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Marepuanst Cenpmoili HarponaneHOW HaydyHOW KOH(EPEHIMH C MEXIYHAPOAHBIM Yy4acTHEM
«MareMaTiueckoe MoJenupoBaHue B 3SKosoruu» (OxoMarMon) HpeacTaBisiOT COBPEMEHHBIH
YPOBEHb POCCHMCKUX HAay4HBIX pa3paOOTOK B 3TOM 00JIaCTU 3HAHUMU, COAEPKAT IIUPOKUU CIIEKTP
MOJIXOI0B K MOJICIMPOBAHUIO, MPUMEHSEMBIX JUIsl pEeIleHUs] 3KOJOrMYecKux 3ajad. B cOopHuke
MIpE/ICTaBICHbl MaTepHUalbl JOKJIAJ0B, MOCBALUICHHBIX PA3JIMYHBIM MpoOiIeMaM MaTeMaTHUYecKOro
MOZEIIMPOBAHUS JKOJIOTUYECKUX CUCTEM Ha OpraHU3MEHHOM, MONYJIALIUOHHOM,
OMOTeOlEHOTUYECKOM, PErMOHAIbHOM U TJI00AJbHOM YPOBHSIX OpraHU3allud »XUBOTO IOKpPOBA.
[TpuBenens! moapoOHBIE NpPUMEpPHl NMPUMEHEHUs MaTeMaTHUYeCKMX MoJeNeil B 3KOJIOrMYecKHX
uccinenoBanusx. B psjge pa®oT onmucaHsl HOBblE MaTeMaTHUYECKHE METOJbI, MPUMEHsSeMble s
pemieHust 3ama4 B dKosioruu. COOpHUK NpeJHa3HAuyeH JUIsi MaTeMaTHKOB, 3KOJIOTOB, OMOJIOrOB
pa3IMYHBIX  CHENMAJIBbHOCTEH, TIOYBOBENOB, reorpadoB, 3aHUMAIOUIMXCA  aHAIU30M H
IIPOTHO3UPOBAHUEM PAa3BUTHS OMOJIOTMUYECKMX CUCTEM PA3HBIX YPOBHEH OpraHu3alyy, a TaKxe is
CTYJICHTOB, MAaruCTpaHTOB, AaCIMPAaHTOB M IIMPOKOrO Kpyra 4MTaTelIed, HWHTEPECYIOLUXCS
COBPEMEHHBIM COCTOSTHUEM MOJECIUPOBAHUS B DKOJIOTHH.
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OIIbIT HCCJIEJOBAHUSA COCTOAHUSA PUTOIIVIAHKTOHA U
IMPOAYKTUBHOCTHU MOPCKHX 9KOCHUCTEM. IEPCIIEKTHUBbI
MOJAEJIMPOBAHMUSA

AOGakyMoB AN Tak C.o1.t

1
OI'bYH Hucmumym agmomamuxu u npoyeccos ynpasieHus /JaibHedocmoynoco omoeieHus

Poccuiickoii akaoemuu nayxk, Braousocmox, Poccus
abakumov@iacp.dvo.ru
packsa@iacp.dvo.ru

AHHOTaNUsI: COBMEIIEHNE MOJICINPOBAHNS PacTIpeeNicHNs] (UTOIUIAHKTOHA B BOJOEME I10 TIyOHHE CO
CIIyTHUKOBBIMH JaHHBIMH O NOBEPXHOCTHOM CJIO€ BOABI IPHUBOIUT K BO3MOMKHOCTH OLEHOK COCTOSTHHS
(UTOIUTAHKTOHA ¥ TIEPBHYHOW MPOAYKIIMH BOJHOW SKOCHCTEMBI. Takoil Meron yTouHsercs Ooiee
JICTAJIbHBIM OTHMCaHneM (POTOCHHTETHYECKUX MPOILIECCOB MPOAYLIMPOBAHMUS. AHATU3UPYIOTCS PE3YJIbTAaThI
€ro NPUMEHEHHs K MOPCKUM paiioHaM B SImoHckoM 1 OXOTCKOM MODSIX.

JlucTaHuMOHHBIE METOJIbI HAOMIOACHHSI TOBEPXHOCTH KPYIHBIX BOJOEMOB CEHCOpaMU
MCKYCCTBEHHBIX CITyTHUKOB 3€MJIM JaeT OOMJIBHBIM MaTepuan JUIs M3YyYeHUS MOPCKUX SKOCHCTEM
(Platt, Sathyendranath, 1993). Bmecte ¢ Tem, TOYHOCTh TaKUX H3MEPEHHI OCTaBJISET XKelaTh
nyqmero. CyliecTBeHHOE OrpaHHYEHHE JUCTAaHIIMOHHBIX METOJOB COCTOHMT B TOM, 4TO 00paboTKe
JIOCTYIEH TOJIbKO BEpXHU cioi Bojabl. IIpu 3TOoM OHOMacca, cocpeOTOUYEeHHAs B TOJIIE BOJIBI,
MOJKET CYIIECTBEHHO MEHATh KapTUHY pacmpenesieHHsl IO TNPOCTPaHCTBY. Bo3HuKaeT 3amada
PEKOHCTPYKIIUM COCTOSIHMSI (DUTOIUIAHKTOHA HIXKE MPHUIIOBEPXHOCTHOTO cios. Jlims aToro
MPUMEHSICTCS ammapar MaremaTudeckoro moxaenupoBanus (Ryabov, Rudolf, Blasius, 2010).
Pa3paborannbie MaTeMaTUYECKUE MOJENU MPU3BaHbl BOCCTAHOBUTH COCTOSIHME (DUTOINIAHKTOHA BO
BCEM (POTHYECKOM CJO€ C YYETOM MOTPEUTHOCTEeH IMCTAHIIMOHHBIX M3MEPEHUH MOBEPXHOCTHOTO
ciost Mops. Ilpu 3TOM yuuThIBaeTcsl BIMsSHUE Cpefibl (KOHIEHTpaluu OMOTeHOB, OCBEIIEHHOCTH,
temneparypa). CymiecTBEHHBIM SIBJSIETCS TEPEXOi OT M3MEPEHHBIX CITyTHUKOM KOHIEHTpAIHi
(OTOCUHTE3UPYIOIUX COCMHEHUH K OLlEHKaM IUIOTHOCTH OMoMacchl (pUTOIUIAaHKTOHA. B Mozensx
npuUMeHsieTcs ammapar TudQGepeHaTbHbIX ypaBHEHUH pa3nuyHoro tumna. Jns Bepuduxanum
MoJieJIell ¥ YTOUHEHHsS] pacueToB HCMOJb3YIOTCS JaHHble KOHTAKTHBIX M3MepeHui. Pa3paboTaHbl
MOJIETIM CBETOBOM M TEMHOBOM cTajui (OTOCHMHTE3a [UIsl OLICHKH MEPBUYHON MPOJYKTUBHOCTU
HKOCHUCTEM.

Wrak, Hamra cxema MCCIIEIOBAaHUM COCTOUT U3 CIIETYIOLIUX I1aroB.

e [lonydyeHue CIIyTHUKOBBIX JIaHHBIX O IOBEPXHOCTHOM cJI0€ MOps (TeMIieparypa,

OCBEIIEHHOCTh, KOHLIEHTPAIHs XJI0Opo(pUILIa).

e HccnenoBanue pyHKIIMOHUPOBAHUSI (PUTOIUIAHKTOHA B TOJILE BOJIBI (B (DOTHYECKOM CIIOE) C

MTOMOIIIEI0 MAaTEMaTHUECKUX MOJIEIICH.

e OrmeHka conepkaHust (GUTOMIAHKTOHA U TIEPBUYHOM MPOAYKIIUN MOPCKOM SKOCHCTEMBI IO
€IMHUIIeH TUIOIAN BOJHOM MOBEPXHOCTH.

OObexTamMu HcCleOBaHUS cTanu SIMOHCKOE MOpe U 3arnagHOKaM4aTCKUH — IIenbg
Oxotckoro Mopsi. CllyTHUKOBBIE JaHHBIE MperocTaBlieHbl LIeHTpOM KOJIIIEKTUBHOTO MOJIb30BAaHUS
PETHOHAIIBHOTO CIIYTHUKOBOTO MOHUTOPUHIA OKpYXarolle cpenbl J[anbHEBOCTOUHOTO OTAENIEHUS
PAH.

Jlnist oLleHOK cOCTOSIHMA (PUTOIUIAHKTOHA M BEJIMYMHBI MIEPBUYHON NPOAYKIMH B SIMOHCKOM
MOp€ HCMOJIb30BaHbl JaHHbIE O KOHIIEHTpAIUAX XJopoduuia «a», (POTOCHHTETUUYECKH aKTHBHOMN
pasManny U TEMIEPAType B MOBEPXHOCTHOM CJIO€ SIMOHCKOro MOps 3a NATHIIETHUH niepuo, ¢ 2008
no 2012 r. Ilpu yka3aHHBIX BBIIIE XapaKTEPUCTUKAX U (YHKIUSAX PACCUUTAHO paclpeseeHHe
CYTOYHOHM U TOJJOBOI MPOAYKIMH (PUTOIUIAHKTOHA MO MOBepXHOCTH SAmoHckoro mops B 2008—2012
rr. (Abakumov, Izrailsky, Pak, 2015). Ilomy4eHHBIE pe3yabTaThl 3aBUCAT OT BO3MOXKHOCTEH
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CIYTHUKOBOTO 30HJMPOBAHMS B CBS3M C IOTOJHBIMU YCIOBUSMH U TOYHOCTHU JUCTAHIIMOHHBIX
m3mepenni (Yamada, Ishizaka, Nagata, 2005).

[TomoOHBIE OIEHKW CHCNAHBI JJs 3amaJHOKaM4arcKkoro menbda OXOTCKOro MOps IO
naHabiM 2015 w 2016 romoB (MonuTOpUHT cocTosiHHSA..., 2016; Jlokmag o0 3KOJIOrHYECcKOM
cutyaruu. .., 2017; Pak, Abakumov, 2020).

YpoBeHb IOCTOBEPHOCTH PE3YJIbTATOB PACUETOB CBSI3aH C YPOBHEM HAACKHOCTH MCXOJIHBIX
JAHHBIX M YPOBHEM aJ€KBaTHOCTH Mojieiau. KayecTBEHHO OIEHUBAas TOYHOCTh CIYTHHKOBBIX
JAHHBIX, MOKHO YTBEPXkJaTh, YTO MPHUBEACHHBIE MaTEMAaTUUYECKHUE MOJEIU aJeKBaTHBI MCXOJHON
uHpopmanuu 00 OOBEKTE M pPE3yNbTaThl HMEIOT CpPaBHUMBIA C HWCXOAHOM CIIyTHUKOBOW
nH(popManueld ypoBeHb TOYHOCTH. B TO ke BpeMs COYeTaHHEe MaTEMaTHUYECKOT0 MOJICITUPOBAHUS C
JUCTAHIIMOHHBIMM ~ METOJAAMHM  TONy4YeHUs  HHpOpMamMu  TPEJOCTaBISET  BO3MOXXHOCTHU
HCCIIC0OBAHUS KPYITHBIX TPUPOIHBIX OOBEKTOB.
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AnHoTauusi: BusyanbHas aHamuTHKa NpeiaracT METOAbl, aHATUTUUYECKHE MPOLIECChl, U MPOrpaMMHBIE
cpeicTBa Ui aHalM3a Pa3sHOOOpa3HBIX JaHHBIX, BKIIOYAs MPOCTPAHCTBEHHO-BpEMEHHBIEC JaHHEIE.
KiroueBast miess BU3yalibHON aHAUTHKH - OOBCIMHECHUEC TBOPYCCKUX M KOTHHUTHUBHBIX CIHOCOOHOCTEH
YeNIOBeKa C BBIYHCIUTEIBHBIMA WU TpaUIeCKAMH BO3MOXXHOCTSIMH COBPEMEHHBIX KOMIBIOTEPOB. MBI
mpeuiaraeM KpaTKuid 0030p COBPEMEHHOTO COCTOSIHHSI M BBIICISIEM MEPCHCKTHBHBIC HANPABICHUS
HUCCIIEIOBAHUM.

1. BBenenue

Busyanbhas ananutuka (visual aanlytics) — 3To HaydHoe HampaBiieHHE MO pa3paboTKe
METOJIOB aHaM3a JAHHBIX, MOJJIEPKUBAIOIINX AHAJIUTHYECKHE CIIOCOOHOCTH YEJIOBEKA ITYyTEM
NPEIOCTABICHUS ~ BHU3YalbHBIX  IPEACTABICHUH  PEJIEBAHTHOM  HMH(POPMALMHM,  HCIOJB3YS
KOMITBIOTEPHBIC CPEICTBA JUIS XPaHEHHWs, IIOMCKa, OOpaOOTKH, aHalW3a W BH3yaIW3al[Md
undpopmanuu (Andrienko et al., 2020). ITonumaHue MOPOLECCOB, MPOMCXOIAIIUX B IPUPOJE,
OKPY)KamIleM MHpe, OOIIeCTBE © DOKOHOMHKE KpailHe BaXXHO [UI YEIOBEYECTBA. ITH
[POCTPAHCTBEHHO-BPEMEHHBIE IPOLECCHl  OMUCHIBAIOTCA Pa3HOOOPA3HBLIMU  IPOCTPAHCTBEHHO-
BPEMECHHBIMH JTAHHBIMHU.

2. CoBpeMeHHOE COCTOSIHNE

BBIIensoTcss TpU OCHOBHBIX (POPMBI MPOCTPAHCTBEHHO-BPEMEHHBIX JIAHHBIX: COOBITHS
(events) ¢ WX MPOCTPAHCTBEHHOW W BPEMEHHOHN MpPUBS3KON, BpeMeHHbIe psibl (time series;
JIMHAMHMKA 3HAYCHUH aTpuOyTOB), W Tpaekropuu (trajectories; mociaenoBaTeIbHOCTH TTO3HUIINH)
amwkynmxcs oobekroB (Andrienko et al., 2013). Pa3paboTaHo MHOXKECTBO METOOB MO BBIOOPY U
npeoOpa30BaHUI0 JAHHBIX, BU3yalIM3allMK, arpETUPOBAHUIO U KJIaCTEepU3allK JaHHbIX. Hampumep,
TPAaeKTOPUU MOTYT OBITh arperupoBaHbl B (OpPME ITUHAMUYHBIX TIOTOKOB MEXKAY MECTaMH,
npejcTaBisomuMu  uHTepec. CyIIeCcTBEHHbIE HM3MEHCHHS B JUHAMHUKE IMOTOKOB MOTYT OBITh
npezacTaBieHbl B popme coObITuii. COOBITHS, B CBOIO OYepedb, MOTYT OBITh MHTEIPHPOBAHBI BO
BPEMCHHBIC PSIbI.

OcoOblii MHTEpeC MNPEACTABIAIOT METOJABI TPOBEPKH KAauecTBA MAHHBIX M BBISBICHHS
npo0iieM B JAHHBIX, KOTOPbIE MOTYT MPUBECTH K HEJIOCTOBEpPHBIM pe3ynbTaram (Andrienko et al.,
2016). TlosBUIUCH OTKPBITBIE CPEACTBA JUISA MOMOOHBIX MPOBEPOK, Hampumep, B dopme Python
Notebooks (Graser, 2021).

OnmHo w3 Hambojiee HMHTEPECHBIX HENABHO MPEUIOKEHHBIX CPEACTB aHalu3a — 3TO
HHCTPYMEHT BPEMEHHBIX 3allpOCOB Ha OCHOBE MAacCKH BpeMeHHu. Maes MeToma 3akiroyaercs B
BHIOOpPE BPEMEHHBIX HHTEPBAJIOB, YAOBIECTBOPSIOUIMX OINPEACIEHHBIM XapaKTePUCTUKAM. DTOT
MeToJl ObUI YCHEIIHO NpUMEHEH B pa3HOOOpasHBIX 3aJayax, BKIOYas aHanu3 (orto-
JTOKyMEHTHUpOBaHMsl IBeTeHHUs: pacreHuid (PucyHok 1), BbIABIEHHE NpPOOIEMHBIX CEKTOPOB B
aBHMAIlNH, ¥ UCCIICIOBaHIE KOMaHIHOW TakTUKH B (yToosie (Andrienko et al., 2021).

BeinenstoTes creayronye TpeH bl B COBPEMEHHBIX HAIPaBICHHUSX UCCIICIOBAHMIA:
® KOHIENTYyaIN3alHsl MPOCTPAHCTBEHHO-BPEMECHHBIX JAHHBIX M CHCTEMATHYECKHE IMOJXOMbI K

aHaJIM3y, OCHOBaHHBIC HA PACCMOTPEHHUH CTPYKTYPHI TAHHBIX U 3a/1a4;
® JleTaJbHOE PACCMOTPECHUE CBOWMCTB TAaHHBIX M CEMAaHTUYECKasi HHTEPIPETAIHs JaHHbBIX;
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® I[IPEOJOJIEHUE pPa3pbIBOB MEXKIY IIPOBEPKOM KayecTBa JAHHBIX, I[OMCKOM HWHTEPECHBIX
3aKOHOMEPHOCTE B JAaHHBIX, BCCOOBEMIIIOIIMM aHAIW30M JAaHHBIM, M TIOCTPOCHUEM
MaTeMaTHYeCKUX MOJIeIel Ha OCHOBE JIaHHBIX.
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Pucynok 1 — Mnes merona BpeMeHHOM Macku. BBepxy ciieBa: Bce cOObITHS IO U30paHHOM TeMe.

BHu3zy: BpeMeHHas Macka BEIOMpaeT BpeMEHHBIE HHTEPBAJIBI JITMHOMN 45 THEH, MpeAIecTBYIOIINE

KPYIIHBIM KJIacTepaM coObITUI B M30paHHOM MecTe. BBepXy cripaBa: moka3aHbl TOJIBKO COOBITHS,
COOTBETCTBYIOILIIME BEIOPAaHHBIM UHTEPBAJIaM BPEMEHHU.

3. IlepcneKTMBHBIEC HANIPABJICHUS UCCICA0BAHUI

HepCHGKTI/IBHHe HaIpaBJICHUA I/ICCJ'IGI[OBaHI/II\/'I BO MHOI'OM CBA3aHbI C IIOABJICHHEM U
Ucrojp30BaHueM Oonbiinx naHHbiX (Dig data). bBosnpmme nanHble TpeOyroT —pa3pabOTKH
HHTCJUICKTYAJIBbHBIX  YCJIOBCKO-MAIIMHHBIX IMOAXOJ0B K aHaJIu3y. H€O6XOI[I/IMa FJ'Iy6OKa$I
HHTErpanuda CpeacTB BPI3yaJIBHOI>'I adHAJIUTUKKM C MCTOAJaMH MAIIMHHOI'O o6yquI/15{ (machine
learning, ML) u uckyccreennoro unremiekra (artificial intelligence, Al).

Boienstores ciaeayomme TpeH bl

® HCIIOJB30BaHHEC p33H006pa3HI)IX METOJ0B MallIMHHOI'O 06y‘~I€HI/I$I B BU3YAJIbHO-aHAJIUTUYCCKHX

nporeaypax;
® BU3YaJbHO-aHAJIUTHYECKHUE MOIXObI K TIOCTPOCHUIO MOJICIICH;

MHTEPAKTUBHbBIC BU3YaIbHbIC HHTEP(DEIHCHI K 00BSICHEHUIO TIOBEICHHS CHCTEM UCKYCCTBEHHOTO
unremekra (eXplainable Al, XAl).
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AHHOTAUHMSA: TpEACTaBICHA pa3paboTKa KOHIENIMH W CcooTBeTcTByromiel OC i COYeTaHHOTO
YIPaBICHUSI TEOIKOJOTHYECKMMHU M TEOMOJIMTHYSCKUMH PHCKaMH MpU  pa3paboTke HedTerazoBbixX
pecypcoB B APKTHUCEKOM PETHOHE.

