
http://sntbul.bmstu.ru/doc/585954.html

!"#$%%&'())

*+,-.-/01$2$+3435-$,6/076.0/83$69:-;762$<-=-+/646.6</6>$

0/?.3@7.A;7A.BC$,-764B$0/7-==-;7A3=0+3D00

!"# $%&%, !"#$%&"

'()%$*(+,-./012"%*&3%+!4!"%/3+(5"./("46(744+0*.465.$!"5(89

:.!!4;9+<=>==>9+?@+A.!'5(9+ABCD+4/@+E@F@+G(#/(&(

E(#H&3I+*#'.5.$4"%J1K+C(*(!.5 L@G@, '."@&@, $.7%&"

:.!!4;9+<=>==>9+?@+A.!'5(9+ABCD+4/@+E@F@+G(#/(&(

gss@bmstu.ru

E2-4-/0-

!"#$%& '())*+& ,(-*./& 01#0".20& *342()4"& 5('(64& 7*)4.*,4)8(& *-9":.*1&&

;"#"5)*'*,*;)*+& *.,(2#4<& ()(#45& 3,*-#"7& )"*3,"'"#"))*2.4& 1& 457",")44& 3(,(7".,*1&

3*'*-)/=&*-9":.*1<&3*2.,*")4"&*).*#*844&457",")4+&4&&,(227*.,")4"&)(&""&*2)*1"&)*1/=&

:*)>"3>4+&4&."=)*#*84+&457",")4+?

1. F34350$,6/076.0/83$69:-;762$<-=-+/646.6</6>$67.3@=0

@"#"5)*'*,*;)/+&:*73#":2&47"".&*2*-*" 2.,(."846"2:*"&5)(6")4"&'#0&A*2244?&B)&

01#0".20& 2105C%D47& 51")*7& "'4)*+& E:*)*746"2:*+& 242."7/<& *-"23"641(".& 2.(-4#$)C%&

'"0."#$)*2.$& 3,*7/F#"))/=& 3,"'3,40.4+<& 21*"1,"7"))/+& 3*'1*5& ;45)"))*& 1(;)/=&

8,C5*1& 1& 2(7/"& *.'(#"))/"& C8*#:4& 2.,()/<& (& .(:;"& 01#0".20& 2(7/7& '*2.C3)/7&

.,()23*,.*7&'#0&74##4*)*1&8,(;'()?

G(& 2"8*')0F)4+& '")$& )(& 2".4& ;"#"5)/=& '*,*8& E:23#C(.4,C".20& *:*#*& HIJJJ&

42:C22.1"))/=& 2**,C;")4+<& 5)(64."#$)*"& :*#46"2.1*& :*.*,/=& 3,*2#C;4#*& -*#""&

100 #". KLM?& N2:C22.1"))/"& 2**,C;")40& 3,"')(5)(6")/& '#0& 3","2"6")40& ;"#"5)*+&

'*,*8*+& 1*')/=& 3,"8,('<& ',C84=& ;"#"5)/=& '*,*8& 4& (1.*7(842.,(#"+<& 8#C-*:4=& CD"#4+<&

8*,)/=&=,"-.*1<&5(2.,*"))/=&8*,*'2:4=&.",,4.*,4+<&(&.(:;"&'#0&*-"23"6")40&-"5*3(2)*8*&

3","=*'(&#%'"+&6","5&3C.4&4&C2.*+641*2.4&5"7#0)*8*&3*#*.)(&1&2#*;)/=&C2#*140=?

B')(:*<&*-D""&2*2.*0)4"&*-9":.*1&;"#"5)*'*,*;)*+&4)O,(2.,C:.C,/&P:&:*.*,/7&

*.)*20.20& ;"#"5)*'*,*;)/"& 7*2./<& .C))"#4& 4& *3*#5)"1/"& :*2*8*,/Q )"& 12"8'(&

C'*1#".1*,0".& )*,7(7& -"5*3(2)*2.4?&R:23#C(.4,C".20& -*#$F*"& :*#46"2.1*& 2**,C;")4+<&

426",3(1F4=& 21*+& )*,7(.41)/+& ,"2C,2? S#0& *-"23"6")40& 8(,().4,*1())*8*& C,*1)0&
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-"5*3(2)*2.4& 4& C3,(1#")40& ,42:(74& 1*5)4:)*1")40& )"8(.41)/=& 3,4,*')*-."=)*8"))/=&

24.C(>4+& 2#"'C".& 2O*:C24,*1(.$& 1)47()4"& )(& 2*5'()44& 242."7& 7*)4.*,4)8(& 3,4,*')*-

."=)46"2:4=&*-9":.*1?

