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Aunomayus. B Hacrosmiee BpeMs HaOMIOJAeTCS yBEIMUYCHHWE MACIITabOB JICCHBIX IIOXKApOB
W, COOTBETCTBEHHO, POCT ymiepbda OT HHUX. O¢dekTuBHas Ooppda C JECHBIMH IMOXKapamMH CIOCOOCTBYET
CHIKEHMIO MX mocieactBuil. Ha sddextuBHOCTE OOpHOBI C JIECHBIMH MOXKapaMH BIMSET COCTOSHHUE
JIECOTIOKAPHON CHCTEMBI CTpaHbl. Ha OCHOBE aHai3a COCTOSHMS JIECOTIOKAPHOH CHUCTEMBI CTPaHBI BBISBICHO,
910 Ha A((PEKTUBHOCT PabOTHI IMOAPA3NEICHUH IO TYIIEHHWIO JIECHBIX I0KApOB BIMSET OCHAIICHHOCTH
MOAPA3ACICHUI CUllaMd M CPeACTBaMH NOoKapoTymieHus.. Llenpio maHHOW paboThl siBiseTcs pazpaboTka
WMUTAIMOHHON MOJIETH JIECOTIOKAPHBIX (DOPMHUPOBAHUIA ISl ONCHKH OCHAICHHOCTH TIOJPa3/IeNICHUH CHUIIaMU
W CpeACTBaMH TIOXKapOTYyIleHUs.. B aHHON paboTe MCchoiib30Bajcs METOJ UMUTAIIMOHHOTO MOJIEITUPOBAHHUSL.
B kauectBe cpencTBa MOJIEIMPOBAHKS UCHIOIB30BANICS MPOrpaMMHBII poaykT AnyLogic. Onmcana pa3paboTka
MOZIEJIM TIOZIPA3/ACNICHHUS] JIECHOTO TOXKApOTYILECHHs! ISl TYIICHHS JIECHBIX TOXKapoB. Tarke B JaHHOW padore
paccMOTpeHa BO3MOXKHOCTh — HWCIOJB30BaHUS — pa3pabOTaHHOW MOZENM IS OIEHKH  OCHAIICHHOCTH
MOAPA3ACIICHNH JIECHOTO TOXKAPOTYILEHHUSI CHJIAMU U CPEACTBAMU MOKAPOTYIICHHUSI.

Kniouesvie cnosa: necHble moXkapbl, JIMKBUAALUS JIECHBIX MTOKApOB, JIECONOKAapHbIE (POPMUPOBaHHS,
MMHTAMOHHOE MOIeupoBanue, AnyLogic, iecHas oxpaHa
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Abstract. At present, there is an increase in the scale of forest fires and, accordingly, an increase
in damage from them. Effective fighting of forest fires contributes to the reduction of the consequences of forest
fires. The effectiveness of forest fire suppression is influenced by the state of the country's forest fire system.
Based on the analysis of the state of the forest fire system of the country revealed that the effectiveness of units
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to extinguish forest fires is influenced by the equipment of units with firefighting forces and means. The purpose
of this work is to develop a simulation model of forest firefighting units to assess the equipment of subdivisions
with firefighting forces and means. The method of simulation modeling was used in this work. As a simulation
tool the software product AnylLogic was used. This paper describes the development of a forest firefighting unit
model for extinguishing forest fires. Also in this work the possibility of using the developed model
for the evaluation of the forest firefighting units with firefighting forces and means has been considered.

Keywords: forest fires, forest fire suppression, forest fire brigades, simulation modelling, AnyLogic,
forest protection
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BBenenne

W3meHenne kiaumara B MOCIEIHHE JECATUIIETUS CIIOCOOCTBYET BO3PACTAHUIO MOXKAPHOU
onacHoctu B jecax Poccum [1, 2]. JlecHble moxkapbl MPEACTABISIOT YIpoO3y IS JKU3HH JIHOJEH,
MPOXKUBAIOIIUX BOJIHM3M MMOKAPOOMACHBIX TEPPUTOPUN, UX UMYIIECTBA U JIS JIECHOTO XO0351CTBa
B nenoM. [Tomumo 3toro, arMocdepHbIii BO3AyX 3arpsi3HSETCS 3a CYET TOPEHHUs Jieca M BIMSET
Ha KayecTBO BO3/1yXa, YTO HEraTUBHO CKa3bIBACTCS Ha 3[0POBbE JIOACH M 3KOJOTHMYECKOU
obcranoBke TeppuTopuii [3]. DddexkTuBHas Oopbba ¢ JECHBIMH TMOXKApaMH CIIOCOOCTBYET
CHIDKCHUIO HAHOCHMBIX UMU TTOCIIEACTBHIA.

