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Huceprariiina poOoTa NpUCBSUYEHA PO3B’SI3aHHIO AKTYaIbHOTO HAYKOBO-TEXHIYHOI'O
3aBIAHHA — PO3KPUTTS OCOONMMBOCTEH MWHAMIKKA PO3BUTKY Ta TPUITUHEHHS TOXKEK Y
TpaB’sSIHUX EKOCUCTEMAX.

[Toxexi y TpaB’sIHUX €KOCHUCTEMax CTAHOBIISTh HEOE3IEeKy NI JOBKULIA, JHOACH 1
TBapUH. IX MONIMPEHHs CIIPHYMHSAE TIOKEXK] PO3TALIOBAHKX TIOPYY 00’ €KTIB, 30KpeMa, JIiCiB,
CUIbCHKOTOCIIONAPCHKUX YT1/1b, OyAIBEIb 1 criopyl. € BUMAIKK 3aruOesi Ta TpaBMYyBaHHS
JIFONIE BHACIHIJIOK TPaB’SIHUX MOXEXK. 3aliMaHHs CyXOi TpaBU € MOXKIIMBUM BiJl HEJIOMAJIKA
CIpHUKA YM ITUTapKH. BOTOHB MOMMPIOETHCS TPaB’ SIHUM ITOKPHUBOM Y CYXOMY CTaH1 HE JIHIIE
y HampsIMKY BITpPY, aJi€ 1 B IPOTUIICKHOMY HAIIPSIMKY.

[Iporiec raciHHS TpaB’sSHUX MOXKEXK € CKIAJHUM Ta TOB’SI3aHUM 3 PU3UKAMHU IS
KUTTS 1 30POB’ s PATYBAIBHUKIB, @ HASIBHI METOJIH Ta CIIOCOOU MOKEKOTACIHHS € HE 3aBXK/IN
eeKTUBHIUMH Ta MOKJIMBUMHU JJIs1 peaizailii. 3a3Bu4aii moTpioHa 3Ha4Ha KUIBKICTh BOIH,
SKY HE 3aBX]Id MOYKHA CBOE€YACHO JIOCTABUTH JI0 MICIIS TIOKEXKI.

J1J1 yCHiIIHOTO TaCiHHA MOXKEXK Y TPaB SIHUX €KOCUCTEMAaX MTPOaHAII30BaHO MPUUUHU
Ta MePeIyMOBH iX BHHUKHEHHS, BCTAHOBJICHO YMHHUKH BIUIMBY Ha TIPOIICCH 1X BUHUKHCHHS
1 IOLITUPEHHS, a TAKOXK 3aITPOINIOHOBAHO METO/IU 1 CLIOCOOM JIIKB1Ialli.

BukopuctaHo HU3KY METONIB JIOCHI/DKEHB: aHaNI3 JITEPaTypHUX JDKEpen 3
pe3yibTaTaMu JIOCTIKEHb Y Tally3l TpaB’sTHUX TOXKEXK; JJAOOpaTopHI METOAM BU3HAUCHHS
MOXKS)KOHEOE3MEUHNX TMOKA3HUKIB TOPIOYMX MarepiaiiB POCIUHHOTO TOXOMKCHHS —
TeMIeparyp 3aliMaHHs, CcaMO3aiMaHHS Ta TIIHHS;, KOCQIIIEHTIB JTUMOYTBOPEHHS,
BOJIOTOCTI; TEPMOTPABIMETPUYHUN aHali3; KJIACTEPHUM aHalli3; KOpPESAIiNHUN aHai3;
perpeciiHuil  aHaJli3; CTAaTUCTHYHI METOAU OOpOOKH  Pe3yNbTaTiB  JOCHIIKCHbD;

EKCIIEpUMEHTAIbHI METOU JOCHIJKEHb TMOKEX Ha JUITHKAX, BKPUTHX TpPaB’SHOIO
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POCIMHHICTIO; KOMIT FOTEPHE MOJIETIOBAHHS POLIECIB BUHUKHEHHS 1 TOIIMPEHHS TPaB THUX
MOXKEX; EKCIePUMEHTATbHI METOAM TaciHHA TpaB’sHUX TMOXKEX 13 3aCTOCYBAHHSIM
3aIIPOIIOHOBAHMX CHOCO0IB 13ac001B Ta iX OOIPyHTYBaHHSI.