B2)*1)/"& 5('(64 7*)4.*,4)8(& 3,41"'")/& 1& 14'"&OC):>4*)(#$)*+& '4(8,(77/& )(&

,42?&L?&B2.()*14720&3*',*-)""&)(&2*1,"7"))/=&14'(=<&7".*'(=&4&."=)*#*840=&457",")4+&

3(,(7".,*1&3,*>"22*1&)(&*-9":.(=&;"#"5)*'*,*;)*+&4)O,(2.,C:.C,/?

A42?&L?&X('(64&7*)4.*,4)8(&3,4,*')*-."=)46"2:4=&*-9":.*1&;"#"5)*'*,*;)*+&*.,(2#4

2. *+,-.1-,B-$@26>@723$0$/62B-$;6/D-GD00$0+,-.-/0>$

Y&3*2#"')4"&8*'/&3*014#42$&4&(:.41)*&,(5141(%.20&)*1/"&:*)>"3>44&457",")4+Z&

(1.*)*7)/"<& 4)."##":.C(#$)/"<& 708:4"<& :*8)4.41)/"& 457",")40& [2,3]. R.4& :*)>"3>44&

2105()/& 2& 3*01#")4"7& 5)(64."#$)*8*& 642#(& )*1/=& 457",4."#$)/=& 5('(6<& :*.*,/"&

=(,(:.",45C%.20& 1/2*:*+& 2."3")$%& 2#*;)*2.4& 4& )"*3,"'"#"))*2.4& 12"=& :*73*)").*1&

457",4."#$)*8*&3,*>"22(Z&)"3*#)*.*+&4&)".*6)*2.$%&E:23",47").(#$)*+&4)O*,7(>44&*-&

*-9":."& 4& C2#*140=& 457",")40<& 2#*;)*2.$%& 4& '4)(746)*2.$%& 2.,C:.C,& *-9":.*1&

457",")40<& 3*1/F"))/74& .,"-*1()4074& :& 2:*,*2.4& 4& EOO":.41)*2.4& 457",")4+?&

V*8#(2)*&2.()'(,.(7&ISO<&#%-*"&457",")4"&47"".&'1(&:*73*)").(Z&457","))*"&5)(6")4"&4&

"8*& 3*8,"F)*2.$?& Y& 6(2.)*2.4<& 708:4"& 457",")40& )(& *2)*1"& -(+"2*12:*8*& 3*'=*'(&
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423*#$5C%.& 1",*0.)*2.)/"& 7*'"#4<& -(+"2*12:4+& :,4.",4+& ,"F")40& 4& )"6".:4"&

3","7"))/"<& (& :*8)4.41)/"& 457",")40& 3,"'3*#(8(%.& 451#"6")4"& 4& 423*#$5*1()4"&

7".,*#*846"2:4=&5)()4+&KIM?&Y&)(2.*0D"+&,(-*."&,(5141(".20&7".*'4:(&4)."##":.C(#$)/=&

457",")4+& 1& ,C2#"& "'4)2.1(& 457",")4+& 4& 3,(87(.46"2:4=& *>")*:?& Y& ""& *2)*1"& #";4.&

'1C=C,*1)"1(0&(,=4.":.C,(&457",")4+<&8'"&)(&3",1*7&C,*1)"&3,"'2.(1#")&)(-*,&'(.64:*1&

'#0& 3,*1"'")40& :*#46"2.1"))/=& 457",")4+<& (& )(& 1.*,*7& C,*1)"& *2CD"2.1#0".20&

*.*-,(;")4"& ,"5C#$.(.*1& E.4=& 457",")4+& 1& 3,(87(.46"2:C%& F:(#C& #4)8142.46"2:4=&

5)(6")4+&.43(&[)*,7(\<&[3,"'*.:(5\<&[6(2.46)/+&*.:(5\<&[3*#)/+&*.:(5\&4&3,?

],"'1(,4."#$)*& ,(227*.,47& .43/& 457",0"7/=& 21*+2.1& 4& 3*2.,*47 *).*#*84%

457",")4+& 1& 14'"& :*8)4.41)*+& :(,./ P27?& ,42?& ^Q?& Y >"#*7<& 12"& 457",0"7/"& 21*+2.1(&

7*;)*&C2#*1)*&,(5'"#4.$&)( 4 :#(22( [4].

