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1. -./7)&/%,"%.208/L/0&&09,7/7"%>3.

/0-12,.,34.,5% 678390&:&9..,5% ;&;67', 8<7=.,:.,>7., =35%.,?3@=7.&5%9?A72690% 0%

;-'7<2,1% &% .9>4@% 0% 8<9;6B1% &% ;39C.B1% '7679-;390&51D% 0% 69'% >&;37% 8<&% :,8B37.&&% &%

:,=B'37.&&(%!9C76% &;8934:90,64;5% 0% ;&;67',1% 91<,.BD% 0% ,<'&&D% 0% 8<,0991<,.&6734.9E%

=756734.9;6&(

F<&?9<% ;9;69&6% &:% =0-1% 986&29-G3726<9..B1% 2,.,390: -:298934.9H9% &%

I&<9298934.9H9(%J,C=BE%&:% 2,.,390% 0B893.7.% 96=734.9D% -;6,.9037.% 0% 7=&.9'% 29<8-;7%

;&;67'B% &% 023@>,76% 9?A726&0% &% ',6<&K-% L9698<&M'.&290D% -;6,.9037..-@% 0% 839;29;6&%

.,&3->I7H9% &:9?<,C7.&5. N?,% 9?A726&0,% - 3&.:90B7(% $:298934.BE% 2,.,3% – 2,.,3%

0B;929H9% <,:<7I7.&5D% 89G69'-% 9.% <,?96,76% 0% ?3&C.7E% OJ-9?3,;6&% P-Q% '2'(% /35%

890BI7.&5% >-0;60&6734.9;6& ',6<&KB L9698<&M'.&290D% 8<7=-;',6<&0,76;5% 7M%

913,C=7.&7. R&<9298934.BE%2,.,3%<,?96,76%0%=,34.7E 9?3,;6&%S-TT%'2'%OJ-=&,8,:9.,(%

N13,C=7.&7%',6<&KB%0%G69'%2,.,37%.7%8<9&:09=&6;5(

F<&.K&8&,34.,5% ;17',% =0-12,.,34.9E% 678390&:&9..9E% ;&;67'B% &:9?<,C7.,% .,%

<&;-.27(% U&;67',% ;9=7<C&6% -;6,.9037..B7% 0% 9?V7'% 29<8-;7% W.,% >7<67C7% .7% 892,:,.X%

2,.,3% -:29H9% 8935% :<7.&5% TD% 2,.,3%I&<929H9% 8935% :<7.&5% YD% 87<723@>,6734% 2,.,390% P% &%

'9.&69<% ZD% 2969<BE% '9C76% ?B64% 0B893.7.% 0% 0&=7% '&2<9=&;8375(% J,.,3% -:29H9% 8935%

:<7.&5% T% 023@>,76% 3&.:90BE% 9?A726&0% QD% 913,C=,7'97 678390&:&9..97 ',6<&>.97



!939=7C.BE%.,->.9-671.&>7;2&E%07;6.&2%[U\\-51038

L9698<&M'.97% -;6<9E;609%![F$ ]% &% ?392% 9?<,?962&% ;&H.,3,% \(% J,.,3%I&<929H9% 8935%

:<7.&5%Y%023@>,76%9?A726&0%SD%.7913,C=,7'97 678390&:&9..97 ![F$ ^%&%?392%9?<,?962&%

;&H.,3,%T_(  

 

`% 671.&>7;29'% :,=,.&&% =35% 2,.,390 :,=,.B <,?9>&7% ;8726<,34.B7 =&,8,:9.B,

96.9;&6734.B7 9607<;6&5 9?A726&090 D/f’, L92-;.B7% <,;;695.&5 9?A726&090% f’D% 6&8B

',6<&K.

