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8(s - s,.J - static fan head [Pa], 
Sw - fan location co-ordinate, 
jts.t) - hydrauli c gradient [Palm], as per the formula: 

j = ApO b vJvJ 
. 8A 

(5) 

A - non-dimensional resistance coefficient, 
Ob - heading circumference [m], 
A - transverse area of the heading [m2]. 

Placing (5) in (1), whilst taking into consideration (2), after integration along the 
length of the airway L;, and following additional transformations we arrive at: 

(PL; -Pw1)+gPsr;(zL; -zo)+ R2; G;JG;J+w';=hw; 
Ps,; 

(6) 

where: 

G; = p;v;A; - mass mixture mass flow rate [kg/s], 
l L; 

p ,-r. = - fp; ds - average density in heading number i [kg/m"], 
. ' L 

I Q 

R; = 'Jc Ps,-L~P; - aerodynamic resistance of heading number i [kg/m7], 

A; 

w'; - pressure drop due to local resistance (stopping) in heading 
number i [Pa], 

L; - length of heading number i [m]. 

Following integration along the length of the heading and the application of nodal 
and mesh equations for the network, equations (5) constitute the mathematical model of 
the flow of air and fire gases in the mine heading. This system of equations is solved 
using Cross's method, which makes it possible to determine the propagation of the mass 
flow rates of air and fire gases. A developing fire, located in one of the headings, 
generates heat that is transported along the headings, changing the initial density 
distribution of the flowing air and fire gases. 

2.2. Changes in the concentration of components of the 
mixture of air and fire gases 

Designating mass per unit volume of one of the components of air, namely oxygen, 
as p 02 we arrive at the following formula for the mass concentration of air C co.: 

C 
_ Po2 co --- 

2 p 
(7) 
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In order to determine changes in the concentration of methane during the fl ow of the 
mixture in a heading, we adopt the foll owing equation of continuity: 

ap+ a(pv) =0 
at as 

and also for the component of this mixture of oxygen: 

ap0 a(pCH v) 
__ 2 + 4 =0 

at as 

(8) 

(9) 

Taking into consideration equation (8) and formula (7) in equation'(9) and following 
transformations, we arrive at an equation which determines changes in the distribution 
of oxygen concentration caused by the proli feration of the mixture of air and fire gases at 
a flow velocity v: 

ac02 ac o
2 --+v--=0 at as 

(10) 

Equation (1 O) makes it possible to calculate changes in the distribution of oxygen 
concentration caused by flow at a velocity v. 

2.3. Exchange of heat between the flowing mixture and the 
rock mass 

Heat exchanged between the surface of the heading and the flowing mixture of air 
and fire gases is determined by means of Newton's equation (Staniszewski 1979): 

kOb 
qsk =-{T(s,t)-0(s,t)} 

pA 
(11) 

where: 
T - temperature of the fl owing air and fi re gases [K], 

8 - temperature of the adjacent rock surface [K], 
k - coeffi cient of complex heat exchange through convection and radiation 

[W/m2K]. 

As in hitherto applied models, we have assumed that in order to determine the 
temperature of the adjacent surfaces, to use the simpli fied form of the equation of 
thermal conduction is suffi cient: 

ae -~a2e 
at p S C5 ar2 

with the boundary condition being given by the dependence: 

(12) 
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b) he makes a comparison between fl ow without loss with an average velocity as 
being equal to the actual velocity: 

• method 2 then, the formulae for Ps Ps contain average flow velocity, 
and thus we obtain: 

I 

[ 
K-lpo{ 1 2 z} JK-1 p S = p O 1 - ~ Po g( Z - Z O ) + l ( V - V O ) 

(26) 

(27) 

where: 
v0 - designates the velocity in a selected reference node section. 

