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 !" 621.9 

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

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

2'415678!97:'";!< 5='8;! 4!>!9'2>5  

?15@57685?5 AB@5C5878?5 !87< 

"15D854>5E71F8GC 6'2!1'H 

3,$$#)-"!/0 )$/)./0! 4,%)/)#!"/)$-& 5)"#&").,/&6 -!"#)+&/,#&2!$%&1 7)%,4,-!8!' 

7"& (8)9)&+/)# 4*9)1)/&/().,/&& & )$/)./0! 5,%-)"0, )7"!+!86:;&! .01)+/0! 7,",#!-"0 

7")<!$$,. 

 

;(IJ/,K/ L(+,-: 7,",#!-"0 5)"#))9",4).,/&6, *$8).&6 %)/-,%-,, 1,",%-!"&$-&%, ,9",-

4&./)() $8)6, *$-,/).&.=,6$6 -!#7!",-*",. 

 

#$%&'()*( +,-(./%, %&01.+,(2$3 04$51+6** – 4(',78(( 1.9$%*( 0$-

%&'()*: (( +$)+14()/$.0$.$;)$./* ), %)1/4())(2 * %)(')(2 4&)+,<. =/$ 

$;1.9$%9*%,(/.: 0$./$:))$ %$>4,./,78*2* /4(;$%,)*:2* + ),5(?)$./* @+.-

091,/,6**. " $/5(9A)&2 1>9,2 * 5(/,9:2 04(5B:%9:7/.: %.( ;$9(( ?(./+*( 

/4(;$%,)*:, /,+ +,+ @+.091,/,6*$))&( <,4,+/(4*./*+*, ),5(?)$./A, 5$9C$-

%(-)$./A, 4(.14. 4,;$/& 2,'*) * 2(<,)*>2$% >,%*.:/ $/ $/5(9A)&< 1>9$% 

* .$04:C,78*<.: 0,4. 

D +$)./41+6*:< .$%4(2())&< 2,'*) * 2(<,)*>2$% '*4$+$ 4,.04$-

./4,)()& >1;-,/&( 0(4(5,-*. =+.091,/,6*$))&( .%$3./%, >1;-,/&< 0(4(5,- 

% >),-*/(9A)$3 2(4( $04(5(9:7/.: /$-)$./A7 *>C$/$%9()*: >1;-,/&< 5(/,-

9(3 * +,-(./%$2 4,;$-*< 0$%(4<)$./(3 >1;A(%. D 6(9:< 0$%&'()*: @+.091,-

/,6*$))&< <,4,+/(4*./*+ 0(4(5,- >),-*/(9A)$( 2(./$ % /(<)$9$C** *< *>C$-

/$%9()*: $/%$5*/.: -*./$%$3 $;4,;$/+(. 

#(4(-*.9())&( /4(;$%,)*: $.$;())$ ;$9A'$( >),-()*( 04*$;4(/,7/ 

04* *>C$/$%9()** .9$?)$04$E*9A)&< %*)/$%&< 5(/,9(3, ),04*2(4 4,;$-(3 

0,4& %*)/$%$C$ >,;$3)$C$ 5%*C,/(9:. D ),./$:8(( %4(2: $/.1/./%1(/ %&.$-

+$04$*>%$5*/(9A)&3, @+$)$2*-(.+* $;$.)$%,))&3 .0$.$; $/5(9$-)$3 $;4,-

;$/+* .9$?)$04$E*9A)&< 5(/,9(3, 0$@/$21 $0(4,6*: >1;$),4(>,)*: 04$-

E*9A)$3 -,./* 4$/$4, -,./$ :%9:(/.: $+$)-,/(9A)$3. F$-)$./A * '(4$<$%,-

/$./A >1;-,/$C$ %()6, 4$/$4, % @/$2 .91-,( $04(5(9:(/.: )(%&.$+*2* %$>-

2$?)$./:2* >1;$E4(>(4$%,)*:.  

G,;$-,: 0,4, %*)/$%$C$ >,;$3)$C$ 5%*C,/(9: .$./$*/ *> 2(/,99*-(.+$-

C$ 4$/$4, * 4(>*)$%$C$ ./,/$4,. !$9C$%(-)$./A * 4,;$/$.0$.$;)$./A /,+$3 

0,4& % >),-*/(9A)$3 ./(0()* >,%*.*/ $/ +,-(./%, 4,;$-*< 0$%(4<)$./(3 4$-
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/$4,. H..9(5$%,)*: 0$+,>,9*, -/$ .)*?()*( '(4$<$%,/$./* 4,;$-*< 0$%(4<-

)$./(3 4$/$4, ), $5*) +9,.. 0$>%$9:(/ ), 10–15 % 0$%&.*/A 4(.14. 4,;$/& 

%*)/$%$C$ >,;$3)$C$ 5%*C,/(9:. D ),./$:8(( %4(2: . @/$3 6(9A7 04$%$5*/.: 

5$0$9)*/(9A),: $/5(9$-),: $;4,;$/+,. 

