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I'MC-nmopxopn K pelieHNn o 3aa4y NPOrHO3MIPOBAHN A PAa3BUTH A
MPUPOAHBIX MOKAPOB B UepHOOBITbCKOI 30HE OTYY>KACHU
Ha OCHOBe Mojenu Porepmena

Kmioueswvie cnosa: [IpencraBnensl pes3ynbTaThl UCIOMb30BaHNUSA IporpaMMHOro obecedens (110) Ha Hase
reoMHpOPMAITMOHHON CUCTEMBI ¢ OTKPBITEIM KofloM GRASS GIS 7.6 n anroputma pac-
JeTa CKOPOCTY paclipocTpaHeHNs IIoXKapa Ha 0CHOBe Kofja DHJ[PICa, pealM30BaHHOIO
B cucteMe BEHAVE PLUS. g peanusarvm [1O Ha TecToBOl TeppuTopun YepHOOBIID-
ckoit 30HH oTayxKeHNs (U30) 6bl10 co3faHo CleNManM3poBaHHOE TeOMH(pOPMAIN-
OHHOe obecliedeHMe, BKIIOYAOIIee aKTyalbHble KapThl PacTUTeNBHOTO Mokposa Y30,
UAeHTUDUIMPOBAHHOIO B TUIIAX TOIVIMBHBIX Mofesneit (fuel models), kapTel pagmoak-
TUBHOTO 3arpssHeHMs HouBb U30, MopoMeTpUIecKUX XapaKTepUCTUK MeCTHOCTU
U MeTeopoNorMuecKux yoroBmit. Ha ocHOBe TeCTOBBIX pacdeToB IIOMTYYeHBl BEIXOIHBIE
KapThl paclpoCTpaHeHUs II0XKapa 3a pas/iMuHble BpeMeHHBIe IIPOMEXXYTKM U KapTbl
CYMMapHBIX 3amacoB '¥Cs B IlepyuMeTpe HoKapa, ABIAIONIUXCS BXOTHOM MHbopMarmeit
IJL1 labHeHIITeTo MOfe/IMPOBaHMsI BHOPOCOB B aTMOC(epy U IepeHoca pafoaKTUBHO-
T0 a9p030/Is1 BO BpeMsI IIoXKapa Ha Onmanexariye TeppUTOPUIL.

TOIVIVBHBIE MOJIe/IN,
reonHopMaInoHHOe obecIedeHe,
pacrpocTpaHeHue [oxapa,
MoJie/IMpOBaHMe.

Beemgenne

IIpo6neMa jeCHBIX HOXApPOB B YepHOOBUILCKOI
3oHe oruyxjennsa (H30) aBnsaercsa akTyanbHOI, 1O-
CKOJIBKY OHM €XETOTHO YHUUTOXKAIT M IMOBPEXTAIOT
PAaCTUTENBHOCTD HA PAJMOAKTUBHO 3arpsi3HEHHBIX
TEPPUTOPUAX, BBHISBIBAA HOJBEM U HEPEHOC PajINo-
AKTUBHOTO a3PO030/s HA 3HAUMMBIE PACCTOAHUA. ITO
OKa3bIBAET BAMSHNIE HA JKOJOTUUECKOE COCTOSIHIE
OKPY>KaIomIell Cpefibl, BKTI0Uas HACETCHHBIC TYHKTHI.
3apyOesKHbIl ¥ OTEYECTBEHHBIN ONBIT IIOKA3bIBAET
yCIIENTHOE MCHOAb30BaHME CIENMATU3UPOBAHHOTO
nporpammuoro obecrieuenus (I10) s mporuosa mo-
BEJICHUS M PACIPOCTPAHEHU S HPUPOTHBIX IOXKAPOB
Ha OCHOBE MOJTySMIMPHUUIECKoi Mopenu Porepmerna [1]
C Y4eTOM HPOCTPAHCTBEHHOTO PACIpPele/iecHNs KOM-
IJIEKCOB PACTUTENBHBIX TOPIOYUX MATEPUAIOB U JIO-
Ka/IbHBIX IIPUPOJIHO-TEOr papUIeCKUX YCIOBUIA.

