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0$6,"849%* .& ':.&5$#$%; ")+&,: 

?" :,-$+%*%5* @/="4*%"A5$%%$# '"B$0, -$ C5=5/* $0:$(50)6 3,5 9")" 
(210 45%.0). !"B$0" )$)0$50 5= 3 9")0*#, :/+D9"DE5F 36 ="("%5#.  

G")0H 1 )$(*'I50 25 ="("%5# (J1–J25). 2 /"I($4. ="("%5D ("*0)6 4  :"'5"%0" 
$0:*0", 5= /$0$',F -'":5+H%,# 0$+H/$ $(5%.  

G")0H 2 )$(*'I50 5 ="("%5# (>1–>5), %" /$0$',* )+*(.*0 ("0H /'"0/5# $0:*0. 
K+6 ="("%5# >1 5 >2 $0:*0 %*$BF$(54$ ="-5)"0H : :5(* %"B$'" A5C', " (+6 ="("%5# 
>3–>5 : :5(* 95)+".   

G")0H 3 )$)0$50 5= 6 ="("%5# (L1–L6), %" /$0$',* 0'*B.*0)6 ("0H '"=:*'%.0,# 
$0:*0.   

M'5 :,-$+%*%55 ="("%5# >3–>5 9")05 2 =%"9*%5* 5)/$4$# :*+595%, )+*(.*0 
:,'"=50H : 0*F *(5%5A"F C5=59*)/5F :*+595%, /$0$',* ./"="%, : .)+$:55 ="("%56. 
N)+5 0"/$<$ ./"="%56 %*0, 0$ =%"9*%5* :*+595%, )+*(.*0 ="-5)"0H : 
;*I(.%"'$(%$# )5)0*4* *(5%5A (L7). M'5 :,95)+*%55 '"='*O"*0)6 5)-$+H=$:"0H 
%*-'$<'"445'.*4,# /"+H/.+60$'.  

>%54"0*+H%$ -'$950"#0* /"I($* ="("%5* 5 -'*(+"<"*4,*  :"'5"%0, $0:*0", 
*)+5 $%5 54*D0)6. 80:*9"#0* 0$+H/$ -$)+* 0$<$, /"/ :, -$%6+5 :$-'$) 5 
-'$"%"+5=5'$:"+5 :)* :"'5"%0, $0:*0". >,-$+%6#0* ="("%56 : 0$4 -$'6(/*, : 
/$0$'$4 $%5 ("%,. N)+5 /"/$*-0$ ="("%5* :,=,:"*0 . :") ="0'.(%*%5*, -'$-.)050* 
*<$. 2 -'$-.E*%%,4 ="("%564 4$I%$ B.(*0 :*'%.0H)6, *)+5 . :") $)0"%*0)6 :'*46. 
P" :,-$+%*%5* '"=+59%,F -$ )+$I%$)05 ="("%5# ("*0)6 $(5% 5+5 B$+** B"++$:. 
Q"++,, -$+.9*%%,* :"45 =" :,-$+%*%%,* ="("%56, ).445'.D0)6. M$)0"'"#0*)H 
:,-$+%50H /"/ 4$I%$ B$+HO* ="("%5# 5 %"B'"0H %"5B$+HO** /$+59*)0:$ B"++$:.  

!"#$"% &'(")$!  

  

  

  

?5I* -'5:*(*%, )-'":$9%,* ("%%,*, /$0$',* 4$<.0 -$%"($B50H)6 :"4 -'5 
:,-$+%*%55 '"B$0,. 
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<#6*,%($:# ."%6,)'4% 
  

  

  

  
2&$6,)$,: 

  

  
  

=&&,$&>#$%# ?#@A8 ")B5%($:?% #A%$%9)?% 
  

C)%?#$&')$%# D+&B$)(#$%# E$&@%,#5F C)%?#$&')$%# D+&B$)(#$%# 
E$&@%-
,#5F  

<5<" & 10 9 )"%05 ) 10–2 

4*<" ; 10 6 45++5 4 10–3 

/5+$ / 10 3 45/'$ 4/ 10–6 

<*/0$ < 10 2 %"%$ % 10–9 

(*A5 ( 10–1 -5/$ - 10–12 

95)+$ ! ! = 3,14  

.)/$'*%5* ):$B$(%$<$ -"(*%56 %" P*4+*  g = 10 4/)2 

<'":50"A5$%%"6 -$)0$6%%"6  G = 6,7·10–11 ?·42//<2 

.%5:*')"+H%"6 <"=$:"6 -$)0$6%%"6  R = 8,31 KI/(4$+H·2)  

-$)0$6%%"6 Q$+HA4"%"  k = 1,38·10–23 KI/2  

-$)0$6%%"6 J:$<"('$  NJ = 6·1023 4$+H–1 

)/$'$)0H ):*0" : :"/..4*  " = 3·108 4/)  

/$@CC5A5*%0 -'$-$'A5$%"+H%$)05  
: ="/$%* 2.+$%"  k = = 9·109 ?·42/2+2 1

4 ! "0
4$(.+H ="'6(" @+*/0'$%" (@+*4*%0"'%,#   
@+*/0'59*)/5# ="'6()   e = 1,6·10–19 2+  

-$)0$6%%"6 M+"%/"  h = 6,6·10–34 KI·)  
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E)66) ()6,%9 
  

  

  

  

  

GA#5F$)* ,#.5&#?4&6,F 
  

  

GA#5F$)* ,#.5&,) 
  

0*4-*'"0.'"  0 2 = – 273°L  

"0$4%"6 *(5%5A" 4")),  1 ".*.4. = 1,66·10–27 /<  

1 "0$4%"6 *(5%5A" 4")), @/:5:"+*%0%"  931,5 ;@>  

1 @+*/0'$%:$+H0  1 @> = 1,6·10–19 KI  

@+*/0'$%"  9,1·10–31 /< R 5,5·10–4 ".*.4.  

-'$0$%"  1,673·10–27 /< R 1,007 ".*.4.  

%*#0'$%"  1,675·10–27 /< R 1,008 ".*.4.  

H5&,$&6,F  -$()$+%*9%$<$ 4")+"  900 /</43 

:$(,  1000 /</43 "+D45%56  2700 /</43 

('*:*)5%, ()$)%")  400 /</43 I*+*="  7800 /</43 

/*'$)5%"  800 /</43 '0.05  13600 /</43 

:$(,  4,2·10 3 KI/(/<·2)  "+D45%56  900 KI/(/<·2)   
+H("  2,1·10 3 KI/(/<·2)  4*(5  380 KI/(/<·2)   
I*+*="  640 KI/(/<·2)  9.<.%"  500 KI/(/<·2)  
):5%A"  130 KI/(/<·2)      

-"'$$B'"=$:"%56 :$(, 2,3·10 6 KI//<  

-+":+*%56 ):5%A"  2,5·10 4 KI//<   

-+":+*%56 +H("  3,3·10 5 KI//<  
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E&5*"$)* ?)c6) 
  

  

C&"?)5F$:# 865&'%*   (":+*%5* 105 M",  0*4-*'"0.'"  0°L 

"=$0"  28·10–3 /</4$+H /5)+$'$("  32·10–3 /</4$+H 

"'<$%"  40·10–3 /</4$+H +5056  6·10–3 /</4$+H 

:$($'$("  2·10–3 /</4$+H 4$+5B(*%"  96·10–3 /</4$+H 

:$=(.F"  29·10–3 /</4$+H %*$%"  20·10–3 /</4$+H 

<*+56  4·10–3 /</4$+H .<+*/5)+$<$ <"="  44·10–3 /</4$+H 
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I)6,F 1

*+, -.(/#0"0,, 1$2$0,3 4$'5, 1 - 6#$07" /5-"5/- 8 1 (/2 0/%"+/% 
-.(/#09"%/:/ -$%, 1$2$0,9 (A1 – A25) (/'5$-;5" 10$7 «X» - 7#"5/47", 
0/%"+ 7/5/+/3 '//5-"5'5-&"5 0/%"+& -.6+$00/:/ -$%, /5-"5$. 

   A1   > 4$4*%0 :'*4*%5 t = 0 4"+*%H/$* 0*+$ %"9"+$ 
'":%$.)/$'*%%$* (:5I*%5* :($+H $)5 #$ 5= 
0$9/5 x = 0, -'59*4 -'$*/A56 *<$ )/$'$)05 %" 
@0. $)H 4*%6+")H )$ :'*4*%*4 -$ ="/$%. v(t), /"/ 
-$/"="%$ %" <'"C5/*. ?" /"/$4 '"))0$6%55 $0 
%"9"+H%$# 0$9/5 0*+$ $/"="+$)H : 4$4*%0 
:'*4*%5 t = 4 c? 
  

   

   1) 2 4    2) 1 4    3) 0 4    4) –2 4 

   A2   7)/.))0:*%%,# )-.0%5/ P*4+5 (:5I*0)6 -$ /'.<$:$# $'B50* :%* -'*(*+$: 
=*4%$# "04$)C*',. 2"/5* 5= -'5:*(*%%,F %5I* .0:*'I(*%5# 6:+6D0)6 
-'":5+H%,45? L5)0*4. $0)9*0", ):6="%%.D ) P*4+*#, )950"0H 
5%*'A5"+H%$#. 

1) ?" )-.0%5/ (*#)0:.*0 )5+" -'506I*%56, %"-'":+*%%"6 / A*%0'. 
P*4+5. 

2) K*#)0:.DE"6 %" )-.0%5/ )$ )0$'$%, P*4+5 )5+" -'506I*%56 
=")0":+6*0 *<$ (:5<"0H)6 ) -$)0$6%%$# )/$'$)0HD. 

3) K:5I*%5* )-.0%5/" -$ /'.<$:$# $'B50* -'$5)F$(50 ) -$)0$6%%$# -$ 
4$(.+D )/$'$)0HD. 

4) S)/$'*%5* )-.0%5/" :)* :'*46 %"-'":+*%$ / A*%0'. P*4+5 5 
-$)0$6%%$ -$ 4$(.+D. 
   1) 0$+H/$ 1) 
   2) 1) 5 2) 
   3) 1) , 2) 5 4) 
   4) 1) , 3) 5 4) 

   A3   >*'F%5# /$%*A +*</$# :*'05/"+H%$# -'.I5%, ="/'*-+*%, " / ** %5I%*4. 
/$%A. -$(:*O5:"D0 <'.=, '"=%$# 4")),. P":5)54$)0H .(+5%*%56 
-'.I5%, Tx $0 4")), m -$(:*O*%%$<$ <'.=" -'5:*(*%" : 0"B+5A*. G*4. 
'":*% /$@CC5A5*%0 I*)0/$)05 @0$# -'.I5%,? 

  

m, /< 0 0,5 1 1,5 2 
Tx, )4 0 5 10 15 20 

   1) 1 ?/4    2) 10 ?/4    3) 100 ?/4    4) 1000 ?/4 
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   A4   U*+$ 4"))$# 2 /< ):$B$(%$ (:5I*0)6 :($+H $)5 OX )$ )/$'$)0HD 5 4/). 2 
0*+. -'5+$I5+5 -$)0$6%%.D -$ 4$(.+D )5+., %"-'":+*%%.D -"'"++*+H%$ 
@0$# $)5, : '*=.+H0"0* 9*<$ : 0*9*%5* 2 ) *<$ )/$'$)0H .4*%HO5+")H ($ 1 4/). 
G*4. '"%" -'$*/A56 @0$# )5+, %" $)H OX? 
   1) 2 ?    2) 5 ?    3) –4 ?    4) –8 ? 

   A5   &'.= 4"))$# 1 /< :5)*+ %*-$(:5I%$ %" +*</$# :*'05/"+H%$# -'.I5%*, 
-'5/'*-+*%%$# / -$0$+/.. &'.= -'5-$(%6+5 ::*'F %" :,)$0. 20 )4 $0 
-$+$I*%56 '":%$:*)56 5 $0-.)05+5 B*= 0$+9/". 2"/.D '"B$0. )$:*'O50 
)5+" 06I*)05 $0 4$4*%0" $0-.)/"%56 ($ 4$4*%0", /$<(" <'.= -$)+* 
$-.)/"%56 :%5= $)0"%$:50)6? 
   1) 1 KI    2) 2 KI    3) 3 KI    4) 4 KI 

   A6   89*%H 4"+*%H/"6 O"#B" )$:*'O"*0 <"'4$%59*)/5* /$+*B"%56, )/$+H=6 -$ 
(%. <+"(/$# )C*'59*)/$# 9"O/5 '"(5.)$4 25,6 )4, %"F$(6E*#)6 : -$+* 
)5+, 06I*)05 P*4+5. G*4. '":*% -*'5$( @05F /$+*B"%5#? 
   1) !0,5 )    2) !1,0 )    3) !1,5 )    4) !2,0 ) 

   A7   G*0,'* B'.)/" $(5%"/$:$# 4")),, ):6="%%,* <$'5=$%0"+H%,45 
%*:*)$4,45 %*'")06I54,45 %50645, (:5I.0)6 -$ <+"(/$# <$'5=$%0"+H%$# 
-+$)/$)05 -$( (*#)0:5*4 )5+, F, /"/ -$/"="%$ %" '5).%/*. G*4. '":%$ 
$0%$O*%5* )5+ %"06I*%56 %50*#, $(%" 5= /$0$',F %"F$(50)6 4*I(. 
-*':,4 5 :0$',4, " ('.<"6 – 4*I(. 0'*0H54 5 9*0:*'0,4 B'.)/"45? 

  

   1) 1    2) 2    3) 3    4) 4 

   A8   ?*/$0$'$* /$+59*)0:$ 5(*"+H%$<$ $(%$"0$4%$<$ <"=" %"F$(50)6 : ="/',0$4 
)$).(* -$)0$6%%$<$ $BV*4". > '*=.+H0"0* %"<'*:"%56 )$).(" (":+*%5* : %*4 
.:*+595+$)H : 3 '"=". >$ )/$+H/$ '"= 5=4*%5+")H -'5 @0$4 )'*(%66 
/5%*059*)/"6 @%*'<56 0*-+$:$<$ (:5I*%56 4$+*/.+ <"="? 
   1) %* 5=4*%5+")H 
   2) .:*+595+")H : 5/3 '"=" 
   3) .:*+595+")H : 3/2 '"=" 
   4) .:*+595+")H : 3 '"=" 

   A9   > B$+HO$4 ="/',0$4 )$).(* %" @+*/0'$-+50/* )0$50 /$+B" ) :$($#. >$(" 
/5-50. 2"/$# 5= -'5:*(*%%,F %5I* :,:$($: 4$I%$ )(*+"0H 5= ("%%$<$ 
%"B+D(*%56? 

1) U*4-*'"0.'" :$(, '":%" 100 °L. 
2) U*4-*'"0.'" :$(, '":%" 100 °L, " (":+*%5* :%.0'5 )$).(" –

"04$)C*'%$*. 
3) K":+*%5* :%.0'5 )$).(" '":%$ (":+*%5D %"),E*%%,F -"'$: :$(, 

-'5 0$# 0*4-*'"0.'*, /"/.D 54**0 :$(" : /$+B*. 
4) K":+*%5* :%.0'5 )$).(" '":%$ "04$)C*'%$4.. 

   1) 1    2) 2    3) 3    4) 4 

© ;788, 2010 <.
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  A10  2.)$/ I*+*=" %"<'*+5 ($/'")%" 5 -$+$I5+5 %" %"/$:"+H%D. 8% B.(*0 
$)0,:"0H B+"<$("'6 

1) 0*-+$-'$:$(%$)05 I*+*=", %"/$:"+H%5 5 :$=(.F". 
2) 0*-+$:$4. 5=+.9*%5D I*+*=". 
3) 0*-+$$0("9* 9*'*= /$%:*/A5D : :$=(.F*. 
4) :)*4 0'*4 .-$46%.0,4 :,O* :5("4 0*-+$-*'*("95. 

