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(2+ % & +%#H#* &'  $8&% ()%! #%% +# #& %%
& (&#H0  ( #* $)%-& , | $&%('% + 2-')#%6
%11 2%% - +& & %+ ) (% & 2+ - #35 (& # 3 %l
& + "%t %% %)% '% $& $ &% #%& (#% . (2% 9 %-



011+ %(# +# # +& % "&( 2#!% )3# -#35

H## & % &'%+)( ( % - (2& , +& 3
$)%- &%2 ,%%  ( )%!%( &) “0)3-911 + 7,
+&*  $&%('% + ") 5%& + - L)% $8%
& '%+)3#*  $)%- &%2 %% "& 2 $)%-& , #& (&%-.*
%)% 0& #9%6! ##  #"16%* (& +% ##* &' , 911l+. ,
(2 ##. %11 2% ##.- &- 4 #% - & +,%%
"U-)+)&HO0  "&( ,$& (06  , 4 #1%#  1#3 -)J
0) "%# $& (& #%

8 & $ 6 ( L %2 ( N7 .

) %! + & 'Y+ )3# $)%- &%2 ,% (0
/& + &%2 #)%!% - '%11 2% ## +# & )%& -./ & +,%*
& 3%, 38 +6% $ "%-)+)&#-  -/H%2- 2 |
& +-"%# %% %)% '% $& $ &,% #%& (#% - +& & '%+) (
&-  AY2HYE '%+) "I 0 Y% +#. 1 #
# +)3+ $&'+( - #35 (& - #% (0 $& ,
$)%- &%2 %% $&U('% + -, | $)%- & ,
%# 2%& (##.* ' 0)"+%/ $#* P& (& #N , '&4% (
( - ( S+&-)+). % 2%& (##. ( &2#J
Y (%!, $ +)3+ 4% - (&-#% & +%% %2-#
FHHE % +-SHH#E( & +%HE* -% .  &2)3
& )4, %# 2%& (HE. # & 2)%H/ $#/
$& (& #% ,  (## )%! 6 $ -)+)&H  -- (-

1&+ &% %+- . )' (% 00, $)%-& , Y%# 2%& (##.
St &%+ )3H* $)%-&%2 %% /& + &%26  5%& +%-
: #o+ & '%+)3#H*  $)%- &%2 %% ()

H# 962" A% .- )" (% - #)%1%  # "& %-* & + %%
"0%-)+)&HO0  "&( ,$* .

+) %! +* 8&%% & '%+)3H*  $)%- &%2 %%
"8& 2 6 %* $)%-&, ++ $&(%), $&' () %2 "

“&(* $&'+ , # ! (6% ( ")3#*5% & +%/ (2
% )6 #% - $& 1% ,$%# $)%-&). $)#  (&- -#0O

(#%- #% ') #(- %$ $)%- &%2 ,% ##./] $&, (
+0' & +,% "& 2 (#% -+&-)+). # 0

# "& %-.- $&, - . +%/ % -/ - +& & '%+)

#'H+& # 0%"# %(2&4 ( '#% (&-#% %# 2

$)%-& . +% &, . #2(#. &%#-  $ (4%(



&'%+)3# $)%-&%2.% . 9- ) (- #"& %-0

"0%-)+)&HO0  "&( ,$* %- - & %- & +%
& "%+ ) ( $,% )3#.-% U+ % (' 4%(
$)%- &%2 % ' (2-4# 3 0 3 +#&)%& -
Vo 2 -+&-)+) 2UHH*Y &+ &* % -)+)&%F-%

&+ &Y% %+ -% (% .3.1.6)

% . 3.1.6. 2-4%# % $ ((4%(* $)%- &%2 %% ($
34(+% ).
) $&%( " #. #H+ & $&%- &  $ (4%(./
& '%+)3#%#. $&, ( .
)%- &%2 % ($&% (%% %#%1 & & (
#%1& &-% #2.(6 +% & '%+)3#. %#%,% &.,
+ &. # (& - ## $&UH%-6 ! % (& +\%/ "&( %

$&'1% ,3$%. #W1& & &% & $' "& 2 2 &'%+) |,
& 2)%! 6 %/ $ (* +%#H % . + %(#* & '%+)
%#%,%%& $)%- &%2 ,%6, # +%#H.* P&YH#W- ! % (

& +%%"&( ,$%:



R-X R+ X &% %WHW1l&&# +%H#H* (R) %
#+%H* X )&%t). )
R+nM P,y (& ,$%)
P,+X™ H PX("& %-* "&.( )

(" 4%( * -1 #%2- $)%- &%2 ,%%" $ 1%( %- ##

"& %-.- [&+ &- $)'#* & +%% &0 %#%1 & & (
B 5%&+ -% -0 ".3 &O0#%! +% "% % +&"- .
&%1 #%)- %)3#. %%I1 #%)- %)3#. & W2('#H. % ..

)%-&%2 % $&# - - 0)0# (ATRP)
# # %(# & 2(%( 6 * ") 36 $ (' 4%(*
& '%+)3#*  $)%- &%2 ,%% () $)%- &%2 % $&# -

- 0)0# ATRP (Atom transfer radical polymerization%- &
$)%- &%2 ,%%b -/ #%2- ATRP$S+2# #%4:

% -  $&% ( %#%,% & - $& 2- #HH*

1#%) )31 #%))) &%'  (R-SQCI), + )%2 & CuCl ( (%'
+-$) + "06$%8%0'VoH <% - #-& - %&). " / -

$)%- &%2 ,%%(.0)'% )'6%-  "&2- :

1. #%,%%& (#%
R-SQCI + CuCl RPhSQ + CuC}

2. . $%:

3. %")3 %(2& 4 #% - +& & '%+)

$&(- 9% H()H# )3 -'% & 0%&
%#%,% &- % 9$) 0)0#, -# (6 ()## 3 1#
2. &% 9 - "&2 &'%+), ' +%#H.* )
(2 %-"'* (% '(*#*  (236. &3- 9% '(/)##

)3 -'% & 0%&  -+&&'%+)- ,+ &* 0%'# () (%



(2 %-"'* (% &'%+)- N& , -'3 $&%W9 - # (%
#( O ##E* . ) (2-4# "& #* $&, -
"& 2 (#% %2 -+&-)+). - +& & '%+) $ -
(2 %-"'* (% CuCl 0)0#- , #/' %- #o+#, %
("& # & +% 3). +%- "&2- ,( % - #/° (
Wt -%! +- & #( %%  CuCh % CuCl, % & +%
$&')4 3 'S0 %I&SHW -#-& . %% )3H*
(# 5# * "##t 36 +*  $)%- &%2 %% " 03
ES& & (Hx & -)+)&#H* - . $)%-& ()%! #% -
$H% +H#H(& %% &% 9 - -)+)&# - ( & $&") #%
CI# 2+ (MM, # (5 1.8),! () S -(%'%--
)" (% - (% "0b-)+)&#0 "&( . $%.(-*
$&, %- +4 1" ( A%(* $)%- &%2 % * $
(# 5#%- $&%2# + - (## )%!% 2 +)6! ( -,
I (&-  A%2HY& '%+) ( '* (% )3 % -) ,# +4
"&2 6 - +&-)+) $ " +H#H(- YH%,%%& (#%6
3 +"(2&4"#%6 ", %9 "' $( &3 H#0+& #
1#% (0 (&-#% %# 2 . (,)- ,( "8- &+ &
#")6' 3 SR &.(H* &  +H(& %% (& - #%
%W 2 ,$ +)3+ (& +%#HE* &' $ #HH  $&% (6
++ & % &'%+). , + %-+&-)+). : $'#/
% -/ (2-4# ((#% ") I# * $)%- &%2 ,%%.
)% (1)%3 $)%-& # #+ &* %% $&, %2 -
$- %3 0 (&' '&00 -#-& ($&% (%%CuCl, #
- +& & '%+) [ $&')4 3 & $% 2 |
$)'()3#0 $&% '%#H #% '& 00 -#-&

)%- &%2 % P& $%N P -/#%2- $&% '%#H #%
-1& 0-# %% (RAFT-$)%- &%2 ,% )

#rx (%' S (4%(*  $)%- &%2 ,%% () ($)#
(& - - SRS+ %H- % Y%H-%H & 2(%(6 %-
$''- . | #%2- " YA# % 2 +)6! (
HO+& #*  $&'T %% ! %-  &%)'% )31%' ( .
# (&-  Y%# 2%& (# ")35 +)%! ( RAFT
0# ( ,$8%- & + &/ $8&%('# #%4:

S S ﬁ

I I
Ph—C—S—C(CHs),Ph  EtO—C—S—CH,CN  PhCH;—S —C—S —CH,Ph
0" Ph-GHs, Et — GHs



[- & +%* -4 $&' (%3 )'6%  "&2-

$'  %#%,% &: | 2R
#96,%%8& (#% %& ,$%: R+nM  ~(M),-M
&' . $%:

Ri+mM  ~(M)p-M

RAFT —$&,  $&%0'#') $)%- &%2 ,%%5%& + 0 +& 0
#-&( . % - - Y3 $)1%3  $)% &
) %S -#-& (- (%H%)) &% W(YeH%)

