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Ilocryrmno B Pe.u,aKQHlO 27 OKTJl6pJl 2014 r: 

HCCJleOOeaHO Koa2YJ1fll/UOHHoe euoeneuue uacmuu U3 cueiuaunoii eoouoii oucnepcuu .MUKpOKpUCmQJIJlUlJeCKOii 

l/eJlJlIOJl03bl-UTi02 KO.Mn03ul/uoHHbl.M Koa2YJlRHmO.M ua ocuoee mumanuncynupama U cynsdiama QJIIO.MUHUR. 
Onpeoenenu onmuuansuue YCJlOeUR (xouuenmpauun «oaeynsuma, pH) 3m020 npouecca. 

l..(eJlJIlOJl03Ho-6YMa>KHaJl IIPOMbIIlIJleHHOCTb HBJlHeTCH 

O,ll,HHM H3 JlH,lI,epOB 110 cfipocaa H BbI6pocaM 3arpH3HH­

IOIUHX BeIUeCTB B OKpY>KaIOIUYIO cpezty [I]. B pesynsra­

re TeXHOJlOrH'IeCKOrO rrpouecca 06pa3yIOTC5I CTO'IHbIe 

sonsr, rrpe,ll,CTaBJlHIOIUHe C060H MHoroKoMlloHeHTHYIO 

cacreay, COCTaB KOTOpOH H3MeHHeTCH B 3aBnCHMOCTH 

or peanaayesrsrx TeXHOJlOrnH H HCIIOJlb3yeMoro CbIpb5I 

[1,2]. TIPH HX JlOKaJIbHOH O'InCTKe xacrs BOJlOKHa H na­

nOJlHHTeJleH B03BpaIUaeTC5I ofiparno B TeXHOJlOrH'IeCKnH 

npouecc. O,ll,HaKO nexoropas HX sacrs 6e3Bo3BpaTHo re­

pHeTCH, 'ITO sener K 3arpH3HeHHIO OKpY>KaIOIUeH cpenu H 

.lI.OIIOJlHHTeJlbHbIM 3aTPaTaM ua IIpn06peTeHHe CbIpb5I [2]. 

B HaCTOHIUee BpeM5I ocymecranxercs QeJlbIH KOMIIJleKC 
f MepollpHHTHH, narrpaanennsrx na ynepacanae HaIlOJlHH­
f tens H ztpyrux KOMIIOHeHTOB, IIpHMeHHeMbIx ,lI,JlH 110­

JIyqeHHH 6YMarH. O,ll,HO H3 HHX - 3TO HCIIOJlb30BaHIle 

3aMKHyToro QHKJIa BO,ll,0060poTa [1,2]. O,ll,HaKO B TaKoH 

CHCTeMe ecrs pan He,ll,OCTaTKOB. TaK, nanpuaep, IIpH 

BhICOKnx KOHQeHTPaQHHx 1I0,ll,CeTOqHOH BO,ll,bl C03,l1,aeTCH 

aexenarenr.nas narpysxa ua TeXHOJlOrH'IeCKOe ofiopy­

L\OBaHHe, 'ITO MO>KeT IIpHBeCTH K ero nenonanxare. ITo­

arovy B 6YMa)l(HyIO Maccy ,lI,06aBJlHIOT y,ll,ep>KHBaIOIUHe 

KOMIIOHeHTbI (KoarYJlHHTbI H cPJlOKYJIHHTbI), xoropsre 
n03BOJlHIOT YMeHbIlIHTb KOHQeHTpaQHIO B3BeIlIeHHbIX 

BemeCTB B 1I0,ll,CeTO'IHOH none [2-8]. 

