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ÑÂßÇÜ ÏÎÊÀÇÀÒÅËÅÉ ÏÎÆÀÐÍÎÉ ÎÏÀÑÍÎÑÒÈ
Ñ ÕÈÌÈ×ÅÑÊÈÌ ÑÒÐÎÅÍÈÅÌ.
XX. ÕËÎÐÀËÊÀÍÛ (÷àñòü 2)1

Ðàññ÷èòàíà òåìïåðàòóðà âñïûøêè äëÿ íàáîðà èç 34 ñîåäèíåíèé êëàññà õëîðàëêàíîâ ñ ïîìîùüþ
ïðàâèëà óãëåðîäíîé öåïè (“ðó÷íîé” âàðèàíò è ñ èñïîëüçîâàíèåì ïÿòè ðàíåå íàéäåííûõ óðàâíå-
íèé: tâñï = 0,63têèï – 57,53; Tâñï = 24,03NC – 0,59NC

2 + 177; Tâñï = 189 + 7,72�1,5 – 0,632�2,5 + 0,08�3;
Tâñï = 198,5 + 64,99/Ññòõ + 774,8/Ñ ñòõ

2 – 1093,01/Ñ ñòõ
3 + 443,29/Ñ ñòõ

4 ; Tâñï = 3,7NC + 0,492Têèï + 75,63).
Â ñëó÷àå õëîðàëêàíîâ íåëèíåéíîãî ñòðîåíèÿ â ôîðìóëû âìåñòî ñòåõèîìåòðè÷åñêèõ êîýôôèöè-
åíòà �, êîíöåíòðàöèè Ññòõ è ÷èñëà àòîìîâ óãëåðîäà NÑ ïîäñòàâëÿþòñÿ ïñåâäîêîýôôèöèåíò �*
(�* = ÓÓÖ + (2ÓÓÖ + 1 – NCl)/4), ïñåâäîñòåõèîìåòðè÷åñêàÿ êîíöåíòðàöèÿ Ñ ñòõ

* , îïðåäåëÿåìàÿ

÷åðåç �*, è óñëîâíàÿ óãëåðîäíàÿ öåïü (ÓÓÖ). Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç ðåçóëüòàòîâ ïðî-
ãíîçèðîâàíèÿ ïî ìåòîäó óãëåðîäíîé öåïè è ïî ìåòîäèêàì ÃÎÑÒ 12.1.044–89*, Ðîóëè (Rowley),
ñ èñïîëüçîâàíèåì ïðîãðàììíûõ êîìïëåêñîâ ACDLabs 2014 è TEST (âåðñèÿ 4.1). Óñòàíîâëåíî,
÷òî óðàâíåíèÿ (2) è (3) äàþò íàèëó÷øèå ðåçóëüòàòû (ñðåäíåå àáñîëþòíîå îòêëîíåíèå ñîîòâåòñò-
âåííî 1,25 è 1,27 %).

Êëþ÷åâûå ñëîâà: òåìïåðàòóðà âñïûøêè; ñâîéñòâî; çàâèñèìîñòü; ïðîãíîç; õëîðàëêàí; ïîæàð-
íàÿ îïàñíîñòü.

DOI: 10.18322/PVB.2015.24.08.27-33

Â ðàáîòå Ä. Â. Áàòîâà [1] îòìå÷åí âêëàä íàøåé ãðóï-

ïû â ðàçâèòèå àääèòèâíî-ãðóïïîâîãî ìåòîäà äëÿ ñè-

ñòåìàòèçàöèè è ïðîãíîçèðîâàíèÿ ïîêàçàòåëåé ïî-

æàðíîé îïàñíîñòè ãîðþ÷èõ âåùåñòâ. Â òî æå âðåìÿ

âûñêàçàíî ñïðàâåäëèâîå çàìå÷àíèå îá îòñóòñòâèè

äàííûõ î ïîãðåøíîñòè ïðåäëàãàåìîãî íàìè ïîäõî-

äà ê ðàñ÷åòó õàðàêòåðèñòèê ïîæàðíîé îïàñíîñòè â

ðàíåå îïóáëèêîâàííûõ ñòàòüÿõ. Â ñâÿçè ñ ýòèì íà÷à-

òû ðàáîòû ïî ñðàâíèòåëüíîìó àíàëèçó ìåòîäà óãëå-

ðîäíîé öåïè (ÌÓÖ) è äðóãèõ îñíîâíûõ ïîäõîäîâ.

