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?#*$ # $5$-%$.!%$ ;,#*+%+%#+ ,!-0.$,$. ;$%#E+%%$) ;&$0%$-0#. F?%#* #A ;/0+) -%#E+%#8 ;&$0%$-0# $D#-0-
%(@ !6+%0$. 8.&8+0-8 ..+?+%#+ . ,!-0.$, 6!A$.$) -$-0!.&8:G+). 4+,-;+30#.%(* 8.&8+0-8 ;,#*+%+%#+ ,!A-
&#D%(@ 6!A$E#?3$-0%(@ -*+-+), . D!-0%$-0# -0!5#&'%(@ ;+%.

H ,!5$0+ ;,#.+?+% !%!&#A *+-0$,$E?+%#) 7I - !%$*!&'%$ %#A3#*# ;&!-0$.(*# ?!.&+%#8*#, 3$0$,() ;$-
3!A!& !30/!&'%$-0' ?!%%$) ;,$5&+*( # %+$5@$?#*$-0' ;,#*+%+%#8 G!?8G#@ 0+@%$&$6#) .-3,(0#8 ;,$?/30#.-
%(@ ;&!-0$.. F5$-%$.!%$ #-;$&'A$.!%#+ . 3!D+-0.+ ;,$*(.$D%$6$ !6+%0! 6!A$E#?3$-0%(@ -*+-+) %! $-%$.+
!%!&#A! %!/D%$-0+@%#D+-3$) &#0+,!0/,(.

J--&+?$.!%( 6!A$E#?3$-0%(+ -*+-#, .3&:D!:G#+ . -.$) -$-0!. -&+?/:G#+ 3$*;$%+%0(: 4BH (&!/,#&-
-/&'>!0 %!0,#8, KBL2 %!0,#8), ;$&#*+,(--0,/30/,$$5,!A$.!0+&# (;$&#!3,#&!*#?( FP-107 # «Praestol», 5#$-
;$&#*+, «M.M. 7$5/-», 3!,5$3-#*+0#& 3,!@*!& MNM-LO7-2, 3!,5$3-#*+0#& "+&&:&$A! MN9), ,+6/&80$, .8A3$-
-0# (6&#"+,#%), ,+!6+%0 ?&8 -*86D+%#8 .$?( (3!/-0#D+-3!8 -$?!), 5!30+,#"#? (3!&#) /3-/-%$3#-&() ;&!.&+-
%()), 6#?,$>$5#A#,/:G!8 ?$5!.3! (1MP-11).  

7+$&$6#8 ;$&/D+%%(@ -*+-+) #--&+?$.!&!-' %! ,$0!"#$%%$* .#-3$A#*+0,+ «Rheotest RN 4.1» # ;,#5$,+
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-0%(@ -*+-+) . ?#!;!A$%+ -3$,$-0+) -?.#6! $0 100 ?$ 600 -

–1
$;#-(.!+0-8 ,+$&$6#D+-3#* /,!.%+%#+* F-0-

.!&'?!–?+ H!!&+ -$ -0+;+%': $;,+?+&+%%$-0# R = 0,96…1,00. M,$*+ 0$6$, #--&+?/+*(+ 1P2 $5&!?!:0 -.$)-
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FOUNDATION THE APPLICATION AND INVESTIGATION OF LIQUID-GAS  
MIXTURES COMPOSITIONS FOR FLUSHING-OUT BOREHOLE CAVITIES  

IN CONDITIONS OF ANOMALOUS LOW FORMATION PRESSURE 

%.%. Iakovlev, *.V. Turitsina 

National mineral resources University, Saint-Petersburg, Russia 

The aim of the work consists in effectiveness increase of opening-up productive geological horizons with anoma-
lous low formation pressure (ALFP) by using benign drilling agents on the base of liquid-gas mixtures. The application 
of lowered pressure solutions for deposits with anomalous low formation pressure generated both by natural geological 
causes and artificial impact (within development and production activity) is proved. Including of gas component in 
mixture is considered to be one of the methods for decrease the density of cleaning agents. It seems to be perspective 
to apply different liquid-gas mixtures, in particular stable foams. 

The analysis of RF deposits with anomalous low formation pressure is presented. This analyze showed the actual-
ity of the problem and the necessity of application cautious technologies for opening-up geological horizons. On the 
base of scientific and technical literature the application of liquid-gas mixtures as cleaning agent is proved. 

