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The Article highlights the capabilities of the hardware and software system «TOXI+Meteo» developed for
supporting procedures of industrial safety monitoring at production facilities and forecast of consequences

of hazardous substances emergency discharge.
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TOKCU+.
0 Mepe BbIX04a 13 SKOHOMUYECKOMO KPr3nca MHO-

I_I rme pykoBOAUTENN OPraHn3aumia, 3KCMayaTupyio-
LLX OnacHble Npor3BOACTBEHHbIE 06bekThI (O0),
Ha4anm yoensitb Cepbe3Hoe BHMMaHWe pa3paboTke MHBe-
CTULIMOHHBIX MPOrpamMm no PEKOHCTPYKLUN, Pa3BUTUIO 1

TEXHNYECKOMY NEPEBOOPYXEHNIO CBOMX NPON3BOACTB.
06s13aTeNbHbIN CTPYKTYPHBI 31IEMEHT NPOEKTOB — 60K
MEPONPUSTIIA NO NOBbILLEHUIO HAAEXHOCTM 1 6e30NacHo-
CTU OYHKLMOHNPOBAHNS TEXHUHECKUX CPEACTB U COOpPY-
XEHUI, a TaKke onepaTMBHOCTM NMHPOPMUPOBAHNS aBa-
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PUIAHO-CNacaTeNbHbIX CNYyX6 Npy BO3SHUKHOBEHWW aBa-
PUIAHBIX CUTYaLMiIA, B TOM YMCHE CBS3aHHbIX C BbIOPOCOM
onacHsbix BewecTs (OB). MMeHHO aTa kaTeropusi aBapuvin
OT/IMYaEeTCS Hanbosiee onacHbIMU NOCNeaCTBUAMM (TOK-
CMYeCKoe NopaxeHue, BO3AENCTBME NopaxaroLmx dak-
TOPOB MNoXxapa 1 B3pbiBa) Kak 4J19 nepcoHana opraH13a-
LMW, Tak 1 Ons ML, HAXOOALWMXCS Ha TEPPUTOPUM, MPK-
neraiowen k OrNO. CBoeBpeMeHHOCTb 1 3D GHEKTUBHOCTb
NPUHATUS PYKOBOACTBOM OpraHn3aLumn Mep no nokannsa-
LKW NOCNeACcTBMI aBapuin, B3aNMOAENCTBUS NepcoHana
00bekTa C aBapuiiHO-cnacaTesibHbIMK Ciy6amu, BKO-
yasi OpraHM3aLIo 3BaKyaLMOHHbLIX MEPONPUATIIA, B 60Nb-
LUMHCTBE CNy4YaeB CTaHOBUTCS ONPeaENSIOLLIMM YCNOBNEM
MUHUMU3aUMN Yrpo3bl XU3HU 1 30,0POBbLIO JIIOAEN.

lNocTosiHHas rOTOBHOCTb aJeKBATHOrO pearnposa-
HMS B Clly4ae BO3HMKHOBEHWUS YPE3BbIYAMHOW CUTYaLIMM
(HC) — 310 0AHa M3 COCTABASIOLLMX CUCTEMBI yripaBe-
HKS1 NPOMBILLNEHHOM 6e3onacHocThio (CYMB) coBpemer-
HOro Npon3eoacTea. B KpynHbIX KOMNaHUSX apheKTUB-
Hast CYIb enBa nv1 Bo3MoxHa 6e3 MCnosib30BaHWS WH-
P OPMALMOHHBIX TEXHONOMMIA KaK MPK y4eTe AOKYMEHTOB,
060pyaoBaHNs 1 NPOLECCOB, Tak U B
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MAK «TOKCU+MeTeo», CyXWT OJ18 OLEHKM NOCEACTBUN
aBapuii U BKNOYaeT B cebs pacHeTHbIE MOAYNKN, peanu-
3ylowmne TpeboBaHna psaa BeayLMx 0Te4eCTBEHHbIX
mMeToamyeckmx gokymeHTtoB [3]. MAK «TOKCU+MeTeo»
MOMHOCTLIO YHacnenosan GyHKLUMOHAN CBOErO NpeaLLe-
ctBeHHuka. NMAK «TOKCU+MeTeo» naet BO3MOXHOCTb
NPOBOAMTbL aBTOMATM3MPOBAHHYIO OLEHKY NOCNEACTBMM
aBapuii No 3a4aHHOMY MepPeYHto onacHoro o6opyaosa-
HWS 1 CLEHapUsIM aBapuin, CBA3aHHbIX C pacnpocTpaHe-
Huem B aTMochepe TOKCMYECKMX, MOXapO- U B3PbIBO-
ONacCHbIX BELLECTB.

