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 !" 678.017 

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

 !"#$%&' ()$*+,"$-.!//0' -!1/&2!$%&' */&.!"$&-!- 

345+6 7869:;<=9>-:6> 6:7?6547@ 86:>A 

>+ 6A6<697B 4>8+<6459>C> 4>3DD7E769:; 

+F;55>9; !BG4>F+ FC7H 8;:6 7;<>! 

 "&.)+&-$3 4%$5!"&#!/-,67/)--!)"!-&2!$%&' #!-)+ )5"!+!6!/&3 %)#56!%$/)() %)488&-

9&!/-,  *,$$)/, .3:%)*5"*(&1 #,-!"&,6).. ;,-!#,-&2!$%)' )$/).)' 4%$5!"&#!/-,67/)-

-!)"!-&2!$%)() #!-)+, )5"!+!6!/&3 %)488&9&!/-,  *,$$)/, 3.63!-$3 %)/!2/)-46!#!/-/,3 #)-

+!67 +!8)"#&").,/&3 )<",:9,-$-)6<&%,. ;!-)+ %)/!2/01 46!#!/-). <,:&"*!-$3 /, .,"&,9&)/-

/)# 5"&/9&5! =!""#,//,. >,+,2, "!?,!-$3 . )$!$&##!-"&2/)' 5)$-,/).%!. @3:%)*5"*()! "!?!-

/&! 5)6*2!/) $ &$5)67:).,/&!# 5"&/9&5, $))-.!-$-.&3. A63 )5&$,/&3 5,",#!-"). %)#56!%$/01 

)5!",-)"). #)+*63 *5"*()$-& & %)488&9&!/-,  *,$$)/, &$5)67:*B-$3 5)6&/)#&,67/0! :,.&$&-

#)$-&.  "&.)+3-$3 "!:*67-,-0 &+!/-&8&%,9&& #,-!"&,6,, 5)6*2!//0! 5)$6! )<02/)' 4%$5!"&-

#!/-,67/)' 5")9!+*"0, , -,%C! 5)$6! %)""!%-&").%& /, )$/).! "!?!/&3 )<",-/)' :,+,2&. 

 

4$I*J(KJ 0$'(,: 4%$5!"&#!/-,67/)--!)"!-&2!$%&' #!-)+, %)#56!%$/0' %)488&9&!/- 

 *,$$)/,, #!-)+ %)/!2/01 46!#!/-)., .,"&,9&)//0' 5"&/9&5 =!""#,//,, .3:%)*5"*()! "!?!/&!. 

 

#$%&'()$*+($ ,&-.&*/ 0+*-$.(1$2%3452&6& &-.$'$4$2(7 +&08-

8(9($2%3 :;3**&23 +&2*%.;+9(&22/< ,7=+&;-.;6(< 13%$.(34&, , '(-

231()$*+(< ;*4&,(7< 236.;>$2(7 -&4;)3?% '3452$@A$$ .3=,(%($. 

BC/)237 0+*-$.(1$2%345237 -.&9$';.3, (=4&>$2237 .32$$ , 0+*-$-

.(1$2%3452&@ )3*%( 1$%&'3 ( 23-.3,4$2237 23 ,/'$4$2($ 1$<32()$-

*+(< *,&@*%, 23 &*2&,32(( -3.31$%.&,, (=1$.$22/< , '(231()$*+&1 

&-/%$ [1], ,+4?)3$% '&-&42(%$452/@ 3234(=, +&%&./@ (*-&45=;$%*7 

'47 %&6&, )%&C/ *,7=3%5 23C4?'3$1/$ ,$4()(2/ * (*%(22/1( 1$<3-

2()$*+(1( <3.3+%$.(*%(+31( +&1-4$+*2/1 1&';4$1 ;-.;6&*%( E ( 

+&1-4$+*2/1 +&088(9($2%&1 :;3**&23 µ . D$&.$%()$*+($ &*2&,/ 

0+*-$.(1$2%3 -&=,&47?% , %&@ (4( (2&@ 1$.$ ,/C(.3%5 0+*-$.(1$2-

%3452;? -.&9$';.;, +&%&.37 -.$'*%3,47$% 1$25A($ *4&>2&*%( '47 

%3+&6& 3234(=3. E%.$14$2($ 0+*-$.(1$2%3%&.3 *,$*%( + 1(2(1;1; 

,4(72($ 6.32()2/< ;*4&,(@ 23 (=1$.7$1/$ ,$4()(2/ 2$ ,*$6'3 1&-

>$% 23@%( *,&$ .$A$2($ , *,7=( * &6.32()$2(71(, 23+43'/,3$1/1( 

23 '(231()$*+(@ &-/%. "3+ -&+3=34( (**4$'&,32(7, );,*%,(%$452&*%5 
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-3.31$%.&, +&1-4$+*2&6& +&088(9($2%3 :;3**&23 + 6.32()2/1 ;*-

