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B Kp 3TK OlI rjJOp MC npencr asncusr n o cnen nue ,nOCTHlK e HHll 3BT Op OB B cnme­

ae MOHOJll lT Hb lX (ne p ac Tp CCKHB ,1I0UlIl XCll npn asrcyum nau uu ) x c cpor encii SiOz, 
3 T aK)Ke r H6 p lln HLIX KOMn01H ll llOlIIlblX fJalIOM 3TCP Hil HOB fI KBapUCBblX CTeKOJI na 

HX OCHOlle . P a1p a6oT3 H p ll Jl 1l0 Bhl X nepcncxr uanr.rx Me TonOB nony-rcnna o pra a o ­

HCOp raHH'leCKHX H HeOpr 3HIl 'l eCKHX H3H Oru6pH.'l OB. x c cpor cn eii, a o n apoaan u u x 

KOMnnCKc aM Il ncp exoinn-rx MCTaJL1 0 B H JlaIiTaHOH,10 B. XIlMIl 'I CCKI I cnm aa ut.rx C 

Kp CMHC3CMHOH MaTpIll\c ij H 0 6na,1afO lIl HX III I1 CPCCllbl Mll 11 TCX HII'ICCKIl llCl lllbl W I 

CpOTOqJl I3H'I CCKHMH . epOTOXII MII 'Je CK llM H H JJlCKTpOXHMIl'ICCKHMll csolicr aaxnr. 
KJlJO'lCBblC CJIOBU : ao m-rcns n pou ecc , M Ol lO n HTHblC KCCpO r CJlll . o p r auo- aeop ­

r a HII'ICCKIlC rIl 6 p l t 'll,l , Jl fOM II HCCl\CHllllll . 

BncnCHIlC. Bee MllOro o 6 p a :'H1e n a a ocrpy x ryp , p acc a arpasa e xn.rx B COOp CMClI ll OM xia ­

TCpHaJIOBeJ, CHIlH , MO)KHO P a36 I1TL n a Tp ll 60Jl bII II1C rpy n l1bI: 

- ' IlJ OJII lpOBa ll HblC a a uou a rep u an s r ( n oponnc u , -mc r u u s r, Tp y6 KH aa OCHOli C MCTaJ I ­

nO B, y rnepona, OKCIl;.J.O B, x an s x o r e n n n o s , COJld!); 

- nOB c p XHOCT HblC HaHOCTpy K ryphl ( KBa HTOBbIC T0 4 KII, KBa JlTOBbIC Il HTl1, u a u o p as ­

MCpHLIC CJlO l1); 

- ~OM \l a KT llhIC n auou are p n anu ( H3 Horro n HKp Il CTaIlJIII IICCKI1e MCTClJlJl li 4 CCKilC Ma Te ­

pnaru.r, ll a IlOKCp 3 MIl Ka , n OKp hIT IIH, nauop a a a epn u e no TOJII.J..l I1I1C, B TOM ' lH c n c sons- rem, 

n OKp blT HH, lIaHOKOMII031lT hi - I1HTc p KiUHn HIOHll h IC, MCTaJI!l On OJl IIM Cp Hhle , 3 0 Jl!d 'CJl b ~Ia ­

'repuansr) . 
Cnocofiu nOJIY'ICHW I 1130 Jl ll p Oli a HHb1X uano xrarepna n os JJ,O CT a T04 HO p a a a ooti pasau . 

3 I,C Ch I1pC )Kl , C uce ro Hc o 6xo JJ,IIMO YII OMHIIYT h qll 1311 4 e c Kll e MCTOI~hl , OCHOBa HHblC u a p a s ­

Jl II ' II1blX ~1eT Ol.l,ax HCII3PCIIIHI MCTaJlJ IOB run I IIX OKClI l.I,O B B n OTOKC II Il CPTI!O['O rma C 110 ­

CJ1CIIY 'O Ule il KOIl.n Cll C3Ulle H R CIICt,Il ?JlhHhI X YCJlO l3IUIX [1]. 3l1a'l lrrCJlhllbl HOCTIliKC IlI UI 

B CIIHTC3C u a u o u a c ru u y r n epo zia , B u a c r oa nic e BpCMH YjKC c oan a u u ccpnliuu c y cra u c s ­

KII ;,Jlll u s rpa u u tnaa u n <PYJIJlCP Cll OB 11 yrxepo zu ua x H3H OTpyUOK MCT0110M XIIM II'JCCKOil ra ­

:mrp:l '3HOrl 3111-rraKCHII ( n a n p u xrep, lIIlOll CKHC YCT3 1l0UK II ULVAC CN-CYD- IOO, 
CN-CVD-400/g00, GN-CYD-300 11 ,TIp .) [2]. .lJ.JllJ 1I0.flYIIC1Hl lJ KPIICTaJlJlIl'ICCK HX 1131104a ­

C I'I 1I1 II 1l:l IIOTpy6 o K n a OCIIORC OKCIl).lOB MCTaJl clOB II I IX npOI1'JIlOlU 1hIX IUIl P OKO n c n o n s ­

J y c T ClJ rJJJt P OTCPM aJl Lll blii Me TO;'.! [3], 

Il oc'ryu uno 2 HO H6p~ 2007 r . 

XOpOIUO 1l1 n CCTtl bl 11 q.ll I'JlI KC II Xl1:-'lllll TBC PJlOI'O 'lCJIa 1I0 BCP XHOCT ll hlC I'CTCpOCTp y K­
C 

'lypbl }IBJl1I101 Cll OCIIOBOII COBP Cl'IClI ll Oii 3 JICMCHTIIOII 6a'Jbl KOMlIh IO'JCpOB, a n a s c p ia u a 

Kll3 HTOflbiX TO' IKa x _ 1I0 1lb1MI'1 11CjKl le KT l l ll n hlMII IICTOel !ll ll,a:-'1I1 :':JIl c p n il l [4 J. 
T P CTb lO OOJl b W YIO I'py l illy la llO~I3TC P" :IJj()1I COCTilBJUII OT KO ~ l lf3KTllb I C KOHCOJIlI llll pO ­

13 aH llblC ClI CTe Mbl. ll pn ::rro Jl,1 p ac c:-.taTPIIBlIIOTCll IWK c r p y K r y p hl , 1lOJlYLJ Cll llhi e MCTOJlOM 

KO!\II Ia KTl IP OIl<1 HII}1 [5]. Ta K II Xll MII ' ICCKIl c uu re :lJl p oBaJll lb lC H allo~ l aTcpl l aJ l bl. OCO Ubl rl 

lll ITCpC C c p e n u 1l0 Cll Cil lIpe lJCTaBJI5lIOT MOl10 1Il r n lhi C 1'1I0P IIHll h iC M,rrep ll aJll>l . CII IITC31l­
ll ll X
 

p y c olb lc '\OJIb-rCJIh M eTOllO~I. xap aKT cpnoii QCOUCHIl OCTh lO I<OTOp hlX ll 13:l lJe TClJ n auo v ep­


n OCTI> crpy KTyp Hb lX J Jle McHTO I3. Bbl60p 30 _'lb- I'C:l b MCTO; la iUl51 Cl I1ITC3;'\ KOMn03 llT013
 

He C!l y 'JaCII. 3 ToMy MCTOJJ,Y Il OCB51 w e IIO 3Ila tl ll r CJl b ll OC KOJl l1' lCCTBO cr areit, oG30pOU II ~1 0 ­

Ho r p a l\lI l rl [6- 9]. n OJtOOIlb1i'! IlII'r c p ee IlbJ:.lBa H Il03MO)KIIOCTLIO Il CIl OJl h"lO UUHII 51 30 Jlb-rC!l b
 

' leX HOJIOr HIl jlJUI C0 3 1111 IIj1U IlUlll lll a Jlb Il O HOllhlX M,nep llaIlOU ;\J l l1 OILT lllm Ii J JICK I po­

Hlill
 

11111'11 II ll BJl ll e TC51 c n e ; , c T BIl e M u e n oro P 51Jta IIP CII MYl UCCTB, 11pCJlOCTaIlJI lIl.:MhI X ' ,TIiM MCTO­


JJ,O M 110 c pa ll He ll lllo C T paW IU HOHllblM u y r e » n OJIY' ICIIl I51 Ma TCpHaJIClB 113 flO pO llJKO B K Til­


KIIM n p e ll MYlll CCTl3a M upc a cn e Be e r o OTIlOClITC~1 .'ICrKOCTh OLJIlCr lC1I IlCXO,UHhiX 3.JIKOKCIIHOIl
 

