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Abstract -The acid dissolution of 8 chlorites in 2N Si-saturated HCI showed that there was no 
preferential dissolution of Al in octahedral positions and that the octahedral and tetrahedral sheets in 
the chlorite structure were equally attacked. An analysis of chemical data suggested a simple two- 
dimensional diffusion model in which the acid attack on the chlorite particles proceeded from the 
edges inward leaving a reacted layer which formed a diffusion barrier. Microscopic examination 
showed, however, that the acid attack was not simply an edge attack but started at any point where 
cracks, structural defects and weaknesses apparently predisposed sites to acid attack. It was also 
clear from the formation of etch figures and solution channels that the product layer at least partially 
dissolved or disintegrated during the progress of acid attack. The residue which remained after acid 
attack appeared to be an opaline amorphous hydrated silica as was indicated by index of refraction 
measurements. The orderly arrangement of etch figures on flakes of some chlorites reflected certain 
crystal symmetry elements. The results indicate that the acid dissolution technique to determine the 
ratio of Al in octahedral and tetrahedral positions can not be used as an aid in the calculation of 
structural formulae for chlorites. 

INTRODUCTION 

IN STUDIES on the stability of chlorites in acid 
solutions (Brydon and Ross, 1966; Ross, 1967; 
Ross, 1968), it was found that a clinochlore from 
New York reacting with 2N HCl released Mg, 
Fe  and Al at equal rates. According to the chemical 
data the reaction appeared to be diffusion controlled 
(Ross, 1967) but this was not confirmed by the 
combined data from X-ray and thermal analyses of 
the residues (Ross, 1968). These results were rather 
unexpected because one of the first studies on the 
acid dissolution of an orthochlorite by Brindley 
and Youell (1951) showed that the Al in octa- 
hedral positions dissolved at a faster rate than the 
Al in tetrahedral positions in the chlorite structure. 
Since then results of several acid dissolution studies 
on different phyllosilicates have been interpreted 
as indicating a faster dissolution rate of octahedral 
than oftetrahedral AI, (Cloos et al., 1961 ; Gastuche 
et al., 1960; Gastuche and Fripiat, 1962; Osthaus, 
1954; Osthaus, 1956). Because these results 
suggested that octahedral and tetrahedral Al could 
be distinguished chemically by this method, 
the acid dissolution technique has been used as a 
tool to determine directly the ratio of octahedral 
to tetrahedral Al in the structure of phyllosilicates. 
In some acid dissolution studies the dissolution 
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rates were designated pseudo-first order (Cloos 
et al., 1961; Miller, 1965; Osthaus, 1954; Osthaus, 
1956) or pseudo zero order (Miller, 1965, 1968). 
In other studies the influence of particle shape on 
reaction rate was considered and the data appeared 
to fit a phase-boundary controlled reaction 
(Chaussidon and Valain, 1962; Gastuche et al., 
1960; Gastuche and Fripiat, 1962). 

The purpose of this study was to (1) investigate 
whether different chlorites would dissolve in a 
similar manner as the clinochlore from New York 
or whether this clinochlore would be an exception 
in the dissolution behavior of chlorites, (2) compare 
the stability of different orthochlorites in acid, (3) 
examine the progress of acid attack on chlorite 
flakes under the microscope in an attempt to clarify 
the reaction mechanism. 

EXPERIMENTAL 

The acid dissolution of eight chlorites was 
studied. Their chemical analyses are given in 
Table l, as determined by X-ray spectrochemical 
analysis (Kodama et al., 1967) except FeO which 
was determined by the method of Reichen and 
Fahey (1962). The required particle size fractions 
were obtained by filing the original rocks and pass- 
ing the particles obtained through the appropriate 
sieves. The purity of the chlorites was checked by 
X-ray diffraction which indicated that chlorite 
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Table 1. Chemical analyses of chlorites* 

