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OnHoi U3 BaxkHEHIIMX 3a/1a4 B COBPEMEHHOI TEOPUY DKOJOTUU SIBJIsieTCsl (hopMan3anusi 3KOJ0rn4eCcKom
Huy. Pa3Butre MeTomoB IIPOCTPAaHCTBEHHOTO aHAIN3a 1 JOCTYITHOCTD ITTOOAIbHEIX 0a3 JTaHHBIX IT0 OMO0-
pa3zHOOOpa3uIo U mapaMeTpaM OKpyKalolleit cpeabl MPeaoCTaBIsSIOT OecIipelieIeHTHYIO BO3MOXHOCTD LIS
KOMIUIEKCHOTO Y9eTa KOMIIOHEHTOB 9KOJIOTMYECKOM HUIIM B paMKaX KOPPeJISIIMOHHOTO ITOIX0aa K Moae-
JupoBaHu1o. B pabote npencraBieHbl cIOocoObl hopMaiu3aliui OMOTUYECKUX, TPOCTPAHCTBEHHBIX (110-
CTYIIHOCTB CPeJIbl ) 1 aHTPOIIOTeHHBIX OTpaHUYEHUIT pacIIpOCTpaHEeHUS OMOJIOTMIECKIX OOBEKTOB (KOMIIO-
HEHTOB 2KOJIOTMYeCcKoii HuIlM) Iipu noctpoeHur SDM (Species distribution modeling) u ENM (Ecological

niche modeling) Mmoneneii.
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ITpocTpaHCTBEHHBI aHAJIN3 B OOIIEM BUAE — 3TO
MOAXOM K KOJIMYECTBEHHOMY M3YUYEeHUI0 3aKOHOMEPHO-
cTeit 1 0ObSICHEHUIO SIBJICHUI C UCTTOJIb30BAHUEM METO-
JIOB MaTeMaTUYeCKON CTaTUCTUKU B 0OpabOTKe HdaH-
HbIX, UMEIOIIMX reorpachyecKyto MpuBsI3Ky. Bkirouaer
METOIbl TeOKOAUPOBaHUS (COXpaHEHWE KOOpAMHAT
00BEKTOB B COOTBETCTBYIOIIEM opmMaTe), KapTorpa-
¢dupoBaHus (HaHECEHUE Ha KapThl U COTMTOCTaBJICHUE
MOJIOXKEeHUsI OOBEKTOB UCCIIEIOBaHUs), pPalilOHUPOBa-
HUS (IpocTpaHCTBeHHAs: quddepeHIIaNs TePPUTO-
pUM MO oIpeaesIEeHHOMY TIPU3HAKY) 1 TTPOCTPAHCTBEH -
HOIo MOJIEIMPOBaHUS (M3y4eHHEe MPOCTPAHCTBEHHbIX
CBsI3eii M 3aKOHOMEPHOCTEH, OOBSCHSIOLINX XapaKTep
IpolieccoB 1 cBolictBa 00bekToB) (OkyHeB, 2020). B
MOCJIeIHEM Cllydae OIHUM M3 JUHAMUYHO pa3BUBalO-
IIMXCSl HApaBJIeHU SIBJISIETCSl MOMIEJIMpOBaHUe Mpo-
CTPaHCTBEHHOTO pacmpenaenreHus BunoB (Species dis-
tribution modeling, SDM). DTOT HayKOEMKUI1 METOL,
HCIIOJIb3YEeT YYET OMOJIOTUUYECKUX OOBEKTOB (TOYEK
MPUCYTCTBUSI U OTCYTCTBUSI BUIOB, BUAOBOE OOrart-
CTBO U T.II.) B KaUeCTBE 3aBUCUMOI MEepPEMEHHOM, a
reorpauyeckre Cjou DKOJOrMuyeckKoit uHgpopma-
muu (JTaHamadTHRIE, KIMMaTAYECKEe, TIOYBEHHBIC)
B KaUeCTBE HE3aBUCUMBIX MPEAUKTOPOB JJIsI IPOTHO-
3MPOBaHUS NMOTEHIMAJIBHOIO pacpOCTPaHEHUS BU-
JIOB Y UX MECTOOOUTAHUI B TPOCTPAHCTBE U BpEMEHU
(Elith et al., 2006; Elith, Franklin, 2013; Duarte et al.,
2019; Zurell, Engler, 2019; u ap.). Takoii momxom, oc-

HOBaHHBII Ha HAXOXIEHUU CTAaTUCTUYECKUX 3aBU-
CUMOCTEN MeXNIy JaHHBIMU O BCTPEYAEMOCTU U Ha-
0opaMU DPKOJIOTMYECKUX TePEMEHHBIX, Ha3bIBAETCS
KOPPESILIMOHHBIM (KOppeJSITUBHBIM) (Soberdn, Peter-
son, 2005; IlIutukoB u ap., 2021). ComtacHO MHEHMIO
psina uccienonareieii (Sillero ef al., 2021), moctpoeHue
SDM Moneneit sieisieTcst ororeorpaduyecKuM aHajIo-
rom MonempoBaHus 3konorndeckux Huil (Ecological
niche modeling, ENM), akiieHTUpyIOIIIMM BHUMaHUE
Ha TIPOCTPAaHCTBEHHOM paclpeleeHU OuoJIornye-
CKHUX OOBEKTOB TON BIUsIHUEM (hakKTOpoB cpedbl. B
cBoro ouepenb, ENM Momenn mpeacTaBisioT coOoit
SMITUPUYECKUE WK MaTeMaTU4eCKUe MPUOIKEHUS K
sKoJIorndeckoit Huiie Buaos (Sillero ef al., 2021). B ne-
JIOM, KOHIIEMIIMS PKOJIOTUYECKO HUIIIM BUIA SIBJISIET-
cs1 TeopeTndeckoii ocHoBoi 11t SDM/ENM mopenu-
posanust (Elith, Leathwick, 2009; Franklin, 2010;
Miller, 2010). ITpu aToM cumTaercs, 4yto moneau SDM
OLICHMBAIOT (byHIAMEHTAJbHYI0 HMIIY, a MOJACIHU
ENM peanuzoBannyio Humy Buaa (Franklin, 2010;
Barve et al., 2011; Peterson, Soberdn, 2012).
MHTEeHCHUBHOE pa3BUTHUE U TPUMEHEHUE METONOB
SDM/ENM MoaenupoBaHusl MPUBOAUT K HAKOTLIe-
HHIO OTPOMHOI'0 MaccrBa pe3yJbTaTOB OMO3KOJIOT U -
YECKHUX UCCIETOBaHN, CIOCOOCTBYIOIIMX PA3BUTUIO
Hay4yHBIX UJIeil 1 DKOJIOTUM KaK HayKU B LieJIoM. Dh-
(eKTUBHOCTb JaHHBIX METOAOB MPU OLIEHKE reorpa-
¢duyeckoro pacnpocTpaHeHUs MOATBEPXKIeHA MHO-
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TOYMCIICHHBIMU MUCCIIETOBAHUSIMHU PA3INYHBIX BUIOB
pacTeHUil U XUBOTHBIX, IJII KOTOPBIX IpeIcKa3aH-
HBIe Teorpaduyeckue apeajbl COOTBETCTBOBAIU
dakTUIECKOMY pPacipOCTPAaHEHUIO W 3KOJIOro-01o-
norngyeckuM xapakrepuctukam (Ebeling ef al., 2008;
Carvalho et al., 2017; Li et al., 2017; Zurell, Engler,
2019; Bowen, Stevens, 2020). SDM/ENM wmonenu-
poBaHME IIMPOKO MIPUMEHSIOT TAKXKE JJIs1 IPOTHO3U -
pOBaHUsI TMHAMUKU ITPUTOTHOCTA MECTOOOUTAHMIA
Ha poHe KimMmaTtndeckux nzmenenuii (Thakuri et al.,
2019; Shabani etal., 2020; u ap.), IpU BBISIBJICHUU KO-
punopoB unBasuii (Lietal., 2017; Yan etal., 2019), nns
TMOHVUMAHUSI 3KOJIOTUYECKUX ITPOLIECCOB pa3IeICHUS
Hui Mexxay Bunamu (Peterson et al., 2011) u T.11.

