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PACYHET KATETOPUAN NMOMELLEHNSA

HA OCHOBE METOAUMKW NMPOIrHO3UPOBAHWA
NMOXXAPOOIMACHbIX CBOUCTB NMPOAYKTOB
HEDTENEPEPABOTKIN

MpoaHanun3vpoBaHa 6a3oBas MeToAMKa pacdeTa KaTeropum NOMeLLEHW Mo B3pbIBOMOXAPHOWM 1 Mo-
>KapHOW OMacHOCTW. YCTaHOBMEHO, YTO OHa ABNSETCA OrpaHMYeHHOM BBUAY OTCYTCTBUS B HEWM LOCTO-
BEePHbIX CMPABOYHbIX AAHHbBIX, B YaCTHOCTM MO MakCMManbHOMY AABMEHWIO B3pbiBa BELLECTBA, YTO
BAVSET Ha KOHEYHbIN Pe3ynbTaT M3bbITo4HOro AasneHns. MPUHATO peLleHre YCOBEPLIEHCTBOBATb ee
nyTemM BHeApeHWst MeTOAMKIN NMPOrHO3MPOBaHMS MOXapOONacHbIX CBOMCTB MPOAYKTOB HedTenepepa-
6OTKM Ha OCHOBE MOJEKYNAPHBIX LeCKPUMTOPOB 1 MCKYCCTBEHHbIX HEMPOHHbIX CeTeit. B kadecTse Be-
pUdUKaLMmM CNPOrHO3MPOBaHO MakCMManbHOe AaBfieHne B3pbiBa AN pada KMCIOPOACOAepsKaLLMX
NPOW3BOLHbBIX YTNIEBOAOPOAOB W NMPOBEAEH PACHET KaTeropun C y4eToM NosyHeHHbIX 3HadYeHniA. YcTa-
HOBJ/IEHO, YTO BHOBb MOJTy4eHHbIe 3HaYEHWS M3ObITOYHOrO AABNEHNs HUXe 3asBeHHbIX, a ClefoBa-
TeNbHO, (hMHaHCOBbIe 3aTpaThbl Ha pPa3paboTKy cucTeMbl obecnedeHus NoxapHo Ge3onacHOCTM Takxe
OyLyT CHUXEHBI.

KntouyeBble C10Ba: NMPOrHO3MpoBaHWe; NMoXapoonacHble CBOMCTBA; HedTenepepaboTka; noxapHas
©e30MacHOCTb; NerkoBOCNIaMEHSIOLMECSH XIMAKOCTN; HEMPOHHbIE CeTU.
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BBepeHune s pacuera u3bpirouHoro nasnenus AP (xI1a) razo-
U TapOBO3/YIIHBIX CMECEN B cBOJaX mpasui [2] mpes-
JlaraeTcsi ClIelyIollee BbIpaKeHHeE:

IIpu npoexkTupoBaHuy HOBBIX MPOMBIIIEHHBIX IPE/-
TIPUSTUH, CKJIQJICKUX U J1a00PATOPHBIX TOMENICHUH 00b-
€KTOB He(pTera3oBol OTPacy, B KOTOPBIX TPUMEHSIOT-
Sl JTU XPaHSTCA JIETKOBOCIUIAMEHSFOIIUECS KUIKOCTH AP = (P
(JIBXK), nomxkeH mpoBOIUTHCS pacdyeT U30bITOYHOTO 1aB-