)%-8&%2 % () (%! "& %- 0 %H#0%"%& ( #%
"00)3H.-% & 'Y%+) -%
& 0%- $'/'- +$ ((4%(* & '%+)3H* $)%- &%2 %%
0 $)%- &%2 % ( $&% (%% "%)3#.] #% & + %)3#./
&'%+)( . $%# 2 #(#/ $ " () #%
$ (4%(* $)%- &%2 %% ( ) (% / "& %-0
%H0%"%& (#% #% & + %)3#.-% & '%+)-% .  &(* -
%$)32(#% - ( +! ( %#%,% &( )++%-%#H( %)%
"+ H%&+%)3HS &'%+)( - +%H-% &'%+)-% R.
9- ) L H#%&+%). "&26 $&YR $' )+ + % -%o# (
$&%0(. +* $& &  (120-130° ). &% +%/ -$& &/
& +% (2% '* (% “H+& & '%+) - "0)3H* & 'U%+)
# (% "& Y- *

R°+ T°« R-T
)+ + % -%#. | (0 $)!'6 &2)4#% - %#H%,% &
$&% (% #% &+%) ( WH&#* &' . &O0* $ "
$& (" #% $)%- &%2 ,%% ( $&% (%% #% & + %) ( 2 +)6 -
! ( (("#%% "%)3#./ &'%+)( ( $)%- &%2 ,% ## 6
% - ( #5#%% "00)3#.* & '%+): %#%, % &1.2:1.

(0 - - $)%-&%26 , ( #(#- %&) % O
$)%-& . "%%  $RU2H+-% [&+ &#.-% ) ([
$7°(C 0 Vo X &  -)+)&#* - . $)%-&

()%!#% - +#(& %% +4 2+ $)%-&( , !



#' %4%-  $&Y & '%+)3H*  $)%- &%2 %% ( +) %! +%/
) (%] .
$&% (%% )++%-%H#H( $&% (. +* $& &
$8% /% & $' "+ # +%H* % "%)3IH* & '%+). .
+%(#* & %+ ) Y%H%,%%E& $)%- &%2 %6

R+nM Py
"&( 8% 0 $&%(2%-"* (%% +%(#O0
&'%t) & , $% "00)3#.- & '%+) -
P+ "« By-T

"& %k [&+ & 9* & +%% " $1%( $ (' 4%(*
I H%2- $&, .

& Y%-  UHO%"%NE& (#% +4 -4 "3 %$)32(# (
w1 %# &-#  ")HE* $)%- &%2,%%. )% ()% 3
$)%-& # #+ &* %% $&, %2 - $- %3 0 (
&' '&00 -#-& , # -+&&'%+)/ "'  $&')4 3
& ,$% 2 1 $)'()3#0 $&% '%##% '&00
#-&

! 3.1
1. + $)%-&%2,% #2.( & "%+ )3#H* ?
2. +% # (#. 9) - # &#. & +%% $& +6 $&%
& '%+)3#* $)%- &%2 ,%%
3. +%- "&2- -4 0 3 %#%,%%& ( #%$&%
& '%+)3#* $)%- &%2 ,%%
4. < + Q11+ +) +%» %++ # ()% # 911+ %(# 3
%#%,%%& ( #%
5. +%- "&2- 0 & , $% $&W& 'Y+ )3H *
$)%- &%2 ,%% +( $&%- &# (& - 4%2#% '%+) ?
6. ++-  -[#%2- -4 $& + 3 "%-)+) &#.* "&.(
, 3% P&’ "%+ )3H* $)%- &%2 ,%% + 2 (%% -)+)&#
- $)%- & ( -1 #%2- "%-)+)&#0 "&.( ?

7. 2% , %2++%/ '%* % "0%-)+)&#EF  "&( ?
+ % () )%-% %& 6 * ?

8.< + 0)3911+ ? !- #(2H%+  $&YE %o+ )3H *
$)%- &%2 %%

9. <  + &+% $&'1% ,$%? +% ( ( -0

1 ((3 (& +%/ $&'1% ,$%"?



10. + %2-# ) +) & i $)%-& $8%$&"!
$%H -H#-8& & (&% )3 %)%S$,%)3%  (('%-* O# ?

11, + %2-# &+ & $)%-& $&WN$&'! ,$% #
$)%- & ?

12. <+ %HO%"%& (#9% |- )%I% 9%6H#0%"%& (#%
$&'1% ,$%?

13. + %2-# ) +) &# . $)%-& % +& 3
$)%- &%2 %% $8&%$ &', $% # '%H#% , ()6

)" %HO%'% &-(2-")% )- ) $)%- &%2 ,%9%

14, + 2(%% +& 3 $)%- &%2 %% +H#H& %%
%H%,% & % -#-& () +) %! +0 -/ #%2-
& '%+)3#* $)%- &%2 %% "%-)+) &%~  "&(- ,$%?

15. &% $)%- &%2 %% %&) ( $&% (%% %#H% % &
Yot &%) 2 %2 - )H*  +%) . $&%()%! #%% + #, # & %%
%H%, % & (2&2 +& 3 $)%- &%2 %%(& ) ( 1.8&2.
+06-%  $&%I%#H -% - 4 "3 (2# +) # #%

+) %! +0  -/H#H%2-  $)%- &%2 %%

16. &%('% & #H#% ) —-&H*  O# &0%%+ %( ,%%
&'%+)3#H*  $)%-&%2 %% ) )| +) %l +*
$)%- &%2 ,%%%") )  O&HW! #% -)+)&H#* - . 2
| '0&' % HE*Y  $&'1% |, $%.

17. + 0% -$& & # +& 3 % $#3 $)%- &%2 %%
18. +% ()%!%#. $&- & $)N%NS&#H % &+ & )
& %+ )3#H* $)%- &%2 %R

19.<  +  $ (4%(  &'%+)3#  $)%- &%2,% ?

20. +%-% #%") %2( #-% $ % -4 0 3

$ (4%( & '%+)3H  $)%- &%2 % ?

32 & %) * &

%

% #H#E  $)%-&%2,% —,$#  $)%-8&%2 % ,( + &*
+%#H- L H&- () + % H. Y%HE  $)%- &%2 %



(2" 4 R 5%& +%- +&0- ( ( , + &
()6 +3 &% D+&H( . +%- ( (- # ;
1. & ##. +%) . : H,SO, , HPQ,, HCIO,, FCOOH, 1 %
'&.

2. $& ## +%) . (+%). 36% ) "* 1&).
MeX, 0' Me —-)) , X -=0)0#, #3$&%- & BF;, BCl;, AICI;,
SnClL%&.

3. YO#.  — 1, ICI, IBr.

4, )% +&"#% : PhC'Al°, PRC'SbCk , PRC'PR;~ %& .

5. )% +#% ( 33 "BF,( 2 5)s T SbCKk%&.

6. )+90)$&%2('H. - N( ,"* 1&). RsAl RyZn,0
R - 3y 2 5

2"'% )%+ Y% #H* $)%- &%2 %%#H 2.(6  + %2 &% .
$&" +4  &%#H OH% Y% &. YHE  $)%- -
8%2 % -4 +4  (2"4' 3 $' 'F (%-  %2) ! #%*
(. +* O# &0%%

W  $)%-&%2 % [&+ &% ) -#-&( , '&4 %/
HH . HE (2%

=, = %) 0 &,%+)% +%/ '%HH%* . & '% (%#H%) (/
SH-&( ++ WHEF $)%- &%2 %% )+ &  %-6
)+ &# ' H&H.  2- % )% :

= - -R ( 2= o 2= - 6 5
& . (%#%) (. 2" %) # %& )

91%&.
- &%- # (#. $ " %#%,%%& (#% + Y ##*

$)%- &%2 ,%%
#9%,%%& (#% $& ##.-% +%) -%

#9%") $&" -.- Y %bHY%,%%& (#Y + % ## *
$)%- &%2 ,%%t% ) - # F;COOH, | %&.
%)% " - (% :
+ = -7 s - 7 +
#%,%%& (#% +%) -% 36% .
%) . 36% ()6 $& #H-% +%) % .  H% %2

] & $& &H#HHHI  YHNY% & (+ %HH* $)%- &%2 %%



I $&%-#6 ( ! #%% NHH#%N-% , $ "#.-%
O#&W&( 3 + %#. $&%- & :

)% :
AICl; + (CHs)sCCl += (CH)sC ' AICI 4]
#& +&"+ %#
% ) 36% $& #
& #. %)% + &"+ % #. $ "#. (2%-"* ((3

)+ &##H* $&* -#-& .
#9%,%%8& (#% % #%2%& 6 %- ") | #% -
&% ") 1 #%% (%#%) )+%) (/ 91%& ( % #%2%& 6 ") ! #%
$8%6('% + "& 2 (H%6 + %o # —& %+ ) (
%2) | #% C
= - -R »~ - -R+§€

%# — &%+). $ "H % &%2( 3 "& 2 (#% -
Y+ %H(, S "B %H% %%E& ( $)%- &%2 %6

L UHY%,%%& (#% + % #* $)%- &%2 %%
%S %0H%,%%8& (HW 2- 4#  ( $&% (%% 'YbH HY%*

& $'6 %/ $' * (%-  -%2) 1 #% H# & +Y%HH# -
$ W+ %H % 4 "00)3H.  HYH. . . YoHY% -
Y%0%8& -+ %t $)%- &%2,% $8&%-# (1)% -

0& 1%%
- &%- ") $'&"# - | #%2- + O i *

$)%- &%2 ,%%

*x !