KoHuenuusi BO3HMKHOBEHHUS 3KOJIOTMYECKUX, TE€0IKOJIOTMYECKUX U TIEONOJUTUYECKUX
puckoB (OP, I'OP, I'TIP cooTBeTcTBEHHO) B APKTHKE MOJEIUPYETCSI HAa OCHOBE ONIPEICIICHUN
POCCHUHCKHX HOPMAaTHBHO-TIPABOBBIX aKTOB, a TaK)Ke MOHATUH (yHIaMeHTanbHOU Hayku. Tak, OP -
BEPOATHOCTb HACTYIUIEHUSI COOBITHSI, UMEIOLEr0 HEOJAronpusITHbIE MOCIEICTBUS Ui IPUPOAHON
Cpelbl M BBI3BAHHOIO HETaTUBHBIM BO3ACHCTBUEM XO3SHMCTBEHHOW W HWHOM JESITEIbHOCTH,
Ype3BbIYAHBIMU CUTYAIUSIMU NIPUPOJHOIO M TEXHOI€HHOI'O Xapakrepa. M3 maHHoro omnpeneneHus
BBITEKaeT TecHas cBsizb OP ¢ TexHorenneimMu puckamu (TP), uyTo criemyer moHMMAaTh Kak
YBEJIMUEHUE BEPOSTHOCTH BO3MOXKHOI'O yliep0a 1o Mepe YBEIMUEHUS BEPOSTHOCTH NMPUPOAHBIX U
TEXHOTeHHBIX KaTacTpod. i ydera OTBETHBIX BO3JCHCTBHI HM3MEHEHHMH OKpPYKAIOIIEH Cpelbl
ApKTUKH Ha OO0BEKThl He(dTerazoBoi MNPOMBIIUIEHHOCTH HCHoNb3yercs mnoHstue ['OP, mon
KOTOPBIM TOHMMAIOT PHUCKM, BO3HHMKamOIIMe B cucTeMe "HedreraszoBas HPOMBIIIICHHOCTh -
OKpy»Karommasi cpefa ApKTUKH'", CBSI3aHHBIE C B3aMMOOOYCIIOBJICHHBIM BO3JEHCTBUEM OOBEKTOB
IIPOMBIIIJIEHHOCTH Ha OKPYXAOILYIO Cpe/ly U OKpY’Karollel cpe/ibl Ha 00bEKThl TPOMBIIIIIEHHOCTH.
K Tomy e s 0OBEKTOB HePTErazoBoil OTpaciM, OCYIIECTBISIOUMX XO3SHCTBEHHYIO
JESATENIBHOCTh B ApKTHKE, KpaiiHe akTyaibHbl [ TIP kak pe3ynpraT B3auMoAelHCTBHS KOMIIOHEHTOB
CUCTEMBI «TeomoJinTudeckas cdepa AeATeIbHOCTH TOCYJApCTB - OKpYy’Kawmas cpena ApPKTUKIY.
IIpn 3TOM reomnonuTHKa rOCyJapCcTB OCHOBBIBAECTCS Ha MOJUTOJOTMYECKOW KOHIIENLNHU, COTJIacHO
KOTOpPOM MOJUTHKA TOCYAAapCTB, TJIABHBIM 00pa3oM BHELIHSS, MPENONpenenseTcs MNpUupoIHO-
PECYPCHBIM MOTEHIIMATIOM APKTHKH, KaK IVIABHBIM IIPUBJIEKATEIbHBIM KOMIIOHEHTOM OKpPYXKaroIleH
Cpelbl peTuoHa .

AKTyaJbHOCTh T'€03KOJIOTMUECKUX BBI3OBOB Il MPENNpUATHIl HeTerazoBod OTpaciu
MpeloNnpeeNseT akIeHT Ha MpoOJeMbl OXpaHbl TpPyAd, TEXHUKH OE30MacHOCTH M OXPaHbI
OKpyxarwoImei cpeapl. OCHOBHBIE IPUYMHBI BO3POCILIEr0 BHUMaHuUA: 1) pPyKOBOAMTEIN
He(Tera3oBbIX KOMIIAHUN YCUJIMBAIOT CTAOMIBHOCTh U YCTOHYMBOCTH MOJIENH JIEATENBHOCTH; 2)
YCIIOKHAIOTCS 3aJaud OIEPAlMOHHOTO XapakTepa, CTOSIIME IMepel ydacTHUKaMU oTpaciu; 3)
BO3pacTaeT BIHMSHUE OOIeCTBEHHOCTU. /[l ApKTHYECKOro pEermoHa, XapaKTepH3YIOLIerocs
MOBBIIIEHHONW HKOJIOTUYECKOM UYBCTBUTEIBHOCTHIO, [aHHBIE IPUYMHBI MOTYT MOBJIMATH Ha
CIIOCOOHOCTh MPENNPUATHNA He(TEera30BOW OTPaciad BECTH 37eCh PabOTHI MO pa3BeIKe W JOObIUE
YIJIEBOJIOPO/IHBIX pecypcoB. B  Hacrosimiee BpeMss Ha TOCYJapCTBEHHOM, OOILECTBEHHO-
MOJINTUYECKOM, aKIIMOHEPHOM YPOBHE pacTeT OOECIOKOEHHOCTh B CBSI3U C BO3MOXKHBIMHU
HKOJIOTUYECKUMHU  TOCIEJCTBUSIMH OCBOCHUS HE(PTEra3oHOCHBIX MECTOPOXKICHUH ApKTUKH.
Crneuundukoit ynpasiaenus: [ 9P npu ocBoeHUH apKTUYECKUX MECTOPOXKJIEHUHN SBISIOTCS MPOOIEMbI
0€30MaCHOCTH UX HKCIUTyaTallMH B KaYeCTBE MPUPOAHO-TEXHOT€HHBIX 0OBEKTOB.

['moGanbubli ypoBeHb [TIP cBs3aH ¢ 0OmMEMHUPOBBIMH TIpOLIECCAMH W TCHACHIMSIMHU
OOBSIBIICHUSI 30HBI ApPKTHKH C €€ MPHUPOJHO-PECYPCHBIM TOTCHIMAIOM MEXIYHapOIHOM.
Nuaukaropom Bo3MokHOro mnposiBiieHust ['TIP cuntaercs HapylieHUe COCTOSIHUSA CTPaTEruyecKou
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CTa0MJIBHOCTH B TEOCTPATETHYECKOM IMpOCTpaHCTBe ApkTuku. B manHoM kontekcre [TIP
IpeacTaBisieT co00i BEPOATHOCTh M3MEHEHUS TE€ONOJIMTUYECKOM CHUTyallMM Ha PErHOHAJIbHOM U
r7100aIbHOM YPOBHSIX, BBIPAXKAIOIIETOCS B HEOJArONPUATHBIX YCIOBHUAX (PUCK TMOPUIHONM BOMHBI,
BOECHHBIE CTOJIKHOBEHUS U T.J.) WIH JONOJHUTEIbHBIX BO3MOXHOCTSIX.

MupoBo#i ONBIT MOKA3bIBAET, YTO TAKUMHU PUCKAMU MOXKHO YHpaBiATh. OIHAKO s 3TOU
L[eJIN HEOOXOIMMO pacrojaraTb COOTBETCTBYIOIIEH KOHLENIMEH, a TakKe METOJO0JIOrHel aHau3a
COOTBETCTBYIOIIMX PUCKOB. ABTOpaMU MpeAJiokKeHa ABYXdTanHas Mojenb aHanuza ['OP ¢ yderom
I'TIP nna BbIpaGOTKH AS(PPEKTUBHOIO YIPABIEHYECKOTO PEIIEHUS C LEIbI0 ONTHUMAJIbHON
SKCIUTyaTali 00BbeKTa He(TEra30BOW OTPACIM U MUHUMH3AIMKA BO3ACHUCTBHUS Ha OKPYKAIOIIYIO
Cpelly B T€ONOJUTUYECKUX YCIOBUIX ApKTHKU. MeTtonsl aTana oueHku ['OP nmpencrasieHsl panee
(bamkun, [MpumyTtuna, 2010; bamkun, 2014; Bashkin, 2016; 2017), a ans srana ynpasienus ['OP
IIPU ONpPEeAETICHUN IPUEMIIEMOCTH PUCKa TpeOyeTcsl pa3paboTKa METOI0JIOTUU HKCIIEPTHBIX OLIEHOK
(haKTOpOB BHEIIHEH CPEJIbI.

B3auMoneiicTBe  COCTaBIIAIOLIIMX  CHCTEMbl  «He(Tera3oBas IMPOMBIIUIEHHOCTh —
OKpy>Karomasi cpefia ApKTHKW» TpeaonpeaeseT BosuukHosenne I'OP kak HemzOexxHoro (akropa
(GYHKIMOHMpPOBAaHUS W  JalbHeimero pas3Butus HedrerazoBoil orpacinu  Poccun. Ilpu
YTIIEBOJIOPOAHOM OCBOCHHMH ApkTuku aHanu3 ['DP neoOxommmo mpoBoauth ¢ yuerom [TIP. Ilo
cytu, 'OP Bkitouaer B ce0s JBe rpyMIibL:

1) Texunueckue pucku (TP), oOyciioBieHHbIE TEXHUYECKUMH (aKTOpaMU U CBSI3aHHBIE C
OTKa3aMu O0OpYAOBaHMs, pa3pyLIeHHEM KOHCTPYKLHMH M COOpYXeHUIl 00BEKTOB HedTerazoBoi
orpacin. TP BbeIpakaloT BEpOSTHOCTh aBapHHM WIM KaTacTpo(bl TPU DKCIUTyaTallMd MAIIWH,
MEXAaHU3MOB, peaJIn3alMi TEXHOJOTUYECKUX ITPOLECCOB, CTPOUTENBCTBE U IKCILTyaTalluu 31aHUuN U
COOPY)KEHMHM B YCJIOBMSIX OSKCTPEMAJIbHO BBICOKMX MapaMeTpoOB IMPUPOJHONW cpeabl ApPKTHKH,
IPUBOASIIME K pa3pyLIEHUSIM COOPY>KEHHUI, BBIXOLY U3 CTPOsi 000pyIOBaHMS U TUOEIH JIIOACH;

2) skonoruueckue pucku (OP), oOyclioBIeHHBIE TOCTYIUICHUEM B OKPYXKAIOIIYIO CpPEIy
3arpsI3HAIOIMX BELIECTB M HETATUBHBIM BIIMSHHUEM COOPYXEHHI M TPaHCIOPTHBIX CPEACTB Ha
IIPUPOJHBIE  KOMIIOHEHTBl  —  aKTMBH3allM€M  DK30T€HHBIX  IIPOLIECCOB,  HM3MEHEHHEM
OMOT€OXMMHUECKUX IIMKJIOB W TPOYUM, CIEACTBUEM YEro SBIAETCS YXYJIILIEHUE 3/10pOBbS
HaceJIeHUs U HeoOpaTUMble U3MEHEHUSI B apKTUYECKUX IKOCHUCTEMAX.

I'TIP BO3HMKAIOT B YCJIOBUSX MPOTHMBOPEYMBOIO M HECTAOMIBHOIO 3aKOHOAATENBCTBA U
M3MEHYMBOCTH IMOBEICHUSI OPTaHOB BJIACTH APKTHYECKUX IOCYAApCTB, UYTO BEAECT K HAPYLICHUIO
COCTOSIHUS CTPaTErMueCKoi CTAOMIIBHOCTH B I€OCTPATErnYECKOM NMPOCTPAHCTBE APKTHKH.

YacTb puCKOB, OTHOCALIMXCS K Pa3IMYHbIM TpYIINaM, CBs3aHa MEXy co00il, MpuyeM CBs3b
3Ta HE B3aMMHO paBHO3HayHa. Tak, mpu Bo3HUKHOBeHHMHU aBapuu (TP) Bo3HMKaeT sKomOrHUecKuit
puck, a ero TpaHchopmanus B ['DP 3auacTyio cOmpoBOXIaeTcsi HEraTUBHBIM BIMSIHHMEM Ha
HedTerazoBsle 00beKThl. C Ipyroil CTOPOHBI, HEKOTOpPbIE BHUIBI PUCKOB MOTYT OOBEIUHSTHCA,
BIIWSASL IpYT HA Apyra.

VYipasieHue pUCKaMU [OJDKHO ONUPAThCA HA MAKCHUMAJIbHO IIOJIHOE COYETAaHHE BCEX
(dakTOopoB B enuHyl0 cuctemy aHanmm3a ['DOP. Yrpo3bl U BO3MOKHOCTH OTHOCATCA K (hakTopam
BHEIIIHEH cpelibl 00BeKTOB Hedrera3oBoil orpacnu, u Tpancdopmarus B Hux I'OP u I'TIP 3aBucur
OT UX COYETAHHOI'0 aHaIM3a. DTa NPoLEeaypa PEKOMEHIYETCS K IPUMEHEHUIO B paMKaxX pealn3ainuy
monenu ananuza ['OP u I'TIP Ha ocHOBe pa3zpabaThiBaeMOi IKCIIEPTHO-MOIEIUPYIONIEH CUCTEMBI.

Jlureparypa

bamxun B.H., [Ipunytuna U.B. Ynpasnenue 3x010ru4ecKUMH PUCKaMU IPU SMUCCUU MOIIOTAHTOB. — M.: I'azmpom-
BHUUI'A3, 2010.- 189 c.

bamkun B.H. buoreoxumus noyisipHbIX 3KOCUCTEM B 30HAX BJIMSIHHSI ra30BO MpoMbIieHHOCTU. — M.: ["'a3npom-
BHUUNTI'A3, 2012.- 300 c.

Bashkin V. (ed.) Biogeochemical technologies for managing pollution in polar ecosystems. Environmental Pollution,
Vol. 26, Springer: Switzerland, 2016, 219 pp.

14



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus
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pp.
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MATEMATHYECKOE MOJAEJINPOBAHUE TEXHQFEHHOﬁ JUHAMMUKHU JJECOB C
IHOMOIbIO HEYETKOU JTUPPEPEHIIUAJIBHOU MOJIEJIU ®EPXIOJBCTA

Bbyrycos O.b.

Poccutickuii xumuxo-mexunonocuueckuil ynueepcumem um. /[.M. Menoeneesa, Poccus, Mockea
obutusov@yandex.ru

AnHoTanus: Pa3paboraHpl 1Ba BapraHTa HeUeTKOW Monenn DepXroiapcTa: MOJEHb C MPaBOW HEUETKOU
npousBonHoi (ITHIT) m mozmens ¢ meBoit HeweTkod mpom3BoxHoi (JIHIT). YcraHoBneHO, 4TO MOIENb
[THIT e mMeeT acHMNTOT W IMMPHWHA HWHTEpPBala HEOINPEOCIICHHOCTH KaTacTpo(UYecKH BO3pacTacT.
Mogens JIHIT mMeeT acHMOTOTH M IIMPHHA WHTEpBala HEONPEACICHHOCTH OBICTPO MPHOIIKAeTCsS K
CTallMOHAPHOMY HIpefely, ocjIe KOTOPOro COXPaHseT NOCTOSHHYIO BEITUUYHHY.

B pa6ore (byrycos, PenukynsueBa, 2019) npemiokeHa MaTeMaTHdeckas MOZEIb JUIs
ONMCAaHUs JMHAMUKA OuOMacchl JIECOB IOJ BO3JEHCTBUEM XMMMUECKUX 3arpsi3HEHUI
IPOMBIIIICHHBIX MPEIIPUATHI C UCIOIb30BAaHUEM BUPTYaJIbHBIX IOTOKOB OMOMAcChl. Y UMThIBas,
YTO BUPTYaJIbHbIE I[OTOKM HMMEIOT HEUYETKUH XapakTep, B HACTOALIEH padoTe NpeioKeHb
pe3ysbTaThl, MOJYyYCHHbIE C IOMOUIbIO HEUYeTKOW auddepeHnuanbHol Moaenu DepXrobeTa.
[TpemioskeHHast KOHIIENITYalbHast (PEHOMEHOJIOTHYECKAasi MOJIEIb TIO3BOJISIET ONMCHIBATh H3MEHEHHE
HKOJIOTHYECKOr0 COCTOsIHUA oKpyxatowei cpenbl (OC) ¢ ucnoib30BaHUEM BUPTYAIbHBIX TOTOKOB
Ouomaccel: yiydmieHue 3Kojorudeckoro coctosiHust OC MOXeT OBITh OMUCAHO C IOMOUIBIO
BUPTYaJIbHBIX MOJOXHUTENbHBIX TIOTOKOB OMOMACChI, a YXYALIEHHE 3Konorudeckoro cocrostuusg OC
C IOMOUIbIO  BHUPTYyaJbHBIX  OTPULATENBHBIX IOTOKOB  Ouomacchl.  Mcnonbp3oBaHHas
(dbeHoMeHonornyeckast MoJiellb UMEeT CIEAYIONINMA BUI:

@=GBM[1—£’—E
ar M)

, (1)

rae B — mioTHOCTH ecHOi GromMaccsl (krm™), t — Bpems (Mecan ), G — koaddUIHEHT TpHpocTa
O6romacchl (Kr'l-Mz-Mecsm'l), OLICHEHHBIN, HanmpuMep, MO0 CHYTHUKOBBIM JaHHBIM, M — IUIOTHOCTH
OrOMacchl TP HYJIEBOM TIOTOKE (Kr-M'z), E — oTpunatenbHbIit TOTOK 6GHOMaCChI (Kr-M'Z-Mec;Iu'l).

Mogens (hopmyna 1) siBisieTcst Tpex MapaMeTpUUYECKONM MOJENBI0 U OTHOCHUTCS K KJIAcCy
mogeneit depxronscra (Boyce, 2001, p. 76). B 6e3pazmepnoii popme Moaens uMeeT Cleayomui
BUJI:

db
-JE =b(1-b)—e.

rae 0=B/M _ GespasmepHas mI0THOCTH GHoMacchl, M — TIpesiebHas IIOTHOCTh GHOMACChI HPH
HyeBOM moToke (Kr M2), T — BpeMst pelakcalliy JMHAMIYCCKON CHCTEMBI 3a BEreTal[HOHHbIH

= {r\ o _ = O
nepuos (BIT), €=M _ yrensuprii kosddurment npupocra 6rmomaccs (BIT™Y), =&

T.=¢2T o
Oe3pa3zmepHoOe BpeMsi, ¢ = — Oe3pa3zMepHOe BpeMs peaKcallii THHAMUYECKOU CUCTEMBI,

r=r/T, =t/T = F/ Mo .
g g — Ge3pa3MepHOe HOPMATH30BAHHOE BpeMs, © E/Mg _ 6e3pa3MepHbIii

OTpPII.[B.TCJ'IBHLIﬁ IIOTOK 6I/IOMaCCLI, bo — HaydaJIbHad 6e3pa3MepHaﬂ IIOTHOCTH OMOMACCHI.

Heuerkuit auddepeHnnanpHplii BapuaHT Mojenu B npuOmmbkenuu Pynre-Kyrra BTOpOTrO
nopsiika umeet cnenytomuid Bua (Hullermeier, 1999):
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d.

dar, . AP '
lzd'_T(f {_I.I'I;-dlf-ed}__f {_LI,'-‘DI;-QG"}!

, ©)

Uy = U; + i{ fldiu.en)+ f(D.Us.eu))

: (4)

rae €4 =8 ed=e D,=d,+dt flu.d.ed). U,=u,~dtf(d.u.eu)

(4epToUKa cBEpPXY 0003HAYAET BEPXHIOK IPAHUILY HHTEPBAILHOTO YKCIIA; YEPTOUKA CHU3Y —
HWKHIOIO Ipanuily). [Tomydenubie
T I T — PE3YNILTATHI NPEICTABICHBI HA
' N . pucyske 1.

. _ Pucynok 1. /Ilunamuka rpanuig
S0 o SN S N S | .4 : MHTEPBAJIOB HEUETKOCTH
(HEompeneneHHOCTH): a — MOJIETh
«ITHII»; 6 — monmens «JIHII»

3 )

B uuncieHHBIX IKCIEPUMEHTaX UCIOJIb30BaHBI JIBa BapUaHTa HEYETKON MOJENTU: MOJEIH C
npaBoit Heuerkoi mnpousBopHou (ITHIT) u momens ¢ neBod HeweTkod mnpowusBoanou (JIHIT).
YcranosneHo, yto B mogenu [IHII mupuHa uHTEpBaloB HEONpPENENEHHOCTH KaTacTpo(uyecKu
Bo3pacraet. B mogenu JIHII mupuna nHTEpBaia HEONIPEAEIEHHOCTH TOCTOSHHA.

BriBoabI

1. JIns mMonenupoBaHUS MPOIECCOB AETpajallii JIECHBIX JKOCHCTEM IO/ BO3JIEHCTBUEM
Ta30BbBIX BI>I6pOCOB HpOMI)IHIJ'ICHHI)IX npenanﬂTnﬁ HpeI[J'IO)KCHO HCIIOJIB30BATh IIOHATHUEC
BUPTYaJIbHBIX MIOTOKOB OMOMACCHl U MOJEPHU3UpPOBAHHOE ypaBHeHUE DepXioyibeTa YUUTHIBAIOIIEE
MMOTOKH OMOMACCEL.

