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",/012324,5&6,78&2% 9:,.;&&% ',<&9:3,=>.?@ <,/013060A06% B099&&% &910=>/-7:%

<,/0:-3C&..?2% A6&<,:2=& A=D% 13&60A,% .,<.2:,:2=2E% 13&30A.0<0% <,/,(% F?@=01.?2% <,/?%

A6&<,:2=2E &'27:% :2'123,:-3-% GHH-570 °CI% .2/.,5&:2=>.,D 5,9:>% J:0E% :21=0:?%

&910=>/-2:9D% A=D% 0C0<326,% J=2'2.:06 <,/012324,5&6,782<0% ,<32<,:,% &% 6%

130:&600C=2A2.&:2=>.0E%9&9:2'2I%09:,=>.02 6?C3,9?6,2:9D%6%,:'09K23-(

L-829:6-7: 3,/=&5.?2% 91090C? -:&=&/,;&&% :21=0:? 6?@=01.?@ <,/06%

<,/0:-3C&..?@%A6&<,:2=2E A=D%6?3,C0:4&%J=24:30J.23<&&: 6%1,30:-3C&..?@%-9:,.064,@ 9%

40:=0'%-:&=&/,:030', 6%-9:,.064,@ 9%&910=>/06,.&2'%03<,.&52940<0%;&4=,%B2.4&., & :(A(%

M=>:23.,:&6.?'% 32N2.&2'% '0O2:% C?:>% &910=>/06,.&2% -:&=&/,;&0..0E% <,/0:-3C&..0E%

-9:,.064&%0:43?:0<0%;&4=,(

F/(;+4(.$;3.>1$<'()(*+,(0440G$$<;'+4027($($/0;'+4027+$*+H+8(

P3&.;&1&,=>.,D%9@2',%-:&=&/,;&0..0E%<,/0:-3C&..0E%-9:,.064&%0:43?:0<0%;&4=,%

132A9:,6=2.,%.,%3&9( 1.
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B&9( 1. P3&.;&1&,=>.,D%9@2',%-:&=&/,;&0..0E%<,/0:-3C&..0E%-9:,.064&%0:43?:0<0%;&4=,S

1–9&=06,D%:-3C&.,%C,/060<0%<,/0:-3C&..0<0%A6&<,:2=D; 2–.,<.2:,:2=>%13&30A.0<0%<,/,T%U–

40'1329903;4–324-123,:&6.?E%:21=00C'2..&4T%V–4,'23,%9<03,.&D%W22%'0O2:%&%.2%C?:>XT%

6–:-3C&.,; 7–<2.23,:03

$9:,.064,% 3,C0:,2:% 9=2A-78&'% 0C3,/0'S% 40'1329903 3 -:&=&/,;&0..0E

<,/0:-3C&..0E%-9:,.064& 9O&',2:%60/A-@, &%10A,2: 2<0%6%324-123,:&6.?E%:21=00C'2..&4I%

6%40:030' 0. .,<326,2:9D%:21=0'%6?@=01.?@%<,/06%C,/060<0%<,/0:-3C&..0<0%A6&<,:2=D W.,%

9@2'2% &/0C3,O2.,% 5,9:>% C,/060<0% <,/0:-3C&..0<0% A6&<,:2=DS% 9&=06,D% :-3C&., 1, 

13&60AD8,D%.,<.2:,:2=>%13&30A.0<0%<,/,%YX. Z,=22%10A0<32:?E%60/A-@%109:-1,2:%6%4,'23-%

9<03,.&D%VI%40:03,D '0O2:%0:9-:9:606,:>. [,'23, 9<03,.&D%13&'2.D2:9D%A=D%-62=&52.&D, 6%

9=-5,2% .20C@0A&'09:&, '08.09:&% .,% 4=2'',@% <2.23,:03,% &% 3,9N&32.&D% 60/'0O.09:&%

32<-=&306,.&D%'08.09:& -:&=&/,;&0..0E%-9:,.064&( P09=2%4,'23?%9<03,.&D%<03D5&E%<,/%

W&=&% 60/A-@I% 29=&% 4,'23, 9<03,.&D% V 0:9-:9:6-2:X% 3,9N&3D2:9D% 6% :-3C&.2% \I% 40:03,D%

13&60A&:%40'1329903%U%&%J=24:30<2.23,:03 RI%&%6?C3,9?6,2:9D%6%043-O,78-7%932A-.

