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The MDO polytypes of pyrophyllite and talc family have been classified 
according to their superposition structures into two subfamilies, and accor
ding to the Y Z projection of their structures into 7 ( talc family) and 15 
( pyrophyllite family) MDO groups. This geometrical classification which is 
closely related to the diffraction patterns of these minerals, has been confirmed 
by syBtematic calculation of X-ray diffraction patterns for all individual 
MDO polytypes. These calculations made it also possible to construct identi
fication diagrams for determining the subfamily and the JJ,IDO group from 
the distribution of intensities along the reciprocal rows ±201 or ±131 and 
0 21, respectively. These two characteristics suffice for the determination of 
an')J MDO polytype. The identification is based on visual comparison of sin
gle-crystal diffraction patterns with the identification diagrams. A partial 
identification is possible also using powder diagrams of specimens with ran
dom orientation of particles. 

INTRODUCTION 

Problems related to the classification and X-ray identification of MDO poly
types in some concrete families of phyllosibcates have been analyzed recently 
in the following works: chlorites (l], (2], Mg-vermiculites [3], micas [4], [5], [6], [7] 
and kaolinite group [5], (8]. The present paper deals with the classification and 
X-ray identification of MDO polytypes of pyrophyllite and talc derived in Part I [9] 
and applies theoretical principles common to all phyllosilicates to this study. 

CLASSIFICATION OF MDO POLYTYPES OF PYROPHYLLITE 

AND TALC 

The ideal ditrigonalized model of any polytype of pyrophyllite and talc as 
defined in Part I [9] implies that its diffraction pattern contains three types of 
diffractions ( orthogonal indexing): 

l. diffractions with h = 3n A k = 3n A h + k = 2n
2. diffractions with h =I= 3n A k = 3n Ah+ k = 2n
3. remaining diffractions (h + k = 2n)

The diffractions of the first type correspond to a fictitious, triperiodic 9-fold 
average structure (superpositions by ±a/3 and ±b/3, basic vectors 01/3, 02/3, c0; 

space group P(3)12/m) which is common to all polytypes -no matter whether 
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periodic or non-periodic - of pyrophyllite and talc, respectively. Therefore also 
these diffractions are sharp and common to all these polytypes, and useless for 
their identification. 

The diffraction of the second type correspond to a fictitious 3-fold average 
structure. This structure is identical (for the ideal ditrigonalized model only) to 
the superposition structure defined according to the OD theory. Such a structure 
ie generated if all possible positions of any OD layer in any polytype of the family 
are realized simultaneously [10] and its symmetry is obtained by completing 
any OD grupoid of the family to a group [11]. The superposition structure is by 
definition triperiodic and thus the corresponding diffractions are always sharp. 
For the reasons given in the last paragraph of [9], there exist two subfamilies A 
and B with different OD symmetries and thus also two superposition structures 
characteristic for these subfamilies within the respective pyrophyllite or talc 
familiee. The superposition structure corresponding to the subfamily A has the 
symmetry HR('J)l2/m and basic vectors o1, 02, 3co (the subscript R means the 
possibility of selecting a smaller rhombohedral cell). The other superposition 
structure (B) has the symmetry H(3)12/m and the basic vectors a1 , a2 , c0 . These 
symmetries are the same in the talc and in the pyrophyllite family and the cor
responding superposition structures (e.g. A in both families) differ only in the 
occupation of the octahedral position containing one Mg atom and 2/3 Al atom, 
respectively. The above space grpups and basic vectors can be easily derived 
if one takes any po]ytype of the analyzed subfamily and realizes in a schematic 
drawing simultaneously all Z positions for any of its constituting OD layers 
(Table IV in [9]). It should only be kept in mind that in the diffraction pattern 
of a given polytype, the diffractions of its superposition structure acquire diffraction 
indices related to the lattice geometry of this polytype and not its own lattice 
geometry given above. 

The superposition structure is the first fundamental geometrical characteristics 
for classification of polytypes. As shown in [l], [7], [12], its symbol can be obtained 
from the fully descriptive symbol of a polytype in a routine way by an appropriate 
conversion of the characters. Since the corresponding diffractions are always 
sharp, the distribution of their intensities can be used to range the polytype -
no matter whether periodic or non-periodic -into its appropriate subfamily. 
It should be emphasized here that all polytypes of the same subfamily have also 
the same XZ projection (common diffractions hOl). 

The diffractions of the third type are sharp only for periodic polytypes, otherwise 
they are diffuse. They are characteristic for individual polytypes, but it is not 
necessary to inspect all of them if a polytype has to be identified, since there are 
diffractions Okl among them and these correspond to the projection of the structure 
into the YZ plane. All polytypes with the same YZ projection have also common 
set of these diffractions. All MDO polytypes within a family can be classified 
according to their respective YZ projection into MDO groups. In a way analogous 
to that for the superposition structures, also the symbols for YZ projections can 
be determined from the fully descriptive symbols of individual MDO polytypes 
[I], [7], [12]. As a result, the 10 non-equivalent MDO polytypes of talc derived 
in [9) were ranged into 7 MDO groups, and the 22 nonequivalent MDO polytypes 
of pyrophyllite [9} into 15 MDO groups. The YZ projection of the structure 
is the second fundamental geometrical characteristics for the classification of 
polytypes. Together with the superposition structure it suffices to characterize 
unambiguously any polytype [7], [12]. 
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A full importance of these facts is evident from a "cross - reference" classification
table which can he constructed for any family and which contains in any of itscolumns the MDO polytypes belonging to the same subfamily, and in any of itsrows the MDO polytypes belonging to the same MDO group. It is thus enough toknown the distribution of intensities of the selected diffractions of the secondand the third types to identify any MDO polytype. The experience has shownthat the diffractions ± 20Z or ± 13Z (2nd type) and the diffractions 02l or 04l
(3d type) are most suitable for these purposes. There is no need to analyze thewhole diffraction pattern. 

The above considerations refer to the classification of the MDO polytypeswithin a given family (talc or pyrophyllite). Such a classification, however, can
be extended in such a way that it includes also the relations of homomorphybetween the polytypes of these two families assigning in general three mesooctahedral pyrophyllite polytypes to one homo-octahedral talc polytype with thesame framework of all atoms except those in the octahedral coordination. All thesepolytypes will have identical or closely related basic vectors, the space group
of the homo-octahedral polytype will be their common super-group and their
diffraction patterns will also be similar. The assignemerit of polytypes according
to these rules can easily be made jf all even and odd orientational characters in the fully descriptive symbols of a meso-octahedral polytype are replaced by the charac
ters e and u, respectively, leading thus to the corresponding homo-octahedralpolytype. The classification of MDO polytypes of talc and pyrophyllite together with therelations of homomorphy between them is shown in Tab. I. The individual MDOgroups of the homo-octahedral family are labelled by Roman numbers I to VII
and the meso-octahedral polytypes within any of these groups by Arabic numbersI to 3. The individual polytypes in Tab. I labelled by such numbers are representedby their fully descriptive symbols (without enantiomorphous counterparts). Tab. II shows the same relations as Tab. I. It differs from it only in the form ofpolytype symbols which are replaced by new indicative symbols suggested forcases when the use of fully descriptive symbols would be too awkward. The newsymbols respect the traditional Ramsdell symbolism as well as the new classificationbased on structural characteristics, and denote unambigously the correspondingpolytypes in contrast to the commonly used Ramsdell symbols which do not
suffice for these purposes any more. Such a new indicative labelling of polytypescan be made for all phyllosilicates [13]. Any symbol consists, as a rule, of three
identifiers: the first one is identical with the traditional Ramsdell symbol, thesecond-as a subscript -denotes the subfamily, and the third, following aftera hyphen (-) is a combination of the numbers of the appropriate MDO groups,·separated by dashes (,). There is one or two such num hers for homo- and mesooctahedral polytypes, respectively. E.g. the symbol IM A-I denotes a talc polytype 
with the fully descriptive symbol I e 3 \ I, IToA-II, I denotes a pyrophyllite
polytype with the symbol / 2 5 