~leTaJIJ IO li ( B cay-rae CII HTCJ ll Kc c p o r c JIc ii MeTOJJ,OM l'l V lPO JIIITI11Ie CKoi i Ilo n ll Ko ll ; lc ll c a w ll l
 

a JlI<OI\CIl llOB ) , B031\\ Q)KIl OCT h IIOJIy ' ICHH5l Ta lC Il X IlC KplICn UIJ111'1e CKl lx CIICTCM. tll llT C3 1< 0 l O"
 

p s tx Tp aJJlH~ 1I 0 Il Il hI M MCTOJ10 ~1 Il p ll BO)1l1T JI1l6 0 K p a3 ,iJ,Cn CH IIIO 11m 3 
. JIlI UO K KpIICTa.nJI1133 ­


W Ill , a TaK)KC 1l0 3 MO)KIl OCT h o prall1l 311Ul IIi ') KOJlOl'l I 'lC CKH ' II1CTOr O, GC3 0 TXO,'..l IlOro u p o m­

IlOll CTBCy U\ea. CTuyeT l.I, l~a I10 JJ,XOlla K n p Oll CI1CIl II IO 30 Jl b -reJIh n p Ollc c ca . B DCp BOM u a p u anre 

HCXOl\HT In KOMMCPIICCKII JJ,OcTynllblX 301lel1 ' IaCTlI U SiO: (HallpllMep , (10]). H 1 Me li CHll CM 

KIICJIOTIlOCTII cpcnLI Jl06 111~ a IOTC 5I llCCT a611 11 1naUIIlI s o n x , a ll P OIICXOJl51lUa>1 n p u :n OM a rpe ­

r a W !}l '13 CTH U C 110 c n CJ..lYloll\c ii IIX KOIll.\C Il CaUllcii ; 1:lCT KP CMlI C3CMIl bl H r e in. . 13T iJpoii ll iJ;t ­
e c cX O:~ OTH OCIH C5l K Ta K Il :lJblll a CMOMY opralHl'leC KO ~I Y 30Jlb - r CJlb IIp o n y. B 3TOM CJly 4 a c 

l1CXOrl Hhl MlI COC,rUl Il ClIllll MI1 ll BJUIIOTCH aJ IKOKCfl CI1':Hl Hbl. 0 6 p a 3Y IOIll IICCll Ilp l l n x n UlpO ­

Jll n c Cl IJ13 110 Jl hi ll p CTc p n CllaJ OT nOC: IC,rlYIOJll YIO KOIJJ\ClI Ca l\ HIO 110 11OJIIIMCpllOMY Mexa· 

HI13 MYC XHMH ' ICCKOi! TOIII\ H J p CII II lI Op l' a Jl lI lI CCKll rl 30 Jlb - r Cl l b Il p OUCCC ~1O)Jmo II p e lJ,Cl'ClBl ITb 

Ka K COBOKYlIHOCTb w e CTH p c a l< u lli i 
rll .'lpO.lI n 

=::S i - OR + H 20 ~ ==Si - O H + R OB, 
'J1 ~P I 1 r\J tl l .: a Ull }l 

K0I U.1CI IC3 11IUI. 

=:: Si - 0- S i = + ROl-1, 
==S i - OR + HO - Si== 

an Ko r Oll HJ 

KOIl.u e I ICi:lW I }I 

==S i _ O - S i = + H20 . 
==S i - OH + HO - S i == 

r H.Jp <1nll1 

HCCMOTp)1 IIU Bl ll.\I lMYIO IIPO CTOTy peaK ullii J'I IJlpomnll 'l c CKOii nOJlllKOlJI lCIIClll\lIl1 aJl ­
c c a

KOKCIl,UOB Kp CMlI Il}l 11 MCTO!lIl KII IIpoHc ncHIIlI 30Jlb- r CJlb n p o u c , a TaK)J{C MllorO'l IICJICIi ­
20

II hlC II o u eut . no)t p o Gllble IIc c n c ,'loBa llJlJI OTllCJ1b HloIX c r o cra nai' [11- j C Ilp IIIlJle'ICIHl CM 

caMblX COBp CMCHHhlX ~ I CTO;lO B , TCXlIonOfl lH J OJl h -rCJlb CIIIITC3a MOII0.'111T1W r O Kc e porcm l 

p 3 3p a OO R ll e llOCT3TO'llloil ~lCpC . O' ICBIIl lllO, -rr o IIp c n CTa B1ICIl II1l 0 xapaKl e pc OT,'lCJlb ­
Ta Jl3IIb lX cranuil n p o u e c c e lI C lI 0 3B OJlfl IOT OllllcaTb BCCh :.lOJlb-re!l h ClIlITe'1 Il UCJIOM. I I H },I ~1l1 

CJlOBClM lI , 113 Y' le HIIC OTJ\CJl b tl bIX 3Ta i lOB 3 0 !lh - r e Jlb IIpon c cc a , y rnyonllll n a ur u TCOp CT II' IC­

CKIIC l10 31la lll l ll B oGJIaC TIl 30Jl b-rCJlh TCXIl OJIOr lll l . li e 110'3BOJI51C'! OCYWCC Tl~ 1I'I b CIIl ITC3 :-.10 ­ I 

IIo m I m OI'O I<ce p orCJlfl C 3 a p a llce Ju).!,a llll blMIl c Bo li c T13a MH . B Cll~J'.l1 1 C ::n llM u a xtu OblJll 

Il p one.u. lUI1P OKI1C [lJli3I1K O- XII MH'IC CKll C IICCJIC.!lOBUIl II>l 11 0 OIITII Ml n :llIlIII COCTaua IIC­
ClI LIx o n u o ri 1 0J l b- r CJlb cucresn», 1l0 1lCKY 1I0 Bbi X KUT aJ lI 133TOp OB II p a CTlloplrrCJICrl J OJl b - r e .Tl b 

n p Ollccc a C IIp I1BJle ' ICIl HCM MCTOi lOIl TCp ~\OaIWJllna . 3 JlCK rp Olll lOil ~HIKPOCKO ll l ll l , p ell 'l re ­

Ho ¢ a :1Ho ro , 311COp6111l0HlI o r o , J;ICMCIITll o r o a u a n u s a , UK cne KTpoCK0 1lH1I H ,lIp · 3 '1'0 110 ­
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XO p OWO IH BCCTHhl C B cPIB IIK C II XHM II Il 'rue p n oro TCJIa OOBCPXIlOCT ll hIC I 'CTCp OC1'py K­

TY J1 hl il BJI5I101'OI ocnos o ii COIlPCMCIlIlOi! 3-'!CMCHTIlO ii 6a3hl KOMl l b IOTCp Oll, a J 1 33~pb I ua 

KBaIlTOBI,l X ro-ucax - 1l0 Bbi ~1H llCIJCOCK1'l lB Hhl MI1 IICTO'II III K3 M ll ou c p run r4]. 
T PCTh lD 6 0 Jlhilly lO r pynny n a u o uar e p uanou COCTa BJl5IIDT KOM WIK"llIbIC KOHCOJll IJlI lpO­

BaJIIIhlC CllCTCM bl. Il pn 31'OM paccxrarpnu a tcrca KaK crp yxrypu. 1l0 JJY'l CH HhIC MCTO.uOM 

KOM1l3KTl I POll 3 11lUl 15], T 3K 11 X llM H'ICCKIl c u nreanposaunuc na uosmr epnanu. Ocofisui 
fl IlTc p ec cpen n 1J0CJI C.!.lIl IlX npen cr a un a rc r MOIlOJll1THhI C ru6 PI1.Llllb1C xrarcp nansr, CIII ITC'.lIl­

p YCMbl C 30JI I>-r CJ"Ib ~teTO .aOM, xapaicrcpu oii o c 0 6 eH lIO c Th ID K01'Opbl X HRmle TC5l n au o u cp­

1l0 CT b CTp y KT y p HbTX 3JJC:-1CHTOB, B hl 60p aon s - r c n s MeTOlia J11I 51 CI1IlTC33 KO:-1II03HTO B 

He CJJ y ' JaCH, 3 TOM Y MCTOilY 1l0 CIl illllCII 0 ann-urr ens n oe KOnl1l.fCCTBO crareii, 0 6 30 POil It MO­

1l0 1'p3(jlJl H [G- 9], I10,1l0 6 Il hl i i m rrep e c lI h13B3H B03MOJKHOCTb ID I1c n On h 30 13aIl l1l1 30Jlh- rCJlI, 

