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«Ca ru 
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1-1 MK 

CMew 

3v1l1. ) 

H.n. 1-'l 3MaHlloSa, A. B. nOpeH4COH, 

10. M. ~epHo6ep e )f(CKHH , 

nRHTbl ua ocso ae coneCi a nIOM~ Hl-1il . 6na­
roaaps ~ x I-1 C nO nb30sa H~1O xoarynaxros 
3arpR3HeHHO CTb 80gbl 3H aY~ Ten b HO C H ~ ­

uennonosu, H an on H ~T en R ~ xoarynssros 
s MHoroKoM no HeHT HO~ C ~CTe Me ~ HaXO )l(­

g eH ~R O nT~ Man b H b lX y c no s ~~ 3T~X 83all­

HblX ~ 

MrHOE 

My no 

ens rrv pn lKaeTCR [1]. AnR np aKT~K~ MOlKeT TaKlKe M o ge ~CT s ~VI . nl-1ye c 

npenctaanars ~HTe p ec np~MeH eH ~ e s Ka­ npegn ara eMail CT aTbRnocsauie-aHC­ nony­

-recrse KoarynRHTa c o n e ~ T~T aHa. c n e g 0 8 a H ~ 1O 8n ~RH~R pH Ha s3a ~MoAe r, ­ none 

AnR n p egnp~ Rn1 ~ L(6n npotinexa BKayeCT 8e H an o nH~Ten e ~ 6yMalKHoVl crsae 80g HbiX g ~ cn e p c ~ VI Y a CT ~l1 M K~ II H eH~ 

YMeHbw eH~ R K On~YeCTSa ~ creneuu sar­ MaCC bl n p~M e HR IOT pa3n ~ YHb le M ~ Hepa n b ­ HanOnHI-1TenR Ti0
2

• apen 
pR3H eH~ R CT OYHbl X sag ~Me eT nepaocre­ Hble c o e g ~ H e H ~ R - «aonnu. Kap60 HaT B «a-iecree 06beKT08 ~ c cn eg 0 8 aH II ~ p H C 

neuuoe 3 H a Ye H ~e . BMOKpoCi YaCTl-1 6yMaro­ Kan bl.(I-1 R (ocalKgeHHbIVl, MonoTblCi) ~ np., 6 bln l-1 sbl6 paHbi M I-1K POKp~CTan n~Y eCKa~ «pH­

g en aT e nbH o ~ Ma W ~ Hb l ( 6A M) 06p a3ylOT­ npunaoum e 6y Mare H e 0 6 x og~ M bl e Mexa ­ uenmon oaa ~ g1-10KC~g T ~TaH a. H e (l.1O TjJ ~ Tenb 

CR aonos aoconepxa ume CT OYHbl e sonu HI-1 4 e C K ~ e, O nT ~YeCK~e ~ n on ~rp a cjJ ~ Y e c­ Ha TO, YTO MI-1KpOKpI-1CTann ~YeCKaR uenno­ pOSe 

(npoaou), CO CTo R U1 ~e ~ 3 80nOKO H uenno ­ Kl-1e csoacraa. n p ~ M eH eH ~ e M ~ H e p an b H bl x nosa Wl-1p OKO He ~ c no nb3ye T c R 8 6Y ~l a)l( ­ CT80 

n 03bl 1-1 Ya CT~l.( H an o nH ~ T en R , xoropue H a n o n H ~Te n e ~ ~MeeT TaKlKe ~ 3 K OH OM~­ HOM n p o~ 380 gCT8e , oua R8nR eTCH YAo6 ­