2. YCcTaHOBIIEHO, UTO O€3pa3MepHBIN OTpUIIATEBHBINA MOTOK OroMacchl: € = 0.289 sBusercs
KPUTHYECKHM U COOTBETCTBYET YCIOBUSAM KaTacTpodudyecKo Jerpajaluu APEeBOCTOs, IpU
KOTOPOU HAYMHAIOTCS MPOIIECCHI pa3pyIICHUS JIECHON YKOCUCTEMBI.

Jlureparypa

Bytycos O.b., Peguxynsuesa H.11. MoxennpoBaHue TEXHOTEHHOTO BO3CHCTBHUS Ha Jieca C MOMOIIBIO0 BUPTYaJbHBIX
OTpHUIATENLHBIX TOTOKOB OMoMacchl // MaTtematndeckoe MoeupoBanue B 3kojioruun / Marepuains Lllectoit
HaunonansHOI Hay4HOW KOH(EPEHIINH C MEeXXIYHAPOAHBIM ydacTueM, 26-29 cenrsops 2019 r. — [lymwmno,
OUILI ITHLUBU PAH, 2019, c. 25-29.

Boyce W.E. Elementary Differential Equations and Boundary Value Problems. / William E. Boyce, Richard C.
DiPrima. — New York: John Wiley, 2001. 1310 p.

Hullermeier Eyke. Numerical methods for fuzzy initial value problem // International Journal of Uncertainty, Fuzziness
and Knowledge-Based Systems. — 1999. — Vol.7. — N 5. — P.439-461.
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MOJEJIUPOBAHHUE INOJUT'OHAJIBHBIX PABBUEHUMN KAPAIIAKCA
BoiitexoBckui IO.JI.l, CTeleHImKoB B.I.?

! Canxm-Ilemep6ypeckuii copuviti ynugepcumem, Canxkm-Ilemepoype, Poccust
voytekhovskiy_yul@pers.spmi.ru

2 [eonoeuueckuii uncmumym KHIL] PAH, Anamumsi, Poccus
voytekhovskiy yul@pers.spmi.ru

AnHoTanms: B pesynpTare MoAenMpoOBaHHUS Kapalakca IPECHOBOJHON KpacHOYXOW depemnaxu Kak
MOJIMTOHAJIBHOTO pa30MEeHUs] KBA3UIUIOCKOW IOBEPXHOCTHM TMPU E€CTECTBEHHBIX OrPaHMYMBAIOIINX
YCIIOBUSIX HaiieHbl 426 pa30ueHuii, oXapakTepu30BaHHBIX TOYEYHBIMH IPYIIIaMHU CHMMETpHU: 6mm — 1,
4mm -1, 3m -2, mm2 — 10, m — 100, 2 — 4, 1 — 308. MoaenupyeMsblii Kapamakc 06JagaeT H30BITOUHOM
CHMMeTpHEH. DTO CTaBUT BOIPOC O €€ IPHPOJIC.

1. BBegenue

EcrecTBeHHBIE HAayKM CTOSAT Ha TOM, 4TO (opMa OOBEKTa CO3/AeTCI B OHTOTCHE3E Kak
KOMITPOMHCC MEX]ly BHYTPEHHEH HHTEHIIMEH (B KpHCTaJUIaXx — TpeOOBaHHUE PEIICTKH, B OpraHU3Max
— IeHOMa, CJIOXKHUBIIErocss B (UIOreHe3e) M OrpaHHYCHUsIMH cpeibl. Hanbonee BakeH xapaktep
IOBIDKCHHUS B mosie cuiabl Tspkectd. CormacHo npuHnuny Kropw, KpucTamibl, pacTeHHs H
npupacTaromuec OpraHu3Mbl, OPUCHTUPOBAHHBLIC BAOJIb BCKTOpa CHIJIBI TSIXKCCTH, HpI/IO6p€TaIOT
paguaIbHYI0 CUMMETPUIO, IPUPACTAIONINE K BEPTHKAJIBHBIM CTEHKaM — IUIaHANbHY0. PacTeHus u
OpraHu3Mbl, CBOOOJHO BpamjalOIMecs B Boae, TeM Oomee chepuyHbl, dYeM MeHee
CIIeMATM3UPOBAHbI UX OpraHbl. OpraHu3Mbl, IepeMeIlaroIuecs BI0Ib 36MHOM MOBEPXHOCTH (11O,
10, HaJl Heil), MPUOOPETAOT TIAHATBHYI0 CHMMETPHIO.

Pucynox 1 — TlpenMer MojenupoBaHHs — IIEHTpajbHas YacTh Kapamakca KpPacHOYXOM
geperaxm.

2. MoaeaupoBaHue U pe3yJibTaThl

ABTOpBI 00OpaTHIM BHUMaHHE Ha Kaparmakchl (TAaHIIUPH) Yepernax — MPUMEphl €CTECTBEHHBIX
MOJIUTOHAJIBHBIX pa30MEeHUi KBAa3MIJIOCKUX MOBepxHocTel. Pa3sHoe uncino mmactuH obecriednBaeT
pasHyI0 BBIYKIOCTh Kapamakca y pasusix BuaoB: Plesiochelye, Mauremys, Testudo, Melanochelys
umeroT 10 50 miacTuH B Kapamakce u 9 B miacTpoHe (mo mepumerpy), y Eusarkia 39 u 11, y
Trionyx 25 u 9, y Kinosternon 44 u 8, y Archelon 52 u 7, cootBercTBeHHO, u T. 1. Ho B HOpMe Bce
OHU HUMEIOT MPOJOJbHYIO IUIOCKOCTh CHUMMETpUH. KOMIBIOTEpHBIM MOJEIMPOBAHHUEM HANIECHO
MTOJTHOE YMCIIO pa30MeHU YCIOBHOTO Kapamakca Ha 13 (Kak y CyXONmyTHOM KpacCHOYXOH depernaxu,
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pUCYHOK 1) 4-, 5- 1 6-yroJIbHBIX IUIACTUH IPU YCIOBUH, YTO IJIACTPOH COAEPKUT UX HE MEHee 6, a
IUTACTUHBI CTBIKYIOTCSI IO TpU B TOYKe. Bcero koMOMHATOPHO pa3iMyHbIX pa3OMEeHHH O0Ka3ajaoch
426 (BoiitexoBckuii, Crenenuukos, 2018). VX pacnpeneneHue 1o TOYEUHbIM IPyINaM CUMMETPUH
(t.r.c.):6mm—1,4mm -1, 3m -2, mm2 — 10 (Puc. 1), m — 100, 2 — 4, 1 — 308; xoT1s ObI ¢ OJHOM
IJIOCKOCTBI0 cumMmeTpuu — 114, poBHo ¢ ogHoit — 100. Kapanakc kpacHOyxoil yepenaxu 1nonajaaer B
rpyniny Mm2 ¢ JONOJHUTENbHONW IUIOCKOCTBIO CHMMETPHUH, OPTOrOHAJIBHOW HAIpPaBJICHUIO
JBUKEHMSI (DUCYHOK 2, 5-51 B HUKHEM PAAY).

WSO O =
P DBEDOX

Pucynok 2 — Pa30uenus ¢ 1. r. ¢. 6mm — 1, 4mm — 1, 3m — 2, mm2 — 10 (B ykazaHHOM
TOPsIIKE).

3. BuiBoabI

TakuM 00pa3oM, pe3yabTaThl KOMIBIOTEPHOTO MOJCIMPOBAHMS  Kapamakca (s
€CTECTBEHHBIX OTPaHUYHMBAIONINX YCIOBUH, CHIEIMATBHBIX JIJIS Pa3HBIX BUJOB Yepernax) MO3BOJISIIOT
VBUACTh pa3sHOOOpa3ue BO3MOXKHOCTEH, M3 KOTOPBIX OpraHu3M (B HAIIeM cliydae CyXOIyTHas
KpacHoyxas depernaxa) coBepiian BbIOOp ¢opmbl. UacThie OTKIOHEHUS OT HOPMBI yKa3bIBalOT Ha
TO, 4TO ATOT BBIOOp HE abcomoTHO nerepmuHupoBaH (Uepemanor, 1994, 2004, 2016; Kunamge,
2017). Bce u3BecTHbIE OTKIOHEHUS MOMAAA0T B YUCIIO MOJICIBHBIX Pa30MEHUN U TOXKE MOIIAIOTCS
aHamu3y. CumMerpus MM2 I[EHTPaJbHOM 4YacTH Kapamakca KpPacHOYXOW dYepenaxy KasKeTcs
M30BITOYHON M3-32 HAJIWYUS TUIOCKOCTH CHMMETPHUM, OPTOTOHAIBHOM HANPABICHUIO IBUKCHMUS.
(Kak ecnu Obl ee mpeakd MOTJIM MEHSTh HallpaBlIEHUWE JIBW)KEHUS, HE pa3BOpauMBasl TSAXKEJbII
Kapamnakc, HO TTOBOPauMBasCh MO HUM...) Bopodem, MUTKH MIacTpoHa MO MEPUMETPY Kapamakca
IIOHNXXAKT €Tr0 CI/IMMCTpI/IIO 0 HHaHaHBHOﬁ M B IIOJHOM COOTBETCTBHHU C HpI/IHIII/IHOM
muccummerpuu Kropu.

Jlureparypa

Boiirexosckuit F0.J1., Crenennmkos /I.I'. Yepenamuii kapanakc Kak IpuMep HOJIMTOHAIBHOTO pa3ouenus //
MateMaTHYeCKHE HCCIICIOBAaHUS B €CTECTBEHHBIX Haykax. Anmatutel: K & M, 2018. C. 141-149.

Kunanse A.B. Mopdooruueckas reoMeTpHs Kaparakca pasiMdHbIX IKOIOrHuecKux Gopm uepenax. M.: PYCAMHC,
2017.1%4 c.

Yepenanos I'.O. AHOMaIMK KOCTHOTO MaHIMPA yepenax // 3001 x-11. 1994. Ne 6. C. 68-78.

Uepenanos I'.O. [TaHups uyepenax: NpoOUCXOXKIEHUE U PAa3BUTHE B OHTO- U (husoreHese. ABToped. muc. 1. 0. H.
CIIoI'Y, 2004. 34 c.

Uepenanos [".O. U3MeHUYNBOCTH MMTKOB MAHIMPS Yepenax: 3aKOHOMEPHOCTH MOpQoreHe3a 1 MpUpoaa aHoMani //
Bectauk CIIOIY. Cep. buonorms. 2016. Ne 3. C. 170-174.
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®PAKTAJBHBIN XAPAKTEP ®OPMHUPOBAHUSI CHCTEMbI THJIAKOUJIOB
IOUAHOBAKTEPUH

TCanunkuii B.B.*

1 .
Huemumym ghusuxo-xumuueckux u buonocuieckux npooiem nougosedenus, Ilyuuncrkuii

Hayuuslil yenmp ouonocudeckux ucciedosanuti PAH, ITywuno, Poccus
galvv@rambler.ru

AnHoTanus: [losiBIcHHE TUITAKOUIA - BAXKHOTO MOP(OJIOTHYSCKOr0 3JIEMEHTa MHOTOKPATHO YBEIAYHIIO
(hOTOCHHTETUYECKYIO MOIIHOCTh I[HaHOOAKTCPUI, UTPABIIUX OCHOBHYIO POJIb B MEPEXOJC OT TEMHOTO
(GoTOoCHHTE3a K CBETIOMY M 00pa30BaHUM KHCIOPOIHOIH aTMoc(epsl U PacTUTEIBHOTO MOKPOBa 3EMIIH.
Panee ObuUTO MOKa3aHO, YTO (hpaKTANBHBIC CBOMCTBA TOYCUYHBIX MHOXKECTB MOTYT ONPEACIATh XapaKTep
MOP(HOJIOTHUECKOW 3BONIONUN OMOJIOTHICCKUX OpPTaHW3MOB. 7l SBOMIONUH IHMAHOOAKTEpUH TaKUM
CBOMCTBOM SIBIJIOCh YMEHBIICHHE (DPAKTATHHOTO IMOKA3aTeNsi MHOKECTB IIPH TPYIIIOBOM pa3MEIICHUH
paCTYIIEro Yrciia TOUYeK MHOXKECTBA M TIOCTOSTHHOM YHCIIe WX B rpymme. HeBO3MOKHOCTE SKCTCHCUBHOTO
pocta mOOYIMIO MHAHOOAKTEPUH K SBOJIOIUOHHBIM HW3MEHCHHSM CBOCH BHYTpeHHEW Mopdororuu —
CO3/IaHUIO THIAKOUIOB C TOTIOJHUTEIHHBIMHA IUIOMAASIMHE U Pa3MEIICHNS HOBBIX (POTOCHHTE3HPYOIINX
“Toyek™.

Ocobennoctu 3aBucUMOCTH (hpakransHOro napamerpa p(Ng, Ng) MHOMXKECTBA TOUEK OT YUCIIa
rpynn (Ng) u Touek B rpymme (Ng) (Puc. 1) mMornu cTuMynupoBaTh 0Opa3oBaHHE THIIAKOHJIOB,
Hecyumx Qorocucremsl PSI u PSIl, B nmponecce spomtonuu nmanobakrepuii (amumkuit, 2021).
Ecmn xommuectBa rpynn Ny yBennumBanoch npu (DUKCHPOBAHHOM KOJIMYECTBE TOUeK Ng (2-3,
AUMEpBl, TPUMEpBI) Ha TpYIIy, TO BUPTyalbHbId o0mmit pasmep H ~ (Ng ng)ll“
(OTOCHHTETHYECKOTO amnmapaTa IHMaHoOakTepuié MOTr CTaTh BO MHOTO pa3 Oojblle, 4YeM
OTrpaHMYEHHBIA pa3Mep camoil OakTepuu. OOCYX)AAIOTCS OMYOJIMKOBAHHBIE IKCIEPUMEHTATbHbBIC
JaHHBIE, TIOATBEPKIAIOIINE CIIPABETHBOCTH STOTO BHIBOA.

1.0 4 .= r il 2 S
223255
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Pucynok 1. JIBymepHbIe H300paskeHuUst TpeXxMepHbIX 3aBucuMoctert W(Ng, Ng) A1 TPYIITOBEIX
pa3MelleHnii Marematnueckux Touek (nmo: I'anumkuii, 2018). /IBa Tuna TpaekTopuii: ciajaroniue
TPaeKTOPUU [ 1751 PUKCUPOBAHHBIX 3HAYEHHH Ng fix (TOHKHE CIIIOIIHBIE IMHUHU, MAJICHBKHE ITyCThIE
KPY>KKH) U PacTyILUe TPACKTOPUU [l (PUKCUPOBAHHBIX BeTHUHH Ng fix (TOHKHE TYHKTHPHbIE
JIMHHY), — KOTOPBIE COOTBETCTBEHHO IPOXOAT Uepe3 Te ke Touku ¢ opanHaTamu W(Ng, Ng) n
nenbiMu abuuccamu 10gz(Ng % Ng/2). JIBa mpumepa 3BoonHH (pakTaabHOTO MapameTpa Iuis
pa3MerieHnii HOTOCHHTE3UPYIOIIUX TOUYEK B XOJI€ ABOJIIOLMU OT IMaHOOaKTepuil 10
IIPOTOPACTEHMSI, COCTOSLINE U3 DJIEMEHTOB JIBYX TUIIOB TPACKTOPHIl (TOJICTas CILIOIIHAS JIUHUS U
TOHKasl LITPUXOBAst TMHUSA C OOJIBIIMMU IMYCTHIMM KBajpaTtamu). O0e HAUMHAIOTCS B Pa3IMUHBIX
MECTaX TPACKTOPHHU Ng fix = 2 U UAYT Pa3INYHBIMU ITyTAMH K [ = 1. 3HaueHns [ npu w (Ugg =
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0.24966 u P31 = 0.27281, cm. ¢ Ha puc. 1 g #19 kak npuMep NOTYYSHHs 3TUX 3HAUCHHH )
COOTBETCTBYIOT JIBYM I'pYIIIaM HATYPHBIX JAHHBIX O MPOJOHKUTEIBLHOCTSX KU3HHA BETBEU BCEX
nopsinkoB e (LenpHukep, 1994) u ux moxensHo# uHTepnperanuu (I'amumkwuii, 2012). T, =
1092(Np/2), rme Np = Ng x Ng fix 1am Ng fix X Ng €CTh 3BOITIOIMOHHOE 3p3all-“BpeMs”, U3MepsAeMoe
quciioM ynBoeHuit Np B1oJb TpaeKTopuu. T HE ABJISETCS BPEMEHEM HBOJIIOLHH.

a 0

Pucynok 2. a — AFM Ttonorpadus BEICOKOTO pa3pelieHns MPOCBETHOM MOBEPXHOCTH THUIIAKOUTHBIX
MemOpaH 1uano6akrepun Synechococcus elongatus PCC 7942 B sxuakom pactBope (mmo: Casella et
al., 2017, Fig. 1F). OtnenbHble AUMEpHI NpeCTaBIsAOT coboit komiuiekesl PSII (urpux-oBassl) Ha
OCHOBAHHH BBICTYITOB KOMITJIEKCOB Ha MTPOCBETHOM MOBEPXHOCTH MeMOpaHbl. benbie 3Be3109kn
yKa3bIBAIOT Ha BO3MOXKHOE pacrioyiokeHne TpumepoB PSI — BBICTYIBI Ha CTpOMaibHOM CTOpOHE
MeMOpansbl. 6 — AFM tonorpadusi 1oMeHa THIAKOUTHOW MeMOpaHbI, CopeprKalias MacCUBbI
TPUMEPHBIX KOMIUIEKCOB THJIAKOUIHON MeMOpaHsbl U3 Thermosynechococcus elongates (110:
MacGregor-Chatwin et al., 2017, Fig. 1A). 310 nzobpaxeHne HaTUBHOW MEMOpPaHHOM OpraHU3aluu
MOKA3bIBAET YIOPSAI0UEHHBIE MACCHBBI MAKPOMOJIEKYII, COCTOSIINE UCKIIFOUUTENBHO U3 PSI,
UICHTUQUIIMPOBAHHbIE 0 UX XapaKTepHON TpuMepHoi (popme. J[pyrue yeTsipe ydacTka
MeMOpaHsbI oka3zanu, uto PSI nepemexaercs ¢ G€IKOBBIMU KOMITJIEKCAMH,
unentudunpoanupiMu kak PSIIL
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AHHOTAUMSI: ONTUMHU3ALNSA arpoOTEXHOJOTUH HEoOXoAMMa JJisi COXpaHEHHUs NpecHoil Bojwl. Ilomck
ONTHMAJBHBIX CTPaTerHid MoJiMBa HEoOXoMuM JIs 3()(EKTHBHOTO HCIIOJIB30BAHHUS BOIBI B CEIHCKOM
XO34HCTBE, OHAKO MHOTHE PEIICHUS MaKCUMU3HUPYIOT YPOXKAWNHOCT KyJIbTYp HE YUYUTHIBAs BO3JeiiCcTBHE
Ha OKpyXkamllyto cpemy. Ham wmerox ontummsanuu Ha ocHoBe anroputMa NSGA-II mozBonun
YBEJIUYHTE YPOKAWHOCTH U dPPEKTHBHEE MCIIOIB30BATh BOMY.