ITpupopnsie noxapel B Y30 u npuierawimmux Tep-
PUTOPUSIX SIBISIIOTCS BAXXHBIM (PAaKTOPOM Iepepacriipe-
HEeHU A PAIMOHYK/IUIOB IIyTEM aTMOC(EPHOro Hepe-
HOCA B pe3y/IbTaTe MOA'beMa PAJMOAKTUBHOTO a3P 030711
U HOCNIEAYIONIETO OCAXK/CHN S Ha OOIBIIOM PaCcCTOSHUA
OT MecTa moxkapa. PaspuTue moxkapa, Kak InpaBuio,
HPOUCXOANUT B HCOTHOPOAHON Cpele, IPEICTaBACHHON
Pa3sJIMIHBIMU BUJAMU MOACTWIAIOIEH MOBEPXHOCTU
UM MHOXKECTBOM TUIIOB PUPOJHBIX TOPIOYMX MaTepua-
JIOB C pa3/IMYHbIMU CBOVICTBAMU. YCIECIIHOE IIPOTHO3U-
poBaHMe IMHAMMKHU PAa3BUTU S MIOKAPOB 3aBUCKT OT aK-
TYJIBHOCTH KapTOrpadMuecKuX JAHHbIX, IIOTy4aeMbIX
C MOMONIBIO JIAHHBIX IMCTAHITMOHHOTO 30HIMPOBAHM
semin (JI33) 0 COCTOSTHUMM PAaCTUTEIBHOTO HOKPOBA
U pacIpesie/IcHUM KOMIDIEKCOB PACTUTEIBHBIX TOPIOIUX
marepuanos (PI'M) no reppuropun UY30. Muorue ¢ax-
TOPHI BIMAIOT HA MOBEACHUE MTOXKapa B OKPY KA
npupozne. OCHOBHBIE (PAKTOPBI: TOIUIMBO (TeOMeTpute-
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ckas ¢opma, prarocopiep>kanne PI'M), moroga (Bnaro-
cofiepKaHme BO3/yXa, KOMTUIECTBO OCAIKOB, CKOPOCTD
U HAIIPaB/ICHKE BETPa), Tornorpadgus MeCTHOCTH (YK/IOH
Y OKCIIO3UITNA) U 6/IM30CTDh HACCTICHHBIX ITYHKTOB OIIpe-
AEAIOT MOBEACHUE U MAaCIITAOHOCTD OXKAPOB. AKTY-
JIBHOCTD Y HEHPEPBIBHOCTD B MPOCTPAHCTBE MO yUe-
HUA HPUPOIHBIX XaPAKTEPUCTUK (MOPPOMeETpUIeCKUX
XapaKTEPUCTUK MECTHOCTH, TUIIOB HOJICTWIAOIIEI 10-
BEPXHOCTU M PACTUTE/IBHOTO IIOKPOBA) 00eCIIeunBaeTCst
ucnonb3oBanmeM reonadpopmaimonnsix cucreM (IMC)
U COBPEMEHHEBIX JaHHBIX [[33 C IpOCTpaHCTBEHHDBIM pas-
pemenuemM 1o 30 M.

B nHacrosmiee BpeMs CymiecTByeT 60/IbIIOE YUCTIO
Moypienelt (TeOpeTUIeCKUX, CTaTUCTUYECKUX, TONTYIMIIU-
PUYECKNX) PA3BUTHS MPUPOIHBIX MMOXKAPOB, TE€TATHHO
OTMCBIBAOININX PA3IMIHBIE IPOIECCHI TOPCHUS U Pac-
npoctpanenus orus [1-6]. Takue Mofienu HanpaBIeHbI
Ha MAaKCUMaJIbHO TOYHOE ONMCAHME PASIUIHBIX PO-
11€CCOB, BIMAIONMX Ha AMHAMUKY noxapa. OHaKo ux
UCIO/Ib30BAHUE CBSI3aHO ¢ HEOOXOAMMOCTBIO TOYHOTO
3HAHUsL OOJIBIITOTO KOIMIECTBA XaPAKTEPUCTHUK, OIMCHI-
BAIOIIMX COCTOSHYUE CPEIbI U YCIOBUIA PACIIPOCTPAHCHUS
noxkapa [7, 8].

Cocrosanne BOIPOCA M AKTYATHHOCTD NPOGIEeMbI

Exxerogno B Y30 BO3HUKAIOT HECATKM JIECHBIX 110~
JKAapOB, B PE3y/IbTaTe KOTOPBIX CrOPAeT, HOBPEKIACTCS,
a 3aTeM U rubHeT GOMbIIoe KOMUIECTBO sieca. Yiepl ot
JIECHBIX TIOXKAPOB HA PAIMOAKTUBHO 3arPsA3HEHHON Tep-
PUTOPUH HE OTPAHNIUBAECTCS TOIBKO CTOMMOCTDIO YHUY-
TOXEHHOM JipeBecunbl. Cropesiie pajuoakKTUBHO 3a-
IPSISHEHHBIC PACTUTE/IBHBIC MATCPHAITBI (CYXUE IePEBDS,
HOJIIECOK, BRIPYOKA, HOJCTU/IKA M T. JI.) OCTAIOTCS HA 3¢M-
Jie B BUJIE MEIJIA U TIEPEHOCATCA KaK BO BPeMs HOXKapa,
TAK U OC/IE HA JAJIbHIE WK OTU3KUE PACCTOSIHIA B 3a-
BUCUMOCTH OT BETPOBOTO PEKMUMA B IOTPAHUIHOM C10€
armocdepsr. [IpupoHbie MOXKaphl PECTABIAIT COOOI
OMACHBIE CTUXUITHBIE OETICTBIS, TIPUHOCATIME OTPOMHBII
yiiep6 U co3maonue yrposy s JI0E M MaTepUaIbHBIX
PECYPCOB, HAXOMSAMMXCS BOIM3YU PAitOHOB MX BO3HUKHO-
BeHrs u passutus. OueHKn pacupocrpanenns GppoHTa
HOXKAPa B YCIOBUAX HEOTHOPOTHOTO PACIPEIC/ICHUS 3a-
[1ACOB JIECHBIX U TPABSHBIX TOPIOYIMX MATEPUAJIOB, HA/TU-
VST IPEIATCTBUI [T PACHPOCTPAHEH NS OTHS (IOPOTH,
JIECHBIE ITPO CEKM, BOTHBIE 0O'BEKTHI M T. JI.) M BO3IEHCTBUSA
BETPa B 30HE MOXKAPa MPOBOAATC € UCHOTb30BAHMEM
MOJIe/iell paCIPOCTPAHEHUS MOKAPOB U TOIJIMBHBIX
mopenent (fuel models). BorxojHble JaHHbBIE STUX MOJIE-
el MCHOJIB3YIOTCA B MOJIE/IM aTMOC(hepHOro nepenoca