" $/5(9$-)&2 2(/$5,2 $;4,;$/+* $/)$.:/.: >1;$'9*E$%,)*(, >1;$'(-

%*)C$%,)*(, 04*/*4+,, $;+,/+,, 0$9*4$%,)*( * .10(4E*)*', @9(+/4$<*2*-(-

.+*( * @9(+/4$E*>*-(.+*( 2(/$5& $;4,;$/+*, , /,+?( >1;$<$)*)C$%,)*(.  

D 0$.9(5)(( %4(2: %.( '*4( % 4,>9*-)&< $/4,.9:< 2,'*)$./4$()*: 

04*2():(/.: 04$6(.. >1;$<$)*)C$%,)*:. =/$ $;B:.):(/.: /(2, -/$ @/$/ .0$-

.$; $/5(9$-)$3 $;4,;$/+* $;(.0(-*%,(/ /4(;1(2$( 0$ '(4$<$%,/$./* +,-(./-

%$, % $/9*-*( $/ >1;$'9*E$%,)*: $;9,5,(/ %&.$+$3 04$*>%$5*/(9A)$./A7, 

)( ',4?*41(/ 4,;$-(3 0$%(4<)$./*, +,+  04*/*4+,, $;(.0(-*%,(/ >),-*/(9A-

)&( .B(2&, % $/9*-*( $/ $;+,/+*, 0$9*4$%,)*: * .10(4E*)*',, $;9,5,(/ ;$-

9(( %&.$+*2* /$-)$./)&2* 0$+,>,/(9:2*, -(2 @9(+/4$<*2*-(.+*( * @9(+-

/4$E*>*-(.+*( 2(/$5& $;4,;$/+*. 

I,*;$9(( *)/(4(.)&2 .0$.$;$2 >1;$<$)*)C$%,)*: :%9:(/.: $;4,;$/+, 

. *.0$9A>$%,)*(2 *)./412()/, ), $.)$%( C9$;$*5)$C$ <$), (-(4%:+,). D&.$-

+,: 04$*>%$5*/(9A)$./A * +,-(./%$ $;4,;$/+* 04* C9$;$*5)$2 >1;$<$)*)C$-

%,)** $;(.0(-*%,7/.: 04(*218(./%,2* C9$;$*5)$C$ >,6(09()*:: 04$E*9A-

)&3 +$)/,+/ * >),-*/(9A),: 04$/:?())$./A +$)/,+/)&< 9*)*3, ),9*-*( )(-

.+$9A+*< $5)$%4(2())$ 1-,./%178*< % >,6(09()** >1;A(%, $;4,>178*< >$)1 

+$)/,+/,, -/$ 04*%$5*/ + $.4(5)()*7 0$C4(')$./(3 * 0$%&'()*7 /$-)$./* 

$;4,;$/+*, ),04,%9()*( .+$4$./* 4(>,)*: 04,+/*-(.+* .$%0,5,(/ . ),04,%9(-

)*(2 %4,8()*: *)./412()/,, -/$ )( /4(;1(/ 59: $;(.0(-()*: >,5,))&< .+$-

4$./(3 4(>,)*: %&.$+*< -,./$/ %4,8()*: *)./412()/, * 0$>%$9:(/ *.0$9A>$-

%,/A 59: 4(,9*>,6** 04$6(.., .(4*3)$ %&01.+,(2&( >1;$4(>)&( ./,)+* . *.-

0$9A>$%,)*(2 +*)(2,/*-(.+*< .%:>(3, -/$ $;(.0(-*%,(/ 04$6(..1 *.04,%-

9:7817 .0$.$;)$./A. D.( @/* 5$./$*)./%, 5(9,7/ 04$6(.. >1;$<$)*)C$%,-

)*: C9$;$*5)&2* -(4%:-)&2* <$),2* $0/*2,9A)&2 04* $;4,;$/+( .9$?)$-

04$E*9A)&< >1;-,/&< 5(/,9(3 >),-*/(9A)$3 59*)&. 