% based on oven-dry weight 
1 2 3 4 5 6 7:~ 8 

SiOz 27.38 26 .73  29 .51  27 .18  29 .11  24 .99  20 .66  30.61 
TiOz 0.00 0.03 0.03 0.10 0.97 0.95 n.d.w 0.74 
AI20~ 20.32 20 .78  15.90 21 .02  21-22 21-46 21 .57  18-95 
Fe~O3 1.13 1.18 0.00 0.58 0-64 0.96 17.07 0.00 
FeO 3-04 3.24 6.64 4.95 2.53 13-87 13.01 32.92 
MgO 34.24 33 .98  33-% 32-88 31 .88  25 .23  13.21 4.59 
SrO 0.00 0-00 0.00 0.00 0-00 0.00 n.d. 0.00 
CaO 0.03 0.10 0.13 0-03 1.04 0.08 n.d. 0.73 
MnO 0-00 0.10 0-05 0.00 0.00 0.08 n.d. 0.86 
KzO 0-03 0.03 0.03 0.03 0.80t 0-05 n.d. 0.04 
Na20 0.48 0.75 0.38 0.14 0-00 0.11 n.d. 0.07 
HzO 13.34 13.11 13 .38  13.08 11-80 12-24 13-71 10.43 

99.99 100'03 100.01 99'99 99.99 100"02 99"23 99'94 

* Particle size fraction 140-200 mesh. 
tAllocated to phlogopite in the formula calculation 
SAnalysis according to methods of Jackson (1958). Sodium carbonate fusion of 

sample for determination of SiO2 and HF-HCIO4 decomposition of sample for 
determination of Fe203, Al2Oa and MgO. This sample contained about 18% mag- 
netite which was removed using a magnet prior to this analysis. 

w determined. 

7 contained an appreciable amount of pyrophyllite 
and also some magnetite. The pyrophyllite, which 
was present as relatively large flakes in the fine- 
grained chlorite rock, was removed under a bi- 
nocular microscope and the magnetite was separ- 
ated by a magnet. The structural formulae are 
shown in Table 2. 

The acid dissolution techniques used in this 
study have been described in detail (Ross, 1967). 
The chlorites were treated with Si-saturated 
2N HCI at 75~ for different lengths of time. The 
ratio of weight of chlorite to volume of acid was 
kept constant at 2 : 1  mg/ml (generally 200mg: 
100 ml). A few chlorites were treated also at 97~ 
and one at 30~ The minerals were kept in sus- 
pension by a trickle of air and centrifuged immedi- 
ately at the end of the reaction time. Mg, Fe and AI 
in the supernatant solutions were determined by 
atomic absorption spectrophotometry. The ratio 
of the amount of Mg, Fe and AI in the supernatant 
solutions to the total amount present in each un- 
treated chlorite was designated as a. In order to 
use the same analytical metbods for the determina- 
tion of the fractional and total amounts of Mg, 
Fe and A1, the total analyses for Mg, Fe and A1 of 
the untreated chlorites were also carried out by 
HF-HCIO4  digestion (Jackson, 1958) followed by 
atomic absorption spectrophotometry. 

Chlorite flakes, about 1-0 mm • 1.0 mm and 0-02 
mm thick, or smaller, were cut from some of the 
flaky chlorite rock samples. The flakes were 

treated with Si-saturated 2N HC1 at 97~ for vari- 
ous lengths of time and then examined under the 
petrographic microscope. 

RESULTS 

The a values for Mg, Fe  and AI followed a 
similar curve for each chlorite (Fig. 1). A compari- 
son of the data in this Figure and in Table 1 
indicates that except for chlorite 5, the dissolution 
rate increased with FeO + Fe203 content. Because 
of the expected variation in the size of particles in 
the < 300 mesh size fraction, the dissolution data 
from this f rac t ion  were not suitable for further 
kinetic analysis. For  this purpose the dissolution 
data from the 140-200 mesh (75-105/~) size 
fraction of three chlorites were used (Fig. 2). 
The a values up to 0.6 for chlorites 1 and 8 and 
up to 0.8 for chlorite 4 followed the curve of the 
equation for a two-dimensional diffusion reac- 
tion (Holt et  al. ,  1962). 

( l - - a )  l n ( 1 - - a )  + a  = ~ t  

where k is the rate constant, r is the initial particle 
radius, and t is the reaction time. Although this 
equation is more soundly based than the equation 
given by Jander which was used in previous 
kinetic studies (Ross, 1967; Ross, 1968), the data 
appeared to fit both equations equally well. 
Sharp et  al. (1966) also have pointed out the 
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Fig. 1. Fraction dissolved (c0 vs. t of Mg (~ Fe (• and AI (+) of the < 300 mesh fraction of chlorites reacting with 2N 
Si-saturated HCI. The symbol (*) is due to superposition of the symbols for Mg, Fe and AI. Reaction temperature 75~ 

except where indicated otherwise. Size fraction of chlorite 2 at 97~ was < 100 mesh. 

lack of  differentiation be tween  these types of  
equat ions for a values below 0.7. 

