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OB OBECMEYEHUW MOXXAPHOW BE3OMACHOCTU
ABYX3TAXHbIX BATOHOB

PaccmoTpeHbl BOMpPOChl obecrnedeHns noxapHon 6e30MnacHOCT Xene3HOA0POXKHbIX NacCaXkMPCKMx
BAroHOB MepCrnekTUBHOIo TWMNa — ABYX3TaXHbIX. [poaHan3npoBaHbl 0COOEHHOCTU NX KOHCTPYKLMM
C TOYKM 3PEHUSs BEPOSITHOCTM BO3HUIKHOBEHWS 1 Pa3BUTUS Moxapa. [MocTpoeHa KoMMbloTepHas Mo-
Jenb AN9 PasnnyHbIX CLEHApMEeB Moxapa B [BYXSTAaXHOM BaroHe; OLEHeHa AMHAMMKa PasBUTUSA
onacHbIx haKTOPOB Moxapa. BbiNonHeHa oLeHKa BpeMeHy BoKMPOBaHNS MyTen 3BaKyaLmm C 3Taxen
BaroHa MnoBbILEHHOM TeMMnepaTypor 1 3aabiMieHneM. MokasaHo, H4To Hanbosee NPobeMHbIM C TOHKM
3peHns 6e30MacHOCT NaccaxkmMpoB MPK Noxape ABSETCS BTOPOW 3Tax BaroHa. [pennoxeHsl nyTu
obecneveHns noxapHo 6e30MacHOCT BaroHOB A@HHOro TMna.

Knio4yeBble cnoBa: >K€.ﬂe3HOL],OpO>KHbII7I TPaHCNOPT; J:I,ByX3Ta>KHbIl;l BaroH,; noxapHad 6e30ﬂaCHOCTb,'
MaTeMaTm4eckoe MohenMpoBaHne; s3BaKyalnd.
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BBepeHune

MW cropuueckn aByxoTaXkHbIe TACCAKUPCKHE BATOHBI HA-
YaJld HKCIUTyaTUPOBAThCs Ha KENEe3HbIX joporax EB-
pomsl eme ¢ XIX Beka (puc. 1) u mMpoOKO MpUMEHS-
IOTCS JI0 CUX ITOP BO MHOTHX CTpaHax (puc. 2). Hexoto-
pbie 00pa3Ibl ABYXATAXKHBIX BATOHOB OBLIH 3aKYTIJICHBI
Poccueii Bo @pannmu u cranyu Npou3BOJUTHCS HA OTE-
4ecTBEHHBIX 3aBojiax (puc. 3). Oqnako B CCCP, a3arem
B Poccum oHM HE TIONYYHITH IMPOKOTO pacipocTpaHe-
HUS BIUIOTH 10 Havyana XXI B.

B nacrosmee Bpemst OAO “PXK]I” B nunTepecax mo-
BBIIICHUS KauecTBa 00CITYKHUBAHHS ITACCAXKUPOB MPO-
M3BOJIUT 3aMEHY MACCAKUPCKUX TUIAIKAPTHBIX BATOHOB

. Puc. 1. JIByxdTaxkHslii moes, co3nanubiii B 1876 r. B EBpore
Ha JBYXdTaxkHble KymneiHsle [1] mpousBonctBa OAO A Manerom

“Teepckoil BATOHOCTPOUTENIbHBIN 3aBOx” (puc. 4). Takne Fig. 1. The double-decker train created in 1876 in Europe by
BaroHbl B HACTOAIIECC BPEMA HAYAJIN IIHPOKO HUCIIOJIb- A. Malet
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Puc. 2. CoBpeMeHHbIE IByX3TaXXHbIE BarOHbI — UHIUHCKHUI (a)
1 BEICOKOCKOPOCTHOH SIIOHCKUH (6)

Fig. 2. Modern double-decker cars — Indian (a) and high-speed
Japanese (b)

Puc. 3. OteuecTBeHHBIC 00pA3IIbI IBYXAITAXKHBIX BaroHoB Kouro-
MeHckoro (a) u CopmMoBCKoro (6) 3aBOJI0B

Fig. 3. Domestic samples of double-decker cars of Kolomna (a)
and Sormovsky (b) plants

30BaThCsl Ha OKTAOPBCKOI Kele3HoH jopore [2] ms
COOOIIEHUS MEKAY ABYMs CTOIHIIAMH — MOCKBOH U
Cankr-IleTepOyprom.

B cBs13u ¢ 3TUM yenbio HACTOSILEH CTaTbU SABISETCS
paccMOTpeHHe BOIPOCOB, CBA3AHHBIX ¢ 00eCIIeYeHnEeM
MoXKapHOU Oe3omacHOCTH [3] IBYXATaKHBIX BaroHOB,
TaK KakK CyIIECTBYET PUCK HX BO3ropaHus (puc. 5).

