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APPLICATION OF MULTIVARIANT SIMULATION IN DISTRIBUTION 2*
TO ASSESS THE ACCURACY OF CONSTRUCTION BETWEEN  

LITHOFACIES THREE MODELS BY EXAMPLE NIZHNETIMANSKIH  
DEPOSITS, KIRILLOVSKOE FIELD 

A.B. Derjushev, D.V. Potehin 

Subsidiary of LLC «LUKOIL-Engineering»«PermNIPIneft`» in Perm,  
Russian Federation 

four options for the three-dimensional distribution of porosity parameters by specifying certain settings stochastic 
simulation algorithm are presented. In assessing the reliability of geological models using stochastic simulation for 
each of the options has been made the process of multiple (32 sales) rebuilt models, each of which corresponds to the 
original data and field information. Rebuilding three-dimensional models was based on the conversion option of poros-
ity, lithology cube and attract additional source data. All types of input data are optional and are used to constrain the 
stochastic algorithm, for a more realistic result of constructing three-dimensional lithofacies models. 

For each alternative simulation using mathematical statistics were calculated t-test and the significance level (p).
These values were obtained by sequential comparison with each other model variants. By comparing the results 
showed that for the delta facies type and delta Bay each subsequent version, an increase the value t-test and reduce 
the level of significance p, decreases the variance and n values to focus more towards the mean. The above trend is 
associated with attraction to each successive version of modeling additional source data. It was also found that three-
dimensional parameters of porosity obtained by the fourth variant modeling, taking into account the continuous down-
hole of Kn, lithologic data and seismic facies analysis, the results of the sand facies modeling objects, trend curve 
histograms continuous downhole porosity, as well as the forecast n scheme to confirm the correct division investigated 
in this work nizhnetimanskogocyclites for basic facial complex and is the most informative and accurate. 

Key-words: nizhnetimanskie deposits, deposit, modelling, stochastic modeling, multivariate modeling,  petrophysical 
modeling,  uncertainty estimation,  facies analysis, seismic analysis, kriging, cyclitis, facies, branch, bay, porosity. 
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!#) 'Q"6=" .'(3'-"#6'(3) ?'(3#'"-
6)* 5"'4'5)>"(='2 $'."4) 6, '(6'-"
3#"A$"#6'5' 5"'4'5)>"(='5' $'."4)#'-
-,6)* 6,)B'4"" #,(?#'(3#,6"6@ .-" 3"A-
6'4'5)): ?"#"=#"(36'2 'Q"6=) ) (3'A,(-
3)>"(='5' $'."4)#'-,6)* ( 'Q"6='2 6"-
'?#"."4"66'(3).

L"A6'4'5)* ?"#"=#"(36'2 'Q"6=) +,-
=40>,"3(* - ?'(4".'-,3"4%6'$ )(=40>"-
6)) (=-,C)6 )+ 6,B'#,, )(?'4%+'-,-K"-
5'(* ?#) ?'(3#'"6)) $'."4), ) )+$"#"-
6)) ?'5#"K6'(3) ?'(3#'"6)* $'."4)
- 3'>=,A (=-,C)6. L"A6'4'5)* (3'A,(3)-

>"(='5' $'."4)#'-,6)* ?'+-'4*"3 ?'4/-
>)3% ?#".(3,-)3"4%6@2 ,6(,$B4% #",4)-

+,Q)2, ='3'#@2 $'C"3 />)3@-,3% 6"'?-

#"."4"66'(3% - (3#/=3/#6@A, 4)3'4'5)-

>"(=)A ) ?"3#'7)+)>"(=)A ?'(3#'"6)*A.
D, '(6'-,6)) R3)A .,66@A '?#"."4*03(*
.'(3'-"#6'(3% ?'(3#'"6)* 5"'4'5)>"(='2
$'."4), -'+$'C6@" .),?,+'6@ #,+B#'(,
?,#,$"3#'- $'."4), 5)(3'5#,$$@ #,(-
?#"."4"6)* +,?,('-, +'6@ ?'-@K"66'5'
#)(=, B/#"6)* ) .#. [1]. 