The  effects of  progressive acid attack on a single 
flake of  chlorite 1 are i l lustrated in Fig. 3a, b 
and c. This  chlori te is mononcl inic ,  as determined 
f rom X-ray powder  data, biaxial (+) with indices 
of  refract ion a = / 3  = 1.588, y = 1-592 as deter- 
mined by microscopic  examination.  The  fresh 

flake in Fig. 3a shows a relat ively smooth  edge, 
one well-defined crack and some diffuse fractures  
and numerous  small specks of  unknown origin. 
Ac id  t rea tment  of  this flake produced  many 
triangular etch figures aligned diagonally across 
the flake (Fig. 3b). Microscopic  examinat ion  
showed that the etch figures are aligned parallel 
to the crystal lographic X-axis and that the figures 
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~c) 

(b) 

(a) 

A 

Fig. 3. Progress  of  acid attack on part of  the same flake of chlorite 1. Trea ted  with 
2N Si-saturated HCI at 97~ (a) Untrea ted .  Indices o f  refraction ~ = /3  = 
1.588, 2/= 1.592 (ordinary light): ( b )T rea t ed  14 days.  Crossed  nicols. Solution 
channels  and triangular etch figures were discernible after 2 days  reaction; 
(c) Treated 30 days.  lsotropic f ragments  with index of refiaction = 1.410 (Ordin- 

ary light). 
[ Facing page 350] 
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Fig. 4. Flake of chlorite 3 treated 4 days. Solution channels producing ragged 
edges and eventually fragmentation (ordinary light). 

ta) 

(b) ~ 0,1 

Fig. 5. Flakes of chlorite 4 treated 6 days. Solution channels and hexagonal 
etch figures (ordinary light). 

https://doi.org/10.1346/CCMN.1969.0170604 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1969.0170604


ACID DISSOLUTION OF CHLORITES 351 

+ 

A 

I 

e" 
m 

I 

1.00 

"80 

- 6 0  

.40 

.20 

- 8 0  

. 6 0  

40 

. 2 0  

- 8 0  

- 6 0  

. 4 0  

. 2 0  

, /  
I 

10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  90 
[ I I I 1 I i I I 

/ 
I , 

+ 

~oe / 

8 

10 

S 
4 e- 

I 1 [ I L I I 
20 30 40 50 60  70 80 90 

100 

0 .90  

0 .80  

0.70 

0 .60  

0 .50  
0 .40  
0.20 

0 . 9 0  

- 0.80 C~ 

0.70 

- 0.60 

- 0 . 5 0  
- 0 .40  
-- 0.20 

- 0 . 9 0  

- 0 .80  

- 0 .70  

-- 0.60 

- 0.50 
- 0 . 40  

0 .20  
100 

t ( hours  ) sA, 
Fig. 2. Plots of c~ and of (1 - a) In ( 1 - ~) + ~ vs. t of Mg ('), Fe (x) and AI (+) 
of the 140-200 mesh fraction of chlorites reacting with 2N Si-saturated HCI. 

Reaction temperature 97~ for chlorites 1 and 4 and 30~ for chlorite 8. 

oriented in one direction originated at the upper 
basal surface and those oriented in the opposite 
direction originated at the lower basal surface of 
the flake. Solution channels are prominent along 
cracks and fractures initially present in the un- 
treated flake. Dissolution at the edges is also appar- 
ent especially along the top edge of  the flake. In 
Fig. 3c fragments of the flake are shown which 
remained after acid attack. No etch figures are 
visible, and the fragments are isotropic with an 
index of refraction of 1-41 which is close to that of 
opal (Hydrophane)(Frondel ,  1962). The features 
observed on the acid-treated flakes, as described 
above, could also be seen on acid-treated par- 
ticles of the 140-200 mesh fraction of chlorite 1 

although etch figures were smaller and less easily 
distinguished. Acid-treated flakes of chlorite 2 
showed the same etch figures and solution channels 
as those described for chlorite 1. 

