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MIi1 Kp OKpIi1CT annv1Y e CK a ~ uenruonoaa 
(MKl.() - OAHO 1i13 Ha li1 60nee nepcnex­

TIi1 BHblX np0 li1 3BOA HbiX l.\eIlntOIl03bl ­

B a >K H e ~ wero pacr arensuoro nonnnepa. 

nOIly YaeMa~ 1i13 n p J-1 pOAH O ~ uenmonosu 

BYCIlOBJ-1ilX KOHTpOIlJ-1pyeMOr, r J-1APOIl J-1 TJ-1­

YecKoCi AeCTpYKl.\J-1J-1, MKl.(06IlaAaeTyHJ-1­
KaIlb HOr, cnoco6HOCTblO 06pa30 B ~Ba Tb 

rena np J-1 ee AJ-1 cnepr J-1 pOBaHJ-1 J-1 B BOAe B 

YCIlO BJ-1l1X CABJ-1 rOBbIX Ha n p ~ >KeH Ii1 ~ . 

Wli1 pOKO e npJ-1 MeHeHli1 e sroro BJ-1 Aa 

npO AYK l.\1i11i1 B pa3nli1YHbiX co epax 3KO HO­

MJ-1K Ii1 [1, 2] CTaB ~ T ee no o6be Mynpona :« 

B 0AJ-1 H P~A C APyrli1MIi1 MHorOTOH a>KHbl­

MJ-1 BJ-1AaMJ-1 npoAyKl.\Ii1J-1 . B <jJapM al.\eBTJ-1­
Y eCKO~ npoMblwIleHHO CTJ-1 MKl.( J-1C nOIlb­

syer ca KaK HOCJ-1 TeIlb XJ-1MJ-1yeCK J-1X Be­

ll1eCT B- npJ-1 np0J-1 3BOA CTBe Ta6IleTJ-1pO­

BaHHblX<jJOpM MeAJ-1 l.\J-1 HCKJ-1Xnpenaparos, 

TaK Ka K OHa 06IlaAaeT Bbl COKO pa3BJ-1TOCi 
nOBepxHOCTblO J-1 BbICOKOr, aAcop6 l.\J-10 H­

HO~ cnoco6 HOCTblO. Cnocoouocr s MKl.(B 

BOAe C03AaBaTb CTa6 J-1Il bH blr, KonnoJ-1A­

HblCi r ens HaWIlO npli1 MeHeHli1 e B KO CMe­
Tli1yeCKOr, npOMblWIleHH OCTIi1 npa np0J-13­

BOACTBe KpeM OB . 

B nJ-1ll1eBoCi npOMblwneHH OCT J-1 MKl.( 

BBOA ~T B COCTaB nli1ll1eBblX npoAyKTOB B 
xasecrse J-1HepTHOr, Ao6aBK Ii1. B xnefio ­

neyeHli11i1 3TOnpJ-1 BOA J-1T KCHIi1 >Ke HIi1IO pac­

XO Aa OCH OBH blX J-1H rpeAli1eHTOB, BX O A~­

1l11i1X B peuerrrypy TeCTa, Ii1 YMeH bWeHJ-1 1O 

Ka IlO p J-1~ HOCTIi1 rOTO B O ~ npoAyKl.\J-1J-1 . Ao­
6aBIleHJ-1 e He6oIlb WJ-1X KOIlJ-1yeCTB MKl.( B 

XOIlOAHblr, necepr (XOIlOAHoe MOIlOKO, 
MOpO>KeHoe) n 0 3 B OIl ~eT coxpaaan, era 

nOTpe6 J-1TeIl bCKJ-1 e C BO~CTBa B TeyeHJ-1e 

AIl J-1TeIlbHOra nepaona BpeMeHJ-1. ( nOMO­

ll1 blO 3TO Ci Ao6aBKJ-1 3aMeA Il~eTC ~ POCT 

KpJ-1CTaIlIlJ-1KOB Il bAa. 
MKl.( Hawna npJ-1MeHeHJ-1 e Ii1 B kepa­

Mli1yeCKOr, npOMblwneHHOCTJ-1, TaK KaK 

Ao6aBneHIi1 e ee K CbIP0r, rnJ-1H e nocne 

o6>K J-1ra YBeIlJ-1 YJ-1BaeT npov HOCTb 3arOTO­

BO K. n pJ-1 o6>K li1 re T aKO ~ 3arOTOB KIi1 MKl.( 

auropaer, 06 pa 3Y~ 6en bl~ OCTO B, KOTO­

P bl~ ~ Bn~ eTC ~ KpJ-1TepJ-1 eM Ol.\eHK J-1 Kaye­
CTBa KepaM J-1yeCK J-1X J-13 AenJ-1r, . 