The formulae presented above enable the determination of the aerodynamic potential 
in the node of a ventilation network. For further analyses we have selected formulae 
connected with method 1, which have been applied in the computer programme. In order 
to calculate the value of potential, we must obtain the value of pressure in the node of the 
network; this may be calculated by means of the equation of motion (6) and from the 
following dependence: 

N 

Ps =!am ,;/j.P; + Po 
i=I 

(28) 

where: 

Ps - pressure in the node of the network, 

(JGJ,i 

6.p; = PL - Pw! 

i= I, 2, 3, , Nil 

m=l,2,3, , Dll 

- path-branch matrix, the elements of which assume the 
following values 

am,; =l-1,0 

depending on whether branch number i lies in accordance 
with the orientation of the path, is inconsistent with it, or does not 
consist a part of the ventilation path, while D'; is the number of the 
ventilation paths and Nil is the total number of branches covered by 
a given ventilation system; 

- differential pressure between the inlet and outlet of branch 
number/. 

The quantity Sp, present in formula (28) may be determined from the equation of 
motion (6) given for branch number i. Introducing dependence (6) to (28), we obtain: 
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4. Appli cati on of the potential diagram for depicting the fl ow of fi r e gases 
in a network of mine headings 

D+E+ F$; 29$,BG =?; 27=; B=,90 C,9G$9%

H?; @; B=,09=,7B B; =1 7$: 7A9 %,B; ,<8<8900I C; 2,#=; C>I %; 9B< 7A<29=,90J #9B7B,#90
9BC 27=; B=,90 C,9G$9%<+ /B 7$C; $=7 ,008<=$9=; =?; 2$; <<8$; $9=,7< ,B 9 %,B; @; B=,09=,7B
B; =17$: J 1 ; 8<; 27=; B=,90 C,9G$9%<J 1 ?,#? 9$; 90<7 9 #90,>$9=; C #9B7B,#90 C,9G$9%+
K; =; $%,B,BG =?; 27=; B=,90 C,9G$9% >I %; 9B< 7AJ A7$ ; L9%20; J M+ NI <=$7O!< %; =?7C
B; #; <<,=9=; < =?; =9: ,BG7A<2; #,90@; B=,09=,7B %; 9<8$; %; B=< ,B =?; %,B; J =?; #90#809=,7B
7A27=; B=,90 ,B =?; B7C; < 7A=?; @; B=,09=,7B B; =1 7$: 9BC( A,B900I ( =?; ; L; #8=,7B 7A
%; 9<8$; %; B=< 7A=?; B9=8$909##8%809=,7B 7A; B; $GI 3=?; $%90C; 2$; <<,7B' + PB#; =?; <;
@908; <9$; #90#809=; C9BC9 <29=,907$( >; ==; $<=,00( #9B7B,#90C,9G$9% ,<7>=9,B; CJ,=,<
27<<,>0; =7 C; @; 072 9 27=; B=,90 C,9G$9%+ H?,< 72; $9=,7B ,< ; L=$; %; 0I =,%; (#7B<8%,BGJ
C8; =7 =?; #7B<,C; $9>0; #7%20; L,=I 7A=?; @; B=,09=,7BB; =1 7$: 9BC=?; B; #; <<,=I =7 7>=9,B
9 08#,C9BC 0; G,>0; C$91 ,BG7A=?; 27=; B=,90C,9G$9%+

