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CDE 621.122 

".'. QR:9., %.6. <RFS479,5, (.K. <.5:9. 

L,#*('.3 0$8.&0$-D063 .((-,+&/$",-D('.3 )&-.",70.4,('.3 =0./,#(."," 

%'!A$; 6C<%"!"6 Q'B%?Q(?KO)D  

) ="%%"Q)"(("-'=;)6(CD 6$O$!;6 >%) !&)B'()) 

!$%"!"#$%&'O$B" >">M;("B" ($J;?("B" B'Q'  

6 *)=%"B'Q";M%<)((CD I($%B$;)A$!=)D 'B%$B';'D 

@ 8,-DB =*,0DA,0.1 /6%#&(&/ E$5#1E01BC.7 . '&##&E.&00&-$'"./067 /,C,("/ . )&-=-

4,0.1 :-,'"#&:0,#5.. )#. =".-.E$8.. )&)="0&5& 0,;"10&5& 5$E$ (LFN) #$((*$"#./$,"(1 ,5& .(-

)&-DE&/$0., / '$4,("/, 5&#B4,5& +-1 *.'#&5$E&"=#%.00&5& :0,#5,".4,('&5& $5#,5$"$ (JN9RM). 

SC, 0$ ("$+.. )#&,'".#&/$0.1 0,&%7&+.*& )#,+=(*&"#,"D /-.10., ()&(&%&/ &#5$0.E$8.. #$%&-

4,5& )#&8,(($ / '$*,#, (5&#$0.1 (I@) 0$ =#&/,0D /6%#&(&/, $ "$'2, .()&-DE&/$0., (&&"/,"("/=BC.7 

'&0("#='8.&0067 *$",#.$-&/ +-1 =/,-.4,0.1 #,(=#($ #$%&"6 JN9RM. L#./,+,06 #,E=-D"$"6 .((-,-

+&/$0.1 :'&-&5.4,('.7 )&'$E$",-,3 JN9RM )#. #$E-.4067 =(-&/.17 (2.5$0.1 LFN. 

=F35:9G: HF79.: )$#$*,"#6 JN9RM, LFN, E$5#1E01BC., . '&##&E.&00&-$'"./06, /,-

C,("/$, '&08,0"#$8.1, /6%#&(6.  

O.A. Zueva, R.V. Bulbovich, N.Yu. Bacheva 

Perm National Research Politechnic University 

THE CALCULATION OF THE CONTAMINATED AND CORROSIVE 

SUBSTANCES EMISSION DURING COMBUSTION  

OF SULPHUR-CONTAINING ASSOCIATED PETROLEUM GAS  

IN THE MICROGASTURBINE UNITS 

It is considered the application of associated petroleum gas in the utilization as the microgasturbine 

unit fuel to decrease the contaminated and corrosive substances emission and to generate electric power. 

Even at the planning stage it is necessary to provide for the influence of the organizing the working process in 

the combustion chamber on the level of emissions, as well as the use of appropriate construction materials for 

increase the working resource of microgasturbine unit. The investigation results of the microgasturbine unit 

ecological parameters in different conditions of combustion are presented.  

Keywords: microgasturbine unit parameters, associated petroleum gas, contaminated and cor-

rosive substances, concentration, emissions. 

 

T)('&@&##;1 @"/')7+,)%.'*"##;1 H#&'7&%":&$/"1 +7'&7+% 

(!JG\O) $)$%)"% ", %.'*)/)@='&$$)'+ $ H5&/%')7&#&'+%)')@, @+5)-

H@"$$")##)1 ET, '&/.=&'+%)'+, %)=5"(#)1 $"$%&@; $ 3)9"@#;@ /)@-

='&$$)')@, $"$%&@; .='+(5&#"- " ,+=.$/+ %.'*)7&#&'+%)'+. 
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?'" $9"7+#"" ?NJ ( ET !JG\O )*'+,.8%$- $5&3.8I"& ,+7'-,-

#-8I"& " /)''),")##)-+/%"(#;& (&I&$%(+: )/"$6 .75&')3+ TM, )/$"-

3; $&'; SOx (SO2 + SO3), )/$"3; +,)%+ NOx (NO + NO2), =)5"4"/5":&-

$/"& .75&()3)')3; (75+(#;@ )*'+,)@ *&#,+="'&# T20N12). 

0+$:&% " $'+(#&#"& (;*')$)( ,+7'-,#-8I"A " /)''),")##)-

+/%"(#;A (&I&$%( =')(&3&#; ='" '+,5":#;A .$5)("-A $9"7+#"- ?NJ 

( ET !JG\O 1-7) " 2-7) =)/)5&#"1, '&9"@#;& =+'+@&%'; /)%)';A 

='&3$%+(5&#; ( %+*5. 1. 

