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$ %$ %
8:!%'&0 +49'/:$()##*  : , ! : , " : ,m n pp p

R Z R Z R Z→ → → "$9'+'12#*;,2 0&'+$&:

1) 1 ( * )  ( )  ( )!( ),x y x y x y= +
2) 2!( * )  ( ) !( )!( ),x y x y x y= +
3) 1"( * ) !( )"( ) !( )"( ),x y y x x x y= +
4) 1 0(mod ) !( ) 0(mod ).x p x p≠ & ≠
<'-$()&', .' ( , ,*)G + = 1'-$12#!& &$3()--4125)&.
 !"# 5. ( ),*G = #$84+7:08';.

 !"# 6. >8):$54* * = 14+' 9!?,:!/0,!+#'; +49#'?#' '8):$54@ + ( ( )* * *x y z x y x z+ = + ).

>%)+!9#', .' ( )1,0,0e = = &012,!814-$,!+#'; '9!#!5);. A 1)& 5 ,$ 6 +!81!+$= 9'+)9)##* #$?,08#'@ ,)':)&!.

$!%&!"# 5. ( , ,*)R G≅ + = &$3()--4125)& " '9!#!5);.
B$- *- ( ),G + = #)$/)1)+$ 7:08$, ,' R #) = -4125)&.
 !"# 7. 1 2 3 ,k ak bk ck L= + + ∈ ,'94 4 ,412-! ,'94, -'1! 1 0 (mod ).k p≡
B$-!& %!#'&, 9'+)9)#' #$?,08#0 ,)':)&0.
$!%&!"# 6. ( , ,*)R G≅ + = 1'-$12#!& &$3()--4125)&.
A'-:)&$, &'(0,2 /0,! ,$-4 "#$%)##* C0#-543 ( ) ( ) " 0x x= = 4 ( ) 1! .x x= D)7-' /$%!,!, .' +'#! "$9'+'12#*;,2

0&'+! (1) – (4) 4 *- #$?149'- &$=&' #$?,08#0 ,)':)&0.
$!%&!"# 7. E-.' +49'/:$()##*  : , ! : , " : ,m n pp p

R Z R Z R Z→ → → "$9'+'12#*;,2 0&'+! ( ) ( ) " 0x x= = 4

( ) 1! x x= 91* -'(#'7' ,x G∈ ,' '8):$54*

( ) ( ) ( ) ( )( ) ( )( ) ( ) ( ) 1
1 2 3 1 1 2 2 1 2 1 3 3 1 2 1 2* * * *  ! ! "
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x y x a y x b y x c y a x y y x b x y y x c x y x x y y x x x
 ! != + + = + + + + + + −" #" #

$ %$ %
#$ $9!,!+#43 7:084 G = $?'54$,!+#'; ,$ 14+'-9!?,:!/0,!+#'; 4 +!"#$%$= 9)*-) #012-?!&),:!%#) 1'-$12#) &$3()-
-4125) ( , ,*)R G= + .

5.  !"#$%&!
6'+)9)#' #)'/F49#4 ,$ 9'?,$,#4 0&'+! 4?#0+$##* 1'-$12#!F &$3()--41)52 #$ #)&),$5!-14%#43 p -7:084 G411):$-

G':)#'.
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5. 6(7%"8&(, ("9.

)*%!)+'(  !,-#-%()+./ 0  1)+"$2)(%!"$3'*4 5612*4  ())#6!- *6#'*

'()*#+% ,*- "#./!-(%01 2 "3045)(0-6#5),+%7 8&3(%7 9"-:5# 5# ,),;!+% 0%6#04+- "#./!-6-04<1 2 "3045)(0-6#-
5),+%7 8&3(%7 =-00!&#-=%&!+%, >% +! ? 2-8&3(%7.

All near-fields with multiplicative Schmidt group are described. Furthermore, local near-rings with multiplicative Miller-
Moreno group which is not a 2-group are studied.

