LIFE SAFETY

MOXXAPOB3PbIBOBE3OMACHOCTb/FIRE AND EXPLOSION SAFETY. 2022. T. 31. Ne 4. C. 38-55
POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY. 2022; 31(4):38-55

HAYYHASA CTATbA/RESEARCH PAPER
YAK 614.842
https://doi.org/10.22227/0869-7493.2022.31.04.38-55

UccaepoBaHMe BpeMeHU HayaAna dBadKyauuu AIOAEW B XXUADbIX
MHOro3Ta)KHbIX 3AaHUAX 6€3 cucTem OonoBEeLLEHUA O no>xape

Amutpuin ArekcaHapoBuu CamoluunH?, PomaH HukonaeBuu UctpatoB?,
Mwuaena MuxainosHa LlapaHoBsa?, Bnaaumup AHatonbeBuy Kouetbiros:™,
Ceprei ButanbeBnu Tomun?, Anekcen leHHapbeBUY Oponos?

1 Akapemus focyaapCTBEHHOW NPOTUBOMOXAPHOM CAyX6bl MUHKUCTepcTBa Poccuiickolt deapepaumm no AeAam rpakAaHCKoM 060pOoHbI,
ypesBblyaiHbIM CUTYaLMAM U AMKBUAALIMKM NMOCAEACTBUI CTUXMIAHBIX 6eACTBUIA, . MockBa, Poccus

2 CneumnanbHana noxapHo-cnacateabHas yactb Ne 14 CneupanbHoro otaena Ne 6 CneupanbHOro ynpaBAeHUa GeaepanbHOM MPOTUBOMNOXAaPHON
cAyX6bl Ne 3 MuHucTepcTBa Poccuiickoit deaepauun no Aenam rpaxAaHCKoN 060POHBbI, Upe3BblYaiHbIM CUTYaLMSM U AMKBUAGLUK
NMOCAEACTBUIN CTUXMIMHbBIX BeACTBUIM, MocKoBCKaa 0bAacTb, . XMMKK, Poccus

AHHOTALMUA

BBepeHue. CornacHo cTatuctuke, HauboabLLasa rubenb AHOAEW OT MOXapoB B POCCUMM MPOMUCXOAMUT B XXUAbIX 3AQHMAX
BbICOTON He 6onee 28 M. Mpu 3TOM BOAbLUMHCTBO CUCTEM MPOTUBOMOXAPHOM 3aLUMThl B HUX He MpeaycMaTpu-
BalOTCA. B uyacTHOCTM, B XMAbIX AOMax Bbill€yka3aHHOW BbICOTbl MOXET OTCYTCTBOBaTb CHUCTEMa MOXapHOM
CUrHaamsaumu. PeanbHble 3HAYEHWA BPEMEHW Havyana 3BaKyaumuu (t,,) B TAKMX 3AAHUAX HEU3BECTHbI, MOCKOABKY
0OTEUYECTBEHHbIX UCCAEAOBAHMI B HUX A0 HACTOSILLErO BPEMEHU HEe MPOBOAUAOCH.

Lean v 3apaun. Llenbto paboTbl BbINO YCTaHOBAEHWE 3HAYEHWM t,, AHOAEN B XMAOM AOME, HEe 0HOPYAOBAHHOM
CUCTEMOM NOXapPHOW CUrHaAM3aLMK.

OCHOBHbIMU 3apa4aMu ABAAKOTCS M3yUeHWe BPEMEHUW OMOBELLEHUS XUABLOB O NOXape U UCCAEAOBaHUE BPEMEHHU
peakLMKn AFOAEN Ha CUTHaA O MoXape.

MeTtoabl. METOAOM HayUHOTO UCCAEAOBAHWS B AGHHOM paboTe ABASIETCS HaTYpPHbIV 3KCNEPUMEHT. B nepBoit cepum
3KCMNEPUMEHTOB OCHOBHOE BHUMaHUE YAEAIAOCb BPEMEHM OMOBELLEHUSI — ObINO UCCAEAOBAHO, CKOAbKO BPEMEHHU
notpebyercsi, UTo6bl ONOBECTUTL BCEX XMABLIOB 3AaHMSA C MOMOLLbIO OAHOTO, ABYX M TPEX OMNoBeLLatoLLmMx. Bropas
cepusa 3KCnepuMeHTOB Bbina HanpaBAeHa Ha M3yUYeHWe BPeMeHU peakLmu AtOAEN Ha CUIrHaA O moxape — onpe-
AENFNOCb, CKOAbKO BPEMEHUW MOHAA0BUTCA AHOAAM, UYTOObI HauaTb 3BaKyaLWo U3 CBOUX KBapTUP.

Pe3ynbtaThbl U UX 06CyxaeHue. MicchepoBaHUA NOKa3aAM, YTO CPEAHUE 3HAYEHUA BPEMEHU OMNOBELLEHUSA AEBATU-
3TaXHOr0 3AaHWA OAHMM, ABYMS M Tpems onoBeLuatowmmm coctauan 20,0, 11,6 v 7,2 MUH COOTBETCTBEHHO.
Ha ocHoBe MoAy4YeHHbIX AaHHbIX OblA@ MOCTPOEHA MaTeMaTMUeckas MOAEAb, MO3BOAAOLWANA CMPOrHO3MPOBaTh
ONTUMaAbHOE KOAMYECTBO ONOBELLAIOLLNX B 3aBUCUMOCTU OT ATAXHOCTU 3AaHUS.

McecaepoBaHMS BpEMEHN peakLmMu AHOAEW Ha CUTHaA O MoXape NokasaAu, UTo B AHEBHOE BPEMS B CPEAHEM AHOASM
TpebyeTcsi MeHblle BpeMeHW Ha 0CO3HaHKe W NMOAFOTOBKY K 3Bakyalmu (72 ¢), Yem B HouHoe (112 c).
O6beAMHEHWE MOAYYEHHBIX PE3YALTATOB MO3BOAWAO OMPEAEAUTb ONTUMAAbHOE KOAMYECTBO OMOBELLAIOLWMX AAS
NPOBEAEHWS OMOBELLEHUS BCEX AFOAEN B XUAOM 3AQHUM.

BbiBoAbI. CpaBHEHWE 3KCMEPUMEHTAAbHbIX 3HAUYEHWN t,, C AQHHBIMKW AEUCTBYIOLLEN METOAMKKM pacuyeTa noxap-
HOTO PUCKa AN AEBSATUITAXHOIO AOMa NOKa3an0 pacxoxAeHue B 2,6 pasa.

KAtoueBble croBa: MOATOTOBKA K 3BakKyaluu; cuctema I'IO)KapHOVI CUTHaAM3aLMK; NOBEAEHWE NOAEHN; Bpema
OnoBeLWEHUA 0 NoXape,; aTax
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BE3OMACHOCTb XU3HEAEATEAbHOCTH

ABSTRACT

Introduction. According to statistics, the greatest loss of life from fires in Russia occurs in residential buildings with
a height up to 28 m. At the same time, most fire protection systems are not provided in such type of buildings. In par-
ticular, in residential buildings of mentioned above height fire alarm system maybe not. That is why the real values of
the pre-evacuation time (PET) in the buildings are not known, because domestic research still has not been conducted.
Goals and objectives. The aim of the work was to establish the values of the PET of people in a residential buil-
ding that is not equipped with a fire alarm system.

The main tasks were to study the time to warn building occupants about a fire and to research the time of peo-
ple’s reaction to a fire warning.

Methods. The method of scientific research in this work is a full-scale experiment. In the first set of experiments
focus were on warning time — it was investigated how much time it took to warn all building occupants by 1, 2
and 3 notifiers. The second set of experiments were aimed to study of people’s reaction time to a fire alarm — it
was determined how long it took to start evacuating from their apartments.

Results and their discussion. Studies have shown that the value of the alert time of a nine-storey building by one,
two and three notifiers averaged was 20.0, 11.6 and 7.2 min, respectively. Based on the data obtained, a mathe-
matical model was built that allows predicting the optimal number of notifiers depending on the number of storeys
in the building. Studies of people’s reaction time to a fire alarm have shown that during the daytime, on average,
people need less time to realize and prepare for evacuation (72 s) than at night (112 s). Combining the results
obtained allowed us to determine the optimal number of notifiers to warn all people in residential building.
Conclusion. Comparison of the experimental values of the PET with the data of the current Methodology of fire
risk calculation for a nine-storey house showed a discrepancy of 2.6 times.
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BBepeHue

31aHus KUIOTO HA3HAUCHHUS B HAIllEH CTpaHe BXOIAT
B YHCIO OOBEKTOB C HAMOONBIIHM KOJIHYECTBOM
MIOXKAPOB U SBJISIFOTCS a0COIOTHBIM JIUACPOM TI0 YHCITY
exeronHoi rubenu mromei. CMEpPTHOCTH JIOACH,
NPUXOJAIIAsICS HA JKUJIbIE 3[JaHUs, COCTABIIAET OKOJIO
90 % ot obuiero yucaa MOrHOIIUX MPH TOXKapax'.
IIprueM, yem HUXKE dTAKHOCTH 3aHUM — TEM BBIIIE
B HUX TUOens mozei (puc. 1).

Boree BBICOKHE CTATHCTHUECKUE ITOKA3ATEIN THOCTH
JIFOAEN B 31aHUSX C HEOOJIBIINM KOJIMYECTBOM DTaXKEH
ONPEACINAIOTCS CTPYKTYPOH OTEYECTBEHHOTO KUJIOTO
(hoH/Ia, TATOTEIOMIETO K MAIIOITAKHOMY CTPOUTEIBCTBY,
B KOTOPOM Ipeo0iaaatoT xuble 1oma 10 10 sTaxei.

Heo0xomumo Taxke OTMETUTH Cla0yro 3alHIIeH-
HOCTh TaKUX 3/JaHUIl CHCTEMaMU MPOTHUBOMOKAPHOU
3alIUThl, B YaCTHOCTU TEXHHUYECKHUMHU CPEICTBaAMU
[IO’)KapHON aBTOMAaTHKH, [10 CPaBHEHHUIO, HAIlpUMEp,
CO 37aHUSIMU TOBBIILICHHON ATAXHOCTH, UMEIOUIUMHU
BBICOTY Oonee 28 M.

Tax, ocHaIeHHe )KUITBIX 3JaHNH CUCTEMOH MoKap-
Hoii curHanuzauuu (CIIC) He3aBUCUMO OT 3TaXKHOCTH
cTaso o0s3aTesbHBIM TONBKO ¢ 1 MapTa 2021 1. co BCTym-
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Fig. 1. The number of people deceased in a fire in residential
buildings up to 10 floors and from 10 floors and above in 2021 [1]

neHneM B cuity cBoaoB mpasuia CIT 484.1311500.20207
u CII 486.1311500.2020°. B mepuox meicTBHS
CII 5.13130.2009* ycrpoiictBo CIIC 66110 HEOOXOIM-
MBIM TOJIBKO IPH BBICOTE JKWIIBIX 37aHui Ooiiee 28 M.

! TToxkaps! n noxkapHast 6ezonacHocTs B 2021 roxy : crar. ¢6. banammxa : ®I'BY BHUUIIO MUC Poccun, 2022. 114 c.

2 CII 484.1311500.2020. CucteMb! IpOTHBONOKApHOH 3amuTEL. CHCTEMBI TOXKapHOW CHTHANM3AIMM U aBTOMATH3aLUsl CHCTEM
TIPOTHUBOIIOXKAPHOH 3amuTH : yTB. [Ipukazom MYUC Poccrun ot 31.07.2020 Ne 582, BBenen B aetictaue ¢ 01.03.2021.

3 CI1486.1311500.2020. CrctemMbl TpOTHBONIOKAPHOU 3amKTHL. [lepeueHs 3nannii, COOpyKeHNH, TOMEIIEHUH 1 000pYIOBaHHSL, IO~
JEXKAIIMX 3aIMTEe ABTOMAaTHYCCKMMH yCTaHOBKAMH TT0XKAPOTYIICHUS. U CUCTEMaMH MOKapHO#M curHanusanuu. TpeOoBaHus moxap-
Hoii 6e3omacHocTH : yTB. [Ipukazom MYC Poccunm ot 20.07.2020 Ne 539, BBenen B aeiictue ¢ 01.03.2021.

4 CIT 5.13130.2009. Cuctembl IPOTHBOMOKAPHOH 3aIIUTHI. YCTAaHOBKH MOKAPHOM CUTHANN3AIMH U OKAPOTYILIIEHUS] aBTOMAaTHYeC-
kue. Hopmel u npaBuia npoextupoBanus : yTB. [Ipukazom MUC Poccun ot 25.03.2009 Ne 175, BBenen B aeiictue ¢ 01.05.2009,
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[To HOBBIM TpeOOBaHUAM KBAPTUPBI PEKOMEHTyeTCs
OCHAIIIATh aBTOMATHYECKUMH JBIMOBBIMH MOKapPHBIMHU
u3BentaresiMu CIIC. IIpu ux oTcyTcTBHHM HEOOXOAUMO
MIPUMEHATh aBTOHOMHBIE MOXKapHbIE U3BEILATENId BHE
3aBICHMOCTH OT ATQKHOCTH 31AHFS, B TOM YHCIIC B OTHO-
KBapTUPHBIX >KIJIBIX JJOMax (BKJII0Uast OIOKUPOBAHHBIE).

YCTpo#CTBO CHCTEMBI OTIOBEUICHUS W YIIpaBle-
HUS 9BaKyaIiiei Jrozeii mpu noxape (COYD) cornacHo
CIT 3.13130.2009° Tpebyercst 6e3 KaKux-1ud0 UCKITFOUe-
HUH TOJNBKO JJIS KHWIBIX 3JaHHH KOPHUIOPHOTO THIIA,
TOrNa KaK JAJIs KWIBIX 3[JaHHi CEKIIMOHHOTO THIIA He-
o0xomuMocTh obopyaoBanus COYD HacTymaeT mpu
Hanmuauu 11 u Ooree sTaxeit.

OcHalleHre KBapTUP aBTOHOMHBIMH TOKapHBIMU
M3BeLIATESIMU, KaK MIpeajiaraeTcsi B HOPMaTUBHBIX
JOKYMEHTax> 3, IO3BOJIMT OTMOBECTUTH JIIOACH JIHIIb
B KBapTHUPE C 0YAroM IMOXKapa, a He dTa)xxa WX 31aHus
B II€JIOM, TTIOATOMY TMOJIHOIIEHHOM CHCTEMOM OTIOBEIIIe-
HISI 9TO CUUTATH HENb3S.

[IpexycmaTpuBaTh MEPOIIPUATHS IO TPOTHBOABIM-
Hoii 3awute (I1/13) B BUze ycTpoiicTBa CUCTEMBI JBIMO-
yIaJleHUs. U He3aJbIMIISEeMBbIX JECTHUYHBIX KIETOK
cormacuo CIT 7.13130.2013° ciemyeT B UIBIX 3TaHUSIX
cBbllIE 28 M. A mpenycMaTpuBaTh aBTOMaTUYECKUE
ycTaHOBKY NIokapoTyiieHus (AYI]) B )KUIIbIX 3MaHUSX,
cormacuo CIT 485.1311500.20207, tpebyercs npu ux
BEICOTE Oosee 75 M.

