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MOJIEJIUPOBAHUE PUCKA JIECHBIX ITIOKAPOB
B PECIIYBJIMKE CAXA (AKYTHUSA) METOJAMMU I'C

Aunen ILK., I'agans C.2K., UBanoBa C.A.

DIAOY BO «Cesepo-Bocmounviii pedepanvhuiii ynusepcumem um. M.K. Ammocosay,
AHrymck, e-mail: svivi@mail.ru

B 1aHHO# cTaThe paccMaTPHBAIOTCS JICCHBIC TIOKAPBI B SIKyTHH KaK OAMH W3 OCHOBHBIX BHJOB CTHXHHHBIX
yrpo3 MPUPOAHOTO XapaKTepa, a TakKe (aKTOPbI KX BOSHUKHOBCHHS M MPEIAratoTCsi METO/bI TCOMH()OPMAI[MOHHO-
IO MOJIEIIMPOBAHUS PUCKA JIECHBIX OXKapoB Ha Teppuropun Peciryommku Caxa (SIkyrus). Jleca SIkyTuu 3aHHMaroT
3HAYUTENBHYIO IIIONIA/1b. JICCHBIE MOXKAPBI €XKETOHO OXBATHIBAIOT TEPPUTOPHH IIIOIIABI0 COTHH THICSY TEKTAPOB.
B crarbe npoaHaan3upoBaHO BO3ICHCTBHE PA3INYHBIX (JAKTOPOB HA PUCK BOSHUKHOBCHMS JIECHBIX MOXKAPOB C I10-
MOIIBIO JINHEHHOr0 K03 pUINEeHTa KOppessiiuy 1 koddduienTa rerepMuHanny. i1 mporHO3UpOBaHHs PHUCKA
BO3HUKHOBEHHSI JICCHBIX MOXKapoB HcIonb30Banoch I'MC-monenupoBanue. OHO OCYIIECTBISIIOCH TOATAIHO: cOOp
Pa3IMYHbIX THIIOB JAHHBIX U UX MHTErpupoBanue B 06azy ['MC, npoBepka BIUSHUS OTICIbHBIX (HAaKTOPOB HA BO3-
HUKHOBEHHE [0)KapoB, OLEHKA PUCKA BOSHHKHOBEHHMS JICCHBIX IIOXKAPOB C MIPUMEHEHUEM CPEICTB HCKYCCTBEHHO-
TO MHTEIUICKTA M MAIINHHOTO 00yd4eHMs. B Hccie0BaHNN HCTONIb30BAINCH IIO0AIBHBIC NCTOYHHKH NH(POPMALINH
o noxapax — Cucrema ynpasienus uHdopmanueii o noxapax (CYUII). [lannsle, JoCTyITHBIC B CEpBUCE, COOPAHBI
co crytHHKOBBIX cucteM 1 MODIS Collection 6 Active Fire Product, a Takxxe VIIRS 375 m, 750 m. B crarbe npu-
BEJICHBI PE3YJIBTAThI OLCHKN BIIMSHUSI BO3JCHCTBHS OTACIBHBIX (PAKTOPOB HAa BO3SHHKHOBCHHC JIECHBIX MOXKAPOB.
IIpoBeneHHbIM aHAIM3 MOKA3aJl, YTO HaMOOJbIICE BIUSHUE OKa3alu Takue (PaKTOpbl, KAK COJIHEYHAs pajualys,
MakCHMaJbHasi Temueparypa (uoisi), naaekc NDVI, Beicota Haj ypoBHEM MOpsl, YKIJIOH, YelloBedecKuil (hakrop
(paccTostHEE 0 JOPOT, yIaJCHHOCTh OT HACEICHHBIX ITYHKTOB U PeK). JIist OLIEHKH PHCKa BOSHUKHOBEHUS TOKAPOB
HCIIONB30BATUCH CIIEAYIONIHE METO/Ibl HCKYCCTBEHHOTO HUHTEIIEKTa H MAIIMHHOTO 00y4eHHUs: METO/bI CIIy4aiiHOro
Jeca u MakcuMaibHOM sHTponu. C nomonisio ['VIC-monennpoBanys co3aanbl reorpaduueckue KapThl pUcKa BO3-
HHUKHOBCHHS JICCHBIX TT0KapoB B SIkytun. Ha kaprax BbIeIICHBI 30HBI OYCHb HU3KOii, HU3KOM, CPEIHEH, BHICOKOH,
OYCHB BBICOKOI H 3KCTPEMAIIbHO BHICOKON BEPOSTHOCTH BOSHUKHOBEHHSI JICCHBIX MTOYKAPOB.

KioueBsle ciioBa: Pecnydnka Caxa, SIkyTus, JecHble H0:Kapbl, PUCK JECHBIX M0KAPOB, FTeONH(OPMAIIHOHHOE

MOJETUPOBAHUE, JIECOMMOKAPHOE MPOTHO3UPOBAHUE

GEOINFORMATION MODELING OF FOREST FIRE RISK
IN THE SAKHA REPUBLIC (YAKUTIA)

Yanets P.K., Gadal S.Zh., Ivanova S.A.