4&,(71 &+3=/,3$%*7 '&*%3%&)2& ,/*&+&@, ( &CF$+%(,237 (28&.139(7 

& 1$<32()$*+(< <3.3+%$.(*%(+3< 1&>$% C/%5 -&4;)$23 %&45+& -&*4$ 

%$&.$%()$*+&6& 3234(=3 0+*-$.(1$2%3452&@ *(%;39((. !47 .$A$2(7 

%$&.$%()$*+(< ;.3,2$2(@ -&47 %.$C;$%*7 =232($ &C$(< ,7=+&;-.;6(< 

'$8&.139(&22/< <3.3+%$.(*%(+, ( , 0%&1 *4;)3$ &-/% '&4>$2 '3,3%5 

'&*%3%&)2;? 0+*-$.(1$2%3452;? (28&.139(? '47 ('$2%(8(+39(( 

+&1-4$+*2/< &-$.3%&.&, E (µ . 

D3+(1 &C.3=&1, -.&9$';.3 &-.$'$4$2(7 +&1-4$+*2&6& +&088(-

9($2%3 :;3**&23 , &CG$1 *4;)3$ -.$'-&4363$% 2$&C<&'(1&*%5 .3=.3-

C&%+( 0+*-$.(1$2%3452&-%$&.$%()$*+&6& 1$%&'3, ,+4?)3?G$6& 0+*-$-

.(1$2%3452&$ &-.$'$4$2($ -3.31$%.&,, <3.3+%$.(=;?G(< '(231()$-

*+($ *,&@*%,3 ,7=+&;-.;6&6& 13%$.(343, ( %$&.$%()$*+(@ 3234(=, 

23-.3,4$22/@ 23 ('$2%(8(+39(? (*%(22/< =23)$2(@ +&1-4$+*2/< 

&-$.3%&.&,. H 9$4&1 0+*-$.(1$2%3452&-%$&.$%()$*+(@ 1$%&' &<,3%(4 

C&4$$ A(.&+(@ +.;6 =3'3) +3+ %.3'(9(&22& .$A3$1/< -.( -&*%32&,+$ 

0+*-$.(1$2%3, %3+ ( *-$9(8()$*+(<, &C;*4&,4$22/< *31(1 1$%&'&1, ( 

*%.;+%;.2& -.$'*%3,4$2 23 .(*. 1. E-$9(8()$*+($ =3'3)(, &C;*4&,4$2-

2/$ *31(1 1$%&'&1, ,+4?)34(: 

–  .3=.3C&%+; 0+*-$.(1$2%3452&6& 1$%&'3 [2,3], -&=,&47?G$6& 

&-.$'$47%5 +&2%3+%2/1 1$%&'&1 -.$',3.(%$452/$ -3.31$%./ (23 C3=$ 

&C/)2&@ 0+*-$.(1$2%3452&@ -.&9$';./) +&1-4$+*2&6& +&088(9($2%3 

:;3**&23 ( &'2&,.$1$22& +&1-4$+*2&6& 1&';47 ;-.;6&*%(; 

–  .3=.3C&%+; 13%$13%()$*+&@ 1&'$4( '(231()$*+&6& 23-.7>$2-

2&-'$8&.1(.&,322&6& *&*%&72(7 &C.3=93-*%&4C(+3 (-.7137 =3'3)3) (= 

,7=+&;-.;6&6& 13%$.(343, -&*%.&$22&@ 23 C3=$ 1$%&'3 +&2$)2/< 04$-

1$2%&, (#"I) ( ;)(%/,3?G$@ ,7=+&;-.;6($ *,&@*%,3 13%$.(343 , 

8&.1$ +&1-4$+*2/< &-$.3%&.&,; 

–  -&*%.&$2($ 8$2&1$2&4&6()$*+&@ 1&'$4( &C.3%2&@ =3'3)( 23 

&*2&,$ .$A$2(7 -.71&@ =3'3)(; 

–  .3=.3C&%+; 1$%&'(+(, -&=,&47?G$@ &-.$'$47%5 (*%(22/$ =23-

)$2(7 -3.31$%.&, +&1-4$+*2/< &-$.3%&.&, ('&-&42(%$452/@ 3234(=) * 

(*-&45=&,32($1 ('$2%(8(9(.&,322&@ 8$2&1$2&4&6()$*+&@ 1&'$4(. 
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J(*. 1. E%.;+%;.3 0+*-$.(1$2%3452&-%$&.$%()$*+&6& 1$%&'3 

('$2%(8(+39(( '(231()$*+(< *,&@*%, ,7=+&;-.;6(< 13%$.(34&, 

 

I+*-$.(1$2%3452&-%$&.$%()$*+(@ 1$%&' 

I+*-$.(1$2%345237 )3*%5 D$&.$%()$*+37 )3*%5 

H/C&. 1$%&'3 (=1$.$2(7 

H/C&. &C.3=93 

J$A$2($ 

,&-.&*&, 

%&)2&*%( 

 )$% '(23- 

1()$*+(< 

2$*&,$.- 

A$2*%,

J3=.3C&%+3 

*(*%$1/ 

%3.(.&,&+ 

B-.$'$4$2($ -.$'$4&, =3'32(7 

( (=1$.$2(7 -3.31$%.&,

J3=.3C&%+3 1$%&'(+( -.&,$'$2(7 

&-/%3 

:.&,$'$2($ &9$2&)2/< &-/%&, 

J$6.$**(&22/@ 3234(= 

:432(.&,32($ 0+*-$.(1$2%3 

:.&,$'$2($ 0+*-$.(1$2%&, 

H/C&. 

