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OBLLUAA XAPAKTEPUCTUKA PABOTDI

AKTyanbHOCTb __ paboTbl. OpraHo-HeopraHu4yeckme  HaHOKOMMO3UTHbIE
YyacTuubl, Monyyaemble KOHAEHcauuen npekypcopa HeopraHuyeckon dasbl Nopg
KOHTPOMNEM OpraHM4Yeckoro nosiMMmepa W3BECTHbl AOCTATOYMHO AasBHo. [naponus
ankKoOKCUCUNAaHOB C nocrenylouwen KoHgeHcaunen cunaHosibHbIX rpynn B NpUCyTCTBUN
NnoSIMMEpPHbIX OCHOBaHWA MO3BOMSET nonyyaTb HOBble MaTepuanbl C LEHHbIMU
csoncTBamn. B nocnegHve roabl HabnwogaeTcs poCT UHTepeca K MNOAOOHbIM
npoueccam B BOAHOW cpefe. OTO CBA3aHO, C OA4HOW CTOPOHbl, C OYEBUAHLIMU
SKOHOMMYECKUMN U  3KOSTIOrMYECKUMU MpenMyLlecTBamMm OTKasa OT NPUMEHEHUS
OpraHuU4yeckux pacTBopuTene, a Takke  BO3MOXHOCTbIO  MCMNOSIb30BaHUS
HeopraHuyecknx cunukaTtoB. C Apyro CTOpPOHbI, ¢ cepeaunHbl 90-x rogoB XX Beka
CYLWEeCTBEHHO BO3POCNO BHUMaHWE wuccregosaTenen K OuocMnNUUUNPYOLWLNM
pacTeHUSAM W XUBOTHbIM, CMNOCOOHbLIM HakannMBaTb B CBOEM OpraHu3Mme
3Ha4YNTENbHOE KONMUYECTBO KPEMHUSA W UCNOMb3oBaTb €ro B BUAE KpeMHe3sema Ans
NMOCTPOEHUSA BaXHbIX 3IEMEHTOB CBOMX OPraHM3MoB. OTO BHMMaHWE CBA3aHO KakK C UX
fonblwMM  3HavyeHuem gna  3kosnormnm  (guatomenm  parwt  bonee 20%
POTOCMHTETMYECKOrO KMCNopoaa) U 3KOHOMUKK (pUC), Tak U ¢ COBCTBEHHO CTPOEHNEM
buokpemHesema. [uatomen npeactaBnaloT cobOM OAHOKNETOYHbIE OpraHM3Mbl,
UMetoLmne KPEeMHUCTbIA 3K30CKEemNeT, COCTOALNA N3 MUKPO- U HaHOYNOPSAOYEHHbIX
cTBOpoK (Puc. 1). Xumuyeckoe CTpoOeHne N CBOMCTBa CTBOPOK ONnuke K nnaBneHomy
amopHOMY KBapLy, YEM K KpeMHe3eMy, ocaxgaemomy B BOAHOW cpefe. B atomn
CBSA3N MNOHATEH WHTEepec He TONbkKo OWMONOroB, HO U XMMUKOB, CNeuuanucToB B
obnactn CuMHTe3a HOBbIX MaTepuarnoB K MOHUMAaHUIO MOJSIEKYSISPHBIX MEeXaHU3MOB
Buocunudukauuu.

HecmoTps Ha Gonbluoe konuyectBo paboT No mMccnegoBaHUIO caMux AuaToMen U
MOoAeNnNpoBaHUIO npomcxop,ﬂu.mx B HUX npoueccos OCTalTCA HENOHATLIMU OCHOBHbIE

= cTagum NOCTPOEHUS KPEMHUCTbIX
CTBOPOK: 3axBaT KpeMHMEBOMW
KACNOTbl U3 OKpy>KaloLlen cpeabl,
€€ XpaHeHue W TpaHcnopT B

uuTonnasme K BE3uKyne
OTNOXeHnUsa KpemHeséma (SDV),
obpasoBaHue MUKpPO- n

HaAHOCTPYKTYPUPOBAHHbIX,  BUAO-
cneundunyHbix cTBopok. K Havany
AaHHON paboTbl GbIIO M3BECTHO,
YTO BaXHYyl0 posib B OMOCUHTE3E
CTBOPOK  UrpakoT  MofNMeEpHble

Puc. 1. KpeMHUCTbIE CTBOPKM AnaTOMEN oO3epa

'Iia:/n(an. .Steé)hanlodls.cus meyeri I-Llcnelaaz, amgonnTbl cunaduHbl,
M:jw?coselra aicalensis cnpasa. Lllkana npeacTaBRsiolne coGoi Benki ¢

NPUBUTLIMU MONIMAMUHHBLIMK (3-20
aTomoB asoTa) u dgocdaTtHbiMK rpynnamm [N. Kr ger et al ., Science. 2002. 298, 584].
OTn BeLlecTBa acCoOLUMUPOBAHbI C KPEMHUCTbLIMUA CTBOPKaMKW, HO UX POSflb He HACHa.
lMonnamuHbl obHapyXeHbl B guatomesax u B CBOOOOHOM BuAe, BblOeNeHbl OHU TakXe
N3 KpeMHUCTbIX rybok. [aHHble paboTbl CTUMynupoBanu Bcnsieck paboT no CUHTesy
OpraHoO-KPEMHUCTbIX KOMMNO3WTOB B BOAHOW cpefe, WMEBLUNX [OBe  Lenu:
MOZEenupoBaHue MNpoLecCoB B XWBOW NPUPOAE W MOMy4YeHWe HOBbIX MaTepuaros.
[MopaBnswowee OOMNbLUMHCTBO 3TMX MCCMNEeAOBaHWA BbIMNOMIHEHO Ha OpPraHU4ecKux



npekypcopax (TeTpameToKCHCUIIaH, TeTpakuc(2-rugpoKCuaTuIT)opToCHUNnKar,
TETPaA3TOKCUCUMAH, KaTexosiaTHble KOMMJIEKChbl)) W OrpaHU4YMBaETCA MONyYEeHUEM
KOMMO3UTHbIX 0CafKOB C U3yyeHnemM ux mopdonorun. B To e Bpemsi, 3Ha4YMTENbHbIN
UHTepec C dyHOAMeHTanbHOM W MNpPaKTU4YEeCKONW TOo4veK 3peHus npeacrasnseT
U3yyeHne HavarnbHbIX CTaguMid  KOHAEeHcauuwn, npoTekawwux B  pacTsBope.
Cuctematnyeckn  nccrnegosanocb  B3aUMOAEWNCTBUE  TOTOBbIX  KPEMHUCTbIX
HaHo4acTUL, € nonumepHbiMn ocHoBaHuamMu [P.U. KantoxHas n gp., BMC. 1994.
36, Ne2, 257], HO KoHAeHcauus MoHoMepHon KpemHueson kucnotbl (KK) nop
KOHTpOMneM MOMMMEPHbIX OCHOBaAHUN M amMd@ONMTOB oOcTaBanacb crnabonsyyeHHOW.
MoOXHO nuwb OTMEeTUTb obpasoBaHMe OpraHo-KpeMHUCTbix HaHoyacTuy (OKH) B
pactBope  npwu KOHAeHcaunn KK B NpUCYTCTBUU nonuannunaMmnHa
[M. Sumper, Angew. Chem., Int. Ed. 2004. 116, 2301] n nonu-1-BuHunumMmngasona
[V.V. Annenkov et al., J. Mater. Chem. 2008. 18, 553].

Taknm obpasom, nsyyeHme koHaeHcaumm KK B npucyTcTBMM N NOg KOHTpOem
BOAOPACTBOPUMbBIX MOMMMEPHLIX OCHOBAHUN M amMdONUTOB MNpeacTaBnseT UHTepec
ANA MOHWMaHUA aHariorMyHbIX NPOLECCOB B XMBOW npupoge. C Opyro CTOPOHBLI,
nofobHble mccrnefoBaHNA MOryT MPUBECTU K CO3OAHUI0 HOBbIX BUOMUMETUYECKUX
METOAOB NOMYy4YeHNA KPEMHUCTBIX U KOMMO3ULMOHHBIX MaTepuarnos.

Llenb paboTbl: CUHTE3, U3YYEHNE CTPYKTYPbl MU CBOMUCTB OPraHO-KPEMHUCTbLIX
HaHoyvacTuL, obpasyloLMXCAa NP KOHAEHCAUUN KPEMHUEBOW KMCMNOTbI B NPUCYTCTBUM
NnofMMEPHbIX aMWHOB W amdonuTtoB. [AnNa [OCTMKEHUA MNOCTaBfIEHHOMW LUENu
npeanonaranoch peLweHne cneaywmx sagav:

* WccnepoBaTb NpouUecc KOHOEHCAUUWM KPEMHUEBOW KUCIOTbl B NPUCYTCTBUN Y3KUX
MONEKYNAPHbIX  pakumini  NOSIMBMHUNAMUHA, YCTAHOBUTb  3aKOHOMEPHOCTU
BIIMAHUA ASNTMHBI LLENW HA KOHAEHCALMIO KPEMHUEBOW KUCIOThI.

e« PaccMmoTpeTb BnusiHUE MNOSIMMEPOB HAa OCHOBE MPUBUTLIX NPOMUITAMUHOB,
kapbokcun n dgocdaT cogepaimx nonnamgonnToBs, MOAENUPYIOLLNX CTPYKTYPY
cunadpdurHOB, Ha KOHAEHCALMIO KPEMHUEBOW KUCIOTHI.

* WccnepoBaTb noBedeHMe W CBOWCTBA  NOJSlyYaeMblX  OpPraHO-KPEeMHUCTbIX
HaHoO4YacTuUL, Ha OCHOBE MOSMIMMEPHLIX aMWHOB ANA MNOHUMAHUS BO3MOXHOWN
domsnonormyeckon ponu cunacpdunHoB.

e OueHNTb BO3MOXHOCTU MCMNOSMb30BaHUA pPACTBOPUMLIX OpraHO-KPEMHUCTbIX
HaHo4YacTuL, ASS NoNAyYeHUa KPEMHUCTBIX U KOMMO3UTHbLIX MaTepunarnos.

WccnepoBaHnsa, npoBedeHHble B paMKax HacTosiwen  gucceprauum,
BbINONHeHbl B cooTBeTcTBMM ¢ nnaHamu HUP JIMH CO PAH no teme "KoHTponb
MopcporeHesa KPEeMHUCTbIX CTPYKTYpP Ha reHOMHOM M KMEeTOYHOM YPOBHE", MpOeKT
6.1.1.10, Homep roc. peructpauum 01.2.00703351, wmexgucumnianHapHoro
nHTerpaumoHHoro npoekta CO PAH Ne 39, rpaHta UHTAC CO PAH Ne 06-
1000013-8569

O6bekTaMu __uUccniegoBaHUsA MOCNYXUNU  y3KME MOMeEKYNsApHble dpakumm
nonuesuHunamuna (MBA), npusuTblie NnponunamMuHbl (HU3KO- N BbICOKOMOSEKYNAPHbIE,
MMNA-um u MMA-8m), cononumepsl BuHUunumngasona (BWU) n akpunata Hatpusa (AK) c
pasHbiM cogepxaHnem BW, cononumepbl aTuUneHrnvkonbmeTakpunaTtdgocdaTa
HaTpus 1 BuHunmugasona (MOE®-BW), nonnsnHunmuvugason (MBN).

MeTtoabl uccnegosauua. AMP *H n *C cnekrpockonus, UK-cnektpockonus,
Y®-cnektpockonus, MeTod AUHaMUYECKOro U craTuyeckoro ceetopaccesHus (DLS,
SLS COOTBETCTBEHHO), METOA ra3oBoi NOPoOMeTpumn, MeTo MonnbaeHOBON CUHU OIS




5

onpegeneHns cBoboaHOM KpeMHUEBOW KUCMNOTbI B pacTBope, NOTEHLMOMeTpU4ecKoe
TUTPOBAHWE, CKaHUpYyoLWaa M NpocBeyYnBaroLlias arneKkTPoHHbIe Mukpockonun (SEM,
TEM COOTBETCTBEHHO), aHeprogucnepcuoHHas cnekrtpockonua (AC), meTon
nasepHoin abnaumn ¢ Auddy3nOHHBIM as3pO30SIbHOM CNEKTPOMETPUEN.

