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AHHOTAUMUA

B cTaTbe paccmaTpmBaloTCA BOMPOCHI, CBA3aHHbIE C onpeaeneHnem pasmepoB 3BaKya-
LMOHHbIX NyTEN W BbIXOAOB B HOUYHbIX pa3B/ieKaTe/bHbIX 3aBeAeHuAX. BbiaBaeHo, YTo
B HOPMaTMBHOW M HAay4YHOM NUTEepaType OTCYTCTBYIOT Kakne-nnbo noaxonbl K onpegene-
HWIO 3aKOHOMEPHOCTEM ABUKEHNA NOTOKOB Nt0AEN B 34aHUAX NOA0OHOro Ha3HaYeHUs.
YKa3aHHble Npobaembl MeLLatoT aAeKBaTHON OLLEHKE MPOEKTUPYEMbIX U CYLLECTBYOLWMX
NNIAaHMPOBOYHbIX pPeLleHU HOYHbIX KNyboB € TOYKM 3peHnn obecrneyeHns GesonacHom
aBaKyauuu nogeit. Kak cneacrsne, BO3SHUKAET TEXHUYECKas Npobaema ocyLecTBieHmn
pacyeToB MOXKAPHOro pUCKa B 34aHMAX NogobHoro Tuna. MNpoBeaeH aHanM3 NoXKapos,
KOTOPbI NOKa3an, YTO OCHOBHOM NpUYMHOM rnbenn ntogen Nnpu BO3SHUKHOBEHUM NOXKa-
POB B HOUYHbIX K/ybax ABNAETCA HECBOEBPEMEHHaA 3BaKyaLma N3-3a 06pa3oBaHUA CKon-
NeHUi nepes BbIXOo4aMW U3 34aHUA. 0N BbIABNEHUA 3aKOHOMEPHOCTEN ABUMKEHUS
NMOTOKOB NtoAeN B HOYHbIX Kaybax Obinv npoBeneHbl HabnoaeHUAa B AeNCTBYHOWMX
3aBefeHuAx. CTaTUCTMUYECKMIA aHaN3 NOYYEHHbIX AaHHbIX MO3BO/INA YCTAHOBUTb 3aBU-
CMMOCTb ABMU)KEHWA NOAEN MO JIECTHMLAM BBEPX M BHU3, TOPU3OHTA/IbHOMY NyTU
M Yyepes ABepHbIe NpoeMbl. Pe3ynbTaTbl MOAENMPOBaHMA 3BaKyaLMmM NI0AEN MOKasaam
CYLWLECTBEHHbIE PA3/INYMA  MEXKAY WCNOJ/Ib3yeMbIMU [AAHHbIMU, KOTOPbIE YKa3aHbl
B METO/MKE MO OLUEHKE BEJINYMHbI MHANBUAYA/IbHOTO MOMKAPHOIro PUCKa, U AaHHbIMW,
NONYYEHHbIMM B pe3ybTaTe NPaKTUYECKUX NCCNea0BaHUN.

KnioueBble cnoBa: MoMKapHbIM PUCK, MOAENMPOBaHWE 3BaKyalWMW, JIIOACKOM MOTOK,
6e30nacHOCTb, NOXKap, HOYHOM KNyb
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ABSTRACT

The article discusses issues related to determining the size of escape routes and exits in
night entertainment venues. It is revealed that in the normative and scientific literature
there are no approaches to determining the patterns of movement of human flows in
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buildings of this purpose. These problems prevent an adequate assessment of the pro-
jected and existing planning solutions of nightclubs, from the point of view of ensuring
the safe evacuation of people. As a result, there is a technical problem of calculating fire
risk in buildings of this type. An analysis of fires was carried out, which showed that the
main cause of death in the event of fires in nightclubs is untimely evacuation due to the
formation of clusters before leaving the building. In order to identify patterns of move-
ment of people's flows in nightclubs, observations were carried out in existing establish-
ments. Statistical analysis of the data obtained made it possible to establish the depend-
ence of people's movement up and down stairs, horizontal paths and through doorways.
The results of the evacuation simulation showed significant differences between the
data used, which are indicated in the methodology for assessing the magnitude of indi-
vidual fire risk, and the data obtained as a result of practical research.

