
I-EOII4TA Mob)' rpeAcraBneHHyro Ha co'cK a'pre yveHofi crerreHr4 KaHAnAara
xr.rMr,rqecKr,rx HayK no clerlr{€rJrbHocru 02.00.04 - Qrasr,rvecKa.fl xlrMr{{.

B ilocneAHee BpeM{ cyqecrBeHHoe BHraMaHrle

feTepofeHHofo KaTaIIH3a rrpLrBJreKaroT cJroxrHbrM

raccJreAoBarelefi B o6lacru
oopa3oM CTpyKTypHpoBaHHbre

ru6pu4nrre cI4CTeMbr, coqerarollHe B Ce6e [opbr pa3rlrr{Hofo AlraMerpa B
orIpeAeJIeHHoM coorHolueHLIu. Oco6oe BHIaMaHT{e fip]rBneKaror MLrKpo-

Ha pacrylrlee ql4cJlo pa6or s sroft o6nactu, Mbr erqe AaneKr4 or rroHr4M aHufl cuoco6os
HanpaBneHuofi c6oprz MI{Kpo-Me3onopI4crbIX HoctlTelefi c 3aAaHHbrir,rz cnofi crBaMH.
Taxuvr o6pasovr, peqb r,rAer o
HepapxHrrecKr4 opraHr43oBaHHbrx

He BbI3bIBaer coMHeHI{.s reoperr4rrecKa-fi vr npaKTuqecKas aKTyanbHocrl pa6oru,
rrp eAcraBle HHofi K 3 arrlr{re 14. A. Kacrxuo nrru.

.{uccepraqux cocronT H3 nee4euur, 7 rJraB, BbIBoAoB, a raK)Ke cnr4cKoB
coKpauleHuit u qlrrr4pyeMofi nur:reparypbr.

B KparKoM BBeAeHI4I{ o6ocnonrrBaerc-f, r{enb pa6orrr u ee aKTy€urbHocrb, a
TaKXe nrroop Mero.4a peKp[cr€urnv3ar\uv KaK naH6olee aAeKBarHofo
CI4HTETI{qE CKOTO TIOAXOAA K BbIIIO JIHEHI{IO TIO CTABJI CHH O fi 3AAA'qU,

JlureparypHufi o6eop Al{ccepraryuu paz6r4r Ha ABe rJraBrr. B uepnofi rJraBe

BecbMa AeranbHo paccMorpeHbr cnoco6rr rtortyqeHu{ MMM AecrpyKTLrBHbrMr{,
KoHcrpyKTuBHbIMLI u xou6unLIpoBaHHbIMH MeroAanan (152 cculru). Bropax rJraBa
coAepxur cBe.qeHl,ls o crpyKType peKpr{crannpr3oBaHHbrx Marepu€rrroB u trx
npHMeHeHHkr B Kararrr{3e. IrIs rureparypHoro o6:opa BLrAHo, rrro AaHHax pa6ora
flBJI{eTC.I JIO|I{qeCKI4M npOAOJTXeHHeM U pa3BHTr{eM IpOBOAHMbTX paHee B

Jr aO op aro pvru r4c c ne4 o n aurE ft .

B rperrefi rnane (excnepxMeHT€urbHafl, vracrb) 4eranrno olucaHhr MeroAr4Kr4

cI4HTe3a MMM Ha ocHoBe [poMbrrrrneHHoro MopAeHLrra, a raK)Ke MeroAbr
HCCJTeAOB aHkrfl. [OnyqeHHbrx MaTepr4€uroB.

OT3bIB
o0zquanbHoro o[rIoHeHTa Ha .qracceprarl]rrc Kact-sHosa L113ap1a Arer<ceenra.{a
(3AKOHOMEPHOCTVI OOPMI4POBAHI4TT u KATAJIT{TI4IIECKOf O
E.WCTBVII MI4KPO.MBONOPNCTbIX MATEPI4AJIOB HA OCHOBE

Me3O[Opr4CTbre MaTepr4aJrbr

TepMocTa6ulruocrblo, TaKLrx

(MMM) Ha ocHoBe IIeoJrI4ToB c srrcorofi
rar ZSM-5, BETA,Y u MopAeHr{r. OAuaro, HecMorp,