J*4$+$21 4,.04$./4,)()*7 C9$;$*5)$C$ >1;$<$)*)C$%,)*: 0$2*2$ 

/(<)$9$C*-(.+*< .9$?)$./(3, .%:>,))&< . *>C$/$%9()*(2 * 04,%+$3 C9$;$-

*5)$C$ *)./412()/,, 04(0:/./%1(/ %&.$+,: -1%./%*/(9A)$./A C9$;$*5)$C$ 

>,6(09()*: + 0$C4(')$./:2 1./,)$%+* *)./412()/,, $/.1/./%*( ), .(C$-

5):')*3 5()A ),5(?)&< .0$.$;$% 04$E*9*4$%,)*: .9$?)$04$E*9A)&< C9$-

;$*5)&< *)./412()/$%, , /,+?( $/.1/./%*( E1)+6*$),9A)&< >,%*.*2$./(3, 

0$>%$9:78*< ,),9*/*-(.+* .%:>,/A $/+9$)()*: 04$E*9: 5(/,9* . $/+9$)(-

)*:2* 0,4,2(/4$% 1./,)$%+*. "4$2( @/$C$, 5$ +$)6, )( *>1-()$ %9*:)*( /(2-

0(4,/14 % >$)( 4(>,)*: ), /$-)$./A $;4,;$/+*.  
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!9: $0/*2*>,6** /(<)$9$C*-(.+$C$ 04$6(.., C9$;$*5)$C$ >1;$<$)*)-

C$%,)*: )($;<$5*2$ 1-*/&%,/A /(09$%&( 04$6(..&, 04$*.<$5:8*( % >$)( 

$;4,;$/+*. F(20(4,/14, ), 0$%(4<)$./* +$)/,+/, 4(?18(C$ >(4), . 5(/,9A7 

<,4,+/(4*>1(/ ),04:?())$./A 04$6(.., >1;$<$)*)C$%,)*:, %9*:(/ ), *)/()-

.*%)$./A *>)$., +41C, * +,-(./%$ 0$%(4<)$./* 5(/,9*. !9: $0/*2*>,6** 0,-

4,2(/4$% $;4,;$/+*, /,+*< +,+ 2,/(4*,9 <$),, /(<)$9$C*-(.+*( ),9,5+*, 4(-

?*2& 4(>,)*:, )($;<$5*2$ >),/A /(20(4,/14&, %$>)*+,78*( % >$)( +$)/,+/, 

*)./412()/, * 5(/,9*. "4$2( /$C$, )($;<$5*2$ 1./,)$%*/A >,%*.*2$./* 2(-

?51 /(20(4,/14$3 * *>2()()*(2 /(<)$9$C*-(.+*< ),9,5$+, 4(?*2$% 4(>,)*: 

* 0,4,2(/4,2* ,;4,>*%)$C$ .9$:.  

G('()*(  /(09$5*),2*-(.+$3 >,5,-* %$>2$?)$ ), $.)$%( 5,))&< $ ),-

04:?())$-5(E$42*4$%,))$2 .$./$:)**, %$>)*+,78(2 % +,?5$3 /$-+( 04$-

E*9: % >$)( +$)/,+/, *)./412()/, . >,C$/$%+$3. K2&.9 (( >,+97-,(/.: % /$2, 

-/$ 0$2*2$ $04(5(9()*: /(20(4,/14 % >$)( +$)/,+/, 2$?)$ $04(5(9*/A 0$-

%(5()*( 5(/,9* % 04$6(..( $;4,;$/+*. 

I, %(9*-*)1 /(20(4,/14& 04* C9$;$*5)$2 >1;$<$)*)C$%,)** $+,>&-

%,7/ %9*:)*( .9(5178*( E,+/$4&: 

1. "$)E*C14,6*: $;9,./* +$)/,+/,. 

2. H./$-)*+ /(09$/&, +$/$4&3 >,%*.*/ $/: 

– 4,;$/& .*9 /4()*: % 04$6(..( $;4,;$/+*; 

– +$9*-(./%, /(09$/&, %&5(9:(2$C$ % 04$6(..( $;4,;$/+*; 

– %4(2()* * 09$8,5* +$)/,+/,. 

3. K+$4$./* %4,8()*: >,C$/$%+* * *)./412()/,. 

4. D(9*-*)& 0$5,-*. 

5. F(09$E*>*-(.+*( <,4,+/(4*./*+* 2,/(4*,9, >,C$/$%+* * *)./412()/,. 

L(/$5& 2,/(2,/*-(.+$3 E*>*+*, % -,./)$./* 2(/$5& *)/(C4,9A)&< 

04($;4,>$%,)*3, 0$>%$9:7/ @EE(+/*%)$ 4(',/A .4,%)*/(9A)$ 1>+*3 +41C >,-

5,- /($4** /(09$04$%$5)$./*. #4* 4,..2$/4()** .*./(2 5*EE(4()6*,9A)&< 

14,%)()*3 . %(.A2, $;8*2* +4,(%&2* 1.9$%*:2* /$-)&( 2(/$5& 4('()*: 