Taﬁ.rmua 1. 3HaueHue BPEMECHU Havaljla 5BaKyallun JIHOJICH 1 OCHAIICHUE CUCTEMAaMU HO)KapHOﬁ ABTOMAaTUKHU B JKUJIBIX 3[JaHUAX C pa3-

JIMYHOU DTAXKHOCTBHIO 1 TUIIOM TJIaHUPOBKHU

Table 1. The value of the time of the pre-evacuation time of people and the equipment of fire automation systems in residential buil-

dings with different floors and type of layout

CucTemMbl TOKapHOI aBTOMATHKA 3HavYeHnEe BpEeMEHHI
DTa)HOCTb Automatic fire systems HayaJia »BaKyaluu Jioaeit
SKHJIBIX Tun o Meronuke®, Mux
3JIaHUAMN, dTaXK CTIC COoyd 13 AVIL The value of the pre-
Number of storeys [UTAHHPOBIT . System of Automatic evacuation time of
f residential Type of layout Fire annunciation and Smoke fire- cople rding t
T alarm management of human protection extinguishing e mg‘(?
buildings, floor system gemer ume system guishing thg Methodolf)gyy of 1-°1re
evacuation at fire system risk calculation®, min
CeKIMoHHAs
: . + - - - 9
Sectional
1-9
Kopunopnas
P ﬂ' P + + _ - 6
Corridor
CeKIMOHHAs
e + . + - 9
Sectional
10
Kopunopnas
P H_ P + + + - 6
Corridor
CeKknroHHas
H . + + + - 6
Sectional
11-25
Kopunopnas
p H_ p + + + - 4
Corridor
CeKIMoHHAs
t ) + + + + 4
26 1 6oee Sectional
26 and more K
opuAOpHast
I? AP + + + + 4
Corridor

Ipumeuanue: (+) — tpedyercs; (—) — He TpeOyercs
Note: (+) — required; (—) — not required

yrparui cuity 16.02.2021.

3 CII 3.13130.2009. Cuctembl TpOTHBONOXKApHOH 3amuTEL. CHCTeMa OMOBEIICHHS U YIIPaBICHUS 3BaKyalllel JIIofiel pH Toxape.
TpeboBanus moxapHoit 6e3omacuocty : yTB. [Iprkazom MUC Poccun ot 25.03.2009 Ne 173, BBenen B aetictaue ¢ 01.05.2009.

¢CI17.13130.2013. OroruieHue, BEHTUISALIS 1 KOHIUIHOHUpoBaHHEe. TpeOoBaHMs OKapHOI 0€30MTaCHOCTH : yTB. ¥ BBEJCH B JICHCT-

sue [Ipuxazom MUC Poccun ot 21.02.2013 Ne 116.

7 CII 485.1311500.2020. Cuctembl MPOTUBOIIOKAPHOM 3AIMUTHI. YCTAHOBKH TMOKApOTYIICHUs] aBToMarndeckue. Hopmbl 1 mpasuia
npoextupoBanus : yTB. [Ipuxazom MUC Poccun ot 31.08.2020 Ne 628, BBeneH B aetictaue ¢ 01.03.2021.
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BE3OMACHOCTb XU3HEAEATEAbHOCTH

CeonnHas nunpopmanus 0 HeOOXOAMMOCTH OCHAIIe-
HUS KUJIBIX 31aHUM pa3inuYHON 3TaXXHOCTU CUCTEMAaMHU
MOXKapPHOW aBTOMATHUKHU NIPUBE/ICHA B TA0IM. 1, Trie Taxke
yKa3aHbl TUII IUVTAHUPOBKU U BpeMs Hadalla 3BaKyalHu.

3HayeHHs] BPEMEHU Hadaja 3BaKyaluu B TaOi. |
B3ATHI B 3aBUCUMOCTH OT Hanmnuus U tuna COYD, tpeldy-
FOILIMXCS] B JKHITBIX 3IaHMSIX corTacHo Metojtuke®, yTBepxk-
nenHoit [Tpukazom MYUC Poccun ot 30.06.2009 Ne 382.

JU1s )KUTIBIX CEKLIMOHHBIX 3AaHUN C KOJIMYECTBOM
JTaykeil MeHee 11, B KOTOPBIX, KaK IIPAaBUIIO, OTCYTCTBYET
COVYD, BpeMs Hauaja dBaKyallld COCTaBJISET MaKCH-
manbHOe 110 Meroauke® 3nadenne — 9 mun. [Ipu sTOM
B KOPUJIOPHBIX 3IaHUSAX, T1ie ipeaycMarpusaeTcs COYD
2-TO THIa, BpeMsI Hadaja dBaKyaIlui COCTAaBISIET 6 MUH.

3HayeHre BPeMEHH Havaja dBaKyallluu B CEKI[MOH-
HBIX XHWJIBIX 3[JaHUSIX yMEHbIIAeTcs A0 6 MUH IpHU
YBEIWYEHUN 3TaXHOCTH OT 11 1o 25 araxeii. B aTom
cinydae cornmacHo tpeboBanusm CIT 3.13130.2009°
B HuX npeaycmarpuBaetcs COYD 1-ro tuma. Ilpu
AQHAJOTUYHOHN ATAXKHOCTU 3AaHUIH KOPUAOPHOTO THUIIA,
rae yxe tpebdyercst yerpoiicteo COYD 3-ro Tuma,
BpeMsI Hauajia 9BaKyaluu cocrasisier 4 MuH. B 3qanusx
cBbIlIE 26 3Ta)kel, KOTOpbIE, KaK MPaBUJIO, IPOEKTU-
pYIOTCsl IO CIIELMalIbHBIM TEXHUYECKUM YCIOBUSM,
BpeMsl HauJia 3BaKyallUM COCTAaBJISIET MHUHUMAaJIbHOE
o Meronuke® 3HaueHHe — 4 MUH, TOCKOJIBKY TIpe-
ycMOTpeHHbIH B HuX Ul COYD He Hipke 3-ro.

TakuMm 00pa3oM, MHOTO3TaXKHble CEKLHOHHbBIE
SKUJIBIE 3aHUSI BBICOTOH He Ooiiee 28 M B MEHbIIEH
CTEIEeHH OCHALIEHbl CUCTEeMaMH IMOXKapHON aBTOMa-
THUKU ¥ IMEIOT HanOOJbIIIee BpeMsl Hadala IBaKyaruH,
a COOTBETCTBEHHO, U 0OJIbIIIee KOJTUYECTBO KEPTB MPH
Mokapax, 4To MOATBEPIKIAETCS paHee MPUBEIEHHBIMU
CTATUCTUYCCKUMH AaHHbIME'. [IpudueM uaiie Bcero
CMEpTh JII0JIel HAacTylaeT B pe3yibrare OTpaBiIeHUS
TOKCUYHBIMH TMPOJAYKTaMH TOPEHUS, U OCHOBHBIM
YCIIOBUEM, CIIOCOOCTBYIOLIUM ITOMY, SIBISETCS He-
CBOEBpPEMEHHAs IBaKyallusl.

Hepenko mrogm OKa3bIBAalOTCS OTPE3aHHBIMU
OT BBIXOJIOB OTIACHBIMHU (PaKTOPAMH II0XKAPa U, IBITASICh
CIIACTHCh Yepe3 OKHO, CPBIBAIOTCS MIIM BBITPHITHBAIOT
¢ OonbIoii BeicoThl. Tak npousonwio 21 utonsa 2021 .
IIPY MOKape B XKUJIOM MHOTOKBapTUPHOM JIOME€ ropoja
Cankr-IlerepOypra. JKeHIIMHa MOMBITANACh YKPBITHCS
OT I0Xkapa, MOBUCHYB Ha MOJAOKOHHUKE 6-T0 3Taxa, HO,
HE yACPKaBIIKUCh, yrmaja BHU3. OT MOJIyYCHHBIX TPaBM
OHa CKOHYaJlach Ha MeCTe, 0 YeM coolLIaeT nHpopmaIy-

oHHBIN caiiT Meramomuc’. CornacHo JAaHHBIM caiiTa
EAOMedia.ru!'®, moxoxwuii ciydail mpousorien
28 okTs0pst 2020 1. mpH moXkape B JKUIIOM JOME cena
Jlenunckoe EBpeiickoit aBTOHOMHOM 00macT. 12-neTHsis
JIEBOUKA BBIIPBITHYJIA U3 OKHA TOpsILEe KBapTUPBI, pac-
TIOJIOKEHHOW Ha TPEThEM ATAXKE JKUJIOro JoMa. B pesynb-
Tare najeHusi peOCHOK MOJYUYUs CEPhE3HbIE TPABMBI
MI03BOHOYHHKA.

[MomoOHBIC cydan SBIAIOTCS PE3yIbTaTOM YITy-
IIEHHOTO BPEMEHU JJIsi CBOEBPEMEHHOM 3BaKyaluu
M0 TIPUYIMHE OTCYTCTBHSI HH(POPMAIMH WU TO3/IHE-
ro ONOBELIEHUS O BO3ZHUKHOBEHUHU IOXKapa. To ecTb
(akTHUeCcKOe BpeMs dBAaKyallHH JIFOJCH MPEBBICHIO
BpeMsl HACTYIJICHUS! KpUTHUECKHUX 3HAY€HUH OMaCHBIX
(hakTOpOB MOXKAPA HA MYTSIX 3BAKYAIUH (¥, > fgy).

B nacrosiuelt ctatbe aBTOpbI OIKUCHIBAIOT IPOBOIU-
MbI€ MU 3KCIIEPUMEHTAJIbHBIE UCCIIEI0BAHUS B XKUIIOM
3JaHUM, HE 00OpPYIOBAaHHOM CHUCTEMOU IMOXKapHOM
CUTHAJIM3ALMU U CUCTEMOW ONOBEILEHUs U yIpaBiie-
HUS 9BaKyaluei Jroei npu noxape, Uil onpeieneHns
BpPEMEHU OIOBEILICHMS JKUJIBIIOB O MOXKape MPHU pa3HOM
YHCJIe OMOBEIIAIOIINX, a TAKKE BPEMEHH PearupoBaHus
JOJIEH MPH MoTydeHNH WHPOPMAIIUK 00 ONTAaCHOCTH.

Lenbto cTaTby sABISETCS ONPENEICHNE Ha OCHOBE
PE3yJbTaTOB MPOBEACHHBIX IKCIIEPUMEHTOB B BbIIIIE-
YIOMSIHYTOM UJIOM 3IaHUHM pEabHbIX 3HAUeHUM
BPEMEHHU Hayalia 9BaKyalluH JIIOeH U CPAaBHEHHE HX
C ITaHHBIMU JieHicTByoNIeH MeToauku®,

AHanuTHUeCKui 0630p
paHee NpoBeAEHHbIX UCCAEAOBaAHUN

Bpems Hagana sBakyanuu MOXKET IOCTHUTATh
10 90 % BpeMeHHu Bceil aBakyauuu Jroaei [1], Bnuss
Ha €€ CBOCBPEMEHHOCTh M OECTIPENSTCTBEHHOCTb.

Nzyuenne BpeMeHH Hauaia SBaKyaluy Hepa3phiBHO
CBSI3aHO C WCCIEIOBAHUSIMHU TOBEICHHS JIOACH Mpu
mokape, KOTopele OepyT cBoe Hawano B 50-x TT.
IPOIDIOro Beka. OXHIM U3 IEPBIX TAKUX UCCIICOBAHUI
sBisieTcst pabora yuenoro u3 CLIA [Ix.J1. bpaiiana [2],
M3YYUBILIEr0 OTYETHI JIIOAEH, CTaBIIUX OYEBUIALAMU
TIaHUKU BO BpeMmsi rokapa 29 siuBaps 1956 . B ApyHnen-
ITapk-xonne B bpyknune mrara Mapunienn, CIIA. ITpo-
JOJDKCHUE U CEPhEe3HOE PAa3BUTHE JAHHBIX HCCIEIOBa-
HUI OBLTO OCYIIECTBICHO B Hadaie 70-X I'T. aHITHHCKUM
yuenbM [1. Bynom B BenukoOpuranuu [3]. I1. By mipo-
aHaJIM3UPOBAJl 0COOEHHOCTH MTOBEACHHS JIFOMEH MPH BO3-

$ MeTomnka OMpEeNCHUs] PACUCTHBIX BEIMYMH MOKAPHOTO PUCKA B 3JAHUSX, COOPYKEHHAX U TIOXKAPHBIX OTCEKAX pPa3IMIHBIX
KJ1accoB (DYHKIIMOHAIBHOU MoxkapHOit ormacHocTH (B peakiun ot 02.12.2015) : ytB. [Ipukazom MUC Poccun ot 30.06.2009 Ne 382,

Hayaso aeWcrBus pegakuun — 15.01.2016.

°® Meranonuc. Toponckast ceth HHGOPMHUPOBaHUS M B3auMmoromonuy. JKeHunHa morudna, NPhITHYB M3 OKHAa BO BpeMs MoXapa
Ha J[p10enko. MomeHT nmazgeHus nomnan Ha Buaeo. URL: https://megapolisonline.ru/zhenshhina-pogibla-prygnuv-iz-okna-vo-vremya-

pozhara-na-dybenko-moment-padeniya-popal-na-video/

1" EAOMedia.ru. PebeHOK BBIIPBITHYI U3 OKHA ropsiiieil KBapTHPbI U TpaBMUpoBai no3BonouHrk B EAO. URL: https://eaomedia.ru/

news/1015382/?from=34

NOXAPOB3PbIBOBE3OMNACHOCTb/FIRE AND EXPLOSION SAFETY 2022 TOM 31 Ne 4 41



LIFE SAFETY

HUKHOBEHHU [TOKapa BO MHOXKECTBE 3IaHUH Pa3IIMIHOTO
Ha3HayeHHs. JlaHHBIC cOOMpPATNCh HA OCHOBE OIpoca
JFOZIEH TOCITe MMoYKapa 1Mo CIICIHAIBHON aHKeTe.

N3 0600mIeHUsT pe3yIbTaTOB aHKETHBIX OMPOCOB
W3BECTHO, UTO B XKIWJIBIX 3[JAHUIX 3a(UKCHPOBAHO
HanOOJIBIIee KOINIESCTBO JIIONEH, KOTOPBIE K MTEPBHIM
}IeﬁCTBHHM NpUCTYNUIIN CaMHU MW OPraHU30BaJIU
OKPY>KaIOLUX IS ABaKyaluu u3 3nanusd. OTmeydaercs
HaAaMMCHBIIEEC KOJIHNYECCTBO HIOI[Cﬁ, KOTOPBIC MbITAJINCH
TYLIUTH 0Xkap (10 Bcel BUAMMOCTH, U3-3a OTCYTCTBHS
MEePBUYHBIX CPEACTB Moxaporyuenus). O6pamiaer
Ha ce0s1 BHUMaHUE BBICOKHIA MIPOLICHT JIFOICH, KOTOpPBIE
pu 0OHAPYKESHUH [T0XkKapa MBITAIUCH COOPaTh OOIBIIE
uH(pOpMAIIHH 0 TIOXKAPE JUTS IPUHATHS HanOoJIee OTNTH-
MaJIEHOTO PEIICHHUS O CBOEM JallbHEHIIIEM TOBEICHUH.