HaH60Jlee unrpoxoe IIpHMeHeHHe B QeJlJIIOJl03HO-6YMa>K­

HOHIIPOMbIIlIJIeHHOCTH B Ka'IeCTBe xoarynmrra (ynepxa­
satouiero areara) nauren cynsrpar aJIIOMHHHH (CA) [2, 
3]. ITPH BBe,ll,eHHH ero B 6YMa>KHyIO Maccy 1I0BbIlliaeTCH 

y.n.ep>KaHHe MeJlKO,ll,HCIIepCHbIX KOMllOHeHTOB (HaIlOJIHH­

reJIH, MeJlKOrO BOJlOKHa H np.), TaK KaK OH cnocoficrsyer 

XJIOllbe06pa30BaHHIO KOMllOHeHTOB H TeM caMbIM YMeHb-

IlIeHHIO MyTHOCTH 1I0,ll,CeTO'IHOH sonsr . O,ll,HaKO IIpH ero 

HCIIOJlb30BaHHH 06pa3yIOTcH CHJlbHO 06BO,ll,HeHHbIe H 

'rpyzmo cPHJlbTpyeMbIe OCa,ll,KH, 'ITO IIpHBO,ll,HT K cyme­

CTBeHHoMy YXY,ll,IlIeHHIO 06e3BO>KHBaHH5I MaCCbI na cer­

se 6YMarO,ll,eJIaTeJlbHOH MaIlIHHbI H YXY,ll,IlIaeT npouecc 
H3rOTOBJIeHHH 6YMarH. TIpHMeHeHHe cynsdiara aJIIOMH­

HHH IIpHBO,ll,HT TaK>Ke K 3arpH3HeHHIO BO,ll,bI aJIIOMHHHeM 

H K He06xo,ll,HMOCTH BBO,ll,HTb ,lI,OIlOJIHHTeJlbHble sranu 

O'IHCTKH ,lI,JlH CHH>KeHHH ero OCTaTO'IHOH KOHQeHTPaQHH. 

B 1I0CJle,ll,HHe ronsr 1I0HBHJlHCb lIy6JlHKaQHH 06 HCIIOJlb­

30BaHHH IIpH O'IHCTKe BO,ll,bI KoaryJl5IHTOB na OCHOBe 

COJleH Ti(IV), 06JIa,ll,aIOIUHX pH,lI,OM IIpeHMyIUecTB 110 

cpaBHeHHIO C COJIHMH aJIIOMHHHH H ,lI,pyrHMH xoarynxa­

TaMH [9-11]. TaK, nanpaaep, THTaHHJlcYJlbcPaT (TC) 

ofinanaer BbICOKOH CKOpOCTbIO XJIOllbe06pa30BaHHH, 

3KOJlOrH'IeCKOH 6e30llacHocTbIO H oTcyTcTBHeM BTO­

pH'IHOrO 3arpH3HeHH5I BXO,ll,HIUHMH B COCTaB xoarynsnra 

KOMllOHeHTaMH [12, 13]. TIOCKOJlbKY sserrenne THTaHHJl­

cynsrpara IIpHBO,ll,HT K 06pa30BaHHIO KPYIIHbIX yCTOH­

'IHBbIX cPJIoKYJl IIpH OCBeTJleHHH CTO'IHbIX son a TaK­

>Ke ofipasyercs xopouro cPHJIbTpyeMbIH OCa,ll,OK, MO>KHO 

IIpe,ll,1I0JIO>KHTb, 'ITO OH MO>KeT ofinanars CBOHCTBaMH 

CBH3YIOIUero ,lI,JlH KOMIIOHeHTOB 6yMa>KHOH MaCCbI IIpH 

IIPOH3BO,ll,CTBe 6YMam. 

B CBH3H C 3THM IIpe,ll,CTaBJlHeT 3Ha'IHTeJlbHbIH mrrepec 

HCIIOJlb30BaTb B Ka'IeCTBe CBH3YIOIUero arenra (xoary­

JlHHTa) KOMII03HQHOHHbIH xoarynairr, IIpe,ll,CTaBJlHIOIUHH 

C060H COJIb THTaHa (THTaHHJlcyJlbcPaT) H aJIIOMHHHH 

(CYJlbcPaT aJIIOMHHlfji). ITpHMeHeHHe CMeCH KoaryJIHHTOB 

,lI,OJI>KHO cnocoficraoaars fionee 3cPcPeKTHBHoMy yzrep­

>KaHHIO MeJlKOrO BOJlOKHa H HallOJIHHTeJlH B 6YMa>KHOH 

Macce. 
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TaKHM 06pa30M, HCCJIe,ll,OBaHHe KoarymUl,HOHHhIX H re­

