
2 0 0 1 O I ' I 3 } I K A l 4 X I { V t I ' I f l C T E K J I A T o m 3 3 " l l ! t 3
- . ,  l 4 :  

: -

@ fo.r.r,1esa O. IO., fycaPos B' B.

cTJIoHCTLIE cr4JII,IKATbt co crpy KTyPOfi MOHTMOPHJIJIOHHTA.

IIOJIYTIEHHE H TIBPCNEI{]'HBbI NP PIMBI{EI{ PI'L ilTL''I IIOJIHI'4EPIIT'IX

HAFIOKOMTT03HTOB

I'lncmumynt xtLrtttu ctLlulorrtol tu". H. B. fpe\exuptxo(tu PAII'
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B ruaporepMaJrbHr,rx ycfloBilrK nolyqelrbl CJIOllCrbIe CHJIHKaTHble HaHocrpyKTy-

prr, o.u"noorr1lle o6rqefi tpoprrryne npnpo.Iln()ro MHHepaJIa MoHTMopHnJIOHHTa' floxa-

3arro, qro ycnoBus rngporepNraflbHoro cnH'le3a no3Bolltlor l(oHTponilponarr t[ra:o-

egfr n xgMnqecKufi cocranrl, a raKxe pa3Mepbl qacrttu cJIoHcrbIX cHnHraros. Bos-

MoxHocrb KoHTponr xaparcreprrcrHK ct{HTerHqecKtlx ctoHcrblx CHJII4KaTOB

onpeAenseT nepcneKTHBHOCTb ilX HCnOJrb3oBaHHs AI,I notryqeHHn nonHMepHeopra-

HHqecKHX HaHoKoMno3HToB c 3a.tlaHHblMH croilcreaNtH'

BneAenne. l loluluepHeopraHuqecKlre HaHoKoMno3HTbI npeAcraBrlfl lor co6ofi uacc

MaTepUaJIOB, IIoJIytIeHHbIX C HCnOnb3OBaHHeM HeOpfaHI{qeCKnX HaHOqaCTHq, rOMOfeHHo

AqcneprgpoBaHgbrx B noJInMepHoP"l lr{aTpnqe. flonyueHue E H3yqeHI4e noJl}tMepHeopra-

r.rr.{qecr(r4x rrarror(oMrro3gToB rBrrrerct B Hacroflulee BpeN{t oAHofi !{3 aI(THBHo pa3BHBaFo-

Lrlrlxcr o6racrefr xprMr16 H Marepr{aJroBeAeHnr. 3To cBt3aHo c yHHKanbHo}i crpyKrypofi

' l 'aK! lx  Ma'repnaJlot t  H cyulecTBeHHblNl  ynyqu€HHeM ptAa cBOfrcTB no CpaBHeHHTO KaK c

HeFianoJIHeHHI-rIMI,I nonHMeptlMH, 
'IaK H C CO('TBeTCTBynUITMH MaKpo- H Mltl(pol(oMllo-

3[I'{ 'aNl14.

lloluuepueopfaHr4LrecKr4e HaHoKoMno3rdTbr nonyqarcT nyreM AncfleprnpoBaHHt B no-

JruMepHofi Marprrue He6onbruoro KoJrnqecrBa (l-5 rrtac. %o) HeopraHuqecKoro HanorHrl-

TeJrr, qacrgrlbr Koroporo HMercT oAHH H3 pa3r{epoB MeHee 100 Hr"r' Bculecr nHTepeca K

noJrHMepHeopraHHqecKHM HaHoKoMno3HTaM ctlt3aH c pa6oTaMn yqeHblx HccrleAoBaTeJlb-

cKoro qinrpu Toyota, Koropbre HaqHHar c 1987 r. o[y6nI4KoBaJII4 LIHKJI crarei, coAepxa-

q1qHX pe3yJrbrarbr HccJreAoBaHnr HaHoKoMtto3nt'oB Ha ocHoBe HefrJIoHa n fTlHHvtcrbIX MHH9-

p*ou (nanpurrrep, [1]). Eulo o6HapyxeHo, rrro He6onbtune Ao6aBKn cJloHcrblx CHJIH-

r(aroB, B qacrHocrH MoHTMOptrJrJroHHTa, ry)r4BoAlr K 3HaqHTerbHOMy yBenfiqeHHro

TepMgrrecxofi ycrofiquBocru n ynyqrueHnr Mex aHI{qecKHx xapaKTepl{crHK noJIHMepa' npH

oroM Anr noJryqenrrs MaKcnMtlltbHoro a$Sexrzr, oKa3blBaeMoro Ha cBoficrBa BBeAeHHeM B