H e o 6 x og~ M o yga n ~ Tb gnR 06 eCn eYe H~R yeCK Oe 3 Ha Ye H ~e, TaK KaK n0380nReT3a­ HblM MogenbHblM 06be KToM AnR uc cnenc­ -raci 
3KOnO r ~Y eCK ~X H o pM aT~ 8 0s . AnR 3TO ro Ha M eH~Tb yaCTb sonokna 60nee g ew e 8bl~' 8aHI-1 R, M ogen~p Y IOU1~M np ~ MeHReMYIO B 3ne f 

npennpnsrwax ~ c nonb3 YIOT 060p OTH ylO M~He panbHblM M aT e p~ a noM. Bnocnensee npowssoncree uenru onosy. Ee C80VlCTBaII 8eg 

80gy no 3 a M K Hyr o~ cxene. 3TO cYU1eCTs eH­ speMil s xa-re ctee aanonaarens W~ POKO np~Me He Hl-1e nonpce uo ~3 nOlKeHblS [3, 4J, HeH 

HO C H ~lK ae T norpetin euae c 8elKe~ 80gbl, n p~ M eH R eT c R g~ O K C ~ g TI-1 TaHa (Ti0
2

) , KO­ n p~ M eH e HH aR H a M~ 8 pariore M ~KPOKP I : ­ V1 3 I 

YMeHbwaeT norepa eonoxaa ~ HanOnH I-1­ TOpblVl orinanaer I-1CKnI04 ~ Te n b HO SblCOKOVl CTannl-1 yeCKa R uenm onoaa npencrasnaco­ CO C: 

renejt. Ho y 3TO~ C ~CTeMbl ecr s pRg Hego­ 6e n ~3 Ho Vl (go 97-98 %) ~ Manb lM ~ pas­ 60Vl cjJpaK l.(1-11O xnonkosof MKL\ (MKL\ ­ n nn o 

CTaTK08, rn a sHbl ~ 1-1 3 HI-1 X, :310 TO, YTOCY8e­ MepaM~ 4aCTI-1l.( (s cpense» 0,3-0,5 MKM) . OAO «nOnI-13Kc», r . 6 ~ ~CK) C pa3Mepa:'1I1 Kay 

n~4 eH~ e M cre neua I-1 Cn Onb 3 0s aH~ R 060 ­ AalKe n p ~ ManOM ero cogeplKa H~ ~ (2-3 % Ya CT~l.( 1-200 MKM. It1 cnonb308aHHblr,A\\­ non 

pOTHO Ci 80gbl KO H l.(e H Tpal.(~ R 3a rp R3 He H ~ ~ K Macce 80noKOH), OH npunaer 6yMare o KC ~ g T~T aH a n ~ r M e H T H b l ~ - C~HT e TH Y e C ­ mel 

8 HeCi eospacraer. 4TO np ~80g~ T K ~ HT e H­ SblCOKYIO creneus Hen p0 3 paYH O CT~ [1] . K~ ~ H eO praH~Y eCK~~ nl-1rMeHT 6enara Am 
C ~8 HOMY cn ~3e0 6p a30sa H ~1O Ha 6A M ~ n OT e p~ Han onH~T enR 8 npoaaaoncrse usera, aHaTa3Ho Vl cjJO pMbl, C pa3Mepa MII CTB 

KaK cnencra ae yxyg we H~ 1O Ka4eCT 8a 6y­ MoryT nocrarats 50-60 %. ygep lKa H ~e Y aCT ~ l.( 0,3-0,5 MK M rrocr 9808-84). TOY 

MalKHoro ncnoru a [1, 2]. B C 8 R3 ~ C 3T~M sonoxua ~ Hanon H~T en R s 6yMamHoVl AnR~ ccn eg08a HI-1R 8n ~R H ~R pHHa833­ Baf 

80gbl gonlKHbl6blTb nonsepruyru noxans­ Macce ­ 3TO salKHaR gnR np a KT~K ~ sana­ ~MogeVlCT8~e YaCT ~ l.( s 80gHbiXg~ c n e p ClI ­ cjJ o 

HO ~ cjJ ~ 3~ K O-x~M~ 4 e c K o Vl O Y ~CTK e . -ra, n0380 nillO U1 aR pe urars KaK 3KO HOM ~ ­ RX MKL\, Ti0
2 

