
http://sntbul.bmstu.ru/doc/550923.html

!"#$621.317.2

%&&'()*+,-.( /,0(&1+, 2,3*14$5(2/,'6-*7*$/*''.8,1*2,$#,-).,9,5*-,$+*'-

&$.&9*'65*+,-.(8$1(&1*+4:$,-1(--

;<=<$>*?,2*+

!"#$%&", '()%$*(+,-($./01%'"*/&&2% 3.3"%42+.+#3"*/53"6(7

89:;+.4< =<>< ?(#4(&(@+A<+8/3'6(@+-/33.B

=(#C&25+*#'/6/$."%1DE+F<!<+-#3/6@ &(C<+3%'"< 2.1 =GG ->:@+3"(*H.5+I*%I/$(6("%1D

'()%$*2+,-($./01%'"*/&&2%+3.3"%42+.+#3"*/53"6(7

89:;+.4< =<>< ?(#4(&(@+A<+8/3'6(@+-/33.B

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

EdikMozharov@rambler.ru

@+()(-.(. /0'121.&1% 341562&7185&9% :,2,'162;<% ,.61..% ';=.;% :2;<;>&6?%

2,04&7.@'&% 8:;8;A,'& [1]. B&2;5;% :2&'1.C168C% 5;44&',6;2.@D% '16;>% >4C &0'121.&C%

:,2,'162;<% 52-:.;,:126-2.@9% ,.61..% <% 5;':,56.@9% 352,.&2;<,..@9%:;'1E1.&C9% [2,3].

F@>14CG6% 5;44&',6;2.@1% 861.>@% .,% ;8.;<1% 4&.0;<;D% ,.61..@H% ;>.;I;% '16,44&7185;I;%

0125,4,H% ><-9% 0125,4?.@9% ,.61..% J:2&% :;862;1.&&% :;% 891'1% "21I;2&% &4&% K,881I21.,L(%

K,7186<;% 2,A;6@% 5;44&',6;2.;I;% 861.>,% 0,<&8&6% ;6% 2,8:21>141.&C% 341562;',I.&6.;I;%

:;4C% <% 1I;% 2,A;71D% 0;.1(% MN1.5,% 5,7186<, 5;44&',6;2.;I;% 861.>,% ;8-E186<4C168C

358:12&'1.6,4?.@'& &0'121.&C'& 2,8:21>141.&C :;4C <% 2,A;71D% 0;.1(% /4&% :-61'%

82,<.1.&C% >&,I2,''% .,:2,<41..;86&% 6186;<@9% ,.61.., &0'121..@9% <% 5;44&',6;21% &% <%

>,4?.1D%0;.1(

A(2/,'6-4B$ /*''.8,1*2 #,-).,9,5*-,$ +*'-. O4C% &8841>;<,.&C% ,.61.. K,-

>&,:,0;.,% <;4. &0I;6;<41.% 0125,4?.@D% 5;44&',6;2 8% <@.181..@'% ;A4-7,6141'.

!16,44&7185;1% 0125,4;% 5;44&',6;2, 8;86;&6% &0% P% 81I'1.6;<% & C<4C168C% 5<,>2,6.;D%

<@2105;D% &0 :;<129.;86&% :,2,A;4;&>,% <2,E1.&C% J8'( 2&8(QH% I>1% R – >4&.,% <;4.@% <%

8<;A;>.;'%:2;862,.86<1L(%S;>2;A.11%5;.862-5N&C%5;44&',6;2,%2,88';621.,%<%86,6?1%[4].



!;4;>1=.@D%.,-7.;-619.&7185&D%<186.&5 TUVV-51038

W&8( 1. "1;'162&C 0125,4?.;I;%5;44&',6;2,

/8841>;<,.&1% :2;X&4C 0125,4,% 5;44&',6;2,% :;5,0,4&H% 76;% 821>.15<,>2,6&7.;1%

;654;.1.&1% ;6% X;2'@% &>1,4?.;I;% :,2,A;4;&>,% <% 210-4?6,61% &0I;6;<41.&C 8;86,<4C16%

0,085R.

W,88';62&'% 5;.&7185-G% 2-:;2.-G% ,.61..-% <% 5,7186<1% ;A4-7,614C 5;44&',6;2,.