H?; ; @; $(,B#$; 9<,BG $70; 7A#7%28=; $< 9BC =?; ,$ 9220,#9=,7B ,B =?; @; B=,09=,7B C; Q
29$=%; B=< 7A%,B; < B; #; <<,=9=; #7B<=9B= <8220; %; B=9=,7B 7A9@9,09>0; <7A=19$; A7$
<I <=; %< ,B=; BC; C =7 9<<,<==?; 1 7$: 7A@; B=,09=,7B ; BG,B; ; $<+ /B =?,< $; <2; #==?; 98=?7$<
?9@; ; 09>7$9=; C9 #7%28=; $2$7G$9%%; 1 ?,#? ; B9>0; < =?; <; %,(98=7%9=,# ; @708=,7B 7A
=?; 27=; B=,90 C,9G$9% =7 >; %9C; + H?,< 2$7G$9%%; 72; $9=; < 8BC; $=?; RSTH. UVFM
<I <=; % 9BC 8<; < ,=< C9=9 >9<; + /B 9CC,=,7BJ =?; C$91 ,BG C; @; 072; C >I =?; WXMSYV H
2$7G$9%%; %9I >; A8$=?; $2$7#; <<; C 8<,BG=?; SKUZW2$7G$9%%; + H?; 98=?7$< 9$;
#7B@,B#; C =?9==?,< 2$7G$9%%; <; $@; < =7 <,GB,A,#9B=0I ,%2$7@; =?; ; 09>7$9=,7B 7A=?;
27=; B=,90 C,9G$9%+ H?; C$91 ,BG 7A=?; 27=; B=,90 C,9G$9% =?8< 7>=9,B; C A80A,0< =?;
#7BC,=,7B< A7$,=< 9220,#9=,7B 8<,BG=?; FP[ VU #7%28=; $2$7G$9%%; A7$=?; G$92?,#90
2$; <; B=9=,7B7A=?; $; <80=< 7A=?; #7%28=; $<,%809=,7B+ V==?; <9%; =,%; J =?; C$91 ,BG,<
9B ,B,=,90 2,#=8$; 1 ?,#? ; B9>0; < =?; A071 7AA,$; G9<; < ,B =?; B; =17$: 7A?; 9C,BG<
2$; <; B=; C>I %; 9B<7A=?; 27=; B=,90C,9G$9% =7 >; <; ; B $; 9C,0I + H?; FP[ VU 2$7G$9%%;
?9< >; ; B %7C,A,; C 9BC ; L=; BC; C >I =?; 9CC,=,7B 7A#; $=9,B B; 1 2$7#; C8$; <*

\ #90#809=,7B7A#8$$; B=@908; <7A2$; <<8$; ,B=?; B7C; <7A=?; @; B=,09=,7BB; =1 7$: 7B
=?; >9<,< 7AA7$%809 345' J

\ #90#809=,7B 7A#8$$; B=@908; < 7A9; $7CI B9%,# 27=; B=,90 ,B =?; B7C; < 7A=?; @; B=,Q
09=,7B B; =17$: & A7$%809 344' J

\ %7C,A,#9=,7B 7A=?; 07#9=,7B 7A=?; @; B=,09=,7B B7C; ,B 9##7$C9B#; 1 ,=? ,=< B; 1
9; $7CI B9%,# 27=; B=,90 @908; J



! ! "

# $ %&'(') *+'%, %( +- . /%)*+'%, %( &. 0)1'2+'%, 0 %( +- . , %&. 0 %, +- . &1*3 ', 4 %( +- .
2%+. , +'*/ &'*41*$ 5

# $ %&'(') *+'%, %( +- . $ . +- %& %( &. 2')+', 4 ('1. 4*0. 0 $ %6', 4 +- 1%74- +- . 81*, ) - *0
* )%, 0+'+7. , +. /. $ . , +%( +- . &'*41*$9

: 9; 9 <=*$ 2/. %( +- . )%$ 27+. 1 0'$ 7/*+'%, %( +- . 21%2*4*+'%, %(
('1. 4*0. 0