As shown in Fig. 4, the dominant effects result- 
ing from acid attack on flakes of chlorite 3 are 
solution channels which progressed from the edges 
inward resulting in very ragged edges and even- 
tually in fragmentation of  the flakes. Most  acid- 
treated flakes of chlorite 4 appeared similar to 
the  flake in Fig. 5a showing solution channels, but 
some flakes of this chlorite also showed etch figures 
(Fig. 5b). These etch figures are hexagonaily 
shaped and appear to be less regular than the 
triangular etch figures observed in flakes of chlor- 
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ites 1 and 2. The solution channels in Fig. 5b 
also appear to progress from the edges inward 
although a few seem to originate at etch figures. 
Many of these solution channels overlap each 
other indicating that they are present at different 
basal cleavage planes within the flake. 

DISCUSSION 

The dissolution curves of the eight chlorites 
which ranged in composition from high Mg to high 
Fe  content all had similar shapes. They apparently 
dissolved in the same manner as the clinochlore 
from New York (chlorite 4) which was studied pre- 
viously (Ross, 1967; Ross, 1968). The data also 
indicated that the rate of dissolution increased with 
increasing Fe and decreasing Mg content. 

As was found previously for chlorite 4 (Ross, 
1967), Mg, Fe  and AI were dissolved at the same 
rate from each of the different chlorites investi- 
gated in this study. In these chlorites, therefore, 
the acid dissolution technique did not distinguish 
octahedral and tetrahedral AI as had been shown 
by Brindley and Youell (1951). Although their 
experiment was repeated with a specimen of the 
same chlorite and under the experimental conditions 
as described by them, there was no evidence 
that AI was released at a different rate from Mg 
and Fe (Fig. 1, chlorite 2 at 97~ No explanation 
can be offered for this difference in results except 
some unrecognized significant difference in 
specimen or experimental conditions. Considering 
specimen purity, it was found that the presence of 
some impurities may result in a different dissolution 
curve for AI than for Mg and Fe. Such results 
were obtained in preliminary experiments on the 
dissolution of  chlorite 7. X-ray diffraction patterns 
of the residues at the various reaction times 
showed an increasing proportion of pyrophyllite. 
A pyrophyllite-free sample of this chlorite, 
however, gave the same rate curve for A1 as for 
Mg and Fe (Fig. 1, chlorite 7). The results of this 
study, therefore, seem to justify the generaliza- 
tion that the acid dissolution technique does not 
distinguish between octahedral and tetrahedral 
AI of chlorites. 

None of the residues from any of the acid 
treatments showed evidence of hydrated layer 
vermiculite-like or montmorillonite-like products, 
Thermal data obtained previously (Ross, 1968) and 
microscopic analysis of the residues indicated that 
the reaction product was an opaline amorphous 
hydrated silica. Consequently, there was no 
evidence of a preferential removal of the hydroxide 
sheet. In fact, all of the data and observations 
indicated that the octahedral and tetrahedral sheets 
of the chlorite layer were equally attacked. 

On the basis of the chemical dissolution data 
alone, the mode of acid attack could be interpreted 
as following a model of a disk into which the 
reaction proceeds from the edge inward leaving an 
intact product layer which forms the diffusion 
barrier (Fig. 2; see also Ross, 1967). However ,  
observation on chlorite flakes under the micro- 
scope showed that the acid attack was not simply 
an edge attack but started at any point where 
cracks, structural defects and weaknesses ap- 
parantly predisposed sites to acid attack. It was 
also clear from the formation of etch figures and 
solution channels observed in this study as well 
as from thermal data obtained previously (Ross, 
1968) that the product layer did not remain 
intact but at least partially dissolved or disinteg- 
rated during the progress of acid attack. Thus 
despite the fit of the chemical dissolution data to a 
simple two-dimensional diffusion model, the addi- 
tional data and observations preclude any definite 
conclusions concerning the mechanism controlling 
the rate of reaction. These results show that, 
for the reactions encountered in this study, the fit of 
the data to a model up to 60 or 80 per cent of the 
reaction was not sufficient to establish the validity 
of the model. In regard to this Jacobs and Tompkins 
(1955) have pointed out that agreement between 
experimental results and rate equations, express- 
ing c~ as a function of t, deduced theoretically 
does not necessarily establish the validity of  
the model from which these equations are derived 
and that information about the reaction in addition 
to the c~ versus t curve may sometimes be required. 
Carter  (1961) has elaborated the precautions 
necessary to warrant any conclusions as to the 
validity of a model used in the analysis of data 
expressing ~ as a function oft.  