TCXHO! ]Ol ']l lI ;l./ l>J C0 3jj.;llIJI51 lIP lI lIUHHIHUlbH O HOBhI X l\13TCp W UIOB ILllH orrnrxn 11 anexrpo­
IlI1KI1 B 5113JIRCTC5I CJH:.aCTIlI1CM n en o r o pnna npCII MYlllCCT B, " p CIlOCTa ll :"I5ICi\ l bIX JTIlM M CTO­

.LlO M IlO CPaJ:lHCHlllO C 'rpazuu tno uuu xr n YTe ~1 1l0 JlY ' Ie HIlR MaTepllaJlOIl 113 1I0pOIIJKOB. K 'ra­

KI1M lIP CII ~IY LI\CC T B3 j\ 1 Ilpe)KJ\e nce ro OTIlOCHTC}I JI Cr KOCTl. O' 1I1CTKil HCXOlll-lhIX 3JI KOKCIlJIOll 

MeTaJlJI OB ( B cny x ae ciu rreaa x c c p o r en c i i MCTOilOM r11n.POJHIT I1'lCCK0 I1 1I0 JIIl KOlilleIIcaUl lI i 

a ' IKOKCHIlO ll ) . ll03M ())10l0 CTl, [l OJIY ' IClI l l R T ,IlCIlX u e x p n cr ann n u e c s ux CIlCTeM , CIlIlTC:.l K01'O ­

pux Tp allllI-lHOH Hhl~1 MCTOllO;\1 llp IlBO.!U1T JI 11 0 0 K p a3LJ,Cn CHIIIO cPa3, ;a16 0 K KP IIC"l' aJIJJI1:.1a­

W il l . a T3 [()KC B0 3M O)KHOCT b o prau u s aun u 3Kon o r H' ICCKIl '1I1CTOrO, GC30TX O.LlHOrO npo us­

soncr aa. 
C YlllCCTBYCT i\ 133 OO J~ XOil a K IIpOBe;\e Il IIlO son s -rem, upoue c c a . B nepnou Ba p lHI Ii TC 

II CXOil>!T In xoxixtcpuecxn JIOCTY II Il I,I X so neii Ll aCTl I U Si 0 2 ( u an p u n ep , [ 10]), IbMeHc lll le~1 

KIlCnOTfIOCTlI c p eu u n 0 6111l310TC5l .l-ll~ eT36 11JJl I 3 aU I III 30!!}], a n p onc x o zm uias rr p n 31 0 M arpc­
raUIl 51 ' laCTIiU C u o c n c n y io uie fi Il X iconueucauueil n aeT KP C~llI C:.ICl\lHh I H r ern.. Bropoit [10k 

XO!l OT Ii OCI IT C5l K T aK 113:.lblRac MoMy o prauu-re c x ony 30Jlh- rCJIl, n p o u e c cy. B , TOM CJlY'I3e 

lI CXO.LlHhI M Il eo c j.II IHeH lllIMI1 }IB J]}1I0 '1 C5l aJIKO KCHCIW3Il b!. 0 6 pa3YI0 1UIICC51 npH IIX runpo­

nme cun a nonu n p erep rt eaaroi I IOCn C.l-lY IOIllY f{) KOI J.LlClICUl.lllfO II O n onu xrc pnoxry MCX 'i ­

1l1l:.l,\ I Y· 

C XHMI I l.fCCKOH TO'I KII ap eu u s oprauu-rccxuri aon s -reiu, lIPOl\CCC MOiI'HO n p encrauirn, 

KaK COBOKYllll OCTb uiecru PC3K UI1ii 

rH np OfTI13 

= Si -OR +Il,O ";::! =:Si -OH+ROH , 
3Tep H¢ HKaUHH 

KOI \1.l.Cllca tU15I 

=Si - OR+HO - Si= = Si - O- Si = + ROB , 
anxc ronm 

xouncucauua 

=:Si - OH+ HO- Si= =:Si - 0 - Si a + H2 0 . 
n1flp OJTJ13 

l-IeCMOTp H ua BH.Llml YIO lI p OCTOTy peas m rii m .up om l T1I'I CCKOH lJOJll I KOII.LlClIC3Ul III aJI­

KOKCll;lOB KPCM lIW I H MCT OJlHK Il llp013eL\CII1I5I so n s - r em, u por re c ca, a TaJOI'C M HOrO'IIICJICII­

n u e H O'i Cllb u o a p o fim.re IICCJ le.u0 1l31l1151 crnen s uux c r o CTa;tIlH [11- 20] C npnancueunexr 

caxi u x c ospe a eauu x MCTOL\OU, TCXHon OrJllI sons- r ei n, CIlI IT e3a MOHOml'mOro KCCpO rC JI5I 

p.npafio raua B lIC .LlOCTa TO'I HOi i \ I epe. O ' [e 13JIJI lIO, ' ITO n p C),ICT3BJJ ClI l l 51 0 x apaxrepe O1'I\C.% ­

HhIX CT3)J.llli n p o n ccca He n03BOJI5l1D1 onuc .vn , s ee s sons-r em , CIlllTC3 B ucnov. I IlI b l ~1 1l 

CJlO R 3 ~1 1 1 . 113Y lJCHHe OT!J.Cl l h HbI X JTallOB aoin- ren t. npouccca, y r JIy 6 J1.51JI H3 W lI TCOp CT ll ' IC­

CKJlC n 0 3Ha1lH51 B 0 6 _JaCT Il son s - r en t, TCX HOJIOrl111, He n 0 3BOJI5IeT o c y ur e cruurs cuares MO­

110:111'1'1101'0 KCCp Or eJI H C sapan ee 3311all ll bl MH CBOHCTllaM ll , B CIl 51311 e 3TI1M H3M B 6 blIlH 

npo s en c n si WIlPOKllC cP1I3 J1 KO-XHM II l.fCCKIlC II CCl ICLJ,OB3HIl1l n o OnTI1M I13a UI1I1 COCT aB<l HC­

XO,llHOI1 son s - r en t, CIIC TCM hI , O0l1CKY HOBh l X KaTaJl 1l3aTOpOB H p a cruo p nren c n 30Tl b- reJII , 

npou ec ca C II PI1BJIC' leHI1CM M CT O).lOB TcpMOaHa; I1133 , 3JIC KTp OllHOM M Ill\POCKOIlHI I , PCH'I 'l' C­

HOrpa:lHOr O, aJl COp 6 1[1I0 HI I OI 0, an c n c u rnoro arranma, HK c oeKTpOCKOI I llH II ).II'. :)1'0 n o ­
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3B OJll tJI O p a apa fi c r ars MC1'O,n:OJIOr IllO ClIll1'C3a MOilOJIH1'HOrO KCCp Or CJUI B cpe n a x pa3JIH'-I­

HOH n o Jlp HOCT lI, O,n:11031111'-lHO CB5I3 11 B caoii crsa nOJly'-IaCMOr O KCCp Or CJIJl C COCTa BOM 

HCXOJJ,HOH 30 JIb - r CJIb CHC1'CML] [2 1- 25]. l!1l;KC fiyziyr npuaezicusr KOHKpCT HbIC n p HMe p b l 

H J~O CTHrH YTbI C m lMH P C3Y JlbTaT bi. I losicp 30 ;U.-I eJl 

CUCl e h-H,1Mcronuxa 3 KC IICp IIM Cl lTa . Craunapruan aom.-rem, CHCTCM<l (1) BKJUO ' IaCT 1 MOJJb 

TCTp a M TOKCHCl lJJa Ha ( T M O C), 4 MOm! soru-r, 0 .1 MOJlll xar anasar opa ( CIlJ I " Hm ! ucopranu­
4 CCKa 51 K1ICJ10Ta l ) H 1 Mon " 1 a CT BOp HTCJIJI (xax npa BIU IO, cnnpra) [6] . K CmKaJICH Il IO, I10 ­ I 
JIY'-lHTb MOHOJI HT HbIH KCCp OrCJ[b , HCnOJl b3Yll cacr exry I , npaK1'H' ICCKH lI e B0 3M O;KIlO - 1\10.1 ­ II 
Te p HaJI pacrpecxn uaerca npu as tcyun usauua. 