J,.,3% -:29H9% 8935% :<7.&5a% =&,8,:9.% =3&.% 093.% – bc% d% PeQ%'2'D% 96.9;&6734.97%

9607<;6&7%– D/f’ = TaZD%L92-;.97%<,;;695.&7%– f’ d%PZ_%''D%',6<&K,%– 913,C=,7',5% InSb

IDCA (L&<', SCD) ;%8,<,'76<,'&a%L9<',6%– ]Z_1QTY 8&2;7390, I,H%– TQ%'2', <,:'7<B%-

^D]1\D]S%''(

J,.,3%I&<929H9%8935%:<7.&5: =&,8,:9.%=3&.%093.%– bc%d%SeTT '2'D 96.9;&6734.97%

9607<;6&7% – D/f’ = 1:1,YD% L92-;.97% <,;;695.&7% – f’ d% T\_% ''D% ',6<&K,% –

'&2<9?939'76<&>7;2,5%UL03191 (L&<', Ulis) ;%8,<,'76<,'&a%L9<',6%– 3841288 8&2;7390,

I,H%– 2Q%'2'D%<,:'7<B%– ^D]1\DY%''.

2. -I%&(), $)2F&07"%9 04&)+#M%&/E', +)7.0L&)8)&/E', /$%&"/*/()I// ()&)208 .0,

(+/"%+/N OM0&70&) /,C%0>%"+/5%7(/>,6)+)("%+/7"/()>,()&)208.

$;87I.97% <7I7.&7% :,=,>D% ;695V&1% 87<7=% 678390&:&9..9E ;&;67'9ED% 09% '.9H9'%

:,0&;&6% 96% 7M% 8<9;6<,.;607..9H9% &% 67'87<,6-<.9H9% <,:<7I7.&5(% F9;29342-% 8<9K7;;%

9?.,<-C7.&5% &% <,;89:.,0,.&5% 9?A726, :,0&;&6% 96% <5=,% ;3->,E.B1% L,269<90% &% 503576;5%

07<956.9;6.B'D% 69% .79?19=&'% 2<&67<&ED% 89:0935@V&E% ;% 98<7=737..9E% ;6787.4@%



http://sntbul.bmstu.ru/doc/548475.html

=9;6907<.9;6&%8<&.&',64%<7I7.&7 9%0B893.7.&&%:,=,>&%9?.,<-C7.&5%&3&%<,;89:.,0,.&5.

`%G69'%2,>7;607%I&<929%&;8934:-76;5%2<&67<&E%/C9.;9.,%[1].

J<&67<&E% /C9.;9.,% 8<7=;6,03576 ;9?9E% :,0&;&'9;64 '7C=-% >&;39'% <,:<7I,7'B1%

87<&9=90% G20&0,37.6.9E% '&<B N, -23,=B0,@V&1;5% .,% 2<&6&>7;29'% <,:'7<7%

.,?3@=,7'9H9% 9?A726,, &% 07<956.9;64@% <7I7.&5% :,=,>% .,?3@=7.&5. J<&6&>7;2&'%

.,:B0,76;5% <,:'7<D% 0=934% 2969<9H9% 07=M6;5% ,.,3&:% &:9?<,C7.&5% 9?A726,% =35% 0B5037.&5%

7H9% 1,<,267<.B1% 8<&:.,290( *20&0,37.6.9E% I6<&1909E% '&<9E% .,:B0,@6% '&<-%

8<5'9-H934.9E% L9<'BD% I&<&.,% 2969<9E% <,0.,% 2<&6&>7;29'- <,:'7<-% 9?A726,D% ,% =3&.,%

;996076;60-76%7H9%<,:'7<-%0%.,8<,037.&&D%87<87.=&2-35<.9'%2<&6&>7;29'-( N=&.%87<&9=%

G20&0,37.6.9E%'&<B%;9=7<C&6%=0,%I6<&1,%<,0.9E%693V&.B%– 6M'.BE%&%;0763BE(

F<9;6<,.;607..,5% >,;696,% ;&;67'B f 0% 839;29;6&% ![F$D% 9?7;87>&0,@V,5%

6<7?-7'97% =35% <7I7.&5% :,=,>&% 9?.,<-C7.&5% &3&% <,;89:.,0,.&5% >&;39% ND% '9C76% ?B64%

<,;;>&6,.,%89%L9<'-37 (1)D%8<&07=M..9E%0%[1]:

! =
" # $%P # &(+ , (1)