MKl.(npJ-1MeH~eT C~ B IlaKOKpaCOY HO~ 

npOMbIWIleHHOCTJ-1, TaK KaK reIlJ-1 ua ee 

OCHOBenpJ-1 BbICbIXaHJ-1J-1 oepaayiot OyeHb 

nIl OTHYIO cr py xry py ( 1,52 r/ cM3
) . Ilpa 

nJ-1pOIlJ-1 3e r axoro npenapara otipasyer ­

C~ npOYH ali cTpyKTypa a HaIlO rJ-1YHa~ 

crpyxrype r pa<jJ J-1 Ta. 
MKl.( 1i13 rOTOBIl~IOT KaK 1i1 3xnonxosoii , 

TaK Ii1 1i1 3 Ap e Bec H o ~ uenrn c noau [2-4] . 

n peJ-1 MYll1eCTBO xnonkoaoro CbIPb ~ (ne­
pen ApeBeCH bIM ) - 60Ilee B b I CO Ka~ CTe­

neus Kpli1 CTaIlIl Ii1Y HO CTJ-1, YTO o6ycnaB@­

saer n O B b l w e H H bl~ BblXOA MKl.(. (TeneHb 

Kpli1CTaIlIl Ii1Y HOCT Ii1 MKl.( nocne rIi1A Pon ~ ­

aa C OCT aBIl~eT 80 % AJl ~ xnonkcsof MK~ 

Ii1 65-70 % - A Il~ npeaecuux MKl.( [2]. 
MKl.(COCTOJ-1T J-1 3 crnensuux BbICOKO­

KpJ-1CTaIlIlJ-1Y HbIXarperaros , conepxauiax 
COT HJ-1 J-1 TbIClIYJ-1 MaKpoMoIle KyIl . 

nOIlyyeHJ-1e MKl.( oCYll1eCTBIllieTCRB 

ABa sra na. Ha nepso» l.\eIlnIOIl03Y npe­
epatuator B npenapar C n peAeIlbHO~ ere­

neHblO nOIl J-1Mep J-13al.\J-1Ii1 . A n~ st ore ee 

nonaeprao r rli1 APonli13Y B KJ-1CnOTaX, 6na­
ronaps YeMy aMop<jJH ble <jJ paKl.\1i1 1i1 uen ­
monoauoro BonOKH a paapyuiao rca. 

Ha BTOp OM srane MeXaHJ-1y eC KIi1M ~3 ­

MeIlbyeHJ-1eMn p0 J-1 3B OA~ T pasneneuwe Bbl­

COKO KpJ-1 CTaIl fl Ii1YHOr, uenmoncsu e npe­

Aen bH O ~ creneuuo nOIlJ-1MepJ-13al.\HH Ha 

OTAeIl bHble KpHCTaIlIlHye CKHe arperaru, 
~ M e H H O WHpOKJ-1M npJ-1MeH eHHeM 

MKl.(Bpa3IlJ-1YHbIXorpacnax nponsuuneu­
HOCT J-1 ooycnosneaa axryansuocrs Hccne­

AO BaH H~ YCTOr, YJ-1BOCT J-1 ee BOAHblX A~e­

nepcHCi . l.(eIlb AaHH Or, pa60Tbi - accne­

AOBa HHe arperaraa xoa H C eA Ii1 M e HTa l.\ ~ ­

OHHOr, YCTOr,YHBOCTIi1 BOAHblXAli1cnep e~~ 

MKl.( B pacr sopax HIi1TpaTa, xnopwaa ~ 

cyIlb<jJaTa aIlIO MHH H~ B Wli1 pOKOM HHTep­

sane Ii1 X K OHl.\ eH T pal.\ li1~ ( lxl0-5 - 2xl0 3) 

