaTpoHOB Ant ALIHaMI'IqecKoro

KOHIIeHTpHpOBaHIlf,. Attx cOp6qnonuoro AI4HaMI4rIecKoro KoHIIeHTpI4poBaHVf, aHanI4ToB

MarHr,rTHbrM u cop6enra1au parp a6oTaHbr Ko HcTpyKqI4I4 narpoHo B :

a) c ueno4nuxHbrM cJroeM cop6eHTa, pa3MerrIeHHbIM BHyrpI4 KoJIoHKLI us 6opoculuKarHoro creKJIa

vt saipurcupoBaHHbrM [epneHAr4KyntpHo pacloJIoxeHHbIMI4 Apyf oTHocI{TeJIbHO Apyfa

MATHI4TAMI4;

6) CO cJIoeM cop6eu'ra, sa(fr,rrCrapoBaHHblM Ha Bpal{arcqeMcf, MarHI4Te' IIoMeIIIeHHoM B

rIoJIIanponuJleHoBYIo rueft rY;

n) c nrrarr,ro6rnrro"urnbrM cJroeM cop6eHTa, SalpUrCupoBaHHbIM MaTHI4TOM Ha cTeHKax s'rcvrr<u c

Ml4rpoMemamofi BHYTPPT.

Tpemua zna6a nocBflrrleHa o6cyN4euuro csofic'rs cI4HTe3I4poBaHHbIX cop6eHroe'

flpe4craueHu xapaKTepucrtrKlr cr4HTe3r4poBaHHblx cop6eHToB, o6ecnequeatoqve BbIcoKLIe

creneHu ".rn."6rs 
(qS-gg %) vr 3Har{eHr4fl cop6uuonHoft eMxocrpl (250-909 r'ar/r) rIpH

BbrAeIeHI4u tfeHonon. llpnne4eHo noArBepXAeHI4e cTpyKTyp cop6euron, pa3MepoB LIX qacTltq,

Hailr4qufl $ynrcrgOnaJlbHblx rpyfln Ha [oBepxHocTl4' floxasaHst BbIcoKI4e 3HaqeHLIs

HaMarHr4qeHHocrr4 HacbrrrleHr.rr cop6eHTon (15-51 o.M.e.h), flo3Bonfl]olqrle stf(perrl4BHo npoBoA]ITb

MarHlrrHyro ce[apaur4ro flplr r43Brerr el:nu ug MarpI4II pa3rl4tlHoro cocraBa. flpune4eurt ilplIHI{HrIbI

nrr6opa cop6euton am st[tfeKTI4BHoIo I43BJIeqeHI4t pa3Hblx rpyrn $euonon' llpoee4eHo

cpaBHeHI,Ie no;1yrreHHblx Cop6eHTOB c cyqeCTByIoqI4MH Ant I43BJIeqeHI4fl tpenonOe' flOxagasa

BbrcoKafl e([tpextunuocu cI'IHTe3I'IpoBaHHbIx MaTepl4anoB' Jlytruue XapaKTepucTI4KI'I B

Ar4HaMqqecKrax ycJroBprflx rronyqeHbr Ha KoJIoHKax c HenoABIlxHbIM cJIoeM cop6eH'ra' MeHee

e(f([errunnn sqefiru c I4MMo6I,IJIII3oBaHHbIM Ha cTeHKax cJIoeM cop6en:ra'

B uemeepmoil zna6e paccMorpeun la6oparopHbre aBTOMarHqecKpIe creHAOBbIe ycraHoBKI4

\nfl r,rccJIeAoBaHHt cop6qr,rn aHaJIIITOB B ALIHaMUqeCKOM pexl4Me' BKJIlOqaloI[I4e [oAar{y



aHaJrr43r4pyeMoro pacTBopa, pacTBopl4TeJlefi U pacTBopoB AIr'- .qecop6III4I4 U npoMbIBKI4',

pagnpe.[eJle1nfl v [epeKnIOqeHLIt [OToKoB, KoHUeHTpl4py]oqnfi na'rpOu H CI4cTeMy pereHepallgg

copOiHm. Cucreurt a[po6plpoBanl4 IIpu o[pe,*eJIeHHLI tfeuonon B MoAenbHbIX I4 peanbHblx

nprrpoAHbrx o6rerrax, H rroKa3aJrr,r r4x oOOeKrLrBHocrb npI,I oAHoKparHofi cop6qnu pa3rur{HblMl'{