O4C% ;A18:171.&C% 2,A;71D% 0;.@% 5;44&',6;2.;I;% 861.>,% 8% ',4;D% .12,<.;'12.;86?G%

,':4&6->@%:;4C .1;A9;>&';%&8:;4?0;<,6?%;A4-7,614&H%5;6;2@1%X;2'&2-G6%2,<.;'12.;1%

2,8:21>141.&1% 6;5;<%.,% 0125,41% 5;44&',6;2,%&% 8;0>,G6% 8:,>% ,':4&6->@% 6;5;< .,% 52,C9%

5;44&',6;2,%[5,6]. F 5,7186<1%;A4-7,614C 5;44&',6;2, &8:;4?0-168C%5;.&7185,C%2-:;2.,C%

,.61.., J2&8(YH,L% 8% ;818&''162&7.;D% >&,I2,'';D% .,:2,<41..;86& .,% 52-I;<;D%

:;4C2&0,N&&%:;4C J8'( 2&8(ZL. ),%2&8-.51 YHA%:21>86,<41.,%6219'12.,C%';>14?%5;.&7185;D%

2-:;2.;D%,.61..@H%:;862;1..,C%<%:,5161%:2&54,>.@9%:2;I2,''(

,L AL

W&8( Y(%MA4-7,614?%0125,4?.;I;%5;44&',6;2,
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W&8( 3. );2'&2;<,..@1%>&,I2,''@%.,:2,<41..;86& 5;.&7185;D%2-:;2.;D ,.61..@:

1 - 2,8716.,C%>&,I2,'',%.,:2,<41..;86&[ 2 - >&,I2,'',%.,:2,<41..;86&%<%

,0&'-6,4?.;D%:4;85;86&H%&0'121..,C <%>,4?.1D%0;.1[3 - >&,I2,'',%.,:2,<41..;86&%<%

-I4;'186.;D%:4;85;86&H%&0'121..,C <%>,4?.1D%0;.1

F% 6,A4&N1 1 :2&<1>1.@% 9,2,5612&86&5&% >&,I2,''@ .,:2,<41..;86&

2,88',62&<,1';D% 5;.&7185;D% 2-:;2.;D% ,.61..@. O&,'162% 2,852@<,% ;A4-7,614C%

8;86,<4C16%QH\QRH%>4&.,%2-:;2,%– 1,13RH%6;4E&.,%861.;5%- 0,11R.

:(J1.K( 1

],2,5612&86&5&%>&,I2,''@%.,:2,<41..;86& 5;.&7185;I;%2-:;2.;I; ;A4-7,614C

O&,I2,'',%

.,:2,<41..;86& ^

B&2&.,%I4,<.;I;%41:1865,%>&,I2,''@%

.,:2,<41..;86&%:;%-2;<.G

-3 >+ -10 >+

1 33,6° 65,2°

2 29,1° 56,7°

3 29,7° 56,1°

S;85;4?5-% 2,88';621..,C% ,.61.., &'116 >&,I2,''- .,:2,<41..;86& 8% 6,5;D%

_&2&.;D% I4,<.;I;% 41:1865, :;% -2;<.G% -3 >+H% 76; ;A4-7,16% 6;4?5;%N1.62,4?.@D% 81I'1.6%

0125,4,%5;44&',6;2,H%6;%36; :2&<;>&6%5%.1%3XX156&<.;'- &8:;4?0;<,.&G 5;44&',6;2,(%U%
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N14?G% ;A18:171.&C% .,&A;4?_1I;% :;:1217.;I;% 8171.&C% 2,A;71D% 0;.@% 5;44&',6;2.;I;%

861.>,H% :2;&0<14&% 5;.862-56&<.@1% &0'1.1.&C% ;A4-7,614C(% S;% :21><,2&614?.@'%

7&841..@'% 2,8716,', 8;52,6&<% >4&.-% 5;.&7185;D% 2-:;2.;D% ,.61..@% .,% 0,34RH% ';=.;%

>;A&6?8C% 2,8_&21.&C% I4,<.;I;% 41:1865,% >&,I2,''@% .,:2,<41..;86&% >;% ``,4°. O&,'162%

2,852@<,% ;A4-7,614C <% 36;'% 84-7,1 8;86,<&6% 1,47RH% >4&.,% 2-:;2,% – 0,79R. F% 6,A4&N1 2

:2&<1>1.@%9,2,5612&86&5&%>&,I2,''@ .,:2,<41..;86& ';>&X&N&2;<,..;I; 5;.&7185;I;%

2-:;2.;I;%;A4-7,614C.

