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OCOBJIMBOCTI METOAIB MOJIEJIIOBAHHS HIBUAKOCTI
TEINVIOBUAIJIEHHA Y FIRE DYNAMICS SIMULATOR

BusBrneHo 0COOMMBOCTI METONIB MOJICIIOBAHHS INBHIKOCTI TeruioBuuiieHHs y Fire Dynamic
Simulator. [TopiBHAHO 3MiHY IIBHAKOCTI TEIUIOBHIIICHHS V 4Yaci B 3aJIGKHOCTI Bill METOIY MOJEIIO-
BaHHS Ta MPAKTUYHO Peali3oBaHO METOJU Ha MPUKIIAJl TUIIOBOTO MPUMIIIICHHS JUISl BUSIBICHHS BILIUBY
IIBUKOCTI TEIUIOBUAIEHHS HA PO3BUTOK HeOe3meyHnX YMHHMKIB moxkexi. [1ig wac 3actocyBanns Fire
Dynamic Simulator mims mocmimkeHHsS HeOE3NEYHNX YHHHHKIB Y TTOBHOMY O00CS31 HE 3pPO3YMLNIO, SKE
3HAYCHHS MIBHIKOCTI TETUIOBHIUICHHS CJIiJ] BUKOPUCTOBYBATH IPY BUBYCHHI JWHAMIKHA PO3BUTKY I10-
JKEXi, 1[0 BIUTUBAE HA OI[IHIOBAHHS OTPUMAHMX PE3yJIbTaTiB. BUSBICHHS 0COOIMBOCTEH KOXKHOTO 3 Me-
TOZIB HAAACTh 3MOTY €(peKTHBHO 3aCTOCOBYBATH iX 3 METOIO 3a0€3MeUCHHS PiBHS MOXKEXKHOT Oe3mexu. B
pe3ynbTaTi MOPIBHSIHHA 3MIHA MIBHAKOCTI TEIIOBUIUIEHHS Y 9aci B 3aJIe)KHOCTI Bil METOAY MOJEIIO-
BaHHs po3po0iieHO Kiacudikallito MeToaiB MoaeatoBanHs. [1in yac nmpakTUUHOI pearizallii METOIB Ha
MPHUKJIAJi TUIIOBOTO MPHUMIIIIEHHS BCTAHOBJICHO, 110 MPH 3aCTOCYBAHHI MEPIIOr0 METO/1a MOJICITFOBaHHS
y TIOPIiBHAHHI 3 APYTHUM, ITiIBHINEHHS TeMITepaTypH Hapi3HUX IHTEpBaNIax dacy 3pocTae mBumme y 1,5—
3 pasm BignosigHo. Ilix gac aHamizy BTpaTH BUIUMOCTI, BCTAHOBIJICHO, IIO NPH BUKOPUCTaHHI CTaJIOl
IIBUAKOCTI TEIUTIOBHUIIJICHHS 3HIDKEHHS BHUAMMOCTI Ha Pi3HUX IHTEpBallaX 4yacy JOCATAETHCS IIBHIIIIE,
HIK TP IMIBUAKICTH TEIUIOBHIICHHS, KA 3MIHIOETBCS Y Yaci, BiamoBigHo y 1,6—3 pasu. Ilig yac anari-
3y 3HIKCHHSI KOHIIEHTPALlii KHCHIO BCTAHOBJICHO, 1110 IIPY 3aCTOCYBaHHI MEPIIOr0 METOIY MOJIC/TIOBaH-
H$l, 3HAYCHHSI KOHIIEHTPALil KUCHIO Y MOBITpPi 3HMXKYEThCs y 1,2—1,6 pa3iB mIBHIIE HA Pi3HUX iHTEpBa-
JlaX 4acy y MOPIBHSHHI 3 TIOKa3HUKAMH JPYroro METoay. 3aBIIIKH BUSBJICHUM OCOOJIMBOCTSIM KOKHOTO
3 METO/IIB MOJICTTIOBAHHSI PO3p00JIeHI pekoMeHalliil oo ix Bukopuctanus y Fire Dynamic Simulator.
Ile Hamae 3MOry €(PeKTUBHO 3aCTOCOBYBATH METOJM Ta MPOBOIUTU OILIHKY PE3YJIbTATIB 3 MPUHHATTIM
MOIABIIUX PIllIEHb /s 3a0€3eUeHHS HaJIe)KHOTO PIBHS MOXKEKHOT OS3MEKH.

KiarouoBi cioBa: IOCIIKEHHS MOXKEX, MOKEKHA Oe3IeKa, IIBUIKICTh TEIUIOBUILIECHHS, Fire
Dynamics Simulator, PyroSim

1. Beryn

Marematuyna Moneib Ta po3paxyHkoBuil ko Fire Dynamics Simulator (FDS)
po3pobiieni y HarmionanmeHOMy iHCTHTYTI cranmaptiB Ta texHosoriii CIHIA (NIST).
FDS — nporpamue 3a0e3neueHHs, 1110 BUIbHO PO3MOBCIOIKYETHCS 1 MOCTIHO PO3BUBA-
eTbes. FDS mmpoko 3acTOCOBYETHCS SIK [UIs1 BUPIIIEHHS IPAKTUYHUX 3aB/IaHb (IIPOTHO3
Hebe3neuyHuX (hakTopiB MOXKEXKi, MITAHYBaHHS €BaKyallil, OI[iHKa BOTHECTIMKOCTI KOHC-
TPYKIIiid, BU3HAUEHHS O€3MEYHUX BiJCTaHEU, PO3CIiAyBaHHS MOXKEXK Ta iH.), TaK 1 B Ha-
YKOBHX JIOCJIIJDKEHHSIX.

Pesynbpratin monsoBoi mozaeni FDS moxyTe OyTu BUKOpUCTaHi [yl 3a0e3MeueHHs
MOXEKHOI Oe3mekn OyiBenb MiJ 9ac MPOEKTYBAaHHS Ta BU3HAYCHHS PIBHS MOMKEKHOI
Oe3neku icHyrounx OyniBenb. [loxkexkHa Oesrnexa OymiBenb MOJIATa€ y BUKOHAHHI JABOX
YMOB, 10 3a0e3meuytoTh Oe3leKy JroAel Ta 30epeKeHHS LUTICHOCTI KOHCTPYKIINA. Y
MEpIIOMY BHIIAJIKy OCHOBHMHU 1HTEpEC MPEACTAaBIISE€ MPOTHO3 Yacy OJOKYyBaHHS IUIAXIB
eBaKyallii, 10 BU3HAYAETHCS JOCSITHEHHS TPAHWYHUX 3HAYCHb HEOE3NMEUYHUX UHMHHUKIB
MOKEeX1. Y IpyroMy BHUIAIKy 3a0e3MedeHHs IIUTICHOCTI KOHCTPYKIIIN nepeadavae, 1o He-
Cydi KOHCTPYKIIii PUMIIIEHHs TOBUHHI 30epiraTté cBOi BIACTUBOCTI MPOTATOM TPHUBAJIOTO
qacy (0 KUIbKOX FOJIMH) B YMOBaX, XapaKTEPHUX JUIsl PO3BUHEHOI MOBHICTIO MOKEXKI.
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[Ipu BuOOpI clieHapil0 MOXIIMBOI MOXKEXI BAKIMBY POJb BIAIrpae BHU3HAUYCHHS
napamMeTpiB BorHuia. KoHIeniis mpoeKkTHOI MOXKeX1 MOJsITae y TOMY, IO JIJIsl OTUCY
JUHAMIKH OCEpPEeKy MOKeXi BUKOPUCTOBYIOTh HANepe[ 3a/1aHi 3aIeKHOCTI IBUIKOCTI
TeIUTOBU/IIJIEHHS y Yaci. TakuM YMHOM, KOHIICTIIiSl MPOSKTHOI MOXKEX1 MOJSATaE B ampi-
OpHOMY 3aBIaHHI HMIBUIKOCTI TEIUIOBHIIJICHHS 3 MOXKEKHOTO HABAHTAXEHHS, SIKE BiI-
OyBa€ThCS B pe3yJIbTaTi TEPMIYHOTO PO3KIIAJaHHS TBEPOTO MajiiBa a00 BUITAPOBYBaH-
HSl TAJIMBHOI PiIMHU. BiJ MIBUAKOCTI TEIUTOBUIUICHHS 3aJICKUTh TUHAMIKA PO3BUTKY
HeOe3MeYHNX YMHHUKIB M0KEXK1 Ta BIUIUB IMOBHICTIO PO3BUHEHOI MOKEX1 Ha CIIPOMOK-
HICTh HECYUHX KOHCTPYKLIN 30epiraTi CBOO IUTICHICTb.

Takum yuHOM, TpoOiieMa e(EeKTUBHOIO BUKOPUCTAHHS METO/IB MOJEIIOBAHHS
MIBUAKOCT] TETUIOBHUIIJIEHHS TMPU JTOCIIKEHHI PO3BUTKY MOXKeXkK 3a nonomoror FDS e
aKTyaJbHOIO.