1.  ":;9
M17)/:$@%#$ ?,:0-,0:$ R " 9+'&$ /4#$:#!&! '8):$54*&! + 4 ⋅ #$"!+$=,2?* (14+!&) &$3()--4125)&, *-.' ( , )R + –

#)'/'+'*"-'+' $/)1)+$ 7:08$, ( , )R ⋅ – #$84+7:08$ ,$ ( )r s t rs rt+ = + 91* +?4F , ,r s t R∈ . H:08$ ( , )R + 8'"#$%$=,2?*

%):)" R+ ,$ #$"!+$=,2?* $9!,!+#'; 7:08';, $ @@ #)3,:$12#!3 )1)&)#, 0 – #01)& &$3()--4125* R . H:08$ +?4F '/'-
:',#!F )1)&)#,4+ #$84+7:08! ( , )R ⋅ #$"!+$=,2?* &012,!814-$,!+#'; 7:08'; + R ,$ 8'"#$%$=,2?* %):)" *R . G$3()-
-4125) R " '9!#!5); #$"!+$=,2?* 1'-$12#!&, *-.' &#'(!#$ L +?4F #)'/':',#!F )1)&)#,4+ 4" ( , )R ⋅ 0,+':;= $9!,!-

+#0 8497:080 + R+ , 4 &$3()-8'1)&, *-.' 0L = . N':&$12#$ 8497:08$ I 7:08! +R #$"!+$=,2?* 49)$1'& (14+'7') &$3()-
-4125* R , *-.' 91* 9'+412#!F )1)&)#,4+ ,r s R∈ ,$ a A∈ +!-'#0;,2?* +-1;%)##* ra I∈ ,$ ( )r a s rs I+ − ∈ . E-.' I
– 49)$1 + R , ,' C$-,':-7:08$ /R I 0,+':;= &$3()--4125), *-) = 0"$7$12#)##*& 8'#*,,* C$-,':--4125* [5].
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 [2] '8!?$#' #)$/)1)+' ?8$9-'+4 &012,!814-$,!+#4 7:08! ?-4#%)##!F &$3()-8'14+. G012,!814-$,!+#$ 7:08$ &$3-
()-8'1* #$"!+$=,2?* #)$/)1)+' ?8$9-'+';, *-.' +'#$ $/' $/)1)+$, $/' -'(#$ @@ #)$/)1)+$ 8497:08$ 4"'&':C#$
&012,!814-$,!+#43 7:084 9)*-'7' &$3()-8'1*. O 9$#43 ?,$,,4 '8!?$#' +?4 &$3()-8'1* " &012,!814-$,!+#'; 7:08';
P&49,$. B$-'( +!+%)#' 1'-$12#4 &$3()--4125* " &012,!814-$,!+#'; 7:08'; G411):$-G':)#' " 4#9)-?'& : 2R L ≠ . E-

4 + [4], :)"012,$,! #$Q'@ ?,$,,4 ?8!:$;,2?* #$ 9)*-4 )1)&)#,$:#4 +1$?,!+'?,4 8:'?,!F 9412#!-4+ %!?1$ 1np − .

2. <$9/./)#* ./=;-8:(:!
N$7$9$=&', .' 8:'?,) %!?1' p , *-) &$= +!71*9 2 1np = − 91* 9)*-'7' #$,0:$12#'7' n , #$"!+$=,2?* 8:'?,!& %!-

?1'& G):?)##$.
$!%&!"# 1 [4]. N)F$3 q – 8:'?,) %!?1' G):?)##$, p – #)8$:#) 8:'?,).

E-.' m ! n – 9'9$,#4 5414 %!?1$, ,'94 " 2 1n mp− = +!81!+$= 1m = 4 n – 8:'?,).

1 2mpq + = 91* /092-*-'7' 9'9$,#'7' 541'7' m .

E-.' r – #)8$:#) 8:'?,) 4 2 1 mp r+ = 91* 9)*-'7' 9'9$,#'7' m , ,'94 3p = .

'2+#;!++1 1. <:'?,) %!?1' r #$"!+$=,2?* 8:!&4,!+#!& 8:'?,!& 9412#!-'& %!?1$ 1np − , *-.' r 941!,2 1np − ,

$1) #) 941!,2 1mp − 91* -'(#'7' 1 1m n≤ ≤ − .

