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E.$9$&-$ 
N+("<4*+=2$4" =++8P" 4 ;+("<D :2: )+$H&4" = 12-&$+-&4 

=+-F+(H& : <2&4$-:+;> -<+=> modulus, :+&+*+" = )"*"=+(" $2 *>--:4@ 
+%$212"& ;"*2. S2:4; +8*2%+;, ;+("<D = O4*+:+; -;'-<" ;+G$+ 
+)*"("<4&D :2: +8T":&, -+4%;"*4;'@ = $":+&+*'F $248+<"" 
->P"-&="$$'F 1"*&2F - +*434$2<+;, &+ "-&D - )*"(;"&+; 
;+("<4*+=2$4H. ?*+#"(>*2 ;+("<4*+=2$4H H=<H"&-H =2G$"@O4; 
4$-&*>;"$&+; )*+#"--2 )+%$2$4H, )+-:+<D:> )+%=+<H"& %$214&"<D$+ 
>-:+*4&D 4 >("O"=4&D 4%>1"$4" -<+G$'F +8T":&+= 4 H=<"$4@, 
=+%("@-&=4" $2 :+&+*'" $"=+%;+G$+ 4<4 $"(+)>-&4;+.  5 
I:+$+;41"-:4F 4--<"(+=2$4HF -+="*O"$$+ $" )*4;"$HJ&-H $2&>*$'" 
(,4%41"-:4") ;+("<4, O4*+: + 4-)+<D%>";'" = ;"F2$4:", 
34(*+(4$2;4:", F4;44 4 (*>34F "-&"-&="$$'F $2>:2F. 9&4; 
+8TH-$H"&-H %$214&"<D$'@ 4 )+-&+H$$+ *2-&>P4@ 4$&"*"- : 
;2&";2&41"-:4;  ; +("<H; , :2: )*4 )+-&*+"$44 I:+$+;41"-:+@ 
&"+*44, &2: 4 (<H *"O"$4H )*4:<2($'F %2(21. 

5 -2;+; +8P"; )+$4;2$44 ;2&";2&41"-:2H ;+("<D  )*"(-&2=<H"& 
-+8+@ -4-&";> >*2=$"$4@, (+)+<$"$$>J )*4 $"+8F+(4;+-&4 
*2="$-&=2;4, $"*2="$-&=2;4, <+341"-:4;4 ='*2G"$4H;4, :+&+*'" 
>-&2$2=<4=2J& ,>$:#4+$2<D$>J -=H%D ;"G(> )"*";"$$';4 
4%>12";+3+ +8T":&2. ?*4$H&+ *2%<412&D (=2 &4)2 )"*";"$$'F: 
!"#$%&'() *)&) +)''()  4<4 )*+-&+ !"#$%&(  4 &),-./$"$01'() 
*)&)+)''()  4<4, :2: 4F "P" $2%'=2J&, %$#.0#0. L2:&+*2;4 
$2%'=2J&-H -=+8+($+ =2*D4*>";'" $"%2=4-4;'" )"*";"$$'", 
+)*"("<HJP4" -+-&+H$4" ;+("<4*>";+3+ +8T":&2.  A":+&+*'" 4% 
,2:&+*$'F )"*";"$$'F (+)>-:2J& #"<"$2)*2=< "$$'" 4%;"$"$4H )+ 
G"<2$4J 4--<"(+=2&"<H 4, -<"(+=2&"<D$+, ;+3>& 8'&D 4-)+<D%+=2$' 
(<H *"O"$4H %2(21 >)*2=<"$4H, (*>34" (+-&>)$' &+<D:+ $28<J("$4J. 
E"<"-++8*2%$+-&D =:<J1"$4H = -+-&2= ;+("<4 &"F 4<4 4$'F ,2:&+*+= 
%2=4-4& +& :+$:*"&$'F +-+8"$$+-&"@ ;+("<4*>";+3+ +8T":&2 4 
&*"8+=2$4@, )*"(TH=<H";'F : 2(":=2&$+-&4 -+%(2=2";+@ ;+("<4. 5 
*H(" -<>12"= = :21"-&=" -2;+-&+H&"<D$+@ ,2:&+*$+@ )"*";"$$+@ 
)*4->&-&=>"& =*";H. K&:<4:2;4 $2%'=2J&-H )"*";"$$'", %2=4-4;'" 
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+& ,2:&+*$'F 4 F2*2:&"*4%>JP4" :2:>J <48+ -&+*+$>  
,>$ :#4+$4*+=2$4H +8T":&2. 5 I:+$+;4:+-;2&";2&41"-:4F ;+("<HF = 
:21"-&=" +&:<4:+= ,43>*4*>J& &2:4" )"*";"$$'" , :2: +8T"; 
)*+4%=+(-&=2, ="<414$2 )*48'<4, -"8"-&+4;+-&D )*+(>:#44 4 &.).  
S2:4; +8*2%+;, ;2&";2&41"-:2H ;+("<D I &+ :+$-&*>:#4H =4(2 

( )nx......,x,xfy 21= ,  

3(" y Ð *"%><D&2&4=$2H )"*";"$$2H (+&:<4:), n,ixi 1=  - ,2:&+*$'" 

)"*";"$$'".  
?+ +-+8"$$+-&H; )+(F+(2, 4-)+<D%>";+3+ = )*+#"--" 4F 

)+-&*+"$4H, ;2&";2&41"-:4" ;+("<4 )+(*2%("<HJ&-H $2 *&)2+)$'% -
!0,03)4#0) 4 "54$&"#$'% -,'"#%1() . ?*"(;"&$+ -,4%41"-:4;4 
$2%'=2J&-H ;+("<4, )+-&*+"$$'" $2 +-$+=2$44 ,>$(2;"$&2<D$'F 
%2:+$+= )*4*+(' 4<4 +8P"-&="$$+3+ *2%=4&4H, 4<4 H=<HJP4F-H 
;2&";2&41"-:+@ ,+*;+@ ='*2G"$4H I&4F %2:+$+=. 0<2--41"-:4;4 
)*4;"*2;4 & 2:4F ;+("<"@ ;+G"& -<>G4&D, $2)*4;"*, %2:+$ 
=-";4*$+3+ &H3+&"$4H, >-&2$2=<4=2JP4@ -=H%D ;"G(> -4<+@ 
)*4&HG"$4H ;2&"*42<D$'F &"< 4 *2--&+H$4"; ;"G(> $4;4, >*2=$"$4" 
A2=D"-B&+:-2 = 34(*+(4$2;4:", >*2=$"$4" &")<+)*+=+($+-&4 = 
&"*;+(4$2;4:"  4 ;$+G"-&=+ (*>34F )+(+8$'F ;2&";2&41"-:4F 
:+$-&*>:#4@. 9&4 ;+("<4 +)4-'=2J& ->P$+-&$'" -&+*+$' H=<"$4@ 4 
+8<2(2J& -=+@-&=+; =-"+8P$+-&4, &+ "-&D 4F )*4;"$"$4" $" 
+3*2$414=2"&-H $4 =*";"$";, $4 ;"-&+;, $4 :2:4;4 <48+ 
)*4=F+(HP4;4 +8-&+H&"<D-&=2;4. ?*4;"*2;4 I:+$+;41"-:4F 
)+$H&4@, +8<2(2JP4F -++&="&-&=>JP4;4 2&*48>&2;4, H=<HJ&-H 
%2:+$ >8'=2JP"@ )*"("<D$+@ )+<"%$+-&4, %2:+$ $><"=+3+ (+F+(2, 
2:-4+;2 )*+4%=+(4&"<H 4 &.).  

E"<DJ ;2&";2&41"-:+3+ ;+("<4*+=2$4H, :2: )*2=4<+, H=<H"&-H 
='H=<"$4" 4<4 )+(&="*G("$4" :+<41"-&="$$'F %2:+$+;"*$+-&"@, 
+)4-'=2JP4F )+="("$4" +*434$2<2.  B>P"-&="$$'; )*4 I&+; 
H=<H"&-H &+ +8-&+H&"<D-&=+, 1&+ = 8+<DO4$-&=" )*4:<2($'F 
4--<"(+=2$4@ $"& $"+8F+(4;+-&4 (4<4 =*";"$4) (+84=2&D-H 
+8TH-$"$4H ,>$(2;"$&2<D$'F -=+@-&= +8T":&2 (+ )*4$H&4H 
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>)*2=<"$1"-:4F *"O"$4 @ = )*+#"--" "3+ )*2: &41"-:+3+ 
4-)+<D%+=2$4H, &.:. )+&*"8$+-&D +&'-:2$4H +)&4;2<D$+3+ = 
$":+&+*+; >%:+; -;'-<" *"O"$4H (+<G$2 >(+=<"&=+*H&D-H 8'-&*"", 
1"; 8>("& $2@("$+ "3+ )+<$+" +8+-$+=2$4". B++&="&-&=>JP4" 
:+<41"-&="$$'" =%24;+-=H%4 ='H=<HJ&-H = F+(" +8*28+&:4 
;2&"*42<+=, )+<>1"$$'F )+ *"%><D&2&2; I:-)"*4;"$&2<D$'F 
$28<J("$4@. N+("<4 &2:+3+ &4)2 $2%'=2J&-H 28-&*2:&$+-%$2:+=';4. 
K$4 $" )*"&"$(>J& $2 =-"+8P$+-&D 4 -+%(2J&-H 4-:<J14&"<D$+ 4 
&+<D:+ (<H +)4-2$4H :+$:*"&$+3+ +8T":&2 - #"<DJ ='$"-"$4H 
->G("$4@ +8 +&("<D$'F +-+8"$$+-&HF "3+ )+="("$4H )+-*"(-&=+; 
,+*;2<D$'F )*+#"(>*.  5 :21"-&=" )*4;"*2 ;+G$+ )*4="-&4 
%2=4-4;+-&D -4<' -+)*+&4=<"$4H G4(:+-&4 )*4 +8&":2$44 &="*(+3+ 
&"<2 +& ,+*;' "3+ )+="*F$+-&4.  ?+(+8$'" ;+("<4 -+%(2J&-H 4 
$2F+(H& O4*+:+" )*4;"$"$4" )*4 )*+":&4*+=2$44 ->(+=, &+*)"(, 
)+(=+($'F I<";"$&+= )<+&4$ 4 &. ). , +($2:+ *"%><D&2&' 
;+("<4*+=2$4H 8>(>& -4<D$+ %2=4-"&D +& *"+<+341"-:4F -=+@-&= 
G4(:+-&4, -:+*+-&4 "" &"1"$4H, *2%;"*+= +8&":2";+3+ )*"(;"&2. 
?+I&+;> ;+("<D, )+-&*+"$$2H )+ ;2&"*42<2; 4-)'&2$4@ = )*"-$+@ 
=+(", $" ;+G"& 8'&D 4-)+<D%+=2$2 (<H +)4-2$4H 2$2<+341$+3+ 
H=<"$4H = =+(" ;+*-:+@, 2 ;+("<D +8&":2$4H =+(+@ +)+* ;+-&2 
-+="*O"$$+ $" )*43+($2 (<H 2$2<4%2 (=4G"$4H &+*)"('. ?*4;"$"$4" 
28-&*2:&$+-%$2:+='F ;+("<"@ = I:+$+;41"-:4F )*4<+G"$4HF ;+G"& 
8'&D )*+4<<J-&*4*+=2$+ %2=4-4;+-&DJ -"8"-&+4;+-&4 )*+(>:#44 +& 
+8T";2 )*+4%=+(-&=2, :+&+*2H )+=-";"-&$+ 4-)+<D%>"&-H )*4 
*"O"$44 %2(21 >)*2=<"$4H )*+4%=+(-&="$$+@ ("H&"<D$+-&4. 
.-&"-&="$$+, 1&+ )2*2;"&*' ;+("<"@, +)4-'=2JP4F 
:*>)$+&+$$2G$+" )*+4%=+(-&=+, %$214&"<D$+ +&<412J&-H +& ;+("<"@ 
O&>1$+3+ )*+4%=+(-&=2, 2 ;+("<4, )+-&*+"$$'" (<H )*"()*4H&4H 
>3<"(+8'=2JP"@ +&*2-<4, $")*4;"$4;' (<H )*"()*4H&4@ 
&":-&4<D$+@ )*+;'O<"$$+-&4 4<4 >1*"G("$4@ +8P"-&="$$+3+ 
)4&2$4H. 

?*4 -+%(2$44 28-&*2:&$+-%$2:+='F ;+("<"@, :2: - )*2:&41"-:+@, 
&2: 4 - ;"&+(+<+341"-:+@ &+1": %*"$4H, ="-D;2 =2G$'; +:2%'=2"&-H 
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=+)*+- ='8+*2 =4(2 ,>$:#44, -=H%'=2JP"@ *"%><D&2&4=$>J 
)"*";"$$>J - ,2:&+*$';4.  .(4$'F *":+;"$(2#4@ $2 I&+& -1"& $" 
->P"-&=>"& 4, )+-=4(4;+;> , = )*4$#4)" $" ;+G"& ->P"-&=+=2&D. 
?+I&+;> )*4 ='8+*" )*"()+<232";+3+ =4(2 ,>$:#44 -=H%4 
)"*=+ -&")"$$+" %$21"$4" 4;""& +)'& 4 O4*+&2 :*>3+%+*2 
-)"#42<4-&2, %2$H&+3+ )+-&*+"$4"; ;2&";2&41"-:+@ ;+("<4, 2 &2:G" 
+8T"; 2)*4+*$+@ 4$,+*;2#44 + ;+("<4*>";+; +8T":&", :+&+*'; +$ 
*2-)+<232"&. 72;"&4;, +($2:+, 1&+ "-<4 #"<DJ ;2&";2&41"-:+3+ 
;+("<4*+=2$4H H=<H"&-H +)4-2$4" )+="("$4H 4%>12";+3+ +8T":&2, 2 
$" +8TH-$"$4" ;"F2$4%;2 "3+ ,>$:#4+$4*+=2$4H, &+, -<"(>H 
)*4$#4)> )*+-&+&' , ,>$:#4+$2<D$2H %2=4-4;+-&D ='84*2"&-H = =4(" 
2<3"8*241"-:+3+ 4<4 &*43+$+;"&*41"-:+3+ )+<4$+;2  

n,j......xaxxaxaay ii
k

i
iiji

ji
iji

k

i
ij 12

11
0 =+++++= !!!

="=
#   

3(" U Ð -<232";+", >14&'=2JP"" =<4H$4" =":&+*2 -<>12@$'F 
=+%("@-&=4@. ?*"()+<232"&-H, 1&+ M(U) = 0, 2 D(U) V 0.  

K8<2-&D ;2&";2&41" -:+3+ ;+("<4*+=2$4H, 4%>12JP2H 
*2%$+=4($+-&4 28-&*2:&$+-%$2:+='F ;+("<"@ = I:+$+;41"-: 4F 
)*4<+G"$4HF, 2 &2:G" -)+-+8' 4F )+-&*+"$4H, ="*4,4:2#44  4 
4-)+<D%+=2$44 = )*+#"--" )*4$H&4H >)*2=<"$1"-:4F *"O"$4@ 
$2%'=2"&-H 6#%'%+)$&0#%7. 6;"$$+ I&+;> )+-=HP"$ )"*='@ *2%("< 
)*"(<232";+3+ )+-+84H. 

B2;+-&+H&"<D$+" 4%>1"$4" ;2&"*42<+=, -+("*G2P4F-H = )+-+844, 
)*"()+<232"& %$2:+;-&=+ 14&2&"<H - I<";"$&2;4 ;2&";2&41"-:+3+ 
2$2<4%2, &"+*44 ="*+H&$+-&"@ 4 ;2&";2&41"-:+@ -&2&4-&4:4 = +8T";", 
)*"(>-;+&*"$$+; )*+3*2;;+@ )+(3+&+=:4 82:2<2=*+= &"F$41"-:4F 
-)"#42<D$+-&"@. 
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G2>9$: 1. 456&67$1,-52 

1.1. M$169 &2-7$&?N-O 5.29,216.. G$3,$88-6&&'$ 769$:-  
!2--;+ &*4; )*+#"(>*> )+-&*+"$4H )+<4$+;42<D$+@ 28-&*2:&$+-

%$2:+=+@ ;+("<4, >-&2$2=<4=2JP"@ %2=4-4;+-&D *"%><D&2&4=$+@ 

)"*";"$$+@ y +& ,2:&+*$'F )"*";"$$'F n,jx j 1=  )+ ;2&"*42<2; m 

$28<J("$4@. R"% )+&"*4 +8P$+-&4 ;+G$+ )+<+G4&D, 1&+ $2 
+-$+=2$44 2$2<4%2 2)*4+*$+@ 4$,+*;2#44 = :21"-&=" ;+("<4 ='8*2$ 
2<3"8*241"-:4@ )+<4$+; )"*=+@ -&")"$4. ?+-:+<D:>, :2: 8'<+ 
>)+;H$>&+ =+ =="("$44, $28<J(2";'" %$21"$4H *"%><D&2&4=$+3+ 

)*4%$2:2 m,iyi 1=  $"->& $2 -"8" =<4H$4" -<>12@$+@ +O48:4, 

+8>-<+=<"$$+@ ("@-&=4"; *H(2 $">1&"$$'F ,2:&+*+=, 8>("; 
+8+%$212&D iyö  %$21"$4" *"%><D&2&4=$+@ )"*";"$$+@, ='14-<"$$+" 

)+-*"(-&=+; )+-&*+"$$+@ ;+("<4 =  &+1:", -++&="&-&=>JP"@ i -+;> 
$28<J("$4J. K&-J(2 -<"(>"&, 1&+ iii yöy !+= , 2 -2;2 ;+("<D 4;""& 

=4(: 

nnxb........xbxbbyö ++++= 22110  (1.1) 

?+(+8$'" ;+("<4 $2%'=2J&-H &)8&)440%''(+0 . / )+<>1"$$2H 
,>$:#4+$2<D$2H %2=4-4;+-&D $2%'=2"&-H &)8&)440%''(+ 
-&"1')'0)+ . 

5'(2JP4@-H $";"#:4@ ;2&";2&4: 0.L. W2>-- )+:2%2<, 1&+ 
$248+<"" )*+-&'; >-<+=4"; )+<>1"$4H $24<>1O4F = $":+&+*+; 
-;'-<" )2*2;"&*+= *"3*"--4+$$+3+ >*2=$"$4H , H=<H"&-H &*"8+=2$4" 
;4$4;4 %2#44 ->;;' :=2(*2&+= +&:<+$"$4@ $28<J(2";'F %$21"$4@ 
*"%><D&2&4=$+3+ )*4%$2:2 +& ='14-<"$$'F )+ =-";> ;2--4=> 

$28<J("$4@, &+ "-&D ( )!
=

"=
m

i
ii yöyFmin

1

2 , 4<4, - >1"&+; )*4$H&+3+ 

=4(2 *"3*"--4+$$+@ %2=4-4;+-&4 (1.1) 

( )!
=

"""""=
m

i
niniii xb.......xbxbbyFmin

1

2
22110  (1.2) 

5="("; ,4:&4=$>J )"*";"$$>J 10 !x  (<H =-"F +)'&+= 4, 

4-)+<D%>H $"+8F+(4;+" >-<+=4" ->P"-&=+=2$4H I:-&*";>;2, 
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)*+(4,,"*"$#4*>"; ='*2G"$4" (1.2) )+ =-"; =F+(HP4; = "3+ -+-&2= 
)2*2;"&*2; ib . 

( )[ ]( ) 02 0
1

1100
0

=!!!!!=
"
"

#
!

i
m

i
niniii xxb.........xbxby

b
F

 

( )[ ]( ) 02 1
1

1100
1

=!!!!!=
"
"

#
!

i
m

i
niniii xxb.........xbxby

b
F

 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ  

( )[ ]( ) 02
1

1100 =!!!!!=
"
"

#
!

ni
m

i
niniii

n
xxb.........xbxby

b
F

, 

+&:>(2 )+-<" I<";"$&2*$'F )*"+8*2%+=2$4@ )+<>14; -4-&";> 1+n  

<4$"@$'F 2<3"8*241"-:4F >*2=$"$4@ - 1+n  $"4%="-&$';4  

i
m

i
ini

m

i
ini

m

i
i

m

i
i yxxxb..........xxbxb !!!!

====
=+++

1
0

1
01

1
01

1

2
00  

i
m

i
ini

m

i
in

m

i
i

m

i
ii yxxxb..........xbxxb !!!!

====
=+++

1
1

1
1

1

2
11

1
100  (1.3) 

ÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉÉ  

i
m

i
i

m

i
ninni

m

i
i

m

i
nii yxxb..........xxbxxb !!!!

====
=+++

1
0

1

2

1
11

1
00  , 

*"O4= :+&+*>J $2@("; :+I,,4#4"$&' *"3*"--4+$$+3+ >*2=$"$4H. 
K)4-2$$2H )*+#"(>*2 $+-4& $2%=2$4" +)$%2 '"0+)'/90: #1"2&"$%1 
(M)*) , = %2*>8"G$'F 4-&+1$4:2F list square method (LSM). 

72;"&4;, 1&+ = )*+#"--" )+-&*+"$4H *"3*"--4+$$+@ ;+("<4 - 
)+;+PDJ NA0 4-)+<D%>J&-H 4-:<J14&"<D$+ 4 &+<D:+ *"%><D&2&', 
)+<>1"$$'" = F+(" $28<J("$4@ %2 +8T":&+; $2 +3*2$41"$$+; 
)*+;"G>&:" =*";"$4 4 = + 3*2$41"$$+@ +8<2-&4 ,2:&+*$+3+ 
)*+-&*2$-&=2. ?+(+8$'" ;+("<4 H=<HJ&-H &4)41$';4 28-&*2:&$+ -
%$2:+=';4 4 $" ;+3>& )*"&"$(+=2&D $2 +8TH-$"$4" ;"F2$4%;2 
,>$:#4+$4*+=2$4H +*434$2<2. R+<"" &+3+, *2%>;$2H 4$&"*)*"&2#4H 
;+("<4 =+%;+G$2 &+<D:+ = &+@ 12-&4 ,2:&+*$+3+ )*+-&*2$-&=2, 
:+&+*2H $2F+(4&-H =$>&*4 =')>:<+@ +8+<+1:4 $2&H$>&+@ $2 &+1:4, 
,+*;4*>JP4" ;2--4= $28<J ( "$4@. C+-&+="*$+-&D ;+("<4 =$" I&+@ 
+8<2-&4, )+ ;"$DO"@ ;"*", -+;$4&"<D$2. !2-O4*"$4" %+$' 
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)*4;"$4;+-&4 ;+("<4 (+-&432"&-H &+<D:+ )>&"; >="<41"$4H ;2--4=2 
$28<J("$4@ 4 -++&="&-&=>JP"@ :+**":&4*+=:4 )2*2;"&*+= ;+("<4. 

S+1:4 ,2:&+*$+3+ )*+-&*2$-&=2, 3(" +->P"-&=<H<4-D 
$28<J("$4H, )*"(-&2=<H"& -+8+@ ;2&*4#>  

!!
!
!
!

"

#

$$
$
$
$

%

&

='

mnmmm

n

n

x........xxx

....................................

x........xxx

x........xxx

210

2222120

1121110

  

*2%;"*$+-&4 1+! nm , 2 $28<J(2";'" %$21"$4H *"%><D&2&4=$+@ 

)"*";"$$+@  =":&+* 

!!
!
!
!
!
!
!

"

#

$$
$
$
$
$
$
$

%

&

='

my

.

.

.

y

y

2

1

 *2%;"*$+-&4 1!m . ?+I&+;> = 

-++&="&-&=44 )*2=4<2;4 ("@-&=4@ $2( ;2&*4#2;4 -4-&";2 >*2=$"$4@ 

(1.3) = ;2&*41$+@ ,+*;" %2)4-4 4;""& =4( ( ) !"=#"" TT , 3(" ! - 

=":&+* +#"$+: )2*2;"&*+= *"3*"--4+$$+@ ;+("<4 *2%;"*$+-&4 
( ) 11 !+n , :+&+*'@ 4 H=<H"&-H *"O"$4"; I&+3+ ;2&*41$+3+ >*2=$"$4H  

( ) !"""=#
$ TT 1

 (1.4) 

N2&*4#2 ( )!! T  $2%'=2"&-H 0'!%&+";0%''%7 ;2&*4#"@ -4-&";' 

(1.3), 2 ;2&*4#2 ( ) 1!
"" T  #%1"&0";0%''%7 ;2&*4#"@ -4-&";' (1.3).  

1.2. M69$:- ;2,&6( ,$3,$88--  
!"#$"% (&#'()"%) #*+#*((,%  )*"(-&2=<H"& -+8+@ ;+("<D, 3(" 

-*"($""  %$21"$4" %2=4-4;+@ (+8TH-$H";+@) )"*";"$$+@ 
*2--;2&*4=2"&-H :2: ,>$:#4H +($+@ $"%2=4-4;+@ (+8TH-$HJP"@) 
)"*";"$$+@ , &.". I&+ ;+("<D =4(2: 

. 

S2: G"  $2%'=2J& #*-./0)"),1$23 &#,-$"4'3 , 2  &#,-$"4'3 -

5"4)'#'3 .  

x

( )öxy f x=

y x
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?*2:&41"-:4 = :2G(+; +&("<D$+; -<>12" ="<414$2  

-:<2('=2"&-H 4% (=>F -<232";'F: 
, 

3("  Ð $"6/78"*3'*  -$"9*$,*  *"%><D&2&4=$+3+ )*4%$2:2;  Ð 

-$"9*$,* *"%><D&2&4=$+3+ )*4%$2:2, $2@("$$+" 4-F+(H 4% >*2=$"$4H 
*"3*"--44;  Ð (/.9":$"% 1*/,9,$" , F2*2:&"*4%>JP2H +&:<+$"$4H 
*"2<D$+3+ %$21"$4H *"%><D&2&4=$+3+ )*4%$2:2 +& ='14-<"$$+3+. 

B<>12@$2H ="<414$2  $2%'=2"&-H &2:G" 1'-3.;*$,*3 . K$2 
=:<J12"& =<4H$4" $" >1&"$$'F = ;+("<4 ,2:&+*+=, -<>12@$'F 
+O48+: 4 +-+8"$$+-&"@ 4%;"*"$4H. ." )*4->&-&=4" = ;+("<4 
)+*+G("$+ &*";H 4-&+1$4:2;4: -)"#4,4:2#4"@ ;+("<4, :+$"1$'; 
+8T";+; $28<J(2";+@ ='8+*:4 , +-+8"$$+-&H;4 4%;"*"$4H 
)"*";"$$'F.  

A248+<DO>J +)2-$+-&D = )*2:&41"-:+; 4-)+<D%+=2$44 ;"&+(+= 
*"3*"--44 )*"(-&2=<HJ& '<,64, ,-3*#*$,% . .-<4 +O48:4 
-)"#4,4:2#44 ;+G$+ >;"$DO4&D, 4%;"$HH ,+*;> ;+("<4 (=4( 
;2&";2&41"-:+@ ,+*;><'), 2 +O48:4 ='8+*:4 Ð >="<414=2H +8T"; 
4-F+($'F (2$$'F, &+ +O48:4 4%;"*"$4H >-&*2$4&D %$214&"<D$+ 
-<+G$"". ?*"()+<232H, 1&+ +O48:4 4%;"*"$4H -="("$' : ;4$4;>;>, 
+-$+=$+" =$4;2$4" = I:+$+;"&*41"-:4F 4--<"(+=2$4HF >("<H"&-H 
+O48:2; -)"#4,4:2#44 ;+("<4.  

5 )2*$+@ *"3*"--44 ='8+* =4(2 ;2&";2&41"-:+@ ,>$:#44 

 ;+G"& 8'&D +->P"-&=<"$ &*";H ;"&+(2;4:  

1) 3*2,41"-:4;;  
2) 2$2<4&41"-:4; Ð &.". 4-F+(H 4% 2)*4+*$'F )*"(-&2=<"$4@ +8 

4%>12";+@ =%24;+-=H%4; 
3) I:-)"*4;"$&2<D$';.  

?*4 4%>1"$44 %2=4-4;+-&4 ;"G(> (=>;H )*4%$2:2;4 
3*2,41"-:4@ ;"&+( )+(8+*2 =4(2 >*2=$"$4H *"3*"--44 (+-&2&+1$+ 
$23<H("$. K$ +-$+=2$ $2 )+<" :+**"<H#44. K-$+=$'" &4)' :*4='F, 
4-)+<D%>";'" )*4 :+<41"-&="$$+@ +#"$:" -=H%"@, )*"(-&2=<"$' $2 
*4-. 1. 

y

öxy y != +

y öxy

!

!

( )xy f x=
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G-8.1. B8&6.&'$ 1-;' 5,-.'O  

2
xy a b x c x= + ! + !

2 3
xy a b x c x d x= + ! + ! + !

x
xy a b= !

b
xy a x= !

xy a b x= +

xy a b x= + !
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7$214&"<D$'@ 4$&"*"- )*"(-&2=<H"& 2$2<4&41"-:4@ ;"&+( ='8+*2 
&4)2 >*2=$"$4H *"3*"--44. K$ +-$+=2$ $2 4%>1"$44 ;2&"*42<D$+@ 
)*4*+(' -=H%4 4--<"(>";'F )*4%$2:+=.  

5 )*2:&41"-:4F 4--<"(+=2$4HF, :2: )*2=4<+, 4;""& ;"-&+ 
$":+&+*+" *2--"H$4" &+1": +&$+-4&"<D$+ <4$44 *"3*"--44. K$+ 
+8>-<+=<"$+ =<4H$4"; )*+14F, $" >14&'=2";'F = >*2=$"$44 
*"3*"--44, ,2:&+*+=. 6$';4 -<+=2;4, 4;"J& ;"-&+ +&:< +$"$4H 

,2:&41"-:4F (2$$'F +& *2-1"&$' F . 5"<414$2 I&4F 

+&:<+$"$4@ 4 <"G4& = +-$+=" *2-1"&2 '()")'9$': 8,(&*#(,, : 

 

X"; ;"$DO" ="<414$2 +-&2&+1$+@ (4-)"*-44, &"; ;"$DO" 
=<4H$4" $" >14&'=2";'F = >*2=$"$44 *"3*"--44 ,2:&+*+= 4 &"; 
<>1O" >*2=$"$4" *"3*"--44 -++&="&-&=>"& : *"%><D&2&2; $28<J("$4@. 

B14&2"&-H, 1&+ 14-<+ $28<J("$4@ (+<G$+ = 7-8 *2% )*"='O2&D 
14-<+ *2--14&' =2";'F )2*2;"&*+= )*4 ,2:&+*$+@ )"*";"$$+@ . 9&+ 
+%$212"&, 1&+ -&*+4&D >*2=$"$4" <4$"@$+@ *"3*"--44, 4;"H ;"$"" 7 
$28<J("$4@, =++8P" $" 4;""& -;'-<2. .-<4 =4( ,>$:#44 
>-<+G$H"&-H, 2 14-&+ )2*2;"&*+=, )+(<"G2P4F +#"$:", =+%*2-&2"&, &+ 
&*"8>"&-H >="<41"$4" +8T";2 $28<J("$4@. 7$214&, "-<4 = :21"-&=" 
=4(2 *"3*"--4+$$+@ %2=4-4;+-&4 ='8*2$ )+<4$+; =&+*+@ -&")"$4 

, &+ &*"8>";'@ +8T"; $28<J("$4@ (+<G"$ 8'&D $" 

;"$"" 14 . 
!2--;+&*4; )*+-&"@O>J ;+("<D )2*$+@ *"3*"--44 Ð /,$*:$.7 

#*+#*((,7 . Q4$"@$2H *"3*"--4H $2F+(4& O4*+:+" )*4;"$"$4" = 
I:+$+;"&*4:" ==4(> =+%;+G$+-&4 1"&:+@ I:+$+;41"-:+@ 
4$&"*)*"&2#44 "" )2*2;"&*+=.  

Q4$"@$2H *"3*"--4H -=+(4&-H : $2F+G("$4J >*2=$"$4H =4(2 

 4<4 . (1.5) 

?+-&*+"$4" <4$"@$+@ *"3*"--44 -=+(4&-H : +#"$:" "" )2*2;"&*+= 
Ð  4 , 2 -4-&";2 >*2=$"$4@ (1.3) (<H I&+3+ -<>12H )*4$4;2"& 
)*+-&+@ =4( 

( )xy y!

( )2
2
!"#

1
xy y

n
! = "#

2
xy a b x c x= + ! + !

xy a b x= + ! y a b x != + " +

a b
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, (1.6) 

:+&+*' @ )+%=+<H"& )+<>14&D >(+8$'" *2-1"&$'" -++&$+O"$4H (<H 
='14-<"$4H :+I,,4#4"$&+= ;+("<4  

, , (1.7) 

3("  Ð 4'1"#,"=,%  )*4%$2:+=  4 ,  Ð 

8,(&*#(,% )*4%$2:2 , 2  

, , , . 

?2*2;"&*  $2%'=2"&-H 4'>55,=,*$)'3 #*+#*((,, . .3+ ="<414$2 
)+:2%'=2"& $2 -:+<D:+ = -*"($"; 4%;"$H"&-H *"%><D&2&4=$2H 
)"*";"$$2H )*4 4%;"$"$44  ,2:&+*2 $2 +($> "(4$4#>. 

5+%;+G$+-&D 1"&:+@ -;'-<+=+@ 4$&"*)*"&2#44 :+I,,4#4"$&2 
*"3*"--44 -("<2<2 <4$"@$+" >*2=$"$4" *"3*"--44 (+-&2&+1$+ 
*2-)*+-&*2$"$$'; = I:+$+;"&*41"-:4F 4--<"(+= 2$4HF. 

6% =4(2 <4$"@$+@ %2=4-4;+-&4 H-$+, 1&+ ,+*;2<D$+ )2*2;"&*  
"-&D %$21"$4" )"*";"$$+@  )*4 . .-<4 ,2:&+* $2H )"*";"$$2H  

$" ;+G"& 4;"&D $><"=+3+ %$21"$4H, &+ ='O">:2%2$$2H &*2:&+=:2 
-=+8+($+3+ 1<"$2  $" 4;""& -;'-<2, &.". )2*2;"&*  ;+G"& $" 4;"&D 
-+("*G2&"<D$+ %$21"$4H )+(+8$+ :+I,,4#4"$&> *"3*"--44. 
Y*2=$"$4" *"3*"--44 )+<"%$+ (+)+<$4&D )+:2%2&"<"; &"-$+&' -=H%4 
;"G(> =F+(HP4;4 = "3+ -+-&2= )"*";"$$';4 . ?*4 4-)+<D%+=2$44 
)2*$+@ <4$"@$+@ *"3*"--44 = :21"-&=" &2:+3+ )+:2%2&"<H ='-&>)2"& 
/,$*:$2: 4'> 55,=,*$) 4'##*/%=,,  , :+&+*'@ *2--14&'=2"&-H )+ 

,+*;><2;:  

. (1.8) 

02: 4%="-&$+ 4% :>*-2 ;2&";2&41"-:+@ -&2&4-&4:4, "3+ %$21"$4" 
$2F+(4&-H = )*"("<2F: . X"; 8<4G" 28-+<J&$+" %$21"$4"  

2

     ;

.

a n b x y

a x b x x y

! " + " =#
$

" + " = "#%

& &
& & &

a y b x= ! "
( )

2

cov ,  

x

x y
b

!
=

( )
______

cov ,x y y x y x= ! " ! x y
____

2 2 2
x x x! = "

x

1
x x

n
= ! 1

y y
n

= !
______ 1
y x y x

n
! = !"

____
2 21

x x
n

= !
b

a

y 0x = x

a a

xyr

( )cov ,  x
xy

y x y

x y
r b

!
! ! !

= " =
"

1 1xyr! " " xyr
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: "(4$4#", &"; -4<D$"" <4$"@$2H -=H%D ;"G(> ,2:&+*2;4. ?*4  

4;""& ;"-&+ -&* +32H <4$"@$2H %2=4-4;+-&D. B<"(>"&, +($2:+, 4;"&D = 
=4(>, 1&+ 8<4%+-&D 28-+<J&$+@ ="<414$' <4$"@$+3+ :+I,,4#4"$&2 
:+**"<H#44 : $><J "P" $" +%$212"& +&->&-&=4H -=H%4 ;"G(> 
)*4%$2:2;4 :2: &2:+=+@. ?*4 (*>3+@ ($"<4$"@$+@) -)"#4,4:2#44 
;+("<4 - =H%D ;"G(> )*4%$2:2;4 ;+G"& +:2%2&D-H ="-D;2 
->P"-&="$$+@, $+ (<H "" +#"$:4 (+<G$2 8'&D 4-)+<D%+=2$2 (*>32H 
;"*2 &"-$+&' -=H%4. 

B&")"$D -++&="&-&=4H <4$"@$+@ ,>$:#44 $28<J(2";+@ 
%2=4-4;+-&4 +#"$4=2"&-H )+ ="<414$" :=2(*2&2 <4$"@$+3+ 

:+I,,4#4"$&2 :+**"<H#44  , $2%'=2";+3+ 4'>55,=,*$)'3 

8*)*#3,$"=,, , :+&+*'@ F2*2:&"*4%>"& (+<J (4-)"*-44 
*"%><D&2&4=$+3+ )*4%$2:2 , +8TH-$H";>J *"3*"--4"@, = +8P"@ 

(4-)"*-44 *"%><D&2&4=$+3+ )*4%$2:2: 

, (1.9) 

3(" , , . 

B++&="&-&="$$+ ="<414$2  F2*2:&"*4%>"& (+<J (4-)"*-44 

*"%><D&2&4=$+3+ )*4%$2:2, +8>-<+=<"$$>J =<4H$4"; ,2:&+*+=, $" 

>1&"$$'F = ;+("<4.  
K8P"" ->G("$4" + :21"-&=" ;+( "<4 ;+G$+ -+-&2=4&D )+ ="<414$" 

(#*8$*: '<,64,  "&&#'4(,3"=,, : 

 (1.10) 

.-<4 "" ="<414$2  $" )*"='O2"& 10%, &+ :21"-&=+ ;+("<4 
)*4%$2"&-H >(+=<"&=+*4&"<D$';. 

?+-<" &+3+ :2: $2@("$+ >*2=$"$4" <4$"@$+@ *"3*"--44, 
)*+=+(4&-H +#"$:2 -&2&4-&41"-:+@ %$214;+-&4 :2: >*2=$"$4H = 
#"<+;, &2: 4 +&("<D$'F "3+ I<";"$&+=. 

1xyr = ±

2
xyr

y

2 2
!"#$2 %&$

2 21xy
y y

r
! !
! !

= = "

( )22 1
y y y

n
! = "# ( )2

2
!"#$

1
xy y

n
! = "# ( )2

2
!"#

1
xy y

n
! = "#

21 xyr!

y

1
100%xy y

A
n y

!
= "#
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?*+="*4&D %$214;+-&D >*2=$"$4H *"3*"--44 +%$212"& >-&2$+=4&D: 
-++&="&-&=>"& <4 ;2&";2&41"-:2H ;+("<D, ='*2G2JP2H %2=4-4;+-&D 
;"G(> )"*";"$$';4, (2$$'; $28<J("$4@ 4 (+-&2&+1$+ <4 
=:<J1"$$'F = >*2=$"$4" +8TH-$HJP4F )"*";"$$'F (+($+@ 4<4 
$"-:+<D:4F) (<H +)4-2$4H 4%;"$"$4@ %2=4-4;+@ )"*";"$$+@. 

K#"$:2 %$214;+-&4 >*2=$"$4H *"3*"--44 = #"<+; )*+4%=+(4&-H - 
)+;+PDJ -4#,)*#,% ?,<*#" . B+3<2-$+ +-$+=$+@ 4("" 
(4-)"*-4+$$+3+ 2$2<4%2, '6;"% (.33" 41"8#")'1 ')4/'$*$,:  
)"*";"$$+@  +& -*"($"3+ %$21"$4H  *2-:<2('=2"&-H $2 (=" 12-&4 Ð 

Ç+6@%($*$$.7È 4 Ç$*'6@%($*$$.7 È: 

 , 

3("  Ð '6;"% (.33" 41"8#")'1 ')4/'$*$,:;  Ð 

(.33" 41"8#")'1 ')4/'$*$,:, '6@%($*$$"% #*+#*((,*: (,/, 

5"4)'#$"% (.33" 41"8#")'1 ')4/'$*$,:);  Ð '()")'9$"% 

(.33" 41"8#")'1 ')4/'$*$,:, A"#"4)*#,-.7;"% 1/,%$,* $*.9)*$$2A 
1 3'8*/, 5"4)'#'1 . 

BF";2 (4-)"*-4+$$+3+ 2$2<4%2 4;""& =4(, )*"(-&2=<"$$'@ = 
&28<4#" 1 (  Ð 14-<+ $28<J("$4@,  Ð 14-<+ )2*2;"&*+= )*4 
)"*";"$$+@ ). 

S28<4#2 1 

0+;)+$"$&' 
(4-)"*-44  

B>;;2 
:=2(*2&+= 

X4-<+ 
-&")"$"@ 
-=+8+('  

C4-)"*-4H $2 
+($> -&")"$D 

-=+8+('  

K8P2H    

L2:&+*$2H    

K-&2&+1$2H    

 

F

y y

( ) ( ) ( )2 22

x xy y y y y y! = ! + !" " "

( )2
y y!" ( )2

xy y!"

( )2

xy y!"

n m

x

( )2
y y!" 1n!

( )2

2
!"# 1

y y
S

n

!
=

!
"

( )2

xy y!" m ( )2

2
!"#$
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!
=
"
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=
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A2F+(H +&$+O"$4" ,2:&+*$+@ ->;;' :=2(*2&+= +&:<+$"$4@ : 
+-&2&+1$+@ = *2-1"&" $2 +($> -&")"$D -=+8+(', )+<>14; ="<414$> -
:*4&"*4H L4O"*2:  

. (1.11) 

A2@("$$+" %$21"$4" -:*4&"*4H L4O"*2 -*2=$4=2"&-H - 
&28<41$'; %$21"$4";  (<H ='8*2$$+3+ >*+=$H 

%$214;+-&4  4 -&")"$"@ -=+8+('  4 . .-<4 

%$21"$4" -:*4&"*4H 8+<DO" &28<41$+3+, &+ )*4%$2"&-H 
-&2&4-&41"-:2H %$214;+-&D ;+("<4 = #"<+;. 

C<H )2*$+@ <4$"@$+@ *"3*"--44 , )+I&+;>  -++&$+O"$4" 
(1.11) )*4$4;2"& =4(  

. 

A"&*>($+ )+:2%2&D, 1&+ ="<414$2 -:*4&"*4H -=H%2$2 - 

:+I,,4#4"$&+; ("&"*;4$2#44 , 4 "" ;+G$+ *2--14&2&D )+ 

,+*;><":  

. (1.12) 

?*4 )+-&*+"$44 *"3*"--4+$$'F ;+("<"@ #"<"-++8*2%$+ +#"$4&D 
%$214;+-&D $" &+<D:+ >*2=$"$4H = #"<+;, $+ 4 +&("<D$'F "3+ 
)2*2;"&*+=. B I&+@ #"<DJ (<H :2G(+3+ )2*2;"&*2 +)*"("<H"&-H "3+ 
()"$8"#)$"% '<,64" :  4 . 

B&2$(2*&$2H +O48:2 :+I,,4#4"$&2 *"3*"--44 +)*"("<H"&-H )+ 
,+*;><":  

 , 

5"<414$2 -&2$(2*&$+@ +O48:4 -+=;"-&$+ - -#"(&#*8*/*$,*3 
B)078*$)"  )*4  -&")"$HF -=+8+(' )*4;"$H"&-H (<H )*+="*:4 
-&2&4-&41"-:+@ ->P"-&="$$+-&4 :+I,,4#4"$&2 *"3*"--44 4 (<H 
*2-1"&2 "3+ (+="*4&"<D$+3+ 4$&"*=2<2. 

F

2
!"#$
2
%&$

S
F

S
=

F

( )!"#$ 1 2; ;F k k!

! 1k m= 2 1k n m= ! !

F

1m=

( )
( )

( )
2

2
!"#$
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!
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= ! "
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!"# !"#
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= =

"#$
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C<H +#"$:4 ->P"-&="$$+-&4 :+I,,4#4"$&2 *"3*"--44  
='14-<H"&-H "3+ +&$+O"$4" : ="<414$" -&2$(2*&$+@ +O48:4, &.". 

+)*"( "<H"&-H %$21"$4" -:*4&"*4H B&DJ("$&2:  :+&+*+" %2&"; 

-*2=$4=2"&-H - &28<41$'; %$21"$4"; )*4 ='8*2$$+;  >*+=$" 
%$214;+-&4  4 14-<" -&")"$"@ -=+8+(' . C+="*4&"<D$'@ 

4$&"*=2< (<H :+I,,4#4"$&2 *"3*"--44 +)*"("<H"&-H :2: . 

?+-:+<D:> %$2: :+I,,4#4 "$&2 *"3*"--44 >:2%'=2"& $2 $2)*2=<"$4" 
4%;"$"$4H *"%><D&2&4=$+3+ )*4%$2:2 3*2$4#' (+="*4&"<D$+3+ 
4$&"*=2<2 (<H :+I,,4#4"$&2 *"3*"--44 $" ;+3>& )*4$4;2&D %$21"$4H 
*2%$'F %$2:+=, $2)*4;"*, . ?+(+8$2H -4&>2#4H >:2%'=2"& 
<48+ $2 -&2&4-&41"-:>J $" %$214;+-&D )2*2;"&*2, <48+ $2 3*>8>J 
+O48:> ='14-<"$4@. 

B&2$(2*&$2H +O48:2 )2*2;"&*2  +)*"("<H"&-H )+ ,+*;><":  

 . 

?*+#"(>*2 +#"$4=2$4H ->P"-&="$$+-&4 (2$$+3+ )2*2;"&*2 $" 
+&<412"&-H +& *2--;+&*"$$+@ ='O" (<H :+I,,4#4"$&2 *"3*"--44. 

5'14-<H"&-H -:*4&"*4@: , "3+ ="<414$2 -*2=$4=2"&-H - 

&28<41$'; %$21"$4"; )*4  -&")"$HF -=+8+('.  
7$214;+-&D <4$"@$+3+ :+I,,4#4"$&2 :+**"<H#44 )*+="*H"&-H $2 

+-$+=" ="<414$' +O48:4 :+I,,4#4"$&2 :+**"<H#44 : 

. 

7$21"$4" -:*4&"*4H B&DJ("$&2 +)*"("<H"&-H :2: . 

6%="-&$2 -=H%D ;"G(> -:*4&"*4"; B&DJ("$&2 4 -:*4&"*4"; 
L4O"*2:  

 . 

5 )*+3$+%$'F *2-1"&2F )+ >*2=$"$4J *"3*"--44 +)*"("<H"&-H 
)*"(-:2%'=2";+" 4$(4=4(>2<D$+" %$21"$4" pyö  :2: &+1"1$'@ )*+3$+% 

t b
b

b
t

m
=

! ( )2n !

!"#$ bb t m± !

1,5 0,8b! " "

a

( )

2 2
2 2
!"# !"#2 2 2a

x

x x
m S S

nn x x !
= " = "
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=

2n!
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!

=
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=
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)*4 pxx= , &.". )>&"; )+(-&2$+=:4 = <4$"@$+" >*2=$"$4"  

-++&="&-&=>JP"3+ %$21"$4H . K($2: + &+1"1$'@ )*+3$+% H=$+ 
$"*"2<4-&41"$, )+I&+;> +$ (+)+<$H"&-H *2-1"&+; -&2$(2*&$+@ 
+O48:4, 

( )2
2

1
1

x

p
!"#y

n

xx

n
Sm

p !

"
++=  

4 )+-&*+"$4"; (+="*4&"<D$+3+ 4$&"*=2<2 )*+3$+%$+3+ %$21"$4H pyö : 

!"#$ypp tmyöyö
p

±=  

?*+4<<J-&*4*>";  4%<+G"$$>J )*+#"(>*> $2 :+$:*"&$+; 
)*4;"*".  

<&0+)& 1. A2 +-$+=2$44 +)*+-2 =+-D;4 3*>)) -";"@ )+<>1"$' 
(2$$'" + -=H%4 *2-F+(+= $2-"<"$4H $2 )*+(>:&' )4&2$4H - >*+=$"; 
(+F+(+= -";D4, :+&+*'" )*"(-&2=<"$' = &28<4#" 2. 

S28<4#2 2 
!2-F+(' $2 )*+(>:&' 
)4&2$4H, , &'-. *>8.  

0,9 1,2 1,8 2,2 2,6 2,9 3,3 3,8 

C+F+(' -";D4, , 
&'-. *>8.  

1,2 3,1 5,3 7,4 9,6 11,8 14,5 18,7 

!>:+=+(-&=>H-D )*"()+<+G"$4"; + <4$"@$+-&4 -=H%4 ;"G(> 
(+F+(2;4 -";D4 4 *2-F+(2;4 $2 )*+(>:&' )4&2$4H, *2--14&2"; 
)2*2;"&*' <4$"@$+3+ >*2=$"$4H )2*$+@ *"3*"--44. !"%><D&2&' 
='14-<"$4@ )*"(-& 2=4; = ,+*;" &28<4#'  3. 

6-)+<D%>H *2$"" )+<>1"$$'" *2-1"&$'" -++&$+O"$4H, $2@("; 

 ; 

 . 

S28<4#2 3 

         / %  

1 2 3 4 5 6 7 8 9 10 
1 1,2 0,9 1,08 1,44 0,81 1,038 -0,138 0,0190 15,33 

xy a b x= + !

x

y

x

( )
2 2 2

cov ,  26,09 8,95 2,34
0,168

30,56x

x y x y x y
b

x x!
" # " # "

= = = =
#

2,34 0,168 8,95 0,836a y b x= ! " = ! " =

x y x y! 2x 2y
xy xy y! ( )2

xy y!
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2 3,1 1,2 3,72 9,61 1,44 1,357 -0,157 0,0246 13,08 
3 5,3 1,8 9,54 28,09 3,24 1,726 0,074 0,0055 4,11 
4 7,4 2,2 16,28 54,76 4,84 2,079 0,121 0,0146 5,50 
5 9,6 2,6 24,96 92,16 6,76 2,449 0,151 0,0228 5,81 
6 11,8 2,9 34,22 139,24 8,41 2,818 0,082 0,0067 2,83 
7 14,5 3,3 47,85 210,25 10,89 3,272 0,028 0,0008 0,85 
8 18,7 3,8 71,06 349,69 14,44 3,978 -0,178 0,0317 4,68 

6 &+3+ 71,6 18,7 208,71 885,24 50,83 18,717 -0,017 0,1257 52,19 
B*"(
$""  

%$21"
$4" 

8,95 2,34 26,09 110,66 6,35 2,34 Ð 0,0157 6,52 

 5,53 0,935 Ð Ð Ð Ð Ð Ð Ð 

 30,56 0,874 Ð Ð Ð Ð Ð Ð Ð 

 

?+<>14<4 >*2=$"$4": . 5 -+("*G2&"<D$+; 

-;'-<" I&+ +%$212"&, 1&+ - >="<41"$4"; (+F+(2 -";D4 $2 1000 *>8. 
*2-F+(' $2 )4&2$4"  = -*"($";  >="<414=2J&-H $2 168 *>8. 

02: 8'<+ >)+;H$>& + ='O", >*2 =$"$4" <4$"@$+@ *"3*"--44 
#"<"-++8*2%$+ (+)+<$4&D )+:2%2&"<"; &"-$+&' -=H%4 Ð <4$"@$'; 
:+I,,4#4"$&+; :+**"<H#44 : 

 . 

R<4%+-&D :+I,,4#4"$&2 :+**"<H#44 : 1 >:2%'=2"& $2 ="-D;2 
&"-$>J <4$"@$>J -=H%D ;"G(> )*4%$2:2;4. 

0+I,,4#4"$& ("&"*;4$2#44  )+:2%'=2"&, 1&+ 

>*2=$"$4"; *"3*"--44 +8TH-$H"&-H 98,7% (4-)"*-44 *"%><D&2&4=$+3+ 
)*4%$2:2, 2 $2 (+<J )*+14F ,2:&+*+= )*4F+(4&-H <4OD 1,3%. 

K#"$4; :21"-&=+ >*2=$"$4H *"3*"--44 = #"<+; - )+;+PDJ -
:*4&"*4H L4O"*2  

 . 

!
2!

0,836 0,168xy x= + !

xyr

5,53
0,168 0,994
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x

xy
y
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= " = " =

2 0,987xyr =
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2

0,987
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1 1 0,987
xy

xy

r
F n

r
= ! " = ! =
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S28<41$+" %$21"$4" ( , , ): . 

S2: :2:,  !"#$FF >  )*4%$2"&-H -&2&4-&41"-:2H %$214;+-&D >*2=$"$4H = 

#"<+;.  
C<H +#"$:4 -&2&4-&41"-:+@ %$214;+-&4 :+I,,4#4"$&+= 

*"3*"--44 4 :+I,,4#4"$&2 :+**"<H#44 *2--14&2"; -:*4&"*4@ 
B&DJ("$&2 4 (+="*4&"<D$'" 4$&"*=2<' :2G(+3+ 4% )+:2%2&"<"@. 
!2--14&2"; -<>12@$'" +O48:4 )2*2;"&*+= <4$"@$+@ *"3*"--44 4 

:+I,,4#4"$&2 :+**"<H#44 : 

 , 

 , 

 . 

!2-1"&$'"  %$21"$4H --&2&4-&4:: 

, , . 

S28<41$+" %$21"$4" -:*4&"*4H B&DJ("$&2 )*4  4 14-<" 

-&")"$"@ -=+8+('  "-&D . S2: :2: , 

 4 , )*4%$2"; -&2&4-&41"-:>J %$214;+-&D )2*2;"&*+= 

*"3*"--44 4 )+:2%2&"<H &"-$+&' -=H%4. !2--14&2"; (+="*4&"<D$'" 
4$&"*=2<' (<H )2*2;"&*+= *"3*"--44  4 :  4 . 

?+<>14;, 1&+  4 . 

B*"($HH +O48:2 2))*+:-4;2#44 )  

-=4("&"<D-&=>"& + F+*+O"; :21"-&=" >*2=$"$4H *"3*"--44.   
C<H =4%>2<D$+@ +#"$:4 :21"-&=2 )+<>1"$$+@ ;+("<4, $2 +($+; 

3*2,4:" 4%+8*2%4; 4-F+($'" (2$$'" 4 <4$4J *"3*"--44  (*4-.2). 

1 1k = 2 2 6k n= ! = 0,05! = !"#$ 5,99F =

t

( )2

2
!"#

0,1257
0,021

2 8 2

xy y
S

n

! "#$ %= = =$ %# #$ %
& '

(

!"# 0,021
0,0093

5,53 8
b

x

S
m

n!
= = =

" "
2

!"#

0,021 885,24
0,0975

5,53 8a
x

x
m S

n!
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= " = =
" "

#

21 1 0,987
0,0465

2 6r

r
m

n
! !

= = =
!

t
0,168

18,065
0,0093bt = =

0,836
8,574

0,0975at = =
0,994

21,376
0,0465rt = =

t 0,05! =

2 6n! = " = !"#$ 2,447t = !"#$bt t>

!"#$at t> !"#$rt t>

a b aa t m± ! bb t m± !
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G-8.2. F8O69&'$ 92&&'$ - :-&-K ,$3,$88--  

!"%><D&2&' 3*2,41"-:4F )+-&*+"$4@ )+(&="*G(2J& ='-+:>J 
-&")"$D -++&="&-&=4H )+-&*+"$$+@ ;+("<4 *"%><D&2&2; $28<J("$4@. 

1.3. )$:-&$(&'$ 769$:- ;2,&6( ,$3,$88-- - 56,,$:KJ-K  
.-<4 ;"G(> I:+$+;41"-:4;4 H=<"$4H;4 ->P"-&=>J& $"<4$"@$'" 

-++&$+O"$4H, &+ +$4 ='*2G2J&-H - )+;+PDJ -++&="&-&=>JP4F 
$"<4$"@$'F ,>$:#4@. 

!2%<412J& (=2 :<2--2 $*/,$*:$2A #*+#*((,: : 
1. !"3*"--44, $"<4$"@$'" +&$+-4&"<D$+ =:<J1"$$'F = 2$2<4% 

+8TH-$HJP4F )"*";"$$'F, $+ <4$"@$'" )+ +#"$4=2";'; 
)2*2;"&*2;, $2)*4;"*  

Ð )+<4$+;' *2%<41$'F -&")"$"@ Ð , 

; 

Ð *2=$+-&+*+$$HH 34)"*8+<2 Ð ; 

Ð )+<><+32*4,;41"-:2H ,>$:#4H Ð . 

2. !"3*"--44, $"<4$"@$'" )+ +#"$4=2";'; )2*2;"&*2;, 
$2)*4;"*  

Ð -&")"$$2H Ð ; 

Ð )+:2%2&"<D$2H Ð ; 

2
xy a b x c x= + ! + !

2 3
xy a b x c x d x= + ! + ! + !

xy a b x= +

lnxy a b x= + !

b
xy a x= !

x
xy a b= !
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Ð I:-)+$"$#42<D$2H Ð . 

!"3*"--44 $"<4$"@$'" )+ =:<J1"$$'; )"*";"$$'; )*4=+(H&-H : 

<4$"@$+;> =4(> )*+-&+@ %2;"$+@ )"*";"$$'F, 2 (2<D$"@O2H +#"$:2 

)2*2;"&*+= )*+4%=+(4&-H - )+;+PDJ ;"&+(2 $24;"$DO4F :=2(*2&+=. 

!2=$+-&+*+$$HH 34)"*8+<2  ;+G"& 8'&D 4-)+<D%+=2$2 (<H 

+)4-2$4H -=H%4 >("<D$'F *2-F+(+= -'*DH, ;2&"*42<+=, &+)<4=2 - 

+8T";+; =')>-:2";+@ )*+(>:#44; =*";"$4 +8*2P"$4H &+=2*+= - 

+8T";+; &+=2*++8+*+&2; )*+#"$&2 )*4*+-&2 %2*28+&$+@ )<2&' - 

>*+=$"; 8"%*28+&4#' ($2)*4;"*, :*4=2H /.5. L4<<4)-2); *2-F+(+= $2 

$")*+(+=+<D-&="$$'" &+=2*' 4 +8P"@ ->;;' *2-F+(+= ($2)*4;"*, 

:*4='" 9. 9$3"<H) 4 = (*>34F - <>12HF. W4)"*8+<2 )*4=+(4&-H : 

<4$"@$+;> >*2=$"$4J )*+-&+@ %2;"$+@: . B4-&";2 <4$"@$'F 

>*2=$"$4@ (<H +&'-:2$4H :+I,,4#4"$&+= ;+("<4  8>("& 4;"&D =4(: 

  

/$2<+341$'; +8*2%+; )*4=+(H&-H : <4$"@$+;> =4(> 

%2=4-4;+-&4 ,  4 *H( (*>34F. 

A"-:+<D:+ 4$21" +8-&+4& ("<+ - *"3*"--4H;4 $"<4$"@$';4 )+ 

+#"$4=2";'; )2*2;"&*2;, :+&+*'" ("<H&-H $2 (=2 &4)2: $*/,$*:$2* 

3'8*/, 1$.)#*$$* /,$*:$2*  ()*4=+(H&-H : <4$"@$+;> =4(> - 

)+;+PDJ -++&="&-&=>JP4F )*"+8*2%+=2$4@, $2)*4;"*, 

<+32*4,;4*+=2$4";) 4 $*/,$*:$2* 3'8*/, 1$.)#*$$* $*/,$*:$2*  (: 

<4$"@$+;> =4(> $" )*4=+(H&-H). 

0 =$>&*"$$" <4$"@$'; ;+("<H; +&$+-H&-H, $2)*4;"*, -&")"$$2H 

,>$:#4H Ð , )+:2%2&"<D$2H Ð , I:-)+$"$#42<D$2H Ð 

, <+34-&41"-:2H Ð , +8*2&$2H Ð . 

ea b x
xy + !=

xy a b x= +

1z x=

2

1
      ;

1 1 1
.

a n b y
x

a b y
x x x

! " + " =##
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# " + " = "
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& &
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lnxy a b x= + ! xy a b x= + !
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xy a x= ! x

xy a b= !
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1 ex c x
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+ "

1
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=
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0 =$>&*"$$" $"<4$"@$'; ;+("<H; ;+G$+ , $2)*4;"*, +&$"-&4 

-<"(>JP4" ;+("<4: , . 

B*"(4 $"<4$"@$'F ;+("<"@ $248+<"" 12-&+ 4-)+<D%>"&-H 

-&")"$$2H ,>$:#4H , :+&+*2H )*4=+(4&-H : <4$"@$+;> =4(> 

<+32*4,;4*+=2$4";:  

  ; 

  ; 

  , 
3(" . S.". NA0 )*4;"$H"&-H (<H 

)*"+8*2%+=2$$'F (2$$'F:  

 

2 %2&"; )+&"$#4*+=2$4"; $2F+(H&-H 4-:+;'" )2*2;"&*'.  
Z4*+:+" 4-)+<D%+=2$4" -&")"$$+@ ,>$:#44 -=H%2$+ - &";, 1&+ 

)2*2;"&*  = $"@ 4;""& 1"&:+" I:+$+;41"-:+" 4-&+<:+=2$4" Ð +$ 
H=<H"&-H 4'>55,=,*$)'3 >/"(),9$'(), , :+&+*'@ )+:2%'=2"&, $2 
-:+<D:+ )*+#"$&+= 4%;"$4&-H = -*"($"; *"%><D&2&4=$2H )"*";"$$2H, 
"-<4 ,2:&+*$2H )"*";"$$2H 4%;"$4&-H $2 1%. L+*;><2 (<H *2-1"&2 
:+I,,4#4"$&2 I<2-&41$+-&4 4;""& =4(:  

. (1.13) 

S2: :2: (<H (*>34F ,>$:#4@ :+I,,4#4"$& I<2-&41$+-&4 $" 
H=<H"&-H )+-&+H$$+@ ="<414$+@, 2 %2=4-4& +& -++&="&-&=>JP"3+ 
%$21"$4H ,2:&+*$+@ )"*";"$$+@, &+ = *2-1"&2F +8'1$+ )*4;"$H "&-H 
="<414$2 (#*8$*+'  4'>55,=,*$) >/"(),9$'(), : 

 .        

5 &28<4#" 4 )*4="("$' ,+*;><' -*"($4F :+I,,4#4"$&+= 
I<2-&41$+-&4 (<H $248+<"" 12-&+ 4-)+<D%>";'F &4)+= >*2=$"$4@ 
*"3*"--44 . 

c
xy a b x= + !

1
1

1x by a
x

! "= # $% &$' (

by a x != " "

( )ln ln by a x != " "

ln ln ln lny a b x != + " +

Y A b X= + ! + "
ln , ln , ln , lnY y X x A a != = = " =

2

      ,

,

A n b X Y

A X b X X Y

! " + " =#
$

" + " = "#%

& &
& & &

b

( ) x
! f x

y
!= "

( ) x
! f x

y
!= "
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S28<4#2 4 

54( ,>$:#44,  
?"*=2H )*+4%=+($2H, 

 

B*"($4@ 
:+I,,4#4"$& 

I<2-&41$+-&4,!  
1 2 3 

   

   

   

   

   

   

   

   

 
?*4 4$&"*)*"&2#44 *"%><D&2&+= ;+("<4*+=2$4H >*2=$"$4" 

$"<4$"@$+@ *"3*"--44, &2: G", :2: 4 = -<>12" <4$"@$+@ %2=4-4;+-&4, 
(+)+<$H"&-H )+:2%2&"<"; &"-$+&' -=H%4, :+&+*2H = I&+; -<>12" 
+#"$4=2"&-H ="<414$+@ ,$8*4( "  4'##*/%=,, : 

, (1.14) 

3("  Ð +8P2H (4-)"*-4H *"%><D&2&4=$+3+ )*4%$2:2 , 

 Ð +-&2&+1$2H (4-)"*-4H. 

5"<414$2 (2$$+3+ )+:2%2&"<H $2F+(4&-H = )*"("<2F: . 

X"; 8<4G" %$21"$4" 4$(":-2 :+**"<H#44 : "(4$4#", &"; &"-$"" -=H%D 

y
y!

y a b x != + " + b
b x

a b x
!

+ !

2y a b x c x != + " + " + 2b c x+ !
( )

2

2b c x x

a b x c x

+ ! !

+ ! + !
b

y a
x

!= + + 2

b
x

!
b

a x b
!

" +
by a x != " " 1ba b x !" " b
xy a b != " " ln xa b b! ! lnx b!

lny a b x != + " +
b
x ln

b
a b x+ !

1 e c x

a
y

b !" # +=
+ # ( )2

e

1 e

c x

c x

a b c

b

! "

! "

" " "

+ " ec x

b c x
b !

! !
+

1
y

a b x !
=

+ " + ( )2

b

a b x
!

+ "
b x

a b x
!

"
+ !

2
!"#
21xy
y

!
"

!
= #

( )22 1
y y y

n
! = "# y

( )2
2
!"#

1
xy y

n
! = "#

0 1xy!" "
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*2--;2&*4=2";'F )*4%$2:+=  = *2;:2F ='8*2$$+3+ &4)2 %2=4-4;+-&4, 
2 >*2=$"$4" *"3*"--44 -&2&4-&41"-:4 $2("G$"". 0=2(*2& 4$(":-2 
:+**"<H#44 $+-4& $2%=2$4" ,$8*4(" 8*)*#3,$"=,,  4 F2*2:&"*4%>"& 
(+<J (4-)"*-44 *"%><D&2&4=$+3+ )*4%$2:2 , +8TH-$H";>J 

='8*2$$'; &4)+; *"3*"--4+$$+@ %2=4-4;+-&4 , = +8P"@ (4-)"*-44 
*"%><D&2&4=$+3+ )*4%$2:2: 

, 

B*2=$"$4" 4$(":- 2 ("&"*;4$2#44  - :+I,,4#4"$&+; 

("&"*;4$2#44  )+%=+<H"& +#"$4&D -&")"$D Ç$"<4$"@$+-&4È +8T":&2 

4--<"(+=2$4H. X"; 8+<DO" :*4=4%$2 <4$44 *"3*"--44, &"; ="<414$2 

 -4<D$"" +&<412"&-H +& . R<4%+-&D I&4F )+:2%2&"<"@ >:2%'=2"& $2 

&+, 1&+ $"+8F+(4;+-&4 >-<+G$H&D ,+*;> >*2=$"$4H *"3*"--44 
+&->&-&=>"& 4 ;+G$+ - >-)"F+; 4-)+<D%+=2&D <4$"@$>J ,>$:#4J. 

6$(":- ("&"*;4$2#44 4-)+<D%>"&-H (<H )*+="*:4 
->P"-&="$$+-&4 = #"<+; >*2=$"$4H *"3*"--44 )+ -:*4&"*4J 
L4O"*2:  

,  

3("  Ð 4$(":- ("&"*;4$2#44,  Ð 14-<+ $28<J("$4@,  Ð 14-<+ 

)2*2;"&*+= )*4 )"*";"$$+@ . 7$21"$4" -:*4&"*4H -*2=$4=2"&-H - 
&28<41$'; )*4 >*+=$" %$214;+-&4  4 14-<" -&")"$"@ -=+8+(' 

 ((<H +-&2&+1$+@ ->;;' :=2(*2&+=) 4  ((<H 

,2:&+*$+@ ->;;' :=2(*2&+=).  
K :21"-&=" $"<4$"@$+3+ >*2=$"$4H *"3*"--44 ;+G$+ &2:G" 

->(4&D 4 )+ -*"($"@ +O48:" 2))*+:-4; 2#44, :+&+*2H *2--14&'=2"&-H 
&2: G", :2: 4 (<H <4$"@$+3+ -<>12H. 

?+-&*+4; ;+("<D $"<4$"@$+@ *"3*"--44 =4(2 , )+  &"; 

G" (2$$';, 1&+  8'<4 4-)+<D%+=2$' )*4 )+-&*+"$44 <4$"@$+@ 
;+("<4 = )*4;"*" 1.  

y

22
!"#$2 %&$

2 21xy
y y

!!
"

! !
= # =

2
xy!

2
xyr

2
xyr 2

xy!

F

2

2

1
1

xy

xy

n m
F

m

!
!

" "
= #

"
2
xy! n m

x F

!

2 1k n m= ! ! 1k m=

by a x != " "
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!#,3*# 2. C<H $2F+G("$4H )2*2;"&*+= *"3*"--44  

$"+8F+(4;+ )*+="-&4 "" <4$"2*4%2#4J, :2: 8'<+ )+:2%2$+ ='O":  
  , 3(" . 

C<H >(+8-&=2 ='14-<"$4@ )+-&*+4; &28<4#> 2$2<+341$>J &+@, 
1&+ 8'<2 )+-&*+"$2 (<H )+<>1"$4H <4$"@$+@ *"3*"--4+$$+@ ;+("<4 
(&28<4#2 5). 

S28<4#2 5 

          

1 2 3 4 5 6 7 8 9 10 
1 1,182 -0,105 -0,019 0,033 0,011 0,8149 0,0851 0,0072 9,46 
2 1,131 0,182 0,206 1,280 0,033 1,3747 -0,1747 0,0305 14,56 
3 1,668 0,588 0,980 2,781 0,345 1,8473 -0,0473 0,0022 2,63 
4 2,001 0,788 1,578 4,006 0,622 2,2203 -0,0203 0,0004 0,92 
5 2,262 0,956 2,161 5,116 0,913 2,5627 0,0373 0,0014 1,43 
6 2,468 1,065 2,628 6,092 1,134 2,8713 0,0287 0,0008 0,99 
7 2,674 1,194 3,193 7,151 1,425 3,2165 0,0835 0,0070 2,53 
8 2,929 1,335 3,910 8,576 1,782 3,7004 0,0996 0,0099 2,62 
6&+3+ 15,315 6,002 14,637 35,035 6,266 18,608 0,0919 0,0595 35,14 
B*"(
$"" 
%$21"
$4" 

1,914 0,750 1,830 4,379 0,783 Ð Ð 0,0074 4,39 

 0,846 0,470 Ð Ð Ð Ð Ð Ð Ð 

 0,716 0,221 Ð Ð Ð Ð Ð Ð Ð 

5'14-<HH , 4  

. ?+<>14; >*2=$"$4" 

*"3*"--44 (<H )*"+8*2%+=2$$'F )"*";"$$'F . 6 

+:+$12&"<D$+ )+-<" )+&"$#4*+=2$4H . C2<"" )+ 

,+*;><" (1.14)  $2F+(4; ="<414$> 4$(":-2 :+**"<H#44 9830,xy =!  4 

4$(":- ("&"*;4$2#44 , :+&+*'@ )+:2%'=2"&, 1&+ 96,7% 

=2*42#44 *"%><D&2&4=$+3+ )*4%$2:2 +8TH-$H"&-H =2*42#4"@ )*4%$2:2-
,2:&+*2, 2 3,3% )*4F+(4&-H $2 (+<J )*+14F ,2:&+*+=. 

by a x != " "

Y A b X E= + ! + ln , ln , ln , lnY y X x A a E != = = =

X Y X Y! 2X 2Y xy ! 2! iA

!
2!

( )
2

cov ,  1,830 1,914 0,750
0,551

0,716X

X Y
b

!
" #

= = =

0,750 0,551 1,914 0,305A Y b X= ! " = ! " = !

0,305 0,551xY X= ! + "
0,5510,737xy x= !

2 0,967! =
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B*"($HH +O48:2 2))*+:-4;2#44: . 9&+ 

-=4("&"<D-&=>"&, 1&+ <4$4H *"3*"--44 F+*+O+ )*48<4G2"& 4-F+($'" 
(2$$'".  

-:*4&"*4@ L4O"*2: 

  , 

%$214&"<D$+ )*"='O2"& &28<41$+". F&28<.= 5,99, &+ "-&D )+-&*+"$$2H 
;+("<D  -&2&4-&41"-:4 %$214;2 4 2(":=2&$+ +)4-'=2"& *"%><D&2&' 
$28<J("$4@. B*2=$4=2H -&")"$$>J ;+("<D - <4$"@$+@, <"3:+ 
>8"(4&D-H = 4F )*2:&41"-:+@ *2=$+#"$$+-&4. .-<4 <4$"@$+" 
>*2=$"$4" ='3<H(4& $"-:+<D:+ )*"()+1&4&"<D$"@ )+ ="<414$" 
4$(":-2 ("&"*;4$2#44, &+ -&" )"$$2H ;+("<D ='43*'=2"& )+ -*"($"@ 
+O48:" 2))*+:-4;2#44.  

P292%- 9:K 8276816K1$:?&636 ,$N$&-K 
M1. 5 &28<4#" )*4="("$' (2$$'" + *+-&" ;>G14$ 4 *+-&" 4F 

-+="*O"$$+<"&$4F -'$+="@ 
!+-& +&#+=, 
F, -;  

184 
 

176 175 192 168 181 173 178 174 180 

!+-& -'$+="@, 
y, -;  

188 173 185 184 174 179 173 180 171 183 

A2@&4 :+I,,4#4"$& :+**"<H#44 ;"G(> *+-&+; +&#+= 4 -'$+="@ 4 
='H-$4&D, = :2:+@ ;"*" *+-& -'$+="@ %2=4-4& +& *+-&2 +&#+=. 
S*>(+";:+-&D Ð 10 (;4$ /*28) I:-)"*&2.  

M2. 5 &28<4#" )*4="("$' $28<J(2";'" 4 ='14-<"$$'" - 
)+;+PDJ ;+("<4 )2*$+@ -&")"$$+@ *"3*"--44 %$21"$4H )*48'<4 
,4*;' = %2=4-4;+-&4 +& $":+&+*+@ ,2:&+*$+@ )"*";"$$+@ 

.!"#.$%&y  10 12 15 17 18 11 13 19 

.!"#.$%&yö  11 11 17 15 20 11 14 16 

K#"$4&D -&2&4-&41"-:>J %$214;+-&D ;+("<4 )+ :*4&"*4J 
L4O"*2 4 - )+;+PDJ 4$(":-2 ("&"*;4$2#44 >-& 2$+=4&D -&")"$D 
&"-$+&' -=H%4 ;"G(> *"%><D&2&4=$+@ )"*";"$$+@ 4 ,2:&+*+; = 
*2;:2F ='8*2$$+@ ;+("<4.  S*>(+";:+-&D Ð 5 (;4$ /*28) I:-)"*&2.  

4,39%A=

F
2

2

1 0,967 8 1 1
175,82

1 1 0,967 1
xy

xy

n m
F

m

!
!

" " " "
= # = # =

" "
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M3. ?+ *"%><D&2&2; 20 $28<J("$4@ 8'<2 )+-&*+"$2 ;+("<D 
)2*$+@ <4$"@$+@ *"3*"--44 =4(2 bxayö += . 7$21"$4" :*4&"*4H 

B&DJ("$&2 (<H :+I,,4#4"$&2 *"3*"--44 556,tb = . A2@&4 :+I,,4#4"$& 

("&"*;4$2#44 4 >-&2$+=4&D -&")"$D &"-$+&' -=H%4 ;"G(> 
)"*";"$$';4. ?+ :*4&"*4J L4O"*2 +#"$4&D -&2&4-&41"-:>J 
%$214;+-&D ;+("<4. S*>(+";:+-&D Ð 10 (;4$ /*28) I:-)"*&2.  

M 4. 6%;"$"$4H +8T";2 )*+(2G ;232%4$2 y )+ *"%><D&2&2; 

$28<J("$4@ = &"1"$4" 9 ;"-H#"= )*"(-&2=<"$' = &28<4#"  
!"#.$%&y  53 36 28 25 23 24 22 21 22 
.!"#t  1 2 3 4 5 6 7 8 9 

?+(+8*2&D *"3*"--4+$$>J ;+("<D $24<>1O4; +8*2%+; 
-++&="&-&=>JP>J $28<J("$4H; 4 )+-*"(-&=+; 4$(":-2 
("&"*;4$2#44 +#"$4&D -&")"$D &"-$+&' -=H%4 ;"G(> )"*";"$$';4 = 
*2;:2F I&+@ ;+("<4. S*>(+";:+-&D Ð 40 (;4$ /*28) I:-)"*&2.  