Liquid-gas mixtures comprising the following compounds: surface-active substanc (sodium lauryl sulfate, sodium 
LABS), polymers- amendments (polyacrylamides FP-107 and «Praestol», Biopolymer «M.M. Robus», carboxymethyl 
starch MNM-BUR-2, carboxymethyloxyethyl cellulose KMC), viscosity controller (glycerol), reagent for water softening 
(caustic), germicide (potassium acetate fused), waterproofing admixture (GMJ-11) are investigated. 

The rheology of received mixtures was investigated with the use of rotary viscosimeter «Rheotest RN 4.1»and de-
vice 2 2-2. Experimental data and results of data processing showed that the current of liquid-gas mixtures over the 
shear rate range 100 to 600 - –1 is described by rheological equation of Ostwald de Waele with the degree of definite-
ness R = 0,96…1,00. Besides, investigated liquid-gas mixtures are possessed of solids characteristics which are ap-
peared with high value of 2 2.

Keywords: well-drilling, anomalous low formation pressure, anomality coefficient, ;,$*(.3! -3.!E#%, liquid-gas 
mixtures, rheology, opening-up of productive geological horizon. 
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 !"#"$%"

@AG!&#,C %""-!5,31$%/ /3-/H#"/ C!-
"#,4,D5!$%/ $!0#% % .121 IJ " 1$,C1-K$,
$%2&%C% B-1"#,3>C% 513-!$%/C% (:('7). 

L!-K 41A,#> – B,3>M!$%! N00!&#%3-
$,"#% B!43%O$,., 3"&4>#%/ B4,5<&#%3-
$>E .,4%2,$#,3 " :('7 B<#!C "$%D!$%/
5%00!4!$=%1-K$,., 513-!$%/ $1 21A,!
"&31D%$> 21 "O!# B4%C!$!$%/ ,A-!.O!$-

$>E A<4,3>E 41"#3,4,3.
'4% A<4!$%% "&31D%$ % B!43%O$,C

3"&4>#%% B4,5<&#%3$>E .,4%2,$#,3 3!-%-

&1 3!4,/#$,"#K 21.4/2$!$%/ B-1"#1 " B,"-!-
5<HP%C "$%D!$%!C B4,$%=1!C,"#% % B4,-
5<&#%3$,"#%. Q,-KM<H 4,-K %.41!# B-,#-
$,"#K B4,C>3,O$,., 1.!$#1, B,"&,-K&< ,$1
,B4!5!-/!# 2$1O!$%! 513-!$%/ $1 21A,!
"&31D%$>. 7-/ C!"#,4,D5!$%F " :('7
"<P!"#3<!# $!,AE,5%C,"#K "$%D!$%/
B-,#$,"#% $%D! B-,#$,"#% 3,5> (3 $!&,#,-

4>E "-<O1/E 5, 600 &./C3% $%D!). 7,A%#K"/
N#,., C,D$, A-1.,514/ B4%C!$!$%H 412-
-%O$>E ,O%"#$>E 1.!$#,3, $1%A,-!! B!4-

"B!&#%3$>C% %2 &,#,4>E /3-/H#"/ .12,-
D%5&,"#$>! "C!"%.

 &'() ('*"+,- %../"#(!-$%0

', C!4! 3>41A,#&% C!"#,4,D5!$%F,

E141&#!4%2<HP%E"/ "413$%#!-K$, B4,-

"#>C .!,-,.%O!"&%C "#4,!$%!C, 3 41241-
A,#&< $1O%$1H# 3,3-!&1#K"/ C!"#,4,D-

5!$%/ " #4<5$,%23-!&1!C>C% 21B1"1C%,

O#, #4!A<!# %$,., B,5E,51 B, "413$!$%H
" 41$!! B4%C!$/3M%C"/ &, 3"!C< B4,-

=!""< 4123!5&% % N&"B-<1#1=%%, $1O%$1/
" B!43%O$,., 3"&4>#%/ B4,5<&#%3$,.,
.,4%2,$#1. 8 #1&%C "-,D$>C .,4$,-

.!,-,.%O!"&%C <"-,3%/C ,#$,"/#"/ 1$,-

C1-K$>! B-1"#,3>! 513-!$%/, ",-!3>!
#,-P%, C$,.,-!#$// C!42-,#1 % 54. [1].  