111
Ilpoaeneu uu e Ha Mil IICCJIC):{OBa HIl Jl nOKa31L'1H, 'I TO OCHOl3lI hlC cPIl 3 H KO-X Il MH'-le CKIl C xa ­

p al<TCp IICTH KH ll OJlY4 e HHbIX KCe p Or CJICH (I1JIOTIIOCTb . T BCp ):{OCT b, 1l0p ll CTOCTb , pac upezie­
ncuue n o p 1I0 p a 3 Mc p a M II .up .) O l1 peJ~Cm!lOTC 5I 113MCHeHHCM KHCJIOTHOCT II B aons-rens CIIC­

TC MC. Ilpu .) 1'OM 6 bIJIO YC1'a llOBJICIl O, ' IT O OnTilMaJ lhIl3J1 KIl CJIOTIIOCTb cpenu .uml np onec­
COB nrnponnaa 1I xoun eucaunu P 3 3.1111'1Ha . )..{JlH r unponma rp efiyercx CHJlbH OKHCJ1311 

cpcna , B TO Bp CMJI Ka K nnx «onncncauuu no-rm ncirrp am.aaa. HH b lMII CJIOBaMll, W IJI 110 ­
IIJJy'-l c I! W! MOH OJIIITHbIX KCCp Ol' CJICi'! He06xOJU IMO 113Me HJlTb KHCJIOT HOCTb CpC):{bI U XO.UC 

rrpouecca. .uOOH1'b CJI noziofiuoro 113MClI CIHl H p H CHCTCMbI B npouccce 30 JI b - r l:JIL CHHTe3a 

MO)J([{O il Uy MJI clJOC0 6 a MH. I lepB bl ii: COCTOIl1' B ;J.o 6 a BHc lI Hl1 K CHJIb HOi'! KI1CJIOTC Opl"a Il H"'-IC­

cxoro aM H) Ia ( D C C A pcareirra -), BTOpOii: - B IlCIIOJl b 30 Ba lI HH BMe CTO MHII epa ILlI OI! KI1C­

JIOTbI Opra JllI ' ICCKOii (HalIpHM c p , Tp HCp1'Op y l(Cy CHOi"'I). B 060HX CJly ' ILUlx p H CHCTe MLl H3­

Me ll HCTCli 0 1' 0 .5-1 ,n:o 3 - 5 Gmll'o.uapH YMCHb W CIHl IO KOHu.CHTpaW IH HpOTOHO Il 3a C'-lCT 

IIpOTe K<lHHJI CJICn YlOlIl HX XHMH'-ICCKIl X pearcunii 

o o 
H20 

He] + I I ----- ­ H-<-< 
Me OB2 

o 

;:3C-< + MeOH -----­

OH 

.uJl li I1P OBCJl CHlUI sons-rent, npou ecca CMe W HBa JIIl pearerrru B nopanxe, YI<a 3a Il Il OM 

B Ta6 11. 1. 
n OJIY'-ICIIH bIC CHCTC Mb l I10 MCll.laJ lIl B r Cp MCT H' HfQ saicpsrrsrc rronunporr uneuoasre n p o ­

6 HpKH H BbI LlCp ;KHU,UIH n p u r e vi n c parype 70°C B TC'-IClI l1e 4 CyT. 

n OCJIC 3aMCH bI r epM TH 'IC CKHX lI p 0 60K u a n p 0 6 KH C OTBCpCTHJlMH (d ~ 1.5 MM) ci .ipsre 
r JIH nr.rcyu rasan a UpH CJIC,n:YIOll.lCM rexinepar ypa osr pexcaxre: n a rp e a a u ue 70-100 ° C ­

6 ' I, BbI; ICP lKHIHIllI IC 20"'-1 n p n 100 ° C , Harp eu3HHc 100- 120 ° C - 4"'-1, Ubll l c p ;KHu a ll lf C 

30 '-l upa 12 0 0c. C paBHH TCJIL HblC xapaKTCpl1CTIIKll «ceporeneii Si0 2, non y-reunsrx B CHC­

TC Max I- Il l, n p a sencns i B Ta6 JI. 2. 

Xapaxrepnu c pa3JHFIH 1I B Mll KP OCrpYKTy p a x rcne ii I H (II II III) narnsnno IICMOIICT ­

pnp yer pHC. I . 
T a k n st 06pa 30 M, upennoac eaasie HaMH HOBbIe KaTaJIIJ3aTOpbl opraausecxoro 

30JIb-r CJlb CHHT C1a n03BOJIllIOT KOHTPOJlllPOB3Tb MHKpOCTpyKTypy H cPHJHKO-MCXaHH'-Ie-

I Kara nm lll C.~ 04HblMH a rCH Ta MH U drr opua-uono « R ;l aHHOIl p a 6 0TC HC paccvarpnnacr cs . 

2 DCC A p CarCHThI - drying control chemic al additives - p ca rcnr sr , B Jm~I0111Il C Ha nporcxaunc r uzrp o rnna 

U nO"11IKOH.'lCHCalllHr TCTjJa<L1K OKCUCUJlaHon . a TaKlKC aa lIpOUCCC BblCYlllHB aHU~ x c cporcncii Si02 . Ha\m n oxasa­

110 . 4T O Koml'lCCTBO a surzto a , lIC n OJlblYCMhl X B K1l4CCTn C DCCA pcarcxr o a , llo 6aB JI~CMO C B sons- rem, CII CTCMY,
 

JIOJI)f{HO oruc u ar s Jllllllb Il C06XOi llr \lOCTI1 yaCTll41101l HClITP:L11l3aUlIIl BBOlll1MOIl KI1CJlOTbr. ) {o 6 a BJlClIIlC lKC 6 0Jlb ­


llICI'O In ohlTKa a ~1l1 JIO B IlpliBO.aI1T K nO~BJl CHlIlO TPYJIHOCTCIi. Bb13blBaCMbl X Hco6 x o .'lH\10CTh lO HX y,1a.1C H lI ~ rrp u
 

ui.rcyums aunn [21].
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- ---- - - - - - - - - - - - - - - -
110 p a 3p a 6 0 Ta Th MCTO,iJ.Oll Orll lO CII IITC3a MOII OJHl TIIOr O KCCp Or CJl>1 B cpenax pa3J1111.J­

:IOJHIP HOCTl I, 0 ,lJ.H03IU1'lHO CBJl3a B cnoii crua nony-racv oro KCCp Or CJI>l C COCTa BOM 

Ill0 ii sone-ren s CII CTCM h l [2 1- 25J. Iluzcc 6y.uyT npnneneasr KOIIKPCTl lhlC lIp mtcphl 

T1l rny TblC Ha Mil PC 3YJlbT a Tbl. 

CTOJlIIICU )"CneplI~\(·IfTU. Craunaprnaa aons -rem, ClI CT CMa (I ) BKJllO'HlCT 1 MOllb 

MCTO« CIIClwa ll a (TMOC), 4 MOJUl B01(bl, 0.1 MOJllI K3T aJlI133TOp a ( CIIJl hWUl ueoprauu­
H KI·fCJl OTa l ) II I ~ lOJlb paC rB OpllTCJIJI ( Ka K II p a ll Il JIO, CIlI1pTa ) L6]. K COiKaJl CIl I1l0 . 11 0 ­

°b MOHOJlI lT ll h l ii xcepo rc rn., Il CIIOJl h3YJl cHcTe ~ I Y J, npaxr uxecxu IICIl01MOiKHO - Ma ­

II p a c Tp c CKIl Ba CTCJI npu Bblc YIJl IIBa HllI l. 