Ha texkymmii MOMEHT pa3BUBAIOTCS JIBa OCHOB-
HBIX MOAXOHAa K MPOCTPAaHCTBEHHOMY MOIEIMPOBa-
HUIO: MEXaHUCTUIECKUN 1 KOPPEeJSIIMOHHEIN. Mexa-
Hucmu4eckull TIOOXO, OCHOBAaH Ha NPSIMBIX M3Mepe-
HUSIX IEPEMEHHBIX CPEIbI C ITOCIEAYIOIINM BbIBOIOM
W3 HMX AUAIIa30HOB IIPUTOMHBIX 3HAYEHUI (4acTo
SMIUPUYECKUM ITyTEM) U OTOOpaxKeHneM reorpadu-
YeCKMX TEPPUTOPUIL C MOJOXUTEILHOM IIPUCIOCO0-
JIeHHOCTBIO ¢ momoinbio 'MC-Texnomornii (Guisan,
Zimmermann, 2000). JIJaHHBINA TTOAXOH UTHOPHUPYET
OMOTHYECKUE B3aUMOACHCTBUS U CIIOCOOHOCTh BU-
0B K paccejieHuio (Soberon, Peterson, 2005), a ero
pa3BUTHE BO MHOTOM CACPXKUBaETCsI OOJIBLINM O00Bbe-
MOM HEOOXOIMMBIX TaHHBLIX O IMPU3HAKaX BUIOB U
HEXBAaTKOM JOCTYIHBIX MHCTPYMEHTOB C OTKPBITHIM
rcxonHbIM KonoM (Sillero ef al., 2021).

B pamMkax koppeasyuonnoeo monxona COOTHECEHUE
HaOMoAeHUIA BUAOB B IIPUPOJIC U XapaKTePUCTUK Me-
CTOOOUTAHMIA OCYIIIECTBIISIETCS] HA OCHOBE MAIIIMHHOTO
00y4yeHUs 1 CTaTUCTUYECKOl 00paboTKM maHHbIX. U3
aHaIM3UPYyeMOro Habopa IlepeMeHHbBIX CPEIbI BBIICIISI-
IOTCSI DKOJIOTMYECKHE MPEeIUKTOPHI (a0MOTUYECKUE,
OMOTHUYECKUE, aHTPOIMOreHHbIe), Hambojee TECHO
CBsI3aHHBIE C HAOII0MaeMBIM IIPUCYTCTBUEM BUIOB, 1
MIPOBOIUTCS SKCTPANOJISILIS IJISI OTIPEACICHMS Te0-
rpapuIecKuX TEPPUTOPUIA, C DKOJIOTMUECKOI TOUKH
3pEHUSI aHAJIOTUYHBIX TEM, IIe BCTPEYAIOTCSI BUIHL.
DTO TTO3BOJISIET PEIINTh OCHOBHBIE 3ama9u SDM Mo-
JIeJIUPOBaHUSI: BBIICIUTh OCHOBHBIE 3KOJOTMYSCKUE
JIeTepMUHAHTEl MOTEHIMAJBHOTO paclpencacHUs
BUIOB M COCTaBUTh KapThl MX IPOTHO3UPYEMOTO pac-
npoctpaneHus (Zurell, Engler, 2019), kaptupoBath
JIMAaIia30H YCJIOBUI U PECYpCOB, KOTOPBIE HEOOXOIM -
MBI BugaMm s BbpKuBaHus u pasmHoxkeHus (Elith,
Leathwick, 2009). KpomMe Toro, KoppeasiiMOHHBIH
IOAXO MPEAOCTaBISIET BO3MOXHOCTD ydyeTa KOMITO-
HEHTOB 9KO0JI0rn4ecKoit Huim B pamkax ENM mone-
JIMPOBaHUSI, 4TO SIBISIETCS BaxKHelIel pyHaaMeH-
TaJIbHOM 3a/1a4€il B TEOPUM 3KOJIOTUMU.