Ha s¢dexTuBHOCT, OOpPHOBI C JIECHBIMH IOXKapaMU BIHSIET COCTOSHUE JIECOMOXKapHOH
cucreMbl cTpaHbl. Camas Hu3Kag 3(PQPEKTUBHOCTH paboOT JIECOMOXKApPHBIX IOApa3AeICHUN
10 TIpEeABapHUTEIIbHON oOIlleHKe HabOmomaercs B Cubupckom u JlabHEBOCTOYHOM (eaepaibHbIX
okpyrax [4]. IMeHHO Ha 3TH OKpyra B HOCJIeIHHE TpH rojaa npuxoaurcs 6oiee 80 % mormOmmx
MIPH TOXKapax JICCHBIX HACKIACHUN OT oOIiel momany no crpade [5]. Cpeart OCHOBHBIX OIIMOOK,
JIOMTYCKAEMBIX JIECOMOKAPHBIMA  (OPMUPOBAHUSIMH TIPU BEACHUM OIEPATUBHBIX JCHCTBHIA
M0 TYIICHUIO JIECHOTO TMOXKapa, OTMEUYEHO MEIJICEHHOE HapallluBaHUE CHJI U CpeacTB [6].
HenocraTouHoe KOMWYECTBO CHJI M CPEICTB, HANpPABIIEMbIX HA TYIICHHE HA HAYaJlbHOM JTarle
pearvpoBaHMsl Ha BO3HMKAIOIIKME MOXKAaphl, TAaK)Ke CIOCOOCTBYET NajbHEHIIEeMy pacpoCTPaHEHUIO
noxapa [7]. OueHka OCHAIICHHOCTH CWJI U CPEACTB, 33JCHCTBOBAHHBIX B OOpbOE € JECHBIMU
MokKapaMH, CIIOCOOCTBYET BBISIBJICHUIO MPOOJeM padOTHl  JIECOMOXApPHBIX  (HOpMUPOBAHUI
U ONpEACNCHUI0 BO3MOXHBIX IyTed WX perleHus. VMUTAIMOHHOE MOJCIUPOBAHUE YKe
HCIIOB3YETCSl HAYYHBIM COOOIIECTBOM B BOMpoOcax 0e30macHOCTH [§8], 4TO TOBOPUT O IIUPOKUX
BO3MOKHOCTSIX JAaHHOTO METO/Aa M JeNaeT BO3MOXKHBIM CO3[JaHME MOJETH Ui OLEHKU
OCHAIIEHHOCTH JIECOTIOKAPHBIX (POPMHUPOBAHUI CUTIAMH TTOKAPOTYIICHHUS.

Metoabl Mccae10BaHuA

[Ipu pa3paboTke MOAETU KCIIOJIB30BaNIaCh HaydHas padoTa, B KOTOPOU OIMUCKHIBACTCS METO]]
OIICHKH OOECTICUCHHOCTH JIECOTIOKAPHBIX (POPMUPOBAHUN CHUJIAMU TokapoTyiieHus [9]. JlaHHbri
AQHAIMTUYECKUN METOJl ampoOMpPOBaH H UCHOJB3YyeTCs B JIECHOW Hayke Tpu pazpaboTke
Y COBEPIIICHCTBOBAaHUM HOPMATUBHOW MPAaBOBOW W METOAMYECKOM 0a3bl.