r epoxoarynaua oa asrx npOueCCOB B MO,ll,eJIhHOH CHCTe­

Me coztepzcameti MHKpOKpHCTaJIJIHqecKylO ueJIJIlOJI03Y 

(MKU,), HanOJIHHTeJIh (,ll,HOKCH,ll, THTaHa), KOMn03HUHOH­

HhIH xoarynmrr na OCHOBe THTaHHJIcyJIh<paTa H cynupara 

aJIIOMHHH~, a raroxe HaXO)l(,ll,eHHe OnTHMaJIhHhIX yCJIOBHH 

HX npHMeHeHH~ MO)l(eT npeztcraanxrs 3HaqHTeJIhHhIH 

mrrepec ,ll,AA pememra npHKJIa,ll,HhIX sazra-r, CB~3aHHhIX C 

COBepll1eHCTBOBaHHeM TeXHOJIOrHH 6YMa)l(HOrO npons­

BO,ll,CTBa H oxpaaoii OKp~aIOIUeH cpensr. 

3KcnepHMeHTaJIbHaH sacn, 

B xasecrse 06beKTOB HCCJIe,ll,OBaH~ 6hIJIH BbI6paHhI MH­

KpOKpHCTaJIJIHqeCKM ueJIJIlOJI03a H ,ll,HOKCH,ll, THTaHa. He­

CMOTp~ aa TOqTOMHKpOKpHCTaJIJImeCKMueJIJIlOJI03a He 

HCnOJIh3yeTc~ ll1HpOKO B 6YMa)l(HOM npOH3BO,ll,CTBe, OHa 

~BJI~eTC~ y,ll,06HhIM 06beKTOM M~ HCCJIe,ll,OBaHH~, MO,ll,e­

JIHpylOIUHM npHMe~eMYIO B npOH3BO,ll,CTBe ueJIJIIOJI03Y. 

Ee CBOHCTBa H npaveaeaae nO,ll,p06HO H3JIO)l(eHhI B pa­

60Tax [14, 15]. Ilproaeaeanas B pafiore MKU, npencras­

JI~JIa C060H <ppaKUHIO XJIOnKOBOH MKU, (Il OAO llOJIH­

3KC, r. EHHcK). Ilo ,ll,aHHhIM cKaHHpylOIUeH 3JIeKTpOHHOH 

MHKpocKonHH pasxrep qaCTHU HaXO,ll,HTC~ B HHTepBaJIe 

1-200 MKM. OCHoBHa~ ,ll,OJI~ qaCTHU HMeeT pasxrepsr 
OKOJIO 30 MKM. I1MeIOTc~ arnoweparsr qaCTHU MKU, 

Pa3JIHqHhIX passrepon MeHee 200 MKM. I1CnOJIh30BaHHbIH 

B pafiore ,ll,HOKCH,ll, THTaHa - cHHTeTHqeCKHH neoprana­

qeCKHH HanOJIHHTeJIb fienoro UBeTa (rOCT 9808-84). 

Ilo ,ll,aHHbIM penrrenocrpyxrypnoro aHaJIH3a OH npezt­

CTaBAAeT C060H nOJIHMop<pHylO MO,ll,H<pHKaUHIO Crerpa­

roHaJIhHOH cHHroHHeH - anaras. Passiep qaCTHUcornac­

HO ,ll,aHHbIM cKaHHpylOIUeH 3JIeKTpOHHOH MHKpocKonHH 

HaXO,ll,HTC~ B HHTepBaJIe 0.05-0.35 MKM. OCHoBHa~ ,ll,OJI~ 

qaCTHUHMeeT pasvep 0.1 MKM. 3JIeKTpOnOBepxHocTHble 

CBoHcTBa H arperaraaaas YCTOHqHBOCTh OT,ll,eJIbHbIX 

KOMnOHeHTOB (MKU" Ti0 2), a raiose HX CMeCH nonpofi­

HOHCCJIe,ll,OBaHhI B pafiore [16]. B xasecrne KoaryJI~HTOB 

HCnOJIb30BaJIH TiOS04'2H20 (TY 6-09-01-279-75) 

H A1zCS04h18H20 (rOCT 3758-75). 