Mpwu pacueTte TpebyeTcs yumTbIBaTL Takne napame-
TPbl OKPY>XXAIOLLIEN cpefpl, Kak HanpaBiiEHNE N CKOPOCTb
BETpa, TEMNepartypa Bo3ayxa u KJlacc yCTon4MBOCTH aT-
Mocdepbl, KOTOPbIE OKa3bIBAIOT 3HAYUTENBHOE B/IMSIHUE
Ha hopMy, NPOTHKEHHOCTb U MPOCTPAHCTBEHHYIO OPUEH-
TauMIO 30H NopaxeHus. B cBa3u ¢ 3TMM Npy NpoBeaeHUN
MOHUTOPMWHIra HEBO3MOXHO 000MTUCL 6E3 CTOYHMKA Te-
KYLLMX METEOPONOrNYECKNX AAHHbIX.

OcHosHoe otnnume MNAK «TOKCUN+MeTteo» oT gpy-
rMX NPoaykToB nuHeinkn «TOKCU+»' — nHTerpauus

4aCTV MOHUTOPUHIA U MPOrHO3MNPO-
BaHMs1 BO3MOXHbIX mocnencteuin HC
Ha akcnnyatupyemsbix OrO.

B kayecTBe 3BeHa CUCTEMbI MO-
HuTOopuHra YC Ha ob6bekTax ¢ BO3-
MOXHbIM BbI6pocoM OB MOXHO 1c-
Nnosib30BaTb OTEYECTBEHHLIN MPO-
rpaMMHO-annapaTtHbli KOMMIEKC
(MAK) «TOKCU+MeTeo» (www.
safety.ru/toxim), KoTopbI1 NO3BO-
NIET B PEXMME peasnbHOro Bpeme-
HW C YH4ETOM [aHHbIX, MONy4YaeMblX
C MOPTATUBHOMN METEOCTaHLuu,
dopmMunpoBaTb NPOrHO3 nocnep-
CTBWUN BO3MOXHOIO BO3LENCTBUS
nopaxaiowmx GakTopoB 4na pas-
JINYHBIX CLLEHApPWEB aBapum C Bbl-
6pocom n paccesHnem OB, oTo-
OpaxaTb 30HbLI Nopaxaluwero
LEeNncTBMS Ha CUTYaUNMOHHOM nna-
HE 1 OLEHNBATb YNCNO BEPOSATHBIX
XepTB (puc. 1). B ocHoBe PyHKLUN-
oHuposaHua MAK B kayecTse ane-
MEHTa CMCTEMbI MOHUTOPMHIa YC
nexar MoAenn paccesiHnsl OrnacHbIxX
BELLECTB B BO3AYXE, NPEASIOXEH-
Hble B MeToaunke oueHKM nocnepn-
CTBUI XMMMyeckux asapuim (Meto-
avka «Tokcu». Pepakunsa 2.2) [1],
cornacoBaHHON loCcropTexHaaso-

AucneTuyep
(axcneprT)

TpuHsTIE peLweHns
Ha 0CHOBaHWN MHbOpMaLK,
nonyyetHoi u3 TOKCH+Meteo

A

TexHunyeckune cpegcrtea
noanep>XkKn encTeun
aucnertyepa

Cucrtema onoBeLueHus

Aucnetyep
3apaHue
HavanbHbIX ycnoam‘d:

BbIGOP CUTYALMOHHOTO MNaKa;

3a1aHe XapaKTepUCTUK 060y A0BaHNS,
copepxaLuiero OB, HaHeCeHIe MeCT ero pasmeLLieHis
Ha CUTYaLVOHHOM NJiaHe;

3aaHue ycnosuit xparerus OB;

3a/1aH1e MECT HaxOXAEeHNs NepCOHaNa 1 HaceneHys

ACYeTHbIA Moa

pacyet pa3mepoB 30H nopaxenus OB,
VCXOAA U3 TEKYLLMX 3HAYEHNI METEOAAHHBIX;
pacyeT NPOrHo3npyemoro Y1cna NoCTpafaBLUNX;
A3yanu3aLys pesynbTaTo pacyera
ATYaLVIOHHOM MNaHe;

/POBaHME PE3Y/IbTATOB Pacye

y
MeTeocTaHuua
Tekywme MeTeoAaHHbIe:
TeMneparypa BO3ayxa;
cTpatuduKkaLms aTMocdeps;
cina 1 HanpasneHve BeTpa

pom Poccum, n Metognyeckmx yka-
3aHUAX MO OLLeHKe NOCneacTBUi
aBapuiiHbIX BLIOPOCOB OMAaCHbIX BE-

Puc. 1. Cxema ¢pyHkuuoHupoBaHusa NAK «TOKCU+MeTeo» kak anemMeHTa
CUCTEMbl MOHUTOPUHIa U NPOrHO3MPOBaHUSA BO3MOXHbIX nocneacTenii YHC

wects (PO 03-26—2007) [2].
MporpammHbIi komnnekc «TOKCU+»,

Ha 6a3e KOTOPOro Obin paspaboTaH  Hawww.safety.ru).