[Mocnenyromue AeHCTBUS SIBISIIUCH OTNPE/EICH-
HBIM OTTOJIOCKOM TOTO, YTO JIEJIAJIHU JOIU Ha IIEPBOM
srarne. Kak npaBuio, B ciaydae cOopa JOMOTHUTENb-

HOH WHGpOpPMALHH CIEAYIONUM ACHCTBHEM OBLIO
nu00 3BOHOK B TOXAapHYI OXpaHy, JTHO0 O6opnOa
¢ noxapoM. Ecnu cHadaia Oblal 3BOHOK B MOXKAPHYIO
OXpaHy, TO Jajiee MPeAPHHIMAIUCEH MOMBITKH TYIIIe-
HUA TIokapa. B Tom ciydae, xorna npeanpuHUMaINCh
MIOTBITKY TYIICHHS TI0XkKapa, TO JAaJiee CIeI0Bal 3BOHOK
B TIOKapHYIO OXpaHy. B psijie cirydaes, mocie onoserie-
HUS TIOXKAPHOM OXPaHbI U OKPYKAIOIIMX JIIOACH, nanee
MOTBITKY TYLIUTH MOXKap HE NPEANPUHUMAIINCH U JIIOIN
MIPUCTYTIAIH K HBAKyalluy U3 30aHHSL.

Bornee moapoOHO mOCIEI0BATEILHOCT ICUCTBUHN
pu 00HAPY)KCHHUH TTOYKapa MPOKUBAIOIINX B JKHIIBIX
3/IaHUSX TIPUBEJIEHA Ha puC. 2.

B nanprelimem n3ydeHnre BpeMeH! Havalia dBaKya-
LMY TIONYYHJIO MIMPOKOE PacIpoOCTpaHEHHUE, U B TIOJIE
3pEHHs YYEHBIX TOMAJIA OTJEIbHbIC (PaKTOpHI, Ompe-
JICJISIOIIUE €TO BEIMYMHY. YCTaHOBJICHHBIC (DaKTOPHI
MOJKHO YCJIOBHO Pa3ieliuTh Ha JBE TPYMIIbI: yCTONYHU-

Bropoe neiictue, %
Second action, %

IlepBoe neiictue, %
First action, %

Tpetbe neiictBue, %
Third action, %

Call thefiredepartment
UccaenoBath — 18,1 s
Investigate — 18.1 Protect yourself from fire
ey Tymmmrs noxap —15,3
To extinguish a fire
——» Tymurte noxap — 16,4
I103BOHUTH B MOKAPHYIO
oxpany — 13,2 —
Call the fire
department — 1

Protect yourself from fire
—— DOBakyupoBatbca — 10,5
Evacuate —10.5

3.2

SammTHTECA Call the fire department —35.1
or noxapa — 11,3 ==
Protect yourself P DBaKyHpOBaTh OKpysKaomux — 13,0
from fire — 11.3 Evacuate others —13.0

— [103BOHUTH B OXKapHYIO 0XpaHy — 25,6
OBakyHpoBaTh Call the fire department — 25.6
OKpYX)afomuX — 11,2 b3 3amuTutses 0T NOKAPA — 16,3
Evacuate others —11.2 Protect yourself from fire — 16.3

——p OBakyuposatbcsi — 10,9

Evacuate 10.9

OnoBecTUTh

oKpyKaroIUX — 10,7 e JBakyupoBarbess — 17,7
Notify others —10.7 Evacuate — 17.7

Tymmts

noxap — 10,2 e —eefp IBAKYHPOBATHCS — 9,7

To extinguish Evacuate — 9.7

a fire — 10.2 . 3ammTHThCA OT Mmoxapa — 9,7

OBakyupoBaTbcs — 9,5

Evacuate — 9.5 — Multidirectional actions

> [[03BOHHUTH B TMOKAPHYIO OXPAHY — 19,6 =

——p 3aluTUTHCS OT noxkapa — 16,7

15.3

To extinguish a fire — 16.4
— 3amuTHUThCS OTHOXKapa — 15,1

—> [103BOHUTH B MOXKapHy10 oxpany — 35,1

~p [103BOHUTH B MOXKApHYIO OXpaHy — 34,7
Call the fire department — 34.7

Protect yourself from fire

—— PasHoHampaBneHHsie aeicTBus — 34,7

p [103BOHUTH B MOXKAPHYIO OXpaHY — 18,2 e

Pasnonanpasnennsie neficteust — 39,0
Multidirectional actions — 39.0
ITo3BOHUTE B MOKapHYO oxpaHy — 34,3
Call the fire department —34.3

N Paznonanpasiennsie nercTBust — 43,8
Multidirectional actions— 43.8

19.6

16.7

—_— Pasnonanpasiennsie neiicreus — 64,0
Multidirectional actions — 64.0
Pasznonanpasnennsie nevicteus — 50,0
Multidirectional actions — 50.0
Paznonanpasnennsie geiicteust — 86,7
Multidirectional actions — 86.7

15.1

Tymute noxap — 16,2

To extinguish a fire —16.2

3amuTUTHCS OT ToXKapa — 32,4

Protect yourself from fire — 32.4
Ilo3BOHUTE B mokapHyto oxpany — 41,2
Call the fire department — 41.2

Tymmts noxap — 30,3

To extinguish a fire — 30.3

Ilo3BOHUTH B noOkapHyI0 oxpaHy — 47,6
Call the fire department — 47.6
Paznonanpasnennsle neiictus — 64,3

Multidirectional actions — 64.3

) Pa3HQHanpaBneHHLI§: nerictBus — 63,6
Multidirectional actions 63.6

Paznonanpasnennsie nevicteus —32,4
Multidirectional actions — 32.4
Ilo3BOHUTH B HOXapHYIO oXxpaHy — 54,5
Call the fire department — 54.5
ITo3BoHuUTH B okapHyto oxpany — 60,0

97 Callthe firedepartment — 60.0

Pasnonanpasnennsie geiicteus — 54,5
Multidirectional actions — 54.5
Pasnonanpasnennsie neiicteus — 55,0
Multidirectional actions — 55.0

34.7

Call the fire department — 18.2

Puc. 2. ITocnenoBarenbHOCT EHCTBUIM JITofel Tpy 0OHAPY>KEHUH IT0XKAapa B XKIIIBIX 30aHUSX (Ha OCHOBE orpoca 1155 genosek)

Fig. 2. The sequence of actions of people when a fire is detected in residential buildings (based on a survey of 1,155 people)
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Bble (hakTopbl (1oJ, BozpacT [4—6], TemnepameHT [7],
(uznveckue orpanndenus [8—11]) u BpemeHHbIe (pakTo-
pol (con/6onperBoBanue [12], ycranocts, ctpecc [7]),
a TaKoKe PsAJ] NOTOJIIHUTEILHBIX 00CTOSATEIBCTB!
e  jeficTBus nepconana [12, 13];
nuHamuka O®II [14, 15];
COIMAITFHBIC U POJICTBEHHEIE CBS3M uernoBeka [ 16, 17];
MIPOTUBOIOXKAPHAs OAr0TOBKa 1 00yyenue [18, 19];
HCTIOJIb30BaHUE JUIsl dBaKyanuu tudra [20, 21].
JloBOJIBHO MHTEpECHbIE JaHHbIE BPEMEHH Haya-
Jla 9BaKyallM¥ B JKHIIBIX 3JIaHUSAX MPUBEICHBI B pa-
Oorax [22—-24] u 060061ens! B pabdote [25]. [Ans yno0-
CTBa aHAJIM3a 3TUX JIAHHBIX Ha pHC. 3 IpUBEJIeHA na-
rpaMMa, 0000MIarmas uX CpeIHue 1 MaKCUMaJIbHbIC
3HAYCHUSI.

3HavYeHHsT BPEMCHH Hadasla dBaKyaIldl B JKUIJIBIX
3IaHUSX, MPUBEJACHHBIE Ha PUC. 3, BeChbMa BBICOKH
1 B HECKOJIBKO pa3 OTIMYAIOTCS OT 3HAYCHUH, TTOTyIeH-
HBIX B 3JaHUSIX MHOTO (DYHKIIMOHAJIHHOTO Ha3HAYCHHUS,
Hanpumep opucHBIX [26, 27], ToproBbix [28], OubImoTe-
Kax [29], Tearpax [30], MEMUIMHCKHUX yupexaeHusx [31]
U T.J.

Bricokue nmoka3zarenu BpeMEeHU Havalla 3BaKyalluu
B JKWJIBIX 3/IaHUSX 110 CPABHEHUIO CO 3JIaHUSMU JIPYTOro
Ha3HAYCHHUS OTMedaroTcs B padbote [32]. A B pabore [33]
CO00IIaeTCs, YTO MPU PEATLHOM TOXKAPE fyy, MOCIETHUX
JKWJIBIIOB JKHJIOTO JIoMa BOOOIIIE PEBBICKIIO 3 Yaca.

Cpenu OTCUECTBEHHBIX HCCICIOBAHHI MOMXKHO
BBIJICTIUTH PAa0OTHI, TOCBSIIIEHHBIE METOIOJIOTUYECKUM
npobieMaM HOPMHUPOBAHHS BPEMEHHU Hadajia dBaKya-
uuu [34, 35], BAIUSHUIO CUCTEM MOKApHON aBTOMATHKHU
Ha 0e30IMacHOCTh Jirozel [36—39], onpeencHuto BpemMe-

7. Proulx, Latour, MacLaurin, 1995

6. Proulx, Latour, MacLaurin, 1995

5. Proulx, Latour, MacLaurin, 1994

4. Proulx, Latour, MacLaurin, 1994

3. Brennan, 1997

2. Proulx, Latour, McLaurin and others., 1995

1. Proulx, Latour, McLaurin and others., 1995

[=]

B CpenHee 3HaUCHHE

Average value Maximum value

B MakcuManbHOE 3HAUCHUE

HU HadaJjia 9BaKyaluy B JeTckux canax [40], Mmequnun-
CKUX M CONMAIBHBIX yupexaeHusx [41-44], kynpTo-
BbIX 3/1aHUsAX [45], aIMUHUCTPATUBHBIX 3JaHUAX [46],
JKWIBIX 31aHUSX pecnyOonuku BreTHam [58].

[lo maHHBIM, MOTYYEHHBIM JJIs JKUAJIBIX 3IaHUAN
B I XaHo# [43], pacnipeneneHus 3Ha4ueHUN BpeMEHU
PEaKIMK U MOATOTOBKH JIFOCH K DBAKyallMd U JIBIKE-
HUS B Mpejesiax KBapTUP OTMEUAeTCsl XapaKTePHBIMU
JIByMsI TMKOBBIMH 3HaYEHUSIMU (puC. 4).

JanbHeHuii aHaau3 JaHHbIX TI0Ka3all, 4To Xapak-
TepHas (popMa THCTOrpaMMbl 00yCJIOBIIEHA YHCIICH-
HOCTBIO C€MeH, CpeI KOTOPBIX MOYKHO BBIJICIIUTH JIBE
XapaKTePHBIC TPYIIITBI: MOJIOAYIO CEMbIO (M3 2 YJICHOB)
1 c(hopMUpPOBaBIIYIOCS ceMblO (U3 3 ujeHoB U OoJee).
[TonroroBka K BaKyaliu MOJIOJIOW CEMbH COCTABIISIET
OKOJIO 2 MHH, a c(hopMHpOBaBIICHCS CeMbHU, BKIOUa-
IOMIEH TTOXKIIIBIX JTIOAEH, ouTH 5 MuH (puc. 5 u 6).

3arparbl BpEMEHH Ha JTare MOJAroTOBKH K BaKya-
IIUM CBS3aHBI C BBITIOJIHEHUEM TEX WJIM UHBIX JCHCTBHH,
HaINpaBJICHHBIX Ha 3aIIUTY OT mokapa. [Ipumep Takux
JIeicTBHIA OBLT ONMCaH paHee U 0TOOpakeH Ha puc. 2 u 3.

[IpuBeneHHBIC TaHHBIC MO UCCIICAOBAHUIO BpEMe-
HU Hayalla 9BaKyallMH B JKHJIBIX JIOMaX MOKa3bIBAIOT
CYIIECTBEHHBII pa30poc 3HaUeHHMA, OosIee TOro, BCE OHU
MOJIyYEHBI B 3aHUAX C HAIMYUEM U UCTIPABHBIM COCTO-
SHHEM CHUCTEMBI omoBemieHus. Kpome Toro, BCe 3TH
3HAYeHMsI TIOJyYeHBI B Ipyroil ctpane. Bpems nauyana
9BaKyallMH JUIs 3aHUH, B KOTOPBIX CHCTEMBI OIIOBEIIIe-
HUSl HET, 10 HACTOAIIETO BPEMEHH HE HUCCIIeI0BaHO.

B o0miem Buje BpeMs Havasia dBaKyaluu OIpe-
IENsIeTCS CyMMOH CIIeNYIOIUX OCHOBHBIX cliara-
eMbIx [34]:

500 1000
Bpewms, ¢/ Time, s

1500 2000

Puc. 3. Pe3ynbrars! uccienoBaHus BpeMEHN Hadasa 3BaKyalluy JIIOJCH B )KIIIBIX 3/[aHUSX, TTOJIyYCHHbIE 3apy0eKHBIMI aBTOPaMU:
1 — 37aHUe TOBBIIEHHON 3TaXKHOCTH (HEAaHOHCHPOBAHHBIE YUEHHS 110 3BaKyalllH; CpadaThIBAHNE CHPEHBI MMOKAPHON CUTHAIH-
3aIun); 2 — 3JlaHUE TIOBBILICHHOH 3TaXXHOCTH (HEAHOHCHPOBAHHBIC YYCHHUS O HBAKYyallMU; CpaOaThIBAHUE CHPEHBI NOXKAPHOM
CHTHAJIN3AINK; CHIBHBIA CHEromaz BO BpeMsl yUeHHi); 3 — 3/1aHue TOBBIIIEHHOI ATaXKHOCTH (TI0XKap, MPOU3OLIEIIHI PAaHO YTPOM,
cpaboTaa nojkapHasi CHTHaJIM3alHsl, 9BaKyPOBAHO MEHEe IOJIOBHHBI XKIIIBIIOB); 4—7 — MHOTOITaXHOE 3/1aHNe (HEaHOHCHPOBAHHBIS
YUEeHUS 10 IBAKyaI[lH; CPAOATHIBAHNE CHPEHBI TIOKAPHON CHTHATM3AINN)

Fig. 3. The results of the study of the pre-evacuation time of people in residential buildings obtained by foreign authors: / — a high-rise
building (unannounced evacuation exercises; fire alarm siren); 2 — a high-rise building (unannounced evacuation exercises; fire alarm
siren; heavy snowfall during the exercises); 3 — a high-rise building (a fire that occurred early in the morning, the fire alarm went off,
less than half of the residents were evacuated); 4-7 — multi-storey building (unannounced evacuation exercises; fire alarm siren)
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Puc. 4. l'uctorpamma pacrupeneneHuss BpeMEHU PEaKIiy, MOI-
TOTOBKH JIIOAIEH K 3BaKyalluM U JBW)KEHUS B MpeJiesiaX KBapTHP
B XKHMJIBIX 3/1aHUSX B I. XaHOH [43]

Fig. 4. Histogram of the distribution of reaction time, prepara-
tion of people for evacuation and movement within apartments
in residential buildings in Hanoi [43]
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Puc. 5. I'ncrorpaMmsl pacipesieeHus: BpeMEHN PEaKIiH H TT0/I-
TOTOBKH K 9BaKyalllH JIOAEH B CeMbsX 3 3 1 Oosiee 4eIoBeK,
TIPOJKUBAOLINX B KHUJIBIX 3AaHUSX B I. XaHoi [43]

Fig. 5. Histograms of the distribution of reaction time and prepa-
ration for evacuation of people in families of 3 or more people
living in residential buildings in Hanoi [43]
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Puc. 6. ['ncrorpamMmsl pacrpesieieHust BpeMEHN PEaKIUN H IO/
TOTOBKH K 9BaKyalllH JIFOAEH B MOJIOJIBIX CEMbsIX U3 1—2 demnoBexk,
MPOYKUBAIOIINX B )KMJIBIX 31aHUAX B T. XaHOH [43]

Fig. 6. Histograms of the distribution of reaction time and prepa-
ration for evacuation of people in young families of 1-2 people
living in residential buildings in Hanoi [43]

Lus = log + Ton + Iy + tnou: c, (1)

TJe ¢, — BpeMsi OOHApYyKEHHUsl oyara rOpeHus, c;

foy — BPEMsI ONIOBELLEHHUS, OOBSIBIICHUS TPEBOT'H, C;

t, — UHTEPBaJ BPEMEHH, HEOOXOANMBIH UEIOBEKY
JUTSL 0CO3HAHUS UH(POPMALIUK U OLICHKH CJIOKUBIICHCS
CUTYallUH, C;

thon — BpeMs, HEOOXOJUMOE ISl MOATOTOBKU
K 9BaKyalluy WJIM JJIs1 3alIMThI [IOMEIEHUs] OT BO3AEH-
CTBUS OnacHbIX (haktopos noxapa (ODII), c.