HoBu3Ha paboTbl COCTOMT B TOM, 4TO WCCNeLoOBaHUA KOHAEHcauuu
KPEMHMEBOW KUCMOTbl B MPUCYTCTBMU CUHTETUYECKUX MOSIMMEPOB, CTPYKTYpbl U
CBOWCTB MOJSTIyYEHHbIX OPraHO-KPEMHUCTbIX HaHOYacTuL MpuBeEnn K crnegyroLwmnm
pesynbTaTtam:

o 0bBHapyxeHo obpa3oBaHMe B pacTBOpPE OpPraHO-KPEMHUCTLIX YacTuL, coaepXKaLlmnx
KPEMHUCTbIE HaHO4YacTuUbl, CTabNNM3NpoBaHHbIE MOHHBIMU W/MNKU BOLOPOAHbLIMU
CBA3AMU C OCH BHbIMW rpynnamu opraHM4eckoro nonumepa;

e Ha npumepe NBA nokasaHo, YTO OpraHO-KPEMHUCTbIE HAHOYACTULbI UMEKOT A4P0,
cocTosiLlee MPENUMYLLECTBEHHO W3 KPeMHE3eMa, U OpraHUYeckyto 0OOMNOouKy.
CnocobHOCTb  OpraHMYeckoro nonumepa CcTrabunuampoBaTb  KPEMHUCTbIE
HaHo4YacTuUbl  CYLIEeCTBEHHO 3aBUCUT OT  AfWHbI  MOJSIMMEPHON  Lenu:
HU3KOMOJIEKYNAPHbIE hpakumm NMbo He CnocobHbI NPEnSTCTBOBATbL AaNbHENLEN
KoHgeHcauun, nmbo obpasyloT arperaTtbl C y4acTUEM HECKOSMbKUX MONNMEPHbIX
uenen,

* Mpu nccnegosaHnn nonmamdeonmToB Ha ocHose BU ycTtaHoBeHo, YTO BBEAEHNE B
nonumepHyto uenb Ao =30% KUCNOTHLIX 3BEHbEB HE CKa3blBaeTCA CyLUEeCTBEHHO
Ha cnocobHOCTM nonMmepa K obpasoBaHU OPraHO-KPEMHUCTbIX HaHOYacTUL B
pacTBope;

* BbiCkazaHa W obocHoBaHa runotesa o6 yyacTum cunadpuHoOB B
uMtonsiasamMaTUY4eCcKoM  TpaHCMoOpTe  ONMUroCUNMKaTHbIX YacTuy, B KNeTkax
avnatomen;

MpakTnyeckas 3Ha4YMMOCTh.

YCTaHOBMEHO, YTO CMHTE3MpOBaHHbIe B AaHHOW paboTte OKH moryT cnyxutb B
KayecTBe [MpPEKYpCOpOB KpemMHe3ema npu cuHTe3e HaHokomno3ntoB. [lokasaHa
BO3MOXHOCTb MOJSTyYEHMSA Creaylowmx maTepuanoB Ha OCHOBE CTabUNM3MpPOBaHHbIX
KPEMHUCTbIX HAHOYaCTUL;:

* KOMMO3UTOB HA OCHOBE OPraHO-KPEMHUCTbIX HAHOYaCTUL, a Takke cunukarenen c
NMMOOUITM30BaHHBIMM Ha UX MOBEPXHOCTb norivmamuHamu. Mcnonb3oBaHue unx B
KayecTBe COpOEHTOB MOHOB MeAW MO3BONSAET NOHMXaTb €€ KOHUeHTpauuio oo 2.4
MKr/11;

* KPEMHMUCTbIX MaTpuL, C MOBbIWEHHOW YAEeNbHOW MOBEPXHOCTbIO Ha OCHOBE
anatoMmuta OOCTYNHOW OCaAo4YHOW nopoabl;

*  aMUHO-PYHKLUMNOHANN3NPOBAHHbLIX HaHOpenbedHbIX MOKPbITUA W NMAEHOK C
noBbILLEHHON (Gonee 40 HM™®) NOBEPXHOCTHO NAIOTHOCTBIO aMUHOTPY M.

JInuHbIA BKNag

JiInuHbin  BknNag aBTopa B paboTax, BLINOMHEHHbLIX B COABTOPCTBE U
BKMIOYEHHbLIX B AUCcepTaumio, 3akniyaetca B cbOope M aHanumse nutepaTypHbIX
OaHHbIX, NMPOBEAEHUN 3KCNepuMeHTanbHon paboTbl, 0bpaboTke, UHTepnpeTaumum u
0006LWeHnn nonyyYeHHbIX pesynbTaToB. [lpMBMTbIE NPONUIIAMUHBLI M CONONUMEPDI
BUHMNUMUAA30MNA N aKpUNOBOW KUCIOTbI NnpeaocTaBnerbl K.X.H. E. H. [JaHnnosueson
(JIMH CO PAH). 3kcnepuMeHTbl No nasepHon abnauuu BbINOfHEHbl B Cnbupckom
ueHTpe doTtoxummyecknx peakuyun CO  PAH  k.x.H. A.C. Kosnosbim nopg
pykosoactsom npod. A. K. lletpoBa. HacTb 3KCNepuMMeHTOB MO CBETOPACCEAHUIO




BbinonHeHa B Jlabopatopum XuMuMM  NONMMEPOB, YHUBEPCUTET XeSbCUHKM,
PVHNAHANA W B HayyHOM rpynne HeopraHunyeckon xummm B Nottingham Trent
University, Benuko6putaHua npocp. B. B. AHHeHkoBbIM (JINH CO PAH).

AnpoGaumsa paboTtbl. PesynbTaTbl HacToswen pabdoTbl o6CyXOanucb Ha
Hay4yHOM KOHepeHunn «Xumumyeckas Guonorus dyHoameHTanbHble npobrembl
OunoHaHoTexHonormm»  (Hosocubupck, 2009r.), 6-om  CaHkT-l[leTepbyprckon
KOHpepeHUnn MonoablX yyeHblx «CoBpeMeHHble NpobfieMbl Hayku O nosiMepax»
(CaHkt-lNeTepbypr, 2010 1.).

Mo Teme gucceptaynoHHoM paboTbl onyornmMKoBaHo 7 NeYaTHbIX paboT, n3 Hux 1
naTeHT, 3 Hay4YHble CTaTbW.

O6bLeM M _CTpyKTypa gucceprtaumu. [lucceptaunoHHas pabota coctouT u3s
BBeAeHNaA, 3 rnae, BbIBOAOB, Oubnuorpacdpumn, wnsnoxeHa Ha 168 cTpaHuuax
MaLLUMHOMUCHOrO TekcTa, BkMwyaa 17 Tabnuy, 55 pucyHkoB, 3 cxembl u 221
NUTepaTypHYHO CCbISKY.

OCHOBHOE COAEP>XXAHUE PABOTHI

Bo BBegeHun obOOCHOBaHa aKTyanbHOCTb MUCCNefoBaHWSA, CHOPMYNUPOBaHbI
LenM n apryMeHTMpoBaHa Hay4yHasi HOBU3Ha paboTbl, NokasaHa ee npakTuyeckas
3HA4YNMOCTb.

B nepBo# rnaBe (nutepatypHOM 00630p) paccCMOTPEHbI OCHOBHbIE MPUHLMNbI
kKoHgeHcaumn KK B BogHOW cpene n €€ 0COOEHHOCTU B NPUCYTCTBUM MOSNIMMEPHbIX
ocHoBaHun. Ob6cyxpgatTca pasnuums B Mopdonormn nosiydaemMblx MaTepuanos,
MEXaHU3Mbl KOHAEHCALMM W BIUSHUS OpraHuvecknx nonumepos. [lpeacrtaeneH
KPUTUYECKUA aHanu3 CyLLEeCTBYIOLWMX MMNOTe3 O LMUTONMasMaTUYeCKOM TpaHcrnopTe
KK B gnatomesix n ee npeBpaLleHNUn B KPEMHUCTbIE NAHLMPW.

Bo BTOpoOW rnaBe npeacTaBrfieHbl pesynbTaTbl WUCCNeAoOBaHUS BUSHUS
nonMammHoB M nonnamdconutoB Ha koHaeHcauumio KK B BogHOW cpefe, U3yYeHbl
ceonctea OKH 1 npoaykToB ux KoHgeHcaunn. O6cyxaatoTca BO3MOXHbIE MEXaHU3Mb
KoHgeHcaumnm KK B npucytcTBuM nonnamuHoB. PaccMmoTpeHbl MepCcnekTuBbl
npumeHeHns OKH B kayecTBe OMOMMMETMYECKUX MNPEKYPCOPOB KpPEMHe3ema npu
CUHTE3E HOBbIX KOMMO3ULNOHHbLIX MaTepnanos.

B TpeTben rnaBe onnucaHbl 06BHLEKTLI U METOAbI UCCNEeAOBaHUS.

NBA MNonuBnHMNamuH N,
n

NH2
MMA MpuBuTbIE NPONUNAMUHbBI /{/I
n
MMA-um  P=220
o N/\/\N/Me
MrA-sem P=6500 | |
Me Me

A

NnBn Monu-1-BuHUNMMMAaason N
{7
N



BU- Cononumep BMHUAMMMAa3onNa un M
AK(XX) akpunata HaTpusi, XX N/n m
cogepxxaHue 3BeHbeB BU, COONa _N
Mon.% <\>
MOE®- Cononumep
BU STUNEHrNMKonbMeTakpunar- *j/
docdarta HaTpusa n O/\/O\
BUHUNMMUMAA3ona (m: n = 71:29) NaO™ “ONa
N
MA3- Cononumep NpuBMTOro
AK nponunaMmuHa N/” m
n aKpmnosi)m IfVICJ'IOTbI (m:n COOH o N/\/i‘N'Me
=11:89) . |
KK KpemHueBsas kucroTta Si(OH),4
MKK [MonukpemHueBas kucrnoTa
TMOC TeTpameToKkcucunaH Si(OMe),
Ryq Pagnyc nHepunn
Ry, 'mapogmHamuyecknin paguyc
OKH OpraHo-KpeMHuCTbIe
HaHo4YacTULbI

B naHHOM pasgene npuBogsaTcsa pesynbTaTthl uccrneaoBaHusa koHgeHcauum KK B
NPUCYTCTBUN BOLOPACTBOPUMbIX MNOMAMUHOB Y3KNX MOMEKYNAPHbIX bpakuunn
nonueuHunamuHa (MBA, cteneHb nonumepusaunm P = 238, 1000, 3250 u 11000) u
npusutbix nponunamumHoB (MMA-HM n MMA-em). NBA cuHTesnpoBaH WeNOYHbIM
rmaposIn3om dpakLUMOHNPOBAHHOIO nonmMesMHUNGoOpMamnia, Nnosly4eHHoro
paguvkanbHon nonumepusaumen N-BuHundgopmamuga. [MMA-HM cuHTEe3MpoBanu
npucoegmMHeHnemM nNponuinaMmnHOB K xnopaHrugpuay nonvakpunoson kucnotsl, MIMA-
BM  pagukanbHOW nonumepusauuen moHomepa, nonydeHHoro B JINH CO PAH. B
KadecTBe npekypcopa kpemHueBon kucnoTtbl (KK) ncnonbsosanu cunukaT HaTpus.

Mo paHHbIM nNOTEeHUMOMETPUYECKOro TuTpoBaHuMs nonuamuHos (B 0.02 M
pactBope NaCl) BbluucnanuM 3aBucMMocTb pK cOnpsiKEHHOM KUCHOTbl OT CTEMNEeHU
noHmsauumn a (Puc. 2) n creneHun npotoHupoBaHus ot pH. 3HaueHue pKy (npu a—1)
ansa MNBA coctasnset 9.3, gna MNMMNA-Hm 1 TMA-HM 8.7, 4TO 3aKOHOMEPHO, Tak Kak pK
3aMeLleHHbIX aMVMHOB MajaeT C poCTOM 4ucrna pagukanoB npu asote. CpaBHeHue
kpuebix pK=f(a) gnsa MMNA n TNBA nokasano 3Ha4ynTeslbHO MeHbllee usmeHeHue pK
ana MMA, ceasaHHoe, BEPOSATHO, C HE3HAUYUTENBbHbBIM ANIEKTPOCTATUYECKUM BIUSAHUEM
yOaneHHbIX B NpPOCTpaHCTBE cocegHux amuHorpynn. B cnyyae [1BA npu
npUcoegMHeEHNN crneaytowero NpoToHa TpebyeTca NpeoaosieTb ANeKTpPoCTaTUYECKUNA
aphekT cocegHein nNpoToHMpoBaHHOM amuHorpynnel, B [I[MA Bcrneacteme
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NPOCTPAHCTBEHHOW yAANEHHOCTM COCEOHMX aMUHOIPYMM, 3NeKTPOCTaTUYECKUN
ahhekT MMHUMU3NpYyeTCS.
MmeHHo noatomy B obnactu

PK -NH, HenTpanbHbix pH TMNA npoToHuMpoBaH Ha

9,5 93-96%, a NBA nuwb Ha 36%. 3HayeHne (-
noteHuywana npn pH 7 pgna T1BA

8 coctasngeT 14.5 mB, npn pH 10 oH Takxe

65 ocTaeTca nonoxutenbHbim  (6.12 MB,
’ cTeneHb NMPOTOHMPOBAHUSA 10%).

5 OuHamunyeckoe cBeTopaccesHue (DLS)

pacteopoB [NBA B 0,1 M NaCl nokasano

3,9 6uMoaanbHoe pacnpegeneHune no
5 | | | pasmepam, B pacTBope MpPUCYTCTBYIOT

eQVHWYHble KNybkn pagumycom 5-20 HM w©
0 02 05 075 d arperatbl 50-300 HM, kpome MBA-11000 c

Puc. 2. 3aBucumoctb pK ot a agns Rn=37 Hm. [ns TIMA-em B pacTBope

conpsikeHHbIX kucnot MMA-Hm, MMNA-  NPUCYTCTBYIOT Kak OTAEJIbHbIE
M v MBA. MOHOMONEKYNsIpHble KNyoOkn 6-11 HM, TaK n
arperarTbl, HN3KOMOEKYSPHbIN Xe

oOpaseL, B pacTBope CyLleCTBYyeT TONbKO B BUAe arperatoB 250-265 HM.