)J,JI~ npHrOTOBJIeHH~ cycneaaaa MKU, 4 r nopounca 

MKU, nOMeIUaJIH B 1000 MJI ,ll,HCTHJIJIHpOBaHHoH BO,ll,bI H 

BbI,ll,ep)l(HBaJIH B 'resenae 10 MHH. )J,JI~ npHrOTOBJIeHH~ 

cycneasaa Ti02 nanecxy 0.05 r nOMeIUaJIH B 500 MJI 

,ll,HCTHJIJIHp OBaHHoH sonsr H nsrnepacaaamr B reneane 

10 MHH B YJIhTpa3BYKOBOH BaHHe (Y3B-l.3 MapKH «Can­

<pHp») nnx ,ll,OCTH)I(eHH~ nannysurero zracnepr-aposa­

H H~. )J,JI~ npHrOTOBJIeHH~ pafioxero pacrsopa TiOS04 
KOHueHTpaUHeH 1O-IMOJIh 'JI- 1 naaecxy 1.96 r TiO­

S04'2H20 nOMeIUaJIHB 100 MJI 1 H. H 2S04, )J,JI~ npnro­

TOBJIeHH~ pafioserc pacrsopa A1zCS04)3 KOHueHTpaUHeH 

113MaiIJlo6a H. fl. II op. 

1O-IMOJIh 'Jl1 HaBecKY 16.7 r AI2(S04)3 nOMeIUaJIH B 250 
MJI ,ll,HCTHJIJIHpOBaHHoH sonsr. )J,JI~ HCCJIe,ll,OBaHH~ 6blJIH 

npHrOTOBJIeHbI pacrsopsr TiOS04 H A1zCS04)3 KOHueH­

TpaUHeH 10--4, 10-3, 3·1O- 3MOJIb·Jl1. 

Cycneasmo CMeCH MKU,- Ti02-TiOS04-AI2(S04)3 roo 
TOBHJIH MeTO,ll,OM MrHOBeHHoro CMellIeHH~. )J,JI~ sroro 
CJIHBaJIH B eMKOCTh na 100 MJI conepacnroe qeThlpex 

KOJI6 C pacrsopava Ti02, MKIJ:, TiOS04 H AlzCS04h 

)J,JI~ peryJIHpOBaHH~ BeJIHqHHbIpH HCnOJIh30BaJIH 0.1 H. 

pacrsopsr NaOH H H 2S04, llOJIyqeHHYlO CHCTeMY rtoxe­

IUaJIH B KIOBery H B resenae 60 MHH onpeztenamr H3Me­

HeHHe ee OnTHqeCKOH nJIOTHOCTH D na cKaHHpylOIIJ,eM 

cnercrpodiorosrerpe LEKI SS21 09UV npn MHHe BOJIHbl 

540 HM. 3HaqeHH~ pH CHCTeM onpenenann na pl-l-xrerpe 

pH-410 CKOM6HHHpoBaHHhIM H3MepHTeJIbHhIM 3JIelITp0­

,ll,OM 3CJlK-Ol.7. 

06c~eHHe pe3YJIbTaTOB 

Paaee 6bIJIO nposeneao HCCJIe,ll,OBaHHe xoarynnpy­

IOIUer o ,ll,eHCTBH~ OT,ll,eJIhHhIX KoarYJI~HTOB TiOS04 H 

A I2( S0 4h aa cncrejay MKIJ:-Ti02 [17], noxaaasuree, 

qTO npH BBe,ll,eHHH B cncresty MKU,- Ti02 KoaryJI~HTOB 

TiOS04 H AI2(S04)3 pafiosas 06JIaCTb pH, B xoropoii 
npOHCXO,ll,HT HHTeHcH<pHKau~ asrztenenaa (KoaryAAUHIf) 

qaCTHU MKU, H Ti02, HaXO,ll,HTC~ B 06JIacTH pH 2.5-6 

H 4 .5-9.5 COOTBeTCTBeHHO. 3<p<peKTHBHOCTb KoarYJI~­

UHOHHoro BbI,ll,eJIeHH~ 6HHapHoH CMeCH MKU,- Ti02 
THTaHHJIcyJIh<paToM npa scex KOHueHTpaUH~x HCnOJIb­

syevstx KoaryJI~HTOB 6bIJIa ssnne, qeM cynsrparoa aJIIO­

MHHH~, O,ll,HaKO OHa Ha6JIIO,ll,aJIaCb B 60JIee Y3KOM HHTep­

BaJIepH. 