C npyroii CTOpoHBI, KakK BepHo moamerunu I[le-
TepcoH u AHam3a (Peterson, Anamza, 2015), cyie-
CTBYET MHOXECTBO CBUJIETCIBCTB HEIPaBUJILHOIO
KCIIOJIb30BaHUSI 1 OTKPOBEHHOTO 3JIOYIIOTPEOICHUS
MeTogamMu u mHcTpymeHTamu SDM/ENM, Hekop-
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PEKTHOI MHTEpNpPETALUY TTOJIYYEHHBIX PE3yJIbTaTOB.
B oTnenbHbIX cyyasix moJoOHbIe OIIIMOKM CBSI3aHbI C
METOMO0JIOTUYECKUMMU JIOBYLIIKAMU, B APYTMX C Mpe-
HeOpeXeHWEeM JOCTaTOYHO CTPOTMMU AeTalsIMU UC-
MOJIb30BaHUs MeTonoB. B psime pabor (JIMcoBcKmiA,
Hymos, 2020; JIucoBckuii u ap., 2020; Peterson, Anam-
za, 2015; Sillero et al., 2021 u gp.) onrcaHbl OCHOBHbIEC
OrpaHWYEeHMsI, MPOOJIEMbl U BOIPOCHI, C KOTOPHIMU
CTaJIKMBAIOTCSl MCCIIEAOBATEIM TP MOACIMPOBAHUU
5KOJIOTUYECKUX HUII U/WUJIKN TOTEeHIIUAIBbHOIO Teo-
rpacUUecKoro pacrnpeaeacHus] BUIOB C UCIOJIb30Ba-
HUEM KOPpEJISIIMOHHOIO Tonxoaa. B yactHoctH, nipu
cbope OaHHbIX 0 pacnpocmpaneHuy 8u00é HEPEIKO BO3-
HUKAaET MpodsiieMa UCKaXKEHUS KapTUHbI TTOTEHLIUATb-
HOTO MPOCTPAHCTBEHHOTO pacipenesieHUs] U3-3a U30u-
paTeIbHOCTHU B 00C/IeI0BAHUM TEPPUTOPUIA U HEPABHO-
MEpHOCTH cbopa Touek (pervcrpalusi KOOpAuHAT B
HauOoJiee JOCTYITHBIX I OOC/IeAOBaHMSI y4acTKax).
MznuiiHsist mpocTpaHCTBEHHAs TUIOTHOCTD TOYEK MpU-
CYTCTBUSI MIPU UCIOJIb30BAaHUU reorpacuyeckux 3a-
nuceit U3 6a3 naHHBIX o 6uopazHoodpasuio (GBIF,
iNaturalist u ap.), oOyciaoBJleHHass HauOOJbIIMMU
“IIOMCKOBBIMU YCUJIUSIMU”, TAKXKE MOKET MPUBECTHU
K YBEJIMYEHUIO 3HAUYMMOCTH KOHKPETHOI TepPUTOPUN.
IIpu evibope Habopa nepemenmbix oKpyycaroueil cpeovl
repen ucciaeaoBarejieM CTOUT IpobjieMa HETOUHOCTH
JIAHHBIX, TIPEICTABJISIOINX COOOM HE TIpsSIMbIe U3Mepe-
HUsI, a MOIEIM KiuMara, penbeda, pacnpeneiaeHust
MOYB U T.[I., & TAKKE MPpodJieMa HEPaBHOMEPHOCTHU pac-
MOJIOXKEHUSI CETU METEOPOJIOTUUECKUX CTaHIIMI,
CBEJIEHUSI KOTOPBIX HCIIONB3YIOTCS IS aHalu3a |
9KCTpanoyisiiuu Ha 0ojiee OOIIUPHbIE TEPPUTOPUM.
Kpome Toro, ucrnosnb3oBaHMe OTAETbHBIX 0a3 JAHHBIX
HEBO3MOXKHO WIU 3aTPyIHUTEILHO JUIS pEllIeHUs 4acT-
HbBIX 3a/1a4, HAIIpUMep, MOACIMPOBAHUST KIMMAaTOTeH-
HOI nTMHaMUKY BUIOB. TakKe akTyajibHa 3a1a4a ornpe-
JeJIeHUsI Pa3MEPHOCTU DKOJIOTUYECKOH HUIIU, T.e.
HEO0O0XOAUMOTO U TIOCTAaTOYHOTO Yncia (aKTOPOB ISt
ee onucanus. Ilpobaema koaruneapHocmu nepemer-
HbIX MOXET TIPUBECTU K HEOTHO3HAUYHOCTU U JaXKe
OILIMOOYHOCTH TTOJyYeHHBIX PE3YILTATOB MOJACIUPO-
BaHus. IlocnengHue OyayT Ype3MepHO MOJOTHAHEI, a
KpUBbIE OTKJIMKA OYyAyT MPEACTABISATh HE KOHKPET-
HYIO TIEpEMEHHYI0, a B3aUMOIEUCTBUS C NPYTUMU
KOPPETUPYIOIIUMU TIpeaIUuKTOpaMu. Boibop nopocos
npueooHoCmu Mecmoooumanuii, UCIOJIb3yeMbIX IS
MpeoOpa3oBaHUsl HETPEPBIBHBIX BEPOSITHOCTEN B
JMMCKPETHbIE MPOTHO3bI MPUCYTCTBUS/OTCYTCTBUS. [Tpn
9TOM UAEaJbHOTO CIOCcO0a OINpeneJuTh HaWJTydInit
MOPOT JJIsI TTOAXOASIIINX MECTOOOUTAHWI HaliIeHO He
onu10 (Glover-Kapfer, 2015). Boibop macuimaba meppu-
mopuu 0451 MOOeAUPo8aHus SIBISIETCS CJIOXKHOI 3amaveii
MpU TOM, YTO 3aKOHOMEPHOCTU TPOCTPAHCTBEHHO-
BPEMEHHOI TWHAMWKU BUIOB, YCTAHOBJICHHBIC IS
KPYITHBIX TEPPUTOPUATIBHBIX €AWHULI, MOTYT OBITh HE
MIPUMEHUMBI IS OOBSICHEHUST XapaKTepa pacrpemie-
JICHUSI BUIOB B JIOKAJbHBIX U PETMOHAJIbHBIX Mac-
mrabax. CIIOXXHOCTb OUeHKU U yuema 8 Modeauposa-
HUU AHMPONO2EHH020 (haKkmopa, KOTOPblE B OCHOBHOM
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CBOIATCS K YYETY HAJTMINS OOBEKTOB aHTPOIIOTCHHOM
MHPPACTPYKTYPHI U pacUeTy PACCTOSIHUM 10 HUX, YYETY
IUIOTHOCTU AOPOT Y HACEJIEHHbIX TyHKTOB.

B maHHoOIt paGoTe MbI aKIIEHTUPOBaJIU BHUMaHUE
Ha psiie aKTyaJlbHbIX BOMPOCOB MOJEIUPOBAHUS
MPOCTPAHCTBEHHOIO paclpeieeHus] U PKOJoruye-
CKUX HMIII, a TaKXKe MPEACTaBUIIM TTOAX01 K (hopma-
JIN3aLIMU U KOMITJIEKCHOMY YY€TY KOMITOHEHTOB KO-
JIOTUYECKOM HMIIM B paMKax KOpPPEeJSIIUOHHOIO
MoAX04a K MOAEIUPOBAHUIO.

KOHUEML WA DKOJOTMYECKOU
HUIIN B TPOCTPAHCTBEHHOM
MOJEJINPOBAHNU. BAM-IUATPAMMA

BonbIIMHCTBO M3 MHOTOUYMCJEHHBIX ompeaese-
HUI1 TepMHUHA “3KO0JIOTWYECKAasl HUIIA” TaK Wi MHa4e
KacaroTcs TMOHSITUSI TIPOCTPAHCTBEHHO-BPEMEHHOTO
TOJIOKEHUST OpraHM3Ma B 3KOCUCTeMe WM reorpadu-
YECKOM TIPOCTPAHCTBE W TIPEIyCMATPUBAIOT HAJIMUME
a0OMOTNYECKOTO N OMOTUYECKOTO KOMITOHEHTOB. Tak,
I'punnenn (Grinnell, 1914), ¢ uMeHeM KOTOpOro BO
MHOTOM CBSI3aHO CTaHOBJICHNE KOHIICTIIINHY, JIJIST BBI-
SIBJICHUST OCHOBHBIX AIETEPMUHAHT PACTIPOCTPAHEHMS
BUJOB CPaBHUBAJ YCJIOBUS Cpelbl B Tpeaeiax u 3a
TpenejlaMi UX apeajgoB, KOHIIEHTPUPYSICh B OCHOB-
HOM Ha aOMOTHMYECKOM KOMITOHEHTE SKOJIOTHMIECKOMN
HUIIKU. B nanpHeiillieM aBToOp TakkKe MpU3HAaI 3Have-
HHUE MEXBUIOBBIX B3aNMOACHCTBUIM 1 (hakTopa pac-
CEINTEIILHOM CITOCOOHOCTU BUIOB B pa3pabaTeiBac-
Moit koHenuuu (Grinnell, 1917).

B dbopmanm3oBaHHO MoASIM HUIITN XaTYIMHCOHA
(Hutchinson, 1957) ocHoBHOI1 yniop caejiaH Ha 3¢ dek-
TBl MEXBUIOBBIX B3aMMOJEUCTBHUIA, OMPEIEISIONIIX
peanM30BaHHYIO HUIIY KaK 4acTh MHOTOMEPHOIT (DyH-
JaMEHTAJIbHOM HUILM BUAA, OTPAaHUYEHHYIO OMOTHYe-
ckumu (pakTopamu. OyHnamMeHTaIbHAS (TTOTEHIIAIb-
Has1) Huma o XarunHcoHy (Hutchinson, 1957) mpen-
CTaBJIsIET COOOI TUMEPIPOCTPAHCTBO, OXBATHIBAIOIIICE
BECh JMAIAa30H YCIOBUIA, HEOOXOMMMBIX [Jisl CyIle-
CTBOBAHUS 1 BOCHIPOU3BEACHMs BUAA (ITOITYJISILINM).
Ocu JaHHOTO TEOPETUYECKOTO MPOCTPAHCTBA Tpe/-
CTaBJISIIOT TIEPEMEHHBIE CPElIbl, TAK WJIM UHAYE BV -
foiure Ha Bu. PeanuzoBanHas ((hakTuyeckas ) HAIA
OIMMCBLIBAECT CUTYALIMIO, KOTJA BUA MCKJIIOYAeTCs U3
YacTU CBOei (pyHAAMEHTAIbHOM HUIIIM U3-32 OMOTH-
yeckux B3ammogelictuit. Ilo muenuio Ilmpcona n
HoycoHa (Pearson, Dawson, 2003), dyHa1aMeHTaIb-
HYIO U peajIM30BaHHYI0 HUIITH XaTYNMHCOHA MOXKHO UC-
TMOIB30BaTh TSI (POpMaTM3alIni A0MOTHIECKIX Y OMO-
THUYECKUX OI’paHI/I‘leHI/Iﬁ pacripoCTpaHCHUA BUIOB.