B pe3ynbTari aHamizy TOCHipKEeHb Y Tally3l TpaB’ STHIX TOKEX BCTAHOBJICHO OCHOBHI
YHMHHUKH BIUTMBY Ha 1X BUHUKHEHHS Ta PO3MOBCIOIKEHHS: TOPIOYMN MaTepiall, OroaHO-
KJIIMAaTU4HI YMOBHU Ta penbed. 3 TOrOAHO-KIIMAaTUYHUX YMOB HaWBXITUBIIIMMU € TIOTOKU
BITpY, TEMIIEpaTypa Ta BiTHOCHA BOJIOTICTh MOBITPS, OTIAIH.

[IpoanaiizoBaHO TpaB’siHI €KOCUCTEMH YKpaiHH, B pe3yJbTaTi YOro BUAUISIOTh TPH
OCHOBHI THUIH, y SKUX BHHUKAIOTh TOXEXKI: JICOBI, Jy4Hi Ta crenosi. JIicoBi TpaB’sHi
EKOCUCTEMU € EJIEMEHTaMHU JIICOBUX EKOCHUCTEM, a IX IOXKEXHY HeOe3NeKy MOTpPIOHO
pO3IVISLIAaTH OKPEMO 1 B MOEJHAHHI 3 IHIIMMH CKJIAJOBUMHU (JI€PEBOCTAHOM, JIICOBOIO
MIJCTUIKOI, MAPOCTOM 1 TiytickoM). ToMy B poOOTI 30Cepe/KEHO yBary Ha CTEIMOBI Ta
Jy4HI €KOCUCTEMH, C(POPMOBaHI1 MEPEBAKHO TPAB’SIHOK POCIMHHICTIO, sIKa 33 CyXOl OroAx
JI0 TIOYATKY Ta MICIIs 3aBEPIICHHS BETETALIHHOTO MEePIoAy POCIUH Ta BiJICYTHOCTI CHITOBOTO
MOKPUBY CTAaHOBUTh 3HAYHY HEOE3MEKY.

3a pe3yabraraMu aHajli3y OTPUMaHO XapaKTEPUCTUKU TPaB THUX €KOCHCTEM, 30KpeMa
BUJIOBUI CKJIQJ PpOCIHH, Ta OXapaKTepPH30BaHO TOXKEXHY Hebe3neky. OCKUTbKU
MOXKESKOHEOE3MEeYH1 BIIaCTUBOCTI PI3HUX BUJIIB POCIIHUH BIJIPI3HSAIOTHCS MK COOOI0, 8 3HAYHE
BUJIOBE PI3HOMAHITTS HE A€ MOKJIMBOCTI BUBYUTH KOXKHOTO IIPEACTaBHUKA, JJIS TOAATBIINX
JOCTIIKEHb BUUIEHO HAHOUIBIL NOIIUPEH] TPaB siHI POCIUHMU, SIKI IIMPOKO 3yCTPIYAOTHCS
MPAKTUYHO B YCIX €KOCHCTEMax Ha TepuTopii YKpaiHW 1 yTBOPIOIOTH yrpyIyBaHHS, a
MOJEKY/IU 1 CYLUIbHI MOKPUTTS AUISTHOK: KOHIOIIMHY MOJIbOBY, TAMO(I1iBKY JIy4HY, KOCTPHUIIO
JY4YHY, KOCTPHUIIO OYEPETAHY Ta MUPI MOB3YyUYHHl.

Briepiie mociimkeHo ToKeKOHEOe3MeuHI BIACTUBOCTI KOXKHOI 3 POCIIHH: TUHAMIKY
3MIHM BOJIOTOCTI y MPOIIECI BUCYIIYBaHHs, PIBHOBaXHY BOJIOTICThb, TEMIIEPATYPH TIIIHHS,
3aliMaHHs Ta caMO3aiiMaHHs, Yac 3aiiMaHHs, 30JIbHICTh Ta KOS(DIlIEHTH TUMOYTBOPEHHS 32
YMOB TJIIHHA Ta TOJYyM SHOTO TOpiHHS. JOCHIMKEHHS LWX BIACTUBOCTEH IPOBOIWIN
yrnpoaoBx 5 110 micis 30MpaHHs 3pa3KiB POCIMH Y NPUPOJHMX yYMOBax Ta B IMPOILIECI
MPUPOIHOTO BHUCYIIYBaHHS y JIaDOpaTOpHUX yMoBax. TeMmneparypu TIiHHS, 3aiMaHHS Ta

