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 . !. "#!$%&'(#, ).*.+., ,-./011.-, 2'$ 34. 2. 5678 ($9-63+6); 
&. :. '#;&'(#, 61,., 2'$ 34. 2. 5678 ($9-63+6); 
2. <. =#"<! , ).*.+., ,-./011.-, 2'$ 34. 2. 5678 ($9-63+6) 

#$%&'() #*%"+&,!($-.(/%0",', +,&.,1%$() 

*,",.,+(2- "-" (0+,/$(" !*) -"+(2-3(( 

+,4*(2,2,5! 6$,7 0.%0( !(5%*) ,5,$,.

$ 1*6**> 6+67>*3?+. .@A-B+*.C6+. C39.-31*6++8 0+0-D>E D67F4BC6++8 7.9.4.*3CB )78 69*3C6G>E ,673C+.-

,.C>*-8+.E 1B4>H>. I-.6+67>J.C6+> 4.K73C> 40*.)3 69*3C6G>E, J6,-.,.+.C6+3L 40*.) 69*3C6G>E ,673C6 .J.-

+.4. I-0)1*6C70+> -0JB7F*6*3 091,0-340+*67F+3M ).17>)K0+F C,73CB .J.+.C6+.D. ,673C6 +6 L.D. />J39.-

M>4>?+> C761*3C.1*>, 6 *69.K +6 -.@.?3L ,-.G01 )3J078. 

2 1*6*F0 6+673*3?0193 .@.1+.C6+. 31,.7FJ.C6+30 N+0-D33 *.-4.K0+38 7.9.4.*3C6 )78 69*3C6G33 *.,-

73C.C.J)BH+.L 14013. I-.6+673J3-.C6+O C.J4.K+O0 40*.)O 69*3C6G33, ,-0)7.K0+ 40*.) 69*3C6G33 *.,-

73C6 .J.+.4. I-0)1*6C70+O -0JB7F*6*O N91,0-340+*67F+OM 31170).C6+3L C738+38 .J.+3-.C6++.D. *.,73C6 
+6 0D. /3J39.-M343?01930 1C.L1*C6, 6 *69K0 +6 -6@.?3L ,-.G011 )3J078. 

In the article the use of energy of braking of locomotive for activating the fuel-and-air mixture is analytically 

substantiated. The possible methods of activating are analysed and the method of ozone activating of fuel is offered. 

The results of experimental researches of influence of the ozonized fuel on its physical and chemical properties as 

well as on the working process of diesel are presented. 

2 B17.C38M 1.C-040++.D. -6JC3*38 $9-63+O 

@.7FH.0 C+346+30 B)0780*18 C.,-.164 N+0-D.-

1@0-0K0+38 3 -6G3.+67F+.D. 31,.7FJ.C6+38 
*.,73C+.-N+0-D0*3?0193M -01B-1.C, C 1C8J3 1 
?04, -6J-6@.*96 3 C+0)-0+30 131*04O -6G3.-

+67F+.D. 31,.7FJ.C6+38 N+0-D33 N709*-.)3+6-
43?019.D. *.-4.K0+38 +6 *0,7.C.J6M ,-3.@-0-
*60* C10 @.7FH00 J+6?0+30. 
<1,.7FJ.C6+30 N709*-.)3+643?019.D. *.--

4.J6 .@01,0?3C60* ,.COH0+30 @0J.,61+.1*3 

)C3K0+38 ,.0J).C C170)1*C30 +673?38 +6 *0,-

7.C.J0 )CBM 131*04 *.-4.K0+38; BC073?0+30 
N//09*3C+.1*3 3 +6)0K+.1*3 N91*-0++.D. *.--

4.K0+38; -0673J6G3P @.700 CO1.93M *.-4.J-
+OM B1373L, .D-6+3?0++OM ,. B17.C384 +6D-0-
C6 3 40M6+3?019.L ,-.?+.1*3 @6+)6K0L 9.701-
+OM ,6-, 1+3K0+30 3J+.16 @6+)6K0L 9.701+OM 

,6- @.700 ?04 C 1,5 -6J6 [1]; B40+FH0+30 C 4 – 5 

-6J 9.73?01*C6 9.701+OM ,6-, COM.)8Q3M 3J 
1*-.8 C170)1*C30 ,0-0D-0C.C 3 *-0Q3+; 1+3K0-
+30 3J+.16 (C J6C3134.1*3 .* ,-./378 ,B*3 3 