IIpencraBieHne 06 3KOJOTMYECKON HUIIE KaK O
MHOTOMEPHOM TurnepoobeMe IMO3BOIMIIO UCCIeI0Ba-
TeJIIM COCPENOTOYMTh BHUMAaHUE HAa M3YYEHUU OT-
JIeJIbHBIX a0MOTUYECKUX U/ MJIN OMOTUYECKMUX (DAKTO-
POB B CTPYKTYpP€E 9KOJIOTUYECKOI HUIIIU BUAOB, a TaK-
Ke pa3paboTaTb METOIBI OLIEHKH INVUPUHBI M CTEIICHU
nepexpbiTus HuIl (Xnebdoconos, 2002). JlaHHBIE Me-
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TOIBI IPEOOCTABIM BO3MOXHOCTh ITPOAaHAIU3UPO-
BaTh YPOBEHb 3KOJIOTMYECKOTO CXOICTBA MEXIY BU-
mamu (MacArthur, Levins, 1967) 1 oLleHUTh CTENIEHb
nx creumnanuszauun (Levins, 1968; Schoener, 1968)
0e3 mpuBJIEYCHUST OOIBIIIOTO YMCIa YACTHBIX MPU3HAa-
KoB. M3ydyeHue OTHENIBbHBIX (PAKTOPOB B CTPYKTYpE
9KOJIOTUYECKUX HUIII BUIOB IIPUBEIO K HAKOIUICHUIO
0oJbII0ro 00BbeMa nHpopMau 00 UCIIOJb30BAHUN
BUIAaMHN PECYPCOB U OCOOEHHOCTSIX KOHKYPEHTHBIX
OTHOIIIEHWH, omHaKo, Mo MHeHMIo E.U. Xnebdocoo-
Ba (2002), OBIJIO MAJTONIPUTOAHBIM IJIsI TIOHUMAaHUS U
ONUCAHUS DKOJOTMYECKOM HUINM KaK ILIeJIOCTHOM
CTPYKTYpHbl. HaydyHble moncKy B JaHHOM HaIlpaBjie-
HUU ObUIM HalleJIEHbI Ha BBISIBJIEHUE B3aMMOCBSI3U U
COIOOYMHEHHOCTH MEXIY OTAETbHBIMU KOMIIOHEHTA-
MU B IIOIBITKE CO3MaTh KOHLEIIIUIO HMePapXUIeCKOM
Huim (MacArthur, 1972; Schoener, 1989; u ap.). Ctpo-
IO TOBOPSsI, JaHHBIA MOIXON OBLI paHee pealn30BaH B
koHnernmu XarunHacoHa (Hutchinson, 1957), mpemny-
cMaTpuBalolleil  MepapxXxuyeckKoe COIOJAYMHEHUE
a0MOTUYECKOIO I OMOTUYECKOIO KOMIIOHEHTOB KO-
JIOTMYECKOM HUIIM BHAA €ro (pyHIaMEHTAJIbHOM U
peaqTnu30BaHHONM HUIII.

Bo3MmoxxHOCTh opManu3aliiy IIpeACTaBIICHUIA
00 2KOJIOTMYECKO HMUIIE KaK O MeCTOOOMTaHUU
(ycnoBust cpedbl), 0 TPO(PUUECKUX OTHOIICHUSIX, O
KOHKYPEHIINN, 00 OTHOIIIEHUH K IUIoIIaan (OCTPOB-
HOI1 acreKT, TOABUKHOCTh) U KO BpeMEHM yYKa3aHa B
moHorpaduu FO.T. ITyzauenko (2004). ITo MHeHUIO
Ilerepcona u Anam3za (Peterson, Anamza, 2015), c
KOTOPBIM MBI B 1I€JIOM COIJIACHBI, HanuboJiee SICHO U
cOajaHCUPOBAaHHO B JTaHHOM OTHOIICHUU TEOPUSI
9KOJIOTUYECKOM HUIIM IpPEeACTaBI€HA KoHUenyuei
BAM (Biotic-Abiotic-Movement) Cobepona u Ile-
tepcoHa (Soberdn, Peterson, 2005). M3BecTHO, 4TO
st (hOpPMUPOBAHUS M MOMACPKAHUS YCTOMIMBBIX
TOMYJISILUI Ha KOHKPETHOI TeppUTOPUN HEOOXOIUMO
coOMoAeHNEe TPeX OCHOBHBIX YCIOBUIA: 1) BUI mOd-
XKEeH D00paThCs A0 y9acTKa 1M PaCCEIUThCS IO HEMY,
2) abuoTHUYeCKMe YCITOBUS CPEIbI TOJKHBI OBITh 9KO-
GU3MOI0rMYeCKy MOIXOMSAIIUMM i1 BUAa, 3) 01o-
TUYECKHE YCIIOBUS JOKHBI OBITh IOAXOASIIINMU IS
Buga (Soberén, Peterson, 2005; Peterson, Soberén,
2012; Guisan et al., 2017). Konuermmsa BAM yduTbi-
BaeT JMaHHbIE TpU Habopa (paKTOpoB (KOMIIOHEHTOB
9KOJIOTUYECKUX HUIII) B UX UepapXUUIECKOil B3aMO-
cBsI3U: abuotuueckue (A, Abiotic), ouornueckue (B,
Biotic), dakrop nepememenus (M, Movement co-
COOHOCTB BUA K pacCeICHUIO WU JOCTYITHOCTh Tep-
putopuit). Ipadbuuecku BAM-Mopaenb npencraBisieT
CO0O0M TpU B TOI UM UMHOM CTEIIEHU IepeceKaloly-
ecs objlactu A, B, u M (puc. 1).

Obaacms A oTOOpaAKaeT TEPPUTOPUHN B Teorpadmde-
CKOM MPOCTPAHCTBE C MOIXOASIIMMU a0OTUYECKUMU
YCJIOBUSIMU M pecypcamu. AOUOoTHYECKUE (HaKTOphl
(KIMMaTu4ecKue, Tororpaguyeckye, I0OYBEeHHbIE KOM-
TMIOHEHThI SKOJOTMYECKMX HMII) HaKJIAObIBAlOT “u-
3pojiorndeckue orpaHmdeHust”’  (Soberdn, Peterson,
2005) Ha CITOCOOHOCTh BUAOB CYIIIECTBOBATh Ha MCCJIe-
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Puc. 1. BAM-munarpamma (1o CobGepony, Ilurepcony
(Soberén, Peterson, 2005). O6Giaactb A TeppuUTOPUU C
MOAXOISAIIMMA a0OUOTUYECKUMU YCIOBUSIMU (Treorpadu-
yecKkoe BhIpaxkeHue (pyHmameHTanbHOM HUIu, FN); 06-
nactb B Tepputopun ¢ mNOAXomsIIIMMU OMOTUYECKMMU
B3auMMOIEHCTBUAMM, 00J1aCTh M TeppUTOpUH, “IOCTYII-
Hble” 11 BuAa 0e3 MPEensiTCTBUI IUIsl MepeqBUXEHMSI;
nepeceuyeHre A N B tepputopun ¢ moaxoaaimnuMu abro-
TUYECKUMU YCIIOBUSIMU M MEXBUIOBBIMU B3auMOJEii-
cTBUSIMM (reorpacduyeckoe BblpaxkeHre peaqru30BaHHOM!
Humu, RN); mepeceuenne A N B N M nocTynHble Teppu-
TOPUH C HEOOXOIMMBIM HAOOPOM aOMOTUYECKUX U OMO-
TUYeCKUX (hakTopoB (reorpaduyeckoe pacrpocTpaHe-
HMe BUaa, P).