2
1\, etc. Such a complete indicative designation

of polytypes can be simplified in cases when some of the identifiers are redundant.The hierarchy of the importance of the individual identifiers is determined according to their sequence (see Tab. II where the non-redundant indicative symbolsare given in parentheses). 
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Table I 

Classification table of MDO polytypes of talc and pyrophyllite.
Full symbols of MDO polytypes a.re given in the respective lines 

Sub- Ifamily 
I 

~• 

MDO homo-
group octahedral 

I /\\I 

1-�- -·· I e.e I' 6 I 
---

III I 

IV I u.u u.u I 
I o 4 o 2 I 

V I U,U U,U I 2 0 4 0 

VI / e.e e.e e.e I 3 l 5 3 l 5 

VII -

292 

A. 

!Mnol meso-

I group octahedral 

I 
1 I 0

a
°

3 I
2 

I j\\j 
I 

1
5.1 1.5 I0 0 0 0 

i 

-1I 
! 

_ __

I 

I 
I 

I 
I 1 3.3 3.3 I0 4 0 2 

2 
! 

I 1.6 6.1 I 
0 4 0 2 I 

3 I 

1 5.1 1.5 I 0 4 0 2 
, _ _  

I 
15.5 1.1 I2 0 4 0 

I I o.o 2.2 4.4 I3 I 5 3 l 5 
2 12.4 4. 0 0.2 I
2 3 I 5 3 I 5 
3 14.2 0 .4 2. 0 I3 I 5 3 1 5 

I 
-

i 

I 

! 
I 

I 
I
I 

I 
I 

I 
I 
I 
I 

I 

I 
I 

I 

i 

homo-
octahedral 

/ ei/o /

I\\I 

I \tl'\/\ I 

I u
.u u.u I

2 3 4 3 

-
-

I e.e e.e e.e I345 0 12 

i 

I 
I 

B 

i I 

I
MDO

' 
meso-

group I octahedral 

I 
I 

I 1 i /
0s°

o/

I 
I 2 \\\/ 

I 3 
1
5.1 1.5 II 

0 3 0 3 ! 

- --· 

I 12.2 II I 
I I 5 4 

j--I 
13.3 3.3 I

I 0 1 0 6 
' 2 I 6.1 1.5 I0 I O 5 

I 
3 

11.55.l I
0 l O 5 

I 
15.5 I.I I 2 3 4 3 

--

-
-

I 
1
o.o 2.2 4.4 I3.4 5 0 l 2 

2 
1
2.4 4.0 0 .2 I3 4 5 0 l 2 

3 1
4.2 o.4 2. 0 I345012 
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rn Table II 
� Classification table of MDO polytypes of talc and pyrophyllite. New indicative symbols of MDO polyt.ypes are given in the respective linoA 
q (non-redundant symbols are given in parentheses) --·-··

i1
·--·-

I 
Sub-

family 
- -- ------

MDO homo-
group octahedral 

I 

II 

III 

IV 

V 

ITcA -II

2MA-IV 

2MA-V 

3T A -VI (3T A) 

A 

I
B 

--, ---- ------- - ------

MDO 
group 

I 
2 

3 

I 
2 
3 

1 

meso
octahedral 

IMA-I, 1 
IMA -I, 2 
2MA -I, 3 

ITcA -II, 1 (lTcA -

2MA -IV, I 
2M..4-IV, 2 
2MA-IV, 3 

homo-
octahedral 

-------

) 
) IMn-I (1MB) 

-- - ----

I) -
- --- -------- -- ---- ·-

---

-

!Ten- III (ITcB)
------·-- - ----·---·-· 

2Mn-1V 

---- ---- ·- -----

2Mn-V 
-- - - ·---- ---- - ----------- ! ---·---- -----

I 
2 
3 

3T.4-Vl, 1 
3T.4-Vl, 2 
3T.t-VI, 3 

(3TA -1 

(3TA -2 
(3TA -3 

) 
) 

) 

- -- -- -- - - - - - ------

-

- ----- ------------ - -----

3Tn-VII (3Tn) 

I
MDO 
group 

l 
2 
3 

-

- -- - -

l 
- - --- ------

I 
2 
3 

- - - --
----

l 
·- ·- -- --

------ . .

l 
2 
3 

- ·- - - -- ----- -

meso-
octahedral 

lMn-1, 1 (lMn-l) 
IMn-l, 2 (IMB-2) 
2Mn-I,3 

-·---

-

------ -- - -------

I Ten -III, 1 (lTcn-1) 

2Mn-IV, 1 
2Mn-IV,2 
2Mn-IV, 3

___ ., 

2Mn-V, I 
---·- -

-

3TB-VII, l (3Tn-I) 
3TB-VII, 2 (3Tn-2) 
3TB-VII, 3 (3Tn-3) 
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X-RAY IDENTIFICATION OF POLYTYPES OF TALC AND PYROPHYLLITE

From the classification of polytypes carried out in the previous paragraph it 
follows that in order to identify any MDO polytype it suffices to determine its 
subfamily and its MDO group. Nevertheless, the identification may be complicated 
by the fact that the diffraction patterns of talc polytypes are very similar to 
analogous pyrophyllite polytypes and it is therefore advisable to determine the 
family first, using also other than X-ray methods (e. g. chemical analysis). Besides, 
it is known that homo-octahedral talc has its lattice geometry slightly different 
from that of meso-octahedral pyrophyllite so that in their respective powder 
diagrams the coinciding diffractions 060, 331 and 331, yield a diffraction peak at 
0.1495 nm and at 0.1529 nm in pyrophyllite and talc (lTc), respectively. 

The identification of a polytype within a family is influenced also by the experi
mental technique used, and according to it is possible to perform the idenfitication 
at various levels using: 

a) single-crystal data obtained by the refinement of the structure of a particular
polytype, 

b) visual comparison of the distribution of intensities of selected diffractions
obtained by single-crystal technique with calculated identification diagrams, 

c) special preparation techniques of a polycrystalline sample, special methods
of recording the diffraction pattern and comparison of experimental diffraction 
pattern with the calculated patterns with respect to the corresponding techniques. 
In this context e.g. powder diffraction method using specimens with removed 
texture or oblique texture method in electron diffraction [14], [15] and X-ray 
diffractometry [16], [17] can be mentioned. 

