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ONPEAENEHUE TENNOTblI CTOPAHUA TUCTBEB BAHAHOBOIO
DEPEBA, NTPUMEHAEMbIX NPU BO3BEAEHUN KPOBJ/IU XXU/bIX CTPOEHUWA
B CE/IbCKOM MECTHOCTU BbETHAMA
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AHHOTauMA. Ha NpoTaXKeHUU HECKONbKMX /1IeT NPOBOAATCA MCCNe0BAHMA MOXKAPHOM ONAaCHOCTH
YKUNbIX CTPOEHUI MNOBbILIEHHOM MOXAPHOW ONACHOCTU, PACNOIOKEHHbIX B CEIbCKMX NOCENEHUAX
BbeTHama. MccnepgoBaHua cBsizaHbl ¢ NPo61eMoli BOSHMKHOBEHWA NOXKAPOB B CE/IbCKUX MOCENEHUAX
M UX KaCKaZHOro pasBMTMSA MO TEPPUTOPUM 3aCTPOMKN. BoMbLLAasA YacTb paccmaTprBaeMbiX CTPOEHUIA
BbIMNOMIHEHA U3 FOPIOYMX CTPOUTE/IbHBIX MaTepKnanoB, CNOCOBHbIX CAMOCTOATENIbHO rOpeTb noce
YAANEHMs UCTOYHMKA 3aXKuraHua. OCHOBOM XKWU/IbIX CTPOEHMUI CYKUT KapKac U3 BpeBeH ApeBecuHbl,
B OCHOBHOM W3 COCHbI, 1 KPOB/IM, BbINOIHEHHOM M3 MPUPOAHOIO MaTepuana — MCTbeB GaHaHOBOTO
Aepesa — unu wudepa, pexe U3 Apyrux maTepuanos.

B HacTosiLee Bpema OTCYTCTBYIOT AaHHbIE O NOXKAapPHOM ONacHOCTM NCTbeB HaHAaHOBOIO AepeBa,
B 3TOW CBA3M HE NPEeACTaBAAETCA BO3MOXHbIM MPOBECTU KAYECTBEHHOE MOAENMPOBAHME MOXKaAPOB
N UX AeTasibHOe UcCNefoBaHNe, YTOObI NPeANoKUTbL MePbl NOBbILWEHMA NOXKaPHOK 6e3onacHoCTH
B CE/IbCKMX HACeNIeHHbIX MYHKTax NPOBMHLMIA BbeTHama.

BnybankaummnnpeacTaBneHbl OCHOBHbIE Pe3y/ibTaTbl NPOBEAEHHbIX1ab0PaTOPHbIXUCCAEL0BAHUIA
NoKasaTtens NoXapHOW ONacHOCTU — TenoTbl CrTOPAHWUA UCCNeAyeMOro Matepuana: JUCTbEB
6aHaHOBOro AepeBa, NMPUMEHAEMbIX HaceNeHMeM MOBCEMECTHO MpW BO3BEAEHUN KPOBM
YKUNbIX CTPOEHUI B CEIbCKOM MECTHOCTM BbeTHama. Pe3ynbTathbl, MOAyYeHHblE NPU NPOBEAEHMM
NabopaTopHbIX IKCNEPUMEHTOB, BYAYT UCMONb30BaHbI NPU MOAENNPOBAHMM PA3BUTUA OMACHbIX
baKTOPOB NOMKAPOB ¥KMUJbIX CTPOEHMUI NOBbILLIEHHOW NOXKAPHOM ONACHOCTH.

KnioueBble cnoBa: nnctbs 6aHAHOBOro Aepesa, TensoTa CropaHus, noxap, nabopaTopHble
9KCNEPUMEHTbI, }KWUJible CTPOEHWUSA NOBbILLIEHHOWM NOXKAaPHOM ONACHOCTU
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Abstract. For several years, research has been conducted on the fire hazard of residential
buildings with a high fire hazard located in rural settlements in Vietnam. The research focuses
on the issue of fires in rural settlements and their cascading effects on the built-up area.
Most of the buildings under consideration are made of combustible construction materials
that can ignite on their own once the ignition source is removed. The residential buildings
are typically constructed using a frame made of wooden logs, primarily pine logs, and a roof
made of natural materials such as banana tree leaves or slate, although other materials
are also used.

Currently, there is no data on the fire hazard of banana tree leaves, which makes it impossible
to conduct a qualitative simulation of fires and their detailed study in order to propose measures
to improve fire safety in rural settlements in Vietham's provinces.

