Hungarian Journal
of Industrial Chemistry
Veszprém

Vol.l. pp. 533-554 (1973)

ALGEBRAIC DESCRIPTION OF TECHNICAL CHEMICAL
SYSTEMS III.

TRANSFORMATIONS OF MATERIAL SYSTEMS
T. BLICKLE and T. BENCZE

(Research Institute for Technical Chemistry of the Hungarian
Academy of Sciences, Veszprém and

Institute of System Engineering}

Keceived: February 22, 13973.

Material systems and the changes ocuoarring in
them were described with algebraic methods in the pre-
vious paper [1]. However, there is a basic connection
betweer the two subjects: the changes cccur on the ma-
terial systems, and produce new ones from them. This
may bte termed transformation snd is deseribed in the
foliowing manner:

v i (20) (1

a
v

nis expressiocn means that the material system ag is,
as a consequence ¢l the change Vi, transformed tc ma-
serial system a;. In the fellewing the changes will be
discussed and +the reiations Ltetween the mentloned
changes and cther material systems will be examined.

In technical chemical processes, the changes occur in opera-
tional units [2]. The material system of the operational unit is a
composition of the starting material system with that of being
produced. In the following this will be termed =2 gquasi union i

the two material syvstems and is designated by:



The material system of the operational unit and the change occur=-
ring in it is also a description of the technical chemical process.

This is termed a change-material composition and is designated by:

vy o 4

The content of Eqguations {1) and (3) being identical:

Expression (4) is called a Z technical chemical transformation, or

- briefly - a %z transformation, and its designation is:

t
-
<
Wy
Lo
1

<&
a

An explanation of the concepts S0 far presented and a few new

concepts are given in the following.

Starting and Resultant Material Systen

¢ ol material systems. Four relations are

incerpreted in connection with =his set according to the following:

Elements a, and a_. are in relation 9, if - and only if -
they are material streams continucusliy enterning intc an operation-

al unit. Relation ¢, defines a partial set A, of the set A:
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However, instead of designation AO = {30,1; B, pd cee ac’n} the
fcllowing can be introduced:

= o I} Sy

AO a,:!’1 ao,2 [ a(‘,n 1T

Elements a; and aj are in relation ¢, if - and only if -
they are material streams continuously discharging from an opera-
tional unit. 1In a manner totally similar to the previous case we
can write:
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Elements a; and aj are in relation ¢, if - and only if -
they represent the material system of a given operational unit at

the beginning of the process:
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Elements ai and a. are in relation 34 if - and only if -

they represent the material system of a given operational wunit at

the end of the process:

o & {12}

AT = a c a cen aas
= 2 ¥,0

v Tad

<«

In the following, AO and Az will be termed starting material sys-

tems, Av and A§ resultant material systems.

Change

The definition of Z2DEK [3] can be applied to material sys-
tems. According to this, the system is the totality of objects
which are connected by interacticns and mutval connections. The
following items of inferpation will re considered as the objects
of the material system: crystal structure, chemical structure,
biclogical structure, state, dimensicns, distribution, form, tem-

perature, pressure, homogeneous connecticn and heterogenous con-
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nection. The material system is the structure of these, the struc-
ture being defined by the mutual connections. It is the objects
that alter during a change. The set of objects which form the ma-
terial system ai will be denoted by n(ai).In accordance with this,
the connection between the change and the material systems will be

described by the following eguation:
_ : x SX R
v = [nla Jun{al)NIn(a Jun{al)] (11)

{The symbols that are usual in the theory of sets are used: AN B
is the common part of sets A and B; A U B is the combination of
sets A and B; A\B is the difference of sets A and B.)

The change:

v = n(Ao)\n(Av) (12)

will in the following be termed stationary, whereas the change:

v = n(a2) \ n(al) (13)

will be termed intermitted and the change:

vS = [a(a)) U n(A2)T N\ In(ay) U n(a])1 (1k)

unstationary.

The changes pertaining to the object difference of the mate-
rial system were given in the previous paper [1]. The change is
termed elementary if the sum of the difference set is one. In this
case, the resultant material system produced by the change differs
from the starting matgrial system in cone object only.