>, %1&. 1+%21%6'&. *, . =*$ 2/. '//70+1*+', 4 +- . ) - *, 4', 4 21. 0071. *, &2%+. , +'*/ 6*/7. 0
81%74- + *8%7+8? +- . $ %6. $ . , + %( - %+('1. 4*0. 0 3 '+- ' , +- . 6. , +'/*+'%, , . +3%1@5 +- .
*7+- %10 - *6. 0. /. )+. & %, . %( +- . *1. *0 %( $ ', . A9 B*+* )%, ) . 1,' , 4 2*1*$ . +. 10 21%('/' , 4
+- '0 *1. * 3 . 1. %8+*', . & (1%$ +- . 6. , +'/*+'%, &. 2*1+$ . , +%( +- . $ ' , . 9 C 02*+'*/ &'*41*$
DE'49 ! F*, & 2%+. , +'*/ &'*41*$ DE'49 ; F3 . 1. &. 1'6. & *, & 0780. G7. , +/? '$ *4. & &'4'+*//?
70', 4 +- . <BHI J 21%41*$$ . 9 >, +- . )%710. %( +- . 0'$ 7/*+'%, 5 +- . &1*3 ', 40 D)%2'. 0
%( +- . )%$ 27+. 1 0)1. . , &'02/*?0F 3 . 1. 0722/. $ . , +. & 3 '+- +- . 1. 07/+0 %( 0'$ 7/*+'%,
)*/)7/*+'%, 0 (%1. ) *0+', 4 +- . 21%) . 00%(6. , +'/*+'%, *0 &'0172+. &8? +- . &. 6. /%2', 4 ('1. 9

~t~Ji-"" ~ ",...-:..:: , ,--~ - !9 X 
K!KL >MH <B/NO <B (' I J P9HCJ 9<QRCH ST EQ UVC WC X CL J>XI //9HYV A! ZO<H ?5[>I \ ] ^><

--- - - · · - - - · - · - - j >,( %8%)_ T7$ .18%)_17)? I >,( %wz V%+* D̀ a bb

-400.0 3 !! ! ! ! ! ! !"" ##$#####%&#!! !
250.0 

bc"Z9Z
11 

d9[ -'-p_rz_ek_o-'-p--'g'-lo_w_rry-'------------<c--~ 

19 i -350.0 
szybik 1 

b: " Z o 5 -"150 O 12 

hodnik 2 

chodnik 1 

E'49 >9J2*+'*/ &'*41*$ %( *, . =. $ 2/*1?6. , +'/*+'%, , . +3 %1@b)%$ 27+. 10'$ 7/*+'%, 5 ', '+'*/ 0+*4.

H?09 >9 J)- . $ *+21_. 0+1_. , , ? 21_?@U*&%3 .e0'. ) ' 3 . , +?/*)?e, .eb0?$ 7/*)e* @%$ 27+. 1%3 *5
0+*, 2%)_f +@%3 ?



! ! "

H· E HU 
Skal a 

Met an 

: : ::: : : · ~. :4 ; ; - - - - - -~~: - - - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - - - · 

--z:r6'T- - -.~/-- ---}-- - --- -- - - - - - - --\:~-;:~-~ --- -- - - - -- - --- ----i- - - - - - - - - - - - . 
#$% ! &' ())**** + $* ,
- **).! / , $.).

I ~-- ' ' =z=7- - - - - - - - - - - - - - - - - - - - - - - ~- - - - - - - - - \ ~- - - - - - - - ~i ~. - - - - - - - - - - 1 - - - - - - - - - - - · 
/ ·, \ I\ I 

012*,******************* 34 *313$,, ** .
-7'103'----- 56***3 **************************** ~_;.1,!l. ------------ 
- =- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · ~- " " ---------- 

789) : ) ; <1=>18?@A8?92?B <C?> =D=BE@?2FG=>18@?18<> >=1H<2I * C<JK6 <C1L= C82= 8> M2?>JL ! / *: N

OF6) : ) ( JL=B?1E<1=>JP?@>F E2QFI R?A<H=P68=J8 H=>1F@?JFP>=P*<9>86I < E<S?2KH M<JQ>8JF ! / *: N

T C82= 86 A=G=@<E8>9 8> M2?>JL ! / *: NUM=98>>8>9 <C@<>9H?@@6=)VW) XL= 8>818?@G?@K=<C
E<1=>18?@<C1L= E<8>1<C@<J?18<> <C1L= C82= 86 Wv 0 *: " YN Z[ -B \ ]) 789) \ E2=6=>16 1L=
E2<E?9?18<> <C?82?>A C82= 9?6=6 / %B 8>K1=6 ?C1=21L= J<BB=>J=B=>1<C1L= 68BK@?18<>)
XL= 1L8JI 92==> @8>= A=689>?1=6 L=?A8>96 8> HL8JL C82= 9?6=6 ?2= JK22=>1@F E2=6=>1)