[epc[eKTr4BHbrX r{C CJre.4O B aHVrflX [pr4roTo BJreHUt

Kar€uII{3 aropo B cneAyroqef o rroKo JreHHrr. llosroNry

pa3HbIM OTHOIIIeHLIeM

peKpr4cTaJrJrr{3arluu, rrTo

crpyKrypbr vr csoficrs

B pa6ore yAar{Ho HcroJIb3oBaH Ha6op H3 rpex HcxoAHbrx cepnfi o6pasqon c

rrleroqb/rleoJrr4T l.nfl
Aano qeusufi Marepriran p.nfl

orrpeAeJleHl{g Brrl.4flIJr4fr

cpaBHHTeJIbHOfO aHairr{3a

Brparqe nepequcreHbrSopunpyorrluxcr MarepuanoB.



Su:uro-xHMur{ecKue MeroAbI, HcrroJrb3oBaHHbre Anf, rlonyqeHufl oGreuurrx v
noBepXHoCTHbIX XapaKTepIiIcTHK IIpI4T0TOBJIeHHrIX o6pa:qon. flpnneAeHbr
SKcnepHMeHTEuIbHbIe MeroIIiIxIa rrao4raQl4llnpoBaHux o6pa":qoe (4erarr4oHgpoBaHpre,
BBeAeHIiIe I{oHoB Mg), a raKxte KaraJlHTr4qecKoro recrHpoB aiH:afl B MoAeJrbHbrx
peaKl{H'trx onl4roMepK3aIJr4kr 6y:runeuoB rd er{HTe:a nso6yruJreHa r43 arleroHa.

B IIeJIoM, KoMrrJIeKc npI{MeHeHHbIX QuerEro-xI4MHr{ecKI{x MeroroB BecbMa
BlrerlarJlter (P@A, cKaHl{pyroqas I{ npocBeqlaBarorla-s sJreKTpoHHar MnKpocKorrr4rr,

-flMP, B3T, ATA, TIIA auvruara). OcHosHue MeroAbr HccneAoB alvrfl, u:6pauu
a.4eKBaTHO, IIpHTIeM AaHHbre pa3Hbrx MeroAoB yAaqHo AorronH.rrrcr Apyf Apyra.

AnTecrr{poBaHHf O6pasqoe KararrvrrLrqecKr{e npoqeccbrBrr6panuue
oJrHroMeprI3aII[I4 6yruneHoB H cI4HTe:a raso6yrl4JreHa LI3 arleroHa npeAcraBJr.rrrorct
uHSopuarI4BHbIMI4 Ans [onyr{eHr4fl cpaBHr{TeJrbHbrx xapaKTeplrcrr{K cepufi
rrao4raQzqr{p o BaHHbrx KaraJrr{3 arop oB.

B qelov, B IlrnpoKoit cepuu oKcrrepHMeHToB noryqeHbr BaxHbre r4 r4HTepecHbre
pe3ynbrarbr, H3JroxceHHbre B rJraBax 4 - 7 .

rlerneprax ulaBa rlocBf,IrleHa o6cyN4enuro pe3yJrbraroB, rroJ5 reHHbrx nppr

AeranbHoM LIccJIeAoBaHI{I{ peKpI{craJIJIH3aIII4r.r MopAeHura.

I4Hrepecnofi -snrsetcs oco6eunocrr nepnofi cra1tur4 rqenouuofi o6pa6orrn,
KorAa He o6napyxl4Baerctr cyulecrBeHHbrx rl3MeHeHnfi n crpyrcrype u laopQoJrorgg
MOp,{eHHTa' HO npOI{CXOAf,T 3Har{HTeJIbHbIe I43MeHeHHt XLIMUqeCKOTO COCTaBa I,I

JIoK€uIbHofi crpyrrypbl aroMoB, a raKlxe o6pasonaHrre HeoAHopoAHbrx Me3onop. Ha
nropofi araqnvr peKpncraJrnu3ar\Hkr (o6pa6orrca CTAB) aussysux CTAB B

Me3onopbl BeAer K A€lJlbHefiIuervry cerperrapoBaHlrro Kpncr€rnnr4ToB. llocne4yrorqaa
rl4AporepM€ulbH€ul o6pa6orra rpu pH - 12 sHsunaer nocrerreHHoe pa3pyrueHr{e

$asu MopAeHLIra Lr pocr Me3orropucrofi Sa:n. @uHamHas rr..rAporepM€rrbHas

o6pa6oma rpu pH 8-9 cnoco6crByer o6pasonaHuro crpyKrypuponaHHofi
Me3onopHcrofi Sasu rurra MCM-41 nHyrpra u Ha roBepxHocrrr KpLrcrzurJruroB.