M 5. 5 &28<4#" )*4="("$' -="("$4H )+ 12 +8<2-&H; + -&+4;+-&4 
;4$4;2<D$+@ )+&*"84&"<D-:+@ :+*%4$' x &'-. *>8. 4 ="<414$" 
-*"($"@ %2*28+&$+@ )<2&' y &'-. *>8.  
M  
) /)  

52*42$& 1 52*42$& 2 52*42$& 3 52*42$& 4 52*42$& 5 
x y x y x y x y x y 

1 7,9 13,4 9,2 14,7 7,5 13,3 6,9 12,4 7,8 13.3 
2 9,1 15,4 7,8 13,3 7,8 12,5 8,3 13,3 9,4 13,9 
3 7,7 12,8 7,9 12,8 8,1 12,9 9,2 14,6 8,5 14,1 
4 8,7 13,8 8,8 15,2 9,3 15,3 9,7 15,3 7,3 12.7 
5 8,4 13,3 8,7 13,8 8,6 14,0 8,8 13,8 9,1 15,4 
6 7,6 14,4 7,5 12,2 7,7 13,5 9,3 15,9 8,8 14,2 
7 8,4 16,0 8,1 14,5 8,3 14,1 7.4 14,5 7,3 12,2 
8 9,4 14,9 9,6 14,1 9,4 15,2 7,9 15,2 8,2 13,5 
9 7,9 12,5 8,0 12,7 8,8 13,3 10,5 16,8 9,9 14,2 
10 9,8 16,3 10,2 15,1 9,9 15,6 9.9 15,4 11,3 16,8 
11 8,1 12,0 8,3 12,9 8,0 12,4 8,5 12,7 6,9 12,4 
12 11,5 16,2 9,4 14,7 11,2 15,6 9,4 15,5 8,3 13.0 
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?+-&*+4&D <4$"@$+" >*2=$"$4" )2*$+@ *"3*"--44 y +& x; 
='14-<4&D :+I,,4#4"$& )2*$+@ :+**"<H#44 4 ="<414$> -*"($"@ 
+O48:4 2))*+:-4;2#44; +#"$4&D -&2&4-&41"-:>J %$214;+-&D ;+("<4 
= #"<+; 4 "" )2*2;"&*+= )+ :*4&"*4H; L4O"*2 4 B&DJ("$&2; $2@&4 
(<4$> (+="*4&"<D$+3+ 4$&"*=2<2 +#"$+: )2*2;"&*+= ;+("<4. 
S*>(+";:+-&D  Ð 30 (;4$ /*28) I:-)"*&2.  

M 6. 5 &28<4#" )*4="("$' -="("$4H + ="<414$" -*"($"@ 
%2*28+&$+@ )<2&' *28+&$4:+=, %2$H&'F = *2%<41$'F -,"*2F 
("H&"<D$+-&4 x &'-. *>8. 4 ="<414$" 4F )+&*"84&"<D-:4F *2-F+(+= y 
&'-. *>8.  

A24;"$+=2$4" 
+&*2-<4 

!"34+$ 1 !"34+$ 2 !"34+$ 3 !"34+$ 4 

x y x y x y x y 

N2O4$+-&*+"$4" 35,2 26,7 40,2 27,1 38,2 25,2 38,1 29.2 

N"&2<<++8*28+&:2 32,7 25,1 31,9 26,0 35,7 29,1 41,1 32,7 

[4;41"-:2H 
)*+;'O<"$$+- &D 

28,1 21,3 30,4 24,9 33,3 25,8 33,2 27,1 

B&*+4&"<D-&=+ 36,7 29,2 32,9 28,3 38,3 28,5 35,6 28,3 

S*2$-)+*& 27,2 22,5 25,8 22,1 30,6 24,2 29.0 22,1 

B=H%D 21,0 17,1 24,1 19,3 22,9 18,4 23.9 18,6 

B"<D-:+" 
F+%H@-&=+ 

18,3 16,6 17,2 16,0 20.1 17,2 17,5 16,0 

S+*3+=<H 23,4 17,9 23,5 17,1 22,8 19,2 23,8 19,1 

K8*2%+=2$4" 22,3 15,8 26,6 20,7 24,8 19.1 24,0 20.1 

7(*2=++F*2$"$4" 17,9 15,3 19,9 17,0 21,0 17,3 23,6 17,4 

C<H ='8*2$$+3+ =2*42$&2 )+-&*+4&D <4$"@$>J ;+("<D )2*$+@ 
*"3*"--44  4 )*+="*4&D "" -&2&4-&41"-:>J %$214;+-&D; )+-&*+4&D 
)+<" :+**"<H#44 4 ='H-$4&D ;+G$+ <4 )+-&*+4&D $"<4$"@$>J 
;+("<D, <>1O" +)4-'=2JP>J *"%><D&2&' $28<J("$4@; )+-&*+4&D 
&2:>J ;+("<D 4 -*2=$4&D "" :21"-&=+ - <4$"@$+@ )+ ="<414$" 4$(":-2 
:+**"<H#44. S*>(+";: +-&D Ð 50 (;4$ /*28) I:-)"*&2.  
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1.4. M&6<$81.$&&2K ,$3,$88-K - 56,,$:KJ-K  
?2*$2H *"3*"--4H ;+G"& (2&D F+*+O4@ *"%><D&2& )*4 

;+("<4*+=2$44, "-<4 =<4H$4"; (*>34F ,2:&+*+=, =+%("@-&=>JP4F $2 
+8T":& 4--<"(+=2$4H, ;+G$+ )*"$"8*"1D. .-<4 G" I&4; =<4H$4"; 
)*" $"8*"1D $"<D%H, &+ -<"(>"& )+)'&2&D-H ='H=4&D =<4H$4" (*>34F 
,2:&+*+=, =="(H 4F = ;+("<D, &.". )+-&*+4&D .#"1$*$,* 
3$'C*()1*$$': #*+#*((,,  

, 

3("  Ð %2=4-4;2H )"*";"$$2H (*"%><D&2&4=$'@ )*4%$2:),  Ð 

$"%2=4-4;'", 4<4 +8TH-$HJP4", )"*";"$$'" ()*4%$2:4 -,2:& +*').  
K-$+=$2H #"<D ;$+G"-&="$$+@ *"3*"--44 Ð )+-&*+4&D ;+("<D - 

8+<DO4; 14-<+; ,2:&+*+=, +)*"("<4= )*4 I&+; =<4H$4" :2G(+3+ 4% 
$4F = +&("<D$+-&4, 2 &2:G" -+=+:>)$+" 4F =+%("@-&=4" $2 
;+("<4*>";'@ )+:2%2&"<D. 

?+-&*+"$4" >*2=$"$4H ;$+G"-&="$$+@ *"3*"--44 $214$2"&-H -+ 
-)"#4,4:2#44 ;+("<4. 9&2 )*+#"(>*2  =:<J12"& = -"8H (=2 :*>32 
=+)*+-+=: ')6'# 5"4)'#'1  4 126'# 1,8" .#"1$*$,% #*+#*((,, . 
L2:&+*', =:<J12";'" = -+-&2= >*2=$"$4H ;$+G"-&="$$+@ *"3*"--44 , 
(+<G$' +&="12&D -<"(>JP4; &*"8+=2$4H;. 

1. K$4 (+<G$' 8'&D 4'/,9*()1*$$' ,-3*#,32 . .-<4 $"+8F+(4;+ 
=:<J14&D = ;+("<D :21"-&="$$'@ ,2:&+*, $" 4;"JP4@ 
:+<41"-&="$$+3+ 4%;"*"$4H, &+ ";> $>G$+ )*4(2&D :+<41"-&="$$>J 
+)*"("<"$$+-&D. 

2. L2:&+*' $" (+<G$' 8'&D ,$)*#4'##*/,#'1"$2  4 &"; 8+<"" 
$2F+(4&D-H = &+1$+@ ,>$:#4+$2<D$+@ -=H%4. 

5:<J1"$4" = ;+("<D ,2:&+*+= - ='-+:+@ 4$&"*:+**"<H#4"@, 
;+G"& )*4="-&4 : $"G"<2&"<D$'; )+-<"(-&=4H; Ð -4-&";2 
$+*;2<D$'F >*2=$"$4@ ;+G"& +:2%2&D-H )<+F+ +8>-<+=<"$$+@, 1&+, 
:2: )*2=4<+, =<"1"& %2 -+8+@ $">-&+@14=+-&D 4 $"$2("G$+-&D +#"$+: 
:+I,,4#4 "$&+= *"3*"--44. 

.-<4 ;"G(> ,2:&+*2;4 ->P"-&=> "& ='-+:2H :+**"<H#4H, &+ 
+)*"("<4&D 4F 4%+<4*+=2$$+" =<4H$4" $2 *"%><D&2&4=$'@ )+:2%2&"<D 

( )1 2,  ,  ...,  my f x x x != +

y ix
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:*2@$" %2&*>($4&"<D$+ 4 )2*2;"&*2; >*2=$"$4H *"3*"--44 
$"=+%;+G$+ (2&D *2%>;$>J 4$&"*)*"&2#4J. 

5:<J12";'" = >*2=$"$4" ; $+G"-&="$$+@ *"3*"--44 ,2:&+*' 
(+<G$'  )+ =+%;+G$+-&4 )+<$+ +8TH-$H&D =2*42#4J %2=4-4;+@ 
)"*";"$$+@. .-<4 -&*+4&-H ;+("<D - $28+*+;  ,2:&+*+=, &+ (<H $"" 

*2--14&'=2"&-H )+:2%2&"<D ("&"*;4$2#44 , :+&+*'@ ,4:-4*>"& 
(+<J +8TH-$"$$+@ =2*42#44 *"%><D&2&4=$+3+ )*4%$2:2 %2 -1"& 
*2--;2&*4=2";'F = *"3*"--44  ,2:&+*+=. 5<4H$4" (*>34F, $" 

>1&"$$'F = ;+("<4 ,2:&+*+=, +#"$4=2"&-H ="<414$+@  - 

-++&="&-&=>JP"@ +-&2&+1$+@ (4-)"*-4"@ . 
?*4 (+)+ <$4&"<D$+; =:<J1"$44 = ;+("<D  ,2:&+*2 

:+I,,4#4"$& ("&"*;4$2#44 (+<G"$  %$214;+ =+%*2-&2&D, 2 +-&2&+1$2H 
(4-)"*-4H >;"$DO2&D-H: 

  4  . 

.-<4 G" I&+3+ $" )*+4-F+(4&, &+ =:<J12";'@ = 2$2<4% ,2:&+* 
 $" ><>1O2"& ;+("<D 4, H=<HH-D -&2&4-&41"-:4 $"%$214;';, 

)*2:&41"-:4 +:2%' =2"&-H <4O$4;. 
A2-'P"$4" ;+("<4 <4O$4;4 ,2:&+*2;4 $" &+<D:+ $" -$4G2"& 

="<414$> +-&2&+1$+@ (4-)"*-44 4 $" >="<414=2"& )+:2%2&"<D 
("&"*;4$2#44, $+ 4 )*4=+(4& : -&2&4-&41"-:+@ $"%$214;+-&4 
)2*2;"&*+= *"3*"--44 )*4 )*+="*:"  )+ :*4&"*4J B&DJ("$&2.  

0+I,,4#4"$&'  4$&"*:+**"<H#44 (&.". :+**"<H#44 ;"G(> 
+8TH-$HJP4;4 )"*";"$$';4) )+%=+<HJ& 4-:<J12&D 4% ;+("<4 
(>8<4*>JP4" ,2:&+*'. B14&2"&-H, 1&+ (=" )"*";"$$'" H=$+ 
4'//,$*"#$2, ).*. $"A'8%)(% 3*C8. ('6': 1 /,$*:$': -"1,(,3'(), , 
"-<4 . 5 I&+; -<>12" +(4$ 4% $4F *":+;"$(>"&-H 4-:<J14&D 

4% ;+("<4. ?*"()+1&"$4" )*4 I&+; +&(2"&-H $" &+;> ,2:&+*>, 
:+&+*'@ 8+<"" &"-$+ -=H%2$ - *"%><D&2&+;, 2 &+;>, :+&+*'@ )*4 
(+-&2&+1$+ &"-$+@ -=H%4 - *"%><D&2&+; 4;""& ;"$DO>J &"-$+&> -=H%4 
- (*>34;4 ,2:&+*2 ;4. 5 I&+; &*"8+=2$44 )*+H=<H"&-H -)"#4,4:2 
;$+G"-&="$$+@ *"3*"--44 :2: ;"&+(2 4--<"(+=2$4H :+;)<":-$+3+ 
=+%("@-&=4H ,2:&+*+= = >-<+=4HF 4F $"%2=4-4;+-&4 (*>3 +& (*>32. 

m
2R

m
21 R!

2S
1m+

2 2
1m mR R+ > 2 2

1m mS S+ <

1mx +

0,7
i jx xr !



33 
 

!#,3*# 3.  ?>-&D )*4 4%>1"$44 %2=4-4;+-&4  

;2&*4#2 )2*$'F :+I,,4#4"$&+= :+**"<H#44 +:2% 2<2-D -<"(>JP"@ 
(&28<4#2 6). 

S28<4#2 6 

     
 1 0,8 0,7 0,6 
 0,8 1 0,8 0,5 
 0,7 0,8 1 0,2 
 0,6 0,5 0,2 1 

K1"=4($+, 1&+ ,2:&+*'  4  (>8<4*>J& (*>3 (*>32. [ +&H 

:+**"<H#4H  - *"%><D&2&4=$'; )*4%$2:+;  -<28"", 1"; 

:+**"<H#4H ,2:&+*2 , +($2:+, = &+ G" =*";H R 

%$214&"<D$+ -<28"" "3+ :+**"<H#4H - &*"&D"@ ,2:&+*$+@ )"*";"$$+@ 
. ?+I&+;> = (2$$+; -<>12" = >*2=$"$4" 

;$+G"-&="$$+@ *"3*"--44 #"<"-++8*2%$+ =:<J1 4&D ,2:&+*' , . 

?+ ="<414$" )2*$'F :+I,,4#4"$&+= :+**"<H#44 +8$2*>G4=2"&-H 
<4OD H=$2H :+<<4$"2*$+-&D ,2:&+*+=. A248+<DO4" &*>($+-&4 = 
4-)+<D%+=2$44 2))2*2&2 ;$+G"-&="$$+@ *"3*"--44 =+%$4:2J& )*4 
$2<4144 3./0),4'//,$*"#$'(), , :+3(2 8+<"" 1"; (=2 ,2:&+*2 
-=H%2$' ;"G(> -+8+@ <4$"@$+@ %2=4-4;+-&DJ, &.". 4;""& ;"-&+ 
-+=+:>)$+" =+%("@-&=4" ,2:&+*+= (*>3 $2 (*>32. A2<414" 
;><D&4:+<<4$"2*$+-&4 ,2:&+*+= ;+G"& +%$212&D, 1&+ $":+&+*'" 
,2:&+*' 8 >(>& 4%;"$H&D-H &+<D:+ =+ =%24;+("@-&=44 (*>3 - (*>3+;. 
9&+ )*4=+(4& : &+;>, 1&+ ='H=<"$4" =<4H$4H :2G(+3+ ,2:&+*2 = 
+&("<D$+-&4 $2 *"%><D&2&4=$>J )"*";"$$>J -&2$+=4&-H :*2@$" 
%2&*>($4&"<D$';. 

C<H +#"$:4 ;><D&4:+<<4$"2*$+-&4 ,2:&+*+= ;+G"& 
4-)+<D%+=2&D-H +)*"("<4&"<D ;2&*4#' )2*$'F :+I,,4#4"$&+= 
:+**"<H#44 ;"G(> ,2:&+*2;4.  

.-<4 )"*";"$$'" $" :+**"<4*+=2$'  ;"G(> -+8+@, &+ ;2&*4#2 
)2*$'F :+I,,4#4"$&+= :+ **"<H#44 ;"G(> ,2:&+*2;4 H=<H"&-H 

( )1 2 3,  ,y f x x x=

y 1x 2x 3x

y

1x

2x

3x

1x 2x

2x y

1x ( )
2 1

0,7 0,8yx yxr r= < =

2 3 1 3
0,2 0,5x x x xr r= < =

2x 3x
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"(4$41$+@, )+-:+<D:> =-" $"(423+$2<D$'" I<";"$&'   = 

I&+; -<>12" *2=$' $><J. S2:, (<H >*2=$"$4H, =:<J12JP"3+ &*4 
+8TH-$HJP4F )"*";"$$'F  

  

;2&*4#2 :+I,,4#4"$&+= :+**"<H#44 ;"G(> ,2:&+*2;4 4;"<2 8' 
+)*"("<4&"<D, *2=$'@ "(4$4#":  

 . 

.-<4 G", $2+8+*+&, ;"G(> ,2:&+*2;4 ->P"-&=>"& )+<$2H <4$"@$2H 
%2=4-4;+-&D 4 =-" :+I,,4#4"$&' :+**"<H#44 *2=$' "(4$4#", &+ 
+)*"("<4&"<D &2:+@ ;2&*4#' *2="$ $><J: 

 . 

S2:4; +8*2%+;, 1"; 8<4G" : $><J +)*"("<4&"<D ;2&*4#' 
;"G,2:&+*$+@ :+**"<H#44, &"; -4<D$"" ;><D&4:+<<4$"2*$+-&D 
,2:&+*+= 4 ;"$"" $2("G$'  *"%><D&2&' ;$+G"-&="$$+@ *"3*"--44. 6, 
$2+8+*+&, 1"; 8<4G" : "(4$4#" +)*"("<4&"<D ;2&*4#' ;"G,2:&+*$+@ 
:+**"<H#44, &"; ; "$DO" ;><D&4:+<<4$"2*$+-&D ,2:&+*+=. 

B>P"-&=>"& *H( )+(F+(+= )*"+(+<"$4H -4<D$+@ ;"G,2:&+*$+@ 
:+**"<H#44. B2;'@ )*+-&+@ 4% $4F , :2: 8'<+ >)+;H$>&+, -+-&+4& = 
4-:<J1"$44 4% ;+("<4 +($+3+ 4<4 $"-:+<D:4F ,2:&+*+=. C*>3+@ 
)+(F+( -=H%2$ - )*"+8*2%+=2$4"; ,2:&+*+=, )*4 :+&+*+; 
>;"$DO2"&-H :+**"<H#4H ;"G(> $4;4. 

K($4; 4% )>&"@ >1"&2 =$>&*"$$"@ :+**"<H#44 ,2:&+*+= H=<H"&-H 
)"*"F+( : -+=;"P"$$'; >*2=$"$4H; *"3*"--44, &.". : >*2=$"$4H;, 
:+&+*'" +&*2G2J& $" &+<D:+ =<4H$4" ,2:&+*+=, $+ 4 4F 

=%24;+("@-&=4". S2:, "-<4 , &+ =+%;+G$+ )+-&*+"$4" 

-<"(>JP"3+ -+=;"P"$$+3+ >*2=$"$4H:  

i jx xr ( )i j!

1 1 2 2 3 3y a b x b x b x= + + +

1 1 1 2 1 3

2 1 2 2 2 3

3 1 3 2 3 3

1 0 0

Det 0 1 0 1

0 0 1

x x x x x x

x x x x x x

x x x x x x

r r r

r r r

r r r

= = =R

1 1 1 2 1 3

2 1 2 2 2 3

3 1 3 2 3 3

1 1 1

Det 1 1 1 0

1 1 1

x x x x x x

x x x x x x

x x x x x x

r r r

r r r

r r r

= = =R

( )1 2 3,  ,y f x x x=
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 . 

!2--;2&*4=2";+" >*2=$"$4" >14&'= 2"& =%24;+("@-&=4" )"*=+3+ 
)+*H(:2 (=<4H$4" (*>3 $2 (*>32 (=>F ,2:&+*+=). 5+%;+G$+ 
=:<J1"$4" = ;+("<D 4 =%24;+("@-&=4@ 8+<"" ='-+:+3+ )+*H(:2, "-<4 
4;"J&-H +-$+ =2$4H )+<232&D 4F -&2&4-&41"-:>J %$214;+-&D. 02: 
)*2=4<+, +($2:+, = )*2:&41"-:4F 4--<"(+=2$4HF =%24;+("@-&=4H 
&*"&D"3+ 4 8+<"" ='-+:4F )+*H(:+= +:2%'=2J&-H -&2&4-&41"-:4 
$"%$214;';4.  

K&8+* ,2:&+*+=, =:<J12";'F = *"3*"--4+$$>J ;+("<D , H=<H"&-H 
+($4; 4% =2G$"@O4F I&2)+= )*2:&41"-:+3+ 4-)+<D%+=2$4H ;"&+(+= 
*"3*"--44. ?+(F+(' : +&8+*> ,2:&+*+= $2 +-$+=" )+:2%2&"<"@ 
:+**"<H#44 ;+3>& 8'&D *2%$'", 1&+ )+*+G(2"& *2%<41$'" ;"&+(4:4 
)+-&*+"$4H >*2=$"$4@ ;$+G"-&="$$+@ *"3*"--44. 5 %2=4-4;+-&4 +& 
&+3+, :2:2H ;"&+(4:2 )+-&*+"$4H >*2=$"$4H *"3*"--44 )*4$H&2, 
;"$H"&-H 2<3+*4&; "" *"O"$4H $2 95N. A248+<"" O4*+:+" 
)*4;"$"$4" )+<>14<4 -<"(>JP4" 3*)'82 &'()#'*$,% .#"1$*$,:  
3$'C*()1*$$': #*+#*((,, : 

1. N"&+( 4-:<J1"$4H Ð +&-"= ,2:&+*+= 4% )+<$+3+ $28+*2. 
2. N"&+( =:<J1"$4H Ð (+)+<$4&"<D$+" =="("$4" ,2:&+*2. 
3. Z23+='@ *"3*"--4+$$'@ 2$2<4% Ð 4-:<J1"$4" *2$"" 

=="("$$+3+ ,2:&+*2. 
?*4 +&8+*" ,2:&+*+= &2:G" *":+;"$(>"&-H )+<D%+=2&D-H 

-<"(>JP4; )*2=4<+;: 14-<+ =:<J12";'F ,2:&+* += (+<G$+ 8'&D = 
6Ð7 *2% ;"$DO" +8T";2 $28<J(2";+@ -+=+:>)$ +-&4, )+ :+&+*+@ 
-&*+4&-H *"3*"--4+$$2H ;+("<D. .-<4 I&+ -++&$+O"$4" $2*>O"$+, &+ 
14-<+ -&")"$"@ -=+8+(' +-&2&+1$+@ (4-)"*-44 8>("& -<4O:+; 
;2<';, 1&+ )*4="(" & : -&2&4-&41"-:+@ $" %$214;+-&4 )2*2;"&*+= 
>*2=$"$4H *"3*"--44 )*4 4F )*+="*:" )+  -:*4 &"*4J . 

5=4(> $248+<"" )*+-&+@ 4$&"*)*"&2#44 )2*2;"&*+= -2;+" 
O4*+:+" *2-)*+-&*2$"$4" )+<>14<2 <4$"@$2H *"3*"--4H. 5 /,$*:$': 

3$'C*()1*$$': #*+#*((,,   )2*2;"&*' )*4  

,2:&+*$'F )"*";"$$'F  $2%'=2J&-H 4'>55,=,*$)"3, Ç9,()':È 

1 1 2 2 3 3 12 1 2 13 1 3 23 2 3y a b x b x b x b x x b x x b x x != + + + + + + +

F

1 1 2 2 ... m mxy a b x b x b x= + + + +
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#*+#*((,, . K$4 F2*2:&"*4%>J& -*"($"" 4%;"$"$4 " *"%><D&2&4=$+3+ 
)*4%$2:2 - 4%;"$"$4"; -++&="&-&=>JP"3+ ,2:&+*2 $2 "(4$4#> )*4 
$"4%;"$"$$+; %$21"$44 (*>34F ,2:&+*+=, %2:*")<"$$'F $2 -*"($"; 
>*+=$". 

!2--;+&*4; <4$"@$>J ;+("<D ;$+G"-&="$$+@ *"3*"--44  
. (1.15) 

0<2--41"-:4@ )+(F+( : +#"$4=2$4J )2*2;"&*+= <4$"@$+@ 
;+("<4 ;$+G"-&="$$+@ *"3*"--44 +-$+=2$ $2 3*)'8* $",3*$0<,A 
41"8#")'1 , )+-&*+"$4" :+&+*+3+ )+(*+8$+ *2--;+&*"$+ = 3<2=" 1.1.  

C<H (=>F,2:&+*$+@ ;+("<4 <4$"@$+@ (2$$2H -4-&";2 )*4;"& 
=4(: 

  

N"&+( $24;"$DO4F :=2(*2&+= )*4;"$4; 4 : >*2=$"$4J 
;$+G"-&="$$+@ *"3*"--44 = ()"$8"#),-,#'1"$$'3 3"(<)"6* : 

      

3("  Ð ()"$8"#),-,#'1"$$2* &*#*3*$$2* : , 

, -*"($"" %$21"$4" :+&+*'F *2=$+ $><J: , 2 

-*"($"" :=2(*2&41$ +" +&:<+$"$4" *2=$+ "(4$4#": ;  Ð 

( )"$8"#),-,#'1"$$2* 4'>55,=,*$)2 #*+#*((,, . 5 -4<> &+3+, 1&+ 
=-" )"*";"$$'" %2(2$' :2: #"$&*4*+=2$$'" 4 $+*;4*+=2$$'", 
-&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44  ;+G$+ 

$")+-*"(-&="$$+ -*2=$4=2&D ;"G(> -+8+@, 1&+ )+%=+<H"& 
*2$G4*+=2&D ,2:&+*' )+ -&")"$4  4F =+%("@-&=4H $2 *"%><D&2&. 5 I&+; 
+-$+=$+" (+-&+4$-&=+ -&2$(2*&4%+=2$$'F :+I,,4#4"$&+= *"3*"--44 
= +&<414" +& :+I,,4#4"$&+= Ç14-&+@È *"3*"--44, $")+-*"(-&="$$+" 
-*2=$"$4" :+&+*'F %2&*>($4&"<D$+ =-<"(-&=4" 4F *2%<41$+@ 
,4%41"-:+@ 4 I:+$+;41"-:+@ )*4*+('.  

1 1 2 2 ... m my a b x b x b x != + + + + +

1 1 2 2

2
1 1 1 2 1 2 1

2
2 1 1 2 2 2 2

,

,

.

na b x b x y

a x b x b x x yx

a x b x x b x yx

! + + =
"" + + =#
"

+ + ="$

% % %
% % % %
% % % %

1 21 2 ... ,
my x x m xt t t t! ! ! "= + + + +

1
,  ,  ...,  

my x xt t t y
y

y y
t

!
"

=

i

i

i i
x

x

x x
t

!
"

= 0
iy xt t= =

1
y xi

t t! != = i!

i!
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?*4;"$HH NA0 : >*2=$"$4J ;$+G"-&="$$+@ *"3*"--44 = 
-&2$(2*&4%4*+=2$$+; ;2-O&28", )+<>14; -4-&";> $+*;2<D$'F 
>*2=$"$4@ =4(2 

 (1.16) 

3("  4  Ð :+I,,4#4"$&' )2*$+@ 4 ;"G,2:&+*$+@ :+**"<H#44.  

0+I,,4#4"$&' Ç14-&+@È *"3*"--44  -=H%2$' -+ 

-&2$(2*&4%+=2$$';4 :+I,,4#4"$&2;4 *"3*"--44  -++&$+O"$4"; : 

. (1.17) 

?+I&+;> ;+G$+ )"*"F+(4&D +& >*2=$"$4H *"3*"--44 = 
-&2$(2*&4%+=2$$+; ;2-O&28" : >*2=$"$4J *"3*"--44 = $2&>*2<D$+; 
;2-O&28" )"*";"$$'F, )*4 I&+; )2*2;"&*  +)*"("<H"&-H :2: 

. 

 B&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44 ;+3>& 8'&D - 
>-)"F+; 4-)+<D%+=2$' (<H +&-"=2 $"%$214;'F ,2:&+*+= Ð 4% ;+("<4 
4-:<J12J&-H ,2:&+*' - $24;"$DO4; 4 %$21"$4H; 4 
-&2$(2*&4%+=2$$'F :+I,,4#4"$&+= *"3*"--44  . 

A2 +-$+=" <4$"@$+3+ >*2=$"$4H ;$+G"-&="$$+@ *"3*"--44  
      

;+3>& 8'&D $2@("$' 9"()$2* .#"1$*$,% #*+#*((,, : 

 (1.18) 

&.". >*2=$"$4H *"3*"--44, :+&+*'" -=H%'=2J& *"%><D&2&4=$'@ 
)*4%$2: - -++&="&-&=>JP4; ,2:&+*+;  )*4 %2:*")<"$44 +-&2<D$'F 

,2:&+*+= $2 -*"($"; >*+=$". 5 *2%="*$>&+; =4(" -4- &";> (1.18) :2: : 

1 1 2 1 3 1

2 1 2 1 3 1

1 2 3

1 2 3

1 2 3

1 2 3

     ... ,

     ... ,

........................................................

... ,

m

m

m m m m

yx x x x x m x x

yx x x x x m x x

yx x x x x x x m

r r r r

r r r r

r r r r

! ! ! !

! ! ! !

! ! ! !

= + + + +"
#

= + + + +#
$
#
# = + + + +%

iyxr
i jx xr

ib

i!

i

y
i i

x

b
!

"
!

=

a

1 1 2 2 ... m ma y b x b x b x= ! ! ! !

i!

1 1 2 2 ... m my a b x b x b x != + + + + +

( )
( )

( )

1 2 3

2 1 3

1 2 1

, ,..., 1

, ,..., 2

, ,...,

ö ,

ö ,

.............................

ö ,

m

m

m m

x x x x

x x x x

x x x x m

y f x

y f x

y f x
!

"

"

"

=#
$

=$
%
$
$ =&

ix
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?*4 )+(-&2$+=:" = I&4 >*2=$"$4H -*"($4F %$21"$4@ 
-++&="&-&=>JP4F ,2:&+*+= +$4 )*4$4;2J& =4( >*2=$"$4@ )2*$+@ 
<4$"@$+@ *"3*"--44, &.".  

 ,     

3("  

 

5 +&<414" +& )2*$+@ *"3*"--44 12-&$'" >*2=$"$4H *"3*"--44 
F2*2:&"*4%>J& 4%+<4*+=2$$+" =<4H$4" ,2:&+*2 $2 *"%><D&2&, 48+ 
(*>34" ,2:&+*' %2:*")<"$' $2 $"4%;"$$+; >*+=$". 9,,":&' 
=<4H$4H (*>34F ,2:&+*+= )*4-+"(4$"$' = $4F : -=+8+($+;> 1<"$> 
>*2=$"$4H ;$+G"-&="$$+@ *"3*"--44. 9&+ )+%=+<H"& $2 +-$+=" 
12-&$'F >*2=$"$4@ *"3*"--44 +)*"("<H&D 9"()$2* 4'>55,=,*$)2 
>/"(),9$'(), : 

 ,     

3("  Ð :+I,,4#4"$& *"3*"--44 (<H ,2:&+*2  = >*2=$"$44 

;$+G"-&="$$+@ *"3*"--44,  Ð 12-&$+" >*2=$"$4" 

*"3*"--44.  

A2*H(> - 12-&$';4 :+I,,4#4"$&2;4 I<2-&41$+-&4 ;+3>& 8'&D 

$2@("$' (#*8$,* &' ('1'4.&$'(), &'4"-")*/, >/"(),9$'(), : 

1 2 3

2 1 3

1 2 1

, ,..., 1 1 2 2 3 3

, ,..., 1 1 2 2 3 3

, ,..., 1 1 2 2 3 3

... ,

... ,

........................................................................

..

m

m

m m

x x x x m m

x x x x m m

x x x x

y a b x b x b x b x

y a b x b x b x b x

y a b x b x b x

!

!

"

#

#

#

= + + + + + +

= + + + + + +

= + + + + . .m mb x !

$
%
%
&
%
% + +'

1 2 3

2 1 3

1 2 1

, ,..., 1 1 1

, ,..., 2 2 2

, ,...,

ö ,

ö ,

................................

ö ,

m

m

m m

x x x x

x x x x

x x x x m m m

y A b x

y A b x

y A b x
!

"

"

"

= +#
$

= +$
%
$
$ = +&

1 2 2 3 3

2 1 1 3 3

1 1 2 2 3 3 1 1

... ,

... ,

..............................................

... .

m m

m m

m m m

A a b x b x b x

A a b x b x b x

A a b x b x b x b x! !

= + + + +"
# = + + + +#
$
#
# = + + + + +%

1 2 1 1, ,... , ,...,
xi

i i i m

i
y i

x x x x x x

x
! b

y
! +"

= "

ib ix

1 2 1 1, ,... , ,...,i i i mx x x x x xy
! +"
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,         

:+&+*'" )+:2%'=2J&  $2 -:+<D:+ )*+#"$&+= = -*"($"; 4%;"$4&-H 

*"%><D&2&, )*4 4%;"$"$44 -++&="&-&=>JP"3+ ,2:&+*2 $2 1%. B*"($4" 

)+:2%2&"<4 I<2-&41$+-&4 ;+G$+ -*2=$4=2&D (*>3 - (*>3+; 4 

-++&="&-&="$$+ *2$G4*+=2&D ,2:&+*' )+ -4<" 4F =+%("@-&=4H $2 

*"%><D&2&. 

!#,3*# 4. ?>-&D 4;"J &-H -<"(>JP4" (2$$'" (>-<+=$'") + 

-;"$$+@ (+8'1" >3<H $2 +($+3+ *28+1"3+  (&), ;+P$+-&4 )<2-&2  

(;) 4 >*+=$" ;"F2$4%2#44 *28+&  (%), F2*2:&"*4%>JP4" )*+#"-- 

(+8'14 >3<H = 10 O2F&2F (&28<4#2 7). 

S28<4#2 7 

M 1 2 3 4 5 6 7 8 9 10 

 8 11 12 9 8 8 9 9 8 12 

 5 8 8 5 7 8 6 4 5 7 

 5 10 10 7 5 6 6 5 6 8 

?*"()+<232H, 1&+ ;"G(> )"*";"$$';4 , ,  ->P"-&=>"& 

<4$"@$2H :+**"<H#4+$$2H %2=4-4;+-&D, $2@("; >*2=$"$4" *"3*"--44 

 )+  4 . 

C<H >(+8-&=2 ='14-<"$4@, :2: 4 = *2$"" *2--;+&*"$$'F 

)*4;"*2F, -+-&2=<H"; &28<4#> (&28<4#2 8). 

S28<4#2 8 

M            

1 2 3 4 5 6 7 8 9 10 11 12 
1 8 5 5 64 25 25 40 40 25 5,13 0,016 
2 11 8 10 121 64 100 88 110 80 8,79 1,464 
3 12 8 10 144 64 100 96 120 80 9,64 0,127 
4 9 5 7 81 25 49 45 63 35 5,98 1,038 
5 8 7 5 64 49 25 56 40 35 5,86 0,741 
6 8 8 6 64 64 36 64 48 48 6,23 0,052 

i

i
i i

x

x
! b

y
= !

y 1x

2x

1x

2x

y

y 1x 2x

y 1x 2x

1x 2x y 2
1x 2

2x 2y 1 2x x! 1x y! 2x y!
xy 2!
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7 9 6 6 81 36 36 54 54 36 6,35 0,121 
8 9 4 5 81 16 25 36 45 20 5,61 0,377 
9 8 5 6 64 25 36 40 48 30 5,13 0,762 
10 12 7 8 144 49 64 84 96 56 9,28 1,631 

B>;;2  94 63 68 908 417 496 603 664 445 68 6,329 
B*"($"" 
%$21"$4" 

9,4 6,3 6,8 90,8 41,7 49,6 60,3 66,4 44,5 Ð Ð 

 2,44 2,01 3,36 Ð Ð Ð Ð Ð Ð Ð Ð 

 1,56 1,42 1,83 Ð Ð Ð Ð Ð Ð Ð Ð 

C<H $2F+G("$4H )2*2;"&*+= >*2=$"$4H *"3*"--44 = (2$$+; 
-<>12" -4-&";2 >*2=$"$4@ (1.3) )*4;"& =4(: 

  

!"O4= ""  $2@(";, 1&+ , , . S2:4; +8*2%+; 

)+<>1"$+ -<"(>JP"" >*2=$"$4" ;$+G"-&="$$+@ *"3*"--44:  

. 

K$+ )+:2%'=2"&, 1&+ )*4 >="<41"$44 &+<D:+ ;+P$+-&4 )<2-&2  ()*4 

$"4%;"$$+; -*"($"; >*+=$" ) $2 1 ; (+8'12 >3<H $2 +($+3+ 

*28+1"3+  >="<414&-H = -*"($"; $2 0,854 &, 2 )*4 >="<41"$44 &+<D:+ 

>*+=$H ;"F2$4%2#44 *28+&  ()*4 $"4%;"$$+; -*"($"; >*+=$" ) $2 

1% Ð = -*"($"; $2 0,367 &. 
A2@("; >*2=$"$4" ;$+G"-&="$$+@ *"3*"--44 = 

-&2$(2*&4%+=2$$+; ;2-O&28": 
  

 B&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44 $2F+(4; )+ ,+*;><" 

(1.17) 

, 

. 

2!
!

1 2

1 2

1 2

10   94  63 68,

94 908 603 664,

63 603 417 445.

a b b

a b b

a b b

+ + =!
"

+ + =#
" + + =$

3,54a= ! 1 0,854b = 2 0,367b =

1 23,54 0,854 0,367xy x x= ! + " + "

1x

2x

y

2x 1x

1 21 2 ,y x xt t t! ! "= + +

1
1 1

1,56
0,854 0,728

1,83
x

y

b
!

"
!

= = # =

2
2 2

1,42
0,367 0,285

1,83
x

y

b
!

"
!

= = # =
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S2:4; +8*2%+;, >*2=$"$4" *"3*"--44 = -&2$(2*&4%+=2$$+@ ,+*;" 

4;""& =4(:  

. 

S2: :2: -&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44 -*2=$4;' 

;"G(> -+8+@, ;+G$+ >&="*G(2&D, 1&+ ;+P$+-&D )<2-&2 +:2%'=2"& 

%2;"&$+ 8+<""  -4<D$+" =<4H$4" $2 -;"$$>J (+8'1> > 3<H, 1"; >*+="$D 

;"F2$4%2#44 *28+&. 

B*2=$4&D =<4H$4" ,2:&+*+= $2 *"%><D&2& ;+G$+ &2:G" )*4 

)+;+P4 -*"($4F :+I,,4#4"$&+= I<2-&41$+-&4  

. K&-J(2  

, . 

S.". >="<41"$4" &+<D:+ ;+P$+-&4 )<2-&2 (+& -=+"3+ -*"($"3+ 

%$21"$4H) 4<4 &+<D:+ >*+=$H ;"F2$4%2#44 *28+& $2 1% >="<414=2"& = 

-*"($"; -;"$$>J (+8'1> >3<H $2  1,18% 4<4 0,34% -++&="&-&="$$+, 

1&+ )+(&="*G(2"& 8+<DO"" =<4H$4" $2 *"%><D&2&4=$'@ )*4%$2:  

,2:&+*2 , $"G"<4 ,2:&+*2 . 

#652>21$:- 52%$81.2 7&6<$81.$&&6( ,$3,$88--  

?*2:&41"-:2H %$214;+-&D >*2=$"$4H ;$+G"-&="$$+@ *"3*"--44 

+#"$4=2"&-H - )+;+PDJ )+:2%2&"<H ;$+G"-&="$$+@ :+**"<H#44 4 "3+ 

:=2(*2&2 Ð )+:2%2&"<H ("&"*;4$2#44. 

?+:2%2&"<D ;$+G"-&="$$+@ :+**"<H#44 F2*2:&"*4%>"& &"-$+&> 

-=H%4 *2--;2&*4=2";+3+ $28+*2 ,2:&+*+= - 4--<"(>";'; )*4%$2:+; 

4<4, 4$21", +#"$4=2"& &"-$+&> -+=;"-&$+3+ =<4H$4H ,2:&+*+= $2 

*"%><D&2&. 

A"%2=4-4;+ +& ,+*;' -=H%4 )+:2%2&"<D ;$+G"-&="$$+@ 

:+**"<H#44 ;+G"& 8'&D $2@("$ )+ ,+*;><":  
2

2
1

21
y

!"#
x...xyx m

R
!

!
"= , 

1 2
0,728 0,285y x xt t t= ! + !

i

i
i i

x

x
! b

y
= !

1

9,4
0,854 1,18

6,8
! = ! = 2

6,3
0,367 0,34

6,8
! = ! =

y

1x 2x
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3(" 2! y  Ð +8P2H (4-)"*-4H *"%><D&2&4=$+3+ )*4%$2:2; 2
!"#! Ð +-&2&+1$2H 

(4-)"*-4H.  

W*2$4#' 4%;"$"$4H 4$(":-2 ;$+G"-&="$$+@ :+**"<H#44 <"G2& = 

)*"("<2F +& 0 (+ 1. X"; 8<4G" "3+ %$21"$4" : 1, &"; &"-$"" -=H%D 

*"%><D&2&4=$+3+ )*4%$2:2 -+ =-"; $28+*+; ,2:&+*+=, =F+(HP4F = 

-+-&2= *"3*"--4+$$+3+>*2=$"$4H.  

?*4 >(21$+; ='8+*"  ,2:&+*+=, =:<J1"$$'F  = *"3*"--4+$$>J 

;+("<D , ="<414$2 4$(":-2 ;$+G"-&="$$+@ :+**"<H#44 8>("& 

->P"-&="$$+ +&<412&D-H +& 4$(":-2 :+**"<H#44 )2*$+@ %2=4-4;+-&4. 

.-<4 G" (+)+<$4&"<D$+ =:<J1"$$'" = >*2=$"$4" ;$+G"-&="$$+@ 

*"3*"--44 ,2 :&+*' ;2<+%$214; ', &+ 4$(":- ; $+G"-&="$$+@ 

:+**"<H#44 8>("& )*2:&41"-:4 -+=)2(2& D - 4$(":-+; )2*$+@ 

:+**"<H#44, *2%<412H-D = &*"&D";, 1"&="*&+; ("-H&41$'F %$2:2F. 9&+ 

(2"& >(+8$'@ 4$-&*>;"$& (<H +8+-$+=2$$+3+ +&8+*2 ,2:&+*$'F 

)"*";"$$'F, =:<J12";'F  = >*2=$"$4" *"3 *"--44.  

5 -<>12" <4$"@$+@ %2=4-4;+-&4 )*4%$2:+= ,+*;><2 4$(":-2 

;$+G"-&="$$+@ :+**"<H#44 ;+G"& 8'&D )*"(-&2=<"$2 -<"(>JP4; 

='*2G"$4";:  

 
1 2... m iyx x x i yxR r!= "# ,       

3(" i!  Ð -&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44; 
iyxr  Ð )2*$'" 

:+ I,,4#4"$&' :+**"<H#44 *"%><D&2&4=$+@ )"*";"$$+@ - :2G(+@ 4% 

,2:&+*$'F . 

6$(":-  ;$+G"-&="$$+@ :+**"<H#44 (<H <4$"@$+@ *"3*"--44 

$2%'=2"&-H &2:G" /,$*:$23 4'>55,=,*$)'3  3$'C*()1*$$': 

4'##*/%=,, , 4<4 ('1'4.&$23  4'>55,=,*$) '3  4'##*/%=,, . 5 I&+; 

-<>12" "3+ ='14-<"$4" =+%;+G$+ 1"*"% ;2&*4#> )2*$'F 

:+I,,4#4"$&+= :+**"<H#44 )+ ,+*;><"  

1 2,...,
11

1
myx x x

r
R

r
!

= "
!

, (1.19) 

3("  
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1 2

1 1 2 1

2 2 1 2

1 2

1 ...

1 ...

1 ...

... ... ... ... ...

... 1

m

m

m

m m m

yx yx yx

yx x x x x

yx x x x x

yx x x x x

r r r

r r r

r r rr

r r r

! =  

Ð +)*"("<4&"<D ;2&*4#' )2*$'F :+I,,4#4"$&+= :+**"<H#44;  

1 2 1

2 1 2

1 2

11

1 ...

1 ...

... ... ... ...

... 1

m

m

m m

x x x x

x x x x

x x x x

r r

r r
r

r r

! =  

Ð +)*"("<4&"<D ;2&*4#' ;"G,2:&+*$+@ :+**"<H#44.  
9&+ -++&$+O"$4" )+%=+<H"& +)*"("<H&D -+=+:>)$'@ :+I,,4#4"$& 
: +**"<H#44, $" +8*2P2H-D : >*2=$"$4J ;$+G"-&="$$+@ *"3*"--44, 2 
4-)+<D%>H <4OD )2*$'" :+I,,4#4"$&' :+**"<H#44.  

5 ,+*;> <2F (<H ='14-<"$4H :+I,,4#4 "$&2 4 4$(":-2 
;$+G"-&="$$+@ :+**"<H#44 4-)+<D%>"&-H +-&2&+1$2H (4-)"*-4H, 
:+&+*2H 4;""& -4-&";2&41"-:>J +O48:> = -&+*+$> >;"$DO"$4H, &"; 
8+<"" %$214&"<D$>J, 1"; 8+<DO" )2*2;"&*+= +)*"("<H"&-H = 
>*2=$"$44 *"3*"--44 )*4 %2(2$$+; +8T";" $28<J("$4@ n. .-<4 
14-<+ )2*2;"&*+= )*4 ix  *2=$+ m 4 )*48<4G2"&-H : +8T";> 

$28<J("$4@, &+ +-&2&+1$2H (4-)"*-4H 8>("& 8<4%:2 : $><J 4 
:+I,,4#4"$& (4$(":-) :+**"<H#44 )*48<4%4&-H : "(4$4#" (2G" )* 4 
-<28+@ -=H%4 ,2:&+*+= - *"%><D&2&+;. C<H &+3+ 1&+8' $" (+)>-&4&D 
)*">="<41"$4H +#"$:4  &"-$+&' -=H%4, 4-)+<D%>"&-H 
(4'##*4),#'1"$$2: ,$8*4( (4'>55,=,*$)) 3$'C*()1*$$': 
4'##*/%=,, , :+&+*'@ -+("*G4& )+) *2=:> $2 14-<+ -&")"$"@ -=+8+('. 

B I&+@ #"<DJ +-&2&+1$2H ->;;2 :=2(*2&+= ( )1 2

2

... mx x xy y!"  ("<4&-H 

$2 14-<+ -&")"$"@ -=+8+(' +-&2&+1$+@ =2*42#44 ( )1n m! ! , 2 +8P2H 

->;;2 :=2(*2&+= +&:<+$"$4@ ( )2
y y!"  $2 14-<+ -&")"$"@ -=+8+(' = 

#"<+; )+ -+=+:>)$+-&4 ( )1n ! . S2:4; +8*2%+;, , +*;><2 
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-:+**":&4*+=2$$+3+ 4$(":-2 ;$+G"-&="$$+@ ("&"*;4$2#44 4;""& 
=4(: 

( )
( )

( )
( )1

1
1

2

2

2

!
!

!!
!

!=
"

"

n
yy

mn
yöy

R , (1.20) 

3("  Ð 14-<+ )2*2;"&*+= )*4 )"*";"$$'F ;  Ð 14-<+ 
$28<J("$4@. 

?+-:+<D:> , &+ ="<414$> 

-:+**":&4*+=2$$+3+ 4$(":-2 ("&"*;4$2#44 ;+G$+ )*"(-&2=4&D = 
=4(":  

. (1.21) 

6% ,+*;><' (1.21) =4($+, 1&+ 1"; 8+<DO" ,2:&+*+= =F+(4& = 

-+-&2= *"3*"--4+$$+@ ;+("<4, &"; -4<D$"" *2%<414" ;"G(>   4 . 
D"()$2* 4'>55,=,*$)2 4'##*/%=,,  F2*2:&"*4%>J& &"-$+&> 

-=H%4 ;"G(> *"%><D&2&4=$+@ )"*";"$$+@ 4 -++&="&-&=>JP4; 
,2:&+*+; )*4 I<4;4$4*+=2$44 (>-&*2$"$44 =<4H$4H) (*>34F 
,2:&+*+=, =:<J1"$$'F = >*2=$"$4" *"3*"--44.  ? *4 $2<4144  
,2:&+*+= = -+-&2=" <4$"@$+3+ >*2=$"$4H *"3*"--44  

 

:+I,,4#4"$& 12-&$+@ :+**"<H#44, 4%;"*HJP4@ =<4H$4" $2 
*"%><D&2&4=$'@ )*4%$2:  ,2:&+*2 , ) *4 ,4:-4*+=2$ $+; >*+=$" 

(*>34F ,2:&+*+=, +)*"("<H"&-H )+ ,+*;><":  

1 2

1 2 1 1

1 2 1 1

2
... ...

... ... 2
... ...

1
1

1
i m

i i i m

i i m

yx x x x
yx x x x x x

yx x x x x

R
r

R! +

! +

"

!
= !

!
, (1.22) 

3("  Ð ;$+G"-&="$$'@ :+I,,4#4"$& ("&"*;4$2#44 =-"F  

,2:&+*+=;  Ð &+& G" )+:2%2&"<D ("&"*;4$2#44, $+ 8"% 

=="("$4H = ;+("<D ,2:&+*2 . 

?*4 (=>F ,2:&+*2F *2-1"&$+" -++&$+O"$4" (1.22) )*4$4;2"&  =4(: 

m x n

( )
( )

1 2

2

... 2
2 1mx x xy y

R
y y

!
= !

!

"
"

( )
2

2 1
1 1

1
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R R
n m

!
= ! ! "

! !

2
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m
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 ;  .  

?+*H(+: 12-&$+3+ :+I,,4#4"$&2 :+**"<H#44 +)*"("<H"&-H 
:+<41"-&=+; ,2:&+*+=, =<4H$4" :+&+*'F 4-:<J12"&-H. A2)*4;"*, 

 Ð :+I,,4#4"$& 12-&$+@ :+**"<H#44 )"*=+3+ )+*H(:2. 

B++&="&-&="$$+ :+I,,4#4"$&' )2*$+@ :+**"<H#44 $2%'=2J&-H 
:+I,,4#4"$&2;4 $><"=+3+ )+*H(:2.  0+I,,4#4"$&' 12-&$+@ 
:+**"<H#44 8+<"" ='-+:4F )+*H(:+= ;+G$+ +)*"("<4&D 1"*"% 
:+I,,4#4"$&' 12-&$+@ :+**"<H#44 8+<"" $4%:4F )+*H(:+= )+ 
*":>**"$&$+@ ,+*;><":  

. (1.23) 

C<H (=>F ,2:&+*+= I&2 ,+*;><2  )*4$4;2"&  =4(: 

; . 

X2-&$'" :+I,,4#4"$&' :+**"<H#44 +)*"("<HJ & ;"*> &"-$+&' 
-=H%4 :2G(+3+ ,2:&+*2 - *"%><D&2&+; = 14-&+; =4(". .-<4 4% 
-&2$(2*&4%+=2$$+3+ >*2=$"$4H *"3*"--44  

-<"(>"&, 1&+ , &.". no -4<" =<4H$4H $2 *"%><D&2& )+*H(+: 

,2:&+*+= &2:+=: , , , &+ I&+& G" )+*H(+: ,2:&+*+= -+F*2$H"&-H 4 

)+ -++&$+O"$4J 12-&$'F :+I,,4#4"$&+= :+**"<H#44, 
. 

72;"&4; , 1&+ 12-&$'" :+I,,4#4"$&' :+**"<H#44, :2: )*2=4<+, $" 
4;"J& -2;+-&+H&"<D$+3+ %$21"$4H. 6F 4-)+<D%>J& $2 -&2(44 
,+*;4*+=2$4H ;+("<4. S2:  )*4 )+-&*+"$44 ;$+3+,2:&+*$+@ ;+("<4 
$2 )"*=+; I&2) " +)*"("<H"&-H >*2=$"$4" *"3*"--44 - )+<$'; 
$28+*+; ,2:&+*+= 4 *2--14&'=2"&-H ;2&*4#2 12-&$'F :+I,,4# 4"$&+= 
:+**"<H#44. A2 =&+*+; I&2)" +&84*2"&-H ,2:&+* - $24;"$DO"@ 4 
$"->P"-&="$$+@ )+ -:*4&"*4J B&DJ("$&2 ="<414$+@ )+:2%2&"<H 
12-&$+@ :+**"<H#44. 6-:<J14= "3+ 4% ;+("<4, -&*+4&-H $+=+" 

1 2
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>*2=$"$4" *"3*"--44. ?*+#"(>*2 )*+(+<G2"&-H (+ &"F )+*, )+:2 $" 
+:2G"&-H, 1&+ =-" 12-&$'" :+I,,4#4"$&' :+**"<H#44 %$214;+ 
+&<41$' +& $><H. .-<4 4-:<J1"$ $"->P"-&="$$'@ ,2:&+*, &+ 
;$+G"-&="$$'" :+I,,4#4"$&' ("&"*;4$2#44 $2 (=>F -;"G$'F 
O232F )+-&*+"$4H *"3*"--4+$$+@ ;+("<4 )+1&4 $" +&<412J&-H (*>3 

+& (*>32, , 3("  Ð 14-<+ ,2:&+*+=. 

B&2&4-&41"-:2H %$214;+-&D >*2=$"$4H ;$+G"-&="$$+@ *"3*"--44 
= #"<+;, &2: G" :2: 4 )2*$+@ *"3*"--44, +#"$4=2"&-H - )+;+PDJ -
:*4&"*4H L4O"*2:  

m
mn

R

R
S

S
F

!"#

$%&# 1

1 2

2 !!
"

!
==  

3(" !"#$S  Ð ,2:&+*$2H ->;;2 :=2(*2&+= $2 +($> -&")"$D -=+8+('; 

!"#S Ð +-&2&+1$2H ->;;2 :=2(*2&+= $2 +($> -&")"$D -=+8+(';  Ð 

:+I,,4#4"$& (4$(":-) ;$+G"-&="$$+@ ("&"*;4$2#44;  Ð 14-<+ 
)2*2;"&*+= )*4 )"*";"$$'F  (= <4$"@$+@ *"3*"--44 -+=)2(2"& - 
14-<+; =:<J1"$$'F = ;+("<D ,2:&+*+=);  Ð 14-<+ $28<J("$4@. 

5 *H(" -<>12"= = )*2:&4:" )+-&*+"$4H I:+$+;"&*41"-:4F ;+("<"@ 
+:2%'=2"&-H #"<"-++8*2%$'; +#"$4&D %$214;+-&D $" &+<D:+ 
>*2=$"$4H = #"<+;, $+ 4 :2G(+3+ ,2:&+*2 = +&("<D$+-&4, 
(+)+<$4&"<D$+ =:<J12";+3+ = *"3*"--4+$$>J ;+("<D. 
A"+8F+(4;+-&D &2:+@ +#"$:4 -=H%2$2 - &";, 1&+ $" :2G('@ ,2:&+*, 
=+O"(O4@ = ;+("<D, 8>("& ->P"-&="$$+ >="<414=2&D (+<J 
+8TH-$"$$+@ =2*42#44 *"%><D&2&4=$+3+ )*4%$2:2. 0*+;" &+3+, )*4 
$2<4144 = ;+("<4 $"-:+<D:4F ,2:&+*+= +$4 ;+3>& ==+(4&D-H = 
;+("<D = *2%$+@ )+-<"(+=2&"<D$+-&4. 5=4(> :+**"<H#44 ;"G(> 
,2:&+*2;4 %$214;+-&D +($+3+ 4 &+3+ G" ,2:&+*2 ;+G"& 8'&D *2%$+@ = 
%2=4-4;+-&4 +& )+-<"(+=2&"<D$+-&4 "3+ =="("$4H = ;+("<D. N"*+@ 
(<H +#"$:4 =:<J1"$4H ,2:&+*2 = ;+("<D -<>G4& 9"()$2: -
4#,)*#,: , +8+%$212";'@ :2: . 

X2-&$'@ -:*4&"*4@ )+-&*+"$ $2 -*2=$"$44 )*4*+-&2 
,2:&+*$+@ (4-)"*-4 4, +8>-<+=<"$$+3+ =<4H$4"; (+)+<$4&"<D$+ 
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=:<J1"$$+3+ ,2:&+*2, - +-&2&+1$+@ (4-)"*-4"@ $2 +($> -&")"$D 
-=+8+(' )+ *"3*"--4+$$+@ ;+("<4 = #"<+;. 5 +8P"; =4(" (<H 
,2:&+*2  12-&$'@ -:*4&"*4@ +)*"("<4&-H :2:  

, (1.24) 

3("  Ð :+I,,4#4"$& ;$+G"-&="$$+@ ("&"*;4$2#44 (<H 

;+("<4 - )+<$'; $28+*+; ,2:&+*+=,  Ð &+& G" )+:2%2&"<D, 

$+ 8"% =:<J1"$4H = ;+("<D ,2:&+*2 ,  Ð 14-<+ $28<J("$4@,  Ð 

14-<+ )2*2;"&*+= = ;+("<4 (8"% -=+8+($+3+ 1<"$2). 
L2:&41"-:+" %$21"$4" 12-&$+3+ -:*4&"*4H -*2=$4=2"&-H - 

&28<41$'; )*4 >*+=$" %$214;+-&4  4 14-<" -&")"$"@ -=+8+(': 1 4 
. .-<4 ,2:&41"-:+" %$21"$4"  )*"='O2"&  )k,k,(F .!"#$ 21! , 

&+ (+)+<$4&"<D$+" =:<J1"$4" ,2:&+*2  = ;+("<D -&2&4-&41"-:4 

+)*2=(2$$+ 4 :+I,,4#4"$& 14-&+@ *"3*"--44  )*4 ,2:&+*"  8>("& 

-&2&4-&41"-:4 %$214;'; . .-<4 G" ,2:&41"-:+" %$21"$4"  ;"$DO" 

&28<41$+3+, &+ (+)+<$4&"<D$+" =:<J1"$4" = ;+("<D ,2:&+*2  $" 

>="<414=2"& -:+<D-$48>(D ->P"-&="$$+ (+<J +8TH-$"$$+@ =2*42#44 
)*4%$2:2 , -<"(+=2&"<D$+, $"#"<"-++8*2%$+ "3+ =:<J1"$4" = 

;+("<D, 2 :+I,,4#4"$& *"3*"--44 )*4 (2$$+; ,2:&+*" = I&+; -<>12" 
-&2&4-&41"-:4 $"%$214;. C<H (=>F,2:&+*$+3+ <4$"@$+3+ >*2=$"$4H 
*"3*"--44 ,+*;><2 (1.24) 4;""& =4(:  

, .   

B )+;+PDJ 12-&$+3+ -:*4&"*4H ;+G$+ )*+="*4&D %$214;+-&D 
=-"F :+I,,4#4"$&+= *"3*"--44 = )*"()+<+G"$44, 1&+ :2G('@ 
-++&="&-&=>JP4@ ,2:&+*  ==+(4<-H = >*2=$"$4" ;$+G"-&="$$+@ 

*"3*"--44 )+-<"($4;, &2: :2: 
ii xb Ft = . 

K#"$:2 %$214;+-&4 :+I,,4#4"$&+= 14-&+@ *"3*"--44 )+ -
:*4&"*4J B&DJ("$&2 ;+G"& 8'&D )*+="("$2 4 8"% *2-1"&2 12-&$'F 
-:*4&"*4"=. 5 I&+; -<>12", :2: 4 = )2*$+@ *"3*"--44, (<H :2G(+3+ 
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,         

3("  Ð :+I,,4#4"$& 14-&+@ *"3*"--44 )*4 ,2:&+*" ,  Ð -*"($HH 

:=2(*2&41$2H (-&2$(2*&$2H) +O48:2 :+I,,4#4"$&2 *"3*"--44 . 

C<H >*2=$"$4H ;$+G"-&="$$+@ *"3*"--44 

 -*"($HH :=2(*2&41$2H +O48:2 

:+I,,4#4"$&2 *"3*"--44 ;+G"& 8'&D +)*"("<"$2 )+ ,+*;><":  

, (1.25) 

3("  Ð -*"($"" :=2(*2&41$ +" +&:<+$"$4" (<H *"%><D&2&4=$+3+ 

)*4%$2:2 ,  Ð -*"($"" :=2(*2&41$ +" +&:<+$"$4" (<H )*4%$2:2-

,2:&+*2  ,  Ð :+I,,4#4"$& ("&"*;4$2#44 (<H >*2=$"$4H 

;$+G"-&="$$+@ *"3*"--44,  Ð :+I,,4#4"$& ("&"*;4$2#44 (<H 

%2=4-4;+-&4 ,2:&+*2  -+ =-";4 (*>34;4 ,2:&+*2;4 >*2=$"$4H 

;$+G"-&="$$+@ *"3*"--44;  Ð 14-<+ -&")"$"@ -=+8+(' (<H 

+-&2&+1$+@ ->;;' :=2(*2&+= +&:<+$"$4@. B++&="&-&=>JP4" 

:+I,,4#4"$&'  ("&"*;4$2#44  <"3:+ ;+3>& 8'&D ='14-<"$', 

"-<4 $2@("$' I<";"$&' ;2&*4#' ;"G,2:&+*$+@ :+**"<H#44.  

5%24;+-=H%D )+:2%2&"<"@ 12-&$+3+ :+I,,4#4"$&2 :+**"<H#44, 

12-&$+3+ :*4&"*4H L4O"*2 4 -:*4&"*4H B&DJ("$&2 (<H 
:+I,,4#4"$&+= 14-&+@ *"3*"--44 ;+G"& 4-)+<D%+=2&D-H = )*+#"(>*" 

+&8+*2 ,2:&+*+=. K&-"= ,2:&+*+= )*4 )+-&*+"$44 >*2=$"$4H 

*"3*"--44 ;"&+(+; 4-:<J1" $4H )*2:&41"-:4 ;+G$+ +->P"-&=<H&D $" 

&+<D:+ )+ 12-&$'; :+I,,4#4"$&2; :+**"<H#44, 4-:<J12H $2 :2G(+; 

O23" ,2:&+* - $24;"$DO4; $"%$214;'; %$21"$4"; 12-&$+3+ 

:+I,,4#4"$&2 :+**"<H#44, $+ 4 )+ ="<414$2;  4 . X2-&$'@ -

:*4&"*4@ O4*+:+ 4-)+<D%>"&-H 4 )*4 )+-&*+"$44 ;+("<4 ;"&+(+; 

=:<J1"$4H )"*";"$$'F 4 O23+='; *"3*"--4+$$'; ;"&+(+;.  
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!#,3*# 4. (!#'8'/C*$,*).  K#"$4; :21"-&=+ >*2=$"$4H 
*"3*"--44, )+<>1"$$ +3+ = )*"('(>P"@ 3<2=". B$212<2 $2@("; 
%$21"$4H )2*$'F :+I,,4#4"$&+= :+**"<H#44:  

 ; 

 ; 

 . 

7$21"$4H )2*$'F :+I,,4#4"$&+= :+**"<H#44 >:2%'=2J& $2 
(+-&2&+1$+ &"-$>J -=H%D -;"$$+@ (+8'14 >3<H $2 +($+3+ *28+1"3+  

- ;+P$+-&DJ )<2-&2  4 $2 >;"*"$$>J -=H%D - >*+=$"; ;"F2$4%2#44 

*28+& . 5 &+ G" =*";H ;"G,2:&+*$2H -=H%D  $" +1"$D -4<D$2H (

), 1&+ 3+=+*4& + &+;, 1&+ +82 ,2:&+*2 H=<HJ&-H 

4$,+*;2&4=$';4, &.". 4 , 4  $"+8F+(4;+ =:<J14&D = ;+("<D. 

C2<"" *2--14&2"; -+=+:>)$'@ :+I,,4#4"$& :+**"<H#44 . 

C<H I&+3+ -$212<2 $2@("; +)*"("<4&"<D ;2&*4#' )2*$'F 
:+I,,4#4"$&+= :+**"<H#44:  

 , 

4 +)*"("<4&"<D ;2&*4#'  ;"G,2:&+*$+@ :+**"<H#44: 

  . 

K&-J (2 :+I,,4#4"$& ;$+G"-&="$$+@ :+**"<H#44  

 . 
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="-D;2 &"-$>J -=H%D )*4%$2:+= - *"%><D&2&+;. B:+**":&4*+=2$$'@ 
:+I,,4#4"$& ;$+G"-&="$$+@ ("&"*;4$2#44  

 

S")"*D $2@("; 12-&$'" :+I,,4#4"$&' :+**"<H#44  

; 

. 

; 

. 

02: 4 -<"(+=2<+ +G4(2&D, ,2:&+*  +:2%'=2"& 8+<"" -4<D$+" =<4H$4" 

$2 *"%><D&2&4=$'@ )*4%$2:, 1"; . 

K#"$4; $ 2("G$+-&D >*2=$"$4H *"3*"--44 = #"<+; 4 )+:2%2&"<H 
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%$214;+-&4 ( , , ): !"#$F .= 4,74. S2: :2:  

!"#$F  = 15,63 > !"#$F .= 4,74 >*2=$"$4" )*4%$2"&-H -&2&4-&41"-:4 

%$214;';.  
K#"$4; #"<"-++8*2%$+-&D =:<J1"$4H ,2:&+*2  )+-<" ,2:&+*2 

 4  )+-<"  - )+;+PDJ 12-&$+3+ :*4&"*4H L4O"*2:  
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 . 

S28<41$+" %$21"$4" 12-&$+3+ -:*4&"*4H )*4 )H&4)*+#"$&$+; 
>*+=$" %$214;+-&4 ( , , ): F&28<.= 5,59. S2: 

:2:  , 2 , &+ =:<J1"$4" ,2:&+*2 

 = ;+("<D -&2&4-&41"-:4 +)*2=(2$+ 4 :+I,,4#4"$& 14-&+@ 

*"3*"--44  -&2&4-&41"-:4 %$214;, 2 (+)+<$4&"<D$+" =:<J1"$4" 

,2:&+*2 , )+-<" &+3+, :2: >G" =="("$ ,2:&+* , $"#"<"-++8*2%$+. 

P292%- 9:K 8276816K1$:?&636 ,$N$&-K 
M7. 6%="-&$' ="<414$' :+I,,4#4"$&+= )2*$+@ :+**"<H#44 

;"G(> *"%><D&2&4=$+@ )"*";"$$+@ y 4 ,2:&+*$';4 )"*";"$$';4 

940850
2121 ,r;,rx,x yxyx == , 2 &2:G" :+I,,4#4"$& ;"G,2:&+*$+@ 

:+**"<H#44 80
21

,r xx = . K)*"("<4&D 12-&$'" :+I,,4#4"$&' 

:+**"<H#44 )+ +8"4; ,2:&+*$'; )"*";"$$'; 4 $2@&4 %$21"$4H 
12-&$'F :*4&"*4"= L4O"*2 = )*"()+<+G"$44, 1&+ *"3*"--4+$$2H 
;+("<D <4$"@$2 4 )+<>1"$2 )+ *"%><D&2&2; 16 $28<J("$4@. 
S*>(+";:+-&D Ð 10 (;4$ /*28) I:-)"*&2.  

M8. ?+ ;2&"*42<2; 19 )*"()*4H&4@ +)&+=+@ &+*3+=<4 4%>12<2-D 
%2=4-4;+-&D +8T";2 *"2<4%2#44 &+=2*+= y +& 4;"JP4F-H &+*3+='F 

)<+P2("@ 1x  4 =4<414$' &+=2*$'F %2)2-+= 2x . 0+I,,4#4"$& 

("&"*;4$2#44 (<H %2=4-4;+-&4 = #"<+; 9202 ,R = , 2 :+I,,4#4"$&' 

)2*$+@ :+**"<H#44 910950
21

,,r;,r yxyx == . 5 )*"()+<+G"$44 

<4$"@$+-&4 ;+("<4 +#"$4&D "" -&2&4-&41"-:>J %$214;+-&D = #"<+; 4 
$2@&4 %$21"$4H 12-&$'F :+I,,4#4"$&+= :+**"<H#44 

1221 xyxxyx r;r !! . 

S*>(+";:+-&D Ð 30 (;4$ /*28) I:-)"*&2.  
M9. ?+ +)*+-2; 45 -";"@ 4%>12<+-D )+&*"8<"$4" ;H-2 !"y  +& 

="<414$' (+F+(2 .!"#x1  4 )+&*"8<"$4H F<"8+8><+1$'F 4%("<4@ 

!"x2 . ?+ *"%><D&2&2; $28<J("$4@ 8'<+ )+<>1"$+ >*2=$"$4" 

*"3*"--44 21 3850220167 x,x,yö !+!= . B&2$(2*&$'" +O48:4 
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:+I,,4#4"$&+= *"3*"--44 +:2%2<4-D *2=$' 240001
21

,m;m bb == . 

N$+G"-&="$$'@ :+I,,4#4"$& :+**"<H#44 860,R= . K#"$4&D 

-&2&4-&41"-:>J %$214;+-&D ;+("<4 = #"<+; 4 - )+;+PDJ 12-&$'F 
:*4&"*4"= L4O"*2 ='H-$4&D #"<"-++8*2%$+-&D =:<J1"$4H = -+-&2= 
;+("<4 :2G(+3+ ,2:&+*2 = +&("<D$+-&4. S*>(+";:+-&D Ð 20 (;4$ /*28) 
I:-)"*&2.  

M10. ?+ 26 )*"()*4H&4H; +&*2-<4 4%>12<2-D %2=4-4;+-&D 

)+&*"8<"$4H -'*DH y  &. +& I$"*3+=++*>G"$$+-&4 1x  :5&.1/"(.  

)*+(>:#44 4 +8T";2 )*+4%=+(-&=2 2x . ?+ *"%><D&2&2; $28<J("$4@ 

8'<4 ='14-<"$'  

420840540

8150121102412
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,r;,r;,r

;,;,;,;,x;,x;y

xxyxyx

xxy
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====== !!!
. 

K#"$4&D -&2&4-&41"-:>J %$214;+-&D <4$"@$+@ ;+("<4 = #"<+;; 
='14-<4&D :+I,,4#4"$&' ;+("<4 4 :+I,,4#4"$&' I<2-&41$+-&4 )+ 
+8+4; ,2:&+*2;.  S*>(+";:+-&D Ð 30 (;4$ /*28) I:-)"*&2.  

M11. ?+ 28 *+(-&="$$'; )*"()*4H&4H; 4%>12<2-D %2=4-4;+-&D 

)*48'<4 y +& )*+4%=+(4&"<D$+-&4 &*>(2 1x  4 -&+4;+-&4 "(4$4#' 

)*+(>:#44 2x . ?+ *"%><D&2&2; $28<J("$4@ 8'<4 ='14-<"$' 

2181139113546252
2121 ====== xxy ;,;;x;,x;y !!! . / &2:G" 

:+I,,4#4"$&' )2*$+@ :+**"<H#44 440610690
2121

,r;,r;,r xxyxyx === . 

?+-&*+4&D <4$"@$+" *"3*"--4+$$+" >*2=$"$4" = $2&>*2<D$+@ 4 
-&2$(2*&4%+=2$$+@ ,+*;"; +#"$4&D "3+ -&2&4-&41"-:>J %$214;+-&D 4 
#"<"-++8*2%$+-&D =:<J1"$4H :2G(+3+ 4% ,2:&+*+= = -+-&2= ;+("<4. 
S*>(+";:+-&D Ð 40 (;4$ /*28) I:-)"*&2.  

M12. ?+ *"%><D&2&2; +8-<"(+=2$4H 30 )*"()*4H&4@ +&*2-<4 
)+<>1"$' (2$$'" + )+&*"8<"$44 I<":&*+I$"*344 y &'-.  :=&.1 = 

%2=4-4;+-&4 +& +8T";+= )*+4%=+(-&=2 1x  4 >*+=$H 2=&+;2&4%2#44 2x  

%. ?+ (2$$'; $28<J("$4@ 8'<4 ='14-<"$':  
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-&2$(2*&4%+=2$$+@ ,+*;"; +#"$4&D "3+ -&2&4-&41"-:>J %$214;+-&D 4 
#"<"-++8*2%$+-&D =:<J1"$4H :2G(+3+ 4% ,2:&+*+= = -+-&2= ;+("<4. 
S*>(+";:+-&D Ð 40 (;4$ /*28) I:-)"*&2.  

M13. ?+ (2$$'; 32 $28<J("$4@ 8'<4 )+<>1"$' 

6909018140210 2
321 ,R;x;x;x;y =====  4 )+-&*+"$2 

*"3*"--4+$$2H %2=4-4;+-&D: 321 35605801840 x,x,x,ayö !++= . A2@&4 

="<414$> -:+**":&4*+=2$$+3+ :+I,,4#4"$&2 :+**"<H#44 4 +#"$4&D 

-&2&4-&41"-:>J %$214;+-&D >*2=$"$4H *"3*"--44 = #"<+;; +#"$4&D 
="<414$> -=+8+($+3+ 1<"$2; ='14-<4&D :+I,,4#4"$&' I<2-&41$+-&4 

)+ :2G(+@ 4% ,2:&+*$'F )"*";"$$'F ;+("<4.  S*>(+";:+-&D Ð 10 

(;4$ /*28) I:-)"*&2. S*>(+";:+-&D Ð 15 (;4$ /*28) I:-)"*&2.  

M14. ?+ (2$$'; 25 $28<J("$4@ 8'<4 )+<>1"$' 

350908417581635
212121 ,r;,;,;,;,x;x;y xxxxy !======= """  4 

)+-&*+"$2 <4$"@$2H *"3*"--4+$$2H ;+("<D 21 12320 x,x,yö !+= . 

K#"$4&D -&2&4-&41"-:>J %$214;+-&D :+I,,4#4"$&+= *"3*"--44; 

$2@&4 )+:2%2&"<4 12-&$+@ :+**"<H#44 4 :+I,,4#4"$&' I<2-&41$+-&4 
)+ :2G(+;> ,2:&+*>.  S*>(+";:+-&D Ð 40 (;4$ /*28) I:-)"*&2.  

M15. ?+ (2$$'; 23 $28<J("$4@ 8'<4 )+<>1"$' 

520806264385623
212121 ,r;,;,;,;,x;,x;y xxxxy ======= !!!  4 

)+-&*+"$2 <4$"@$2H *"3*"--4+$$2H ;+("<D 21 6091819 x,x,,yö !!= . 

K#"$4&D -&2&4-&41"-:>J %$214;+-&D :+I,,4#4"$&+= *"3*"--44; 

$2@&4 )+:2%2&"<4 12-&$+@ :+**"<H#44 4 :+I,,4#4"$&' I<2-&41$+-&4 

)+ :2G(+;> ,2:&+*>.  S*>(+";:+-&D Ð 40 (;4$ /*28) I:-)"*&2.  

Y:2%2$4". 5 %2(212F M14 4 M15 )"*"@&4 : -&2$(2*&4%+=2$$+@ 

,+*;" ;+("<4 4 , =+-)+<D%+=2=O4-D -4-&";+@ (1.16), $2@&4 

:+I,,4#4"$&' 12-&$+@ :+**"<H#44. 

M16. 5 &28<4#" )*"(-&2=<"$' -="("$4H, -+8*2$$'" )+ 20 

)*"()*4H&4H; +&*2-<4 + )*+4%=+(4&"<D$+-&4 &*>(2 y &'-. *>8.; 

+8$+=<H";+-&4 +-$+=$'F ,+$(+= 1x  % 4 (+<" *28+&$4:+=, 4;"JP4F 

$")*"*'=$'@ -&2G 8+<"" 10 <"& 2x %. 
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M ) /)  y 
1x  2x  M ) /)  y  

1x  2x  

1 7 3,5 9 11 10 6,3 22 

2 7 3,6 10 12 10 6,5 22 

3 7 3,9 12 13 11 7,2 24 

4 7 4,1 17 14 12 7,5 25 

5 8 4,2 18 15 12 7,9 27 

6 8 4,5 19 16 13 8,2 30 

7 9 5,3 19 17 13 8,4 31 

8 9 5,5 20 18 14 8,6 33 

9 10 5,6 21 19 14 9,5 35 

10 10 6,1 21 20 15 9,6 36 

?+-&*+4&D <4$"@$>J *"3*"--4+$$>J ;+("<D 4 +#"$4&D "" 

-&2&4-&41"-:>J %$214;+-&D = #"<+;. ?+<>14&D :+I,,4#4"$&' 

-&2$(2*&4%+=2$$+@ ,+*;' ;+("<4; )+ 4F ="<414$2; -("<2&D ='=+( + 

+ -&")"$4 =<4H$4H ,2:&+*$'F )"*";"$$'F $2 =2*D4*+=2$4" 

*"%><D&2&4=$+3+ )*4%$2:2. 5'14-<4&D -&2$(2*&$'" +O48:4 

:+I,,4#4"$&+= *"3*"--44 4  -("<2&D %2:<J1"$4" +8 4F 

-&2&4-&41"-:+@ %$214;+-&4. A2@&4 12-&$'" :+I,,4#4"$&' 

:+**"<H#44; ='H-$4&D #"<"-++8*2%$+-&D =:<J1"$4H :2G(+@ 4% 

,2:&+*$'F )"*";"$$'F = -+-&2= *"3*"--4+$$+@ ;+("<4. 5'14-<4&D 

%$21"$4" -:+**":&4*+=2$$+3+ 4$(":-2 ;$+G"-&="$$+@ ("&"*;4$2#44. 

S*>(+";:+-&D Ð 60 (;4$ /*28) I:-)"*&2.  

1.5. )2,+N$&-$ ;,$9;68':65 ,$3,$88-6&&636 2&2:->2. 
BL6LQ$&&'( 7$169 &2-7$&?N-O 5.29,216.  