Keywords: fire risk, evacuation modeling, human flow, safety, fire, nightclub

BeepeHue

CBoeBpemeHHaa M becnpensTcTBeH-
HanA 3BaKyauuma noaen us 3aaHna Uan coopy-
eHuAa Nboro HasHayeHUa ABAAETCA rNaB-
HbIM NapamMeTpom 6e30NacHOro HaxoXaeHua
B HMX [1]. Mpun oueHKe napameTpoB 3BaKya-
UMM M3 343aHUN U COOPYKEHUN onpeaeneH-
HOro Ha3HAYEHWSA YYUTbIBAIOT Pa3/IMYHbIE MO-
OENN ABUXKEHUA NOTOKOB N0AEN W YCNOBUSA
pa3BuUTMA omnacHbiXx ¢aKTopoB noxkapa [2].
MpW NPOEKTUPOBAHUM WM 3KCMAyaTauuu 34a-
HWI HOYHbIX KNyHOB NepBocTeneHHoe 3Have-
HWe wumeeT cobnogeHne TpeboBaHMM
no opraHusauum b6ecnpensaTCTBEHHOro ABM-
YKEHUA NOACKMX NOTOKOB MO 3BaKyaLMOHHbIM
nyTAM W 4Yepe3 3BaKyaLUWMOHHble BbIXOAbl.
Mpwn 3TOM NNAHUPOBOYHbIE PELLUEHMA KOMMY-
HUKALMOHHbIX NyTen onpegenstoT GyHKUMo-
Ha/ibHble npoueccbl B 34aHWMWU, OAHUM
N3 KOTOPbIX ABNAETCA NPOLLECC ABUKEHUA NHO-
Aen, a ux napameTpbl (CKOPOCTb, NJIOTHOCTb
N MHTEHCMBHOCTb) ONpeaensatoT reomeTpuye-
CKMe pa3mepbl NyTer 3BaKyaLnmn Npm BO3HMUK-
HOBEHWW NoXapa. B HacToslee Bpems B Aeli-
CTBYIOLMX HOPMATUBHbIX AOKYMeHTax [3, 4]
pasmepbl 3BaKyaUMOHHbIX NyTen onpeje-
JieHbl NO NapameTpam 340p0BbIX Ntoaen bes
bM3MYECKMX N MCUXOJIOTUYECKUX OrpaHuye-
HUN. Mpn 3Tom cywecTByolwmne TpeboBaHmA
HEe y4yuUTbIBAOT NCUX0dM3MOIOrMYecKme oco-
6EeHHOCTM NoBeAeHUA N ABUKEHUA NIOACKUX

13

NMOTOKOB B HOYHbIX K1ybax. B Hay4yHOW U HOp-
MaTUBHOM nuTepaType Hay4yHO-0H6OCHOBaH-
Hble AaHHble oTcyTCTBYIOT [5—-12], YTO He nos-
BONAET AOCTOBEPHO ONpeaenntb onTMmasnb-
Hble pa3Mepbl 3BaKyaLMOHHbIX MYyTEN U BbIXO-
0,0B.

Pe3ynbTathl U UX 06CyKAeHUE

HecobntoneHne TpeboBaHUI noXKap-
HOM 6e30MacHOCTM B 3aBeAEeHUAX, NpeaHa-
3HAYEHHbIX AN OpraHusauMm  nuTaHuA
W pocyra nogen B HOYHOE BpemMs, TONbKO
3a nocnegHue 20 neT CTano MNPUYUHOM
rmbenn 6onee 1000 yenosek. B Tabn. 1 npu-
BeZleHa CTAaTUCTUKA NOXKAPOB B HOYHbIX KNy-
6ax Kak B Poccuu, Tak 1 3a pybexkom c umcnom
normbLmnx n NOCTPaaaBLLMX NHOAEN.

Bonbwoe yncno nornbwmx n nocrpa-
AaBwunx 06ycnaBaMBaeTCA COBOKYMHOCTbIO
baKTopOoB, CaMbiM OMACHbIM W3 KOTOPbIX
ABnAeTca Hebe3onacHaa 3BaKyauua noceTu-
Tenen. FocTM HouHbIX KNyboB He ycnesatoT
BbIATU U3 MOMELLEHUI A0 HACTYNAEHUs KpU-
TMYECKMX 3HauyeHUir onacHbiXx ¢aKTopoB
nokapa. [lanee, obpasyercs AaBKa B TeyeHue
NPOAOIKUTENBHOTO BPEMEHW M3-3a HEAOCTa-
TOYHOWM NPONYCKHOM CNOCOBHOCTU 3BaKyaLn-
OHHbIX BbIXOA,0B, KaK C/leaCTBUE, OTPAB/IEHME
NpPoAYKTaMW ropeHus.
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Tabnuua 1.

CTaTUCTMKa NOXKAPOB B HOYHbIX Knybax
Table 1.