© Ñìèðíîâ Â. Â., Àëåêñååâ Ñ. Ã., Áàðáèí Í. Ì., Ñïèðèäîíîâ Ì. À., Äàëüêîâ Ì. Ï., Ìîêðîóñîâà Î. À., Àêóëîâ À. Þ., 2015

1 Ïðåäûäóùèå ñîîáùåíèÿ ñì. â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü” ¹ 5 çà 2010 ã., ¹ 6, 7, 9 çà 2011 ã., ¹ 7, 9, 12 çà 2012 ã.,

¹ 1, 4, 5, 8 çà 2013 ã., ¹ 6, 8, 9, 11, 12 çà 2014 ã., ¹ 1, 2, 7 çà 2015 ã.
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Â íàñòîÿùåì èññëåäîâàíèè ïðåäñòàâëåíû ðåçóëü-

òàòû ñðàâíèòåëüíîãî àíàëèçà ÌÓÖ (“ðó÷íîé” âàðè-

àíò è ñ ïîìîùüþ ôîðìóë (1)–(5)) è ìåòîäèê ÃÎÑÒ

12.1.044–89* (ôîðìóëà (6) [2])2, Ðîóëè (Rowley)

(ôîðìóëà (7) [3]), ACDLabs 2014 è TEST, âåðñèÿ 4.1

(Toxicity Estimation Software Tool) íà ïðèìåðå ïðî-

ãíîçèðîâàíèÿ òåìïåðàòóðû âñïûøêè â çàêðûòîì òèã-

ëå (tâñï, Òâñï)3:
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ãäå NC — óñëîâíàÿ óãëåðîäíàÿ öåïü;

� — êîýôôèöèåíò â ðåàêöèè ãîðåíèÿ ïåðåä êèñ-

ëîðîäîì4;

Ññòõ — ñòåõèîìåòðè÷åñêàÿ êîíöåíòðàöèÿ5;

ài — ñòðóêòóðíûé äåñêðèïòîð i-é ñâÿçè;

li — êîëè÷åñòâî i-õ ñâÿçåé [2];

�, �,�— ýìïèðè÷åñêèå êîýôôèöèåíòû (òàáë. 1);

ni — êîëè÷åñòâî i-õ ãðóïï;

fi — ýìïèðè÷åñêèé êîýôôèöèåíò i-é ãðóïïû

(òàáë. 2).

Èñõîäíûå äàííûå âçÿòû èç ðàáîò [4–11]. Ðåçóëü-

òàòû ðàñ÷åòîâ ïðåäñòàâëåíû â òàáë. 3. Òî÷íîñòü ìå-

òîäîâ ïðîãíîçèðîâàíèÿ òåìïåðàòóðû âñïûøêè îöå-

íèâàëàñü ñ ïîìîùüþ ñðåäíåãî àáñîëþòíîãî îòêëîíå-

íèÿ D è ìàêñèìàëüíîãî îòêëîíåíèÿ Dmax (òàáë. 4):

D
n

Ò Ò

Ò
	

� �

�
�

�

�
� ��1

100âñï
ð
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ý
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%, (8)

ãäåTâñï
ð ,Tâñï

ý — ðàñ÷åòíîå è ýêñïåðèìåíòàëüíîå çíà-

÷åíèÿ òåìïåðàòóðû âñïûøêè, Ê;

n — êîëè÷åñòâî èçìåðåíèé.