:(3,6'-)$(* 6, 6"'?#"."4"66'(3)
5"'4'5)>"(=)A $'."4"2, ='3'#,* *-)4,(%
?#)>)6'2 -'+6)=6'-"6)* 3"A6'4'5))
(3'A,(3)>"(='5' $'."4)#'-,6)* ( 'Q"6-

='2 6"'?#"."4"66'(3). 8@('=,* (3"?"6%
6"'?#"."4"66'(3) (/1"(3-/"3 - 40B'2
5"'4'5)>"(='2 $'."4) $"(3'#'C."6)*.
!"(()$)(3)>"(=)" ) '?3)$)(3)>"(=)"
$'."4) ('+.,03(* .4* 'BS"=3)-6'5' ?'-
6)$,6)* 6"'?#"."4"66'(3) ) 'Q"6=)
-'+$'C6@A #)(='-. E$"* $6'C"(3-'
-'+$'C6@A 6"'?#"."4"66'(3"2, +,>,(3/0
6"-'+$'C6' /+6,3%, =,= 6,)4/>K)$ 'B-

#,+'$ ('+.,3% R3) $'."4) ) =,= (."4,3%
)A 6,)B'4"" )67'#$,3)-6@$). G ?'$'-
1%0 (3'A,(3)>"(='5' $'."4)#'-,6)* ?"3-
#'7)+)>"(=)A (-'2(3- ?'*-4*"3(* -'+$'C-

6'(3% ('+.,-,3% $6'C"(3-' #,-6'-"#'*3-
6@A #",4)+,Q)2, =,C.,* )+ ='3'#@A (''3-
-"3(3-/"3 )(A'.6@$ .,66@$ ) ?'4"-'2
)67'#$,Q)) [2]. I),?,+'6 -'+$'C6@A
#"+/4%3,3'- $'C6' 'Q"6)3% - ?#'Q"(("
$'."4)#'-,6)*. 8 )3'5" $'C6' -@B#,3%

.4* ?#'56'+)#'-,6)* #,+4)>6@A (-'2(3-
6,)B'4"" ?#)"$4"$@" $'."4).

8 .,66'2 #,B'3" ?#".(3,-4"6' 4 #,+-
4)>6@A -,#),63, ?'(3#'"6)* 3#"A$"#6@A
5"'4'5)>"(=)A $'."4"2. !#) 'Q"6=" .'(-
3'-"#6'(3) ?'(3#'"6)* 5"'4'5)>"(=)A
$'."4"2 $"3'.'$ (3'A,(3)>"(='5' $'."-
4)#'-,6)* ?' =,C.'$/ )+ -,#),63'- B@4
-@?'46"6 ?#'Q"(( $6'5'=#,36'5' (32 #",-
4)+,Q))) ?"#"(3#'"6)* $'."4) 6, '(6'-"
?"#"(>"3, =/B, ?'#)(3'(3), 4)3'4'5))
) ?#)-4">"6)* .'?'46)3"4%6@A )(A'.-

6@A .,66@A ?#) +,.,6)) 6,(3#'"= (3'-
A,(3)>"(='5' ,45'#)3$, $'."4)#'-,6)*.
8(" 3)?@ )(A'.6@A .,66@A *-4*03(*
.'?'46)3"4%6@$) ) )(?'4%+/03(* .4*
'5#,6)>"6)* (3'A,(3)>"(='5' ,45'#)3$,,
3.". .4* ?'4/>"6)* B'4"" #",4)(3)>6'5'
#"+/4%3,3, ?'(3#'"6)* 3#"A$"#6@A 4)3'-
4'5'-7,Q),4%6@A $'."4"2. &,(($'3#)$
6,)B'4"" ?'.#'B6' =,C.@2 )+ -,#),63'-
$'."4)#'-,6)*.

C'&#=/ #"&+"*$ 8%5'.+&%#"*+:

8 ?"#-'$ -,#),63" ?/3"$ (3'A,(3)>"-
(='5' $'."4)#'-,6)* -@?'46*4'(% #,(-
?#"."4"6)" ='R77)Q)"63, ?'#)(3'(3)
<?. !#")$/1"(3-, .,66'5' )6(3#/$"63,
- 3'$, >3' $'C6' ?'4/>,3% #,(?#"."4"-
6)" 6, '(6'-" )(A'.6@A .,66@A ) +6,6)2
'B )A 3#"6.,A, , 3,=C" 'Q"6)-,3% 6"'?-