Statistics of fires in nightclubs

Ne Kny6 Oarta MecToHaxoxaeHue MNornbwmnx, | Moctpapas-
club date location yen. wunx, yen.
dead, human | injured, hu-
man
1 Colectiv 30.10.2015 byxapect, PymbIHMSA 64 146
Bucharest, Romania
2 Kiss 27.01.2013 | CaHTta-Mapwus, bpasu- 242 630
ana
Santa Maria, Brazil
3 | B3pbiBbl Ha gnc- | 19.02.2012 Curety-Mapma- 1 20
KOoTeke umnen, PymoiHua
Explosions at a Sighetu Marmatiei,
disco Romania
4 | Xpomasa nowagb | 05.12.2009 Nepmb, Poccusa 156 78
lame horse Perm, Russia
5 CaHTUKa 01.01.2009 baHrkok, TannaHa 66 222
Santika Bangkok, Thailand
6 HouyHon kny6 B | 21.10.2008 LLIsHBbYK3Hb, KHP 43 88
ropoge LLsHb- Shenzhen, China
YXK3Hb
Night club in
Shenzhen city
7 911 25.03.2007 Mocksa, Poccusa 10 8
Moscow, Russia
8 | Pecnybamka Kpo- | 30.12.2004 | ByaHoc-Ainpec, ApreH- 194 1432
MaHbOH TUHA
Republic of Cro- Buenos Aires, Argen-
Magnon tina
9 CrenuwH 20.02.2003 YacT-Yopuk, CLUA 100 230
Station West Warwick, USA
10 | Canecdo Mineiro 24.11. beny-Opun3oHTH, bpa- 7 197
2001 3naus
Belo Horizonte, Brazil

[Jna KayecTBeHHOM oUeHKM be3onac-
HOM 3BaKyauuum Heobxoammo onpeaenntb
dYHKUMOHaNbHOE  Ha3HadyeHue  obbekTa
3aWMTbl. 346eCb Mbl CTa/IKMBaemMca ¢ npobne-
MO HEOAHO3HAYHOCTU OnpeaeneHUa Hou-
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HbIX KNy6oB no ¢GyHKUMOHANy, B 04HOM CAy-
yae — 310 ®2.1, B HEKOTOPLIX CAy4asax onpe-
[enawT Kak $2.2.

XapakTepHOM 0OCObBEHHOCTbIO COBpe-
MEHHbIX HOUYHbIX KNy60B ABAAETCA HEHOPMMU-
pOBaHHOe KosnyecTBO nocetutenen. Ecam
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30HA OTAbIXa MOKEeT noapasymesaTb ornpe-
[eneHHoe YMCNo nocetTutenen, To TaHueBa-
NbHaA NJolWaaKa npeanonaraeT XaoTUYHoe
pacnpegeneHve  6onbWOro  Ko/AMYecTsa
nogen (puc. 1).

Mpwn aTom naowagb, 3aHMMaeMasn Ka-
KAbIM YeNI0BEKOM, NpeaenbHO Mana, U BO3-
cUTyauum

HWKaeT puUCK  obpasoBaHuA

C NpEeBbIWEHMEM YMCA NOCETUTENEN, YTO He
COOTBETCTBYET HOPMATUBHOMY pac4yeTHOMY
nokasatento. OTciopga cnepyet Hecnocob-
HOCTb CyLLECTBYHOLLUX 06 bEMHO-NIAaHNPOBO-
YHbIX peleHni (@ UMEHHO 3BaKyaUMOHHbIe
MyTH U BbIXOAbl) COOTBETCTBOBATbL KPUTEPUSAM
6e30nacHOM 3BaKyauuu.

Puc. 1. TaHunon Ho4yHoro Knyba Mocksbl

Fig. 1. Dance floor of a Moscow night club

HopmaTusHbit aKkT [3], onpeaensio-
WKW noaxoa B 3TOM BOMpOCe, Npu3biBaeT
onpeaensATb BMECTUMOCTb KAyboB Mo KOu-
YyecTBy MOCAAOYHbIX MeCT. HanosiHsemocTb
HOYHbIX KAybOB 3a4acTylo NpeBsblllaeT BCe
A0NYyCTUMble HOPMbI U TPybo He COOTBETCT-
BYET KOJIMYECTBY NOCaA04YHbIX MECT, YKa3aH-
HbIX B NJ1aHe, OCHOBHaA Macca B NepByo o4ye-
peab HaxoAMUTCA Ha TaHunone. B Takom cny-
Yyae npumeHeHune TpebosaHui [3] npu npoe-
KTMPOBaHMM HEMPABOMEPHO.

C uenbio onpeaeneHns napameTpoB
nyTein aBaKyauMn 1 3BaKyaLMOHHbIX BbIXO4,0B
Nnpou3BOAATCA pacyeTbl UCXOAA U3 AOMYCTU-
MOro KONMYEecTBa MOCETUTENEN, MPU 3TOM
YUYUTbIBAETCA COOTHOLLUEHME NNOWAAN TaH-
LUeBa/ibHOM NOWAAKM, NPeaycCMOTPEHHOM
Ha ogHoro 4yenoseka (1,35 m? cornacHo
n. 7.4.1 [4]), n peanbHOM nnowaau 3ana.
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Ha puc. 1 mbl ¢ Bamn moxem BUAETb 40 9
YyesioBeK Ha YKa3aHHOW nowagu.