2. AHaJi3 JiTepaTypHUX JaHUX TAa NOCTAHOBKA NPodJjieMu

VY poGorTi [1] mpoBeneHo aHaMI3 PIBHS MOXKEKHOI HEOE3MEKH B TYPTOXKHUTKY YHIBEP-
CUTETy 3 BHUKOPUCTaHHAM Pyrosim. JlocimimkeHo po3BUTOK HEOE3MEUHUX YMHHUKIB I10-
KeXI1 MPU YMOBAx KOJIM BCI BIKHA Ta JABEP1 BIIUYMHEHI, 1 MOPIBHSAHO iX 3 YMOBaMH, KOJIH
KiMHATa, y SIKid BUHUKJIA MMOXKEXKa, MaJla 3aKPUTi BikHA. Tak0oX MPOBEIECHO PO3PaXyHOK
Jacy eBakyallii 3 Oy/iBJi TYpTOXUTKY, SKuil nopiBHioe 164,8 c¢. Hamano pexomenmariii
10710 00’ €MHO-TIIAaHYBAJIHUX PIllIeHb, @ caMe, IIMPUHA BUX1THUX JABEpeH MOBUHHA OyTH
3a0e3reueHa He MeHIle 3 M, a IIUPUHA CXOAIB — He MeHIe 1,75 M. Alie He 3po3ymiiio, K
3pocTajia MBUAKICTh TEIUIOBUIUIEHHS! YMOBHOI MOKEX1, YU 3MiHIOBaNIack, adbo Oyia moc-
TIAHOIO, 1110 € HEJOJIIKOM IPH OLIIHIOBAaHHI Pe3yJbTaTiB MOJICIIOBAaHHS PO3BUTKY HEOe3-
MEYHUX YNHHUKIB TIOXKEX1 1 BU3HAYCHHS O€3MEYHOT0 Yacy eBaKyarlii.

ABtopamu [2] cTBopeHa iH(opMariiitHa Moiens OyIiBiIl Kopiycy Konemky. [Ipo-
MOJIETThOBAHA TOXKEXkKa, BPAXOBYE MICIE pO3TalllyBaHHS JKEpesia BOTHIO, THUI 3POCTaH-
Hs BOTHIO Ta MaKCUMaJIbHY IIBHJKICTh TEIJIOBUIIJICHHS 3a JONOMOror PyroSim i
Pathfinder. Pe3ynbratin MonenoBaHHs MOKa3ylOTh, 10 33JUMJIECHICTh Ha CXOAaX Mep-
1IOro0 1 APYroro MmoBepxy AocAria KPUTHYHO AOMYCTUMOro 3Ha4yeHHs, Ha 63 ¢, 1 76 c,
Bi/moBiHO. He3Baxaroun Ha BiTHOCHO BEIIMKY BiJICTaHb BiJI MOXEXI1 B KJIACl, 3aIUMIIe-
HICTBh CXOJIB JIPYroro MOBEpXy JocsAria KpUTUYHOI BucoTu Ha 123 c, mo 3ab10KyBajo
cxonu. Cepell YOTUPHOX €BaKyallliHUX BUXOJIB Ha 86 ¢ OyJi0 3a0J0KOBAHO MEPIIHA
BUXiJ. [HIIII BUXOJM Ta CXO/M Ha MEPIIOMY MOBEPCi Oy YaCTKOBO OJIOKOBaHi, ajie BCe
11e 3a0e3nevuyBajii eBaKyaliiHy CIpoOMOXKHICTh. Hemomikom € Te, 110 y JOCHIKeHH] He
BUCBITJICHO, JUHAMIKY PO3BUTKY IIBUIKOCTI TEIUIOBUJIIJICHHS, IO MA€ BIUIMB Yac 0Jio-
KyBaHHS IIUISIXIB €BaKyallii HeOe3MeYHNMH YHHHUKAMU TTOKEXKI.

VY po6oTi [3], ik 00’€KT B34TO 3arajbHy MOJIeNb aBTOOyca, a mporpaMHe 3ade3re-
4yeHHs Pyrosim BUKOPUCTAHO, SIK IHCTPYMEHT TSl peaizariii cuMyJsmii moxexi. [Lnsxom
JOCHIJIKEHb BCTAHOBJICHO, 110 TOXeka aBTo0yca Ma€e CBOT OCOOIMBOCTI, SIKI MOXYTh MO-
JKHA PO3AUTMTH Ha YOTHpH CTajii. [IpoBemeHo aHami3 pO3MOBCIOKEHHS HEOE3MeUHNX
YMHHMKIB TIOKEXK1 Ta TerioBoi motykHocTi. [1ix yac mocmimkeHHs: O0yJ0 BCTaHOBJICHO,
10 3aCTOCYBaHHS MPOTPAMHOTO 3abe3redueHHs Pyrosim Mae meBHI OOMEKEHHS B MOJIC-
JIFOBaHHI CHUMYJIAIIT aBTOMOOLTBEHOT TIOYKEXK1. Ajie pe3yabTaTH JOCTIKEHHS MOXYTh CITy-
JKATH JOBIIKOIO JJISL OIIIHKKA aBTOMOOUILHHX IOXKEXK 3a JOIIOMOI'0OI0 MOZCIIOBaHHS. Jloc-
JAHUKAMHU OTPUMAHO 3aJIKHICTh TEIUIOBOI MOTYXHOCTI Y Yaci, ajie He 3pO3yMLJI0, SIKUH
METOJ] MOJICTIOBAHHS MIBUIKOCTI TETUIOBHIUICHHST oOpanuil mpu cumysssimii. [licms 200
CEKYH/IM IIBUAKICTh TETUIOBUJILJICHHS CTaja HE3MIHHOIO, 1110 B CBOIO YEPry € HEJOJIKOM,
OCKUTHKH BIUIMBAE HA aHAJII3 PO3MOBCIOKCHHS HEOC3MEUHNX YNHHUKIB TIOXKEKI Y MOJIETI.

Aptopamu [4] mgocnijpkeHO OyIiBIIO BEIMKOTO TeaTpy, 3 MICTKICTIO TOHA
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1500 oci6. IToGynoBano 3D Mozaens TeaTpy Ta BUKOPHCTAHO MPOTpaMHe 3a0e3MeueHHs
Pyrosim 1 Pathfinder qyist MoaentoBaHHST pO3MOBCIOIKEHHSI HEOE3MEUHUX YNHHHKIB T10-
KEXI Ta eBaKyallli mepcoHally y BHMAIKy MOXkexi B Oyzimi. [TouaTkoBi yMoBH Moze-
moBaHHa PyroSim oOpani HactymHi: Temmeparypa moBiTps 20 °C, BiIHOCHa BOJO-
rictb 50 %, mBuakicts BiTpy 0 M/c, armocdepuuit Tuck 101325 Ila. 3a uiei ymoBH Bij-
OyBasnocst MoaenmtoBaHHs moxkexi mpotsirom 600 c. [IpoananizoBaHO PO3BUTOK KOHIICH-
Tpalii 4aJHoro ra3y, BUJUMICTh Ha NUIAXaX Ta €BaKyallliHUX BUXOJax, Ta TEMIIepaTy-
py y nmpumimeHHsax. J[o HeIoMKIB CIi BITHECTH, IO Y poOOTI HE 3a3HAYEHO, sIKa 00-
paHa Mo’Ke)KHa HAaBaHTara, y TOMYy YMCIi IIBUAKICTh Ta TWHAMIKA 3MIHU TETIOBUALICH-
HS, 110 BILUTUBAE HA PO3PaxXyHOK PO3BUTKY HEOE3MEUHUX YMHHUKIB MTOKEXKI.

VY poborti [5] 3Moaenb0BaHEe MOXKEXKY Ha CTOSIHII JIJisi JISTKOBOT'O TPAHCIOPTY 3a
noromororo PyroSim. J[ns moskexHOi HaBaHTaru oOpaHO MaKCHMAaJbHY MOTYXHICTb
noxexi 4 MBT, Ta 3MiHy HMIBHIKOCTI IPUCKOPEHHS TEIUIOBUIUIEHHS, SIKa JIOPIBHIOE
0,044 xB1/c?. Tun po3BUTKY BOTHIO — IIBMAKKHA. OLiHIOBAIKMCH apaMeTPU BUAUMOCTI,
KOHLEHTpALlil YaJHOro rasy, Ta TeMiepaTypu. BuzHaueHnuil nocTynHuil yac eBakyaili,
sakuit ctanoBUTh 190 c. Asie He 3pO3yMisio, 3 IKUX MIpKyBaHb OOpaHO caMme IIfO IIBH/I-
KIiCTh TETUTOBHUIIJICHHS, KOJIM BOHA JIOCATAE MIKOBOTO 3HAUCHHS, UM 3AJIMIIAETHCS BOHA
CTaJIOIO, YU TOYMHAE 3HIKyBaTucs. Lle B cBOIO uepry BIUTMBa€e Ha pe3yibTaTH 3HUKECH-
HSI BUJIMMOCTI, KOHIIEHTpAIil KHCHIO Ta IHIIMX HEOE3MEeUHWX YMHHHKIB moxexi. [le €
HEJIOJIIKOM JIJIsl OIIIHKH Pe3yJIbTaTiB MOJCIIIOBAHHS Ta MPUHHATTS BIAMOBIIHUX 3aX0JIiB
JUTSL T ABUIIEHHS IT0KEXKHOI OE€3MEKN.