   1) 1    2) 2    3) 3    4) 4 

  A11  > (:.F )$).("F $(5%"/$:$<$ $BV*4", )$*(5%*%%,F 0'.B/$# ) ="/',0,4 
/'"%$4, %"F$(60)6 -'5 $(5%"/$:$# 0*4-*'"0.'* <*+5# 5 "'<$%, /$0$',* 
4$I%$ )950"0H 5(*"+H%,45 <"="45. 7=:*)0%$, 90$ :%.0'*%%66 @%*'<56 
"'<$%" :(:$* B$+HO* :%.0'*%%*# @%*'<55 <*+56. > /"/.D )0$'$%. 
%"-'":50)6 -$0$/ <"=" -$ 0'.B/*, *)+5 $0/',0H /'"%? 
   1) -$0$/" <"=" %* B.(*0 
   2) -$0$/ B.(*0 %"-'":+*% 5= )$).(" ) <*+5*4 : )$).( ) "'<$%$4 
   3) -$0$/ B.(*0 %"-'":+*% 5= )$).(" ) "'<$%$4 : )$).( ) <*+5*4 
   4) B.(*0 %"B+D("0H)6 -*'*4*O5:"%5* <"=$: 0$+H/$ =" )9*0 (5CC.=55 

  A12  U*4-*'"0.'" 0*+", 5)-$+H=.DE*<$)6 5(*"+H%$# 0*-+$:$# 4"O5%$# 2"'%$ 
: /"9*)0:* %"<'*:"0*+6, '":%" 727 °L, " '"=%$)0H 0*4-*'"0.' %"<'*:"0*+6 5 
0*+", 5)-$+H=.DE*<$)6 @0$# 4"O5%$# : /"9*)0:* F$+$(5+H%5/", '":%" 
600 2. 2"/$* /$+59*)0:$ 0*-+$0, =" $(5% A5/+ '"B$0, 4"O5%, -*'*("*0)6 
F$+$(5+H%5/., *)+5 %"<'*:"0*+H =" $(5% A5/+ -*'*("*0 '"B$9*4. 0*+. 
/$+59*)0:$ 0*-+$0,, '":%$* 1 /KI? 
   1) 200 KI    2) 300 KI    3) 400 KI    4) 600 KI 

  A13  > :*'O5%* 1 '":%$)0$'$%%*<$ 0'*.<$+H%5/" 
%"F$(50)6 -$+$I50*+H%,# 0$9*9%,# ="'6( +Q, " : 
:*'O5%* 2 – $0'5A"0*+H%,# 0$9*9%,# ="'6( – Q ()4. 
'5).%$/). U$9/" 3 – 0'*0H6 :*'O5%" @0$<$ 
0'*.<$+H%5/". 2.(" %"-'":+*% : 0$9/* 3 :*/0$' 
%"-'6I*%%$)05 @+*/0'$)0"059*)/$<$ -$+6, 
)$=(":"*4$<$ ="'6("45? 
  

   

   1) -"'"++*+H%$ +5%55 1–2 %"-'":$ (W) 
   2) -"'"++*+H%$ +5%55 1–2 %"+*:$ (X) 
   3) -*'-*%(5/.+6'%$ +5%55 1–2 ::*'F (Y) 
   4) -*'-*%(5/.+6'%$ +5%55 1–2 :%5= (Z) 

© ;788, 2010 <.
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  A14  ?" '5).%/* -$/"="%" )F*4" 
@+*/0'59*)/$# A*-5. J4-*'4*0', 
:$+H04*0' 5 B"0"'*#/" – 5(*"+H%,*. 
?"-'6I*%5* B"0"'*#/5 U = 3 B, 
)$-'$05:+*%56 '*=5)0$'$: , 

. 2"/$* %"-'6I*%5* V 
-$/"=,:"*0 :$+H04*0' 5 /"/$# 0$/ I C5/)5'.*0 "4-*'4*0'? 
  

   
R1 " 1 #$%

R2 " 100$%

   1) 1 >, 10 4J 
   2) 3 >, 20 4J 
   3) 3 >, 30 4J 
   4) 4 >, 25 4J 

  A15  > A*-5, )F*4" /$0$'$# 5=$B'"I*%" %" '5).%/*, /"0.O/" 54**0 B$+HO.D 
5%(./05:%$)0H L. M$)+* ="4,/"%56 /+D9" 2 

  

   1) +"4-" [ )'"=. 6'/$ ="<$'50)6 
   2) +"4-" [ )%"9"+" 6'/$ :)-,F%*0, " -$0$4 B.(*0 <$'*0H ) -$)0$6%%,4 

%"/"+$4 
   3) +"4-" [ B.(*0 )%"9"+" -$)0*-*%%$ '"=<$'"0H)6, " -$0$4 B.(*0 <$'*0H 

) -$)0$6%%,4 %"/"+$4 
   4) +"4-" [ <$'*0H %* B.(*0 

  A16  P"4/%.0,# /$%0.' )$)0$50 5= /$%(*%)"0$'" *4/$)0HD 1 4/3 5 /"0.O/5 ) 
5%(./05:%$)0HD 10 4&%. > %"9"+H%,# 4$4*%0 :'*4*%5 /$%(*%)"0$' 
="'6I*% ($ %*/$0$'$<$ %"-'6I*%56, " 0$/ : /$%0.'* %* 0*9*0. G*'*= /"/$# 
45%54"+H%,# -'$4*I.0$/ :'*4*%5 0$/ : /$%0.'* ($)05<%*0 
4"/)54"+H%$<$ =%"9*%56? 
   1)  ! 1,6 # 10$4 &
   2)  ! 3,1 # 10$4 &
   3)  ! 2,4 # 10$4 &
   4)  ! 6,3 # 10$4 &

© ;788, 2010 <.
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  A17  U$%/"6 +5%=" ) $-059*)/$# )5+$# +5 (-0' ("*0 (*#)0:50*+H%$* 
5=$B'"I*%5* -'*(4*0" %" '"))0$6%55 40 )4 $0 -+$)/$)05 +5%=,. ?" /"/$4 
'"))0$6%55 $0 +5%=, %"F$(50)6 -'*(4*0? 
   1) 0,1 4    2) 0,2 4    3) 0,3 4    4) 0,4 4 

  A18  ;*I=:*=(%,# /$)459*)/5# /$'"B+H +*050 ) $/$+$):*0$:$# )/$'$)0HD. 
?"B+D("0*+H %" /$'"B+* '"))4"0'5:"*0 =:*=(, 5 5=4*'6*0 )/$'$)0H 
-'5O*(O5F $0 %5F ):*0$:,F :$+%. 8/"=,:"*0)6, 90$ 
   1) )/$'$)0H ):*0", -'5O*(O*<$ $0 0*F =:*=(, /$0$',* %"F$(60)6 :-*'*(5 

-$ F$(. (:5I*%56 /$'"B+6, B$+HO* )/$'$)05 ):*0" : %*-$(:5I%$# 
)5)0*4* $0)9*0" 

   2) )/$'$)0H ):*0", -'5O*(O*<$ $0 0*F =:*=(, /$0$',* %"F$(60)6 -$="(5 
-$ F$(. (:5I*%56 /$'"B+6, 4*%HO* )/$'$)05 ):*0" : %*-$(:5I%$# 
)5)0*4* $0)9*0" 

   3) )/$'$)0H ):*0", -'5O*(O*<$ $0 0*F =:*=(, /$0$',* %"F$(60)6 :-*'*(5 
-$ F$(. (:5I*%56 /$'"B+6, B$+HO* )/$'$)05 ):*0" : %*-$(:5I%$# 
)5)0*4* $0)9*0", " $0 0*F, /$0$',* %"F$(60)6 -$="(5 – 4*%HO* 

   4) )/$'$)0H ):*0", -'5O*(O*<$ $0 0*F =:*=(, /$0$',* %"F$(60)6 :-*'*(5 
-$ F$(. (:5I*%56 /$'"B+6, 5 $0 0*F, /$0$',* %"F$(60)6 -$="(5, 
$(5%"/$:" 5 '":%" )/$'$)05 ):*0" : %*-$(:5I%$# )5)0*4* $0)9*0" 

  A19  M+$)/5# /$%(*%)"0$' *4/$)0HD % = 1000 -3 ="'6(5+5 ($ %"-'6I*%56 
U = 1000 > 5 $0)$*(5%5+5 $0 5)0$9%5/" -50"%56. P"0*4 : %*<$ :)0":5+5 
-+")05%. 5= (5@+*/0'5/" ) (5@+*/0'59*)/$# -'$%5A"*4$)0HD  = 2, 
="%54"DE.D :*)H $BV*4 /$%(*%)"0$'". 2"/ 5 :$ )/$+H/$ '"= -'5 @0$4 
5=4*%5+")H @%*'<56 /$%(*%)"0$'"? 

!

   1) @%*'<56 %* 5=4*%5+")H 
   2) @%*'<56 .4*%HO5+")H : 2 '"=" 
   3) @%*'<56 .:*+595+")H : 2 '"=" 
   4) @%*'<56 .:*+595+")H : 4 '"=" 
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  A20  M'5 5=.9*%55 C$0$@CC*/0" -'5 -$4$E5 .)0"%$:/5, )F*4" /$0$'$# 
5=$B'"I*%" %" '5).%/*, $/"="+$)H, 90$ 0$/ : A*-5 -'*/'"E"*0)6, /$<(" 
(+5%" :$+%, ):*0", -"("DE*<$ %" /"0$(, )(*+"%%,# 5= %*/$0$'$<$ 
4*0"++", -'*:,O"*0 5000 A. G*4. '":%" '"B$0" :,F$(" @+*/0'$%" 5= @0$<$ 
4*0"++"? 80:*0 :,'"=50* : @> 5 $/'.<+50* ($ (*)60,F. 

  

   1) 1,5    2) 2,0    3) 2,5    4) 3,0 

  A21  !"(5$"/05:%,# 5)0$9%5/ -$4*E*% : /$%0*#%*' ) .=/54 
$0:*')05*4, 5= /$0$'$<$ :,F$(50 5=+.9*%5*. M$)+* 
-$4*E*%56 /$%0*#%*'" : $(%$'$(%$* 4"<%50%$* -$+*, :*/0$' 
5%(./A55 /$0$'$<$ %"-'":+*% 0"/, /"/ -$/"="%$ %" '5).%/*, 
$/"="+$)H, 90$ -.9$/ '"=(*+5+)6 %" 0'5 9")05 – 1, 2 5 3. 
S/"I50*, /"/5* :5(, '"(5$"/05:%,F 5=+.9*%5# 
)$$0:*0)0:.D0 @054 %$4*'"4. 

   

   1) &, ', (    2) ', (, &    3) &, (, '    4) (, ', & 

  A22  M'5 :=',:* %*/$0$'$# ):*'F%$:$# =:*=(, 4,5 45++5"'(" +*0 %"="( 
$B'"=$:"+)6 5=$0$- .'"%" . 2 %")0$6E*4. :'*4*%5 95)+$ "0$4$: @0$<$ 
5=$0$-" : $)0"0/"F :=',:" )$)0":+6*0 50% $0 5)F$(%$<$. G*4. '":*% 
-*'5$( -$+.'")-"(" 5=$0$-" ? 
  

U238
92

U238
92

   1)  +*0 4,5 # 109

   2)  +*0 9 # 109

   3)  +*0 2,25 # 109

   4)  +*0 6,5 # 109
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  A23  M'*(-$+$I54, 90$ : '*=.+H0"0* '"=:5056 %"%$0*F%$+$<5# .("+$)H )$=("0H 
(5C'"/A5$%%.D '*O*0/. ) -*'5$($4 10 %4. > :"/..4%$# /"4*'* %" @0. 
'*O*0/. %"-'":5+5 : -*'-*%(5/.+6'%$4 %"-'":+*%55 .=/5# -.9$/ 
@+*/0'$%$:, +*06E5F )$ )/$'$)0HD 1000 /4/). ?" /"/$4 '"))0$6%55 $0 $)5 
-.9/" B.(*0 %"B+D("0H)6 -*':,# (5C'"/A5$%%,# 4"/)54.4 %" @/'"%*, 
-"'"++*+H%$4 '*O*0/* 5 %"F$(6E*4)6 =" %*# %" .("+*%55 10 )4? 
   1) R 344    2) R 744    3) R 1144    4) R 944 

  A24  > )5)0*4* L7 *(5%5A" 5=4*'*%56, '":%"6 1 >*B*'. : )*/.%(., %"=,:"*0)6 
   1) 2.+$%    2) J4-*'    3) &*%'5    4) >$+H0 

  A25  ?" <'"C5/* -$/"="%, @/)-*'54*%0"+H%$ -$+.9*%%,* 0$9/5, 
F"'"/0*'5=.DE5* -$+$I*%5* 4"+*%H/$<$ 0*+" %" $)5 8\ : '"=%,* 
4$4*%0, :'*4*%5. 2"/5* :,:$(, $ (:5I*%55 @0$<$ 0*+" 4$I%$ )(*+"0H %" 
$)%$:"%55 @0$<$ <'"C5/"? 

  

   1) 0*+$ (:5I*0)6 '":%$4*'%$, B*= $)0"%$:$/, )$ )/$'$)0HD 14/) 
   2) )'*(%66 )/$'$)0H 0*+" %" :)*4 -.05 '":%" 14/) 
   3) )'*(%66 )/$'$)0H 0*+" %" :)*4 -.05 '":%" 14/), %$ F"'"/0*' 

(:5I*%56 0*+" 4*I(. ./"="%%,45 %" <'"C5/* 0$9/"45 .)0"%$:50H 
%*+H=6 

   4) .)/$'*%5* 0*+" :)* :'*46 '":%$ %.+D 
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I)6,F 2

<5-"5/% 7 7$=2/%& ,1 1$2$0,3 B1 – B2 6&2"5 0"7/5/+$9 
(/'#"2/-$5"#;0/'5; >,?+. @5& (/'#"2/-$5"#;0/'5; 0$2/ 1$(,'$5; - 
6#$07 /5-"5/- 8 1 '(+$-$ /5 0/%"+$ '//5-"5'5-&AB":/ 1$2$0,9 6"1 
(+/6"#/- , 7$7,)-#,6/ ',%-/#/- 0$4,0$9 ' ("+-/3 7#"5/47,. C$=2&A 
>,?+& (,D,5" - /52"#;0/3 7#"5/47" - '//5-"5'5-,, ' (+,-"2"00.%, 
- 6#$07" /6+$1>$%,. 

   B1   > :$=(.F* %"( -$:*'F%$)0HD :$(, : B"))*#%* .)0"%$:+*% (5%"45/, 
5=+.9"DE5# =:./ $-'*(*+*%%$# 9")0$0,. G")0H =:./$:$# :$+%, 
$0'"I"*0)6 $0 :$(,, " 9")0H -'*+$4+6*0)6 5 -'$F$(50 : :$(., <(* )/$'$)0H 
=:./" B$+HO*, 9*4 : :$=(.F*. 2"/ -'5 @0$4 -*'*F$(* =:./" 5= :$=(.F" : 
:$(. 5=4*%6D0)6 -*'*95)+*%%,* : -*':$4 )0$+BA* C5=59*)/5* :*+595%,, 
F"'"/0*'5=.DE5* =:./$:.D :$+%.? 

  

/010I3=203 73J0I0CK  0L 01E3C3C03

M) "4-+50.(" =:./$:$# :$+%, 
N) 9")0$0" =:./" 
7) (+5%" :$+%, =:./" 

   1) .:*+595:"*0)6 
2) .4*%HO"*0)6 
3) %* 5=4*%6*0)6 

D,'#,: 
M N 7

 

   B2   S)0"%$:50* )$$0:*0)0:5* 4*I(. C5=59*)/545 4$(*+645 5 C5=59*)/545 
6:+*%5645, (+6 $-5)"%56 /$0$',F 4$<.0 5)-$+H=$:"0H)6 @05 4$(*+5: (+6 
/"I($# C5=59*)/$# 4$(*+5 ./"I50* $(5% %$4*' )$$0:*0)0:.DE*<$ 
C5=59*)/$<$ 6:+*%56. 