The "resolwing power" of these methods of investigation and therefore also the 
quality of the results thus obtained differ considerably. The choice of a particular 
approach depends on the formulation of the concrete problem, i.e. on the amount 
and quality of the information which we wish to obtain, but also on the accessible 
experimental technique and on the nature of the investigated samples. E.g. 
a higher degree of disorder may cause the diffractions of the third type to be smear
ed out into continuous streaks without well-developed maxima, so that it makes 
no sense to attempt to identify a particular polytype and only a determination 
of the subfamily is possible. 

The aim of the present paper is to identify MDO polytypes and therefore we 
exclude the complete structure analysis as mentioned in a) from our further 
considerations and concentrate upon the points b) and c), i.e. on the determination 
of identification criteria of the MDO polytypes derived in [9]. From the classi
fication presented in the previous paragraph it is known what types of diffractions 
have the same distribution of intensities within a subfamily or within an MDO 
group, and it was now necessary to determine concrete values of these distribut
ions. For this purpose we have performed systematic calculations of theoretical 
diffraction patterns of individual MDO polytypes using a special computer pro
gram DIFP. As a side eff0ct of such calculations we have expected a verification 
of our classification scheme. The calculations consisted of an automatic generation 
of the coordinates of all atoms within the unit cell of a polytype using the atomic 
coordinates within an OD packet in its standard orientation, and the fully descrip
tive symbol of the considered polytype. The effect of the ditrigonalization was 
not taken into consideration since our experience [l], [3] has shown that is has 
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� Table Ill
[ Lattice parameters of the individual MDO polytypes used for calculation of thoir diffraction patterns. Equations for calculation of l0 indices
� (corresponding to the six-layer orthogonal 0011) with respect to the different types of lattice geometry are given in the last column. The
!" h

r
, kr and z, indices correspond to the lattice geometry of individual MDO polytype.

!" 

"' 
ex, 

Nl 
<:O 
C)1 

Family

Talc

Pyro-
phyllite

----·-

fypT 

of Polytype
lattice

---

---

a
b 

0 

d 

e
J 

a
- -

b 

-

0 

- -

··--

d 

----
--

-

e 
- ----

I 

IMs-1
2Ms-lV;2Ms-V
3TA-Vl;3Ta-VII
IMA-I; ITcA-11
ITcs-III
2M A -IV; 2M A -V

lMs-1, l;IMn-I,2

2Ms-l,3;2Mn-IV, I
2Mn-IV,2;2Ms-IV,3
2Ms-V, I

·-· 

3TA -VI, I; 3TA-VI,2
3TA -VI, 3
3TB -VII, 1;3Ta-VII,2

3TB-VII, 3

IMA-I, I; IMA-I, 2
ITcA-11, I

!Tea -III, 1

2MA-I, 3; 2MA-IV, I
2MA -IV, 2; 2M..t-lV,3

2M.4-V,l
--

! a/nm)

0.5293
0.5293
0.5293
0.5293
0.5293
0.5293

0.5160
- - - ----

0.5160
---- - -- . 

0.5160

------�- ----

0.5160
---

0.5160
--------

--

0.lil60

I b (run) 

0.9179
0.9179
0.5293
0.9179
0.9179
0.9179 

0.8966 
-

0.8966
-- ---

·
-- ----

0.5160

---

0.8966

0.8966

I 

I 
c (nm) (l( (0) /3 (0)

I 
y (0)

0.9381 90 90 90
l.8762 90 90 90
2.8143 90 90 120
0.9546 90 100.6 90
0.9867 108.1 90 90
I.9090 90 100.6 90

--

0.9190 90 90 90
-- - - ----- ----- -- ----

l.8380
--- -

2.7570

--------·-

0.9350

I 

--

- -

90
------

90

---- -·

90
·- ----- - . 

0.9663 108.6 

--- ·-

------

90
- --- -

90

- --

----�- - - -

100.6

90
----

120 

. --

90
-------

90 90 
---------· --- ----- -------- ---- ----

0.8966 1.8700 90 100.6 90 

----

Trans-
formation
of indices

lo = 6l,.
lo = 31, 
lo = 21, 
lo = 61, + 2h, 
l0 = 61, + 2k, 
lo = 31, + h, 

lo = 61,

lo = 3l,

lo = 2l,

--- ------

l0 ""' 6l, + 2hr

l0 = 6l, + 2k,

lo = 3l, + h,
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no significant influence on the distribution of intensities. The following chemical 
composition was assumed: 

Mg3(8i4010){0H)z for talc and 

Al2(Si4010){0H)z for pyrophyllite. 

The lattice parameters used are given in Tab. III. 

Ident if i cation of polytypes  f r o m  da t a  o b taine d 
b y  singl e-crystal  diffra ction 

As we have already stated, the distribution of  intensities of ± 20l or  ± 13l 
diffractions may be used with advantage for identification of the subfamily
Calculated values I F 1 2 of the above characteristic diffractions corresponding to 
subfamily A and B for talc and pyrophyllite are shown in Figs. I and 2 for purposes 
of visual comparison with observed diffraction patterns. The indexing refers to an 
orthogonal six-layer cell a, b, 6c0 which is the smallest C-centered common super
cell for all MDO polytypes. Equations for calculation of l0 indices (corresponding 
to the six-layer orthogonal cell) with respect to the different types of lattice geo
metry are given in Tab. III. The subfamily A can be immediately recognized by 

A D A 8 

201 201 201 2oi 201 201 201 201 
-

2 -

1 -

4 -

; -

6 -

5 -

8 -

8 -

10 -

10 -

12 
12 -

14 -

14 -

16 -

16 

18 -

18 -

20 -

20 

22 - 22 -

24 - 24 -

26 -

2 
2ti -

Fig. 1. Vieual representation of ca"lculated IF 12 values (the strongest IF 12 value of each subfamily 
is drawn as the biggest circle) for charateristic diffractions 20/ of MDO polytypea of talc 
and their classification into the subfamuies A and B. The indexing refers to an ortohogonal six
layer cell. For calculation of indices the equations corresponding to d) type of lattice for subfamily 

A and a) type of lattice for subfamily B were used (see Tab. III).

Fig. 2. Visual representation of cakulated IF 12 values (the strongest IF 12 value of each subfamily is 
drawn as the biggest circle) for characteristic diffractions 20l of MDO polytypes of pyrophyllite and 
their classification into the subfamilies A and B. The indexing refers to an orthogonal six-layer cell. 
For cal,culation of indices the equations corresponding to d) type of lattice for subfamily A and a) 

type of lattice for subfamily B were used (see Tab. III).
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extinctions due to its rhombohedral superposition structure*). Let us just recall 
that due to the Laue symmetry 8m corresponding to the superposition structures 
in both A and B subfamilies, the distribution of intensities along the reciprocal 
rows 20lo, l3lo, l3l0 , 20l0 , 1Sl0 and 1310 are the same. 

The diagrams of I F 12 values corresponding to 02l diffractions for identification 
of MDO groups of both families are shown in Figs. 3 to 7. For homo-octahedral 
family (talc), these groups are denoted in the same way as in Tab. I, i.e. I to VII. 
The designations is analogous for meso-octahedral family (pyrophyllite ), i.e. I, 1; 
I, 2; I, 3; etc. 