#"."4"66'(3% ?'(3#'"6)2 ) (-*+,66@2
( 6"2 #)(=. 8 '(6'-" (3'A,(3)>"(='5'
$'."4)#'-,6)* 4"C)3 5"'(3,3)(3)>"(=)2
$"3'. – =#)5)65, ='3'#@2 '(6'-@-,"3(*
6, .-/A ?#)6Q)?,A: )(?'4%+'-,6)" ?#'-
(3#,6(3-"66@A (''36'K"6)2 $"C./ 6")+-
-"(36@$) ) )+-"(36@$) .,66@$), >3'B@
#,((>)3,3% 6")+-"(36@"; ) />"3 B4)+='
#,(?'4'C"66@A .,66@A .4* ='##"=36'5'
-+-"K)-,6)* =,C.'2 3'>=) [3, 4]. E(A'.-
6@$) .,66@$) .4* ?"3#'7)+)>"(='5' $'-
."4)#'-,6)* *-4*03(*:

– 3#"A$"#6,* 5"'4'5)>"(=,* ("3=,;
– (=-,C)66@" =#)-@", ='3'#@" '(-

#".6"6@ .' #,+#"K"6)* *>""= 3#VA$"#-

6'2 ("3=);

– #"+/4%3,3@ )63"#?#"3,Q)) FEG
(6"?#"#@-6,* =#)-,* <?), , 3,=C" .,66@"
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&)(. 1. &,(?#"."4"6)" <? ?' 32 #",4)+,Q)*$
?"#-'5' -,#),63, $'."4)#'-,6)*

' ?#"."4%6@A +6,>"6)*A ?,#,$"3#'- ?'-
#'. ?#'./=3)-6@A ?4,(3'- [5]. 

8 )3'5" ?' 32 #",4)+,Q)*$ ?"#-'5'
-,#),63, $'."4)#'-,6)* B@4' ?'4/>"6'
#,(?#"."4"6)" ='R77)Q)"63, ?'#)(3'(3)
(#)(. 1). 

8 .,66'$ (4/>," 5)(3'5#,$$, ='R7-

7)Q)"63, ?'#)(3'(3), ?'(3#'"66,* ?'
32 #",4)+,Q)*$ ?"#-'5' -,#),63, $'."-
4)#'-,6)*, )$""3 B)$'.,4%6@2 -). #,(-
?#"."4"6)*, ?#)>"$ -@."4"66@" $'.@
?' '36'K"6)0 .#/5 = .#/5/ *-4*03(*
?#,=3)>"(=) #,-6'+6,>6@$). G4".'-,-
3"4%6', -@.-)5,"$ 5)?'3"+/, >3' .,66@2
-). #,(?#"."4"6)* 'B/(4'-4"6 ?#)(/3-
(3-)"$ - -@B'#=" .-/A 3)?'- 7,Q)2:

?#'3'=) ."4%3@ ) ."4%3'-'5' +,4)-,.
E(A'.* )+ -@K")+4'C"66'5' 6"'BA'.)-

$' '3$"3)3%, >3' - ?#"."4,A 6)C6"3)-

$,6(='5' Q)=4)3, <)#)44'-(='5' $"-
(3'#'C."6)* Q"4"(''B#,+6' -@?'46)3%
#,B'3/ ?' #,+."4"6)0 #,(($,3#)-,"$'-

5' 7,Q),4%6'5' ='$?4"=(, 6, .-, 3)?,
7,Q)2 [6]. L,=)$ 'B#,+'$, ?#) #,(>"3"
-3'#'5' -,#),63, $'."4)#'-,6)* .4*
?'(3#'"6)* 3#"A$"#6@A =/B'- ?'#)(3'-

(3) - =,>"(3-" .'?'46)3"4%6@A )(A'.-

6@A .,66@A B@4) />3"6@ #"+/4%3,3@
4)3'4'5'-7,Q),4%6'5' ,6,4)+, ."-'6-

(='2 3"##)5"66'2 3'41) <)#)44'-(='5'
$"(3'#'C."6)*, 5." #,(($,3#)-,"$@2
- .,66'2 #,B'3" Q)=4)3 ?#".(3,-4"6
.-/$* '(6'-6@$) 7,Q),4%6@$) ='$-

?4"=(,$) 3)?, ?#'3'=, ."4%3@ ) ."4%-
3'-@2 +,4)-.