CyMMa craraembix f,s + t,, SABISETCAS TEXHHYEC-
KOW cocTaBisiromed popMupoBaHUs BPEMEHH Havala
9BaKyalW#, 3aBUCIMICH OT (YHKIIMOHUPOBAHUS
9JIEMEHTOB CHCTEM OOHApY)KeHHUS T0XKapa U CUCTEMBI
OMOBELICHHS W yNpaBJieHUS 3Bakyanuen. /lanHoe
BBIpQKCHUE MpeACTaBisieT co0oif obmiee Bpems
WHEPLUUOHHOCTH CUCTEM MPOTHUBOIOXKAPHOM 3aLIUTHI
U TIPY OTCYTCTBHH ITACTIOPTHEBIX JAHHBIX Ha 000pyaI0Ba-
HUE MOXKET IIPUHUMATLCS PaBHBIM 1 MUH, IIpU 3TOM
B 3JJaHUU HEOOXOMUMO HalMIue U (QYHKIHOHHPOBAHHE
CHUCTEM II0KapHOM aBTOMATUKHU. B >KWIIBIX 37aHUSAX,
r7ie OTCYTCTBYIOT CHCTEMBI MOKapPHOW aBTOMATHKH,
3HaYeHHE ITON BEJIMUYMHBI HE OIPEIEIICHO U SBIIETCA
TIEPBBIM 3TAIlOM HCCIICIOBAaHUS B HACTOSAIICH CTaThe.

Cymma ¢, + t,,, OIpeaensieT NpoMeKyTOK BpeMe-
HU OT [OJIy4eHHUs1 CUTHAJIA O MOXKape 10 Havyalla JABUXKe-
HUS K BbIXOJaM M3 3[JaHUS U XapaKTCPU3YETCH IICUXO0-
SMOLMOHAIBHBIM U (PU3UYECKUM COCTOSIHUEM YeJIOBeKa,
a TAaK)K€ YPOBHEM €ro IMOATNOTOBKU K AEUCTBUSM NpHU
nokape. 3Ha4YeHHe 3TOr0 MHTEepBalia BpEMEHHU B OTedec-
TBEHHBIX XHJIBIX 3IaHHSX TAKKe HE U3Y4aloch U OyneT
paccMOTpPEHO BO BTOPOM YaCTH HACTOSIIEH CTAThH.

Martepuanbl U MeTOAbI UCCAEAOBAHUA

C 1enplo MccaeI0BaHUs BPEMEHH Hayala 3BaKya-
IIUY JTIOZICH B JKIJIOM 37[aHHH 0€3 CHCTEMBI OTIOBEIICHHUS
0 ToXape aBTopamMu ObUT OPTaHU30BAH PAJl CIICIUAIIb-
HBIX YKCIICPHMEHTOB. DKCIIEPHUMEHTHI 110 UCCIICIOBAHUIO
BPEMEHHU OTOBEIIEHHUSI JIFOJICH 0 TIOKape MPOBOIUIINCH
B JIHEBHOE BPEMs B OJJHOM W3 CEKIMH JKUIIOTO JeBSITH-
3TaXHOTO 31aHus, HeobopynoBanuoro CIIC u COYD.

3ambIce UCCIEIOBAaHUI 3aKTI0UaNCS B TOM, UTO
B OJIHOM M3 KBapTHUP BO3HMKAET MOXKAp U €€ MOCTOsIIb-
IIBI CAMOCTOSITEIEHO MTPOBOAST OIIOBEIICHUE JKUIIBIIOB,
MPOXKHUBAKIINX B JIPYTHUX KBapTUpax Ha pPasHbIX
staxkax. Becero O0b110 opranu3zoBaHo 18 skcnepuMeH-
TOB, BKJTIOYAIONNX O PA3IHMYHBIX CIICHAPHEB, TIOBTOPSI-
IOLIUXCS 10 3 pa3a C OIHUM, JByMs U TPeMs OIOBeIIa-
IOIIAMHE JTEOIbMH.

[Ipu omoBeleHNN YYUTHIBATUCH 3aTPaThl BPEMEHH
Ha JIBU)KEHHE TI0 3TaKHBIM BHEKBAPTUPHBIM KOPUIOPaM
U JICCTHUIIC, CTYK B ABEPHU, O’KUIAHUE OTKPBITHS KHIb-
[[aMH KBapTHP ¥ OMOBEIIEHHE O HEOOXOAUMOCTH HaYaTh
9BaKyaluio. B mpouecce skcrepuMeHTa Bejlach BUAEO-
3aIHCh.
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3HaueHHe BpeMeHH OOHAapyXKEHUsSI ouara ropeHust
B JKCIIEPUMEHTax INpUHUMAaeTcs f,; = 0, Tak Kak
OIOBEILAIOIIHE JIOM HA MOMEHT Hadaa SKCIIepUMEHTa
HAXOAATCS B KBapTHPE M, COOTBETCTBEHHO, SIBIISIOTCS
CBHUJIETEISIMH Hadajia noxapa. Bpems, kotopoe Morio
OBITH MOTPAYEHO Ha MOMBITKY TYIICHHS Odara moxapa,
cOOp TOKyMEHTOB HJIM COBEpIIIEHHE 3BOHKA B ITOXKap-
HYI0 OXpaHy, B pa0oTe HE paccMaTpUBaIOCh. 3HaUE-
HHE /o, OTIPEIETATIOCH BpEMEHEM OT Hadalla JIBIKCHHS
OTOBEIIAIONUX U3 KBAPTHUPHI, I7I€ YCIOBHO OBLI 00-
Hapy’KeH IoXkKap, A0 OTOBEIIECHHUS KHUIBLOB TOCIEeIHEH
KBapTUPHI (BCETO B MPEAENax CEKIUH HACUUTHIBATIOCH
36 KBapTUD).

B 3aBucuMocCTH OT BbIOOpa pa3MElICHUs! KBAPTU-
PBI C OYaroM Iokapa il SKCIEPHUMEHTOB OBLIH pa3-
paloTaHBb!l [iBa CLIEHAPUS ONOBELICHUs (IECCUMUCTUY-
HBIH ¥ ONTHMUCTUYHBINH) C COOTBETCTBYIOIIUMH UM
MapIIPyTaMU JIBU>KCHUSI OMOBEIIAOIINX JIIOfIEH.

Cuenapuii 1. OnoBenienne cHU3y BBEpX (ouar
Ho)kapa pacriojlaraeTcsi B KBapTHpe Ha TIEPBOM ITaXKe;
00HApPY>KUBIINH TTOKAP YETOBEK OIOBEINACT KAXKIYIO
KBapTHPY COCEIeH BBIMISNISKAIINX dTaXeH; OIIOBECTHB

O]

%

HEENRENEAEI

a

MOCIIETHIOI0 KBAPTUPY BEPXHETO 3TaXKa OMOBEIIAOIINN
BBIXOAMT U3 31aHus) (puc. 7, a).

Cuenapuii 2. OnoBeluieHne cBepxy BHHU3 (odar
ToKapa pacrojaraercs B KBapTHUpe Ha BEPXHEM JKUIIOM
JTaXKe; OMOBEIIEHUE MPOUCXOIUT T10 XOIY JBUKCHUS
BHU3) (puc. 7, b).

Eciu B KadecTBe OIOBEMIAOLIEr0 OBUI 3aieil-
CTBOBaH OJINH YE€JIOBEK, TO OH HAYWHAJ OIMOBEHIATh
MOOYEPETHO KXY KBApTUPY Ha dTaXe, IMOCIIE Yero
Mepexo M1 Ha cieayronuii atax. [Ipu nByx onosera-
IOIUX YYaCTHUKH JISIHIN BCE 3TaXKU Ha JIBE paBHbBIE
YacTH C OJIMHAKOBBIM KOJMYECTBOM KBAapTHP, MPOBOJIS
OIOBEICHUE KaXAblil B cBoed 30He. [Ipu Hanuuuu
KOMaH/Ibl U3 TPEX OMOBEIIAIIINX YUaCTHUKHU JICIUIN
37aHNEe Ha TPU 30HBI, COCTOSIINE U3 TPEX dTaxeu
WHAVBHUIyaJILHO Ha KaXKI0TO onosemniatomiero. Ha puc. 8
TIPE/ICTABIICHBI TUTIOBBIE CXEMbI OTIOBEIIIEHUS KHIITBIIOB
B Pa3HBIX CUTYaIUsAX, KOT/Ia B POJU OIMOBEIIAIONINX
HAXOJSTCS OT OJTHOTO JIO TPEX YETOBEK.

CTOUT OTMETHUTH, UTO B KaY€CTBE OIMOBEHIAIOIINX
Y4acCTBOBAJIM MOJIO/IbIC JIFOU B XOpoliei dusnyec-
Kol opme 0e3 Kakux-nmubo OrpaHHUYCHUN MOOUIIb-
HOCTH. JIBMXKEHUE MEXy dTaXKaMH OCYIIECTBISIOCH

=

]

Il
Lt
j?\
H

) ) 551 a1

b

Puc. 7. Cxema onoBeIeHus )XUTeNIeil 0 oxape B Ipeieiax CeKIUM KUIIOT0 0Ma: ¢ — COIIACHO MEPBOMY CLEHAPUIO; b — CONIACHO

BTOPOMY CLICHAPHIO

Fig. 7. The scheme of notifying residents about a fire within a section of a residential building: @ — according to the first scenario;

b — according to the second scenario
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Puc. 8. Cxema ocyuiecTBieHus ONOBELICHHUS )KUTENEH I0Ma O MoXKape B Mpejieax CeKIUHU B 3aBUCUMOCTH OT KOJIMYECTBA OMOBEIIa-
FOIIHX: ¢ — OJWH OTIOBEIAIOIIHIT; b — JIBa OTIOBEIIAOIINX; ¢ — TPH OIMOBEIIAOIINX;

—— — HamnpaBlICHUE JBWKEHUS; (@) — OYEBUICI] TTOXKaApa;

— XKHUTCJIM JOMa

Fig. 8. Scheme for notifying residents of a house about a fire within a section, depending on the number of notifiers: a — one notifier;

b — two notifiers; ¢ — three notifiers;

— — surfacing motion; @ — eyewitness of the fire; ° — residents of the house

HUCKJTIOYUTEINIEHO 110 JICCTHUYHON KJIETKE, TaK KaK Mpu
Mokape MCIoJb30BaHue JU(Ta B KaueCTBE CPECTBA
MEePEIBUYKECHUS 3aMPEICHO.

OnUCaHHBIN BBIIIE 3KCTICPUMEHT pacCMaTpHUBacT
BpeMs POBEJICHUS OTTOBEILICHHSI JIFONICH O HauaBIIeMCs
MoXKape, OAHAKO HE YYUTBIBACT BAXKHOTO KPUTEPHS,
CBSI3aHHOTO C ITOBEJICHUEM JIFOJICH,  IMEHHO BPEMEHHU
WX pearupoBaHMs Ha ONACHOCTh. be3 omeHku 3TOTO
cllaraeMoro HEBO3MOXKHO OI[€HUTH TaKOW KITIOUEBOM
napaMeTp Ipolecca dBaKyalluH JIOACH, KaKk Bpems
HayaJia 3BaKyalluH.

HUccnenoBanue BpEeMEHU peEaKIUU JIIOJCH
Ha CUTHal O moxape (T.e. BpEMEHH, 3aTPauyeHHOTO
Ha 0CO3HAHME U MOATOTOBKY JIO/IEH K 9BaKyaluun) Mpo-
BOJMIOCH B KHUJIOM AEBATHUITAKHOM 3JaHUU. DKCIIe-
PUMEHTBI OBLIIM OPraHW30BaHbI KAK B JIHEBHOE BpPEMs
CYTOK, KOTJa OOJIbIIIUHCTBO XUJIBIIOB B KBapTUPax
HaxoATcsl B 0OJPCTBYIONUM COCTOSIHUH, TaK U B HOY-
HOE BpeMs, KOTJia BCE JIFOIU MPEObIBAIOT B COCTOSIHHH
CHa — B HauOosiee ySI3BUMOM COCTOSTHUHU YeJIOBEKa
B CJIydae Tokapa.

CurHajaoM O BO3HMKHOBCHHUH IOXKapa CIYKHII
3BYK CHPEHBI H pPEYeBOE OTOBEIICHHE, BOCIIPOU3BOIH-
MBIC C IMMOXXapHOTO aBTOMOOWIIS, MPEIBAPUTEIHHO
MIPUITAPKOBAHHOTO Yy (acama 3JaHUsl OpraHu3aTopaMu
JKCIIEPUMEHTA.

[lepen nmomaueit curHaia TpeBOTH B KHIJIOM JIOME
3apaHee BHIOMPANIHMCh CEKIIMH, B KOTOPBIX MPOKHUBACT
HanOoIbIIee KOJMUYECTBO JIFO/IEH pa3IMaHOrO BO3pacTa
1 MOOMIJIBHOCTH.

Jlanee BRIOMpAIKCH MeCTa JJIsl PACCTAHOBKH BHJICO-
3aMUCHIBAIONINX YCTPONUCTB — MUHHUATIOPHBIX BUIEO-
KaMep, KOTOPBIE MPOU3BOIMIH CHEMKY DKCIIEPHMEHTA.

W neanbHBIM MECTOM JIJIsl pa3MENICHHUS BUICOKaMep
SIBIISTIOTCSI JKUJIbIE MOMEIIEHUSI, B KOTOPBIX MOXHO
ObLLI0 OBI 3aIleyarieTh BCE OCOOEHHOCTH ITOBEICHUS
JIOJIeH TPY TOJIYUYeHUU CHTHaia o noxape. OHako
Yy OpPraHu3aTOpPOB IKCIIEPUMEHTA TaKO BO3MOMXKHOCTHU
He OBbLIO, M KaMepbl OBLINM YCTAaHOBJICHBI B KOPHJIO-
pax, QUKcUpys BpeMsl BbIXOAA JIIOJEH U3 KBApTUDP I
JlaJpHEeNen sBaKkyalnuu no jgectHuue. [lo okoHuanun
3KCIIEPUMEHTOB OTCHSATHIN BUIeOMaTEpHall aHaITU3UPO-
BaJjICs METOJIAMH MaTeMaTHYCCKON CTaTUCTUKU.