Kpome HapyweHuMa  [onycTMmoro
KONMYeCcTBa NOCeTUTENEN TaKUX 3aBeAeHUN,
TaK)Ke He YYUTbIBAETCA U XapaKTep MX NCUXO-
du13M0N0rnMYecKoro coctosHUA (ankoronbHoe
OnbAHEHMe Pa3NNYHON CTENEHN), YTO HECOM-
HEHHO CKa3blBaeTCA Ha CKOPOCTU U XapaKTepe

3BaKyauuu.
Ona KayecTBeHHOMW U OOBEKTUBHOM
OLEHKM MapamMeTpoB ABUXKEHUA Noaen

W YCTAaHOB/IEHMA MOKa3aTeNna HOPMaTUBHOM
naowWaan Ha OAHOro 4YenoBeKa HaMu 6bin
NPOBEAEH 3KCMEPUMEHT B BMAE HATYPHOro
HabnogeHMa B  AENCTBYIOWEM  HOYHOM
Knybe.

Ons onpegeneHns MaKCMMabHOro
KONMYecTBa N04en, 0AHOBPEMEHHO Haxoas-
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LLLMXCA B HOYHOM KNybe, Hamu bbina npounsse-
OEHa BMAEOCbEMKA MPOMYCKHOIO pexuma
Ha BXOAHOW rpynne B TeYEHUE BPEMEHU pa-

60TbI Knyba (c 23:00 go 04:00). B Tabn. 2 yKa-
3aHbl pe3y/ibTaTbl 3KCNEPUMEHTA MO YCTAHOB-
JIEHUIO MAKCMMa/IbHOTO KOJIMYeCTBa rocTem
B onpenAeneHHbl BpeMeHHOM nHTepBan t.
Tabnuua 2.

MocelaemMocTb B pas3/inyHble MHTEePBasibl BpEMEHM

Table 2.

Number of visitors depending on time interval

Ne BpemeHHOM nHTepBan KonnyecTtBo nocetuTtenen B onpeaeneHHbl BpeMeHHOM
n/n Time interval WMHTEpBan, yen.
Number of visitors in a certain time interval, human

1 23:00-00:00 368

2 00:00-01:00 472

3 01:00-02:00 627

4 02:00-03:00 593

5 03:00-04:00 593

Ons onpepeneHusa pacyeTHOW nno-
WaanM Ha OA4HOro 4YenoBeKa, HaxoAaAlleroca
B HOYHOM Kaybe, Heobxoaumo nsowaib
OCHOBHOTO 3ana S3 COOTHECTM C MaKCUMab-
HbIM KONMYeCcTBOM YesnioBeK Nmax B MOMEHT
BpemeHu t. Ha ocHoBe AaHHbIX HaWWUX HaTyp-
HbIX HabnwaeHW pacyeTHas naoLWAAb

Ha oHOro yenoseka coctasuna 0,55 m2/yen.

T

Puc. 2. HaTyprle HabaoaeHus B HOUHOM Knybe

Fig. 2. Field observations in a nightclub

C uenbio onpeseneHns B3aMmocsAsu
CKOPOCTM M MNJIOTHOCTU MNOTOKa Nloael
npwv ABUXKEHUWN MO NIECTHULLAM BBEPX U BHU3
TaK)Ke Npon3BOAMNACh HENPEPbIBHAA BUAEO-
3anucb B Te4eHne BpemeHn paboTbl HOYHOTO
Knyba. AHanus Buaeosanuceit (puc. 2) nosso-
JIUN YCTaHOBUTb CKOPOCTb CBOBOAHOIO ABK-
YKEHUA NOTOKOB /04N, HO NPU 3TOM Tpeby-
OTCA AOMNONHUTENIbHbIE UCC/IeA0BaHMA.

PacnpeaeneHune ckopocTeil cBOBOAHOrO ABWMKEHMA MOTOKOB NOAEN MO NECTHULAM
BBEPX W BHU3 NpeACcTaBAEHO B BUAE TMCTOrpamm Ha puc. 3 4.
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Puc. 3. PacnpeneneHune ckopocty cBO6OAHOIO ABUKEHMA NOTOKOB IOAEN NO NECTHULLE BBEPX
Fig. 3. Histogram of the distribution of the speed of free movement of human flows up the stairs
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Puc. 4. PacnpeaeneHune cKopocTy cBO60AHOr0 ABUMKEHUSA NOTOKOB N0AEN MO NECTHULLE BHU3
Fig. 4. Histogram of free movement speed distribution streams of people down the stairs