N$?,08#$ ,)':)&$ +?,$#'+1;= -:!,):43 4?#0+$##* 8:!&4,!+#!F 8:'?,!F 9412#!-4+ %!?1$ 1np − .
$!%&!"# 2 [7]. 61* 9'+412#'7' 8:'?,'7' %!?1$ p ,$ #$,0:$12#'7' 1n > 8:!&4,!+#!3 8:'?,!3 9412#!- %!?1$

1np − 4?#0=, "$ +!#*,-'& 9+'F +!8$9-4+:

1) 2, 6;p n= =

2) 2 1, 2.tp n= − =

 !"# 1 [2]. N)F$3 91* 9)*-'7' #$,0:$12#'7' s +!-'#0=,2?* :4+#4?,2 2 1 ,s mqr− =  ! q "# r – $%&'"( )*'+# (

2m > . ,-.& r  (+*"/ 2 1k −  +0  !0-&1& k s< , "& 6s = , 7q = "# 3.r =

 !"# 2 [2]. 2!3#4  +0 $%&'"*3 )*'!+ p "# q ('567"/ "#-( 5#"6%#+/5( )*'+# s "# k , .& 1 2 .s kp q− = ,-.& 2k >

"# 1 2kp − = , "& #8& 2, 5, 7s p= = "# 3q = , #8& 4s = , 3p = "# 5q = .
$%&#'!&&( 2. 9-(5)!55# 1%6$# 5#:*;#<"/'0 1%6$&7 =(++!%#-=&%!5&, 0-.& ;&5# 5!#8!+!;#, # ;'( >> ;+#'5( $( 1%6-

$* < #8!+!;*?*.
)!*+!"# 3 [1]. @%6$* =(++!%#-=&%!5& ;*)!%$67"/'0 1%6$#?* 5#'"6$5*3 "*$(;:
1) 1%6$# -;#"!%5(&5(; 8Q ;

2)
-1-1 1, | | , | | , 2, 1,

mm n pG a b a p b p m n b ab a +=< > < > = = ≠ ≠ = ;

3) -1 -1( ) , , , | | , 1, 1, ,n mG c a b c p b p a p m n b ab ac b cb c= < > × < > < > = = = ≠ ≠ = = ;

4) ,G P Q Q b= = "# ( ), , ,k qQ q b Z G Q G P= =  – ?(5(?#+/5*4 5&%?#+/5*4  (+/5*- 1%6$* G $&%0 -6 sr ,  ! q

"# r – $%&'"( )*'+#.
$%&#'!&&( 3. @%6$&7 A?( "# (#8& ?(5(?#+/5&7 5!5(+/$&"!5"5&7) 5#:*;#<"/'0 '-(5)!55# 5!5(+/$&"!5"5# 1%6$#,

86 /-0-# ;+#'5# $( 1%6$# 0-&> 5(+/$&"!5"5#.
)!*+!"# 4 [1]. 9-(5)!55# 1%6$# G "& ( ( +*B! "& ( 0;+0<"/'0 1%6$&7 A?( "#, -&+* ;&5# %&:-+# #<"/'0 ; 5#$(;$-

%0?*4  &86"&- G S=  ! ';&>3 5&%?#+/5&> '*+&;'/-&> s -$( 1%6$* S $&%0 -6  s ,  1≥ , "# 5!5&%?#+/5&> '*+&;'/-&>

t -$( 1%6$* T= b $&%0 -6 !t , ! 1≥ , "# :# &;&+/50< 5#'"6$5( 6?&;*:

( ) ( ) ( )" " ,tZ G G S b= = ×  ! ( )" G – $( 1%6$# C%#""(5( 1%6$* G ;

( ), " ,G S S S G S′ ′ ′′ ′= = = !-'$&5!5"# S′ 5!$!%!;*.6< )*'+& s ;

,-.& S – 5!#8!+!;#, "& ( )( ) "Z S S S′= = .

 !"# 3. 2!3#4 , ,nG A b A p p≅ = – $%&'"! )*'+& "# ( )22, 2 , ,kp b b Z G A> = = – ?(5(?#+/5# 5&%?#+/5#

$( 1%6$# ; G . D& ( .A p=

 !"#$#%%&. 2!3#4 a $( 1%6$# $%&'"&1& $&%0 -6 ; A . E(:/?!?& !+!?!5" -1 bx ab ab aa A= = ∈ . F'-(+/-*
2ba a= (

$( 1%6$# A – #8!+!;#, "& ( ) 2
.