camo3aliMaHHs KOKHOT 3 JOCHIKEHUX POCIIHH € PI3HUMH 1 3MEHIIYIOThCS 13 3MEHILIEHHSIM
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Bosiorocti. Ha m’sty noOy nocnimkeHs Temneparypa 3aiiManHsi craHoBuia Bij 175°C s
KOHIOIIWHY TONTLOBOI, 184°C myst mupiro mos3ydoro, 187°C mns xoctpwuiti sryanoi, 190°C
1uist kocTpuill odepeTsHoi 1 10 193°C mis TumodiiBku JydHOI, TemMreparypa TIiHHS — BiJ
223°C pns xoctpuul jdyuHoi, 247°C ajis KOHIOIIMHM TMOJbOBOI, 259°C myist KocTpuIl
ouepetsHoi, 273°C ans mupiro mnor3ydoro i jgo 287°C s TUMOGIIBKMA JTy4yHOi, a
TemMIieparypa camosaiimanHs — Big 326°C mius xkoctpuii jgyuHoi, 342°C g KoCTpuill
odepeTssHoi, 358°C m1st KOHIOIMHM T0Ih0BO1, 374°C 1yt upito moB3ydoro, i 10 380°C st
tuMOo(iiBKU JyyHOi. Bonoricte pociuH craHoBuia BiJl 8% aiisi KOCTpUIll ouepeTtsiHoi, 9%
It KocTpuil y4Hoi, 10% i mupito moB3ydoro, 18% mis tumodiiBku my4aHoi 1 10 20%
JUIl KOHIOIIMHYU MOJIbOBOI. BIIMIHHOCTI MOXEKOHEOE3MEYHUX MOKAa3HUKIB 3YMOBITIOIOThH
pi3Hy HeOe3MeKy BUHUKHEHHS 1 TOLITUPEHHS MOYKEK Ha TUISTHKAX, BKPUTHUX PI3HUMH BUIAMU
TpaB’sSIHUX POCIIUH.

3a pesynabraTamM J1a0OpaTOpHUX JOCHTIHKEHb OTPUMAHO JIIHIWHI perpeciiiti
3aJISKHOCTI TeMIleparyp TIHHI, 3aiiMaHHs 1 caMo3aliMaHHs IS JTOCTIKEHUX POCIHMH Bl
BOJIOTOCTI, SIKI MOXYTh 3aCTOCOBYBaTHCS JJisl OIIIHIOBAHHS MOXKEKHOI HEOE3MeKu 3a
3HAUEHHSM BOJIOTOCTI TPAB’SIHOTO TOPIOYOT0 MaTepiay.

Y maboparopHuUX yMOBax 3 BHUKOPHCTAHHSM JepuBarorpada BIEpIIC OTPUMAHO
TEPMOTpaBIMETPUYHI KpPHBI, SIKI XapaKTepPU3YIOTh IPOLIECH HArpiBaHHSA 3pa3KiB IMX
MarepiasiiB Ta Tepmiunoi nectpykiii. Kpusi TG ays KOKHOT 3 JOCTIIKEHUX POCIUH
PI3HATHCSI MK COO0I0 HE3HAYHO, MPOTE OUIBII ICTOTHOIO € p13HUL MK KpuBUMHU DTA, 1o
CBITYUTH TIPO BIAMIHHOCTI HACTAHHS €K30TEPMIYHOTO Ta €HAOTEPMIYHOTO (DEKTIiB, a TAKOXK
MIPOIIECIB BUCYIITYBAaHHSI, MIPOMI3y Ta TEPMIYHOI NECTPYKIIII i 1I€I0 BUCOKUX TEMIIEpaTyp
y IIPOLEC] HArpiBaHH. Y MPOILIECi TEPMOrPaBIMETPUYHUX JIOCIIHKEHb BUIIEHO TPU CTA/lI,
AK1 17151 KOOKHOT 3 POCIMH MAarOTh Pi3HI TeMIeparypHi iHTepBaid. BusiBieHO BIIMIHHOCTI
TEeMIeparyp MEPIIOr0 €K30TEPMIYHOIO €(eKTy, SIKUl XapaKTepu3ye TEPMIUHY CTIHKICTb
3pa3kiB. s KOCTpHI OYEpeTSHOI 1el MOKa3HUK € HAOUIbIIKMM 1 CTaHOBUTH 364°C,
HIDKYUMH € 3Ha9eHHA € JUIs KocTpuill JyuHoi — 347°C, tumodiiBku may4uroi — 333°C Tta
nupiro 1moB3ydoro — 316°C. A HaWHWKYOIO € TemIieparypa IMepIIoro €K30TepPMIYHOTO