As it may be deduced from the diagrams quoted above, the distinction of sub
families is possible using the proposed visual comparison (Figs. 1 and 2). However, 
the 20l diffractions do not suit for distinction of the families. Within a family, the 
visual techniques is suitable for the distinction of the MDO groups from the 
distribution of the intensities of 02l diffractions. Our calculations revealed however 
that the complete diffraction patterns of the MDO polytypes 3T A-VI,l and 

II Ill 

0 2 I ! I •I ·I •I -I lV V Vl Vll 

0 2 I ! I ,1 !I !I 
0 

2 - 0 -

4 - 2 

6 -

4 -

8 - 6 

10 - 8 

12 • 10 

14 - 12 

16 - 14 

.. - 16 -

;zo -
18 -

'22 -
20 

21, -

3 4 
22 -

Fig. 3. Visual representation of calculated IF 12 values (the tstrongest IF 12 value of each MDO 
group is drawn as the biggest circle) for characteristic diffractions 02l of MDO polytypes of talc and 
theu- clasaification into the MDO groups I, II and I II. The indexing refers to an ortlwgonal 11ix-

layer cell. The equations for calculation of indioea are given in Tab. III. 

Fig. 4. Vi8ual representation of calculated IF 12 values (the strongest IF 12 value od each MDO 
grO'Up is draw� a11 the bigge11t circle) for characteristic diffractions 02l of MDO polytypes of talc 
and their classification into the MDO g1'oups IV to VII. The indexing refer11 to an orthogonal llix-

layer cell. The equations for calculation of indices a!l'e given in Tab. III. 

*) Zvyagin [15] rafers this superposition structure to an one - layer monoclinic cell a, b/3 
c0-a/3 which - but only by its geometry - corresponds evidently to one third of the correct 
cell. 
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o,, tl tl !l •l 

0 
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Ii· 

8 

10· 

12 

14 

Ii. 

18· 

20· 

:n-

5 
Jl-
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11,1 0 2 I 

·l 0 

2 

4 

6 

8 

10 

12 

14 

16 

111 

20 

22 

6 
24 

-

-

-

-

-

-

-

-

-

-

-

-

-

111,1 

•I ·l 

IV.1 IV,2 

!:l !l 

Fig. /5. Visual representation of calculated IF 12 value6 (the strongest IF 12 value of eaoh MDO

growp i8 drawn aB the biggest circle) for characteristw diffractions 02l of MDO polytypes of pyrophyl
lite and their classification into the MDO groups I, I; I, 2; I, 8; II, I. The indexing refers to an 

orthogonal sfr-layer cell. The equations for calculation of indices are given in Tab. III. 

Fig. 6, Vi8ual representation of calculated IF 12 values (the strongest IF 12 value of each MDO

group is drawn as the biggest circle) for characteristic diffractions 02l of MDO polytypu of pyro
phyllite and their classification into the MDO groups III, I; IV, I and IV, 2. The indexing refers 
to an orthogonal six-layer cell. The equations for calculaticm,. of indices are given in Tab. III. 

3T ..4-VI,3 are so similar that their visual distinction is impossible. The same 
holds for the MDO polytypes 3TB-VII, l; 3TB-VII, 2 and 3TB-VII, 3 (see Fig. 7). 
However, there will be difficulties if we try to use the distribution of the intensities 
of 02l diffractions also for the distinction of the families, e.g. for the distinction 
of MDO groups I (talc-family) and I, 2 (pytophyllite-family). In some cases, the 
distinction of MDO groups (within a family) can be very difficult if the influence 
of stacking disorder or desymmetrization of structure will be considered. Fortunat
ely, it turned out that the desymmetrization of the structure caused minor changes 
in the distribution of the intensities of 02l diffractions but major changes in the 
distribution of the intensities of ± 20l diffractions. These changes were found 
to be more pronounced in pyrophyllite than in the talc. If we take the ditrigonalizat
ion of the tetrahedral sheet as a "measure" of the desymmetrization of the structure 
we may explain the above changes by the magnitude of the angle of rotation of 
the tetrahedra. In pyrophyllite, this angle oi: = 10 . 2° (18] and in talc [19] rx. =
= 3 . 4°. The above mentioned facts are evident from a comparison of theoretical 
I F 1 2 values calculated for the structure of lTcA-II,l and lTcA-II polytypes 
with an idealized symmetry and the I F 1 2 values obtained from the structure 
analysis of real samples [18], (19} as shown in Figs. 8 and 9. 
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Table IV 

Calculated X-ray powder diffraction patterns of MDO polytypes of pyrophyllite 
belonging to subfamily A. The calculated intensity of d iffraction lines 

corresponds to the ana lysis of the sample with rand om orie nted particles. 

d 

(nm) 

0.919 

0.916 

0.459 

0.458 

0.448 

0.447 

0.446 

0.441 

0.436 

0.435 

0.434 

0.425 

0.415 

0.414 

0.403 

0.402 

0.397 

0.389 

0.375 

0.362 

0.361 

0.347 

0.341 

0.334 

0.321 

0.320 

0.307 

0.306 

0.305 

0.296 

0.294 

0.290 

0.284 

0.273 

0.263 

0.258 

0.254 

0.253 

0.249 

0.248 

0.242 

0.235 

0.234 

0.230 

0.227 

The values of relative i ntensities of diffraction lines are indicat,.d 
in the lines corresponding to interplan ar spacing d.
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Cvntinuing Tab. IV 

"" ,..M "" M 

...... "" . . ...; > > > 
M 

..... . ........ 
> ...;-d H> H>> H H H H 

(nm) I I I I I I I 
,: ,: ,: ,: -.: 

,: ,: ,: ,: ,: 

�E.. �E..E.. 
<> � � � � � E.. ..... ..., ...... ...,..., "" "" "" "" "" 

0.225 4 6 4 

0.223 3 5 5 6 
0.222 3 

0.221 7 3 

0.219 12 9 I 10 9 9 12 
0.218 
0.217 
0.216 27 21 26 26 26 25 26 23 
0.213 3 6 4 4 
0.211 9 4 5 2 
0.207 14 15 17 14 16 13 16 15 
0.204 7 7 4 3 
0.201 2 5 2 2 1 
0.198 3 6 5 1 
0.194 8 2 2 2 2 
n]!l" '! 4 3 

0.191 4 8 
0.189 4 4 4 4 

0.188 13 5 4 4 
0.186 3 5 
0.184 8 7 9 9 8 9 11 7 
0.181 3 6 3 3 3 

0.180 2 
0.177 7 4 2 
0.175 3 1 2 
0.174 2 5 4 3 3 5 
0.172 
0.171 
0.170 4 3 5 4 

0.169 11 9 7 9 
0.168 10 9 10 10 11 11 
0.167 4 12 4 
0.166 4 10 5 9 4 
0.164 33 23 28 29 29 30 27 24 
0.163 
0.162 8 3 5 3 

0.161 8 4 3 2 3 4 
0.160 4 6 
0.159 2 5 6 4 4 5 
0,157 2 2 3 9 7 6 7 2 
0.156 2 5 5 4 

I
4 4 

When making the refinement of the structure of investigated polytypes - which 
is the best identification possible - the calculated values of structure factors 
based on the ideal model may be used with advantage as initial models. These 
values corresponding to individual MDO polytypes are available on request from 
the present authors. 
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Table V 