VY po6oTi [6] moOy10BaHO MOJIEIh PO3MOBCIOIKEHHS MOXKEXK] Ha JIICOBUX JIOPOTax
3a JJOTIOMOT'OI0 MPOTPaMHOTr0 3a0e3MeyeHHs] TUHAMIYHOTO PO3BUTKY MOkexki PyroSim.
[TapameTpu mociimpKeHHsT BpaXxOBYBaJIU CXHJIA Aopir 25 ©, 35 © ta 45 ©, MIBUIKICTH BIT-
py 1, 2,5 Ta 4,5 m/c Ta mupuHy JicoBoi goporu 2 , 4,5 i 6 M. Sk moxexy 0yso oopaHO
CTPIYKY BOTHIO JOBXHMHOIO 12 M i mmpuHoo 6 M i Terosuainenns 4,6x104 kBt/m?,
10 BiATIOBiIa€ cepeHbOI IHTEHCUBHOCTI. METOI0 TOCIIKEHHS OyJI0 BUBUCHHS BOTHE-
130JTF0F0YO1 37JTaTHOCTI PI3HUX JIICOBUX JOpPIT. AJie aBTOpaMu HE 3a3HAYCHO, K CaMe
3MIHIOBAJIaCh IIBUJKICTH TETJIOBUIIICHHS y Yaci, BiJ SIKOI 3aJIEXKHUTh TeMIepaTypa ro-
PIHHS B p13HUHM MPOMIKOK Yacy, TOMy HE MOKJIMBO OCTaTOYHO CTBEPKYBAaTH MPO JOC-
TOBIPHICTh OTPUMAHUX PE3YJIbTATIB.

ABTOpamu [7] mpoBeAEHO MOPIBHSHHS E€KCHEPUMEHTAIBLHUX PE3YJIbTATIB TOPIHHS
MO’KE)KHO1 HABAaHTard y BUTJISAII TKAHOI CTPIYKH, Ta BIAMOBIIHOI CTBOPEHOI MOJCHTI Y
Pyrosim. BcTanoBiieHo, 1110 31 301IbIIEHASIM Yacy TOPIHHS €KCIIEPUMEHTAIBHOI Ta MOJIe-
JILOBAHOI JUISTHOK, 3pDOCTaHHS TEMIIEpaTyPU B OCEPEIKY MOKEX1 MPUMTUHIIIOCS Ha 12-i1 XB.
BiJl mouyaTKy 3aiimanHs. Temmepatypa cranoBmia 720 °C/731 °C, mio nepeBHIye e mo-
Ka3HUK Ha 2-U xB. Ha 76,39 %/70,73 % BignoBigHo. BkazaHo, 110 mapaMeTpu roprouoi
PEYOBUHM, 3aBaHTAKYBAIHCH 13 0i0mioTek PyroSim. Ane He 3a3HadeHO, sIK 3MIHIOBAIACh
HIBUJIKICTh TETIOBUIUICHHS y Yacl MPU MOJEIIOBAHHS TOPIHHS, sIKa MA€ BJIMB Ha TEMIIe-
parypy, 110 BUMIpIOBaJach Mij 9ac eKCIepUMeHTy. ToMy HE MOKHA y TTOBHOMY 00Cs31
MIATBEPAUTH JOCTOBIPHICTH OTPUMAHUX PE3YIbTaTIB MOJICTIOBAHHS.

VY poGorti [8] BUKOHAHO MaTeMaTHYHE MOJEIIOBAHHS PO3BUTKY MOXKEXI y TPHUIIO-
BEPXOBIi KUTJIOBIM OYy/IBII1 IPU MPOBEICHHI B Hill MOBHOMACIITAOHUX MOXKEXHUX BU-
npoOyBaHb. JlOCHiKEHO MapaMeTpu TEeMIEPaTypHUX PEKHUMIB MOXKEXKI B OKPEMHX
MpUMIILIEHHSIX OyniBm. s po3paxyHKy TeMmepaTypd y MOACISIX MPUMIIIEHb 13 IMO-
KEKEI0 3aCTOCOBYBAJIACsl KOMIT IOTEpHA cucteMa Pyrosim. ABTopamu 3a3Hau€HO IIBH-
nKicTh TeruoBuainenns 1907 kB1/mM?, ane He 3p03yMino, 3 SKOI IUIONI MOXKEXKI, Ta AK
BOHA 3MIHIOETBCS y Yaci MpU MPOBEACHHI eKcrepuMeHTy. OTxe, He MOXKJIMBO TTOBHO-
IIHHO CTBEP/IXKYBATHU PO IOCTOBIPHICTh OTPUMAHUX PE3yJIbTATIB.
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VY pobGoTi [9] mpoBeneHo AOCHIIKEHHSI KOHCTPYKTUBHHUX IapaMeTpiB IMPOTHUIIO-
KEKHUX KapHU3IB 7S 3a100IraHHs MOIIUPEHHIO MOXKEeX1 (pacaTHUMU KOHCTPYKIIISIMH
BUCOTHHMX OyJMHKIB. B AKOCTI MOKEKHOTO HAaBAaHTA)KEHHSI, a cCaMe TOPIOYOro MaTepiary
B KBapTUpP1 00paHO 3aiiMaHHs MIHOMOJIIyPETaHOBOTO BUPOOY (3a3BUYail CTAHOBUTH 60—
70 % cxmany nnst M skux MeOmiB) Ta mepcTi. [loxexka BUHUKAE B IIEHTPl KIMHATH Ta
YMOBHO PIBHOBIJaJIeHa BiJl yCiX CTiH NPUMIIICHHS, MOXKEKHE HABAHTAXKECHHS SKOTO
CTaHOBHTH 365 KBT/M? i3 MakCMMallbHOKO Temreparyporo ropians 1190 °C. ITomupen-
HIO TIOJlyM sl 10 TIOBEPXHI KiMHaTH BinOyBaeThcs 13 mBuakicTio 0,22 m/c. 3aranpHa
TPUBATICTH po3paxyHKiB craHoBmiIa 600 c. HemonmikoM € 3HEXTYBaHHS TUIOLIEIO TTOKE-
K1, OCKIJIbKU BiJl OTO 3aJIEKUTh 3HAYEHHS TEIUIOBUIIICHHs. TakoX He BHCBITIICHO,
JIO SIKOTO 4acy BiAOyBasiOCs MiJBUIICHHS IIBUIKOCTI TEIJIOBUIIJICHHS, TOMY OIlIHIOBA-
THU pe3yJbTaTH, K OJIU3bKI 0 PEaJIbHUX Y MOBHOMY 00CS31 HE MOKIIMBO.

Aptopamu [10] mociimkeHo Yac po3BUTKY HEOE3MEYHUX YMHHHUKIB 1] YaC BUHU-
KHEHHSI TIOKEX1 y mpuMilleHi Oyaimi 3a gonomoroto Pyrosim. PesynbTatn monemnto-
BaHHS TIOKA3aJiu, 10 Yac OJIOKyBaHHS IUISAXIB eBakyarlii y 6i0mioreni ckiamae 280 c, 3
MOTYKHICTIO MoXxexi 4 MBT, a B mpuMIIIeHH] YU TAIBHOTO 3a1y 126 ¢, Mpu MOTY>KHOCTI
noxkexi 8§ MBT. IlIBuakicte 3poctanHs moxexi BcraHoBieHO 0=0,04689. ¥V noci-
JUKCHHI He BUCBITJICHO, sIKa TUIOIIA TOPIHHS BPaXOBYBaIACh, Ta JI0 SKOTO Yacy 3pocTaja
HIBUJKICTh TEIJIOBUIIJICHHS, 1 UM BOHA 3aJIMIIIAJIACS CTAJIOK0 MIC/sS JOCATHEHHS IIKOBOI
MOTYXHOCTI, Y1 3HI)KYBajach HE 3p03yMijio. OTKe OLIHIOBAaTH JOCTOBIPHICTh PE3YJib-
TaTiB, 010 OJIOKYBaHHS NUISIXIB €BaKyallil y TOBHOMY 00Cs131 HE MOKJIHMBO.

3 ananizy nocmikeHs [1-10] BcTaHOBIEHO, 110 Y MEpeBaXKHIN OUTBIIOCTI HAYKO-
BUX Mpallb HE 3a3HAYEHO, SIK€ 3HAYCHHSI IIBUKOCTI TEIJIOBUALIEHHS BUKOPUCTOBYETh-
Csl Ti/T 9Yac MOJICITIOBAHHS Ta SIKUM YHMHOM 3MIHIOETHCS Y Yaci, UM 3MIHIOEThCS B3aralii.
Ile € cyTTeBUM HENONIKOM MpPH JOCIIHKEHHI JUHAMIKA PO3BUTKY IMOXKEXKI Ta OIIHIO-
BaHHI OTPUMAaHMX PE3yJIbTaTIB.

TakuM YHHOM, HEBUPIIICHOI YAaCTHHOI PO3TJSHYTOI MPOOJIEMH € BUSBIICHHS
ocobymBocteit MeroaiB FDS, mo m103BoauTh €heKTUBHO JOCTIIKYBATH PO3BUTOK IIO-
KeX 13 3a0€3MEeUCHHSIM HAJICKHOTO PIBHS MOXKEXKHOI Oe31eKku OyIiBelb.

3. MeTa Ta 3aaa4i J0CJTiIKeHHA

MeToro IOCIIHKEHHS € BUSABICHHSA OCOOJIMBOCTEN METOIB MOJIEIIOBAHHS IIIBHU/I-
kocTi TeruoBuauieHHs y Fire Dynamic Simulator. Ile no3Bonuth epexTuBHO 3acTocy-
Batu Fire Dynamic Simulator mig yac mpoBeneHHs TOCIIHKEHHS PO3BUTKY TOXKEK Ta
BUBYCHHS PO3BUTKY HEOE3MEUHUX YMHHHUKIB MOXKEXI1 JUIs SIKICHOTO OIIIHIOBAHHS piBHS
[IOXKEXKHOI OE3IEKH.