bb b b b b bx aa a a a a aa x= = = = = =&G+*;(  ;# ;*$# -*: 1x = "# 1x ≠ . ,-.& 1x = , "&

1baa = "# 1ba a−= . H;( '* ba a= , "&8"& a – 5&%?#+/5# $( 1%6$#. H "&1&, .& A ?(5(?#+/5# 5&%?#+/5# $( 1%6$#

; G ;*$+*;#<, .& A a≅ . ,-.& 1x ≠ , "& $( 1%6$# $&%& G!5# !+!?!5"&? x < 5&%?#+/5&7. F'-(+/-* A ?(5(?#+/-

5# 5&%?#+/5#, "& A x≅ . F"G!, $&%0 &- A  &%(;57< p .
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3.  !"#$-%&'( ) *+',-.%'/0!-.12&3 45+%&3 6*/7-!

I+#'*J(-#K(0 '-(5)!55*3 ?#4G!-$&+(; &"%*?#5# @. L#''!53#6:&? [8] ; 1936 %&K(. H&-%!?#, # *"*;5# 1%6$# F +

-&G5&1& "#-&1& ?#4G!-$&+0 F < !+!?!5"#%5&7 #8!+!;&7 1%6$&7 $&%0 -6 np  +0  !0-&1& $%&'"&1& )*'+# p "# 5#-

"6%#+/5&1& n , # &"G! $&%0 &- 4&1& ?6+/"*$+(-#"*;5&> 1%6$* *F %(;5*4 1np − . I%(? "&1&, :1( 5& : [3] ; 1%6$( *F -&G5#

$( 1%6$# $&%0 -6 qr ,  ! q "# r –  &;(+/5( $%&'"(  (+/5*-* )*'+# 1np − , # "&?6 ( -&G5# #8!+!;# $( 1%6$#, < K*-+()-
5&7. H#6;#G*?& "#-&G, .& &'5&;5( J#-"* : "!&%(> ?#4G!-$&+(; ?&G5# :5#4"* ; -5*:( =. M&++# [3], 1+#;# 20, #  !"#-
+/56 (5J&%?#K(7 – ; ?&5&1%#J(> [6].

 !"# 4 [3]. 9*+&;'/-# $( 1%6$# 1%6$* M 5!$#%5&1& $&%0 -6 K*-+()5#. 9*+&;'/-# 2 -$( 1%6$# 1%6$* M K*-+()5#
#8& G 0;+0<"/'0 6:#1#+/5!5&7 1%6$&7 -;#"!%5(&5(;. (M – 1%6$# (:&?&%J5# ?6+/"*$+(-#"*;5(4 1%6$( ?#4G!-$&+0).

N%*4?!?& 5#'"6$5( $&:5#)!550: F – ?#4G!-$&+!, *F 4&1& ?6+/"*$+(-#"*;5# 1%6$#, F + – # *"*;5# 1%6$# ?#4G!-
$&+0, ( , )SL n m – '$!K(#+/5# +(5(45# 1%6$# '"!$!50 n 5# '-(5)!55*? $&+!? (: m !+!?!5"(;, kC – K*-+()5# 1%6$# $&-
%0 -6 k .

)!*+!"# 5 [3]. 2!3#4 F – '-(5)!55! ?#4G!-$&+!. D& ( 4&1& $&%0 &- < '"!$!5!?  !0-&1& $%&'"&1& )*'+#, # 4&1&
?6+/"*$+(-#"*;5# 1%6$# *F < #8& ?!"#K*-+()5&7 1%6$&7, #8& (:&?&%J5&7 & 5(4 : 5#'"6$5*3 '!?* 1%6$:

1) (2,3);SL
2) 5(2,3) ;SL C×

3) $( 1%6$# ( )2,7O $&%0 -6 48 1%6$* (2,7);SL

4) ( ) 112,7 ;O C×

5) (2,5);SL
6) 7(2,5) ;SL C×
7) 29(2,5) .SL C×
2#'"6$5# +!?# < 8!:$&'!%! 5(? 5#'+( -&? ";!% G!550 4) "!&%!?* 20.7.2 (: -5*1* =. M&++# [3].
 !"# 5. 2!3#4 F – '-(5)!55! ?#4G!-$&+! $&%0 -6 sp  +0  !0-&1& $%&'"&1& )*'+# p "# 5#"6%#+/5&1& s . ,-.&

?6+/"*$+(-#"*;5# 1%6$# *F K/&1& $&+0 ?!"#K*-+()5# ( 5!#8!+!;#, "& >> K!5"% < K*-+()5&7 $( 1%6$&7 $&%0 -6 1kp −
 +0  !0-&1& ;+#'5&1&  (+/5*-# k )*'+# s .