B ,ll,aHHOH pafiore B xasecrae 06beKTa HCCJIe,ll,OBaHH~ 

6bIJI BhI6paH KOMn03HUHoHHbIH KoaryAAHT (KK),CO CTO~­

IUHH H3 TiOS04 H AI2(S04)3' Ilpezmonaranocs, qTOB pe­

3YJIhTaTe onnoapexremroro asenenna ,ll,BYX KoarYJI~HTOB 

B cncresty 06JIacTh pH, B KOTOpOH 6Y,ll,eT npOHCXO,ll,HTb 

rerepoxoarynaunoaaoe asrnenemre CMeCH MKU,-Ti0z, 

CTaHeT 3HaqHTeJIhHO unrpe sa cser HX COBMecTHoro xoa­

rynapytoutero ,ll,eHCTB~. C npaKTHqeCKOH TOqKH speaas 

3TH pe3YJIhTaThI MoryT 6hITh HCnOJIh30BaHbI B npOH3­

BO,ll,CTBeHHOM npouecce ,ll,JI~ COCTaBJIeHH~ KOMn03HUHH 

6yMarH, KOTOpbIH 06hlqHO peanasyercs B HeHTpaJIhHOH 

H CJIa60IUeJIOqHOH 06JIaCT~X pH. COBMecTHoe HCnOJIh­

30BaHHe KoaryAAHToB MO)l(eTpeunrrs onny H3 rnasasrx 
sanaa - BbmOJIHeHHe HopMaTHBHbIX Tpe60BaHHH no 

conepacamno B none OCTaTOqHoro aJIIOMHHH~ sa cxer no­

BhIll1eHH~ 3<p<peKTHBHOCTH xJIonhe06pa30BaHH~ KOMno­

HeHTOB. 3TO n03BOJIHT CHH3HTb HarpY3KY aa nocneztyio­

IUHe crynenn OqHCTKH (<pJIOTaTOpbI, <pHJIbTpbI), a TaK)I(e 

YMeHhll1HTh sxcrrrryrauaonnue sarparsr npennpaaras. 
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D 
0.3 

0.2 

0.1 

4 8 12 pH 

Puc. 1. 3aBllcllMoCTb OlITll'IeCKOH lIJIOTHOCTll D KOMlI03llI..\llH 

OT pH npn KOHl.\eHTPal.\llH KoaryJUIHTOB 10--4 MOJIb·J11• 

1- MKIJ:-TI02, 2 - MKIJ:-Ti02-TiOS04, 3 - MKIJ:-TiOr 
AI2(S04)3; 4 - MKIJ:- Ti02-KK; TO me ,WHI pac. 3, 4. 

Ha pac, 1 npaaeneasr 3aBI1CI1MOCTlf orrraxecxoti nnor­

HOCTI1 D KOMrr03lfU,I1H MKU,-Ti02 B orcyrcrsne (KpI1­

BaH 1) 11 C .n06aBKoH KoaryIDIHToB (xpassre 2-4) OT pH, 

1I3MepeHHbIe cnycrs 60 MlfH rrOCJIe nparoroanenaa 

pacrsopos (KOHU,eHTpaU,I111 ornensnsrx xoarynarrros If 

KK 10-4 Monb·Jrl). B npacyrcrsaa KOMrr0311U,lfOHHoro 

xoaryrrxrrra npa pH<4 xpaaaa 4 nexorr BblIIIe KplfBOH 1 
(caeca MKU,-Ti02) , 'ITO csanerenscrayer 06 06pa30­