#23'0A&.,'&5294&E% ;&4=% W;&4=% +3,E:0.,X% -:&=&/,;&0..0E% <,/0:-3C&..0E%

-9:,.064&%6%4003A&.,:,@%T–S 132A9:,6=2.%.,%3&9( 2.
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B&9( 2.#23'0A&.,'&5294&E%;&4=%-:&=&/,;&0..0E%<,/0:-3C&..0E%-9:,.064&%

0:43?:0<0%;&4=,S 1-2 – 130;299%9O,:&D%60/A-@,%6%40'13299032T%Y-3 – 130;299%.,<326,%

60/A-@,%6%324-123,:&6.0'%:21=00C'2..&42 (Q3%– 10A62A2..,D%6%130;2992%:21=0:,X; 3-

6 – 130;299%3,9N&32.&D%60/A-@,%6%:-3C&.2I%29=&%4,'23,%9<03,.&D%0:9-:9:6-2:T%\-1 –

130;299%0:60A,%:21=0:?%6%043-O,78-7%932A- (Q,:'(– :21=0:,I%6?C30N2..,D%6%

,:'09K23-%9%6?@=01.?'&%<,/,'&X; 3-4 – 130;299%<032.&D%6%4,'232%9<03,.&D (Q:=(-:(–

:21=0:,I%10A62A2..,D%4%3,C052'-%:2=-%6%4,'232%9<03,.&DX; 4-5 – 130;299%3,9N&32.&D%

130A-4:06%9<03,.&D%6%:-3C&.2T%V-1 – 130;299%0:60A,%:21=0:?%6%043-O,78-7%932A-

+,/06?E% <,/0:-3C&..?E% A6&<,:2=>% 6'29:2% 9% -:&=&/,;&0..0E% -9:,.0640E% C-A2'%

.,/?6,:>%<,/0-<,/060E%40'C&.&306,..0E%-9:,.0640E(

B,952:%13062A2'%10%'2:0A&42I%&/=0O2..0E%6%[1].

P3&% 3,952:2 =01,:05.?E% [PZ% :-3C&.?% 13&.D:% 3,6.?' 93 %, 10=&:301&5294&E%

[PZ%40'1329903,%]^ %, '2@,.&5294&E%[PZ%13&%0:.292.&&%10:23>%4%'08.09:&%:-3C&.?%

99%, -:254&%5232/%-1=0:.2.&D%HI5 _(%B,9@0A 60/A-@,%.,%0@=,OA2.&2%:-3C&.?%0:9-:9:6-2:%

(:-3C&.,%6?10=.D2:9D%.20@=,OA,2'0E) &/-/,%.&/40E%%:2'123,:-3?%3,C052<0%:2=,. L:212.>%

324-123,;&&%6%:21=00C'2..&42%13&.&',2'%3,6.0E%HI8T%40JKK&;&2.:%90@3,.2.&D%10=.0<0%
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A,6=2.&D%10%@0=0A.0E%9:030.2%:21=00C'2..&4,%– 0,97. [PZ%<2.23,:03,%– 98,5 %. #01=&60%

A=D%C,/060<0%A6&<,:2=D%&%-:&=&/,;&0..0E -9:,.064& – 13&30A.?E%<,/(

Z=D% ,.,=&/,% JKK24:&6.09:&% -:&=&/,;&0..?@% -9:,.0604 6% 4,529:62% C,/06?@

<,/0:-3C&..?@% A6&<,:2=2E C?=&% 6/D:?%)[-36L#I% "#$-`\P, "#Z-\IUB!I% @,3,4:23&9:&4&%

40:03?@% 13&62A2.?% 6% :,C=&;2 1(Ne – '08.09:>% A6&<,:2=DI% [PZ% A6&<,:2=DI% 

– 9:212.>% 106?N2.&D% A,6=2.&D% 6% A6&<,:2=2I% G<% – 3,9@0A% 60/A-@,% .,% 6@0A2% 6%

40'1329903I%#<%– :2'123,:-3,%<,/,I%#:%– :2'123,:-3,%<,/,%/,%9&=060E%:-3C&.0E).