U OCXKICHNA PajIMOaKTUBHDIX BEIECTB U IIPOIYKTOB I'0-
PEHNUS Ha IO CTIWIAIIY IO IIOBEPXHOCTD. Jajadeli JaHHOM
paboThI 6bUIO HAITH U AIATUPOBATS /1A yernosuit Y30
CBOOOJIHO PACIPOCTPAHAEMYIO KOMIIBIOTEPHYIO IIPOrHO-
CTMYECKY MOJIE/IDb /I IPOCTPAHCTBEHHO-BPEMEHHOTO
MOJCIMPOBAHNUs PACIPOCT PaHEHM A [I0XKAPOB, KOTOpas
OBl IIO3BONIM/IA IIPOTHO3UPOBATH PA3BUTUE U AUHAMUKY
HOXKAPOB KaK MCTOYHMK HIEPEHOCA M BTOPUYIHOIO pajiua-
LIMOHHOTO 3arpsi3HeHUA. B riporiecce penieHns 3Toi 3aza-
1y ObUIN IIPOAHATIMBUPOBAHBI PAJ] MOJIC/ICH M LIPAKTUIC-
CKMX HOJIXOOB, OAPOOHOE OIMCAHNE KOTOPBIX MOYKHO
Haiitu B [4-6]. B pesynbrare 6bu1 BBIOpaH BapuaHT, OC-
HOBAHHBIN Ha Hanboiee U3BECTHO B MUpe U Haubonee
IIPOBEPEHHON HATYPHBIMM JJAHHBIMU Mogienn Potepmena
[9, 10], KOoTOpas yCHENHO MCHOIb3YeTCs y>Ke MHOTO JIeT
B HanmoHanbHOM cuCTeME OLICHKY II0XKAPHOM OITACHOCTH
CIIA NFDRS (National Fire Danger Rating System) u ee
cucreme nporuosuposanus BEHAVE PLUS u FlamMap
[10-12].

Kparkasa xapakTepucruka ucciegyemoin
Treppuropuu Y30

Teppuropus uccnegopanns mwiomanpo 8300 xm?
paconokena B upesienax gpusnko-reorpaduaeckon 06-
nactu Kuesckoro [lonecnbd, B moiimMax pex Ilpunars, Yx,
Terepes. Penbed Teppuropun xapakTepusyercs o61mmum
YKJIOHOM B BOCTOYHOM HAIIPAB/ICHUH C IIPEOO/Iaatonu-
MM BBICOTaMu 115-145 M Hafg ypOBHEM MOPA M MAKCH-
MaJIbHBIM IOBBINICHUEM 110 170 M B CeBepoO-3alaiHON
U IOT0-3aI1aJIHOM JacTAX. Ha BoCTOKe paclonIoKeHbl Bep-
xoBbA Kuenckoro pogoxpanvmma p. [Juenp. B noime
p. Y2k 6bUIa pacronokeHa ceTb MeMMOPATUBHBIX KAHAJIOB,
KOTOpasi B IIOC/ICITHUE TOJIBI HAXOJIUTCSA B HEPAOOUEM CO-
CTOSHUM, UTO HPUBOJUT K 3a060/Ta4MBAHUI0 MECTHOCTH.
B Tedenne nocnepnux 30 €T MPOM3ONIIM U3MEHEHU
B COCTOSHMM PAaCTUTE/IDHOTO IIOKPOBA Ha HE>KMJIBIX M He-
06pabaTbIBaeMBbIX CEJIbCKOXO03S/ICTBEHHBIX TEPPUTOPHSIX.

OpHUM M3 ONACHBIX AHTPONOTEHHBIX (AKTOPOB
BO3JeiCTBIA Ha IpUpojHyo cpeny Y30 apnaworcs nec-
HBIE TOXKAPbI, KOTOPBIE IPUBHOCAT KPATKOCPOYHBIE M3-
MEHEHMSA B 9KOJIOTMUCCKYIO CUTYALMIO HA TePPUTOPUN
Y30 u 32 ee mpefieTaMu B 3aBUCUMOCTU OT MOTITHOCTH
U IPOJO/DKUTECIBHOCTY OXKAPOB U CTEIICHU pajioaK-
TUBHOT'O 3arPsISHEHMA JIeCa, TPABSHUCTON PacTUTE/Ib-
HOCTH, JIECHOM IOACTWIKH U II0YBbL. OLIeHNM pPaccMo-
TPeHHDbIC JaHHbIE 3a npomexnme roaol (1993-2010),
Haubonee obecreueHHbIe MHPOPMAIUEH O IIPOUCXOJI -
mux noxxkapax B Y30. 3a 5ToT e propt p ou301mao 0Komo
800 cmy4aes o>KapoB € PasHOM IVIOMIANBIO BOSTOPAHMUA.
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Ta6nuna 1. Knaccupukanusa TommmMBHBIX MOfe/Iei
¢ pacupenerenueM xapaktepuctuk PI'M (Albini, 1976)