JInst MOCSATHEHHSI METH OYJIM ITOCTaBJICHHI HACTYITHI 3aBIaHHS:

— TOPIBHATU 3MiHY MIBUAKOCTI TETJIOBUAUIEHHS y Yaci B 3aJIe)KHOCTI BiJl METOY
MOJIETFOBAHHS,

— IPAKTUYHO peajli3yBaTH METOMM MOJCIIOBAHHS IIBUIKOCTI TCILIOBUIIJICHHS Ha
MIPUKJIAJII TATIOBOT'O MPUMIIICHHS ISl BUSBJICHHS BIUIMBY IIBHJIKOCTI TCTUIOBHIUICHHS
Ha PO3BUTOK HEOE3MEUYHNX YMHHHUKIB TTOKEXKI.

4. Marepiajm Ta MeTOIH T0CTiTKEHHS

O0’€KTOM IOCIIKEHHSI € METOAA MOJIEIIOBAHHS IIBUAKOCT] TEIJIOBUIIJIEHHS Ta
iX BIIJTMB HA PO3BUTOK HEOE3MEYHNX YMHHUKIB TIOKexi. [Ipenmer mociimkeHHs: — 0co0-
JUBOCTI METOJIIB MOJCIIFOBAHHS IIBUIKOCTI TeruioBHAUIeHHS y FDS mpu mpocmimkeHH1
PO3BUTKY TTOKEK.

OcHOBHa TifoTe3a MOJISATAaE B HASSBHOCTI BIJIMIHHOCTEH B pe3yJbTaTaX MOJEIIO-
BaHHS IMBUAKOCTI TCIUIOBUIUICHHS 3 BUKOPHUCTAHHIM pi3HUX MeToiB. [Ipu 1iboMy BU-



ISSN 2524-0226. Mpobnemu Haa3BuYanHUX cuTyauin. 2023. N 1(37)

KOPHCTaHHS HEHAJE)KHOTO METOAY MPHU3BOAWTH IO MOXWOKM 3HAYECHb HEOE3MeuHUX
YUHHUKIB MMOXKEX1, 1 K HACIIJOK HEBIAMOBITHOT OI[IHKU PiBHS MOXKEXKHOI OE3MeKH.

JlocnipKeHHsT TPOBOJMIN METOJIOM KOMIT FOTEPHOTO MOJIENIOBAHHS 13 BUKOPHC-
TaHHSAM IporpaMHoro anaparHoro 3aco0y Fire Dynamics Simulator (CIIA), kopucty-
10uch iHTepdeiicom PyroSim (CHLIA).

5. Pe3yabTaTu BUSIBJIEHHSI 0COOJIMBOCTEl MeTOIIB MOJEJTIOBAHHS IIBUIAKOCTI
TEeNJIOBUIJICHHSA

5.1. IlopiBHAHHSA 3MiHM HIBHAKOCTI TEIVIOBMALICHHA Y Yaci B 3aJ1e5KHOCTI Bil
MeTO/y MO/IeTIOBAHHS

PosrisparoTeest METOIM MOJIEIIOBAHHS FOPIHHA Y ra301oAi0H1N dasi.

[lepmnii MeTo1 MOAETIOBAHHS.

[Tpu Bukopucranxi poro metoga HRR 3poctae 10 MmakcuManbsHOTro 3HaY€HHS Bijl
Mepiioi CeKyHAM 3 TMOYaTKy MojentoBaHHsA. OCOONMBICTIO € KOpEryBaHHS 3HAUYCHHS
HRR mporpamoto, sika BpaxoBye€ IUIONLy TOPIHHA Marepiany. 3 METOI OTpUMAaHHS He-
o0xiaHo1 mBUAKOCTI TeruoBuauleHHS HRR, sk pe3ynbrary, moTpiOHO BpaxoBYyBaTH
napamerp HRRUPA Ta mionry ropiHHs, OCKUIBKHA MporpamMa CaMOCTIMHO pO3paxoByeE
ocraroune 3HaueHHs HRR. Ha puc. 1, HaBeneHO 3aneXHICTh MIBHIKOCTI TETUIOBHU/II-
nenns, BpaxoByroun napamerp HRRUPA, sixuii nopisaroe 10xkB1/m?-¢. ITnomma ropinas
BianoBinHO ckinagae 0,4 m>. BignosigHe crane 3HauenHss HRR nopiBHtoe 1,5 kBT.

3 4

IIIBHAKICTE TeITOBHIITeHHA (KBT)

0 5 10 15 20 25 30 35 40 45 50 55 60
Yac (c)

Puc. 1. I'padik mocTiiiHOT IIBMAKOCTI TeNIOBHIIJIEHHS, IKa He 3MiHIOETHCA Y Yaci

[Tiq yac MozeMIOBaHHS Ha MPOTS31 MEPIIMX CEKYH]I pO3pPaxyHOK MpPOoLeCy TOpiHHS
KOPETY€EThCSl KUIBKICTIO KUCHIO Y TPHUMIIIEHHI 1 MOXJIMBAa HEBEIUKa PO301KHICTDH
(puc. 1, 2), Bix makcumanbHoro 3HadeHHss HRR. Jlani, Ha mpoTs31 ychoro yacy moje-
moBaHHA 3HaYeHHsT HRR 3anuimaerbcst mocTiitHUM, Ta HE 3MIHIOETHCS Y Yacl.

Ha puc. 3 naBeneno 3anexnicte HRR, BpaxoByroun mapamerp HRRUPA, sikuii
nopisaoe 10 kBt/m?-c, Big miomi ropiHHs. YV IbOMY BUIAAKY IIOINA TOPIHHS CKJIa-
nae 2 M2, omxe HRR mocriiina, Ta nopiBaioe 20 kBr/m?.

HaBenenuii Meton MoenmoBaHHs 103BOsIE 3aAaBaTH NocTiiiHy HRRconst, ¥ 9aci.
[Ipu bOMy BpaxoOBYETHCS IUIOIIA IMOXKEXKI, BiJ SKOI 3aJ€KUTh OTPUMAHHS TEIJIOBOTO
pe3ynbTaTy 3HaueHHs HRR. B cBoro yepry mis orpumaHHs HEOOXITHOTO 3HAYEHHS
HRR HeobxigH0 BukopucroByBatu napamerp HRRUPA, nis po3paxyHKy sikoro notpi-
OHa iH(popMallis PO TUTOMY MacOBY HIBUAKICTh BUTOPAHHS Ta MUTOMY TEIUIOTY 3Tr0-
PaHHs PEYOBUHMU, 110 JOCIIJIKYETHCSL.

Jpyruit MeToq MOJeTIOBaHHS.

VY npyroMmy BHIagKy MOJIETIOBAHHS TakoX BUKOPUCTOBYETbCSI HRRconst, sike HE
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3MIHIOEThCS ¥ vacl, ane miaBuiieHHs HRR 3a Bkazanuil mpoMipKOK 4acy J0 MiKOBOTO
3HauYEHHs Oy/Ie 3pOCTaTH 33 KBAAPATUIHUM 3aKOHOM.

90+
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404 F
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251 .
204 &
154 4
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0 5 10 15 20 25 30 35 40 45 50 55 60
Yac (¢)
Puc. 2. 3ajexkHicTh IIBUAKOCTI TerioBuaijieHHs, BpaxoByouu napamerp HRRUPA, saxwuii
nopisuioe 10 kBr/m?-¢, Big nuiomi ropinus

ITIBHAKICTS TeMTOBHALICHHA (KBT)

[Tix yac MonentoBaHHs UM MeToa0M ciiif 3a3HadyaTd HRR 1 Takox BpaxoByBaTu
101y ropiHHsA. BifmoBigHe 3HaUYeHHS Yacy, 3a Kyl BinOyBaeThcs 3poctanHs HRR no
MIKOBOI'O 3HAYEHHsI CNIiJl OOMPAaTH Ha OCHOBI PE3yJIbTaTiB €KCHEPUMEHTAIBHUX HOCHI-
JUKeHb 3TOpaHHS PI3HOMAHITHHX PEYOBHH Ta MatepianiB. Ha puc. 5 HaBeneHO BiAmo-
BimHe 3poctaHHs HRR mo kBampaTnyHOMy 3aKOHY, Bl MOYaTKy TOPiHHS 0 MIKOBOTO
3HaveHHs, ke ckiagae 10 kBt 3 mwiomi ropinas 2 M2, npotsarom 20 ¢, Bia moyarky Mo-
nemoBanHs. 3HauenHss HHRUPA BianosinHo ckianae, 5 kBt/m?-c.

204

—- =
< wn
1 1

IIIBHaKicTE TewIoBHALIEHH (KBT)
wh
1

0 -
0 5 10 15 20 25 30 35 40 45 50 55 60

Yac (c)
Puc. 3. 3pocTanHs MIBUAKOCTI TeNJIOBU/IJIEHHS 10 MiKOBOT0 3HAYEHHS M0 KBAAPATHYHOMY
3aKOHY

B nanomy npuknani, HRR nocsirae mikoBoi moTy>KHOCTI B TOIf MOMEHT 4acy, SKUA
BKa3y€eThCs] CAMOCTIHHO, 1 ]l 3aJIMIIAETHCS HE3MIHHUM.

Tperiii MeTOT MOICITIOBAHHS.