Transformation

On the basis of the aforesaid, the transformation according
to Egquation {1) can in general be given in the following form: the
expression
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A, + A}
vaoi (p , 4%) . (15)
v [}

is termed transformation if the condition:

vi o= [n(ay) U n(aZ)N\In(A) U n(a¥)]

is fulfilled.

A transformation transforming a set A to A is termed sta-
tionary (v); that transformatlng A to A is termed intermittent
(v*); that transforming (A  + aX 5) to (A + A ) is termed unstatio-
nary (v ) The transformatlon can be regarded as the internal

transformation of set A, since:

, AT 24 (16)

X
v
If the objects of the starting and resultant material systems are
identical, the transformation is, in the algebraic sense of the

word, a permutation. For example, the transformation:

Ky =>Ky » Ky
vg A 8y : (K _>K f’Kg)

is a permutation.

The transformation is termed a multiple one, if more than
one of the objects of the starting system are changed. A multiple
transformation may be homogeneous, when the same change occurs

more than once, for example:

(v9 A §5)2

As can be seen, the homogeneous transformation is designated
by vm. Here the exponent shows how many times the change occurs.
If the starting material system is such that one given change may

occur m, times, but m < m the transformation is selective with

t £’
respect to the material system. For example:
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vp A 62 H \K1==>K s K

It is apparent from the above that the starting and resultant ma-
terial systems define the change in an unegquivocal way, whereas

the reverse is not true.

The multiple transformation may be heterogenous, when more

than one change occurs. For example:

ive A S1) A {vg A 8p) : iV;==>K£ s x . 7}
> z a Bo 35 -

(Tl and T, represent temperatures. )

The transformation is of identical order if the number of the
materials of the starting and the resultant material system is the
same; if the number of the starting materials is higher, the trans-
formation is of the combining, if lower, it is of the decomposing
type:

o a (ao’l Lo} 30,2

a
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If it is continuous and not discrete objects that are altered
during the change,the degree of change can be given by designating

it by s and writing it in the exponent. Two such continuous trans-
formations can be:

and then we set the following postulations:

o < s, <1 : o <5, <1

if s, =0, 8 =28

if s, > s,, the deviation of a_ ; from = _ is greater than that of
a vy o

av’e; i.e. if the changing object is x, we may write

Ix . -z {>ix - x

v, L ST Ty, 2 ol
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af\
. s N .
The transformation v : (af) is termed the inverse transfor-

a,
mation of v °: (a;). In the case of discrete changes, s is an in-—
tegral number.
Ay 4
The transformation vy ¢ (AV’I) and v, ok are termed
s
similar if:
v, = v (&)

1 2

The two transformations mentioned in the above are egual if:

Quasi Unicn

The qguasi union of two material systems is not defined un-

equivocally; it depends on the properties of the material systems.

The steps of the definition of guasi union are the following:

The Concept of Mean Material Systems

A mean temperature and pressure are supposed for the ma-
terial systems present in the operational unit; only one
state pertains to a given chemical structure and the in-
formation as to distribution is disregarded. Accordingly a
material system a is obtained, whose information content
is the following: c¢rystal structure, chemical structure,
biological structure, dimensions, form, homogensous and

heterogeneous connection.

The Combination {Union) of Material Systems

The following two rules are valid:
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1=>2

n

o=>8 (21)

.

alu a2 =

> &
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knowing the material systems it is possible to decide

which equality is the appropriate one.

" Accordingly, the gquasi union of the operational unit can be
defined, taking the aforesaid into consideration, in the following

manner:
a = x X 22)
& =AU AT UA, LAY (22)

The particular components of the material system & present in the
operational unit are the auxiliary materials. A filling auxiliary
material (&%) is termed that is added to the system at the begin-
ning of the process and can be removed in an unchanged state at

the end of the process:

Suo_ aX L X o
a Ay n A (23)
A material system intrcduced continuously into the operational
unit and leaving it in an unchanged state is termed recirculating

auxiliary material (& }:

a =48 na, (2k)

fod

The material systef changing during the process can be described
by:

- N X L X X X /
Ay VAN A U AT\ AT U AT\ AT (25)

On the basis of Eguations (22) to (25) we can write:

4 =a'U&"u 3 ‘263



.