),/,9+*%,7/.: ), ;$9A'*( /415)$./*, $.$;())$ 04* 4('()** )(9*)(3)&< 

>,5,-. D @/*< .91-,:< 04*<$5*/.: $;4,8,/A.: + /(2 *9* *)&2 -*.9())&2 2(-

/$5,2 4('()*:. D,?)$ $/2(/*/A, -/$ *.0$9A>$%,)*( -*.9())&< 2(/$5$% 0$-

>%$9:(/ $/+,>,/A.: $/ 104$8())$3 /4,+/$%+* 2,/(2,/*-(.+$3 2$5(9* 04$6(.-

.,. D ),./$:8(( %4(2: ),*;$9(( 4,.04$./4,)())&2 2(/$5$2 4('()*: 14,%-

)()*3 /(09$04$%$5)$./* :%9:(/.: 2(/$5 .(/$+ (2(/$5 +$)(-)&< 4,>)$./(3). 

K18)$./A 2(/$5, +$)(-)&< 4,>)$./(3 .$./$*/ % ,004$+.*2,6** *.+$-

2$3 )(04(4&%)$3 E1)+6** .$%$+10)$./A7 (( 04*;9*?())&< >),-()*3, 4,.-

.-*/,))&< % /$-+,< *..9(51(2$3 $;9,./* /(9,, ),>&%,(2&< 1>9,2*. K$%$-

+10)$./A 1>9$%, .$(5*)())&< 2(?51 .$;$3 $04(5(9())&2 $;4,>$2, 04(5./,%-

9:(/ .$;$3 .(/+1, +$/$417 ),>&%,7/ 5*.+4(/)$3 2$5(9A7 $;9,./* $04(5(9(-

)*: *.+$2$3 E1)+6**. K$%$+10)$./A >),-()*3 *.+$2$3 E1)+6** % 1>9,< .(/-

+* ),>&%,7/ .(/$-)$3 E1)+6*(3. 
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=/,0& 2(/$5, +$)(-)&< 4,>)$./(3: 

1. #$./4$()*( .(/+* % $;9,./* $04(5(9()*: >),-()*3 *.+$2$3 E1)+-

6**. =/$/ @/,0 ),>&%,7/ 5*.+4(/*>,6*(3 >,5,-*. 

2. M,2(), 04$*>%$5)&< % 2,/(2,/*-(.+$3 2$5(9* *.+$2$3 E1)+6** *< 

4,>)$./)&2* ,),9$C,2*, 04* @/$2 )(04(4&%),: *.+$2,: E1)+6*: ,004$+.*-

2*41(/.: .(/$-)$3 E1)+6*(3. =/$/ @/,0 ),>&%,(/.: ,9C(;4,*>,6*(3 >,5,-*. 

3. G('()*( 0$91-())$3 .*./(2& ,9C(;4,*-(.+*< 14,%)()*3 $/)$.*-

/(9A)$ 1>9$%&< >),-()*3 .(/$-)$3 E1)+6**. 

H..9(5$%,)*: 04$%$5*9*.A . 04*2()()*(2 +$20A7/(4)&< /(<)$9$C*3, 

. 0$2$8A7 0,+(/, 9*6()>*$))&< 04$C4,22 STAR-CD, 4,;$/,78(C$ 0$ 2(/$51 

+$)(-)&< 4,>)$./(3. #4*2()()*( @/$3 04$C4,22& 59: 4,.-(/, /(09$%&< 04$-

6(..$% 04* C9$;$*5)$2 >1;$<$)*)C$%,)** 04$%$5*9$.A %0(4%&(, 0$@/$21 59: 

4,.-(/, *.0$9A>$%,9,.A 104$8()),: 2$5(9A C9$;$*5)$C$ >,6(09()*: (4*.. 2).  

L$5(9A 4(,9A)$C$ >,6(09()*: 04(5./,%9(), ), 4*.. 1. 

 

  
G*.. 1. L$5(9A C9$;$*5)$C$  

>1;$<$)*)C$%,)*: 

G*.. 2.  04$8()),: 2$5(9A C9$;$*5)$C$ 

>1;$<$)*)C$%,)*: 

K 0$2$8A7 @/$3 2$5(9* ), $.)$%( I!K 4,>4,;$/,) ,9C$4*/2 $04(5(-

9()*: *./$-)*+, /(09$/&. I$42,9A),: .$./,%9:78,: .*9& 4(>,)*:  !, I, >,-

%*.*/ $/ 5(E$42,6** * ),04:?()*: * ),<$5*/.: 0$ E$4219( 

2 ,
y

P  !"  

C5( N – ),04:?()*(, I/222; O – 5(E$42,6*:, 22. 