4$%&%/ #"&+"*$ 8%5'.+&%#"*+:

8' -3'#'$ -,#),63" $'."4)#'-,6)*,
?'$)$' 6"?#"#@-6'2 =#)-'2 ?'#)(3'-
(3), B@4) />3"6@ #"+/4%3,3@ 4)3'4'5'-
7,Q),4%6'5' ,6,4)+, (?' ;.!. 8)4"('-/)
) .,66@" ("2($'7,Q),4%6'5' ,6,4)+, (?'
E.G. !/3)4'-/) ?#'./=3)-6'2 C)-"3(='-
6)C6"7#,6(='2 3"##)5"66'2 3'41) <)-

#)44'-(='5' $"(3'#'C."6)* 6"73).

!' .,66@$ 4)3'4'5'-7,Q),4%6'5'
,6,4)+, 6)C6"3)$,6(=)2 Q)=4)3 ?#".-

(3,-4"6 .-/$* '(6'-6@$) 7,Q),4%6@$)
='$?4"=(,$): ."4%3'-@" +,4)-@ ) ."4%-
3'-@" ?#'3'=) [7], ='3'#@" B@4) )(?'4%-
+'-,6@ ?#) 'BS"=36'$ $'."4)#'-,6))
?"(>,6@A 3"4. E+ #"+/4%3,3'- ("2($'-
7,Q),4%6'5' ,6,4)+, B@4) )(?'4%+'-,6@
5#,6)Q@ +'6 #,(?#'(3#,6"6)* #,(($,3-
#)-,"$@A 7,Q),4%6@A ='$?4"=('-.
!#) 'B'B1"6)) 6"?#"#@-6@A .,66@A

5"'7)+)>"(=)A )((4".'-,6)2 (=-,C)6,

, 3,=C" #"+/4%3,3'- 4)3'4'5'- ) ("2($'-
7,Q),4%6'5' ,6,4)+, B@4, ?'4/>"6,
) ?#"'B#,+'-,6, - .)(=#"36@2 -). 7,Q)-

,4%6,* =#)-,* Zones, - ='3'#'2 =,C.'$/
7,Q),4%6'$/ 3)?/ (''3-"3(3-/"3 '?#"-
."4"66@2 )6."=(, 6,?#)$"#, .4* ."4%3'-
-@A +,4)-'- B@4 +,.,6 )6."=( 0, , .4*
."4%3'-@A ?#'3'= – 1. !'4/>"66,* =#)-

-,* 7,Q)2 6"'BA'.)$, - =,>"(3-" '.6'5'
)+ )(A'.6@A .,66@A .4* -@?'46"6)*
7,Q),4%6'5' $'."4)#'-,6)* ?"(>,6@A
'BS"=3'-, -@."4"66@A - ?#"."4,A 6)C-

6"3)$,6(='5' Q)=4)3, ?' #"+/4%3,3,$
4)3'4'5'-7,Q),4%6'5' ,6,4)+, ="#6, [5]. 

J'."4)#'-,6)" ?"(>,6@A 3"4 '3."4%-
6' .4* =,C.'5' 3)?, 7,Q)2 '(/1"(3-4*-
4'(% ( ?'$'1%0 )6(3#/$"63, SedSeis.

W3'3 $"3'. 6,)B'4"" ?'.A'.)3 .4* $'."-
4)#'-,6)* #,(($,3#)-,"$@A 7,Q),4%6@A
='$?4"=('-, ='5., 7'#$, 'BS"=3'- 6,?'-
$)6,"3 #/(4' [8]. 8 =,>"(3-" )(A'.6'2
)67'#$,Q)), ?'$)$' ?'4/>"66'2 #,6""
.)(=#"36'2 7,Q),4%6'2 =#)-'2, B@4)
)(?'4%+'-,6@ 5#,6)Q@ +'6 #,(?#'(3#,6"-
6)* #,(($,3#)-,"$@A 3)?'- 7,Q)2, ='3'-
#@" B@4) -@."4"6@ ?' .,66@$ ("2($'#,+-
-".=) $"3'.'$ 3D, , 3,=C" '("-@" (Q"6-
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&)(. 2. &,(?#"."4"6)" <? ?' 32 #",4)+,Q)*$
-3'#'5' -,#),63, $'."4)#'-,6)* '3."4%6'

.4* =,C.'5' 3)?, 7,Q)2

3#,4%6@") 4)6)) ?"(>,6@A 'BS"=3'-.
G'?'(3,-4"6)" ?'4/>)-K)A(* #,(?#"."-
4"6)2 7,Q)2 -"4'(% -)+/,4%6' ?' 5'#)-

+'63,4%6@$ ) -"#3)=,4%6@$ (#"+,$, ?'
-("$/ 'BS"$/ 3#"A$"#6@A 5"'4'5)>"(=)A
$'."4"2.