:(J1.K( 2

],2,5612&86&5&%>&,I2,''@%.,:2,<41..;86& ';>&X&N&2;<,..;I;%5;.&7185;I;%2-:;2.;I;%

;A4-7,614C

O&,I2,'',%

.,:2,<41..;86& ^

B&2&.,%I4,<.;I;%41:1865,%>&,I2,''@

.,:2,<41..;86&%:;%-2;<.G

-3 >+ -10 >+

1 44,4° 77°

2 40,3° 70°

3 40,1° 70,9°

W,8716.,C% &% 358:12&'1.6,4?.,C% >&,I2,''@% .,:2,<41..;86&% ';>&X&N&2;<,..;I;

;A4-7,614C%:21>86,<41.@%.,%2&8-.51 4

.

W&8( 4. );2'&2;<,..@1%>&,I2,''@%.,:2,<41..;86& ';>&X&N&2;<,..;D 5;.&7185;D%

2-:;2.;D%,.61..@: 1 - 2,8716.,C%>&,I2,'',%.,:2,<41..;86&[ 2 - >&,I2,'',%
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.,:2,<41..;86&%<%,0&'-6,4?.;D%:4;85;86&H%&0'121.&1%<%>,4?.1D%0;.1[ 3 - >&,I2,'',%

.,:2,<41..;86&%<%-I4;'186.;D%:4;85;86&H%&0'121.&1%<%>,4?.1D%0;.1(

W,8:21>141.&1 341562;',I.&6.;I; :;4C% <% 2,A;71D% 0;.1% 5;44&',6;2,% <%

<126&5,4?.;'% 8171.&&% <>;4?% ;8&% OY &% <% I;2&0;.6,4?.;'% 8171.&&% <>;4? 4&.&&H%

:,2,4414?.;D ;8&%OX, :21>86,<41.; .,%2&8-.5,9 5 & 6.

W&8( 5. W,8:21>141.&1%.,:2C=1..;86&%341562&7185;I;%:;4C%<%2,A;71D%0;.1%

5;44&',6;2,%<>;4?%4&.&&H%:,2,4414?.;D%;8&%MX

W&8( 6. W,8:21>141.&1%.,:2C=1..;86&%341562&7185;I;%:;4C%<%2,A;71D%0;.1%

5;44&',6;2,%<>;4?%;8&%MY

C2,+-(-.($).,72,88$-,92,+'(--*&1.$1(&1*+4: /*-.0(&/.:$2D9*2-4:$,-1(--.

O4C% ;N1.5& 5,7186<,% 5;44&',6;2.;I;% 861.>,% :2;<1>1.;% &8841>;<,.&1H% :;0<;4CGE11

82,<.&6?% >&,I2,''@% .,:2,<41..;86&% 5;.&7185&9% 2-:;2.@9% ,.61..H% :;4-71..@9%

2,04&7.@'&%8:;8;A,'&a%

- 2,8716.@' 8:;8;A;'H 8%:;';E?G%:,516,%:2&54,>.@9%:2;I2,''[

- 358:12&'1.6,4?.@'%&0'121.&1'%<%>,4?.1D%0;.1[
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- 358:12&'1.6,4?.@'%&0'121.&1'%<%2,A;71D%0;.1%5;44&',6;2,(

),%2&8-.51 7H,%:21>86,<41.,%6186;<,C%5;.&7185,C%2-:;2.,C%,.61..,%bW-:;2 ^Qc 8%

>&,'162;' 2,852@<,% `HdRH%>4&.,% 2-:;2,% – VHPRH%6;4E&.,% 861.;5% - eHZ\R(%),% 2&8-.51 7HA%

:21>86,<41.,%6219'12.,C%';>14?%2,88',62&<,1';D%6186;<;D%,.61..@.