IyeMoil TeppuTopuu. AOHMOTHYECKas MPUTOTHOCTh
MECTOOOUTaHUS IToApa3yMeBaeT KOMOMHAIIMIO IIepe-
MEHHBIX Cpelbl, HEOOXOOMMBIX BUIY IJIsSI pOCTa U
MOAASPKAHUS XXKU3HECITIOCOOHOM MOIYJISIUU, U CO-
CTaBJISIET OCHOBY MOJCIMPOBAHUS IPUTOTHOCTH Me-
croooutanus (Guisan, Zimmermann, 2000). O6-
JJacTh A MOXXHO pacCMaTpUBaTh Kak reorpadumuieckoe
BhIpaxkeHUe (PyHIaMEHTAILHOM 9KOJIOIMYECKOIl HUIII
BUMAa B pamkax Moaenmn XatuuHcoHa (Hutchinson,
1957) unu 6a30BbIit HAOOP OOMTAEMBIX TEPPUTOPUIA
(Soberdn, Peterson, 2005; Peterson, 2006; Peterson
etal.,2011; Peterson, Soberdn, 2012; Peterson, Anam-
za, 2015).

Obaacmob B ipencrasisieT co00ii reorpauieckue
paiioHBI, B KOTOPHBIX OMOTHMYECKIME B3aMMOICICTBUS
C IpyTMMU BUIAMU 0JIarONpUsITHEI IS IPUCYTCTBUS
ucciegyemoro Buna (Soberon, Peterson, 2005; Peter-
son, Soberdn, 2012). 3oHa nepeceyeHus odacTeit A
n B coorBercTByeT reorpadpuyecKomMy BBIpaXKEHUIO
peaan30BaHHOI HUIIM BHUOA B pamMKax moueim XK.
XarunHcoHa (Hutchinson, 1957) teppuropus ¢ nom-
XOISIIMMU aOUOTUYECKUMU YCIIOBUSIMUA U MEXBUIO-
BBIMM B3aMMOJICHCTBUSIMUA, KOTOpHIE “He MpensT-
CTBYIOT MOJIOKUTEIIFHOM MPUCIIOCOOIEHHOCTH BrUIa”
(Soberodn, Peterson, 2005; Peterson, Soberén, 2012).
MHorue uccnegoBanus, nocpsieHHsie SDM/ENM
MOIEJUPOBAHUIO, YUMTHIBAIOT TOJIBKO A0MOTUIECKIE
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¢akTOpHI B paMKaX TaK HAa3bIBAEMOIO OMOK/IMMAaTHIE-
ckoro mopaeaupoBaHus (bioclimatic envelope model-
ling). B To ke Bpemsi, KOHKYPEHLIMs, XUIITHUYECTBO,
MYTyaJIN3M, KOMMEHCAIM3M U IPYTie B3aMOICICTBUS
CYILIECTBEHHO BJIMSIOT Ha IIPOCTPAHCTBEHHOE pac-
npeacjeHue OMOJIOTMYECKUX O0O0BbeKTOB. s Toro
4TOOBI pe3yJbTAaT MCCICAOBAaHMUI MMe OMOJI0orhde-
CKHUI1 CMBICJI, MOJIEIMPOBAHUE ITPOCTPAHCTBEHHOTIO
pacripeneiaeHus U, OCOOEHHO, KOJIOTMYEeCKMX HUIII
BUIOB JOJDKHO BKJIIOYATh aHAJIM3 OMOTUYECKUX (pak-
topoB (Keane, Crawley, 2002; Soberén, Peterson,
2005; Peterson, Soberdn, 2012; Wisz et al., 2013; Gui-
san et al., 2017; Simoes, Peterson, 2018).

Obnracms M tipencTaBirsieT (PaKTOp pacCeanTelhb-
HOM CIIOCOOHOCTM BUIOB, KOTOpash COOTBETCTBYET
reorpadguyecKuM paiioHaM, JOCTYIHEIM IIJISI pacce-
JIEH!SI U3 HEKOTOPOM MCXOOHOM TEPPUTOPUH B TeUe-
HYEe paccMaTpUBaeMoro repuojaa BpeMeHu (Soberédn,
Peterson, 2005; Peterson, Soberdn, 2012). 310 4acTh
¢pu3nIecKoro Mupa, IOCTyITHas IJIs BUIAa BHE 3aBU-
CHUMOCTH OT crioco0a ero pacceneHusi. CiocoOHOCTh
BUIA K paccelicHUIO BKJIIOUaeT ero Omoreorpaduye-
CKYIO UCTOPHIO, T.€. BCE (haKTOPHI, OrpaHNIMBAIOIINE
pacrpocTpaHeHUe U3 M3HA4YaJIbHO 3aHSTBHIX MECT, B
TOM 4KcJie Oapbephl IJISI MUTpalluK, OMOTUYECKUE U
abnoTUYeCKNe BEKTOPHI PACIPOCTpaHEHUS U T.I.
(Guisan et al., 2017). Yuer ¢pakTopa M crnoco0cTByeT
pa3rpaHMYSHUIO NOTEHIMAJILHOTO U 3aHSATOro (ak-
TUYECKOI0) apeaJioB BUAa Ha OCHOBE €r0 CIIOCOOHO-
CTU K pacceliIeHUI0 M KoHdurypauuu JaHaimadra.
JaHHbI (aKTOp 0COOCHHO BaXKeH IJIsI MCCJIEIOBa-
HHMIl peTMOHAJIBHOTO MaciuTaba Ha TEPPUTOPHSIX CO
cJioxxHoil reorpacdueii (Soberdén, Peterson, 2005;
Barve et al., 2011; Peterson, Soberén, 2012).

Ieorpaduyeckoe BEIpakeHUE ITepecedeHUs 00J1a-
creii B, A, M (o61acme P) numeeT pa3Hble Ha3BaHUS:
“reorpacduyeckoe pacripeneneHue Buaa” (geographic
distribution of the species), “dpakTyeckoe pacipenaesie-
Hue Buma”, “obaacth pacrpocrpaneHus” (actual distri-
bution of the species, distributional area) (Sober6n, Pe-
terson, 2005); “3aHsATast 00JIaCTh pacIIpOCTpaHEHUS
(occupied distributional area) (Peterson ef al., 2011;
Peterson, Soberdn, 2012); “dakTruyecku 3aHsTast 00-
nmacth” (actual occupied area) (Jiménez-Valverde
et al., 2011); “peann3oBaHHOE pacipeneaeHue” (re-
alized distribution) (Battini efal., 2019). [lanHas1 30Ha
nepecedyeHus1 Tpex pakropoB (BAM-Mopnenb) xapak-
TepU3yeTcs HaTMIeM CTaOMIHLHBIX TTOITYJISIIINI BUIA
1 Haubosiee MOJHO OTpaxkaeT ero reorpauyeckoe
pacnpeneiaenne. C mo3unum psiga aBropoB (Sillero
etal., 2021), obmacTb NepeKpPHITUSI TPEX KPYTOB IH1a-
rpaMmMbl BAM 1 COOTBETCTBYET pealM30BaHHOM HU-
1IIe BUA.