19.-.1*3 )C3K0+38) *0,7.C.J.C +6 35 – 85%, 

C6D.+.C – +6 60 – 70% [1]; B40+FH0+30 C0-.8*-
+.1*3 PJ6 9.701+OM ,6- 3 0D. ,.170)1*C3L; ,.-

COH0+30 19.-.1*3 )C3K0+38 ,.0J).C +6 J6*8K-

+OM 1,B196M 3 BC073?0+30 ,-.,B19+.L 1,.1.@-

+.1*3 B?61*96; B40+FH0+30 -61M.).C ,. 1.)0--

K6+3P C 31,-6C+.4 1.1*.8+33 ,+0C46*3?019.-

D. *.-4.J+.D. .@.-B).C6+38. R0673J6G38 19.-

-.1*0L 140…150 94/? )78 1.C-040++.D. ,.)-

C3K+.D. 1.1*6C6 C01F46 J6*-B)+3*07F+6 @0J 31-

,.7FJ.C6+38 N709*-.)3+643?019.D. *.-4.J6, 
)0L1*CBPQ0D. C .@761*3 CO1.9.L 19.-.1*3 1.-

C401*+. 1 ,+0C46*3?01934 [2]. 

<1170).C6+38 -6@.*O *0,7.C.J.C C -0K340 
N709*-.)3+643?019.D. *.-4.K0+38 ,.96J67., 

?*. 4.Q+.1*F, -6JC3C60468 *8D.CO43 N709*-.-

)C3D6*07843, 1.1*6C780* 1300…4000 92*, ,-3-

?04 B *0,7.C.J.C 4.Q+.1*F C *.-4.J+.4 -0K3-

40 ,-0C.1M.)3* 4.Q+.1*F C *8D.C.4 -0K340 C 
1,2…1,3 -6J6 [3]. 

 +673J 31,.7FJ.C6+38 N+0-D33 *.-4.K0+38 
+6 *0,7.C.J0 [4] ,.96J67, ?*. N//09*3C+.1*F 
N709*-.)3+643?019.D. *.-4.J6 +0 .*C0?60* 1.-

C-040++O4 *-0@.C6+384 ,. N9.+.43?01934 

9-3*0-384. 

I0-1,09*3C+O4, +6 +6H CJD78), 8C780*18 
31,.7FJ.C6+30 @-.1.COL N+0-D33 *.-4.K0+38 
)78 69*3C6G33 *.,73C.C.J)BH+.L 14013 1 G0-
7FP 1.C0-H0+1*C.C6+38 ,-.G0116 1D.-6+38. 
578 -6J-6@.*93 1M04 31,.7FJ.C6+38 ?61*3 

N+0-D33 S5T -6114.*-34 4.)07F )C3K0+38 1.-

1*6C6 ,. ,0-0D.+B ,-3 S5T, ,-3 .1+6Q0+33 7.-

9.4.*3C6 B1*-.L1*C.4 )78 69*3C6G33 ":=. 

<1M.)8 3J B-6C+0+38 )C3K0+38 ,.0J)6 C 
B)07F+.L /.-40 3 B-6C+0+38 N709*-3?019.D. 

-6C+.C0138 *8D.C.D. N709*-.)C3D6*078, -6@.-

*6PQ0D. C D0+0-6*.-+.4 -0K340: 
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D)0 -  – 9.N//3G30+* 3+0-G33 C-6Q6PQ3M18 

4611; g – B19.-0+30 1C.@.)+.D. ,6)0+38, 4/12;  

v – 19.-.1*F )C3K0+38 ,.0J)6, 4/1; t  – C-048, 1; 
,  – ,0-0)6*.?+.0 ?317. JB@?6*.L ,0-0)6?3 *8-

D.C.D. N709*-.)C3D6*078; DK – )3640*- 9.7016, 
4; U – 46D+3*+OL ,.*.9 .@4.*93 C.J@BK)0+38 
*8D.C.D. N709*-.)C3D6*078, =91; R ! – 1.,-.-

*3C70+30 .@4.*93 89.-8 3 ).@6C.?+OM ,.7P-

1.C, #4; RR – 1.,-.*3C70+30 -0J31*.-.C, #4;  

RA – 1.,-.*3C70+30 B1*-.L1*C )78 69*3C6G33 

":=, #4; iT – 4D+.C0++.0 J+6?0+30 *.-4.J+.D. 

