
or*rn osuquanrHoro o[[oHeHTa Ha Ar.rccepraur{oHHyro pa6ory

Il{yruuofi Olsru Ilropenur,r

HOBbIEAHI,IOHOOEMEHHUKVICKOBAJIEHTHO-IIPI,IBI,ITbIM

PA3BE TBJIEHHLIM II4AP O @I4JIbHbIM OyHKUI{OHAJIbHbIM CJIOB M nJrf,
I,IOHHOfr XPOMATOTPA@I4I4,

[peAcraBneHHylo Ha col{cKaHze yueuofi crefieuv KanAr.rAara xlrMr.rqecKr,rx EayK

no cnerlr4aJrbHocrr4 02.00.02 - AnamrzqecKar xvtMlrs.

Pageurue ruo6ofi ecrecrBeHHofi Hayxu HeBo3MoxHo 6es pa3Bu^trrl npra6opnofi 6arrr,

o6ecneqzsaroqefi HayrIHbIe I4ccreAoBanzg. Analr4Tl4rrecKar xvrMr4s. AoKa3brBaer 3To, KaK Hr4

0AI4H Apyrofi pas4en xplMnqecKoro 3HaHI4{. Ecln eqe B cepeAr,rne 20 eexa olpeAeneHr{e uoHoB

B cocraBe npo6rt [poBoAI,In[ npaKTl4qecKr.r plcKJrlorrareJrbHo MeroAaMrr uoxpoft xltMr{r4, To

pa3BI{TI4e xpoMarorpa$au npuneno K npaKTl4qecxu noluoft 3aMeHe MeroAoB onpeAeneH}rr 14

pa3AeneHI4t t4oHoB Ha xpoMarorpa$uuecrue. llo-f,ereHue HoBbrx cop6eHron 14 crrcreM

reHepI4poBaHI'It SJIIOeHTa, A TaKXe pa3nI,{tIHbIX Cr4CTeM AeTeKTr,rpoBaHUfl rIO3BOlrUnO rroBblcrrTb

rIyBcrBI'ITenbHocrb vI HaAe)IGocrb onpeAerreHl{r, 6ecnpeqe4eHTHo noHI43r4Tb 3HaqeHI4t

npeAenoB o6napyxewrt KaK rnq opraH[irecKnx, TaK r.r Ans HeopraHr.{qecKux r4oHoB. pa:sr4rze

npu6opHofi 6asrt conperrteHnofi nouuofi xpoMarorp a$uu vAer fro nyrr4 rrepexoAa K

6eepeareHrHblM cI'IcreMaM reHepaunr{ onroenra. 3ro rpe6yer paspa6orxr,r esrcoxoe$SeKTr.rBHbrx

H ceneKTI'IBHbrx aHIaonoo6rvteHHuKoB nostrrrreuHofi rIaApoSzntHocrr4, coBMecrI,rMbIX c

fHApoKcI{AOM KaJII{q, nOJIyqaeMbIM nyreM gneKTpoxr4Mur{ecKofo feHepl{poBa%Lrfr. o4nOfi U:

MarpaII Ant nonyqeHut raKI'IX auuosoo6rraeHHuroB tBr-flIorcr co[onrrMepbr Ar.rBr4Hr.rr6eu:ola u

rr'rono4ynxqrloHanbHoao *o"otapa - crlrpoJra, 3Tr{JIBHHul6es:ola, xnopMeruncrrrpoJla u r.r..
llonepxHocrb MarpI'IqbI npl4 arou neo6xoAr{Mo (fynxqzoHaJrr.r3zpoBarr,, B lracrgocrr,r, An,
cHI'IXeHI4{ nsauuo4eficreufi pa3AenteMofi npo6u c Marpr4rlefi cop6eHra. C srofi uenbro rracro

tlcnols:yior aJIKI4nbHbIe r4nu aqfinbHhle cueficeprt, Koropble, oAHaKo, He o6ecnequnalor

cy[IecrBeHHofo cH[IxeHI'Is Heuosoo6ueHnbx esauuo4eficrsufi [onspu3yeMbrx aHraoHoB c

apoMarlrqecxofi ocnonofi cop6eHTa BcJreAcrBI{e HeAocrarorrHoro 3KpaHrrpoBaHr4r noBepxHocrr{