MarHprTHbrMr4 cop6eHTaM14. AeroN4a'ru:I4poBaHHble ycTaHOBKll Lnfr AHHaMuqecKofo

KOHr.IeHTpLIpoBaHI,lflno3BOJItlOTMlIHlIMI43I',IpOBaTbpoJlbonepaTopanpaKTI4qecKI4HaBcexcTaAusx

KOHrIeHTpI4poBaHnfl 14 ynrllllarcT MeTpoJloruqecKue xapaKTepI4CTI4Kn MeTo,4I4K aHa'JIh3a'

Ilamaa z7as7 IIOCBflIIIeHa npI'IMeHeHItlO MaIHLITHrIX COp$eHTOB Ant MaTpI4r{HOro

TBep,4ooa3r{oro Ar4cneprr4poBaHr4Jr r,r MaTHI4THOft 4UCnepcuoHHoft TBepAOoa3HOfi MI4KpOSKCTpaKIII4I{

analuron. ,{nr rrlarpnqHofo TBepAooa3HOrO AI4Cnepn4poBaHLIfl yc[eIIIHO IIpflMeHeHbI MarHnTHbIe

copoeHTbr Ha ocHoBe fyMaTOB pI KOMIO3I,IT Ha ocHoBe oKcI'I.4a rpaabeHa n ItoHHOfi XI4AKOCTI4'

Marpuvuoe rBepAooa3Hoe Aucreprr4poBaHr4e c [pI4MeHeHLIeM MarHI4THofo copoeHTa Ha ocHoBe

ryMaroB B coqeraHlrr4 c ;X-MC no3BoJrraJro orpeAenllTr 6rac(peHon A e pn6e BnJlorb Ao 0,15 - 0,25

narr/rr. flpeAnaprareJrbHoe KOHrIeHTpr4poBaHI4e C [pI4MeHeHI4eM KOMIO3I',ITa Ha ocHoBe oKcI4Aa

rpa6eHa B coqeraHlrpr c fX-MC o6ecneqr4Baer AocrLIXeHI4e npeAeJla onpeAeJleHur 6uctfenora A s

AoHHrIX orJloxeHl'Iflx Ha ypoBHe 0,1 uxr/rcr.

B wecmoil 1ra7e rrpeAcTaBJreHa anpo6aqur cHHTe3I,IpOBaHHbIX COp6eHTOB AIrfl

[peABapI4TeJIbHoro KoHqeHTpIlp OBaHuf. $euonOn LI3 MoAeJIbHbIX cpeA 14 peanbHblx O6beKToB

nourr"*rrt" cop6eHrauu u v1x nocJleAyloulero onpeAeJleHl4fl pa3nIlqHbIMH MeToAaMu' [1s
onpeAeneHur BbrcoKrrx co.qepxaHr4fi 'roKcnKaH'ros B npoMbIIIIJIeHHbIx croKax qelecoo6paseH

.op6q"o""o-tfo.rorraerpu.recxufi aftanv3i B npupoAHblx cpeAax - Kanl4Jlntpurtfi slexrpotfopes; npn

aHaJrr{3e cJre.4,oBbrx lcoHrleHTpaqrafi seuo.rror (Hr/n nln ur/rr) I4 npoAyKToB }IX AefpaAalluu - fx-
MC. BogvroNsocrr onpeAeneHr4q QeUOlrurtx ToKCuKaHTOB anpo6upoBaJll4 Ha MOAeJIbHbIX

O$pa3r.Iax CTotIHbIX, TpyHTOBbIX u npupOAHbIX BoA, AOHH6I1 OUONesufi u nOqBbI' flpe4elsI

onpr4"n"r* ipenonon n o6pa.:qax npu cop6quonHo-fX-MC asaluge cocraBunu o'r 2,1(6r'rctfenol

Afao 3,0-g,5 Hr/r Arfl Qeuola, xnopoeHoJroB, Hr4TpoabeHoJIoB, rBaflKoJIa B r{ncrblx peqHbIX BoAax c

AHHaMurrecKnM KoHrleHipuponan"ar-[praeJrbr onpeAeJIeHI4.a .qJrt Bcex $euolon cocrasrr]or 10-