R"-% ,A41#%#K"/ & .!,.410%% 41"B4,-

"#41$!$%/ #1&,., /3-!$%/, &1& :('7, #,
$1%A,-!! O1"#, ,$% 3"#4!O1H#"/ $1 C!-
"#,4,D5!$%/E ;%C1$,-'!O,4"&,F (25,4 % 

,# 0,$51 C!"#,4,D5!$%F B4,3%$=%%) %
S!$,-;<$.<""&,F (25 %) $!0#!.12,$,"$>E
B4,3%$=%/E ((+').  #, D! 34!C/ B, 1A-

",-H#$>C B,&121#!-/C C!"#,4,D5!$%/

" :('7 B,-<O%-% M%4,&,! 41"B4,"#41-
$!$%! $1 C!"#,4,D5!$%/E T1B15$,-

U%A%4"&,F (44,5 %) %  ,-.,-*41-K"&,F
(34,5 %) B4,3%$=%F [2]. 7-/ &1D5,F $!0-

#!.12,$,"$,F B4,3%$=%% 21-!.1$%! B-1-
"#,3 " 1$,C1-K$, $%2&%C% 513-!$%/C%
B4%<4,O!$, & 412$>C .-<A%$1C (4%". 1).  

 &1O!"#3! ,AG!&#1 %""-!5,31$%/ 3>-

A41$> &,--!&#,4>-B!"O1$%&%, B,"&,-K&<
& $%C ,#$,"/#"/ 60 % B,4,5, "-1.1HP%E
B4,5<&#%3$>! .,4%2,$#> " :('7.

 #1A-. 1 B4!5"#13-!$1 "3,5$1/ E141&#!-
4%"#%&1 N#%E .,4%2,$#,3 [2]. 

84,C! #,.,, 3 B4,=!""! 41241A,#&% %
N&"B-<1#1=%% C!"#,4,D5!$%F B4% ,#"<#-
"#3%% 5,-D$,F &,CB!$"1=%% B-1"#,3,.,
513-!$%/ $1.$!#1$%!C 412-%O$>E 1.!$-

#,3 3 B4,5<&#%3$>F .,4%2,$# #1&D! B4,-

%"E,5%# "$%D!$%! B-1"#,3>E 513-!$%F,

3B-,#K 5, 1$,C1-K$, $%2&%E. ', 4!2<-K-
#1#1C 1$1-%21 5%$1C%&% %2C!$!$%/ B-1-
"#,3,., 513-!$%/ B, C!4! N&"B-<1#1=%%
(21 B,"-!5$%! 20 -!#) C!"#,4,D5!$%F
8,.1->C"&,., 4!.%,$1 (T1B15$1/ U%-

A%4K) $1A-H51!#"/ "$%D!$%! B-1"#,3>E
513-!$%F ,# 12 5, 50 % (4%". 2) 3 "413$!-
$%% " $1O1-K$>C% [2, 3]. 

',"&,-K&< "$%D!$%! B-1"#,3>E 513-!-
$%F 213%"%# ,# A,-KM,., &,-%O!"#31 01&-
#,4,3, $1 &1D5,C C!"#,4,D5!$%% ,$, A<-
5!# B4,%"E,5%#K " 412-%O$,F %$#!$"%3$,-
"#KH. U #,O&% 24!$%/ "#4,%#!-K"#31 "&31-
D%$ B,3-%/#K $1 N#, C,D$,, B4%C!$!$//
P15/P%! #!E$,-,.%% 3"&4>#%/ B4,5<&#%3-
$,., B-1"#1.

 &'() 1)(2&!(3$(4( -4"$,-

#/0 1")!%3$(4( !.+)&,%0 1/-.,(!