[noJrgMepuyrc Marpr4rly HeopnarlnqecKoro HanonHvtTeIIfl, Heo6xoAllMo AOcTHx(eHHe noJI-

Hofi src$otr Har.l1rvt, HnH paccnauBannr currrlKat'Hblx crpyKTyp Ha orAeilbHble cJIoH. B rcpn-

cruurJrax npnpoAHbrx rJruurlcrbrx MHHepaJIoB c 6agncuuM pa3Meporvr 100-500 stut H ToJI-

unsofi 25-40 HM cMe)KHbre cron, r.rMerculne l'onuluHy oKoJIo I nu, MeHee fipoqHo cBt3a-

Hbr .qpyr c ApyroM. flolrpHue a.rlcop6aru (no;1a, cnnprbl, artrnHu) cnoco6nbl BHeAptrbcs

ts cTpyr(,rypy 'rar(Hx Mr4HepaJroB, 3HaqHTeJIblrc yBelHr{lrBat paccTo.tlHHe Me)KAy cJIo.{MH

Nlarcpuzur Aor(ra1a, c,qc,,rarrHoro na lvlcxlyHapoaHofr <oH$cpcnuttu <Crpyrryp+latl xHMI'lt t lacrHrlH0 ytlopr{-

!o,rcrirrbrx *rcrcM, HaHorracrnu pr Har{oKoMno3uroB)) (27-�29 nrong 2006 r., Canrcr-flcrcp6ypr)'
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BilJIO'r.b AO HX paCCnaHBaHHr.3Ta OCO6eLTHOCTb rJIrrHrICTblX MHHepanoB H onpeAeJlHJlzl l lx

txHpor(oe I4crroJIb3oBalrHe B KartecTBe HanoJrHr4Teneil Ant noJIHMepHblx HaHoKoMIl03LlToB.

Taxurvr o6pasovr, npu HcnoJrb3oBaHlrn MrinepanoB co ctloltctofi crpyr<rypofi B KaqecrBe
HanoJIHHTenefi norrrMepHeopraHuqecKlre HaHoKoMno3prrbl Ha Hx ocFIoBe npeAcraBntlor
co6ofi flonnMepHbre cprcreMbr, coAepxarque ycnJrnBarorrlne gJIeMeHTbr B Br{Ae rrJracrr4H
'rolqnuofr or(oJro I Hru c pa3rnqHbrr{ orHotueHr..reM AnHHbr K ceqeHnro. Tarne }raHor(oMno-
3HTbI o6raAaror r{eJrbrM pflAoM npeur{yrilecrB lto cpaBHeHHrc c ApyrHMH KoMno3HTHbrMH
Ma'repnanaMn. 3Ha.rHTeJIbFroe ynylrueHue rleJloro psAa csol'r noBbrueFrHe npoqHoc-
T!I, BblcoKat reMneparypa AecrpyKrlulr, cHnxeuae roerltpr.rqnerrra rennoBoro pacluupe-
brvtfl, HH3Kat ra3onponnqaeMocrb, noBbruleHHar xuMnqecKat ycrofiuunocrb H HoHHat
npoBoAllMocrb Moxer 6urru nonyqeuo npn Ao6aBneHnr.r K noJruMepy Jrnlub
2-3 uac.0/o Heopral'lHqecKoro HanoJlHttTell (uanpr.rMep, l2-7)) flpu nccleAoBaHHH no-
nnMepnblx HaHoKoMno3HToB, noryqeHHbrx c Hcnonb3oBaHHeM croHcrblx cHJItrKaToB,
6rtno TaKx(e o6uapyNeuo yryqueHr.re prAa cnoficrn, r(oropoe He Moxer 6urr perlnu3oBa-
Ho npu HcnoJIb3oBaHuH rarcnx-rn6o Apyrux HanoJrHuTenefi (HanpnMep, ycroirunaocrb r(
pzlcflpocrpaHerlnlo nJIaMeHH HJlrr pe3Koe yBeJrHLreuue 6aprepHbrx cnoficrn).

