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B gacrolui{ce BpeMfi o/Ullilvl II3 llall$olec :tlltlrel(T'lIB}ILIK

IueToAOB p a3p a 6 oT'Ifl.I IIoBl,lX l'lliloD fIoiU'INtepHblX N1tll'e-

puanoB cTaIIoBtI'[c1 co3Ail III.I9 TII$pLIIUI6IX nOJI-LII4ep -I-Ie-

opfaHllqeci{I.Ix IIatIOKON{IIO3I'II'OB,'r.e. noJII'INteplIbIX rc-

Tep o ib a3iblK ilI a'repIIitJIoB, rAe p ir slvtep lleopl'a HIILIecI(Oii

{la:i,t lte ilpenitl[IaeT i00 rrru. Baxtuo flpll 3'I'ot!I o'l]tvlc-

Tlr.fb, rITo ii1opr\g.rpyrolitrpcr l] pe3yJrr,'raTg Tar(o1o 06T,-

eAlIIieHI'UIIIalloleKyJltipHolv1lIHa"Dl'IoJlcKyntpHcl'i)?oB-

r{e oprallulleci(oii (noru.tritep) lt rieopra lltltleclt oii (ltauo -

qacTtrqa) coc.rarlJnuonli,rK non1iNreprrbre r\,ra'repgaJrbl

npe,D,cTaBJUIIO.f CO6Oli, KaI( OTNIeqagTCn B 6OILmON{ rIU-

clre 3l(cnepltNfetl'rgll U, 2J, a$CorirOrllo ilollble nor1I'INIep-

IIbIe clICTeNtbI, tle tBJ1;floilIllecl ilpOc'roii <cyNII{Oi'l> CO-

c1a3Jytro1qllx 11x l(oivlnol{etirolJ. l{:necrtro [3-B], qro npII

UcIIOJIir3ODAtuttI B KarIeCT'De I{iItIOJIJJI.I'rcJrcii cJloI'IcTLIX

crrJir.{KaToB I.IaO11IOAae1cg cyru,ecTlleIIItOo yJlyqmegue

pqAa Xap aI(TCpliCTl,iK iloJt}i]vlepllblx I,I al'cp rI a JIo I}' a i,nvteH-

iio noBblllrclli ' le ripoYIIocTIr l'I Bfl3KOCTI'I pA3pymeifi'Ifi,

citi.Ixtetille Ko3t|t(1)IuII.IcII'ra inIileiirlOt'o Teplv{I'l{tecl{oro

pacilIitpsIlLIu, uOllbi[Ienlie TenJIO- lt TepIIOc'rorittOctlt,

ylvrei'lbinclllle l-il3orlpoIllulasl!{oc-r'I'I lI /Ip.

flo;urr.rl,uii\br (nl,l) orrroqrTgr t{ r(Jtacc)/ 1rblco6o1cp1io-

cToi:lxlix noJL{.INtepoU, ilIllpoxo flpll}'t€IlficlvlrlX l-} l)a3Jlllrl-

nbrx o6Jracrrrx Texril[rrr, rlanpr.rNrep B :rJrcr('I?ol'exrllu(e lI

3Jreli'tp ornil(e. llo.ru.ntep -rieopra FII'I{ccI(Iic I la iiOI(olvlllo -

3ll'rbt IIa Lrcuolle nl'I TepNtOIIilaCTOl) C IIe[oJlb3ol]tlHlIeNI

tlpllpoArioro cJIoIlcllofo cLIJU.IKaTil lvloli'rNtopIIJIJIOIIlI'ra

6ri.utt f[oit1rt1e1ll,r r, tt3yqellbl pfirloNt atl'r'opol] [9-12]'

Ta.li, Cllit fe3IIpOBalil,I I1i4 I{iIIIOKO}vIrIO3l'l '[bI o llcIIOJIb3O -

Ili:ll{i.icr\,t ilpLIpOi{itol-o IUOlITMOliilJ.[JrOIlI'iIa, ],I0/$Id)i'IflI'IpO-

BAi{tlOrO i)il3Jlllqllblt{i.I opf tuillqecKl:IN{II COeAI'li i9lllltllvlti

[1 1, 12], roroilr,le ooJraAaJtrr yJryquterrur,rNrfi 6aprepitl'i-

Nlr,r Ir lylexaHLIqecKIlN{LI XapaKTepI,ICTlII(tlI,lII nO CpaBIIe-

HL[o c ueIIarIoJI]IetIIIbIlvILI nI4. B Io )Ke I]peNltl lIcnOJIb-

3oBaHlle npllpoI[IbIX NtoI.ITlvIopI,IJt[oHI,I.I.OB B KaqecTBe

HanOJIHIITeIIeI;I npll noJryqel [lI'I KoNIno 3UTIIbIX ]I aTepll-

aIIOB UMeeT pfl.q I{eAocTa'rKoB, cBfl3alIIlbIX C IIeOAILOpO-

Ig1oCT6IO XIIMUqecl(OfO, rllaronoro I'I AIlcncpCIIOIItIOfo

cocTalla HanoJIlIlITeIIefI [13-15]. YcrpaIiIl:t'b 3'I'I'I lleAo-

I-ony1eoa O.IO. u dp.

vAK Sq8.736.6a

CI'A'IiflI rI()3I]OJUIET IICTIOJIb3OBAFIIIE CUI{TSTI'IYECKLIX HA'

i tori i lc 'r ' I lu.