WMccnepya nonyyeHHble CKOPOCTU CBO-
6oaHoOro asuxkeHua Vo ¢ yyeTom ncmxodpu-
3M0/IOTMYECKOr0  COCTOSHMA  noceTuTenem
B HOYHOM Kny6e, 6blIn YyCTaHOBAEHbI 3aBUCK-
MOCTM CKOPOCTU U MHTEHCUBHOCTU A,BUMKEHUA
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OT NJIOTHOCTM NIOACKOT0 NOTOKA ANA NECTHUL,
BBEPX M BHWU3 C MCNO/Ib30BAHNEM PaHee ycTa-
HOB/IEHHbIX Ko3dpduumeHTos a u Do [13, 14]
(puc. 5-8).
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ﬂBHH{EHHE no nectTHUUe BHH3
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Puc. 5. 3aBMCMMOCTb CKOPOCTU ABUMKEHMA MO NECTHULLE BHU3 OT NJOTHOCTU IIOACKOTO MNOTOKA
Fig. 5. Dependence of the speed of movement down the stairs on the density of human flow
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Puc. 6. 3aBMCMMOCTb MHTEHCUMBHOCTU ABUMKEHWUA NO NECTHULLE BHU3 OT NNOTHOCTM AKOACKOrO

NoTOKa
Fig. 6. Dependence of the intensity of traffic down the stairson the density of human flow
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Puc. 7. 3aBMCMMOCTb CKOPOCTU ABUMKEHMA NO NECTHULLE BBEPX OT NJIOTHOCTU NHOACKOTO MNOTOKA
Fig. 7. Dependence of the speed of movement up the stairs on the density of human flow
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Puc. 8. 3aBMCUMOCTb MUHTEHCUBHOCTM ABUXEHUA No neCTHhUe BBepX OT NJIOTHOCTU NHOACKOTro

NOTOKa

Fig. 8. Dependence of traffic intensity up the stairs on the density of human flow
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Ha ocHOBaHWM yCTAaHOBAEHHbIX paHee
3aKOHOMEPHOCTEN ABUKEHNA NOLCKUX NOTO-
KOB MO Pas3/IMYHbIM y4acTKam nyTm (B. B. Xon-
LEeBHMKOB) Aa1a onpeneneHma B3aMmocsAsu
MEXKAY ABUKEHMEM MOTOKOB NH0AEN NO ropu-
30HTa/IbHOMY Y4aCTKy NyTW U Yepes ABEepPHOM
npoem, NPUHAAN, YTO CKOPOCTb CBOBOAHOrO
OBUXEHUA BHU3 NO NeCTHULE COOTBETCTBYET

CKOPOCTU CBOOOAHOrO ABUMKEHMA MO rOpuU-
30HTaNIbHOMY Y4acCTKy MyTU U Yepes NPoembl
[13]. B pe3ynbTaTe OblIM NOCTPOEHDbI NpeaBa-
puTesbHble rTPadUKM 3aBUCMMOCTU CKOPOCTH
N WHTEHCMBHOCTU ABUMEHMA OT MJIOTHOCTU
JIOACKOTrO NOTOKa, NpeACTaB/NeHHbIe Ha pucC.
9-11.

fopU30HTaNbHLIK NYTb
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Puc. 9. 3aBucMmocTb CKOPOCTU ABUXKEHUA MO NOPU3OHTA/ZIbHOMY NMYTU OT NIOTHOCTU NHOACKOIro

NOTOKa

Fig. 9. Dependence of the speed of movement along a horizontal path on the density of human

flow

HaTypHble HabntogeHna W aHanus
3TUX [AaHHbIX MNO3BOJIMAN BbIABUTb Cylle-
CTBEHHbIE OTANYMA OT TPebBOBAHMN HOpMa-
TMBHbIX AOKymeHToB [2]. B Tabn. 3 npuse-
[EeHO cpaBHeHMe CKOpPOCTM cBOHOAHOrO ABU-
YKEHUA NI0ZeN, BbIAB/EHHOM B XO/€ NpoBeae-
HMA SKCMEPUMEHTA, C AaHHbIMM YKa3aHHbIMMU
B8 MeToaukKe.

Huxe, Ha puc. 12, npepgcrtasneHa
WHOMBUAYANbHO-NOTOYHAA MOAe/b ABUXKe-
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HUA Nto4en, co3gaHHaA NpyM NOMoWwmM moae-
IMPOBaHMA B  MPOrpamMMHOM  NPOAYKTe
Pathfinder. OHa oTpaxaeT cpaBHUTENbHYLO
OLEHKY B/IMAHUA MAPaMeETPOB ABUXKEHMUA
NOAe Ha pacyeTHoe BpPEMA 3BaAKyaUMUW.
Mogenun nocTpoeHbl ¢ yueTtom 06BbeMHO-NNa-
HMPOBOYHbIX pPELIeHUA HOYHOro Knyba,
B KOTOPOM MPOBOAMIUCL HaTypHble Habnto-
AEeHWA, NPY 3TOM BblIM PAaCCMOTPEHbDI CUEHa-
pUK ABUKEHUA NHOLCKUX MOTOKOB NO IECTHU-
LaMm BBEpPX U BHU3.
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Puc. 10. 3aBMCMMOCTb MHTEHCUBHOCTHU ABUXEHUA NO rOPU30OHTA/IbHOMY NYTU OT NJIOTHOCTU

NOACKOrO NOTOKa
Fig. 10. Dependence of traffic intensity along a horizontal path on the density of human flow
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Puc. 11. 3aBUCMMOCTb MHTEHCMBHOCTU ABUXEHUA 4Yepe3 BbiIXoAbl OT MNIOTHOCTU NHOACKOTo

NnoToKa
Fig. 11. Dependence of traffic intensity through exits on the density of human flow
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Tabnuua 3.

