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TON-5 BYAYLLMX

TEXHONOIMI BE3ONACHOCTHU

T €XHOANOIMU HenpepbiBHO pa3BUBalOTCA. OT co3paHusA NPOCTbIX KAMEHHbIX UHCTPYMEHTOB AO CAOXXHbIX UHTETPU-
POBaAHHbIX CUCTEM 6e30MacHOCTU YEAOBEYECTBO paclumnpsaeT TEXHOAOrMYeckKue rpaHuubl. Hurae aTto He oLuy-

LaeTca Tak ocTpo, Kak B chepe 6e30nacHOCTH.

Ha BbictaBke Securika Moscow, camon KpynHon B Poccun MeXxayHapoaHOW BbicTaBke obecneueHun 6e3onac-
HOCTU, AEMOHCTpUpYIOTCA 060pypAOBaHMe, TEXHOAOTMU 6e30nacHOCTU U HOBEWLIWE PeLleHUsA OT KPYyMHEULUX
poccuircKux 1 3apybexHbix npousBoauTener. KakoBbl aTh peieHUs? Kak 6e3onacHocTb 6yaeT BbIFAAAETD Ye-

pes 5, 10, 15 reT? AaBalTe BbIACHUM 3TO.

UcKycCcTBEHHbIN UHTEANEKT
1 raybokoe obyueHue

Mo paHHbIM Online Trust Alliance uncAo rAoBanbHbIX KK-
6epPUHLMAEHTOB, HaUEAEHHbIX Ha BU3HEC, MOYTH YABOMAOCh:
¢ 82000 B 2016 1. p0 159 700 B 2017 1. BOAbLIAA YacTb
3TUX UHUMAEHTOB ObiAa Bbi3BaHa atakaMu KnbepsBbiMora-
Tenen. CTuBeH PeirHAXep, UICMOAHUTEABHbIN PEAAKTOP XYP-
Hana Techrepublic, cuMTaer, UTo Takne aTaku Co BpeMeHEM
13 61M3Heca nepenayT B AMUHYIO chepy. beH Xammepcau,
6pUTAHCKKUI GYTYPOAOT U NponaraHAUCT HOBbIX LMPPOBbIX
TEXHOAOTMI, B paMKax npoLleallero Ha Securika ®opyma
BesonacHoct npmBeA Takme npumepsbl: “TOAbKO KOraa KOM-
naHusi CTaAKMBAETCA C TAXXEAbIMU MOCAEACTBUAMU Knbep-
NPeCTyNAeHWI, TON-MeHeAXepPbl 3aAyMbIBaKOTCA, YTO AAS
60pb6bI NPOTUB NPOABMHYTbHIX METOAOB B3AOMa TPebyeTcs
HeuTo 60AbLLEE, YEM YEAOBEYECKAA UHTYULMA”.

Uto xe umeHHo? UCKYCCTBEHHbIN WHTEAAEKT!
MckyccTBeHHbI nHTeAneKT (UMW) n raybokoe obyueHue AB-
ASIIOTCS MOCAEAHUM OPYXMEM B BOMHE NPOTUB knbepnpe-
CTYMHOCTMU.

B Bananickon komnaHum AMPLYFI Ltd. ucnoab3ytor
NOAXOA MALLUMHHOTO 06yUYeHNA AAA BbIABAEHUSI U HEWTPAAK-
3aLMK1 OHAQMH-Yrpos3.

“B knbepbesonacHoctM MU MoxeT aBTOMaTUUECKU
WUAEHTUOULMPOBATb MOTEHUMAABHO BPEAOHOCHOE MOBeAe-
HWe NporpamMMHoro obecrneyeHus, BEKTOPbI aTak U CBSI3aH-
Hble C HUIMW @aHOMaAWU B PEXMUME PEAABHOTO BPEMEHH, UTO
NO3BOASIET MOCTOSAHHO aAANTUBHOMY MEXaHU3MY 3allUmTbl
BbIABAATH 1 3aKpbIBaTb BTOPXEHMSA ObICTPEE M NPOLLLE, YEM
Korpa-Anbo npexae”, — roBOpUT reHepanbHblli AUPEKTOP
AMPLYFI Ltd. Kpuc FaHxe. — ITOT TEXHOAOTUYECKUIA NPO-
IPECC HE TOAbKO 3HAUUTEABHO COKpaLLA@eT KOAMYECTBO Ha-
pyweHuin knbepbesonacHOCTU, HO U AAeT aHaAUTUKaM
BO3MOXHOCTb Ay4lle COOKYCUpPOBaTb CBOE BPEMS U YCKO-
pUTb NPOLLECC BbIABAEHWS HAPYLUEHWI OT COTEH AHEWN AO
HECKOAbKMKX YacoB.”

YMHble TEXHOAOTMU MPOKAAABLIBAIOT NyTh K Honee Hes-
onacHoOMY MUpY.

Mo)xapHble APOHbI

BecnunaoTHble AeTaTenbHble annapatbl (BAA), nam bec-
NMUAOTHWUKM, GOPMUPYIOT MHOXECTBO acNeKToB COBPEMEH-
HOW XM3HU, B TOM UNCAE MEHSIOT KapTUHY COBPEMEHHbIX
BOEHHbIX AEMCTBUI, UCMOAL3YIOTCA B MOrPaHUUYHON CAYXOe,
ONTUMM3UPYIOT paboTy TpaHcnopTa M AOTUCTUKY MO BCEMY
MUPY U AaXeE NPEAOCTaBASIIOT “AeTatoLume” TOUKKM AOCTyna
Wi-Fi.

OAHUM U3 Haubonee BOCTpebOBaHHbLIX HaMpPaBAEHUI
npuMeHeHust 6eCnMAOTHUKOB ABAsieTcs bopbba ¢ AeCHbIMU
noxapamu. B Poccunn oo nosiBaeHust BAA oA MOHUTOPUHTA
AECHbIX NMOXapoB B OCHOBHOM MCMOAb30BaAach aBUaLMS:
60nee 310 caMOAETOB 1 BEPTOAETOB EXErOAHO OCYLLIECTB-
ASIAV MOHUTOPUHT MOXapOOoNacHOW CUTyaLMK.

Hukonan KopLuyHOB, 3aBeAyOLLMIA KadeApOr OXpaHbl
AecoB oT noxapoB MAY AMO BUMKAX, npuBOAUT CAeAy-
toLLIMe BapuaHTbl UCNoAb30BaHUst BAA aast 60pb6Obl ¢ noxa-
pamu: “Bce, HauMHas OT OLLEHKM NOCAE MHLIMAEHTOB, MOUCKa
M cnaceHus, GakTMYecKoro NoXxapoTyLeHUss U MOHUTOPUH-
ra nAOLLLAAKK, MOXET BbITb 06paboTaHo 6€CNUAOTHBIMM Ae-
TaTeAbHbIMKW annaparamu”.
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19 % Bcex aKCTpeHHbIX CAYXO opraHudaumii CLUA, ko-
TOpbIe KYNWUAK APOHbI Mexay 2009-2017 rr., 6biAv noxap-
Hble. B AatBun komnaHuei Aerones LTD B HacToslLLee Bpe-
Ms pa3pabaTbiBaeTcs MOAEAb APOHA AASl UCMTOAB30BaHWA B
60pbbe ¢ noxapamu B BbICOTHbIX 3paHMAX. MpoTotun mo-
AEAM KOMMAHWKU MMEET Tpy3onopbeMHocTb 114 kr, no-
3TOMY OH CMOCOBEH MOAHSTb BOASIHOM LUA@HT HA BbICOTY
0okono 400 M. B cayuae ycnexa MCnoAb30BaHWeE NpPoToTUna
Aerones MOXeT cTaTb HOBbIM MeTOAOM B 60pbbe ¢ noxapa-
MW, MPOUCXOAALLMMM Ha BOAbLLUX BbICOTaX.

O6AauHble TEXHOAOTUU

Bce 6oAble npeanpuaTUii Npu Bbibope MHGOPMaLU-
OHHbIX TexHonorui (UT) npeanounTator 06AaUHbIE TEXHO-
AOTUM, MPU 3TOM PaspaboTumku NEePEXOANT OT CTpaTeruu
cloud-first (o6Aako npexae Bcero) K npuHumny cloud-only
(ToAbKO 0bAauHble pelleHus). B byayuiem obraka ctaHyT
OCHOBHbIM cnocobom notpebaeHunsa UT, oaHaKo 3ToOT Npo-
LLeCcC pacTAHETCS Ha AOATWI mepuoa, uyto obecrneuut cra-
OUAbHbIN POCT HanpaBAeHW |laaS n SaaS B banxanwune
ropbl. Pacxoabl Ha SaaS ceiuac npeBbilWaoT 6HOAXETDI
laaS, opAHaKo MOCAeAHMI CErMEHT pa3BuBaeTca bbicTpee.
Mpun aTom anA Poccum xapaKktepHa nocteneHHas Murpaums
C MHOCTPaHHbIX cepBucoB laaS Ha poccuickue.

IhobanbHble MOCTaBKM OBAAYHbIX PELUEHWUI MPOAOA-
XatoT pacTu onepexaroLmMmmn TeMnamu No OTHOLLEHUIO K
OCTaAbHOMY CEIMEHTY PbIHKA MHGOPMALMOHHO-KOMMYHMU-
KaLMOHHbIX TEXHOAOTUI. XKenaHWe ONTUMU3NPOBAThb M3AEPXK-

KW Y HEOBXOAMMOCTb TpaHchopmaumm busHeca ByayT ur-
patb Ha pyKy obAauHbIM NpoBaAepam: COrAacHoO NPOrHo3y
Gartner kK 2020 r. 6oAree NOAOBUHbBI CAEAOK Mo UT-ayTcop-
CUHTy ByAyT NpeAnoAaraTb pa3BepTbiBaHne 0b6aakoB. “Opra-
HU3aUMKM NEPEXOAAT Ha 0BAQUHYHO CTpaTernio 13-3a KoMr-
AEKCHOW BbIFOAbI, KOTOPYHO NMPEAOCTaBAAIOT 0BAaKa, BKAKOUaS
rMOKOCTb, MacLUTab1pyeMOoCTb, PeHTabeAbHOCTb, MHHOBaLMK
W pocT bu3Heca”, — yTBEPXAAET AUPEKTOP MO UCCAEAOBA-
Huem Gartner Cup Har (Sid Nag). o ero cnoBam, B 2016 1.
Ha obAaKka NpuLIAacb NPMMEPHO OAHA LWecTas (MAM OKOAO
17 %) Bcex 3aTpat Ha UHPPACTPYKTYPY, MPUAOXKEHUSA, MEX-
naatdopmeHHoe MO v cepBUCHI N0 aBTOMaTHU3aLMKU BU3HEC-
npoueccos, nNpu atom Kk 2021 r. ata umdpa Bo3pacrter
A0 28 %.

PelieHune 3apau no obecneyeHunto 6€30nacHOCTH, CBA-
3aHHbIX C 9KCMAyaTaLMen MPUAOXEHUIA B HOBO CPeAE, Tpe-
6yeT ocoboro noaxopa. MHorve Tunbl yrpo3 (CETEBbIE aTakM,
YA3BUMOCTU B MPUAOXKEHUAX ONEPALMOHHbIX CUCTEM, Bpe-
AOHOCHOE MnporpamMmmHoe obecrneyeHue 1 T. n.) AoCTaTou-
HO M3yUeHbl, U AA HUX pa3paboTaHbl CPEACTBA 3allMThI,
OAHAKO WX ellle HYXHO apanTMpoBaTh AAS UCMOAb30BaHWA
B obAake.

Yabrpa-HD CCTV

AoCTXeHMA B 0OAACTM KauecTBa U306 paeHUs 1 3ByKa
cAenanr 0bblUHbIA MPOCMOTP TeAEBU30pa U GUABMOB UC-
KAHOUUTEABHbBIM OMNbITOM. BHE AOMa MUP BUAEOHABAOAEHUS
TaKXXe HaXOAUTCA Ha NOPOre NOAHOM PEBOAKOLIMN — TEXHO-
Aorum 4k.
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KoHeuHo, aTa TexHoAOrMst BblAa apanTMpOBaHa AAS UC-
NMOAb30BaHUA B LieAsx 6e30MacHOCTU, KaK TOAbKO OHa CTana
AOCTYMNHOW. Beayuime mMupoBble NMPOM3BOAUTEAU CUCTEM
BUAEOHabAOAEHUS, TakKe Kak Hikvision, Samsung u Axis,
npeACTaBUMAM Ha BbICTAaBKE BECb AMana3oH CBOMX AOCTUXE-
HWM, UCMOAB3YHOLLMX 3Ty TEXHOAOTUIO. CAepyeT 3aMeTuTb,
YTO, KaK M BO MHOTMMX OTPaCAAX NPOMbILLUAEHHOCTH, TENEPb
AOCTYMHO MacCOBO€ NMPOW3BOACTBO TakUX CUCTEM B BOAb-
LKUX MacLuTabax.

LSt NOTPEBUTENS, T. €. OpraHU3aLMiA 1 NMOKyNaTeAEN, HYX-
AaroLmxcs B 6e3onacHOCTU NepumeTpa MUPOBOro KAacca,
4Kk npepnaraet orpoMHble NperMyLLEecTBa. Bo-nepBbix, Ka-
4ecTBO M306paxeHUs. APKYLo, YETKYIO KapTUHKY AQ€ET Bbl-
COKOE paspeLLeHne AUCMIAEEB, AOCTUTAEMOE 3a CHET OrPOM-
HOrO KOAMYECTBA MUKCEAEN. ITO 3HAUUT, UTO KOHTPOAb U
MAEHTUOMKALMSA, 0OBHapYXeHWe AMLAa UAM HOMEPHOTO 3HaKa
aBTOMOOUWAS 3HAUYUTEALHO YNPOLLAIOTCS.

Mo3HaKOMUTbCA C NOCAEAHUMMU TEHAEHUUAMU B chepe obecneueHua 6esonacHo-
CTU MOXXHO Ha MoCKOBCKOM MeXXAyHapoAHOM BbicTaBKe Securika Moscow, kotopas
coctoutca ¢ 19 no 22 maprta 2019 r. B UBK “9kcnoueHTtp”.

Elle OAHUM MPENMYLLLECTBOM AAHHOM TEXHOAOTUM AB-
AIeTCA COKPaLLEHME KOAMUECTBA KaMep, HEOOXOAUMbIX AAS
NOKPbITUA OAHOM TOUKU. ABe HD-kKamepbl MOTyT YABOUTb
KOAMUYECTBO KaMep CTaHAAPTHOM YETKOCTH, UTO MOXET Npu-
BECTU K 9KOHOMUU CPEACTB.

Na3epHoe orpa)xpeHue

Koraa Bbl AyMaeTe 06 orpaxaeHuu 1 3aLLuTe nepumeT-
pa PU3nYeCKHU, TO NPEACTABAAETE, BEPOATHO, OrpaxAeHue
WUAW CTE€Hbl C KOHTPOABHO-MPOMYCKHbIM NMYHKTOM. OAHaKo
He BCe NepuMeTpbl paBHbl. Penbed 1 AAMHa UrparoT orpom-
HYO POAb B ONpPeAeNeHUN TOr0, Kakasi CUCTeMa MOAXOAUT B
KaXXAOM KOHKPETHOM CAy4ae.

F

NasepHoe orpaxaeHue akTMBHO NPUMEHSETCSA B KOM-
MepUeckon coepe 1 UCMbITbIBAETCA B BOEHHOM MHAYCTPUM
ARl 3ALUMTBI 30HbI BAOAb FPaHMLbI.

37O CBMAETEABCTBYET O TOM, UTO 6€30MacHOCTb nepe-
XOAMT OT cleHapus lo-tech K 6oaee CAOXKHbBIM CLEHapUaM
obecneveHnss MMpPoBoOM 6e30MacHOCTH.

Ha ceroapHsiluHMi pAeHb Securika Moscow ABASIETCS CaMbIM MPEACTaBUTEAbHbBIM BU3HEC-MEPONPUATUEM MEXAYHA-
POAHOTO YPOBHSA B MHAYCTPUM Be3onacHocTh Poccum 1 ctpaH CHI. Ha BbicTaBKe NpeACTaBAEHbl BCE BEAYLLME KOM-
naHuu oTpacau, u3 H1x 30 % — MHOCTPaHHbIE NPOU3BOAUTEAN. Securika MOSCOW TPAAULIMOHHO ABASIETCS NAOLLAA-
KON AN AEMOHCTPaLMKN HOBUHOK B 06AACTM OXpaHbl, 6e30MacHOCTU M NPOTUBOMNOXapPHOW 3alLMTbl, NepBas Npe3eH-

Tauusa KOTOPbIX MPOXOAUT BO BPpEMS paboThbl BbICTABKM.

XoTuTe cTaTbh IKCMOHEHTOM M MPOAEMOHCTPUPOBATL CBOKO MPOAYKLIMIO BOABLLOMY KOAMUYECTBY MPODUABHbBIX CreLmna-
AMCTOB, 3aMHTEPECOBAHHbIX B €€ NPUobpeTeHnn? 3akaxmte CBOW CTeHA Mo aapecy: http://www.securika-moscow.ru/

ru-RU/exhibitors/book.aspx.

Kpome Toro, CBSIXMTECH C HaLLEN KOMaHAOM AAS MOAYYEHUST AOMOAHUTEABHOM MHOOPMALMK O TAABHOM POCCUIACKOM
MeponpuatTni no obecrneyeHnto 6€30nNacHOCTH U NPOTUBOMNOXapHON 3alumTbl: Karina.Vorontsova@ite-russia.ru.
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0. X. NONAHAOB, a-p TexH. Hayk, Npodeccop, pykoBoauTenb Hay4Ho-
0bpa3oBaTenbHOro LeHTpa “MexaHuKka XMAKOCTU U ra3a, Gu3nka ropeHns”,
OpnoBCKN rocyfapcTBeHHbI yHUBepcuTeT UM. W. C. TypreHeBa (Poccus,
302026, r. Open, yn. Komcomonbckas, 95; e-mail: polandov@yandex.ru)

A. 1. KOPOJIBYEHKO, nHxeHep mcnbitatensHon nabopatopum MHCTUTYTa
KOMMIIEKCHOM 0e30MacHOCTV B CTPOUTENBCTBE, HalMoHamnbHbIN MCCIenoBaTenbCkii
MOCKOBCKMI FOCYAapCTBEHHbIN CTPOUTENbHBIN YHUBEpCUTeT (Poccus, 129337,

r. MockBa, fipocnaBckoe wwocce, 26; e-mail: ikbs@mgsu.ru)

YK 614.83;536.46

Ob YCNOoBUAX PA3BNTUNSA BUBPALULNOHHOIO NOPEHUA
NP rA3OBOM B3PbIBE B HE3BAMKHYTOM OBBbEME

Mony4eHo, YTO MpK ra3oBbiX B3pbiBax B Kamepax, MMeIoLLMX ferkocbpachbiBaeMyto naHesb, BO3MOXHO
pa3BuTME BUOPALIMOHHOMO ropeHus nocse copoca naHenn. 3ameydeHo, YTo Hayvano pas3BUTUS BMOpa-
LIMOHHOrO ropeHus COBMagaeT C MOMEeHTOM MpUBAXKeHMs hpoHTa NnaMeHu K CTeHKam Kamepsbl. Bbi-
SIBIEHO, YTO MECTO 3aXKMraH1si CMecu CUSIbHO BAINSIET HA MHTEHCMBHOCTL KonebaHuiA: B Cryyae npu-
GAVKEeHNs YCTPOMCTBA 3aXMraHWs K UEHTPY Kamepbl pa3max KonebaHuin BO3pacTaeT 1 MOXeT
JOCTUYb 3HaYeHUI, B Heckobko pa3 (oT 5 fo 10 pa3) npeBbllaloLLmMX AaBneHne cOpoca naHenu, 41o
0003Ha4aeT BMOpaLMOHHOE rOpeHne Kak 04eHb OMacHbIA akTop.

KniouyeBble cnoBa: ra3oBble B3PbIBbI; Bl/l6paLLI/IOHHO€ ropeHne; onacHoOCTb, CDI/IBI/I‘-IGCKI/IVI sKcnepn-

MEHT; MeCTO 3aXUraHns.
DOI: 10.18322/PVB.2018.27.07-08.9-23

BBepeHue.
AKTyanbHOCTb nccnenoBaHns

Cornacno craructuke [1] 6onee 95 % razoBbIX B3pbl-
BOB IIPOUCXOAUT B OBITY. ITO 0OCTOSTEIHCTBO OTMEUA-
€M TIOTOMY, YTO B3PBIB B OBITOBOM IOMEIIICHUH IMEET
CBOH, XapaKTEPHBIE ISl 3TOTO CIydasi, yCIOBUS PAa3BH-
THSI, M TIPEIKJIC BCETO IIOTOMY, UTO B3PBIB IIPOUCXOANT B
CPaBHUTEIHHO HEOOIBIINX 110 Pa3Mepy ITOMEIICHUSIX,
HUMEIOINX OIpaHMYCHHOE pa3sHooOpasue popm. Crere-
HUSI, COICPIKAIUECS] B HOPMATHBAax (B TOM YHUCIIC B Ta-
Kkux ocHoBomoJrararomux, kak FOCT P 12.3.047-2012,
BS EN 14994:2007, NFPA 68) u nmyOiukauusx o cpe-
CTBAaX CHIKCHHSI PUCKOB ITPU BO3MOXKHBIX Fa30BbIX B3PbI-
BaX B TAKHUX IIOMEIICHUSX, CBOISATCS K PEKOMCHIALUU
UCIIOJIb30BaTh OKHA B KaYECTBE JICTKOCOPACHIBAEMBIX
koHcTpykuuit (JICK), koTopsle criocoOHBI pa3pyaThb-
Csl TIPH TMOBBIIICHUH ABJICHUS BHYTPU HOMEIICHUS,
obecrieunBas TeM CaMbIM COCUHEHHE 00beMa ToMe-
HnieHus1 ¢ arMocdepoid. Pexomennanum, KOTopsie CO-
JiepKaTcs B JaHHBIX CTaHAApTaX, OCHOBAHbBI Ha pe3yJlb-
TaTax MCCIENOBAHMI B3PBIBOB C 32)KHUTAaHUEM CMECH
2a3 — 6030yX B CEPEMHE MMOMEIIICHNH, OJIM3KHX 110 CBOCH
(dhopme k kyOy. B HEX e JaroTcs OMpaBKH Ha “TypOy-
JIU3AIMIO TUTAMEHH ¥ Ha CITy4dai B3pbIBa B TOMEIIICHU-
X, UMEIONIHX (POPMY, OTIIMYHYIO OT KyOMUYECKOU | JIp.
[2-9]. O BO3MOYKHOM BJIMSIHMH TAKOTO SIBJICHUSI, KAK BUO-
paloHHOE ropeHue, ynomuuaercs Tojasko B TOCT P
12.3.047, na u To B cambIx o0mux yeprax. [Ipu stom
pa3BUTHE TAHHOTO BapUAHTA B3PHIBA CBSI3BIBACTCS CO

© Ilonanooe IO. X., Koponvuenxo A. J., 2018

CKOPOCTBIO cOpoca JIeTKocOpackBacMOi KOHCTPYKITHH:
“MeHoBeHHOe” 8CKpblmue COPOCHO20 CeueHUsi NOBbl-
waem 6eposMHOCHb BO3HUKHOBEHUs GUOPAYUOHHO20
eopenus uympu annapama. Amnaumyoa 6 akycmuye-
CKOUL 80IHE UOPAYUOHHO20 20PEHUsL MOdICEN OOCHIU-
eamw 3navenutl 0,1 MIla. Ilepemewusanue cmecu, Ha-
npumep, 6eHMUNIAMOPOM 8 NPoyecce pa3eumus 3pbled
npueoOUm K YMEHbULEHUIO AMIIUMYObl KOAeOaHull
Oasnenus...”. Ciaenyer oOpaTuTh BHUMaHUE HA TO, YTO
3HaUCHUE JaBICHHS, YIIOMIHYTOE B IIUTATE, O0IIee 4eM
Ha TIOPS/IOK MPEBBIIIACT HOPMATUBBI HA JOMYCTUMOE
JABJICHHUE B IOMEIICHHUSX, J]a ¥ TO TOJIIEKO TEX, KOTOPBIE
OTHOCSITCS K KAaTETOPHH TI0 T0KapOB3PhIBOOE30MTaCHO-
ctu A wiu b. O apyrux pakropax, Kpome “MIHOBEHHO-
TO BCKPBITUS U “TIEpEeMEIIMBAHUS CMECH ™, BIUSIONTNX
Ha BO3HUKHOBEHHUE U PAa3BUTHE BUOPALIMOHHOTO TOpe-
HUS, B JOKYMEHTE He yIIoMHHaeTcs. Tem He MeHee 3To
YTBEPKACHUE CTaBUT IO/ COMHEHHUE 3(P(PEKTUBHOCTh
Mep B3PBIBOOE30IIACHOCTH, HE PACCUMTAHHBIX Ha pa3-
BUTHUE 3TOTO OMACHOTO TUIA TOPECHUS.

OTBevas Ha BONIPOC O BO3MOKHOCTH CYIIIECTBOBA-
HUSI BHOPAIIMOHHOTO TOPESHNUS TIPH Ta30BBIX B3PHIBAX B
OBITOBBIX IIOMEIICHUX, 00paTHM BHIMAaHHE HA TO, 9TO
3apeTUCTPUPOBAHHBIC B IKCIIEPUMEHTAX CITydaw BUO-
PAIMOHHOTO TOPEHUS OTHOCSITCS K 00beMaM, OTH3KIM
o popme K ObITOBBIM TIoMereHusm [10, 11]. Dto maet
OCHOBaHHUE YTBEPXKAATh, YTO HE MCKIIOUYEHO, YTO 3TO
SIBJIGHUE UMEET MECTO U B PEaIbHOCTH.
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KopoTko o BUGpaLMOHHOM ropeHuu

[epBbie cBeeHUST O BUOPAIIMOHHOM TOPEHUH KaK
naboparoproM 3G heKTe BOCXOAAT KO BpeMeHaM Xur-
ruHca u Puiike (XIX Bek) [ 12]. Hanuume storo a¢dek-
Ta Ha IPAKTUKE U3BECTHO 11O Hy6J'II/IKaIlI/I$IM, B KOTOPbBIX
paccMaTpuBaioCh COKUTAHUEC YTIICBOAOPOAHBIX TOIIJIUB
B IPOMBIIIIJICHHBIX TOIIKaX U KaMEpax CropaHus aBualu-
OHHBIX U PaAKETHBIX )]BPIFaTeHeﬁ. B OIHUX CIIydasix BI/I6—
palmoHHOE TopeHne 0003HaueHO Kak podiema [12, 13],
TaK KaK OHO TMPHUBOJAUT K Pa3pyIICHUIO KOHCTPYKITUH,
a B JPyrux — Kak crnoco0 (opcupoBaHUs mporecca
ropenus [14]. 3ameTuM, 94TO B 3THX CIIly4asiX UMEET
MECTO TOPEHHE, XapaKTep KOTOPOTO JOIDKEH OBITh CTa-
IIMOHAPHBIM HIIH KBa3WCTAllMOHApHBIM. [Ipyroe meno
paccMaTpuBaeMbIii 00bEKT — I'a30BEIH B3PBIB, KOTOPBIN
IUTATCS 00BIYHO He Ooree 1 ¢ 1 MeeT BBIpaKCHHBIN He-
CTalMOHAPHBIN Xapakrep. OKa3bIBaeTCs, 4TO BO BPEMsI
9TOTO OBICTPOTEKYIIEro MPoliecca IPH ONpeIeICHHBIX
YCIOBHUSX TAK)KE MOXKET Pa3BUTHCSI BUOPALIMOHHOE T0-
pEeHHe, 4TO MOKA3aHO B OKCIIEPUMEHTAX, IIPOBEJICHHBIX
y Hac, B Poccuu [10], 1 3a py6esxom [ 11]. CormmacHo pe-
3yAbTaTaM 3TUX SKCIEPHUMEHTOB IpU BHOPAMOHHOM
FOPEHUH HE TOJIBKO aMILIUTY/a KoJieOaHui, HO U cpel-
Hee JTaBJICHHUE B3pBIBA PE3KO (MHOTIA KpaTHO) BO3pac-
TaJIo 1O CPAaBHECHMUIO C O6I>ILIHI>IM B3PbIBOM, YTO HE TOJIb-
KO COTJIACYETCS C IPUBEACHHON ITUTATOMN, HO U PACIIIN-
PpSIeT TpaHMITB! OTaCHOCTH. [[pUMEHHUTEBPHO K peausiM
ATO O3HAYAET, YTO, C OMHOH CTOPOHEI, OTIACHOCTH Pa3-
PYLICHUS TTOMEIIEHWH M PUCKH, OLCHHBAEMBIC JIFOI-
CKUMH ¥ MaTepUaNTbHBIMU MTOTEPSMHU, HAMHOTO BBIIIIE
TeX, Ha YTO PACCYMTAaHBl HOPMATHBEL, & C IPYTOA — HC-
CIIEZIOBAaHHE BHOPAIIOHHOTO TOPEHHS IIPU Ta30BBIX
B3pBIBaX JOJKHO OBITH BO3BEICHO B PAHT IIPOOJICMEI.

O BO3MOXXHOCTU MPOrHO3MpPOBaHUS
BUOPaALLMOHHOrO ropeHust

Ectb 111 Ha camoM Jiene pexxuM BUOPAIIMOHHOTO TO-
pEHUs MPU pealbHBIX Ta30BBIX B3PbIBaX B OBITY WU
HeT? DTOT Te3KUC HEBO3MOXKHO HH OIIPOBEPTHYTh, HU TIOJT-
TBEPJUTh, TAK KaK ObITOBBIE TOMEIIEHUS HE OCHAIIICHBI
COBPEMEHHBIMH CPEJICTBAMH U3MEPEHHS 1 PETUCTPALIUH.

[IporHo3upoBaTs BO3HUKHOBEHHE U Pa3BUTHE BUO-
PAIMOHHOTO TOPEHUS Ha OCHOBE MaTeMaTHYECKHX MO-
JIeJIeil, COCTaBIEHHBIX B “JOYHCIIOBOE, IOKOMITBIOTEP-
HOE” BpeMs 1 OCHOBAHHBIX Ha OMTUCAHUH “MEXaHU3MOB
oOparHoii cBsi3u” [12—14], mpakTHYECKU HEBO3MOXKHO.
DT0 CBSI3aHO MPEXK/IE BCETO C TEM, UTO KOJICOaHuUs, pa3-
BHBAIOIIUECS ITPH BUOPAIIMOHHOM TOPEHUH, HOCST He-
JUHEHHBIN XapakTep, ¥ MEXaHU3MbI, UX BO30yXKIa-
FOIIME, TAKKE Cyry0o HenmuHeHbl. Kopoue roBops, 3To
ABTOKOJICOaHHUs. A YpaBHEHHS, KOTOPHIMHU OIMUCHIBATIH
MIPOIIECC B TE€ TOJIbI, MOTJIK OBITH TOJLKO JTUHEHHBIMHU
WM, B KpallHEM cilydae, JOJKHBI ObUIM UMETh MaJible
HenauHetHocTH. 1 He TonbKo mosTomy. /lerno B ToM, uTo
aKyCTHYeCKHe KoJjeOaHusl, IMEIOIUE MECTO IPU BHUO-

PAIMOHHOM TOPEHHH, TPEACTABIIOT OO0 IMporiece
C pacrpeeleHHBIMH TapaMeTPaMU K MOTYT OBITh OTIH-
CaHbl YPaBHEHUSIMU B YACTHBIX IIPOU3BOJHBIX, pelle-
HUE KOTOPBHIX BO3MOXKHO TOJBKO YMCIIEHHBIMU METO-
Jamu. B HacTosiiee Bpemsi OosbIIMe HAAEKIbl BO3JIa-
rarorcst Ha uncieHHsle Metonsl CFD (Computational
Fluid Dynamics), omHaKo 3TH HaACKIbI TTOKA HE OPaB-
JBIBAIOTCS, TaK KaK JI0 CUX MIOP € MX IIOMOILBIO OJTHUM aB-
TOpaM He yJaJloCh ONKCaTh 3TH aBTokojie0anus [ 15—-17],
a JpYruM YAaloCh JIUIIb 0003HAYUTh KosieOaTelbHbIe
KOHTYpsI [18, 19].

Tem He MeHee Ham [8] ymanoch CMOIEIUPOBAThH
BO30YK/JICHHE aKyCTHUECKHUX KOJIeOaH i, UCTIOIb30BAB
OTEYECTBEHHBIM MeTox “KpynHbIX dactul’ [21] mpu
OTHMCaHWU T'a30BOTO B3PbIBA B IIMJIMHAPUIECKOM TpyOe.
IIpu 5TOM B cuCTEME ypaBHEHUI, ONUCHIBAIOLLEH IIPO-
[IECC Pa3BHUTHUS B3PbIBA, HE OBLIM 3aJI0KCHBI HUKAKHE
“o0OpaTrHbIC CBSI3W™: OHU BCIUTBLIN CaMHU B pe3yJIbTaTe
sBomonny pemieHus. K coxanenuro, B 00bemMax, reo-
METPUIECKH ITOOOHBIX OBITOBBIM ITOMEIIICHHSM, OTIH-
caTh aBTOKOJICOAHMSI MTOKA HE yIaIoCh.

EcrecTBenHo, a1s ccnenoBaHus mporecca BuOpa-
IIIOHHOTO TOPEHUS 0CTaeTCs M30paTh 3aTPaTHBIN U Ma-
JIONIPOU3BOAUTENIbHBIN METO — SKCIEPUMEHTAJIbHBIH,
IIPU peasiu3aliy KOTOPOro MCCIENyeTcs M00OUEPEIHO
BIIMSTHUE KJKIOTO U3 (PaKTOPOB Ha pa3BUTHE BUOpAIIH-
OHHOTI'0 FTOPEHMS [TPU Fa30BOM B3PHIBE.

B HacTosmeit pabore ucciue0BaHO BIHSHUEC MECTa
BOCIUIAMEHEHHS CTEXHMOMETPUYECKON Tra30BOil cMecH
Ha pa3BUTHE BUOPALIMOHHOTO TOPEHUS B HE3AMKHYTOM
o0beme, pazmep U (hopMa KOTOPOTo MPUOIHKEHBI K pe-
aJbHBIM OBITOBBIM MTOMEIICHHUSM.

CpeacTBa 3KCrepuMeHTaNbHOro
nccnegoBaHus

Hcnvimamenvhwiti cmeno. JKCIEPUMEHT MPOBOIUI-
cs Ha 0a3e MHCTUTYyTa KOMIUIEKCHOH 0€30MacHOCTH B
crpoutensctBe pu HUY MI'CY ¢ ncnonb3oBanuem
B3PBIBHOI KaMepbl KyOuaeckoii popMbr 0GbeMoM 10 M°,
cootBercTBytomerd [OCT P 56289-2014, co cOpoc-
HBIM OKHOM IUIOIIAABI0 2 M (puc. 1) [20]. B kamepy
[oJaBaJICs IPOIIaH JUlsl IIOJYYEHUs CMECH C BO3LyXOM,
OJTU3KOI K CTEXHOMETPUYECKOMY cocTaBy. BHyTpu Ka-
MepBbl YCTAHOBJIEHbI BEHTUJIATOP 1JIs [IEpEMEIBaHUS
CMECH U YCTPOMCTBO ISl €€ BOCIUIAMEHEHHUS. YCTPOUi-
CTBO 32)KUI'aHUSI B XOJIE IKCIIEPUMEHTA IEPEMEILATIOChH
BJI0JIb OCH KaMephbl OT KJianasa /10 3agHeil crenku. Co-
[IACHO IUJIaHY SKCIIEPUMEHTAa 3a)KUTaHUe MPOU3BOAU-
JIOCh B IITH TOYKaX: B IUIOCKOCTH OKHA, [0 LIEHTPY Ka-
MepHBl, Y 3aJHEH CTEHKH M B MPOMEKYTKAX MEKIY
HUMU.

s oGecrniedeHus 3aMKHYTOCTH 00beMa MajIoi Ka-
MEphl B Ipoliecce MPUTOTOBICHUS CMECH COpPOCHOE
OKHO KaMephbl 3aKPbIBAJIOCH KJIATTAHOM MHOTOPA30BOI0
JICHCTBUS, U3TOTOBIEHHBIM H3 MHOTOCIIOHHOH (haHepBb
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Puc. 1. Cxema B3pBIBHOI KaMepsI (@) ¥ €€ ICXOHOE COCTOSTHUE (0):
[ — natuuky qaBiIeHUs; [—5 — MO3UILUK HCTOYHUKA 3a5KH-
TaHUsI CMECH; CTPEJIKOH yKa3aHO Ha KJIalaH

C TTOBEPXHOCTHOM TUIOTHOCTBIO 5 KI‘/Mz. [Ipu B3pHIBE
KJIaITaH OTKPBIBAJICS, U ra3bl COpACHIBAINCH B aTMOC(he-
py. Kitanan npmxumascs K KOpIycy € IOMOLIbIO JIBYX
KaJTMOpOBaHHBIX TPOBOJIOK AUaMeTpoM 1,2 Mm, pazme-
LICHHBIX B BEPXHEH YaCcTH KJIalaHa u pa3pyLaonxcs
IIpY HapaCcTAaHWH JaBICHUSI B eMKOCTH. HIDKHSSI 9acTh
KJIaraHa MPKIMaIach YeTHIPbMS IPOBOJIOKAMH TOTO
JKe MaMeTpa, 4To 00eCIednBaIO BHAYAlle pa3pylicHHe
BCPXHUX ITPOBOJIOK, a 3aTEM U HUIKHUX. Taxkas nocie-
JIOBAaTEJIbHOCTh cpabaThIBaHUS Pa3pyLIAIONIMXCS dJIe-
MEHTOB IT03BOJIs/Ia BOCIIPOU3BOINUTE IEPBHIC TIHKU J1aB-
JICHUS TIPH B3pBIBaX B KaMepe JOCTAaTOYHO YBEPEHHO.
Cpeocmea uzmepenus. B cocTaB cuCTeMBI H3Mepe-
HUSI TABJICHISI BXOIMIIN CICAYIOIINE YCTPOMCTBA: TPH
nbe3oMeTpudecknx aaryuka naasneHus MPXS5050GP
(1a 3aaHEl cTeHKE, HA OOKOBOM CTCHKE MO LICHTPY U Ha
TIepPEIHeH CTEHKE PSIJIOM C OKHOM ); OJIOK MUTAHUS AaT-
yukoB bI104b-42; anamoroBo-uudpoBoii mpeobdpaszo-
Barenb JIA-20 USB (mpomssomactBo 3AO0 “PymnneB—
[usieB”) U nepcoHanbHBIN KommbioTep. [1pu oOpa-
00TKe 6a3bl JTAHHBIX U MOCTPOCHUS I'PA(UKOB HCIIONb-
30BasIach cTanaaprtHas nporpamma Excel 2010.

KoHreHTpamnus ra3a B eMKOCTH OTpeNeNnsiach u3-
MEpEeHHEM ero 00bEMHOTO Pacxo/ia ¢ MMOMOIIBIO OBITO-
Boro cyerunka raza BK G4T auadparmenHoro tumna
(m3roroButens — “Elster-Gmbh”, I'epmanns). Cuetyuk
CHaO)KEH yCTPOHCTBOM TEPMOKOMIICHCAIIMHU IS CHH-
YKCHUS BIFSTHUSI TEMITEPaTy bl HApYKHOTO BO3/TyXa, 4TO
o0ecreurnBaeT MPUEMIIEMYO IOTPEITHOCTh H3MEPEHUS
BO BceM paboueM auanazone — He Oonee 1,5 %.

OnHako ecTh ¥ Apyrast MOTrPEIIHOCTh, KOTopasi Ghop-
MUPYETCS B MPOIECCE 3aMOTHEHUS KaMepbl razoM. Jleno
B TOM, 4TO [IPH ITOM B KAMEPE HapacTaeT JaBJICHHE, 4TO
MPUBOIMT K UCTCUCHHUIO U3 HEC Ta30BO3AYIIHON CMECH
gepe3 BCSKOTO POAa HETIOTHOCTH M OTBEPCTHS, KOTO-
pBIe "are BCero o0pas3yroTcst B MECTax CTHIKA KiIaraHa
1 Kopiyca. DTa yTeuKka CHIDKAeT pealbHOC 3HAYCHUE
KOHIICHTPAIINH ra3a B EMKOCTH; TIOTPEITHOCTH ITPU 3TOM
MOXXET COCTaBIATH 110 2,5 %. 3a c4eT TOYHOTO pere-
HISI 32/1a9U O BEJIMYMHE YTEUKH ra3a ynajioch pazpabdo-
TaTh MHKCHEPHYIO METO/IMKY ee pacuera [8]. Meronu-
Ka IO3BOJISICT PACCYUTATh MOTPEOHBIN 00beM rasa,
KOTOPBII HEOOXOAUMO MOAATh B KAMEPY, YTOOBI MMOITY-
YUTh 33JJaHHYI0 KOHIICHTPAIUIO:

V.=V(1-v1-2c),

e V, — 06beM 1oaBaeMoro rasa, M’

V — o0beM KaMepsl, M

¢ — OXXujaeMasi KOHIICHTPALIHUI.

HanpuMmep, B HCHIOIB3yEMYIO B OKCIICPUMEHTE Ka-
Mepy odbemom V =10 M’ IS JOCTHIKEHHUSI KOHIIEHT-
pauuu 5 % HeoOxoaumo HarpaBuTh 513,3 1 raza.

AHanuns3 TMNM4HoOro onbiTa

Ha puc. 2 npuBeeHbI BUICOKaPHI B3pbIBa IPH 3a-
JKUTaHUH B TOUKE 2, HA KOTOPBIX BUAHO HAYAIIO BCKPBI-
THS KJIalaHa, ero MoJoyKeHue U popMa pacKpbITHS HC-
TEKAroNIeH U3 KaMephl CTPYH B pa3HbIe MOMEHTHI Bpe-
MEHU OT Hauaja B3pbiBa. HeoTgpuibsTpoBaHHbBIC 3aHCH
MOKa3aHUH TpeX KaHAJIOB PETUCTPALIMU AaBICHUS IPH-
BeZleHb! Ha puc. 3. Ha pucyHKe MOXKHO BBIIEIUTH TPU
CTaJuu pa3BUTHs B3pbIBa. Touka “0” o3HauaeT nojavy
CUTHAaJIa Ha B3pbIB, AaJiee B TeueHue rnepsbix 0,25 ¢ nas-
neHue B kamepe Hapacrtaet 10 1500 [Tau, a 3arem B pe-
3yJIbTaTe OTKPBITHS KJIallaHa PE3KO CHIKAETCs1, 00pasys
TE€M CaMbIM MEPBBIN MUK AaBieHus. Pe3kuii cian nas-
JICHUsI BBI3BIBACT €T0 KOJICOAHHMSI, KOTOPBIE ITOCTEIICH-
HO 3aTyXaloT. DTH KoJIeOaHHsI U3BECTHBI U HOCST UMS
Tl'enbmronbma. OCHOBaHMEM JIJISt TAKOTO YTBEPIKIACHUS
CITY’KHT (DAKT MPAKTUIECKOTO COBIAJACHUS aMILIUTY/ 1
4acTOT KOJICOaHUH MEX/Ty BCEMH TaTYMKAMU JIABJICHUS,
T. €. 00bEeM KaMepbl BeJIET ce0sl Kak eIMHOE 1esIoe. DTOT
3¢ (deKT XOpoIIo U3BECTEH U omKcaH. [0BOps O mpak-
TUYECKOM COBIAJACHUY aMILIUTYI, TeM HE MEHEee 3aMe-
THM, 4TO HA4aJIbHOE JIABJICHUE Y 3a/IHCH CTEHKU B TOU-
K€ A U, COOTBETCTBEHHO, aMIUIUTY/1a KoJieOaHUH B 3TOM
MECTE HECKOJIBKO 0OJIbIe, YeM B JIPYTUX TOUKAX KaMe-
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Puc. 2. Buneokazapsl B3pbIBa NP 32KUTaHUH CMECH B TOYKE 2
B pa3HbIe MOMEHTBI BpEMEHH OT Havasa B3pbiBa: a — 0,12 ¢; 6 —
0,20 c; 6—0,30c;e— 0,70 ¢

pbl. Ho 3T0 1 OHATHO, OCKOJIBKY NEpenas JaBieHus
TO C U30BITKOM, TO C IS(HUITITOM SIBIISICTCS ABIKYIICH
CHJTON KoJIeOaHUsI TOTOKOB T'a3a MU €ro IBIKCHIH U3
KaMephbl U B Hee.

Konebanus 3aTyxaroT 110 Mepe CHUKEHHS CPEJTHETO
JIaBJICHUS B KaMepe NPAKTUYECKH JI0 HYJIsl, HO ITPOLIECC
B3pbIBAa Ha 3TOM He 3akaHuyuBaercs. Kak 3ameTuin
aBTopsbl myonukanuii B. A. Topes u np. [10] u C. Regis
Bauwens, Sergey B. Dorofeev [ 18], npu npubnmxeHun
(hpoHTa MJIaMEHU K yIiiaM KaMmepbl B HEH HAuYMHAIOT
pa3BUBaThCS aKycTHYecKue KonebaHus (yuactox bB).
B ToMm, uTO 3TO aKycTHUecKue KojeOaHusi, COMHCHUI
HET, TaK KaK X 4acTOTa, BO-IIEPBBIX, HAMHOTO BBIIIE 10
CPaBHEHMIO C 4acTOTOM [ enbMronbIia u, BO-BTOPBIX, HE-
CMOTpS Ha OIMHAKOBYIO YaCTOTY KOJICOAHUI B pa3HBIX
TOYKAX KaMEPbI, Y HUX M aMIUTUTYABI pa3HbIe (HO OTHO-
ro nopsiaka). C JoropaHrueM CMECH 3aTyXaroT aKyCTHh-
YecKHe KoJeOaHus B KaMepe, Ha YeM IPOIecC B3phIBa
3aBepiiaercs. OnuHaKoBas 4yactora KojeOaHuil (4To
(uKcHpyeTCS NaTYNKaMd, PAacHOJIOKCHHBIMH B pas-
JIMYHBIX MECTaxX KaMepbl) CBUJETEICTBYET O €AUHOM
KoJie0aTeIbHOM Ipoliecce BHYTPH KaMepbl, YTO BO3-
MOXKHO TIPU paJHalibHOM THIIE KOJICOaHUN C y3J1aMu
CTOSIYCH BOJIHBI HA CTEHKAX KaMephl.

AHanus pesynbTaToB 3KCMNepuMeHTa

Ha puc. 4 npuBenensl pesynbrarbl 00padbotku 20
OTIBITHBIX B3PBIBOB TpH 4 %-HO# 00BEeMHOM KOHIICHT-
pammu rasa mpy MSTH MOJIOKEHHUAX YCTPOUCTBA 3aKH-
ranust (cM. puc. 1). O6pamiaer Ha ceOsi BHUMaHKE CJia-
0ast BOCTIPOM3BOIMMOCTB OTIBITOB, HECMOTPSI Ha ITOBTO-
PEHUE HCXOHBIX YCIIOBHH IIPH MOATOTOBKE KaXKI0TO U3
HUX. DTO 00CTOSTEIHCTBO MOATBEPIKAACT CIOKHOCTh
U3YYCHUS TAKOTO SIBJICHUS, KaK aKyCTHYECKHE Koyeha-
HUS TIpU B3pbIBax. HeKOTOpBIM OmnpaBIaHHEM MOXKET
CITy’KUTb TO, YTO JAPYTHUE UCCIICAOBATEIIN OOXOMASAT ITOT
BOIIPOC, MMOITOMY CPaBHHUBATH TOT BaXKHBIA (BakTop
HE C UeM.

Enuneiii konebaTesbHbIN mporecc KojieOaHui u
BO3MOXKHOCTh 3HAYUTEIIFHOTO POCTA UX pa3Maxa Ipu
[EHTPAJIBHOM IOJIOKEHUU YCTPOWCTBA 3a)KUTAHUS
(Touka 3 Ha puc. 1) MO3BOJIAIOT MOJIATaTh, YTO ITH KO-
neGaHus HOCSIT paldalIbHBIA XapakTep. JTa THIIoTe3a
HE MPOTUBOPEUUT PACUCTy YACTOTHI KOJICOAHUH, €CIIn
MOJIOKUTb, YTO, C OJHOW CTOPOHBI, CKOPOCTH PaCIIpo-
CTpaHEHUsI 3ByKa B MPOIYKTAX CTOpaHus a = /kRT =
=4/1,4-290-1660 ~ 800 m/c (rme k& — mocTosHHAs
Bonernmana, k= 1,4; R — ras3oBas ITOCTOSIHHASI, IS
BO3lyXa MOXHO npuHATH R =290 JIx/(xr'K); T —
TeMrieparyparasa, K), a c ipyroii — B kamepe ycTaHaB-
JIMBACTCA CTOAYasA BOJIHA, YCTBCPTH MJIMHBI KOTOpOﬁ
paBHa TOJIOBHHE UTMHBI KaMepsl (paauycy). B atom
cily4ae JJIMHA BOJHBI L (M) cOCTaBIsAeT 4 M, U IOTOMY
qacrora koneGanmii = L/a=4/800=200c ", uro mpak-
TUYECKH COBMAIACT C pe3yNbTaTaMu OnbITOB. CKOPOCT-
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Puc. 4. 3aBucuMOCTh MAaKCUMAJIbHBIX 3HAYCHUH Pa3MaxoB KoJe-
0aHU{ OT IO3ULIUH 3aKUTaHUSI

HOU CheMKOH BHYTpH Kamepbl 3adukcuposano [10, 11],
YTO KOJICOAaHMsI BOHUKAIOT TOTJIA, KOTa (PPOHT Iiame-
HU NPHOIIMKASTCS K CTCHKaM KaMmephl.

Ha puc. 4 BugHa oTYeTIMBAS TEHACHITUS YBEIU4e-
HUS pa3Maxa KoJieOaHuH ¢ MPUOIKEHUEM YCTPOHCTBA
3a)KUraHus K IEHTPY Kamepbl. HecmoTpst Ha O0bIIoN
pasz0poc pe3yNnbTaToB, 0COOSHHO NP 32)KUTAHNH B IIEHT-
pe KaMepbl, MOJKHO 0XKHUIATh, YTO UMEHHO IPU ATOM Ba-
pHUaHTE 3a)KUTaHNUs BOBMOXXHO HanboJIee OnacHoe pas-
BUTHE B3PHIBA.

CMeleHre MecTa 3aKUTaHHus OT IIEHTpa KaMephbl
JieJlaeT HECUMMETPHYHBIM pacripocTpaHeHne (GpoHTa
TJIAMEHU OTHOCHUTENBHO IIEHTPA, YTO PUBOJINT K “He-
COMIACOBAHHOCTH BO3AEUCTBUA €ro Ha KoJjeOarebHbIH
nporiecc (ppoHTa IJIAMEHHU, HEBO3MOXHOCTH Pa3BUTHSI
pe30HaHCca Ha YacTOTe PaJuabHBIX KOJICOaHHNA. DTOT
(hakT TOATBEPMKIACTCS TAKKE PE3yIbTaTaMH JPYTUX
uccnenosareneii [ 10, 11].

ITpu 3amene nerkoro ¢anepHoro kianana Ha JICK
THIIA [TAHEITH C TIOBEPXHOCTHOM MIIOTHOCTHIO 30 K/ M [8]

He HaONIJaI0OCh CKOJIBKO-HUOY/Ih 3HAYUTEIBHBIX KO-
nebanuid ['enpMroneia u He OBUIO JaXKe MPU3HAKOB
AKyCTHUYECKUX KoJieOaHui (puc. 5). DTH pe3yabTarhl X0-
POLIO BOCTIPOU3BOJUIINCE.

W3BecTHO, uTO B 3aMKHYTHIX (€3 cOpoca ra3oB) Ka-
Mepax BHOpAIIOHHOE TOpPEHHE He pa3BHBaeTcs [5].
UTo KacaeTcs “MTHOBEHHOTO BCKPBITHS COPOCHOTO Ce-
yeHus” U “TIepeMelIuBaHus CMecH”’, YIOMSHYTBHIX B
I'OCT P 12.3.047, T0, BO-TIEPBBIX, OYEBHIHO, UTO aBTO-
PBI IPUHAIH Konlebanus [ epMroiblia 3a akycTu4eckue
KoJIe0aHusl, 2 BO-BTOPBIX, (haKT BIMSHHUS Ka4eCTBa “‘Tiepe-
MEIIUBAHUS CMECH~ Ha BUOPAIIMOHHOE TOPEHUE HYX-
JaeTcsl B OKCIIEPUMEHTAILHON IPOBEPKE.