*.96,  ; L – 3+)B9*3C+.1*F 89.-+.L .@4.*93, 

"+; "# – N709*-3?01968 ,.1*.8++68 )C3D6*078;  
tT – C-048 *.-4.K0+38, 1. 
=.40+* *8D.C.D. N709*-.)C3D6*078 $: 

TM iCM )( .   (2) 

D)0 "$ – 46D+3*+68 ,.1*.8++68 *8D.C.D. N709-
*-.)C3D6*078. 
$)07F+.0 *.-4.J+.0 B13730: 

GD

Mm
b

%&K/
,

2
( ,        (3) 

D)0 %&/  – (I5 JB@?6*.L ,0-0)6?3 3 *8D.C.D. 

N709*-.)C3D6*078; m – ?317. )C3KBQ3M 9.701-
+OM ,6- *0,7.C.J6, H*.; G – 46116 ,.0J)6, *. 
2073?3+6 B)07F+.D. ,.7+.D. 1.,-.*3C70+38 

)C3K0+3P ,.0J)6 0.  [5]: 

..
..

. .. '&((
'00&'0

( '(
G

GG C)
0

00
0 , (4) 

D)0 0.0 , 0. 00  – B)07F+.0 .1+.C+.0 1.,-.*3C70+30 

7.9.4.*3C6 3 1.1*6C6, '/*; )G , "G  – 46116 1.-

.*C0*1*C0++. 7.9.4.*3C6 3 1.1*6C6, *. .( , .'  

– 9.N//3G30+*O, ,.7B?0++O0 C -0JB7F*6*0 6,-

,-.91346G33 9-3C.L 1.,-.*3C70+38 )C3K0+3P 

,.0J)6. 0.. ((  ,-3 v = 0, 
v

A
B .

.
. *

( 0  ,-3  

v # 0. 

V61*+.0 -0H0+30 (1), ,.170 )3//0-0+G3-.-

C6+38 3 ,-0.@-6J.C6+3L, ,-0)1*6C70+. C C3)0: 
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# – S5: *8D.C.D. N709*-.)C3D6*078, 2; n – ?61-
*.*6 C-6Q0+38 89.-8 *8D.C.D. N709*-.)C3D6*0-
78, .@/43+. 

I.7B?0++O0 1..*+.H0+38 .,-0)078P* -0-
K34 -6@.*O *8D.C.D. N709*-.)C3D6*078 ,-3 

N709*-.)3+643?019.4 *.-4.K0+33 1 .*@.-.4 

4.Q+.1*3 +6 69*3C6G3P *.,73C.C.J)BH+.L 

14013 C J6C3134.1*3 .* 0D. ,6-640*-.C, ,0-0-
)6?3 3 B17.C3L )C3K0+38 ,.0J)6. 
U3J3?01930 40*.)O 69*3C6G33 *.,73C6 

(-31. 1) [6] 8C78P*18 +63@.700 ,0-1,09*3C+O43 

)78 1.C0-H0+1*C.C6+38 ,-.G0116 1D.-6+38 [7]. 

:.C0-H0+1*C.C6+30 ,-.G0116 1D.-6+38 *.,73-

C.C.J)BH+.L 14013 ,B*04 B,-6C70+38 /3J39.-

M343?019343 1C.L1*C643 14013 ,.JC.73* 1 43-

+3467F+O43 J6*-6*643 +6 4.)0-+3J6G3P, 3+.-

D)6 )6K0 C N91,7B6*6G33, ).1*3?F J+6?3*07F+.-

D. B7B?H0+38 N9.+.439.-N9.7.D3?0193M ,.96-
J6*070L )C3D6*078 C+B*-0++0D. 1D.-6+38. 
W343?01930 ,-.G011O, ,-.31M.)8Q30 C 

K3)93M 1-0)6M, C -0JB7F*6*0 *69.L .@-6@.*93, 

8C78P*18 ,-0)40*.4 D7B@.93M 31170).C6+3L C 
+0/*0).@O?0, 40)3G3+0, *-3@.7.D33, 1*-.3-

*07F1*C0, 40*677B-D33, *091*37F+.4 ,-.3JC.)-

1*C0, 9.44B+67F+.4 M.J8L1*C0 [8-10]. 2 9.+0?-

+.4 3*.D0 C10 .+3 @6J3-BP*18 +6 ).1*3K0+38M 

/B+)640+*67F+.L M3433, 1/.-43-.C6CH0L18 C 
+6?670 WW C096 C401*0 1 9C6+*.C.L 40M6+39.L, 

9.*.-68 1.1*6C780* 00 /3J3?019BP .1+.CB. <J-
J6 ?-0JCO?6L+.L 17.K+.1*3 /3J39.-

M343?019.D. ,-.G0116 69*3C3-.C6+38, N*6 J6)6-
?6, 969 ,.96JOC60* C-048, .1*60*18 +0 ). 9.+G6 
3JB?0++.L. 

