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BBE)],EH \t1 E 

BblCOKODYl c n cpc H bI C n o p OLLlK H KPCMIIC3CM<I, B 

TOM ' I I I CJI C n O] I YYCllfl b IC MCTo.naM I1 r un pon uaa K p CM ­

IHl i1o p ra IlI1 YCC K H X COC)J.I1HCH l1 t i H llJl a3 M OXI1MH'IC­

CKo rO CH HTC3a, xapaKTcp H3YIOTC5I BbICOKOi:'1 crerre­
Il h l C¢CP H ' I H OCTH H H II3KOH C'T c n CH b lO IIOJIHJJ,HC­

TlCpC HOCT I1. 0 11 11 I Lll1pOK O npH M CII5IJ OTC51 B Ka ' l CCT nC 

JIa n OJI H I1T CJlc t i , c m I3YIO lJ\HX I1JI H I1CX OLl H b lX MaTCp l1­

anon B n poueccax :I OJl b - r CJI b CIH ITC3a. M OH OLl H C­

IICP Cll b lC 3 0 JI1I Si0 2 Moryr 6 bI T b HCn OJI h :30 11a HbI B xa ­
' IC CTIlC M OLlCJl b H Oi1 Cl1CTCM bl !J) I H H 3Y ' ICHl1 H cnoncru 
JHI CnCpCH b l X CHCT CM H , 13 ' l aCT H OCT H , 3a K O HO M e p JIO ­

CTCH Koa r YJI 5I/l HH . T COPH H Llc p 5IrH lla -JIa H,Llay-cDc p ­

BC5I- O Bc p Gc Ka ()],J l cD O) H TCOpH5I Koa ryJHHJ,HH 

CMOJIYXOllCK oro, flOJIY'I I1RlIJ I1C lll H p O KOC axc rtepn ­
MCHT aTl b HOC 1l0 ,ll.T HCp)I(UClI l1C, C p a a u u x rr O:HlU H11 n o ­

CTaTOYH O XOp O LIJO On l1Cb l BaIOT 3a KOH OMep H o c TH K H ­

HCTHKH KoarYJI5IU H H . O,ll. H a KO BO UP OC flP ~l M CH CII 115I 

3 T I1X TCOp CTIIYCCK H X n p C,lI.CTa BJICH l1 i i K fiestiapscpnotl 
KO<ll'y JI5Il IH I1, n porexa ro rue i t B Jra.n b llc M nOTcH UHaJlb­

H OI\I M H H I1MYl\ le, He Bbl 5ICIICIf II ,lI.OCTaT O' IHoH MC p C M 

rp 6yCT n am.n c ii u re r o n e r am . u o r o w3y'ICHI15I. 

IICJIhIO YCTa llOllJJCHl15I OCH OllH bl X ep a KTo poH, 

onpcJJ,cJUIIO UJ,l1X yCTOI1' IHBOCT b 30 H Si02, 11 OIJ,CHK H 

B03MO)l(HOCTH K OJl l1tICCTBCH n o r o orutcai1115I CUOi1CTB 

JJ.H c n CpCI1H C TOYKH 3p CH H H COBPCJ.\.H::H H OH TCOp l1 11 

yCTu tiYHBOCTH KOJUIOIIJJ.OIl, 6 b lJIO I1pOue)J.CH O I U Y1.JCflI1C 

KH HCT H K H KOal "YJ[5IlrHl1 MOfl OJl l1CnCp CH o r o K P Cl\1HC ­

30JI5I C paau epo xt Ya CT H LL, 6JIl13KH M K n e p x n e t t r p a ­

n u u e H a IlO,IJ.H a n a 3 0 I ra, n pac r u o p ax H H)J.H eb¢c p e HT ­

noro 3 JrCK"lp OJ1l1Ta N a C l n p u p a 3JH1 YH bI X "IU a QCH I15IX 

130 

p a 

Kp 
11:' 

p H (2 .0- 10.2) , xorna Il I IIHp OK HX upenenax H3MeWI ­
EO 
<P(

IOT C51. 3JI e KTp U rr o IlCp XH OCT! I f,I C xapaKTCpl1CTlIK II ' fa ­

CTHLI H, COOTllCTCT BCII II O. 6 aJI a HC nouepxuocrn blX 

CI1JI npu nx B3aH M o JJ.c H CT IlH H . 

OEbEKTbl \t1 M ETO)],bl \t1 CCJI E)],OBAH \t1 51 

B pafior e HCCJlCJJ.O BaJIH n l)J,p 0 30 JI b Si02, I10 JTy l ICH ­


Hbli1. 11 3 I10pOI1JKa MOIIO)J.H CIIc p CI-lOro a M o p elmora
 

KpeMIIC3CM a q>H pM bl M c rk " Mo nospher 250" , ' IaCTlI ­


UbI HMCJl ll CepCp H Y CCK y lO e!>o p M Y, I l XJ1 IHl l\ l CTP COCT a B­ 31 

JI5JJI 20 = 250 H M (nau u sre :JJICKT pOHHOH M I1KpOCKO­ HI 

nau) . C P C,lI.HHI.f p a auep tIaCTH U B UpH roT OUJICll llOM 0'1 

H:3 n o p o unca 30 JlC, on p c n eneu n sm MCTOJJ,OM .lJ.H I Ja­ M
 

MWl CCK o r o C13CTOpaCCeH HI151 u a npu fiope " N a ­


notrac " , p allW IJIC51 220 11 M .
 
Jlt 

J;13YY CH H C a rpe rar u a u o n YCTOH ' I H 130 CT l1 II xoary ­
C( 

JIm \ H l1 30 Jm n p OBO.lJ.HJI H M CTO,IJ.OM 1l0TOl..IHOi:'! y n srpa ­
3J 

M H K p OCK o n H H [1, 2] . D blJIH n OJl Y 1.JCH b l 3 a l3l1CH M OCT H BI 
tlHCJICH H Ot i K Ofll.!.CI ITPalLH H ' laCTHU 01' IlpCM CH H Ha­ p 
6JIlO)J.CHlHI. I1CXO,ll.l Ia~ 1 KOII UCH'lpaUH 51 4 a CTlI U B 30 ­ cjJ 
m ix COCTaBJHIJIa 1.0 x 107 C1\C 3. )],JI~I yMeH bWCII l1S1 II 
BKJlaJJ,a yaCTMIJ, " n s u ur ' pacr no pst r OT OHH JI H H a 6 11 ­ n 
JU1CT lIJIJI H p Olla H H o H BOllC, H KOT Op O i.f C JI Cp )l(aJI He II 
QaCTH ll " ru . u nr " H e n pea u urano 2 x 105 Cl\c .1, 'r.c . CO­ M 
CTaBJIHjIO HC GOJTCC 2% 01' H CXO.lJ.HOH x o u u e n r p a u u u II 
tIaCTH u. CPC,LlH5I5I n o r p eum ocri, H3MCP CHl I H COCT a R­ B, 

JI5IJIa 10%. Onsm.i I l p OB OJI HJ1 H n pu 'resmeparypc 20 ± 
± 1°C. Il pn 1l3y'Ielll1l1 yCT o t i 4 J1 110 CT H 3 0 JIc ii: K OII IJ,CH ­


Tpa U I110 'IaCT H U 3 0 JH) I13MCp HJI H n OCJIC YCTa llOBJ)C ­
 JJ. 

111151 pH 11.lJ.0 6 aRJI CH 115I 3 Jl CKT p OJIlITa N aC!. KOH UCH - 11 

72 
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73 V1CCJlELlOBAH HE BJlVl5-lIlVl51 pH 

'rp auu s ' 13 CTH U B onsrrax JIl 16 0 li e H3 1\ICIISlJraCb no 
IIp CMC IIII, 'ITO CBII.nCTCJl bCT BO [l(Ul O 06 arpe raruuaon 
YCTo~i ' IHflOCTII C IICTC M I.I, JI H6 0 n OCTcnCHH O yMCHh­

uran acs, ' ITO CIHIIlCT ' ll b CT BOllaJIO 0 n pOXO)l(l[CIII Il I 

npo uecca xoarynan na JI n 0 3 BO nno CYJlIlTb 0 CC CKO ­

POCTI I. 3a HyJICBylO TO'IKY OTClJCTa npCMCllII npu uu ­
,\ laJIl I MOM CH T nooa uneuusr ::)J1eKTpOllHTa n CHCTCMy C 

3aJIa HH bl M 3 Ha'ICH HC,\ 1 p l-l . YJl hTpa :mYKo BM o6pa­

6 0TKa 30JIH n pOflOJI HJIaC b B TC'I CH IIC 15 MI1I1. 1131\IC­

p CHHH IIPOBOJH tJ lH 13 TC 'ICI IH C 20- 26 -taco u. 

,.QrISl o npCJlCJICH HH 3JICKTp O Kll ll e Tl I YCCKO r O 110 ­

re uu nana -racr nu Si02 HCn Oll b 'JO B<UI3C h Ka K CTaH ­

Jia p T Ha 51 MCTO).J,I1K3 1\1 11 «poanexrpodiopcaa - Ha6JLJo­

J1CH HH c n CTO p a CCC5lI H l 51 IlBII )KYlUI1XC}1 KOJIJI O HIlH bl X 

Y3 CTl I Il HJIl I HX a rpe rar on C n O MO IU b lO O nTI1 'ICCKOro 

MI1KpOC KOl Ja [3, 41 C IJp H MCIl II IICM n1IIlmnMCHC H­

IIoti H' lcti KII Ao paw coua , Ta K H .naaepuoro JiOllJICp O n ­

CKOro onexr podiopcaa na aunnuaar opc MHK p OYa ­

CTlIU Na not rac . Il pu p a C'ICTC 3 JICKTp OKHIICT W ICCKO­

ro n OTCH U Han a nonpanxu II a nonnpaaau mo -racr u u 
n p 0 I30 Jl HJ1H 110 MCTOllY BHPCCl\ta [51. 