G + * 5 " 4 +  1  

?+'+@&%'; !JG\O 1-7) " 2-7) =)/)5&#"1 

F&5":"#+ 

N+,(+#"& =+'+@&%'+ !JG\O  

1-7) =)/)5&#"-

!JG\O  

2-7) =)/)5&#"- 

G&@=&'+%.'+ ( ET I/,  

E 

C!  

 

1223 

950 

 

1553 

1280 

E)H>>"4"&#% ",*;%/+ )/"$5"%&5- J  16,5 7,5 

!+$$)(;1 '+$A)3 7)'8:&7) 7)' ,G  /7/$ 0,007 0,004 

M*U&@#;1 '+$A)3 7)'8:&7) 7)' ,Q  #@3/$ 0,004 0,002 

T)3&'9+#"& $()*)3#)7) /"$5)')3+ ( ?T 

2O , %D R  20,2 18,6 

M*U&@#;1 '+$A)3 «$.A"A» ?T $.A ,Q  #@3/$ 0,423 0,167 

M*U&@#;1 '+$A)3 «(5+9#;A» ?T (5 ,Q  

#@3/$ 
0,433 0,177 

G&@=&'+%.'+ (),3.A+  

#+ (A)3& ( ET )/.(A ,I  

E  

C!  

 

 

927 

645 

 

 

1110 

837 

C"/(#'%$ 6$.2"/$ ?%(+(,'2".%'H A(%$1$/"+": CPQWV 

E)5":&$%() @)5&1 /)@=)#&#%+ i, )*'+,.&@)7) #+ @)56 %)=5"(#)7) 

7+,+, $%&A")@&%'":&$/" $9"7+&@)7) $ (),3.A)@, 

 c%

1

,
j

N

i i V

j

n n
$

$ D7  (1) 
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73& N – /)5":&$%() /)@=)#&#%)( ( $)$%+(& ?NJ; 
jVD  – )*U&@#+- 3)5- j-7) 

/)@=)#&#%+ ( $)$%+(& ?NJ; c%in  – /)5":&$%() @)5&1 /)@=)#&#%+ i, )*-

'+,.&@)7) #+ @)56 /)@=)#&#%+ j, $%&A")@&%'":&$/" $9"7+&@)7) $ (),-

3.A)@; i = (TM2; N2M; SO2). 

M*U&@#;1 '+$A)3 /)@=)#&#%+ i, )*'+,.8I&7)$- ='" $%&A")@&%-

'":&$/)@ $9"7+#"" ?NJ $ (),3.A)@, 

 
7)'

c%

7)'

i i

i

i

G n
Q

I
$
I .

, (2) 

73& 7)'G  – @+$$)(;1 '+$A)3 %)=5"(#)7) 7+,+; iI " 7)'I  – @)5-'#+- @+$$+ 

/)@=)#&#%+ i " %)=5"(#)7) 7+,+ $))%(&%$%(&##); i.  – =5)%#)$%6 /)@=)-

#&#%+ i. 

!)5-'#;1 '+$A)3 /"$5)')3+ M2 ='" $%&A")@&%'":&$/)@ $9"7+-

#"" %)=5"(#)7) 7+,+ $ (),3.A)@ 

 
2 2

7)'

O c% O c%

7)'

G
M n$

I
, (3) 

73& 
2O c%n  – /)5":&$%() @)5&1 M2, #&)*A)3"@)7) 35- $%&A")@&%'":&$/)-

7) $9"7+#"- 1 @)5- %)=5"(#)7) 7+,+. 

!+$$)(;1 '+$A)3 /"$5)')3+ M2 ='" $%&A")@&%'":&$/)@ $9"7+-

#"" %)=5"(#)7) 7+,+ $ (),3.A)@ 

 
2 2 2O c% O c% OG M$ I , (4) 

73& 
2OI  – @)5-'#+- @+$$+ /"$5)')3+ M2. 

E)5":&$%() @)5&1 «$()*)3#)7)» /"$5)')3+ M2, $)3&'9+I&7)$- 

( )%'+*)%+##)@ 7+,&, ( '+$:&%& #+ @)56 %)=5"(#)7) 7+,+ 

 
2

0 0)/
O c(

2

M K
n

J
$ , (5) 

73& J  – /)H>>"4"&#% ",*;%/+ )/"$5"%&5-; 0M  – @)5-'#)& $%&A")@&%-

'":&$/)& $))%#)<&#"&; 0)/K  – /)5":&$%() +%)@)( /"$5)')3+ ( .$5)(-

#)1 @)5&/.5-'#)1 >)'@.5& (),3.A+. 