edeKTy 1Sl KOHIOMHYU 10160Bo1 — 300°C.
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3a pe3ynpraTaMy KJIACTEPHOTO aHaJli3y BIEPIE OTPUMAHO PO3MOIUT LIUX POCIHH 3a
rpynamMu 3 ypaxyBaHHSM iX TOXKEKOHEOE3MEUHNX MOKa3HUKIB. HaltOoumbin Onm3pkumMu 3a
MOKEKOHEOE3MEYHUMU BIACTUBOCTAMU € KOCTPHIISI OYepeTsiHa Ta KOCTPUIS JIydHa, SIKI
YTBOPIOIOTH OKPEMY TPYILY, a IIOTIM JI0 Hel MPUETHYETHCS MUPIH OB3yuuil. [HIIOIO rpymoro
CXOXKHMX 32 MOXKEKOHEOE3[EUHUMH BIIACTUBOCTSAMHU POCIMH € KOHIOIIMHA T0JIbOBA 1
tuMo(iiBKa JiyuHa. BCTaHOBIEHO TakoK, 110 OJIM3bKUMU € TaKi IOKA3HUKH, SIK TEMIIepaTypu
TIHHS Ta caMo3aliMaHHsA, TeMIleparypa 3aiiMaHHs, 30JbHICTH Ta KOE(]IilieHTH
JMMOYTBOPEHHSI, KOXKHA 3 SIKUX OKPEMO MOXKE XapaKTepU3yBaTh TOXKEKHY HEOE3MeKy
pocnuH. BosoricTs y OpIBHSIHHI 3 IUMH MOKa3HUKAMHU € 00CPHEHO0 BETMYHMHOIO 1 TAKOXK
MOKE OKPEMO 3aCTOCOBYBATUCS JIJISI OLIIHIOBAHHSI TTOXKEKOHEOE3MEKN TOPIOYMX MarepiaiB
POCIMHHOTO MMOXO/IKSHHS.

[IpoBeneHo eKcrepruMEeHTalbHI JOCIIKEHHS MPOIECIB 3aiiMaHHA Ta MOIIMPEHHS
TpaB’SIHUX MOXEXK Y TIOJIOBUX YMOBaX Ha TEPUTOPIT 3aX1THOTO JIICOCTENY B OCIHHIHN Mepio
TICIIA 3aBeplIeHHs Bererarii. J{ist nocmimpkenHs GopMyBail TOCHITHI AUISTHKA JOBKHHOIO
10 M 1 mmpuHOIO 3 M, SIKI OOJIAIITOBYBAJIA HAa BKPHUTINA TPaB’sIHUM MOKPUBOM TEPUTOPIi
TaKUM YUHOM, 1100 BiTep OyB y HampsSMKy JOBIIOi CTOPOHM JAUISTHKH, @ CYMIKHI TUIOIII
BUKOITYBAJIUCS 1 3BOJIOXKYBAJIUCS 3 METOIO HEAOMYIIIEHHS! HEKOHTPOJILOBAHOTO MOIIMPEHHS
TOPiHHA. Y pe3ylbTari MOJIbOBUX JAOCIIHKEHb BCTAHOBJICHO 3HAYCHHS JIIHINHOI IIBUJIKOCTI
MOMIUPEHHST (DPOHTY TOXKEXKI Ui IIBUAKOCTEW BITpY Bim 1-2 10 6-8 m/c Ta BucOTH
TpaB’ssHOro mokpuBy 40 cm 1 60 cm. IIBuAKICTH MOIIMPEHHS NOXKEXK1 3pocTana 13
30UTBIICHHSIM IBUAKOCTI BITPY JJISl IUISTHOK 3 BUCOTOIO TpaB’sitHOro mokpuBy 40 cM Bif 2,5
1o 3,5 M/XB, a I BUCOTH TpaB’siHOTO mokpuBy 60 cMm Big 3,1 go 12,5 m/xB. BussieHo
3pOCTaHHS IIBUIKOCTI 13 30UIBIIEHHAM OOMJBOX LIMX MOKA3HUKIB Y BHUIIAJKY MOIIMPEHHS
TOPIHHS Y HANPSAMKY BITpY. [IpoTe TOpiHHS MOMUPIOBATIOCS 1 Y HAMPSMKY, IPOTHIICKHOMY
710 BITPY, OJTHAK 13 3HAYHO HMXKYOIO MBUAKICTIO — 0,5-0,7 M/xB. Takok BCTaHOBJICHO, 1110 Y
HIYHUN TIepioa 100U 3aiiMaHHs OyJ0 YCKJIaJHEHHM 1 TOIIUPEHHS TOXKEXKI 3arajioM He
BIOyBaJIOCS 4Yepe3 3HIDKCHHS TEeMIIepaTypu TOBITPS 1 30LIbIIEHHS HWOTO BiIHOCHOI
BOJIOTOCTI.