1. _(6"2.1"))*"& 21*+2.1*& *342/1(".20& 7)*;"2.1*7& "8*& 3,*01#")4+<& )"&

*-#('(%D4=& :*#46"2.1"))/7& 3,45)(:*7<& .?"?& '1(& #%-/=& E#"7").(& 7*8C.& )(=*'4.$20& 1&

#*846"2:*7&2**.)*F")44&E:141(#").)*2.4&4#4&*.#4640?

2. _*#46"2.1"))*"& 21*+2.1*<& 1& *.#464"& *.& :(6"2.1"))*8* 21*+2.1(,

*342/1(".20&47"))*&7)*;"2.1*7&"8*&:*#46"2.1"))/=&3,*01#")4+?

3. ],*2.,()2.1"))*-1,"7"))/"&21*+2.1(&1/'"#0%.20&1&*.'"#$)/+&:#(22&45-5(&

*2*-*8*<&OC)'(7").(#$)*8*&=(,(:.",(&3,*2.,()2.1(&4&1,"7")4?

4. _*7-4)4,*1())/"& 21*+2.1(& – E.*& :(6"2.1(& 4#4& 3,45)(:4<& *342/1("7/"&

2*1*:C3)*2.074&,(5#46)/=&21*+2.1?

S#0& ()(#45(& 2*2.*0)40& *-9":.*1& ;"#"5)*'*,*;)*+& 4)O,(2.,C:.C,/& .,"-C".20& )"&

.*#$:*& 457",")4"& :*#46"2.1"))/=& 21*+2.1 P1"#464)Q<& )*& 4& 4=& *3",(.41)(0&

(1.*7(.454,*1())(0& 4).",3,".(>40?& A(227*.,47& 1(,4().& "8*& *2CD"2.1#")40& 1& ,(7:(=&

."=)*#*844&2")2*,)/=&2"."+?
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3. H-/@6./B-$@-70

V")2*,)(0& 2".$& – E.*& ,(23,"'"#`))(0<& 2(7**,8()45C%D(020& 2".$& 7)*;"2.1(&

'(.64:*1& – 2")2*,*1& – 4& 423*#)4."#$)/=& C2.,*+2.1<& *-9"'4)"))/=& 7";'C& 2*-*+&

3*2,"'2.1*7&,('4*:()(#(&P-"23,*1*')(0Q&4#4&2 3*7*D$%&3,*1*'*1&P:(-"#$)(0Q&Ka].

S(.64:<& 2")2*,& P*.& ()8#?& bcdbefQ& - .",74)& 242."7& C3,(1#")40<& 3",146)/+&

3,"*-,(5*1(."#$<& E#"7").& 457",4."#$)*8*<& 248)(#$)*8*<& ,"8C#4,C%D"8*& 4#4&

C3,(1#0%D"8*& C2.,*+2.1(& 242."7/<& 3,"*-,(5C%D4+& :*).,*#4,C"7C%& 1"#464)C& 1&

C'*-)/+& '#0& 423*#$5*1()40& 248)(#?& Y& )":*.*,*+& #4.",(.C,"& 12.,"6(".20& *3,"'"#")4"&

'(.64:(<&4#4&2")2*,(<&:(:&3,"*-,(5*1(."#0&248)(#*1&,(5#46)*+&E)",8".46"2:*+&3,4,*'/&1&

E#":.,46"2:4". _*)"6)*<& E)",8".46"2:(0& =(,(:.",42.4:(& 3",146)*8*& 248)(#(& 7*;".&

'*2.(.*6)*& C)41",2(#$)*& *342(.$& 21*+2.1(& 2,"'/<& )*& 4)*8'(& E.C& E)",8".4:C& 1"2$7(&

2#*;)*&3,*014.$&1&3,(:.46"2:*+&,"(#45(>44&2")2*,)*8*&C2.,*+2.1( [6].

g(,(:.",)*+&*2*-"))*2.$%&2")2*,)/=&2"."+&01#0".20&.*<&6.*&1 2".4&2")2*,/&7*8C.&

3*'2.,(=*1/1(.$& ',C8& ',C8(<& ,(-*.*23*2*-)/"& C5#/&7*8C.& 150.$&)(& 2"-0& 5('(64& 2& C5#*1<&&

)(& :*.*,/=& 3,*45*F"#& 2-*+?& B6"14')*<& 6.*& ,(23,"'"#"))(0& 1/642#4."#$)(0& 2.,C:.C,(&

2".4& -*#""& C2.*+641(& 3*& *.)*F")4%& :& 2-*07<& 6"7& *.'"#$)*& 150./"& C2.,*+2.1(?& _,*7"&
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.*8*<& 1*57*;)*2.4& *')*8*& 45*#4,*1())*8*& C2.,*+2.1(& )('";)*& 3,"'*2.(1#0.$& .*6)C%&