M*U&@#+- 3)5- «$()*)3#)7)» /"$5)')3+ M2 ( $)$%+(& )%'+*)%+#-

#;A 7+,)( 
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 2

2

O c(

O c(

01
V

n

M
D $

0J
. (6) 

!+$$)(;1 '+$A)3 (),3.A+ ='" /)H>>"4"&#%& ",*;%/+ )/"$5"%&5- J  

 )/ 0 7)'mG K G$J , (7) 

73& 0mK  – @+$$)()& $%&A")@&%'":&$/)& $))%#)<&#"& %)=5"(#)7) 7+,+ " 

(),3.A+. 

M*U&@#;1 '+$A)3 +,)%+ N2 ( $)$%+(& )%'+*)%+##)7) 7+,+ 

 

2 2

2

2

7)' )/
N 7)' N )/

7)' )/

N

N

V V

G G

Q

' (
D 0 D) *) *I I, -$

.
, (8) 

73& )/I  – @)5-'#+- @+$$+ (),3.A+; 
2N.  – =5)%#)$%6 +,)%+ N2;

2N 7)'VD , 

2N )/VD  – )*U&@#)& $)3&'9+#"& +,)%+ N2 ( %)=5"(#)@ 7+,& " (),3.A& $)-

)%(&%$%(&##). 

M*U&@#;1 '+$A)3 $()*)3#)7) /"$5)')3+ M2 ( $)$%+(& )%'+*)%+#-

#)7) 7+,+ 

 
2 2 2

2

2

)/
O )/ O O c%

)/

O

O

V

G
G

Q

' (
D I +) *I, -$

.
, (9) 

73& 
2O )/VD  – )*U&@#)& $)3&'9+#"& /"$5)')3+ M2 ( $)$%+(& (),3.A+; 

2O.  – 

=5)%#)$%6 /"$5)')3+ M2. 

M*U&@#;1 '+$A)3 «$.A)7)» )%'+*)%+##)7) 7+,+ 

 
2 2 2 2$.A CO c% SO c% N O .Q Q Q Q Q$ 0 0 0  (10) 

M*U&@#;1 '+$A)3 «(5+9#)7)» )%'+*)%+##)7) 7+,+ 

 
2(5 $.A H Oc% .Q Q Q$ 0  (11) 

?')4&$$ #+/)=5&#"- )/$"3)( .75&')3+ TM ='" $9"7+#"" %)=5"(+ 

=')"$A)3"% #+ #+:+56#)@ .:+$%/& >+/&5+. M/$"3 .75&')3+ )/+9&%$- 

( =')3./%+A $7)'+#"- 5"<6 ( %)@ $5.:+&, &$5" ( ET #& *.3.% $),3+#; 

.$5)("- 35- &7) )/"$5&#"- 3) 3(.)/"$" .75&')3+ TM2. 



0+$:&% (;*')$)( ,+7'-,#-8I"A (&I&$%( ='" $9"7+#"" #&>%-#)7) 7+,+ 

 85

E)#4&#%'+4"- TM ( $)$%+(& ?T )='&3&5-&%$- =) H@="'":&$/)@. 

$))%#)<&#"8 [1] (7/@
3
) 

 CO 3 # ,VC q RQ$  (12) 

73& 3q  – =)%&'" %&=5)%; ($5&3$%("& A"@":&$/)1 #&=)5#)%; $7)'+#"-, %; 

R  – 3)5- %&=5+ $ .A)3-I"@" ?T, )*.$5)(5&##+- #+5":"&@ TM; #VQ  – 

)*U&@#+- #",<+- %&=5)%+ $7)'+#"-, !D9/@
3
. 

?'" $9"7+#"" ($&A ("3)( %)=5"( ( .$5)("-A (;$)/"A %&@=&'+%.' 

)*'+,.8%$- )/$"3; +,)%+ NOx ( ("3& N2O, NO, NO2. J&@)/$"3 +,)%+ 

N2O )*'+,.&%$- ( #+:+56#)@ .:+$%/& >+/&5+, + ,+%&@ )/"$5-&%$- 3) )/-

$"3+ +,)%+ NO, %.&. #& (;*'+$;(+&%$- ( +%@)$>&'. $ =')3./%+@" $7)'+-

#"-. F ET )*'+,.8%$- ='&"@.I&$%(&##) )/$"3; +,)%+ NO ( /)5":&$%-

(& 95–98 % )% NOx. ?'" 3("9&#"" =) 7+,)()@. %'+/%. $))%#)<&#"& 

NOx #& ",@&#-&%$-, #) ='" (;*')$& ( +%@)$>&'. )/)5) 80 % NO ='&-

('+I+&%$- ( *)5&& %)/$":#;1 NO2. E)#4&#%'+4"- NOx ( $)$%+(& ?T 

)='&3&5-&%$- =) H@="'":&$/)@. $))%#)<&#"8 [3] (7/@
3
) 