[IpoBeneHo KOMIT'IOTEpHE MOJICIIOBAHHS TpPaB STHUX TOXKEXK 13 BHUKOPUCTAHHSIM

nporpamboro 3abesneueHHss Wildland-Urban Fire Dynamic Simulator (WFDS), ske
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CTBOpEHO Ha 0a3i (pizuaHoi Mozen nmommpenHs noxex Fire Dynamic Simulator (FDS) mis
MOJICTIFOBAHHS MOXKEXK Y PUPOTHUX EKOCUCTEMAX 1 € alpoOOBaHUM ISl TPAB STHUX MOXKEXK.
TpaB’saHuit TOKpUB (opMyBaJId 3 BIACTHBOCTAMH TMHPIIO [OB3y4YOro, SIKUHA €
HAMTOIIMPEHIIIO TPaB’sIHOK POCIMHOIO B YKpaiHi Ta Ma€ HaHMEHIITy TepPMOCTIHKICTD 13
JOCTIDKEHUX 371aKiB. BCTaHOBIEHO, 1O y BHIAIKy €KCTPEMajbHO HHU3BKOI BOJIOTOCTI
TpaB’sIHOTO TIOKPUBY 6%, sika BCTAHOBIIIOETHCS B MEPIOJl EKCTPEMAIILHOI TTOCYXHU Ta MICIIS
3aBEPIICHHS BETETAIIITHOTO Tepiofy, JiHIHHI IIBUIKOCTI MOIIUPEHHS (POHTY MOKEK] €
3HAYHO BUIIMMH Y MOPIBHSIHHI 3 OTPUMAHUMH TI1]1 4aC €KCIIEPUMEHTAIbHUX JOCHIIKEHb, Ta
CBiIUaTh TPO CKJIAJHICTh TACiHHA TaKUX TOXKEXK. BUABICHO, MO B Jiama3oHi BUCOT
TpaB’ssHOro nokpuny 20-100 cm mBHUAKICTH € HaiOUIBbIIOW I 80 cM. 3a pe3yasraTamMu
MOJICTIFOBAHHSI BCTAHOBJICHO, 10 3aJIEKHICTh IIBUIKOCTI TpaB’sHOI MOXKEXK1 Bl BUCOTU
TpaB’sIHOTO TIOKPUBY OIUCYETHCS TOTIHOMIAIBHOK perpeciiinoro moxewno v = 0,0001h%—
0,0251h°+1,3591h+0,7772 3 koedillieHTOM JOCTOBIPHOCTI ampokcumarii R°= 0,9572.
Birtep 3aranom no3uTUBHO BIUIMBAE HA IIBUKICTh HOIIUPEHHS MOXKEXK, ajle 3a MIBUAKOCTEH
4 M/c 1 BULIE TOPIHHA NPUITMHSIIOCSA, UMOBIPHO, YEPE3 OXOJOPKEHHS TOPIOYOr0 Marepiaiy.
[IpoanainizoBaHo, IO TPaJAMIIIAHI METOAM 1 3aCO0M TaClHHS TPaB’SHUX MOXKEX
0a3yl0ThCsl 3€OLIBIION0 HAa BUKOPHUCTaHHI BOJM, CTBOPEHHI MIHEPATI30BAHUX CMYT 3a
JIOTIOMOTOFO BIITTOBIHOT TEXHIKH, a TAKOXK MEXaHIYHOTO BILIHBY, 110 CIIPUYMHSIE 30MBaHHS
MOJTyM 51, 3aCUTIaHHSI KOTO TPYHTOM 32 JIOTIOMOTOI0 PYYHHUX THCTPYMEHTIB. AJie /IS TaCiHHS
MOXKEXK Yy MPUPOJHUX EKOCHCTEMax MOTpiOHA 3HaYHAa KUIBKICTH BOJU, IIO HE 3aBXKIU
MOYKJIUBO 3a0€3MEUUTH, & BAKOPUCTAHHS PYYHHUX IHCTPYMEHTIB MOTpeOy€e 3HAYHOT KITHKOCTI
PATYBAJIBHUKIB Ta (i3WYHKUX 3ycHiib. OCKUIBKM B MPOLIECT KOMIT FOTEPHOIO MOJIEIIOBAHHS
BUSIBJICHO, IO BITEp MOXE CIPHUITH TaCiHHIO TpPaB’sSHOI IMOXEXI, 3alpOIIOHOBAHO
BUKOPUCTAHHS TPUCTPOIB, SIKI (POPMYIOTH MOTOKH TOBITPST — MEPEHOCHUX OEH3MHOBHX
MOBITPOAYBOK Ta 0OmpucKyBauiB. [IpoBeneH1 JOCIIHKEHHS 0COOIMBOCTENH (POpMYyBaHHS
MOTOKY TIOBITPSI OOMPHCKYBaueM BiJ] PEXKUMIB POOOTH MPUCTPOIO Ta BIAXWICHHS Bif
OCHOBHOTO HaNPSIMKY TIOIITUPEHHS TTOTOKY MOBITPSI, SIK1 BKa3yIOTh Ha €(h)eKTUBHICTH CIIOCO0Y
3a 3aCTOCYBaHHS PEXKUMY CEpEeIHIX O0EpTIB JBUIYHA Ta CIPSMYBAaHHS MOTOKY MOBITPS B
OCHOBHOMY HampsiMKy. OOTpyHTOBaHO, IO €(PEKTHMBHUM CIIOCOOOM TaCiHHS TOXEXK Y