:(/F03(2K

a,3,4:23&9:&4&%C,/06?@%<,/0:-3C&..?@%A6&<,:2=2E

Z6&<,:2=> Ne, !F: ,% G6I%4<b9 #<b#:I%[

)[U\-L# 25 36 23,1 101,3 1454/730

"#$-`\P 16,47 37 19,61 57,2 1416/739

"#Z-\IUB! 6,46 32,58 11,28 21,73 1454/834

I4+)(*$/0)<8.4413$6.*<)J'+'02

P3062A2.% ,.,=&/% 9% :054&% /32.&D% 10=-52.&D% ',49&',=>.0<0% [PZ (.,EA2.?%

01:&',=>.?2% 9:212.&% 106?N2.&D% A,6=2.&D% 6% 40'13299032). P3&% 0:9-:9:6&&% 4,'23?%

9<03,.&DI% 01:&'-'% 10% [PZ% 9061,A,2:% 9% 01:&'-'0'% 10% '08.09:&% -9:,.064&(% P3&'23%

32/-=>:,:06% 3,952:,% ;&4=,% -:&=&/,;&0..0E% <,/0:-3C&..0E% -9:,.064&% 9% C,/06?'%

A6&<,:2=2'%)[U\-L#%13&62A2.%6%:,C=&;2%Y(

:(/F03(2L

B2/-=>:,:?%3,952:,%;&4=,%-:&=&/,;&0..0E%<,/0:-3C&..0E%-9:,.064&%WC,/06?E%

A6&<,:2=>%)[U\-L#X%C2/ 4,'23?%9<03,.&D%&%13&%01:&',=>.0E%9:212.& 106?N2.&D%

A,6=2.&D%6%40'13299032

P,3,'2:3 B,/'23.09:> c.,52.&2

L:212.>%106?N2.&D%A,6=2.&D%6%40'13299032 - 3

#2'123,:-3,%/,%40'13299030' [ 409,6

$A2=>.,D%3,C0:,%40'1329903, 4ZOb4< 122,5

B,9@0A%<,/,%5232/%40'1329903 4<b9 114,8



http://sntbul.bmstu.ru/doc/544220.html

#21=0:,I%10A60A&',D%4%3,C052'-%:2=-%6%

:21=00C'2..&42

!ZO 29,31

#2'123,:-3,%60/A-@,%109=2%:21=00C'2..&4, [ 666

$A2=>.,D%3,C0:,%:-3C&.? 4ZOb4< 162

#2'123,:-3,%<,/,%109=2%:-3C&.? [ 511,5

!08.09:>%-:&=&/,;&0..0E%-9:,.064& !F: 4,4

L-'',3.,D%'08.09:> <,/0-<,/060E%

40'C&.&306,..0E%-9:,.064&

!F: 29,4

[PZ%40'C&.&306,..0E%-9:,.064& % 42,3

[,4%6&A.0%&/%:,C=&;?%YI%A010=.&:2=>.0 6?3,C,:?6,2:9D%.,%6,=-%:-3C&.? GIG%!F:%

'08.09:&I% 13&% J:0' [PZ 60/3,9:,2: 9% U\ % -% C,/060<0% A6&<,:2=D A0% GYIU % -%

40'C&.&306,..0E% -9:,.064&. [0'1329903% &% :-3C&.,% -9:,.064&% 10=-5,7:9D% 9% ',=?'%

5&9=0'%9:-12.2E%&/-/,%.2/.,5&:2=>.0E 9:212.&%106?N2.&D%A,6=2.&D%6%40'13299032. [PZ%

-:&=&/,;&0..?@% -9:,.0604% 9% 40:=0'--:&=&/,:030'% &% 1,3060E% :-3C&.0E% &% -9:,.0604I%

3,C0:,78&@%10%03<,.&52940'-%;&4=-%B2.4&.,%6?N2(%),13&'23I% 4,4%104,/?6,7%3,952:?%

A=D%A6&<,:2=D%)[U\-L#, [PZ%40'C&.&306,..0E%-9:,.064&I%&910=>/-78&E%03<,.&5294&E%

;&4=% B2.4&., .,% 12.:,.2I% 909:,6=D2:% 040=0% 46 %. [PZ% 40'C&.&306,..0E% -9:,.064&% 9%

40:=0'--:&=&/,:030' &% 1,3060E% :-3C&.0E 13&'23.0% 46,5 %. B,99',:3&6,2'0<0 6,3&,.:%

-:&=&/,;&0..0E% <,/0:-3C&..0E% -9:,.064&I% .29'0:3D% .,% C0=22% .&/4&E% [PZI% &'22: 3DA%

132&'-829:6:

