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PaccmoTpena akTyanbHas Ha CErOAHSIIHUN J€Hb
npobiemMa TyHmIeHHS JTaHAMA(PTHBIX MOXapoB H
o0ecrieyeHHs MOKapHOH OE30MaCHOCTH B MPUTO-
poaHoi 30He ropoxa Pocrosa-Ha-Jlony. IIpose-
JIEH aHAJIM3 [IapaMeTPOB MOXkapa, OKa3bIBAIOIINX
HauOoJIplllee HEraTUBHOE BO3JEHCTBUE HAa OKpY-
KAIOILYIO Cpely U 3/10pOBbE JIOAEH, MPOKUBAIO-
KX B Onn3nexamux ropoaax. Ilpusenen pacuer
IUIOINAAM MOXKapa, KOTopas MOKET ObITh JOCTHI-
HyTa B HOPMAJIBbHBIX MOTOJHBIX YCIOBHUSAX K MO-
MEHTY NPHOBITHS TEPBBIX MOXKAPHBIX MOJpa3/e-
JICHHI.

KawueBble ciaoBa: yanamaTHBIE MOXKaphl,
OPUTOPOAHAs 30HA, NOXapHass Oe30MacHOCTb,
pacyer IUIOIIAAU IOXapoB, IBIMOBOE 3arpsizHe-
HHUE, IapaMeTpsl JIaHAMWAPTHBIX IMOKapOB, TOK-

CUYHBIE BBIOPOCHI OT MOXKAPOB.

Beenenue. [losxap MOXKHO IIPEACTaBUTH B BUEC
CIIO)KHOTO  (PU3MKO-XMMHUYECKOTO MpOIecca, OTIIH-
YaIOILETOCs SBICHUSIMU Macco- M TeIyiooOMeHa, Ko-
TOpPBIA Pa3BUBAETCS BO BPEMEHU U NPOCTPAHCTBE U
XapaKTepU3yeTCsl TaKMMHU IMapaMeTpaMH, KaK CKO-
POCTh BBITOpaHMs, TEMIEpATypa, a TaKXkKe pPsIoM
YCIIOBUM ciTydaiiHOro xapakrtepa. [loxkapsl, kak u3-
BECTHO, KJIACCH(DUITUPYIOT TI0 MacITady, SKOHOMHU-
YecKOMY yiepOy, JJIUTEIbHOCTH U IIPOYUM TpU3Ha-
kam. CyIecTByeT MHOMKECTBO Pa3/IMUHBIX KJ1acCHU-
¢ukanmii noxapos. [1o oHON U3 HUX MOXKapHI Jie-
JIITCSL HA PACIPOCTPAHSIIONIMECS U HE paclpocTpa-
usonpecs. K pacnpocrpanstonmMest yamie BCero
OTHOCSITCS JIECHBIE, TOP(SHBIE U JTaH A THBIE T10-
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The article considers the topical problem of ex-
tinguishing landscape fires and ensuring fire
safety in the suburban area of the city of Rostov-
on-Don. The analysis of fire parameters is con-
ducted. They have the greatest negative impact
on the environment and health of people living
in nearby cities. The paper provides the calcula-
tion of a possible fire area, which can be in nor-
mal weather conditions by the time of the arrival
of the first fire-fighting units.

Keywords: landscape fires, suburban area, fire
safety, fire area calculation, smoke pollution,
landscape fires parameters, toxic emissions from
fires.

Introduction. A fire can be represented as a
complex physical and chemical process, charac-
terized by mass and heat transfer phenomena,
which develops in time and space and is charac-
terized by parameters such as burnout rate, tem-
perature, and a number of conditions of a ran-
dom nature. Fires are known to be classified by
scale, economic damage, duration and other
characteristics. There are many different classi-
fications of fires. According to one of them, fires
are divided into spreading and not spreading
ones. Forest, peat and landscape fires, which are
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JKapbl, KOTOPBIC U SBJISFOTCS OOBEKTOM HACTOSIIIETO
UCCIIEIOBAHMSL.