TpaB’SHUX EKOCHUCTEMaxX € i IOTOKIB MOBITpS a00 MOBITPSAHO-BOASHOI CyMimn 31



mBuakicTio 8,1-11,3 m/c Ha Biacrani 0,4-1 M Bij coTuia MPUCTPOIO y HAMPSIMKY HOTO OC1 Ha
Marepiajl, o TOPUTh, IO MPU3BOIUTH JO HOTO OXOJOMKEHHS Ta BIIPUBY IOIyM’sS B
ocepenky ropiHHs. IIpoBedeH1 MOCHIKEHHS 3 BUKOPUCTAaHHS OOIMPHCKYyBada IIij dYac
racigas migposauiom JJCHC Ykpainu peanbHoi TpaB’siHOT okexi Ha TepuTopii KuiBchkoi
00I1. miaTBepAr €(hEeKTUBHICTh TAKOTO CIIOCOOY.

Pesynbraty pociiikeHb BIPOBAKEH1 y NisUibHICTH [onoBHoro ynpasiinas JCHC
Vkpainu y M. KueBi, a otpumani B poOOTi 3al€XKHOCTI, SIKI XapaKTEpU3yIOTh PO3BUTKY
NOXKEX Yy TpaB’SHUX EKOCHCTEMAaX, BUKOPUCTOBYIOTHCS JUISl IUIAHYBAHHS 1 MPOBEICHHS
3aXO/IIB 3 IMOYKEKOTACIHHS, OLIIHIOBAHHSI 3arp03 MEPEXO0Ty TAKUX MOXKEXK Ha JTICOBI MACHUBH Ta
PI3HOMaHITHI 00’ €KTH.

B pesynprari Oyno BCTaHOBIEHO OCOOIMBOCTI BIUIMBY PI3HOMAHITHUX YMHHHUKIB HA
JTMHAMIKY BUHWKHCHHS Ta TPUIIUHCHHS TOXKSXK y TPaB’SHUX EKOCHCTEMaxX Ta HaJlaHO
PEKOMEH A1 MO0 iX ypaXyBaHHS IS 3ar00IraHHs i raciHHS TOXKEXK.

KirouoBi cjioBa: Tpap’sHI TMOXEXI, TOPIOYMI Marepiajl, MpPOIECH 3aiiMaHHS,

MOLLIMPEHHS MOXKEXKI1, TACIHHS MOXKEXKI.
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The dissertation is devoted to solving the actual scientific and technical problem
revealing the dynamics of development and cessation of fires occurred in grass
ecosystems.

Fires in grass ecosystems pose a danger to the natural environment, humans and
animals. Their spread causes conflagration in nearby facilities, including forests,
farmland, buildings and structures. There occur deaths and injuries due to grass fires. The
dry grass ignition can develop with a simple match striken or from a cigarette butt. The
dry grass allows fire spreading throughly not only downwind, but also in the opposite
direction.

The process of extinguishing grass fires is complex and involves risks to the lives
and health of rescuers, the existing methods and techniques of firefighting being not
always effective and feasible. It usually requires a significant amount of water, which not
always is accessible for delivering to the fire scene in a timely manner.