1973 Algebraic Description of Technical Chemical Systems III. 5kl

Permutations

According to the algebraic interpretation, the following
transformations can be regarded as permutations:

(V5A51)A(V5A51)_1 heat exchange
(V7A51)A(V7A51)_1 €.g. rectification
vgAdy . e.g. hypersorption

None of the other transformations is a permutation.

Connection Between the Starting Material Systems and the Change

Certain starting material systems postulate the occurrence

.0f a given change.
Such are the following:

Ao postulates Vi If there are two entering material streams

(Ao,l <] AO,E)

A(Kl ++‘K2). The reverse of the above is that two leaving material

they postulate ésAﬁz in order to reach the state

streams postulate vgAS§3.

If the temperature of the entering material streams is dif-
ferent, the vgs temperature change will occur, whereas in the case
of a difference in pressure the result will be the vy change in

pressure.

A homogeneous system may be formed, i.e. the change vgAs,
may occur if the entering material system or that present in the
operational unit is heterogeneous. If both material systems are
gases, the change vgA3, always occurs; if they are liquids, the
change occurs in most of the cases; if they are solids, the change
does not occur. -
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Connection Between the Material Svystem and the Change

The starting and the resultant material systems and the
change are in such a connection as to determine the third one, if
the other two are given. However, this system cannot in all cases
be totally free, there are some restrictions. These are summarized

in the following.

A considerable part of the change may act on any type of ma-
terial system, there being no restrictions. Such changes are:
transportation (v,A8;), change in scattering (v,A¢&;), increasing
or decreasing the dimensions {v3A8;), any type of change in tempe-

rature or pressure [vsA{8;VE;V &3), vgA{81VE,Ves)].

The combination of material streams is possible only in the
case of two input material streams, the separation only in the
case of two output material streams. The same holds for transfor-—
mations vgA&y; and vgA§3; however, there are further restrictions.
The heterogeneous system resulting from the change vgAd§, may be
5a > 3b’ éa > Bt ox Sb -> Sa, depending on material properties and
the quantitative relations. In the case of solid-liquid systems,
the heterogeneous system may be changed on addition or on removal

of one of the materials; this holds both for vgAdy and vgAdjz.

A change in the form is possible only in the case of a solid
system, production of form in the case of a "fictive solid materi-
al", the demolition of form in the case of a "fictive liquid or

gas”.

It is self-evident that the change which transforms hetero-
geneous ones: v3Al; postulates a heterogeneous input system which
- except for the case of a solid-solid heterogeneous system - may
be changed tc a homogeneocus cne. The case is just the opposite
with the change of the w©3A%, type, with the difference that this
change can separate neither a sclid-solid nor a gas—-gas homogeneous
system.

The change vzt trarnspeoses a heéercgeneous connection, and

accordingly the starting maszerial consists oFf at least kwo mate-
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rial streams, at least one of them being a heterogeneous system.
The same holds true of the resultant material system. Consequently
a minimum of three components must be present, from which two or
less may be solid, because such a type of change is not possible
between exclusively solid materials. Furthermore, not more than
one of the components may be a gas, since a heterogeneous gas-~-gas
system cannot exist. The change vgASs, transposes a homogeneous
connection in the following general system:

AO{[Kl(sa)=>K2(sb)] - KS(BC)} + vgAsy =

= R 7 ’ \
A K (B) » TR, (8,) =K, (8 )]} (27)
where a, b and ¢ may be 1, 2 and 3.

The following abbreviations were applied in the description
of the combinations, for example:

A{[Kl(sz)=>K2(81}] > x3(83)} = {2,1,3} (28)

Accordingly, the possible triple combinations are the following:

{(1,1,1) (2,2,2) {3,3,3) {28.a)
(1,1,2) (1,1,3) (2,2,1} {2,2,3} 2,3,1) .2¥{28.p)
{z,2,3} {(25.¢)

The laws decreasing the number of the possible combinations
are the following:

a) No change in state occurs, and consequently the starting and

the resultant materials are of the same combination;
b) A gas~gas heterogeneous system cannot exist;

c) A solid-solid homogeneous system cannot be deccmposed by a so-
1lid;

d) In the case of the homogeneous connectior of materials od the

> v ER

same state, the direction == is cptional,

Ui

-
rt
i)
o u
o
o
1

whereas in the case of materials of Gifferent state

rection is determined by the form of appearance;
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e) A solid material may enter from a solid homogeneous system only

. T
into another homogeneous system;

f) A solid material present in a gas may not be exchanged for

another solid;

g) A solid-solid system may be formed only from & homogeneous sys-—

tem;
h) Only one change may take place;
i) A change must take place;

j) A solid present in a gas may not be exchanged by a liquid,
neither can a liguid be exchanged by a gas.