M,3"$ 3,= C", =,= ) - ?"#-'$ -,#),63",
?/3"$ (3'A,(3)>"(='5' $'."4)#'-,6)*
-@?'46*4(* #,(>"3 =/B, ?'#)(3'(3) ( />"-
3'$ 6"?#"#@-6'2 (=-,C)66'2 =#)-'2 <?,
.,66@A 4)3'4'5'- ) ("2($'7,Q),4%6'5'
,6,4)+,, , 3,=C" #"+/4%3,3'- 7,Q),4%6'5'
$'."4)#'-,6)* ?"(>,6@A 'BS"=3'-.
8 )3'5" ?' 32 #",4)+,Q)*$ -3'#'5'

-,#),63, $'."4)#'-,6)* B@4' ?'4/>"6'
#,(?#"."4"6)" ='R77)Q)"63, ?'#)(3'(3)
(#)(. 2). 

!#".(3,-4"66@" 6, #)(. 2 5)(3'5#,$-

$@ ='R77)Q)"63, ?'#)(3'(3) )$"03
'.6'$'.,4%6@2 -). #,(?#"."4"6)*, ='-
3'#@2 R$?)#)>"(=) /(3,6'-4"6 .4*
B'4%K)6(3-, '.6'#'.6@A 3)?'- ?'#'.,

?#)6,.4"C,1)A '?#"."4"66'$/ 3)?/ 7,-
Q)2: ."4%3'-,* ?#'3'=, ) +,4)- ."4%3@.

L,=C" 6, 5)(3'5#,$$,A ?#".(3,-4"6' ?#"-
."4%6'" +6,>"6)" ='R77)Q)"63, ?'#)(-
3'(3) (<?

* = 10 %). ;6,4)+)#/* ?#".(3,--
4"66@" #"+/4%3,3@, $'C6' (."4,3% -@-

-'., >3' #,(?#"."4"6)" >,(3'3@ -(3#"-
>,"$'(3) ='44"=3'#'- - ?"(>,6)=,A
) ,4"-#'4)3,A ."4%3'-@A ?#'3'= )$""3
*#=' -@#,C"66'" ($"1"6)" - (3'#'6/
-@('='"$=)A ?'#'., 3'5., =,= (#".) ?"(-
>,6'-,4"-#)3'-@A ?'#'. ."4%3'-@A +,-

4)-'- - '(6'-6'$ ?#"'B4,.,03 6"='4-
4"=3'#@ (+6,>"6)" <? < 0,1 .. "..), ='3'-
#@" ('(3,-4*03 95 % '3 -("2 -@B'#=) [9]. 

L,=C" 6"'BA'.)$' '3$"3)3%, >3' ?'4/-
>"66@" #"+/4%3,3@ ?' -3'#'$/ -,#),63/
$'."4)#'-,6)* /=,+@-,03 6, ='##"=36'"
#,+."4"6)" #,(($,3#)-,"$'5' - .,66'2
#,B'3" 6)C6"3)$,6(='5' Q)=4)3, 6, '3-
."4%6@" 7,Q),4%6@" ='$?4"=(@ 3)?,
?#'3'=, ."4%3@ ) ."4%3'-@2 +,4)-.