B xoge tutposaHus cuctemol NBA-cunukat npu cootHoweHun Si(OH), : MNMBA 2
1.5 : 1 (koHueHTpaumsa NBA B ncxogHonm cmecn 6.8 mMM) no goctmkeHun pH 9.7-9.5
obpasyetca ocagok. [lpy panbHenwem TUTPOBAHUM MPOUCXOOUT YacTUYHOe
pacTBopeHue ocagka, Haubonee 3HauNTENbHOE MOHWKEHNE MacCbl Ocaaka
HabnogaeTca npyu pH 9-8, a Takke 5-4, npu pH 8-5 konnyecTBO ocagka N3MeHseTcs
HesHauuTenbHo. B uenom, npu nepexoge n3 cnabowenodyHon B crnaboKMCyto
obnacTb pacteopseTca bonee nonoBuHbl ocagka. CoaepxxaHne KpemHesema B BUge
nonmkpemHmeBson kucrnotbl (MKK) B ocagke coctaBnger B cpegHem 60-6%.
O6pasyrowmnncsa ocagok, cocToAwmn 3 nepenyHbIXx HaHovactuy MKK un TBA, npu
nepexoge B 6oriee kucnyo obnactb pacTBOPHAETCA 3a CYET paspyLUeHUs arperatos
IMKK-TNBA n nepexoga B pacteop HaHoyacTuy NKK nHanenagyanbHO nnu B KOMMsiekce
c MNBA. Ha WK-cnektpax komno3nTHbiX ocagkoB [MBA [MKK Habniogaetcs caosur
nosiocbl BaneHTHoro konebaHusa rpynnbl Si-O-Si ceAsn ot 1095 go 1060 cm™. Kpome

1000 4 6e3BA

10 - \ MBA Puc. 3. 3aBUCMMOCTb KOHC-

1001 = TaHTbl 3-ro  nopsiaka ki
S g =10 1| CKOPOCTU peaKkuun KOHAEH-
= 14| caumm n N3MeHeHMne
= i B KOHLIEHTpauun KK BO
56 0- BPEMEHM B MPUCYTCTBUM
> 107 55pH MBA-238 npu pH 7. Bce
= be3 NBA

KOHCTaHTbI npmBegeHbl

4 1 /‘ OoTHocuTenbHO k; KOHAEHca-
] _ umm KK npu pH 5.5. [MBA] =
, |[BAZS8 SO [SiOH) = 10 wM 8
NCXOAHOM pacTBope.
0 500 1000 1500

Bpemsa, muH
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TOro, yBesnimyeHune OTHOCUTENBbHOWN NHTEHCMBHOCTU MOMOCHI npu 955 CM-l NOKa3blBaET,
YTO codepXaHne CUInaHOoIbHbIX rpynn B KOMMNO3NUTE foonblie, Yem B KpemHeseme,

MIBA-11000 NPUroTOBMIEHHOM B  OTCYTCTBME
1000 MBA-238 nonumepa, a Hanmqm_? nornoLweHuns

C MBA-1000 npn 2000-2700 cm ™ XxapakTepHo

I ans NPOTOHNPOBAHHbIX

2 500 - I aMyHOrpynn. YBenuvyeHue curHana
o ~ 1 MBA-3250] AN CMNaHOMbHbIX  rpynn W
'S 100 | l ' MPOTOHNPOBAHHbBIX aMUHOrpynmn
T - i CcBUAETENbCTBYET o HanMumum
§. 50 [ o BOAOPOAHbLIX W WOHHbIX CBSA3EN
° Cepwlas @ ¢ -4k Oy W mexay nonumepom wu  KK. Tlo

o LM S i i AaHHbIM 3NEKTPOHHOW

MUKPOCKONUK, OCafKku pasfinyHON

CTPYKTYPbl COCTOAT U3 OTAENbHbIX

; ' yactuy pasmepom 100-230 Hm,

Puc. 4. [laHHble guMHaMMyecKkoro ceeTopac- arperMpoBaHHbIX B pasnuyHble

ceaHua ana cuctem MNBA KK npu pH 10.  koHcTpykumm. B obnacTu

[MBA] = [Si(OH),] = mM. HenTpanbHbix pH ocagkum 6Gonee

CrMaXXeHHble, HO B LUENOYHON U

Kucrnom pH npucyTcTByeT 4OCTaTOYHOE KONIMYECTBO OTAESNbHbIX HaHo4yacTuy,. B utore

B pe3ynbTaTe koHaeHcauumn KK B npucytcteum MNBA npu n3bbitke KK 6onee yem B 1.5

pasa o0pasylTCAa KOMMNO3WUTHbIE OCafKW, COCTOALME U3 CnasiHHbIX (CKINEeHHbIX)
chepryeckmx HaHo4acTuL,.

AHanuns kuHeTnkn koHgeHcauuu KK B npucytctsum NBA npu nomowmn metoaa
MoOnNnbaeHoBoNM CUHKM (OonNpedeneHne CoAepXXaHUA MOHOKPEMHMEBOW  KUCIOThI)
nokasbiBaeT 3HauyuMTeNnbHOe YycKopeHue KoHaeHcaumm npu Bcex pH (Puc.3) no
CpaBHEHMIO C OTCYTCTBMEM nonumepa. PacyeT KOHCTaHT 3-ro nopsgka CKopocTewn
KOHAEeHcauun K nposoaunu  Ang
HavanbHbIX cTagun peakuuu.
PaBHoBecHasa koHueHTpauusa KK  2.8-3
MM B pacTtBope Habnioganacb Ans Bcex
dpakumin nocne 2 gHeNn.

Mpn TnTposBaHmn KK B npucytcteum
MBA B cooTHoweHun 1:1 (C=10 ™M)
pacTBOpbl OCTalOTCA FOMOreHHbIMu. [l1o
UHopmaunn n3 nuTepaTypHbIX
WCTOYHUKOB W NpeaBapuTesibHbIM OnbiTam
3amMeyveHo, 4YTo npu noHwxkenmn pH go 10 1 10 1001000 R um
HaynHaeTcs aKTUBHbIN npouecc
koHgeHcaunm KK. Mo paHHbim DLS ans  PWc. 5. Pacnpeaenedue yactuy no
HU3KOMONMEKYNAPHbIX  dpakumii  MBA  PasMepy, NOIYHEHHBIX npw
HabnogaeTcs aKCroHeHUmanbHoe ~ KoHAeHcauun KK B nmpucyTcTeum
yBENnnueHne pasmepa Havouacty ¢ 1BA-3250 npu pH 10.

ObICTpOM UX arperaumen N ocaxgeHuem B

TeyeHne 75 mumH pgnsa [IBA-238 u 10 pgHen ans [1BA-1000 (Puc.4). C
BbICOKOMOSekynapHbiMn ppakumammn MNMBA (P = 3250) nonyyarTca HaHoYacTuubl
paguycom =30 HM, HO B MepBble OHM MOCMe Hayana KOHAeHcauuu NpucyTCTBYIOT

1 100 10000 1000000
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pasMepoOM HECKOSIbKO COTEH HM, KOTOpble MOTOM
nepexoaAatT B Oonee Menkue crtabunbHble 4YacTuubl

(Puc.5), paBaa B wuTore

MOHOMOZaribHOE pacnpeneneHmne.

Tabnuua 2. Pagnycbl R (Hm)
KOMMNO3UTHbIX Yactuy [NBA

MNMKK gna cdopakyun MNBA nocne
10 gHen peakumn (yron 173,

KoHngeHcauusa KK npu pH 5.5 (pH B Besukyne
OTNOXEHNA KpemMHe3emMa Aauatomen) u 7 B
NPUCYTCTBUN 3KBUMOSbHOIo Konuyectea NBA uaeTt
Cc obpa3oBaHMEM TFOMOreHHbIX pacTBOpoB. [daHHble
DLS pacTBopoOB MNocfne HECKOMbKUX AHEN peakumu

633 HM NnokasblBalOT MOHOMOJarbHOe pacnpegerneHue no
P pH10 [ pH7 | pH 5,5 pasmepam, kak u npun pH 10. lNpu pH 5.5
11000 | 29 29 48 HabntogaoTca 4vactuupl Gonbllero pasmepa no
3250 33 28 9% cpaBHeHwuto ¢ bonee Bbicokumu pH (Tabn. 2).
1000 - 8 54 [na pacTBOpoB CTabUMbHbLIX HaHOYacTUL
538 . 17 47 NPOBOAUNIM  MHOrOYriioBoe ANHaMmunyeckoe 1
cTaTudeckoe cBeTopaccesiHue. OTHoLleHne
paguyca NHepunn K
Tabnuua 3. JaHHble MHoroyrnosoro DLS n  TMAPOANHAMUHECKOMY (rg/Th),
SLS ans crabunbHbix HaHouyacTuy TMBA XapakTepusytoliee CTpykTypy Hactuy
KDEMHUEeBas KCMOTA. B pacTBope, TrnaBHbiIM o0bpasom
P pH Iy 0 ro/T 3aBUCUT OT CTEMEHM nosimmMepusaumm
11000 | 55 | 22.2 | 101.0 | 0.22 | MBA, uem ot pH (Tabn.3): Ans
11000 | 7.0 265 509 050 | OPraHo-KpeMHUCTBIX HaHo4acTuy
11000 | 10.0 300 295 0.38 (OKH) c BbicokomonekynspHbiMm MBA
538 70 530 5 > 103 | OTHoweHue 6nM3Ko K 3Ha4YeHuaM Ans
1000* | 10.0 | 238 | 23.8 | 1.00 | Mvkporereu (0'3('1?'6)’ ) I_f‘g:
. KOpOTKOLeNnoYeYHbIX dpakuui
72 Yaca nocne KOHAEHcauuu, ocaXpeHue OTHOLLGHMS, BRN3Koe " 1

nocne 10 aHen CBOWCTBEHHO AN AeHOPUMEPOB U

BbICOKOPa3BETBIIEHHbIX MONIMMEPOB.
B uenom, nogobHble oTHoWeEHUS (ry/ry) XapakTepHbl ANS CUCTEM, MOCTPOEHHbIX
no npuHumny sapa u obonoyku. [aHHble, NOMyYeHHblEe MNpu nasepHon abnauuu
(BbIOMBaHME YacTuL, BeLlecTBa C NOBEPXHOCTU, UCTOYHUK TeparepueBoro uanyyeHus
nasep Ha cBOOOAHLIX anekTpoHax  A=128-131 um) NNOUNBHO BbICYLLUEHHbIX
pactBopoB OKH n dpakumin NMBA ¢ ganbHenwunm aHanuMs3om 4YacTul, no pasmepy c
nomMoLubo Andpy3MoHHOro aspo30fbHOrO CMEKTPOMETPa, XOPOLUO COornacyltTcs C
pesynbTaTaMn CBETOPACCEAHUS.

[nsa MNBA obHapyxeHO Hannumne Yactuy, 2-X TUNOB  OTHOCUTESTbHO HeBOoMbLLUMX
(5-15 HM) n kpynHee (20-60 Hm). Onsa TBA-11000 HabntopatoTcd, B OCHOBHOM,
Mernkue vactuubl, a gna [NBA-238 - kpynHble. B cooTBeTCcTBUM C AaHHbiMu DLS,
ManeHbkne YyacTuubl MOXHO OTHECTM K €AWHWMYHLIM MOSekynam, a KpyrnHble K
arperatam. [na KOMMO3UTHbIX HaHoOYacTUL, B pesynbTaTe abnauum obHapyXeHOo
npucytctene 4vactuy 3-6 HM B aunameTtpe, ocobeHHo ans OKH ¢ Bbicokomo-
nekynapHoeim MNMBA. Nx otcyTtcTBue npu abnsaumm MNBA 6e3 KK nosonseT oTHECTU 3Tu
YacTuubl K NepBMUYHbIM YacTulam KpemHesema B sgpax OKH.

Mo gaHHbIM SEM (Puc. 6), cywka pacTBOpOB HaHOYacTUL, COMPOBOXOAETCHA
obpasoBaHMeM cetyaTtbiXx CTPYKTYp npu pH 10 mnu crnaxeHHbIX CYOMUKPOHHLIX
yactuy (Heckornbko MukpomeTpoB) npu pH 7. OBpasubl C BbICOKOMOMEKYNSAPHBIMU
MBA obpasytT arperaTtbl U3 4vactuy go 100 Hm. Bo Bcex crnyvadax, yBenunyeHue



Puc. 6. SEM doTorpachum
NNOMUNBHO BbICYLLEHHbBIX PacTBOPOB

yactuy c MNBA-1000 (B), 3250

11000 (5), 238 (M. pH = 10 (A, B), pH
7 (B, . [MBA] = [Si(OH),] = 10 MM.

LWkana 10 um (A), 1 um (b-IN).