The combination remains unaltered by the change, only the
system goes over from one permutation into another; ' taking the
prohibitive laws into consideration, the remaining changes are the

following: .

From the line (28.a) there remains only the combination (2,2,2):
[Bx=>831 + By = [By=>B;1 » 8}

The permutations of the second combination of line {28.b) are the
following:¥

{(1,1,2) (1,2,1) (2,1,1)
{1,1,2) d e
(1,2,1) e +
{2,1,1) + a

The permutations of the second combination of line (28.b) are the
following:

$1,1,3) 11,32,1) (3,1,1)
(l’]—g?«" d e +
\*9:a-\-" £ + a
Ial,l + M 2 £

are designated ty + 1
indicated bty the ccode 1
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The permutations of the third combination of line (28.b} are the

following:

(2,2,1) (2,1,2) (1,2,2)
(2,2,1) d + +
(2,1,2) + a
(1,2,2) + 4 +

The permutations of
following:

the fourth combination of line (28.b) are the

(2,2,3) (2,3,2) (3,2,2)
(2,2,3)
{2,3,2)
(332!2) +

The permutationé of

the fifth combination of (28.b} are:

(3,3,1) (3,1,3) (1,3,3)
(3,3,1) a
(3,1,3)
(1,3,3) b +

The permutations of

the sixth combination of (28.b) are:

(3,3,2) (3,2,3) {2,3,3)
(3,3,2) i b
(3,2,3)
{2,3,3) b

The permutations of the combinations of line (28.c) are:

(1,2,3) {1,3,2) {2,1,3) {2,3,1) (3,1,2) {3,2,1)
{1,2,3) i + a h h +
{1,3,2) + i = + d h
{2,1,3) d h i + + h
(2,3,1) h + + i h d
(2,1,2) h 4 + ¥ i d

(3,2,1) +

[
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Starting material

Change

A
o]

A 0,1 o A
NAY,
Al8, Yoals,}

ALB <8, }oA(8, }

A{Ba+ Sb}oA{Bb}
A{Ba+*3b}
A{Ba+*8b}
A{Bp> 81}
A{K[BI,(as)l]}
ALK L8y ,a5,01}
A{K*[Ba,o,asl}
alg }
a{g_}

a

y0,2

B

v1A61Vv2A61VV3A(62V63)V(vGVvs)A(61V52V63)
viAd;:
viA83
vghdz
vgAdy
vgAdis
vgAdg
vghds
vgAdg
vyhAby
vy,
vyASg
vzAS
v;1As
(v7A8,
(v7A8,

S
X

vgAd

<
>

5 2

LR AV I 9
L VU

NN N
SIS I B o AR

23]
brots

tas

Cxi
[
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Product Remark

2 A zny material

v
z A, any material
3 _— < Av,2 any material
i :\{Bagﬁb} a = 1,2,3 b =1,2,3
5 A{sb+6a} a = 1,2 o= 1,z
€ alg <8, v =1,z

[
)
H
)
»
NN

A{Ba}-A{Bb}

=
o
1]
[
“
LA}
o
It
bo
“
n
“
w

3 A{Ba»sb}-A{sb+5a} a = 1,2 o= 1,2
2 A{Bje+BolcA{B,}
1z A{K[B;,(ag),1}
11 AfK[Sl,au,as]}
ie A{K[Ba,o,al} e =
13 ) o = 1,2
1 2 = 2,3
-7 & = L,2,5 T = 1,2,2 a =% % 1
s 0= L,2,% v o= 1L,Z,x & =% % 3
s %,T,2=1,%,3 ‘ore only twice, 3 cnly onos
I Yia o= 2, v o= I,z,%
. £, T ® 1,2,%5 a ¥ 1
2t w=l,ry TEI LI os # Ty om o= 23 0L o=
iz = i.zy Taro= L M3 8 o L ¥ oo
. R O = ® L2 L
EPl
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The chamical change v,;; postulates a homogeneous material
system, v;;A82 acts in the case of at least two input, and viiASs
at least two output components. vi1Ady acts in the case of two in-

put and two output components.
Micro-biological changes (v,,) postulate a solid material.