Cyrrarraupyx, MoxHo 3aKJIIotrHTb, tITo npoBeAeHHoe Aer€urbHoe r4ccJreAoBaHvre

TIo3BOJILIJIo y6e4ureJrbHo [peAcraBrarb MexaHr{3M nporeKaroqnx lpoqeccoB.
flana 5 ilocBf,IIIeHa rlpaKTl4rrecKrl BaxHbrM BorrpocaM uo46opa lapaMerpoB

cI4HTe3a, no3BoJIsIouI{M IleneHarrpaBJreHHo Sopvrraposarr MMM pa3Horo runa. [nx
ycraHoBneuvrfl. ocHoBHbrx $amopon, orrpeAenrrcqux cTe[eHb AecTpyKrIr4H
MopAeHI4Ta I,I pocr Me3orlopacrofi Qa:u, H3yr{eHo Brr4.sHr4e KoHrIeHTpar\Hr4 rrleJror{H,

[opsAKa cMelxeHvs ulerotrl4 co CTAB, pH rra4porepM€urbuofi o6pa6otrr,r, a raKx{e

TeMlreparypbl vr [poAonxuTeJlbHocrlr o6pa6oror<. Ycrauoueuo, qro ocHoBHbIM

Sarroporu, olpeAeJI.luII,IM crerreHb AecrpyKrrr{u MopAeHHTa, {BJrffercfl

KoHIIeHTpar\Hfl IrIeJIoqu, a pocr Me3orroplrcrofi Sasu oflpeAeJr.f,ercr BeJruvnHofi pH



rIpH TI4AporepMaJIbHofi o6pa6orre. B urote, npeAJIolKeHa crpareruf, HarrpaBJreHHoro
cr{HTe3 a p a3nHqHbrx rHrro B p eKpHcrannlr3 oBaHHbrx M arep H €uro B.

B maee 6 paccvrorpeHbl 3aKoHoMepHocTH SoprraupoBaHus KracJrorHbrx ueHTpoB
B ptl3[HtrHblx THIIax cHHTe3I,rpoBaHHbrx MMM. llpe4craureHbr AaHHbre KaK o
[pLIpoAe 9TI4x IIeHTpoB, TaK vr o6 vrx cr4Jre H KoHrleHTpar\vu. llorasauo, rrro
I43MOH€HI'IOM my6IaHrr peKpl4cr€ulnu3arryv Mo)r{Ho Bapbr..rpoBarb rrpr4poly,
KOHIIeHTpaIII{IO, cZny n AOcTytIHOCTb KI4CJIOTHbIX IIOHTpOB, T.e. HaIIpaBJIeHHo
perynl4poBaTb KaTaJIUTLIqecKI{e csoficrsa B KI4SJISTH6IX npoqeccax. B cn.ss14 c 3Tr4M

JIorI{9Ho' qro B nocneAHefi (ce4ruofi) rnane I43JIoxeHbI AaHHbre o 3aKoHoMepHocr-rrx
nporeKaHr4s' Ha MMM AByx MoAenbHbrx peaKrlr4fi, rpe6yroqux fracrvrfr cgJrbHbrx
6peHcre4oBcKl4x IIeHTpoB (oluronreptaarrarfl. 6yreHon) r4 pa3nlrr{Hhrx Kr.rcJrorH'rx
rIeHTpoB (xonrepcrar aqeroHa).