CpaBHeHMe CKOpOCTN CBOOOAHOIO ABUMKEHUA NtoAeN
Table 3.

Comparison of the speed of free movement of people

Bua nytn CkopocTb cBObOAHOTO ABUXKE- PacyeTHaA CKOpOCTb CBO- Pa3sHuua
Type of path | HMA, nonyyYeHHan B xoge HaTyp- | 6oaHoro asuxkeHnsa B Me- | Difference
HbIX HabaaeHUN, M/MUH ToAnKe, M/MUH

Speed of free movement ob- Estimated speed of free
tained during field observa- movement in the Method-
tions, m/min ology, m/min
NectHuua 39,27 100 B 2,5 pasa
BHU3 2.5 times
Stairs down
NectHnua 28,94 60 B 2 pasa
BBEpPX 2 times
Stairs up

Puc. 12. KomnbloTepHas mozesb B nporpammHom npoaykte Pathfinder
Fig. 12. Computer model in the Pathfinder software product

Pe3ynbTaTbl MOAENNPOBAHUA CBEAEHbI B Tabn. 4.
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Tabnuua 4.

Pe3ynbTaTbl MOAENMPOBAHMUSA
Table 4.

Simulation results

PacueTHas PacueTHoe Bpemsa
CropocTb cBO6OAHOrO PacueTHOe Konn4vecTso
cuTyaumn 3BaKyauuu, c
. AuxkeHus, Vo, M/MUH yenosek .
Design . Estimated
. . Free movement Estimated number . .
situation . evacuation time,
speed, Vo, m/min of people ‘
[BuxKeHune no nectHuue Beepx / Moving up the stairs
HOCF;“:a;”a:a” CM1.13130.2020
RegljllaLt"ory 60 in normative literature 176,7
. . 350/1,35=260uye I
situation / uen / people
daKkTnyeckas
cnTyauma Pe3ynbTaT aKcnepMmeHTa
Actual 30 Experiment result 615,1
. . 350/0,55 =637 I
situation / uen / people
[iBMxeHune no nectHumue BHM3/Moving down the stairs
HOCF;':a;”E:a” CN1.13130.2020
Reg:llal:c"ory 100 in normative literature 133,4
. . 350/1,35=260 I
situation / uen / people
daKkTnyeckasn
S Pe3ynbTaT aKCnepMmeHTa
Actual 40 Experiment result 515,5
. . 350/0,55 =637 I
situation / 4en / people
BbiBoap K W3YYEHUIO [OBUXKEHMA MNOTOKOB /OAEN

MNoaBogA MTOMM, MOMKHO Pe3toMUpPO-
BaTb, YTO CYLLECTBYET KOJIOCCaNIbHAA pa3HMLa
MeXAY peanbHOM cUTyaumen U AaHHbIMM,
YKa3aHHbIMM B HOPMATMBHbIX aKTax B 06na-
CTM NOKapHoM 6e3onacHOCTH.

B cnyyae 3BaKyauum no nectHuue
BBepxX, Bpems coctaBmno 438,4 c,uytoHa 71 %
6onblle pacyeTHbIX AaHHbIX, NpeacTaBAeH-
Hbix B MeToguke. MNpu 3Bakyaummn no nect-
HULE BHM3 pacyeTHOe BpPEMA COCTABWUJIO
382,1 ¢, uTo Ha 74 % npeBblWaeT pacyeTHble
OAHHblE, WCNONb3yemMble B OENCTBYHOLLMX
HOPMATUBHbIX aKTax.

Pe3ynbtaTbl MccnenoBaHWA TFOBOPAT
0 HEeobXxoAMMOCTM AasbHeNLWnX U3blCKaHUMN
B AaHHOM obnactn. KomnnekcHbl noaxon,

23

B HOYHbIX K1ybax Npu pasinMyHbIX CLLEeHapUAX
pPa3BUTMA COObITUI, K U3y4eHUIO 0COBeHHO-
cTeli noBeAeHuA NpU ABUKEHUM B Pa3/INYHbIX
NcnMxodr3noIOrMYEeCKMX COCTOAHMAX MO3BO-
JINT YCTaHOBWUTb AOCTOBEPHbIE AaHHble A/A
npoBeAeHNsA COOTBETCTBYIOLLMX PacYeToB.