Èç òàáë. 4 âèäíî, ÷òî ÌÓÖ â âàðèàíòå ðàñ÷åòà ïî

ôîðìóëàì (2) è (3) äàåò íàèëó÷øèå ðåçóëüòàòû. Â ðàñ-

÷åòàõ ïî “ðó÷íîìó” âàðèàíòó, à òàêæå ñ ïîìîùüþ

óðàâíåíèé (3) è (4) îí óñòóïàåò óòî÷íåííîìó óðàâ-

Ïàðàìåòð Ñïèðòû Äðóãèå ñîåäèíåíèÿ

� 2,4 2,13

� –208,3 –510,49

� 196,68 235,21

Òàáëèöà 1. Çíà÷åíèÿ êîýôôèöèåíòîâ äëÿ óðàâíåíèÿ (7) [3]

Ãðóïïà fi Ãðóïïà fi

 C– (HC) 256,43 Î=CRÎR– 1192,63

 CÍ (HC) –61,94 –ÑÎÎ– 529,37

=Ñ< (HC) 483,40 –ÑÎÎÍ 1034,70

=ÑR< (HC) 378,53 Î=CRÎRCR=Î 1750,35

=Ñ– (HC) 219,78 =Î 623,68

=ÑRÍ– (HC) 124,16 –Î– 176,69

=CÍ2 (HC) –99,53 –ÎR– 128,89

>C< (HC) 561,32 –ÎÍ (ñïèðòû) 803,82

>CR< (HC) 98,67 –ÎÍ (ôåíîë) 806,21

>CÍ– (HC) 418,55 >N– 153,69

>ÑRÍ– (HC) 313,87 >NH 354,79

>CÍ2 (HC) 191,61 >NRH 325,82

–ÑRÍ2– (HC) 122,22 –NH2 362,58

–CÍ3 (HC) –59,62 –N= 196,10

>ÑÍ– 119,79 –NR= 243,93

>ÑRÍ– 201,98 >NR – 369,80

>CÍ2 162,43 –N–Ñà 797,35

–ÑRÍ2– 149,72 –ÑN 640,67

–CÍ3 77,80 –NÑ=Î 1193,67

=Ñ< 194,11 Î=Ñ=N–Ñà 697,80

=ÑR< 236,45 NÎ2–Ñ– 898,17

=Ñ= –239,01 –NÎ2 525,91

=CÍ– 148,59 –S– 405,65

=ÑRÍ– 163,28 –SR– 221,89

=CÍ2 37,56 –SH 469,16

ÑR–ÑR= –59,24 –Br 386,51

>Ñ< 108,68 –Cl 251,85

>ÑR< 130,20 –F –55,41

>Ñ=Î 494,20 –I 622,38

>ÑR=Î 551,77 –Si– 89,55

Î=CÍ– (àëüäåãèä) 437,19 –Î–(Si) 96,01

Ï ð è ì å ÷ à í è å . ÍÑ óêàçûâàåò íà ñâÿçü ãðóïïû òîëüêî ñ

óãëåâîäîðîäîì. Ñà îáîçíà÷àåò àðîìàòè÷åñêîå ñîåäèíåíèå,

èíäåêñ R — ëþáîé öèêë.

Òàáëèöà 2. Ñòðóêòóðíûå äåñêðèïòîðû äëÿ óðàâíåíèÿ (7) [3]

2 Äëÿ õëîðàêàíîâ â ÃÎÑÒ 12.1.044–89* òàêæå ïðèâåäåíà ìîäè-

ôèöèðîâàííàÿ ôîðìóëà Îðìàíäè–Êðýâåíà (Ormandy–Craven),

íî ïîñêîëüêó óðàâíåíèå (1) ÿâëÿåòñÿ óòî÷íåííûì âàðèàíòîì

ýòîé ôîðìóëû, îíà íå áûëà èñïîëüçîâàíà â ñðàâíèòåëüíîì

àíàëèçå.
3 t, Ò — òåìïåðàòóðû â °Ñ è Ê ñîîòâåòñòâåííî.
4 Äëÿ õëîðàëêàíîâ íåëèíåéíîãî ñòðîåíèÿ â óðàâíåíèå (3) ïîä-