K*9, 4(>,)*: $04(5(9:(/.: 59: +,?5$3 *> 30 /$-(+ 04$E*9:. #$.9( 

4,.-(/, >),-()*3 .*9& 4(>,)*: % +,?5$3 *> 30 /$-(+ 04* $04(5(9())&< 1.9$-

%*:< $;4,;$/+* ),35(2 (( .4(5)(( >),-()*(, ;9,C$5,4: +$/$4$21 $04(5(9*2 

*./$-)*+ /(09$/&. 

#4(50$9$?*2, -/$ %.: 4,;$/, .*9 /4()*: 0(4(<$5*/ % /(09$, /$C5, $0-

4(5(9*2 .*91 /4()*: F, I: 

,
y

F P f  

C5( f – +$@EE*6*()/ /4()*:, f = 0,1. 

"$9*-(./%$ /(09$/& Q, !?, 4,%)$( 4,;$/(, 2$?)$ $04(5(9*/A 0$ E$4219( 
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.
y

Q F "  

D(9*-*), O! :%9:(/.: 0(4(2())$3 * 4,>9*-), 59: +,?5$3 *> /$-(+ 04$-

E*9:, /,+?( $), >,%*.*/ $/ 0,4,2(/4$% 1./,)$%+* C9$;$*5)$C$ <$), * 2,/(-

4*,9, *)./412()/, * 5(/,9*. M),-()*( @/$3 %(9*-*)& $.4(5):(2. 

#$.9( ),<$?5()*: +$9*-(./%, /(09$/& $04(5(9*/A *./$-)*+ /(09$/& q, 

D//22, 2$?)$ 0$ E$4219( 

 ,
Q

q
S

 
#

  (1) 

C5( P – %4(2: +$)/,+/,; S – 09$8,5A +$)/,+/,; ,S lh  22, h – '*4*), +$)/,+-

/,, :%9:(/.: %(9*-*)$3 0(4(2())$3, 4,>9*-), 59: +,?5$3 /$-+* 04$E*9:, 

4,%), %(9*-*)( 5(E$42,6*3 0$ $.* ". !9: 4,.-(/$% 04*)*2,(2 (( .4(5)(( 

>),-()*(. 

Q04(5(9*2 %4(2: +$)/,+/, P, .: 

,
th

c
#   

C5( # – .4(5):: 59*)), $+41?)$./* *)./412()/,; v – .+$4$./A %4,8()*: *)-

./412()/,; t – %4(2: +$)/,+/,, 
c

t
V

 . 

H> E$4219& (1) %*5)$, -/$ *./$-)*+ /(09$/& >,%*.*/ 04:2$ 04$0$4-

6*$),9A)$ $/ .*9& 4(>,)*: * $;4,/)$ 04$0$46*$),9A)$ $/ 09$8,5* * %4(-

2()* +$)/,+/,. F,+?( *./$-)*+ /(09$/& >,%*.*/ $/ <,4,+/(4*./*+ ,;4,>*%-

)$C$ *)./412()/,. I, 4*.. 3. 04(5./,%9()$ *>2()()*( *./$-)*+, /(09$/& 

% >,%*.*2$./* $/ <,4,+/(4*./*+ *)./412()/,. 

 

G*.. 3. H>2()()*( *./$-)*+, /(09$/& 04* 4,>9*-)&<  

%*5,< .%:>+*. R92,>. dA = –0,5, dZ = 0, dG = 0 
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G*.. 4. H>2()()*( *./$-)*+, /(09$/& 04* *>2()()** +$)6()/4,6** ,92,>$%  

%19+,)*/$%$3 .%:>+*. dA = –0,5, dZ = 0,dG = 0 

 

G*.. 5. H>2()()*( *./$-)*+, /(09$/& 04* *>2()()** %*5, ,;4,>*%,  

04* $ = 60 %, % %19+,)*/$%$3 .%:>+(. dA = –0,5, dZ = 0,dG = 0 

I(2,9$( %9*:)*( ), /(20(4,/141 $+,>&%,7/ /(09$E*>*-(.+*( .%$3./%, 

2,/(4*,9,, 04*-(2 +,+ 2,/(4*,9, *)./412()/,, /,+ * 2,/(4*,9, 5(/,9*. #$-

.+$9A+1 2,/(4*,9 C9$;$*5)$C$ <$), :%9:(/.: )($5)$4$5)&2 * .$./$*/ *> 

.%:>+*, ,;4,>*%)&< %+97-()*3, %$>51')&< 0$4, /$ 04* $04(5(9()** /(09$-

E*>*-(.+*< .%$3./% 2,/(4*,9, *)./412()/, % 6(9$2 )($;<$5*2$ 1-*/&%,/A 

.%$3./%, +,?5$C$ @9(2()/,, %<$5:8(C$ % .$./,% 2,/(4*,9,. 

q*10^5,  3/M2 
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I, 4*.. 4, 5 04(5./,%9()& 4(>19A/,/& -*.9$%$C$ @+.0(4*2()/, 04* *>-

2()()** 1+,>,))&< 0,4,2(/4$% ,;4,>*%)$C$ .9$:. 