WuTepecen emie onuH 3h(deKt, 3aMeueHHbIH pU
32)KUTaHWW CMECH Y 3aJIHEH CTEeHKH (prc. 6) U XOPOIIIO
BOCIPOM3BOUMBINA. DTO — KojeOaHus [ eapmroabia
OOJBIION aMIUTHTYIBI, KOTOPBIC NPEACTABICHH Ha
puc. 6 1ByMs uKkaMu Ha (hOHE aKyCTHUECKHUX Koyeha-
HUH (BUOPAIIMOHHOTO TOPEHHUS) ¢ HEOOJBIIIONW aMILIH-
Tya0i. BO3MOXXHO, 3TO CBSI3aHO C TEM, YTO B 3TOM CIIy-
yae U3 KaMepbl BhIOpachIBaeTCs MOJABIIAIONIAS YaCTh
ra30BO3AYINHOW CMECH, KOTOpas 3aTeM B3pPBIBACTCS
Cpasy 3a OKHOM (9HEpPTrHsi B3PHIBHON BOJIHBI PH ATOM
MOKET BBI3BATh Pa3pyIICHHE OCTEKICHUS B COCCTHHUX
31aHUAX ). JlaBneHne B3pbIBHOM BOTHBI Ha BPEMsI B3PBI-
Ba ‘“‘3anmpaeT’ ceueHHue OKHA, YTO MPHUBOIUT K POCTY
JIABIICHHS B KAaMEPE ¥ BOSHUKHOBEHHIO JIBYX ITHUKOB J1aB-
JeHus ¢ yactotod I'enpmronbiia. MakcumainbHOE aB-
JICHHE B 3THUX MHKaX HE3HAUYNUTEIHHO MPEBBIIIACT 3Ha-
YEHHE MEPBOT0 MHKA.

Bo Bcex akcniepuMeHTax, riae Habmroaanocs Budpa-
nuoHnHoe ropenue [10, 11], 00beM NOMENICHHS U TITO0-
a6 OKHA UMEHN OIM3KHe 3HAYCHUS Oe3pa3MepHOro

Kputepus b = \/}7/%/;=0,53+0,60 (rne F—mowaab
rnpoemMa okHa, V' — o0bem kamepsl). [Ipu 3HaYeHHAX

atoro kputepus meree 0,5 BUOPAIIMOHHOTO TOPEHUS
He HaOmoaanock [7, 16].
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YcnoBusi, Npy KOTOPbIX
BO3MOXXHO BUGpaLMOHHOE ropeHne
npv rasoBoM B3pbiBe

[Mony4yeHHbIE OIBITHBIC JAHHBIC TOMOTHHIIIH OITy0-
JMKOBaHHBIE PE3yIBTATHI, KACAIOIIHECss BUOPAIIMOHHO-
IO FOPEHUsI IIPU B3PbIBaX. DTO 1aJI0 BO3MOIKHOCTH BbI-
SIBUTBH yCJIOBUSI, TIPH KOTOPBIX BO3MOJKHO BHOPAITHOH-
HOE TOpCHHUE:!

e pa3Mep KamMepbl He UTPACT POJIH, BO BCSIKOM CIIy4ae
5TOT THI ropeHus Habmogaica unpu V = 1m3[10],
utpu V=10 M, 1 pu V' =63 M [11];

e (opma kamep Onn3Ka k kyomueckoi [10, 11];

e Tra30BO3JYIIHAS CMECh 10 COCTaBY OJIHM3Ka K CTEXU-
omeTrpuueckoii [117;

e 3HaueHwe kpurepus b npessimmaet 0,53;
e xianaH (JICK) umeeT moBepXHOCTHYIO TUIOTHOCTh

Meree 5 kr/m’;

e 3a)XUraHME ra30BOM CMECH IIPOU3BOAUTCS B LIEHTPE

KaMepBI.

OTKIIOHEHHUE OT ITHX YCJIOBUI BEIET K YMCHBIIIE-
HUIO aMIUIATYABl KoJeOaHWH TaBICHUS MpPU B3PHIBE
BIIZIOTh JO HE3HAYUTCIIBHBIX HpOﬂBJ’IeHHI’I MMPU3HAKOB
TAKOTo TUIa TopeHus. Hackoibpko ycIoBUsl BOSHUKHO-
BEHUS BUOPAIIIOHHOTO TOPEHUSI MOTYT OBITh pEan30-
BaHbl B OBITOBOM ITOMEIICHUH, CKa3aTh OJHO3HAYHO
CIIOXKHO.

HabGmronaemsle konebaHus gaBieHus | eTsMroibia
HEC MMCHOT OTHOLICHHUS K BI/I6paHI/IOHHOMy TOPCHMUIO.
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VX BO3HUKHOBEHHE OOYCIIOBICHO PE3KHM ITaJICHUEM
JIaBJICHUS B KaMepe P PacKpbITUHU OKHA MIJIM T'a30/1U-
HaMHUYECKHUM 3allUpaHuEeM IIPOeMa OKHA IPHU I'a30BOM
B3pBIBE BHE KaMephl. AMIUIATY/a dTHX KOJeOaHUI B
MIEPBOM Cllyyae HE MPEBBIIIAET NEPBOTO MUKa JaBiie-
HUS, a BO BTOPOM (IIpH B3pbIBaX BHE KaMephl) — Ipe-
BBIILIAET €r0 HE3HAUYUTEIILHO.

BbiBOAbI

Bubpanronnoe ropeHue mpu ra3oBoM B3pBIBE I10-
BBIIIAET PUCKU. J[JIS1 MX CHIDKCHHsS HEOOXOIUMO BBI-
SIBUTH OCHOBHBIC YCJIOBHSI, NP KOTOPBIX BO3HHKAET
BHUOpalmoHHOE TopeHue. HaliieHo, uto Hanboee uH-
TEHCHBHBIMHU KOJIeOaHUs MaBlICHHS OBIBAIOT B KaMepe
OKOJIOKYOH4ecKkoi (GOpMBI NPH 3aXKMTAHHK Ta30BO3-

JyIITHOW cMecH B ee meHTpe. Ha pasmax konebaHuit
BITUSTIIOT TaKoke pa3mep okHa, macca JICK, kauectBo cme-
CH U JIpyTre GaKTOpbl. XapaKTePHBIMHU [ TAKOTO THTIA
TOpPEHUS SIBIISIIOTCS pajuiaibHble aKyCTHYECKHUE KOJe-
OaHMsI ¢ YaCTOTOM Mo mepBoii Mojie. BubparronHoe ro-
peHUEe BO3HHUKACT B MOMEHT NPHOIMKeHHUS (HpPOHTA
MJIaMEHU K CTEHKaM Kamepsl. [Ipu ciBure ucTouHuKa
3a)KHUraHus OT IEHTpPa KaMepbl, YBEIMYEHUU MacChl
JICK, ymeHbIIeHUH TUIOMIAAM OKHA, CHMIKEHUU KOH-
LEHTPALMH raza kojaeOaHusi ociabeBaror.

bnazooapnocmes. Dxcnepumenmaibhvie OaHHble
noay4ensl npu nodoepicke u Ha obopyoosanuu Uncmu-
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ON CONDITIONS ENABLING RESONANT COMBUSTION
IN GAS EXPLOSION IN NON-ENCLOSED VOLUME

It has been observed, that resonant combustion may develop in gas explosions taking place in chambers
with light relief panel after the panel is removed. It has been noted, that initiation of the resonant
combustion coincides with the moment of the combustion wave approaching the chamber walls. It has
been found out that the location of the ignition point has a great influence over the oscillation inten-
sity: when the ignition happens closer to the center of the chamber, the amplitude increases and may
reach the values that are from 5 to 10 times higher than the panel removal pressure, thus signifying
the resonant combustion as a highly hazardous factor.

Keywords: gas explosions; resonant combustion; hazard; physical experiment; ignition point.
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Introduction. Rationale

Statistics shows that over 95 % of gas explosions take
place in households [1]. This circumstance is notable,
as an explosion in domestic space has characteristic de-
velopment conditions, primarily because the explosion
takes place in relatively small rooms that have a limited
variety of forms. Information in regulatory documents
(including the fundamental ones, such as GOST R
12.3.047-2012, BS EN 14994:2007, NFPA 68) and
published papers covering risk reduction for possible
gas explosion in such premises amounts to a recommen-
dation to use windows as relief structures (RS) that are
destructible when the pressure inside increases, thus pro-
viding connection of the inner volume with the atmo-
sphere. Recommendations in these standards are based
upon studies of explosions with ignition of gas-air mix-
ture in the middle of approximately cubic rooms. They also
have corrections for flame-generated turbulence in case
of explosion at premises with the form deviating from
cubic one, etc. [2-9]. Only GOST R 12.3.047 passingly
mentions a possible influence of resonant combustion
and only. At that, development of this variant of explo-
sion is linked with the relief structure removal speed:
“momentary” breaking of relief section increases pro-
bability of resonant combustion arising inside the appa-
ratus. Amplitude in the acoustic wave of resonant com-
bustion may attain =0.1 MPa. Actuating the mixture, e. g.,
with a fan during the development of the explosion leads
to decrease in amplitude of pressure oscillations...”.
It should be noted, that the value of pressure stated in
this quotation is more than an order of magnitude higher

than the allowable pressure indoors and only for pre-
mises that are in category A or B of fire-explosion safety.
The document mentions no other factors influencing
appearance and development of resonant combustion
other than momentary breaking and actuating the mix-
ture. Nevertheless, this statement puts the efficiency of
fire and explosion safety measures in question, if they
do not cover development of this dangerous type of
combustion.

Answering the question whether the resonant com-
bustion is possible in gas explosions in residential pro-
perties, let us note that the experimentally registered
events of resonant combustion refer to volumes that are
close to those of residential properties [10, 11]. It gives
us ground to suppose that such phenomenon may take
place in real life.

Resonant combustion in brief

The first reports of resonant combustion as a labora-
tory effect date back to the times of Higgins and Rijke
(XIX century) [12]. Appearance of this effect is known
from publications that analyzed burning of hydrocarbon
fuels in industrial furnaces and combustion chambers
ofaircraft and rocket engines. In some cases the resonant
combustion was marked as a problem [12, 13], as it
leads to destruction of the structure, in others —as a way
to boost the combustion process [14]. Let us note that in
those cases there was a combustion with a stationary or
quazistationary nature. Gas explosion, which lasts for
less than one second and has a pronouncedly non-sta-
tionary nature, is a different story. In turns out that
during this fast process, under certain conditions the re-
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sonant combustion may develop as well, as it is evident
from experiments conducted both in Russia [10] and
abroad [11]. According to the results of these expe-
riments, under resonant combustion conditions, both
amplitude of oscillations and the average explosion
pressure underwent abrupt increase (sometimes several-
fold) in comparison to a regular explosion, which is not
only supportive of the quote above, but also extends
the hazard boundary. With respect to real-life situa-
tions, it means that, on the one hand, the hazard of build-
ing destruction and both loss of life and loss of property
risks are significantly higher than those stated in the re-
gulations, and on the other hand, that studying the re-
sonant combustion in gas explosions shall be seen as
a viable problem.

On possibility of predicting
the resonant combustion

Is there a resonant combustion mode in real-life do-
mestic gas explosions? This thesis is impossible to con-
test, neither support, as the residential accommodations
are not equipped with modern means of measurement
and recording.

It is virtually impossible to predict appearance and
development of the resonant combustion from mathe-
matical models that were created before the rise of com-
puters and digital technologies and based upon feed-
back mechanism [12—14]. This is primarily due to the fact
that the oscillations that develop during the resonant
combustion have non-linear characteristics and mecha-
nisms of their actuation are also exclusively non-linear.
In short, they are self-sustained oscillations. During those
years, the equations used for process description were
almost exclusively linear, or, if absolutely necessary
those of low non-linearity. It is also not the only cause.
The thing is, acoustic oscillations appearing in the reso-
nant combustion are a process with distributed parame-
ters and they may be described with partial differential
equations, which may be solved only numerically. Cur-
rently, there are great hopes for CFD (Computational
Fluid Dynamics) numerical methods, however as of now
these hopes have been fruitless, as one group of authors
failed to describe these self-sustained oscillations using
the methods [15—17], while another group of authors
succeeded only after marking the oscillating contours
[18, 19].

Nevertheless, the authors of [8] succeeded in mo-
deling acoustic oscillation excitation when describing
a gas explosion in a cylindrical tube while applying the
large-particle method having been developed in Russia
[21]. At that, the system of equations used to describe
the explosive development did not have any feedback
loops: they appeared on their own, as a result of evolu-
tion of the solution. Unfortunately, self-sustained oscil-

lations are still not described for volumes similar to
those of accommodation spaces.

Naturally, to study the resonant combustion process
we shall select an expensive and inefficient experimen-
tal method, aiming at thoroughly looking through each
factor that may influence the resonant combustion de-
velopment under gas explosion conditions.

This paper studies influence of the stoichiometric
mixture ignition point location in open volume with
a size and form close to those of real-life accommoda-
tions.

Experimental means

Test bench. The experiment was carried out at the pre-
mises of Moscow State Construction University’s Insti-
tute of Complex Construction Safety with the help of
a cubic explosion chamber with the volume of 10 m?,
complying with the requirements of GOST R 562892014
and provided with a relief window with the area of 2 m?
(Fig. 1) [20]. Propane was fed into the chamber until
a mixture with air close to stoichoimetric was obtained.
Inside the chamber, there was a fan for mixture agita-
tion and an ignition device. During the experiment,

Fig. 1. Diagram of the chamber (a) and its initial state (b):
[ — pressure sensors; /-5 — locations of ignition device;
the arrow shows the valve location
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the ignition device was moved along the chamber axis
from the valve to the back wall. According to the design
of'the experiment, ignition happened in five various po-
ints: in the window plane, in the center of the chamber,
at the back wall and in the midway from the center.

To provide enclosed nature of the small chamber
when preparing the mixture, the relief window were
locked with a multi-use valve made of laminated wood
with the surface density of 5 kg/m”. During the explo-
sion, the valve is opened and the gases are releases to
the atmosphere. The valve was pressed against the body
with two calibrated 1.2 mm wires located in the upper
part of the valve and breaking when the pressure in
the enclosure rises. The lower part of the valve was
similarly pressed with four wires of the same diameter,
thus ensuring that the top wires to be broken first and
the bottom ones last. Such a sequence of actuation of
collapsing elements allowed rather confidently re-
producing the first pressure peaks of explosions in
the chamber.

Measuring equipment. The pressure measuring sys-
tem included the following devices: three piezometric
pressure transmitters MPX5050GP (at the back wall,
as the center of the sidewall and at the front wall near
the window); transmitter power supply BP04B-42;
ADC LA-20 USB (manufactured by ZAO Rudnev—
Shilyayev) and a PC. A standard version of Microsoft
Excel 2010 was used for data processing and plotting.

Gas concentration in the volume was determined by
measuring its voluminous flow with a household-grade
orifice gas meter BK G4T (manufactured by Elster-
Gmbh, Germany). The meter is provided with a thermal
compensation device to reduce the influence of ambient
air temperature, thus ensuring admissible error of measu-
rement throughout the working range: 1.5 % maximum.

However, there is another type of error due to
the process of filling the chamber with gas. The thing is,
the pressure in the chamber increases, leading to gas-air
mixture leaving the chamber through any type of leaks
and openings, usually at the joint between the valve and
the body. This leakage reduces the real value of gas con-
centration in the room, the error may reach up to 2.5 %.
Thanks to accurate solution of the gas leakage problem,
an engineering method for its calculation has been de-
veloped [8]. The method allows calculating the gas vo-
lume that shall be supplied to the chamber to obtain
a required concentration:

V, =V(1-~1-2c),

where V, is the volume of supplied gas, m’;

V is the chamber volume, m>;

¢ 1s the required concentration.

For instance, for the chamber with the V=10 m’
that was employed in the experiments, to attain 5 % con-
centration, is was necessary to supply 513.3 liter of gas.

Analysis of typical experiment

Fig. 2 shows video capture of an explosion with
ignition in Point 2, where one may see the beginning of
valve cracking, its location and the expansive form of
the jet exiting the chamber in various moments from
the beginning of the explosion. Unfiltered recordings of
the three channels of pressure measurement are given
in Fig. 3. Three stages of explosion development may be
distinguished in the figure. Point 0 means the signaling
of the explosion, then, during the first 0.25 sec pressure
in the chamber increases to 1500 Pag, then, as a result
of valve opening it drops abruptly, forming the first
pressure peak. The abrupt drop in pressure causes
oscillations that gradually fade. These are Helmholtz
oscillations. This statement is grounded in the fact that
the oscillation amplitudes and frequencies are virtually
the same for all the pressure transmitters, that is,
the chamber volume behaves as an integral whole. This
effect is well-known and described. Speaking of virtual
equality of the amplitudes, we shall nevertheless note
that the initial pressure (and oscillation amplitude) at
the back wall in Point 4 is somewhat higher than in other
points of the chamber. However, this is understandable,
as pressure difference with its excesses and deficien-
cies is the moving force behind the gas flow oscillations
when the gas proceeds into the chamber and out of it.

The oscillations fade as the average pressure in
the chamber falls to zero, but the explosion process
does not end there. As it has been noted by V. A. Gorev
etal[10] and C. Regis Bauwens, Sergey B. Dorofeev [18],
when the combustion wave approach the corners of
the chamber, acoustic oscillations arise (segment BC).
There is no doubt that they are acoustic oscillation, as,
first, their frequency is much higher than the Helmholtz
frequency, and second, despite the same frequency of
the oscillation in various points of the chamber, its am-
plitudes differ (but are of the same order of magnitude).
The acoustic oscillations fade with afterburning of
the mixture in the chamber, thus ending the explosion
process. The same frequency of oscillations (registered
by transmitters in various locations of the chamber) is
the evidence of an integral oscillatory process inside
the chamber, which is possible for radial type of oscilla-
tions with standing pressure wave nodes at the chamber
walls.

Analysis of the experimental results

Fig. 4 shows the results of processing 20 experi-
mental explosions at 4 % by vol. concentration of gas
and five locations of the ignition device (see Fig. 1).
Weak repeatability of the experiment is notable, despite
the same starting conditions used in its preparation.
This circumstance support the complicated nature of
studying such a phenomenon as acoustic oscillations in
explosions. It may be excused by the fact that other re-
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Fig. 2. Still frames from mixture ignition in Point 2 at various moments from the beginning of the explosion: ¢ —0.12 sec; 5—0.20 sec;

¢—0.30sec; d—0.70 sec
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Fig. 3. Pressure evolution in the chamber when igniting the gas in Point 2: —— — pressure at the back wall; ——— pressure at the side

wall; — pressure at the front wall
searchers stay away from this issue, so there is nothing
to compare this important factor to.

The common oscillatory process and the possibility
for a significant growth of their excursion in case of
central location of the ignition device (Point 3 in Fig. 1)
allow assuming that these oscillations have a radial nature.
This hypothesis is in agreement with frequency calcu-
lation, if we assume that, on the one hand, the speed
of sound inthe combustion products is a = \ART =

=,/14-290-1660 ~ 800 m/s (where k is Boltzmann’s

constant, k = 1.4; R is the gas constant, for air we may
take R =290 J/(kg'K); T is the gas temperature, K),
on the other hand, there is a standing wave in the chamber
with its quarter-wavelength equal to the half of the cham-
ber’s length (radius). In this case, the wavelength L (m)
is4 m, and thus frequency of oscillation /= L/a =
=4/800=200 sec ', which is virtually the same as in
the experimental results. High-speed filming inside
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Fig. 4. Maximum excursion of oscillations depending on loca-
tion of ignition

the camera[10, 11] has shown that the oscillations arise
when the combustion wave approaches the walls of
the chamber.

In Fig. 4 there is a vivid trend to increased excursion
of the oscillations when the ignition device is located
closer to the center of the chamber. Despite the wide
scatter of the results, especially when igniting in the center
of'the chamber, one may expect that this variant of igni-
tion results in a possibly most hazardous development
of the explosion.

Moving the ignition away from the center of chamber
makes the combustion wave asymmetric with respect
to the center, thus leading to mismatch of its action upon
the oscillatory process of the combustion wave and im-
possibility to develop a resonance at the radial oscilla-
tion frequency. This fact is also supported by results
from other researchers [10, 11].

When replacing the light plywood valve with RS
with a surface density of 30 kg/m2 [8], there were no
significant Helmholtz oscillations recorded and no symp-
toms of acoustic oscillations at all (Fig. 5). These re-
sults had good repeatability.

It is known, that in closed (without gas relief) cham-
bers the resonant combustion never develops [5]. Speak-
ing of momentary break of relief section and mixture
actuation mentioned in GOST R 12.3.047, first, it is
evident that the authors of the standard took Helmholtz
oscillations for acoustic ones, and second, influence of
actuation onto resonant combustion requires further ex-
perimental verification.

There is another interesting effect that was noted
when igniting the mixture near the back wall (Fig. 6)
and which is well repeatable. It is Helmholtz oscilla-
tions of large amplitude represented in Fig. 6 with two
peaks against the acoustic oscillations (resonant com-
bustion) of low amplitude. It is possible that it is due to
the fact that in this case the most of the gas-air mixture
is ejected from the chamber and then immediately ex-
plode outside the window (energy of this explosion may
cause destruction of glazing in nearby buildings). Ex-
plosive pressure during the explosion locks the window
section, leading to increased pressure in the chamber
and appearance of two pressure peaks with the Helm-
holtz frequency. Maximum pressure in these peaks is
insignificantly higher than the value of the first peak.

In all the experiments where resonant combustion
was observed [10, 11], the volume of the room and
the area of the window had close values of the dimension-
less factor criterion B = \/F / W =0,53+0,60 (where F
is the window area, V is the chamber volume). When
this criterion is less than 0.5, no resonant combustion
was observed [7, 16].
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Fig. 5. Pressure evolution when relieving a panel with a weight of 60 kg: —— — pressure at the back wall, —— — pressure at

the side wall; — pressure at the front wall
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Fig. 6. Pressure evolution for ignition near the back wall of the chamber: —— — pressure at the back wall; —— — pressure at

the side wall; — pressure at the front wall

Conditions that enable resonant
combustion in gas explosion

The experimental data obtained allowed to comple-
ment the previously published results pertaining to re-
sonant combustion in explosion. It allowed identifying
the conditions that make the resonant combustion pos-
sible:

e the size of the chamber is on no importance: this
type of combustion was observed for chambers
with V' = 1m’[10], ¥ = 10m>,and V = 63m>[11];

e chamber forms is close to cubic one [10, 11];

e gas-air mixture is close to stoichoimetric one [11];

e the value of criterion B is higher than 0.53;

o the valve (RS) has the surface density lower than
5 kg/m’;

o ignition of the gas mixture takes place in the center
of the chamber.

Deviation from these conditions leads to reduced
amplitude of the oscillations in explosion, down to in-
significant manifestations of such type of combustion.
It is hard to tell, how well these resonant-combustion-
enabling conditions may be implemented in an accom-
modation space.

The Helmbholtz oscillations of pressure are irrele-
vant to the resonant combustion. They arise due to an
abrupt drop in pressure when the window is opened, or
when the window section is under gas-dynamic lock

due to a gas explosion outside the chamber. The ampli-
tude of these oscillations in the first case never exceeds
the first pressure peak, while in the second case (explo-
sions outside the chamber) it exceeds the first peak in-
significantly.

Conclusions

Resonant combustion in gas explosion increases
hazard level. To reduce the hazard, it is necessary to
identify the main conditions enabling the resonant
combustion. It has been found out, that the oscillations
of the highest intensity are observed in chambers that
approach cube in theirs form and when the gas-air mix-
ture is ignited in the center of the chamber. Window
size, RS weight, quality of the mixture and other factors
also influence the amplitude. Radial acoustic oscillati-
ons with the frequency of the first mode are characteris-
tic for this type of combustion. The resonant combusti-
on arises when the combustion wave approaches the
walls of the chamber. The oscillations are weakened if
the ignition source moved away from the center of the
chamber, RS weight is increased, window area is redu-
ced or gas concentration is reduced.
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BIIMAHWUE HEOAHOPOAHOIO PACIPEAEJIEHNA
TEMMEPATYP MO BbICOTE MNOMELLEHUA HA BbICOTY
NMAOCKOCTWU PABHbIX AABJIEHUW NPU NMOXXAPE

BbinonHeHa TeopeTmdeckas oleHka BANSHNSA HEOAHOPOLHOrO pacnpeaeneHs TeMnepaTyp no BbicoTe
NOMeLLeHMs Ha BbICOTY MIIOCKOCTM paBHbIX AaBMEHMI Npu noxape. NokazaHo, 4TO B OTKPLITOM Npoeme
MOTYT CyLLeCTBOBaThb [BE HEWTPasbHble MIOCKOCTM. [MonydeHbl 3KCNepuMeHTasbHblE 3aBUCUMOCTU
pacnpeneneHvs TeMrnepaTyp no BbICOTE W BbICOThI NMOCKOCTM PaBHbIX AABEHNI OT BpeMeHN. Npose-
[leHO CpaBHeHVe TeopeTUYeCKnX pacnpeaeneHnii TeMnepaTtyp no BbiCOTe 3KCNepUMeHTanbHOro oob-
emMa, NosyYeHHbIX C y4eToM 1 be3 y4eTa HeOAHOPOAHOMO pacnpeaeseHns TemnepaTyp, C IKCneprMeH-
TaNnbHbIMW AAHHBIMWU. DKCNEPUMEHTANIbHO MOATBEPXKAEHO CYLLECTBOBaHME ABYX MIIOCKOCTEN pPaBHbIX
[laBNeHu Ha HavanbHOW CTaflv Pa3BUTUS noxapa. NokasaHo, 4To Af1s LOCTOBEPHOro 060CHOBaHMS
BpeMeHW cpabaTbiBaHMS NOXapHbIX TeMnepaTypHbIX M3BeLlaTeNiel HeoOXOAMMO YYMUTbIBaTb HEOAHO-
POAHOCTb TeMMepaTypHOro Mons Mo BbICOTE MOMELLEHNS.

Knio4yeBble cnosa: No>Xap, TepMOorasoanHaMmKa, NioCcKoCTb PaBHbIX NAaBNEHUN; pacnpegenexHne TeM-

nepaTtyp; TennomMaccoobmeH Yepes npoem.

DOI: 10.18322/PVB.2018.27.07-08.24-31

BBepeHune

TemnomaccooOMeH uepe3 OTKPBITBIC IPOEMBbI SIBISIETCSI
OJTHUM M3 HauOoJsee 3HAYMMbIX (PaKTOPOB TEPMOTrazo-
JMHAMAYECKOM KapTUHBI TIOYKapPa, OTPEACIISIONINX JTH-
HAMUKY Pa3BUTHS ONACHBIX (PAKTOPOB MOKapa B IOMe-
menuu [1-21].

Ilon Bo3nelicTBHEM nepenaja qaBJICHUN BHYTPU U
CHapPY>KH MIOMETIIEHUS IPOUCXOINT €CTECTBEHHBIN Ta30-
oOMeH vepes mpoembl. Ha pacnpesenieHue gaaBieHMst
BHYTPH ITOMEIICHHMSI 10 €T0 BBICOTE M, CIIEI0BATENIBHO,
Ha BBICOTY PACIOIOKEHHS IJIOCKOCTH PABHBIX AABJICHUH
(nu HeUTpaTbHOM IITOCKOCTH), @ TAK)KE HA MAaCCOBBIC
pacxonapl Ta30B, BHIXOAIIMX Yepe3 IMPOCMbI HAPYXKY,
1 BO3/yXa, OCTYHAIOIIEro B IOMEIIEHHUE, peLIaroiiee
BJIMSIHME OKa3bIBaeT HEOIHOPOJHOCTh TeMIEepaTypHO-
T'0 TI0JIS TI0 BBICOTE TTOMEILICHUS.

B nepBoM npuOIMkeHNU B MHTETPAIbHON MOCTH
pacdera JHHAMHKHI Pa3BUTH OTTACHBIX (PaKTOPOB MOKa-
pa Temreparypa 1o BbICOTE OMEIEHUS TPUHUMAETCS
MOCTOSIHHON M PaBHOH ee cpelHe0ObeMHOMY 3Haue-
Huto [1]. Oxgnako B paborax [2—4] moka3aHo, 4TO TeM-
neparypa CyIIeCTBeHHO H3MEHSICTCS 110 BEICOTE, a pac-
npe/esieHue AaBlIeHUH 110 BBICOTE BHYTPHU ITOMELLIECHHS
HE SIBJIICTCS JIMHEHHBIM, KaK PUHATO B padore [1].

Lenp HacTosIIIEH CTaTb — KCIIEPUMEHTAIbHAS U
TEOPETUIECKas OICHKA BIHMSHUS HEOJHOPOIHOTO pac-
MpeJesIeHUs] TeMIIepaTyp MO BBICOTE MOMEIICHUs Ha
BBICOTY PACIIOJIOKEHHSI HEUTPAITbHOM TJIOCKOCTH.

Jia nocTrkeHus 1eNi ObLITN POBEICHBI TEOPETH-
YECKHE U HKCTICPIMEHTAIBHBIC HCCICIOBAHIS pacIipe-
JIeNIEHHs TeMIIeparyp Mo BBICOTE, a TAKXKE ONPEACTICHUS
MOJIO’KCHHS TUIOCKOCTH PaBHBIX TAaBJICHUN HAa HAaYab-
HOH cTauu pa3BUTHUS MOXKapa.

© Ilysau C. B., Cumnuxos U. B., Jlebeouenxo O. C., Kompaxos II. B., [lo Txane Tyne, 2018
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PacnpepeneHue Temnepatyp
Nno BbICOTe NMOMeLLEeHUs1 Npu noxape

B pabote [ 1] BeIpaskeHue pactipeeneH s TeMIepa-
TYPp 1O BBICOTC IMMOMEIICHUS UMECT BU/L:

cp cp cp
rae 7— JioKanbHasg TeMIIEpaTypa Ha BBICOTE Z OT YPOB-
Hs Toja noMenienus, K;
T, — cpenHeoObeMHas TeMIIepaTypa ra3oBoi cpe-
IIBI oMenieHus, K;
T, — HayasibHas TemIleparypa B nomeleHuu, K;
/i — MOJIOBUHA BBICOTHI TOMELICHHUS, M.
Pe3ynbrars aKcIieprMeHTaIbHBIX UCCIISTIOBAHUH TO-
Ka3bIBaIOT, UTO paclpenesieHle TEMIIEPATYp 110 BEICOTE
IIOMELIEHHs BO MHOTMX CIIy4asX MOYHO arllpOKCUMHU-
pOBaTh CIIEAYIOIIEeH 3aBUCUMOCTRIO [3]:
T = L , )
l+a(1-z/h)
1€ @ — dKCIIEPUMEHTAIbHbII Oe3pazmMepHblii ko3hdu-
LUEHT, YYUTHIBAIOIIUN HEOTHOPOJHOE pacipese-
JIEHHE TeMIIepaTyp IO BBICOTE.
BpricoTa pacnonoxeHus I10CKOCTH paBHBIX JaBiie-
Hul [3] onpesensercs Kak:

_pcp(1+a)—PB +l (PCP(1+a)—pB]2 i
T a

HIT

pcpa pcp
Pogah 2 3)
Y Pep =P — 6 — P p& 2+a ,
P ep&h 2

rae z,, — Oe3pazMepHas BbICOTa HEHTpaIbHOM MI0C-

KOCTH; Z .y = Zyy /15

Z,; — BBICOTA HEUTPAIBHOI! IIIIOCKOCTH, M;

Pep — CPEAHEOOBEMHASI TUIOTHOCTD FA30BOM CPeibl

IIOMEIICHHS, KT/M’;

p, — IUIOTHOCTH HAPYKHOTO BO3/yXa, KI/ M

Pep— CPEAHEOOBEMHOC NABICHHE B Ta30BOi cpezie

nomemenus, [1a;

P, — JaBJIeHne aTMOCc(EepHOTO BO3yXa Ha BEICOTE,

paBHOM MOJIOBUHE BBICOTHI IIOMeleHus, 11a;

g — YCKOpEHHe CBOOOIHOTO MageHHs, M/c”.

W3 dpopmynsl (3) BUIHO, YTO B MOMELICHUH MOTYT
CYIIECTBOBATh JIBe HEUTPAIBHBIX TIIOCKOCTH. Hampumep,
B 4ACTHOM CITydae, KOraa p, = 1 kr/m, p, = 1,2 kr/m?,
Pep=—Ps= 3,211a, h = 3 M, a = 0,3, 1BE MIIOCKOCTH paB-
HBIX JJaBJIEHUH pacIOIOXKeHbl Ha BbICOTE z,; = 0,9 M
Uz,»,=21m

DTO0 NOATBEPKIAETCS pacyeTaMt C UCIIOJIb30BaHU-
€M I0JIEBOM TPEeXMEepHOW MOJAETH pacyeTa TerioMac-
cooOMeHa nipu noxape [2, 22], B KOTOPbIX MoOKa3aH
ciaydyall BO3HUKHOBEHMs JBYX INUIOCKOCTEH paBHBIX

z,M/z,m

3,0+

25 |\ A —= 8 =
8

201 8

9 x,M/x,m

Puc. 1.1lons ckopocTeil B INIOCKOCTU IPOEMa, PACIIOJIOKEHHOTO
B HIOKHEH 4acTu nomeleHust pazmMepom 35x15x6 M, uepes 30 ¢
OT HavaJla TOPEHHs KepOCHuHa: /| — BEPXHSIS IIIOCKOCTh PABHBIX
JaBIECHHUH; 2 — TO XK€, HIDKHSASA; X — KOOPJMHATa BIOJIb ATHHBI
MOMEIICHHS

Fig. 1. The velocity fields in the plane of the opening located in
the lower part of the premise with a size of 35x15x6 m after
30 sec from the start of kerosene combustion: / — the upper
plane of equal pressures; 2 — the same, lower; x — coordinate
along the length of the room

JIaBJICHUH B IBEPHOM MpoeMe NOMEILEHHUsI pa3MepamMu
35x15x6 M uepe3 30 ¢ OT Hauala rOpPEHUsT KEPOCUHA
(puc. 1 [2, 22]).

W3 puc. 1 BuIHO, 4TO CyIIECTBYIOT JBE IOBEPXHO-
CTH, TJIe CKOPOCTH PaBHBI HYII0. BOMM3M ypoBHS mona
o0Opa3yeTcsi 30Ha TCUCHHSI Ta30B HAPYKY.

3KCI1€pVIMeHTaJ1bHaS| yCcTaHOBKa
n MmetToaukKa npoeegeHuUsa s3KCcnepnmMeHToB

OKCHEePUMEHTHI MPOBOIIIUCH Ha JBYX OIBITHBIX
ycranoBkax. Cxema ycranoBku Ne 1 mpezcraBieHa Ha
puc. 2.

200

VYposens 3
Level 3

200

VYposens 2
Level 2

200

Yposens 1
Level 1

200

1100

Puc. 2. Cxema skcriepuMeHTanbHOl ycraHoBkr Ne 1: / — mat-
YUK TEMIIePATypbl; 2 — OTBEPCTUE IS ECTECTBEHHOTO IIPUTOKA
BO3/yXa; 3 — nabopaTopHas yaiika u3 aaroMHUHUS (IIOJJIOH);
4 — NBEIMOIIPHEMHOE OTBEPCTHE

Fig. 2. Scheme of the experimental installation no. 1: / — tempe-
rature sensor; 2 — hole for natural air inflow; 3 — laboratory cup
made of aluminum (pallet); 4 — smoke inlet
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B kauecTBe MaTrepuana CTCH HCIIONB30BAJICS CTEK-
JIOMarHUEBBIN JIUCT TOMUHON 10 MM.

Pasmepsr skcTIepuMeHTaIBFHOTO 00bheMa COCTaBIIS-
mu 1x0,8x0,8 M, oTBepCTHS [I7151 €CTECTBEHHOTO ITPUTO-
ka Bozmyxa — 0,4x0,18 m.

B xauecTBe roprodero BeLIeCTBa HCIIOJIb30BaJICs
STUJIOBBIN CIIUPT, KOTOPBIM 3aIIOJIHSIIH J1a00PATOPHYIO
yalky u3 amomMuHus (noanoH) auamerpom 0,09 M, ycra-
HOBJICHHYO Ha JTOTIOJIHUTEJILHOM miaTropme B LIEHTpe
YCTaHOBKH.

CMech MPOAYKTOB TOPEHHUSI M BO3AYX YAAJSIUCDH
CUCTEMOU MPOTUBOJBIMHOM BEHTHIISALIMHU Yepe3 IbIMO-
npueMHoe oreepcTHe. CucreMa BBITSDKHOM IIPOTHBO-
JBIMHOM BEHTWJISILIMM TIPEJCTaBIISIA COO0H pagualib-
HBIM BEHTUJISITOP MOITHOCTBIO 216 BT, moacoennnen-
HBII K YCTaHOBKE C TIOMOIIBIO TOPPUPOBAHHOM TPYObI
nuamerpoM 0,1 M. CKOpOCTh MOTOKA Ta30BOM Cpebl
PETYITHpPOBaNACh TTOCPEICTBOM BEICOKOTOUHOTO YaCTOT-
HOro TipeoOpa3zoBarest GupMmbl Lenze, MOAKITFOYCHHO-
TO Yepe3 MEKTPUIECKYIO CETh K BEHTHILITOPY.

JJ1s1 KOHTPOJISL TEMIIePaTy Pl Fa30BOH CPEIIbl BHYT-
PH SKCIIEPUMEHTAJIBHON MOAETU MOMEILEHHUS UCII0JIb-
30BaJiCsi MHOTOKAaHAJIbHBIA HU3MEPHUTENb TeMIIEPaTypbl
TM-12M c BeicokuM (II) kmaccom Tounoctu. M3mepe-
HHUE TeMIeparypbl IPOBOAUIIOCH C MOMOIIbIO0 12 Tepmo-
nap, pacroyIoKEHHBIX B [IEHTPE YCIOBHBIX PABHOBEIH-
KHX 00beMOB (PU3NYECKON MOJIEITH Ha TPEX YPOBHSX OT
nona ycraHoBk# (0,2; 0,4 u 0,6 m). Jlatuuku kpemnu-
JUCh Ha MEJIHYIO MTPOBOJIOKY, HATSIHYTYIO MEXKIY Ipa-

J 7
4 8
3 9
2
I
10
PSS
= /
L 1]

Puc. 3. Cxema skcriepuMeHTaNbHON ycTaHOBKH Ne 2: / — KOMIIb-
[0Tep; 2 — 3JIEKTPOHHBIEC BECHI; 3 — IITOK; 4 — MOIJIOH; 5 —
TepMOIIapbl; 6 — 30HT CUCTEMbI BEHTHILILUH; 7 — MaKeT [oMe-
meHust; § — mrabenb; 9 — OTKPBITHIHA npoem; /) — matdopma
BECOB

Fig. 3. Scheme of the experimental installation no. 2: / — com-
puter; 2 — electronic scales; 3 — stock; 4 — pallet; 5 — thermo-
couples; 6 — umbrella of the ventilation system; 7 — model
of the premise; § — stack; 9 — opening; /0 — weighing plat-
form

HSIMH Mofend. BpeMeHHO# mHTepBall pe3yabTaToB U3-
MEPEHUS COCTABIISI S C.

Cxema dKcriepuMeHTanbHON ycTanoBky Ne 2 mipu-
BeJleHa Ha puc. 3.

B kauecTBe roprouero BelecTBa MCIOJIb30BajIach
JpeBecrHa (CoCcHa), KoTopas 3aKJIa (bIBajIach B IOAJIOH 4.

H3-3a HEIOCTAaTOYHOIO KOJIMYECTBA TEPMOIIAp BHYTPU
9KCIIEPUMEHTAILHOrO 00beéMa Ha JaHHOH yCTaHOBKE
U3MEPSIIH TOIBKO MOJIOKEHUE IIOCKOCTH PABHBIX JaB-
aeHuit. s 3TOro Mo LEHTPY OTKPHITOro mpoema 9
gyepe3 Kaxable 20 ¢ UCIBITAaHUN B BEPTUKAJIBHOM Ha-
IpaBICHUH MOAHUMAACh ropsmas ceeda. [lo oTkio-
HCHHIO IINIaMEHHU C ITIOMOIIBIO BUACOCHEMKHU HAXOAUIIN
BBICOTY PacIIOI0KEHUs INIOCKOCTEN PaBHBIX JaBICHUH.

Pe3yn bTaTbl 3KCNepnMeHTallbHOro
ncanenoBaHus

Pacmipenienenuns OTHOCUTEIBHBIX, CPETHUX O KaXkK-
JIOMY YPOBHIO 3HAYCHHIA TEMIIEparyp MO BBICOTE IKC-
HEepUMEHTaIbHON ycTaHOBKU Ne | B MOMEHTEHI BpeMe-
Hu 60, 90, 120, 150, 180 u 240 c ot Hayana ropeHus
TpE/ICTaBICHBI Ha pucC. 4.

CpeanneobbemHas Temneparypa I, B MOMEHT Bpe-
mernn T = 60 ¢ cocrasmsma 36,9 °C, npu T =240 ¢ —
57,8 °C.

W3 puc. 4 BuaHO, 4TO pacueT 1o Gopmysie (2) mpu
ko3 dunmente a = 0,1 (kpuBas /) COBMAAET C KCIIE-
PUMEHTAJIbHBIMU JAHHBIMHU C ITOTPEIIHOCTbIO, HE Ipe-
BhIInaroiei 3 %.

[TorpemHocTh pacuera ¢ UCIOJIb30BaHUEM (HOpMY-
7bl (1) Mo cpaBHEHHIO € pe3yJbTaTaMu, OJy4YeHHBIMU

T/Tcp / T/Tuver

1,351
1,251
1,151 Z
1,05
0,95

0,85

0,75 —
0 01 02 03

T T T T T
04 05 06 07 08 09 z/h

Puc. 4. Pacupenenenue cpeHUX MO KaXKIOMY YPOBHIO 3HaUEHUH
TeMIIepaTyp IO BBICOTE IKCIEPHMEHTAIBHONW YCTaHOBKH Ne 2,
ompenenseMbix mo dopmyne (1) (I —a =0,1; 2 — a =0,28),
1o popmyie (2) (3—1t =60 c; 4 — 1 =240 c); CHUMBOJIBI — DKC-
TIEPUMEHT

Fig. 4. Distribution of the mean values temperatures for each
level of measurements along the height of the experimental in-
stallation no. 2, determined by the formula (1) (/ —a=0.1;2 —
a = 0.28), by the formula (2) (3 — t = 60 sec, 4 — 1t = 240 sec);
symbols — experiment
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Puc. 5. 3aBUCUMOCTb BBICOTBI PACTIONIOKEHHUSI TNIOCKOCTH PABHBIX

JIaBJICHUH OT BPEMEHHM C Hayaja TOpeHus: / — BEpXHss IJI0C-
KOCTPh PaBHBIX JaBIICHUH; 2 — TO K€, HIDKHSIS

Fig. 5. Dependence of the height of the arrangement of the equal
pressures plane on the time from the start of burning: / — upper
plane of equal pressures; 2 — the same, lower

o ¢opmyiie (2), Ha ypoBHE NEPEKPBITUS TOMELLIECHHS
He mpesbimaer 10 % mpu t=60 ¢ u 26 % — npu
1 =240 c. OTcroga BUAHO, YTO C TEYEHHUEM BpEMEHH
pa3BUTHS IOXKapa TOUHOCTH hopmyisl (1) cHIKaeTcs.
Takum 06pazom, ucronblyemas B padore [ 1] u B HOp-
MAaTUBHBIX JOKYMEHTaX MO MOXapHOH 0e30macHOCTH
(mampumep, B MeToaMKe ONpEeICHNs] PACUCTHBIX Be-
JIMYUH TOXapHOT'0 pUCKa B 3JaHUAX, COOPYKCHUAX U
CTPOCHUSX PA3IMIHBIX KJIACCOB (DYHKIIMOHAIBHON 10-
skapHO# onacHoctu [23]) dopmyna (1) Tpebyer kop-
pexTupoBkH. [TorpentHocTs, KOTopast MOXKET JOCTHTaTh
26 % Ha ypOBHE NEPEKPLITHs MOMELIEHHUs, HE T103BO-
JSIET JIOCTOBEPHO OOOCHOBaTh BpeMs cpadaThIBaHUS
MOXKapHBIX TeMMOEepaTypHbIX u3Bemarenei. [Ipu atom

pacdyeTHOE BpeMs cpadaTbIBaHUS BHINICYKA3aHHBIX H3-
BemIaTenei OyaeT 3aHmKaThCs, YTO TPUBEICT K HE0-
OLICHKE [10’KapHON OITACHOCTH, HAIIPUMED K 3aHM)KEHHUIO
BpEMEHM Hayajla 3BaKyallMM WJIM BKJIIOUEHHS CHCTEM
MOKapHOI OE30MTaCHOCTH.

3aBUCUMOCTH BBICOTHI PACIIOJIOKEHUS [IJI0CKOCTEH
PaBHBIX JaBJIEHUH OT BPEMEHHU UCIIBITAHUH B 3KCIIEPH-
MEHTaJIbHOH ycTaHoBke Ne 2 npuBeieHbl Ha puc. S.

U3 puc. 5 BUAHO, UTO Ha HAYAJIBHOW CTaUU pa3BU-
TUS NOXapa CyLIECTBYIOT JIB€ HEHTpasbHbIE INIOCKO-
cti. Yepe3 3 MUH OT Hayaja rOPEHUsl HMKHSS IUIOC-
KOCTb PaBHBIX JIaBJICHUN UCUE3aLT.

3T0 00BSICHAETCS TEM, UTO C POCTOM TEMIICPATyPHI
U TABJICHHSI BHYTPH YKCIIEPHMEHTAILHOTO 00bheMa Be-
JUYMHA BTOPOro cjaraemMoro (BbIpakeHHE BHYTPHU
KBaJIpaTHOI'O KOPHS ) IpaBoii yacTu ypaBHeHus (3) Bo3-
pactaet. IlosTOMy BBICOTA PACHOJOKEHHUS HHKHEH
HEUTpaIbHOU IIIOCKOCTH, BBIYHCIIIEMas TP 3HaKe “—
nepe]] BTOPbIM CllaraéMbIM, YMEHbBILIAETCS U CTAHOBUT-
Cs1 OTPUIIATENILHON (HIDKE YPOBHS MOJIa TOMEIICHHUS ).

3ako4yeHue

Pacnipenenenue Temneparypsl o BEICOTE MOMeTIe-
HUSl, yYUTHIBAOIIEE HEOIHOPOIAHOCTh TEMIIEPaTypHOTO
TOJIST ¥ CYIIICCTBCHHO BIMSIONICE Ha TETIIOMAcCOOOMEH
yepe3 OTKPBITHINA MPOEM Tra30BOM cpebl TOMEIIEHUS C
OKPYXKAIOIIEeH CPeIoH, yIOBICTBOPUTEIIHHO COBIIAACT
C 3KCIIEPUMEHTAJIbHBIMHU JIaHHBIMU.

BrrmeykazaHHast 3aBHCHMOCTB ITO3BOJISIET 000CHO-
BaTb OJHOBPEMEHHOE CYIIECTBOBAaHUE JBYX IIJIOCKO-
CTEH paBHBIX JABJICHUM, YTO IKCIIEPUMEHTAILHO MO~
TBEP>KJEHO JJIs Ha4aJIbHOM cTa iy pa3BUTHUS IIOKapa B
ONBITHOM YCTaHOBKE.
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ABSTRACT

Introduction. Heat and mass transfer through open holes is influenced significantly by the tempe-
rature distribution over the height of the premise. In the first approximation in the integral model of
calculating the dynamics of dangerous fire factors, the temperature along the height of the premise is
assumed to be constant and equal to its average volume value. However, the temperature varies
significantly along height, and the distribution of pressures along the height inside the premise is not
linear. Therefore, it is necessary to conduct further experimental and theoretical studies of the in-
fluence of the inhomogeneity of the temperature field inside the premise on the parameters of heat and
mass transfer through the openings.

Goals and objectives. The purpose of the paper is to evaluate experimentally and theoretically
the influence of the inhomogeneity of the temperature distribution along the height of the premise
upon the height of the neutral plane. To achieve this, we used the formula for the temperature distribu-
tion along the altitude, which includes the empirical coefficient of the inhomogeneity of the tempera-
ture field. Experimental studies were carried out that made it possible to refine the above-mentioned
coefficient and determine the position of the plane of equal pressures at the initial stage of the fire.

Methods. A theoretical method for calculating the temperature distribution over the height of
the premise and the height of the neutral plane is used, as well as an experimental method for studying
heat and mass transfer in a small experimental installation.

Results. Experimental dependences of the temperature distribution along the height of the experi-
mental volume at different times and the height of the plane of equal pressures on time are obtained.
A comparison is made between experimental data and the theoretical temperature distributions along
the height obtained with and without allowance for temperature inhomogeneity. The existence of two
planes of equal pressures at the initial stage of the fire is experimentally confirmed. It is shown that for
a reliable justification of the response time of fire temperature detectors it is necessary to take into
account the inhomogeneity of temperature along the height of the premise.

Conclusion. The temperature distribution along the height of the premise, taking into account
the inhomogeneity of the temperature field, is in satisfactory agreement with the experimental data.
The above dependence allows us to justify the simultaneous existence of two planes of equal pressures,
which has been experimentally confirmed for the initial stage of a fire in a pilot installation.

Keywords: fire; thermal and gas dynamics; plane of equal pressure; temperatures distribution; heat
and mass transfer through an open holes.

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8 m



- MPOLUECCHI TOPEHWUA, AETOHALIUW N B3PbIBA

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

. Koshmarov Yu. A. Prognozirovaniye opasnykh faktorov pozhara v pomeshchenii [The prediction of

dangerous fire factors in the room]. Moscow, State Fire Academy of Ministry of Internal Affairs of
Russia Publ., 2000. 118 p. (in Russian).

. Puzach S. V. Metody rascheta teplomassoobmena pri pozhare v pomeshchenii i ikh primeneniye pri re-

shenii prakticheskikh zadach pozharovzryvobezopasnosti [Methods for calculating heat and mass
transfer during a fire at the premises and their application in solving practical fire and explosion safety
problems]. Moscow, State Fire Academy of Emercom of Russia Publ., 2005. 336 p. (in Russian).

. Astapenko V. M., Koshmarov Yu. A., Molchadskiy I. S., Shevlyakov A. N. Termogazodinamika po-

zharov v pomeshcheniyakh [ Thermogasdynamic of fires in buildings]. Moscow, Stroizdat Publ., 1988.
448 p. (in Russian).

. Puzach S. V., Puzach V. G., Kazennov V. M. Certain regularities of heat and mass transfer through an open

aperture in a fire in the compartment. Heat Transfer Research, 2005, vol. 36, no. 7, pp. 615-622. DOI:
10.1615/heattransres.v36.i7.70.

. Chung Hwei Su, Jia Hong Bai. Measurement of the neutral plane of an internal fire whirl using the back-

ground-oriented Schlieren technique for a vertical shaft model of a high-rise building. Measurement,
2016, vol. 78, pp. 151-167. DOI: 10.1016/j.measurement.2015.10.004.

. Dahai Qi, Liangzhu Wang, Radu Zmeureanu. The effects of non-uniform temperature distribution on

neutral plane level in non-adiabatic high-rise shafts during fires. Fire Technology,2017,vol. 53, issue 1,
pp. 153-172. DOL: 10.1007/s10694-015-0554-2.

. 130 highrise building projects in Toronto lead North America. CBC News, January 21,2014. Available at:

http://www.cbc.ca/news/business/ 130-highrise-building-projects-in-toronto-lead-north-america-1.
2504776 (Accessed 27 June 2018).

. Zhao G., Wang L. Using helium smoke as a surrogate of fire smoke for the study of atrium smoke filling.

Journal of Fire Science, 2014, vol. 32, issue 5, pp. 431-447. DOI: 10.1177/0734904114529403.

LiL.J,JiJ., ShiW. X., Gao Z. H., SunJ. H., Zhu J. P. A modified turbulent mixing model with the con-

sideration of heat transfer between hot buoyant plume and sidewalls in a closed stairwell. International
Journal of Heat Mass Transfer, 2015, vol. 84, pp. 521-528. DOI: 10.1016/j.ijheatmasstransfer.
2015.01.012.

Qi D., Wang L., Zmeureanu R. An analytical model of heat and mass transfer through non-adiabatic
high-rise shafts during fires. International Journal of Heat and Mass Transfer, 2014, vol. 72, pp. 585-594.
DOI: 10.1016/j.ijheatmasstransfer.2014.01.042.

QiD., WangL. L., Zmeureanu R. Verification of a multizone airflow and energy network model by ana-
lytical solutions to Stack-driven flows in buildings. In: eSIM Conference Proceedings (Ottawa, Canada),
2014, 14 p. Available at: http://www.ibpsa.org/proceedings/eSimPapers/2014/1A.1.pdf (Accessed
27 June 2018).

LiL.J.,JiJ.,, Fan C. G., SunJ. H,, Yuan X. Y., Shi W. X. Experimental investigation on the characte-
ristics of buoyant plume movement in a stairwell with multiple openings. Energy Buildings, 2014,
vol. 68, pp. 108-120. DOT: 10.1016/j.enbuild.2013.09.028.

Wang L. L., Black W. Z., Zhao G. Comparison of simulation programs for airflow and smoke move-
ment during high-rise fires. ASHRAE Transactions, 2013, vol. 119, part 2, pp. 157-168.

Klote J. H., Milke J. A., Turnbull P. G., Kashef A., Ferreira M. J. Handbook of smoke control engi-
neering. Atlanta, GA, American Society of Heating Refrigerating and Air-Conditioning Engineers,
2012. 512 p.