! !,99, 324-123,:&6.0<0 :21=00C'2..0<0 ,11,3,:,% '2.>N2% 52'% 1,3060<0%

40:=,% W&91,3&:2=DX% &% 40.A2.9,:03,. d,9:0 0:9-:9:6-2:% &9:05.&4% 60A?% A=D% 0@=,OA2.&D%

1,3,%6%40.A2.9,:032I%,%40.A2.9,:03? 60/A-N.0<0%0@=,OA2.&D &'27:%C0=>N&2%3,/'23?I &

10:32C=D7: J=24:3&5294-7%J.23<&7 A=D%13&60A, 62.:&=D:0306. P0'&'0%J:0<0I 60/A-N.?2%

40.A2.9,:03?%:32C-7:%/,8&:-%0:%0C=2A2.2.&D 6%/&'.22%632'D%<0A,(

! B,C05&' :2=0'% D6=D2:9D 60/A-@( F% :0 %63 2'D% 4,4% A=D% -9:,.064& 9% 40:=0'-

-:&=&/,:030'%&%1,3060E%:-3C&.0E%.20C@0A&', A030<09:0D8,D 9&9:2',%60A010A<0:064&(%F%

-9:,.064,@% .,% 03<,.&52940'% ;&4=2% B2.4&.,% &910=>/-2:9D% 12.:,.I% 6/3?6001,9.02%

62829:60I%:32C-7822%106?N2..?@%'23%10O,3.0E%C2/01,9.09:&(

F?3,C0:,..-7% <2.23,:030'% -:&=&/,;&0..0E% -9:,.064&% J=24:30J.23<&7% '0O.0%

0:13,6&:>% 10% =&.&D'% J=24:301232A,5&% 10:32C&:2=7I% .0% :,4% 4,4% <,/012324,5&6,78&2%

9:,.;&&% 6 B099&&% .,@0AD:9D% 0C?5.0% .,% C0=>N0'% -A,=2.&&% 0:% .,92=2..?@% 1-.4:06I% J:0

'0O2:% 04,/,:>9D% .232.:,C2=>.?'(% P0J:0'-% &'22:% 9'?9=% &910=>/06,:>% 6?3,C0:,..-7%

J=24:30J.23<&7% A=D% 13&60A,% J=24:30A6&<,:2=2EI% 13&60AD8&@% .,<.2:,:2=&% 13&30A.0<0%
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<,/,( B,99'0:3&' )[-U\L#I% 13&60AD8&E% .,<.2:,:2=>% '08.09:>7% YV% !F:(% d:0C?%

-62=&5&:>%'08.09:>I%6?3,C,:?6,2'-7%-:&=&/,;&0..?'&%-9:,.064,'& &%-'2.>N&:>%:2'%

9,'?'% &@% 40=&529:60% A=D 13&60A, 0A.0<0% .,<.2:,:2=DI% ,% :,4O2% &'2:>% 60/'0O.09:> &@%

32<-=&306,.&D% &/'2.2.&2'% :2'123,:-3? <,/,% 1232A% :-3C&.0EI% 132A-9'0:32.? 4,'23?%

9<03,.&D( ),% 3&9. 3 & 4 132A9:,6=2.? <3,K&4& &/'2.2.&D% '08.09:&% -:&=&/,;&0..0E%

-9:,.064&% WC,/06?E% A6&<,:2=>% )[U\-L#X &% [PZ% 40'C&.&306,..0E% -9:,.064&% 6%

/,6&9&'09:&% 0:% 9:212.&% 106?N2.&D% A,6=2.&D% 6% 40'13299032% &% :2'123,:-3?% <,/,% 109=2%

4,'23?%9<03,.&D.