B lo >rce BpeMl IuoHTMopHJIJIoHr.rr KaK HanoJrHnleilb Arrr nonnMepHeopraHr,rrrecr(HX FIa-
l'lol(olltlI03pt't'os o6.lrIlIae r Ptltorrr FreAocrarKon. Tax, flpr,rpoArrbte fJrHHHcr[,te Mtrr.repiurbr
o6ltquo fipeAc'raBit.ttor co6oit cnaecr HecKoJrbKHX MilHepaJIoB H, crreAoBareJrbr:ro, rr]Jrtro.r-
cn Hco/l t topoAl-IbtMn no xHMprtlecKor{y, {raronolry H AncrrepcuoHr.roMy cocraBy. 3lo o6clo-
,l'I 'eJtborlto ycJIo)KI'ise'I 3aAa,ry co3AaHnr HoBbr)r. {yHxur.roHa:rbH6rx nauoKoMtlo3H.roB c 3a-
AaH[IbrMLI csoicrnarv{ 14.

B gacrogutee BpeMt aKTyitrlbHofi gala.refi 
.s o6Jracr:n uccre1olalafl nonnMepHeopra-

HlIqecKHX HaHoKoMno3HToB tBJ]rercr floryqsuite MarepunnoB He npocro c ynyqueHHbrMH
cnoficreaMn, Ho w o1tagatournx prAoM HoBbrx xapaKTepHcrnK. Moxuo npeAnoroxuTb,
t{To xl{Mllqecrnfr cocraB, AHc[epcHocrb, ptnMep r,r rvropr]onorut qacrHII HanoJIHHTenr Mo-
ryr oKa3r,IBarb 3HarIHTenbHoe BJIHtHpIe Ha csoficrga KoHeqHoro nonriMepueopfaHuqecKoro
HaI{oI(oMro3I4Ta. Flanpannesnntfi cHHTe3 cJlor4cTbrx HaHoqacrnr{ no3BoJuer noryrrarb Ma-
TepHuuIbI 3aAaHHbIX COCTaBa, pa3MepoB qacrnq, TonIqHHbI cJIoeB H Benurl]f,trbl Me)I(CJIOeBO-
ro npocrpaHcrBa. BapruponaHl.Ie xHMELrecKoro cocraBa [o3BoJrHT He roJrbKo ynyquarb
MexaHHqecKHe H TepMHqecrne csofrcrBa rroJruMepuofi Marpur.Ibr, Ho H trpl,t g;a*arb eft Ho-
sue cnofrcTBa, HanpnMep MarHHTHbre H 3neKTpnqecKue.

B pa6ore [peAcraBJIeHbI pe3yJlbrarbr rrccJreAoBaHus Bo3MoxHocrefi ncnoJrb3oBagut
cHHTerHqecKHX cnoHcrblx cHJIHKaToB B KaqecrBe HanonHl4relefi Ant noJluMepHbrx HaHo-
KOMIIO3HTOB.

3rccnepnruellTaJlltlafl rlacrl. Croncrue cllru4Karnbre HaHoqagrnrlbr co crpyKrypofi uour-
lroprurnoHnTa cnHTe3rrpoBaHbr B rnAporepMaJrbHbl\ ycnoBurx. Cocraaur, ilpoAorDKnrerbHosrb
cllrl'Ie3a H pa3Mepbl qac"THI-l no AaHrrbrM 3JreKlponHofi rutr4pocKonnu npflBeAeHbr s ra6n6r{e.

I4cxogHrte Be[lecTBa, B3trble B cooTBercrBan co crexno"etpaafi cllrr4KaroB, cocraBbl
Koropblx npHBeAeHlt n ra6nnqe, o6pa6arblBzlJrn B ruAporepMaJlbHbrx ycJroBurx pacrBopa-
vn NaoH a NaFICor nPH 300 "C u AaBrIeHfln 70 MlIi. flpotonrn"t*noro"rb cnHre3a H3-
MeH.rrJrH or I Ao 24 q. B KaqecTBe ucxoAHbrx pearerrroB HcnoJrb3oBilntr Bbrcyureugbre u H3_
MerIbr{eHHbIe cnnnKarerrr (SiO2 - nH2O), MgO, Al2O3, Fe2O3, a raKxe Mg(OFI)2 H
AI(OH)3, ocaxAeHHbre H3 pacrBopoB MgCI2 " etCt: coorBercrBeHHo.