 !"# 6 [2]. 2!3#4 G – '-(5)!55# 5!#8!+!;# 1%6$#, ;'( ;+#'5( $( 1%6$* 0-&> K*-+()5(. D& ( G < #8& 1%6$&7 -;#"!%-
5(&5(; $&%0 -6 8 , #8& 5#$(;$%0?*?  &86"-&? G a b=  5&%?#+/5&> $( 1%6$* a $%&'"&1& $&%0 -6 2p ≠ : K*-+()-

5&7 $( 1%6$&7 b $&%0 -6 nq  +0  !0-&1& $%&'"&1&  (+/5*-# q )*'+# 1p − "# K(+&1& 1,n > ; 0-&?6 $( 1%6$# qb

'$(;$# #< : K!5"%&? 1%6$* G .

)!*+!"# 6. 2!3#4 F – '-(5)!55! ?#4G!-$&+! $&%0 -6 sp , ?6+/"*$+(-#"*;5# 1%6$# *F 0-&1& < 1%6$&7 A?( "#.

D& ( *F – 1%6$# & 5&1& : 5#'"6$5*3 "*$(;:
1) 1%6$# (2,3);SL
2) 5!#8!+!;# ?!"#K*-+()5# 1%6$# & 5&1& : $&%0 -(; 24 , 63 , 80 .

 !"#$#%%&. F'-(+/-* $&%0 &- F %(;5*4 sp , "& $&%0 &- 1%6$* *F %(;5*4 1sp − . H# "!&%!?&7 4 *F P b=  ,  ! P

< '*+&;'/-&7 q -$( 1%6$&7 1%6$* *F $&%0 -6 nq , ( )*,m tb t b Z F= ∈ , ( , ) 1q t = . H# +!?&7 4 $( 1%6$# P #8& K*-+()5#,

#8& 6:#1#+/5!5# 1%6$# -;#"!%5(&5(;.
2!3#4 P – 6:#1#+/5!5# 1%6$# -;#"!%5(&5(; $&%0 -6 5! ?!5B! 16. F'-(+/-* 1%6$# #;"&?&%J(:?(; "#-&> 1%6$* < 2 -

1%6$&7, "& *F P b= × . O+! "& ( 1%6$# *F 86 ! 5(+/$&"!5"5&7, .& '6$!%!)*"/ 6?&;( "!&%!?*. F"G! P #8& K*-+()5#,
#8& 1%6$# -;#"!%5(&5(; 8Q .

P ;*$# -6, -&+* 8P Q≅ , ?6+/"*$+(-#"*;5# 1%6$# ?#4G!-$&+0 *F (:&?&%J5# 1%6$( (2,3)SL :# "!&%!?&7 5.

,-.& P < K*-+()5&7, "& *F – 5!#8!+!;# ?!"#K*-+()5# 1%6$#. E%#3&;67)*, .& ; ?6+/"*$+(-#"*;5(4 1%6$( '-(5)!5-
5&1& ?#4G!-$&+0 -&G5# #8!+!;# $( 1%6$# "# $( 1%6$# $&%0 -6 qr ,  ! r – $%&'"! )*'+&, < K*-+()5&7, &"%*?6<?&, .&

; 1%6$( *F ;'( ;+#'5( $( 1%6$* K*-+()5( ( >> $&%0 &- 1sp − 5! ?&G! 86"*  &86"-&?  ;&3 $%&'"*3 )*'!+. D&?6 :# +!?&7

6 1%6$# *F <  !0-&7 ?!"#K*-+()5&7 1%6$&7 $&%0 -6 mqr ,  ! q – 5!$#%5! $%&'"! )*'+&, r – $%&'"*4  (+/5*- )*'+#

1, 2p m− ≥ "# $( 1%6$# $&%0 -6 1mr − '$(;$# #< : K!5"%&? Z 1%6$* *F . F'-(+/-* :# +!?&7 5 K!5"% Z < $( 1%6$&7

$&%0 -6 1kp −  +0  !0-&1& ;+#'5&1&  (+/5*-# k )*'+# s , "& 1 1m kr p− = − (  +0  &;! !550 +!?* :#+*B#<"/'0 ;'"#-

5&;*"*, .& $%* K(4 6?&;( %(;5('"/ 1s mp qr− = ?#< ?('K! +*B! 6 ;*$# -#3, -&+* 2s = "# 5p = , 4s = "# 3p = #8&
6s = "# 2p = .