[Ipu BUKOpHUCTaHHI LILOTO METOJA, TAaKOX 3aCTOCOBYETHCS HRRconst, 3 MOBepXHI
ropinHs. Asne ocobnuBicTio € Te, mo po3BuTok HRR y waci perymoerbes 3a paxyHOK
MIOIIMPEHHS MIBUIKOCTI TOJYM s 110 TTOBEPXHI ropiHHA. Y 1pomy Bumnaaky FDS camo-
CTITHO PO3paxoBye, SK MBHUIKO 3poctae 3HaueHHss HRR, crmpatounces Ha 3amany Ji-
HIHY HMIBUAKICTh TOMIKUPEHHS NOIyM’sl. Y IIbOMY BHUIAJIKY, IpH po3paxyHKy B FDS Ta-
KO 3aCTOCOBYETBCS 3aKOH t2.
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Ha puc. 4 naBeneno BinnosigHo 3poctanHss HRR no kBajgpatuuHomy 3akoHy, Bij
IOYaTKy TOPIHHA IO MIKOBOrO 3HaueHHs, ke ckiaamae 10 kBt 3 momi ropinnas 2 m2.
[Ipu po3BUTOK MIBUAKOCTI TETUIOBUAIICHHS y 4aci 3HaueHHs 10 kBT oGuuciroerhes
FDS. IlIBuakicte nomupenns noixym’s ckiagae 0,1 m/c. 3nauennss HHRUPA Biamno-
BiJTHO cKkianae, 5 kBt/m?-c.

204

15

IIIBHAKICTS TeMTOBHILTEHHS (KBT)

0 5 10 15 20 25 30 35 40 45 50 55 60
Yac (¢) -

Puc. 4. 3pocTanHs WBUIKOCTI TeMVIOBUAITEHHS MO0 KBAJPATHYHOMY 3aKOHY, BiJ NMOYaTKy
rOpiHHSs 10 MIKOBOT0 3HAYeHHs, sike cKiaagae 10 kBT 3 miowmi ropinns 2 m?

YeTrBepTuil METOI MOJIEIIFOBAHHS.

YerBepTHii BapiaHT € iHAMBIAyasbHUM. Y oMy pa3i kpuBa 3minun HRR y wgaci
3aBIAETHCSA CIUPAIOYMCh HA EKCIEPUMEHTabHI JaHl, OTpUMaHI B pe3yJbTaTl JOCHI-
JDKEHb MPOBEICHUX Yy KaJOPUMETPUYHUX Kamepax. TaKuM YUHOM IMOBHICTIO KOHTPO-
JIOETHCS TIPOLIEC TOPIHHS, a CaMe KOJHU TOYHMHAETHCS TEIUIOBUIUICHHS, SIK 3pPOCTa€E
HIBUAKICTh TETJIOBUAUICHHSM, CKUIBKM TPUBAE MIKOBA MOTYKHICTb TOPIHHS, KOJIUA TO-
YIHA€E 3HM)KYBATUCS, 1 YaC MIOBHOTO BUTOPSHHS.

Ha puc. 5 HaBeieHO NMpUKIIa] MOJICTIOBAHHS PO3BUTKY IMIBUIKOCTI TEIUIOBHIITICH-
Hs y 4aci, BAKOPUCTOBYIOUM 1HAMBIAYaTbHUN METO. SIK MOoKekHy HaBaHTary Oyyo 00-
paHO OKpeMuil mpeameT. BUKOpUCTOBYIOUM eKcrliepMMeHTalbHI AaHi noaadi y [12] Ta
3aCTOCYBaBUIM  pO3paxyHKoBUM  Kanmpkynarop Bin  Thunderhead Engineering
Consultants, orpuMano JaHi s MOOYIOBY KpPWBOi. 3aBISKH IMPOBEICHOMY aHATI3y
KJIacu(p1KOBAaHO METOJM MOJCIIIOBAHHS IIBUJIKOCTI TEIJIOBUAUICHHS Y yacl. PesynpTaTu
nmoAaHi y mogaHo y tabin. 1. HacTymHUM KpOKOM € TIpakTU4YHA peati3allisi METOJIIB MO-
JICITFOBAHHS IIIBUIKOCT1 TETJIOBUIUICHHS HA TIPUKIIA]I TUTIOBOTO MPUMIIIIEHHSI.

5.2. IlpakTuyHa peaJji3aniss MeTOAIB MOJEJIOBAHHSI IIBHAKOCTI TeIJIOBHi-
JIEHHSI HA MPUKJIAi TUTIOBOT0 MPUMIllleHHS

YerBepTHid METOJI MOJICITIOBAHHS € HaWOUIbII CQEKTUBHUM JJIsI BUKOPUCTAHHS,
OCKINBKU JIJIs1 IOOY/I0BU KPUBOI1 3aCTOCOBYIOTHCS €KCIIEPUMEHTAIbHI PE3ylbTaTH, SIKi
OTpUMaHI IIiJ] 9ac JTOCIIDKEHHS TOPiHHS MOXKeKHOT HaBaHTaru. OTke HOTo HEAOUIITLHO
MOPIBHIOBATH 3 IHIIMUMHU METOJaMH. Y JAPYrOMYy Ta TPEThOMY METO/I BUKOPHCTOBYETHCS
noctiina HRR, ane ii migBuIeHHS 10 MIKOBOTO 3HAYCHHS BIOYBAETHCS MO KBaJIpaTH-
YHOMY 3aKOHY 1 PETYIIOETHCS a00 MIBUIKICTIO MPUCKOPEHHS TOPiHHS a00 MIBUIKICTIO
PO3MOBCIOHKEHHAM TToTyM’s1. OTxe mpu oaHakoBoi ctanoro HRR 1 koedirientax npu-
CKOPEHHsI TOPiHHS a00 MIBUAKOCTI MOUIUPEHHSI MOIYM s, 3HAUCHHSA SKUX OyAyTh BiJIO-
BijlaTH oJIMH oaHOMY, 3pocTtanHHs HRR y daci Oynie omHakoBe, BUXOSIYU 3 IIBOTO MOPI-
BHIOBATH 1X HE Ma€ HEOOX1JHOCTI.
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Puc. 5. Ilpukinag MoaeTI0BaHHS PO3BUTKY INIBUAKOCTI TEIJVIOBHAITCHHS Y Yaci, BHKOPHCTO-
BYIOUYH iHAMBIAyaJIbHUH MeTO

Taba. 1. Knacudikauis MmeToiB Moae/I0BAHHS IIBUAKOCTI Temwiopuaiiienss y FDS

Homep metony OcobmuBoCTI ITo3naueHHs
Crajna MBHAKICTG TEIUIOBUILICHHS,
[lepmwmii MmeTon MOaEIIOBaHHSA sIKa He 3MIHIOETBCS Y Yaci Ta 3p0CTae HRR onst

3 MepIoi CeKYHIN MOJICTIOBAHHS
Crajna MBHUAKICTh TEIUIOBUILJICHH,
Hdpyruit MeTo MOJIeIIOBaHHS sIKa 3MIHIOETBCS Y 4aci JIO MiKOBOTO HRR;nst
3HAYCHHS 10 KBaIPATHYHOMY 3aKOHY

Crajna MBHAKICTh TEIUIOBUIIICHHS,
sIKa 3MIHIOETBCSI ¥ 9aci J0 MIKOBOTO
3HAYCHHS I10 KB3JPATHYHOMY 3aKO- HRRY
Hy, 4Yac 3pOCTaHHS BH3HAYAETHCS const,spreadrate
MIBUIKICTh TIOMTUPEHHS TOJIYM ST TI0
MIOBEPXHI FOpiHHS

3MiHHA IMIBHUAKICTh TEIUIOBUILICHHS,
YeTBepTHil METOA MOJEIIOBAHHSL | SIKa 3pOCTA€ Ta 3HUXKYETHCSI HA OCHO- HRRindividual.
Bl JAHMX, 3aJJaHMUX B MOJIEJI

Tperiit MeTOZ MOJICTIOBAHHS

OTxe, IOIIIBLHO MOPIBHATH nepiiuii metoa, 1e HRR mocTiiina Ta He 3MiHIOEThCS
MPOTATOM Yacy i3 APYTUM 200 TPETIM METOJIOM.
BiamosigHo mix 9ac mocimipKeHHsT TPOBOMIIOCs TopiBHIHHS BIUTHBY HRRconst TA

tZ
HRR ... (3pocTae mo kBagpatuyHoMy 3akoH 3 0 110 20 ¢), Ha pO3BUTOK HEOE3MEUHUX

YMHHUKIB TIOKeXi. B mocmimkeHHI 3aBlaHi OJHAKOBI YMOBH JIJIi BUBYCHHS BILTUBY
HRR Ha po3BUTOK HeOE3NMEUHUX YMHHHUKIB MOXKEX1. Sk 00’€KT 3MOJe/IbOBaHE MPUMI-
HIeHHs, po3Mipamu 2,2x5x2,2 M. Y 00’€KTi HassBHUM JBEpHUM MpoiM po3mipamu 2x1 M,
KUl criofyuyeHuid 3 armocdeporo. [lix yac AochipKeHHsST BUMIPIOBAIN TeMIIEpaTypy
(T), Bumumicts (VIS), Ta mrinpHIicTh KUCcHIO (O2) 32 JOMOMOTOIO TATYUKIB, PO3TANIOBA-
HUX Ha BHUCOTI 1,6 M Ou1s ABepHOTrO npoiimy. [Toxexa MOYNHAETHCS 3 MEPIIOT CEKYHIU
MOJIEJTIOBAaHHS, IJI0IIA Mokesxi BinnmosigHo 2 M2. HRR=100 kBt/M?. Yac MoemoBaHHS
t=60 c. CTBOopeHa MojieIb TI0/1aHa Ha puc. 6.