llorcasaHo, r{To HapaIqLIBaHIae roHKoro Me3orropucroro cJror Ha uoBepxHocrlr
MI4KpOKpHCT€LJIJIoB MopAeHLITa IIo3BoJI.[eT yBenI,IrII4Tb cra6ulrsocrr pa6oru
KaraJll43aropa B oJll{roMepurcar\krvr 6yreHon. C 4pyrofi cropoHbr, MMM c rny6oroft
cTeneHblo peKpr{cT€rJrJrvr3arJEvr

uso6yruneHa rr3 arleroHa.
oK€t3brBaercs sQSerrnBHbrM ilnfl cr4HTe3a

B KarrecrBe 3aMerIaHI4t Iro pa6ore Mox{Ho orMerl4Tb aJreAyroqee:
peKpl4cranru3ar\ufl, Hap.tIAy c tuo4raQrEql{poBaHr{eM Kr4cJrorHbrx rleHrpoB Moxer
cyulecrBeHHo BJILI.ITb 14 Ha KoHrdeHTpar{urc v cuJry rIeHTpoB OAHO3JTeKTpOHHO|O

[epeHoca B MMM. K co]K€ureHl4lo, gror Bonpoc ocr€urc{ 3a paMKaura gannofi
paborur, qro, oAHaKo, He cHrDKaer ee Aocror,rHcrB.

Irlroru pa6orrr cyMMr4poBaHbr B BbrBoAax.

Hau6onee BalI(HbIMI4 LI Ho BbrMr{ rrp eA craBJrfl rorc.rr cJr eAyrorrlkr e p$yJrbrarbr :

1. Ha ocHoBe KoMIrJIeKcHoro rlccneAoBanufl npeAnoxeH MexaHr43M

cryneHrlarofi pexpl4cranJln3 ar\Lrvr qeoJrrrroB B Mr.rKpo-Me3orropr4crbre

Marepr{anbr, BKJrroqarorquft cneAyroqvre cra4vru: (1) pa3pyureHue Si-
O-Si csssefi qeonLlTa noA Bo3Aeficrnneu rueroqri r4 uoHHbrfi o6rraeu

rrporoHoB Ha KarHOHbr Harpr4-fl, colpoBo)KAaroquecfl, o6pasonaHueM
Me3OnOp MeXAy Kpr.rcranJrvrraMrr r,r BHyrpr4 Kpr4crnJrJrr{ToB rleonr4Ta;

(2) uosnrrfi o6vren KaruoHoB Harpr{s Ha Karr/roHbr

IlerunrprrMerHJraMMoHLr-rr ra o6pa:oBaHHe Murlenn Ha [oBepxHocrr{ tl
BHyTplI KpLIcTaJInLIToB; (3) KoHAeHcarlr4ro xpeuuufiKlrcnopo4Hbrx

B XOAe AeCUnLrJrHpOBaHI.{fl., BOKpyf

Me3orropr4crofi Sarrr BHyrpr{ vr Ha

SparueHron, o6pasyroqvrxefl
Mr{rlerrJr; (4) o6pa:onanue
noBepxHocTr,r KpLICT€LJIJII{TOB.

2. VcranoereHo, rrro rlyreM peryJrnpoBaHufl. crerreHr4 peKpr4cranrrv3arrr4Lr

MoxHo roryrrurb rprr rHrra MMM: (1) Me3ocrpyKrypHpoBaHHbre



rleonHrbr; (2)
Me3OrroplrcTbre

MHKpO-Me3Orropr{Tbre HaHOKOMUO3}lTbr: (3)
Mareprrtllrbr c qeoJruTHrrMrl Qparvreurarvrn;

ocHoBHblrrau QaxropaMl4, oIrpeAeJI{}oIIIHMr4 Tr4rr Marepuara, rrBJrf,}orcfl
KOHIIeHTpaIII4-f, IIIeJIoqH Ha HaqaJrbHbrx craAr4f,x peKpr{craJrJrlr3arlHr4 14

pH rl4AporepualrHofi o6pa6orrcra Ha 3aKrroqprreJrbHoM 3Tarre
p e Kp u cT €rJr nv'3 ar\r4u.