OcHoBHasi yacthb. JlanmmadTHBIC MOXKaphl Ya-
CTO OTHOCSIT K MEHEE OIacHbIM COOBITHSIM TIO CpaB-
HEHHIO C MOYKapaMH B JKWJIBIX 3[JAHUSIX U TOPTOBBIX
LEHTPaX, YTO HE BCErJa COOTBETCTBYET ICHUCTBU-
TEITLHOCTH, TIOCKOJIBKY yITIepO OT MOKapoB, OXBAThI-
BAIOUIMX TMPUTOPOHBIE JAHIIA(THBIC 30HBI, HAHO-
CHMBIN ypOaHM3UPOBAHHBIM IKOCHCTEMaM, 3/10pO-
BBIO JIIOJICH M HIDKHEMY CJIOK0 arMocdepbl 3eMity,
SBJISIETCS BECHbMA OILLyTHMBIM.

Tak, OCHOBHOH yIepO TpU TMoXKapax CBs3aH HE
TOJIBKO C HEMOCPEACTBEHHBIM JIEUCTBUEM TEpMUYE-
CKOro (paKTopa, HO U C TAKMMH (PaKTOpPaMH, KaK:

1. m1amst ¥ UCKpBI;

2. TCILUIOBOIA ITOTOK;

3. NOBBIIEHHAS TEMIIEPATYPA;

4. TOBBILLICHHAS! KOHIICHTPAIHsI TOKCUYHBIX TPO-
JTYKTOB TOPEHHS;

5. IOHMKEHHAasl KOHIIEHTPALsI KUCTIOPO/1a;

6. CHIDKEHHE BUIUMOCTH.

Tak, TpIM SIBIISICTCSL OTHUM M3 OMACHEUIINX (haK-
TOpPOB IpH TNokape. /IpIM mpeacTaBisieT coboi TOK-
CUYHYIO COBOKYITHOCTb XWMHYECKHX BEIECTB, 00-
pasyIoLMXCcsl B pe3yJibTare rOpeHusi, BKIIFOYAET MO-
JIEKYIIbI YTIIEBOAOPOIOB, OKCUbI XUMUYECKUX 3JIe-
MEHTOB, BonagHOW map. Ilo cBoemy cocraBy AbIM
NpENCTaBIsieT COOON TOCTaTOYHO Pa3HOPOIHYIO CO-
BOKYITHOCTb XMMHMYECKHX BEIIECTB Pa3IMYHOIO ar-
peraTHoro cocTosiHus. B 3TON CBSI3M TOKCHMYHOCTH
KOMIIOHEHTOB JIbIMa O4YeBHJHA. B uacTtHoCTH, He-
Pa3NOXKUBIINECS OpPraHUYECKUE INPUMECH pa3HO-
POIHBIX XUMHUYECKUX BEIIECTB, MPUCYTCTBYIOIIHUX B
JBIMAX, Pa3ApaXKaroT CIU3UCTBIE 0OOJIOYKHU, TPUBO-
JUIT K TIOHM>KEHUIO COZIEpKaHUsI KUCTIOpo/ia B opra-
Hax M TKaHSX, BbI3bIBasl TMIIOKCHIO M OIMAcHOE IS
KU3HU yaylibe. B pesynbrare 3TOro BO3MOXKHa HE
TOJNBKO JIE30pHEHTAIMs B IPOCTPAHCTBE, HO U
OTpaBIICHHE C TMOCIEAYIOIMMU TOKCUYECKUMHU TO-
PaKEHUAMU OPIaHOB U TKAHEH.

CocrosiHre HIKHUX CIIOEB aTMOC(ephl OKa3bIBa-
€T CYILIECTBEHHOE BIIMSHUE HA BBICOTY MOABEMA JIbI-
MOBOI CTpYyH, YTO BO MHOTOM OIPENENAET YCIOBUS
paznokeHuss U AU Py3ur MPOTYKTOB TOPEHHS OT
MO>KapoB.

AKKyMYJISILIUS Ca)KEBBIX YaCTUI] U UHBIX TIPOTYK-

the object of this study, are the most common.

Main part. Landscape fires are often con-
sidered less dangerous than fires in residential
buildings and shopping centers, which is not al-
ways the case, as the damage caused by fires
covering suburban landscape areas to urban eco-
systems, human health and the lower atmosphere
of the Earth is very significant.

Thus, the main damage of fires is associated
not only with the direct action of the thermal
factor, but also with the factors such as:

1. flames and sparks;

2. heat flow;

3. elevated temperature;

4. increased concentration of toxic combus-
tion products;

5. reduced oxygen concentration;

6. reduced visibility.