Cocras HccneAyeMbIX B pa6ore crroucrbrx cHJrHKaroB orBeqaer o6qefi $oprvryne rvrr.r-
HepaJIoB rpyrlnbl MoHrMopurrrroHr.rra Nas.33X2-lY+Oro(OH)2.nH2O, rAe X=Al, Mg, Fe,
co, Ni; Y: si, Al, Fe' flponegeu cr.rHTe3 cJro'crbrx cr{Jr'KaroB, cocraB Koropbrx orBer{aer
xpafinuru ruIeHaM 

1t_oYoP0,"oro ptra MHHepaJroB rpynnbr MoHTMopHJrJroHATa, canoHury
Mg3Si4o1o(oFl)z 'nYI2o (o6pasea l) H 6efi.qinn"ry Alz(Si:.rAlo.ez)bro(oH)zNao.oz ,nH2o
(o6paeeq 6). llony'reHbl TaK)Ke o6pa3r.Ibr c pa3Jrnquofi creneHbro 3aMeu.reHg fl Mar1ufl Ha
anroMplHHfi (o6pasuu 3-5) ra o6paseq, B oKTa3ApHqecKHx cfiorx Koroporo qacrb Marlufl
3aMer{eHa Ha )KeJre3o (o6paseq 2).
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Coclan, ycnoBns cl lnTc3a t l  pa3l lep r lacruu HccreAycl l tblx gl loncrblx cHJlHKaroB

I-lorrrep o6parua
Cpeatrut"t pa3Mep

rtacT'ttt, llM

25-50
25--.50

-25
- 5
- 5
- 5

I
L

3
4
5
6

MgrSirOro(OH)1'r rH20
(Fcs 17Mg1 s3)Si{Oro(OH):Nat sr '  r rH2O

(Alr  r rMgo or)Si4Or0(OH):Nao.t r '  r lH2O

(Al  r  r , rM go ar)SirOro(OH):Nao rz '  r rFIzO

(A[1 31Mg11 17)Si{Ort} (OH):Nf lo t r '  r r l - lzO

A lz(Sir  r :Alo or)Oro(OFl) :Nao ol  r rLIzC)

C qeluro [pHAaHHr rHApo$o6Hbrx cBoficrB noBepxHocrl4 HauoqacrHu H noBbltuerlHt

ee cpoAcrBa K noJn4MepHbIM Marept.IalaN{ 6buo [poBeAeHo Mo.II,HQHunpoBarlHe noBepxHo-

c.rq prAa o6pasuon opraHuqecKuNrrr coeAtIHeH vflMvr (arrrnnoeruJlaMHHoMerHn)Qe-

HOTHI-TpHMeTOI(cl4cHJIaHOM, neKcaAeqnnaMHHoM H Anq)erIHnaMHHoM'

CnureeupoBaHHbre fl rroBepxHocrHo-rvroAr,ronur4poBaHHble cJloltcrble cHJIuKarbl obIJIH

HccneAoBaHbr MeroAaMH 3JIeKTpoHrto;t npocBeqHBarcrllefi NlHKpocKonHH (sneKTpoHrlblfi

MHKpocKon 3M- 125, (Jycr: 75 KB), peHrr;rioBcKofi Au+paKIrnH (peHT reuoBcKlafi ,auQpar-

rorvle'rp APOFI-3, CuKo.n -H3tlyqeHlre), g1ad1{;epeHlluanbHofi cKaHupyroulefi KarlopllMe'r-

pHH (KanopplMerp STA 429, NETZSCH).
pery.nr,Tarbr H o6cyxAeHHe. CHHreg cJroncrbrx HanoJIHHTexefr Art noJlHMepFleopra-

rrHqecr(HX HaHOKOMTTO3HTOB rlpeAOCTaBJrreT BO3MO)I(HOCTb nolyqeHHt MaTepHaJIoB 3aAaH-

Horo d)a3oBor.o H xuMnqecKoro cocraBon. Tar,-.Ha plrc. I npe,qcraBJleHbl AnOpaKTorpaMMbI

prAa HccneAyeMbrx cnoucrblx cuJItIKaroB H o6pa3qa npHpollHoro MoHTMopHrInoHHTa'

Kax cle2lyer Lt3 cpaBuernrr AHQpaKTorpaMM, cpII{Te'rttLIecKlIe o6pa3llbl orJlHqalorctl or

r lptrpoArroro arraJrora o'r 'cyrc'rBl{eNt B uux npl lM(lcel i ,  TaKHx, HanpHMep, KaK KBapq n peK-
.l.opr1.r, Meuaroulr.{x AaJrb}Iel.iruetry nx rrcnoJlb3oIlaHHK) AJIfl rIoJIyt{eHlIt FIaFIoI(oMno3HToB c
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ynyqueHHbrMn cBor"rcrBaMu. Cnegyer orMerLITb, rrro B npnpoAHbrx ycnoBHtx MoHTMopHn-