,.QrHI Bb lHCl lClIlHI np H' IH I I II a 6 J11o J.UlCl\lO ii ycron-m ­
BOCT H II Koa r yJ1S1 1J,H II 30JHI Sial 6blJ1H n poueneiu.r 
pac -rerta oueprun napnoro fl3aH MOJleiic T IHUI ' Ja CTl111 

Kp eMHe 30 51 no KJIaCCH'[CCKoi1 16, 71 II otioouteu noi i 
TCOP ll5IM )JJI<DO 18, 9J. B nepuoxt cay-rae pac-rer npo­
130 JIH JHI C ucno I h30I~I HH.C M tPOp MyJlbl ( I), no IITOpoM­

-151 ­
(lJOp MyJ l bl (2) :4a­

IblX v = Vi + Vm, (1) 

(2) 

rnc V" v'nI I ~ - HO H IIO - ::)J1CKT pOCTUTll' ICCK a SJ , nne­
cH­ IICpC HO HHU5I II cr pyicry p uast COCTa BJIHlO U1I1C :C> IICP ­
oro nUI1I3a l1 IOIlCt'IC BI15I -iacruu COOT BCTCT n CHH O . [I ep­
fl1­ Ba H In H I1X xapa icrcpnayer OT f a J1KH BaJHlC JIBOi1JlhIX 
aB­ ')JICKTpH'l CCKHX CJIOCB ()l.3C) , IITOp a 5I - MOJ1CKy JlSlp ­
KO ­ HOC (Il I1Cn CpC IfO H HOC) n pHTHiKCI-IlI C -racru u , Tp CTb51 ­
rOM OTTall KH Ba H It C rpnn u -nn-rx CJIOC B (FC) BO b l , npn ­
Ha­ MbIKaIO U(ItX k n o ncpXH OCT H y a CTlI U Kp CMHC3CM a . 
"la-

PaC' ICT cyl-. IMapl-lO M auepr u II napno ro B3a1IMO­

Ilc ifcT IIll H y a CT H U V npOBOJ.lHJ1I1 I3 n p c .n.110 JlOiKCHl Il1 
try­

C(I>Cp l l ' ICCKO lt (POPM b l lJaCT H U. 3 HCP flflO JlO II I-IO­
pa­

3JICKTpOCTaTW ICCKoro n33 HMOJlcl1CTBH H OJI.H IIa KO­
cm 

Bb[ X -iacru u rrpa yc IO Bl1l1 nOCTOSlH CTBa rtor en u aan a 
Ha­ p a CCYIfTh IBaJ1 H lUI 5I CI1MMCTpWlHoro 3 J1CKTpOJIHTa no 
30 -

(I>OP~I Y IC O UIH I-.fa, X lI JI I1 11 vaiira [10 ). Flpn paC'ICTC 
Hf Sl HOH HO- 3 JICKT p OC r a Tll'1 cxoro 133'W MO.n.c ik T BHH lI C­
ou­ n OJI b30Ba J11f paCC' HtTa HH bIC nCJI~I YI1 H hl 3 J1CKTpOKII ­
'lI1C HCT W ICCKO ro n OTCH U H<UIa (~- 1I0TCIl [ U1a.J1a ) . PaC' l CT 
CO­ MOJICK YMlPIIOi[ coc a BJIHIOlllC ii n p OHOJ1!IJIII co na c­
lli l1 HO ~IHKPOC KOIll1 ' [CCKOli TCOp l111 C y'ICTOM aanaan sr­
aa ­ Ba ll HH Jl\I Cnep CHOH H bI X CI1J1 [ 11, 12J. 
W± 

CrpYKTY P ll YIO COCTa OllSlI O lIiYIO 3 HCP l l11f 133a 1l1\l0­cH­
J1Cli CT BHH ' IaCTH U. fl0 3H H I' aJOI UYIO rrp u n c p CKp hI TH H 

.eH- rpan n-u u.rx CJ10 C13 , (1IOPMHPYIOUl HXC}[ Y n OBc p x HOCT H 
me­

HA KVlHETHKY A r PErA LJ, H H 

Cq>Cp HlJCCKHX 'laCTHU. p a CC' II IT h l B<U!l1 C IICnO!lb30na­

IHICM CJIC.nYIO lllCii cPOpMyJlbL 18.9, 131 : 

2eV:, = 1ta K / (3)x P(-7)' 
311CCb K - napau cr p I1HTCIlC IIB HOCTl l , 1- .LlJlI l Ha KOP­

pensuuru . OapaMCTPh[ K ll / xapaKTep ll 3YlOT IIcml'lHHy 

II P N U1YC .n.c it CT Bl IH C ~lJI crpyxrypuoro OTT,UlKH Ba ll ll H, 

lla OCHOIIC pacc-nrra u uux 311Cp n1j:'[ napnoro Ina ­

11MOJlCt'tCT BlHI lJaCTII U Ha XOJlIIJ111 (!Ja KTO pbl ycr oii-ru­
BOCTll. ,.QrUI " fiapr.eprroro" ~lcxalllnMa xoarynsrnuu 
pacxer diaxropa y CTO M' IHB OCT I1 ( WI) lI a XOJ.lI1J1l1 n o 

ypamrcm no 114. I S): 

W; = [1[3(u) )eX P (V~'?)dll] x 
(1I + 2f k 7 o (4) 

WI . I~(u) (VA(U)) d ]-1 x ? e. p u
[o(u + 2)' k T 

mC V(u) - c y MMaplia H 3 Hc p r m l K la llMOJ.ldiCTBlIH ' [3­

Cl'I IH, KOTo p m l o n p CJl CJHI Tcn KaK c y IMa HOHHO- :::>JICK­

T p OCT a TH lJCCKOii ( V;(u» , JUl c n Cp CIIOIHlOrl ( V,n( U» H 

CTPy K IY P HOti ( ~(u » COCTa BllSl lOlllHX; u = (r 2a)/ a ­
6 C3 pa3Mc pHOC OT IlOClITCJlbHOC paCCTOHH lle le)f(JlY 

s acr nuavu : r - p a CCTOHII HC ~IC)l(l[Y llCIlTpaMII usau ­
MOJlciicTB YIOllJ,l IX ' IaCT H ua M II ; ~ (u ) - f1IJ1pOJII IHaMH ­

'1CCKHH dia xrop, xoropsrii ~1aJI.aCTC } 1 CJICIlYlO lI llIM Ubl ­

p m KCH HC I 

~ = 61/ ~ 13u + 2, (5) 
6u- + 4u 

,.Qrl$l 6 c 36aph c pll o ro Mcxa H I13 ra Ko m YJIH H I111 B 

n OTCH 11 Hall 1>1101\1 MI1H H MyMC q JaKTO p y CTO tj ' H IBOCTI I 

( W2) O n pCJl Cll SlJ11f no QJOpMyJ1C [161 

00 exp {V(U)} 
(2a + hll1;r.) I k 'r, du 

a (u + 2r 
W - 11m", (6) 

2 - (l_ ex p {V,~,~~U)}) 

- KOopJI Hl HlTa nr opu -n roro 11 0 1' uunansuororne hmin 

MH HH I\IYMa . 

PE3YJ1bTATbl JtI HX 06CY>K1l,EHHE 

PC3YJ[bTa T b l 113 MCP CH I1il 3 _ KTpOKIIHCT H'ICCKoro 

n OTC H IHlaJIa -racrm t Si0 2 B 0.05 M pacr nopc aCI U 

OTCyrCT lHl C :::>JICKTpOmfTa npuneneust ua pu c. I , 113 

p lf CYII Ka BHJl ll O , 'I TO 11'30::>lIC KTpll'I CCKml 'ro-rxa 
(113T) -racr u u HaXOJI IIT CH n pn pH 2.8, ' ITO JIOCTa TO'I ­

110 xopouro cornacycrcn C JI urcpary pu hI M 11 JI.a ll I1bl ­

Mll , COfJIaCIl O KOTOphlM H 3 T lJa CT H U nu poreu uoro 
Kp CMHC3 CMa ( a 3 p OCH a O X - 5 0 ) n pac r uope Na'Cl ua­
XOIlHTC5I B lI HTCpBa J1C pH 2.5-2.9, a TO'lKa IIYJICBOr O 

sapnna - npn p H 3.0- 3.5 117-20 ). 

KO LJI OVlllH bl i1 ./K YPII TO M 76 NQ ] 20 14 
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PIlC. I. 3 alll1CIIMOCTII :)J[ e KTp OKI1HeT l1y eCKOr O nOTeHUI1­

ana ( 110 I3I1[Jc e Ma ) yaCHI U r11JLP030 JHI Si0 2 0 T pH paCTBO­

pa 6 e :.s l106aBoK NaC I (I ) II B 0.05 M pacruope N aCi (2). 

Arpcrar u nuyro YCT OH <1I11l0 CT b rHllp 03OJI 51 Si02 
113y q aJIl1 IlP H 3 1l a ' I CHlH IX p H 2 .0 , 3 .0 , 4 .0, 6 .2 ( CCTC­

CTBCII HOC 3 1:1 3 ' I CH I'f C) , 9. 0 , 10 .2 B o r c y rcr e n c 3JlCK ­

TpOJI I·n a, a TaK)KC B 0 .0 511 0 . J 5 M pac r nop a x N a CI. 

H a p HC. 2 llpC,UCT a BJIC lla K H H CTlI Ka Koar YJl5IUI1H 

n Ulp030JlH Si0 2 npu p a :UII'I'IHb IX 3 I Ia' ICH H 51 X pH B BI1 ­

n e :m BIfCII M OCTCii ofiparuou ' I HCJICHHOH KOH UCHTpa ­

IlH H qaCTH I( (l I n ) 01' Il p CMC llJ1 H3 6 JlJo ;(CII J1 51 (I) . B H,U­

H O, ' I TO B OTCy TCT I3J1 C 3JICKT p OJll1Ta n pu p H 3 .0- 10.2 

BCJIW II111a (l In ) OCT a CTC5I U CI13 MCH H OH s a I3CC Bp e M H 

lla 6 Jl1oL\-CH H H (22 ' I), ' ITO CBlHICTCJlbCTBYCT 0 6 arpc ra ­

ru unoii yC TOH ' lIl BOCTlI 30MI ( p HC. 2 , n p5l MblC 1- 4) . 
np H p H 2 .0 13 30 JI C IIa6 11JO;r3Jla Cb MC1l) ICIlI Ja, I x oar y­

JIH:UJHl : K p H l3a51 3a I3H CJ1 M OCT H BCJI W I J1 Hbl li n 0 1' IlPC­

MCH H ( KP J1 B<HI 5) vUlCT Cyll.(CCTBCII IIO 1l11A<.C «pn uo ii, 
OTI3C'IaIO U(CH CKOp OCT J1 xoa ryna uan (KpJ1 l3a 51 6), 
pace-rHT3 11 H O ii no TCOP IH I 6 hl CTp o ii K oa lYJl 5ll 1J1 H 

Cxionyxo ncxoro, 

,Un 51 nccneno nau uoro pana :.l l l a ' I CH J1 H pH 6 bIJIII 

n OCTp OCH h l cyv srapn u e 331HlCHMOCTVI 3 HCp n l l1 n a p­

n o r o B3a I1MOL\-ciicTBH H 'l a CT I1U 30 UI Si02 0 1' p a CCT0 5l­

H HH MCA<.llY ~III M H , KOTOpbl C 5lllJl>1Jll1Cb an reopanue­
cxo ii Cy M M O i \ ; IByX I1JIH TpCX COCTa BJI51 IO Ll1l1X ( COOT ­

nCTCT BCH llO, n o y pa l3l'l cH HH M ( 1) HJ l\I (2)) . r1 P II ::nOM 

HCnOJlb30B3Jl I1Cb KaK rurrepar ypu sre 3Ha<I CHH >I n ap a ­

~ I CTP OB CTPY K'[YPIJ O~I COCTaBJl5l 10 UICii 3 H e p OH 1 B3 a H ­

MOL\-CH CTI3I1 51 <IaCT H I( Si0 2, Ta K 11 napsupyexu-te :3Ha ­

'IClI l151 K 11 l. B nOCJI CW I CM CJIY' l a c npCCJIC;rOBaJIaCb 

UCJIh yCTallOBJIC lHl H 3H a ' I CHH ii napasrcrpon H 30 TCP ­

MbI V,(h) , 1I03BOJI5lI01l1l1X npHI~1T lI K OIlTH MaJI bHOMy 

COrJ laCHlO p a C' ICT H b IX vI axcnepa v euram. uo ycra­

HO BJICH llhlX q) a KTOpO B yCTOH ' I H BOCTl1 30JI5l . 