Thus, smoke is one of the most dangerous
factors in a fire. Smoke is a toxic set of chemi-
cals formed as a result of a fire, including hy-
drocarbon molecules, oxides of chemical ele-
ments, water vapor. By its composition, smoke
is a rather heterogeneous set of chemicals of dif-
ferent aggregate states. In this regard, the toxici-
ty of smoke components is obvious. In particu-
lar, non-decomposed organic impurities of het-
erogenetic chemicals present in the smoke irri-
tate mucous membranes, lead to a decrease in
the oxygen content in organs and tissues, caus-
ing hypoxia and life-threatening suffocation. As
a result, not only disorientation in space, but also
poisoning with subsequent toxic damage to or-
gans and tissues are possible

The state of the lower layers of the atmos-
phere has a significant impact on the height of a
rise of a smoke jet, which largely determines the
conditions of decomposition and diffusion of
combustion products from fires.
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TOB TOPEHUSI B HIDKHUX CIIOSIX TPOTOCQEphl MPUBO-
JIUT CYyHIECTBEHHOMY CHIKECHUIO KayeCTBa MPH3EM-
HOT'O BO3/lyXa, YTO YK€ JOCTaTOYHO JIaBHO UCCIELY-
eTcsl OTCUECTBEHHBIMHM M 3apyO€KHBIMHU CIELHaIN-
CTaMH B 00;1aCcTH (PU3UKH aTMOCQEPHI.

Onpenenenue BHICOTHI AbIMa OT JIAHTIA(THBIX
NOXKapoB uUMeeT (pyHIaMEHTabHOE 3HAYCHUE IS
pacuera mapameTpoB IepeHoca JbIMOBOM CTpyU U
MPOTHO3a BO3MOXHBIX YIIIEPOOB OT MOXKAPOB.

Bomnpoc obecriedenust moxapHoii 6€30macHOCTH
U 3allUTHI JIeBOro oepera pexu JJoH OoT MOXKapoB B
NIEpUOJ, MOBBILIEHHON MOXAPOOMACHOCTU SIBJISIETCS
aKTyaJIbHbIM Ha NMPOTSHKEHUH JUIMTEIBHOTO NEPUOJIa
BpEMEHU. EXKEroIHO B JIETHUI [IEPUOJ IIPUTOPOIHAS
30Ha I. PocroBa-Ha-JloHy noaBepracercsi IEHCTBUIO
MOXKapoB. BerducrieHre napameTpoB JTaHIIIa(THRIX
MOXapOB M, B YACTHOCTHU, TLIMOBOM CTpYyH (BBICOTHI
e€ MmorbeMa 1 PacpoOCTPAHEHHUSI) TO3BOJIUT OLIEHUTh
peabHBIN HAHOCUMBIN yIIepO OKpYyKaromiel cpeze
UCCIIEyeMON TEPPUTOPUH, B TOM YHCIIE: BPEH 3110-
POBBIO JIIOJIEH, MPOXKUBAIOIIMX B TMOKAPOOMACHOMN
MECTHOCTH U B OJIM3IIEKAIINX TOPOAX; BO3MOXKHBIE
MaTepuaibHble MOTEPU MPU PACHPOCTPAHEHUU TIO-
JKapa Ha Ooliee MPOIOTKUTEIBHBIE PACCTOSHUS; Ma-
TepraTbHble U (U3MYECKUE 3aTpaThl HA TYILICHUE
PETYJSIPHBIX MOKAPOB HA TEPPUTOPUH IIPUTOPOAHON
30HBI YKa3aHHOI'O TOpPOJA.

Teppuropusi, BbIOpaHHas sl HCCIEIOBAHUS,
pacnonokeHa Ha JieBoM Oepery peku J{oH, B Hero-
CPEICTBEHHOW OJIM30CTH K KPYMHBIM Toponam ba-
Taiick U PocrtoB-Ha-/IoHY, a Takke MHOIOYHMCIICH-
HBIM TIOCEJIKaM U XYTOpaM, MOCEBHBIM TOJISIM, TUIS-
’)KaM ¥ 30HaMm OTAbIxa. Takke B 3TOM pailoHE Ipo-
JIOKEHBI BaYKHBIE TPAHCIIOPTHBIE Pa3BA3KU 3ariaIHO-
ro u Bocrounoro miocce, tpacca A—135, mopora,
cBs3pIBatolias ropon baraiick ¢ Tpaccoit M—4
«/lon», xkene3znas nopora.