JroHr{T odpasyercr npn BbrBerpHBaHrrH pa3nnqHbrx nopoA H no3ToNry ero cocraB BcerAa

orruqaercr or reopernqecKoro, npHBeAeHHoro Bbnue. Kporrae roro, B cocraB nprlpoAHbrx

MoHTMopHJTJToHHToB o6rr.rHo BXoAur HecKonbKo rJrr.rHrrcrbrx Mr.{Hepa[oB, flprrtreM HX co-
craB pa3nnqeH Anr pa3Hbrx MecropoxAesuil.

Pa:urrrrre H cHJrbHo yruupeHHbre rrnKrl Ha 4r.r$paKTorpaMMax prAa cnHTe3npoBaHHbrx
o6parqon cBraAereJrbcrByror o nucoxoii cre[eHu AHcnepcHocru nonyqeHHbrx KpncraJrnoB.
Couacso AaHHbrr\r 3neKTpoHuofi ltrxpocKonnu (pnc. 2), nonyveHbr HaHoqacrrrrrbl cno-
Hcrbrx cuJrnraroB c pa3MepaMu or 5 ;to 25 urur. Parrraep qacrnq olpeAenrercr ycnoBr.ttMu

cHHTe3a r4 xHMHqecKHM cocraBoM. Kar MoxHo 3aKrrorrHTb Ha ocHoBaHHIr AaHHbrx, npHBe-

AeHHbrx s ra6rr.rqe, yBennqeuue npoAoJrxr4TeJrbHocrr{ rrrAporepMarsHofi o6pa6orrcn c 3

Ao 24 q Anr o6pasqon ps4.a cocraBoB c N:orraopQHbrMr.r 3aMerrreHnrr\rpr B oKTa3ApnqecKHX
cJrorx no3Bonrer yBenr.rquTb pa3Mep Hx rracrnq o'r 5 .qo 25 vu (o6pa:usr 3 u 4). B ro xe

BpeMr pa3Mep qacrrrq o6pasqa l, n coctaBe Koroporo Her H:oltropQHbrx 3aMeuleuufi, co-
craBJrrer 25-50 HM nocJre ruAporepMarusofi o6pa6orxu B reqeHrre Bcero I .{. Eoree

TOr{HOe OnpeAeneHHe pa3MepoB 3arpy.rlHeHo cKjroHHocrbro qacrl.{rl AaHHoro cocraBa K ar-

noMepaqrrH.
floroxeHne peQnerca dsu Ha peHTreHofpaMMe cnoHcTbrx cr.rJrHKaToB e o6racrH yrnoB

20 :0 . 8 xapaxrepu3yer 6asanrHoe npocrpaHcrBo Mexry KpeMHeKr.rcnopoAHbrMu cJlot-
r,,.ru. lnr Aocrux(eHu.a eSSexrHBHoro paccnar{BaHr.tt cJroucrbrx cHJIHKaToB B norruMepHofi
MarpHqe HX rrpeABapnTenbHo noABepraror uo4llQnrrr{poBaHnro, Koropoe 3aKnpqaerct B

o6pa6orre cnoncrbrx cr.rJruKaroB opraHHqecKHMH coeAHHeH:aflMr. 6naro4apr 6ollruuna
pa3MepaM opraHur{ecKue MoneKynbr e:auMoAeficrByror rorrbKo c noBepxHocrr,lo cHJI]tKa-

ToB, ocraBJrrr B ocHoBHoM HeH3MeHHbrru[ cocraB r.r crpyKTypy Kpr4craJrna. B sanHcuMocru
or pa3MepoB opraHn.recxofi MoneKynbr H pac[ono)r(eHnr QyHxquouaJrbHbrx rpyrtrt B Mex(-

Pnc. 2. 3-ncrrponxsle nnrrpo$ororpaQnn o6paruos cHHTcrHqecKHx cJroncrbrx cHnHKaroB (l,3, 4 w 6).

I cn ua $ororpaQxn coorBercrByer I l0 rru.



