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 – , ; ; t –
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 1. 1  (12)

1 1
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 (Do) [16].

oD
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 – , 
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1000

2
298298 Plog074,0logP324,0996,21
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- ), 3100 ( ), 5000 ( ),
2100 ( ); .  .; Do

2 , Do
 [16- 18].

, , 

, 
 [16-22].

(15)
 (CH) 

 ( ), 
. 

, 
, 

CH.
100  ( . %)(15)

 (Zabetakis) [23]  (Jones) [24] 
 (Lloyd) [25] 

(16), 
» (half-stoichiometric rule), 

CH = 0,5C . 
 [7,

26-28]. , , 
, , , , , ,

[26- 28].
CH  0,55C (16)

 « » 

(17)  ( . . 2) [13, 29, 30].

=  (17)
(17) [34].

=  + b  (17a)
a, b –  ( . . 3).

(17)
 [31].

(17 )
i

i

n
aC
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ai – ,  i–
 ( . . 4).

 2.  (17)

0,5448 13 - 0,4294 13

0,512 29 0,4283 13
0,4265 13 0,512 29, 
0,512 29 0,6114 13
0,5133 13 0,609 32
0,512 29

-

0,5 29
0,5015 13 0,7051

0,716
13
32

,

0,5 29 0,577 32

0,4743 13 1,147 32
0,52* 30 0,5726 13
0,512 29 0,4979 13
0,4424 13 0,53 33

0,5 29 0,5 29
0,5529 130,4852 13

0,537 32
0,5 29

 C4–C16 .
 3.  b  (17a) [34]

b b
0,45 0,12 0,53 0,14

, ,
 ( )

0,25 0,66 0,53 0,23

0,33 0,74 0,45 0,12

0,69 0,66 0,49 0,24

0,71 0,48 0,56 0,05

0,57 0,3 0,24 0,79
0,5 0,08 0,56 0,06
0,45 0,01 0,48 0,03

)
0,47 0,1 0,69 0,29

0,36 0,37 0,65 0,3
0,32 0,63 0,8 0,49
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 4.  ai  (17 ) [31]
ai ai

–CH3 0,533 –OH ( ) 0,699
–CH2– 0,578 –O– ( ) 0,238
–CH< 0,647 –NH2 0,531
>C< 0,685 >NH 0,464
CH2= 0,487 N=C– 0,635
–CH= 0,573 >N– 0,449
=C< 0,671 –NO2 0,0738
CH= 0,319 N ( ) 0,518
–C= 0,213 –Cl 0,533
>C=O 0,57 –Br 1,909
–OH 0,502 0,521
–O– 0,486
HC=O 0,527 0,573

 (C )

(18a)–(18 ) [35, 13, 36, 37, 38, 39, 23, 40, 41, 42, 43, 6]. 
C

(17 ) [44].

76,41
100   (18a)

762,41
100   (18 )

773,41
100   (18 )

84,024N4
8,83

C OXHS NNNN
      (18 )

21,0
21   (18 )

84,41
100   (18 )

, (18a) – (18 )
,  (O2

N2), 
, . 

(18a) –
(18 ) .

 ( ) 
(19) [11].

1/  = 0,07160NC + 0,03387 (19)
 « » 

(20), 
 ( ) [10, 6], 

(18 )–(18 ).
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k (20)

100
C

P
P (21)

k – ,  5, 
 1,03. .

,  { ,
}  { , } [35].

, 
.

 5.  k  (20) [10, 6]
k

SiO3 1,052
Ca–Si–Cl 1,03–0,0075NCl
Si–Cl 1,04
Ca–C(=O)–Cl 0,935
Si–O–Si 1,02
C–O–C(=O)–O–C 1,018
C=C– N 1,02 O; Ca
F 1,01 NO2
Cl 1,015 NO2; CHOH
Br 1,02 NO2
I 1,025 NO2
CR3 1,055 C=C; 