#)+34 3J 176@. 3JB?0++OM -6J+.C3)+.1*0L 

69*3C6G33 *.,73C.C.J)BH+.L 14013 9.-.++O4 

-6J-8).4, 8C780*18 .J.+3-.C6+30. I-3 N*.4 

C.J+396P* ,-69*3?01930 J6)6?3 .,-0)070+38 
M6-69*0-31*39 *.,73C 1-6JB ,.170 .J.+3-.C6-
+38 3 C *0?0+30 C-040+3 M-6+0+38. &173 *6930 
31170).C6+38 )78 @0+J3+.COM )C3D6*070L 3J-
C01*+O, *. )78 )3J07F+OM )C3D6*070L ,-3 -6@.-

*0 +6 5T .+3 ,-69*3?0193 +0 31170).C6+O.  

<1,.7FJ.C6+30 .J.+6 C 96?01*C0 .93173-

*07F+.L ).@6C93 9 *.,73CB +0 +.C.1*F C +6B?-

+.4 43-0 [11, 12]. 578 4.*.-+.D. *.,73C6 .J.+ 

-61146*-3C6718 *69K0 969 .93173*07F C401*. 

*-6)3G3.++.L C.J)BH+.L 14013. <1170).C6+38 
C N*.4 +6,-6C70+33 ,-.C.)3731F C 9.+G0 80-M – 

+6?670 90-M DD. 969 C +6H0L 1*-6+0, *69 3 J6 -B-
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@0K.4 [13]. I-0),.1O793 31,.7FJ.C6+38 .J.+6 
C401*. 9317.-.)6 C.J)BM6 .1+.C6+O +6 0D. /3-

J39.-M343?0193M 1C.L1*C6M. I-.C.)3731F )0-
*67F+O0 31170).C6+38 .J.+3-.C6+38 @0+J3+6 1 
G07FP 1+3K0+38 -61M.)6 *.,73C6 3 C-0)+OM 

COM7.,.C .*-6@.*6CH3M D6J.C [14], +6 .1+.C0 
9.*.-OM CO8C70+., ?*. ,.)6?6 .J.+6 C *.,73C. 

@.700 N//09*3C+6, ?04 ,.)6?6 .J.+3-.C6++.D. 

C.J)BM6 C 96-@P-6*.-. 

 

R31. 1. (76113/396G38 .1+.C+O4 40*.).C 69*3C6G33 *.,73C6

 C*.-643 @O73 ,-.C0)0+O ,-0)C6-3*07F-
+O0 N91,0-340+*67F+O0 31170).C6+38 ,. C738-
+3P .J.+3-.C6+38 5T +6 ,.96J6*073 )C3D6*078 
[15], D)0 @O7. J6/3913-.C6+. 1+3K0+30 -61M.-

)6 *.,73C6 +6 1,1%, )O4+.1*3 +6 12…17%. 

578 CO8C70+38 40M6+3J46, 70K6Q0D. C .1-
+.C0 B7B?H0+38 B96J6++OM M6-69*0-31*39 )3-

J07F+.D. )C3D6*078 +0.@M.)34. .,-0)070+30 
3J40+0+38 /3J39.-M343?0193M 1C.L1*C *.,73C6 
C J6C3134.1*3 .* 9.+G0+*-6G33 .J.+6 C *.,73C0 
3 C-040+3 M-6+0+38 .J.+3-.C6++.D. *.,73C6. 
578 .@-6@.*93 *.,73C 31,.7FJ.C6718 .J.+6-

*.-O, -6J-6@.*6++O0 +6 96/0)-0 K070J+.).-

-.K+.D. *-6+1,.-*6 2'$ 34. 2. 5678. 
#J.+3-.C6+30 *.,73C6 J697P?67.1F C 0D. 