North-Eastern Federal University named M.K. Ammosov, Yakutsk, e-mail: sviv@mail.ru

This article describes forest fires in Yakutia as one of the main types of natural hazards, as well as the factors
of their occurrence and proposes methods of geoinformation modeling of forest fire risk in the Republic of Sakha
(Yakutia). Forests of Yakutia occupy a significant area. Forest fires annually cover an area of hundreds of thousands
of hectares. The article analyzes the impact of various factors on the risk of forest fires using the linear correlation
coefficient and the coefficient of determination. GIS modeling was used to predict the risk of forest fires. It was
carried out in stages: the collection of different types of data and their integration into the GIS database, checking
the impact of individual factors on the fire occurrence, assessing the risk of forest fires using artificial intelligence
and machine learning. The study used global sources of fire information - the fire information management system
(FMS). The data available in the service are collected from satellite systems and MODIS Collection 6 Active Fire
Product, as well as VIIRS 375 m, 750 m. The article presents the results of assessing the impact of individual factors
on the occurrence of forest fires. The analysis showed that the greatest influence was exerted by such factors as
solar radiation, maximum temperature (July), NDVI index, altitude, slope, human factor (distance to roads, distance
from settlements and rivers). The following artificial intelligence and machine learning methods were used to assess
fire risk: random forest and maximum entropy methods. With the help of GIS modeling, geographical maps of the
risk of forest fires in Yakutia were created. The maps highlight areas of very low, low, medium, high, very high and
extremely high probability of forest fires.

Keywords: Sakha Republic, Yakutia, forest fires, forest fire risk, geoinformatical modeling, forest fire forecasting

Jlecupie moxapsl B Poccum B nenom
u B Pecniyonuke Caxa (SIkyTHsi) B 4aCTHOCTH
SIBJISIIOTCST OJTHOM M3 OCHOBHBIX W Hambosee
pacIpoOCTPaHEHHBIX CTUXHHHBIX YTpO3 TMPH-
poaHoro xapakrepa. ExerogHo B SkyTuu
rOpAT COTHU ThICSY TeKTapoB Jieca. B HacTo-
siliee BpeMs IUI0IIaAb, OXBAaYCHHAsl JIECHBIMU
nokapamu, cuibHO Bo3pocina. [lo pesynbra-
TaM Hay4YHBIX HCCJICIOBAHU, HE MOCICIHIOI
poib B pacupoCTPAHEHUU MOXKAPOB HUIPAET

yenoBeueckuid pakrop. [loutn momoBuHa Bcex
JICCHBIX MOKaPOB, MPOU3OIIEAININX B SKyTHH,
BbI3BaHa yeJOBEeKOM [1].

Ha BO3HHUKHOBEHHE M PacHpPOCTPaHCHHUE
JICCHBIX IIOKapOB OKa3bIBACT BO3CHCTBHUE
KOMIUICKC pPa3ndHbIX (HAKTOPOB, KOTOPHIC
B3aMMHO YCWJIMBAIOT Jpyr apyra u (opmu-
PYIOT YCIOBHS, COACHCTBYIONIUE BO3TOPAHUIO
necoB. ['eonH(popManMOHHBIC CUCTEMBI U CO-
BPEMEHHBIE METO/Ibl JUCTAHIIMOHHOTO 30H/U-
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pOBaHUs SBISIOTCS BOCTPEOOBaHHBIM M 3(-
(heKTUBHBIM CPEJICTBOM BbIJICIICHUS HanOoee
BOXXHBIX (DaKTOPOB, BIUSIONIMX Ha IOXKApPHI.
I'MC-texHOMOTHMN 3P GEKTUBHEI IS TOCTPO-
€HHS HEeOOXOIMMBIX TOJITOCPOYHBIX MOJEIei
MOKapHOI OE30MaCHOCTH.

Lenp wuccnenoBaHus: reoMH(OPMAIMOH-
HO€ MOJEIIMPOBAHUE PUCKA JIECHBIX MOXKapOB
B PecniyOnuke Caxa (SkyTtus).

MarepuaJibl 1 METOABI HCCIETOBAHUS

B kagectBe mcxomHOTO Marepuana OBLIH
WCTIONb30BAHBl  JaHHBIE TIOJIEBBIX HCCIIe-
JIOBaHWH, CIyTHUKOBBbIE CHUMKH Modis,
GMTED2010, Landsat 5, TERRA, VII RS,
HMMEIOLIE Pa3HOe NMPOCTPAHCTBEHHOE U CIIEK-
TpaJibHOE pa3pelieHue, BEKTOPHbIC H300paxe-
Hus (OpenStreetMap), KTUMaTHYECKUE U Me-
teoponoruaeckne manaeie (WORLDCLIM),
a TaK)ke UTOTH OMPOCOB MECTHOTO HAaCeNIeHUSI.