ShiW.X.,JiJ.,SunJ.H.,LoS.M.,LiL.J., Yuan X. Y. Influence of staircase ventilation state on the air-
flow and heat transfer of the heated room on the middle floor of high rise building. Applied Energy,
2014, vol. 119, pp. 173—180. DOI: 10.1016/j.apenergy.2013.12.055.

JiJ,LiL.J., Shi W. X., Fan C. G., Sun J. H. Experimental investigation on the rising characteristics of
the fire-induced buoyant plume in stairwells. International Journal of Heat and Mass Transfer, 2013,
vol. 64, pp. 193-201. DOTI: 10.1016/j.ijheatmasstransfer.2013.04.030.

JiJ.,,WanH.,LiY., LiK., SunJ. Influence of relative location of two openings on fire and smoke beha-
viors in stairwell with a compartment. International Journal of Thermal Sciences, 2015, vol. 89,
pp- 23-33. DOL: 10.1016/].ijthermalsci.2014.10.008.

JiJ,LiM., LiY., ZhuJ., Sun J. Transport characteristics of thermal plume driven by turbulent mixing
in stairwell. International Journal of Thermal Sciences, 2015, vol. 89, pp. 264-271. DOI: 10.1016/
j-ijthermalsci.2014.11.009.

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8



NPOLECCHI TOPEHWUA, AETOHALIMU W B3PbIBA -

19. Yang D.,DuT., Peng S., Li B. A model for analysis of convection induced by stack effect in a shaft with
warm airflow expelled from adjacent space. Energy and Buildings, 2013, vol. 62, pp. 107-115. DOLI:
10.1016/j.enbuild.2013.02.045.

20.JiJ.,LiM.,Gao Z. H.,Li Y. F., Shi W. X_, Sun J. H. Experimental investigation of combustion charac-
teristics under different ventilation conditions in a compartment connected to a stairwell. Applied
Thermal Engineering, 2016, vol. 101, pp. 390-401. DOI: 10.1016/j.applthermaleng.2016.01.117.

21. Sitnikov I. V., Kolodyazhnyj S. A., Odnol’ko A. A. Experimental study and modeling of specific mass
burning rate of liquid with functioning smoke ventilation. Nauchnyy vestnik Voronezhskogo gosudar-
stvennogo arkhitekturno-stroitelnogo universiteta. Stroitelstvo i arkhitektura / Scientific Herald of
the Voronezh State University of Architecture and Civil Engineering. Construction and Architecture,
2014, vol. 35, no. 3, pp. 149—157 (in Russian).

22. Puzach S. V., Puzach V. G. Some three-dimensional effects of heat and mass transfer in a fire within
a building. Journal of Engineering Physics and Thermophysics, 2001, vol. 74, no. 1, pp. 47-55.

23. Technique of determination of settlement sizes of fire risk in buildings, constructions and structures of
various classes of functional fire danger. Order of Emercom of Russia on 30.06.2009 No. 382. Moscow,
All-Russian Research Institute for Fire Protection of Emercom of Russia Publ., 2009.

For citation: Puzach S. V., Sitnikov I. V., Lebedchenko O. S., Komrakov P. V., Do Thanh Tung. Influ-
ence of heterogeneous temperature distribution along the premise height on the height of a plane of
equal pressures during fire. Pozharovzryvobezopasnost / Fire and Explosion Safety, 2018, vol. 27,
no. 7-8, pp. 24-31 (in Russian). DOI: 10.18322/PVB.2018.27.07-08.24-31.

I3patenbcTBO <<|_|O>KHAVKA>>

llpeactaBnfieT KHUry

L. T. NMponun, O. A. KoponbyeHko

OENEHVE 3JAHUN HA NOXKAPHBIE
DKAPHDIE 0 OTCEKW : yye6Hoe nocobue.

SHOE 110COS — M. : U3patenbctBo "MOXKHAYKA".

B y4e6HOM Nocobum n3noxeHbl 6a30Bbie OCHOBbI, [ECTBYHLLNE TPEOOBAHUS
11 COBPEMEHHbIE NPEACTABNEHNS O LiensX, 3afa4ax u cnocodax orpaHnyeHus

; pacnpocTpaHeHuUs MoXapa no 3[aHusiM u COOPYXKEHUAM NyTeM UX Pa3feneHus
i

| Ha NOXapHbIe OTCEKN.

’ B, =% [Tocobue npefHas3HavyeHo Ansa CTyaeHToB MOCKOBCKOrO rocyfapCTBEHHOMO
=, 2 k!

e ; e= CTpOUTENBHOrO yHMBEpCUTETa. OHO MOXET BbITh NCMONB30BAHO TaKXeE APY-

rMMK 06PA30BATENBHBIMI YYPEXLEHUAMI 1 NPAKTUYECKUMI PaBOTHUKAMM,
3aHMMatOLLMMICH BONPOCAMI 06ECMEeYeHNs NOXXapHOI 6e30MacHOCTH.

121352, r. MockBa, a/a 6; Ten./chake: (495) 228-09-03; e-mail: info @fire-smi.ru

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8 m



BE30MACHOCTb BEWIECTB U MATEPUANOB

H. N. KOHCTAHTUHOBA, f-p TexH. HayK, Npodeccop, MaBHbIA Hay4HbIN
COTPYAHWK, BHUNMO MYC Poccunn (Poccus, 143903, Mockosckas 0bn., r. banawwmxa,
MKp. BHUMMO, 12; e-mail: firelab_vniipo@mail.ru)

H. B. CMUPHOB, f-p TexH. HayK, Npodeccop, rMaBHbIM Hay4YHbIA COTPYAHMK,

BHUWMNO

MYC Poccum (Poccus, 143903, Mockosckas obn., r. banawumxa,

MKp. BHUWMO, 12; e-mail: firelab_vniipo@mail.ru)

A. 10. LUEBEKO, KaHf. TexH. HayK, Ha4anbHWUK OTAeNna noxapHom 6e3onacHocTu
cTpouTenbHbix Matepuanos, BHUWIMO MYC Poccum (Pocews, 143903, Mockosckast 061,
r. Banawwnxa, mMkp. BHUAMO, 12)

YIK 614.841

K BOMPOCY Ob OLEHKE 3P ®EKTUBHOCTIA
ONrHE3ALWNTbI MOJIMMEPHbIX MATEPUAJIOB

MpencTaBneHbl OCHOBHble TpebOBaHUS, pernameHTUpylolme noxapobesonacHoe MCnofb3oBaHMe
nnacTMacc B CTPOUTENBCTBE, MPOMbILLNEHHOCTY 1 Ha TPaHCNopTe. PacCMOTPeHbI BOMPOChl METOL0MO0-
MY OLEHKM 3(hPEKTUBHOCTM OrHE3ALLMTBI MONMMEPHbIX MaTepranos (MM) cornacHo CyLwecTByioLLEen
HOPMaTMBHO-TEXHNYeckom Ba3e. [Toka3aHo, 4TO B 3aBUCMMOCTM OT 061aCTV MPUMEHEHNS U DYHKLMO-
HanbHOro HaszHayveHus K MM NpeabABRAOTCA pasHble TpeboBaHWs Mo 3PHEKTUBHOCTA OrHE3aLWMTI.
YCTaHOBEHO, YTO, NCMOMb3YA CPaBHUTENbHYIO MHPOPMALMIO O NMpoLeccax AecTpyKUUn 1 TepMopas-
noxexunn MMV B NpUCyTCTBUM Pa3NnYHbIX 3aMeafITeNeln ropeHns 1 0b 1x yCTOMYMBOCTU K OTHEBOMY
BO3[eMCTBMIO, Ha 3Tane NabopaTopHbIX UCCeLoBaHMIA MOXHO C JOCTaTO4HO DOMbLLON BEPOATHOCTLIO
NPOrHO3MpPOBaTb NMOBefeHVEe NONMMEPHON KOMMO3ULMM B YCIOBUAX NPOBELEHNS CTaHOAAPTHBIX MC-
MbiTaHWUW. TlpeacTaBneHbl pe3ynbTaThl SKCNEPUMEHTabHbIX WUCCIeA0BaHNA MO paspaboTke monu-
MepPOB MOHXXEHHOWM ropioyecTy. BbiIBNEHO, YTO BeCbMa akTyanbHO NPOBeAEeHMEe UCCNefoBaHMs BO3-
MOXHOCT/ KOPPENSLUMN NapamMeTpoB ropiodecT C UCMosb30BaHWEM ManoMaclTabHbIX U KPYMHO-
MaclTabHbIX MEeTOLAOB WCMbITaHWI MpK pa3paboTke KOMMO3MUMIA MOHWXKEHHOW MOXapHOM
onacHocTu. ChopMyNMPOBaHbl BbIBOLbI O LeNecoobpasHoCTH pa3paboTkm KOMMIEKCHOTO NOAXOAA K
OLLeHKe CBOWCTB MOXapHOW OMaCHOCTM OrHe3allMLLEeHHbIX NOAMMepPOoB Ha NabopaTopHOM 3Tane mx
Co3faHus.

KniouyeBble cnoBa: HOPMaTMBHadA 0a3za; r|o>Kapo6e30r|aCHoe npnMeHeHmMe nnacrtMacc; noimmMepHble

MaTepKnalbl, MeTOLbl OLEHKMN noxapHoM OnacHoOCTH, Q(DCDGKTMBHOCTI: OorHesawnTbl.

DOI: 10.18322/PVB.2018.27.07-08.32-42

BeBepeHune

Passurue nponssoncTea nonmmmepHbix Marepuaios (ITM)
U MX JIOCTaTOYHO IIWPOKOE IPUMEHEHHUE B Pa3IMYHBIX
OTPaCIISIX CTPOUTEILCTBA, TPOMBILIIEHHOTO MTPOU3BO/I-
CTBa, Ha TPAHCIIOPTE BBIIBUTAIOT 3a/1a9H pa3pabOTKU U
CO3/1aHUs MaTepUaJIOB IOHMKEHHOM MOXKapHOi omac-
HOCTH ¥ MaTepHaJIOB C 3apaHee 3aJJaHHBIMH I105Kapo-
OIACHBIMH CBOMCTBAMU B PsAJl IPUOPUTETHBIX.

CyiecTByromas HOpMaTHBHas 0a3a Mmokapooes-
omacHoro npuMeHenus IIM B Poccun u 3a py0esxom
OCHOBBIBACTCS HA 00JIACTH UX HCIIOIB30BaHUSA U (DYHK-
[IMOHATIbHOM Ha3Ha4YeHWHU. BbIOOp METO0B OLICHKH U
nmapaMmeTpsl moxapHoil omacHoctu [IM 3aBHUCAT OT Tpe-
0OBaHWII HOPMATHBHBIX JTOKYMEHTOB, PEIJIaMEHTHPY-
OIIKX UX npumeHenue [1].

Crnenyer OTMETUTh, YTO Pa3jIMYHbIe YCIOBUS MPO-
BEJICHHS UCIIBITAHUH U KITACCU(PHUKAIIMOHHBIC KPUTSPUU
B JICUCTBYIOLIUX CTaHJIAPTHBIX METOJaX OLEHKU IO-
»kapHoi onacHocTy [TM B 3aBUCHMOCTH OT 00JIACTH MX

WCTIOJIb30BAHUS YCTAaHABJIMBAIOT BO3MOXKHOCTH 0O€c-
MIEUCHUS Pa3IMYHON creneHn ux 3(Q(eKTuBHOM orHe-
3aIIUTHI [2].

B nacrostmeli crarbe npeiokeH ONTHMAIBHBIN C
TOYKH 3pEHUS] BEIOOPA METOJIOB U ONPEACISAEMbIX T10-
Kazaresie oIxo/1 K OleHKe MokapHoi onacHocTu [IM
MOHYKEHHOH rOPIOYECTH 32 CYET BBEACHHUS B UX peLel-
Typsl 3ameuutenei ropenus (3I). J{ns obocHoBaHus
IMOCTAHOBKH 3aj1ad OblJIa yudTeHAa HOMEHKJIATypa Jiei-
CTBYIOIIMX METOJIOB HCIBITAHUN, XapaKTEPHBIE JKC-
IUTyaTallMOHHbBIC 0COOCHHOCTH OT/ICTbHBIX BUI0B [IM.
K OCHOBHBIM pelraeMbIM 3ajJa4aM B paboTe ciieayeT
OTHECTH aHalM3 MPUTOIHOCTH JKCTIEPUMEHTAIBHBIX
METOJINK, OIICHKY ITOKaPHOM OMACHOCTH MOJIUMEPHBIX
KOMITO3HIINH, N3ydeHHEe MEXaHU3Ma JACHCTBUS MHEPT-
HBIX HAIMOIHUTENEH (Ha MpuMepe aTFOMUHUEBBIX KOM-
MO3UTHBIX MaHenel (acagHbIX CHUCTEM) U 3aMeJTU-
Tenel ropeHus (Ha MpuUMepe MarepuajioB Ha OCHOBE
IIBX).

© Koncmanmunosa H. U., Cmupros H. B., Illebeko A. IO., 2018
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MeTtoponoruyeckas 6asa
OLLeHKU noXxapHon onacHoctu MVI

Krnaccudukamms cTpouTenbHbBIX, TEKCTHIBHBIX, KO-
JKEBEHHBIX MATEPHAJIOB, a TAKXKE CTPOUTEIBHBIX KOH-
CTPYKIIM MO MOXKAPHOM OMacHOCTH ycTaHoBIIeHa De-
JepanbHbeIM 3akoHOM Ne 123-D3 “TexHuueckuil per-
JaMEHT O TpeOOBaHUAX IMOXKAPHOH Oe30MacHOCTH”
(nanee — ®3 Ne 123). OCHOBHBIMHU CBOMCTBaMH TI0-
JKapHOU OITACHOCTH, HATIPHMED, IJISI CTPOUTEIBHBIX Ma-
TCPUAJIOB SBJIAIOTCA I'PYIIIbI BOCIUIAMEHACMOCTH, I'0O-
PIOUECTH, pacIpOCTPAHCHUS TUTAMEHH 110 TOBEPXHOCTH,
JBIMOOOPA3yIOIast CIIOCOOHOCTh U TOKCHYHOCTh TPO-
JyKToB ropenus, onpenensiemsre o 'OCT 30402-95,
I'OCT 30244-94,I'0OCT P 51032-95,I'OCT 12.1.044-89.

Hekoropsie TpeOoBaHMsI MOKAPHOI 0€30IaCHOCTH,
IpeAbsIBIIEMbIC K TOJUMEPHBIM MaTepHaiaM JUIs OT-
JeITKH, B TOM YHCJIC TCKCTHIIFHBIM, HE BOIICIIINE B
@3 Ne 123, oTpaskeHbI B HOPMAaTUBHBIX JOKYMEHTaX 110
noxapHo# 6ezonacHoctu. B wactnoctn, B CI14.13130
U3JI0’KEHBI TPEOOBAHUSI IO TOPIOUECTU U TOKCHUHOCTH
IPOAYKTOB TOPEHMSI K MarepuaiaM Uil CHICHUN Ha
TpUOYHAX CIIOPTUBHBIX COOPY>KEHHUH U B 3aJIBHBIX I10-
METIEHHUSX KYJIBTYPHO-3PEIUIIHBIX 0OBEKTOB.

OcHoBHbIE TPeOOBAHUS TOKAPHOH OE30MaCHOCTH,
npenbsapisiemMsle K [IM 1714 BaroHoB KeIe3H0M JOporu
U METPOMNOJIUTEHA, CHOPMYIUPOBAHBI B TeXHHUECKOM
permamente TamoxkeHHoro coro3sa (TP TC) “O 6e3-
OTIACHOCTH KEJIE3HOJJOPOKHOTO TOJIBIIKHOIO COCTaBa”
(TP TC-001-2011), I'OCT P 54893-2012, I'OCT P
55183-2012, HITb 109 u 0cHOBBIBAIOTCS HA PE3YIIBTA-
TaX KOMIUIEKCHOH OIEHKH MaTepPHajoB IO TPYIIIIE TO-
progecTty, K03(h(PUIUEHTY ABIMOOOPA30BAHUS, HHACKCY
pacTpocTpaHeHHs IIAMEHH M TOKCHUYHOCTH TPOIYK-
ToB ropeHus. Crneayer OTMETUTh, YTO METOJ HCIIBI-
TaHUI TI0 OMPEIEIICHAI0 TOPIOYSCTH MATEPHAIIOB U X
Kkinaccupukanusg ycraHaBiaupatoTcst cornacHo 'OCT
12.1.044-89 (1. 4.3) 1 B 3HAYUTEIHHON CTETICHH OTIIH-
YAIOTCSI OT OMPEICNICHUS TapaMeTPOB FOPIOYECTH CTPO-
utenbHbIX MaTepuaioB 1o 'OCT 30244-94 (metoz 2),
MO3TOMY Ha 00BEKTaX CTPOUTENbCTBA B BATOHOCTPO-
CHUH MOTYT NMPHUMEHITHCS MOJMMEPHbBIC MaTepHAaH,
pas3Inyarouecs M0 CTENEHN OTHE3aIUIIICHHOCTH.

MaTCpI/IaJ'II)I, MNPpUMCHSACEMBIC Ha MOPCKHUX CYyHaX,
JOJIKHBI COOTBETCTBOBATh Tpe6OBaHI/IHM, N3JI0KECHHBIM
B MexIyHapOIHOM KOJIEKCE TI0 MTPUMEHEHHUIO MPOIe-
nyp ucnbITanus Ha oraecroikocts 2010 1. (Komekc
TTMO 2010, pe3omomus MSC.307(88) UMO)', u Gbith
YCTOWYIHMBBIMH K BOCTIZIAMCHEHHIO M PACTIPOCTPAHCHHIO
TUTAMEHH TI0 TIOBEPXHOCTH.

[ToxapHast OmaCHOCTb MaTEPHAIOB B 3aBUCHMOCTH
OT UX (YHKIIMOHAIFHOTO Ha3HAYCHUS (OTHENKA H 00-
JIMIIOBKA, HAITOJIbHBIC IIOKPBITUSA, IITOPHI, 00OMBKa MSIT-

! International Code for Application of Fire Test Procedures, 2010
(2010 FTR Code, IMO resolution MSC.307(88)).

Kol MeOelnr, MoCTeIbHbIEe MPUHAJICKHOCTH) OLIEHH-
BAeTCsl COOTBETCTBYIOUIMMHU MEXIyHAPOIHBIMH Me-
Tonukamu ucnbiTanui (wactu 1, 2, 5, 7-9 Kopekca
IT1O 2010), ucnsiTatenbHOE 000PYIOBAHUE U OIIPEIIe-
JsIeMbIe TTapaMeTpPhl KOTOPBHIX CYIIECTBEHHO OTIHNYA-
OTCA OT ,Z[eﬁCTByIOHlHX OTCYCCTBCHHBIX CTaHAAPTHBIX
METOJIOB OLICHKH ITOXKapPHOM OITACHOCTH yKa3aHHBIX Ma-
TEpUaNoB.

H0>KapHa$1 OMaCHOCTb OTACJIOYHBIX MAaTE€pUaioB U
MOKPBITHIA, TPUMEHSEMBIX Ha CyJjaX BHYTPEHHETO IJia-
BaHMS, peniameHTupoBaHa [IpaBmiamu Pocculickoro
peuHoro peructpa (T. 2, 4. X) M0 TaKUM KPUTEPHSIM,
KaK pacrpocTpaHeHue MIIaMeHH M0 TOBEPXHOCTH, Abl-
MOOOpa3yroIas criocoOHOCTh M TOKCHYHOCTH POy K-
TOB T'OPCHUSA, KOTOPBIC ONPEACTIAOTCA 11O METOAUKAM
I'OCT 12.1.044-89.

HopwmaruBHbIe TpeOOBaHHS K UCTIBITAHUSM, HAIIPH-
Mep, MaTepUaIOB OT/ICJIKK HHTEPhepa aBTOTPAHCIIOPT-
HBIX CPEJICTB OCHOBAHbI Ha OIPEJIEJIeHUH CKOPOCTH rO-
penus u uznoxkensl B [OCT 25076-81.

Marepuaibl sl CHeHaIbHONW paboueit omek b,
[IOJBEP>KEHHON TEPMUYECKUM PUCKAM, IPOXOIAT UCIIbI-
TaHus B COOTBeTCTBHH ¢ TpeGoBanusmu TP TC 019/2011
“O 0e30MacHOCTH CPEJICTB 3AMTUTHON OB

Takum 00pa3oM, CyIIeCTBYIOIIAs METOI0JIOTHYEC-
ckast 0asa orieHKM noxkapHoi omacHoctu [IM cymect-
BEHHO 3aBUCHT OT O0JIACTH MX UCTIOIb30BaHUS U (PyHK-
[MOHATILHOTO Ha3Ha4YeHHs. DTO OOyClIaBIMBaeT pas-
JIMYHBIE TIOAXObI K OLEHKE UX MOKapHOW OMAacCHOCTH
U, CJIEJIOBATEIIbHO, TpeOyeT Tpu pa3paboTKe OrHesa-
IMUIIEHHBIX KoMIo3unui IIM 2T0 00CTOSATEILCTBO
YYUTHIBATH.

MaTeleaﬂbl n Mmetoabl

AKTyaJIbHOM 3ajadell IIpU CO3JaHUM MaTepHasioB
MOHMKEHHONH TOpIOYECTU SIBIISIETCS OOOCHOBAHHBIN
BBIOOP MPOTHO3HBIX MaJIOMACIITAOHBIX METOJIOB HC-
CJIeJOBaHUs CBOUCTB NoxkapHoi onacHocty [IM u kpu-
TEpUEB, KOTOPbIE OyAyT KOPPEIUPOBATH UIH COOTBET-
CTBOBAaTh CTAHAAPTHBIM KPUTCPHSIM M TPEOOBaHHSM,
obecrneunBaromuM Oe3onacHoe npumenenue [IM B Toit
WM HHOM cepe.

[Ipu rccnenoBaHusIX MO BHIOOPY 3aMe IUTEINEH To-
penns amst [IM MokHO TomydaTs HHGOpMAIHo 00 ux
3 PEKTUBHOCTH NPH N3YYEHHH TEPMUYECKOTO Pa3iio-
JKEHUs1, HAITPUMED IIPU ITPOBEIEHUH TEPMUUECKOI0 aHa-
mu3a 110 ['OCT P 53293, ¢ nomMoIIbI0 KAYeCTBEHHBIX U
3HAYUMBIX UICHTH()UKAIIMOHHBIX XapaKTePUCTHUK [3].

[Tomyuass naHHbIe IO MapameTpaM, XapakTepusy-
IOIINM IIPOIECCHl TEPMOJACCTPYKIIUU U TEPMOOKHCIIC-
Hus [IM B mpucytcrBuu 317 (B 4aCTHOCTH, 110 HHTEPBa-
JaM TeMIepaTyp, B KOTOPbIX HPOTEKAIOT yKa3aHHbIE
MPOIIECCHI, MO TEIUIOBBIM 3(dekTam, KOTOPEIMU OHU
COIPOBOXKJAKOTCS), MOXKHO OLICHUTh CTETIECHb BIUSHUS
31" Ha JaHHBIE TPOTIECCHI B TA30BOM U KOHACHCHUPOBAH-
Hoii (hazax [4].
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K 3Ha4nMBIM HICHTH()HUKAINOHHBIM TePMOaHAIH-
THYECKUM XapaKTePHCTHKAM OTHOCSITCS: TEMIEPaTypbl
npu (GUKCHPOBAHHBIX MOTEPSX MACCHI, TEMIIEPATyPHI
IPH MaKCUMyMax CKOPOCTH ITOTEPH MAacChl; CKOPOCTh
MOTEPH MacChl; KOKCOBBII OCTAaTOK, KOTOPBIH ompe/e-
JSIETCSI 1T0 OKOHYAHHH TTpoLiecca IIMPOJIH3a B MHEPTHOH
arMocgepe WM 1pu (PUKCHPOBAHHOM TemIleparype;
30JIbHBII OCTATOK, KOTOPBII OIpeaeseTcs o OKOHYa-
HHUHY Ipoliecca TEPMOOKUCIIEHUsS TPU (PUKCUPOBAHHOM
TeMIIepaType; TeMIepaTypa IUIABICHUsI U COOTBETCT-
BYIOIIHE TEIIOBbIE 3(D(HEKThI, KOTOPHIE MOTYT UCIONb-
30BaThCs IS CpaBHEHUS 3¢ ekTuBHOCTH AercTBus 31,
ucrosb3yemoro B [IM.

Pe3synbTathl M UX 06CyXaeHUe

WHTepecHbl pe3ynbTaThl UCCIIEA0BAaHUH 1O pa3pa-
0O0TKE MONUMEPOB MOHMKEHHON rOpPIOYeCTH, UCIIONb-
3yeMbIX B Ka4eCTBE BHYTPEHHEIO CJI0S allFOMOKOMIIO-
3uTHbIX naHeneit (AKII), npuMeHseMbIX B CTPOUTENb-
CTBE€, B YaCTHOCTH B HAB€CHBIX (bacaz[Hblx CHCTEMAX C
BO3QYUIHBIM 3a30POM. ,Z[J'If[ CHUIKCHHSA TOPHOYCCTH Ta-
KOTO pOj[a MaTepHasIoB MPOBOIAT HATIOIHEHHUE MOJIH-
MEPHOH MaTpHIIbI HA 0CHOBE CMECH TOJIMATHIICHA U CO-
IMOJIMMEPOB OTUJICHA KOMIIOHCHTAaMH, B COCTAaB KOTO-
PBIX BXOZAT 3aMEUIMTENIM TOPEHHs Pa3InYHOIO THIIA,
B TOM YHCIie pa3paOboTaHHbIE U alpoOUPOBAHHBIE B I10-
cieaue rojael [5—10]. Pazpaborka penentyp nogooHo-
ro pojia MaTepHaJioB ABJISAETCS JOCTATOUHO CIOKHOM 1
MHOTOKOMITOHEHTHOM 3ajjadueil, KoTopas J0JKHA y4uu-
TBHIBATh TEXHOJOIMUECKYI0 COBMECTUMOCTb KOMITO3UTA
C KOHKPETHBIM IPOU3BOJICTBEHHBIM 0OOPYIOBAaHUEM,
a TaK)Ke CTOMMOCTb, KaY€CTBO U JIOCTYITHOCTb BXO[S-
[IMX B €0 COCTAaB KOMIOHEHTOB. IMEHHO mosTOMY Ha
CTaJuU Pa3padOTKU ONTHUMAJIbHOU PelenTyphl MOJu-
MEpHON KOMITO3HIINH L[EIecO00pa3Ho MPOBECTH 000C-
HOBaHHBII BBIOOP MaJIOMacIITA0HBIX METOOB HCCIIe-
JAOBaHUsA, pE3YJIbTAThL HUCIIBITAHUH I10 KOTOPBIM I1O3BO-
JIAT NPOTHO3UPOBATH MMOBEACHUE MAaTEPUaAJIOB, HAIIPU-
Mep, TIPU IPOBEACHUH CPETHEMACIITAOHBIX UCITBITAHHIA
o [OCT 31251, pernameHTHpy0OMEMY KiaccupuKa-
U0 (acaHbIX CHCTEM 37aHUN ¥ COOPYKESHUH TI0 TIO-
’KapHoi onacHocTH [11].

B pesynbsrare mpoBeaeHHbIX ncciemoBanuid [12]
OBUTO YCTaHOBIJIEHO, YTO OLICHKA TAKHX CBOHCTB ITOXKap-
HOM OIIACHOCTH KOMIIO3UTOB, KaK TEIUIOTa CTOPAHHUS 10
I'OCT P 56027—14 u 3HaunMble TEpMOAHATUTHIECKUE
xapakrepuctuku 1o [OCT P 53293, ¢ nocrarouno 00J1b-
LIOH BEPOSITHOCTBIO MO3BOJIAIOT IMPOrHO3UPOBATH UX
MOBEJIEHUE IPY OTHEBOM BO3/€HCTBUU B paMKax CTaH-
JApTHBIX METOIOB IIPOBEICHIS UCTIBITaHui. B Tabm. 1
U 2 pe/ICTaBJICHbI Pe3yJIbTaTbl CPABHUTEIBHBIX KOMII-
JIEKCHBIX SKCIIEPUMEHTAIIbHBIX UCCIIEI0BAaHUH TTOKa3a-
TeJel MoXKApHOU OMACHOCTH MpH pa3paboTKe peLer-
TYp MOJIMMEPHOTO KOMITO3UTa IIOHMKEHHOW TrOPIOYEeCTH
qutst usrorosiienust AKII.

Tabnuua 1. TennoTa cropaHus 1 TepMoaHanmMTMyeckme xa-
paKkTePUCTUKIN MaTepmana BHyTpeHHero cnos AKI pasnnyHon
CTeneHn OrHe3aLMLLEeHHOCTY

g clvh amé‘ [ | %Eé‘ 8%\
5| &£ E£:3 29808 EEg|ER
8| 58| 8550 | EEE8 8| BEBE| B
g 2| 2F¥EY  Fo24EY | EHE §5
a|E2| E48s | 57E288s| SE5| 25
o | By g8Fa| EoZEgEal 885 85
8|/ 5E| £88 |sSggd8 |EE5 ™38
TR 5EE ""%E |O8

2,7 | 3,0(441) | 0,25 (450) 0,89 | 68,5
2 | 82 | 43(498) | 0,83 (545) 3,90 | 48,9
31 15,7 | 54.9(439) | 0,58 (526) 092 | 11

AHaIN3 XapaKTePUCTHK TEPMOIECTPYKIIHH, TIOIY-
YEHHBIX [0 KPUBBIM TEPMHUYECKOTO aHaiIM3a oOpasia
BHyTpeHHero cios AKII (cm. Taba. 1), mo3BosseT BbI-
SIBUTB TOT (pakt, uto oOpaszen Ne 1 siBiisiercs HAaMMeHee
TOPIOYUM KOMIIO3UTHBIM MaTepUaIOM, C MaJIbIM 3Ha4e-
HMEM TEIUIOTHI cropanus (2,7 MJIK/Kr), ¢ HEBBICOKMMU
3HAYEHUSMH CKOPOCTH TepMOpasnokenus (3,0 Yo/ Mun)
W MHTEHCUBHOCTH TeruioBbLienenus (1o 0,25 °C/mr),
HO ¢ OOJIBIINM KOKCOBBIM OCTaTKOM (10 68 %). Coot-
BETCTBEHHO, JJIs MaTepuaa, OTHOCSIIETOCs K KiIaccy
CUJIHOTOPIOUUX (rpymiisl roprouectu ['4), xapakTepHbl
BBICOKHC 3HAUCHHS TCTIIIOBBIICIICHHSI K CKOPOCTH TEp-
MOpPA3I0KEHHUs, & TAK)KE HE3HAUUTEIIbHOE KOJIMYECTBO
(1,1 %) xokcoBOro ocrarka.

Hecmotpst Ha To uTO 00pa3iel Ne 1 u Ne 2 oTHOCST-
sl K OHOM 1 Toii e rpymrie roprouectd (I'1), mo 3naue-
HISIM TETUIOTHI CTOPAHUSI MOKHO BBIICIUTH HANMCHEE
MOYXKAPOOTACHBIA MaTepHall.

B tabun. 2 npuBeneHsb pe3yisraTbl 0000IICHUS MHO-
TOYUCIICHHBIX SKCIICPIMCHTAIBHBIX ¥ AHATUTHYCCKIX
MCCIIEIOBAHUH 10 OIICHKE BEJTMYMHBI TEIIOTHI CTOPaHUSI
B 3aBUCHMOCTH OT IIPOIICHTHOTO COJCPIKaHUS Pa3ind-
Horo tumna 3I, BXoASIUX B COCTaB KOMIIO3UTOB, U CO-
MOCTABJICHHS UX PYIITIBI TOPIOYECTH € KIJIacCaMu HoyKap-
HOU OITACHOCTH CTPOHUTEIFHBIX MAaTCPHAIOB, TPUHSTHI-
MU B eBporneiickoM ctanaapre EN 13501 (wacts 1).

Tak, o0pa3upl Tua Ne 1, uMest HaIOJIHEHHOCTb KOM-
MO3UIIMOHHON CHCTEMBI ITOJIMMEPHOTO CIIOS HHEPTHBI-
MH KOMIIOHEHTaMH U aHTUnupeHaMu He MeHee 80 %,
0 EBPONCHCKOM Kiaccu(DUKALMU TOKAPHOH OMacHO-
CTH CTPOUTENIBHBIX OT/ICIIOYHBIX MATEPHAIIOB (C TEII0-

Ta6nuua 2. CpaBHUTENbHbIE AAHHbIE MO MOXAPHOW OMacHO-

ctn AKTI
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TOI CropaHus BHYTPEHHETO cJiost He 6osee 4 MJIx/Kr)
BXOJAT B IPYINITY OKapoOE30IacHbIX MaTepHajioB Kiac-

ca A2.

Pazpaboruuku 3I" s I[IM g ouenku >¢dexra
OTHE3AIIUTHI Yallle BCEro UCIOJIB3YI0T Hanbosee pac-
MIPOCTPAHECHHBI MaJIOMACINTAOHBIM CPaBHUTEIBHBII
MeToJ oneHkn kucimoponunoro muaaekca (KW) (FOCT
12.1.044, ISO 4589-2-1996, ASTM D 2863-13, ISO
4589-3-1996, [13—-16]). OnHako 1o mory4eHHOMY 3Ha-
yenuto KW ansa 1M noHmkeHHON TOPIOYECTH HENb3s
CZIeJIaTh BBIBOJ O COOTBETCTBUH €T0 CBOMCTB HOPMaTHB-
HBIM TPEOOBAaHUAM MOKAPOOE30M1aCHOTO IPUMEHEHHUS.
W3BecTHBI pabOTHL, I7ie, HAPSTy CO CTAaHIAPTHBIMHU Ta-
pametrpamu, mpuBozsTcs 3HaueHus1 KM, koropeie moryT
OBITh MCIOJIB30BAHBI JUIsl IPOTrHO3a TPYIIIBI FOproYe-
cti [IM, HO KacaloTcsi OHU BeCbMa OTPaHHUYEHHOTrO Ie-
peuHs CTpouTeNbHBIX MaTepuraios [17]. B csa3u ¢ atum
B HACTOSIIIEEe BPEMsI TPOBEICHIE paboT 110 HCCIIEI0Ba-
HUIO BO3MOXHOCTH KOPPEJISLIUY [1apaMeTPOB roproye-
CTH, TIOJYYEHHBIX MaJIOMAaCIITA0HBIMU M KPYITHOMAC-
MTa0HBIMH METOJAMH HCIBITAHUN, MPH Pa3padOTKe
KOMITO3UITUH TOHM)KEHHOM MO’KapHON OIMTaCHOCTH IPei-

CTaBJISICTCA BECbMaA aKTyaJIbHBIM.

B yactHOCTH, TIpU pazpaboTKe OrHE3alTUIIEHHBIX
MOJUMEPHBIX MATEPUAJIOB CTPOUTEILHOTO HA3HAYCHHSI
OKOHYATEIBHYIO OIICHKY CIICYeT IPOBOIUTE 10 TPYTIIIE
roptouecTy 1o 'OCT 30244-94 (meton 2), mpeaycmar-
PUBAIOIIEMY UCIIBITAHUS 00Pa3LI0B JOCTATOYHO OOJBIINX
pasmepoB (1000x190 mm). 113 MHOTOJIETHETO OITbITa 3KC-
nepuMeHTanbHoi padotel BHUMIIO Obutn momy4eHb!
JAHHBIC M0 KOPPEJSLIUU PE3yIbTaTOB UCTBITAHUH 110
merogam 'OCT 12.1.044-89 u TOCT 30244-94 (me-
TOJ1 2), KOTOPBIE CBUJIETEIBCTBYIOT O TOM, UTO, KaK Ipa-
BUJIO, TPYIIIIBI TOPIOYECTH CTPOUTEINBHBIX MaTePHUAIOB
I'l u I'2 cOOTBETCTBYIOT I'pyIIle TPYAHOTOPIOYHX IO
I'OCT 12.1.044-89.

Takum 00pazom, pH MPOBEACHUN UCCIICIOBAHUH
10 TOIOOPY ONITHUMAITBHOM PEeTITY PbI KOMITO3UTOB IIPH
OIICHKE WX TOPIOUECTH I[eNIeCO00Pa3HO UCIOIB30BaTh
B COBOKYIHOCTH J1Ba MeToja — meroq KW u merton
9KCIIEPUMEHTAIBHOTO OIPENIEICHUs TPYIIIBI TPYIHO-
TOPIOYHX U TOPIOYMX BemiecTB u MatepuasioB mo [OCT
12.1.044-89 (cootBercTBeHHO, TI. 4.14 1 4.3).

Bbutm mpoBeieHbl TaKkke HIKCTIEpUMEHTANIbHBIE UC-
CJICIOBAHMS TI0 OTPE/ICTICHUIO BOBMOKHOCTH CHUKEHUS

TOPIOYECTH TUIACTH(GUIIMPOBAHHOTO TTOTMBUHIIIXIOPH-
na (ITBX) 3a cuet npuMeHEeHHsI XUMUYECKH aKTHBHBIX
aHTUNHUPEHOB W Hanoxuutenei [18]. Tlpu sTom Bax-
HBIM YCJIOBHEM SIBIISUIOCH BIUSTHUE aHTUIIMPEHA B TIPO-
necce nepepaboTKy MoIuMepa Ha ero TepMOCTaOHITb-
HOCTb, TEMIIEPATypy IUIABICHHS, KAYeCTBO (POPMHPOBa-
HUS OJIMMEPHOH MaTpuLbl. [ToaToMy i noyyeHust
[TBX-KkoMITO3UIINU TOHUKEHHOM MT0’KapHOM OITaCHOCTH
C KOMIIJICKCOM TPeOyeMBIX CBOWCTB OTPEOOBAIOCH H3-
TOTOBJICHHE JOCTATOYHO OOBITOTO KOJTMYECTBA 00pa3-
OB JKCIepUMEHTalbHbIX maptuid [IBX-nenku pas-
JUYHBIX PELENTYp KaK B JIAOOPATOPHBIX YCIOBUAX, TAK
Y Ha IPOMBILIUIEHHOM 000pY/IOBaHUH.

B tabn. 3 nmpuBeeHBI SKCIIEpUMEHTAIbHBIC IAHHBIC
0 TTapaMeTpaM TOPIOUECTH psiga 0Opas3IoB KOMIIO3H-
i [IBX, MoAu(UIIMPOBAHHBIX B Pa3IMYHOM COOTHO-
HIEHUU TUAPOKCHUIIOM Maruus u ¢pocdopazorconepixa-
MM KOMILIEKCHBIM 31

[IpencraBnennsie B Tabl. 3 SKCIEPUMEHTAIBHBIC
JlaHHbIE YKa3bIBAIOT HAa 3HAYUTEIbHOE U3MEHEHUE KHUC-
JIOPOJHOTO MHJEKCAa U NapaMeTpOB TOPIOYECTH, YTO
CBUJICTEICTBYET O CHMIKCHHUU TOKAPHOW OMACHOCTH
[NBX-xomno3uruu npu BBeaeHuu 3I. Kpome toro, nc-
CJIEJOBAHUS IIO3BOJIMIIU IIPOBECTH COIIOCTABIIEHUE pe-
3yJABTAaTOB JJAOOPATOPHBIX M CpeIHEMaCIITaOHbIX Me-
TOJIOB HCIMBITAHUNA U YCTAHOBUTH OPUEHTHPOBOUYHOE
3Hauenue KU 1t mpornosa rpynisl roprodecTy pa3pa-
OarbiBaeMbIX 00pa3IoB, B JAaHHOM CJIydae TPYJHOTO-
proueii [IBX-mneHku.

C noMouIblo CYHIECTBYIOMIMX CTaHIaPTHBIX METO-
JIOB OIICHKH YCTOWYMBOCTH K BOCIUIAMEHEHHIO OT MaJio-
KaJOPUIHBIX MCTOYHHKOB 32)KUTAHUSI HEPEIKO OTpe-
JIeJIAIOT CTENeHb OIHE3alUThl OJMMEPHBIX MaTepua-
JI0B U u3senuil. Hanpumep, Juis IiiacTMace UCIOIb3YIOT
METO/IbI OIIpeieNIeHUs CTOHKOCTH K ropeHuto o OCT
28157-89 wmu UL 94, nnsa TkaHed — BOCIIaMEHS-
emoctu 110 'OCT P 53294—09 unu I'OCT P 50810-96.

Meromuka 'OCT P 56027-14 mo3BossieT ycTaHo-
BUTB IPYIILY FOPIOYUX JIETKOBO3TOPAEMBIX CTPOUTEIIb-
HBIX MaT€PHAJIOB, B YACTHOCTH BBIJICIIUTh IPYTIITY HaHU-
0oee nmoxapoonacHbix CM, B TOM YucCIie 00JIaIal0NIHX
CIOCOOHOCTBIO K 00pPa30BaHHUIO paciliaBa U MaJCHHUIO
ropsux Kamessb. [loaToMy npu npoBeaeHnn uccieno-
BaHUI1 110 OrHE3aIUTe TePMOIUIACTUYHBIX TTOJIMMEPOB
C TMTOMOIIBIO JAHHOTO METOAA MOXKHO OLICHUTH 3(P(EKT

Tabnuua 3. OKkcnepyMeHTanbHble AaHHble Mo NapaMeTpam roprloHecTV orHesalluieHHbIX KoMNo3uumin MBX

Obpasen O I'pymma roprouectu mo OCT 12.1.044-89 (1. 4.3) I'pymma ropiouects
TIBX-mieHKu 12.1.044-89 (11. 4.14) MakcumaibHas IMotepst Mmacchl | Bpems camocrtosTens- | 1O F'OCT 30244-94
remneparypa 7y, °C Am, % HOTO FOPEHHUS T, C (merox 2)
Wcxoaubrit 214 465 67 120 4
Ne 1 28,7 390 54 30 4
Ne 2 36,2 270 45 — I3
Ne 3 42,1 240 30 — 2
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KapOOHM3AIMK MaTepHaia, UCKIFYAIIINI porece
[aJICHHUSI TOPSIIUX KaIlelb, Kak ObLIO TIOKa3aHO, HATIPH-
Mep, B padore [19].

BbiBOAbI

[Ipu poBeseHUN paboOT MO BLIOOPY W ONTHMH3A-
1y perientyp [IM B essix J0CTHKEHUS UX 3P PEKTHB-
HOW OTHE3aITUTHI 11eJIeCO00Pa3HO MPOU3BOAUTH BEIOOD
71ab0paTOPHBIX (MaJoMacIITa0HBIX) METOHOB HCCIe-
IOBaHWI W HCIBITAaHUN, PE3YIbTaThl KOTOPHIX IT03BO-
JSIT POTHO3UPOBATH ToBeneHue [IM npu npoBeneHuN
CpelHe- U KPYITHOMACIITaOHBIX MCIBITAHHUM, a TAKKe
B YCJIOBUSIX PEaJbHOTO TIOXKApa.

IIpu o6ocHOBaHMH BBIOOPA METOJUKH UCTIBITAHUI
IO OLIEHKE rOpIOYecTH (BOCIIAMEHSEMOCTH ) MOTU(U-
HUPOBAHHBIX IMOJHUMCEPHBIX CUCTEM HGOGXOI[I/IMO y4iu-

TBHIBaTh O00JIACTh NIPUMEHEHUsI U (PYHKIIMOHAIBHOE Ha-
3HAYCHUE MaTepHasa B KOMILUIEKCE C HOPMHUPYEMBIMH
MOKa3aTeISIMH.

Hcrionb3yst CpaBHUTENBHYO HH(YOPMAIIHIO O TIPO-
Heccax JeCTpyKIHUU U TepMoopasinoxernu [TM B mpu-
CYTCTBHH pa3nuvHbIX 3[" ¥ MX yCTOWYHBOCTH K OTHE-
BOMY BO3/ICUCTBHIO, Ha dTaIe 1a00PaTOPHBIX UCCIICIO-
BaHUI MOXKHO C JIOCTaTOYHO OOJBIION BEPOSITHOCTHIO
IPOTHO3UPOBATH [TOBEICHNE OIUMEPHON KOMIIO3UIIUU
B YCJIOBUSIX MIPOBEACHUS CTAHIAPTHBIX UCIIBITAHUI.

C yderoMm HeIOCTAaTKa COOTBETCTBYIOMIMX pPabOT
1e7IecO000Pa3HO MPOJOIDKUTH MPOBEACHHE KOMIUIEKC-
HBIX I/ICCJ'ICJIOBaHI/Iﬁ B IEJISIX BHCAPCHUS HOBBIX IMOAXO0-
JIOB K OIIEHKE CBOMCTB MMOYKAPHOMN OMACHOCTH Pa3jind-
HBIX OTHE3AIUIICHHBIX IMOJIMMEPOB Ha J1a00paTOpHOM
JTare UX CO3/IaHMs.

CMNCOK JINTEPATYPbI

1. Troitzsch J. Plastics flammability handbook. Principles, regulations, testing, and approval. — 3" ed. —
Munich : Carl Hanser Verlag GmbH & Co. KG, 2004. — 774 p. DOI: 10.3139/9783446436695.

2. Cmupnos H. B., Koncmanmunosa H. M. COCTOSHUE U IEPCIIEKTUBBI Pa3BUTHI HOPMAaTHBHOM 0a3bI MO-
’Kapo0e30IIaCHOr0 IIPUMEHEHNS TOJIMMEPHBIX Matepuainos // Uzsectus FODY. TexHUMYECKUE HAYKH.

—2014. — Ne 1(150). — C. 249-252.

3. Haeanosckuil FO. K. CoBepIIeHCTBOBaHNE METOIOB WIACHTU(HUKAIIMHA U KOHTPOIIS TT0KAPOOTIACHBIX

CBOWCTB CTPOUTEIBHBIX MAaTCPUAJIIOB X CPECTB OTHE3AINTHI : AUC. ... KAHI. TEXH. HAYK. — Eanamnxa,

2007. —215c.

4. Beyler C. L., Hirschler M. M. Thermal decomposition of polymers // SFPE Handbook of Fire Protec-
tion Engineering. — 3" ed. — Quincy, Massachusetts : NFPA, 2002. — Ch. 7. — P. 1/110-1/131.

5. Shibin Nie, Yuan Hu, Lei Song, Shuqing He, Dandan Yang. Study on a novel and efficient flame re-
tardant synergist-nanoporous nickel phosphates VSB-1 with intumescent flame retardants in poly-
propylene // Polymers for Advanced Technologies. — 2008. — Vol. 19, Issue 6. — P. 489-495. DOLI:

10.1002/pat.1088.

6. I'onuuxocanos M. B., Ilaneyxuii A. A., Tepewenxo A. I., LLlynopuna 1. K., Kyuouoa JI. B., [IImaxos A. T,
Kopobeiinuues O. I1. CTpyKTypa IITaMeHH CBEPXBBICOKOMOJICKYIIIPHOTO IMTOJINATHICHA B IPOTHBOTOKE
Bo3ayxa // ®usuka ropenus u B3pbiBa. — 2016.—T.52, Ne 3. — C. 8-22. DOI: 10.15372/FGV20160302.

7. Korobeinichev O. P., Paletsky A. A., Kuibida L. V., Gonchikzhapov M. B., Shundrina I. K. Reduction of
flammability of ultrahigh-molecular-weight polyethylene by using triphenyl phosphate additives //
Proceedings of the Combustion Institute. — 2013. — Vol. 34, Issue 2. — P. 2699-2706. DOI:

10.1016/j.proci.2012.06.045.

8. Haneyxuu A. A., I'onuuxoicanos M. b., [llynopuna U. K., Kopobeiinuues O. I1. MexaHu3M CHIKCHHS
TOPIOYECTH MOMMATUIICHA PA3TIMIHOTO MOJICKYIISIPHOTO Beca 1o0aBKkaMu (hocdopcomepiKaiux Coe/m-
nenuii // Ussectus FODY. Texuuueckne Hayku. — 2013, — Ne 8(145). — C. 57-67.

9. Shuyu Liang, Patrick Hemberger, N. Matthias Neisius, Andras Bodi, Hansjorg Griitzmacher, Joelle
Levalois-Griitzmacher, Sabyasachi Gaan. Elucidating the thermal decomposition of dimethyl methyl-
phosphonate by vacuum ultraviolet (VUV) photoionization: pathways to the PO radical, a key species in
flame-retardant mechanisms // Chemistry — A European Journal. — 2015. — Vol. 21, Issue 3. —

P. 1073-1080. DOI: 10.1002/chem.201404271.

10. Reilly T., Beard A. Additives used in flame retardant polymer formulations: current practice & trends.
Fire retardants and their potential impact on fire fighter health. — Gaithersburg, MD USA : Workshop at
NIST, 30 September 2009. URL: https://www .nist.gov/document-7987 (nara obparuenus: 20.06.2018).

11. Xacanos U. P., Kocaues A. A., I'onvyos K. H. OcoOSHHOCTH MOXKaPHOU OMACHOCTH HaBECHBIX (hacaj-
HBIX CHCTEM ¢ BO3YIIHEIM 3a30poM // Ctpoi[IPODUIs. — 2010. — Ne 3(81). — C. 16-24.

12. Koncmanmunosa H. ., Cmupnos H. B. K Bonpocy 0 moxapHoO# 0MacCHOCTH aTIOMOKOMITO3UTHBIX Ma-
HeJel B HaBECHBIX (pacaqubix cucreMax // [IpoMBINIIEHHOE U MPAKIAHCKOE CTPOUTENLCTBO. — 2014,

— Ne 12. — C. 69-72.

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8



BE30MACHOCTb BELWIECTB U MATEPUANOB -

13. Xarmypunckuii H. A., Pyoaxosa T. A. ®u3nueckue acreKThl TOPEHUS MOJUMEPOB U MEXaHU3M JeH-
cTBust UHrHOUTOPOB // Xumuueckas pusuka. — 2008, — T. 27, Ne 6. — C. 73-84.

14. Lewin M. Synergism and catalysis in flame retardancy of polymers // Polymers for Advanced Techno-
logies. — 2001. — Vol. 12, No. 3-4. — P. 215-222. DOI: 10.1002/pat.132.

15. Yepnosa H. C. XuMudeckue MpeBpaieHus 1 MEXaHH3M OTHE3aIUTHOTO IeHCTBUS BCITY YMBAIOIITIXCSI
KOMITO3HUITUH : TMC. ... KaHa. TexH. Hayk. — CII6., 2010. — 139 c.

16. Eeuna IO. C. Pa3paboTKa COCTaBOB M TEXHOJIOTHH CUHTE3a MOM(DUIIPOBAHHBIX OJUMEPHBIX I'€JIEBBIX
CJIOEB ISl CO3/IaHMsI [10YKAPOOE30MACHBIX CBETOIPO3PAUHBIX MHOT'OCIONHBIX KOHCTPYKIHI : JHUC. ...
KaHJl. TexH. Hayk. — Caparos, 2009. — 163 c.

17. Vwxos B. A., Coxopesa E. B., Cnasun A. M., Oprosa A. M. TepMOCTOUKOCTH ¥ MOKapHAs OMTAaCHOCTh
CTPOUTEIIbHBIX IEHOILIACTOB HA OCHOBE PEAKLIMOHHOCIIOCOOHBIX 0JIMroMepoB // CTpouTeNbHbIE MaTe-
puanbl. — 2014. — Ne 11. — C. 28-32.

18. Smirnov N. V., Konstantinova N. I., Gordon E. P., Poedintsev E. A. Reduction of fire hazard in materials
for irrigators and water collectors in cooling towers // Power Technology and Engineering. —2016. —
Vol. 50, No. 3. — P. 306-308. DOI: 10.1007/s10749-016-0701-z.

19. Konstantinova N. I., Weber C., Afanaseva G. V., Spitsyn A. B. Evaluation of fire retardant properties of
polymeric membrane on the base of polyethylene // Book of Abstracts of the 9" International Seminar
on Flame Structure (Novosibirsk, Russia, 10-14 July, 2017). — P. 106. URL: http://kinetics.nsc.ru/
kep/9ISFS/9ISFS Book of abstracts.pdf (nata obpamienus: 20.06.2018).

Mamepuan nocmynun 6 pedaxyuio 2 urons 2018 e.

dast uurupoBanusi: Koncmanmurnosa H. U., Cuupnos H. B., Illebexo A. FO. K Botipocy 00 orleHKe
5} (PeKTUBHOCTH OrHE3AMIUTHI HOIUMEPHBIX Marepuanos // Tloxaposspeisodezonacnocts / Fire and
Explosion Safety. —2018. —T.27, Noe 7-8.— C. 32—42.DOI: 10.18322/PVB.2018.27.07-08.32-42.