370, B CBOIO Ouependb, MpearoiaracT HeoOXoam-
MOCTb PEIICHHUS CICAYIOMUX 3a0ay: a) ONpeaeIICHUs
BO3MOJKHBIX CIICHApHEB ITOJKapa; 0) HCCIeIOBaHMS Pa3-
BHTHS ero onacHbIX GakTopoB (ODII) [4]; B) sBaKya-
WU ¥ CIIACCHHUS [TACCAXKUPOB M IEPCOHANA; T') ICHCT-
BMIA IO TYLIEHMIO Moapa [5].

AKTyaJIbHOCTb OO€ecledeHus MoKapHoi Oe3orac-
HOCTH Ha KeJIe3HOIOPOKHOM TPAHCIIOPTE MOATBEPK-
JlaeTcs Takxke OOJIBIINM BHUMAHUEM K 3TOH IpodiemMe
3apyOeKHBIX CIIENUATNCTOB. B uacTHOCTH, aHAIH3UpY-
eTcsl pUCK BO3HUKHOBEHHUS MOXkapoB [6], pactpocTpa-
HEHME JbIMa B BaroHax [7] U 3BaKyalus [1acCa>kKUpOB
u3 HuX [8].

1. MoxxapoonacHoOCTb
M CUCTeMbl MPOTUBOMOXXAaPHOM 3aLUUTbI
ABYX3TaXXHbIX BaroHoOB

Kak nmokasbpIBaeT OMBIT, IPUYUHBI BOSTOPAHUS MTAC-
CaXMPCKUX BaroHOB MOYKHO YCJIOBHO pa3elIuTh Ha
BHYTPEHHUE U BHEIIHUE.

Brympennue npuaMHbI CBA3aHbI IPEXKIE BCETO C HE-
HCTIPaBHOCTHIO ANEKTPOo0oOOpyIoBaHus. B AByXaTaskHOM
BaroHe ycranoiieHbl: ieub CBY, kysnep 11 nUTheBOM
BOJIbI, JIEKTPUUECKUE BOJOTPEU, CUCTEMA YIIPABICHUS
JBEPbMH, a TAKXK€ MOAKIIIOUEHHbIE K 3JIEKTPOCETH Ba-
TOHa KaMepbl BUJEOHAOIIONEHHSI, BUCOPETHCTPATOP,
KkoHTpoJuiep uHpopMmanonHbix nanene KUII-2, an-
TeHHO-(uaepHoe ycrpoiictBo “BPUC”, natunku cuc-
TEMbI KOHTPOJISI TEMIIEpaTypbl HarpeBa OIoka ynpasie-
Hus knmumarndeckoit cucremoit (BYKC), nnaukaropsr
CBETOMOIHBIC ITPOIIeCCa TOPMOKEHHS, TAHEIh MapIil-
pyTHas u 1p. Ha ka)1oro BTOpOro maccaxxupa mpeay-
CMOTpeHa po3eTKa nepemenHoro Toka 220 B (B macca-
JKUPCKUX Kylle — 10 2 IIT., B TyajieTax — 1o | mT.,
B CJIy’)KeOHOM OTJICJICHUU — 2 IIIT., B OBITOBOM OT/ICIIe-
HUM (A1 BAarOHOB C IBYXMECTHBIMH Kyme) — 1 miT.,
B KOPHZIOPE TOPMO3HOTO KOHI[a BaroHa — | IIT., B 00JIb-
LIOM KOPHJIOpE NEPBOT0O M BTOPOro dTaxka — Mo 1 T
Bce 310 co3maer puck neperpysku 3JIeKTPOCETH U, Kak
CIIEICTBUE, PUCK KOPOTKOTO 3aMbIKaHUS M MOCIELY-
roliero Bosropanusi. Kpome Toro, Heib3st He yUUThIBaTh
HEOCTOPOXKHOE 00pAILCHUE C OTHEM [TACCAXKUPOB U IEp-
COHAJa, KypEHHUE B HEMOJIIOKEHHBIX MECTAaX.

K 6newnum mprarHaM MOXHO OTHECTH HCKPBI, BO3-
HHUKAIONNC B KOHTAKTHOM CETH, OT MPOXOSIIETO TeTl-
JI0BO3a U TIPU TOPMOKCHHH, & TAK)KE OTKPBITOE TLIaMSs
Ha Iy TH JBYDKCHUS (DEMOHTHBIC PaOOTHI, KOCTPHI, JIeC-
HBIC TIOXKAPHI U JIP.).