  

/010I3=2MO 
ED<3JP

 /010I3=2D3 O7J3C03

M) 0$%/"6 +5%=" 
N) %./+$%%"6 4$(*+H 

6('" 

   1) 6(*'%,* '*"/A55 
2) $0'"I*%5* ):*0" $0 )C*'59*)/$# 

-$:*'F%$)05 
3) +5%*#9"0,* )-*/0', 5=+.9*%56 
4) -'*+$4+*%5* ):*0" %" )C*'59*)/5F 

-$:*'F%$)06F 

D,'#,: 
M N
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<5-"5/% 7 7$=2/%& ,1 1$2$0,3 B3 – B5 6&2"5 0"7/5/+/" 4,'#/. @5/ 
4,'#/ 0$2/ 1$(,'$5; - 6#$07 /5-"5/- 8 1 '(+$-$ /5 0/%"+$ 
'//5-"5'5-&AB":/ 1$2$0,9 0$4,0$9 ' ("+-/3 7#"5/47,. C$=2.3 
',%-/# (>,?+&, 1$(95&A, 10$7 %,0&') (,D,5" - /52"#;0/3 7#"5/47" - 
'//5-"5'5-,, ' (+,-"2"00.%, - 6#$07" /6+$1>$%,. E2,0,>. 
?,1,4"'7,) -"#,4,0 (,'$5; 0" 0&=0/. 

   B3   ?" <$'5=$%0"+H%$4 )0$+* +*I50 B'.)$/ 4"))$# 2,5 /<. > %*<$ -$-"+" 5 
=")0'6+" -.+6 4"))$# 10 <, +*0*:O"6 <$'5=$%0"+H%$ )$ )/$'$)0HD 500 4/). 
G*4. '":*% /$@CC5A5*%0 0'*%56 )/$+HI*%56 B'.)/" $ )0$+, *)+5 -$)+* 
-$-"("%56 -.+5 B'.)$/ )(:5%.+)6 -$ )0$+. %" '"))0$6%5* 1 4 5 
$)0"%$:5+)6? 80:*0 $/'.<+50* ($ (*)60,F ($+*#. 
 

D,'#,: 
 

   B4   > ="/',0$4 )$).(* /.B59*)/$# C$'4, $BV*4$4 0,216 43 %"F$(50)6 1 4$+H 
5(*"+H%$<$ $(%$"0$4%$<$ <"=". L'*(%*/:"('"059%"6 )/$'$)0H 4$+*/.+ 

<"=" '":%" 420 4/). L/$+H/$ .("'$: 4$+*/.+ $B $(%. )0*%/. )$).(" 

-'$5)F$(50 : )'*(%*4 =" $(%. )*/.%(.? 80:*0 .4%$IH0* %" 10–25. 
 

D,'#,: 
 

   B5   7= 0$%/$<$ -'$:$(" 5=<$0$:+*%$ /'.<+$* /$+HA$ '"(5.)$4 r = 10 )4 5 
)$-'$05:+*%5*4 R = 0,05 84. 2$+HA$ -$4*E*%$ : $(%$'$(%$* 4"<%50%$* 
-$+*, -*'-*%(5/.+6'%$* -+$)/$)05 /$+HA". 7%(./A56 4"<%50%$<$ -$+6 
.:*+595:"*0)6 )$ :'*4*%*4 -$ ="/$%. , <(* . G*4. '":%" 
)5+" 0$/", 0*/.E*<$ -$ /$+HA.? 80:*0 :,'"=50* : ), $/'.<+5: ($ (*)60,F 
($+*#. 

B " !t ! " 0,5 '(/&

 

D,'#,: 
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I)6,F 3

F$2$0,9 C1 – C6 (+"2'5$-#9A5 '/6/3 1$2$4,, (/#0/" +"D"0," 7/5/+.) 
0"/6)/2,%/ 1$(,'$5; - 6#$07" /5-"5/- 8 2. G"7/%"02&"5'9 (+/-"'5, 
(+"2-$+,5"#;0/" +"D"0," 0$ 4"+0/-,7". *+, /?/+%#"0,, +"D"0,9 - 
6#$07" /5-"5/- 8 2 1$(,D,5" '0$4$#$ 0/%"+ 1$2$0,9 (H1 , 5. 2.), $ 
1$5"% +"D"0," '//5-"5'5-&AB"3 1$2$4,. 

   C1   P" (5C'"/A5$%%$# '*O*0/$# ! -"'"++*+H%$ *# 
'")-$+$I*%" 0$%/"6 )$B5'"DE"6 +5%=" [, : 
C$/"+H%$# -+$)/$)05 /$0$'$# %"F$(50)6 
@/'"% ]. ?" '*O*0/. %$'4"+H%$ -"("*0 
-"'"++*+H%,# -.9$/ :5(54$<$ <+"=$4 B*+$<$ 
):*0". 2"/ :,<+6(50 (5C'"/A5$%%"6 /"'05%" 
%" @/'"%*? 8-5O50*, 7$7 , (/4"%& B.(.0 
5=4*%60H)6: 

J) A:*0; 
Q) '")-$+$I*%5*; 
>) /$+59*)0:$ %"B+D("*4,F %" @/'"%* 

(5C'"/A5$%%,F 4"/)54.4$:; 
-'5 -$)+*($:"0*+H%$4 :,-$+%*%55 )+*(.DE5F (*#)0:5#: 

1) M*'*( (5C'"/A5$%%$# '*O*0/$# -$)0":5+5 )5%5# ):*0$C5+H0' 
()0*/+6%%.D -+")05%/., -'$-.)/"DE.D 0$+H/$ )5%5# ):*0). 

2) L5%5# ):*0$C5+H0' ="4*%5+5 %" /'")%,# ):*0$C5+H0'. 
3) ?* .B5'"6 /'")%,# ):*0$C5+H0', ="4*%5+5 5)-$+H=$:":O.D)6 

(5C'"/A5$%%.D '*O*0/. %" ('.<.D, -*'5$( /$0$'$# B$+HO*. 
L950"0H, 90$ :*)H -'$O*(O5# 9*'*= '*O*0/. ):*0 -$-"("*0 )%"9"+" %" 
+5%=., " ="0*4 – %" @/'"%. 

   

   C2   ?" )0$+* )0$50 -.)0$# A5+5%('59*)/5# )$).( ) 
<$'5=$%0"+H%,4 (%$4 -+$E"(HD . ?"( 
%54 ="/'*-+*% :0$'$# A5+5%('59*)/5# )$).( ) 
<$'5=$%0"+H%,4 (%$4 -+$E"(HD . K%$ 
:*'F%*<$ )$).(" '")-$+$I*%$ %" :,)$0* H = 1,2 4 
%"( .'$:%*4 (%" %5I%*<$ )$).(". > :*'F%5# )$).( 
%"+50" :$(" -+$0%$)0HD  ($ .'$:%6 
h = 10 )4 %"( *<$ (%$4. > (%* :*'F%*<$ )$).(" 
$0/',:"D0 $0:*')05*, : '*=.+H0"0* 9*<$ :)6 :$(", %* 
'")0*/"6)H -$ (%. :*'F%*<$ )$).(" 5 %* 
'"=B',=<5:"6)H, -*'*0*/"*0 : %5I%5# )$).(, 5 ="0*4 :$(" -'5F$(50 : 
)$)0$6%5* -$/$6. 2"/$* -'5 @0$4 :,(*+6*0)6 /$+59*)0:$ 0*-+$0,? 

    

S1 " 200 &%
2

S2 " 1000 &%
2

" " 1000 #)/%3

   C3   > )$).(* -$( -$'O%*4 %"F$(50)6 m = 6 < 5(*"+H%$<$ $(%$"0$4%$<$ <"=". 
L'*(%*/:"('"059%"6 )/$'$)0H *<$ "0$4$: '":%" u = 500 4/). M$)+* 0$<$, 
/"/ @0$0 <"= 4*(+*%%$ '")O5'5+)6 -'5 -$)0$6%%$4 (":+*%55, 
)'*(%*/:"('"059%"6 )/$'$)0H *<$ "0$4$: :$='$)+" : n = 1,5 '"=". 2"/.D 
'"B$0. )$:*'O5+ <"= : ("%%$4 -'$A*))*? 
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   C4   ]+*/0'$%, (:5I.E5#)6 )$ )/$'$)0HD V = 0,01 c 
(c – )/$'$)0H ):*0" : :"/..4*), :+*0"*0 : 0$9/* A 
: -$)0$6%%$* $(%$'$(%$* 4"<%50%$* -$+* ) 
5%(./A5*# B = 0,1 U+ -$( .<+$4  = 60° / +5%55 
4"<%50%$# 5%(./A55. G*'*= %*/$0$'$* :'*46 
@+*/0'$% )%$:" -*'*)*/"*0 0. I* )"4.D +5%5D 4"<%50%$# 5%(./A55, 
$/"=":O5)H : 0$9/* %. G*4. '":%$ '"))0$6%5* 4*I(. 0$9/"45 A 5 %? 
  

   
!

   C5   K:* $(5%"/$:,* 0$%/5* )$B5'"DE5* +5%=, ) C$/.)%,4 '"))0$6%5*4 
f = 10 )4 /"I("6 '")-$+$I*%, %" '"))0$6%55 2f = 20 )4 ('.< $0 ('.<" 0"/, 
90$ 5F <+":%,* $-059*)/5* $)5 )$:-"("D0. ?" $(%. 5= +5%= %" '"))0$6%55 
d = 0,5 )4 $0 <+":%$# $-059*)/$# $)5 -"("*0 .=/5# -"'"++*+H%,# -.9$/ 
):*0", 5(.E5# -$( .<+$4 ^ = 0,05 '"( / <+":%$# $-059*)/$# $)5. P" :0$'$# 
+5%=$# : ** C$/"+H%$# -+$)/$)05 '")-$+$I*% @/'"% ]. ?" /"/$4 
'"))0$6%55 $0 <+":%$# $-059*)/$# $)5 B.(*0 %"F$(50H)6 %" @/'"%* ):*0$:$* 
-60%$, $B'"=$:"%%$* -'$O*(O54 9*'*= $B* +5%=, -.9/$4? 

  

   C6   ?"#(50* @%*'<5D, /$0$'"6 :,(*+6*0)6 -'5 -'$0*/"%55 6(*'%$# '*"/A55 
. 80%$)50*+H%,* "0$4%,* 4")), 5=$0$-$: 6(*', 

.9")0:.DE5F : '*"/A55, -'5:*(*%, : 0"B+5A*. ;")). %*#0'$%" 4$I%$ 
)950"0H '":%$# 1,00866 ".*.4. !*=.+H0"0 :,'"=50* : ;@>. 

L73 i % H21 & B84 e % n10

0B&,&. 
E)66) $#Q,")5F$&R& 

),&?), ).#.?. 

   H2
1 2,01410 

   B8
4 e 8,00531 

   L7
3 i 7,01601 
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11 45)66 

 
  

7)"%)$, - 2  

 
 

!"#$%  

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

1/$+"  

2+"))  

3"45+56  

746  

809*)0:$  
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0$6,"849%* .& ':.&5$#$%; ")+&,: 

?" :,-$+%*%5* @/="4*%"A5$%%$# '"B$0, -$ C5=5/* $0:$(50)6 3,5 9")" 
(210 45%.0). !"B$0" )$)0$50 5= 3 9")0*#, :/+D9"DE5F 36 ="("%5#.  

G")0H 1 )$(*'I50 25 ="("%5# (J1–J25). 2 /"I($4. ="("%5D ("*0)6 4  :"'5"%0" 
$0:*0", 5= /$0$',F -'":5+H%,# 0$+H/$ $(5%.  

G")0H 2 )$(*'I50 5 ="("%5# (>1–>5), %" /$0$',* )+*(.*0 ("0H /'"0/5# $0:*0. 
K+6 ="("%5# >1 5 >2 $0:*0 %*$BF$(54$ ="-5)"0H : :5(* %"B$'" A5C', " (+6 ="("%5# 
>3–>5 : :5(* 95)+".   

G")0H 3 )$)0$50 5= 6 ="("%5# (L1–L6), %" /$0$',* 0'*B.*0)6 ("0H '"=:*'%.0,# 
$0:*0.   

M'5 :,-$+%*%55 ="("%5# >3–>5 9")05 2 =%"9*%5* 5)/$4$# :*+595%, )+*(.*0 
:,'"=50H : 0*F *(5%5A"F C5=59*)/5F :*+595%, /$0$',* ./"="%, : .)+$:55 ="("%56. 
N)+5 0"/$<$ ./"="%56 %*0, 0$ =%"9*%5* :*+595%, )+*(.*0 ="-5)"0H : 
;*I(.%"'$(%$# )5)0*4* *(5%5A (L7). M'5 :,95)+*%55 '"='*O"*0)6 5)-$+H=$:"0H 
%*-'$<'"445'.*4,# /"+H/.+60$'.  

>%54"0*+H%$ -'$950"#0* /"I($* ="("%5* 5 -'*(+"<"*4,*  :"'5"%0, $0:*0", 
*)+5 $%5 54*D0)6. 80:*9"#0* 0$+H/$ -$)+* 0$<$, /"/ :, -$%6+5 :$-'$) 5 
-'$"%"+5=5'$:"+5 :)* :"'5"%0, $0:*0". >,-$+%6#0* ="("%56 : 0$4 -$'6(/*, : 
/$0$'$4 $%5 ("%,. N)+5 /"/$*-0$ ="("%5* :,=,:"*0 . :") ="0'.(%*%5*, -'$-.)050* 
*<$. 2 -'$-.E*%%,4 ="("%564 4$I%$ B.(*0 :*'%.0H)6, *)+5 . :") $)0"%*0)6 :'*46. 
P" :,-$+%*%5* '"=+59%,F -$ )+$I%$)05 ="("%5# ("*0)6 $(5% 5+5 B$+** B"++$:. 
Q"++,, -$+.9*%%,* :"45 =" :,-$+%*%%,* ="("%56, ).445'.D0)6. M$)0"'"#0*)H 
:,-$+%50H /"/ 4$I%$ B$+HO* ="("%5# 5 %"B'"0H %"5B$+HO** /$+59*)0:$ B"++$:.  

!"#$"% &'(")$!  

  

  

  

?5I* -'5:*(*%, )-'":$9%,* ("%%,*, /$0$',* 4$<.0 -$%"($B50H)6 :"4 -'5 
:,-$+%*%55 '"B$0,. 
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<#6*,%($:# ."%6,)'4% 
  

  

  

  
2&$6,)$,: 

  

  
  

=&&,$&>#$%# ?#@A8 ")B5%($:?% #A%$%9)?% 
  

C)%?#$&')$%# D+&B$)(#$%# E$&@%,#5F C)%?#$&')$%# D+&B$)(#$%# 
E$&@%-
,#5F  

<5<" & 10 9 )"%05 ) 10–2 

4*<" ; 10 6 45++5 4 10–3 

/5+$ / 10 3 45/'$ 4/ 10–6 

<*/0$ < 10 2 %"%$ % 10–9 

(*A5 ( 10–1 -5/$ - 10–12 

95)+$ ! ! = 3,14  

.)/$'*%5* ):$B$(%$<$ -"(*%56 %" P*4+*  g = 10 4/)2 

<'":50"A5$%%"6 -$)0$6%%"6  G = 6,7·10–11 ?·42//<2 

.%5:*')"+H%"6 <"=$:"6 -$)0$6%%"6  R = 8,31 KI/(4$+H·2)  

-$)0$6%%"6 Q$+HA4"%"  k = 1,38·10–23 KI/2  

-$)0$6%%"6 J:$<"('$  NJ = 6·1023 4$+H–1 

)/$'$)0H ):*0" : :"/..4*  " = 3·108 4/)  

/$@CC5A5*%0 -'$-$'A5$%"+H%$)05  
: ="/$%* 2.+$%"  k = = 9·109 ?·42/2+2 1

4 ! "0
4$(.+H ="'6(" @+*/0'$%" (@+*4*%0"'%,#   
@+*/0'59*)/5# ="'6()   e = 1,6·10–19 2+  

-$)0$6%%"6 M+"%/"  h = 6,6·10–34 KI·)  
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E)66) ()6,%9 
  

  

  

  

  

GA#5F$)* ,#.5&#?4&6,F 
  

  

GA#5F$)* ,#.5&,) 
  

0*4-*'"0.'"  0 2 = – 273°L  

"0$4%"6 *(5%5A" 4")),  1 ".*.4. = 1,66·10–27 /<  

1 "0$4%"6 *(5%5A" 4")), @/:5:"+*%0%"  931,5 ;@>  

1 @+*/0'$%:$+H0  1 @> = 1,6·10–19 KI  

@+*/0'$%"  9,1·10–31 /< R 5,5·10–4 ".*.4.  