H9,%%& (#% # $8%- & + % ##* $)%- &%2 %%
%2" %) # ($&% (%% F3%H#")35%/ +)%! ( (.

(+)%2 & )-4# $&' (%3 ) 6%  "&2-
F3 + Hzo F3 °H20 H+[BF30H]-
& 2)3 ( 2#%+ +%#H* + %# +&"H#% %
( (6 %* Ho# ($& %(%#), + &* ( &'/
H(+* %0)+&%! +*  $&#%, - 36 ( #$ -

&' (##*  "%2 % + %# ,"&2  H%-%#H6 $& .



$ o, $&%/I'% $ - $)'()3#O0 $&% -
Ut HY -)+)  -H-&  ++ %#

7 X S&YF U HE* $)%- 8&%2 %% ()H% &'+

)%!% &'%+)3#*  $)%- &%2 %%& +% "&( ,$%
$&IH % ##* $)%- &%2 %9%- $&(* $&'+ # % )3
FHHEE Y% +%(HS L H&( . ) #+ &I % - 0%")3

+%#H L H&( # 3 ( &2)3 (2%-'* (%
&+ %# $& W(%H- )% 2 | $&/IT  %HE* (2%

(+()##6 ,! #")8 | # $8%- & $&Y$ )%- &%2 %%
%&) ,+ )%2%& -* F; :

%" 2 1 $&% '%H#% H#H%H#HO 1&0-#  $& %(%# +
& - +&"+ % # .

2 $&Y('#HEI & HHW* (WH , ! "&( ,$% %-
$&* $&'+ # % )3# +# #& %% +%H. H&( .
M- --#- 1 $8%F Y HH* $)%- &%2 %%
1#3 | $& , $& + "2 & + %% "&.( , O0&#%!#%
Voo, - &%)3#* ,$% 0 2 1 & +%*
$&'1% ,$%.

8 + %,

% - %2" %)# — F3 O0&#%!#% %#
"& 2 6 %l S+&-)+) $&%/'% 0)(#- "&2- (
&2)3 $&'1% %%, + & -4 03

$&# - & # & O -+& % # +3& %(%# :



)33 $&'6 0 o# -4 +4  %0& 3-#-& %)%
& (&% )3 . &- 0, $&"! ,$% -4 $& % /'% 3
$&# - %#H( H-%UCHs-$ /-

~P"+RH ~PH+R’
& %& $'$ $, (

%"

'Y#*  +0%# %! +* /- Y% #% +& % + YoHH?
$)%- &%2 %% %-)+)&#/ - $)! -/ $)%-&( #

( , $ +)3+  $&+%! +% +4 +H#+& # % -
“H-& —+ %2 & —& (&% )3 | &+ &%2
UH'%(%' )3H#.-% +%# %! +%-%2+#-&% % . ) (('
&(HHW* ) +& % + WHH* $)%-&%2 %% $&4 (0
)" 1% .(3 ,++ '%  %#%,%%& (#% & ##% 1 %)%
&#H#% 2, ") .321)()6 )%-% %& 6 %-% ') +& %
%H#%,%%8& (#%  )%!% & '%+)3#*  $)%- &%2 , %% O

)%-% %& 6 * %* (0 0 % & S
%H%,% &, ( + W HHE* $)%- &%2 %% +& 3 %#H%,%9%& (#%
-4 $&') 3 %)% $&*, %)% (&* U *
UoH%,%%& (#% - &%-  +%# %! +6 /-  $)%- &%2 %%
$&'$)4%( , ! & +%  %H%,%%& (#% $&')

& H#%- (1, ") .3.2.1),0&#% #% %# ,$* $& %/ '%
0) #  $&%('#H#- & HH%- , % # $&'% ,$% #
& (&% )3 . .&4#% ) +& * ( (6%/
9)-# &#. %+ %-6 (%'

"%, 3.2.1
) - # &H. ‘%% + % H#H#* $)%- &%2 ,%%
% & ##% )
ol %! + & (HH%
$ )%- &%2 ,%% +& % & +,%%
#%,%%& ( #% Fa*H,0  H'[BF.OH] 1 |V =.1
| ¥ = 7 .- 7T+ (2 V =. M[+]
, $% ~P+ ~P vV =. [P][M]
&, 8% ~F ~P V=. [P
&'! , $% ~P + ~P +M V =. [P"][M]




0 [I] — +##&,% + %2 & , [M] — +# #&,%
H-& [Pl —+#H#H& %  F%HS L H#HE&(

&'$)4%( ,! ($)# Y% (2% Y% H&H %
SV SV, $) - ) +& % $)%- &%2 %%
Ve=( . /. )x[MII
& '#1%) ( $#3  $)%- &%2 %% $&')
#5 #% - +& % & ,$% + - +& * & +,%*,
0& #%!%( 6 %/ "\%# ,$% ("&( %$&'! , $%):
-n=V/(V+V)

e ( HE & HH%  (&4H% ) +& ¢
9)-# &#. & +%*,$&%('##. (5 ,$) 1%-
-n=. MIIC. + . M)

)%

U-n=(C 1. [M]) + . /.

2 9%/ #5#%* ) , ! +& 3 $)%- &%2 ,%%
$& $ &,% # )3# [1], -)+) &# - "&26 0
$)%- & [11# 2 (% %.

- &%- $&3 H)I* |, +0 +& 3 %#%,%%& (#%
$&") & ##%- 2, ") . 321 0 $)! Yot
(&4#%

Voir Vo ($&%#,%F (2% % # &# % $&%- #%-%( 9 -

o)
Mr+1=. [P,

P1=. M[+]1.
$'(%( HE  (&AH% (& HH% ) +& % &

$)1%-
Vo=(. . /. )x[M]?[]
- &t Ot &0% + %( ,%%$& , & (# :
7 =7 +7 7.
#8&0% +%(, %% "&( ,$% 7, $& +60 $
& - &##- (5 & +%- ,#&'+ -4 +23 ")35 |
- - 7 +7, 0 7 <0, ..+& 3 & +,%%(2&
$&% $HWAH#%N% -$& & (%% & Yo+ )3# *
$)%-8&%2 %% + , (! # % , #")6 $&Yo+ Y ##t *

$)%- &%2 ,%%P02 " %) # .



%& S (YHE* $)%- &%2 %% ("%  ( #(#-
+O"00)%2 %% | %)%P6HS L& "&26% % #%2 (##)

() 6 %! +%#H0 L HE& % + %2-H#HW6 & +% HH*
$ " % +%#E.] L HE&( . "%)%2.% 2 &A#HH
LM L H&( -)+¥)-% & (&%) (## $8%

o O (2HY%+# (#%% $ +)3+  $&%9 -  +-$#%& 6
OHE&D %! +% $ &% # 0 &)% %! +%* & 2&.( [%-%! +%/
(2%  $8% "&2 (#%% %H%,%%& 6 %/ % # (. 2-##%
& +00H#H* S H % +%#HS H#H&( ( &)W &'/
$&%/'% 2 | (0%#% $)&%* % &' , $,%1%! +*
)3( %% ,  + )% %! +0 k(% & (&% ) .

+ % HHE* $)%- &%2 %% &'% 9%/ 1+ &( ' -%H%E 6 %-
0 $)&# 3 & . "W, $&%()%! #%% $)&H# %
&' +& 3 + %HH* $)%- &%2 ,%%%-)+ ) &# -
"8&26 0 $)%-8& (2& 6 . + $&Y%S)%- &%2 %% (
% - %&)—SNn 1,— & (&% )3 +& 3 & +%%
(2& $&%- &# ( 100&2 -)+)&* - —(5&2%&%
$&/" "#2)  (952,3) + #%&"#2) (9=36), 0' 9 —
'%9) +&%! + $&#%, - 3 &' . &' ) ( &566
&)3 %0& # )3+ $)&# 3 & (&%) , # % O
)3( %& 6 $ "% 3 . )+) & (&%) , $ "#
++-$)+ "& 2 (#%6 N+)%  (2"% ) ,-0  %)3#
%2-#%3  ( #+ &1 )/ (& ##  $'(%3 O
+H# 3.+, H%& )) %9%)(* $%& %-6 ")%2+6
'%9) +&%! +6 $&#%, - 3 , H+ (&' $%& ,( )%'%

& +%%( #%& )) + %#E $)% &%2 % # %'

$'$ ( ( ' %2 (
%)% (
" 1 +& 3+ %HE*  $)%-8&%2,%% (5 , !-
&'%+)3#* .0 $&%I'% $ (- $&Y6I%H -
1. +& % 9)-# &%/ & +%* & % "&( ,$% (
+ % HH*  $)%- &%2 %% #%4, |- ( &'%+)3H* . H+

()%!%# +& % $)%-&%2 %% $&')6 #O+# H

+& *  9)-# &H#I & +%*, W #5#% . [ %)
& '%+)3t%*  $)%- &%2 ,%%%. . (%)%. [. ) ") + %##*
$)%- &%2 %% & '%+)3#H*  $)%- &%2 %% . [. °° "I#

%-6 2#!1#% ~10% 0 ++(+ %##* . [. ~10%



2. ##& % +%#H.] L #H&( $&% + Y #*
$)%- &%2 %% # $ (%- (5, 1- (& '%+)3H* . #
$ (%- +# #& % O+ )2 & , + & "I

0 ()%!1%# ~10%-)3 /). &% & '%+)3#* $)%- &%2 ,%%
+HH& % &'%t)( "I# 0 ~10" - 10° -)3 /).
9 - +& 3 + %HH* $)%- &%2 ,%%(.5

% %&' - $% '$" % .