English

N. I. KONSTANTINOVA, Doctor of Technical Sciences, Professor, Chief Researcher,
All-Russian Research Institute for Fire Protection of Emercom of Russia (VNIIPO, 12,
Balashikha, Moscow Region, 143903, Russian Federation; e-mail: firelab_vniipo@mail.ru)

N. V. SMIRNOV, Doctor of Technical Sciences, Professor, Chief Researcher, All-Russian
Research Institute for Fire Protection of Emercom of Russia (VNIIPO, 12, Balashikha,
Moscow Region, 143900, Russian Federation; e-mail: firelab_vniipo@mail.ru)

A. Yu. SHEBEKO, Candidade of Technical Sciences, Head of Department of Fire Safety
of Building Materials, All-Russian Research Institute for Fire Protection of Emercom of
Russia (VNIIPO, 12, Balashikha, Moscow Region, 143900, Russian Federation)

UDC 614.841

REVISITING THE ASSESSMENT OF POLYMERIC
MATERIALS FIRE PROTECTION EFFICIENCY

The main requirements regulating the fire-safe application of plastics in construction, industry and
transport were specified. The issues of the methodology for assessing polymeric materials (PM) fire
protection efficiency in compliance with the existing normative and technical base were considered.
It was demonstrated that, depending on the field of application and the functional purpose, various
requirements are imposed on PMs as related to fire protection efficiency. It was established that,
using comparative information on the processes of destruction and thermal decomposition of PMs in
the presence of various flame retardants and their resistance to fire effect, it is reasonably likely
to predict the behavior of a polymer composition under standard testing conditions. The results of ex-
perimental studies on the development of low combustible polymers were presented. The extreme re-
levance of studying the possibility of correlating the flammability parameters using small-scale and
large-scale test methods for the development of the compositions presenting low fire hazards was
found. The conclusions on the advisability of developing an integrated approach to the assessment of
fire hazard properties of flame-retardant polymers at their laboratory production stage were drawn.
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Introduction

The development of polymeric materials (PM) produc-
tion and their broad application in various sectors of
construction, industrial production and transport are
bringing the tasks of developing and creating materials
having reduced fire hazards and the materials with pre-
determined fire hazard properties into a line with the pri-
oritized ones.

The existing normative base of fire-safe application
of PMs in Russia and abroad relies on their field of use
and functional purpose. The assessment methods and
fire hazard parameters of PMs selected depend on
the requirements of regulatory documents regulating
their use [1].

It should be noted that the various test conditions
and classification criteria in the current standard me-
thods for assessing the fire hazards of PMs allow the pos-
sibility of ensuring various degrees of their fire protec-
tion efficiency depending on their field of use [2].

The present paper includes an approach that is opti-
mal in terms of selecting methods and determinable pa-
rameters for assessing the fire hazards of low combus-
tible PMs by introducing flame retardants (FR) into
their formulations. To validate formulation of tasks,
the nomenclature of the effective test methods and indi-
cative operational features of certain types of PMs was
taken into account. The analysis of suitability of experi-
mental techniques, the assessment of fire hazards of po-
lymer compositions, the study of mechanism of inert
fillers (by the example of aluminum composite panels
for front systems) and flame retardants (by the example
of the PVC-based materials) should be considered as
the main tasks to be solved.

Methodological basis
for assessing the fire hazards of PMs

Classification of construction, textile, tanning ma-
terials, as well as of building structures for fire hazards,
was established by Federal Law No. 123-FZ “Technical
Regulations on Fire Safety Requirements” (hereinafter
referred to as FZ No. 123). The main properties of
fire hazard, e. g. for construction materials (CM), are
the groups of flammability, combustibility, surface flame
propagation, smoke-generating capacity and combus-
tion products toxicity determined in accordance with
GOST 30402-95, GOST 30244-94, GOST R 51032-95
and GOST 12.1.044-89.

Some fire safety requirements for finishing poly-
meric materials, including the textile ones, not included
in FZ No. 123, are reflected in the regulatory documents
on fire safety. Particularly, SP 4.13130 sets out the re-
quirements to the materials for seats in the stands of
sports facilities and in the halls of cultural and entertain-
ment facilities, in terms of combustibility and toxicity
of combustion products.

The main fire safety requirements for PMs for rail-
road and subway cars are specified in the Technical
Regulations of the Customs Union (TR CU) “On safety
of railway rolling stock” (TR CU-001-2011), GOST R
54893-2012, GOST R 55183-2012, NPB 109 and are
based on the results of a comprehensive assessment of
materials by combustibility group, smoke-generating
index, flame propagation index and combustion pro-
ducts toxicity. It should be noted that the test method for
determining the combustibility of materials and their
classification are established in accordance with GOST
12.1.044-89 (para. 4.3) and significantly deviate in terms
of determining the flammability parameters of construc-
tion materials as per GOST 30244—94 (method 2). There-
fore, polymeric materials varying in the fire resistance
degree can be used at construction sites and in car build-
ing sector.

Materials used on marine vessels should comply
with the requirements set forth in the International Code
for Application of Fire Test Procedures as of 2010
(2010 FTP Code, IMO Resolution MSC.307(88)) ', and
be resistant to ignition and surface flame propagation.

Fire hazards of materials depending on their func-
tional purpose (finishing and facing, floor coverings,
curtains, upholstery, bedding items) is assessed using
the relevant international test procedures (parts 1, 2, 5,
7-9 of the 2010 FTP Code), test equipment and deter-
minable parameters of which substantially differ from
the existing domestic standard methods for assessing
the fire hazards of these materials.

The fire hazard of finishing materials and coatings
used on inland waterways vessels is regulated by the Rules
of the Russian River Register (Volume 2, Part X), ac-
cording to the criteria such as surface flame propagation,
smoke-generating capacity and combustion products
toxicity determined by the methods specified in GOST
12.1.044-89.

Regulatory test requirements, for example, interior
finishing materials for motor vehicles are based on de-
termination of burning rate and are set out in GOST
25076-81.

Materials for special working clothes subject to
thermal risks are tested in accordance with the require-
ments of TR CU 019/2011 “On the Safety of Protective
Clothing”.

Thus, the existing methodological basis for assess-
ing the fire hazards of PMs largely depends on their
field of use and functional purpose. This results in dif-
ferent approaches to the assessment of their fire hazards
and, therefore, requires considering this fact when de-
veloping fireproof PM compositions.

! International Code for Application of Fire Test Procedures, 2010
(2010 FTR Code, IMO Resolution MSC.307(88)).
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Methods and materials

The actual task when creating low combustible ma-
terials is a well-founded choice of predictive small-
scale methods for investigating the fire hazard proper-
ties of PMs and the criteria that will correlate or meet
the standard criteria and the requirements that ensure
the safe use of PMs in one field or another.

In the studies on the selection of flame retardants
for PMs, the information on their efficiency in terms
of the study of thermal decomposition can be obtained,
for example, when performing thermal analysis accord-
ing to GOST R 53293, using qualitative and valuable
identification characteristics [3].

When obtaining the data on the parameters cha-
racterizing the processes of thermal destruction and
thermal oxidation of PMs in the presence of FRs (part-
icularly, over the temperature ranges in which these
processes occur, according to the thermal effects by
which they are accompanied), it is possible to estimate
the degree of influence of FRs on these processes in
gaseous and condensed states [4].

Significant identification thermal analytical cha-
racteristics include: temperatures at fixed mass losses,
temperatures at maximum mass loss rates; mass loss rate;
coke residue, which is determined at the end of the py-
rolysis process in an inert atmosphere or at a fixed
temperature; ash residue, which is determined after
the thermal oxidation process at a fixed temperature;
melting temperature and corresponding thermal effects,
which can be used to compare the effectiveness of an FR
used in PMs.

Results and discussion of them

The results of studies on the development of low-
flammability polymers used as an internal layer of alu-
minum composite panels (ACP) applied in construc-
tion, particularly in air spaced curtain wall systems are
of concern. To reduce the combustibility of such mate-
rials, the polymeric matrix is filled on the basis of
a mixture of polyethylene and ethylene copolymers with
components containing flame retardants of various types,
including those developed and tested in recent years
[5-10]. The development of formulations for such ma-
terials is a quite complex and multicomponent task,
which must take into account the technological compa-
tibility of a composite with the specific production
equipment, as well as the cost, quality and availability

of its constituents. For this very reason, it is advisable
to make a reasonable selection of small-scale research
methods at the stage of developing an optimal formula-
tion of the polymer composition, the test results of
which will allow predicting the behavior of materials,
for example, when carrying out medium-scale tests in
accordance with GOST 31251, which regulates the clas-
sification of front systems of buildings and structures in
terms of fire hazard [11].

As a result of the undertaken studies [12] it was
found that the assessment of such fire hazardous proper-
ties of a composite as combustion heat in accordance
with GOST R 56027-14, and significant thermal analy-
tical characteristics in accordance with GOST R 53293,
allow reasonably likely to predict their behavior under
fire exposure within the standard methods of testing.
Tables 1 and 2 show the results of comparative complex
experimental studies of fire hazard indices in the deve-
lopment of formulations of a low combustible polymer
composite for ACPs manufacturing.

The analysis of thermal degradation characteristics
obtained from the curves of the thermal analysis of
a sample of the ACP inner layer (see Table 1) allows to
identify the fact that the sample No. 1 is the least com-
bustible composite material having a low heat combus-
tion value (2.7 MJ/kg) with low heat emission values
(up to 0.25 °C/mg) and thermal decomposition rate
(3.0 %/min) and high coke residue (up to 68 %). Cor-
respondingly, the material classified as highly combus-
tible (combustibility groups G4) is characterized by
high heat emission values and thermal decomposition
rates, as well as a small amount (1.1 %) of coke residue.

Despite the fact that samples Nos. 1 and 2 refer to
the same combustibility group (G1), the least flam-
mable material can be identified by the heat combus-
tion values.

Table 2 shows the summarizing results of numerous
experimental and analytical studies on the assessment
of'heat combustion value, depending on the percentage
of various types of FRs contained in composites and
the comparison of their combustibility groups with
the fire hazard classes of construction materials adopted
in the European Standard EN 13501 (Part 1).

Thus, samples of type No. 1, having a polymer layer
composition system filled with inert components and
flame retardants of at least 80 %, are included into
the group of fireproof materials of Class A2 according

Table 1. The combustion heat and thermo analysis characteristics material of internal layer for aluminum composite panels AKP

with different level of fireproof

Sample | Combustion | Mass losses velocity, %/min | Maximum of exo- and endothermal Relational heat Coke
number | heat, MJ/kg (for temperature, °C) effects, °C/mg (for temperature, °C) | emission, °C-min/mg | residuum, %
1 2.7 3.0 (441) 0.25 (450) 0.89 68.5
2 8.2 4.3 (498) 0.83 (545) 3.90 48.9

3 15.7 54.9 (439) 0.58 (526) 0.92 1.1
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Table 2. Comparative data of fire hazard for aluminum composite panels (ACP)

Sample Content of inert additives and fire- Combustion heat of Combustibility group, Class of fire hazard,
number retardant agents in internal layer, % internal layer, MJ/kg GOST 30244-94 (method 2) EN 13501

1 More 85 Less 3.0 Gl A2

2 70-80 9.0-3.0 Gl B

3 Less 65 More 15.0 G4 C

to the European Classification of fire hazards of const-
ruction finishing materials (with inner layer combus-
tion heat of not more than 4 MJ/kg).

To assess the fire protection effect, developers of
FRs for PMs typically use the most common small-
scale comparative method for estimating the oxygen
index (OI) (GOST 12.1.044,1S0 4589-2-1996, ASTM
D 2863-13, ISO 4589-3-1996, [13—16]). However, ac-
cording to the obtained value of OI for low combustible
PMs, it cannot be concluded that its properties corres-
pond to the regulatory requirements for fire-safe appli-
cation. There are the papers known, which along with
standard parameters present OI values that can be used
to predict the PM’s combustibility group, but they ad-
dress a very limited list of construction materials [17].
Consequently, now, it seems to be highly relevant to
conduct the work on investigation of the possibility of
correlating the flammability parameters obtained by
small-scale and large-scale test methods in the develop-
ment of compositions having reduced fire hazard.

In particular, when developing fireproof polymeric
materials for construction, the final assessment should
be carried out according to the combustibility group in
accordance with GOST 30244-94 (Method 2), which
provides testing of samples of sufficiently large dimen-
sions (1000x190 mm). Based on many years of expe-
rience in the experimental work, Fire Safety Research
Institute obtained the data on correlation of test results
with the methods of GOST 12.1.044-89 and GOST
30244-94 (Method 2), which indicate that, as a rule,
the combustibility groups of construction materials
G1, G2 correspond to the group of fire-resistant mate-
rials according to GOST 12.1.044-89.

Thus, when carrying out studies on the selection of
an optimal composite formulation for the assessment of
their combustibility, it is advisable to use two methods
collectively — the Ol method and the method of experi-
mental determination of the groups of fire-resistant and

combustible substances and materials in accordance with
GOST 12.1.044-89 (para. 4.14 and 4.3, respectively).

Experimental studies have also been carried out
to determine the possibility of reducing the combusti-
bility of plasticized polyvinyl chloride (PVC) by the use of
reactive flame retardants and fillers [18]. An important
condition in so doing was the effect of flame retardant
in the processing of a polymer on its thermal stability,
melting point and the quality of polymeric matrix for-
mation. Therefore, to obtain a PVC composition with
a reduced fire hazard and a set of required properties,
it was required to produce a fairly large number of
samples of experimental batches of PVC film of various
formulations, both in laboratory conditions and on in-
dustrial equipment.

Table 3 shows experimental data on the flammabi-
lity parameters of a number of samples of PVC compo-
sitions modified in a different ratio by magnesium hydro-
xide and a phosphorus-nitrogen-containing complex FR.

Experimental data set forth in Table 3 demonstrate
a significant change in the oxygen index and flamma-
bility parameters, which indicates a decrease in the fire
hazard of the PVC composition when FR is introduced.
In addition, the studies made it possible to compare
the results of laboratory and medium-scale test me-
thods and establish an approximate value of the OI to
predict the combustibility group of the samples deve-
loped; in this case a fire-resistant PVC film.

Fire resistance rating polymeric materials and pro-
ducts is often determined using the existing standard me-
thods for assessing the resistance to ignition from low-
calorie ignition sources. For example, for plastics, me-
thods for determination of the combustion resistance in
accordance with GOST 28157-89 or UL 94 are used,
and for fabrics, flammability resistance is determined
according to GOST R 53294—-09 or GOST R 50810-96.
A group of combustible highly flammable construction
materials is identified using the GOST R 56027-14
method.

Table 3. Experimental date of combustibility fireproof PVC film composition

PVC film | OI, GOST 12.1.044-89 Combustibility group, GOST 12.1.044-89 (para. 4.3) Combustibility group,
sample (para. 4.14)) Maximal temperature T, °C | Mass losses Am, % | Burn time , sec GOST 30244-94 (method 2)
Base 21.4 465 67 120 G4
No. 1 28.7 390 54 30 G4
No. 2 36.2 270 45 - G3
No. 3 42.1 240 30 = G2
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The procedure applied in GOST R 5602714 allows
to establish a group of combustible highly flammable
construction materials, particularly, to identify a group
of the most fire hazardous CMs, including those with
the ability to cause a molten mass formation and burn-
ing dropping. Therefore, when carrying out studies on
the fire protection efficiency of thermoplastic polymers
using this method, one can estimate the effect of mate-
rial carbonization, excluding the burning dropping pro-
cess, as it was shown, for example, in the paper [19].

Conclusions

When conducting the work on selecting and optimi-
zing PMs’ formulations to achieve their effective fire
protection, itis advisable to select laboratory (small-scale)
research and testing methods, the results of which will

allow to predict the behavior of PMs during medium- and
large-scale tests, as well as under real fire conditions.

When justifying the selection of a test procedure for
assessing the combustibility (flammability) of modi-
fied polymer systems, it is necessary to take into ac-
count the scope of application and functional purpose
of the material along with the specified parameters.

It is reasonably likely to predict the behavior of a po-
lymer composition under standard testing conditions
using comparative information on the processes of de-
struction and thermal decomposition of PMs in the pre-
sence of various FRs and their resistance to fire effect.

Considering the lack of appropriate work, it is advis-
able to continue carrying out complex studies to intro-
duce new approaches to assessing fire hazard proper-
ties of various flame retardant polymers at their labo-
ratory production stage.
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SJIEKTPOYCTAHOBKW

BO B3pPbIBOMNOXXapPoOONnacCHbIX 30HaX

CnpaBo4Hoe nocobue

[TpuBoZATCA HOBbIE, OTBEYAIOLLME COBPEMEHHOI HOPMATUBHON 6a3e, TPe6oBaHNs
Mo Knaccuukaunmn ropo4nux CMeCeil 1 noXxapoB3pblBOONACHbIX 30H; PEKOMEH—
Jauun no BbI6OPY 1 UCMONL30BAHNIO 060PYLOBAHMSA, BKNOYAs KabenbHbIE 13—
[Jenis BO B3PbIBOMNOXaPOONACHbIX 30HAX.

/3paHue npegHa3HayeHo ANs UHXEHEPHO-TEXHUYECKNUX PaBOTHUKOB, 3aHMMa-
IOLLYIXCSA POEKTUPOBAHMEM 1 MOHTXKOM 37IEKTPOYCTAHOBOK, PAOOTHIUKOB NOXXap-—
0XpaHbl 1 CNELNaNNCTOB LWUPOKOro NPOCuns B KA4ECTBE Y4EOHOT0 NOcoous
OTOBKIA M MOBbILIEHNS KBANMGUKALLAW B 06MIACTU MOXXAPOB3PbIBOOE3—
ACHOCTU 3MEKTPOYCTaHOBOK.
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3KCEPFETUYECKUA NOAXO[M4 K OLEHKE
DHEPIO3KOJIOFTMYECKOWN 3P DEKTUBHOCTU

N NOXXAPHOW OMACHOCTW rPY30BbIX NEPEBO30K
HA XXEJIESBHOAOPOX>XHOM TPAHCIOPTE

MpoaHanM3npoBaHO MPUMEHEHME 3KCEPreTUHeckoro MOAXOAA As OLEHKM SHEPro3KoNorn4eckom
3D HEKTUBHOCTM MPY30BbIX NEPEBO30K Ha XXeNe3HOL0POXKHOM TpaHcnopTe. XMuMuyeckas sKkceprus se-
LecTBa pacCMOTPEHa Kak OfHO M3 YCIOBUIM BO3HUKHOBEHUS noxapa. lpeactaBneHbl 3aBUCUMOCTY
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BBepeHune

O 1O U3 OCHOBHBIX TEHIEHIUH YCTOHYMBOTO Pa3BH-
THUS HAIlMOHAJIbHOIN SKOHOMUKHU SIBJIIE€TCS IIOBBILIEHUE
SHepreTHuecKoil 3(h(heKTHBHOCTH MPOLIECCOB U IIPOU3-
BOJICTB IIPH OTHOBPEMEHHOM 00ECTIEICHUH MTOKAPHOI
U IPOMBIIIUIEHHO 6€30MacHOCTH, PAallHOHAIBLHOTO HC-
[10JIb30BaHMsI IPUPOAHBIX PECYPCOB, CHUKEHHS Hera-
THUBHOTO TEXHOT€HHOTO Bo3/elicTBusA. PocT konnuecTsa
Y KadyecTBa IMOTpeOIsieMOr SHEPTru 00y CIIOBJICH BHEI-
PECHUEM HOBBIX TEXHOJIOTHH, YBEITMUEHHUEM MACIITa00B
IIPOM3BOACTBA, YTO, B CBOIO OUEPE/Ib, OLIPEAEIISIET IIOUCK
nyTei 3(h(eKTUBHOIO UCTIOJIB30BAHUS PECYPCOB U CHU-
JKEHMSI YPOBHS Pa3IMYHbIX BUIOB OIIACHOCTH.
IlepcrieKTHUBHBIM METOJJOM HOBBIIIEHUS YHEPIETH-
gecKoi 2(Pp(PEeKTUBHOCTH U MPOTHOCTHYECKON TOCTO-
BEPHOCTH SIBJISIETCS] IKCEpPreTHdecKuii ananus [1].
Lenb HacTosIIEeH pabOTHl — 000CHOBAHNE BO3MOX-
HOCTHU U MPEUMYIIECTB UCIONb30BaHUS SKCEpreTuye-

CKOTO IMOAX0/[a K KOMIUIGKCHOM OIIEHKE 3HEPrO3KOIIO-
rHYeCKOi 3 (HEKTHBHOCTH U IMTOYKAPHOU OTTACHOCTH TPy -
30BBIX MIEPEBO30K HA JKEJIC3HOIOPOKHOM TPAHCIIOPTE.
JUst OCTHKEHHSI TaHHOM 1ei ObUTH PELIeHbI CIICy-
FOLINE 33/1a9u:

e ompezeseHe o0JacTel MPUMEHEHHUS dKCePreTuye-
CKOT'O METOJIa aHAJIN3a;

e YCTaHOBJICHHUE CBSI3U MEIKIY DKCEPTUCH U MmoKa3a-
TEJSIMU TI0KaPOB3PHIBOONIACHOCTH JIJIsl BEIIECTB
TOIUIMBHO-9HEPIeTHYECKOT0 Ha3HAYeHHMs1, 00palia-
OIIUXCS Ha JKEJIE3HOIOPOKHOM TPAHCIIOPTE;

e  BBUIBJICHHE MPEHMYIIECTB IKCEPTETHUCSCKOTO MO/~
X0/1a.

TGOPETI/I‘-IeCKI/Ie OCHOBbI

Hambonee ToyHOE OmpeneicHUE IKCEPrUU OBLIO
copMyITHpOBaHO B KHUTE [2]: “DKceprus paBHa padote
o0paTrumoro npoiiecca, NpOTEKaIOIIEro B KOHKPETHBIX
YCIOBHSIX MEXIY CHCTEMOM M OKpYyXKarollell cpenoi
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- BE3O0MACHOCTb BELLIECTB U MATEPUANOB

BIUTOTH 10 3a/IaHHBIX KOHKPETHBIX YCIOBHUIl paBHOBE-
CHSI C 9TOHM CpeIoH, MapaMeTphl KOTOPOU HE 3aBUCST OT
paboThl H3y4aeMOil CUCTEeMbl U MAKCUMAJIBHO OJTU3KH
K COOTBETCTBYIOIIUM IIapaMeTpaM OKpY’KaloIiel mpu-
pozbr”.

C BBCICHUCM 3KCEPI'Ur B TCPMOJNHAMHUKY BO3HHUK-
JI0 TIOHSITHE “‘OKPY’KaIOIIasl cpesia’’, OIMChIBAEMOE Yepe3
ee TeMIlepaTypy, AaBleHUEe U cocTaB. [lpm Hammauu
JIBYX CUCTEM, HAXOSIITIXCS B PA3HBIX COCTOSHHSX, IT0-
SIBIISICTCST BO3MOYKHOCTB BBIITOJTHEHHS paOOTHI IIPH IIepe-
XOJI€ K COCTOSIHUIO PaBHOBECHSL.

Okceprus cuctemsl £ (k) MoxeT ObIT pa3zieicHa
Ha psJi KOMIIOHCHTOB!

E=E.+E,+Ey+E, 1)

rne £, E,, Eq), E, — xuneTHyecKas, NOTEHIMAJIbHAS,

(u3mUecKas 1 XUMHYECKas COCTABILIIONIHNE dKCep-

THH COOTBETCTBEHHO.

Jist GONBIIMHCTBA peaIbHBIX TEXHUUECKUX CHCTEM
KMHETHYECKasl ¥ MOTCHINAIBHAS COCTABILIIONINE B (hop-
Mmyse (1) Manmbl 1 TO3TOMY HE UMEIOT MPAKTHIECKOTO
3HAUCHIS, 32 MCKIIOUCHUEM TaKUX OOBEKTOB, KaK, Ha-
puUMep, THAPOIIEKTPOCTAHIIUH, UCTIONB3YIONIHE IT0-
TEHIMATBHYTO SKCePTUio BoAbl. Ce10BaTeIbHO, BBIpa-
skerue (1) Uit THOUYHOW TePMOIMHAMHUYECKOH crcTe-
MBI MOYKHO 3aIliCaTh B BUJIE:

N

E=S(T-T)+V(p-po)+ 2, n; —pg), (2
i=1

e S — surponus, [x/K;

T, T, — Temmeparypa COOTBETCTBEHHO CHCTEMBI 1

okpysxaromieit cpenpl, K;

Y — 06beM CHCTEMBI, M}

D, Py — JAaBIEHHE COOTBETCTBEHHO B CHCTEME U

OKpy»Xartolei cpene, Ila;

N — o0111ee KOJIMYeCTBO BEIIECTB — KOMIIOHEHTOB

CUCTEMBI;

1; — YHCIIO MOJIEH i-TO BEIIeCTBa, MOJIb;

L;, Ly — XMMHUYECKHE TOTEHIIMAIIBI i-T0 BEIeCTBa

— COOTBETCTBEHHO KOMITOHEHTA CHCTEMBI U OKPY-

JKarouen cpeasl (cpenpl orcuera), [/ Mob.

B omnume OT 3HEPTUM 3KCEPrHsl HE TOMUUHSICTCS
3aKOHY COXPAHEHHS, TUCCUMUITAPYSICh HITH 3aTPavynBa-
SICh BCJIEZICTBHE HEOOPATUMOCTH JFOOBIX pPeaTbHBIX MPO-
1eccoB. [loTepu akcepruu MpsAMO MPOTIOPIIHOHATBHBI
YBEIUYCHUIO SHTPOIUH. JKCEPIUsl OTPAXKAET KAIeCTBO U
Macitadbl IPeoOpa30BaHI SHSPTUN BHYTPH CUCTEMBI.

[IpoBeneHMe 3KCePreTHIECKOTO aHaIM3a OPUECHTH-
POBAHO Ha MOJIyYECHHE MAaKCUMAIbHOM ITOJIE3HOH pabo-
THI, KOTOPYIO MOJKET COBEPILIUTH cucteMa. Ero oobekToM
MOTYT OBITH TEXHOJIOTHYECKHE MPOIECCHI, TEXHHKO-
SKOHOMHYECKHE CHCTEMBI, OTPACIIH MPOMBIIIIICHHOCTH,
a TaKk)Ke IPOTHO3UPOBAHHE TEPMOJHHAMUYUECKUX TIPO-
LECCOB JIA pa3/IMYHbIX CUCTCM.

OKceprus BHICTYNaeT MEPOH OTKIOHEHUS ITapamMeT-
OB COCTOSTHAS TEPMOANHAMUYIECKOH CHCTEMEI OT yCII0-
BUU OKPYXKArOIIEH cpelibl, 9TO BUIHO U3 HOopMYITHI (2).
OHa oTpakaeT KaK pecypCHBII MOTEHINAI JaHHOH Tep-
MOJITHAMHYECKOH CUCTEMBI, BO3MO)KHOCTB €€ HCIIONb-
30BaHUs, TaK U U3MEHEHUS, KOTOPbIe MOTYT IPOU30UTH
B OKpPY>Kalollei cpeie, OracHOCTb CUCTeMBI. B inTepa-
Type paccMaTpuBalOT TPU BUAA BO3MOXKHBIX B3aUMO-
JIEUCTBUN € OKpYXKaloLIed cpeoi:

e TEPMHUYECKOE (TeMIEepaTypPHBIN MOTEHIIHA) — HC-
TOYHHK BTOPUYHOTO TEIIIa MIIN TEIUIOBOTO 3arps3-
HEHUS;

e nedopMaroHHOE (IOTCHIUA — pa3HUIA JaBje-
HUIT) — HaIpuMep, paboTa pacIIupeHs ra30B B BU-
rarejsiX BHyTPEHHEro Cropanus (KOHTPOIUpYyeMoe
UCIIOJIb30BAHUE) U B3PBIB (HEKOHTPOJIUPYEMOE);

e XUMHUYECKOE (XUMUYECKUHN MOTEHITHAI) — HUCTIONb-
30BaHHUE CHIPHEBBIX U TOIUTUBHBIX PECYPCOB, HCTOU-
HUK XUMHUYECKOTO 3arPsS3HEHHS.

B coBpeMEHHBIX NCCIICIOBAHUSIX TIOHATHE YKCEPIHU
CBSI3BIBAIOT C “TPaBHIIOM TpeX “D”: 3((PEKTUBHOCTS,
9KOHOMHUYHOCTb, IKOJIOTHMYECKast 11eJIeco00pa3HOCTh [3].
DKcepreTU4ecKuil aHaIH3 TO3BOJISIET MOMYYUTh XapaK-
TEPUCTUKY BHYTPEHHET0 Ka4eCTBA SHEPTETUUECKOTO HITH
MIPOU3BOJICTBEHHOTO 00BEKTa, MPOrHO3 00beMa IHEp-
TUH, ONPEJICIUTh CTEIIEHb €ro 0e30TXOIHOCTH KaK I0
MaTepualbHOMY, TaK ¥ 10 TEPMOJIUHAMHYECKOMY Oa-
naHcy, 3 (HEeKTHBHOCTB MO BEIIECTBY W DHEPTHUH [4].

JKene3HOMOPOXKHEIA TPaHCIIOPT MPH3HAH B MHUpPE
OTHUM U3 YHEPTETHICCKHU 2(P(PEKTUBHBIX U HKOJIOTHYC-
CKH YHCTHIX BHJIOB TPAHCIIOPTA — 10 YACTBHBIM ITOKa-
3aTeIsiM NOTPEOICHNUS SHEPTUHU U BEIOPOCOB 3arpsi3Hs-
FOIIMX BEIICCTB HA SIUMHUILY IEPEBO30YHOM paboThI [3].
B 10 ke Bpemsi TpaHCIIOPTHBIE CUCTEMBI, B TOM YHCIIE
JKENE3HOAOPOIKHBIN TPAHCIIOPT, MO’KHO pacCMaTpUBaTh
KaK KPYITHBIC DHEPreTUYECKUE KOMILJICKCHI, KOTOpPhIC
HCTIONB3YIOT OOJIBIIOE KOJTHYCCTBO TOITUBHO-3HEpIe-
TUYECKUX PECYPCOB M OKA3BIBAIOT HETATHBHOE BO3/ICH-
CTBHE Ha OKPY’KAIOIIyIO CPEeIy U denoBeKa. JKeme3no-
JOPOKHBIN TPAHCIIOPT MOTPeOIsieT 10 6 % MpON3BOIM-
MOTO B HaIllel cTpaHe TN3eTHHOT0 TOTUIHBa, 0KoIto 90 %
OT 3TOTO KOJIMYECTBA PACXOAYETCS Ha TATY IOE310B [5].
Kpome Toro, xene3H0J0pOKHBIM TPAHCIIOPTOM OCYIIIe-
CTBIISIIOTCSI IEPEBO3KK OOJIBIIOTO KOJIUYECTBA OMACHBIX
rpy30B, B TOM YHCJI€ TOINIMBHO-IHEPreTUYECKOTO Ha-
3HAYCHUS.

CornacHO CTaTUCTUYECKUM JIAHHBIM Ype3BbIYaiiHbIC
CHUTYaIIUH ITPY TIEPEBO3KE HE(PTH M HEPTEMPOIYKTOB Ha
JKEITIC3HOTOPOKHOM TPAHCIIOPTE CBSA3aHBI C MEXaHUYE-
CKUM TIOBPEKIICHUEM CIICIUAIBHBIX IUCTEPH U BBIXO-
JIOM BEIIIECTB B OKPYKAIOIIYIO CPEITy C TOCIETYIOIINM
BOCIUTAMEHEHUEM U (WJIH) 3arpsi3HEHUEM TeppUTOpHii [6].

[ToxxapHas 0macHOCTb IPy30BOr0 MOABUKHOTO CO-
CTaBa oIpenessieTcss HATnYueM OOJIbIIOTO KOJIUYEeCTBa
OIACHBIX I'PY30B, OBICTPBIM PACIPOCTPAHEHHUEM IT0Ka-
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POB Ha OOJBIINE TUIOIIA M, B3PbIBAMH, 3aTPYIHCHHO-
CTBIO IOABE3/]a MOKAPHBIX MOAPA3EIIEHUHN, BO3ZMOXK-
HOCTBIO 3a/I€pP’KKM BBEJICHMsI OTHETYLIAIUX BEIIECTB
10 BELSICHEHSI (QH3UKO-XHMHYECKHAX CBOICTB IPy30B U
00eCTOUMBAHUSA JEKTPOKOHTAKTHONW CETH U APYTUMH
(akxTopamu. Po3nuBEI HEPTH 1 HEPTEHPOIYKTOB IIPH
OCYILECCTBICHUU MEPEBO30K CO3AIOT Hambojee onac-
HBIE CUTYAIlUU, KOTOPbIE MOT'YT IPUBECTHU K TXKEIIBIM
MOCIICAACTBUSM.

B noub Ha 31 sHBapst 2012 r. B AMypckoit 001, Ha
3abaiikabCKOM JKeJIe3HOM 10pore MpoU30ILelT CHIIbHEH-
mmii noxap. M3-3a 00pbIBa KOHTAKTHBIX MPOBOIOB CO-
IIJTH C PENbCOB M ONMPOKUHYIUCH 17 LUCTEPH ¢ HE(THIO,
13 u3 koropsix 3aropenuch. [loe3anoit Opurane yna-
JIOCh OTLENHTh FOPSIIKE UCTEPHBI U OTOTHATH OCHOB-
HOIi cocTaB Ha 6e3omacHoe paccTosiHue. Beero TpaHc-
MOPTUPOBAIIOCH 68 TIHCTEpH ¢ HeBThIO. [TocTpamaBMx
Y IOruOmmx He ObLI0.

6 utonst 2013 r. B 1. JIsk-MesxxanTuk (Kanana), pac-
MoJI0XKEeHHOM B 250 kM oT MoHpeaJis, 3-3a HeHcIpas-
HOCTH PYYHOTO TOPMO3a MOTEpIesl KPyLICHHEe TOe3/,
cocrosmuit u3 70 nuctepH ¢ ceipoit HepTHI0. CocTaB
CKaTHJICS C XOJIMa, IUCTEPHBI OTOPBATIMCH OT JIOKOMO-
THBa U, HA0OpaB CKOPOCTbh, COILIHM C PEILCOB B IICHT-
panbHO yacTH ropoza ¢ HacenenneM okosio 6000 gen.
B pe3ynbrarte Bo3ropaHus IpoU301LIIa CEPUS U3 LIECTH
MOIIHBIX B3PbIBOB, Pa3pyLUMBILUX LIEHTPAIbHYIO YaCTh
ropoaa. 13 ornacHoro paiioHa npHuILI0Ch 3BaKyHUpPOBaTh
6osee 1,5 Teic. yesr. MHOTHE JTUINUIMCH CBOETO MMY-
mecrna, 47 den. moruoIm.

9 mast 2013 1. Ha cranuuu bemasg Kanursa PocTos-
CKOI1 00J1. COIIIET ¢ PETTLCOB JIOKOMOTHUB, a BCJIE 38 HUM
— 51 mucrepHa ¢ HEPTEMPOIYKTaMH, B TOM UHCIIE C
nponaHoM. IlocnenoBan B3pbIB, OCIE YEro Hayajcs
[I0Kap: 3aropesIoch Maciio, HAXOIUBILIEECS B Pse EMKO-
crei. M3 ogHOM NOBpEXACHHON HUCTEPHBI MPOU301IIIA
yTeuKa MeTWIeHXJI0pua. bbuio aBakynpoBaHo 2,7 ThIC.
yell., rocnurain3upoBado — 30.

AHanu3y 3(h(HEKTHBHOCTH MCIIOJIb30BAHUS YHEPIO-
PecypcoB Ha TPaHCIIOPTE, OLIEHKE HETaTUBHOIO BO3/IEH -
CTBUS TPAHCIIOPTHBIX CUCTEM Ha OKPYXKAIOILYIO CpelLy
MOCBSILEHO OOJIBIIOE KONUYECTBO HccenoBanuii. Of-
HAKO OHH MPAKTHUYECKU HE 3aTParuBaroT BOIPOCOB IO~
JKapHOH 0e30MacHOCTH. DKCEePreTHUeCKHii METO/ Mo-
JYYWI IPUMEHEHHE JIJIsl UCCIIeIOBAaHUS TPAHCIIOPTHBIX
CHUCTEM B pa3jM4YHBIX CTpaHaX, Hampumep B Typuuw,
Awnrnuu, Kanane, Kurtae, Utanuu, Upane [7-13].

Pe3synbTathl U UX 06CyXXAeHUe

Hpoueccm HCIIOJIB30BaHUA W NMEPCBO3KHU TOIIMB-
HO-DHCPIE€TUYCCKUX PECYPCOB HaA XKCJIC3HOJOPOKHOM
TPAHCIIOPTE COMNPSKEHBI C MOXKXAPHBIM PHUCKOM. Hamu
paccMOTpe€Ha BO3MOKHOCTb IMPUMCHCHUA DKCEPTrETU-
YCCKOI'o nmoaxoaa Ay OLCHKH HO}KapHOfI OIIaCHOCTH
mpoueccoB, NPOUCXOOAINNUX Ha KCEJIC3HOLOPOKHOM

OKHUCIUTEID
Oxidant

TOY
BO3HHUK-

Dxeceprus

Exergy HOBEHUS
Toprouee TOpPEHUS
Fuel
Thermal
combustion
conditions

Puc. 1. Mecto skcepruu B “oxapHOM TPEyToJIbHUKE
Fig. 1. Position of exergy in the “Fire triangle”

TPaHCTIOPTE, MyTEM YCTAHOBIICHUS CBSI3U TEPMOTMHAMH-
YECKHUX XapaKTEPUCTHUK U [T0Ka3aTeNel 0KapoB3pbIBO-
omacHOCTH. OOBEKTAMU HCCIICIOBAHUS BHIOPAHBI yT-
JIEBOJOPOABI, ABJISIOIINECS OCHOBHBIMU KOMIIOHEHTa-
MU KHJIKOTO W Ta3000pa3HOTO TOILIHBA.

Kak n3BecTtHO, U1 BOSHUKHOBEHUS U Pa3BUTHS ITPO-
[IECCOB TOPCHHSI HEOOXOAMMEI TOpIoYee BEMIECTBO,
OKHCIIUTENb ¥ ONPEACICHHbIC TeIUTO(QU3NIECKIE YCIIO-
Bus (nanee — TDY) [14]. Mozaens “noxapHblil Tpe-
YTOJIBHUK KaK MpocTeiiliee mpeacTaBieHue 00 ycio-
BHSIX BOSHHMKHOBEHHS MOKapa MOXKHO JTOTIOJIHUT e1le
OJTHOM COCTAaBJISIONICH — dKcepreTrueckon (puc. 1).

B Hacrosiiee Bpemsi SJHEPTeTUYECKUI MOTEHLIHAT
TOPIOYUX BEIECTB OLEHUBACTCSA BEJIMYMHON TEIUIOTHI
CTOpaHusi, KOTOpasi MOXKET OBITH OTNpeieNieHa YKCTIePH -
MEHTAJIBHO U pacueTHbIMU MeToamMu. OTIeNbHbIE UC-
CJICZIOBAHUS TIOCBSIIICHBI BBISIBJICHUIO CBSI3H MEK/TY TETl-
JIOTOM CropaHus U 3Kcepruei, Harpumep, A yo [ 15],
MJIACTMACCOBBIX OTX0M0B [16]. JlaHHBIE MO TeTuIOTE
CropaHus UCIOJIBb3YIOT [P pacuyeTe [0KapHOi Harpy3-
KU 1 KaTeropupoOBaHUU OMEIIEHUH 10 B3pBbIBOIIOXKAP-
HOH M TIOKapHOM OITaCHOCTH.

Ha ocHoBe mpencraBieHHBIX B Ta0M. 1 TaHHBIX HAMA
ObLIa yCTaHOBJIEHA 3aBHCHMOCTD MEKIY YIEIbHON XH-
MHYECKOH IKCepruei, mpuxosmieiics Ha 1 Moib Bere-
CTBa, e, U HU3LIEH TEIIOTON cropanust O, yIieBoIO-
POZIOB, OIPENIEICHHOH 10 cripaBOYHUKY [17].

Ha puc. 2 npezcrapieHa 3aBUCUMOCTb MEXKITY Y/IEIIb-
HOM XMMHUYECKOH DKCEprueu e, yrieBOJOPOAOB, SIB-
JSIOMIMXCS] KOMIIOHEHTaMHU T'a3000pa3HOro M >KUJIKOro
Tomnuea, u O, . 3HaueHus O, Menstoresa ot 8§02,0 1o
11263,0 x/[x/MOI1b, IPH 5TOM TAPaMETP e, BAPbHPYET
ot 831,7 no 11937,4 xJI/Moinb:

0, = 0,937e, + 66,7 (831,7 < e, < 11937.4).

MaxkcuManbHasi OTHOCUTEIbHAS HOTPEIIHOCTD IPU
31OM cocTaBiseT 6 %. Kospuiment koppensiuu R> =
=0,999.
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Tabnuua 1. 3HaveHns e, u Q, ANA yrNesofopoaoB lMpoaonxenmne tabn. 1/ Continued Table 1
Table 1. Values of exergy and LHV (lower heating value) for - .
hydrocarbons % 2 0,
s e, Ne HasBanue 5 g = = KDk
> n/n BEIIECTBA = z 2 = o
S QH’ o OE =N
No Haszpanne g g8 g | xx E g% £
n/u BEIECTBA = E g = MOJIb g 2 |=
o > o
< =
L% 5% = 25 | Benson C¢Hg | 3294,0 | 20 |3169,4
Benzol
1 | Meran CH, | 81,7 | 18 | 802,0 26 | Texcen-1 CeHy, | 3967.9 | 18 3767,7
Methane 1-Hexylene
2 | Auernien GH, | 12658 | 18 11301,0 27 | Metnmumknonenran | CgH,,| 3910,8 | 18 |3705,0
Acetylene Methylcyclopentane
3 | Orunen C,H, | 1361,1 | 18 [1318,0 28 | Iukrorexcan CgH,, | 3909,2 | 18 |3689,0
Ethylene Cyclohexane
4 | Oran C,Hg | 14958 | 18 |1576,0 29 | 3-MeTuimenTan CeH,, 4110,0 | 19 |3882,0
Ethan 3-Methylpentane
5 | Mernnaueriien C;H, | 1899.5 | 18 11939,0 30| 2,3-JlumernnGyran | C¢H,, 4108,0 | 19 3868,0
Methylacetylene 2,3-Dimethlybutane
6 | [poren CsH, | 2003,9 | 18 11919,0 31 | m-I'ekcan CeH,, 4114,5 | 18 38870
Propene n-Hexane
7 | Hukmnonpona C3Hg | 2043,2 | 18 12091,0 32 | 2,2-Jlumernnbyran CeH,, | 4100,2 | 19 13868,0
Cyclopropane 2,2-Dimethylbutane
8 | Tlpoman CsHg | 2154,0 | 18 12044,0 33 | Tomyon C,Hg | 3931,0 | 18 [3771,9
Propane Toluene
9 | 1.3-byranuen C4Hg | 2500,0 | 20 |2411,0 34| Metwmmknorekcan | C,H,,| 4556,9 | 18 14293,0
1,3-Butadiene Methylcyclohexane
10 | 1-byrun CHg | 2552,3 | 18 12599,0 35| 2,3-lumernnmentan | C,H,¢| 4755,0 | 19 14490,0
1-Butyne 2,3-Dimethylpentane
11| HuknoGyran CHg | 2516,2 | 18 |2544,0 36 | 2,4-lumerunnentan | C,H,s| 4758,0 | 19 44870
Cyclobutane 2,4-Dimethylpentane
12| 2-Merun-1-nponen C4Hg | 2646,0 | 19 |2577,0 37| 2,2,3-Tpumernndyran | C,H,q| 4759,0 | 19 |4484,0
2-Methyl-1-propene 2,2,3-Trimethylbutane
13 | HucHyren-2 C4Hg | 2652,0 | 19 |2528,0 38 | u-T'entan C,H,, 4761,7 | 18 14501,0
Cis-2-butene n-Heptane
14 | byren-1 CyHg | 2659,7 | 18 |2542,6 39 | 2-Metuirekcas CHyq| 4759,0 | 19 [4494,0
1-Butylene 2-Methylhexane
15 | TpaucOyTeH-2 C,Hg | 2650,0 | 19 |2525,0 40 | n-Keunnon CgH,( | 4573,0 | 19 [4375,0
Trans-2-butene p-Xylene
16 | 300yTan CH;| 2804,0 | 19 [2649,0 41 | Dtunbdenson CgH,, | 4587,9 | 18 |4386,9
Isobutane Ethylbenzene
17 | u-Byrtan C,H,,| 2805,8 | 18 [2657,0 42 | o-Kcuion CgH,o| 4573,1 | 18 [4376,0
n-Butane o-Xylene
18 | 3-Metmi-1-0yTen CsH,, 3307,0 | 19 |3143,0 43 | DTHIIHKIOTEKCaH CgH| 52059 | 19 [4911,0
3-Methyl-1-butene Ethylcyclohexane
19 | lluxonenTan CsHyo| 3268,0 | 19 [3071,0 44| 2,2,4-Tpumetnnmentan | CgH | 5413,0 | 18 |5100,0
Cyclopentane 2,2,4-Trimethylpentane
20 | 2-Metun-2-0yTeH CsHyo| 3291,0 | 19 |3175,0 45 | 2,4-lumeTuirekcan CgHg| 5411,0 | 19 |5105,0
2-Methyl-2-butene 2,4-Dimethylhexane
21 | IlenTen-1 CsH,, 3310,0 | 19 |3154,0 46 | 2,2,3-Tpumerummentan | CgH g 5416,0 | 19 |5104,0
1-Pentene 2,2,3-Trimethylpentane
22 | u-Ilenran CsH,, | 3461,8 | 18 [3272,0 47 | u-Oxran CgHg| 5413,1 | 18 |5116,0
n-Pentane n-Octane
23 | 2,2-JTaMeTHIIIPOTIaH CsH,, | 3453,0 | 19 [3253,0 48 | 2,3-JIlumeTHIITeKCaH CgH g 5416,0 | 19 |5111,0
2,2-Dimethylpropane 2,3-Dimethylhexane
24 | 2-MetunbyTtan CsHy, | 3453,0 | 19 |3264,0 49 | 2-Mertun-3-sunnenrad | CgH g | 5420,0 | 19 |5113,0
2-Methylbutane 2-Methyl-3-ethylpentane
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Okonyarme tabn. 1/ End Table 1
<
= = O
Ne Haspanue & o 2 = KJIK
n/u BeIECTBA = % g = O
E |22 |&
g | 8% =
50 | Kymon CoH,, | 5233,0 | 20 |5268,1
Cumene
511,3,5-Tpumertundenson | CoH,,| 5213,0 | 18 [4993,0
1,3,5-Trimethylbenzene
52 | B-Ilponun6enson CoH,, | 5249,1 | 18 [4996,9
n-Propylbenzene
53 |1-Metun-2-stunbenson | CoH,, | 5226,0 | 19 [4993,0
1-Methyl-2-ethylbenzene
54 | 1,2,3-Tpumerunbdenson |CoH,,| 5216,0 | 19 1 4993,0
1,2,3-Trimethylbenzne
55 |1-Metun-4-stun6enson |CoH,, | 5222,0 | 18 [4993,0
1-Methyl-4-ethylbenzene
56 | 1,2,4-Tpumermnbenson |CoH,,| 5211,0 | 19 1 4993,0
1,2,4-Trimethylbenzene
57 |1-Metun-3-stunbenson |CoH,, | 5222,0 | 19 [4993,0
1-Methyl-3-ethylbenzene
58 | B-Ilponmmukiorekcan | CoH,q| 5857,7 | 18 | 5525,0
n-Propylcyclohexane
59 |n-Honan CoH,, | 6064,9 | 18 |5731,0
n-Nonane
60 | Hadranun CoHg | 5255,0 | 18 |5050,0
Naphthalene
61 | B-ByTrnbenzon CioHys 5892,0 | 18 |5608,9
n-Butylbenzene
62 | B-Bytunnuxiorekcan  |C; H,, 6511,5 | 18 |6134,0
n-Butylcyclohexane
63 | H-Jlexan CioHy| 6716,8 | 18 [6346,0
n-Decane
64 | [lentameTnnOeH30I C Hyg 6516,0 | 18 |6224,6
Pentamethylbenzene
65 | H-YHzuexaH C,Hy| 7376,9 | 18 [6960,0
n-Undecane
66 | H-Jlonexan C,Hy| 8029.4 | 18 |7575,0
n-Dodecane
67 | B-Tpunexan C3H,yg 8682,0 | 18 |8190,0
n-Tridecane
68 | 1,1-IndermmTan CHy4 7665.9 | 18 |7330,0
1,1-Diphenylethane
69 | u-Terpagexan C,4H; 9334,5 | 18 |8804,0
n-Tetradecane
70 | n-IlenTagexan CsHs,| 9984.8 | 18 [9419,0
n-Pentadecane
71 | -T'excanexan (ueran) |C,cH;, 10639,7| 18 10034,0
n-Hexadecane
72 | H-OKTageKan CgHsg 11937,4| 18 [11263,0
n-Octadecane
73 | Tpudenunmeran CoH 10109,2 | 18 |9660,0
Triphenylmethane
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Fig. 2. Correlation between LHV (lower heating value) and exergy
for hydrocarbons

[To mexxaynaponubsm crangapram [SO 3679 u [ISO
13736 Temneparypa BCHBIIKH T, HE SBISETCS KOH-
CTaHTOM ISl (PUBHKO-XUMHUCCKHX CBOMCTB BEIICCTRA
WM MaTepuasa: ee 3Ha4eHHsl, TI0JIyYeHHbIE IKCIICPUMEH-
TaJIbHBIM IIyTEM, 3aBUCST OT annapaTypHoro odopmiie-
HUS, METOJMKHU OIPEAEICHHUS U MOT'YT UMETh 3HAYUTEIIb-
HBIN pa3dpoc [21]. Kpome Toro, He 1715 BCeX BEIIECTB
Hal/IeHbl SKCIIEPUMEHTAIIbHBIE 3HAUSHHS TEMIIepaTyphbl
BCIBIIKKA. OCHOBHBIM Ha3HAYEHHEM PAcCMaTpUBaEMOro
MoKa3aTes OXKapOB3PbIBOONACHOCTH BO MHOTHX CTpa-
Hax SABJISIETCA €r0 IPUMEHEHNE B KAYECTBE KPUTEPHS IIPU
JICJICHUH BOCIUIAMCHSIFOILMXCS YKUJIKOCTEH Ha JIETKOBOC-
wiamenstitonecs (JIBX) u roproune (I'K). 3naueHue
TEMIICPATYPbI BCHBIIIKU UCIIOJIB3YCTCA IMTPU OIIPCACIIC-
HUY KaTeropuid MOMEIEeHHH 110 B3pbIBOIIOKAPHOH U 1O~
JKapHOi omacHOCTH. [Ipu oreHke moXapHOW OMacHo-
ctu B coorBercTBrr ¢ ['OCT 12.1.044—89 nomyckaercst
HCIIOJIb30BaTh KaK 3KCIIEPUMEHTaJIbHbIE, TAK U PACUeT-
Hble 3HAYEHHs TeMIIepaTyphl BCIBIIKU. MeTobl pac-
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Fig. 3. Correlation between flash point and exergy for alkanes
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Fig. 4. Correlation between upper (/) and lower (2) concentration
limits of flame propagation and exergy for alkanes
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Fig. 5. Correlation between upper (/) and lower (2) temperature
limits of flame propagation and exergy for alkanes

Tabnuua 2. opmMynbl AN pacyeTa nokasaTener noxapoB3pbiBOONACHOCTN ankaHoB
Table 2. Formulas for calculating fire and explosion ratio for alkanes

Ne ni/n Iloka3arens Dopmyna 115 pacyera R
1 | Temmeparypa Benpiks / Flash point T, (FP) = 112:10%¢? + 0,0407e, —178 0,990
2 | HKIIP / Lower concentration limit of flame propagation | HKIIP (LFL) = 3751,1 e;o’%g 0,950
3 BKIIP / Upper concentration limit of flame propagation | BKIIP (UFL) = 692,45 63’55] 0,988
4 | HTIIP / Lower temperature limit of flame propagation HTIIP (LTFL) = 119-10°® ef +0,0408e, —174 | 0,999
5 BTIIP / Upper temperature limit of flame propagation BTIIP (UTFL) = 159-10° ef +0,0494 ¢, -173 | 0,999

yeTa U MPOrHO3MPOBAHUS JAHHOTO TOKAa3aTess sBIsi-
I0TCSI IPEAMETOM COBPEMEHHBIX HCCIIEIOBAHU.

Hamu nnpoananusupoBaHa cBsi3b MEX/1y TEMIIEpaTy-
PO BCOBILIKH JIsI YTIIEBOJOPOOB PA3IMYHbBIX KJIacCOB
1 UX XUMHUYECKON sKceprueit. B wactHoctn, mis anka-
HOB JIaHHAas 3aBUCUMOCTD MIPUBEJEHA Ha puC. 3.

BaxxnbIM mokazaTesieM M0XapoB3PbIBOOTIACHOCTH
SIBJISIFOTCSI KOHIIEHTPAIIMOHHBIE TIPE/IEbl pacpocTpa-
HEHUs TJIAMEHU, OTPE/EISIEMbIE dKCIIEPUMEHTAIBHO
U pacueTHbIM IyTeM. MX cymecTBoBaHME SBJISETCS
(byHIIaMEeHTaILHBIM CBOMICTBOM TOPIOYMX cMeceid. Pac-
CMaTpHuBaeMbIid 1okaszarenb B coorBeTcTBUU ¢ ['OCT
12.1.044—-89 npuMEeHSIIOT MpU OTIPECIICHUH Pa3MEPOB
B3PBIBOOTIACHBIX 30H, pacUeTe U 000 CHOBAHHIH B3PHIBO-
OIIACHBIX KOHIIEHTPAlUii BEIIeCTB BHYTPU TEXHOJIOTU-
YECKOro 000pyYIOBaHUs, P ONPENEIEHUH KaTeropun
MTOMEILEHNUH 110 B3PBIBONOXKAPHON U MOXapHOMW orac-
HocTH. 3aBucumocTts HwkHero (HKIIP) u Bepxnero
(BKIIP) KOHIIEHTpallMOHHBIX MPEIENIOB pacnpocTpa-
HEHUS TVIAMEHHU OT YAEJIbHONW XMMHYECKOH HKCEPTruu
JUISL QJIKAHOB IPE/ICTaBJICHA Ha pHC. 4.