Pe3yabTatbl U UX OGCY)KAeHMe

OKCHepUMEHTallbHbIE 3aMepbl MOKa3alaH, uTo
BpeMsl OMOBECIEHUS OAHOI KBapTUPBl B CpPEAHEM
cocrasiseT 28 c. Ha ocymiecTBieHrne 3BOHKa/CTyKa
B JIBEPb KBAPTUPBI yXOAUT OKONO 3 c. IHTepBan Bpeme-
HU, HEOOXOAUMBIH KUNbLIAM JUIsI OTKPBIBAHUS BXOJ-
HOH JBepu B KBapTUpy, B cpefHeM paBeH 17 ¢ (310
BpeMsl, 3aTPau€HHOEC HAa OCO3HAHHE YCIBIIIAHHOTO
CTyKa/3BOHKA, IBMXKCHUS 10 IBEPU U €€ OTKPBIBAHUS).
JUTnTensHOCTh peur 3aHnMasIa okoio § ¢: «B kBapTu-
pe Ha MEepBOM/AEBATOM 3Ta)Ke MpOoM30MIea moxap!
TpeOyercs aBakyarus Beero 3nanust! CoXpaHsisi CIIOKOM-
CTBHC, TOKUHETE KBAPTHUPY IO JICCTHUYHON KIIETKE —
TU(TaMH TIOJB30BATHCS 3aMPEIIECHO ! »
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3HaueHUsT BPEMEHH OIOBEIICHUSA, IOJYYECH-
HBbIC B TPEX CEPHUSIX IKCIMEPUMEHTOB B 3aBHCUMOCTH
OT CLICHApUEB M KOJIMYECTBA OMOBEIIAIOIIUX JIIOJAEH,
Mpe/ICTaBICHHI B TA0. 2.

Jiis Gonplnelt HATTITHOCTH CPEeIHUE 3HAYCHUS
BPEMEHHM OTOBEUIEHUS B 3aBHCUMOCTHU OT KOJUYEC-
TBa OTMOBEHIAIONMINX IJIs KAXXIOTO CIICHAPHS IIPH-
BeZIeHbI B BHJIe TpadukoB Ha puc. 9 u 10. ITo noixyuen-
HBIM Ha Tpadukax Toukax OBIIM TAKKE MOCTPOCHBI
MaTeMaTU4YeCKUEe MOJIeNIM C MOMOIIbI0 CTENEeHHON
(hyHKIIUHU, ONTUCHIBAIOIIEH BBHISBICHHYIO 3aBUCUMOCTH
C KOPPEISIIMOHHBIM OTHOIIICHHEM, OJIN3KUM K CIIHHUIIC.
BripaxkeHus 3aBucHUMOCTEN 15 ONIPEETIEHUS] BPEMEHU
OToBeIIeHuUs (Z,,, MHH) OT KOJHYECTBA OMOBEIIAIOIINX
(N, gen.) ana cueHapus | u cueHapus 2 IpUBEICHbI
B (hopmynax (2) u (3) COOTBETCTBEHHO M yKa3aHbI
Ha puc. 9 u 10 MyHKTUPHOM JTHUHHUEN TOIy00ro IBETA.

lon = 23,1N1%5, )

fon = 2LN195. 3)

[ToydeHHBIE SKCIEPUMEHTAJbHBIC JaHHBIC
BeChMa pa3HOOOpa3Hbl B 3aBUCHMOCTH OT PacCMOT-
PEHHBIX clleHapueB (OYEBHUIHO, YTO OIOBEIICHUE
KBapTHU 110 3TaXaM CHU3Y-BBEPX MPOUCXOIUT JOJIbIIIE),
OJTHAKO HAWOOJIbIIIEE BIUSHUE HA PE3YJIbTaT OKa3bIBACT
KOJIMYECTBO OTMOBEILIAIOIIUX Trofel. Bpems omoselie-
HUA XKUJIOTO 34aHUA OAHUM U TpeMH JJFOAbMU OTJINYa-
eTcsl mpuMepHo B Tpu pasa (20,42 muH u 6,98 Mun).
JanpHeilniee yBennyeHNEe KOJTNYECTBA OMOBEIIAIOIINX
yMEHbINIaeT 00IIee BpeMs OMOBEIICHHUS ¢ MEHBIIECH
MHTEHCUBHOCTEIO. KakoBO ke ONnTHMMaabLHOE KOJUYec-
TBO OITOBEHIAOIINX B 9-3TaKHOM KHJIOM 37aHuN?

Jnst onpeneneHus 3TOro mokasarens Ha puc. 11
NpUBEJIEHB TpaQUKH, MOCTPOCHHBIE O paHee

Ta6auna 2. Bpems, HeoOXonuMoe Ha OpraHU3AIMIO OMOBEUICHHUS B CEKIUH JEBATHAITAKHOTO KUIIOTO 3JaHUS MIPH OTCYTCTBHH

CUCTEMBI l'IO)KapHOﬁ CUTrHaJIu3aluuu

Table 2. The time required to organize an alert in a section of a nine-storey residential building in the absence of a fire alarm systems

Bpewms onoBemienus, MuUH
Notification time, min

1 onosemarommiit

Homep cepu 1 notifying person

2 OIMOBEMIAOIUX 3 OIOBEIIAKOIINX

2 notifying persons

3 notifying persons

OKCIICPUMEHTA

Cuenapuit 1

Cuenapuii 2 Cuenapuii 1
Experiment (aBMKEHHE p P
. (nBYOKEHHE (IBMKEHHE CHU3Y
series number CHH3Y BBEpX)
. CBEpXY BHH3) BBEPX)
Scenario 1 . .
Scenario 2 Scenario 1

(movement
from bottom to

(movement from
top to bottom)

(movement from
bottom to top)

Cuenapuii 2
(1BKEHHE
CBEpXy BHH3)
Scenario 2
(movement from
top to bottom)

Cuenapuii 1
(IBMKEHHE CHU3Y
BBEPX)
Scenario 1
(movement from
bottom to top)

Cuenapuii 2
(aBIKCHHE
CBEpXy BHH3)
Scenario 2
(movement from
top to bottom)

top)

1 20,25 19,35

12,17

10,97 7,42 6,95

2 20,53 19,55

12,13

11,08 7,50 6,98

3 20,45 19,70

12,22

11,10 7,48 7,00

Cpennee
3HauCHHE
Average value

20,41 19,53

12,17

11,05 1,47 6,98

OKCIEPUMEHT

Bpewmst onoBerieHus, MUH

Notification time, min

Kosnn4ecTBo OMoOBENaouX, Yell.
Number of notifiers, people

Puc. 9. Bpems omoBemieHus nmponaeil mo cueHapuio 1 B
3aBHCHMOCTH OT KOJIMYECTBA OIOBEIAIOIINX

Fig. 9. The time of notification of people according to scenario 1,
depending on the number of notifiers

[\
(=3 )

N )
B~ o 0

S N

Notification time, min

Bpewms onoserenus, MuH

O N O

KommyecTBo onopenaroomux, 4ei.
Number of notifiers, people

Puc. 10. Bpems omoBemenus jnoaeil mo cleHapuio 2 B
3aBHCHMOCTH OT KOJIMYECTBA OMOBEIIAIOIIHX

Fig. 10. The time of notification of people according to scenario 2,
depending on the number of notifiers
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23,10

Notification time, min

Bpewmst onoseltieH¥s, MUH

—— Cuenapwii 1 / Scenario 1

- Cuenapuii 2 / Scenario 2

2,47 2,18 1,94
¢ -
2,37 2,09 18-
8 9 10

Konn4ecTBo OMoBenaomx, Jel.
Number of notifiers, people

Puc. 11. [Tony4eHHBIC 3aBUCUMOCTH BPEMEHHU OMOBEIICHHS JIFOACH OT KOIMYECTBA OMOBELIAONINX 110 CIeHapusaM 1 u 2

Fig. 11. The obtained dependences of the notification time of people on the number of notifiers in scenarios 1 and 2

TMOJTYYEHHBIM CTEIIEHHBIM 3aBUCUMOCTSIM (2) u (3) aus
cuenapus | u cuenapus 2.

Y4uThIBas 0MacHOCTh OOCTAHOBKH, CKJIaJbIBa-
IoIelcsl PU BO3HUKHOBEHUH TOXKapa, HEOOXOIUMO
HCKJIFOUUTHh BO3MOXKHOCTB MPOBEACHUS OTOBEIICHUS
OJTHUM YEIIOBEKOM BCEro 3manus (puc. 8, a), a Takke
OJAWHOYHOTO OIOBEUICHUS MO pacmpeie]eHHBIM
M0 BEpTUKAIU 30HaM (puC. 8, ¢) BBUAY CIOXHOCTH
OpraHu3aluy TaKoro croco0a OMmoBELICHHS.

LenecooOpa3Ho MPOBOAUTE OMOBEIICHUE IO TBOE
YeNoBeK Ha dTaxe (puc. 8, b), B TOM YHCIIC HECKOIBKHUMHU
rpyIIaMy Tpy JCJICHUN 3[IaHHS 110 30HaM B HECKOJILKO
atakeH. JleficTBHS JTFOJIeH TIPH TAKOM CITOCO0E Toyva-
10TCsA OoJiee CIaXCHHBIMH, YTO TakKe HaOIIoqanoch
aBTOPaMH TIPH IPOBEJICHUH YKCIIEPUMEHTOB.

AHanu3 rpadukoB, NpUBEACHHBIX Ha puc. 11,
MO3BOJIACT 3aKIIOYUTh, YTO ONTHMAJIBHOE KOJIHYECTBO
OTOBELIAIOUINX JIOACH ISl 9-3Ta)KHOTO HKHUIJIOTO J0Ma
COCTaBIsIeT 6 YENOBEK, T.€. 3 TPYIIbI O 2 YeJIOBEKa.
Kpusble Ha rpaduke B yKa3aHHOW TOYKE MPOXOJISAT
OYCHBb OJIN3KO, M 3HAYCHHS BPEMEHH OIOBEIICHHS
MIPY TIEPEMENICHHH OTIOBEIIAONIUX 10 3TaKaM CHHU3Y-
BBEPX WJIM CBEPXY-BHHU3 OYCHD OJIM3KH.

Takxum 00pa3om, KOJUIEKTHB U3 6 4eJIOBEK CMOXKET
MPOBECTH OIMOBEIICHHUE BCETO 3[aHUS MEHBIIE YeM
3a 3,5 MuH. 3anelicTBOBaHHE OONBIIET0 KOJUYECTBA
monei Becomoro ¢ dexra He JaeT, IpU STOM HOABEP-
rasi OIacHOCTH OoJIbIlIee KOJTMYECTBO JIONEH.

Ucxons 3 paccMOTpPEeHHOM KOHLENIIMU, MOXHO
MOMBITATHCS ONMPEACTUTh, CKOJIBKO TPYII OMOBEIa-
FOIIUX JIFOJIeH HeoOX0auMO sl HHPOPMUPOBAHUS
JKUJIBIIOB B 31aHUsAX 0e3 yctpoiictBa COYD ¢ nHOU
(pa3nuuHOIf) ATAXXHOCTHIO (Tad. 3).

Takum oOpa3zom, s MPOBEACHUS OIOBEIe-
HUS JKUTEJIEH CEeKIIUU JIoMa C KOJIUYECTBOM JTaxel
He Oonee TpexX JAOCTATOYHO OAHOM Mapbl OMoBela-
owmux. JUid )KuibIX 3gaHuil ot 4 10 5 aTaxei Tpely-

ercs 2 maphl OMOBEHIAIIINX, a A1 3P (HEKTUBHOTO
OIOBENIEHUS KUTEJIEH CEeKIMU 6—9-3Ta)XHOTO J0Ma
HE00X0IUMO yrKe 3 Mmapbl ONIOBEIIAIONTUX JTFONCH.
Pe3ynprarel 9KCIIEpUMEHTOB MO HCCIIEOBAHUIO
BPEMCHHU PEaKIINH JIIOIEH Ha CHUTHAI O MoXKape Mmocie
CTAaTHUCTUYECKON 00paboTKK npuBeAeHbI B TA0I. 4.
AHanu3 pe3ynabTaTtoB B Ta0n. 4 roBOpUT O Ooiee
OBICTpON peakIuU JIOJEH Ha CHUTHAJN O IHOXape
B JHEBHOE BpeMs (CperHee 3HadeHHe 72 ¢) HexXeln
B HOuHOe (112,3 ¢) (pa3HuIla COCTaBIICT HEMHOTUM
Oosee 40 ¢), 4TO BIOJHE MPEACKA3yeMO, YUUThIBAs
COCTOSTHUS Jtojie (0ompcTBOBaHNE HITH COH). O0 3TOM
TaK)ke TOBOPHUT U YHCICHHOCTH BBIOOPKU: B HOYHOE
BpeMsl MeHblllee KOJUYECTBO JKHUTEJel Moxenano

Tab6nuua 3. KoauuecTBo rpyIn OMoOBELAIONUX, COCTOSIINX
13 JBYX YEJIOBEK B 3aBHCUMOCTH OT dTAKHOCTH CEKIHH YKHUIIOTO
3nanus 6e3 COYD

Table 3. The number of notification groups consisting of two
people, depending on the number of floors of a section of a resi-
dential building without a system of annunciation and manage-
ment of human evacuation at fire

KonruecTBo rpyImi OnoBeIaoux,
COCTOSIIIUX U3 JIBYX YEIOBEK
The number of notification groups
consisting of two people

1
1

DTaXKHOCTH 37aHUS
Number of storeys
of the building

—_

O || I | |Wn | bW
W [ W | W[ W | N[N
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Taomuua 4. Pe3ynpraTsl NepBUYHON CTATUCTHYECKON 00paOOTKH SKCTIEPUMEHTANBHBIX JAHHBIX BPEMEHHU PEAaKINH JTIOACH Ha CUTHAI

0 ToXape

Table 4. Results of primary statistical processing of experimental data on people’s reaction time to a fire alarm

Venopus [TapameTp BpeMeHHU peakuy JIofeH, ¢
TpOBEIeHHsT 10 N——— Parameter of people’s reaction time, s
JKCIIEpUMEHTa BEIOOPKH
Conditions of Sample size Cpennee Jucnepcust Col;i?(l)?{ﬁi(f Munumym Maxkcumym
the experiment Average Variance Standard deviation Minimum Maximum
HEBHOE BpeMs
g " P 30 72,0 1270,9 35,6 17,8 174,3
aytime
Hounoe Bpems
. . 13 112,3 4058,3 63,7 14,7 207,8
Night time

y4acTBOBATh B IKCIIEpUMEHTE. Pa3HuIIa MEX Ty MaKCH-
MaJIbHBIM U MHUHUMAaJbHBIM 3HAYCHUSIMH BPEMEHEM
peaxuuu Jrofel B JHEBHOE BpeMst cocTanisieT 156,5 c,
a B HouHoe BpeMsa — 193,1 c.