Y+)&#E - ( & $&") #% $&")
TH#%2-- "&( ,$%. &% + % HH*  $)%- &%2 ,%% $&%
"&( #H  +%H# % +  ,$3 &2 o -4&-)+)

9 - , 5%&W#H -)+)&# - (O & $&')#H% "
+* 4+ +%( ) &'%+H)3H* $)%- &%2 %% $&% (%%
$&" 1%+ ,$% % (%)% P& "&.(  +%H# %! +* [ $% 2 |
'% $& $ &,% #%& (#% 3 +, M, = 2. ()%! #% -
+ #( & %%()%\%H# $)%%NS&H % (## (2&

| 3.2
1.+ $)%- &%2,% #2.( + % ?
2. +% ( ( $&%- # 6 Y Y%H%,%%& (HYr Yo HH *
$)%- &%2 ,%9%
3. +% -#-& -0 $)%-&%2(3 $ + %##-

JH%2- 2+ (0% &+ &  (%HW) (] -H#-&( # %l
$ "# 3 $)%-8&%2(3 $ + Yo##- -/#H%2- ?

4. +%  #(# 9) - # &#. & +%% $& +6  $&%
+ O HEY $)%- &%2 %% &%('%  $8&%-& 9)-# &#/

& +%*.

5.+ 2(%% +& 3 + %HHE* $)%- &%2 %% +#, #& %%
“H-&  YPOH%,% &7

6. + 2(%% -)+)&% - $)%-& , %# 2%& (##0 $
+ % - -] #9%2- FHHE %% -H#H-&  YR0H%% &7

7.+ 0% $& & # +& 3 + %#E* $)%- &%2 %%

8. !- 24)6! O0%H#% & (&% ) # +& 3 + Yb##*

$)%- &%2 %%P6- )+ ) &H#E -  $)%-& ?

9. I- +& 3+ %HH* $)%-&%2 %% "W (5 ,!-

+& 3 &'%+)3H* $)%- &%2 %97

10. +(  $)%%$&# 3 $)%-&( , %# 2%& -/ $
;OO HE- - H%2- 7



3.30 & , %" )*&

8

HOO HHE* #2.( %t $)%- &%2 % , $&%+ &*
TH(F - & Y $%# &%, )3#* 2&', 3
+%H- L H&- # +H# & * % () HO #. +
& $%  ( HOHH*  $)%- &%2 %% 2 +)6! (
#+) 1%)3#* + H%#H # 1— 0)&H#* - -#-&
&2)3 10 (2#%+ #( ; — (23, $& 9 +&#( /-
(2% - B o+ HIHY 5 0)&'HFX -

HOO ## $)%-8%2,% (2-4# ) 5%&+0 +&0
“H-&( . AHYS% & '% #%)

Y#H# . HE %# #% CH,=CXY,0' X —2- % )3 ,
SHUA 6% O)+&H#HG $)# 3 # '(*#* (2% (-NO, -CN,
COOR, -CH=CH, CGHs), Y — ('&"' , )+%) %)%( & 0& $$
%$ X. $ "# 3 (%H%) (/] % '%(%H%) (] -#-&( +
HOOHE*Y  $)%- &%2 ,%%  (2& ()%! #% -
N+8& &%, )3# % 2- %)

)+ &" HUO)3H. %HH#% , '&4 %  0&$$S =

) &' 0 &,%+H)%! +%/ Uott #%* ., + &
$)%- &%2 6 & +& % - \Y%+) .

) %H%,%%& (#% #H% #HE*  $)%- &%2 %% $&%- # 6
+ )%2 & H%HHE*  $)%- &%2 %% 8

- ). 1 %Il 0& $$ %/ )+%). (| %$)326 #
" %))% %*), &%)., -%'. , +4 $)%-8&%2,% -4 $& + 3
$' * (%- % #%2%& 6 0 %2) 1 #% .  %$%#.-%
+)%2 &% )4 %' ) DO, )
- ). % % & (&  ( 4%+- -%+ % ( '&0%/

)3( %& 6 %/ N+&# & (&% )/ %$  91%8&,



- ) &0 #%! +% Y #% VWS - )D(, #$&%- &,
- ))H+%). %&.

| #%2- HOOH#H* $)%-&%2 %% $' ()% #% -
SN )A%)  -A# ( $& #E- (% $&' (%3 [-*

#%,%%& (#%:

, $%:
#)0%!# - - [ #%2- $& %/ '% #% H#
$)%- &%2 % , + )%2%& - )% - )% . 2)%%
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+ &/ 0 $& $)%- &%2 ,%%, & 2)%!'6
&'%+)3#6 % %#HZG $)%- &%2 ,%6 (+ %#E6 %



HOHHG ). $)%-&%2.% () H%- %2 * - '%1% -

+ %%  (*( $)%-&(, $&' (- + &% -4#

( ##.- "€2- (% 3 # % (*( . + ,#)%% 2(#3(
'&00 -#-& ( $)%-&#* ,$% -4  -#353  $#3
+8% )% %  $)%-&( . &' (- $)%- &%2 ,%%
A 911+%#H (% 3 # -4-+&-)+)&H (2 %- -
k(% (-#353 0 %)% ()%!%( 3 ), ( 2 (% % %
&"(#H%* ,$&'8() -/  +3)%-&H#- - &%) .

% ( $)%- &%2 %% ! (6 2 &2#] -#-&
+ 0 $)%-8%2,% #2.( 70 . )% ( $&,
$&IHY-6 | % &% &2H#I -H#H-& + $)%- -
8%2 Yo# 2.( Vo) * (

%ol %! + /- SH*  $)%- &%2 %%

8% "UH&H*  $)%-&%2 %% ( & +%#E* - %
$8% (6 ' -#-& . &% 9 - ( $)%-&
$&+%! +% (0 %! ( -#-&H#H* - % .;

(2(# &2)%WH.-% +& % (% '* (%  +%HO ,#&
W% %)%& 0%- - # - & -

$& *5- oo & 8% $&% $)%- &%2 %% '(/
-H#-&( 1 % 0 $ &' (- I .&/
9)-# &#./ & +,%* &
.11
~ 1t .~
.21
~ 2+t 1~
. 12
~ 1+t 2~ D
. 22
~ 2t 2~
0 ~ 1 %~ ( (6% +%(#. #&
(- +& & '%+). %)% -+&%#. ), '&4 % # O+ 4#,
-H#H - &# 2(# 1%)% ..
) o, ! (.( % &##% , (2.(6 (
-#-& (- & + % #E* - % , # "['%- 2%% 3

+%0# %! +% & ##% ') +4'* %2 &/ & +,%*:
dl JJdt=. [~ *][ 4



dl Jidt=. o[~ 2*T[ 4]
dl odt=. [~ [ 2]
dl odt=. 5[~ [ 2]

& ) Ll &l -#-& % -#-8& (
$)%- &%2 %% & (# :

dl Jdt=. [~ [ d+.2al~ 21 4 (4.1)

dl oJdt=. o[~ ][ 2+.22[~ 2][ 2 (4.2)

2)%( '# &#H#% # '&0 ,$)1%- :

(4.3)
) (% / #()#% Qo # &# O #% $&
$)%- &%2 , %% +& %N & +,%* $&+& #O0 & & (#.
_ 4 "k .
caal= L A=l 2
&2%( %D 0 & #H#AW +#,#& , %6 +%#H.] ,#&(
[~ 1= 2~ 21[ 47 .122[ 2,

$'" (W( ( &FH#%W (4.3)%-#4%( %)% )3 %
2# - # )3 # .1 12,$)!%- .