,<&'2&6& 

,&='$@- 

*%,(7

H/C&. 

+&2%.&4. 

-3.31$%.&, 

 *%.32$2($ 

*4;)3@2/<  

83+%&.&, 

:.$',3.(%$45237 ('$2%(8(+39(7 

!(362&*%()$*+37 -.&,$.+3 

1&'$4$@ '(231()$*+(< *,&@*%,

#&'$4(.&,32($ 0+*-$.(1$2%345-

2&@ *(%;39(( (-.7137 =3'3)3 & 

'(231()$*+&1 K!E &C.3=93) 

:&*%.&$2($ 

8$2&1$2&4&6()$*+(< 1&'$4$@ 

=3,(*(1&*%$@ C3=&,/< '4(2 LEl , 

Lµl  ( -&-.3,&+ MNE , µMN  &% 

'(231()$*+(< *,&@*%, 13%$.(343 

B%/*+32($ (*%(22/< 

'(231()$*+(< '$8&.139(&22/< 

*,&@*%, 13%$.(343 , 

(%$.39(&22&@ -.&9$';.$ 

B+&2)3%$45237 ('$2%(8(+39(7 

%$1-$.3%;.2&-)3*%&%2&@ 

=3,(*(1&*%( '(231()$*+(< 

*,&@*%, 13%$.(343 

O.38()$*+37 ( %3C;4(.&,32237 

,/'3)3 .$=;45%3%&, 

('$2%(8(+39(( '(231()$*+(< 

*,&@*%, 13%$.(343 , 8&.1$  

 * = f1(lg !’); "  = f2(lg !’); 

E* = = f3(lg !’); "E = f4(lg !’); 

lg aT = f5(T) 

P32$*$2($ ('$2%(8(+39(&22/< 

'(231()$*+(< '$8&.139(&22/< 

*,&@*%, 13%$.(343 , C32+ '322/< 
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#3%$13%()$*+&@ &*2&,&@ 0+*-$.(1$2%3452&-%$&.$%()$*+&6& 1$-

%&'3 &-.$'$4$2(7 +&088(9($2%3 :;3**&23 7,47$%*7 +&2$)2&-

04$1$2%237 1&'$45 '$8&.1(.&,32(7 &C.3=93-*%&4C(+3, %&.9/ +&%&.&6& 

>$*%+& ,+4$$2/ , 1$%344()$*+($ 6.(C+(, (1$?G($ =364;C4$2(7. P3'3-

)3 .3**13%.(,343*5 , &*$*(11$%.()2&@ -&*%32&,+$. Q(=()$*+37 1&-

'$45 -.$'*%3,4$23 23 .(*. 2. H*7 &C43*%5 .3=C(,3$%*7 23 .7' +&459$,/< 

%.$;6&452/< , *$)$2(( 04$1$2%&,. 

 

J(*. 2. Q(=()$*+37 1&'$45 

 

"&088(9($2% :;3**&23 176+(< ,7=+&;-.;6(< 13%$.(34&, -.( &--

.$'$4$22/< ;*4&,(7< 1&>$% -.(2(13%5 =23)$2(7, C4(=+($ + 0,5, ( , 

0%&1 *4;)3$ &C/)2/$ 1&'$4( #"I 2$ '3?% 23'$>2/< .$A$2(@, -&0%&1; 

1&'$45 #"I C3=(.&,343*5 23 -.(29(-$ O$..13223 * ,,$'$2($1 , .3*-

*1&%.$2($ '&-&42(%$452&@ 8;2+9(( *.$'2$6& 23-.7>$2(7. :.(,$'$2-

2&@ -&*%32&,+$ 6.32()2&@ ;-.;6&@ =3'3)( 0+,(,34$2%$2 *4$';?G(@ ,3-

.(39(&22/@ -.(29(-: *.$'( ,*$< '&-;*%(1/< =23)$2(@ -$.$1$G$2(@ ( 

8;2+9(( *.$'2$6& 23-.7>$2(7, 83+%()$*+( *;G$*%,;?G($, &-.$'$47-

?%*7 ,3.(39(&22/1 ;.3,2$2($1, +&%&.&$ , 9(4(2'.()$*+(< +&&.'(23-

%3< =3-(*/,3$%*7 , ,('$ 

#

$ %

2 2 2 2

R R

1

2S T T T 2µ (T T T ) µ(1 µ) }

,

N

r z r z

i V

r r z z
S

J G H H dV

Pu P u dS

&

& ' ' ' ' ' ( ( (

( '

)*

*
 

$ %$ %Isin U Na EP P t& '  

sinUau u t&  
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6'$ N – +&4()$*%,& +&2$)2/< 04$1$2%&,; 