Konuenmuss BAM nonpa3zyMeBaeT BO3MOXKHOCTb
OTIIENBHOTO N3ydeHUs 3P(PEeKTOB TPeX KOMITOHEHTOB
(A, B u M) (Peterson, 2006), a Takke IIpeaycMaTpu-
BaeT “BJIOXKEHHOCTh OTHolleHuii” (nested relation-
ship) mepapxu4yHOCTh B3aMMOCBSI3M MeXay (yHOa-
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MEHTAJIbHOW HUIIEH A, peaqn3oBaHHOI HUIIe B n
peanbHO “3aHSATON 00JacThio pacnpocTpaHeHus1” P
(Soberoén, Peterson, 2005; Peterson, Soberdén, 2012).
[IpyuMeHMMOCTh TEOpUU MepapXur B TaHHOM KOH-
TEKCTE OOBSICHSIETCS TeM, 4YTO OMOTUYECKNEe (PaKTO-
pbl B OCHOBHOM CHMJIbHEE OTpaHUYMBAIOT reorpadu-
YecKOe pacIpoCTpaHeHHue Buaa, 4eM (U3NIECKUE
¢daKTophI, T.€. IEUCTBYIOT Ha 00oJice HU3KOM YPOBHE
nepapxuu (Pearson, Dawson, 2003; Soberdon, Peter-
son, 2005).

Konuenmusi BAM nokasana cBoro 3(hdEeKTUB-
HOCTB B MICCJIEIOBAHMSIX 9KOJIOTUYECKHUX HUAII U IIPO-
THO3MPOBaHUS reorpauyecKoro pacipocTpaHeHUS
BUIOB c ucrojb3oBanueM SDM/ENM wmopneneii:
o0ocHOBaHMe BEIOOpA reorpadnieckoii 0071acT MO-
nenupoBaHus (Barve ef al., 2011; Myers et al., 2015;
Banerjee ef al., 2019); olileHKa KOHCepBaTU3Ma U OUQ-
depeHIMaK HULL IIPY OCBOEHUY HOBBIX TEPPUTOPUIA
pugamu (Jiménez-Valverde et al., 2011; Guisan et al.,
2014; Battini et al., 2019; Flores-Tolentino et al., 2019);
HCCIIEIOBaHNE BAaXKHOCTH OMOTUYECKUX (DaKTOPOB B
pacnpocTpaHeHUM MHBAa3WMOHHBIX BUIOB (Simoes, Pe-
terson, 2018) u ap.

OOPMAJIMBALINA U YHET KOMIIOHEHTOB
BKOJIIOI'MYECKON HUIIIN METOJAMMA
ITPOCTPAHCTBEHHOI'O AHAJIM3A

Heob6xonmMoCcTh YIUTEIBAaTh B MOJEIISIX aOMOTH-
yeckue, onotndyeckue (pakTopbl U JOCTYITHOCTh TeP-
pUTOPUIL ST 0OBSICHEHUS ¥ IPOTHO3MPOBAHUS pac-
npocTtpaHeHus: opranu3moB (Guisan ef al., 2017) Bo
MHOTIOM OTIpeieJinja HapacTarllyo MOMYISpHOCTb
koHIenuuu BAM B mpocTpaHCTBEHHOM MOAEINPO-
BaHuu. Ilpm 3TOM M3ydyeHMEe OMOTHMYECKON KOMIIO-
HEHTBI KOJIOTMYECKOI HUIIIY B paMKaX JaHHOI KOH-
LEMIMY BO3MOXHO ITyTeM BKIIIOUEHUS reorpaduu
JIPYTYX BUIOB B OMHOBUIOBBIE Moaeu (Soberdn, Peter-
son, 2005). MHCTpyMEHTaJIbHO TaKyl BO3MOXHOCTb
npegocTaBistioT coBpeMeHHbie SDM/ENM MeTonkb!.
B mmreparype onmcano HECKOIBKO CITOCOOOB BKITIOUE-
HUSI OMOTUYECKUX MPEIUKTOPOB B MOJEIM MPOCTPaH-
CTBEHHOTIO pacIlpenc/ieHusI U 9KOJOrmIecKux Huil. B
MX YHCJIe WCIOJIb30BaHWE TOTOBBIX IIEHUIT-(haiaoB
pacnpenesieHus] BUIOB-KOHCOPTOB, JICCHBIX/TYTOBbIX
LICHO30B 13 JOCTYITHBIX JTUTEPATyPHBIX NUICTOYHUKOB
(Ebrahimi ef al., 2017; Ahmadi ef al., 2020; Moradi
et al., 2022) win nojiy4eHHBIX C TIOMOIIBIO TEXHOJIO-
il DUCTaHIIMOHHOIO 3oHmupoBaHus (Wisz et al.,
2013), a Takke cOCTaBJIeHUE KapT paclpeaesIeHUs
COITYTCTBYIOILIIMX BUJIOB WJIM XapaKTEPHBIX (PUTOLEC-
HO30B Ha OCHOBE JAHHBIX ITOJICBBIX MCCICOOBAHMIA,
MIPUPOAOOXPAHHBIX AEMAapTaAMEHTOB U OpPOCa MECT-
HbIx xkutelieit (Erfanian ef al., 2013; Ashrafzadeh ef al.,
2018; Ghoddousi et al., 2018; Jafari et al., 2018; Khosravi
et al.,2021) ¢ mocaenyIonmM pacueToM PacCTOSTHUM 10
BBISIBJIEHHBIX apeaioB. OgHaKo IpU HEAOCTAaTKe aH-
HBIX TIOJIEBBIX HCCIEOOBAHUII U JOCTOBEPHOMN WH-
¢dopMaly U3 IUTePaTYPHBIX/0(hULITATbHBIX UCTOY-
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HUKOB ITPUMEHEHNE TTOTOOHBIX METOIOB 3aTPYTHEHO
(Wisz et al., 2013).