,L AL

W&8( 7. #186;<,C%5;.&7185,C%2-:;2.,C%,.61..,%bW-:;2%Qc

O&,I2,''@ .,:2,<41..;86&% :21>86,<41.@% .,% 2&8-.51 8(% F% 6,A4&N1 3 :2&<1>1.@%

9,2,5612&86&5&%8;;6<1686<-GE&9%>&,I2,''%.,:2,<41..;86&(

W&8( 8. );2'&2;<,..@1%>&,I2,''@%.,:2,<41..;86& <%,0&'-6,4?.;D :4;85;86&%

5;.&7185;D%2-:;2.;D%,.61..@%fW-:;2%^Qf: 1 - 2,8716.,C%>&,I2,'',%

.,:2,<41..;86&[ 2 - >&,I2,'',%.,:2,<41..;86&H%&0'121..,C%<%>,4?.1D%0;.1[ 3 -
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>&,I2,'',%.,:2,<41..;86&H%&0'121..,C%<%5;44&',6;21

:(J1.K( 3

],2,5612&86&5&%>&,I2,'' .,:2,<41..;86&%bW-:;2, ^Qc

O&,I2,'',%

.,:2,<41..;86& ^

B&2&.,%I4,<.;I;%41:1865,%

>&,I2,''@

.,:2,<41..;86&%:;%-2;<.G

$2;<1.?%A;5;<@9%

41:1865;<H%>+

-3 >+ -10 >+

1 16° 38° -27,5

2 14° 34,8° -26

3 15,1° 36,4° -22

#186;<,C% 5;.&7185,C% 2-:;2.,C% ,.61..,% bW-:;2 ^2» :21>86,<41.,% .,% 2&8-.51 9,,(%

O&,'162 2,852@<, 2,<1. VHPRH%>4&.,% 2-:;2,% – QVHgRH%6;4E&.,% 861.;5% - eH`dR(%),%

2&8-.51 9HA% :21>86,<41.,% 6219'12.,C% ';>14?% 2,88',62&<,1';D% 6186;<;D% ,.61..@(

O&,I2,''@%.,:2,<41..;86&%6186;<;D%,.61..@%bW-:;2 ^Yc%:21>86,<41.@%.,%2&8-.51 10.

,E 3E

W&8( 9. #186;<,C%5;.&7185,C%2-:;2.,C%,.61..,%bW-:;2%^Yc
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W&8( 10. );2'&2;<,..@1%>&,I2,''@%.,:2,<41..;86& 5;.&7185;D%2-:;2.;D%,.61..@%

fW-:;2%^2": 1 - 2,8716.,C%>&,I2,'',%.,:2,<41..;86&[ 2 - >&,I2,'',%

.,:2,<41..;86&H%&0'121..,C%<%>,4?.1D%0;.1[ 3 - >&,I2,'',%.,:2,<41..;86&H%

&0'121..,C%<%5;44&',6;21

F% 6,A4&N1 `% :2&<1>1.@% 9,2,5612&86&5&% 8;;6<1686<-GE&9% >&,I2,''%

.,:2,<41..;86&%6186;<;D%,.61..@%bW-:;2 ^Yc(%

:(J1.K( 4

],2,5612&86&5&%>&,I2,''%.,:2,<41..;86&%bW-:;2, ^2»

O&,I2,'',%

.,:2,<41..;86& ^

B&2&.,%I4,<.;I;%41:1865,%

>&,I2,''@%

.,:2,<41..;86&%:;%-2;<.G

$2;<1.?%A;5;<@9%

41:1865;<H%>+

-3 >+ -10 >+

1 8,9° 20,9° -30

2 7,8° 19,9° -31

3 8,2 20,8 -27,5

O4C% ;N1.5&% 5,7186<,% 2,A;6@% 5;44&',6;2.;I;% 861.>,% <% 6,A4&N1 d% :21>86,<41.@

0.,71.&C%;654;.1.&C%:,2,'162;<%>&,I2,''%.,:2,<41..;86&%&0'121..@9%<%>,4?.1D%0;.1%&%

<% 5;44&',6;21(% h,% ;:;2.@1% 0.,71.&C% <0C6@% 210-4?6,6@H% :;4-71..@1% :2&% &0'121.&&% <%

>,4?.1D%0;.1%6186;<@9%,.61..(
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:(J1.K( 5