-'$0$%"  1,673·10–27 /< R 1,007 ".*.4.  

%*#0'$%"  1,675·10–27 /< R 1,008 ".*.4.  

H5&,$&6,F  -$()$+%*9%$<$ 4")+"  900 /</43 

:$(,  1000 /</43 "+D45%56  2700 /</43 

('*:*)5%, ()$)%")  400 /</43 I*+*="  7800 /</43 

/*'$)5%"  800 /</43 '0.05  13600 /</43 

:$(,  4,2·10 3 KI/(/<·2)  "+D45%56  900 KI/(/<·2)   
+H("  2,1·10 3 KI/(/<·2)  4*(5  380 KI/(/<·2)   
I*+*="  640 KI/(/<·2)  9.<.%"  500 KI/(/<·2)  
):5%A"  130 KI/(/<·2)      

-"'$$B'"=$:"%56 :$(, 2,3·10 6 KI//<  

-+":+*%56 ):5%A"  2,5·10 4 KI//<   

-+":+*%56 +H("  3,3·10 5 KI//<  
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E&5*"$)* ?)c6) 
  

  

C&"?)5F$:# 865&'%*   (":+*%5* 105 M",  0*4-*'"0.'"  0°L 

"=$0"  28·10–3 /</4$+H /5)+$'$("  32·10–3 /</4$+H 

"'<$%"  40·10–3 /</4$+H +5056  6·10–3 /</4$+H 

:$($'$("  2·10–3 /</4$+H 4$+5B(*%"  96·10–3 /</4$+H 

:$=(.F"  29·10–3 /</4$+H %*$%"  20·10–3 /</4$+H 

<*+56  4·10–3 /</4$+H .<+*/5)+$<$ <"="  44·10–3 /</4$+H 
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I)6,F 1

*+, -.(/#0"0,, 1$2$0,3 4$'5, 1 - 6#$07" /5-"5/- 8 1 (/2 0/%"+/% 
-.(/#09"%/:/ -$%, 1$2$0,9 (A1 – A25) (/'5$-;5" 10$7 «X» - 7#"5/47", 
0/%"+ 7/5/+/3 '//5-"5'5-&"5 0/%"+& -.6+$00/:/ -$%, /5-"5$. 

   A1   > 4$4*%0 :'*4*%5 t = 0 4"+*%H/$* 0*+$ %"9"+$ 
'":%$.)/$'*%%$* (:5I*%5* :($+H $)5 8\ 5= 
0$9/5 x = 0, -'59*4 -'$*/A56 *<$ )/$'$)05 %" 
@0. $)H 4*%6+")H )$ :'*4*%*4 -$ ="/$%. v(t) , 
/"/ -$/"="%$ %" <'"C5/*. ?" /"/$4 '"))0$6%55 
$0 %"9"+H%$# 0$9/5 0*+$ $/"="+$)H : 4$4*%0 
:'*4*%5 t = 4 c?    

   1) –2 4    2) –1 4    3) 0 4    4) 1 4 

   A2   1"'5/, -$(:*O*%%,# %" %505 / -$0$+/., 0$+/%.+5 0"/, 90$ $% )0"+ 
:'"E"0H)6 ) -$)0$6%%$# -$ 4$(.+D )/$'$)0HD : <$'5=$%0"+H%$# -+$)/$)05 
:$/'.< :*'05/"+H%$# $)5, -'$F$(6E*# 9*'*= 0$9/. -$(:*)". 2"/5* 5= 
-'5:*(*%%,F %5I* .0:*'I(*%5# 6:+6D0)6 -'":5+H%,45? 

1) 1"'5/ (:5I*0)6 -$ $/'.I%$)05. 
2) !":%$(*#)0:.DE"6 -'5+$I*%%,F / O"'5/. )5+ %"-'":+*%" / A*%0'. 

@0$# $/'.I%$)05. 
3) S)/$'*%5* O"'5/" -$)0$6%%$ -$ 4$(.+D 5 4*%6*0)6 -$ 

%"-'":+*%5D. 
4) S)/$'*%5* O"'5/" '":%$ %.+D. 

   1) 0$+H/$ 1) 
   2) 1) 5 2) 
   3) 1) 5 4) 
   4) 1) , 2) 5 3) 

   A3   >*'F%5# /$%*A +*</$# :*'05/"+H%$# -'.I5%, ="/'*-+*%, " / ** %5I%*4. 
/$%A. -'5/+"(,:"D0 %"-'":+*%%.D :%5= )5+. '"=%$# :*+595%,. 
P":5)54$)0H .(+5%*%56 -'.I5%, Tx $0 4$(.+6 F  @0$# )5+, -'5:*(*%" : 
0"B+5A*. G*4. '":*% /$@CC5A5*%0 I*)0/$)05 @0$# -'.I5%,? 

F, ? 0 0,5 1 1,5 2 
Tx, )4 0 5 10 15 20 

   1) 1 ?/4    2) 10 ?/4    3) 100 ?/4    4) 1000 ?/4 

© ;788, 2010 <.



35=5/". 11 /+")). >"'5"%0 2 7

   A4   ?" 0*+$, ):$B$(%$ (:5<":O**)6 :($+H $)5 OX )$ )/$'$)0HD 2 4/), %"9"+" 
(*#)0:$:"0H -$)0$6%%"6 -$ 4$(.+D )5+" 3 ?, %"-'":+*%%"6 -"'"++*+H%$ 
@0$# $)5. G*'*= 1 ) )/$'$)0H 0*+" .:*+595+")H ($ 5 4/). 2"/$:" 4"))" @0$<$ 
0*+"? 
   1) 2 /<    2) 1 /<    3) 3 /<    4) 0,5 /< 

   A5   &'.= 4"))$# 1 /< :5)*+ %*-$(:5I%$ %" +*</$# :*'05/"+H%$# -'.I5%*, 
-'5/'*-+*%%$# / -$0$+/.. N<$ -$(%6+5 ::*'F %" :,)$0. 20 )4 $0 
-$+$I*%56 '":%$:*)56 5 $0-.)05+5 B*= 0$+9/". ?" )/$+H/$ 5=4*%50)6 
-$0*%A5"+H%"6 @%*'<56 -'.I5%, $0 4$4*%0" $0-.)/"%56 ($ 4$4*%0", /$<(" 
<'.= -$)+* $-.)/"%56 :%5= $)0"%$:50)6? 
   1) %* 5=4*%50)6 
   2) .:*+5950)6 %" 4 KI 
   3) .:*+5950)6 %" 2 KI 
   4) .4*%HO50)6 %" 1 KI 

   A6   &'.= 4"))$# 0,5 /<, -$(:*O*%%,# %" +*</$# :*'05/"+H%$# -'.I5%*, 
)$:*'O"*0 <"'4$%59*)/5* /$+*B"%56 ) -*'5$($4 1 ). G*4. '":*% 
/$@CC5A5*%0 I*)0/$)05 @0$# -'.I5%,? 
   1) ! 10 ?/4    2) ! 20 ?/4    3) ! 40 ?/4    4) ! 64 ?/4 

   A7   M60H B'.)/$: $(5%"/$:$# 4")),, ):6="%%,* <$'5=$%0"+H%,45 %*:*)$4,45 
%*'")06I54,45 %50645, (:5I.0)6 -$ <+"(/$# <$'5=$%0"+H%$# -+$)/$)05 
-$( (*#)0:5*4 )5+, F, /"/ -$/"="%$ %" '5).%/*. G*4. '":%$ $0%$O*%5* 
)5+ %"06I*%56 %50*#, $(%" 5= /$0$',F %"F$(50)6 4*I(. -*':,4 5 :0$',4, 
" ('.<"6 – 4*I(. 0'*0H54 5 9*0:*'0,4 B'.)/"45? 

  

   1) 1    2) 2    3) 3    4) 4 

   A8   ?*/$0$'$* /$+59*)0:$ 5(*"+H%$<$ $(%$"0$4%$<$ <"=" %"F$(50)6 : ="/',0$4 
)$).(* -$)0$6%%$<$ $BV*4". > '*=.+H0"0* %"<'*:"%56 )$).(" )'*(%66 
/5%*059*)/"6 @%*'<56 0*-+$:$<$ (:5I*%56 4$+*/.+ <"=" .:*+595+")H : 
2 '"=". >$ )/$+H/$ '"= 5=4*%5+$)H -'5 @0$4 (":+*%5* : )$).(*? 
   1) %* 5=4*%5+$)H 
   2) .:*+595+$)H : 2 '"=" 
   3) .:*+595+$)H : 3/2 '"=" 
   4) .:*+595+$)H : 3 '"=" 
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   A9   ?" -'54.)* : -"+"0/* "+H-5%5)0$:, .)0"%$:+*%%$# %" B$+HO$# :,)$0* : 
<$'"F, %"<'*:"*0)6 9"#%5/ ) :$($#. >$(" ="/5-50, /$<(" 

1) ** 0*4-*'"0.'" )0"%*0 '":%$# 100 °L. 
2) (":+*%5* %"),E*%%,F -"'$: :$(, :%.0'5 -.=,'H/$: <"=" : :$(* 

)0"%*0 '":%,4 "04$)C*'%$4. (":+*%5D %" 0$# :,)$0*, <(* %"F$(60)6 
"+H-5%5)0, 

3) ** 0*4-*'"0.'" )0"%*0 '":%$# 80 °L 
4) 9"#%5/ %"<'**0)6 ($ $9*%H :,)$/$# 0*4-*'"0.', 

   1) 1    2) 2    3) 3    4) 4 

  A10  2.)$/ I*+*=" %"<'*+5 ($B*+" 5 -$4*)05+5 %" 0*-+$5=$+5'.DE.D 
-$()0":/. : )$).(*, /$0$',# B,)0'$ $0/"9"+5 ($ )$)0$6%56 :"/..4". 8% 
B.(*0 $)0,:"0H B+"<$("'6 

1) 0*-+$-'$:$(%$)05 :%.0'5 /.)/" I*+*=" 
2) 0*-+$:$4. 5=+.9*%5D ) -$:*'F%$)05 I*+*=" 
3) /$%:*/A55 
4) -*':,4 (:.4 .-$46%.0,4 :,O* :5("4 0*-+$-*'*("95 

   1) 1    2) 2    3) 3    4) 4 

  A11  > (:.F )$).("F $(5%"/$:$<$ $BV*4", )$*(5%*%%,F 0'.B/$# ) ="/',0,4 
/'"%$4, %"F$(5+5)H -'5 $(5%"/$:$# 0*4-*'"0.'* <*+5# 5 %*$%, /$0$',* 
4$I%$ )950"0H 5(*"+H%,45 <"="45. 7=:*)0%$, 90$ /$<(" $0/',+5 /'"%, 
-$0$/ <"=" -$ 0'.B/* %"-'":5+)6 5= )$).(" ) <*+5*4 : )$).( ) %*$%$4.  
>%.0'*%%66 @%*'<56 /"/$<$ <"=" – <*+56 5+5 %*$%" – B,+" B$+HO* ($ 
$0/',:"%56 /'"%"? 
   1) <*+56 
   2) %*$%" 
   3) :%.0'*%%5* @%*'<55 <"=$: B,+5 '":%, 
   4) $(%$=%"9%$ $0:*050H %*+H=6 

  A12  2MK 5(*"+H%$# 0*-+$:$# 4"O5%, 2"'%$ '":*% 60%. 2"/$* /$+59*)0:$ 
0*-+$0, =" $(5% A5/+ '"B$0, 4"O5%, -*'*("*0)6 '"B$9*4. 0*+. $0 
%"<'*:"0*+6, *)+5 =" $(5% A5/+ $%$ -*'*("*0 F$+$(5+H%5/. /$+59*)0:$ 
0*-+$0,, '":%$* 400 KI? 
   1) 1200 KI    2) 1000 KI    3) 800 KI    4) 600 KI 
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  A13  > :*'O5%"F 1 5 2 '":%$)0$'$%%*<$ 0'*.<$+H%5/" 
%"F$(60)6 $(5%"/$:,* -$+$I50*+H%,* 0$9*9%,* 
="'6(, +Q ()4. '5).%$/). U$9/" 3 – 0'*0H6 :*'O5%" 
@0$<$ 0'*.<$+H%5/". 2.(" %"-'":+*% : 0$9/* 3 :*/0$' 
%"-'6I*%%$)05 @+*/0'$)0"059*)/$<$ -$+6, 
)$=(":"*4$<$ ="'6("45? 
  

   

   1) -"'"++*+H%$ +5%55 1–2 %"-'":$ (W) 
   2) -"'"++*+H%$ +5%55 1–2 %"+*:$ (X) 
   3) -*'-*%(5/.+6'%$ +5%55 1–2 ::*'F (Y) 
   4) -*'-*%(5/.+6'%$ +5%55 1–2 :%5= (Z) 

  A14  ?" '5).%/* -$/"="%" )F*4" @+*/0'59*)/$# 
A*-5. J4-*'4*0', :$+H04*0' 5 B"0"'*#/" – 
5(*"+H%,*. ?"-'6I*%5* B"0"'*#/5 , 
)$-'$05:+*%56 '*=5)0$'$: , 

. 2"/$* %"-'6I*%5* U -$/"=,:"*0 
:$+H04*0' 5 /"/$# 0$/ I 0*9*0 9*'*= 
"4-*'4*0'? 
  