N × 2 1,08 O
O=C=N × 2 1,01
COOH × 2 1,04 Ca
NO2 1,048

N (O) 1,02
O–OH 1,053
Ca2CR 1,049
Ca2Ca2CaCa2 1,012
COOH ×2 ( .) 1,125

1,01
N 1,039

CH=O 1,039 CR; OH; N; C=C
COOH ( .) 1,074–0,012N +6×10–4 N 2

CH=O 1,039 CR; OH; N; C=C
COOH ( .) 1,074–0,012N +6×10–4 N 2

1,035
COOH ( .) 1,045

1,03 C=O; N
1,074–9,94×10–3N +4,84×10–

4N 2

1,033
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OH ( .) 1,02 C(C)C; Ca; COC; C=O; N
OH ( ) 1,027 C=O; N
N 1,013+2,319×10–3 NC C=N; NR

1,049 Ca; CR; 
1,019 Ca; 
1,006 Ca; CR; 

C=C(C)C 1,02 Ca; CR; 
CC(C)C…C=C 1,0 Ca; CR; 
CC=CC 1,02 Ca; CR; 
CH2=CH 1,029 Ca; CR; 
C=C ( ) 1,037 Ca; 

C 1,036 Ca; 
1,023+ 1,997×10–3(NC–6)

, 1,025

1,041–1,723×10–3NC
1,038

NC > 2 0,887+0,044NN
1,03

. , 
, 

1,5- .  – ; R – 
; n – ,

n .

1. ., . . – .: ,
1940. – 348 .
2. Perry’s Chemical Engineers’ Handbook / by ed. R.H. Perry, D.W. Green, J.O.Maloney. –
N.Y.: Mc-Graw-Hill, 1997. – 2643 P.
3. Perry’s Chemical Engineers’ Handbook / by ed. D.W. Green, R.H. Perry. –N.Y.: Mc-Graw-
Hill, 2008. – P. 2-515.
4. Leslie E.H., Geniesse J.C. International Critical Tables. – N.Y.: McGraw-Hill, 1927. – Vol.
2. – P. 161.
5. Thomas D.S. Critical Analysis and Review of Flash Points of High Molecular Weight Poly-
Functional  C,  H,  N,  O  Compounds:  Dissertation  Submitted  in  Partial  Fulfillment  of  the
Requirements for the Degree of Master of Science. – Texas A&M University, 2011. – 115 P.
6. Rowley J. Flammability Limits, Flash Points, and their Consanguinity: Critical Analysis,
Experimental Exploration, and Prediction: Dissertation Submitted in Partial Fulfillment of the
Requirements for the Degree of Doctor of Philosophy. – Brigham Young University, 2010. –
261 P.
7. Anderson J.E., Magyari M.W. Flashpoint Temperatures of Methanol-Hydrocarbon
Solutions // Combustion Science and Technology. – 1984. – Vol. 37,  3-4. – P. 193-199.
8.  Mack E.,  Boord C.E.,  Barham H.N. Calculation of Flash Points for Organic Substances //
Industrial and Engineering Chemistry. – 1923. – Vol. 15,  15. – P. 963-965.
9.  Rowley  J.R.,  Rowley  R.L.,  Wilding  W.V.  Estimation  of  the  Flash  Point  of  Pure  Organic
Chemicals from Structural Contributions // Process Safety Progress. – 2010. – Vol. 29,  4. –
P. 353-358.
10. Rowley J.R., Rowley R.L., Wilding W.V. Prediction of pure-component flash points for
organic compounds // Fire and Materials. – 2011. – Vol. 35,  6. – P.343–351.



56

11. Affens W.A. Flammability Properties of Hydrocarbon Fuels. Interrelations of
Flammability Properties of n–Alkanes in Air // Journal of Chemical & Engineering  Data.  –
1966. – Vol. 11,  2. – P. 197-202.
12. Butler R.M., Cooke G.M., Lukk G.G., Jameson B.G. Prediction of Flash Points of Middle
Distillates // Industrial and Engineering Chemistry. – 1956. – Vol. 48,  4. – P. 808–812.
13. Martel B. Chemical Risk Analysis: A Practical Handbook. – L.: Kogan Page Science,
2004. – 528 P.
14. Stauffer E., Dolan J.A., Newman R. Fire Debris Analysis. – N.Y.: Academic Press, 2008. –
P. 120-121.
15. Fujii A., Hermann E.R. Correlation Between Flash Point and Vapour Pressures of Organic
Compounds // Journal of Safety Research. – 1982. – Vol.13,  4. – P.163-175.
16. . . 

. . – .: , 2007. – 248 .
17. ., ., . . 