I'NC-monenupoBaHue pucka BO3HUKHO-
BEHHsI JIECHBIX II0KapOB OCYIIECTBISLIIOCH
nostanHo. Ha mepBoM 3Tame mpou3BOAMICS
cOOp pa3IUYHbIX TUIIOB JAaHHBIX: PACTPOBEIE,
BEKTOpHBIC (hailyibl, KOMTMYECTBEHHBIC U Ka-
YECTBCHHBIC HWHJIUKATOPBI, KOTOpbIE 3aTeM
BBOJWJINCH B 0a3y reoJaHHBIX reonHpopma-
OUOHHOW cucTeMbl. CBeleHUs O TMoKapax
Obiu mosrydeHbl u3 CHCTEMBl YIIpaBICHHS
nnpopmanueii o noxapax (CYHUIL), sto Hau-
Oonee OOCTYHHBIH COBPEMEHHBIN IOOAIb-
HBIi MCTOYHMK HMH(QOpPMALUU O IOXKapax.
Hannsle, mpeactasiaenubie B CYUII, momyue-
Hbl co ciiyTHrkoB MODIS Collection 6 Active
Fire Product, VIIRS 375 M, 750 m.

Ha BropoMm »srare manHble oOpabaThiBa-
JUCh, KIACCHU(PUIIUPOBAIUCH, W3BIEKAIUCH
pe3ynbTarel  KiacCU(pUKAUW IS OTHe-
BBIX TOYEK M C TIOMOLIbIO KO3(PPUIHEHTOB
KOppEISIMUM  OLCHUBAIUCh  B3aUMOCBSI3U
MEXJly TOYKaMH BO3TOpaHUsi U OTOOpaHHbI-
MU (aKTOpPaMH.

Janee nnsi ONEHKH pUCKA JIECHBIX TIOXKa-
POB paccMaTpHUBAINCh Pa3IMYHbIC METObI HC-
KYCCTBEHHOTO WHTEJUIEKTa M MAlluHHOTO 00-
ydeHus. B pesynbrare mpoBeeHHOTO aHaIun3a
OBLIIO OTOOPAHO J[BA METO/IA!

1) MeTox MaKCUMaJbHOW SHTPOTIHH;

2) MeTOJ1 CITy4aiHOTO Jeca.

Jlec sBiseTCsl CINOXKHOW NPUPOJHOM CH-
CTeMOH, OOBEKTOM FWCCIENOBAHUS Pa3HBIX
Hay4yHBIX HampasieHU. B manHoit pabdote
MBI BOCITOJIb3yEeMCsI OTIPENIEIICHHEM, KOTOPOe
nana IIpooBONbCTBEHHAsT W CENBCKOXO3SM-
ctBeHHas opranm3anus OOH (DAO). Dra
OpraHM3alys TPAKTyeT IOHATHE JIEC Cleay-
oMM 00pa3oM: «Jlec — 3T0 ydacTok 3eMHOI
IIOBEPXHOCTHU C JIEPEBbSIMU BBICOTOM BbILIE 5

M (MJH CIIOCOOHBIMH AOCTHYb 3TOW BBICOTHI
B JIaHHOM MECTE B IIPOIIECCE POCTA), KOTOPHIi
3aHUMAaeT Iuomaap oonee 0,5 ra. B monsThe
«JIEC» HE BKIIIOUAIOTCS YyYacTKU, KOTOPbIE HC-
HOJIb3YETCS MOJl CEIbCKOXO3SIMCTBEHHBIE 1IETIH
WJIM KaK ropoackue 3emiuun» [2]. Ilpu aTom yka-
3bIBACTCS, YTO B IUIOIIA/b Jieca BXOISAT U Cro-
pEBIIME YUACTKH.

Hanee, paccMOTpUM NOHATHE «IECHOH MO-
skap». Bee ta ke ®AO oTmeuaert, 4To JeCHOI
MoYkap MpEeACTaBIseT co00il HEKOHTPOIHpye-
MO€ YEJIOBEKOM I'OPEHHE U PACHPOCTPaHEHHE
OTHS Ha JICCHOU TEPPUTOPUH. DTO CTHXUHHOE
SBJICHUE, KOTOPOE C TPYIOM MOAJAETCS Ty-
HICHUIO U MOXKET MPUHUMATh KaracTpoduue-
CKHE MaciTalbl.