   

U " 1,5 *
R1 " 3 #$%

R2 " 50$%

   1) 1 >, 10 4J 
   2) 1,5 >, 30 4J 
   3) 0,8 >, 15 4J 
   4) 1,5 >, 25 4J 
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  A15  > A*-5, )F*4" /$0$'$# 5=$B'"I*%" %" '5).%/*, /+D9 2 :%"9"+* ="4/%.+5, " 
="0*4, )-.)06 ($)0"0$9%$ (+50*+H%$* :'*46, '"=$4/%.+5. M$)+* 
'"=4,/"%56 /+D9" 2 

  

   1) +"4-" [ )'"=. -$<")%*0 
   2) +"4-" [ )%"9"+" 6'/$ :)-,F%*0, " -$0$4 -$<")%*0 
   3) +"4-" [ B.(*0 -$)0*-*%%$ <")%.0H 
   4) +"4-" [ <$'*0H %* B.(*0 %5 )%"9"+", %5 -$0$4 

  A16  P"4/%.0,# /$%0.' )$)0$50 5= /$%(*%)"0$'" *4/$)0HD 10 4/3 5 /"0.O/5 ) 
5%(./05:%$)0HD 1 4&%. > %"9"+H%,# 4$4*%0 :'*4*%5 /$%(*%)"0$' %* 
="'6I*%, " : /$%0.'* 0*9*0 %*/$0$',# 0$/. G*'*= /"/$# 45%54"+H%,# 
-'$4*I.0$/ :'*4*%5 %"-'6I*%5* %" /$%(*%)"0$'* ($)05<%*0 
4"/)54"+H%$# :*+595%,? 
   1) R 6,3·10–4 ) 

   2) R 3,1·10–4 ) 

   3) R 2,4·10–4 ) 

   4) R 1,6·10–4 ) 

  A17  U$%/"6 +5%=" ) $-059*)/$# )5+$# +10 (-0' ("*0 (*#)0:50*+H%$* 
5=$B'"I*%5* -'*(4*0", %"F$(6E*<$)6 %" '"))0$6%55 20 )4 $0 -+$)/$)05 
+5%=,. ?" /"/$4 '"))0$6%55 $0 +5%=, %"F$(50)6 5=$B'"I*%5* -'*(4*0"? 
   1) 0,1 4    2) 0,2 4    3) 0,3 4    4) 0,4 4 

  A18  M'5%A5- $0%$)50*+H%$)05 ]#%O0*#%" <+")50, 90$ 
   1) :$ :)*F 5%*'A5"+H%,F )5)0*4"F $0)9*0" ="/$%, 4*F"%5/5 $(5%"/$:, 
   2) :$ :)*F 5%*'A5"+H%,F )5)0*4"F $0)9*0" ="/$%, @+*/0'$(5%"45/5 

$(5%"/$:, 
   3) :)* ="/$%, -'5'$(, $(5%"/$:, :$ :)*F 5%*'A5"+H%,F )5)0*4"F 

$0)9*0" 
   4) :$ :)*F 5%*'A5"+H%,F )5)0*4"F $0)9*0" ="/$%, 0*'4$(5%"45/5 

$(5%"/$:, 
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  A19  M+$)/5# /$%(*%)"0$' *4/$)0HD % = 1000 -3 ="'6(5+5 ($ %"-'6I*%56 
U = 1000 >. P"0*4, %*  $0)$*(5%66 *<$ $0 5)0$9%5/" -50"%56, :)0":5+5 : 
/$%(*%)"0$' -+")05%. 5= (5@+*/0'5/" ) (5@+*/0'59*)/$# 
-'$%5A"*4$)0HD E = 2, ="%54"DE.D :*)H $BV*4 /$%(*%)"0$'". 2"/ 5 :$ 
)/$+H/$ '"= -'5 @0$4 5=4*%5+")H @%*'<56 /$%(*%)"0$'"? 
   1) @%*'<56 %* 5=4*%5+")H 
   2) @%*'<56 .4*%HO5+")H : 2 '"=" 
   3) @%*'<56 .:*+595+")H : 2 '"=" 
   4) @%*'<56 .:*+595+")H : 4 '"=" 

  A20  M'5 5=.9*%55 C$0$@CC*/0" -'5 -$4$E5 .)0"%$:/5, )F*4" /$0$'$# 
5=$B'"I*%" %" '5).%/*, $/"="+$)H, 90$ 0$/ : A*-5 -'*/'"E"*0)6, *)+5 
9")0$0" ):*0", -"("DE*<$ %" /"0$(, )(*+"%%,# 5= %*/$0$'$<$ 4*0"++", 
)0"%$:50)6 4*%HO* 6·1014  &A. G*4. '":%" '"B$0" :,F$(" @+*/0'$%" 5= 
@0$<$ 4*0"++"? 80:*0 :,'"=50* : @> 5 $/'.<+50* ($ (*)60,F. 

  

   1) 2,0    2) 2,5    3) 3,0    4) 3,5 

  A21  !"(5$"/05:%,# 5)0$9%5/ -$4*E*% : /$%0*#%*' ) .=/54 
$0:*')05*4, 5= /$0$'$<$ :,F$(50 5=+.9*%5*. M$)+* 
-$4*E*%56 /$%0*#%*'" : $(%$'$(%$* 4"<%50%$* -$+*, :*/0$' 
5%(./A55 /$0$'$<$ %"-'":+*% 0"/, /"/ -$/"="%$ %" '5).%/*, 
$/"="+$)H, 90$ -.9$/ '"=(*+5+)6 %" 0'5 9")05 – 1, 2 5 3. 
S/"I50*, /"/5* :5(, '"(5$"/05:%,F 5=+.9*%5# 
)$$0:*0)0:.D0 @054 %$4*'"4. 

   

   1) &, ', (    2) ', (, &    3) &, (, '    4) (, ', & 

  A22  > -'$0$-+"%*0%$4 $B+"/*, 5= /$0$'$<$ $B'"=$:"+")H %"O" P*4+6, 5 
45++5"'($: +*0 %"="( %"F$(5+$)H %*/$0$'$* /$+59*)0:$ "0$4$: 5=$0$-" 

  ) -*'5$($4 -$+.'")-"(" 7·108  +*0. L/$+H/$ -'$A*%0$: $0 @0$<$ 
/$+59*)0:" 5F $)0"+$)H / %")0$6E*4. :'*4*%5? 
U235

92

   1) ! 0,1%    2) ! 0,3%    3) ! 0,5%    4) ! 0,7% 
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  A23  M'*(-$+$I54, 90$ : '*=.+H0"0* '"=:5056 %"%$0*F%$+$<5# .("+$)H )$=("0H 
(5C'"/A5$%%.D '*O*0/. ) -*'5$($4 10 %4. > :"/..4%$# /"4*'* %" @0. 
'*O*0/. %"-'":5+5 : -*'-*%(5/.+6'%$4 %"-'":+*%55 .=/5# -.9$/ 
@+*/0'$%$:. M*':,# (5C'"/A5$%%,# 4"/)54.4 %" @/'"%*, -"'"++*+H%$4 
'*O*0/* 5 %"F$(6E*4)6 =" %*# %" .("+*%55 20 )4, %"B+D("*0)6 %" 
'"))0$6%55 $/$+$ 15 44 $0 $)5 -.9/". 2"/$:" )/$'$)0H @+*/0'$%$:? 
   1) R 500 /4/) 
   2) R 1000 /4/) 
   3) R 1500 /4/) 
   4) R 2000 /4/) 

  A24  > )5)0*4* L7 *(5%5A" 5=4*'*%56, '":%"6 1 /<·42/)3, %"=,:"*0)6 

   1) KI$.+H    2) >"00    3) ?HD0$%    4) 84 

  A25  ?" <'"C5/* -$/"="%, @/)-*'54*%0"+H%$ -$+.9*%%,* 0$9/5, 
F"'"/0*'5=.DE5* -$+$I*%5* 4"+*%H/$<$ 0*+" %" $)5 8\ : '"=%,* 
4$4*%0, :'*4*%5. 2"/5* :,:$(, $ (:5I*%55 @0$<$ 0*+" 4$I%$ )(*+"0H %" 
$)%$:"%55 @0$<$ <'"C5/"? 

  

   1) 0*+$ (:5I*0)6 ) -$)0$6%%,4 .)/$'*%5*4 
   2) .)/$'*%5* 0*+" '":%$ 0,5 4/)2 

   3) )'*(%** .)/$'*%5* 0*+" '":%$ 0,5 4/)2 

   4) )'*(%** .)/$'*%5* 0*+" '":%$ 0,5 4/)2, %$ :,:$(" $ -$)0$6%)0:* 
.)/$'*%56 5= ("%%,F, -'5:*(*%%,F %" <'"C5/*, )(*+"0H %*+H=6 
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I)6,F 2

<5-"5/% 7 7$=2/%& ,1 1$2$0,3 B1 – B2 6&2"5 0"7/5/+$9 
(/'#"2/-$5"#;0/'5; >,?+. @5& (/'#"2/-$5"#;0/'5; 0$2/ 1$(,'$5; - 
6#$07 /5-"5/- 8 1 '(+$-$ /5 0/%"+$ '//5-"5'5-&AB":/ 1$2$0,9 6"1 
(+/6"#/- , 7$7,)-#,6/ ',%-/#/- 0$4,0$9 ' ("+-/3 7#"5/47,. C$=2&A 
>,?+& (,D,5" - /52"#;0/3 7#"5/47" - '//5-"5'5-,, ' (+,-"2"00.%, 
- 6#$07" /6+$1>$%,. 

   B1   M$( -$:*'F%$)0HD :$(, : B"))*#%* .)0"%$:+*% (5%"45/, 5=+.9"DE5# =:./ 
$-'*(*+*%%$# 9")0$0,. G")0H =:./$:$# :$+%, $0'"I"*0)6 $0 -$:*'F%$)05 
:$(,, " 9")0H -'*+$4+6*0)6 5 -'$F$(50 : :$=(.F. 2"/ -'5 @0$4 -*'*F$(* 
=:./" 5= :$(, : :$=(.F, <(* )/$'$)0H =:./" 4*%HO*, 9*4 : :$(*, 5=4*%6D0)6 
-*'*95)+*%%,* : -*':$4 )0$+BA* C5=59*)/5* :*+595%,, 
F"'"/0*'5=.DE5* =:./$:.D :$+%.? 

  

/010I3=203 73J0I0CK  0L 01E3C3C03

M) 9")0$0" =:./" 
N) "4-+50.(" =:./$:$# :$+%, 
7) (+5%" :$+%, =:./" 

   1) .:*+595:"*0)6 
2) .4*%HO"*0)6 
3) %* 5=4*%6*0)6 

D,'#,: 
M N 7

 

   B2   S)0"%$:50* )$$0:*0)0:5* 4*I(. C5=59*)/545 6:+*%5645 5 .)0'$#)0:"45, 
: /$0$',F 5)-$+H=.D0)6 5+5 %"B+D("D0)6 @05 6:+*%56: (+6 /"I($<$ 
C5=59*)/$<$ 6:+*%56 ./"I50* $(5% )$$0:*0)0:.DE5# %$4*' .)0'$#)0:". 

  

/010I3=2D3 
O7J3C03

 G=!SDT=!7D

M) A*-%"6 '*"/A56 
(*+*%56 6(*' 

N) <"44"-5=+.9*%5* 

   1) .)/$'50*+H ="'6I*%%,F 9")05A 
2) -"'$:"6 0.'B5%" 
3) (:5<"0*+H%"6 .)0"%$:/" "0$4%$# 

-$(:$(%$# +$(/5 
4) ($=54*0' 

D,'#,: 
M N

 

© ;788, 2010 <.

35=5/". 11 /+")). >"'5"%0 2 14

<5-"5/% 7 7$=2/%& ,1 1$2$0,3 B3 – B5 6&2"5 0"7/5/+/" 4,'#/. @5/ 
4,'#/ 0$2/ 1$(,'$5; - 6#$07 /5-"5/- 8 1 '(+$-$ /5 0/%"+$ 
'//5-"5'5-&AB":/ 1$2$0,9 0$4,0$9 ' ("+-/3 7#"5/47,. C$=2.3 
',%-/# (>,?+&, 1$(95&A, 10$7 %,0&') (,D,5" - /52"#;0/3 7#"5/47" - 
'//5-"5'5-,, ' (+,-"2"00.%, - 6#$07" /6+$1>$%,. E2,0,>. 
?,1,4"'7,) -"#,4,0 (,'$5; 0" 0&=0/. 

   B3   ?" <$'5=$%0"+H%$4 )0$+* +*I"+ B'.)$/ 4"))$# 1 /<. > %*<$ -$-"+" 5 
=")0'6+" -.+6 4"))$# 5 <, +*0*:O"6 <$'5=$%0"+H%$. M$)+* -$-"("%56 -.+5 
B'.)$/ )(:5%.+)6 -$ )0$+. %" '"))0$6%5* 0,5 4 5 $)0"%$:5+)6. 
2$@CC5A5*%0 0'*%56 )/$+HI*%56 B'.)/" $ )0$+ '":*% 0,4. G*4. B,+" '":%" 
)/$'$)0H -.+5? 80:*0 $/'.<+50* ($ )$0*% 4*0'$: : )*/.%(.. 
 

D,'#,: 
 

   B4   > ="/',0$4 )$).(* : :5(* /.B" ) '*B'$4 (+5%$# 0,6 4 %"F$(50)6 /$+59*)0:$ 
5(*"+H%$<$ $(%$"0$4%$<$ <"=", '":%$* 2 4$+64. P" $(%. )*/.%(. : )'*(%*4 
-'$5)F$(50 1,4·1026  .("'$: 4$+*/.+ $B $(%. )0*%/. )$).(". G*4. '":%" 
)'*(%*/:"('"059%"6 )/$'$)0H 4$+*/.+ <"="? 80:*0 :,'"=50* : 4/c 5 
$/'.<+50* ($ )$0*%. 
 

D,'#,: 
 

   B5   7= 0$%/$<$ -'$:$(" 5=<$0$:+*%$ /'.<+$* /$+HA$ '"(5.)$4 r = 10 )4. 
2$+HA$ -$4*E*%$ : $(%$'$(%$* 4"<%50%$* -$+*, -*'-*%(5/.+6'%$* 
-+$)/$)05 /$+HA". 7%(./A56 4"<%50%$<$ -$+6 .:*+595:"*0)6 )$ :'*4*%*4 
-$ ="/$%. , <(* . L5+" 0$/", 0*/.E*<$ -$ /$+HA., '":%" 
15,7 4J. G*4. '":%$ )$-'$05:+*%5* /$+HA"? 80:*0 :,'"=50* : 84. 

B " !t ! " 0,5 '(/&
 

D,'#,: 
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I)6,F 3

F$2$0,9 C1 – C6 (+"2'5$-#9A5 '/6/3 1$2$4,, (/#0/" +"D"0," 7/5/+.) 
0"/6)/2,%/ 1$(,'$5; - 6#$07" /5-"5/- 8 2. G"7/%"02&"5'9 (+/-"'5, 
(+"2-$+,5"#;0/" +"D"0," 0$ 4"+0/-,7". *+, /?/+%#"0,, +"D"0,9 - 
6#$07" /5-"5/- 8 2 1$(,D,5" '0$4$#$ 0/%"+ 1$2$0,9 (H1 , 5. 2.), $ 
1$5"% +"D"0," '//5-"5'5-&AB"3 1$2$4,. 

   C1   P" (5C'"/A5$%%$# '*O*0/$# ! -"'"++*+H%$ *# 
'")-$+$I*%" 0$%/"6 )$B5'"DE"6 +5%=" [, : 
C$/"+H%$# -+$)/$)05 /$0$'$# %"F$(50)6 
@/'"% ]. ?" '*O*0/. %$'4"+H%$ -"("*0 
-"'"++*+H%,# -.9$/ :5(54$<$ <+"=$4 B*+$<$ 
):*0". 2"/ :,<+6(50 (5C'"/A5$%%"6 /"'05%" 
%" @/'"%*? 8-5O50*, 7$7 , (/4"%& B.(.0 
5=4*%60H)6: 

J) A:*0; 
Q) '")-$+$I*%5*; 
>) /$+59*)0:$ %"B+D("*4,F %" @/'"%* 

(5C'"/A5$%%,F 4"/)54.4$:; 
-'5 -$)+*($:"0*+H%$4 :,-$+%*%55 )+*(.DE5F (*#)0:5#: 

1) M*'*( (5C'"/A5$%%$# '*O*0/$# -$)0":5+5 )5%5# ):*0$C5+H0' 
()0*/+6%%.D -+")05%/., -'$-.)/"DE.D 0$+H/$ )5%5# ):*0). 

2) L5%5# ):*0$C5+H0' ="4*%5+5 %" /'")%,# ):*0$C5+H0'. 
3) ?* .B5'"6 /'")%,# ):*0$C5+H0', ="4*%5+5 5)-$+H=$:":O.D)6 

(5C'"/A5$%%.D '*O*0/. %" ('.<.D, -*'5$( /$0$'$# B$+HO*. 
L950"0H, 90$ :*)H -'$O*(O5# 9*'*= '*O*0/. ):*0 -$-"("*0 )%"9"+" %" 
+5%=., " ="0*4 – %" @/'"%. 