300 Hr/r (nr/rcr) n 6olee flpv alarru3e cJroxHbIX MarpI4II BoAbI c BbIcoKuMu noKa3areJlfltrlu EflK,

AoHHbIx ouoNeuufi, [orIB. MetoAou Kanl'IJlnflpHoro gJleKTpot[ope:a AOCTurHytbI npeAeJIbI

onpeAeneHut xnopSeuo.noB oT 0,3 vr111.h B qI4cTbIX peqHblx BoAax Ao ll0 tu111./11 B BoAax c

BbrcoKlrMpI 3HaqeHI4flMI4 EIIK. llpu cop6quonHo-cnertpo([oToMeTpI4qecKoM orpeAeJleHHI4 c

HCnoJrb3oBaHr4eM AJrfl npeABapr{TeJrbHOrO KOHrIeHTplIpoBaH}It MOJIeKyJIflpHo-I4MrIpI'IHTI4poBaHHbIX

rroJrr4MepoB npeAeJIbI oIIpeAeJIeHI4fl iIeXaT 
"u 

ypo"te 2,5 - 9,0 urr/n 4u 6uc$euona A n 4-

HUrpotfeuoJra B npr4cyTcTB[rn Apyrnx tfenolor B IIpOMbIIIIJIeHHbIX CTOI{HbIX BOAaX c HI43KI4M

ypoBHeM 3afpfl 3HeHnq ApyfI4MLI OpfaHI4qecKuMu BeuIecTBaMI4'

B npunoJrceHuflx nplrBeAeHa raH(poprraaqrafl 06 orAeJIbHbIX JIoKaJIbHbIX MoHlIToplIHroBbIX

LrccJreAoBaHI4rX, OCHOBaHH6IX Ha pa3pa6oTaHHbIX MSTOALIKaX OnpeAeJIeHI4fl' IIOKa3aHbI MexaHI43MbI

yAepxr{BaH vfl aHaIvrToB Ha cop6eHTax I4 Apyfaf BcIIoMOfaTeJIbHaf, rau(popuaqua.

floloNesur, BbrHocr,rMbre Ha 3arr{r4Ty, BbrBoAbI, CtfopvrynrEpoBaHHble B .4I4CCepraIIVLI' crporo

apryMeHTr,rpoBaHbr LI COoTBeTcTByIoT SKcnepI4MeHTaJIbHbIM AaHHrIM. ,{uccepraqprfl 14 aBTope$epar

otpopunenu corJlacHo rpe6onaultxtr.l AeficTByloqux HopMaTI4BHbIx AoKyMeHToB' Co4epNaune

anroper[epara u ony6luKoBaHHbrx pa6or cooTBeTCTByeT .4LICCepTaIInI4.

[uccepraqtroHHar pa6ora A.C. fy6una xapaKrepl43yerCt pf,AoM AOCTOI{HCTB'

OHa erJlloqaeT o6ull4puufi, xopouo cTpyKTypltpouauHufi 14 AeTanbHo HaIII4caHHstfi o6sop

JruTepaTypbl, KoTopblfi BecbMa IIoiIHo or{epql4BaeT TeKylqee CocToflHl4e AeJI B Borlpocax

KoHIIeHTpI,IpoBaHI4t vt onpe,4eJleHl4t t[enonon [pn aHalru3e pa3JII4qHbIX O6terroe'

SrcuepuueHTaJrbHar qagTb rr3Jr6xeHa A,eTaJIbHo, coAepXI4T MaTepHaJIbI' cTpyKTypLIpoBaHHbIe B



Br4Ae JrerKo qlrTaeMbrx cxeM, qTo o6rerqaet BocnpuflTHe. Ha ocHoBaHI4I4 npune4euuofi

uH<[oprvraquu BbInoJIHeHHbIe SKcrIepI'IMeHTbI MoryT 6rnr Tor{Ho Bocnpon3BeAeHbl ApyruMI4

I,ICCJIE.U,O BATEJIfl M I4.

llo pe3yJrbraraM o6rur.rpnofi gKcrrepr4MeHTaJlbHofi pa6orH B Al4cceprallnu [poBeAeHo

Kpr,rTr4qecKoe ConocTaBJIeHne I43yqeHHbIx MaTHI4THbIX Cop6en'ron c nOBepxHocTHbIM CJIoeM

paSluuHofi npI4pOAbI u (fynrquoHaJlbHocTl4, yKa3aHbI I'IX AocTolIHcTBa H HeAOcTaTKH' a TaKXe

aHaJrLrTLIqecKIde B93MSXHSCTI,I B OTHOIueHuu (feuOnoB pa3nLIqHbIX rpy1rn' 9e'mo npOBeAeHO

cpaBHeHr,re npeAJraraeMbrx cnoco6oB noJryqeHr4r cop6eHToB c I4cxoAHbIMI{ MeroAI4KaMI{, B3trbIMI4 B