. -$(2-/5$( $%6+%2% #-!/"$%02%

U #,O&% 24!$%/ ",E41$!$%/ 0%-K#41-
=%,$$,-!C&,"#$>E "3,F"#3 (JRU) B4,-

5<&#%3$>E .,4%2,$#,3 $1%A,-!! N00!&-

#%3$>C /3-/!#"/ 3"&4>#%! B-1"#,3 $1
5!B4!""%% %-% 413$,3!"%%. (!.1#%3$,F
"#,4,$,F B4%C!$!$%/ "B,",A1 $1 5!B4!"-
"%% /3-/!#"/ ,B1"$,"#K 3,2$%&$,3!$%/
.12,$!0#!3,5,B4,/3-!$%F (+( ') B4%
3"&4>#%%. Q,-!! P15/P!F /3-/!#"/ #!E-

$,-,.%/ 413$,3!"$,., 3"&4>#%/ .,4%2,$



:.:. 9&,3-!3, ?. . ;<4%=%$1

44

I%". 1. I1"B4,"#41$!$%! B-1"#,3 " 1$,C1-K$, $%2&%C% B-1"#,3>C% 513-!$%/C%
B, .-<A%$1C $1 C!"#,4,D5!$%/E IJ (,# 0,$51 C!"#,4,D5!$%F " :('7)

; 1 A - % = 1  1  

V141&#!4%"#%&1 B4,5<&#%3$>E .,4%2,$#,3 (B!"O1$%&%, &,--!&#,4>)

" :('7 ("4!5$%! 2$1O!$%/ 5-/ %$#!431-,3)

)$#!431-
21-!.1$%/ &4,3-%

B-1"#1, C

@#&4>#1/
B,4%"#,"#K, %

'4,$%=1!-
C,"#K, C&C2

713-!$%!
B-1"#,3,!,
?'1

;!CB!41#<41
B-1"#,31/, ºU

+12,3>F
01&#,4,

C3/#

8,N00%=%!$#
1$,C1-K$,"#%, 8 

< 1000 19,0–20,0 7,50–15,70 7,3 20–37 63–80 0,88 

1000–1499 16,5–25,0 0,94–35,60 10,7 24–27 19–28 0,89 

1500–1999  14,0–20,0 1,00–6,00 16,1 14–57 29–34 0,85 

2000–2499 14,0–18,5 0,04–0,08 21,9 64–98 47–49 0,94 

> 2500 14,0–18,0 0,04–1,20 25,2 79–94 48–90 0,97 

I%". 2. 7%$1C%&1 "$%D!$%/ B-1"#,3>E 513-!$%F
$1 C!"#,4,D5!$%/E 8,.1->C"&,., 4!.%,$1 (T1B15-

$1/ U%A%4K): – .%54,"#1#%O!"&,! 513-!$%!;
 – B-1"#,3,! 513-!$%! $1O1-K$,!;  – B-1"#,3,!

                          513-!$%! $1 01.03.2008 

#1. @",A!$$, 1&#<1-K$, N#, 5-/ B-1"#,3"
:('7. '4% N#,C B,5$%C1!#"/ 3,B4,"
, "$%D!$%% .%54,"#1#%O!"&,., 513-!$%/
B4,C>3,O$,F D%5&,"#% 3 "&31D%$!. @5-

$%C %2 B<#!F "$%D!$%/ 513-!$%/ /3-/!#-
"/ B4%C!$!$%! ,A-!.O!$$>E 41"#3,4,3.
 #1A-. 2 B4%3!5!$> ,"$,3$>! #%B>
B4,C>3,O$>E 1.!$#,3, %"B,-K2<!C>E
B4% A<4!$%% 3 B-1"#1E " :('7 [4–19]. 

 "! B4!5"#13-!$$>! 3 #1A-%=! 41"-
#3,4> %C!H# "3,% B4!%C<P!"#31 % $!-
5,"#1#&%, ,5$1&, 1$1-%2 ",34!C!$$,.,
","#,/$%/ #!,4%% % B41&#%&% B!43%O-
$,., 3"&4>#%/ B4,5<&#%3$>E B-1"#,3
" :('7 " B4%C!$!$%!C ,A-!.O!$$>E
A<4,3>E 41"#3,4,3 ('!4C()')$!0#K,
8,.1->C()')$!0#K, U!3813()')-
.12,  ,-.,*41-()').12, ('@ «Q<4,-
31/ #!E$%&1», ('@ «Q<4!$%!») B,23,-
-%- "5!-1#K 3>3,5 , #,C, O#, ,5$%C %2
$1%A,-!! B!4"B!&#%3$>E $1B413-!$%F
/3-/!#"/ B4%C!$!$%! .12,D%5&,"#$>E
"C!"!F.
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; 1 A - % = 1  2  

;%B> ,A-!.O!$$>E ,O%"#$>E 1.!$#,3

;%B B4,C>3,O$,., 1.!$#1 '4!%C<P!"#31 (!5,"#1#&%
(!0#K, .12%4,31$$1/ 12,#,C (%2&1/ B-,#$,"#K

?%$%C1-K$,! 21.4/2$!$%! $!0#/$,.,
B-1"#1

 >",&1/ B,D14,- % 324>3,,B1"$,"#K
(!.1#%3$,! 3-%/$%! $1 ,&4<D1HP<H
"4!5<

Q<4,3>! 41"#3,4> $1 <.-!-
3,5,4,5$,F ,"$,3!