B&2&4-&41"-:2H )*+="*:2 )2*2;"&*+= *"3*"--44 4 )+:2%2&"<"@ 
:+**"<H#44 +-$+=2$' $2 $":+&+*'F a priori  )*4$4;2";'F 34)+&"%2F 
+&$+-4&"<D$+ *2-)*"("<"$4H -<>12@$+@ -+-&2=<HJP"@ . 

.-&"-&="$$+, 1&+ (+ 4F )*+="*:4 =-" *"O"$4H, )*4$H&'" $2 
+-$+=2$44 )*"%>;)#44 4-&4$$+-&4 I&4F 34)+&"%, $+-H& <4OD 
)*"(=2*4&"<D$'@ F2*2:&"*. ?+-<" )+-&*+"$4H >*2=$"$4H *"3*"--44 

i!
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)*+ =+(4&-H )*+="*:2 $2<414H > +#"$+:  (-<>12@$'F +-&2&:+=) &"F 

-=+@-&=, :+&+*'" )*"()+<232<4-D. B=H%2$+ I&+ - &";, 1&+ )+-:+<D:> 
+#"$:4 )2*2;"&*+= *"3*"--44 4-)+<D%>J&-H = )*+#"--" ='*28+&:4 
>)*2=<"$1"-:4F *"O"$4@, +$4 (+<G$' +&="12&D +)*"("<"$$'; 
:*4&"*4H;.  / 4;"$$+ +$4 (+<G$' 8'&D $"-;"P"$$';4, 
-+-&+H&"<D$';4 4 I,,":&4=$';4. 9&4 -=+@-&=2 +#"$+:, )+<>1"$$'F 
- )+;+PDJ NA0, 4;"J& 1*"%='12@$+ =2G$+" )*2:&41"-:+" %$21"$4" 
= 4-)+<D%+=2$44 *"%><D&2&+= *"3*"--44 4 :+**"<H#44. 

E*(3*;*$$'()0  +#"$:4 +%$212"&, 1&+ ;2&";2&41"-:+" +G4(2$4" 
+-&2&:+= *2=$+ $><J. .-<4 +#"$:4 +8<2(2J& -=+@-&=+; 
$"-;"P"$$+-&4, &+ 4F ;+G$+ -*2=$4=2&D )+ *"%><D&2&2; *2%$'F 
$"%2=4-4;'F 4--<"(+=2$4@. 

K#"$:4 -14&2J&-H >55*4),1$23, , "-<4 +$4 F2*2:&"*4%>J&-H 
$24;"$DO"@ (4-)" *-4"@. 5 )*2:&41"-:4F 4--<"(+=2$4HF I&+ +%$212"& 
=+%;+G$+-&D )"*"F+(2 +& &+1"1$+3+ +#"$4=2$4H : 4$&"*=2<D$+;>. 

B'()'%)*/0$'()0  +#"$+: F2*2:&"*4%>"& >="<41"$4" 4F &+1$+-&4 
- >="<41"$4"; +8T";2 ='8+*:4.  

Y:2%2$$'" :*4&"*44 +#"$+: ($"-;"P"$$+-&D, -+-&+H&"<D$+-&D 4 
I,,":&4=$+-&D) +8H%2&"<D$+ >14&'=2J&-H )*4 *2%$'F -)+-+82F 
+#"$4=2$4H. 5 ; "&+( " $24;"$DO4F :=2(*2&+= +#"$:4 *"3*"--44  
-&*+H&-H $2 +-$+=" ;4$4;4%2#44 ->;;' :=2(*2&+= +-&2&:+=. ?+I&+;> 
+1"$D =2G$+ 4--<"(+=2&D )+="("$4" +-&2&+1$'F ="<414$ *"3*"--44 

. Y-<+=4H, $"+8F+(4;'" (<H )+<>1"$4H $"-;"P"$$'F, -+-&+H&"<D$'F 
4 I,,":&4=$'F +#"$+:, 4 )*"(-&2=<HJ& -+8+@ )*"()+-'<:4 NA0, 
-+8<J("$4" :+&+*'F +8H%2&"<D$+ (<H )+<>1"$4H (+-&+="*$'F 
*"%><D&2&+= I:+$+;"&*41"-:+3+ ;+("<4*+=2$4H. 

6--<"(+=2$4H +-&2&:+=  )*"()+<232 J& )*+="*:> $2<414H 

-<"(>JP4F )H&4 )*"()+-'<+: NA0:  
1) -<>12@$'@ F2*2:&"* +-&2&:+=; 

2) $><"=2H -*"($HH ="<414$2 +-&2&:+=, $" %2=4-HP2H +& ; 

3) 3+;+-:"(2-&41$+-&D Ð (4-)"*-4H :2G(+3+ +&:<+$"$4H , 

+(4$2:+=2 (<H =-"F %$21"$4@ ,2:&+*$'F )"*";"$$'F ; 

i!

i!

i!

ix

i!
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4) +&->&-&=4" 2=&+:+**"<H#44 +-&2&:+= Ð %$21"$4H +-&2&:+=  

*2-)*"("<"$' $"%2=4-4;+ (*>3 +& (*>32;  

5) +-&2&:4, :2: -<>12@$'" ="<414$', 4;"J& $+*;2<D$+" 

*2-)*"("<"$4" . 

?*"G(" =-"3+, )*+="*H"&-H -<>12@$'@ F2*2:&"* +-&2&:+=  Ð 

)"*=2H )*"()+-'<:2 NA0. B I&+@ #"<DJ -&+4&-H 3*2,4: %2=4-4;+-&4 

+-&2&:+=  +& &"+*"&41"-:4F %$21"$4@ *"%><D&2&4=$+3+ )*4%$2:2 

(*4-. 3). .-<4 $2 3*2,4:" ;$+G"-&=+ &+1": +8*2%>"& 3+*4%+$&2<D$>J 

)+<+->, &+ +-&2&:4  )*"(-&2=<HJ& -+8+@ -<>12@$'" ="<414$' 4 

)"*=2H )*"()+-'<:2 NA0 -14&2"&-H =')+<$" $$+@. 

 
G-8. 3. P2.-8-7681? 8:+%2(&'O 6812156.  61 1$6,$1-%$85-O 

>&2%$&-(  

5+%;+G$', +($2:+, 4 (*>34" -4&>2#44. 

1)  +-&2&:4  $" -<>12@$' (*4-. 42); 

2)  +-&2&:4  $" 4;" J& )+-&+H$$+@ (4-)"*-44 (*4-. 48); 

3)  +-&2&:4  $+-H& -4-&";2&41"-:4@ F2*2:&"* (*4-. 4=). 

i!

i!

i!

i!

 

i!

xy

i!

i!

i!
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42                                           4L 

 
4.  

G-8. 4. P2.-8-7681? 8:+%2(&'O 6812156.  61 1$6,$1-%$85-O 

>&2%$&-(  

5 I&4F -<>12HF $"+8F+(4;+ <48+ 4%;"$H&D -)"#4,4:2#4J 
;+("<4, <48+ ==+(4&D (+)+<$4&"<D$>J 4$,+*;2#4J 4 -&*+4&D 
>*2=$"$4" *"3*"--44 %2$+=+.  

5&+*2H )*"()+-'<:2 NA0 +&$+-4&"<D$+ $><"=+@ -*"($"@ 

="<414$' +-&2&:+= +%$212"&, 1&+ . 9&+, :2: )*2=4<+, 

=')+<$H"&-H (<H <4$"@$'F ;+("<"@ 4 ;+("<"@, $"<4$"@$'F 
+&$+-4&"<D$+ =:<J12";'F )"*";"$$'F.  

5;"-&" - &";, $"-;"P"$$+-&D +#"$+: :+I,,4#4"$&+= *"3*"--44, 
)+<>1"$$'F  - )+;+PDJ  NA0, %2=4-4& +& &+3+, 8>(>& <4 ="<414$' 
-<>12@$'F +-&2&:+= $"%2=4-4;' +& ,2:&+*$'F )"*";"$$'F, 1&+ 
&2:G" 4--<"(>"&-H = *2;:2F )*+="*:4  =&+*+@ )*"()+-'<:4 NA0. B 

i!

xy

( ) 0xy y! ="
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I&+@ #"<DJ -&*+4&-H 3*2,4: %2=4-4;+-&4 -<>12@$'F +-&2&:+=  +& 

,2:&+*+=, =:<J1"$$'F = *"3*"--4 J  (*4-.5).  

 
G-8. 5. P2.-8-7681? .$:-%-&' 6812156. 61 .$:-%-&' =2516,2  

.-<4 &+1:4 $2 3*2,4:" *2-)+<+G"$' = =4(" 3+*4%+$&2<D$+@ 
)+<+-', &+ =&+*2H )*"()+-'<:2 NA0 -14&2"&-H =')+<$"$$+@. .-<4 
G" 3*2,4: )+:2%'=2"& $2<414" %2=4-4;+-&4  4 , &+ -<"(>"& &2: G" 

%2(>;2&D-H +8 4%;"$"$44 -)"#4,4:2#44 ;+("<4, 4<4 %2$H&D-H 
)+4-:+; 4-&+1$4:2 -4-&";2&41"-:+@ )+3*"O$+-&4.  

?*"()+-'<:2 + $+*;2<D$+; *2-)*"("<"$44 +-&2&:+= )+%=+<H"& 
)*+=+(4&D )*+="*:> )2*2;"&*+= *"3*"--44 4 :+**"<H#44 - )+;+PDJ 

- 4 -:*4&"*4"=. 5;"-&" - &";, +#"$:4 *"3*"--44, $2@("$$'" - 
)*4;"$"$4"; NA0, +8<2(2J& F+*+O4;4 -=+@-&=2;4 (2G" )*4 
+&->&-&=44 $+*;2<D$+3+ *2-)*"("<"$4H +-&2&:+=, &.". = -<>12" 
$2*>O"$44 )H&+@ )*"()+-'<:4 NA0.  

B+="*O"$$+ $"+8F+(4;'; (<H )+<>1"$4H )+-*"(-&=+; NA0  
-+-&+H&"<D$'F +#"$+: )2*2;"&*+= *"3*"--44 H=<H"&-H -+8<J("$4" 
&*"&D"@ 4 1"&="*&+@ )*"()+-'<+:. 

5 -++&="&-&=44 - &*"&D"@ )*"()+-'<:+@ NA0 &*"8>"&-H, 1&+8' 
(4-)"*-4H +-&2&:+= 8'<2 +'3'(4*8"(),9$': . 9&+ %$214&, 1&+ (<H 

:2G(+3+ %$21"$4H ,2:&+*2  +-&2&:4  4; "J& )*4;"*$+ 

+(4$2:+=>J (4-)"*-4J. .-<4 I&+ >-<+=4" )*4;"$"$4H NA0 $" 
-+8<J(2"&-H, &+ 4;""& ;"-&+ +*)*#'(4*8"(),9$'()0 . A2<414" 
3"&"*+-:"(2-&41$+-&4 ;+G$+ $23<H($+ =4("&D 4% )+<H :+**"<H#44 
(*4-. 6). 

i!

jx

jx

i! jx

F t

jx i!
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2 

 
L 

 
.  

G-8. 6. #,-7$,' 3$1$,685$9281-%&681-  
A2 *4-. 6 =4%>2<4%4*+=2$' -4&>2#44, :+3(2: 2 Ð (4-)"*-4H 

+-&2&:+= *2-&"& )+ ;"*" >="<41"$4H ; 8 Ð (4-)"*-4H +-&2&:+= 

(+- &432"& ;2:-4;2<D$+@ ="<414$' = +8<2-&4 -*"($4F %$21"$4HF 

)"*";"$$+@  4 >;"$DO2"&-H )*4 ;4$4;2<D$'F 4 ;2:-4;2<D$'F 

%$21"$4HF ; = Ð ;2:-4;2<D$2H (4-)"*-4H +-&2&:+= $28<J(2"&-H )*4 

;2<'F %$21"$4HF )"*";"$$+@  . 

A2<414" 3+;+-:"(2-&41$+-&4 4<4 3"&"*+-:"(2-&41$+-&4 ;+G$+ 

)*+4<<J-&*4*+=2&D 3*2,4:+; %2=4-4;+-&4 +-&2&:+=  +& 

&"+*"&41"-:4F %$21"$4@ *"%><D&2&4=$+3+ )*4%$2:2  (*4-.7 -9).  

C<H ;$+G"-&="$$+@ *"3*"--44 (2$$'@ =4( 3*2,4:+= H=<H"&-H 

$248+<"" )*4";<";'; =4%>2<D$'; -)+-+8+; +8$2*>G"$4H 3+;+ - 4 

3"&"*+-:"(2-&41$+-&4. 

x

x

x

x

i!

xy
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G-8. 7. C$1$,685$9281-%&681?: L6:?N2K 9-8;$,8-K  9:K L6:?N-O 

>&2%$&-( . 

 
G-8 8. C$1$,685$9281-%&681?, 8661.$181.+RQ2K ;6:R 56,,$:KJ-- 

, -8. 6L. 

 
G-8. 9. C$1$,685$9281-%&681?, 8661.$181.+RQ2K ;6:R 

56,,$:KJ-- , -8. 6.  

i!

xy
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?*4 )+-&*+"$44 *"3*"--4+$$'F ;+("<"@ 1*"%='12@$+ =2G$+ 
-+8<J("$4" 1"&="*&+@ )*"()+-'<:4 NA0 Ð +&->&-&=4" 
2=&+:+**"<H#44 +-&2&:+=, 1&+ +%$212"& -&2&4-&41"-:4 $"%$214;>J 
:+**"<H#4J ;"G(> +-&2&:2;4 &":>P4F 4 )*"('(>P4F ()+-<"(>JP4F) 
$28<J("$4@. 0+I,,4#4"$& :+**"<H#44 ;"G(>  4 , 3("  Ð +-&2&:4 

&":>P4F $28<J("$4@,  Ð +-&2&:4 )*"('(>P4F $28<J("$4@ 

($2)*4;"*, ), ;+G"& 8'&D +)*"("<"$ :2:  

 , 

&.". )+ +8'1$+@ ,+*;><" (<H <4$"@$+3+ :+I,,4#4"$&2 :+**"<H#44. 
.-<4 I&+& :+I,,4#4"$& +:2G"&-H %$214;+ +&<41$'; +& $><H, &+ 
+-&2&:4 )*4%$2J&-H 2=&+:+**"<4*+=2$';4  

K&->&-&=4" 2=&+:+**"<H#44 +-&2&+1$'F ="<414$ +8"-)"14=2"& 
-+-&+H&"<D$+-&D 4 I,,":&4=$+-&D +#"$+: :+I,,4#4"$&+= *"3*"--44. 
K-+8"$$+ 2:&>2<D$+ -+8<J("$4" (2$$+@ )*"()+-'<:4 NA0 )*4 
)+-&*+"$44 *"3*"--4+$$'F ;+("<"@ )+ *H(2; (4$2;4:4, 3(" ==4(> 
$2<414H &"$("$#44 )+-<"(>JP4" >*+=$4 (4$2;41"-:+3+ *H(2, :2: 
)*2=4<+, %2=4-H& +& -=+4F )*"('(>P4F >*+=$"@. 

?* 4 $2*>O"$44 3+;+-:"(2-&41$+-&4 4 $2<4144 2=&+:+**"<H#44 
+O48+: *":+;"$(>"&-H &*2(4#4+$$'@ ;"&+( $24;"$DO4F :=2(*2&+= 
%2;"$H&D '6'6;*$$23 3*)'8'3  $",3*$0<,A 41"8#")'1 (FGEH).  
!2--;+&*4;, 1&+ 4% -"8H )*"(-&2=<H"& KNA0 , 4 :2: - "3+ )+;+PDJ 
)*+8<";2 3"&"*+-:"( 2-&41$+-&4 ;+G"& 8'&D )*"+(+<"$2. 

02: 4 *2$DO", 8>("; )*"()+<232&D, 1&+ -*"($"" %$21"$4" 
+-&2&+1$'F ="<414$ *2=$+ $><J, $+ )*4 I&+; (4-)"*-4H 4F $" 
+-&2"&-H $"4%;"$$+@ (<H *2%$'F %$21"$4@ ,2:&+*2, 2 
)*+)+*#4+$2<D$2 $":+&+*+@ ="<414$" , &.". 

 , 

3("  Ð (4 -)"*-4H +O48:4 )*4 :+$:*"&$+; -; %$21"$44 ,2:&+*2; 

 Ð )+-&+H$$2H (4-)"*-4H +O48:4 )*4 -+8<J("$44 )*"()+-'<:4 + 
3+;+-:"(2-&41$+-&4 +-&2&:+=;  Ð :+I,,4#4"$& 

i! j! i!

j!

1j i= !

( )cov ,  
i j

i j

i jr! !
! !

! !

" "
=

#

iK
2 2

i iK!" "= #
2

i!" i
2!

iK
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)*+)+*#4+$2<D$+-&4, ;"$HJP4@-H - 4%;"$"$4"; ="<414$' ,2:&+*2, 
1&+ 4 +8>-<+=<4=2"& $"+($+*+($+-&D (4-)"*-44.  ?*4 I&+; 

)*"()+<232"&-H, 1&+ %$21"$4"  $"4%="-&$+, 2 = +&$+O"$44 ="<414$ 
 ='(=432J&-H +)*"("<"$$'" 34)+&"%', F2*2:&"*4%>JP4"  

-&*>:&>*> 3"&"*+-:"(2-&41$+-&4, (-;. *4-. 7 Ð 9) 
!2--;+&*4; ;+("<D )2*$+@ <4$"@$+@ *"3*"--44 . 

?*4  ;+("<D )*4;"& =4( : . 5 $"@ 

+-&2&+1$'" ="<414$' 3"&"*+-:"(2-&41$'. ?*"()+<232H = $4F 
+&->&-&=4" 2=&+:+**"<H#44, ;+G$+ )"*"@&4 : >*2=$"$4J - 
3+;+-:"(2-&41$';4 +-&2&:2;4, )+("<4= =-" )"*";"$$'", 

%2,4:-4*+=2$$'" = F+(" -3+ $28<J("$4H, $2 . S+3(2 (4-)"*-4H 

+-&2&:+= 8>("& ="<414$+@ )+-&+H$$+@, &. ". . 

6$';4 -<+=2;4, +& *"3*"--44  )+  )"*";"$$+@   )"*"@("; : 

*"3*"--44 (<H  $+='F )"*";"$$'F:  4 . Y*2=$"$4" 

*"3*"--44 )*4 I&+; 8>("&: 

, (1.26) 

2 4-F+($'" (2$$'", 4-)+<D%>";'" = *2-1"&$+@ -F";" NA0, (<H 
)+<>1"$4H +#"$+: )2*2;"&*+= *"3*"--4+$$+@ ;+("<4,  8>(>& 4;"&D 
=4(: 

 ,   . 

?+ +&$+O"$4J : +8'1$+@ *"3*"--44 >*2=$"$4" - $+=';4, 
)*"+8*2%+=2$$';4 )"*";"$$';4 )*"(-&2=<H"& -+8+@ =%="O"$$>J 
*"3*"--4J, = :+&+*+@ )"*";"$$'"  4  =%H&' - ="-+=';4 

2!

iK

i i iy a bx != + +
2 2

i iK!" "= # i i i iy a bx K!= + +

i iK
2 2

i!" "=

y x

y K x K

i i
i

i i i

y a x
b

K K K
!= + " +

1

1

2

2

........

n

n

y

K

y

Ky

y

K

=

1

1

2

2

........

n

n

x

K

x

Kx

x

K

=

y x
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:+I,,4#4"$&2;4 . K#"$:2 )2*2;"&*+= $+=+3+ >*2=$"$4H - 

)*"+8*2%+=2$$';4 )"*";"$$';4 )*4=+(4& : =%="O"$$+;> ;"&+(> 
$24;"$DO4F :=2(*2&+=, = :+&+*+; ;4$4;4%4*>"&-H ->;;2 :=2(*2&+= 
+&:<+$"$4@ =4(2 

 . 

1&+ )+%=+<H"& )+<>14&D (<H *2-1"&2 )2*2;"&*+= ;+("<4 -4-&";> 

$+*;2<D$'F >*2 =$"$4@: 

  

?+<>1"$$'" *"%><D&2&' ;+G$+ <"3:+ *2-)*+-&*2$4&D $2 

>*2=$"$4H ;$+G"-&="$$+@ *"3*"--44. 

5 I:+$+;"&*41"-:4F 4--<"(+=2$4HF (+=+< D$+ 12-&+ ='(=432"&-H 

(4 $2F+(4& )+(&="*G("$4") 34)+&"%2 + &+;, 1&+ +-&2&:4 i!  

)*+)+*#4+$2<D$' %$21"$4H; :2:+@ <48+ ,2:&+*$+@ )"*";"$$+@. S2:, 

"-<4 )*"()+<+G4&D, 1&+ = >*2=$"$44 

 1 1 2 2 ... m my a b x b x b x e= + + + + +  

 1e x!= " , &.". 1K x=  4 2 2
1i

x!" "= # , &+ = +8+8P"$$+; NA0 8>("& 

)*+4%=+(4&D-H +#"$:2 )2*2;"&*+= -<"(>JP"3+ &*2$-,+*;4*+=2$$+3+ 

>*2=$"$4H: 

2
1 2

1 1 1

... m
m

y x x
b b b

x x x
!= + + + + . 

?*4;"$"$4" = I&+; -<>12" +8+8P"$$+3+ NA0 )*4=+(4& : &+;>, 

1&+ $28<J("$4H - ;"$DO4;4 %$21"$4H;4 )*"+8*2%+=2$$'F 

)"*";"$$'F x K 4;"J& )*4 +)*"("<"$44 )2*2;"&*+= *"3*"--44 

+&$+-4&"<D$+ 8+<DO4@ ="-, 1"; - 4-F+($';4 )"*";"$$';4. 5;"-&" - 

&";, -<"(>"& 4;"&D = =4(>, 1&+ )*"+8*2%+=2$$'" )"*";"$$'" 

)+<>12J& $+=+" I:+$+;41"-:+" -+("*G2$4" 4 4F *"3*"--4H 4;""& 

4$+@ -;'-<, 1"; *"3*"--4H )+ 4-F+($'; (2$$';.  

1 K

( ) ( )2

1

1
,

n

i i
i i

S a b y a bx
K=

= ! !"

2

1
,

.

y x
a b

K K K
y x x x

a b
K K K

! = " + "##
$

"# = " + "
#%

& & &

& & &
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!#,3*#  5. ?>-&D y Ð 4%("*G:4 )*+4%=+(-&=2, 1x  Ð +8T";  

)*+4%=+(-&=2 )*+(>:#44, 2x  Ð +-$+=$'" )*+4%=+(-&="$$'" ,+$(', 3x  

Ð 14-<"$$+-&D *28+&$4:+=. S+3(2 >*2=$"$4" 

 1 1 2 2 3 3y a b x b x b x e= + + + +  

H=<H"&-H ;+("<DJ 4%("*G": )*+4%=+(-&=2 - +8T";$';4 ,2:&+*2;4. 

?*"()+<232H, 1&+ 2

i!"  )*+)+*#4+$2<D$2 :=2(*2&> 14-<"$$+-&4 

*28+&$4:+= 3x , ;' )+<>14; = :21"-&=" *"%><D&2&4=$+3+ )*4%$2:2 

%2&*2&' $2 +($+3+ *28+&$4:2 3y x , 2 = :21"-&=" ,2:&+*+= -<"(>JP4" 

)+:2%2&"<4: )*+4%=+(4&"<D$+-&D &*>(2 1 3x x  4 ,+$(+=++*>G"$$+-&D 

&*>(2 2 3x x . B++&="&-&="$$+ &*2$-,+*;4*+=2$$2H ;+("<D )*4;"& =4( 

 1 2
3 1 2

3 3 3

y x x
b b b

x x x
!= + + + , 

3(" )2*2;"&*' 1b , 2b , 3b  $" 8>(>& -+=)2(2&D - 2$2<+341$';4 

)2*2;" &*2;4 )*"('(>P"@ ;+("<4. 0*+;" &+3+, :+I,,4#4"$&' 

*"3*"--44 )*4+8*"&2 J& 4$+" I:+$+;41"-:+" -+("*G2$4". 6 % 

)+:2%2&"<"@ -4<' -=H%4, F2*2:&"*4%>JP4F -*"($"" 28-+<J&$+" 

4%;"$"$4" 4%("*G": )*+4%=+(-&=2 - 4%;"$"$4"; 28-+<J&$+@ 
="<414$' -++&="&-&=>JP"3+ ,2:&+*2 $2 "(4$4#>, +$4 -&2$+=H&-H 

)+:2%2&"<"; -*"($"3+ 4%;"$"$4H %2&*2& $2 "(4$4#> *28+1"@ -4<' - 

4%;"$"$4"; )*+ 4%=+(4&"<D$+-&4 &*>(2 4 ,+$(+=++*>G"$$+-&4 $2 

"(4$4#>  

.-<4 )*"()+<+ G4&D, 1&+ = ;+("<4 - 4-F+($';4 )"*";"$$';4 

(4-)"*-4H +-&2&:+= )*+)+*#4+$2<D$2 :=2(*2&> +8T";2 )*+(>:#44, 
2 2 2

1i
x!" "= # , ;+G$+ )"*"@&4 : >*2=$"$4J *"3*"--44 =4(2  

2 3
1 2 3

1 1 1

y x x
b b b

x x x
!= + + + , 

= :+&+*+; $+='" )"*";"$$'": 1y x  Ð %2&*2&' $2 "(4$4#> (4<4 $2 1 

*>8. )*+(>:#44), 2 1x x  Ð ,+$(+";:+-&D )*+(>:#44, 3 1x x  Ð 

&*>(+";:+-&D )*+(>:#44.  
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W4)+&"%2 + )*+)+*#4+$2<D$+-&4 +-&2&:+= ="<414$" ,2:&+*2 
;+G"& 4;"&D *"2<D$+" +-$+=2$4": )*4 +8*28+&:" $"(+-&2&+1$+ 
+($+*+($+@ -+=+:>)$+-&4, =:<J12JP"@ :2: :*>)$'", &2: 4 ;"<:4" 
)*"()*4H&4H, 3(" 8+<DO4; +8T";$'; %$21"$4H; ,2:&+*2 ;+G"& 
-++&="&-&=+=2&D 8+<DO2H (4-)"*-4H *"%><D&2&4=$+3+ )*4%$2:2 4 
8+<DO2H (4-)"*-4H +-&2&+1$'F ="<414$. 

?*4 $2<4144 +($+@ +8TH-$HJP"@ )"*";"$$+@ 34)+&"%2 
2 2 2

i
x!" "=  &*2$-,+*;4*>"& <4$"@$+" >*2=$"$4" 

 y a bx e= + +  

= >*2=$"$4" 

 
y a

b
x x

!= + + , 

= :+&+*+; )2*2;"&*' a 4 b )+;"$H<4-D ;"-&2;4, :+$-&2$&2 -&2<2 
:+I,,4#4"$&+; $2:<+$2 <4$44 *"3*"--44, 2 :+I,,4#4"$& *"3*"--44 
Ð -=+8+($'; 1<"$+;.  

!#,3*# 6. ?*4 4--<"(+=2$44 %2=4-4;+-&4 -8"*"G"$4@  +& 

(+F+(2 , 8'<+ )+<>1"$+ <4$"@$+" >*2=$"$4" *"3*"--44 

. 

?*4;"$"$4"; +8+8P"$$+3+  NA0 : (2$$+@ ;+("<4 = 
)*"()+<+G"$44, 1&+ +O48:4 )*+)+*#4+$2<D$' (+F+(>, 8'<+ 
)+<>1"$+ >*2=$"$4" (<H )*"+8*2%+=2$$'F (2$$'F: 

 . 

0+I,,4#4"$& *"3*"--44 )"*=+3+ >*2=$"$4H -*2=$4=2J& -+ 
-=+8+($'; 1<"$+; =&+*+3+ >*2=$"$4H, &.". 0,1178 4 0,1026 Ð +#"$:4 
)2*2;"&*2  %2=4-4;+-&4 -8"*"G"$4@ +& (+F+(2. 

?"*"F+( : +&$+-4&"<D$'; ="<414$2; ->P"-&="$$+ -$4G2"& 
=2*42#4J ,2:&+*2 4 -++&="&-&="$$+ >;"$DO2"& (4-)"*-4J +O48:4. 
K$ )*"(-&2=<H"& -+8+@ $248+<"" )*+-&+@ -)+-+8 >1"&2 
3"&"*+-:"(2-&41$+-&4 = *"3*"--4+$$'F ;+("<HF - )+;+PDJ 
+8+8P"$$+3+ NA0. ?*+#"-- )"*"F+(2 : +&$+-4&"<D$'; ="<414$2; 
;+G"& 8'&D +-<+G$"$ ='(=4G"$4"; 4$'F 34)+&"% + 

y

x

1,081 0,1178y x= ! + "

1
0,1026 0,8538

y
x x

= ! "

b
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)*+)+*#4+$2<D$+-&4 +O48+: +&$+-4&"<D$+ =:<J1"$$'F = ;+("<D 
,2:&+*+=. 6-)+<D%+=2$4" &+@ 4<4 4$+@ 34)+&"%' )*"()+<232"& 
)*+="("$4" -)"#42<D$'F 4--<"(+=2$4@ +-&2&+1$'F ="<414$ (<H 
-++&="&-&=>JP4F *"3*"--4+$$'F ;+("<"@.  

1.6. G$3,$88-6&&'$ 769$:- 8 ;$,$7$&&6( 81,+51+,6(  
5 *H(" -<>12"= )*4 )*+="("$44 I:+$+;"&*41"-:4F 4--<"(+=2$4@ 

+:2%'=2"&-H $"+8F+(4;'; >1"-&D = -+-&2=" *"3*"--4+$$+@ ;+("<4 
&2:4" ,2:&+*$'" )"*";"$$'", :+&+*'" = )*4$#4)" $"=+%;+G$+ 
:+<41"-&="$$+ 4%;"*4&D = +8P")*4$H&+; -;'-<". 9&+ ;+3>& 8'&D 
*2%$+3+ *+(2 2&*48>&4=$'" )*4%$2:4, &2:4", $2)*4;"*, :2: 
)*+,"--4H, )+<, +8*2%+=2$4", :<4;2&41"-:4" >-<+=4H, 
)*4$2(<"G$+-&D : +)*"("<"$$+;> *"34+$>. X&+8' =="-&4 &2:4" 
)"*";"$$'" = *"3*"--4+$$>J ;+("<D, 4; (+<G$' 8'&D )*4-=+"$' &" 
4<4 4$'" 9,(/'12* 3*)4,,  1&+ )+%=+<H"& ,+*;2<D$+ +->P"-&=4&D 
)*"+8*2%+=2$4" :21"-&="$$'F )"*";"$$'F = :+<41"-&="$$'". 
B:+$-&*>4*+=2$$'" &2:4; +8*2%+; )"*";"$$'" = I:+$+;"&*4:" 
)*4$H&+ $2%'=2&D 5,4),1$23, &*#*3*$$23,, 2 *"3*"--4+$$'" 
;+("<4, = -+-&2=" :+&+*'F 4;"J&-H )+(+8$'" )"*";"$$'", $+-H& 
$2%=2$4" 3'8*/*: ( &*#*3*$$': ()#.4).#':.  

!2--;+&*4; 4-)+<D%+=2$4" ,4:&4=$'F )"*";"$$'F $2 )*4;"*" 
4%>1"$4H ,>$:#44 -)*+-2. ?*"()+<+G4;, 1&+ )+ 3*>))" <4# 
;>G-:+3+ 4 G"$-:+3+ )+<2 4%>12"&-H <4$"@$2H %2=4-4;+-&D 
)+&*"8<"$4H :+," +& #"$'. 5 +8P"; =4(" (<H =-"@  -+=+:>)$+-&4 
+8-<"(>";'F )+&*"84&"<"@ >*2=$"$4" *"3*"--44 4;""& =4(:  

 , 

3("  Ð :+<41"-&=+ )+&*"8<H";+3+ :+,";  Ð #"$2. 

/$2<+341$'" >*2=$"$4H ;+3>& 8'&D $2@("$' +&("<D$+ (<H <4# 
;>G-:+3+ )+<2:  4 G"$-:+3+ )+<2: . 

!2%<414H = )+&*"8<"$44 :+," ;>G14$2;4 4 G"$P4$2;4  
)*+H=H&-H = *2%<4144 -*"($4F  4 . K($2:+, -4<2 =<4H$4H #"$'  

$2 ="<414$> )+&*"8<"$4H  ;+G"& +:2%2&D-H )*4;"*$+ +(4$2:+=+@, 

&.". . 5 I&+; -<>12" #"<"-++8*2%$+ )+-&*+"$4" +8P"3+ 

y a bx != + +

y x

1 1 1 1 1y a b x != + + 2 2 2 2 2y a b x != + +

1y 2y x

y

1 2b b b! !
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>*2=$"$4H *"3*"--44 - =:<J1"$4"; = $"3+ ,2:&+*2 Ç)+<È = :21"-&=" 
,4:&4=$+@ )"*";"$$+@. 

5="("; = -+-&2= ;+("<4 (4F+&+;41"-:>J )"*";"$$>J z, :+&+*2H 
)*4$ 4;2"& %$21"$4" 0 (<H )+&*"84&"<"@ G"$-:+3+ )+<2 4 %$21"$4" 1 
(<H +8-<"(>";'F ;>G-:+3+ )+<2. 6-)+<D%>H +*32$4%+=2$$'" &2:4; 
+8*2%+; (2$$'", - )+;+PDJ NA0 +)*"("<4 ; )2*2;"&*' <4$"@$+@ 
(=>F,2:&+*$+@ ;+("<4 , 3(" z, :2: 8'<+ >)+;H$>&+, 

)*4$4;2"& %$21"$4H 1 (<H ;>G14$ 4 0 (<H G"$P4$. 
?+I&+;> *2-1"&$' " %$21"$4H *2%;"*2 )+&*"8<"$4H :+," (<H 

;>G14$ 8>(>& )+<>1"$' 4% >*2=$"$4H 

 , 

( <H G"$P4$ G" -++&="&-&=>JP4" %$21"$4H )+<>14; 4% >*2=$"$4H 

 . 

B+)+-&2=<"$4" I&4F >*2=$"$4@, )+:2%'=2"&, 1&+ *2%<414H = 
>*+=$" )+&*"8<"$4H ;>G14$ 4 G"$P4$ -+-&+H& = *2%<4144 -=+8+($'F 
1<"$+= (2$$'F >*2=$"$4@:  Ð (<H G"$P4$ 4  Ð (<H ;>G14$. 

X4-<+ ,4:&4=$'F )"*";"$$'F = -+-&2=" ;+("<4 =+%*2-&2"&  )+ 
;"*" >="<41"$4H :+<41"-&=2 >*+=$"@, :+&+*'" ;+G"& )*4$4;2&D 
2&*48>&4=$2H )"*";"$$2H. A2 &"F$4:" )+-&*+"$4H ;+("<"@ - 
)"*";"$$+@ -&*>:&>*+@ I&+, +($2:+, $4:2: $" +&*2G2"&-H. 

!#,3*# 7 . ?*4 4--<"(+=2$44 %2=4-4;+-&4 #"$' $2 
(=>F:+;$2&$>J :=2*&4*> = +8<2-&$+; 3+*+(" +& "" )+<"%$+@ )<+P2(4 
8'<+ )*4$H&+ *"O"$4" >1"-&D =<4H$4" &4)2 (+;2, 3(" *2-)+<+G"$2 
:=2*&4*2. !2%<412<4-D &*4 :2&"3+*44 (+;+=: ÇF*>P"=:2È, )2$"<D$'@ 
4 :4*)41$'@. C<H )+-&*+"$4H *"3*"--4+$$+@ ;+("<4 8'<4 
4-)+<D%+=2$' (=" ,4:&4=$'" )"*";"$$'"  4 . ?"*";"$$2H  

)*4$4;2"& %$21"$4" 1 (<H )2$"<D$+3+ (+;2 4 0 (<H =-"F +-&2<D$'F 

&4)+= (+;+=; )"*";"$$2H  )*4$4;2"& %$21"$4" 1 (<H :4*)41$'F 

(+;+= 4 0 (<H +-&2<D$'F; &+3(2 )"*";"$$'"  4  )*4$4;2J& 

%$21"$4H 0 (<H (+;+= &4)2 ÇF*>P"=:4È. !2-1"&', =')+<$"$$'" )+ 
4;"JP4;-H (2$$';, )*4="<4 : *"3*"--4+$$+@ ;+("<4 =4(2  

bxzAAy ++= 1ö

1y A A bx= + +

y A bx= +

A 1A A+

1z 2z 1z

2z

1z 2z
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 . 

X2-&$'" >*2=$"$4H *"3*"--44 (<H +&("<D$'F &4)+= (+;+=, 
-=4("&"<D-&=>H + $248+<"" ='-+:4F #"$2F :=2*&4* = )2$"<D$'F 

(+;2F, 8>(>& 4;"&D -<"(>JP4@ =4(: ÇF*>P"=:4È Ð ; 

)2$"<D$'" Ð ; :4*)41$'" Ð . 

?2*2;"&*' )*4 ,4:&4=$'F )"*";"$$'F  4  )*"(-&2=<HJ& 

-+8+@ *2%$+-&D ;"G(> -*"($4; >*+=$"; *"%><D&2&4=$+3+ )*4%$2:2 
(<H -++&="&-&=>JP"@ 3*>))' 4 82%+=+@ 3*>))'. 5 *2--;2&*4=2";+; 
)*4;"*" %2 82%> -*2=$"$4H =%H&' #"$' $2 (+;2 ÇF*>P"=:4È, (<H 
:+&+*'F . ?2*2;"&* )*4 , *2=$'@ 2200, +%$212"&, 1&+ )*4 

+($+@ 4 &+@ G" )+<"%$+@ )<+P2(4 :=2*&4*' #"$2 "" = )2$"<D$'F 
(+;2F = -*"($"; $2 2200 (+<<. BZ/ ='O", 1"; = ÇF*>P"=:2FÈ. 
B++&="&-&="$$+ )2*2;"&* )*4  )+:2%'=2"&, 1&+ = :4*)41$'F (+;2F 

#"$2 ='O" = -*"($"; $2 1600  (+<<. )*4 $"4%;"$$+@ ="<414$" 
)+<"%$+@ )<+P2(4. 

0*+;" ;+("<"@ , 3(" ,4:&4=$'" )"*";"$$'", = :+&+*'F 
='-&>)2J&  = *+<4 ,2:&+*+=, ;+G"& =+%$4:$>&D $"+8F+(4;+-&D 
)+-&*+"$4H ;+("<4 , = :+&+*+@ (4F+&+;41"-:4@ )*4%$2: 43*2"& *+<D 
*"%><D&2&2. ?+(+8$+3+ =4(2 ;+("<4 )*4;"$HJ&-H, $2)*4;"*, )*4 
+8*28+&:" (2$$'F -+#4+<+341"-:4F +)*+-+=. 5 :21"-&=" %2=4-4;+@ 
)"*";"$$+@  *2--;2&*4=2J&-H +&="&' $2 =+)*+-', (2$$'" = 

2<D&"*$2&4=$+@ ,+*;": Ç(2È 4<4 Ç$"&È; Ç%2È 4<4 Ç)*+&4=È; 
Ç->="*"$4&"&È 4<4 Ç2=&+$+;4HÈ. ?+I&+;> %2=4-4;2H )"*";"$$2H 
4;""& (=2 %$21"$4H: 1, :+3(2 4;""& ;"-&+ +&="& Ç(2È, 4 0 Ð =+ =-"F 
+-&2<D$'F -<>12HF. N+("<D &2:+@ %2=4-4;+@ )"*";"$$+@ 4;""& =4(: 

 . 

N+("<D H=<H"&-H ="*+H&$+-&$+@ <4$"@$+@ ;+("<DJ. 5 $"@  

)*4$4;2"& %$21"$4H 1 4 0, :+&+*'; -++&="&-&=>J& ="*+H&$+-&4  4 

. ?+I&+;> )*4 *"O"$44 ;+("<4 $2F+(H& +#"$:> >-<+=$+@ 

="*+H&$+-&4 -+8'&4H  )*4 ,4:-4*+=2$$'F %$21"$4HF . S2:+3+ 

*+(2 ;+("<4 4-)+<D%>J& )*4 *28+&" - $":+<41"-&="$$';4 

1 2320 500 2200 1600y x z z= + + +

320 500y x= +

2520 500y x= + 1920 500y x= +

1z 2z

1 2 0z z= = 1z

2z

y

1 1 ... m my a b x b x != + + + +

y

p

1 p!

y x
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)"*";"$$';4. 02: )*2=4<+, I&+ ;+("< 4 ='8+*2 4% %2(2$$+3+ -)4-:2 
2<D&"*$2&4=. 72=4-4;2H )"*";"$$2H  )*"(-&2=<"$2 (4-:*"&$';4 

%$21"$4H;4 ($28+* 2<D&"*$2&4=), +8TH-$HJP4" )"*";"$$'"  Ð 

F2*2:&"*4-&4:4 2<D&"*$2&4= (=*";H, #"$2),  Ð F2*2:&"*4-&4:4 

4$(4=4(+= (=+%*2-&, (+F+(, >*+="$D +8*2%+=2$4H). N+("<D &2:+3+ 
*+(2 )+%=+<H"& )*"(-:2%2&D (+<J 4$(4=4(+= = 3"$"*2<D$+@ 
-+=+:>)$+-&4, :+&+*'" ='84*2J& (2$$>J 2<D&"*$2&4=>. 

1.7. /-81$7' I56&67$1,-%$85-O +,2.&$&-(  
?*4 4-)+<D%+=2$44 +&("<D$'F >*2=$"$4@ *"3*"--44 = 

8+<DO4$-&=" -<>12"= )*"()+<232"&-H, 1&+ 2*3>;"$&' (,2:&+*') 
;+G$+ 4%;"$H&D $"%2=4-4;+ (*>3 +& (*>32. K($2:+ I&+ 
)*"()+<+G"$4" $" =-"3(2 +)*2=(2$+. ?*2:&41"-:4 4%;"$"$4" +($+@ 
)"*";"$$+@, :2: )*2=4<+, $" ;+G"& )*+4-F+(4&D )*4 28-+<J&$ +@ 
$"4%;"$$+-&4 (*>34F, 2 =<"1"& %2 -+8+@ 4%;"$"$4H =+ =-"@ -4-&";" 
=%24;+-=H%2$$'F )*4%$2:+=. ?+I&+;> +&("<D$+ =%H&+" >*2=$"$4" 
;$+G"-&="$$+@ *"3*"--44, :2: 8' >(21$+ $" 8'<2 ='8*2$2 "3+ 
-)"#4,4:2#4H, +&$J(D $" =-"3(2 ;+G"& F2*2:&"*4%+=2&D 4-&4$$'" 
=<4H$4H +&("<D$'F )*4%$2:+= $2 =2*42#4J *"%><D&2&4=$+@ 
)"*";"$$+@. ?+ I&+@ )*414$" = )+-<"($4" ("-H&4<"&4H = 
I:+$+;41"-:4F 4--<"(+=2$4HF =2G$+" ;"-&+ %2$H<2 )*+8<";2 
+)4-2$4H -&*>:&>*' -=H%"@ ;"G(> )"*";"$$';4 -4-&";+@, &2: 
$2%'=2";'F, +($+=*";"$$'F >*2=$"$4@, $ 2%'=2";'F &2:G" 
-&*>:&>*$';4 >*2=$"$4H;4.  

B4-&";' >*2=$"$4@ = I:+$+;"&*41"-:4F 4--<"(+=2$4HF ;+3>& 
8'&D )+-&*+"$' )+ -*2%$+;>. 

5+%;+G$2 (,()*3" $*-"1,(,32A .#"1$*$,: , 3(" :2G(2H %2=4-4;2H 
)"*";"$$2H  *2--;2&*4=2"&-H :2: ,>$:#4H +($+3+ 4 &+3+ G" $28+*2 

,2:& +*+= : 

 (1.27) 
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02G(+" >*2=$"$4" &2:+@ -4-&";' ;+G"& *2--;2&*4=2&D-H 
-2;+-&+H&"<D$+ 4 (<H $2F+G("$4H "3+ )2*2;"&*+= 4-)+<D%>"&-H ;"&+( 
$24;"$DO4F :=2(*2&+= 8"% :2:4F <48+ =4(+4%;"$"$4@, )*4 >-<+=44 
3+;+-:"(2-&41$+-&4 +-&2&:+=. 

.-<4 %2=4-4;2H )"*";"$$2H  +($+3+ >*2=$"$4H ='-&>)2"& = 

*+<4 ,2:&+*2 =+ =-"F )+-<"(>JP4F, &+ 4--<"(+=2&"<D ;+G"& -&*+4&D 
;+("<D = =4(" (,()*32 #*4.#(,1$2A .#"1$*$,: : 

 (1.28) 

?2*2;"&*' >*2=$"$4@ I&+@ -4-&";' &2:G" +)*"("<HJ&-H 
;"&+(+; $24;"$DO4F :=2(*2&+=, )*4;"$H";'; )+-<"(+=2&"<D$+, 
$214$2H - )"*=+3+, : :2G(+;> >*2=$"$4J -4-&";' = +&("<D$+-&4.  

A248+<DO"" *2-)*+-&*2$"$4" = I:+$+;"&*41"-:4F 4--<"(+=2$4HF 
)+<>14<2 (,()*3" 1-",3'-"1,(,32A .#"1$*$,: , = :+&+*+@ +($4 4 &" 
G" %2=4-4;'" )"*";"$$'" = +($4F >*2=$"$4HF =F+(H& = <"=>J 12-&D, 
2 = (*>34F >*2=$"$4HF Ð = )*2=>J 12-&D -4-&";'. 9&+ )+%=+<H"& 
)+<$"" >1"-&D +-+8"$$+-&4 -&*>:&>*' ;+("<4*>";+3+ +8T":&2 4 
+#"$4&D -<+G$+-&D =$>&*"$$4F =%24;+-=H%"@ =+ =-"; 4F -=+"+8*2%44. 

 (1.29) 

B4-&";2 =%24;+%2=4-4;'F >*2=$"$4@ )+<>14<2 $2%=2$4" 
(,()*32 ('13*()$2A, '8$'1#*3*$$2A .#"1$*$,: . S"; -2;'; 
)+(1"*:4=2"&-H, 1&+ = -4-&";" +($4 4 &" G" )"*";"$$'" 
+($+=*";"$$+ *2--;2&*4=2J&-H :2: %2=4-4;'" = +($4F >*2=$"$4HF 4 
:2: $"%2=4-4;'" = (*>34F. 5 I:+$+;"&*4:" I&2 -4-&";2 >*2=$"$4@ 
$2%'=2"&-H &2:G" ()#.4).#$': 5'#3': 3'8*/, . 5 +&<414" +& 
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)*"('(>P4F -4-&"; :2G(+" >*2=$"$4" -4-&";' +($+=*";"$$'F 
>*2=$"$4@ $" ;+G"& *2--;2&*4=2&D-H -2;+-&+H&"<D$+, 4 (<H 
$2F+G("$4H "3+ )2*2;"&*+= &*2(4#4+$$'@ NA0 $")*4;"$4;. B I&+@ 
#"<DJ 4-)+<D%>J&-H -)"#42<D$'" )*4";' +#"$4=2$4H. 

B4-&";2 -+=;"-&$'F, +($+=*";"$$'F >*2=$"$4@ (4<4 
-&*>:&>*$2H ,+*;2 ;+("<4) -+("*G4& I$(+3"$$'" 4 I:%+3"$$'" 
)"*";"$$'".  I$8'+*$$2* &*#*3*$$2*  Ð I&+ %2=4-4;'" )"*";"$$'", 
14-<+ :+&+*'F *2=$+ 14-<> >*2=$"$4@ = -4-&";"; 4F )*4$H&+ 
+8+%$212&D 1"*"% . I4-'+*$$2* &*#*3*$$2*  Ð I&+ )*"(+)*"("<"$$'" 

)"*";"$$'", =<4HJP4" $2 I$(+3"$$'" )"* ";"$$'", $+ $" %2=4-HP4" 
+& $4F; +$4 +8+%$212J&-H 1"*"% . !2%("<"$4" )"*";"$$'F $2 
I$(+3"$$'" 4 I:%+3"$$'" %2=4-4& +& &"+*"&41"-:+@ :+$#")#44 
)*4$H&+@ ;+("<4. K($4 4 &" G" )"*";"$$'" ;+3>& ='-&>)2&D = +($4F 
;+("<HF :2: I$(+3"$ $'", 2 = (*>34F :2: I:%+3"$$'".  

B&*>:&>*$2H ,+*;2 ;+("<4 )+%=+<H"& >=4("&D =<4H$4" 
4%;"$"$4@ <J8+@ I:%+3"$$+@ )"*";"$$+@ $2 %$21"$4H I$(+3"$$+@ 
)"*";"$$+@. E"<"-++8*2%$+ = :21"-&=" I:%+3"$$'F )"*";" $$'F 
='84*2&D &2:4" )"*";"$$'", :+&+*'" ;+3>& 8'&D +8T":&+; 
*"3><4*+=2$4H.  

B&*>:&>*$2H ,+*;2 ;+("<4 = )*2=+@ 12-&4 -+("*G4& )*4 
I$(+3"$$'F )"*";"$$'F :+I,,4#4"$&'  4 I:%+3"$$'F )"*";"$$'F 

Ð :+I,,4#4"$&' , :+&+*'" $2%'=2J&-H ()#.4).#$23, 

4'>55,=,*$)"3,  ; +("<4. 5-" )"*";"$$'" )*4$H&+ ='*2G2&D = 
+&:<+$"$4HF +& -*"($"3+ >*+=$H, &.". )+(  )+(*2%>;"=2"&-H , 2 
)+(  Ð -++&="&-&="$$+ . ?+I&+;> -=+8+($'@ 1<"$ = >*2=$"$4HF 

-4-&";' (1.29 ) +&->&-&=>"&. 
6-)+<D%+=2$4" NA0 (<H +#"$4=2$4H -&*>:&>*$'F 

:+I,,4#4"$&+= ;+ ("<4 (2"&, :2: )*4$H&+ -14&2&D = &"+*44, 
-;"P"$$'" 4 $"-+-&+H&"<D$'" +#"$:4. ?+I&+;> (<H +)*"("<"$4H 
-&*>:&>*$'F :+I,,4#4"$&+= ;+("<4 -&*>:&>*$2H ,+*;2 ;+("<4 
)*"+8*2%>"&-H = &#,1*8*$$.7 5'#3. , :+&+*2H )*"(-&2=<H"& -+8+@ 
-4-&";> <4$"@$'F >*2=$"$4@, 3(" I$(+3"$$'" )"*";"$$'" 
)*4->&-&=>J& &+<D:+ = 4F <"='F 12-&HF. 
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 (1.30) 

3("  Ð :+I,,4#4"$&' )*4="("$$+@ ,+*;' ;+("<4,  Ð +-&2&+1$2H 

="<414$2 (<H )*4="("$$+@ ,+*;'.  
?+ -=+";> =4(> )*4="("$$2H ,+*;2 ;+("<4 $41"; $" +&<412"&-H 

+& -4-&";' $"%2=4-4;'F >*2=$"$4@, )2*2;"&*' :+&+*+@ +#"$4=2J&-H 
&*2(4#4+$$'; NA0. ?*4;"$HH NA0, ;+G$+ +#"$4&D , 2 %2&"; 

=')+<$4&D )"*"F+( : -&*>:&>*$+@ ,+*;" 4 )+<>14&D +#"$:4 
-++&="&-&=>JP4F :+I,,4#4"$&+=.  

0+I,,4#4"$&' )*4="("$$+@ ,+*;' ;+("<4 )*"(-&2=<HJ& -+8+@ 
$"<4$"@$'" ,>$:#44 :+I,,4#4"$&+= -&*>:&>*$+@ ,+*;' ;+("<4. 
!2--;+&*4; I&+ )+<+G"$4" $2 )*4;"*" )*+-&"@O"@ -&*>:&>*$+@ 
;+("<4, ='*2%4= :+I,,4#4"$&' )*4="("$$+@ ,+*;' ;+("<4 1"*"% 
:+I,,4#4" $&' -&*>:&>*$+@ ;+("<4. 

C<H -&*>:&>*$+@ ;+("<4 =4(2 (1.29) - (=>;H I$(+3"$$';4 4 4 
(=>;H I:%+3"$$';4 )"*";"$$';4  

       

)*4="("$$2H ,+*;2 ;+("<4 (1.30) 4;""& =4(  

       

6% )"*=+3+ >*2=$"$4H -&*>:&>*$+@ ,+*;' ;+G$+ ='*2%4&D  

-<"(>JP4; +8*2%+; (*2(4 >)*+P"$4H +)>-:2"; -<>12@$>J 
="<414$>): 

 . 

?+(-&2=<HH =+ =&+*+" >*2=$"$4" , )+<>14;  
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+&:>(2 

 . 

?+-&>)2H 2$2<+341$+ -+ =&+*'; >*2=$"$4";, )+<>14; 

 , 

&2:4; +8*2%+; 

  

K&-J(2 -<"(>"& ='=+(, 1&+ :+I,,4#4"$&' )*4="("$$+@ ,+*;' 
;+("<4 8>(>& ='*2G2&D-H 1"*"% :+I,,4#4"$&' -&*>:&>*$+@ ,+*;' 
:2:  

  

72;"&4; , 1&+ )*4="("$$2H ,+*;2 ;+("<4 , F+&H 4 )+%=+<H"& 
)+<>14&D ='*2G"$4" %$21"$4@ I$(+3"$$+@ )"*";"$$+@ 1"*"% 
%$21"$4H I:%+3"$$'F )"*";"$$'F, 2$2<4&41"-:4 >-&>)2"& 
-&*>:&>*$+@ ,+*;" ;+(" <4, &2: :2: $" )+%=+<H"& )+<>14&D +#"$:4 
=%24;+-=H%4 ;"G(> I$(+3"$$';4 )"*";"$$';4.  

?*4 )"*"F+(" +& )*4="("$$+@ ,+*;' ;+("<4 : -&*>:&>*$+@ 
=+%$4:2"& )*+8<";2 4("$&4,4:2#44. 7("-D )+( ,8*$),5,4"=,*:  
)+$4;2"&-H "(4$-&="$$+-&D -++&="&-&=4H ;"G(> I<";"$&2;4 
)* 4="("$$+@ 4 -&*>:&>*$+@ ,+*;2;4 ;+("<4.  

B&*>:&>*$2H ;+("<D (1.29) = )+<$+; =4(" -+("*G4&  

)2*2;"&*+=, 2 )*4="("$$2H ,+*;2 ;+("<4 = )+<$+; =4(" -+("*G4& 
 )2*2;"&*+=. S.". = )+<$+; =4(" -&*>:&>*$2H ;+("<D -+("*G4& 

8+<DO"" 14-<+ )2*2;"&*+=, 1"; )*4="("$$2H ,+*;2 ;+("<4. 
!2%>;""&-H,  )2*2;"&*+= -&*>:&>*$+@ ;+("<4 $" ;+3>& 
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8'&D +($+%$21$+ +)*"("<"$' 4%  )2*2;"&*+= )*4="("$$+@ 
,+*;' ;+("<4.  

X&+8' )+<>14&D "(4$-&="$$+ =+%;+G$+" *"O"$4" (<H 
-&*>:&>*$+@ ;+("<4, $"+8F+(4;+ )*"()+<+G4&D, 1&+ $":+&+*'" 4% 
-&*>:&>*$'F :+I,,4#4"$&+= ;+("<4 ==4(> -<28+@ =%24;+-=H%4 
)*4%$2:+= - I$(+3"$$+@ )"*";"$$+@ 4% <"=+@ 12-&4 -4-&";' *2=$' 
$><J. S"; -2;';  14-<+ -&*>:&>*$'F :+I,,4#4 "$&+= ;+("<4 
>;"$DO2"&-H. B )+%4#44 4("$&4,4#4*>";+-&4 -&*>:&>*$'" ;+("<4 
;+G$+ )+(*2%("<4&D $2 &*4 =4(2: 

1)  4("$&4,4#4*>";'";  
2)  $"4("$&4,4#4*>";'";  
3)  -="*F4("$&4,4#4*>";'".  

N+("<D ,8*$),5,=,#.*3" , "-<4 =-" -&*>:&>*$'" "" 
:+I,,4#4"$&' +)*"("<HJ&-H +($+%$21$+, "(4$-&="$$'; +8*2%+; )+ 
:+I,,4#4"$& 2; )*4="("$$+@ ,+*;' ;+("<4, &. ". "-<4 14-<+ 
)2*2;"&*+= -&*>:&>*$+@ ;+("<4 *2=$+ 14-<> )2*2;"&*+= 
)*4="("$$+@ ,+*;' ;+("<4.  

N+("<D $*,8*$),5,=,#.*3" , "-<4 14-<+ )*4="("$$'F 
:+I,,4#4"$&+= ;"$DO" 14-<2 -&*>:&>*$'F :+I,,4#4" $&+=, 4 = 
*"%><D&2&" -&*>:&>*$'" :+I,,4#4"$&' $" ;+3>& 8'&D +#"$"$' 1"*"% 
:+I,,4#4"$&' )*4="("$$+@ ,+*;' ;+("<4.  

N+("<D (1*#A,8*$),5,=,#.*3" , "-<4 14-<+ :+I,,4#4"$&+= 
)*4="("$$+@ ,+*;' 8+<DO" 14-<2 -&*>:&>*$'F :+I,,4#4"$&+=. 5 
I&+; -<>12" $2 +-$+=" :+I,,4# 4"$&+= )*4="("$$+@ ,+*;' ;+G$+ 
)+<>14&D $"-:+<D:+ %$21"$4@ +($+3+ -&*>:&>*$+3+ :+I,,4#4"$&2. 
B="*F4("$&4,4#4*>";2H ;+("<D = +&<414" +& $"4("$&4,4#4*>";+@ 
;+("<4 )*2:&41"-:4 *"O2";2, $+ &*"8>"& (<H I&+3+ -)"#42<D$'F 
;"&+(+= 4-14-<"$4H )2*2;"&*+=. 

N+("<D -14&2"&-H 4("$&4,4#4*>";+@, "-<4 :2G(+" >*2=$"$4" 
-4-&";' 4("$&4,4#4*>";+. .-<4 F+&H 8' +($+ 4% >*2=$"$4@ -4-&";' 
$"4("$&4,4#4*>";+, &+ 4 =-H ;+("<D -14&2"&-H 
$"4("$&4,4#4*>";+@. B="*F4("$&4,4#4*>";2H ;+("<D -+("*G4& 
F+&H 8' +($+ -="*F4("$&4,4#4*>";+" >*2=$"$ 4". 

m n!
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5')+<$"$4" >-<+=4H 4("$&4,4#4*>";+-&4 ;+("<4 )*+="*H"&-H 
(<H :2G(+3+ >*2=$"$4H -4-&";'. X&+8' >*2=$"$4" 8'<+ 
4("$&4,4#4*>";+, $"+8F+(4;+, 1&+8' 14-<+ )*"(+)*"("<"$$'F 
)"*";"$$'F, +&->&-&=>JP4F = (2$$+; >*2=$"$44, $+ 
)*4->&-&=>JP4F = -4-&";", 8'<+ *2=$+  14-<> I$(+3"$$'F 
)"*";"$$'F = (2$$+; >*2=$"$44 8"% +($+3+.  

.-<4 +8+%$214&D 14-<+ I$(+3"$$'F )"*";"$$'F = -; >*2=$"$44 
-4-&";' 1"*"% , 2 14-<+ I:%+3"$$'F ()*"(+)*"("<"$$'F) 
)"*";"$$'F, :+&+*'" -+("*G2&-H = -4-&";", $+ $" =F+(H& = (2$$+" 
>*2=$"$4", Ñ  1"*"% , &+ >-<+=4" 4("$&4,4#4*>";+-&4 ;+("<4 
;+G"& 8'&D %2)4-2$+ = =4(" -1"&$+3+ )*2=4<2 (&28<4#2 9). 

S28<4#2 9 

 >*2=$"$4" 4("$&4,4#4*>"; + 

 >*2=$"$4" $"4("$&4,4#4*>";+  

 >*2=$"$4" -="*F4("$&4,4#4*>";+  
 
!2--;+&*"$$+" -1"&$+" )*2=4<+ +&*2G2"& $"+8F+(4;+", $+ $" 

(+-&2&+1$+" >-<+=4" 4("$&4,4:2#44. R+<"" &+1$+ >-<+=4H 
4("$&4,4:2#44 +)*"("<HJ&-H, "-<4 $2:<2('=2&D +3*2$41"$4H $2 
:+I,,4#4"$&' ;2&*4# )2*2;"&*+= -&*>:&>*$+@ ;+("<4. Y*2=$"$4" 
4("$&4,4#4*>";+, "-<4 )+ +&->&-&=>JP4; = $"; )"*";"$$'; 
(I$(+3"$$'; 4 I:%+3"$$';) ;+G$+ 4% :+I,,4#4"$&+= )*4 $4F = 
(*>34F >*2=$"$4HF -4-&";' )+<>14&D ;2&*4#>, +)*"("<4&"<D :+&+*+@ 
$" *2="$ $><J, 2 *2$3 ;2&*4#' $" ;"$DO", 1"; 14-<+ I$(+3"$$'F 
)"*";"$$'F = -4-&";" 8"% +($+3+.  

E"<"-++8*2%$+-&D )*+="*:4 >-<+=4H 4("$&4,4:2#44 ;+("<4 
1"*"% +)*"("<4&"<D ;2&*4#' :+I,,4#4"$&+=, +&->&-&=>JP4F = 
(2$$+; >*2=$"$44, $+ )*4->&-&=>JP4F = (*>34F, +8TH-$H"&-H &";, 
1&+ =+%;+G$2 -4&>2#4H, :+3(2 (<H :2G(+3+ >*2=$"$4H -4-&";' 
=')+<$"$+ -1"&$+" )*2=4<+, 2 +)*"("<4&"<D ;2&*4#' $2%=2$$'F 
:+I,,4#4"$&+= *2="$ $><J. 5 I&+; -<>12" -+8<J(2"&-H <4OD 
$"+8F+(4;+", $+ $"(+-&2&+1$+" >-<+=4" 4("$&4,4:2#44. 

i

H

D

1D H+ =

1D H+ <

1D H+ >
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5 I:+$+;"&*41"-:4F ;+("<HF 12-&+ $2*H(> - >*2=$"$4H;4, 
)2*2;"&*' :+&+*'F (+<G$' 8'&D -&2&4-&41"-:4 +#"$"$', 
4-)+<D%>J&-H 82<2$-+='" &+G("-&=2 )"*";"$$'F, :+I,,4#4"$&' )*4 
:+&+*'F *2=$' . 5 I&+; -<>12", F+&H -2;+ &+G("-&=+ 4 $" &*"8>"& 
)*+="*:4 $2 4("$&4,4:2#4J, 48+ :+I,,4#4"$&' )*4 )"*";"$$'F =  
&+G("-&=" 4%="-&$', = )*+="*:" $2 4("$&4,4:2#4J (*>34F >*2=$"$4@ 
-&*>:&>*$+@ -4-&";' &+G("-&=2 >12-&=>J&. 

!#,3*# 7.  ?*4="("$$2H ,+*;2 $":+&+*+@ I:+$+;"&*41"-:+@ 

;+("<4 4;""& =4(   

3("  Ð *2-F+(' $2 )+&*"8<"$4" = )"*4+( ,  Ð -+=+:>)$'@ (+F+( = 

)"*4+( ,  Ð 4$="-&4#44 = )"*4+( ,  Ð )*+#"$&$2H -&2=:2 = 

)"*4+( ,  Ð ("$"G$2H ;2--2 = )"*4+( ,  Ð 3+->(2*-&="$$'" 

*2-F+(' = )"*4+( ,  Ð *2-F+(' $2 )+&*"8<"$4" = )"*4+( ,  

4$="-&4#44 = )"*4+( . ?"*=+" >*2=$"$4" Ð ,>$:#4H )+&*"8<"$4H, 
=&+*+" >*2=$"$4" Ð ,>$:#4H 4$="-&4#4@, &*"&D" >*2=$"$4" Ð ,>$:#4H 
("$"G$+3+ *'$:2, 1"&="*&+" >*2=$"$4" Ð &+G("-&=+ (+F+(2. 

N+("<D )*"(-&2=<H"& -+8+@ -4-&";> +($+=*";"$$'F >*2=$"$4@. 
?*+="*4; :2G(+" "" >*2=$"$4" $2 4("$&4,4:2#4J.  

N+("<D =:<J12"& 1"&'*" I$(+3"$$'" )"*";"$$'"  4 

1"&'*" )*"(+)*"("<"$$'" )"*";"$$'" ((=" I:%+3"$$'" )"*";"$$'" Ð 
 4  4 (=" <23+='" )"*";"$$'" Ð  4 ). 

?*+="*4; $"+8F+(4;+" >-<+=4" 4("$&4,4:2#44 (<H :2G(+3+ 4% 
>*2=$"$4@ ;+("<4. 

?"*=+" >*2=$"$4": . 9&+ >*2=$"$4" 

-+("*G4& (=" I$(+3"$$'" )"*";"$$'"  4  4 +($> 

)*"(+)*"("<"$$>J )"*";"$$>J . S2:4; +8*2%+;, , 2 

, &.". =')+<$H"&-H >-<+=4" . Y*2=$"$4" 
-="*F4("$&4,4#4*>";+.  

1±

1 11 12 1 1

2 21 22 1 2

3 31 32 3

,

,

,

,

t t t

t t t

t t t

t t t t

C a b Y b C

I a b r b I

r a b Y b M

Y C I G

!

!

!

"

"

= + # + # +$
% = + # + # +%
&

= + # + # +%
% = + +'

tC t tY

t tI t tr

t tM t tG

t 1tC ! 1t ! 1tI !

1t !

( ), , ,t t t tC I Y r

tM tG 1tC ! 1tI !

1 11 12 1 1t t tC a b Y b C !"= + # + # +

tC tY

1tC ! 2H =

4 1 3D = ! = 1D H+ >
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5&+*+" >*2=$"$4": . K$+ =:<J12"& (=" 

I$(+3"$$'" )"*";"$$'"  4  4 +($> I:%+3"$$>J )"*";"$$>J . 

5')+<$H"&-H >-<+=4" . Y*2=$"$4" 
-="*F4("$&4,4#4*>";+.  

S*"&D" >*2=$"$4": . K$+ =:<J12"& (=" 

I$(+3"$$'" )"*";"$$'"  4  4 +($> I:%+3"$$>J )"*";"$$>J . 

5')+<$H"&-H >-<+=4" . Y*2=$"$4" 
-="*F4("$&4,4#4*>";+.  

X"&="*&+" >*2=$"$4": . K$+ )*"(-&2=<H"& -+8+@ 

&+G("-&=+, )2*2;"&*' :+&+*+3+ 4%="-&$'. A"+8F+(4;+-&4 = 
4("$&4,4:2#44 $"&.  

S2:4;  +8*2%+;, =-" >*2=$"$4H ;+("<4 -="*F4("$&4,4#4*>";'. 
?*4="("$$2H ,+*;2 ;+("<4 = +8P"; =4(" 8>("& ='3<H("&D 
-<"(>JP4; +8*2%+;:  

  

!#,3*# 8.  B&*>:&>*$2H ,+*;2 $":+&+*+@ I:+$+;"&*41"-:+@ 
;+("<4 4;""& =4(:  

3331312323

2223231212

3131113131

xaxayby

xaybyby

xaxayby

++=

++=

++=

. 

A4G" )*"(-&2=<"$2 - ++&="&-&=>JP2H "@ )*4="("$$2H ,+*;2 ;+("<4  

3213

3212

3211

585

263

1042

xxxy

xxxy

xxxy

++!=

+!=

++=

. 

K#"$4&D 4("$&4,4#4*>";+-&D (2$$+@ ;+("<4 4 $2@&4 
:+I,,4#4"$&'  "" -&*>:&>*$+@ ,+*;'.  

?*4;"$HH  $"+8F+(4;'@ )*4%$2: 4("$&4,4#4*>";+-&4, )*+="*4; 
:2G(+" 4% >*2=$"$4@ -&*>:&>*$+@ ,+*;'. ?"*=+" >*2=$"$4" 

2 21 22 1 2t t tI a b r b I !"= + # + # +

tI tr 1tI !

1 3 1 2D H+ = + > =

3 31 32 3t t tr a b Y b M != + " + " +

tY tr tM

1 3 1 2D H+ = + > =

t t t tY C I G= + +
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$ = + + + + +&
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-+("*G4& (=" I$(+3"$$'" )"*";"$$'". 6% &*"F I:%+3"$$'F 
)"*";"$$'F $" =F+(4& = -+-&2= )"*=+3+  >*2=$"$4H &+<D:+ +($2. S. ". 
(<H )"*=+3+ >*2=$"$4H -4-&";' H = 2; D = 1. Y-<+=4" H = D + 1 
=')+<$"$+. B<"(+=2&"<D$+, )"*=+" >*2=$"$4" -4-&";' 
4("$&4,4#4*>";+. 5&+*+" >*2=$"$4" -&*>:&>*$+@ ,+*;' -+("*G4&  
&*4 I$(+3"$$'" )"*";"$$'" 4 (=" 4% &*"F I:%+3"$$'F )"*";"$$'F = 
$"3+ $" =F+(H&, 1&+ -=4("&"<D-&=>"& + "3+ 4("$&4,4#4*>";+-&4. 
B&*>:&>*2 &*"&D"3+ >*2=$"$4H )+<$+-&DJ 2$2<+341$2 )"*=+;>. S2:4; 
+8*2%+;, -4-&";2 = #"<+; 4("$&4,4#4*>";2.  

72;"&4;, 1&+ )"*=+" >*2=$"$4" -&*>:&>*$+@ ,+*;' ;+("<4 $" 
-+("*G4& )"*";"$$+@ 2x , $+ = "3+ )*2=+@ 12-&4 "-&D )"*";"$$'" 

313 x,x,y . ?+I&+;> 4% &*"&D"3+ >*2=$"$4H )*4="("$$+@ ,+*;' ;+("<4 

='*2%4; )"*";"$$>J 2x  4 )+(-&2=4; )+<>1"$$'@ *"%><D&2& = )"*=+" 

>*2=$"$4" )*4="("$$+@ ,+*;'.  

3131

3
313

11
313

2

375450

10
8

55
42

8
55

x,x,y,y

x
xxy

xy
xxy

x

++=!

!+
"+

+=!
"+

=
.  

?"*=+" >*2=$"$4" -&*>:&>*$+@ ,+*;' )+<>1"$+: 

375450 131113 ,a,a;,b === . 

5+ =&+*+; >*2=$"$44 -&*>:&>*$+@ ,+*;' ;+("<4 +&->&-&=>J& 
)"*";"$$'" 1x  4 3x . 5'*2G2H 4F 4% )"*=+3+ 4 &*"&D"3+ >*2=$"$4@ 

)*4="("$$+@ ,+*;, )+<>14;  

321
321

1 5250
2

104
xxy,

xxy
x !!=

!!
=  4 

213
213

3 6120
5

85
x,xy,

xxy
x !+=

!+
= . ?+(-&2=<HH 3x  = )"*=+" 

='*2G"$4", 2 1x  =+ =&+*+", -+F*2$H"; &+<D:+ &" )"*";"$$'", :+&+*'" 

-+("*G2&-H =+ =&+*+; >*2=$"$44 -&*>:&>*$+@ ,+*;' ;+("<4  

6
650 231

1
xyy,

x
+!

=  4 
6

632050 231
3

x,y,y,
x

!+
= . 

6, +8*2P2H-D :+ =&+*+;> >*2=$"$4J )*4="("$$+@ ,+*;' , 4;"";  
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231

231
2

231
2

2443304170
6

632050
26

6
650

3

x,y,y,

x,y,y,
x

xyy,
y

!!=

=
!+

++
+!

=
.  

5&+*+" >*2=$"$4" -&*>:&>*$+@ ,+*;' )+<>1"$+: 

2443304170 222321 ,a;,b;,b !=!== . 

5 &*"&D"; >*2=$"$44 -&*>:&>*$+@ ,+*;' ;+("<4 +&->&-&=>"& 

)"*";"$$2H 2x . 5'*2%4; "" 4% =&+*+3+ >*2=$"$4H )*4="("$$+@ 

,+*;' 4 )+(-&2=4; = &*"&D"  

3113

3
312

13
312

2

667331

5
6

23
85

6
23

x,xy,y

x
xxy

xy
xxy

x

+!!="

"+
++!

+!="
++!

=
.  

S*"&D" >*2=$"$4" -&*>:&>*$+@ ,+*;' )+<>1"$+: 

6671331 333132 ,a;a;,b =!=!= . 

0+I,,4#4"$&' -&*>:&>*$+@ ;+("<4 ;+3>& 8'&D +#"$"$' 

*2%$';4 -)+-+82;4  = %2=4-4;+-&4 +& =4(2 -4-&";' +($+=*";"$$'F 

>*2=$"$4@. A248+<DO"" *2-)*+-&*2$"$4" )+<>14<4 -<"(>JP4" 

;"&+(' +#"$4=2$4H :+I,,4#4"$&+= -&*>:&>*$+@ ;+("<4:  
1)  :+-="$$'@ ;"&+( $24;"$DO4F :=2(*2&+=; 

2)  (=>FO23+='@ ;"&+( $24;"$DO4F :=2(*2&+=; 

3)  &*"FO23+='@ ;"&+( $24;"$DO4F :=2(*2&+=; 

4)  ;"&+( ;2:-4;2<D$+3+ )*2=(+)+(+84H - )+<$+@ 4$,+*;2#4"@; 

5)  ;"&+( ;2:-4;2<D$+3+ )*2=(+)+(+84H )*4 +3*2$41"$$+@ 
4$,+*;2#44.  

!2--;+&*4; =:*2&#" ->P$+-&D :2G(+3+ 4% I&4F ;"&+(+=. 

0+-="$$'@ ;"&+( $24;"$DO4F :=2(*2&+= (0NA0) )*4;"$H"&-H = 

-<>12" &+1$+ 4("$&4,4#4*>";+@ -&*>:&>*$+@ ;+("<4. ?*+#"(>*2 

)*4;"$"$4H 0NA0 )*"()+<232"& =')+<$"$4" -<"(>JP4F I&2)+= 

*28+&'.  
1.  6-)+<D%>H =%24;$+ +($+%$21$+" -++&="&-&=4" ;"G(> 

)2*2;"&*2;4 4("$&4,4#4*>";+@ ;+("<4, -&*>:&>*$2H ;+("<D 

)*"+8*2%>"&-H = )*4="("$$>J ,+ *;>.  
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2.  C<H :2G(+3+ >*2=$"$4H )*4="("$$+@ ,+*;' ;+("<4 
+8'1$'; NA0 +#"$4=2J&-H )*4="("$$'" :+I,,4#4"$&' . 

3.  0+I,,4#4"$&' )*4="("$$+@ ,+*;' ;+("<4 
&*2$-,+*;4*>J&-H = )2*2;"&*' -&*>:&>*$+@ ;+("<4.  

.-<4 -4-&";2 -="*F4("$&4,4#4*>";2, &+ 0NA0 $" 4-)+<D%>"&-H, 
48+ +$ $" (2"& +($+%$21$'F +#"$+: (<H )2*2;"&*+= -&*>:&>*$+@ 
;+("<4. 5 I&+; -<>12" ;+3>& 4-)+<D%+=2&D-H *2%$'" ;"&+(' 
+#"$4=2$4H, -*"(4 :+&+*'F $248+<"" *2-)*+-&*2$"$$'; 4 )*+-&'; 
H=<H"&-H (=>FO23+='@ ;"&+( $24;"$DO4F :=2(*2&+= (CNA0). 

K-$+=$2H 4("H CNA0 Ð $2 +-$+=" )*4="("$$+@ ,+*;' ;+("<4 
)+<>14&D (<H -="*F4("$&4,4#4*>";+3+ >*2=$"$4H &"+*"&41"-:4" 
%$21"$4H I$(+3"$$'F )"*";"$$'F, -+("*G2P4F-H = )*2=+@ 12-&4 
>*2=$"$4H. 

C2<"", )+(-&2=4= 4F =;"-&+ ,2:&41"-:4F %$21"$4@, ;+G$+ 
)*4;"$4&D +8'1$'@ NA0 : -&*>:&>*$+@ , +*;" 
-="*F4("$&4,4#4*>";+3+ >*2=$"$4H. N"&+( )+<>14< $2%=2$4" 
(=>FO23+=+3+ NA0, 48+ (=2G(' 4-)+<D%>"&-H NA0: $2 )"*=+; O23" 
)*4 +)*"("<"$44 )*4="("$$+@ ,+*;' ;+("<4 4 $2F+G("$44 $2 "" 
+-$+=" +#"$+: &"+*"&41"-:4F %$21"$4@ I$(+3"$$+@ )"*";"$$+@ 

 4 $2 =&+*+; O23" )*4;"$4&"<D$+ : 

-&*>:&>*$+;> -="*F4("$&4,4#4*>";+;> >*2=$"$4J )*4 +)*"("<"$44 
-&*>:&>*$'F :+I,,4#4"$&+= ;+("<4 )+ (2$$'; &"+*"&41"-:4F 
(*2-1"&$'F) %$21"$4@ I$(+3"$$'F )"*";"$$'F.  