   

   C2   ?" )0$+* )0$50 -.)0$# A5+5%('59*)/5# )$).( ) 
<$'5=$%0"+H%,4 (%$4 -+$E"(HD . ?"( 
%54 ="/'*-+*% :0$'$# A5+5%('59*)/5# )$).( ) 
<$'5=$%0"+H%,4 (%$4 -+$E"(HD . K%$ 
:*'F%*<$ )$).(" '")-$+$I*%$ %" :,)$0* H = 1,2 4 
%"( .'$:%*4 (%" %5I%*<$ )$).(". > :*'F%5# )$).( 
%"+50" :$(" -+$0%$)0HD  ($ .'$:%6 
h = 10 )4 %"( *<$ (%$4. > (%* :*'F%*<$ )$).(" 
$0/',:"D0 $0:*')05*, : '*=.+H0"0* 9*<$ :)6 :$(", %* 
'")0*/"6)H -$ (%. :*'F%*<$ )$).(" 5 %* 
'"=B',=<5:"6)H, -*'*0*/"*0 : %5I%5# )$).(, 5 ="0*4 :$(" -'5F$(50 : 
)$)0$6%5* -$/$6. 2"/$* -'5 @0$4 :,(*+6*0)6 /$+59*)0:$ 0*-+$0,? 

    

S1 " 200 &%
2

S2 " 1000 &%
2

" " 1000 #)/%3

   C3   > )$).(* -$( -$'O%*4 %"F$(50)6 m = 6 < 5(*"+H%$<$ $(%$"0$4%$<$ <"=". 
L'*(%*/:"('"059%"6 )/$'$)0H *<$ "0$4$: '":%" u = 500 4/). M$)+* 0$<$, 
/"/ @0$0 <"= 4*(+*%%$ '")O5'5+)6 -'5 -$)0$6%%$4 (":+*%55, 
)'*(%*/:"('"059%"6 )/$'$)0H *<$ "0$4$: :$='$)+" : n = 1,5 '"=". 2"/.D 
'"B$0. )$:*'O5+ <"= : ("%%$4 -'$A*))*? 
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   C4   ]+*/0'$%, (:5I.E5#)6 )$ )/$'$)0HD V = 0,01 c 
(c – )/$'$)0H ):*0" : :"/..4*), :+*0"*0 : 0$9/* A 
: -$)0$6%%$* $(%$'$(%$* 4"<%50%$* -$+* ) 
5%(./A5*# B = 0,1 U+ -$( .<+$4  = 60° / +5%55 
4"<%50%$# 5%(./A55. G*'*= %*/$0$'$* :'*46 
@+*/0'$% )%$:" -*'*)*/"*0 0. I* )"4.D +5%5D 4"<%50%$# 5%(./A55, 
$/"=":O5)H : 0$9/* %. G*4. '":%$ '"))0$6%5* 4*I(. 0$9/"45 A 5 %? 
  

   
!

   C5   K:* $(5%"/$:,* 0$%/5* )$B5'"DE5* +5%=, ) C$/.)%,4 '"))0$6%5*4 
f = 10 )4 /"I("6 '")-$+$I*%, %" '"))0$6%55 2f = 20 )4 ('.< $0 ('.<" 0"/, 
90$ 5F <+":%,* $-059*)/5* $)5 )$:-"("D0. ?" $(%. 5= +5%= %" '"))0$6%55 
d = 0,5 )4 $0 <+":%$# $-059*)/$# $)5 -"("*0 .=/5# -"'"++*+H%,# -.9$/ 
):*0", 5(.E5# -$( .<+$4 ^ = 0,05 '"( / <+":%$# $-059*)/$# $)5. P" :0$'$# 
+5%=$# : ** C$/"+H%$# -+$)/$)05 '")-$+$I*% @/'"% ]. ?" /"/$4 
'"))0$6%55 $0 <+":%$# $-059*)/$# $)5 B.(*0 %"F$(50H)6 %" @/'"%* ):*0$:$* 
-60%$, $B'"=$:"%%$* -'$O*(O54 9*'*= $B* +5%=, -.9/$4? 

  

   C6   ?"#(50* @%*'<5D, /$0$'"6 :,(*+6*0)6 -'5 -'$0*/"%55 6(*'%$# '*"/A55 
. 80%$)50*+H%,* "0$4%,* 4")), 5=$0$-$: 6(*', 

.9")0:.DE5F : '*"/A55, -'5:*(*%, : 0"B+5A*. ;")). %*#0'$%" 4$I%$ 
)950"0H '":%$# 1,00866 ".*.4. !*=.+H0"0 :,'"=50* : ;@>. 

L73 i % H21 & B84 e % n10

0B&,&. 
E)66) $#Q,")5F$&R& 

),&?), ).#.?. 

   H2
1 2,01410 

   B8
4 e 8,00531 

   L7
3 i 7,01601 
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!"#"$%. 11 $&%''. (%)"%*+ 1 1

!"#$"% & '()(*+,- . #%/010- 0"#$"( 

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

  
2 '()(*+, !"#$"

A1  3 
A2  4 
A3  3 
A4  3 
A5  4 
A6  2 
A7  3 
A8  4 
A9  3 

A10  4 
A11  3 
A12  3 
A13  1 

2 '()(*+, !"#$"
A14  3 
A15  3 
A16  1 
A17  4 
A18  4 
A19  2 
A20  3 
A21  3 
A22  1 
A23  2 
A24  4 
A25  3 

  
2 '()(*+, !"#$"

B1  231 
B2  41 
B3  0,2 

2 '()(*+, !"#$"
B4  7 
B5  0,3 
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!"#$"% & '()(*+,- . #%/010- 0"#$"( 

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

  
2 '()(*+, !"#$"

A1  3 
A2  4 
A3  2 
A4  2 
A5  2 
A6  2 
A7  2 
A8  2 
A9  2 

A10  4 
A11  1 
A12  2 
A13  3 

2 '()(*+, !"#$"
A14  2 
A15  2 
A16  4 
A17  2 
A18  3 
A19  3 
A20  2 
A21  2 
A22  4 
A23  2 
A24  2 
A25  4 

  
2 '()(*+, !"#$"

B1  322 
B2  34 
B3  400 

2 '()(*+, !"#$"
B4  400 
B5  1 
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!"#$%"## &'%(#)*(#+ ,*-*(#. / "*,)0"(1$23 &$)%$&3 

45"*,%' )&,3&6(&7& "%8%(#+ 
  

,)" *-).%&/*-. 0%12*"" *% 1"3)%$4"-**56 )272+$5 ' 02)"-1-. d '82+% ' 1&"*-9
8-&*: ! #% )272+$-9 ;515+ *%;&61%+/'< 1"3)%$4"-**:2 .%$'".5.:. ='&-8"2
-;)%#-8%*"< .%$'".5.% ".22+ 8"1: , >12 d – 02)"-1 )272+$", m – *-.2)
1"3)%$4"-**->- .%$'".5.%, " – 5>-&, 0-1 $-+-):. (0- -+*-72*"6 $ *-).%&"
)272+$") )%'0)-'+)%*<6+'< 0%)%&&2&/*:2 &5?", -;)%#56@"2 A+-+ .%$'".5.
B-;")%6@%< &"*#% *2-;C-1".% 1&< +->-, ?+-;: 0-&5?"+/ "#-;)%D2*"2
1"3)%$4"-**:C .%$'".5.-8 *% A$)%*2 (8 -+'5+'+8"2 &"*#: 1"3)%$4"-**%< $%)+"*%
*%C-1"+'< 8 ;2'$-*2?*-'+", 0-'$-&/$5 3-).")52+'< 0%)%&&2&/*:." &5?%."). E#
#%0"'%**-9 3-).5&: 8"1*-, ?+- 0)" #%1%**-. m 1&< )%#*:C 1&"* 8-&* 5>&:, 0-1
$-+-):." ;515+ 8"1*: 1"3)%$4"-**:2 .%$'".5.:, ;515+ )%#&"?*:.". ,-A+-.5
;2&:9 '82+ 0-'&2 0)-C-D12*"< ?2)2# )272+$5 )%#&-D"+'< 8 '02$+), " *% A$)%*2
0-&5?"+'< *%;-) )%15D*:C 0-&-'. ( 42*+)%&/*-9 ?%'+" A$)%*% (0)" m = 0) 1&< 8'2C
1&"* 8-&* ;515+ 0-&5?%+/'< 1"3)%$4"-**:2 .%$'".5.:. F+" .%$'".5.: *%&-D%+'<
1)5> *% 1)5>%, 8 )2#5&/+%+2 ?2>- 8 42*+)2 1"3)%$4"-**-9 $%)+"*: 0-&5?"+'< 5#$%<
;2&%< 0-&-'% (-*% *%#:8%2+'< %C)-.%+"?2'$-9). 
G'&" 0-'+%8"+/ 02)21 1"3)%$4"-**-9 )272+$-9 '"*"9 '82+-3"&/+), +- 0%1%6@"9
*% )272+$5 '82+ '+%*2+ ;&"#$". $ .-*-C)-.%+"?2'$-.5, " '02$+) ;512+ '-'+-<+/ "#
*%;-)% '"*"C 0-&-': 42*+)%&/*-9 (m = 0) " ;-$-8:C ( ). H"'&- A+"C
;-$-8:C 0-&-' (' $%D1-9 '+-)-*: -+ 42*+)%&/*-9 0-&-':) ;512+ -0)212&<+/'< "#
5'&-8"< , -+$51% . 
,)" #%.2*2 '"*2>- '82+-3"&/+)% *% $)%'*:9 '82+, 0%1%6@"9 *% )272+$5, -'+%*2+'<
;&"#$". $ .-*-C)-.%+"?2'$-.5, *- 1&"*% 8-&*: '82+% 582&"?"+'<. ,)" A+-. '02$+)
;512+ '-'+-<+/ "# *%;-)% $)%'*:C 0-&-', *- "#-#% +->-, ?+- 5>&: 1"3)%$4"" "
8-#)%'+5+, ;-$-8:2 0-&-': -+-18"*5+'< 1%&/72 -+ 42*+)%&/*-9 0-&-':. I)-.2 +->-
.-D2+ 5.2*/7"+/'< ?"'&- 8"1".:C *% A$)%*2 1"3)%$4"-**:C .%$'".5.-8. 

   C1   J% 1"3)%$4"-**-9 )272+$-9 K 0%)%&&2&/*- 29 
)%'0-&-D2*% +-*$%< '-;")%6@%< &"*#% L, 8 
3-$%&/*-9 0&-'$-'+" $-+-)-9 *%C-1"+'< 
A$)%* F. M% )272+$5 *-).%&/*- 0%1%2+ 
0%)%&&2&/*:9 05?-$ 8"1".->- >&%#-. ;2&->- 
'82+%. I%$ 8:>&<1"+ 1"3)%$4"-**%< $%)+"*% 
*% A$)%*2? N0"7"+2, !"! # $%&'() ;515+ 
"#.2*<+/'<: 

O) 482+; 
P) )%'0-&-D2*"2; 
() $-&"?2'+8- *%;&61%2.:C *% A$)%*2 

1"3)%$4"-**:C .%$'".5.-8; 
0)" 0-'&21-8%+2&/*-. 8:0-&*2*"" '&2156@"C 129'+8"9: 

1) ,2)21 1"3)%$4"-**-9 )272+$-9 0-'+%8"&" '"*"9 '82+-3"&/+)
('+2$&<**56 0&%'+"*$5, 0)-05'$%6@56 +-&/$- '"*"9 '82+). 

2) B"*"9 '82+-3"&/+) #%.2*"&" *% $)%'*:9 '82+-3"&/+). 
3) M2 5;")%< $)%'*:9 '82+-3"&/+), #%.2*"&" "'0-&/#-8%8756'<

1"3)%$4"-**56 )272+$5 *% 1)5>56, 02)"-1 $-+-)-9 ;-&/72. 
B?"+%+/, ?+- 82'/ 0)-7217"9 ?2)2# )272+$5 '82+ 0-0%1%2+ '*%?%&% *%
&"*#5, % #%+2. – *% A$)%*. 

   

dsin! ! m!

m ! "1, "2, ...

sin ! ! m! / d # 1 m # d / !
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G'&" +202)/, *2 +)->%< '82+-3"&/+), #%.2*"+/ "'0-&/#-8%8756'< 1"3)%$4"-**56 
)272+$5 *% 1)5>56, 02)"-1 $-+-)-9 ;-&/72, +- 482+ 1"3)%$4"-**:C .%$'".5.-8 *2 
"#.2*"+'<. ,)" A+-. 5>&: 1"3)%$4"" " 5.2*/7%+'<, " ;-$-8:2 0-&-': '.2'+<+'< 
;&"D2 $ 42*+)%&/*-9 0-&-'2. I)-.2 +->-, .-D2+ 582&"?"+/'< ?"'&- 8"1".:C *% 
A$)%*2 1"3)%$4"-**:C .%$'".5.-8. 

  

  

9&-%"6*(#% :"#$%"#+ ;*<<2
,)"8212*- 0-&*-2 0)%8"&/*-2 )272*"2, 8$&6?%6@22 0)%8"&/*:9 -+82+ 
(8 1%**-. '&5?%2 – #$%&'(%) *%+' %&,#+(#- +%./'01%#((#- 0'/2%(3 % )) 
$#&4)+567%, %89)()(%-), " 1%*- 0-&*-2 82)*-2 -;R<'*2*"2 0)"?"* 
*%;&61%2.:C A332$+-8 '- '':&$-9 *% *2-;C-1".:2 3"#"?2'$"2 #%$-*: " 
<8&2*"< (8 1%**-. '&5?%2 – (' 5&4#*%) *#8(%0(#*)(%: 9'0&%959#* * 
+%./'01%#((#- 0'/2%(), $#45;')9#- $/% $#9#7% +%./'01%#((#- 
/)<)20%, % &4)+&2*%: %8 =2#># 5&4#*%:). 

3

— ,)"8212*- )272*"2 " 1%* 82)*:9 -+82+, *- ".22+'< -1"* "# 
'&2156@"C *21-'+%+$-8:  
— ( -;R<'*2*"" '-12)D%+'< &"7/ -;@"2 )%''5D12*"< ;2# 0)"8<#$" $ 
$-*$)2+*-9 '"+5%4"" #%1%?", C-+< 5$%#%*: 8'2 *2-;C-1".:2 3"#"?2'$"2 
<8&2*"< " #%$-*:.  

ELE  
— K%''5D12*"<, 0)"8-1<@"2 $ -+82+5, 0)21'+%8&2*: *2 8 0-&*-. -;R2.2 
"&" 8 *"C '-12)D%+'< &->"?2'$"2 *21-?2+:.  

ELE  
— M21-'+%+-?*- 0-&*- -0"'%*: '5@2'+82**:2 ?2)+: 3"#"?2'$"C 
<8&2*"9, 0-*".%*"2 $-+-):C *2-;C-1".:C 1&< 0-&*->- 0)%8"&/*->- 
)272*"<. 

2

— ,)21'+%8&2*: #%0"'", '--+82+'+856@"2 -1*-.5 "# '&2156@"C '&5?%28:  
— ,)"8212*: )%''5D12*"< ' 5$%#%*"2. *% 3"#"?2'$"2 <8&2*"< " #%$-*:, 
*- 1%* *282)*:9 "&" *20-&*:9 -+82+.  

ELE  
— ,)"8212*: )%''5D12*"< ' 5$%#%*"2. *% 3"#"?2'$"2 <8&2*"< " #%$-*:, 
*- -+82+ *2 1%*.  

ELE  
— ,)21'+%8&2* +-&/$- 0)%8"&/*:9 -+82+ ;2# -;-'*-8%*"9. 

1

('2 '&5?%" )272*"<, $-+-):2 *2 '--+82+'+856+ 8:725$%#%**:.  
$)"+2)"<. 8:'+%8&2*"< -42*-$ 8 1, 2, 3 ;%&&% ("'0-&/#-8%*"2 
*20)".2*".->- #%$-*%, )%#)-#*2**:2 #%0"'" " +.0.). 