Calculated X-ray powder diffraction patterns of MDO polytypes of pyrophyllite belonging 
subfamily B. The calculated intensity of diffraction lines corresponds to the analysis of the sample 
with random oriented particles. The values of relative intensities of diffraction lines are indicated 

in the lines corresponding to interplanar spacing d 

I 
2MB-IV, 2 I 3TB-VII, 1 

d lMs-I, 1 2MB-IV, 1 
(nm) IMe-I,2 1 Tes-III, l 2Ms---IV, 3 2MB-V, l I 2MB-l,3 3Ts-VII, 2 

I 
3TB-VII, 3 

I 

0,919 42 45 52 48 49 
0.916 60 
0.459 30 29 37 33 32 
0.458 39 
0.448 71 25 71 
0.447 37 
0.446 
0.441 94 71 
0.436 
0.435 100 100 20 
0.425 86 62 
0.415 

i 0.414 ! 0.403 45 
0.402 100 28 100 19 
0.397 2 
0.389 
0.377 50 41 
0.375 
0.362 56 
0.361 57 10 

0.347 35 31 
0.341 
0.334 
0.321 23 49 
0.320 48 14 10 
0.307 
0.306 48 51 59 54 56 
0.305 68 
0.296 19 
0.294 24 
0.290 
0.284 25 24 5 
0.273 15 13 
0.263 
0.258 5 7 5 6 6 6 
0.254 
0.253 25 II 17 25 
0.249 81 86 100 93 
0.248 100 100 
0.242 
0.235 8 
u.234 12 
0.230 4 7 5 6 5 5 
0.227 
0.225 43 45 48 56 49 52 

0.223 
0.222 8 
0.221 5 
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Continuing Tab. V 

d lMB-l, l 2MB-IV, l 2Ms-IV,2 I 3Ts-VII, 1 
/run) lMB-I, 2 lTcB-III, l 2MB-IV, 3 2Ms-I, 3 3Ts-VII, 2 2MB-V, l 3TB-VII, 3

I 
i 

' 

I I 0.219 ! 8 
I

7 0.218 6 2 0.217 5 I 5 5 0.216 0.213 5 3 0.211 5 4 2 ' 0.207 4 ' 
3 

I 0.204 8 2 5 8 I 30.201 7 2 4 6 30.198 8 1 2 8 9 9 ' 
9 0.194 5 4 0.192 5 3 0.191 5 5 l 0.189 30.188 3

i 
3 0.186 5 4 2 I 0.184 6 6 8 8 7 I 7 0.181 6 2 3 3 6 I 0.180 3 3 0,177 j 

0.175 I 0.174 5 40.172 14 10 16 18 16 170.171 12 0.170 5 8 9 7 0.169 7 10 9 lO 7 80.168 10 8 0.167 11 4 6 0.166 5 5 10 0.164 7 5 0.163 7 7 2 0.162 6 5 0.1610.160 6 2 2 3 6 0.159 8 2 4 7 2 0.157 2 2 I 0.156 30.155 4 4 

Identificat ion of po lytypes  using powder  diffraction 

Using the powder diffraction methods, the identification of polytypes becomes 
much more complicated than the identification based on single-crystal data. 
Even supposing that a sample with random orientation of particles could be pre
pared for the X-ray analysis (for refl.exion or transmission techniques) and that 
the differer:t polytypes wiJl not be mixed in the sample, an unambiguous identific
ation of all MDO polytypes wiJl be impossible. As deduced from calculations of 
powder diffraction patterns performed using the DIFK program [20] for random 
orientation of particles, a powder diffraction patterns contains, in addition to 
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Table Vlr 

Calculated X-ray powder diffraction patterns of MDO polytypes of talc. The calculated intensity 
of diffraction lines corresponds to the analysis of the sample with random oriented particles 
The values of relative intensities of diffraction lines are indicated in the lines correspon,ting to 

interplanar spacing d 

i 

I 

d 1-C I .... 1-C 1-C �> 1-C > .... ,... 
1-C > .... 1-C 1-C I-Ip.I (nm) I I I I I I I I I I I " -s: 

I

-s: " " ., & ., ., .,

' �E-i 
<:.) � � � �� 

I
E-i ! E-i E-i ""'""' .... CN I CN .... ""'""' CN CN 

I

I 

I
I I ! I 

0.938 99 99 99 96 100 

I
100 100 

0.469 ! 17 

I

16 16 ! 16 19 15 16 

0.459 44 64 21 

0.457 45 37 

0.453 I 61 61 

I
0.446 23 42 86 

0.436 66 

I

23 12 21 55 

0.425 I 40 12 

i 0.412 
i 

10 41 5 4 90 23 

I 0.398 5 36 

I 0.384 36 18 10 10 37 

0.370 31 2 48 

0.356 14 21 4 4 28 

0.342 I 24 

0.328 I 15 15 5 5 43 11 

0.313 
I 63 63 69 61 64 64 64 

0.302 I 15 10 5 5 18 

0.290 1 13 21 

0.279 4 10 1 2 ' 12 

0.268 10 2 

0.264 11 11 II 10 

I 0.260 27 25 25 24 

0.258 25 
I 

0.255 100 99 99 

0.248 100 100 100 100 

0.240 2 7 7 

0.235 2 2 2 2 

0.232 5 

0.231 2 66 66 70 

0.229 2 2 2 

0.228 3 

0.226 3 2 

0.223 II 5 6 2 

0.221 30 30 30 30 

0.218 4 3 

0.216 4 4 

0.215 4 

0.212 18 17 17 17 3 

0.209 5 7 2 

0.206 3 6 2 

0.202 2 3 16 16 16 

0.199 3 2 1 1 4 

0.196 4 1 4 1 3 4 

0.193 7 7 6 6 

0.192 3 
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strong diffractions ± 20l, ± 13l, 02{ (which are decisive for the identification of 
polytypes according to the above mentioned classification), also strong diffractions 
OOl and ± Ill. The latter overlap the former to such an extent that the distinction 
of some polytypes by means of powder diffraction method is practically impossible, 
i.e. these polytypes have the same diffraction powder pattern. From the above
ca.lculations it follows that the following MDO polytypes have the undistinguis
hable powder diffraction patterns:

a) MDO polytypes of talc:

IMA-I and 3T A-VI; lTcB-111 and 3TB-VII;

2MB-IV and 2MB-V

100 I 

100 I 

80 

80 

"° 

soo 1 

IO 

80 

•• AEFLEXICIN (A.t.NOOM ORIENTATION OF PARTICLES) •• 

•• AEF'LEXION (AAfrCJOM ORIENTATION OF PARTICLES) •• 

•• REFLEXION IIWIION ORIENTATION OF PARTICLES) u 

a) 

b) 

c) 

Fig. 10. Calculated X-ray powder diffraction patternB of three MDO polytypeB of talc (experimental 
arrangement: diffractometer, Gu radiation, random orientation of partidea in the Bample): 

a) / e 3 es/ (JM,1 - I)

b)\\s\\ 
(lTc,1-II) 

c) 

I

t\; u4. uO. u21 (2M,1 - IV)
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b) MDO polytypes of pyrophyllite:

IM A-I, I and 3T A-VI, 2; IM A-I, 2 and 3T A-VI, I and 3T A-VI, 3;

3TA-VI, I and 3TA-VI, 3; lMB-I, 1 and lMB-I, 2;

2M8-VI, 1 and 2MB-IV, 3; 2MB-IV, 2 and 2MB-I, 3;

3T8-VII, 1 and 3TB-VII, 2 and 3TB-VII, 3.