The connections between the changes and the material systems

are summarized in the Table.

Total Changes

Let the sum of elementary changes, consisting of such a mi-
nimum number of terms as not to permit the occurrence of a fic-
tive material system among the products, be termed a total change.
The following principles may be defined for the production of to-
tal changes on the basis of the elementary changes:

&a) The starting material and the product of the elementary chemi-
cal changes may be homogeneous only, and the chemical change is
to be complemented to a total change in accordance with this.

b) If the product of the chemical reaction is a solid, BI and it
is complemented by supplying a crystal structure.

c} If a solid, is produced in the change, S;++, i.e. it is comple-
mented by supplying a crystal structure, shape and dimensions;

the reverse is true in the case of a disappearance.

d} If the product of the change is a liquid, B;, it is complemen-
ted by supplying dimensions.

e} In the line O -+ =donly one step is possible in the course of
the elementary change.

For the sake of brevity, only those signs were given which
are of some importance in the examination.

The chamical changes are always written as guasi-homogeneous
ones and they are complemented with elementary changes, depending
on the phases, so as to obtain total charaes.
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For example:

NazCO3 + H0 + COz = 2 NaHCOa

The description of a chemical reaction as a quasi-homogeneous

change:

AJ“"[uzu,Bg]g‘K[Nazcgssﬁl]':?K[Coz,ﬁsj} + viiAds =
= A{K[{H,0, 82]==>K[NdHCu3,BI]}
The supplementary elementary changes are the following:

A{KTE20,R2 1 0A K a14,085C03,87,04,051} + voAS; =

= A{K[i‘fz@,ﬁz} g K[alg,fzaz‘:fg,,ﬁl,\lq,as]}

A{K[E{EC,SZJ -> K[O.ly_k,Nazcag,Bl sy ,2511 + vgAdy =

e e +++ -
B{XIH, 0,8, 1=K Taju,las; 005,81 ,04 053}

. L 3 R
A{K[H50,B8,1=>K L1y ,782C03,31,04,a51) + viiAdy =

; ++
= A{K[l‘{g@,ﬁz]#}( [05’382‘303,61,0‘1“&5]}

a{zls,0,2,1—>x" [c,tsazc%,s\,aq,as]} + VA8 =

= A{X[Hz0,6-1=> "I .,NapC03,87,ay,01}

A{K[Hp0,8,1—PK'[Q,N2,003,61,2..71F + viAdy =

Alh[rzu, }—-—}'K[-,u >'{,31,'3,C]}

P

KMy 0, 1=K 0, e, 00,,8,0,00F ¢ A{HLOL, 4821} + wyaf. =

P4

it
ks
x
—
=
I
“
e
w
—

K[0,¥5,005,87.7,01 » K[CUp,741}



A{E[H,0,2;

I==>x[",%

A{K[E

++
1> K Layy,8=8

PRI
Ca

K[E;0,8;1 + K laqs

S+
T o B {ay,,%alC0,, 3,

T8 » Kl ,d

,,)%l’-'),{j:[} + v AL

2 NaHCO3,2, ,0,551]

&

[W]
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expresses that according to the "picture" there is no solid {63}
Gissolved (==} in the 1liguid

;. If the transformation occurs
cnly partially, crystallization can be expressed by the following

sympol :

If the crystallization is continued on the produced material sys-

tem 8, =>8; - ¢;, a material system B8;=—>3; » &; is obtained again,

Jdespite the fact that the two systems differ from each other. This
difference is a quantitative one; however, up to now, guantitative
discriminations were not made. Neither will the definition of the
concrete quantity of the materials be needed in thz following al-
gebraic description; it is only rnecessary that a system of defini-
tions be applied which enables the materials of different quanti-
ties to be discriminated. This was already carried cut in trans-
formations where the change is continuous by the introduction of

the degree of change. Such transformations are the following:

re is no need for a separate discrimination of quantity

e
ii: the case of these transformetions. Similarly, it is not neces-
i

o
=S

roduce such a designaticn in the transformations which

o not cccur individually.

with ivw more detail.,

NEetercgenseous connec-

o the unified material
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system in such a way that the quantity of one of the phases is
changed. The quantitative parameter is designated by p and g and
the only reservations are that O < Pr ¢ < 1 and that Bil; Bzz if
P} > p2 and Bﬁl means in this case a larger quantity of material
than Biz.