MOIlb/Il Ii1 pH [2-11]. 
BKayeCTBe o6beKTa Hcc IleA oBaHH~ 

arpe rar uaaof H c eAHMeHTa l.\~ OHHO~ ye­

l\enmoflooa 6yMara KaPTOH ••• • •. :. ., 52 
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TO~y~BOCT~ BOAHblX A~ Cn epC~ ~ MKq B 

paCTBOpaX cOllelii aIl IOM ~H~~ H aM~ ~C ­

nonsaoaaua MKL( ~ 3 XIlOnKOBOIii uenrno­

n03bl , BblnycKaeMolii B repone 6V1liicKe 

Amalii cKO ra xpas. 
1-13 Vl CxOAHOra nOIlVlAVICnepCH Ora no­

pOW Ka C pa3M epOM -r acrwu (1- 50) MKM 

nyreMera AVicneprVl poBaH VI ~ BAVI CTVlIlIlVI ­

pOBa HHolii BOAe VI AallbHeliiwera OTCTaVl­

BaH~~ 6blil a suneneaa cjJp aKl.\VI~ -r acrnu C 
pa3MepoM MeHee 15 MKM, KOTO pylO nanee 
HcnOll b30Ball Vi AIlH nparoronneuaa Vl C­

xogHblX pa36aBIleHHbix BOAHblX AVi cnep­
c~ii MKq B pacraopax coneji aIlIO MVl H VI ~ , 

PeryIl Vl poBKa pH npca asonana cs pacrso­
paM~ a30THolii KVl CIlOTbl (HNO), COIlHHOIii 

K ~ CIlO Tbl (HCl), cepHolii KVlCIlOTbl (HzSO.) 
Mpacrsopoa enxoro uarpa (NaOH) . 

MeToAoM cjJoToMeTpVlVl C Vl cnOllb30­

BaH ~eM cnexr porporox erp a C<lJ -4 6 

("-=540 HM), onpenenanucs onruuecuaa 

nn OTHOCTb Vl CXOAHO Iii C ~ CTe Mb l (OJ VI ee 
O n TI1 YeCKa~ nllOTHOCTb Yepe3 30 M~ HYT 

OTCTa~ BaHVI~ (030) ' 
Ha OCH OB aHVI~ nOllyyeHHbl XAaHH blX 

BbI Y ~CIl HllaC b Bell~YI1 Ha OTHOC~TellbHO ­

ro ~3M eHeHVlH OnTVl yeCKOIii nIl OTH OCHl 

(~ D " ,)30=° 0-03/00' xa pa KT ep~ 3y lO U1aH 
arperaTI1 BHylO 11 c e A VlMeH Ta l.\ ~OH HYIO YC ­

T o Iii Y ~ B O CT b C ~CTeMbl np u pa31lVl YHbiX 

3 Ha Y e H ~ ~X pH ~ KOHl.\eHTpal.\VlHx coneji 
aIlIOM Vl HVlH , Ha pac. 1-3 npencraaneuu 
3 a B ~ C ~ M O CT ~ (tJ. O",)JOaTpH np ~ pasna-r ­
Hbl X KOHl.\eHTpal.\~H X coneIii aIlIOM~H~H , 

KaK cnenyer Vl3 pvc. 1-3, B OTCyT­

CT B ~ e coneji aIl IO M~H VlH (KpVl Bble1) AVl C­

nepcus MKL( arperar aano yCT oliiY~Ba BO 

BceM Vl ccIl eAoBaHHoM VlHTepBaIle pH, 

BKnIOY a ~ 061laCTb Vl 3031leKTpVlyeCKOrO 

CO CTO ~ H ~ ~ , KO TopaH H aXOA~T CH He3aB~­

C~MO or BVlAa aHVlO Ha npa 3HayeHVI VI pH 

3,2 [5] , AIl ~ 06b~cHe H ~ ~ Ha61l lOAae MOlii 

YCTO ~ Y ~ BOCT VI npasn e-ieuu o n y6 1l ~ Ko ­

BaHHbie HaMVI pauee AaHHbi e no 3aBVl CVI­

~WCT ~ 1; - ncreuua ana -racrnu MKL( OT 
pH, a TaK}I(e pesynsr aru pac-ieta 3H ep­

r~ ~ B3aVlM oAeliiCTBVlH -racrau OT paccr o­

H H ~~ Me}l(AY H~M~ no Klla CC ~ Y eCKo MY sa­

p~a H TY re opau Aep~r~Ha- JlaHgay-<lJep­

ee-Oaepoexa. YYVl TbIBalO U1e MY TOllbKO 

3neKTpOCTaTVly ecKylO ~ M one KYIl~pH Y IO 

CO CTa B Il ~IO U1 V1 X [5]. 