BaHl111 ce.nlfMeHTaU,I10HHO YCTOHlIlfBOH <pa3bI nponyxroa 

nrnponasa KK raranancynsdiara (IIrT) If cynsrpara 
amOMlfHlf1l (IIrCA). B nannoa ofinacrn pH CI1CTeMa 

npencrasneaa nonoaorrerrsno 3ap1l)l(eHHhIMlf lIacTlfU,aMI1 

(Ti02, IIrT 11 IIrCA) If orpnnarensno 3ap1l)l(eHHbIMI1 

lIaCTI1U,aMI1 (MKU,) (puc. 2). TaK KaKnpa pH<4 lIaCTI1U,bI 

MKU, I1MeIOT HeBbICOKlfH orpauarem.asra noremnran, 

a ocram.nue lIaCTI1U,bI sapaacensr nonoaorrensno [16, 

18, 19], TO B .naHHoH 06nacTI1 pH nporexaer rerepoxoa­

rynauna. 06 3TOM CBl1)J.eTenbcTByIOT BbICOKl1e 3HalIeHI111 

aenmanu D. Mernore sacrausr, 06pa30BaBIIIlfec1I B xozte 

rerepoxoarynmum, 06Pa3YIOT ce.nI1MeHTaU,lfOHHO yCTOH­

lIl1BYIO <pa3Y. 

S 
120 

80 

40 

0 

--40 

PHC. 2. 3aBllcllMoCTb ~-lIOTeHl.\llaJIa (MB) OT pH MKQ (1), 
Ti02 (2), rrrr (TiOS04) (3). 

,. 

12 pH 

B ofinacra pH 4---8 nponcxoznrr sua-nrrensnoe YMeHbIIle­

Hlfe Benl1lIl1HbI D, lITO caanerenscreyer 0 rerepoxoary­

n1lU,lfOHHOM nsrnenenaa 6lfHapHOH CMeCI1 MKU,-Ti02. 

MaKCI1MYM norepa arperaTI1BHOH If ce.nI1MeHTaU,IIOHHOH 

YCTOHlIl1BOCTI1 Ha6nIO.naeTC1I npa pH 8 (D = 0.11). IIpH 

sneztenaa KK pafioaas ofinacrs pH, B KOTOpOH nponc­

xomrr asrneneane MKU,-Ti02, 1IBn1leTC1I fionee II1I1PO­

KOH no cpaBHeHI1IO C OT.nenbHbIMI1 xoarynaaraxcr. TaK, 

pafioxaa ofinacrs Benl1lIlfH pH .nn1l rnraaancynstpara 

COCTaBJI1IeT 4-6.5 (pac. 2, KpHBaH 2), M1I cynupara aJIIO­

MI1Hlf1l - 5-9 (Kp11Ba1l 3) . Kpoue Toro, asenenae KK 

ysenn-nraaer 3<p<peKTlfBHOCTb xoarynsnaomroro nsrne­

neHI111 CMeClf MKU,-Ti02 rro cpaBHeHI1IO C .neHCTBl1eM 

orztensnsrx xoarynxaros. Hafimonaesroe ycaneane xoa­
rynapyiomero .neHcTBlf1l KK ofiycnoaneao onaospeaea­
HbIM npoxoaoieaaeu aecxonsxnx rerepoxoarynxuaoa­
HbIX nponeccos B 06pa3YIOIl.I,eHC1I MHoroKoMrroHeHTHoH 

aacnepcaoa cacreve, coztepacauteii orptmarensno aa­
psaceansre lIaCTI1U,bI MKU" Ti02> nponyxrsr r anponasa 

TiOS04 If nonoaorrensno sapaaceansre nponyxrsr rn­

ztpomrsa AI2(S04h. 

IIpl1 pH>9 aenaxaaa D B03paCTaeT, CI1CTeMa CTaHOBlfTC1I 

BHOBb arperarnnao If ce.nlfMeHTaU,I10HHO YCTOHlII1BOH. 
Ysemrsenae OrrTlfQeCKOH rrnOTHOCTI1 ClfCTeMbI CB1I3aHO 

CTeM, lITO B .naHHoH ofinacrn pH see -racrnusr, npacyr­

cTBYIOIl.I,lfe B CI1CTeMe, 3ap1l)l(eHbI orpnuarensno (PHC. 2) 
[16, 18, 19]. 