OnTumuzanus arpoTEeXHOJIOTMM B CEIbCKOM XO3sIiCTBE HeoOXoauma Uil COXpPaHEHUs
3armacoB MPECHOI BOJBI M CHIDKEHUSI HArPy3KU Ha BOAHBIE OOBEKTHI OKpYyskaromieil cpensl. [Touck
ONTUMAJIbHBIX CTPATETHil MOJUBAa M MCIOJIB30BAHMS BOJHBIX PECYPCOB BAXXEH JJIsi TOBBIIICHUS
3¢ (}HEeKTUBHOCTH HCIONB30BAHUS BOJABI B CEIHCKOM XO3SHCTBE, OJHAKO MHOTHE pEIICHUs B
ONTUMU3AINKA arpOTEXHOJIOTUH MAaKCUMHU3UPYIOT YPOXKAWHOCTh KYJIbTYp WM OOIIYIO BBIPYUYKY
MPEANPUATHS, HO HE YYUTBIBAIOT BO3JACHCTBUE HA OKpYXarollyro cpefy. CyliecTByeT HECKOJIBKO
(bakTopoB, BIUAIOMNX HA 3((HEKTUBHOCTH MCIIOIb30BaHMs BOJHBIX pecypcoB (Mbava et al., 2020;
Pretty, 2008). HacTb BobI y4acTBYET B pOCTE, Pa3BUTHH U TPAHCIIMPALMU PACTEHUM, Ipyras 4acThb
BOJIbl HEJIOCTYIIHA /ISl KOPHEH pacTeHUI U3-3a UCIapeHUs, MUTPALlUU C TOBEPXHOCTHBIM CTOKOM U
MPOCAYMBAHKs B HUKHHUE MTOUYBEHHBIE TOPU30HTHL. TakuM 00pazoM, Mbl MOKEM OMPEENIUTh MOTEPU
BOJBI (4acTh OPOCHUTENBHON BOJbI, KOTOpas HE MOXET ObITh MpeoOpa3oBaHa B SKOHOMHUYECKYIO
BBIFOJTy) M 3((EKTUBHO MCIIOIB3YEMYIO BOAY (BOAa, KoTopas mpeoOpasyercs B ypoxaid). s
UPPUTALIMOHHOTO  CEJIbCKOT0  XO03AHcTBa  3()P(PEKTUBHOCTh  HCIOJNB30BAHUS  BOJABI  MOJKET
BappupoBathcs oT 13 1o 18% ot mocraBnsemoit Bomsl (Wallace & Gregory, 2002). Ctout
OTMETHUTh, YTO BBICOKHH YpOBEHb MHUTPAIIMH BOJBI W3 KOPHEBOH 30HBI MOXKET MPUBECTH K
MPOCAYMBAHUIO MUHEPATIbHBIX YIOOPEHUN B TPYHTOBBIC BOJBI, YTO BBI3BIBAECT IBTPODUKAIMIO U
JOTIOJIHUTENBHYIO HArpy3Ky Ha BOJHBIE cUCTeMBbl. IIpoBefeHHE IOJEBBIX DKCIIEPUMEHTOB IS
MOVMCKA HAMITYUIINX arpOTEXHOJIOTUN MOKET OBITh BPEMSA3aTPATHBIM, TaK Kak TPEOYeT OLIEHKH BCEX
BO3MOXXHBIX KOMOWHanuil. VIMUTAallMOHHBIE MOJEIN YPOXKAHHOCTU HIMPOKO HCIOIB3YIOTCS IS
TUTAHUPOBAHUS CENTbCKOXO3SMCTBEHHBIX MPAKTHK, TAKMX KaK MOcCagka UM cOOp ypokas, BHECEHUE
ynoOpeHudt W monuB. MBI NpejyiaraéM METOJ] ONTHUMHU3AIMH arpoTeXHOJOTHH OCHOBAaHHBIM Ha
WCIIOb30BAaHUM HMMUTAMOHHOW Mozenu ypoxanHocth WOFOST, a Takxke HCNOIb30BaHUU
HCTOPHUH TIOTOJBI 32 HECKOJBKO AECITKOB JieT. Mbl ucnonb3yem cucreMy NASA POWER mis
MOJIYYEHUS MTOTOJIHBIX JIaHHBIX M BBIUUCIISIEM CPEIHION YPOKaTHOCTh U CPEIHIOIO MOTEPIO BOJIBI 32
nocnennue 20  jer A OUEHKM — pas3iIMYHbIX  ClieHapueB  noronael.  [Ipumenenue
MHOTOKPUTEPUATBHON ONTUMHU3AIMH, OCHOBAaHHOM Ha reHeTHdeckoM anroputmMe NSGA-II,
MO3BOJISIET HAXOJUTh JaThl U 00BbEM BOJBI JJISi OPOIICHUS, MAKCUMH3UPOBATh ypoKal M1 CHU3UTh
obmee mortpebienne Boabl. B xone uccienoBaHus Mbl cpaBHWIM 3¢ dexTuBHOCTE NSGA-II ¢
nouckoM no meroxy Monte-Kapio nng 3amauvm onTuMu3anyy MOJIMBA, @ TaKKE CO CTpaTeruen
MojiMBa peajbHOro (epmepa. Mbl MOKazainM CHIKEHHE MOTPEOJICHHS] BOJBI OJHOBPEMEHHO C
YBEITMUCHUEM YPOXKAWHOCTH CaxapHOW CBEKJbI C HcIoib3oBaHueM anroputMa NSGA-Il. Ham
MOJIXO/ TIO3BOJIMJ JIOCTUYH OOJBIION ypoKaltHOCTH KapTodens, 4ueM y ¢epMepa ¢ aHaTOTUYHBIM
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ypoBHeM moTpeOnenust Boabl. Ham merom Ha ocHoBe anroputmMa NSGA-II mo3Boiun J0CTHYb
yBEJIMUEHUE YypOoKaHOCTU KapTodens, HO 3PPEeKTUBHOCTh HCIONb30BAaHUS BOJbI OCTalach Ha
ypoBHE depmepa.

MHorokpurepuajibHasi ONTUMHU3ALMSI HAa OCHOBE HMHUTanuMoHHoW Mozenun WOFOST wu
renernueckoro anroputMa NSGA-II mpoaemoHcTpupoBana cBOO 3>(PQPEKTHBHOCTh B IOUCKE
ONTUMAJILHOU CTpaTeruu opouieHus. Mbl nmokazanu 3Q¢GeKTUBHOCTh UCIOIB30BAaHUS MOAX0/Aa Ha
puMepe KOHKPETHOTO MCCIIEAOBAHUS C KYJIbTypaMu CaxapHOW CBEKIBI U KapTodens. Pe3ynbTarel
AKCIIEPUMEHTOB C KapTodesneM moka3piBalT, 4To anroput™ NSGA-II mocneqoBaTeIbHO TOCTUTAET
OoJiee BHICOKMX 3Ha4YeHUH. B skcriepuMenTax ¢ caxapHoil cBekion meron Monrte-Kapno nu NSGA-
Il mamu mpuMepHO OJMHAKOBBIM ypoBeHb yposkaiHocTH. OmuHako anroput™ NSGA-II BeIOpan
CTpPAaTeTUH CO 3HAYUTEIBHO MEHBIIMMHU TOTEepsAMU BOJbI. OCHOBBIBASICh HA HAIIUX YHCICHHBIX
SKCIIEPUMEHTAX, Mbl BUJUM IPEUMYIIECTBO HCIOIb30BAaHUS MHOTOKPUTEPUAIBHON ONTUMH3ALUU
HaJl IOUCKOM 110 MeToxy Monte-Kapno. Mcnonb3oBaHne anropurMa CHHUYKAET CE30HHBIE MOTEPU
BOJIbI Y TTOBBIIIAET YPOKANHOCTD CENbCKOXO03SHCTBEHHBIX KYJIbTYp Ha OCHOBE MTOTOAHON UCTOPHH.
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AUHAMHUKA NIOYBEHHOI'O IIOKPOBA CYXOPEYbsI PEKH KYMA HA ®OHE
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AHHOTAIMSI: YCTaHOBJICHA CTENCHb IMHAMHKHA MOOWIBHBIX apeaioB (MOD) 3aconmeHHOro moyBeHHOTO
MIOKPOBa B 3aBUCUMOCTH OT KOHTPAaCTHOCTH IOYBEHHBIX MPOQMICH M0 rpaHyJIOMETPHUYECKOMY COCTaBY
(gk). Tloctpoenme mogeneit muHamuku I1I1 MO3BOJAHMIO OKOHTYPHTH MOOWIBHBIC apeajbl MOYB B
TOAWYHOM W MHOTOJETHEM BPEMEHHOM oOTpe3kax. Ha monoxuTenbHBIX GopMmax penbeda oTMedaeTcs
HuU3Kas U cpenHsas nuHaMuka I1I1, Ha paBHUHE - cpeHSS U BBICOKAsl.

CpaBHUTENBHO HENABHO IOYBBl M TIOYBEHHBIM IIOKPOB €II€ BOCIPUHUMAINCH Kak
crarudeckoe Teno. Konuenmus GpyHKIIMOHUPYOIIEro noYBeHHOro mokposa I'.B. Jlo6poBonbckoro
BBIBEJIA yYEHHE O IIOYBAX Ha NIPHUHLUIIMAIBHO HOBBIM YpPOBEHb. B Hacrosmiee Bpems moyBa
paccMaTpuBaeTcs Kak OMOKOCHOE TeJO, HaXOAsAIleecss B JUHAMUYECKOM PaBHOBECHH C (paKkTOpaMu
I0YBOOOpa30BaHUs U 00J1a/1ar0lIee IPUCYILIUMH TOJIBKO 10YBE (QYHKIHAMU.

OCHOBHBIM YCJIOBHEM CTAOMIBHOTO (DYHKIIMOHHUPOBAHHS MOYBEHHOTO ITOKPOBA SIBIISETCS
cOanaHcupoBaHHOE B3auMojelicTBue mnouyBooOpasyronmx ¢akropos. s Cesepo-3anagHoro
[Ipukacnust B MociieJHUE NECATUIETUS TaKUM (AKTOpOM SIBISETCS Kiaumaruueckuid: no 2012 r.
IIPOMCXOJIUIIa HEKOTOpasi TyMUAU3ALMs KJIMMaTa: HaOJI0JalIuCh IIOJI0XKUTENbHbBIE TPEH bl OCAJIKOB,
CPeIHETrOZIOBBIX TeMIleparyp, ruaporepmudeckoro kodddumuenta (I'TK). B nacrosimee Bpems
I'TK nonmxaercs. st nanamadToB, 00Jalal0MMX XPYIIKUMH 3KOCUCTEMaMH, Jaxe HeOoJbIIne
OTKJIOHEHHS THIPOTEPMHUECKUX YCIOBUM CIIOCOOCTBYIOT M3MEHEHUIO €r0 MapaMeTpoB, TAKUX Kak
3acosieHHe. B 3acO0I€HHOM IIOYBEHHOM MOKPOBE JUHAMHMKA HaXOJUT CBOE BBIPAKEHUE B MUIPALUH
JIETKOPacCTBOPUMBIX COJIEM B BUJE JIaTepajbHBIX MOTOKOB MTOYBEHHBIX PacTBOpOB. MrHopupoBanue
IIPOCTPAHCTBEHHON nuHamMuku 3acosieHus [T MoxeT nmpuBecTH K HEXEIaTeIbHBIM MOCIEACTBUAM
BIJIOTH 70 OOpa3oBaHMsI BTOPUYHBIX COJIOHYAKOB IO Mepupepur METHOPUPYEMBIX YYAaCTKOB.
N3ydyeHne AMHAMMKHU 3aCOJIEHMS IOYBEHHOI'O IOKPOBA MPOBOAMIIOCH Ha TECTOBOM IIOJMIOHE B
npenenax cyxopeubs peku Kyma. B cocras 1111 BXxoaaT nouBsl, 3aHUMArONIME 3HAYUTEIbHYIO YaCTh
Ceepo-3anaaHoro [Ipukacnusi: CBETIO-KaIITaAHOBBIC, COJOHYAKH, COJIOHIIBI-COJIOHYakH (PucyHok).
ITouBBl comepkaT JErKOPACTBOPUMBIE COJIM, CTEIIEHb 3aCOJIEHHUs BapbUpyeT OT ciaaboil 10 oueHb
CHJIBHOM, CTa00TyMYyCHPOBAHBI, UMEIOT CIA0O0IIEIOUHYIO PEAKITHIO.

s noctpoenus moneneit auHamuku I1I1 Obn nmpeoOpazoBaHbl KapTOrpaMMBbl 3aCOJIEHUS
nouyBeHHOTO TOKpoBa (I'acanoBa, 2017) ¢ MOMOIIBIO CKOJB3SIICH MAJETKH C IMOCIESAYIOIIUM
BBIUATAHUEM CIVIQKEHHBIX NoBepxHOcTel. llociaenoBaTenbHOE BBIUMTAHUE Pa3HOBPEMEHHBIX
CTJIQ)KEHHBIX KapTOTpaMM 3aCOJIEHUS a0 YOeIUTENbHYI0 KapTUHY MUTPAIMH COJIe B TOUBEHHOM
IIOKPOBE U BBIABUJIO pasHyto creneHb nuHamuku IIII. lunamuka IIII ompenensanace ang 0.5 m
ton nouB. CpeaHEB3BENIEHHOE 3HAYEHHE CYXMX OCTaTKOB paccuuThiBajoch 1o E.A.JImutpueBy
(1972).

CMaryenye KiIMMara ¥ [OBBIINIEHHWE OCAAKOB B TeyeHMe 21 roma criocoOCTBOBAJIO
ONTHMHU3ALMMA CBETJO-KAITAHOBBIX IIOYB, PACIOJIOKEHHBIX Ha JAOMUHUPYIOLUX D3JIEMEHTax
penseda. Ha ammoBHambHO-MOPCKOW paBHMHE HAOIIOMAETCS MPUPOCT BBICOKO JTHHAMHUYHBIX
apeasioB 3a CUET MOBBIILIEHUS YPOBHS TPYHTOBBIX BO/I.
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Pucynok — JIlunamuka 3acosienHoro I1I1 B 0IHONIETHUX ¥ MHOTOJICTHUX ITUKJIAX
[TouBsl: K; — cBerno-kamraHoBble, CK - COJIOHYaKH JIYTOBbIE HA KOHTPACTHBIX JBYWICHHBIX
otnoxeHusx, CHCK — cONOHIBI-CONOHYAKH, CKee/re — COIOHUAKH JTYTOBBIE.
Bricora coneit B mpoduiie: ck — cononyakoBsie (< 30 cm); cu — cooruakoBareie (> 30 cm).
['paHynoOMeTpHUECKUI COCTAB: JIC — JICTKUH CYTJIMHOK, CC — CPEIHUH C., TC — TSDKEIBIHA C., J.IJL. —
JIeTKasi TIINHA, C.TJI. — CPEIHSISI TUI., T.TJ1. — TSDKEJas IIL.
Crenens aunamuku [1I1: Huzkas (< +0.2); cpeanss (= 0.2 — + 0.6); Bbicokas (>+ 0.6).

BeisBiieHa cBs3b Mexy NMPOQMIBHOM M NMPOCTPAHCTBEHHOM MUTpanuel cojield: 4eM BBbIlIe
KOHTPACTHOCTb MOYBEHHBIX NMPOdUiIeH o rpaHyIoMeTpruecKkoMy cocTaBy (gk), TeM 3HauuTeNnbHee
JI0J1s1 CpeiHe- U BBICOKOAMHAMUYHBIX MOOMJIBHBIX apeasioB IOYB.

lNognunaa nunamuka 111 oGycnoBiieHa yBenuueHneM aTMOC(hEpHBIX 0CaJKoB. MHOTOJIETHSA
muHamuka [II1 oOycrioBneHa ypoBHEM TPYHTOBBIX BOJl B COOTBETCTBHM C TpPaHCTPECCHUBHO-
perpeccuBHbIMU KoneOaHusiMu Kacnmiickoro mops. Hammenee auHamMHYHBIMH ce0si MOKa3aiu
CBETJIO-KAIlITAHOBBIE TOYBBl HA ME3O0MOBBILICHWH, Haubojee IMHAMUYHBIMH - COJOHYAaKM Ha
KOHTPACTHBIX JBYYJIECHHBIX OTJIOKEHHUAX U NIOJYNHEHHBIE COJIOHIbI-COJIOHYAaKH HA paBHUHE.

OmnpeneneHue TpajueHTa KOHTPACTHOCTH TOYBEHHBIX Npoduieil 1aeT BO3MOKHOCTh
BBISBJIATh I[TOTEHUUAJIBHYI JHWHAMHUKY IIOYBEHHOIO IIOKpOBAa IO 3aCOJEHHUIO M CTPOUTH
JOJITOCPOYHBIE IIPOTHO3BI MOCIEACTBUN OT MOAbEMA WM CHUIKEHUS YPOBHS MOps, a TakKe IpHU
IUTAHUPOBAHUM  CENIbCKOXO3SIICTBEHHOTO HCIOJB30BaHUS B BHUJAE MEIHOpAIMH, MacTOUIIHOTO
HCIIOJIb30BaHMUS.

VYyer auHamuku no4yBeHHbIX apeanoB B IIII, ompenenenue oGmacrell BIMSHHS TaKUX MOYB
MOKET OBITh TOJE3HBIM JUII ONTUMH3AIMHA MEIUOPATUBHBIX MEPONPUATHH, «IIOJCTPAuBAHUL) UX
IO/l €CTECTBEHHYIO IMHAMUKY IIOYBEHHOT'O MIOKPOBA.
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MOJIEJIMPOBAHME BIOJI’KETA METAHA B BOJIOTHOM SKOCUCTEME JIJIS
OIIEHKH EI'O TPAHCIIOPTA B I'PYHTOBBIE BO/IbI

I'nmaronies M.B. 1‘2’3’4, CabpekoB A.<D.3’4, JIutTn IO.B.4, Tepentnena U.E>*

"Mockosckuii 2ocyoapcmeenublil yuueepcumem, Mockea, Poccus
2HHcmumym necogeoenuss PAH, Ycnenckoe (Oounyoeckoeo p-na), Poccus
m_glagolev@mail.ru

3f020pcz<uﬁ 2ocyoapcmeennwlil ynusepcumem, Xanmoi-Mancutick, Poccus
sabrekovaf@gmail.com

4HHcmumym npobnem sxonocuu u 26oatoyuu um. A.H. Cesepyosa PAH, Mockea, Poccus
kleptsova@gmail.com

AnHoTanusi: [IJi1 OICHKM KOJMYSCTBA METaHA, MUTPUPYIOIIETO W3 OOJNIOT ¢ TOKOM TPYHTOBBIX BOJI,
paccMOTpeHa MOAENb IPOAYKIMU U OKUCIICHHSI METaHa B OJIUroTpoQHOM OoJioTe.

1. BBenenue

Heckonbko nmecsaTwiieTnii Hazajx B MoWMax pek cpenHedd taiiru 3amagHoit Cubupu ObLIN
oOHapyKCHBI JIOKAIIM30BAHHBIE BBIXOBl MeTaHa — CUIBL. OHH TPEICTABISIOT COOOH IIOCKHE HE
MOKPBITBIE ~ PAaCTUTENIBHOCTHIO ~ YYaCTKM  HACBIIIEHHOTO  BOJOW  TpPyHTa  CYIECUYaHOTO
IPaHYJIOMETPUUYECKOTO0 COCTaBa ¢ MHOTOYMCIICHHBIMH OTBEPCTHUSMH, BOPOHKAMH, KpaTepamu, U3
KOTOPBIX, KaK IMPaBUJIO, COYUTCS BOJA. Takke M3 CHIIOB BBIACIACTCS MeTaH (KaK IMOCPEICTBOM
muddy3uu U3 KUIKON (a3el, Tak U B BUJC My3bIpeil rasza). [IporicXokaeHNe U MyTH MUTPAIlUU
ATOr0 MEeTaHa, OJHAKO, 0 CHX mop ocrarorcs HesicHbimu (Belova et al., 2013). Beuto npeaiokeHo
TP THUIIOTE3bl: MUTpPALMS Ta3a W3 MECTOPOXKICHUW YIJIEBOJOPOJIOB; €ro BBIICICHUE U3
JETpaiupyOIIUX PEIUKTOBBIX MHOTOJIETHEMEP3IBIX MOPOJ; TOPU3OHTANBHBIN TPAHCHIOPT METaHa
13 00J10T, TOKPBIBAIOLIUX BOJOPA3/IeIbHbIC MPOCTPAHCTBA. Ha MpOTIKEHNU TOCIETHUX JIET aBTOPBI
HACTOAIIETO JOKJIaja TPOBOJWUIM TIONEBble U JaOOpaTOpHBIE UCCIENOBaHMUS (M3ydalu
3aKOHOMEPHOCTH PACIPOCTPAHEHHUSI CHUIIOB, cOCTaB cTaOuibHbIX u3oTonmoB C m H B Hux,
WHTEHCUBHOCTh OWOJIOTMYECKOW TPOAYKIIMU M IMHCCHUM METaHa W Jp.) C LEJbI0 OINpeneiuTh
MIPOUCXOXKJICHUE METaHa B CUIIaX.

B mHacrosmieit paGoTe MbI CTaBWIM CHEIYIONIYIO 3aqady: OLEHUTh MPU T[OMOIIU
MaTeMaTUYeCKOr0 MOJICTUPOBAHUSI MOXKET JIM TUMHMYHAs OooTHas skocuctema («MyXpUHOY,
XMAO) obecrieuyuTh TPYHTOBBIE BOJBI TE€M KOJIHYECTBOM MeETaHa, KOTOPOE SKCIEPUMEHTAIBHO
0OHapyKMBAETCS HA BBIXOJIE U3 CUIIOB.