MarpI4UbI, a 3Har{kITetlbHat I{x rragpoQo6nocm Aenaer nonyqaeMble annonoo6lreHHr4Kl,r

HCCOBMCCTI,IMbIMI4 C II4APOKCI4AOM KANI{' B KAqCCTBC 3NIOCHTA. B CS[:U C 3TI{M BbIIIOJIHEHHAII

Il{yr<uuofi o.I4. pa6ora no cI4HTe3y aHnouoo6lreHHrrKoB, ooecnequearoulr4x 3aKpenneHpre Ha

rloBepxHocrla IIC-ABB MarpI4IIbI pa3BerBneHHbIX nonoo6ueuHux oJroeB, 3KpaHr,rpyrcqr4x

Marpl'Iqy' EnA cHI'IXeHlIt BKnaAa Heuouoo6ueHnblx n:aunlo4eficrnufi B yAepx[BaHr.re

[onspH3yeMblx aHI{oHoB Lr xapaKTepll3yroquxcr gocrarovHoft ru4po$r,rltHocrbro rnfl



I4cnonb3oBaHHt nonyqaeMblx cop6eHToB B pexr4Me I4X c anrouarraqecxofi reHepauuefi siuoeHra

.rrBrqercr axrya.nruofi .

fiuccepraql4fl cocrol,IT rr3 BBeAeHr.rs, Jrr4TeparypHoro o6sopa, 6 rrae gKcnepr4Menra,rruofi

rracTl4, BbIBoAoB LI cnl4cKa nl4Teparypst us 132 Hal{MeHoBaurafi. MarepLran u3noxren na 133

crpaHr.rqax Marrrr4Horu4cHoro reKcra, coAepxr.{T 78 pzcyurov n 37 ra6lnu.

O6:op nl4Teparypbl B IIeJIoM orpar(aer reMaruKy Arrcceprarruonnofi pa6omr. llepmrfi

pa3Aen rlocBf,rleH MarpLIuaM 4rx cop6enroB Anf, zounofi xpoMarorpa$uu. Bo nropou pa3rene

paccMorpeHbl crpyKTypbl auuoHoo6\aeHHr{KoB, r4crronb3yeMbrx e uoHHofi xpoMarorpa$uu,

onl4caHbl o6ulne [oAXoAbI K Irx cLIHTe3y, rrpr4BeleHbr rrpr.rMepbr pa3AeneHr,rfi. B rperbeM pa3Aene

onHcaHbl oco6ennocru yAep)KI{BaHr4r HeopfaHzr{ecKl{x aHr4oHoB Ha anuouoo6rr.reHHbx

cop6eurax c Marpl,Iqefi na ocHoee rroJrr{crr,rpona, paccMorpeHbr acrreKTbr BltrflHrrs Marpr.rrlbr rr

crpyKTypbl t'Iosoo6nrennoro cJros Ha ceJreKTr4BHocrr, u e(fSerrueHocm pa3AeneH[q. Ha

ocHoBaHI4t4 npoBeAeHHoro o6aopa nHTeparypbr aBTop Aenaer BbrBoA o AaltHefi[rzx

HanpaBneHl4tx pa6oru c qenblo fionyr{eHnq asnoiroo6ueHHoro cop6eura nucor<oft

eifSerruenocrn Lr ceJIeKTI{BHocrr.{, coBMecrrrMoro c cr4creMaMr4 3neKTpoxrrMr4qecKofo

reHepLIpoBaHI,Iq 3tIrOeHTA, a rau(e craBI4T 3aI.aqn SKcrrepl4MeHTa-rlbHofo HccJreAoBaHr.rr.