B&9( 3. e/'2.2.&2%'08.09:&%Ne-%-:&=&/,;&0..0E%-9:,.064&%WC,/06?E%A6&<,:2=>%)[U\-

L#X 6%/,6&9&'09:&%0:%9:212.&%106?N2.&D%A,6=2.&D%6%40'13299032%

&%:2'123,:-3?%<,/,%109=2%4,'23?%9<03,.&D #<-
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B&9( G(%e/'2.2.&2 [PZ%40'C&.&306,..0E%%-9:,.064&%WC,/06?E%A6&<,:2=>%)[U\-L#X%6%

/,6&9&'09:&%0:%9:212.&%106?N2.&D%A,6=2.&D%6%40'13299032% &%:2'123,:-3? <,/,%

109=2%4,'23?%9<03,.&D%#<-

),13&'23I% 5:0C?% J=24:30J.23<&&% 0:% U-@% -:&=&/,;&0..?@% -9:,.0604% @6,:&=0% .,%

13&60A% .,<.2:,:2=D '08.09:>7 25!F:I% .20C@0A&'0% &'2:>% :2'123,:-3-% <,/,% 1232A%

:-3C&.0E%]HH K &%9:212.>%106?N2.&D%A,6=2.&D%6%40'13299032%GI] W&9@0AD%&/%',49&'-',%

[PZX. !08.09:>%:,40E%-:&=&/,;&0..0E%-9:,.064&%8,6 !F:I%13&%J:0' [PZ%60/3,9:,2:%9%

36 % -%C,/060<0%A6&<,:2=D%A0%U^IU % -%40'C&.&306,..0E%-9:,.064&.
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M.,=0<&5.?2%6%4,529:62..0'%0:.0N2.&&%32/-=>:,:?%C?=&%10=-52.?%&%A=D%A3-<&@%

C,/06?@%A6&<,:2=2E(

KI#LMNCDEC

$:&=&/,;&0..,D% <,/0:-3C&..,D% -9:,.064,% 0:43?:0<0% ;&4=,% 0C29125&6,2:%

130&/60A9:60%A010=.&:2=>.0<0%40=&529:6,%J=24:30J.23<&&%0:%`V _%A0%YV _%0:%'08.09:&%

C,/060<0% "#Z(% f.,% 10=-5,2:9D% 9% ',=?'% 40=&529:60'% 9:-12.2E% 40'1329903,% &%

.20@=,OA,2'0E%:-3C&.?(%$A2=>.,D%9:0&'09:>%.&O2I%52'%-%C,/060<0%A6&<,:2=D(%P3&%J:0'%

[PZ% 60/3,9:,2:% 9% U\ _% - C,/060<0% A6&<,:2=D% )[-U\L#% A0% GY(U% _% -% 40'C&.&306,..0E%

-9:,.064&(% P3&'2.2.&2% A0O&<,.&D% :01=&6,% 1232A% :-3C&.0E% -:&=&/,;&0..0E% -9:,.064&%

10/60=D2:% -62=&5&:>% 6?3,C0:4-% J=24:30J.23<&&% A0% RH _% 13&% :2'123,:-32% 130A-4:06%

9<03,.&D%``HH KI%0A.,40%[PZ%40'C&.&306,..0E%-9:,.064&%9.&O,2:9D(

[0'C&.&306,..?2%-9:,.064&%9%-:&=&/,;&0..?'%40.:-30'I%3,C0:,78&'%10%;&4=-%

B2.4&.,I%&'27:%.2940=>40%C0=>N&E%[PZI%.0%C0=22%9=0O.?%6%40.9:3-4:&6.0'%0:.0N2.&&I%

&'27:% C0=22% 1=0@&2 ',990<,C,3&:.?2% @,3,4:23&9:&4&I% C0=>N2% 4,1&:,=>.?2% &%

J491=-,:,;&0..?2%/,:3,:?(

?/(;07$)('.6+'<61

1. +24.26 F.LI% !&@,=>;26 F(g(I% h,C,306 M(+.I% i.90.% B(M( #-3C0',N&.?% &% !"Z-

<2.23,:03?% <,/0:-3C&..?@% &% 40'C&.&306,..?@% -9:,.0604 – !(S% !,N&.09:302.&2I%

1983. 392 9(

2. !,.-N&. *(MI% !&@,=>;26 F(g(I% d23.0C3064&. M(P(% #203&D% &% 13024:&306,.&2

<,/0:-3C&..?@%&%40'C&.&306,..?@%-9:,.0604%–!(S%!,N&.09:302.&2I%YHHH. 447 9(

3. A. Schuster, S. Karellas, E. Kakaras, H. Spliethoff Energetic and economic investigation of 

Organic Rankine Cycle application – Applied Thermal Engineering, 2009.

4. !0=D406 F(Z(I% #-',N26 B(c(% fC09.06,.&2% 9@2'% &% 1,3,'2:306% 6?9040JKK24:&6.?@%
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