[TapamMerpsl TOIIMBA
HOMGP 3alrac ToIUIMBa T/Ta Braxuocts
TOIUIMBHOM Tun Tormea BeicoTa Hpexpa-
MO e/ K HOACTUIKU, F?;??;H
nBOE
1lug 104 100 4 FOLUBO M MepTBOTO
TOIINBA, %
ITpeoGmagaroume TpaBs
1 Kopotkas tpaBa (30 cm) 1,83 0,00 0,00 0,00 0,305 12
2 Jlecomatepmarn 4,94 2,47 1,24 1,24 0,305 15
(TpaBa v oIBOM)
3 Bricokast TpaBa (76 cm) 741 0,00 0,00 0,00 0,762 25
Yanapens’u KyCTapHUK
4 Yamapenn (18 cm) 12,37 9,90 4,94 12,37 1,829 20
5 Kycret (61 cm) 2,47 1,24 0,00 4,94 0,61 20
6 Husicuit KyCTapHUK, BbI- 3,71 6,18 4,94 0,00 0,762 25
pybKka TBepIIoi TpeBeCHHBI
7 BedHosereHtle KyCTapHut- 2,79 4,62 3,71 0,91 0,762 40
KM IIa7IbMETO’ M IIOMIJIECOK
JlecHoi1 omap,
8 Omaji XBOU IyCTbIX 3,71 2,47 6,18 0,00 0,061 30
IPEBOCTOEB
9 Omnaji TUCTBeHHBIX IOPOJ 7,21 101,27 0,37 0,00 0,061 25
10 TlomcTmnka u mopIecox 7,41 4,94 12,37 4,94 0,305 25
ITopy6ounsie ocTaTKM
11 Jlerkue 3,71 11,14 13,61 0,00 0,305 15
12 Cpenaue 9,90 34,65 40,83 0,00 0,701 20
13 Tsxenple 17,31 56,91 69,28 0,00 0,914 25

Mojpienu. Mozieb Tormmea — 510 Habop ImapaMeTpoB, Xa-
PAKTEPU3YIOIYX TOIIMBHDINA CJIOM ¥ HEOOXOIMMMBIX JI/Is1
KOHKPETHOI MOJIeNIN TMOBEIEHUS HOXKapa VI MOJIEN
otieHKM nocreictBust noxapa. Albini [7] m Anderson [8]
ormcau 13 kiaccoB Tormsa (tabi. 1), KOTopbie oT/IMYa-
I0TCSL HATPY3KOM TOIUIMBA M PACIIPEIETICHIEM IO K/TACCaM
pasmepoB gactull Tormea. Tomwmeo 6pu10 Kinaccudu-

IMPOBAHO HA YETHIPE MUPOTIOTUIECKIE TPYIIIIBL: TPABHI,
KYCTBI, JIECHOI OIIaji ¥ HOpyOouHbIe 0CcTaTKNU. Pasnmans
B IOBEJIEHNM IOKAPOB CPEIM HTUX TPYI B OCHOBHOM
CBA3AHBI C HATPY3KOM TOIVIMBA M €T0 PACIPENEIEHIEM
IO KJIACCAM PasMePOB YaCTHLL TOIIJINBA.,

B kauectBe «mmonHOro Habopa JAHHBIX AA Ma-
TEMATUIECKOM MOJEIU PACIPOCTPAHEHUA OTHA» I

* Yamapenp — 3apoCii KyCTapHUKOBOTO Ay6a (THII XKeCTKOIMCTHOI KyCTapHUKOBO pacTUTETbHOCTH).

> TlanbMeTO — TIajIbMa IInja, 1ojIsyvad rnajabMa, BCTPEYA€TCA B KYCTApHUKOBBIX 3ap0OCIAX, KaK IOJJ/IECOK B COCHOBBIX JIeCaX.
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Ta6nuua 2. XapakTepucTUKa KIaCCOB TOIIMBA B K1accupukauuy PITM

Kraccer mo peaKiyM Ha USMEHCHNUE BpeMeHHOIZ aar

OnmncaHne TOIUIMBA

MIOTOJTHBIX YC/IOBMIA (timelag)
Cyxue PI'M (dead fuel)
1 xiracc (1-hour time lag fuel) 149(0...29) CyXue TpaBARMCTLIC pacTeHus, XBOf
M CyXUe TOHKME BETBU IMAMETPOM J10 6% MM
2 xnacc (10-hour time lag fuel) 1049 (2...20 v) OBbi1HO 910 ONIABIIME BETKN

IMaMeTpOM OT 6 110 25 MM

3 kiacc (100-hour time lag fuel) 100 1 (20...200 g)

BerBu mnu mopy6odHble 0CcTaTKN
IVaMeTpOM OT 26 110 75 MM

4 xracc (1000-hour time lag fuel)

1000 1 (200...2000 )

BerBu fuamMeTpoM ot 76 go 200 MM

JKussie PTM (live fuel)
Cyxme TpaBSHUCTBIE PACTEHU A M BETeTUPYIONINE TPABEI
1 KJ1aCC «TOHKOE TOTIIMBO» Y P P Py P
(fine fuel) 149(0...29) 7o 6 MM. DTOT KJIacC SIBJIeTCSl OCHOBHBIM IIPOBOJTHUKOM
TOpeHMsI B aMepUKaHCKVX TOIUIMBHBEIX MOJIe/ISIX
2 KJ1acC — XBOS, TUCTbS U BETBU 1049 (2...20 v) Croit MofcTWIKY TIyOUHOM oT 6 710 25 MM