N%*$6'"*?& '$&)#"-6, .& 2p = . D& ( 2 1s mqr− = "# 1 2 1m kr − = − ,  ! k – ;+#'5*4  (+/5*- )*'+# s . F'-(+/-*

2m ≥ , "& r  (+*"/ 2 1k − ( "&?6 :# +!?&7 1 ?#<?& 6s = .
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2!3#4 "!$!% 2p ≠ . D& ( )*'+& 1sp − $#%5!, # "&?6 2r = . F"G!, 1 2s mp q− = "# 12 1m kp− = − . H;( '*, 1 2mp − ≠ (
"&?6, :#'"&'&;67)* +!?6 2, &"%*?6<?& 2s = "# 5p = #8& 4s = "# 3p = .

F"G!, *F – 5!#8!+!;# ?!"#K*-+()5# 1%6$# & 5&1& : $&%0 -(; 24, 63 #8& 80.

4. 8&0!',2/ *!"#$-0/',9( ) *+',-.%'/0!-.12&3 45+%&3  /''$5!- &5$2&
2!3#4 R – '-(5)!55! +&-#+/5! ?#4G!--(+/K! $&%0 -6 np , ?6+/"*$+(-#"*;5# 1%6$# *R 0-&1& < 1%6$&7 =(++!%#-

=&%!5&. N( 1%6$6 ;'(3 5!&8&%&"5*3 !+!?!5"(; (: R 86 !?& $&:5#)#"* )!%!: L . D& ( L – ( !#+ ; R "# 1L + – 5&%-
?#+/5# $( 1%6$# ; *R .

F'-(+/-* R+ 0;+0<"/'0 p -1%6$&7, "& mL p= ,  +0  !0-&1& m n< . C#-"&%-1%6$# /R L (:&?&%J5# # *"*;5(4 1%6$(

?#4G!-$&+0 F "# ?6+/"*$+(-#"*;5# 1%6$# ( )* */ / 1R L R L= + ?#4G!--(+/K0 /R L (:&?&%J5# ?6+/"*$+(-#"*;5(4 1%6$(

?#4G!-$&+0 *F [5]. F'-(+/-* *R R L= ∪ "# *R L∩ = ∅ , "& *R R L= + . H;( '* ;*$+*;#<, .&

* ( 1)n m m n mR p p p p −= − = − . F"G!, 1%6$# 1L + ?#< ; *R  &$&;5!550 K :# +!?&7 A6%#, # "&?6 ?6+/"*$+(-#"*;5#

1%6$# *R %&:-+# #<"/'0 6 5#$(;$%0?*4  &86"&- ( )* 1R L K= +  ,  ! ( )*/K R L≅ . H# "!&%!?&7 3 1 L+ < ?(5(?#+/5&7

5&%?#+/5&7 $( 1%6$&7 ; *R "# $&%0 &- kK q= ,  ! q -  !0-! $%&'"! )*'+&.

 !"# 7. 2!3#4 R – +&-#+/5! ?#4G!--(+/K! $&%0 -6 np ( 2n > ), $( 1%6$# L 0-&1& K*-+()5# "# 5!"%*;(#+/5#. D& (

1%6$# R+ – K*-+()5# "# $&%0 &- L  &%(;57< 1np − . I%(? "&1&, 1
*

1n pp
R C C− −≅  .