This fact may be also deduced from Tables IV, V and VI where calculated in
tensities of diffraction Jines are given together with their interplanar spacings 
for individual MDO polytypcs of talc and pyrophyllite. As shown in the tables, 
the distinction of MDO polytypes belonging to the A subfamily from polytypes 
belonging to B subfamily is possible using the method of powder diffraction. 
However, the distinction of polytypes within a subfamily is not unambiguous. 
In some polytypes, the differences in the theoretical diffraction patterns are 
small and even supposing that the experiment was performed with high accuracy, 
their distinction can net be guaranteed. MDO polytypes IMA-I, 2 and 2MA-I, 3 of 
pyrophyllite may be quoted as an example of it. The point is whether the identificat
ion of polytypes may be based on a not very pronounced difference of intensity 
in one or two diffraction lines, particularly if we take into account that real struc
ture of the investigated sample or other influences associated with the prPparation 
of the sample could alter the observed diffraction pattern. For example, if we 
consider as sufficient for the distinction of MDO polytypes of talc lM A-I, I Tc A-II 
and 2M A-IV the differences of intensities of a number of diffraction lines (in the 
angles from 18.8 to 27.3° 21BcuK"-), then we can make the distinction within this 
limitation. Calculated powder diffraction patterns of these polytypes are shown 
in Fig. 10. 

Nevertheless, when applying the proposed identification diagrams in the practice, 
we must bear in mind that these diagrams were deduced from an idealized sym
metry of structures. Therefore, we must decide to our own discretion, whether 
such differences are sufficient for identification of polytypes with respect to our 
exrerimental technique. 
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POL YTYPISMUS PYROFYLITU A MASTKU 

Cast II. Klasifikace a rentgenograficka identifikace MDO polytypu 

Zdenek Weiss, Slavomil Durovic* 

Vedeckovyzkumny uhelny ustav, 716 07 Ostrava 

* Ostav anorganickej chemie, Gentrum chemickeho vyskumu, Slovenska akademia vied, 842 36 Bratislava 

MOO polytypy pyrofylitu a mastku byly podle jejich superpozicnfch struktur rozdeleny
na dvi\ subfamilie. Podle projekce struktury techto polytypu na rovinu YZ byly tyto rozdeleny 
do sedmi (u mastkove familie) a patnacti (u pyrofylitove fa.mile) MDO grup. Tato geometricka 
kla�ifikace, ktera souvisi s difrakcnim obrazem Mchto mineralu, byla potvrzena systematickymi 
vypocty rentgenovych difrakcnich obrazu vsech odvozenych MDO polytypu. Krome toho umoz
nily provedene vypocty sestaveni identifikacnich diagramu pro urceni subfamilie a MDO grupy, 
podle distribuce intenzit difrakci ±201 (±131) a 021. Tyto dve charakteristiky dovoluji urcit 
jakykoliv MDO polytyp. Zminena identifikace je zalozena na srovnani monokrystalovych di
frakcnich dat s vypocitanymi identifikacnfmi diagramy. Castecna idf'ntifikace je take rnozna, 
pouzijeme-li praskove difrakcni zaznarny porfzene analyzou vzorku s nahodne orientoYanyrni 
casticerni. 

Obr. 1. Schematicke znazorneni vypocitanych hodnot IF 1
2 (ncjvyssi hodnota I F 

1

2 kazdc subfamilie 
je znazornena nejvet§im kruhem) charakteristickych difrakci 201 pro 1YIDO polytypy mastku 
a jejich klasifikace ao subfamilii A a, B. lndexace je vztazena k sestivrstevne ortogo))(ilni 
bunce. K vypoi5tu indexu u subfamilie A byla pouzita rovnice odpovidajici mfizkove geo
metrii typu d) a u subfamilie B odpovidajici mfizkove geometrii typu a) - viz tab. Ill. 

Obr. 2. Schematicke znazorneni vypocitanych hodnot IF 12 {nejvy§si hodnota IF 12 kazde subfamilie 
je znazornena nejvetsim kruhem) charakteristickych difrakci 20l pro MDO polytypy pyro
fylitu a jejich klasifikace do subfamilii A a B. lndexace je vztazena k sestivrstevne ortogo
nalni bunce. K vypoctu indexu u subfamilie A byla pouzita rovnice odpovidajici mfizkove 
geometrii typu d) a u  subfamilie B odpovidajici mfizkoi-e geometrii typu a) - viz. tab. Ill. 

Obr. 3. Schematicke znazorneni vypocitanych hodnot IF 12 (nejvyssi hodnota IF 12 kazde J.:IDO 
grupy je znazornena nejvet§im kruhem) charakteristickych difrakci 02l pro MDO polytypy 
mastku a jejich klasiflkace do MDO grup I, II a Ill. Indexace je vztazena k §estivrstevne 
ortogonalni bunce. Rovnice pro vypocet indexu jsou uvedeny v tab. III. 

Obr. 4. Schematicke znazorneni vypoi5itanych hodnot I F 12 (nejvyssi hodnota I F 12 kazde MDO 
grupy je znazornena nejvetsim kruhem) charakteristickych difrakci 02l pro MDO polytypy 
mastku a jejich klasifikace pro MDO grup IV az VII. lndexace je vztazena k §estivrstevne 
ortogonalni bunce. Rovnice pro vypocet indexu jsou uvedeny v tab. III. 

Obr. 5. Schematicke znazorneni vypocitanych hodnot IF 12 {nejvys§i hodnota IF 12 kazde MDO 
grupy je znazornena nejvet§im kruhem) charakteristickych difrakci 02l pro MDO polytypy 
pyrofylitu a jejich klasifikace do MDO grup I, 1; I, 2; I, 3 a II, 1. lndexace je vztazena 
k iet1tivrste1,nc ortogonalni bunce. Rovnice pro vypocet indexu jsou uvedeny v tab. Ill. 

Obr. 6. Schematicke znazorneni vypocitanych hodnot IF 12 (nejvy§§i hodnota IF 12 kazde MDO 
grupy je znazornena nejvetsim kruhem) charakteristickych d�frakci 02l pro MDO polytypy 
pyrofylitu a jejich klasifikace do MDO grup Ill, 1; IV, 1 a IV, 2. lndexace je vztazena 
k sestivrstevne ortogonalni bunce. Rovnice pro vypocet indexu jsou uvedeny v tab. Ill. 

Obr. 7. Schematicke znazorneni vypocitanych hodnot I F !2 (nejvyMi hodnota IF 12 kazde MDO 
grupy je zoozornena nejvetsim kruhem) charakteristickych difrakci 02l pro MDO polytypy 
pyrofylitu a jejich klasifikace do MDO grup IV, 3; V, 1; VI, 1 {VI, 3); VI, 2 a VII, 1 
(VII, 2; VII, 3). Indexace je vzdalena k sestivrstevne ortogonalni burice. Rovnice pro vy
pocet indexu jsou uvedeny v tab. Ill. 
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Obr. 8. Srovnani charakteriatickych hodnot I F(20l) 12 a I F(02l) 12 vypocitanych na zaklade atruk
turnich dat, ktere publikovali Lee a Guggenheim [18] - (obs) s teoretickymi hodnotami vy
pocitanymi pro MDO polytyp lTcA - II, 1 pyrofylitu - (calc). Hodnoty IF 12 jaou 
normalizovany vzhledem k nejsilnejsi dijrakci. I ndexace je vztazena ke skutecne jednovrstevne 
bunce. 