(%2&1/ B-,#$,"#K (900–1000 &./C3)

?%$%C1-K$,! 21.4/2$!$%! $!0#/$,.,
B-1"#1
 ,2C,D$,"#K <5!M!3-!$%/ 41"#3,41
B4%C!$!$%!C «">4,F» $!0#%

 >",&1/ B,D14,- % 324>3,,B1"$,"#K
(!.1#%3$,! 3-%/$%! $1 ,&4<D1HP<H
"4!5<

Q<4,3>! 41"#3,4> $1 3,5-

$,F ,"$,3! " ,A-!.O1HP%C%
5,A13&1C% (B!4-%#, B-1C%-

-,$ C%&4,"0!4> % 54.)

(%2&1/ B-,#$,"#K ("$%D!$%! B-,#$,-

"#% 5, 660 &./C3)

 >",&1/ B4,O$,"#K 5,A13,&
)$!4#$,"#K 5,A13,& B, ,#$,M!$%H &
E%C%O!"&%C 4!1.!$#1C

U,5!4D%# #3!45<H 012<, "B,",A$<H
"$%2%#K B4,$%=1!C,"#K B4,5<&#%3$,-

., .,4%2,$#1
@A-!.O1HP%! 5,A13&% «3"B->31H#»
$1 B,3!4E$,"#K

Q<4,3>! 41"#3,4>, ",5!4-

D1P%! 104,$>
(! ",5!4D%# #3!45,F 012> %-% 54<-

.%E &,CB,$!$#,3, "B,",A$>E $!,A41-
#%C, $14<M%#K &,--!&#,4"&%! "3,F-

"#31 B-1"#1
W&,-,.%O!"&% A!2,B1"$> % A%,412-,-

D%C>

U413$%#!-K$, 3>",&1/ B-,#$,"#K
(A-%2&1/ & B-,#$,"#% 3,5>)

 >",&1/ "#,%C,"#K &,CB,$!$#,3
41"#3,41

+12,D%5&,"#$>! "C!"% (+XU) (%2&1/ B-,#$,"#K ("$%D!$%! B-,#$,-

"#% 5, 300 &./C3)

 ,2C,D$,"#K 3>$,"1 &4<B$>E O1"#%=
3>A<4!$$,F B,4,5> 5%1C!#4,C
5, 4–5 "C
*3!-%O!$%! "&,4,"#% A<4!$%/ "&31-
D%$>

(!5,"#1#,O$1/ %2<O!$$,"#K B4,=!"-
",3, B4,E,5/P%E $1 21A,! "&31D%$>
(!,AE,5%C,"#K B4%C!$!$%/ "B!=%-

1-K$,., ,A,4<5,31$%/ 5-/ B,-<O!$%/
+XU

+12, 3,25<E (%2&1/ B-,#$,"#K
 >",&1/ N&,-,.%O!"&1/ A!2,B1"$,"#K
(B4% %"B,-K2,31$%% 3,25<E1 % %$!4#-
$>E .12,3)

*E<5M!$%! <"-,3%F ,O%"#&% "&31D%-

$> ,# 3>A<4!$$,F B,4,5>
 ,2C,D$,"#K A<4!$%/ #,-K&, 3 «"<-

E%E» 4124!21E
'4% %"B,-K2,31$%% 3,25<E1 – 3>",&1/
B,D14,- % 324>3,,B1"$,"#K

7../"#(!-$%" )"(/(4%%

4-6(8%#+(.,$&9 .2".":

Q>-% %""-!5,31$> "-!5<HP%! ","#13>:
1) 3,51 + &,CB-!&" ':  (0,1 %) + .-%-

=!4%$ (1 %) + ':: FP-107 (0,05 %) + 8?8-
Q*I-2 (1 %) + A1&#!4%=%5 (0,05 %) + +8X
(0,5 %) + &1<"#%O!"&1/ ",51 (0,5 %); 