Accordingly:

cerresponds to a perfect
decomposition
vsAéi:(B +BPZOqu)p1<p2 i=2 and py=l corresponds to a perfect
. combination

Ba+B€IOBq1 P1>P2 i=3 and p,=0

The following equationa are valid:

P1 t g3 1

P2 + g =1

P1 *+ py 1

In cases where the above Equations hold, g; and 92 will not be
written in the following.

In the case of the formation and dissolution of the homoge-

neous connection, in a way similar to the above, we may write:

(Ba~*8§1+ﬁb P1>P2 i=3 p3=0 perfect decomposition
vgAs.:

g =>pP2,g . _ .
&8 b b py<py i=2 py=1 perfect combination

In the case of chemical combination and decomposition:

([Bé_*sb]pl'*sc P1>pz 1i=2 py=1 total combination
ViiA§,
i
[Bé—*ﬁb3pz-¢ﬁ P1<p2z i=3 p;=0 total decomposition

In changes of state, materials of both the states are present in
the starting and resultant material systems:
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b .
Bll==>82 P1>p2 1i=1 p2=0 total change

(V7A51)l: ( P
B12=>8, P1<pz i=-1 py=1 total change

In the translocation of a heterogeneous connection:

B, > Bp' © B_ > 8

vgASy: ( 2 ¢ b) if po= {? totsl change

™
¥
™

b2
B, » By °

In the translocation of a homogeneous connection:

L}
[
[}
o

B =B 1 =282l Dy az
) total change

vonsy: P2 a2
3a=¢3b +Bb=¢sc gc p2 =0 qp =1

In chamical exchange:

[8,—>8,17"Pl—slp -8 17! .
viiAdy: ( 1-p o Py = {l total change
[s,=>8, 1" 72—l =, 1°2

Finally, in changes of the type vjA(6§,Vé3) the quantitative para-
meter relates to the ratio of the split material stream, i.e.:

afl o a%-Pl p2 = 1 i=2
\’1/\51: ( hy 1“P2)
ay® o aj py; = 1 i =3
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PE3KIME

B npegwgyued coobweexnunn aToé Temo (1) anreSpauyeckumu MeToga-
MW OfWCHBaNHCE MaTEpHafbHEE CHCTEME M MNPOMCXO4AWWE B HWX HW3MBHE-
Hua. OcHoBHar 3aBuCcHMOCTb 06pa3yeTcHd MEHAY MPOMCXO4SWWMW B MAaTepH-—
anLHOW CHCTEME HIMEHEBHWAMHW W MNONYYaHWWMWHCH BCNEACTBHE MUX HOBHMH
cucTeMamu. 3TO HaswsakT npendpasceanveM W obosHadawT chaeayoumum o6-
pasom:

o 1.

BrweyHasaHHoe BopameHwe 03HadaeT, 4TO NOg LEHCTBHEM HSMEeHESHHA
v1 MartepuanssHas cucTtema ag npecbpasyeTca B CUCTeMy a_. [lanee asTo-
pul paccMaTtTpeBasT Pa3aNMYHEHE M3IMEHEHWA W WCCNE4yBT 3aBUMCHMOCTH, KO-
TOpHE WMEIT MEeCTO MeMAY YHA3AHHBMM M3MEHEHHMAMW W OCTajdbHeIMM MaTe-
pHaJibHEIMKH CHUCTEeMaMH.,.