KaqecrBe ornpaBHbrx roqeK AJIfl ocyqecrBJleHl4t cI{HTe3a, conocraBJleHbl cBoficrBa noryr{aeMLlx

Marepl4anoB

llper.ruyrUecrBo MarHr{THofi TBepAot[aruoft gKcrpaKIIHI4, cBfl3aHHoe c nefKocrb]o orAeJIeHI4t

MaTHLLTH6TO cop6eHTa oT pacTBgpa 14 Apyrl4x TBepAbIX qacTI'IU' ffpKo IIpotBJIf,eTct B COqeTaHI4l4 C

MaTpr.rqHbrM TBepAoOa3HbIM Auc1reprLIpoBaHLIeM' uTO xgpouo noKa3aHo B fJIaBe 5 4nCcep'raquu'

flpegnaraeMble cop6eHTbl V cnoco6bl onpeAeJIeHI'Ifl c vx npLIMeHeH[eM tpeHolou

anpo6upoBaHbr Ha 6olrurou qlrcre peaJrbHbrx o6temon, cyu{ecrBeHHo orJll4qa}ou}lxcr THIIOM

Marpl4rlbr, rrpoBeAeHa orIeHKa aHaJrr,rrHqecKnx xapaKTepI,IcrI4K MeroAI4K Ha pa3nl4qHhlx Marpl4qax'

qTo He ocTaBJrreT coMHeHr4ft B HaAexHocTI4 pa3paooTaHHblx CnOCO6OB AHAIfi.f,A npn I4X peanv3awv

Ha rrpaKTI4Ke.

flo relcCty AI4CCepTaIIuI4 Bo3HIIKJII4 CJIeAyloqI4e BoIIpoCbI n 3aMerlaHuq:

1. B Cnyuae KoHIIeHTpI4pyIoUero IIaTpoHa C I4MMo6I'IJIIEoBaHHIIM Ha cTeHKaX cop6eHToM KaK ero

co6crBeHHbrfi o6reu, TaK v pacxoA pacrBoplrrerfl AJrfl Aecopoquu oKtl3blBalorct AocrarorrHo

BbrcoKlr (10 rr,rn r4 1,8-6,5 MJr coorBercrBeHHo). C roqru 3peHI4JI coBpeMeHHbIx reHAeHql4fi B

aHanHTI,IqeCKOfi 11vtMVItI, HanpaBJleHHbIX Ha MI4HI4aTIOpI43aIII4IO U yMeHbIXeHUe paCxOAoB

paCTBOpI4Telefi, nOAo6HbIe KOHCTpyKIII4I4 COpfiIII4OHHrIX tqeeK CJIeAyeT CqI4TaTb AOcTaTor{Ho

TpOMO3AKI4MLI. [OH1THO, qTO I4X MO11IHO paCIIeHI'IBaTb KaK MOAeJIbHbIe' HO npl4 oTOM BCTaeT

Borrpoc o [pr.rMeHr4Mocru BhuBJreHHbIx ycJloBufi n oco6eHHocrefi cop6qnl4-Aecop6qHl4 B

onucaHHblx rqefiKax K MI4HI4arIopLI3HpoBaHHbIM aHaJIofaM, BeAb reqeHl4e Bg3Koft xI4AKocrI'l

rpu nepeM ernytBailuvt u AI4OtbFI4oHHHe stp(pepu B tqefiKax MeHbruefo pa3Mepa Mofyr

OTII4IIATbC'.

2. B pa6ore He noKa3aubl IIpeLIMyqecTBa flpoTorlHblx cxeM c nepeHeceHl'leM cop6eHTa B

orAeJrbHyro KoJroHKy AJu pereHepaqtrr4 vt rroBTOpHbIM 3anonHeHHeM KOHIIeHTpI4pyloqefi

KSJISHKI4 nepeA KJIaCcuqeCKI4MI4 cxeMaMI'I' rAe pereHepar\va ogy1r1ecTBnfleT1fl B Tofi xe

KOJIOHKe, qTo 14 KOHqeHTpHpoBaHtIe.