Jnis pa3paboOTKM HMMHUTAIIMOHHON MOJIENH HKCIOJB30BAIOCh MPOTPAMMHOE OOECIeUeHIe
AnyLogic. OHO BKJTtOUaeT B ce0s1 rpadUueCcKHii 361K MOJCIMPOBAHUS U TTO3BOJISET MOJIB30BATEIIO
paciupsTh CO3/1aHHbIE MOJIEIIH C TOMOIIBIO A3bIKa Java [10].

s co3manust Mozaenu ObUT BBIOPaH Takoil MeTOJ MMHUTAILMHHOTO MOJEIHPOBAHMS, Kak
JTUCKPETHO-COOBITUIHOE MoaenupoBanue. OHO TO3BOJIIET CO3/1aBaTh CHUCTEMBI C JUCKPETHBIMU
COOBITUAMHU. J{MCKPETHO-COOBITUIHOE MOJETUPOBAHUE MOAPA3ZYMEBAET MOJACIUPOBAHNUE CHCTEMBI,
KOTOpasi TOJDKHA OBITh MPEJCTaBlIeHA KaK MPOIECC, TO €CTh KaK MOCIeN0BATEIbHOCTh JIEHCTBHMA,
BBITIOJTHSIEMBIX areHTaMU, HJIM KaK MOTOK 3asBOK, KOTOpbIe oOpabdaTeiBatoTcs pecypcamu [11].
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Pe3y.m>TaT1,1 HCCJICA0BAHUA U UX oﬁcyme}me

PearupoBanue Ha BO3HHUKIIMK TMOXKap OCYLIECTBISET JIECOMOXKapHOE (HOPMUPOBAHHE.
Ot T1oro, kak ObICTpO (OPMUPOBAHMIO YAAETCS CpearupoBaTh Ha TOXKap, 3aBHCUT CKOPOCTh
JUKBUJAIMK TIokapa. YeMm OwicTpee mokap OyneT JIUKBHUAMPOBAH, TEM OBICTpee TpyIma,
3aHUMAIOIIASACS €T0 TYIICHHEM, OyJeT ToToBa K paboTe MO TYIICHHWIO JIPYroro oOHApYKEHHOTO
noxapa. Takum o6pa3oM, 3(deKTHBHOCTE pabOTHl JIECOMOXKAPHOTO (OPMHUPOBAHUS 3ABUCHT
OT JBYX YCJOBUH: CKOPOCTH JEHCTBUN JIECOMOXKAPHBIX (OPMHUPOBAHUN M UX YHCICHHOCTH.
JlocTikeHne Tnpezena YHCICHHOCTH (OPMHPOBAHUN, KOIZA PECYpCcOB HEIOCTAaTOYHO JUIs
pearupoBaHMsl Ha HOBBIM JIECHOH MOXKap, BCErjaa O3HauaeT JOCTHKEHUE KPUTUYECKOro Iopora,
1ocJie MPOXOXKICHHUSI KOTOPOTO0 HAYMHAET MPOSBISATHCS HEraTUBHBIN A(PGEKT «3ama3ibIBaHUs»,
Korna (opMHUpOBaHHE HECBOEBPEMEHHO pearupyer Ha moxap (0T 4ero moxap MOXET CTaTh
MacmTaOHee, cle0BaTeIbHO, Ha ero JIMKBUAAIUI0 oTpedyercs 6onbiie cul u Bpemenn) [9]. [pu
CO3aHMM MojJenu Oblla TOCTaBJI€HA CcJleaylomas 3ajada: pa3paboTaTh TakKyl0 MOJENb
JIECOTOXKapHOTo (HhOPMUPOBAHMSI, KOTOpasi MO3BOJIUT OTCICKHUBATh BOZHUKHOBEHUE KPUTHYECKOTO
rmopora MpH onpeAeaEHHON YHCcIeHHOCTH (hopMupoBanus (puc. 1).