0+-="$$'@ 4 (=>FO23+='@ ;"&+(' $24;"$DO4F :=2(*2&+= 
)+(*+8$+ +)4-2$' = <4&"*2&>*" 4 *2--;2&*4=2J&-H :2: 
&*2(4#4+$$'" ;"&+(' +#"$:4 :+I,,4#4"$&+= -&*>:&>*$+@ ;+("<4. 
9&4 ;"&+(' (+-&2&+1$+ <"3:+ *"2<4%>";'.  

C2<D$"@O4; *2%=4&4"; CNA0 H=<H"&-H &*"FO23+='@ NA0 
(SNA0), )*"(<+G"$$'@ = 1962 3. /.  7"<D$"*+; 4 W. S"@<+;. 9&+& 
;"&+( +#" $4=2$4H )*43+("$ (<H =-"F =4(+= >*2=$"$4@ -&*>:&>*$+@ 
;+("<4. K($2:+ )*4 $":+&+*'F +3*2$41"$4HF $2 )2*2;"&*' 8+<"" 
I,,":&4=$'; +:2%'=2"&-H CNA0.  

ij!

1 1 2 2 ...i i in niy x x x! ! != + + +
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N"&+( ;2:-4;2<D$+3+ )*2=(+)+(+84H *2--;2&*4=2"&-H :2: 
$248+<"" +8P4@ ;"&+( +#"$4=2$4H, *"%><D&2&' :+&+*+3+ )*4 
$+*;2<D$+; *2-)*"("<"$44 )*4%$2:+= -+=) 2(2J& - NA0. K($2:+ )*4 
8+<DO+; 14-<" >*2=$"$4@ -4-&";' I&+& ;"&+( )*4=+(4& : (+-&2&+1$+ 
-<+G$'; ='14-<4&"<D$'; )*+#"(>*2;. ?+I&+;> = :21"-&=" 
;+(4,4:2#44 4-)+<D%>"&-H ;"&+( ;2:-4;2<D$+3+ )*2=(+)+(+84H )*4 
+3*2$41"$$+@ 4$,+*;2#44 (;"&+( $24;"$DO"3+ (4-)"*-4+$$+3+ 
+&$+O"$4H), *2%*28+&2$$'@ = 1949 3. S./$("*-+$+; 4 A.!>84$';. 

5 %2:<J1"$44 (2$$+3+ )2*23*2,2 *2--;+&*4; 14-&+ *2-1"&$'@ 
)*4;"*, 4<<J-&*4*>JP4@ ;"F2$4%; ("@-&=4H :+-="$$+3+ ;"&+(2 
$24;"$DO4F :=2(*2&+=. 
!#,3*# 9 . ?+ ;2&"*42<2; &28<4#'  10 )+-&*+4&D I:+$+;"&*41"-:>J 
*"3*"--4+$$>J ;+("<D, )*"(-&2=<HJP>J -+8+@ -4-&";> 
+($+=*";"$$'F <4$"@$'F >*2=$"$4@, -&*>:&>*$2H ,+*;2 :+&+*+@ 
4;""& =4(:  

22212122

11121211

xaybAy

xaybAy

++=

++=
 . 

S28<4#2 10 
M 
) /
)  

1y
 

2y
 

1x
 

2x
 

111 yyu !=
 

222 yyu !=
 

111 xxz !=
 

222 xxz !=
 

1 2 5 1 3 -2 -1,2 -1,4 -0,4 
2 3 6 2 1 -1 -0,2 -0,4 -2,4 
3 4 7 3 2 0 0,8 0,6 -1,4 
4 5 8 2 5 1 1,8 -0,4 1,6 
5 6 5 4 6 2 -1,2 1,6 2,6 

A")+-*"(-&="$$+@ )*+="*:+@ $"+8F+(4;+3+ >-<+=4H <"3:+ 
>8"(4&D-H, 1&+ (2$$2H ;+("<D H=<H"&-H 4("$&4,4#4*>";+@, 2 %$214&, 
(<H ='14-<"$4H "" )2*2;"&*+= )*4;"$4; 2))2*2& :+-="$$+3+ ;"&+(2 
$24;"$DO4F :=2(*2&+=.  

5 -++&="&-&=44 - *":+;"$(2#4H;4 )+ )*4;"$"$4J :+-="$$+3+ 
;"&+(2 $24;"$DO4F :=2(*2&+= )"*"@("; +& $2&>*2<D$'F )"*";"$$'F 
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: #"$&*4*+=2$$';,, %$21"$4H :+&+*'F *2--14&2$' = -&+<8#2F 6 Ð 9 
&28<4#' 10 

2221212

1112121

zaubu

zaubu

+=

+=
. 

?"*"@("; : )*4="("$$+@ ,+*;" ;+("<4  

2221212

2121111

zzu

zzu

!!
!!

+=

+=
 

4, 4-)+<D%>H -&2$(2*&$>J )*+#"(>*> ;"&+(2 $24;"$DO4F :=2(*2&+= 
(1..3) (<H :2G(+3+ >*2=$"$4H -4-&";' = +&("<D$+-&4, )+<>14; 
-++&$+O"$4H (<H +&'-:2$4H ij! . 
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 4 
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""

, 

+&:>(2 005570072037608520 22211211 ,;,;,;, !=!=== """" . S2:4; 

+8*2%+;, )*4="("$$2H ,+*;2 ;+("<4 8>("& 4;"&D =4(:  

212

211

0055700720

37608520

z,z,u

z,z,u

!!=

+=
. 

5'*2G2H )"*";"$$>J 2z  4% =&+*+3+ >*2=$"$4H I&+@ -4-&";', 4, 

)+(-&2=<HH = )"*=+", )+<>14; )"*=+" >*2=$"$4" -&*>:&>*$+@ ,+*;' 
;+("<4  

.z,u,
,

z,u
,z,u

,
z,u

z

12

12
11

12
2

014567
005570

0720
37608520

005570
0720

!!=

=
!!
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!!
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5'*2G2H )"*";"$$>J 1z  4% )"*=+3+ >*2=$"$4H, 4, )*+4%=+(H 

2$2<+341$'" ("@-&=4H, )+<>14; =&+*+" >*2=$"$4" -&*>:&>*$+@ 
,+*;' ;+("<4  

21

21
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1

02800850
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0720005570
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z,u,
,
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,
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. 

A2F+(H +#"$:4 -=+8+($'F 1<"$+=  
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4, =+%=*2P2H-D : 4-F+($'; )"*";"$$';, -&*>:&>*$>J ,+*;> ;+("<4 
= $2&>*2<D$+@ *2%;"*$+-&4 

212

121

028008504526

014567124432

x,y,,y

x,y,,y

+!=

!!=
. 

P292%- 9:K 8276816K1$:?&636 ,$N$&-K. 

M17. N2:*+I:+$+;41"-:2H ;+("<D (+($2 4% ="*-4@ ;+("<4 

0<"@$2): 

 
1 12 13 1

2 21 24 1 2

,

,

,

t t t

t t t

t t t

C a b Y b T

I a b Y b K

Y C I

!
!"

= + + +#
$ = + + +%
$ = +&

 

3(" C  Ð )+&*"8<"$4"; I  Ð 4$="-&4#44; Y Ð (+F+(; T  Ð $2<+34; K  Ð 

%2)2- :2)4&2<2; t  Ð &":>P4@ )"*4+(; 1t !  Ð )*"('(>P4@ )"*4+(.  

B("<2&D %2:<J1"$4" +8 4("$&4,4#4*>";+-&4 ;+("<4; = +8P"; 

=4(" %2)4-2&D )*4="("$$>J ,+*;> ;+("<4.  S*>(+";:+-&D Ð 10 

(;4$ /*28) I:-)"*&2.  

M18. N+("<D 0"@$-2 (+($2 4% ="*-4@): 

 
1 11 12 1 1

2 21 2

,

,

,

t t t

t t

t t t t

C a b Y b Y

I a b Y

Y C I G

!
!

"= + + +#
$ = + +%
$ = + +&

 

3(" C  Ð )+&*"8<"$4"; Y Ð 55?; I  Ð =2<+='" 4$="-&4#44; G Ð 

3+->(2*-&="$$'" *2-F+('; t  Ð &":>P4@ )"*4+(; 1t !  Ð )*"('(>P4@ 

)"*4+(.  

B("<2&D %2:<J1"$4" +8 4("$&4,4#4*>";+-&4 ;+("<4; = +8P"; 

=4(" %2)4-2&D )*4="("$$>J ,+*;> ;+("<4.  S*>(+";:+-&D Ð 10 

(;4$ /*28) I:-)"*&2.  

M19. N+("<D ("$"G$+3+ 4 &+=2*$+3+ *'$:+=: 

 
1 12 14 1

2 21 23 25 2

3 31 3

,

,

,

t t t

t t t t

t t

R a b Y b M

Y a b R b I b G

I a b R

!
!

!

= + + +"
# = + + + +$
# = + +%
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3(" R Ð )*+#"$&$'" -&2=:4; Y Ð *"2<D$'@ 55?; M  Ð ("$"G$2H ;2--2; 

I  Ð =$>&*"$$4" 4$="-&4#44; G Ð *"2<D$'" 3+->(2*-&="$$'" *2-F+('.  

B("<2&D %2:<J1"$4" +8 4("$&4,4#4*>";+-&4 ;+("<4; = +8P"; 

=4(" %2)4-2&D )*4="("$$>J ,+*;> ;+("<4.  S*>(+";:+-&D Ð 10 

(;4$ /*28) I:-)"*&2.  

M20. N+("<D ("$"G$+3+ *'$:2:  

 
1 11 12 1

2 21 22 2

3 33 3

,

,

,

t t t

t t t

t t

R a b M b Y

Y a b R b I

I a b R

!

!

!

= + + + +"
# = + + +$
# = + +%

 

3(" R Ð )*+#"$&$'" -&2=:4; Y Ð 55?; M  Ð ("$"G$2H ;2--2; I  Ð 

=$>&*"$$4" 4$="-&4#44. 

B("<2&D %2:<J1"$4" +8 4("$&4,4#4*>";+-&4 ;+("<4; = +8P"; 

=4(" %2)4-2&D )*4="("$$>J ,+*;> ;+("<4.  S*>(+";:+-&D Ð 10 

(;4$ /*28) I:-)"*&2.  

M21. A4G" )*4="("$' -&*>:&>*$2H 4 )*4="("$$2H ,+*;' 

$":+&+*+@ I:+$+;"&*41"-:+@ ;+("<4: 

( )
( )

( ) ( ) 32133213

22122112

12111221

0548280761361

85576728312

342494

!"
!"
!"

+++=++#=

+++=$++#=

+##=+#+#=

x?x?,yy,,,y

xx,yx?y,,y

xxyx,y?y

 

A2@&4 $"(+-&2JP4" :+I,,4#4"$&' +8"4F ,+*; ;+("<4.  

S*>(+";:+-&D Ð 20 (;4$ /*28) I:-)"*&2.  

M22. A4G" )*4="("$' -&*>:&>*$2H 4 )*4="("$$2H ,+*;' 

$":+&+*+@ I:+$+;"&*41"-:+@ ;+("<4: 

3213223

2322212112122

1211121211

18126

510482

640241

!
!"
!"

+++#=+=

++#=$+++=

+++#=++=

xxyxyy

x,x,yxcybay

x,xyybay

 

5'H-$4&D :2:4" 4% >*2=$"$4@ -&*>:&>*$+@ ,+*;' ;+("<4 

H=<HJ&-H 4("$&4,4#4*>";';4; $2@&4 :+I,,4#4"$&' &"F >*2=$"$4@ 

-&*>:&>*$+@ ,+*;', (<H :+&+*'F I&+ =+%;+G$+. S*>(+"; :+-&D Ð 20 

(;4$ /*28) I:-)"*&2.  
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M23. B&*>:&>*$2H ,+*;2 $":+&+*+@ I:+$+;"&*41"-:+@ ;+("<4 
4;""& =4(:  

3331312323

2223231212

2121112121

xaxayby

xaybyby

xaxayby

++=

++=

++=

. 

A4G" )*"(-&2=<"$2 -++&="&-&=>JP2H "@ )*4="("$$2H ,+*;2 ;+("<4 

3213

3212

3211

565

263

1042

xxxy

xxxy

xxxy

++!=

++=

+!=

. 

K#"$4&D 4("$&4,4#4*>";+-&D (2$$+@ ;+("<4 4 $2@&4 
:+I,,4#4"$&' "" -&*>:&>*$+@ ,+*;'.  S*>(+";:+-&D Ð 30 (;4$ /*28) 
I:-)"*&2.  

M24. A2@&4 :+I,,4#4"$&' -&*>:&>*$+@ ,+*;' 
I:+$+;"&*41"-:+@ ;+("<4 =4(2:  

222112

111221

!
!

++=

++=

xayby

xayby
, 

.-<4  4%="-&$+, 1&+ 

! !!!! ===== 150180120435260 21
2
2

2
12111 xx;x;x;xy;xy , 2 

+($+ 4% >*2=$"$4@ )*4="("$$+@ ,+*;' 4;""& =4( 212 32 xxy += . 

S*>(+";:+-&D Ð 20 (;4$ /*28) I:-)"*&2.  

1.8. #,63&6>-,6.2&-$ .,$7$&&'O ,K96.  
ÇY)*2=<H&D Ð I&+ %$214& )*"(=4("&D È. S*>($+ $" -+3<2-4&D-H - 

I&4; >&="*G("$4"; +($+3+ 4% +&#+=-+-$+=2&"<"@ :48"*$"&4:4. 
C"@-&=4&"<D$+, )*4$H&4" +&="&-&="$$'F >)*2=<"$1"-:4F  *"O"$4@ 
8"% 3<>8+:+@ )*+*28+&:4 =+%;+G$'F )+-<"(-&=4@ 4F *"2<4%2#44 = 
8>(>P"; , 1*"=2&+ -"*D"%$';4, )+(12- $"=+-)+<$4; ';4 )+&"*H;4 
;2&"*42<D$'F *"->*-+=, =*";"$4, )+<4&41"-:+3+ =<4H$4H 4 &. (. 
K($2:+, -)+-+8$+-&D )*"(=4("$4H :21"-&=+ (+=+<D$+ *"(:+", 
)*2:&41"-:4 $" 2<3+*4&;4%4*>";+",  -=H%2$$+" - +-+8"$$+-&H;4 
)-4F4:4 1"<+=":2, "3+ 4$&>4#4"@, >;"$4"; =+-)*4$4;2&D &2: 
$2%'=2";'" Ç-<28'" -43$2<'È. 6$21" 3+=+*H, )*"(=4("$4" -"*D"%$+", 



86 
 

2 $" -)":><H&4=$+-O2*<2&2$-:+", >("< +1"$D $";$+34F 4 -=+"+8*2%$+ 
+(2*"$$'F <41$+-&"@. N+G"& 8'&D 4;"$$+ )+I&+;>, 8+<DO4$-&=+ 
$248+<"" 4%="-&$'F )*"(=4("$4@ (2J& 1*"%='12@$+ +8P"" +)4-2$4" 
-+8'&4 @ 4 ="-D;2 *2-)<'=12&' = ("&2<HF.  

S"; $" ;"$"", $2-&+H&"<D$2H $"+8F+(4;+-&D Ç%23<H$>&D = 
%2=&*2O$4@ ("$DÈ "-&D +8T":&4=$2H *"2<D$+-&D ($H -"3+($HO$"3+. 
A"<D%H +->P"-&=<H&D :=2<4,4#4*+=2$$+" >)*2=<"$4" I:+$+;4:+@, $" 
%$2H -:+<D:+ &"F$+<+3+=, 23*+$+;+=, )*+3*2;;4-&+=, 
;2O4$+-&*+4&"<"@ )+&*"8>"&-H 1"*"% 5 Ð 7 <"&. A"=+%;+G$+ 
)<2$4*+=2&D *2%=4&4" 4$,*2-&*>:&>*' 8+<DO+3+ 3+*+(2, $" 4;"H 
-="("$4@ + &+;, :2:+" :+<41"-&=+ 2=&+;+84<"@ 8>("& "%(4&D )+ "3+ 
(+*+32; 1"*"% 10 <"&, -:+<D:+ =+(' 4 I<":&*+I$"*344 8>(>& 
)+&*"8<H&D "3+ G4&"<4. 6, )+-:+<D:> &+1$+-&D )*"(=4("$4@, 
+-$+=2$$'F $2 I:-&*2-"$-+*$'F -)+-+8$+-&HF 4 +::><D&$'F %$2$4HF, 
-+;$4&"<D$2, "(4$-&="$$'; -)+-+8+; *"O"$4H )+-&2=<"$$+@ %2(214 
+-&2"&-H &#'+$'- , )+( :+&+*'; ;' 8>("; )+$4;2&D -&2&4-&41"-:4 
='="*"$$+" %2:<J1"$4" + *2%=4&44 H=<"$4H, -("<2$$+" $2 +-$+=" 
:+<41"-&="$$+3+ 2$2<4%2 "3+ )*"(4-&+*44. 6;"$$+ I&+ H=<H"&-H 
-+("*G2$4"; (2$$+3+ )2*23*2,2.  

J#*3*$$23 #%8'3 ,/, #%8'3 8,$"3,4,  $2%'=2"&-H -+=+:>)$+-&D 
%$21"$4@ :2:+3+-<48+ )+:2%2&"<H %2 $"-:+<D:+ )+-<"(+=2&"<D$'F 
;+;"$&+= 4<4 )"*4+(+= =*";"$4. 02G('@ >*+="$D =*";"$$+3+ *H(2 
,+*;4*>"&-H )+( =+%("@-&=4"; 8+<DO+3+ 14-<2 ,2:&+*+=, :+&+*'" 
>-<+=$+ ;+G$+ )+(*2%("<4&D $2 &*4 3*>))': 

1)  ,2 :&+*', ,+*;4*>JP4" &"$("$#4J *H(2;  
2)  ,2:&+*', ,+*;4*>JP4" #4:<41"-:4" :+<"82$4H *H(2;  
3)  -<>12@$'" ,2:&+*'.  

!2--;+&*4; =+%("@-&=4" :2G(+3+ ,2:&+*2 $2 =*";"$$+@ *H( = 
+&("<D$+-&4. 

R+<DO4$-&=+ =*";"$$'F *H(+= I:+$+;41"-:4F )+:2%2&"<"@ 
4;"J& &"$("$#4J, F2*2:&"*4 %>JP>J -+=+:>)$+" (+<3+=*";"$$+" 
=+%("@-&=4" ;$+G"-&=2 ,2:&+*+= $2 (4$2;4:> 4%>12";+3+ 
)+:2%2&"<H. 5-" I&4 ,2:&+*', =%H&'" = +&("<D$+-&4, ;+3>& +:2%'=2&D 
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*2%$+$2)*2=<"$$+" =+%("@-&=4" $2 4--<"(>";'@ )+:2%2&"<D. K($2:+ 
= -+=+:>)$+-&4 +$4 ,+*;4*>J& "3+ =+%*2-&2JP>J 4<4 >8'=2JP>J 
&"$("$#4J. A2 *4-. 10 )+:2%2$ 34)+&"&41"-:4@ =*";"$$+@ *H(, 
-+("*G2P4@ =+%*2-&2JP>J &"$("$#4J. 

 
G-8. 10. GK9, 869$,<2Q-( 16:?56 1$&9$&J-R 

6 %>12";'@ )+:2%2&"<D ;+G"& 8'&D &2:G" )+(="*G"$ 
#4:<41"-:4; :+<"82$4H;. 9&4 :+<"82$4H ;+3>& $+-4&D -"%+$$'@ 
F2*2:&"*, )+-:+<D:> I:+$+;41"-:2H ("H&"<D$+-&D *H(2 +&*2-<"@ 
I:+$+;4:4 %2=4-4& +& =*";"$4 3+(2 ($2)*4;"*, #"$' $2 
-"<D-:+F+%H@-&="$$>J )*+(>:#4J = <"&$4@ )"*4+( $4G ", 1"; = 
%4;$4@; >*+="$D 8"%*28+&4#' = :>*+*&$'F 3+*+(2F = %4;$4@ )"*4+( 
='O " )+ -*2=$"$4J - <"&$4;). ?*4 $2<4144 8+<DO4F ;2--4=+= 
(2$$'F %2 (<4&"<D$'" )*+;"G>&:4 =*";"$4 ;+G$+ ='H=4&D 
#4:<41"-:4" :+<"82$4H, -=H%2$$'" - +8P"@ (4$2;4:+@ :+$TJ$:&>*' 
*'$:2. A2 *4-.  11 )*"(-&2=<"$ 34)+&"&41"-:4@ =*";"$$+@ *H(, 
-+("*G2P4@ &+<D:+ -"%+$$>J  (#4:<41"-:>J)  :+;)+$"$&>.  

 
G-8. 11. GK9, 869$,<2Q-( 16:?56 8$>6&&+R 567;6&$&1+ 

A":+&+*'" =*";"$$'" *H(' $" -+("*G2& &"$("$#44 4 
#4:<41"-:+@ :+;)+$"$&', 2 :2G('@ -<"(>JP4@ 4F >*+="$D 
+8*2%>"&-H :2: ->;;2 -*"($"3+ >*+=$H *H(2 4 $":+&+*+@ 
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()+<+G4&"<D$+@ 4<4 +&*4#2&"<D$+@) -<>12@$+@ :+;)+$"$&'. ?*4;"* 
*H(2, -+("*G2P"3+ &+<D:+ -<>12@$>J :+;)+$"$&>, )*4="("$ $2 *4-. 
12. 

 
G-8. 12. GK9, 869$,<2Q-( 16:?56 8:+%2(&+R 567;6&$&1+ 

5 8+<DO4$-&=" -<>12"= ,2:&41"-:4@ >*+="$D =*";"$$+3+ *H(2 
;+G$+ )*"(-& 2=4&D :2: ->;;> 4<4 )*+4%="("$4" &*"$(+=+@, 
#4:<41"-:+@ 4 -<>12@$+@ :+;)+$"$&. N+("<D, = :+&+*+@ =*";"$$+@ 
*H( )*"(-&2=<"$ :2: ->;;2 )"*"14-<"$$'F :+;)+$"$&, $2%'=2"&-H 
"88,),1$': 3'8*/07  =*";"$$+3+ *H(2. N+("<D, = :+&+*+@ =*";"$$+@ 
*H( )*"(-&2=<"$ :2: )*+ 4%="("$4" )"*"14-<"$$'F :+;)+$"$&, 
$2%'=2"&-H 3./0),&/,4"),1$': 3'8*/07  =*";"$$+3+ *H(2. K-$+=$2H 
%2(212 I:+$+;"&*41"-:+3+ 4--<"(+=2$4H :+$:*"& $+3+ =*";"$$+3+ 
*H(2 Ð ='H=<"$4" 4 )*4(2$4" :+<41"-&="$$+3+ ='*2G"$4H :2G(+@ 4% 
)"*"14-<"$$'F ='O" :+;)+$"$& - &" ;, 1&+8' 4-)+<D%+=2&D 
)+<>1"$$>J 4$,+*;2#4J (<H )*+3$+%4*+=2$4H 8>(>P4F %$21"$4@ 
*H(2 4<4 )*4 )+-&*+"$44 ;+("<"@ =%24;+-=H%4 (=>F 4<4 8+<"" 
=*";"$$'F *H(+=.  

?*4 $2<4144 =+ =*";"$$+; *H(" &"$("$#44 4 #4:<41"-:4F 
:+<"82$4@ %$21"$4H :2G(+3+ )+-<"(>JP"3+ >*+=$H *H(2 %2=4-H& +& 
)*"('(>P4F. 0+**"<H#4+$$>J %2=4-4;+-&D ;"G(> 
)+-<"(+=2&"<D$';4 >*+=$H;4 =*";"$$+3+ *H(2 $2%'=2J& 
"1)'4'##*/%=,*:  >*+=$"@ *H(2. 

0+<41"-&="$$+ "" ;+G$+ 4%;"*4&D - )+;+PDJ <4$"@$+3+ 
:+I,,4#4"$&2 :+**"<H#44 ;"G(> >*+=$H;4 4-F+($+3+ =*";"$$+3+  
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*H(2 4 >*+=$H;4 I&+3+ *H(2, -(=4$>&';4 $2 $"-:+<D:+ =*";"$$'F 
4$&"*=2<+=. 

L+*;><2 (<H *2-1"&2 :+I,,4#4"$&2 2=&+:+**"<H#44 4;""& =4(:  

( )( )

( ) ( )
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2 2
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t t
t

n n

t t
t t

y y y y
r

y y y y

!
=
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= =

! !
=

! !
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3("   1 2 1
2 2

1 1
, .

1 1

n n

t t
t t

y y y y
n n !

= =

= =
! !" "  

9&> ="<414$> $2%'=2J& 4'>55,=,*$)'3 "1)'4'##*/%=,, 
.#'1$*: #%8" &*#1'+' &'#%84", &2: :2: +$ 4%;"*H"& %2=4-4;+-&D 
;"G(> -+-"($4;4 >*+=$H;4 *H(2 ty  4 1ty ! . 

/$2<+341$+ ;+G$+ +)*"("<4&D :+I,,4#4"$&' 2=&+:+**"<H#44 
=&+*+3+ 4 8+<"" ='-+:4F )+*H(:+=. S2:, :+I,,4#4"$& 
2=&+:+**"<H#44 =&+*+3+ )+*H(:2 F2*2:&"*4%>"& &"-$+&> -=H%4 ;"G(> 
>*+=$H;4 ty  4 2ty !  4 +)*"("<H"&-H )+ ,+*;><":  

( )( )

( ) ( )

3 2 4
3

2
2 2

3 2 4
3 3

,

n

t t
t

n n

t t
t t

y y y y
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y y y y
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=

! !
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 (1.32) 

3("   3 4 2
3 3

1 1
, .

2 2

n n

t t
t t

y y y y
n n !

= =

= =
! !" "  

X4-<+ )"*4+(+=, )+ :+&+*'; *2--14&'=2"&-H :+I,,4#4"$& 
2=&+:+**"<H#44, $2%'=2J& /"+'3 . B >="<41"$4"; <232 14-<+ )2* 
%$21"$4@, )+ :+&+*'; *2--14&'=2"&-H :+I,,4#4"$& 2=&+:+**"<H#44, 
>;"$DO2"&-H. B14&2"&-H #"<"-++8*2%$'; (<H +8"-)"1"$4H 
-&2&4-&41"-:+@ (+-&+="*$+-&4 :+I,,4#4"$&+= 2=&+:+**"<H#44 
4-)+<D%+=2&D )*2=4<+ Ð ;2:-4;2<D$'@ <23 (+<G"$ 8'&D $" 8+<DO" 

4n . 

02: =4($+ 4% ='*2G"$4@ (1.31) 4 (1.32) ='14-<"$4" 
:+I,,4#4"$&+= 2=&+:+**"<H#44 )+<$+-&DJ 2$2<+341$+ ='14-<"$4J 
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<4$"@$'F :+I,,4#4"$& += :+**"<H#44 4 &2:4; +8*2%+; F2*2:&"*4%>"& 
&"-$+&> &+<D:+ <4$"@$+@ -=H%4 &":>P"3+ 4 )*"('(>P"3+ >*+=$"@ 
*H(2. ?+I&+;> )+ :+I,,4#4"$&> 2=&+:+**"<H#44 ;+G$+ ->(4&D <4OD 
+ $2<4144 <4$"@$+@ (4<4 8<4%:+@ : <4$"@$+@) &"$("$#44. C<H 
$":+&+*'F =*";"$$'F *H(+=, 4; "JP4F -4<D$>J $"<4$"@$>J 
&"$("$#4J ($2)*4;"*, )2*28+<> =&+*+3+ )+*H(:2 4<4 I:-)+$"$&>), 
:+I,,4#4"$& 2=&+:+**"<H#44 >*+=$"@ 4-F+($+3+ *H(2 ;+G"& 
$"%$214;+ +&<412&D-H +& $><H. 

?+ %$2:> :+I,,4#4"$&2 2=&+:+**"<H#44 $"<D%H ("<2&D ='=+( + 
=+%*2-&2JP"@ 4<4 >8'=2JP"@ &"$("$#44 = >*+=$HF *H(2. S+ "-&D 
%$2: Ç+È :+I,,4#4"$&2 2=&+:+**"<H#44 $" H=<H"&-H -=4("&"<D-&=+; 
=+%*2-&2JP"@ &"$("$#44. 

?+-<"(+=2&"<D$+-&D :+I,,4#4"$&+= 2=&+:+**"<H#44 >*+=$"@ 
)"*=+3+, =&+*+3+ 4 &.(. )+*H(:+= $2%'=2J& "1)'4'##*/%=,'$$': 
5.$4=,*:  =*"; "$$+3+ *H(2. W*2,4: %2=4-4;+-&4 "" %$21"$4@ +& 
="<414$' <232 ()+*H(:2 :+I,,4#4"$&2 2=&+:+**"<H#44) $2%'=2"&-H 
4'##*/'+#"33': . 

/$2<4% 2=&+:+**"<H#4+$$+@ ,>$:#44 4 :+**"<+3*2;;' 
)+%=+<H"& +)*"("<4&D <23, )*4 :+&+*+; 2=&+:+**"<H#4H $248+<"" 
='-+:2H, 4 <23, )*4 :+&+*+; -=H%D ;"G(> &":>P4; 4 )*"('(>P4; 4 
>*+=$H;4 *H(2 $248+<"" &"-$2H. S2:4; +8*2%+; )*4 )+;+P4 2$2<4%2 
2=&+:+**"<H#4+$$+@ ,>$:#44 4 :+**"<+3*2;;' ;+G$+ ='H=4&D 
-&*>:&>*> *H(2. 

.-<4 $248+<"" ='-+:4; +:2%2<-H :+I,,4#4"$& 2=&+:+**"<H#44 
)"*=+3+ )+*H(:2, = 4--<"(>";+;  *H(" )*"+8<2(2"& =<4H$4" 
&"$("$#44. .-<4 $248+<"" ='-+:4; +:2%2<-H :+I,,4#4"$& 
2=&+:+**"<H#44 )+*H(:2 k , &+ *H( -+("*G4& #4:<41"-:4" :+<"82$4H - 
)"*4+(41$+-&DJ k  "(4$4# =*";"$$+3+ <232. .-<4 $4 +(4$ 4% 
:+I,,4#4"$&+= 2=&+:+**"<H#44 $" H=<H"&-H %$214;';, ;+G$+ 
-("<2&D +($+ 4% (=>F )*"()+<+G"$4@ +&$+-4&"<D$+ -&*>:&>*' I&+3+ 
*H(2: <48+ *H( $" -+("*G4& %$214;+3+ =<4H$4H &"$("$#44 4 
#4:<41"-:4F :+<"82$4@, <48+ *H( -+("*G4& -4<D$>J $"<4$"@$>J 
&"$("$#4J, :+&+*>J $"=+%;+G$+ ='H=4&D )+-*"(-&=+; +8*28+&:4 
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:+**"<+3*2;;' . ?+I&+;> :+I,,4#4"$& 2=&+:+**"<H#44 >*+=$"@ 4 
2=&+:+**"<H#4+$$>J ,>$:#4J #"<"-++8*2%$+ 4-)+<D%+=2&D (<H 
='H=<"$4H =+ =*";"$$+; *H(" $2<414H 4<4 +&->&-&=4H &*"$(+=+@ 4 
#4:<41"-:+@ (-"%+$$+@) :+;)+$"$&'.  

! #,3*#  10. ?>-&D 4;"J&-H $":+&+*'" >-<+=$'" (2$$'" +8 
+8P"; :+<41"-&=" )*2=+$2*>O"$4@ $2 &2;+G$" +($+3+ 4% ->8T":&+= 
!L  (&28<4#2 11). 

S28<4#2 11 

W+( 0=2*&2< t  

0+<41"-&=+ 

=+%8>G("$$'F ("<, 

ty  

19
99

 

I 1 375 

II  2 371 

III  3 869 

IV  4 1015 

20
00

 

I 5 357 

II  6 471 

III  7 992 

IV  8 1020 

20
01

 

I 9 390 

II  10 355 

III  11 992 

IV  12 905 

20
02

 

I 13 461 

II  14 454 

III  15 920 

IV  16 927 

54%>2<4%4*>"; ;2&"*42<', -+("*G2P4"-H = &28<4#" 11, 
)*"(-&2=4= 4F = =4(" 3*2,4:2 4%;"$"$4@ 14-<2 )*2=+$2*>O"$4@ )+ 
:=2*&2<2; (*4-.13). 
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G-8. 13. C,2=-5 ->7$&$&-K %-8:2 ;,2.6&2,+N$&-(  

6 % 3*2,4:2 +&1"&<4=+ =4($+, 1&+ %$21"$4H y  +8*2%>J& <+;2$>J 

<4$4J - H=$+ ='*2G"$$+@ )"*4+(41$+-&DJ. !2--14&2"; $"-:+<D:+ 
)+-<"(+=2&"<D$'F :+I,,4#4"$&+= 2=&+:+**"<H#44.  

?+ ,+*;><" (1.31) $2F+(4; :+I,,4#4"$& 2=&+:+**"<H#44 
)"*=+3+ )+*H(:2  

1

74085,13
0,063294

1153760,39 1187469,73
r = =

!
. 

?+ ,+*;><" (1.32) Ð :+I,,4#4"$& 2=&+:+**"<H#44 =&+*+3+ 
)+*H(:2  

2

1034792,71
0,961183

1037835,43 1116776,36
r

!
= = !

"
. 

/$2<+341$+ $2F+(4; :+I,,4#4"$&' 2=&+:+** "<H#44 8+<"" 
='-+:4F )+*H(:+=, 4 )+<>1"$$'" *"%><D&2&'  %2$+-4; = -=+($>J 
&28<4#> 12. 
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S28<4#2 12 

Q23 0+I,,4#4"$& 2=&+:+**"<H#44 >*+=$"@ 

1 0,063294 

2 Ð0,961183 

3 Ð0,036290 

4 0,964735 

5 0,050594 

6 Ð0,976516 

7 Ð0,069444 

8 0,964629 

9 0,162064 

10 Ð0,972918 

11 Ð0,065323 

12 0,985761 

7$21"$4H :+I,,4#4"$&+= 2=&+:+**"<H#44 )*2:&41"-:4 
)+=&+*HJ&-H 1"*"% :2G('" 1"&'*" "(4$4#' =*";"$$+3+ <232. 9&+ 
)+%=+<H"& >&="*G(2&D, 1&+ = ,+*;4*+=2$4" >*+=$"@ (2$$+3+ 
=*";"$$+3+ *H(2 ="-D;2 %$214&"<D$'@ =:<2( =$+-4& -"%+$$2H 
-+-&2=<HJP2H, )"*4+( :+&+*+@ -+-&2=<H"& 1"&'*" :=2*&2<2. 

!2-)*+-&*2$"$$'; -)+-+8+; ;+("<4*+=2$4H &"$("$#44 
=*";"$$+3+ *H(2 H=<H"&-H )+-&*+"$4" 2<3"8*241"-:+3+ ='*2G"$4H, 
F2*2:&"*4%>JP"3+ %2=4-4;+-&D >*+=$"@ *H(2 +& =*";"$4, 4<4 &*"$(2. 
9&+& -)+-+8 $2%'=2J& "$"/,),9*(4,3 12#"1$,1"$,*3 1#*3*$$'+' 
#%8". 

?+-:+<D:> %2=4-4;+-&D +& =*";"$4 ;+G"& )*4$4;2&D *2%$'" 
,+*;', (<H "" ,+*;2<4%2#44 ;+G$+ 4-)+<D%+=2&D *2%<41$'" =4(' 
,>$:#4@. C<H )+-&*+"$4H &*"$(+= 12P" =-"3+ )*4;"$HJ&-H 
-<"(>JP4" ,>$:#44:  

!  <4$"@$'@ &*"$(: ty a b t= + ! ; 

!  34)"*8+<2: t
by a t= + ; 
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!  I:-)+$"$#42<D$'@ &*"$(: ea b t
ty + !=  (4<4 t

ty a b= ! ); 

!  -&")"$$2H ,>$:#4H: b
ty a t= ! ; 

!  )+<4$+;' *2%<41$'F -&")"$"@: 2
1 2 ... m

mty a b t b t b t= + ! + ! + + !  

?2*2;"&*' :2G(+3+ 4% )"*"14-<"$$'F ='O" &*"$(+= ;+G$+ 
+)*"("<4&D +8'1$'; NA0, 4-)+<D%>H = :21"-&=" $"%2=4-4;+@ 
)"*";"$$+@ =*";H , ='*2G"$$+" = "(4$4#2F =*";"$$+3+ <232, 2 = 
:21"-&=" %2=4-4;+@ )"*";"$$+@ Ð ,2:&41"-:4" >*+=$4 =*";"$$+3+ 

*H(2 ty . C<H $"<4$"@$'F &*"$(+= )*"(=2*4&"<D$+ )*+=+(H& 

-&2$(2*&$>J )*+#"(>*> 4F <4$"2*4%2#44. 
B>P"-&=>"& $"-:+<D:+ -)+-+8+= +)*"("<"$4H &4)2 &"$("$#44. 0 

14-<> $248+<"" *2-)*+-&*2$"$$'F +&$+-H&-H :21"-&="$$'@ 2$2<4% 
4%>12";+3+ )*+#"--2, )+-&*+"$4" 4 =4%>2<D$'@ 2$2<4% 3*2,4:2 
%2=4-4;+-&4 >*+=$"@ *H(2 +& =*";"$4. 5 I&4F G" #"<HF ;+G$+ 
4-)+<D%+=2&D 4 :+I,,4#4"$&' 2=&+:+**"<H#44 >*+=$"@ *H(2. S4) 
&"$("$#44 ;+G$+ +)*"("<4&D )>&"; -*2=$"$4H :+I ,,4#4"$&+= 
2=&+:+**"<H#44 )"*=+3+ )+*H(:2, *2--14&2$$'F )+ 4-F+($'; 4 
)*"+8*2%+=2$$'; >*+=$H; *H(2. .-<4 =*";"$$+@ *H( 4;""& <4$"@$>J 

&"$("$#4J, &+ "3+ -+-"($4" >*+=$4 ty  4 1ty !  &"-$+ :+**"<4*+=2$' . 5 

I&+; -<>12" :+I,,4#4"$& 2=&+:+**"<H#44 )"*=+3+ )+*H(:2 >*+=$"@ 
4-F+($+3+ *H(2 +:2%'=2"&-H ='-+:4;. .-<4 =*";"$$+@ *H( -+("*G4& 
$"<4$"@$>J &"$("$#4J, $2)*4;"*, = ,+*;" I:-)+$"$&', &+ 
:+I,,4#4"$& 2=&+:+**"<H#44 )"*=+3+ )+*H(:2 )+ <+32*4,;2; 
>*+=$"@ 4-F+($+3+ *H(2 8>("& ='O", 1"; -++&="&-&=>JP4@ 
:+I,,4#4"$&, *2--14&2$$'@ )+  $2&>*2<D$'; %$21"$4H; >*+=$"@. 
X"; -4<D$"" ='*2G"$2 $"<4$"@$2H &"$("$#4H = 4%>12";+; 
=*";"$$+; *H(", &"; = 8+<DO"@ -&")"$4 8>(>& *2%<412&D-H %$21"$4H 
>:2%2$$'F :+I,,4#4"$&+=.  

5'8+* $24<>1O"3+ >*2=$"$4H = -<>12", :+3(2 *H( -+("*G4& 
$"<4$"@$>J &"$("$#4J, ;+G$+ +->P"-&=4&D )>&"; )"*"8+*2 
+-$+=$'F ,+*;  $248+<"" >)+&*"84&"<D$'F &*"$(+=, *2-1"&2 )+ 
:2G(+;> >*2=$"$4J -:+**":&4*+=2$$+3+ :+I,,4#4"$&2 
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("&"*;4$2#44 4 -*"($"@ +O48:4 2))*+:-4;2#44. 9&+& ;"&+( <"3 :+ 
*"2<4%>"&-H )*4 :+;)DJ&"*$+@ +8*28+&:" (2$$'F. 

K8*2&4;-H &")"*D : =+)*+-> ;+("<4*+=2$4H #4:<41"-:+@ 
(-"%+$$+@) -+-&2=<HJP"@ =*";"$$'F *H(+=, :+&+*2H = *H(" -<>12"= 
=$+-4& *"O2JP4@ =:<2( = ,+*;4*+=2$4" 4F >*+=$"@. ?*+-&"@O4@ 
)+(F+( : ;+("<4*+=2$4J -"%+$$ 'F :+<"82$4@ Ð I&+ *2-1"& %$21"$4@ 
-"%+$$+@ :+;)+$"$&' ;"&+(+; -:+<D%HP"@ -*"($"@ 4 )+-&*+"$4" 
"88,),1$': 4<4 3./0),&/,4"),1$':  ;+("<4 =*";"$$+3+ *H(2.  

K8P4@ =4( 2((4&4=$+@ ;+("<4  
Y T S E= + + . (1.33) 

 )*"()+<232"&, 1&+ :2G('@ >*+="$D =*";"$$+3+ *H(2 ;+G"& 8'&D 
)*"(-&2=<"$ :2: ->;;2 &*"$(+=+@ ( T ), -"%+$$+@ (S) 4 -<>12@$+@ (E) 
:+;)+$"$&.  

K8P4@ =4( ;><D&4)<4:2&4=$+@ ;+("<4 

Y T S E= ! ! . (1.34) 
)*"()+<232"&, 1&+ :2G('@ >*+="$D =*";"$$+3+ *H(2 ;+G"& 8'&D 
)*"(-&2=<"$ :2: )*+4%="("$4" &*"$(+=+@ (T ), -"%+$$+@ (S) 4 
-<>12@$+@ (E) :+;)+$"$&.  

5'8+* +($+@ 4% (=>F ;+("<"@ +->P"-&=<H"&-H $2 +-$+=" 2$2<4%2 
-&*>:&>*' -"%+$$'F :+<"82$4@. .-<4 2;)<4&>(2 :+<"82$4@ 
)*48<4%4&"<D$+ )+-&+H$$2, -&*+4&-H 2((4&4=$2H ;+("<D, = :+&+*+@ 
%$21"$4H -"%+$$+@ :+;)+$"$&' )*"()+<232J&-H $"4%;" $$';4 (<H 
*2%<41$'F #4:<+=. .-<4 2;)<4&>(2 -"%+$$'F :+<"82$4@ - &"1"$4"; 
=*";"$4  =+%*2-&2"& 4<4 >;"$DO2"&-H, )*"()+1&"$4" +&(2"&-H 
;><D&4)<4:2&4=$+@ ;+("<4.  

?+-&*+"$4" 2((4&4=$+@ 4 ;><D&4)<4:2&4=$+@ ;+("<"@ -=+(4&-H 
: *2-1"&> %$21"$4@ T , S 4 E (<H :2G(+3+ >*+=$H =*";"$$+3+ *H(2. 

?*+#"-- )+-&*+"$4H ;+("<4 =:<J12"& = -"8H -<"(>JP4" O234.  
1)  5'*2=$4=2$4" 4-F+($+3+ *H(2 ;"&+(+; -:+<D%HP"@ -*"($"@. 
2)  !2-1"& %$21"$4@ -"%+$$+@ :+;)+$"$&' S. 
3)  Y-&*2$"$4" -"%+$$+@ :+;)+$"$&' 4% 4-F+($'F >*+=$"@ *H(2 4 

)+<>1"$4" ='*+=$"$$'F (2$$'F ( T E+ ) = 2((4&4=$+@ 4<4 (T E! ) = 
;><D&4)<4:2&4=$+@ ,+*;". 
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4)  /$2<4&41"-:+" ='*2=$4=2$4" >*+=$"@ (T E+ ) 4<4 (T E! ) 4 
*2-1"& %$21"$4@ &*"$(+=+@ -+-&2=<HJP"@ T  - 4-)+<D%+=2$4"; 
)+<>1"$$+3+ >*2=$"$4H. 

5)  !2-1"& )+<>1"$$'F )+ ;+("<4 %$21"$4@ (T S+ ) 4<4 (T S! ). 
6)  ?*+3$+% 8>(>P4F %$21"$4@ >*+=$"@ =*";"$$+3+ *H(2 $2 

+-$+=" )+-&*+"$$+@ ;+("<4. 
72;"12$4".  C+<3+-*+1$'" )*+3$+%',  :2-2JP4"-H ;+;"$&+= 

=*";"$4, $2F+(HP4F-H $2 %$214&"<D$+; >(2<"$44 +& )+-<"($"3+ 4% 
$28<J(2";'F >*+=$"@ =*";"$$+3+ *H(2, H=<HJ&-H %2="(+;+ 
$">-&+@14=';4, )+-:+ <D:> )*"(-&2=<HJ& )+)'&:> I:-&*2)+<H#44 
-+=*";"$$'F &"F$+<+34@, $2>1$'F %$2$4@, J*4(41"-:4F $+*; 4 &. ). 
= +&(2<"$$+" 8>(>P"". 

N"&+(4:> )+-&*+"$4H :2G(+@ 4% ;+("<"@ *2--;+&*4; $2 
)*4;"*2F.  

!#,3*#  10.(!#'8'/C*$,*)  ?+-&*+"$4" 2((4&4=$+@ ;+("<4 
=*";"$$+3+ *H( 2. K8*2&4;-H : (2$$'; +8 +8T";" )*2=+$2*>O"$4@ $2 
&2;+G$" %2 1"&'*" 3+(2, )*"(-&2=<"$$'; = &28<4#" 1 1. 

R'<+ )+:2%2$+, 1&+ (2$$'@ =*";"$$+@ *H( -+("*G4& -"%+$$'" 
:+<"82$4H )"*4+(41$+-&DJ 4 "(4$4#' =*";"$$+3+ <232. !2--14&2"; 
:+;)+$"$&' 2((4&4=$+@ ;+("<4 =*" ;"$$+3+ *H(2. 

="8 1 . ?*+="("; ='*2=$4=2$4" 4-F+($'F >*+=$"@ *H(2 ;"&+(+; 
-:+<D%HP"@ -*"($"@. C<H I&+3+: 

1.1. ?*+->;;4*>"; >*+=$4 *H(2 )+-<"(+=2&"<D$+ %2 :2G('" 
1"&'*" :=2*&2<2 -+ -(=43+; $2 +(4$ ;+;"$& =*";"$4 4 +)*"("<4; 
>-<+=$'" 3+(+='" +8T";' )*2=+$2*>O "$4@ (-&+<8"# 3 &28<4#' 13). 

1.2. !2%("<4= )+<>1"$$'" ->;;' $2 4, $2@("; -:+<D%HP4" 
-*"($4" (-&+<8"# 4 &28<4#' 13). ?+<>1"$$'" &2:4; +8*2%+; 
='*+=$"$$'" %$21"$4H >G" $" -+("*G2& =<4H$4H -"%+$$+@ 
:+;)+$"$&'.  

1.3. ?*4="("; I&4 %$21"$4H = -++&="&-&=4" - ,2:&41"-:4;4 
;+;"$&2;4 =*";"$4, (<H 1"3+ $2@("; -*"($4" %$21"$4H 4% (=>F 
)+-<"(+=2&"<D$'F -:+<D%HP4F -*"($4F Ð =*$)#,#'1"$$2* 
(4'/0-%;,* (#*8$,*  (-&+<8"# 5 &28<4#' 13). 
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S28<4#2 13 

M 

:=2*&2

<2 

 

0+<41"-&=+ 

)*2=+$2*>O"$

4@, 

ty  

6&+3+ 

%2 

1"&'*" 

:=2*&2

<2 

B:+<D%HP

2H 

-*"($HH 

%2 1"&'*" 

:=2*&2<2 

E"$&*4*+=2$

$2H 

-:+<D%HP2H 

-*"($HH 

K#"$:2 

-"%+$$+@ 

:+;)+$"$

&'  

1 2 3 4 5 6 

1 375 Ð Ð Ð Ð 

2 371 2630 657,5 Ð Ð 

3 869 2612 653 655,25 213,75 

4 1015 2712 678 665,5 349,5 

5 357 2835 708,75 693,75 -336,75 

6 471 2840 710 709,375 -238,375 

7 992 873 718,25 714,125 277,875 

8 1020 757 689,25 703,75 316,25 

9 390 757 689,25 689,25 -299,25 

10 355 642 660,5 674,875 -319,875 

11 992 713 678,25 669,375 322,625 

12 905 812 703 690,625 214,375 

13 461 740 685 694 -233 

14 454 762 690,5 687,75 -233,75 

15 920 Ð Ð Ð Ð 

16 927 Ð Ð Ð Ð 

="8 2 . A2@("; +#"$:4 -"%+$$+@ :+;)+$"$&' :2: *2%$+-&D ;"G(> 

,2:&41"-:4;4 >*+=$H;4 *H(2 4 #"$&*4*+= 2$$';4 -:+<D%HP4;4 

-*"($4;4 (-&+<8"# 6 &28<4#' 13). 6-)+<D%>"; I&4 +#"$:4 (<H *2-1"&2 

%$21"$4@ -"%+$$+@ :+;)+$"$&' iS (&28<4#2 14). C<H I&+3+ $2@("; 

-*"($4" %2 :2G('@ :=2*&2< ()+ =-"; 3+(2;) +#"$:4 -"%+$$+@ 

:+;)+$"$&' iS .  
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S28<4#2 14 

?+:2%2&"<4 3+( 
M :=2*&2<2, i  

I II  III  IV  

 

1999 Ð Ð 213,75 349,5 

2000 336,75 Ð238,375 277,875 316,25 

2001 Ð299,25 Ð319,875 322,625 214,375 

2002 Ð233 Ð233,75 Ð Ð 

5-"3+ %2 i -@ :=2*&2<  Ð869 Ð792 814,25 880,125 

B*"($HH +#"$:2 -"%+$$+@ 
:+;)+$"$&' (<H i -3+ 

:=2*&2<2, iS  
 Ð289,667 Ð264 271,417 293,375 

B:+**":&4*+=2$$2H 

-"%+$$2H :+;)+$"$&2, iS  
 Ð292,448 Ð266,781 268,636 290,593 

5 ;+("<HF - -"%+$$+@ :+;)+$"$&+@ +8'1$+ )*"()+<232"&-H, 1&+ 

-"%+$$'" =+%("@-&=4H %2 )"*4+( =%24;+)+32O2J&-H. 5 2((4&4=$+@ 

;+("<4 I&+ ='*2G2"&-H = &+;, 1&+ ->;;2 %$21"$4@ -"%+$$+@ 

:+;)+$"$&' )+ =-"; :=2*&2<2; (+<G$2 8'&D *2=$2 $><J . 
C<H (2$$+@ ;+("<4 4;"";:  

Ð289,667 Ð 264 + 271,417 + 293,375 = 11,125. 

0+**":&4*>JP4@ :+I,,4#4"$&:  k = 11,125/4 = 2,781. 

!2--14&'=2"; -:+**":&4*+=2$$'" %$21"$4H -"%+$$+@ 

:+;)+$"$&' ( i iS S k= ! ) 4 %2$+-4; )+<>1"$$'" (2$$'" = &28<4#> 14 . 

?*+="*4; *2="$-&=+ $><J ->;;'  -:+**":&4*+=2$$'F  %$21"$4@ 

-"%+$$+@ :+;)+$"$&': 
 Ð292,448 Ð 266,781 + 268,636 + 290,593 = 0,00. 

="8 3 . 6-:<J14; =<4H$4" -"%+$$+@ :+;)+$"$&', ='14&2H "" 

%$21"$4" 4% :2G(+3+ >*+=$H 4-F+($+3+ =*";"$$+3+ *H(2. ?+<>14; 

="<414$' tT E y S+ = !  (-&+<8"# 4 &28<4#' 15). 9&4 %$21"$4H 

*2--14&'=2J&-H (<H :2G(+3+ ;+;"$& 2 =*";"$4 , ='*2G"$$+3+ = 
"(4$4#2F =*";"$$+3+ <232, 4 -+("*G2& &+<D:+ &"$("$#4J 4 

-<>12@$>J :+;)+$"$&>. 
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S28<4#2 15 

t  ty  iS  t iy S!  T  T S+  ( )tE y T S= ! +  2E  
1 2 3 4 5 6 7 8 
1 375 -292,448 667,448 672,7 380,252 -5,252 27,584 
2 371 -266,781 637,781 673,624 406,843 -35,843 1284,721 
3 869 268,636 600,364 674,547 943,183 -74,183 5503,117 
4 1015 290,593 724,407 675,47 966,063 48,937 2394,83 
5 357 -292,448 649,448 676,394 383,946 -26,946 726,087 
6 471 -266,781 737,781 677,317 410,536 60,464 3655,895 
7 992 268,636 723,364 678,24 946,876 45,124 2036,175 
8 1020 290,593 729,407 679,163 969,756 50,244 2524,46 
9 390 -292,448 682,448 680,087 387,639 2,361 5,574 
10 355 -266,781 621,781 681,01 414,229 -59,229 3508,074 
11 992 268,636 723,364 681,933 950,569 41,431 1716,528 
12 905 290,593 614,407 682,857 973,45 -68,45 4685,403 
13 461 -292,448 753,448 683,78 391,332 69,668 4853,63 
14 454 -266,781 720,781 684,703 417,922 36,078 1301,622 
15 920 268,636 651,364 685,627 954,263 -34,263 1173,953 
16 927 290,593 636,407 686,55 977,143 -50,143 2514,32 

="8 4 . K)*"("<4; :+;)+$"$&> T  (2$$+@ ;+("<4. C<H I&+3+ 
=')+<$4 ; 2$2<4&41"-:+" ='*2=$4=2$4" *H(2 (T E+ ), +)*"("<4= 
)2*2;"&*' <4$"@$+3+ &*"$(2 - )+;+PD ;"&+(2 $24;"$DO4F 
:=2(*2&+=, =%H= = :21"-&=" ,2:&+*$+@ )"*";"$$+@ =*";H, ='*2G"$$+" 
= "(4$4#2F =*";"$$+3+ <232 (-&+<8"# 1 &28<4#' 15), 2 = :21"-&=" 
+&:<4:2 I<";"$&' -&+<8#2 4 I&+@ G" &28<4#'. 5 *"%><D&2&" )+<>14; 
<4$"@$+" >*2=$"$4" *"3*"--44 

 ö 671,759 0,9255T t= + ! . 

?+(-&2=<HH = $"3+ %$21"$4H 1, 2, ..., 16t = , $2@("; >*+=$4 T  (<H 

:2G(+3+ ;+;"$ &2 =*";"$4 (-&+<8"# 5 &28<4#' 15). 
="8 5 . A2@("; %$21"$4H >*+=$"@ *H(2, )+<>1"$$'" )+ 

2((4&4=$+@ ;+("<4. C<H I&+3+ )*482=4; : ='*+ =$"$$'; >*+=$H; 
&*"$(2 T  %$21"$4H -"%+$$+@ :+;)+$"$&' (<H -++&="&-&=>JP4F 
:=2*&2<+= (-&+<8"#. 6 &28<4#' 15). 
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L 2:&41"-:4" %$21"$4H >*+=$"@ =*"; "$$+3+ *H(2 4 *2-1"&$'",  
)+<>1"$$'" - )+;+PDJ  2((4&4=$+@ ;+("<4, )*"(-&2=<"$' $2 *4-. 14. 

 
G-8. 14. S251-%$85-$ - ,28%$1&'$ 92&&'$  

C<H +#"$:4 :21"-&=2 )+-&*+"$$+@ ;+("<4 ;+G$+ 4-)+<D%+=2&D 
4$( ": - ("&"*;4$2#44  

 
( )

2
2

2

37901,872
1 1 0,970

1252743,75
t

E
R

y y
= ! = ! =

!
"

"
. 

.3+ %$21"$4" >&="*G(2&D, 1&+ 2((4&4=$2H ;+("<D +8TH-$H"& 97% 
+8P"@ =2*42#44 >*+=$"@ =*";"$$+3+ *H(2 :+<41"-&=2 
)*2=+$2*>O"$4@ )+ :=2*&2<2; %2 4 3+(2. 

="8 6.  ?*+3$+%4*+=2$4" )+ 2((4&4=$+@ ;+("<4. ?*"()+<+G4;, 
1&+ $"+8F+(4;+ (2&D )*+3$+% +8 +8P"; +8T";" )*2=+$2*>O"$4@ $2 I 
4 II  :=2*&2<' 2003 3+(2. ?*+3$+%$+" %$21"$4" tY  >*+=$H =*";"$$+3+ 

*H(2 = 2((4&4=$+@ ;+("<4 "-&D ->;;2 &*"$(+=+@ 4 -"%+$$+@ 
:+;)+$"$&. C<H +)*"("<"$4H &*"$(+=+@ :+;)+$"$&' = +-)+<D%>";-H 
>*2=$"$4"; &*"$(2  

 671,777 0,9233T t= + ! . 

?+<>14;  
 17 671,777 0,9233 17 687,473T = + ! = ; 

 18 671,777 0,9233 18 688,396T = + ! = . 

7$21"$4H -"%+$$'F :+;)+$"$& %2 -++&="&-&=>JP4" :=2*&2<' 
*2=$': 1 292,448S = !  4 2 266,781S = ! . S2:4; +8*2 %+;, 
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 17 17 1 687,473 292,448 395Y T S= + = ! " ; 

 18 18 2 688,396 266,781 422Y T S= + = ! " . 

S.". = )"*='" (=2 :=2*&2<2 2003 3. -<"(>"& +G4(2&D )+*H(:2 395 4 
422 )*2=+$2*>O"$4@ -++&="&-&="$$+. 

!#,3*# 10 (!#'8'/C*$,*) . ?+-&*+"$4" ;> <D&4)<4:2&4=$+@ 
;+("<4.  

="8 1 . N"&+(4:2, )*4;"$H";2H $2 I&+; O23", )+<$+-&DJ 
-+=)2(2"& - ;"&+(4:+@ )+-&*+"$4H 2((4&4=$+@ ;+("<4. 

S28<4#2 16. 

M 
:=2*&2

<2, 
 

0+<41"-&=+ 
)*2=+$2*>O"

$4@, 

ty  

6&+3+ 
%2 

1"&'*" 
:=2*&2

<2 

B:+<D%H
P2H 

-*"($HH 
%2 1"&'*" 
:=2*&2<2 

E"$&*4*+=2$
$2H 

-:+<D%HP2H 
-*"($HH 

K#"$:2 
-"%+$$+@ 
:+;)+$"$

&'  

1 2 3 4 5 6 
1 375 Ð Ð Ð Ð 
2 371 2630 657,5 Ð Ð 
3 869 2612 653 655,25 1,3262 
4 1015 2712 678 665,5 1,5252 
5 357 2835 708,75 693,375 0,5146 
6 471 2840 710 709,375 0,6640 
7 992 2873 718,25 714,125 1,3891 
8 1020 2757 689,25 703,75 1,4494 
9 390 2757 689,25 689,25 0,5658 
10 355 2642 660,5 674,875 0,5260 
11 992 2713 678,25 669,375 1,4820 
12 905 2812 703 690,625 1,3104 
13 461 2740 685 694 0,6643 
14 454 2762 690,5 687,75 0,6601 
15 920 Ð Ð Ð Ð 
16 927 Ð Ð Ð Ð 



102 
 

="8 2 . A2@("; +#"$:4 -"%+$$+@ :+;)+$"$&' :2: 12-&$+" +& 
("<"$4H ,2:&41"-:4F >*+=$"@ *H(2 $2 #"$&*4*+=2$$'" -:+<D%HP4" 
-*"($4" (-&+<8"# 6 &28<4#' 16). 9&4 +#"$:4 4-)+<D%>J&-H (<H 
*2-1"&2 -"%+$$+@ :+;)+$"$&' S (&28<4#2 17). C<H I&+3+ $2@("; 
-*"($4" %2 :2G('@ :=2*&2< +#"$:4 -"%+$$+@ :+;)+$"$&' iS . S2: G" 

:2: 4 =  )*+#"--" )+-&*+"$4H  2((4&4=$+@ ;+("<4 -14&2"&-H, 1&+ 
-"%+$$'" =+%("@-&=4H %2 )"*4+( =%24;+)+32O2J&-H. 5 
;><D&4)<4:2&4=$+@ ;+("<4 I&+ ='*2G2"&-H = &+;, 1&+ ->;;2 
%$21"$4@ -"%+$$+@ :+;)+$"$&' )+ =-"; :=2*&2<2; (+<G$2 8'&D 
*2=$2 14-<> I<";"$&+= =*";"$$+3+ <232 = #4:<". 5 $2O"; -<>12" I&+ 
14-<+ *2=$+ 4. 

S28<4#2 17 

?+:2%2&"<4 W+( 
M :=2*&2<2, i  

I II  III  IV  

 

1999 Ð Ð 1,3262 1,5252 
2000 0,5149 0,6640 1,3891 1,4494 
2001 0,5658 0,5260 1,4820 1,3104 
2002 0,6643 0,6601 Ð Ð 

5-"3+ %2 i -@ :=2*&2<  1,7450 1,8501 4,1973 4,2850 
B*"($HH +#"$:2 
-"%+$$+@ :+;)+$"$&' 

(<H i -3+ :=2*&2<2, iS  
 0,5816 0,6167 1,3991 1,4283 

B:+**":&4*+=2$$2H 
-"%+$$2H :+;)+$"$&2, iS  0,5779 0,6128 1,3901 1,4192 

S2:4; +8*2%+; 
 0,5816 0,6167 1,3991 1,4283 4,0257+ + + = , 

2 ="<414$2 :+**":&4*>JP"3+ :+I,,4#4"$&2  
 4 / 4,0257 0,9936k = = . 

B:+**":&4*+=2$$'" %$21"$4H -"%+$$+@ :+;)+$"$&' iS 

)+<>12J&-H )*4 >;$+G"$44 "" -*"($"@ +#"$:4 iS  $2 

:+**":&4*>JP4@ :+I,,4#4"$& k . 



103 
 

?*+="*H"; >-<+=4" *2="$-&=+ 4 ->;;' %$21"$4@ -"%+$$+@ 
:+;)+$"$&':  

 0,5779 0,6128 1,3901 1,4192 4+ + + = . 

="8 3 . !2%("<4; :2G('@ >*+="$D 4-F+($+3+ *H(2 $2 
-++&="&-&=>JP4" %$21"$4H -"%+$$+@ :+;)+$"$&'. 5 *"%><D&2&" 
)+<>14; ="<414$' T E Y S! =  (-&+<8"# 4 &28<4#' 18), :+&+*'" 

-+(" *G2& &+<D:+ &"$("$#4J 4 -<>12@$>J :+;)+$"$&>. 

S28<4#2 18 

t  ty  iS t iy S T  T S!  ( )tE y T S= !  

1 2 3 4 5 6 7 
1 375 0,5779 648,9012 654,9173 378,4767 0,9908 
2 371 0,6128 605,4178 658,1982 403,3439 0,9198 
3 869 1,3901 625,1349 661,4791 919,5221 0,9451 
4 1015 1,4192 715,1917 664,7600 943,4274 1,0759 
5 357 0,5779 617,7539 668,0409 386,0608 0,9247 
6 471 0,6128 768,6031 671,3218 411,3860 1,1449 
7 992 1,3901 713,6177 674,6027 937,7652 1,0578 
8 1020 1,4192 718,7148 677,8836 962,0524 1,0602 
9 390 0,5779 674,8572 681,1645 393,6450 0,9907 
10 355 0,6128 579,3081 684,4454 419,4281 0,8464 
11 992 1,3901 713,6177 687,7263 956,0083 1,0377 
12 905 1,4192 637,6832 691,0072 980,6774 0,9228 
13 461 0,5779 797,7159 694,2881 401,2291 1,1490 
14 454 0,6128 740,8616 697,5690 427,4703 1,0621 
15 920 1,3901 661,8229 700,8499 974,2515 0,9443 
16 927 1,4192 653,1849 704,1308 999,3024 0,9277 

="8 4 . K)*"("<4; :+;)+$"$&> T  = ;><D&4)<4:2&4=$+@ ;+("<4. 
C<H I&+3+ *2--14&2"; )2*2;"&*' <4$"@$+3+ &*"$(2 ;"&+(+; 
$24;"$DO4F :=2(*2&+=, 4-)+<D%>H = :21"-&=" ,2:&+*$+@ )"*";"$$+@ 
=*";H, ='*2G"$$+" = "(4$4#2F =*";"$$+3+ <232, 2 = :21"-&=" +&:<4:2 
>*+=$4 T E!  (-&+<8"# 4 &28<4#' 18). 5 *"%><D&2&" )+<>14; >*2=$"$4" 
&*"$(2: 
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 ö 651,6364 3,2809T t= + ! . 

?+(-&2=<HH = I&+ >*2=$"$4" %$21"$4H 1, 2, ..., 16t = , $2@("; 

>*+=$4 T  (<H :2G(+3+ ;+;"$&2 =*";"$4 (-&+<8"# 5 &28<4#' 18). 
="8 5 . A2@("; >*+=$4 *H(2, >;$+G4= %$21"$4H T  $2 

-++&="&-&=>JP4" %$21"$4H -"%+$$+@ :+;)+$"$&' (-&+<8"# 6 &28<4#' 
18).  

A2 *4-.15 )*"(-&2=<"$'  ,2:&41"-:4" %$21"$4H >*+=$"@ 
=*";"$$+3+ *H(2 4 *2-1"&$'", )+<>1"$$'" )+-*"(-&=+;  
;><D&4)<4:2&4=$+@ ;+("<4. 

 
G-8. 15. S251-%$85-$ - ,28%$1&'$ 92&&'$  

!2-1"& +O48:4 = ;><D&4)<4:2&4=$+@ ;+("<4 )*+4%=+(4&-H )+ 
,+*;><":  

 ( )E Y T S= ! . 

S2: G" :2: 4 = -<>12" 2((4&4=$+@ ;+("<4, +#"$:> :21"-&=2 ;+G$+ 
+->P"-&=4&D )+ ="<414$" 4$(":-2 ("&"*;4$2#44 

 
( )
( )

2

2
2

43065,02
1 1 0,966

1252743,75
t

t

y T S
R

y y

! "
= ! = ! =

!
#
#

. 

B*2=$4=2H )+:2%2&"<4 ("&"*;4$2#44 2((4&4=$+@ 4 
;><D&4)<4:2&4=$+@ ;+("<"@, ("<2"; ='=+(, 1&+ +$4 )*4;"*$+ - 
+(4$2:+=+@ &+1$+-&DJ 2))*+:-4;4*>J& 4-F+($'" (2$$'".  
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T23 6.  ?*+3$+%4*+=2$4" )+ ;><D&4)<4:2&4=$+@ ;+("<4. .-<4 
)*"()+<+G4&D, 1&+ )+ $2O";> )*4;"*> $"+8F+(4;+ (2&D )*+3$+% +8 
+8P"; +8T";" )*2=+$2*>O"$4@ $2 I 4 II  :=2*&2<' 2003 3+(2, 
)*+3$+%$+" %$21"$4" tY  >*+=$H =*";"$$+3+ *H(2 = 

;><D&4)<4:2&4=$+@ ;+("<4 "-&D )*+4%="("$4" &*"$(+=+@ 4 -"%+$$+@ 
:+;)+$"$&. C<H +)*"("<"$4H &*"$(+=+@ :+;)+$"$&' =+-)+<D%>";-H 
>*2=$"$4"; &*"$(2  

 651,6364 3,2809T t= + ! . 

?+<>14;  
 17 651,6364 3,2809 17 707,4117T = + ! = ; 

 18 651,6364 3,2809 18 710,6926T = + ! = . 

7$21"$4H -"%+$$'F :+;)+$"$& %2 -++&="&-&=>JP4" :=2*&2<' 
*2=$': 1 0,5779S =  4 2 0,6128S = . S2:4; +8*2%+; 

 17 17 1 707,4117 0,5779 409Y T S= ! = ! " ; 

 18 18 2 710,6926 0,6128 436F T S= ! = ! " . 

S.". = )"*='" (=2 :=2*&2<2 2003 3. -<"(>"& +G4(2&D )+*H(:2 409 4 
436 )*2=+$2*>O"$4@ -++&="&-&="$$+. 

S2:4; +8*2%+;, 2((4&4=$2H 4 ;><D&4)<4:2&4=$2H ;+("<4 (2J& 
+1"$D 8<4%:4" *"%><D&2&' 4  )+ )*+3$+%>. !2%<414" -+-&2=<H"& ;"$"" 
4%. 

?*4 *"O"$44 ;$+34F )*2:&41"-:4F %2(21 >)*2=<"$4H 
I:+$+;41"-:4;4 +8T":&2;4 +:2%'=2"&-H =2G$'; >-&2$+=4&D $2<414" 
4<4 +&->&-&=4" -=H%4 ;"G(> 4%;"$"$4H;4 -++&="&-&=>JP4F >*+=$"@ 
(=>F 4<4 8+<"" =*";"$$'F *H(+=. C2<":+ $" =-"3(2 I&+ H=<H"&-H 
+1"=4($';, 48+ 8<4%+-&D, 4<4 (2G" -+=)2("$4H &*"$(+='F 
-+-&2=<HJP4F, $" 32*2$&4*>J& ->P$+-&$+@ -=H%4 ;"G(> >*+=$H;4 
=*";"$$'F *H(+=, :+&+*2H 4;""& *2%>;$>J I:+$+;41"-:>J 
4$&"*)*"&2#4J. 6%;"$"$4H $",&H$'F :+&4*+=+: $2 ;4*+='F *'$:2F 
4 :+<"82$4H :>*-2 *>8<H )+ +&$+O"$4J : (+<<2*> BZ/ 4;"J& 
)*2:&41"-:4 +(4$2:+='@ &*"$(, 1&+ <"3:+ +8TH-$H"&-H -&*>:&>*$';4 
+-+8"$$+-&H;4 I:+$+;4:4 !+--44 4 )*4$H&'; )+*H(:+; *2-1"&+= %2 
>3<"=+(+*+('. K($2:+, $2)*4;"*, 4%;"$"$4" 14-<2 ;"-& = ("&-:4F 



106 
 

(+O:+<D$'F >1*"G("$4HF 3+*+(2 4 :+<41"-&=2 2=&+;+84<"@, 
$2F+(HP4F-H = <41$+; )+<D%+=2$44, &+G" 4;"J& 8<4%:4" &*"$(', 
F+&H =*H( <4 -&+4& )'&2&D-H +8+-$+=2&D -=H%D ;"G(> (2$$';4 *H(2;4 
4 (2&D I&+;> ,2:&> -+("*G2&"<D$>J &*2:&+=:>. 

!2--;+&*4; )*4";', - )+;+PDJ :+&+*'F ;+G"& 8'&D ='H=<"$+ 
*2%<414" ;"G(> 4-&4$$+@ -=H%DJ >*+=$"@ =*";"$$'F *H(+= 4 
-<>12@$'; -+=)2("$4"; 4F &*"$(+=.  

?"*='@ 4% I&4F )*4";+= +-$+=2$ $2 4-:<J1"$44 =<4H$4H 
&*"$(2. ?+(+8$+ &+;>, :2: =<4H$4" #4:<41"-:+@ -+-&2=<HJP"@ 
>-&*2$H"&-H )>&"; )*4;"$"$4H )*+#"(>*' -3<2G4=2$4H, =<4H$4" 
&*"$(2 >(2"&-H >-&*2$4&D )+-*"(-&=+; )"*"F+(2 : $+='; 
)"*";"$$'; . B I&+@ #"<DJ (<H :2G(+3+ 4% *H(+= -&*+H&-H 
*"3*"--4+$$'" %2=4-4;+-&4 - =*";"$" ;, ='*2G"$$'; = <23+='F 
"(4$4#2F, = :21"-&=" ,2:&+*$+@ )"*";"$$+@ ( ) ( )tgyö;tfxö tt ==  4 

,+*;4*>J&-H (=2 $+='F *H(2 tt
y
ttt

x
t yöy;xöx !=!= "" . L2:&41"-:4 

I&+ I<";"$&', 4-)+<D%>";'" (<H ='14-<"$4H +-&2&+1$+@ ->;;' 
:=2(*2&+= +&:<+$"$4@ *"3*"--4+$$'F ;+("<"@. S*"$(+=2H 

:+;)+$"$&2, )*4->&-&=>JP2H = *H(2F tt y;x , = *H(2F y
t

x
t ; !!  

4-:<J1"$2, 1&+ <"3:+ )*+="*H"&-H )+ ="<414$" :+I,,4#4"$&+= 
2=&+:+**"<H#44 )"*=+3+ )+*H(:2. .-<4 )*4 I&+;  :+I,,4#4"$& 
("&"*;4$2 #44 )*"+8*2%+=2$$'F *H(+= *2="$ 4<4 8<4%+: )+ ="<414$" 
:+I,,4#4"$&> ("&"*;4$2 #44 4-F+($'F *H(+= ( xyrr yx !

""
), 

)*4%$2"&-H $2<414" ->P"-&="$$+@ -=H%4 ;"G(> *H(2;4 4 =%24;$+@ 
+8>-<+=<"$$+-&4 4F >*+=$"@ = -++&="&-&=>JP4" ;+;"$&' =*";"$4. 
K)4-2$$'@ 2<3+*4&; $+-4& $2%=2$4" 3*)'8" ')4/'$*$,% ') 
)#*$8" . 

C*>3+@ )*4"; +-$+=2$ $2 4%>1"$44 -=H%4 >*+=$"@ 4-F+($'F 
=*";"$$'F *H( += )*4 I<4;4$4*+=2$44 ,2:&+*2 =*";"$4. 9&+ 
(+-&432"&-H %2 -1"& =:<J1"$4H =*";"$4 = -+-&2= *"3*"--4+$$+3+ 
>*2=$"$4H $2 )*2=2F -2;+-&+H&"<D$+@ $"%2=4-4;+@ )"*";"$$+@. S+ 
"-&D, 4-F+(H 4% 2)*4+*$+@ 4$,+*;2#44 4 -++8*2G"$4@ 
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I:+$+;41"-:+@ #"<"-++8*2%$+-&4, ='84*2"&-H :2:2H <48+ )"*";"$$2H 
= :21"-&=" *"%><D&2&4=$+@ 4 -&*+4&-H *"3*"--4+$$2H ;+("<D =4(2 

tbxbbyö tt 210 ++=  ,  (1.35) 

)2*2;"&*' , :+&+*+@ $2F+(H&-H - )+;+PDJ +8'1$+3+ NA0. 
?*"4;>P"-&=+ &2:+@ ;+("<4 )+ -*2=$"$4J - ;"&+(+; 

+&:<+$"$4H +& &*"$(2 = &+;, 1&+ +$2 )+%=+<H"& 8+<"" )+<$+ >1"-&D 4 
)*+2$2<4%4*+=2&D 4$,+*;2#4J, -+("*G2P>J-H = 4;"JP4F-H 
$28<J("$4HF. A" -<"(>"&, *2%>;""&-H, )*+&4=+)+-&2=<H&D I&4 ;"&+(' 
(*>3 (*>3>, )+-:+<D:> $24<>1O4@ I,,":& (+-&432"&-H )*4 4F 
-+=;"-&$+; )*4;"$"$44.  

?*+4<<J-&*4*>"; ;"F2$4%; ("@-&=4H I&4F ;"&+(+= $2 
:+$:*"&$+; )*4;"*".  

!#,3*# 11 . 5 &28<4#" 19 )*4="("$' ;2&"*42<' ("-H&4<"&$4F 
$28<J("$4@ )+ +($+;> 4% ->8T":&+= !L, -+("*G2P4" (2$$'" +8 
+8P4F +8T";2F 4$="-&4#4@ = I:+$+;4:> tx  (;<*(. *>8.) 4 +8T";2F 

:2)4&2<D$+3+ -&*+4&"<D-&=2 ty  (;<*(. *>8.).  

S28<4#2 19 
3+( 1 2 3 4 5 6 7 8 9 10 

tx  38 43 52 54 50 57 59 63 66 70 

ty  11 12 15 15 13 16 16 17 18 20 

B )+;+PDJ ;"&+(2 +&:<+$"$4H +& &*"$(2 &*"8>"&-H >-&2$+=4&D 
$2<414" 4<4 +&->&-&=4" =%24;+-=H%4 ;"G(> >*+=$H;4 =*";"$$'F 
*H(+= +8T";+= 4$="-&4#4@ 4 :2)4&2<D$+3+ -&*+4&"<D-&=2; )+-&*+4&D 
*"3*"--4+$$>J ;+("<D, =:<J14= = "" -+-&2= =*";H, :2: $"%2=4-4;>J 
)"*";"$$>J.  