T ,r  RT ,  T z  – .3'(345237, &+.;>237 ( &*$,37 '$8&.139((; 

R(V V V ) / 3r zH E& ' '  – 8;2+9(7 *.$'2$6& 23-.7>$2(7; 

V  – &CF$1 +&2$)2&6& 04$1$2%3; 

S  – -4&G3'5 +&2$)2&6& 04$1$2%3; 

ru , zu  – -$.$1$G$2(7 , .3'(3452&1 ( &*$,&1 23-.3,4$2(7<; 

r, z – +&&.'(23%/; 

G  – 1&';45 *',(63 %,$.'&6& %&-4(,3; 

rP , zP  – -&,$.<2&*%2/$ *(4/ , .3'(3452&1 ( &*$,&1 23-.3,4$2(7<. 

!47 -&,/A$2(7 %&)2&*%( (*-&45=&,34(*5 0.1(%&,/ 04$1$2%/, 

+&%&./$ 23.7'; * 2$-.$./,2&*%5? 8;2+9(( -$.$1$G$2(@ 1$>'; 04$-

1$2%31( &C$*-$)(,3?% 2$-.$./,2&*%5 )3*%2/< -.&(=,&'2/< , ;=4&-

,/< %&)+3<, %.$. 2$-.$./,2&*%5 '$8&.139(@. Q;2+9(( -$.$1$G$2(@ , 

%.$;6&452&1 04$1$2%$ 3--.&+*(1(.&,34(*5 -&42/1( +;C()$*+(1( -&-

4(2&131(, +&088(9($2%/ +&%&./< &'2&=23)2& &-.$'$47?%*7 -$.$1$-

G$2(71( ( (< -.&(=,&'2/1( -& +&&.'(23%31 r ( z , +3>'&@ ,$.A(2$ 

+&2$)2&6& 04$1$2%3 ( -$.$1$G$2($1 , 9$2%.$ %7>$*%( %.$;6&452&6& 

04$1$2%3. Q;2+9(7 *.$'2$6& 23-.7>$2(7 3--.&+*(1(.&,343*5 4(2$@-

2/1 -&4(2&1&1 , +3>'&1 +&2$)2&1 04$1$2%$. 

:&*+&45+; ;=$4, 4$>3G(@ , 9$2%.$ 13**, ,4(7$% %&45+& 23 ,+43' 

04$1$2%3, +&%&.&1; &2 -.(23'4$>(%, %& ;'34&*5 *&+.3%(%5 -&.7'&+ 

'(231()$*+&@ 13%.(9/ >$*%+&*%( 04$1$2%3 -;%$1 (*+4?)$2(7 9$2-

%.3452&6& ;=4&,&6& =23)$2(7 * (*-&45=&,32($1 *%3%()$*+&@ +&2'$2*3-

9((. W*-&45=&,32($ *%3%()$*+&@ +&2'$2*39(( 23 ;.&,2$ 04$1$2%3 -&-

=,&47$% *2(=(%5 -&.7'&+ *(*%$1/ ;.3,2$2(@ ( ;1$25A(%5 , 2$+&%&./< 

*4;)37< C&4$$ )$1 , 2 .3=3 &CF$1 %.$C;?G$@*7 &-$.3%(,2&@ -317%(. 

H %&1 *4;)3$, +&6'3 ,2$A277 236.;=+3 (=1$27$%*7 -& =3+&2; 

U{ } { } ,i t

aR R e&  

;.3,2$2($ ',(>$2(7 ,7=+&;-.;6&6& &C.3=93 -.(2(13$% ,(' 

+ , + ,$ %# -2U X { },a aK M R( &  

6'$ U  – +.;6&,37 )3*%&%3 ,&=1;G$2(7; 

+ ,M  – 13%.(93 13** +&2*%.;+9((; 

+ ,K  – 13%.(93 >$*%+&*%( +&2*%.;+9((; 
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}{R  – ,$+%&. 236.;=+(. 

# -X ,a  }{ aR  – 31-4(%;'2/$ =23)$2(7 -3.31$%.&,. 

!47 ,/)(*4$2(7 +&088(9($2%&, 13%.(9/ >$*%+&*%(, 13%.(9/ 

13** ( ,$+%&.3 236.;=+( (*-&45=;$%*7 )(*4$22&$ (2%$6.(.&,32($ -& 

+,3'.3%;.$ O3;**3. 

H7=+&;-.;6&$ .$A$2($ C/4& -&4;)$2& * (*-&45=&,32($1 -.(29(-

-3 *&&%,$%*%,(7, %.$. =31$2&@ ;-.;6(< +&2*%32% 13%$.(343 23 ,7=+&;--

.;6($, +&1-4$+*2/$: 

1 2 ,E E iE& '  

1 2µ µ µ ,i& '  

6'$ 1E , 2E , 1µ ,  2µ . – '$@*%,(%$452/$ ( 12(1/$ )3*%( 1&';47 ;-.;6&-

*%( ( +&1-4$+*2&6& +&088(9($2%3 :;3**&23 ,7=+&;-.;6&6& 13%$.(343 

*&&%,$%*%,$22&. 