789) \ ) ; <1=>18?@A8?92?B <C?> =D=BE@?2FG=>18@?18<> >=1H<2I *C<JK6 <C1L= C82= 8> M2?>JL ! / *: N.
J<BEK1=268BK@?18<>

OF6) \ ) ( JL=B?1E<1=>JP?@>F E2QFI R?A<H=P68=J8 H=>1F@?JFP>=P*<9>86I < E<S?2KH M<JQ>8JF ! / *: N.
6FBK@?JP? I <BEK1=2<H?



! ! "

, TAEFA. ~~; ; - - - - - - - - - - - - - - - - - - - - - - - - -~ 

! " # $%&'(# )" * I \"' I I I \ ... 
+,+&$- . =zmJ---l / -------f #$%&''(' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

115 • )*'' ''+ # (( I 
I r \ "--, 

=zz'if(/ -r \ ,#! -

i ' ' ' ' ' ' ' ' ' ' ' '. $&''. ).#' ' '
' \ 

' '. ! /&,DS -• ff,~------------- 

-lil rr 

012+ 3+ 45)67)189 : 182;8< 5=87 6>6< ?98;@A67)198)157 76)B5;C' =D7: 8< 67)89 E)5??172 17 F;87GH
! I ' 01;6( G5< ?D)6; E1< D98)157( )1< 6J K H LL < 17

M@E+ 3+ * GH6< 8) ?5)67GN897@?;O@CP8: 5B6NE16G1 B67)@98G@N76N' )8Q< 8 O8E8: 71GO8 B F5GO71G@
!I ' 45R8;( E@< D98GN8 C5< ?D)6;5B8( GO8EK H LL < 17

SH6 A89D6 5=)H6 ?5)67)1898) )H6 ?517) 5=95G8)157 5=)H6 =5GDE5=)H6 =1;6 H8E: 6G;68E6:
87: GD;;67)9@6TD89E<l>v J ' LLI U V-W< KX+Y7 5;: 6; )5 17H1F1) )H6 =D;)H6; : 6A695?< 67) 5=)H6
=1;6( 1) H8EF667 : 6G1: 6: )5 91< 1) )H6 17=95B 5==;6EH 81;)5 )H6 )H6 =1;6 F@)H6 G57E);DG)157
5=8 =D7: 8< 67)89 =1;6 E689 G95E6 )5 )H6 17=95B )5 )H6 =1;6+

012+ 3 EH5BE)H6 6==6G)E5=)H6E6 8G)157E57 )H6 ?;5?828)157 5=)H6 < 1>)D;6 5=81; 87:
=1;6 28E6E+ SH6 6;6G)157 5=)H6 =D7: 8< 67)89 =1;6 E689 H8EF;5D2H) 8F5D) 8 GH8726 17 )H6
: 1;6G)157 5==95B 17 H68: 172ELZ' L!+87: L! ' LL+ SH6 ;6A6;E895=)H6 : 1;6G)157 5==95B H8E
< 8: 6 1) ?5EE1F96 )5 691< 178)6 E< 5C6 =;5< )H1E8;68( BH1GHG5A6;E)H6 =5995B172 H68: 172E[
LZ' L! ( L! ' LL( LL' ! \ ( ! \ ' ! " 87: ! " ' ! ] + SH6 A89D6 5=)H6?5)67)1898) )H6 =5GDE5=)H6 =1;6
H8E GH8726: 87: GD;; 67)9@6TD89E <Dv J ' LKK\ V-W< KX+