5'14-<4; :+I ,,4#4"$&' 2=&+:+**"<H#44 )"*=+3+ )+*H(:2 (<H 
+8+4F *H(+= 4 :+I,,4#4"$& ("&"*;4$2#44 ;"G(> *H(2;4 

970078109000 211 ,r;,r;,r xyyx === . K$4 -=4("&"<D-&=>J& + -4<D$+; 

=<4H$44 &*"$(+='F -+-&2=<HJP4F = ,+*;4*+=2$44 >*+=$"@ +8+4F 
*H(+= 4 4F %$214&"<D$+@ :+**"<4*+=2$$+-&4, &. ". + )*2:&41"-:4 
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4("$&41$+; ("@-&=44 &*"$(+=. C<H >-&*2$"$4H =<4H$4H &*"$(+= 
-&*+4; *"3*"--4+$$'" ;+("<4 =4(2  

taaxöt 10 +=  4 tbbyöt 10 += . 

6-)+<D%>H +8'1$'@ ;"&+( $24;"$DO4F :=2(*2&+=, )+<>14; 

9250150366737 2 ,rt,,xö xtt =+=  4 8600842066710 2 ,rt,,yö ytt =+= . 

!"2<4%>H ;"&+( +&:<+$"$4H +& &*"$(2, *2--14&2"; - )+;+PDJ 
)+<>1"$$'F ;+("<"@ %$21"$4H >*+=$"@ +8+4F *H(+= 4 $2@("; 
="<414$' +-&2&:+=. 5 &28<4#" 20 )*"(-&2=<"$' *"%><D&2&' 
='14-<"$4@. 

S28<4#2 20 
3+( 1 2 3 4 5 6 7 8 9 10 

txö  40,8 44,0 47,1 50,3 53,4 56,6 59,7 62,9 66,0 69,2 

työ  11,5 12,4 13,2 14,0 14,9 15,7 16,6 17,4 18,2 19,1 

tt
x
t xöx !="  -2,8 -1,0 4,9 3,7 -3,4 0,4 -0,7 0,1 0,0 0,8 

tt
y
t yöy !="  -0,5 -0,4 1,8 1,0 -1,9 0,3 -0,6 -0,4 -0,2 0,9 

5'14-<4; :+I,,4#4"$&' 2=&+:+**"<H#44 )"*=+3+ )+*H(:2 (<H 

*H(+= +-&2&:+= 1290020 11 ,r;,r y
t

x
t

!==
""

. 6F %$21"$4H :*2@$" 

$"="<4:4, 1&+ >:2%'=2"& $2 >-&*2$"$4" =<4H$4H &*"$(+='F 
-+-&2=<HJP4F = I&4F *H(2F. A2@(";, $2:+$"#, :+I,,4#4"$& 

("&"*;4$2#44 ;"G(> *H(2;4 + -&2&:+= 84502 ,r y
t

x
t

=
!!

. .3+ %$21"$4" 

+-&2<+-D (+-&2&+1$+ ='-+:4;, &. ". (2G" )+-<" I<4;4$4*+=2$4H 
=<4H$4H &*"$(+= -=H%D ;"G(> >*+=$H;4 )*"+8*2%+=2$$'F *H(+= 
+-&2<2-D &"-$+@, 1&+ -=4("&"<D-&=>"& + "" ->P$+-&$+; F2*2:&"*". 

5 %2:<J1"$4" 4--<"(+=2$4H, )*4$H= = :21"-&=" *"%><D&2&4=$+3+ 
)*4%$2:2 ty , )+-&*+4; *"3*"--4+$$>J ;+("<D (1.35) , 4-)+<D%>H 

;2&*41$>J -F";> ;"&+(2 $24;"$DO4F :=2(*2&+= (1.4). 

t,x,,yö tt 334036902343 !+!= . 

?+<>1"$$'" *"%><D&2&' >:2%'=2J& $2 &+, 1&+ >="<41"$4H +8P"3+ 
+8T";2 4$="-&4#4@ $2 1 ;<*(. *>8. >="<414=2"& +8T";' :2)4&2<D$+3+ 
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-&*+4&"<D-&=2 = -*"($"; $2 369 ;<$. *>8. )*4 -+F*2$"$44 $"4%;"$$+@ 
&"$("$#44. 5<4H$4" G" =-"F +-&2<D$'F ,2:&+*+= )*+&4=+)+<+G$+ 4 
-$4G2"& +8T";' :2)4&2<D$+3+ -&*+4&"<D-&=2 = -*"($"; $2 334 ;<$. 
*>8. = 3+(. 

?*4;"$"$4" *2--;+&*"$$'F )*+#"(>*, :2: 4 =-"F )*+14F = 

I:+$+;"&*41"-:4F 4--<"(+=2$4HF, =+%;+G$+ &+<D:+ )*4 +&->&-&=44 

2=&+:+**"<H#44 = +-&2&:2F, 1&+ H=<H"&-H +($+@ 4% 82%+='F 

)*"( )+-'<+: *"3*"--4+$$+3+ 2$2<4%2. 9&+ %$214&, 1&+ )*+="*:2 

=%24;+-=H%4 =*";"$$'F *H(+= ;"&+(+; +&:<+$"$4H +& &*"$(2 (+<G$2 

8'&D (+)+<$"$2 )*+="*:+@ +&->&-&=4H 2=&+:+**"<4*+=2$$+-&4 

+-&2&:+=. 9&+ +->P"-&=<H"&-H <48+ )+-&*+"$4"; 3*2,4:2 

%2=4-4;+-&4 +-&2&:+=, 2$2<+341$'; 3*2,4:2; $2 *4-.4, 4 )*4$H&4"; 

*"O"$4H )+ =4%>2<D$+;> =)"12&<"$4J, <48+ - )+;+PDJ 4#,)*#,% 

K"#6,$" -L')('$" )+ ="<414$" 

( )2

1
2

2

1

n

t t
t

n

t
t

d
! !

!

"
=

=

"
=

#

#
,   (1.36) 

:+&+*2H "-&D +&$+O"$4" ->;;' :=2(*2&+= *2%$+-&"@ +-&2&:+= 

-+-"($4F >*+=$"@ =*";"$$+3+ *H(2 : +-&2&+1$+@ ->;;" :=2(*2&+= 

;+("<4 *"3*"--44.  

0+I,,4#4"$& 2=&+:+**"<H#44 +-&2&:+= )"*=+3+ )+*H(:2 

='14-<H"&-H )+ ,+*;><"  

( ) ( )

( ) ( )! !

!

= "
""

=
""

"#"

"#"
=

n

t

n

t
tttt

n

t
tttt

r

2

2

2
11

2

2
11

1

$$$$

$$$$
$ ,  (1.37) 

3(" 
11

2
1

1
2

!
=

!
=

""
=

!

!
=

n
;

n

n

t
t

t

n

t
t

t

#
#

#
#  4 +$4, = -++&="&-&=44 - )*"()+-'<:2;4 

NA0, *2=$' $><J - &+1$+-&DJ (+ +O48:4 +:*>3<"$4H. 
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.-<4 14-<+ $28<J(2";'F >*+=$"@ =*";"$$+3+ *H(2 (+-&2&+1$+ 

="<4:+, &+ ;+G$+ )+<+G4&D !!
=

"
=

#
n

t
t

n

t
t

2

2
1

2

2 $$ , 1&+ )+%=+<4& ,+*;><> 

(1.37) )*"+8*2%+=2&D : =4(> 

!

!

=

=
"#

$ n

t
t

n

t
tt

r

2

2

2
1

1

%

%%
% . (1.38) 

!2-:*'=2H -:+8:4 =  14-<4&"<" ,+*;><' :*4&"*4H C2*84$2 -

Y+&-+$2 (1.36), )+<>14; 

!

! ! !

=

= = =
"" +"

= n

t
t

n

t

n

t

n

t
tttt

d

2

2

2 2 2

2
11

2 2

#

####
. 

B >1"&+; -("<2$$'F %2;"12$4@ 4 -++&$+O"$4H (1.38) 4;""; 

+:+$12&"<D$'@ =4( ,+*;><' (<H ='14-<"$4H :*4&"*4H C2*84$2-

Y+&-+$2 

( )1

2

2

2
1

2

2

2 2
1

2

1212
22

!
!

!!

!

!!!
rd n

t
t

n

t
tt

n

t
t

n

t

n

t
ttt

"#=

$$
$
$

%

&

''
'
'

(

)

"#=
#"#

*
+

+

+

+ +

=

=
"

=

= =
"

. (1.39) 

S2:4; +8* 2%+;, "-<4 = +-&2&:2F )*+H=<H"&-H )+<$2H 

)+<+G4&"<D$2H 2=&+:+**"<H#4H 4 1 1r = , &+ 0d = . .-<4 = +-&2&:2F 

)+<$2H +&*4#2&"<D$2H 2=&+:+**"<H#4H, &+ 1 1r = !  4, -<"(+=2&"<D$+, 

4d = . .-<4 2=&+:+**"<H#4H +-&2&:+= +&->&-&=>"&, &+ 1 0r =  4 2d = , 

&.". 0 4d! ! . 

/<3+*4&; ='H=<"$4H 2=&+:+**"<H#44 +-&2&:+= $2 +-$+=" 

:*4&"*4H C2*84$2-Y+&-+$2 -<"(>JP4@. 5'(=432"&-H 34)+&"%2 0H  +8 

+&->&-&=44 2=&+:+**"<H#44 +-&2&:+=. /<D&"*$2&4=$'" 34)+&"%' 1H  4 
*
1H  -+-&+H&, -++&="&-&="$$+, = $2<4144 )+<+G4&"<D$+@ 4<4 

+&*4#2&"<D$+@ 2=&+:+**"<H#44 = +-&2&:2F. B )+;+PDJ -)"#42<D$'F 
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&28<4# +)*"("<HJ&-H :*4&41"-:4" %$21"$4H Ld  4 Ud  (<H %2(2$$+3+ 

14-<2 $28<J("$4@ n, 14-<2 $"%2=4-4;'F )"*";"$$'F ;+("<4 m 4 

>*+=$H %$214;+-&4 ! . 6-)+<D%>H I&4 %$21"$4H, 14-<+=+@ )*+;"G>&+: 

[ ]0; 4  *2%84=2J& $2 )H&D +&*"%:+= 4, = %2=4-4;+-&4 +& &+3+, :2:+;> 4% 

$4F 8>("& )*4$2(<"G2&D ='14-<"$$+" )+ ,+*;><" (1.39) %$21"$4" d , 

='$+-4&-H ->G("$4" + $2<4144 4<4 +&->&-&=44 2=&+:+**"<H#44 

+-&2&:+=. 

0 Ld d< <  Ð "-&D )+<+G4&"<D$2H 2=&+:+**"<H#4H +-&2&:+=, 0H  

+&:<+$H"&-H, - ="*+H&$+-&DJ 1P != "  )*4$4;2"&-H 1H ; 

L Ud d d< <  Ð %+$2 $"+)*"("<"$$+-&4; 

4U Ud d d< < !  Ð $"& +-$+=2$4@ +&:<+$H&D 0H , &.". 

2=&+:+**"<H#4H +-&2&:+= +&->&-&=>"&; 

4 4U Ld d d! < < !  Ð %+$2 $"+)*"("<"$$+-&4; 

4 4Ld d! < <  Ð "-&D +&*4#2&"<D$2H 2=&+:+**"<H#4H +-&2&:+=, 

0H  +&:<+$H"&-H, - ="*+H&$+-&DJ 1P != "  )*4$4;2"&-H *
1H . 

.-<4 ='14-<"$$+"  %$21"$4" :*4&"*4H C2*84$2-Y+&-+$2 )+)2(2"& 

= +($> 4% %+$ $"+)*"("<"$$+-&4, &+ )*4 *"O"$44 )*2:&41"-:4F %2(21 

)*"()+<232"&-H $2<414" 2=&+:+**"<H#44. 

!#,3*#  11. (&#'8'/C*$,*)  ?*+="*4; 34)+&"%> + $2<4144 

2=&+:+**"<H#44 = +-&2&:2F (<H <4$"@$'F *"3*"--4+$$'F ;+("<"@, 

)+<>1"$$'F = F+(" *"2<4%2#44 ;"&+(2 +&:<+$"$4H +& &*"$(2: 

t,,xöt 15366737 +=  4 t,,yöt 842066710 += . 0+I,,4#4"$&' 

2=&+:+**"<H#44 )"*=+3+ )+*H(:2 (<H *H(+= +-&2&:+= I&4F ;+("<"@ 

*2=$' -++&="&-&="$$+ 0201 ,r
x

=! 4 12901 /r
y

!=" . A2F+(H (<H $4F )+ 

,+*;><" (1.39) %$21"$4H :*4&"*4"= C2*84$2-Y+&-+$2, )+<>14; 

2582961 ,d;,d yx == . C<H +8"4F ;+("<"@ 110 == m;n . S28<41$'" 

%$21"$4H :*4&"*4H (<H +)*"("<"$4H 3*2$4# +&*"%:+= *2=$' 

321880 ,d;,d UL == .S2:4; +8*2%+;, 4$&"*=2< [ ] [ ]88000 ,;d; L = ; 
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4$&"*=2< [ ] [ ]321880 ,;,d;d UL = ; 4$&"*=2< [ ] [ ]6823214 ,;,d;d UU =! ; 

4$&"*=2< [ ] [ ]12368244 ,;,d;d LU =!!  4$&"*=2< [ ] [ ]412344 ;,;dL =! . C<H 

+8"4F ;+("<"@ *2-1"&$'" %$21"$4H :*4&"*4"= C2*84$2_Y+&-+$2 

)+)2(2J& = +8<2-&D, 3(" $"& +-$+=2$4@ +&="*32&D 34)+&"%> +8 

+&->&-&=44 2=&+:+**"<H#44 = +-&2&:2F. B<"(+=2&"<D$+, )*4;"$"$4" 

;"&+(2 +&:<+$"$4H +& &*"$(2 *H(+= )*4;"*2 11 8'<+ <"34&4;$';.  

P292%- 9:K 8276816K1$:?&636 ,$N$&-K 

M25. 5 &28<4#" )*4="("$' -="("$4H + )+&*"8<"$44 

I<":&*+I$"*344 G4&"<H;4 3+*+(2 )+ :=2*&2<2; yt ;<$. :5&.1, 

-+8*2$$'" )+ *"%><D&2&2; 1"&'*"F<"&$4F $28<J("$4@. 

M :=2*&2<2 t )+&*"8<"$4" 

I<. I$"*344 yt 

M :=2*&2<2 t )+&*"8<"$4" 

I<. I$"*344 yt 

1 5,5 9 8,0 

2 4,6 10 5,6 

3 5,0 11 6,4 

4 9,2 12 10,9 

5 7,1 13 9,1 

6 5,1 14 6,4 

7 5,9 15 7,2 

8 10,0 16 11,0 

?+-&*+4&D 2=&+:+**"<H#4+$$>J ,>$:#4J 4 -("<2&D ='=+( + 

$2<4144 -"%+$$'F :+<"82$4@ )+&*"8<"$4H I<":&*+I$"*344; 

I<4;4$4*+=2&D -"%+$$>J -+-&2=<HJP>J; )+-&*+4&D 2((4&4=$>J 4 

;><D&4)<4:2&4=$>J ;+("<4 *H(2 )+&*"8<"$4H I<":&*+I$"*344; 

-("<2&D )*+3$+% )+&*"8<"$4H I<":&*+I$"*344 $2 -<"(>JP4@ 3+( )+ 

:=2*&2<2;. S*>(+";:+-&D Ð 60 (;4$ /*28) I:-)"*&2.  

M26. 5 &28<4#" )*4="("$' -="("$4H +8 +8T";2F )*+(2G &+=2*+= 

)+=-"($"=$+3+ -)*+-2 xt = )*+#"$&2F : )*"(O"-&=+=2=O";> )"*4+(>, 

-+8*2$$'" )+ *"%><D&2&2; "G":=2*&2<D$'F $28<J("$4@ = &"1"$44 

)H&4 <"&. 
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M :=2*&2<2 t +8T"; )*+(2G 
xt 

M :=2*&2<2 t +8T"; )*+(2G  
xt 

1 100 11 98,7 
2 93,7 12 101,8 
3 96,5 13 112,9 
4 102,1 14 98,4 
5 107,9 15 97,4 
6 96,4 16 102,2 
7 95,8 17 98,2 
8 98,3 18 83,5 
9 104,2 19 84,6 
10 99 20 89,0 

A2@&4 :+I,,4#4"$&' 2=&+:+**"<H#44 *H(2 )*+(2G (+ 1"&="*&+3+ 
)+*H(:2 =:<J14&"<D$+; )+-&*+4&D 2((4&4=$>J 4 ;><D&4)<4:2&4=$>J 
;+("<4; -("<2&D )*+3$+% +8T";+= )*+(2G $2 -<"(>JP4@ 3+( )+ =-"; 
:=2*&2<2;. S*>(+";:+-&D Ð 100(;4$ /*28) I:-)"*&2.  

M27. ?+ ;2&"*42<2; "G":=2*&2<D$'F +&1"&+= -<>G8' %2$H&+-&4 
:>*+*&$+3+ 3+*+(2 %2 )H&D <"& 8'< )+<>1"$ =*";"$$+@ *H( 
8"%*28+&4#' G , ='*2G"$$'@ = )*+#"$&2F : +8P";> :+<41"-&=> 
I :+$+;41"-:4 2:&4=$+3+ $2-"<"$4H, 4 )+<>1"$2 "3+ 
;><D&4)<4:2&4=$2H ;+("<D t,,G 25019 != . B:+**":&4*+=2$$'" 

%$21"$4H -"%+$$+@ :+;)+$"$&' )+ :=2*&2<2;: )"*='@ :=2*&2< Ð 1,4; 
=&+*+@ :=2*&2< - 0,9; &*"&4@ :=2*&2< Ð 0,7.  

A2@&4 %$21"$4" -"%+$$+@ :+;)+$"$&' %2 1"&="*&'@ :=2*&2<; 
-("<2&D )*+3$+% >*+=$H 8"%*28+&4#' )+ =-"; :=2*&2<2; -<"(>JP"3+ 
3+(2. S*>(+";:+-&D Ð 10 (;4$ /*28) I:-)"*&2.  

M28. 5 &28<4#" )*"(-&2=<"$' (2$$'" + -*"($";"-H1$+@ 
="<414$" -+=+:>)$+3+ (+F+(2 xt &'-. *>8. 4 ="<414$" 
)+&*"84&"<D-:4F *2-F+(+= yt &'-.*>8., )+<>1"$$'" )+ *"%><D&2&2; 
=+-D;4<"&$4F $28<J("$4@. 
W+( 1 2 3 4 5 6 7 8 
yt 7 8 8 10 11 12 14 16 
xt 10 12 11 12 14 15 17 20 
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N"&+(+; +&:<+$"$4@ +& &*"$(2 )*+="*4&D $2<414" -=H%4 ;"G(> 
*H(2;4 xt 4 yt; )+-&*+4&D *"3*"--4+$$>J ;+("<D, =:<J14= = $"" 
,2:&+* =*";"$4, 4, =%H= = :21"-&=" *"%><D&2&4=$+3+ )*4%$2:2 yt. 
S*>(+";:+-&D Ð 60 (;4$ /*28) I:-)"*&2.  

M29. 5 &28<4#" )*4="("$' -="("$4H -<>G8' %2$H&+-&4 +8 
4%;"$"$44 >*+=$H 8"%*28+&4#' G = )*+#"$&2F : +8P";> :+<41"-&=> 
I:+$+;41"-:4 2:&4=$+3+ $2-"<"$4H = &"1"$44 3+(2. 
;"-H#  1 2 3 4 5 6 7 8 9 10 11 12 
G % 8,8 8,6 8,4 8,1 7,9 7,6 7,4 7,1 6,5 6,0 5,4 4,6 

5'14-<4&D :+I,,4#4"$&' 2=&+:+**"<H#44 )"*=+3+ 4 =&+*+3+ 
)+*H(:2; )+-&*+4&D ;+("<4 <4$"@$+3+ 4 I:-)+$"$#42<D$+3+ &*"$(+=; 
-*2=$4&D 4F )+ ="<414$2; :+I,,4#4"$&+= ("&"*;4$2#44.  
S*>(+";:+-&D Ð 50 (;4$ /*28) I:-)"*&2.  

M30. 5 &28<4#" )*"(-&2=<"$' (2$$'" ("-H&4<"&$4F $28<J("$4@ 
%2 4%;"$"$4H;4 -&+4;+-&4 +-$+=$'F ,+$(+= ,4*;' xt ;<$. *>8. 4 
+8T";+= =$"O$4F %24;-&=+=2$4@ yt ;<$.*>8.  
3+( 1 2 3 4 5 6 7 8 9 10 
xt 72 75 77 77 79 81 78 80 81 83 
yt 4,2 3,1 2,5 2,1 1,9 1,7 1,8 1,6 1,7 1,6 

N"&+(+; +&:<+$"$4H +& &*"$(2 +#"$4&D &"-$+&> -=H%4 ;"G(> 
*H(2;4 xt 4 yt; B )+;+PDJ :*4&"*4H C2*84$2-Y+&-+$2 )+(&="*(4&D 
4<4 +)*+="*3$>&D 34)+&"%> +8 2=&+:+**"<H#44 +-&2&:+=. 
S*>(+";:+-&D Ð 50 (;4$ /*28) I:-)"*&2.  
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G2>9$: 2. H$6,$1-56-I56&67-%$85-$ 769$:-  

!2%=4&4" I:+$+;41"-:+@ &"+*44 $"*2%*'=$+ -=H%2$+ - *2%=4&4"; 

-2;+@ I:+$+;4:4.  ?+ ;"*" $2:+)<"$4H +)'&2 F+%H@-&="$$+@ 

("H&"<D$+-&4, )+H=<"$4H 4 *2%=4&4H $+='F ,+*; I:+$+;41"-:+@ 

2:&4=$+-&4, =-" 8+<"" +1"=4($+@ -&2$+=4<2-D $"+8F+(4;+-&D 

$2>1$+3+ +-;'-<"$4H 4 +8+8P"$4H ,2:&41"-:+3+ ;2&"*42<2, )+4-: 

+8T":&4=$'F %2:+$+=, >)*2=<HJP4F I:+$+;41"-:4;4 )*+#"--2;4. 

5-)<"-: 4$&"*"-2 : I:+$+;41"-:+@ $2>:" = :+$#" =+-";$2(#2&+3+ 

$212<" ("=H&$2(#2&+3+ =":2 )+-<" )+H=<"$4H %2;"12&"<D$'F *28+& /. 

B;4&2 4 C. !4:2*(+ )*4="< : )+H=<"$4J ;$+G"-&=2 I:+$+;41"-:4F 

&"+*4@, >&+)4@, ,2$&2%4@ 4 -("<2< $"4%8"G$'; )+H=<"$4" 

;2&";2&41"-:4F ;+("<"@, :2: +8H%2&"<D$+3+ 4$-&*>;"$&2 2$2<4%2 

I:+$+;41"-:4F H=<"$4@. 5 $2-&+HP"" =*"; H, ;2&";2&41"-:+" 

;+("<4*+=2$4" I:+$+;41"-:4F )*+#"--+= H=<H"&-H 8>*$+ 4 >-)"O$+ 

*2%=4=2JP"@-H +&*2-<DJ I:+$+;41"-:+@ $2>:4, :+&+*2H =:<J12"& = 

-"8H ;+("<4 )*+4%=+(-&=2 4 )+&*"8<"$4H, ;+("<4 I:+$+;41"-:+3+ 

*+-&2, 82<2$-+='" ;+("<4, I:+<+3+-I:+$+;41"-:4" ;+("<4,  ;+("<4 

4$,<H#44, ;+("<4 (4$2;4:4 3+->(2*-&="$$+3+ (+<32, &"+*"&4:+-

43*+='" ;+("<4 4 ;$+3+" (*>3+".  02G(2H 4% >)+;H$>&'F &"; 

)+-=HP"$+ ;$+G"-&=+ G>*$2<D$'F )>8<4:2#4@, ;+$+3*2,4@, 

(4--"*&2#4@. K&8+* ;+("<"@ = -+-&2= (2$$+3+ )+-+84H )*+4%=+(4<-H 

- >1"&+; &*"F +8-&+H&"<D-&=. 5+-)"*='F,  )*"()+1&"$4" +&(2=2<+-D 

$248+<"" O4*+:+ 4%="-&$'; ;+("<H;, :+&+*'" %2$4;2J& )*+1$+" 

;"-&+ = -+=*";"$$+@ :<2--41"-:+@ I:+$+;41"-:+@ &"+*44. 5+-

=&+*'F, - )+;+PDJ )*"(-&2=<"$$'F %("-D ;+("<"@ 8'<2 )*"()*4$H&2 

)+)'&:2 )+ =+%;+G$+-&4 8+<"" )+<$+ +F=2&4&D )*"(;"&$>J +8<2-&D 

4 )+%$2:+;4&D - &4)41$';4 )*4";2;4 I:+$+;4:+ -;2&";2&41"-:+3+ 

;+("<4*+=2$4H. 5-&*"&D4F, =-" ;+ ("<4, -+8*2$$'" = $2-&+HP"; 

)+-+844, 4-)+<D%>J&-H 4<4 ;+3>& 8'&D 4-)+<D%+=2$' (<H *"O"$4H 

>)*2=<"$1"-:4F %2(21. 
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2.1. M69$:- ;61,$L:$&-K - ;,6->.6981.2  
?*"(;"&+; I:+$+;41"-:+@ $2>:4 H=<H"&-H &*4"(4$'@ )*+#"-- 

)*+4%=+(-&=2, *2-)*"("<"$4H 4 )+&*"8<"$4H, ;2&"*42<D$'F 8<23. 
A"%2=4-4;+ +& +8P"-&="$$+ Ð )+<4&41"-:+@ ,+*;2#44 
+)*"("<HJP4; H=<H"&-H 8<+: *2-)*"("<4&"<D$'F ,>$:#4@. N+G$+ 
>="*"$$+ >&="*G(2&D, 1&+ ;"F2$4%; *2-)*"("<"$4H *"O2JP4; 
+8*2%+; =<4H"& :2: $2 )*+4%=+(-&=+, &2: 4 $2 )+&*"8<"$4" 8<23. 

5 $2-&+HP"" =*";H, +($2:+, ;2&";2&41"-:2H &"+*4H I:+$+;4:4 = 
-+=+:>)$+-&4 =-"F &*"F "" -&+*+$ +&->&-&=>"&. B<+G$+-&D 
I:+$+;41"-:+@ -4-&";', (2G" - >1"&+; >)*+P2JP4F )*"()+<+G"$4@ 
4 ,+*;2<4%>JP4F 4("2<4%2#4@, ->P"-&="$$+ )*"='O2"& )+*+3, (+ 
:+&+*+3+ -&*+4&-H &+1$2H &"+*4H :2: ;2&";2&41"-:+" )+$H&4". 
B<4O:+; ="<4: $28+* ->P"-&="$$'F ,2:&+*+=, )*"$"8*"G"$4" 
:+&+*';4 $"=+%;+G$+ 8"% >P"*82 (<H -+("*G2&"<D$+3+ -;'-<2 
;+("<4. 9&+ )*"=*2P2"& ;+("<D = :*2@$" 3*+;+%(:>J :+$-&*>:#4J 
;2<+ )*43+($>J (<H )*+(>:&4=$+3+ 2$2<4%2 +8T":&2 ;+("<4*+=2$4H. 

S2:+" )+<+G"$4" ("< )*4="<+ : =+%$4:$+="$4J 4("4 )+-&*+"$4H 
I:+$+;4:+ Ð;2&";2&41"-:4F ;+("<"@ 8"% >1"&2 ;"F2$4%;2 
*2-)*"("<"$4H. 9&2, )2*2(+:-2<D$2H $2 )"*='@ =%3<H(, 4("H )+ ;"*" 
-=+"3+ *2%=4&4H, +,+*;4<2-D = 8+32&>J ;2&";2&41"-:>J &" +*4J 
+)&4;2<D$+@ I:+$+;4:4. 5 *2;:2F $2-&+HP"@ 3<2=' 8>(>& 
+)*"("<"$' $":+&+*'" 82%+='" )+$H&4H 4 )*4 (+-&2&+1$+ +8P4F 
)*"()+<+G"$4HF *2--;+&*"$' ;2&";2&41"-:4" ;+("<4 )+&*"8<"$4H 4 
)*+4%=+(-&=2. 

<%$&)50$)./ 0 )8% *%1)2)'0)  
?>-&D 4;""&-H n &+=2*+=. K8+%$214; :+<41"-&=+ i -+3+ &+=2*2 ix  

1,i n= . S+3(2 =":&+*$2H ="<414$2 1 2( , ,.... )nx x x x=  4;""& -;'-< 

$":+&+*+3+ $28+*2 &+=2*+=. \-$+, 1&+ 0ix !  (<H 1, .i n! = . K8+%$214; 

-4;=+<+; C  )*+-&*2$-&=+ =-"F $28+*+= &+=2*+=, &.". 

{ }: 0nC x R x= ! " . 9&+ <4$"@$+" =":&+*$+" )*+-&*2$-&=+, )+ 

+)*"("<"$4J +8<2(2JP"" -=+@-&=2;4:  
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1.x y C+ !  (<H x C! "  4 y C! " ;  

2. .-<4 x C! , &+ x C! " , 3(" ! - )*+4%=+<D$+" 14-<+;  

3. ( )1x y C! !+ " # , (<H x C! " , y C! "  4 0 1!" " . 

B&+4;+-&D "(4$4#' i -+3+ &+=2*2, &.". "3+ #"$> +8+%$214; iP. 

K1"=4($+, 1&+ =":&+* 1 2( , ,.... )nP P P P= &2:G" $"+&*4#2&"<"$. 

B:2<H*$+" )*+4%="("$4" =":&+*2 &+=2*+= $2 =":&+* #"$ 

1

,
n

i i
i

P x Px
=

= ! $2%'=2"&-H #"$+@ $28+*2 &+=2*+=. ?+="("$4" 

)+&*"84&"<H, &.". <4#2, 4-)+<D%>JP"3+ &+=2*$'" $28+*', 
+)*"("<H"&-H 2:-4+;+@ )+&*"84&"<H, :+&+*2H >&="*G(2"& -<"(>JP"": 
:2G('@ )+&*"84&"<D )*4$4;2"& *"O"$4" + )+&*"8<"$44 &"F 4<4 4$'F 
&+=2*+=, 4-F+(H 4% -=+"@ -+8-&="$$+@ -4-&";' )*"()+1&"$4@. 
6;"$$+ I&4; +8-&+H&"<D-&=+; +)*"("<H"&-H ='3+($+-&D *'$+1$'F 
+&$+O"$4@ &+=2*++8;"$2. C=2 <J8'F &+=2*$'F $28+*2 ;+3>& 
$2F+(4&D-H )+ +&$+O"$4J (*>3 : (*>3> = +($+; 4% &*"F -+-&+H$4@:  

1.K&$+O"$4" -<28+3+ )*"()+1&"$4H Ð x y!  Ð )+&*"84&"<D 

)*"()+14&2"& $28+*> y$28+* x 4<4 $" ("<2"& *2%<414H ;"G(> $4;4;  

2. K&$+O"$4" 8"%*2%<414H Ð yx !  Ð )+&*"84&"<D $" ("<2"& 

*2%<414H ;"G(> $28+*2;4 x 4 y;  

3. K&$+O"$4" -4<D$+3+ )*"()+1&"$4H Ð x y>  Ð )+&*"84&"<D 

)*"()+14&2"& $28+*>y$28+* x. 

A2%+="; (+F+(+;  $":+&+*>J ,4:-4*+=2$$>J ->;;> ("$"3 Q, 

:+&+*>J )+&*"84&"<D )*"()+<232"& 4%*2-F+(+=2&D $2 )*4+8*"&"$4" 
&+=2*+=. 

K)*"("<"$4".  N$+G"-&=+ $28+*+= &+=2*+=, -&+4;+-&D :+&+*'F 
)*4 (2$$+; =":&+*" #"$ P $" )*"='O2"& ="<414$' (+F+(2 Q 

$2%'=2"&-H 8J(G"&$'; ;$+G"-&=+;  4 +8+%$212"&-H B. K$+ H=$+ 

%2=4-4& +& (+F+(2Q 4 =":&+*2 #"$ P, )+I&+;> ( ),B B P Q= . 

N$+G"-&=+ &+=2*$'F $28+*+=, -&+4;+-&4 :+&+*'F *2=$' ="<414$" 
(+F+(2 +)*"("<H"& 3*2$4#> 8J(G"&$+3+ ;$+G"-&=2 4 +8+%$212"&-H G
. S2:4; +8*2%+; 
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( ) { }, : ,B P Q x C P x Q= ! " , ( ) { }, : ,G P Q x C P x Q= ! = . (2.1) 

!#,3*#1 2. ?*+-&*2$-&=+ C  +8*2%+=2$+ $28+*2;4 (=>F &+=2*+=, 
#"$' :+&+*'F 1 4P =  (.". ; 2 10P =  (.". 5"<414$2 (+F+(2 100Q =  (.". 5 

I&+; -<>12" 8J(G"&$+" ;$+G"-&=+ ( ),B P Q  8>("& )*"(-&2=<H&D 

&*">3+<D$4: +3*2$41"$$'@ +-H;4 1x  4 2x  4 )*H;+@, )*+F+(HP"@, 

1"*"% &+1:4 ( )25,0A=  Ð =-H ->;;2 (+F+(2 4-)+<D%+=2$2 (<H 

)*4+8*"&"$4H &+=2*2 1; ( )0,10B =  Ð =-H ->;;2 (+F+(2 4-)+<D%+=2$2 

(<H )*4+8*"&"$4H &+=2*2 2. Y*2=$"$4" I&+@ )*H;+@ 4;""& =4(: 

1 210 25 250.x x+ =  K&*"%+: )*H;+@ ;"G(> &+1:2;4 A 4 B "-&D 3*2$4#2 

8J(G"&$+3+ ;$+G"-&=2. 
RJ(G"&$+" ;$+G"-&=+ +8<2(2"& &*";H =2G$';4 -=+@-&=2;4:  

1. 5')>:<+-&D - (<H !  (=>F &+=2*$'F $28+*+= x B!  4 y B!  4 

0 1!" "  ( )1x y B! !+ " #$ %& ' . 

2.K3*2$41"$$+-&D Ð $4 +(4$ 4% &+=2*$'F $28+*+=, =F+(HP4F = 
-+-&2= 8J(G"&$+3+ ;$+G"-&=2 $" -+("*G4& 8"-:+$"1$+ 8+<DO4F 
I<";"$&+=.  

3.72;:$>&+-&D Ð <J82H )+-<"(+=2&"<D$+-&D &+=2*$'F $28+*+= 

{ } 1,kx k = ! , 4% 8J(G"&$+3+ ;$+G"-&=2 -F+(4&-H : =":&+*> z B! . 

?+-&2=4; = -++&="&-&=44 :2G(+;> &+=2*$+;> $28+*> x 
$":+&+*+" 14-<+ ( ),U x  &.". +)*"("<4; ,>$:#4J : ,U C R!  &2:>J, 

1&+ ( ) ( )U x U y!  )*4 x y!  4 ( ) ( ),U x U y>  "-<4 .x y!  K)*"("<"$$2H 

&2:4; +8*2%+; ,>$:#4H $2%'=2"&-H ,>$:#4"@ )+<"%$+-&4. ?+-:+<D:> 
+8<2-&DJ "" 4%;"$"$4H H=<H"&-H 14-<+=2H +-D, 2 $" =":&+*$+" 
)*+-&*2$-&=+, +$2 %$214&"<D$+ 8+<"" >(+8$2 (<H +#"$:4 
)*"()+1&4&"<D$+-&4 &+=2*$'F $28+*+=. Y:2G"; -=+@-&=2 ,>$:#44 
)+<"%$+-&4.  

1. L>$:#44 )+<"%$+-&4 $">8'=2JP2H Ð -=+@-&=+ 
$")+-*"(-&="$$+ ='&":2"& 4% +)*"("<"$4H ,>$:#44 )+<"%$+-&4 4 
,2:&41"-:4 +%$212"&, 1&+ $28+*, -+("*G2P4@ 8+<DO"" :+<41"-&=+ 
&+=2*+= +8<2(2"& 8+<DO"@ )+<"%$+-&DJ.  
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2. .-<4 ,>$:#4H )+<"%$+-&4 (4,,"*"$#4*>";2, &+ 0
i

U
x

!
>

!
 (<H 

1,i n! = . 9&+ -=+@-&=+ :+$:*"&4%4*>"& )+<+G"$4" -=+@-&=2 1 (<H 

(4,,"*"$#4*>";'F ,>$:#4@. 9:+$+;41"-:4 I&+ -=+@-&=+ +%$212"& 
Ç$"$2-'P2";+-&DÈ, &.". )*"()+1&4&"<D$+-&D 8+<DO"3+ :+<41"-&=2 

&+=2*+= $" %2=4-4;+ +& 4;"JP"3+-H = $2<4144. 5"<414$2 
i

U
x

!
!

 

$2%'=2"&-H )*"("<D$+@ )+<"%$+-&DJ i -+3+ &+=2*2 4 )+:2%'=2"& $2 
-:+<D:+ 4%;"$H"&-H %$21"$4" ,>$:#44 )+<"%$+-&4 )*4 4%;"$"$44 i -
+@ :+;)+$"$&' =":&+*2 &+=2*$+3+ $28+*2 $2 "(4$4#>. 5":&+* 

1 2

, ,...
n

u u u
grad U

x x x

! "# # #
= $ %# # #& '

 >:2%'=2"& $2)*2=<"$4" $24-:+*"@O"3+ 

*+-&2 ,>$:#44 )+<"%$+-&4.  
3. L>$:#4H )+<"%$+-&4 =+3$>&2, &.". 

( )( ) ( ) ( ) ( )1 1U x y U x U y! ! ! !+ " > + "  (<H ,x C y C! " ! "  4 

0 1!" " . N2&";2&41"-:4;  )*4%$2:+;, )+%=+<HJP4; )*+="*4&D 
=+3$>&+-&D ,>$:#44, H=<H"&-H +&*4#2&"<D$2H +)*"("<"$$+-&D 

;2&*4#' W"--"  
2

i j n n

u
x x

!

" #$
% &% &$ '$( )

=+ =-"F &+1:2F +8<2-&4 +)*"("<"$4H 

,>$:#44 )+<"%$+-&4. 5 I:+$+;4:" I&+ -=+@-&=+ $2%'=2"&-H %2:+$+; 
W+--"$2, 4<4 >8'=2JP"@ )* "("<D$+@ )+<"%$+-&4, :+&+*'@ 3<2-4&, 
1&+ - >="<41"$4"; +8T";2 )+&*"8<"$4H <J8+3+ &+=2*2 )+<"%$+-&D 
:2G(+@ )+-<"(>JP"@ "3+ "(4$4#' >;"$DO2"&-H. 

!#,3*# 13. ?>-&D )*+-&*2$-&=+C  -+("*G4& (=2 &+=2*2. 
?*+="*4;,  1&+ $"+:<2--41"-:2H ,>$:#4H )+<"%$+-&4 

( )1 2 1 2, 0; 0; 1U x x x x! " ! " ! "= # > > + < >(+=<"&=+*H"& =-"; 

%2H=<"$$'; -=+@-&=2;. 1
1 2

1

0
U

x x
x

! "! #$
= >

$
 (<H <J8'F )+<+G4&"<D$'F 

$28+*+= 1x  4 2x , 4 2$2<+341$+ 1
1 2

2

0
U

x x
x

! "" #$
= >

$
, 1&+ (+:2%'=2"& 
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-=+@-&=+ Ç$"$2-'P2";+-&4È. 5'14-<4; =&+*'" )*+4%=+($'" 
,>$:#44 )+<"%$+-&4 

 

( ) ( )
2 2 2

2 2
1 2 1 22 2

1 2 1 2

2
1 1

1 2
2

1 ; 1 ;

1

U U U
x x x x

x x x x

U
x x

x x

! " ! "

! "

! ! " "

! "

# #

# #

$ $ $
= # = # =

$ $ $ %$

$
= = %

$ %$

 . 

L+*;4*>"; ;2&*4#> W"--"  

( )
( )

2 1 12
1 2 1 2

1 1 2
1 2 1 22 2

1

1i j

x x x xU
x x x xx x

! " ! "

! " ! "

! ! ! "
! " " "

# # #

# # #

$

% & % &# ' '(
=) * ) *) * ' # '( ' ( + ,+ ,

 

5'14-<"$4"; +)*"("<4&"<H I&+@ ;2&*4#' <"3:+ >-&2$+=4&D "" 
+&*4#2&"<D$>J +)*"("<"$$+-&D. 

72(21"@ )+&*"84&"<H H=<H"&-H +&'-:2$4" =":&+*2 $28+*2 &+=2*+= 

( )1 2, ,.... nx x x x= , ;2:-4;4%4*>JP"3+ ,>$:#4J )+<"%$+-&4 ( )U x  )*4 

8J(G"&$+; +3*2$41"$44 ,P x Q!  4 0x ! . 9&+ &4)41$2H %2(212 

;2&";2&41"-:+3+ )*+3*2;;4*+=2$4H =4(2  

( )1 2

1 1 2 2

max , ,...

... 0 1,

n

n n i

U x x x

Px P x P x Q x i n+ + ! " =
 

S"+*";2 . !"O"$4" %2(214 )+&*"84&"<H ->P"-&=>"& 4 <"G4& $2 
3*2$4#" 8J(G"&$+3+ ;$+G"-&=2. 

S2: :2: 8J(G"&$+" ;$+G"-&=+ %2;:$>&+ 4 +3*2$41"$+, 2 ,>$:#4H 
)+<"%$+-&4 ( )U x  $")*"*'=$2, &+ = -++&="&-&=44 4%="-&$+@ 4% 

;2&";2&41"-:+3+ 2$2<4%2 &"+*";' 5"@"*O&*2--2, +$2 (+-&432"& $2 
I&+; ;$+G"-&=" -=+"3+ $248+<DO"3+ 4 $24;"$DO"3+ %$21"$4H, 1&+ 
(+:2%'=2"& ->P"-&=+=2$4" *"O"$4H %2(214. ?>-&D =":&+* x!  H=<H"&-H 

*"O"$4"; %2(214 )+&*"84&"<H, &.". ( ) ( )maxU x U x! = . ?*"()+<+G4;, 

1&+ x G! " . 9&+ %$214&, 1&+ ,P x Q! < . B<"(+=2&"<D$+, > )+&*"84&"<H 

+-&2<4-D -*"(-&=2 = :+<41"-&=" ,Q P x!" , $2 :+&+*'" ;+G"& 8'&D 

)*4+8*"&"$ (+)+<$4&"<D$'@ $28+* &+=2*+=, F2*2:&"*4%>";'@ 
=":&+*+; .z B!  !2--;+&*4; =":&+* &+=2*$+3+ $28+*2 y x z!= + . 
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K1"=4($+, 1&+ ,P y Q! , )+I&+;> y B! . K($2:+, )+-:+<D:> ,>$:#4H 

)+<"%$+-&4 $">8'=2JP2H, 4% &+3+, 1&+ y x!>  -<"(>"& ( ) ( )U y U x!> , 

2 %$214& =":&+* x!  $" H=<H"&-H *"O"$4"; %2(214 )+&*"84&"<H. 
?+<>1"$$+" )*+&4=+*"14" (+:2%'=2"& >&="*G("$4" &"+*";'.  
72;"12$4".  .-<4 ,>$:#4H )+<"%$+-&4 -&*+3+ =+3$>&2, &+ *"O"$4"; 
%2(214 )+&*"84&"<H 8>("& "(4$-&="$$2H &+1:2 3*2$4#' 8J(G"&$+3+ 
;$+G"-&=2. 

S2:4; +8*2%+;, = >&+1$"$$+@ )+-&2$+=:" %2(212 )+&*"84&"<H 
4;""& =4( ( )maxU x  )*4 , ; 0.P x Q x= !  S+1:2 >-<+=$+3+ 

;2:-4;>;2 ,>$:#44 ( ), ,U x x!"  :++*(4$2&', :+&+*+@ +)*"("<HJ& 

-+-&2= &+=2*$+3+ $28+*2, $2%'=2"&-H &+1:+@ -)*+-2. ! "O"$4" %2(214 
)*+P" =-"3+ )+<>14&D ;"&+(+; $"+)*"("<"$$'F ;$+G4&"<"@ 
Q23*2$G2 4 =;"-&+ >-<+=$+3+ ;2:-4;>;2 ,>$:#44 )+<"%$+-&4 ( )U x  

$2@&4 8"%>-<+=$'@ ;2:-4;>; ,>$:#44 Q23*2$G2 

( ) ( ) ( ), ,L x U x Q P x! != + " , 3(" !  Ð 14-<+, )+(<"G2P"" 

+)*"("<"$4J = )*+#"--" *"O"$4H. 6-)+<D%+=2$4" $"+8F+(4;+3+ 
>-<+=4H ->P"-&=+=2$4H I:-&*";>;2 ,>$:#44 ;$+34F )"*";"$$'F 
)*4=+(4& : -4-&";" 1n+  >*2=$"$4@ 

1

1,i
i

n

i i
i

u
P i n

x

Px Q

!

=

"# = =$"$
%
$ =
$&

'
, (2.2) 

*"O"$4"  :+&+*+@ )+%=+<H"& >-&2$+=4&D :++*(4$2&' &+1:4 -)*+-2 

( )1 2, ,.... nx x x x! ! ! != . 72;"&4;, 1&+ = &+1:" -)*+-2 +&$+O"$4" )*"("<D$+@ 

)+<"%$+-&4 <J8+3+ I<";"$&2 &+=2*$+3+ $28+*2 : "3+ #"$" "-&D 
="<414$2 )+-&+H$$2H 4 *2=$2H !  

/ 1,i
i

u
P i n

x
! "

"

#
= =

#
 . 

9:+$+;41"-:4 I&+ +%$212"&, 1&+ = &+1:" -)*+-2 4%;"$"$4" #"$' 
$2 <J8+@ &+=2* )*4=+(4& : +(4$2:+='; 4%;"$"$4H; )*"("<D$'F 
)+<"%$+-&"@. 
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!#,3*#  14. A2@&4 &+1:> -)*+-2 (<H $"+:<2--41"-:+@ ,>$:#44 
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$"%2=4-4;'F )"*";"$$'F )*4=+(4& : 4%;"$"$4J =+ -&+<D:+ G" *2% 
%$21"$4H ,>$:#44. 5 -++&="&-&=44 -+ -;'-<+; )"*";"$$'F, 
=F+(HP4F = -+-&2= )*+4%=+(-&="$$+@ ,>$:#44, I:+$+;41"-:+" 
-+("*G2$4" -=+@-&=2 )+-&+H$$+@ +&(214 +& ;2-O&282 -+-&+4& = &+;, 
1&+ 4%;"$"$4" = +($+ 4 &+ G" 14-<+ *2% 4-)+<D%>";'F = )*+4%=+(-&=" 
:2)4&2<2 4 &*>(2 =<"1"& %2 -+8+@ 4%;"$"$4" 5A? = &2:+" G" 14-<+ 
*2%. K($+*+($'" ,>$:#44 )"*=+3+ )+*H(:2 )*4;"12&"<D$' "P" 
+($4; +&<414";, ,+*;><4*>";'; +8'1$+ = =4(" &"+*";'.  

S"+*";2 9@<"*2. K($+*+($2H ,>$:#4H )"*=+3+ )+*H(:2 

( ),Y F K L=  (+)>-:2"& )*"(-&2=<"$4":  

( ),
F F

F K L K L
K L

! !
= +

! !
 (2.5) 

 5 -4<> -=+@-&=2 +($+*+($+-&4 ( ) ( ), ,Z F K L F ZK ZL= . 

K8+%$214; ;U ZK V ZL= =  4 )*+(4,,"*"$#4*>"; )+ Z +8" 12-&4 

*2="$-&=2, )*4;"$4= (<H )*2=+@ 12-&4 )*2=4<+ (4,,"*"$#4*+=2$4H 

-<+G$+@ ,>$:#44 ( )
( ) ( )

,
F F F F

F K L K L K L
U V ZK ZL

! ! ! !
= + = +

! ! ! !
.  

?+<+G4= 1Z = , 4;""; ( ),
F F

F K L K L
K L

! !
= +

! !
 

<%1)2)'0) !0&+( 1 -4.%10>: 4%1)&9)''%7 #%'#-&)';00  
!2--;+&*4; ("H&"<D$+-&D ->8T":&2 *'$+1$+@ 

;2:*+I:+$+;41"-:+@ -4-&";' Ð )*+4%=+(-&="$$+3+ )*"()*4H&4H, = 
(2<D$"@O"; ,4*;'. 9&2 ,4*;2 )*+4%=+(4& )*+(>:#4J = :+<41"-&=" 
Y , *"2<4%>H "" $2 *'$:" )+ #"$" P. 5 )*+ #"--" )*+4%=+(-&=2 
4-)+<D%>"&-H :2)4&2< = :+<41"-&=" K , 2*"$(>";'@ $2 *'$:" 
:2)4&2<2 )+ #"$"R, 4 &*>( = :+<41"-&=" L , 2*"$(>";'@ $2 *'$:" 
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&*>(2 )+ #"$" W . B("<2"; $"-:+<D:+ )*"(=2*4&"<D$'F %2;"12$4@, 
,+*;2<4%>JP4F -&*>:&>*> -+="*O"$$+@ :+$:>*"$#44.  

1. C"@-&=4H ,4*;' $2)*2=<"$' $2 )+<>1"$4" $248+<DO"@ 
)*48'<4.  

2. !2%;"*' ,4*;' ;2<' )+ -*2=$"$4J - *2%;"*2;4 *'$:+=. 
9:+$+;41"-:4 I&+ +%$212"&, 1&+ ,4*;2 $" ;+G"& +:2%'=2&D -:+<D-
$48>(D ->P"-&="$$+" =<4H$4" $2 #"$>, :2: -+8-&="$$+@ )*+(>:#44, 
&2: 4 ,2:&+*+= )*+4%=+(-&=2. 

3.?*"+8*2%+=2$4" ,2:&+*+= )*+4%=+(-&=2 = )*+(>:#4J 
+->P"-&=<H"&-H ,4*;+@ )+-*"(-&=+; )*+4%=+(-&="$$+@ ,>$:#44 - 
)+-&+H$$+@ +&(21"@ +& ;2-O&282 "(4$+@ (<H =-"@ 
;2:*+I:+$+;41"-:+@ -4-&";', = :+&+*+@ ,>$:#4+$4*>"& ,4*;2. 
B+("*G2&"<D$'@ -;'-< I&+3+ %2;"12$4H )*"(-&2=<H"& :+$-&2&2#4J 
,2:&2, 1&+ ,4*;2 $" *2-)+<232"& :2:4;4 <48+ $"4%="-&$';4 
+-&2<D$+;> I:+$+;41"-:+;> -++8P"-&=> &"F$+<+34H;4, :+&+*'" 
; +3<4 (2&D 4F +8<2(2&"<J )*"4;>P"-&=2 = :+$:>*"$&$+@ 8+*D8". 

5 *2;:2F (2$$+@ )+-&2$+=:4, I:+$+;41"-:2H )*48'<D ,4*;' ? 
+)*"("<4&-H :2: *2%$+-&D ;"G(> (+F+(2;4 +& )*+(2G4 
)*+4%="("$$+@ )*+(>:#44 4 )<2&+@ %2 4-)+<D%+=2$$'" ,2:&+*' 
)*+4%=+(-&=2. 

( ),PY KR LW PF K L KR LW! = " " = " "  

B&*";H-D : ;2:-4;4%2#44 )*48'<4, ,4*;2 8>("& )*"(TH=<H&D 
-)*+- $2 :2)4&2< 4 &*>( (+ &"F )+*, )+:2 4F $2*2P4=2$4" 8>("& 
-+)*+=+G(2&D-H >="<41"$4"; )*48'<4. 6-)+<D%>H $"+8F+(4;+" 
>-<+=4" ->P"-&=+=2$4H I:-&*";>;2 ,>$:#44 ;$+34F )"*";"$$'F, 
+)*"("<4; )*"("<D$'" %$21"$4H -)*+-2 $2 ,2:&+*' )*+4%=+(-&=2 4 
="<414$> ;2:-4;2<D$+@ )*48'<4 ,4*;'.  

0 ; 0
F F

P R P W
! K L L

! " ! ! " !
= # = = # =

! ! ! !
 

4, -<"(+=2&"<D$+ 

;
F R F W
! P L P

! !
= =

! !
. 

K&-J(2 -<"(>"& =2G$'@ I:+$+;41"-:4@ ='=+(:  
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L4*;2, -&2=HP2H -=+"@ #"<DJ ;2:-4;4%2#4J )+<>12";+@ 
)*48'<4, $2*2P4=2"& ,2:&+*' )*+4%=+(-&=2 (+ &"F )+*, )+:2 
="<414$2 4F )*"("<D$+3+ )*+(>:&2 $" -*2=$H"&-H - #"$+@ I&4F 
,2:&+*+=, ='*2G"$$+@ = "(4$4#2F #"$' )*+4%=+(4;+@ )*+(>:#44. 
?+(-&2=4= I&4 #"$' = ='*2G"$4" (<H )*48'<4, )+<>14; 
;2:-4;2<D$>J = "<414$> )*48'<4  

( ) ( )max , ,
F F F F

PF K L P K P L P F K L K L
K L K L

! ! ! !" #$ = % % = % %& '! ! ! !( )

$+, -+3<2-$+ &"+*";" 9@<"*2, ( ), 0
F F

F K L K L
K L

! !
" " =

! !
, 2 %$214& 

max 0! = . 

5 I&+;, )2*2(+:-2<D$+;, $2 )"*='@ =%3<H(, *"%><D&2&" $"& $41"3+ 
$"+8'1$+3+, &2: :2: +$ )*"(-&2=<H"& =-"3+ <4OD I:+$+;41"-:+" 
='*2G"$4" =-"+8P"3+ %2:+$2 -+F*2$"$4H. C"@-&=4&"<D$+, "-<4 = 
)*+#"--" )*+4%=+(-&=2 4-)+<D%>J&-H (=2 )*+4%=+(-&="$$'F ,2:&+*2 
Ð :2)4&2< 4 &*>(, &+ )*+4%="("$$2H )*+(>:#4H &2:G" (+<G$2 
*2-)*"("<H&D-H &+<D:+ ;"G(> I&4;4 ,2:&+*2;4. X2-&D $2 
=+--&2$+=<"$4" ='8'=2JP"3+ 4 -+%(2$4" $+=+3+ :2)4&2<2, 12-&D $2 
+)<2&> &*>(2. B<"(>"& %2;"&4&D, 1&+ = >-<+=4HF *'$+1$+@ I:+$+;4:4 
8+<DO4$-&=+ ,4*; H=<HJ&-H -+8-&="$$4:2;4 4-)+<D%>";+3+ = 
)*+4%=+(-&=" :2)4&2<2. 9&+ +%$212"&, 1&+ )<2&2 %2 2*"$(> :2)4&2<2 
,2:&41"- :4 )*4-=24=2"&-H ,4*;+@ 4 )"*"*2-)*"("<H"&-H )+ 
>-;+&*"$4J =<2("<D#"= :+$&*+<D$+3+ )2:"&2 2:#4@. 

5 (+-&4G"$44 )+<>1"$$'F *"%><D&2&+= $248+<"" ->P"-&="$$>J 
*+<D 43*2"& -=+@-&=+ )+-&+H$$+@ +&(214 +& ;2-O&282 
)*+4%=+(-&="$$+@ ,>$:#44. !2--;+&*4; :<2-- &2:4F , >$:#4@, 
+8<2(2JP4F "P" +($4; 4$&"*"-$'; -=+@-&=+;. 5 )*+#"--" 
$28<J("$4@ %2 ;2:*+I:+$+;41"-:4;4 -4-&";2;4 8'<+ %2;"1"$+, 1&+ 
+&$+O"$4" (+<4 5A?, )*4-=24=2";+@ :2)4&2<+;, : (+<" 5A? 
4(>P"@ $2 +)<2&> &*>(+='F *"->*-+= "-&D ="<414$2 )*4;"*$+ 
)+-&+H$$2H. R'<+ ='-:2%2$+ )*"()+<+G"$4", 1&+ I&+ +8-&+H&"<D-&=+ 
$" -<>12@$+, 2 H=<H"&-H -<"(-&=4"; ("@-&=4H )*+4%=+(-&="$$+@ 
,>$:#44 -)"#42<D$+3+ =4(2. /$2<4&41"-:+" ='*2G"$4" ,>$:#44 - 
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)+-&+H$$+@ +&(21"@ +& ;2-O&282, +8"-)"14=2JP"@ )+-&+H$-&=+ 
+&$+O"$4H (+<"@ ,2:&+*+= )*+4%=+(-&=2 = 5A?, )*4 >-<+=44, 1&+ 
#"$2 $2 I&4 ,2:&+*' *2=$2 4F )*"("<D$'; )*+(>:&2;, 8'<+ )+<>1"$+ 
>1"$';4 0+88+; 4 C>3<2-+;. / ,>$:#4H $2%=2$2 = 4F 1"-&D 
)*+4%=+(-&="$$+@ ,>$:#4"@ 0+882-C>3<2-2. K$2 4;""& =4( 

1Y AK L! !"= , 3(" 0 1!< < ; / Ð )+<+G4&"<D$'@ :+I,,4#4"$&, 
>14&'=2JP4@ +-+8"$$+-&4 ;2:*+I:+$+;41"-:+@ -4-&";'. ?+:2G"; 
=')+<$"$4" +8+4F %2H=<"$$'F -=+@-&= (<H I&+@ ,>$:#44 

( ) ( ) ( ) ( )1 1, ,F ZK ZL A ZK ZL AZK L ZF K L
! ! ! !" "= = = ,  

1&+ +)*"("<H"& -=+@-&=+ )+-&+H$$+@ +&(214 +& ;2-O&282. .-<4 
:2)4&2< )+<>12"& ="<414$> -=+"3+ )*"("<D$+3+ )*+(>:&2, &+ "3+ (+<H 

= 5A? kY  8>("& 1 1 1
k

F
Y K K AK L AK L

K
! ! ! !! !" " "#

= = $ =
#

. 

?*4 &+; G" )*"()+<+G"$4" (+<H &*>(2 LY  = 5A? 

( ) ( ) 11 1L

F
Y L L AK L AK L

L
! ! ! !! !" "#

= = $ " = "
#

. 

S2:4; +8*2%+; 
1

k

L

Y
const

Y
!

!
= =

"
. 5"<414$2 !  4;""& -;'-< 

I<2-&41$+-&4 )*+(>:#44 )+ :2)4&2<>, 2 1 !"  - I<2-&41$+-&4 
)*+(>:#44 )+ &*>(>.  

72;"12$4".  ?+-:+<D:> $2 -2;+; ("<" +8P"-&=+ -+-&+4& $" &+<D:+ 
4% *28+14F 4 )*"()*4$4;2&"<"@, $":+&+*2H 12-&D 5A? $2)*2=<H"&-H 
$2 -+("*G2$4" +8P"-&="$$'F -<+"= $" %2$H&'F = -,"*" 
;2&"*42<D$+3+ )*+4%=+(-&=2. Y14&'=2H I&+ +8-&+H&"<D-&=+ = 
)*2:&4:" I:+$+;41"-:4F 4--<"(+ =2$4@, 4-)+<D%>J& $"-:+<D:+ 

;+("*$4%4*+=2$$>J ,>$:#4J 0+882 -C>3<2-2 =4(2 Y AK L! "= , 3(" 
1! "+ # , 1&+ )+%=+<H"& )*"(>-;+&*"&D >12-&4" $")*+4%=+(-&="$$'F 

-&*>:&>* = *2-)*"("<"$44 5A?.  
!#,3*# 1 8. 5')>-: )*+(>:#44 %2=+(+; $2 ->;;> 10 ;<$. *>8. 

+8"-)"14=2<-H +-$+=$';4 ,+$(2;4 -&+4;+-&DJ 10 ;<$. *>8. 4 
*28+14;4 = :+<41"-&=" 1000 1"<+=":. 9:+$+;4-&' )+(-14&2<4, 1&+ 
(<H >="<41"$4H +8T";2 =')>-:2 $2 1 ;<$. *>8. $"+8F+(4;+ 
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)*4+8*"-&4 +8+*>(+=2$4H $2 ->;;> 3 ;<$. *>8. Y-&2$+=4&D =4( 
)*+4%=+(-&="$$+@ ,>$:#44 = )*"(<+G"$44, 1&+ )*+4%=+(4;2H 
)*+(>:#4H *2-)*"("<H"&-H &+<D:+ ;"G(> *28+&$4:2;4 %2=+(2 4 
-+8-&="$$4:2;4 :2)4&2<2. 72)4O"; )*+4%=+(-&="$$>J ,>$:#4J 
0+882-C>3<2-2 (<H +8+4F %$21"$4@ =')>-:2. 

( ) ( ) ( ) ( )1 17 7 3 7 7 310 10 10 ; 1,1 10 1,3 10 10A A
! ! ! !" "

= # # # = # # #  

Q+32*4,;4*>H, )+<>14;  

( ) ( )7 lg 7 3 1 ; 7,0414 lg 7,1139 3 1A A! ! ! != + + " = + + "  

5'14&2"; )"*=+" >*2=$"$4" 4% =&+*+3+ 4 $2F+(4; 0,363! = . 

?+(-&2=4= = +($+ 4% >*2=$"$4@, +)*"("<4; lg 2,548A= , +&:>(2 

353A! . 6, &2:4; +8*2%+;, )*+4%=+($2H ,>$:#4H 8>("& 
0,363 0,637353Y K L=  

@%2)./ ?#%'%+03)4#%8% &%4$" A%.%- 
!2--;+&*4; ;2:*+I:+$+;41"-:>J -4-&";>, = :+&+*+@ 

$"%2=4-4;'" )*+4%=+(4&"<4, $2F+(HP4"-H = +&$+O"$4HF 
-+="*O"$$+@ :+$:>*"$#44, =')>-:2J& )*+(>:#4J Y , 4-)+<D%>H 
:2)4&2< K  4 +($+*+($>J *28+1>J -4<> L . ?*+#"-- )*"+8*2%+=2$4H 
)*+4%=+(-&="$$'F ,2:&+*+= = )*+(>:& +->P"-&=<H"&-H )+-*"(-&=+; 
)*+4%=+(-&="$$+@ ,>$:#44 - )+-&+H$$+@ +&(21"@ +& ;2-O&282. 
R>("; )*"()+<232&D, 1&+ =-H )*"()+<232";2H $2 *'$:" &*>(2 *28+12H 
-4<2 +:2%'=2"&-H )+<$+-&DJ =+-&*"8+=2$$+@, )*41"; (4$2;4:2 
4%;"$"$4H &*>(+='F *"->*-+= -++&="&-&=>"& (4$2;4:" 4%;"$"$4H 
$2*+(+$2-"<"$4H = #"<+;. ?*4$H&+ -14&2&D, 1&+ = >-<+=4HF =$>&*4 4 
=$"O$")+<4&41"-:+@ -&284<D$+-&4 $2*+(+$2-"<"$4" -&*2$' 
I:-)+$"$#42<D$+ =+%*2-&2"& - &"1"$4"; =*";"$4 - &";)+; µ . 

B<"(+=2&"<D$+, = *2;:2F -("<2$$+3+ )*"()+<+G"$4H 0
tL L eµ= , 3(" t Ð 

=*";"$$2H )"*";"$$2H, 2 0L  Ð &*>(+='" *"->*-' $2 ;+;"$& $212<2 

$28<J("$4H. 5 ;2:*+I:+$+;41"-:+; )+$4;2$44 )*+4%="("$$'@ 
)*+(>:& *2-)*"("<H"&-H $2 $")*+4%=+(-&="$$+" )+&*"8<"$4" = 
:+<41"-&=" C  4 $2 )*+4%=+(-&="$$+" )+&*"8<"$4" = :+<41"-&=" I, 1&+ 
)*"()+<232"& 4-)+<D%+=2$4" "3+ (<H -+%(2$4H $+=+3+ :2)4&2<2. S2:4; 
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+8*2%+; Y C I= + . .-&"-&="$$+, 1&+ =-" ="<414$' I&+3+ -++&$+O"$4H 
H=<HJ&-H ,>$:#4H;4 =*";"$4. A2%+="; $+*;+@ -8"*"G"$4H 4 
+8+%$214; 8>:=+@ s (+<J )*+4%="("$$+@ )*+(>:#44, +-&2=O"@-H 
)+-<" )+&*"8<"$$+3+ = $")*+4%=+(-&="$$+@ -,"*". S+3(2 

( ) ( ) ( ) ( ), ; 1 1 ,I sY sF K L C s Y s F K L= = = ! = ! . ?*+#"--> 

)+)+<$"$4H :2)4&2<2 %2 -1"& 4$="-&4#4+$$'F =<+G"$4@ = 
)*+4%=+(-&=+ )*+&4=+)+<+G"$ )*+#"-- 2;+*&4%2#4+$$+3+ ='8'&4H 
"3+ =-<"(-&=4" ,4%41"-:+3+ 4 ;+*2<D$+3+ -&2*"$4H. 5 I:+$+;41"-:4F 
4--<"(+=2$4HF )+<232J&, 1&+ )+&"*4 :2)4&2<2 =-<"(-&=4" 
2;+*&4%2#44 )*+)+*#4+$2<D$' "3+ :+<41"-&=>. C+<H :2)4&2<2h, 
&"*H";+3+ = "(4$4#> =*";"$4 $2%'=2"&-H $+*;+@ 2;+*&4%2#44 4 
-14&2"&-H )+-&+H$$+@. S2:4; +8*2%+;, - >1"&+; -("<2$$'F 
%2;"12$4@, )*+#"-- 4%;"$"$4H :+<41"-&=2 :2)4&2<2 =+ =*";"$4 
;+G" & 8'&D %2)4-2$ = =4(" ( )K sY K hK tµ! = " " # ! , +&:>(2 4;""& 

;"-&+ (4,,"*"$#42<D$+" >*2=$"$4"  

( ) ( ) ( ) 0, , 0
dK

sF K L h K K K
dt

µ= ! + =  (2.6) 

72;"12$4".  5 ;+("<HF, +)4-'=2JP4F )+="("$4" 
;2:*+I:+$+;41"-:+@ -4-&";' $2 (<4&"<D$+; =*";"$$+; 4$&"*=2<", 
=+ =&+*+" -<232";+" )*2=+@ 12-&4 >*2=$"$4H (2.6) (+82=<H"&-H 1<"$ !
, >14&'=2JP4@ ,2:&+* &"F$+<+341"-:+3+ )*+3*"--2, )+-:+<D:> 
='-+:+&"F$+<+341$'@, $2>:+";:4@ :2)4&2< &*"8>"& (<H -=+"3+ 
-+%(2$4H %$214&"<D$+ 8+<DO4F %2&*2& $"G"<4 )*4;4&4=$'@. 
Y*2=$"$4" (2.5) )*4 I&+; 4;""& =4(  

( ) ( ) ( ) 00 KK/KhL,KsF
dt
dK

=++!= "µ . 

K($2:+, =+-)"*='F, +8T":&4=$>J +#"$:> ,2:&+*2 &"F$+<+341"-:+3+ 
)*+3*"--2 (2&D ="-D;2 %2&*>($4&"<D$+, 2 =+-=&+*'F, =="("$4" 
(+)+<$4&"<D$+3+ -<232";+3+ $" ;"$H"& -+("*G2&"<D$'@ -;'-< 
;+("<4. ?+I&+;> = (2<D$"@O"; 4%<+G"$44 ;' 8>("; +8*2P2&D-H : 
>*2=$"$4J (2.6). 

!2%("<4;  +8" "3+ 12-&4 $2 L . S+3(2, >14&'=2H -=+@-&=+ 
)+-&+H$$+@ +&(214 +& ;2-O&282 )*+4%=+(-&="$$+@ ,>$:#44, 
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,1
Y K

F
L L

! "= # $
% &

. K8+%$214= 
Y

y
L

=  Ð )*+4%=+(4&"<D$+-&D &*>(2; 
K

k
L

= - 

:2)4&2<+=++*>G"$$+-&D, )+<>14; 

( ) ( ) ( ) 0
0

0

, 0
dk K

sf k h k k k
dt L

µ= ! + = = . 9&+ (4,,"*"$#42<D$+" 

>*2=$"$4" - *2%("<HJP4;4-H )"*";"$$';4, *"O"$4"; :+&+*+3+ 
H=<H"&-H $":+&+*+" -";"@-&=+ :*4='F, $2%'=2";'F &*2":&+*4H;4. 
K-+8'@ 4$&"*"- )*"(-&2=<HJ& &2: $2%'=2";'" -&2#4+$2*$'" 
&*2":&+*44, $2 :+&+*'F %$21"$4" :2)4&2<+=++*>G"$$+-&4 )+-&+H$$+. 

9:+$+;41"-:4 I&+ +%$212"&, 1&+ >("<D$'" 4$="-&4#44 ( )I
i sf k

L
= =  

)+<$+-&DJ 4-)+<D%>J&-H $2 )+:*'&4" 2;+*&4%2#4+$$+3+ ='8'&4H 
:2)4&2<2 4 +8"-)"1"$4" -&284<D$+3+ >*+=$H :2)4&2<+=++*>G"$$+-&4 
I:-)+$"$#42<D$+ *2-&>P4; &*>(+='; *"->*-2;. 5"<414$2 

:2)4&2<+=++*>G"$$+-&4 k! , )*4 :+&+*+@ (+-&432"&-H >)+;H$>&+" 
*2=$+="-4", +)*"("<H"&-H *"O"$4"; 2<3"8*241"-:+3+ >*2=$"$4H 

( ) ( ) 0sf k h kµ! + = . K$+ ->P"-&=>"& 4 "(4$-&="$$+, &.:. 

( ) ( ),1f k F k=  ;+$+&+$$+ =+%*2-&2JP2H =+3$>&2H ,>$:#4H, 2 

( )h kµ+  Ð <4$"@$2H ,>$:#4H, 4, :2: =4($+ 4% *4-. 16, +$4 4;"J& 

"(4$-&="$$>J &+1:> )"*"-"1"$4H, :+&+*2H +)*"("<H"& *2=$+="-$+" 

%$21"$4" :2)4&2<+=++*>G"$$+-&4 k!  4 -++&="&-&=>JP"" *2=$+="-$+" 

%$21"$4" )*+4%=+(4&"<D$+-&4 y! . 

!2--;+&*4; +-$+=$'" -=+@-&=2 -&2#4+$2*$+@ &*2":&+*44 4 
)+<+G"$4H *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4, :+&+*+" $2 I&+@ 

&*2":&+*44 (+-&432"&-H. B+3<2-$+ )*4$H&'; +8+%$21"$4H; 
K

k
L

= . 

?+<232H k k!= , )+<>14; K k L!=  = <J8+@ &+1:" -&2#4+$2*$+@ 
&*2":&+*44, 4<4, - >1"&+; I:-)+$"$#42<D$+3+ *+-&2 &*>(+='F 

*"->*-+= =+ =*";"$4, 0
tK k L eµ!= . /$2<+341$'" *2-->G("$4H 

)*4=+(H& : -++&$+O"$4H; ( ) ( )0 0; ;t tY f k L e I sf k L eµ µ! != =  

( ) ( ) 01 tC s f k L eµ!= " . S2:4; +8*2%+;, $2 -&2#4+$2*$+@ &*2":&+*44 
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=-" ;2:*+I:+$+;41"-:4" )+:2%2&"<4 =+%*2-&2J& I:-)+$"$#42<D$+ - 
&";)+; *2=$'; &";)> *+-&2 &*>(+='F *"->*-+=.  

 

G-8.16. H6%52 ,2.&6.$8&636 >&2%$&-K 52;-12:6.66,+<$&&681- 

52G$'; -=+@-&=+; )+<+G"$4H *2=$+="-$+@ 
:2)4&2<+=++*>G"$$+-&4 H=<H"&-H "3+ >-&+@14=+-&D. K)>-:2H -&*+34" 
+)*"("<"$4H, 8>("; )+$4;2&D )+( >-&+@14=+-&DJ -)+-+8$+-&D 
-4-&";', ='="("$$+@ 4% )+<+G"$4H *2=$+="-4H, - &"1"$4"; =*";"$4 
=+%=*2P2&D-H = I&+ )+<+G"$4" &+<D:+ %2 -1"& -&*>:&>*' -2;+@ 
-4-&";' 8"% =+%("@-&=4H 4%=$". ?>-&D )+ :2:4; &+ )*414$2; 

="<414$2 :2)4&2<+=++*>G"$$+-&4 4%;"$4<2-D 4 -&2<2 *2=$2 1k k!< . 

02: =4($+ $2 *4-.16, = I&+@ &+1:" *+-& :2)4&2<+=++*>G"$$+-&4 %2 
-1"& 4$="-&4*+=2$4H )*"=+-F+(4& "" >8'<D =-<"(-&=4" 2;+*&4%2#44 4 

>="<41"$4H &*>(+='F *"->*-+= 0
dk
dt

>  = &+1:" 1k , &.". 

:2)4&2<+=++*>G"$$+-&D *2-&"&, -&*";H-D : *2=$+="-$+;> %$21"$4J 

k! . S2: G" <"3:+ )+:2%2&D >8'=2$4" :2)4&2<+=++*>G"$$+-&4 = &+1:" 

2k k!> , +&:>(2 -<"(>"& >-&+@14=+-&D )+<+G"$4H *2=$+="-$+@ 

:2)4&2<+=++*>G"$$+-&4. ?*2:&41"-:4@ ='=+( 4% I&+3+ *"%><D&2&2 
-+-&+4& = &+;, 1&+ )+-&+H$-&=+ :2)4&2<+=++*>G"$$+-&4 "-&D 
+8H%2&"<D$+" >-<+=4" ->P"-&=+=2$4H ;2:*+I:+$+;41"-:+@ -4-&";', 
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:2: >-&+@14=+3+ +8*2%+=2$4H. 6%;"$"$4" $+*;' -8"*"G"$4H 
4%;"$H"& &+<D:+ )+<+G"$4" &+1:4 *2=$+="-4H. ?*4 +(4$2:+=+@ $+*;" 
-8"*"G"$4H = -&*2$2F - 8+<"" ='-+:4; &";)+; *+-&2 
$2*+(+$2-"<"$4H *2=$+="-4" >-&2$2=<4=2"&-H $2 8+<"" $4%:+; >*+=$" 
:2)4&2<+=++*>G"$$+-&4 4, -++&="&-&="$$+ 8+<"" $4%:+; >*+=$" 
)*+4%=+(4&"<D$+-&4 4 >("<D$+3+ )+&*"8<"$4H. 

A248+<"" "-&"-&="$$'; :*4&"*4"; +#"$:4 I,,":&4=$+-&4 
,>$:#4+$4 *+=2$4H ;2:*+I:+$+;41"-:+@ -4-&";' H=<H"&-H ="<414$2 
>("<D$+3+ )+&*"8<"$4H, (+-&432";+3+ $2 -&2#4+$2*$+@ &*2":&+*44. 
?+I&+;> )*"(-&2=<H"& 4$&"*"- ='H-$4&D, )*4 :2:+@ $+*;" 
-8"*"G"$4H ="<414$2 >("<D$+3+ )+&*"8<"$4H (+-&432"& -=+"3+ 

$248+<DO"3+ %$21"$4H. 02: 8'<+ )+:2%2$+ ='O" ( ) ( )1c s f k= ! , $+ 

)+-:+<D:> = -+-&+H$44 *2=$+="-4H ( ) ( ) ,sf k h kµ! != +  ="<414$2 

*2=$+="-$+3+ )+&*"8<"$4H ( ) ( )c f k h kµ! ! != " + . 6-)+<D%>H 

$"+8F+(4;'@ )*4%$2: ->P"-&=+=2$4H I:-&*";>;2, $2F+(4; >-<+=4H, 
+8"-)"14=2JP4" ;2:-4;>; >("<D$+3+ )+&*"8<"$4H  

( )
( ) 0

df kdc
h

dk dk
µ

!!

! !
= " + = , +&:>(2 

( )df k
h

dk
µ

!

!
= + . 

S2: :2: = -4<> )+-&*+"$4H ,>$:#44 ( ) df F
f k

dk K
!

=
!

, &+ 

;2:-4;>; >("<D$+3+ )+&*"8<"$4H (+-&432"&-H $2 &2:+@ -&2#4+$2*$+@ 
&*2":&+*44, 3(" = &+1:" *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4 
="<414$2 )*"("<D$+3+ )*+(>:&2 *2=$2 ->;;" &";)2 2;+*&4%2#44 
:2)4&2<2 4 &";)2 *+-&2 &*>(+='F *"->*-+=. A+*;2 -8"*"G"$4H, 
-++&="&-&=>JP2H &2:+@ &*2":&+*44, $2%'=2"&-H %+<+&+@, 2 
,+*;4*+=2$4" ;2:*+I:+$+;41"-:4F )+:2%2&"<"@ Ð %+<+&'; )*2=4<+; 
I:+$+;41"-:+3+ *+-&2. !2--;+&*4;, :2: 8>("& ='3<H("&D I&+ )*2=4<+ 

(<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 1Y AK L! !"= . !2%("<4= 

+8" 12-&4 *2="$-&=2 $2 L , )+<>14; y Ak!= . 6 4% >-<+=4H 

-&2#4+$2*$+@ &*2":&+*44 ( )sAk h k! µ= + . !"O"$4" I&+3+ >*2=$"$4H 
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(2"& %$21"$4" *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4 (<H ,>$:#44 
0+882-C>3<2-2. 