P C3 YJlbTaT b i p a C' ICTa s n eprn « napuoro B3al1MO ­

L\-CH CT m u f ' f3CT H I.( Si0 2 IlP H p H 6.2 n o xnaccaaec x o n 

H 0606 I1I CIlH Oii TCOp l1 11 1JJ\<1>O , a Ta K )f(C 3Ha 'lCH H H 

diaxr o p o s YCToiltl VfBOCTI1 30 JI 51 n p n xoaryna uua KaK 

U llCp UH 'I HO M ( 6 Jl H A<. HCM ) 1l0TCHU l1aJlbH OM MIHlH M Y ­

lin x 107, eM 3 

2.8 

2.6 

2.4 

2 .2 

1.2 

1.8 

1.6 

1.4 

1.2 

1. 0 'm~p!£:=t:-

o
 

..6 

1- 4 
~~~-c-_----JL-§-

0 .8 '------------'---------"---------' 
500	 1000 1500 

I , MHH 

PIlC. 2. 3a B ~IC I1 MOCTH 06p aTHoi1 y.l1CJleHI IO H KOHue HTp a­


U l1 l1 tJaCTI1U Si02 OT npesreu n l ra 6 JIIOJ.LeH II H [J o r cyrcraa e
 

N a C I n pl1 3Ha Ll eHH51x p II 10.2 (1 ), 9.0 (2) , 6.2 (J) , 3.0 (4),
 
2.0 (5) 11 .lLJl51 6 blC Tp oB KoarYJ15lUHI1 no C MOJlYXOOCKO­


My (6) .
 

MC Ilp l l n p CO,nOJICH IH I 6apbcpa OTTaJIKHBall l151 , WI'
 
TaK 11BO 13TOp l1'I H OI\I (n am . n c si) n OTCI IIll1::Ul b H O M MU ­


H HM y M C, W2, npa seneru.i H a pIIC. 3 a I I B Ta 6 11 . 1. BlIJl ­ Be
 
H O, 'ITO yCTOH 'IH BOCT h 30 J[H n p n p H 6 .2 B OTCy TCT J3HC KO
 

,U0 6 a J30 K JJI CKT p OJT HT a MO)[(CT 6blTb 06~b >l C HCI13 ( c n o­ pI­

31'(3H U VIH KJl a CCH 'ICCKOH TCOPII H )lJlcDO H 6C:l y-rera 
)\(eCTp yKTYPHOH KO ll lOH CH T bl ) lIaJl H'IlICM BbICOKon> 

noreiu ui am.rroro 6 a pbc p a OTT3JlK H BaHHH II H I·l'1TO)l( ­ pal 
MalIO M 3J10 ro naru.nero IlOTC II L(H aJl bH o r o MH Il I1MyM a . 
en A H 3JlOr W lllbI M 0 6 p a30M MO)KCT 6blTb 0 6 'h5l CHCH a 
pI­y CTo H ' l HBOCTb 30 ,11>1 B HIlTCp BClJIC pH 4 .0- 10.2 . 
KH K a K CJl C;rYCT H 3 p a C'lCTOB no KJl a CClI<ICCKOH TCOp IH1 
eo

)lJlcDO, n p n pH 3 .0 ,nOJI )KJIa n pOTCK aT b ( fia p ecpn a n ) 

KoaryJIH U vUI (pac-ierma a q>aKTop y CTOH ' 1VI BOCTII c o ­
Ta 

CTa BJI5ICT WJ = 2 .0 ), a n p n pH 2 .0 - MC1\J1CH H<IH Koa ­

ryn s u un n o 6c36 a p bcpI IOMY I\l e x a H l13 M Y ( W2 = 4.4) Ta 
(Ta6J I. 1). On.IIa KO n pn pH 3 .0 aons YCTOH 'I HB , a x o a ­ CT 

ryJI>I UHH npn p H 2.0 COOT BCTCT ByCT 3 K c n c p H MCIl ­

TaJl bH OM Y ¢ a KToPY YCTO ~I'l I1BOCT l1 , pacc-urraanou y 
no TCOp H H C M OJIYXOB CKOI'O 1l)UI p a CCTOSlHlH1 M C)f(J[y 

U CllTpa MH 'laCT I1U B arperare R = 2a (W3 Kc n ,2a ) 1I p a ll ­

H OM y 6 .0 ± 0. 5. 3 TH HCCOOTBCTCTB I151 3KCnCpl-lMe HTa 

11 TCOp H H M Ol y T 6blT h 0 6YCJlOBJIC Hbi Te M, ' ITO (I PH 

p ClC'-lCT aX n o KJlaCCHqCCKOI':i r eopn a )lJI cD O ne y <I H­

T LLBaJll1Cb crpyxr ypiu.re CHJIh l OTf aJI KI1BaIl HH, n p o ­

xnneuue KOTOp bI X x apaxrc p no NI SI B3mll\fOtIC i1cTBH5I 

1I0 BCPXIIOCTCH KPCM IIC3CMa [8, 2 1- 24 1. TaK , uan pn ­
MCp , IlJl 51 p 1 I 2 .0, KaK BlI,nHO H3 Ta6 J\. 1, BKHlO'ICHHe B 

p aC'ICT CTPYKTyp llOH KOMIlOHClIThI ancprn u 133ClHMO­

,nCiiCTB l1H '1aCTH I.( ~ C napav erpaa u K = 1 x 10 6 )],)1(/1\11 

H I = 2 .4 H M 1l0 :m OJIH:CT y CTp a H HT b ::>1'0 upornuopc-ure. 

xonno 1·1lUIhI(.1 >KYPHNI TOM 76 NQ l 20 14 



75H CJI E/.lOB AH HE BJ1H5IHH5I p H HA KHHETH KY A r PEIAU H I:I 
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PIIC. 3. 3 a 0l1c H Mo CTI1 .iueprmr napn oro B3aHMolleHcnHHl sa crn u Si0 2 OT paCCT051IHHI B OTCyrCT I1HC N aCi (a) 11 npn KOH UC II ­

Tpa 1iH51X NaC I 0.05 ( I ) II 0 .15 M (2) (6). pacc-nrrauuue ITO KJJa CCHlICCKOH Tcopl1l1 11JI <1J O . p H = 6.2. 

PC3YJIhT a T h ' I1CCJlC.IJ,OBalHtH 1I 0 Be)~C II IHI 30 JI }1 Si0 2 C ()OTBCTCTf~yeT n CmI'IIH1a W2 = 1. 5 . Ha6 Jl1oJJ.acM351 

B 0 .05 M pacr uopc NaC l npen cranncust u a p H C. 4 ,11 3 GOJI CC Bb lCO Ka H YCTo i1' H IUOCTb ( M Cll b W ,UI CKO p OCT b 

xor oporo BYl.n H O, -rro B 0 .0 5 M pacrnope N a Cl npn «oaryrrnua a ) MO)KCT GblTb cuasana c npOH BJlC IlHC M 

pH 6.2 H 4 .0 nporexaer MCWIC l lHa51 Koa ryJIH UI151, UpH crpyxrypur.rx CHJI orranxus amor. )].Ci \cTIIIITCJ1bHO. 

9 TOM dxucro p YCT OH Y H BOCTH 30 H M O)KHO np ~1 6JnI­ BKJl IO'I CH H C crpyxrypuoli KOMnOHCIlTbl IIpH paC'ICTC 

)KCIl l-JO O L~C H I1Tb BCJTH' f I111 0 H W,KCII .2a "" 7 .5 . Co rnacno 3HCp rH Yl B3a H M o.ucH c T BHH ' laCT IH l SiO J II 0 .0 5 M pac ­
pac -icr asr 110 KflaCCll'ICCKO H T COPI1 H )].51((>0 , 11<1 CYM ­ T Bo p e N a C l IIP IIBO/U IJIO K H 3 M CHCH H IO nporburrn 
Map itOIl3a BHCI1M OCTI1 9 H Cp nUl na puo ro B3 a I1M OJJ.c H ­ c y M M a p H o ro n OT CH U Ha fi a Il:3aI1MoJJ.c I1CTlllIH 'laCTI1U 

CT BlU I '1a CTI1 Ll 01' p a CCTO HH lHf , p aCC 'IIH a HI I0 11 .[1)151 (331H1CI1 M OCTI1 V(h» . K aK BH,Il,HO H 3 P I1C. 5 H T a 6JI. 2, 
= 0 .05 M, I1M CCTC51 .IJ,OCTa TO YIIO BbICO­ C YU CI1W ICIH IC M nan sn oneucrnnn crpyxrypu u x OUI CpH 6.2 H CNaCl 

(yn CJI HYCH l1e M na paxier pa I) B0 3paCTaCT BhlCOT a 6 3 ­K I11i 6 a p hc p l1 .uaJl h lll1H MYl H I1M YM (puc. 36, K p H Ba 51 J), 
pi.epa OTn UI K I1Ba ll 1151 v'nax 11 y6b I H<lCT rny fiuua nOTC/I -COOT BCTCT By lO ll.l.Vle 3 H a l.l CIII1 H napaxierpou nau u B 

Ta6Jl. 2. ::n·oj,\ 3Hep n 111 rra p n o r o B3 a11MoJJ.cticT uHH un an s no ro I\H I H I1Io.I YMa Vrnin- TaK, }l)HI K = 106 L~JK/M 3 

Ta6JIHila I. H CKOTOp blC n apa v cr p u cY MMap HoH Kp l1BOH napnoro B3aI1 Mo JJ-eHcTBlHl -racrn u rl1JJ-PO] OJIH Si02 13 orcyr­

CTBYle N aC I npn pa3Jl ll'lHblX :lI la' l e H I1HX p H YI TeOpCTl1l1CCKJ1C rpaxr opsr YCTOj,\ '1l11l0CTll IV, II W2 

p H 
Flapaxrerpst V~ 

Vrnax' k T II rnax' H M - V,nin, k T IIrnjn , HM WJ W2 
106, )], JK/ M3K x I. H M 

6.2 De3 Vs 402.2 0.9 10-4 >103 > 1010 > 103 

9.0 491. 2 2.8 < 10- 3 > t03 

4.0 105.8 3.1 

3.0 1.6 7.6 0.02 64.7 2.0 44.1 

2.0 6.8 2.1 0.25 17.4 9.4 4.4 

2.0 1.0 1 

1.8 

2.2 

2.4 

37.8 

195.4 

317.4 

389.7 

0.6 

0.4 

0.3 

0.3 

0.25 

0.24 

0.2 

0.17 

17.4 

18.5 

21.3 

23.5 

>1 0 10 4.4 

4.6 

5.5 

6.2 
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(I / n) x 107, CM" 
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PIlC . 4. 33 1lUCIIM OCTI1 0 6 p aT H o H '1HCJl e H H Ofl xouuerrr pa­
11\111-racr uu S i a l OT BpC MCH U H a6 JlJo neH fUl B 0.05 M p ac ­

'r aope N a C I npu p a3JlI1 '1H h rX 3 H a 'lC1nl ilX p H : 1 - 6.2, 2 ­
4.0, 3 - 3.0, 4 - 2.0 U Mil KoarYJHII \l 1f1 n o CMOJlYX OBCKO­