JICHHsI BO3MOXKHOTO B3pPbIBa. 3HAYEHHE JJAHHOTO TIOKa-

3aTesisl MO3BOJIUT OMPEETUTh KaTErOPUIO TIOMEIICHHS rae P . — MaKCUMajbHOE JIaBIICHUE, PA3BUBAEMOE ITPU

mZ 100 1
P s
CBpH CCT KH

max

II0 B3PBIBONOKAPHOM U TI0YKAPHON OMACHOCTH. CrOpaHuU CTEXMOMETPUUYECKOH Ia30- WK NapOBO3-
OCHOBHOM I1EJTBI0 TAKOW KIaccH(DHUKAIINH SBISICTCS JYIIHOM CMECH B 3aMKHYTOM 00beMe, Olpe/ieIsieMoe
BBIOOp CHCTEMBI 00ECIICUCHHS TIOKAPHOU 0e301acHO- SKCIEPUMEHTAIBHO UM TI0 CIIPABOYHBLIM JaHHBIM
CTH, T. €. OIIpeJielicHHe TpeOOBaHUH, 00CCIICUNBAIOIINX B COOTBETCTBUM C TPEOOBAHUAMHU; IPU OTCYTCTBUH
TIPEI0TBPAIECHHE BEPOSTHOCTH BO3HUKHOBEHHS MOKa- AQHHBIX lonycKaeTcs npuHumars P, = 900 I1a;
pa, a Takke 00eCIIeIeHUE TPOTHBOIIOKAPHON 3aIIUTHI P,— navanbHOe naBnenue, klla; nomyckaercs npu-
JIFOZIEV ¥ MMYIIIECTBA B CIIy4ac BO3SHUKHOBEHUS [TOKapa Humarb P, = 101 xIla [2];
B 3JIaHUAX, COOPYKEHUSIX U MTOMEIIEHUIX He(Teraso- m — Macca roprounx napos JIBXK unu roprounx
BOrO cekropa [1]. xkuakocreit (I7K), kr;
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- BE3O0MACHOCTb BELLIECTB U MATEPUANOB

Z — KO3 PUIMEHT y4acTHs TOPIOYUX Ta30B U Ma-
pos B ropennu; aist JIBX Z = 0,3 [2];

V., — cBOOOIHBINH 00BEM ITOMEIICHNS, M3;

p, — miotHocTk napa JIBX npu pacuernoii pabo-
ueit remneparype £, (°C), Kr/m;

P (1 +0003671,)

V) — MOIbHBII 00BEM, M3/KM0J'H>;
V, = 22,413 v /xmons [2];

C,, — CTeXHOMeTpUYeCcKasi KOHLEHTpAIHs HapoB

JIBXK/TXK, % (006.);

K, — 6e3pa3MepHbIii K03 (OUINEHT, yUUTHIBAIOIINI

HETepMETUYHOCTh MOMENICHHUS U Heaaunadarnd-

HOCTb IIpouecca ropenus; K, =3 [2].

OTMeTHM, 9TO TIPOBEIEHNE PACUETOB IO KaXKIOMY
CITy4aro JIOCTATOYHO TPYJTOEMKas 3a/1a4a, KoTopast Obliia
peniena Hamu B pabote [3]. K Tomy ke naHHast METOH-
Ka MOYKET OBITh OTPAHUYCHHOMU B CBSI3U C OTCYTCTBHEM
JIOCTOBEPHBIX CIPABOYHBIX JAHHBIX TI0 (PU3UKO-XHMH-
YECKUM CBOWCTBAaM BEIECTB, UCTIOIB3YEMBIX TIPU pac-
YeTe KaTerOpUU MOMEMICHHS 110 B3PBIBOMIOXKAPHOU U
MO’KapHOU OMACHOCTH.

Ha ceronusamuunii geds n3sectHo cBbime 100 MiH.
WHIMBH]IyalIbHBIX OPraHUYeCcKuX BemecTB. OHAKO UX
MOYXKApOOIaCHbIE CBOMCTBA U3Y4YEHbI YACTUYHO U JIUIIb
JUTSL HECKOJIBKUX THICSY KUCIIOPOICOIEPIKAIIIMX OPTaHH-
YECKUX COSAMHCHUH. DTO CBA3aHO B TIEPBYIO O4epelb C
TEM, YTO 3aTpaThl Ha IKCIIEPUMEHTAIBHOE OIpe/ieie-
HUE [TOJTHOTO MEPEYHS MTOKAPOOTTACHBIX XapaKTEPUCTHK
JUTST KQXK/I0TO BEIIECTBA CYIIECTBEHHBI [2].