Puc. 7. TEM doTorpadum
NNOUNbLHO BbICYLLEHHbIX
pacTBopoB HaHo4acTuy, ¢ [NBA-
238 pH7(Bepx) n NBA-11000
pH 5.5(Hu3). [MBA] = [Si(OH),]=
= 10 mM. WWkana 50 Hm.

~ - ~ -
~ - ~ -

NH, NH, NH, NH3
OH oH i
,’Sui‘o/sui\ /Sul‘o/sll\

Cxema 1. Bsaumoperncteue
NMBA n KK
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cogepxaHna KK no oTHoweHuto Kk [1BA
npuBoaMT K BonbwnM Yactuuam (nopsaka
1 mMKM) HeonpegeneHHon opmbl. TEM
rnokasbiBaeT Hanuyme SNEKTPOHHO-
NAOTHbIX 4Yactuy 5-30 HM B gunameTpe
(Puc. 7) HaHovacTuL, lMKK,
yaepXXmBaeMblX MOSIMMEpPHON 0BOMoYKoMN,
Takke Bugumon B Mukpockon (Puc. 7-
BCTaBKa), 4YTO COMOCTaBMMO C BbiBOJAMMU
N3 cBeTopaccesiHUs O NOCTPOEHMU YacTuy,
no NpuHUMNy sapa n 06004k,

KpemHeseMHble HaHoYacTULbI
CnocobHbI pearnpoBaTb C MNOAUMEPHLIMU
OCHOBaHUAMW N KaTMOHAMX MNOCPEenCTBOM
NMOBEPXHOCTHbLIX  CWUMAHOMbHbBIX  rpynmn.
[laHHas peakums noguMHsETCA npasunam
KoonepaTUBHbIX NHTEPNONMNMEPHbIX
B3aMMOAENCTBUA M COMpPOBOXAaeTcH
BbiMaJeHMemM ocagka unu obpasoBaHMeM
cTabunbHbIX PpacTBOPOB B 3aBMCUMOCTHK OT
Xapaktepa W ANWHbI Uenu nonumepa,
WOHHOW cunbl U T.4. Ha ocHOBe W3NOXEHHOro
BbiLLE, Mbl npegnaraem cneayroLyto
nocrnegoBaTenbHOCTb Npouecca KoHAeHcauuu:

Ha HavanbHOM 3Tane peakuuu B pacTeBope
npucyTcTByloT aAumepbl 1 Tpumepbl KK,
cnocobHble K B3ammopencteuto ¢ NBA 3a cyet
MOHHLIX N BOAOPOAHbLIX cBA3en (Cxema 1). Takoe
B3aUMOAENCTBNE  yBENUYMBAET KOHLUEHTpaumio
=Si-O rpynm, Hanbonee aKTMBHbIX B
KOHOeHCcauMn, TaK KaKk peakuus ugeTt no
HyKrneournbHOMy MexaHnamy ¢ atakom =Si-O™ Ha
rpynny =Si-OH.

OTOT npouecc obbsCHAET Habniogaemoe
ycKopeHue KOHOeHcauun. Poct yactuy,
KpemHesema cornpoBoxagaeTcs CUNbHBIM
KoonepaTuMBHbIM B3auMOAENCTBMEM C LenamMu
MBA. YuuTbiBas,, YTO Ha CUMAHOMbBHYIO rpynny
NPUXOAUTCA MOBEPXHOCTb nrowaabio ~0.2 HW?,
Mbl MoAcyMTanu, 4YTo YacTuubl KpemHesema 1-2

HM B AuameTpe cofepxut 15-60 cunaHonbHbIX
rpynn, 4YTO [OCTAaTOMHO [And B3aUMOAENCTBUA.
CnocobHoctb [IBA K  B3anmMogencTtesmio C
HaHo4acTUUuaMn KpemHesema 3aBucut ot pH. Tak,
npu Bbicoknx pH, Bcnepcteme uoHusauum KK un
Manomu cTeneHn NPOTOHUPOBAHUSA MBA,
obpasoBaHMe BOAOPOAHbIX W WOHHbIX CBA3EN
orpaHnyeHo. HoO BbICOKOMOMEKyNApHble pakumm

(A) 1
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MBA 3a cyeT ANUHHBIX Uenen obpasyoT OCTAaTOUYHO LIEHTPOB B3aUMOOENCTBUA ANs
KomnnekcoobpasoBaHus ¢ ogHON unn Heckonbknmm Yyactuuamm MNKK (Cxema 2 - A).

Cxema 2. CTpyKTypbl KOMMO3WUTHbIX 4YacTul, o6pas3oBaHHbLIX BbICOKOMOJIEKY-
napHbIM (A) 1 Hu3komonekynsapHeim MNBA (B, B) npn pH 10 (An B)n 57 ( B).

[Monyyaemble KOMMNEKCbl OTHOCUTESIbHO CTaburlbHbl 3a cYyeT 3aWMTHOro AencTBuA
nonumMmepa, 3BeHbS KOTOporo obBonakumBalT A4p0 M3 ckonneHua 4vactuy KK
KopoTkne uenu MNBA He cnocobHbl NOAHOCTLIO MHKaNcynuposatb Yactuuy MNKK npu
pH 10, BcneacTtBve 4ero npu JdanbHenwen KoHAeHcauun BO3MOXHa arperaums
KOMMJIEKCOB 3a CYET B3aMMOLENCTBUSA HeKancynupoBaHHbIMK yyacTkamu yacTtuy MNMKK
C BbinageHnem B ocafok (Cxema 2 -bB). MNMpn pH 57 [nsa BbICOKOMONEKYNAPHOrO
NMBA cxema peakumn cxoxa ¢ nonydyeHHon npu pH 10. KopoTkouenHble nonumepsbl
AalT cTabunbHble HaHoYacTUubl Npyn Tex e pH, a ux pasmep (Tabn. 2) roBoput o
HecKosnbknx Makpomonekynax [1BA, accouuMmpoBaHHbIX BMeCTe B OAHY 4acTtuuy
(Cxema 2 - B). OKH, ob6pasoBaHHble B NPUCYTCTBUMN OSIMHHbLIX U KOPOTKMX Lenen MNBA
oTnuyatotca no BenuunHe Ry /Ry (Tabn. 3). B uenom, noaobHble 3Ha4veHuA
CBOMCTBEHHbI CTPYKTYpaM, NMOCTPOEHHbIM MO NpUHUUNY agpo-obonoyka, rae s4po
ckonneHne nepBuyHbIX HaHodacTtuy [MKK. PasHuuya mexagy OKH ¢ kopoTkMmu un
AnvHHBbIMK uenamun MNBA 3ameTHa Ha doTorpacdumax TEM (Puc. 7) MarneHbKkne
YyacTuupbl, obpasoBaHHble B npucytctBum [BA-11000 n 6onee kpynHble arperarthbl
npumepHo 30 HM B gnameTpe B crnyyae c NBA-238.

Ona pacteopoe [MMA npnm pH7m8 ¢ nomowbio DLS usmepsnu
rmgpoanHamuyeckne paguycbl nonumMmepHbix knydbkos (C=10 mM). [lNokasaHo, 4TO
pasmepbl YyacTtuy ans MNMrA-um 3asucat ot pH B meHbLuen cteneHu, yem ans MrA-sm
(Tabn. 4). WNcxoga wu3 pasamepoB MOMEKYnapHbIX Krybkos, cnepyet, uto [1A
obpasyeT arperaTthbl, kak 1 NNBA. O6 aToM MOXeT CBUAETENLCTBOBATL U TO, YTO Nepen,
N3MepeHNeM pacTBOpbl nponyckanu vyepes unbTpbl ¢ guameTpom nop 0.4 MkMm, a
pasmepbl o DLS npesblwatoT pasmep nop. CnepgosaTtenbHo, nNpu ounbTpoBaHMM
NPoOUCXoANT paspyLUeHne arperaTos,
rnocrie 4Yero OHM cHosa ODpasyloTCH.
Ona wnsydeHua snvaHna [MA  Ha

Tabnuua 4. CTeneHb nNpoTOHUpoOBaHUA Pr
(%) n rmgpognHamuyeckun pagumyc R (HM)

ana [MMA u nx kKomnosutoB, B CKOOKax KOHEHCALINIO KK FOTOBUMU
MHTEHCMBHOCTb, yron 36", pacTBOpbl C CooTHoleHuem [MA
nonumep | pH | Pr |[nonumep | komnosut | SioH), 11 (C=10 wM). B
g | 72 264 13(12) | pesynbTaTe peakuum KoHAEHCALNM
AAA-HM 166(88) | obpasytoTcsi CTabGUMbHbIE PacTBOPLI
7 | o6 250 9(19) | OKH, B KoTOpBIX €CTb Kak OTAENbHbIE
157(81) | yactuupl, Tak u arperaTbl. B oTnnume
6(11) | ot MNBA, ANS KOTOPOrO XapaKTEPHO
6(3)

8 | 67 33(25) | moHoMopanbHoe  pacnpepeneHvie

210(97)
MMNA-Bm 338(64) | yacTuu, B pesynbTaTe KOHAEHCALMM
- 93 11(5) 15(19) | arperaums yactuy MNMA coxpaHsieTcs
338(95) | 263(81) | (Ta6n. 4), npuyem arperarbl
obpaTtmmo paspyLlaembl npu
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dounbTpoOBaAHUN.
Ha doTtorpadmsax SEM OKH c INMIMA-HM, BblaeneHHbIX U3 pacTBopa, BUAHbI Kak
CTPYKTYpbl, 00pa3oBaHHbIE N3 CNAasiHHbLIX YacTuy, pasmepom nopsagka 700-800 HM, Tak
n otaenbHble Yactuubl 300-800 Hm (Puc. 8). Hanunume oTaenbHbIX 4actuy
nogreepaunu dotorpacdpun OKH npoweawmnx renb-punbtpauuio (Puc. 8-B). Mol
npeanonaraem, 4To OpMUPOBaAHME KOMMO3UTHLIX HaHovacTtuy c¢ [MMA wmnget no
MexXaHu3my, aHanormyHomy Tomy, 4to npeactasneH gnsa OKH c MNBA. Ho, BeposTHO,
13-3a 60sIbLUIEN NPOCTPAHCTBEHHOW 3aTpyAHEHHOCTU amuHorpynn B lM1A, nonvmep He
<« < S oy F €8

~AY T vl~ ; | L i | e <
Puc. 8. ®otorpachun SEM nuodunbHo BbicyweHHblx OKH TMA-Hm o renb-
dunbTpauum (A, b) n nocne (B) npu pH 7. lWkana 2.5 mkm (A), 1 mkm (B, B).

crnocobeH MonHOCTbI KancynupoBaTb nepeBuyHble Yactuubl KK, Benegctsue atoro
Mbl Habnogaem Kak eguHNYHbIE YacTuubl, TaK K arperarbl.

BnusiHue eodopacmeopumbix nosuamgosiumoe Ha KOHOeHcayuro KpemHueaol
Kucisiomsbli

ans N3yvyeHus npovecca
KOHOeHcaummn B NpPUCYTCTBUN
nosimamgonunTos ncnonb3oBanu
cononumepbl 1-BUHUIMMKUOA30NA U
akpunaTta HaTtpusa (BU-AK) c pasHbiM
cofepXxaHnem 3BEeHbEB B
(mon. % BW 0-100, cTeneHb nonwu-
mepusaumm P=500-1500), n cono-
numep MeTakpunokcuatundocdara
n BuHunummngasona (MOE®-BU,
71% BW). Tllonumepbl nony4anu

paankanbHON nonumMepusaumen.
Mpwn TUTPOBaAHUU pacTBoOpOB
conosiMmepos BUN-AK c

cogepxaHuem 3BeHbeB AK 6Gornee

1 2 4 7 1
0 3 5 6 8 9 10 31% obpasytotcsa ocagkm (Puc. 9).

pH 3HayYeHnsa U303NEKTPUYECKNX TOYEK

(UIT) coctaensawT. 7.2, 6.2 n 4.1

Puc. 9. Obnactn reteporeHHoCTH: ans BU-AK ¢ copepxaHuem 85, 69 n
conosnmmepa, - cMmecu conosmvmep 44% BU COOTBETCTBEHHO.

cunukat Hatpus. Uudpbl cootsetcTtBytoT TutpoBaHne MOE®-BU wngetr c
copgepxaHuto 3BeHbeB AK B cononmmepe. obpasosaHueM ocagka npu pH 6,8,
McxogHaa KoHUeHTpauus cononumepoB HO ocafok pacTteopsieTcs npu pH~4,
7.5 MM, cunukata Hatpus 11.25 mM NOT=6,4. BeeageHue cunukata B
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pacTBop NPUBOAMT K paclumpeHuto obnactu reteporeHHocTn ana cuctem ¢ BU-AK
(Puc. 9), c yBsenunyeHnem cogepxaHusa 3BeHbeB AK obnactm reteporeHHoCTH
cMeLlaloTcsa B KUCnyto obnacTb.
B cnyyae cononumepoB ¢ Hebonbwinm (Ao 31%) konnyecTBoM 3BeHbeB AK ocagku,
obpasywwmnecs B HenlTtpanbHon obnactm pH, oborawalTcs KpemMHe3eMoM npwu
yBENUYEHMN [ONN KUCNOTHbIX 3BeHbeB B cononumepe (Tabn.5). BospacTtaHue
COAEepXXaHUA cunMkata B WCXOOQHOW CMeCuM NPUBOOMUT K MOBbLILIEHUO Konu4yecTsa
KpeMHus B ocagke. [Mo-Bugmmomy, B JaHHOW CUCTEMe MNpoTeKkalT napansenbHble
peakuum KoHgeHcaumn KK n Bsammopenctemst obpasylolmMxca KpeMHe3eMHbIX
HaHOYacTUL, C OpraHWU4yeckKUMM Makpomorsekyrnamm, kak u B cnyvyae c [IBA.
YMeHblLIeHNe aKTUBHOCTM MofiMMepa nNpu BBeAeHUN B Hero 3BeHbeB AK wunu
NoBbILLUEHNE AONN cunmKkaTa B UICXOOHOW CMeCcH yBenuymBaeT A0S0 NepBOW peakuuu,
YTO N NPUBOAUT K 0OOralLeHnio 0caaKoB KPEMHE3EMOM.