K HacTosiiiemy BpeMeHU uccieaoBaHus B 00J1acTh
ENM-MonmenpoBaHUsT TOJIBKO (DOPMUPYIOT KOHIISII-
TyaJbHBIE ITOAXOABI K Teorpadudeckoi crueunduka-
1uuu pakropa M. CorracHO TaHHBIM OO030PHBIX MC-
cinenoBaHuii (Barve efal., 2011), nocTymHBIE U151 BUIA
TEpPPUTOPUU Yallle BCero 0003HAYAIOTCS: B IIpeaeaax
TeONOJIMTUYECKUX eNUHUIL 0e3 KaKoi-11ubo O1oiaoru-
YeCKM 3HAYMMOM OCHOBHI; B IIpeleiiaXx OMOTUYECKUX
perroHoB (obnacTeii ¢ HabopaMM BUIOB, OTIIMYHBIMU
OT JIpyTUX 00JIacTeit); B IIpeaenax oonacTeit ncropude-
CKOTO pacIIpOCTpaHEHUs] BUIOB, CMOIEIMPOBAHHBIX
10 XapaKTEepUCTUKAM MX COBPEMEHHBIX DKOJIOTUYe-
CKUX HUII. B oTnenbHbIX paboTax 10CTyIHbIE TEPPU-
TOPUM OrpaHWYEHbl pErMOHAMM C paHee BHISIBJICH-
HBIMU KJIMMATUYEeCKMMHU KJIacCaMU, ITOIXOMSIINMU
JUIs1 u3ydaeMbix BUI0B (Banerjee efal., 2019), unu pe-
TMOHAMU C MICKOIIaeMBIMM OCTaTKaMU OOBEKTOB MC-
cinenoBanus (Myers et al., 2015). ABTOpbI KOHIIETIITAA
BAM B onHOM M3 TTO30HUX UcclienoBaHuii (Soberdn,
Osorio-Olvera, 2023) MaTeMaTn4eCcKI 00OCHOBAHHBIM
W BBIUMCIIMTENIFHO PEain3yeMbIM CIIOCOOOM IIpell-
CTaBWIM CXeMy OOBbEAMHEHUSI HECKOJIBKUX KITIOUEBBIX
naeil 6moreorpadum: reorpaUEcKyo U KOJIOT1-
YeCKyIO0 MaTpuily, HUIILY I pruHHEeIa, CIIOCOOHOCTD K
pacceMBaHUIO U MPEIKOBYIO O0OJIACTH MPOUCXOXKIIE-
HUS TPYIII BUIOB, olleHMBast M-¢aKTop ¢ IIOMOIIBIO
CITMCKOB CMEXHOCTH U Tpadmka CSD mis matpuiisl
CjAj(t), KkoTopas MpeacTaBlIsIeT BCe KIJIETKU, TTOIXO0-
JISIIAe VI HETOOXOISINE, KOTOPble MOTYT OBITh
JIOCTUTHYTHI 13 ITOIXOMSAINNX KJIETOK MPH 3aaHHOM
rapaMeTpe pacCceuBaHUsI.

Mcxonss n3 BO3MOXHOCTU OTAEIBHOIO M3YYCHMUSI
apdekroB A, B u M kxomnoHenToB BAM-muarpam-
Mbl U UX MEPAPXUUECKOI B3aMMOCBSI3U, HAMU TIPU
dhopManu3aliy 3KOJOTMYECKO HUIIIM UCITOJIb30BaH
cpaBHUTeNbHEIN aHanu3 SDM/ENM Moneneii, mo-
CTPOEHHBIX Ha pa3HbIX HA0OPaX KOJOTMYECKUX TaH-
HBIX: a0MOTUYECKHE MEPEeMEHHbIE IJisi A-MOJENEN;
onoTnyecKue 1 abnotudeckue akTopkrl 111 BA-mo-
neneit; abuoTUYecKue ycaoBuUs, MEXBUIOBbIE B3au-
MOOTHOIIIEHUSI W JIOCTYIMHOCTb TEPPUTOPUM IS
BAM-moneneit (Pshegusov et al., 2022; Pshegusov,
Chadaeva, 2023).

Yrto0bl yuecTb buomuueckue gpaxmopst B BA-mone-
JISTX, B COOTBETCTBUM C KOPPESLIMOHHBIM TTOAXOIOM,
MbI BIIepBbIe IIPUMEHIIN OIXO/ BKIIIOUCHUS Teorpa-
¢u1 OgHUX BUAOB B MOJIEN IPYTUX ITyTeM HCITOIb30-
BaHust SDM/ENM Mogaeneii (KapT pacrpeaeiaeHus Be-
POSITHOCTET OOHAPYKEHMSI BUIOB/COOOIIECTB) B Kade-
cTtBe Omormueckux cinoeB (Pshegusov ef al., 2022;
Pshegusov, Chadaeva, 2023). TakumMu cJIOSIMU MO-
cIyxmnm Kaprorpagpudyeckue BAM-Mmomenn BUIOB-
KOHCOPTOB (100bIYa, KOHKYPEHTHI, (DOPOMUTHI) I
COOOIIIECTB, TIPEIOCTABISIIONINX KOPMOBbBIE PECYPChI
W/Win yoexuia (JIeCHbIe W JIYTOBEIe IIeHO3bI). Ilpe-
WMYIIIECTBOM JAaHHOTO METO/A SIBJISIETCSI BO3MOXKHOCTh
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pearm3any SKOCMCTEMHOTO TTOIX0ma K MOIETNpOBa-
HUIO SKOJIOTMYECKOI HUIIIY OOBEKTOB C YYETOM ITHNIIC-
BBIX IIETIOYEK, OMOTOIMMYECKON IPUYpPOYSHHOCTH,
KOHKYPEHTHBIX B3aMMOOTHOITICHUH, 1 T.IT. O6s13aTelh-
HBIMM YCJIOBUSIMU TTPUMEHEHSI TAHHOTO METO/IA STBJISI-
eTcsl OOILIHOCTh TePPUTOPUN MpPOU3pacTaHUs/oOUTa-
HUST UCCIICAYeMBIX OOBEKTOB, COONIONCHUE ETMHOTO
noaxona K nocrpoeHuto SDM/ENM Moneneit Bcex
aHaJIM3UPyeMbIX 0ObEKTOB (OCHOBHOTO U €ro KOH-
COPTOB) M CTPOTM KOHTPOJb OHOJOTMIECKOTO
CMBICJIA TIOJIYYEHHBIX PE3yIbTAaTOB.

M-gaxmop B Hammux uccnenoBaHusix (Pshegusov
et al., 2022; Pshegusov, Chadaeva, 2023) xapakrepusyeT
cKopee He OMOJIOTMYeCcKre 0COOEHHOCTH OOBEKTOB,
00yCJIOBIMBAIOIIME CKOPOCTh 3aXxBaTa MMM HOBOIA
TEPPUTOPUH, a TOCTYITHOCTb 3TUX TEPPUTOPUIL B CH-
JIy HaJIU4Msl/OTCYTCTBUSI KOJIOTUYECKUX, reorpadu-
YeCKUX M WHBIX OapbepoB. HaHHBI (akTop OBIT
¢dopmanu3oBaH HAMU 4Yepe3 PacCTOSTHUE OO OITH-
MaJIbHBIX MECTOOOMTAaHMI1 (C BEpOSITHOCTBIO OOHAPY-
KeHus Buma B BA-mopensax Beimie 80%), Ha mpoTsi-
>KEHUU KOTOPOTO BEPOSITHOCTb OOHapy>KeHUsI BUIA
coxpanseTcsa Boie 50% (50% mopor MpUTOTHOCTH
MectoobomnTanmii). IlorydeHHEIN pacTp pacCTOSHUMA
HCIIOJIb30BAJIM B KAauyeCTBE CJIOSI IJISI TTIOCTPOCHMUSI
BAM-moneneit. Takum o0pa3oM, TOCTYNHBIMU IIJISI
BUIa/COOOIIECTBA SBJISIIOTCS IIPUTOAHBIE TEPPUTO-
puu, TIpUMbBIKAIONINUE K y9acTKaM, ONITUMAJIbHBIM T10
Habopy OMOTUYECKMX U a0MOTHYECKMX yciaoBuil. Yem
OOoJIbIlle TIPOTSDKEHHOCTh TaKMX TEPPUTOPUM, TEM
BBIIIIE pacceIMTe/bHasi CHOCOOHOCTD (TOABMXKHOCTD,
MOOMJIBHOCTH) BUAOB/11eHO30B. OCOOEHHO BaxKHYIO
posib (aKTOp AOCTYIMHOCTH TEPPUTOPUIA MOXKET M-
paTh B rpaHulIax JaHAIMA(TOB CO CIOXHBIM pejibe-
¢oM 1 IMHAMUYHBIMY KJIMMATUYECKUMU YCIIOBUSIMU
(HampuMep, TOPHBIE TEPPUTOPUN).