O06o6mas pe3yabrarbl mepBoro (f,s + fton)
U BTOPOro (¢, + t;,;) UCCIAEAOBAHUM, PACCMOTPEH-
HBIX B JIAHHOM CTaThe, BOBMOXHO ONPEICIIUThH 3HAUC-
HUS BPEMEHHW Havaia 3BaKyaruu I KaXKJ0ro 3Taxa
JIEBSITHATAXHOTO JKUJIOTO JloMa. Pe3ynbTarsl mpej-
CTaBJICHHI B Ta0J1. 5. B kauecTBe nmokasaresell BpeMeH!
OTIOBCIICHUS B YKa3aHHOW TaOlMIlEe MCTIOJB3YIOTCS
MaKCUMaJbHbIC 3HAYCHUSI BPEMEHU OIOBEIICHUS JTa-
JKeH, MPOBOJIUMOTO OJTHMM HYEJIOBEKOM CHH3Y BBEPX.
B kadecTBe BpeMEHM pEaKIMHM Ha CHUTHAJ OIMOBEIIle-
HUS BHIOpAHO MaKCHMallbHOE 3HAYCHHE, TIOJyUYeHHOE
B HOYHOC BpeMH. HaHHLIe HapaMeTpLI, 110 MHCHUIO
aBTOpOB, ABJIISIOTCA HaH60nee INE€CCUMUCTHUYHBIMU,
HO U, yBBI, HanboJjee BepOSTHBIMU.

[IpencraBnennsie B Ta0N. 5 TaHHBIE TTO3BOJISIOT
MOJTYYUTh MIPOCTOE AHATTUTUICCKOE COOTHOMICHUE JIJISt

OIICHKHM BPEMEHU Hadalla dBaKyallUH [, I TOTO WU
HWHOT'O dTaxKa 3JaHus:

tus = 2,3N,; + 3,5, MuH, (4)

rae N, — HOMEp 3Taxka, 115l KOTOPOI'O OIPENENIAETCA tyy,.

st aTaxka noxapa N,, npuHuMaeTcst paBHbIM 0.

Ha puc. 12 npuBoauTcsi cpaBHEHUE SKCIIEPUMEH-
TaJbHBIX 3HAYCHUH, MPUBEICHHBIX B Ta0I. 5, ¢ maH-
HBIMH JeHcTByome Metoauku®,

[Ipu caMmOM ITeCCUMHCTHYIECKOM CTEUSHUHU 00CTO-
ATEJIbCTB, KOIJa ONOBEIIEHWE MPOUCXOAUT OAHUM
YEJOBEKOM, JABMIKYLIMMCA 10 3Ta)KaM CHU3Y BBEpX,
U MaKCHUMaJlbHOM 3HAQY€HUM BPEMEHHU peaKUHUU
JI0Jed Ha CUTHaJ O MOXKape MoKa3aTejlu BPEeMEHHU
Hauaja 3BaKyallld, OJy4YeHHbIE B IKCIIEPUMEHTE JJIsl
JEBATUITAKHOIO JIoMa, NPEBBILIAIOT HOPMATUBHBIE,
ycraHoBiieHHBIE B MeToanke®, B 2,6 pasa.

OcHoBBIBasiCh Ha pe3yibTaTax HCCIEIOBAHUM,
MOYKHO MoOJlaraTh, 4TO NMpUBeAcHHbIe B MeToauke®
3HaUEHUs BPEMEHHU Hadaja dBaKyaluu JIIOAEH f,, A

Ta6auua 5. 3nadeHns BpeMEeHHN Hadajla 9BaKyaluH, IOTyYCHHBIE C yIETOM 3HAUYCHUH BPEMEHH OTOBEIICHHS JIIOeH U BPEMEHH UX

pEaKIUK Ha CUTHAJ O T0XKape

Table 5. The values of the pre-evacuation time obtained taking into account the values of the time of notification of people and

the time of their reaction to the fire alarm

Drax Bpemsi ONOBeleH s, MUH Bpemsi peakii, MuH Bpemsi Hauaa 5BAKyaLUH, MHH
Floor Notification time, min Reaction time, min Pre-evacuation time, min

1 2,3 3,5 5,8

2 4,6 3,5 8,1

3 6,8 3,5 10,3

4 9,1 3,5 12,6

5 11,4 3,5 14,9

6 13,7 3,5 17,2

7 15,9 3,5 19,4

8 18,2 3,5 21,7

9 20,5 3,5 24,0
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Puc. 12. CpaBHeHUe 3KCIIEPUMEHTAIBHBIX 3HAYCHUH C JaH-
HBIMH JieficTByomel MeToauku®: | — MakCUMaJIbHbIE 3HAYEHHST
BPEMEHHU Hadaja 3BaKyallHH, ITOJyYCHHBIE B SKCIEPUMEHTAX;
2 — MakcHMalbHbIC 3HAUCHUS] BPEMEHU Hadasla 9BaKyaI[uu TPy
orcyrcreud B 3qaHunn COYD comacuo Merouke®
Fig. 12. Comparison of experimental values with the data of
the current Methodology of fire risk calculation®: / maxi-
mum values of pre-evacuation time obtained in experiments;
2 — values of pre-evacuation time in the absence of a system
of annunciation and management of human evacuation at fire in
the building according to Methodology?®

Kublx 3naHui 6e3 COYD cnpaBeinBO UCTIOJIb30-
BaTh TOJBKO JUJIS 1—2-3TaKHBIX 3JIaHUH.

BbiBoAbI

AHaiau3 JaHHBIX NOXApHOW CTAaTHUCTUKH
¥ HOPMATHUBHBIX JOKYMEHTOB B OOJIACTH MOXKAapHOMN
0e30MacHOCTH MO3BOJISIET CIENIATh BBIBOJ, YTO HaU-
Oosiee yA3BUMBIMH INPU MOXKAPE B JKUIOM CEKTOpE
SIBJISIIOTCS 3JJaHUS BBICOTOM OT 9 M MeHee dTa)Kew,
BBUJY OTCYTCTBUS B HUX TEXHHYECKHUX CPEACTB
noxxapHoit aBromatuk 1 COYD, a B 3n1aHusix 6ojee
pannei nocrpoliiku u CIIC. IIpu 3T0M npoBeaeHHbIE
CEepHUHU PKCIEPUMEHTOB 10 ONOBENIEHUIO KUJIBLIOB
0 MOXKape roJiIoCOM M IO UCCIETOBAHUIO BPEMEHU
peaxkuuu JAeld Ha CUTHAI O MoXKape MOKa3bIBaIoT
3HAUMUTENBHBIC 3aTPAaThl BPEMEHHU Ha dTane pOopMH-
poBaHMS BEJIMYMHBI BpEMEHHU Hauyaja IBaKyalHH.
B pamkax ucciaenoBaHus ObLIO ONMpeNeeHO ONTH-
MaJIbHO€ KOJIMUECTBO YEJIOBEK ISl IPOBEJEHHUSI OI0-
BEILLEHHUS O IOXKape B KUJIOM CEKIIMU B 3aBUCUMOCTHU
OT €€ ATAXKHOCTU. A [ onpeeleHUus BeITUYNHBI
BPEMEHHU HaydaJjla 3BaKyallUM JIOAEH Ha KOHKPETHOM
9Ta)ke KUJIOTO 3JaHus OblIa MpeasiokeHa aHaJIUTH-
gyeckas popmya.

CpaBHUTENbHBIN aHAN3 BIEPBBIC TMOJYUECH-
HBIX 3KCIIEPHMEHTAIbHBIX U HOPMATHBHBIX® 3HaYe-
HUH BpeMeHM Hadajla 3BaKyalUd JJs THUIOBOTO
9-3TaxkHoro xuioro 3ganug 6e3 COYD mokasan ux
pacxoxzaeHue 6oiee yeM B 2,5 pasza, YTO TOBOPUT
0 HE0OXOIUMOCTH KOPPEKTUPOBKH ITUX MOKa3aTesei
B MeTonuke® B 3aBHCUMOCTH OT 3TQKHOCTH 3aHHUS.
B HacTosmuil MOMEHT NMpUMEHEHHE MMEIOUUXCS
HOPMATHBHBIX 3HaUEHUI BpEMEHHU Hauyajia 3BaKyaluu
JIOMYCTUMO TOJIBKO MPU HAJIMYHUH B CEKIUAX JKUIIBIX
s3nanun 6e3 COYD He Oomnee IBYX dTaxel.

CMUCOK UCTOYHUKOB

1. Xoanweenurxos B.B., Camowun /[.A., Ilapgenen-
ko A.Il., Kyopuu H.C., Hcmpamos P.H., Beno-
coxoe H.P. DBakyalysi U NOBEACHUE JIOAEH mpu
noxapax. M. : Akagemus I'TIC MUC Poccun, 2015.
262 c.

2. Bryan J.L. A study of the survivors’ reports on the pa-
nic in the fire at the Arundel Park Hall in Brooklyn,
Maryland, on January 29, 1956 // Fire Protection
Curriculum. University of Maryland, College Park.
Maryland, 1957.

3. Wood P.G. The behaviour of people in fires // Fire Re-
search Note. No. 953. Loughborough University of
Technology. England, 1972. 113 p.

4. Hemuenxo O.I1O., I'azuzoea FO.C. T'ennepHsble
ocobeHHOCTH (OpMHUPOBaHUS 00paza CUTyallmu
nmoxxapHoit omacuHoctu // IloxapoB3psIiBOoOE3-
onacHocth/Fire and Explosion Safety. 2015. T. 24.
Ne 12. C. 46-52. DOI: 10.18322/PVB.2015.24.
12.46-52

5. Hcmpamos P.H., Xomyesnuros B.B., Camowun /].A.
DBaKyarys ¥ CITaCeHHeE JIFOACH MPH ITOYKapax B TOMaxX
qist npecrapensix. M. @ Akanemuss ['TIC MUC
Poccuu, 2019. 94 c.

6. Mytton J., Goodenough T, Novak C. Children and
young people’s behaviour in accidental dwelling
fires: a systematic review of the qualitative litera-
ture // Safety Science. 2017. Vol. 96. Pp. 143—149.
DOI: 10.1016/j.ss¢1.2017.03.019

7. Komux M.A. Ilcuxonorust u 6e3onacHocTh. TayumH :
Banryc, 1984. 408 c.

8. Egodage N., Abdeen F., Sridarran P. Fire emergen-
cy evacuation procedures for differently-abled com-
munity in high-rise buildings // Journal of Facilities
Management. 2020. Vol. 18. Issue 5. Pp. 505-519.
DOI: 10.1108/jfm-07-2020-0043

9. Boyce K. Safe evacuation for all — Fact or Fanta-
sy? Past experiences, current understanding and fu-
ture challenges // Fire Safety Journal. 2017. Vol. 91.
Pp. 28-40. DOI: 10.1016/j.firesaf.2017.05.004

10. Geoerg P, Berchtold F., Gwynne S.M., Boyce K.,
Holl S., Hofmann A. Engineering egress data con-
sidering pedestrians with reduced mobility // Fire
and Materials. 2019. Vol. 43. Issue 7. Pp. 759-781.
DOI: 10.1002/fam.2736

11. Cassidy P, McConnell N., Boyce K. The older adult:
Associated fire risks and current challenges for the de-

50

POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2022 VOL. 31 NO. 4



BE3OMACHOCTb XU3HEAEATEAbHOCTH

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

velopment of future fire safety intervention stra-
tegies // Fire and Materials. 2020. Vol. 45. Issue 4.
Pp. 553-563. DOI: 10.1002/fam.2823

Samoshin D.A., Boyce K.E., Shields T.J. An investiga-
tion into staff behaviour in unannounced evacuation
of retail stores — Implication for training and fire
safety engineering // Fire Safety Science. 2005. Vol. 8.
Pp. 519-530. DOI: 10.3801/IAFSS.FSS.8-519
Boyce K., McConnell N., Shields J. Evacuation re-
sponse behaviour in unannounced evacuation of li-
censed premises // Fire and Materials. 2017. Vol. 41.
Issue 5. Pp. 454-466. DOI: 10.1002/fam.2430
Ronchi E., Fridolf K., Frantzich H., Nilsson D., Wal-
ter A.L., Modig H. A tunnel evacuation experiment
on movement speed and exit choice in smoke //
Fire Safety Journal. 2017. Vol. 97. Pp. 126-136.
DOI: 10.1016/J.FIRESAF.2017.06.002

FuM., Liu R., Zhang Y. Why do people make risky de-
cisions during a fire evacuation? Study on the effect of
smoke level, individual risk preference, and neighbor
behavior // Safety Science. 2021. Vol. 140. P. 105245.
DOI: 10.1016/j.s5¢1.2021.105245

Sime J. Understanding human behavior in fires:
An emerging theory of occupancy // Inaguration Lec-
ture on 14 October, 1999. University of Ulster, 1999.
Lovreglio R., Ronchi E., Nilsson D. An evacuation de-
cision model based on perceived risk, social influence
and behavioural uncertainty // Simulation Modelling
Practice and Theory. 2016. Vol. 66. Pp. 226-242.
DOI: 10.1016/j.simpat.2016.03.006

Gwynne S.M., Amos M., Kinateder M., Bénichou N.,
Boyce K., Wal C.N. et al. The future of evacuation
drills: Assessing and enhancing evacuee perfor-
mance // Safety Science. 2020. Vol. 129. P. 104767.
DOI: 10.1016/j.ss¢i.2020.104767

Kinateder M., Ma C., Gwynne S.M., Amos M.,
Bénichou N. Where drills differ from evacuations:
A case study on Canadian buildings // Safety Sci-
ence. 2021. Vol. 135. P. 105114. DOI: 10.1016/
j.88¢1.2020.105114

Gerges M., Penn S., Moore D., Boothman C., Liyana-
ge C. Multi-storey residential buildings and occupant’s
behaviour during fire evacuation in the UK: Factors
relevant to the development of evacuation strate-
gies // International Journal of Building Pathology
and Adaptation. 2018. Vol. 36. Issue 3. Pp. 234-253.
DOI: 10.1108/1JBPA-08-2017-0033

Mossberg A., Nilsson D., Andrée K. Unannounced
evacuation experiment in a high-rise hotel building
with evacuation elevators: A study of evacuation be-
haviour using eye-tracking // Fire Technology. 2021.
Vol. 57. Issue 3. Pp. 1259-1281. DOI: 10.1007/
$10694-020-01046-1

Proulx G., Latour J.C., McLaurin J. W., Pineau J.,
Hoffman L.E., Laroche C. Housing evacuation of
mixed abilities occupants in highrise buildings //
Internal Report No. 706. National Research Council of
Canada. Ottawa, 1995.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Brennan P. Timing human response in real fires // Fire
safety science — proceedings of the fifth international
symposium // International Association Fire Safety
Science. 1997. Pp. 807-818.

Proulx G., Latour J., MacLaurin J. Housing evacu-
ation of mixed abilities occupants // Internal Re-
port No. 661. National Research Council of Canada.
Ottawa, 1994.

Fahy R., Proulx G. Toward creating a database on de-
lay times to start evacuation and walking speeds for
use in evacuation modeling // Proceedings of the 2nd
International Conference on Human Behaviour in Fire
2001. Inter-science Communications Ltd. London,
2001. Pp. 175-179.