2. Mogeian

[Torenunansayto mnponykuuio (Iloll) merana ompenensuin SKCIEPUMEHTAIBHO (ITyTEM
MHKYyOaru Topda B aHa3pOOHBIX YCIOBUAX) U MPUBOJIMIN K «cTaHIapTHOH Temneparype» (10 °C):

P, = P-f1(10°C)/f1(T) 1)
rae P u P, — Iloll, coorBercTBeHHO, npu npousBonsHoi Temneparype (T, °C) u mpu 10 °C; B
kadecTBe TemiepaTypHoii 3aBucumoct f1(T) ucnonb3oBanu 3akon Baut-T'odda.

[TockonbKy MOTEHIMANbHAS TPOAYKIHMS U3MeEpsIach B 00pa3iax, B3AThIX TOJIBKO C TIyOHH
0.15-0.2, 0.4-0.5, 1.2 u 2 M (1101 YpOBHEM BOJBI) H, UCXOJIS U3 (PU3UIECKOTO CMBICTIA, TPUHUMAIIACh
HylaeBoid mon cinoem Topda (T.e. rayoke L =3.5M), TO Ha ocTanbHBIX TINyOMHAaX OHa
WHTEPIOJIMPOBATIACh MPH MOMOIIN KyOMYECKOTO SPMUTOBOTO (MOHOTOHHOTO) CIUIaifHa, KOTOPBIN
Oynem nanee o0o3Ha4daTh S(z). AKTyalbHYI BETHYMHY NponyKuuu P,(z) B Gomore Ha 3amaHHON
riyOuHe (Z) mpeAcTaBisiIn B BUJE:

Pa(z) = Fa(T) F2(z WTL)-S(2) )

rae Fi(T), F2(z,WTL) — «remmepaTypHbiii (hakTop» M «THAPOJOTHYECKHI (GakTopy», T.C.
(byHKINHU, OTpaXkaloIIKe BIUSHUE, COOTBETCTBEHHO, TeMIepaTyphbl U ypoBHs cTosiHus Boxasl (WTL,
M) Ha MetaHoreHe3; WTL Oyanem otcumthiBath OT moBepxHOCTH (WTL =0) Briy0br mo4BbI
(WTL > 0). Ouesuano, uro Fi(T) =fi(T)/f1(10°C), a F2(z,WTL) 3anaBamu kak 3TO AenaioCh B
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CH4 Model (Imaromes, 2012). Cymmapuyro npomykumio (I,  mr/m%/gac) momyuamu
WHTETPUPOBAHUEM aKTyallbHOW HPOAYKIIMH IO BceMy cjolo Topda no riyounsl L ¢ BecoBoi
(GyHKIUEH, TPeCTaBIISIONIYI0 COO0H 3aBUCHMOCTh IIJIOTHOCTH CKenera (p, KI‘/M3) OT ITyOHHHI (T.K.
nabopaToOpHbIE Pe3yIbTaThl U3MEPEHUS MPOIYKIIMA OOBIYHO TPEACTABISIIOTCS B pacdyeTe Ha Maccy
cyxoro BemiecTBa Topda, a B pealibHOM 00JIOTE€ KOJIMYECTBO CYXOr'0 BEIIECTBA B 33JIaHHOM 00BeMe
Ha pa3HbIX TIyOMHAX CWIIBHO paznmyaercs. [Ipu pacderax Mbl HCIIOIB30BAN MPO(UIH TUIOTHOCTH
CKeJIeTa, MOJYUCHHBIH [T oxoxero 6osota B (Turunen et al., 2001).

JU1st BBIYMCIEHUS IOTEHIHAIBHO BO3MOXKHOM aMuccuu (£,) yuntsiBanu okucienue CHay:

Ep=TI:(1-1) 3)

rae I — J0Jis1 MeTaHa, OKUCIIEHHOTO B HEKOTOpoM ciioe (mpu aprkenud CHy ¢ riayounst b 10
TIIyOUHEI ), onpeesiack o Gopmye 4:

r=1-exp{(da- d,)/1000/(1/a. — 1)} 4)

OCHOBaHHOW Ha Teopum Pamesi. 3mech O, Op (%0) — U30TOIMHBIC COCTaBBI YIIEpoJa METaHa,
COOTBETCTBEHHO, Ha ITyOnHax a u b; o — kuHeTH4yeckuit Gpakrop pasaenenus nuzoronos (o ~ 1.03).

CTOK BBIYHCIISUIA M3 YPaBHEHUS BOJHOTO OajaHca IMOYBHI:

Y= (Wo+X)-(W+2) ()

rnie Wo m W — 3amacel Biard B TIO4YBE, COOTBETCTBEHHO, B Hayalle M B KOHIIE
paccMaTpuBaeMoro IpoMeXyTKa BpeMeHU, X — cyMMa aTMOC(EpHBIX OCaakoB, Y — CTOK, Z —
UCTapeHne 3a paccMarpuBaeMsblil nepuon (lassinos, 1947).

3. Pe3yabTaThl M 00CyxK/IeHHE

Pacuetsl, mpoBeieHHBIE IO OMTMCAHHBIN BBIIIE MOJIETH, Janu 3HaueHue [1 = 36.6 Mrom 2y
Jns  BBIUMCIEHUS TOTEHUHUAIbHO BO3MOXKHOM smuccuHM (E,) HYXHO Y4eCTb OKHCIICHHE:
E,=11-(1-r) = 36.6-(1-0.185) ~ 29.8 Mr-M 2 qac™. OXHAKO [OJEBBIC H3MEPEHHS YMUCCHH (KOTOPYIO
Mbl OyZeM Ha3bIBaTh «aKTyalbHOI» M 0003Ha4yaTe £E,) Aanu BenuuuHbl sMmuccun 3.7+5.0
mr-mZgact, T.e. B CpEHEM MOKHO MpPHUHATH 3HadeHue 4.4 mr-mZ-uac™. Taknm oOpa3om, moj
KaXIbIM KBaJpaTHbIM METPOM IOBEPXHOCTH O0JI0Ta €Xe4acHO METaH B KOJUYECTBE
E,-E,~254Mr He OKHCIAeTCS M HE BBIXOAMT B arMocdepy TaM, Ie OH 0Opa3oBaiCs.
CnenoBaTtenbHO, 3TO TOT UCTOYHMK, KOTOPBIA MOXKET IOIOJHATE 3alachl PACTBOPEHHOTO METaHa,
HENpPEPHIBHO YHOCUMOTO MEJJIEHHO TEKYIIUMHU OOJOTHBIMU BOJAMH.

[Tpy momMomIM MOJy4EHHOTO BBIIIE 3HAYEHUsI CTOKA JIETKO OLIEHUTHh KOHIIEHTPALMI0 METaHa,
KOTOpYIO CJEIyeT OXUAaThb HpH JAECUCTBUM YKa3aHHOIO MCTOYHMKA. B mepBoM mnpuOImxeHuu
MOXXHO CUMTaTh, YTO BCA IOJyY€HHas pasHMLa E, - E3 yXOIUT CO CTOKOM, TOIJa KOHLEHTPALHs
MeTaHa B yxoJsmeil Boge coctaBut (E, - Eq)/Y = 25.4/(1/24) (mr-m 2 gac ™)/ (v aac™) = 610 mr/m,
4TO, pa3yMeercsi, HeBO3MOKHO. PeanbHO HaOironaBivecs (B aBryCTe - CEHTAOpE) KOHLEHTpAIUU
cocTaBwiIn OT 5 10 20 mr/i.

OpHako BBIIIE MBI CUHUTAIU, YTO OOPA3YIOIIMICS METaH MOXKET JIMOO OKHUCIATHCS, OO
BBIXOAUTH B aTMocdepy, 1ub0 pacTBopsAThCA B Boje. OYEeBHIHO, YTO CYHIECTBYET €lle OJHa
BO3MOKHOCTh — OH MOYKET ITOCTYIaTh B Ta30BYI0 (pa3y MouBHI (ra30BbIe MMy3bIpH, HE MOTYIIIHE Cpa3y
MpopBaThCs K MoBepXxHOCTH). K coxkaneHuto, cnenuaibHbIX UCCIeI0BaHUI B ’TOM HaIllpaBIeHUU Ha
ONMUCBHIBaEMOM 0OoJjioTe He mnpousBoamwioch. Ho ans apyrux OOJOT Takue UCCIeI0BaHUS
BeImoNHsIMCh. Onwmpasce Ha (Macrenanos, 2004; Glagolev et al., 2000), MBI cMoaenTupoBaIn
BO3MOKHBIN npodmiis conepxkanus CHy B ra3ooii daze (I'ad) 6onoTHOI noussl. MoaenupoBaHue
MOKAa3aJi0, YTO €CJIU B HEE B JICTHUW IMEPHOJ MOCTymaer ~ 25 Mr-M 2-gact (a moTOM B OCEHHe-
3MMHE-BECEHHUI NepuoJ 3HAYMTEIbHOIO IMOCTYIJIGHHS HET, HO pasrpy3ka B aTMmocdepy
MpoJoJKaeTcs), TO, BO-TIEPBBIX, KOHIEHTpanuss MeraHa B [ad mnpumepHO COOTBETCTBYET
HKCHEPUMEHTAIbHO HaONI0aeMOW W, BO-BTOPHIX, pPABHOBECHAs KOHIEHTpallUs MeETaHa,
PacTBOPEHHOTO B OOJIOTHBIX BOJAX COCTABUT KaK pa3 JAECSITKU MI/II.

Baarogapuoctu. MccnenoBanue BBITIOJHEHO 3a cueT rpanTa Poccuiickoro HaydyHoro (oHaa
(mpoekt Ne 19-77-10074).

28



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

Jlureparypa

I'maroneB M.B. Beicokuii ypoBEeHb CTOSIHHSI BOJIBI MOXKET CHIMYKaTh AIMUCCHIO METaHa U3 Mo4BkI // JluHamuka
OKpY>Xarolei cpeabl 1 riodanpHble n3MeHenus kiaumara. 2012. T. 3. Ne 1(5). C. 1-10.

Jasbinos JI.K. Bononocnocts pek CCCP, ee xonebanus 1 BiusiHue Ha Hee Guinko-reorpaduieckux paxropos. JL.:
T'mapomereonsnar, 1947. C. 16.

MacrenanoB M.A. KuneTtnka razoo0MeHa B npoduie cdarHoBoro 600Ta: 0T METaHOTEHE3a K SMHCCHH: ABTOped. JTHcC.
... kaH7. Omon. Hayk. M.: MI'Y, 2004. 25 c.

Belova S.E., Oshkin 1.Y., Glagolev M.V, Lapshina E.D., Maksyutov S.S., Dedysh S.N. Methanotrophic bacteria in cold
seeps of the floodplains of northern rivers // Microbiology. 2013. V. 82. Ne 6. P. 743-750.

Glagolev M. V., Uchiyama H., Lebedev V., Utsumi M., Smagin A.V., Glagoleva O., Erokhin V., Olenev P.,
Nozhevnikova A. Oxidation and Plant-Mediated Transport of Methane in West Siberian Bog // Proceedings of
Eighth Symposium on the Joint Permafrost Studies between Japan and Russia in 1999. 2000. P. 143-149.

Turunen J., Tahvanainen T., Tolonen K., Pitkdnen A. Carbon accumulation in West Siberian mires, Russia // Global
Biogeochemical Cycles. 2001. V. 15. No 2. P. 285-296.

29



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

INOCTPOEHHUE U AHAJIN3 YCTOMYUBOCTHU MHOT'OMEPHBIX MOJIEJIEN
JNHAMUKHU B3AUMOJIEUCTBYIOIIIUX BUIOB

HpyxuHuHa 0.B.}, Macuna O.H.2, [lep6akoB A.B2 Bacuisesa 1.2 Kopemnanosa AD3

1@edepaﬂbﬂbzﬁ uccneoosamenvckuil yeump «Mngopmamuxa u ynpasnenue» Poccuiickoii

Axademuu Hayx, Mocksa, Poccust

ovdruzh@mail.ru

ZEJzeL;Kuﬁ eocyoapcmeennuwlil yuueepcumem um. M.A. Bynuna, Eney, Poccus

olgal21@inbox.ru

shcherbakov_al.vi@mail.ru

irinavsl@yandex.ru

3 . .
Uncmumym moukux xumuyeckux mexnoao2uu um. M.B. Jlomonocoea Poccuiicko2o
mexHoao2uueckoo ynusepcumema MUP3A, Mockea, Poccus

anna.korepanova.0l@mail.ru

AHHOTAIHUSI: PACCMOTPEHO TMOCTPOCHHE MHOTOMEPHBIX MAaTEeMaTHUECKUX MOJeNed JIUHAMHUKH
B3aMMO/JICHCTBYIOIIUX BUIOB C YYETOM KOHKYPEHLUU W MyTyaim3ma. OmucaHo MpUMEHEHHE MPUHIIMIIA
PEAYKIHH 3aj[ad YCTOHUUBOCTH MU GEpEHITMATbHBIX BKIIOUYCHUH K 3a7a4aM yCTOMYHMBOCTH TPACKTOPHIA
JIPYTUX TUIIOB YpaBHEHHUH. Pe3ynpTaThl MOTYT OBITh UCTIONB30BaHBI MPU PEIICHUH 3aJ1a4 MOJIEIUPOBAHUS
1 YCTOMUHUBOCTH IETEPMUHUPOBAHHBIX U CTOXACTUUYECKUX MOMYJISALMOHHBIX MOJIEIEH.

1. BBenenue

PaznuuHble  BOIPOCH, CBA3aHHBIE C IOCTPOGHMEM M  aHAIU30M  YCTOWYMBOCTH
MaTeMaTHYECKUX MOJIeNed TUHAMHUKK B3aUMOJCHCTBYIOIIUX BHJIOB, PacCMaTPUBAIUCh B Pa3HBIX
paborax (AnekcanapoB u ap., 2006; baseikun, 2003; Cupexen, Jloroder, 1978; Ileix, 1983, u
ap.). OxpHuM ¥W3  TOIXOJOB K  HCCIEAOBAHUIO  YCTOWYMBOCTH  MOZENeH  JUHAMHUKU
B3aMMO/ICHCTBYIOIINX BUIOB SIBJII€TCS IPUMEHEHHUE NMPUHILIMIA PEAYKIIUH 3a/1a4l 00 yCTOMYMBOCTH
pemieHuit AU QPepeHnanbHOro BKIOYEHHUS K 3a1ade 00 YyCTOMYMBOCTU PELICHUM IPYruX THUIIOB
ypaBHeHMH. [IpuMeHsss NPUHIUN pPeIyKIMH, Mbl MCIOJIb3yeM OOOOLICHHBIN MNpsMOH MeTOoJ
JlsnynoBa. Teopernueckne OCHOBbI MpuHIMNA peaykuuu 3anoxkeHbl B (Lllecrakos, 1990;
Mepenkos, 2000; [Ipyxxununa, Macuna, 2009) PazButue, koHKpeTH3anus U 0000IIeHHe PUHIINIIA
penykuuu npencrasiensl B (Demidova et al., 2017; Demidova et al., 2018) u B npyrux padoTax.

2. Mopenu u pe3yJibTaThl

B  kagectBe  0a30BOil  paccMaTpuBaeTCS ~ MHOTOMEpHas  MOJENb  JHHAMHKH
B3alMO/JICHCTBYIOIIUX BHUJOB, OIKChIBA€Mas CHUCTEMOM OOBIKHOBEHHBIX U depeHIMaTbHbBIX
yYpaBHEHHI, C y4€TOM BHYTPUBUIOBON U MEKBHUIOBOI KOHKYPEHLIMH. YKa3aHHAsE MOJICINb SIBIISIETCSI
00o0meHnem kinaccudeckoit moaenu Jlorku—BonbTeppa Ha MHOTOMEPHBIH ClTydai.

B pabore mpemnoxxeno o6o01eHne 6a30Boii MOJIENIM Ha OCHOBE IMOCTPOECHUSI MHOTOMEPHOM
MOICIN TUHAMHNKHU B3aHMO}ICfICTByIOHIHX BUIOB, y‘—II/ITBIBaIOHIeﬁ KOHKYPCHIIUIO U MYTYaJIU3M.

OT neTepMUHUPOBAHHON MOJENH ¢ KOHKYPEHIIMEH U MYTYaJlM3MOM BBIIIOJHEH IMEpexol K
MOICIAM, OIIMChIBA€CMbIM ,ZII/I(l)CbepeHHI/IaHBHBIMI/I BKJIFOUEHUSIMHU, HECUECTKUMHU M CTOXAaCTHYECCKHUMHU
muddepeHManbHBIMI YpaBHEHUSIME (B BEKTOPHOM BHJE). B KauecTBe MpUMEPOB paccMOTpPEHBI
YCTBIPEXMCPHEBIC, MMECTUMEPHBEIC W BOCBMUMCPHBIC KOHKPETU3AlMKM JACTCPMHUHHUPOBAHHBIX U
CTOXaCTUYECKUX MOJECIEH.

[MpuHIMO peAyKIMU TPEANnoaraeT, B YaCTHOCTH, ONpPEIe/ICHHE COOTBETCTBUS MEXIY
MHOTOMEPHBIM JH((epeHIHaTbHBIM BKIIOYCHUEM U HEYeTKUM JuddepeHaIbHbIM ypaBHEHHEM
st Kaxaoro anbda-ypoBHsi. CooTBercTBUe Oasupyercs Ha TOM (hakTe, YTO MHOTO3HAYyHOE
OTOOpakeHHe, TTOPOKIAAEMOE MHOKECTBOM BCEX JBIDKCHHH BKIIFOUCHUS, OTBEYACT alib(a-ypOBHIO
GyHKIMM, KOTOpas SBISETCS peImIeHHeM HedeTkoro auddepennuansaoro ypaBHeHus. [lns
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mepexo/ia K BKJIIOYCHUSM HCIOJB3YIOTCS MHOTO3HAYHBIE MOIU(GUKAIIMKA TPAaBOH 4YacTH
0000I1IeHHOW HECTAI[MOHAPHOW MOJIENI C KOHKYPEHITHEH U MyTYaJIn3MOM.

B mactosmeit pabote chopMynHpoBaHBI ONMPENCICHHS PA3IMYHBIX THUIIOB YCTOWYHMBOCTHU
i depeHIManbHbIX BKIFOUEHHH, HEYSTKHX M CTOXaCTHUYECKUX AU (HepeHIIUATbHBIX ypaBHEHUH,
WCIIOJIb3YEMBIX JUIsI OIMMMCAHUS MHOTOMEPHBIX MOJENCH JMHAMHKHU B3aUMOJICHCTBYIOIIUX BUJIOB C
YYETOM KOHKypeHIHU U myTtyanu3ma. ChopmynupoBansl onpeneneHus GyHkuuid JIsmyHOBa U MX
MPOM3BOJHBIX I yKa3aHHBIX THIOB ypaBHeHWH. llomydeHbl JOCTATOYHBIC  YCIOBHS
YCTOMYUBOCTH, ACUMITOTHYECKOW YCTOMYMBOCTU (B TOM YHCJE IO BEPOSITHOCTH) C IMOMOIIBIO
OpUHOMIA peaykiuu. [loka3aHo, 4YTO €cIU HYJIEBOE pEIICHHE HEYEeTKOro YpaBHEHUS
ACUMIITOTHYECKH  anbda-ycTOHYMBO (paBHOMEpPHO 10 anbda), TO HYJIEBOE pelIeHUE
COOTBETCTBYIOMIETO CTOXACTHYECKOTO YpPaBHEHHUS ACHMIITOTHYECKH YCTOWYUBO IO BEPOSTHOCTH
(COOTBETCTBEHHO ACUMIITOTUYECKH YCTOMYUBO MTOYTH HaBEPHOE).

