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8-+%+'.&/ 0%'"*!1',+)$$9/ "$&+)1'&,), 4)5%2!'$%',& 3&5$)*):,)(-$%',&, 7.1!&$! 

The mathematical model of mass-transfer processes between the non-stationary foam 

and fire gases flows in the tunnels is proposed. The method of its numerical 

implementation is specified. The analytical solutions of distribution of the stationary 

foam and gas flows on height and length of the tunnel subject to pressure differential 

at its ends are built. 

1.  !"#$ %&'(#)&*+# ,#-#./ / 01 #+(2#34)&'(4 

L"@+.*?+)'#$0 @+G'(#F< ,'?+) "+)50"1#+ " @0#+; 7.3 1/O0#$3 @+G'(+) ) 

@(+13GP##F< +EQ0%1'< (1/##0.3<) 3).301"3 #'$E+.00 R::0%1$)#F5 "(07"1)+5 

)+?70;"1)$3 #' +6', ,+(0#$3, 1'% %'%, " +7#+; "1+(+#F, @+7'P1"3 "50"* ,'?+), 

+E07#P##'3 %$".+(+7+5, $, " 7(/,+; "1+(+#F, @0#' ?' "6P1 )F"+%+; ).'G#+"1$ 

"#$G'01 105@0('1/(/ ) +%(/G'8S05 @(+"1('#"1)0.  

T7#'%+ ".+G#F0 @(+-0""F 10@.+5'""++E50#' ) 7)/<:'?#F< @+1+%'< 

1(0E/81 7+"%+#'.*#+,+ $?/60#$3 $ 0SP #07+"1'1+6#+ $?/60#F. H'%, 

+<.'G7'8S'3 "@+"+E#+"1* @0#F ) E+.*O+; "10@0#$ ?')$"$1 +1 (0G$5' 0P 

7)$G0#$3 %'% 7+ +6',' @+G'(', 1'% $ ) ?+#0 ,+(0#$3. M0 1+.*%+ (0G$5 7)$G0#$3 

@0#F +@(070.301 7'.*#+"1* 0P @+7'6$, ' 1'%G0 ('"<+7 @0#F, 0P /"1+;6$)+"1* $ 

@.+S'7* @+@0(06#+,+ "060#$3 1/##0.3.  

J($ @+./60#$$ @0#F #' +"#+)0 @+G'(#F< ,'?+) #0 )"0 +#$ /6'"1)/81 ) 0P 

+E('?+)'#$$, @(+<+73 60(0? "01%/. C(+50 1+,+, 6'"1* @0#F @+ 50(0 7)$G0#$3 

('?(/O'01"3, $ +")+E+7$)O$;"3 ,'? "50O$)'01"3 " @+1+%+5 )+?7/<', 

+E07#P##F5 %$".+(+7+5.   (0?/.*1'10 ) @(+13GP##+5 +EQ0%10 +E('?/81"3 7)' 

@+1+%': @0##F; $ ,'?+)F; (($".1).  

T(,'#$?+)'1* @+7'6/ @0#F #' +"#+)0 @+G'(#F< ,'?+) 5+G#+ ".07/8S$5 

+E('?+5 (($".1). J0(07 $?+.$(+)'##F5 +1"0%+5 1/##0.3 /"1'#').$)'01"3 

@0#+,0#0('1+(. N' $?+.$(+)'##F5 +1"0%+5 ('?50S'01"3 )"@+5+,'10.*#F; 

)0#1$.31+(, %+1+(F;, ('E+1'3 #' )"'"F)'#$0, +1E$('01 @+G'(#F0 ,'?F ?' +6',+5 

,+(0#$3 @+7 %(+).0; +1"0%' $ @+"F.'01 $< #' @0#+,0#0('1+(. N70"* 60(0? "01%/ 

@+"1/@'81 @+G'(#F0 ,'?F $ "50O$)'81"3 " @0#++E('?/8S0; G$7%+"1*8, ) 

(0?/.*1'10 60,+ @0#' @(+#$%'01 ) +1"0% " E+.*O+; "%+(+"1*8, %'% "1(/3, $ 

7)$G01"3 % +6',/ ,+(0#$3. 
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6&'.1. ;<)=! +%5*)/',+&: $! %#!0 0%1)$&: 2)$%/ $! %'$%+) 2%3!1$9< 

0!5%+ + &5%(&1%+!$$%= %,').) ,"$$)(: 

 