C:ro lrc"rltc ctlJltui a'rbl 11 6JIa AaIoT 6 o JIbIX o fi cItJIoHHo cTbIO

n ll3otvlopt[tlll,ttrt 3iIIvIeLUeI{rUlM aTOMOB B CT'�pyKType' qTo

n o 3 I] oi5ieT np o B 9/i1.ITL Hanp aB JIeHI'lbII:i CI{HT93 I{aHOqac-

TrilI 3aAaIlIIOfo cocTaBa' BH6op cocraBa I{ pa3MepoB

Nfo)KeT olrpe/Ienfl1'bctt qeffINII{ AaJIbHefIUero llcfloJlb3o-

B airr.Ut T2i(IlX 1lalloqac'flilI. I4cnOIb3 oB allple CIIHI eTplqe-

CI(IIX IIACTI,IU C O ilP EAE[9I{I{bIM[I XAP AKTqPI'ICT}II(AM}I AACT

Ilo3I{O)iilIOCll'b nolyqaTb noJI}IMepHble KOMIIO3IITFIbI9

NfilleplloJll,l c 3a/{arllibllyl}I IroBbIM}I CBO.frCTBaMII.

I-{elr,ro Iiitct'otttt\eli pa6orbi 6blr1o nonyqelil4e v lalccIle'

AOB a III.I e lvf exa lIIItIecKux xap aI(TeppIcTlIK II'II{OKOMIO3pI-

TOD IIa OCTIOBC IIOm,IIIlvtlutr-IblK TepMOnIIacTol] H clII{Te-

Tlr qecK oro Iu ilrl IrleB o -clIJIlII{ aTI-IO rO M OHTM OpI'IJUIOI{UTa

(MlvtT_Mg), rroJtyrrerrrroro B frr/{poTepMaJrb}rblx ycIIO-

Brr f lx  I i  3 ] .

3 ttctlcpllucll'['aJIIrtIitff rracrL

.{lri nonyrreluul I(oNrnO3lITHbIX MaTepltanoB ria ocHoBe

noJrr.rr.tMlllllIblx NIa"{pI{II B KaIIeCTBe HaIIOm{HTeJLfi UC'

nOIIL3OI]aJUI CIIIIT'eTI,IqeCKIII1 MaflilIeBO-CIIm'IKaTIIbII;I

lvrorl'II{OpIIJIJIoItII'r. ClUtre: NIOH"TMOpIIJIJIOI{I'ITa IIpOBo-

,rdlrnrr B rltl{)o'l'epivliplbllblx ycIIOBLItlX. ycJIOBIItI clIHTe3a

iloApo6Ho out.Icilllbl B paOore [13]. flolryuenHble qac-

TrrrIr,I IIl,IeJil.I pa3Nrep oI(oJIg 50 rrna I{ o1Beqarm o$g1efi

(ropl,iy:re NIilt'III.IeBo-cLIJIIIKilTFIoro MorITlvIopI'IJLIIoHI{Ta

Mg3SiaO, o(OI{)r'rlH20 (aualor npni)oru{oro cailonllra).

c LleJrbro r,irltpo(l)o6rr:aulur noBspKrrocTpi iiaHoqacTuu

N{orr|Nropr,rrrlor[rra (MIVIT-Mg) u nor]bltreHrifi oe cpoA-

crBa r( noJIrIIuepIIbINt NlarepllarraM 6r'tna npoBeAeHa MO-

Alrd)rma I{I.uI et'o rto B ep xH o cTLI (aMlIII o 3'rIIJIaMI'IlIo MeTIIJI) -

drertorlm-TpIINIe'rol(clIcrIJraHoM (clrnaH). tlacrnqu

MMT-Mg t) I(oJtr'lqecrBe I r npeglapllTeJrbHo .ryIcnep-

rtrpoBaJtrr B 50 NrJr 3Tarrola c frolror4r,ro yilbTpa3ByKo-

noli nanllbl (qnstora 20 Kfu) B Teqeulae I 'I. ,{anee x

lu.rc[e1)cr.rr.r rrarloqac'fl'lq MMT-Mg B 3TaHOne AO6aBJUI-

Jtrr 0.2 MJI cgJlalla tI npoAoIIXaIlI lryIc[epfplpoBaHHe I{a-

I-IfiFif,lit?ir'?11$3t'1'ilirl FIA OCl{CBtr IIOJI*IPIMPIAFIbIX
rtrilm.'nx/"c:rgi;#l$lffi TSf ffi ffi,$ffii:illtT_,Fff tcL{AC'rI4Id

@ O.lO.fo111,6c*a, iI.E.LCllul, A.fi./irqetll(o, B.l\'l.Cnc'r;lltrllll l l"lr B.I].f1'capoll

\, l{gcrrrryr xrrN{nrr crrJrr.Il(a'roB PAI{, Calltc't'-IIc'rcp6ypr
) Urrclriryr Bbiconor\roJleri)urriptllrx coeArluellrrii Pr\lI, Catittl-llerep6ypr