/ 0 123 3 456

SH6 ?;6E67) E)D: @( )H6 ;6ED9)E5=BH1GH 8;6 ?;6E67)6: 7D< 6;1G899@( 1EG57G6;76: B1)H
)H6 8;; 1A89 8) E59D)157E 17 8 E1)D8)157 BH6;6 =1;6 28E6E 8;6 ?;5?828)6: 17 8 76)B5;C
=5995B172 )H6 5GGD;;67G6 5=8 =1;6 8) )H6 F62177172 5=B899E6+ L( 81; E?91) ! I ' LZ 0̂12+ I). 
012E+ L( K 87: 3 EH5B )H6 GH8726 17 )H6 A89D6 5=)H6 ?5)67)1895=75: 6EB1)H17 )H6 76)B5;C



!! "

#$%&' ( )*+ #+, +-. / 0 +' ) . 1)*+ 1&%+ 2' # 1.--. 3 &' ( )*+ +%+4)&. ' . 12 1$' #20 +' )2- 1&%+ 5+2-6
7 + 0 28 . 95+%,+ )*+ 1.--. 3 &' ( :

' +3 -. 42)&. ' . 1' . #+5 . 1)*+ ' +)3 . %; . ' )*+ / . )+' )&2- #&2( %20 <)*+5+ #&11+%&' ( &'
%+-2)&. ' ). )*+ , 2-$+ . 1)*+ / . )+' )&2-<
)*+ &' 1-$+' 4+ . 11&%+=%+-2)+# / *+' . 0 +' 2 . ' )*+ 4*2' ( + &' )*+ , 2-$+ . 1)*+ / . )+' )&2-
&' )*+ ' . #+5 . 1)*+ , +' )&-2)&. ' ' +)3 . %; 6 > 5 %+( 2%#5 )*+ / . &' ) . 1-. 42)&. ' . 11&%+<3 +
0 28 5)2)+ )*2) )*+ #+, +-. / 0 +' ) . 1)*+ 1&%+ -+2#5 ). 2 #+4%+25+ &' )*+ 295. -$)+ , 2-$+
. 1)*+ / . )+' )&2-6 ?*+ +%+4)&. ' . 12 1&%+ 5+2- 42$5+5 )*+ 295. -$)+ , 2-$+ . 1)*+
/ . )+' )&2- ). &' 4%+25+@)*+5+ 4*2' ( +5 2%+< * . 3 +, +%< #+/ +' #+' ) . ' )*+ , 2-$+ . 1
%+5&5)2' 4+ . 1)*+ 5+2-6

A'1-$+' 4+ . 1)*+ 1-. 3 . 1* . ) 1&%+ ( 25+5 . ' 4*2' ( +5 &' )*+ #&5)%&9$)&. ' . 1/ %+55$%+<
3 *&4* #+)+%0&' +5 )*+ , 2-$+ . 12+%.#8' 20 &4 / . )+' )&2-6

A' 2##&)&. ' < )*+ 0 +)* . # . 1/ %+5+' )&' ( )*+ / . )+' )&2- #&2( %20 . 12 , +' )&-2)&. ' ' +)3 . %;
#+54%&9+#< 4. 0 9&' +# 3 &)* )*+ / . 55&9&-&)8 . 15&0 $-)2' +. $5-8 $/ #2)&' ( / . )+' )&2- , 2-$+
42-4$-2)&. ' 5< 0 2; +5 &) / . 55&9-+ ). . 95+%, + )*+ &' 1-$+' 4+ . 1 1.%+425) 4*2' ( +5 $' #+%
, +' )&-2)&. ' 4. ' #&)&. ' 5 -+2#&' ( ). )*+ +B$2-&5&' ( . 1/ . )+' )&2- 2%.$' # )*+ 1&%+ 2%+26 > 5
2 %+5$-)< &) &5 / . 55&9-+ ). +, 2-$2)+ 2-- 5+-+4)+# , +' )&-2)&. ' . / +%2)&. ' 5 %2/ &#-86