Jna  npenynpexneHus JECHBIX IMOXKa-
POB HEOOXOAMMO OIPENCITUTh PUCK HX BO3-
nukHOBeHMsI. CoritacHo DAQO, pUCK JIECHOTO
[OXKapa — 3TO BEPOATHOCTb BO3HUKHOBEHMS
[OXKapa, KOTOpas OIpENeNseTcs] HaluuueMm
1 aKTHBHOCTBIO KaKOTO-JIH0O0 JIECOMOXKapHOTo
¢akropa [2]. Puck BO3HHKHOBEHHS IOXKapa
3aBHCHUT OT COYETAHHUs MOKapHOH OMacHOCTH
W MCTOYHHUKOB Bo3ropanus. Jpyrumu cio-
BaMH, PHUCK MOXapOB OIpenessieTcss Kak co-
BOKYITHOCTb JIBYX (DakTOpOB: 6eposmHocmu
BO3HUKHOBEHHS TIOKapa M Nnociedcmeutl To-
kapa. B manHoi# pabore MBI HE paccMaTrprBa-
€M TIOCJIEACTBUS, TOJIBKO BEPOATHOCTh. Takum
00pa3oM, MBI MOXKEM HPEANOIOKUTh, YTO TO-
JKapHBIM PUCK — 3TO BEPOSTHOCTh MOXKapa, UH-
TErpupOBaHHAsl B MaTeMaTHYECKYIO (HOpPMYITY,
KOTOpasi BKIIOYaeT B ceOsi BCe MOTEHIMAIBHO
nepeMeHHsbIe ((pakTopel), BIUSIONINE Ha BEPO-
SITHOCTH TTO’kapa [3, c. 10].

JlecHble OXapbl MOT'YT PaclpoOCTPAHSTHCS
C BApHATHBHOM CKOPOCTHIO, OXBATHIBATH pa3-
HBIC TUIOLIAIN, TO €CTh UMETh Pa3HbIN PEXUM.
Ha pexum 5ecHBIX TOXAapOB BO3JAEHCTBYIOT
METEOPOJIOTMYECKHE  SIBJICHMS, TOPIOYECTh
MarepuasioB, penbed u apyrue ¢dakropsi [4].
K. Yenanep yxasepiBaeT: «OraeBast OlacCHOCTh
SIBIISIETCS] PE3yJBTaTOM KaK MOCTOSHHBIX, TaK
U TIEPEeMEHHBIX (DAKTOPOB IOXKAPHOH ONAacCHO-
CTH, BIMSIOLIMX Ha Ha4Yasuo, pacupoCTpaHEeHUE
U TPYAHOCTb KOHTPOJISI [TOXKAPOB U IPUUYHHSIC-
MOTO UM ymiepoa» [5].

K. Yenanep Beigenui asa tumna GpakTopos:
MIOCTOSIHHBIC U TIepeMeHHEIe (puc. 1).

ITocTosHHBIE  (pakTOpBI HE MEHSIOTCS
Ha TIPOTSDKEHHMM MHOTHX JeT. KommdecTBo
TOpPIOYEro MaTepuaja sBJSIETCS INIaBHBIM I1a-
paMeTpoM, OT KOTOPOTO 3aBUCUT moxkap [6].
IlepemenHbIe (HaKTOPBI, MOTYT MEHSTHCS TIPaK-
TUYECKHU €KeUacHO. DTH MOKa3aTeNH JIOJIKHbI
MOCTOSIHHO U3MEpPATHCS W aHAJIN3HPOBATHCS
B TEUCHHE BCETO MOXKAPHOTO ce30Ha [7].

B ADVANCES IN CURRENT NATURAL SCIENCES  Ne 11,2019 MW
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[ [TocTosiHHBIE (haKTOPBI ]

l

[lepemennsie hakTopsl I

Penbed (YKIIOH, SKCIIO3HITNS
CKJIOHA)

BrnaxHocTh TOpHOYUX MAaTCpUaIoB

Knumar

_I

I

_[

Temmneparypa Bo3ayxa |

—I Hanuuue TrOpHOYNX MaTCpraioB

|

' CkopocTh 1 HampaBneHue BeTpa |

Puc. 1. @aKmprl, BAUAIOWUE HA PEHCUM TIECHBIX NOAHCAPOB

AHTPOTIOTCHHBIH (HaKTOp TaKKe OKa3bl-
BaeT OOJBINOE BIHMSHHE HAa PHCK BO3HHK-
HOBEHHUST M Ha PACIpPOCTPAHCHHE JIECHBIX
MoXapoB. XOTs AESITEIBHOCTb YEJIOBEKA M3-
MCHYMBA, OJHAKO HEJNb3s CKa3aTh, UTO €€ Xa-
paktep MeHseTcs o4eHb ObicTpo. [losromy
Mbl HKCIIOJIb30Bajl AHTPOIOICHHBIH (HAKTOP
KakK MOCTOSIHHBIN.