OHC.uCHHhl C I13MIl uccnenouauua IIOKa 3aJ I1I, 'ITO OCIl OBll hlC (P Il3 I1KO- XII Ml l' l e CKIIC xa­
PIICTlIKII 1l0JIY'l CHll bIX KCCp OrCJ ICH ( W IOTll OCT b , TBCp .rlOCTb , nopncrocn., pacupene ­
: 1101' 110 p a 3 Mc p a M II n.p.) 0 ll p C1ICJIlllO TClI 113MCIIClI IICM KHCJIOTHOCTII B aom.-rein, CIIC­

Ilpu J TOM 6 h IJI0 YCTa Il OBJICIl O, ' ITO ournaam.naa KIICJIOT HOCTb cpertu WISI ll pOUCC­

'lI11p O!ll13a II KOlWCHcaUl lIl pasnauua. ,anJl runpomrsa T pc6 YCTCJI cunsuoxucnaa 
, U TO apexrs KaK JV IJI KOII1 ~CHcaU II II no -rru neirrpam.nas . J1H hl i\l H CJlOHa MIl, W ill II U­

1H51 MOIIOnJiTll blX xceporencii HCOGx Olll lMO 11 3 i\1CIIJlT L KIICJIOT HOCTb cpcnsr B XOAC 

:CC3 . JJ.0611ThCJI nonofiuoro H3 MCII CHII JI p H Cl lCT ClIlb l B IIpOUCCCC sons-rem, CII HTC33 

o IlH YM 51 c ll o c06 3 MII . TI CP Bbl H COCTOII T B Jl06a uJ ICHHlI K C JIJ] h llO~i KIICJIOTC op raunu e­
, a MIH l a (DCCA pearc irr a-), sr opoii - B II CIIOJl h '30 uaH Il H I3l1lCCTO MlI HCP ,UILHO ii KHC­

Op r <lHI1'JCCKOH (naupnv ep, Tp lH!lT Op y KCyC HOii ) . B ofioux cny-raax pH CllCTCMbl 113 ­

:T CJI OT 0.5-1 zto 3- 5 6 naro,TJ,ap51 YMCHb WC Hll 10 sonueurp anuu IIPOTO lJOB aa CY.CT 

:K3 11 1UI CJlCJJ.YIOtU II X XHMW ICCKIIX pea tc uai] 

o 
HP o 

I ICl + H - l-I-< + NI'lzl'vlezCl. 
-< 

NMc2 OH 

o o 

F,C-< + MeOH ­ F3C -<I' t + lip . 
-, 

OH OMe 

IJl IIpOBC.uCIII IJI sons -rem, upo uecca Ci\lCIUllBaJi H peare irr u B 1I0PJlJ\KC , yxaaauuosr 
I . I. 
)JIY' ICl ll l h IC CII CTCM hi 1I0 MCIJJ3 J11l B rcpa cr u-mo 3 3 Kp blT hlC 1I0J lll ll pOIIIIJICllOB bIC upo­
. 11 Uhl llCpiKlIB aJIII 111'11 rcancparypc 70 °C B TC' ICII IIC 4 cyr. 
lCJ1C '3a MCll hl r Cp MCT ll'lCCKIIX II p o 6 0 K 113 IIp06KH C o r UCpCTlI JlMIl (d ~ ).5 MM) cr.rpu c 
ILICYllI l IIl a JII I npu CJICll YIOIUClIl T CMllc p a TypllOM PC:iKIIMC: narpenanue 70- 100 °C ­
h1IlCP jf.;HU3 II IIC 20 ' I 111'11 ) 00 °C, uarp enauue 100- )20 °C - 4 ' I, Ilb!l ICP )I, HU3 IHI C 

pn 120 "C. Cpauuurensnue x apaKTc p IICTII KI1 xceporcneii SiOz, nonys cnnu x II cac­
I-HI, np naenca u B Ta 6 JI . 2. 

.p a xrep n s ie p a 3J1I1' II1J1 B MIIKPOCTpYKTyp ax r e n c ii I \I (II II III) u a r n a n uo JlC MOIl CT­

r pII C. J . 

KHM 0 6 p a30M, upcnuoaceuuue Ha Mil HOBhl C K<lTaJI 1l3 a To p LI op ra nu-rccxor o 
em. CII IITC3 a n03 BOJl 51 10 T KOIlT p OJI IlPOB<lTb Ml ll<p o crpyKTy p y II qJln H KO- MCX3 1l11' lC­

a T3J1l11 UICJIO' UlblMIi a r CHTa MIi If qlT OP lfH-1I0 1l0 M B il a li llo ii pafiorc IIC paCC~131p Il Ba cTcH . 

CCA p Ca r CII1H - d ry in g c o ntro l chem ical additives - pcarcnrst, 1l:J IIHIOIUIi C u a IIPOTCKUIIIIC r u z p o n ua a 
Oll l1CIICa Ul lI1 'r c r p aan xmc c ucun a u o n , a l a K)I.;C lIa npou c c c IIblc y Ulll llall HH KCCPOf CJICii SiOZ. Haxru n oxa ra ­
K011lP ICCT UO asn ia o n, It CIJOlli.]YC\1bl X n Ka' ICCHtC DCCA pcarcu roe . Jl OOtlRJ lHCMOC B :JOJl L· r CJlb CHcTCMy, 
o ruc-rart. rnrun. JlC0 6XO JlHMOC·' 1l ' lanll 'I IiOn uctrrpam n auuu IIBOil ll "oii KIfC:JOTLL ).10 6aBncHHc )l.;C 6 0 .% ­

:::::.• . .... . n~ n _ ~ _ _ ~ " ' . LIY l-u"""nnYnr' ' J .·, . (~ "v . , "'." .. ' n "Y"O " 

.
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cxu e x up a rcrep u crmor 1l0 JIY LIae M 1>lX icc ep o r en e li Si02 s a c s er 1I3MeHCIIW l p I-! B x on c 

son s- r ein, upo u ecc a 11 CIl II Te3Hp OBaT b oop an u.r , 6 Jl a,ua1{)W IlC Hbl COK HMIt IIJIOT HOCTb KJ. 

TUep J10CT h l( ) 1I OW IOpO JU!OM cr p yxryp o ri . Kp oxre 'r o r o , Y}~aJ IC H UC rpnqrropykcyc aoii K1IC­

JlOTbl 113 s on s - r en t, CIICTe Mbl (I ll) H IH I e , leTy ' l c r o x ierun oao r o 3 tlJIl p a n 03R OJIllCT Il ormr­
Ylle 01' o praHII4 eCKlIX a MII/ lO B (cn crc xra H ) B AeC HTb p ar yu cm.uurn. c o n ep acau n c o cra­

TOYIIOr O yrn ep o n a B Kp CMH C3 MH OI1 ~ laTp ltlte (T36 J1 . 2). 
Paspatior auu ue HaMil HOBblC «aranuaar opu Il paCTB OpllTeJIlI aom--rens n p o u e cc a 

6 bl,lH II CnO Jl lo30Ra Hbi W Ill CII IlTC3a o p ra u o - ueo p i a1l11YCCKl1X rH6 p IILlOIl , 0 6 Jl a.n.a101UlI X 1I11­

repec u uxru 1I n CpC nC I\THlHlbl ;l1H ql OTOXlI M Il ' I CCK l1M II II :l.'1eKTpOXH ~tIl IJ eCK I 1 M Il c n o ii c r u a­

1\111 [26-28]. Ilpn 'lTOM 6hlJI O n OKa 30lUO. 'JTO ro u orenuoc-n , pac n peneneu n x o prauu-i ec ­

xoro x o su tone trra c u cr e xn .r B n OJI Y ' l CIIHO:-'1 ~WTCpIIOl Jle 1\I0)l(CT ObITb 1l0 cTIl, Hy Ta TOJJbKO 

B pcaym.r arc ero xuxmxecxor o CBll3hi Il UHH 51 C Hc o prOl H1I4 c c KOIi :'IaTP IlUCII. 1l,JI51 nony-re ­

Hll li lIUl 106 HhI X HUHOrIl6 p ll) \HhI X c Tp y KTy p n n epau e OblJlIl IlClIOJlb301l 0lHbI KO:' lH eKCbJ ne­

p eXO!lHbIX MeT aJlJIUB ( sreiu., p y reuuii) II n anra n o nno a , J[JI r aU.'1b l KOTOphL ' COJ1CP )l( aJIIl UK­

rna u sr e <jJy HKUllOH,lJl h Hu e rpy nuu - KUp OOKCIlJl h H), 10 , asmuuyio, 1l30TIlOltlla Ha TH Yl() II 

I I p . [28, 29]. Ilp u ::rr M W IH OOP U30 RUIHI >1 X llM ll l I CCKOi! CBH31l Me)l(,uy KOMn OH HTaMll CIl C­

TCM bI n p n sreu nrnrc s OI[(PYH KU II Ollail hll hle CUII I 13UI() IUllC pear eirrsr : 3 - a MIIIlo n p o fll u r r p I IMe ­

TOKCll(Tp II1T OKCII)Cllol. UH ( 1). 3 -rjlll Ull.n.oKC\IlIP Olll lJITp llM eTo Kcll- u nau (2), 3- (Tp 1l1TOKCH­

CIlJUlJl ) n p o lllu I 1130 IlIlUllaT ( 3) 

NH2- (CI9 \- Si(O R)3' ( 1) 

112\- / CIl - 0 - (CI [2)3 - ,'i (OCH3)3' (2) 

o 
()= C = N - (CI 12)3 - Si(OC21IS)3 (3) 

IIaJIH'JIIe B MOJle KYJlax JTH X coezmueuuii p eaxu n o u u o cno c o o u u x rpynn ( UMll HII Oi i , 