	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 
	Page 66 
	Page 67 
	Page 68 
	Page 69 
	Page 70 
	Page 71 
	Page 72 
	Page 73 
	Page 74 
	Page 75 
	Page 76 
	Page 77 
	Page 78 
	Page 79 
	Page 80 
	Page 81 
	Page 82 
	Page 83 
	Page 84 
	Page 85 
	Page 86 
	Page 87 
	Page 88 
	Page 89 
	Page 90 
	Page 91 
	Page 92 
	Page 93 
	Page 94 
	Page 95 
	Page 96 
	Page 97 
	Page 98 
	Page 99 
	Page 100 
	Page 101 
	Page 102 
	Page 103 
	Page 104 
	Page 105 
	Page 106 
	Page 107 
	Page 108 
	Page 109 
	Page 110 
	Page 111 
	Page 112 
	Page 113 
	Page 114 
	Page 115 
	Page 116 
	Page 117 
	Page 118 
	Page 119 
	Page 120 
	Page 121 
	Page 122 
	Page 123 
	Page 124 
	Page 125 
	Page 126 
	Page 127 
	Page 128 
	Page 129 
	Page 130 
	Page 131 
	Page 132 
	Page 133 
	Page 134 
	Page 135 
	Page 136 
	Page 137 
	Page 138 
	Page 139 
	Page 140 
	Page 141 
	Page 142 
	Page 143 
	Page 144 
	Page 145 
	Page 146 
	Page 147 
	Page 148 
	Page 149 
	Page 150 
	Page 151 
	Page 152 
	Page 153 
	Page 154 
	Page 155 
	Page 156 
	Page 157 
	Page 158 
	Page 159 
	Page 160 
	Page 161 
	Page 162 
	Page 163 
	Page 164 
	Page 165 
	Page 166 
	Page 167 
	Page 168 
	Page 169 
	Page 170 
	Page 171 
	Page 172 
	Page 173 
	Page 174 
	Page 175 
	Page 176 
	Page 177 
	Page 178 
	Page 179 
	Page 180 
	Page 181 
	Page 182 
	Page 183 
	Page 184 
	Page 185 
	Page 186 
	Page 187 
	Page 188 
	Page 189 
	Page 190 
	Page 191 
	Page 192 
	Page 193 
	Page 194 
	Page 195 
	Page 196 
	Page 197 
	Page 198 
	Page 199 
	Page 200 
	Page 201 
	Page 202 
	Page 203 
	Page 204 
	Page 205 
	Page 206 
	Page 207 
	Page 208 
	Page 209 
	Page 210 
	Page 211 
	Page 212 
	Page 213 
	Page 214 
	Page 215 
	Page 216 
	Page 217 
	Page 218 
	Page 219 
	Page 220 
	Page 221 
	Page 222 
	Page 223 
	Page 224 
	Page 225 
	Page 226 
	Page 227 
	Page 228 
	Page 229 
	Page 230 
	Page 231 
	Page 232 
	Page 233 
	Page 234 
	Page 235 
	Page 236 
	Page 237 
	Page 238 
	Page 239 
	Page 240 
	Page 241 
	Page 242 
	Page 243 
	Page 244 
	Page 245 
	Page 246 
	Page 247 
	Page 248 
	Page 249 
	Page 250 
	Page 251 
	Page 252 
	Page 253 
	Page 254 
	Page 255 
	Page 256 
	Page 257 
	Page 258 
	Page 259 
	Page 260 
	Page 261 
	Page 262 
	Page 263 
	Page 264 
	Page 265 
	Page 266 
	Page 267 
	Page 268 
	Page 269 
	Page 270 
	Page 271 
	Page 272 
	Page 273 
	Page 274 
	Page 275 
	Page 276 
	Page 277 
	Page 278 
	Page 279 
	Page 280 
	Page 281 
	Page 282 
	Page 283 
	Page 284 
	Page 285 
	Page 286 
	Page 287 
	Page 288 
	Page 289 
	Page 290 
	Page 291 
	Page 292 
	Page 293 
	Page 294 
	Page 295 
	Page 296 
	Page 297 
	Page 298 
	Page 299 
	Page 300 
	Page 301 
	Page 302 
	Page 303 
	Page 304 
	Page 305 
	Page 306 
	Page 307 
	Page 308 
	Page 309 
	Page 310 
	Page 311 
	Page 312 
	Page 313 
	Page 314 
	Page 315 
	Page 316 
	Page 317 
	Page 318 
	Page 319 
	Page 320 
	Page 321 
	Page 322 
	Page 323 
	Page 324 