H=7%f, 3&./''%– 8<9;6<,.;607..,5%>,;696,%986&>7;29H9%2,.,3,D

N – >&;39%87<&9=90%G20&0,37.6.9E%'&<BD%-23,=B0,@V&1;5%.,%2<&6&>7;29'%<,:'7<7%

9?A726,D

lD%' – <,;;695.&7%'7C=-%9?A7269'%&%986&>7;29E%;&;67'9ED

f’D%'' – L92-;.97%<,;;695.&7%986&>7;29E%;&;67'BD

h2<D%'%– 2<&6&>7;2&E%<,:'7<%.,?3@=,7'9H9%9?A726,(

O:%L9<'-3B%WTX%'9C7'%0B<,:&64%&;29'-@%073&>&.-%– =,34.9;64%=9%9?A726,a

$ = ! # %'&()" . (2)

F<9;6<,.;607..,5%>,;696,%986&>7;29E%;&;67'B%98<7=73576;5%8,<,'76<,'&%8<&M'.9E%

',6<&KBa

! =
1

2* , (3)

H=7%)D%''%– <,:'7<%;0769>-0;60&6734.9H9%G37'7.6,%![F$.

g.,>7.&5% >&;3,% /C9.;9., ND% 1,<,267<&:-@V&7% <7I7.&7% :,=,> 9?.,<-C7.&5D%

<,;89:.,0,.&5D% &=7.6&L&2,K&& ;% 07<956.9;64@% 50%D% 89% =,..B'% [1] 8<&09=56;5% 0%

6,?3&K7 1.

<)42/I) 1

g.,>7.&5%>&;3,%/C9.;9.,
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D%Q)%>)E,L)$)5) N

N?.,<-C7.&7 1.00

h,;89:.,0,.&7 3.00 … 4.00

O=7.6&L&2,K&5 6.0

`B?7<7'% 0 2,>7;607% 9?A726, .,?3@=7.&5 >739072,% ;% <9;69'% TD\% '(% h9;6% >739072,%

503576;5%2<&6&>7;2&'%<,:'7<9' h2<.

O;8934:-5% =,..B7% 671.&>7;29H9% :,=,.&5D% L9<'-3-% WPX% &% 6,?3&K-% TD% 0B>&;3&'%

=,34.9;6&D% .,% 2969<B1% <7I,@6;5% :,=,>&% .,?3@=7.&5 ;% 07<956.9;64@% Q_i(% h7:-346,6B%

0B>&;37.&E%8<&07=7.B%0%6,?3&K7 2.

<)42/I) 2

h7:-346,6B%0B>&;37.&E =,34.9;6&

-."/5%7(/9,

()&)2

f’,

>>

R,

2/&/>>

O)2F&07"F,$0,04S%("),l, >

-4&)+#M%&/%
D)7.0L&)8)&/%

(N=3)
T$%&"/*/()I/E

R&<929H9%

8935D

bc%d%SeTT%

'2'

170 20 5780 1927 963

$:29H9%8935D

bc%d%PeQ%

'2'

340 33 19270 6422 3211

U9H3,;.9% <,;>M6-% 89% L9<'-3,'% WYXD% WPX% 8<&% 0B?<,..B1% 6&8,1% ',6<&K% &% 8<&%

0B?<,..9'%6&87%9?A726,%=,34.9;64%9?.,<-C7.&5%9?A726,%;%07<956.9;64@%Q_i%;9;6,03576%

=35%-:298934.9H9%2,.,3,%T^Y\_%'D%=35%I&<9298934.9H9%– Q\S_%'D%=,34.9;64%<,;89:.,0,.&5%

9?A726,% ;% 07<956.9;64@% Q_i% ;9;6,03576% =35% -:298934.9H9% 2,.,3,% ]ZYY% 'D% =35%

I&<9298934.9H9% – T^Y\% 'D% =,34.9;64% &=7.6&L&2,K&&% 9?A726,% ;% 07<956.9;64@% Q_i%

;9;6,03576%=35%-:298934.9H9%2,.,3,%PYTT%'D%=35%I&<9298934.9H9%– ^]P%'(

3. -I%&(), $)2F&07"%9 04&)+#M%&/E, +)7.0L&)8)&/E', /$%&"/*/()I// ()&)208 .0,

(+/"%+/N,OM0&70&) 7,#5U"0> 1&%+C%"/5%7(/6 6)+)("%+/7"/(,()&)208.