0
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45"*,%' )&,3&6(&7& "%8%(#+ 
  

P512. -0)212&<+/ 0-+2*4"%&/*56 A*2)>"6 8 0-&2 '"&: +<D2'+" -+*-'"+2&/*- 1*% 
*"D*2>- '-'51%. S->1% 8 "'C-1*-. '-'+-<*"" (1- 02)2+2$%*"<) 8-1% .%''-9 m ".2&% 

0-+2*4"%&/*56 A*2)>"6 . ( $-*2?*-. '-'+-<*"" (0-'&2 02)2+2$%*"<) 

0-+2*4"%&/*%< A*2)>"< 8-1: ;:&% )%8*% , >12   – 8:'-+% 5)-8*< 8-1: 8 

02)8-. '-'512 0-'&2 02)2+2$%*"<. E# #%$-*% "#.2*2*"< .2C%*"?2'$-9 A*2)>"" 
'&2152+, ?+- 0)" 02)2+2$%*"" 8:12&"&-'/ $-&"?2'+8- +20&-+:, )%8*-2 

. ,-'$-&/$5 -;R2. 8-1: *2 .2*<2+'<, +- . 

Q%''% 8-1: )%8*% . B 5?2+-. A+"C '--+*-72*"9, -+82+ .-D*- 02)20"'%+/ 8 
8"12: 

. 

,-1'+%8&<< ?"'&-8:2 #*%?2*"< " 0)-82)<< )%#.2)*-'+/, 0-&5?".: . 
T-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 8:?"'&2*"<."). 

4$)%$: . 

   C2   M% '+-&2 '+-"+ 05'+-9 4"&"*1)"?2'$"9 '-'51 ' 
>-)"#-*+%&/*:. 1*-. 0&-@%1/6 . M%1 
*". #%$)20&2* 8+-)-9 4"&"*1)"?2'$"9 '-'51 ' 
>-)"#-*+%&/*:. 1*-. 0&-@%1/6 . T*- 
82)C*2>- '-'51% )%'0-&-D2*- *% 8:'-+2 H = 1,2 . 
*%1 5)-8*2. 1*% *"D*2>- '-'51%. ( 82)C*"9 '-'51 
*%&"+% 8-1% 0&-+*-'+/6  1- 5)-8*< 
h = 10 '. *%1 2>- 1*-.. ( 1*2 82)C*2>- '-'51% 
-+$):8%6+ -+82)'+"2, 8 )2#5&/+%+2 ?2>- 8'< 8-1%, *2 
)%'+2$%<'/ 0- 1*5 82)C*2>- '-'51% " *2 
)%#;):#>"8%<'/, 02)2+2$%2+ 8 *"D*"9 '-'51, " #%+2. 8-1% 0)"C-1"+ 8 
'-'+-<*"2 0-$-<. I%$-2 0)" A+-. 8:12&<2+'< $-&"?2'+8- +20&-+:? 

    

S1 ! 200 "#2

S2 ! 1000 "#2

" ! 1000 $%/#3

E1 ! mg
$
%&
H '

h
2
(
)*

E2 !
mgh1

2
h1

Q ! E1 + E2 ! mg
$
%&
H '

1
2

(h + h1)(
)*

hS2 ! h1S1

m ! "S2h

Q ! mg$
%&
H '

1
2

(h + h1)(
)*
! "S2hg

$

%
&H '

h
2
$

%
&1 +

S2
S1

(

)
*
(

)
**

Q ! 100&'

Q ! "S1hg
$

%
&H '

h
2
$

%
&1 +

S2
S1

(

)
*
(

)
** ! 100&'
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9&-%"6*(#% :"#$%"#+ ;*<<2
,)"8212*- 0-&*-2 0)%8"&/*-2 )272*"2, 8$&6?%6@22 '&2156@"2 
A&2.2*+:: 
— 82)*- #%0"'%*: 3-).5&:, 8:)%D%6@"2 3"#"?2'$"2 #%$-*:, 
0)".2*2*"2 $-+-):C *2-;C-1".- 1&< )272*"< #%1%?" 8:;)%**:. 
'0-'-;-. (8 1%**-. )272*"" – *3/'?)(%: +4: $#2)(1%'4@(#- =()/>%% 
*#+3 +# % $#&4) )) $)/)2)0'(%:, 8'0#( %89)()(%: 9),'(%;)&0#- =()/>%% 
$/% $)/)2)0'(%% *#+3 %8 &#&5+' * &#&5+, &*:8@ 9)?+5 9'&&#- % #AB)9#9, 
5&4#*%) ()%89)((#&2% #AB)9' *#+3); 
— 0)-8212*: *2-;C-1".:2 .%+2.%+"?2'$"2 0)2-;)%#-8%*"< " )%'?2+:, 
0)"8-1<@"2 $ 0)%8"&/*-.5 ?"'&-8-.5 -+82+5, " 0)21'+%8&2* -+82+. 

3

— ,)21'+%8&2*- 0)%8"&/*-2 )272*"2 +-&/$- 8 -;@2. 8"12, ;2# $%$"C-
&";- ?"'&-8:C )%'?2+-8. 

ELE 
— ,)%8"&/*- #%0"'%*: *2-;C-1".:2 3-).5&:, #%0"'%* 0)%8"&/*:9 
-+82+, *- *2 0)21'+%8&2*: 0)2-;)%#-8%*"<, 0)"8-1<@"2 $ -+82+5. 

ELE 
— ( .%+2.%+"?2'$"C 0)2-;)%#-8%*"<C "&" 8:?"'&2*"<C 1-05@2*% 
-7";$%, $-+-)%< 0)"82&% $ *282)*-.5 -+82+5. 

2

– ( )272*"" '-12)D"+'< -7";$% 8 *2-;C-1".:C .%+2.%+"?2'$"C 
0)2-;)%#-8%*"<C " -+'5+'+856+ $%$"2-&";- ?"'&-8:2 )%'?2+:. 

ELE 
– J%0"'%*: 8'2 "'C-1*:2 3-).5&:, *2-;C-1".:2 1&< )272*"< #%1%?", *- 
8 NTMNU "# *"C 1-05@2*% -7";$%. 

ELE 
– N+'5+'+852+ -1*% "# 3-).5&, *2-;C-1".:C 1&< )272*"< #%1%?".  

1

('2 '&5?%" )272*"<, $-+-):2 *2 '--+82+'+856+ 8:725$%#%**:.  
$)"+2)"<. 8:'+%8&2*"< -42*-$ 8 1, 2, 3 ;%&&% ("'0-&/#-8%*"2 
*20)".2*".->- #%$-*%, -+'5+'+8"2 ;-&22 -1*->- "'C-1*->- 5)%8*2*"<, 
)%#)-#*2**:2 #%0"'" " +.0.). 

0
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45"*,%. )&,3&6(&7& "%8%(#+ 
  

J%0"72. 1&< )%''.%+)"8%2.-9 .%'': >%#% 5)%8*2*"2 I&%029)-*%–Q2*12&228%:
. J12'/ p, V " T – 1%8&2*"2, -;R2. " +2.02)%+5)% >%#%, M – 2>- .-&<)*%< 

.%''%. B)21*2$8%1)%+"?*%< '$-)-'+/ .-&2$5& >%#% )%8*% . B&21-8%+2&/*-,

-;R2. >%#% .-D*- 8:)%#"+/ '&2156@". -;)%#-.: .  

,5'+/ 0)" "#-;%)"?2'$-. )%'7")2*"" -;R2. >%#% 582&"?"&'< -+ V1 1- V2. ,)" A+-. 

')21*2$8%1)%+"?*%< '$-)-'+/ 2>- %+-.-8 8-#)-'&% -+ u 1- nu, " '-82)72**%< >%#-. 

)%;-+% )%8*% 

. 

,-1'+%8&<< ?"'&-8:2 #*%?2*"< " 0)-82)<< )%#.2)*-'+/, 0-&5?".: A = 625 TD. 

T-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 8:?"'&2*"<."). 

4$)%$:  . 

   C3   ( '-'512 0-1 0-)7*2. *%C-1"+'< m = 6 > "12%&/*->- -1*-%+-.*->- >%#%. 
B)21*2$8%1)%+"?*%< '$-)-'+/ 2>- %+-.-8 )%8*% u = 500 ./'. ,-'&2 +->-, 
$%$ A+-+ >%# .21&2**- )%'7")"&'< 0)" 0-'+-<**-. 1%8&2*"", 
')21*2$8%1)%+"?*%< '$-)-'+/ 2>- %+-.-8 8-#)-'&% 8 n = 1,5 )%#%. I%$56 
)%;-+5 '-82)7"& >%# 8 1%**-. 0)-42''2? 

pV ! m
M
RT

v ! 3RT
M

V !
mR
Mp

T ! mR
Mp

,
M v2

3R
!
mv2

3p

A ! p(V2 + V1) ! p
$

%
&
m(nu)2

3p
+
mu2

3p
(

)
* !

mu2

3
(n2 + 1)

A ! mu
2

3
(n2 + 1) ! 625&'
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9&-%"6*(#% :"#$%"#+ ;*<<2
,)"8212*- 0-&*-2 0)%8"&/*-2 )272*"2, 8$&6?%6@22 '&2156@"2 
A&2.2*+:: 
— 82)*- #%0"'%*: 3-).5&:, 8:)%D%6@"2 3"#"?2'$"2 #%$-*:, 
0)".2*2*"2 $-+-):C *2-;C-1".- 1&< )272*"< #%1%?" 8:;)%**:. 
'0-'-;-. (8 1%**-. )272*"" – 5/'*()(%) C4'$)-/#('-D)(+)4))*', 
.#/954' +4: /'A#23 >'8', &*:8@ &/)+()0*'+/'2%;(#- &0#/#&2% 9#4)054 
>'8' & )># 2)9$)/'25/#-); 
— 0)-8212*: *2-;C-1".:2 .%+2.%+"?2'$"2 0)2-;)%#-8%*"< " )%'?2+:, 
0)"8-1<@"2 $ 0)%8"&/*-.5 ?"'&-8-.5 -+82+5, " 0)21'+%8&2* -+82+. ,)" 
A+-. 1-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 
8:?"'&2*"<."). 

3

— ,)21'+%8&2*- 0)%8"&/*-2 )272*"2 +-&/$- 8 -;@2. 8"12, ;2# $%$"C-
&";- ?"'&-8:C )%'?2+-8. 

ELE 
— ,)%8"&/*- #%0"'%*: *2-;C-1".:2 3-).5&:, #%0"'%* 0)%8"&/*:9 
-+82+, *- *2 0)21'+%8&2*: 0)2-;)%#-8%*"<, 0)"8-1<@"2 $ -+82+5. 

ELE 
— ( .%+2.%+"?2'$"C 0)2-;)%#-8%*"<C "&" 8:?"'&2*"<C 1-05@2*% 
-7";$%, $-+-)%< 0)"82&% $ *282)*-.5 -+82+5. 

2

– ( )272*"" '-12)D"+'< -7";$% 8 *2-;C-1".:C .%+2.%+"?2'$"C 
0)2-;)%#-8%*"<C " -+'5+'+856+ $%$"2-&";- ?"'&-8:2 )%'?2+:. 

ELE 
– J%0"'%*: 8'2 "'C-1*:2 3-).5&:, *2-;C-1".:2 1&< )272*"< #%1%?", *- 
8 NTMNU "# *"C 1-05@2*% -7";$%. 

ELE 
– N+'5+'+852+ -1*% "# 3-).5&, *2-;C-1".:C 1&< )272*"< #%1%?".  

1

('2 '&5?%" )272*"<, $-+-):2 *2 '--+82+'+856+ 8:725$%#%**:.  
$)"+2)"<. 8:'+%8&2*"< -42*-$ 8 1, 2, 3 ;%&&% ("'0-&/#-8%*"2 
*20)".2*".->- #%$-*%, -+'5+'+8"2 ;-&22 -1*->- "'C-1*->- 5)%8*2*"<, 
)%#)-#*2**:2 #%0"'" " +.0.). 

0
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45"*,%' )&,3&6(&7& "%8%(#+  

K%#&-D". 82$+-) '$-)-'+" A&2$+)-*%  *% 182 
'-'+%8&<6@"2:  , 0%)%&&2&/*56 82$+-)5 "*15$4"" , " 

, 02)02*1"$5&<)*56 82$+-)5 "*15$4"" . ,)21'+%8". 
18"D2*"2 A&2$+)-*% $%$ '5..5 185C *2#%8"'".:C 
18"D2*"9: '- '$-)-'+/6  " '- '$-)-'+/6 . ,)" 02)8-. 18"D2*"" .%>*"+*-2 0-&2 
*2 ;512+ "#.2*<+/ *" .-15&/, *" *%0)%8&2*"2 '-'+%8&<6@29 '$-)-'+"  (+%$ $%$ 
5>-& .2D15 82$+-)%."  "  )%82* *5&6).  
,-A+-.5 A&2$+)-* ;512+ 0)-1-&D%+/ 18">%+/'< 8 *%0)%8&2*"" 81-&/ &"*"9 
"*15$4"" .%>*"+*->- 0-&< ' 0-'+-<**-9 '$-)-'+/6 . (+-)-2 18"D2*"2 
0)21'+%8&<2+ '-;-9 18"D2*"2 A&2$+)-*%, 8&2+2872>- 8 .%>*"+*-2 0-&2 
02)02*1"$5&<)*- &"*"<. 2>- "*15$4"". ,)" A+-., $%$ "#82'+*-, A&2$+)-* 0-1 
129'+8"2. '"&: L-)2*4%  ;512+ 18">%+/'< c 0-'+-<**-9 '$-)-'+/6  0- 
-$)5D*-'+", 0&-'$-'+/ $-+-)-9 02)02*1"$5&<)*% 82$+-)5 . K%1"5' R A+-9 
-$)5D*-'+" .-D*- *%9+", #%0"'%8 8+-)-9 #%$-* M/6+-*% 1&< 18"D2*"< ?%'+"4: 0- 

-$)5D*-'+": , >12 e " m – .-15&/ #%)<1% " .%''% A&2$+)-*%. 

E+%$, 18"D2*"2 A&2$+)-*% ;512+ 0)21'+%8&<+/ '-;-9 '5..5 )%8*-.2)*->- 18"D2*"< 
81-&/ &"*"9 "*15$4"" .%>*"+*->- 0-&< ' 0-'+-<**-9 '$-)-'+/6  " )%8*-.2)*->- 
18"D2*"< 0- -$)5D*-'+", 0&-'$-'+/ $-+-)-9 02)02*1"$5&<)*% &"*"<. .%>*"+*-9 
"*15$4"", ' 0-'+-<**-9 0- .-15&6 '$-)-'+/6 . ( )2#5&/+%+2 '&-D2*"< A+"C 
18"D2*"9 0-&5?"+'< )%8*-.2)*-2 18"D2*"2 0- '0")%&" '- '$-)-'+/6 V. 
F&2$+)-* 02)2'2?2+ +5 D2 '%.56 &"*"6 "*15$4"", *% $-+-)-9 *%C-1"+'< +-?$% A, 
?2)2# 8)2.<, )%8*-2 02)"-15 2>- -;)%@2*"< 0- -$)5D*-'+". F+-+ 02)"-1 )%82* 

. J% A+- 8)2.< A&2$+)-* '.2'+"+'< 8 *%0)%8&2*"" 81-&/ &"*"9 

.%>*"+*-9 "*15$4"" *% )%''+-<*"2 . F+- " 

;512+ "'$-.-2 )%''+-<*"2 .2D15 +-?$%." A " C. 
,-1'+%8&<< ?"'&-8:2 #*%?2*"< " 0)-82)<< )%#.2)*-'+/, 0-&5?".: . 
T-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 8:?"'&2*"<."). 