[Io pactgtastrcti lrcxHliiozuu iK)]r)tLt€nttt uauotiz.tuutl3ut1tw tm oqto\e ntepilottllaCITlururceo no\ruuJLuda no-

ttu I i ,4,-Oitc ( 4"-N -rfueHoKc1t) -y1r[erur.nq,rbd)ott JLtr lud 1,3 -6ttc ( 3' ,1-dw<alt1oxurpeHoKctt) 1eusora u cttH-

nrcnutttecKrrx .\4aztutelo-culuKanntbrx ]t(tttlLtacnunl co ctTry\)Knrypoti ,rtotttttltTpttltilottunxa. nposedeua eQrltetr'

t t t t l6 I � lu ' I , , l , todur ! t t t<o l1 t lx tJ?(Jepi rCnnt | lCxodl t | . , tx1 ly)oqamnr( r l , t ru t to l t l lu Ia .Mu| loJ | | � � � � � � � � � � � � � � � � � � � � � � � �

t I loKCllcl l Iai lo, l '1.
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Hauoxo.trutoslt t?tbt H4 OCHO6e nonuunudnttx tnepi lonnclct l to(1 u l IAzHUegO-CUIlUKOtlt l lbIX ttattottqct l tLtt l

Hgqacf i.til eilie B Teser{pre l0 rulur. flo;r1,.1e111-1yl11 B3Becb

Ilelloriiic'rllu B paci'IJopg 3'�ialloiia c cIIJIilIIolvI UeIIIpII-

(ryr.npora"{1 i.r ilccJle BbrlraAerll.rrr rlillrortac'lpq rra ArIo

npOOuirKII LtX lioiIoJllllt.reJlbrio npoxlbiiiaJl-ll 3'I-tliIoJlOM I]

Teqerrr.ig 30 ni.ilr oT oc'rat'Kor] rre ry)opeanlpoBaBluefo
c M]VIT-ivfg cIiJtaIIa Ii rloBropllo LiellrplrilrylllpsBaJIlI.

TaXntr o 6p a: otvt O 6p a 6 oraIIIIbIg ci'IJIaIioNt I IiUIoqaC"IlUbI

NI IVIT- Mg oltoltqal'eJlbllo cylul'IJlli 0'1' 0 c'r-aTl(o I] 3 IaI IoJIfi

no/{ Biu{)/yN,Iol\,I np}l 60"c B Tgqeulle 5 tl.

3 {rc[rcx'nri]I{0 cTi, o 6p a 6 o'rrcll ri oll cp XI Io c'l'll I I auo qaclllq

lv{ MT- it,ig cluatror!,t I(oIITp oitrIp oD aJII.I no /Ia IIII6IIVI pe}IT-

retroBc1(oli 4lrrlrp ar(ToMsr?r.pr ria nptrS oire Miro Max00 7

(Rigaku Delki Co. Ltd).'Vilem'l"lelllie 6A:a.lu'ltoro npo-

cTpiliIcTBa rueiKAy l(perui{erQjpJlopoAIil,INlII CJIOtiI{rI B

, l{},4T-h{g nocrre o$irtr$o'rrt}I-IiX ctiJIaiIoNI onpeAeJUIin'I
rr rro cArlrrry petllrrexca (00 i) n cropoHy Merrbrru.rx yrJro' 0.

coornercTBl4oij.iee NlexcJroeBoe paccT'0'Ilrllg d Nte)K.try

cJrorrN[r l] MIVIT-Mg onpeAeJrflJl]I

r l i r ' t  Ei lar.t 'a:

t l=) '" l2sin9,

rAe l. = 1.54 A * AJrrua BoJrlIbI u3rryqeHufl Ctrc&.

TeprraorpallltNle'rptt(IecKI'Ifr arlaJtrl3

IvIMT-NlB tto II ltocJre o6pa6orr<n
c'.rrlJrjrru.r rra n1;l.l6ope Perkin-Elmer

ra. I-larccxt.t o6pa3lroB cocraBJItIJrLI

r07

c noMolrlbro ypaBHe-

(TfA) oOparqon
lrx cruraHoM ocyule-
7 s arr{oc{epe aro-
5-10 Mr, cKopocrb

n0ALel'[a 'I'elvlrepaT)?bI l0 q)aA.MtrH-l

B Ka.{eCrI}e nollllvlepHofl IvIaTpUUbI KOlvtnO3HUHoHHOt.O

MarcptraJra 6i,t:t ltcnoJrb3oBarl IIorflI'IMIIA - nom{[4,4'-

6rr c (4"-N -(r er I oxcll) -tFI{) eruncyru' Q o I r]lIMlIA I,3 - 6u c (3',4'

tu{I(ap6oKul(bellol(clt)6ett:oua (nI'I P-COD [13] crpo-

EFIII'I:

Morur{u1<aUllu noBepXIIOcTlI CJIOLICTLIX CIIJI}II(aToB tl}-

fifleTcu Ba)I{III)IN{ 3'�l'anoNl npoqecca noryqelll'Ul HaHOKOM-

no3i.rToll IIil IIX ocIIoBe. O6pa6onca cI4JII'iltaToB OpraHH-

qecKu1{ll cooArIIIeIllUIlvLtt 11pril]oArlT K rllApO{ro6nraqwt

lIX il O r) cp XII O c'f tI, ;fyUfUeITt cO I] M9CTIIM O CTII HaH OaIa CTHU C

rrom.rNtepuoli l{z}'rpl'Iqer1, a TaKx(e K yBerr'FIeHI'Iro NIex-

cJtoeBor-o npoc.rparrcTBa AJUr Ooirerqerilur npoqecca 3Kc-

(roruraqlpt SIIJUU(a1uoro I{arIoJItIUTen11 B noJIHMepHoii

Nrarpr.rqe [1, 2]. Fonr,uroe 3IIaqeHlIe B 3ToM npoqecce'