" Kpome ynomsiHyTbIX B CTAThe MPOrPaMM JIMHERKA NPOrpaMMHbIX MpoaykToB «TOKCU+» Bkoyaet
nporpammMHble komnaekcbl «TOKCU+Risks [4] n «CTtapToBas Bepcus TOKCU+Risks (GecnnaTHblin, 4OCTYNEH
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nporpaMMHoro obecneyeHuns u uMdpPoOBON NopTaTmB-
HOI MeTeocTaHuun. Ha TekyLwmin MOMeHT o6ecneyeHo
06beamHeHmne MAK ¢ nonynsapHoi MMNOPTHON MeTeo-
ctaHumen RST MeteoScan Pro 923 (LLiseuust) n oteue-
CTBEHHOW meTeocTaHumen M-49M. B nepBom cnyyae
nepegaya MeETEOAaHHbIX C 4ATYNKOB OCYLLECTBASETCS
no pagmokaHasny, BO BTOPOM — C MOMOLLbIO Cneumab-
HbIX kKabenen, BXOOALWMNX B KOMMNEKT METEOCTAHLINN.
Mpun He06X0AUMOCTM MOXET OblTb peann3oBaHo B3a-
UMOOENCTBME C APYrUMN METEOPOIOTMYECKUMU CU-
CTEMaMMU.

PaccMoTpum ncxodHble AaHHbIe, HEOOXOAUMbIE OJist
nposeneHus BoluncieHni B MNMAK. NonyTHO 0TMETUM, YTO
BCE MHOXECTBO UCXOOHbIX AaHHbIX ONpeaenseT npo-
ekT «TOKCU+MeTeo», KOTOPbIA MOXET ObITb COXPaHEH B
Buae daiina u BnocneacTsnmn, npu HeodbXxoamMmocTH, 3a-
rpyxeH B komnnekc. O6006LEeHHO BCE MCXOOHbIE AaHHbIE
MOXHO pa3aennTb No XapakTepuayeMbiM UMK 0ObeKTaM
Ha YeTbIpe rpynnbl;

1) xapakTepUCTUKN TEPPUTOPUN MOHUTOPUHT;

2) napameTpbl 0NacHOro 060pyaoBaHNS;

3) MeTEOAaHHbIE;

4) naHHbIE O PACMONOXEeHMM JIIOAEN B paccMaTpmBa-
emoli obnactu.

XapakTepucTuku TepputTopmum MOHUTOPUHra.
JaHHas rpynna BKIOYaeT CUTYaUMOHHBIA MNaH MECTHO-
cTu (rpaduyeckoe n3obpaxeHne), Ha KOTOPOI NPOBO-
ONTCS MOHUTOPWHT, MacluTab, reorpaduyeckme Koop-
OVHaThI, a TAKKe XapakTePHbI pasMep LepOX0BaToCTH
NOBEPXHOCTU, Haa KoTopon paccenBaetcsa OB. Moa-
NOXKa CUTYaLMOHHOrOo NniaHa MoXeT OblTb 3aAaHa BeK-
TOopHbIM (Nporpamma AutoCAD, paclumpenue dwg) nnm
pacTpoBbIM (paclumpeHne bmp) rpaduyeckum gannom.

MapameTpbl onacHoro o6opyaoBaHus. MAK
«TOKCUN+MeTeo» No3BONSIET y4UTbIBATb EMKOCTM, CO-
nepxalume OB, Ha TeppuUTOPUM 3a4aHHOMO Npeanpus-
™]a. [Ans Kaxgon n3 HUX OTPaXeHbl: MOMIOXEHNE Ha CU-
TyauMoHHOM NnnaHe, coaepxatueecs OB, ero kom4ecTeo
N YCNIOBMSI XPAHEHUS, @ TAKXE HAaNN4YMe uim OTCyTCTBME
obBanoBaHus (puc. 2).