 
9

NO 7)' # NO p

$.A

10
(1 )(1 ),V K tx x

C Q Q K
Q

J 4$ F F F +F +F  (13) 

73& 7)'Q  – )*U&@#;1 '+$A)3 %)=5"(#)7) 7+,+, @
3
/$; #VQ  – )*U&@#+- 

#",<+- %&=5)%+ $7)'+#"-, !D9/@
3
; $.AQ  – )*U&@#;1 '+$A)3 «$.A"A» 

?T, @
3
/$; NOx

K  – /)H>>"4"&#% .3&56#)7) (;*')$+ NOx, 7/!D9. E)H>-

>"4"&#%; KF , tF , JF , 'F , 4F  .:"%;(+8% )$)*&##)$%" =)3+:" %)=5"(-

#)7) 7+,+ :&'&, >)'$.#/", %&@=&'+%.'. (),3.A+ #+ (A)3& ( ET, (5"-#"& 

",*;%/+ (),3.A+, '&4"'/.5-4"8 ?T ( ET, $%.=&#:+%;1 =)3()3 (),3.A+ 

( ET $))%(&%$%(&##) " )='&3&5&#; =) '&/)@&#3+4"-@ [2]. 

?'" #&=)5#)@ $9"7+#"" %)=5"( )*'+,.8%$- #&$7)'&(<"& .75&()-

3)')3; '+,5":#;A /5+$$)(. N+"*)56<.8 H/)5)7":&$/.8 )=+$#)$%6 

='&3$%+(5-&% *&#,+="'&# T20N12. E)#4&#%'+4"- *&#,+="'&#+ ( $)$%+(& 

?T )='&3&5-&%$- =) H@="'":&$/)1 ,+("$"@)$%" [3] (@7/@
3
) 

 *= ' $%1,14( 1)

0,032 0,043
0,001 ,V

D

q
C K K K

e J+

0
$  (14) 
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73& Vq  – %&=5)#+='-9&##)$%6 ET, !F%/@
3
; /)H>>"4"&#%; DK , 'K , $%K  

.:"%;(+8% (5"-#"& #+7'.,/" ET, '&4"'/.5-4"" ?T " $%.=&#:+%)7) $9"-

7+#"- $))%(&%$%(&##) " )='&3&5&#; =) H@="'":&$/"@ 3+##;@ [3]. 

2+/%":&$/"& (;*')$; TM, NOx, T20N12 )='&3&5&#; $5&3.8I"@ 

)*'+,)@: 

 

20 12 20 12

CO CO $.A

NO NO $.A

C N C N $.A

;

;

.

x x

G C Q

G C Q

G C Q

$

$

$

 (15) 

?'" $9"7+#"" $&')$)3&'9+I"A %)=5"( $)&3"#&#"- $&'; )*'+,.-

8%$- ( ("3& $&'#"$%)7) +#7"3'"3+ SM2, $&'#)7) +#7"3'"3+ SM3 " =+')( 

$&'#)1 /"$5)%; N2SM4. M/$"3; $&'; )*U&3"#-8%$- ( 7'.==. SMF. 

F ET )*'+,.&%$- ='&"@.I&$%(&##) SM2. E)5":&$%() SM2 $)$%+(5-&% 

98–99 % )% SMF, + SM3 – ($&7) 1–2 % )% SMF. J+,))*'+,#;1 SM3 ='" 

3("9&#"" =) 7+,)()@. %'+/%. ( ='"$.%$%("" ()3-#;A =+')( N2M )*'+-

,.&% =+'; $&'#)1 /"$5)%; N2SM4. N+"*)5&& %)/$":#;@ " /)''),")##)-

+/%"(#;@ ", $&'#"$%;A $)&3"#&#"1 -(5-&%$- 3")/$"3 $&'; SM2, (;-

*')$; " /)#4&#%'+4"- /)%)')7) ( $)$%+(& ?T )='&3&5-8%$- =) $))%-

#)<&#"-@ 

 

S 2

2

2

2

7)' SO

SO

7)'

SO

SO

$.A

;

.

VG
G

G
C

Q

D I
$

I

$

 

(16) 

73& 
SVD  – )*U&@#)& $)3&'9+#"& $&'; ( $)$%+(& %)=5"(#)7) 7+,+; 

2SOI  – 

@)5-'#+- @+$$+ 3")/$"3+ $&'; SM2. 