	Page 325 
	Page 326 
	Page 327 
	Page 328 
	Page 329 
	Page 330 
	Page 331 
	Page 332 
	Page 333 
	Page 334 
	Page 335 
	Page 336 
	Page 337 
	Page 338 
	Page 339 
	Page 340 
	Page 341 
	Page 342 
	Page 343 
	Page 344 
	Page 345 
	Page 346 
	Page 347 
	Page 348 
	Page 349 
	Page 350 
	Page 351 
	Page 352 
	Page 353 
	Page 354 
	Page 355 
	Page 356 
	Page 357 
	Page 358 
	Page 359 
	Page 360 
	Page 361 
	Page 362 
	Page 363 
	Page 364 
	Page 365 
	Page 366 
	Page 367 
	Page 368 
	Page 369 
	Page 370 
	Page 371 
	Page 372 
	Page 373 
	Page 374 
	Page 375 
	Page 376 
	Page 377 
	Page 378 
	Page 379 
	Page 380 
	Page 381 
	Page 382 
	Page 383 
	Page 384 
	Page 385 
	Page 386 
	Page 387 
	Page 388 
	Page 389 
	Page 390 
	Page 391 
	Page 392 
	Page 393 
	Page 394 
	Page 395 
	Page 396 
	Page 397 
	Page 398 
	Page 399 
	Page 400 
	Page 401 
	Page 402 
	Page 403 
	Page 404 
	Page 405 
	Page 406 
	Page 407 
	Page 408 
	Page 409 
	Page 410 
	Page 411 
	Page 412 
	Page 413 
	Page 414 
	Page 415 
	Page 416 
	Page 417 
	Page 418 
	Page 419 
	Page 420 
	Page 421 
	Page 422 
	Page 423 
	Page 424 
	Page 425 
	Page 426 
	Page 427 
	Page 428 
	Page 429 
	Page 430 
	Page 431 
	Page 432 
	Page 433 
	Page 434 
	Page 435 
	Page 436 
	Page 437 
	Page 438 
	Page 439 
	Page 440 
	Page 441 
	Page 442 
	Page 443 
	Page 444 
	Page 445 
	Page 446 
	Page 447 
	Page 448 
	Page 449 
	Page 450 
	Page 451 
	Page 452 
	Page 453 
	Page 454 
	Page 455 
	Page 456 
	Page 457 
	Page 458 
	Page 459 
	Page 460 
	Page 461 
	Page 462 
	Page 463 
	Page 464 
	Page 465 
	Page 466 
	Page 467 
	Page 468 
	Page 469 
	Page 470 
	Page 471 
	Page 472 
	Page 473 
	Page 474 
	Page 475 
	Page 476 
	Page 477 
	Page 478 
	Page 479 
	Page 480 
	Page 481 
	Page 482 
	Page 483 
	Page 484 
	Page 485 
	Page 486 
	Page 487 
	Page 488 
	Page 489 
	Page 490 
	Page 491 
	Page 492 
	Page 493 
	Page 494 
	Page 495 
	Page 496 
	Page 497 
	Page 498 
	Page 499 
	Page 500 
	Page 501 
	Page 502 
	Page 503 
	Page 504 
	Page 505 
	Page 506 
	Page 507 
	Page 508 
	Page 509 
	Page 510 
	Page 511 
	Page 512 
	Page 513 
	Page 514 
	Page 515 
	Page 516 
	Page 517 
	Page 518 
	Page 519 
	Page 520 
	Page 521 
	Page 522 
	Page 523 
	Page 524 
	Page 525 
	Page 526 
	Page 527 
	Page 528 
	Page 529 
	Page 530 
	Page 531 
	Page 532 
	Page 533 
	Page 534 
	Page 535 
	Page 536 
	Page 537 
	Page 538 
	Page 539 
	Page 540 
	Page 541 
	Page 542 
	Page 543 
	Page 544 
	Page 545 
	Page 546 
	Page 547 
	Page 548 
	Page 549 
	Page 550 
	Page 551 
	Page 552 
	Page 553 
	Page 554 
	Page 555 
	Page 556 
	Page 557 
	Page 558 
	Page 559 
	Page 560 
	Page 561 
	Page 562 
	Page 563 
	Page 564 
	Page 565 
	Page 566 
	Page 567 
	Page 568 
	Page 569 
	Page 570 
	Page 571 
	Page 572 
	Page 573 
	Page 574 
	Page 575 
	Page 576 
	Page 577 
	Page 578 
	Page 579 
	Page 580 
	Page 581 
	Page 582 
	Page 583 
	Page 584 