B nanHOM mcciieioBaHUM MBI paccMaTpHh-
BaeM TOJIBKO JIOJITOCPOYHEIE (haKTOPBI TIOXKApa,
KOTOPBIC Pa3/IeiIu Ha 4 TPYTIIIbL:

—penbed (BBICOTA, HANPABJICHUE CKJIO-
Ha, YKJIOH);

— KITuMaT  (CPEIHETOJ0BOE  KOJIUYECTBO
0CaJIKOB, TeMIIeparypa BO3yXa: CPEIHETOo0-
Basg M MaKCHMaJbHas, COJNHEYHAs paIuariis
(m3my4enue);

— HaITM4ne
(buomacca);

— aQHTPOIIOTEHHBIA (hakTOp (paccTosHUE
OT JIOPOT, YAAJICHHOCTh OT HACEJICHHBIX ITyH-
KTOB U PEK).

Troprovux MaTepraIoB

Pe3yJIbTaTI>I HCCIea0BaAHUA
U UX 00Cy:KIeHne

Pecnybnmuka Caxa (SxyTtus) Kpyn-
Herimuii peruoH Poccuiickoit ®eaepanuu.
Ona pacrnosjokeHa B CEBEpPO-BOCTOYHOM uya-
CTH CTpaHbl W 3aHuMaeT /5 Tteppuropun
Poccuiickoit ®eneparu. OOmiast IIomags
necHoro (onma Pecmybnmku Caxa (Sxytuns)
cocrapisieT 256102,7 toic. ra, wim 82,5% eé
tepputopun. Jlecucrocts PecryOmukm Caxa
(Axyrtus) cocraBnsier 51,3%. Ilo Bceit Tep-
PUTOpPHUH PecIlyOIUKH MpeoOaaoT JIUCTBEH-
HuyHbIe geca — 90,5 % oT miIoaa OCHOBHBIX
necoobpa3syromux mopoa u 77,6 % ot Beel mo-
KPBITOH JIECHOH PaCTUTENBHOCTBIO IIIOIIATN
pecnyonuku [8, c. 120]. Jlomunupyromee mo-
JIOKEHUE CBETIIOXBOMHBIX JIECOB SIKyTHH 00-
YCIIOBIIEHO HE TOJIEKO OMOIOTHYECKUMH CBOM-
CTBaMH BHJIOB. VMIMEIOTCS CBEIEHUS, YTO ITH
Jieca UMEIOT MMUPOTEHHOE MPOUCXOKACHUE [I9].

Jleca SIkyTum HEyCTOWYMBBI M YYTKO pe-
arupyroT Ha Mo0bIe M3MeHeHus. Jlerpamarus
MHOTOJIETHEH MEp3JIOTHl IPUBOIUT K TOSIBIIC-
HUIO MPOCATOK, KOTOPBIE MO3/IHEE MpeBpalia-
I0TCSI B TEPMOKAPCTOBLIE 03€pa, a 3aTeM B 3pe-
JIbIC aJIachl, HA KOTOPBIX (POPMHUPYETCS JTyroBast
pactutenbHOCTh [10].

IToxapel BO3JIEUCTBYIOT Ha TeMIEpaTy-
py rpyHTOB. II0OBEpXHOCTH TOPETHHUKOB Te-
mee. [loxapsl, yHHYTOXKAS TPaBIHO-KyCTap-
HUYKOBBIN MTOKPOB M TIOBPEX/Iasi JPEBOCTOM,
pEe3K0 M3MEHSIOT CTPYKTYpPY TEIUIOBOrO Oa-
naHca. B pesynbrare o0iero pa3pexuBaHus
00IIero pacTUTENBHOTO TMOKPBITUS TPUXOL]
COJTHEYHOW pajuanuu Ha MOBEPXHOCTH 3a-
METHO BO3pAacTaeT, a ee 3a4epHEeHUe CHUXKa-
€T OTpaXkaTelbHYI CIOCOOHOCTH ITOBEpX-
Hocth. [loaTOMy TemmoBOil MOTOK B TOYBY
YBEIIMYUBACTCS M YCUITUBACTCS MPOTAaNBaHUE
rpyHTOB [11, c. 889]. Ycunenue rmodanbHorO
MOTEIUICHUS U BJIMSHUS YEJI0BEUYECKOTO (haK-
TOpa MPUBOAUT K POCTY YACTOTHI U ILIOIIA-
JTA TIO’KapOB.

PocT umcna necHBIX MOXapoB, YBEIH-
YeHWe WX TUJIOMaJd HETaTUBHO CKa3bIBa-
IOTCS HE TOJIBKO HA COCTOSHHHM JKOCHCTEM
SkyTun, HO M Ha XU3HU HaceneHus. Ilo-
3TOMY pa3paboTka MOJEIu PUCKAa BO3HUK-
HOBCHUS JIECHBIX TOKapOB HEOOXonuma AJist
IJIAHUPOBAHUS W TPOBEACHUS TPEBCHTHUB-
HBIX MEPOIPUSITUH.