(4.4)
0" n=.1/.12, N=.22/.2
&% +) %! +* $)%- &%2 , %% & /' -#-& %
&(# 0 +)%! ( ,+ & (+)6! ($)%-&#6 ,3$3,
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d[ 2] =[my],
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$+2(6 ,( +)3+ &2 +& 3 (2%-'* (% + %(# 0
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( (6 1&'3 $&%W(' + %2-##%6  ( $)%-& $
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& 2)%!#.- (- . &2H%, (  (  -+&-)+) , %2
+ &) % $)%-& , /&+ &%2 "R #
' $2 $)%- & .
- &%- B 2% % $)%- &
( -#-&#* “% , + & -0 % 3 - $8%
$)%- &%2 ,%%:

% 41 (%% 3 '&4#% 2(#3( m ( $)%-&
'&AHY -H#-& (& +%HHEY - % .
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8%9 - (2-4#. )'6% )% :
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2)ri<l %r>1, .. (/1 %/'#/ H5HWN*Y  +H H#& %
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3) r>1 %r<l, .. (/  H#5HW*  +H#H& W -#-&(
(%/'#* - %

$)%-& "0 # 2(#3-% + (+&%( 3),
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2(#3-% M, (+&%(. ( %'). $)#- )  #"6

DH#E 3 +1&(H%W6  ( $)%-& 2(#3( +1 %+, + &
©MY35 1. "Ybd +#)6 2#!1#% ry %,

YIx >l %>l + &- )4 ( ((3 HHY% +
&2)3#* $)%-8%2 %% #-&( (- % ,"# # $&+ %+
# & )%2 ") #(%3 # ) ,+0 =0,

L. &%( 2 (% %- % (( $&%9 - %- (%', ++
$+2# # &% #+ #%4 .

% 42 (%% 3 '&4#% 2(#3( m ( $)%-&

'&AH%  -#-& (& +% Y - % ) )l =0,
r>>1(1),r1=0, rx<1(2).
")6’ $&')  $)%-&%2 %%  $)%-& # -4

'&4 3 2(#3( -#-& 1")35  50%,((%' #(2-4# %
& +,9%9%

~ 1+t 0~
&, $)%- &%2 %% $& +& $&NS - %! &S #%%
+%#0 -#-& o+ +&%# #")6 $&%

$)%- &%2 %%  ))%)3H)  -#-&( . L # % , $8&%



$)%- &%2 %% ))%)0)%,%'%) (0 91%&  '%- %) -%# -

9%)- +&%) - %- - 2 (% %- 3, #)0%W  +&%(*(1).
)%!1%#. +# #  $)%-&%2 ,%% " )()#. & +%#-
#* $ "# 36 -#-&( ,( $6%/ ( $)%- &%2,%6 .
! 4
1. # % $)%- &%2 ,%%. <- )%! "ot &

$)%- &%2 ,% &$ )%- &%2 %R

2. &%('%  HEH.  +%H# % +% & HH% &  ,$% )
"ok &H#* $)%- &%2 ,%%.

3. .('% HH & HH%  $)%- &%2 ,%%.

4.<  + +# #  $)%- &%2 ,%%?

5.<  + +-$2%%## # 'H&'# 3 $)%-&( ?

6. &%('% 0& 1%+98 (% %- * (  $)% & (
- & - % & 2)%\H.]  2H1H%*  +# #
$)%- &%2 ,%%.
7.<  +  $&') $)%- 8&%2,%% 0 # #")6' ?
41 * & $,$7 $2
@ : -
% .8 ( , % :
#
* # _*

' & +%HEY S "# 36 $&')6 $ "# 3
“#-&(  ($3 (& +%% $&%(' %+ "&2(#%6
S+&-)+) . +%#H6  $ "# 3 “#H-&( - 44
[&+ &%2 (3 +# # -% +& * , O#&0% * + %(,%% %)%
O# )3$% *  +%(,%% ( (6% & +%*. &%

$)%- &2 %% - & *  # % )IH* & +%HHE* S "H %
CH-&( (06 +# H.  +& % & +%* $&% % #% +
o % A +%H- L HE&

1t i

$ &' (##t $&')H%  +H H#H. +& % HH*
& +%% 2 &'#% )3% . 9- ) # () #% # % -



)3H* +%(#H % # +)3+%/ -#-&( -4 %) (3 %l
$)%- &%2 %6  H%- % - 4 -#-&-  (#$8&%- &,
%&)- ). 0 , ( +! (  -& # % )3H* & +%HH#*
$ "% % -4  )A%3 "&# +# #  $)% &%2 %%
U, = Kk #'#% 1, -0 "3 #¥H# ., %/ %2
2(%% % (  $)%-& ( -#-&H* - % .
+,% ## $ "# 3 H-&( ( &'%+)3#*
$)%- &%2 %% $&') $&4#% - . $)&# 36 %
8% +%- 1+ &- , + &* ( (6 1&'3 $&")
1%)- , & $)4#% - % &2-&- 2- % )* - (
0)&' '(*#*  (2%.  ()%!'#%- 9#&0%%$& 4#% (
#-&  (2& 0 +%# 3 (& +%/ $&% '%H##% +
&'%+)- ()" (% &2H#HHH*  "%)%2,%% $&/'HO

HY% 0* 4  $8Y%I1%# ()%!%( "06)3# 3
"€26%  &'%+)( .

+ ") $+2# (5, $&% +) %! +* U &H*
$)%- &%2 %% - #- & ( L% o - H#%2- $&, - 44
$&' (%3 ! &3 HEH% & +%-%& ,$%.

) & +H#HH# $)%-8&%2,%% 1, %, # " '%-
$)1#% 9+$&%-#)3H* 2(%% % (  $)% &

#5 #% +-$H# ( % |'H*  -H#-&H* - %
( (## L (0 )3#YS- | HRHHE +H# H#

$)%-&%2 %% '6 (2-4# 3 & 1% 3 (  $)%-&
+ &* $)! $&% $&')Hit - ( % | ' *

H-&H* - %

# 0 (&-#%, ') +)%! (##* #+%

& +%#H* $ "H %  -#-&( ( $)%- &%2 %% # %")

5%& + & $& &##%  $)1%)  $)+)%! (## / -

)& - &* L, + &  $2() $& .- "&2- (23
+H#OH. $)%-&%2 %% $&- &% , /&+ &%2 6 %-%
$8%&' -#-&( (/- Q - e). #( - )4%
'$ #% Sl B #H +& % $&% YH #% & '%+)
i+-#-& j-4# $&' (%3 ( (% :

kij = RQiexp(-gg)

0 P %Q - $&-8& , /1&+ &%26% & +%##6
$ " 3 &%) %#H-& , -$&-& ,/&+ &%2 6 %*
$)&#F  (*( , $&%W!- -#-& % ( (6% i




&'%+) &+ &%26  H%- % - 4 2#!1#%- . &-& Q
$&") $H#36 $&AHW (HH# . HH-  -#H-& %
H+ &*  $H% ., &%! +%-% "#t % . - & #
0-$%8%! +%'%$8%") %4 HHE* &+ & 9 * - ,%$)32
A% &% +% & 1% 3 +# #.  $)%- &%2 %% )
$& -#-&( ,%/' %262( #./  #5H%*

r1 = Q/Q.expl-e(er-e)] (4.1.1)
r, = QJQiexpl-e(erer)] (4.1.2)
)%!1%#. Q % (.1%)6 L% 1 %29+ $ &%- # )3t/

QHVHYr +# #  $)%- &%2 ,%%. - &%-  $&3 ()% #%
+40  %2B&IN)HHI 1+ &( H# & +%HHG $ "# 3
“H-&(

&-& Q $&") $ #36 $& 4 #% (
HH . B - “H-& % ! % , &% +% 1+ &- .
H-& 4% &2)%3 # +%#H. Y +%H. .+ %#H-%
“#-&% ()6 H-& 4+ & %6 ( (-

( $3 $&4#H% . +00-  -H-&- #

Yt #% , + &I (%H%)3H 0&$S $&AH#H )+ #%)3MH* |
1 #%)3# * | + &" #90)3# * %)%41% &%)3# *0& $$ -%, # $&%- &:

$8('#HS &+ &1 & )%2 | — 1 — $&4#%
$(56 & +%#H6 $ "# 3 (*#* (2%.
# + %(#.- # -#-& , + &/ $& 4 #%
( , # $&%- & 9 %) #, +4 -#H-& , + &/

33 $&4#H% &2&(#H ,#P&%- &:



$&%6( " #H#.]  YoHH%/ ,$3 $&AH% $& & ( #
0 & - #$ &' (## (2##-  (%HY%)3H#*08& $$* .

“HE O%# & H# & (H% 3 (%H%), % %) +&%) .:%
#- & N%2+% $  (* &+ & , %-6  ‘OH#+(*
1%-%! +%* ( , %" &  ( (- ( )4#6
91%&# 608& $$ . - %) +8%) = 0&$$ #$ &' (##
(2# (%#%)3#* 0&$$*. 9- , ( 9- -#-&
& )%2 | — 1 — $&4#% , % # () + % (#.- .
(%#%) -4 (%H%)3H*0& $S* % = 0& $$* #/'%

- +%)&' . (2% 9%-,,$3 $&4#% H#&SH#H , %9
#-& () # + Yh(#.-

v ()%! #% -  9# &0%% $&4#% ( -#-&
(2& 0 +%#H 3 (& +%/ $&% '%##% + & '%+)-
()' (%  &2#HHH#*  "%)%2 %% $&/'#0 HY%
9* 4  $&%I%# ()%!%( "0)3% 3 "&26 %/
&'%+)( . )'( )3 & FOH * -#-&(
$& %($) 4 &'- +%H % ( (6% & '%+) (.
(&4 H% 0 # 3 $8&(%) HW' # % .<-

")+ %(# -H#-& ., - -#  +%(# "&26%*  %2#0
&'%+) Yot "&
0 -#-& ( %&)) ) +%H* & '%+)

+OHHF  -H#-& +O0(H* & '%+)
((%#%), )



&% 9 -  $& 4 #% 2- 9% )- #%4  +%(# 3

&'%+) ") 2# 1% )3# ,!- $(5 +%# 3 -#-&

#-& ") +%#.* ( $)%- &%2 ,%%, 0 - $)%- &%2
" -#35* +& 36 . +& 3 0-%)%- &%2 , %%
-) + %(#./ -#-&( " (6 ,!- +%(#./ .11+
$& 4 #% ") %)%( , )% (-)+) -#-&
%- - $&4#% [ -/ - (- 0& $$ -%. 7 & + &#.-
$&%- & - () 1, 1 '%1#%)9%)#. $&4#% (9 -
-#-& #3  ()%+ ( (2% -, | (%#%)3# 0& $$
#$ &' (## (2# (- 1 #%)3#.-% 0& $$ -%.