3. 3akaouenue

[IpuHIMII penyKIuu MO3BOJSET ¢ €IMHOM TOYKHU 3PEHHUs M3ydaTh CBOMCTBA YCTOWYMBOCTHU
pELICHN pa3IMYHBIX TUIIOB JETEPMUHUPOBAHHBIX U HEJETCPMUHUPOBAHHBIX CHUCTEM U
IIPUMEHAETCS, B YaCTHOCTH, JJI UCCIEAOBAHUSA YCTOMYMBOCTH MAaTEMATHYECKUX MOJEIEH
JUHAMUKN B3aUMOJICHCTBYIOIIMX BHJIOB. Pe3ynbraTsl MOryT OBITH HCHOJB30BaHBI IpPU
pelIeHnH 3a/1a4 YCTOMYMBOCTU HEJIMHEWHBIX JMHAMUYECKUX CUCTEM (B YaCTHOCTHU, CUCTEM C
MUTPALlMOHHBIMM TIOTOKaMH), a TaKXe JUIsl CpPaBHHUTEIbHOIO aHajM3a KaueCTBEHHbIX
CBOMCTB JETEPMUHUPOBAHHBIX MOJIEJIEH U COOTBETCTBYIOIUX UM CTOXACTUYECKUX MOJCIICH.
OnHa M3 TNEpCHeKTHB  HUCCIEAOBAaHMM COCTOMT B  pa3paboTKe aIrOpuTMOB U
MHCTPYMEHTAJILHOTO POrPaMMHOI0 00€CIIEUEHMS.
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AHHOTaUUsi: U1 TOBBIIICHHS TOYHOCTH [AWHAMHYECKMX MOJEIEH MNPOAYKIMOHHOTO IIpolecca
MEPCTIEKTUBHOW WAECH BBITVIANT HCIOJIB30BAHNE MJAHHBIX MAWCTAHIIMOHHOTO 30HAMPOBAHUS JUIS
ONEPAaTUBHOM KOPPEKLMH MOAENBHBIX pacy€ToB. Kak mpaBuio, ans 3Toro ucnoib3yercst uageke NDVI,
KOTOpLIﬁ MOXCT 6I)ITI) Kak HU3MEPCH B XOJ€ AUCTAHLHMOHHOTO 30HAWPOBAHHA, TaK W BBIYUCIICH II0
JIMCTOBOMY HWHIACKCY, KOTOpLIﬁ BXOAUT B COCTAaB BBIXOJHBIX JaHHBIX 6OJ'II)IIII/IHCTBa JUHAMHWYCCKUX
MOZeNed NpOAyKIMOHHOrO Ipolecca. Pabora mocBsmeHa wucciaenoBaHuio 3(Q(EKTUBHOCTH MeTofa
peKanuOpOBKH Ha INpUMepe ITUHAMHYECKOW MOJeNu MpoayKuuoHHOro mpouecca puca ORYZA u ¢
HCTIONB30BaHUEM 03 a30THBIX IMOAKOPMOK B KayecTBE KOPPEKTHUPYIOIIMX BO3MYIleHuil. B pesynbTare
OBLIO TOKA3aHO, YTO 3TOT METOJ XOPOIIO PaboTaeT TOJBKO B TOM Ciydae, KOrJa MOJEIbHBIN ypoxai
HIDKE Pacd€THOTO. B MpOTHBOMONI0KHOM CiTydae OBLIH TOJTydeHbI HPOTHBOPEUHBBIC PE3YIIbTATHI.

BBenenne

JluHaMpueckre MOZEIHM IPOAYKIHOHHOIO IIPOLEcCa AKTUBHO MCHOJIB3YIOTCS IS
MIPOBEACHUS TEOPETUUYECKUX HCCIEIOBAaHUN B CEIbCKOM X03sKcTBe. OHM MO3BOJSIOT HAa MHOTO
IIOPSIAKOB  CHHU3UTh TPYAOEMKOCTb MCCIECJOBAHWWM, a TAaKXE IPOBOJUTH BBIYHACIUTEIbHBIC
HKCIIEPUMEHTHI, HEBO3MOXKHBIE Ha peallbHbIX 00bekTax. OgHaKo NI MPUMEHEHHUs TUHAMHYECKHUX
MOJEJIEH TPOAYKIIMOHHOIO MpPOLEcCa B pealbHBbIX 3aJadax 3€MIIeleNus BCTA€T BONPOC HX
JOCTOBEpPHOCTH. Mogenb, Kak IpaBWIIO, YYHUTHIBAET HE BCE IPOLECCHI, IMPOTEKAOIIUE B
arpo3KOoCUCTEME, U Ha MOBECHUE [T0CEBA HAa PEalbHOM I10JI€ MOTYT BIIUATH (PAKTOPHI, HE YUTEHHbBIE
MOZENBbI0. B TO ke Bpems, IIUPOKOE PACIPOCTPAHEHUE CPEACTB JUCTAHLIMOHHOIO 30HIUPOBAHMS
M03BOJISIET HAOMIIOAATh B XOJ€ pPa3BUTHS IMPOU3BOACTBEHHOIO ITOCeBa ero coctosinue. Kak npasuio,
JUIL OTUX LEJIeW HCIIOJIB3YIOTCA THIIEPCIEKTPalbHbIE CIYTHUKOBBIE CHUMKM U MHIEKC NDVI,
KOPPEIUPYIOMINI ¢ TUCTOBBIM HHACKCOM LAI, KOTOphIi, Kak MpaBUiIO, COAEPHKUTCS B BBIXOIHBIX
JAHHBIX JUHAMUYECKUX MOJEIIEH ITPONYKIIMOHHOIO IIpoLiecca.

J171s1 TOBBILIEHNS] JOCTOBEPHOCTH PE3YJIbTaTOB MOJENBHBIX PACYETOB MEPCIIEKTUBHON HeeH
BBITJISIAUT HCIOJIb30BAHUE JAHHBIX JUCTAHLIMOHHOTO 30HIMPOBAHUS I KOPPEKLUHUH MOJEIBHBIX
pacuéroB. O/HaKO JHCTOBON MHAEKC HE SIBISIETCS W30JUPOBAHHBIM IOKa3aTeleM, a 3aBUCUT OT
OO0JIBIIIOrO KOJIMYECTBA BHYTPEHHUX NEPEMEHHBIX MOJEIH, KOTOPBIE JTOJKHBI OBITh COTJIACOBAHbI
Jorukoi pabotel mojenu. Iloaromy accuMmIALMS JaHHBIX JWCTAHIIMOHHOTO 30HIWPOBAHUSA
JUHAMUYECKOW MOJIENIBIO CTAJIKHUBAETCA C MPUHIMIMAIBHOW HENOJHOTOM BXOJHBIX JaHHBIX H
Mpe/icTaBiIsieT co00M HeTpUBHANBHYIO 3a/ady. B MHUpOBON MpakTUKE CYIIECTBYET TPU OCHOBHBIX
MOAXO0JA K PELICHUIO 3TOH 3aa4H.

e Meron agantuBHOro 0oOHOBIIeHUS. CyTh METO/Ia COCTOUT B TOM, UTOOBI 110 HabOpy
n3mepernit NDVI Ha pa3HbIX marax Mojaenn KOppeKTUPOBaTh 3HAUYEHUE BHYTPEHHEN
nepeMeHHOH "yenbHasi CKOPOCTh POCTa JUCTHEB". ITOT METOA TPeOyeT TECHOTO
B3aUMOJICHCTBUS C JIOTUKON PabOThl TMHAMHYECKOW MOJIETH MPOAYKITHOHHOTO MpoIecca U
MO3TOMY HE MOAXOJUT JUIS MHTETpaluil, HeOOXOAUMBIX JIJIsl CO3aHUS CUCTEM MOJIEPKKU
MIPUHATHS PELIEHUH B CEIbCKOM XO3SIICTBE.

e Merox anoctepropHOro nepenpucBoeHus. Cyrb METOAA B TOM, YTO HA OCHOBAaHUU
CTaTHCTUKH ypokaeB u nuaexcoB NDVI 3a Hekuii neproj HaOMIOACHUN U MOJIEITBHBIX
pacuéToB MO TeM K€ TOYKaM MPOU3BOIUTCS BBIBOJ (POPMYJIBL, C TOMOILBIO KOTOPOM
TpeOyeTcss KOPPEKTUPOBATh MOJIECIIbHBIC PE3YNIbTaThl B 3aBUCUIMOCTH OT 3HadeHnit NDVIL.
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DTOT MeTO/ HEe TpeOyeT OOIBIIOT0 KOJIMYECTBA BRIYUCIUTEIBHBIX PECYPCOB, HO TpeOyeT
HaJU4Ms JOCTaTOYHOTO 00bEMa TaHHBIX. KpoMe TOoro, He CyIIeCTBYET €AMHOM METOUKH
BBIBOJIa (DOPMYJIBI KOPPEKITMU MOJICIIBHOTO YpOXKasi IO JaHHBIM JUCTAHIIMOHHOTO
30HAUPOBAHUA.

e Meron pekauOpoBku. MeTo 1 6JIM30K K METOIY aIaiTUBHOTO OOHOBIICHUS, OJJHAKO BMECTO
BHYTPEHHEHN NIEPEMEHHOM MOJIEIN KOPPEKTUPYIOTCA €€ BXOAHBIC JaHHBIE, UMEIOLIUE
OJIHO3HAYHBIN (PU3UYECKU CMBICI. [Ipy ’TOM MUHUMU3HUPYETCSI HEBS3KA MEKIY
CMOJENMPOBaHHBIMU U 3MepeHHbIMU NDVI ¢ ucnonp3oBaHrneM MUHUMAIbHBIX 11O
MOIITHOCTH BO3JICMCTBUI Ha arpo3KOCUCTEMY. DTOT METO CBOOOACH OT HEJJOCTATKOB ABYX
JIPYTUX METOJOB, HO TPEOyeT OOJBIIOr0 KOJMYECTBA BEIUMCIUTEILHBIX PECYPCOB, U
JKEJIaTeJIbHO UCMOJIb30BaTh NapajlieIbHbIE BIUUCICHHUS.

MarepuaJjibl 1 METOIbI

B Hactosmiel pabote uccienopangach 3(pPEeKTUBHOCTE METOJa PEKATMOPOBKU Ha MpHMEpe
JUHAMHUYECKOM Mojenu npoaykuuoHHoro mnporecca ORYZA. B kauecTBe KOPPEKTHPYIOIIHMX
BO3MYILIEHUH ObLIM BBIOpaHBI a30THBIE MOAKOpMKH. Jlns Berumcnenuss unHaekca NDVI mo
paccuutanHoil no monenu ORYZA LAI ucnons3oBanack monens PROSAIL. Cam anroputm
PEeKaAIMOPOBKY BBITJISAACI CIEIYIOIUM 00pa3oM.

1. Ilo MCXOAHBIM JaHHBIM OIPEIEIISAIOTCS BO3MOXHBIE AAThI IOJKOPMOK, KOJIUYECTBO
noIkopMok N. @opmupyeTcst BEKTOp NOJKOPMOK N U 3a0IHAETCS HyJIIMU (OTCYTCTBUE
IIOJIKOPMOK).

2. 3amyckaercs moaens ORYZA. ITomumo u3BecTHOM nHMOpMALIUK 00 YCTIOBUSIX
IIpOU3pacTaHus, €l nepenaércs BEKTOp MOAKOPMOK.

3. Mns par, Ha koTopble n3BecTHb! NDVI, o pedynpraram MozenbHbIX pacuéToB 6epércs LAI
U paccuuTbiBaeTcs ¢ nomoiuisio Moaenu PROSAIL NDVI

4. PaccuutsiBaercs HeBs3Ka o NDVI kak cymma kBazipatoB pazHocteit MmoaenbHbix NDVI u
U3MEPECHHBIX.

5. W3 Texyiero BeKTopa a30THBIX MOJKOPMOK co3aaeTcss N HOBBIX BAPHAHTOB, B KaXKJI0M U3
KOTOPBIX MBI TPOOyeM J00aBUTh 5 €JMHUIl @30THOTO YIOOPEHUS B KXY JOCTYIHYIO
JaTy MPEAbIIYIIEr0 BEKTOpa IOIKOPMOK

6. IloBropstorcs maru 2 - 4.

7. Ecmu HeBsizka mo NDVI Hu B 0/THOM U3 BapuaHTOB BEKTOpa MOJAKOPMOK, MOJTYIEHHBIX Ha
miare 5, He YMEHbIIMIIACh, 3HAUUT, HEOOXOIMMO OCTaThCs Ha MPEbIIyIeM BapHaHTe U
CUMTATh €T0 PEIICHUEM 33/1a4l. B MpOTUBONOJIOKHOM cilydae, TOBTOPUTH Iar 5.

OTOT aJITOPUTM MCCIIEOBAJICS Ha MATH TOYKAX, A KOTOPBIX OBLIM U3BECTHHI IOTOJIHBIE U
MIOYBEHHBIE JIaHHbIE, JaHHBIE O KYJIbTYpE M CHOCO0€ ee BhIpalMBaHUs I pacuera IpH MOMOIIU
Moznenn ORYZA, a rtaxxke BpemeHHble psaapl NDVI, monydeHHblE M3 CIYTHUKOBBIX CHHUMKOB,
HE0OXO0IMMBIE /IS BHIYMCIICHUS OLIEHKU 10 BBIOPaHHOMY KPUTEPUIO ONTUMH3AI[MOHHOM 3a/1a4u.

Pe3yabTaTsl

B xome mpoBeneHus uccienoBaHMs TOJBKO B OJHOW M3 TOYEK MOJENBHBIN ypoxkail 0e3
ACCUMWJISILIMU JIAHHBIX OBUT HUIKE peabHOro. TONBKO B 9TOW TOYKE C MOMOIIBI aCCUMUIISIIUU
JAHHBIX YAJ0Ch TOOWTHCS TOTO, YTOOBI MOJENBHBIM ypOXkKail B XOJ€ aCCUMWIJIAIMH JaHHBIX
IpUOIU3UIICS K pealbHOMY, MPUYEM HEBS3KA IO YPOXKAKO COCTaBUIIA OKOJIO 2% OT €ro BeIWYHHBI.
st aroro motpeboBanock 10 wTepamuii anropuTma, OMUCAHHOTO B paszzene "Matepuanbl U
Meroasl". B aByx apyrux toukax nmo kpureputo NDVI yaanock ¢ moMolpio a30THBIX MOJAKOPMOK
puOm3uTh MonenbHbie NDVI k u3MepeHHbIM, 0JHAKO MOJICTBHBIN YpOiKaid, KOTOPBIH M TaK ObLT
BBIIIIE PEATBHOTO, eI OOJBIIE YBETUIMIICS, YTO JTUIIh YXYAIIIIO paboTy Moaenu. B aTux Todkax
JUTsI TOCTHIKEHUS pe3yibTaTa moTpedoBanochk 9 u 10 urepanmii coorBercTBeHHO. Hakowner, emé B
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IBYX TOYKax MEpPBOE K€ J00aBlIeHHE MOAKOPMOK YBENINYMIIO HeBs3Ky o NDVI, u moatomy B xoze
aCCUMWISALIUU JAHHBIX MOJEIIBHBIA yPOKall OCTAJICSI HEU3MEHHBIM.

BriBoabl

[IprurHON MOJYYEHHBIX PE3yJIbTATOB ABISETCS TO, 4TO Mojeiab ORYZA nipu yBennueHuun
a30THOTO MUTAHUA Bcerja NaéT npuOaBKy ypokas. DTO XOpOIIO IS ciydasi, Korjaa GpakTHYECKHUi
ypo’kail Bblllle U3MEPEHHOI0, HO HE TOAMTCS, Korja (PaKTUYEeCKUN ypoxaill HHUXKe U3MEpEeHHOro, U
ero HeoOXOIUMO TOHH3UTh. MOXKHO NPEANOJIOKUTh, YTO B 3aBHCUMOCTH OT COOTHOIICHHS
MOJICIBHOTO ¥ (DaKTHYECKOTO  yposkash —CclelyeT BBIOMpaTh KadeCTBEHHO  pa3IMyuHbIC
KOPPEKTHPYIOLE BO3MYILEHUS, MPOTHUBOMOJIOKHBIM 00pa3oM BIMAIOLIME HA ypoKaill, HO 3TO
COBEpIICHHO HE TOAMUTCA Ul IPUMEHEHMSI MOJENIEH B CUCTEMAX NOJJEPKKU MPUHSITUS PEIICHUH,
IIOCKOJIBKY B CUTYaIlUM PEaIbHOM CEeIbCKOXO03SICTBEHHON NPAKTUKU (DaKTHUeCKUil ypoxkail emé He
U3BECTEH. B 1ieJ0M aneKkBaTHON BBINIAIUT U TPEThsl Ipylla pe3ysbTaTOB, KOIJa IMPEBbIILICHUE
MOJICJIBHOTO ypokast HajJ (AKTUUYECKUM IPUBEIIO K OTCYTCBUM HEOOXOIMMOCTH BHECEHUS
KOPPEKTUPYIOIUX BO3MyIleHuid. OnHAaKo BTOpas rpynmna pe3ysibTaToB, MPH KOTOPOMl BHECEHHE
MOJKOPMOK yMeHbIIAIO HEBA3KY 110 NDVI, HO yBenuuuBano €€ mo ypokaro, CBUIAETEIbCTBYET O
TOM, 4TO TpeOyercs JalbHelmas pabora 1O BbIpaOOTKe Oojiee KOPPEKTHBIX MOJEJIbHBIX
BO3JEHCTBUI HA arpO3KOCUCTEMY IIPU ACCUMUJISILIUY JaHHBIX AUCTaHLIMOHHOIO 30HAUPOBaHUS.
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ITPOTHO3 I'VIOBAJIBHOTO TIOTEIJIEHUS 110 TPOCTOM CTATUCTUYECKOM
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Annoranusi: IIpeanoxeHa mpocTas MOIETb JUHAMHUKH TJIO0AIBHOW TeMIepaTyphl, KOMOMHUPYOLIAs
norapupmMdecknii 3PeKT pocTa KOHICHTPAUN JHOKCHIA YriIepoaa M BKIAJ KIMMaTHIECKUX IHKIIOB.
C HCTONB30BaHUEM CIICHAPUEB M3MEHEHMSI KOHIEHTPALUH AMOKCHAA YIJIEpoJa, MPEUIOKEHHBIX B 5-M
orneHogHOM gokiane MI'OUK, mocTpoeH mporHo3 H3MEHEHHSI CPETHET0I0BOH TI00aIFHON TeMITepaTypsl
B XXI Beke. TpaekTopuu pocra riodaisHOM TeMIepaTypsl U3 5-ro oneHouHoro nokiaana MI'OUK Ha 0.9-
1.8 °C BbllIe, YeM HAMJICHHBIE TT0 CTATHCTHYECKON MOJICIH.

[Ipobnema ri00aqpHOrO M3MEHEHUs KiIMMaTa M HCTOPHS MEXIYHApOAHBIX YCHIIUM,
HaIPaBJIEHHBIX HA MPOTUBOAECUCTBUE 3TOMY IPOLIECCY, SIBISIIOTCS XOPOILIUM IPUMEPOM TOrO, Kak
MEHSIETCsl OTHOILEHUE K MOJICJIbHBIM pe3yJbTaTaM U B KakoW CTENEHU OHU BIUSIOT HA MPHUHSITHE
pemenuid. IlaTeiii onenounsiit noxnax MI'OUK, seimenmmuit B8 2013 r. (M3meHeHue knumara...,
2013), wucnonwszyer Habop cuenapueB BbeIOpocoB (RPC2.6, RPC4.5, RPC6, RPC8.5) wu
MyJIbTHMOJCBbHBIN ancamOabr CMIPS mns mporHo3Hsix pacueToB. OIEHKH pocTa TI00abHOU
TemnepaTypbl GOpPMUPYIOTCS IyTEM YCPEIHEHHs pe3yIbTaTOB OTAEIbHBIX MOJEINEH, pa3uymst 3TUX
pE3yJIbTaTOB MCIIONB3YIOTCSL JUIsl pacdyeTra MEpbl HEONpPENEIeHHOCTH MporHos3a. [lapmxkckoe
KJIMMaTU4YeCcKOoe corjamieHue, npuHsatoe B aekabpe 2015 r., B kKadecTBe LEIU IO CMATYEHUIO
W3MEHEHUH KIMMaTa CTaBUT YyJEp)KaHHE cpelHed IiobanpHOW Temmeparypbl Hike 2 °C ot
JOUMHAYCTPHAIBLHOIO YpOBHS. HalMoHasbHBIE BKJIaJbl 10 COKPALICHHIO BBIOPOCOB MAapHUKOBBIX
ra3oB ObUIM 3as1BJICHBI CTpaHAMHM 3apaHee, 3aUKCUPOBaHbl U poaHan3upoBaHbl opranamMu PKUK
OOH. YcraHoBiIE€HO, YTO OOBSBIEHHbIE HAIlMOHAJBHBIE BKJIaJbl HEAOCTATOUHBI JUIS YAEp:KaHUS
noreryieHue B npezenax 2 °C. ITH BIoJHE KOHKPETHbIE U O0(ULIMaTbHbIE 3asBIE€HUS ObUIH CIIEIaHbI
IIPY aKTUBHOM HCIIOJIb30BAaHUU TIPOTHO3HBIX PE3YyJIbTATOB 5-T0 OLeHOUHOro noknana MI'OUK.