D&'$+/ #"&+"*$ 8%5'.+&%#"*+:

8 3#"3%"$ -,#),63" ?#) ?'(3#'"6))
3#"A$"#6@A =/B'- ?'#)(3'(3), ?'$)$'
)(?'4%+'-,66@A - ?#".@./1)A -,#),6-

3,A .'?'46)3"4%6@A .,66@A, B@4) />3"-
6@ '3."4%6' .4* =,C.'5' 3)?, 7,Q)2
#"+/4%3,3@ (3,3)(3)>"(='2 A,#,=3"#)-

(3)=) 6"?#"#@-6'2 (=-,C)66'2 =#)-'2
<? ?' #*./ $"(3'#'C."6)2 6"73) (<)-

#)44'-(='", </(3'-(='", J,4'-9()6(='"
) ;6.#""-(='"). I,66@" #"+/4%3,3@ ?#".-
(3,-4"6@ - -)." ='$?4"=(6@A 5)(3'5#,$$
6'#$,4%6'5' #,(?#"."4"6)* <? ) B@4)
)(?'4%+'-,6@ - =,>"(3-" 3#"6.'- ?#)
6,(3#'2=,A (3'A,(3)>"(='5' ,45'#)3$,,
6"'BA'.)$'5' .4* #,(?#"."4"6)* ='R7-

7)Q)"63, ?'#)(3'(3), '3."4%6' .4* =,C-

.'5' 3)?, 7,Q)2.

!' #"+/4%3,3,$ ,6,4)+, ='$?4"=(6@A
5)(3'5#,$$ 6'#$,4%6'5' #,(?#"."4"-
6)* <? $'C6' (."4,3% (4"./01)2 -@-'.:

3#"6.'-@" 5)(3'5#,$$@ )$"03 '.6'$'-
.,4%6'", B4)+='" = 6'#$,4%6'$/ -)./
#,(?#"."4"6)" ?,#,$"3#, ?'#)(3'(3);

6,)4/>K)$) ='44"=3'#(=)$) (-'2(3-,-
$) 'B4,.,03 ?"(>,6)=) ) ,4"-#'4)3@,

?#)/#'>"66@" = 7,Q),4%6'$/ ='$?4"=(/
3)?, ?#'3'=, ."4%3@; 6,B40.,"3(* ?#,=-
3)>"(=) ?'46'" '3(/3(3-)" ='44"=3'#'-
- ?'#'.,A ."4%3'-@A +,4)-'- [5]. 

M,3"$, >3' 3,= C", =,= ) - ?#".@./1)A
-,#),63,A, ?/3"$ +,.,6)* '?#"."4"66@A
6,(3#'"= (3'A,(3)>"(='5' ,45'#)3$, -@-

?'46*4'(% #,(?#"."4"6)" ?,#,$"3#, ?'-
#)(3'(3) ( />"3'$ 6"?#"#@-6'2 (=-,C)6-

6'2 =#)-'2 <?, .,66@A 4)3'4'5'- ) ("2(-
$'7,Q),4%6'5' ,6,4)+,, #"+/4%3,3'- 7,-
Q),4%6'5' $'."4)#'-,6)* ?"(>,6@A 'BS-
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"=3'-, , 3,=C" ( />"3'$ 3#"6.'-@A 5)(3'-
5#,$$ 6"?#"#@-6'2 (=-,C)66'2 =#)-'2
<? ?' #*./ $"(3'#'C."6)2 6"73) (<)#)4-
4'-(='", </(3'-(='", J,4'-9()6(='"
) ;6.#""-(='") [10]. 

;6,4)+ ?'4/>"66@A #"+/4%3,3'- ?'
3#"3%"$/ -,#),63/ $'."4)#'-,6)* ?'=,-
+,4, >3' +6,>"6)* ='R77)Q)"63, ?'#)(-
3'(3) 3,= C", =,= ) - ?#".@./1"$ -,#)-

,63", - 7,Q),4%6@A ='$?4"=(,A 3)?,
?#'3'=, ."4%3@ ) +,4)- )$"03 '.6'$'-
.,4%6@2 -). #,(?#"."4"6)* ) ?'.3-"#-
C.,03 ='##"=36'" #,+."4"6)" #,(($,3-
#)-,"$'5' - .,66'2 #,B'3" 6)C6"3)$,6-

(='5' Q)=4)3, 6, '(6'-6@" 7,Q),4%6@"
='$?4"=(@.