[aKerHoM flpocrpaHcrBe cJloncrbtx c]tnnKaroB o6pa3ylorct KoMnJIeKcbI' cocrotulHe H3

AByX, Tpex ; 6onee cJroeB [8], uro o'rpaxaerct Ha 3HaqeHHH ds61 rl8 peHTreHorpaMMe. B

cnyqae ucfloJrb3oBanr,rr anu(barnqecKrrx coeAnHeHnfi 3Ta BeJlnqHHa Moxer yBeJIHq]tBar[,c[

,([r oAHocnofiHoro KoMrrJreKca or 1.3 .ito 5 HM npn HaKnoHHoM ltillt HopMztrIbHoM K noBep-

xHocrl,r pacnoJlolceHr,ru yrnepoAHor"r uenu. Vgern.reune MexcJloeBoro npocrpaHcrBa B

xoAe npeABapHTeJtbHoro rurOAprQlrUIIpoBaHHt cHJInKaTos cnoco6cTByeT gansuefrrueuy

npoqeccy paccJrauBaHur clroncToro HanOIHuTeJIt B nOtMMepHOfi ruarpnqe. llpH flOJIHOM

paccraprBaHHV Ha peHTreHorpaMMe KoNrno3lrTHoro MaTepllana pe<fnerc dggl oTclTcTByeT.

PesylrTarbr peuTreuoscrcofi 4n$paxroMerpnn o6patqa 1, o6pa6oraHrloro (aunnoorn-

naM6HoMernn)$eHerun-TpnMeroKcrrcrrJraHoM, [oKa3aJIH, uto petlnercc n o6lac'rn yrua

20 : 7.55 (doot: 1.2 nrrr) cMecrHJtcs s o6racrb MeHbuHx yruIoB. flonoxceuue petf'ner<ca n

o6nacru yrna 2e : 6.31 coorsercrByer yBennrrenHro MexcnoeBoro paccrotl{Lts go 1.4 ntu.

flpH pacc rraHBaHHH Tar(r4x o6pa:uon B noJluMepuofi Marpuue 6yaer roJlyqerl KoMtto3Hr,

ro4"p*uuufi Har-rorrJracrnHbr c pa3lrepor,a 50 Hrnr H Totlt{tl}toit orcolo I nr'l. flolararor [9],
r |ro r. tMetlrro oTHorueFIHe /(JrI. lHbI K TO,"l tU[IHe HirnoJl l ' lntott tHx noJlhMep HaHon,nacTHI' l  onpe-

,r(c,qf lc 'r  yJtyqulerrne prrAa xapaKt'cptlc 'ntK, B tIzlcTl{ocTtt NlexaHHqccKHX. B larorut cnytlae

B03r\{O}r(r{ocTb r}apbHpoBaFIHr pa3Nlepa qacTlrll cJroHc'rblx cHJIrlKa'roB tBJlte'rcrl HX BZI)KIlblM

[perrNlyu-lecrtsoM rr no3BoJrrer lrccJre;ior]zlrb BJrHrrHpte pa3NlepoB HanoJIrlHTeJlt Ha cBoficl'sa

nonHMepHoro I(oMllo3HTa.
FIa.uuQpaKrorpaMMax Hcxo.qHurx o6pasr{on 3-6, rIMercutHX pa3Mep MeHee 50 ult, ue

yAarocb o6napyxrarb rpKo Bbrpax(euHufi petlnenc door, T. e. s$tlerrranHocrb rvrolpr(pprqn-

poBaHHrr noBepxHocTH t{ccJleAyeMbtx cJroncTbrx cprJlHKaToB rle noA'rBepx(AaeTct AaHHbIMI4
peHTreHoncxofi 4n$parcroMerpuH. B ro xe BpeMt, pe3ynbTarrr au$SePeHlrnarbHofi crca-

Hupyrournfi ralopuMerpnx cBuAerenbcrayrcr^. o6 o6paeoBaHrlH oprauo-HeopralrnqecKtlx

rur6pn4Hux Marepr4aroB Ha ocnoBe rrux o6pa3qoB.
I{a puc. 3-4 npeAcraBneHbr pe3ynbrarbr plccJreAoBaHnt MeroAorur ala4l{epeHqualrnoil

cKaHnpyroueil KarropnMerptvr o6parua 4 B flcxoAHoM cocrotHnn u o6pa6oraHHoro

anudlatn.lecKnMll H apoMarr.rqecKnr\rur aMHHaMH. Hs npe4craBrleHHblx pe3ynbraroB cJIeAy-