Ilpa YBenl1QeH1111 xonuenrpanaa KOMrr0311U,I10HHoro 

soarynaara no 10-3 Monb'JrI (pac. 3) aafimonaeuaa 
panee reunemms COXpaH1IeTC1I, onnaxo 3<p <peKTbI arpe­

rattan xacrmr asrpaacensr fionee 1IpKO. B cHnbHOKI1CnOH 

(pH < 3) If Il.I,enOlIHOH (pH > 9.5) 06nacTI1 pH xpaaas 4 
nesorr BbIIIIe KplfBOH 1, xapasrepasyroureii CMeCb MKU,­

Ti02 B orcyrcrane xoaryrraaros (D = 0 .6 If D = 0.29 

cooraercrseaao). 3TO caanerenscrayer 06 06pa30Ba­

Hlfl1 ce.nI1MeHTaU,I10HHO YCTOHlIl1BOH <pa3bI nponyxros 

ranponasa KK. YCTOHlIl1BOCTh CI1CTeMbI 06'b1lcm CTc1I OT­

cyrcrsaen npoueccos rerepoxoarynxnaa KaK B KI1CnOH 

(pH < 3), xorna see -racrmna sapazceau nonoaorrensno, 

TaK 11 B Il.I,enOlIHOH 06nacTI1 (pH > 9.5), xorna see lIaCTI1­

U,bI sapaaceasr orpuuarensuo. 

B 06nacTI1 pH 3-9 3HalIeHI1e D nezorr 3HalI I1Ten bHO 

Hlf)l(e KpI1BOH 1 (pac, 3), lITO csnnerenscrayer 0 xoary­

n1lU,I10HHOM asrzrenemra 611HapHOH CMeCI1 MKU,- Ti02. 

MaKCI1MYM norepa arperaTI1BHOH 11 ce.nI1MeHTaQHoHHoH 

YCTOHlIHBOCTI1 ClfCTeMbI npa BBe.neHl1lf KK (D = 0.085) 

Ha6nIO.naeTC1I B ofinacrn pH 3.5 -9 (pHC. 3, xpnaaa 4). 
Yaermsenae KOHQeHTpaU,lfH KOMrr03HU,I10HHoro xoary­

nanra C I Q-4 .no 10-3 Monb'rr1 rrpaaomrr K paCIIIlfpeHI1IO 

pa60lIeH 06nacTI1 pH xoarynarrra (pH 3.0-9.5). Onnaxo 
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D 

0.6 

0.4 

0.2 

4 8 12 pH 

PHC. 3. 3aBHcHMoCTb OnTH'IeCKOH nnOTHOCTH D KOMn03HUHH 

OT pH npa KOHueHTpaUHH xoarynsnroa 10-3 Monh·J11. 

B ,D,aHHOM cnysae KoarymU.\HOHHOe BbI,L(eJIeHHe 6HHapHOH 

CMeCH MKIJ:-Ti02 KK HeCKOJIbKO HH)I(e, qeM npa npa­
MeHeHHH KoaryJUlHTOB TC H CA (KpHBbIe 2,3) B OT,D,eJIb­

HOCTH. :fro CB5l3aHO C TeM, qTO B 06JIaCTH pH 2.7-4.5 H 

pH 6-9.5 3<p<peKTHBHOCTb KoaryJUlIJ.HOHHOro ,D,eHCTBHjI 

KKCHH)I(aeTCjI sa cser nOJIO)l(HTeJIbHO sapsacemrsrx rrr­
CA H 0TPHIJ.aTeJIbHO aapsaceaasrx TIrT COOTBeTCTBeH­

HO. TaK, B 06JIaCTH pH < 4.5 TIrCA (PHC. 3, xpasaa 3) 
H pH > 6 TIfT (KpHBIDI 2) OKa3bIBalOT CTa6HJIH3Hp)'IOII.J.ee 

,D,eHCTBHe na 6HHapHylO CMeCb MKQ-TiOz, 06 3TOM 

CBH,D,eTeJIbCTByeT YBeJIHqeHHe D B 3THX 06JIaCTjlX pH. 

TIPH pH > 9 BeJIHqHHa D B03paCTaeT, CHCTeMa CTaHO­

BHTCjI BHOBb arperarnano H Ce,D,HMeHTaIJ.HOHHO yCTOH­

qHBOH. YBeJIHqeHHe OnTHqeCKOH nJIOTHOCTH CHCTeMbI 

BO BpeMeHH CBjl3aHO C TeM, qTO B ,D,aHHOH 06JIaCTH pH 

see qaCTHIJ.bI, npHCYTCTBylOII.J.He B CHCTeMe, sapszceau 
0TPHIJ.aTeJIbHO (PHC. 2) [16, 18, 19], rerepoxoarynauas 
qaCTHIJ. KOMnOHeHTOB He npOHCXO,D,HT. 