B ycnoBmsIx 3acymnmmmmBOTO KJIMMAata, Ipe-
0071a1aHMsI CBETIIOXBOWHBIX TIOPOJT, OOJTBITTIMH
PaBHUHHBIMH TIPOCTPaHCTBAMH Jieca SKyTHu
CTaHOBATCS Ype3BbIUaifHO TopuMbIMU. [loka-
PBI BO3HUKAIOT KaK MO NPUPOJHBIM IPpUYUHAM
(Tpo30BBIC pa3psiyibl), TaK U MO AHTPOIOTCH-
HBIM, CPEIH KOTOPBIX HEMAJIOBXHYIO POJIb
UTPAOT CENMbXO03MANHI [§].

Bo3zneiicTBre pa3anaHbBIX (DaKTOPOB HA BO3-
HUKHOBEHHE TTOKapoB OBLIO OIEHEHO C ITOMO-
IIBIO JTMHEWHOTO KOA(PPUIIMEHTA KOPPEISIIUT
1 K03 UICHTA JeTePMUHALINY (TabIuIa).
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CreneHb Bo3eHCTBHS (PaKTOPOB HA PUCK BOBHUKHOBEHHSI JIECHBIX TTOYKApOB
B PecniyOnuke Caxa (Skyrtus) [3, c. 71]

Factor Jlvneitnblil K0 dHUIIEHT KoaddrmmenT gerepmunarim,
Koppersiimn, R R2
Comnednast paguarys (M3Iy9eHue) 0,97 0,94
MaxkcumaiibHasi TeMIeparypa Bo3nyxa 0,93 0,86
Bereraronnsii uazexe (NDVI) 0,91 0,83
VYIaneHHoCThb OT peK 0,91 0,83
CpeHeronoBoe KOIMUECTBO OCAIKOB —0,33 0,11
CpemHeronoBas TemMIieparypa Bo3yxa —0,41 0,17
Hanpasnenue ckiona —0,43 0,19
AOcoroTHasI BBICOTA -0,76 0,58
VianeHHocTs OT Jopor -0,80 0,65
'Yron HakitoHa (YKIJIOH) —0,97 0,94
'YnaneHHOCTh OT HACEJICHHBIX ITyHKTOB -0,97 0,94

Kak mnokazan mpoBeneHHBbIM aHaiu3 To-
Kas3arenel KOppeisiuU, He BCE KIMMaTH4de-
cKue (hakTOpbl OIMHAKOBO BIIMSIOT Ha PHUCK
BO3HUKHOBEHHMSI JIECHBIX MOXapoB B SKyTnu.
ConHeyHas pazuanysi XOpOILIO KOPPEIHPYET
C ToXKapaMH: 10 Mepe €€ YBEIHUYEHUS PacTeT
KOJIMYECTBO MOKapoB. BeposTHO, ¢ Bo3pacTa-
HHEM COJTHEYHOTO U3JIydeHHst Oojiee Onaronpu-
ATHBIMH CTaHOBSITCS YCIIOBUS JIISI BO3TOPAHUSI.
I'oproune MaTepuana pu 3TOM BBICBIXAIOT Obl-
CTpee U MOTYT CaMOBO3TOPaThCSL.

C yBenuMYeHHEM KOJIMYECTBA OCAJIKOB
PUCK BO3HHMKHOBEHHS IOXKapa CHUXKaeTcs,
YTO MOKa3bIBa€T YMEPEHHas OTpULaTeIbHas
KOppesAIus.

JlecHble TIOKaphl SIBISIIOTCSL CYry0O JeT-
HUM sBieHueM. [l oOmieil xapaxkrepucTu-
KM JleTa Mbl OTOOpajau IoKa3aresb Makcu-
MaJIbHOM Temmeparypbl Bo3ayxa. OH CHIBHO
BO3JIEHCTBYET Ha BO3HHKHOBEHHE II0XKapoOB,
41O Mokazai ko3hunuent koppemsiuun 0,93.
C poctoM JETHHX TemIeparyp, KOJIHMYECTBO
BO3TOPAHUU TOXKE BO3PACTAET.

Kak Mbl m mpenmonaraiu, KOJUYECTBO
roprounx wmarepuangoB (Onomacca) CHIIBHO
BIMSET HA BO3HUKHOBEHHE MOXapoB. s Xa-
PAKTEpUCTUKN JaHHOIO IOKa3aTelsl MBI HC-
ronp3oBas uHAeke NDVI — komudecTBo ¢o-
TOCHHTETHYECKU aKTHBHOW Ouomaccel. C ero
pPOCTOM BO3pacTaeT KOJIMYECTBO I0XKAPOB,
TO €CTh HaOIOaeTCsl TTOJIOKHUTENbHAs KOppe-
TS, YUUThIBas, 4TO 00beM OMOMACCHI YBe-
JIMYMBAETCS C BO3PACTOM Jieca, MOYKHO TIPEJI-
IOJIOKUTB, YTO PUCK BOZHUKHOBEHHS ITOKAPOB
B 3pENBIX JPEBOCTOSX MOBBIIIEH.