+61OQ0+33 C @6-@.*6K+.L 9640-0 ,-3 ,.)6?0 
.J.+.C.J)BH+.L 14013 1 .,-0)070++.L 9.+G0+-

*-6G30L .J.+6 (-31. 2). 2-048 .J.+3-.C6+38 1.-

1*6C787. 10, 30 3 60 43+ ,-3 -61M.)0 C.J)BM6 
40 7/?. (.+G0+*-6G38 .J.+6 – 1,34·10-4 4.7F/7. 

I.D7.Q0+30 .J.+6 @O7. 9.73?01*C0++O4. 

R0JB7F*6*O 31170).C6+38 C738+38 .J.+3-.-

C6+38 +6 ,6-640*-O 5T ,-3C0)0+O +6 -31. 2-5. 

'6 .1+.C6+33 -31. 3 4.K+. B*C0-K)6*F . 

+01*6@37F+.1*3 M6-69*0-31*39 *.,73C6 ,.170 
.J.+3-.C6+38, ?*. .@.1+.COC60* +0.@M.)3-

4.1*F .J.+3-.C6+38 *.,73C6 +0,.1-0)1*C0++. 

+6 *-6+1,.-*+.4 1-0)1*C0 ,0-0) 0D. ,.)6?0L C 
9640-B 1D.-6+38. 
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R31. 2. X6C3134.1*F +3JH0L *0,7.*O 1D.-6+38 )3J0-
7F+.D. *.,73C6 .* 9.73?01*C6 ,.D7.Q0++.D. .J.+6 
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R31. 3. X6C3134.1*F ,7.*+.1*3 ,-3 20 0: )3J07F+.D. 

*.,73C6 .* 9.73?01*C6 ,.D7.Q0++.D. .J.+6 1 *0?0-
+304 C-040+3 M-6+0+38 *.,73C6: 

1 – 1-6JB ,.170 .J.+3-.C6+38,  
 – ,. ,-.H01*C33 2 4018G0C 

'6 .1+.C6+33 -31. 3 4.K+. B*C0-K)6*F . 

+01*6@37F+.1*3 M6-69*0-31*39 *.,73C6 ,.170 
.J.+3-.C6+38, ?*. .@.1+.COC60* +0.@M.)3-

4.1*F .J.+3-.C6+38 *.,73C6 +0,.1-0)1*C0++. 

+6 *-6+1,.-*+.4 1-0)1*C0 ,0-0) 0D. ,.)6?0L C 
9640-B 1D.-6+38. 
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R31. 4. X6C3134.1*F C8J9.1*3 *.,73C6 .* 9.73?01*C6 

,.D7.Q0++.D. .J.+6 C *.,73C0 
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R31. 5. X6C3134.1*F *04,0-6*B-O C1,OH93 5T .* 
9.73?01*C6 ,.D7.Q0++.D. .J.+6, -61*C.-0++.D. C 

*.,73C0 

2738+30 ).J3-.C6+38 .J.+.C.J)BH+.L 140-
13 C *.,73C., C .1+.C+.4, 1C8J6+. 1 M04.1.-@-

G30L 3 -069G3843 .J.+.73J6 C K3)9.L /6J0. 
 +673J -069G3.++.L 1,.1.@+.1*3 BD70C.).-.-

).C 4.K+. .1BQ01*C3*F ,. 9.+1*6+*64 19.-.-

1*3 -069G33 .J.+.73J6, 9.*.-O0 ,-0)1*6C70+O 

C *6@7. 1 [16]: 

T6@73G6 1 

"89:;<9;= :>8?8:;@ ?A<>B@@ 8C898D@C< 

EDF ?<CD@G9=H ;@I8J KLDAJ8E8?8E8J 

T3, BD70C.).-.).C 
(.+1*6+*O 19.-.-

1*3 -069G33 

7/(4.7F·1) 

)78 ,6-6/3+.COM BD70C.).-

-.).C 
10,5·10-2…0,7·100 

)78 +6/*0+.COM BD70C.).-.-

).C 
5·10-2…0,32·100 

)78 6-.46*3?0193M BD70C.).-

-.).C 
3,4·10-1…5·10-1 

 

T6934 .@-6J.4, .J.+.73JB @B)B* ,.)C0--

D6*F18, C .1+.C+.4, +63@.700 -069G3.++.1,.-

1.@+O0 6-.46*3?01930 BD70C.).-.)O. 2738+30 
.J.+6 +6 ,-.G011 D.-0+38 ,-3 0D. 439-.).@6C-
96M C *.,73C. .@Y81+80*18 .@-6J.C6+304 ,0-
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