Q;8*( E$4219& 59: 4,.-(/, /(09$E*>*-(.+*< <,4,+/(4*./*+ *)./41-

2()/,: 

1 1 2 2
...

n n
m m m$  $ % $ % % $ , D//2·",  

C5( S1, …, Sn – +$@EE*6*()/& /(09$04$%$5)$./* %.(< n +$20$)()/$% +41C,, 

m1, …, mn – 2,..$%&( 5$9* +$20$)()/$%. 

R),9$C*-)&2 $;4,>$2 2$?)$ $04(5(9*/A .4(5)77 09$/)$./A +41C,, 

+C/23, * 15(9A)17 /(09$(2+$./A, !?/+C·": 

1 1 2 2
...

n n
m m m&  & % & % '% & , 

1 1 2 2
...

n n
c c m c m c m % % '% . 

"$@EE*6*()/ /(20(4,/14$04$%$5)$./*, 22/., 

a
c

$
 
&

 

<,4,+/(4*>1(/ .%:>A 2(?51 %.(2* .%$3./%,2*. 

 

G*.. 6. H>2()()*( +$@EE*6*()/, /(20(4,/14$04$%$5)$./*  

04* 4,>9*-)&< %*5,< .%:>+*. R92,>. dA = –0,5, dZ = 0, dG = 0 

I, 4*.. 6–8 *>$;4,?()& 5*,C4,22& * C4,E*+ 4,.-(/)&< *>2()()*3 +$@E-

E*6*()/, /(20(4,/14$04$%$5)$./* 04* 1+,>,))&< *>2()()*:< ,;4,>*%)$C$ .9$:. 

H> C4,E*+$% %*5), .9(5178,: >,%*.*2$./A: 

– . 1%(9*-()*(2 09$/)$./* .%:>+* +$@EE*6*()/ /(20(4,/14$04$%$5)$./* 

12()A',(/.:. =/$ 2$?)$ $;B:.)*/A /(2, -/$ +$@EE*6*()/ /(20(4,/14$04$%$5)$-

./* 04:2$ 04$0$46*$),9() /(09$04$%$5)$./* * $;4,/)$ 04$0$46*$),9() 09$/)$-

./* * /(09$(2+$./*, ;$9A'(( >),-()*( .4(5* @/*< 0,4,2(/4$% *2((/ 09$/)$./A, 

0$@/$21 $), $+,>&%,(/ ;$9A'(( %9*:)*( ), /(20(4,/14$04$%$5)$./A; 

– . 1%(9*-()*(2 +$)6()/4,6** ,;4,>*%, +$@EE*6*()/ /(20(4,/14$04$-

%$5)$./* 1%(9*-*%,(/.:. 
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G*.. 7. H>2()()*( +$@EE*6*()/, /(20(4,/14$04$%$5)$./*  

04* *>2()()** +$)6()/4,6** ,92,>$%. dA = –0,5, dZ = 0,dG = 0 

 

G*.. 8. H>2()()*( +$@EE*6*()/, /(20(4,/14$04$%$5)$./*  

04* *>2()()** %*5, ,;4,>*%,. dA = –0,5, dZ = 0,dG = 0 

#$.9( $04(5(9()*: *.<$5)&< 5,))&< . 0$2$8A7 0,+(/, 9*6()>*$))&< 

04$C4,22 4,..-*/,)& *>2()()*: /(20(4,/14 % 04$6(..( $;4,;$/+* 04* $5)*< 

* /(< ?( 0,4,2(/4,< /(<)$9$C*-(.+*< ),9,5$+ * <,4,+/(4*./*+ ,;4,>*%)$C$ 

.9$: 04* .+$4$./* %4,8()*: *)./412()/, 25 2/2*) * 30 2/.. 

G,..2$/4*2 /(20(4,/141 04* .+$4$./* %4,8()*: *)./412()/, V = 25 2/2*). 

I, 4*.. 9. 04(5./,%9() C4,E*+ *>2()()*: /(20(4,/14& % >$)( $;4,;$/+* 04* 

*>2()()** .+$4$./* 4(>,)*:. 

 
G*.. 9. T4,E*+ *>2()()*: /(20(4,/14 4$/$4, * C9$;$*5)$C$ <$),,  

V = 25 2/2*). ",1-1+, ,92,> $ = 38 %. dA = –0,5, dZ = 0, dG = 0 
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H>2()()*: /(20(4,/14& * /(20(4,/14)&< 0$9(3 ), 5(/,9* * *)./41-

2()/( 04(5./,%9()& ), 4*.. 10–16. 