1-1 ~ X C Mec ~ 6bln np~ M eH eH yp, 

AnRynYY We H~R c8R3eVl Memgy KOM no­ yeCKl-1e, TaK ~ npu pon oox pauaue son po­ MeTog cnex rpotporo aerpaa . 3TO T MeTOA n l-1 

HeHTaMI-1 6yMalKHoVl MaC Cbl 8 C ~ CTeMY go­ Cbl. Pe we H ~e 3TO Ci 3a ga y ~ 803MOlKHO n p ~ n03s0nReTOl.(eHI-1Tb ~ 3 Me He H ~ R arperan1B­

6a 8nilIOT CS R3YIO U1 ~e , H an p~ M ep Koary­ ~ c cn eg 0 8 aH~1-1 83a1-1Mo geVlCT8~VI Y a CT ~l.( HOVI ~ ce A~Me HTal.(~OHHO~ YCT O ~ YHBO CTl I TI-1 

J 
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C~Cre M b l nOA B03AeikrB l-leMrex l-lfll-l l-lH bIX 

~ aKTOpo B . Vl 3MepJ1fll-l l-l 3MeHeHl-le onrn-ec­
KOH nIlOrH OCTl-l Al-lcnepCl-l i-i BOBpeMeHl-l Ha 
cKaHVo pYIO U\eM cnexrpodior oaerpe LE KI 
SS2109UV npa gnVoHe BOflHbl 540 HM. 

IJ,1l J1 npuroroaneuaa cycneH3 l-l l-l MKl.( 

HasecKy nOIlVoAVocnep cH oro nopour xa 1 r 

nO Me U1all Vo B1000 Mil AVoCTl-lllfll-lp OB aHH oi-i 
SOAbl ~ Bblgep}j{VoBafll-l B Te4eHl-le 10 MVo ­

Hyr. 1J.nJ1 npuroroaneuna cycneH3 Vo l-l Ti0
2 

HasecKy 0,025 r noxeuran« 6 500 Mil gl-lC­

rHnn ~ po B a H H o i-i sonu. nocne-iero cycneu­
JHIO Bblgep}j{Vo 6anl-l BTe4eH l-le10 Ml-lHyT 6 

ynbrpa3ByK060i-i 6aHH e (Y3B - 1,3 MapK l-l 

«CampVo p») gnJ1 AOCTl-l }j{eHl-lJ1 Hal-lflY4wero 

AHcneprVo pOBaHl-l J1 . CycneH3l-l1O CMeCl-l Ti0
2 

HMKl.\ rorosan a MeTOAOM MrH06eHHoro 
c~\eWeH Vo J1 [5] VoCXOgHblXpa604Vox cycneu ­
JfIH . 1J.nJ131Oro orriapana no 50 Mn VoC XOA ­
HbiX pa60yVox cycneH3Voi-i MKl.( Vo Ti0 Vo 

2 

J.lrHOSeHHo cnusan». nOllY4eHHYlO eucre­
J.ly nocne g06aBneHl-lJ1 He06xOAl-lMOrO KO ­
nnsecrea U\eIlOYl-l l-llll-l Kl-lCnO Tbl C uenuo 
nOllyyeHVo J1 onpenene uuo ro 3HayeHl-lJ1 pH 

nOl;ell\aJl l-l BKI06ery l-l onpenensnu l-l 3Me­
HeHv.eonTVo yeCKoi-i nnOTHOCTl-l Cl-lCreMbl 60 

BpeMe HVo 6 reyeHVo e 60 MVoHyT. 3Ha4eHVoJ1 

pH C ~CTeM o rip enennn Vo ua pri-aerpe 
«pH-410» CKOM6l-lHVop OBaHHbIM Vo 3Me pl-l ­

renbHbW,31leKTpOAoM3CJlK- 01.7. PerynVo ­

posaHVoe 3HayeHVo e pH ocyutecrsnsnn pa­

CTBOPOM0,1 H H SO, VonVo 0,1 H NaOH .
2

3 Il e K rp O K Vo H eT Vo 4 ec K Vo ~ nOTeHl.\Vo all 

tacruu onpenenanu MeTog oM MVo KpO­

3neKrpocjJope3 a cornacnoMeTOAl-lK e npn­
seAeH HOv. B [6]. npl-lMeHJ1nl-l Bl-lgO l-l3Me­