[Toxaps! mpencTaBiIeHbl B BUJE areHTOB, KOTOPBIE CO3/IAIOTCS C MOMOIIBIO OJloka «Source»
(ma puc. 1 - «lloxap»). B HacTpoiikax maHHOro OJOKa MOXXHO 33JaBaTh HMHTCHCHBHOCTH
BO3HUKHOBEHUSI areHTOB W  UX  NepuoauvHoctb. brmok  «Queue» (ma puc. 1 -
«O’xkuiaHue pearupoBaHMs») HCHONB3YeTCS JJISl CO3JaHUSl OYEPEAd M3 TOSIBIISIOLIMXCS TOXKapoB,
Ha JIMKBUJIAIMIO KOTOPOTO €ll1e He ObUIM OTHpaBieHbl Tpynibl. C MOMOIIBIO TeX ke OJIOKOB CO3/1at0TCs
TPYIIIBI [T JTMKBUIAITUH TT0KapoB. B oTimyme ot moxapos, B 0670ke «Source» (Ha puc. 1 — «['pyrmiiby)
3a7aeTcsd KOHEYHOE KOJIMYECTBO TPYII, KOTOpble OyayT co3maHbl NaHHbIM OjokoMm. [lox rpymmoii
MOHMMaeTcst 0a3oBasi TAKTUYECKAs €AWHMIA JIECOMOXKApHOTO (OPMUPOBAHMS THUIIOBOIO COCTaBa
(moapa3nenenus ), UMeroIas Bce HeOOXOAUMBIE TS JTMKBUIAINY [TOoYKapa TEXHUYECKUe cpeacTsa. biok
«Queue» (Ha puc. 1 — «OxunaHue BbI30Ba») B JAaHHOM Cllydyae MMUTHPYET OXHMIAHWUE TpYIIamMu
BbI30Ba Ha moxap. [Ipu MoaenmpoBaHUM JTMKBUIAIMN HCIIONB30BAIMCH O10ku «Pickup» (Ha puc. 1 —
«[Tpubsrre rpymmei») u «Dropoft (Ha puc. 1 — «Bo3BpaiieHue rpymmb»). [[aHHbIe 0JI0KH TTO3BOJISIOT
MMUTHPOBATh 3aHATOCTh Ipymnmbl B moxkape. biok «Delay» (Ha puc. 1 — «JIukBumammsy») co3gaér
3a/IepKKy Ha 3aaHHoe Bpems. JlaHHBI OJIOK TO3BOJISET MMUTHPOBATh OMNEPALMOHHBINA IEPHO
TPYIIIBI, KOTOPBINA ONpeeNseTcsi BpeMEeHeM OOHapyKEeHHS JIECHOTO NOXKapa M €ro JMKBUAAIHU. B stot
e TIepUoJl BXOAWUT BpEMs, 3aTpauyeHHOE Ha TPAHCIOPTHPOBKY TPYIIBl 1O MecTa Ioxapa
U Ha Bo3BpamieHue rpymmbl. [lpu cozmaHum naHHON Mozenu ObUIO TPHHATO AOMYIIEHHE, YTO
BO3HMKAIOUIUE MOKaphl OJWHAKOBBHI IO CIOXHOCTH, HAa WX JIMKBUJAAIMIO TpeOyeTcs OAWHAKOBBIN
OTIepaLMOHHBIN TIEPUOJ] U OJJHOM TPYIIIBI IS €r0 JIUKBUAALMK OyneT gocrarouno. [locne mukBuaaimm
MoXkapa COOTBETCTBYIOIIMI areHT YHUUYTOXKAeTCsl C ToMolnpio Omoka «Sink» (Ha puc. 1 —
«[Toxxap morymen»). Ho arentsr «'pymma», B omimune oT areHToB «llokap», HE YHHYTOXKAIOTCS,
a BO3BpAILlAIOTCA B 04YepeIb B OJIOKE «OXKHJIaHUE BbI30Bay». Tak Kak rpyrma He MOXKET cpa3y ke Mocie
JUKBUIALMK TIOKapa MPUCTYNHUTh K JIMKBUIALIMU CJIEIYyIOLero, ObUT Mcroib3oBaH 010k «Delay»
(ma puc. 1 — «OTIBIX»), KOTOPBIH CO3AET 3aJICP>KKY TPYIITHI Ha HEOOXOJUMOE BPEMSI.
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Jist mpoBepku paboTOCIIOCOOHOCTH MOJIeNH Oblia 3a/1aHbl CIICAYIOIINE YCIOBUS:

— MHTCHCUBHOCTB: CEMb IT0JKAapOB B HEJEIIO, C BO3MOXKHOCTBIO TOSBICHHS JIBYX IOXKapOB
3a OJIUH pa3;

— KOJIMYECTBO Tpynit: 15;

— BpeMs ONEPAIMOHHOTO MEPUOJIA: CYTKH;

— IpyMIa MOXKET NPUCTYIHTH K TYHIEHHUIO CIEAYIONIETro IMoKapa yepe3 CyTKH.