frasa 2 gucceptaupll4 coAepxl{T KparKoe orrr4caHr,re rzcrroirb3oBaHnofi alnaparypbr rr

peareuToB, oflrlcaHl4e npoqeAypbr rrplrroroBJreHr{r cop6enra v 3anonHeur4t

xpoMarofpa$nuecxux KonoHoK. Bce xporuarorpa$r.rvecKr,re 3Kcilepr{MeHTbr r,r r{Hbre r43MepeHr.rq

BbInoJIHeHbI Ha xopolreM npo$eccuoHaJlbHoM ypoBHe c r4crroJrb3oBaHneM coBpeMeHHofo

o6opy4onanzr.

fraert 3-6 4Izcceprar\uu coAepll(ar orrlrcaHr4e pe3ynbraroB 14 rrx o6cyxt4enue. B rperrefi

fJIaBe paccMorpeHbl aHl,IoHoo6uesnuxu c pa3nuuHoft crpyr<rypofi QyurquouzurbHoro cJroq,

npoaHanI43I'IpoBaHbI I4x xpoMarorpaSuuecK[e ceoficrea. AnropoM rrpnroroBJreHbr cop6enrsr

Inecrl4 TI'IIIoB c pa3nuqHrruu tpyHxUI4oHaJIbHbIMrr rpynnalru n cnefrcepaMlr B cTpyKType. .{lx
Ka)I(Aoro cop6enra [pI{BeAeHbI BeJII4r{I4Hbr e$$erruenocru pa3AeneHr.rr rro pa3nr4rrubrM

aHI4oHaM, oUeHeHa ceJIeKTI'IBHocrb l.nfl npo6leuurix nop, TaKr4x KaK urarprar/6porvru4.

flora3allo, rrro Aocrl4qb nau6oree nepcrleKTrrBHbrx pe3ynr,TaroB rro3BoJrno:r cop6eurbl c

pa3BerBneHHbrM raonoo6ueHnlnu cJroeM, nonyr{eHHbrM trpu r4cnonb3oBaHr4r,I 1,4-

6yrau4IaolrvrnlrqlIAl4JloBoro efrnpa a rperr4qHbrx aMr,rHoB, corepxa[Irdx 1 utm z

rugpoQulrHrx 3aMecrlrrent. Tarcue aHuonoo6uenHlrKr4 rro3BoJrr{Jrr4 pa3Aenr{Tb ceMb

HeopfaHl4qecKl4x aHI4oHoB MeHee rreM 3a 15 ltnn c sQ$exrnBHocrbro 51000 rrlu no Hr.rrpar-

I4oHy' rrro .f,Bnf,erct BecbMa lruoroo6eqarcUl4M pe3ynbraTou. r{ereep:ras. .:taBa AuecepTar\vL1

nocBflIrIeHa HccneAoBaHI{Io MexaHr43Ma yAep)Kr.rBaHr,rs aHr4oHoB. Aeropou ucnoJlb3oBaHa

rlpocrat MeroAI4Ka oIIeHKI4, Ilo3BoJlrrouafl, cBflsanl, KoeQ$uuHeHT yAepxrrBalns. o[peAenfleMoro



aHI4oHa c KoHueHTpaIMefi 3nlol{pyrcUlero aHI4oHa nocpeAcrBoM ypaBHeltrfl nyrHefrHofi Morenr4

y.4epxI4BaHI'It, qro cIIpaBeAnI,IBO Anfl crrcreM, B KOTOpbrx npucyrcrByer roJrbKo oAr4H

KoHKypeHTHblft nou' npn Sur<cupoBaHHoM 3Har{eHr4r4 pH. Pacuer Koe$Ouqr4eHToB ypaBHeHr4t

IIoKa3zL[, qTo MCXaHI43M ylepxtrBaHvfl flB[rfleTcs. [peLIMyIIIecTBeHHo r,roHoo6lreu11rrlr. Taxuvt

o6pa-:olr, naNHefiruar 3allalra nccneAoBalzrfl - [onyqeHr.{e e$serrunnofo LroHoo6nreuuoro

cop6eHra co crpyKTypofi, no:norarcueft 3KpaHr,rpoBarr ru4po$o6nyro noBepxHocrr, Marpr{rlbr,

npeAcraBnterct Bblrlomressoft. B nsrofi rJIaBe II4ccepraHToM paccMorpeHa cra6ulrnocrt
xpoMarorpa$uuecrcnx KoJIoHoK, nonyqeHHbrx c r4crroJrr,3oBaHrreM nau6olee :QQer<rrznHrx

cop6eHroe u [oKa3aHo, qro oHIr Moryr 6rns ncno:rb3oBaHbr B Ter{eHr,re He MeHee, qew 2