( )
1

1/k sA h !µ" #= +$ %& ' ; *2=$+="-$+@ )*+4%=+(4&"<D$+-&4 

1sA
y Ak A

h

!
!

!

µ

"
# # $ %

= = & '+( )
; *2=$+="-$+@ ="<414$' >("<D$+3+ 

)+&*"8<"$4H ( ) ( )
1

1 1
sA

C s y s A
h

!
!

µ

"
# # $ %

= " = " & '+( )
. 5'14-<HH 

)*+4%=+($>J 
dc
ds

!

 4 )*4*2=$4=2H "" $><J, $2@("; %$21"$4" %+<+&+@ 

$+*;' -8"*"G"$4H s !" = . S2:4; +8*2%+; $+*;2 -8"*"G"$4H, 
32*2$&4*>JP2H ;2:-4;2<D$+" >("<D$+" )+&*"8<"$4" = >-<+=4HF 
("@-&=4H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2, *2=$2 
I<2-&41$+-&4 )*+4%=+(-&=2 )+ :2)4&2<>. 

!#,3*# 19 . C<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 - 

)2*2;"&*2;4 310A=  4 0,5! =  $2@&4 %$21"$4H *2=$+="-$+@ 

:2)4&2<+=++*>G"$$+-&4, )*+4%=+(4&"<D$+-&4 4 >("<D$+3+ 
)+&*"8<"$4H $2 -&2#4+$2*$+@ &*2":&+*44 - )2*2;"&*2;4 

0,2; 0,2; 0,05S h µ= = = . C<H (2$$+3+ -<>12H 
1

3 210y k=  4, 

4-)+<D%>H )+<>1"$$'" *2-1"&$'" -++&$+O"$4H, ='14-<4; 
1 0,5

3 30,5 0,5
4 3 50,2 10 0,2 10

64 10 ; 10 8 10 ;
0,2 0,05 0,2 0,05

k y! !" # " #$ $
= = $ = = $% & % &+ +' ( ' (

 

0,5
3 0,5

3 40,2 10
0,8 10 64 10

0,2 0,05
C! " #$

= $ = $% &+' (
. 72;"&4;, 1&+ (2$$+" %$21"$4" 

>("<D$+3+ )+&*"8<"$4H $" H=<H"&-H ;2:-4;2<D$+ =+%;+G$';. C<H 

*2--;2&*4=2";+@ )*+4%=+(-&="$$+@ ,>$:#44 maxC!  *"2<4%>"&-H )*4 

0,5S! = . ?*+="*4; I&+& *"%><D&2&, 4-)+<D%>H +8P"" )*2=4<+ 

+&'-:2$4H %+<+&+@ $+*;' -8"*"G"$4H 
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( ) 1.
df k

h Ak h
dk

!µ ! µ
"

#
"

= + = + , +&:>(2 3 0,50,5 10 0,25k!" " =  4 

64 10k! = " . ?*4 I&+; %$21"$44 *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4 
>("<D$+" )+&*"8<"$4" ;2:-4;2<D$+. ?+(-&2=4= I&+ %$21"$4" k!  = 

-++&$+O"$4" 

1
1sA

k
h

!

µ

"
# $ %

= & '+( )
, ='14-<4; 6 2 64 10 16 10s! = ! ! , 

-<"(+=2&"<D$+ 0,5S! = . S2:4; +8*2%+; 
0,5

3 0,5
3 40,5 10

max 0,5 10 100 10
0,2 0,05

C! " #$
= $ = $% &+' (

. 

@%2)./ %5B)8% ?#%'%+03)4#%8% &"1'%1)40> ,"#&($%7 ?#%'%+0#0 
!2--;+&*4; %2:*'&>J ;2:*+I:+$+;41"-:>J -4-&";>, &.". 

I:+$+;4:> -&*2$' 8"% >1"&2 =$"O$"I:+$+;41"-:4F -=H%"@. 5 -2;+; 
+8P"; =4(" >*2=$"$4" *2=$+="-4H &2:+@ -4-&";' 8>("& Y C I G= + +
, 3(" Y  Ð ="<414$2 )*+4%="("$$+3+ 5A?; C  Ð ="<414$2 
$")*+4%=+(-&="$$+3+ )+&*"8<"$4H, I  Ð ="<414$2 )*+4%=+(-&="$$+3+ 
)+&*"8<"$4H, &.". 4$="-&4#44 = +8$+=<"$4" 4 )+)+<$"$4" :2)4&2<2; G
Ð ="<414$2 3+->(2*-&="$$'F *2-F+(+=. 5 I:+$+;41"-:4F 
4--<"(+=2$4HF )*4$4;2"&-H, 1&+ $")*+4%=+(-&="$$+" )+&*"8<"$4" 
"-&D <4$"@$2H ,>$:#4H *2-)+<232";+3+ (+F+(2, &.". *2%$+-&4 ;"G(> 
="<414$+@ 5A? 4 +8P"@ ->;;+@ $2<+3+='F )<2&"G"@ T , 4$21" 
3+=+*H, ( )C C Y T= ! . 6$="-&4#44 = +-$+=$+@ :2)4&2< "-&D 

>8'=2JP2H ,>$:#4H -&2=:4 82$:+=-:+3+ )*+#"$&2 r , &.". ( )I I r= . B 

>1"&+; I&4F %2;"12$4@ >*2=$"$4" *2=$+="-4H )*4;"& =4(: 

( ) ( )Y C Y T I r G= ! + + . .-<4 = -&*2$" $"& )*4%$2:+= I:+$+;41"-:+3+ 

4<4 =$>&*4)+<4&41"-:+3+ :*4%4-2, &+ $2 $":+&+*+; =*";"$$+; 
+&*"%:" *2-)+<232";'@ (+F+( -+F*2$H"&-H )*4;"*$+ )+-&+H$$'; , 4% 
1"3+ -<"(>"& )+-&+H$-&=+ ="<414$' $")*+4%=+(-&="$$+3+ 
)+&*"8<"$4H C. K&->&-&=4" )*4*+($'F 4 &"F$+3"$$'F :2&2-&*+, 4 
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=$"O$")+<4&41"-:2H -&284<D$+-&D )+%=+<HJ& )*4$H&D 34)+&"%> + 
)+-&+H$-&=" 3+->(2*-&="$$'F *2-F+(+= G. 

B<"(+=2&"<D$+, "(4$-&="$$'; 4$-&*>;"$&+; +8"-)"1"$4H 
*2=$+="-4H H=<H"&-H ="<414$2 4$="-&4#4@ I , %2=4-HP2H +& -&2=:4 
82$:+=-:+3+ )*+#"$&2 r . ?"*")4O"; >*2=$"$4" *2=$+="-4H = =4(" 
Y C G I S! ! = =  3(" S Ð ="<414$2 -8"*"G"$4@. S2:2H ,+*;2 %2)4-4 
+&*2G2"& I:+$+;41"-:4 +1"=4($'@ ,2:&, 1&+ 4$="-&4*+=2&D ;+G$+ 
&+<D:+ &" -*"(-&=2, :+&+*'" +-&2<4-D -+F*2$"$$';4. S2: G" :2: 4 
4$="-&4#44, ="<414$2 -8"*"G"$4@ "-&D ,>$:#4H -&2=:4 82$:+=-:+3+ 
)*+#"$&2, &+<D:+ $" >8'=2JP2H, 2 =+%*2-&2JP2H.  

 
G-8.17. H6%52 ,2.&6.$8&6( 812.5- 

?"*"-"1"$4" 4$="-&4#4+$$+@ :*4=+@ ( )I r  - :*4=+@ -8"*"G"$4@ 

( )S r  +)*"("<H"& &+1:> *2=$+="-$+@ -&2=:4 82$:+=-:+3+ )*+#"$&2, 

)*4 :+&+*+@ +8"-)"14=2"&-H -82<2$-4*+=2$$+-&D (+F+(+= 4 *2-F+(+= 
= %2;:$>&+@ ;2:*+I:+$+;41"-:+@ -4-&";".  

!2--;+&*4; )+(*+8$"" -&*>:&>*> -8"*"G"$4@ 4 ='("<4; = $4F 
12-&$'" - 8"*"G"$4H !S Y C T= ! !  4 3+->(2*-&="$$'" !S T G= ! . 

9&+ +%$212"&, 1&+ ( ) ( )S Y C T T G= ! ! + ! . ?*"()+<+G4;, 1&+ 

3+->(2*-&=+ -+1<+ $"+8F+(4;'; >="<414&D -=+4 *2-F+('. S+3(2, 
+1"=4($+, 3+->(2*-&="$$2H -+-&2=<HJP2H -8"*"G"$4@ >;"$DO4&-H 4 
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-+:*2&4&-H ="<414$2 -8"*"G"$4@ = #"<+;. A":+&+*2H 12-&D 
4$="-&4#4+$$'F )*+3*2;;  )*4 I&+;  8>("& )"*"(2$2 12-&$'; 
4$="-&+*2;, 1&+ -&4;><4*>"& )+='O"$4" -)*+-2 $2 ("$D34 4 
-)*+=+#4*>"& >="<41"$4" -&2=:4 82$:+=-:+3+ )*+#"$&2. A2 *4-.17 I&+ 
='*2%4&-H -;"P"$4"; :*4=+@ -8"*"G"$4@ =<"=+ = -&+*+$> ;"$DO4F 
%$21"$4@ 4 >-&2$+=<"$4"; $+=+@ 8+<"" ='-+:+@ *2=$+="-$+@ -&2=:4 
82$:+=-:+3+ )*+#"$&2 (-;. O&*4F+=>J <4$4J $2 *4-.17). 9&+ H=<"$4" 
$2%'=2"&-H ='&"-$"$4"; 4$="-&4#4@ 3+->(2*-&="$$';4 *2-F+(2;4. 
/$2<+341$+" )+ F2*2:&"*> H=<"$4" $28<J(2"&-H )*4 -$4G"$44 
="<414$' $2<+3+='F -8+*+=. 02%2<+-D 8', = I&+; -<>12" >;"$DO"$4" 
3+->(2*-&="$$'F -8"*"G"$4@ (+<G$+ :+;)"$-4*+=2&D-H >="<41"$4"; 
12-&$'F. K($2:+ )+(+8$+3+ $" )*+4-F+(4&, )+-:+<D:> >="<41"$4" 
(+<4 12-&$'F <4# = 5A? )*4=+(4& : *+-&> $")*+4%=+(-&="$$+3+ 
)+&*"8<"$4H 4 >;"$DO"$4J ="<414$' -8"*"G"$4@, 1&+, :2: 8'<+ 
)+:2%2$+ ='O", =<"1"& )+='O"$4" *2=$+="-$+@ -&2=:4 82$:+=-:+3+ 

)*+#"$&2. ?+<+G"$4" <4$44 4$="-&4#4@ ( )I r  &2:G" ;+G"& ;"$H&D-H 

- 4%;"$"$4"; :+<41"-&=2 4 )*4=<":2&"<D$+-&4 4;"JP4F-H 
4$="-&4#4+$$'F )*+":&+=. ?*4 )+H=<"$44 ;+P$'F 4$$+=2#4+$$'F 
4("@ 4F =+)<+P"$4" &*"8>"& %$214&"<D$'F :2)4&2<+=<+G"$4@ = 
&"1"$4" (+-&2&+1$+ (<4&"<D$'F )"*4+(+= =*";"$4. 5 19-+; =":" I&+ 
8'<+ -+%(2$4" -"&4 G"<"%$'F (+*+3, 2 = 20-+; *2%=4&4" 
I<":&*+I$"*3"&4:4, :+-;41"-:4" )*+3*2;;', -+%(2$4" 
&"<":+;;>$4:2#4+$$'F -4-&"; 4 4$,+*;2#4+$$'F &"F$+<+34@. 
W2*2$&4*+=2$$2H ='3+($+-&D &2:4F )*+":&+= ("<2"& 4F 
4$="-&4#4+$$+ )*4=<":2&"<D$';4, 2 ;2-O&28$+-&D )+='O2"& -)*+- 
$2 ("$D34. ?*4 I&+; :*4=2H 4$="-&4#44 -;"P2"&-H =="*F, 2 
*2=$+="-$2H -&2=:2 82$:+=-:+3+ )*+#"$&2 =+%*2-&2"&. 

!2--;+&*4; )*+#"-- )<2$4*+=2$4H *2-F+(+= = %2:*'&+@ 
I:+$+;41"-:+@ -4-&";". 5 ;2:*+I:+$+;41"-:+; )+$4;2$44 +$4 
(+<G$' )*"(>- ;2&*4=2&D $")*+4%=+(-&="$$+" )+&*"8<"$4", %2&*2&' 
$2 *"2<4%2#4J 4$="-&4#4+$$'F )*+3*2;; 4 3+->(2*-&="$$'" 
%2&*2&', &+ "-&D E = C(Y Ð T) + I + G. 6, "-<4 )+<+G4&D $"4%;"$$';4 
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,2:&+*' $2<+3+=+-8J(G"&$+@ 4 4$="-&4#4+$$+@ )+<4&4:4, &+ 
*2-F+(' 8>(>& H=<H&D-H <4$"@$+@ ,>$:#4"@ (+F+(2 (-;. *4-. 18). 9&+ 
<4$4H )<2$4*>";'F *2-F+(+=.  

 
G-8. 18. H6%52 ,2.&6.$8&636 96O692 

K($2:+, = >-<+=4HF %2:*'&+@ I:+$+;4:4 *2-F+(' (+<G$' 8'&D 
*2=$' ="<414$" ,2:&41"-:4F (+F+(+= &."., E = Y (-;. * 4-. 18). 9&+ 
&+G" )*H;2H <4$4H, ("<HP2H :++*(4$2&$'@ >3+< )+)+<2;. A2 
)"*"-"1"$44 "" - <4$4"@ )<2$4*>";'F *2-F+(+= $2F+(4&-H &+1:2 
*2=$+="-$+3+ (+F+(2 Y* , 2 )+<>1"$$2H :+$-&*>:#4H $+-4& $2%=2$4" 
:*"-& 0"@$-2.  

5+-)+<D%>";-H )*4";+;, )*+(";+$-&*4*+=2 $$+; )*4 
4--<"( +=2$44 ;+("<4 B+<+>, 4 +#"$4; >-&+@14=+-&D I&+3+ 
*2=$+="-$+3+ )+<+G"$4H. ?*"()+<+G4;, 1&+ Y > Y* , &. ". ="<414$2 
(+F+(+= )+ :2:4; &+ )*414$2; )*"='-4<2 *2=$+="-$'@ >*+="$ D. 5 
I&+; -<>12", :2: =4($+ $2 *4-. 18, <4$4H ,2:&41"-:4F (+F+(+= 
*2-)+<+G"$2 ='O" <4$ 44 )<2$4*>";'F *2-F+(+= , 1&+ +%$212"& 
)*"='O"$4" (+F+(+= $2( *2-F+(2;4. 5+%$4:2"& 4%8'&+: &+=2*+= 4 
>-<>3. ?*+4%=+(4&"<4, +%28+1"$$'" )*+8<";2;4 - *"2<4%2#4"@ 4 
F*2$"$4"; )*+(>:#44, ='$>G("$' -+:*2P2&D )*+4%=+(-&=+, 1&+ 
=<"1"& %2 -+8+@ -$4G"$4" (+F+(2 4 =+%=*2P"$4" "3+ : *2=$+="-$+;> 
)+<+G"$4J. .-<4 G" Y < Y* , ="<414$2 (+F+(2 ;"$DO" )<2$4*>";'F 
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*2-F+(+= =+%$4:2"& -4&>2#4H (",4#4&2, -+)*+=+G(2";2H H=<"$4H;4 
2G4+&2G$+3+ -)*+-2, -)":><H&4=$+3+ )+='O"$4H #"$ 4 &.). 
C"@-&=>JP4" = >-<+=4HF *'$:2 )*+4%=+(4&"<4 8>(>& 2:&4=$+ 
$2*2P4=2&D =')>-: &+=2*+=, >="<414=2H ="<414$> (+F+(2 =)<+&D (+ 
(+-&4G"$4H &+1:4 *2=$+="-4H. S2:4; +8*2%+;, )+<+G"$4" 
*2=$+="-$+3+ (+F+(2 = (2$$+@ ;+("<4 >-&+@14=+. 

6--<"(>"; )+="("$4" ;+("<4 )*4 4%;"$"$44 ="<414$' 

$2<+3+='F -8+*+= T 4 3+->(2*-&="$$'F *2-F+(+= G, &. ". ,2:&41"-:4 

)*4 )"*";"$" $2<+3+ =+-8J(G"&$+@ )+<4&4:4. ?>-&D, +%28+1"$$+" 

-+-&+H$4"; +8*2%+=2$4H, )*2=4&"<D-&=+ )*4$H<+ *"O"$4" >="<414&D 

3+->(2*-&="$$'" *2-F+(' $2 MG. 6;"$$+ $2 I&> ="<414$> )*+4%+@("& 
>="<41"$4" *2-F+(+=, 2 <4$4H )<2$4*>";'F *2-F+(+= -(=4$"&-H 

=="*F )+ +-4 E. !2--;+&*4 ;, :2: (+<G$2 4%;"$4&D-H ="<414$2 (+F+(2, 

1&+8' I:+$+;4:2 -)*2=4<2-D - &2:4; >="<41"$4"; 3+->(2*-&="$$'F 

*2-F+(+= 8"% >P"*82 (<H (*>34F ;2:*+I:+$+;41"-:4F )2*2;"&*+=.  

6-)+<D%>H >-<+=4" >-&+@14=+-&4 )+<+G"$4H *2=$+="-$+3+ 
(+F+(2, )+<>14;  

Y = C(Y Ð T) + I + G. (2.7) 

C4,,"*"$#4*>"; +8" 12-&4 >*2=$"$4H (2.7) )+ Y, )+<232H 

)+-&+H$$';4 I 4 T, 2 C(Y Ð T) -<+G$+@ ,>$:#4"@.  

Y + C'dY + dG 

4, )"*"F+(H +& )*+4%=+($'F : )*4*2P"$4H;, )+<>14;  
MY = CÕMY + MG. 

5"<414$> B' )*4$H&+ +8+%$212&D NC. K$2 )+:2%'=2"& $2 -:+<D:+ 

4%;"$4&-H ="<414$2 $")*+4%=+(-&="$$+3+ )+&*"8<"$4H )*4 

4%;"$"$44 (+F+(2 $2 "(4$4#> 4 $2%'=2"&-H )*"("<D$+@ -:<+$$+-&DJ 

: )+&*"8<"$4J . B >1"&+; I&+3+ %2;"12$4H  

MY = MG/(1 - NC). (2.8) 
5"<414$2 1/(1 Ð NC) $2%'=2"&-H ;><D&4)<4:2&+*+; 3+->(2*-&="$$'F 
*2-F+(+=. K$2 )+:2%'=2"& =+ -:+<D:+ *2% (+<G$2 ='*2-&4 ="<414$2 
(+F+(2, (<H +8"-)"1"$4H *+-&2 3+->(2*-&="$$'F *2-F+(+= $2 "(4$4#> 
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)*4 -+F*2$"$44 $"4%;"$$';4 +-&2<D$'F ;2:*+I:+$+;41"-:4F 
)2*2;"&*+=.  

!#,3*# 20.  ?*4 ="<414$" ) *"("<D$+@ -:<+$$+-&4 : )+&*"8<"$4J 
]C  = 0,6 +)*"("<4&D, $2 -:+<D:+ (+<G"$ >="<414&D-H (+F+( (<H 
>="<41"$4H 3+->(2*-&="$$'F *2-F+(+= $2 1 ;<*(. *>8. ?+(-&2=<HH = 
='*2G"$4" (2.8) (2$$'" = >-<+=44 14-<2 )+<>14; MY = 2,5 ;<*(. *>8.  

C"@-&=>H 2$2<+341$+, +)*"("<4;, :2: 8>("& ;"$H&D-H (+F+( )*4 
4%;"$"$44 $2<+3+='F -8+*+= 4 $"4%;"$$+-&4 +-&2<D$'F 
;2:*+I:+$+;41"-:4F )2*2;"&*+=.  

?*+(4,,"*"$#4*>"; +8" 12-&4 >*2=$"$4H (2.7), )+<232H $2 I&+& 
*2% $"4%;"$$';4 I 4 G. 

dY = C' (dY Ð dT) O  MY = NC(MY - MT). 
5'*2%4= +&-J(2 ^ Y, )+<>14;  
MY = -MTáNC/(1 Ð NC). (2.9) 
5"<414$2 Ð Nc/(1 Ð NC) $2%'=2"&-H $2<+3+='; ;><D&4)<4:2&+*+;. 

K$2 )+:2%'=2"&, =+ -:+<D:+ *2% (+<G"$ 4%;"$4&D-H (+F+( )*4 
4%;"$"$44 ="<414$' $2<+3+='F -8+*+= $2 "(4$4#>. 7$2: Ç;4$>-È = 
,+*;><" (2.9) >:2%'=2"& $2 &+, 1&+ -$4G"$4" $2<+3+= ='=+(4& 
*2=$+="-4" )<2$4*>";'F *2-F+(+= 4 ,2:&41"-:4F (+F+(+= $2 8+<"" 
='-+:4@ >*+="$D, 4$21" 3+=+*H, >="<414=2"& (+F+(. 

2.3. M69$:? 7$<61,28:$.636 L2:2&82 D$6&1?$.2 
K&*2-<DJ = I:+$+;4:" $2%'=2"&-H -+=+:>)$+-&D )*+4%=+(-&=, 

=')>-:2JP4F +($+*+($'" =4(' )*+(>:#44. A2)*4;"*, 
I<":&*+I$"*3"&4:2, ;2O4$+-&*+"$4", -"<D-:+" F+%H@-&=+ 4 &.). 5"-D 
+8T"; &+=2*+= 4 >-<>3, )*+4%="("$$'F )*"()*4H&4H;4 +&*2-<4, 
$2%'=2"&-H -+=+:>)$'; +8P"-&="$ $'; )*+(>:&+;  +&*2-<4. 5'("<4; 
= $"; (=" -+-&2=<HJP4": 1. ?*+;"G>&+1$'@ +8P"-&="$$'@ )*+(>:& , 
&.". &> 12-&D -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2, :+&+*2H 
4-)+<D%>"&-H = &":>P4@ )"*4+( =*";"$4 = -,"*" )*+4%=+(-&="$$+3+ 
)+&*"8<"$4H; 2. 0+$"1$'@ +8P"-&="$$'@ )* +(>:&, )*"(-&2=<HJP4@ 
12-&D -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2, 4%';2";>J 4% -,"*' 
;2&"*42<D$+3+ )*+4%=+(-&=2. S2:4; +8*2%+;, :+$"1$2H )*+(>:#4H 
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+&*2-<4 = $2&>*2<D$+; ='*2G"$44 ,+*;4*>"&-H 4% -*"(-&=, 
$2)*2=<H";'F $2 =+%;"P"$4" ='8'&4H 4 )+)+<$"$4" +-$+=$' F 
,+$(+=, -*"(-&=, 4(>P4F $2 $")*+4%=+(-&="$$+" )+&*"8<"$4" 4 
$2:+)<"$4" 4 =$"O$"&+*3+=+3+ -2<D(+. 5 -&+4;+-&$+; ='*2G"$44 
:+$"1$2H )*+(>:#4H +8*2%>"&-H 4% 2;+*&4%2#4+$$'F +&14-<"$4@ 4 
=$+=D -+%(2$$+@ -&+4;+-&4.  

5'("<4; = -+-&2=" ;2:*+I:+$+;41"-:+@ -4-&"; ' n +&*2-<"@. 
02G(2H 4% $4F = )*+#"--" ,>$:#4+$4*+=2$4H ='-&>)2"& 4 
)*+4%=+(4&"<"; )*+(>:#44 4 )+&*"84&"<";, :2: -=+"@ -+8-&="$$+@ 
)*+(>:#44, &2: 4 )*+(>:#44 (*>34F +&*2-<"@. K8+%$214; 

1, ; 1,ijx i n j n= =  +8T"; )+-&2=+: )*+(>:#44 i -+@ +&*2-<4 = j ->J 

+&*2-<D $2 #"<4 )*+4%=+(-&="$$+3+ )+&*"8<"$4H. K($+=*";"$$+ I&2 
G" ="<414$2 4;""& -;'-< %2&*2& )*+(>:#44, )*+4%=+(4;+@ i -+@ 
+&*2-<DJ, $2 )+<$'@ +8T"; =')>-:2 j -+@ +&*2-<4. S2:4; +8*2%+;, 

;2&*4#2 ( )ij n n
X x

!
=  )+<$+-&DJ +)*"("<H"& -&*>:&>*> 4-)+<D%+=2$4H 

)*+;"G>&+1$+@ 12-&4 -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2 = -,"*" 
;2&"*42<D$+3+ )*+4%=+(-&=2. QJ8+@ I<";"$& ;2&*4#' X  ='-&>)2"& 
+($+=*";"$$+ = (=>F :21"-&=2F: :2: I<";"$& -&*+:4 = -;'-<" 
*2-)*"("<4&"<D$+@ F2*2:&"*4-&4:4, 2 :2: I<";"$& -&+<8#2 = -;'-<" 
%2&*2&$+@ F2*2:&"*4-&4:4. B>;;2 I<";"$&+= i -+@ -&*+:4 ;2&*4#' X  
+&*2G2"& +8T"; )*+(>:#44 -++&="&-&=>JP"@ +&*2-<4 = -&+4;+-&$+; 
='*2G"$44, 4-)+<D%>";+@ = )*+4%=+(-&="$$+; )+&*"8<"$44 =-";4 
+&*2-<H;4 I:+$+;4:4. B>;;2 I<";"$&+= j -+3+ -&+<8#2 ;2&*4#' X  

+)*"("<H"& +8T"; %2&*2& j -+@ +&*2-<4 = -&+4;+-&$+; ='*2G"$44 $2 

)*+4%=+(-&=+ "" )*+(>:#44. 5"<414$2 
1 1

n n

ij
i j

x
= =
!!  $2%'=2"&-H =2<+='; 

)*+;"G>&+1$'; )*+(>:&+;  4 F2*2:&"*4%>"& +8T"; 
)*+4%=+(-&="$$+3+ )+&*"8<"$4H ;2:*+I:+$+;41"-:+@ -4-&";' = 
#"<+;.  

K8+%$214; 1,iy i n=  :+$"1$'@ +8P"-&="$$'@ )*+(>:& i -+@ 

+&*2-<4, &.". 12-&D -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2 +&*2-<4, 
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4-)+<D%>";+3+ = $")*+4%=+(-&="$$+; )+&*"8<"$44. B&*>:&>*2 "3+ 
)+&*"8<"$4H = -&+4;+-&$+; ='*2G"$44 ,+*;4*>"&-H 4% 
2;+*&4%2#4+$$'F +&14-<"$4@ j -+@ +&*2-<4 jC ; %2*28+&$+@ )<2&' 

*28+&$4:+= j -+@ +&*2-<4 jv ; )*48'<4 j -+@ +&*2-<4 jm . K1"=4($+, 

1&+ 

1

1,
n

ij i i
j

x y X i n
=

+ = =! , (2.10) 

3(" iX - +8P"" :+<41"-&=+ )*+(>:#44 )*+4%="("$$+@ = i -+@ +&*2-<4 4 

)+(<"G2P"@ *2-)*"("<"$4J. 6 &+1$+ &2: G" 

1

1,
n

ij j j j j
i

x c v m X j n
=

+ + + = =! , 3(" jX - +8P"" :+<41"-&=+ )*+(>:&2 

)+&*"8<"$$+3+ j -+@ +&*2-<DJ. 52G$"@O4; >-<+=4"; $+*;2<D$+3+ 

,>$:#4+$4*+=2$4H <J8+@ ;2:*+I:+$+;41"-:+@ -4-&";' H=<H"&-H 
82<2$- ;"G(> +8T";2;4 *2-)*"("<"$$'F 4 )+&*"8<"$$'F 8<23, 4$21" 

3+=+*H 
1 1

n n

i j
i j

X X
= =

=! ! . 6<4, - >1"&+; 4F -&*>:&>*'  

1 1 1 1

n n n n

ij i ij j j j
i j j i

x y x c v m
= = = =

! " ! "
+ = + + +# $ # $

% &% &
' ' ' ' ,  

+&:>(2  

( )
1 1

n n

i j j j
i j

y c v m
= =

= + +! ! . (2.11)  

B++&$+O"$4" I&+ ='*2G2"& "(4$-&=+ ;2&"*42<D$+-="P"-&="$$+3+ 4 
-&+4;+-&$+3+ 2-)":&+= )*+4%=+(-&="$$+3+ )*+#"--2. 

?*"(-&2=4 ; )+(*+8$"" -4-&";> >*2=$"$4@ (2.10 ) 

11 12 1 1 1

21 22 2 2 2

1 2

n

n

n n nn n n

x x x y X

x x x y X

x x x y X

+ + + + =

+ + + + =

+ + + + =

. 

K8+%$214; 1"*"% ija  :+<41"-&=+ )*+(>:#44 i -+@ +&*2-<4 

*2-F+(>";+" $2 )*+4%=+(-&=+ "(4$4#' )*+(>:#44 = j -+@ +&*2-<4. 
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9&4 14-<2 $2%'=2J&-H :+I,,4#4"$&2;4 )*H;'F %2&*2& , 2 =-" 4F 

;$+G"-&=+ +8*2%>"& :=2(*2&$>J ;2&*4#> ( )ij n n
a

!
. C<H (2<D$"@O"3+ 

)+-&*+"$4H ;+("<4 -("<2"; (=2 ->P"-&="$$'F )*"()+<+G"$4H.  
1. R>("; -14&2&D -<+G4=O4@-H #4:< )*+4%=+(-&=2 $"4%;"$$';, 2 

-<"(+=2&"<D$+ I<";"$&' ;2&*4#' )*H;'F %2&*2&  )+-&+H$$';4 4 
$"+&*4#2&"<D$';4. 

2. S"F$+<+344 =-"F +&*2-<"@ )*"()+<232J&-H <4$"@$';4, &.". 
+8T"; )+-&2=+: 4% i -+@ +&*2-<4 = j ->J *2="$ -++&="&-&=>JP";> 

:+I,,4#4"$&> )*H;'F %2&*2&, >;$+G"$$+;> $2 +8P"" :+<41"-&=+ 
)*+(>:#44, )*+4%="("$$+@ = j -+@ +&*2-<4 ij ij jx a X j= .  

72;"12$4" . ?*4$H&+ *2%<414&D +&1"&$'" 4 )<2$+='"  
:+I,,4#4"$&' )*H;'F %2&*2& . K&1"&$'" +&*2G2J& ,2:&41"-:+" 
-+-&+H$4" ;"G+&*2-<"=+3+ )*+4%=+(-&="$$+3+ =%24;+("@-&=4H 4 
*2--14&'=2J&-H )+ 4&+32; $":+&+*+3+ F+%H@-&="$$+3+ )"*4+(2 )+ 

,+*;><" ij
ij

j

x
a

X
= . ?<2$+='" >-&2$2=<4=2J&-H (4*":&4=$+ 4<4 

*2--14&'=2J&-H 4-F+(H 4% +-+8"$$+-&"@ +&*2-<"=+@ -&*>:&>*' 4 
&"F$4:+-I:+$+;41"-:4F $+*;2&4=+=.  

B >1"&+; -("<2$$'F %2;"12$4@ 4 =="("$$'F +8+%$21"$4@ 
-4-&";2 (2.10) ;+G"& 8'&D %2)4-2$2 = =4(" 

11 1 12 2 1 1 1

21 1 22 2 2 1 2

1 1 2 2 ,

n n

n n

n n nn n n n

a X a X a X y X

a X a X a X y X

a X a X a X y X

+ + + + =

+ + + + =

+ + + + =

 (2.12) 

4<4 = ;2&*41$+@ ,+*;" %2)4-4 AX y X+ = . 7("-D ( )1 2, ,... nX X X X=  

=":&+* -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2 =-"F +&*2-<"@; 

( )1 2, ,... ny y y y=  =":&+* :+$"1$+3+ +8P"-&="$$+3+ )*+(>:&2; 

( )ij n n
A a

!
=  ;2&*4#2 :+I,,4#4"$&+= )*H;'F %2&*2&.  

9:+$+;41"-:+" -+("*G2$4" ;+("<4 )+%=+<H"& >:2%2&D $"-:+<D:+ 
+1"=4($'F -=+@-&= ;2&*4#' /: $"+&*4#2&"<D$+-&D =-"F "" I<";"$&+=; 
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1

1
n

ij
i

a
=

!"  (<H 1,j n! = , )*41"; F+&H 8' +($+ $"*2="$-&=+ -&*+3+", 

&.". ->;;2*$'" %2&*2&' $2 )*+4%=+(-&=+ "(4$4#' )*+(>:#44 <J8+@  
+&*2-<4 $" ;+3>& 8'&D 8+<DO" "" -&+4;+-&4; 1ija <  )*4 ,i j=  - &.". 

%2&*2&' +&*2-<4 $2 )*+4%=+(-&=+ -+8-&="$$+@ )*+(>:#44 -&*+3+ 
;"$DO" "" -&+4;+-&4. 5 %2=4-4;+-&4 +& #"<"@ :+$:*"&$+3+ 
4--<"(+=2$4H =+%;+G$' (=2 =2*42$&2 4-)+<D%+=2$4H ;+("<4 
;"G+&*2-<"=+3+ 82<2$-2. 

1.  ?+ %2(2$$+;> =":&+*> -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2 
$2@&4 =":&+* :+$"1$+3+ +8P"-&="$$+3+ )*+(>:&2. 

2.  ?+ %2(2$$+;> =":&+*> :+$"1$+3+ +8P"-&="$$+3+ )*+(>:&2 
+)*"("<4&D =":&+* -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2.  

?+-:+<D:> :21"-&=+ G4%$4 %2=4-4&, )*"G(" =-"3+, +& +8T";2 
$")*+4%=+(-&="$$+3+ )+&*"8<"$4H, $248+<DO4@ 4$&"*"- 4;""& =&+*2H 
%2(212, = :+&+*+@ )+ %2(2$$+;> >*+=$J :+$"1$'F +8P"-&="$$'F 
)*+(>:&+= +&*2-<"@ ='14-<H"&-H =":&+* -+=+:>)$+3+ +8P"-&="$$+3+ 
)*+(>:&2, )+%=+<HJP4@ I&+& >*+="$D +8"-)"14&D. N2&*4#2 
:+I,,4#4"$&+= )*H;'F %2&*2& 4 ;+("<D ;"G+&*2-<"=+3+ 82<2$-2 
$2%'=2J&-H )*+(>:&4=$';4  "-<4 (<H <J8+3+ $"+&*4#2&"<D$+3+ 
=":&+*2 :+$"1$+3+ +8P"-&="$$+3+ )*+(>:&2Y  >*2=$"$4H X AX Y! =  
4;""& $"+&*4#2&"<D$+" *"O"$4". 9:+$+;41"-:4, I&+ +%$212"&, 1&+ 
+*32$4%2#4+$$+ Ð &"F$+<+341"-:2H -&*>:&>*2 +&*2-<"@ 
;2&"*42<D$+3+ )*+4%=+(-&=2 -)+-+8$2 +8"-)"14&D <J8+@ %2(2$$'@ 
>*+="$D $")*+4%=+(-&="$$+3+ )+&*"8<"$4H. 

S"+*";2 . C<H &+3+, 1&+ 8' ;+("<D ;"G+&*2-<"=+3+ 82<2$-2 - 
;2&*4#"@ :+I,,4#4"$&+= )*H;'F %2&*2& A 8'<2 )*+(>:&4=$+@ 

$"+8F+(4;+ 4 (+-&2&+1$+, 1&+ 8' ;2&*4#2 ( )E A!  4;"<2 

$"+&*4#2&"<D$>J +8*2&$>J ;2&*4#>. ?+:2G"; $"+8F+(4;+-&D. 

 ?>-&D ;2&*4#2 ( )E A!  4;""& +8*2&$>J ;2&*4#> ( ) 1
E A

!
! , =-" 

I<";"$&' :+&+*+@ $"+&*4#2&"<D$'. S+3(2 *"O"$4"; >*2=$"$4H 

X AX Y! =  8>("& =":&+* ( ) 1
X E A Y

!
= ! , :+&+*'@ = -4<> 
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$"+&*4#2&"<D$+-&4 ;2&*4#' ( ) 1
E A

!
!  4 =":&+*2 y, &2:G" 8>("& 

$"+&*4#2&"<D$';. 
!#,3*# 21 . 5 ;2:*+I:+$+;41"-:+@ -4-&";" ='("<"$+ &*4 

+&*2-<4: )*+;'O<"$$+-&D, &*2$-)+*& 4 23*+:+;)<":-. K)*"("<4&D , 
:2:+@ >*+="$D -+=+:>)$+3+ +8P"-&="$$+3+ )*+(>:&2 )+ +&*2-<H; 
(+<G"$ 8'&D (+-&43$>&, 1&+8' >*+="$D :+$"1$+@ )*+(>:#44 
>)+;H$>&'F +&*2-<"@ -+-&2=<H< 1 200y = "(., 2y =40"(., 3y =30"(., 

"-<4 ;2&*4#2 :+I,,4#4"$&+= )*H;'F %2&*2& 

0,3 0,1 0
0,2 0,4 0,1
0,1 0 0,2

A
! "
# $= # $
# $
% &

. 

!"O"$4"; %2(214 H=<H"&-H =":&+* ( ) 1X E A y!
= ! . 02: 4%="-&$+ 4% 

:>*-2 <4$"@$+@ 2<3"8*', +8*2&$2H ;2&*4#2 )+ +&$+O"$4J : (2$$+@ 

$2F+(4&-H )+ )*2=4<> ( ) ( )1 1 c
E A E A

E A
−

− = ⋅ −
−

, 3(" ( )c
E A! - 

)*4-+"(4$"$$2H 4<4 -+J%$2H ;2&*4#2 : ;2&*4#" ( )E A! , )+<>1"$$2H 

4% ;2&*4#' "" 2<3"8*241"-:4F (+)+<$"$4@ )>&"; "" 

&*2$-)+$4*+=2$4H. 5'14-<4; ( ) ( )
0,7 0,1 0
0,2 0,6 0,1
0,1 0 0,8

D E A
!" #

$ %= ! = ! !$ %
$ %!& '

; 

0,336 0,001 0,016 0,319D = − − =  4 2<3"8*241"-:4" (+)+<$"$4H 

;2&*4#' ( ) ( )D E A= !  

11 12 13 21

22 23 31 32 33

0,48; 0,17; 0,06; 0,08;

0,56; 0,01; 0,01; 0,07; 0,4.

D D D D

D D D D D

= = = =

= = = = =
 6 &2:4; 

+8*2%+; ( )
0,48 0,08 0,01

0,17 0,56 0,07

0,06 0,01 0,4

c
E A

⎛ ⎞
⎜ ⎟− = ⎜ ⎟
⎜ ⎟
⎝ ⎠

, 2 ;2&*4#2 

( ) 1
1,5 0,25 0,03
0,53 1,76 0,22
0,19 0,03 1,25

E A !
" #
$ %! = $ %
$ %
& '

 I&+ $"+&*4#2&"<D$2H ;2&*4#2, 
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-<"(+=2&"<D$+, ;+("<D )*+(>:&4=$2. 5":&+* -+=+:>)$+3+ 
+8P"-&="$$+3+ )*+(>:&2 

( )

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=−= −

77

183

311

30

40

200

251030190

220761530

03025051

1

,,,

,,,

,,,

yAEX  

9&+ %$214&, 1&+ (<H (+-&4G"$4H %2(2$$'F ="<414$ :+$"1$'F 
+8P"-&="$$'F )*+(>:&+= -+=+:>)$ '@ +8P"-&="$$'@ )*+(>:& = 
)*+;'O<"$$+-&4 (+<G"$ -+-&2=<H&D 1 311X =  "(., = &*2$-)+*&$+@ 

+&*2-<4 2 183X =  "(., = 23*+:+;)<":-" 3 77X = "(.  

K8+%$214; ( ) 1
E A B

−
− = . S+3(2 X By= . 9<";"$&' ;2&*4#' 

( )
nnijbB

!
=  $2%'=2J&-H :+I,,4#4"$&2;4 )+<$'F ;2&"*42<D$'F 

%2&*2&. K$4 )+:2%'=2J& ="<414$> )*+4%=+(-&="$$'F %2&*2& = i -+@ 
+&*2-<4, :+&+*'" $"+8F+(4;' (<H )+<>1"$4H "(4$4#' :+$"1 $+@ 
)*+(>:#44 = j -+@ +&*2-<4. ?+<$'" %2&*2&' =:<J12J& = -"8H ->;;> 

)*H;'F 4 :+-="$$'F %2&*2&, &.". %2&*2& 8+<"" ='-+:4F )+*H(:+=, 
:+&+*'" ;+3>& 8'&D ='H=<"$' 1"*"% *H( &"F$+<+341"-:4F %="$D"=. 
02: )*2=4<+ :+-="$$'" %2&*2&' ;+3>& 8' &D +#"$"$' <4OD 
)*48<4G"$$+, )+I&+;> :+I,,4#4"$&' )+<$'F %2&*2& 4;"J& 8+<DO+" 
)*2:&41"-:+" %$21"$4", &2: :2: )+%=+<HJ& +)*"("<4&D, :2: )+=<4H"& 
4%;"$"$4" ="<414$' :+$"1$+@ )*+(>:#44 +&*2-<4 $2 
,>$:#4+$4*+=2$4" I:+$+;41"-:+@ -4-&";' = #"<+;.  

2.4. M69$:? +; ,2.:$&-K ;6,1=$:$7 J$&&'O L+723  
!'$+: #"$$'F 8>;23: +8<432#4@ Ð (+<3+='F +8H%2&"<D-&=, 

32*2$&4*+=2$$'F #"$&*2<D$+@ 4<4 *"34+$2<D$+@ =<2-&DJ, 4 2:#4@ Ð 
(+:>;"$&+=, >(+-&+="*HJP4F )*2=+ -+8-&="$$+-&4 $2 12-&D 2:&4=+= 
)*"()*4H&4H 4<4 :+;)2$4 4, H=<H"&-H =2G$"@O4; 4$-&*>;"$& +; 
)*4=<"1"$4H 4$="-&4#4@ = I:+$+;4:>. K($2:+, )+;4;+ =')+<$"$4H 
-=+"@ +-$+=$+@ ,>$:#44, *'$+: #"$$'F 8>;23 "-&D $"%2=4-4;'@ 
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-2;+(+-&2&+1$'@ ;"F2$4%;, +->P"-&=<HJP4@ =%24;+("@-&=4" "3+ 
>12-&$4:+= = -++&="&-&=44 - $28+*+; 4-&+*41"-:4 -<+G4=O4F-H 
)*2=4<.  

02: 4 $2 *'$:" <J8+3+ (*>3+3+ &+=2*2, -&+4;+-&D +8<432#4@ 4 
2:#4@ $" )+-&+H$$2 4 ;+G"& ->P"-&="$$+ +&<412&D-H +& 4F 

$+;4$2<D$+@ -&+4;+-&4, +8TH=<"$$+@ $2 ;+;"$& =')>-:2. 
9,,":&4=$+-&D ;"$"(G;"$&2, :+$:>*"$&+-)+-+8$+-&D )*+(>:#44, 
#"$' $2 *"->*- ', -+-&+H$4" $2#4+$2<D$+@ =2<J&', )"*-)":&4=' 
3+->(2*-&="$$+@ )+(("*G:4 Ð (2<":+ $" )+<$'@ -)4-+: ,2:&+*+=, 
=<4HJP4F $2 *'$+1$>J -&+4;+-&D 2:#4@. 0+<"82$4H -&+4;+-&4 

2:#4@, 4<4, :2: )*4$H&+ 3+=+*4&D, 4F :>*-2 ;+3>& 8'&D ="-D;2 
%$214&"<D$';4 (2G" = &"1"$44 +($+@ &+*3+=+@ -"--44, 4 >12-&$4: 
*'$:2, ->;"=O4@ -=+"=*";"$$+ )*4+8*"-&4 $284*2JP4" ="- #"$$'" 
8>;234 4 4%82=4&D-H +& ("O"="JP4F, ;+G"& $2 I&+; $")<+F+ 
%2*28+&2&D, +-+8"$$+ "-<4 = "3+ >)*2=<"$44 $2F+(H&-H :*>)$'" 
)2:"&' #"$$'F 8>;23. A+ "-<4 &"$("$#44 8>(>& +#"$"$' $" ="*$+, 

4<4 *"2<4%2#4H *"O"$4@ $" 8>("& >-)"=2&D %2 &";)+; )*+4-F+(HP4F 
4%;"$"$4@, >12-&$4: &+*3+= )+$"-"& )+&"*4. 

K)>-:2H *2%<41$'" -)+-+8' $214-<"$4H )*+#"$&+= 4 
+-+8"$$+-&4 ("H&"<D$+-&4 ="$1>*$'F ,+$(+=, #"$$'" 8>;234 
)*4$H&+ -*2=$4=2&D )+ (=>; )+:2%2&"<H;: +G4(2";+@ I,,":&4=$+-&4 

((+F+($+-&4) 4 *4-:+=2$$+-&4 ($2("G$+-&DJ 32*2$&4@ )+<>1"$4H 
+G4(2";+3+ (+F+(2). N2<+(+F+($'" 8>;234, :2: ) *2=4<+, 8+<"" 
$2("G$', 2 8>;234  - ='-+:4; (":<2*4*>";'; (+F+(+; H=<HJ&-H 
='-+:+ *4-:+=2$$';4, 4 =)+<$" ="*+H&$+, 1&+ 4F +8<2(2&"<D $" 
)+<>14& %2H=<"$$'F (4=4("$(+=. S2:4; +8*2%+;, *28+&2 $2 *'$:" 

#"$$'F 8>;23 ;+G"& 8'&D 4$&"*)*"&4*+=2$2 :2: 43*2, = :+&+*+@ 
=+%;+G$' 4 ='43*'O4 4 )*+43*'O4 , 4 >-)"O$'; +:2G"&-H &+& 
43*+:, :+&+*+;> >(2-&-H ='-&*+4&D 8+<"" *2#4+$2<D$>J -&*2&"34J 
)+="("$4H, $2@&4 :+;)*+;4-- ;"G(> -&*";<"$4"; : ;2:-4;2<D$+;> 
(+F+(> 4 -&")"$DJ (+)>-&4;+3+ *4-:2. 6;"$$+ I&+ -+-&2=<H"& 
-+("*G2&"<D$>J -&+*+$> ;+("<4, *2--;+&*"$$+@ = (2$$+@ 3<2=". 
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?>-&D 4;""&-H $":+&+*2H ->;;2 ("$"3, :+&+*>J )*"()+<232" &-H 

=<+G4&D = )*4+8*"&"$4" #"$$'F 8>;23. K8+%$214; ix  - (+<J 

4;"JP4F-H ("$"G$'F -*"(-&=, )+&*21"$$'F $2 )+:>):> #"$$'F 

8>;23 i -&+3+ =4(2; iE  - I,,":&4=$+-&D ((+F+($+-&D) #"$$+@ 8>;234 i -

&+3+ =4(2, :+&+*2H, )+<232"&-H -<>12@$+@ ="<414$+@ - 

;2&";2&41"-:4; +G4(2$4"; im , :+&+*+" 4;""& -;'-< -*"($"@ 

="<414$' +G4(2";+3+ (+F+(2, 4 -*"($4; :=2(*2&41$'; +&:<+$"$4"; 

i! . 5"<414$2 2
iiiW σ=  - (4-)"*-4H I,,":&4=$+-&4 =+%*2-&2"& )+ ;"*" 

>="<41"$4H *4-:+=2$$+-&4 -++&="&-&=>JP"3+ 2:&4=2 4 )*4$4;2"&-H 

:2: ;"*2 "3+ *4-:+=2$$+-&4. X"*"% ijW  8>("; +8+%$212&D :+=2*42#4J 

#"$$'F 8>;23 *2%<41$'F =4(+=, )+-*"(-&=+; :+&+*+@ +#"$4=2"&-H 

-=H%D ;"G(> 4F )+:2%2&"<H;4 *4-:2. 
A28+* #"$$'F 8>;23, :+&+*';4 *2-)+<232"& >12-&$4: *'$:2, 

$2%'=2"&-H "3+ )+*&,"<";.  9,,":&4=$+-&D )+*&,"<H pE  

+)*"("<H"&-H &2: G", :2: 4 I,,":&4=$+-&D :2G(+@ #"$$+@ 8>;234 = 

+&("<D$+-&4 4 H=<H"&-H ="<414$+@ -<>12@$+@, )+I&+;> "" +G4(2";2H 

I,,":&4=$+-&D pm  ='14-<H"&-H :2: ;2&";2&41"-:+" +G4(2$4" 

-+("*G4;+3+ )+*&,"<H  

[ ] i
i

ipp mxEMm !== . (2.13) 

C4-)"*-4H )+*&,"<H, +#"$4=2JP2H -&")"$D "3+ *4-:+=2$$+-&4, "-&D 

[ ] ijj
i j

ipp WxxWED ∑∑== . (2.14) 

A2 +-$+=2$44 4%<+G"$$'F )*"()+-'<+:, %2(212 >)*2=<"$4H 

)+*&,"<"; #"$$'F 8>;23 8'<2 -,+*;><4*+=2$2 N2*:+=4#"; 

-<"(>JP4; +8*2%+;: $2@&4 %$21"$4H *
ix , ;4$4;4%4*>JP4" ="<414$> 

(4-)"*-44 )+*&,"<H pW , )*4 >-<+=44 +8"-)"1"$4H %2(2$$+@ 

I,,":&4=$+-&4 pm . 9&+ &4)41$2H %2(212 $"<4$"@$+3+, 2 &+1$"" 

:=2(*2&41$+3+ )*+3*2;;4*+=2$4H, ;2&";2&41"-:2H ,+*;2 %2)4-4 

:+&+*+@ 4;""& =4(: 
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ijj
i j

ip WxxminWmin ∑∑=  )*4 1=≥= ∑∑
i

ipi
i

i x;m)(mx . (2.15) 

.-<4 = )+<>1"$$+; *"O"$44 ="<414$2 0≥*ix  Ð I&+ +%$212"& 

*":+;"$(2#44 =<+G4&D (+<J -*"(-&=, )*"($2%$21"$$'F (<H 

)*4+8*"&"$4H #"$$'F 8>;23 , *2=$>J *
ix  = 8>;234 i -+3+ =4(2. .-<4 G" 

+:2G"&-H, 1&+ 0<*ix , &+ I&4 8>;234 $2(+ -*+1$+ ='="-&4 4% -+-&2=2 

)+*&,"<H 4 %2;"$4&D 4F (*>34;4 2:&4=2;4. 02: H-$+ =4($+ 4% 

)+-&2$+=:4 %2(214, "" *"O"$4", &+ "-&D ="<414$2 *4-:2, "-&D ,>$:#4H 

G"<2";+@ I,,":&4=$+-&4 )+*&,"<H pm . 

C2<D$"@O"" *2%=4&4" %2(212 +8 +)&4;2<D$+; )+*&,"<" #"$$'F 

8>;23 )+<>14<2 = *28+&2F 2;"*4:2$-:+3+ I:+$+;4-&2 S+84$2, 

:+&+*'@ =="< )+$H&4" 8"%*4-:+='F 8>;23 4 (+)+<$4< )+-&2$+=:> 

%2(214 N2*:+=4#2. 0 8>;232; &2:+3+ &4)2 ;+3>& 8'&D +&$"-"$' 
#"$$'" 3+->(2*-&="$$'" 8>;234 &2:4F -&*2$ :2: BZ/, W"*;2$4H, 

Z="@#2*4H, I:+$+;41"- :4" -4-&";' :+&+*'F +8<2(2J& ='-+12@O"@ 

>-&+@14=+-&DJ. B*2=$4&"<D$+ $"='-+:2H (+F+($+-&D I&4F 8>;23 

:+;)"$-4*>"&-H )*2:&41"-:4 28-+<J &$';4 32*2$&4H;4 4F 

$2("G$+-&4. 

?>-&D 32*2$&4*+=2$$2H I,,":&4=$+-&D 8"%*4-:+='F 8>;23 *2=$2 

0m , 2 4F (+<H = -+-&2=" )+*&,"<H 0x . S+3(2, +1"=4($+, *4-:+=2H 12-&D 

)+*&,"<H *2=$2 )x( 01− . K8+%$214; rm  -*"($JJ +G4(2";>J 

I,,":&4=$+-&D, rW  (4-)"*-4J, rσ  -*"($"" :=2(*2&41$+" +&:<+$"$4" 

*4-:+=+@ -+-&2=<HJP"@ )+*&,"<H. B*"($HH +G4(2";2H 

I,,":&4=$+-&D )+*&,"<H = #"<+; 4 +)*"("<4&-H :2: ->;;2 "3+ 

8"%*4-:+=+@ 4 *4-:+=+@ 12-&4 rp m)x(mxm 000 1−+= , 2 )+-:+<D:> 

(4-)"*-4H 8"%*4-:+=+@ 12-&4 *2=$2 $><J, (4-)"*-4H )+*&,"<H 

rp W)x(W 2
01!= . 6-:<J12H 0x , )+<>14;  

( )
r

p
rp mmmm

!

!
"#+= 00 , (2.16) 
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&+ "-&D +G4(2";2H I,,":&4=$+-&D )+*&,"<H, 4;"JP"3+ = -=+"; 
-+-&2=" :2: *4-:+='" &2: 4 8"%*4-:+='" 2:&4=' <4$"@$+ %2=4-4& +& 
"3+ *4-:+=+@ 12-&4. 

B >1"&+; )+<>1"$$+3+ *"%><D&2&2, )+-&2$+=:2 %2(214 +8 

+)&4;2<D$+; )+*&,"<", 4;"JP"; = -=+"; -+-&2=" :2: *4-:+='" &2: 

4 8"%*4-:+='" #"$$'" 8>;234, 8>("& 4;"&D =4(  : 

∑∑=
i j

ijjip WxxminWmin  )*4 100 =+=+ ∑∑
i
iop

i
ii xx;mmxmx  (2.17) 

9&+ &+G" &4)41$2H %2(212 $"<4$"@$+3+ (:=2(*2&41$+3+) 

)*+3*2;;4*+=2$4H, ;"&+(' *"O"$4H :+&+*+@ 4%="-&$' 4 F+*+O+ 

4%>1"$'. ?+I&+;>, +)>-:2H &"F$41"-:4" )+(*+8$+-&4, +-&2$+=4;-H $2 

+:+$12&"<D$+; *"%><D&2&", )+<>1"$$+; S+84$';. K8+%$214; W - 

;2&*4#> :+=2*42#4@ *4-:+='F =4(+= #"$$'F 8>;23; ( ) n,ixX i 1==  - 

=":&+* -&+<8"# (+<"@ *4-:+='F #"$$'F 8>;23, =F+(HP4F = -+-&2= 

)+*&,"<H; ( ) n,imM i 1==  Ð =":&+* -&+<8"# +G4(2";'F 

I,,":&4=$+-&"@ -++&="&-&=>JP4F #"$$'F 8>;23; I  - "(4$41$'@ 

=":&+* -&+<8"#. B >1"&+; )*4$H&'F +8+%$21"$4@, =":&+* *X , 

I<";"$&' :+ &+*+3+ 4;"J& -;'-< (+<"@ *4-:+='F =4(+= 8>;23, 

-+-&2=<HJP4F +)&4;2<D$'@ )+*&,"<D ;4$4;2<D$+3+ *4-:2 - 

%2(2$$+@ I,,":&4=$+-&DJ, 8>("& *2--14&'=2&D-H )+ ,+*;><": 

( ) ( )
( ) ( )ImMWImM

ImMWmm
X T

p*

0
1

0

0
1

0

!""!

!""!
=

!

!

. (2.18) 

?*"(-&2=4; #"<"=>J ,>$:#4H %2(214 (2.17) = ;2&*41$+@ ,+*;" 

%2)4-4 XWXW T
p !!=  4 )+-&2=4; = $"" +)&4;2<D$+" %$21"$4" 

=":&+*2 *X  4% ='*2G"$4H (2.18), +8+%$214= (<H >(+8-&=2 

(2<D$"@O"3+ 4%<+G"$4H %$2;"$2&"<D ='*2G"$4H (2.18) 2d . S+3(2 

;4$4;2<D$2H (4-)"*-4H )+*&,"<H %2(2$$+@ I,,":&4=$+-&4 pm  

+)*"("<4&-H :2:  
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( )
( ) ( )

( )2
2
0

0
1

0
1

4

2
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d

mm

ImMWWImMW
d

mm
W

p

Tp*
p

!

=!"""!""
#
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&
&
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( !
= !!

 (2.19) 

K&+G("-&=<HH *4-: )+*&,"<H pr  - ="<414$+@ -*"($"3+ :=2(*2&41$+3+ 

+&:<+$"$4H, )+<>14; 4&+3+=+" *2-1"&$+" -++&$+O"$4" 
( )

d
mm

r p
pp

0−
=≡σ . (2.20) 

72;"12$4".  72(212 +8 +)&4;2<D$+; >)*2=<"$44 )+*&,"<"; 
(+)>-:2"& 4 +8*2&$>J )+-&2$+=:>: -,+*;4*+=2&D )+*&,"<D #"$$'F 
8>;23 ;2:-4;2<D$+@ -*"($"@ I,,":&4=$+-&4 )*4 >-<+=44, 1&+ *4-: 
)+*&,"<H $" )*"='-4& %2(2$$+3+ %$21"$4H pr . . _ ;2&";2&41"-:2H 

)+-&2$+=:2 4;""& =4(: 

i
i

ip mxmaxmmax ∑=  )*4 ( ) 12 =!"= ## #
i

ippijj
i j

i x;rWWxx . (2.21) 

9&2 %2(212 (=+@-&="$$2H )+ +&$+O"$4J : %2(21" (2.15) 4 ;' $" 8>("; 
%("-D *2--;2&*4=2&D "" *"O"$4", &"; 8+<"", 1&+ = $2 )*2:&4:", :2: 
)*2=4<+, %2(212 +8 +)&4;2<D$+; )+*&,"<"  ,+*;><4*>"&-H = 
+*434$2<D$+@ )+-&2$+=:" N2*:+=4#2 (2.15) 4 S+84$2 (2.16). 

!#,3*# 22.  B,+*;><4*+=2&D 4 *"O4&D %2(21> +8 +)&4;2<D$+; 
)+*&,"<" )+ :*4&"*4J ;4$4;2<D$+3+ *4-:2 4 %2(2$$+@ -*"($"@ 
I,,":&4=$+-&4 (<H #"$$'F 8>;23 &*"F =4(+=: 8"%*4-:+=' F - 
I,,":&4=$+-&DJ 20 =m  4 *4-:+='F, -*"($4" +G4(2";'" 

I,,":&4=$+-&4 :+&+*'F 4 %$21"$4H *4-:+= *2=$' 
9486 2121 ==== r;r;m;m . 5"<414$2 :+=2*42#44 ;"G(> *4-:+=';4 

8>;232;4 912 =W .  

!>:+=+(-&=>H-D ='*2G"$4"; (2.17) )+<>14;:  

( )2
221

2
1 811816 xxxxmin ++  )*4  1862 210210 =++=++ xxx;mxxx p . 

6-:<J12H 0x , +-=+8+(4;-H +& +($+3+ 4% +3*2$41"$4@ 

( )2221
2
1 811816 xxxxmin ++  )*4 264 21 !=+ pmxx . 
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'= . ?+(-&2=<HH = ,+*;><> 

(2.18), $2F+(4; =":&+* *X , I<";"$&2;4 :+&+*+3+ H=<HJ&-H (+<4 
*4-:+='F #"$$'F 8>;23 = -+-&2=" +)&4;2<D$+3+ )+*&,"<H 

( ) ( ) ⎟
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⎞
⎜
⎝

⎛
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0420
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2
04960
22360
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m
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m

X p
p* , 2 )+ ,+*;><" (2.20) 

$2@("; -++&="&-&=>JP"" ";> %$21"$4" *4-:2 
( ) ( )

0921

2

1921

2

,
m

,
m

r pp
p

−
=
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K)*"("<4; -+-&2= )+*&,"<H 4 14-<"$$'" %$21"$4H *4-:+= (<H 
-*"($4F %$21"$4@ I,,":&4=$+-&4 3=pm  4 4=pm . C<H )"*=+3+ 

-<>12H =":&+* !
"

#
$
%

&
=

0420
1880
,
,

X* . 9&+ +%$212"&, 1&+ *4-:+='F 8>;23 

)"*=+3+ =4(2 = -+-&2=" )+*&,"<H (+<G$+ 8'&D 18,8 %, 2 *4-:+='F 
8>;23 =&+*+3+ =4(2 4,2 %. A2 8"%*4-:+='" 8>;234 )*4F+(4&-H, &2:4; 
+8*2%+;, 77 % -+-&2=2 )+*&,"<H. 5"<414$2 *4-:2 )*4 I&+; 8>("& 

9160,r*
p = . 5+ =&+*+; -<>12" =":&+* !

"

#
$
%

&
=

1680

7520

,

,
X* , &+ "-&D (+<H 

*4-:+='F 8>;23 )"*=+3+ =4(2 =+%*2-&2"& (+ 75,2 %, 2 *4-:+='F 8>;23 
=&+*+3+ =4(2 (< 16,8 %. ?*4 I&+; (+<H 8"%*4-:+='F 8>;23 
>;"$DO2"&-H (+ 8%. 5"<414$2 *4-:2 -&2$+=4&-H ->P"-&="$$+ 8+<DO" 

8321,r*p = . 

5 *2--;+&*"$$+; )*4;"*" >="<41"$4" -*"($"3+ +G4(2";+3+ 
(+F+(2 $2 +($> &*"&D )*4=+(4& : (=>:*2&$+;> =+%*2-&2$4J *4-:2. 
9&+ -=4("&"<D-&=>"& + &+;, 1&+ *"%><D&2& *"O"$4H %2(214 >)*2=<"$4H 
)+*&,"<"; #"$$'F 8>;23 = )+-&2$+=:" N2*: +=4#2-S+84$2 %2=4-4&, 
)*"G(" =-"3+, +& &+3+, :2:>J ="<414$> *4-:2 >12-&$4: *'$:2 -14&2"& 
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(+)>-&4;+@ 4 :2:+@ *2%;"* ='43*'O2 )*4";<";';. 6$21" 3+=+*H, 
+-$+=$'" )2*2;"&*' (2$$+@ ;+("<4 ,+*;4*>J&-H )+( =<4H$4"; 
1"<+="1"-:+3+ ,2:&+*2. 

2.5. M69$:? =6& )$(72&2  
N+("<D ,+$ A"@;2$2 H=<H"&-H +($+@ 4% $248+<"" 4%="-&$'F 

,>$(2;"$&2<D$'F %:+$+;4:+ -;2&";2&41"-:4F ;+("<"@. ?*4 "" 
)+-&*+"$44 $" 4-)+<D%+=2$' 4$&>4&4=$'" 4 ->8T":&4=$'" 
)*"()+-'<:4, &2:4" :2: 2:-4+;' )+<"%$+-&4, )*2=4<+ >8'=2JP"3+ 
)*"("<D$+3+ )*+(>:&2 4 &. ). 5 +-$+=2$44 I&+@ ;+("<4 <"G2& &+<D:+ 
-2;'" +8P4" I:+$+;41"-:4" )+$H&4H: &+=2*2, #"$', 
)*+4%=+(-&="$$+3+ )*+#"--2, 4, = )*"()+<+G"$44 <4$"@$+@ -=H%4 
;"G(> =')>-:+; 4 %2&*2&2;4, -&*+4&-H <+341"-:4 $")*+&4=+*"14=2H 
;+("<D ,>$:#4+$4*+=2$4H I:+$+;4:4. C<H )+$ 4;2$4H ;+(" <4 ,+$ 
A"@;2$2 $" &*"8>"&-H ;2&";2&41"-:4F %$2$4@, ='F+(HP4F %2 *2;:4 
)*+3*2;;' 82:2<2=2*42&2 )+ &"F$41"-:4; 4 I:+$+;41"-:4; 
-)"#42<D$+-&H;, &2: G" :2: 4 (<H )+$4;2$4H +-&2<D$+3+ -+("*G2$4H 
)+-+84H. K($2:+, %("-D 4;""& ;"-&+ 8+<"" ='-+:4@ >*+="$D 
28-&*2:#44, )+ -*2=$"$4J - ;+("<H;4, *2--;+&*"$$';4 ='O", 1&+ 
&*"8>"& +)*"("<"$$+@ ;2&";2&41"-:+@ :><D&>*'. 

5 -2;+; +8P"; =4(" <J82H I:+$+;41"-:2H -4-&";2 ;+G"& 8'&D 
+F2*2:&"*4%+=2$2 ;$+G"-&=+; )*+(>:&+=, 4;"JP4F-H = $"@ X , - 
I<";"$&2;4 ( )nx.......,x,xx 21=  4 ;$+G"-&=+; 82%4-$'F 

&"F$+<+341"-:4F )*+#"--+= Q - I<";"$&2;4 ( )mq.......,q,qq 21= , 

:+&+*'" 4;"J& -;'-< +)"*2&+*+=, )*"+8*2%>JP4F $":+&+*'@ 
I<";"$& ;$+G"-&=2 X  = (*>3+@ I<";"$& &+3+ G" ;$+G"-&=2. ?+$H&4" 
Ç)*+(>:&È = ;+("<4 ,+$ A"@;2$2 4;""& )*"("<D$+ O4*+:+" 
&+<:+=2$4", =:<J12H = -"8H =-" ;2&"*42<D$'" )*"(;"&' 
I:+$+;41"-:+3+ +84F+(2, :2: $2)*2=<H";'" $2 $")*+4%=+(-&="$$+" 
)+&*"8<"$4", &2: 4 4-)+<D%>";'" :2: )*"( ;"&' &*>(2 = )*+#"--" 
)*+4%=+(-&=2. S+ "-&D )*+(>:&2;4 -14&2"&-H 4 F<"8, 4 ;>:2, 4% 
:+&+*+@ +$ 4%3+&+=<"$, 4 %"*$+, 4 -"<D-:+F+%H@-&="$$2H &"F$4:2, 4 
;4$"*2<D$'" >(+8*"$4H 4 &.).  
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QJ8+@ I<";"$& ;$+G"-&=2 Q  )*"(-&2=<H"& -+8+@ >)+*H(+1"$$>J 

)2*> I<";"$&+= ;$+G"-&=2 ( ) m,jB;Aq:X jjj 1=∀= , 3(" ( )ijj aA =  

4;""& -;'-< %2&*21"$$+3+ $28+*2 )*+(>:&+=, 2 ( )ijj bB =  

)*+4%="("$$+3+ $28+*2 )*+(>:&+= n,i 1= . 9&4 =":&+*' 

$"+&*4#2&"<D$'. ?+<$'@ $28+* =":&+*+= ( )
m,jjA 1=

 4 ( )
m,jjB

1=
 

,+*;4*>"& ;2&*4#' *2%;"*$+-&4 A.mn!  - ;2&*4#2 %2&*2&; B- 

;2&*4#2 =')>-:2 . C<H )+$4;2$4H ;+("<4 ,+$ A"@;2$2 $"+8F+(4;+ 
H-$+ )*"(-&2=<H&D, 1&+ :2: ;2&*4#' %2&*2& 4 =')>-:2 = #"<+;, &2: 4 
+&("<D$'" =":&+*2 jA  4 jB , -=H%2$$'" +)"*2&+*+; jq  = 

>)+*H(+1"$$>J )2*>, -++&="&-&=>J& #"-/,9$23 ;+;"$&2; =*";"$4.  
72&*2&', )+$"-"$$'" = &":>P4@ ;+;"$& =*";"$4, $" (2&D *"%><D&2& 
;3$+="$$+, )+I&+;> =":&+* =')>-:2, -++&="&-&=>JP4@ $":+&+*+;> 
=":&+*> %2&*2&, +&$+-4&-H : -<"(>JP";> ;+;"$&> =*";"$4. C*>34;4 
-<+=2;4, = ='8*2$$+@ =*";"$$+@ O:2<" %2&*2&2; = ;+;"$& =*";"$4 t  
-++&="&-&=>"& =')>-: = ;+;"$& =*";"$4 1+t . 

6-)+<D%>H <4$"@$'" :+;84$2#44 82%4-$'F )*+#"--+=, ;+G$+ 
)+<>14&D 8+<"" O4*+:>J -+=+:>)$+-&D: ;$+G"-&=+ 
)*+4%=+(-&="$$'F -)+-+8+=. C<H I&+3+ (+-&2&+1$+ $":+&+*'@ $28+* 

$"+&*4#2&"<D$'F 14-"< m,jzj 1=  4 %2(2&D $+='@ )*+4%=+(-&="$$'@ 

)*+#"-- :2: ->;;> mmqz..........qzqz +++ 2211 , = :+&+*+; %2&*2&' 

%2(2$' =":&+*+; ∑
=

m

j
jj Az

1
, 2 =')>-: =":&+*+; !

=

m

j
jjBz

1
. 5":&+* 

( )
m,jjzz

1=
=  $2%'=2"&-H =":&+*+; 4$&"$-4=$+-&"@. .-<4 I<";"$&' 

;$+G"-&=2 Q  4;"J& -;'-< +&("<D$'F )*"()*4H&4@ 4<4 +&*2-<"@, &+ 

4F <4$"@$'" :+;84$2#44 ;+3>& 8'&D 4$&"*)*"&4*+=2$' :2: 
*2%<41$'" =2*42$&' 4F -+=;"-&$+3+ ,>$:#4+$4*+=2$4H. K8+%$214; 
-4;=+<+; K  ;$+G"-&=+ =-"F <4$"@$'F :+;84$2#4@ 82%4-$'F 
)*+4%=+(-&="$$'F )*+#"--+=.  

N2&";2&41"-:4@ +8T":&, +)*"("<H";'@ %2(2$4"; (=>F ;$+G"-&= 
},{ KX , $2%'=2"&-H ;+("<DJ ,+$ A"@;2$2 . 
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K&;"&4; $":+&+*'" -=+@-&=2 ;+("<4 ,+$ A"@;2$2.  
1. Q4$"@$+-&D. 9&+ -=+@-&=+ -<"(>"& $")+-*"(-&="$$+ 4% 

)*+#"(>*' )+-&*+"$4H ;+("<4.  

2. 72;:$>&+-&D. T,tBzAz tt 11 =∀≤ − . 72;"12$4" . 7("-D t -

="*F$4@ 4$(":-, 4;"JP4@ -;'-< ;+;"$&2 =*";"$4, : :+&+*+;> 
+&$+-H&-H %2&*2&' 4<4 =')>-:, 2 T - =*";H G4%$4 ;+("<4. 
9:+$+;41"-:4 I&+ -=+@-&=+ +%$212"&, 1&+ = <J8+@ ;+;"$& =*";"$4 
(+-&>)$';4 (<H 4-)+<D%+=2$4H = )*+#"--" )*+4%=+(-&=2 H=<HJ&-H 
&+<D:+ &" )*+(>:&', :+&+*'" 4;"<4-D = )*"(O"-&=>JP4@ )"*4+( 

=*";"$4. ?+-<"(+=2&"<D$+-&D 4$&"$-4=$+-&"@ T,t
t }z{ 1= , 

>(+=<"&=+*HJP2H >-<+=4J %2;:$>&+-&4, $2%'=2"&-H (+)>-&4;+@ 
&*2":&+*4"@ 4$&"$-4=$+-&"@. 

3. K3*2$41"$$+-&D. !<Bzt  (<H Azt 1−∀ . L4:-4*>"& 

I:+$+;41"-:4 +1"=4($'@ ,2:&: $"+3*2$41"$$'" +8T";' 
)*+4%=+(-&=2 $"=+%;+G$' )*4 :+"1$'F %2&*2&2F. 

!#,3*# 23.  A2 &*"F)*+(>:&+=+; ;$+G"-&=" X  %2(2$' (=2 

82%4-$'F &"F$+<+341"-:4F )*+#"--2 
!
!
!
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21

43

42

32

21 q;q  4 

=":&+* 4$&"$-4=$+-&"@ !
"

#
$
%

&
=

3

1
z . A2@&4 4-F+($'" ;2&*4#' %2&*2& 4 

=')>-:2, 2 &2:G" =":&+*' %2&*2& 4 =')>-:2 )*+4%=+(-&="$$+3+ 
-)+-+82, %2(2=2";+3+ >:2%2$$'; =":&+*+; 4$&"$-4=$+-&"@.  

?+-:+<D:> I<";"$&' ;$+G"-&=2 82%4-$'F &"F$+<+341"-:4F 
)*+#"--+= jq  )+ +)*"("<"$4J "-& D >)+*H(+1"$$'" )2*' =":&+*+= 

%2&*2& 4 =')>-:2, 4F )"*='" I<";"$&' H=<HJ&-H =":&+*2;4 %2&*2&, 2 

=&+*'" =":&+*2;4 =')>-:2. B<"(+=2&"<D$+, ;2&*4#2 %2&*2& 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
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⎝

⎛
=

23
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12

A , 
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2 ;2&*4#2 =')>-:2 
!
!
!

"

#

$
$
$

%

&
=

34

34

23

B . 5":&+*' G" %2&*2& 4 =')>-:2 $+=+3+ 

)*+4%=+(-&="$$+3+ )*+#"--2 )+<>12J&-H >;$+G"$4"; ;2&*4# %2&*2& 4 

=')>-:2 $2 =":&+* 4$&"$-4=$+-&"@. S2:4; +8*2%+; 
!
!
!

"

#

$
$
$

%

&
=

9

8

5

Az - =":&+* 

%2&*2& )*+4%=+(-&="$$+3+ )*+#"--2, 2 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

13
13
9

Bz - =":&+* =')>-:2.  

S")"*D (<H &+@ G" -2;+@ ;2&*4#' %2&*2& )*+="*4; (+)>-&4;+-&D 

)+-<"(+=2&"<D$+-&4 4$&"$-4=$+-&"@ =4(2: ⎟
⎠

⎞
⎜
⎝

⎛
=⎟

⎠

⎞
⎜
⎝

⎛
=

3

2

3

1 21 z;z  )*4 

>-<+=44, 1&+ $212<D$'" %2)2-' )*+(>:&+= %2(2$' =":&+*+; 
!
!
!

"

#

$
$
$

%

&
=

9

9

6

S . 

L2:&41"-:4 I&+ +%$212"& )*+="*:> >-<+=4H %2;:$>&+-&4. ?+-:+<D:> 
=":&+* $212<D$'F %2)2-+= S  +)*"("<H"& :+<41"-&=+ )*+(>:&+=, 
4;"=O4F-H = $2<4144 (+ $212<2 )*+4%=+(-&="$$+@ ("H&"<D$+-&4, 1&+ 
-++&="&-&=>"& ;+;"$&> =*";"$4 0=t , (+<G$+ =')+<$H&D-H >-<+=4" 

SAz ≤1 . 5":&+* 1Az  >G" 8'< ='14-<"$. B*2=$4=2H "3+ - =":&+*+; S , 

>8"G(2";-H = =')+<$"$44 > -<+=4H %2;:$>&+-&4 (<H )"*=+3+ I<";"$&2 
)+-<"(+=2&"<D$+-&4 4$&"$-4=$+-&"@. A2 -<"(>JP"; O23" )*+="*H"; 

=')+<$"$4" >-<+=4H 12 BzAz ≤ . 5":&+* 1Bz  &2:G" >G" ='14-<"$, 

)+I&+;> ='14-<H"; &+<D:+ =":&+* 
!
!
!

"

#

$
$
$

%

&
=

12
10
7

2Az . B*2=$4=2H "3+ - 

=":&+*+; 1Bz , >8"G(2";-H = =')+<$"$44 >-<+=4H %2;:$>&+-&4 4 (<H 
=&+*+3+ I<";"$&2 )+-<"(+=2&"<D$+-&4 4$&"$-4=$+-&"@. 
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B<"(+=2&"<D$+, )+-<"(+=2&"<D$+-&D 4$&"$-4=$+-&"@ 

!
"

#
$
%

&
=!

"

#
$
%

&
=

3
2

2
1 21 z;z  H=<H"&-H (+)>-&4;+@. 