Bsanmogenctene mMexay WMMAA30SIbHBIMUA M KUCIIOTHbIMKM  Fpynnamm
(KapOOKCUNBHBIMX UKW  CUNAHOMBbHBLIMK) MOXET MnpoTekaTb C obpasoBaHWEM Kak
BOAOPOAHbIX, TAK U MOHHbIX CBA3EN:

\ \

N /QN“H—O K /§NH+ ‘O—R’ rge R": O--- O

/—N\a - /—N\% *_SE_O___ \\

\
\
\

[MpoTOHMpOBaHME MNMMAOA30MBHOIO LMKMA MpUBOAUT K  3HAYUTENbHbLIM
n3MeHeHuam ero nonoc nornoweHusa. B WK-cnektpax KOMMO3UMTOB Ha OCHOBE
cononuvepos BW-AK nonocbl konebaHuin asonbHOro LMKIA COXPaHAKTCS, 4TO
cBugeTenbCcTByeT O  NpenMyLieCTBEHHOM B3aMMOeNCTBUMN nocpeacTsom
BOOOPOAHbIX cBA3en. MIHTEHCMBHOCTbL MOSIOCkl cunaHonbHon rpynnbl Si OH npu 980
cM™ Bo3pacTaerT, 4To cornacyeTcs ¢ ob6pa3oBaHMeM BoJopoaHbIX cesizelt mexay MKK
1 CONOSIMMEPOM.

Tabnuua 5. KomnosuTtHble ocagku, Nony4yeHHble B pacTBope cononumepos BU-AK n
cunukarta HaTpus.

Ne B B pH Bbixoapl no MonsipHoe
conosimmepe, | ocaxaeHus KOMnoHeHTaMm, % COOTHOLLEHNe
mors. % KpemHuin | Cononumep Si:cononumep B
ocagke

HavanbHoe monapHoe cooTHoweHune Si . cononumep 1,5:1

1 100 7,0 22,1 70,5 0,47

2 92 6,5 23,2 78,4 0,44

3 85 6,7 29,2 55,9 0,78

4 69 6,3 52,8 65,6 1,21

5 44 4,0 40,8 65,1 0,94

6 44 4,9 43,8 76,1 0,87

7 18 3,4 12,1 52,0 0,35
HavanbHoe monsipHoe cooTHoweHne Si . cononumep 3:1

8 18 3,9 13,4 71,8 0,56

9 69 5,9 75,5 99,5 2,29
HayanbHoe monspHoe cooTHoweHne Si . cononumep 15:1

10 92 6,4 7,3 100,0 1,09

11 92 53 6,9 100,0 1,03
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KuHeTnky koHgeHcaumm KK B nNpucyTCTBUM COMOSIMMEPOB WU3yyannm C
ncnonb3oBaHMeM MmeTtoda MonubaeHoBoW cuHW. Peakums Ha HadanbHbIX CTagusix
ONUCbIBAeTCs KOHCTaAHTOW ckopocTu 3-ro nopsaka k3. lNMpu atom HabniopgaeTcs
UHrmdbnpytowee pencreme BWU Ha koHaeHcauuto, ocobeHHo npu pH 7-8. C
yBenuyeHmem ponu 3seHbeB BW B cononumepe napaet 3HadeHune k3 (Puc. 10).
YMeHbLeHne koHueHTpauun cesoboaHon KK yepes 24 4 nocne Havana KoHgeHcauum
B npucytcteum nonumepa (Puc. 11) cBuaetenbCctByeT 00 YMEHbLUEHUN CKOPOCTU
KoHAeHcauun B npucyTtcteumn MNBU n cononnmepos ¢ BbICOKMM coaepxaHuem B npu
pH 6-8. lMonuakpunoBaa kucnota m cononuvepbl ¢ 18% BW He BnuawT Ha aTy
peakuuto. Cononumep, cogepxawun 44% BU, apnaeTca npoMexXyTOUHbIM Crly4Yaem U
nogaesndeT KoHAeHcauuto Tonbko npu pH 6. Takoe noBegeHwe wMmMMAaa3on-
cogepaliux nonmmepoB oObACHAETCA TeM, YTO CUIIOKCaHOBasa CBA3b obpasyeTca C
MaKCMMarnbHOM CKOPOCTbIO 3a CYET B3aMMOLENCTBUA HENTPASbHbLIX N MOHU30BAHHbIX
CUNaHOMbHbIX rPynn, NOTOMY YTO peakumsa NpoTekaeT Mo NPUHUMMNY HYKIeodunbHON

N
© = I“‘\\ = s
= AN =
3 NE 5 6-
g 0 X 3
5 KK : 9 I
8 T 4
H B N ————
%BW 85 100 P , 6e3 nonumepa

5 6 7 8 pH 9

Puc. 10. 3aBUCMMOCTb KOHCTaHTbl 3- Puc. 11. 3aBMCUMOCTb KOHUEHTpauum
ro nopsigka ckopocTu kKoHaeHcaumm ceobogHon KK ot pH uyepes 24 4 B
MKK ot cogepxaHus BW B cono- npucytctBun cononumepos BU-AK.
numepe npu pasHeix pH. [BU-AK]=6,7 [lognucn y KpuBbIX COOTBETCTBYIOT
MM n [Si(OH),]=10 mM. Mos. % 3BeHbeB BW, BepxHAs kpusas
HavyanbHas KoHueHTpauna KK.

aTakum aTOMOM Kucnopoga no KpeMHuo.

OcHoBbiBassice Ha pK MKK (9,8) n eé onuromepoB (6-7), MOXHO caenaTtb
NpPeanonioXeHne, 4YTo KoHAeHcauums npu HeuTpanbHoM pH npoucxogut 3a cuyeT
B3aUMOOENCTBUA WOHU30BAHHbLIX MOHOMEPOB U  OTpULATENBHO  3apPsKEHHbIX
onuromepoB KK. lMepBUYHbIE YacTUUbl KpeEMHe3eMa MOryT B3auMOAENCTBOBaTb C
nMmugasoncogepXawmmMmm nonuMepamm 3a CYET BOAOPOAHLIX CBA3EW, HO ANs UX
obpasoBaHua Heobxoanmbl Si-OH rpynnbl HA NOBepXHOCTM YacTuy,. CrnegoBaTenbHO,
BOOOPOAHbIE CBA3WM MeXAy UMNOA30MbHLIMUA 3BEHBAMW N CUMAHOMBbHLIMW Fpynnamu
nogasnaT KoHgeHcaumo Si(OH),. BeBegeHne B cononnmep 3BEHBEB aKPUIIOBOW
kncnotbl (AK) CHMxaeT BEpOATHOCTb KOMMNIIEKCOODpa30BaHUA 3a CYET KOHKYPEHTHOro
B3anmopgenctena COOH ¢ umnaasonbHbIM KOMbLIOM.

Mo paHHbIM DLS, cononumepbl BU-AK cknoHHbl K accoumaumm B KpyrHble
yacTtuubl gnsa obpasuyos ¢ 69 1 85% BW B oTnnumne ot cononumepa ¢ 44% BW, ansa
KOTOPOro XapakTepHbl pasmepbl nopsgka 17 HM. Huskas arperaynoHHas akTUBHOCTb
3TOro cononnmMepa cessaHa, BEPOSATHO, C ero BbICOKOWN MOHM3aUMEN B CBA3U C HU3KOM
N3T (4,8). KoHaeHcaumna KpeMHUEBOW KACIOTOW B MPUCYTCTBMM cononumepa ¢ 85%
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BW Bepet K BGbLICTPOMY paspyLleHUIO arperatoB M o6pasoBaHM0 YacTul, pasmepom

o 20-30 HMm.

NoBegeHne cuctembl ¢ 69%
B aHanornyHo, HO
MOHOMOAAarbHble  pacnpeneneHns
yactny 20-30 HM pgocturaeTtcs
TONbKO Yepe3 HECKONbKO 4acos.
HanbHenwee YMEHbLUEHNE
cogepxaHnsa BW B cononumepe
npuesoauT K dopMnpoBaHnNio
onbLluMX YacTul BO BpeMS NEPBOro
OHA  peakunn, W nocne Hepenu
cuctemMa MNOCTEMEHHO NPUXOAUT K
paBHOBECUIO C MOHOMOZASbHbLIM
pacnpegeneHMemM no pasmepam C
yactuuamm 20-30 HM. [loBbileHne
cogepxaHuna AK B cononumepe

CHWXaeT aKTMBHOCTb cononumepa
Puc. 12. ®otorpachmm SEM KOMMO3UTHbIX npw B3aUMOAECTBUM c

ocagkos B cucteme BU-AK  Si(OH)s  puppasonbHbimm — 3seHbsmu u
O6pasubl noslyvyeHbl JIMOMUIIbHOM CYLLKOM bopMUpoBaHMS OKOHYATENLHOM
(A, B) n BbicywnBsanvem Ha Bospyxe (B, ). auouactuupl saHumaer 6Gonblue
CopepxaHne BU B cononumepe, mon. % - 85 BpEMeHN. OT! CUCTEMbl NPOXOASAT
(A, B), 69 (B, I), Wkana: 1 mkm (A, B), 100  yepes obnactb  6umoganbHoro
Mkm (B, B). pacnpegeneHus Ha  nNyTM K
paBHOBECHOMY  COCTOSIHUIO, rae
yacTuubl OonbLIOro pasmepa COOTBETCTBYIOT COCTaBHbIM arperatam, KoTopble
nepecTpauBaloTcs B CTabunbHble ManeHbkue yactuubl. [1pyM 3TOM CTOMT OTMETUTD,
4yTO HaHouvacTuubl ¢ BU-AK umetoT oTpuuartenbHbld {-noTeHuman (Tabn. 6), Tak kKak
nccriegyemsble pH Bbiwe nsoanektpudeckmx Todek BU-AK n pK MKK.
N3yyeHne mopdonornn komnosntHblx ocagkoB ¢ BU-AK nokasano (Puc. 12),
Taﬁnmua 6. C-HOTeHLllllaﬂbl OKH 4TO C yBennyeHnem copgepkaHuna 3BeHbEB AK

(BU-AK)-KK 1:1 (10 mM). yBenuyusaeTtcsa pasmep 4vactuy (¢ 0,2 go 1
% BW B|pH Z-noTeHuman, | MKM) 1 MOSIBNSETCS  TeHAEHUMs K KX
cononumepe viB accoumauum u cpawmsaHuioo. BbicywimBaHue
44 7 -394 B3BECemn Ha BO34yxe npuesoauT K
69 7 226 camoopraHusauuMm Yactuy B [ApeBOBUAHbIE
69 ) 308 CTPYKTYpbl, aHanoruyHble HabniogaembiMm npu
85 8 107 BbICbIXaHUN PACTBOPOB HEKOTOPbIX 6Gernkos u

KOMMSIEKCOB OpraHn4yeckux nonumepos. [lpu
aToM B cny4yae [BW nonHoro cnnaHua nepBUYHBIX YacTUL He MPOUCXOAUT, HO
BBegeHne 15-30% AK Bbi3biBaeT o6pasoBaHMe BETBEN U3 OAHOPOAHOrO MaTtepuana.
B HekoTopbix paboTax onucbiBaldT OPMUPOBAHME YMNOPSAOYEHHbLIX Ha
MUKPOYPOBHE KPEMHE3EMHbIX OCaKOB, MOSTYYEHHbLIX B MPUCYTCTBMM MNOMUMEPHbIX
ocHoBaHun. O6pasubl ans SEM npu 3TOM roToBAT BbICYLUMBAHWEM OCAAKOB Ha
Bo3gyxe. [lonydeHHble doTorpacdmm MOCAYXWUANW OCHOBOW Ansd  ruMnotes o
opMUPOBaAHMN CTBOPOK AMATOMEN Ha CamMoopraHusylLllencs 6OuononumepHon
mMatpuue. Ho K nogoOHbIM BbIBOAAM HYXXHO OTHOCUTBCA OCTOPOXHO, TaK KakK Haluu
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[AaHHble nokasbiBatoT, YTo OKH cnocobHbl k 3HaunTenbHbIM NpeobpasoBaHUsAM B
NMpoLecce CyLWKU Npu KOMHaTHOM

—
470 (93) Temnepartype.
57083) 103 54 ans U3yyeHus BMVSIHUS
11(17) / cononumepa MOE®-BU (71% BW) Ha
\ 25 (28) / koHgeHcaumo KK Mbl rotoBUnmn cmech
10.0 C KOHUeHTpaumamm 5.3 MM cunukata

680(62) | 490 (72)

HaTpua n 7.8 MM no cononumepy.