1I30l11 l aHaTH i i II OKCllp UHOIlOi i ) ooecne-m naer Il X JJe KOC B3allMollclicTIl lle C o prauu -re ­

CK lIMIl OJIHrOMCpaMIl ( n o n u n ep a su r) II KOMIlJICKcaMIi. o.n.ep)l(alumlH (!l YHKI\IlOH aJl h Hhl e 

rpyunsi , C npy r o i i CTOpOHhI , o III I HBJlll IOT Cll lIPO Il3BO.n.HbIM ll aJIK OKCllCllJIaHOB II nerxo 

BCTYl JaI()T B peaxuuu r u a p on u sa II c o n Ol IHKOH,ue Hc a UIUl C aJIKOKCIl/lHWMIl K )~1I10H eHTOlM ll 

CIlCTeMbl , OOCCIlC' IH RaH o o p aaouauue Mal'P1lllhI spesm crena . TUK, IICn OJIL3Y51 c rau n apr­

ayro 30 Jlb-reJlb c ncre v y II 3 - aMIlIiOn p OflHJITPIIMeTOKCIlCHJJaH ( 1) a Ka ' l CCT Il C CUl IiBalOW Cr O 

p eare i r ra, ObJJl n o n yxen KOl\ln 0 3HT B CHCTe MC a Mllllo c!lO c <jJaT Hlol l l x o xt n n e x c He O.LlII ­

Ma- Kp CM tle 3e M [ 3 0 ] ( p u c . 2). 
B~I CC TC C TeM <jJ OTO <jJ ~1 311 4ecKlic cso i i crua o o p aay ro nmxcs r llopll.LlOB MaJJO OTJlII ' [3 I{)T­

cs OT a HanOrII 4 II hi X c a o iicrn p a crao p o n o p r au u s c c xux KOJ\llfJICKCOB :>ICTaJJJlO B. B ofioitx 

CJfy 'I UHX ~l hl cran x u n ae xtc a C f!O l'JIOweHIlCM II 1I3J1Y'leHllcM csera orn en s II bI ;l.1II LlIlCKpeT­

H bl M lI u e rrr p a a u . B CBH311 C J Tl I M n ep c u exru a u u c u o n s ao eau u a opran n-recxnx KOM fl ­

JICKCOB lII CT,lJIJIOB B anne u p r a HO- Hco p r aHlI 4eCKIlX rno pua o a CBH33 Hbi C R0 3MO)l( II0 CTb IO 

o 6 pa30Ba Hl1H I Ia IIX OCHOBC Ha/lMOJle KYJIH pHo i! o p ran n -recxo ii crp yicrypu . Ta xue CIlCTC­

Mbl n p CLlCTaBnH I()T 6 01JbIllOIi n urepec K3K C T 0 4KII 3peHlIH HCC rezro u an n a Me x aH1I3:'IOB 

IIX <jJ ,n Olloro pasneneu us, TaK H C 1"O' l KIl apcnus p C,1JlIl3UUII II npuauunuansuo HOBbl X 

<jJYllKU IlOHUl lbHbI X (pOTo cI11l3HYCCKII X II 3JI CKT POXI IMII 4 eC KII X II /.11'.) Cllo IiCTB , He JI OCT! f­

)l( lIM hI X J1JDI p a CTBo p OR o p r aHII4eCKIIX c oennuenuii II 0 6 hl t lHbl X HOlHOrIlOplI.l\OIl . Il pe:«­
.L1C s c ero 3T O OTIiOCl lTO I K B30lllMOlIPOllllK310 W HM c t p yxrypaa, OpraIl114CCKall c eT K3 KOTO­

p u x otip aa o s au a ~ I OJICKY J IaMH . CIJ513a HlI bIM Il c ucr e u o ti co u p s xce n a u x Kp UT li bIX CB51 ­

aeii (pnc . 3). 
B cmrreanpoaauaof II OJ106 Hbi M oopaaoxi opr aunvecxoii CCTKC OTKP bl B310 TCH aon on ­

HIITCJIh Hb IC B03MO)l(HOCTII u ep c xreu r eu u a JJICKTP OllOB. lie llOCTI[)l( IIM bIC ,UJIll: p a c r s opos op­

r a Hl l 4 eCKHX MOl lCKYJI [ 3 t ]. 3-ro 1l0 3[10JlHeT IIClIOJl b30 naTb n c n o fi u sre c rpy x rypu Jl!lJl co ­

3na HIlll ua HX OCHOl3e <jJ OTO- II 3J]CKTPO JllOMHHccIJ,eIlTlIhl. ycrpoilcra (C CIlCOp OB Il naruu ­

KOB COCTa B3 11 COCT051Il I151 oxpyxca ro uieii cp ezu. r) 11 <jJ OTOK3Ta2ll 13aT opOB . 
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T a fi.n u u a 3 

I,OJlII 'l ccmo llo6:lRo". 111101111 .\11.1X II 111:11.-1 C!lb CIICT C,\\Io. 
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Euie O,UlIIi M IIllTCP CClI blM IIp ll MCp OM npnxrc nenua o p r a u uxcc x o r o sons -rem, upouecca 
JJ.JIJI ClI HTC3U KOIICOJII I.illl p OBa Il Il LIX nanocrpyxryp }lRJI}lCTC}l CI'1lITC3 IIcopruIII1 1ICCK HX uau o­
ru fipunou. 

lJ.n}l HX IIO JIY' ICHII}l K I 3K BIl Rlli lCHTY rerpaaroxcucuna ua (T3 0 C ) .n06aB.tIJlJII I 15 :)10111­

ll aJ lCHTOB BOLlbI, conepacauie ii 0.0 1 M HC l. 3 MyJlbCIllQ ncpesre ruuaanu J\O n OJII IOI1 r01\lO r C­

IIlna UlI1I ( I 'I ) II J! 0 6 a BJlJlJll I K n OJlY4 c HHOMY p UCTBOp y 0.4 ]KBHB,WCIITa a 3pOCIIJl J A-380. 
C ycn c II3 11l0 OOp J GOT,UII1 ynsrpmuyxou B TC' ICII IIC I 'I npu IIHTCHCHBIIOI\I nep CI\ICU!ll BJ HlII 1 

H y,'laJ1I1J11I KPY IIH blC I!aCTllllbl neirrpu rpyrnponauucxi. f1 0J IY'ICHHhl i! 30111. p U3LlCJJIIJIli na 
IICTbl PC paanste sacrn II K K<lJKLlo i! ,D,OOa BHJll I pacr sopsr C01ICi! P33 IIJIH IW l\lII l !CKCOB CO­

Jlc i! P3:) II 5 MJI J TUHOJIU. 

B P C3YJlbTa TC 6 WIlll 1I0 JIY' ICllbJ ' ICTblp C aons-rens CHCTCMbI , COJlCP )KUUl! IC !J.0 6 auKIl 

(Ta6Jl. 3) . 
B hl CYWIlU UlIlI C yK ,I3J lI lIblX CIICTCM IIp liD Ol iHT K OGp u 30 B,lI lJ l lO op rau o-ueopranuuccrorx 

rlI0pIIJ10B (p uc, 4 ). 
Hx Te p MII ' ICCKUJI o6 r a OOT I< U COlJP OBOiKJiaC TCJI u unop a u n e xt oprauu-recxux -racrcii MO­

nexyn ( n a p IIC. 4 OHII 0 6 1lCLlCIl bI c u n o tu u o ii JIIIIl IIC ii ) II o Gp H30 l!HII IICM KJl 3CTC pOB diocdia­
TO B p e jncose w e n su t.t x ')Jle MCIl TOB. rostorca u o pacnpene.rcnaux Il MnTpllue xaapueao ro 
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Puc. S. K P HBblC JU BHCH'fQCTH HHTCHCHBHOCTH PM Y 0 1' yrna p aC CC» HH» . 

a - CreKJIO 1, 6 - CTC}\ I10 2, 6 - '-ll l CT h lir SiO l _ 

CTCKJIa [32]. Passrcp 3T II: KJIUCTCp OB .10)l\HO o n c u u r s acxcna 113 ,'l <lHHbIX 110 :-'1<l.:10 YrJIOno ­

;\I Y p ac e a uruo p CHTr CH013CKOrO 113JlY' leH 1I1I a a cmrresupoaannsix cr exn ax (puc . 5). CPC,ll ­

H IIII pasu cp ofiuapyaca uaesnax H O,llJOP0 ,ll HOCTc i! paneu 2-4 Hl\1 ( eTCKJlO 1). 8 L'nYLJa e 

KpCMH 3eM Hhl X eTeKOJl, cu nr eaup ona uuu x nyrexi npo c r o r o BHe,llCHllll c o lei! J13H T3HOlUI OU 

B 30 JlL-r CJlI , cucrcay, pasv ep HCO,llHOp OJl,1I0 cTcI"i yae lH ' IIlBaeTCIl .uo 5- 7 HM ( CTCKJIO 2). 
3TO IlHIGiK II C 'Ka 3blB a CTCli na xrexauun ec 'IIX II MIIKP Oi\IOP4J0 J10rllYCCKIlX oco6eHHo c T5IX 

crpyxry pu , O.!.lHa KO HllJU1CT CJI !jJ3TaJl bHhlM ,/lJI II m OMIIHceaCHTllblX CBOHCT B c IIHTc:mpOB<lIl ­

Hb lX CTe I<OJI. 