or, rrro o6pa6orauuue opraur.rqecKnMn coeAHHeHVflMvr o6pasuu coAepxar MeHbuee

Konr{qecrno cop6uponausofi BoAbr, qer'{ Heo6pa6oraHHbre HcxoAHue o6pa:qrI. 06 3ToM

cBHI(eTeJrbcTByroT pa3nHq[r B noTeprx Maccbr rd BeJrHrrHHax 3HAoTepMHqecKHX e$tperron

n o6lacrlr 100 oC. CpanHeHue r(puBbrx noreior Maccbr HcxoAHoro H o6pa6oraHnrlx
opfaHHqecKHMH coeAHHeHartan o6pa:uoB cBHAeTeJIbcrByeT o ToM, rrro [oTepH Maccbl Mo-

,1u(liarlr.rpoBaHHbrx o6pasuon s o6racrrr reMlreparyp 200-700 "C o6yclonneHbl HaJIHLIH-
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Psc. 3. florcplr \raccbr npn HafpcBaHnn o6pa:rta 4.

r?*Hcxoaubr i ,6-o6pa6orantrsr i r . r r t$et t t t la l t r r roM,6-o6pa6orarrrsr i r rercaaeunlaMulror \ r .

': 90
i
c)
o

: 8 0
I

t r 7 0

204 400

"l3ii



L

c,)

6
ci

o

200 400 600
t , " c

800 1000 1200

Puc. 4. Tcprvrorpauvu o6parua 4.
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eM B COcTaBe CJIOHCTbIX CI{JIHKaTOB OpraHHqeCKuX COeAHHeHHti,  aAcop6HpOnauubrx Ha
pa3nHqHbIX aKTI{BHbIX l-(eHlpax noBepxHocTn. llorepu Maccbr B o6nacTu TeMnepaTyp B 06-
JIacrI4 200-400 oC voryr 6ttrr qacrurlHo cBr3aHbr c opraH[qecKuMrr coeAHHeHHqMH, Ha-
xoAtUIHMLrcfl B cBo6oAHoM ptJIH cna6ocBr3aHHoM cocrorHr.rv. OAuaxo trHTeHcr.iBHbre noreplr
Maccbl B o6nacrn TeMrleparyp 450-700 oC, Ha6nroAaeMbre Arur MoAHSr.rqHpoBaHHbrx 06-
pa3l-loB, cBtuerenbcrByror o BXoxAeHHH opraHr4rrecKHX coeAHHeHufi B crpyKrypy
cnol{crblx cHJIHKaToB H o6pa3oBaHtlrl c HI4MH npoqHbrx KoMrrJIeKcoB, pa3pyuaroulHxct
JIHITIb npH BbIcOKl{x TeMllepaTypax. Tarnu o6pa:ovr, MOxGo cAenaTb BbrBoA o ToM, r{To Iro-
nyqeHbl opraHo-Heopl-aHfirlecKne rH6pHAHbIe HaHocrpyKTypbr, coAepx(auHe opraHHqecK[e
coeAHHeHH'fl, LrHTepKa-[HpoBaHHbIe B Me)I(cJIoeBoe [pOcTpaHcTBo KaK B cBo6OAHoM, TaK H B
cBt3aHHoM cocrotHHn, a raK)Ke aAcop6I4poBaHHbre Ha BHe[rHefi nooepxHocrr4 HaHoqacT[II.