W*+&1/$ -3.31$%./ (-$.$1$G$2(7 ;=4&,, (< -.&(=,&'2/$, 8;2+-

9(7 *.$'2$6& 23-.7>$2(7, '$8&.139(( ( 23-.7>$2(7) , 0%&1 *4;)3$ 

%3+>$ *%32&,7%*7 +&1-4$+*2/1( ,$4()(231(. 

O.32()2/$ ;*4&,(7 &%.3>3?% *4$';?G($ &*&C$22&*%(: 

– &*$*(11$%.()2&*%5 &C43*%(; 

– 64;<;? =3'$4+; %,$.'&%&-4(,2&6& &C.3=93 , 2(>2(@ ( ,$.<2(@ 

6.(C+(; 

– +(2$13%()$*+(@ *-&*&C =3'32(7 236.;=+( , ,('$ -$.$1$G$2(7 

1xu  2(>2$6& 6.(C+3; 

– -&'3%4(,&*%5 ,$.<2$6& 6.(C+3, &C;*4&,4$22;? +&2$)2&@ >$*%-

+&*%5? '3%)(+3 ;*(4(@. 

:.( ;)$%$ -&'3%4(,&*%( ,$.<2$6& 6.(C+3, &C;*4&,4$22&@ +&2$)-

2&@ >$*%+&*%5? '3%)(+3 ;*(4(@, 236.;=+3 *)(%3$%*7 .3*-.$'$4$22&@ 

-& ,*$@ -4&G3'( -&-$.$)2&6& *$)$2(7 6.(C+3 ( &-.$'$47$%*7 , *&&%-

,$%*%,(( * *&&%2&A$2($1 

! ,xp c u&  

6'$ ! ! / ;c c S&  

S – -4&G3'5 -&-$.$)2&6& *$)$2(7 6.(C+3; 

!c  – >$*%+&*%5 '3%)(+3 ;*(4(7. 

J$=;45%3%/ .3*)$%&, -$.$1$G$2(7 ;=4&,, 8;2+9(7 *.$'2$6& 23-

-.7>$2(7, '$8&.139(( ( 23-.7>$2(7 , ;=43< -.$'*%3,47?%*7 , ,('$ 
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sin(U N ),a xx x t& '  

6'$  x  – =23)$2($ (**4$';$1&6& -3.31$%.3; 

ax  – 31-4(%;'2&$ =23)$2($ (**4$';$1&6& -3.31$%.3; 

t – ,.$17; 

Nx  – ;6&4 *',(63 83=/ (**4$';$1&6& -3.31$%.3. 

#3%$13%()$*+37 1&'$45 -&=,&4(43 ,/7,(%5 *;G$*%,$22&$ ,4(7-

2($ .$3452/< 6.32()2/< ;*4&,(@ 23 K!E &C.3=93-*%&4C(+3 ( 2$+&.-

.$+%2&*%5 &C/)2&@ 0+*-$.(1$2%3452&@ -.&9$';./ &-.$'$4$2(7 -3.3-

1$%.&, +&1-4$+*2&6& +&088(9($2%3 :;3**&23 -& 8&.1;431 (1) C$= 

;)$%3 *&&%,$%*%,;?G(< -&-.3,&+: 

$ %I* 0

1 0

2
µ ,rb

x

u l

u d
&  

(1) 

$ %
1

I

µN N N 180,
rb xu u& ( '  

6'$  $ %I*µ , $ %IµN  – &-.$'$47$1/$ 23 C3=$ &C/)2&@ 0+*-$.(1$2%345-

2&@ -.&9$';./ =23)$2(7 '(231()$*+&6& +&088(9($2%3 :;3**&23 ( ;6-

43 *',(63 83=/ 1$>'; -.&'&452&@ ( -&-$.$)2&@ '$8&.139(71( '&-

-&42(%$452&6& + 180 6.3';*31; 

rbu  – 31-4(%;'3 .3'(3452&6& *1$G$2(7 &C.3=93 , *.$'2$1 *$)$2((; 

1xu  – 31-4(%;'3 =3'322&6& &*$,&6& *1$G$2(7 &C.3=93; 

0l , 0d  – 23)345237 '4(23 ( '(31$%. &C.3=93; 

N
rbu  – ;6&4 *',(63 83=/ .3'(3452&6& *1$G$2(7 23.;>2&@ -&-

,$.<2&*%( &C.3=93 , *.$'2$1 *$)$2(( &%2&*(%$452& 83=/ 
1

N 0
xu & , =3-

'3,3$1&6& &*$,&6& *1$G$2(7 (, 6.3';*3<). 