0,9 .,--------- ------------------., 

." 0,8 
~ ,.cu

0,7
~ 
c: 
0 _ 

~ J 0,6 
a> _ 

~ t 0,5 
... 0 

~ g 0,4 
e '" ;;; c: 
~ 0,3 

g 0,2 

o
x 

0,1 

o I	 I 

o	 2 4 8 10 12 
pH 

PVl C, 1, 3aBVlVlMoCTb (6.00TH) 30 BOAHOIii AVi cnepc~VI MKL( OT pH B pacrsopax 
Alel3 CKO Hl.\eHTpal.\Vlelii (MOIlbj ll ) : 1- 0; 2* 10-5; 3 - 2* 10-4 ~ 4 -10-3 

." 0,9 
~ 
v cu 
tr 0,8 
~ 
c: 
0% 0,7 
cu 
x" o 6 0,6cu _
 
x "
 a> .... 
:t v 0,5... 0 

" x 
~ § 0,4 
.. c: 

0,3 ~ 
" 0 
v 

0,2 
i= 

0 
0,1 

o !	 ! 

o 2 4 6 8 10	 12 ____________~ pH 
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Al(N0 3)3 CKO Hl.\eHTpal.\Vl elii (MOll bjll) : 1 - 0; 2* 10-5; 3 - 2* 10-4 Vl4 - 10-3
 

KaKnoxasana pacxeru B061laCT VI pH 

(11- 5) ua KpVlBblX 3H epr~VI B3aVlMoAelii ­

CT B VI~ yaCTVll.\ cYU1eCTBYIO T B b ICO K ~e 

3Hepr eTVl yeCKVl e 6apbepbl, COCTaBIlH IO­

U1V1 e COTH~ VI A eC~TK~ egVl H~ u kT, otiec­

neYVlBalOU1V1 e Ha61llOAaeMy lO sxcnepa­

Me HTall bH Oarpe rar aauyio YCToliiYVl BOCTb 

BOgH OIii gVlcnep c~~ MKL(. 
npVl pH 2,8 VI pH 2,1 BeIlVl YVl Hbl 3Hep­

rer avecxoro 6apbepa COCTa B Il~IO T, COOT­

BeTCTBeHHO, 2 VI 0 kT ~ cjJopM allbHO He 
MoryT06bHCHVl Tb arperarw aayo YCTolii yVI ­

BOCT b gVl cn e p c~ ~ MKL(. Ha 6 1l lOg a eM a ~ 

3K cnep~MeHT allbHO arperaruau aa ycroa-

YViBOCTb B 3TOM cnysae ofiycno sneua Bbl ­

COKolii rVigpocjJ~llbHOCTblO Y aCT~l.\ MKL( ~ 

CY U1eCTBOBaHVleM nOIlO}l(VlTellbHOMCTpyK­

rypHOMCOCTaBIlHIO U1elii 3Hepr Vl Vl B3aVlMO­

geMCTBVI~ YaCT~l.\, B03H~K alOU1eM npn ne­

p e K p~ Ba HVl Vl rpaHVlYH~XC IlO e B BO Ab~O K ­

pyxao U1V1 XrViAPocjJVlIlbHbie yaCTVll.\bl MKL(, 
K coxaneumo, OHa He MO}l(eT 6blTb pac­

CY~ra Ha , TaK KaK Bnar eparyp e OTCyTCTBy ­

lOT AaHH bie A Il ~ MKL( no KOHCTa HTaM, xa­

paKTepVl 3YIOU1~ M3T ~ B3a~ MogeMCTB ~H, 

npVl B B eAeH ~VI conea a IlIOM~H ~ ~, npa 

Bcex Vl C Cll eAOB a H H~ X KO Hl.\eHTpa l.\Vl HX 
ccneji, Vl303IleKTp~YeCK aH TOYKa MKL( 