3 Kmacc 100 1 (20...200 g)

Croit moncTvIky Ty6uHoM ot 25 o 100 MM

4 xmacc**

1000 1 (200...2000 1)

Crou moncTwiky, Topda, meperHos ITy6uHOM
o1 100 1o 300 MM

* CormacHo JaAHHBIM O6CH€HOB3HI/IH TIO>Kapuin TOTUIMBHBIN MaTepuaa InaMeTpom 6 MM — 3TO BEPXHAA TpaHUILlA TUAMETPA JKUBBIX

HAPEBECHBIX MATCPUAJIOB, KOTOPbBIC IIOJIHOCTBIO CTOPAIOT IIPU JICCHOM IIO>Kape.

** 4 Kmacc He UCIIOJIB3YETCA MOJCTIAMU pACIIPOCTPAHCHN A ITIOBEPXHOCTHBIX ITOXKAPOB.

13 Mojiestert TOIWINBA ONpeie/icH Habop YMCTOBBIX 3HA-
yeHn#. OH ONMUCHIBAET TUI TOIIMBA, OIPEAEAEeMOTO
PasMepoM JMaMeTpa 4acTUL TOIIMBA, COOTHOUICHUEM
MOBEPXHOCTH U 00'beMa JIJIsI KaXK/[OTO KJIacca pasMepoB,
IyOMHOIM C/10s1 TOIUIMBA, TEIVIOEMKOCTBIO TOIIMBA,
BIaXXHOCTBIO IpeKpateHns ropeansa. CKOpOCTb U3MEHe-
HMA COfep>XaHNA BAaTH TOIIMBA 3aBUCUT OT IMaMeTpa
OPEBCCHOM TOIVIMBHOW YaCTULILI M CTEIICHU M3MCHCHMU A
YCIOBUIA OKpYy>Kalomeit cpenpl. Vicropuaecku [uaMeTpel
APEBECHBIX TOIVIMBHBIX YaCTHUI] KAacCUPUIMpyTCs
B COOTBETCTBUMU C 33[ICP>KKON BO BpPCMCHHU IIOTEPD BIIAXK-
HOCTH B PE3Y/IbTATE U3MEHEHNA YCLOBUI OKPYKAOIIEN
Cpefibl — BpeMeHHBIM naroM. [log BpeMeHHBIM 1arom
MOHMMAIOT TICPUOJ] BPEMEHM, B T€UECHUE KOTOPOTO IIPO-
UCXOIUT HOTePs ABYX TpeTeit (63 %) KonuuecTBa BOIbL,
HEOOXOIMMOTO JI/IA IEPEXO/ia K HOBOMY PABHOBECHOMY
COflep>)KaHUIO BJIATY IIPY M3MEHCHUHU YC/IOBUI OKpYyXa-
et cpenpl. Towmmeo 6ompiiero guaMmerpa 0O0bIaHO
nuMeeT OOMBIINIT BPEMEHHOI JIAT, YTO O3HAYAET, ITO OHO
MeJyIeHHeE pearpyeT Ha M3MeHeHN cpefpl. Kateropun

BPEMEHHOTO 3ala3bIBAHNA, TPATUIIMOHHO UCIOIb3Y-
eMble JI/Is OLICHKU MOBEICHMS MOKAPOB M MOKAPHOI
omacHoCcTH, onpeneneHnl B tabn. 2. B NFDRS Bce PTM
nenArcs Ha ipe Kareropun [11]: ormepuime-cyxue (dead
fuel) n xxusoie (live fuel). JKussie pacrennst 06br9H0 Crio-
COOHBI ITOAJICP>KUBATD CBOI BBICOKUI YPOBEHD BJIATOCO-
[IeP>KaHNA, B TO BPeMs KaK COTCP>KaHNE BIIATH «CYXMX»
PI'M 3aBUCHT OT IPOLIECCOB UX YB/Id>KHEHUA U BBICBIXA-
HHA TOJ BO3JEHCTBUEM ITOTOIHBIX YC/TOBUIA.

Nudopmanyuonnoe o6ecredeHmne roroBuwIoch B Te-
CTOBOM BapuaHTe Wis 13 CTaHJapTHBIX TOIUIMBHBIX
MOJIe/Ielt, peacTapaeHHpix B Tabn. 1. boura BoiGpana
HeOO/pIas TECTOBAS TEPPUTOPUS IUIOMIABI0 OKOIO
500 km?, pacnonoxenHas Ha ore Y30 (puc. 5). Jlns
3TO TEPPUTOPUN B COOTBETCTBUMU C XapaKTEPUCTUKA-
MU PacTUTEIbHOIO NOKPOBa ObLM BHIOpaHbI 4 Moje/n
(Ne 1-3, 10) n3 Tabm. 1.

Hwuxe npuBejieHO oNMcanue CO3MaHUS TeMaTnJe-
CKMX KapTorpapmuecKux coeB TeCTOBOM TEPPUTOPUN
IS TIapaMeTPU3AITUU TOIUTUBHBIX MOJIETIC.
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B tecroBOM BapmaHTe paccCMaTpUBaACTCA KOHKPET-
Has para 05.06.2018, spemsa 12:00, u 11 5TOI AT BbI-
OpaHbl METEOPOIIOTMICCKME TAPAMETPBI, IPECTABICH-
Hble B TabiI. 3.