( (9% $& (%)- #%" # % , "&26 N* %2#0
& '%+) ") # )3+ #%2+* +%(# 36 , !
$)%-&%2,% 90 -#-& $ &'%+)3H- -/#%2- #
$& +

7 &+ &t ()% #% $& 4 #% #")6' $&%

$)%- &%2 , %% # + %(#./ -#-&( +9%((#.-% . $&%- & ,

$&% $ )%- &%2 ,%% (%#%) , %&) - , #2# 1% )3#.

(4% +%H0  %&)  $&%('  + 2-)#H%6  $)% -
-8%2 %% + %H*  %&), $8&% '%H# 3 + &'%+)-

(%#%) , , $& ("% %/ ( #+%H. , + &% (2%- -
"* (% #+%#HO0 (%#%), 2 &'## . )'( )3# ,
+& 3 $)%- &%2 ,%% #%4 Co 911+ ()

" %%- $&% $)%- &%2 ,%% -) + %(#./ -#-&(

+ %(#.-% .

)’ -%3 ,! $)!'#% $)%-&( , '&4 %/ (
(- ( $ (%- # 5 #% 2(#3( #0 % 0 4
-#-& , (2-4# )33+ $&% $)%- &%2 ,%% - 4 "
'(f +%#HS -#-&( %)%'(/ -) + %(#./ -H#H-&(

(+&%( 4 # &%.4.1). &% $)%- &%2 %% +%(HO0 -#-&
(1) -) +%#H.- -#-&- (o) +H# #.  $)% &%2 %%



%)3# &2)%! 3 -4 "o >>], r<<l. &% 9 -

$)%-& " "0 # 2(#3-% -#-& 1 (0 (-
% $2# (( -H-&H* - % (+&%( 3# &%.4.1). |/
Yo, )% r>>1,r ~0,-+&-) +) (+)6! 3 (
‘ot 1#. 2(#3 -#-& o, & 2") #it. N+-% -#-&
n ()%!%# + &./ 2(% 3 ( % /[ '#*
-H-&H* - % , # $&%- &:

11111 21111 2111 2 11 1 1 1 1

4%  -+&-)+). €26 , ( ! # % , $&%
$)%- &%2 %% ))%)3H#.] -#-&(  (%HY%)3H#.-%

) - %3 , ! $&4#H% ( -)+) +2.(
0%#% # )3+ # $&, &  ,$%, # %# & +%6
$&'1% ,$%. &2') 31 0(&%) 3 " )%)3#/
YHHY |, + & 06 &0) &-%  $)%- &%2 %%
O)' % % (+* +%#H % ( & +%/ $&'1% ,$%.
+ $ &%- # )3#. % ) (#%  $ %2!1#%6 ()% #% &'
NY)3HS  %HHN* H# %l +%E#H 3 (& +%%S&'1% ,$%
$+2)%, | #%")35% ()%%#. +# # $&''% ,$%
#")6'6 ($&% (%% )%)"#2) . $-#%- ,! & +%
$&'1% ,$% # ))%)3H.  %HH#% $& + 2 1 &(
$'%4#0 - ('&' - %)H(* 0&S$S., #/' * (5

—$)A4H%% $ H5HWE +'(H*  (2%.

H&# % (W3 ()%%H +# # $&'1% ,$% #
N%)" #2)  %))%)L#%) (*  91%& "%, 4.1).;% '%# #%
)%! 6 )3+ #)%1%-  $)'#O - +%)&' -4
)%)3# * 0& $$* %' #2)3#.- +)3, -

))%)" #2)

)%)L #%) (*  91%&




"%, 4.1
)%\%#,  +# # $&'1%  ,$% # )W) #2) %
)%)1 #%) (X  91%& #%,% & ‘%% &%) 2 -%2- ) #*
+%) . ,& (&% )3 —'%+ # ,t50C

## $&' 1% ,$% (# ))%)3H
#-& Yot #%
)%)" #2) N%)L #%) (*  91%&
%o#%)$%8&8& %' # 0.078 0.036
%& ) 0.084 0.048
%o#%)+ $& ) + - 0.370 0.295
%) +89%) 0.014 0.011
%)- +&%) 0.073 0.035
) (. + +o%# 3 )%)"#2) $ & (##%6
N%)L#%) (-  91%& - ( $&, $&'1% ,$% "8 #
$2%,%* $&4#% ( -)+) . (#(  -1%% +% & .
$+2)%, | )%)"#2) &+ &%2 H%")  #%2+%-%
2# | #96 % O# &0%986 % ,%% (2% - %) #(* 0&$S$.,
B (5-$)4#%% $ #5#%6 + '(*#* (2%.
& (5% 2# . -)+)&#/ &'% )*  &'%+)(

N%)"#2)  %))%)L#%) (0  91%&$&Y%('#. #%4:

Yt )  ))%)" #2) %+)  ))%)L#%) (0  91%&
2 $&Y('H#HS - (WH , ! ( &'%+) ))%)"#2)
HS&HT Q) +&# )H)WN2(# # )3+ $ &-  --
0)&'  )%)34#* 0&$$., # %$ (- -- 0&'

(+)6! "D K +)3, . ))%)1 #%) ( 0 01%& (



$&4HNY% $&+%! +% | (6 )3+ . 0) &'
N%)3H*  0& $$.. +%- "&2- , &'%+) )N%)"#2)  %-

Yo N6 ,$3 $&4H#% , , )'( )3, +2(

") "00)3H.- b & (HHW6 & '%+)-  ))%)1#%) (0
91%8&  ; "8 # )" 6 %-% "HH %

) +)&#O & #% . D) #2)  "#2)3H  +)3,
HS &' (HH (2#  )%)3#* 0&$$*, . .%/9)+ & #t.
Y+ & $)4# ( #* $+ % . ; ") )%(

S+ 9%-)3% %/ $&+&(#% . 9 *  $&%!%# 9) + & ##
Y+, "&26 # S & HH.- )+ 8&#H-  &'%+)
N #2) L ') +)%2%& $ (- 0)&%#- -
(+)6! . 0)&'  "H#2)3#O0  +)3, .  # S&#H*
N +&# &'%+) N%)"#2) % ")356 N%H# () %
") H%2+ 6 9# &0%6 ; ") ()%( 0 "%)%2 ,%6 .
) +) N%)L#%) (0 91%& ')+)%2.,%  $& %2 *
)3+ $ ))%)3#- 0&$$-. : "8 # 9) + & ##.-
& #% - #8&)3#0 - - 406) &' 91%&H* (2%.

&2)3 sp’ — 0%"8&%'%2 %%  +%)&' (2#%+6 ! .&
& (# , . 0%"&%'#. &"% )%, # $& () ##. + (&5%# -
&9& . ( SP— &% )% 2# . # $&HHE-Y 9 +&#H-% ,

'( '&0% -9 +&#-N $&-W. <. "3 9IH& %! +%
"%0)3#.- , &% )% & $)06 $' &) ##.- 0)- ,
+ &* ") ()%( #(2-4# 3 $&+&(#% 9) + & ##./
N+( 2- % )* ;% "8 # ") #%2+ +%(# 3
))%)1 #%) (0 91%& ( & +,%%3$&"'1% ,$% $ & (##%6
))%)" #2) -

&% , & - &%(6 & +,% ## 6 $ "# 3
-H-&(  %&'%+)( )3+ I - 9# &0O%* $& 4 #% Yot
1% .(6 $)&#S US& &# (##. 911+ ( ,#2.(

&% * %' )3H* &%t )3H* & +%#HH* $ "H % .
& )3#./ % -/ , $&% $% #%% & +% #HAE* $ "H %

H-&( , $-%  $&4#% , )’ 1% .(3 ()% #%
$)&HO0 1+ & % &%! +%/ ($& &# (#H# )2 & '#HH%* .
Y&#* 1+ & &+ &%2 ()%!%¢# * ( /-

)1&  -&* . ()%%# (2#  $)&H 36  (%H%)3H*

(%H%)%' # (* ) 0&$$. -#-&( % /&+ &%2  #)%%
&%, )3#0 %)% $)4% )3#0  2&'( ()%2% 1 -
0) & '#0 S HH . HE (2%. #O# , !