The arrangement of the etch figures on some 
chlorites appeared to reflect certain crystal 
symmetry elements. Thus the etch figures ob- 
served in chlorites 1 and 2 were always aligned 
parallel to the crystallographic X-axis. Also, 
the microscopic observation that etch figures 
originating at opposite basal surfaces were orien- 
ted in opposite directions may be interpreted as 
evidence for the centro-symmetry of this chlorite 
(Friedel,  1926). Finally, the difference in shape of 
the figures in chlorite 1 from those in chlorite 4 
(Figs. 3b and 5b) indicates that these chlorites 
are different polymorphs. 
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R~sum~-La dissolution acide de 8 chlorites dans 2N Si-satur6 HC1 a montr6 qu'il n'y avait pas de 
dissolution pr6f6rentielle de AI dans les positions octah6driques et que les plaques octah6driques et 
t6trah6driques dans la structure de chlorite 6taient 6galement attaqu6es. Une analyse des donn6es 
chimiques a permis de sugg6rer un simple module de diffusion tridimensionnelle dans lequel l'attaque 
de l'acide sur les particules de chlorite proc6dait des bords vers l'int6rieur, laissant une couche 
ayant subie la r6action et formant une barri~re de diffusion. L'examen microscopique a montr6, 
toutefois, que l'attaque de l'acide n'6tait pas seulement une attaque au bord mais commenqait en n'im- 
porte quel point oh des craques, des d6fauts de structure ou des faiblesses pr6disposaienI apparem- 
ment les zones h l'attaque de l'acide. D'apr6s la formation des figures grav6es et des cannaux de 
solution, il 6tait aussi clair que la couche de produit se dissolvait ou se d6sint6grait au moins partiel- 
lement au cours de l'attaque de l'acide. Le r6sidu qui restait aprbs l 'attaque acide &ait une silice 
opaline hydrat6e amorphe comme l'indiquait I'index des mesures de r6fraction. L'arrangement 
r6gule des figures grav6es sur les 6clats de quelques chlorites refl6tait certains 616ments sym6triques 
de cristaux. Les r6sultats indiquent que la technique de dissolution ~ l'acide pour d&erminer le taux 
de AI darts les positions octah~driques et t~trah6driques ne peut &re utilis~ pour venir en aide au 
calcul des formules structurelles pour les chlorites. 

Kurzreferat -  Die saure L/Ssung von 8 Chloriten in 2N Si-ges~ittigter HC1 zeigte, dass eine bevorzugte 
LiSsung von AI in oktaedrischen SteUungen nicht stattfand, und dass die oktaedrischen und tetraed- 
rischen Schichten im Chloritgefiige gleich stark angegriffen wurden. Eine Analyse der chemischen 
Messwerte deutete auf ein einfache zweidimensionales Diffu~ionsmodell hin, in welchem der S~iure- 
angriff auf die Chloritteilchen yon den R~indern aus einw~irts erfolgte, unter Zuriicklassung einer 
ausreagierten Schicht, die eine Diffusionsbarriere bildete. Mittels mikroskopischer Priifung konnte 
aber gezeift werden, dass der S~iureangriff nicht bloss e~n Randangriff war, sondern dass scheinbar 
Risse, Gefiigefehler und sonstige schwache Stellen als bevorzugte Punkte fiir den S~iureangriff 
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angesehen  werden miissen. Ferner  ging klar aus  ,~,tzfiguren und LiSsungskanglen hervor,  dass  im 
Laufe  des S~iureangriffs die Produktschicht  sich zum mindes ten  teilweise 16ste und zerfiel. De r  nach 
dem S~iureangriff zuriickbleibende Riickstand erschien,  wie durch M e s s u n g e n  des Brechungs index  
gezeigt werden konnte,  als eine opalartige, amorphe ,  hydrat is ier te  Silika. Die regelm~issige Anordnung  
der Atzfiguren auf  den Bl~ittchen gewisser  Chlori te  deute t  au f  Kr is ta l l symmetr iee lemente  hin. Die 
Ergebnisse  zeigen an, dass  die Methode  der AufliSsung in S5ure zur  Bes t immung  des Verh~iltnisses 
von AI in oktaedr ischen und te t raedr ischen Stellungen als Hilfsmittel  bei der Berechnung  yon Struk- 
turformeln von Chlori ten ungeeignet  ist. 