 

G*.. 10. T4,E*+ *>2()()*: /(20(4,/14& 4$/$4, 0$ 59*)(.  

",1-1+, ,92,> 4 = 38 %. dA = –0,5, dZ = 0, dG = 0 

 

G*.. 11. G,.04(5(9()*( /(20(4,/14)&< 

0$9(3 0$ 0$%(4<)$./* 4$/$4,,  

V = 25 2/2*) 

 

G*.. 12. G,.04(5(9()*( /(20(4,/14)&<  

0$9(3 0$ 0$%(4<)$./* C9$;$*5)$C$ <$),,  

V = 25 2/2*) 

 
G*.. 13. T4,E*+ *>2()()*: /(20(4,/14 4$/$4, * C9$;$*5)$C$  

<$),. ",1-1+, ,92,> $ = 38 %. dA = –0,5, dZ = 0, dG = 0 
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G*.. 14. T4,E*+ *>2()()*: /(20(4,/14& 4$/$4, 0$ 59*)(.  

",1-1+, ,92,> $ = 38 %. dA = –0,5, dZ = 0, dG = 0 

G*.. 15. G,.04(5(9()*( /(20(4,/14)&< 

0$9(3 0$ 0$%(4<)$./* 4$/$4, 

V = 30 2/. 

 

G*.. 16. G,.04(5(9()*( /(20(4,/14)&<  

0$9(3 0$ 0$%(4<)$./* C9$;$*5)$C$ <$), 

V = 30 2/. 

G,..2$/4*2 *>2()()*( /(20(4,/14& 04* .+$4$./* %4,8()*: *)./412()/, 

V = 30 2/.. H..9(5$%,)*: 0$+,>,9*, -/$ 04* )(;$9A'*< .+$4$./:< %4,8()*: *)-

./412()/, /(20(4,/14& % >$)( $;4,;$/+* )(%&.$+* (0$4:5+, 30–40 °K), -/$ .$-

$/%(/./%1(/ 5(3./%*/(9A)$./*, * >),-()*: /(20(4,/14 *)./412()/, * 5(/,9* 

$/9*-,7/.: )(>),-*/(9A)$. K/,6*$),4)&3 4(?*2 /(09$$;2(), 1./,),%9*%,-

(/.: )( .4,>1, , -(4(> )(+$/$4$( %4(2: 0$.9( ),-,9, $;4,;$/+*. D4(2: ),./1-

09()*: ./,6*$),4)$C$ 4(?*2, % ;$9A'(3 ./(0()* >,%*.*/ $/ .+$4$./* 5%*-

?()*: *./$-)*+, /(09$/&: -(2 %&'( .+$4$./A, /(2 ;&./4(( 1./,)$%*/.: 04$-

6(.. /(09$$;2(),. F,+?( 0$91-*9* 4,.04(5(9()*( /(20(4,/14)&< 0$9(3 0$ 

0$%(4<)$./* 5(/,9* * *)./412()/,, $/+15, %*5)$, -/$ 04* )(;$9A'*< .+$4$-

./:< %4,8()*: *)./412()/, /(09$ +$)6()/4*41(/.: % >$)( +$)/,+/,. 

#4* 0$%&'()** .+$4$./(3 5$ 14$%): .+$4$./(3 '9*E$%,)*: /(20(4,-

/14, 5(/,9* 0$%&',(/.: ($+$9$ 300 °K). F(20(4,/14, *)./412()/, 0$ 04(?-

)(21 $./,(/.: )(%&.$+$3 (30 °K). =/$ $;B:.):(/.: /(2, -/$ *)./412()/ %4,-

8,(/.: . %&.$+$3 .+$4$./A7 * /(09$ 4,%)$2(4)$ 4,.04(5(9:(/.: 0$ %.(3 (C$ 
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0$%(4<)$./*, , ), 5(/,9* – +$)6()/4*41(/.: % >$)( +$)/,+/,. =/$ %*5)$ *> 

5*,C4,22& 4,.04(5(9()*: /(20(4,/14)&< 0$9(3 0$ 0$%(4<)$./* *)./412()-

/, * 5(/,9*. K/,6*$),4)&3 4(?*2 /(09$$;2(), 04* /,+*< .+$4$./:< 1./,),%9*-

%,(/.: 04,+/*-(.+* .4,>1 0$.9( ),-,9, $;4,;$/+* (2()(( -(2 -(4(> 1 .). 