U'1'2".%'" .0(:./0$ (%'.+'/"+* ' ,(682",( 

F /+:&$%(& 7)'8:&7) '+$$@+%'"(+&%$- $&')$)3&'9+I"1 =)=.%#;1 

#&>%-#)1 7+,, /)%)';1 "@&&% '+,5":#;1 /)@=)#&#%#;1 $)$%+( ( ,+("-

$"@)$%" )% @&$%)')93&#"-. W)5&& %)7), #+ )3#)@ " %)@ 9& @&$%)')9-

3&#"" $)$%+( ?NJ -(5-&%$- '+,5":#;@ ( '+,#;& =&'")3; ('&@&#". 

?'"@&'#;1 /)@=)#&#%#;1 $)$%+( ?NJ " $()1$%(+ /)@=)#&#%)( ='"-

(&3&#; ( %+*5. 2. 
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G + * 5 " 4 +  2  

T)$%+( " $()1$%(+ /)@=)#&#%)( ?NJ 

P 

=/= 

N+,(+#"& 

/)@=)#&#%+ 

Y"@":&$/+- 

>)'@.5+ VD  
,I  

/7//@)56

,.  

/7/@3

,H  

/D9/@)56 mD  

1 O,)% 2N  0,018 28,016 1,250 0 0,013 

2 
D(.)/"$6  

.75&')3+ 2CO  0,018 44,011 1,977 0 0,021 

3 !&%+# 4CH  0,42 16,043 0,718 802,82 0,174 

4 \%+# 2 6C H  0,15 30,070 1,355 1429,12 0,117 

5 B,)=')=+# 3 8C Hi  0,05 44,097 2,011 2043,71 0,058 

6 ?')=+# 3 8C H  0,11 44,097 2,011 2043,71 0,128 

7 B,)*.%+# 4 10C Hi  0,03 58,124 2,697 2658,45 0,047 

8 W.%+# 4 10C H  0,06 58,124 2,706 2658,45 0,094 

9 B,)=&#%+# 5 12C Hi  0,03 72,151 3,426 3272,45 0,059 

10 ?&#%+# 5 12C H  0,018 72,151 3,452 3272,45 0,036 

11 
J&/$+#;  

" (;<& 6 14C H  0,06 86,177 4,290 3887,71 0,148 

12 
2-@&%"5=&#-

%+# 5 10 3 2C H (CH ) 0,01 86,177 3,842 3880,09 0,022 

13 
3-@&%"5=&#-

%+# 5 9 3 3C H (CH ) 0,01 86,177 3,842 3882,72 0,022 

14 T&')()3)')3 5 12C Hi  0,07 34,082 1,535 517,87 0,062 

?'"@&:+#"&. mD  – @+$$)(+- 3)5- /)@=)#&#%+ ( $)$%+(& ?NJ; * – @)5-'#+- #",<+- 

%&=5)%+ $7)'+#"- /)@=)#&#%+. 

 

F =')4&$$& =')(&3&#"- %&'@)A"@":&$/"A '+$:&%)( )='&3&5&#; >"-

,":&$/"& $()1$%(+ 7)'8:&7): 7)' 37,575I $RR R /7//@)56; 7)' 1,735. $RR R /7/@3
; 

#.@ 1,622Q $RR  !D9/@)56; # 43,2mQ $  !D9//7; # 74,9VQ $  !D9/@
3
. G+/-

9& =)5.:&#+ .$5)(#+- A"@":&$/+- >)'@.5+ 2,307 6,5777 0,0683 0,035 0,035C H S N O . 

F /+:&$%(& )/"$5"%&5- '+$$@+%'"(+&%$- (),3.A $ (5+9#)$%68 

60 %, $)$%+( " $()1$%(+ /)@=)#&#%)( /)%)')7) ='"(&3&#; ( %+*5. 3. 
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G + * 5 " 4 +  3  

T)$%+( " $()1$%(+ /)@=)#&#%)( (),3.A+ 

N+,(+#"&  

/)@=)#&#%+ 

Y"@":&$/+- 

>)'@.5+ VD  ,.  /7/@3 ,I  /7//@)56 

E"$5)')3 2O  0,238 1,429 32,000 

O,)% 2N  0,761 1,250 28,016 

F)3)')3 2H  0,001 2,016 2,000 

 

F =')4&$$& =')(&3&#"- %&'@)A"@":&$/"A '+$:&%)( )='&3&5&#; >"-

,":&$/"& $()1$%(+ )/"$5"%&5-: )/ 1,735. $  /7/@
3
; )/ 37,575I $  /7//@)56. 

G+/9& =)5.:&#+ .$5)(#+- A"@":&$/+- >)'@.5+ 0,431 1,572 0,028M N N .  

E')@& %)7), )='&3&5&#; @)5-'#)& " @+$$)()& $%&A")@&%'":&$/"& 

$))%#)<&#"- ?NJ " (),3.A+: 0 19,194< $  " 0 14,779mE $ . 