Ilony -renuue TaKHM c n o c o f OM H31I0l<OMn031lT HhIC CTCKJIa, nonuponannu e 3p 6 HCM 

II llTrep611CM (pu c . 6), 06JIaIl,IlOT HIlTClICllBHOil moxruue u eauneii (AI" n= 1.5 M K1\1) B [II H ­

P KOM mrrepnane ko uueirr paurni JI 31lT 3H OllIlOB (0.1- 1Mac, %), n TO spesis Ka K MaT p ua ­

.% 1, I10 JIYYCHllbl e OOhl ' I1hlM aon npoaaaae » KP CMHC3C:-ta p 3CTBOpUl\l1l COl I Cl l P33 , s ootiure 

He UPOll B!l Il IOT :I10MHH Cll,CIlT II bI X CBOllCT B. 

.. 

PIIC . 6. 3 JlCKTjJOHH3H 'lIIKp o, pOl o r p a q ll l» CTCKOJl. rrOJIY' ICHHbIX Cll CKa IHl C" o p r aH o - IfCOp r a HII'ICCKlIX rnOpl lD,llblX
 

KCCP Of C_1 Cii , CIIIH C) lI p On a HHf,IX 113 ¢ OC(j>a Til blx KOMlln CKCOB nanrauounon, XIIMII'ICC" II CB!lJ 3 HHbIX C Kp C.\IHC3CM­


HOi! Ma rpHudi.
 

Yo x 60000. 

242 



Puc. 7. PC'l YJl bTaTb I cons -rem, IIP0l.(C C C ~	 H CHCTC~ I C n OJIIW p OllHJICH- S i 0 2. Ofiparusr nOJl Y'ICHh' MCTO,UOM spin -co­
a t ing Ha CTCK.1RHHOH n O.1J10)l(KC. 

M aCLl l l :lG: B 1 eM - 2 ~l K ~f. OG pa 3 ~U a nony -rcu '1CpCJ 2 :'>11 01nocne uasana vo.u-ren s npouecca, 6 - -repes 90 MHll . Bpe ~HJ rcnc­
o 6 p a10 B3 111U1 B CHCTCMc 100 xut u , 

B XOllC IlCCJJCn OB31111ii OhIn Cl yCTaHO IlJICHO, ' ITO KJIlDqC ll blM ycnosncxr fl OJly q CH1U1 MO­

HOJlHT HhJX KPCMlIC3CMHhiX CTe KO;l H3 o p r auo - n e o p ran u aecx nx rnfipnzio n ,iBm l CTCJI zro o an­

Jle HIi C Il IICXOllH YIO sons -rem, CHCTCMy aapocnna A - 380 . Y Ka3 UHHbl ii peare ur neofixonua 
llJUI ¢ OP MHPO B3 HHH reneii C 1l0 P 3l\1H JI 0 CTHTOYHO 60;l b WO rO Ll1l3MeTp a . 3 TO n 0 3ROJIllCT 

npenorapar srn, paspyuien ue MOHOJll iTllhIX CTCKOJl II peaym.rarc IlbIlleJleHl lH 1136 b1TO' IHOii 

n OBCp XHOCTHOii ouepru n B up ouecce Cn eKaH IUI 06pa3UOIl. 

bOJlb W OI' HlU e p CC Ilh J3blB 3 e T Tal OKC 1l0 nyq CHIIC HaHOrHOp lt ,lJ,OB, Op r 3 HII '1CCKilii KOMfl O­

HCHT KOTOpbl X He MO)j(e T OhITb p 3 CTBOp CIl B sons-rem, CHCTCMC npn 0 6 hl'lHbiX YCJIOIHl HX. 

B CBJl3H C JTH M 6 bIJI3 IICCJlCllOll3 113 B03MO)K1I0CTh npoeeneaua aom.-rcm, npouecca B 6C3­

so zntoii cpczie. Ilpn :nOM Mhl p a 3p a 6 0 Ta JIJI MCTO,lUIKY COJIb BOJII lT II4 CCKOll nOJII IKOll ,lje HCa ­

ll UlI aJl KOKClin OB Kp CMHIIJl 6 C3 ,lJQ0 3 BJlCll Il Jl sonu B acxonayio 10Jlb- r e Jl h CHCTCMy . )J,nH 

3TOr O 6 blil H ucnom.aonau u rtnyx xojanoneirrusre CHCTCl\l bl T M O C (T 3 0 C ) (I MOJl h )-y K­

CYCII3 11 ( MCTOKCll y Kc y cHaJl ) KHCJlOTa (4 MOn Jl) [25]. Y K3 3UHHhiC Opr3HIl'l CCKIl C IO ICJlOTbJ 

nucr ynanu OD:HOBp e MCJl IIO B p OJ!l [ pacr sopur eneii II K3Ta.Il H33TOP OB aons-renr. n p OllCCC3 

33 c-ier rrpcreaauus CJT C.lIYlDlllIIX peaxumt 

S i( O E t) 4 + A cO H ~ ( E t O h S iO Ac + E tOH , 

A c O H + E t O H - AcOOEt + H20 . 

B Oll a , Hco 6 x o )III Ma >l ,U,Jl>l rIl.l1PO Jlll:13 TMOC ( T 3 0 C) , BhI}IC.'UICTOI B pe3YJlb T3TC srepu ­

epllKilUllll y xcyc u o ii (MCTOKCll y Kc y CHOii) KHCnOTbJ in situ II CP U3Y )KC ucry n a e r B pca xumo 

C 3J1KOKCll CIfJl a HOM, li e BJlHJlJl ua p a c r s o pusi o c n, o p r a u u sec x o r o KOMl10 HCIITa s on s -rem, 

CIlCTCMbl. Hanpnncp, B CJl y'lUC CIIIITC3a r ufip n na B CIICTe MC 1I0 Jll1n p Of1lm CH ( x o r o p t.i ii CO­

nc pure iuro HCp UCTBopml B BonC)-KpCMJle3eM . P HC. 7 Ha rJ IHn HO JICMOll CTP ll P YCT o o paso­

T a fi.n u u a 4 

1I111311"O -X1'~IIl'Il'C "II C ~ a p a KT"C p II CT II " 1I 11B)' X "O~1I 10JIITOB 

C JJl'1fI1p lI .\Il'paml 2-" (VII I) II 3-" r e n ep u u u u (IX) (c oJjCP :.I(:lI I11C 

JJCIlIlP IIMl'POB 7.5 sruc. % ) II c ra n nu pruu ro "pC.\I11erCJ111 (X) 

H OMep 
X ap a I\TCp H:C1HKI I 

06pa1ua s.o, " ac. % d" aa;; ) r 0 1- 3 Won .:p • % THCp .a OCTb , Kr ' M ~r2 

VIII 

IX 
X 

70 

68 
77 

1.36 
0 .95 

1.20 

29 .5 

52.5 
34 .0 

53.5 

12 0 

23.0 
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1­

P HC. 8. 3 JlCKTpOll ll hi C M IfKpolllOTo r parjm lf o p r a HO- Hcop r a HlI 'I CCKIIX r n opHlloB B CHCTCMC ilCH: tPIIMCP bl u r cpoii (a) 
If Tp c Tb c fi (6) r CHcpaUIfH-KpCM HC3CM ( COllCp lK 3 IHlC ncn.tp uxrcpo u 7.5 %) . 