ñòàâëÿåòñÿ ïñåâäîêîýôôèöèåíò �*: �* = ÓÓÖ + (2ÓÓÖ + 1 –

– NCl)�4 [11].
5 Äëÿ õëîðàëêàíîâ íåëèíåéíîãî ñòðîåíèÿ â óðàâíåíèå (4) ïîä-

ñòàâëÿåòñÿ ïñåâäîñòåõèîìåòðè÷åñêàÿ êîíöåíòðàöèÿÑñòõ
* , îïðå-

äåëÿåìàÿ ÷åðåç ïñåâäîêîýôôèöèåíò �*.
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Õëîðàëêàí
(ÓÓÖ)

Çíà÷åíèå Òâñï, Ê

Ýêñïå-
ðèìåíò

Ïðîãíîç

(1) (2) (3) (4) (5) (6) (7) ACDLabs TEST* ÌÓÖ (ðó÷í.)

ÑH3Cl (1) 207 200 200 202 208 202 202 206 187
260
216

–

Ñ2H5Cl (2) 223 223 223 221 223 223 226 233 216
253
237

225

Ñ3H7Cl (3) 241 244 244 243 241 243 248 255 241
257
252

241

Ñ4H9Cl (4) 256
261

265 264 264 261 263 270 275 266
288
263

262

Ñ5H11Cl (5) 286
285

283 282 284 281 281 290 292 284
290
284

280

Ñ6H13Cl (6) 300
301

300 300 302 300 298 307 309 300
306
300

300

Ñ7H15Cl (7) 315
311

315 316 318 318 314 323 325 315
318
317

317

Ñ8H17Cl (8)
331
335
334

330 331 333 334 329 340 341 331
345
339

331

Ñ9H19Cl (9) 347
351

344 345 346 348 344 354 356 348
349
348

345

Ñ10H21Cl (10) 356 356 358 357 359 356 366 370 356
357
357

359

Ñ11H23Cl (11) – 368 370 367 368 370 379 385 368
364
365

369

Ñ12H25Cl (12) 377
386

379 380 376 375 382 391 399 378
381
373

384

Ñ13H27Cl (13) – 390 390 386 382 394 403 413 387
385
380

388

Ñ14H29Cl (14) 395 401 398 396 390 407 415 427 396
394
390

392

Ñ15H31Cl (15) – 410 405 407 399 417 424 440 404
403
401

402

Ñ16H33Cl (16) 409 418 410 419 411 428 433 454 411
416
408

418

Ñ17H35Cl (17) – 427 415 434 429 438 442 467 418
423
445

433

(2,5)

238 238 233 232 232 237 242 237 238
263
247

233

(3)

250 248 244 243 241 246 252 244 291
266
281

241

(3,5)

263
252
258

259 254 254 251 257 264 258 258
268
259

252

Òàáëèöà 3. Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ òåìïåðàòóðû âñïûøêè
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Õëîðàëêàí
(ÓÓÖ)

Çíà÷åíèå Òâñï, Ê

Ýêñïå-
ðèìåíò

Ïðîãíîç

(1) (2) (3) (4) (5) (6) (7) ACDLabs TEST* ÌÓÖ (ðó÷í.)