Ot (PaKTOphI, HAPSTY CO CrOpacMOi OT/ICIIKOH Ba-
TOHOB, IIOCTEIHHBIM OSITEEM 1 BEIIIAMH, MOTYT CITPOBO-
nupoBars nosisienune ODII B kyrie, Kopugopax u TaM-
Oypax BaroHOB, IPUBOJSIINX K OJOKHPOBAHUIO IBAKY-
AIMOHHBIX MyTEH M TeM CaMbIM K Yrpo3e XHU3HU U
3/I0POBBIO MACCAXKUPOB U MEPCOHAA.

JUist CHUKEHUS pUCKA YTPO3bl AKU3HU ACCaXKUPOB
U MepcoHaja JBYXITaKHBII BaroH 00OpylOBaH aBTO-
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a  JIByX3Ta:KHbIH KyNelHbIi BAaroH baraxxHble IOJIKK OTCYTCTBYIOT
The double-decker compartment car Luggage racks are missing

CIAJIBHBIX MECT
36 berths in a compartmen

525m/525m
Conventional rail car

yMEHbIIHIACh ¢ 2,5 10 2,1 M
Height of the compartment was reduced
from2.5t0 2.1 m

YacTb canoHa omyuieHa

Mecro ans Oaraxa
0[] HYGKHUMM
CIIAJIbHBIMM MECTaMU

Part of the salon is omitted

IInomanp Kyme ocranach NpeKHeH Space for luggage
Square coupe remains the same under the bottom bunks
6 Cxema pacIioJio;KeHHsI KyIie
Layout of the compartment Hwxkuuii staxk Ha 32 mecra / Bottom floor 32 beds

(]

L
g2
jenfies it
D

o
Z 2|
G2 3

Kopunop / Corridor

BepxHwuii atax Ha 32 mecra / Top floor 32 beds

Kopunop / Corridor

i. i.i-llii. i. ii. -II -’li

Puc. 4. JIByxdTa)KHBII BarOH B CPAaBHEHHUHU ¢ OOBIYHBIM BarOHOM (@) M ITaHBI dTaxeH (6)
Fig. 4. The double-decker car in comparison with usual car (@) and plans of floors (b)

Puc. 5. [Toxxap B AByX3Ta>KHOM BaroHe () u ero tymenue (0)
Fig. 5. Fire in double-decker railway car (a) and fire suppression (b)
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MaTHYEeCKOM CHCTEMOH MOKapHOW CUTHAIIN3AINHY, CAMO-
cpabarsiBatomumu oraerymmresssMu tama OCII, mep-
BUYHBIMHU CPEJICTBAMHU MOKAPOTYIICHHS (OTHETYIITUTEIIN
YIJIEKHCIOTHBIE TIOPOILIKOBOTO THUIA) U CUCTEMOMW BO-
JISTHOTO MOKapOTYLIEHUsI (TI0KapHBIN PyKaB CO CTBOJIOM,
KaTylIKa, KpaH 1 6ak BMECTUMOCTBI0 90 11). DT0 03BO-
JSIET IPOBOJJHUKAM BAaroHa U MacCaKUpaM, BOBPEMs 3a-
METHBIINM BO3TOpaHHE, 3aMEIIUT PACIIPOCTPaHCHNE
mmoykapa M JIayke IOTYIIUTh €To.

Tem He MeHee B cilydae ONACHOCTH IIPEIyCcMat-
pHUBaeTCs IBaKyalus MacCaXUPOB, UX CIIaceHHE (0Co-
OEHHO eCIJIM Cpe/ii HUX €CTh ACTH U JTIOAH C OTpaHHYCH-
HOI MOOWJIBHOCTBIO [9]) M camociaceHue. DBaKyarust
¢ 1-ro aTaxa npoBOJUTCS KaK U3 OOBIYHBIX BATOHOB —
U3 KyIIe 10 KOPU0PY B TaMOypHI, a OTTya JIN00 Yepe3
OOKOBBIE IBEPH HAPYKY, THOO Yepe3 TOPLIEBHIE IBEPH B
COCeJIHUE BaroHbl. DBaKyalus co 2-T0 ATaka HECKOJIb-
KO CJIOJKHEE — U3 KyIIe 10 KOPUA0PY Yepes3 JIECTHULIbI
BHU3 B TAMOYPBI, a OTTyAa TaKKe JTH00 uepe3 OOKOBBIE
IBEpHU HapYKy, THOO depe3 TOPIEBHIC IBEPH B COCE-
HHE BarOHEI.