BaHHC YKa3aHHOr O r n fi p n na: xacrausr uonuuponan e u a (0.5 -;- 2 M KM) p a BIlOMcp llO paCllpc ­

I\CJICHbI B MaTpllUC Si0 2 II .uOCTaT O'IHO OL\HOPOI\Hbl rIO paaxiepav . 
H HTCPCCIIbIM JlRJl 5lCTCJl HCCJICL\OUaHIIC B03MO)/(HOCTII o opa30Ba HII lI rnfip unoa MC)/( ­

.uy K PC~lHC3CMO M H OpraHIll.JCCKIlMH MOJICKYj Ia MH crpepn -rccxoii cjJOP ~ I LI, pasraep KOT O­

pt.ix MQ)K![O JICrKO 11 TOl.JUO sapsupoaars npn n ep ex o n e 0 1' OI\HOrO c o emn ren u s K npyroxiy. 
11JI5I ar o ii UCJIlI Hal160JIcc y,l.\0 6 HbIM H OObCKTaMH HCC;r C,l.\OBaHIIH 1IIlJlll lOTC lI JICHJ..\P HI\W P bl 

[33]. 11CIII\PH MCP bI npc ,uCTaBJI5IIOT cofioii ccjJepHl.JCCKH CI IMMCTP II l.JIIblC o p I 'a HH4 eCKIIC MO­

JlCKYJl bI C cjJI1KCHp OBa llHLIM J-lllaMCTp OM . Hx MO)/(HO p aCCM aTp HBaTb KaK C<!J CP H1JCCKHC 

HaH OyaCTHUbI C 3a.ualI llb i M p a'3MCp OM . B CJIy'Iac, xorn a paaxrepst MOJICKy JI ; l CHI\PllM CPOB 

OKCl 3bll3aIOTC5I KOMl lJlC ~ 1 IlTa p H bIM II pa3M p y u op KpCM HCr CJlll (ra6 JI. 4, 06pa3CU VIII), 06­

pa3YlO l.l\ HHC5I KOM rI 0 3HT 0 6 JIa .uaCT IlJIOTIlOH H O.uHOpOlIHOH cr pyxryp oii (pHC. 8, a), a TaK­

)/(C xapa xrep m y erc a OOJICC BbI COKHMH rIJIOTHOCTblO II T BCPI\OCTb lO H MCHb lUCH u o p uc­

TO CT biO rI O cp au u IIlI lO C l.JHCTLI I\t r CJICM X (rafin . 4). Ha npor nu, B cn y uae HCCOOTBCTCTBIHj 

p as srepos nop Kp CM HCrC JI J1 H MOJICKyJI ,l.1.CIII\PIIMCPOB, qlH3H Ko-XlIM l l 'lCCKHC CBo HcTBa 110 ­

JIytJCHHbIX CTp y KTy p 3a MCTIl0 Y XY; l wa IOTc 5I (ra6J!.2, o opaae u IX), a otipasy romaacs 

crpyxrypa OKa 3bIB aCTCJl PbllU10H. H «an anoorip aa aoii (pHC. 8, 6). 
L!.aIllibIc Tc p Mo aUaJIH 3a ofipaauos VIII, IX Il X (pIIC. 9) rI OKa3blB a lOT , H aCKOjIL KO 3 cjJ ­

cjJCKTJ1BHCC YJlCp)/(J1RalOTCJl MOJICKy JlbI ,llCJlL\pHMCpO B B KCCpO r CJlc , p m Mc p nop xoroporo 

KOMllJICMCHTapcH pasraepy MOJICKyJI jlCHI\p IIM Cpa (xpnaaa a) . 3 KJ OTCP:'I H II CCKll fi nux Kp H ­

BOH L!.TA B CJIy ' Iac KOM II0 311Ta VIII CIIJIb HO CMCfl l ClI 

o	 ( u a 200 °C) B CTOpO Hy BLI COKI1X T CMncpaTy p II O 

cpaaae u mo C rH6pll!l.OM IX H r CJICM X II B OTJl lI ' llIC 

0 1' HHX 11l\ICCT }IP KO Bbl p a)/(CllHblH x ap u xrep . 10 
3 a KJllo · I Ctllle . B 3aBllCHMOCTII 0'1' npaponu HC­

XOllIlbIX OpraHHl.JCCKIiX KOMIIOHCHTOB lIPC,uJIO)/(CH 
20 

___~::-_ _ (J PJlI\ HOBbI X pacmop a r eneii If «aramoar opos 
30JIb-rCJIb npouecca, n03B OJ15l10 11U I X CIIHTC3lfpOBaTb 

30 oprano-aeopramr-recxae ru6Pll,llbI C OJlI10 POilHOrt 

crpyxrypoit. 
f1 o KaJ aHO, 'ITO Xl1 M 1l4 CCKOC CBJl3b IBallIlC o p r a ­

HlIlJCCKHX KOMnJICKCOB II CPCXOJlHbIX MCTaJIJIO B If 

JIaHTaHOI1,l.\OB C KP CMHC 3CMllOH l\Hl1"p HUc i1: I10 3BOJIJlCT 

6 

P HC. 9. Kp uasrc Tf" \I In A .myx KOM n 0 311TOB C llCHllp HMcp a MII 

sropoii (a) II rp cn. c ji (6) rcu cpaua u (COllCPJK3HII C ,1 Clli \P HMCPOB 

200 400 600 T, oC 7.5 %) II r cns (e). 
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rO Mo r CHIIO, BlUlO Th ~O :Y\OJICKYJIJlp HOr o ypOBHJI, pacnpe ziemrn, o p r UHlI ' ICCKI1H K O~ll! O H C IIT 

( IIC3 UI3HCI1MO o r e r o nOJlJlp HOCTH) B OOb CMC n OJIY'IaCMOr O MUT Cplla JI U. 3 TO Jl.CJJaCT n e p­

CIl CKTllB HblM I1CI10 Jlh 30BaHl1C 1l0LlOOHh IX Ha Il OKOMIl 0 3 11TOB )lJUI n onY'ICIIIIJI 0 1l03 KTII BHhI X, 

HcnIl Il CI1 11 0 - 0nTWICCKI1X, <jJ OTO"lYBCTBIIT CJlbllbIX, J1KJMlIHCCUCIIT HbIX MaTCp IlLIJIOD, COp 6CH­

TOB, Ka TaJl l13aTOp OB II YCTpoiiCTB ~JI Jl 3 all Il CII 11 Xpa HCI1IIJ1 II I1epOP l\1a IIIl H. 

BUCpl3hlC CI1HTC3 Hp OBaHO o n T W ICCKOC Imap 1IC13 0 C CTC KJIO B CHCTCMe epoc epa TbI nan­
TaIlOBL\OB- S i0 2 13 anne IW HOKOMIl 0311Ta , KOMIl OHCIIT Iol xoroporo XIl Ml1llCCKlI cansau u 
MC)f(llY c 0 60i! COle na craznui rC JlC0 6 pa30 Ba HI1J1 . [JO,uOOIl OC CBJl3 blBa HIl C KOMn OHCIIT OB ClI ­

CTCMhl ooecne-runaer p UBIl OMCpHOC p a Cll p C,LlCJ1CHIl C P33 R Ma Tpl1ue nonyxaeworo icsapue­
BOl' O CTCKJla . Pa3 MCp KJlaCTCp a P33 npn 3TOM KaK MIIllHMyM B J0 pas MCHb WC, 'ICM R C.fIY­

'l a c CTa H,1J,a p THOro xuapueuoro CTeKJla , nonu pos aun oro neoprann-recxuu u COJl JlMIl P33 . 

3 TO n0313 0 JlJleT cyuiecr ueuuo nO!!a BHT b xouuem pauaoaaoe T YIIICHIlC JJKJMllHe CUCHI!l 1I1 

P33 11 YJlY<IW IITb epYHKIlHOHaJl b Hh lC csoiicrua CI11lTC3HpY CMo r o ~1aTepII LlJ l a . 

Taicus: 06p a 30M, n pOBC,1J,CHHbI C Ha MI1 B nOCJICW Il1C ronu IICCJlCJl OBa HIi JI n03BOJlIIJJII ,,"""(")	 
'nnepnue 0 6 0CHOBaT h II paapafiora r s PJl~ HOBh lX MCTOJl OB 1I0 JlY ICHIllI HUHOr I10 p ll ,llOB, 00­

J1a~a IO IlHIX Ip OTO<jJ1I3I1LJ CCKI1MII , JJICKTpOX IlM HLJ CCl<lIMII 11 npyrunn TCXHI1"lCCKJI IJ,CHHbIMl1 
~a cnp e -
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