Obr. 9. Srovnani charakteristickych hodnot I F(20l) 12 a I F(02l) 12 vypocitanych na zaklade struk
turnwh dat, ktere publikovali Rayner a Brown [19] - (obs) s teoretickymi hodnotami vy
pocitanymi pro MDO polytyp lTcA - II mastku - (calc). Hodnoty IF 12 jaou normalizo
vany vzhledem k nejsilnejsi difrakci. Indexace je vztazena ke skutecne jednovrstevne bunce. 

Obr. 10. Vypocitane rentgenove praskove dijrakcni zaznamy tfi MDO polytypu mastku (experimen• 
talni uspofadani: dijraktometr, zafeni Cu, nahodna orientace Mstic ve studovanem vzorku): 

a) 

b) 

c) 

I e3\ I (JMA - I) 

/\\/ (lTcA-II)

,u.u.u.u I (2M -IV) 
0 4 0 2 A 

Il0.;1lITIIITHH IIIIPO<Dl1�IJH1TA H TA.TlhKA 

l.facTb II. KJiaccncpnKa�HH n peHTreHorpaqrn:qec,rnn n;:ieHTIIq>lrn:arrna 
}l ,r:t: 0 IIOJIIITIIIIOB 

3;:ieHel{ Beiicc, CJiaBOMH,I ,r:t:IOpOBH'I* 

H ay«Ho-uccj1eooeame.11,bci;;uu UHcmumym, 716 07 Ocmpaea 
* llHcmumym Heopzanu«eci;;ou xu.11,uu, �enmp xUMu«ec,;;020 ucc.11,eooea11,uR 

C.11,06a!fi;;aR Ai;;aoe.11,UR Hay1.:, 842 36 Bpamuc.11,aea 

}I,r:t:O rro:rnTHn1,1 m1pocpmmnTa n TaJihKa 61,mn paa11.eJieID,I B 11.na cy6ceMeiicTBa, OTBeqaro
rQlfe nx cynepn03lIIIHOHHhlM CTPYKTypaM. B COOTBeTCTBllH C npoeKrrHeii CTPYKTyp1,r aTHX IIOJIH
THIIOB B IIJIOCnOCTb YZ, 11.aHHhre JIOJIHTHIIl,l 6hlJIM pa3)leJieHbI B C0Mb :\1,r:t:O rpyrrn (B CJiytJae 
ceMeHCTBa rn:11,Ka) M IIHTHaJJJiaTh M,r:t:O rpynn (B cnyqae ceMeHCTBa mipocpn:nJIHTa). TatmH 
reoMeTpn:qecRaH KJiaccHq>HKarr1rn, OTBe'laIO�aH p;n:cpcppaRIIIlOHHhIM rIIeRTpaM 3TlIX MHHe
paJIOB, 61,1.,a IIO,IJ;TBeplKACHa CllCTeMaTU'leCRHMH pactJeTaMH peHneHOBCKHX AHcpcppaKIIH
OHRblX cue1np0B BCCX BT,IBe;i:eHHI,!X :\I,D,O IJOJllITlIIIOB. KpoMe Toro, Ha OCHOBe BhIIIIe yRa-
3aHHb!X pac'!8TOB 61,1.,0 BmMOlKHO ronaB!ITb i.(HarpaMMbJ ;:vrn H)leHTIIq>HKaITlllI cy6ceMellCTBa
u M,r:t:O rpy11n1,1 B aaBHClIMOCTII OT pacnpe;i:e:reHil/I llHTeHCMBHOCTII AmpcppaKIIHll ± 20l ( ± 13l) 
u 02l. 8n1 ABe xapa1tTepncTHJ-UI rro3BO.:Jf!IOT rrpoBecTH HA6RTHq>HKarr1110 JIIOGonoro M,r:t:O
IIOJilITIIIIa. 1lp,eHTmfi11Ra1urn OCHOBaHa Ha cpaBR6R!Ill MOHOKp11cTaJim1qecRIIX nmficppaKIJ;H
OHHbIX )laHHb!X C pa,'!eTHbIMU AaHRbl�fM yRa3a�HhlMU B IIP,eHTHq>HKarr1rnHHl,IX )lHarpaMMax. 
Bo3MOlKHa TaKlKe 'JaCTll'!HaH IIAeHTHq>IIRaIIIIH B TOM c;;ryqae, ecmr rrp11MeHHIOTCH nopomKO
BbI0 µncpcppaRIIIIOHHble crreRTphl, nonyqeHH1,1e nyTeM aHa:rn3a rrpo6hl co cJiyqaftHo opneHTII
ponaHHhlMII qacTHUaMH. 

Puc. 1. Cxe.11,amu«ec1.:oe uao6pa:HCenue pac'i,emHb!X oaw-1btX IF 12 (ebicwa.,i ee.11,uqu1ta IF J2 
1.:aJH:0020 cy6ce.«eucm6a o6oana«ena 60.11,bwu.11, KOAb!fO.it) coomeemcmey10Ufux xa
pa1.:mepucmu1/,ec1,u.11, ou<j<jpa1.:!fUR.M, 201 J\,f /£0 IWAUmUn06 mll.11,blf,ll U UX paaOeAeH,Ue 
e cy6ce.11,eucmea A u B. lf1toe1,ca!fUR omHocumcR ,r, iuecmuc.11,oucmou np11.1,4,oy20.11,b11,ou 
11«eu1.:e. 1£.11,11 pac'i,ema unoe,r,co6 cy6ce.11,eucmea A 6b1.11,a npuMe1tei-ta tjiop.My.11,a omee
«aJOtqaR zeo.11,empuu pewemi;;u muna d) u 0.11,R pacqema unoe,r,co6 cy6ceMeucmea B 
eeo.11,empuR peu,em1.:u muna a) (c.Mompu ma6. III). 

Puc. 2. Cxe.Mamuqec1.:oe uao6pa:HCe1tue pac«emnbix OaH,HbtX IF 12 (ebicwa.,i BeJtU<iUHa IF J2 
1.:a:HCooeo 1YY6ce.11,eucmea o6oana«ena 60.11,biuu.11, 1.:0.11,b!fo.11,) coomeemcmeyJOiqux xa
pai;;mepucmu'l.ec1.:u.1t ou<j<jpa1.:l{,Ull.M 201 JI,[ /£0 no.aumuno6 nupOfPUJWT,Uma U UX 
paaoe.ie11,ue e cy6ce.Meucmea A u B. lfn8e,rca!fUR omnocumc11 1.: iuecmuc.11,oucmou 
np11.1wy20.11,b11,ou Ji'{eui;;e. /J.11R pac«ema unoe1.:coe cy6ce.Meucmea A 6b!.aa npU.Menena 
rjiop.11,y.11,a omee«a10uia11 2eo.Mempuu pewem1.:u muna d) u 0.11,Ji pac'l,ema u1toe1.:co6 
cy6ce.11,eucmea B 2eo.Mempu11 pewem1,;u muna a) (c.11,ompu ma6. III). 
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Puc. 3. Cxe.Mamu'{ec,we uao6pa:J1CeHue pac'{emHblX daHHblX IF j2 (ebzcuwsi ee11,u<tuHa IF 12 
naJ1Cdo1't JI,/ f(O 2pynnb1 06oa1-ta11,eHa 6oJZb1111Ht ,w,ibl.(,O.M) coomeemcmeylOUfux xapai.
mepucm111iec1rn.M ourjjif,paKl.(,UlMt 02/ !ff J(O no,11,urnunoe ma,11,b1.a u ux paade11,ettue
e AfJ(O epynnbt I, II, u Ill. IIHcie1,,ca11ua om11ocumcsi ,r, wecmuc,11,oucmou npsi.uo
y2011,bl-l01t si'ieit,r,e. (J)op.My11,u c/JZR pac'iema uHfJeKcoe y1;aaa1-tb1 11 rna6JZul.(,e Ill. 