Ta6nuna 3. OniepaTUBHbIe MeTeOPOIOTUYECKHE JTaHHBIE
32 05.06.2018 .

Cko- | Temme- flapre- Bax-
Berep, | poctb | parypa HIEHE | oer
lleHb | Bpems ’ CTaH-
rpaj | Berpa, | BO3my- BO3Y-
I,
M/c xa, °C xa,%
rlla
5 12:00 360 4,0 23,5 988,7 50

Ha ocnose unctpykumm Porepmena [1, 9] n merte-
oponorndeckoit mapopmarun (cM. tabi. 3) noprorae-
JMUBAINCH M 3aHOCU/IUCH B TAOJIUITY TAKME ITAPAMETPBI
(B TeCTOBOM BapHMaHTe JI/IsI TPABSIHBIX MOJIC/ICH paccma-
TPUBAUCH MAPAMETPBI TONBKO Ha OCHOBE 1-9aCcOBOTO
KJIACCa BIa>XKHOCTHU TOIINBA):

Bpems cyrok — D (fienn).

Temmneparypa — 23,5 °C nepesopurcs B mkany Pa-
penreiita — (23,5- 1,8 +32) =74,3 - F.

OTrHOocuTenbHas BaXHOCTD RelH — 50%.

Ckopocrb BeTpa nepesoaurca B (pyr/mun) —
787,402 pyr/mMuH.

Pedeparupnas praxxHoctb Tommsa — Reference
fuel moisture,% — 7% (tabn. A [9]) (HeckoppekTUpO-
BAHHAs Ha ACHEKT U YK/IOH MECTHOCTH).

Mecan — Month — June (06).

Ortkporroiiit/3arenennniit — E (exposed) / S (shaded) —
S — 3aTeHEHHBII.

Bpems — Time — 12.00h.

Msmenenne seicorsl — Elevation change — L —
B pajinyce TECTOBOTO YIaCTKa.

Acmiekt — Aspect.

Yron ckinona — Slope.

Koppekumsa Braxxnoctu ans romnusa — Fuel
moisture correction — (tabmn. B, C, D [9]).

PacdeT Bna>XxHOCTM TOIIUBA IIpOBOUTCA B COOTBET -
CTBUU CO CJICAYIONIMMU PEKOMEHIALIAAMMA:

€C/IN CONECP’KAHME BJIATH B JKMBOM TPABAHMCTOMN pac-
TUTEABHOCTU cocTanAeT 120 % min Bolie, TPABIHUCTOE
TOIUIMBO 3€/ICHOE, & BCS TPABSHAS PACTUTEIBHOCTD OCTA-
€TCs B )KMUBOI KaTeTOPUM IIPU 3aJaHHOM B/IAKHOCTH;

€CIN COfiepKaHMe BIIATY B XKMBOH TPABAHMCTON pac-
TUTEILHOCTH COCTABMACT 30 % M/ HIDKE, TPABAHDIC BUJIbI
TOIINIUBA CYUTAKOTCA IIOTHOCTBIO CyXI/IMI/I, 4 BCA TpaBAHAA
PaCcTUTECIIBHOCTD IIPUMHMMACTCA 3 CyXyIO PacTUTEIBHOCTD;

€C/IN COfeP’KAHME BJIATY B JKMBOJ TPaBAHMUCTOM pac-
TUTeNbHOCTU cocTaBnsaeT oT 30 go 120 %, Torga 4acTe
TPaBsIHOM PACTUTENBHOCTY OTHOCUTCA K Cyxoit. Hampu-
Mep, eC/IN COfiep>KaHNe BIATH B XKUBOI TPAaBe COCTABIIACT
75 %, TO IOJIOBVIHA TPABAHNCTON PACTUTETIBHOCTH OTHO-
CUTCSA K CYXOJ, a Ta, YTO OCTACTCs, OYAET OTHOCUTDHCS
K XXMBOMY K/IaCCY TPAaBsAHUCTONM PACTUTE/IBHOCTH.

Pacyer BTa>KHOCTH XKMBOTO TOIUIMBA IIPOBOIUTCA 110
tabmuuie I11-2 ny6mmkaruu [9] B cooTBeTCTBUM CO CTAU-
SIMM BET€TATUBHOTO Pa3BUTHI PaCTEHUI (CM. puc. 6, B):

CBeXXas MUCTBa B TedeHue Beretalium — 250 %;

CO3peBIIad JIVCTBA C HOMHBIM TypropoM — 200 %;

3penast 1MCTBa U poct 3apepuieH — 100 %.

Taxum 06pa3oM, COITTACHO IIPUBE/ICHHBIM BBIIIIE a1
ropuT™MaM, 6pUM CPOPMUPOBAHBI IIUPPOBDIE IIOKPBITUS
(shp-dopmar) gst TecroBoit Teppuropun ¢ npeobaana-
HHMEM TPABAHBIX MOTIEIEIN.