K8+%$214; t
ip - -&+4;+-&D "(4$4#', &+ "-&D #"$> i -+3+ )*+(>:&2 = 

;+;"$& =*";"$4 t . S+3(2 =-" ;$+G"-&=+ #"$ = I&+& )"*4+( 8>("& 

F2*2:&"*4%+=2&D-H =":&+*+; ( )tnttt p.........,p,pp 21= . 9&+& =":&+* $+-4& 

$2%=2$4" =":&+*2 #"$. 5"<414$2 j
t

j
t ApBp !+1  +)*"("<H"& (+F+( j - 

+3+ 82%4-$+3+ &"F$+<+341"-:+3+ )*+#"--2 %2 t -'@ )"*4+( =*";"$4.  
5 *2;:2F ;+("<4 ,+$ A"@;2$2 ("@-&=>"& )*2=4<+ $><"=+3+ 

(+F+(2, :+&+*+" ='*2G2"&-H $"*2="$-&=+; 

01 !"+
j

t
j

t ApBp . (2.22) 

9&+ -&*2$$+", $2 )"*='@ =%3<H(, )*2=4<+ $" 8+<"" $"+8'1$+ 1"; 
*2="$-&=+ $><J ;2:-4;2<D$+@ )*48'<4 ,4*;', ("@-&=>JP"@ = 
>-<+=4HF -+="*O"$$+@ :+$:>*"$#44 (-;. *2%("< 2.2). ?*"$"8*"G"$4" 
I&4; )*2=4<+; -+%(2"& )*"()+-'<:4 (<H $2*>O"$4H +3*2$41"$$+-&4 
;+("<4, :+(2  -&+4;+-&D )*+4%="("$$'F &+=2*+= 8"-:+$"1$+ 
=+%*2-&2"& )*4 :+$"1$+@ ="<414$" %2&*2&. 5+ 4%8"G2$4" 
$"(+*2%>;"$4@ %2;"&4; &2:G", 1&+, :2: =4($+ 4% ='*2G"$4H (2.22), 
="<414$2 (+F+(2 +)*"("<H"&-H )+ -&+4;+-&4 )*+(>:&+='F $28+*+= = 
#"-/,9$2* 3'3*$)2 1#*3*$, . S2: "-<4 = ;+;"$& =*";"$4 t  ->;;2 
)+$"-"$$'F %2&*2& -+-&2=4<2 ="<414$> Μ, &+ )*4 $><"=+; (+F+(", 4 
=')+<$"$44 -++&$+O"$4H (2.22) :2: *2="$-&=2, = )"*4+( =*";"$4 1+t  

-&+4;+-&D &+=2*$+3+ $28+*2 -$+=2 8>("& *2=$2 Μ. K($2:+, "-<4 = 
;+;"$& =*";"$4 1+t  #"$' = -+)+-&2=4;'F "(4$4#2F -&2$>& $4G", &+ 

I&+ 8>("& +%$212&D ,2:&41"-:+" >="<41"$4" -&+4;+-&4 4-F+($+@ 

->;;' ("$"3. ?+-<"(+=2&"<D$+-&D #"$ T,t
t }p{ 1= , >(+=<"&=+*HJP2H 

)*2=4<> $><"=+3+ (+F+(2, $2%'=2"&-H &*2":&+*4"@ #"$. 
.-<4 )*"()+<+G4&D, 1&+ +8P2H ;2--2 ("$"G$'F -*"(-&=, 

)+-&+H$$+ $2F+(HP2H-H = +8*2P"$44, +-&2"&-H $"4%;"$$+@, &+ 
tttt BzpAzp 1+= . (2.23) 
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S+ "-&D (<H <J8+3+ =*";"$$+3+ )*+;"G>&:2 +8P2H -&+4;+-&D 
)*+(>:&+=, 4-)+<D%+=2$$'F = )*+#"--" )*+4%=+(-&=2, *2=$2 
-&+4;+-&4 )*+4%="("$$'F )*+(>:&+= = #"$2F -<"(>JP"3+ )"*4+(2.  

S2 G" -2;2H )*"()+-'<:2 )+%=+<H"& -("<2&D 4 (*>3+@ $" ;"$"" 
=2G$'@ ='=+( + &+;, 1&+ =-H )*+4%="("$$2H -&+4;+-&D =$+=D 
$2)*2=<H"&-H = )*+4%=+(-&="$$>J -,"*> = -<"(>JP4@ )"*4+( 
=*";"$4 . 9&+& ,2:& ='*2G2"&-H -++&$+O"$4"; 

111 +++ = tttt AzpBzp . (2.24) 

C+)>-&4;2H &*2":&+*4H 4$&"$-4=$+-&"@ T,t
t }z{ 1=  $2%'=2"&-H 

-&2#4+$2*$+@, "-<4 (<H tt zz:T,t ηη =>∃=∀ +101 . 6$';4 

-<+=2;4, +& )"*4+(2 : )"*4+(> =":&+* 4$&"$-4=$+-&"@ 4%;"$H"&-H = 
+($+ 4 &+ G" 14-<+ *2% = &"1"$44 =-"3+ =*";"$4 ->P"-&=+=2$4H 
;+("<4. .-<4 1>η , &+ I&+ -&2#4+$2*$2H &*2":&+*4H *+-&2, = 

)*+&4=$+; -<>12" Ð &*2":&+*4H )2("$4H. 
P*33" . B&2#4+$2*$2H &*2":&+*4H 4$&"$-4=$+-&"@ >(+=<"&=+*H"& 

>-<+=4J BzAz ≤η . 5 -4<> -=+@-&=2 %2;:$>&+-&4 ;+("<4 ,+$ A"@;2$2 
tt BzAz ≤+1 . A+, )+ +)*"("<"$4J -&2#4+$2*$+-&4, 

T,tBzAzzz tttt 11 =∀≤⇒=+ ηη .  

S*2":&+*4H #"$ T,t
t }p{ 1=  $2%'=2"&-H -&2#4+$2*$+@, "-<4 (<H 

01 >∃=∀ µT,t : tt pp =+1µ , &+ "-&D +& )"*4+(2 : )"*4+(> #"$' 

4%;"$HJ&-H = +($+ 4 &+ G" 14-<+ *2% = &"1"$44 =-"3+ =*";"$4 
->P"-&=+=2$4H ;+("<4. C<H -&2#4+$2*$+@ &*2":&+*44 #"$ 
-)*2="(<4=2 <";;2 2$2<+341$2H <";;" (<H -&2#4+$2*$+@ &*2":&+*44 
4$&"$-4=$+-&"@. 

P*33" . B&2#4+$2*$2H &*2":&+*4H #"$ >(+=<"&=+*H"& >-<+=4J 
pBpA!µ . C+:2%2&"<D-&=+ "" )+<$+-&DJ 2$2<+341$+ <";;" (<H 

&*2":&+*44 4$&"$-4=$+-&"@. 
?+<+G"$4" ;+("<4 ,+$ A"@;2$2 $2%'=2"&-H (4$2;41"-:4; 

*2=$+="-4"; , "-<4 0>∃λ  4 $"+&*4#2&"<D$'" $" $><"='" =":&+*' 

4$&"$-4=$+-&"@ z  4 #"$ p , &2:4", 1&+ 

pBzpAz;pBpA;BzAz =≥≤ λλλ . 5 -+("*G2&"<D$+; -;'-<" 
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)+<+G"$4" (4$2;41"-:+3+ *2=$+="-4H F2*2:&"*4%>"& &2:+" -+-&+H$4" 
I:+$+;41"-:+@ -4-&";', )*4 :+&+*+; +& )"*4+(2 : )"*4+(> 4 
4$&"$-4=$+-&4 4 #"$' 4%;"$HJ&-H *2%$+$2)*2=<"$+ = +($+ 4 &+ G" 
14-<+ *2% 4 - &"; G" &";)+; *2-&"& -&+4;+-&D )*+(>:&+=+3+ $28+*2 = 
-+)+-&2=4;'F #"$2F.  

!2--;+&*4; $2 )*2:&41"-:4F )*4;"*2F =+%;+G$+-&4 ;+("<4 ,+$ 
A"@;2$2 4 &"F$41"-:4" 2-)":&' )*4;"$"$4H -+)>&-&=>JP"3+ 
;2&";2&41"-:+3+ 2))2*2&2. 
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-<"(>JP4; +8*2%+;:  pBzmax  )*4 =')+<$"$44 >-<+=4@ 
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!"O"$4", )+<>1"$$+" &28<41$'; =2*42$&+; -4;)<":- -;"&+(2, 
)*4="("$+ = &28<4#" 21. 

?*4;"12$4". 5"(>P4" I<";"$&' $2 :2G(+@ 4&"*2#44 ='("<"$' 
G4*$'; O*4,&+; 4 )+(1"*:4=2$4";.  
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Bi 

x0 z1 z2 z3 z4 z5 B4;)<
":-.  

+&$+O"
$4" 

0 z3 0 10 1 2 1 0 0 20/3 

z4 0 20 3 2 0 1 0 

z5 0 15 2 1 0 0 1 

6 $(":-$2H 
-&*+:2 

 0 -26 -23 0 0 0  

1 z3 0 10/3 0 4/3 1 -1/3 0 5/2 

z1 26 20/3 1 2/3 0 1/3 0 

z5 0 5/3 0 -1/3 0 -2/3 1 

6 $(":-$2H 
-&*+:2 

 520/3 0 -17/3 0 26/3 0  

2 z2 23 5/2 0 1 3/4 -1/4 0 - 

z1 26 5 1 0 -1/2 1/2 0 

z5 0 5/2 0 0 1/4 -3/4 1 

6 $(":-$2H 
-&*+:2 

 187,5 0 0 17/4 25/4 0  
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+3*2$41"$4H %2(214 <4$"@$+3+ )*+3*2;;4*+=2$4H =')+<$HJ&-H :2: 

-&*+34" *2="$-&=2, 2 &*"&D" :2: $"*2="$-&=+. B<"(+=2&"<D$+, 

)+(+8$2H +*32$4%2#4H )*+4%=+(-&="$$+ )*+#"--2 )*"()+<232"& 

)+<$+" 4-)+<D%+=2$4" 4;"JP4F-H %2)2-+= )"*=+3+ 4 =&+*+3+ 
)*+(>:&+=, $"4-)+<D%+=2$$'@ *"%"*= &*"&D"3+ )*+(>:&2 -+-&2=4& 2,5 

"(4$4#'.  
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⎛
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Bz . /$2<+341$+ (<H &*"&D"3+ #4:<2 )*+4%=+(-&=2 23 BzAz = , 

1&+ &2:G" )*4=+(4& - -4-&";" <4$"@$'F >*2=$"$4@  
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&*"&D"3+ )*+4%=+(-&="$$+3+ #4:<2 !
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5263

,

,
Bz . 

P292%- 9:K 8276816K1$:?&636 ,$N$&-K 
M31 .C<H )*+-&*2$-&=2 &*"F &+=2*+= - =":&+*+; #"$ P = (5, 2, 4) 

(2@&" +)4-2$4" 8J(G"&$+3+ ;$+G"-&=2 4 "3+ 3*2$4#', 2 &2:G" 4F 
3*2,41"-:>J 4$&"*)*"&2#4J, "-<4 ="<414$2 (+F+(2 Q = 60. 
S*>(+";:+-&D Ð 5 (;4$/*28) I:-)"*&2.  
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M32. C<H )+&*"84&"<H, ,>$:#4H )+<"%$+-&4 :+&+*+3+ 21 xxu= , 

="<414$2 (+F+(2 54=Q  $2@&4 &+1:> -)*+-2, "-<4 =":&+* #"$ ( )26,P=

. S*>(+";:+-&D Ð 5 (;4$/*28) I:-)"*&2.  
M33. C<H )+&*"84&"<H, ,>$:#4H )+<"%$+-&4 :+&+*+3+ 

21
2
1 2 xxxu += , ="<414$2 (+F+(2 48=Q  $2@&4 &+1:> -)*+-2, "-<4 

=":&+* #"$ ( )24,P= . S*>(+";:+-&D Ð 5 (;4$/*28) I:-)"*&2.  

M34. C<H )+&*"84&"<H, ,>$:#4H )+<"%$+-&4 :+&+*+3+ 

21 xxu += , ="<414$2 (+F+(2 24=Q  $2@&4 &+1:> -)*+-2, "-<4 

=":&+* #"$ ( )81,P= . S*>(+";:+-&D Ð 5 (;4$/*28) I:-)"*&2.  

M35. 72=4-4;+-&D "G"($"=$+3+ >*+G2H +3>*#+= = &")<4#" y +& 

14-<2 *28+&$4:+= x ='*2G2"&-H -++&$+O"$4";: xlnxy 2020 += . 

A2@&4 +)&4;2<D$+" 14-<+ *28+&$4:+=, "-<4 ($"=$2H %2*)<2&2 +($+3+ 
*28+&$4:2 *2=$2 (+F+(> +& )*+(2G4 10 :3 +3>*#+=. S*>(+";:+-&D Ð 10 
(;4$/*28) I:-)"*&2.  

M36. K8T"; -8'&2 Y  %2=4-4& +& $2%$212";+@ #"$' p )+ ,+*;>< " 

.pY !=11  72=4-4;+-&D 4%("*G": I  +& +8T";2 -8'&2 4;""& =4(: 

1152 +!= YYI . ?+ :*4&"*4J ;2:-4;2<D$+@ )*48'<4 $2@&4 

+)&4;2<D$'@ +8T"; )*+4%=+(-&=2, ="<414$' )*48'<4 4 4%("*G":.  
S*>(+";:+-&D Ð 10 (;4$/*28) I:-)"*&2.  

M37. A2@&4 )2*2;"&*' )*+4%=+(-&="$$+@ ,>$:#44 0+882 Ð

C>3<2-2 !" LAKY = , "-<4 4%="-&$+, 1&+ (<H >="<41"$4H =')>-:2 

)*+(>:#44 $2 2% $2(+ >="<414&D +-$+=$'" ,+$(' $2 4% 4<4 
14-<"$$+-&D *28+&$4:+= $2 6%. 6%="-&$+ &2:G", 1&+ ;"-H1$2H 
)*+4%=+(4&"<D$+-&D +($+3+ *28+&$4:2 -+-&2=<H"& 10000 ("$."(.; 
14-<"$$+-&D *28+&$4:+= L  = 1000; +-$+=$'" ,+$(' K  = 1011 ("$."(.  
S*>(+";:+-&D Ð 15 (;4$/*28) I:-)"*&2.  

M38. C<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 !" LAKY =  

- )2*2;"&*2;4 !"! #=== 1
2
1

1000 ;;A  $2@&4 %$21"$4H 

*2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4, )*+4%=+(4&"<D$+-&4 4 
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>("<D$+3+ )+&*"8<"$4H $2 -&2#4+$2*$+@ &*2":&+*44 "-<4 
05010250 ,;,h;,s === µ . S*>(+";:+-&D Ð 5 (;4$/*28) I:-)"*&2.  

M39. A2@&4 *2=$+="-$>J :2)4&2<+=++*>G"$$+-&D, 
)*+4%=+(4&"<D$+-&D 4 ="<414$> >("<D$+3+ )+&*"8<"$4H $2 
-&2#4+$2*$+@ &*2":&+*44 (<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-

C>3<2-2, !! "= 1LAKY  "-<4 
3
1

1000 == !;A , 2 *2=$+="-$2H &*2":&+*4H 

F2*2:&"*4%>"&-H )2*2;"&*2;4 0502050 ,;,h;,s === µ . 

S*>(+";:+-&D Ð 5 (;4$/*28) I:-)"*&2.  
M40. 72=4-4;+-&D ($"=$+@ ='*>1:4 -"%+$$+3+ :2," Y  (8"% >1"&2 

-&+4;+-&4 %2:>-+: 4 $2)4&:+=) +& 14-<2 -&+<4:+= G 4 14-<2 

*28+&$4:+= F  ='*2G2"&-H ,+*;><+@ 4
1

3
2

200 FGY = . C$"=$'" 

*2-F+(' $2 -+("*G2$4" +($+3+ -&+<4:2 -+-&2=<HJ& 100 ("$. "(., 2 
-*"($HH ($"=$2H %2*)<2&2 +($+3+ *28+&$4:2 Ð 50 ("$. "(. A2@&4 
+)&4;2<D$>J 14-<"$$+-&D *28+&$4:+= :2," 4 :+<41"-&=+ -&+<4:+=, 
)*4 :+&+*'F (+-&432"&-H ;2:-4;2<D$2H )*48'<D. K&="& +:*>3<4&D (+ 
8+<DO"3+ #"<+3+ 14-<2. S*>(+";:+-&D Ð 25 (;4$/*28) I:-)"*&2.  

M41. ?*+4%=+(-&="$$2H ,>$:#4H )*"()*4H&4H 4;""& =4(: 

5
2

5
1

100 LKY = . /*"$($2H )<2&2 %2 "(4$4#> :2)4&2<2 5=r  ("$ . "(., 2 

-&2=:2 +)<2&' "(4$4#' &*>(2 3=w  ("$. "(. E"$2 )*+(>:#44 

)*"()*4H&4H 6=p  ("$. "(. A2@&4 -:+<D:+ -+&*>($4:+= (+<G$' 

*28+&2&D $2 )*"()*4H&44 (<H &+3+, 1&+8' )*48'<D "3+ 82<2 
;2:-4;2<D$+@, 4 ="<414$> ;2:-4;2<D$+@ )*48'<4.  S*>(+";:+-&D Ð 
25 (;4$/*28) I:-)"*&2.  

M42. 5 -+-&2=" I:+$+;41"-:+@ -4-&";' -&*2$' >-<+=$+ 
='("<"$' &*4 +&*2-<4. K8T";' :+$"1$+@ )*+(>:#44 +&*2-<"@ 
-+-&2=<HJ& -++&="&-&="$$+ 1y  = 180 "(.; 2y  = 120 "(.; 3y  = 50 "(. 
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A2@&4 =":&+* -+=+:>)$+@ +8P"-&="$$+@ )*+(>:#44 +&*2-<"@. 
S*>(+";:+-&D Ð 20 (;4$/*28) I:-)"*&2  

M43. 5 -+-&2=" I:+$+;41"-:+@ -4-&";' -&*2$' >-<+=$+ 
='("<"$' &*4 +&*2-<4. K8T";' :+$"1$+@ )*+(>:#44 +&*2-<"@ 
-+-&2=<HJ& -++&="&-&="$$+ 1y  = 150 "(.; 2y  = 80 "(.; 3y  = 60 "(. 

N2&*4#2 :+I,,4#4"$&+= )*H;'F %2&*2& 4;""& =4(  

!
!
!

"

#

$
$
$

%

&
=

603010

04020

201050

,,,

,,

,,,

A  

A2@&4 =":&+* -+=+:>)$+@ +8P"-&="$$+@ )*+(>:#44 +&*2-<"@. 
S*>(+";:+-&D Ð 20 (;4$/*28) I:-)"*&2.  

M44. 5 -+-&2=" I:+$+;41"-:+@ -4-&";' -&*2$' >-<+=$+ 
='("<"$' &*4 +&*2-<4. K8T";' :+$"1$+@ )*+(>:#44 +&*2-<"@ 
-+-&2=<HJ& -++&="&-&="$$+ 1y  = 100 "(.; 2y  = 160 "(.; 3y  = 40 "(. 

N2&*4#2 :+I,,4#4"$&+= )*H;'F %2&*2& 4;""& =4(  
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A2@&4 =":&+* -+=+:>)$+@ +8P"-&="$$+@ )*+(>:#44 +&*2-<"@. 
S*>(+";:+-&D Ð 20 (;4$/*28) I:-)"*&2.  

M45. K)*"("<4&D H=<H"&-H <4 (+)>-&4;+@ )+-<"(+=2&"<D$+-&D 

4$&"$-4=$+-&"@ !
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S*>(+";:+-&D Ð 15 (;4$/*28) I:-)"*&2.   
M46. K)*"("<4&D H=<H"&-H <4 (+)>-&4;+@ )+-<"(+=2&"<D$+-&D 
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(=>F+&*2-<"=+@ ;+("<4 ,+$ A"@;2$2, "-<4 =":&+* $212<D$'F %2)2-+= 
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S*>(+";:+-&D Ð 15 (;4$/*28) I:-)"*&2.  
M47.C<H (=>F)*+(>:&+=+@ &*"F+&*2-<"=+@ ;+("<4 ,+$ A"@;2$2 

- ;2&*4#"@ %2&*2& !
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S  $2@&4 =":&+* 4$&"$-4=$+-&"@, 

;2:-4;4%4*>JP4@ -&+4;+-&D =')>-:2, "-<4 =":&+* #"$ ( )21;p= . 

S*>(+";:+-&D Ð 20 (;4$/*28) I:-)"*&2.  
M48. C<H &*"F)*+(>:&+=+@ &*"F+&*2-<"=+@ ;+("<4 ,+$ A"@;2$2 

- ;2&*4#"@ %2&*2& 
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=":&+*+; $212<D$'F %2)2-+= 
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S  $2@&4 =":&+* 4$&"$-4=$+-&"@, 

;2:-4;4%4*>JP4@ -&+4;+-&D =')>-:2, "-<4 = ":&+* #"$ ( )211 ;;p= . 

S*>(+";:+-&D Ð 30 (;4$/*28) I:-)"*&2.  
M49. B,+*;><4*+=2&D 4 *"O4&D %2(21> +8 +)&4;2<D$+; 

)+*&,"<" )+ :*4&"*4J ;4$4;2<D$+3+ *4-:2 4 %2(2$$+@ -*"($"@ 
I,,":&4=$+-&4 (<H #"$$'F 8>;23 &*"F =4(+=: 8"%*4-:+='F - 
I,,":&4=$+-&DJ 20 =m  4 *4-:+='F, -*"($4" +G4(2";'" 

I,,":&4=$+-&4 :+&+*'F 4 %$21"$4H *4-:+= *2=$' 
7374 2121 ==== r;r;m;m . 5"<414$2 :+=2*42#44 ;"G(> 

*4-:+=';4 8>;232;4 612 =W . S*>(+";:+-&D Ð 20 (;4$/*28) I:-)"*&2.  

M50. B,+*;><4*+=2&D 4 *"O4&D %2(21> +8 +)&4;2<D$+; 
)+*&,"<" )+ :*4&"*4J ;4$4;2<D$+3+ *4-:2 4 %2(2$$+@ -*"($"@ 
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I,,":&4=$+-&4 (<H #"$$'F 8>;23 1"&'*"F =4(+=: 8"%*4-:+='F - 
I,,":&4=$+-&DJ 10 =m  4 *4-:+='F, -*"($4" +G4(2";'" 

I,,":&4=$+-&4 :+&+*'F 4 %$21"$4H *4-:+= *2=$'  -++&="&-&="$$+ 

642754 321321 ====== r;r;r,m;m;m , )*4 >-<+=44, 1&+ 

*4-:+='" 8>;234 )*"()+<232J&-H $":+**"<4*+=2$$';4. 
S*>(+";:+-&D Ð 20 (;4$/*28) I:-)"*&2.  
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G2>9$: 3. B,32&->2J-K &2 68&6.$ +%$L&636 ;686L-K ;,6J$882 
;693616.5- - 6J$&5- ,$>+:?1216. . 7$1,-%$8567 

567;$1$&1&681&67 =6,721$ 
A2 *4-. 19 )*4=+(4&-H 2*F4&":&>*2 +*32$4%2#44 >1"8$+3+ 

)+-+84H. 

!"#$%&# '&(&$)#
Ò*+,-,./+,-.012.01/324+/2 .,526/ 7 89:0762-//Ó

;0<526 1. *+,-,.21:/+0

=2,:21/324+/> .012:/06: 90:0?:0@A 1.1, 1.2, 1.3

':0+1/324+/> .012:/06:
<0503/: B1 - B6;         C0<0 7,9:,4,7: 1241 1 $

D
&

E
 1

=2,:21/324+/> .012:/06:  90:0?:0@ 1.4

':0+1/324+/> .012:/06:
<0503/: B7 - B16;     : 1241 2 C0<0 7,9:,4,7

;0<526 2. =2,:21/+,-F+,-,./324+/2 .,526/

;0<526 3. &:?0-/<0G/H -0 ,4-,72 832C-,?, 9,4,C/H  
9:,G2440 9,5?,1,7+/ / ,G2-+/ :2<86I101,7 7 

.21:/324+,. +,.9212-1-,41-,. @,:.012

J6?,:/1. ,:?0-/<0G// 9,5?,1,7+/ /
,G2-+0 :2<86I101,7 -0 ,4-,72 9,4,C/H  

$0<0 7,9:,4,7 :
1241 1- 1241 6

$
D

&
E

 2
=2,:21/324+/> .012:/06:  90:0?:0@ 1.7

':0+1/324+/> .012:/06:
<0503/: B17 - B24;     : 1241 4  C0<0 7,9:,4,7 $

D
&

E
 4

=2,:21/324+/> .012:/06:  90:0?:0@A 1.5, 1.6

':0+1/324+/> .012:/06:
: 1241 3 C0<0 7,9:,4,7 $

D
&

E
 3

=2,:21/324+/> .012:/06:  90:0?:0@ 1.8

':0+1/324+/> .012:/06:
<0503/: B25 - B30;     : 1241 5  C0<0 7,9:,4,7 $

D
&

E
 5

=2,:21/324+/> .012:/06:  90:0?:0@A 2.1-2.5

':0+1/324+/> .012:/06:
<0503/: B31 - B50;     : 1241 6  C0<0 7,9:,4,7 $

D
&

E
 6

 
G-8. 19. /1,+51+,2 6,32&->2J-- 6L+%$&-K 
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5 F+(" )+(3+&+=:4 >1"8$'@ ;2&"*42< ;+G"& 8'&D +-=+"$ :2: 
&*2(4#4+$$'; -)+-+8+;, &2: 4 - 4-)+<D%+=2$4"; (4-&2$#4+$$'F 
&"F$+<+34@ = ;"&*41"-:+; :+;)"&"$&$+-&$+; ,+*;2&" [10 - 21]. 

3.1. ":36,-17 6,32&->2J-- ;693616.5- - 6J$&5- ,$>+:?1216. . 
7$1,-%$8567 567;$1$&1&681&67 =6,721$ 

K-=+"$4" 4 +#"$:2 :21"-&=2 +=<2("$4H :+;)"&"$#4H :2G('; 
-&>("$&+; )*+ 4%=+(4&-H )+ -<"(>JP";> 2<3+*4&;>: 

1. K-=24=2"&-H &"+*"&41"-:4@ ;2&"*42<, :+&+*'@ 4%<+G"$ = 
)>$:&2F 1.1, 1.2, 1.3 (8<+: 1). 

2. K#"$:2 )+<$+&' 4 #"<+-&$+-&4 >-=+"$$+3+ ;2&"*42<2 4% 8<+:2 
1 )*+4%=+(4&-H - )+;+PDJ (=+@$+3+ &"-&4*+=2$4H: 

!  &"-&4*+=2$4" 4% 5 -<>12@$+ ='8*2$$'F =+)*+-+= $2 
)+<$+&> >-=+"$$+3+ ;2&"*42<2 (='14-<H"&-H 
F2*2:&"*4%>JP4@ )2*2;"&* POL(1)); 

!  &"-&4*+=2$4" 4% 5 -<>12@$+ ='8*2$$'F =+)*+-+= $2 
#"<+-&$+-&D >-=+"$4H >1"8$+3+ ;2&"*42<2 (='14-<H"&-H 
F2*2:&"*4%>JP4@ )2*2;"&* CHL(1)). 

0+;;"$&2*4@. A2)*4;"*, -&>("$& 4% 10 =+)*+- 4% 8<+:2 1 $2 
)+<$+&> +&="&4< )*2=4<D$+ $2 7 =+)*+-+=. 7$21"$4" )2*2;"&*2 
POL(1)=7/10=0,7. /$2<+341$+, I&+& G" -&>("$& 4% 10 =+)*+-+= 4% 
8<+:2 1 $2 #"<+-&$+-&D +&="&4< )*2=4<D$+ $2 6 =+)*+-+=. 7$21"$4" 
)2*2;"&*2 CHL(1)=6/10=0,6. 

3. K#"$4=2"&-H %$21"$4" 3<>84$' >-=+"$$'F %$2$4@ = *2;:2F 
8<+:2 1 (F2*2:&"*4%>JP4@ )2*2;"&* GLB(1)) ='14-<H"&-H )+ 
,+*;><" GLB(1)=POL(1)*CHL(1). 

0+;;"$&2*4@. 7$21"$4" )2*2;"&*2 GLB = 8<+:" 1, &. ". GLB(1) 
(<H *2--;+&*"$$+3+ = )>$:&" 2 )*4;"*2 ='14-<H"&-H &2:: GLB(1) = 
POL(1) * CHL(1)= 0,7 * 0,6 = 0,42. 

4. A2 +-$+=" ;2&"*42<+= 4% 8<+:2 1, -&>("$& -2;+-&+H&"<D$+ 
*"O2"& %2(214 - $+;"*2;4 1-6 - +8P"@ &*>(+";:+-&DJ S(1)=2 
(12-/*28) I:-)"*&2.  

5. ?*")+(2=2&"<D +#"$4=2"& :21"-&=+ *"O2";'F %2(21 1-6 4% 
8<+:2 1. K#"$:2 )*+4%=+(4&-H +& 0 (+ 100 )*+#"$&+= 4 )"*"=+(4&-H = 
O2<> +& 1 (+ 5. 
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0+;;"$&2*4@. A2)*4;"*, -&>("$& *"O4< :+;)<":- %2(21 1 -6 )+ 
+#"$:" )*")+(2=2&"<H $2 70%, &.". "3+ +#"$:2 :+$&*+<D$'F %2(2$4@ 4% 
8<+:2 1 Ð 07(1)=0,7.  

6. K#"$4=2"&-H %$21"$4" )+:2%2&"<H Q - : 21"-&=+ +-=+"$4H 
:+;)"&"$#44 = *2;:2F 8<+:2 1:  

)(!",)(CHL)(POL,)(Q 16011401 !+!!= . 

0+;;"$&2*4@. C<H *2--;+&*"$$+3+ )*4;"*2 %$21"$4" )+:2%2&"<H 
588070604204001 ,,,,,)(Q =!+!= . :2: )+:2%'=2"& )*2:&4:2, Ç)+*+3È 

(+)>-&4;+3+ %$21"$4H )+:2%2&"<H :21"-&=2 +-=+"$4H :+;)"&"$#44 
(+<G"$ 8'&D ='O", 1"; 0,6 . 5 (2$$+; -<>12", -&>("$& $" +-=+4< 
:+;)"&"$#4J = *2;:2F 8<+:2 1 - &*"8>";'; :21"-&=+;.  

7. 5'14-<H"&-H >*+="$D *2%=4&4H /5B -)+-+8$+-&"@ -&>("$&2 = 
*2;:2F 8<+:2 1 )+ ,+*;><" /5B(1)= S(1)*07(1). 

0+;;"$&2*4@. B*"($HH &*>(+";:+-&D )"*=+3+ %2(2$4H 
/5B (1)=24,16 (;4$/*28)*0,7=16, 912 (;4$/*28) I:-)"*&2.  
A2 *4-. 20 )*4=+(4&-H (423*2;;2 ($">(+=<"&=+*4&"<D$'F) 

(+-&4G"$4@ -&>("$&2 (O&*4F-)*+,4<D) $2 ,+$" &*"8>";'F 
(+-&4G"$4@ (-)<+O$+@ )*+,4<D) )+ 8<+:> 1. 

POL CHL

!"#

11

24,16

0,7 0,6

16,912

!

G-8. 20. 0-23,2772 (N1,-O -;,6=-:?)  9681-<$&-( 81+9$&12 . 
,2752O L:652 1 
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8.  K#"$:4 *"%><D&2&+= (+-&4G"$4@ -&>("$&2 = 8<+:" 2 
)*+4-F+(4& 2$2<+341$+ :2: = 8<+:" 1 (-;. )>$:&' 1 -7) - 
-++&="&-&=>JP4;4 8<+:> 2 (2$$';4.  

9. K-=24=2"&-H &"+*"&41"-:4@ ;2&"*42<, :+&+*'@ 4%<+G"$ = 
)>$:&2F 1.4; 1.6 (8<+: 3). 

10. ?*+4%=+(4&-H +#"$:2 )+<$+&' 4 #"<+-&$+-&4 >-=+"$$+3+ 
;2&"*4<2 4% 8<+:2 3 - )+;+PDJ (=>:*2&$+3+ &"-&4*+=2$4H: 

!  &"-&4*+=2$4" 4% 5 -<>12@$'; +8*2%+; ='8*2$$'F 4% 82%' 
=+)*+-+= (&"-& 3) $2 )+<$+&> >-=+"$$+3+ ;2&"*42<2 (='14-<H"&-H 
F2*2:&"*4%>JP4@ )2*2;"&* POL(3); 

!  &"-&4*+=2$4" 4% 5 -<>12@$'; +8*2%+; ='8*2$$'F 4% 82%' 
=+)*+-+= (&"-& 3) $2 #"<+-&$+-&D >-=+"$$+3+ ;2&"*42<2 (='14-<H"&-H 
F2*2:&"*4%>JP4@ )2*2;"&* CHL(3). 

11. K#"$4=2"&-H %$21"$4" 3<>84$' >-=+"$$'F %$2$4@ = *2;:2F 
8<+:2 1 (F2*2:&"*4%>JP4@ )2*2;"&* GLB(3) ='14-<H"&-H )+ ,+*;><" 
GLB(3)=POL(3)*CHL(3)). 

0+;;"$&2*4@. R<+: 3 -+("*G4& &+<D:+ &"+*"&41"-:4@ ;2&"*42<, 
&.". %2(214 (<H *"O"$4H +&->&-&=>J&. 

12. K#"$4=2"&-H %$21"$4H )+:2%2&"<H Q Ð :21"-&=2 +-=+"$4H 
:+;)"&"$#44 = *2;:2F 8<+:2 3:  

Q(3)=POL(3)*CHL(3). 
13.  K#"$:2 *"%><D&2&+= (+-&4G"$4@ -&>("$&2 = 8<+:" 4 

)*+4-F+(4& 2$2<+341$+ :2: = 8<+:" 1 (-;. )>$:&' 1 -7) - 
-++&="&-&=>JP4;4 8<+:> 4 (2$$';4.  

14.  K#"$:2 *"%><D&2&+= (+-&4G"$4@ -&>("$&2 = 8<+:" 5 -+ -=+4;4 
(2$$';4 )*+4-F+(4& 2$2<+341$+ :2: = 8<+:" 1 (-;. )>$:&' 1 -7) - 
-++&="&-&=>JP4;4 8<+:> 5 (2$$';4 . 

15.  K#"$:2 *"%><D&2&+= (+-&4G"$4@ -&>("$&2 = 8<+:" 6 -+ -=+4;4 
(2$$';4 )*+4-F+(4& 2$2<+341$+ :2: = 8<+:" 1 (-;. )>$:&' 1 -7) - 
-++&="&-&=>JP4;4 8<+:> 6 (2$$';4.  

3.2. M$169-52 ,28%$12 ;652>21$:$( 9681-<$&-( 81+9$&12 . 
68.6$&-- 567;$1$&J--  

?*4;"* *2-1"&2 =+%;+G$'F 3*2$4# (+-&4G"$4@ -&>("$&2 )*4 
+-=+"$44 :+;)"&"$#44 )*4=+(4&-H $2 *4-. 21. 
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)67$, L:652  Q-7258-72:?&6 
.6>76<&6$ 

52%$81.6 68.6$&-K 
81+9$&12 

Q-7-&-72:?&6 
96;+81-76$ 

52%$81.6 68.6$&-K 
81+9$&12 

R<+: 1 1 0,75 
R<+: 2 1 0,75 
R<+: 3 1 0,75 
R<+: 4 1 0,75 
R<+: 5 1 0,75 
R<+: 6 1 0,75 
B>;;2  6 4,5 

A+*;4*+=2$$'@ 
)+:2%2&"<D 

1 0,75 

G-8. 21. 06;+81-7'$ 3,2&-J' ;652>21$:$( 52%$81.2 68.6$&-K 
567;$1$&J-(  

 
?*4;"* )"*"=+(2 %$21"$4@ )+:2%2&"<"@ :21"-&=2 =<2("$4H 

:+;)"&"$#4@ = 82<D$>J O:2<>: 
!  +& 0,6 (+ 0,73 Ð $2 >(+=<"&=+*4&"<D$+; >*+=$" +-=+4< 

:+;)"&"$#4J;  
!  +& 0,74 (+ 0,85 Ð F+*+O+; 
!  +& 0,86 (+ 1 Ð +&<41$+. 

0+;;"$&2*4@. ?*4 )*"(<+G"$$+@ 3*2(2#44 4$&"*=2<+=, -&>("$& 
)+:2%'=2"& -&2&4-&41"-:4 >-&+@14='@ *"%><D&2&. 

C2$$'" I:-)"*4;"$&2<D$+@ +#"$:4 /5B -&*>(+";:+-&4  
(-<+G$+-&4) %2(21 (>1"8$'F )*+8<";) )*4=+(H&-H $2 *4-. 22. 

 
A+;"* 8<+:2  A+;"* %2(214 S*>(+";:+-&D 

(;4$/*28)  
R<+: 1 1 10 

2 5 
3 10 
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4 40 
5 30 
6 50 

B>;;2  145 
B*"($""  /5B=145/6=24,16 

R<+: 2 7 10 
8 30 
9 20 
10 30 
11 40 
12 40 
13 15 
14 40 
15 40 
16 60 

B>;;2  325 
B*"($""  /5B=325/10=32,5 

R<+: 4 17 10 
18 10 
19 10 
20 10 
21 20 
22 20 
23 30 
24 20 

B>;;2  130 
B*"($""  /5B=130/8/=16,25 

R<+: 5 25 60 
26 100 
27 10 
28 60 
29 50 
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30 50 

B>;;2  330 

B*"($""  /5B=330/6=55  
R<+: 6 31 5 

32 5 

33 5 
34 5 

35 10 

36 10 
37 15 

38 5 

39 5 
40 25 

41 20 

42 20 
43 20 

44 20 

45 15 
46 15 

47 20 

48 30 
49 20 

50 20 

B>;;2  290 
B*"($""  /5B=290/20=14,5 

G-8. 22. 0-23,2772 >&2%$&-( I58;$,1&6( 6J$&5- "E/ -8:6<&681- 
>292% 

C423*2;;2 - 4%+8*2G"$4"; ="<414$ /5B- -*"($4F %$21"$4@ 
&*>(+";:+-&4 %2(21 = >1"8$+; )+-+844 (-)<+O$+@ )*+,4<D) 4 
(+-&4G"$4H -&>("$&2 = 4F ,+$"  (O&*4F-)*+,4<D) )*4=+(4&-H $2 *4-. 
23. 
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!"#$ 2

!"#$ 1

!"#$ 4

!"#$ 5!"#$ 6

32,5

16,25

55

14,5

24,16

17,1

20

15

31

13

!

G-8. 23. /,$9&- $ >&2%$&-K .$:-%-& "E/ - 1,+96$75681- >292% . 
;686L-- - 9681-<$&- ( 81+9$&12 &2 -O =6&$ 

0+;;"$&2*4@. QJ8+" )+-+84" +3*2$41"$+ -=+4; +8>12JP4; 
Ç)+&"$#42<+;È, &.". $" ;+G"& )+;+1D = *2%=4&44 /5B--)+-+8$-+&"@ 4 
= +-=+"$44 %$2$4@ 8+<DO", 1"; = $"3+ %2<+G"$+. 6% (423*2;;' 
=4($+, 1&+ -&>("$& (<H -2;+*2%=4&4H $" -;+3 4-)+<D%+=2&D ="-D 
Ç)+&"$#42<È I&+3+ >1"8$+3+ )+-+84H. 

3.3. A2>2 .6;,686.  9:K 1$816.636 56&1,6:K 
A:65 1  (;+&51' 1.1 Ð 1.3).  

E6;,68' &2 ;6:&61+ +8.6$&&'O >&2&-(  (;2,27$1, POL(1)) 
1. !2--14&'=2&D )2*2;"&*' )2*$+@ <4$"@$+@ *"3*"--44 ;+G$+, 

"-<4 4;""&-H:  2) $" ;"$"" 5 $28<J("$4@; 8) $" ;"$"" 7 $28<J("$4@;  =) 
$" ;"$"" 10 $28<J("$4@.  

2. 02:+" ='*2G"$4" ;4$4;4%4*>"&-H = )*+#"(>*" ;"&+(2 
$24;"$DO4F :=2(*2&+= (<H )+<>1"$4H +#"$+: )2*2;"&*+= )2*$+@ 

<4$"@$+@ *"3*"--44? 2) ( )2öy y!" ; 8) ( )2öy y!" ; =) ( )2
y y!" . 
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3. 0+I,,4#4"$& <4$"@$+3+ >*2=$"$4H )2*$+@ *"3*"--44: 2) 
)+:2%'=2"& ="<414$> -*"($"3+ 4%;"$"$4" *"%><D&2&4=$+@ 
)"*";"$$+@ )*4 4%;"$"$4";  ,2:&+*2 $2 +($> "(4$4#>; 8) +#"$4=2"& 
-&2&4-&41"-:>J %$214;+-&D >*2=$"$4H *"3*"--44; =) )+:2%'=2"&, $2 
-:+<D:+ )*+#"$&+= 4%;"$4&-H = -*"($"; *"%><D&2&4=$2H )"*";"$$2H, 
"-<4 ,2:&+* 4%;"$4&-H $2 1%. 

4. 0+I,,4#4"$&2 ("&"*;4$2#44 2
xyr : 2) +#"$4=2"& :21"-&=+ 

;+("<4 4% +&$+-4&"<D$'F +&:<+$"$4@ )+ :2G(+;> $28<J("$4J; 
8) F2*2:&"*4%>"& (+<J (4-)"*-44 *"%><D&2&4=$+3+ )*4%$2:2 y, 

+8TH-$H";>J *"3*"--4"@, = +8P"@ (4-)"*-44 *"%><D&2&4=$+3+ 
)*4%$2:2; =) F2*2:&"*4%>"& (+<J (4-)"*-44 y , ='%=2$$>J =<4H$4"; 

$" >1&"$$'F = ;+("<4 ,2:&+*+=.  
5. 7$214;+-&D >*2=$"$4H *"3*"--44 = #"<+; +#"$4=2"&: 2) F -

:*4&"*4@ L4O"*2; 8) t -:*4&"*4@ B&DJ("$&2; =) :+I,,4#4"$& 

("&"*;4$2#44 2
xyr . 

6. K8TH-$"$$2H (,2:&+*$2H) ->;;2 :=2(*2&+= +&:<+$"$4@ = 
<4$"@$+@ )2*$+@ ;+("<4 4;""& 14-<+ -&")"$"@ -=+8+(', *2=$+": 2) 

1n ! ; 8) 1; =) 2n ! . 
7. K8P2H ->;;2 :=2(*2&+= +&:<+$"$4@ = <4$"@$+@ )2*$+@ 

;+("<4 4;""& 14-<+ -&")"$"@ -=+8+(', *2=$+" : 2) 1n ! ; 8) 1; =) 2n ! . 

8. 02:+" 4% >*2=$"$4@ H=<H"&-H -&")"$$';: 2) x
xy a b= ! ; 8) 

b
xy a x= ! : =) c

xy a b x= + ! . 

9. 0+I,,4#4"$& I<2-&41$+-&4 )+:2%'=2"&: 2) $2 -:+<D:+ "(4$4# 
= -*"($"; 4%;"$4&-H *"%><D&2&4=$2H )"*";"$$2H - 4%;"$"$4"; 
,2:&+*2 $2 +($> "(4$4#>; 8) $2 -:+<D:+ "(4$4# = -*"($"; 4%;"$4&-H 
*"%><D&2&4=$2H )"*";"$$2H - 4%;"$"$4"; ,2:&+*2 $2 1%;  =) 
$2-:+<D:+ % = -*"($"; 4%;"$4&-H *"%><D&2&4=$2H )"*";"$$2H - 
4%;"$"$4"; ,2:&+*2 $2 1%.  

10. N +("<D =4(2 2
1 2 ... k

ky a b x b x b x != + " + " + + " +  $+-4& 

$2%=2$4": 2) )+<4$+;42<D$2H; 8) -&")"$$2H; =) I:-)+$"$#42<D$2H. 
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A:65 1 (;+&51'  1.1 Ð 1.3). E6;,68' &2 J$:681&681? +8.6$&&'O 
>&2&-( (;2,27$1, CHL (1)) 

11. A2 +-$+=2$44 (2$$'F 
?*+(+<G4&"<D$+-&D F*2$"$4H (12-), x 1 3 6 8 10 
Y->O:2 (% : ="-> 3+*H1"3+ F<"82), y 1,6 2,4 2,8 3,2 3,3 

+ %2=4-4;+-&4 >->O:4 ,+*;+=+3+ F<"82 +& )*+(+<G4&"<D$+-&4 
F*2$"$4H $2@&4 +#"$:4 )2*2;"&*+= >*2=$"$4H )2*$+@ <4$"@$+@ 
*"3*"--44.  

2) ö 1,637 0,183y x= + ; 

8) ö 2,637 0,813y x= + ; 

=) ö 0,637 1,183y x= + . 

12. A2 +-$+=2$44 (2$$'F 
?*+(+<G4&"<D$+-&D F*2$"$4H (12-), x 1 3 6 8 10 
Y->O:2 (% : ="-> 3+*H1"3+ F<"82), y 1,6 2,4 2,8 3,2 3,3 

+ %2=4-4;+-&4 >->O:4 ,+*;+=+3+ F<"82 +& )*+(+<G4&"<D$+-&4 
F*2$"$4H )+<>1"$' +#"$:4 )2*2;"&*+= )2*$+@ <4$"@$+@ *"3*"--44 

ö 1,637 0,183y x= + . A2@&4 +-&2&+1$>J (4-)"*-4J 2
!"#S  

2) 1,360; 
8) 0,136; 
=) 0,0136. 

13. A2 +-$+=2$44 (2$$'F 
X4-<+ ,4<42<+= &+*3+=+@ ,4*;', x 3 5 7 8 11 
S+=2*++8+*+& ;<$. *>8., y 1,2 1,9 3,0 3,6 5,1 

+ %2=4-4;+-&4 &+=2*++8+*+&2 &+*3+=+@ ,4*;' +& 14-<2 "" ,4<42<+= 
$2@&4 +#"$:4 )2*2;"&*+= >*2=$"$4H )2*$+@ <4$"@$+@ *"3*"--44. 

a) x,.yö 50430 +=  

8) x,,yö 50430 +−=  

=) x,,yö 50430 !=  

14. A2 +-$+=2$44 (2$$'F 
X4-<+ ,4<42<+= &+*3+=+@ ,4*;', x 3 5 7 8 11 
S+=2*++8+*+& ;<$. *>8., y 1,2 1,9 3,0 3,6 5,1 
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+ %2=4-4;+-&4 &+=2*++8+*+&2 &+*3+=+@ ,4*;' +& 14-<2 "" ,4<42<+= 
)+<>1"$' +#"$:4 )2*2;"&*+= >*2=$"$4H )2*$+@ <4$"@$+@ *"3*"--44 

x,,yö 50430 +!= . A2@&4 ="<414$> -*"($"3+ :+I,,4#4"$&2 

I<2-&41$+-&4 
2) 0,14; 
8) -0,14; 
=) 1,14. 

15. C<H ,>$:#44 lny a b x != + " +  -*"($4@ :+I,,4#4"$& 

I<2-&41$+-&4 4;""& =4( 

2) 
ln

b
!

a b x
=

+ !
; 

8) 
ln

b
!

a x b
= !

" +
; 

=) 
ln

b x
!

a b x
!

= "
+ !

. 

16. C<H ,>$:#44 
1

y
a b x !

=
+ " +

 -*"($4@ :+I,,4#4"$& 

I<2-&41$+-&4 4;""& =4( 

2) 
b x

!
b a x

⋅
= −

+ ⋅
; 

8) 
a x

!
a b x

!
= "

+ !
; 

=) 
b x

!
a b x

!
= "

+ !
. 

17. B&")"$$2H ;+("<D by a x != " "  ;+G"& 8'&D )*4="("$2 : 

<4$"@$+;> =4(> - )+;+PDJ -<"(>JP"3+ )*"+8*2%+=2$4H: 
2) %2;"$2 )"*";"$$'F;  
8) <+32*4,;4*+=2$4" +8"4F 12-&"@ >*2=$"$4H; 
=) 4-:<J1"$4" <4O$4F )"*";"$$'F.  

18. B )+;+PDJ :2:+3+ )*"+8*2%+=2$4H :>841"-:2H ,>$:#4H 
2 3

1 2 3y a b x b x b x != + " + " + " +  ;+G"& 8'&D )*4="("$2 : <4$"@$+;> 

=4(>: 
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2) %2;"$2 )"*";"$$'F;  
8) <+32*4,;4*+=2$4" +8"4F 12-&"@ >*2=$"$4H; 
=) 4-:<J1"$4" <4O$4F ) "*";"$$'F.  

19. 6% ;+("<4 0,448ö 9,32y x!= "  -<"(>"&, 1&+ )*4 >="<41"$44 

,2:&+*$+@ )"*";"$$+@ $2 1% öy  = -*"($";:  

2) >="<414&-H $2 9,32% 
8) >;"$DO4&-H $2 9,32%; 
=) >;"$DO4&-H $2 0,488%. 

20. 6% ;+("<4 0,844ö 3,29y x= !  -<"(>"&, 1&+ )*4 >="<41"$44 

,2:&+*$+@ )"*";"$$+@ $2 1% ̂y = -*"($";:  

2) >="<414&-H $2 3,29% 
8) >;"$DO4&-H $2 3,29%; 
=) >="<414&-H $2 0,844%. 

A:65 2 (;+&51'  1.4).  
E6;,68' &2 ;6:&61+ +8.6$&&'O >&2&-(  (;2,27$1,  POL(2)) 
1. 02: =<4H"& $2 ="<414$> :+I,,4#4"$&2 ("&"*;4$2#44 

(+82=<"$4" = >*2=$"$4" ;$+G"-&="$$+@ *"3*"--44 $+=+@ 
+8TH-$HJP"@ )"*";"$$+@ 

2) >;"$DO2"& %$21"$4" :+I,,4#4"$&2 ("&"*;4$2#44; 
8) >="<414=2"& %$21"$4" :+I,,4#4"$&2 ("&"*;4$2#44; 
=) $" +:2%'=2"& =<4H$4H $2 :+I,,4#4"$& ("&"*;4$2#44. 

2. B:+**":&4*+=2$$'@ :+I,,4#4"$& ("&"*;4$2#44:  
2) ;"$DO" +8'1$+3+ :+I,,4#4"$&2 ("&"*;4$2#44;  
8) 8+<DO" +8'1$+3+ :+I,,4#4"$&2 ("&"*;4$2#44;  
=) =+%;+G$+ :2: &+, &2: 4 (*>3+". 

3. C<H )+-&*+"$4H ;+("<4 <4$"@$+@ ;$+G"-&="$$+@ *"3*"--44 

=4(2 1 1 2 2y a b x b x= + +  $"+8F+(4;+" :+<41"-&=+ $28<J("$4@ (+<G$+ 

8'&D $" ;"$""  
2) 7; 
8) 14; 
=) 24. 
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4. Y:2G4&" ="*$>J ,+*;><> (<H ='14-<"$4H -*"($"3+ 

:+I,,4#4"$&2 I<2-&41$+-&4 *"%><D&2&4=$+3+ )*4%$2:2 )+ i -&+@ 

,2:&+*$+@ )"*";"$$+@ 

2) 
i

i
i i

x

x
! b

y
= ! ; 

8) ix
i i

i

y
Э b

x
= ⋅ ; 

=) 
i

i
i i

x

x
!

y
!= " . 

5. 5'8"*4&" ="*$+" >&="*G("$4":  

2) B&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44 i!  )+%=+<HJ& 

*2$G4*+=2&D ,2:&+*' )+ -4<" 4F =<4H$4H $2 *"%><D&2&4=$'@ 
)*4%$2:; 

8) B&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44 i! +#"$4=2J& 

-&2&4-&41"-:>J %$214;+-&D ,2:&+*+=; 

=) B&2$(2*&4%+=2$$'" :+I,,4#4"$&' *"3*"--44 i!  14-<"$$+ 

*2=$' :+I,,4#4"$&2; I<2-&41$+-&4.  

6. X4-<+ -&")"$"@ -=+8+(' (<H +-&2&+1$+@ ->;;' :=2(*2&+= = 

<4$"@$+@ ;+("<4 ;$+G"-&="$$+@ *"3*"--44 *2=$+ 
2) 1n ! ; 

8) m ; 

=) 1n m! ! . 

7. X4-<+ -&")"$"@ -=+8+(' (<H ,2:&+*$+@ ->;;' :=2(*2&+= = 

<4$"@$+@ ;+("<4 ;$+G"-&="$$+@ *"3*"--44 *2=$+ 

2) 1n ! ; 
8) m; 

=) 1n m! ! . 

8. 5'8"*4&" ="*$+" >&="*G("$4":  

2) X2-&$'" :+I,,4#4"$&' :+**"<H#44 F2*2:&"*4%>J& &"-$+&> 

-=H%4 *2--;2&*4=2";+3+ $28+*2 ,2:&+*+= - 4--<"(>";';  )*4%$2:+;;  
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8) X2-&$'" :+I,,4#4"$&' :+**"<H#44 -+("*G2& )+)*2=:> $2 
14-<+ -&")"$"@ -=+8+(' 4 $" (+)>-:2J& )*">="<41"$4H &"-$+&' 
-=H%4; 

=) X2-&$'" :+I,,4#4"$&' :+**"<H#44 F2*2:&"*4%>J& &"-$+&> 
-=H%4 ;"G(> *"%><D&2&+; 4 -++&="&-&=>JP4; ,2:&+*+; )*4 
I<4;4$4*+ =2$44 (*>34F ,2:&+*+=, =:<J1"$$'F = >*2=$"$4" 
*"3*"--44.  

9. X2-&$'@ F -:*4&"*4@ 
2) +#"$4=2"& %$214;+-&D >*2=$"$4H *"3*"--44 = #"<+;; 
8) +#"$4=2"& #"<"-++8*2%$+-&D =:<J1"$4H ,2:&+*2 = -+-&2= 

;+("<4;  
=) *2$G4*>"& ,2:&+*' )+ -4<" 4F =<4H$4H $2 *"%><D&2&. 

10. 5"<414$' 12-&$'F :+I,,4#4"$&+= :+**"<H#44 4%;"$HJ&-H = 
)*"("<2F:  

2) +& !"  (+ +∞ ; 
8) +& 0 (+ 1; 
=) +& Ð1 (+ 1. 

A:65 2 (;+&51'  1.4). 
E6;,68' &2 J$:681&681? +8.6$&&'O >&2&-( (;2,27$1, CHL (2)) 

11. ?*4 ! 4--<"(+=2$44 %2=4-4;+-&4 -"8"-&+4;+-&4 )*+(>:#44 y 

+& +8T";2 =')>-:2 1x  4 )*+4%=+(4&"<D$+-&4 &*>(2 2x  )+ (2$$'; 

20n =  )*"()*4H&4@ )+<>1"$+ >*2=$"$4" *"3*"--44: 

1 22,88 0,72 1,51y x x= ! ! . K)*"("<4&", $2 -:+<D:+ "(4$4# = -*"($"; 

4%;"$4&-H -"8"-&+4;+-&D )*+(>:#44, "-<4 +8T"; =')>-:2 >="<414&D 
$2 +($> "(4$4#>. 

2) >="<414&-H $2 2,88; 
8) >;"$DO4&-H $2 0,72; 
=) >="<414&-H $2 0,72. 

12. ?*4 4--<"(+=2$44 %2=4-4;+-&4 -"8"-&+4;+-&4 )*+(>:#44 y 

+& +8T";2 =')>-:2 1x  4 )*+4%=+(4&"<D$+-&4 &*>(2 2x  )+ (2$$'; 

20n =  )*"()*4H&4@ )+<>1"$+ >*2=$"$4" *"3*"--44: 
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1 22,88 0,72 1,51y x x= ! ! . K)*"("<4&", $2 -:+<D:+ "(4$4# = -*"($"; 

4%;"$4&-H -"8"-&+4;+-&D )*+(>:#44, "-<4 )*+4%=+(4&"<D$+-&D 
>="<414&D $2 +($> "(4$4#>. 

2) >;"$DO4&-H $2 2,88; 
8) >="<414&-H $2 1,51; 
=) >;"$DO4&-H $2 1,51. 

13. ?*4 4--<"(+=2$44 %2=4-4;+-&4 -"8"-&+4;+-&4 )*+(>:#44 y 

+& +8T";2 =')>-:2 1x  4 )*+4%=+(4&"<D$+-&4 &*>(2 2x  )+ (2$$'; 

20n =  )*"()*4H&4@ )+<>1"$+ >*2=$"$4" *"3*"--44: 

1 22,88 0,72 1,51y x x= ! ! . K)*"("<4&", $2 -:+<D:+ )*+#"$&+= = 

-*"($"; 4%;"$4&-H -"8"-&+4;+-&D )*+(>:#44, "-<4 +8T"; =')>-:2 
>="<414&D $2 1%, >14&'=2H )*4 I&+;, 1&+ 3y = , 1 0,3x = , 2 0,2x = . 

2) >;"$DO4&-H $2 0,072%; 
8) >;"$DO4&-H $2 0,72%; 
=) >;"$DO4&-H $2 7,2%. 

14. ?*4 4--<"(+=2$44 %2=4-4;+-&4 -"8"-&+4;+-&4 )*+(>:#44 y 

+& +8T";2 =')>-:2 1x  4 )*+4%=+(4&"<D$+-&4 &*>(2 2x  )+ (2$$'; 

20n =  )*"()*4H&4@ )+<>1"$+ >*2=$"$4" *"3*"--44: 

1 22,88 0,72 1,51y x x= ! ! . K)*"("<4&", $2 -:+<D:+ )*+#"$&+= = 

-*"($"; 4%;"$4&-H -"8"-&+4;+-&D )*+(>:#44, "-<4 
)*+4%=+(4&"<D$+-&D &*>(2 >="<414&D $2 1%, >14&'=2H )*4 I&+;, 1&+ 

3y = , 1 0,3x = , 2 0,2x = . 

2) >;"$DO4&-H $2 0,101%; 
8) >;"$DO4&-H $2 1,51%; 
=) >;"$DO4&-H $2 0,151%. 

15. N$+G"-&="$$'@ :+I,,4#4"$& :+**"<H#44 
1 2

0,9yx xR = . 

K)*"("<4&", :2:+@ )*+#"$& (4-)"*-44 %2=4-4;+@ )"*";"$$+@ y  

+8TH-$H"&-H =<4H$4"; ,2:&+*+= 1x  4 2x : 

2) 90%; 
8) 81%; 
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=) 19%. 
16. 6%="-&$' )2*$'" :+I,,4#4"$&' :+**"<H#44: 

1
0,91yxr = , 

2
0,75yxr = , 

1 2
0,58x xr = . 5'14-<4&D 12-&$'" :+I,,4#4"$&' :+**"<H#44 

1 2yx xr !  4 
2 1yx xr ! . 

2) 
1 2 2 1

0,882, 0,658yx x yx xr r! != = ; 

8) 
1 2 2 1

0,928, 0,758yx x yx xr r! != = ; 

=) 
1 2 2 1

0,782, 0,558yx x yx xr r! != = . 

17. A2@(4&" %$21"$4" :*4&"*4H L4O"*2 (<H <4$"@$+@ 
&*"F,2:&+*$+@ *"3*"--4+$$+@ ;+("<4, )+<>1"$$+@ )+ *"%><D&2&2; 30 
$28<J("$4@, "-<4 ="<414$2 4$(":-2 ;$+G"-&="$$+@ :+**"<H#44 

90,R= . 

2) 78 
8) 36,9 
=) 38,4 

18. A2@(4&" %$21"$4" 12-&$+3+ :*4&"*4H L4O"*2 (<H )"*";"$$+@ 

ix , "-<4 ="<414$2 t  - :*4&"*4H (<H -++&="&-&=>JP"3+ :+I,,4#4"$&2 

*"3*"--44 *2=$2 4.57. 
2) 20,9 
8) 2,14 
=) 12.78. 

19. X";> *2=$2 ="<414$2 -:+**":&4*+=2$$+3+ :+I,,4#4"$&2 
;$+G"-&="$$+@ ("&"*;4$2#44 (<H &*"F,2:&+*$+@ ;+("<4, 
)+<>1"$$+@ )+ *"%><D&2&2; 30 $28<J("$4@, "-<4 ="<414$2 +8'1$+3+ 

:+I,,4#4"$&2 ("&"*;4$2#44 802 ,R = . 

2) 0,892 
8) 0,714 
=) 0,777 

20. 6%="-&$' )2*$'" :+I,,4#4"$&' :+**"<H#44 
;,r;,r yxyx 80920

21
==  820

21
,r xx = . 5'14-<4&D 12-&$'" 

:+I,,4#4"$&' :+**"<H#44 
21 xyxr !  4 

12 xyxr ! . 
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2) ;,r;,r xyxxyx 42507190
1221

== !!  

8) ;,r;,r xyxxyx 30808640
1221

== !!  

=) 20307690
1221

,r;,r xyxxyx == !! . 

A:65 3 (;+&51'  1.5 Ð 1.6). E6;,68' &2 ;6:&61+ +8.6$&&'O >&2&-(  
(;2,27$1,  POL(3)) 

1. 9,,":&4=$+-&D +#"$:4 )2*2;"&*2 *"3*"--44 )+<>1"$$+@ - 
)+;+PDJ ;"&+(2 $24;"$DO4F :=2(*2&+= +%$212"& 

2) 1&+ +$2 F2*2:&"*4%>"&-H $24;"$DO"@ (4-)"*-4"@; 
8) 1&+ ;2&";2&41"-:+" +G4(2$4" +-&2&:+= *2=$+ $><J; 
=) >="<41"$4" "" &+1$+-&4 - >="<41"$4"; +8T";2 ='8+*:4. 

2. B+-&+H&"<D$+-&D +#"$:4 )2*2;"&*2 *"3*"--44 )+<>1"$$+@ - 
)+;+PDJ ;"&+(2 $24;"$DO4F :=2(*2&+= +%$212"& 

2) 1&+ +$2 F2*2:&"*4%>"&-H $24;"$DO"@ (4-)"*-4"@; 
8) 1&+ ;2&";2&41"-:+" +G4(2$4" +-&2&:+= *2=$+ $><J; 
=) >="<41"$4" "" &+1$+-&4 - >="<41"$4"; +8T";2 ='8+*:4. 

3. .-<4 ;2&";2&41"-:+" +G4(2$4" +-&2&:+= *2=$+ $><J, &+ &2:2H 
+#"$:2 $2%'=2"&-H: 

2) -+-&+H&"<D$+@; 
8) $"-;"P"$$+@;  
=) I,,":&4=$+@. 

4. Y:2G4&" ="*$+" >&="*G("$4": 
2) -:+**":& 4*+=2$$'@ 4 +8'1$'@ :+I,,4#4"$&' 

;$+G"-&="$$+@ ("&"*;4$2#44 -+=)2(2J&, :+3(2 $28<J("$4H 
3+;+-:"(2-&41$';  

8) -&2$(2*&$'" +O48:4 :+I,,4#4"$&+= *"3*"--44 
+)*"("<HJ&-H %$21"$4H;4 =-"F )2*2;"&*+= *"3*"--44; 

=) )*4 $2<4144 3"&"*+-:"(2-&41$+-&4 +#"$:4 )2*2;"&*+= 
*"3*"--44 -&2$+=H&-H -;"P"$$';4.  

5. ?*4 $2<4144 3"&"*+-:"(2-&41$+-&4 (<H +&'-:2$4H +#"$+: 
)2*2;"&*+= >*2=$"$4H *"3*"--44 -<"(>"& )*4;"$H&D 

2) +8'1$'@ NA0;  
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8) +8+8P"$$'@ NA0;  
=) ;"&+( ;2:-4;2<D$+3+ )*2=(+)+(+84H.  

6. ?*4 )+-&*+"$44 3*2,4:2 %2=4-4;+-&4 +-&2&:+= +& 
&"+*"&41"-:4F %$21"$4@ *"%><D&2&4=$+@ )"*";"$$+@ )+<>1"$2 
3+*4%+$&2<D$2H )+<+-2. 9&+ +%$212"&, 1&+ 

2) +-&2&:4 $+-H& -<>12@$'@ F2*2:&"*; 
8) +-&2&:4 $+-H& $"-<>12@$'@ F2*2:&"*; 
=) +-&2&:4 )+(14$HJ&-H $+*;2<D$+;> *2-)*"("<"$4J.  

7. 5'8"*4&" ="*$+" >&="*G("$4":  
2) L4:&4=$'" )"*";"$$'" Ð I&+ 2&*48>&4=$'" )*4%$2:4 

&2:4", :2: )*+,"--4H, )+<, +8*2%+=2$4"), :+&+*'; )*4(2<4 #4,*+='" 
;"&:4;  

8) ,4:&4=$'" )"*";"$$'" Ð I&+ I:+$+;41"-:4" )"*";"$$'", 
)*4$4;2JP4" :+<41"-&="$$'" %$21"$4H = -&*+3+ +)*"("<"$$+; 
4$&"*=2<"; 

=) ,4:&4 =$';4 )"*";"$$';4 $2%'=2J&-H %$21"$4H %2=4-4;+@ 
)"*";"$$+@ %2 )*"(O"-&=>JP4@ )"*4+( =*";"$4.  

8. .-<4 :21"-&="$$'@ ,2:&+* 4;""& 1"&'*" :21"-&="$$'F 
>*+=$H, &+ $"+8F+(4;+" 14-<+ ,4:&4=$'F )"*";"$$'F *2=$+:  

2) 4; 
8) 3; 
=) 2. 

9. 5+%;+G$+ <4 )+-&*+"$4" >*2=$"$4H *"3*"--44, = :+&+*+@ 
(4F+&+;41"-:4@ )*4%$2: H=<H"&-H *"%><D&2&4=$+@ )"*";"$$+@? 

2) (2; 
8) $"&; 
=) &+<D:+ = &+; -<>12", :+3(2 = 14-<" +8TH-$HJP4F 

)"*";"$$'F $"& ,4:&4=$'F )"*";"$$'F.  
10. X&+ 4% )"*"14-<"$$+3+ $4G" +&$+-4&-H : )*"()+-'<:2; 

;"&+(2 $24;"$DO4F :=2(*2&+=? 
2) -<>12@$'@ F2*2:&"* +-&2&:+=; 
8) 3"&"*+-:"(2-&41$+-&D; 
=) +&->&-&=4" 2=&+:+**"<H#44 +-&2&:+=: 
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3) *2=$+;"*$+" *2-)*"("<"$4" +-&2&:+=.  

A:65 3 (;+&51'  1.5 Ð 1.6).  
E6;,68' &2 J$:681&681? +8.6$&&'O >&2&-( (;2,27$1, CHL (3)) 

11. N+3>& <4 $28<J("$4H $" +8<2(2JP4" -=+@-&=+; 
$"-;"P"$$+-&4 8'&D -+-&+H&"<D$';4 4 I,,":&4=$';4?  

2) (2; 
8) $"&; 
=) ;+3>& 8'&D &+<D:+ -+-&+H&"<D$';4. 

12. .-<4 +-&2&:4 $" 8>(>& +8<2(2&D $+*;2<D$'; *2-)*"("<"$4";, 
&+: 

2) 8>("& $2*>O"$2 3+;+-:"(2-&41$+-&D; 
8) $"<D%H 4-)+<D%+=2&D ;"&+( $24;"$DO4F :=2(*2&+=; 
=) $"<D%H 4-)+<D%+=2&D :*4&"*44 L4O"*2 4 B&DJ("$&2 (<H 

+#"$+: *"3*"--4+$$+@ ;+("<4.  
13. A2 *4->$:" 4%+8*2G"$2 %2=4-4;+-&D +-&2&:+= +& *2-1"&$'F 

%$21"$4@ *"%><D&2&4=$+@ )"*";"$$+@: 

 
= :2:+@ +8<2-&4 8>(>& $2F+(4&D-H %$21"$4H :+I,,4#4"$&+= 
)*+)+*#4+$2<D$+-&4 0i )*4 *"2<4%2#44 )*+#"(>*' +8+8P"$$+3+ 
;"&+(2 $24;"$DO4F :=2(*2&+=? 

2) = +8<2-&4 +&*4#2&"<D$'F 14-"<; 
8) = +8<2-&4 )+<+G4&"<D$'F 14-"< 8+<DO4F 4<4 *2=$'F 

"(4$4#";  
=) = +8<2-&4 )+<+G4&"<D$'F 14-"< ;"$DO4F 4<4 *2=$'F 

"(4$4#".  
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14. ?>-&D y Ð +8T"; )*+4%=+(-&=2, 1x  Ð ="<414$2 4%("*G":, 2x  Ð 

+-$+=$'" )*+4%=+(-&="$$'" ,+$(', 3x  Ð 14-<"$$+-&D *28+&$4:+=, 

&+3(2 >*2=$"$4" 1 1 2 2 3 3y a b x b x b x e= + + + +  H=<H"&-H ;+("<DJ 

)*+4%=+(-&=2 - +8T";$';4 ,2:&+*2;4. 5 &*2$-,+*;4*+=2$$+@ 

;+("<4 1 2
3 1 2

3 3 3

y x x
b b b

x x x
!= + + +  )"*";"$$2H 3y x  I&+: 

2) %2&*2&' $2 +($+3+ *28+&$4:2; 
8) )*+4%=+(4&"<D$+-&D &*>(2; 
=) ,+$(+=++*>G"$$+-&D &*>(2. 

15. ?>-&D y  Ð +8T"; )*+4%=+(-&=2, 1x  Ð ="<414$2 4%("*G":, 2x  Ð 

+-$+=$'" )*+4%=+(-&="$$'" ,+$(', 3x  Ð 14-<"$$+-&D *28+&$4:+=, 

&+3(2 >*2=$"$4" 1 1 2 2 3 3y a b x b x b x e= + + + +  H=<H"&-H ;+("<DJ 

4%("*G": )*+4%=+(-&=2 - +8T";$';4 ,2:&+*2;4. 5 

&*2$-,+*;4*+=2$$+@ ;+("<4 1 2
3 1 2

3 3 3

y x x
b b b

x x x
!= + + +  )"*";"$$2H 

3

2
x
x

I&+: 
2) %2&*2&' $2 +($+3+ *28+&$4:2; 
8) )*+4%=+(4&"<D$+-&D &*>(2; 
=) ,+$(+=++*>G"$$+-&D &*>(2. 

16. ?*4 4%>1"$44 )*+(+<G4&"<D$+-&4 $")*"*'=$+3+ -&2G2 
*28+&' $2 +($+; )*"()*4H&44 *2--;2&*4=2<4-D -<"(>JP4" ,2:&+*': 
)+<, *2%;"* %2*28+&$+@ )<2&', :2&"3+*4H =*"($+-&4 )*+4%=+(-&=2, 
+8*2%+=2$4", *2--&+H$4" (+ ;"-&2 )*+G4=2$4H, -";"@$+" )+<+G"$4". 
02:4" 4% I&4F ,2:&+*+= &*"8>J& =="("$4H ,4:&4=$'F )"*";"$$'F?  

2) )+<, +8*2%+=2$4", -";"@$+" )+<+G"$4"; 
8) )+<, +8*2%+=2$4", :2&"3+*4H =*"($+-&4 )*+4%=+(-&=2, 

-";"@$+" )+<+G"$4";  
=) )+<, -";"@$+" )+<+G"$4", +8*2%+=2$4", *2--&+H$4" (+ ;"-&2 

)*+G4=2$4H. 
17. ?*4 4%>1"$44 -)*+-2 $2 ;+*+G"$+" 4--<"(+=2<2-D 

%2=4-4;+-&D +8T";2 )*+(2G y &'-. O&. +& #"$' x *>8/&'-.O&. 4 
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,+*;' =')>-:2: 8*4:"&, =2,"<D$'@ -&2:2$14:, $2 )2<+1:". R'<4 
=="("$' (=" ,4:&4=$'" )"*";"$$'": 11 =z  "-<4 ,+*;2 =')>-:2 

=2,"<D$'@ -&2:2$14:, 12 =z  "-<4 ,+*;2 =')>-:2 $2 )2<+1:". N+("<D 

<4$"@$+@ *"3*"--44 )+ I&+@ -F";" 4;""& =4(: 

21 75011000602550 zzx,yö ++!= . A2 -:+<D:+ = -*"($"; -)*+- $2 

;+*+G"$+" = -&2:2$14:2F ='O", 1"; $2 )2<+1:2F?  
2) $2 350; 
8) $2 900; 
=) $2 750. 

18. ?*4 4%>1"$44 -)*+-2 $2 ;+*+G"$+" 4--<"(+=2<2-D 
%2=4-4;+-&D +8T";2 )*+(2G y  &'-. O&. +& #"$' x *>8/&'-.  O& 4 

,+*;' =')>-:2: 8*4:"&, =2,"<D$'@ -&2:2$14:, $2 )2<+1:". R'<4 
=="("$' (=" ,4:&4=$'" )"*";"$$'": 11 =z  "-<4 ,+*;2 =')>-:2 

=2,"<D$'@ -&2:2$14:, 12 =z  "-<4 ,+*;2 =')>-:2 $2 )2<+1:". N+("<D 

<4$"@$+@ *"3*"--44 )+ I&+@ -F";" 4;""& =4(: 

21 75011000602550 zzx,yö ++!= . E"$2 $2 ;+*+G"$+" = -&2:2$14:2F 

>-&2$+=<"$2 40000 *>8/&'-. O&. 02:>J #"$> -<"(>"& >-&2$+=4&D $2 
;+*+G"$+" = 8*4:"&2F 4 ;+*+G"$+" $2 )2<+1:2F, 1&+8' ="<414$2 
-)*+-2 $2 =-" =4(' ;+*+G"$+3+ 8'<2 +(4$2:+=+@? 

2) 37600 *>8/&'-.O&. 4 38450 *>8/&'-.O&.; 
8) 35050 *>8/&'-.O&. 4 35800 *>8/&'-.O&.; 
=) 21700 *>8/&'-.O&. 4 34200 *>8/&'-.O&. 

19. C<H 4--<"(+=2$4H >*+G2@$+-&4 &*"F -+*&+= :2*&+,"<H /, 5 4 

B 8'<+ )+-&*+"$+ * "3*"--4+$$+" >*2=$"$4" 22110 zbzbxbayö +++= , 

3(" x - =<23+-+("*G2$4" )+1=' :3/; 2, 11 =z  (<H :2*&+,"<H -+*&2 5, 

12 =z  (<H :2*&+,"<H -+*&2 B. 02:+@ -;'-< = I&+@ ;+("<4 4;""& 

)2*2;"&* a? 
2) )+:2%'=2"& -*"($JJ >*+G2@$+-&D :2*&+,"<H -+*&2 a; 
8) )+:2%'=2"& >*+G2@$+-&D, >-*"($"$$>J )+ =-"; -+*&2; 

:2*&+,"<H; 
=) $" 4;""& I:+$+;41"-:+@ 4$&"*)*"&2#44.  
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20. C<H 4%>1"$4H I,,":&4=$+-&4 -)+-+8+= &+*3+=<4 8'<2 

)+-&*+"$2 *"3*"--4+$$2H ;+("<D %2=4-4;+-&4 &+=2*++8+*+&2 y &'-. 

*>8. +& &*"F -)+-+8+= &+*3+=<4: +8'1$+3+, ='"%($+3+ 11 =z , 1"*"% 

-)"#42<4%4*+=2$$'@ ;232%4$ 11 =z . ." =4( 2211 zbzbayö ++= . 02:+@ 

-;'-< = I&+@ ;+("<4 4;""& )2*2;"&* a? 

2) )+:2%'=2"& ="<414$> -*"($"3+ &+=2*++8+*+&2 +8'1$+3+ 
-)+-+82 &+*3+=<4; 

8) )+:2%'=2"& >-*"($"$$>J ="<414$> &+=2*++8+*+&2 )+ =-"; 

-)+-+82; &+*3+=<4; 

=) $" 4;""& I:+$+;41"-:+@ 4$&"*)*"&2#44.  

A:65 4 (;+&51 1.7).  
E6;,68' &2 ;6:&61+ +8.6$&&'O >&2&-(  (;2,27$1,  POL(4)) 

1. 9$(+3"$$';4 $2%'=2J&-H:  

2) )*"(+)*"("<"$$'" )"*";"$$'", =<4HJP4" $2 %2=4-4;'" 

)"*";"$$'", $+ $" %2=4-HP4" +& $4F; 

8) %2=4-4;'" )"*";"$$'", 14-<+ :+&+*'F *2=$+ 14-<> 
>*2=$"$4@ = -4-&";"; 

=) %$21"$4H %2=4-4;'F )"*";"$$'F %2 )*"(O"-&=>JP4@ 

)"*4+( =*";"$4.  

2. 9:%+3"$$';4 $2%'=2J&-H: 

2) )*"(+)*"("<"$$'" )"*";"$$'", =<4HJP4" $2 %2=4-4;'" 

)"*";"$$'", $+ $" %2=4-HP4" +& $4F; 
8) %2=4-4;'" )"* ";"$$'", 14-<+ :+&+*'F *2=$+ 14-<> 

>*2=$"$4@ = -4-&";"; 

=) %$21"$4H %2=4-4;'F )"*";"$$'F %2 )*"(O"-&=>JP4@ 

)"*4+( =*";"$4.  