(3,5)

256
254

259 254 254 251 257 264 287 294
271
258

252

(4)

276
263

269 264 264 261 267 275 264 276
278
272

262

(4)

264 269 264 264 261 267 275 292 264
281
269

262

(4)

264 268 264 264 261 266 274 288 279
276
272

262

(4,5)

283 278 273 274 271 275 284 304 283
283
279

271

(4,5)

274 275 273 274 271 273 282 276 283
283
282

271

(4,5)

283 277 273 274 271 274 283 276 283
285
282

271

(4,5)

– 278 273 274 271 276 285 304 283
286
282

271

(5)

280
292

289 282 284 281 286 296 323 292
294
292

280

(5,5)

298 296 291 293 291 293 303 320 298
300
299

290

(7,5)

– 324 324 326 326 322 333 326 325
322
313

324

(7,5)

333 324 324 326 326 323 333 351 325
321
319

324

Ïðîäîëæåíèå òàáë. 3
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íåíèþ Îðìàíäè–Êðýâýíà (1), íî ëó÷øå (ò. å. äàåò áî-

ëåå òî÷íûå ðåçóëüòàòû) ïîäõîäîâ Ðîóëè, ìåòîäèêè

ÃÎÑÒ 12.1.044–89* è ïðîãðàìì ACDLabs 2014 è

TEST.
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Õëîðàëêàí
(ÓÓÖ)

Çíà÷åíèå Òâñï, Ê

Ýêñïå-
ðèìåíò

Ïðîãíîç

(1) (2) (3) (4) (5) (6) (7) ACDLabs TEST* ÌÓÖ (ðó÷í.)

(8,5)

333 339 339 339 341 338 349 366 338
337
336

338

Ï ð è ì å ÷ à í è å . Êóðñèâîì âûäåëåíû ðåçóëüòàòû ðàñ÷åòà ïî ìåòîäó Hierarchical method, îáû÷íûì øðèôòîì — Consensus

method.

Îêîí÷àíèå òàáë. 3

Ìåòîä
D

Dmax, Ê n Ìåòîä
D

Dmax, Ê n
% Ê % Ê

Óðàâíåíèå (2) 1,25 3,55 9,8 27 TEST (Hierarchical method) 2,28 6,21 31,0 28

Óðàâíåíèå (3) 1,27 3,74 10,2 28 Óðàâíåíèå (7) 2,59 7,83 23,9 28

Óðàâíåíèå (1) 1,35 4,19 9,3 27 ACDLabs 2014 2,78 7,67 41,0 28

Óðàâíåíèå (5) 1,35 4,21 18,6 28 TEST (Consensus method) 4,64 12,13 53,0 28

Óðàâíåíèå (4) 1,54 4,47 12,3 28
Óðàâíåíèå (6) 5,17 15,96 44,6 28

ÌÓÖ (“ðó÷íîé” ìåòîä) 1,58 4,64 12,0 26

Òàáëèöà 4. Ñðàâíèòåëüíûé àíàëèç ìåòîäîâ ïðîãíîçèðîâàíèÿ
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ABSTRACT

Flash point for a set of 34 compounds of the class of chloroalkanes was calculated by the rule of “carbon

chain” (manual version and with five previously found equations: FP(°Ñ) = 0.63BP(°Ñ) – 57.53;

FP(K) = 24.03NC – 0.59NC
2 + 177; FP(K) = 189 + 7.72�1,5 – 0.632�2,5 + 0.08�3; FP(K) = 198.5 +

+ 64.99�Ñs + 774.8�Cs
2 – 1093.01�Ñs

3 + 443.29�Ñs
4; FP(K) = 3.7NC + 0.492BP(K) + 75.63). In the case

of isomeric compounds, conditional carbon chain (CCC), pseudofactor �* = CCC + (2CCC + NCl)�4,

pseudo-stoichiometric concentration C*
s are substituted in formulas. A comparative analysis of

prediction results by the method of “carbon chain” and other methods (Interstate Standard 12.1.044–89*,

Rowley, ACDLabs 2014 and TEST (version 4.1) software systems) is made. It is established that

equations (2) and (3) give the best results (average absolute deviation of 1.25 and 1.27 % respec-

tively).

Keywords: flash point; property; dependence; prediction; chloroalkane; fire hazard.
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