Eme omauM Qaxropom, BO3ACHCTBYIOINM
Ha JIECHBIE TTOKapBl, SBIAETCS pesibed 3eMHOI
noBepxHocTu. [lepBrIii MOKa3arenb, Xapakre-
pusytomuii penabed — 3To abCOIIOTHAS BBICO-

Ta. TYT MBI BUJIUM, YTO KOJHMYECTBO IMOKApPOB
YMEHBITIAeTCS ¢ HA0OPOM BBICOTHI: KOAhhHUIIN-
eHT koppensiuuu paBeH —0,76. Ilpu ananuze
JTAHHOTO TTOKA3aTellsl CIIEAYeT YIUTHIBATh, YTO
C BBICOTOM CHW)KAeTCsl TeMIleparypa BO3ayXa
Y CHIDKACTCS KOJIMYECTBO OMOMACCHI.

3eMHasi MOBEPXHOCTh PEIKO ObIBaeT ab-
comoTHO poBHOH. C yBenmMYeHHEM YKIOHA
YUCJIO TOXKAPOB CHUYKACTCSA — KOPPEIISIIIHS
oOparHa. YYacTKH, UMEIOIIHE OOJBIION Yo
HaKJIOHa, SBISIOTCS OapbhepoM JUIsl pacmpo-
CTpaHEeHHs OTHA, TaK KaK Ha KPYThIX CKIIO-
Hax YCJOBHs ISl pOCTa pacTeHUU Hebiaro-
MPUATHBL U OMOMacca HakKarIuBaeTcsl ciabo.
Kpome Toro, mon meiicTBUEM CHUIIBI TSIKECTH
OTMEpIINE OCTATKU PACTEHUU MepeMelaroT-
csi BHU3. AOCONIOTHO MHAas KapTWHA HaOIIo-
JTaeTCsA Ha POBHBIX Y4acTKaX, 4YTO MPUBOIUT
K OBICTpPOMY pacrpoOCTPaHEHHIO 110 HUM JecC-
HBIX TTOYKapOB.

DKCITO3UIHS CKIIOHA TaK)Ke BIIUSET HA JIeC-
Hble TOkapbl. HOKHBICE W 3amajHble CKIOHBI
MOJTYy4aloT OOJNbIIEe COJHEYHOrO CBETa M Tell-
J1a, HEXKENI CeBepHbIe U BocToYHbIe. COOTBET-
CTBCHHO, Ha FOKHBIX U 3allaAHbIX CKJIOHAX pac-
TEHUS] Pa3BUBAIOTCS JIydIlle M YBEITMYNBAETCS
omomacca pactenmit. Kpome Toro, 3mech mop
JIEHCTBHEM COJTHEUHBIX JIy4eil ObICTpEe BBHICHI-
XaroT TOPIOYHE MaTepHalibl. B Takux yciaoBusx
OTOHb MOXET BCIIBIXHYTh U PACIPOCTPAHUTHCS
04YeHb OBICTPO.

Kpome yuacTKoB co 3HaYUTEIBHBIMH yITa-
MU HaKJIOHa, PoIib 0aphepoB B pacHpocTpaHe-
HUU TI0)KapOB UT'PAIOT BOTHBIE 0OBEKTHI — PEKH,
o3epa, 0osrota. MIX BO31eiCTBIE MBI OIICHUBATH
C TIOMOMIBIO TTOKa3aTessl yAAIeHHOCTH OT PeK.
OH 1oKa3aj CHIIbHYIO MOJIOKHUTEIBHYI0 KOppe-
msuuio 0,91, To ecTh ueM Aanblie OT PeK, TeM
0oJIbIIIe BO3HUKAET MT0YKAPOB.
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Puc. 2. Mooenuposanue eeposimuocmu 603HUKHOBEHUsL 1eCHbIX nodicapos 6 Pecnybnuxe Caxa (Axymusi)

IIpoBeneHHbI aHAINU3 TPOJEMOHCTPUPO-
BaJ OOJBIIIOE BO3JEHCTBHE AaHTPOIIOTEHHOTO
(hakTOopa Ha BOSHUKHOBEHHE JIECHBIX TI0)KAPOB.
Teppuropuu, ynaaeHHbIe OT HOCEICHUI U J0-
POT, KaKk MpaBWJIO, HE MOIABEPTalOTCs BO3ICH-
CTBHIO OTHSI: C yIaJIEHUEM OT JOPOT CHUXKAETCS
YHUCIO0 TOXKApOB (KOIQGUIMEHT KOpPeNsum
coctasisieT —0,80). A ymaaeHHOCTH OT TOCe-
JICHWH TTOKa3aia MPaKTHYeCKN (DyHKIIMOHAIb-
Hy!0 3aBUcUMOCTh: —0,97.