3. N+("<D H=<H"&-H 4("$&4,4#4*>";+@, "-<4 
2) 14-<+ )2*2;"&*+= )*4="("$$+@ ,+*;' ;+("<4 ;"$DO" 

14-<2 -&*>:&>*$'F :+I,,4#4"$&+=;  

8) 14-<+ )2*2;"&*+= )*4="("$$+@ ,+*;' ;+("<4 8+<DO" 

14-<2 -&*>:&>*$'F :+I,,4#4"$&+=;  
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=) 14-<+ )2*2;"&*+= -&*>:&>*$+@ ;+("<4 *2=$+ 14-<> 
)2*2;"&*+= )*4="("$$+@ ,+*;' ;+("<4.  

4. N+("<D H=<H"&-H $"4("$&4,4#4*>";+@, "-<4 
2) 14-<+ )2*2;"&*+= )*4="("$$+@ ,+*;' ;+("<4 ;"$DO"  

14-<2 -&*>:&>*$'F :+I,,4#4"$&+=;  
8) 14-<+ )2*2;"&*+= )*4="("$$+@ ,+*;' ;+("<4 8+<DO" 

14-<2 -&*>:&>*$'F :+I,,4#4"$&+=;  
=) 14-<+ )2*2;"&*+= -&*>:&>*$+@ ;+("<4 *2=$+ 14-<> 

)2*2;"&*+= )*4="("$$+@ ,+*;' ;+("<4.  
5. Y*2=$"$4" -4-&";' =%24;+%2=4-4;'F >*2=$"$4@ 

$"4(" $&4,4#4*>";+, "-<4  
2) 1D H+ < ; 
8) 1D H+ = ; 
=) 1D H+ > . 

6. Y*2=$"$4" -4-&";' =%24;+%2=4-4;'F >*2=$"$4@ 
-="*F4("$&4,4#4*>";+, "-<4  

2) 1D H+ < ; 
8) 1D H+ = ; 
=) 1D H+ > . 

7. C<H +)*"("<"$4H )2*2;"&*+= -="*F4("$&4,4#4*>";+@ ;+("<4 
)*4;"$H"&-H:  

2) (=>O23+='@ ;"&+( $24;"$DO4F :=2(*2&+=; 
8) +8+8P"$$'@ ;"&+( $24;"$DO4F :=2(*2&+=; 
=) $4 +(4$ 4% 4%="-&$'F ;"&+(+= )*4;"$4&D $"<D%H. 

8. B:+<D:+ I$(+3"$$'F )"*";"$ $'F ;+G"& =F+(4&D = -+-&2= 
-4-&";' O"-&4 =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@?  

2) O"-&D; 
8) $" 8+<"" O"-&4; 
=) <J8+" :+<41"-&=+. 

9. B:+<D:+ I:%+3"$$'F )"*";"$$'F ;+G"& =F+(4&D = -+-&2= 
-4-&";' O"-&4 =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@?  

2) O"-&D; 
8) $" 8+<"" O"-&4; 
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=) <J8+" :+<41"-&=+. 
10. 5'8"*4&" ="*$+" >&="*G("$4":  

2) = -4-&";" =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@ 
14-<+ I$(+3"$$'F )"*";"$$'F (+<G$+ 8'&D *2=$+ 14-<> I:%+3"$$'F;  

8) = -4-&";" =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@ 
14-<+ I$(+3"$$'F )"*";"$$'F (+<G$+ 8'&D ;"$DO" 4<4 *2=$+ 14-<2 
I:%+3"$$'F; 

=) = -4-&";" =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@ 
14-<+ I$(+3"$$'F )"*";"$$'F (+<G$+ 8'&D 8+<DO" 4<4 *2=$+ 14-<2 
I:%+3"$$'F; 

3) = -4-&";" =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@ 
14-<+ I$(+3"$$'F )"*";"$$'F ;+G"& 8'&D :2: 8+<DO" &2: 4 ;"$DO" 
14-<2 I:%+3"$$'F. 

A:654 (;+&51 1.7).  
E6;,68' &2 J$:681&681? +8.6$&&'O >&2&-( (;2,27$1, CHL (4)) 

11.  ?*+-&"@O2H -&2&41"-:2H ;+("<D )+&*"8<"$4H 0"@$-2 4;""& 
=4(:   C= a+bY 

  Y=C+I, 
3(" B Ð ="<414$2 $")*+4%=+(-&="$$+3+ )+&*"8<"$4H; Y Ð (+F+(; I- 
+8T"; 4$="-&4#4@. ?*4="("$$2H ,+*;2 I&+@ ;+("<4 4;""& =4(:  

B= A+BI 
Y=A1+B1I. 

A2@&4 :+I,,4#4"$&' )"*=+3+ >*2=$"$4H )*4="("$$+@ ,+*;' 
;+("<4 A 4 B, "-<4 a= 250$ b=0,6. 

2) A=625; B=1,5; 
8) A=416,7; B=1; 
=) A= 425; B=2,5. 

12.  ?*+-&"@O2H -&2&41"-:2H ;+("<D )+&*"8<"$4H 0"@$-2 4;""& 
=4(:   C= a+bY 

   Y=C+I, 
3(" B Ð ="<414$2 $")*+4%=+(-&="$$+3+ )+&*"8<"$4H; Y Ð (+F+(; I- 
+8T"; 4$="-&4#4@. ?*4="("$$2H ,+*;2 I&+@ ;+("<4 4;""& =4(:  

B= A+BI 
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Y=A1+B1I. 
A2@&4 :+I,,4#4"$&' =&+*+3+ >*2=$"$4H )*4="("$$+@ ,+*;' 

;+("<4 A1 4 B1, "-<4 a= 250$ b=0,6. 
2) A1=416,7; B1=1; 
8) A1=625; B1=2,5; 
=) A1=575; B1=1,5. 

13. .-<4 = -4-&";" =%24;+%2=4-4;'F I:+$+;"&*41"-:4F 
>*2=$"$4@ 14-<+ I$(+3"$$'F )"*";"$$'F -+=)2(2"& - 14-<+; 
I:%+3"$$'F )"*";"$$'F, &+ :2:+" 4% $4G")"*"14-<"$$'F 
>&="*G("$4@ ="*$+? 

2) -4-&";2 4("$&4,4#4*>";2;  
8) -4-&";2 4("$&4,4#4*>";2, 4<4 $"4("$&4,4#4*>";2;  
=) -4-&";2 4("$&4,4#4*>";2, 4<4 -="*F4("$&4,4#4*>";2;  
3) $2 +-$+=2$44 &+<D:+ I&4F -="("$4@ $41"3+ +)*"("<"$$+3+ 

>&="*G(2&D $"<D%H. 
14. N2:*+I:+ $+;41"-:2H ;+("<D 0<"@$2 4;""& =4(: 

 
1 12 13 1

2 21 24 1 2

,

,

,

t t t

t t t

t t t

C a b Y b T

I a b Y b K

Y C I

!
!"

= + + +#
$ = + + +%
$ = +&

 

3(" C  Ð )+&*"8<"$4"; I  Ð 4$="-&4#44; Y Ð (+F+(; T  Ð $2<+34; K  Ð 
%2)2- :2)4&2<2; t  Ð &":>P4@ )"*4+(; 1t !  Ð )*"('(>P4@ )"*4+(. 
K#"$4&D 4("$&4,4#4*>";+-&D :2G(+3+ >*2=$"$4H -4-&";'. 

2) )"*=+" 4 =&+*+" >*2=$"$4H 4("$&4,4#4*>";', &*"&D" 
82<2$-+=+" &+G("-&=+; 

8) )"*=+" >*2=$"$4" -="*F4("$&4,4#4*>";+, =&+*+" 
4("$&4,4#4*>";+, &*"&D" 82<2$-+=+" &+G("-&=+; 

=) )"*=+" 4 =&+*+" >*2=$"$4H -="*F4("$&4,4#4*>";', &*"&D" 
82<2$-+=+" &+G("-&=+. 

15. K($2 4% ="*-4@ ;+("<4 0"@$-2 4;""& =4(: 

 
1 11 12 1 1

2 21 2

,

,

,

t t t

t t

t t t t

C a b Y b Y

I a b Y

Y C I G

!
!

"= + + +#
$ = + +%
$ = + +&
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3(" C  Ð )+&*"8<"$4"; Y Ð 55?; I  Ð =2<+='" 4$="-&4#44; G Ð 
3+->(2*-&="$$'" *2-F+('; t  Ð &":>P4@ )"*4+(; 1t !  Ð )*"('(>P4@ 
)"*4+(. K#"$4&D 4("$&4,4#4*>";+-&D :2G(+3+ >*2=$"$4H -4-&";'.  

2) )"*=+" 4 =&+*+" >*2=$"$4H 4("$&4,4#4*>";', &*"&D" 
82<2$-+=+" &+G("-&=+; 

8) )"*=+" >*2=$"$4" 4("$&4,4#4*>";+, =&+*+" 
-="*F4("$&4,4#4*>";+, &*"&D" 82<2$-+=+" &+G("-&=+; 

=) ) "*=+" 4 =&+*+" >*2=$"$4H -="*F4("$&4,4#4*>";', &*"&D" 
82<2$-+=+" &+G("-&=+. 

16. N+("<D ("$"G$+3+ 4 &+=2*$+3+ *'$:+= 4;""& =4(: 

 
1 12 14 1

2 21 23 25 2

3 31 3

,

,

,

t t t

t t t t

t t

R a b Y b M

Y a b R b I b G

I a b R

!
!

!

= + + +"
# = + + + +$
# = + +%

 

3(" R Ð )*+#"$&$'" -&2=:4; Y Ð *"2<D$'@ 55?; M  Ð ("$"G$2H ;2--2; 
I  Ð =$>&*"$$4" 4$="-&4#44; G Ð *"2<D$'" 3+->(2*-&="$$'" *2-F+('. 
K#"$4&D 4("$&4,4#4*>";+-&D :2G(+3+ >*2=$"$4H -4-&";'. 

2) )"*=+" >*2=$"$4" 4("$&4,4#4*>";+, =&+*+" 
-="*F4("$&4,4#4* >";+, &*"&D" $"4("$&4,4#4*>";+;  

8) )"*=+" >*2=$"$4" -="*F4("$&4,4#4*>";+, =&+*+" 
4("$&4,4#4*>";+, &*"&D" 82<2$-+=+" &+G("-&=+; 

=) )"*=+" >*2=$"$4" 4("$&4,4#4*>";+, =&+*+" 
$"4("$&4,4#4*>";+, &*"&D" -="*F4("$&4,4#4*>";+.  

17. N2:*+I:+$+;41"-:2H ;+("<D 4;""& =4(  

 

1 11 1

2 22 23 1 2

,

,

,

,

t t

t t t

t t t

t t t t

C a b D

I a b Y b Y

Y D T

D C I G

!

!"

= + +#
$ = + + +$
%

= +$
$ = + +&

 

3(" C  Ð *2-F+(' $2 )+&*"8<"$4"; Y Ð 14-&'@ $2#4+$2<D$'@ )*+(>:&; 
D Ð 14-&'@ $2#4+$2<D$'@ (+F+(; I  Ð 4$="-&4#44; T  Ð :+-="$$'" 
$2<+34; G Ð 3+->(2*-&="$$'" *2-F+('; t  Ð &":>P4@ )"*4+(; 1t !  Ð 
)*"('(>P4@ )"*4+(. K#"$4&D 4("$&4,4#4*>";+-&D :2G(+3+ 
>*2=$"$4H -4-&";'.  
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2) )"*=+"  >*2=$"$4" 4("$&4,4#4*>";+, =&+*+" 
-="*F4("$&4,4#4*>";+, &*"&D" 4 1"&="*&+" 82<2$-+='" &+G("-&=2; 

8) )"*=+" 4 =&+*+" >*2=$"$4H -="*F4("$&4,4#4*>";', &*"&D" 
4 1"&="*&+" 82<2$-+='" &+G("-&=2; 

=) )"*=+" 4 =&+*+" >*2=$"$4H -="*F4("$&4,4#4*>";', &*"&D" 
4 1"&="*&+" 4("$&4,4#4*>";'.  

18. N+("<D ("$"G$+3+ *'$:2 4;""& =4(:  

 
1 11 12 1

2 21 22 2

3 33 3

,

,

,

t t t

t t t

t t

R a b M b Y

Y a b R b I

I a b R

!
!

!

= + + + +"
# = + + +$
# = + +%

 

3(" R Ð )*+#"$&$'" -&2=:4; Y Ð 55?; M  Ð ("$"G$2H ;2--2; I  Ð 
=$>&*"$$4" 4$="-&4#44. K#"$4&D 4("$&4,4#4*>";+-&D :2G(+3+ 
>*2=$"$4H -4-&";'.  

2) )"*=+" 4 =&+*+" >*2=$"$4H $"4("$&4,4#4*>";', &*"&D" 
4("$&4,4#4*>";+;  

8) =-" &*4 >*2=$"$4H 4("$&4,4#4*>";';  
=) )"*=+" 4 &*"&D" >*2=$"$4H 4("$&4,4#4*>";', =&+*+" 

$"4("$&4,4#4*>";+,  
19. 0+$TJ$:&>*$2H ;+("<D 4;""& =4(:  

 

1 11 12 1 1

2 21 22 1 2

3 31 32 3

,

,

,

,

t t t

t t t

t t t

t t t t

C a b Y b C

I a b r b I

r a b Y b M

Y C I G

!

!

!

"

"

= + + +#
$ = + + +$
%

= + + +$
$ = + +&

 

3(" C  Ð *2-F+(' $2 )+&*"8<"$4"; Y Ð 55?; I  Ð 4$="-&4#44; r  Ð 
)*+#"$&$2H -&2=:2; M  Ð ("$"G$2H ;2--2; G Ð 3+->(2*-&="$$'" 
*2-F+('; t  Ð &":>P4@ )"*4+(; 1t !  Ð )*"('(>P4@ )"*4+(. K#"$4&D 
4("$&4,4#4*>";+-&D :2G(+3+ >*2=$"$4H -4-&";'.  

2) )"*='" & *4 >*2=$"$4H 4("$&4,4#4*>";', 1"&="*&+" 
82<2$-+=+" &+G("-&=+; 

8) )"*=+" 4 =&+*+" >*2=$"$4H -="F4("$&4,4#4*>";', &*"&D" 
4("$&4,4#4*>";+, 1"&="*&+" 82<2$-+=+" &+G<"-&=+; 



198 
 

=) )"*='" &*4 >*2=$"$4H -="*F4("$&4,4#4*>";', 1"&="*&+" 
82<2$-+=+" &+G("-&=+. 

20. N+("<D N"$ 3"-2 4;""& =4(:  

tttt

tttt

ttt

ttt

RbQbaQ

PbCbYbaC

QbYbaI

IbYbaY

!
!

!
!

+++=

++++=

+++=

+++=

"

"

"

421414

333132313

222212

1121111

, 

3(" Y - $2#4+$2<D$'@ (+F+(, C - *2-F+(' $2 <41$+" )+&*"8<"$4", I - 
12-&$'" 4$="-&4#44, Q- =2<+=2H )*48'<D I:+$+;4:4, P- 4$(":- 

-&+4;+-&4 G4%$4, R- +8T"; )*+;'O<"$$+3+ )*+4%=+(-&=2, t - 
&":>P4@ )"*4+( =*";"$4, 1!t - )*"('(>P4@ )"*4+( =*";"$4. 
K#"$4&D 4("$&4,4#4*>";+-&D :2G(+3+ >*2=$"$4H -4-&";'. 

2) =-" >*2=$"$4H 4("$&4,4#4*>";'";  
8) =-" >*2=$"$4H -="*F4("$&4,4#4*>";'";  
=) =-" >*2=$"$4H $"4("$&4,4#4*>";'";  
3) )"*=+", =&+*+" 4 1"&="*&+" >*2=$"$4H 4("$&4,4#4*>";'", 

&*"&D" -="*F4("$&4,4#4*>";+".  

A:65 5 (;+&51 1.8).  
E6;,68' &2 ;6:&61+ +8.6$&&'O >&2&-(  (;2,27 $1,  POL(5)) 
1. /((4&4=$2H ;+("<D =*";"$$+3+ *H(2 4;""& =4(  

2) Y T S E= ! ! ; 
8) Y T S E= + + ; 
=) Y T S E= ! + . 

2. 2. 0+I,,4#4"$& 2=&+:+**"<H#44 F2*2:&"*4%>"&; 
2) &"-$+&> <4$"@$+@ -=H%4 &":>P"3+ 4 +($+3+ 4% 

)*"(O"-&=>JP4F >*+=$"@ =*";"$$+3+ *H(2; 
8) &"-$+&> $"<4$"@$+@ -=H%4 &":>P"3+ 4 +($+3+ 4% 

)*"(O"-&=>JP4F >*+=$"@ =*";"$$+3+ *H(2; 
=) $2<414" 4<4 +&->&-&=4" &"$("$#44 =*";"$$+3+ *H(2. 

3. Y:2G4&" >*2=$"$4" -&")"$$+3+ &*"$(2: 

2) b
ty a t= ! ; 
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8) t

b
y a

t
= + ; 

=) t
ty a b= ! . 

4. Y:2G4&" >*2=$"$4" )+:2%2&"<D$+3+ &*"$(2: 

2) b
ty a t= ! ; 

8) t

b
y a

t
= + ; 

=) t
ty a b= ! . 

5. N><D&4)<4:2&4=$2H ;+("<D =*";"$$+3+ *H(2 )*4$4;2"&-H = 
&+; -<>12", :+3(2: 

2) %$21"$4H -"%+$$+@ :+;)+$"$&' )*48<4%4&"<D$+ )+-&+H$$+ 
(<H *2%<41$'F #4:<+=; 

8) 2;)<4&>(2 -"%+$$'F :+<"82$4@ +& #4:<2 : #4:<> =+%*2-&2"& 
4<4 >;"$DO2"&-H; 

=) =+ =*";"$$+; *H(> &"$("$#4H +&->&-&=>"& 4<4 :*2@$" 
$"%$214&"<D$2. 

6. N"&+( -:+<D%HP"3+ -*"($"3+ )*4;"$H"&-H (<H: 
2) >-&*2$"$4H =<4H$4H &*"$(+=+@ -+-&2=<HJP"@ =*";"$$+3+ 

*H(2; 
8) >-&*2$"$4H =<4H$4H #4:<41"-:+@ (-"%+$$+@) -+-&2=<HJP"@ 

=*";"$$+3+ *H(2; 
=) >-&*2$"$4H =<4H$4H -<>12@$+@ -+-&2=<HJP"@ =*";"$$+3+ 

*H(2. 
7. 0*4&"*4@ C2*84$2-Y+&-+$2 )*4;"$H"&-H (<H: 

2) +)*"("<"$4H 2=&+:+**"<H#44 = +-&2&:2F; 
8) +)*"("<"$4H $2<414H 4<4 +&->&-&=4H -"%+$$'F :+<"82$4@; 
=) (<H +#"$:4 ->P"-&="$$+-&4 )+-&*+"$$+@ ;+("<4. 

8. N"&+( +&:<+$"$4H +& &*"$(2 )*4;"$H"&-H (<H: 
2) >-&*2$"$4H =<4H$4H &*"$(+=+@ -+-&2=<HJP"@ =*";"$$+3+ 

*H(2; 
8) >-&*2$"$4H =<4H$4H #4:<41"-:+@ (-"%+$$+@) -+-&2=<HJP"@ 

=*";"$$+3+ *H(2; 
=) >-&*2$"$4H =<4H$4H -<>12@$+@ -+-&2=<HJP"@ =*";"$$+3+ 

*H(2. 
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9. A2 +-$+=" )+:=2*&2<D$'F (2$$'F )+-&*+"$2 2((4&4=$2H 
;+("<D =*";"$ $+3+ *H(2. B:+**":&4*+=2$$'" %$21"$4H -"%+$$+@ 
:+;)+$"$&' %2 )"*='" &*4 :=2*&2<2 *2=$': 7 Ð I :=2*&2<, 9 Ð II 
:=2*&2< 4 Ð11 Ð III :=2*&2<. X";> *2=$+ %$21"$4" -"%+$$+@ 
:+;)+$"$&' %2 IV :=2*&2<? 

2) 5; 
8) Ð4; 
=) Ð5. 

10. A2 +-$+=" )+:=2*&2<D$'F (2$$'F )+-&*+"$2 
; ><D&4)<4:2&4=$2H ;+("<D =*";"$$+3+ *H(2. B:+**":&4*+=2$$'" 
%$21"$4H -"%+$$+@ :+;)+$"$&' %2 )"*='" &*4 :=2*&2<2 *2=$': 0,7 Ð I 
:=2*&2<, 1,1 Ð II :=2*&2< 4 1,4 Ð III :=2*&2<. 7$21"$4" -"%+$$+@ 
:+;)+$"$&' %2 IV :=2*&2< "-&D 

2) 0,7; 
8) 0,8; 
=) 0,9. 

A:65 5 (;+&51 1.8).  
E6;,68' &2 J$:681&681? +8.6$&&'O >&2&-( (;2,27$1, CHL (5)) 

11. ?+ (2$$'; &28<4#'  
t  1 2 3 4 5 6 7 8 9 10 11 12 

ty  7,1 7,3 7,0 7,7 8,1 8,5 8,5 8,9 9,2 9,3 10,0 11,2 
*2--14&2&D :+I,,4#4"$& 2=&+:+**"<H#44 2-3+ )+*H(:2 =*";"$$+3+ 
*H(2. 

2) 0,8159; 
8) 0,9118; 
=) 0,9566. 

12. ?+ (2$$'; &28<4#'  
t  1 2 3 4 5 6 7 8 9 10 11 12 

ty  9,4 9,1 9,0 8,7 8,1 7,5 7,2 6,9 6,8 6,6 5,4 4,2 
*2--14&2&D :+I,,4#4"$& 2=&+:+**"<H#44 2-3+ )+*H(:2 =*";"$$+3+ 
*H(2. 

2) 0,9753; 
8) 0,9132; 
=) 0,8723. 
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13. A2 +-$+=" )+:=2*&2<D$'F (2$$'F %2 4 3+(2 ( 1, 16t = ) $2@("$+ 

>*2=$"$4" <4$"@$+3+ &*"$(2 8,35 1,17T t= + ! . B("<2&D )*+3$+% $2 
)"*='@ :=2*&2< -<"(>JP"3+ 3+(2.  

2) 30,58. 
8) 29,41; 
=) 28,24. 

14. A2 +-$+=" )+:=2*&2<D$'F (2$$'F %2 4 3+(2 ( 1, 16t = ) $2@("$+ 

>*2=$"$4" <4$"@$+3+ &*"$(2 8,35 1,17T t= + ! . B("<2&D )*+3$+% $2 
=&+*+@ :=2*&2< -<"(>JP"3+ 3+(2. 

2) 30,58. 
8) 29,41; 
=) 28,24. 

15. C<H $":+&+*+@ 2((4&4=$+@ ;+("<4 =*";"$$+3+ *H(2 $2@("$' 
-*"($4" +#"$:4 -"%+$$+@ :+;)+$"$&': 1 28,5S = , 2 17,3S = , 3 23,1S = !

, 4 21,7S = ! . X";> *2=$2 = I&+@ ;+("<4 ="<414$2 :+**":&4*>JP"3+ 

:+I,,4#4"$&2?  
2) 0,25; 
8) 0,35; 
=) 0,45. 

16. C<H $":+&+*+@ ;><D&4)<4:2&4=$+@ ;+("<4 =*";"$$+3+ *H(2 
$2@("$' -*"($4" +#"$:4 -"%+$$+@ :+;)+$"$&': 

840091920231 4321 ,S;,S;,S;,S ==== . X";> *2=$2 = I&+@ ;+("<4 

="<414$2 :+**":&4*>JP"3+ :+I,,4#4"$&2?  
2) 1,08; 
8) 0,98; 
=) 0,958. 

17.  C<H $":+&+*+3+ =*";"$$+3+ *H(2 ='14-<"$' 1"&'*" 

:+I,,4#4"$&2 2=&+:+**"<H#44 ;,r 35801 =  ;r 02832 = ! ;,r 1403 != !

32604 ,r = . 02:+@ ='=+( ;+G$+ -("<2&D $2 +-$+=2$44 I&4F (2$$'F + 

-&*>:&>*" =*";"$$+3+ *H(2? 
2) = -&*>:&>*" *H(2 )*"+8<2(2"& &*"$(+=2H -+-&2=<HJP2H; 
8) = -&*>:&>*" *H(2 )*"+8<2(2"& #4:<41"-:2H -+-&2=<HJP2H; 
=) = -&*>:&>*" *H(2 )*"+8<2(2"& -<>12@$2H -+-&2=<HJP2H. 
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18. ?+-<" =="("$4H = -+-&2= ;+("<4 ,2:&+*2 =*";"$4 8'<+ 

)+<>1"$+ <4$"@$+" >*2=$"$4" *"3*"--44 t,x,,yö tt 7080335 ++= . 02:+@ 

='=+( )*4 I&+ 8>("& ="*$';?  
2) - *+-&+; ,2:&+*2 x  $2 "(4$4#> )"*";"$$2H y =+%*2-&2"& = 

-*"($"; $2 0,8 )*4 >-<+=44 $"4%;"$$+3+ &*"$(2;  
8) - *+-&+; ,2:&+*2 x  $2 1% )"*";"$$2H y  =+%*2-&2"& = 

-*"($"; $2 0,8 % )*4 >-<+=44 $"4%;"$$+3+ &*"$(2; 
=) - *+-&+; ,2:&+*2 x  $2 "(4$4#> )"*";"$$2H y  =+%*2-&2"& = 

-*"($"; $2 0,8 %2 0,7 "(4$4# =*";"$$+3+ <232. 
19. ?*4 =' )+<$"$44 )*+#"(>*' -3<2G4=2$4H ;"&+(+; 

-:+<D%HP"@ -*"($"@ ='14-<"$4" #"$&*4*+=2$$+3+ -:+<D%HP"3+ 
-*"($"3+ =')+<$H"&-H:  

2) =-"3(2: 
8) &+<D:+ :+3(2 #4:<41"-:2H -+-&2=<HJP2H F2*2:&"*4%>"&-H 

1"&$'; 14-<+; "(4$4# =*";"$$+3+ <232;  
=) &+<D:+ :+3(2 #4:<41"-:2H -+-&2=<HJP2H 4;""& )"*4+( 

8+<DO4@ 4<4 *2=$'@ 1"&'*"; "(4$4#2; =*";"$$+3+ <232. 

20. C<H (=>F =*";"$$'F *H(+= }x{ t  4 }y{ t  8'<4 ='14-<"$' 

:+I,,4#4"$&' 2=&+:+**"<H#44 )"*=+3+ )+*H(:2 ;,rx 94701 =  

92501 ,ry = . ?+-<" 4-)+<D%+=2$4H ;"&+(2 +&:<+$"$4H +& &*"$(2 

:+I,,4#4"$&' 2=&+:+**"<H#44 (<H *H(+= +-&2&:+= -+-&2=4<4 

40207840 11 ,r;,r yx == !! . Y(2<+-D <4 >-&*2$4&D =<4H$4" &*"$(+=? 

2) >(2<+-D >-&*2$4&D (<H +8+4F *H(+=; 
8) >(2<+-D >-&*2$4&D &+<D:+ (<H *H(2 }y{ t ; 

=) $4 (<H +($+3+ *H(2 >-&*2$4&D =<4H$4" &*"$(2 $" >(2<+-D. 

A:65 6  (;+&51'  2.1 Ð 2.5).  
E6;,68' &2 ;6:&61+ +8.6$&&'O >&2&-(  (;2,27$1,  POL(6)) 
1. X&+ $2%'=2"&-H 8J(G"&$'; ;$+G"-&=+;? 

2) N$+G"-&=+ $28+*+= &+=2*+=, -&+4;+-&D :+&+*'F )*4 (2$$+; 
=":&+*" #"$ $" )*"='O2"& ="<414$' (+F+(2.  
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8) B>;;2 ("$"3, :+&+*+@ *2-)+<232"& )+&*"84&"<D (<H 

)*4+8*"&"$4H &+=2*+=. 

=) N2:-4;2<D$2H ->;;2 ("$"3, :+&+*>J ;+G"& 4%*2-F+(+=2&D 

)+&*"84&"<D $2 )*4+8*"&"$4" &+=2*+=. 

2. 02:4" 4% )"*"14-<"$$'F >&="*G("$4@ ="*$':  

2) L>$:#4H )+<"%$+-&4 $">8'=2JP2H. 

b) .-<4 ,>$:#4H )+<"%$+-&4 u (4,,"*"$#4*>";2, &+ 0
i

u
x

!
>

!
 

c) L>$:#4H )+<"%$+-&4 +3*2$41"$2. 

d) L>$:#4H )+<"%$+-&4 =')>:<2. 

3. 02: ;2&";2&41"-:4 %2)4-'=2"&-H ='*2G"$4", +%$212JP"" 

)*"("<D$>J )+<"%$+-&D &+=2*2? 

2) 
i

u
x

!
!

;  

8) 
2

2
i

u
x

!
!

; 

=) grad U. 

4. X&+ )*"(-&2=<H"& -+8+@ &+1:2 -)*+-2? 

2) B>;;2 ("$"3, $"+8F+(4;2H (<H )*4+8*"&"$4H &+=2*$+3+ 

$28+*2 %2(214 )+&*"84&"<H. 

8) 5":&+* #"$, )*4 :+&+*+; -&+4;+-&D &+=2*$+3+ $28+*2 

%2(214 )+&*"84&"<H ;4$4;2<D$2. 

=) B+-&2= &+=2*$+3+ $28+*2, +)*"("<HJP4@ *"O"$4" %2(214 

)+&*"84&"<H. 

5. 02:4" 4% )"*"14-<"$$'F >&="*G("$4@ ="*$'?  

2) ?*+4%=+(-&="$$2H ,>$:#4H =+3$>&2. 

8) ?*+4%=+(-&="$$2H ,>$:#4H $"+3*2$41"$$2. 

=) ?*+4%=+(-&="$$2H ,>$:#4H =')>:<2. 

3) ?*+4%=+(-&="$$2H ,>$:#4H $"1"&$2. 

6. B=+@-&=+ >8'=2JP"3+ )*"("<D$+3+ )*+(>:&2 +%$212"&: 



204 
 

2) B$4G"$4" I,,":&4=$+-&4 <J8+3+ =4(2 %2&*2& )+ ;"*" 4F 
$2*2P4=2$4H.  

8) B$4G"$4" +8T";2 )*+4%=+(-&=2 )+ ;"*" -$4G"$4H <J8+3+ 
=4(2 %2&*2&. 

=) B$4G"$4" +8T";2 )*+4%=+(-&=2 )+ ;"*" >="<41"$4H #"$' 
<J8+3+ =4(2 *"->*-2. 

7. 5"<414$2 +)&4;2<D$+3+ )+&*"8<"$4H <J8+3+ *"->*-2 
H=<H"&-H: 

2) =+%*2-&2JP"@ ,>$:#4"@ "3+ #"$'; 
8) >8'=2JP"@ ,>$:#4"@ "3+ #"$';  
=) =+3$>&+@ ,>$:#4"@ "3+ #"$'. 

8. 02:4" ,>$:#44 $2%'=2J&-H ,>$:#4H;4 - )+-&+H$$+@ +&(21"@ 
+& ;2-O&282? 

a) ,>$:#44, = :+&+*'F +($+=*";"$$+" 4%;"$"$4" =-"F 
$"%2=4-4;'F )"*";"$$'F = +($+ 4 &+G" 14-<+ *2% )*4=+(4& : 
2$2<+341$+;> 4%;"$"$4J ,>$:#44. 

8) ,>$:#44, = :+&+*'F >="<41"$4" <J8+@ $"%2=4-4;+@ 
)"*";"$$+@ $2 "(4$4#> )*4=+(4& : 4%;"$"$4J ,>$:#44 $2 +(4$ 
)*+#"$&. 

=) ,>$:#44, &";) 4%;"$"$4H :+&+*'F )+-&+H$"$ =+ =*";"$4.  
9. 02:4; )*4$4;2"&-H &";) *+-&2 &*>(+='F *"->*-+= = ;+("<4 

B+<+>? 
2) <4$"@$';  
8) <+32*4,;41"-:4;.  
=) I:-)+$"$#42<D$';  

10. B:+<D:+ &+1": *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4 
->P"-&=>"& = ;+("<4 B+<+> )*4 %2(2$$+@ $+*;" -8"*"G"$4@, $+*;" 
2;+*&4%2#44 4 &";)" *+-&2 &*>(+='F *"->*-+=? 

2) +($2 
b) $4 +($+@ 
c) 8"-14-<"$$+" ;$+G"-&=+. 

11. X&+ &2:+" %+<+&2H $+*;2 -8"*"G"$4H? 
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2) $+*;2 -8"*"G"$4H, )*4 :+&+*+@ (+-&432"&-H ;2:-4;>; 

>("<D$+3+ )+&*"8<"$4H 

8) $+*;2 -8"*"G"$4H, )*4 :+&+*+@ (+-&432"&-H ;2:-4;>; 

="<414$' *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4. 

=) $+*;2 -8"*"G"$4H, )*4 :+&+*+@ )+<+G"$4H *2=$+="-$+@ 
:2)4&2<+=++*>G"$$+-&4 >-&+@14=+. 

12. X&+ &2:+" $+*;2 2;+*&4%2#44? 

a) :+<41"-&=+ :2)4&2<2, &"*H";+3+ = "(4$4#> = 

8) (+<H :2)4&2<2, &"*H";+3+ = "(4$4#> =*";"$4. 

=) :+<41"-&=+ :2)4&2<2, ==+(4;+3+ = I:+$+;4:> =%2;"$ 

>&*21"$$+3+. 
13. 02:4; )+:2%2&"<"; F2*2:&"*4%>"&-H +8T"; )*+4%=+(-&="$$+3+ 

)+&*"8<"$4H I:+$+;41"-:+@ -4-&";'?  

2) =2<+='; )*+;"G>&+1$'; )*+(>:&+;  

8) :+$"1$'; )*+(>:&+;  

=) -+=+:>)$'; +8P"-&="$$'; )*+(>:&+;.  
14. 5'8"*4&" ="*$+" >&="*G("$4", F2*2:&"*4%>JP"" ;2&*4#> 

:+I,,4#4"$&+= )*H;'F %2&*2&.  

2) :=2(*2&$2H $"+&*4#2&"<D$2H ;2&*4#2; 

8) : +-+-4;;"&*41$2H ;2&*4#24  

=) &*">3+<D$2H $"+&*4#2&"<D$2H ;2&*4#2. 

15. A2 +-$+=2$44 :2:4F (2$$'F *2--14&'=2J&-H +&1"&$'" 
:+I,,4#4"$&' )*H;'F %2&*2&?  

a) $2 +-$+=2$44 (+3+=+*+= + )+-&2=:2F, %2:<J1"$$'F ;"G(> 

+&*2-<H;4. 

8) $2 +-$+=2$44 &"+*"&41"-:4F )*"(-&2=<"$4@. 

=) $2 +-$+=2$44 (2$$'F, )+<>1"$$'F )+ 4&+32; 4-&":O"3+ 

F+%H@-&="$$+3+ )"*4+(2. 
16. B4-&";2  >*2=$"$4@ ;"G+&*2-<"=+3+ 82<2$-2 H=<H"&-H: 

a) -4-&";+@ <4$"@$'F (4,,"*"$#42<D$'F >*2=$"$ 4@; 

8) -4-&";+@ <4$"@$'F 2<3"8*241"-:4F >*2=$"$4@; 
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=) -4-&";+@ +8':$+="$$'F (4,,"*"$#42<D$'F >*2=$"$4@ - 
)+-&+H$$';4 :+I,,4#4"$&2;4:  

3) -4-&";+@ =%24;+%2=4-4;'F I:+$+;"&*41"-:4F >*2=$"$4@. 
17. 5'8"*4&"  ="*$'" >&="*G("$4H, :2-2JP4"-H ;2&*4#' 

:+I,,4#4"$&+= )+<$'F ;2&"*42<D$'F %2&*2&: 
a) =-" :+I,,4#4"$&' )+<$'F ;2&"*42<D$'F %2&*2& 

)+<+G4&"<D$'" 14-<2 ;"$DO" "(4$4#';  
8) =-" :+I,,4#4"$&' )+<$'F ;2&"*42<D$'F %2&*2& 

$"+&*4#2&"<D$'; 
=) ;2&*4#2 :+I,,4#4"$&+= )+<$'F ;2&"*42<D$'F %2&*2& 

:=2(*2&$2H. 
18. 5'8"*4&"  ="*$'" >&="*G("$4H, :2-2JP4"-H :+$"1$+3+ 

+8P"-&="$$+3+ )*+(>:&2. 
2) 12-&D "3+ $2)*2=<H"&-H $2 )+)+<$"$4" +-$+=$'F ,+$(+=;  
8) ="<414$2 :+$"1$+3+ )*+(>:&2 8+<DO" 4<4 *2=$2 ="<414$' 

)*+;"G>&+1$+3+ )*+(>:&2; 
=) 12-&D :+$"1$+3+ )*+(>:&2 +&*2-<4 4-)+<D%>"&-H $2 

$")*+4%=+(-&="$$+" )+&*"8<"$4", 
19. 5'8"*4&"  ="*$'" >&="*G("$4H, :2-2JP4"-H 

$")*+4%=+(-&="$$+3+ )+&*"8<"$4H. 
2) $")*+4%=+(-&="$$+" )+&*"8<"$4" "-&D <4$"@$2H ,>$:#4H 

*2=$+="-$+@ -&2=:4 82$:+=-:+3+ )*+#"$&2; 
8) $")*+4%=+(-&="$$+" )+&*"8<"$4" "-&D <4$"@$2H ,>$:#4H 

*2-)+<232";+3+ (+F+(2; 
=) $")*+4%=+(-&="$$+" )+&*"8<"$4" +8*2&$+ )*+)+*#4+$2<D$+ 

>*+=$J -&+4;+-&4 G4%$4; 
3) $")*+4%=+(-&="$$+" )+&*"8<"$4" =+%*2-&2"& - >;"$DO"$4"; 

$2<+3+=. 
20. 5'8"*4&"  ="*$'" >&="*G("$4H, :2-2JP4"-H ="<414$' 

-8"*"G"$4@. 
2) ="<414$2 -8"*"G"$4@ "-&D =+%*2-&2JP2H ,>$:#4H -&2=:4 

82$:+=-:+3+ )*+#"$&2; 
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8) ="<414$2 -8"*"G"$4@ "-&D >8'=2JP2H ,>$:#4H -&2=:4 

82$:+=-:+3+ )*+#"$&2; 

=) ="<414$2 -8"*"G"$4@ $" %2=4-4& +& -&2=:4 82$:+=-:+3+ 

)*+#"$&2; 

3) ="<414$2 -8"*"G"$4@ "-&D <4$"@$2H ,>$:#4H -&2=:4 
82$:+=-:+3+ )*+#"$&2. 

21. 02:  4%;"$H"&-H ="<414$2 *2=$+="-$+@ -&2=:4 82$:+=-:+3+ 

)*+#"$&2 - >="<41"$4"; 3+->(2*-&="$$'F *2-F+(+=? 

2) >;"$DO2"&-H; 

8) >="<414=2"&-H; 

=) ="<414$2 *2=$+="-$+@ -&2=:4 82$:+=-:+3+ )*+#"$&2 $" 
-=H%2$2 - 3+->(2*-&="$$';4 *2-F+(2;4. 

22. X&+ F2*2:&"*4%>"& &+1:2 )"*"-"1"$4H <4$4@, +8*2%>JP4F 

:*"-& 0"@$-2? 

2) )+<+G"$4" *2=$+="-$+@ :2)4&2<+=++*>G"$$+-&4; 

8) )+<+G"$4" *2=$+="-$+@ -&2=:4 82$:+=-:+3+ )*+#"$&2; 
=) *2="$-&=+ )<2$4*>";'F *2-F+(+= 4 ,2:&41"-:4F (+F+(+=.  

23. 5'8"*4&"  ="*$'" >&="*G("$4H, F2*2:&"*4%>JP4" %2(21> 

>)*2=<"$4H )+*&,"<"; #"$$'F 8>;23 = )+-&2$+=:" N2*:+=4#2.  

2) I&+ %2(212 :=2(*2&41$+3+ )*+3*2;;4*+=2$4H; 

8) I&+ %2(212 (4$2;41"-:+3+ )*+3*2;;4*+=2$4H; 

=) I&+ %2(212 8"%>-<+=$+@ +)&4;4%2#44; 
3) I&+ %2(212 >-<+=$+@ +)&4;4%2#44. 

24. X&+ H=<H"&-H F2*2:&"*4-&4:+@ I,,":&4=$+-&4 )+*&,"<H 

#"$$'F 8>;23?  

2) ->;;2*$2H (+F+($+-&D =-"F =4(+= #"$$'F 8>;23, =F+(HP4F 

= -+-&2= )+*&,"<H; 

8) (+F+($+-&D *4-:+=+@ 12-&4 #"$$'F 8>;23, =F+(HP4F = 
-+-&2= )+*&,"<H; 

=) ->;;2*$2H -&+4;+-&D =-"F =4(+= #"$$'F 8>;23, =F+(HP4F = 

-+-&2= )+*&,"<H. 
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25. X&+ -<>G4& F2*2:&"*4-&4:+@ *4-:+=2$$+-&4 #"$$+@ 8>;234 = 
;+("<4 N2*:+=4#2?  

2) ="*+H&$+-&D )+<>1"$4H %2H=<"$$+3+ (+F+(2; 
8) ="<414$2 -*"($"3+ :=2(*2&41$+3+ +&:<+$"$4H "" 

I,,":&4=$+-&4;  
=) ="<414$2 :+I,,4#4"$&2 =2*42#44 "" I,,":&4=$+-&4,  

26. 5'8"*4&"  ="*$'" >&="*G("$4H, F2*2:&"*4%>JP4" 
)*+-&*2$-&=+ &+=2*+= = ;+("<4 ,+$ A"@;2$2? 

2) I&+ $"+&*4#2&"<D$'@ +*&2$& :+$"1$+;"*$+3+ )*+-&*2$-&=2; 
8) I&+ <4$"@$+" =":&+*$+" )*+-&*2$-&=+; 
=) I&+ )*+-&*2$-&=+ 8"-:+$"1$+@ *2%;"*$+-&4, 

27. 02:4"  4% )"*"14-<"$$'F >&="*G("$ 4@ ="*$+ F2*2:&"*4%>J& 
;2&*4#> %2&*2& = ;+("<4 ,+$ A"@;2$2? 

2) I&+ :=2(*2&$2H ;2&*4#2; 
8) I&+ ;2&*4#2 -4;;"&*41$2 +&$+-4&"<D$+ 3<2=$+@ (423+$2<4; 
=) I&+ $"='*+G("$$2H ;2&*4#2; 
3) I&+ $"+&*4#2&"<D$2H ;2&*4#2. 

28. 02:4"  4% )"*"14-<"$$'F >&="*G("$4@ ="*$+ F2*2:&"*4%>J& 
;2&*4#> =')>-:2 = ;+("<4 ,+$ A"@;2$2?  

2) I&+ :=2(*2&$2H ;2&*4#2; 
8) I&+ ;2&*4#2 -4;;"&*41$2 +&$+-4&"<D$+ 3<2=$+@ (423+$2<4; 
=) I&+ $"='*+G("$$2H ;2&*4#2; 
3) I&+ $"+&*4#2&"<D$2H ;2&*4#2. 

29. Y:2G4&" ="*$'" >&="*G("$4H, F2*2:&"*4%>JP4" )+$H&4" 
82%4-$+3+ )*+4%=+(-&="$$+3+ )*+#"--2. 

2) I&+ >)+*H(+1"$$2H )2*2 =":&+*+= 4% )*+-&*2$-&=2 &+=2*+=; 
8) I&+ $28+* &"F$+<+341"-:4F :+I,,4#4"$&+=, %2(2JP4F 

)*+#"-- )"*"*28+&:4 +($4F )*+(>:&+= = (*>34";  
=) +$ )*"+8*2%>"& =":&+* %2&*2& = =":&+* =')>-:2. 

30. C<H 1"3+ = ;+("<4 ,+ $ A"@;2$2 4-)+<D%>"&-H =":&+* 
4$&"$-4=$+-&"@? 

2) (<H 4%;"$"$4H +&$+O"$4H Ç%2&*2&'/=')>-:È; 
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8) (<H )+<>1"$4H <4$"@$+@ :+;84$2#44 82%4-$'F 
)*+4%=+(-&="$$'F )*+#"--+=;  

=) (<H *2%("<"$4H 82%4-$'F )*+4%=+(-&="$$'F )*+#"--+= $2 
3<2=$'" 4 =&+*+-&")"$$'".  

A:65 6 (;+&51' 2.1 Ð 2.5).  
E6;,68' &2 J$:681&681? +8.6$&&'O >&2&-( (;2,27$1, CHL (5)) 

31. 02:4" 4% )"*"14-<"$$'F ,>$:#4@ ;+3>& 8'&D 4-)+<D%+=2$' = 
:21"-&=" )*+4%=+(-&="$$'F, "-<4 y Ð +8T"; =')>-:2 )*+(>:#44, 2 x Ð 
:+<41"-&=+ 4-)+<D%+=2$$+3+ *"->*-2? 

2) 3y x= ; 8) 23 1y x= ! ; =) xy e=  

2) &+<D:+ 2; 
8) 2 4 b;  
=) a 4 c; 
3) $4 +($2 4% )"*"14-<"$$'F. 

32. 02:4" *"->*-' $2%'=2J&-H ;2<+#"$$';4?  
2) - )*+-, $2 :+&+*'" >;"$DO2"&-H - *+-&+; #"$' &+=2*$+@ 

)*+(>:#44;  
8) - )*+-, $2 :+&+*'" =+%*2-&2"& - *+-&+; #"$' &+=2*$+@ 

)*+(>:#44;  
=) #"$2 :+&+*'F >;"$DO2"&-H - *+-&+; #"$' &+=2*$+@ 

)*+(>:#44.  
33. 02:4" )"*";"$$'" H=<HJ&-H 2*3>;"$&2;4 ,>$:#44 

)*"(<+G"$4H )*+(>:#44?  
2) #"$2 )*+(>:#44 4 "" -"8"-&+4;+-&D;  
8) #"$2 )*+(>:#44 4 +8T"; "" =')>- :2;  
=) #"$2 )*+(>:#44 4 #"$' $2 *"->*-', 4-)+<D%>";'" )*4 "" 

)*+4%=+(-&=". 
34. 5'8"*4&" ="*$+" >&="*G("$4".  

2) *"O"$4" %2(214 )+&*"84&"<H )*4$2(<"G4& 3*2$4#" 
8J(G"&$+3+ ;$+G"-&=2; 

8) *"O"$4" %2(214 )+&*"84&"<H H=<H"&-H =$>&*"$$"@ &+1:+@ 
8J(G"&$+3+ ;$+G"-&=2; 



210 
 

=) *"O"$4" %2(214 )+&*"84&"<H ;+G"& 8'&D <J8+@ &+1:+@ 
8J(G"&$+3+ ;$+G"-&=2. 

35. X&+ )*"(-&2=<H"& -+8+@ 3"+;"&*41"-:4 8J(G"&$+" ;$+G"-&=+ 
= )*+-&*2$-&=" &*"F &+=2*+=, "-<4 +8P2H ->;;2 ("$"3 *2=$2 Q, 2 

=":&+* #"$ ( )321 p,p,pp= ? 

2) )*H;+>3+<D$'@ )2*2<<"<")4)"(; 
8) )4*2;4(>;  
=) 12-&D )<+-:+-&4, )"*"-":2JP"@ +-4 :++*(4$2& = &+1:2F 

!!
"

#
$$
%

&
!!
"

#
$$
%

&
!!
"

#
$$
%

&

321
000000

p
Q

,,;,
p
Q

,;,,
p
Q

. 

36. A2@&4 *"O"$4" %2(214 )+&*"84&"<H, ,>$:#4H )+<"%$+-&4 

:+&+*+3+ 2112 xxxu += , =":&+* #"$ ( )52,p= , *2-)+<232JP"3+ ->;;+@ 

50=Q . 

2) 90415 21 === u;x;x ; 

8) 80610 21 === u;x;x ; 

=) 120812 21 === u;x;x . 

37. A2@&4 *"O"$4" %2(214 )+&*"84&"<H, ,>$:#4H )+<"%$+-&4 

:+&+*+3+ 2
2212 xxxu += , =":&+* #"$ ( )21,p= , *2-)+<232JP"3+ ->;;+@ 

24=Q . 

2) 180612 21 === u;x;x ; 

8) 220106 21 === u;x;x ; 

=) 19288 21 === u;x;x . 

38. X";> *2=$2 %+<+&2H $+*;2 -8"*"G"$4H = >-<+=4HF ("@-&=4H 
)*+4%=+(-&="$$+@ ,>$:#44 0+882 - C>3<2-2? 

2) I<2-&41$+-&4 )*+4%=+(-&=2 )+ :2)4&2<>; 
8) I<2-&41$+-&4 )*+4%=+(-&=2 )+ &*>(+='; *"->*-2;;  
=) $+*;" 2;+*&4%2#44. 

39. 02: %2)4-'=2"&-H ,+*;><2 9@<"*2 (<H +($+*+($+@ ,>$:#44 
)"*=+3+ )+*H(:2? 

a) )L(F)K(F)L,K(F += ; 
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8) 
L
F

K
K
F

L)L,K(F
!
!

+
!
!

= ; 

=) 
L
F

L
K
F

K)L,K(F
!
!

+
!
!

= . 

40. X";>  *2=$2 %+<+&2H $+*;2 -8"*"G"$4H = ;+("<4 B+<+> (<H 

)*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 !! "= 1LAKY , "-<4 

4050 ,;A == ! ? 

2) 0,4; 
8) 0,6; 
=) 0,667. 

41. X&+ )*"(-&2=<H"& -+8+@ ;2&";2&41"-:4 ="<414$2 )*"("<D$+@ 
-:<+$$+-&4 : )+&*"8<"$4J?  

2) )*+4%=+($>J (+F+(2 )+ )+&*"8<"$4J; 
8) )*+4%=+($>J )+&*"8<"$4H )+ (+F+(>; 
=) )*+4%=+($>J )+&*"8<"$4H )+ ,2:&+*> &*>(2. 

42. A2 -:+<D:+ (+<G$2 4%;"$4&D-H ="<414$2 (+F+(2 )*4 
4%;"$"$44 3+->(2*-&="$$'F *2-F+(+= $2 3 ;<*(. *>8., "-<4 +-&2<D$'" 
;2:*+I:+$+;41"-:4" )+:2%2&"<4 +-&2J&-H $"4%;"$$';4, 2 
)*"("<D$2H -:<+$$+-&D : )+&*"8<"$4J 40,C=! ? 

2) 5 ;<*(. *>8.;  
8) 7,5 ;<*(. *>8.;  
=) 4,5 ;<*(. *>8.  

43. A2 -:+<D:+ (+<G$2 4%;"$4&D-H ="<414$2 (+F+(2 )*4 
4%;"$"$44 $2<+3+='F -8+*+= $2 3 ;<*(. *>8., "-<4 +-&2<D$'" 
;2:*+I:+$+;41"-:4" )+:2%2&"<4 +-&2J&-H $"4%;"$$';4, 2 
)*"("<D$2H -:<+$$+-&D : )+&*"8<"$4J 40,C=! ? 

2) 5 ;<*(. *>8.;  
8) 2 ;<*(. *>8.;  
=) 4,5 ;<*(. *>8.  

44. A2@&4 %$21"$4" *2=$+="-$+@ :2)4&2<+=++*#("$$+-&4 = 
;+("<4 B+<+> (<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 

!! "= 1LAKY  - )2*2;"&*2;4: 50100 ,;A == ! , "-<4 &";) )*4*+-&2 



212 
 

&*>(+='F *"->*-+= 050,=µ ; $+*;2 2;+*&4%2#44 150,h= , $+*;2 

-8"*"G"$4H 40,s= . 

2) 4000; 
8) 20000; 
=) 40000. 

45. A2@&4 %$21"$4" *2=$+="-$+@ )*+4%=+(4&"<D$+-&4 &*>(2 = 
;+("<4 B+<+> (<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 

!! "= 1LAKY  -  )2*2;"&*2;4: 50100 ,;A == ! , "-<4 &";) )*4*+-&2 

&*>(+='F *"->*-+= 050,=µ ; $+*;2 2;+*&4%2#44 150,h= , $+*;2 

-8"*"G"$4H 40,s= . 

2) 4000; 
8) 20000; 
=) 40000. 

46. A2@&4 %$21"$4" *2=$+="-$+@ ="<414$' >("<D$+3+ 
)+&*"8<"$4H = ;+("<4 B+<+> (<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-

C>3<2-2 !! "= 1LAKY  - )2*2;"&*2;4: 75010 ,;A == ! , "-<4 &";) 

)*4*+-&2 &*>(+='F *"->*-+= 050,=µ ; $+*;2 2;+*&4%2#44 150,h= , 

$+*;2 -8"*"G"$4H 20,s= . 

2) 142,24; 
8) 35,56; 
=) 214,7. 

47. A2@&4 %$21"$4" *2=$+="-$+@ )*+4%=+(4&"<D$+-&4 = ;+("<4 

B+<+> (<H )*+4%=+(-&="$$+@ ,>$:#44 0+882-C>3<2-2 !! "= 1LAKY  - 

)2*2;"&*2;4: 75010 ,;A == ! , "-<4 &";) )*4*+-&2 &*>(+='F 

*"->*-+= 050,=µ ; $+*;2 2;+*&4%2#44 150,h= , $+*;2 -8"*"G"$4H 

20,s= . 

2) 142,24; 
8) 177,8; 
=) 314,7. 
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48. .-<4 A- ;2&*4#2 :+I,,4#4"$&+= )*H;'F %2&*2&, &+ :2:2H 4% 
)"*"14-<"$$'F $4G" ;2&*4# 8>("& H=<H&D-H ;2&*4#"@ 
:+I,,4#4"$&+= )+<$'F ;2&"*42<D$'F %2&*2&? 

2) ( ) 1
;E A

!
!  

8) ( );E A!   

=) ( )T
E A! . 

49. .-<4 +)*"("<4&"<D ;2&*4#' :+I,,4#4"$&+= )*H;'F %2&*2& 
*2="$ $><J, &+ :2:+" 4% )*4="("$$'F >&="*G("$4@ ="*$+? 

a) ;+("<D ;"G+&*2-<"=+3+ 82<2$-2 Q"+$&D"=2 $" 8>("& 
)*+(>:&4=$+@; 

8) &2:+3+ $" ;+G"& 8'&D; 
=) I&+ $41"3+ +-+8"$$+3+ $" +%$212"&. 

50. X&+ )*+4%+@("&, "-<4 -*"(4 I<";"$&+= ;2&*4#' +8*2&$+@ : 
;2&*4#" :+I,,4#4"$&+= )*H;'F %2&*2& 8>(>& +&*4#2&"<D$'" 14-<2? 

2) &2:+3+ $" ;+G"& 8'&D; 
8) ;+("<D Q"+$&D"=2 8>("& $")*+(>:&4=$+@; 
=) $41"3+ +-+8"$$+3+ I&+ $" +%$212"&. 

51. C<H (=>F+&*2-<"=+@ -&*>:&>*' = ;+("<4 Q"+$&D"=2 ;2&*4#2 

)*+4%=+(-&="$$+3+ )+&*"8<"$4H ( ) !
"

#
$
%

&
=

6050

4020
ijx , 2 =":&+* -+=+:>)$+@ 

+8P"-&="$$+@ )*+(>:#44 +&*2-<"@ !
"

#
$
%

&
=

200

100
X . A2@&4 ;2&*4#> 

:+I,,4#4"$&+= )*H;'F %2&*2& ( )ija . 

2) ( ) !
"

#
$
%

&
=

3050

2020

,,

,,
aij ; 

8) ( ) !
"

#
$
%

&
=

30250

4020

,,

,,
aij ; 

=) ( ) !
"

#
$
%

&
=

36002940

23501180

,,

,,
aij . 
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52. C<H (=>F+&*2-<"=+@ -&*>:&>*' = ;+("<4 Q"+$&D"=2 ;2&*4#2 

)*+4%=+(-&="$$+3+ )+&*"8<"$4H ( ) !
"

#
$
%

&
=

8040

3020
ijx , 2 =":&+* -+=+:>)$+@ 

+8P"-&="$$+@ )*+(>:#44 +&*2-<"@ !
"

#
$
%

&
=

250

100
X . A2@&4 ;2&*4#> 

:+I,,4#4"$&+= )*H;'F %2&*2& ( )ija . 

2) ( ) !
"

#
$
%

&
=

320160

3020

,,

,,
aij ; 

8) ( ) !
"

#
$
%

&
=

32020

12020

,,

,,
aij ; 

=) ( ) !
"

#
$
%

&
=

47102350

17601180

,,

,,
aij . 

53. X&+ )*+4%+@("&, "-<4 *4-:4 =-"F =4(+= #"$$'F 8>;23, 
=F+(HP4F = -+-&2= )+*&,"<H, $" 8>(>& %2=4-"&D (*>3 +& (*>32? 

2) I,,":&4=$+-&D )+*&,"<H )+='-4&-H;  
8) ;2&*4#2 :+=2*42#4@ %2(214 N2*:+=4#2 8>("& 

='*+G("$$+@; 
=) ;2&*4#2 :+=2*42#4@ %2(214 N2*:+=4#2 8>("& (423+$2<D$+@. 

54. 02: 8>("& ='3<H("&D ;2&*4#2 :+=2*42#4@ W  %2(214 
N2*:+=4#2 (<H &*"F *4-:+='F #"$$'F 8>;23, "-<4 #"<"=2H ,>$:#4H 
%2(214 4;""& =4(: )xxxxxxx(min 3221321 2214641625 ++++ ? 

2) 
!
!
!

"

#

$
$
$

%

&
=

8110

1147

075

W ; 

8) 
!
!
!

"

#

$
$
$

%

&
=

8220

22414

0145

W ; 

=) 
!
!
!

"

#

$
$
$

%

&
=

64110

11167

0725

W . 
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55. A2@&4 -+-&2= )+*&,"<H ;4$4;2<D$+3+ *4-:2 (<H (=>F =4(+= 
#"$$'F 8>;23: 8"%*4-:+='F I,,":&4=$+-&4 2 4 *4-:+='F +G4(2";+@ 
I,,":&4=$+-&4 8 4 *4-:+; 4, I,,":&4=$+-&D :+&+*+3+  pm  $" $4G" 4. 

2) (+<H 8"%*4-:+='F 8>;23 x0=0,67; (+<H *4-:+='F 8>;23 
x1=0,33; 

8) (+<H 8"%*4-:+='F 8>;23 x0=0,75; (+<H *4-:+='F 8>;23 
x1=0,25; 

=) (+<H 8"%*4-:+='F 8>;23 x0=0,8; (+<H *4-:+='F 8>;23 
x1=0,2. 

56. A2@&4 -+-&2= )+*&,"<H ;4$4;2<D$+3+ *4-:2 (<H (=>F =4(+= 
#"$$'F 8>;23: 8"%*4-:+='F I,,":&4=$+-&4 3 4 *4-:+='F +G4(2";+@ 
I,,":&4=$+-&4 10 4 *4-:+; 5, I,,":&4=$+-&D :+&+*+3+ pm  $" $4G" 

6. 
2) (+<H 8"%*4-:+='F 8>;23 x0=0,7; (+<H *4-:+='F 8>; 23 

x1=0,3; 
8) (+<H 8"%*4-:+='F 8>;23 x0=0,67; (+<H *4-:+='F 8>;23 

x1=0,33; 
=) (+<H 8"%*4-:+='F 8>;23 x0=0,57; (+<H *4-:+='F 8>;23 

x1=0,43. 
57. A2@&4 =":&+*' %2&*2& 4 =')>-:2 (<H (=>F)*+(>:&+=+@ 

(=>F+&*2-<"=+@ ;+("<4 ,+$ A"@;2$2, > :+&+*+@ ;2&*4#2 %2&*2& 

!
"

#
$
%

&
=

13

52
A , ;2&*4#2 =')>-:2 !

"

#
$
%

&
=

43

73
B , 2 =":&+* 4$&"$-4=$+-&"@ 

!
"

#
$
%

&
=

1

2
z . 

2) =":&+* =')>-:2 !
"

#
$
%

&
7

9
; =":&+* =')>-:2 !

"

#
$
%

&
10

13
; 

8) =":&+* =')>-:2 !
"

#
$
%

&
11

7
; =":&+* =')>-:2 !

"

#
$
%

&
18

9
; 

=) =":&+* =')>-:2 !
"

#
$
%

&
6

10
; =":&+* =')>-:2 !

"

#
$
%

&
11

12
. 



216 
 

58. A2@&4 =":&+*' %2&*2& 4 =')>-:2 (<H (=>F)*+(>:&+=+@ 
(=>F+&*2-<"=+@ ;+("<4 ,+$ A"@;2$2, > :+&+*+@ ;2&*4#2 %2&*2& 

!
"

#
$
%

&
=

23

31
A , ;2&*4#2 =')>-:2 !

"

#
$
%

&
=

43

52
B , 2 =":&+* 4$&"$-4=$+-&"@ 

!
"

#
$
%

&
=

1

3
z . 

2) =":&+* =')>-:2 !
"

#
$
%

&
11

6
; =":&+* =')>-:2 !

"

#
$
%

&
19

9
; 

8) =":&+* =')>-:2 !
"

#
$
%

&
5

17
; =":&+* =')>-:2 !

"

#
$
%

&
7

21
; 

=) =":&+* =')>-:2 !
"

#
$
%

&
11

6
; =":&+* =')>-:2 !

"

#
$
%

&
13

11
. 

59. 5'8"*4&" ,+*;><4*+=:>, ="*$+ +&*2G2JP>J I:+$+;41"-:4@ 
-;'-< -=+@-&=2 %2;:$>&+-&4 ;+("<4 ,+$ A"@;2$2, 

2) ->;;2 <J8'F )*+(>:&+='F $28+*+= 4% ;$+G"-&=2 &+=2*+= 
&2:G" )*4$2(<"G4& I&+;> ;$+G"-&=>; 

8) 4-)+<D%+=2&D = )*+#"--" )*+4%=+(-&=2 &":>P"3+ )"*4+(2 
;+G$+ &+<D:+ &+=2*', )*+4%="("$$'" = )*"(O"-&=>JP"; )"*4+(";  

=) -&+4;+-&D $28+*2 &+=2*+=, =F+(HP4F = ;2&*4#> %2&*2&, $" 
;+G"& )*"=+-F+(4&D -&+4;+-&D &+=2*+=, =F+(HP4F = ;2&*4#> 
=')>-:2.  

60. .-<4 +8+%$214&D P- =":&+* #"$, A- ;2&*4#> %2&*2&, B- 
;2&*4#> =')>-:2 = ;+("<4 ,+$ A"@;2$2, 2 1+t;t  )+-<"(+=2&"<D$'" 

;+;"$&' =*";"$4, &+ :2:+" 4% -++&$+O"$4@, )*4="("$$'F $4G" 
8>("& 4;"&D -;'-< )*2=4<2 $><"=+3+ (+F+(2? 

2) BPAP tt 1+! ; 

8) BPAP tt 1+! ; 

=) BPAP t! !+1 . 
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D-1$,21+,2  
1. 9:+$+;"&*4:2: >1"8$4: / 6. 6. .<4-""=2 [4 (*.]; )+( *"(. 6. 6. 

.<4-""=+@. Ð 2-" 4%(., )"*"*28. 4 (+). Ð N.: L4$2$-' 4 -&2&4-&4:2, 
2005. Ð 576 -.: 4<. 

2. 52<""= A. A. /$2<4% =*";"$$'F *H(+= 4 )*+3$+%4*+=2$4": 
>1"8$+" )+-+84" / A. A. 52<""=, /. 5. /:-H$+=2, W. /. W2("<DO4$2. Ð 
02%2$D: 0WSY, 2010. Ð 160 -. 

3. C+>3"*&4 0*. 5="("$4" = I:+$+;"&*4:> / ?"*. - 2$3<. Ð N.: 
NWY; 6AL!/ -N, 2003. Ð 402 -. 

4. 0*2-- N.B. N2&";2&41"-:4" ;"&+(' 4 ;+("<4 (<H 
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2006. Ð 160 -.  

6. ?*2-+<+= /. 5. N2&";2&41"-:4" ;"&+(' I:+$+;41"-:+@ 
(4$2;4:4: >1"8$4: / - B?8.: Q2$D, 2015. Ð 352 -. 

7. /8<4$-:2H Q. 5. 9:+$+;4:+ -;2&";2&41"-:+" ;+("<4*+=2$4": 
>1"8$4:/ Q. 5. /8<4$-:2H, Q. K. R28"$:+, Q. 6. R2>-+=. Ð N.: 9:%2;"$, 
2006. Ð 800 -. 

8. B&")2$+= 5. 6. 9:+$+;4:+ -;2&";2&41"-:+" ;+("<4*+=2$4": 
>1"8$+" )+-+84"/ B. 6. B&")2$+=, /. L. S"*)>3+=. Ð N.: Academia, 
2009. Ð 112 -. 

9. Z2):4$ /. B. N2&";2&41"-:4" ;"&+(' 4 ;+("<4 4--<"(+=2$4H 
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2009. Ð 400 -. 

10. A>*4"= A.0., `>*8"$:+ Q.A., Z2:4*+= !.L., [2@*><<4$2 9.!., 
B&2*'34$2 B.C., /8>&2<4)+= /.!. N"&+(+<+34H )*+":&4*+=2$4H 
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5.5., 0>%$"#+= /.N., A>*4"= A.0. ?+(3+&+=:2 4$G"$"*2 = *"2<D$+-



218 
 

=4*&>2<D$+@ -*"(" +)"*"G2JP"3+ +8>1"$4H. Ð 02%2$D: 0WSY, 2009. Ð 
404 -.  
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-&>("$&+; :+;)"&"$#4@ -&2$(2*&2 // 5"-&$4: N2*4@-:+3+ 
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#,-:6<$&-$  1 
M21$721-56-8121-81-%$85-$ 12L:-J'  

1. H2L:-J2 >&2%$&-( F -5,-1$,-K S-N$,2 ;,- +,6.&$ >&2%-7681- 
0,05! =  

1k  

2k  
1 2 3 4 5 6 8 12 24 !  

1 2 3 4 5 6 7 8 9 10 11 
1 161,5 199,5 215,7 224,6 230,2 233,9 238,9 243,9 249,0 254,3 
2 18,51 19,00 19,16 19,25 19,30 19,33 19,37 19,41 19,45 19,50 
3 10,13 9,55 9,28 9,12 9,01 8,94 8,84 8,74 8,64 8,53 
4 7,71 6,94 6,59 6,39 6,26 6,16 6,04 5,91 5,77 5,63 
5 6,61 5,79 5,41 5,19 5,05 4,95 4,82 4,68 4,53 4,36 
6 5,99 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67 
7 5,59 4,74 4,35 4,12 3,97 3,87 3,73 3,57 3,41 3,23 
8 5,32 4,46 4,07 3,84 3,69 3,58 3,44 3,28 3,12 2,93 
9 5,12 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,90 2,71 
10 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,74 2,54 
11 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,61 2,40 
12 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 2,30 
13 4,67 3,80 3,41 3,18 3,02 2,92 2,77 2,60 2,42 2,21 
14 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,35 2,13 
15 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,29 2,07 
16 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,24 2,01 
17 4,45 3,59 3,20 2,96 2,81 2,70 2,55 2,38 2,19 1,96 
18 4,41 3,55 3,16 2,93 2,77 2,66 2,51 2,34 2,15 1,92 
19 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,11 1,88 
20 4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,08 1,84 
21 4,32 3,47 3,07 2,84 2,68 2,57 2,42 2,25 2,05 1,81 
22 4,30 3,44 3,05 2,82 2,66 2,55 2,40 2,23 2,03 1,78 
23 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2,00 1,76 
24 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 1,98 1,73 
25 4,24 3,38 2,99 2,76 2,60 2,49 2,34 2,16 1,96 1,71 
26 4,22 3,37 2,98 2,74 2,59 2,47 2,32 2,15 1,95 1,69 
27 4,21 3,35 2,96 2,73 2,57 2,46 2,30 2,13 1,93 1,67 
28 4,20 3,34 2,95 2,71 2,56 2,44 2,29 2,12 1,91 1,65 
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29 4,18 3,33 2,93 2,70 2,54 2,43 2,28 2,10 1,90 1,64 
30 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1,89 1,62 
35 4,12 3,26 2,87 2,64 2,48 2,37 2,22 2,04 1,83 1,57 
40 4,08 3,23 2,84 2,61 2,45 2,34 2,18 2,00 1,79 1,51 
45 4,06 3,21 2,81 2,58 2,42 2,31 2,15 1,97 1,76 1,48 
50 4,03 3,18 2,79 2,56 2,40 2,29 2,13 1,95 1,74 1,44 
60 4,00 3,15 2,76 2,52 2,37 2,25 2,10 1,92 1,70 1,39 
70 3,98 3,13 2,74 2,50 2,35 2,23 2,07 1,89 1,67 1,35 
80 3,96 3,11 2,72 2,49 2,33 2,21 2,06 1,88 1,65 1,31 
90 3,95 3,10 2,71 2,47 2,32 2,20 2,04 1,86 1,64 1,28 
100 3,94 3,09 2,70 2,46 2,30 2,19 2,03 1,85 1,63 1,26 
125 3,92 3,07 2,68 2,44 2,29 2,17 2,01 1,83 1,60 1,21 
150 3,90 3,06 2,66 2,43 2,27 2,16 2,00 1,82 1,59 1,18 
200 3,89 3,04 2,65 2,42 2,26 2,14 1,98 1,80 1,57 1,14 
400 3,86 3,02 2,63 2,40 2,24 2,12 1,96 1,78 1,54 1,07 
1000 3,85 3,00 2,61 2,38 2,22 2,10 1,95 1,76 1,53 1,03 

!  3,84 2,99 2,60 2,37 2,21 2,09 1,94 1,75 1,52 1 

 
2. *,-1-%$85-$ >&2%$&-K t -5,-1$,-K /1?R9$&12 ;,- +,6.&$ 

>&2%-7681- 0,10; 0,05; 0,01 (9.+O816,6&&-() 
X4-<+ 

-&")"$"@ 
-=+8+(' 

d.f. 

!  X4-<+ 
-&")"$"@ 
-=+8+(' 

d.f. 

!  

00,10 0,05 0,01 00,10 0,05 0,01 

1 6,3138 12,706 63,657 18 1,7341 2,1009 2,8784 
2 2,9200 4,3027 9,9248 19 1,7291 2,0930 2,8609 
3 2,3534 3,1825 5,8409 20 1,7247 2,0860 2,8453 
4 2,1318 2,7764 4,5041 21 1,7207 2,0796 2,8314 
5 2,0150 2,5706 4,0321 22 1,7171 2,0739 2,8188 
6 1,9432 2,4469 3,7074 23 1,7139 2,0687 2,8073 
7 1,8946 2,3646 3,4995 24 1,7109 2,0639 2,7969 
8 1,8595 2,3060 3,3554 25 1,7081 2,0595 2,7874 
9 1,8331 2,2622 3,2498 26 1,7056 2,0555 2,7787 
10 1,8125 2,2281 3,1693 27 1,7033 2,0518 2,7707 
11 1,7959 2,2010 3,1058 28 1,7011 2,0484 2,7633 
12 1,7823 2,1788 3,0545 29 1,6991 2,0452 2,7564 
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13 1,7709 2,1604 3,0123 30 1,6973 2,0423 2,7500 
14 1,7613 2,1448 2,9768 40 1,6839 2,0211 2,7045 
15 1,7530 2,1315 2,9467 60 1,6707 2,0003 2,6603 
16 1,7459 2,1199 2,9208 120 1,6577 1,9799 2,6174 
17 1,7396 2,1098 2,8982 !  1,6449 1,9600 2,5758 

 
3. P&2%$&-K 8121-81-5 02,L-&2-@6186&2 L Ud d  ;,- 5% -&67 +,6.&$ 

>&2%-7681- 

n 
1k =  2k =  3k =  4k =  5k =  

Ld  Ud  Ld  Ud  Ld  Ud  Ld  Ud  Ld  Ud  

6 0,61 1,40         
7 0,70 1,36 0,47 1,90       
8 0,76 1,33 0,56 1,78 0,37 2,29     
9 0,82 1,32 0,63 1,70 0,46 2,13     
10 0,88 1,32 0,70 1,64 0,53 2,02     
11 0,93 1,32 0,66 1,60 0,60 1,93     
12 0,97 1,33 0,81 1,58 0,66 1,86     
13 1,01 1,34 0,86 1,56 0,72 1,82     
14 1,05 1,35 0,91 1,55 0,77 1,78     
15 1,08 1,36 0,95 1,54 0,82 1,75 0,69 1,97 0,56 2,21 
16 1,10 1,37 0,98 1,54 0,86 1,73 0,74 1,93 0,62 2,15 
17 1,13 1,38 1,02 1,54 0,90 1,71 0,78 1,90 0,67 2,10 
18 1,16 1,39 1,05 1,53 0,93 1,69 0,82 1,87 0,71 2,06 
19 1,18 1,40 1,08 1,53 0,97 1,68 0,85 1,85 0,75 2,02 
20 1,20 1,41 1,10 1,54 1,00 1,68 0,90 1,83 0,79 1,99 
21 1,22 1,42 1,13 1,54 1,03 1,67 0,93 1,81 0,83 1,96 
22 1,24 1,43 1,15 1,54 1,05 1,66 0,96 1,80 0,86 1,94 
24 1,27 1,45 1,19 1,55 1,10 1,66 1,01 1,78 0,93 1,99 
26 1,30 1,46 1,22 1,55 1,14 1,65 1,06 1,76 0,98 1,88 
28 1,33 1,48 1,26 1,56 1,18 1,65 1,10 1,75 1,03 1,85 
30 1,35 1,49 1,28 1,57 1,21 1,65 1,14 1,74 1,07 1,83 
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#,-:6<$&-$  2 
H$O&6:63-%$85-( 72,N,+1 6,32&->2J-- . 7$1,-%$8567 
567;$1$&1&681&67 =6,721$ +%$L&6( 9$K1$:?&681- 

!"#$ 1 (%&'()*+,-()

.(&)(/-0(%1-2 3+/()-+4

.(%/ ,+ 5&4,&/6

.(%/ ,+ 7(4&%/,&%/8
9)+1/-0(%1-2 3+/()-+4
:4&*,&%/8 ;+'+0 S(1)

<(2%/=-( 1
>%=&(,-( /(&)(/-0(%1&?& 

3+/()-+4+

<(2%/=-( 2
.(%/ ,+ 5&4,&/6

<(2%/=-( 3
.(%/ ,+ 7(4&%/,&%/8

<(2%/=-( 4
@(A(,-( ;+'+0

#7(,1+ 1+0(%/=+ 
&%=&(,-B 3+/()-+4+

Q1=0,4R(1,1)*R(1,2)+0,6*R(1,3)
GLB(1)=R(1,1)*R(1,2)

#7(,1+ 6)&=,B
)+;=-/-B CD:-%5&%&E,&%/(2

CD:(1)= S(1)*R(1,3)

<-+?)+33+ 
%&%/&B,-B
)+;=-/-B

ABC(1)

POL(1) CHL(1)

R(1,4)<0,6

<+

F(/

@(;648/+/
POL(1)=R(1,1)

@(;648/+/
CHL(1)=R(1, )2

#7(,1+ 1+0(%/=+
)(A(,-( ;+'+0

@(;648/+/
$G ,(1)=R(1 )3

@(;648/+/
Q(1)=R(1,4)

GLB(1)=R(1,5)

@(;648/+/
ABC(1)=R(1,6)

*
!
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*
!"#$ 2

R(2,4)<0,6. . .
!"#$ 3

R(3,5)<0,6. . .

%& %&

!"#$ 4
R( ,4)<0,64. . .

!"#$ 5
R( , )<0,65 4. . .

%& %&

!"#$ 6
R( ,4)<0,66. . .

%&

#'()*& *&+(,-.& /,./()01 */23(-()'00
Q1=[R(1,1+R(2,1)+R(3,1)+R(4,1)+R(5,1)+R(6,1)]/6

4(-

0,6 <= Q1 <= 0,73

0,74 <= Q1 <= 0,86

0,87 <= Q1 <= 1

56/.7

/-7

8/9

%0&:9&22& ,/,-/1)01 9&;.0-01 
<=>-,3/,/?)/,-(@
,-56()-& . 9&2*&8 

/,./())/@ 
*/23(-()'00

<=>(1)

<=>(2)

<=>(5)

<=>(4)

<=>(3)

<=>(6)

 
 
/=&+;2&4%4*+=2$$2H -4-&";2 (<H -2;+)+(3+&+=:4, *2%="*$>&2 $2 

-2@&" www.myknitu.ru.  