4)O*,7(>4%& *& 21*"7& *:,C;")44& 24#$)*& *8,()46")/<& .(:& :(:& 1)"F)00& 2,"'(& )"& *6")$&

=*,*F*& *3,"'"#")(& 4<& :(:& 3,(14#*<& )"*')*,*')(<& .*& "2.$& .,"-C".& 457",")40&

,(5)**-,(5)/=&21*+2.1&4&1"#464)&,(5#46)*+&3,4,*'/?

A(227(.,41(0&*2)*1)/"&*2*-"))*2.4&-"23,*1*')/=&2")2*,)/=&2"."+&7*)4.*,4)8(<&

*6"14')*<& 6.*& )(4-*#""& 1(;)/74& 5('(6(74& 1& *,8()45(>44& 4=& ,(-*./& 01#0%.20&

*-"23"6")4"& 34.()40& 4& *3.4745(>40& E)",8*5(.,(.?& h"23,*1*')/"& C5#/& 7*8C.& 34.(.$20&

#4F$& *.& (1.*)*7)/=& 42.*6)4:*1& E)",844<& 5(3(2/& :*.*,/=& 6(2.*& *8,()46")/& "7:*2.$%&

34.(%D4=& -(.(,"+?& S#0& C1"#46")40& 2,*:(& (1.*)*7)*+& ,(-*./& C2.,*+2.1& )"*-=*'47*&

423*#$5*1(.$& 42.*6)4:4& (#$.",)(.41)*+& E)",844Z& 2*#)"6)/"& 7*'C#4<& 3,"*-,(5*1(."#4&

7"=()46"2:*+&E)",844<&3$"5*E#":.,46"2:4"<&"7:*2.)/"<&4)'C:.41)/"&8")",(.*,/&4&.?'?&KW]

B-"&:*)>"3>44<&-"23,*1*')(0&4&:(-"#$)(0<&423*#$5C%.&*'4)(:*1/"&.43/ '(.64:*1&

'#0&)(-#%'")40&5(&3(,(7".,(74&*-9":.*1&7*)4.*,4)8(?&S#0&42:C22.1"))*8*&2**,C;")40&

7*2.<& :&3,47",C<&'*2.(.*6)*&423*#$5*1()4"&I-i&.43*1&'(.64:*1&1&*')*7&C5#"& 2")2*,)*+&

2".4Z& .")5*7".,46"2:4+& '(.64:& '#0& 457",")40& ,(5#46)/=& '"O*,7(>4+& :*)2.,C:>44<&

7(8)4.)/"& '(.64:4& '#0& *3,"'"#")40& =(,(:.",42.4:& 7(8)4.)*8*& 3*#0<& & ()"7*7".,/& '#0&

*3,"'"#")40&2:*,*2.4&1*5'CF)/=&3*.*:*1?

Y& 2#"'C%D"7& ,(5'"#"& 3*',*-)*& ,(227*.,")* *')*& 45& )(4-*#""& 1(;)/=&

457",4."#$)/=&C2.,*+2.1&'#0&*3,"'"#")40&2*2.*0)40&7*2.*1&– ()"7*7".,?

4. I/-,6,-7.

$'(#)#(*+ P*.& 8,"6? anemos – 1".", 4 metreo – 457",")4"Q& – 457",4."#$)/+&

3,4-*,<& 3,"')(5)(6"))/+& '#0& *3,"'"#")40& 2:*,*2.4& 1".,(<& (& .(:;"& '#0& 457",")40&

2:*,*2.4&)(3,(1#"))/=&1*5'CF)/=&4&8(5*1/=&3*.*:*1?