HeHHylO J14ej;jKy A6paMcoHa, cocros utyo 
113ABYX l.\Vonl-lHAP l-l yeCKl-lX CTeKflJ1 HHbIX 

COCYAOB, COeAl-l HeHHbIX 6 Hl-l }j{He j;j 4aCTl-l 
moc xonapannensuu a xanannapoa . B 
K a ~ e CT s e 06pa TVoMbi X anexrpono s VoC­

nonssoeana MegHble nnaCTVoH KVo, norpy­
)I(eHHble B paCT60p MeAHoro xynopoca. 
AnHVo 30nJ1l.\Vol-l anesrponsoro npocrpaa­
(TBa npVoMe HJ1Ill-l arapoauti CTYAeHb. Vlc­
rO~ HVo KO M TOKa cny}j{l-ln YVI n-2. Ha OC HO­

s a H ~ Vo nonY4eHHbiX AaHHblX 06 snekrpo­
~op em~ec K o j;j nOABl-l lKHOCTl-l 4aCTl-ll.\ no 

ypasHeHl-l 1O CMonyx06cKoro pacc-rarsraa­
Ilfl1; - noreuunan xacrwu , 

Ha pnc. 1 npencraaneuu 3a6VoC Vo MOC­

TI1 ~ - noreuuuana 4aCTVol.\ MKl.( Vo T;02OT 

In 60 
;l; 

V' 
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Puc. 1. 3aBl-lCl-lMOCTb S-nOTeHl.\l-l ana yaCTl-ll.\ MKl.( (1) t-1 Ti0 (2) OT pH.
2 

0,2 

0,18 

0' 0,16 
.JJ 
I ­
U 
0 0,14 
J: 
I ­
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t:; 0,12 
e: 
a:: 
C1l 0,1
 
>0:
 
U
 
Ql
 
tr 0,08 
s 
l ­
e: 0,06 20 

30,04 

° 
0,02 

1000 2000 3000 4000t.c 

Pl-lC. 2. 3aBVocVoMoCTb Vo3MeHeHl-lJ1 onTVo4ecKo~ nnOTHOCTVo 60AHbi X cycneH3l-lj;j MKl.( 

OT BpeMeHl-l npl-l pa3nl-l4Hbl X 3HayeHl-lJ1X pH: 9,0 (1) ; 6,3 (2) ; 1,3 (3) . 

pH Cl-lCTeMbl, l-l3 xoropuxcnenyer, 410 l-l30­

3neKTpl-l 4eCKaJ1 r 04Ka (Vl3T) MKl.( uaxo­

Al-lTCJ1 npu pH = 2,2; a Ti0 npa pH = 4,0.
2 

Haj;jAeHHble 3Ha4eHl-l J1 Vl 3T cornacyerca C 

nVoTepaTypH blMVo AaHHbIMl-l [7-9] . npVo pH 

suure Vl3T 06a 06beKTa Vo ccneA06aHVoJ1 
l-lMelOT OTpVol.\aTenbHblj;j 3apJ1 A, a npl-l pH 

Hl-l lKe Vl3T4aCTl-ll.\bl Ti0
2 

sapnx euu nono­
lKl-lrenbH O. AIl J1 -racruu MKl.( nepesapan­

. Kl-l He Ha6nlOgaeTCJ1 . 