I[Ipu 3amycke wmomenu (puc. 1) MoOXHO OBUIO 3aMeTHTh, YTO B  OJIOKe
«OKUJIaHWE pearrpoBaHMs» HAKAIUTMBACTCS OYEPeAb M3 TOSBHBIIMXCS IOXKApoB. DTO TOBOPUT
0 TOM, YTO JJIsi pearupoBaHMs Ha MOXKap B JAHHBI MOMEHT MOJEIBHOTO BPEMEHH HET CBOOOIHBIX
TPYII, CIEeI0BATENBHO, JAHHOTO KOJWYECTBA TPYNI B 33aHHBIX YCIOBHSX OYyAET HEIOCTAaTOYHO
U1 CBOEBPEMEHHOT'O PearupoBaHKs Ha BHOBb MOSBIISIFOILUECS JIECHBIE MTOXKaPBHI.

Puc. 2. I'pa¢gux padoTsl Moxen

I'paduk, mpencraBIeHHbBIN Ha PUC. 2, TOTYyYEH BO BpeMsl pabOTHl MOJICTH M WILTIOCTPUPYET
KaK CO BPEMEHEM MEHSETCS KOJHMYECTBO CBOOOJHBIX TPYIII JIECOMOXKAPHOTO (HOPMUPOBAHMS,
KOJMYECTBO JMKBUIUPYEMBIX IOXKAPOB, Ha KOTOPOM 3aHSATHI TPYIIbI, U KOJIMYECTBO MOKapOB,
Ha JIUKBUAAWIO KOTOPLBIX CIIC HE GBIJII/I OTIPAaBJICHBI I'PYHIILI JICCOIIOXKAPHOT'O (bOpMI/IpOBaHI/I}I.

Ha rpaduke MOXKHO 3aMeTHUTh, YTO IOKa TPYII JOCTaTOYHO, Ha TMOXKaphl yAaércs
pearupoBaTth CBOEBPEMEHHO (HE MPOUCXOTUT HAKOIUICHHE TOXKApOB, HA KOTOPBIE HE YIaeTCs
pearupoBatb). Kak ToJgbKO Bce TpyMNIbl 3aHATHI JIUKBUAAMENH MOKapOB, MOXKaphl, ocTaBiuecs 0e3
pcarupoBaHusi, HAYMHAIOT HaKAIlJIMBATHCH. KomuuectBo JIMKBUJUPYCMBIX TI0KapOB OCTACTCA
HEU3MEHHBIM, TaK KaK Ha JTUKBHJIAIIUU 33€1CTBOBAHbI BCE BOZMOKHBIE CHIIBI.

3akJaroueHue

Taxkum oOpa3oM, B X0Ji€ BBIITOTHEHUS JaHHON PabOThI ObUT pa3pabOTaH MPOTOTHI MOJCTH
paboThl  JIECOMOKAapHOTO  (OPMHUPOBAHUSA, WLTIOCTPUPYIOIIUN  TOJBKO MPHHLUMI  PabOTHI
UMUTAMOHHOW MOJEIH, KOTOpasi TO3BOJIHUT OTCICKUBATh BO3HUKHOBEHUE KPUTUYECKOTO MOPOTa,
KOTJla MMEIOMIMXCS 0a30BBIX TAKTHUECKUX EAWHUI] JIECOMOXapHOro (OPMHPOBAHUS THUIIOBOTO
cocTaBa OyleT HEJOCTAaTOYHO MJIsi ONIEPATHBHOTO PEarMpOBAaHWs HAa BO3HUKAIOIIUE TOXaphl, UYTO,
B CBOIO OuY€pelb, MO3BOJIMT OLCHUTh JOCTATOYHOCTb TAaKUX OAa30BbIX TAaKTUUYECKUX EIWHHUII,
YKOMITJICKTOBaHHBIX HEOOXOAMMBIMH 151 JINKBHUIAIIMHU JICCHBIX IT0’KapOB CPEJICTBAMH.
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