R.*.&3,4-*,&2*2.*4.&45&'1C=&*2)*1)/=&-#*:*1&- )(-*,(&#*3(2."+<&,(23*#*;"))/=&

)(&"8*&1",=CF:"<&4&2*"'4)"))*8*&2&)474&457",4."#$)*8*&7"=()457(?

j)"7*7".,<&:(:&457",4."#$)/+&3,4-*,<&2*2.*4.&45&.,"=&*2)*1)/=&6(2."+Z

! 3,4"7)*"& C2.,*+2.1*& P6C12.14."#$)/+& E#"7").& ()"7*7".,(<& 3",146)/+&

3,"*-,(5*1(."#$&()"7*7".,(Qk

! 1.*,46)/+& 3,"*-,(5*1(."#$& P7"=()46"2:4+<& 3)"17(.46"2:4+& 4#4&

E#":.,*))/+&-#*:&()"7*7".,(Qk

! *.26".)*"& C2.,*+2.1*& PC:(5(."#$& 2.,"#:4<& F:(#(<& 4)'4:(.*,<& '423#"+&

()"7*7".,(Q?
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_*)2.,C:>40 '(.64:(&2:*,*2.4&1".,( 6(F"6)*8*&()"7*7".,(<&:*.*,/+&1:#%6(".&1&

2"-0& .,4& 3*#/=& (#%74)4"1/=& 3*#CF(,40<& (& .(:;"& E1*#%>40& 6(F"6)*8*& ()"7*7".,(&

3,41"'")/&)(&,42C):(=&I&4&i?

A42?&I?&S(.64:&2:*,*2.4&1".,(Z&L&– 3,"*-,(5*1(."#$k&^&– ,(59"7k&I&– :,/#$6(.:(k&i&– 8(+:(-

:*#3(6*:k&a&– C3#*.)4."#$)(0&F(+-(k&l&– .,C-(k&W&– 14).&:,"3#")40k&H&– 2.*3*,)/+&14).

A42?&i?&R1*#%>40&6(F"6)/=&()"7*7".,*1
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],4& 1/-*,"& ()"7*7".,(& )"*-=*'47*& C64./1(.$& 7)*;"2.1*& O(:.*,*1<& .(:4=& :(:&

'4(3(5*)& 457",")4+& ()"7*7".,(<& 3*8,"F)*2.$& 457",")40& 2:*,*2.4& 1*5'CF)*8*& 3*.*:(<&

'4(3(5*)& ,(-*64=& ."73",(.C,<& 2."3")$& 5(D4./& ()"7*7".,(& *.& 1*5'"+2.140& (8,"2241)/=&

O(:.*,*1& *:,C;(%D"+& 2,"'/<& C,*1")$& 15,/1*5(D4./<& 1#(8*5(D4D"))*2.$& 4&

1*'*)"3,*)4>("7*2.$& ()"7*7".,(<& 8(-(,4.)/"& ,(57",/<& :(:& 2(7*8*& 3,4-*,(<& .(:& 4&

6C12.14."#$)*8*&E#"7").(&()"7*7".,(&4 .?'?

V#*;)*2.$& 3,*":.4,*1()40& ,(5#46)/=& '(.64:*1& *-C2#*1#")(& 7)*;"2.1*7&

3(,(7".,*1<& :*.*,/"& '(.64:& '*#;")& 457",4.$. Y& 2#C6("& 2& ."7& ;" ()"7*7".,*7, :,*7"&

*3,"'"#")40& 2:*,*2.4& 1*5'C=(& 4)*8'(& .,"-C".20& 457",4.$ ."73",(.C,C *:,C;(%D"+&

2,"'/<& )(3,(1#")4"& 1*5'CF)*8*& 3*.*:(<& *.)*24."#$)C%& 4& (-2*#%.)C%& 1#(;)*2.$<&

*21"D"))*2.$<& 2*'",;()4"& 1,"')/=& 3,47"2"+& 4& )":*.*,/"& ',C84"& 3(,(7".,/? S,C8*+&

C2#*;)0%D4+&O(:.*,&– 7)*;"2.1*& .43*1& 1/=*')/=& 248)(#*1& 2")2*,*1?& _,*7"& .*8*<& )(&

;"#"5)*+& '*,*8"& 2CD"2.1C".& )"*-=*'47*2.$& 3",146)*8*& ()(#45(& '())/=<& (& 47"))*<&

*>"):(&457","))/=&5)(6")4+&4&1&)":*.*,/=&2#C6(0=<&1/-*,&C3,(1#0%D4=&,"F")4+?

Y& 21054& 2& E.47<& 1& ,(5#46)/=& *.,(2#0=& 3,*7/F#"))*2.4<& )(& 3,*451*'2.1"& 4& )(&

.,()23*,."&.,"-C".20&3","=*'&*.&:#(2246"2:4=&'(.64:*1&:&4)."##":.C(#$)/7.

5. */7-==-;7A3=J/B>$43750;
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