2) 3,51 + &,CB-!&" ':  (0,1 %) + .-%-
=!4%$ (1 %) + ':: FP-107 (0,05 %) + «8.8.
I,A<"» (0,05 % + A1&#!4%=%5 (0,05 %) +  
+ +8X (0,5 %) + &1<"#%O!"&1/ ",51 (0,5 %); 

3) 3,51 + &,CB-!&" ':  (0,1 %) + .-%=!-
4%$ (1 %) + ':: «Praestol» (0,05 %) +  
+ 8?8-Q*I-2 (1 %) + A1&#!4%=%5 (0,05 %) + 
++8X (0,5 %) + &1<"#%O!"&1/ ",51 (0,5 %); 

4) 3,51 + &,CB-!&" ':  (0,1 %) + .-%-
=!4%$ (1 %) + ':: «Praestol» (0,05 %) +  
+ 8?L (1 %) + A1&#!4%=%5 (0,05 %) + +8X
(0,5 %) + &1<"#%O!"&1/ ",51 (0,5 %); 

5) 3,51 + &,CB-!&" ':  (0,1 %) +  

+ .-%=!4%$ (1 %) + 4,A<" (0,05 %) + 8?8
(1 %) + A1&#!4%=%5 (0,05 %) + +8X
(0,5 %) + &1<"#%O!"&1/ ",51 (0,5 %). 

 #1A-. 3 B4!5"#13-!$> 4!2<-K#1#> %"-
"-!5,31$%/ 4!,-,.%O!"&%E B141C!#4,3
N#%E "C!"!F. I!,-,.%O!"&%! "3,F"#31 .12,-
D%5&,"#$>E "C!"!F %""-!5,31-%"K $1 4,-

#1=%,$$,C 3%"&,2%C!#4! «Rheotest RN 

4.1», ,B4!5!-!$%! "#1#%O!"&,., $1B4/D!-
$%/ "53%.1 (U(U) B4,3,5%-,"K $1 B4%A,4!
U(U-2. 7-/ ,=!$&% 4!,-,.%O!"&%E E141&-
#!4%"#%& A>-% B4%$/#> "-!5<HP%! 5,B<-
P!$%/: $! <O%#>31-1"K "#!B!$K 4124<M!-
$%/ #%&",#4,B$,F "#4<&#<4> +XU, B4!5-

B,-1.1-,"K $!2$1O%#!-K$,! 3-%/$%! N#,.,
N00!&#1 $1 4!2<-K#1#> B,&121$%F; %2C!4!-
$%/ B4,3,5%-%"K B4% $,4C1-K$,C 1#C,-

"0!4$,C 513-!$%% % &,C$1#$,F #!CB!41#<-
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; 1 A - % = 1  3  

I!,-,.%O!"&%! E141&#!4%"#%&% .12,D%5&,"#$>E "C!"!F

6
4-
41

 /2&,"#K
+XU B4%
100 "–1,

C'1·"

 /2&,"#K
+XU B4%
600 "–1,

C'1·"

(1B4/D!$%!
"53%.1 +XU
B4% 100 "–1, '1

(1B4/D!$%!
"53%.1 +XU
B4% 600 "–1, '1

U(U
+XU,

'1

',&121#!-K
#!&<O!"#% n

8,N00%=%!$#
&,$"%"#!$=%%

k, '1·" (1/n)

U#!B!$K
,B4!5!-!$-

$,"#%, Y

1 123,10 56,58 12,86 34,12 22,95 0,470 1,51 0,97 

2 134,70 53,96 14,11 32,54 62,55 0,394 2,34 0,96 

3 165,20 68,51 17,33 41,35 74,25 0,461 2,04 0,99 

4 366,70 132,30 38,75 79,94 49,50 0,400 5,99 1,00 

5 148,60 53,94 15,54 32,56 91,35 0,463 1,74 0,99 

I%". 3. I!,-,.%O!"&1/ E141&#!4%"#%&1 +XU

4!. 7,B<"&1-,"K, O#, 4!,-,.%O!"&%! E1-
41&#!4%"#%&% +XU C,.<# %2C!$/#K"/ 3,
34!C/ %2C!4!$%F #,-K&, B4% %2C!$!$%%
0%2%O!"&%E <"-,3%F, $, B4% 3,""#1$,3-
-!$%% N#%E <"-,3%F E141&#!4%"#%&% ,"-
#1H#"/ 15!&31#$>C% [13]. 