[lpu wmccnenoBaHMM OMACHOCTH JIAHA(PTHBIX
MOYKapoB HanOoJIee aKTyaJbHBIM OyAeT pacuer Ta-
KX TapaMeTpoB, KaK IUIOIIAAb TOXapa, KOHIIEH-
Tpauysi bIMa, UHTEHCUBHOCTh TEIUIOBBIZCTICHUS U
JIMHEIHAs: CKOPOCTb PaCcIpOCTPaHEHHSI TOPEHMUSL.

OcHOBHBIE TIapaMeTpbl TOXapa, MCCIEAyeMble
aBTOPaMU:

- nodicapuas Hazpys3Kka, KOTOpas TPENCTaBIIseT
co00if Maccy BCEX TOPIOUHMX, TPYIHOTOPIOYMX Be-

The accumulation of soot particles and other
combustion products in the lower layers of the
troposphere leads to a significant decrease in the
quality of surface air, which has long been stud-
ied by domestic and foreign experts in the field
of atmospheric physics.

Determination of smoke height from land-
scape fires is fundamental to the calculation of
transfer parameters of a smoke jet and the fore-
cast of possible damage from fires.

The issue of fire safety and protection of the
left bank of the river Don from fires in the peri-
od of an increased fire risk is relevant for a long
period. Every year in summer, the suburban area
of Rostov-on-Don is exposed to fires. The calcu-
lation of the parameters of landscape fires and,
in particular, the smoke jet (the height of its rise
and spread) will allow us to estimate the real
damage to the environment of the study area,
including: harm to the health of people living in
fire-prone areas and in nearby cities; possible
material losses in the spread of fire over longer
distances; material and physical costs of extin-
guishing regular fires in the suburban area of the
city.

The area chosen for the study is located on
the left bank of the Don, in close proximity to
the major cities of Bataysk and Rostov-on-Don,
as well as numerous villages and hamlets, sow-
ing fields, beaches and recreation areas. Also in
this area, there are important transport inter-
changes of the Western and Eastern highways,
Route A-135, the road connecting the city of Ba-
taysk with the route M-4 "Don", the railway.

In the study of landscape fires danger, the
most relevant parameters will be the calculation
of such parameters as fire area, smoke concen-
tration, intensity of heat release and fire linear
velocity.
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IIECTB M MAaTEpUATIOB WM KOJIMYECTBO TEIUIOTHI,
npuxojsuiercs Ha 1 M TUTOIIA]IH,

- Maccosas ckopocmub 6vicopanusi Vi, KOTOpas
NpENICTaBIsIeT OO0 MOTEPIO MacChl BELIECTB U Ma-
TEpHAJIOB B €AWHUILY BPEMEHHU C €JUHUILIbI IIOIIAN
TOPEHMUS;

- JIUHEUHAs CKOPOCMb pPAcnpOCMpPaHenus 2ope-
HUA, TIOJL KOTOPOM IMOHMMAIOT PAcCCTOSHUE, IPOU-
JeHHoe (PPOHTOM TITAaMEHH B €IMHUILY BPEMEHU TI0
MOBEPXHOCTH BEIIECTBA WM MaTepuaa;

- memnepamypa niaMeHu, KOTOpas pa3iIMyHa
MPU TOPEHUH PA3IUYHBIX BEILIECTB;

- TIOJl MemMnepamypol noxcapa Ha OMKpbIMOU
niowaoke TPU STOM TMOHUMAIOT mMeMnepamypy
nAGMEHU;

- UHMEHCUBHOCb MENNI0BbIOENIeHUs, WITH KOJH-
YECTBO TEIUIOTHI, BBIICIISIONIEECS HA TOXKape B €/IH-
HUIY BpeMeHH. VHTEeHCHMBHOCTH TEIUIOBBIICICHUS
IpU 3TOM 3aBUCUT OT Ta3000MeHa, pojia TOpPIOYEro
BEIIIECTBA U APYIUX (PakTOpOB;