Enie onHUM BaXKHBIM TIOKa3aTeNIeM MOKapoB3PbIBO-
ONaCHOCTH BEUIECTB SIBISIFOTCS TEMIIEpaTypHBIE Mpe-
JIeJIbl pacpoCcTpaHeHus IlaMeHu. MIX yuuThIBatoOT Mpu

pacuere MmoKapoB3pHIBOOE30MACHBIX TEMIIEPaTyPHBIX
PeXHUMOB pabOTHl TEXHOJIOTHUECKOTO 000PYI0BaHUS;
[IPH OLICHKE aBapuil, CBA3aHHBIX C IPOJIMBOM T'OPIOYHX
1 JIETKOBO CTIJIAMEHSFOIIIUXCS KUIKOCTEH; TIPU pacueTe
BKIIP u HKIIP (I'OCT 12.1.044-89). 3aBucumMoCTh
Bepxuero (BTIIP) u umxuero (HTIIP) TemmepaTypHbIx
IIPEJICJIOB PAcIIPOCTPAHECHHUS INTAMEHH OT YACTbHON XH-
MHUYECKOH DKCEPTHH [UTs aJIKaHOB TIPHBEICHA Ha PUC. 5.

B ta6in. 2 mpencrasieHsl GopMyIibl, TIOTY4YESHHbIE
JUISL pacyeTa IrokasaTeliel M0KapoB3PBIBOONIACHOCTH
BEIIECTB — KOMITOHEHTOB JXKHIKUX M T'a3000pa3HBIX
TOILITUB, TPUMEHSAEMBIX M TIPEPEBO3UMBIX Ha )KEJIE3HO-
JOPO’KHOM TPaHCIIOPTE.

BcenenctBue pacmmpenns CriekTpa 00paIiaronixces
BEIIECTB U MaTepHasiOB DKCIIEPUMEHTAIILHOE OIpeie-
JICHNE TIOKa3aTele MOXKapOB3PBIBOOIIACHOCTH YacTO
3aTpyAHUTENILHO, TOITOMY UCIIONIB3YIOT PACUETHBIE M-
TOJIbI MX onpeieneHus. HailieHbl 3aBUCUMOCTH MEKTY
XUMHUYECKOHN SKCEPTUeH U MOKa3aTes MU MOKapOB3PhI-
BOOIIACHOCTHU BemiecTB. KpoMe Toro, BBISIBJICHBI Mpe-
MMYIIECTBA UCIIOIB30BAHUS IKCEPrETUIECKOTO METO/IA
aHaJN3a, BKIIIOYAIOIINE aCTIEKTH 00CCIICUCHUS TIOJKaP-
HoOIi 6e3omacHocTH (puc. 6).
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IloBbleHHE
KayecTBa aHaJIN3a
Better analysis
and design

IloBblIeHNE
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[loBbirenue
YCTOWYHMBOCTHU pa3BUTHSA

Better sustainability

[ToBbiIeHne
3P PEKTUBHOCTH
Better efficiency

OKCEPI'A
EXERGY

OGecnieueHne
MOKapHOH 6e30macHOCTH

Fire safety protection

VBenuueHue
HCIIONIb30BAHUS PECYPCOB
Better resource use

TToBBIIICHHE DKOHOMU-
yeckoi 3 (HEeKTUBHOCTH
Better cost effectiveness

ViydiieHue coCTOSHUS
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Better enviroment

Puc. 6. [Ipenmy1ecTBa HCMOIB30BaHKA dKCEpreTHaeckoro Meroaa anammsa / Fig. 6. Using the exergy analysis for fire safety

3akio4yeHue

IIpenmnaraembiii sKcepreTHYECKUA MOAXO TTO3BOJISIET
KOMIDIEKCHO PAacCMaTpHUBATh BOIIPOCKI SHEPTOIKOIOTHIC-
CKOM 3((EKTUBHOCTH U TIOYKAPHOM OMTACHOCTH I'PY30BbIX
MEPEBO30K JKEJIE3HOIOPOKHBIM TpaHCIopToM. Kpome
TOTO, OH JIACT BO3MOYKHOCTD BBISIBUTH CBSI3H TEPMOJIMHA-
MHYCCKUX XapaKTEPUCTHK C TEXHUKO-3KOHOMHYECKAMH,
JKOJIOTHYECKAMH TI0Ka3aTeIISIMU U TIPOBECTH OICHKY T10-
YKapOB3PBIBOOIIACHOCTH OOPAIIIAOIINXCSI HA KEJIE3HOIO0-
POKHOM TPAHCTIIOPTE BEIIECTB U MATEPUAJIOB.

Hcnionb30BaHUE IKCEPreTHYECKOTO MOIX0/1a OTIpe-
JEeNSIeTCS er0 YHUBEPCATHHOCTHIO W BO3MOKHOCTBIO
MIPEOIOJICHUS] METOJIOJIOTHUECKHUX MPOOJIeM PH HEOO-
XOOMMOCTH y9eTa Pa3IndHBIX MOKa3aTee B eInHON
cHucTeMe.

[NomyueHHbIC 3aBHCUMOCTH MO3BOJISIOT PAHKHPO-
BaTh 00PAIIAIOIINECs Ha KEeJIe3HOJOPOKHOM TPAHCIIOP-
TE BEIECTBA TOIUIMBHO-IHEPIreTHYECKOrO Ha3HAYCHHS
0 MOKa3aTelsiM UX dHepreTH4eckoil 3 peKTHBHOCTH
U TI0>KapHOMU OIaCHOCTH.
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ABSTRACT

Introduction. One of the main trends in the sustainable development of the national economy is an in-
crease in the energy efficiency of processes and industries, fire and industrial safety, rational use of
natural resources, and reduction of negative man-made impact. A method for improving energy
efficiency and predictive reliability is exergy analysis. However, it is not enough specified for fire
safety.

Theoretical basis. Exergy is a thermodynamic concept, used for many years within engineering
analysis of chemical and mechanical processes and systems. In modern science the concept of exergy
is associated with efficiency, economy, and environmental feasibility. However, exergy analysis is
practically does not affect issues related to fire safety.

Result and discussion. Consider the possibility of using an exergy approach to assess the fire
danger of rail transport. At first we establish relationships between thermodynamic characteristics
and fire and explosion hazard ratio. The objects of research are hydrocarbons, which are the main
components of liquid and gaseous fuels.

Exergy is considered as one of the conditions for the occurrence of a fire.

We have determined the dependencies between the specific chemical exergy and the fire and
explosion hazard ratio of substances for railway transport. Specific chemical exergy was found from
literature sources.

Lower heat of combustion, flash point, temperature limits of flame propagation, concentration
limits of flame propagation parameters were considered. Formulas for calculation are proposed.
The correlation of determination R* was calculated (from 0.950 to 0.999).

Using the exergy method of analysis has some preference for fire safety.

Conclusions. The offered approach allows to consider in a complex way the questions of
energy-ecological efficiency and fire danger of cargo transportations of a railway transportation.
It also makes it possible to identify the links between thermodynamic characteristics and technical,
economic and environmental indicators and to assess the fire and explosion hazard of substances and
materials for railway transport. The obtained dependences allow to rank substances of fuel and energy
purpose in terms of their energy efficiency and fire hazard.

Keywords: exergy; railway transport; fuel; energy-ecological efficiency; fire danger; LHV; flash point;
concentration limits of flame propagation; temperature limits of flame propagation.

REFERENCES

1. Information and technical reference for best available technology. ITS 48—-2017. Energy efficiency im-
provement during economic and/or other activities (in Russian). Available at: http://docs.cntd.ru/
document/456096365 (Accessed 6 June 2018).

2. Szargut J., Petela R. Eksergiya [Exergy]. Moscow, Energiya Publ., 1968. 280 p. (in Russian).

3. Popov V. G., Borovkov Yu. N., Sukhov F. I. Assessment of energy and environmental efficiency. Mir
transporta | World of Transport and Transportation, 2012, vol. 10, no. 3, pp. 96-101 (in Russian).

4. Brodyanskiy V. M. Eksergeticheskiy metod termodinamicheskogo analiza [Exergy method of thermo-
dynamic analysis]. Moscow, Energiya Publ., 1973. 296 p. (in Russian).

5. Energy strategy of the Russian Railways Holding for the period up to 2015 and for the future up to 2030.
Directive of the Russian Railways Holding on 15.12.2011 No. 2718r. Moscow. 2011. 96 p. (in Russian).
Auvailable at: http://rzd-expo.ru/doc/Energ_Strateg new.pdf (Accessed 6 June 2018).

6. Elizariev A. N., Yusupov T. R., Elizarieva E. N. Oil spills forecasting in rail accidents. Bjulleten’
rezul tatov nauchnyh issledovanij / Results of Scientific Research Work, 2016, no. 3-4(20-21),
pp. 28-35 (in Russian). Available at: https://cyberleninka.ru/article/n/prognozirovanie-razlivov-
nefteproduktov-pri-zheleznodorozhnyh-avariyah (Accessed 20 June 2018).

7. Seckin C., Sciubba E., Bayulken A. R. Extended exergy analysis of Turkish transportation sector.
Journal of Cleaner Production, 2013, vol. 47, pp. 422-436. DOI: 10.1016/].jclepro.2012.07.008.

8. Byers E. A., Gasparatos A., Serrenho A. C. A framework for the exergy analysis of future transport
pathways: Application for the United Kingdom transport system 2010-2050. Energy, 2015, vol. 88,
pp. 849-862. DOI: 10.1016/j.energy.2015.07.021.

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8 m



- BE3OMNACHOCTb BEWECTB W MATEPUANOB

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

Motasemi F., Afzal M. T., Salema A. A., Moghavvemi M., Shekarchian M., Zarifi F., Mohsin R. Energy
and exergy utilization efficiencies and emission performance of Canadian transportation sector,
1990-2035. Energy, 2014, vol. 64, pp. 355-366. DOI: 10.1016/j.energy.2013.09.064.

Zhang M., Li G.,, Mu H. L., Ning Y. D. Energy and exergy efficiencies in the Chinese transportation
sector, 1980-2009. Energy, 2011, vol. 3, issue 2, pp. 770-776. DOI: 10.1016/].energy.2010.12.044.
Federici M., Ulgiati S., Basosi R. A thermodynamic, environmental and material flow analysis of
the Italian highway and railway transport systems. Energy, 2008, vol. 3, issue 5, pp. 760—775. DOI:
10.1016/j.energy.2008.01.010.

Lior N., Sarmiento-Darkin W., Al-Sharqawi H. S. The exergy fields in transport processes: Their calcu-
lation and use. Energy, 2006, vol. 3, issue 3, pp. 553-578. DOI: 10.1016/j.energy.2005.05.009.
Zarifi F.,Mahlia T. M. 1., Motasemi F., Shekarchian M., Moghavvemi M. Current and future energy and
exergy efficiencies in the Iran’s transportation sector. Energy Conversion and Management, 2013,
vol. 74, pp. 24-34. DOI: 10.1016/j.enconman.2013.04.041.

Kiselev Ya. S., Khoroshilov O. A. Standard and scientific approaches to the determination of combus-
tion appearance conditions. Pozharovzryvobezopasnost | Fire and Explosion Safety, 2004, vol. 13,
no. 6, pp. 45-52 (in Russian).

Zhang Y., Wang Q., Li B, Li H., Zhao W. Is there a general relationship between the exergy and HHV
forrice residues? Renewable Energy, 2018, vol. 117, pp.37-45.DOI: 10.1016/j.renene.2017.10.022.
Huang Y. W., Chen M. Q., Li Q. H., Xing W. A critical evaluation on chemical exergy and its correla-
tion with high heating value for single and multi-component typical plastic wastes. Energy, 2018,
vol. 156, pp. 548-554. DOI: 10.1016/].energy.2018.05.116.

Korolchenko A. Ya., Korolchenko D. A. Pozharovzryvoopasnost veshchestv i materialov i sredstva ikh
tusheniya: spravochnik. 2-e izd. [Fire and explosion hazard of substances and materials and their means
of fighting. Reference book. 2™ ed.]. Moscow, Pozhnauka Publ., 2004, part I, 713 p.; part II, 774 p.
(in Russian).

Szargut J., Morris D. R., Steward F. R. Exergy analysis of thermal, chemical and metallurgical pro-
cesses. New York, Hemisphere Publishing Corporation, 1988. 332 p.

Perry R. H., Chilton C. H. Chemical engineer’s handbook. 5" ed. New Y ork, McGraw-Hill, 1973. 1550 p.
AyresR. U., Ayres L. W., Martinas K. Exergy, waste accounting, and life-cycle analysis. Energy, 1998,
vol. 23, issue 5, pp. 355-363. DOI: 10.1016/S0360-5442(97)00076-5.

Alexeev S. G., Smirnov V. V., Barbin N. M. Flash point. Part I. Question history, definitions, and test
methods of determination. Pozharovzryvobezopasnost | Fire and Explosion Safety,2012,vol.21,no. 5,
pp. 3541 (in Russian).

For citation: Koroleva L. A., Khaydarov A. G., Ivakhnyuk G. K., Koval D. N. Exergistic approach
to estimation of energy-ecological efficiency and fire hazard of cargo transportation on railway
transport. Pozharovzryvobezopasnost / Fire and Explosion Safety, 2018, vol. 27, no. 7-8, pp. 43-52
(in Russian). DOI: 10.18322/PVB.2018.27.07-08.43-52.

E MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8



MATEMATUYECKOE MOAEAMPOBAHWE, YNCAEHHBIE METOABI U KOMNAEKCbHI NPOITPAMM

H. I. TONOMbCKUI, a-p TexH. HayK, Npodeccop, 3acyXeHHbIN fesTens

Hayku P@, npodeccop kadenpbl MHHDOPMAaLMOHHbBIX TeXHONOrMM, Akagemms

[MC MYC Poccunm (Poccms, 129366, r. Mocksa, yn. bopuca lanylikuHa, 4;

e-mail: ntopolskii@mail.ru)

A. B. KPFOYKOB, kaHf. TexH. HayK, JOUeHT Kacheapbl KOMMIeKCHon Ge3onacHoCTn
KPUTUYECKM BaXKHbIX OObEKTOB, POCCMNCKMI FOCYAapCTBEHHBIN YHUBEPCUTET HedTU
1 rasa (HaumMoHanbHbINA UCCeaoBaTENbCKUIA YHBEPCUTET) M. W. M. Tybku1Ha
(Poccms, 119991, r. Mocksa, JleHnHckmn npocn., A. 65, kopr. 1; e-mail: kruchkov.a@gubkin.ru)
K. A. MUXAWJIOB, a0 bIOHKT hakynbTeTa NoLroTOBKU Hay4HO-MNefarornyeckmnx
kagpos, kadenpa MHHDOPMALMOHHBIX TexHonornn, Akagemus MMC MYC Poccum
(Poccus, 129366, r. MockBsa, yn. bopwca FanywkuHa, 4; e-mail: mihkir.94@mail.ru)

HIYEH TYAH AHb, kanf. TexH. HayK, 1.0. HadanbHKKa dakynbTeta, NHCTUTYT
noxapHow 6e3onacHocT MunHMCTepCTBa 00LLIECTBEHHOW Ge30MacHOCTU BbeTHama
(BbeTHam, 100000, r. XaHow, yn. XyaT 3yn TbeH, 243; e-mail: tuan_moskva@mail.ru)

YK 614.849:004.42

MOJAEJIb OLUEHKWU BJINAHUA YEJTOBEKA

HA YCTOMYMBOCTb CMELUAJNIBHOIO NMPOrPAMMHOIO
OBECMNEYEHNA ABTOMATN3NPOBAHHbIX CNCTEM
NMO>XAPOB3PbIBOBE3OIMNACHOCTHA

MpoaHanu3poBaHa posib YenoBeka (MporpaMMm1cTa) B nMpouecce aKCnnyaTaumm 1 cuHTesa cneuu-
anbHOro MpPorpamMmHoro obecneyeHus aBTOMaTM3UPOBaHHbIX CUCTEM MOXKapoB3pPbIBOOE30MacHOCTH
(CMO ACIMBB). PaccMoTpeHa Mofesb OLEHKN BINAHMA YenoBeka (MporpaMMmcTa) Ha yCTonYMBOCTb
CNO ACIMBE HedTenepepabaTbiBaloLWMX NMPON3BOACTB Ha NpUMepPe eANHUYHON NPOrPaMMHOM CUCTe-
Mbl (EMC). Moka3aHo, YTo BNvsHMe nporpaMmmumcta Ha ENC ACMBB 3agaetcsi BEKTOPOM nepeydmncrieHms
BHELUHeW, KOHLEenTyallbHOM 1 BHYTPEHHeN CXeM AaHHbIX 1 PopMasi30BaHO MyTem BbiBoda 0OLLeN
dyHKUMKM BAMsSHKA YenoBeka Ha CIMO ACTIBB Yepe3 Tpyao3atpaTel Ha peanu3aumio. CaenaH BbIBOA,
4TO BNNSIHWE YenoBeKka Ha yctomymnsocTb CMO ACMBE He 3aBUCUT OT KONMYECTBA UCMOMb3yeMblX efu-
HWYHBIX MPOrPaMMHbIX CUCTEM.

KntoueBble cnoBa: creuyanbHoe nNporpaMmHoe obecrneyeHve; aBTOMaTM3NPOBaHHas cucTema no-
>KapoB3pbIBOOE30NAaCHOCTU; edMHNYHAs NMporpaMMHas cuctema; HedrenepepabatbiBatoLe npep-

NpUATUS; 0OBEKTHO-0PUEHTUPOBAHHOE NPOrPaMMUPOBAHME.

DOI: 10.18322/PVB.2018.27.07-08.53-59

BBepeHune

Hedrerasosrit KoMIuIeKe HIpaeT KITFOUEBYIO POITH B 9KO-
Homuke Poccutickoit denepannn. Ero Bkiaa B 9KOHO-
MuKy ctpabl B 2017 1. coctaBui okoio 20 % BajgoBoro
BHYTpPEHHETOo NponykTa, S0 % 10X010B (heaepanbHOro
Oromkera, 67 % odbema skcropra. B To ke Bpems mo-
JKapbl U B3PBIBBI OBIIIH M OCTAIOTCS OJJHOI U3 Hanbonee
OIaCHBIX YIpo3 Npu padote HedTenepepadaTbBAIOIINX
npeanpustuii (HIIT). s nx mpenoTeparieHus, cBoe-
BPCMEHHOTO OOHAPYKCHUS U JTOKAIN3AIIH UCTIONb3Y-
I0TCs pa3iuyHbie crocoObl. Hanbonee s dhekrnBHBIM
CpPEIICTBOM OCTACTCSI MPUMEHEHHE aBTOMATH3NPOBAHHBIX
cucteM roxkaposspeiBodesomnacHoctu (ACIIBB) [1, 2].
WX cocTaBHOI YacThlo, paboTa KOTOPOH HANOOIBIIUM
obpaszom BnmsieT Ha ycnemHocTh paborst ACIIBB B
1eJioM, sIBiisieTcst porpammuoe obecrieuenue (110).
BHyTpH 1aHHOTO 00BEKTa 0CO00 BBIACISETCS CIICIIUAITH-
Hoe [10 (CI1O), noj KOTOpbIM NPUHATO IOHUMATh ITPO-
rpaMMBbI, pa3BOpauYNBaEMbIC HA AaBTOMATH3HPOBAHHBIX

pabounx mectax (APM) oneparopoB ACIIBB. CI1O BbI-
MOJTHACT YacTh QPyHKIUH oneparopoB ACIIBbB B aBTo-
MATHU3UPOBAaHHOM DPEXHME M O0ECIEUMBAET IITATHOE
(yHKIMOHMPOBAHNE €€ OCHOBHEIX moacucTeM. [loato-
MY OT TOT'0, HACKOJIBKO HaJIe)KHOI 1 yCTOWYMBOMN OyaeT
paboTa CHenuansbHOTO MPOTPAMMHOTO 00ECIICUCHHS
BHyTpu ACIIBB, 3aBHCHT HAaIG)KHOCT M YCTOMYHBOCTH
ACTIBB HIIII B nienom.

Lenpro HacToOsIIEH paOOTHI SBJISIETCS OIICHKA BITUS-
HUSI 9eJI0BeKa (IPOTrpaMMHICTa) Ha yCTOWIMBOCTH CIIe-
IIIAJIFHOTO ITPOTPAMMHOTO 00€CIICUeHHST aBTOMATH3H-
POBaHHBIX CHCTEM T0XkKapoB3pbiBoOe3omacHocTH HITIT.
s mOCTIDKeHNs ATOH ey OBUIH MTOCTABJICHBI U pe-
LIEHBI CJITYIOLIME 3a/1a4u: aHaJIN3 POJIM YesloBeka (IIpo-
rpaMMUCTa) B IPOLIECCEe CUHTE3a U KCIUTyaTalll1 CIie-
[aJpHOTO MporpammHoro odecrniedenust ACITIBB HIIIT;
pa3paboTka MOIENH OICHKHM BIHSHHUS YeIOBEKa Ha
yeroitanBocTh CI1O ACIIBB HedrenepepadaTpiBaronmx
IIPOU3BOACTB.

© Tononvckuii H. I, Kpiouxos A. B., Muxaunos K. A., Heyen Tyan Anv, 2018
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TeopequeCKme OCHOBbI

[Tpu cunTese nporpamm CI1O B aBTOMaTH3NpPOBAH-
HOM cucreme ynpaBieHHs TEXHOIOTMUECKUMHU IIPOoLiec-
camu (ACYTII), cocTaBHOM YaCTHIO KOTOPOU SIBIISIETCSI
ACIIBB [1, 2], HeoOxomuMo 3a1eicTBOBaTh OOJIBIIOE
YHUCJIO TEXHUYECKUX CIIELUAINCTOB B 00JIACTH pa3pa-
6otku CIIO. Kpome Toro, B CHily MOCTOSHHBIX U3Me-
HEHU B IpaBUiIax U MOPSAKE SKCILTyaTalli TOTO UITH
unoro obopynosanus HIIII B CIIO ciexyeT nepuoau-
YEeCKU BHOCUTb U3MEHEHUS. 3a4acTyI0 /Ul OTACIbHBIX
gacteit CI10 ACIIBB (BBuy MacmTaOHOCTH JAHHOTO
poeKTa) HeoOX0JMMO TIPOBOJUTH CHHTE3 Ha WH(OP-
MAIMOHHBIX TEXHOJIOTUSAX, MPUHIUIBI padOTHl KOTO-
PBIX OTIIMYAFOTCSI OT MPUHIIMTIOB ICHCTBUS yiKe pado-
taromero CITIO [3-5]. DTo npuUBOAUT K HaApPYIICHHUIO
ycroitunBocT padotsl CI1O kak Ha oTaenbHBIX APM,
tak 1 B ACIIBbB B nenom. Takne nposiBIeHUS CBSI3aHbBI
IpeKIIe BCETO ¢ YeloBeUYeCKnM (akTopoM. Brmsane
YyeJIOBEKa Ha IPOLIECCHl CUHTE3a U MOAEPHU3ALUM He-
00XOIMMO TIPaBHIIFHO OLEHHUTH, IO3TOMY CIIEAYET I0-
CTPOUTH MOJIENIb OLIEHKH BiIMsIHUA denoBeka Ha CIIO
ACIIBb.

s noctpoenust mozesu Oyziem cuutarh, uto CI10
ACIIBB cocTouT U3 MHOKECTBA OIMHAKOBBIX 110 CTPYK-
Type IIEMEHTOB — SIUHUYHBIX IPOTPAMMHBIX CHCTEM
(ETIC). Kakast 13 HUX BBIMOIHSET POJIb MPOrPAMMHOM
obomoukn Ha APM omneparopa ACIIBb. Paccmorpum
MOCTpOeHNE CcKoMOn Monenu aist ogHoi EITC.

CornacHo [6] Mozienh peanu3aiuy IporpaMM C To-
MOIIIBIO SI3BIKA BEICOKOTO YPOBHS MOXKET OBITH CBEJICHA
K CXeMe, ITPeJICTaBIeHHOM Ha pucyHke. CxeMa BKJIoya-
eT 1Ba 6110Ka, csi3annsbie ¢ EI1C, peanu3yromeid hyHK-
U 00pabOTKU TaHHBIX KOHKPETHOU NPeAMETHOH 00-
nactu. I[lepBblil OJIOK OTHOCUTCS K MOJENH JaHHBIX

Monenb TaHHBIX
MpeIMeTHO# obmacTn

Subject domain
data model

MPEIMETHOM 00JIaCTH, BTOPO — K TIporpamMmam odpa-
OOTKH JaHHBIX.

Mojenb TaHHBIX MPEJAMETHOM 00IacTH BKIIFOUAET
B ceOsl TPH IPEIICTABICHNUS: BHEIIHEE, KOHIIENTYaTbHOE
W BHYTpPEHHEE, a MOJIeJIb ITPOrpaMM (TOUHEe CKa3aTh
nporpammel CITO ACIIBB, Ttak kak 0 Mojaemnsx mpo-
rpaMM TOBOPHUTH HE MPUHSITO) COACPKHUT OTPaKCHUE
TpeOoBaHMIi CLIEIINATMCTOB (CM. PUCYHOK): olleparopa,
3aKa34ymKa (TEXHHYIECKOTO MUCATENs, TPOSKTHPOBIIH-
Ka), KOAUPOBINMKA (IIPOTPaMMHUCTA), TECTUPOBIIHKA,
CICHANNCTA B 00J1acTH OE30MaCHOCTH JAHHBIX U TIPO-
rpamm. [ToMnmo HUX, B JTaHHOM OJIOKE MOTYT OBITH CO-
Opanbl TpeOoBaHUs K (QYHKIHSIM APYTUX pOJieH ydacT-
HukoB mnpouecca cuareza CIIO ACIIBbB B cootBerct-
BUU C IIPEAJIaraeMoil HIHe MOJIENbIO TEXHOJIOTHYECKOI
3pernoctu opranuzanuii [7] wim Capability Maturity
Model (CMM) [8, 9].

OO0111ee YKCII0 poJieii yYaCTHUKOB IPOIIecca CHHTE3a
CITO B CMM [7-9] 00b1uHO O0sb11e. OTHAKO B HAIIIEM
CITydae YUCIIO POJIeH YIaCTHUKOB 3HAYCHUS HE UMEET,
TaK Kak B pacCMaTPHBAEMbIX B CTaThe MOJCISIX OymeT
MEHSTBCS JIUIIb PAa3MEPHOCTH COOTBETCTBYIOIITIX MHO-
JKECTB.

Monens mpounecca cunteza CIIO ACIIBbB B tep-
MHUHAX PEIIHOHHON anreOphl IJIsl MPUBEICHHOTO Ha
PUCYHKE OTOOpaXCHHSI MOXET OBITh MaTeMaTHYeCKH
MPEJCTaBIICHA B BUJIE CYNIEPIIO3UIIMH IBYX MHOYKECTB.
B ux cocTaB JOMKHBI BXOIHWTH OMPEACISIONINE X
MPEJCTABICHUS, KaXkKI0€ U3 KOTOPBIX SBISIETCS CIIOXK-
HBIM MHO’KECTBOM, COCTOSIIIUM U3 HECKOIBKHX yPOB-
Hel uepapxuu. PaccmarpuBast mociaeaoBaTebHO Kaxk-
IYIO U3 JIBYX TPYII MPEICTABICHUMN, BXOISIINX B MO-
nens cuaTteza CIIO ACIIBB, moxHO momTy4YuTh ABE
rpynbl O1u3KuX 1o popme popmyit asist GyHKLKN BIU-

Mopens nporpamm
00paboTKH JaHHBIX

Data processing
software model

Bremmnsis BuyTpennss

External Internal

KonnenryanpHas

Omneparop
(HOCHTEIb MHPOPMALIH
0 MPEAMETHOH 00J1acTH)

Operator (carrier
of information about

TectupoBimk
Software tester

Crenuanuct

Conceptual

the subject domain) 1o 6€301MacHOCTH
HHPOPMAIHU
Information security
3axazumk specialist

(TEeXHUYECKUH MUcaTeIb

U IPOEKTUPOBIIIHKK)

Komuposmimk
Coder

Customer (technical
writer and designer)

Cxema 0ToOpaXkeHHs IPEAMETHOH 00JIaCTH Ha €IMHNYHON MPOTPaMMHON CHCTEME

Diagram of displaying the subject domain on single program system
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STHUS 9eNoBeka. Pa3HUIa MeX 1y HUMH OyZIeT TONBKO B
YHICIIC HCIIONB3YEMBIX B MOJIEISIX TpeacTaBneHuid. [1o-
ATOMY PAacCCMOTPHUM TOJIBKO MPEICTABICHUSI U (HOPMY-
JIBI B MOJIENU TaHHBIX TPEAMETHOH 001acTi. @OpMyITbl
MOJIETIH IPOrPaMM MOTYT OBITh BBIBEACHBI aHAIOTHY-
HBIM 00pa3oMm.

Jist Momenu mpeaMeTHON 00IacTH yKa3aHHBIC Ha
PUCYHKE IMPEJICTABICHUS SBIAIOTCA CTPYKTYPUPOBAH-
HBIMU MHOKecTBaMH. OHU COJepIKaT BIOKEHHBIE OIHU-
caHus 00BEKTOB PEJAMETHOM 00JIACTH Ha A3bIKE KOHK-
peTHOW TpeAMETHON 00JacTH W ONpeaeNeHUs HUX
CBs3el MeXAy co0o0il U ¢ OKpykaroImuM Mupom. Pac-
CMOTPHUM BBIPKEHUE 3TOTO B3aMMOJACHCTBUS B (Hop-
MyJax:

Ve = {Rog s Reg™ 13 M
Viyp = {Rys' ™", Rey” ™ 2)
VKOHLl = {R:(;)HH’ R;OHH }> (3)
1€ Voo Vanyrps Vionn — MPEACTABICHHS, COOTBETCT-

BYIOIIHNE MEPEUYHNCICHHBIM Ha PUCYHKE THUTIAM MO-
JIeeH JaHHBIX;

RE™, REY™, RZ™ — MHOXKECTBO OOBEKTOB B
IPEICTABICHHSIX;
R, REP™ R™ — MHOXKECTBO CBs3ed B

HPEJCTaBICHHAX.
B 10 xe Bpems Kax[oe U3 MHOKECTB Rz MR,
(Rog s R, RE™) B dopmynax (1)—(3) mosxer

OBITH IPEACTABICHO (hOPMYITAMU:
R06 = {013 027 LRES) On}) (4)

RCB: {(0119 0129 Tl)) (0219 0229 TZ)) LREEY (Onla 0}127 ]-;1)}) (5)

rne O, O,, ..., 0,, 0,1, O, (i=1,2, ..., n) — 00beK-
ThI R g
1), T,, ..., T,,— Tumsl cBs3ei (OTHOLIEHUS ) MEXKIY

obowsextamu O, O,,.

CorracHO HIIEOJOTHH OOBEKTHO-OPHEHTHPOBAH-
Horo niporpammupoBanwsi [ 10, 11] ykazanssie B (4) 00b-
eKTHI COZEPIKaT MHOXKECTBA CBOWCTB, METOIOB U CO-
ObIThii. Kaxxmoe n3 HUX MOKET B CBOIO OYepeAb MPe-
CTaBISITh COOOH Kak OOBEKT, TAK U EPEBO OOBEKTOB.
Ha 6a3e muoxectB (1)—(3) HEOOXOAMMO OMpPENETUTH
OJIHY WJTH HECKOJIBKO (DYHKIIMH, HCCIIE0BaHHE KOTOPBIX
JIaCT MHCTPYMEHT JUIsl OIIpEe/IeNIEHHs] KOJINYECTBEHHOM
OLICHKU BIIMSIHUS UeJIoBeka Ha mpouecc cuntesa CI10.

C 3T0i1 11eN1b10, KCXO/Is M3 TOTO YTO JIIs TOTYYSHHSI
3aKOHYCHHOM MOJENH MpeIMETHON 00JacTh HEeoOXo-
AMMa CYNEPHO3ULHS HPEACTABICHUI Viyyew, Viyyrps
Vomp PACCMOTPUM IIOCNIENOBATENILHOE OTOOpaKEeHHE
ux Jpyr Ha fpyra. Takoll Honxo/ 1acT HaM CIIEAYIOLLY O

rpyniy Gopmyir:

Vionn = Jrona (Vewew); (6)
VBHyTp :_f};HyTp ( VKOHLI) 5 (7)
Vouyrp :fBHyTp (from (Vasem)), 3

TI€ from Sonyrp — QYHKUMN Npe0OpasoBaHus BHELI-
HEll MOIeNu B KOHICTITYaTbHYIO M KOHICTITYalIhb-
HOI MOZIETH BO BHYTPECHHIOIO.

Takum oOpazom, cynepriozuiiust MHOKeCTB (1)—(3)

C y4eTOM MPUBEICHHBIX BBIIIE PACCYKIECHUH, ONMCaH-

HBIX B (6)—(8), OyneT BBIVISAETh KaK MpeAcTaBlIcHUE

W, (obuiee mpencTaBaeHne MOJENH IAHHBIX):

W;L :fBHyTp (ﬁcouu (VBHem))- (9)

B nomyuenHnoii cynepnosuuuu V., — aprymeHt
npencrapienus . B (9) nomyuen apryment 1uis GyHK-
MU BIUSHKA W, C TOMOIIBIO KOTOPOI'O CTENEHD BIIHS-
HUs Z; MOXET OBITh PACCYMTAHA KaK

Zy =W, (10)

e f, — QyHKIHsA, ONPEENIoNnas 3aBUCHMOCTb CTe-
HEHH BIUAHUA Z, OT GyHKUUU BausHus W,
OyHKINA-0000IICHUE C YIETOM CKa3aHHOTO MOYKET

OBITH OmpezecHa 00 KaK BEKTOP IEPEUHCICHUEM

CJICAYIOIINX CXEM JaHHBIX:

_ BHEII BHEII BHEII KOHIT KOHIT
Zy ={ZP 2 Y, 2O 2L an
KOHI[ BHYT| BHYT BH
ZM ’Zl YP’ZZYP"“’ZL YTP}’

m6o kak marpuia (cMm. Huke hopmyny (12)).

Bmmsiane uenoseka Ha cunare3 B EIIC ACIIBbB tpex
MojieTiel TaHHbIX 3a/1aHo B (11) BekTopom mepeuwnciie-
HHUsS: BHEIIHEH, KOHIENTYaJIbHOM U BHYTPEHHEH CXEM
JaHHBIX. TaK Kak KOJIMYECTBO KOMIIOHEHT, peaiu3y-
€MBIX Ha KaXKJOM U3 ATANOB allpHOPH, Pa3IUdHO, 00-
m1ast GyHKIMS BIUSTHUS MOJKET OBITh Peain30BaHa c mo-
MOIIBIO CYMMBI (CBEPTKH), OMPEACTSAIONIeH MOIHYIO
crernieHb BiusiHuS B (11).

[Tpu mepexone ot EIIC x CIIO, cocrosimiedd u3 k
EIIC, Ha ocHoBe (11) MokeT OBbITH TIOJTy4YeHA MaTpHUIla
CJIEYIOLIEro BUJA!

Z(l) BHEII Z(l) KOHI[ Z(l) BHYTpP Z(l) BHYTp

1 s 4 R seeen 4
ZI(Z) BHeLlI’ o ZI(Z) KOHLI’ e 21(2) BuyTp, o Z]EZ) BHYTpP (12)
Zl(k) BHCIII’ s Zl(k) KOHH’ s Zl(k) BHyTp’ e sz) BHYTp

OO6mas QyHKIus ZIEIkc) (UC — undopmanmoHHbIe
cucrtembl) Bnusinus yenoseka Ha CI1IO ACIIBbB (uepes
TpyIo3aTrparbl Ha peau3aIuio), cocrosmiei u3 k EI1C,
OTIpeNeNsieTCs CyMMHIPOBAaHHEM BCEX TPYIO3aTpar B MaT-

putie (12) cBepTKOil TaHHON MaTPHIIBL:

N M L
ZI(;C) _ Z ZiBHeIH + z ZiKOHH + Z ZiBHyTp. (13)
i=1 i=1 i=1

CHuxenue BnusiHUS cornacHo (13) moxeT goctu-
rarbCs 3a CYET COKpAIICHHS KOJMYECTBA JIEMEHTOB
Marpusl (N, M, L) unm yMeHbIIeHUs KO3PPHUIHEHTOB
TPYLOEMKOCTH B Kax 101 u3 cTpok. Hexoropsle 3Haue-
HUS 2JIEMEHTOB MaTpHiibl (12) MOryT oOpariarscsi B HOIb
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B CIIyJae, €CJIN IIEMEHT, KOTOPOMY OHH JIOJKHBI COOT-
BETCTBOBATH, YK€ Pa3paboTaH U MOKET HCIIOJIb30BaTh-
cs1 6€3 JIOTOJTHUTEIIBHBIX “YCHITHNA ™.

B [12] mpuBeneHs CX0HBIE MATEMATUYECKHE TIO-
crpoenust. OHH CBSI3aHbI C METOIAMU CHCTEMHOT'O aHAITH-
3a (mpoektrpoBanusi) [ 13, 14] v orleHKH 3P PEKTUBHOCTH
UH(OPMAIIMOHHBIX CHCTEM CETH CBSI3U C PaJUAIbHO-
KOJIBLIEBOM CTPYKTYPOU, KOTOpas IO CyTH HAIIOMUHAET
ctpykrypy CITO ACIIBB. Tem He MeHee OHU MOTYT OBbITh
WCIIOJIb30BAHBI JUIsSl TOCTPOCHHSI 0000IEHHOTO MOKa-
3areins d¢dexruBHoctu BausHus Ha CIIO (c. 31 [12])
JIIITH YaCTUYIHO. JTO CBS3aHO C TEM, YTO caM Mo cebe
nponecc curreda CI10 [15-20] cymiecTBeHHO OTIHYa-
€TCsI OT MPOIIECCa CO3MAHMSI CHCTEMEBI ITepeIad HHPOp-
MaIlHH.

ITomumo dhopmyin (12) u (13), 11st OLEHKH BIUSHHUS
MOKHO HCIIOJIB30BAaTh U JPYTHE METOMIBI, HATIPHMED IT0-
CTPOCHHUE HATrPY>KEHHOTO rpada U MOUCK IIyTH B HEM
METO/IaMH1 TeHETHUECKUX alropuTMOB [21-24]. B atom
ciydae B rpade HeoOxonumo OyeT HaTH OnTHMallb-
HBIH TyTh C ITOMOIIBIO MCIIOIB3YEMBIX BEKTOPOB II0O-
UCKa (XPOMOCOM), pa3Mep KOTOPBIX HE (PUKCHPOBAH.

3akJoyeHue

Taxum 06pazom, IOCTPOCHHUE MaTeMaTUYeCKOI MO-
JIeM OLIEHKH BJIMSHHS YeJlOBEKa Ha YCTOMYMBOCTH
CHEIHUAIBHOTO MPOTPaMMHOTO 00ecIieueHusi aBToMa-
THU3UPOBAHHBIX CHUCTEM MOXKApOB3PBIBOOE30MACHOCTH
[1, 2, 4, 19], ocHOBaHHOI Ha OTOOpPaKEHUU MPEICTAB-
JICHWI TaHHBIX, TIO3BOJISIET MOXYYUTh POPMYITY KOJIH-
YECTBEHHOHN OLIEHKH (DYHKIMH BIUSHUS YeJIOBEKa Ha
CIIO npu ero cunrese. [Ipy TOM KOTMYECTBO €AMHUY-
HBIX NporpaMMHbIX cucteM B ACIIBB s nosmyuen-
HBIX (OPMYII 3HAUCHUS He UMeeT. M3 HUX, B YaCTHOCTH,
CJIEJYET, UTO PELIEHNE BOIPOCA O CHUKEHUM BIUSHUS
yenoBeka Ha ycroiunBocts CI10O ACIIBb nexur B rmioc-
KOCTH YBEJIMYEHHUS KOJIMYECTBA MHOTOKPATHO HCIIOJIb-
3yEMBIX JIIEMEHTOB — 0a30BbIX JIEMEHTOB IIPOTPAMM
st cunte3a EIIC. CHukeHue BIUSHUS JTOCTUTAeTCs
TaK)Xe B TOM CJIydae, €CJIM TaKue JIEMEHTbI CO3/1al0TCS
otaenbHo oT cuHTe3a EINC Ha KOHKpeTHOM HHCTPYMEH-
TaJbHOM cpeJicTBe. BinsiHue uenoBeka Ha yCTOHYMBOCTD
B [IOCJIETHEM ClTyuyae pu cuHTe3e HoBbIX Bepcuil CI1O
ACITIBb st HOBBIX WH(OPMAIIMOHHBIX TEXHOJIOTUH
OyJeT 3HaYUTEIbHO HIKE.
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ABSTRACT

Introduction. The oil and gas industry plays a key role in the Russian economy. In this regard, it is
necessary to ensure the safety of facilities in this industry, in particular the fire safety of oil refineries.
Computer-aided fire-explosion safety systems play an important role in protecting objects and
detecting fires on them. At the same time, a key element in these systems is special software and the
success of the computer-aided fire-explosion safety system depends on it. Since the software is
developed and operated by a person, there is a scientific and technical problem, which is expressed in
determining the function of human influence on the special software of computer-aided fire-explosion
safety systems.

The work purpose is to assess the impact of human (programmer) on the stability of special
software for computer-aided fire-explosion safety systems of oil refineries.

Methods. The article presents a model of human impact assessment on the stability of special
software for computer-aided fire-explosion safety systems. The model is based on the methods of
system analysis and object-oriented programming.

Results. A mathematical model of human impact assessment on the stability of special software
for computer-aided fire-explosion safety systems is developed. This model allows us to obtain a for-
mula for quantitative evaluation of the function of human influence on special software in its synthesis.

Discussion. The article shows that the reduction of human (programmer) influence on the stability
of special software of computer-aided fire and explosion safety systems lies in the plane of increasing
the number of reusable elements — the basic elements of programs for the synthesis of single software
systems. The reduction of influence is also achieved if such elements are created separately from
the synthesis of single software systems on a particular tool.

Conclusions. The results obtained by the authors can be used to assess the impact of human
(programmer) on the stability of special software for computer-aided fire-explosion safety systems of
oil refineries. In the synthesis of single software systems it is necessary to repeatedly use the basic
elements of the programs. At the same time, the human impact on the stability in the synthesis of new
versions of special software for computer-aided fire-explosion safety systems will be significantly
lower.

Keywords: special software, computer-aided fire-explosion safety systems, single software system,
oil refineries, object oriented programming.
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METO4 KOJIMMECTBEHHOIO PACHETA
COBOKYIMNMHOIo ®AKTOPA BJINAHUA NMEPCOHAJIA

HA YCTONYMNBOCTb CNEUUAJIBHOIO MPOrPAMMHOIO

OBECMNEYEHNA ABTOMATMN3NPOBAHHbIX CUCTEM
NMO>XAPOB3PbIBOBE3OIMNACHOCTUA

MpoBefeH aHanM3 oCcobeHHOCTeN CO3AaHWUs U YHKUMOHMPOBAHNS CreumanbHOro NporpamMmMHOro
obecneveHns (CMO) B aBTOMATU3MPOBAHHBIX CUACTEMAax Moxapos3pbiBobesonacHocTn (ACMBB).
13y4eHbl 1 NpoaHanM3nMpoBaHbl 0COBEHHOCTM CMHTE3a CrelmanbHOro NporpaMMHoOro obecneyeHus
ans ACTBEB. MpuBeaeHbl 0CODEHHOCTI pa3aeneHns CNoXKHbIX MPOrPaMMHbIX MPOAYKTOB Ha eAnHUY-
Hble MpOorpaMMHble CUCTeMbI, @ TakXe McCieoBaHbl YCIOBUS NpOTeKaHMa mpouecca CMHTe3a npo-
rPaMMHBbIX MPOeKTOB. Moka3aHa HeoOXOAMMOCTb U Lenecoo0pa3HOCTb NMPUMEHEHUS METOLONIOMM
CTpaTernMyeckoro nnaHvpoBaHus Ans obecneyeHns 3PheKTUBHOW opraHm3aumm cuHtesa CMO u
obecneyeHns ero yCcTom4mMBoro yHKUMOHNPOBaHMS. MpefnoxXeH MeTo KOMMYECTBEHHOrO pacyeTa
COBOKYMHOro hakTopa BANSHNS nepcoHana Ha yctomymsoctb CMO ans ncnonb3oBaHWs B aBTOMaTU-
3MPOBaHHbIX CUCTEMAX MOXapOB3PbIBOOE30MACHOCTU B LiefsX 06ecneyeHns nx ycTonunsom paboTb.

KntoueBble cioBa: aBToMaT3aLmg; I'IO)KapOB?aprBO6e3OI'IaCHOCTb; cneymanbHoe nporpaMmMHoe obec-
ne4vyeHne; CMHTE3; 3KCMNepTHaa OleHKa, Heq)Tenepepa6aTb|Ba+ou_lee npon3BoaACTBO, MjlaHMPOBaHMe,

YCTOMYMBOCTb; MPOrpamMMMPOBaHME; TPYL03aTpaThl, TPYLOEMKOCTb.

DOI: 10.18322/PVB.2018.27.07-08.60-66

BBepeHune

Hayuno-Texaudeckuii nporpecc JUKTyeT BCE HOBBIE U
HOBBIC TPEOOBAHMUS K YCIOBUSIM U OCOOCHHOCTSIM pa-
0OTBI COBPEMEHHBIX TPOU3BOJICTB. TakK, yKe MOYTH MO~
BCEMECTHO ISl HX YCTOWYHBOI pabOTHl B COBPEMEH-
HBIX YCJIOBUSX HCIIONB3YIOTCS aBTOMATH3MPOBAHHBIC
CUCTEMBbI YIPAaBJIEHUs TEXHOJOTHMYECKUMHU IpoLecca-
mu (ACYTII), HEOThEMIIEMOI COCTABHOM YacThIO KO-
TOPBIX SBJSIETCS CHENUAIBHOE IIPOrpaMMHOE odecte-
yenue (CI1O) [1-3].

Hedrenepepabdarsiaronme npoussoactsa (HITIT) —
Ba)KHAs COCTAaBJISIONIAs COBPEMEHHOH HedTera3oBoit
npombiiuieHHOCTH. B coctaB ACYTII 311X 1pon3BOICTB
BXOJAT, IOMUMO IIPOUYEro, aBTOMATU3UPOBAHHbIE CUC-
TeMbl moxkapoB3peiBooe3onacHoctr (ACIIBE). Jlannbie
CUCTEMBI COCTOSAT M3 00ECTICYMBAOIIIX CUCTEM U (DYHK-
LIMOHAJILHBIX aBTOMAaTU3UPOBaHHBIX cucteM (AC) HuxKe-

© Bymysos C. IO., Kpioukos A. B., Camapun H. B., 2018

crosimero ypoBHs:: AC MpeqoTBpaIieHus] OXKapoB U
B3pBIBOB, AC mo>kapoB3pbIBo3anuThl, AC 00mero Ha-
3HayeHus [4].

Kak mpaBuito, ycroitamuBast paboTa MepedncICHHBIX
AC o0ecrieunBaeTcs B HACTOSIIIEE BPEMsI 32 CYET yCTOM-
yuBoii pabotel CI10, mosTomy cienyer ocodoe BHIMA-
HUE yAeTUTbh MeTojaM ero cunrtesa [1]. s KpymHbIxX
npeanpustuii cuaTe3 CI1IO ACIIBB nmpencrasmnser co-
0011 KpaifHe TPYyAHYIO W HEeTPUBHAIBHYIO 3amady [5].
VYuuteisas, uro CITO ACIIBB sBisieTcst CIIOKHBIM HH-
TEJUIEKTYaJIbHBIM MIPOAYKTOM, CIEAYET Pa3IeUTh €ro
Ha COCTaBHBIC YaCTH — CAMHUIHEIC TPOTPAMMHBIC CH-
crembl (EITIC) [3, 6]. EIIC nomxHBI BBIIOIHATE OTIpe-
nenennble pyHkuuu onepatopoB ACIIBb Ha aBTOMa-
THU3UPOBAHHBIX pabounx Mectax (APM) B OTAeNbHBIX
nomenienusx wim nexax HIII. ITpu atom ocoboe BHU-
MaHHe HEOOXOAMMO YIEIUTh MUHUMH3AINHA BIUSHHUS
nepcoHana u paspadorunkos Ha EIIC [7].
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OO0mwmx GpyHKIMOHABHBIX 33124 y EI1C Her, Tak kak
Ka)k7ast 13 HIX OTBEYACT 3a CBOH HEOOJBIIION yIaCTOK.
OHaKO HEOOXOIMMO 00ECTICYUTh (PYHKIIMOHAIBHOCTh
EIIC Takum o6pa3zom, 4TOOBI Bce OHHM 0OeCIIeunBaIl
ycToitunByto padoty ACIIBbB B 1iesiom, 0coOeHHO MpH
BO3HUKHOBEHHMH HEIITATHBIX CUTYaLUH.

IIpenoTBpamenne noxapos 1 B3psiBoB Ha HITIT —
coCTaBHasl 4acTh paboThl Bcex BMecTe B3ThiX EIIC B
CIIO ACIIBB. IToatomy HE0OX0AUMO 00ECIICUUTh TAKHE
yciioBus cunresa EIIC, koTopble 10o3BOJIAT 100UTHCS
HYKHOH yCTOHYHBOCTH B BX pabdote [§].

Lesbro HacTOALIEH CTAaThU ABJIAETCS OIUCAHUE IPEI-
JIaraéMoro KOJMYECTBEHHOI'O pacuera COBOKYITHOI'O
(hakTopa BIUsSHUS TiepcoHana Ha yctonuuBocts CI1O
ACIIBB. [locTikeHue MoCTaBIeHHOM 1ie)Ii 00ecIeun-
BaeTCs IyTeM OLEHKU Tpyno3arpar Ha cunre3 EIIC.
[Tosy4yeHHbIe OLIEHKH MOTYT OXapaKTepH30BaTh CTEIICHb
ycToitunBocTd Tor uinu nHoi EIIC k necTpykTuBHOMY
BJIMSIHMIO CIIELUAIMCTOB, €€ CHHTEe3upytomux. Kpome
TOr0, 3HAYMMOCTh MEPOIPHUATHIA TIO BBISBICHHUIO TPY-
nosarpar Ha cuHte3 EINIC mpeanmoxeHO ompenensartsb
C TIOMOIIBIO METO/IOB CTPATETHYECKOTO IMIIAaHUPOBAHUS
[9-11].

MeToabl nccnepoBaHuA

Tak xax EIIC mpencrasiser coboif mporpammy,
npoctas (opmyia I pacdeTa TpyA03aTpaT Py CHH-
T€3¢ MPOrPAMMHOTO MPOEKTa CAMHIUYHON MPOrpamMM-
Hoii cuctemsl (I1I1 ETIC) MoxeT BBIIVISACTH TaK:

Zo6m = Zc6rl + ZEI'IC > (1)

7€ Zg,, — 0O1me Tpyao3arparsl Ha peanusanuro I1I1

EIIC;

Z s — 3aTPaThl Ha peaIn3aIiio HHCTPYMECHTAPHS;

Zgpc — Tpynoszarpatsl Ha peanusanuto EIIC.

[Tox Tpyno3arparamu 371ech U 1anee OyaeM MOHUMATh
Oe3pasMepHbIC YCUITHSI, IPUIIOKEHHBIC TIPOTPaMMHUCTOM
P BBITTOJTHCHUH KaKOW-T100 9acTH paboThl. YCI0BuUS
IPOTEKAaHUsI IIPOLIECCa CHHTE3a IPOrPAaMMHOTO IPOEKTA
EIIC pnst mporpamMmucTa MOXKHO Pas/eiUTh HA TeX-
Hu4eckue u opranu3annonusie [12]. [Ipun n3menennn
TEXHUUYECKUX (HO HE OPraHM3alMOHHBIX) HAYaJIbHBIX
YCIIOBUIT TAaHHOTO TIpoIiecca (3aMeHa IIPOTPaMMIICTa, H3-
MECHEHHUE COCTaBa KOMaH/IbI IPOTPAMMUCTOB, HHCTPY-
MEHTaJILHOTO cpeacTBa npu peanuzauuu EIIC) uzme-
HATCS U Tpyno3arparsl [13]. Torna

ZéGm = Z;GH + Z;:nc’ 2

!

e Z, o6~ oOmme Tpyno3arparsl Ha peanusanuto 111
EIIC B HOBBIX yCIOBHSIX;
Z. s, — 3aTpaThl HA PEATHM3ALHIO IPYTOr0 HHCTPY-
MEHTapusi;
Ztnc — ApyrHe Tpyno3arparsl Ha peammsauuio EI1C

B HOBBIX YCJIOBUSX.