Mec.fiIIeB pa6oru. flo rragenurc o[noHeHTa, LIccJreAoB anue ctalunr,Hocrr4 KoJroHoK r,r MexaHr43Ma

yAepxI{BaHI4t aHI.ioHOB CTOI4JIO He BbIHOCI4Tb B OTAenbHbre fJIaBbr, a pa3Mecrl,ITb B

coorBercrByloqux pa3renax rperrefi fJIaBbI. llocleAnxx rJraBa Arrcceprarrurr nocBrrrleHa

aHanl{3y HecKoJIbKI'Ix peanbHblx o6lexros c I4cIIoJrb3oBaHueM r43roroBJreHgbrx aBTopoM

KonoHoK. [zcceprauroM noKa3aHa Bo3Mo)ItHocrb ycnerxHofo pa3AeneHprr n oilpeAe ne1us, pflAa
HeopraHI4tIeCKI'IX aHI4OHOB B COCTaBe rlpLrpoAHbrx BoA pa3nlar{Hofo flpoucxo]K Ae]H]|rfl.

Hay'*rar HoBIr3Ha Auccepraqllt4 cocrol,IT B ToM, qro aBTopoM rlpeAnolKeHbl MeroAbI

nonyqeHut aunouoo6rraeHHbx cop6euron Ha ocHoBe cononuMepa crr{pona u ilvrB11r4rr6eugo.na c

KoBaJIeHTHo rIpI'IBHTbIna rn4poQraJIbHLIM uonoo6rr,tenHblM cJroeM Ha rroBepxHocrr4 Marpr{rlbl c
I'IcnoJIb3oBaHueM coeAI'IHeHI'Ifi xlacca oKcI4paHoB. llpegnoNeu cnoco6 BBeAeHuq B crpyKTypy
aMI4HLIpoBaHHoro cononl'IMepa ra4po$[nbHoro cneftcepa v rprzMerr.{narra1aouuesofi

$ynxqraoualrHofi rpynnbl c I'Icronb3oBaHr.reM B KaqecrBe aJrKr{Jrr4pyroqux peareHToB xnopraAa

rnHIII4AI4nrpI'IMerI4naMMoHI4t I'III4 xnopH4a 3-xnop-2-rnApoxcoilponrioHr4naMMoHr.{r. B pa6ore
noKa3aHo, rITo HaHnyquue xpoMarorpa$rzuecKl4e ceoficrna AeMoHcrpr4pyror
aHuoHoo6rueHHHKI4, He coAepxauue apoMarvr{ecKr4x KoJreu B crpyKType cneficepon. Jlyvueft
o$$exru*rocrblo kr ceJIeKTLIBHocrbro xapa*Tepr.r3yrorcq, ilo AaHHbrM aBTopa,

atruosoo6t'teHHl{Kl4' I4Meiorrlne pa3BerBneHHyro crpyKTypy SyHxqraouanbHoro cJroq,

csopnrraponaHHylo nyreM aJIKI4nI4pOBaHr.rr ucxo.qHoro aMrrHocoronvMepa 1,4-B[1f3, u
IIMEIOUI4E AIIMETI4NsTAHOJIAMMOHI,ICBI,IE $YNr<qrZOUArrbHbIC IPYNTIbI.