Rahouti A., Lovreglio R., Dias C., Kuligowski E.D.,
Gai G., Mendola S.L. Investigating office buildings
evacuations using unannounced fire drills: The case
study of CERN, Switzerland // Fire Safety Journal.
2021. Vol. 125. P. 103403. DOI: 103403.10.1016/
j-firesaf.2021.103403

Le A.B., Middlestadt S.E., Lin H., Docherty C.L.,
Smith T.D. Belief factors associated with em-
ployees’ intention to evacuate during a fire
alarm // Workplace Health & Safety. 2022.
DOI: 10.1177/21650799221093773

Hlunvoc T /{oc., Bouc K.E., Camowun /. A.
UccnenoBanue 3BaKyalld KPYIHBIX TOPTOBBIX
komruiekcoB // TloxxapoB3pbeiBooeszonacHocTs/Fire and
Explosion Safety. 2002. T. 11. Ne 6. C. 57-66.
Lovreglio R., Kuligowski E.D. A pre-evacuation
study using data from evacuation drills and false
alarm evacuations in a university library // Fire Safety
Journal. 2022. Vol. 131. P. 103595. DOI: 10.1016/
j.firesaf.2022.103595

Galea E.R., Deere S., Hopkin C., Xie H. Evacuation
response behaviour of occupants in a large theatre
during a live performance // Fire and Materials. 2017.
Vol. 41. Issue 5. Pp. 467-492. DOI: 10.1002/fam.2424
Rahouti A., Lovreglio R., Gwynne S.M., Jackson P,
Datoussaid S., Hunt A. Human behaviour during
a healthcare facility evacuation drills: Investiga-
tion of pre-evacuation and travel phases // Safety
Science. 2020. Vol. 129. P. 104754. DOI: 10.1016/
j-8s¢1.2020.104754

Lovreglio R., Kuligowski E., Gwynne S., Boyce K.
A pre-evacuation database for use in egress simu-
lations // Fire Safety Journal. 2019. Vol. 105.
Pp. 107-128. DOI: 10.1016/].firesaf.2018.12.009
Proulx G., Fahy R.F. The time delay to start evacu-
ation: Review of five case studies // Proceedings of
the Fifth International Symposium on Fire Safety
Science. International Association for Fire Safety Sci-
ence, 1997. Pp. 783-794.

Camowun /[.A., Xonwesnuros B.B. Ilpobaemsbl
HOPMHPOBAHHSI BPEMEHHM Havaja dBakyaluu //
[Toxapos3psiBobOe3onacuocTh/Fire and Explosion
Safety. 2016. T. 25. Ne 5. C. 37-51. DOI: 10.18322/
[1BB.2016.25.05.37-51

NOXAPOB3PbIBOBE3OMNACHOCTb/FIRE AND EXPLOSION SAFETY 2022 TOM 31 Ne 4

51



LIFE SAFETY

35.

36.

37.

38.

39.

40.

41.

Camowun J].A. 3aK0HBI pacIipeneneHus CIydaitHON
BEJIMUMHBI BPEMEHHU Hadaja dBaKyalluu JIFONEH Mpu
niokapax // TexHonorun TexHochepHOi 0e30macHoC-
tr. 2016. Ne 2 (66). C. 104—113. URL: http://agps-
2006.narod.ru/tth/2016-2/35-02-16.ttb.pdf
Anucoxuna FO.A., Camowiun J[.A. BnusitHue aBromaru-
YECKUX CHUCTEM OOHAPYKEHUsI TIOKapa, OMOBEIICHIST
W ynpaBIJICHUs dBaKyallMel JIroei Ha BpeMs HadaJia
sBaKyaruu // [loxkapel 1 dpe3BbIYaiiHbIe CUTYaIlUH:
npenoTBpalenue, muksuaamst. 2018. Ne 4. C. 26-31.
DOI: 10.25257/FE.2018.4.26-31

Camowiun /].A. K Bonpocy o 3aiuTe el TeXHU-
YEeCKUMH CPEICTBAMH ITOKapHOW aBTOMAaTHUKHU //
IToxxapos3psiBobe3omnacHocTh/Fire and Explosion
Safety. 2015. T. 24. Ne 12. C. 53-59. DOI: 10.18322/
PVB.2015.24.12.53-59

Usaxun A.A., llapanosa M.M., Camowun J].A.
[IpoGiieMbl 3aIUTHI JHO/IeH TEXHUYECKUMU CPEJICT-
BaMH MOXKAPHOH aBTOMATUKHU B )KUJIBIX 3IAHHSIX TIPH
nokape // TexHomoruu TeXHocepHOil Oe30macHoC-
. 2019. Ne 4 (86). C. 45-52. DOI: 10.25257/
TTS.2019.4.86.45-52

Kanmwikoe C.I1., Ecun B.M. Bpems oOHapyXeHUs
ouara noxxapa // [loxapo3peiBoOe3onacHoCTh/Fire
and Explosion Safety. 2017. T. 26. Ne 11. C. 53-63.
DOI: 10.18322/PVB.2017.26.11.52-63
Ilapgenenxo A.II. HopmupoBanue TpeOOBaHUMN
MoYKapHOM 0€301aCHOCTH K 9BAKyallMOHHBIM ITYTSIM
M BBIXOZIaM B 3IaHUSIX JISTCKUX JOMIKOIBHBIX 00pa3o-
BaTeJIbHBIX YUPEXKIACHUH : JIUC. ... KaHJ. TEXH. HayK.
M. : Akagemust I'TIC MYC Poccun, 2012. 153 c.
Anucvkuna 0. A., Xacyesa 3.C., Camowun J].A.
O BJIMSHHHU CTEHEHH TOTOBHOCTU MEIULIMHCKO-
rO MepcoHala K IUCTBUSM IIPH MOXKape Ha BpeMs
Hayajla »Bakyauuu OonpHHUN // TexHolorwuu

42.

43.

44.

45.

46.

TexHoc(epHoil 6e3omnacHocTu. 2016. Ne 6 (70).
C. 189-196. URL: http://agps-2006.narod.ru/
ttb/2016-6/03-06-16.ttb.pdf

Anucokuna F0.A., Camowun /{.A. 3aBUCUMOCTH
BPEMCHHU Hayalia 3BaKyallud OT YPOBHS IPOTHUBO-
MMOYKapHOW TMOATOTOBKH IEpPCOHAJNA YUPEIKICHUS
37paBooOXpaHeHus co cramuoHapom // Iloxapsr
U 4pe3BhIYAWHBIC CUTYAI[UH: NPEIOTBpAIlCHUC,
mukeunanus. 2020. Ne 2. C. 33—41. DOI: 10.25257/
FE.2020.2.33-41

@an A., Cmocapes C.B., Camowun /{.A. Viccneno-
BaHUs BPECMCHH Hadalla dBaKyallluH JIOJCH, Ha-
XOASAIIUXCS B COCTOSHHHU CHA, M3 CICIHAJHU-
3UPOBAHHBIX YUYPCKICHUN W KUIBIX 3MaHUN //
[Moxapos3psiBobe3onacHocTh/Fire and Explosion
Safety. 2016. T. 28. Ne 8. C. 58—67. DOI: 10.18322/
PVB.2016.25.08.58-67

Xonwesnukos B.B., Cemun A.A., Takxmaes H.A.
Hccnenopanue 3Ha4CHUI BpeMCHH Havasla dBaKya-
LMY B 3IaHUSIX JICUCOHBIX YUpeKIeHu // BecTHUK
Tomckoro I'ocyaapCTBEHHOTO apXUTEKTYypHO-
crpouTenbHoro ynusepcurera. 2021. T. 23. Ne 1.
C. 105-115. DOI: 10.31675/1607-1859-2021-
23-1-105-115

Hlaxyos T 7K., Camowun /].A. ccnenoBaHue Bpeme-
HU Havalia dBaKyalluu Jirojaei B Meuetsx // [loxapbl
U Ype3BBIYAWHBIC CUTYAI[MH: MPEIOTBPAIICHUE,
mukeuaanwmst. 2017. Ne 1. C. 20-24. DOI: 10.25257/
FE.2017.1.20-24

Jlanmwuna T.11. K Bonipocy 00 uccieIoBaHUN BpeMe-
HU HavyaJia dBaKyal|u JIroAe rnpu noxape // CHucTeMbl
0C30IaCHOCTH : MaT. MEXKyHap. Hayd.-TeXH. KOHQ.
M. : Axagemus I'TIC MUC Poccun, 2018. Ne 27.
C.255-258.

REFERENCES

Kholshchevnikov V.V., Samoshin D.A., Parfenen-
ko A.P., Kudrin LS., Istratov R.N., Belosokhov L.R.
Evacuation and behavior of people during fires.
Moscow, State Fire Academy of Emercom of Russia
Publ., 2015; 262. (rus).

Bryan J.L. A study of the survivors’ reports on the panic
in the fire at the Arundel Park Hall in Brooklyn, Mary-
land, on January 29, 1956. Fire Protection Curriculum.
University of Maryland, College Park. Maryland, 1957.
Wood P.G. The behaviour of people in fires. Fire Re-
search Note No. 953, Loughborough University of
Technology. England, 1972; 113.

Demchenko O.Yu., Gazizova Yu.S. Gender fea-
tures of formation of the fire danger situation
image. Pozharovzryvobezopasnost/Fire and Explo-
sion Safety. 2015; 24(12):46-52. DOI: 10.18322/
PVB.2015.24.12.46-52 (rus).

Istratov R.N., Kholshchevnikov V.V., Samoshin D.A.
Evacuation and rescue of people during fires in

10.

homes for the elderly. Moscow, State Fire Academy
of EMERCOM of Russia Publ., 2019; 94. (rus).
Mytton J., Goodenough T., Novak C. Children and
young people’s behaviour in accidental dwelling
fires: a systematic review of the qualitative literature.
Safety Science. 2017; 96:143-149. DOI: 10.1016/
j-8s¢1.2017.03.019

Kotik M.A. Psychology and security. Tallinn, Valgus,
1984; 408. (rus).

Egodage N., Abdeen F., Sridarran P. Fire emergency
evacuation procedures for differently-abled communi-
ty in high-rise buildings. Journal of Facilities Mana-
gement. 2020; 18(5):505-519. DOI: 10.1108/jfm-
07-2020-0043

Boyce K. Safe evacuation for all — Fact or Fanta-
sy? Past experiences, current understanding and fu-
ture challenges. Fire Safety Journal. 2017; 91:28-40.
DOI: 10.1016/j.firesaf.2017.05.004

Geoerg P., Berchtold F., Gwynne S.M., Boyce K.,
Holl S., Hofmann A. Engineering egress data conside-

52

POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2022 VOL. 31 NO. 4



BE3OMACHOCTb XU3HEAEATEAbHOCTH

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ring pedestrians with reduced mobility. Fire and Ma-
terials. 2019; 43(7):759-781. DOI: 10.1002/fam.2736
Cassidy P, McConnell N., Boyce K. The older
adult: Associated fire risks and current challenges
for the development of future fire safety intervention
strategies. Fire and Materials. 2020; 45(4):553-563.
DOI: 10.1002/fam.2823.

Samoshin D.A., Boyce K.E., Shields T.J. An investi-
gation into staff behaviour in unannounced evacuation
of retail stores — Implication for training and fire safe-
ty engineering. Fire Safety Science. 2005; 8:519-530.
DOI: 10.3801/IAFSS.FSS.8-519

Boyce K., McConnell N., Shields J. Evacuation re-
sponse behaviour in unannounced evacuation of li-
censed premises. Fire and Materials. 2017; 41(5):454-
466. DOI: 10.1002/fam.2430

Ronchi E., Fridolf K., Frantzich H., Nilsson D., Wal-
ter A.L., Modig H. A tunnel evacuation experiment on
movement speed and exit choice in smoke. Fire Safe-
ty Journal. 2017; 97:126-136. DOI: 10.1016/J.FIRE-
SAF.2017.06.002

Fu M., Liu R., Zhang Y. Why do people make risky
decisions during a fire evacuation? Study on the ef-
fect of smoke level, individual risk preference, and
neighbor behavior. Safety Science. 2021; 140:105245.
DOI: 10.1016/J.SSCI1.2021.105245

Sime J. Understanding human behavior in fires:
An emerging theory of occupancy. Inaguration Lecture
on 14 October, 1999. University of Ulster, 1999.
Lovreglio R., Ronchi E., Nilsson D. An evacua-
tion decision model based on perceived risk, social
influence and behavioural uncertainty. Simulation
Modelling Practice and Theory. 2016; 66:226-242.
DOI: 10.1016/j.simpat.2016.03.006

Gwynne S.M., Amos M., Kinateder M., Bénichou N.,
Boyce K., Wal C.N. et al. The future of evacuation
drills: Assessing and enhancing evacuee performance.
Safety Science. 2020; 129:104767. DOI: 10.1016/j.
$s¢1.2020.104767

Kinateder M., Ma C., Gwynne S.M., Amos M.,
Bénichou N. Where drills differ from evacuations:
A case study on Canadian buildings. Safety Science.
2021; 135:105114. DOI: 10.1016/j.55¢1.2020.105114
Gerges M., Penn S., Moore D., Boothman C.,
Liyanage C. Multi-storey residential buildings and oc-
cupant’s behaviour during fire evacuation in the UK:
Factors relevant to the development of evacuation stra-
tegies. International Journal of Building Pathology
and Adaptation. 2018; 36(3):234-253. DOI: 10.1108/
1JBPA-08-2017-0033

Mossberg A., Nilsson D., Andrée K. Unannounced
evacuation experiment in a high-rise hotel building with
evacuation elevators: A study of evacuation behaviour
using eye-tracking. Fire Technology. 2021; 57(3):1259-
1281. DOI: 10.1007/s10694-020-01046-1

Proulx G., Latour J.C., McLaurin J. W., Pineau J., Hof-
fman L.E., Laroche C. Housing evacuation of mixed
abilities occupants in highrise buildings. Internal Re-

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

port No. 706, National Research Council of Canada.
Ottawa, 1995.

Brennan P. Timing human response in real fires. Fire
safety science — proceedings of the fifth international
symposium. International Association Fire Safety
Science. 1997, 807-818.

Proulx G., Latour J., MacLaurin J. Housing evacuation
of mixed abilities occupants. Internal Report No. 661.
National Research Council of Canada. Ottawa, 1994.
Fahy R.F., Proulx G. Toward creating a database on
delay times to start evacuation and walking speeds for
use in evacuation modeling. Proceedings of the 2nd
International Conference on Human Behaviour in Fire
2001. Inter-science Communications Ltd., London,
2001; 175-179.

Rahouti A., Lovreglio R., Dias C., Kuligowski E.D.,
Gai G., Mendola S.L. Investigating office buildings
evacuations using unannounced fire drills: The case
study of CERN, Switzerland. Fire Safety Journal.
2021; 125:103403. DOI: 103403.10.1016/j.firesaf.
2021.103403

Le A.B., Middlestadt S.E., Lin H., Docherty C.L.,
Smith T.D. Belief factors associated with employees’ in-
tention to evacuate during a fire alarm. Workplace health
& safety. 2022. DOI: 10.1177/21650799221093773
Shilds T.J., Boys K.E., Samoshin D.A. Investigation
of evacuation of large shopping complexes. Pozharo-
vzryvobezopasnost/Fire and Explosion Safety. 2002;
11(6):57-66. (rus).