The publication presentsthe main results of laboratory studies on the fire hazard indicator, which
is the heat of combustion of the material being studied: banana tree leaves, which are widely
used by the local population for roofing residential buildingsin rural areas of Vietham. The results
obtained from the laboratory experiments will be used in the simulation of the development
of hazardous factors in residential buildings with high fire hazards.

Keywords: banana tree leaves, heat of combustion, fire, laboratory experiments, residential
buildings with high fire hazards
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BsepeHue

B paHee npoBegeHHbIX McCcnenoBaHMAX
[1, 2] onpeaenanncb ocobeHHOCTN CTPOUTEND-
CTBA KU/bIX CTPOEHUIN B CENbCKMUX NOCENEHUAX
BbeTHama. Ocobo CTOUT OTMETUTb BbICOKYIO
MO’KapHY OMACHOCTb BELLECTB M MaTepua-
N10B, UCMOJIb3yeMbIX NPU BO3BEAEHUMU KUbIX
CTPOEHUIN. BaXKHO NogYepKHyTb, YTO B HACTO-
Alllee Bpemsa He BCe CTPOMTE/IbHble maTepua-
Jibl U3y4eHbl C TOYKN 3PEHUA NOXKAPHOM onac-
HoCTW. TaK, HXM B OAHOM OTKPbITOM UCTOYHMUKE
HeT MHbOoPMALMKM O NOXKAPHOM OMNACHOCTU /in-
cTbeB HaHaHOBOro ngepesa, WCMNONb3yeMOoro
MECTHbIM CE/IbCKUM HaceNeHnem npu BO3Be-
OEHUN KPOB/AIM KWUAbIX CTPOEHUA B KayecTse
CTpouTenbHOro matepuana (puc. 1).

Ona npoBeneHUs MccnenoBaHUIA napame-
TPOB Pa3BUTUA MOXKAPOB B BbilIEyKa3aHHbIX
06beKTax 3alnTbl HE0H6X0AMMO MPOBECTU Ero
MOJENNPOBaHNE C MPUMEHEHUEM COBPEMEH-
HbIX MPOrpamMHO-annapaTHbIX KOMMIEKCOB
(FDS, FireCat, Fenix+3), no3sonsoLWmMxX BbINos-
HUTb 3Ty 3aAady. ONA BbINOAHEHUA MOAENU-
pPOBaHMA pPa3BUTUA MOMKAPOB HA ObOBEKTaX
nccnenoBaHus HeobxogMmo labopaTopHbIM
cnocobom NoAy4YUTb MNOKasaTeNb MNOMKapPHOM
onacHocTM NnctbeB baHaHoOBOro gepeBa —
TENnIoTy CropaHums.

AHann3npysa NpoLeccbl NPOTEKAHUA NOXKa-
POB B }KWJIbIX COOPYXKEHUAX C KPOBNEN U3 Nn-
cTbeB baHaHOBOro AepeBa (OTKPbITblE AaHHbIE
N3 WUHTEPHET-UCTOYHUKOB), OTMETMM, YTO Mo-
¥ap 6bICTPO pacnpocTpaHAETCA NO NOKPbLITUIO
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M3 NCTbEB, YHUYTOXKAA B MNEPBYHO o4yepeab
KPOB/HO XXUnLWa N OCTaBAA B 3aBepLuarou.|,ef/'|

¢dase noxkapa AnLb obropesLUne OCTaTKM ONOpP
coopyeHus (puc. 2) [3].

Puc. 1. unble coopyKeHMA ¢ KpOB/El, BbIMONHEHHON U3 IMCTbeB BaHAHOBOTO AepeBa, BbeTHam

Fig. 1. Residential buildings with roofs made of banana leaves, Vietnam

Puc. 2. TopeHune KpoBnun n3 nnctbes 6aHaHOBOrO AepeBsa

Fig. 2. Banana leaf roofing fire

OnpeaeneHue TenN0Tbl CFOPAaHUA IUCTbEB
6aHaHOBOroO Aepesa

Bbicwan TennoTBopHas CnocobHOCTb McC-
cneayemoro maTtepuana npeacrasnfaetr mepy
BO3MOXHOTO BblAe/IEHMA KOIMYECTBa TENIOTbI
B TEYEHMEe Pa3BMTOM CTaZMM NoOXKapa M onpe-
Aensetca B COOTBETCTBMM C TpeboBaHMAMM
rocygapcTBeHHoOro ctaHaapTa [4].