E'$#'&$=/ #"&+"*$

8%5'.+&%#"*+:

8 >"3-"#3'$ -,#),63" ?#) ?'(3#'"6))
3#"A$"#6@A ?,#,$"3#'- ?'#)(3'(3), ?'-
$)$' )(?'4%+'-,66@A - ?#".@./1)A -,-
#),63,A )(A'.6@A .,66@A, .'?'46)3"4%-
6' B@4) />3"6@ - =,>"(3-" 3#"6.'- ?#'-
56'+6@" (A"$@ ='R77)Q)"63'- ?'#)(3'-
(3), ='3'#@" ?'4/>"6@ ?#) ."3,4%6'$
)+/>"6)) 5"'4'5)>"(='5' (3#'"6)* <)-

#)44'-(='5' $"(3'#'C."6)* 6"73) ( ?'-
$'1%0 ?#'(3#,6(3-"66'2 ("2($'#,+-".=)
$"3'.'$ 3D. 8 *>"2=,A (3#,3)5#,7)>"-
(='2 ("3=) B@4) #,((>)3,6@ +6,>"6)*
?#'56'+6'5' ='R77)Q)"63, ?'#)(3'(3).

!' .,66'2 ("3=" B@4, ?'(3#'"6, ?#'$"-
C/3'>6,* =,#3, <? .4* )63"#-,4,, (''3-
-"3(3-/01"5' 6)C6"3)$,6(=)$ '34'C"-
6)*$. 9>)3@-,* (4,B@" (3'#'6@ (3,3)-

(3)>"(='2 $'."4), ?'4/>"66@" .,66@"
B@4) 'B#,B'3,6@ 5"'(3,3)(3)>"(=)$)
$"3'.,$) .4* ?'-@K"6)* )A .'(3'-"#6'-
(3). G )(?'4%+'-,6)"$ 5"'(3,3)(3)>"-
(='5' ,45'#)3$, ='=#,25)65, B@4, ?'4/-
>"6, '='6>,3"4%6,* (A"$, ?#'56'+6@A <?
- ?#'./=3)-6@A )63"#-,4,A 3"##)5"66'5'
."-'6, [11, 12]. 8 )3'5" .4* 6)C6"3)$,6-

(=)A 3"##)5"66@A '34'C"6)2 B@4) ?'-
(3#'"6@ =,#3@ ?#'56'+6'5' ='R77)Q)"6-

3, ?'#)(3'(3) )(A'.* )+ ,6,4)+, ='4)>"-
(3-"66@A (-*+"2 $"C./ )63"#-,4%6@$)
,3#)B/3,$) -'46'-'5' ?'4* ) 5"'4'5'-5"'-

7)+)>"(=)$) .,66@$). W3) ?#'56'+6@"
=,#3@ ?'#)(3'(3) B@4) )(?'4%+'-,6@
- =,>"(3-" 3#"6.'- ?#) .,4%6"2K"$ $'."-
4)#'-,6)) [13]. 

!'4/>"66@" - #"+/4%3,3" ?#'56'+6@"
(A"$@ ?'#)(3'(3) - )63"#-,4" 6)C6"3)-

$,6(=)A '34'C"6)2 - ?#"."4,A (=-,C)6
(''3-"3(3-/03 (=-,C)66@$ ?,#,$"3#,$ (?'
&EFEG), , - $"C(=-,C)66'$ ?#'(3#,6(3-"
'3#,C,03 6"'.6'#'.6'(3% (-'2(3-.
&"+/4%3,3@ ?' >"3-"#3'$/ -,#),63/

$'."4)#'-,6)*, =,= ) - ?#".@./1)A -,-
#),63,A, ?'.3-"#C.,03 ='##"=36'" #,+-
."4"6)" #,(($,3#)-,"$'5' - .,66'2 #,-
B'3" 6)C6"3)$,6(='5' Q)=4)3, 6, '(6'--
6@" 7,Q),4%6@" ='$?4"=(@: ?#'3'=,
."4%3@ ) ."4%3'-@2 +,4)-.

?"-.@3'*+'

8 )3'5" ?' =,C.'$/ )+ #,(($'3#"6-

6@A - .,66'2 #,B'3" -,#),63'- $'."4)-

#'-,6)* B@4' ?'4/>"6' ?' 32 #",4)+,Q))
#,(?#"."4"6)* 3#"A$"#6'5' ?,#,$"3#,
?'#)(3'(3) ?' #,+#"+/ 3"##)5"66@A '3-
4'C"6)2 6)C6"3)$,6(='5' Q)=4)3, (3.".
<? #,(?#"."4"6 =,= - ?'#'.,A-='44"=-
3'#,A, 3,= ) - 6"='44"=3'#,A).
;6,4)+)#/* ?'4/>"66@" #"+/4%3,3@