Ha pile. 2 npaseneu PJ1A 3aBl-lCVo MO ­
CTej;j OnrVoyeCKoj;j nnOTHOCTVo (0) nncnep­

cvo j;j MKl.(OTspexeua, xapanrepasyiouutx 
arperar aa ayio Vo ceA Vo MeHTal.\ Vo OHHYIO 

. I53 . I' I' :.< llenrnonosa6yMara KaproH 
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Q) 
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0 1000 2000 3000 t,c 4000 

PY1 e. 3. 3a BY1C Y1 MOCTb Y1 3MeH eHY1R Om Y1 Y eC KO ~ nn OTHOCHI B OAHO~ AY1CnepCY11-1 TiO, 
OT BpeMeHY1 npu pa3nY14Hbl X 3Ha 4e HY1 ilX pH: 9,0 (1) ; 6,3 ( 2) ; 1,3 ( 3 ) . 

0,5 

e: 0,45 
Jl 
I- 0,4U 
0 

I-
J: 0,35 
0c:: 
t: 0,3
 
0;
 
ra 
::.::: 0,25 1 
o 
Q) 2 
:T 0,2s 3l-
t: 0,150 

0,1 

o 1000 2000 3000 t.c 4000 

PY1e. 4. 3a B Y1C Y1 ~lOCTb Y1 3MeH eHY1il Om Y1 YeC KO ~ nn OTHOCTI-1 CMeCY1 TiO, OT BpeMeHI-1 

npv p a3n Y1 4HblX 3Ha4e HY1 ilX pH : 9,0 (1 ); 6, 3 (2) ; 1,3 (3) . 

npY1BOARll\aR K YBenY1 4e HY11O YCTO~Y Y1B O C ­ BeT 

TI-1 CI-1CTeMbl . KP~ 

H a pac, 3 npY1BeAeH PRA 3a B Y1 C Y1 ~10C ­ Hl>1 J 

T e~ O m Y1 4 eCKO ~ nn OTHOCTY1 (D) BOgHOil cnn 

AY1 Cne p CY1 ~ TiO, OT BpeMe HY1, xapasreps­ Bbl E 

3ylOll\I-1X a r p e raT Y1 BHYIO1-1 CeAI-1Me HTal.\Y10 H­ r -
HylO Y CTO~YI-1B OCTb I-1c c negy eM o ~ CY1CTefl b1 

np Y1 p a3nY1YH blX 3Haye HY1ilX pH. KaK B~A­ Ta n 
HO Y1 3 pac. 3, BO Bce~l I-1CCn eAoBaHHo:·: HO( 

AY1 an a30He p H cycneH31-1 il TiO, xapaxreps­ ( cn 

3yeTcil 3Ha41-1TenbH O 60nee BblCO KOH ce­ Ta R 
AeMeHT al.(1-10HH O~ Y CTO ~YY1B O CTb lO , no­ eT 

cKonbKY paaaepu YaCTY1l.( TiO, no cpasue­ HY1 1 

HY1 10C MK1.1 3HaY Y1TenbHO MeHbw e. B 3TO ~: HY1 

cny-ae raioue Ha6n lOAaeTcil Bn Y1 RHY1 e pH y ac 

Ha Y CT O~ 4 Y1 BOCT b CY1CTeM bl. H aY1 6 0 nbw e ~ ilBJ 

a rp e ra T Y1 B H O~ 1-1 ceA eMeHTal.(Y1 0 HHOH ye­ 6 ,3 

To CiYY1 BOCTblO TiO, otin anaer n p Y1 p H=9,O, eTC 

HaY1 MeHbWeCi n p Y1 pH 1, 3 . 3TO cornacyer­ ' ~ e ( 

Cil C A aHH bl ~lY1 no S- nOTeHl.(l-1 any ARR sac­ pY1 

TI-1l.( TiO, (p Y1c .1, Kp Y1 BaR 2). n p Y1 pH<4 n OJ 

( p H" )l) ya CTI-1l.(bl TiO, 3ap R}t{eHbl nOnO)l{11­

TenbHO, 3 Haye HY1 R S- n OTe Hl.(Y1ana He npe­ 6n 
euuraior 10 MS, cnenoaarensuo KoarynR­ yMI 

l.(l-1 il YaCTY1l.( TiO, B 3TOM Y1HTepB ane B03­ BpE 

Mo}t(Ha, 4TO 1-1 Ha6n lOAaeTcR 3KC n epY1~le H ­ l>1X 

ransso npY1 pH = 1,3 (PI-1e. 3) . npl-1 y BenY1 4e­ en 
HY1 1-1 pH CY1CTe Mbl p H> 4 (puc. 1, Kp Y1 BaR 2) KO 