Ob6pasoBaHHble Ha JAaHHOM 3Tane
pe3ynbTatbl MOryT ObiTb TEOPETUYECKOM
OCHOBOW ANA MOAENMPOBaHUS 3BaKyaLuu
N0fle U3 HOYHbIX KAyboB, a TaKMKe cTaTb
OTNPaBHOM TOYKOW ANA aKTyanusauum aewn-
CTBYIOLIMX HOPMaTUBHbLIX aKTOB B 0bnactu
noapHo 6e30nacHOCTM, KacatoLMXCa HOp-
MMWPOBaHUS  Pa3MepoB  3BaAKYaLMOHHbIX
nyTen M BbIXOAOB B 3[aHUAX COOTBETCTBYIO-
LLLero HasHavyeHus.



TEXHOCOEPHAA BE3ONACHOCTb 2024 Ne 1 (42)

CMNNCOK UCTOYHUKOB
1. TexHuyeckuit pernameHT o TpeboBaHMAX NoxKapHOI 6e3onacHocTh : deaep. 3aKoH oT 22.07.2008
Ne 123-®3.
2. 06 yTBEPXAEHMUM METOAMKM ONpeseseHnA PacyeTHbIX BEIMUYUH NOMKAPHOrO PUCKa B 34aHUAX,

COOPYKEHUAX U CTPOEHUAX PA3UYHbIX KNaccos GYHKUMOHANBHOM MOMKAPHOM ONAacHOCTU : npuKas MYC Poccum
o1 30.06.2009 N2 382 : c y4eTOM U3MEHEHUI, YTBEPHKAEHHbIX NpuKaszom Ne 632 MYC P ot 02.12.2015.

3. CMN 118.13330.2022. O6wecTBEHHbIE 34aHUSA U COOPYKEHUSA.

4, CN 1.13130.2020. C1ctembl NPOTUBOMOXKAPHOWM 3aWMUTbl. DBaKyaLMOHHbIE NYTH U BbIXOAbI.

5. XonwesHuKos B. B. Jllogckne NnOTOKM B 34aHUAX, COOPYXHKEHMAX U HA TEPPUTOPUMN UX KOMMNEK-
COB : AM1CC. ... A-Ppa TeXH. HayK. M., 1983.

6. MunuHcknin A. U. UccnepoBaHue npouecca 3Bakyauumn 34aHNiM MacCoBOro HasHauYeHua : aucc. ...
KaHA. TeXH. Hayk. M., 1951.

7. MpeaTteyeHckuit B. M., TapacoBa T. A., KannHues B. A. MeToauMKa HaTypHbIX HabaoaeHUM 3a npo-
Leccamu ABUXKEHUA Ntoaein Npu NoMoLm KUHO-poTocbemMKku // XXI Hayy.-TexH. KoHd. M., 1962.

8. WccnepoBaHue ABMMXKeHUA Ntoaei B YCA0BUAX, BANSKUX K BbIHYKAEHHbIM : oTyeT / B. M. MNpeaTe-
YEHCKUI 1 ap. ; Boicwana wkona MOOM PCHCP. M., 1964.

9. KannHues B. A. NpoeKTMpoBaHUE 3a/10B KNHOTEATPOB C YHETOM ABUXKE-HUA NHOACKUX MOTOKOB :
AUCC. ... KaHA. TexH. HayK. M., 1966. 186 c.

10. CamowmH 1. A. CocTaB II0ACKMX MOTOKOB M NapamMmeTpbl UX ABUMKEHUA NPU 3BaKyaLMKU : MOHOrpa-
dua. M., 2016.

11. CHuN 2.08—02-89*. ObLiecTBEHHbIE 30aHUA.

12. MpoeKkTupoBaHue Kaybos: nocobue Kk CHuM 2.08—-02—-89*.

13. XonweBHUKoB B. B. 3aKOHOMEpPHOCTU CBA3WN MeXAy napameTpamu AACKUMX MOTOKOB : AUNAOM
Ne 24-S. HayuHble oTKpbITHA. M., 2006.

14. XonweBHUKOB B. B. THoceon0ormns NtloACKMX NOTOKOB : MOHOrpadua. M., 2019. 592 c.

REFERENCES

1. Federal Law “Technical Regulations on Fire Safety Requirements” dated July 22, 2008 No. 123-FZ. (rus).

2. Order of the Ministry of Emergency Situations of Russia dated June 30, 2009 No. 382 “On approval of
the methodology for determining the calculated values of fire risk in buildings, structures and structures of various
classes of functional fire hazard”, taking into account the changes approved by Order No. 632 of the Ministry of
Emergency Situations of the Russian Federation dated 02.12.2015. (rus).

3. SP 118.13330.2022 Public buildings and structures. (rus).

4. SP 1.13130.2020 Fire protection systems. Evacuation routes and exits. (rus).

5. Kholshchevnikov V.V. Human flows in buildings, structures and on the territory of their complexes. Dis-
sertation for the degree of Doctor of Technical Sciences. MISI, 1983. (rus).