B Hacrosiiee Bpemst 17151 perieHus 3a/1a49u, CBsI3aH-
HOM C JIOCTOBEPHBIM OIpEIeTICHUEM KaTErOPHH TIOMe-
IISHUS TI0 B3PBIBOIIOKAPHOU M TTOKAPHOM OMACHOCTH,
MIPUMEHSIOTCSI PA3JIMYHbIE PACUETHBIE METO/IBI, I03BO-
JISTIOIIME TTPOTHO3UPOBATH M0KAPOOIIACHBIE CBOMCTBA
BEIIECTB, U B TIEPBYIO Ouepe/ib HEPTEMPOIYKTOB U ITPO-
JIyKTOB He(TerepepadOTKU, YTO HE IPOTHUBOPEUHT Tpe-
OoBaHusM 3akoHozaTenbcTBa Poccuiickoit Denepa-
1 [1]. PacueTHble METOABI MOTYT paccMaTpUBaThCs
KaK aJIbTepHATUBA SKCIIEPUMEHTAILHOMY MOAXO/Y K Ha-
KOIIJICHHIO JaHHBIX 0 MOKa3aTessiM MoXKapHOU orac-
HOCTH BEILECTB U MaTepuanoB. PenepaibHbIil 3aKOH
No 123-®3 u 'OCT 12.1.044, Bxonamuii B nepedeHb
HAIIMOHAJIBHBIX CTAHJIAPTOB Ha IMTOATBEPIKICHHUE TIOJI0-
ykeHHH ““TeXHUYEeCKOro perfiaMeHTa 0 TpeOOBaHHSX T10-
JKapHO# 0e30MmacHOCTH”, JIOMYCKAIOT TaKoOW MyTh pe-
NICHUS 3TOH MPOOIEMBI.

PaccmarpuBasi coBpeMeHHBIE pacUeTHBIE METOH-
KU TIPOTHO3MPOBAHUS TTO’KAPOOIACHBIX CBONCTB IPO-
JIyKTOB HeTenepepaboTku [4], yCTaHOBUIIM, YTO BCE
OHHU CBSI3aHBI C TEXHUYECKUMU TPYJAHOCTSIMH, CII0KHO-
CTBIO PEIICHHS AMPOKCUMAIMOHHBIX YPaBHEHUH U pa-
0O0TAaOT TOJIBKO B MPEJIENIax OJIHOTO KJlacca paccMarpu-
BaeMbIX OPraHUYECKUX COeAMHEHHUH [S, 6]. B cBs3u ¢
9TUM HEOOXOJMMOCTh CO3JJaHHsI HOBOT'O KOHKYPEHTO-

CrocoOHOTO TIOIX0/1a IS pacyeTa MOKapoB3PhIBOOIIAC-
HBIX CBOMCTB KHCJIOPOJICONIEPKANTUX OPTAHIMUECKUX CO-
€IMHEHHUI1 SIBJISECTCS aKTyaJbHOM.

B kauecTBe abTepHATUBBI CYIIECTBYIOIIUM METO-
JiaM OBLITIO PEIICHO MCIIOIb30BaTh METOMKY ITPOTHOBH-
POBaHUS MOKAPOOTIACHBIX CBOWCTB MPOYKTOB He(Te-
nepepadoTKH Ha OCHOBE MOJICKYJISIPHBIX JIECKPUIITOPOB
[7, 8] m uickyccTBEHHBIX HEHPOHHBIX cereld [9, 10].

OCHOBHOH IIEJIBIO UCCIICAOBAHUS SIBISCTCS MPO-
THO3MPOBAHUE MAKCUMAIIBHOTO JIABJICHUS B3PbIBA IIPO-
JIYKTOB HedTemepepabOTKH, a OCHOBHOM 3amaucii —
OTIpeJICTICHHE KAaTETOPUU TIOMEIICHHUS IO B3PBIBOTIO-
JKapHOM M OXKAPHOU OMACHOCTH € yUYETOM CITPOTHO3H-
POBAHHBIX 3HAYCHMUIA.