()%!%# [&5 +&&)%&  &2# 36 2#!#%* [%-%! +%/
"(%0 ( ("&#*  -O#% #* &2## ) # P 5 - %1 —
0) & '#./ - ( '(*# (2%. &% & '%+)3#*
$)%- &%2 %% -#-&( $& %($)4#*  $)8&%N2,%*
"(*#. (2* &+ $& () HH#H% + $&+& #-
& 3 $8&% 'UH HW6 -#-&(  +14%- &'%+)- |
3 & )%2 Y% <l <1, )&# 3 '(*#* (2%
“#-& +2.( | #3 (## 0% #% # $&,
%t*  ( )$)% &%2 %%  %H#% , &+ &%26 %
&%, )3#.-% 21 | #% -% . ++ &%), /&5
$)%-8&%26 $ + %#H-  -/#%2- ,  $)4% )3#H.-%
2H 1 #% -% $ HY% HH- .

& &t (#. 911+. ( &% +%* 1+ & )$& ()6
$&% & - &H#%% & +%HHE*  $ "H % '%2 - #Hit.]
900 # . ) 1,1-"%2- ##/ 9%)# #")35%-% $ "8-
2- % )-% , ++%/ —)%" $& &# (#H#| 2 & '#H#%* $&Y
$)%- &%2 %% # #")6' CO$& %( , 1,2'%2- #i
900)# # $ "+ $)%- &%2,%% ()’ (% )+%( #%
2- % )*  -#-& % & '%+) ( $&/'#- #%% .
%") &+ &#.- P$&%-&- -#-& ,+ &* # $ "#
$)%-&%2(3 () (% &%! +%/ 2 &'##%* , ()

) %# (* #0%'&%

B, 1,2'%2 - ## $)%- &%2 6 “# - %)%lL,1
%2 - ##-% 9% #, + &/ (6 2- %)% M-
0)&'#0 -+ ") -l (B, 2##% ()%!1%# Q %e

$2()  $&'+2.(3 2#'H#% +# #  $)%- &%2 %% $ &.
CH-&( L H+ $)1H%  "S+%#S H#HEI S $&- &-
& +%H#H* $ "H % $&4H %2( #-% &# %

(2 ##.-% Sl STH%2- $)%- &%2 %% ")35%# (
% - ' I YA#*  %#  O&H%I%(  $&Y%(' #H#.-%
(5 1.&3 &+%-% &  ,$%. % - +0 &'
$)19%)% #2(#% )A##E, . &' ) ( # &'%+)3#6

$)%- &%2 ,%6 +2.( (% #H% $8&W&' & +%HH* &'



$&%- & , "& 2 (#% +-3) + ( -4 -)+)-%

& (&% ) %& 0# -% $ &' (- )" 1%-%! +%/ (2* .
2%-"'* (% -4 $& % /'% 3 l 9% - + +
1 #+,% # )3#./ 0&$$ -#-&( , + % +%#HS ,#&( .
7&5  %2( #. 911+. , (2## "&2 (#% - HE&H -
+, $ &#./ (2* . (##. %2-##% ( (
$)%-& #")6'6 ,+0" 1#+%#)3%  0&$$ -#-&
$& 4 # & +,% ##.- JHE&- . T 911 +. #
1% .(6 +) %! +* [ -* $)%- &%2 ,%%. (2%
9 %-, $& "' () # $&% -) -.- $&")#% ()% H Q% $
&2)3 - % )' (#% $)%- &%2 %%  #* $ &.
-#-&( $)'6 %- & ! - $ 1&)- 4.1.1%4.1.2.
) | ## +%- "&2- &2)3 . $&' ()6 2! 6
" )6 # # %l & %(#.-% % $& %(&! % 2'& ( -
-) _

) 1 #% "8+ %(#.] 2#1#%* $&- &( & +%#H*
$ "# % -#-&( Q% &" $&("#% )% )3#./
0+ $ &%- # ( $ $& ") #%6 +# # $)%- &%2 ,%%
% )' -0 -#-& &'- &5 %2'##/] -#-&(
$)'6* "&"+* B I &2)3 ( (+ &%# |/
& (# #%

(INQur) - &°=- ee+InQ, (4.1.3)

0 Q,%e - %+-. $&-& & +%#HE* $ " %
H-&( , QL %o - $&-& & +%HHE*  $ "H %
%2( #. -H#-&( r+# #  $)%- &%2 ,%%.

9- ) ,$)16 #+ &  &'H#  2#1#% Q%
e. ## , ! - ™35  1%) % - % )'(# )
$)I1#%  +# # $)%-&%2,%%, - ") "8+ %#H.-%
+4 B, 2H 1 H#%  $&- &( & + % ##*

$ " % -#-&( .
)%!1%#. Q %e-0 "3 L ## , %/  %21%2%! +%/
(* ( -#-&( . +, #0# % +8&&),%%-4
Lg Q %N@@--+%--- $). $0) #% '(*#* (2% (
. - $+& ()3&1%) (- $+& ) -#-& . )%%# e
++ 4 -1)3 (5 ,+&&)%& 211 #% -% /%-%! +%/
"0 ( B o(#r (2% -#-& , $&') -- -



) $&'(&% )3#* H% $&-&( & + 0 HH*
$ "# % “H#-&( , -4 $8&%-#3 +4 -
H(# (% 1%-%% + #(#

Q~ "' L~RTLnQ e~q
1_ I+ — ! [—
'(*#*$&(2% L —i# &0% oq)&':- #IYI
0 040,
4.8 ) +)%2 ,%% 4.8

+00- "&2- , % /' %2+(# (/%% +%/ (1% )H#H%* |
4 )3 (. & +%HHE* $ H % -#-&( %
$&'+2 3 WS('#% (&, | $)%- &%2 ,%%.

) L H% & +%HE* S H % -#-&(  $&Y%-##

- - - %! +0 - )%& (#% . | # %
+)%! (##. H5HY &+ & — (*( , #(#H. #
$&%- ##%% &%% 0&1(. +* $'/° $2()

$&)HHE*F )Y (& # % $&'+2.(3  ++ ()%%# Q%
e-#-&( , + %%/ +# #.  $)% &%2 %% rq Y%r, %/
WXoHL & %% " %l [%-% +- & #%%. &Y%-##% - '(
- - %l +0 S )%& (#% (2-4# 3 $&('% 3
$&'(&% )3#6 L H#+ S('#% -#-&( ( $)%- &%2 ,%%
%$ 2( )% (## +& %3 9+$8&%-# )3H6 &" .

% ##* $)%- &%2 %0%& +% #E S "H 3 -#-&(
" 1 0) )+ &#H* &+ &*  (%H%)3IH* %)%
(%H%)%' # (* 0&$$ ; &4 "6 #%  $& (%) -
+ &  $&Y%-#% )3 +% #H* $)%- &%2 ,%% - 4#  2$% 3
((%:

Lg(1/ry) = OP (4.1.4)

0 O—+# # , (* (## HE- %S $)%- &%2 ,%%

P — +# # , /&+ &%26 0) + & #' # & %)%
) +&# + $ & (* ( 2- %) ( -#-& . +

$+2.(6  #r.  0$ $)%-&%2,%% %&) (1) O
$& %2('H.% , '&4 %% &2)%MH. 2- % )% ("#2)3H#-
+)3, ,()%!%# O%- $)4% )3#.  2#'#% ') #Y% H#HEI %
&%, )3H#. 2#H'H% ) + %#HEl % - .

) (%#%)3#.] - #-&( #")6' +88&) ,%
& +% #HH* $ "H % -#-&( ( WHE* $)%- &%2 %%
28'- # M- 0)&'#- - SH-& .+ %upt



$)%- &%2 ,%%& +%# $ "# 3 -#-&( (2&
()% #% - &%, )3#0 2&' # M- 0)&'%#- -
H-& .+, & +%HE S "H 3 -H#H-&(  (+ %HH*

$)%- &%2 ,%% ( )%!%( (&'

. $&(%) -4  #&53 (- ), Y% -#-&

' &4 ( (- ( #+) 1%)3%  #& , $ "#

+ #+ &%& ( 3 (236 = . +(* + &" #9%)3#

0&$$ ( )4#/  (%H%) (/ 91%& | # % )3 (. +%*
&%, )3#H*  2&' ") ()% $&+%! +6 $ %(# 3

$' S -#-&(  $8%+ Y HH-  %HY,%%E& (#%% 9%
#-& %6 ' (. +%* &%, )3#* 28&' # 1-
0)&'#- -

<+ +8&)% -4 & +%#E*  $ "# 36 (
+ %l $&, | % Q) +&HHE* &+ &*  -#-&
#() # #O$&%-&  $)%-&%2 %% $& . (%HY%) (/

91%& ( 2= - - - 49 - 2 9 - )!
# % )3# +%# 3 -#-&( (2& $(5#% -
0)+&#'"# &#./ (* ( 2- %) R, ! %))6 &%&
"6' #% $& (%) 4.1.4.