F,+*2 $;4,>$2 4,.-(/ /(20(4,/14 04$*>%(5() 59: 104$8())$3 2$5(9* 

C9$;$*5)$C$ >,6(09()*:. #$91-()& >),-()*: /(20(4,/14 59: 04$6(..$% >1-

;$<$)*)C$%,)*: * >1;$'9*E$%,)*:. !9: 4,.-(/, /(20(4,/14 *.0$9A>$%,9.: 

*./$-)*+ /(09$/&, +$/$4&3 04(5./,%9:(/ .$;$3 09$/)$./A 4,.04(5(9()*: /(-

09$%$C$ 0$/$+, ), +$)/,+/)$3 09$8,5+(. G,>4,;$/,), 2(/$5*+, 4,.-(/, *.-

/$-)*+, /(09$/& *> ),04:?())$-5(E$42*4$%,))$C$ .$./$:)*:. F,+*2 $;4,-

>$2, 0$91-*9*, -/$ %(9*-*), *./$-)*+, >,%*.*/ $/ .*9 4(>,)*: (),04:?()*: 

* 5(E$42,6**) * %(9*-*)& +$)/,+/)$3 09$8,5+* (%(9*-*)& %)(54()*:). D /$ 

?( %4(2: 2(/$5*+, /4(;1(/ 5,9A)(3'(3 04$4,;$/+*. 

#4$%(5()& /($4(/*-(.+*( *..9(5$%,)*: 59: )(+$/$4&< 0,4,2(/4$% ,;-

4,>*%)$C$ .9$:, 4(>19A/,/& *..9(5$%,)*3 *>9$?()& C4,E*-(.+*. H..9(5$%,-

)*: 04$%$5*9*.A . 0$2$8A7 0,+(/, 9*6()>*$))&< 04$C4,22 STAR-CD. #4$-

C4,22, 0$+,>,9, .%$7 4,;$/$.0$.$;)$./A * 2$?(/ *.0$9A>$%,/A.: 59: 5,9A-

)(3'*< *.0&/,)*3 04* 1/$-)()** *.<$5)&< 5,))&<. #$@/$21 )($;<$5*2$ 

04$%(5()*( 5,9A)(3'*< *..9(5$%,)*3. 
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1. R;4,>*%),: * ,92,>),: $;4,;$/+, 2,/(4*,9$%. K04,%$-)*+ / 0$5. 4(5. 
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4. I$%$.(9$% U.". !*),2*+, E$42$$;4,>$%,)*: 0$%(4<)$./(3 04* ,;-

4,>*%)$3 $;4,;$/+(. – K,4,/$%: H>5-%$ K,4,/. 1)-/,, 1979. – 101 .. 

5. Q;4,;$/+, 2(/,99$% 4(>,)*(2, .04,%$-)*+ /(<)$9$C, / 0$5 4(5. 

R.R. #,)$%,. – L.: L,'*)$./4$()*(, 1988. – 503 .. 

6. G,.-(/ /(20(4,/14)&< 0$9(3 -*.9())&2 2(/$5$2 (2(/$5$2 .(/$+): 

2(/$5. 1+,>,)*: / #(42. 0$9*/(<). *)-/. – #(42A, 1987. – 16 .. 

7. K*0,39$% D.R. F(09$%&( 046(..& 04* '9*E$%,)** * 104,%9()*( +,-

-(./%$2 0$%(4<)$./*. – L.: L,'*)$./4$()*(, 1978. – 200 .. 

8. K0*4*) D.R. #$%&'()*( +,-(./%, $;4,;$/+* .9$?)$04$E*9A)&< 

>1;-,/&< 5(/,9(3: ,%/$4(E. … 5*... +,)5. /(<). ),1+ / #(42. 0$9*/(<). *)-/. – 

1988. – 216 .. 

9. F(09$%&( 04$6(..& % /(<)$9$C*-(.+*< .*./(2,<. #$5. 4(5. 5-4, /(<). 

),1+ 04$E. R.I. G(>)*+$%,. – L.: L,'*)$./4$()*(, 1990. – 381 .. 
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10. F(09$E*>*+, 04$6(..$% 2(<,)*-(.+$3 $;4,;$/+* 2,/(4*,9$% / 0$5. 

4(5. 5-4, /(<). ),1+, 04$E. R.I. G(>)*+$%,. – L.: L,'*)$./4$()*(, 1981. –  

186 .. 

11. V,09*) R.H. F(09$E*>*+, % 2(/,9914C**. – #(42A: H>5-%$ #(42. 

C$.. /(<). 1)-/,, 2008. – 105 .. 

12. V(0+$% R.D., K0*4*) D.R., K(4(;4())*+ U.W. X*)*'),: $;4,;$/+, 

4$/$4$% %*)/$%&< >,;$3)&< 5%*C,/(9(3 / #(42. 0$9*/(<). *)-/. – #(42A,  

1984. – 32 .. 
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