2. 5'(&+/ /''30-&*#)/$ #*(&6&* 

 M'"1+3S'3 ('E+1' +@$('01"3 #' :/#7'50#1'.*#F0 $"".07+)'#$3 

#0"1'-$+#'(#F< 1060#$; +7#+ $ 7)/<:'?#F< "(07 ) ('?.$6#F< R.050#1'< 

+E+(/7+)'#$3  $ ) 1(/E'< [1,2]. B.3 +@$"'#$3 7$#'5$%$ 7)/<:'?#F< @+1+%+), % 

%+1+(F5 +1#+"31"3 @0#' $ @+G'(#F0 ,'?F, $"@+.*?/05 /(')#0#$3 $< 7)$G0#$3  

[1] ) @(+0%-$$ #' +"* < ()7+.* 1/##0.3, ($".1) 
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,70 i – #+50( :'?F (i = 1 – @+G'(#F0 ,'?F; i = 2 – @0#'); Ui – @.+1#+"1* i-1+; 

:'?F, %,/53; ui – "%+(+"1* 7)$G0#$3 i-1+; :'?F, 5/"; Vi – +1#+"$10.*#'3 @.+S'7* 

@+@0(06#+,+ "060#$3 @+1+%' i-; :'?F; t – )(053 " #'6'.' 7)$G0#$3, "; < – 

%++(7$#'1' )7+.* +"$ @+1+%', 5; 6 – 7').0#$0, "+?7')'05+0 )0#1$.31+(+5 

@(+)01($)'#$3, J'; Wi – %'"'10.*#+0 #'@(3G0#$0 #' "10#%0 1/##0.3, M/52; Ji – 

@0($501( @+@0(06#+,+ "060#$3 i-; :'?F, 5; S – @.+S'7* @+@0(06#+,+ "060#$3 

1/##0.3, 52; U0 – @.+1#+"1* )+?7/<', %,/53; g – /"%+(0#$0 ")+E+7#+,+ @'70#$3, 

5/"2; X – /,+. #'%.+#' 1/##0.3 % ,+($?+#1/, ,('7. 

C /(')#0#$35 7)$G0#$3 @0#F $ @+G'(#F< ,'?+) 7+E')$5 /(')#0#$0 

"+<('#0#$3 $< 5'"" ) 7)/50(#+; @+"1'#+)%0 [3] 
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,70 ?i – )0(1$%'.*#'3 "+"1').38S'3 "%+(+"1$ i-1+; :'?F, 5/"; " – )0(1$%'.*#'3 

%++(7$#'1', 5.        

 

3. 706080))90 %6&!30:9 / ;03/ 6#!&(9 

J+$"% 7'G0 6$".0##F< (0O0#$; "$"105F /(')#0#$; (1) – (2) "+@(3GP# " 

E+.*O$5$ 1(/7#+"135$, $ 7.3 @+"1').0##+; ?'7'6$, %'% @+%'?'. '#'.$? 

.$10('1/(#F< $"1+6#$%+), (0O0#$3 +1"/1"1)/81. B'##'3 ('E+1' @+")3S0#' 

@+./60#$8 '#'.$1$60"%$< $ 6$".0##F< (0O0#$; 7$#'5$%$ $ )?'$5+70;"1)$3 

@0##F< $ ,'?+)F< @+1+%+) ) @(+13GP##F< +EQ0%1'< (1/##0.3<).  
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4.  ')&*)#$ .#'(4  

H'% %'% /(')#0#$3 7)$G0#$3 :'? (1) @(07"1').0#F ) +7#+50(#+; @+"1'#+)%0, 

1+ $ /(')#0#$3 "+<('#0#$3 :'? (2) 1'%G0 @(07"1')$5 ) +7#+50(#+; @+"1'#+)%0, 

7.3 60,+ /"(07#$5 @+ )F"+10 @+1+%+) %'G7+0 )F('G0#$0 ) (2). J($ R1+5 

+E+?#'6$5 "(07#$0 )0.$6$#F @+ )F"+10 %'% "(07#0$#10,('.*#F0 :/#%-$$ 
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1+ ) (0?/.*1'10 $#10,($(+)'#$3 @+ )F"+10 @+1+%+) :'? @+./6$5, +@/"%'3 

$#70%"F +"(07#0#$3, @+./6$5 
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,70  "i – )F"+1' @0##+,+ $.$ ,'?+)+,+ @+1+%', 5; b – O$($#' 1/##0.3, 5; ji – 

"%+(+"1* :'?+)F< @0(0<+7+), %,/".        