Kar cle4yer u3 AaHHrIX 3neKrpouHofi MuKpocKorruru (puc. 2), n csryuae qacrnrJ c pa3-
MepaMH oKono 5 ur'l (plrc.2, o6paulbl 4, 6) ux $opna 6rrsra K c+eprqecKofi, u oHH He
cKJIoHHbI K o6pa3oBaHl4to arnoMeparoB B orJrnr{ue or 6onee KpynHbrx qacrurl Toro )Ke co-
craBa (pnc. 2, o6pazeU 3). 3tor Saxr no3BonteT rlpeArono)Kqrb, rrTo lonyqeHHbre qacTg-
qbl IlpeAcraBJlqlor co6ofi HaHocr"pyKTypbl, cocrorrrlue Bcero Junub r43 HecKoirrbKHX [aKe-
ToB, coAep)KaIIIHX ABa rerpa3ApnqecKux H oAHHH oKTa3Ap[.{ecxnfi cnofi. Taxaq oco6eH-
HOCTb CTpyKTypbI IIO3BOJI'eT HCnOJrb3OBaTb nOnyqeHHbre HaHoqacTtrrlbr B KaqecrBe
HaIloJIHHTelert Erts [onuMepHeopraHurrecKux HaHoKoMrro3t4ToB 6ea ux o6.srarertrHoro
paccnal4BaHn-s B nonllMepHofi ruarpHlle. B pa6ote [10] 6uno [oKa3aHo, qro norHoe pac-
cJIaHBaHHe He BcerAa o6ssareJlbHo Anr [onyqe]fl^Hfl, KoMno3HTHoro Marepuana c ynyqueH-
HbIMH cBoficrBaMn. Hao6opor, crpyKrypbr, cocroqr.qne uz 2-l0 cloen, Moryr 6rrrr roMo-
reHHo AHc[epr[poBaHbl B fIoJII{Mepuoi MaTpHIIe c [onyqeHHeM OAHopoAHoro KoMrro3r{T-
Horo Marepua-[a. Cne4yer orMerLITb, qro o6ecne.reur.re nonHoro paccnavBa*Hfl H
paBHoMepHoro pacnpeAenerlz^fl HaHonJracrHH rro nonuMepHoit uarputle rBnrercr o4Hofi
H3 ocHoBHbIX TpyAHocrefi IIpH nonyqeHHH rronr4MepHeopraHHqecK[x HaHoKoMno3HToB c
Hc[onb3oBauldeM rJIHHHcrbIx M]rHepa-non. llpu 3ToM LrcrroJlb3oBaHae cprHTeruqecKnx Ha-
Hopa3MepHblx cJloucrllx cHnI{KaroB B KaqecrBe Haflonnxrelefi fionuMepHbrx Marpur{ no-
3Bonur He roJIbKo H36exarb cral.r4t4 Hx rraogu$Hr-(llpoBaHur c rlenbro yBenraqet:afl Me)KcJro-
eBoro paccrotHl4t, Ho H ilpv!.arb nonuMepHbrM MarepHaraM HoBbre csoilcrsa 3a cqer Bo3-
Mo)KHocre[ naprupoBaHHr' rlx cocraBa B ur4poKoM Ar,rarra3oHe.

3arcrrcqenne. I{cuoJrb3oBaHae cHHTeruqecKHX cJlol4crbrx cr4JruKaroB B KaqecrBe Ha-
[oJIH]ITenefi Nm nonIlMepHbIX HaHoKoMrro3nroB xapaKTepu3yercr prAoM npeuMyulecrB
rrepeA Hc[onb3oBaH[eM npupoAHbrx rJrHHHcTbrx MnHepanoB.
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cHnre: B fHApo.repMaJlbFrbrx ycnoBtrtx no38oJrter i loi lyqa'tb cJloHcrble cHnHKa'rbl 3a-

l(r lnIIoro {taeonoro coc' laBa'

Clonc.6re cHJrHKarbr o6lalaro'r 6olsurofi cnJrorrHocrbro K n:oruloprfrublM 3aMe[lerlHtM

a,l'or\,roB B cTpyr(Type, qTo rro3BonseT npoBoAHTb HanpaBJleHHblfr cHHTe3 Hal'loqac'rH[ 3a-

,[aHHOrO COCTaBa.
flyrevr BapbHpoBa:Hufl ycnognfi crrHTe3a, Moxno nolyqaTb cJlol4cTble HaHoqacTHUbI

orrpeAexeHHoro pa3Mepa c pa3JIHtIHblIt K0JIHqeCTBOM CnOeB B CTpyKType.

I4cnolrsoBaHne clrHTernqecKltx qacTuu c onpeAeJIeHLIbIMI4 xapaKTepncrHKaMH Aac'r

BO3MOXHOCTb peueHr.r.rr 3aAaqu nonyqeHHr [oJIltMepHbIx KoMno3l4THbIX MaTepHaJIOB He

np6c1o C ynyqUeHHbtMH, HO H C 3aAaHHblMH TIOBbIMH cBOfiCTBaMh.

Pa6ora BbrnoJrHeHa npn SuuaHconot-r no.qAep)KKe rpaHra Poccufictcoro $oHAa Sysaa-

MeHrarrbgbrx HccJreAoeaHuft (rpaur Ns 06-03-32780-a), Canrcr-Ilerep6yprcrcoro HaytlHoro

rreHTpa PAFI a rpaHra npaBr4TeJrbcrna CaHrr-flerep6ypra Anfl MoJIoAbIX KarIAHAaroB HayI(.
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