M64&7&C%>&,I2,''%.,:2,<41..;86&%&0'121..@9 <%5;44&',6;21%;6%&0'121..@9 < >,4?.1D%

0;.1

#186;<,C%,.61..,

M64&7&1 _&2&.@ I4,<.;I;%

41:1865,%>&,I2,''@

.,:2,<41..;86& :;%-2;<.G

M64&7&C%<%-2;<.1%A;5;<@9%

41:1865;<H%>+

-3 >+ -10 >+

W-:;2 ^Q 7,8% 4,6% 4

W-:;2 ^2 5,1% 4,5% 3

F% 210-4?6,61% :2;<1>1..@9% &8841>;<,.&D% >;2,A;6,.% 5;.&7185&D% 2-:;2.@D%

;A4-7,614?% 0125,4?.;I;% 5;44&',6;2,(% /8841>;<,.;% 2,8:21>141.&1% ,':4&6->@%

.,:2C=1..;86&% 341562&7185;I;% :;4C <>;4?% ><-9% ;26;I;.,4?.@9 4&.&DH% 2,8:;4;=1..@9%

.,:2;6&<%N1.62, 0125,4,%5;44&',6;2,(%*58:12&'1.6,4?.;%-86,.;<41.;H%76;%>4C%,.61..%8%

2,0'12;'% 2,852@<,% .1% A;411% 7,9RH% 2,89;=>1.&1% _&2&.@% I4,<.;I;% 41:1865,% >&,I2,''%

.,:2,<41..;86&%&0'121..@9%,.61..%<%5;44&',6;21%&%<%>,4?.1D%0;.1%8;86,<4C16%.1%A;411%

7,8i(%/0'121..@1%0.,71.&C%-2;<.C%A;5;<@9%41:1865;<%2,89;>C68C .1%A;411%71' .,%`%>+.

C9.&*/$'.1(2,1D24

1. T2,>&. j(h(H%W@=5;< k(F(%/0'121.&C%:,2,'162;<%,.

2. 61..;-X&>12.@9%-862;D86<(%/0>(%Y-1H%>;:(%!(a%U<C0?H%QPVY(%ZdY 8(

2. F176;';< F(j(H%";4-AN;< !(k(H%!;=,2;< *(M(%h125,4?.@D%5;44&',6;2%'&44&'162;<;I;%

>&,:,0;.,% <;4.% // F186.&5% !"#$% &'( )(*( +,-',.,(% U12( bS2&A;2;862;1.&1cH% YeQY.

U( 303-312.

3. +,4,A-9,% )(S(H% h-A;<% j(U(H% U;4;8&.% F(U(% K;':,56.@1% :;4&I;.@% >4C% &0'121.&C%

9,2,5612&86&5%2,881&<,.&C%l%:;>(%;AE(%21>(%)(S( +,4,A-9&%ll%!(a%),-5,(%Y007. 266 8(

4. !;=,2;<% *(M(H% S,2E&5;<% j(j(H% ";4-AN;<% !(k(H% W-8;<% m(U(% K;44&',6;2% >4C%

&8841>;<,.&C% ',4;,:126-2.@9% ,.61..% K,->&,:,0;.,% ll% UA;2.&5% >;54,>;<% noppI

'1=>-.,2;>.;D% .,-7.;-619.&7185;D% 5;.X121.N&&% bW,>&;4;5,N&CH% .,<&I,N&CH% 8<C0?c(%

F;2;.1=H 2012(%#. 1. U( 1113-1118.

5. +,4,A-9, )(S(H% +,_,2&. j(j(% /8841>;<,.&1% 341562;',I.&6.@9% :;41D% <% 2,A;71D% 0;.1%

5;44&',6;2,% !jK-5 // q-2.,4% 2,>&;341562;.&5&H% ^ 5, 2009. 

URL. rsstalluvw(xtyzvw(v{(luvwl|}~ePl`lsw�s(rs|y%J>,6,%;A2,E1.&Ca%`(Qe(YeQYL(
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6. !16;>@% &0'121.&C% :,2,'162;<% &04-7,GE&9% 8&861'% <% A4&=.1D% 0;.1% l�(O( +,92,9 [&%

>2(�(%�(a%),-5,, 1985. 272 8(