Lovreglio R., Kuligowski E.D. A pre-evacuation study
using data from evacuation drills and false alarm evacu-
ations in a university library. Fire Safety Journal. 2022;
131:103595. DOI: 10.1016/j.firesaf.2022.103595
Galea E.R., Deere S., Hopkin C., Xie H. Evacuation
response behaviour of occupants in a large theatre
during a live performance. Fire and Materials. 2017;
41(5):467-492. DOI: 10.1002/fam.2424

Rahouti A., Lovreglio R., Gwynne S.M., Jackson P.,
Datoussaid S., Hunt A. Human behaviour during
a healthcare facility evacuation drills: Investigation
of pre-evacuation and travel phases. Safety Science.
2020; 129:104754. DOI: 10.1016/j.55¢i.2020.104754
Lovreglio R., Kuligowski E., Gwynne S., Boyce K.
A pre-evacuation database for use in egress simu-
lations. Fire Safety Journal. 2019; 105:107-128.
DOI: 10.1016/j firesaf.2018.12.009

Proulx G., Fahy R.F. The time delay to start evacuation:
review of five case studies. Proceedings of the Fifth
International Symposium on Fire Safety Science. In-
ternational Association for Fire Safety Science, 1997;
783-794.

Samoshin D.A., Kholshchevnikov V.V. Problems
ofregulation of time to start evacuation. Pozharovzryvo-
bezopasnost/Fire and Explosion Safety. 2016; 25(5):
37-51. DOI: 10.18322/11BB.2016.25.05.37-51 (rus).
Samoshin D.A. The laws of distribution of random
variable of people pre-movement time during fire
evacuation. Technology of Technosphere Safety. 2019;

NOXAPOB3PbIBOBE3OMNACHOCTb/FIRE AND EXPLOSION SAFETY 2022 TOM 31 Ne 4

53



LIFE SAFETY

2(66):10. URL: http://agps-2006.narod.ru/ttb/2016-
2/35-02-16.ttb.pdf (rus).

36. Aniskina Yu.A., Samoshin D.A. Influence of automa-
tic systems of fire detection, warning and managing
the evacuation of people in case of fire on the eva-
cuation start time. Fire and Emergencies: Preven-
tion, FElimination. 2018; 4:26-31. DOI: 10.25257/
FE.2018.4.26-31 (rus).

37. Samoshin D.A. Towards the discusion of the protec-
tion of building occupants with technical means of fire
automatics. Pozharovzryvobezopasnost/Fire and Ex-
plosion Safety. 2015; 24(12):53-59. DOI: 10.18322/
PVB.2015.24.12.53-59 (tus).

38. Ivakin A.A., Sharanova M.M., Samoshin D.A. Prob-
lems of protection of residential buildings by technical
means of fire automation systems. Technology of Tech-
nosphere Safety. 2019; 4(86):45-52. DOI: 10.25257/
TTS.2019.4.86.45-52 (rus).

39. Kalmykov S.P., Esin V.M. Fire detection time.
Pozharovzryvobezopasnost/Fire ~ and  Explosion
Safety. 2017; 26(11):52-63. DOI: 10.18322/PVB.
2017.26.11.52-63 (rus).

40. Parfenenko A.P. Rationing of fire safety requirements
for evacuation paths and exits in buildings of preschool
educational institutions : dissertation of the candidate
of technical sciences. Moscow, 2012; 153. (rus).

41. Aniskina Yu.A., Khasuyeva Z.S., Samoshin D.A. About
influence of the degree of preparedness the medical per-
sonnel to action in case of fire at the start time of eva-
cuation for hospital. Technology of Technosphere Safe-

Undopmauusa 06 aBTopax

CAMOIIUWH JAmutpuii AjleKCaHAPOBUY, I-p TEXH. HayK,
npodeccop, HadaJbHUK Y4eOHO-HAYYHOTO KOMIUIEKCA MOKapHON
Oe3omacHOCTH OOBEKTOB 3alUThI, AKaaemMus ['ocynapcTBeHHOM
HPOTUBOINOKAPHOH ciry>kObl Munncrepersa Poccuiickoit denepa-
LUH 110 JIeJIaM TPakIaHCKOH 000pOHBI, Ype3BbIUaHBIM CUTYa-
MM ¥ JIMKBUIALNH [TOCIICACTBUN CTUXMIUHBIX OecTBuil, Poccus,
129366, . Mocksa, yi. bopuca I'anymkuna, 4; PUHIL ID: 766965;
Scopus Author ID: 23482846200; ResearcherID: ABF-9565-2021;
ORCID: 0000-0001-5860-0349; e-mail: inbox-d@mail.ru

HNCTPATOB Poman HukonaeBu4, kaH1. T€XH. HayK, JOLEHT
Kadeapbl MoXKapHOH 0E30MACHOCTH B CTPOUTENLCTBE (B COCTABE
yueOHO-HAy9IHOTO KOMIUICKCA MOKapHOU 0E30MacHOCTH 0OBEKTOB
3amuThl), Akagemus [ocyaapcTBEHHOH POTHBOIIOKAPHOH CITY>KOBI
MunuctepcrBa Poccuiickoit denepanuu 1o JesamM rpakaaHCcKom
000POHBI, YPE3BHIUANHBIM CUTYAIMSAM U JIMKBUIAIUH TTOCIICICTBUI
cTuxuitHbIx OenctBuit, Poccus, 129366, r. Mocksa, yin. Bopuca
Tanymkuna, 4; PUHLL ID: 771510; Scopus Author ID: 57189760362;
ORCID: 0000-0002-8554-3789; e-mail: istr.roman@yandex.ru

ty.2016; 6(70):189-196. URL: https://www.elibrary.ru/
download/elibrary 29388770 53207528.pdf (rus).

42. Aniskina Yu.A., Samoshin D.A. Dependence
of pre-evacuation time on the level of fire prevention
training of hospital staff. Fire and Emergencies: Pre-
vention, Elimination. 2020; 2:33-41. DOI: 10.25257/
FE.2020.2.33-41 (rus).

43. Fan A., Slyusarev S.V., Samoshin D.A. Researches
of the pre-movement time of evacuation of the people,
staying in condition of a dream, from residential buil-
dings and specialized institutions. Pozharovzryvobez-
opasnost/Fire and Explosion Safety. 2016; 28(8):
58-67. DOI: 10.18322/PVB.2016.25.08.58-67 (rus).

44. Kholshchevnikov V.V., Semin A.A., Taktayev LA.
Evacuation beginning time in healthcare centres.
Vestnik Tomskogo gosudarstvennogo arkhitekturno-
stroitel 'nogo universiteta/Journal of Construction and
Architecture. 2021; 23(1):105-115. DOI: 10.31675/160
7-1859-2021-23-1-105-115 (rus.).

45. Shakhuov T., Samoshin D. Study of time of evacuation
start of people in mosques. Fire and Emergencies: Pre-
vention, Elimination. 2017; 1:20-24. DOI: 10.25257/
FE.2017.1.20-24 (rus).

46. Lapshina T.P. On the subject of the pre-movement time
of peoples evacuation during fire. Proceedings con-
tain theses of reports on Twenty Seventh International
Scientific-Technical Conference “Safety Systems —
2018”. Moscow, Academy of State Fire Service, 2018;
255-258. (rus).

Hocmynuna 07.06.2022, nocre oopabomku 27.07.2022;
npunama k nyonuxayuu 01.08.2022

Received June 7, 2022; Received in revised form July 27, 2022;

Accepted August 1, 2022

Information about the authors

Dmitriy A. SAMOSHIN, Dr. Sci. (Eng.), Professor, Head of
the Educational and Scientific Complex of Fire Safety of Objects
of Protection, the State Fire Academy of the Ministry of Russian
Federation for Civil Defense, Emergencies and Elimination on
Consequences of Natural Disasters, Borisa Galushkina St., 4,
Moscow, 129366, Russian Federation; ID RISC: 766965; Scopus
Author ID: 23482846200; ResearcherID: ABF-9565-2021;
ORCID: 0000-0001-5860-0349; e-mail: inbox-d@mail.ru

Roman N. ISTRATOYV, Cand. Sci. (Eng.), Associate Professor of
Fire Safety in Construction Department, the State Fire Academy
of the Ministry of Russian Federation for Civil Defense, Emer-
gencies and Elimination on Consequences of Natural Disasters,
Borisa Galushkina St., 4, Moscow, 129366, Russian Federation;
ID RISC: 771510; Scopus Author ID: 57189760362; ORCID:
0000-0002-8554-3789; e-mail: istr.roman@yandex.ru

54 POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2022 VOL. 31 NO. 4



BE3OMACHOCTb XU3HEAEATEAbHOCTH

IIAPAHOBA MuJjiena MuxaiijioBHA, HHCIIEKTOP TPYTIIBI TIPO-
(umakTuky noxapos, CrielranbHast HOXKapHO-CIIacaTeNibHast 4acTh
Ne 14 Crnenmansroro otaena Ne 6 CrienipialibHOTO yIpaBieHHs derie-
PpabHOI IPOTHBOMIOKApHOIL ciy:k0b1 Ne 3 Mununcrepersa Poccnii-
ckoit Dezepariu 1o J1e1aM rPakIaHCKOH 000POHBI, Ype3BBIYANHBIM
CHTYyaIUsIM ¥ JIMKBU/IALMH TTOCIIEICTBII CTHXUIHBIX OezicTBuii, Poc-
cus, 141401, MockoBckas o0nacts, I. XuMku, ynina bypaenxo, 3;
ORCID: 0000-0003-4488-8657; e-mail: milena.s94@mail.ru

KOYETBII'OB Baagumup AHaTo/ibeBHY, CTApIINI HAyIHBIN
COTPYAHHK y4eOHO-HAayYHOTO KOMIIJIEKCa MOKapHOU O30MacHOCTH
00BEKTOB 3aIIUTHI, AKaaemus [0cynapcTBeHHON POTUBONIOKAP-
HOH ciryxO0bs1 MunucrepctBa Poccuiickoit denepanun mo nenam
TPaXkJIaHCKOH 0OOPOHBI, YPE3BBIYAIHBIM CUTYaAIMsIM U JINKBHA-
IMHU MOCIEACTBUI CTUXHMHHBIX OemcTBuii, Poccus, 129366,
r. Mocksa, yn. bopuca amymkuna, 4; PUHILL ID: 1155883;
ORCID: 0000-0002-7207-9518; e-mail: kochetygov65@mail.ru

TOMMUH Cepreii ButaabeBu4, KaHA. TeXH. HAyK, JOLEHT
Kadeapbl MoXKapHO#t 6e30MaCHOCTH B CTPOUTENLCTBE (B COCTaBe
yueOHO-HayYHOTO KOMITIEKCa OyKapHOH 0€30MacHOCTH 00BEKTOB
3amuThl), Akanemus [ocynapCcTBEeHHONW MPOTHUBOMOKAPHOM
cayx0b1 MunucrepctBa Poccuiickoit dengepaunn nmo genam
TPaKJIAHCKOM 0OOPOHBI, YPE3BBIYANHBIM CHUTYaAI[HSIM H JIMKBU-
JIallii MOCJCACTBUM CTUXUHHBIX OenctBuii, Poccus, 129366,
. Mockaa, yi. bopuca lNanymikuna, 4; PUHIL ID: 768847; ORCID:
0000-0001-5661-929X; e-mail: tominfireexpert@yandex.ru

®POJIOB Anekceii I'enHagbeBny, cTapiuil npemnogaBareib
kadenpsl nokapHOi 6€30MACHOCTH B CTPOUTENLCTBE (B COCTaBe
y4e0HO-Hay4HOT0 KOMILIEKCA OXKapHO 0e3011acHOCTH 0OBEKTOB
3amuThl), Akagemus [ocynapcTBeHHOM NMPOTUBOMOKAPHOU
cayx6s1 MunucrepctBa Poccuiickoit denepanuu mno nenam
IpaskIaHCKOM 000POHBI, Ype3BbIYAMHBIM CUTYaLUSAM U JIUKBU/IA-
MU TOCIEICTBUN CTUXMHHBIX OencTBuil, Poccus, 129366,
r. Mocksa, yn. bopuca I'anymkuna, 4; PUHL ID: 767202;
ORCID: 0000-0001-9660-0438; e-mail: frolovagen@mail.ru

Bxiaa aBTOpoOB:

Camomnn JI.A. — nayunoe pykooocmeo,; KoHYyenyus uccieoo-
BAHUSL; UMO20BbLE 8bIBOOLL; UMO20BUSL KOPPEKMUPOBKA MeEKCMA.
Herparos P.H. — nanucanue ucxoonoco mexcma; cmamucmu-
yeckasi 06pabomKka IKCNePUMEHMANbHBIX OUHHBIX.

IapanoBa M.M. — nposedenue sKcnepumenmos; onucanue
IKCNEPUMEHMOB.

KouetrsiroB B.A. — xoppexmuposexa u oonoanenue pasoenos:
«Beeoenuey, «Anarumuyeckuii 00630p pamee npogedeHHbixX
uccnedo8anuil ».

Tomun C.B. — rxoppexmuposka u OononneHnue pazoend
«Mamepuanst u Memoobl UCCTIEOO0BAHUAY.

®ponos A.I. — koppexmuposra u dononnenue pasoenog «Pe3yb-
mamol u ux 06CysHcoerue», « 3AKaoUeHuey.

Asmopui 3a561510m 06 OMCymcmeuy KOHGIUKMA UHMEPECos.

Milena M. SHARANOVA, Inspector of the Fire Preven-
tion Group of the Special Fire and Rescue Department No. 14
of the Special Department No. 6 of the Special Directorate of
the Federal Fire Service No. 3 of the Ministry of Russian Fede-
ration for Civil Defense, Emergencies and Elimination on
Consequences of Natural Disasters, Burdenko St., 3, Khimki,
Moscow region, 141401, Russian Federation; ORCID:
0000-0003-4488-8657; e-mail: milena.s94@mail.ru

Vladimir A. KOCHETYGOV, Senior Researcher of the Educa-
tional and Scientific Complex of Fire Safety of Objects of Protec-
tion, the State Fire Academy of the Ministry of Russian Federation
for Civil Defense, Emergencies and Elimination on Conse-
quences of Natural Disasters, Borisa Galushkina St., 4, Moscow,
129366, Russian Federation; ID RISC: 1155883; ORCID:
0000-0002-7207-9518; e-mail: kochetygov65@mail.ru

Sergey V. TOMIN, Cand. Sci. (Eng.), Associate Professor of
Fire Safety in Construction Department, the State Fire Academy
of the Ministry of Russian Federation for Civil Defense, Emer-
gencies and Elimination on Consequences of Natural Disasters,
Borisa Galushkina St., 4, Moscow, 129366, Russian Federation;
ID RISC: 768847, ORCID: 0000-0001-5661-929X; e-mail:
tominfireexpert@yandex.ru

Aleksey G. FROLOV, Senior Lecturer of Fire Safety in Construc-
tion Department, the State Fire Academy of the Ministry of Rus-
sian Federation for Civil Defense, Emergencies and Elimination
on Consequences of Natural Disasters, Borisa Galushkina St., 4,
Moscow, 129366, Russian Federation; ID RISC: 767202; ORCID:
0000-0001-9660-0438; e-mail: frolovagen@mail.ru

Contribution of the authors:
Dmitriy A. Samoshin — scientific guidance; research concept,

final conclusions, final text correction.

Roman N. Istratov — writing the source text; statistical
processing of experimental data.

Milena M. Sharanova — conducting experiments, description
of experiments.

Vladimir A. Kochetygov — correction and addition of sections:
Introduction, Analytical review of previously conducted studies.
Sergey V. Tomin — correction and addition of the section
Materials and methods of research.

Aleksey G. Frolov — correction and addition of sections Results
and their discussion, Conclusion.

The authors declare no conflicts of interests.

NOXAPOB3PbIBOBE3OMNACHOCTb/FIRE AND EXPLOSION SAFETY 2022 TOM 31 Ne 4

55