ModGrass — HOMEp MOzIeINY;

Moisture — 1-gacoBas Bra>xaocrs Torymsa (% - 100);

Moisture_live — Bra>xnoctb >xxusoro Tomnnsa (%);

Velocity — ckopocTb BeTpa, HepedncIeHHas C yue-
TOM mepoxoBaroctu (pyr/mMun);

Direction — Hanpae/ienye Berpa (B rpajiycax OT ceBepa);

ElevatTest — BbIcoTa MEeCTHOCTHU (JlaHHbBIE OpoeKTa
ALOSWorld3D, m);

LocalFires — mokamusarmst Touex moxapa (1 — mo-
xap, 0 — HeT HoXxapa);

Barrier — 6apbepnl (HOpory, peKu, 1€CHBIE IIONIOCHL).

MogenupoBaHue OKapoB MO 3aJAaHHOMY
CIIeHAPUIO

B mpouecce MopenupoBanus HaMu OBbIIO UCIIONTB30-
BaHO HECKOJIBKO CITCHAPHUEB, I7I¢ B KAYECTBE UCTOYHUKOB
BO3ropaHust ObUIH UCIONBb30BAHBI KoopmHaTel 20 pe-
ATBHBIX ITOXKAPOB, ponsomennux B Y30, Haxomammxcsa
B IIpeJIe/IaX UCCICNYEMOTO YIACTKA IIPU PAa3/IMIHbIX CIie-
HApUSIX BIAKHOCTHU KMBOTO TOIUIMBA B IIEPHUOJ] OXKa-
pa. 3aIycK mporecca MoJeMMPOBAHUA OCYIIECTBISIICS
HOC/ICIOBATE/NBHO: | MIar — BBI3OB MOIY/IA «I.r0s» (ONMH
pas), 2 mar — BBI30B MOAYIIA «r.spread» ¢ mapaMerpom
BPEMEHHOII 3ajiepxKu (time lag) n ykasaHyeM IIMHBI
BPEMEHHOTO IEPHUOJIA MOJIC/TMPOBAHMSL.

PesynbraToM paboThl MOJIYIA «I.TOS» SABJIAIOTCS CIe-
AYIOIINE KapThI:

pacrpoBas Kapra, cojiep>kanias 6azopbie (IepreH-
AMKY/ISPHBIC HAIPABICHUIO MAKCUMAIbHOTO PACIPO-
CTPaHEHNUST) CKOPOCTHU PACHPOCTPAHCHMST IIOXKAPa;

KapTa ¢ MAKCMMAJIbHBIMU CKOPOCTSIMU B HAIIPaBJIC-
HUU PACIIPOCT PAHEHMST OTHS (CM/MUH);
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BriBogsl

Inst uccnenyemoro yaacrka Y30 6pu1 monydeH Ha-
60p MPPOBBIX KAPT, KOTOPBII MO3BOIMI 00€CIEIUTD
UCXORHON MH(pOpMAIUeit MOJie/Ib pacueTa pacipocTpa-
HEHU A IOBEPXHOCTHBIX II0>KapOB HA 0CHOBE Mojiern Po-
tepMena. Ha ocHOBe KapThl TMIIOB HOAICTWIAOIIEH I1O-
BEPXHOCTH (TPaBSHO U JIECHON PACTUTEIBHOCTH) OblTa
cospana 1upoBas KapTa TOIUIMBHBIX MOJICTICI TEPPU-
topun Y30 B coorBeTcTBUM € Kitaccupukarueit (8], siB-
JISTIONIASICS BAYKHEIIN MM 97IEMEHTOM MCXOMHBIX JIAHHBIX
715 MOZICTUPOBAHNA PACIPOCTPAHCHNU A TIOXKAPOB.

ITpumenenue Mmogenu Porepmernta, peaim30BaHHON
B Cpefie OTKPBITOro porpaMmuoro obecrieuenms GRASS
GIS n aparrruporanHoi K yonoensam Y30 g monenn-
POBaHUA IMOXXKAPOB HA TECTOBOM yYacTKe, MO3BOINIIO
OIpeNe/IUTD IApaMETPhI PACIIPOCTPAHCHM A IIOXKAPa IPH
3aCYIIMBBIX YCTOBUAX. B 4acTHOCTH, IpH CPeIHNX CKO-
POCTAX BETpa HA YPOBHE «CPEJMHBI INTAMEHW», PaBHBIX
4 M/c, MakcuManbHasg CKOPOCTb PAacCIpPOCTPAHCHUA
¢$ponTa nOXKapa B HAIPABIECHUM CKOPENIIETro paciupo-
crpanenus cocrapuia 17 m/muH, (1,02 km/4).

XapaKTepUCTUKH BJIAXKHOCTH XMBOTO TOIUIMBA
B BO3MOXXHOM AMAIa30HE U3MCHECHU A BIa>KHOCTEN IIpU
HPOYMX PABHBIX YCIOBUAX MOTYT OKa3bIBaTh 3HAUNTE/Ib-
HO€ BJIMAHNE Ha CKOPOCTD PAaCIpPOCTPAHEHUA IOXapa,
a CIeIOBATEeNIbHO, Y IVIOIA/Ib OYara ImoXKapa.