VY tabn. 2 mogaHo BUOIpKY 3HaUeHb y mepiona vacy Bix 0 ¢, 10 60 c, 3 iHTepBagIom
yacy 5c, 3 pO3paxyHKOBUX JaHUX JIOCHIJDKEHHS 3pOCTaHHS Temmeparypu T BiI

HRR v Ta HRR const.

const
AHanizyrouu rpadiki Ha pyuc. 8 BCTAHOBIICHO, 110 TeMIIepaTypa y mepioj yacy 3 1
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o 10 ¢, mpu HRReonst 3pocTae mo 62 °C, mo y 3 pasu Ouibllle, HIXK TeMmIepaTypa Mnpu
HRR

const» OCKUIBKH 3HaYEHHs Temreparypu Ha 10 ¢, 3aIUIIaeTbCs He 3MIHHOKO Bif I1O-
yaTKy mMojientoBaHHs Ta ctaHoBUTh 20 °C. Ha 15 ¢ pi3Huus TemnepaTypu OuIbIE HIK Y
t2

const *

2 pa3u, ta ctaHoBUTH 98°C i1t HRR const, 143°C migs HRR BignoigHo Ha 25 ¢ pi3-

HUL MDK Temneparypamu ctaHoBuTh 44 °C. 3nadenHs temmnepatypu 141 °C s
t2

HRRCconst oCsiTaeTbest Ha 35 ¢ MogentoBanHs, ko anst HRR (o,

TeMmrmeparypa 10 Ta-

KOT'0 3HAYCHHSI M1JBUIIYETHCA JIUIIE HA 55 ¢ MOJIETIOBaHHS, PI3HUIIS Y Yaci BIAMOBITHO
1,5 pa3u. Ha mizcraBi aHamizy 3’sicoBaHo, 1110 npu 3acTocyBaHHSI HRRconst y TOpIBHAHHI

3 HRR {,, [TIBUIIICHHS TEMIIEPATYPH Yy BiIOBIIHUX iHTEpBAN yacy Ginbiue y 1,5-3 pasu.

Puc. 6. CTBOpeHa mojenb AJisl 10CTiI:KeHHsI BIUIMBY IMIBUAKOCTI TeIUIOBU/IiIeHHS Ha Hele-
3MeYHi YHHHUKH MOKexKi

Ta6ua. 2. Bubipka 3 po3paxyHKOBHX JaHMX JOCJTiIKeHHsI 3pocTaHHsl Temmnepatypu T Bix

HRR Y . Ta HRRconst
HRRcons HRR,
Yac, ¢ Temneparypa, °C Yac, ¢ Temneparypa, °C
0 20 0 20
5 20 5 20
10 62 10 20
15 98 15 43
20 97 20 56
25 117 25 73
30 133 30 111
35 141 35 116
40 133 40 128
45 143 45 128
50 143 50 138
55 142 55 141
60 143 60 144

. . . 2
Ha puc. 7 HaeneHo rpadiku 3minn Temneparypu t, Bix HRReonst Ta HRR Y ..
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100 R
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ta HRRE

Puc. 7. 3anexuicTs 3pocTanns teMneparypu y 4aci npu HRR const

VY tabn. 3 mogaHo BUOIPKY 3Ha4YeHb 3 iHTEepBaoM yacy Bia 0 ¢ mo 60 c 3 iHTepBa-
JIOM 4acy S c.

Tadua. 3. Bubipka 3 po3paxyHKoOBUX JaHUX JOCJiI:KeHHS 3HUKeHHs Buaumocti VIS Bix

HRR. . Ta HRR_
HRReons HRR Y .,
Yac, ¢ Bunumicts, M Yac, ¢ Buaumicts, M

0 30 0 30
5 30 5 30
10 10 10 30
15 7 15 20
20 6 20 12
25 5 25 9

30 4,8 30 6,5
35 4,4 35 5,9
40 4 40 4,9
45 4,2 45 4,5
50 4 50 4,5
55 4 55 4,1
60 4 60 4,1

Ha pwuc. 8 momano 3aimeXHICTh 3HIKEHHS BHIUMOCTI y Mozemi, mpotsarom 60 c
tZ

const» 1K@ 3poctae npotsroM 20 ¢, Big 0 g0 miko-

moaemoBaHHsa, 3 HRRconst, Ta 31 HRR

BOI'0 3HAYCHHA.

[Tix wac aHamizy BTpaTu BHIMMOCTI, BCTAHOBIICHO, III0 HA MPOTATOM TMEPIINX 5 C
. . t? . .
BUAUMICTb He 3HMXKYeTbCSA sIK Ui, HRRconst Tax 1 gt HRR . [lonani nporsirom in-

TepBaiy yacy 3 5 ¢, 10 10 ¢, mpu HRRconst BUIUMICTD 3HMKY€ETBCSI HA 20 METpiB, a NpH

HRR |, 3anumaerbcs HesminHowo. Ha 10 ¢ BumuMicTs i3 3acTocyBannsam HRRconst y 3

tZ

const - Ha 20 ¢ MOZEIOBaHHS CIIOCTE-

pa3u MeHIIa y MopiBHSHHI 3 3acTocyBanHsM HRR

. . . . . t?
piraerbcs pizHuLA y 3HKeHH] BUAUMOCTI Tpu HRRconst BimHOCHO HRR ¢ ¥ 2 pasy,
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Ta craHoBuTh 10 M Ta 12 M BignoBigHo. [loripmeHHss BUAUMOCTI 10 5 METpiB Mpu
t? .
HRRconst TocsATaeTbes Ha 25 ¢, y cBoro uepry npu HRR ., Take 3HaueHHs (ikcyeTbCs

numie Ha 40 ¢, mo y 1,6 pa3 6ubiie. Otxe, npu Bukopuctani HRRconst Ma€e micrie cyt-
T€BE 3HIKEHHSI BUIUMOCTI, SIKE OCITAETHCSA HAa PI3HUX 1HTEpBAIaX yacy MIBUJIIEC HIXK

npu HRR f;nst y 1,6-3 pa3u.
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Puc. 8. 3anexuicTs 3HMKeHH BUANMOCTI y aci npu HRR const

VY tabn. 4 nogaHo BUOIpKY 3Ha4YeHb y mepion dacy Bix 0 ¢, mo 60 c, 3 iHTepBaIoM
yacy 5 c.

tZ

BignosinHi rpagiku 3MiHu KoHueHTpauii kucHIO O, Bl HRReonst Ta HRR

MOJIaHO Ha puc. 9.
[Tix gac anami3zy rpadiky IpoTAroM NepImMx 5 ¢ 3HUKEHHS KOHIICHTpAIli KUCHIO
He crnocrepiraetbes. Ha 10 ¢ ams HRRceonst 3HAaUCHHST KOHIICHTpAIllT KUCHIO CKJIATa€

. . cen 2 .
0,228 Kr/M?, 0 Y HOPiBHAHHI 3 3HAYEHHAM KOHIeHTpalii kuchio a1 HRR . Gimbie

y 1,2 pa3u. HactynHa cyTTeBa pizHULIS QiKCyeTe yepe3 5 ¢, BIAMOBITHO PI3HUI MK
. . 2
KoHIeHTpanico kucHO i3 HRReonst Ta HRR ., cTanoButs 0,47 xr/m°. Ha 30 ¢ mms

. t?
HRReconst KOHLIEHTpALIis KUCHIO 3HIKY€EThest 10 0,180 xr/m?, komu st HRR ., Take

3HavueHHS 3adikcoBaHo Ha 20 ¢ misHime, o y 1,6 mBumame. Ctagoro MiHIMaIbHOTO
3HaueHHS KoHIeHTparii KucHo J1d HRRconst TOcsTae Ha 45 ¢, a y BUIAAKy MOJEIIO-
BanHg 3 HRR f;nst, BIJITIOB1JIHE 3HAYEHHs CIIOCTepiraeTscs Ha 15 ¢ mizHime, mo y 1,5
pa3u MOBUIBHIIIE. 3aBISKHA aHaTi3y BCTAHOBIICHO, 10 Mpu 3acTocyBaHHI HRRconst 3HA-
YeHHS KOHIICEHTpAIii KUCHIO Yy TOBITPi 3HWXKYEThCS y 1,2—1,6 pasiB mBHaIIe HA PI3HUX
IHTEpBaJIax 4acy.

VY tabn. 5 nogaHo pekoMeHaIlil 010 3aCTOCYBaHHS METO/IIB 3 YpaxyBaHHS MPo-
BEJICHOT'O JOCIII/DKEHHS BIUIMBY IIBHUIKOCTI TEIUIOBUAUICHHS HAa HEOE3NEUHI YHMHHHUKHU
TTOXKEKI.