MAK «TOKCWU+MeTeo», kak 1 apyrne nporpaMmmbl au-
Heikm nporpamm « TOKCU+», copepxut 6a3y aaHHbIx OB,

Mamens ynpasners
Nerenga cnose | DueHKa YWCHa NOCTDRAABLIMK TOKCH+MeTeo

Hacenerive W nepcoHan Haansrsm Dopyaoeare

—a

BKJIHOYAIOLLYIO OKOM0 50 HAMMEHOBaHMIA TOKCUYHBIX, MO-
Xapo- 1 B3PbIBOOMACHbLIX BELLLECTB, a Takke NHTepdeinc
NSt nx 0o6aBNeHns U peJakTUPOBaHUS.

K aT0M Xe rpynne napaMeTpoB MOXHO YCNOBHO OT-
HECTU KpUTepuu, onpeaensitoLime 30Hbl MopaxeHns ¢
Y4ETOM TSKECTW nocnencTeuii. lporpaMmma umeeT BO3-
MOXHOCTb, B 3aBUCUMOCTW OT CBOWCTB BblOpaHHoro OB,
NPOBOAUTL PACHEeTbl 30H NOPAXEHUS MO AETEPMUHMUPO-
BaHHbLIM (NOPOroeas n cMepTesbHas TOKCOO03bl) U BEPO-
STHOCTHbIM (NPOBUT-DYHKLMS) KOUTEPUSIM CMEPTESbHO-
r0 TOKCU4ECKOro BO3[ECTBMS Ha YeI0BEeKa, a Takxe 00-
nacTtei BO3HMKHOBEHMS NoXapa-BCrbILLKW U1 B3PbiBa
TOMJIMBHO-BO3AYLUHbLIX CMECEN.

MeTeopnaHHble. B [TAK «TOKCU+MeTeo» nmeet-
CSl BOSMOXHOCTb 3aZlaHns MeTeonapamMeTpoB BPYY-
HYI0O MU C UCNOJIb30BAHMEM MOPTATUBHON METEOD-
CTaHLUMWN ON9 aBTOMATMY4ECKOro yyeta yka3aHHOM
nHdopmaumm. OgHaKO HEKOTOPLIE NapamMeTpbl OKPY-
Xawouwein cpeabl BCe Xe He MOryT ObiTb NONYYEHbI C
NOMOLLbIO METEOCTaHLNKN HanpsMyto. Tak, oas onpe-
OeneHuns knacca ctabunbHOCTM aTMocdepbl UCMOMb-
3yeTCs anropuTM, CBA3bIBAIOLLNIN CKOPOCTL BETPa U
BpeMS NpoBeneHNs U3MepeHUs (LeHb, HOYb, CYMep-
kn — B cooTBeTcTBMYM ¢ P, 03-26—2007), ¢ yuetom
N3MEHSIOLWErocs B Te4eHne roga BpeEMeHN BOCXO-
0a (3akaTa) cofiHUA, XapakTepPHOro Ans 3agaHHoro
reorpa@uyeckoro nojIoXeHns MeCTHOCTU (A0Nro-
Ta, wuporta) [5].

JaHHble 0 pacnonoXeHun naen B paccmMmaTpm-
BaeMmoi1 o6nactu. MAK «TOKCU+MeTeo» no3sonset
onpeaennTb BO3MOXHOE Y1C0 XEPTB B pedy/bTaTte BO3-
HWUKHOBEHMA aBapuinHon cutyaumn. KonnyecTseHHas
OLLEHKA 3TOro NnokasaTessi BbINOJIHAETCS HA OCHOBE Onpe-
OeneHns Yncna 4yenosek, nonasLnX B 30HY OeNCTBUS
onacHoro ¢akrtopa asapun. NonoxeHne nioaen Ha Tep-
pUTOPUY NPESNPUATUS N B €r0 OKPECTHOCTSX MOKa3aHo
Ha CUTYaUMOHHOM M1aHe C MOMOLLbI0 3aMKHYTbIX FreoMe-
TpuYeckmx obnacten (nnowaaHbix 06bekToB). OCHOBHOW
napameTp MoLaaHbIX 00bEKTOB — YMCIIO HAXOOSLLIMX-
Cs1 B HUX ntogen. Beogutcs gonyuieHne 0 paBHOMEPHOM
pacnpeneneHnm 3aaHHoro Ynucnaa naen BHyTpy nno-
LaaHoro oobekTa.

o 3agaHHbIM UCXOAHbBIM OaH-
HbIM MOTYT MPOBOANTLCS MO0 Oau-
HOYHbIE pacyeThbl, UHULMNPYEMBIE
Nnosb30BaTeNIeM B NPOU3BOJIbHbIE