B xauecTBe 00BHEKTOB HCCIICIOBAHNS BBIOPAHBI KHC-
JIOPOZICO/ICPIKAIIEe TTPOU3BOHBIC MPEIEIbHBIX yIJe-
BOJIOPOJIOB, OOpaIIarIrecs B HeTerazoBor oTpac-
mu. Tak, KeTOHBI IPUMEHSIOTCS TS AenapaduHI3aIuN
He(TEPOTYKTOB U XapaKTEPU3YIOTCS 0COO0M ToXkKap-
HOM OMMacCHOCTBIO.

MeTtoponorus

OaHMM U3 IEPCIIEKTUBHBIX HAPaBJICHUH SBIISIETCA
METOJIMKA ITPOTHO3UPOBAHMSI TTOXKAPOOTIACHBIX CBOMCTB
OPOIYKTOB HedTenepepadOTKH, OCHOBAaHHAs Ha HC-
MOJIb30BaHUH MOJICKYJISIPHBIX JIECKPUIITOPOB U HCKYC-
CTBEHHBIX HEHPOHHBIX CETEM.

[Ipennaraemasi METOAMKA JIMIIEHA TAKKX MIPOOJIEM,
Kak OOJbIINe BPEMEHHBIE B PECYPCHEIE 3aTPaThl, CIIOXK-
HOCTH ITpH pacueTax. Kpome Toro, oHa mo3BoJIsieT B pe-
JKFME peasbHOTO BpeMEHH 0e3 IIpephIBaHMsI IpoIiecca
MIPOrHO3UPOBATh MOXKAPOOIACHBIE CBOMCTBA MPOLYK-
ToB He(renepepadoTky. CXxeMaTHUECKH JJaHHAS METO-
JIUKa MpejcTaBieHa Ha puc. 1.

VcnoBHBIN clieHapui peasn3aluy MpeajiaracMou
METOIUKH BKITFOUACT B CeOs1 4STHIPE OCHOBHBIX dTarla:
e oman [: aHATN3 TEXHUYECKON JOKyMEHTAIUU HA 00b-

eKT 3aIIUTHI U TEXHOJIOTUIECKHUI ITPOoIIece, OCyIIe-

CTBJIIEMbIH B IOMELICHHUH;

e oman 2: onpejencHue Haubonee MOXKapoOB3PBIBO-
OITACHOTO BEUIECTRA, HCIOIB3YEMOTO Ha OOBEKTE 3a-
IIMTHI, U YCTAHOBJICHHUE €r0 MOXKAapOOMacHBIX Xa-
PaKTCPHUCTHUK;

e 9man 3: pacueT U30OBITOYHOTO JTABICHUS H OIIPEIe-
JICHHE KaTeTOPUH TIOMEILICHHS 110 B3PBIBOIIOKAPHOI
Y TIOKapHOM OMAaCHOCTH;

e oman4: GopMUPOBaHUE MOITYYECHHBIX PE3yIbTAaTOB.
C nomorsto nmporpamMmmuoro komruiekca CODESSA

PRO n71s o6ydatoieil BBIOOpKU paccuuTaHo 38 TUIO-

JIOTHYECKHUX AecKpurtopoB. Ha ocHOBe KpUTHYECKO-

r0 aHaJIN3a MOJyYEHHBIX KOPPEISALUOHHBIX 3aBUCHMO-

CTEH ATUX JECKPUNTOPOB OBLIM PACCUUTAHBI 3HAYEHHS

MaKCUMAaJILHOTO JIABJICHHUS B3PbIBA, IPE/ICTABICHHBIC B

Tabm. 1.
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Pacuer kaTeropuu nomMerieHus Mo B3pbIBONOKAPHON