:&*4$ -&*%32&,+( 13%$13%()$*+&6& 0+*-$.(1$2%3 -& .3=.3C&%32-

2&@ 1&'$4( C/43 -&4;)$23 (28&.139(7 -& ,$4()(2$ C3=&,/< '4(2 '47 

+&1-4$+*2&6& 1&';47 L l  ( +&1-4$+*2&6& +&088(9($2%3 :;3**&23 Lµl , 

3 %3+>$ -& -&-.3,+31 ;64&, *',(63 83=/, &-.$'$47$1/< *4$';?G(1( 

*&&%2&A$2(71(: 

* I

0 1
( )

,
2

x

!

rb

d u
l

u
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* I

1
L

! !

( )
,x

E

E u
l

" u
&  

I

µ µ µMN (N ) (N ) ,M& (  

IMN (N ) (N ) ,M

E E E& (  

6'$   * I( )E , I(N )E  – &-.$'$47$1/$ 23 C3=$ &C/)2&@ 0+*-$.(1$2%3452&@ 

-.&9$';./ =23)$2(7 '(231()$*+&6& 1&';47 ( ;643 *',(63 83=/ 1$>'; 

23-.7>$2($1 ( -.&'&452&@ '$8&.139($@; 

µ(N )M , µ(N )E  – ;64/ *',(63 83=/ 1$>'; 23-.7>$2($1 ( -.&'&45-

2&@ '$8&.139($@, -.&'&452&@ ( -&-$.$)2&@ '$8&.139(71( , 13%$-

.(34$ *&&%,$%*%,$22&; 

MNE , µMN  – *&&%,$%*%,;?G($ -&-.3,+( -& ;6431 *',(63 83=/; 

!u  – 31-4(%;'3 *1$G$2(7 '3%)(+3 ;*(4(@. 

Y234(= .$=;45%3%&, -&+3=34, )%& C3=&,/$ '4(2/ ( -&-.3,+( -& 

;6431 *',(63 83=/ =3,(*7% &% -3.31$%.&, +&1-4$+*2&6& +&088(9($2%3 

:;3**&23 ( '(231()$*+&6& 1&';47, 3 -&-.3,+3 MNE  2$*;G$*%,$22& &%-

4()3$%*7 &% -&-.3,+( 
µMN . E ;)$%&1 0%&6&, 3 %3+>$ , *(4; %&6&, )%& .$-

3452/$ ;64/ *',(63 83=/ 1$>'; 23-.7>$2($1 ( '$8&.139($@ C&4$$ 

)$1 23 -&.7'&+ -.$,/A3?% ,$4()(2; *31&@ -&-.3,+(, C/4& -.(27%&, 

)%& µMN MNE / . K3 &*2&,32(( .$6.$**(&22&6& 3234(=3 .$=;45%3%&, 13-

%$13%()$*+&6& 0+*-$.(1$2%3 C/4( -&4;)$2/ 8$2&1$2&4&6()$*+($ -&-

4(2&1(3452/$ 1&'$4( '47 LEl , Lµl , µMN  , =3,(*(1&*%( &% ME )lg( * , 

*(µ )M , (N )M

E  ( µ(N )M . 

!47 &-.$'$4$2(7 (*%(22/< '$8&.139(&22/< *,&@*%, ,7=+&;-.;-

6(< 13%$.(34&, ME )( * , *(µ )M , (N )M

E  ( µ(N )M  C/43 -.$'4&>$23 (%$.3-

9(&2237 -.&9$';.3 (&C.3%237 =3'3)3), *,7=32237 * -&*4$'&,3%$452/1 

;%&)2$2($1 C3=&,/< '4(2 ( -&-.3,+( 
µMN . W*<&'2&@ (28&.139($@ 

'47 .$A$2(7 &C.3%2&@ =3'3)( 7,47?%*7 '322/$ '(231()$*+(< &-/%&,, 

-.&,$'$22/< -& .3=.3C&%322&1;, C4(=+&6& + D-&-%(13452&1; 0+*-$-

.(1$2%3452&1; -432;, ,+4?)3?G$1; 9 %&)$+ 83+%&.2&6& -.&*%.32*%,3 

«)3*%&%3 236.;>$2(7 – %$1-$.3%;.3 &-/%3» ( (=23)3452& -.(27%/$ C3-

=&,/$ '4(2/ LEl , Lµl . W%$.39(&2237 -.&9$';.3 =3+32)(,3$%*7 -.( ,/-

-&42$2(( ;*4&,(@: 
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1

L L L 1M X ,k k

E E El l l'& ( 0  

1

Lµ Lµ µ 1M X ,k k

!
l l l'& ( 0  

1

µ µ 2MN MN X ,k k' ( 0  

6'$ 1X ,  2X  – =3'322/$ %&)2&*%( &-.$'$4$2(7 C3=&,/< '4(2 ( -&-.3,-

+( -& ;64; *',(63 83=/ *&&%,$%*%,$22&; 

k – 2&1$. (%$.39((. 