nrrlroroT oorrrettIil,lg KarLIOIlrt (Na+, K*, Co'*), pacno-

JIarar0il{l:Iecfl lvle)KI(y KpelvIHeKlIcJIOpO.4iIbIlYIlI CJIO.flMpI,

nocr(oJrbr()/ o clloBlloi'i np oqecc' np orel(arculllil npH B3a-

nNr oAeiicTBULI op riIIiLIqeCKLIK cO elryIIIei{IIfI cO cJIOIICT5IMII

ctiJ115(tlTaM1l, * 3'I'O O6lvleHHafl agcgpfiqnq. BbtCOftlle Be-

JrIryi.II III Ka-I'tI oI Io -O 6lreutloii eIIKO cfII onpeAeJUIIOT JIef-

I(ocrb u KaqccTuo Mol$.Irflu<aqlru noBepXIIocT[I ruInH[I-

cl'blx NILIIIcp it JIOII. BeJnlqlulil I(aTI'IoIIo-o 6Uelllroit eUXo -

c'ftr u cuoro otlepeAb onpeA6JitleTcn cocTanoM I{ cTpy(-

Typoi{ cJroilO-r.oro coelryrrrerrr.lfl. I4souop$nlie 3aNIeuIe-

I nlri il t-Otvt o I] I(p elvtllllti H a aJrlot{Ilulli'r r rrrp a3ApnqeCKOI'i

II aJUONItIllI.It IIa i\,Iafi1llli, )KCJIe3O LI Ali)/fge 3iIeMeHTbI B

or(Ta3AitltqecKoii I(oopIIIiIIaUlII,I IIi)lIBoAtIT K ocBo6ox-

/ {e i ] Iu0o"r l ) l l i {a [e I I I r I Io fo3ap 'AaI {anoBepxl lcc . ruHno-
ltr-,iUIfl IoT I(it'I 'I IoIto -O 6Merlliylo cIIoco 6IIocTb cJloplcTot.o

0[IJ;nlxil'fil.

liptr orcy'I'c'rlJltI'I II3oMopq)HbIX 3alvIeueHI'Ii'I B c'r?yl(Ty-

1)e, I(aK Il Cjtlrtli a licrloJrb3)eMoro B AaHITOI:I pa6OTe

NIlv{T-Mg, noI}QpruIocTII rIacTI'IU no KpIIcTamoX-}IMpI-

qgcr( OIIy cq) o ot lttro cJIeAy{7r' cqllTa'rb 3ne6Tl] olleiiTp aJIb -

itLrilrrl1 a BOJII.IqI,1IIa eNIItOcIII KaTI,IOIIHO;O O$ltetta,{OnX-

r  f  o  o  
o  

- l

f,p")o"u} o*0*o'-6'*0;
f(rrr nc:r1,'rrelintt cN{ectl P-COA* 10 ruiacTo i\4M'f-MglCtt-

larr trctioJrb3ouaJri.r NgrKpoKoNrilayHAep IIAr\IiE Mird-

Lab, itoroill"tii nO3IloJIJie'f c96iyetUa'l'b IlegOnbI.IJoe KO-

Jrnycclilo (5 r) IIoJIlrNlepa B pacrlJlal]e c 0.5 r IlopollIl(a

i\'{ MT- Mg/Clnair. C onl'teu{elil'lc B p a crlrla I} e np ol} o/Plnn

npr.r Ter,rncpil.1ype 340"c r] Teqerrtre 20 \IIIII, CI(ollocTL

Dpauielultt uliteiioii 100 o6'iuillli-1.

E.UO'lntre O6ilayil,r IIJIIi NIeXaIitlqeClOIX IIcnLI'raIIltil no-

JIytrIeJiII KaI( l.I3 HeIianOJIIleHilOfg nO-TIIITINILIAa P-COA'
'rar( lI iI3 ci\,IecII P-COII* l0 uac% lvlh4T-Mg/Ci'rxaH 0

rroNIoUii-rlo l\,tt6poltrlx(el(Topa (DACA Iirstrturtetrts).

Totncpal ') /pa l)acuiral la 360, npccc-r lroprrrt  -  90oC,

.itilBfieili.le ]iiixci(uull i00 aT['i.

lrlexa;nr.reciti.Ie cnotlicina (npO'utocrt, npll r'l:rl 't6e (5'

NroAyJrL l0tlra rlpll I'l3rlt6e E r'r ,r-leclropr'talfllro Ao pa3-

pyrucllliti npii Lt3rl.r6e e) 6Uo'tiil 'Ix o6pa:t1ot] noJllllllvlllAa

P-COA LI Ittlrloi{ON,tIIo3tITOB Hti e1.o Ocllolls OnpcAeJIuJlII c

rlchloii1llo ilaspriultttii Ntaullllli,I 1958)f- i 0- 1 (Pocclrx).