[lix wac mOCHIKEHHS MIATBEPHKEHO, IO 3MiHA MIBUJKOCTI TEIJIOBUAUICHHS Yy
Yaci CyTT€BO BIUTMBA€ Ha PO3BUTOK HEOE3NMEUHUX YMHHUKIB moxkexi. e HeoOXimHo
BpaxOBYBAaTHU Mij Yac AOCTIIKEHHS PO3BUTKY HEOE3NEUHUX YMHHHKIB MOKEXK1, OCKUIb-
KH, BiJ] IIbOTO 3QJIKUTh MPUUHSITTS BIJAMOBIIHUX PIIIEHB TSI 3a0€3MeYeHHS HAJICKHOTO
PIBHS MOKEKHO1T OE3MEKU.
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Ta6a. 4. Bu6ipka 3 po3paxyHKOBHX JTaHUX JOCTi:KEeHHS] 3HUKEHHsI KOHIEHTPalii KHCHIO

Bin HRR', ., Ta HRR
HRR cong HRR
Yac, ¢ I'ycTuna kucHto, Kr/m’ Yac, ¢ I'yctuna xucHro, Kr/m’
0 0,276 0 0,276
5 0,276 5 0,276
10 0,228 10 0,276
15 0,205 15 0,252
20 0,205 20 0,235
25 0,190 25 0,220
30 0,178 30 0,201
35 0,177 35 0,194
40 0,174 40 0,183
45 0,174 45 0,186
50 0,174 50 0,178
55 0,174 55 0,176
60 0,174 60 0,174

6. O0OroBopeHHs1 pe3yJbTATIB BHUSIBJIEHHSI 0CO0JIMBOCTENl METOAIB MOJEJII0-
BaHHS MIBUJIKOCTI TEMJIOBU/ILIEHHSA

PesynbpraTom MOpiBHSHHS METOJIB MOJCIIOBAHHS IIBUIKOCTI TETJIOBHIIIICHHS Y
FDS y razononioHiit ¢a3i € po3kpuUTTS 0COOJIMBOCTEH KOKHOTO 3 METO/IIB, CIIUPAIOYUCH
Ha TEOPETUYHUI aHAJI3 Ta MPAKTUYHE BiAMPAIIOBAHHS Yy MPOrpaMHOMY 3a0€3ICUCHHI.
Ha mincraBi orpumManux pesyibTariB (Tabn. 1) ymopsiakoBaHo Ta Kiaacu(iKOBaHO Ha
YOTUPHU TPYIH METOAHM MOJICIIOBAHHS IMBUAKOCTI TEIUIOBUIUICHHS. PO3KpUTTS 0co0mH-
BocTel (Tabu. 1) Hagae MOXIMBICTH €(EKTHUBHO BHUKOPHUCTOBYBATH KOXEH 3 METO/IIB
FDS nig wac mpoBeaeHHS JOCITIHPKEHHS PO3BUTKY TIOYKEX Ta BUBUCHHS PO3BHTKY HeOe-
3MEYHUX YMHHHUKIB TIOKEX1 3 METOIO SKICHOT'O OI[IHFOBAHHSI PIBHS ITOXKEKHOI OC3IEKH.

0.304

0.25- ‘L HRR,
() k
é \ HRR,,.,
i T
E TG
= < e
)

0,151

0.1 T T T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50 55 60
Yac (¢)

ta HRR L

Puc. 9. 3mina koHleHTpaNii KUCHIO y Yaci 3 BUkopucTanisaM HRR const

const

[Ipu mpaxkTuyHii peanizaiiii METOMIB MOJECIIOBAHHS IMIBUAKOCTI TETUIOBHALICHHS
Ha TPUKJIAIlI TUIIOBOTO MPHUMIMIEHHS JOCTIPKEHO BIUIMB IIBUAKOCTI TEIUIOBUALICHHS
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Ha 3MiHy HeOe3MeuyHNX YNHHHKIB MOXKeXk1 y daci. Bcranosneno (puc. 7-9), mo y Buna-
JKY 3aCTOCYBAHHS MEPILOro JAPYroro Ta TPETbOro METOAY, PE3YIbTATH MOJIEIIOBAHHS Y
MOBHOMY 00Cs31 HE MOXKHa MPUPIBHIOBATH 10 peaidbHUX. Ha OCHOBI pe3yibTariB He
MOXJIMBa €(PEeKTUBHA OIlIHKA 3 IMOJAJBIIMM HaJaHHSIM BIJIMOBIIHUX pPEKOMEHMAAIIIH,
CIpSMOBAaHUX Ha 3a0e3MeyeHHs PIBHS MOXKEXHOI Oe3neku. Lle 3yMoBieHO BILIMBOM
IIBUJIKOCT1 TETJIOBUIIJICHHS HA HEOe3MeuH1 YNHHUKU TIOXKEXK1, a came MOXUOKOI0 y pe-
3ynbTaTi BUMIptoBaHHS. ToOTO mocTiiiHa MIBUJKICTh TEIUIOBUIUIEHHS, a00 IIBHJIKICThH
TEIJIOBUIIEHHS, SIKa 3pOCTAa€ 3a MEBHUI 1HTEPBAJl Yacy 1 MOTIM CTa€ MOCTIMHOO, MiAT-
pPUMY€ TIOCTIMHY KOHLIEHTpalil0 HeOe3NMeYHNX YWHHUKIB y MOBITpI Taln. 2—4, sKki He
3MIHIOIOTBCS MPOTITroM vacy. Lleil BUCHOBOK BpaxoByBaBCs IPHU HaJAaHHI BIAMOBIIHUX
pekoMeHamii (Tabi. 5) 1010 BUKOPUCTAHHS METOIIB MOJICITFOBAHHS.

TaoJ. 5. PekoMeHaamii o0 3acCTOCyBaHHS METO/IiB MO/1€JIIOBAHHS

Meton Henomikn BucHoBoxk
1. Pesynbratu 3actocyBaHHs Takoro | He pexkoMeHI0BaHO BUKOPUCTOBY-
METOJy CTIIOTBOPIOIOTH 3MiHY Ha KiHIIEBI | BaTH
HRR const pe3yabpTaTH TPAHUYHO AONYCTUMHUX 3HA-
YyeHbh HEOE3NEYHNX YHHHMKIB MOXKEXKI Ta
iX OITIHKY
1. HeoOxinmHa BenmuKa KiJbKiCTh Teope- | PekoMeHI0BaHO BHKOPHCTOBYBATH,
TUYHMX JaHUX JUIS 3aCTOCYBaHHSI. ajie 3 MEBHUMH OOMEXEHHAMHU (10
2. lIBuakicTh TEIUIOBUAUIEHHS 3 MpPO- | MOMEHTY HACTAaHHS ITOYATKy CTaJol
HRR® MDKKOM MEBHOTO Hacy 3pocrae 1 3aJIM- | MIBUOKOCTI TEIUIOBUAUICHHS, a0o
const IIA€THCS MMOCTIHHOIO, IO B CBOIO YEPry | 10 MOMEHTY, HACTaHHS II0YaTKy
CIOTBOPIOE 3MiHY Ha KIiHIIEBI TPaHUYHO | 3HYDKEHHS BiJl OCTIHHOI MIBUAKOC-
JOMYCTHMI  3HAa4eHHS  HeOe3MeuHHUX | Ti TeIJIOBUALICHHS)
YUHHUKIB IMOXKEXI Ta iX OIIHKY.
1. IIBHUAKICTh TEIUIOBHIIJICHHS 3 TpO- | PekoMeHI0BaHO BHKOPHCTOBYBATH,
MDKKOM TIEBHOTO Yacy 3pOCTa€ i 3ayd- | alle 3 NeBHUMH OOMEXEHHSIMH (10
IIA€THCS MMOCTIHHOIO, IO B CBOKO YEPry | MOMEHTY HACTaHHS ITOYaTKy CTayol
HRRconst spreadrate TaKOX CIIOTBOPIOE 3MiHY Ta KIHIEBI | INBMAKOCTI TEIUIOBHUALIEHHS, abo
IPaHUYHO JIOMYCTHMI 3HA4YCHHsI He0e3- | I0 MOMEHTY, HACTaHHS II0YaTKy
TIEYHUX YNHHUKIB MOXKEXKI Ta 1X OMIHKY. | 3HMKCHHS BiJ MOCTIHHOT IMBHIKOC-
Ti TEIJIOBHIIICHHS)
Jli1st MonieIroBaHHS BX1JIHI JaHI BH-
KOPHUCTOBYIOTH 3 TPOBEICHUX €KC-
HRR individual. MIEPUMCHTIB ropigﬂg ICHYIOUHX pe-
YOBUH Ta matepiaiiB. PekomeHyo-
BaHO BUKOPHCTOBYBATH.

Ha Bi,IIMiHy BiJI [1—10] JIe 3aCTOCOBYEThCS He 3po3yMisie Y TIOBHOMY 00Cs31 3Ha-
YEeHHS 3MIHU IIBUIKOCTI TETUIOBUAUICHHS y Yaci, Pe3yNbTaT BUSABICHHS ocobmuBOCTEH
METOJIB 3 PO3pOOJIEHUMU peKOMeHI[aLIUIMI/I Ha MiJCTaBl MOPIBHSAHHS, J03BOJISIE edek-
TUBHO X 3aCTOCOBYBATH MPH JOCIHTIKCHHI MOXKEXK.

BusiBnennst ocobnuBocTeld Ta po3po0ieHi pekoMmeHaallii (Tabda. 5) 3acTocyBaHHS
METO/IB IIBUAKOCTI TEIUIOBUIUIEHHS BUPIIIYIOTH MPOOJIIEMHY YaCTUHY BHUKOPUCTAHHS
nux ix y FDS.

[Tpu 3acTocyBanHi cHOPMYTHOBAHUX PEKOMEHAIIN B MOAAIBIINX JOCIIIKEHHIX
PO3BUTKY TOXKEXK 10 OOMEKEHB CJIJI BIAHECTH HEAOCTATHIO 0a3y eKCIepUMEHTaTbHUX
pe3yJbTaTiB TOPIHHSA PEYOBHH, SIKI HEOOXITHI ISl 3aCTOCYBAHHS YETBEPTOTO METOIY
MOJIETFOBaHHS.