CraceHue ¥ caMOCIIaceHUE PEIYCMOTPEHO JITS TTac-
CaXHUPOB 000MX ITAXKEH H OCYIIECTBISICTCS Yepe3 OKHA
— aBapuiinbie BeIX0nbI (OAB) mociie ux pa3ouBaHus
crienuaabHbIM MoJioTkoM. Ha 1-m ataske OAB yxomri-
JIEKTOBaHBI KaHATAMU ¢ KapaOMHAMU JUTS 3aKPETUICHUS
3a crenuanbHble ckoObl. Ha 2-m ataxe OAB ykomii-
JIEKTOBAaHbI BEPEBOYHBIMH JIECTHHUIIAMHU C KapaOMHAMU
JUIs OBICTPOTO 3alLIeTUICHUs 32 KPOHIITEHHBI. JIecTHUIIBI
XpaHITCS B 3aIUIOMOMPOBAHHBIX KOHTCHHEPaX B KyIie
¢ OAB u B kynie HantpoTuB OAB 110/1 mpaBeIM OT BX0Oza

File Edit Model Devices Evac Output FDS View Help

HIDKHUM CHATBHBIM MECTOM. J[Is mocaakw/BBICaIKn
JFOIICH TPYTITBI MOOMITEHOCTH M4 [9] (MHBaHIBI, TTEpe-
JIBUTAIOIINECS Ha Kpeciax-KOJSICKax, MPUBOJUMEIX B
IBIDKCHHE BPYYHYIO) B IITa0OHBIX BATOHAX TPEITyCMOT-
PEHBI CHICTIHATBHBIC YCTPOWCTBA TPY30TIOIBEMHOCTEIO
300 kr.

OnHako Ha NpPaKTHKE CIIACEHHE U CaMOCIACEHUe
yepe3 OAB MOXeT BbI3BaTh OIPE/IENIEHHbIE TPYAHOCTH,
0COOEHHO Y MaCCaKUPOB C OTPAHHUUEHHON MOOHIBHO-
cTh10 [9]. K ToMy ke maccaskupbl B 9KCTpEeMaIbHOU CH-
TyaIl1 He BCEI/Ia MOT'YT ONEPAaTUBHO NIPUBECTH B pabo-
4yee COCTOSIHME KOHTEHHED ¢ BEPEBOUHOM JIECTHULIEH.

Cutyanuio ycyryOuseT u To, YTO AT JABYXITaX-
HBIX BarOHOB YHCJIO MACCAKUPCKUX MECT IO CpaBHE-
HHIO ¢ OOBIYHBIM KyHeﬁHBIM BaroHoM yBCJIMYUJIOCH B
1,78 paza (c 36 mMect 10 64), a KOTUYECTBO W Pa3MephI
9BaKyaI[OHHBIX BEIXOJOB OCTAJINCH MPEKHIMH.

B cBs131 ¢ 9THM IIpeACTABIETCST HEOOXOIMMBIM TIPO-
BecTH MozenupoBanue pacnpoctpanenus O®II mpu
PA3IUYHBIX CIICHAPUAX IOXKapa B ABYXITa)KHOM Baro-
HE U TEM CaMBbIM OIIEHUTH Pe3epB BPEMEHH /ISl IPOBE-
ICHUS DBaKyallluH, CIIACCHHS M CaMOCIACEHUs Iacca-
JKHPOB.

2. MaTemaTunyeckme moaenu
pa3BMUTUA NoXKapa B ABYX3Ta)>XHOM BaroHe

BBumy 6omee croXHOM MIaHUPOBKU JABYXITAKHO-
TO BaroHa Ito CPaBHEHHUIO ¢ OOBIYHBIMY KyTICHHBIMH Ba-
roHamu (cM. puc. 4) pa3BUTHE MTOXKapa B HEM CIIOKHO
MOJTHOCTHIO Oomucarh HHTerpagsHoi Mojensio (TOCT
12.1.004-91%*, [10]). [Ipumenenue 3ouHON Mozesu [10]
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%)== BO(REO| [ % e & & B8 von@

= Meshes -
@ MESH
-l Zones
L.l ZONEQ (OQuter Zone)
-3 Reactons
" 3% POLYURETHANE (Active)
-4, Materials
& Foam
2
® sTEEL
4 CERANIC FBER
=+ Surfaces
(B merT
(B apwsaTc
1B open
B MRROR
B uvac
B outfow
(B steny
B Koron
{8 sp_polka
(B Burner
[ Tual
- Pol
-4 Devices
THCP
THCPO3
THCPO4
THCPOS
THCPOB
-“THCP0802
-THCPOS02
THCPO402
THCPO302
-THCPO2
THCPOB03
THCPOS03
-“THCP0403 v

< >

B2 |agpcEHADOR=RRY Q0 QS+

30 View 2D View Record View

show: [AlFoors |22 @Rl & @] ¢ @12 2E]% % |[HM @ ¢ [ o

Puc. 6. [IpencraBnenue B mporpamme PyroSim qByX3TaskHOTO MacCaXUPCKOTO KyIeHHOro Barona (Mojeis 61-4465) co cnaibHbIME

MECTaMHu

Fig. 6. Representation in the PyroSim program of a double-decker passenger compartment car (model 61-4465) with berths
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passutus ODII Takke mpeacTaBIseTcs MpodIeMaTny-
HbIM. Hanbonee nmpuemiieMoil MOAEIBIO SBIISETCS T10-
JIeBasi, peayimzyemasi, HarpuMmep, nporpammoit PyroSim
(http://www.thunderheadeng.com/pyrosim/).