W&"B!4%C!$#1-K$>! 51$$>! % 4!-
2<-K#1#> %E ,A41A,#&% 5,&12>31H#, O#,
#!O!$%! %""-!5<!C>E .12,D%5&,"#$>E
"C!"!F 3 5%1B12,$! "&,4,"#!F "53%.1 ,#
100 5, 600 "–1 C,D!# A>#K ,B%"1$, 4!,-
-,.%O!"&%C <413$!$%!C @"#31-K51–5!
 11-! ", "#!B!$KH ,B4!5!-!$$,"#%
Y = 0,96…1,00. +410%O!"&,! B,5#3!4-
D5!$%! B4!5"#13-!$, $1 4%". 3. )""-!-
5<!C>! +XU ,A-151H# "3,F"#31C%
#3!45,., #!-1, &,#,4>! B4,/3-/H#"/
3 $1-%O%% 3>",&%E 2$1O!$%F U(U.

'4,3!5Z$$>! %""-!5,31$%/ B,&121-%,
O#, B4%C!$!$%! %"B,-K2,31$$>E 3 51$$,F
41A,#! "#1A%-%21#,4,3 % "#4<&#<4,,A41-
2,31#!-!F B,23,-/!# B,-<O%#K "#1A%-K$>!
.12,D%5&,"#$>! "C!"%, B,&121$$>! & B4%-
C!$!$%H 3 <"-,3%/E :('7, $, 5-/ N#,.,
$!,AE,5%C, B4,3!"#% %2<O!$%! B4,$%-
&1HP!F "B,",A$,"#% 41"#3,4,3 3 .,4$>!
B,4,5>. U #,O&% 24!$%/ #!E$,-,.%O!"&,F
% N&,$,C%O!"&,F N00!&#%3$,"#% 5-/
,&,$O1#!-K$>E 4!&,C!$51=%F B, &,CB,-
2%=%/C +XU B4!5"#13-/!# %$#!4!" ","#13,
3&-HO1HP%F 3 "!A/ 3 &1O!"#3! "#4<&#<-
4,,A412<HP!F % "#1A%-%2%4<HP!F 5,-
A13&% ':: FP-107 (0,05 %) + 8?8-Q*I-2
(1 %); 3 51-K$!FM!C B-1$%4<!#"/ B4,3!"-
#% %""-!5,31$%/ B, %2<O!$%H !., B4,$%-
&1HP!F "B,",A$,"#% 3 .,4$>! B,4,5>.
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;-+/<3"$%"

 3,5 3 &1O!"#3! 4!1.!$#1 "#1A%-%21-
#,41 &,CB-!&"1 %2 3>",&,C,-!&<-/4$,.,
1&4%-,3,., B,-%C!41 FP-107 % &14A,&-

"%C!#%- &41EC1-1 8?8-Q*I-2 B,23,-/!#
B,-<O%#K "#1A%-K$>! .12,D%5&,"#$>!
"C!"%, ,A-151HP%! B!$,,A412<HP!F
"B,",A$,"#KH B4% B,3#,4$,C B!4!C!M%-

31$%% B,"-! 4124<M!$%/ B!$, O#, $!,A-

E,5%C, 5-/ ,A!"B!O!$%/ C$,.,=%&-,3,.,
%"B,-K2,31$%/ 41"#3,41.

I!,-,.%O!"&,! B,3!5!$%! 51$$>E .12,-
D%5&,"#$>E "C!"!F ,B%">31!#"/ "#!B!$-

$,F C,5!-KH @"#31-K51–5!  11-!, 1 $%2&%!
2$1O!$%/ &,N00%=%!$#1 $!-%$!F$,"#% E1-
41&#!4%2<H# %E 3>",&<H B"!35,B-1"#%O-

$,"#K, O#, B,23,-/!# %"B,-K2,31#K %E 5-/
3"&4>#%/ B4,5<&#%3$>E B-1"#,3 B4% 21-
&1$O%31$%% "&31D%$.

=1%.(+ /%,")-,>)&
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