Pe3mMe---I/I3y,lemir nDouecca rHc~oTrtoro p a c T a o p e n ~  8-M~t x~OpHTOB B 2 N  Si-uacbimeHno~ 
HCI  nora3a~o ,  qTO rzpri pacTaOpeHriH OTCyTCTByeT npeHMymecTBeaHoe SbIMbIaaI-IHe AI ~t3 
OKTa3~pH~IeCKHX riOJ10;~ceHH~ H ~ITO OKTa3~pHqCCKHe H TeTpa3~pH~IeCI(He CeTKH x.rIOpHTOBOl~ 
cTpyKTypI~I B paBHO~ GTerIeHH rio~Bepra}oTc~ ~eHCTBHIO KHCJ'/OTbI. AHa.rIH3 XHMH~IPX~K~L~ ~aHHblX 
riO3BOHHH ripe~riO.rIO)KHTb rlpOCTyIO ~ByMepHyIO ~H(I)~y3HOHHyIO MO~e.tlb, IlpH KOTOpOI~ ~el~CTBHe 
rHCnOTbt Ha xnopnT H a ~ u a e T c a  c ~paea qacTnU ~ a ~a~J, HefimeM pacnpocTpa~eTc~  
aHyTpb, ~TO np~tBOanT r 06pa30aaHa~O noBepxnocTHOrO pealcUnon~oro cao~, npeacTaa~m~omero 
CO601~ ~H00yaHOHHbII~I 6ap~,ep. 

O~rmro,  Hcc~e~OBaHn~ no~  MrIKpOCrOnOM riolca3a.ril, i, ~ITO rnCnOTa nepaaHoMepHo BO3,~eI~- 
CTByeT Ha r p a a  aacTHu; ~eI~CTBHe rHCJ~OT~,~ HaSriHaeTcg npenMy~eCTBeHnO C Tex ro~er ,  r~e n~e~oT 
MeCTO TpeI/IriI-IKH, cTpyrTypn~,Ie ~eqberT~,i r[ ~lpyrne napymeHHg, rorop~,ie co3~aIor  6J~aronpnaTrmie 
yCYlOBHg ~Ylg KHCHOTHOFO BO3~C~I~ICTBH~I. I/K3 aHa.r~H3a o6pa3yroumxc~a ~Hryp TpaBnerm~ ~i Katta.rlOB 
paCTBOpeHH~t COBepmeHHO gCriO c~e~yeT Tar~e ,  'tTO peaKtlHOUH~,I~ C~tO~, rio Kpal~He~ Mepe qaCTH~/HO, 
paCTBOpgeTOI ~lYIri pa3pymaeTcg rto)~ ~Ci~CTBHeM ~CqCJ~Oa'bI. OCTaTOK, ~OTOpbLt~ noay'~aerc~ nocae  
o6pa6OTrH rnC~OTOiL npe~cTaa~Izez co6oi~, Kar 5~,IJ~O ycTaHoaJ~eao n3MepeHrteM noKaaaTe~s ripeJ~o- 
MJ~eHm/, orla.rtOBblll~ aMopOH~,I~ rH~paTHpOaaHH~,Ii~ KpeMHe3eM. Yt~opa~o~eHHoe pacrioae~reHrte 
qbnryp TpaB~eHn~ Ha ~emy~irax HeKOTOpb~x XJ~OpHTOB oTpa~aeT oripe~eaeHn~,~e aJ~eMeHT~,t 
CmClMeTpHH ~r I-lony~eHnb~e pe3yJ~J, raTbt yKaa~,IBa~or Ha TO, ~TO MeTOR FffICJIOTHOrO 
TpaaJ~erm~, ripHMeH~:leMbl~ C I/e.rfb/O oripe~eaeHHa OTHOClfTe.rl/~HOFO rO~tHnecTaa A1 B orTa3~pn~ecroax 
H reTpaa~pH~tecrrix rioao~erimsx, ae  Mo~xer 6i, IT~, ~criosmaoaart ~ a z  BbISaCneHH~ crpyrTypH~,IX 
qbopMy~ xaopnrOB. 
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