[na neperraerrleHl4fl cop6eHTa LI3 KoHllerrlpl4pylouefi KoJIoHKH B KoJIoHKy AJI' pereHepaql{u

lrc[oJrb3yror rroroK noln oo.nruoft cKopocru (10 cr'r3/rraun). I4g rercta Al4ccepraul{I{ He BnoJIHe

noHflTHO, KaK rrpg TaKofi 6omurofi crcopoctu AO6I4BaIHCI IOJIHOTbI yJIaBJII4BaHI',Ifl COpoeHTa B

KOJIOHKe AJLu pereHepaquu.

3. B orAe.ursbrx cJryqaflx Bbr3bIBaeT Bonpocbl oIIeHKa roe(ft[r',rqueHToB pacnpeAeneHl'It I4nI4

rapaMeTpoB B ypaBHeHr,ru tI3oTepMbI aA;op6qul4 JleHrMlopa. npl4 cTaTI4cTLIqecKI4 aAeKBaTHoil

a1IIpOKCI4M ar\kIu npoL13BeAeH1Ie KoHcTaHTbI JleHrvlopa Ha 3HaqeHI4e flpeAenbHgfi eMKocTI4

AOJTXHO AaBarb MaKCr,rMaJrbHbIfi KOgiboHIIueHT pacnpe.4eJleHl',Ifl' AocTI4raeMLIfi Ha HaqaIbHoM

rracTKe pr3oTepMbr. llpu srorrl yKa3aHHbIe B HeKoTopblx Ta6JII',Iqax sKCIIepI4MeHTaiIbHbIe

KO3(boUq[eHTbr pacnpeAeJleHl4fl oKa3bIBaIOTCs BO MHO|O pa3 6olrrue TeopeTplrlecKofo

MaKcr4MaJrbHoro. Haupurraep, B Ta6r.49 Auccepraulll4 (ra6n. 9 anropetfepara) LIrfl

6uc$enona A npra xopo[reM KaqecTBe annpoKcpIMaIII4LI ypaBHeHI4eM Jleurvfiopa (R2 = 0'994)

TeopeTl4qecKrfi MaKcgualrHslfi Ko9(bibI4UueHT pacrpeAe ;re1vlfl ASJIXeH paBHflTbct 2l nlr' a

VKa3aHHbIfi e1a6flnqe cocTaBJIfeT 190 .r/r, rITo [paKTuqecKl4 Ha noptAoK BbI[Ie'



4. flpra usyreHl4l4 KuHeTurN Cop6UkI],1- HA MaTHuTHhIX cOp6eurax, rvrOAr'r$raqnpoBaHHblx LIoHHbIMI4

xr4.qKocTflMr.r (crp.257), HeKoTopbre BbIBOAbI ,4eJIaIOTCt HA OCHOBaHHIT cpaBHeHHt

rcostf(prauraeHToB KoppeJrrrlr4r4 AJrr Jrr4HeapLr3oBaHHbIX UOAelefi [ceBAo-nepBoro u [ceBAo-

BToporo IIoptAKa. Ito4o6noe cpaBHeHI4e qacTo KpI4rI'IKyeTcfl B nl4TepaType (HanpuMep' cM'

Revellame E.D., et al. Adsorption kinetic modeling using pseudo-first order and pseudo-second

order rate laws: A review ll Cleaner Engineering and Technology. 2020. V' l' 100032'

2 utu Zhang J. PhYsical insights into kinetic models of

adsorption. ll SeParation u"O Purification Technology. 2019. V' 229' 115832'

I oco6enHo ucrloJlb3oBaHHat n pa6o're

JrprHeapr,r3allvtfl AIrfl MOASJII{ nceB.4o-BTOporO nOptAKa B KOopAI4HaTax Vq - t' TaK KaK oHa

npr.rBoAprT K Hea.[eKBaTHO XOpouefi *oppan"qtr4 rlpr4 npu6nuNeul'Il4 CI4CTeMbI K COCTOTHI'IIO

pu""o""ar". Boree HaAexHbrM Bapr4aHToM 6rtla 6u seluseftsas allflpoKcplMallplfl nonyqeHHblx

KI,IHeTI,IqecKI,Ix KpLIBbIX.