3#"A$"#6@A ?,#,$"3#'- ?'#)(3'(3), ?#".-
(3,-4"66@" ?' =,C.'$/ -,#),63/ $'."4)-

#'-,6)*, ( ?'$'1%0 $,3"$,3)>"(='2 (3,-
3)(3)=) '3."4%6' ?' =,C.'$/ 7,Q),4%-
6'$/ ='$?4"=(/, #,((>)3,4) t-=#)3"#)2
) /#'-"6% +6,>)$'(3) ". I,66@" +6,>"6)*
?'4/>"6@ ?/3"$ ?'(4".'-,3"4%6'5' (#,--
6"6)* .#/5 ( .#/5'$ -,#),63'- $'."4)#'-
-,6)*. &"+/4%3,3@ (#,-6"6)* -,#),63'-
'3#,C"6@ - 3,B4)Q".
!' #"+/4%3,3,$, ?#".(3,-4"66@$ - 3,B-

4)Q", $'C6' (."4,3% -@-'., >3' .4* 7,Q)-

,4%6@A ='$?4"=('- 3)?, ?#'3'=, ."4%3@
) ."4%3'-@2 +,4)- ?#) =,C.'$ ?'(4"./0-

1"$ -,#),63" $'."4)#'-,6)* 6,B40.,"3(*
/-"4)>"6)" +6,>"6)* t-=#)3"#)* ) (6)C"-
6)" /#'-6* +6,>)$'(3) ", 3.". ?#')(A'.)3
/$"6%K"6)" .)(?"#()) ) +6,>"6)* ='R7-

7)Q)"63, ?'#)(3'(3) (3,6'-*3(* B4)C"
= (#".6"$/ +6,>"6)0. I,66,* 3"6."6Q)*
(-*+,6, ( ?#)-4">"6)"$ = =,C.'$/ ?'(4"-
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&"+/4%3,3@ ?'(4".'-,3"4%6'5' (#,-6"6)* -,#),63'- $'."4)#'-,6)*
!#'3'=, + +,4)- !#'3'=, M,4)-

8,#),63
t-=#)3"#)2 " t-=#)3"#)2 " t-=#)3"#)2 "

1_2 0,8697130 0,384457 – – – – 

2_3 1,2826250 0,199624 0,266172 0,790107 0,113961 0,909268 

3_4 1,0217000 0,306923 0,881625 0,377980 2,482120 0,01306 

./01"$/ -,#),63/ $'."4)#'-,6)* .'?'4-
6)3"4%6@A )(A'.6@A .,66@A.
E(A'.* )+ -@K")+4'C"66'5', $'C6'

(."4,3% -@-'., >3' #"+/4%3,3@, ?'4/>"6-

6@" ?' >"3-"#3'$/ -,#),63/ $'."4)#'-
-,6)*, *-4*03(* 6,)B'4"" )67'#$,3)--
6@$) ) .'(3'-"#6@$), , 3,=C" ?'.3-"#-
C.,03 ='##"=36'" #,+."4"6)" #,(($,3-
#)-,"$@A - .,66'2 #,B'3" 6)C6"3)$,6-

(=)A 3"##)5"66@A '34'C"6)2 <)#)44'--
(='5' $"(3'#'C."6)* 6"73) 6, '(6'-6@"

3)?@ 7,Q)2 (?#'3'=, ."4%3@ ) ."4%3'-
-@2 +,4)-).
M,3"$ ?' -("$ ?#".(3,-4"66@$ - >"3-"#-

3'$ -,#),63" $'."4)#'-,6)* #",4)+,Q)*$
?#'-'.)4(* #,(>"3 3#"A$"#6'5' ?,#,$"3#,
4)3'4'5)) ?/3"$ #,+."4"6)* ?'4/>"66'5'
?,#,$"3#, ?'#)(3'(3) ?' "5' ?#"."4%6'$/
+6,>"6)0 (<?

*) [14, 15]. I,66@2 3#"A$"#-
6@2 ?,#,$"3# 6,)B'4"" 3'>6' A,#,=3"#)+/-
"3 ?#'(3#,6(3-"66'" ?'4'C"6)" ='44"=3'-
#'- - ?#"."4,A #,(($,3#)-,"$'2 ?4'1,.).
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