U noxkapHoi onacHoctH coracHo CIT 12.13130.2009

Calculation of the category of premises for explosion
and fire hazard according to SP 12.13130.2009

Konerg
End

Puc. 1. Meroauka pacyera KaTeropuu MOMeNIeHHs Ha OCHOBE JIAHHBIX O JIECKPUIITOPax
Fig. 1. The procedure for calculating the category of the room on the basis of data on descriptors

Tabnuua 1. Pe3ynbTtaThl NPOrHO3MPOBAHUS MakCMMasbHOro
L,aBNeHNs B3pbiBa NpefefibHbIX KETOHOB

Table 1. Results of forecasting the maximum burst pressure
of limiting ketones

Howme Kucnopozcoaepxkaruue TIporHo3upyembie
P MPOM3BO/IHBIE MPEAEIBHBIX 3HAYCHHUS
BeLIeCTBa
YIIIEBOIOPOAOB P .. klla
1 2-TTenrtanon / 2-Pentanone 748
2 2-OxkTanoH / 2-Octanone 879
3 2-Jlexanon / 2-Decanone 689
4 4-T'enrtanoH / 4-Heptanone 870
5 2-Jlomexanon / 2-Dodecanone 753
* CrpaBOYHbIE JAHHBIE JUISL OTHX TIPOM3BOIHBIX OTCYTCTBY-
fot [11, 12].
Reference data for these derivatives are absent [11, 12] .

B Tabn. 2 mpuBeaeHbI pe3yabTaThl pacueTa KaTero-
UM OMEILEHHs IPU BCEX PABHBIX YCIOBHSIX.

PesynbTrarsl CpaBHUTEIBLHOTO aHATN3a U30bITOYHO-
ro aasnenus, onpeaenennoro no CIT 12.13130.2009 u
IIpe/IaraeMoi METOINKe, IPUBEAEHBI Ha PUC. 2.

W3 puc. 2 BuaHO, UTO Ipelaraemasl U ACUCTBY-
I01asi METOJIMKH [103BOJISIOT [10Jy4aTh COIIOCTaBUMBIE
3HA4YEHHs] N30BITOYHOTO JIaBICHHS I KHCIIOPOACOEp-
JKAIUX TPONU3BOTHBIX MPEAETbHBIX YIIEBOAOPOIOB.

—a— C yyerom npejyiaraemMoii

AP, xlla METOJIMKH ITPOTrHO3UPOBAHUS
AP, kPa Taking into account the proposed
74 forecasting technique

7,51 ¢ —— C yuerom ponymienuii CIT 12.13130.2009

7,0 4 Taking into account the assumptions

6,5 - of the set of rules 12.13130.2009

6,0 -

5,5 , 5,3

5,0 A

4,5 1

401 43 44

3,5 T 3‘ 7

3,0 .
52 52 5z E2 &%
= 9 m O o O m O o O
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Es  Es E§  EE BB
55 S48 A oy 5.3
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Puc. 2. Pe3ynbTaTsl CpaBHUTEIBHOTO aHAIN3a PACYETHOTO H30bI-
TOYHOTO JaBJICHHS

Fig. 2. Results of the comparative analysis of the calculated excess
pressure

BbiBOAbI

AHan3upys 3HaUCHUsI, TIOJyYCHHBIE B PE3yIIbTaTe
pacdera n30BITOYHOTO JIABJIICHUSI B3PBIBA, M3 ITPEICTAB-
JISHHOTO Ha pUC. 2 rpaduKa BUIUM, YTO METOINKA ITPO-
THO3WPOBAHMSI TIOXKAPOOTIACHBIX CBOWCTB IMPOJYKTOB
HedTenepepabOTKH Ha OCHOBE MOJICKYJISIPHBIX JIECKPHII-
TOPOB U UCKYCCTBEHHBIX HEHPOHHBIX CETEH HE UCKITIO-
YaeT CyNIECTBYIOLIEH METOIMKH 0 OMPEESIICHUIO Ka-
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- BE3OMNACHOCTb BEWECTB W MATEPUANOB