o6pa:ur,r rloir111.r1,1r,4a rr Har{oKor,rilg3rr1a ru111 Ntoxall}I-

rrecKnx ticnblTalllu:i ilpeAcTaIlJIJtJil'I co6oii ilJiac'ulilKii co

rXIeAyrOIJIIItrIU piI3NIepiir\,IIIl rOruqltna I N,IN1 ' UIIIpIIIIa

5 t"tli, 6ii:Onag IUllIIItl 20 tntt,t. I'lcnltratllll 6JIOqII1,IX 06-

pa3UOIl ila ti3fi16 npolJo/XlIJiI'I llpll liolvlllaT'Iltlii reltlte-

t) aTYi) I i] p'j),I(I llle aI(T ltilIIoI'O lia i-pyiKeiil'IJ[ co CI(Op O CT'blo

tO-J l,t'ntrtrr-t. tv{cl6'ur, iOura iipll c/il}lli 'e G' 6no'lltl 'tx

o6pa:qon HagoKoryrrio3tlToB OnpeAoJtrrJti.i c loNIOUlIlIg

KpyTilrrbllofo lvtafl'rHi'l]ta ViK-002 ftia:pa6o'r'xa I'lBC

PAI-I) B pextrNle cBo6oAtlo3il'ryxatorur,rx I(i)yTIIJILrli,Ix

r(oJre6aHiril (.racrora KoreOaHltll ol(orl0 0.5 fU) ni)lI

I(Or\ i i i i lTi IOlI ' reN{I lq) a iyi le.



1 0 8 J-ony$s6t O.lO, u dp.

A

i\q \

i \
l1 \_,
t h  ' ] t  1
I  I  v r t  z

| \. Y{'1,,-" . ...,,r^l/
i 

'\r, ''r"rr'' 
l'fu!i/ti'q'{

| " \+r^,

| 
'"u-'\'ltu.\.*'

I t

1 t
I
i , ,

Lnt

1 0 0

90

B O

200 400 600

Pirc. 7. I(prt ir t , tc 
' l ' I -A 

o6pa:qon
( l )  u  r roTl t rd l l rq t lponal lHoro

&l l  - -  l to ' t c l ) t t  l taccu  (oz 'o ) ,  t  -

800 1000 r

rrcxogrroro MMT-Mg
crfnar{oM (2).

reiv{neparypa ("C).

l 0  2 0

t '
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. I  -  : \ r r renclu l i rosrb ,  2g -  yro:r  l iprr la ( l  pa,r1) .

uu 6lttt 6:rt:licit Ic iii '31i9. C sroii 'foru(I't ll)cIIIIu cocrtlll

IrCilOJii,Sy€ivlOt'O n paSO'fe MOIItivrOplIJUIOlIl.l"fa IIc TIDII{-

glcti Oti'itt,Iiijl ltll.lt"i. Oi$tai{O cllift.cllll)ol}ilIIIit,li ' i ltotif-

yoplulJlot l l '  o6naAast a4cop6qrlot i l tot ' i  cnoco6tIoc'rblo,

llocr arotlitoi.i /uut np oI)$f€AeIIIffi er[i(lcx'r'un I I o ii iur o.tg t(ru-

KBUIII.I CfO nOBepxI'IOCTII Opt-aIIIIqeCI(IINltl COCJUIIIeIII'�Itt-

I t l t .  31O CDliaiIO C ICNl, q' fg 11ON1IttrtO O6ii tcl I l ILIX Ka'I ' l ' IO-

lICID IIe ITODCpilIOCI'I . I  CJIOitCTbIX CI' IJI i I I( i l ' l 'Olt  C\/IUcc' l ' l t1tg'1'

6o;u,uroi i  i ra 6o1t i t I(TtI i l t lbix uelr i  p ou a; ico;1,6I { l l I I  Pa3JII ' I-
.;iloii rplrpolU,l [1 6, l 7]. flcl'ti.lttto o6lteliIII;I.\ Kil-I'I'IoIIoD

lI KOOpJU.t i iAqttoI i I Io-IIeIIacbl l{CltI IbIX LIOIIOB l\ IAri I I I f l  I ' l

aJIIOtriIIiII.II{ 3'fo lvtofy.f 6rirn Tai(X(e O;1I.IItai)lII,lc H nai}-

r11'r€ Oi-I-1tr))/rirrbl nprr a'r'oh{ ax i(pcNII IIIu, I IcI I il cbl[LlcIIIIbIe

E1'ON{bI KlICiIOp0lia IIa rpaIU'IU'C Tef?43/rplltlccl(I'�lK iI Oi(-
' Ia3Ipl l l ICCKliX CJIOeB, l iecKOMIICIiCIlpOll{ l l l l IbIC cl}f i3II  i l t l

noucpiltocrll cl(oJra rI ,t{p. [17].

I-Ia psc. I ni,re,r1c'raIlJIeIIbI IFIQpaKToi'liil lrlir{I:l I'IcxoAIIoro

MIvIT-l t{g t I  MMT-Mg, o6pa6oral l i loro cl lr lal lol t l .  Pe-

3yJIb raT'LI p etiTrel Io B cl(oii lptQp an'ro Nlc'ip I I [I n oKit 3 il JIli'