C nomo1IbI0 3TOK MPOrpaMMbl ObUT CMOJIEIUPOBAH
MACCAKUPCKUH IBYXOTaXKHBIN KyTIeHHbII BaroH (puc. 6)
U TPOBE/ICHA OIeHKa pacnpocTpaHeHus B Hem O®II
(TIOBBIIICHHON TEMIIEPaTypbl OKPYXKAIOWICH Cpeabl U
3a/IbIMJICHUS) JUIsl YEThIPEX XapaKTepHBIX CIICHAPUEB
BO3MOJKHOTO MOXKapa — Ha 1-M 3Take B CPEAHEM U
KpaiiHeM KyIle ¥ Ha 2-M 3Ta)e TakXkKe B CPEJHEM U Kpaii-
HEM KyTIe.

[IpencTapmsieTcst Taxke 1eIecoo0pa3HBIM OICHUTD
BpeMs OJIOKMPOBAHUS JBIMOM f; BBIXOJOB M3 KOPH-
JIOPOB 3TAXEW. ITO MOMKHO CAEIATh C UCIIOJIb30BAHUEM
M3BeCTHOTO BhIpaxkenwus [11, 12]:

o= 2E(L 1) "
" e \n Vi)

e F — Iiomazs STaxa BaroHa, M°;
11— mepumeTp ovara moxapa, M;
g— ycKkopenue cBoGoIHOr0 naxenns; g=9,81 m/c%;
h — JOIIyCTUMast HUXXHSA I'paHr1a 3aIIMJICHUS, M,
H — BBICOTa 3Ta)ka BaroHa, M.
[TockompKy mepuMeTp nokapa /1 Taxxe sBIsIeTCS
(yHKIUEH BpeMEHH £, B CIIlydae €ro KpyroBoro pas3BH-
TUS HA HAYaIBHOM CTaJH UMEET MECTO COOTHOIICHUE

II(t) = 2, ©)

rae V — nmuHeHHast CKOpOCTh paclpoOCTPaHeHHS I10-
kapa [13].
C yueroM (2) BelpaxkeHue (1) npuHUMAaeT B

- W[l_lj )
" Narde i Vi)

Bpewms fs, nenecoobpa3sHo yTOUHHUTH U 110 30HHOI
mozenu [10], cormacHo KOTOpOW AMHAMUKA HUKHEH
TPaHUIIBI IbIMA /() MOKET OBITH OIIpE/IeIICHA U3 pellie-
Hus T epeHInaIbHOr0 YpaBHEHHS

dh 53
———Cl(t)[h+6+1,5 S(z)] +Cy (1), ()

dr
e S(f) — auHaMuKa TUTOMIaan IMoXKapa, M2;
O — BBICOTA PACIIOJIOKEHUS TIOXKAPHOM HATPY3KH, M;
C (1), Cy(f) — nunaMuueckue ko3P PUIHCHTHL.

Bemmaunsr C, () u Cy(?), B CBOIO 04epeb, OMpee-
Jsit0TCst U3 BeIpaxkeHuit [10]:

a0="2grs -k ©)

WS () (1~ k,)
F b

C,(t) = (6)

rae W — ycnosHas ckopocth, M/c; W= g,(C, poT 0)_1;
¢, — YZleJIbHasi MOIITHOCTh 110XKapa, kBr/™?;

C,— TeII0eMKOCTb POIYKTOB roperns, K[ Lx/(krK);

po— HauaJbHas IJI0THOCTh Fa30BOM CpeJibl, Kr/™M>;

T, — HavaJIbHAs TeEMIeparypa ra3oBou cpeasl, K;
0 s I\

k., k., — k03 bHUIHEHTEI TEIIOIOTEPL COOTBETCT-
(o4 (o]

BEHHO B orpaxienus (k,~ 0,55) u odmme (k, = 0,6).
3. Pe3ynbTaThl MOgenupoBaHNs noxapa
B ABYX3Ta>XHOM BaroHe

C ucrnonp3oBanreM nporpamMmmbl PyroSim [11] 0bu1
MIPOBEJICH KOMILIEKC pacueTHBIX orleHoK QDI mpu pas-
JMYHBIX CIICHAPUSIX IOXKapa B JIBYXITAXKHOM BaroHe
(cm. puc. 4 u 7). Ha puc. 8—11 npencrasiena quHaMu-
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— 20