Ha pHC. 4 npe,D,CTaBJIeHa 3aBHCHMOCTb OUTHqeCKOH UJIOT­

HOCTH HCCJIe,D,yeMblx CHCTeM OT pH npn KOHIJ.eHTpa-

D 
2.5 

1.5 

0.5 
I 

4	 12 pH 

PHC. 4. 3aBHcHMoCTb onTH1.IeCKOH nnOTHOCTH D KOMn03HUHH 

OT pH npu KOHueHTpaUHH xoarynaaroa 3'10-3 Monb'n-1. 

8 

Hsuaiaoea H. JI. u op. 

IJ.HH KOMn03HIJ.HOHHOro xoarynairra 3· 10- 3 MOJIb ' JI-l . 

113 pHC. 4 BH,D,HO, qTO B HHTepBaJIe pH 5-8 npa ,D,aHHOH 

KOHIJ.eHTpaQHH KK (xpasaa 4) Ha6JIIO,D,aIOTCjI BbICOKlle 

3HaqeH~D (D > 1), CBH,D,eTeJIbCTB)'IOII.J.He 0 ssrnenenaa 
3HaqHTeJIbHoro KOJIHqeCTBa HeCe,D,HMeHTHpylOII.J.HX npo­

,D,yKTOB rH,D,pOJIH3a HCnOJIb30BaHHbIX COJIeH, KaK H npa 
BBe,D,eHHH O,D,HOrO cynsrpara aJIIOMHHHjI (xpnsas 3). 
B ,D,aHHOM cnysae Ilf'T (PHC. 4, KpHBM 2) He OKa3bIBaIOT 

snasarensaoro BJI~H~ aa KoaryJUlQHOHHoe asrzteneaae 
6HHapHOH CMeCH MKIJ:-Ti02. Haanysureii 3<p<peKTHB­

HOCTblO KK 06JIa,D,aeT npn pH 4. 3TO 06bjlCHjleTCjI TeM, 

'ITO B ,D,aHHOH 06JIaCTH pH qaCTHQbI MKU aapazceau 
oTpHQaTeJIbHO, qaCTHQbI Ti02 He HMelOT sapana, TOr,D,a 

KaK qaCTHQbI Ilf'T H nrCA sapszcensr nOJIO)l(HTeJIbHO 

(PHC. 2) [16, 18, 19], qTO B 3HaqHTeJIbHOH Mepe cnoco6­

crsyer HHTeHCHBHOH rerepoxoarynaunn qaCTHQ KOMno­

HeHTOB. 

BblBO,lJ,b1 

nOKa3aHO, qTO KOMn03HQHOHHbIH xoarynxnr aa OCHO­

Be THTaHHJIcyJIb<paTa H cynsrpara aJIIOMHHHjI j1BJIjleT­

CjI 60JIee 3<p<peKTHBHbIM KoaryJIjlHTOM ,D,JIjI csreuraaaoil 
BO,D,HOH ,D,HCnepCHoH CHCTeMbI MHKpOKPHCTaJIJIHqeCKa~ 

QeJIJIIOJI03a-,D,HOKCH,D, THTaHa, qeM OT,D,eJIbHbIe xoary­
JIjlHTbI. 

OnTHMaJIbHbIMH YCJIOBHjlMH npHMeHeHHjI KOMn03HQll­

ouaoro xoarynanra j1BJIjleTCjI ero KOHQeHTpaQHjI 10-4 
MOJIb·.Jr1, HHTepBaJI pH 4-8. 

Tlonyxeunsre pe3YJIbTaTbI MoryT 6bITb HCnOJIb30BaHbI 

npa npOH3BO,D,CTBe 6yMarH ,D,JIjI yxrensureaaa nposana 
MeJIKHX BOJIOKOH QeJIJIlOJI03bI H HanOJIHHTeJIjI Ti02 se­
pea CeTKY 6YMaro,D,eJIaTeJIbHOH MarnHHbI H yny-nuenas 
xaxecrsa nO,D,CeTOqHOH BO,D,bI. 
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