53 l~:!i!ttti"1 L(elllllOfi03a 6YM~ 
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l\eM IOIlOJa5yMara KapTOH 

CMell\aeTCl1 C pH 3,2 AO pH 3,8 [5], 4TO 
cBI-1AeTeJlbCTByeT 0 cnelll-1¢ 1-1 4 eCKO~ an­
COp6ll l-1 1-1 1-10HOB aJlIOMI-1 Hl-1 l1 B 3 TO~ 06Jla­
CTI-1 pH. Ha6JllOAaeMOe npn 3TOMyBeJlI-1­
4eHI-1e BeJl l-1 41-1H bi (.6.0 cBI-1 AeTeJlb­

0..)30 

CTByeT 06 YMeHbweH1-11-1 ar per ar aeao ji 
Y CT O ~ 4 I-1BO CTI-1 Al-1 cnepC l-11-1 MKl.\. Ha oc­
HOBaHl-1 1-1 3TI-1X AaHHblX MO>K HO cnenars 
BbIBOA, 4TO rI-1APO¢I-1JlbH OCTb 4aCTI-1 ll MKl.\ 
B 3 TO ~ 06JlaC TI-1 pH YMeHbwaeTcil npu 
aAcop6lll-1j,1 1-10 HOB aJlIOMj,1Hl-1il . 

B 06JlaCTI-1 pH 6 B CJl Y4ae Al (NO) ) 1-1 
Al Cl) oc otie uuo npl-1 KOHlleHTpa ll 1-11-1 
(2xlO')) MOJlbjJl BeJll-141-1H bi (.6.0

0,.) 
30 

OKa 3blBalOTCl1 60Jlee HI-13KI-1MI-1, 4eM B OT­
cYTCTB j,1e conef aJlIOM I-1 Hj,1l1 (PI-1c. 1 1-1 2 
xpassre 3 1-1 4), 4TO¢ OpMaJl bHOCOOTBeT­
CTByeT YBeJll-14eHI-1 1O YCTO~4I-1BOCTI-1 nep­
BOHa 4aJlbH O YCT O ~4 I-1B O ~ Al-1cnep cl-1 l-1 
MKl.\. Ta xo ji He0 6bI4Hbl~, Ha nepsu ti 
B3rJlilA,pesynsrar MO>KeT 6blTb 06bl1CH eH 
Ha4aJlOM 06pa30 BaHI-111 ¢ a3bl nOJlO>KI-1 ­
TeJlbHO 3apil>KeHHblX 4aCTI-1ll Al(OH)), I-1 X 
4a CTI-14H O ~ rerepoxoarynsuaeti C4aCTI-1­
llaMj,1 MKl.\, xoropu e npaotiperao r nOJlO­
>K I-1 TeJl bH bl~ aapsn 1-1 OCTa lOTCil no-ripe ­
>K HeMy arperar asuo YCTO~4I-1Bb IM I-1 . no­
l1BJleHl-1e BCj,1 CTeMe, nOMj,1MO MKL(, norton­
HI-1TeJl bH blX 4aCTj,1ll Al (OH)), npI-1 BOAj,1T K 

B03paCTaHI-1 1O BeJll-1 41-1 Hbi 030' 1-1 , CJl eAOBa­
TeJlbHO, KYMeHbweH1-1 1O (.6.0 ,.)30" 

0 

AaJl b He~Wee YBeJll-14eHI-1e pH (pH>6) 

BCJlY4ae Al (N03)31-1 AlCl3, a AJlil Al, (S04)3 
j,1 npl-1 pH>4 npl-1BOA I-1 TK pe3KoMy B03 pa­

CTaHl-11O BeJl l-1 41-1 Hbi(.6.00TH)30'yBeJl1-141-1Ba­
lO 11\e~Cl1 no Mepe pOCTa KOHlleHTpall1-1 1-1 
COJle ~ aJlIOMI-1Hl-1l1 . 3TOB03paCTaHI-1e CBI-1 ­
AeTeJlbCTByeT 0 3 H a 4 I-1 T e Jl b H O ~ nOTepe 
KaK arper a TI-1BH O ~ , TaK 1-1 ceAI-1 MeH Talll-1 ­
OHHO~ YCTO~4I-1BOC TI-1 CI-1CTeMbl, 06yCJlOB­
JleHO~ npOXO>KAeHl-1eM I-1H TeHC I-1B HO~ re­
re poxoarynauaa nepsona-ransso OTpl-1 ­
uarenss o 3apil>Ke HHblX -r acr au MKl.\ C 
BbIAeJll1lO 11\I-1MI-1Cil nOJl O>K I-1 TeJlbHO aaps­