6. Milinsky A.I. Study of the process of evacuation of mass buildings: Dis... Cand. tech. Sci. Moscow, 1951.
(rus).

7. Predtechensky V.M., Tarasova T.A., Kalintsev V.A. Methods of field observations of the processes of
people’s movement using film and photography. XXI scientific-technical. conf. MISS, 1962. (rus).

8. Predtechensky V.M., Tarasova G.A. and others. Study of the movement of people in conditions close to
forced ones: Report. Higher School of the Ministry of Education and Science of the RSFSR. Moscow, 1964. (rus).

9. 9. Kalintsev, V.A. Design of cinema halls taking into account the movement of human flows: dis. ...cand.
tech. Sciences: 05.23.10. Moscow, 1966; 186. (rus).

10. Samoshin D. A. Composition of human flows and parameters of their movement during evacuation:
Monograph. Moscow, Academy of State Fire Service of the Ministry of Emergency Situations of Russia, 2016. (rus).

11. SNiP 2.08-02-89*. Public buildings. (rus).

12. Manual for SNiP 2.08—02-89* “Design of clubs” (rus).

13. Kholshchevnikov, V.V. Patterns of connection between the parameters of human flows: Diploma No.
24-S. Scientific discoveries. Moscow, Russian Academy of Natural Sciences, International Academy of Authors of
Scientific Discoveries and Inventions, 2006. (rus).

14. Kholshchevnikov V.V.. Epistemology of human flows: monograph. Moscow, Academy of the State Fire
Service of the Ministry of Emergency Situations of Russia. 2019; 592.

24



TEXHOCOEPHAA BE3ONACHOCTb

2024 Ne 1 (42)

MHpopmauma 06 aBTopax
Nap¢éHeHKko AnekcaHap MaBnoBuY, KaH-
OMOAT TEeXHUYECKUX HayK, [AOLEHT Ka-
denpbl KomnnekcHou 6e3onacHocTM B
cTpouTenbcTBe, HaunoHanbHbIA nccneno-
BaTe/NIbCKMM MOCKOBCKUIM rocyAapCTBeH-
HbI CTPOUTE/bHBIN YHMBEpcUTET, Poccus,
129337, r. Mocksa, ApocnaBcKoe wocce, 4.
26; PUHL, ID: 800496; Scopus Author ID:
57214086032; ResearcherID: AAP-2933-
2020; ORCID: 0000-0001-7490-8773;
e-mail: parf0l@inbox.ru

bptoxos EBreHuit HuUKonaesuu, KaHanaaT
nefarorMyeckmMx Hayk, AoueHT Kadegpbl
noXKapHon 6e30macHOCTM B CTPOUTENb-
cTBe, Ypanbckuit nHctutyt IMC MYC Poc-
cun, Poccna, 620062, r. EkaTtepuHbypr, yn.
Mwupa, 4. 22; Author ID: 767262,

e-mail: bryuxov@mail.ru

KysHeu,08 AHTOH AneKcaHApPOBUY, KaHAN-
0aT NCUXONOTMYECKUX HayK, CTapLinin npe-
noaasatenb Kadpegpbl NOXKapHO-NPUKNAL-
HOM NOArOTOBKMN, YpanbCKnit MHCTUTYT IMC
MYC Poccuun, Poceuna, 620062, r. EkaTepmH-
6ypr, yn. Mupa, a. 22; Author ID: 850940;
e-mail: kuznetzoff.aa@yandex.ru

25

Information about the authors
Aleksander P. Parfenenko, Cand. Sci.
(Eng.), Associate Professor of of Depart-
ment of Integrated Safety in Civil Engi-
neering, National Research Moscow State
University of Civil Engineering, Yaro-
slavskoe Shosse, 26, Moscow, 129337,
Russian Federation; ID RISC: 800496; Sco-
pus Author ID: 57214086032; Re-
searcherlD:  AAP-2933-2020; ORCID:
0000-0001-7490-8773;
e-mail: parfOl@inbox.ru

Evgeniy N. Bryukhov, Candidate of Peda-
gogical Sciences, Associate Professor of
the Department of Fire Safety in Con-
struction, Ural Institute of State Fire Ser-
vice of EMERCOM of Russia, Mira St., 22,
Yekaterinburg, 620062 Russian Federa-
tion; Author ID: 767262;

e-mail: bryuxov@mail.ru

Anton A. Kuznetsov, Candidate of Psycho-
logical Sciences, Senior lecturer of the De-
partment of Fire-applied Training, Ural In-
stitute of State Fire Service of EMERCOM
of Russia, Mira St., 22, Yekaterinburg,
620062 Russian Federation; Author ID:
850940;

e-mail: kuznetzoff.aa@yandex.ru



mailto:parf01@inbox.ru
mailto:parf01@inbox.ru
mailto:bryuxov@mail.ru
mailto:bryuxov@mail.ru
mailto:kuznetzoff.aa@yandex.ru
mailto:kuznetzoff.aa@yandex.ru