   C4   F&2$+)-*, 18"D5@"9'< '- '$-)-'+/6 V = 0,01 c 
(c – '$-)-'+/ '82+% 8 8%$55.2), 8&2+%2+ 8 +-?$2 A 
8 0-'+-<**-2 -1*-)-1*-2 .%>*"+*-2 0-&2 ' 
"*15$4"29 B = 0,1 S& 0-1 5>&-.  = 60° $ &"*"" 
.%>*"+*-9 "*15$4"". H2)2# *2$-+-)-2 8)2.< 
A&2$+)-* '*-8% 02)2'2$%2+ +5 D2 '%.56 &"*"6 .%>*"+*-9 "*15$4"", 
-$%#%87"'/ 8 +-?$2 E. H2.5 )%8*- )%''+-<*"2 .2D15 +-?$%." A " E? 
  

   
#

   
V
!"

V1
!"

B
!"

V2
!"!

B
!"

V1
!"

V2
!"!

V1
!"

V1
!"

B
!"

V1
!"

F ! eV2B V2
B
!"

mV2
2

R
! eV2B

V1
!"

V2

T ! 2$R
V2

!
2$m
eB

S ! V1T !
2$mV cos #

eB
!

0, 02$mccos #
eB

S - 0, 54##

© QENN, 2010 >.

!"#"$%. 11 $&%''. (%)"%*+ 1-2 8

4$)%$: . S ! 0, 02$mccos #
eB

- 0, 54##

9&-%"6*(#% :"#$%"#+ ;*<<2
,)"8212*- 0-&*-2 0)%8"&/*-2 )272*"2, 8$&6?%6@22 '&2156@"2 
A&2.2*+:: 
— 82)*- #%0"'%*: 3-).5&:, 8:)%D%6@"2 3"#"?2'$"2 #%$-*:, 
0)".2*2*"2 $-+-):C *2-;C-1".- 1&< )272*"< #%1%?" 8:;)%**:. 
'0-'-;-. (8 1%**-. )272*"" – *3$#4()(# /'84#?)(%) *)02#/' &0#/#&2% 
=4)02/#(' (' &#&2'*4:67%); #AB:&()(#, $#;)95 +*%?)(%) =4)02/#(' 
9#?(# $/)+&2'*%2@ 0'0 &5995 /'*(#9)/(#># +*%?)(%: $# $/:9#- % 
/'*(#9)/(#># +*%?)(%: $# #0/5?(#&2%; 8'$%&'( *2#/#- 8'0#( 
F@62#(' +4: +*%?)(%: ;'&2%13 $# #0/5?(#&2% $#+ +)-&2*%)9 &%43 
G#/)(1'; ('-+)(# */)9: #A/'7)(%: ;'&2%13 $# #0/5?(#&2% % &9)7)(%) 
;'&2%13 8' =2# */)9: *+#4@ 4%(%% %(+501%%); 
— 0)-8212*: *2-;C-1".:2 .%+2.%+"?2'$"2 0)2-;)%#-8%*"< " )%'?2+:, 
0)"8-1<@"2 $ 0)%8"&/*-.5 ?"'&-8-.5 -+82+5, " 0)21'+%8&2* -+82+. ,)" 
A+-. 1-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 
8:?"'&2*"<."). 

3

— ,)21'+%8&2*- 0)%8"&/*-2 )272*"2 +-&/$- 8 -;@2. 8"12, ;2# $%$"C-
&";- ?"'&-8:C )%'?2+-8. 

ELE 
— ,)%8"&/*- #%0"'%*: *2-;C-1".:2 3-).5&:, #%0"'%* 0)%8"&/*:9 
-+82+, *- *2 0)21'+%8&2*: 0)2-;)%#-8%*"<, 0)"8-1<@"2 $ -+82+5. 

ELE 
— ( .%+2.%+"?2'$"C 0)2-;)%#-8%*"<C "&" 8:?"'&2*"<C 1-05@2*% 
-7";$%, $-+-)%< 0)"82&% $ *282)*-.5 -+82+5. 

2

– ( )272*"" '-12)D"+'< -7";$% 8 *2-;C-1".:C .%+2.%+"?2'$"C 
0)2-;)%#-8%*"<C " -+'5+'+856+ $%$"2-&";- ?"'&-8:2 )%'?2+:. 

ELE 
– J%0"'%*: 8'2 "'C-1*:2 3-).5&:, *2-;C-1".:2 1&< )272*"< #%1%?", *- 
8 NTMNU "# *"C 1-05@2*% -7";$%. 

ELE 
– N+'5+'+852+ -1*% "# 3-).5&, *2-;C-1".:C 1&< )272*"< #%1%?".  

1

('2 '&5?%" )272*"<, $-+-):2 *2 '--+82+'+856+ 8:725$%#%**:. 
$)"+2)"<. 8:'+%8&2*"< -42*-$ 8 1, 2, 3 ;%&&% ("'0-&/#-8%*"2 
*20)".2*".->- #%$-*%, -+'5+'+8"2 ;-&22 -1*->- "'C-1*->- 5)%8*2*"<, 
)%#)-#*2**:2 #%0"'" " +.0.). 

0
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45"*,%' )&,3&6(&7& "%8%(#+ 
  
,-'+)-". C-1 5#$->- 0%)%&&2&/*->- '82+-8->- 05?$% ?2)2# &"*#:, 0-&/#5<'/ 
0)%8"&%." 0-'+)-2*"< C-1% &5?29 8 +-*$-9 &"*#2. M% )"'5*$2 '0&-7*:." &"*"<." 
'- '+)2&$%." 0-$%#%*% +)%2$+-)"< 05?$%, 05*$+")*:." &"*"<." – >&%8*%< " 
0-;-?*:2 -0+"?2'$"2 -'", 7+)"C05*$+")*-9 &"*"29 – 3-$%&/*:2 0&-'$-'+" &"*#. 

  

E# )"'5*$% 8"1*-, ?+- "'$-.-2 )%''+-<*"2 -+ >&%8*-9 -0+"?2'$-9 -'" 1- '82+&->- 
0<+*% , *% A$)%*2 F )%8*-   >12 H – 5>-&, $-+-):9 05?-$ '-'+%8&<2+ ' 
>&%8*-9 -0+"?2'$-9 -'/6 0-'&2 0)-C-D12*"< ?2)2# 02)856 &"*#5. I)-.2 +->-, "# 
+)25>-&/*"$% ABC '&2152+, ?+- . B 5?2+-. A+->-, 

 (0-'$-&/$5 0)"  .-D*- '?"+%+/, ?+- ). 
,-1'+%8&<< ?"'&-8:2 #*%?2*"< " 0)-82)<< )%#.2)*-'+/, 0-&5?".: h V 1 '.. 
T-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 8:?"'&2*"<."). 
4$)%$: . 

   C5   T82 -1"*%$-8:2 +-*$"2 '-;")%6@"2 &"*#: ' 3-$5'*:. )%''+-<*"2. 
f = 10 '. $%D1%< )%'0-&-D2*: *% )%''+-<*"" 2f = 20 '. 1)5> -+ 1)5>% +%$, 
?+- "C >&%8*:2 -0+"?2'$"2 -'" '-80%1%6+. M% -1*5 "# &"*# *% )%''+-<*"" 
d = 0,5 '. -+ >&%8*-9 -0+"?2'$-9 -'" 0%1%2+ 5#$"9 0%)%&&2&/*:9 05?-$ 
'82+%, "15@"9 0-1 5>&-. W = 0,05 )%1 $ >&%8*-9 -0+"?2'$-9 -'". J% 8+-)-9 
&"*#-9 8 22 3-$%&/*-9 0&-'$-'+" )%'0-&-D2* A$)%* F. M% $%$-. 
)%''+-<*"" -+ >&%8*-9 -0+"?2'$-9 -'" ;512+ *%C-1"+/'< *% A$)%*2 '82+-8-2 
0<+*-, -;)%#-8%**-2 0)-7217". ?2)2# -;2 &"*#: 05?$-.? 

  

h ! f tg %

tg % ! f tg # ' d
f

! tg # ' d
f

h ! f tg % ! f tg # ' d - f# ' d # .. 1 tg# - #

h ! f tg # ' d - f# ' d ! 1 "#
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9&-%"6*(#% :"#$%"#+ ;*<<2
,)"8212*- 0-&*-2 0)%8"&/*-2 )272*"2, 8$&6?%6@22 '&2156@"2 
A&2.2*+:: 
— 82)*- 8:0-&*2*: >2-.2+)"?2'$"2 0-'+)-2*"< " #%0"'%*: 3-).5&:, 
0)".2*2*"2 $-+-):C *2-;C-1".- 1&< )272*"< #%1%?" 8:;)%**:. 
'0-'-;-. (8 1%**-. )272*"" – +*'?+3 $/%9)()(3 $/'*%4' $#&2/#)(%: 
,#+' 45;)- * 2#(0#- &#A%/'67)- 4%(8), %&$#4@8#*'(3 >)#9)2/%;)&0%) 
&##2(#<)(%: 9)?+5 /'&&2#:(%:9% % 5>4'9%); 
— 0)-8212*: *2-;C-1".:2 .%+2.%+"?2'$"2 0)2-;)%#-8%*"< " )%'?2+:, 
0)"8-1<@"2 $ 0)%8"&/*-.5 ?"'&-8-.5 -+82+5, " 0)21'+%8&2* -+82+. ,)" 
A+-. 1-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 
8:?"'&2*"<."). 

3

— ,)21'+%8&2*- 0)%8"&/*-2 )272*"2 +-&/$- 8 -;@2. 8"12, ;2# $%$"C-
&";- ?"'&-8:C )%'?2+-8. 

ELE 
— ,)%8"&/*- #%0"'%*: *2-;C-1".:2 3-).5&:, #%0"'%* 0)%8"&/*:9 
-+82+, *- *2 0)21'+%8&2*: 0)2-;)%#-8%*"<, 0)"8-1<@"2 $ -+82+5. 

ELE 
— ( .%+2.%+"?2'$"C 0)2-;)%#-8%*"<C "&" 8:?"'&2*"<C 1-05@2*% 
-7";$%, $-+-)%< 0)"82&% $ *282)*-.5 -+82+5. 

2

– ( )272*"" '-12)D"+'< -7";$% 8 *2-;C-1".:C .%+2.%+"?2'$"C 
0)2-;)%#-8%*"<C " -+'5+'+856+ $%$"2-&";- ?"'&-8:2 )%'?2+:. 

ELE 
– J%0"'%*: 8'2 "'C-1*:2 3-).5&:, *2-;C-1".:2 1&< )272*"< #%1%?", *- 
8 NTMNU "# *"C 1-05@2*% -7";$%. 

ELE 
– N+'5+'+852+ -1*% "# 3-).5&, *2-;C-1".:C 1&< )272*"< #%1%?".  

1

('2 '&5?%" )272*"<, $-+-):2 *2 '--+82+'+856+ 8:725$%#%**:.  
$)"+2)"<. 8:'+%8&2*"< -42*-$ 8 1, 2, 3 ;%&&% ("'0-&/#-8%*"2 
*20)".2*".->- #%$-*%, -+'5+'+8"2 ;-&22 -1*->- "'C-1*->- 5)%8*2*"<, 
)%#)-#*2**:2 #%0"'" " +.0.). 

0
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45"*,%' )&,3&6(&7& "%8%(#+ 
  
(-'0-&/#52.'< #%$-*-. '-C)%*2*"< A*2)>"" 0)" <12)*:C )2%$4"<C: '5..% .%'' <12) 
1- )2%$4"" 1-&D*: ;:+/ )%8*% '5..2 .%'' <12) 0)-15$+-8 )2%$4"", 0&6' 1232$+ 
.%'': . F+-+ 1232$+ .%'': " «0)28)%@%2+'<» 8 A*2)>"6 , 
8:12&<6@56'< 8 )2#5&/+%+2 )2%$4"". (-'0-&/#-8%87"'/ 1%**:.", 0)"8212**:." 
8 5'&-8"" #%1%?", 0-&5?".: 

7,01601 %.2... + 2,01410 %.2... = 8,00531 %.2... + 1,00866 %.2... + Xm. 
N+'61% Xm = 0,01614 %.2... S%$-.5 1232$+5 .%'': '--+82+'+852+ A*2)>"< 

 . 
T-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 8:?"'&2*"<."). 
4$)%$: . 

   C6   M%91"+2 A*2)>"6, $-+-)%< 8:12&<2+'< 0)" 0)-+2$%*"" <12)*-9 )2%$4"" 
. N+*-'"+2&/*:2 %+-.*:2 .%'': "#-+-0-8 <12), 

5?%'+856@"C 8 )2%$4"", 0)"8212*: 8 +%;&"42. Q%''5 *29+)-*% .-D*- 
'?"+%+/ )%8*-9 1,00866 %.2... K2#5&/+%+ 8:)%#"+2 8 QA(. 

L7
3 i ' H2

1 / B8
4 e ' n1

0

=,&$&> 
?*//* (%.$"*<@(&7& 

*$&3*, *.%.3. 

   H2
1 2,01410 

   B8
4 e 8,00531 

   L7
3 i 7,01601 

&m &E ! &mc2

&E ! 0, 01614 (.).#. , 931, 5 *+, - 15*+,

&E ! 0, 01614 (.).#. , 931, 5 *+, - 15*+,
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9&-%"6*(#% :"#$%"#+ ;*<<2
,)"8212*- 0-&*-2 0)%8"&/*-2 )272*"2, 8$&6?%6@22 '&2156@"2 
A&2.2*+:: 
— 82)*- 0)".2*2*: 3"#"?2'$"2 #%$-*: " '--+*-72*"<, $-+-):2 
*2-;C-1".: 1&< )272*"< #%1%?" 8:;)%**:. '0-'-;-. (8 1%**-. )272*"" 
– 8'0#( &#,/'()(%: =()/>%% * :+)/(3, /)'01%:, % &##2(#<)(%) 9)?+5 
9'&&#- % =()/>%)-); 
— 0)-8212*: *2-;C-1".:2 .%+2.%+"?2'$"2 0)2-;)%#-8%*"< " )%'?2+:, 
0)"8-1<@"2 $ 0)%8"&/*-.5 ?"'&-8-.5 -+82+5, " 0)21'+%8&2* -+82+. ,)" 
A+-. 1-05'$%2+'< )272*"2 «0- ?%'+<.» (' 0)-.2D5+-?*:." 
8:?"'&2*"<."). 

3

— ,)21'+%8&2*- 0)%8"&/*-2 )272*"2 +-&/$- 8 -;@2. 8"12, ;2# $%$"C-
&";- ?"'&-8:C )%'?2+-8. 

ELE 
— ,)%8"&/*- #%0"'%*: *2-;C-1".:2 3-).5&:, #%0"'%* 0)%8"&/*:9 
-+82+, *- *2 0)21'+%8&2*: 0)2-;)%#-8%*"<, 0)"8-1<@"2 $ -+82+5. 

ELE 
— ( .%+2.%+"?2'$"C 0)2-;)%#-8%*"<C "&" 8:?"'&2*"<C 1-05@2*% 
-7";$%, $-+-)%< 0)"82&% $ *282)*-.5 -+82+5. 

2

– ( )272*"" '-12)D"+'< -7";$% 8 *2-;C-1".:C .%+2.%+"?2'$"C 
0)2-;)%#-8%*"<C " -+'5+'+856+ $%$"2-&";- ?"'&-8:2 )%'?2+:. 

ELE 
– J%0"'%*: 8'2 "'C-1*:2 3-).5&:, *2-;C-1".:2 1&< )272*"< #%1%?", *- 
8 NTMNU "# *"C 1-05@2*% -7";$%. 

ELE 
– N+'5+'+852+ -1*% "# 3-).5&, *2-;C-1".:C 1&< )272*"< #%1%?".  

1

('2 '&5?%" )272*"<, $-+-):2 *2 '--+82+'+856+ 8:725$%#%**:.  
$)"+2)"<. 8:'+%8&2*"< -42*-$ 8 1, 2, 3 ;%&&% ("'0-&/#-8%*"2 
*20)".2*".->- #%$-*%, -+'5+'+8"2 ;-&22 -1*->- "'C-1*->- 5)%8*2*"<, 
)%#)-#*2**:2 #%0"'" " +.0.). 

0
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