2!3#4 x 5#+!G*"/ L i r !+!?!5" (: R . D& ( ;( &8%#G!550 ˆ :x r xr→ 0;+0<"/'0 !5 &?&%J(:?&? 1%6$* R+ , &'-(-
+/-* 1 2 1 2( )x r r xr xr+ = + . F'-(+/-*, 0 %& !5 &?&%J(:?6 { }ˆ | 0Ker x r R xr= ∈ = '$(;$# #< : #56+0"&%&? !+!?!5"# x ; R ,

"& ( )/ RR Ann x xR+ ≅ ,  ! xR +!G*"/ ; L . H "&1&, .& #56+0"&% ( )RAnn x < $%#;*? ( !#+&? ; R ( 5! ?('"*"/ 1 ;*$+*-

;#<, .& ( )RAnn x L≤ . H K*-+()5&'"( L ;*$+*;#<, .& ( )RAnn x "# ˆIm x < K*-+()5( $( 1%6$* ; R+ , # "&?6 R+ – ?!"#K*--

+()5#. H "&1&, .& ( )( ) ( )( )/ / / /R RR L R Ann x L Ann x+ +≅ i J#-"&%-1%6$# /R L+ < !+!?!5"#%5&7 #8!+!;&7 ;*$+*;#<, .&

(5 !-' $( 1%6$* L ; R+  &%(;57< p . H1( 5& [3,"!&%!?# 12.5.1] ('567"/ '(? 1%6$, 0-( ?#7"/ K*-+()56 $( 1%6$6 (5 !-'6

p . P B!'"* : K*3 1%6$, -%(? K*-+()5&>, ?5&G*5# \R L+ ?('"*"/ !+!?!5"* $&%0 -6 p . H (5B&1& 8&-6, ; +&-#+/5&?6

?#4G!--(+/K( R $&%0 &- -&G5&1& !+!?!5"# K(<> ?5&G*5*  &%(;57< !-'$&5!5"( # *"*;5&> 1%6$* R+ . F"G!, # *"*;5#
1%6$# +&-#+/5&1& ?#4G! -(+/K0 R+ – K*-+()5#.

 !"# 8. 2!3#4 R – +&-#+/5! ?#4G!--(+/K! $&%0 -6 np : 2n > "# 2p > . D& ( p – $%&'"! )*'+& C!%?#,

p pR C C+ ≅ × #8& 2p
R C+ ≅ , L p= "# *

1p pR C C −≅  .

 !"# 9. 2!3#4 R – +&-#+/5! ?#4G!--(+/K! $&%0 -6 2n ( 2n > ). ,-.& : 2R L ≠ , "& L – !+!?!5"#%5# #8!+!;# 2-

1%6$# "# R+ - 2-1%6$# !-'$&5!5"* 5! ;*.! 4 .
H +!? 8, 9 "# [2] ;*$+*;#< 5#'"6$5# "!&%!?#.
)!*+!"# 7. 2!3#4 R – +&-#+/5! ?#4G!--(+/K! $&%0 -6 np ( 2n > ), ?6+/"*$+(-#"*;5# 1%6$# 0-&1& < 1%6$&7 =(+-

+!%#-=&%!5& "# L $( 1%6$# ;'(3 5!&8&%&"5*3 !+!?!5"(; : R . D& ( ;*-&567"/'0 5#'"6$5( ";!% G!550:
1) 0-.& R – ?#4G!-$&+!, "& *R < #8& 1%6$&7 -;#"!%5(&5(; 8Q , #8& 5!#8!+!;&7 ?!"#K*-+()5&7 1%6$&7 & 5&1& :

$&%0 -(; 24 , 63 , 80 ;

2) 0-.& 2p > , "& p – $%&'"! )*'+& C!%?#, p pR C C+ ≅ × #8& 2p
R C+ ≅ , L p= "# *

1p pR C C −≅  ;

3) 0-.& 2p = "# (5 !-' : 2R L ≠ , "& L – !+!?!5"#%5# #8!+!;# 2-1%6$# "# R+ - 2- !"#$ %&'#()%)*+ )% ,+-% 4 .

5.  !"#$%&!
.#+'$)( ,'/ 0$12%-#(34 5 0"36*+#3/&$*+,)(7  !"#(7 80/9*$ *$ ,+,:%)( 3(&$36)/ 0$12%-&/36;4 5 0"36*+#3/&$*+-

,)(7  !"#(7 </33%!$-<(!%)( 5 /)9%&'(0  !"#+ )%(=(!(*)+> %3%0%)*/, , $9+*+,)/1  !"#/ 3(&$36)( ( 0$12%-&/36;4
)%!/,)+0 4.
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