V)$+'1 A(+=2"))<H 6"1=+@/$/(0. !"%(;")#$&''  

A( =+=27")'8 ?%(+(,'2".%'H A(%$1$/"+": CPQWV 

N+ '"$. 1 ='&3$%+(5&#; '&,.56%+%; '+$:&%)( /)#4&#%'+4"1 " (;-

*')$)( TM, =)5.:&##;A ='" 0,01R$ . 

?'&3$%+(5&##;& #+ '"$. 1 '&,.56%+%; =),()5-8% $>)'@.5"')(+%6 

$5&3.8I"& (;()3;: 

1) (;*')$; TM ( !JG\O 2-7) =)/)5&#"- #+ 61 % @&#6<& =) 

$'+(#&#"8 $ (;*')$+@" !JG\O 1-7) =)/)5&#"- ",-,+ @+5;A '+$A)-

3)( %)=5"(#)7) 7+,+; 

2) =')7#),"'.&@;& (&5":"#; /)#4&#%'+4"" " (;*')$)( TM $)-

75+$.8%$- $ #)'@+%"(#;@" 3+##;@" (35- #)(;A 7+,)(;A %.'*"# :TM =  

= 5…100 @7/@
3
) [4]; 

3) $)3&'9+#"& TM . 7+,)=)'<#&(;A .$%+#)()/ #+A)3"%$- #+ 

.')(#& 600–630 @7/@
3
, :%) *)56<& ( 4–5 '+, =) $'+#&#"8 $ !JG\O 1-7) " 

2-7) =)/)5&#"1; 

4) /)#4&#%'+4"- TM ( $)$%+(& ?T ,+("$"% )% #&=)5#)%; $7)'+#"- 

%)=5"(#)7) 7+,+. ?'" )*I&@ ",*;%/& M2 ='" #&/+:&$%(&##)1 =)37)%)(-

/& %)=5"()(),3.<#)1 $@&$" @)7.% $),3+(+%6$- @"/'),)#; $ 3&>"4"-

%)@ M2. 
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0"$. 1. E)#4&#%'+4"" " (;*')$; TM ( !JG\O 1-7) " 2-7) =)/)5&#"1: 

'-3 1 – !JG\O 1-7) =)/)5&#"-; '-3 2 – !JG\O 2-7) =)/)5&#"-; 

q3 – A"@":&$/+- #&=)5#)%+ $7)'+#"- 

N&=)5#)%+ $7)'+#"- %)=5"(#)7) 7+,+ @)9&% *;%6 .@&#6<&#+ "#-

%&#$">"/+4"&1 =')4&$$+ $@&$&)*'+,)(+#"- =.%&@ %.'*.5",+4"" =)%)-

/+ ( ,)#& 7)'&#"-. N+"*)5&& 3)$%.=#;@ @&%)3)@ %.'*.5",+4"" -(5-&%-

$- (#&3'&#"& $%'.1 %)=5"(#)7) 7+,+ =)3 .75)@ / =)%)/. (),3.A+. 

K#+:&#"- /)#4&#%'+4"1 " (;*')$)( NOx =)5.:&#; ='" 

NO 0,068
x

K $RR  7/!D9; 1KF $RR  (#+=)'#+- >)'$.#/+); 1, 225JF $RR ; 

)/.(A1 0,002( 30)t tF $RR 0 + ; 0,16r rF $ ; 0,0224F $ 4 . 0&,.56%+%; '+$:&%+ 

/)#4&#%'+4"1 " (;*')$)( NOx ='&3$%+(5&#; #+ '"$. 2. 

?'&3$%+(5&##;& #+ '"$. 2 '&,.56%+%; =),()5-8% $>)'@.5"')(+%6 

$5&3.8I"& (;()3;: 

1) $%.=&#:+%;1 =)3()3 (),3.A+ ( ET (20 % ( =&'(.8 ,)#.) $#"-

9+&% /)#4&#%'+4"8 " (;*')$; NOx #+ 44 %; 

2) '&4"'/.5-4"- ?T ( ET " #20 %r $ R  $#"9+&% /)#4&#%'+4"8 (;-

*')$)( NOx #+ 72 %; 
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0"$. 2. E)#4&#%'+4"" " (;*')$; NOx ( !JG\O 1-7) " 2-7) =)/)5&#"1: 

'-3 1 – !JG\O 1-7) =)/)5&#"-; '-3 2 – !JG\O 2-7) =)/)5&#"-; r –  

$%&=&#6 '&4"'/.5-4"" 
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3) /)#4&#%'+4"- NOx ( !JG\O 2-7) =)/)5&#"- #+ 38 % *)56<& 