TutpoBaHne cucremol MOED-BU

Si(OH),; 13 weno4Hon obnacTtu Beget

420 (58) K obpasoBaHuio ocagka npu pH 6.4,
KaK 1 Ansi YUCTOro cononvmepa, u ero
pactBopeHuto npu pH 4. B
OTAENbHbIX TOYKax oTbupanu npobbl
Ha DLS (Pwuc. 13).

L . Mpn megneHHoOW HenTpanu-

100 1000 3auun MOJ3o-BU Habnogaem
R, 6umoaanbHoe pacnpeaeneHue

Puc. 13. MapoanHaMuyeckue paguycel R~ 4acTul npu noHmwkeHun pH ot 10,3
yacTWL,  cononumepa  (cnpaBa) u A0 7,1. B pacTBope npucyTCTBYIOT Kak
KomMnoauTtoB (cnesa) npu pasHbix pH.  OTAEJIbHbIE MOHOMONEKYNAPHbIE
Lincdbpamu oGo3HaueHbl 3HaueHus R, B KIyOKW, Tak [OBOMbHO  KpymnHble
CKOOKax OTHOCUTENbHAA WHTEHCUMBHOCTL  arperatbl, KOTOPbIE MOTyT YyKasblBaTb

(yron namepenus 54°) Ha opMMpPOBaHME MUKPOreneBbiX
yactuy, ocobeHHo ecnu 6patb BO

BHUMaHne cnocobHoctb MOJ® k cwwmBaHuwo. C Jpyron CTOPOHbI  pacTBOpbI
dunbTpoBanu nepen DLS 4vepes cunbTpbl ¢ paguycom nop 225 HM. Arperarthbl,
BEPOATHO, CTabunuampoBaHbl 3a CYET BOAOPOAHbLIX CBA3EW B KUCMOW cpefe U
HaTpMeBbIX MOCTUKOB aHanoOrMyHO W3YYEHHbIM paHee WMUAA305CoAepKallnm
cuctemam. C noHwxkeHnem pH yBenuuueaeTca A0NS He3apsXKeHHbIX KUCAOTHbIX
rpynn, BCRNeACTBME Yero No AOCTUXKEHUUM ONpefesieHHOro 3HayeHusi NPOUCXOAMUT
cnunaHne nosMMepa C ero BblnageHWem B ocafok. [locne pacTBopeHua ocagka B
pacTBOpe OTCYTCTBYHOT MOHOMOJSEKYNAPHbIE KNyOKM, a pasmepbl YyacTul arperatoB
HUXe, 4Yem npu Oonee Bbicoknx pH. MoHOMOAanbHOEe pacnpeneneHne nocne
pacTBOpeHUs ocagka C paguMycoMm 4actuy 215 HM, BeposiTHO, XapaktepusyeT
COCTOSHWE arperaToB B ocajke.

Mpn wmeaneHHon Heutpanusaumm cuctembl MOID-BU cunukat HaTpus
(koHUeHTpaumm 5,3 u 7,8 MM cooTBeTCTBEHHO) oTbupann npobbl Ha DLS. B
pesynbTate peakumm MOE®-BU c Si(OH), npoucxoaut obpasoBaHue NepBUYHbIX
HaHoYacTUL, KpeMHe3eMa, CrnocobHbIX MNpPoHMKaTb B  KNybku cononumepa.
HaHo4acTuubl cTabunusnpyrotca BOAOPOLHLIMU CBA3AMU MeEXAY CUaHOMbHbIMU
roynnamy v asotamm MMuAasonbHoro kKomnbua. [JaHHble DLS pgns pacTtBopoB [0
BbiNageHns ocagka npu pH 6,4 xapakTepusyotca GumoaanbHbIM pacnpegeneHnem
YyacTuy No pasMepy, CXOXMM C CUCTEMOM C YMCTbIM cononumepom. PacnpepeneHue
yacTuy Mo pasmepam pe3Ko MEHSIeTCA Mocne pacTBopeHus ocagka npu pH 4.
TpumoganbHoe pacnpegeneHune ana OKH B oTnvyne OT MOHOMOAAsbHOro Ang
cononmmepa, xapakrepusyeTcsa Hannynem OonbLUMX arperaToB, Kak 1 B pacTBope npu
pH>7, yactuy pagmycom 260 HM, BNM3KMM K KOMMAKTHbIM arperatam Aans CUctem c

35 (38)

23 (42) 215

41
10

1 100 10000
R, HM
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CononnumMepom, 1 HearpermpoBaHHbIMU HaHo4acTuuamm (Puc. 13).
AHanns cTpykTypbl ocagka npu pH 4,5 nokasan Hannune CyOMUKPOHHbIX W
.. - | KpYnNHbIX (1-2 MKM) yacTuu,.
HeTanbHoe paccMoTpeHue
NO3BONUSIO Pas3nnyuUTb YvacTtuubl <50
HM, KOTopble 06pa3yloT KpynHble
arperatbl (Puc. 14). CornacHo
aHanuay c NCNosb3oBaHNEM
SHEeprogncnepcuoHHON  CNEeKTPOCKO-
nmn (SOC), ocaakn, NOnyyYeHHble C

— EE== MOE®-BN npu pH 4.5, cogepxat
Puc. 14. ®otorpacoum SEM KOMMOSUTHBIX  ynemumii 1 yrnepos B  MOMbHOM

0CaJKoB MOE®-BU Si(OH) 4, cooTHOWeEHUM 1: 7.2, uTo
nonyyeHHbIx npu pH 4.5. lkana 2 pm (A) 1 COOTBETCTBYET COOTHOLLEHMIO SiO;:
200 Hm (B). nonumep 1:1. MogoGHoe cooTHOLUe-

HMe Onu3Ko K [aHHbIM, MOfy4YeHHbIM Ana nonuBuHUnMMmugasona (MNBU) w
cononumepoB BU-AK, ansa kotopbix BBeaeHne 0o =30% KUCMOTHbIX FPYnn He CHMXaeT
aKTUBHOCTWU K B3anmogencteunto ¢ MNKK.

B paccMoOTpeHHbIX paHee cuctemax npoucxognt koHgeHcauua MKK B
NPUCYTCTBUN MONUMepa, Taknm obpasom, NonMMep HENOCPEACTBEHHO BNUSET Ha
KOHOEHCaUuMI0 Ha HavanbHbIX 3Tanax. TakkKe WHTEPEeCHbl CUCTEMbI, B KOTOPbIX
nonvvep B3aumogencTeyet ¢ koHgeHcmposaHHon KK (HaHovacTuupl MKK). Ona MNBA-
238, NMMNA-Hm, TIBU n BU-AK(69) mbl nccnegosanu B3anMonencTsne nosiMumepoB C
MKK, cooTHOLEHNE UCXOOHbIX KOMMOHEHTOB CUCTEM BapbupoBanocb oT 1:2 go 1:25
(n36biTok no TKK). MNKK nony4anu cnegyoowmum crnocobom: K pacTBopy cunukaTa
HaTpus pobaeBnanu katnoHut KY-2 B TeyeHme 6-14 mumH go pH 4,555 npwm
nepemewmsaHuun. [lpn pobaBneHMn KaTtnoHuta pH pacTtBopa MNOHUXKAETCS
nocTeneHHo, HauYnMHaeTcs npouecc koHaeHcauuun. bonbwasa yacte KK nepexoaut B
nosiumepHbole popmbl  YacTuubl paguycom 350-400 HM no gaHHbiM DLS, npn atom
KoHueHTpauusa cesoboagHon KK B pactBope lNKK no gaHHbiM monubpatHoro metoga
cHuxaeTca 0o 8.4 mM ot 33.3 MM B nCXO4HOM pacTBOpeE 4O BHECEHUS KAaTUOHUTA.

3ameueHo, 4YTto npu B3aumogenctesum MNIMA-BM ¢ NnepBUYHLIMM HAHOYaCTMLAMN
MKK npu pH 7 pactBopbl octalTca cTabunbHbiMu npu Gonbliem u3bbiTke KK
(WwecTukpaTHbIA) MO OTHOWEHW K nonumepy, 4Yem B crnydae ¢ [1MA-Hm
(yeTbipexkpaTHbii). [lpy CMeweHun cunukata W nonumepa C  AanbHENLWNM
ycTaHoBneHnem pH consHon kucnoton, ocagkm ¢ [MMNMA HaumHaoT BbinagaTb npu
TpexkpaTHOM Wu3bbITke KK, a ¢ ucnonb3oBaHMEM KaTUOHMUTA CUCTEMA OCTa&Tcs
ctabunbHom npu wectukpatHoM n3bbiTke KK. Ona ctabunbHbix cnuctem MNKK-nonumep
pacTtBopbl ucnapanu npu 10-15 MM pT. CT., B pe3yfibTaTe KOHUEHTpauusa pacTBOpOB
coctaenana o 140 mM (no KK), pacteopbl cTabunbHbl B TedeHUe 1-2 Heaenb, nocne
4yero B HMX Habnganu ocagok.

Bsaumopeiicteue nonumepos ¢ MNKK npu pH 5.5 B psge cnyyaes npueeno K
obpasoBaHuio ocagkoB, npuyem B cnyyvyae [1BU wun cononumepa BU-AK(69)
HabntogaeTcs yBennmyeHne BbIXO4OB 0CaAKOB, No cpaBHeHMO ¢ cuctemon MNMBA TKK.
Mo paHHbIM UK-cnektpockonuu ans MNBW n BUN-AK(69) coaepxxaHne nonumepoB B
KOMMo3nTe nagaeT C YMEHbLUEHMEM WX KOHUEHTpauun B WUCXOOQHOM pacTBOpe.
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ONeMeHTHbIN aHanu3 komno3uToB ¢ [1BA nokasan, 4To coaepXaHue OpraHuku B
ocap,Ke nagaet c ymeHbmeHmeM KOHUueHTpauun [1BA B wucxogHom pacTtBope.

: . . MaccoBoe cogepxaHue asoTa cocTaBndeT
1.9 mac. % ansg komnosnta ¢ 10-TUKpaTHbIM
n3dbitkom no KK m 3.2 mac. % npu
ABYyKpaTHOM. [lonyyeHHble ocaakm COCTOAT
N3 CNeKkWwuxca YacTuy pasmepomM nopsgka
200 Hm B cnyvae c NBA, n =250 HMm ¢ BU-
AK (Puc. 15). C YMEHbLUEHNEM
cogepxaHusa [NMBA no otHoweHunio k KK

Puc. 15. CDOTorpacbmm SEM ocap,Ka nafalor — BbIXOAbl ~ 0OCalkos,  Tpu
MBA-TNKK (110) A, BM-AK(69)'I_|KK COOTHOLUEeHNN NMBAKK 1:25 pactBOp
(1:10) - B. LWkana 1 pm. OCTaeTcA TroMoreHHbiMm, a B pacTBoOpe

NPUCYTCTBYIOT YacTuubl ¢ R=96 HM, npwu
3TOM Xe cooTHoweHun cuctema ¢ BU-AK cogepxnt yactuupl ¢ paguycom 98.