TennoTta cropaHuMs maTepuanoB onpeje-
naetcAa nabopaTopHbIM NyTEM C MOMOLLbIO
KasopumeTpa cropaHma. Ha puc. 3 npeacras-
NieHa cxema NnabopaTopHOM YCTAaHOBKM ANA
npoBeAeHMA UCCNeL0BaHNNA.

NabopaTopHasa yCTaHOBKA COCTOMUT M3 cie-
AYOLWMX OCHOBHbIX YacTeil: 060104Ka Kanopu-

MeTpa 6, KpblWKa 060104KM 2, KaNnopUMeETpPU-
YecKui cocya 5, KanopumeTpuyeckas bomba 7,
Tepmonapa 4.

B coctaB BcnomoratenbHoro obopypoBsa-
HUA BXOAAT MMKcep (melwanka) 1, cucrema
3anosiHeHMsA 6OMObI KUCIOPOAOM, PETNCTPATOR
BPeMeHM, NiaBKaA NPOBOOKa, 610K noaxKura
C aneKkTpogamm 3.

Mpouecc cropaHns ocyLLecTBAAeTCcA B 3a-
KPbITOM pPeaKkUMOHHOM cocyae Mpu 3dMeK-
TPMYECKOM 3aKMTFaHUM HABECKU npenBapu-
TeNbHO U3Me/ibYeHHOro obpasua maccomn
80 1,5 r B npucytctBum M3bbITKa KMcnopoaa.
OnpegeneHne nokasaTena TensoTbl CropaHuA
uccnegyemoro obpasua maTtepuana npousBo-
ANTCA N0 cneaytoLemy NPUHLMMY: U3MEPAHOTCS
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npeobpasoBaHMA TeMMepaTypbl KaJopPUMETPU-
YeCcKOoro BeLLecTBa, B KOTOPOEe MOrpyeHa Kano-

puMeTpuyeckas 6omba, B 3aBUCUMOCTH OT Bpe-
MEHHOro Nepuoaa NPoTEKaloLWen peakumm.
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Puc. 3. CxemaTnyHoe nsobparkeHne yCTaHOBKU-KaIopMMeTpa CropaHusa:
1 — mewanka; 2 — KpblliKa 060104KN; 3 — 3neKTpoabl; 4 — Tepmonapa; 5 — Ka/JlopMMeTPUYECKMIA cocya;
6 — ob60on104YKa KanopumeTpa; 7 — KasopumeTtpuyeckas bomba

Fig. 3. General view and diagram of the combustion calorimeter setup:
1 — stirrer; 2 — shell lid; 3 — electrodes; 4 — thermocouple; 5 — calorimeter vessel; 6 — calorimeter shell;
7 — calorimeter bomb

C yyeTOM BOAHOTO 3KBMBANEHTA Ka-
NnopumeTpa, NoOnpaBoK Ha aobaBneHHoe
TONIMBO W Ten/ioBble MNOTEPU  IKCNepu-
MEHTaNbHbIM MyTEM OMNPeAenaeTca 3Ha4YeHue
BbICLLEN TENNOTBOPHOM cnocobHoctn PCS nu-

CTbeB 6GaHAHOBOro JAepeBa, MCUYMCAAEMON
B M/x/kr. Ha puc. 4 npeacraBneHo M3o0-
b6pakeHue KanopumeTpa CropaHua, MCNoNb-
3yemoro npu npoBeaeHun nabopaTopHbIX

MUCNbITaHUN,

Puc. 4. MpomMbIWNeHHbI KaIOPUMETP CropaHua, NpeaHasHayeHHbI 414 NpoBeAeHNa 1abopaTopHbIX UCCAe0BaHN

Fig. 4. Industrial combustion calorimeter for laboratory research
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Mpoueaypa npoBeaeHUA N1abopaTopPHbIX
uccnenoBaHuin

MepBblt 3Tan — MOArOTOBKAa MCCneayemo-
ro matepuana. [na nposegeHua nabopatop-
HbIX 3KCNepMMeHTOB 3ab1aroBpemeHHo 6biin
noArotosneHbl 06pasubl 6aHaHOBbLIX NUCTHEB.
MNpenBaputenbHo o06pa3supl AncTbes 6HaHa-
HOBOro AepeBa KOHAWLMOHWPOBANUCL B MO-
MeLLEeHNM B TeuyeHMe 72 4 npu Temnepartype
Bo3ayxa 20°C M OTHOCUTE/IbHOM BAA*KHOCTU
B 65 %.