Ha ocHOBe MOy4YeHHBIX B PE3yIbTATE TECTOBBIX
pacueToB KapThl paCHpPOCTPAHEHN A HOXKapa U KapThl
3arpssHeHus reppuropun ¥’Cs mokasaHa BO3MOXHOCTD
OIIpefie/IeHN 1 CYMMApPHEBIX 3amacoB Cs B mepumerpe
HOapa C LebI0 JA/JIbHEHIIEer0 MOAECTNPOBAHNSA BbI-
6pocos B armocepy paMoaKTUBHOIO 1IE3UsA BO Bpe-
M HOXKapa.
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Incmumym npobnem 6esnexu AEC HAH Ykpainu,
syn. Jlucozipcvka, 12, Kuis, 03028, Yxpaina

I'IC-mipgxin mo BUpilIeHHA 3aBJAHHA IIPOTHO3YBAHH A
PO3BUTKY IPUPOFHUX MOXKEK Y HOPHOOMIBCHKIli
30Hi BifIy>KeHHA HA OCHOBi Mopeni Porepmena

IIpencrarieHo pe3ynbTaT BUKOPUCTAHHSA IIPO-
rpamuoro 3a6esnedenns (I13) na 6a3i reoindopmarrin-
HOI cucremu 3 Bigkputum kogoMm GRASS GIS 7.6 i an-
TOPUTMY PO3PaxXyHKY IIBUIKOCTI MO PEHHA TOXKEXKi
Ha ocHOBi Kony Exzipioca [2], peanizoBaHoro B cucremi
BEHAVE PLUS [3]. lns peanizanii [13 Ha Tecrosiit Te-
puropii HoproOunbcbkoi 3oum Biguyskenns (U3B) 6yno
CTBOPEHO cuerfianisoBane reoindopmariitne 3abes-
HEYEHH, 110 BK/IIOYAE aKTya/IbHI KAPTU POCIMHHOIO
nokpuy U3B, inenTndikoBaHOro B TMIAX NATUBHUX
morpeneit (fuel models), kaptu papioakTuBHOrO 3a6pyn-
HeHHA IpyHTy U3B, MOpdoMeTpHUHNX XapaKTepUCTUK
MicLeBOCTI i MeTeoponoriyaux ymos. Ha ocHOBI TecTO-
BMX PO3PaxyHKiB OTPMMAaHO BUXIiJJHi KAPTH IO PEHH A
MO>KeKi 3a pisHi 4acoBi MPOMIKKM 1 KapTH CyMapHUX
3anacis '¥Cs B nepuMeTpi oxkesxi € BXifHoI0 iHopma-
LI€0 /I HOZA/IBLUIOTO MOJE/IIOBAHHS BUKUIIB B aTMOC-
¢depy Ta nepeHeceHHA Pai0aAKTUBHOIO AEPO3ONIO IIijy
4Jac MOXKEXi.

Kniouoei cnosa: manueni Mojieni, reoindopmariiiiae
3abesledeHHsI, MONMPEHHS T0XKexXi, MOJeTIOBaHHSL

Yu. I. Kuzmenko, T. D. Lev, O. G. Tishchenko,
V. N. Piskun, L. V. Gavlovska

Institute for Safety Problems of Nuclear Power Plants,
NAS of Ukraine, 12, Lysogirska st., Kyiv, 03028, Ukraine

GIS Approach to the Solution of the Project for Forecasting
the Development of Natural Fires in the Chornobyl
Exclusion Zone Based on the Rothermel Model

The problem of forest fires in the Chornobyl
exclusion zone (ChEZ) is urgent, since vegetation in
radioactively contaminated areas is annually destroyed
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and damaged, causing a rise and transfer of radioactive
aerosol to significant distances. This affects the ecological
state of the environment, including human settlements.
Foreign and domestic experience shows the successful
use of specialized software (software) for predicting
and propagating lower forest fires constructed using
the semi-empirical model of Rothermel based on the
spatial distribution of complexes of plant combustible
materials and local natural and geographical conditions.
The results of using software based on the open-source
geographic information system GRASS GIS 7.6 and an
algorithm for calculating the fire propagation rate based
on the Andrews code implemented in the BEHAVE
PLUS system are presented in the article. To implement
the software in the test area of the ChEZ, specialized
geoinformation support was created, including up-to-
date maps of the ChEZ vegetation cover identified in
the types of Fuel Models, maps of the soil radioactive
contamination, morphometric characteristics of the
terrain and meteorological conditions. High-precision
terrain elevation maps were used. They were obtained
using the global set of digital terrain models of the
Japan Aerospace Exploration Agency (JAXA) with a
grid spacing of 30 m. All input data were interpolated
into a regular network with a grid spacing of 30 m
and reduced to a single metric coordinate system. The
application of the Rothermel model, implemented in the
open-source software GRASS GIS and adapted to the
ChEZ conditions for modeling fires at the test site, allows
one to determine fire propagation parameters under dry
conditions. It is shown that, depending on the location
of the source of ignition, differences in the propagation
velocity of the burn-up area can vary up to 3 times. The
largest burn-up areas in this case occur in areas with a
predominance of grassy fuel models. The contours of fires
can also vary significantly depending on the terrain, the
presence of barriers and the configuration of fuel models
at a particular location. The contours of the fire spread
and the contamination map of the *’Cs territory make
it possible to calculate the reserve of radionuclides in the
fire source and their changes in time with increasing fire
spread. Based on test calculations, output fire distribution
maps for various time intervals and maps of total *’Cs
reserves along the fire perimeter were obtained, which
are the initial information for further modeling of
atmospheric emissions and transport of radioactive
aerosol during a fire.

Keywords: fuel models, geographic information support, fire
spread, modeling.
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