HenonikoM qocnipKeHHs € 3HEXTYBaHHS METOJy MOJEIIIOBAaHHS PO3BUTKY MOXKe-
K1y TBepaii (asi, o TakokK € MOXKIUBHUM 13 3acTocyBaHHs FDS, ane nie nmuranus mot-
Fire Safety. DOI: 10.52363/2524-0226-2023-37-6 E 91
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pedye OKpeMOro BUBUEHHS, 110 € HAMPSIMKOM MOAAJIBIIUX JTOCIIIJKEHb.

PO3BUTOK [OCHIIKEHHS JEXKUTh Y raidy3i OLIHIOBAHHS MOIIMPEHHS HEOE3MEeUHUX
YUHHUKIB MPU TOXKEXK1, 1110 TI03BOJIUTH €(hDEKTUBHO MEPEBIPSITH Ta 3a0e3MedyBaTH Haje-
JKHUU pIBEHb MOKEKHOI O€3MEeKH.

7. BucHOBKH

1. IIpoBeeHO MOPIBHSAHHS METOJIB MOJETIOBAHHS IIBUIKOCTI TEIIOBUIIIICHHS Y
Fire Dynamic Simulator y razonoaioHiit ¢asi:

— MEePIIUI METOJ MOJISTIOBaHHs (CTaja IMBUIAKICTh TETUIOBUIUICHHS, sIKa HE 3Mi-
HioeTbesa y 4daci), HRRconst. Pe3ynbTaTi 3acTOCyBaHHSI TaKOro METOAY CIIOTBOPIOIOTH
3MiHY Ha KIHIIEB1 PE3yJIbTaTH IPAHUYHO JOIMYCTUMUX 3HAUYECHb HEOE3MEUHUX YMHHUKIB
MOKEXK1 Ta 1X OIiHKY. He pekoMeH10BaHO BUKOPUCTOBYBATH.

— IPYTUW Ta TPETiil METOI MOJIeNIIOBaHHS (CTala MIBUKICTh TETUIOBUAICHHS, KA

. . . t?
3MIHIOETBCS Y 4aci JI0 MIKOBOTO 3HAYEHHs IO KBaJpaTHMYHOMY 3akoHy), HRR .. Ta

t2 . . . .
HRR st spreadrate - HEIOTIKOM JPyroro METOAy € HEOOXIiAHA BEIMKA KUIBKICTH TEOPETHY-

HUX JAHUX JUTS1 3aCTOCYBaHHs. /)i BUKOpHUCTaHHS TPETHOTO METOy, HEMa€e He0OXiTHOCTI
MaTH BEIUKY KUIBKICTh JaHUX, IO € MePEeBaror y MOPiBHIHHI 3 IPYTrUM MeTo10M. Me-
TOAW MOXYTh OYTH 3aCTOCOBaHI, ajie¢ 3 MIEBHUMH OOMEKEHHSIMH, OCKIJIbKH IIBUJIKICTh
TEIJIOBUILIEHHS 3 MMPOMIXKKOM TIEBHOTO Yacy 3pOCTa€ 1 3aJIMINAETHCS MOCTIHHOIO, 10 B
CBOIO YEPry TAKOX CIIOTBOPIOE 3MiHY Ta KIHIEBI TPAHUYHO JIOMYCTHMI 3HAaYeHHS HeOe-
3MEYHNX YMHHHUKIB IMOXKEXKI Ta 1X OIIHKY. PEKOMEH/I0BaHO BUKOPHUCTOBYBATH, aje 3 Iie-
BHUMHU OOMEXKEHHSMH (10 MOMEHTY HACTAaHHS IMOYATKy CTajOi IMIBUAKOCTI TETUTOBHII-
JIeHHs, a00 10 MOMEHTY, HaCTaHHS MMOYaTKy 3HW)KCHHS BiJ] MOCTIMHOI IBUIKOCTI TEN-
JIOBUIJICHHS )

— yeTBepTUH MeTol MojentoBaHHs (1HauBiAyanbHU), HRRindividual. Lleth MmeTOn €
YHIBEpCAJIbHUM 1HCTPYMEHTOM Ta BOJIOJIIE€ TIEpeBaraMu y MOPIBHAHHI 3 yciMa 1HIIHMH,
K1 TIOJISATAIOTh Y KOHTPOJIFOBAHHI MPOIIECy TOPIHHS PEUOBUHH, a cCaMe IMIBUIKOCTI Tell-
JIOBU/IICHHSI KOKHY OJIMHUIIIO Yacy. 3aCTOCOBYIOUH 1IeH METO/, BIATBOPIOETHCS YMOBHU
3ropaHHs MOKEe)KHOI HABAHTATH, SIKi € OJU3BKUMH JI0 PETbHUX, OCKLUITBKH JIJTSI MOJICITIO-
BaHHS BXiJHI JaHI BUKOPUCTOBYIOTh 3 MPOBEJICHNUX CKCIIEPUMEHTIB TOPIHHS ICHYIOUHX
PCUOBHMH Ta MaTepianiB. PekoMeHI0BaHO BUKOPHCTOBYBATH.

2. [IpakTHuHO peai3oBaHO METOIU MOJICTIOBAHHS TBUAKOCTI TCTUTOBUIUICHHS Ha
NPUKIJIAl TUTIOBOTO TMPUMIIICHHS. BHSBICEHO BIUIMB NIBUAKOCTI TEIUIOBHUIUICHHS Ha
HeOe3MeyHi YNHHUKY MoKexkKi. BecranoBeHo, mo npu 3actocyBaHHS HRRconst ¥ IOpiB-

. 2 . . . . .
usanHi 3 HRR(,,, TiJBUIIEHHS TeMmepaTypy y BiINOBiZHUX iHTepBan yacy Oimblue y

1,5-3 pasu. Ilig wac aHamizy BTpaTd BUAUMOCTI, BCTAHOBJICHO, IO TIPU BUKOPHUCTaHI
HRRconst Ma€e MicIie CyTTEBE 3HMKCHHSI BHJIMMOCTI, SIKE JIOCATAETHCS HA PI3HUX 1HTEP-

. t2 . .
Baax yacy mBuame Hix npu HRR . v 1,63 pas3u. [lig yac ananizy 3HWKEHHS KOH-

IIEHTpaIlii KHCHIO BCTAHOBJICHO, 1110 ITpH 3acTocyBaHHI HRR const 3HAUCHHS KOHIICHTpAIIIT

KHCHIO y TIOBITpi 3HWXKY€EThCA y 1,2—1,6 pa3iB mBHIIIE HA PI3HUX iHTEpBAJIAX Yacy y
t2

NOPIBHSAHHI 3 NOKa3HUKaMU IpH 3actocyBaHHl HRR o

3aBAsIKM MIPOBEIEHOMY JIOCIi-

JOKEHHIO BUSBJICHO IO 3MiHA IIBHUIKOCTI TETUIOBHJLICHHS Y Yaci CYTTEBO BIUIMBAE Ha
PO3BHUTOK HEOE3MMeUHNX YMHHHUKIB MOKexi. L{e HeoOXiTHO BpaxoByBaTH IIiJ 9ac MOJie-
JIIOBaHHS Ta MPOBEICHHS JOCIIKEHb, OCKUIBKHU, B/ IIbOTO 3QJICKUTH JIOCTOBIpHA OIliH-
Ka pIBHS MIPUUHATTS BIAMOBIIHUX PIlIEHb 7151 3a0€3MeueHHs HaJle)KHOTO PIBHSI TIOKEXK-
HOI Oe3MeKH.
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FEATURES OF HEAT RELEASE RATE SIMULATION METHODS
IN FIRE DYNAMICS SIMULATOR

The peculiarities of the methods of modeling the rate of heat release in the Fire Dynamic Simula-
tor have been revealed. The change in the rate of heat release over time was compared, depending on
the modeling method, and methods were practically implemented on the example of a typical room to
identify the influence of the rate of heat release on the development of dangerous fire factors. When
using the Fire Dynamic Simulator to study hazardous factors in full, it is not clear what value of the
heat release rate should be used when studying the dynamics of fire development, which affects the
evaluation of the obtained results. Identifying the features of each of the methods will make it possible
to use them effectively in order to properly assess the results obtained and further ensure the level of
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fire safety. As a result of the comparison of the change in the rate of heat release over time, depending
on the modeling method, a classification of modeling methods was developed. During the practical im-
plementation of the methods on the example of a typical room, it was found that when the first model-
ing method is used compared to the second, the temperature rise in the threaded time intervals increases
by 1,5-3 times faster, respectively. During the analysis of the loss of visibility, it was found that when
using a constant rate of heat release, the reduction of visibility at different time intervals is achieved
faster than when the rate of heat release changes over time, respectively, by 1,6-3 times. During the
analysis of the decrease in oxygen concentration, it was established that when using the first modeling
method, the value of the oxygen concentration in the air decreases 1,2—1,6 times faster at different time
intervals compared to the indicators of the second method. Thanks to the identified features of each of
the modeling methods, recommendations for their use in FDS have been developed. This makes it pos-
sible to effectively apply methods and evaluate the results with subsequent decisions to ensure an ade-
quate level of fire safety.
Keywords: fire research, fire safety, heat release rate, Fire Dynamics Simulator, PyroSim
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