B.3 @0()+; :'?F (@+G'(#F< ,'?+))  @($  " = "1 %(+).3 #0@(+#$-'05' $ 

)0(1$%'.*#'3 "%+(+"1* ?70"* (')#' #/.8 (?i = 0), ' #' ,('#$-0 :'? (" = 0) ) 

(0?/.*1'10 ('?(/O0#$3 @0#F ,'?F )+?)('S'81"3 ) +ES$; ")+E+7#F; @+1+%. 

J+R1+5/  

                                                            Sbj /111 (!& ,                                                  (6) 

J0#' ) (0?/.*1'10 "$#0(0?$"' E/701 10(31* G$7%+"1*, ' ) (0?/.*1'10 

+EQP5#+,+ ('"@'7' E/701 10(31* $ ,'? $ G$7%+"1*. Y$7%+"1* "10601 #' @+6)/ 

1/##0.3, ' ,'? @($"+07$#$1"3 % +ES05/ @+1+%/ @+G'(#F< ,'?+). J+R1+5/ 7.3 

)1+(+; :'?F 5+G#+ ?'@$"'1* 

 

                                                    SbSbj 3 // 2112 (!(! $$& ,                                  (7) 

,70 ?2 – "%+(+"1* "$#0(0?$"' @0#F, 5/"; 

 UG – @.+1#+"1* G$7%+"1$, %,/53.  

J+7"1').33 ) /(')#0#$3 (5)  :+(5/.F (6) $ (7), @+./6$5 7.3 7)/< :'? 
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>#'.$? @+./60##+; "$"105F @+%'?F)'01, 61+ /61P# +E50# 50G7/ :'?'5$: 

@+G'(#F0 ,'?F @($ ('?(/O0#$$ @0#F @+"1/@'81 ) +"#+)#+; @+1+%, ' G$7%+"1* 

"10%'01 #' @+6)/ 1/##0.3. 

C "$"1050 /(')#0#$; (8) 7+E')$5 +60)$7#+0 /".+)$0 [1] 
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$?)0"1#/8 :+(5/./ ,$7(').$%$ [2–4] 
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,70 Zi – %+R::$-$0#1 "+@(+1$).0#$3 i-1+; :'?F. 

[".$ @($ 1/(E/.0#1#+5 7)$G0#$$ @+G'(#F< ,'?+) %+R::$-$0#1 

"+@(+1$).0#$3 5+G#+ @($#31* ?' %+#"1'#1/: Z1 = const, 1+ %+R::$-$0#1 

"+@(+1$).0#$3 7)$G0#$8 @0#F, %'% (0+.+,$60"%+; "(07F, ?')$"$1 +1 6$".' 

\0;#+.*7"' $ @($#$5'01"3 (')#F5 [4] 
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,70 d2 – @($)070##F; 7$'501( @0##+,+ @+1+%', 5. 

J($)070##F; 7$'501( @0##+,+ @+1+%' (')0# 
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 2 $"@+.*?+)'#$05 ?')$"$5+"10; (10) - (12) /(')#0#$3 7)$G0#$3 7.3 7)/< :'? (1) 

?'@$O/1"3 ) )$70 
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   (13) 

>#'.$? @+./60##+; "$"105F /(')#0#$; (13) @+%'?F)'01, 61+ ")+E+7#F0 

@+G'(#F0 ,'?F @(07"1').381 "+E+; 1/(E/.0#1#F; @+1+%, ' @0#' @($ 

5+70.$(+)'#$$ E/701 )0"1$ "0E3, %'% .'5$#'(#F; @+.?/6$; @+1+%. 

  ('E+10 [2] @+%'?'#+, 61+ @($ 7+?)/%+)+5 7)$G0#$$ ,'?+) $ G$7%+"10; 

5+G#+ #0 /6$1F)'1* 7$#'5$60"%$; #'@+( @+ "(')#0#$8 "+ "1'1$60"%$5 

#'@+(+5 ()1+(+0 ".','05+0 ) .0)+; 6'"1$ /(')#0#$; (13). ]1+ @+?)+.301 

?#'6$10.*#+ /@(+"1$1* 7.3 ,+($?+#1'.*#+ ('"@+.+G0##+,+ 1/##0.3 (X = 0) 

"$"105/ /(')#0#$; (13) $ @(07"1')$1* 0P ) )$70 
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J(07"1').33 @(+$?)+7#F0 @+ @(+"1('#"1)0##+; %++(7$#'10 ) %+#06#F< 

('?#+"13<, 6$".0##F0 (0O0#$3 /(')#0#$; "$"105 (8) $ (14) 5+G#+ @+./6$1* 

501+7+5 \/#,0-C/11'.  