My (5) . 

R0 3paCTamIC! OT 1.0 .u0 2 .7 11M npu nomrr K y Me H h llle ­

/ 11-\10 rny o ll ll hi Vmin 01' 1.0k T .u0 0.14k T. n p lI 3TOM TCO­

p CTlI '-ICCK H H diax rop yCTo ii'IHBOCTll W2 CTaHOBHTCH 

6 m 13KH I K 3KCIlC IIMe HTaJ l bllOM y ( W'Kc lI,2a = 7 .5 ) 

V/kT 
20 

16 

403020 

4 

8 

12 1 2 

11 , HM 

-4 

PIIC. 5. 3ilBI1CHM OCTI1 3 H e p r l1H na pa oro B3aHMonet'lcT B Hil 

y aCTHU S i 0 2 OT paccr onuun npu pH 6.2 B 0.05 M p aCTBO­

pe a C I , paCC' lHT3 HH bIC n o 0 606LUCHHOH TeOpl1H ~ lJl <flO 
npn K = 106 

)J)K/M.l 11 p a3JlII 'lH b I X 3 H a YCH HilX l: 1- 0, 2 ­
1.0, 3 - 1.8, 4 - 2.7 HM . 

I, H M Tal 
pac 3 

2 

1 '--__--1.-_ _ -----1 ---'-_ _ -"--1_ _ ----1 

o 2 4 6 8 10 
K x 106, ,l],)I( / C:\ 11 

Puc, 6. 0 6 Jl3 CT H napaaer pos CTpYKT YPH OH COCTa BJlillO ­


uieii 3 He p n IH B3a llMollcficTBII1l yaCTl1U KpCM HC3CMa ,
 

oue ueaasre B n p en nOJIO)Ke HIII1 R = 2a , npu P31:1U' I HbI X
 

3 H3 'le H 11ilX p H : 1, 5 - 6.2,2,6 - 4.0, 3, 7- 3.0, 4, 8 - 2.0.
 
Kon ue-rr paua n N aC I p aB HH JlI1 Cb 0.05 (/- 4) II 0.15 M
 
(5-8) .
 

TOJlbKO n p n ! = 2 .7 11M. C ienyer 3a M CTl tT b . 'ITO su a ­
' lellHC I, n pa KOTOp OM Te o pcTll ' ICCKH H II oxcnepnxr eu­
r ain.no OIlPC,UCJIHCMbl r l dxncropi« ycro rl ' H1BOCT I1 COD­

n ana ior, ClHDKaCTCH C p OCTOM n a p a ICTpa K (ra6JI. 2 ) . 

Ofipauraer n a cc651 UIHIII IaHHC 'raxxce TOT cPaKT, 'ITO 

HCn OJl bJOna H IIC IIpH pac-iere ouep r u u BJ ~HI M O.uCH ­

CTllHH craCTHU JOJIH Si0 2 n 0 .05 M NaCl rnrrc paryp ­

Hbl X 3 H a YCI I HH ee napa xt rpon K H ! .lUIH xnapua 18, 
21, 25 J He 1II0 )f(CT 06b HCHIITb H a OJ1l0 11a e M YI0 K IIHCT I:1 ­

xy KoarYJUIILlH I 30 J1H . 

11 ') n pu uene uu u x R Ta 6 JI . 2. ,n a H H bl X CJlCJweT, "ITO 

a xc nepn we rrr aru.uo Ollpc,Ucm ICMOM Y CIJaKTopy ycroti ­
'-IHBOCTH W3Kcn ,2a ;::: 7 .5 MO)f(CT COOT BCTC1'BOBaT b HC ­

CKOJl bKO 3 H a ' ICU H H ( 1I3 6 0p) napaxtcrpon c r pyx r y p­

Ho ii COCTaBJ1 m OlueH s nep r u a B3<'lH M 0 11CiicTBl1H ' !a ­

CT H U . 3 TOMY cCMeHcTBY 311n' lelHll' K H 1 u a puc . 6 
COOT BCTCTByCT KpH RaH I . Hc06xo,UHMO OTMCTHTb. 

Ol1 /-la KO , ' ITO IIpC,UCTa BJICllIIOC u a ::>1'0111 puc yu x e ce ­

M e rlCT BO napa u er p o s K II ! I IOJI Y' I CB O B n p ezmo n o sce ­ *J 
H Hlt p a BCH CTBa p anu yc a Ina I1 Mo,Ue i icTBH~1 IaCTH U HX 

,D,H a Mc Tp y ( R = 2a) , ua OCHOBalHlII KOTOpOro CMOJI Y ­

XOHCK II M 6 1.>lJl a nony-r eua uc nomcyeuaa H al\H1 dxip ­ 1\1' 
M yJ1a 

H; 

7;/2 = 3Y] /4k T/lo, (7 ) HI 

111 
CUC 1'1/ - uep n o n Ko a r YJUl l lIH I ( W ilt UpCM H nOJlO ­

RI1I1HOH xoa r y n a u u u ) - n p e l\l H , n 'rc-reuue oropo r o 
1'( 

pi 
YHCJlO '-IaCTHU YM e HbllIaeTCH B,D, 1l0 C, k - KOHCTaHTa 

Bom.n v aua, T- a6 COJIlOTHa H r esineparypa, 11 - 6513 ­
,[[t 

IIKOCTb .il llCn ep cll o II Ho i1 cpen u 30JUl , no- lIa'HUTbH aH 
pi KO/-ll.l,eHTp aIlIIH yaCTJ1U B HCM . Benu-mua WlKc n ,2a 
Hi 

on p enennn a c s KaK oruour e u a e CKOp OCTH OblCTp o i i 

Koa r yJIHU HH, p acc-nrra u u o n no TCOpHH CMOJl YXO I3­ n: 
c x o ro (R = 20). K e x c nep n v c r rram.n o lI a 6JI1o,Uac - + 

~.. 1, 2 

~ 7 

3 

~ 
..................-..­ ..- ­ 4 

............ .... .............. ..... ....... 6,8
-
-------------------------5----­
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nee EnO RAHvtE R.n vt511-H1» pH HA K I1HEH 1KY A fPE rAUI1M 77 

Tafinuua 2. H CKOTOP hl C u a pau er p u Cy M rapuo ii KpHHO fi napuoro 83a H ione ncruus <raCTII U nlllP0 30 JHI Sia l n 0.05 M 
pacrnope NaCl u p u pa3Jl11'I H bI X 3 H<l' JCH lHI X p H, TCOp CTH'leCKIIC II sx cncpaveur am.us re rpaxr opi» YCTo i i 'IIf130 CTl I 

Flap auerpsr Vs 

pH « » 10° 
).l )K/ ~/ I, liM 

Vma" k T IImax ' HM - V,nin, kT IIm,n' H M WI W2 I-V'Kc n,2a 

6.2 De3 Vs IX.9 0.8 1.0 8.1 > 107 1.5 7.5 .t0.5 
1* 1.0* 47.2 0.6 1.1 7.2 1.5 
1 1.4 113. 3 0.4 0.7 9.8 > 10 10 1.9 
I 1.8 226.5 0.4 0.4 14.2 2.9 
I 2.6 490.2 0.4 0. 16 25.3 6.9 
I 2.7 534 .6 0.4 0. ]4 26 .6 7.6 
2 2.5 898.9 0. 13 0. 14 26. 1 7. 3 
5 2.3 > 103 0.13 O.] 5 27.6 7. ] 
5 2.4 > 103 0.13 0.13 27.6 7.9 
7 2.3 > 103 0. 13 0.14 26.9 7.5 
2* 1.1* 129. 7 0.42 0.9 8.24 1.6 

4.0 De"! v., nplInDKCJl I1C u a scex p a CCTOHll1f5!X 7.5 ± 0.5 
1 2.6 448. 2 0.4 0.1 5 25 .3 7.0 
I 2.7 489. 1 0.4 0. 14 26 .6 7.6 
5 2.4 > 103 0.\3 0. 13 27.5 7.8 

3.0 DC3 V, n p HT H)Ke Hl1e u a BCCX p aCCTOHH lUl X 5.5 ± 0.5 
I 2.3 335.3 0.4 0.2 1 20.9 > 1010 5.1 
I 2.4 363 .3 0.4 0. 19 22 .3 5.7 
I 2.5 40 1.0 0.4 0. 17 23 .6 6.3 
2 2.2 639. 1 0. 1 0.2 2 1.6 5.3 
2 2.3 > 103 0. 1 0.\8 23 .0 5.9 
5 2.0 > 103 0.1 0.21 21. 1 5. 1 
5 2. 1 > 103 0.1 0.19 22 .8 5.7 

10 2 > 103 0. 1 0. 19 23. 1 5.8 
2.0 DC3 V, Flpurux euu e na BCCX p a CCTOH HHHX 3.0 ± 0.3 

I 1.7 145.2 0.3 0.44 13.2 2.7 
1 1.8 172 .1 0.3 0.35 14.4 3.0 
5 1.6 862.5 0.\ 0.37 15. 1 > 10 10 3. 1 
7 1.5 > 103 0.1 0.41 14.5 2.9 

* LlaJlHLle pafiort .t 125 1. 

Mo~i, Ht:lKCII.2t1= VSm / V ' KC'I' I1p l1 3 1'011.1 II JH \'H\H a T I/ 2,Sm 

u a x o HJIOCb n o (PO PMYllC (8) . K a K 6 bl ll0 IlOKa 3a HO 

BbIU IC, -racruus: Si02 II 0.05 M N a C I C 6 0 11 bW 0i1 CTe­

rt c m .io BepOSlTHOCT H xoary rut pyror U .llaJIbHCM n o­

TeH LUHUl b IlO l\.\ M lllH IMYMC. Haxoxne na c <IHCTH U B a r ­

perar ax I IU 6 0 b lllllX paCCTOSlIIH5fX, COCTa llJlSllOUU1X 

JleC>IT KI1 I IU HOM T p OIl, nerraer H e n n o n n e npa no v e p ­

Hbl M pac -rer 11 0 diopuyne (8) . Ta K KaK B :n OM c n y -rae 

pr IIYC B3aHMO.llei i cTBlI SI ' l a CH I U 6 0 Jl b W C I1X Y.llBOCH­

uoro p an n yca (R > 2(/). Benu-ruua 1'1/ 2,Sm l JJJ Sl IICCJJe ­

nyCM o r o 'lOJI S! Si02 .llOJDKlIa YM CH b UlI1T bCSI B (2a + 
+ Izmin)/ 2a p a a , r u e IIm in - JlOJlO)/(eH l1e M l1l1 HM y M a n o­

K0 L10I-1Ll ll b l l1 )KYI'H I TO M 76 N 2 I 2014 

TCIIU Hllil b I IOi1 o u epru u . B 3TOii CI1TYa LUHt onpenenc­

flue napau erpon CTpy KTYP fl Oi1 COCTaIlJISlIoUlei1 3<1 ­

Tp YJl fHleTCSl, nOCKO s xy caxra nenu-unta sxcnepn ­

M e HTaJlbllOro cPHKTopa YCTo ~i <j I\llOCT I I S!flJISleTCST 

cPYllKUHCH KOO p) ~I1HaT bl MUIIII :-.tYMH nore I IUlHUIa IImin. 

C a r-fa )/(C KOO pJl I1HaTa , 13 CllOIO o-repens, OllpCJleJISIeT ­