To successfully extinguish fires in grass ecosystems, an analysis of their occurrence
causes and preconditions, factors influencing their occurrence and spread processes as
well as their spread process peculiarities, along with fires extinguishing methods and
ways has been carried out.

A number of research methods were used, including analysis of literature sources
with results of research in the grass fires field, laboratory methods for determining
flammable indicators characteristic to combustible materials of plant origin: temperatures
of ignition, spontaneous ignition and decay, coefficients of smoke and humidity,
thermogravimetric analysis, cluster analysis, correlation analysis. regression analysis,
statistical methods of research results processing, experimental methods of researching

fires in areas covered with grass vegetation, computer modeling of grass fires origin and
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spread processes, experimental methods to extinguish grass fires using the proposed
methods and means and those methods justification.

The analysis of research in grass fires field identified the main factors influencing
their occurrence and spread: combustible material, weather and climatic conditions and
topography. From weather and climatic conditions the most important are wind currents,
temperature and relative humidity, precipitation.

Analyzed are the grass ecosystems of Ukraine at which study result identified are
three main ecosystem types where fires occur: forest, meadow and steppe. Forest grass
ecosystems are elements of forest ecosystems, and their fire hazard should be considered
separately and in combination with other components (stands, forest litter, undergrowth
and underwood). Therefore, the paper focuses on steppe and meadow ecosystems, formed
mainly by grassy vegetation, which in dry weather before and after the end of plants
growing season and in the lack of snow cover poses a significant danger.

According to the literature sources analysis results, the characteristics of grass
ecosystems, in particular the plants species composition, are obtained and the fire danger
Is characterized. Since the fire-hazard properties of different plant species differ from
each other, and a significant variety of species does not allow studying each representative
of that category, for further research purposes there were identified the most common
herbaceous plants, widely present in almost all ecosystems in Ukraine and forming groups
(and sometimes continuous vegetative coatings at areas: field clover, timothy grass,
meadow fescue, tall fescue and creeping wheatgrass.

For the first time, the fire-hazardous properties of each plant were studied,
including the dynamics of humidity change during drying, equilibrium humidity,
temperature of smothering, ignition and spontaneous combustion, ignition time, ash
content and smoke formation coefficients under smother and flame combustion. Studies
of these properties were performed within 5 days after collection of plant samples under
natural conditions and during natural drying in the laboratory. The smother, ignition and
spontaneous combustion temperatures of each of the studied plants are different and
decrease with decreasing humidity. On the fifth day of study the ignition temperature

ranged from 175°C for clover, 184°C for creeping wheatgrass, 187°C for meadow fescue,
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190°C for tall fescue and up to 193°C for meadow thyme, with smother temperature
ranging from 223°C for meadow fescue, 247°C for field clover, 259°C for tall fescue,
273°C for creeping wheatgrass and up to 287°C for meadow thyme, while auto-ignition
temperature ranging from 326°C for meadow fescue, 342°C for tall fescue, 358°C for
field clover, 374°C for creeping wheatgrass, and up to 380°C for meadow thyme. The
plants humidity ranged from 8% for tall fescue, 9% for meadow fescue, 10% for creeping
wheatgrass, 18% for meadow thyme and up to 20% for field clover. Differences in fire
hazard indexes impose different risks of fires spreading to areas covered with various
types of herbs.

According to the results of laboratory studies, linear regression dependences of
smother, ignition and spontaneous combustion temperatures on humidity were obtained
for the studied plants, which dependencies can be used for fire hazard assessing by the
value of combustible herbal material moisture content.

In the laboratory, using a derivatograph, for the first time thermogravimetric curves
have been obtained to characterize the processes of these materials samples heating and
thermal destruction. The TG curves for each of the studied plants differ slightly, but more
significant is the difference between their DTA curves that indicating differences in the
occurrence of exothermic and endothermic effects, as well as drying, pyrolysis and
thermal destruction processes when samples subjected to high temperatures during
heating. In the process of thermogravimetric studies, three consecutive stages have been
identified, which have different temperature intervals for each of the plants. The
temperature differences of the first exothermic effect, characterizing the samples thermal
stability were revealed. For tall fescue this indicator is the largest reaching 364°C, lower
values being identified for the meadow fescue( 347°C), meadow thyme ( 333°C) and
creeping wheatgrass (316°C). And the lowest first exothermic effect temperature is
registered for field clover: 300°C.