20 H.  . I+;%+, 2. J. K(0%+), L. M. N$#60#%+  

  1+ G0 )(053 @('%1$60"%$; $#10(0" @(07"1').301 @+./60#$0 '#'.$1$60"%$< 

(0O0#$;. H'%, @($ @+"1+3##+; @+7'60 @0#F (t ^ _) "$"105' /(')#0#$; 

7)$G0#$3 :'? (14) 0SP E+.00 /@(+S'01"3: 
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A@(+S'01"3 1'%G0 $ "$"105' /(')#0#$; (8) "+<('#0#$3 5'"" @($ @+"1+3##+; 

@+7'60 @0#F #' +6', ,+(0#$3 @($ t ^ _: 
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A6$1F)'3, 61+ uiViS = Qi, /(')#0#$3 (16) 5+G#+ @(07"1')$1* ) E+.00 @(+"1+5 

)$70 
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,70 Q1 $ Q2 – ('"<+7F @+G'(#F< ,'?+) ) @0()+; $ )+ )1+(+; :'?'<, 53/". 

M0+E<+7$5+ ?'7'1* "%+(+"1$ "$#0(0?$"' $ ('"@'7' @0#F, ' 1'%G0 @.+1#+"1* 

@0##+,+ $ ,'?+)+,+ @+1+%+). J.+1#+"1* ,'?+)+,+ @+1+%' 7+ +6',' @+G'(' E/705 

"6$1'1* @+"1+3##+; )0.$6$#+;, ' @.+1#+"1* @0##+,+ @+1+%' )F('?$5 60(0? 

%('1#+"1* @0#F %'% 

 

                                                      B3 /)( 112 !!!! $'& ,                                    (18) 

,70 B – %('1#+"1* @0#F, %'% +1#+O0#$0 0P +EQP5' % +EQP5/ G$7%+"1$: 
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N70"* QG – ('"<+7 G$7%+"1$ ) @0#0, 53/"; Q20 – #'6'.*#F; ('"<+7 ,'?' #' 

+E('?+)'#$0 @0#F, 53/".              

J($E.$GP##+0 (')0#"1)+ +E+"#+)'#+ 105, 61+ @($ #'6'.*#+; %('1#+"1$ 

@0#F C0 = 50 – 100 +O$E%' "+"1').301 )"0,+ 1 – 2 %. 

I/705 "6$1'1*, 61+ ) +"#+)#+5 ('?(/O0#$0 @0#F @(+$"<+7$1 #' /6'"1%0 

1/##0.3 @(+@+(-$+#'.*#+5 #0%+1+(+; 7.$#0 l1, ' "$#0(0?$" @0#F – #' /6'"1%0 

@(+@+(-$+#'.*#+5 7.$#0 l2. J(07@+.+G$5, 61+ #' #'6'.*#+5 /6'"1%0 0SP 

)+?5+G#+ "+<('#0#$0 /"1+;6$)+"1$ @0#F. J($505, 61+ /"1+;6$)+"1* @'7'01 @+ 

R%"@+#0#-$'.*#+5/ ?'%+#/. H+,7' 5+G#+ ?'@$"'1* 
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ax QbleQQbl &$& $
2220211 ; ((  ,                      (20) 

,70 QG –('"<+7 G$7%+"1$ ) @0#0, 53/". 

I+.00 +E+"#+)'#+ ")3?'1* 7.$#F l1 $ l2 "+ )(050#05 «G$?#$» @0#F $ 

)(050#05 $"1060#$3 G$7%+"1$, @($#$5'3  
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,70 tG – )(053 «G$?#$» @0#F, "; 

      t$" – )(053 $"1060#$3 G$7%+"1$ $? @0#F, ". 

J+7"1').33 )F('G0#$3 (18) – (21)  ) /(')#0#$3 (17), @+./6$5 
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 C('0)F0 /".+)$3 7.3 /(')#0#$; (2.24) @($505 (')#F5$ 
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\0O0#$3 %'G7+,+ /(')#0#$3 (22) #';70#F ) )$70 "/55F 7)/< R%"@+#0#1 $ 

$5081 )$7  
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,70 Q0 – ('"<+7 )"0< ,'?+) 60(0? +1"0% 1/##0.3 (Q0 ` Q20), 5
3/". 