&% #% ##*  $)%- &%2 %% ## . ##./ -#-&(
+&& ) ,% & +,% ##* $ "# % &+ &#.-% %
9) + & ##.-% [ &+ &% %+-% %2( # )| $& %2( '#./
%&) . ) 9%/ -#-&( "6’ $& (%) 4.1.4. ,)-
()%! #% # % )3#* +%#H % -#-&( ( #% ##*
$)%- &%2 ,%% & (& " '"%# < %&)< - +&%) . <

+89%) . < +&%) #% &Y #% & 9 %) #< (Y%oH%)%' # (. - #- &.
CH,=CXY, 0' X %Y — &2)%%¥. %)% '%#+(. $)&%
0&$$.. #+ &0 2+4)6'#% (2% (2% &+ &#lJ
" * H-&( % % & +%#E*  $ "# 36 (
HOO HH* $)%- &%2 %92 & '#% )3# %2 &' " )3 (



A 5 WM/ Q  H)HE 3 B& Y(%H#( HY I+ %(-
#l H&( +'"&2(H#%B +-$)+ ( -#-&% %)% ..
&% ,#+ & +%HHE* $ "B % -#-&( ( Y%##
% -/ # "%  %- 3 ((% $8&%&' +%HO ,H#& '4
($&')/ '#0 "0 +) & +%* #$8%- & H%HHO ).

#0 "&2% Yl  +%#/ L #H&( &" %11 & # -
%& (##0  $'/" + (OHWE & +%HH* S H %
“#-&( I - 1& ((#% & % ,$* (
$ (%-/ !/

| 4.1
1. <+ &+%# $ "3 -#-&( ? +%%

1+ &% # $&') ?
2. + (% $&4#% # & +%#HHE6 $ "H 3  -#-& %
& '%+) ?

3. &%('% $&%-&. -#-&( ,( | + &I %- , $3
$& 4 #% .

4. +% -#-&. ()6 +%(#.-% , ++% # + %(#.-% ?
+% %2%/ $)%- &%2 6 "y (+* +& 36 ?

5. + (0%  $&4#% # +& 3 $)%- &%2 ,%%?
6. + 0% $)&H#* 1+ & -#-&( # $)%- &%2,%6 ?

7. + 4%/ )] #")6' ( ## ()% #%
&%! +0 1+ & # $&,  $)%- &%2 %%

8. - $)+)%! (## [- )& - &* # -4

) 4% 3 #'4#.- % W%+- ) $&'+2#% +# #

$)%- &%2 ,%%"?

9. +%- "&2- $)!6 2#1#% $&- &( )1& &* Q
%e?

10. + 2# 1 #% Q % e -#-&( + && )%& 6
[&+ &% %+-% ,$) ' ##.-% # #(#%% $+& + %! +%/
% )' (#%* ?

11. + 2# 1 #% Q % e -#-&( + && )%& 6
&+ &% %+ -%, $)!##.-% # # (#%% +(# (-
[%-%! +%/ % )' (#%* ?

4
1.79- . $)%-&%2,% . ..7%-%, 1971.616.
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6. Ol#+( . .:&#+)3 . . -$2%%## # H&'# 3
$)%-&( . .7%% 1988.248
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10. '.5+%# . 1% ( . % & #H .., 5%'(

. 9&.  $8%- #H#%%))%)" #2)  %))%)1 #%) (0  91%& (
+1 (0 0#( $&'1% ,$% ( &'%+)3H* $)%- &%2 %%/
= &# . &%+). 1%-%%R004. .77.E .6
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)%+ # # % -9 $&, %W# 2 (. +-)+) &/
YA , ( + &- & -+&-)+) $$&%/'% $ -
[%-%! +0 (2%-'* (% %/'#/ -)+) '&0 '&0- ,
& +%## $ "#.-% 0&$$-% n-&( (%, &% & % .)),
#+ $)%( 6 %/ (/' &+%% +4 -)+) n-&( -4
"k (& - ##* % & &  (&! +4 &-%o#
$ #! $)%- &%2.,% . 0) # 9 - $&")HWE6 /-
& +,%%$ )%+ ## %% -44 $&' (3 )'6 %- "& 2 -
~Mi + ~Mj Q ~M i+j
0" —~Mi, ~Mj %~-Mi+j - ( (## A, ] %I - &, $&%! - 1 %
j -0 ".3 )6".- 1%)- , ( - 1%) % '%#%,*. )
$)!'#% -+&-)+) $ - $)%+H# NN -4 "3,
$&%H, %% % $)32 (# )6" & +% +## %% %)%
$&% '%H##% , %2( # ( &O#%! +* [%-%% &% & +,%/
+## %% #")6 () H#%  #HY%2+-)+)&#S ( (
(. , $%& , ~-%+ ,N&% 0 ('&' % .".). &%-&-%
-0 )4% 3 & +,%%%)%9 &%1%+ ,%%
HO-R-COOH + HO-R—-COOH Q HO-R-COO-R-COOH + H,0
% .'.

$)% -%'%& (#%
H,N—R-NH, + CIOC-R'—=COCI Q H,N-R-NHCO-R'-COCI + HClI

% .'.
&% 9 - L 9)-# &>
( $&'+ (1 $)%+#H#H %% # ($ (-
-# - &#./ ‘Yott #0* | +. + 4 /%-%'! +%* +
$)%+ #' # %% $& (4 (") #% - ) +).
#%2+-)+)&#0 $&'+ ( , ,HCI%&.).
-6 +4 &2# ('# % $&, ( , + & #

$& (4'6 () #% - #H%2+-)+)&#  $&'+ (. %l



%) , #$8%- & # % % 2 $)% & #( %20)%+)* %
'%9%2 Y% # (
—R— H + O=C=N-R'-N=C=0Q HO-R- —-CO-NH-R'-N=C=0% .".
g $ )+ # # % H#H. $&, . | #2.(6
. 06H %! +%- 2+ H#H-&H# - & +%%
$)%$8% 'UHH#% ( 3- 4% & +% -% $)%+# # %% .
I %S $)%+H#H Y $&, ( & -+&-)+)

0 $ - (2% '* (% 1#+,%#)3#/  0& $$
+) -#H-&( %)% +%/ 4 0& $$ #/' %l Ho+#,
4 "& 2 ((5%/ yB* &2)%IHET - )+ ) &#H* -

) ! - ( &2)3 9%/ & +%* $&-4 £

$ )%- &#. $& ' +. ()6 S - *1%(.-%
YWHHW-% %-0 .3 ()# ( ("'#- (%' . '#+

#% '&4 # +#,/] & +%# I3 "H 0& $$. %3$9 -
$ "#.  +')3#H*5%- & +,%- +## %% ,++'&0 '&0- ,
+ % ( (6%-% -# - &#.-% )+)-% . 6
) , ! & %! +% $)%+## % -4 1% 3

2(&5##* Y053 0 , +0° $&& 0%&6 ( +4#, (.

1 #+,% # )3#. 0& $%., ( &2)3 10 ')a# "&2( 3

H# 0%0# + ,%+H)%! + -+&-)+) . $&+ %+, H+

9 #%+0 # ' %0 :
+%- "&2- |, $&%#,%%$% )3H )%'% $)%+# # %%

CSH* $)%- &%2 ,%% 2 +)6! ( &2)%%%-0 $ "
&  -H+&-)+) . $H%- ! S&YB)%- &%2 ,%%& , $%

0 $ - $)'()34#0 $&% '%# #% )3+
#- & U#%, + +%H- +#, & *  $%.
% & &  $)%+## %6  #2.(6 +4 $#l o+
$)%- &%2 % * .

51) $ % $*

YWor## % ., ( + &* ! (6 )3+ "0l #+,% -
#)3H, <) +)., S&Y%('% + "&2(H%6 H*H| -+& -
)+) . 46 $)%r#H# %6 " #2.(6 .
YWor## % L, ( + &* ! (6 ) +). &- %)%
")35%- 19%)- 1#+%#)3#/ 0& $$ $&%('% + "& 2 (#%6
&2( V##l %)% ( +#W- 1, &1&H#I (V)

&+ & . +6 $)%+## %6 #2.(6 (%)%



). )%+## % ,(+ & 1 ( )3+ 'Uo#

-#-& , &4 %* -%#%- - (1 #+,% # )34, 0& $9. ,
#2.( ! ;

! HO'( H2)6—COOH = H'[- -(CH2)6-CO-)X_OH + (X —1)H20
Yo+ # # % | %- ,$ +&M* -& (] &2#] %S (
SH-&(, HAF %2 o+ &) &A% Ut + (.
1#+%#)3#. 0835, ,8 0%& 6% )3+ 1 #+% #)3#.-%
0835 % '& 00 , #2.( | (# $8%- &,
%t 2 $)%0 + - %) # '%$ -% ## -6,6) %20+ - % -

) #% - %'%$%H (* +%) . ):
! NHZ—(CHz)G—NHZ + XHOOC—(CH2)4 —COOH
H-[NH -(CH2)6'NH—CO—(CH2)4 —CO']XOH + (X —1)H20

8% 0- - %0 &$)%+## %% "&26 S4+&-)+).
0-$)%-&( ,+ & %25 ( & 6 %/ 2(#3( '#0
%$. (6 +4 & +%% L $&%(" %
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