CpaBHenue Zpe M Zppe MOKa3bIBAET, 4TO
Zene = F (Zeon).- 3)

WHbIMU crioBamu, TpyA03aTparhl, HEOOXOAUMBIE JIs
cosnanus EIIC, 3aBUCAT OT TOT0, HACKOIBKO “XOpOILo”
ObUI HOCTPOEH HHCTPYMEHTapHi. JlaHHasI 3aBUCMOCTh
MOYKET He OBITh JTMHEHHOH U CKIIJABIBATbCA U3 MHOTHUX
(hakTOpOB MapaMeTpUYECKOro Xapakrepa. Bo Bcskom
cilydae Tpyao3arparsl B hopmyie (3) HanmpsiMyro 3aBH-
CSIT OT IMOJIHOTHI COCTABJICHHUS] YHUBEPCAIBHOTO HA00pa
aJeMeHTOB HHTepdeiica, aepeBa MHPOPMAITMOHHON
CXEMBI MPHIIOKEHUS U TPOPabOTKN MHCTPYMEHTAPHS
nporpammucTom [ 14].

Amnanms npocTbix popmy (1)—(3) 1 BX CMBICIOBOTO
COZIePIKaHNS TOKA3bIBACT, YTO €CIH Z g, U Zg, HE OTIIH-
YaroTCs JPYT OT JIPyTa WIN OTIINYA0TCS HE3HAUNTEIIb-
HO, TO pa3Huna Mexay Tpyao3arparamu Ha [IIT EIIC
Zosw ¥ Zegy, MOKET OBITH 3HAYMTETBHOM. [Tprunmoit
9TOMY MOJKET CITy>KHUTh HAJIMINE MHOXKECTBA TpeOOBa-
HUH 10 arpubyTamM MHOOPMAITMOHHOW €JMHUIIBI Xpa-
Henus (MEX) [3, 15], a Takxke OOJBIIOTO KOJHUECTBA
OTYETOB M JIAHHBIX B HUX, OOJIBIIOT0 00heMa pacueToB
Y JaHHBIX IPOMEXKYTOYHOTro aHanu3a. OHaKo Npu Ha-
JUYUU MHCTPYMEHTApHs MPOrpaMMHUCTa TPyHAo3arpa-
ThI ¥ Bpems peanuzanuu [111 ETIC HaunHaroT 3aBUCeTh
TOJBKO OT HMapameTpa Lgpc.

Paccmotpum Gortee reTanbHO IpoIiece CHHTE3a IMpo-
rpamMMucToM EIIC Ge3 ucrnonb3oBaHus yKa3aHHOTO HH-
crpymenTtapust. [Ipu pabote B CTyAHU IIPOTPaMMHOIO
MHCTPYMEHTAIBHOTO CPEICTBA TPOTPAMMHUCT MTPU KOJIU-
POBaHUH POTrPAaMMHOT0 00eCIIeUEeHHsI BBIHYKACH OIH-
CBIBaTh OOJIBIIIOE KOJIMYECTBO MEJIKUX CBOIMCTB U Tiepe-
HaCTpauBaTh (IIOJCTPaUBaTh) MHOKECTBO METOJIOB 00b-
€KTOB (KOMIIOHEHT) [2, 5]. [IponrocTpupoBaTh JaHHbIE
JIEHCTBHS MOYKHO KOHKPETHBIM YaCTHBIM PUMEPOM TIPH
peanu3ainuy NpUIoKeHHUs C UCTIOb30BaHIUEM CUCTEMBI
ynpasnenus 6azamu gaHubx (CYB/L). Omyctum Heko-
TOpBIC JICTATIM U COCPEIOTOYMMCS Ha YacCTH peasin3a-
IINH, CBSI3aHHOM C BBOJIOM M KOPPEKTHPOBKOM JAHHBIX B
ontHo u3 rrosedd [3]. st mpuMepa MOKHO B3SITh CTY/IHIO
pa3paboTKH OMHOTO W3 MHCTPYMEHTANBHBIX CPEICTB
Delphi nnu Visual Basic.

B 006oux cirydasx mocie onucanusi 6a3bl JaHHBIX
(B/1) B KOHCTPYKTOPE WIIH ITPOBOTHUKE, KOTIIA CTPYKTY-
pa uH(pOPMAITIH, OTPAHIHYCHHS U TPABHUIIA COPTHPOBKU
YK€ OIMCaHbl Ha dTane npoekruposanus b/l, npu pe-
aM3aluy CUCTEMbI BBOJIa TaHHBIX B b/ HeoOxoammo B
CTyIHH pa3paboTUHKa cO3/1aTh HEKYIO (pOpMy, II03BO-
JISIOLLYIO B MHTEPAKTUBHOM PEXXUME MAHUITYIUPOBATh
nanabeiMu B BJ1. [l aTOTO HE0OX0IMMO TIpH KItaccuye-
CKOM cItoco0e pa3paboTKu, IUPOKO OIHCHIBAEMOM B
TexXHU4YecKol suteparype [ 16, 17], momectuts Ha popmy
BBOjIa HECKOJIBKO (0T 20 10 100 B peanbubix EI1C) 00b-
€KTOB yIIpaBJIeHUs, cBA3aHHBIX ¢ nojasiMu bJ[. Ho 3to
TOJILKO BUJIUMast 4acTh aiicOepra. PeanbHo xe, mpexie
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YeM OIUCHIBATE CBSA3b KOHKPETHOTO 0OBEKTa BU3YaJH-
3aruu nHopMmaruu B rioie bJ] ¢ monem B/1 B ¢aitie Ha
JICKe, T peann3anuu cBsi3u ¢ b/ neooxomamumo [17]:

e YCTaHOBHTH coefuHeHue ¢ b/I;

e OTKPBITh CECCHIO;

e IIPOBECTH 3aIPOC IT0 0TOOPY COOTBETCTBYIOMICH UH-
(opmaruy;

e  YCTaHOBUTH (IJIsI IEPBHYHOTO BBOJA JAHHBIX B ITOJIE)
JIaHHBIE TI0 YMOITYaHHUIO;

e omnucarb 0OObEKTHI, CBSI3aHHBIE C peajn3aluei 1an-
HBIX (YHKIIWH, ISl BCero Hadopa MmoJiei u Jyis He-
KOTOPBIX M3 HUX OTACIBHO U T. 1.
be3 ctynuu 3Ta yacTh onepanuii BHITOJIHAETCS PU

MIOMOIITH oTepatopoB s3bika SQL. O0mmii 00beM Takoi

paboThl MOXKET OBITh OIEHEH 5—7 CTpOKaMH Koja Ha

oxHo none Tabiuibl b/ [16]. CnexyeT OTMETUTH, YTO

peanbnast EIIC cogepxut necsatku tabmui b/,
[IpenBapurenbHast paboTa, BBIMOIHsAEMAs IS pe-

anu3anuu Bpoae Obl mpocTod (DYHKIUU, CTAaHOBUTCS

uHorna ais nporpammucros B IIIT EINIC menpeononu-

MBIM MPEMSATCTBUEM, TOTOMY YTO HMJEOJOTHS HOBOTO

WHCTPYMEHTAJILHOTO Cpe/icTBa (TTapaaurMa mporpamMmu-

POBaHUs1) HE COOTBETCTBYET €ro MPEAbIAYIIEMY OIbITY

[15]. B pe3ynbprate mporpaMMHpoOBaHNE IPOCTHIX (yH-

KLU ¥ X CBS3BIBAHUE C COOTBETCTBYIOIIEH HH(OpMa-

[Uei Ha JIFCKe MpeBpanaeTcs B JUIMTEIBHOE YTCHHUE

IPOrpaMMHOMN JIOKYMEHTAIH [0 COOTBETCTBYIOIIEMY

BOIIPOCY, YTO YBEIHYMBAET Z g, B pasbl. Mcxons us

BCEr0 ATOr0, TPYA03aTpaThl HA ONMHCAHUE MOBEACHHS

00BEKTOB yIpaBJICHHUS HA OJHOI 3KpaHHOH (opme B

IIT EIIC MOXHO CMENI0 YMHOXKaTh Ha MATh.
[pennonoxumM, peleHre KOHKPETHOTO BOIpoca Ipo-

rPaMMHUCTOM HaiiJieHo U cBs3yromue ¢pynkuuu B ETIC

onucanbl. Tem He MeHee 3a/1a4a OIMCaHKsl BBOAA JaHHbIX

MO-NIPEKHEMY aKTyaJibHa U TpeOyeT perueHus. [ cazu

o0ObekTa yrpasnenus (O0Y) ¢ mosiem b/ Ha mucke ciie-

JyeT onucarhb noseaeHue oovekra [1]. s aToro Heoo-

XOIMMO OIrcaTh 0KoJ10 10 CBOMCTB M HAaUCarhb 2—3 Me-

Toja. “Hamucarp” B JTaHHOM cily4ae 03Ha4aeT Co3aHne

JIOTIONTHUTEIBHOM MTPOTPAMMBI, peaTN3yOIIeH 3aIaHHYI0

(hyHKIIMOHAIBHOCTb, CBA3aHHYIO C KOHKPETHBIM CBOM-

CTBOM (COOBITHEM HJIH APYTOH XapaKTEPUCTUKOH) 00b-

ekra. Takasg mporpaMma MOXET MPeJCTaBIATh co00it

MIPOIIEYPY UM HAOOP U3 HECKOJIBKUX MTpotieyp (pyHK-

uuii, Tpurrepo CYB/l u T. 11.).

TakuMm 00pa3zoM, TpyI03aTpaThl Ha OMTUCAHUE OTHO-
ro O6Y B IIIT EIIC, ucxons U3 3KCIEPTHHIX OILICHOK,

MOYKHO OTIPENICNIUTH IO CIIEAYIOMeH Gpopmye:

Zosy enc = 10Zgy + 27,1, “)

e Zogy gric — TPy/lo3arpaTel Ha peanusaiuo O6Y
Ha (popme;
Z ., — TPyN03aTpaThl Ha OIIMCAHKHE OJJHOTO CBOKMCTBA;

Z,ex— TPYA03aTPaThl HA OIIMCAHUE OTHOTO METO/IA.

[Tpu 3TOM eciti CBOWCTBO MOXKET OBITh OIUCAHO BO
BPEMEHHOM HHTEPBAJIC, KOTOPBIN COCTABILIET OT HECKOITh-
KHX JICCSITKOB JI0 HECKOJBKIX COTEH CEKYH/I, TO OIHCa-
HHUE METOIOB MOXET ITOTPeOOBATH BPEMEHH JI0 HECKOIb-
KHX JIECSTKOB MHUHYT HJIM HECKOJBKHX YacoB. JTO 3a-
BUCHUT OT CTEIEHM 3HaHWUS “Mardactu’ (MICOJIOTUHU
OpOrpaMMHUPOBAHUS HA JAHHOM HHCTPYMEHTAJIBLHOM
CpEICTBE ¥ METOAOB Pa3pabOTKU MPOTPaMM C €ro Io-
MOIIIBIO) IPOTPAMMHUCTOM U HEOOXOAMMOCTH €€ oTepa-
TUBHOrO nepeyuusanus [18]. Pa3dpoc nmo Bpemenu u
10 TPYA0EMKOCTH uctionHeHus: O0Y 3acTaBiisieT roBo-
PHUTH O CPSTHHUX BEINYMHAX ITUX XaPAKTSPUCTHUK B KO-
JUYECTBEHHBIX (POpPMyIiax.

Cpenssist TpyA0EeMKOCTh (MaTeMaTHIECKOe OKUIA-
HUE TPyJ0eMKOCTH) coznanus O0Y Ha KOHKpPETHO# (op-
Me B KoHKpeTHOH EITC MokeT ObITh BhIYHCIICHA ITO (hop-
MyIe

1 N
ZcbopM.cp = N z ZO6V EIICi» (5)

i=1

TIE Zyopy.cp — CPEAHHE TPY03aTPAThI HA PEAIN3ALNIO

O6Y dopwmsr;

N — gucio O6Y Ha popme;

Zosy Eric ; — TPYZ03aTparsl Ha ONMHCAHUE OJHOTO

O0Y nHa dopwme.

Yucno (opm Juist BBOZIA U BBIBOA HH(POPMALIUH OIIpe-
JACIIACTCA B COOTBETCTBUH C TCXHUYCCKHUM 3a/ITaHUEM Ha
IIT ETIC. dns xaxnoi xonkperHoit EIIC oHo cBoe.
ITomumo dopm, B coctas ETIC BXoasT 1 ipyrue KOMIo-
HEHTBI, I09TOMY 00ILIas TPYIOEMKOCTb Zppc MOXKET
OBITh OIpe/iesieHa 1o hopmyie

ZEHC = Nd)opM Z(bopM + Nom ZOTq +
+ Npacu Zpacq + ZBIL + Zuonubyx—u(,

1€ Nyopns Nora> Npaey — IHCII0 COOTBETCTBEHHO GOpM,
OTYETOB U PacyYETOB;

Zopms Lora> Lpacy — TPYAO3ATPATHI HA PEATH3ALINIO

COOTBETCTBEHHO OHOM (hOPMBI, OJJHOTO OTYETA, OfI-

HOI'O pacyera;

Zp; — TPYy[03aTPAThI Ha PEAIN3aLHIO CTPYKTYPBI 1

agmunuctpuposanue bJ[ u EIIC;

Z 1 on.gynx — TPYAO3ATPATHI HA PEaM3alHi0 OCTAIlb-
HeIx komrionenToB EIIC, He Bkmrodarommx B ceOs
MIepEeYHCIICHHBIE B JAHHON (hOpMyIte OOBEKTHI KOM-
ITIOHEHTOB.

DopMmynbl A1 pacyeTa TPYJAOEMKOCTEH It OT-
4eTOoB Z,,,, AHAJIOTHUHBI (popmynam (5) u (4). Tpynosa-
TPAaThl 110 KaXJIOH M3 HUX ONPEAEIAIOTCA KaK CyMMBbI
TPYyH03aTpar OTAEIbHBIX COCTABHBIX YaCTEH 110 KaxkK10-
MY 13 BXOJAIINX B HUX 211eMeHTOB. Tak, Tpyo3arparsl
Ha OJMH OTYET MOTYT PAaCCUUTHIBATHCS CIEAYIOIINM

obpazom:

(6)

ZOT'{ = ZMOI[ + NBJ'I ZBH b (7)

rae Z,,, — TPYA03aTpaThl Ha PeaTH3alH0 OJHOTO OT-
yera B EINIC;
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Z\ion — TPYZLO3aTPAThI HA CO3/IaHKME SJIEKTPOHHOTO

OJ1aHKa OTYETa;

N,, — 4ucno 3neMeHToB BbiBoza (OB) B naHHOM

OTYerTe;

Z,,— TpyA03aTpaThl Ha ONHUCAHUE OJHOTO 3JIEMEH-

Ta BBIBOJIA.

ITon smemMeHTOM BBIBO/IA B OTHYETE IMOJIpa3yMeBa-
€TCsI OTHO TIOJIE [T BBIBOAA HH(OpManuH (Harpumep,
B OJTHOW CTPOKE M B OJIHOH rpade Iuist oTdera Tadinmd-
HOW opmbl). DB MoOXeT conepkaTh HHPOPMAIIUIO U3
oHoro roiist b/1, 00paboTanHyr0 KaknM-JTH00 00pa3om;
CyMMY MOJIEH; JaHHBIE OJHON U3 NEPEMEHHBIX, BBOJIU-
MBIX HENOCPEICTBEHHO IPU BBHIBOIC OTYETA; JAHHBIC
CBSI3aHHOTO C ATHM IOJIEM pacyueTa, OIPEIeIIeMOro B
nacriopre MEX. Kak u jy1st siieMenTa ynpasieHust, st
3JIEMEHTa BbIBOJIa MOTYT OBITh PacCUUTaHbl TPYA03a-
Tparhl Ha ero cozganue. OHU TaKKe ONPeNeI0TCs Ha

OCHOBAHHMHM IKCIIEPTHBIX OLCHOK:
Z:)JI = NCB ZCB + NMCT ZMST b (8)

rie Z,, — TPyAo3aTparsl Ha oNucaHue ogHoro OB;
N, — cpelHee 4HMCIO U3MEHSEMBIX CBOilcTB OB
B JJAHHOM OTYETE;
Z,,— CpeiHue TPy03aTPaThl HA ONMCAHNUE OTHOTO
cBoiicTBa OB;
N,;er — CPEHEE YHCIIO CO3JjaBaeMBbIX MeTO10B OB
B JJAHHOM OTYETE;
Z,,cx — CPEIIHHE TPY103aTPAThl HA CO3/1aHUE OHO-
ro Mmeroga OB.
Tpyno3arparsl Ha peaau3alHio CTPYKTYPbI U aIMHU-
uuctpuposanure b/ u EIIC Zg; MoryT ObITh BBIYHCIIE-

HBI TI0 (popMmyIe

ZB[L = Z;mcn + Zpeaﬂ 5 (9)

e ZHI/ICH — TPyAO3aTparbl HAa OMMMCAHUEC BCEX JAHHBIX B
III1 EXIC;

Z;ay — CPEIHHE TPYAO3aTPAThl HA PEATH3ALIUIO

s1tux naHubix B CYB/I.
®opmyna Iy pacdera TPYJOEMKOCTEH It Zy,.,
MOKET OBITh 3aMrcaHa CICAYIOINM 00pa3oM:

Zpacq = Nan Zan > (10)

rae chlI — Tpy[03aTpaThl Ha peaan3aluio OHOI0 pac-
yera B EIIC;

Z,,— CpellHHe TPy[03aTpaThl Ha OITMCAHKUE OHOTO
pacyeTHOrO AIIEMEHTA;

N,, — cpellHee 4MCIIO PACUETHBIX DIEMEHTOB B
JIAaHHOM pacyerTe.

Hrak, paccMOTpeH B 00111eM BH/IE KOJTUYE€CTBEHHBIN

pacueT COBOKYITHOI'O Q)aKTopa BJIMSIHUA TIE€pCOHAJIa

Ha ycroiunBocTh CIIO ACIIBb Ha ocHOBe o1meHOK
tpyno3arpar Ha cunTe3 11 EIIC. JlanHbIe hopmMyrbl
MOTYT HCIOJB30BaThCS Ul pacyeTa KaJIbKyIAIui Ha
EIIC (otmensubie cocraBable yactu CIIO ACIIBB),
TpyHo3aTpar pa3pabOTUHKOB U CTEIICHH BIIMSHUS I1Ep-
coHana Ha pazpadarsiBaemoe CI1IO B ACIIBE ¢ Bbico-
KOW TOYHOCTBIO. DTO AT BO3ZMOKHOCTb ONPENEIATh
cMmeThl Ha cunTesupyemoe CIIO, a Takke 0OAHO3HAUYHO
OIICHUTH peasibHOE BiustHue yenoBeka Ha CI1O ACTIBb
U, CIIeI0BATEIbHO, MOBBICUTD €r0 YCTOWYHBOCTb.

AHanus pesynbTaToB

TakuMm 00pazoM, ofHA U3 33739 IPOBOAUMBIX pac-
9YeTOB — YCTAaHOBUTH KOJIMYECTBCHHBIC ITOKA3aTEIIN
BrustHAS yenoBeka Ha cuatesupyemoe B ACTIBB CIITO.
ITpunnmas Bo BunManwue, uyto kommuectso [T EIIC B
CITIO ACIIBB M0OXkeT UCUHUCIIATHCS JECITKAMU THICSY
SIMHMUII, 8 PYKOBOIHTENHN MPOEKTOB Mo cuHTe3y CIIO
JIOJDKHBI HECTH OTBETCTBEHHOCTDH 3a COOM, NMPUMEHe-
HUE JaHHOW TEeXHOJIOT'HH OLIEHKH B OpraHU3aluy mpo-
necca cuare3a CIIO moMokeT UM IpaBUIILHO pacipe-
JeNUTh pecypebl. JIorMyHO MpH 3TOM HCHOJIb30BATh
METOJIOJIOTHIO CTPATErnYecKoro mianupoBanus [9—11].
Ee nmpumeneHue B TOM BUJE, B KAKOM OHa ONHCaHa B
JIAHHBIX UCTOYHHUKAX, TAET BO3MOKHOCTh OTBETCTBEH-
HBIM 32 TMPOIIEeCC JIUIAM JIETaIbHO €ro KOHTPOJIUPO-
BaTh. [IprueM 3TO CTAHOBUTCS BO3MOXKHBIM JIaXKe MIPH
pe3KoM BO3pacTaHWU OOBEMOB TMPOU3BOICTBEHHBIX
MOIITHOCTEH 1 00padaThIBacMOi HHPOPMAIIHH, & TAKKE
OTpaHUUYCHUH Ha MPUMEHsIeMOoe 000pyIOBaHNE Ha I10-
YKapOOTaCHBIX 0OBEKTAX, UTO IIO3BOIUT 00ECIICUHTH J10-
CTH)KEHUE HEOOXOIMMOTO YPOBHS KOMILJICKCHOW Oe3-
onacHoctr B ACIIBbB ma HIIII [19, 20].

PaccunranHbie moKkaszareny 3HaYUMOCTE ! MEpPOIIPH-
SATUH 1O ompejesienuto Tpyno3arpat Ha Bee 11T EIIC
MOTYT UCIIOJIb30BaThCA B KAUECTBE OCHOBBI [ aHAJIN3a
roToBHOCTH K ucnonb3oanuto CITO ACIIBE na HIIIIL.

3ako4yeHune

Takum o0pa3om, 1es1eco00pa3HO BKIKOYHUTH OIMU-
CaHHYIO TEXHOJIOTHIO OIEHKH TPYIO3aTpar ¢ UCIOIb-
30BaHUEM METOJIOB CTPATETHYCCKOTO IIJIAHUPOBAHUS B
cocraBubie yactu ACIIBb: AC npenorBpamenus mno-
»kapoB M B3pbIBOB, AC mokapoB3psiBo3amutel 1 AC
obmrero Haznauenus [4]. [IpennoxeHHBIN METO] KON~
YECTBEHHOI'O pacueTa COBOKYITHOTO (haKTopa BIUSHUS
MepcoHalia Ha YCTOHYHNBOCTD CIIEIIUATLHOTO TPOTPaMM-
HOTr0 00ECIICUCHUS MTO3BOJIUT 00ECIICYUTh YCTOHUHBYIO
paboty ACIIBb.
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ABSTRACT

Introduction. This paper considers the analysis of features of creation and functioning of the special
software in the automated systems of fire and explosion safety. There is generalized structure of
the automated systems of fire and explosion safety in the introduction: the automated system of pre-
vention of fires and explosions, the automated system of fire and explosion protection, the automated
system of general purpose. It is necessary to keep in mind that automated system of fire and explosion
protection is a part automated control system of technological process.

Methodology. The features of synthesis of special software for automated fire and explosion
safety systems for ensuring stable operation of special software are studied and analyzed. The features
of division of complex software products into single software systems are given. Single software
systems must perform certain functions of operators of the automated system of fire and explosion
safety in automated workplaces in separate rooms or workshops of oil refining production. The impact
of developers on individual software systems is very large. There are no common functional tasks for
individual software systems, as each of them is responsible for its own small area. It is important that
all individual software systems ensure stable operation of the automated fire and explosion safety
system as a whole, especially in certain situations. For this purpose, the paper proposes a method of
quantitative calculation of the total factor of personnel influence on the stability of a special software
for use in automated fire and explosion safety systems in order to ensure their stable operation during
the synthesis. Moreover, to estimate the total work scope the example of application implementation
using a database management system is considered. This example shows the process of synthesis of
single software systems.

Results. Given the large number of automated workplaces in the operation of automated fire
and explosion safety systems, the necessity and expediency of using the methodology of strategic
planning to ensure effective organization of the synthesis is shown.

Conclusion. The proposed method of quantitative calculation of the total factor of personnel
influence on the stability of a special software for use in automated fire and explosion safety systems
will ensure their stable operation. This method is recommended for using in the component of
the automated systems of fire and explosion safety on oil refining production.

Keywords: automation; fire and explosion safety; special software; synthesis; expert evaluation; oil
refining production; planning; stability; programming; labor expenditures; laboriousness.
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ONPEAEJIEHNE COCTABA MPOrPAMM B CMNEUUATIBHOM
NMPOrPAMMHOM OBECIMNEYEHN ABTOMATU3NPOBAHHDIX
CUNCTEM MNO>XAPOB3PbIBOBE3OINACHOCTU OBBEKTOB

PaccMoTpeHbl eAnHUYHbIE MporpaMmHble cucteMbl (EMC) aBTOMAaTU3MPOBaHHbIX CUCTEM MOXApO-
B3pbiBoOe3onacHocT (ACTBE) 0b6bekToB. [JaHO OAHO M3 BO3MOXHBIX MaTeMaTU4eckmx onpeaene-
HU nporpamm EMNC 1 nx xapakTepuctuk. MNpoBefeHa oLeHka kKonmyecTBa hopMyn B cnelmanbHOM
nporpammtom obecnievermm (CMO) ACMBE 1 aBTOMaTU3MPOBaHHbIX CUCTEM YPABIIEHNS TEXHOMOT M-
Yeck1MM npoLeccamm B Lenom. OnncaH npouecc noncka yHngurkatopa B ENC Ha MHOXecTBe hopmyn
CMNO ACMBB. MNokasaHo, 4To A ero onpeneneHus HeobxoaMMo nposecTty pasbueHne ENC Ha 6a3o-
Bble rpynnbl GYHKUMOHANBHOCTU, NpeacTaBsiowme cobor Hegenmble Ha HacTu 3M1EMEHTHI.

KntoueBble cnoBa: aBTOMAaTU3MPOBaHHbIE CUCTEMbI YNPABNEHWS TEXHONOMMYECKMMI MPoLeccamu;
cneunansbHoe NporpaMMHoe obecrnedeHrie; aBTOMaTM3MPOBaHHbIE CUCTEMbI MOXapoB3pbiBobe3onac-
HOCTW; eIVHMYHAs NPorpaMMHas cucTemMa; 6a3oBble rpynmnbl hyHKLUMOHANBHOCTM.
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BBepeHune

Hayuno-rexaunueckuii nporpecc JUKTyeT BCE HOBbIE U
HOBEIC TPEOOBAHUS K NMPHHITUIIAM PAaOOTHI MIPOU3BO-
CTBCHHBIX MOIIHOCTEH COBPEMEHHBIX IMPEIIPUSITHH.
JI1s BX yCTOMYUBOM pabOTHI B COBPEMEHHBIX YCIIOBHSIX
UCIIOJNIb3YFOTCSl aBTOMATU3UPOBAHHBIC CUCTEMBI yIIPaB-
neHus rexHonorudeckumu npoueccamu (ACYTII), co-
CTaBHOI YaCThIO KOTOPBIX SIBISICTCS CIIELUATBLHOE ITPO-
rpamMmMHoe obecrieuenue (CI10).

Taxum 006pazom, 11eNb HaCTosIIeH paboTh — oTmpe-
nernenue cocrasa nporpamm B CITO aBromarn3npoBan-
HBIX CHCTEM TI0)KapOB3PHIBOOE30TIACHOCTH OOBEKTOB
(ACTIBB). Ilpu 3TOM mOCTaBIICHBI U PEHICHBI CIICTY-
TOTITHE 33Ja9H: OTIMCAHIE MAaTeMaTHIECKOTO OIpeee-
HUs enrnHUYHBIX nporpaMMHubix cuctem (EIIC) u mx
XapaKTEePHUCTHK; OlleHKa KomndectBa popmyn B CITIO
ABTOMATH3UPOBAHHBIX CHCTEM IOKapOB3PHIBOOEC3-
OITACHOCTH;, ONHCaHue (C (OPMATBHON TOUKH 3PCHHS)
MOUCKa yHU(UKATOPA B SAMHUYHON IPOTPAMMHOM CH-
CTeMe.

OGI.LI,aﬂ NOCTaHOBKa 3apa4yun
ncaneanoBaHus

HedrenepepabarsiBaronue npoussonactea (HITIT)
— BaHAsl COCTABIISAIONIAS COBPEMCHHOHM IPOMBIII-
nerHoctd. OHM, TOMUMO BCETO MPOYETO, MOTYT UMETh
B coctaBe ACYTII aBromMarn3npoBaHHBIE CHCTEMBI T10-
»KapoB3pbiBoOe3onacHocTH [ 1, 2]. B 1aHHBIE CHCTEMBI
BXOIISIT 00ECTICUNBAIOIINE CUCTEMBL, & TaKKe (PYHKITH-
OHAJILHBIE aBTOMATU3UpOBaHHbIE cucTeMbl (AC) HIDKe-
CTOSIIIETO YPOBHSI, BKIIFoUatomnue B ceds [ 1, 2] (cMm. pu-
CYHOK):
e ACmupenorBparenns moxapoB 1 B3pbiBoB (ACIITIB);
e AC moxapos3psisozamuts! (ACIIB3);
AC opranu3anOHHO-TEXHUYECKUX MEPONPHUATHI
(ACOTM).
Kak mpaBuito, ycroitauBast paboTa mepedncIeHHBIX
AC obecrieunBaeTCsI B HACTOSIIIIEE BPEMs 32 CUCT YCTOH-
yuBoii pabotel CI1O, nosToMmy ocob0oe BHUMaHHE Clie-
JyeT yIeIUTh MeToiaM ero cuHTe3a [3—14]. YuursiBas,
yto CITIO ACTIBB npeacraBsieT co00 CIOXKHBIN WH-
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TEJJIEKTYaJIbHBIN IPOAYKT, CIEAYET Pa3ieiIuTh €ro Ha
COCTaBHbIE YaCTH — €JUHHYHBIE IIPOTPaMMHBIE CHC-
Tembl. EI1C 1omKHBI BRIONHATE OTIpeieIeHHbIe (DYHK-
nun oniepatopoB ACIIBbB Ha aBTOMaTH3MpPOBaHHBIX pa-
60unx Mectax (APM) B OTAEIBHBIX TOMENICHUSIX UITH
nexax HIIIT. [Tpu aTom Bimstaue Ha ETIC ux pa3pabdot-
YUKOB OYEHb BEJUKO.

OO6mux GpyHkumoHanbHbIX 3a1a4 y EIIC Her, Tak kak
Ka)K/1asi M3 HUX OTBEYAET 32 CBOM HEOOIBIION Y4aCTOK.
OpHaKO HY)KHO, YTOOBI BCE OHU 00eCTIeYrBai YCTOM-
guByto paboty ACIIBB B nienom, oco6eHHO B ompese-
JEHHBIX CUTyanusx. [IpeqoTBpaiieHne MmoxapoB U
B3priBOB Ha HIIII — cocraBHas yacTh paboOTHI Bcex
BMmecte B3aThIX EIIC B CITIO ACIIBB. B cBsi3u ¢ aTum
HE00X0IMMO 00eCTIeYnTh Takue ycioBus cuaTe3a ET1C
[4—6], KOTOpBIE MTO3BOJIAT TOOUTHCS HY)KHOW YCTOWYH-
BOCTH B HX paborte. [l 9TOTO CiIeayeT AeTaabHO pac-
CMOTPETh MaTeMaTHYeCKOe OIpe/eeHHe Nporpamm
EINIC u ux xapakrepuctuk [ 15-20], o KOTOpbIM MOXKHO
YCTaHOBUTbH, HacKoJIbKO Ta uiu uHas EIIC ycroiiuusa k
JeCTPYKTUBHOMY BJIMSHHMIO JIFONIEH, €€ CHHTE3UPYIOLIHX.

TeopeTuyeckme OoCHOBbI

[Mockonbky EIIC npencrapiser co0oii mporpammy,
PacCMOTPHM OTHO U3 €€ BO3ZMOKHBIX MaTeMaTHUCCKUX
onpenencuuii. ContacHo [21] mporpamMma GpopmMalibHO
oTIpe/ieNicHa, SCIIN 3aaHbl BXOIHOM BEKTOP (TIepedeHb
BXOJHBIX JIaHHBIX ), BEIXOTHOH BEKTOp (IIEPCUCHb BBI-
XOJHBIX JaHHBIX ), BHYTPUIIPOT PAMMHEIH BEKTOD (TIepe-
YEeHb MEPEMEHHBIX, UCIIOIB3YEMBIX [UIS MIPOMEKYTOU-
HBIX BBIYMCIICHUIT) M OPUEHTHPOBAHHBII Ipad), KOTOPBII
omnpeeNsieT MOPAAOK MEPEeXo1a OT BXOAHBIX TaHHBIX K
BBIXOJHBIM Yepe3 MPOMEKYTOUHbBIE:

{IN,, OUT,, SOLE,, (U,, R,)}, e

e INp — BXOJITHOM BEKTOP;

OUT, — BBIXOJIHOl BEKTOD;

SOLE,, — BHYTPUIIPOIPaMMHBIA BEKTOD;

(U,, R,) — OpHEHTHPOBAaHHBIH rpad;

U, — HemnycToe MHOKECTBO y3I10B (BepIIHH) rpada

COCTOSTHHIA;

R, — HemycToe MHOKECTBO pebep (CTPENoK), Ha-
IPY’KEHHBIX JAaHHBIMU O BEPOATHOCTH Pa3BUTHS IIPO-
1ecca 1o JaHHOMY peopy.

[Tpu 5TOM TOKHO CyIIIECTBOBATH OTOOPaKECHHE Ha-
[IPaBJIE€HHON MHUUACHTHOCTH D(r), olpeneseHHoe Ha
MHOXECTBE I1ap y3J10B (BepiunH) rpada R, CyTh KOTO-
POTrO COCTOUT B OIPECIIEHUH BO3MOKHBIX MIEPEX0I0B
MEXK]ly BepIIMHAMU:

3.D(r) (Up’ Up)a )
rue (U, U)) €R,. 3)

CeMaHTHKa TPOrPaMMHON KOHCTPYKLHH MOXKET
OBITh TAK)KE OMHCaHA C MOMOUIbIO JABYX MPEAMKATOB
[19, 20]:

W, (S,, R,) (mpemycioBue);
“4)

R, (mocryciosue),

rae W, (S,, R,) — MHOXECTBO Ha4aJIbHBIX COCTOSIHHIA

(mpemycioBue);

R, — MHOX€CTBO COCTOSIHUI, BOSHUKAIOLIKX B pe-

3yJIbTaTe IPUMEHEHHS oneparopa (npeaunkara) S, B

KauecTBe MmpeoOpa3oBareliss MHOKECTBA HA4allbHBIX

COCTOSIHHMIA (TIOCTYCIIOBHE).

Eciii roBopuTh 0 KaKOM-TO OTHO# IIpeIMEeTHO# 00-
JIaCTH, TO IIPENCTABICHHBIC BEIIIE (POPMYITBI OYITyT MO-
JETUPOBATh OIHY U3 €€ (PyHKIIMOHATIBHBIX XapaKTepH-
cTHK. JI71s1 MAaTeMaTHIECKOTO ONMCAHUS CeU(pUKAIIT
(pyHKIIMOHATBFHON XapaKTePUCTUKH ) MOXKET paccMar-
puBarbcs cienyromas gopmyna [21]:

F(a)P<(:) Z npu R(a, Z), ®)]

e F(a) — crienudukanys oJHOTo U3 TPeOOBaHUMH, OTIH-
CBIBAIOIIMX CIUHUIHYIO XapaKTEPUCTUKY ITPEAMET-
HOIi 00J1acTH;

a — BXOJI TPOTPaMMHON KOHCTPYKITHH;

Z — BBIXOJI IPOTPaMMHOM KOHCTPYKIIHH;

P(a) — BXogHOE yCIOBUE;

R(a, Z) — BBIXOAHOE YCJIOBUE.

B cBoto ouepens nporpaMMHast KOHCTPYKITHSI, BbI-

BOJIMMasl U3 TAKOM Crielu(UKAIIUN, MOXKET OBITh MPE/I-

CTaBJICHA KaK MPEIUKaT BUIa

(Va)(3Z) ecom P(a) to R(a, Z). (6)

C bopMaIbHOM TOUKH 3peHUS ““YHUPUKAIUSI — ITO
MPOIIECC OTBICKAHUsI OOIIel YacTH JIBYX BBIPAKCHUN™
[21]. B [21] mpuBoauTcs (hopMaibHOE ONPE/ICTICHUE CIie-
OU(HUKANNIT AITOPUTMA YHUPHUKAIUH. AJTOPUTM YHH-
(buKanuu — 3TO Mpoleaypa OThICKaHKs Hanbosee 00-
Iero yHU(UKaTopa U ABYX BBIPAKEHUH, €CITH VTS HAX
BOOOIIIE TAKOBOI CYIIECTBYET. YHUPHUKATOP — ITO Ha-
00p CXOIHBIX XapaKTEPUCTUK IPYIIIbI BbIpakeHwi [21].

Taxko¥i mosixos BMOJHE OIpaBiaH, Korja pedb UIeT
0 HeOOBIINX MPOTPAMMHBIX cucTeMax (He 6omee 100
ctpok). [Ipu sxcrmyaranuu CI1O ACIIBB n ACYTIIL
HIIII B iesiom 117151 3a1aHHOTO KI1acca 3a1a4 MPUXOInT-
Csl UMET JIEJI0 ¢ OOIBIITNM (KaK IPaBUIIO0, 3HAYUTEIILHO
6omnee 100) gncmom APM, Kkaxkj0e U3 KOTOPBIX Mpe-
cTamisieT co0oit Habop MporpaMM ¢ YHCIOM CTPOK JI0
30 ThIcsY. B CBSI3M ¢ 3THUM aNTOpUTM YHU(DUKAIIUH TPH-
MEHHM JIUIIB TIPH PACCMOTPEHUH HEOOIBIIOH B CMBIC-
Jie KonmdecTBa (pyHKIMOHAIbHOH XapakrepucTuku EIIC,
a st CITO ACIIBB u ACYTII HIIII B niestoM ero ciie-
JyeT IPUMEHSTH ¢ O0JIBILION OCTOPOKHOCTHIO.

Onenum konmuectBo Gopmyn B CITO. Tpumem B
KaueCTBE AOMyIIeHUs, 4To 00beM Kozia B EIIC HemHOrO
coiie 10 teicsty cTpok. Mexonst u3 pacyeToB, BBITION-
HCHHBIX aBTOpPaMU, MOXKHO YTBEPIKAATh, YTO KaxK/J1as pe-
ammsarust CIT1O coneprxut Hadoop u3 100 u 6osee mpo-
rpaMM, CEMaHTHKa IPOrpaMMHON KOHCTPYKILIUU KOTO-
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pBIX onpezensercs GopmyIoil (4), a caMux mporpamm
— ¢opmyroii (1). [Tpu mpoBeIeHNH CyTIEPIIO3UITN ATHX
MojieNiell BOBMOXKHO mnoiryuenue Hadbopa u3 100 dop-
Mmya Ha ofHy riporpammy. st CITO ACIIBb u ACYTII
B LI€JIOM HEOOXOAMMO OKOJIO MUJLTHOHA (popmyi. Mmest
MATpPHUILy TAKOTO pa3Mepa, OyJeT CII0KHO MMPOBECTH pac-
YeTbl, HO aJIropuT™ yaudukauuu Beeit rpynmnst EI1C B
CIIO ACIIBB (mounck yHuuKaTopa NaHHOW PYTIIIHI)
CIIeIyeT pacCMaTpPHUBaTh KaK MPABIIHLHOE HAIIPABICHUE
T10 TIOBBIIIICHHUIO €TO YCTOHYNBOCTH.

Takum 00pa3oM, B TEPMHUHAX ONpeAeTIeHHs Mpo-
rpamm, IPUBOIMMEIX B [21], mpenBapuTenpHas 3a1a4da
HCCIIEIOBAHUSA MOXKET OBITh ONpezaesieHa Kak MOUCK
yHU(pHKaropa Ha MHOKecTBe Gopmyn CIIO ACIIBb.
B Heit MoryT paccMaTpuBaThCs ABE TO/13a0a49H: TOUCK
yHupuKaropo kaxaoi EIIC Ha MHOXecTBe (pyHKITHO-
HAJBHBIX XapaKTePUCTUK IPEIMETHOM 00JIACTH U IIOMCK
yaudukaropa CIIO Ha MHOXXeCTBe BCEX HAMJICHHBIX
yaudukaropon EIIC.

s onpenenenus yaupukaropa B EIIC HeoOxomu-
Mo riposectH pazoueHue EINC na 6a3oBbie rpymmbl pyHK-
rmoHanbHOCTH (BI'®), KaXkaast U3 KOTOPBIX OyIET Mpe/-
CTaBJIATH COOOI Hepa30MBaEMYIO Ha YaCTH MPOrPaMMYy,
YIOBJIETBOPSIIONIYIO YCIOBHAM TPHBEICHHBIX BBIIIE
dhopmyi. Eciiu paccmarpuBars ETIC ¢ Takux mo3unui,
TO €€ MOYKHO MPEICTABUTH MHOXXECTBOM

) FM}: (7)

rae Fy, F,, ..., F), — Habop 6a30BbIX rpynn (yHK-
muonansHOCTH EIIC.

Torma, yauteiBast, 4T0 M — gucio rpymnn GyHKIHO-
HanpHOCcTH EIIC, a N — uucno EIIC B ACIIBB, CI1O
MOYKHO MpEACTaBUTh Kak cymneprno3uuuto Becex EIIC.
B oToM ciryuae MBI noiayyaeMm Marpully ‘‘HEOUHUIIEH-
HBIX"” 0a30BBIX TPyl (PyHKIMOHATHHOCTH, Ul KOTO-
PBIX HEOOXOIMMO MTPOBECTH YHUDHUKALIUIO!

{Fla F29 ..

Fi, Far, ooy Fops
Fi, Fo, ..., Fypo;

3
FlN, FZNa LRE) FMN

B atom ciyyae ¢ hopmManbHOI TOUKH 3pEHUS IS
norcka yHupukaropa rpymmsl EIIC HeoOXoauMo BbI-
JEITUTh TOIBKO TaKUE 0a30BBIC IPYIIIBI (PYHKIIMOHAb-
HocTH pasznuuHbiX EIIC, xoTopeie OyayT oOianmarh
CXOIHBIMU XapaKTepUCTHKaMu. TakuMm 00pa3oM, BbI-
JIeJICHHBIC B (8) Tpymiibl PyHKIMOHAIILHOCTH OY/IyT OT-
HECCHBI K 0a30BBIM. JIpyrHMU CIIOBaMH, 3TO MOTYT OBITh
0a30BbIe AIMEMEHTHI TIPOTPAMM, COOTBETCTBYHOIIIHE Oa-
30BBIM TpymiaM (yHKIHOHAIbHOCTH. WX Habop mo-
3BOJIUT C(HOPMHUPOBATh MPOCTPAHCTBO TPYIIT (HDYHKIIH-

onansHOCTH EIIC. B 9TOM Cily4ae MbI 1oJ1y4ruM aHaIo-
TUYHY0 (8) Marpuily 0a30BBIX AJIEMEHTOB ITPOrPaMM,
KOTOPBIM MOTYT COOTBETCTBOBaTh (DyHKIMM OMOIHO-
TEK MOAIPOIpaMM WJIM 3JIEMEHTbHI PEHO3UTOPUS KOM-
[TOHEHTOB:

Fig, Fop, ..., Fysi;
Fig, Fap, ..., Fys;

)
FlEy FZB, ey FMEN-

Yacre rpyni GyHKIHMOHATBHOCTH ((QyHKIHIT) pa3-
HbIX EIIC MoxeT ObITh peann3oBaHa OJUHAKOBO C I10-
MOIIBIO 0a30BEIX 3JIEMEHTOB IIPOTPAMM, a 4aCTh HE MO-
ke, Tak Kak kaxas u3 EI1C ucnonb3yeTcs ajs onpe-
JICJICHHOM TIPEIMETHON 00nacTH. MHOXKECTBO TaKHX
0a30BbIX rpyIIl GYHKIIUOHAIEHOCTH IPEICTABISIET CO-
oo yauukarop rpynimsl ETIC, koTopblit MOKHO oTipe-
JCITUTh KaK

{F1s, Fop, ..., Fxs) € Ry, (10)
rae Fig, Fop, ..., Fyg — HaOop u3 K 6a30BbIX Ipymnm
(DYHKIIHOHAIBHOCTH;

R; — npOCTPaHCTBO Ipymi (yHKINOHAIBHOCTH.

OTcrona cienyer, 4To BbISIBIICHUE TPy 0a30BbIX
9JIEMEHTOB ITPOrPaMM MO3BOJISIET OTHO3HAYHO CHU3UTH
piustaue yenoseka Ha CITO ACTIBB u, ciiemoBaTenbHO,
MOBBICUTH €T0 HaJIEKHOCTh [22, 23].

3akntoyeHune

Takum 06pa3oM, 3a1ada OpeIeNICHNs COCTaBa Mpo-
rpamMM B CITO ACIIBB 06beKTOB MOXKET OBITh ONpeie-
JIeHa KaK ITOWCK ITOJMHOXKECTBA 0a30BBIX 3JICMEHTOB
nporpamm (B3II) Ha npocTpancTBe rpynn (GpyHKIHO-
HAJIFHOCTH €AMHUYHBIX TIPOTPaMMHBIX cucTeM. Ee pe-
nieHueM Oyaet MHOKecTBO rpymi B3I Ha nuckpeTHOM
npoctpanctse EIIC. Cynepriozunumst rpynn b3I1 u ne-
KOTOPBIX OMOJHHUTEIBHBIX YHU(PHINPOBAHHBIX IIPO-
IPaMMHBIX 3JE€MEHTOB (KOH(UTYpaIfii, KOMIIOHEHT,
nporenyp u (GpyHKIHA, 2IeMEHTOB WHTepdeiica, 6a3
JAHHBIX U T. 11.), CICIU(DUINPYIONIHNX JaHHOE 000011Ie-
HUE JJIsl KOHKPETHOH MpEeAMETHO# 00lacTu, co3aact
o0nekt EIIC. HenocrarkaMu Takoi MareMarnyecKou
KOHCTPYKIIMU SIBJISTIOTCST OOJIBIIAsT Pa3MEPHOCTh Mat-
puis (9) 1 OTCYTCTBHE yueTa nepapxuii HabOpoB Tpe-
OoBaHMi. B CBSI3UM C ATHM JOTHYHBIM HPOJODKCHAEM
IpoIiecca MaTeMaTHIeCKON ITOCTAHOBKY 3a1adH OTIpe-
nenenus cocrana mporpamm B CI10 aBromaruszupoBan-
HBIX CHCTEM TI0)KapOB3PHIBOOE30TIACHOCTH OOBEKTOB
MOXET CTaTh MOJCIUPOBAHUE HEPAPXUICCKUX XaPaK-
tepuctuk CI1O ¢ momonrsio rpados.
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ABSTRACT

Introduction. For the sustainable operation of modern industries, in particular oil refineries, com-
puter-aided process control systems are used. One of the key components of these systems are
the computer-aided fire-explosion safety systems. A crucial role in these systems is played by special
software, the reliability of which depends on the successful functioning of the computer-aided fire-
explosion safety systems and in general oil refineries.

The work purpose is to determine the composition of programs in special software for computer-
aided fire-explosion safety systems of objects. The following tasks are solved: the mathematical
definition of single software systems and their characteristics is described; the number of formulas in
the special software of computer-aided fire-explosion safety systems is estimated; from the formal
point of view, the identification of the unifier in a single software system is described.

Methods. The article uses the methods of mathematical logic, graph theory for the formal
description of single software systems and their functional characteristics.

Results and discussion. One of the possible mathematical definitions of single software systems
of computer-aided fire-explosion safety systems and their characteristics is given. The assesment of
quantity of formulas for the special software of the computer-aided fire-explosion safety systems and
computer-aided process control systems in general which about one million is necessary is carried out.
It is shown that to determine the unifier in a single program system, it is necessary to divide it into
basic groups of functionality. The basic functionality groups are meant as basic elements of programs.

Conclusions. In the end, the identification of groups of basic elements of programs allows to
define unambiguously the required structure of programs of the special software of the computer-
aided fire-explosion safety systems of objects, increase its reliability and simplify the work with it.

Keywords: computer-aided process control systems; computer-aided fire-explosion safety systems;
synthesis of special software; single software system; basic functionality groups.
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MPOBJIEMA OPrAHU3ALNM BE3OMACHOW 3BAKYALIMNA
NMALUMEHTOB JIEYEBHbIX YYPEXAEHUW NPU NMOXXAPE

OnucaHa cneumduka 06bEMHO-MNAHMPOBOYHBIX PELLEHNA MEANLMHCKMUX yupexXaeHuin. MpeactaBneHa
KnaccuurKaums OCHOBHOMO KOHTUMHIeHTa Niofen, HaxoAsWmMXcs B 30aHNAX MHOMOMPOMUIbHBIX Me-
OVILMHCKUX ydpexaeHuii. NpoaHan3npoBaHbl yHKLMOHANbHO-TEXHOIOMMYeCKUe CBA3 MHOTOMpo-
DUNBHBIX YYPEXOeHNA; NpeacTaBieHa CxeMa B3anMOoCBA3M Mexy Koprnycamu. [aHa oleHka cocTta-
Ba NOTOKA 1711 OCHOBHbIX TWUMOB 34aHWUIN MHOFOMPOMUIbHBIX MEANUMHCKMX ydpexaeHuii. Mpencras-
neHa nioWaAb ropU30OHTaNbHOM MPOeKUMM peaHMalMOHHOMO NMaumeHTa ¢ 00CTyXMBaOWMM ero
MeOVUMHCKMM MepcoHanoM. BbiaeneHsl Knacchl yHKUMOHANbHOW NMOXaPHOM OMacHOCTY nedebHbIX
30aHNN yYpexaeHnn 34paBooxpaHeHna. NpeanioxeHa Knaccnbrkauma 0CHOBHOMO yHKLIMOHASb-
HOMO COCTaBa HAXOAALLMXCS B HUX JIIOAEN, MCXOAs U3 OrPaHUYEHNIA BO3MOXHOCTEN NX CAMOCTOSATENb -
HOro NepeaBUXeHUs 1 TPAHCNOPTMPOBKM NP NMOMOLLM NepcoHana. MpueedeHb! pe3ynbTaThl UcCe-
[LOBaHWI, MO3BONSIOLLME OLeHUTL cobiofeHne TpeboBaHMin obecnedeHms NoxapHon be3onacHoCT
HaXOOALLMXCSH B HMX MALMEHTOB MPW YCIIOBUN BbINOSIHEHWs [0Cy0apCTBEHHOM NporpaMmMbl Poccuii-
ckont @epepaumn “doctynHas cpena”.
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HOCTb; NNTOBbIE YCTAHOBKM; MIOAMN C OrPaHNYEHHbIMI BO3MOXHOCTAMW NepeiBUXeHNs; peaHiMa-
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BBepeHune

3ammTa 310pOBbs — OJIHA U3 IIPUOPUTETHBIX KU3HEH-
HBIX TIoTpeOHOCTel uenoneka [1]. s ee yoBieTBo-
PEHUs CO3/1aeTCs CeTh MEAMLIMHCKIX YUPEKACHUM cIie-
UATU3UPOBAHHOTO MPOG M. DTOT NPO(UIb OMpese-
JSIOT BUJ MOPaKEHHOTO OpraHa 4YesloBeKa, XapakTep
€ro MOpakeHUs U BHJ OKa3aHUS MEJIUIIMHCKON MTOMO-
i [2]:

1) nepBrYHAs METUKO-CAaHUTAPHAS TIOMOIIIb;

2) cieuyaau3upoBaHHas, B TOM YHUCJIE BBICOKOTEX-
HOJIOTUYHAs, MEAUIINHCKAS TIOMOIIIb;

3) ckopasi, B TOM YHCIIe CKOpasi CIIIHaTN3NPOBAH-
Hasl, MEITUITMHCKAs TOMOIIb;

4) mayuMaTHBHAS MEIUIIUHCKAST TIOMOIIIb.

MenmunuHCKas TOMOIIb MOYKET OKa3bIBATHCS:

1) BHE MEAMLIMHCKON OpraHu3auuu (110 MecTy BbI-
30Ba OpUraabl CKOPO, B TOM YHCIIE CKOPOH CIIeLIUaIn-

© Cémun A. A., Domun A. M., Xonwesnuroe B. B., 2018

3UPOBAHHOMN, MEJUIIMHCKOM MTOMOIIIN, & TAKXKE B TPAHC-
MIOPTHOM CPECTBE MTPU MEAULIMHCKON HIBaKyallun);

2) am0OynaTopHO (B cilydasx, HE MpeayCcMaTpuBa-
FOIIUX KPYTIIOCYTOYHOTO METUIIMHCKOTO HAOIIOICHUS
W JICYSHHUsI), B TOM YHCJIe Ha JOMY NPHU BBI30BE MEIH-
LOUHCKOTO paOOTHHUKA;

3) B JHEBHOM cTaliMoHape (B ciiydasx, peycmar-
PUBAIONINX MEIUIIMHCKOE HAONIONEHNE M JICUCHHE B
JTHEBHOE BpeMsi, HO He TPeOYIONUX KPYTIIOCYTOYHOTO
MEIUIIIHCKOTO HAOIIONCHNUS U JICUCHU);

4) craunoHapHO (B ciayyasx, TpeOyIoIux Kpyriio-
CYTOYHOTO MEJIUITUHCKOTO HAOIIONCHUS 1 JICUCHUS ).