Puc. 4. Cxe.Mamu'ienwe uao6pa:»ee1-tue pac'ienlHbtX oaHHbtX i F 12 (ebicwa.<i ee.iu'{uHa IF 12 
lillJ/Cdoii !ff f(O .:pynmi 06oa1W'iCHa 60.tbWU,tt i;;o,11,blfO.M) coomeemcnwy10UfUX xapanme
pucmu'iecnu.M iJuif,if,pan4usi.M 02/ 111 f(O no11,wnunoe ma11,bna u ux paa8e.!le1-tue e Jl,f J(O
epynnbt IV-VI I. II1-t8ei;;cal.(,11si onll-locumcR i; wecmucJZoucmoii np.<i.Moyio11,bHOU 
si11,eu1.e. (J)op.My.abi O.!lR pac'ierna UHOei.coe y1.a8llHbl e ma6. Ill. 

Puc. 5. Cxe.,wamu'{ec,we uao6pa:J1CeHuc pac.,,em1tblX dllHJ-tbtX IF 12 (ebiciuaa ee.!lU'ill1W IF 12
na:»eiJoii M J(O 2pynnu 060.ma<ie1-ta 60.!lbUlll.M 1w,ibl.(,O,tt) coomeemcmey10UfUX xa
pa1.mepucmu'iec1rn.,w, ouif,if,paKl.(,URM 02/ ]II J(O no.!lumuno11 nupo<jju,11,11,uma u ux 
paade11,eHue e M J(O epynnbi 1, 1; I, 2; I, 3 u II, 1. IIHde1<caiiusi om1-tocumcR,; wecmu
C.!loucmoii 11psi.Moy20,tb1-tou si'ie11we. <JJop.My,11,bt o.isi pac<iema u1-t8eircoe y1.aaa11,w 
11 ma6. 111. 

Puc. 6. Cxe,,11,amu11,ec1.oe uao6pa:J1Cenue pac'{ernHblX iJawtbtx ! F 12 (ebicwaa ee,11,u11,u1-ta IF 12 
1<a:J1Cdou ,11 J(O epynnb! 06oa1ta><e1w 60.!lbWU.M 1co.!lbl/O.M) coomeemcmey10UfUX xapanme
pucmu'ieci;u.,w, 8uif,rj,pai.l.(,u.<i.,w, 02/ M J(O no.!lumunoe nupoif,u.!l.!lUma u ux paa&e.aeH.ue
e M J(O 2pynnb1 111, 1; IV, 1 u IV, 2. Jl11,[)ei;ca4usi omHocumcsi ,. wecmuc11,oucmou
npsi.Moyzo.abHOU Ji'{eU1<e. (J)op.My.abt i},11,si pac'{ema u11,8e1<coe y1rnaa11,bi e ma6. Ill. 

Puc. 7. Cxe.Mamu'iec,we uao6pa:Jll'e1-tue pac<ieml-lblX 8a1-t1-tb1x IF 12 (eb!ciua.R, ee.!lu<tutta IF 12 

1.a:J1C8ou M J(O 2pynnb1 06oa1-ta'le1-ta 60.!lbUlU.M iro.ab!.fO.M) coomliemcmey10UfUX xapa1,me
pucmu'iec1>u.M &u<jj<jjpa1.iiusi.M 02/ M J(O no11,umunoe nupoif,u.t!.auma u ux paa&e.t!eHu.e 
e M J(O epynnbilV, 3; V, 1; VI, 1 (VI, 3); VI, 2 u VII, 1 (VII, 2; VII, 3). II1-t8e1.ca!.fUJ1 
om1-tocumcsi n wecmuc.!loucmou np.R,.,w,oy20J1bHOU .R,'{eui.e. (J)op.,w,y.abt 8-Mi pac'{ema
u1-t8e1.coe yiraaaHbl e ma6. Ill. 

Puc. 8. CpaeHeHue xapa1<mepucmu11,eci;ux ee11,u><UH I F(20/) 12 u I F(02l) 12 no.!ly<ieHHblX pac
<temoM WI cmpyi.mypHblX dlll-ll-lb!X, ony6.!lUKO/illl-lHblX e [18] - (abs), npu<te.M, meope
mu'lec1me ee.!lU'tUHbt 6b1.au UC'{UC.aeH.bt 8.Mi M J(O no11,umuna lTc-Il, 1 nupo<jjUJl,-
11,uma - (calc) . Be11,u'{UHbl I Fj2 Hop.Ma,11,uaupoeawibi e om11oweHUU n Ca.Mou u11,me11,
cueHoll iJu<j5if,pa1<iiuu. IIHiJencaiiusi om1-tocumc.R, i; 1-tacmosi14eu 081-toc.!loucmou .11.'leui.e. 

Puc. 9. Cpa6HeHue xapairmepucmu'lecirux ee.W'iUH i F(20l) 12 u I F(02l) 12 nOJ/,y'{eHH.bll; pac
'{emo.M ua crnpy1.mypHbtx daHHbtx, ony611,u1,oeaHHbtx e [19] - (obs), npu<ieM meope
mu><ec1<ue BMU'{UHbt 6u.au uc11,uc.t!e1-tu d.!lR M J(O no.!lumuna lT A-II ma.!lbKa - (calc). 
Be.!lu<iu1-1,1,, IF 11 1-topMO.!luaupoeal-lbr e om11ouie1-tuu i; ca.1w1'i UHmeHcueHou 8uif,rj,pa1,iiuu. 
Il11,&e1.caiiu11, omHocurncsi -,. HacmORUfCU 0811,oc11,oucmou R'{eu1<e. 

Puc. 10. Pac'{emHbie peHmae1wec1<ue nopow1<oeue iJuif,if,paKl/UOl-ll-lble cnenmpbi mpex M J(O
no.!lumunoe ma.!lbna (yc.!lo1111si aircnepu.,w,e1-tma: 8uif,if,pairmo,1temp, uaJZy'ieHue Cu, 
C.t!Y'illllHllR opue11,mal.(,UR 'illCl/lUl.(, Ii uay'{ae.M,OU npo6e);

a)
I e/31 (JMA-1) 

6)

I e s\ I (lTcA-11) 

e)
I u;:t4

u

ct2I (2MA-IV)
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