4a CTI-1l.(bl 3a pil}t{e Hbl OTp Y1 l.(aTeDbHO Y1 3Ha­ 4a 

y e HY1 J1 S- nOTe H1.1 Y1 ana YBenY1 4Y1Ba IOTCR no pf­

MOAyn lO ennors AO 50 MB, B CBR3Y1 C 3T~ M 101 

B0 3p aCTaeT pons 3n e KTpOCTaTY14 eCKOH co­ nc 
CTa B n J1lO 11\e~ 3Hep rY1 Y1 B 3 a Y1M OA eCi CTB~ H HI 

4aCTI-1l.\. npI-1B OAR ll\e ~ K Y B en Y1 YeH~1O Ha­ p c 

6nlO Aa eMo ~ YC TO ~ 4 Y1 BOCTY1 CI-1 CTeMbl npl', AI 
pH 6,3 1-1 nanee npa p H 9, 0 (puc. 3) . C 

Ha puc. 4 npenctasn enu 3 aBY1CY1 ~1 0 C ­

TY1 Y1 3M eH eHY1 J1 O m Y1 4eCK O~ nn OTHOCHI K 

CMeCI-1 MKl.1 Y1 Ti O, OT Bp e ~\ eHY1 n pY1 paa ­ C 

n l-14Hbi X 3Ha4e HY1 J1X pH , Y1 3 KOTOPblX cne­ " 
gyeT, 4TO YCToCi41-1 BOCT b CMew e HHblX cue ­
TeM TaK}t{e J1 BnReTCR ¢ YHKl.(Y1 e~ p H, ~ ee 

MY1 HY1 MYM Ha6 n 1OAa eTCJ1 B K Y1 C n O~ otin ac­
YCT O~YI-1BO CTb I-1 c cn eAyeMo ~ CI-1CTeMbl npa npl-1 p H= 9,O; Hal-1MeHbWeCi - npY1 pH=1,3 . TI-1 ( pH=1,3) . 

pa3nl-1YHbiX 3Hay eHI-1R X pH. KaK BI-1AH O 1-1 3 3TO cornacyercs C AaHH blMI-1 n o S- noTeH­ n p e ACTa Bnil n o Y1 HTepe C np OBeCH\ 

pY1 C. 2, BO seen Y1 CCneAOBaHHOM AY1ana30 ­ 1.1Y1 any gn il y aCTI-11.1 MKl.1 ( p Y1c. 1, Kpl-1B aR 1 ) . cpaaaeuae peansuo Ha6n lOAaeMbix Y1 3Me­

He pH cyc neH3Y1 Y1 MKl.1 RBnil lOTCil CeAY1 Me H­ npY1 p H<2 ( pH V1 3T) ya CTY11.1bl MKl.1 He 3a ­ H eHY1~ OnT Y14 eC KO ~ nnOTHOCTI-1 BO spene­
Ta1.11-1 0HH O HeYCTOCiYY1BbI MY1, 0 4e M CBY1 Ae­ pR}t{eHbl Y1 , cnenosarensuo. 3Hep r Y1 R orran­ HI-1 CMeCY1 KOMnOHeHTOB M Kl.1- TiO, (puc. 4, 

renscrsyer CHI-1}t{eHY1 e OmI-14 eC KO ~ nnor­ KI-1Ba Hl-1 il y aCTY11.1 paaua Hyn lO. npY1 pH=9,0 xpasue 1- 3 ) C 1-1 3MeHeHY1eM OnTY1 yeCKOH 