H'%$5 +E('?+5, @+G'(#F0 ,'?F, %'% ".07/01 $? @+./60##F< :+(5/. (24), 

#$%/7' #0 10(381"3, ' @0(0<+731 $? @0#F @($ 0P ('?(/O0#$$ ) +ES$; @+1+% 

,'?+). M' ($". 2 @(07"1').0#F (0?/.*1'1F 5+70.$(+)'#$3 @+10(* ,'?+)+; :'?F ) 

@0#0 @+ 7.$#0 1/##0.3 @($ ('?.$6#F< @'('501('< !l1, <'('%10($?/8S$< 

/"1+;6$)+"1* @0#F. H'% %'% +EQP5 @0#F @('%1$60"%$ (')0# +EQP5/ ,'?+) ) @0#0, 

1+ +1#+O0#$0 Q2/Q20 +?#'6'01, @+ "/1$, +1#+"$10.*#/8 )F"+1/ @0##+,+ "1+.E'. 

>#'.$?$(/3 (0?/.*1'1F 5+70.$(+)'#$3, @($<+7$5 % )F)+7/, 61+ 605 50#*O0 

@'('501( !l1, <'('%10($?/8S$; /"1+;6$)+"1* @0#F #' +@(070.P##+; 7.$#0, 105 

50#*O0 +#' ('?(/O'01"3. 
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6&'. 2. 6)5"(-,!,9 =%*)(&1%+!$&: 2%,)1- 0!5%+%/ C!59 + 2)$) +*%(- ,"$$)(:  
21& 1!5(&#$%/ )D "',%/#&+%',& (E,1&<%+%/ (&$&)/ ".!5!$% 50-,& 21%F)$,$%) 

'%*)13!$&) 2)$9) 

 

B.3 G$7%+; :'?F ) @0#0 $? )1+(+,+ /(')#0#$3 "$"105F (22) @+".0 

$#10,($(+)'#$3 @+./6$5 
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33 eQ<Q
$&                                       (25) 

J($ ('?(/O0#$$ @0#F +7#+)(050##+ 10(301"3 $ G$7%+"1* $ ,'?, @+R1+5/ 

@.+1#+"1* $ %('1#+; +"1')O0;"3 @0#F #0 50#301"3. T7#'%+ $ @.+1#+"1* $ 

%('1#+"1* 50#381"3 @($ "$#0(0?$"0. L"@+.*?/3 ?')$"$5+"1$ (19) $ (25) 5+G#+ 

/"1'#+)$1* " @+5+S*8 :+(5/.F (18), %'% 50#301"3 @.+1#+"1* @0#F )7+.* 

1/##0.3 @($ "$#0(0?$"0.  
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6&'. 3. 6)5"(-,!,9 =%*)(&1%+!$&: &5=)$)$&: 2(%,$%',& 2)$9 +*%(- ,"$$)(: 21& 

1!5(&#$%/ '.%1%',& )D &',)#)$&: 

  10 

  2 

  2 

  x/l1 

  1 

  1 

  Q2/Q20 

  x/l1 

  U2/U1 

  !l1 = 0,5 

 l1/l2 = 0,5 



 4+70.$(+)'#$0 5'""++E50##F< @(+-0""+) 50G7/ @0##F5 … 23 

M' ($". 3 @(07"1').0#F (0?/.*1'1F 5+70.$(+)'#$3 $?50#0#$3 @.+1#+"1$ 

@0#F )7+.* 1/##0.3 @($ ('?.$6#+; "%+(+"1$ 0P $"1060#$3. J($ 5+70.$(+)'#$$ 

@($#$5'.$"* @.+1#+"1* )+?7/<' U1 = 1,2 %,/53, @.+1#+"1* G$7%+"1$ U2 = 1000 

%,/53 $ #'6'.*#'3 %('1#+"1* @0#F C0 = 100. 

L? '#'.$?' @+./60##F< (0?/.*1'1+) ".07/01, 61+ 605 %+(+60 /6'"1+% 

"$#0(0?$"' @+ "(')#0#$8 " /6'"1%+5 ('?(/O0#$3, 105 EF"1(00 @.+1#+"1* @0#F 

@($E.$G'01"3 % @.+1#+"1$ )+?7/<'. J($ %($1$60"%+; %('1#+"1$ B%( @0#' 5+G01 

@+.#+"1*8 ('?(/O$1*"3, %'% #'@($50( #' /6'"1%0 </l1 > 1 @($ l1/l2 = 2 (($". 3), 

<+13 @+10($ ,'?+)+; :'?F 5+,/1 EF1* $ #0?#'6$10.*#F5$ (($". 2). 