Janee mpoaHanu3upyeM pe3yJabTaThl MO-
JeTUPOBaHUsl PUCKa JIECHBIX MoXapoB B Pe-
cnyonuke Caxa (SkyTus). B nannom uccneno-
BaHUH HCIIOJB30BAINCEH JIBE MOJCIH: MOAECTD
CIly4aifHOTO Jieca ¥ MOJEIbh MaKCUMaJbHOM
SHTPONMH, BKIItoUaromue 1mo 9 u 11 pakropos.

Mps1 MOXeM HaOTIOATh CYIIIECTBEHHBIE Pa3-
JTUYUsl B TPOCTPAHCTBEHHOM pacIpeieieHu
BEPOSTHOCTHU MPUCYTCTBUS MTOXKapOB (puc. 2).

C mnomouipl0 MOJENH Cciay4aiHOro Jieca
[0 TOKapHOMY PHCKY Tepputopus SkyTuun
Obula paszeneHa Ha 2 Kiacca. DKCTPeMalbHO
BbICOKAasA BEPOATHOCTHL BO3HHMKHOBCHHUA I10-
apa Habmronaercs B Oacceiine peku Buimioi,
JleHO-ANIaHCKOM MEXAYypedbe M B CpPEeTHEM
TeueHnH pekn Anmad. HeGompiue mo Teppu-
TOPUM YYACTKU TaK)Ke HAOIIOMAIOTCS B CPEl-
HeM TeyeHuu p. AHa u KonbiMa, TO ecTh Tam,
IJe B OCHOBHOM NpOXXMBAeT HaceneHue. Tak-
K€ TOUCUHO HAOIONAI0TCsl YYaCTKH C IKCTpe-

MaJIbHOW BBICOKOW BEpPOSTHOCTHIO BO3HUKHO-
BEHUS TIOKapOB Ha FOTO-3aIlafie PECITyOIHKH.
Ha ocranbHoli Tepputopuun Kyt BeposT-
HOCTb BO3HMKHOBEHHS II0KapOB CYILECTBEH-
HO HUXE.

9-bakropHass MojeNb CllydallHOTO Jieca
MoKaszaja XOopolIyr gudQepeHIuaiun Tep-
PUTOPHUY Ha pa3HbIE KJIACCHI IO BEPOSTHOCTH
Bosropanus. ll-dakTtopHas Momens pa3ieiu-
na SIKyTHIO IPaKTUYECKH JIMIIb Ha JBE YacTH:
OKCTPEMAIPHO BBICOKOTO W HH3KOTO PHCKOB
BO3HUKHOBEHHS [10XKapPOB.

Mogenu, co3laHHbBIE C HUCIOJIb30BaHUEM
MeTO/1a MaKCUMaJIbHOW SHTPONMH, TOKa3aly,
YTO TeppuTOpHs SIKyTHH HaxXOOUTCS B 30HE
BBICOKOH, OY€Hb BBICOKOH M IKCTPEMAJIbHO
BBICOKOW BEpPOSATHOCTH BO3HHKHOBEHHUS Jiec-
HBIX TTOKapoB. [Ipu 3TOM OONBIINX pa3THINi
Mexay 9- u 11-hpakTOpHBIMU MOIEISIMH HET.
30Ha 3KCTPEMAIBHO BBICOKOW BEPOSITHOCTH
BO3HUKHOBEHMSI M0OKapOB IIUPOKOH MOJIOCOM
MPOTSIHyJach C 3araja Ha BOCTOK, OXBaTHB
Oacceitnbl p. Butoid, Anjian u cpeHee Teve-
Hue p. Jlena. OueHb BBICOKHI pUCK HaOto/1a-
ercs B Oacceitre p. Slma, Mugurupka (paiion
OtimsikoHa) 1 KomsIMBI. Y4acTKu cO cpemHeit,
HU3KOM W OYeHb HHU3KOH BEPOSTHOCTBHIO BO3-
HUKHOBEHHS IIO’KapOB BCTPEUAIOTCS Ha CeBe-
pe B 30HE CEBEPHON Talru M TYHAPHI, a TAKKE
B TOPHBIX 00JIaCTSIX.
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3akjoueHue

IIpoBeneHHBI aHAINA3 IOKA3ajl, 4TO Me-
TOZ Clly4daiHOro jeca jajn Oojiee TOYHbIE pe-
3yJbTaThl U ropasfo Oosee y3KylH TeppuTo-
PHIO BO3MOKHOCTH BO3HUKHOBEHHS ITOXKapPOB,
YTO MO3BOJIAET MPEAJIOKUTh JAHHYIO MOZAEIb
Kak Oosiee mpeanouTuTenbHyo. Monens, co3-
JaHHas. C IMOMOILIBIO METOJa MaKCHMAaJbHOMN
SHTPOIIMH, HUMeeT Maiylo andpdepeHnna-
LU0 HAa 30HBL. OTO HE MO3BOJIAET HUCIONIb30-
BaThb €€ B IIPAKTUYECKON JAESITEIIBHOCTU Kak
MaJOMH()OPMATUBHYIO.
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