Time 252.0
_—

T,°C
970
875
780
685

590
" 1495
| 1400
I P 305
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Puc. 7. Cuenapuu pa3BuTUs 1103KapOB B JABYXITaXKHOM BaroHe
(4-s1 MUHYTa TIOKapa): @ — Ha 1-M dTa)ke B CPeJHEM KyTIe; 6 —
Ha 1-M 3Taxke B KpallHEeM KyTie; 8 — Ha 2-M 3TaXe B CpeIHEM
KyIle; 2 — Ha 2-M 3TaXe B KpaiiHeM Kyne

Fig. 7. Scenarios of development of the fires in the double-decker
car (the 4™ minute of the fire): «— on the 1% floor on average coupe;
b— on the 1% floor in an extreme coupe; v— on the 2™ floor on
average coupe; g — on the 2™ floor in an extreme coupe
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Puc. 8. Pe3ynbraTel MO#eIMpOBaHMS TEMIIEPATypPHOTO PEXXUMA Y BBIXOJOB U3 KOPUIOPOB IIPH HOXKape B CPeAHEM KyIie 1-ro sTaxa
(cueHapwmii Ha puc. 7,a): a, 8 — y JEBBIX BBIXOJIOB C 1-T0 1 2-T0 3Ta)el COOTBETCTBEHHO; 0, 2 — y MPaBBIX BEIXOJ0B ¢ 1-ro u 2-10 9Ta-
JKel COOTBETCTBEHHO

Fig. 8. Results of modeling of temperature condition at exits from corridors at the fire on average a coupe of the 1% floor (the scenario
in fig. 7,a): a, v— at the left exits from the 1% and 2™ floors respectively; b, g— at the right exits from the 1! and 2™ floors respectively
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Puc. 9. PesynbraTel MOJEIMPOBAHHS TEMIIEPATypHOTO PEKHMMA Y BBIXOJOB W3 KOPHIOPOB IIPH MOXKApe B KpalHEM JIEBOM KyIie
1-ro staxa (crenapwuit Ha puc. 7,0, kpacHast tuaust — 70 °C): @, 6 — y JIeBBIX BEIXOJOB ¢ 1-T0 1 2-T0 3Ta)kel COOTBETCTBEHHO; 0, & —
Y MPAaBbIX BBIXOJIOB € 1-T0 U 2-T0 3Takeil COOTBETCTBEHHO

Fig. 9. Results of modeling of temperature condition at exits from corridors at the fire in an extreme left coupe of the 1*' floor (the sce-
nario in fig. 7,b, the red line— 70 °C): a, v— at the left exits from the 1'and 2™ floors respectively; b, g — at the right exits from the 1%
and 2" floors respectively
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Puc. 10. Pe3ynbTaThl MOACIHPOBAHKS TEMIIEPATYPHOT'O PEXKUMA Y BEIXOIOB U3 KOPHAOPOB MPH MOKAPE B LIEHTPATBHOM KyTe 2-I0 9Ta-
Ka (cueHapuii Ha puc. 7,8, kpacHas tuaus 70 °C): a, 6 —y JEBBIX BBIXOJI0B C 1-T0 M 2-T0 3Takeil COOTBETCTBEHHO; 6, 2— Y MPABbIX BBI-
XOJI0B C 1-ro u 2-ro 3Taxkeil COOTBETCTBEHHO

Fig. 10. Results of modeling of temperature condition at exits from corridors at the fire in the central coupe of the 2" floor (the scenario
in fig. 7,v, the red line 70 °C): a, v— at the left exits from the 1% and 2™ floors respectively; b, g — at the right exits from the 1% and
2" floors respectively
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Puc. 11. Pe3ynbrarel MOJCIUPOBAHKS TEMIICPATYPHOIO PEXKUMA Y BBIXOJOB W3 KOPHIOPOB MPH MOXAape B JICBOM KpailHEM KyIIe
2-ro 3Taxa (cLueHapuii Ha puc. 7,2): a, 6 — Yy JIeBBIX BBIXO/IOB €O 2-T0 U -0 3Taxei COOTBETCTBEHHO; 0, 2— Y IIPABBIX BHIXOJIOB CO 2-T'0
u 1-ro 9Taxel COOTBETCTBEHHO

Fig. 11. Results of modeling of temperature condition at exits from corridors at the fire in the left extreme coupe of the 2" floor (the scenario
in fig. 7,g): a, v— at the left exits from the 2™ and 1*' floors respectively; b, g— at the right exits from the 2" and 1% floors respectively
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Fig. 12. Dynamics of the lower bound of smoke at the fire on
the 2™ floor of the car (¢, = 250 kW/m?)