OnuncaHHble Bbilwe MOAWAMUHbLI U MONNaM@ONUTbl MOXHO paccmaTpuBaTtb B
KayecTBe MpOCTbIX MoAenen nonumammHcogepXxawmx 6enkos B AuaToMesix. IOTU
Benkn (cunaduHbl) accounmmpoBaHbl C KPEMHE3EMOM CTBOPOK, HO WX poOSib B
NOCTPOEHUN KPEMHUCTON CTBOPKM BCE eLle He n3BecTHa. PaHee anemMeHTHbIn aHanus
CTBOPOK AMaToOMEN MoKasan HU3Koe cofepxaHue opraHn4yecknx BewwecTB B NaHUMpsaX
ANaToMen, 4TO MPOTUBOPEUUT TUMNOTE3€ O MATPUYHOW ponu cunadpdPrMHOB B
dopmMmupoBaHun crieyndnyecknx CTPYKTyp CTBOPOK. Takke HangeHHble B uuTonnasme
cneynanbHble Be3ukynbl STV npeanonoXuTenbHO BaxHbl B hopMupoBaHum
bnokpemHesema [A.-M. Schmid et al. Protoplasma. 1979, 100, 267]. Pasamepbl STV
cocTaBnAloT nopaaka 20-50 HM, OHM He copepXXaT ANEKTPOHOMSIOTHOrNO KpeMHesema n
caMO MX CyLLecTBOBaHUM ocTaeTcsa guckyccumoHHbiM [M. Hildebrand et al. Prog. Mol.
Subcellular Biology. 2003. 33. 11]. Mbl nokasanu, 4TO MNOMIMMEPHbIE aMWHbl W
amonunTbl crnocobHbl cTabununsnposaTb kKoHAeHcupoBaHHy KK ¢ obpasoBaHnem
KOMMNO3UTHbIX HaHO4YacTuUL, pasMep KOTOPbIX COMOCTaBUM C rmnoteTunyeckumm STV.
KpeMHUIn B Takux 4vactmuax Haxoautcss B dOpMe NEPBMYHbLIX MareHbKUX 4acTul,
KOTOpble OYEeHb CIOXHO OBHApPYXMUTb NPW MOMOLLN MUKPOCKOMNa, HO KOTOpble, KaK Mbl
npegnonaraem, MoryT Jierko TpaHCNOPTUPOBaTLCA BHYTPU opraHuama. MonumepHbie
aMWHbI  YCKOPAKT HavanbHy ctaguio  KoHgeHcaumm KK, 4to MoxeT ObiTb
ncnonb3oBaHo knetkon anga 3axesata KK n3 BHewHen cpegbl. cxogs us Hawux un
nuTepaTypHbIX AaHHbIX Haubonee BepoATHoW ¢opmon cyuwecteoBaHus KK B
uutonnasme AmatoMen mMoryT ObiTb KOMMMEKChbl NEePBUYHbLIX KPEMHWUCTbIX YacTul C
OMOreHHbIMY NONIMMEPHBIMM aMUHAMMW, NOCTPOEHHbLIE MO NPUHUMNY sapa U 060MN0YKN.
Mpn nomowm aTtomHo-cunoBon Mukpockonuum Hildebrand u Op. oBHapyxunu, 4To
NOBEPXHOCTb CTBOPOK AMATOMEN COCTOUT W3 ChasiHHbIX Cdepuyecknx 4vacTtuy
[M. Hildebrand et al. J. Mater. Res. 2006, 21. 2689], 4To B CBOIO OoYepefb roBOpuUT B
Nnosib3y CyLEeCTBOBAHUSA KPEMHUCTbIX YacTul, cTabunnanpoBaHHbIX Bruononumepamm
1N bOpMUPOBAHUN HOBLIX CTBOPOK U3 TaKMUX YacTul,.

Mo ogHon un3 runotes [M.A. Grachev et al. BioEssays. 2008. 30, 328] dopmu-
poBaHWEe KpeMHEe3eMHOW CTBOPKM WOeT B pesynbraTte cuHepesuca C ObICTpbIM
BblkaumBaHnem un3 SDV Boabl akBanopuHamu. B pesynbTate 3Toro npoucxogut
nokanbHoe ysenunyeHne KoHueHTpauum KK ¢ ObicTpbiMm oTBepaeBaHuemM. B uensax
NPOBEPKN 3TON rMNoTesbl NPOBOAUNN OCaXOeHWEe KOMMO3WUTOB, NMoMeLLasl pacTBopbl
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OKH B cyxoin acpup. bbicTpoe BbicywimBaHue pactsopoB OKH achmpom npuBoauT K
camoopraHusauuMm 4vactuy c obpasoBaHMEM HaHOCTPYKTYPUPOBAHHOIO oOcajka,
Hanpumep Kak B cnyyae ¢ OKH Ha ocHoBe NMA3-AK (Puc. 16). B cTBopkax anatomen
codepxaHue asoTa He npesblllaeT
0,03 %, cneposaTenbHO, ecnu B
npouecce  (opMMpOBaHMA  CTBOPKU
y4yacTBYIOT Bmononnmepsl, To B npouecce
UX y4dacTByeT AOCTaTOYHO Mano wu/wnu
bonblwass uMX 4acTb BbITECHAETCA U3
dopMNpyeMon KPEMHEIEMHON CTEHKMW.
O6paboTka oOMuCaHHbLIX paHee O0cajKoB
oA : KMCnoTaMmy rnpyv KOMHaTHOW Temnepartype
PucyHok  16.  Potorpacdun  SEM 1 narpesaHuu nokasana, yTo monvmMepsi
ocagkoB  [IA3-AK fo  00paboTkM ypemko cBA3aHbI C  KPeMHE3eMHOI
kncnotoih A, n nocne  b. Wkana 1 matpuueit n He BbIMBIBAIOTCS U3 HEE NOA
um, BctaBkn 200 HM. OefiCTBMEM CUMbHBIX kucrnoT (1M, 2M
HCl, HNO; u H,SO,). BbiMbITb nonumep yganocb TOMbKO W3 KOMMO3UTa C
cononumepom [MA3-AK, cogepxallero B 6okosor uenn 3 atoma asota. KomnosuTt ¢
MA3-AK nony4anu ¢ ucnonb3oBaHnem HaHo4vactuy MNKK npu pH 7: rotoBunn pactsop
OKH, koHueHTpuposanu ero go 60 MM no KK n nomerianu B n3bbiToOK cyxoro agupa
ana ObicTporo otbopa BOoAbl M3 CUCTEMbI M nonyyanu ocagok. lNocne obpaboTkm
ocagka 2M HCI nponsoLwno crinaxvBaHuUe NMOBEPXHOCTM KOMMNO3UTa C COXpaHEHWeM
BHyTpeHHen cTpykTypbl (Puc. 16), WK cnektp nokasam CHWKeHue copepXxaHus
cononumepa ¢ 30% po 4%, Takke 3aMmevyeHo CHWXeHue nornoweHnsa ans Si-OH
roynn. Takum oGpasom, amgonut ¢ NpUBUTHIMU nNponunamMuHamu cnocobcTeyeT
KoHaeHcaumn KK un crtabunusaumm OKH, n B TOXEe BpemMs MOXET nNpakTU4ecku
MOSNTHOCTbIO BbIMbIBATLCA U3 MOMyYEHHOro Matepuana.

O6cyxpnaemble Bbile OKH MOXHO paccmaTtpuBaTb HE TOMbKO Kak MOAENU
Buonormyecknx OOBLEKTOB, HO M KaK HOBble OMOMMMETMYECKME NpeKypcopbl Afs
CUHTE3a KPEMHUCTBbIX U HAHOKOMMO3UTHbLIX CTPYKTYP B MSTKMX YycCrnoBusax (BogHble
cpenbl, Temnepatypbl nopsgka 20”C). Ha gaHHbIA MOMEHT B YMCNO NPEKYPCOPOB AJIS
NnoslyYeHns MaTepuanoB Ha OCHOBE KpEMHe3emMa M3 pacTBOPOB BXOAAT cunukar
HaTpus, opraHnyeckune npousBogHble KpemMHueson kucnotbl (TMOC, kaTtexonar
Kanus, TeTpakuc(2-rmapoKCUaTUN) OPTOCUIMKAT) U KPpeMHE3eMHble HaHO4YacTUUbl,
NosflyyYeHHble 30Mb-reflb Metogamn. OTU NPEKYpcopbl UMEKT psn HegoCTaTKoB,
BKMNtoYarLwmx ObICTPYO U HeKoHTponupyemyto koHaeHcauuto KK, ucnonbsoBaHue
opraHun4yeckoro pacteoputens gnsa rugponusa T3OC n 3arpasHeHue npogykTaMmn ero
HenonHoro rugponusa. B cnyyae OKH co cTpykTypoin no tuny siapa n 0605104KN, OHK
nosly4YeHbl U3 BOOHbLIX PacTBOPOB U cogepXaT KPEMHUCTbIE HaHOYaCTULbI B 060ovke
N3 nonumepa, cnocobHOro K UHTEPMNOSIMMEPHbLIM B3aUMOLENCTBUAM M MOCTPOEHUIO
CNOXHbIX CTPYKTYP.

Kak u13BeCTHO, B3aMMOAEWCTBME pPa3HO3aAPSOHbLIX MOSIMANEKTPONUTOB B
pacTBOope MOXeT npuBoAMTb K 0OpasoBaHMIO KOMMAKTHbIX W HepacTBOPUMBIX
komnnekcos. B pesynbtate B3anmogeunctesua cononumepos BU-AK c 1BA-12300
BblMagalT ocafku, B COCTaB KOTOPbIX MO AaHHbIM WMK-cnektpockonun BxoaaT oba
nonvvepa. B cnyyae cmeweHus BU-AK c lNIMNA B 0OCHOBHOM pacTBOpbl OCTalTCH
romoreHHbiMn (Tabn. 8). Mo gaHHbIM DLS gna pacTBOPUMbIX WHTEPNOAUMEPHbIX
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cUCTeM pasmepbl KNybKOB MeHbLUe, YeM ANA YACTbIX NMOSIMMEPOB, Kak U cneposano
oXuaaTtb BCneacTteme nonvMmep-noriuMepHbIX B3aMMogeNCTBUN.

Mpn cmeweHun pacteopoB OKH (Cxema 3) Ha ocHoBe cononnmepoB BU-AK
(oTpuuaTtenbHble (-noTeHUMansl) U nonuaMmmnHoB (NOSOXUTENbHbIE (-noTeHuunarnsbl),
npu pH 7 n 8 BbiNnagalT O0caaku, B cocTaB KOTopbiX BXogAT o6a nonumepa n MNKK
(Tabn. 8). CoctaB 0cagkoB Haxo4unNu No AaHHbLIM MONMOAATHOro MeToga U CNeKTPOB
13C n*H AMP. MNpu 3tTom B pacTBope ocTaeTcs 3HaunTenbHoe konmyecTeo KK kak B
CcBOOOAHOM COCTOSHUW, TaKk M B BUAe pacTBopuMbix onuromepos. ObpasoBaHue
ocajka, BUOUMO, NPoUCXoguT BCNeACcTBME B3aUMOAENCTBUA NMOSIMMEPHbIX 0DonoYvek
OKH. [1nsa ocagkos c NNBA BW-AK npu pH 8 yBennyeHue cogepxaHus 3seHbeB BU B
cononumepe NpMBOAUT K MNOBbLILLEHUIO BbIXOOOB Oocagkos, npu pH 7 Habnwogaetcs
obpaTtHasa 3aBucumocTb. B cnyyae c lMIMA Bbixogbl N0 nonMMepamM yBENMYMBAKOTCS C
poctom pH. ConocTtaBnsas gaHHble no cogepxaHnto KK B pactBope Hag ocaakom 1 B
ocagke, cogepxawem MNBA npu pH 8, 3ameyeHo
yBennyeHue cogepxxaHus KK B BUae
ONrOCUITMKATOB MPU YMEHbLUEHUN COAep)KaHUs
3BeHbeB BW B cononumepe. B cucrtemax c MMNA
npu pH 7, KK B pactBope Hag ocagkom
HaxoAuTCA MpPeAnoYvYTUTENbHO B  ONIUrOMEpPHON
pacTtBopumon dopme. BepoaTHO, 3TO CBS3aHO C
TeM, 4YTO B 3TUX  YCMOBUAX  MOMUMO
B3aMMOOeNCcTBNSA  pasHosapsagHblix OKH ¢
KoMno3nTHbIN obpasoBaHmem MaCCUBHbIX arperaTos,

0cajokK BbiNagaroLmx B 0ocajok, dopmMmupytoTca
ctabunbHble pacTBOPUMbIE KOMMSIEKCbl, a B
pacTBope ocTaeTcs 4acTtb ucxogHblix OKH. C
yBENIMYEHNEM COAepXaHUA 3BeHbeB BU B
cononumepe yBenuyusaetca n cogepxkaHue MNKK B ocagke. B komnosnTHbIX ocagkax
MBA nNo OTHOLWIEHMIO K OPYrMM KOMMOHEHTaM cogepxutca Gonblie, YeMm B crnyyae
ocagkoB ¢ [IMA. Ckopee Bcero, 9TO O0OYCNOBMEHO MeEHbLWIEN CTeneHbl
npoToHmpoBaHusa MNBA npu nccnegyembix pH, no cpasHeHuto ¢ INMNA, kotopbi npu pH
HMWKe 8 npoToHMpoBaH noyutTm Ha 90%. CnepoBaTenbHO, ANA  KOMMAEHcauuu
oTpuUaTeNbHOro 3apsaa KpeMHUCTbIX HaHo4vacTuy u cononmmepa BU-AK TpebyeTcs
MeHbLee konudectso [M1A, yem MNBA.

Ocagku, nony4veHHble Npy B3anmogencTasnm pasHosapsagHoix OKH ¢ NBA n BU-
AK, dopmnpyroTca B BUAE TPEXMEPHbLIX CETOK U3 BOMOKHUCTbLIX HUTEN U MOPUCTbIX
nnactuHok (Puc. 17). lpn Oonee anutensHoMm GOPMUPOBaAHMN OCaAOK MMeeT
CTPYKTYPY TPEXMEPHON MaTpULbl, COCTOALLEN U3 CKPenMeHHbIX NosiCKammn niacTUHOK
(Puc. 17-)XX). Ha noBepxHOCTVM BUAHbI Criekwmecs HaHowapuku pasmepom 50-95 Hm
npu pH 8 n 30-50 Hm npu pH 7. MNMpu B3ammoaencTemun cononumepa BU-AK(69) c
KOMMNO3uUTHbIMKN YacTuuamu MNBA npn pH 7 13 pactBopa BbinagaeT o0cajoK B Buae
NOpPUCTbIX MMAacTUHOK pasnuyHon dopmbl (Puc. 17-)XX). B cnydae TMMA-um  BU-
AK(69) obpasyloTca nopuctble nnactuHyaTble ocagku (Puc. 17-E), pasmepbl nop
~0.5-3 mkm. C TIMA-BMm ob6pasyotca nnockue (Puc. 17-3) wnuM BOMOKHUCTbIE
yASIMHEHHble obpasoBaHusA, nMpu OOMbLUOM YBENUYEeHUN BUAHO, YTO MOBEPXHOCTb
COCTOUT M3 4actuy pasmepom nopsgka ~350 Hm (Puc. 17-B). [Ona ocagkoB cC
bonbWwWKnM BbIXOAOM MNPOBOAUINIM WU3MEPEHME YAEnbHOW MOBEPXHOCTUM copbunein-
necopbumein azota Ha npudope CopbomeTp-M.