!47 &-(*32(7 -3.31$%.&, +&1-4$+*2/< &-$.3%&.&, (*-&45=&,3-

4(*5 -&4(2&1(3452/$ =3,(*(1&*%(, -.(1$2$22/$ .32$$ '47 +&1-4$+*-

2&6& 1&';47 ;-.;6&*%( [4], (, +3+ -&+3=34 .$6.$**(&22/@ 3234(=, 3'$+-

,3%2/$ ( '47 &-(*32(7 -3.31$%.&, +&1-4$+*2&6& +&088(9($2%3 :;3*-

*&23 , 8&.1$: 

* 2 3 4

0 1 2 3 4µ lg Z (lg Z ) (lg Z ) (lg Z ) ,c c c c c1 1 1 1& ' ' ' '  

 2 3

µ 0 1 2 3N lg Z (lg Z ) (lg Z ) ,b b b b1 1 1& ' ' '  (2) 

2

0 1 2lg ,Ta a a T a T& ' '  

6'$ *µ  – '(231()$*+(@ +&088(9($2% :;3**&23, * 2 2

1 2µ µ µ ;& '  

Ta  – +&088(9($2% %$1-$.3%;.2&6& *1$G$2(7; 

# – %$1-$.3%;.3; 

Z1  – -.(,$'$2237 )3*%&%3 236.;>$2(7, Z Z .Ta1 &  

na  (n = 0,1,2); pb  (p = 0,1,2,3); rc (r = 0,1,...,4) – +&088(9($2%/, 

&-.$'$47$1/$ , .$=;45%3%$ -3.31$%.()$*+&@ ('$2%(8(+39((. 

:& &+&2)32(( (%$.39(&22&6& -.&9$**3 -& &%+&..$+%(.&,322/1 

'322/1 -.&,&'(%*7 -&,%&.237 -3.31$%.()$*+37 ('$2%(8(+39(7 -&4(-

2&1(3452/< =3,(*(1&*%$@ *

1µ (lg Z ),f 1&  µ 2N (lg Z )f 1& , *

3(lg Z ).E f 1&  

4N (lg Z )E f 1&  , 8&.1$ (2) ( $@ 3234&6()2&@ '47 +&1-4$+*2&6& 1&';47 

;-.;6&*%( * (*-&45=&,32($1 -.&9$';./ *4;)3@2&6& -&(*+3 ( 346&.(%-

13 *.$'2$*%3%(*%()$*+&6& 6.3'($2%3. :&,%&.237 -3.31$%.()$*+37 

('$2%(8(+39(7 1&>$% (=1$2(%5 23)3452/@ ;)3*%&+ %3+, )%& 

1sup (lg Z )f 1 *%32$% C&45A$ =23)$2(7 0,5. H 0%&1 *4;)3$ 13%$13%()$*+&$ 

&-(*32($ 1&>$% -&%$.7%5 8(=()$*+(@ *1/*4 '47 13%$.(34&,, 7,47?-

G(<*7 2$*>(13$1/1( , *%3%()$*+(< ;*4&,(7<. Q(=()$*+(@ *1/*4 1&-
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>$% C/%5 ,&=,.3G$2 -.&9$';.&@, (=4&>$22&@ , *-&*&C$ &-.$'$4$2(7 

'(231()$*+&6& +&088(9($2%3 :;3**&23 [5] ( *&*%&7G$@ , +&..$+%(-

.&,+$ =23)$2(@ +&088(9($2%3 :;3**&23 * ;)$%&1 ,/-&42$2(7 ;*4&,(7 

1sup (lg Z ) 0,5f 1 &  ( , -&*4$';?G$@ &+&2)3%$452&@ ('$2%(8(+39(( 

&C&CG$22&@ =3,(*(1&*%( +&088(9($2%3 :;3**&23. 

K3 .(*. 3 ( 4 -.(,$'$2/ .$=;45%3%/ ('$2%(8(+39(( '(231()$-

*+(< *,&@*%, ,/*&+&23-&42$22&6& +3;);+3, -&4;)$22/$ -&*4$ &C/)-

2&@ 0+*-$.(1$2%3452&@ -.&9$';./, 3 %3+>$ -&*4$ +&..$+%(.&,+( 23 

&*2&,$ .$A$2(7 &C.3%2&@ =3'3)(. [3.3+%$.2&, )%& +&..$+%(.&,+3 ,2&-

*(% *;G$*%,$22/$ (=1$2$2(7 , =23)$2(7 +&088(9($2%3 :;3**&23 ( ;6-

43 *',(63 83=/ 1$>'; -.&'&452&@ ( -&-$.$)2&@ '$8&.139(71( ( 2$-

=23)(%$452& ,4(7$% 23 -3.31$%./ +&1-4$+*2&6& 1&';47 ;-.;6&*%(, )%& 

&-.3,'/,3$% &-.$'$4$2($ +&1-4$+*2&6& 1&';47 ;-.;6&*%( 23 C3=$ 

&C/)2&@ 0+*-$.(1$2%3452&@ -.&9$';./. "&088(9($2% :;3**&23 -&*4$ 

.$A$2(7 &C.3%2&@ =3'3)( -.(2(13$% C&45A($ =23)$2(7, 3 ;6&4 *',(63 

83=/ 1$>'; -.&'&452&@ ( -&-$.$)2&@ '$8&.139(71( – 1$25A($ =23-

)$2(7 -.3+%()$*+( ,& ,*$1 )3*%&%2&1 '(3-3=&2$. E&-&*%3,4$2($ %$1-

-$.3%;.2/< =3,(*(1&*%$@ Talg  '47 &C$(< '$8&.139(&22/< <3.3+%$-

.(*%(+ -&=,&47$% 6&,&.(%5 &C (2,3.(32%2&*%( +&088(9($2%3 %$1-$.3-

%;.2&6& *1$G$2(7 &%2&*(%$452& '$8&.139(&22&@ <3.3+%$.(*%(+(. 