5. B pa6ote Bcrpeqalorc.fl HeroqHocrll

[peAcraBneHI,II4 pe3yJlbraroB' Tax, Ha

n (popruynax coe4uueHufi, TepMIrHoJIol'pIH vr

puc.28 Al,Iccepraqnu crpyKrypa 3aMecrI'IreJIt B

MOneKyJIe rper-HoHun$enola He coorBercrByer rpaAuquossofi (ctut'

ffi"a.'npocLIHTe3N1a|HLITHorocop6eHtaHaocrtosecBepXcIxI4To|o
aMLIHLIpoBaHHofo IIoJILICTI4pOJIa, B TeKCTe HeoAHoKpaTHO ynoMuHaeTQL qTo Ha IIOBepxHocTI4

cop6eura ilpucyrcTBylor <<NHz-rPyrnbl). B o6osHa'Ieuue cop6eHToB AaHHoro TIIIa TaKXe

BBeAeHo coqeraHr4e <<NHz>. OAnaxo .qJrfl cr4HTesa cop6eura ucIIoJIb3oBaJIrI M€rI'IJIaMI'IH' a

lOgTOMy B CTpyKType Cop6eHta Ha CaMOM AeJIe npuCyTCTByIoT He IIepBI4qHbIe' a BTOpHT{Hble

aMLIHolpynIIbI " lu "NH-CH:". 3rO [OATBepXAaeTct AaHHbIMLI I4K-cnerrpocKonull vI

oTMeqeHo (xou u c ug6uror{HbrM qr4ciroM aToMoB ao4opoAa) Ha cxeMe cI'IHTe3a (puc. 37)'

Cryyxrypa 1-nap6orcunrerul-3-uerl4JlnMll,4tronllff xnopuAa e ra6rI.20 Araccepraquu (ra6n'7

anropetpepam), a raxNe Ha cxeMe Ha pvc. 42 luccepra:q|?Iu, uso6paNeua HeBepHO ' Llttu

nao6opor, npr4BeAeHo orun6o.ruoe Ha3BaHI4e Ucnoilb3yeMoro coeALIHeHI4fl .

[lx XapanrepIdCTLIKLI oTKJIOHeHLLfl CpeAHero p$ynbTaToB aHaJII{3a oT UCTI4HHOTo 3HarIeHI4t B

ra6lnqaX I4CrrOJIrsyeTCI TepMI'IH (TOTIHOCTrD. OAnarO O6rtqsO KOMIIneKCHOe nOHtTI4e

ToqHocr1r BKjrloqaer He roJrbKo rrpaBr4nlHocrl, Ho rI [peqlr3uoHHocrb MeroAHKI4. flpanulsuee

6ulo 6sr ucrroJrb3oBaTb TepMr,rH (OTHOCr4TenbHafl rIofpeIIIHOCTb)) I4JII4 ((CMeUIeHI4e)'

floneplrrenbHble I4HTepBanbI H cpeAHI4e 3HaqeHl4fl Ant pe3ynbTaToB aHaJII43a B ptAe cJlyqaeB

rrpeAcraBJleuu c ng6rtroquoft 'ro'IHocrblo.

Hero.ropue ycJroBlrfl sKClepuMeHTOB IIO-pa3HoMy npeAgTaBJIeHbI B TeKCTe v HA

coorBercrByrourx cxeMax. Hauprauep, B gKcnepuMenralrsofi qacrl4 (cry. 160) yKtl3aHo, r{To

npr,r BbIAeneHLIu IyMIIHOBbIX KI,IcJIOT LI3 Ca[ponem u rOpQa I4cnoJIb3OBaJII'I CMecb HCI n HF

(iO:f ). Oguaro, cofJracHo cxeMe Ha pl4c. 39, mryro cMecb IrcnoJIb3oBtlJILI ToJIbKo B cJlyqae

canponeflt, HO He rOp(fa. KpOryre Toro, B AaHnofi cxeMe oTcyTcTByeT CTAAlllfl npoMbIBKI'I oCaAKa

ryMr4HoBbrx Kr4cJIoT, BbIIIaBuero noCJIe noAKI4CneHur, eo4oft (unra eo4ofi u cnuprou), KoTOpafl

BaxHa Ant yAaneHut HeopraHI4qecKI4X KIICJIOT'