Ka TeMIIepaTypHOro PeKUMa B MECTax BbIX0JIa U3 KOPH-
JIOPOB IIPH CLIEHAPHUSX MTOKapa B COOTBETCTBHUH C pUC. 7
IIpU HadaJIbHOM TeMIiepaType Ha o6oux staxax 20 °C.

ITo BrIpakeHuto (3) maHa OIICHKAa BpEMEHH OJIOKH-
pOBaHUsl t5, MPOMYKTaMU TFOPEHUs (IbIMOM) HBaKya-
OMOHHBIX BEIX00B. COTITacHO JOKYMEHTALINH Ha IBYX-
JTakxHble BaroHswl [1] F = 41,74 M u H= 2,1 m. Ilo-
naras, uro h=1,6 mu V= 0,0033 m/c [13, 14], u3 (3)
MOJTy4YaeMm:

10-41,74 1 1

- = —
T\ 1000334981 (W16 2

JuddepennmanbHoe ypaBHeHHE (4), COOTBETCTBY-
foriee 30HHOM Mojienu [10], ObII0 penieHo YUCIICHHBI-
Mu MeToaamu [15] ¢ yuetom (5) u (6) ipu HauaIbHOM
ycnouu A(¢ = 0) = H. [Ipeanonaraiaock, 4To Ha HaYaAIb-
HOHM cTaauM moXkapa ero IUIOIaJb UMEET KPyroByIO
dopmy, T. €. S = nV?t? [13, 14]. PesynbTarsl peleHus
B BUJI€ 3aBUCUMOCTH /i(f) IpuBeieHbl Ha puc. 12.

[NockonbKy MpeapLIyIIe MOJICNN He YYUThIBAIIN He-
PaBHOMEPHOCTH HIDKHEH TPAHUIIBI bIMA IO JUTHHE Ba-
roHa, OBIIO TTPOBEACHO MOJACIHPOBAHHE 3aBIMIICHUS

~ 22,56 c.

Time 30.6

C MCIIONIb30BaHUEM Mporpammbl PyroSim (puc. 13), uto
Takke moATBepkIaeT 3G ekt ObICTPOro 3aABIMICHUN
3Ta)ka BaroHa MpH HoxKape.

OGcyXxpeHne pesynbTaToB

Pesynbrarsl KOMIIBIOTEPHOTO MOJIEIMPOBAHUS CBU-
JETENbCTBYIOT 0 ciemyromiem. [loxap Ha 2-Mm staxe (Oyapb
OH B IICHTPAJILHOM HJIU KpaliHeM KyTie) Haubosee omna-
CEH JUIA MACCAXUPOB ITOTO ATAXKA: TEMIIeparypa y Bbl-
XOIIOB U3 Kopujopa ObicTpo mogaumaercs 1o 70 °C,
ONOKUpYs dBaKyallMOHHbBIE TTyTH BHU3. DTUM NIACCAKH-
pam ocraercs TojbKo cniacarbes yepe3 OAB. Menee
oTiaceH MoXap B KpailHeM KyTie 1-ro aTaxa: y naccaxu-
poB 1-ro u 2-ro 3Takeil ecTb BOBMOXHOCTH SBAKYHUPO-
BaTHCS Uepe3 MPOTUBOIOJIOKHBIN TOperl BaroHa. 11 nan-
MEHEE OITaCHBIM C TOYKH 3PEHHS TEMIIEPaTypPHOTO pe-
JKFMa SIBIISICTCS TIOJKap B eHTpe 1-ro sTaka. B atom
Cllydae TeMIeparypa y 000X BBIXOJ0B U3 KOPUIOPOB
HE IMOTHUMAETCS 10 OOJICBOTO MOpora.

PesynbTars pacyeToB C MCIOIB30BAHUEM Pa3IHU-
HBIX MOJIETICH COTITACOBAHHO CBUICTEILCTBYIOT O OBICT-
POM 3aIBIMIICHHH 3TaKa P TIOKape B BaroHe, 4TO MO-
JKET MPEACTABIIATH 3HAYUTEIbHYIO OIIACHOCTh, 0COOEHHO
B HOUHOE BpEMsl, KOT/Ia MMacCaXUPhl CIAT U UX IBAKY-
anysl MOXKET Ha4yaThCsl CO 3HAUUTENBHOHM 3aJIepikKOH.
B uwacTHOCTH, KaK ciieayeT u3 puc. 12, Bpemsi O110kupo-
BaHUS HBaKyallMOHHBIX BBIXOJOB M3 3Ta)ka BaroHa co-
CTaBJIET MOpsKa 25 ¢, 4TO CONIACYETCs C pe3yibra-
TOM pacyeTa Mo BhIpaxeHuo (3).