e n pazia yc o 1 /ldiCTIllUI cr pyxrypn u x CI1J1 1111 11 (YI IPO­

uieu uo) TOJIUUHlO i i rc. HCnOJl b 30 Ba fl HC ypaaueuua 

(8) JlJI H pac-rera diaxr op: YCTo~i 'HmOCnt II cny-rae KO ­

arynxu uu B nan sues: n OT H U l1llil b HOM MIIH IIMYMC 

S1 ll11SlCTCS! n on p c .uCJl CH IIOM c xuacn e HC KOTOpbl M npn ­

6 m DKCH l1e M . 
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w2, W3 KCIl , 2a + h 

10 

9
 

8
 
2 

, I 

-- I 
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3
 

2
 
, I , 
; I 

o	 0.5 1.0 l.5 2.0 2.5 3.0 3.5 
I , HM 

PHC . 7. 3aBHc H MoCTI1 rpaxrc pos YCTO H 4 11BOCT H W2 (1 ) 11 

W3 KCfT,2a + h (2) 30JIJ! Si0 2 n pn pH 6.2 B 0.05 M Na CI 01' 

KO ppeJHI U HO H H OH JV lH l l bl cr pyxryp usix Cl-IJI )IJH I K = 
= 106 H )K/ M3. J - ' l Kc n e p l1 Me HTaJl b H bl e 3H a 4 e H I1f1 ¢aK­

ro pa YCTOH LI I1BOCT H 30Jlfl W3 Kc n ,2a = 7.5. ~epTl1 KaJ l bHbl e 

ny nxr up u a» 101 urrpuxnyu xr a pnaa JlI1HI1I1 COen l1 H HlOT 

3H a 'lCH I151 IV? 11 W3 Kc n ,2a + h C c o o T o eTcTB YJo LUI1MI1 I-lM 

3Ha 'le H H >lM Io1 napav er pa I. 

)1JIH 6 0 Jlec TO ' I HOi1 OUCHKH nporsrx en nocrn rc 
MO)[( 11 0 I1CII OJI b 3013a T b CJIC,lJ,Y IO ll.l.H H n p HCM . O n pene ­
JTHCM BCJIl I ' l H ll y 3 KCIICp l1M CIITanbHo nafimonaexio ro 
diaxro pa YCTO H <J I1BOCTH C y-ier ost arperaua n 'JaCT lIU 

B ,lJ,aJ l b H CH rI OT ClI l.IHanbHO H H M C, W 3Kcn .2a + h» TO CCTb 

PaLt H y C B3a I1 M OLlCH CT 13H 5I y aC THU R 3aM CH HCM na BC­

JI WI I1H Y R = 20 + hmin [ 2 6J . n p 0 I301U IM p aC' I CT W2 no 

(j lOP M YJT C (6) npn pa3J1l1Y H b l X napaxicr pax crpyxr yp­
/l O H KOM rI OllCH Tbl 3 11 Cp r l1 11 nap uor o B3a I I M OlLCH­

CTBI1H <JaCT H1I , }1 nanee C I1Cn OJT b 30 Ball ltCM (P OpMyJl bl 

W 3KC n.2o+h = W3Kcn ,2a (I + h~n ) (8) 

npu 3ana H H OM 3Hay,CIII1 I1 napau erpa K uaxon n 1 

3113 'I CII HC napasrerpa l n p ll 3aI 13 H H OM 3 H a l.JCH HI1 ria­
pa xier pa K, I I P H KOTO p OM ~V2 l1 WJKc n ,2a + h C013n3L« UOT. 

3aBl1CHMOCTb W2(l) n p C,lJ,CT3 BJICll a H3 pH C. 7 ( K P I1­

BaH I). K a K 13l1,nH O W3 p ncynxa, 3 H 3 ' ICIHil0 W ) KCn 2a = 
= 7.5 OTBCyaCT KOPPCJTHU ~I OH ll a 51 urm n a 2 .7 H ~l. C 
npy rou CTO p OH 1>1, OT napavc r pa I, x a paxrcpnayiouie­

1'0 n p 0 T}DKCH IIOCT h rpaHWI! lbIX CJTOCB , 3a B H CH T no­

JTO:a<C ~lHC n an sne ro nOTeHUHa JT bH Or O M ~I H lI MYMa 

hmin , a, CJTC110BaT CJl bHO, M BCJI HYH Jl3 YTO'jJle H HOr o 

¢ aK"r o p a yc-ro I1Y H BOCni W )Kcn, 2a + h . 3 a BHcHM o CT b 

W ' Kcn,2a .' h(l) , paCCl.JMT a HHan 110 ypaBIICHHJO (9) W I n 

p s na 3 H<P-Ie HH i1 <\>3KTOp013 YCTOl1 tH lBOCTH (n -ro v 'IHC­

JIC I I ~V"l KC !l ,2a = 7. 5 ) . TaK)[( C npCLlCTa13J1 CH 3 113 p H C. 7 

(Kp HBaH 2 ) . Fl epaon a-ran s uo H a ~i ,lJ,e H H OM y 3Ha ti c lUII0 

1= 2 .7 H M na KPMBOH 2 0 T BCq a CT 3Ha YCIUlC W 3Kcn.2a + h = 

= 8.4 (ro -i xy W2 =7.5 n a K p H BOri I H TO ' I ]-,,)' W, Kc n ,2a + h = (1/ 
= 8.4 Ha K p llBO f i 2 COCJH H Hl e 'l' acprnxan suaa riyux ­ 2.2 
ru puaa JT H H H H) . A 3 TO l\ I Y J I·W 'ICHHIO, Il CIlO JO O 'IC ­

pen s, u a Kpl1 110 H 1 COOTBe TCT HYCT W2 = 8 . 3 , K OTOpO ­ 2.0 
M y OTU C'WCT K OPP CJUIlH I OH H a 5-1 JlJl H I W 2.8 HM ( ucpru ­
KaJfb H a51. w Tp H x n y H KT l1pHa 51 JI H Il I·IH) . mo :m a ' l CH I1C 1.8 
ua 4. ~% asnu e .LJ) I H ll h l KOppCJ!51UlIl1, OUCHCHHOii 6CJ 

YY CTa yBCJH1' ICI IlIH pan ayca B3aH M O,l.l.di c T BHH -iacru u 1.6 
aa C'ICT re. A WU(O r WI HOC COIIOCT a UJl CH lIC 3a 1Hl ClI ­

MOCTC ii W2 (I) H W3 Kc n ,2a + h (I) 6 h lJI0 n p OBC/LCH O npn 1.4 
up yra x 3 H a 'lCH H }I X na pa u crpa K, 'ITO n OJ 130 JH1 J10 

YTO' IH HT b 0 6 JT<l CTb napau erpo u crpyxry p uo ii KO M 110 ­ 1.2 
JIC H T b l 3Hcp n IH napnoro B33 H M O,l.l.c i iCT BH H -racruu. 
T a K , YT OY H CHHaH 0 6 J1 a CT Io napastcrpou crpyrcryp uou 1.0 
KOM nOH CH T h l 3Hep n IH BJ a HMOLlCl1 CTBHH aons Si02 B 

0.05 M N aCl (CCMCHCT BO 3 H a l.Je JI H ii n apaxrerpos K I I 0.8 
I) M O)KCT 6bl T b IIP C/lCTa IlJI CH a Kp~lBoif , n p aKTH'ICCKII 

n a p aJTjICJI b HOi1: xpuuori 1 u a puc . 6 H JT CA<ar UCH HC ­

M H o r o nsn ne ee. 

Flpn n c p CXOLLC 0 1' CCTCCTBe H H o ro J Ha'l CH I1H 

p H 6 .2 ]( pH 4 .0 B 0 .0 5 M pacrnope NaCl CKOpOCTb 

K o a r YJIHUli H '~ aCTH U n paKnl'I CCKH He ~1 3MC HSICTC H , 

npu euie 6 0 Jl b IUCM ClHl )[( CH H H pH 110 3 .0 H 2 .0 O Ha 33 ­

M CT IIO B03paCT a eT, He ,UOCT Hra }l , OLl HaKO, CKOp OCT H 

6 b l CTp OH K o aryJI HI U l l1 . cD aKT o pbl YCT O i1 ' H I IIOCT li 

(W~Kc n , 2a ) rrp u p H 3 .0 If 2.0 COCTa BJUI JOT 5 .5 ± 0 .5 II CTlI 

3 .0 ± 0.3 COOTBCTCTBCH H O. 3 H 3 ' Je m \}f rtapaucrpou Hbl ­

n OTe H U l1aJIa cr pyicr ypnsi x CI1JI V, l(JI H 0 .05 M paCTIIO ­ CTn 

p a NaCl H p H 4.0, 3 .0 H 2 .0, OHpe/LC teu uue no y K3 ­ npi 
3aH IIOH nr.nu e cxeue, n p CJICTaBJICH b i ua p IIC. 6 xpu ­ Me 
Bbl MI1 2 , 3H 4 COOTBCTCTBCHH O . T I10 

0 6)113 naunsrx p a C' ICT a T COP CT Hl.JCCK HX ¢aKTopOB 

yCToI:i'l HBOCT H 30JlH Sia l IIpH xoarynuu n u II n CpBH Y ­ MO 

110M MH H HMy MC n o 6 a pbc p H OMY M CXClI IH3MY (WI) II em 
3m

BO BT Op W I H OM 1-.1I1 HH M y , re 110 6C36a pbc pHo M y xrexa­

H H 3 M Y ( W2) (Ta6JT . 2) H c o n OCT a OJlC HH Sl I1X C axcn e ­ MO
 

110 
p I I M e H TaJTbHbI M H )1,3 I1H bI M H n o K 11HCTl1KC xoaryna ­

'1'31U H I1 CJl C,nyC T, 'ITO Ha6JI1o)la CM a Sl KoarYJI5Hll i H MO)f(CT 
IlJIl6bIT h 0 6 y CJIOBJl CHa llaJI I>Il ll M nOTeHLlll<lJ1hH bI M M lI ­
palH lIM Y I OM , B03 I1 H K a I0 Ill~IM B P C3YJl bTa T C n peofinana ­

H U H ua OTHOCH TC Jl b llO A aJThHlIX p a CCT 0 5lllHHX CHJl 

zurcrrepcao n uoro np ~I TH A<CH H Sl HaLL CI1Jl a M H CTpyK ­
'KO 

Typ lloro OT raJI KH Ba H H }!. 3TOT I3b IBOIL co rn acycrcn C 
CTI 

pcsyn hT a TaMI1 1-1 CCJICLlOBaI I H51. M CT Ol l 0 M ,lJ,I I (taM II tIC­
CO 

c x o r o CBCTo paCCC51H IIH YCT OH ' I H BOCT II sro uoznrcrtepc ­
Til

H b i X J OJlC I1 K p CMHC3 CMa C -iac r u ua u II p a a u e p o , 101 , 
4,(

180 11 51 5 11 M [ 2 7 ] . 
7 

P C3 YJlbTa Tbl HCCJlC,I1,OBa Il11}1 K H H en l KH x o a ryn n ­ O. 