3. flora":ano, rITo yBenl4r{eHl4e crerreHlr peKp}rcrannr43arll4' rrpr4BoAr4T K
I43MeHeHHIO [pI4poAhI KI{CJTOTHbTX rIeHTpoB: Me3onopucrbre rleoJrr4Tbr

COAEP}KAT B OCHOBHOM 6PCHCTC4OBCKI4C KI4CJIOTHbIE IIEHTPbI; NPH
IICPCXOAC K MI4KPO.MC3OTIOPPICTbIM HAHOKOMIIO3IITAM

Me3OlOpVCTbrM MarepHanaM c rIeoJrr4THbrMH Sparl,reurauu
KoHIIeHTparJvrfl 6peucre4oBcKl4x IIeHTpoB cHr,rmaerar r{ yBenr,rqr4Baerc-s

BKnaA rIeHTpoB Jluouca, npv 3roM o6u1ee coAepxaHre 14 cvrra
IIeHTpOB rraAaror.

Oqeunnax pa6ory B rIeJroM, orMeqaro, rrro I4.A. Kacr_sHoerrNa BbrrroJrHeHo

3HalII{TeJIbHoe uo o6leuy I4ccneAoBaHr{e Ha BbrcoKoM 3KclepLrMeHT€LnbHoM ypoBHe,
I'IcnorusoBaHLIe B xoAe pa6orrr coBpeMeHHbrx MeroAr4K cBnAerenbcTByer o BbrcoKoM

npoQeccuoHilnl,I3Me H 3KcnepI{MeHTuLJrbHoM MacreparBe Ar4ccepraura. Pe:yJrbrarbr
rlpoBeAeHHoro I,IccneAoBaHvrfl [peAcraBJr-rrrorcr AocroBepHbrMr4 u o6ocuoBaHHbrMr4.

flp'u srou pe3yJlbrarrr pa6orbl I{MeIor oqeBr.,rAHyro npaKTr4r{ecKyro 3Haqr4Mocrb Anq
p a:lpao OTKI4 Ho Boro IIo Korle HHs, r4ep apxuqecKu opf aHr43oB aHHhrx KaTaJrH3 aropo B.

,{raccepraL\r4fl lr.ailvcaHa {cHo, xoporuprM pyccKr{M {3brKoM, npaKTrrtrecr<z 6es
oner{aroK. [I,rcceprallu.r oQoprr,rnena B coorBercrBr4v c rpe6onauvrflvrr BAK 14

f, BJIfl CTC.f, 3AKOHqEHHbIM I,ICCJIE.4OBAHI4EM.

Coucr<arem {BJuercs aBropoM 3 Hayuurx uy6nuxaqufi B pe0eprapyeMhrx

I43iIaHH.f,x; pe3ynbrarrt pa6orbl rlpeAcraBJreHbr raKlre B BuAe 10 resucoB /{oKnaAoB
ua poccutftcKr4x r4 Me)KAyHapoAHhrx ron$epenuurx pa3Horo ypoBH_{.

llpe4craeJreHHat paooTa yAoBneTBopreT BceM rpe6onannxu BAK,
npeAbtBn.f, eMbIM K KaHAIrAarcKI{M Ar4cceprarllr-f,M. AnropeQepar u ouy6nuroBaHHbre

crarbu rIoJIHocrbIo orpaxaror coAepxaHr4e Ar4ccepraqun. B rIeJroM, Ha ocHoBaHuvr

BhIIIIeI,I3JIoxteHHoro cr{I4Taro, rrro Ar4aaepra;Jtz'fl Kacrsnoea ILrlana Arerceeeuqa
(3AKOHOMEPHOCTVI OOPMI4POBAHI,I'I VT KATAJII{TI4qECKO|O
AEiNCTBVIfl MI4KPO-ME3OIIOPI{CTrIX MATEPI4AIoB HA OCHoBE
UBOITITA MOb) HecoMHeHHo {BJr-rrerc.rr HayrrHo-Knalusraraquonuofi pa6orofi,
Kolopa-a rIoJIHocrblo coorBercrByer rpe6onaHu-ru <<lloroxenu-s o nopf,AKe

rlpncyx{AeHvrfl. yrIeHbIX crenenefi), yrBepx{AeHHoro nocraHoBJreHr4eM flpanurelbcrBa
Poccuficxofi (DeAepaqr,rn or 24 cenrx6px 2013 roAa N1842, rpeAbrBJrreMbrM K
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