HOCTI-1 CI-1 CTeMbl BO BpeMeHI-1. HaY160nbwe~ YaCTY1l.(bl Cl-1n bHO 3apR}t{eHbl, B CBil3 Y1 C3TY1M nn OTHOCTY1, nonY 4eHHblM Y1 CyMMY1pOBaHY1­

ar perarueson Y1 ceA I-1 ~\e HTa 1.1 Y10 H HO ~ yc ­ B03paCTaeT pons 3ne KTpO CTaT Y1 Ye CKO ~ CO­ eM Y13MeHeHY1 ~ D AnR OTAen bHblX KOM no­

TOCi4Y1B OCTblO cycneH3Y1il MKl.1 otinaaaer CTa B n illO ll\e ~ 3Hep r Y1 Y1 B3aY1 MO Ae ~CT B Y1il , HeHTOB (a AA Y1 TY1B Hble Kp I-1 Bble), npY1 COOT-

l.\emllono3a 6YMara KapTOH ',' I' : Ii 54 
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Be TCT B YIO U\ ~ X 3HaYeH~J'lX pH (puc 2 ~ 3; 
K p ~B ble 1-3) . Pe3YJl bTaTbi r axoro cpasue­
H~H npencr aeneau Ha pac, 5 B B ~A e 

cnnou nr ux Jl~H~ i.1 B nepson cny-rae (K p ~ ­

sue 1-3) ~ nYH KT ~pHbI X Jl~H ~i.1 (xpwaue 
i' -3') - BO BTOpOM . 

n p~ pH= 9,0 B ~AH O , YTO3Kc nep~Me H ­


Tan bHaJ'l 3a B~C~ MOCTb O nT ~ 4ec Koi.1 nJlOT­

H O CT~ Jle>K~ T H~ >K e aAA~T~BH o i.1 K P~BO i.1
 

(cnnour uaa Jl~H~H rp a<jJ~ K a ~ npepusu c­

TaH,cooTBeTCTBeHHo). 3TO c B ~AeTe Jl bCT BY­


er 0 B 3 a~M oA ei.1 CT B~ ~ 4 a CT~l.(, 06pa30Ba­

H ~~ arperaros ~ ~x ceA~Me HTa l.\ ~~ . Cno­


M H ~ >KeH ~eM pH AO 1,3 B3a~ M o Ae iiCT B~e
 

H ~ a CT~ l.\ TaK>Ke npoacxonnr. OAHaKO, npo­

i.1 HBnHeTCH MeHee ~HTeH C~BHO . n p~ pH = 

6,3, B 3 a ~M oA e i.1CTB~e Y a CT~l.\ He np0J'l BJlH­
J, eTCJ'l, 06 3TOM CB~AeTeJlb CTByeT npaxra ­
r- ~e CKoe coananeuue aAA~T~ B Ho i.1 ~ sxcne­

p~ MeHTaJl bH O ii O nT~ YeCK~X nJl OTH oCTe i.1 , 
:4 nonyyeHH blXAflJ'l CMe c~ . 

1- vb puc. 5 B ~AHO , YTOnp ~ pH 1,3 Hd ­

6nlO AaeTcH H a~ 6 0Jl ee 3 Ha Y ~ Te Jl b H Oe 

1­ YM e H bw e H ~e O n T~ Y eC Ko i.1 nJlOTH O CT~ BO 
3­ Bpe MeH~ , T. e. 0 6p a3 0BaH~ e arperaros ~ 

1- ~x 6blCTpaHceA~ MeHTa l.\ ~ iL 3TO cornacy­
eTCHCAaHHbl~i~ par . 1 ( Kp ~Ba J'l 1 ~ 2), ~ 3 