tum 30 M l I3 0 . 15 M paCTl30 p C NaCl npunenenst 
n a p 11C. 8 . Ilpu 3 T OH KOIIU CHT p a U H l 1 N a C I Jlla'l eH I1H 

Hb 

~-nOTC H Ul1 aJla l.J aCTH I ~ Si02 M <U1b l IlCJlCLlCT BI1C Cl lJ l b ­
ur 

uoro c :a<aT H H 1l,3C ' IaCT H I J, 13 HIITCP BaJ lC pH 2.0- 6.2 
BK 
I\l( 

n 10JIC n p OTCK a CT 1\ICJJ,.J IC l l llaH Koa r YJISIIHIH, KO Top a H 
lie 

MO)[(CT lla H T H CBOC 0 6bSlCHCH lIC TOJl b K O npn y-rer e 
)1«( 

CH JI OTIanKH Ba IlH 5I IIC3 JICKTpOCT aTH y e CK OH U p H p O ­
JIf,Ub i , x o r o p s i e ) lJl5I K P CM IIC3 0 JI5I, K n K 0 6 CY)K)laJIOCh 
) [2

llbIUIC, HBJl5I10 TCH CHJl a MI1 OT l'aJIK I1BaHH H , 06YCJIO II ­
H(

JlCHHb l M H I l anH YHCM rc BOLlbI y 1I0BCPX H OCT lI x a -

KOJIJ10M,UH bl l1 /KYPIIATl TOM 76 NQ 1 20 14 



79 I1CCJlE)lOBAHI1 E BJl l1~HI1H pH HA K I1H ET MKY AfPE fAU I1V1 

(I /n) x 107
, e M3 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

......................... 

. : ~..~~::"£~ 
..•.	.

7

0.8 '---"-----"_ --'-------'-_ _'----L_ .1---L.---l'----'----'-----'
 

o SO 100 1SO 200 25 0 300 3:;8 400 450 500 550 600 
t, I HIl 

"IIC. R. 3 aUfl Cl1MOCTH 06paTHOri YI1CJICHHOH KOHueHTpa­
u u u sacru u Si0 2 OT IJpCMCHl1Ha6Jllo.ueHIHI [J 0 . 15 M pac ­
'm ope N aCi npu pa3JIII'lHbiX 3HaQeHlIHX pl-l : J - 6.2, 2 ­
4.0 , J - 2.0 , 4 - 3.0 , 5 - 9 .011 6 - 10 .2 H J])lH KoarYJl51 UI1I1 
rIO C~IOJIYXO [)C K OMY ( 7) . 

CT H ll Si02. 3KC ll cp~IMellnU1hHb l e H pac-rerust e J.J,a H ­

m.re no rrapaxrerpaxr MCIK4aCT H 4 110 ro B3,U1MOJlC (t ­

CTlHl H I I diaxropaa yCToi1'-1 U I30 CTH ]OJl 51 K pCM Hc3 c M a 

n pn p a 1J1l1' 1H bl X 3 11a'ICII H HX pH n p HI3C.Il,CHhl 13Ta 6 JI . 3. 
Moxcuo 3a KJIIO ' I I1T b , '-IT O lIa6JII0J.J,aC M a 51 n 0. 15 M pac ­
T BOp C NaCI xoa rynsm us Il H HT Cp IlaJle p H 2.0- 6.2 
ofiy cnonncua .Il"U lhHI1M fl OT CHI I H aJlbHbl M I\-H11H1I\IY ­

MOM , rnyfiuua kcr oporo B 311a' HtTCJI h H OH Mepc 3a UI1 ­

CU T OT BeJIl1 4 11 H hi p H . Arperar11 IlW UI yCTOH' Il1 I30 CT b 

30JI 51 Sial Il 0.15 M pacrnope NaC! npu p H 9.0 H 10.2 
MO)f\CT 6 hlTb 0 6 MlcllcHa COBMCCT H b l M lJ.e HCTBI1CJ\I 

11 01I H O- 3 JICKTlJOCT a T W IC CK HX 11 CTpyKTYp l I blX CHJI 01' ­

T aJl KI1 Ba lIl151. B m CJlOlllIOH cpene onpClJ.CJICIlHOC 

BJHHI H l1 C n a YCT O H11l1B0 CT h 30 J151 MO)f\CT lI M eT b TUK)KC 

p aCT Bo p H M OCT b ' Hl CT H ll . 

C CM cikTBa 3Ha ' lcH l li~1 na paxrerpos CTP YKTYPHOH 

KOl\!flOH CIITbl aucpruu H3UI1MO.Il,eik T13I1H (K 11 {) xa­
c 

CTHI[ SiO l 13 0. 15 M N aC l, npu KOTOpblX HMce T MC CT O 

COH I Ja}~eH He 3 K CIl CP H M CHT c IhllblX ( W :JKcn,2a) H T COP C­

TW·-tCCKHX ¢ aKT Op OJ3 YCT OH'IH BOCT I1 30Jl H, }J) I H p H 6.2, 
4.0, 3.0 ~1 2.0 rrpencranne u u n a p HC. 6 K pH Bbl M H 5,6, 
7 11 8. I-Ia H X OCHOflaH H I1 1\1O)KHO 3a KJl I0'HtTb , ' ITO B 

0.15 M NaC I rpana -nru e CJl OIl Hml60JIcc npOT H)I(CII ­
bl 

Hhl n pn pH1l:-lr = 3.0 (KpllB,HI 7) H I1MCIOT H Cl I1M CH b ­
>1 

,- lU Y IO TOJ llIlH H Y npn pH 6.2 (xpnuast 5) . Y BCJl I1'ICI U1C 

nxn ana CTP YK1YPI!0 ~I KO M n OH ClITbl 13 sncpn uo B3al1 ­.2 
MOlJ.c ilcTI3lIH ' laCT I1U 13 06Jla c TlI Vf3T 6 h lJl O Ta K)K e pa ­

1>1	 
n ee H aHllCH O 1J)IH <I3C1'Hll xuapua [2R, 29J. Ofiuapy­
)f\CH H,UI J3h lCO K,U1 ycr o ti -m nocn, 30JI 5I B 0. 15 M N a C! 

n p n pH 9.0 H 10.2 TaK)KC c o rnacyercs C 11313e CTH hl M H 

.Il,a U l/b l M H 11 0 YC1'O H l H lIlOCTlI 30 Jl 51 x aapu a B i uen o -r ­

110i-i 0 6 JIa c Tl1 p H II p H CKCJ ~ 0.1 M [8,28, 30- 33]. 

KOJl llO I1,llJ lbIH )KYP IIAJI TOM 76 NQ I 20 14 

('IIC. 9. 3a Bl-1CH ~fOCTb s xcnepua cnransuux epaKTOpO[) 
YCTOHYI1 BOCTI1 W' Kcn,2a (7 . 2) l-1 3 Ha ' l e ll l1 ~i TCKYW.Cl~l CT~ ­
rIeHI1 arper au n n m( (J , 4), nocra r n yron KO upc raeurt 
1= 20-21Y, OTp H B 0.05 (I , 3) H 0.15 M (2, 4) pacrsopax 
NaCI. 

Kn ueruxa xoarynnuuu 30ml Sial npu pa '3Jl1I'IHbIX 

3H Cll.JCH m IX pH fisrrra H3)" l ella 1\ TC'ICIIHC ncpuona 
Bp CMC H H 20- 25 -r . 3alll1CHMOCTH rexyrucro -nrcn a ar­

pera nan <\aCT HU Itl / (m , = 110/ n l , rne 110 - lIa'J(Ul bll a51 

xouuerrrpauuu 'JaCTH U 13 30JIC , 11/ - K OHUCIITpaW1H 

' IaCT H L( B MOM CHT n p cMcHH t) , no cruruyrori KO ape­
MCIHI t = 20- 21 '-I, OT p H WIH pa 3J11'I ' llIbl X KOH UCHTpa ­

UH H NaC! , npn ncneu s: H Cl P I1C. 9 (xpun ue 3 I I 4) . 
H aH.Il,C IIHbIC 3aBlI CI1M OCT H 1tl /(pH) aH1'I16al"llbl upu ­
n elJ.CIlHbI M ua 3 T OM )f\C P I1CY I·I Ke 3alH1CHMocnlM 

W,Kcn,2a(p H ) ( Kp H BbI C / H 2) , l~ C. , KaK II CJle.Il,Om UlO 

O)l( 11}laT b , n pu MCH hUl llX diaxropax YCTOt'111l1130CTl I 

lJ.OCn traIOTC5I 6 0 JJh UH l e <1l1 CJTa arpe raumr. 

Cpanu uuaa Bp CM CHH bl C 3a1l11CH M OCT l l 0 6paTiIOH 

'1I1C n e IlHO i I KO HUCIITpaumt 'IaCT H I.l npn C aCi = 0.05 
H 0.15 M u pu OlJ.IHIX H T CX )I(C 3 H a ' iCHlUIX pH (pIIC. 4 
H 8) , MO)f\H O annert., 'ITO BJlJ I HH H C Y I3CJl W I CH IH I KOl-! ­

U CIlTp a ll11l1 3 JlCKT pOJI I1Ta W I yCTOt'I ' IIII30 CT b ]OJIH pC3 ­

KO n p 0 5lfUlHCTCH npn p H 6.2 11 4.0 H IlC3Ila'IlITCJlbIl0 ­

I1p l1 pH 2.0 H pH I13 T = 3.0. 3 T O ).~OCTaTO 'l H () H3rJl51lJ.­

H O JIp C.Il,CT 3 UJICH O ua p HC . 9, rne rrpu scnem -r :JarmCII ­

M OCT H W 'Kcn ,2a H m, OT p H CP ClJ. bl lJ.Jl51 CNaCt = 0.05 11 

0.15 M. Bunuo, '-ITO IIP II pH 6.2 H 4.0 1l0BhlLlJClIIIC 

CNaCI npI I BOlJ.l1T K p C3K OM y CH l1 )1(CIIl-1l0 diaxropa 
y CToii ' I H BOCT Il 3 0 JI5l (xpn usrc J, 2) H 3a M CTlI OMY po ­
CT y T CK y mc i1 CTc n CHl I arpera unn ' W CT Hll, J.lOCT H r H y ­

1'0 11 KO n p CMCIl If 113 6Jl10lJ.CIBU! t = 20- 21 'I ( KpHRhIC 3 
H 4), TO I'1J.U Ka K npn pl I ::::; p H ~F)T IUlH HII HC :)J ICKTP OJl H ­

Ta 1-1a YCTo ~I ' IlIBOCTh 30m! n pa KT H'ICCKH lIC u ponunu ­
eTCH. :.:Tnt 11 3M CH CH I I5I xopperurpyror C 33 13HCIIMOCT5I­

M I1I( p H » )JJ[51 Te X )f\C KOHueHTpa U H H NaCI (pIIC. 10). 
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80 HOBl1 KOBA 11 IIp . 

Ta6JIHila 3. I lc KOTOP blC na pa u er ps i c Y,\I ,\ra p Ho ii KP ll BOii napuoro B3aI1MOllcHCTBl-H1 y a CTl1U ntllP0 3 0 JHI. Si02 R 0. 15 M 