Y234&6()2/$ .$=;45%3%/ ('$2%(8(+39(( C/4( -&4;)$2/ '47 .7'3 

'.;6(< ,/*&+&23-&42$22/< +3;);+&,. 

 

 
 

J(*. 3. "&1-4$+*2/@ 1&';45 ;-.;6&*%( ,/*&+&23-&42$22&6& +3;);+3 

(1, 2, 3 – &C/)237 0+*-$.(1$2%345237 -.&9$';.3; 

1', 2', 3' – -&*4$ +&..$+%(.&,+(; 1, 1' – E*; 2, 2' – " ) 

lg E*, #:3 N , 6.3'

lg Z\, (O9) 

lg $# 

T, ûC 
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J(*. 4. "&1-4$+*2/@ +&088(9($2% :;3**&23 ,/*&+&23-&42$22&6& +3;);+3  

(1, 2, 3 – &C/)237 0+*-$.(1$2%345237 -.&9$';.3; 

1', 2', 3' – -&*4$ +&..$+%(.&,+(; 1, 1' –  *; 2, 2' – " ) 

 

D3+(1 &C.3=&1, .3=.3C&%32 0+*-$.(1$2%3452&-%$&.$%()$*+(@ 1$-

%&', -&=,&47?G(@ -.&,&'(%5 &'2&,.$1$22;? ('$2%(8(+39(? %$1-$-

.3%;.2&-)3*%&%2&@ =3,(*(1&*%( +&1-4$+*2&6& +&088(9($2%3 :;3**&23 

( +&1-4$+*2&6& 1&';47 ;-.;6&*%( ,7=+&;-.;6(< 13%$.(34&,; , .$=;45-

%3%$ ('$2%(8(+39(( .7'3 ,/*&+&23-&42$22/< +3;);+&, -&+3=32 ,7=-

+&;-.;6(@ <3.3+%$. +&088(9($2%3 :;3**&23 ( (2,3.(32%2&*%5 +&08-

8(9($2%3 %$1-$.3%;.2&6& *1$G$2(7 &%2&*(%$452& .3**13%.(,3$1/< 

'$8&.139(&22/< <3.3+%$.(*%(+. 

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

1. L;45C&,() J.H., :345)(+&,*+(@ H.O., :3,4&6.3'*+(@ H.H. #$-

%&' &-.$'$4$2(7 '(231()$*+(< '$8&.139(&22/< *,&@*%, 176+(< ,7=-

+&;-.;6(< 13%$.(34&, // K3;+3--.&(=,&'*%,;. – #.: H(.3>-]$2%., 

1999. – ^ 12(25). – E. 14–18. 

2. Y.*. 1760431. E-&*&C &-.$'$4$2(7 +&088(9($2%3 :;3**&23 13%$-

.(343 / J.H. L;45C&,(), H.O. :345)(+&,*+(@, _.E. E3'(+&,, I.K. #;.=/$,. 

(EEEJ). B-;C4. 07.09.92, L?4. ^ 33. 

3. Y.*. 1755105. E-&*&C &-.$'$4$2(7 +&088(9($2%3 :;3**&23 13%$-

.(343 / J.H. L;45C&,(), H.O. :345)(+&,*+(@, _.E. E3'(+&,, I.K. #;.=/$,. 

(EEEJ). B-;C4. 15.08.92, L?4. ^ 30. 

4. L;45C&,() J.H., :345)(+&,*+(@ H.O., :3,4&6.3'*+(@ H.H. I+*-

-$.(1$2%3452/@ 1$%&' &-.$'$4$2(7 )3*%&%2/< <3.3+%$.(*%(+ ,7=+&-

;-.;6(< 13%$.(34&, // K3 -$.$'&,/< .;C$>3< 23;+( ( (2>$2$.2&6& 

lg $# 

T, ûC lg Z\, (O9) 

µ* Nµ, 6.3'
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%,&.)$*%,3: %.. 2-@ 1$>';23.. KD" J$6(&2. ;.34. &%'. YWK. – `+3%$-

.(2C;.6: W='-,&  OD , 2000. – 433 *. 

5. Y.*. 1827573. E-&*&C &-.$'$4$2(7 '(231()$*+&6& +&088(9($2%3 

:;3**&23 / J.H. L;45C&,(), I.K. #;.=/$,, H.H. :3,4&6.3'*+(@, H.O. :345-

)(+&,*+(@, _.E. E3'(+&,. (EEEJ). B-;C4. 15.07.93, L?4. ^ 26. 
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