Hamu panee (3amomomumkoB, 2013, 2014) Obuto NpeaioKeHO MPOCTOE YpaBHEHHE,
OIUCBHIBAIOLIEEe TUHAMUKY TJI00abHONW TeMmepaTypbl Kak (PYHKIMIO OT Jorapudma atMochepHoit
koHUeHTpauuu CO; u KIMMaTUYeCKuX HUKIOB. [Tpu ncxogHoit popmyaupoBke U UIEHTUDUKALNN
MoJieTIM OBLITM KCIIOJIb30BAaHbI JaHHBIE 10 aHOMANIHSIM To0anbHOM TemmepaTypsl 3a 1850-2010 rr.
(Jones et al., 2016), uctopuueckue cCBeACHUS MO TuHaMHUKE aTMochepHoil koHieHTpanuu CO; 3a
1850-1958 rr. (Brown, 2012) u naHHble MOHUTOpHUHIa aTMmocdepHoil koHueHTpauuu CO; 1o
cranuuu Mayna-Jloa (Tans, Keeling, 2012). UToroBoe ypaBHeHuE UMEET CIIEIYIOIINNA BUI:

T =-2.46 + 2.82 In(CO,) — 0.101 sin(15.7 + 0.0914 Y) + 0.0247 sin(0.600 Y), (1)
R?=0.866, Pn=161.

rae T — cpenuss rnobansHas Temneparypa, °C; CO, — KOHLIEHTpalus YIJIeKUCIOoro rasa B
atMocdepe, ppm; Y — MOPAIKOBBII HOMEpP T0/1a 10 Halle spe.

VYpaBHeHue | mo3BOJIIET OCYIIECTBUTH MPOTHO3 JUHAMHUKHU TJ100aJIbHON TeMIeparypbl B
XXI Beke. [Jlms Takoro mporHo3a HEOOXOAMMO HMETh CIEHApHii W3MEHEHHUs aTMochepHoi
koHnentpanuu CO;, KOTopas, B CBOIO OYepe/lb, 3aBUCUT OT OyIyIIeH TMHAMUKHA aHTPOMOTEHHBIX
OMHUCCUM M KOMIIEHCHUPYIOUIMX peakuui NpUpOJHOM cpenbl. Mcmonb3yeM TpaeKTOpUHU
koHueHTpauud CO; wu3 5-ro omenouyHoro naokiana MIOUK (Meinshausen et al., 2011) u
MOPSAKOBBIE HOMEpa JIET W MPOBEIEM pacyeT III00aJbHOM TeMIlepaTypsl 10 ypaBHEHHIO 1 Juis
2010-2100 rr. ¢ marom B 1 rox (pUCYHOK).

[Tpu peanuzanuu Hanbonee xectkoro cuenapus RCP8.5 cpenusis rmobansHas Temmeparypa
nocturHet 16.8 °C. Muaue rosops, notemienue 3a 2010-2100 rr. cocraBut 2.4 °C. Ins cuieHapueB
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RCP6.0 u RCP4.5 poct temneparypst 3a 90 net pased 1.4 u 0.8 °C coorBercTtBeHHO. CiieHapuii
RCP2.6 npuBoauT k pocty riiodanbHoi TemiepaTypsl Bcero Ha 0.1 °C.
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Pucynok — IIporuos cpenuneit rmodanpHoi TemmnepaTypsl Ha 2010-2100 rr. mo ypaBHEHUIO U
COTJIacHO 5-My onieHoYHOMY Aokiany MI'DOUK.

CornacHo nporHo3y no ancam6imo mozeneir CMIPS, rnoGanbHasi TemnepaTypa JOCTUTHET
15.6 °C B 2042 r. npu peanuzauun cueHapusa RCP8.5, B 2056 r. mpu RCP4.5, B 2062 r. npu
RCP6.0. Tonbko nump cueHapuit RCP2.6 okasbiBaeTcsi cooTBeTcTBYrOmUM Iienu [lapukckoro
cornamenus. Ecnu onmpaThcst Ha MPOrHO3 MO ypaBHEHUIO 1, To mpeBblmieHHe TpaHuibl 2 °C
npousoiger B 2061 r. mpu RCP8.5 u B 2075 r. mpu RCP6.0. Cuenapuun RCP4.5 u RCP2.6 Oynyt
COOTBETCTBOBaTh LM Ilapmxkckoro corjameHus. OTO O3HA4YaeT, YTO YEIOBEYECTBY HAJO
MPUIIOKHUTH 3HAYUTEIHHO MEHBIINE YCHJIHS 10 COKPAIIEHHIO BHIOPOCOB MApHUKOBBIX T'a30B U B
OoJiee IIMTEIbHbBIE CPOKH.
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YPABHEHUA JTUD®PY3IUUN-AABEKIIUN-PEAKIIUN U UTEAJIBHOE CBOBOJHOE
PACHHPEJEJEHUE BUJ1OB HA HEOJHOPOJHOM APEAJIE
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AHHOTANMsI:  pacCMaTpUBAIOTCA  ypaBHEHUs  IUQPy3ur—aJBeKIMU—PEaKIUd, MOJCIHPYIOIIUE
pacripezieneHe BHIOB B HEOJHOPOJHON cpeae OOWTaHusS NMpPU HWAEATHHOM CBOOOJHOM paclpeieieHuH
(MCP). Ha npumepe cucTeMbl XHITHUK—KEPTBAa aHAIM3UPYIOTCS MapaMeTpbl YpaBHEHHUH, NPU KOTOPHIX
nMeeTcsi cranpoHapHoe pemeHne otBedaromee VCP. HccnemoBana ycTOWYHBOCTH MOJIYYCHHOTO
pemieHust W TpaHcopmanms paclpeneNeHus BHIOB, OTBEYAIOIIAs 3TOMY PEIICHUIO, HPHU MaJIbIX
OTKJIOHEHUSIX NTapaMETPOB OT PABHOBECHBIX 3HAUCHHH.

BBenenne

MopnenupoBanue MPOCTPAHCTBEHHOI'O  PACIPEAEICHUS  B3aUMOJCHCTBYIOIIUX  BHUJOB
SBJSICTCS BaXHBIM HAIpaBJICHHEM B MaTeMaTHYecKoW Owuosiormu u 3kosioruu (Mroppeit, 2011;
Pusnnyenko, Pyoun, 2019). HaubGonee ycnemnsiii cnoco® MOCTPOCHHS TaKOTO PoAa MoJesei
OCHOBaH Ha HCIIOJIb30BaHUU ypaBHeHMH nuddysun—ansekunn—peakuu (Cantrell, Cosner, 2003),
MO3BOJISIOMIMX yYUTHIBATh Pa3IMYHBIE MUTPAIMOHHBIE (DAaKTOPBI M HEOJHOPOIHOCTH CPEIb
obutanus (bynsuckuii, HuOynun, 2019). OgHoli M3 BeAylIMX KOHIEMIMH, XapaKTepu3yIOIIeH
MIOBE/ICHYECKYIO PEaKILMI0 OMOJIOrMYECKUX BHUJOB HA COBOKYIIHBIE YCJIOBHUSI OKPYXKarolled Ccpensl,
SBIIACTCS KOHIIEMIMS uAeanbHOro cBobogHoro pacnpeaeneHuss (MCP), BwicTpauBaroras
MUTPAllMOHHYIO JIMHAMUKY B COOTBETCTBUHU C JAOCTYNHbIM pecypcoM (Cressman, Kiivan, 2006;
Cantrell, Cosner et. al. 2018; 3enenuyk, H{ubynun 2021).

B nanHo#l pabote uccimeayeTcss Mojeidb XHMIIHUK—KEPTBA Ha apeaje C HEOJHOPOJHBIM
pacmpeziesnieHueM pecypca BO OCHOBE KoTtopoil nexuT koHuenuus WCP u cuctema ypaBHEHHI
Q¢ y3us—anBeKIUs—peaKus.

OO0BLEKTHI H METOADI
PaccMoTpuM Ha KOJIBIIEBOM OJHOMEPHOM apeayie JBa BHUA, B3aUMOJICHCTBYIOIIUX TIO

NPUHIUIY XUIIHUK-KEPTBA, B MPEANOJIOKEHUH, YTO (YHKIHS pecypca KepTBbl HEOJHOPOIHA
BJIOJIb apeayia. Takas MOJENIb MOXET ObITh ONHMCAaHa CUCTEMOW ypaBHEHHH AU(PQy3Usi—aaBeKIUsI—

peaKknus:
du r u I T I
It =—q; tu|nu (1 _,I_J) — vy, @ = —ku' +ua Q) —upyQ;
1
dv r u ] ] ( ]
i ‘q2+u[_ﬂz+#z 3;]‘ gz = —lpv' + V504

rae ¥ u V — mIoTHOCTH MOMYJIAMI JKEPTBLI M XUIHUKA COOTBETCTBEHHO, P (x) - pecypc

JKCPTBBI, 1,492 — MUT'PALUOHHBIC ITOTOKH, a IITPUX O3HAYACT ITPOU3BOJHYIO 110 X,

DyHKIMU Qi » (J=123)_ XapaKTepU3yIOT CTpaTeruy HamnpaBIeHHONW MUTpaluu. Beioop
3TUX (QYHKIUHI ONpeAesnseT XxapakTep IPOCTPAaHCTBEHHOTO paclpeAeIeHHs BUIOB.
Cucrema (1) nononHseTCs YCIOBUAMU NEPUOAUYHOCTH U HAYAJIbHBIMU YCIOBUSMU:
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w0, =u(a,t),  v(0,t) = v(a)
(2)
qi(0,t) = qi(a, 1), i=1,2

u(x,0) = up(x),  v(x,0) = vp(x) 3)

[Ipy OTCYTCTBUM IIPOCTPAHCTBEHHBLIX MmOTOKOB (91 = 4z = ﬂ) cuctema (1) wumeer
cTalMoHapHoe peuienue, orsevarouiee MCP, B Bune:

_ 2P _ Mmnz2p(iz —n2)
u=-—, n — 2 (4)
I T
JIaHHOE pelIeHHe yCTORYMBO IIPH BBIIOMHEHAN yenoBws: 12 < Hz < 212 (5)

HpI/I iz < N2 XUIIHUK BBIMHPACT, W CHUCTCMA IIPHUXOIUT K COCTOAHHIO PABHOBCCHUA

(w,v) = (0,0), ecm xe M2 > 212 10 BOSHHKAET npezenbHbi 1kt Hanmnuwe norokos 9192

coxpansert (4) ¢ UCP npu norapudmuyueckom Buae GyHKINN QJ:

@ =lnp, Q=lnv, Q;=hu (6)

1 BBIITOJIHECHUHN OOIIOJTHUTCIBbHBIX yCJIOBI/If/'II

Ky =ay =, ky = B, (7)

Jns uyucnennoro ananmuza 3anaun (1) — (3) ¢ yuérom (6), (7) MCHOIB3yeTCSI MHTETPO-
WHTEPIIOJSIIIMOHHBIA  METOJT CMENMIEHHBIX ceTok aHamorndHo (bymsackuii, IuOymun, 2019;
3enenuyk, [{lubynun, 2021).

PesyabTaTsl

BoluvcnuTenbHBI SKCIEPUMEHT JJIs pa3iMYHbIX 3HAaYeHWM mnapaMerpoB cuctembl (1)
noarBepaua peanuzanuio UCP—pemennii (4) npu Bemonnenuu (6) u (7). Jng npumepa, Ha puc. 1
MIPUBEICHO perieHune TUTSt (
4 :4,,“2 :6.5,n1 = 5,]?2 = 5,“1: [].2,_[}'1 :ﬂ.l,kz = D.l,kz =ﬂ.2,,[')’2= GZ) " ero

otkioHenne oT MCP npu mMamom M3MEHEHMH mapaMerpa P2, Ha puC. 2 NTOKa3aHO BO3HUKHOBEHHE
MpelebHOro IUKJIa IpU HapylIeHUuU ycioBus (5), BUAHO, YTO pacIpeseleHre U B 3TOM cliydyae
cootBercTByeT UCP.
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Pucynok 1 — Pacmpenmenenue xepTBbl Y W xummHunka Y B CpaBHEHHH ¢ pecypcom P

cootBercTByroiee MCP (cneBa) u otkiionenue ot MCP (cripaBa) mpu MajioM U3MEHEHUH Ba.
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Pucynoxk 2 — BosuukHoBenue kosnedarensHoro pesxkuma ¢ MUCP nipu napymenuu (5).

BriBoaBI

Hnst 3amaum (1)—~(3) Ha KOJIBIIEBOM OJIHOMEPHOM apeajie HalJIeHbl yCIOBUS Ha MapameTphl
CHCTEMBI, IpH KOTOPbIX MMEETCSl HEHYJIEeBOE CTAallMOHApHOE AaHAIUTUYECKOE pELICHHUE,
cootBercTBytomiee MCP. IlpencraBieHsl  4McleHHbIE  Pe3yabTaThl, JIEMOHCTPUPYIOLIUE
YCTOMUMBOCTB HA/IEHHBIX PEHICHUH U X TpaHC(HOPMALHIO PH HAPYIIEHUH COOTHOIIEHUH MEXITY
napamMeTpamH.
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OIIEHKA CBETOBBIX YCJIOBUAM MO ITOJIOTOM JJISI MOJEJIUPOBAHUS
HAITIOYBEHHOI'O ITIOKPOBA U1 BO3OBHOBJIEHUS IEPEBBEB

3yokona E.B. 1, brixosern C.C. 1, Cramenos M.H. 1, ®posoB n.B.!

1 ..
Hnemumym gusuxo-xumuueckux u buonocuieckux npooiem nousogedenus Poccuiickot

akaoemuu Hayk, QUL ITH]EU PAH, [lywuno, Poccutickasa ®@edepayus
zubkova@pbcras.ru

Aunorauusi: VIHCTpyMEHTaNbHBIMU U3MEPEHUSIMU B IIOJIEBBIX YCIOBUSAX IOKA3aHO, YTO SpYC
TpaB ¥ NOAPOCT 10 1,5 M MOT'YT CYIIECTBEHHO YMEHbIIATh OCBEIIEHHOCTh, YTO BJIMSAET Ha YCIOBUS
MIPOPACTAHUS U MOXKET BBI3BIBATh I'MOEIb MPOPOCTKOB JIEPEBHEB.

1. BBenenue

OcCBemeHHOCTh — OAWH W3  BHAOCHEIM(UYHBIX  TApaMeTpPOB,  OMPEACISIONINX
skosnornueckyro Huiry pactenus (Hutchinson, 1978). KauecTBeHHas oneHKa CBETONIOOHS U
TEHEBBIHOCIMBOCTHU ApeBecHbIX nopoa naercs B paborax M.K. Typckoro (1904) u npyrux aBTopos;
KOJIMYECTBEHHBIC MMOKa3aTeIu POCTa MOJIPOCTa JACPEBbEB MPU HEJOCTATKE CBETAa W 3HAUCHUS UX
cBeTOBbIXx MHHUMYMOB mpuBomsatcs O.U. EBcrurneessim (Evstigneev, 2018). Jlins tpaB u
KycTapHU4KoB (6onee 2000 BHIOB) nuana3oHHbIE OAJUIOBBIE OIEHKU CBETOJIIOOMS MPUBOAATCSA B
skonoro-nieHotnueckux mkanax J[.H. Ilpiranosa (1983). Ilpu MmonenupoBaHUM BbDKUBAHUS
MPOPOCTKOB JIEPEBbEB M PA3BUTHS IICHOMOMYISIMI TpaBaHO-KycTapHUUkoBoro spyca (TKS),
HapsAIy C YYE€TOM BIIMSHUS JCPEBHEB, HEOOXOIUMBI JAHHBIE O MPOXOXKACHUHU CBETA Yepe3 KPOHBI
nojpocta (¢ yueTom noApocTa Huxe 1,5 M) ¥ o7 MOJI0roM JOMUHUPYIOIIUX TPAaB.

2. O0bEeKTBI H METOIBI

B monenu CAMPUS-S (Frolov et al., 2020) ocBelieHHOCTh HCIOMB3YETCS /IS BEIYUCIICHUS
JOCTYITHOH pacTeHHsIM  (OTOCHHTETHUSCKH AaKTHUBHOW pajgualid MW, CJIeIOBaTelIbHO, WX
MOTEHIIMaIbHOTO MpupocTa. Hamu Obla BhIMONHEHAa paboTa MO OIEHKE OCBEHICHHOCTH TOJ
nojorom gomuHUpyronmx pacrenuin TKS: ocoxm Bomocuctoit (Carex pilosa Scop.), cHbITH
oObikHOBeHHO# (Aegopodium podagraria L.), opiska oosikHOBeHHOTO (Pteridium aquilinum (L.)
Kuhn,), TaBonru Bszomucthout (Filipendula ulmaria (L.) Maxim). DTu BHIBI B JIECHBIX
¢duToIIeHO3aX 00pa3yIOT JOKYCHl ¢ MOKpbITHEM Oonee 50% u GopMHPYIOT MOIBSIPYC TPABSHOTO
nokpoBa BbicoTOM OT 20-30 cm (ocoka, cHbITh) 0 70—-100 cm (opnsik, TaBonra). Takxe ObUIO
OIpeIesIeHO BIMSHUE Ha OCBEIIEHHOCTH MoapocTa a0 1.5 M enu odsikHOBeHHOM (Picea abies (L.)
H.Karst.), nyoa gepemrgaroro (Quercus robur L.), xkinena octpomuctaoro (Acer platanoides L.);
nemuHbl o0bikHOBeHHOM (Corylus avellana (L.) H.Karst.). [IpoBeneHo cpaBHEHHE OCBEUICHHOCTH
HaJ W TOJ PACTCHUSAMH yKa3aHHBIX BHJIOB. VcciemoBaHHMS BBHITIOJHEHBI HAa fore MOCKOBCKOM
obmactu B CepryXOBCKOM paiioHe, a Takke B 3a0KckoM paitone Tymnbckoit oomnactu (Tabmuma 1).

Jliss OLEHKH YCIIOBHMIA OCBEIICHHOCTH BBITIONHSIACH TMONyceprueckasi CheMKa I10JIoTa
cmaptdonom Xiaomi Redmi Note 8 Pro ¢ oonrexTrBOoM-amantepom Apexel 195° Fisheye Lens, ¢
nocnenyomeir 00padotkoit cormacuo (Pposos u np., 2019).
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Tabnuma 1 — OOBEKTH U TEPPUTOPHH UCCIICTOBAHUIN

Bun DuToneHo3 Teppuropus
Acer JIMnHSK ¢ KIEHOM [TamsaTHuk npupoast «OBparmy», Il yuactox B r.0.
platanoides ITymwao
Corylus CocHSIK CIOXKHBIN Bocrounas okpausa r.o. [lymuno
avellana
Quercus CocHsax  kyctapHuukoBo- | Otpanunckoe VYJI nHa rpanune ¢ Ilpuokcko-
robur 3€JIEHOMOIIIHBII TeppacHbIM 3a110BETHUKOM
Picea abies | Cocusk kycrapuuukoBo- | Otpaaunckoe YJI Ha rpanune ¢ I[lpuokcko-
3€JIEHOMOIIIHBII TeppacHbIM 3a110BETHUKOM
CocHSIK CIOXKHBIN IIpnokcko-TeppacHblil 3aI10BETHUK
TpaBsiHO-KYCTAPHUYKOBBIN SPYC
Aegopodium | CocHSIK CITOKHBII Bocrounas okpaunna r.0. [lymunno
podagraria
JIMIHSIK ¢ KIEHOM IMamstauk npuponsl «OBparu», |l yuactox B r.0.
[lymmno
Carex pilosa | CocHsik ClIOXKHBIN Otpagunckoe VYJI nHa rpanune ¢ IIpuokcko-
TeppacHbIM 3a10BEJHUKOM
bepesnsik IIpnokcko-TeppacHblid 3a1OBETHUK
BOJIOCHCTOOCOKOBBIN
JIunask JlankoBckoe ydacTtkoBoe jecHuuecTBo (YJI) mexnay
BOJIOCHCTOOCOKOBBIN 1. bopucoso u ®A /] «Kpeim» B r.0. CepriyxoB
Filipendula | OcuHHEK TaBOITOBBII 3aokckuii p-oH, 3ananHee noc. [Tpuokckuii
ulmaria

3. PesyabTaThl U 00CyKIeHUE

[TosryueHHble JaHHBIE MOKa3aid, 4To Apyc Tpas BbicoTOM 20-30 m 70-80 cM yMmeHbIaeT
OCBEIICHHOCTh TOJ HMX TOJOTOM 10 YypoBHS 3-5% oT HamgnmosioroBod. B mapuemrax ¢
JOMHUHHUPOBAHUEM CHBITH, OCOKH, TaBOJI'M OTMEYAETCS HE3HAUYMUTEIbHOE y4acTHUE APYTMX BHJIIOB
TKA. Tlogpoct enu, kieHa, ny0a W JICLIMHBI NE€PEXBATHIBACT 3HAUYUTEIbHYIO YacThb CBETOBOTO
MOTOKA, YTO MOKET MPUBOJUTH K IMOJIHOMY OTCYTCTBHUIO HaJI36MHBIX I0OETOB TPAaB U KYCTAPHUUYKOB
1 00pa30BaHUIO MEPTBOIOKPOBHBIX YYACTKOB C OCBEIIEHHOCTbIO HIDKE 1%.