.) KOTOpblX cnenyer. YTOrerepoxoarynauas 
1­ ~ acm l1 MKl.\ ~ TiO B03MO>KH a B 06 Jl aCT~ z 
P pHOT1-2, TaK KaK Y a CT~l.\bl MKl.\ He ~ Me ­

M lOT3apHAa, a Y aCT~l.\bl TiO, 3apH>KeHbl no­
1- n O >K ~TenbH O. np~ AaJlbHei.1w eM YBeJl~Ye­

H ~~ pH, OnT~Y e C KaJ'l nJl OTHO CTb C~CTeM bl 

pacrer . C~ CTeMa 60Jlee arperar weso ~ ce­
A ~ I~ e HT al1~OHH O YCTo i.14~B a , YTOCBi13a HO 
c YB en~ YeH~ eM orpuuareneuoro aapsna­
noreauaana 4 a CT~l.\ MKl.\ ~ TiO, (puc. 1; 
Kp~ B ble 1 ~ 2). np~ pH=6,3 CMeW aHH aJ'l 
C ~ CT eMa 06JlaAaeT H a~ 6 0Jlbw e i.1 arpera­
T~B HOi.1 YCT O i.1Y ~BOCTblO. 

Bce nOJl yyeHHbl e pesynstaru npose­
AeHHoro ~ C CJl eAOB aH~J'I c B ~ AeTeJl bCTBY­

lOT0 H e 3H aY~T eJlbH O M BJl~J'lH~~ BeJl~4~ ­

Hbl pH Hd arperaT~BHYIO ~ ceA ~ Me HTa­

~~OH H Y IO YCTo ii Y ~ BO CT b BOAHblXA~ cnep ­

C ~~ MKL\ ,TiO, ~ ~ x C M ec~. H a~ 6 0Jlbw aJ'l 

noreps YCTOi.1 Y ~ BOCT ~ AJlH YaCT~l.\ MKl.\, 
Ti D, ~ ~x cMeceii , Ha6Jl HOAaeT CJ'I B06Jl a­
m pH 1,3, KO TOpaJ'l 06yCJl OBJleHa npo­
~ec c a M ~ K oarYJlHl.\~~ Y a CT~l.\ MKl.\, TiO" 
araaxe rerepoxoarynaua« Y a CT~l1 MKl.\ 
HTiO, B ~ x CMec ~. 
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P~ C. 5. 3 aB ~c~ M oCTb peansuo Ha 6Jl lOAaeMbix (1-3) ~3MeHeH~J'I O nT ~ YeCK oi.1 

nJlOTHOCm C Mec ~ MKl.\ ~ TiO, ~ aAA~T~ B H bIX KP~ B bIX (1' -3') OT BpeM eH~ np~ 

pa3 Jl ~ 4 Hb1X 3 Ha Ye H ~ HX pH: 9,0 (1); 6,3 (2); 1,3 (3) . 

npOBeAeHH oe ~ C CJl eAOB aH~ e noxa­
3aJl O, 4TO npoacxonar He06xOA~M aJ'l , C 
TOYK~ 3 pe H ~ J'I T eXHOJlOr~Ye C KOrO npo­
uecca arperauua Y a CT ~l.\ MKl.\ ~ uanon­
H~T eJl H TiO" 4TO MO>K eT np~ B oA~Tb K 
YA ep>KaH~1O HanOJlH~T eJlJ'l . 0AHaKo, raxoe 
3Ha Ye H ~ e pH (1,3) H enp~ e MJl e MO Cre x­
H OJl Or~4e cKoi1 T0 4K~ 3 pe H ~ J'I . SBeA eH~ e 

B c~CTeMY KoaryJlJ'lHTOB (~ B Y aCTH O CT~ 

TiOS0
4·2H 

,O) MO>KeT cnocoticraoaats 
npoueccy np~ 60Jl ee BbI COK~X 3 H a Ye H ~ ­

HX pH. 3TOT sonpoc 6YAeT paccx orpeu B 
Haweii CJleAYHO U\e i1 crar se. 
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