CeTb METUIIMHCKHX YIPEKICHUH peai3yeT nepap-
XUYECKU OPTraHU30BAHHYIO CHCTEMY B3aHMMOCBSI3aHHBIX
U B3aUMOIOTIONHAIONINX YIPSIKICHUH 31paBOOXpaHe-
HUSI, pa3MEIICHHBIX HA TEPPUTOPUH TOPOJICKUX H CEITb-
CKHUX TIOCEJICHH, TPU3BAaHHBIX YIOBJIETBOPUTH MHOTO-
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o0Opas3HbIe MOTPEOHOCTH B METUITMHCKOM OOCITYKHBa-
HUU BCEro HACEJIEHUS CTPAHbI.

O0BbEeMHO-TUIAHUPOBOYHBIE PEIICHUS 3aHHUH, B KO-
TOPBIX Pa3MEIIAOTCS 3TH YUYPEXKICHUS, 3aBUCIT OT
Pa3IMYHBIX COYCTAHHUHN ITOKA3aTENCH YUCICHHOCTH 00-
CIIy’)KMBaeMOT0 HaceJeHus, 00beMa U BUJa OKa3bIBa-
eMOl eMy MEIMLMHCKOW IOMOLIY, HOPMaTUBHO-pac-
YETHBIX II0Ka3aresiel NoTpeOHOCTH B pa3IMYHbIX TUIIAX
Ne4eOHO-POPUIAKTUHISCKUX YCIYyT U ONTUMAaJIbHON
MOIITHOCTH METUITMHCKUX YYPEXKICHUH, BKIFOUas WX
IPOITYCKHYIO CIOCOOHOCTH U Ka4€CTBO MEIUIITHCKOTO
U MH)KEHEPHO-TEXHUYECKOTO 000PYI0BaHU.

B apXuTekTypHO-CTPOUTEILHOM MTPOSKTUPOBAHUH
JIOTHKA KJaccH(DUKALNN 3aHUH H COOPYKEHHI HCXO-
JUT U3 UX (PyHKIMOHATIHHOTO Ha3HAYEHUs, ONIPeelis-
IOIIETO THITOJIIOTHIO UX 00BEMHO-TNIAHUPOBOYHBIX pe-
meHui. [Ipyn 3ToM BaXKHEHIIUMHU MTOKA3aTENSIMUA ITUX
pelIeHui ABJISIOTCS KOCUHBIN (DOHII U IITaTHOE pac-
MHMCAaHUE OTJ/CIICHHUI, yCTAHABINBAEMBICE C YYETOM
YTBEPXKACHHBIX CAHUTAPHBIX HOPM U IPaBUI U, COOT-
BETCTBEHHO, MUHUMAJIbHOM TOTPEOHOCTH B TUIOIIAIN
IIOMEUIEHUH U KOMMYHUKAMOHHBIX ITyTel B HUX. [Ipu
YCTaHOBJIEHUH MHHHMMAJbHON IUIOLIAAN MOMEIIeHUH
JOJDKHO YYMTBIBaTbCA MPOCTPAHCTBO, HEOOXOAMMOE
JUISL [IEIecO00pa3HoOro pasMeIeHust (QyHKIMOHAIBHO
OpPraHM30BaHHBIX Pab0OYUX MECT, YIOOCTBO CBs3CH
nepeaBIKeHUs (KOMMYHUKAU ) MeX1y HUMHU. DyHK-
[IMOHATIbHAS OpraHU3aIHs ONIPEICIIIETCS MHOXKECTBOM
Pa3IMYHBIX BUJOB JI€ATEIBHOCTH (IIPOU3BOACTBEHHBIX
nponecco). Cymma GyHKIHOHAIBHO CBS3aHHBIX MU-
HUMAJIBHBIX TUIOIIAJICH ONpeIelIieT B UTOTE [eJIeco00-
Pa3HOCTh 0OBEMHO-TIJIAHUPOBOYHBIX PEIICHUH 3IaHU I
Pa3IMYHOrO Ha3HAYECHMS, B YACTHOCTH 3IaHUH yUpexK-
JIEHUH 3IpaBOOXpPAHEHUS.

Knaccudukanus 3manuii u coopyxeHuit mo QyHk-
LMOHAJILHON MOXKapHOH ONAcCHOCTH HAaKJIAJbIBACT Ha
APXUTEKTYPHO-CTPOUTEIBHYIO KITaCCU(DUKAIIUIO JIOTION-
HHUTEIHHO HEOOXOMMMOCTh yUeTa COCTaBa OCHOBHOTO
(YHKIMOHAIEHOTO KOHTHHI'CHTA HAXOMSIINXCS B HUX
mrofied. MIX KOMMUecTBO, NCUXO(U3NOTIOTHIECKHE Ka-
gecTBa M (PYHKIIMOHAIBFHOE COCTOSHHUE OIPEICISIOT
BO3MO)KHOCTH CBOCBPEMCHHOM U OECIPEsITCTBEHHOM
MENIeXOTHOW DBAKyallnH, T. €. €AMHCTBEHHOTO, IPeIy-
CMOTpPEHHOTO TeXHUYIECKIM pPEerIaMeHTOM O TpeboBa-
HISIX MOKapHO# 6e3omacHoctu (DemepanbHbIil 3aK0H
Ne 123) [3] cniocoba camocTosTebHO H30ekKaTh Kpu-
TUYECKUX YPOBHEH BO3JICHUCTBHUS OMACHBIX (DAKTOPOB
rokapa B ero HadaJIbHOM ctaauu pa3Butus. [Ipu aTom
cormacHo 1. 14 ct. 89 [3] “s6axyayuornmvie nymu He dondic-
HbL BKIIOUANb JUDMbL, ICKALAMOpDL..." .

B 10 xe Bpems “B Poccuiickoit denepariiu B HaCTO-
Alee BpeMsi HaCUUTBIBAETCS OKOJIO 13 MIIH. MHBaIU-
JIOB, YTO COCTABJISIET OKOJIO 8,8 MPOILIEHTa HACEICHUS
CTpaHsbl, 1 6omnee 40 MITH. MAIOMOOMITBHBIX TPasKIaH —
27,4 npoueHta Hacenenus” [4]. B coBpeMeHHOM Mupe

K CTApEHUIO HAceJICHUs JJoOaBsieTcs npodiieMa 0xKu-

peHUS JTIOAEH BCEX BO3PACTOB C COMYTCTBYIOMINMH MY

OTpaHUYCHUSIMH ITOJIBUKHOCTH [5—7]. DTH ko1t 0Opa-

3yIOT JeMOTpaduIeCcKie IPYIIBEl HACETICHNUS C OTPaHH-

YCHUSIMU BO3MO>KHOCTH IIEPEABIKECHHS PA3IINIHOH CTe-

[IeHH, KaXX1asi U3 KOTOPBIX TpeOyeT HeTpaIullHOHHbBIX

(hopM opraHU3aIMU MENICX0JHOM IBAKyaIHU, UCIONb-

30BaHUS MEXaHUYECKHUX CPEJCTB BHYTPEHHETO TPaHC-

MOpTa W MOBBIIIEHUS HAZEKHOCTH U 3()(HEKTUBHOCTH

(hyHKIIMOHUPOBAHUS CUCTEM MPOTHBOIIOKAPHOW 3a-

ITUTHBI.

Bceemupnas opranmzanus 3npaBooxpanenus (BO3)
CIIEAYIOIINM 00pa30M OIpeNeNsIeT TaHHbIC TOHITHS:
e UHGAIUO — “JIMII0, KOTOPOE UMEET HAPYIIICHHE 310~

POBBSI CO CTOWKHUM PacCTpOCTBOM (DYHKITHIA opra-

HU3Ma, 00YyCJIOBICHHOE 3a00JICBAaHUSIMH, MOCICI-

CTBHSIMU TpaBM WU Je(eKTaMH, IPUBOIAIICE K

OTPaHUYCHHIO KU3HEISSITEIFHOCTH U BEI3BIBAIOLICE

HEOOXOIMMOCTD €r0 COIMAIBHOM 3alUTHI;

o ocpanuyenue icusHedesmenbHOCmy — TIOIHAS WIN
JacTUYHAS yTpaTa JHUIOM CIIOCOOHOCTH WJIH BO3-
MOXHOCTH OCYIIECTBISATH CaMOOOCTyKHBaHNUE, Ca-
MOCTOSTEIEHO TIEPEIBUTATHCSI, OPUCHTHUPOBATHCS,
00IIaThCsl, KOHTPOIUPOBATEH CBOE TIOBEICHHE, 00Y-
4aTbCs U 3aHUMATHCS TPYAOBOH IeATENbHOCTHIO.
MHUHHCTEPCTBOM TPyAa M COIMAILHOTO Pa3BUTHS

Poccuiickoit denepauyn 1 MUHHCTEPCTBOM 3/1paBo-

oxpaHeHust B 1997 1. Oblia yTBepXKIeHa KiIacCUpUKa-

s HApyIICHUH OCHOBHBIX (DYHKIINH OpraHn3Ma 4eio-

BEKa:

e ncuxuueckux @yukyuti (BOCUPHUSATHS, BHUMaHUS,
MTaMSTH, MBIIUICHUS, PEIH, SMOLUHA, BOJIH);

e ceHcopublX ¢hyHKyull (3peHusi, ciiyxa, OOOHSHUS,
ocsi3aHus);

o cmamoounamuieckou ynxyuu (IOPaXKSHUE OTIOP-
HO-JIBUTATEJILHOTO arlnapaTa i HEPBHOU CUCTEMBI);

o ghynkyul KpoBOOOPAUEHUL, ObIXAHUSA, NUWeBAPEHUS,
8blOeIeHUsl, 0OMeHd 8euyecms U IHePIUll, BHYMPEH-
Hell cekpeyuu.

Kak BUOHO, 5TU ONIPEACJICHUA HECKOJIBKO ITUPE TP -
HATOTO B OTCYECTBECHHOM HOPMUPOBAHHUU TTOHATUA
“MaJIOMOOMIIbHBIC TPYIIITBI HACEJICHUS, BIIEPBBIC BBE-
nennoro CHull 35-01-2001 [8] u onpenensieMoro Kaxk
“JIONIA, NCTIBITHIBAIOIINE 3aTPYAHEHUS TIPH CAMOCTOSI-
TEJIEHOM TIEPEIBIKCHUH, TIOJTyYSHUH yCIYTH, HE00X0-
MO HH(OPMAIIUH WITH ITPH OPUCHTUPOBAHUH B IIPO-
cTpaHCTBE”.

AHanuTnyeckas 4yactb

B cBs13U C BBIIICH3I0KXCHHBIM CTAHOBUTCSI OYEBHU/I-
HOU aKTyalmbHOCTHh HuddepeHnuanuu GpakTuaeckoro
OCHOBHOTO ()YHKIIMOHAJILHOI'O KOHTUHICHTA JIIONCH B
3[aHUAX METUIIMHCKUX YUPEKICHUN Pa3IMIHOrO Ha-
3HAUCHHUSI, CPEIM MAIUEHTOB KOTOPBIX JOJISI JIOJCH C
MOCTOSIHHO HMJIM BPEMEHHO OIPAaHUYCHHBIMH BO3MOXK-
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HOCTSIMH TiepenBrkeHust mpuommxaercs k 100 %. Tem
HE MEHee 3TOT (PaKT He HAXOIUT TOJDKHOTO OTPAKSHUS
B COBPEMEHHOH KiacCUpHUKAIUU (HYHKIHOHAITEHOTO
cocTaBa 34aHui 1 coopyxeHuit [9]. MccnenoBanus xe
3BaKyallly 3TOH KaTeropuu Jirofeil kak B Poccun, Tak
U 32 pyOeKOM OTrpaHHYMBAIOTCS TPEAETIaMH ATaxka
3J1aHUS] MEIULIMHCKOI'O YUPEKIECHUS U HE 3aTparuBaroT
OpraHU3aIMy dBaKyalldil HETPAHCIIOPTAOCTbHBIX II1a-
LIUEHTOB.

Taxast nuddepeHumanns TecHo cBs3aHa ¢ PyHKIHU-
OHAITLHOW THUTIOJIOTHEH 00BEMHO-TUIAHUPOBOYHBIX pe-
NICHUH 3aHUH Pa3TMYHOTO MTPOPUIIS JIeUSOHBIX YUPEIK-
nennii. OHAKO CPaBHUTENBHBINA aHAIN3 COIHAIBHO-
nemorpaduueckoit auddepeHuanin KOHTHHTCHTa
JMofed B OTAENBHBIX 3JaHUAX PA3IUYHBIX KIIACCOB
(hyHKIIMOHATBHOHN OKapHON OMTACHOCTH 3HAYUTEIEHO
YCIOXHACTCA U3-3a pA3JINIUA UX KOJIMICCTBCHHBIX 110~
Ka3aresiel B 3aBUCUMOCTH OT IIOJIOKEHUS B MepapXuu
JiedeOHBIX 3aBe/ICHUH (CPAaBHUTH, HAITPUMED, TTOCEITKO-
BYIO HNOJHUKJIMHUKY U MOJUKIMHUKY aJMUHUCTPALIUN

MIPE3UICHTA). DTO pa3InIne HUBEIUPYETCS, €CIH 3a-
HUS pa3jIMvIHOTO Ha3HA4YC€HUSA HAXOIATCA B COCTaBC
€IMHOTO MHOTONPO(UIBLHOTO METUIIMHCKOTO IEHTPA.
B kauecTBe nmpuMepa Takoro IEHTpa MOXKET OBITh pac-
cMmoTpeHo ['ocynapcTBeHHOE OIOMKETHOE YIPEKICHIE
3IpaBOOXpaHeHus MOCKOBCKoi 001acTi MOCKOBCKUH
001acTHOI HAyYHO-UCCIIEIOBATENbCKIA KITMHUYECKHIA
uHCTUTYT uM. M. @. Bragumupckoro (I'bY3 MO
MOHUKMU um. M. @. Bragumupckoro) — crapeifiee
B Poccum (1773 r.) MenuImHCKOE MHOTONIPODHITBHOE
YUpEXKJIEHUE, HA TEPPUTOPUU KOTOPOI'O B HACTOSIILEE
BpEMs PACHONIOKEHO 15 KOPIIyCOB CeUalIn3upOBaH-
HBIX MEIULIUHCKUX yupexaeHui (puc. 1).
[pencrasmsiercst nenecooOpa3HbIM Pa3AeIuTh OCHOB-
HOI KOHTUHI'€HT JIIONIEH, HAXOIALIUXCS B 31aHUSX JIeue0-
HBIX YUYPEeXJIECHUH, IPEKe BCEro Ha JBE COLMAIbHO-
JneMorpaduIecKue IPYIIIb B 3aBHCUMOCTH OT TOH POJIH,
KOTOPYIO OHH UTPAIOT B MPOIECCE JICUCHUS:
e nayueHnmol, T. €. 00BEKTHI JICUCHIS,;
e nepcoHan, T. €. CyOBEKTHI MPOoIecca JICUCHUS.

. AnMuHACTpaTuBHBI Koprye / Administrative building
. Texuuueckuii kopryc / Technical building
. Temuarpuueckuii kopryc / Paediatric building

N N R W N =

. Pammonornueckuii xopryc / Radiological building

8. JlaGoparopHbiii kopryc / Laboratory building

9. Tepanesrrueckuii kopryc / Therapeutic building

10. Heponoruueckwuii kopryc / Neurological building

11. Xupypruueckuii kopryc / Surgical building

12. XossiicrBennsiii kopryc / Household building

13. IMaromopdonoruueckuii kopmyc / Pathomorphological building

15. Tnaubiil xupypruueckuii kopiyc / The main surgical building
15a. Kondepenu-3an / Conference hall

. AMOYJIaTOPHO-NONMKIMHAYECKHUI KOpItyc, anmuuucTpanus / Out-patient clinic building, administration
. Tlpuemnoe otzaenenue, aepmarosiornyeckoe oraesienue / Admission building, dermatology building

. Hentp Tpancmiantonoruu u guamnsa / Transplantology and Dialysis Centre

14. CynebHo-MeaumuncKas skcneprusa / Forensic medical examination

Bacceiin
Pool

yi. Tpuponosekas / Trifonovskaya St.

yi. Camapcekast

Ne 5 Samarskaya St.

(\\M Ne'7

No 1 yn. lllenkuna / Shchepkina St.

Puc. 1. Cxema renepansaoro miana ['6Y3 MO MOHHMKU nm. M. ©. Bragumupckoro
Fig. 1. Master layout of Vladimirskiy Moscow Regional Scientific Research Clinical Institute (MONIKI)
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UncneHHOCTh ATUX TPYII B HEKOTOPHIX 3aHHSIX Me-
JUIMHCKUX YYIPEKICHUH B MOMEHT Hadajla Iokapa
MOYKET OBITh OJJMHAKOBOM. B 3/1aHHSIX jke APYTUX THIIOB
KOJIMYECTBO MAIMEHTOB Ha OPSIOK IPEBOCXOAUT UHC-
JICHHOCTh 00CITY>KHBAIOIIETO MEPCOHAA.

AvddepeHumauua naumMeHToB Mo CTENEHU
OorpaHuyeHUs BO3MOXHOCTU NepeABUXEHUSA

Takast nuddepernuanus nanueHTos (tadiu. 1) Mo-
JKET OBITH IOCTPOCHA Ha OCHOBE ITPUHITHITOB PACTYIITIX
rpajanuii, MPOCMATPHUBAIOIINXCS B MUTHPYEMBIX T10-
KyMEHTaX, i METOJMYCCKUX MPUHIUIIOB HOPMHUPOBA-
HUSI, pa3pabOTaHHBIX IO Pe3yJbTaTaM BBITOJHEHHBIX
panee uccienoBanuii [ 10] IBMKEHISI MATTOMOOMITBHBIX
TPYTI HACEJICHUSI.

AnddepeHunaumna nepcoHana

B kauectBe Kinaccu(pUKAHMOHHBIX TPHU3HAKOB 1ep-
COHaJIa MOTYT OBITh HCITOJIb30BaHbI KX MPO(HECCHOHAITb-
Hasl IPUHA/UICKHOCTh U YIACTHE B IPOLIECCE MEAUIINH-
CKOTO OOCIYKHBaHUsI MAIUCHTOB C OrPaHHUYCHUSIMU
BO3MOYKHOCTH [IEPEABMKCHUS PA3ITMIHON CTEIICHH HITH

yJacTHe B JICJIOBOM U TEXHIUUECKON IKCITTyaTaIluu 3/1a-
Hui (Tadn. 2).

31ech CTeNEeHbI0 OrPaHUYCHUsT BO3ZMOXKHOCTH Tie-
PeABIDKEHUS TIEpCOHANIA 11eJIeco00pa3Ho peHeOpeyb,
CUMTas B IEPBOM NPUOIMKEHUH, YTO BECh €I0 COCTAaB
OTHOCHTCSI K TPYyTIIIaM JIFoiel HOpMaJIbHOM MOOMIIBHO-
cti. TeM He MeHee cllelyeT UMETh B BUILY, UTO ClIeIHaIlb-
Hble uccaenoBanus [11] mokaszanu BICOKHI MPOIEHT
JIIONEH, CTPASAIOIINX OKUPEHUEM U OABIIIKON, Cpean
O0(pHUCHBIX PAaOOTHUKOB, 3aHUMAIOLIUXCS Pa3TUYHBIMH
BUIaMH JIEJIOTIPON3BOJICTBA.

B cBs131 ¢ aTUM muddepeHIHaITI0 KOHTHHTCHTa Me-
JUITTHCKUX YYPEXKIECHUH 11e1eco00pa3Ho CBA3aTh He-
MIOCPEICTBEHHO C PSKUMOM (PYHKIIMOHATBHOM AKCILTY-
aTalluy 37[aHuH, a He C TPOCTPAHHBIM MEPEeYyHEM HOMEH-
KJIATYphl METUIIMHCKUX YIPESKACHUH IO HA3HAYCHUIO
(6onee 100) u o TeppuTOpUATBHOMY IIPU3HAKY (5), yc-
TaHOBJICHHBIM HOMEHKJIIATYPOI METUITMHCKIX OpTaHU-
3amuii [2]:

1) no 6udy desmenvrnocmu: ne4eOHO-NPOUIIAKTHYE-
ckue (87 Bu0B); MenuiuHCcKue ocodoro Tuma (15 Bu-
JIOB); MEIUITMHCKHUE 10 OpTaHU3aIlH Haa30pa B chepe

Tabnuua 1. JnuddepeHumaumns NaLuMeHToB Mo CTeneHn orpaHUyeHns BO3MOXHOCTU NepeaBuKeHus
Table 1. Patient differentiation according a mobility reduction degree

No CreneHb

Karer OpHs ABUKCHUA Hcnonbs3oBanue

OrpaHuYEHHs!
/i P

[Mpusnaku

(cxopoctb V), M/MuH)

1u(TOB ¢ ITAKA

accompanied by medical
staff with special medical
equipment

1 | HauanbHas W30BITOYHBII BEC, OJIBIIIKA, IEPUOMUCCKIE OON AxrusHoe (80) BMecto | [Ipeamnoutu-
Original B OpraHax M CyCTaBax, ObICTpasi yTOMJISIEMOCTb, Jie- | ITOBBILICHHOW aKTUBHO- | TEJBHO
(hekThI cityXa U 3peHuUs ctu (100) Preferably
Overweight, shortness of breath, periodic pain in Active (80) instead of
the organs and joints, fatigue, hearing and vision increased activity (100)
defects
2 | IlocrosiHHAs MuBanuapl cpeHEro Bo3pacTa: Ha IpoTesax, ¢ ono- | AkrusHoe (80) To xe
Permanent pamu; ¢ HapYIICHUSIMH 3PEHHUSL, TIOJIB3YIOIHeECs OE0H | Active (80) The same
TPOCTBIO; IO C ICUXHISCKUMU OTKIOHSHUSIMU
Disabled persons of middle age: moving using
prostheses, with supports; visual impaired, using
a white cane; mental disabled persons
MHBanup 10 CTapoCTH ¢ TEMHU K€ IIPU3HAKAMU Crokoiinoe (70) O06s13aTeIbHO
Old age disabled persons, the same signs Calm (70) Mandatory
3 | Jlexxaume Tpanc- | TpaHcmopTHpyeMble Ha HOCHIKAX [Tepenocka nepconamom To xe
noprabenbubie | Carried on stretchers Carrying by staff The same
Bed carriageab- T N "
le patients PAHCTIOPTHPYEMEIE TONBKO Ha KPOBATAX 0 TOPU30HTAITEHOMY
Carried only on beds IyTH
On a horizontal path
4 | DKCTPEHHO TToTpeOHOCTh B MNHTEHCUBHOM TEpaIUK U anmaparax | TpaHCIOPTHPOBKA Ha "
HEeTpaHCIOpTa- | sKu3HeoOecneueHus (IpH CepaeuHO-COCy IUCTON U KPOBATSX B CONIPOBOX-
GenbHbIE (um) OpIXaTeIbHON HEOCTaTOYHOCTH) JICHUM MEJIepcoHala co
Non-carriageable | Need for intensive care and life support equipment crenMe1000py 10BaHIeM
urgently (cardiovascular and/or respiratory failure) Transportation on beds
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Ta6nuua 2. nddepeHumaums nepcoHana / Table 2. Staff differentiation

No

Buna H.
. 11 IepcoHaa

IIpodeccronanbaas npUHAUICKHOCTD

Kareropust aBHKSHHS
[PY HBAKyaIHH 10 TOPH30H-
TaJIbHOMY ITyTH U JICCTHHULC

Hcnonb3oBanue mupTon
JUIS 9BAKYallHU U3 3/1aHUH
HIDKE CPEJHEeH TaXKHOCTH

1 | Menununckuii | Bpaun, MeTuIuHCKUE CECTPHI

Office workers
3 | NuxeHepHO-
TEXHUYCCKUMN
Engineering
and technical
Hayunpie paOoTHUKH, Ta00pPaHTHI
Scientists, laboratory assistants

4 | Hayunsrit
Scientific

Medical Doctors, nurses
2 | OdwucHeie Jlenonpou3BOIUTEINH, aIMHHUCTPATHBHO-
paboOTHUKN XO3SICTBCHHBIC PAOOTHUKH

Clerks, administrative and household workers

Wmxenepsl, TeXHUKH, paboyne, yOOpLIHKY
Engineers, technicians, workers, janitors

Heobs3aTensHo
No mandatory

TToBBIIIICHHON aKTUBHOCTHU
High activity
To xe
The same

To xe
The same

3aIUTHI PaB MOTPEOHUTENCH U OIArOmONyYHs YeJI0Be-
Ka (5 BUI0B);

2) no meppumopuanbHoMy Npu3HAKy: (Genepanb-
HBIC, KpaeBbIe, PECIyOIUKaHCKUE, O0JIACTHBIC, OKPY K-
HBIE, MyHHUIIATIATEHBIE, MEKpallOHHBIE, paOHHBIE, TO-
pozckue.

Tem Oonee 4TO, HECMOTPS HA PA3IUYHYIO BBICOT-
HOCTb 3TUX 3/JaHHii, B IUNITAHUPOBOYHOU CTPYKTYypeE dTa-
JKEH UCIIONB3YeTCs UCTIOKOH BEKOB JIUIIb OJTHA U3 BO3-
MOXKHBIX YETBIpEX IIaHUPOBOYHBIX CXEM, OTPAOOTaHHBIX
MHOTOBEKOBOM MPaKTUKOM apXUTEKTYPHO-CTPOUTEIb-
HOTO IPOEKTUPOBAHUS, — KOPHUIOpHAS.

Torma Bce MHOTOOOpa3ne BO3MOXKHBIX B3aMMHBIX
COYETaHMHU TIOKa3aTesied HOMEHKIATYPBl MOXKET OBITh
CBEIICHO K TPEM BHIAaM OJOKOB 3AaHUI IO PEKUMY HX
AKCIUTyaTaIliH: aMOyIaTOPHO-TTOIHNKINHIIECKUE KOp-
myca, KOpITyca CTaIlHOHAPHOTO (XHPYPTrUIECKOTo U Te-
pareBTHYECKOTO THIIA) JICUCHHUS W JTadOpaTOPHO-IH-
arHocTuyeckue (MccienoBarenbekue) Kopiyca. Kpu-
TEPUSMH TAKOH KJIACCH()UKAIMA SBITIOTCSI:

1) IpOAOIKUTENBHOCTD IEPUOAA UHTEHCUBHOM JK-
CIUTyaTalliy 31aHusl B CyTOYHOM OMOPUTME KU3HU ye-
JIOBEKa:

— HETIOJHBIH Nepro CyTouHOro 6nopurMma (1-2 pa-

0OYMX CMEHBI ITepCOHAA);

— KpymrocyTouHas (pyHKIMOHAJbHAsI JKCILTyaTa-

1ST;
2) MakcuMaJlbHask NPOJIOJKUTEIBHOCTh NpedbIBa-
HUSI TAIMEHTA B 3[[aHUU:
— HECKOITbKO 4acoB (He OoJjiee o/iHOi paboueii cMe-
HBI TIEpCOHAJIA);

— KPYINIOCYTOYHOE TIpeObIBaHuUE;

— BMIH30JMYECKOE IPUCYTCTBHE B TCUCHUE ITEPUOJIA
BPEMEHH IIpHeMa CIeLHAUCTa;

3) BBIAENIEHUE KPYITIOCYTOUHBIX CTAI[MOHAPOB XH-
Pypruueckoro npoQuiisi, IMEIOLINX OTACTICHHUS aHECTe-

3UOJIOTUN U p€aHuMaluu C MajjaTaMu peaHuMaluu U
WHTEHCHUBHOH Tepamnuu.

CTaHOBUTCS OYE€BHUAHBIM, YTO B COOTBCTCTBHUU C
STHMH JKCILUTyaTAIIMOHHBIMU XapaKTCPUCTUKAMHU 37a-
HUH IPOUCXOINUT U TUPPepeHINAIHS HAXOIAIUXCS B
HUX TTaMCHTOB I10 CTETICHN OTPaHUYCHHUS BO3MOXKHO-
CTH HepeBIKEHUS, U TudPepeHInanys nepcoHana B
3aBHCHMOCTH OT UX Y4acTHs B Ipolieccax JieueHus na-
IIICHTOB U SKCIUTyaTalluy 3MaHHH.

[Ipu 5TOM JesieHue OCHOBHOTO (DYHKIIMOHAJIBHOTO
KOHTHHTCHTA Ha COLUAIILHBIC TPYIIIBI IIPOUCXOIUT BO
BXOIHOM OJIOKE IMOMEILIEHUI — o0meM s OJIOKOB
3/1aHUH, TOJIPA3IEISIEMbIX [0 PEKUMY WX SKCIUTyaTaluu
(puc. 2). DT0T 670K MOMELIEHUH JOJIKEH COIEpKaTh
30HBI PETHCTPATYPHI U OXKUAAHMS, & TAKXKE KOHTPOIIBHO-
nporyckabie myHKTH (KIIIT). 30HbI peructparypsl u
OXKUJIAHUS TPOCKTUPYIOTCS UCXOJIS U3 TOTO, YTO KOHMI-
POJIb 86X0008 U 8bIX0OO008 — ITO MEPOTIPUSITHE, 00ecTIe-
YHBAIOIICE MOPSIOK BCETO METUIIMHCKOTO IpOIiecca.
s Toro utoOb1 peructparypa u KIIIT BemonHsm
yIpaBiIeHUCCKUE PYHKINN, HEOOXOANMO JOCTATOUHOE
JUISL 9TOTO KOJIMYECTBO COTPYAHHUKOB M IMOCTOSHHBIN
KOHTAKT ¢ MEJAUIIUHCKOW 30HOH (IBYCTOPOHHSISI BHYT-
PEHHSIS CBSI3b). B 30HE OKMAaHUS TPOSKTHPYIOTCS Ma-
HOpaMHbIE OKHa JIJIs CBSI3U TIEPCOHAIA PETUCTPATYPHI C
MAIMEHTAMH, & TAK)KE ONTUYCCKHE HITH aKyCTHYCCKUE
CHUTHAJIN3aTOPBI, HA KOTOPBIE JIFOAHM MOTIU OBl OpUCH-
THPOBATHCSI U B HOPMAIBHBIX yCIOBHUSIX IKCILTYaTaIlHH,
U B CJ1y4ac BOSHUKHOBCHUA ‘IpeSBbI‘laﬁHLIX CPITyaIIPIﬁ.

[Tpoxoxst uepes KIIII, manueHTh HAPaBISIOTCS B
OJIOKH ITOMEIIEHH, B KOTOPBIX UM OKa3bIBAIOTCS METU-
LUHCKHUE YCIYTH, COOTBETCTBYIOIINE CTEIIEHH OIPaHu-
YCHUST BO3MOKHOCTEH MX TEePEIBIDKCHHUS, a TIEPCOHAT
— B IIOMEIICHUS, TIIC OH BBIITOIHSET CBOU PO ECCHO-
HaJIbHBIC 00513aHHOCTH. Takoe pacipeeeHue 1 onpe-
JIeJIAET COCTaB MOTOKAa OCHOBHOTO (PYHKIIMOHATIBLHOTO
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- BE3OMACHOCTb XXM3HEAEATEABHOCTH

KOHTHHTEHTA B 3aBUCUMOCTH OT Au(depeHIranuu na-
LIMEHTOB B KAXKJIOM U3 BBIJICJIEHHBIX TUIIOB 31aHUM.

AM6YAQTOPHO-NOAUKAMHUYECKUI KOpPMyC

B amOynaTtopHO-MOMUKIMHIYECKOM KOPITyce Malu-
CHTaM OKa3bIBAIOT IUIAHOBYIO MEIUIIUHCKYIO IIOMOIIb,
MO3TOMY TOTOK OYyJICT UMETh CIIEIYIONIUH COCTaB!

o nepconanr — 30 %;

o nayueumsi — 70 %, U3 HUX C IOTEpPEe MOOUIIBHO-
ctu 1-1 crerrean — 80 %, 2-i cremrern — 20 %.
OCHOBHBIM (DYHKI[MOHAJIBHO-TEXHOJIOTHUYECKUM

IPOLIECCOM, MPOTEKAIOLIUM B aMOyJIaTOPHO-TIOINKIH-

HHUYECKOM KOpITyce, SIBSICTCSl OKa3aHHUE MOIMKINHH-

YECKUX MEIUIMHCKUX yciyr. CienoBaTeIbHO, OCHOB-

HBIMH THUIIAMH TIOMEIICHUH B 3TOM Kopryce OymyT:

KaOWHETHl IpUeMa Bpaya; MPOLEAYypHBIC KaOWHETHI;

JUAarHOCTHYCCKUE KAOMHETHI.

Ha 6aze I'bY3 MO MOHUKU um. M. ®@. Baamu-
MHPCKOTO OBIITH ITPOBEIEHBI MOXKAPHO-TAKTHYECKHE YUe-
HUsI C 9BaKyallMel MallMeHTOB U epcoHana u3 11-srax-
HOT'O 3/1aHMsl HOJTUKINHUKH.

HeusBecTHbIMU B OMHCAaHUM 3aKOHOMEPHOCTEH
cBs3u V' = f(D) Mexxay mapaMeTpaMu JIIOICKOTO OTOKa
TAKOTO COCTaBa MPH IBAKYAIUHU SIBISIOTCS K03 UIm-
EHTBl COOTBETCTBYIOIICH MaTreMaTHueCKoi (HOpMYyIIbI.
Bun sxe 3aBucumoctu ycranosiieH [ 12, 13] u noarsepik-
JICH pe3yJIbTaTaMHi MHOTOUNCIICHHBIX CEPUI HATYPHBIX
HabOmroneHuit [9, 14-30], mpoBeleHHBIX B 3JaHUSIX pa3-
JUYHOTO Ha3HAUYCHUsI. ITO — dJIEMEHTapHas Ciydai-
Hast PyHKIIHUS:

_ _ D.
3 _ 179 i

Vi =Vo; 1_aj1nD , )
0j

e VD; — BEpOsITHAs] BEJIMYMHA CKOPOCTH JIIOICH B

MOIIMOHAIILHOM COCTOSTHUH TIPHU IJIOTHOCTH ITOTO-
ka D, Ha y4acTke j-To BUJa ITyTH;

170]3. — ciaydaiiHas BeJWYMHA WHIUBHUAYaIbHOMN
CKOPOCTH CBOOOTHOTO ABMKEHUS (TIPU OTCYTCTBHU
BJIMSIHHSI OKPY)KAIONIUX JIIOZCH), 3aBUCSIIAs OT
BHJIA ITyTH j U YPOBHS SMOLIMOHATIBHOTO COCTOSTHUSA
JIFOZICH;

a,— k03 punmeHT, onpenesIFoIni CTeNCHb BIIH-
SIHUSL TIOTHOCTH TTOTOKA IMPH JIBYOKEHUH TIO j-MY
BUJTY TIyTH;

D, — Texyl1ee 3Ha4eHHE ITIOTHOCTH MOTOKA;

D,; — noporosoe 3Ha4EHHUE IIOTHOCTH NOTOKA HA
y‘laCTKe]—FO BHUIa HyTI/I, 110 JOCTHUXXCHUHN KOTOpOFO
IIJIOTHOCTH CTAHOBUTCS (I)aKTOpOM, BIIMAOIIUM Ha

CKOPOCTH JABHIKCHUS.

CTauMoHapHo-TepaneBTUUECKUI KOPMYC

B kopryca craiiuoHapHO-TepaneBTHYECKOro Ha3Ha-
YEHUS HAMPABJISIOTCS MAIMEHTHI JJIs1 OKA3aHUs UM Tepa-
neBruyeckoi momoru. Teparust (ip.-rped. Ogpaneio —
BpaueOHbII yXOI, ICYSHUE) — MPOLIECC, IETbI0 KOTOPO-
T0 ABJISICTCA O6.HCF YCHUC, CHATUC UJIN YCTPAHCHUEC CUMII-

TOMOB TOTO HJTH HHOTO 3a0oneBanust. Bee MenummHckme

MaHAMYILIIAH TIPOTEKAIOT 0€3 XUPYPrHIeCcKOro BMEIa-

TENBCTBA, MOATOMY OCHOBHBIMH THIIAMH TTOMCIICHHS

OyIyT: TepareBTHUECKas ajiara, IpoueaypHbIe, Iuar-

HOCTHUYECKUE KAOMHETHI.

B cocrase n10ACKOr0 MOTOKA MOSIBIISIIOTCS NALUEH-

ThI C 3-I1 CTENIEHBIO OrPAHUUEHUS ABUKEHUS, KOTOPBIX

HEO0OXOMMO 9BaKyUPOBATh HA HOCUJIKAX:

o nayuenmor — 80 %, U3 HUX C MOTepeil MOOMIBHO-
cru 1-it crenenn — 70 %, 2-# crenenu — 20 %,
3-i1 crenrenn — 10 %);

o nepconan— 20 %.
PacuerHoe Bpewms 7, , (MHUH) ClIaceHUs JIFOJCH, He-

CIIOCOOHBIX K CAMOCTOSITEIIEHOMY TIEPEIBIKCHHIO, C 3Ta-

ka 3manus onpenensercs [31, 32] mo popmyne, cyMMu-

pyroleil 3arparbl BPEMEHH Ha IOCIEJ0BATEIbHbIC

OIlepalUy, COCTABIISAIOLINE IPOLECC CIIACCHHUS:

L L, L L,

t =\t +1t, + +—+ =+
CILD 1 2 V]n VZH Vl V2
x NHM Ll + L2 (2)
O75Ncn Vl V2 '

e ¢, — BpeMs yKJIaIbIBaHUS YeJI0BeKa, HECIOCOOHOTO
K CaMOCTOSITEITbHOM HBAKyaIluH, Ha HOCHJIKU, MUH;
t, — BpeMsl IePEKIIaIbIBAHUS UEJIOBEKA, HECIIOCO0-
HOTO K CAMOCTOSITEIILHOH 3BaKyaInu, C HOCHJIOK Ha
MO/ITOTOBJICHHYIO0 TOPU30HTANIBHYIO IIOBEPXHOCTD,

MHH;
L, — JuiMHa IyTH CIIaCE€HUs 10 TOPU30HTAIIH, M;
L, — nnuHa yTH CllaceHUs 110 JIECTHULIE, M;

V| — cKOpoOCTh NEpeIBHIKEHUsI MeIIepCcCoHalIa

(crracarerneit) o TOPH30HTAIBEHOMY ITyTH C HOCHII-

KaMu 0e3 CracaeMoro 4ejioBeka, M/MUH;

V" — cKOpOCTB MepeBIKCHIUSI MEANEPCOHAIA IO

TOPU30HTAJIH CO CIIACACMBIM YEIIOBEKOM, JICIKAIITHM

Ha HOCHJIKaX, M/MHH;

V, — CKOpOCTb MEPEIBIKEHHS MEANEPCOHANIa 110

JIECTHUIIEC BBEPX C HOCHJIKAMH 0€3 crlacaeMoro ue-

JI0BEKa, M/MHUH;

V," — CKOPOCTB TIepEABIKCHHS MEIEPCOHAA 1O

JICCTHHIIC BHU3 CO CITACACMBIM YETIOBEKOM, JICHKATIIIM

Ha HOCHJIKax, M/MHH;

N,,, — YHUCIO JrofeH, HeCIOCOOHBIX K CaMOCTOS-

TEJILHOW 3BaKyallny;

N, — KOIMYECTBO cHacaTeei.

BripaxkeHne 1i1st onperneeHns 3aBICHMOCTH BpeMe-
HH t,, (MHMH) TIepeKIaabIBaHus JIFOACH CIacaTelsiMU C
KpOBaTH Ha HOCUJIKU OT Macchl (puc. 3) uMeeT BH/I:

B 60
o = Voll—aln (m/my)]’ )

e V, — ciydvaiiHasi BeTM4nHA CKOPOCTH CBOOOIHOTO
NepeKsIaIbIBAHMUS YeIOBEKA C KPOBATH HA HOCHITKH
criacaresiamMu (IPH Macce MePeKIabIBAeMOoro e-
noBeKa m < my), M/MUH;
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Macca, kr / Weight, kg
JKenummupt (TeopeTnueckue sHavenns), fy, = 60/[25(1 - 0,5 In(m/20))] / Women (theoretical value), 1, = 60/[25(1 — 0.5 In(m/20))]

A KeHuuHsl (9KCIepUMeHTaNbHbIE 3HaueHns) / Women (exper

My>xunHsI (TeopeTHaecKue 3HadeHus), ¢, = 60/[25(1 — 0,75 In(m/40))] / Man (theoretical value)
My KuuHbI (3KCTIEpUMEHTANbHBIE 3HaueHus1) / Man (experimental values)

imental values)
= 60/[25(1 — 0.75 In(m/40))]

> rpm

Puc. 3. 3aBucumocTh BpPEMEHU IEPEKIIAJIbIBAHMS CIIaCaTCIIIMU MYKCKOI'O M ’KEHCKOI'O I10J1a MAIUEHTOB € KPOBATU HA HOCWJIKU OT UX MAacCChbl

Fig. 3. Dependence between the time for a patient to be put on stretcher from bed by male/female rescuers and weight of the patients

m — Macca cracaeMoro 4ejIoBeKa IpH MepeKia ibl-
BaHWHU €T0 C KPOBATH HA HOCHJIKH, KT
1M, — IOPOTOBOE 3HAYCHHE MACCHI CIIACAEMOT0 YeJI0-
BeKa IPH MePEKIIa[bIBAHIHU €T0 C KPOBATH Ha HOCHII-
KH, 110 IOCTHKEHUH KOTOPOTO Macca HaYnHAET OKa-
3bIBATh BIIUSIHUE HA CKOPOCTh [IEPEKIIAIbIBAHNUS, KT
a — k03 HUIUEHT aanTalnuy cracareis K nepe-
KJIaJIBIBAHUIO YEJIOBEKA C KPOBATH HA HOCHIIKHU MIPU
YBEJIMYEHHH MacChl CIIACAEMOT0.
3aBUCHMOCTh CKOPOCTH MEPEHOCKH JIFOfICH criaca-
TeNsIMU Ha HOCUIKAx V. . (M/MHH) 10 TOPU3OHTAIIb-

HOMY IIyTH H T10 JISCTHHIIE BHU3 OT MacChl CIIACAeMOT0
yesoBeka (puc. 4 U 5) MOXKeT ObITh OTIHCaHa B 00IIEM
BUJIC CITyJaifHOM (DyHKIIMEH:

|4

11

“

e Vy;, — ciyyaiiHas BeTHYMHA CKOPOCTH CBOOOHO-
IO JIBUKEHUs Criacaresis Mo j-My BUIY MyTH TpH
MIEPEHOCKE YeJI0BeKa Ha HOCHIIKaX (IIPH €ro Macce
m; < myy;), M/MUH;

m; — Macca CTiacaeMoro YeJioBeka PH NepeHOCKe
€ro Ha HOCHJIKax M0 j-My BUJLY IIyTH, KT

1 :VOj[l_ajln (mj /moj'],

IH j
150 .
H ° . 3 °
.E 140 [] ] []
é [ [ l\ °
= 130 3 T
= 120 H . .
3 N A .
o ° [ P
n 110 A * \‘
~ A [] ' 4
E 100 N ~ : t '\i\'
2 90 \ 3
3 A \‘\ A 4
é 80 | A A
2 70
2
O 60 A&
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Macca, kr / Weight, kg

JKenuunel (Teoperndeckue 3Havenus), Vy, = 115(1 -0,3
A

Kenmunsl (FxcrniepumenTanbHbie 3Ha4enns) / Women (experimental values)
MyskunHsl (TeopeTnueckue 3uadenns), Vo, = 135(1 — 0,37 In(m/40)) / Man (theoretical value), V. = 135(1 — 0.37 In(m/40))
MysKauHbI (FKCIIEpUMEHTANBHBIE 3Hadenust) / Man (experimental values)

In(m/20)) / Women (theoretical value), V,, = 115(1 — 0.3 In(m/20))

Puc. 4. 3aBucumoctb CKOPOCTH NNEPEHOCKU CriacaTC/IAMU MYXKCKOI'O U )KEHCKOT'O 110J1a IMallM€HTOB Ha HOCUJIKAX 110 TOPU30HTAJIbHOMY

IIyTH OT UX MacChbl

Fig. 4. Dependence between patient carrying speed on stretchers on the horizontal path by male/female rescuers and weight of the patients
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Macca, kr / Weight, kg

JKenumne! (Teopernueckue 3Hadenus), Vo, = 55(1 — 0,4 In(m/20)) / Women (theoretical value), V= 55(1 — 0.4 In(m/20))
A Kenuwmnsl (3xcnepuMenTanbHbIe 3HaueHus1) / Women (experimental values)

Mysxuunbl (Teoperndeckue 3uadennus), Vy, = 50(1 — 0,4 In(m/40)) / Man (theoretical value), V= 50(1 — 0.4 In(m/40))

e Myxkuunbl (9KCIIEpUMEHTANIbHBIE 3HaUeHns) / Man (experimental values)

Puc. 5. 3aBucumMocTh CKOPOCTH IEPEHOCKU CIIACATEIIIMU MYKCKOI'O U )KEHCKOT'O I10J1a MAIIUEHTOB HA HOCUJIKAX 110 JIECTHULIE BHU3 OT

HX MacCChbI

Fig. 5. Dependence between patient carrying speed on stretchers down the stairs by male/female rescuers and weight of the patients

1y; — TOPOTOBOE 3HAYCHUE MACCHI CIIACAEMOT0 Ye-

JIOBEKA IMPH MEPEHOCKE €r0 Ha HOCUITKAX I10 j-MY BHITY

MyTH, TI0 JOCTHKCHUH KOTOPOTO Macca HauyuHaeT

OKa3bIBaTh BIUSIHHUE HA CKOPOCTH MEPEHOCKH, KT

a;— k03 ULMeHT ajanTanuu cracareneii K JBu-

JKEHHIO ITPH IMTEPEHOCKE T10 j-MY BU/1Y Iy TH IIPH yBe-

JINYCHUHU MAcChl CIIacaeMoro.

DKCIIepUMEHTAIILHO YCTaHOBICHO [33], 4TO MakcH-
MaJIbHOE KOJIMYECTBO PEHCOB O CMIACCHHIO, OCYIIECT-
BJISIEMOE OJTHOM Mapoy criacatesieii, CocTaBisieT: ¢ 3-To
JTaXka 3maHus — He 0ojee 8, co 2-ro — He Oomee 11,
¢ 1-ro — He 6ouee 20.

[IpuBeeHHBIN COCTAB MTOTOKA OIPE/ICIICH aHATIM30M
cocrasa nauuenTos otaeiennii B ' bY3 MO MOHUKU

uM. M. ®. BraauMupcKkoro Ha OCHOBAHHMM €3KEHEB-
HbBIX 0T4eToB 32 2016 1. (puc. 6).

CTauMoHapHO-XUPYPrUUECKUI KOpIyc

OTnnuneM 31aHUH CTAlIMOHAPHO-XUPYPTUUYECKOrO
TIPOQUIIS SIBISIETCS HATTMIHE B KOPITyCE OTACICHHS aHe-
CTE3HOJIOTHH U PEaHUMAIIUU C TTajlaTaMH PEaHUMALUI
u uaTeHcuBHOM Tepanuu (OPUT), a Takxke omeparu-
OHHOTO O5IoKa. B cBSA3M ¢ 3THM cocTaB MOTOKA OyneT
CIIEAYIOIUM:

o nayuenmor — 80 %, U3 HUX C MOTEpeil MOOMIBEHO-
ctu 1-i crennenu — 60 %, 2-i crenenu — 20 %,
3-i1 crennean — 15 %, 4-i crerieann — 5 %;

o nepconan— 20 %.

60
18 18 —e— Bcero
50 Total
B 45 4 a5 47 6 ota
w T TN o - Awymaropme
< =40 44 5 38 38 o * Outpatient
i 41 41
E,% 33/;5 39 38 40 40 —m— TpancnopraGenbHble
2z 30— 34 — 34 Carriageable
9.5 30
< =
= ©
23 20
59
e
Z
10 6 6——8——¢—
3 o 4 4 4 4 4 4 6
OA%‘Q%‘H:‘A—“:S}%‘»&O _n>\.‘&4~ _n"_ns-‘_n".acu
22 EZ2 a5 HE S5 IZc EZ 0% 83 83 a3 oo
55 85 S5 85 55 22 g2 0B RE 9C §f ¢:
g% ) > 5 =~ = fé{ £8 EB ég 58
T < 85 8° Tz A&
n Z

Puc. 6. IIpumep nrarpaMMbl OMECSYHOM YHCICHHOCTH MAIMEHTOB C PAa3HOH CTEMEHBIO TOTEPH MOBIKHOCTH B HEBPOJIOTHIECKOM

OTZIENIEHNH CTAI[MOHAPHO-TEPANIEBTUUECKOTO KOPITyca

Fig. 6. An example of a month number of patients with different degrees of mobility loss in a neurological section of therapeutic building
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Puc. 7. [laumenTsl, xu3HEOOECIIEUEHHE KOTOPBIX MOIICPKH-
BAETCSl C TOMOIIBIO armapaTa HCKYyCCTBEHHOW BEHTHIISIINU
JIETKUX

Fig. 7. Patients whose life is supported with artificial lung ventila-
tion equipment

OCHOBHBIM (HYHKIIMOHAJIBHO-TEXHOJIOTUYECKUM
MIPOLECCOM PEaHUMAYUOHHO20 OI0KA ABISETCS MPOBe-
JICHUE KOMILIEKCa MEPOMPHSITHA MO TOJACPKAHUIO
(YHKIIUH )KH3HEHHO BaKHBIX OPTaHOB U CUCTEM ITaIlH-
€HTOB. B OCHOBHOM 3TH MEpONpPUATHSI HallpaBJIEHbI Ha
CTAOMIIN3ALUIO JEATEIbHOCTH CepAeYHO-COCYAUCTOMN
U IbIXaTEeIbHON CHCTEM 3a CUET HeNPEPbIBHOTO BBEJIE-
HUS JIGKAPCTBEHHBIX NPENapaToB U PAaCTBOPOB, a TAKKE
MIPOBEICHUS UCKYCCTBEHHOW BEHTHIISIIUY JIETKHX ([1a-
nee — WBJI) (puc. 7).

B MOMEHT HCKYyCCTBEHHOW BEHTWJIALIMU JIETKHX
00JIbHBIE HAXOAATCA B COCTOSHUU MEIMKaMEHTO3HOM
cepauuu (“‘cHa”) ¢ OTKITIOUECHUEM JIBUTATEIbHBIX U UyB-
CTBUTENBHBIX (DYHKIMIT opranusma. [Ipn sTom peaxuus
Ha 00JTb CHITLHO MIPUTYILISETCS TUO0 COBCEM OTCYTCT-
ByeT. B MOMEHT nipoBeieHH sl HCKYCCTBEHHOM BEHTHIIA-
LMY JIETKUX KU3Hb NALMEeHTa IMOJIHOCTBIO 3aBUCUT OT
npaBWIbHOTO (QyHKIIMOHHpOBaHHs ammapara WBJIL
JlanHas kaTeropus NalMEeHTOB HECIIOCOOHA K CaMOCTO-
ATEIBHON IBAKyaI[UU K MOXKET IIEpEMEIaThCs B Ipejie-
JaX MEIUIIMHCKOTO YUPEKCHHS B JIe)KAYEM TOJIOXKE-
HUU TOJIKO B COIIPOBOMKIEHUH MEAUIIMHCKOTO [1EPCO-
HaJla C WCIOJIL30BAHUEM CIIEIUAIILEHON MEIUIIMHCKOU
TEXHUKH: AbIXaTelbHbIX MelKkoB “AMBY” (MBJI npo-
BOJIUTCSI MEJNIEPCOHAJIOM BPYYHYIO) WJIM TPAHCIIOPT-
HBIX anmnapatoB VIBJI. Cnenyer umeTs B BUAy, 4TO IPH
BO3HMKHOBEHUU YPE3BbIYAHON CUTYyallUH HEJIb3sl ra-
paHTHpOBaTh a0COIIOTHOM OE30MACHOCTH YKCTPEHHOM
3BaKyally ATUX aLlUEHTOB.

[Inomans TOpU3OHTANILHOM MPOEKLMU MalueHTa
Ha KPOBaTH-KaTaJIKe B COMPOBOKICHUU METUITTHCKOTO
nepconana /= 1,68 mM> (mmHa ¢ =2,10 M, mwupHHa
a =1,21 m) (puc. 8).