B cxeue aHaIIV3aAoHHbIX ouoNesufi Ha pI'Ic. 174 guccepTagl,zr4 yKa3aHo 4o6aueuue K ocaAKy

uleroqu V rerpa6opara Harpvfl, Ao pH L0.7, oAHaKo B cooTBeTcrayroUeft MeToAuKe

npo6ono4roToBKl4 tu ttp. 359 rerpa6opaT HaTpI4t He ynoMflHyT, a.{o6aslsror ToJIbKo IIIeJIoqb'

npr"a" Ao pH - 12.Ecrs r.r HeKoropbre ipyrue HecoorBercrBl'Ifl I4JIJIIOCTpaTI4BHOTO MarepnaJla

I,I TEKCTOBOIO OIIUCAHI{''



Crelassue 3aMeqaHn.f, He Bjrr4fltor Ha noJroxhreJrbHyrc oI{eHKy onnoHl4pyeuofi pa6orrt,

KOTOpaf XapaKTepr43yeTcq BbrcoKr,rM ypoBHeM npopa6orxu pelxaeMblx Hayr{HbIX U npaKTI4qeCKUx

npo6leu, o6ocHosaHHooTbro BbTBOAOB. oHa sHOCUT 3HaqI'ITeJITHHft erJ1aA B ptt3BI4TIde Teopl,'x Ll

npu*rr*" cop6UuoHnoro KoHIIeHTpI{poBaHI4t v 6y4er noJIe3Ha HayqHbIM, I4HXeHepHbIM

opraHH3aIII4gM, cBfl3aHHbIM c MOHlITopI4HroM orpyNarorqeft cpeAbl, aHaJILI3OM [I4IIleBbIx

npoAyKTOB, a TaKxe o6pasonateJlbHblM opraHI43aIIpuM BblcruerO o6pasonanns', pealtu3yloqllM

[pofpaMMbr noAroTOBK]r e o6racru xnMvIvI) xLIMLIqecKofi TeXHOJIOTI4I{' rexuoctfepnofr

6esonacHocrLI u npl4poAoo6ycrpofic'rea.

fiuccepraryroHnas pa6oTa fy6una A.nexcau4pa cepreeBl'Iqa <HOSbIe cxeMbl

KOHrIernpr4poBaHHr vt oflpeAeJreHrdfl seuora, HI4TpO-' xnop- vr alxulseuolon s o6teKrax

oKpyxarcqeff cpeAbr (noAa, noqBbr, AoHHbIe oTJIOXeHI'Ifl, pU6u)> flBIrfleTcfl 3aBepIxeHH;IM

xna.nuQuraq[oHHbrM HayqHbrM I,rCCJre.4OBaHI4eM, BbInoJIHeHHbIM Ha aKTyanbHy]o TeMy Ha BbICOKOM

Haf{HoM ypOBHe, xapaKTepl43yeTcfl Hayuuofi HoBI'I3Hoft, lparTltr{ecKofi 3HaqHMoCTbIo kI

cooTBeTcTByeT r:pe6oeanuxrr,r n. g-14 <<floloxeHuq o npI4cyXAeHpII4 1n{eHblx cTefleHeft))'

yrBepxAeHnoro llocraHoBireHr4eM flpanu're.nrcrea Poccl4ftcr<ofi (Degepaquu or 24 cetns6pa 2013 r'

Ilbg42 (n pe4arqnu floqrasoereHufi flpanurenrctsa Poccuficrofi (De.lepaqnu or 2l '04'2016 r'

J\b335, or 02.08.2016 r. ],,1! 748, or Zb.OS.Z017 Ns650, or 28.08.2017 J\e1024, o'r 0l'10'2018

Jrlb116g, or26.05.2020 J\b751), Epe.qbf,BJrf,eMbrM K AOKTOpCKT4M AI4CCepraIIffiM, a ee aBrop, fy6nn

AlercaHgp cepreenuu, 3acJryxt4BaeT npl{cyxlLeHufi yqeHoft cTeneHI4 AOIOOpa xI4MI'IqeCKrX HayK

flo cIIeupIaJIbHocrI4 1.4.2 - AnaluruqecKafl xuMl4fl'

fnaeHnft Hayuunfi corpy.qHr4K ra(fegpn arrarurlLreeKoft xuMI4I4 xI,IMI'IqecKoro (faryllrera <DfEoV

Bo <Mocroscxufi focy,qapcTBesnnfi yHuBepcI4TeT I4MeHLI M.B.JlouosocoBa))' AoKTOp xI4MLIqecKux

uayx (cneuplaJlbHocrb 02.00 .02 - aHarI'ITI4r{ecKat xurvr nr)
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