`%;6,647%[2] 98&;,., ;05:4%=,34.9;67E 9?.,<-C7.&5D%<,;89:.,0,.&5D%&=7.6&L&2,K&&

678390&:&9..9H9% 8<&?9<,% .7% 693429% ;% 2<&67<&7'% /C9.;9.,D% .9% &% ;% G.7<H76&>7;2&'&%

1,<,267<&;6&2,'&%;&;67'BD%,%6,2C7%;%20,3&L&2,K&7E%987<,69<,(%
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`9% '.9H&1% 8<,26&>7;2&1% ;3->,51% 8<&'7.&',% ;37=-@V,5% L9<'-3,% <,;>M6,%

=,34.9;67E%=9%9?A726,D%.,%2969<B1%<7I,76;5%:,=,>,%.,?3@=7.&5 [2]:

$ =
&()+,-./ 01 0,7

ln(11 2)
, (4)

H=7%j 9 - 892,:,6734%20,3&L&2,K&&%987<,69<,D%=35%987<,69<,%.70B;929H9 -<90.5%7H9%

'9C.9%8<&.564%<,0.B'%0,8;

! – 2<&67<&E /C9.;9.,D%0%.,I7'%>,;6.9'%;3->,7%7H9%:.,>7.&5%89%=,..B'%kYlD%'9C.9%

0:564%<,0.B'& :.,>7.&5' N =35%07<956.9;6& 50%, 8<&07=M..B'%0%6,?3. 1;

m% – :.,>7.&7% G37'7.6,<.9H9% 8935% :<7.&5% 678390&:&9..9H9% 8<&?9<,D% 2969<97%

98<7=73576;5%89%L9<'-37:

/ =
*%3 ; (5)

P – 07<956.9;64%<7I7.&5%89;6,037..9E%:,=,>&%.,?3@=7.&5n

x – 29GLL&K&7.6D% ->&6B0,@V&E% G.7<H76&>7;2&7% 1,<,267<&;6&2& ;&;67'BD%

8<&?3&CM..9%98<7=73576;5 L9<'-39E%W]Xa

- = min (0,75; 0,59 451 + 0,78 ln(6 0,37 )1 18, 

6 =  
9:;<=>9:  , (6)

H=7%b TRD% J – <,:.9;64% <,=&,K&9..B1% 67'87<,6-<% 9?A726,% &% L9.,D% =35% >739072,% 0%

2,>7;607%9?A726,%.,?3@=7.&5 &%6&8&>.B1%L9.90 9?B>.9%8<&.&',76;5%bTR = 5…10 JD

o) – 29GLL&K&7.6%8<98-;2,.&5%,6'9;L7<BD%8<&'7'%7H9%<,0.B'%_DQn

p% – >&;39% 0B?9<92% .,% G37'7.6D% 8<&% 8<&'7.7.&&% >76B<M189:&K&9..9H9%

'&2<9;2,.&<90,.&5%p%d%Yn

bTD%J%– <,:.9;64%67'87<,6-<%G20&0,37.6.,5%I-'-D%-2,:,.,%0%8,;89<67%![F$(

U9H3,;.9%8,;89<6.B'%1,<,267<&;6&2,'D%![F$%2,.,3,%-:29H9%8935%:<7.&5%&'776

bT = 0,02JD%,%![F$%2,.,3,%I&<929H9%8935%:<7.&5%bT = 0,1J(

O;8934:-5% 0% 2,>7;607% 9?A726,% .,?3@=7.&5% >73907>7;2-@% L&H-<-D% 0B>&;3&'% 89%

L9<'-3,'% WZX - (6X%=,34.9;6&D%.,%2969<B1%<7I,@6;5% :,=,>&%.,?3@=7.&5%;%07<956.9;64@

Q_iD%6(7( 8<&%P = 0,5. h7:-346,6B%0B>&;37.&E%8<&07=7.B%0%6,?3&K7 3.

<)42/I) 3

-."/5%7(/9,

()&)2

f’,

>>

O)2F&07"F,$0,04S%("),l, >

-4&)+#M%&/%

(C=1)

D)7.0L&)8)&/%

V!=3)

T$%&"/*/()I/E

V!WXY
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R&<929H9%

8935D

bc%d%SeTT%

'2'

170 6664 2221 1111

$:29H9%8935D

bc%d%PeQ%

'2'