=) $'+(#&#"8 $ !JG\O 1-7) =)/)5&#"-, )3#+/) (;*')$; NOx #+ 36 % 

@&#6<& ",-,+ @+5;A '+$A)3)( %)=5"(#)7) 7+,+; 

4) =')7#),"'.&@;& (&5":"#; /)#4&#%'+4"" " (;*')$)( NOx $)-

75+$.8%$- $ #)'@+%"(#;@" 3+##;@" (35- #)(;A 7+,)(;A %.'*"# 

NO 20...50
x

: $RR  @7/@
3
); 

5) $)3&'9+#"& NOx . 7+,)=)'<#&(;A .$%+#)()/ #+A)3"%$- #+ 

.')(#& 250–500 @7/@
3
, :%) ( 3–4 '+,+ *)56<&, :&@ ( !JG\O 1-7) " 2-7) 

=)/)5&#"1. 

0&,.56%+%; '+$:&%+ /)#4&#%'+4"1 " (;*')$)( *&#,+="'&#+ T20N12 

='" 15,3Vq $ !F%/@
3 
='&3$%+(5&#; #+ '"$. 3. 

?'&3$%+(5&##;& #+ '"$. 3 '&,.56%+%; =),()5-8% $>)'@.5"')(+%6 

$5&3.8I"& (;()3;: 

1) $%.=&#:+%;1 (()3 (),3.A+ ( ET (20 % ( =&'(.8 ,)#.) .(&5":"-

(+&% /)#4&#%'+4"8 " (;*')$; *&#,+="'&#+ #+ 58 %; 

2) '&4"'/.5-4"- ?T ( ET " #20 %r $ R  .(&5":"(+&% /)#4&#%'+4"8 

" (;*')$; #+ 45 %; 

3) /)#4&#%'+4"" " (;*')$; *&#,+="'&#+ ( !JG\O 2-7) =)/)5&-

#"- ( @"55")# '+, (;<& =) $'+(#&#"8 $ !JG\O 1-7) =)/)5&#"-, )3-

#+/) ( 100 '+, @&#6<& $'&3#&$.%):#)1 ?DE; 

4) '+$:&%; (;*')$)( *&#,+="'&#+ ='" '+,5":#;A .$5)("-A =)/+-

,;(+8%, :%) ( ='",&@#)@ $5)& (),3.A+ $)3&'9+#"& *&#,+="'&#+ #& 

='&(;<+&% 0,05 ?DETT, =)H%)@. (;*')$; *&#,+="'&#+ #& =)35&9+% 

.:&%. " #)'@"')(+#"8. 

E)#4&#%'+4"- " (;*')$; SMF =)5.:&#; ='" 
s

0,046VD $ . 0+$:&%; =)-

/+,+5", :%) 35- !JG\O 1-7) =)/)5&#"- SOx
C = 1,429 7/@

3
; SOx

G = 0,604 7/$, 

+ 35- !JG\O 2-7) =)/)5&#"- SOx
C = 2,068 7/@

3
; SOx

G = 0,345 7/$. 

N)'@+%"(#;& 3+##;& =) /)#4&#%'+4"" " (;*')$+@ SMF ( JGC 

)%$.%$%(.8%. B,(&$%#), :%) 35- #)()7) /)%&56#)7) )*)'.3)(+#"- 

( 0)$$"" 3)=.$/+&%$- @+/$"@+56#+- /)#4&#%'+4"- SOx
C = 700 @7/@

3
. 

F X(')=&1$/)@ T)8,& ='"#-%; *)5&& 9&$%/"& #)'@;: SOx
C =  

= 200...400 @7/@
3
 (Directive 2001/80/EC). 
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0"$. 3. E)#4&#%'+4"" " (;*')$; *&#,+="'&#+ T20N12 
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0+,5":#;& @&')='"-%"- =) .5.:<&#"8 $=)$)*)( $9"7+#"- $&')-

$)3&'9+I&7) ?NJ ='" ,+3+##)@ J  #& *.3.% (5"-%6 #+ /)#4&#%'+4"8 

" (;*')$; SMF. F;*')$; SOx
G  ,+("$-% )% '+$A)3+ %)=5"(#)7) 7+,+ 

" /)5":&$%(+ N2S ( &7) $)$%+(&, + /)#4&#%'+4"- SOx
C  – )% (;*')$)( 

SOx
G  " )*U&@#)7) '+$A)3+ ?T $.AQ . 

?')(&3&##;& "$$5&3)(+#"- =),()5"5" $3&5+%6 $5&3.8I"& (;-

()3;: 

1. ?'" $9"7+#"" =)=.%#)7) #&>%-#)7) 7+,+ $ $)3&'9+#"&@ $&')-

()3)')3+ 3) 7 % @&#6<"& (;*')$; ,+7'-,#-8I"A (&I&$%( ( +%@)$>&-

'. )*&$=&:"(+8% !JG\O 2-7) =)/)5&#"-. F$& (;*')$;, ,+ "$/58:&#"-

&@ )/$"3)( $&'; SOx, $)75+$.8%$- $ #)'@+@", .%(&'93&##;@" ( 02.  