, rro l ier| ; i lcKc t]  oO:racrl l  yI ' i IoI]  20=7.55o (,1oor=11.7 A),

xapax'rci)I lsyloui l i i ' i  6ara;u' l loe npocl l)aIIcl ' l lo l \ Iex/ ly

I(peMilexI.rcJlopo,4Iibllr{I'l cJrotiMI'l D IIcXoILIIONI O6pa3IIe

hIOlt ' fMOi)IIJIJIOIII i ' ta, I IOCiIe O6pa6o-rrt l ' t  cl 'o cIIJIaIIONI

ci\iecrHJlclt n o6tiac'l'r NIeIlltrilIX )Ii-'Jlou (prtc. i). flolo-

)Ketige p eq)ileKca I Ia ru.Iqtp aI(Torl) aN{Nt c tut <1711 trlrt'll U'Ip oB aII-

i loro MoiI lLf OpI.IJIJIOIII ITA B O6;taC'rt t  J;t l loi l  20=6.31o

cooTBe'rc-rDycl' yllgJu.Iqeilluo Mex(cJloci]oI'o 1)llccl'otllIllu

Ao i3 .B A.  Taxr tn  o6pa:otv l ,  D xoAe o6pa6orx l l  i l cxo/ l -

IIiIIX l{aIiOqacTliu ciulailolu }//{{tJIocL Jloc'l'l ' l(IL J/l)eJ[IqC-

ri tut Nte)Kc-ltocuoI 'o pf lcclof l I l I i f i ,  r I l 'o cl l l lJ(c' t 'c j i i rcf l l ) /e' f

o uoJ1yqelI l l I t  ol)fal lo-I lcopl 'ai l i l t lccrl(ol-o l ' l i6i) I t l$ioro

ivlaTsplIaJIa.

Kax iloI(BlbIl] illor llttt lltble 'tepr{ofil tl I} tll\l c'i ' l)l lrlccl(oro

arrirr1l l3a (f f^,\)  f i l rrc. 2), o6l ia6olt l l l l l r , lc cr l t : tattcl l t  o6-

I  0 0  l 0 l

Prrc. 3. 3aurtctti tcrct'u Bff3t(osl' l l  t l (I1a'c) pacnrtaBa or

rracron,r  \ ,  ( l ;a l i .c- l )  .q. l rn l I I4 P-COI{  ( i )  .H HaHoKoMno-

3rrra n i l  ocuonc l l l l  I ' -COA c ao6anxoir  l0 t ' raco/o MMT-Mg/

cIIrIan (2).
' l 'ci 'r 

r rcpa'r'),1) a oru,rra 360'C, al't rint tl 'yAa geQoplr atlttu lo/o.

pa3rir,r M N,I'f-Mg cloriaAelor AocraToqiio DIlIcoKoIt rep-

lurocroiiKitc"I bto - IIIITeIICl.Ii lI lbIe noTepll N{accbl npH }IX

rrall)cDe rritrrrrrri lro'r 'cfi B oonacrlt 230-250"c, vlo no3Bo-

JLqCT rrCilOJrLt|Olli l ' I 'b IIX Ail-fl MO.4IlopmAUlil{ TgpMOCTOiII-

I{I-IX NOJIIIII]\IIULIII,IX I!,TATPPIq. CNCXYTT' OT}lgfHTb, qTO

o6rr.nlo III r JI(arI TepN{ocroi.uroctl, atn'lq)a'rHtlecKux aMlI-

I r o l], I r a r r 6 o: rcc tI il c'to [ICtioJrir 3 ]eN{bIX,trJrfi M oApt$ru<arylu

noD(]pilr()c'r 'rr c-rroI.Icl 'LIX CII4FKaTOB [3-8], f iBJLfieTCfl OC-

IIoBlli,I iu IIc/toc'l 'a'fI(oM' npenfiTcTByi0U{IIM l'IX HCIIOItb-

3OllaIri. i l0 )t.itf i 11r),ttyqgtr114t IIaIloKoN{IrO3LI'�rOn Ha OCI'IOBe

l l0Jl I  I l I l ' l  l  l j  l i l  .

Cor l rc i r lcrruc o6pa6oraI I I IbIX c lu laI IoM i {anoqacr l lu

Mlv{T-i\4g c ro-rlll.ttrlttlgtoiil Ma"rpllueii P-COA B }vrnKpo-

r(oNrila)'rrJ(cl)o I {AAKE Minilab IIe npnBolmr K cllJlb-

I l0ht)r \rl lciltt (lcl t lt io Bfl3KOCTII paCIIJiaBa nOJII{IIMLIAa npll

360.C (prrc. 3). Tittc, I larlolnenrle flkl P-COA Hal{oqac-

T'urlsNrrr I\ '1N1'l '-Mg/clrnarl B Koilr.Iqecfi le l0 ruacTo npll-

r]oAlrI I( \ ' t,,c-]rrrrrcilr.rro l lt3l(ocrtr pacnJIaI]a ri14 P-coA

it l ) r . rNrcl)rro r i  l . , t  1 lara,  q lo no3Doiulsr  nonyqarb Kaqe-

1l

r n 3

1 0 2  v

{ i q J

rlr/if" 
"

I l l

t#*h*h

1000 r
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Idexant'r'tecxtlo ciiot'icrn a o 6p a:lqon noJIrIllNIIIl$Iblx

Tepllollilitc'1'ou I'I IralloKOI\Ino3I.lTa' IioJlyricllilofo lla

o.lr ,rr* i i l , l  F_ccA' i i r l l ioi i .cr l i l l  Clrr i ' reI 'uq-ecKo'o

hi lv't'f - ivi g, u oiglillrrurp cil a nno ro cllrlaIloM

O6Pti13eq
\

ULTEI\{-100c
P-CCA
P-COil1-10 i,lirQo/o

IrtN{'i-ivlg/cn-uatI

o.f,
IviiIa

It1,
I'lla

tf,

,
r l

f I Ia

180+3
170-l-,1
195. { -7

', '7 > 1 0
> 1 0

5

t . 4
l . J

1 . 8

6urrcD' I3 i l I Iocr le l locTi tTot l l lopaBl loh, tgpl{blMpacf lpe.