lrpa*nvecxan 3HaqrrMocr[, rrrccepraur.r4 3aKJTroqaeTc, B ToM. rrTo aBTOpOM

o6ecuequm

IIon{pr.r3yeMbrx

MktH, a TaKII(e

KOJIOHKT{ MofyT

c noAaBneHr4eM

tlpI4foToBneHLI xpoMarorpaQuvecrze KOJIOHKI{, IIO3BOJI'IO[II4E

nrtcoxosSSeKTI'IBHbIe pa3AeneHr4r co 3Har{elvrflMu B3TT MeHee 20.MKM nna
I.IOHOB, NPOAEMOHCTPI{POBAHO PA3AENEHIIC 8 CTAHAAPTHI,IX AHI4OHOB SA 6-12
npr.rMepbr npaKTr4r{ecKofo [pr.rMeHeHr.rtr [onyqeHHbrx cop6euron. llonyueHHbre
ycnerrrHo coqerarbcs c coBpeMeHHbrMH Cr..rcreMaMr.r uoHnofi xpoMarofp a$uu

$onoeofi sneKTponpoBolHocrr.r.



Kom'rqecrso HeBbIBepeHHbIX oleqaroK (c.23, 41, 63,74, g4) 14 HeyAarrHux nrrpaNenui
(HarIpI4Mep' (MeroA rpaAyl4poBoqHoro rpaSzxu, c. 54) e pa6ore BecbMa HeBeJrrrKo.
Pesylrraru rucceprallnonnofi pa6o*r, BbrHocLrMbIe Ha 3arrlrry, BrroJrHe o6ocnonanrr,
ony6luxonauu n orxplnofi rer{ar[ B ]r(ypHaJrax, peKoMeHroBaHHbrx BAK, Lr [poixnu
aupo6aquro Ha pflAe r<oHQepeuqufi' u cuvno3r4yMoB, B ToM r{r.rcJre r4 MexAyHapo.qHbrx. Brrno4rr,
cAeJIaHHbIe B AI'IccepraIII{14' ocHoBblBalorct Ha 3KcrIepuMeHTaJIbHo floJryqeHHbrx pe3ynbrarax a
He Bbl3blBaror coMHeHHfi' Aerope$epar aAeKBarHo orpaxaer coAepx aHHe rnaceprarl'lr.

K uenpzuqI4III{aJILHLIM HeAocrarKaM pa6oru Mox(H o orHecrra cneAylo,,Iv e :

l ' fiouonruo crpaHHo BbIrnqAI4T BbIBoA, rrpr4BeAenHsrfi sa crpaHrarle 46 o rou, qro 6onee
peaKrllzoHHocnoco6urre coeAI4HeHI'Is IIo3Bon{T o6ecnequr:b sKcrrpeccHocrb rr
Bocnpol'I3BoAl'IMocrb cI'IHTe3a. K 6oltrirolry coxaneur,rrc, rroBbllrreHl4e pearqnoHuofr
clocoo'ocrk MoHoMepon 6y4er, c o4'ofi cropoHbr, 4eftcrnurenbHo [pr.rBo4r4Tb K ycKopeHr{io
npolleAypbl npuforoBneHax cop6enra. oAuaKo, BocnpoI43BoAHMocTb cr4HTe3a rrpr.r gToM 6yger
yxyAlrarbcr.

2' B pa6ore orcyrcrBylor raHHbIe o cbpaxurzoHHoM cocraBe r4clonb3yeuofr uarpuqrr.
3' Ha crp' 105 4ucceprar\rrr4l{ Aanee npr.rBoAsrc fl.3Haqe'vrflrrperenoB oouappxeH Lrfl pflAa
aHI'IoHoB B cocraBe pa3nI4r{HbIX npo6. I.ng xapaKTepr4crl,IKll auanl{Tr4r{ec1oro MeroAa
peKoMeHAyerct' Me)I(Ay reM, yKa3blBarb ABe BenI'Ir{I4HbI - IIpeAen o6uapyxeHrr{, Anr Koroporo
coorHoIIIeHI'Ie cI'IrHaJI:IIryM cocraBJlser 1:3, u npeAen Korrzr{ecrBeHHoro oilpeAeneH."s., rrx.
Koropofo coorHolIreHl4e cI4fHaJI:[iyM cocraBilter 1 : 10. IrI: TeKcra Ar4cceprarl vv vr aBTopeQepara
HercHo, KaKyro BennqI4Hy paccr{I4TbrBan aBTOp.