B HacTosiiee BpeMsi anmponoeentoe 6o3deilicmeue
SBJISIETCS HEOThEMJIEMON YacTbIO KOJOTUYECKOIO
OKPYXEHUST OOJBIIMHCTBA MPUPOIHBIX OOBEKTOB.
Tem He MeHee, HAJTULIO HEOTTPEAETIEHHOCTD MOJIOXKEe-
HUS JaHHOTO (paKkTopa B KOHLEMNIIUU DKOJIOTUUECKOM
HUIIY Y CBSI3aHHOE C 3TUM IIpeHeOpekeHre aHTPO-
MMOTeHHBIM BIMsSHUEM npH IoctpoeHun SDM/ENM
Mozeneidl. BMecte ¢ Tem, Bce yallle BCTpeyaroTcs huccie-
JIOBaHMs1, 0003HAYAIOIIIUE 11eJIECO00Pa3HOCTh yUeTa ye-
JIOBEUYECKOM AESITEIbHOCTU TIPY MOJIEIMPOBAHUN KO-
JIOTUYECKMX HUII Y MPOCTPAHCTBEHHOM JOKaTU3alluu
BuaoB. HanboJiee pacripocTpaHeHHBIM CITOCOOOM Gop-
MajM3allMd aHTPOIIOTEHHBIX (DaKTOPOB SIBISIETCS
pacdeT pacCTOSTHUM 10 pa3TUIHBIX 00BEKTOB MHPpa-
ctpykTypbl 1 OOIIT (Ebrahimi et al., 2017; Ashrafza-
dehetal., 2018; Kaboodvandpour et al., 2021; Poursa-
lemetal., 2021; Moradietal., 2022; u ap.), y4eT IJI0T-
HOCTHU JOPOT 1 HaceJeHHBIX MyHKTOB (Khosravi et al.,
2018) unn mapamerpa Human footprint (Momenn aH-
tponoreHHoro ciuena) (Farhadinia ef al., 2019). I1pu
STOM MOIMYJISIPHBIM MHCTPYMEHTOM siBisieTcs EBKin-
noso paccrostaue (Euclidean Distance), He yautbiBa-
folee rnepenag BbICOT, YTO MPU MOJEIUPOBAHUU
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pacnpeneiaeHnsI 0ObEKTOB B YCIOBUSIX TOPHBIX TEP-
PUTOPUIA MOXET MPUBECTU K KpallHE MCKaXXEHHBIM
pe3yabratam. HamMu ucIiojib30BaH MHCTPYMEHT pac-
yeTa ImyTeBoro paccrossHus Path Distance, mo3Bos-
IOIMI OMNpeNeNuTb PacCTOSTHME B MeTpax J0 Ou-
KaMIIero oObeKTa C y4eTOM ICUCTBUTEIBHOIO pac-
CTOSTHUSI T10 TIOBEPXHOCTH, a TAKXKE BEPTUKAJIHLHOIO 1
ropu3zoHTajgbHOro (akropoB (McCoy et al., 2001).
BxonmHble maHHBIE ObUIM IIPEACTABIIEHBLI KJIACCOM
IIPOCTPAHCTBEHHBIX 00BEKTOB 1 KOHBEPTUPOBAHKI B
pacTp, MCIIOJIb3YEeMBbIii B KayeCTBE OMOTUYECKOIO
ciiost mpu noctpoennu BA-mopeneit (ITmerycos, Ya-
maeBa, 2023; Pshegusov, Chadaeva, 2023).

3AKJIIOYEHHME

CoBpeMeHHbIE METOIbI IPOCTPAHCTBEHHOIO aHa-
JIn3a TIPEIOCTaBIISIIOT OeCIpeleJeHTHYI0O BO3MOX-
HOCTb U1 hopMaIn3alui abMOTUYECKUX, OMOTHUYe-
CKHMX M MNPOCTPAHCTBEHHBIX (IOCTYIIHOCTb CPEIbI,
OCOOEHHOCTU pacceJieHUs]) OrpaHUWYEHUI pachpo-
CTpaHEHUS OMOJIOTUYECKUX OOBEKTOB IJISI IOHMMA-
HUS Y OTIMCAHUS KOJOTUYECKOM HUIIHN KaK LEJIOCT-
HOI MepapXUueCKON CTPYKTYpPBHI.

Kak nmomuepkuBator CobepoH u Ilerepcon (So-
berén, Peterson, 2005), KoppeJIITUBHBIM ITOIXOI BCe-
IO JIUIIb TTO3BOJISIET HAMTU 00JIACTH, CXOXUE C TOUKU
3pPEHUST IKOJOTUYECKUX CIIOEB C TEMMU, TIE PACITONO-
KEHBI TOYKM IPUCYTCTBUSI BUIOB, OCHOBHYIO Y4acCTh
Mpoliecca MOAEJIUPOBAHUSI NOKHA 3aHUMATh WH-
TeprpeTauus pe3yJbTaTOB CO CTPOTMM KOHTPOJIEM
OUOJIOTUYECKOTO CMBICIA.

KoppensimnonHbie Moaenu pacipeaeieHus — 3TO
dakTyeckass TPOEKIMsS MOIEIU 3IKOJOTUYECKOMN
HUIIW B IIPOCTPAHCTBE U BpeMeHM, (OpMUPYEMEIC
MyTeM ONMCaHMs YCIOBUM cpeabl B reorpadndecKomn
CETKE Ha OCHOBE MX CXOJICTBA C YCIOBUSIMU CPEIbI B
MecTax, Iiae Habmogancsa Bud. [1pu Bcex mpakTude-
CKUX TOCTOMHCTBAX, TaHHBIE MOAEIN HE YYUTHIBAIOT
HEKOTOpbIe BaxHelilne dakTopsl (MepeMerieHus 1
B3aMMOJICUCTBUS), OIPEACIISIONIe paciipeacacHNe.
Mpe1, Benen 3a CobepoHoM um Ocopuo-Onuseitpo
(Soberdn, Osorio-Olvera, 2023), oxxuaaem, 4To 00b-
ennHeHue ENM-Mopeseil ¢ runore3aMu paccermBa-
HUST M1 KOMIUIEKCHBIM YY€TOM OMOTUYECKHUX B3aMO-
JIEVCTBUM MOJYYUT LIMPOKOE PACIIPOCTPAHEHUE TTPU
MOACINPOBAHNHY ITIOTEHIIMATBHBIX 00J1aCTei pacIpo-
CTPAHEHUS C TIOMOIIBIO KOPPEISIIIMOHHBIX MOJEIIEH
Huia ENM.
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From Spatial Distribution to Ecological Niche:
Modeling Issues within the Correlation Approach
R. Kh. Pshegusov*

Institute of Ecology of Mountain Territories named after. A.K. Tembotov RAS, st. I. Armand, 37a, Nalchik, 360051 Russia
#e-mail: p_rustem@inbox.ru

One of the most important tasks in modern ecology theory is the formalization of the ecological niche. Ad-
vances in spatial analysis techniques and the availability of global databases on biodiversity and environmental
parameters provide an unprecedented opportunity to integrate ecological niche components within a correla-
tional modeling approach. The paper presents methods for formalizing biotic, spatial (environmental acces-
sibility) and anthropogenic restrictions on the distribution of biological objects (components of an ecological
niche) when constructing SDM (Species distribution modeling) and ENM (Ecological niche modeling)

models.

Keywords: correlation approach, modeling, ecological niche, BAM diagram, SDM, ENM
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