- 0bIMO0OPA306aHUEe HA NOJicape, KOTOPOE TIPe-
CTaBIIsIET COOOM KOJIUYECTBO JbIMA, BBIIENSIEMOTO CO
BCEH IJIOLIA/IM MOXKapa;

- KOHYeHmpayus Obima, KOTOpast SIBJISIETCS KOJH-
YECTBOM TBEP/BIX B3BEIICHHBIX YACTUIl B €IMHUILIC
o0beMa;

- UHMEHCUBHOCMb 2a3000MeHa, KOTOpasi Tpel-
CTaBIIIET COOOM pacxo]] MPUTOYHOIO BO3AyXa, MO-
CTYIAIOIIETO B 30HY TOPEHHUS 32 €IMHUILY BPEMEHU
Ha eIMHUIIE TJIOMIAN MoXKapa.

Hanbornee akTyansHBIM MapaMeTpoM, OIPEeaesisi-
IOIIMM KOJIMYECTBO CHJI M CPENICTB, HEOOXOIUMBIX
JUTSL TYIICHUS TIOXKapa, SBISIETCS MI0Wadb noxcapa
Sn (m%). PocroBckast 061acTs pacrnionaraercsi Ha
PaBHUHHOW MECTHOCTH, a WCCIEIYeMbIii OOBEKT
pacloNoKeH B HEMIOCPEICTBEHHOM OJIM30CTH K peKe
Hon. Ucxons u3 3tuX (HakTOpoB, MOXKHO TPHHATH
CpPETHETO/IOBYIO CKOPOCTh BETPA, PABHYIO IPUMEPHO
8-9 m/c. CornmacHo CMpaBOYHOMY MaTepHally, Jili-
HeUHAsl CKOPOCMb PACNPOCMPAHEHUS 20PEHUsl CYXON
PacTUTENBHOCTU NIPU CPEHEN CKOPOCTU BETPA, paB-
Hoit 89 m/c, mocruraer V=42 m/c.

s onpeneneHus mapameTpoB Mokapa npe-
MOJIOKUM, YTO TOKapHbIE MOApPA3/IEICHUs] CMO-
ryT no0paThCs K HCCIEIyeMOMY pailoHy 3a 8
MUHYT. [IpuHSTO cunTarh, 4yTo 3a nepsbie 10 mu-

The main parameters of a fire studied by the
authors:

- fire load, which is the mass of all combus-
tible, hardly combustible substances and materi-
als or the amount of heat per 1 m? area;

- mass burnout rate Vp,, which is the loss of
mass of substances and materials per unit time
per unit of fire base area;

- linear velocity of fire propagation, which is
understood as the distance traveled by the flame
front per unit time on the surface of a substance
or material;

- flame temperature, which is different when
burning different substances;

- fire temperature is understood as the tem-
perature of fire in an open area;

- intensity of heat, or the amount of heat re-
leased in a fire per unit time. The intensity of
heat release in this case depends on the gas ex-
change, the kind of combustible substance and
other factors;

- smoke formation in a fire, which is the
amount of smoke emitted from the entire area of
a fire;

- concentration of smoke, which is the
amount of suspended solids per unit volume;

- intensity of gas exchange, which is the flow
of fresh air entering the combustion zone per
unit time per unit area of fire.

The most relevant parameter that determines
the amount of forces and means necessary to
extinguish the fire is the fire area Sn (m%). The
Rostov region is located on a flat area, and the
object is located in close proximity to the Don
river. Based on these factors, you can take the
average annual wind speed of approximately 8-9
m/s. According to the reference material, the lin-
ear speed of fire propagation of dry vegetation,
with an average wind speed equal to 8-9 m/s,
reaches V,=42 m/s.

To determine the parameters of a fire, we as-
sume that the fire-fighting units will be able to
get to the area in 8 minutes. It is believed that in
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HYT MOXKap pa3BUBAETCs B 2 pa3a MeJICHHEE, YeM
3a mocneayromiee Bpems (6onpme 10 MuUHYT), TI0-
3TOMY:

1) npu t<10 mun. R, (1)=0,5 xV, xt;

2) npu t>10 mun. R, (D=5 xV, +V, xt’,

2oe t’=t1-10.