N#'3 ?')$"$5+"1$ +1#+"$10.*#F< @.+S'70; 7)/<:'?#+,+ @+1+%', 5+G#+ 

+@(070.$1* @0($501(F $< @+@0(06#F< "060#$; %'% 
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S
b> '&'&                          (26) 

J+"%+.*%/ )$7 ?')$"$5+"10; 7.3 ?'%+#' "+<('#0#$3 5'"" (24) $ (25) 

$?)0"10#, ' 1'%G0 $?)0"1#F ?')$"$5+"1$ 7.3 ,0+501($60"%$< ('?50(+) @+1+%' 

(26), 1+ 5+G#+ #';1$, %'% 50#301"3 70@(0""$3 )7+.* 1/##0.3, $"@+.*?/3 "$"105/ 

(15), (0O0#$0 %+1+(+; @+./6$5 ) +ES05 )$70  
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                  (27) 

,70 l – 7.$#' @0##+,+ @+1+%' $.$ 7.$#' +1"0%', 0".$ @+1+% %+(+60.  

N70"* )"0 @'('501(F ?' @(070.'5$ $#10,('.+) @($#31F ?' %+#"1'#1F 

(50#301"3 ('"<+7, ' "%+(+"1* @+"1+3##'). 2%.'7F)'3 .0)F0 $ @(')F0 6'"1$ 

/(')#0#$; (27), @+./6$5 :+(5/./ 7.3 ('"6P1' @0(0@'7' 7').0#$3 $.$ 

70@(0""$$, %+1+(/8 #0+E<+7$5+ "+?7'1*, 61+EF @+./6$1* ?'7'##/8 

@(+$?)+7$10.*#+"1* @0#F 
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))) ''&$               (28) 

,70 60 $ 61 – 7').0#$0 "++1)01"1)0##+ #' )<+70 $ )F<+70 $? +1"0%' 1/##0.3, J'. 

 

5. <9*&-9 %& 60,234(#(#: / )#%6#*30)/$ -#34)0=8/> /''30-&*#)/= 

>#'.$? @+./60##F< (0?/.*1'1+) $"".07+)'#$; @+%'?F)'01, 61+ @0(0@'7 

7').0#$; #' %+#-'< +1"0%' 1/##0.3 ?')$"$1 +1 1(P< +"#+)#F< :'%1+(+): /"$.$; 

"1(',$)'#$3 @0#F, 0P .'5$#'(#+,+ "+@(+1$).0#$3 @($ 7)$G0#$$ $ +1 "$. 

'R(+7$#'5$60"%+,+ "+@(+1$).0#$3 1/(E/.0#1#+,+ @+1+%' @+G'(#F< ,'?+).  

B.3 @('%1$60"%+,+ @($50#0#$3 @+./60##F< ?')$"$5+"10; #0+E<+7$5+ ?#'1* 

1'%$0 @'('501(F, %'%: 

  - 5'%"$5'.*#'3 7+@/"1$5'3 105@0('1/(' @+G'(#F< ,'?+), @($ %+1+(+; 0SP 

5+G01 ,0#0($(+)'1*"3 /"1+;6$)'3 @0#'; 
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- #'6'.*#'3 %('1#+"1* @0#F C0 @($ 0P ,0#0($(+)'#$$ " $"@+.*?+)'#$05 

@+G'(#F< ,'?+) " )F"+%+; 105@0('1/(+;; 

      - )(053 0P "/S0"1)+)'#$3 tG; 

- :'%1$60"%'3 7'.*#+"1* l1 ('"@(+"1('#0#$3 @0#F ) ?')$"$5+"1$ +1 "%+(+"1$ 

7)$G0#$3 @+G'(#F< ,'?+); 

      - #0+E<+7$5'3 :'%1$60"%'3 70@(0""$3 a6 7.3 7)$G0#$3 @0##+,+ @+1+%' " 

?'7'##+; "%+(+"1*8. 

J+R1+5/ -0.*8 7'.*#0;O$< $"".07+)'#$; 3).301"3 R%"@0($50#1'.*#+0 

$?/60#$0 $ @(+)0(%' 7+"1+)0(#+"1$ @+./60##F< ?')$"$5+"10; @($ 

,0#0($(+)'#$$ $ 7)$G0#$$ @0##+,+ @+1+%' ) 1/##0.3<.  
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