JlarHan NaHens HCNONB3IYETCA ANA ANETADHATUEHOND 3A0AHUA eedfpoca OB ur

MPOBOAMTE NAKETHLIA DACYET DACCARHUA
0B cpaay no HECKOAbKMM BaKHMLAM 0S0pYaoBaHKA, MENONBIYETCA TONBKO COBMECTHO © NAHSMSKID 3403HUA METEOCT ATHCTHKH
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Puc. 2. Bknagka «0O6opyanosaHue» NAK «TOKCU+MeTteo»

nopaxeHuna n niowagHble 00ObEKTHI.
OTo6paxeH NpoTokon paboTsl NPo-
rpaMMbl, B KOTOPOM MpeacTaBe-
Hbl pe3ynbTaThl pacyeTa, B TOM YUC-
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12082010 12:51:35 pacver nocreacTeui meTogurod TOKCH A
12082010 155133 urmumanessuma...
12082010 15:51:33 G
12082010 15.51:00 pacyer 3asepuien
12082010 15:51:00 ynpasnmouian 060N0.E AOCTUNHA
12082010 15.51:00 cyraa BosMomren XepTE aBapim, ver O
12082010 155100 20°C; 247 = Sm/e:
12.08.201015:43.05 pacuer nocneacTewd metoaurod TOKCH
12082010 154302 MBS
12.08.2010 15:4%.02
12082010 15:43:01 pacver sanepuen
1208.2010 15:48:43 ymmn 060n03 A0CTYHA
12082010 15:47:35 cypea BoJmO: wepTe ssapuM, ver [
1208.201015:47:35 20°C. 247 'Il}m’c
12082010 15:47-35 pacver nocrencTeiwi metoausoi TOKCH
12.08.2010 15:47.35 wuwmau:‘ﬂ

s

12082010 15:45:38 20 T 24? 1Dch
12082010 15:4535 pacver nocreqcTess metogssod TOKCH
12082010 154354 wrsaimanussuma. .

12.08.2010 15:4354
12082010 154354 pacset sasepusen

12082010 15:4354 g’pmmuﬁmmanmg—ma
1208.2010 15:4224  Cymma BOIMOKHED! WeOTS A8aDMM, vent [
1208.2010154221 20°C; 247 %; H:Im

12082010 15:42.21 pacset nochencres meragsson TOKCH
1208.201015:4220 wsuvamsagua.

3ACPYINS YENEUWHO J0EMUsH

Puc. 3. PaboTta NAK «TOKCU+MeTeo» B pexxume MOHUTOPUHra

Ne AaHHbIe 0 TEKYLLMX MeTeonapaMeTpax u Konm4ecTse
noaei, NoaBepPXeHHbIX 0NacHOCTU NPW BO3HUKHOBEHWM
aBapyn B yKa3aHHbIX YCIIOBUSIX.

BbiBoAabl

1. Mpv BO3HMKHOBEHWW aBapUIAHbBIX CUTyaLmiA He0BXO0-
1Mo ObICTPOE 1 agekBaTHOE pearmpoBaHue ciyx6 npo-
N3BOACTBEHHOV 6€30MaCHOCTUN NPEANPUATUAS B HACTU KO-
OpPANHALLN AEVACTBUIA NO IOKANN3aLMn aBapum 1 MUHU-
Mu3aumm ywepba 1 notepb. B cBSA3K ¢ 3TMM BO3HUKAET
NoTPeBHOCTbL NOy4eHNs B KOPOTKMIA CPOK NPOrHO30B pas-
BUTWS aBAPUINHBIX MPOLIECCOB W OLLEHKM X BO3AENCTBIIA HA
COTPYOHWKOB NPEANPUATIS, TPETBUX JILL U MaTepuasibHble
LleHHOCTW. MPOrHO3bl Takoro poaa MoryT ObiTb OCYLLECT-
BNIEHbI ¢ ucnonb3oaHmeM MAK «TOKCU+MeTeo».

2. MeTeopaHHble, NOCTaBNSEMblE METEOCTaHLMEN,
No3BOJIAOT Hanboiee TOYHO U ONEePaATMBHO OLIEHUTb Xa-
pakTep pasBuTus npoueccoB paccesHns OB B atMoc-
depe.

3. CoBpeMeHHasl 0Te4yecTBeHHas MeTogMyeckas
6as3a, peanM3oBaHHas B pacyeTHbix moaynsax MAK
«TOKCU+MeTeo», naeT BO3MOXHOCTb NPOBOANTL OLIEH-
Ky nopaxaloLLLero BO34eNCTBUSA U APYrMX OnacHbIX ¢ak-
TOPOB (TENIOBOE U3NTy4YEHNE, YAAPHBIE BOJHbI).
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