7 . %; 4. ' 5)&)$)&' ( )*+ 5$9C+4) . 1 )*+ / %+5+' ) / 2/ +%3 25 42%%&+# . $) 25 / 2%). 1)*+ D)2)+
E. 0 0 &))++ 1.%D4&+' )&1&4 F+5+2%4* GHI J KL? ! M> N ! " ! M%+5+2%4* / %.C+4) +' )&)-+#: OP8' 20 &45 . 1
)*+ $' 5)+2#8 1-. 3 . 12&%2' # ( 25+5 25 )*+ 925&5 . 10 . ' &). %&' ( <42-4$-2)&. ' 0 +)* . #5 2' # 4. 0 / $)+%
5&0 $-2)&. ' < 2$). 0 2)&. ' 2' # 521+)8 585)+0 5 &' 0 &' + , +' )&-2)&. ' ' +)3 . %; 5O< ! LLL6

FQRQFQJ EQD

I $#%8; 7 6< A LML6?*+%0 2- #+/ %+55&. ' 6 S &' &' ( T S +)2--$%( &42- F+, &+3 ! ! < !M< ML A6
I 85)%. ii U6< !LLV6F+5+2%4*&' ( 1-. 3 5 . 1*$0 &# 2&%3 &)* )*+ +W4*2' ( + . 10 255<0 . 0 +' )$0 2' # +' +%( 8 3 &)*&' )*+ 2%+2

. 1, +' )&-2)&. ' ' +)3 . %; 5 . 1$' #+%( %.$' # 0 &' +56 S &' &' ( >%4*&, +5 , . -6XY< &6 X6

I 85)%. ii U 6< ! LLL6 ?*+ )*+%0 . #8' 20 &4 2/ / %.24* ). )*+ , +' )&-2)&. ' . 10 &' +5 925+# . ' )*+ 2+%.#8' 20 &4 / . )+' )&2- 2%+26

S 2)+%&2-5 1%. 0 2 4. ' 1+%+' 4+ +' )&)-+#: F+4+' ) #+, +-. / 0 +' )5 &' 0 &' + , +' )&-2)&. ' 2' # 4. 0 92)&' ( 1&%+< ( 25< 2' #

4-&0 2)&4 *2Z2%#56 [ A[ \ $9-&5*+%5< H2). 3 &4+6
I 85)%. !! U6< ALLL26 > +%.#8' 20 &4 / . )+' )&2-5 2 #+5&( ' 2)&. ' . 11&+-#5 &' , +' )&-2)&. ' ' +)3 . %; 5< 5$9=' +)3 . %; 5 2' #

%+( &. ' 56 > %4*&, +5 . 1S &' &' ( D4&+' 4+5 , . -6XX< &6 A6
PZi $ %Z8 ] 5 ; & 7 6< H%23 4Z8; ^6< \ 2-; 2 ?6< I -44*2%Z I 6< !LL" 6 J +3 / . 55&9&-&)&+5 4. ' ' +4)+# 3 &)* )*+

_ +' )( %2/ * 585)+0 &' )+' #+# 1.%7 AJ PN7 D . / +%2)&. ' 6 `S [ \ > J \ $9-&5*+%56
PZ&$%Z8 )&5; & 7 6< !LL" 26 R. %+425)&' ( )*+ , +' )&-2)&. ' / %.4+55 . 12 #++/ 0 &' + $' #+%4. ' #&)&. ' 5 . 1$' #+%( %.$' # 1&%+6

D)$#&+5< ?*+5+5< S . ' . ( %2/ *5 , . -6Va< A[ DS &Q \ > J 6
PZ&$%Z8 )&5; & 7 6< !L" V6 b ' 5)+2#8 5)2)+5 9%.$( * ) 29. $) &' 2 0 &' + , +' )&-2)&. ' ' +)3 . %; 98 2' +W. ( +' . $5 1&%+6 > [ U<

H%2; c3 6

D) 2 ' &5Z43 5; & I 6< !LdL6 U+2) +W4*2' ( +6 \ 7 J <7 2%5Z23 26

FQ_ AQ7 Aef : \ FNR6 PF U> Ae6 AJ g6 7 > Eh> 7 ?Fb ?7 AJ < HF> Hi 7

Received: I 8 December ](}(}() 