AeJreI ,oleN',�,ur rou o..,]',, ldlvlT- Mg o lvl arpriqe P-CO,.{ i't

cyruec.f t] o l] nr llroNr a fp era'f o B qa cTltu cy 6 ul'riqr oNf srp o]lblx

pa3NIepoB, l(o'r'opl;lg Niol'y1 lltirlulll'lpoBaTb tloptvtupo-

BaUlio <Itplfilllqecl(llX>> Tpeuil'II-I B O6r'ei're l]'�iaTspua[a'

Ilrilro,tg,l

I . llp o D c71ell a rnt o;ry1{rmalu'1fl (altr'rrtoaTlliralvlllHot'lvrl rn) -

rlreH:rl,tnrp liNleror(cllcrlJralroM noI] ep xHo crl{ NI arHpIeB o -

crlJir.il(arilblx IIIUIOqACTIIU CO CTpy(rypoit lvIoI{TMOplIJr-

Jrolll ' l]la. Ilorcet'latlo' arro o6pa6on<a STIIX [IaHoqacrr'Iu

cr.rJraIION{fIpI ' IBOAU'�rr(yBeJu'� lLIe}IHrO6aramuoroi lpocT-

pailc'flla NIeiK/Iy KpeMHeI(IIciIopolIlbIlvIlI cilotiMll or I 1'7

oo 13.8 A. 3ro cBrrAererbcTByeT o6 a{ipututBl{ocTH

ilp oB egeluro i'r rnr o 1g ril"rlrxallllpl noB ep ru Io crll'

2. flouy"lennt llalrol(oMno3lrrbl lta ocgolle noltrrltMllA-

r 1 o ro Tep \r o rrrri.rn nor,nr [4, 4'-6 nc( 
"-N-c]r eHOicclr) -mQe-

rrrrrcyJir,(lrorl]rrrutr'rg 1,3-duc(3"4-'ryucap6oNcli{reuoxclt)-

6er t ro t ra l l tu to4 l ' ld t l tu l lpo l }aHHbIXct IJ Ia I {oNI IuarrMeBo-

clull'ntaTllblx i IsIIOqacTnq'

3. Ycrattonnelio' rrro BBeAeHHe B noJtrIllMultrryro Mar-

pl.ilrY 10 rtac%o noBqpilIoclHo MoAU$lIlu'�ryoBaHHbIX

NierrIIIIeBo-cI'IJuIKaTHLIK HaHOr{aCTI'ilI COnpODO}ItAaeTCfl

rre3ilaqll'reJllIrbll\{ (npliltaepno }Ia l'5o/o) noBbIUreHueM

npot{iiocTlI TIaIIOI(OMno3I{Ta !I 6onee cyilIecrBeHHbIM

(,1 f .+ pa:a) yneruqeulleN{ ero t'to'qynel't yrpyrocru nplr

c/tnt l l 'c I I  nPll  t l ' : r t l6c'

Pa6o'ra BLInoJIIlelIa npll ''oA^epxr*e PoccraficXOro

{roflI(a (ryluarvleltrarlbHblx llccJreAoBarn'�rit (rpaHru

Ns 06-08-00202-a r I  04-03-81005-8en2004-a) '  rpaHra

AJrt NloJroAblx r(arumAaToB rlayr Carmr-flrrep6yrra

?bl)oo- 1 .3-26) I'I r?allra Camtr-flrrepSyprcKoro'Halr{-

II0ro ueII'rPa PAI{'

Cttlrcon Jllrleptrrypbl

lli Zerry Q.lI., I'tt A'B', Lu G'Q' et cl' /i J' Nanosci' a' Nano-

technol' 2005' V' 5' P' 1574-1592'

t2l llnr' ,S.S., Okanroto M' ll Prog' Polym' Sci' 2003' V' 28'

P .  1 5 3 9 - 1 6 4 1 .

l3l tlbctntla iv[.O', Dean D'D!; Canipbell S' // Polyrner' 2002'

v.  43.  P. 5887-5893'

t4] Il''ttttg Z.I{., Chuttg T"C', Gilrtrcn J'IV' et al' ll J' Polyrner

Sc i .  2002.  V '  4 l '  P '  3173-3187 '

t-5] lv'fattius Ii., \'otttty L', Straw'hecker K et al' // Chem'

Mater .  2001.  V '  13 '  P '  3516-3523 '

[6] ,Slrnil''/rccker K'E', Ifanins E' ll Chern' Mater' 2000'

v. t7. P. 2943-7949'

l7) Ittnttg J., Zlttt Z', Yitt 'L et al' // Polyrnei" 2001' V' 43'

I ' � .  U73-877.

lill llnurc D., Riceratrc J' llPolymer' 2002' V' 43' P' 369-387'

L9l 
'1'7'utt II', fi/rt C', Wei K' ll J' Appl' Polym' Sci' 2001'

\r. 81 . P. 17 42-17 47 '

l l l jDe loz ie rD ' fu ] ' ,Or t t 'o l l I< 'A"Cu l toonJ ' I ;e tc l " / /Po lymer '