Tabnuua 2. Pe3ynbTaThl pacdeTa KaTeropum nomeLleHms
Table 2. Results of calculating the category of premises

Kucnopozacozepskariye npou3Boa- M, Py, klla il P

HbIC TIPEJICTBHBIX YTICBOJOPOIOB | KI/KMOJIb (38°C) Cer %0 kIla Pr> Kkr/m’ m,xr | AP, klla | AP,, klla
2-ITentanon / 2-Pentanone 88,15 1,58 1,93 768/900 4,157 10 43 7,4
2-Oxranon / 2-Octanone 128,2 0,5 6,44 879/900 1,804 10 4,9 5,1
2-Jlexanon / 2-Decanone 88,104 9,351 3,97 689/900 3,450 10 3,7 5,8
4-T'entanoH / 4-Heptanone 114,3 1,442 3,33 870/900 2,902 10 5,0 5,5
2-Jlonexanon / 2-Dodecanone 98,3 1,78 3,47 753/900 3,305 10 4.4 5,3

TErOPUH IIOMEILEHHUS 110 B3PBIBONIOKAPHON M TOXKAPHONH  TOXKAPOB3PHIBOOMACHOCTH OPraHUIECKUX COCTUHECHUH,

omacHocTH, mpeactasnenHoi B CI112.13130.2009 [2],  a Taxske pa3paboTarh Oojee 000CHOBAHHBII NEepeueHb
a jomnonHseT ee. OTMETUM, YTO COBMECTHOE IIpUME- MEpONPHITHH, HANpPaBICHHBIX HAa OOECHEeYeHHE IO0-
HEHME JIBYX METOAMK ITO3BOJIUT JIOIOIHUTL U IPOBE- JKapHOH 0€30MacHOCTH MPEeANpPUATHH HEPTEra3oBoro

PUTH CyIIECTBYIONME 0a3bl NAaHHBIX IO MOKA3aTesIM  CEKTopa.
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ABSTRACT

The article raises the urgent issue — the lack of physicochemical properties of the new synthesized
substances. These properties will allow employees of supervisory activities to develop fire safety
systems at security facilities. The efficiency of such systems is achieved by eliminating the com-
bustible environment or the ignition source.

Using the example of oxygen-containing hydrocarbons, which are used practically in all areas of
industry and are produced according to reference data in the amount of more than several tens of
millions of tons per year, it was possible to predict the maximum explosion pressure, i. e. one of
the most important fire hazard properties of a substance, with the help of a technique for predicting
the fire hazard properties of oil refining products based on molecular descriptors and artificial neural
networks. The proposed methodology is implemented using the author’s computer program “Neuro-
Packet KDS 1.0”.

The program “NeuroPacket KDS 1.0 allows you to: download and view databases containing
the structures of chemical compounds and their properties; to correlate the input data; to evaluate
the received models statistically; use the obtained neuronet models to predict the properties of
substances without conducting a complex experiment.

This approach to predicting the fire hazard property of refined products describes the structure of
the molecule with the help of molecular descriptors and establishes quantitative correlations between
the values found using artificial neural networks.

Based on some reference data, data was verified. In addition, the maximum explosion pressure
was predicted for substances that are not known in the reference and regulatory literature. This makes
it possible to build on the values obtained in the development of fire safety systems.

Based on the results obtained, the category of premises for explosion and fire hazard was
calculated. It was found that the estimated value of excess pressure was less than the claimed value,
and therefore the financial costs of developing a fire safety system would also be reduced.

It should be noted that the methodology for predicting the fire-hazardous properties of oil refining
products based on the use of molecular descriptors and artificial neural networks allows us to con-
clude that this technique can be used to predict other fire-hazardous properties of organic substances.

Keywords: forecasting; fire hazard properties; oil refining; fire safety; flammable liquids; neural net-
works.
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