>KeHHbIMI-1 4aCTI-1 llaMI-1 Al (OH)3' 
nOl1BJleHl-1 e MaKCj,1MYMOB Ha Kpl-1BblX 

(.6. 0 ..) 30OT pH, nOJlO >KeHl-1e KOTOpblX 3a­
0 

BI-1C I-1T OT KO Hll eHTpall 1-11-1 aaene unoro 
3JleKTpOJlI-1 Ta, 06yCJlOBJle HO npI-1 6JlI-1 >Ke­
Hj,1eM K 1-1 303Jle KTpj,14eCK oMY COCTOilHj,11O 

BbIAeJll1lO 11\I-1XCil 4aCTI-1 ll Al (OH)), KOTO­
pu e, cornacao JlI-1TepaTypHblM AaHHbIM, 

• I' • •• : 1< • 54 
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PI-1 c. 3. 3aBI-1 1-1M OCT b (.6.0oTHhoBOA H O~ Al-1 cnepcl-1l-1 MKl.\OT pH B pacrsop ax 
Al2(S04h CK OH lleHT p a ll l-1 e~ (MOJlbjJl) : 1 - 0; 2 ­ 10-5; 3 - 10-4 1-14 -10-3 
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Ha XO Al1TCl1 npa pH (7-8) [6]. B 3TO ~ 06­
JlaCTI-1 pH 06pa3ylOTCl1 Hal-160Jlee xpyn­
Hble He3apl1 >KeHHble 4aCTI-1llbi rI-1ApO KCI-1 ­
na aJlIOMI-1Hl-1il, rerepoxoarynnuas KOTO­
pux C4aCTj,1 ll aMI-1 MKl.\, npI-1BOA j,1T KHal-1­
MeHbwe ~ ar perar n B H O~ Y CTO ~41-1 BO CTI-1 

CI-1CTeMbl MKl.\ - COJlbaJlIOM I-1 Hl-1l1. 
npj,1 A aJlbHe~WeM YBeJlj,14e HI-1I-1 pH 1-1 

nOl1 BJle Hj,1j,1 orpauarensuoro aapsna aa 4a­
cruuax Al(OH)3 npouecc rer epoxoaryns­
lll-1l-1 3aMeAJlileTCil 1-1 npaKTI-1 4eCKI-1 npexpa­
uiaerca npu pH"'ll, xorna sees aJlIOM I-1HI-1~ 

BCI-1 CTeMe HaXO Aj,1TCil B aHI-1 0HHO~ ¢ opMe 

AlO,- , He 06Jla AalO ll\e~ Koa r YJll-1p YIOll\e~ 

cnoc06HOCTbIO no OTHOWeHl-11O K orpaua­
TeJlbHO 3apil>KeHH blM4aCTI-1llaM MKl.\ [7). 

CJleAYeTOTMeTI-1 Tb, ~TO 3¢ ¢ eKTnore­
pl-1 arperarws uof YCTO~ 4 j,1BOC TI-1 BHa1-1 60­

Jlee WI-1P O KO~ 06JlaCTI-1 pH [4-9] Ha6JlIO­

naercs B CJlY4ae BBeAeHl-1il Al,(SOJ 3' 
3TI-1M MO>KeT 6blTb 06bilc HeHo Wl-1 pOKOe 
npl-1 MeHeHl-1e ua npaKT I-1 Ke npa npoas­

BOACTBe pa3Jll-14HbiX BI-1AOB 6yMar l-1 B Ka­
4eCTBe xoarynsur a I-1MeHHO cynsrpara 
aJlIOMI-1 Hl-1il, a Henpyrux ero COJle~ . 

ABTO pbl npauocsr 6JlarOAapHoCTb 
npo¢eccopy 3.n. AKj,1 MY aa npocnorp 
pYKonl-1 cl-1 1-1 06cy>KAeHl-1 e nOJlY4eHHbix 
pesynsraroa.
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