pacrnope NaCl n p u p a 3J1l I ' IH hI X 3 HW ICIII I5IX pH, TCOPCTI1YCCKHC 11:JKc n Cp l1 MCHTaJl b H bIC <!)a KTOp bl yCTOH ' IHBOCTl 1 lJ,; 

Ila pa verpi; V,
 

pH H,\ l-V;11ax> k T hmax ' liM WI W2Vmin, kT W ' KCIJhmin ,«« 106 
I. H,\ I
 

)J.)I</ M' 

6. 2
 IlC 3 Vs npIHH)I<C Hl1C ua ncex paCCT0 5JII llH X
 1.9 ± 0 .2 

1
 1.4 SO. ! 0. 6
 1.80 .78 9.2 > 10 10
 

I
 1.5 99.9 0.5 0 .65
 10.4 2.0 

2
 1.3 166. 7
 0.4 0. 77
 9.4 1.8 

3
 1.3 272 .4
 0.4 0 .70 10 .2 1.9 

5
 1.2 395. 1
 0.4 0.74 9.8 1.8 

7
 1.2 378 . I
 0.4 10.40. 70
 1.9 

11
 1.1 807.5 0. 8
 0.77 9.8 1.8 

Dn Vs n p llTm Ke H I1C H 3 scex p a CCTOHlII lHX 2.5 ± 0 .3 

4 .0 I
 145.31.7 0. 3
 12.2 2.60 .47 

2
 1.6 293.6 0.4 0.46 13.3 2.6 

3
 1.5 395. 1
 0.4 12.7 2.50.49 

5
 1.4 583. 3
 0. 5
 0. 52
 12.4 2.4 

7
 1.4 85 6.0 0.8 2.50.48 13. 2
 

~63.0 DCl Vs n p l1T5DKCHI1C na ncex paCCTOH HlIHX 

1
 2.4 367.1 5.70.4 0.1 9
 22 .3
 > 10 10
 

1
 2.5 405.1 0.4 0.1 7
 23 .8
 6 .3 

2
 2.3 708. 1 0 .4 0.1 8
 23 .0 5.9 

3
 2.2 > 103
 0.8 0.2 5.82 1.9 

3
 2.3 363.3 0.4 0.1 9
 22. 3
 6 .4 

5
 2.1 5.7401
 0.4 0. 17
 23 .6
 

5
 2.2 0.1 6.4> 103
 0.1 9
 22 .8
 

7
 2. 1 6 . 1 

10
 2
 > 103
 0.1 0.1 9
 23 . 1
 5.8 

2.0 2.5 ± 0 .3npll'nDKCH I1C na BCCX paCCT05JHIUI XGe3 v" 
I
 1.7 J4 5.3 2. 6
0 .3 0.47 12 .2 

2
 1.6 29 3.6 0.4 0.46 13.3 2.6 

3
 1.5 395 . 1
 0.4 12 .7 >10' ° 2.50.49 

5
 1.4 583 .3
 0.5 0 .52
 2.412.4 

7
 1.4 85 6.0 0.8 13.2 2.50.48 

1
 14 5.31.7 0 .3
 0.4 7
 12 .2
 2.6 

TaK I1M 0 6 p a J OM , 1·13 f1p e.uCTaBJl e H H bI X ua pHC. 9 VI
 

10 PC3YJlbT aT OB MO)l(HO cnenar s :.1aKJI IO ' l e l lHe , Y.TO ne ­

CT PYKTYP l1 pY lou ~ee JICH CTl3I1C 3 JI CK TpOm lTa na rc 11,
 

COOT BCT CT UCI 11'JO, YMe H b w e H VIe Vs, J1 P05lBJlHIOTCH
 

TOJl bK O n pn .lJ.OCTaT0 4 HO Bbl COK Ol-.l OT p H u aTeJl b H OM 

aapxne IJOB Cp X II OCTH KpCM H C:le M a (pH 6.2 H 4.0). 
Vf3 UeCTIlbi C (1)a KT b l BJII'HI HH H 3 JI CKTpOJll1Ta na CI30 H ­

CT Ba rc BO b I ( " YT OIfY.CIl I IC I'C") 0 6 'bHC H 5IlOT pa ap y ­
W a lO LUI1M n CH CTBl l e M IIP OTliBOH OH OB ,Ll,3C ua CTpyK ­

ryp y C [8. 34- 36J. Otiuapyx ennoe B [34 1BJIHH H I1C 

VlOIfOU I H OT pOIlHoro p a n a uie nox n erx Ka T H OH OB u a 

'1'1 

)K 

HI 

,LU 

TC
 
11,1
 

TC
 

111
 
Pi
 
PI
 
<1>0 

6J 
11
 

C1
 

ne
 
ne 
33
 
rp 
Ml 

HC 
1)' 
JI( 

01 

ar 
nc 
6b 
pf 
KIJ 

H~ 

(p 
nr 
lIr 
HC 

M( 

pa 
1{1 

[I( 

BeJlJ1' lJl Hy V';; .D,JI5I xnapua CB513b lBa IOT c pa3J11f'HlOH ne 
cr cneu s to r nnpara una 11011013 H , COOT RCTCT ReIl I IO , CT 

paJJI I1' I Vle M " B 0 3M YLUa I01lJ.e r o" }IX .ue { ICTB H H u a '-H 

crpyxrypy rc.	 Kf 
M( 

H a 6 JJ lO.lJ.a e M bI H <pa KT OT Cy T CTBHH BJI I1})HH5I K OH ­

U CI'IT p a U J1 11 N a C l n a napavcr p r.i V H y CTOH'IH BOCThs 
30 Jl H, KOr.lJ.3 n OBe p XH OCT b 4aCT JUl Si02 H C J a p 51 )l(eHa
 

11J1!1 H M eeT netiorn.uroii n OJIOIK H T eJl !>H b I 11 3apHJ ~ a
 
( p Hc . 9 II 10) , Ha BOIlHT I ra M b ICJJ b , lITO np u pI r < 3, I I I
 

xorna .lJ.OJl 51 H CJIllCCOl.UtI1p OBa II H bIX n O Be p XH OCT l 1!>IX MI 

r H.lJ.p OKCI1J1bHblX rpyrm UeJIl1K a , rc HBJHI KHC5I fionc e Be 

KOJlJ1 0 J.11l1Ibll1 )KYPHN I TO M 76 NQ 1 20 [4	 6
 



81 HCCJIE1l0BAH!-'1E BJH151HH5I pH HA K H H 'T YtK Y A f PEfA U H H 

" llPO'I HbIMH", l l CM B CJI Y ' laC 06p a 30BaHIHI u a OTpH ­

lI,aTC11 1.110 3ap 5DKc H IIo t i HonC p XIIOC'I'1 1 -racru u paanu ­
rsrx Ll3C (n pn T<l KUH )ICC 11J111 axce M CH h U ICi111 P OT 5I­

){(CII IIOCTlI I'C ). 

Cxarue J1H CI)(PY3 H O t i -racr u Ll.3C npu yncn u se­
InUl K OH lI,CIIT p aU\H I NaCi npu pH > 3 .0 COnpOBO){( ­

llaCTC}1 CII(1 ){(CI IHCM npOT5I){(CHHOCT H I'C , npWJ.CM 

TCM 1160Jl h lllCii cr enen u , ' ICM B blUl C na pasrer p Ile fiasr 
Jl I1CIlCP CII OHH O i i c pezu-r (pu c . 10). 3 '1'0'1' dxucr CI3Hn C­

'renscruyer, no lIaWC~I Y M H CIIlIJO, 0 BJI H 5III Jnl HOHOll 

lH1cl ) (PY3 11 0 ro C 10 51 Ll3C II U CT P YK1Y P Y rc nozu-r Y0'1' ­

pu ua'rensno :m p m Kc Hl·l o H noncpXH OCT H K P CM HC3Cl\W . 

POCT xoune -rr pau nu n p OTlfBOlI OI 10 B B rc ' JaCT H U na 
diouc 110CTaTO'lHo BblCOKOH q l OH OBOi1 KO l l l1C HTPa ll1l II 

aCl BCllCT K cro 3a M CTilo H nCCTa6H1111 3a lllHl. H a ­

6 J110Jl a CM OC p a 3JIH'IIIC B ClIO HCT Ba x 30JI 5I npu pH < 3 .0 

VI p H > 3.0 MO){(CT 6blT b 0 6 YCJlOBJI CHO p a 111l1'U 1CM 

crp yxr ypsr rc. T aK, B pafi orax 13 7 - 3 9 J MCTonOM K O ­

neoar en b HOii ClICKT p OCK o m H l 6 bl110 noxaaano , l ITO 

nepexon 0 '1' 3ap5I){(CII HOi1 n013CpXHOCT H xnapua K HC ­

Jap 5l)ICCII uoii, xorn a n 0 13CpXIIOCT H bI C CI1Jl<lH 0 11 b H h IC 

rpyn ru.i HC Jl HCCOUT1 H p o Ba Il b l , co npouoscaacrca 1-13 ­

MCHCHllCM 0PHC H T al l H I1 nunoneii B I I P I1l10UCP XHOCT ­

1101 cnoe. C JICfl.CT BHCM (PO pM J1pOBaH H 5I I1Ho t i CTpyK ­

rypu rc y IIC3a pH ){(CIH w ti 1111 11 uec yuica l\I aJlbl i-i 1l0 ­

] IO){( H T C h H bIii aapnn noncpXHOCT I1 S i 0 2 MO){(CT 6 b l T h 

orcyrcrnuc 3UI\I CTH Oro BJH lSI H II 51 3 JLeKT p OJI HTa IIa K {) ­

arynsnnuo 3OJIH . Crpyxrypu u e p a 3I1WI II Sl rc BOJlhl Y 
lJ OllCP XH OCT I1 xnapua rtpn p H < 4 .0- 4 .5 II pl-l > 4 .5 

6blJ1l1 061 rapyx eu h i T a K )lCC B pafiorc [ 4 0 1. ° BJllI5I Jl I1H 

p H 1H1 CTpyKTYPY Uonbl Y n O Bc p X HOCT I1 nna ienoro 
xnapua c 0 0 6 LlJ,a CT CJI H 13 pafiorax [ 4 1, 4 21 . 

l-\a6JlI Ol1aC M b l ~i HC JI IIH cti ll b l ti xapaxrep 11 3 M CH e ­

II I1H W :JKcll,2a If tn , C B0 3p a CTaJI HC M p H OT 2 .0 110 9 .0 

(puc. 2 , 4 , 8 II 10) CIl5I3a H , n o BCCH BCPOSlT IlOCT I1 , C 

n p OI1CCCa M ll CT p y KTypHOi1 nepecrpoii xn 13 rc uonsi 
npu 11 3 M CIICII I I 1l 3 11aK a H IlC11H<H1H b l sapxaa non epx ­
1I0CT I1 ' l a CTll11 S i 0 2· 

3AKJ1 10l.1 EI-I J.1 E 

Ha ocnone lICCIIeJlOm Ullf51 K lHlCTH KlI arperaumr 
.\lOIIOllllCncpcllo ro 3 0 1151 Sial B 0 .0 5 H O. 15 M p a CT BO ­

p a x NaCl u p n pa311WIH blX 3H a ' I CHlU l X p H I'lO K<l3a Il0 , 

'-ITO upo uccc K o a r Y11S1l11Hf IIP O HC XOll llT B Jl aJl h H CM 

I I0 T CH lJ,l1aJl h H OM MHII H M YM C, <pOPMI IPYC I\IOM Jl HC ­

rtcp caou u un ru CI1JIaMI1 IIpl1n l ;KCII IH I 11 CI1Jl a M H 

crpyxrypuoro OTTa K HBaH H 51 , Cm 13a ll H h lMI1 C HUJ111­