340 23230 7745 3872

U9H3,;.9% <,;>M6-% 89% L9<'-3,'% WZX% - (6X% 8<&% 0B?<,..B1% 6&8,1% ',6<&K% &% 8<&%

0B?<,..9'%6&87%9?A726,%=,34.9;64%9?.,<-C7.&5%9?A726,%;%07<956.9;64@%Q_i%;9;6,03576%

=35%-:298934.9H9%2,.,3,%YPPY_%'D%=35%I&<9298934.9H9%–]]]Z%'D%=,34.9;64%<,;89:.,0,.&5%

9?A726,% ;% 07<956.9;64@% Q_i% ;9;6,03576% =35% -:298934.9H9% 2,.,3,% \\ZQ% 'D% =35%

I&<9298934.9H9% – YYYT% 'D% =,34.9;64% &=7.6&L&2,K&&% 9?A726,% ;% 07<956.9;64@% Q_i%

;9;6,03576%=35%-:298934.9H9%2,.,3,%PS\Y%'D%=35%I&<9298934.9H9%– TTTT%'

4. Z&)2/L,+%L#2F")"08,+)75U"),.0,$8#>,>%"0$)>.

O:%;<,0.7.&E%6,?3. Y%&%6,?3(%P%0&=.9D%>69%=,34.9;6& <,;89:.,0,.&5D%9?.,<-C7.&5%&%

&=7.6&L&2,K&&% ;% 07<956.9;64@ 50%D% <,;;>&6,..B7% 89% L9<'-37% WZX, 8<70BI,@6%

<,;;>&6,..B7% 89% L9<'-37% WYX% .,% TQi% =35% I&<9298934.9H9 2,.,3,% &% .,% Y_i% =35%

-:298934.9H9. O:07;6.9 [1]D% >69% 8<&'7.&'9;64% L9<'-3B% WTX% 89=607<C=7.,%

G2;87<&'7.6,34.B'&% 8<907<2,'&D% ,% ;37=90,6734.9% &% 893->7..,5% &:% .7M% L9<'-3,% WYX%

=93C.,%=,0,64%:.,>7.&5%=,34.9;67ED%?3&:2&7%2%<7,34.B'%=,34.9;65'%8<&?9<90. F9G69'-%

8<& 9K7.27% 09:'9C.9;67E% .,I7E% 678390&:&9..9E% ;&;67'B% ;37=-76 09;8934:90,64;5

'769=&29ED%98&;,..9E%0%8-.267%YD%2969<,5%;05:B0,76%=,34.9;6&%;%2<&67<&7'%/C9.;9.,%&%

H79'76<&>7;2&'&%1,<,267<&;6&2,'&%2,.,390(%`%G69'%;3->,7%'B%-?7<7CM';5%96%:,07=9'9H9%

:,0BI7.&5%2,>7;60%8<&?9<,(

!769=&2,D%98&;,..,5%0%8-.267%PD ;05:B0,@V,5%=,34.9;6&%;%2<&67<&7'%/C9.;9.,%&%

G.7<H76&>7;2&'&% 1,<,267<&;6&2,'&% 2,.,390D .7% =,M6% 9?A726&0.9E% 9K7.2&% =,34.9;67E%

<7I7.&5% :,=,>% .,?3@=7.&5% .,I7E% ;&;67'9E(% F9-0&=&'9'-% 9.,% ;9=7<C&6% ?934I97%

293&>7;609%8<&?3&C7.&E(%N=.,29%0%9?V7'%;3->,7%9.,%'9C76%8<&'7.564;5%=35%;<,0.7.&5%

',6<&K%;%<,:3&>.B'&%1,<,267<&;6&2,'&D%.,8<&'7<D%7;3&%29.2<76.BE%6&8%![F$%.7%:,=,.%

671.&>7;2&'%:,=,.&7'(

F<&%0B?<,..B1%6&8,1%',6<&K &%8<&%0B?9<7%0%2,>7;607%9?A726,%.,?3@=7.&5%>739072,

=,34.9;64%9?.,<-C7.&5%9?A726, ;%07<956.9;64@%Q_i%;9;6,03576%=35%-:298934.9H9%2,.,3,%

T^Y\_%'D%=35%I&<9298934.9H9%– Q\S_%'D%=,34.9;64%<,;89:.,0,.&5%9?A726,%;%07<956.9;64@%

Q_i%;9;6,03576%=35%-:298934.9H9%2,.,3,%]ZYY%'D%=35%I&<9298934.9H9%– T^Y\%'D%=,34.9;64%
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