2. ?) /)#4&#%'+4"" /)''),")##)-+/%"(#;A (&I&$%( SOx, )% /)%)-

';A ,+("$"% '&$.'$ '+*)%; !JG\O, ='&3=):%&#"& "@&8% !JG\O 1-7) 

=)/)5&#"-. 

3. D5- .@&#6<&#"- (;*')$)( %)/$":#;A (&I&$%( ( +%@)$>&'. 

()$)*&##) SOx) 4&5&$))*'+,#) ='"@&#&#"& .$%')1$%( ):"$%/" "5" /+-

%+5"%":&$/"A #&1%'+5",+%)')( ( =)%)/& (;A5)=#;A 7+,)(. 

4. D5- .(&5":&#"- '&$.'$+ '+*)%; !JG\O ='" $9"7+#"" $&')$)-

3&'9+I&7) ?NJ #&)*A)3"@) "$=)56,)(+#"& @+%&'"+5)( 15Y25G 35- 

#&#+7'.9&##;A 3&%+5&1 " Y36N40 35- #+7'.9&##;A 3&%+5&1 [5]. T')/ 

$5.9*; H%"A @+%&'"+5)( $)$%+("% ='"@&'#) 2–3 7)3+ ='" %)5I"#+A 

/)#$%'./%"(#;A H5&@&#%)( 2–3 @@. 

5. T 4&568 @+/$"@+56#)7) $#"9&#"- (),3&1$%("- +7'&$$"(#;A 

?T #+ H5&@&#%; /)#$%'./4"" '&/)@&#3.&%$- .3&5"%6 ='"$%+56#)& 

(#"@+#"& $A&@& !JG\O $ (#&<#"@ $7)'+#"&@. 

E'B+'(,6$F'2".%': .A'.(% 

1. B$$&'5"# O.T. M$#)(; $9"7+#"- 7+,)()7) %)=5"(+: $='+(. =)-

$)*"&. – S.: N&3'+, 1987. – 336 $. 

2. O$$+3 !. ?')3./%; $9"7+#"- 9"3/"A " 7+,))*'+,#;A %)=5"(: 

)*'+,)(+#"&, '+$:&%, H/$=&'"@&#%. – !"#$/: B,3-() N+4. +/+3. #+./ W&-

5+'.$", 2010. – 305 $. 

3. OA@&3)( 0.W. G&A#)5)7"- $9"7+#"- 7)'8:"A 7+,)( " 9"3/"A 

%)=5"(. – S.: N&3'+, 1984. – 283 $. 

4. JMTG 29328–92. C$%+#)(/" 7+,)%.'*"##;& 35- ='"()3+ %.'*)-

7&#&'+%)')(. 
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5. F)')*6&(+ J.Q. E)''),")##+- $%)1/)$%6 @+%&'"+5)( ( +7'&$-

$"(#;A $'&3+A A"@":&$/"A =')",()3$%(. – !.: Y"@"-, 1975. – 816 $. 
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GB $0/(6$H 

R="0$ G%.$)$ V)#6""0)$ (?&'@6, 0)$$"-) – $%.3&#%/+ /+>&3'; 

«0+/&%#)-/)$@":&$/+- %&A#"/+ " H#&'7&%":&$/"& .$%+#)(/"» 2JWMC 

F?M ?NB?C (614990, 7. ?&'@6, E)@$)@)56$/"1 ='., 29, e-mail: oksa-

nochka_zueva@mail.ru). 

E=+@B(0'2 !(;$) L$.'+@"0'2 (?&'@6, 0)$$"-) – 3)/%)' %&A-

#":&$/"A #+./, =')>&$$)' /+>&3'; «0+/&%#)-/)$@":&$/+- %&A#"/+ " 

H#&'7&%":&$/"& .$%+#)(/"», 3&/+# +H')/)$@":&$/)7) >+/.56%&%+, 

2JWMC F?M ?NB?C (614990, 7. ?&'@6, E)@$)@)56$/"1 ='., 29,  

e-mail: dekan_akf@pstu.ru). 

E$2"0$ I$#"O#$ T6@"0)$ (?&'@6, 0)$$"-) – $%+'<"1 ='&=)3+-

(+%&56 /+>&3'; «?'"/5+3#+- >","/+» 2JWMC F?M ?NB?C (614990, 

7. ?&'@6, E)@$)@)56$/"1 ='., 29, e-mail: bnl54@yandex.ru). 
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