' I lICM rpaJI W I H bIX CJIOCB nonu Y n OBcp XIIOCT H -r a c ra u 

K PCM HC 3CI\Ia . 0 6 11ap Y){(CW l !·I CM 0 1l0 T OI H la51 3a I3I1CH ­

M OCTb CT p y K1YPllO H K OMnO H CHThl o ncpru u 1l3all1\l0 ­

n e HC T I3I151 ' IaCTlI lJ, OT p H , KOTop a 51 MO)ICCT 6 bIT b 061, ­

5lCIICH a \X13JIH '-IH 51 MH B CT P Y K rypc rc Y CH JlhHO H c n a­

6 0	 o r p n uar ensno 3 a p 5l){(C H HbIX nOHepXIIOCT 5IX S i02 , 

a T a K ){(C p a 3JUflIJUI M li II 3HaKC aa p an a 1l0BCpXHOCT H 

npn p H < p H IB !" H pH > p H m H . 3TI1 II )lCC cj>aK"r o pa ­

Mil	 0 1lP CllCJlHCTC5I xapaxr cp I3JnI 5lH l1}1 N a C I u a rc 
u o zu.r y n O Bc p XH OCT H 'l aCTlHl K PC M HC 3c r\'Ja . 
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....··..······· ···················1 
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2.0 
~ 2 

1.5 

1.0 

0.5 
] 2 3 4 5 6 7 

pH 

P IIC. 10. 3 a ll l1Cl1MOCH I )JJIl1Hbl KOp p CJl 5Hl l111 c Tp y KTYpHOi1 

K OM n OH e HThl 3HCP flH 1 n a p n o r o R"l aHM OJ! ei-icT BlH I <Ja­

CTI111, pacc-nrr an uo ti C y<JeTOM nOJlO)l(CIH1 H Vm in , OT pll 
n p u tP l1 KCl1pO BaH H oM Haqe Hl1 11 napaucrp a I I HTeH CIl A­

uocr u K = I x 106 )llK / M " )JJI5J 0.05 ( 1) 11 0.15 M (2) p ac­

TS Op OS NaC l. 

P a 60T a nu no IIICHa npn (p I1H a IlCOBOl i 1I0MCP){(KC 

nporpaxiv bI nPC3 1111CH Ta PeI) "Bcn YUllIC uayuusre 
m xonsr " , rparrr N~ H ill - 4464.2 0 12.3. 

en J.1CO K J1 J.1 T EPATY Pbl 

I.	 Derjaguin B. V.. Vlasenko G.Ja. , Storozhitova A.I., 
Kudrjavtseva N M. II J . C o llo id Sc i. 1962. V. 17. P. 605. 

2. Kyope eueea H. M.. Ilepxeu« 5.B. I I K OJlJlOHLl. )KypH . 

1963. T. 25. C. 739. 
3.	 Ipueopoe Q.H., Kapnoea 11.(/)., K03b.M IIIW 3J I., TlctO.MO­

noea K.tt., C/Jpllapllxc6epc jJ.A., 'Iepuotiepexcctcuu 10. M. 
P YKO UOACT BO K n p aKTl1' le CKIIM pa60TaM 110 xonn oun ­
HOll XH MHH . M.-JI .: i-'1 :3J\-no JIfY, 1964. 

4 . j},yXUli e.e. 3 JleKTpocPope3. M.: HaYKa, 1976. 
5.	 Wiersema I~/I.. Loeb A.L. , Overbeek J. l1/.G. II J. Col ­

loid Interface Sci. 1966. V. 22. P n . 
6. Ilepnzu» 5. B., Jlauoay J/./ J. I I >K3 Tcl). 194 1.T I I. C. 802. 
7.	 Ilepneun 5 .B. Teopnn YCTO H' Il IBOCTlI KOfl JIOH,IlOB H 

TO HKIIX nneuo«, M.: H aYKa, 1986. 
8. J!.epJlcUli H. B., 'Iypaee /I.B., MYJlJ/ep B.M. Ilonepx­

HOCTH bl e Cl1Jl b l. M. : HaYKa, 1985. 
9.	 Derjaguin BY , Churaev NY. I I J . Co lloid rntc rface 

Sci . 1985. V. 103. P. 542. 
10. Oshima tt. r. . Healy T. W , While L.R. I I J. Col loid In ­

terface Sci. 1982. V 89. NQ2. P. 484. 

11 . Casimir 11. . Polder D. I I Phys. Rev. 1948. V. 73. P. 360. 
12. Schenkel f ./I., Kitchener l.A. I I J . Chern. Soc . Faraday 

Trans. 1960 V. 56. I~ 161. 
13. 'Iypaee HB. II vcn exu XIfMI1II. 2004. T. 73 . C. 26. 
14. Ruck enstein E., Huang If. II Lan gm uir 2003. y. 19. 

P. 3049 . 
15.	 Molina- Bolivar f .A., Galisteo-Gonra te; F , /lidalgo­

Alvarez R. II J. Chern. Phys. 1999. V. 110. P. 5412. 
16. fl ogg R., Yang K.e. II J. Coll oi d Inter face Sci . ]976. 

V. 56. P 573. 



82 HOB 1"1 KOBA II np. 

17.	 Sonntag H. , Itschensk ij V , Kolezn ikova R. II Croat. 
C hern. Acta. 1987. Y. 60 . P 383 . 

18. Epu akoea JI.3., Cucopoea M.II ., EoC'oaHOBGH.m ., 1>0­
pucoea M.H. I I K OJlJI OI I)l. :t;Y J111. 1999. T. 6 1. C. 771. 

19.	 Gun'ko V M., Mironyuk I.F , Zark o VI., Voronin E.F, tio­
01' V V, Pakhlov E.M., Goncharuk E.V . Nychipontk YM., 
Vlasova N. N . Gornik P P.. Mish chuk a .A.. Chuiko A.A., 
Kulik T. V , Palyany tsya B. H., Pakhovchishin S .V . 
Skubiszewsk a -Zieba J .. Ja nusz w. , Turov A. V . Lebo­
da R. II .J . Colloid Interface Sci. 200S. V. 289. I~ 427. 

20.	 Kosmulsk i M. Su rface Charging and Point s of Zero 
C harge (Surfactant Sci . Ser. V. 145). Boca Raton: RC 
Press, 2009. 

21.	 Churaev NY , Derjaguin BY II J. Colloid In terface 
Sci. 1985. V. 103. J~ S42. 

22 .	 Pash ley R.M.. KitchenerLA. II J . Colloid Interface Sci . 
[979. V. 7 I. P. 49 1. 

23.	 Horn R.G., S mith D. T , Haller W. I I Chern. Phys. Lett . 
1989. V. 162. P. 404. 

24.	 [felUeJlb r: Benoytue« II. II nOBCPXHoc T H bl e CI1J1 bl B 

TOIlK IL nneux ax, M .: HaYKa, 1979.C. S I. 
2S. Israelachvili J.M. II Adv. Colloid I nterface Sci . 1982. 

V. 16. P. 31. 
26.	 Kyuy« B.H.. rOJlUKOea £. B., '[epuotiepexcctcuit lo.llI., 

Fpueopeee B.C. II K OJIJIOII . )f(ypll. 201 1. T 73. C. 348. 
27 .	 Ludwig I~ , Peschel G. II Progr, Co ll oid Interface Sci. 

1988 . V. 77. P. 146. 
28.	 'Iepnooepcxcctcuu 100A-I., rOJllI/COBO E.n., lupdxmoea T f/J. , 

Jla6YH e l~ JI.M. II nOl~e pxHocT ll b le CI1Jl h] B TO H K I1X 

IIJ1CIIKax. M .: HaYKa, 1979 . C. 67. 

29.	 'tepnotiepescacuu 10. M., Hoeaucou O. M.. Bu cotcoe ­
CKaR /lA ., Ipueopsee B.C. I I K OJlJ lO l1n . )K),pll . 200S. 
1: 6S. c. 460 . 

30. Aiinep P. X II MIUI KpeMHC3CMa T 2. M .: Mnp, 1982. J 

31.	 Allen L.II. , Ma tijevic £. II J . Co li l id I ruerface Sci . 
1969. V. 3 1. P. 287 . 

32.	 Depasse J., Watillon A . II J . .o lloid Interface Sci. 1970. 
V. 33. P. 430. 

33.	 Ilealy T W. II Colloidal Si l ica: Fundamentals and Ap ­
plicat ion s I Ed. by Bergna H .E., Robert s W.O. Boca 
Raton: C RC Press, 2006. P. 247 . 

34.	 Peschel G.. Belouschek R., Maller M.M. . Mu ller M. R., 
Konig R..I. I I Colloid Polyrn. Sci. 1982. V. 260 . P. 444. 

35. /J.epfl 211H E.B., 'Iypaee II . s., 30pUH H IJ. II l-hn. !\H 
CCC P. Cep. XIIM. 1982. N2 8. C. 1698. 

36. l ena «c., Hore IJ.K. I I J . Phys, Ch ern . C. 2009. Y. 113. 
P. IS364. 

37.	 DII Q., Freys; E., Shen Y R. II Phys. Rev. Let t. 1994. 
V. 72. P. 238. 

38.	 Eftekhari- Bafrooei A.. Borguet E. II J . Am. Chern . Soc. 
2009. y. 131. P. 12034. 

39.	 Eftekhari- Bafroo ei A... Borguet E. II J . Am. Ch ern. Soc. 
20 10. y. 132. P. 3756. 

40. Ostroverkhov V . Waychunas GA. , Sh ell Y. R. II Phys, 
Rev. Lett. 200S . V. 94. P. 046 102- I. 

4 1.	 Ye s.. Nihonyanagi s. , Uosaki K. I I Chern. Lett. 2000. 
y. 7. P. 734. 

42.	 Nihonyanagi s., Ye S . . Uosaki K. I I Elcctrochimica Ac­
ta. 200 I. Y. 46 . P. 30S7. L 

., 

l 
J 

• 
I 

J 
J 
1 

I 

KOJI Jl O vt LlHbl~1 )KY PI-IAJl TOM 76 NQ I 2014 