According to the cluster analysis results, for the first time these plants distribution
by groups taking into account their fire hazard indicators was obtained. The closest in
terms of fire-hazardous properties are the group, which includes tall fescue and meadow

fescue, next joined by creeping wheatgrass. Another group of plants with similar fire-
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hazardous properties includes field clover and meadow thyme. It is also established that
such indicators as smother and spontaneous combustion temperatures, ignition
temperature, ash content and smoke formation coefficients are close, each of those
indicators separately allowing to characterize the fire hazard of plants. Humidity in
comparison with these indicators is an inverse value and can also be used separately to
assess the fire hazard for combustible materials of plant origin.

There were carried out the experimental studies of the processes of field grass fires
ignition and spread in the Western Forest-Steppe in the autumn after the vegetation season
end. For that study, 10 m long and 3 m wide research plots have been formed, arranged
on a grassy area so that the wind streams in the direction of the plot’s longer side, and
adjacent areas were mowed and moistened to prevent uncontrolled spread of combustion.
As a result of field research, the fire front linear velocity value for wind speeds from 1-2
to 6-8 m/s and the grass cover height of 40 cm and 60 cm was established. For areas with
grass height of 40 cm the fire velocity increased with increasing wind speed from 2.5 to
3.5 m/min, and for the grass cover height 60 cm that increase was from 3.1 to 12.5 m/min.
An increase in velocity with an increase in both of these indicators when the fire spread
aligned to wind direction was registered. However, the combustion spread also in the
direction opposite to the wind, but at a much lower speed of 0.5-0.7 m/min. It was also
found that during the night the ignition not so readily started and the fire spread did not
occur due to lower air temperature and increase in its relative humidity.

Computer simulation of grass fires was performed using Wildland-Urban Fire
Dynamic Simulator (WFDS) software, based on the physical fire propagation model Fire
Dynamic Simulator (FDS) thus used for simulating fires in natural ecosystems and
approved upon testing for grass fires. The given grass cover was formed according to the
properties of creeping wheatgrass, which is the most common herbaceous plant in
Ukraine and has the lowest heat resistance of the studied cereals. It was found that in the
case of extremely low moisture content of 6%, as set during extreme drought and after
the herbs growing season, the fire front linear velocities are much higher than those
obtained during experimental studies and indicate the difficulty of such fires

extinguishing. It was found that in the range of grass cover heights of 20-100 cm the
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highest speed is registered for 80 cm. According to the simulation results it is established
that the dependence of grass fire rate on grass cover height is described by the polynomial
regression model v = 0,0001h3-0,0251h?+1,3591h+0,7772 with the approximation
reliability coefficient R?= 0,9572. The wind generally has a positive effect on the fires
spread speed, but at speeds of 4 m/s and above the combustion ceased, probably due to
the combustible material cooling.

It is analyzed that traditional methods and means of grass fires extinguishing are
based mainly on the use of water, mineralized strips creation using appropriate
techniques, as well as mechanical impact to tamp down the fire injecting into fire the soil
with hand tools. But fires extinguishing in natural ecosystems requires a significant
amount of water, that is not always possible to provide, and the use of hand tools requires
a significant amount of rescuers and physical effort. Considering that the computer
simulations have shown that wind can help extinguish a grass fire, the use of devices
generating air currents — portable gasoline blowers and sprayers — has been suggested.
Studies of the peculiarities of air flow formation by the sprayer with respect to such device
operation modes and deviations from the main air flow direction which indicate the
effectiveness of the method using the average engine speed mode with air flow
coordinated along to the main direction. It is substantiated that an effective way to
extinguish fires in grass ecosystems is the action of air or air-water mixture flows at a
speed of 8.1-11.3 m/s at a distance of 0.4-1 m from the device’s nozzle its axis directed
on the burning material that leads to its cooling and separation of the flame in the
combustion seat. Studies on the use of a sprayer during the real grass fire extinguishing
by the squads of the State Service for Emergency Situations of Ukraine in Kyiv region
confirmed this method effectiveness.

The research results are implemented in the activities of SSESU Main Directorate
in Kyiv city, and the dependences obtained in this study and characterizing the
development of fires in grassland ecosystems are used to plan and conduct firefighting

measures, assess threats to such fires in forests and various areas’ facilities.
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As a result, the peculiarities of various factors influence on the dynamics of grass
ecosystems fires’ occurrence and cessation were identified and recommendations for
those factors consideration to prevent and extinguish fires have been provided.

Key words: grass fires, combustible material, ignition processes, fire spread, fire

extinguishing.
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