Jdanee ob6pasubl NoOMewanncb B Kanopwu-
MeTpuYeckyto 6omby, KoTopas BNOCAeACTBUM
3aMno/siHANaCb KMCI0OPOoAOM A0 3a4aHHOro
3HayeHus.

BTopoit atan. B nabopaTopHylo yCTaHOBKY
NoAaBaNOCh HANPAXEHME Ha 3NEKTPOAbl 3aXKn-

raHMA M OCYLLECTB/ANOCL 3aKMraHuMe obpasua
nmcTbeB 6aHaHoOBOro AepesBa. 3aTem 06bem
(KonnyectBo) Tenna, BblicBOHOAMBLLErOCS
B npoLecce ropeHua obpasua mccnesyemoro
BeLLeCTBa (TennoTa cropaHUa matepuana Unm
ero TennoTBOPHasa CnocobHoOCTb), Bbin onpe-
[eneH Ha OCHOBEe pe3y/bTaToB W3MepeHUs
TEMNEPATYPbI }KUAKOCTU B KaJIOPUMETPUYECKOM
cocyze nocne 3aBepLUeHUs NPOTEKAHMA B Kaso-
pUMeTpUYecKkon bombe XMMNYecKomn peakumu.

3a KOHEeYHbI pe3ynbTaT 3KCNepUMeEHTa/b-
HbIX MCCNef0BaHUIM NPUHMMANacb cpegHea-
pudmeTnYECKan BEANYMHA TENNOTbI CFOPAHUA
obpa3LoB BellecTBa (MaTepuana) B cepum
NPOBEAEHHbIX OMbITHbIX UCCAEA0BaHUMN.

Pe3ynbTaTbl 3KCMepUMEHTaNbHOro onpe-
AeNeHuA TennoTbl CropaHusa npeacTaBeHbl
B Tabnuue.

Tabnuua

dKcnepumeHTanbHOe onpeaeneHne Tena0Tbl CrOpaHUA INCTbEB 6aHaHoOBOroO Aepesa,

macca o6bpasua — 0,28 r
Table

Experimental determination of the heat of combustion of banana tree leaves,

sample weight — 0,28 g

Ne onbITa, i _ 1 2 3 5 6 7 8 9 10
Experience number, i
Qé M'Vﬁll;(k/ gr 17,29 | 17,47 | 17,40 | 17,35 | 17,41 | 17,46 | 17,37 | 17,43 | 17,42 | 17,30

B pe3ynbTaTe NpoBeAeHHbIX TabopaToOpPHbIX
nccneaoBaHUi No onpeaeneHnio TenaoTbl Cro-
paHuA nucTbeB 6aHaHOBOTO AepeBa NoAyYeHbI
3HayeHua oT 17,29 ao 17,47 MOx/Kr.

YcpeaHeHHoe 3HaYeHMe TenoTbl CropaHusa
nmcTbeB 6aHaHOBOrO AepeBa MO pesy/bTaTam
cepuun NpoBeAeHHbIX SKCMEePUMEHTaIbHbIX UC-
cnenoBaHui byaeT paBHoO:

0 =30ili,
O = 17,39 MJTx/kT.

BbiBOAbI

B pesynbrate npoBeaeHHbIX 1abopaTopHbIM
NnyTem 3KCNepUMEHTa/IbHbIX MCCNed0BaHUIA No-
Jly4eH MNOKasaTe/lb TEeMN/I0Tbl CrOPAHUA NCTbEB
6aHaHOBOro AepeBsa, paBHbIn 17,39 MK/Kr.

B cpaBHeHMM C paHee MNOAyYEHHbIMM
noKasaTensamuM AONs  PasnYHbIX BELLECTB
M MaTepuasioB 3HayeHue Ten0Tbl CropaHus
6aHaHoBOro nmMcta 6AM3KO K MOKasaTensim:
neaepuHa (KoxsameHnuteno, 17,7 MOX/kr),

NMHONMEYMA  (MONMBUHUAXNOPUAHDBIA  [BYX-
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cnovHbid, 17,91 MUOx/Kr), munopa (neHo- (16,7 MOx/kr) [6], BymaskHO-cnomucToro nna-
nnact, 17,6 MOx/kr) [5], xnonka B TiOKax ctmka (18 MOx/kr) [7].
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