OnpenensemM napaMeTpbl noxapa Ha 8-l MuU-
HyTE:

Paouyc noosicapa:

Ry®™""=0,5x V,, xt=0,5x42x480=10 m.

[Toxap Ha OTKPBHITOM MECTHOCTH, B TOM UYHCIIE
naHIIIaQTHRIA MoXap, Oyner uMeTh GopMy Kpy-
2a, Tak Kak OOBIYHO HUYEM HE OTPaHHYCH, JIMOO
MOXXET OBITh O3JUTMIICOO0PAa3HO BBITSAHYT TIO
HATPABIICHUIO BETPA.

Inowaows nosicapa:

S,°""=1/4xxR*=1/4x3,14x10°=78,5 m*

Ilepumemp noowcapa:

P,*""=1/4x2 xmxR+2R=
1/4x2x3,14x10+2x10=59 m
@poum nodcapa.
@, ""=11452 xrxR=114x2x3,14x10=15,7 m

3axuouenue. V3 npuBeneHHOro pacuera BU-
HO, YTO TOpEHHE CYXOW pacTUTENbHOCTU AK€ B
YCJIOBUSIX HEOOJIBIIOTO BETpa MPOUCXOIUT BechbMa
OBICTpO, ke cTpemMuTenbHO. Ko BpeMeHu mpuobi-
TUSI TIEPBBIX MOXKAPHBIX OTIENCHUN IUIOLIA/Ib TO-
’Kapa MOXET IOCTUIHYTh Yxke mnopsaka 100 M,
CTPEMHTENILHO Pa3BUBAsICh, YTO, OUEBHIHO, OyIeT
3aTPYAHATH JIMKBUIALMIO MOXkapa. IIpuBeneHHbII
npUMep pacdeTa IUIOIAIN ToKapa MpPH CPEIHUX
€ro XapakTEepUCTHKaX OOOCHOBBIBAET HEOOXO/U-
MOCTh JAJIBHEUIINX HWCCIEIOBAaHUN IMapaMETPOB
nokapoB st 3G (HEKTUBHOM OOPHOBI C HUMHU.

Takum 00pa3zoM, aKTyaabHOCTh M3Y4EHHs Mapa-
METPOB MOKapOB MPUTOPOAHBIX 30H TOPOJIOB IS
BBIPAOOTKU 3(PEKTUBHBIX Mep OOpHOBI C HUMH H
obecriedeHust MoXKapHOW Oe30macHOCTH OeccriopHa
Y UMEET BIIOJIHE OYEBU/IHBIC MIEPCTICKTHUBBL.

bubaunorpaguyecknii Cnucoxk
1. T'uapomMeTeopoIoruiecKue PUCKH /
JI. H. Kapmua [u np.]. — Canxkr-IlerepOypr :

PITMYVY, 2008. — 282 c.

the first 10 minutes the fire develops 2 times
slower than in the subsequent time (more than
10 minutes), so:

1) at t<10 min. R, (1)=0,5 xV, xt;

2)att>10 min. R, (D=5 xV, +V, xt’,

wheree t’=t-10.

We determine the parameters of a fire on the
8th minute:

Radius of a fire:

R.2™"=0.5 V, t=0.542480=10 m.

A fire in open areas, including landscaped fire,
will have the shape of a circle, as usually there is
no limit, or either it may be ellipsoid-shaped in
the direction of the wind.

The area of a fire:

S,2M"=1/4 x7xR*=1/4x3.14x10°=78.5 m*

A fire perimeter:

P2 ™"=1/4x2 xmxR+2R=
1/4x2x3.14x10+2x10=59 m
The front of a fire:
@,2"™"=1/42 xmxR=1/4x2x3.14x10=15.7 m

Conclusion. From the calculation above, it
can be seen that the burning of dry vegetation,
even in a small wind is very fast, even rapid. By
the time of arrival of the first fire-fighting unit,
the area of a fire can reach the size of about 100
m?, rapidly evolving, which obviously would
impede the liquidation of a fire. The example of
calculating the area of a fire with its average
characteristics justifies the need for further stud-
ies of the parameters of fires to fight them effec-
tively.

Thus, the relevance of studying the parameters
of fires in suburban areas of cities to develop
effective measures to fight them and ensure fire
safety is undeniable and has obvious prospects.
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