* 
o, - ripoqltocrb IIptI """6L, 'DJ - rrroA]:rr; yllpyrocrll
J -

il lrrr l l3rlloc, x1 
- Pazpblllt lofl 

g*t1'o1)ntuti"o npII tt: ltr6e'

G' - t lo/-(yJrr, y'npylocril npll cAI]l lfe'

cTDeIlIIL-Ie o6paruu rIaiIoI(ObInO3ll 'ra c l lcnoJll)SOI]aIilIeNt

Mr.nrp oriHxeKTop a IIACA 6e: iloBLItUeIIIlUTcx'�Inep aTypbl

pacilrana t'IJrIc Te\'Incpa-q/pbI l ipecc-(topNILI' FIe:Ha'Ilt-

TeJt I ) I IoeyueJl i , Iqenl le i } ' l3 l (ocT,I , Ip i lc I IJ IaI}z l -NIOXIIO'Bepo-

' I T I I 0 ' o b t ' x c l t l t r b N I a I b I N [ l { p a 3 N [ g p i l N l l l ( 5 0 r n n l ) q a c T l , l i l

lilt,.-frng. 3'o o6cr:bxreJrbcTso lltoxsf llblroruIblM

o6pa:ot't o'rJtr'I''IiITir etlcrrltlbl IvIMT-Mg o'l' qao'iilu npl'I-

poiiuooo ivilvl'f, i'lMeroilrllx pa3lleprt Goirec 100 rnvt' ntte-

Ael l l ieKo.r0pblKI}Ma.4) l t t lyTepMoi lJrac.r l lq l loronoj l l , I -
I , iepa, i ( i i l (npaBI ' IJ IO'C0f l l )oB0)KAi lg ' l 'c t l i lo l lbI I I IeHI ' leNIB' � l3-

r(ocrr.r pacriJraB, 3-roro rroJu.rl,repa [4, 5]._lIoul'irlreiil'te

r]rr3Koc'r ycJroxa*rer rlpoueAyri)/ nepcpa6ortcll TaKIIX

nalloKolvlIIO3i'ITOI] B lI3/}sJi-[Ie IIO pacIIJItlBtlt l i ' � i  reltloJlo-

t'I l i  I.

BraSrrr,tl leIi i,.ItBgAe}.IbI\,I 'gxaltl, lt leci(I{eXal)aI(IeplIc.J:lIKtl

oOpa: l i lo l l i ioJtr r l INt I ' I I I i i ' � IXTeplv lonr i lcro l i I l l la l lo i (o i l Ino-

3tIri l rla oclloBe lt-ccfi lI NIOruI$I' lulIpoBaIlI{hix cilJrtl-

rroNr riauoqacrllu MlvlT-Mg' Bne4etlllo B lil{ ltarpluy

P-COAriitc:t ' I ' luivilviT-Mg/cnlartBr(orl ' Iqecrtrel0r'tac%o
ilplrtsolul.r K i)oclry rljr)oqllocrll npI'I ll3rlr6e or' ("t-l]-l

A; l95 tvltla) ll ocooerrno 3aivre-rri.oi\ry pocl)/ Nro/tyJilo

yilpyrocrti tlprl tt:lrllOe Ey @7' 2'3 uo 3'2 fIIa)' a 'raltxe

,,iroioot,trr '"b' (o'r 1'3 A; i '8 frla)' Tattoe yDerrl ' Iqell l le

I i i ]o t I I Ioct ' I I l l } i (ecT.KoCTI, I r loJ l l l l lNl I - IAi lc i ] I ,U(eTej IbCII l l ig l

o6ap i { r lpy lo l j IeN, Ia { rd rerc re} Ia t louac l ' l l u I r , IM ' I - }v lg ] ]
c i : rJ r l i t r r t r3o . r1 )on i lo i l . l ,up t * t l l i i i l c ' I ' I t i l l t l l ) i r ipouuo i i
OBfi3li c Niil.r.fr{qcii p-col{. JJ laoru.rqe uprrBe/{eHbrral()I(e

cpABIiIl'I 'eJiljIrI>Ie XapaKTeplIc'TIII(II TspMOII"rIa0Ti'iqlioIO

rlo:ntrtlntpllllll lAa Ui'TEIVI- 1 000 (GE' CLUA)' alraJrollitl-

iilte o6iiii]ilbi Itol.opofO 6i,ur,t iioJIyqeHI,l 
,|al()I(9 t.io pilc"

IIJIOII],IOit TexlioJlot'IIiI C llcnoJtl, 3 oi] tllllle\{ NtlIKp oltII}KeK-

Top a Dlr.CA. l1p o.luo c -I.I lhlCI lI ylli] yl.llo X'jl }) illtTcpltc rl,uct

J toMNIC l i r l ec i ( o ro t l po l { y ( ' r a -ULTE lv l - l 000 r l ec l t oJ lb l ( o

libLUIC, rlc}'t aila"Ilot'I'l{litrlg XapftKTepllcTluti'I lll'I repuo-

IiJrilcla P-CO/{, Ilo 'rer{ He i\icllce )'cr)rililloT xapaK're-

pricrltKaN{ HaIloKo}vIno3IITil P-COll"f l0 M&co/o

l{h,lT_Nig/clinari. I,Ieirolopoe ciru)Kerlrrs rierfopH'HUr'[i

I \ opa3p ,v ru$ l f i I t { np i I l r u r -116c I I i : i i i o l ( oN l I l o : } I ' l l i l i l i o ) ; ( e ' t -
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