Cxema 3. Bsaumopencrtsue
pa3Ho3apsagHbix OKH.



Si

o , % Y% | # B
. $-
% Si -
Si Si(OH), - , (
$ )
85 745 | 65.6 4.3 30.1 204 | 301 | 495 | 1:32:3 44.5
69 52.9 53 17.9 29.1 20.2 271 | 527 | 1:29:3.2 97.8
44 5.3 10.1 62 27.9 32.1 67.9 - 74.7
69 723 | 475 | 295 23 305 | 273 | 422 | 1:12:1 8.8
44 100 423 | 347 23 33.1 375 | 294 | 1:25:1.1 46.2
85 83 86.2 0 13.8 26.1 203 | 536 | 23:1:59 %
69 945 | 57.8 | 193 23 326 | 269 | 405 | 22:1:34 %
69 298 | 282 | 458 26 33.1 156 | 513 | 38:1:73 %
44 12.2 6.1 70.2 23.7 64.2 35.8 % %
85 90 62.3 | 135 24.2 389 | 228 | 383 | 31:1:38 %
69 100 64.7 | 11.3 24 363 | 274 | 363 | 24:1:3 %
69 6.8 2.3 73.7 24 77.2 22.8 % 18.3
44 17 133 | 605 26.2 58.8 41.2 % %
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11"\.. ff"-.;-_ D s :
PucyHok 17. Pesynbtatel COM ocagkoB, nonyyeHHbix npy cmewweHun OKH TBA-
11000 n BN-AK (44% BW- A, 69%- b, I n XK, 85%- [1; OKH IMMNA-em n BU-AK (85%
BU- 3, 44%- B, 69%- B(sctaska); OKH [MMA-Hm n BU-AK (69% BW- E). HayanbHble
KoHueHTpauun 10 mM, pH 7 (A, b, B(sctaeka), >K) n 8 (O, I'-E). Lkana 50 um (A, O),
20um (E), 10 um (A(Bepx), B, 2K, 3), 5 um (4, I', b, A(Bepx)), 3um (EBcTaska), 1um (B un
K BctaBku) 0.5 um (A v bHns, [1 n I BCTaBKnM).
B pesynbTate nonyyunu, yto npu pH 8 ansg komno3anTHbIX ocagkos ¢ MNBA (1nu
MMNA-HM) BU-AK yaenbHas noBepxHOCTb cocTaBnseT 18-29 m?/r, B cnyyae xe ¢ MBA
BU-AK(85) npu pH 7 yaenbHas nosepxHocTb ~55 wm?/r. Takum o6pasom,
3KCMEPUMEHTbI MO B3anMogencTBuio pasHosapagHelx OKH nokasann, 4to B
pe3ynbTate Mbl nony4Yaem ocafKku, B COCTaB KOTOpbIX BXoguT nopsaka 40-50%
nonumepa. [llonMmepbl B oOcagkax MNPOYHO CBSA3aHbl C KPEMHEe3eMOM U npu
BO34ENCTBUM CUNBbHBIMWU KNCITOTaMWN He BbIMbIBAOTCS U3 HEro.

MepcnekmueHbie obnnacmu npumeHeHus1 OKH

[MonyyeHHble HAHOKOMMO3UTHbIE OCaAKN Ha ocHoBe pacTBopuMbIX OKH MOXHO
ncrnonb3oBaTb B KayecTBe COPOEHTOB TsXKENbIX METannoB U3 BOAHLIX cped. JTo
BO3MOXHO 3a CYeT MNONMMMEPHOW CcoOCTaBnsAwLwWen, MNPOYHO BCTPOEHHOW B
KpemHe3seMHyto maTtpuuy. CopOUMOHHbIE CBOWCTBA MOSIYYEHHbLIX HaMW OpraHo-
KPEMHUCTbIX HaHOMAaTepWanoB M3y4YeHbl Ha NpPUMEpe M3BrieYeHUs MoHoB Cu?* us3
BOAHbIX pacTBOPOB C KOHLUEHTpauuamu C(Cuz")=3-10'5 0.07 M. CopepxaHne mean B
copbeHTe onpepensanu ¢ nomowbio 3C M MOHCENEKTUBHOrO anekTpoda «InuT».
lMokasaHo, 4TO npefenbHas EMKOCTb KOMMO3UTHOrO oOcagka, MOSlydYeHHOro B
pesynbTaTte B3aumopgencTBus u3bbitka KK  (4eTbipexkpaTHbi) C  NPUBUTHLIM
nponunammHom  [MNA-INKK coctaBuna 34 mr/n, korga gnsa 4yucroro cunukarena 2,3
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Mmr/n. Ona Apyrux KOMMO3WUTHBIX OCafKoB, nomnyveHHbix npu u3bbitke KK B
npucytcteun MNBA (goBykpaTHbin u3bbiTok KK) M cononumepa BU-AK c 85%-bim
cogepxaHnem 3BeHbeB BU (TpexkpaTHbi M36bITok KK) emkocTb coctasuna 53.4 u
53.9 Mr/r cooTBeTCTBEHHO. Takxke Mbl nonyyanu copbeHTbl Ha OCHOBE cuUnuKarens, Ha
NoBEPXHOCTN KOTOopbIX ummobunusosanu MNBA n NBW nocpeactsom BOogOpPOAHbLIX U
NOHHbIX cBA3en. CorrnacHo MosflyYeHHbIM AaHHbIM, pacTBOp nocre KonoHku c NBA-
cunukarenb cogepxan 3 MKr/n noHoB Megu, B criydae c¢ lNBU-cunukarens 2.4 Mkr/n
NPy KOHUEHTpauunm ucxogHoro pacrteopa 2 mr/n. 3HaveHue pnsa [BA-cunukarenb
3HA4YNTENbHO HWXe npeferibHO AOMNYCTUMOW KOHUEHTpauunm WOHOB Meau [AOns
nuteeson Boabl (0.1 wmr/n), n OGAN3KO NO 3Ha4YeHUAM K HopmaTMBaM [nis
pbIBOX03ANCTBEHHBIX BOAOEMOB (1 MKr/J1).

NccnepoBaHHble Hamm OKH MOXHO wucnonb3oBaTb AN mMoaudukaumi
MOBEPXHOCTEN KPEMHUCTLIX MaTepuarioB C LUenbio  yBENUYeHUs  yOeribHOW
noBepxHocTW. Tak HaMu MOKasaHO, 4YTo npu Moaudukauum kusenorypa OKH
yaenbHaa MoBepxHOCTb obpasua ysenuuumnacb npumepHo B 10 pas (21.6 m2/r).
Moandukaums noBepxHOCTM CTBOPOK AMaToOMEN Synedra acus npmBeno K
yBenn4eHuto yaenbHon nosepxHoctn ¢ 30 M2/r o =65 m2/r.

OKH Ha ocHoBe nonMamMnHOB, MoOCne BblOeNeHNda N3 pPacTBOPOB MOXHO
nucrnonb3oBaTb N9 MNOSYYEHUA aMUHO-(PYHKLMOHANU3NPOBaHHbLIX HaHopenbedHbIX
MOKPbITUA M MNNEHOK HA OCHOBE KOMMO3UUMKA NonMBMHUNOYTUpanb-TOOC ¢
MOBbILUEHHON MOBEPXHOCTHOW MIAIOTHOCTbIO aMUHOrpynn. Tak nNpu WCMNOfb30BaHUK
OKH c¢ TIBA wMbl nonyynnu mMoaudUUNPOBaHHbLIE CTeKna C MOBEPXHOCTHOM
NANOTHOCTbIO aMmunHorpynn 6onee 40 HM-2.

BbiBOAObI
1. YcTaHOBNEHO, 4TO KOHOEHCAUUS KPEMHMEBOW KUCNOTbl B NPUCYTCTBUK
NONIMMEPHBIX aMWHOB (NOSIMBUHUMAMWUH, NPUBUTbIE MNpPONUNaMUHbBI) NpoTekaeT C
obpaszoBaHMEM CTaOWNbHLIX OPraHO-KPEMHUCTbIX HAHOYacTUL, COCTOSALWMUX U3
ONMUrOCUNIMKATHOrO siapa U NOSIMMEPHON ODOMOYKM N HEecywmx MONOXUTENbHbIN
3apsg. B cnyvyae nonumepHbix amdonuToB, coaepXawux 3BeHbS umMugasona u
KapboKCUIbHbIE UK dhocaTHLIE rPynMbl NPOMCXOAUT POPMUPOBaAHNE OTpMUATENBHO
3apsKEHHbIX KOMMNO3UTHbLIX HAHOYACTULL.
2. [lokasaHo, YTO OpraHO-KPEMHUCTbLIE HAHOYACTULbl SBASKOTCSA CUHTETUYECKON
MOAENbIO BE3WKYSl, OTBETCTBEHHbIX 3a XPaHEeHMe W TPaHCMNOpPT MNPEKYPCOPOB
KpemMHe3semMa B uutonnasme anatomein. [lokasaHo, YTO NpuM BapbMpOBaHUM COCTaBa
ctabununsupyrowero nonuMepa M ycnoBun AanbHENLWENn KOHAEHCAUUN BO3MOXHO
noslydeHne KpemHesema, 6rmskoro no coctaBy K BMOreHHoOMYy.
3. YcTaHoBneHa BO3MOXHOCTb MCMOSIb30BaHUS OPraHO-KPEMHMUCTbLIX HaHo4YacTuL
AN CUHTE3a HOBbIX KOMMO3VMUMOHHLIX MaTepuarnioB pasfmyHon mopdponorun.
Ctabunmsauma nonyvyaembiX HaLMOSEKYNAPHbIX CTPYKTYP OCYLLECTBNSAETCA 3a cyeT
MHOXXECTBEHHbIX BOLOPOAHbLIX U/ NOHHBIX CBS3EN C y4acTUEM CUMAHOSMbHbIX rpynn
N LOHOPHbIX aTOMOB OpraHNYeCcKMX NOSIMMEpPOB.
4. T[lokasaHo, YTO MCNOSIb30BaHME KOMMO3UTHLIX OCaAKOB B Ka4yecTBe coOpbeEHTOB
WOHOB MeaWN M3 pacTBOPOB CHUXAET UX KOHLUEHTpauuo Ao ypoBHS, 6nmskoro kK MAK
Ans pblbOX03ANCTBEHHBIX BOOOEMOB. HanbonbLUuyto aKTUBHOCTb NPOSABIIAIOT CUCTEMBbI
Ha OCHOBE NOMMBUHUIIAMUHA.
5. YCTaHOBMEHO, YTO OpPraHO-KPEMHUCTbIE HaHOYacCTULUbl, NoslyYyaemble B BOLHOW
cpede, MoryT ObiTb UCMOMb30OBaHbl ANA  CO34aHMA  (PYHKLUMOHANM3NPOBAHHbIX
NOKPLITUA N KPEMHUCTLIX MaTEPUASIOB C Pa3BUTON MOBEPXHOCTLIO.
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BnarogapHocTu
ABTOp BblpaxaeT 6narogapHocTb npody. B. B. AHHEHKOBY, 3a MNOCTaHOBKY
3ajayn, HacTaBneHMs W NOMOWb NpU  MHTepnpeTaumm  pes3ynbTaTos;

K.X.H. E. H. JaHunoBueBON 3a MOMOLUb NPW CUHTE3E€ W aHanuse nosIMMepos,

odopmMmnieHnn nutTepaTtypHoro ob3opa, 3a HacTaBNEHUS W KOHTPOSMb B MPOBOAMMbIX

3KCnepumMeHTax; coTpyaHukam Cunbupckoro ueHTpa doToxmmudeckux peakumi CO

PAH noa pykosoactsom npod. A. K. NeTpoBa 3a BO3MOXHOCTb NPOBEAEHNSA OMNbITOB

no nasepHon abnaumm; coTpyaHukam nabopaTtopum XuMmmnmn NonNMMepoB YHUBepcuTeTa

XenbcuHkn, dunnaHama (npod. B. O. AceeB) M Hay4yHOW Trpynnbl HEOPraHU4eCKon

xumum B Nottingham Trent University, BenukobputaHua (Prof. C. C. Perry) 3sa

BO3MOXHOCTb NPOBEAEHUS 3SKCNEPUMEHTOB MO MHOMOYrnoBOMY CBETOPACCEAHMUIO.

Bnarogapto coTpyAHUKOB rpynnbl XMMUK KpeMHUCTbIX HaHOCTpYKTyp JIMH CO PAH 3a

noaaepkky B NpoBeAeHNn akcnepumeHToB N obpaboTke pesynbTaTos.