Jliist cTosb crienuuecKoil KaTeropyuu NaiueHTOB
HEO0OX0MMO 00ECIIeUHBaTh 30HBI OE30MTACHOCTH B CAMUX
peaHMMAaIMOHHBIX Majarax, a 3(pdexkTuBHas 3BaKyanus
TaKHX MallMEHTOB BO3MOKHA TOJIBKO C UCTIOJIb30BAHUEM

Ealis

Puc. 8. [loma s ropu30HTaIBHOM NPOSKIMH PEaHUMALHOHHO-
ro MalUeHTa ¢ MEIULUHCKUM IIEPCOHATIOM

Fig. 8. Area of horizontal projection of the intensive care patients
with medical personnel

WH)KEHEPHO-TEXHUYECKUX CpeACTB (TudToB) [34]. B 1e-
Js1X o0ecTieueHus 6e30MacHOCTH TPAHCIIOPTHPOBKH Ma-
ITUCHTOB HEOOXO0IMMa KOOP IMHAIINS ISHCTBHIA MEIUTHH-
CKHUX paGOTHI/IKOB B pCaHMMAIIMOHHBIX ITaJIaTax, pa6OTLI
Tu(TOB M OpraHU3aAIMs IPHEMa alNCHTOB BHE 30HBI
3MaHus. B CBS3H ¢ 9THM HE0OXOIMMO BBIZICTTUTH COCTAB
aBapuitHO-criacatelibHON ciry:kOb1 MUC s 1ieneHa-
IpaBIICHHOW 3BaKyaIllly peaHIMAIIHOHHOTO OJI0Ka. DBa-
KyHpOBaTh TAKHUX ITAIHCHTOB MOYKHO Ha KPOBATIX-Ka-
TaJKax U OpuragaMu CKOpOH MEITUITMHCKON TOMOIITH B
OTJEJICHUE PEaHMMAIH U HHTCHCUBHOHN TEpaInu CO-
CEIHUX KOPIYCOB YUPESKICHUS, a TAKXKE pCaHUMAIlH-
OHHBIMU OpHTalaMHy B IPYTHE METUIIMHCKUE YUPESIKIC-
HUS TOpOJI.

Kaknum xe 00pazom MOXHO oOecreunuTs Ge3omac-
HOCTb pCAHUMAIIMOHHBIX TALIUECHTOB B YK€ BBEICHHbBIX
B OKCIUTYaTaIMI0 CTAIIMOHAPHO-XUPYPIrHYCCKUX 3TaHH-
SIX, €CJIU B paHEEe MOCTPOCHHBIX 3[aHUSMX OTCYTCTBYIOT
Y 30HBI 0€30MIACHOCTH, ¥ TUQTHI JJIsT TPAHCIIOPTHPOB-
KM TIO)KapHBIX MOAPA3ACICHNHN, a Ha PEKOHCTPYKIIUIO
9THUX 31aHUH (PMHAHCHPOBAHUS B OFOJDKETE HE TIPEy-
cmotpero? [Toka 94To KOPPEKTHOTO OTBETA HE JAIOT JakKe
B [maBHOM ymipaBnernnu MUC o . Mockae.

NabopaTopHO-UCCAEAOBATEALCKUI KOPIYC

Crienn¢ukoii 1a60paTopHOTo KOPITyca SIBISETCS [104-
TH MMOJIHOC OTCYTCTBUC NMALIMCHTOB B 3JaHUH, TIOITOMY
COCTaB MOTOKA OyJIET CIAECAYIOIINM: MallueHThl — 5 %0;
nepconain — 95 %.

BbiBOAbI

1. B 3qan1s1X cTanMmOHapHO-TEPAIEBTUUCCKOTO OI0Ka
IIPUCYTCTBYET 3HAYUTEIbHOE YUCIIO JIIOAEH C orpaHu-
YEHUSIMM BO3MOXHOCTHU IEPEIBUIKEHUSI 3-1 CTEIEHH,
TPAHCIIOPTUPOBKA KOTOPBIX OCYILECTBIISETCS MEPCO-
HAJIOM Ha HOCHJIKaX I10 NELIEX0IHBIM ITyTSAM UIIU C 110-
MOIIBIO JTU(TOB.

[IpenBapuTensHbIe pacdeTs! TOKa3bIBAIOT, 4TO O€3-
OIACHOCTb 3TOM rPYIIIbI MALUEHTOB [IPU I10KAPE HE MO-
KeT OBITH 0OecIieyeHa ITyTeM HElIeX0AHON TPaHCIIop-
TUPOBKHU MX IPU NOMOIIM MEPCOHANa B OE30MacHYyI0
30HY BHE 3aHUs, TeM OoJiee B HOUHOE BpeMsl, IPU Ha-
JMYUU MAJIOr0 KOJIM4YeCTBAa MEAULIMHCKOTO IIEPCOHAIA.
IToaTOMY BO3MOXKHOCTB BBIIIOJIHEHHS TOCYJAPCTBEHHON
nporpaMmsl “JlocTynHas cpena” NPUMEHHUTENIBHO K
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3JIAaHUSIM JICUCOHBIX YUPEIKICHUH TpeOyeT pa3perieHus
WCIIOJIH30BATh TU(THI HA HAYAIBHOHN CTaMH Pa3BUTHSI
noJkapa Jisl 3BaKyallui TPaHCIIOPTa0eIbHBIX MMalUCH-
TOB ¥ CPOYHOU Pa3pabOTKH MEPOIPUSITHI IO obecte-
YEHHUIO MPOTHBOIIOXKAPHOM 3alMThl JTH(YTOBBIX ycTa-
HOBOK B 3JIaHHSIX JICYCOHBIX YUPEIKACHUM.

2. B cocTaB manueHTOB B 3IaHUAX CTAI[HOHAPHO-
XUPYPrUUECKOro 0JI0Ka BXOIUT 3HAYUTEIBLHOE YHCIIO
JIONIeH, TPAHCTIOPTUPOBAHKE KOTOPHIX M0 SBAKYAI[HOH-
HBIM ITYTSIM BO3MOXKHO TOJBKO Ha KPOBATSIX-KaTalIKax
WJIM BOOOIIIE HEBO3MOXKHO (TTAIIMEHTHI C 4-i1 CTEICHbIO
OTpaHUYCHHUH BO3MOXKHOCTH NepeaBxkeHus). 1x Ha-
JUYXe OTpeiesieT He0OX0IMMOCTh HCIIOJIb30BaTh MPH
noxape JU(YTOBbIC YCTAHOBKH JIJIS IIOKAPHBIX.

Jis manyeHToB 3TOH KaTeropuH esiecoodpasHa op-
raHHU3aIHs 30H POTHBOIIOKAPHON OE30MTaCHOCTH B T10-
MEIICHUSX UX ITOCTOSTHHOTO HaxoxkaeHM: [32, 34]. B Ha-
CTOSIIIIEE BPEMSI METOIOJIOTHS IIPOCKTHPOBAHUS TAKUX
30H OTCYTCTBYET HE TOJIBKO B HAIlIeH CTpaHe, HO | B JIPY-
TUX CTpaHaX MHUpA.

3. [IpuObIBaroNye Ha TyIIEHUE MOXKAPHBIE MOIpa3-
JICJICHUST HE MMEIOT CHJI U CPEJICTB, HEOOXOMUMBIX JIJISt
CIIACEHMSI UMM BCETO KOHTHHIEHTA IALIUEHTOB C 3-i1 1 4-i
CTETICHBIO OTPAHMYCHUS MTOIBUKHOCTH, HAXOIAIIIHXCSI
B JICYCOHBIX YUPEIKIACHUSX.

4. HeoOxoanma opranusanus MecT 0€3011acCHOCTH B
npefenax dTaxka 3JaHui JIeUeOHBIX yUpexICHUH, KO-
TOpasi I0JDKHA MPETyCMaTPUBATh:

— JIeJICHUE dTa)ka Ha JIBE TPOTHUBOIIOKAPHBIE 30HBI

CTEHOH, UMEIOIIEH MpeIesl OTHECTONKOCTH 2 U;

— olecrieueHrEe HEe MEHEee JIBYX ITyTeH JUIsl Iepexo-

Jla U3 OJTHOM YacTH 3Ta)ka B IPYT'YIO 4epes3 Mpo-
THBOTIOXKAPHYIO CTEHY;

— 3alUTy Ka)KJOro MpOXoJa JIByMs JBEpSMH, OT-
KPBITBIMU [IPX HOPMAJIbHOM 9KCILTyaTallly U aB-
TOMAaTHYECKU 3aKPbIBAIOILUMUCSA C ITOMOIIbIO
MarHUTHBIX 3aL1eJIOK [0 CUTHAJIY OT [T0’KapHOTO
M3BeLIaTes;

— pasMmeleHue JUPTOB B ABYX rpymax, no ogHon
C Ka)/1I0i CTOPOHBI IPOTUBOINOKAPHOH Nepero-
POJIKH, C pAaCTIOIOKEHHUEM BOJIM3H OT KaXKJ0U U3
TPy 10 OJHOM JECTHUYHOU KIIETKE.

[IpemycmarpuBaeTcst, 9TO TUQTHI TPYIIIIBL, PACIIONO-
YKEHHOH Ha CTOPOHE IoKapa, Ha TOPSIIEM 3TaKe He 0CTa-
HaBIMBaroTcs. Takoe pereHne mo3BossieT 00ecrieYnBaTh:

— TOPHU30HTAJBHBIC ITYTH BAKYAINH B OE30MIAaCHYTO
30HY, I7ie Oy/IeT JOCTaTOYHO BPEMEHH IS OpTa-
HU3aIlMH 9BaKyaluu B 0oJiee ClIoKoWHOM o0cTa-
HOBKE;

— BO3MOJKHOCTB UCIIOJIB30BAHUS TPYIIITEI TU(TOB,
PacIIOI0KEHHBIX B 30HE, 3aILUILEHHON OT pacipo-
CTpaHEHHUs TIOXKapa, ISl SBAKYyaIMH JIFOAEH 1 TIOb-
eMa ToKapHOW KOMaH/bl, KOTopasi OyneT UMeTh
Ha TopslIeM dTake CBOOOJHYIO OT OTHS 30HY.

Llenecoobpa3Ho MPOEKTUPOBATH MoXkapooe3omnac-
HBbIC 30HBI B BUJC CAUHOTO TPAHCIIOPTHO-KOMMYHHUKA-
IIUOHHOTO y3J1a.

5. HeoOxoauma opraHu3aliysi 30HbI 0€3011aCHOCTH
Ha TEPPUTOPHH BHE Painyca BO3MOXKHOTO OOPYIICHHSI
3J1aHUSL.

6. Haspena kpaiiHsisi HEOOXOIUMOCTh TIPUBEACHUS
HOPMAaTHBHBIX JOKYMEHTOB 110 0OCCICUCHHUIO TIOJKAP-
HOI 6e3011acHOCTH B COOTBETCTBHE ¢ [ 0cynapcTBEHHOM
nporpammoii Poccutickoit @eneparmu “JloctymHas cpe-
Ia” ¥ peasibHBIM IeMOT papuIeCKIM COCTaBOM Hacese-
HUS CTPaHbL.
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ABSTRACT

Foreword. The article considers a very urgent and complex issue: ensuring fire safety of patients
during their evacuation from multi-field healthcare institutions. According to official data, there are
about 13 million disabled people and 40 million low-mobile people in our country, and no one knows
how many such people will be in healthcare institutions in a certain period of time. However, even
without understanding of composition of the flow in healthcare institutions, it is evident that filling of
healthcare institutions by people of reduced mobility will be many times more than in any other
buildings.

Analytical part. A patient differentiation has been developed for classification of patients, as well
as a personnel differentiation. The patient differentiation is carried out for various degrees of mobility
limitations. The category of people who cannot move without special medical equipment and medical
personnel is considered for the first time.

All possible spatial planning structures in healthcare institution buildings are brought to one
solution — a corridor system, and a huge number of functional directions in the medicine can be
brought to three sections of buildings. The oldest healthcare institution Vladimirskiy GBUZ MO
MONIKI is considered as an object of research. All buildings of different medical nomenclatures are
consolidated in this healthcare organization, and the main building sections are outpatient-polyclinic,
stationary-surgical, stationary-therapeutic, and laboratory sections. Composition of the main func-
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tional contingent and the main types of rooms are determined for each section. Creating of the base of
the composition of the main functional contingent in rooms was started, depending on their trans-
portability, including the intensive care section, taking into account long-term statistics.

Conclusion. After getting acquainted with specifics of the problem, it becomes obvious that
without timely and effective means of fire protection are required. Besides, it is clear that such
vulnerable population groups cannot be evacuated without means of transportation, therefore, safety
zones shall be designed for patients to wait for arrival of fire units, since using of lifts as evacuation
means is strictly forbidden in our country.

Keywords: communication paths; human flows; evacuation; rescue; safety; lift units; persons of
reduced mobility; intensive care patients; contingent classification; space-planning solutions; multi-
field healthcare institutions; safety zones; accessible environment.
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TPEBOBAHUSA MOXXAPHOW BE3OMACHOCTU
K KYJIbTOBbIM COOPYXEHUAM

PaccMOTpeHbl HOpMaTHBHbIE AOKYMEHTbI MO MOXapHOM 6e30MacHOCTY KyNbTOBbIX COOPY>KeHW. INpef-
CTaBfieHa HeobxofMmas MHbopMaumns 06 0COBEHHOCTAX MPOEKTUPOBAHUS N CTPOUTENBCTBA 00b-
€KTOB PENMIMO3HOro HasHaveHus. JaHbl NOACHEHMS No NOPSAKY NMPYMEHEHNS CYLLECTBYIOLLMX HOPM 1
npaBuN NoXapHoOW Be3onacHOCTV A KyNbTOBbIX 30aHNN C MacCOBbIM NpebbiBaHMem niogen. OTMme-
YeHbl TPYAHOCTM, BO3HMKAIOLLME NPY NMOMb30BaHWM AENCTBYIOWMMY MPOTUBOMNOXapHbIMK TpeboBa-

HMAMW K BblllleyKa3aHHbIM obbekTam.

KniouyeBble cnoBa: KyNnbTOBblE COOPYXEHWA,; MOXapHada ©e30MacHOCTb; ['IpOTl/IBOI'IO)KaprIl;I pexnm,;
30aHnA C MaCCOBbIM ﬂpe6bIBaHMeM noaen; HOPMaTMBHble OJOKYMEHTbI.

E BOINPOC:
Ha Tepputopun Poccuiickon Gepepaupmm pacnoroxe-

HO OrPOMHOE KOAMUYECTBO KYALTOBbIX COOPYXEHW,
K KOTOPbIM OTHOCSITCA CBSATUAMLLA, XPUCTMAHCKKWE
LiepPKBU, MyCyAbMaHCK1E MeUYETH, MyAaUCTCKME CUHA-
rorn u GypamMnckue xpambl. AN MOCTPOMKKU yKa3aH-
HbIX 06EKTOB MCMOAb30BaAaCh Kak ApeBecuHa, Tak
W APyrue, MeHee roptoune CTpouUTEAbHbIE MaTepua-
Abl. HE3aBMCMMO OT 3TOr0 BHYTPEHHSA NOXapHas Ha-
rpy3ka BCeraa BeAvKa M3-3a HaAMuMsl KOBPOBbIX MO-
KPbITUIA, UKOH 1 GPECOK, a TaKKe AEPEBSAHHbIX NPEA-
METOB (CKaMbW, MKOHOCTaChl, MMHOapbI 1 T. Nn.). Bce
THMbl KYALTOBbIX 3A@HUI MUMEHT CBOWM 0COBEHHOCTU
MpU NPOEKTUPOBAHUW U CTPOUTEALCTBE, a TakXe AB-
ASIOTCSH MeCTaMM 3HAUUTEABHOTO CKOMAEHUS AtOAEN,
noaTomMy Bonpoc obecrneyeHuns noxapHon besonac-
HOCTM AASl TAKMX OOBEKTOB ABASIETCS @KTyaAbHbIM.
KakumMu HOpMaTMBHbIMWU AOKYMeHTaMu obecneuu-
BaeTCA BbIMOAHEHWE TpeboBaHMI noxapHoh 6e3-
OMAaCHOCTM K KYALTOBbIM COOPYXXEHUSIM?

OTBET:

MN3-3a BOALLLOIO YMcAa NMOCETUTEAEN PEAUTUO3-
Hble 3AaHMS U COOPYXXEHUSA CAEAYET OTHECTU K 0O bEKTaM
C MaccoBbiM NpebbiBAHUEM AOAEN, B KOTOPbIX OAHO-
BPEMEHHO MOXET HaxoAuTbea 50 uen. u boneel. Ans Ta-
KMX MOMELLEHUI AOAXKHbBI MpeaycMmaTpuBaTtbes b6onee
XecTkune TpeboBaHusa No obecneyeHnto noxapHom 6es-
OMacHOCTM K13-3a BbICOKOW CTEMNEHW pPUCKa TMBEAn AOAEN
npu1 noxape.

Ao masa 2009 r. Ha Tepputopumn PO aerictsoBann HIb
108-96 “KyabtoBble coopyXeHus. MpoTuBonoxapHble
TpeboBaHUA”, KOTOPbIE ONPEAEAAAN NepedyeHb Mepo-

1 B HOpMaTMBHbIX AOKYMEHTaX UCMOAb3YOTCS Pa3AMYHbIe, MPOo-
TUBOpeYaLlLne APYr APyry ONpeAeneHUs TeEpMUHa “3paHne
(nomeLleHne) ¢ MaccoBbIM nNpebbiBaHMeM Atoaen”. OTve-
YeHHble 0COBEHHOCTM TPAKTOBOK TEPMUHA ByAyT paccMoT-
peHbl B pybpuke “Bonpoc - OtBet” Ne 9 xypHaAa.

NPUATUMA TEXHUUYECKOTO Y NPOPUAAKTMUECKOTO XapaKTe-
pa, obecrneunBaroLyx HEOBXOAUMbIM MPOTUBOMNOXAPHbIN
PEXUM. YKa3aHHbI AOKYMEHT yTPaTUA OPUANYECKYHO
CUAY C MOMEHTA BCTYMAEHMSA B AENCTBUE “TEXHUUYECKOTO
pernaMeHTa o TpeboBaHMUsaX NoxapHoi 6e3onacHocT”
(Depep. 3akoH Ne 123-03) (aanee — D3 Ne 123) [1], utO
oTMeyeHo B nucbme OIY BHUMUMNO MYC Poccum ot
09.06.2009 Ne 15-1-04/2061 “O pa3bsCHEHUAX MO
cBopam npasuA”: “HIBb u ppyrne otpacaeBble HOpMa-
TUBHbIE AOKYMEHTbI (CHul b1, BHIIM, BYMM 1 T. A.) B 06-
AacTu noxapHor 6esonacHoctn ¢ 1 mas 2009 r. He npu-
MEHSIKOTCA, TaK Kak X MPUMEHEHME HE MOATBEPXAAET
TPE60BaHUI TEXHUUECKOIO pernamMmeHTa’”.

Takum obpasom, B neprop ¢ 2009 no 2017 rr. CAOXMU-
AaCb cuUTyauus, koraa TpeboBaHMA MO noxapHow 6es-
OMaCHOCTU AAA KYABTOBbIX COOPYXXEHWUI OTCYTCTBOBAAM.
AAA NpaBocAaBHbIX xpamoB ¢ 1999 r. aenctByet CIl
31-103-99 (panee - CI 31) [2], B n. 4.8 KOTOPOrO yKa-
3aH0, UTO “rPOEKTUPOBaHME MPOTUBOMOXaPHON 3aLLu-
Tbl 3A@HUI, COOPYXXEHUH M KOMINAEKCOB MPaBOCAABHbIX
XPaMoB, a Takxe CObAIOAEHME MPOTUBOMNOXAaPHOro pe-
KMMa AOMKHbI OCYLLECTBASITLCS B COOTBETCTBUU C Tpe-
6oBaHuaMu CHulM21-01, HINB 108, MI16 01, 1 Apyrumm
AENCTBYIOLLUMMU HOPMaMU 1 rnpaBrramMmn”. YKasaHHble
B CIN 31 [2] HopmaTUBHbIE AOKYyMeHTbI ¢ 2009 r. yTpaTu-
AW CUAY, @ HOBblE TaK U He ObIAW MPUHSTBI, 38 UCKAIO-
yeHuem MpaBUA NPOTUBOMOXAPHOIO pexnma (Aanee —
MMP) [3], B KOTOPbIX NPUBEAEHbLI TPEOOBAHKA NOXAPHOM
6€e30MacHOCTM TOAbKO K MECTaM C MacCoBbIM NpebbiBa-
HMeM Atopen. B 2014 r. nosBMAACb HOBas pepaKkums
n. 32a MNP [3]. B HeEM yKa3blBaAOCb, UTO B KYALTOBbIX
COOPYXEHMAX NPU NPOBEAEHUN MEPONPUATUIA C Mac-
COBbIM MpebbiBaHUEM AHOAEN B MOMELLEHMUSX AOMYCKa-
eTca NPUMEHSATb NMUPOTEXHUYECKUE W3AEAWS, AYTOBblE
NMPOXEKTOPbI, @ TAKXE OTKPbITbIA OroHb M CBEUN. TaKUM
06pa3om, 3TOT NYHKT TOXE HUKOMM 06pa3oM He cnocob-
CTBOBAA NOBbILLIEHWIO YPOBHSA NOXapHOM 6€30MacHOCTH
AAHHbIX 06BEKTOB.
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B sonroc - omer

B 2017 r. BctynuA B penictBre ClM 258.1311500.2016
“O6BbEKTbI PEAUTMO3HOIO Ha3HauyeHus. TpeboBaHUA Mno-
XapHon 6esonacHocTn” (ananee — CIN 258) [4], ycTaHaB-
AVBaKOLWMI TpeboBaHMA NoxapHoN 6e30nacHOCTM Npu
NPOEKTUPOBAHWM, CTPOUTEABCTBE HOBbIX U PEKOHCTPYK-
LMK CYLLLEECTBYHOLLMX 3AAHUI, COOPYXEHMI U MOMELLIEHU
06bEKTOB PEAUTMO3HOIO Ha3HauYeHUs. ANt TOro ytobbl
MOXHO 6bIA0 NpumeHaTb CI 258 [4] coBmecTHO ¢ P3
Ne 123 [1], B NOCAEAHUI ObIA BKAFOUEH HOBbIM KAGCC
dYHKLMOHAABbHOM NOXapHOM ONAacHOCTU 3AaHWIA U COOPY-
XeHnn — 3.7 “006beKTbl PEAUrMO3HOIO Ha3HaYeHus".
B 10 xe Bpemsa ClN 258 [4] A0 c1x NOP HE BKAKOYEH B [e-
peyeHb AOKYMEHTOB B 06AacTM cTaHAapTM3auuu [5],
a 3HauuT, He ABASIETCA AOKYMEHTOM, obecneyrBatoLLm
cobatopeHure TpeboBaHmit D3 Ne 123 [1] (no dopManbHO-
My Npu3Haky). MNpu atom cornacHo nucbmy Oy BHUUIMO
MUYC Poccurm o1 14.03.2017 Ne 13473n-13-4-4 “O pasb-
ACHEHUU TpebOoBaHWIN HOPMATUBHbIX AOKYMEHTOB MO MOo-
XapHon 6e3onacHocTn” roBoputca o Tom, yto Cl 258
[4] “BBEAEGH B AGUCTBUE U MOANEXUT MPUMEHEHMIO C
1 aHBaps 2017 r.”. NMepeyeHb [5] neprMoAnUYEeCKr AOTOA-
HSAETCS, NO3TOMY YKa3aHHOe Bblllie HECOOTBETCTBME B
CKOPOM BPEMEHU AOAXKHO ObITb YCTPAHEHO.

B 3akAloueHue cAepyeT OTMETUTb, UTO COOCTBEHHMK
BMNpaBe CaMOCTOATEAbHO peLlaTbh, KAKUM U3 MyTel OH
obecneunt cobatopeHne TpeboBaHUIM noxapHon 6e3-
onacHocTu. B cayuae oTCyTCTBMA BO3MOXHOCTU peanu-
3aLMKU BCEX MOAOXKEHUI HOPMATUBHbBIX AOKYMEHTOB AASI
KYABTOBBIX 3AaHWI U COOPYXEHUI ¢ MacCoBbIM Npebbl-
BaHWeM AOAEN COOCTBEHHUK MOXET BbINMOAHWUTL pacuyeT
noxapHoro pucka (cm. n. 8.1.2 CI 258 [4]).
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FIRE SAFETY REQUIREMENTS FOR
RELIGIOUS BUILDINGS
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Engineering, Automation Systems

and Communication, State Fire
Academy of Emercom of Russia

(Borisa Galushkina St., 4, Moscow, 129366,
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ABSTRACT

The normative documents on fire safety of religious
buildings are considered. The necessary information
on the specifics of the design and construction of re-
ligious facilities is presented. Clarifications on the pro-
cedure for applying existing norms and rules of fire
safety for the religious buildings with the massive stay
of people are given. Inconsistencies when using exist-
ing fire safety requirements for the above objects are
noted.

Keywords: religious buildings; fire safety; fire preven-
tion regime; buildings with massive stay of people;
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NPABWUINA N1 ABTOPOB!

Hanpasnsiemble B xypHan “lMOXXAPOB3PbIBOBE30MACHOCTbL” cTatbu
JOSDKHbI COZEPXATb PE3ynbTaTbl HAY4YHbIX UCCNEA0BAHNIA 1 UCMbITA-
HWI, OMMCAHMA HOBbIX TEXHU4ECKIX YCTPONCTB M NPOrpamMmmHo-nHGop-
MaLVOHHbIX NPOAYKTOB; 0630Pbl, KOMMEHTapUU K HOPMATUBHO-TEXHN-
4ECKIM JOKYMEHTaM, CpaBOYHbIE MaTepuanbl i T. M. ABTOPbI AOIKHbI
yKasatb, K KAKOMY TWMy OTHOCUTCA UX CTaTbA:

¥ Hay4yHO-TeopeTnyeckas;
Hay4HO-3MNUpLUYecKas;
aHanuTuyeckas (063opHas);
JMCKYCCUOHHAS;
peknamHas.

He gonyckaeTcs HanpasnaTh B peakLnio paboTbl, KOTOPbIE 6bInn 0ny6-
NINKOBAHbI W/WUAN NPUHSATLI K NeYaTn B APYrux n3gaHusx.

Pegakuyns npocuT asTopoB fpy roJroT0BKe PyKOMNCH PyKOBOJCTBO~
BATHCS USSTOXEHHBIMI HUXE IPABUITAMY.

1. CTatbsa 1 CONYTCTBYHOLLME €11 MaTepUanbl LOMKHbI ObITb HAMPABMEHbI
B pefakuuIo B 3NIEKTPOHHOM BUAe no agpecy info@fire-smi.ru.
CTaTbs BOMKHA 6bITb CHO U NAKOHUYHO U3M0XKEHA M NOANNCAHA BCEMM
aBTOPaMM (CKaH CTpaHmLbl ¢ nognucamu). OCHOBHOW TEKCT CTaTby f0N-
)KEH COfiepaThb B cebe YeTKue, T0r1M4eckn B3anmMoCcBa3aHHbIe pasaens.
Bce pa3mensl AOMKHbI HAYNHATLCS NPUBEAEHHBIMI HUXKE 3ar0f0BKaMm,
BbIAESIEHHbIMU NOMY>XUPHLIM HAa4epTaHWeM. [ Hay4HO CTaTby Tpa-
ONLMOHHBIMK ABNAIOTCA CEAYIOLLNE pasaenbl:
® BBeJieHNe;
= \vaTepuansl U MeToAbl (METOA0N0MMS) — A8 HaYYHO-3MIUPU—
YeCKOW cTathby;
® TEOPETUYECKNE OCHOBbLI (TEOPMS W PacyeTbl) — AN Hay4HO-
TEOPETUYECKOI CTaTbi;
® pe3ynbTaThl U UX 06CYXAEHNE;
3aKN0YeHne (BbIBOAbI).
Pepakums gonyckaer n NHyt CTPYKTYpy, 06YCNOBNEHHYO CNeLndKOii
KOHKPETHOM CTaTbW (AHANNUTU4ecKoi (0630pHON), AMCKYCCUOHHOM,
PEKNaMHOIA) MpW YCOBUW YETKOTO BbIENEHUs Pa3aesos:
® BBeJieHNe,;
® OCHOBHas (aHANNTUYECKas) 4acTb;
® 3aK/0YeHNe (BbIBOAbI).
MMoapo6HY0 MHChOPMALIMIO O COABPXKAHUM KAXKAO0T0 13 0603HAYEHHbIX
BbILLE PA3JEN0B CM. Ha caiTe n3garenbcTea www. fire—smi.ru.

Marepuan cratsn JOIKEH U3NaratbCs B CEAYIOLEM 10PAIKE.
2.1. Homep YIK (yHuBepcanbHas [ecaTuyHas Knaccugukaums).

2.2. 3arnasue CTaTby (Ha pyCCKOM U @HTTIMIACKOM A3blKax). 3arnaBus Ha—
YYHbIX CTATe OMKHbI GbITh TOUHBIMUA 11 NAKOHUYHBIMIA 11 B TO XK€ Bpems
JI0CTAaTO4HO MHCHOPMATUBHBIMI, B HUX MOXXHO WUCNOMb30BaTh TOMbKO
06LLeNpUHATbIE COKPaLLEHUs. B nepeBofe 3arnasuii cTaTeli Ha aHr ni-
CKMIM 3bIK HEAONYCTUMA TPAHCAUTEPALMS C PYCCKOr0 3blka, KPOMe
HENepeBOANMbIX Ha3BaHW COOCTBEHHbIX MMEH, NPUBOPOB N APYruxX
00bLEKTOB, UMEIOLLIMX COOCTBEHHbIE HA3BAHWS, @ TAKXKE HEMEepPeBOUMbIiA
CINEHT, N3BECTHbI TONLKO PYCCKOrOBOPALLMM CreunanmcTam. 9To ka-
CaeTCs TaKKe aHHOTaLLMIA, aBTOPCKNX PE3tOME U KIHOYEBbIX CMOB.

2.3. inchopmanms 06 aBTopax.

2.3.1. imeHa, oT4ecTBa M hamunm Bcex aBTopoB. OHM AOMKHBI NPUBO-
AUTLCA NOSIHOCTBIO HA PYCCKOM A3bIKE 11 B TPAHCIUTEPALN B COOTBET—-
CTBWW C CUCTEMON, KOTOPas B HAcTOALLEe Bpems ABAsAeTCS Hambonee
pacnpoctpaHeHHoi (http: //fotosav.ru/services/transliteration.aspx).

ABTOpamu SBAAIOTCA LA, NTPUHUMABLUNE Y4acTMe BO BCEN paboTe uin
B €€ MaBHbIX pasfenax. Jluua, yyactBoBaBlune B paboTe 4acTU4HO,
YKa3blBaKOTCS B CHOCKAX.

2.3.2. V4eHble CTeNeHu, 3BaHNs, JOMMKHOCTb, MECTO PaboTbl BCEX aBTO-
POB C MOJHBIM OPUANYECKAM afpecoM (Ha PYCCKOM W aHrMACKOM
A3blKax). 3Aecb He06X0UMO YKa3aTb: MONHOE 0(PULMANbHOE HAa3BaHME
OpraHu3aunu, cTpaHy, UHAEKC, ropoj, HasBaHue yanLbl, HOMep [oMa,
a TAKXXe KOHTAKTHbIE TENeOHbI 1 3NEKTPOHHbIN aAPEC BCEX UMM XOTA
6bl 0JHOr0 13 aBTOPOB. [1pK 3TOM He cneayeT NPUBOLUTL COCTABHbIE
4acTW Ha3BaHWI1 OpPraHWU3aLmnin, 0603HA4AOLLNE NPUHALSIEXHOCTD BE-

LOMCTBY, (hOPMY COBCTBEHHOCTH, CTATYC OpraHu3aumm (Hanpumep, “Y4-
pexaeHune Poccuiickon akagemun Hayk...”, “®efepanbHoe rocyaapcT-
BEHHOE YHUTapHoe npeanpusatue...”, “®rQY BMO...” n 7. n.), TaK Kak
370 3aTpyAHAET naeHTudukaumuo opraHnsauyumn. O6paiyaem Balue BHU-
MaHue, YTO Npu nepeBoje Heo6X0AMMO YKa3blBaTb 0CDULMANBHO NPU-
HATOE Ha3BaHWe OpraHW3aLun Ha aHrnUIACKOM fA3blke. Bce no4ToBbIE
CBEAEHMA (KPOME HanMeHOBAHMS YNNLbI, KOTOPOE JO/HKHO ObITh B TPAHC—
NIMTEPUPOBAHHOM BUAE) AOMKHbI GbITh TAKXKE NEPeBeeHbl Ha aHTNIA-
CKUI A13bIK, B TOM YICMNE Ha3BaHWe ropoia 1 CTPaHbl.

Mpwumep: /nstitute for Problem in Mechanics, Russian Academy of Sciences
(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).
2.4. AHHOTaLMs Ha PYCCKOM fi3blKe A0/MKHA COCTOATb HE MEHEe YeM 13
5-7 npefnoXeHUn 1 He [OMKHA CoflepXKaTh 06006LLEHHbIE JaHHbIE MO0
BbI6PaHHOW A4Na cTaTbll TeMe. AHHOTALMA K HAYYHOI CTaTbe NpefCcTaB—
nseT co60il KpaTKOe ONI1caHne COAEPXKaHNs U3N0XKEHHOTO TeKcTa (T. e.:
“A3yyeHbl. .., NPOAHANN3NPOBaHbI. .., NPEACTaBNEHbI...” N T. 1.).
2.5. PacLunpeHHoe pe3toMe Ha PyCCKOM U aHrTMACKOM A3blkax. Heobxo-
ANMO MMETb B BMAY, Y4TO aBTOPCKOE PE3tOME Ha aHTMNIACKOM 3bIKe B
PYCCKOA3bIYHOM W3AAHUMN ABAAETCA AN MHOCTPAHHBIX YHEHbIX U Che-
LMANNCTOB OCHOBHBLIM 1, KaK MPaBWsio, eANHCTBEHHBIM UCTOYHUKOM
MHOPMALLMK 0 COAEPXKAHUM CTATb L 11 06 N3NI0XKEHHBIX B HEil pe3ynbTa—-
Tax uccnenoBaHuii. Moatomy aBTopckoe pe3toMe [OMKHO ObiTh:
B H(OpMaTUBHBLIM (HE COAEPXaTb 06LLMX CIOB);
= OPUTrMHANbHBIM (He ObITb KanbKOi C PyCCKOA3bIYHON aHHOTALWN
C JOCIOBHbIM NEPEBOAOM);
B COZlepXKaTeNbHbIM (LOMKHO 0TPaXaTb CYLLECTBEHHbIE PE3YTb—
TaTbl PabOThI; HE JOMKHO BKNOYATL MATepuan, KOTOpbI OTCYT-
CTBYET B OCHOBHOW 4acTu Ny6nnkayuu);
W CTPYKTYPUPOBAHHbIM (T. €. CIEA0BATb NOrMKe OMUCAHNS Pe3yiib—
TaToB B Ny6nmkaunn);
® [PaMOTHbIM (HaNUCaHHbIM KQ4eCTBEHHbIM aHTIUACKUM A3bIKOM,
6€3 11CN0b30BaHNs NPOrpamMm aBTOMATU3MPOBAHHOMO NEPEBOA);
® 06beMOM He MeHee 200-250 cnos.
CTpyKTypa pe3tome [0/mKHA MOBTOPSATb CTPYKTYPY CTaTbW M BKITHOHATH
BBEZEHNE, LIeN 1 3a4a4u, MeTOLbI, PE3ynbTaThl, 3aKNK4eHMe (BbIBOADI).
Pe3ynbTathl paboThl CneflyeT ONuUcbIBaTb NPEAeSbHO TOYHO U MHAGOP-
MaTNBHO. [Tp1 3TOM A0/MKHbI NPUBOAUTHLCS OCHOBHbIE TEOPETUYECKME U
9KCMNEPUMEHTaNbHbIE PE3yNbTaThl, (DAKTUHECKIE AaHHbIE, YCTAHOBNEH-
Hble B3aIMOCBA3N 1 3aKOHOMEPHOCTH.
BbIBOZbI MOrYT CONPOBOXAATHCA PEKOMEHAALMAMU, OLIEHKAMK, Npef-
NOXEHUAMU, TUNOTe3aMu, ONMUCAHHLIMM B paboTe.
TeKCT AOMKEH ObITb CBA3HbIM; N3N1aragMble NMOM0XKEHNS JOIKHbI 10—
TMYHO BbITEKATb OfIHO W3 IPYroro.
CoKpaLLeHus 1 yCnoBHble 0603Ha4YeHNs, KPOMe 00LLeYNOTPEOUTENbHbIX,
CNeayeT NPUMEHSTb B UCKKOYUTESbHBIX Cy4asaX UKW AaBaTb WX pac-
LUMPOBKY 1 ONpeseneHune npu nepsoM ynoMUHaHUM B TEKCTE PE3IOME.
B aBTOpCKOE pe3tome He PeKOMEHAYETCs BKIH0YaTb CXeMbl, TABNNLbI,
UINIOCTPALMKN, POPMYIIbI, & TAKXKE CCbIIKI Ha Ny6ANKALIMM, TPUBEAEH-
Hble B CMIUCKE NIMTEPATYPbI K CTaTbe.
[N noBblWeHNs 3OMEKTUBHOCTI NPU OHNANH-NONCKE BKMIOYNTE B
TEKCT aHHOTaLWN KITH0YEBbIE CNI0BA M TEPMIHbBI M3 OCHOBHOIO TEKCTa 1
3arnaBus CTatbi.
2.6. KntoyeBsble €0Ba HA PYCCKOM W AHIMNIACKOM A3blKax (He MeHee
5 €noB nnn cnoBocoyeTannit). OHK YKa3bIBAKOTCA YEPE3 TOUKY C 3ansi-
TON. HeonycTMOo B Ka4ecTBe KNHOYEBbIX CII0B UCMONb30BATh TEPMUHbI
06LLero xapakrepa (Hanpumep, npo6nema, peLieHne u T. n.), He ABns-
foLMecs cneunuyeckoin xapakTepucTukon nyénukauyum. Mpu nepe-
BOJE K/OYEBbIX CII0B HA AHTMNIACKWIA A3bIK 136€rainTe no BOSMOXHOCTI
ynotpe6nenns cnos “and” (u), “of” (Mpesnor, ykasblsawLynil Ha Npu-
HaANEXHOCTb), apTuKnen “a”, “the” n 1. n.
2.7. OCHOBHOI1 TEKCT CTaTby AOMMKEH ObITb HabpaH yepes 1,5 nHTepBana
B hopmare Word. @opmynibl JOMKHbI ObITb HAOPaHb! B Microsoft Equa-
tion unn MathType.
Limtnpyembliit TeKCT U3 Apyrux nybnukauui cnefyet 6patb B KaBbl4KU.
Tabnuubl, PUCYHKN, METOLbI, YUCNEHHbIE [aHHbIE (32 UCKITHOYEHNEM
06LLEN3BECTHBIX BENMYMH), ONYONNKOBAHHbIE PaHee, LOMKHbI CONPO-
BOXAATbCA CCbINKAMMU.
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B reasvna ans asToPOB

Ecnn npeacTaBneHHble B CTaTbe UCCNEL0BAHUS BbINOJIHEHbI ABTOPAMU
npu hUHAHCOBOW NoafepxxkKe Poccnitckoro hoHaa hyHAAMEHTANbHbIX
nccnenoBaHuin, Poccuitckoro HayyHoro doonga, MuHnuctepcTsa obpa-
30BaHus 1 Hayku Poccuiickon defepaunu u 1. M., TO B KOHLE CTaTby
0693aTeNbHO CreayeT aatb MH(OPMALNI0 06 3TOM C YKa3aHeM HOMepa
11 Ha3BaHWA rpaHTa (Hay4HOro NPOeKTa, FOCKOHTPaKTa u T. A.).

CoKpalLeHus 1 YCIOBHbIE 0603HAYEHUS (PUINYECKIX BEINYINH B TEKCTE
CTaTbll AO/MKHbI COOTBETCTBOBATb AEMCTBYHOLYUM MEXAYHAPOAHbIM
cTaHaapTam. Popmynbl 1 6YKBEHHbIE 0603HAYEHMS AOMKHbI ObITh YeT-
KNMK 1 SCHbIMI. Bce 6yKBeHHbIE 06003HA4EHNS, BXOAALLME B (DOPMYbI,
DOJDKHbI 6bITh pacLIMGpPOBaHbI C yKa3aHUeM eauHuL, u3mepeHus. Pas—
MEePHOCTb BCEX XapaKTepuCTUK JOMKHA COOTBETCTBOBATL cicTeme CU.

/nntocTpaumm B aneKTPOHHON BEPCUM NpuararTcs 0TAeNbHO. PoTo-
rpacun AOMKHbI GbiTb CAENaHbl C XOPOLUEro Heratuea KOHTPACTHON
neyvatbto (paisbl pacTPOBbIX M306paXeHUI NPeA0CTABNAOTCA C paspe-
LueHnem He meHee 300 dpi, 4epHo-6enas LwTpuxosas rpacuka— 600 dpi).
@ainbl BEKTOPHOI rpadpuku creayeT npeaocTaBnsTb B hopmarte TOK
nporpammbl, B KOTOPOI OHM cO3AaHbl, N0 nevatate PDF-chain n3
3TO NporpaMmbl. Bce UNMOCTpaLMn AOMKHbI UMETb CKBO3HYO HYMe—
pauunio. YepTexu 1 KapTbl B Ka4eCTBE WNMIOCTPALMA HENpUeMNIemMbl.
CCbINIKN Ha BCE PUCYHKM B TEKCTE 06513aTeNbHbI.

Tabnuubl [OMKHBI ObITh COCTABMEHbI MAKOHUYHO 1 COLEPXATb TOSIbKO
HE0b6X01Mble CBEIEHUS; OLHOTUMHbIE TABMULbI CIIELYET CTPOUTL 01—
HakoBO. LindpoBble faHHble HEOOXOAMMO OKPYTNIATH B COOTBETCTBUN C
TOYHOCTbBHO 3KCNEPUMEHTA. CBeaeHms B Tabnuuax u Ha PUCYHKAX HE AOJK-
Hbl MOBTOPATbLCA. CCbinKn Ha Bce Tabnuubl B TEKCTE 06513aTeNbHbI.

[Inq ABYA3bIYHOIO NPeACTaBNeHNs TabNIMYHOIO U rpadonyeckoro marte—
puana HeobX0AMMO NpuUcnaTh NEPEBOS Ha aHTMUACKNIA A3bIK:

® 1019 Tabnuubl: ee Ha3BaHWA, LWanku, 60KOBUKaA, TEKCTA BO BCEX
CTPOKax, CHOCOK M NMpUMeYaHuit;

B 11719 PUCYHKA: NOLPUCYHO4HON MOAMNUCHK U BCEX TEKCTOBbIX HAf-
MUCEI HA CAMOM PUCYHKE;

® 11119 CXEMbI: MOANMUCY K HEll 1 BCErO COLLEPXKAHA CAMON CXEMbI.

2.8. MNpucTateiHble CNUCKM NUTEPATYpPbl HA PYCCKOM A3bIKE U A3bIKe
OpurnHana (ecnu KHura nepesogHas).

Cnucok nuTepaTtypbl JOMKEH BKN0YaTh 6ubnuorpacnyeckue ceeeHns
060 Bcex Ny6nuKaumsx, ynoMmuHaemblx B CTaTbe, 1 He JJOSDKEH Cofep-
)KaTb YKa3aHui Ha paboTbl, HA KOTOPbIE B TEKCTE HET CCbINOK. Jlutepary—
pa AomkHa 6bITb 0ChOpPMIIEH B BAE 06LLErO CMNCKA B NOPSAKE Yno-
MUHaHUA. B TEKCTe CCbifka Ha nuTepaTypy O0TMEeYaeTcs nopsiaKoBOi
umndpoii B KBagpaTHbix ckobkax, Hanpumep [1]. bubnnorpaduyeckne
[aHHbIE TPUBOAATCA N0 TUTYNLHOMY INCTY N3AaHNA. NopafoK U3Noxe—
HUS ANEMEHTOB 6M6Morpacnyeckoro OnucaHns onpegenseTca Tpe6o-
BaHuamu FOCT 7.1-2003 n FOCT P 7.0.5-2008.

B onucaHum ncTo4HNKOB HEOBXOANMO YKa3biBaTb BCEX aBTOPOB.

Hapsly ¢ 9TUM N9 HAy4HbIX CTATe CICOK IUTEPATYPbl JOMKEH 0TBE—
4YaTb CNeaytoLLIM TPeBOBaHMAM.

Cnucok nutepatypbl JOMKEH COfiepKaTh He MeHee 20 MCTOYHIUKOB (B 3TO
41CII0 He BXOAAT HOPMATMBHbIE JOKYMEHTbI, NaTEHTbI, CChINKIA HA CaiTbl
KOMMaHui nT.0.). NMpn 3TOM KOINYECTBO CCbINOK HA CTaTb M3 MHOCTPAH-
HbIX Hay4HbIX XYPHANOB W APYrue MHOCTPAHHbIE UCTOYHUKN HOMMKHO
6bITb He MeHee 40 % 06 06LLero KONYecTBa ccbinok. He 6onee nono-
BIHbI OT OCTaBLIMXCA 60 % AOMKHbI COCTaBAATb CTaTbi U3 PYCCKO-
A3bIYHBIX HAYYHbIX XYPHANOB, 0CTaNbHOE — APYrie NePBONCTOYHNKY
Ha PyCCKOM A13bIKe.

He meHee NonoBMHbI UCTOYHUKOB A0SKHO ObiTh BKKOYEHO B OAMH U3
BEAYLLMX UHAEKCOB LUTUPOBAHUS: POCCUIACKNIA MHAEKC HAYYHOrO Ln-
Tuposanua eLibrary, Web of Science, Scopus, Chemical Abstracts,
MathSciNet, Springer n ap. B cnyyae npucsoeHus ny6nmkauusam und -
poBoro uaeHTudukaropa o6bekta (DOI) ero He06X04MMO YKasaTh, 4TO
M03BONUT OHO3HAYHO NAEHTUCMLMPOBATL 0OLEKT B 6a3aX JAAHHbIX.
CoCTaB NCTOYHUKOB LOSKEH ObITb aKTyaNlbHbIM 11 COLIEPXKaTb HE MEHee
NOJIOBUHbI COBPEMEHHBIX (He cTapLue 10 neT) cTatei U3 Hay4HbIX Xyp-
HanoB UNu Apyrux ny6nukauuii.

B cnucke nutepatypbl JOMKHO ObITb He 601ee 30 % NCTOYHMKOB, aBTO-
pOM NGO COaBTOPOM KOTOPbIX ABMAETCA aBTOP CTaTbU.

Cnepyet 06paTiTb BHUMAHWE HA Ny6nukKauumu auccepraunii (0CO6eHHO
[OKTOPCKMX), 3aLLMLLEHHBIX B NOCNELHIE FOAbl N0 6rvKaiLlen Hayy—
HOIA cneumanbHOCTM UKW Fpynne cneunanbHocTei. [1ns noucka peko-
MeH/YeTCs UCnonb30BaTh pecypc http://www. dissercat.com.

He crnemyet Bkntoyath B cnucok nutepatypbl [OCTbI; CCbINMKM HA HUX
JOMKHbI 6bITb AAHbI HEMOCPEACTBEHHO M0 TEKCTY CTaTbU.

Y6eamnTeCh, YTO yKa3aHHas B cnucke nutepatypbl uHgopmauus (®.1.0.
aBTOPA, HA3BAHWE KHUTW UMW XKYPHANA, rO4 N3[aHNS, TOM, HOMEP 1 KO-
NINYECTBO (MHTEPBAN) CTPAHULL) BEPHA.

Heony6nukoBaHHble pe3ynbTaTbl, NPOEKTbI AOKYMEHTOB, IN4HbIE CO06—
LLIEHUA W T. N. HE CeayeT yKa3blBaTb B CNICKE NUTEPATYPbl, HO OHN MO-
ryT 6bITb YNOMSIHYTbI B TEKCTE.

2.9. References (npucrateiiHble CAMCKM NUTEPATYPbl HA AHTNACKOM
A3bike). MpeacTasnexne B References ToNbKO TPAHCANTEPUPOBAHHOTO
(6e3 nepesopa) onucanus Hegonyctumo. O6pallaem Balie BHUMaHNE,
4TO NMepeBoj| Ha3BaHUA cTaTel cneayeT faBaTh Tak, Kak OH MPOXoAusn
npu ux nyénukauuu, a nepeBoj Ha3BaHU XKYPHANOB AOMKEH OblTb
ouumanbHO NPUHATLIM. NPOM3BONLHOE COKPALLEHNE HA3BaHWIA UG-
TOYHMKOB LIMTUPOBAHNSA NPUBEAET K HEBO3MOXHOCTU MAEHTUULNPO-
BaTb CCbINIKY B 3/IEKTPOHHbIX 623aX JAHHBbIX.

MMpu cocTasneHun References HE0OX0AMMO Criefj0BaThb CXEME:

B 3BTOPbI (TPAHCNUTEPALMS; ANS €€ HANWUCAHNSA UCNOJb3YNTE CailT
http://fotosav.ru/services/transliteration.aspx, 06s3arensHo
BKJTH04MB B HACTPOIiKax CnpaBa BBEPXY (hnaxok “AMepukaHcKas
(ans Bu3bl CLLUA)”; ecnu aBTOp LUTUPYEMON CTaTbl NMEET CBOA
BApUAHT TPAHCNUTEPAL Y CBOEN (hammunuu, CneayeT UCnonb3o—
BaTb 9TOT BApUaHT);

W 3arnaBne Ha aHrACKOM A3blKe — ANS CTaTby, TPAHCANTEPA—
1S 1 NepeBoj] Ha3BaHWS — ANs KHUIK;

W Ha3BaHMe UCTOYHNKA (XKypHana, cbopHUKa CTaTell, MaTepuanos
KOH(epeHUUN 1 T. N.) B TPAHCAUTEPALMW U HA aHrNUIACKOM
A3bIKe (KYpCUBOM, Yepe3 KOCYto HepTy);

B BbIXO[HbIE [JAHHbIE;

B yKasaHue Ha A3blK N3NOXEHUs MaTepuana B CKOOKax (Hanpu-
mep, (in Russian)).

Hanpumep: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological
spontaneous ignition. Pozharnaya bezopasnost | Fire Safety, 2012,
no. 1, pp. 35-48 (in Russian) (apyrve npumepsl cM. www.fire-smi.ru).
3. K cTatbam crnefyet npunaratb PeLEH3NI0 CTOPOHHErO Chelmanucta
(T. €. OH He JOoMKeH ObITb CBA3AH C MECTOM paboThl (y4ebbl) aBTOPOB
CTaTbin), KOTOPAA JOMKHA ObITb NOANNCAHA PELEH3EHTOM (C YKa3aHueMm
ero @. 1. 0., y4eHOro 3BaHus, y4eHOIi CTENeHN, JOMKHOCTHU, MecTa pa-
60Tbl), 3aBepeHa 0TAeN0M KapoB (Y4eHbIM CEKpeTapem) 1 neyvarblo.
Bce peueH3eHTbl A0MKHBI ABNATLCA NPU3HAHHBIMUW CMELMANCTaMM M0
TemMaTnKe pPeLeH3npyemblX MaTepPUANIOB U UMETb B TEYEHWE NOCIELHUX
3 net nybaukauum no Tematuke peueH3upyemoin ctatbu. O6palaem
Balue BHUMaHME, YTO PELIEH3EHT He JOMKEH BXOANTb B PejaKLOHHbIiA
COBET HALLEro XypHana.

4.CTatby, NPUCNAHHbIE HE B NOTHOM 06bEME, Ha PACCMOTPEHIE HE NP1
HUMAIOTCA.

5. B cnyyae nony4eHus 3ameyqaHuin B X04e BHYTPEHHEr0 PeLeH3npoBa-
HUA CTaTbW ABTOPbI LOJKHbI NMPEJOCTaBUTb AOPA00OTAHHbIA BapuaHT
TeKCTa ¢ 00513aTeNIbHbIM Bbl€NEHNEM LiBETOM BHECEHHbBIX U3MEHEHMIA,
a TaKkxKe 0TAENbHO NOArOTOBUTb KOHKPETHbIE OTBETbI-KOMMEHTApUK Ha
BCE BOMPOCHI M 3aMe4aHus peLeH3eHTa. HeCBOEBPEMEHHDII, a TaKXe
HeazleKBaTHbI OTBET HA 3aMEYaHNs PELIEH3EHTOB 1 HAY4HbIX PEAAKTO-
POB NPUBOAUT K 3afiepXKke NyO6nukauuu [0 NcnpaBneHns ykasaHHbIX
HeaocTaTKoB. [Py NrHOPUPOBAHMM 3aMeYaHUI PELLEH3EHTOB U HAY YHbIX
PEAAKTOPOB PYKOMUCb CHAMAETCS C AanbHENLIEr0 PACCMOTPEHUS.

6. HenpuHaTble K ny6nnkaLmm ctatbit aBTOpy He Bo3BpaLLatoTces. Mpocbba
pefakLm 0 nepepaboTke Matepuasna He 03HAYaET, 4TO OH MPUHSAT K NeyaTw.
lMpennevatHas NoAroToBKa CTaTemn ONna4nBaeTcs 3a CHeT CPeLCTB NOA-
MUCHYNKOB W TPETbUX JINL, 3AMHTEPECOBAHHBIX B My6nMKauui.
Pepakums ocTaBnsieT 3a c0601 NPaBo CHUTATb, YTO ABTOPbI, NPEAOCTA-
BMBLUME PYKOMUCb AN ny6nukaunyu B XypHane “loxapoB3pbiBo6e3-
0NACHOCTb”, COrMacHbI ¢ YCNOBUAMU NYOANKALUYA NN OTKIIOHEHUS py—
Konucu, a Takxe ¢ npasunamm ee ohopmneHus!
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