Omnpe/eneHHbId HHTEPEC TaKKe MPEACTaBIsAeT TU-
HaMUKa 33bIMJICHHUS JIBIDKYILIETOCS BAarOHA IIPU OJTHOM
WJIN HECKOJIBKUX OTKPBITBIX OKHaxX. BaskHbIME (hakTo-
pamun 6yI[yT SABJIATHCSA HAJIMYINE U PACTIOIOKCHUEC OTKPbI-
THIX OKOH U MECTO BO3HUKHOBEHHS TOKapa B BaroHe.
OnHako 3TOT BOMPOC TpeOyeT OTACIBHOTO HCCIEI0BA-
HUsI, TTOCKOJIBKY BO3MOYKHBI CIICHAPUHU KaK YIAJICHUA
IBIMa U3 ATa’ka MOTOKOM HAapYyXXHOTO BO3/IyXa ITyTeM
PKEKTUPOBAHMS, TAK U Pa3AyBaHHS INIAMCHH.

M/ m
30

27
24

21
18
(I ;
12

Puc. 13. MozennpoBaHue MoTepr BUAUNMOCTH TPH 3aI5IMIICHIH 2-T0 3Taka BaroHa (1-1 MHHYTa Iokapa B KpaifHeM KyIe)

Fig. 13. Modeling of loss of visibility at smoke of the 2" floor of the car (the 1% minute of the fire in extreme coupe)
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BbiBOAbI

Takum 00paszom, MmokapHas 0e30MaCHOCTh JIBYX-
9TaXKHBIX BArOHOB SIBJIIETCS HEIOCTATOYHOU (0COOEH-
HO JUISI TACCAXKHUPOB 2-TO dTaxka), U TpeOyeTcs MpuHS-
THE Y3PPEKTUBHBIX MEP 110 €€ 00CCIICUCHHUIO. DTH MEPbI
JIOJDKHBI BKITFOYATh B ¢€0s1 KaK MOJICITMPOBaHHE (KOMITb-
IOTEPHOE U HATYPHOE) Pa3BUTHS TIOXKAPa B PA3IUUIHBIX
YaCcTsIX BaroHa JJis ONpee/ICHUss He0OXOIUMOro Bpe-

MEHH 3BaKyalllH, TaK U OLEHKY PacYeTHOTO BPEeMEHU
IBaKyalnuud U GOpMUPOBAHUE MIPEUIOKECHUH 1O 0bec-
MEYCHUIO OE30IaCHOCTH MACCAKUPOB U MEPCOHAA B
ciyyae noxapa. Takue HpeIoKEHHs MOTYT IMpery-
CMaTpHBaTh, HAIPUMED, yBeamdenue unciia OAB u 000-
PYIOBaHKE ABIMOBBIX JIFOKOB Ha KPBIIIE BATOHA [UIS BBI-
MyCKa JbIMa ¥ BHICOKOTEMIIEPATYPHBIX MPOAYKTOB T'0-
peHusA B LCIIAX O6HCF‘ICHI/Iﬂ 9BaKyalluu U CIaCcCHUA
HaCcCaKUPOB CO 2-TO ITAXKA.
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ABSTRACT

Double-decker railway cars have begun to be operated on the railroads of Europe since the 19
century. They were issued in two options — with seats and regiments for night rest of passengers.
Double-decker cars were issued and operated in Russia and the USSR, but in limited scales. Similar
cars, including high-speed are widely used still in various countries.

The current stage of development of Open joint stock company “Russian Railways” in terms of
passenger traffic is characterized by the increase of their comfort and safety. In this regard,
the economy class cars it is planned to replace a double-decker compartment cars of similar capacity.
Taking into account the possibility of emergence of a fire, these cars are equipped with fire alarm, fire
extinguishing and rescue of the passengers through the windows of the emergency exits.

However, it is necessary to simulate the development of fire effects under different scenarios of its
emergence on the floor of the car. The aim of such modeling is the determination of time of blocking of
evacuation ways and exits of the floors and the car in general and evaluation of the safety of
passengers.

This article discusses several options for modeling the development of dangerous fire factors —
using a field model, implemented by a computer program and the analytical expressions under
the integral and zonal models.

According to the results of computer studies have shown that a fire in a double-decker train is
the greatest danger for passengers of the second floor. This is due to the dynamics of the temperature
increase at the exit to the floor, and a quick smoke. The different used models of fire development give
consistent results.

In the end, the proposals to increase the safety of passengers in case of fire. Such offers can include
increase in number of windows emergency exits and the equipment of hatches on a roof of the car for
production of smoke and high-temperature products of burning for the purpose of simplification of
evacuation and rescue of passengers from the 2™ floor.

Keywords: railway transport; double-decker railway car; fire safety; mathematical modeling; eva-
cuation.
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