4' flpn o6cyxtAe'Hl4 essexrznnocru cop6eHToB, a reu 6oree npri cpaBH e'v.r pa3nLrqHhrx
cop6enron' JIyqIIIe co[ocraBJlf,Tb He BeJrr{rrnHbr B3TT urkr qvcra TT npu onpeAeneHHoM
eII'IHCTBeHHOM 3HaqeHI'II4 cKopocrl4 rroroKa no4nuxuofi $a:rr, a rroJrHbre KpHBr,Ie Bau
[eeurepa' npeAcraBn'f,Iorqne co6ofi 3aB]rcr4Mocrr4 Berr4rrrzH B3TT oT cKopocrr4 rroroKa
no4nuxHofi Sa:rr' tr4cnoll:onauue rloJrHbrx Kpr4Br,rx tsan {eeurepa An, aHaJrH3a
e$sexruenocru no3BoJII4T, B .,acrHocrl', BbrflBlrrb KoJroHK'r, rlo3BoJlrrorr'e ilonyr{arb
3KcnpeccHble pa3AeneHux 6ez rlorepl{ a$QexrranHocr', paccqr4Tarb MaKcr,rManbHo Aocrrrxr{M)ro
eSSerrueuocrb' itro HeBo3MoxHo cAeJlarb, I{Mer eAr,rHcrBeHHyro ror{Ky xpunoff, rert 6olee, uro
rrcnonb3yeMat rorrKa Mo)I(er Haxo,4l{Tbc.{ B o6.nacru xpvnofi, coorBercrByloqefr Hz:xofi
et}$exrueu ocrtr, H rroreHurzan cop6eura ue 6y.uer pacKpbrr. .

Bce npzneAeHHble 3aMetraHl'Is He cHI4)I(aIor o6uero rroJlo)ro4TeJlbHofo Bner{arneHn.f, o
pa6ore' .{raccepraq[oHHat pa6ora Ir\yr<unofi omru I,Iropenunr npercraBn.ser co6ofi o6reunoe
HayrrHoe accneAoBaHIle, o6na4aloqee 6eccnopuofi ilpaKTr4qecxoft qeu'ocrblo 14 BbrnoJrHeHHoe
Ha BbrcoKoM HayqHoM r4 3KC[epr,rMeHTaJrbHoM ypoBHe.



llo aKTyaJIbHocrI,, nayuuoft HoBH3He, [pa*Tr,rqecKoMy 3HarreHaro nonyqeHHbrx
pe3ynbraroB AI{cCepraIIuOHHa.s pa6ora orBerraer rpe6oaaHuxrvr n.g "floroxeuu, o

rlpucyxAeHl4l{ yqeHbrx creueHeft" (yre. [ocraHoBneHr.reM llpanure6crna Poccuficxofi
(De4epaquu JVe842 or 24 ceurx6px 2013 r.), rpeAbrBnreMbrM K Ar4cceprarlr4rM,
[peIcraBneHHbIM Ha coI{cKaHI'Ie y{eHofi creuenu KaHALIIaTa xr.rMnqecKlrx Hayr(. [uccepraqrax
tBJl'flerct HayqHo-KBa;ruQzxaquounofi pa6orofi, cessaHHoft c [prlopr4TerHbrMn HarrpaBneH vtflMvr

u [porpaMMaMI'I pa3Blzrrufl oreqecreeHHofi $yn4arr,renralrHofi u npurla4nofi Hay1r,r

pa:pa6orxoft eS$ercruBHbrx cr4creM Ha ocHoBe HoBbrx cop6enron.

Aerop Al{cceprallnonnofi pa6omt Illyxuua Omra I,Iropeena 3acnyxr,rBaer

efi yueuofi creneHr.r KaHAHAara xraMurrecKr4x HayK rro cneur4iybHocrr.r

AnaluruqecKafl xI,IMr.rr.

Crapurufi uayunrrfi corpy4ur{K
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