: . – .: , 2002. – .
11-19.
18. . . – .: ,
1979. – 424 .
19. ., . 

:  :   2- .  – .:  .  « »,  2004. – .  1.  – C.
64-67.
20. . . – .: , 2007. – .207-212.
21. . 

: . … . . –
., 2005. – . 69-71.

22. ., ., ., . 

 // . – 2005. –  12. – . 34-36.
23. Zabetakis M.G. Flammability Characteristics of Combustible Gases and Vapors // U.S.
Bureau of Mines. Bulletin 627. – Washington: U.S. Dept. of the Interior, Bureau of Mines,
1965. – 121 P.
24. Jones G.W. Inflammation Limits and Their Practical Application in Hazardous Industrial
Operations // Chemical Reviews. – 1938. – Vol. 22,  1. – P. 1-26.
25. Lloyd P. The Fuel Problem in Gas Turbines // Proceedings. Institution of Mechanical
Engineers. – 1948. – Vol. 159,  41. – P. 220-231.
26. Jones J.C. On the Flash Point of Benzoic Acid // Journal of Fire Sciences. – 2001. – Vol.
19,  3. P. 177-180.
27. Jones J.C., Godefroy J. Anomalies in the Flash Points of Four Common Organic
Compounds // Journal of Loss Prevention in the Process Industries. – 2002. – Vol. 15,  3. –
P. 245-247.
28. Godefroy J., Jones J.C. On the Flash Point of Benzoic Acid – Part 2: Experimental
Measurements // Journal of Fire Sciences. – 2001. – Vol. 19,  4. – P. 306-308.
29.  Pintar  A.J.  Predicting  Lower  and  Upper  Flammability  Limits  //  Proc.  The  28th
International Conference on Fire Safety. – 1999.  [6].
30. ., ., ., 

. IV.  // .
– 2011. – . 20,  9. – . 9-16.
31. Zatsepin V.M.; Iopa R.F.; Sorokin Y.M. A Generalized Method and Its Application to the
Calculation of the Lower Concentration Limit for the Ignition of Organic Compounds // Russ.
J. Phys. Chem. 1986. – Vol. 60,  8. – P. 2018-2021.



57

32.  Hilado  C.J.  A  Method  for  Estimating  Limits  of  Flammability  //  Journal  of  Fire  and
Flammability. – 1975. – Vol. 6,  2. – P. 130-139.
33. ., ., ., . 

. II.  (  1)// . –
2011. – . 20,  6. – . 8-15.
34. Möller W., Schulz P., Redeker T. Procedure for estimating Flash Points and Lower
Explosions Limits // PTB Report W-55 (Physikalisch-Technische Bundestanstalt
Thermodynamik).  [6].
35.  Prugh  R.W.  Estimation  of  Flash  Point  Temperature  //  Journal  of  Chemical  Education. –
1973. – Vol. 50,  2. – P. A85–A89.
36. ., ., .  (

): . – .: , 1986. – .65-77, 81-83.
37. ., . : 

.  –  :
, 2011. – . 39, 67–71.

38. Vidal M., Rogers W.J., Holste J.C., Mannan M.S. A Review of Estimation Methods for Flash
Points and Flammability Limits // Process Safety Progress. – 2004. – Vol. 23,  1. – P. 47-55.
39. Crowl D.A., Louvar J.F. Chemical Process Safety: Fundamentals with Applications. –
Upper Saddle River: Prentice Hall PTR, 2002. – 625 P.
40. Woodward J.L. Estimating the Flammable Mass of a Vapor Cloud. – N.Y.: American
Institute of Chemical Engineers, 1998. – 284 P.
41. Kuchta J.M. Investigation of Fire and Explosion Accidents in the Chemical, Mining, and
Fuel-Related Industries – Manual // U.S. Bureau of Mines. Bulletin 680. – Washington: U.S.
Dept. of the Interior, Bureau of Mines, 1985. – 84 P.
42.  Hristova  M.,  Tchaoushev  S.  Calculation  of  Flash  Points  and  Flammability  Limits  of
Substances and Mixtures // Journal of the University of Chemical Technology and Metallurgy.
– 2006. –Vol. 41,  3. – P. 291-296.
43.  Donaldson  A.B.,  Yilmaz  N.,  Shouman  A.  Correlation  of  the  Flammability  Limits  of
Hydrocarbons with the Equivalence Ratio // International Journal of Applied Engineering
Research. – 2006. – Vol. 1,  1. – P. 77-85.
44.  12.13130.2009. , 

 ( .  .   1,  .  
 09.12.2010  643). [ ]. .-

 « ».

 – 

., 
. ,

., ., 
 [1-4] 

 – 

,
(I).



58

R OH

O

I
 ( . .) 

 Sigma-Aldrich  Akron [5, 6] 
 [7-12].

 (t ) 
(t ) 

. , 
(1) [7, . 1, . 66].

t  = 0,708×t  – 43,57 ( ) (1)
(1)

a (0,702) b (42,63). , (1)
2 12.

-
 ( , 

, , ) 
 ( ,

) 
 (NC)  ( )

 ( .).

, , 

 200  ( . .).
,  ( )

. 

 ( . .).
(I)  «

» [1-4], 
(I)

 ( ).  « » 
, 

, , 

.
,  (1)–

(27)  « »  «
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. 

, r2

6,34941,043,23 2
CC NN ,   2 0,9984 1 NC  26

252,048,22544,2 CC NNT , 3 0,9913 2 NC  15
3
C

221 013,076,20666,030,15220,1247,103 NNNNN CCC , . 4 0,9994 2 NC  21
5,039166,767 CND ,  3 5 0,9913 2 NC  12
)ln(N042,0341,1n CD 6 0,9930 2 NC  9

6,3403,0N19,2 2
C CN ,   7 0,9997 5 NC  26

0,27343,2057,0 2
CC NN , 8 0,9967 2 NC  12

6,235)Ln(N10,69 C , 9 0,9997 13 NC  26
2,33518,709,0 2

CC NN , 10 0,9997 13 NC  26
03,0N25,8 1

C ,    % ( .) 11 0,9940 2 NC  19
17,1853,216,0003,0 23

C NNN ,    % ( .) 12 0,9954 2 NC  13
8,309N13,12 C , 13 0,9927 2 NC  10

2
C )Ln(N(684,210,298 , 14 0,9918 2 NC  10

7,32368,12 CN , 15 0,9907 2 NC  10
218,033,151,365 ,   16 0,9976 0,5  38

1 NC  26
5,593655,5100,3204,0004,0 234 ,   17 0,9978 2  17

2 NC  12
5,225,15,0 02,131,1698,10045,30422,46170,326 ,   . 18 0,9998 2  17

2 NC  12
0809,03,1099D , 3 19 0,9914 2  41
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2 NC  28

3503,10004,00115,0n 2
D 20 0,9967 2  12,5

2 NC  9

5,36011,032,1 2 ,    21 0,9944 6,5  36,5
5 NC  25

2253,0112,134,286 , 22 0,9967 2  17
2 NC  12

0,34070,404,0 2 , 23 0,9997 18,5  38
13 NC  26

 = 0,13+8,874/ , % ( .) 24 0,9997 0,5  27,5
1 NC  19

 = 4,8+26,388/ , % ( .) 25 0,9916 0,5  27,5
1 NC  19

718,77,320 , 26 0,9943 2  21,5
2 NC  15

 = 2,967 +4,36, % ( .) 27 0,9899 1 NC  18
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 1, 2  3 . 
 (

) . -
05-039-96  03-409-01  09-540-03 

 4

(v),  118 . , 
 03-409-01 

 [7]. 

,  (z), 
. 

 03-409-01 
 09-540-03 ( . .).

. 

R, 

,
 09-540-03 -05-039-96  03-

409-01
12.13130.2009,

 12.3.047-
98

1  100 8,2 50,71 36,83;
37,07 8,9

2 70 12,1 62,61 50,03;
54,67 10,8

3 28 20,8 108,71;
95,11

182,73;
72,64;
93,67

18,4

4 14 60,5 172,81;
205,42

378,93;
161,44;
44,55;
272,97

29,4

5  2 121,1 882,01;
1265,22

2733,53;
1236,24;
425,05;
143,16;
545,87

151,2

. 1 ; 2 ; 3

 (v) 200-300 ; 4v = 150-200 ; 5v = 118 ;
6v=72 ; 7 .

1. . ., . ., . . .
. I.

-05-039-96 // . – 2010. – . 19,  5. – . 37-47.
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