JI11 IpOPOCTKOB JIEPEBBEB OCBELIEHHOCTH IO ITOJIOTOM TPaB U MOJIPOCTa TAKKE MOXKET
OBITh KpUTHUYECKOW. BpicoTa mpopocTkoB 00bIuHO He mpeBbiaeT 10 cMm (OHTOreHeTHYeCcKuii aTiac,
2013; YwuctsakoBa u ap., 1989). Ilocne ucyepmanus 3amacHBIX BEIIECTB CEMEHU €IUHCTBEHHBIM
MCTOYHHUKOM IJIACTUYECKHUX BEIIECTB CTaHOBHUTCS (hoToCHHTE3. PacTeHue norubaer, eciiu He MOXKET
o0ecneunTh He0OX0IUMOE KOJIHMUECTBO ACCUMUIITHTOB ISl CAMOIIOIZIEPKAHUS U POCTa.

4. BuiBoabI
[TokxazaHo, 4TO sipyc TpaB BbICOTOM Oojee 20 ¢cM U MOJPOCT JI€PEBHEB MOTYT CYHIECTBEHHO
YMEHBIIIATh OCBEIIEHHOCTh HIKEPACIOJIOKEHHBIX PACTEHUH U OBITh MPUUYUHON IO IPOPOCTKOB

APEBECHBIX BHUIOB.

Baaromapuoctu. Pabota BrimosiHeHa nipu (puHaHcoBo mouepkke PH® 18-14-00362.
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OLHEHKH IIOTOKOB CO; HA BEPXOBOM BOJIOTE C YYETOM TUHAMHWKHA
INIOIMAZEX MUKPO®OPM
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Aunnoranus: I[lpencrabieH aHanM3 MHOTOJETHHX JaHHBIX MNOTOKOB CO,, ToOKazareneld ypOBHS
TPYHTOBBIX BOA U JAaHHBIX OpTO(i)OTOHJ'IaHOB, BBITIOJIHCHHBIN C OCIbIO OTpa6OTKI/I MCTOJMKHN HMHIHUKAIIUH
auHaMHuKd TI0ToKoB CO, Ha OCHOBE CTPYKTYPbI OOJOTHBIX MHUKPO(GOPM U TIOJNyYEHUS MHTETPAbHBIX
oteHOK notokoB CO, ajst yyacTka BEpXOBOro 0oJiota U onpeseiaeHus: GyHKIHMOHAIbHOW poiu 00JI0Ta U
OTACJIBHBIX €TO KOMITIOHCHTOB.

DKCrepUMEHTAIIbHBIE HCCIIEOBaHUS BBIMIOJHEHBl Ha BepXoBoM Oosiote CTapocenbCKuid
MOX, PacnoJIO’KEHHOM Ha IOr0-BOCTOKE BanaaiiCkod BO3BBILIEHHOCTH B IPAaHMIAX OXPAaHHOM 30HBI
LJITTIB3 (56.47 N, 33.04 W). CornacHO NPpUPOAHOMY 30HHUPOBAHUIO, OOBEKT HUCCIICOBAHMIA
HaXOJUTCSI B MOA30HE IOKHOM TaWru, Tl OOJOTHOTO MacChBa OTHOCHUTCS K BOCTOYHO-
€BPOIEHCKUM Cc(arHOBBIM BEPXOBBIM 0O0JIOTaM, KOTOPbIE JOMHUHUPYIOT Ha 3HAYUTENHHOW 4YacTu
ETP. Yposens 6onotHbiXx Box (YBB) konmebnercs ot 10 cM Bbime moBepxHocTH A0 60 cM HUKe
MTOBEPXHOCTH.

B pabote paccmarpuBaics TOJNBKO IpsaaoBo-MouaxuHHbIH komiuiekc (I'MK) momansro
0.57 km® (9% ot o0mieit iomaau 6010Ta), PacIONOKEHHBIN B IOTO-BOCTOYHON yacTu OonoTa. J{ms
MHTErpalbHbIX OLIEHOK Bce Tunbl MUKpodopM I'MK Obutn oObenuHeHsl B Tpu kiacca. K kiaccy
«TOMM» OTHOCUJIMCH O3€PKH, IEPUOJUYECKH 3aTOMIIIEMbIE MOYAKUHBI U IETPaJUPOBAHHBIE PUMIIH.
Krnacc «mouaxuHbl» BKIIIOYal HEOOBOJHEHHbIE MOYAXMHBI M NPUIIOAHATHIE MouaxuHbl. Kitacc
«TPSLIBD» COCTOUT U3 IUIOCKUX I'PsAJl, BBICOKUX TIPSl U KOYEK.

CpeMKa rps0BO-MOYAKMHHOTO KOMIUIEKca poBoauiack ¢ nomoiibio BITJIA DJI Mavic 2
Pro B utone 2019 r. u urone-centsope 2020 r. M3mepenus smuccun (R), nenonuposanus (GPP) u
6anmanca (NEE) CO; Ha OCHOBHBIX THUHax MHUKPOGOpPM MPOBOAMINCH B LEHTPAIbHOM YacTu
IPAI0OBO-MOUYKUHHOTO KOMILIEKCAa B TeueHue 4-X JIeTHUX ce30HOB (MioHb-aBryct) 2014-2017 rr.
JlaHHbIE YpPOBHSI TPYHTOBBIX BOJ OBbUIM IOJIY4EHBI C aBTOMAaTUYECKOM MMKPOKIMMATHUYECKON
cranuuu B neHrpe I'MK, u3Mepstoniel OCHOBHbIE TMAPOTEPMUYECKHE MapaMmeTpsl ¢ yacTtoron 0
MUH. MeTOMKHU ChbeMKH, KIaccu(UKaui U U3MepeHni noapo6Ho onucansl B (Ivanov et al., 2017,
2021).

[TonmyaBroMaTHueckass OOBEKTHO-OPHEHTUPOBaHHAs Kiaccuukamuss ¢ OOydeHHeM U
nanpHenmas GuiIbTpanus NIyMOB MoKa3aja oOmuil ypoBeHb TouHOCTH 85%. Haubonee ycnemno
Pa3NUYMMBIMHM OKa3aJIUCh MUKPOQOpPMBI 00BOJHEHHBIX Tomel (93%) kak Oosiee KOHTPACTHBIX IO
[BETY, MeHee TOuHOW Obuia kinaccudukanus rpsaa (83%) u mouaxus (79%), TOCKOJIBKY 00a ITHX
KJ1acca ObUTM OTHOCUTENIFHO OJIM3KU IO IIBETOBBIM XapaKTEPUCTHKAM.

B xone miomianHbIX OLIEHOK, OBLIO YCTAHOBJIEHO, YTO OOJIBLIME pazIu4us B YPOBHE
OOJIOTHBIX BOJI NMPHUBOJAT K 3HAUYUTEILHOMY pPa30pocy B COOTHOLICHMM IUIOIIAJAEH MOYaXHH M
toneil B TeueHue Jera. [lpm 3TOM I1UIOmIamM TpsAJ OCTAIOTCS NPAKTHUYECKHU IOCTOSHHBIMH,
MOCKOJIbKY JTa’ke MPH OOMJIBHBIX OCaJIKaX BOJa HE MOXKET 3aTOMHTh JlaXe IIIOCKHUE Ipsasl. B cBs3u
C OTUM JJIsl OIIEHKH TWHAMUKH TII0mMaaed MUKpodopM ObLTa TOCTpOEHA 3aBUCHMOCTH IUIOMIAICH
TOIEN OT YpOBHS TPYHTOBBIX BOJI, KaK HanbOoJiee TOYHO KIACCUPHUIMPYEMOTO KiIacca MUKPO(OpPM.
bouta BbIOpaHa SKCIIOHEHIMANbHAS 3aBHCUMOCTH, IMOCKOJIbKY 3aTOIUICHHE pPa3HbIX 3JIEMEHTOB
TONEN (HU3KHE MOYAXHUHBI, PUMIIM, O3€pKH M T.[.) NPOUCXOAUT HEJIMHEHHO U C Pa3IMYHOU
CKOopocThio. Ha OCHOBe MOJIydEHHOrO0 SKCIOHEHIMAIBLHOIO YpaBHEHHMS M OaHHbIX YI'B ¢
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MHUKPOKIMMATUYECKON CTaHIIMK OBUIM YCTaHOBJICHBI CpEeJHEMECSYHbIEe TUIOMmaay Tornel. [lnomanu
KJIacca MOYa)KWH ObUTM pacCUMTaHBI 32 BHIYETOM IUIOIIAIeH Tpsia U Tonei u3 miomaau ['MK.

Haumensiias gons toneit (1-4%) ormeduena B HauOoJiee 3aCylUIUBbIE JeTHUE MecsIpl 2014
r. 1 B utojie-aBrycre 2015 r. B mecsiibl ¢ 0OMIBHBIM KOJTMYECTBOM OCAJKOB (MIOHB-UIONB 2017 T.)
Tonu 3aHUMaIH 10 15-17% oOmel mnomanu 'MK. B cBoro ouepens noisl muiomaneid MOYaXuH
coctaBwia ot 54 10 69% npu nocTossHHON A0JU TpAd B 29%. DTO TOBOPUT O TOM, YTO ILJIOIIA/Ib
OOBOJTHEHHBIX YYaCTKOB MOXET Pa3In4aThecs B 17 pa3 B TE€UEHUE CYXUX U BIAXKHBIX MECSIIEB.

Wnrerpanbubie  (tuomanneie) noTtokd CO,  pacCUMTHIBAIMCH U3  MPOU3BEIACHUS
cpennemecsiunbix 3HaueHnid R, GPP u NEE wu cpemnemecsyHpIx muiom@aaeil MUKpPO(OpM.
[IpakTruecku BO Bcex ciydasx (3a UCKiIrodeHueM BiaxHoro 2017 r.) uHTerpajgbHble TOTOKH R u
NEE B mouaxkunax Obutn Ha 30-70% BbIIe, 4yeM Ha TpsAAax HECMOTpPS HA TO, YTO OTHOCHTEIbHbIC
MOTOKHU B MOYa)KMHAX ObUIM 3HAYMTENbHO HIbke. B 2017 1. mOTOKM Ha rpsaax U MOYaKMHAX OBbLIN
MPAKTUYECKU pPaBHbI B CBSI3M C BBHICOKMM YDBB Ha MoOYaXMHaxX M CHHXKEHUEM JIbIXaTEIbHOMN
aKTUBHOCTH PACTEHHI M MHUKPOOpraHu3MoB. [1o cpaBHEHHIO ¢ OCTaTbHBIMU KJIacCaMU MUKPOGOPM,
notoku CO; Ha TOmsAX OBUIM HE3HAYUTEIHHBIMU, YTO CBS3aHO C IOJHOW OOBOJHEHHOCTHIO U
aHa’pOOHBIMH YCIOBUSMH, a TAKXKE C MPAKTUUYECKHU MOJIHBIM OTCYTCTBUEM PACTUTEIHHOCTH HA 3TUX
mukpopopmax. B 3acymmmseie 2014 w 2015 T1T. OCHOBHOW BKJax B IOJIOKUTEIBHBIN
HKOCUCTEMHBIN OanaHC BHECHW TpsAIbl, HAMOONBIIWKA OTPUIATENBHBIM OalaHc Ha MOYAKHHAX
ormeueH B 2016 1., a B 2017 1. oTpHnaTenbHbIA OaaHC HA TPsAgax U MOYaKMHAX OBUT MPAKTHYECKH
paBHbIM. CyMMapHBIi BKJIaJ TONEH B JeTHUN OamaHC OKazajcs Takke He3HauuTeabHbIM, B 2014 u
2015 rr. NEE 6511 okoo myis, a B 2016 1 2017 rT. HEMHOTO HIDKE HYJIS.

Cymmapubie otoku COz ¢ TpsiIoBO-MOYaKMHHOTO KOMIUIEKCAa BO BCE JIETHUE MEPUOJ
(Pucynok 1) B 6ompmmHcTBe citydaeB Obu Boimie 1000 1, 9yTo roBOpUT 0 O0JIOTE Kak 00 OYEHb
aKTUBHOM cTOKe U UcTOoYHHKE CO,.. OyHKIMOHAIbHAS POJb O0JI0Ta OINpenessiach Mpexkae BCEro
KOJIMYECTBOM OCAJIKOB M TEMIIEpaTYpHBIMHU YCIOBHSIMHM JIETHUX ce30HOB. B cyxue 2014 u 2015 r.
I'MK 6511 ucrounukoM CO; u ¢ yaerom nornomieHusi CO; B mpotiecce GpoTrocuntesa B arMochepy
Bbyiemmiiock 130-185 T nuokcuaa yriepoaa COOTBETCTBEHHO. B 10ocTaToYHO M M30BITOYHO
Bnaxkuele 2016 u 2017 rr. 'MK Obu1 cTOKOM yriaepoga W € Y4YeTOM aBTOTPO(GHOTO U
rerepoTpodHoro asixanus noraotua B 2016 r. 1260 T, a 8 2017 r. — 1000 T CO..
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Pucynok 1 — UnaTerpanbasie notoku CO; co Bee momaau ['MK 3a neTHue neproibt

Pesynbrarel ucciienoBaHMs IOATBEPAMIM, YTO HCIOJIb30BAHUE  BBICOKOJECTAIBHBIX
OpTO(OTOIIAHOB, MOTYYEHHBIX ¢ MoMmolIbio BITJIA, mo3BosseT ¢ JOBOIBHO BBICOKOH TOYHOCTBIO
BBIJICJIUTh TPAHMUIBI TaKMX MHUKPO(GOpPM BEpXOBOro 00J0Ta KAaK TONM, MOYQKUHBI MU TPAIb,
HECMOTpsT Ha HalIW4yhe HEKOTOpBhIX omMOok B kiaccudukauumu. HMuopmamus o miomanu
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MHUKPO(OpPM, B COBOKYITHOCTH C JJAHHBIMH 3KCIIEPUMEHTAILHBIX HaOmoneHuit 3a norokamu CO; Ha
penpe3eHTaTUBHBIX 3KCIEPUMEHTAIBHBIX IUIOLIA/IKAX MO3BOJISIET OJJOWTH K OLIEHKE HHTETPaIbHbBIX
notokoB CO; mig 6onota B nenoM. ONeHKY HHTETpaibHOTO TIOTOKA CIIEAYET MPOBOIUTH C YUETOM
BPEMEHHOW JIMHAMMKHM CTPYKTYpPHO-(DYHKIIMOHQJIBHOW oOpraHusanuu 0osiota, 4ro Tpedyer
OJIHOBPEMEHHBIX HAOIIOAEHUM 32 CE30HHON M MEXI0/10BOM N3MEHUMBOCTbIO COOTHOIICHUS MEXY
Mukpodopmamu 60s0Ta 1 morokamu CO».

Baarogapuocts. VcciaenoBanus BBITTOJHEHBI PU PUHAHCOBOM MOIepkKe nMpoekToB PHD
Ne21-14-00209 u WWF Ne001539.
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AHHOTANMSI: pacCMaTpUBacTCs 3ajada BhIOOpa MOMyJsIHUeil Haubosiee MPUTOLHOTO —yYacTKa,
COJICpIKAILeT0 MUILIEBBIC PECyPChl. BBOAATCS (DYHKIMHU MMONIE3HOCTH YYAaCTKOB, 3aBHCSIIAs OT PACCTOSHHUS
U BpeMCHH. PaccMaTpuBalOTCs CBOWCTBA (DYHKLUHH MOJC3HOCTH W YCIIOBHS, BIMSIONIMEG Ha BBIOOD
nonyJadauu. HOCTpOEH])I obnactu Hpe}IHO‘ITHTeHLHOﬁ TMOJIE3HOCTU YYAaCTKOB, IMMOKAa3aHO U3MECHCHHUE 3TUX
obnacTell ¢ Te4UeHHEM BPEMEHH.

1. BBenenue

Jns perenust 3ajaud ONTUMAIIBHOTO BBIOOpa MPUTOHOTO y4yacTka B pabore (Matsumura et
al., 2010) mpemioKeH MOIXOJA, OCHOBAHHBIM Ha TOCTPOCHHOW (DYHKIMH IOJIE3HOCTH, KOTOpas
YUUTBIBACT 3aTpaThl Ha MEpPEMEIleHUEe K y4acTKy U Mepy MH(POPMUPOBAHHOCTH O €ro KauecTBe. B
pabore (Kupwmmios, [lanunosa, 2018) Ha ocHoBe momxoma (Matsumura et al., 2010) Obuta
npeaioxkeHa (yHKIHS MOJE3HOCTH, YUUTHIBAIOIIAS MEepEMEIleHNE MOMYISIIHE MEeXKIY y4acTKaMu.
Taxxe B pabore (Kupmmior, [lanmnosa, 2018) ObuM MOCTpPOEHBI 00JACTH TMPEANOYTUTEIBHON
MIOJIE3HOCTH YYacCTKOB, T. €. 00JacTH, HAXOAACh B KOTOPBIX, MOMYJSIHS ¢ OOJbIIel BEPOSTHOCTHIO
BBIOEPET YYaCTOK, HAaXONAIIMWCA B HUX. BeposaTHOCTh BBIOOpa y4yacTKa OIpeNeNseTcs
pacnpenenenueM bonbiimana (Matsumura et al., 2010).

B nanHoi#t pabore mpesmaraercss mepa MHOOPMUPOBAHHOCTH, 3aBUCSIIAs HE TOJIBKO OT
M3MEHSIOIIET0Cs PACCTOSHUSA J0 y4acTKa, HO U OT TEKyIllero BpeMeHu. [lokazaHo BIUSHHE Mepbl
MH(OPMHUPOBAHHOCTH Ha (DYHKIIMIO MOJIE3HOCTU y4acTKOB. MccneayroTces yclioBus, BIMSIOIIME Ha
BbIOOp MOMmyJysALMEll ydyacTKa M CTPOSTCA OOJAcTH MPEANOYTHTEIbHON Mojie3HocTH. M3meHeHune
obyacTeil TPEAOYTUTENILHOW TIOJNE3HOCTH C TEUECHHEM BPEMEHH MPUBOAUT K BO3MOXKHOCTH
TOMalaHNs XYWIEro y4acTka B 00/MacTh MPEAMOYTUTEIBHON MOE3HOCTH JIYYIIero B HEKOTOPBIN
MOMEHT BpeMeHH 1 .

2. Biusinue Mepbl HH(POPMUPOBAHHOCTH Ha (P)YHKIMIO M0JIE3HOCTH

BBoautcs (GyHKIMS TMOJE3HOCTH ydYacTKa | B MOMEHT BpeMeHU t s momysisiuu,
HaAXOJIAIICHCS OT HETro Ha paccTosiHuM d;:

Ui[di‘.fj mer{dnt) l {1 Iﬁ(df:-t”-v T;:(di}:-i: 1,.,,1’?’1, (1)
rge Lildit) €[0,1] Mepa  HMHQOPMHPOBAHHOCTH  MOMYJsAMH 00  ydactke |,
V=ymW+nWt+ . +ymVn — CpelHsA TOJIE3HOCTh YYacTKOB, 1 Fyat.. o Fm = 1, i = D,
Ti(di) (GYHKIMS 3aTpaT Ha MEepeMelleHHe K YYacTKy I. Y4YacTOK CUHUTACTCS «XOpOuUM», eciu

Vi = Vi «aumoxumy, ecrm Vi < V',

3aBucumocTh (QyHKIMH mone3HocTH (1) OT BpeMeHH OOyCIOBIeHa HAKOIUICHUEM
MOMYJIAIMEeH HHPOPMAIIMKA O Ka4eCTBE y4acTKOB ¢ pocToMm t. Mepa HHGOPMHUPOBAHHOCTH I;(d;, )
o0rajaer CleAyIOIMMA €CTECTBCHHBIMH CBOMCTBAMMU:

1) momynsAIys UMeeT MONHYI0 HH(OpMAIHIO 00 yJacTKe, B KOTOPOM HAXOJUTCS: ;:(0,t) =1
npu Jioobom t € K,
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2) 4eM Janblie yuajieHa MOMyJsIus OT y4acTKa I, TeM MEHbIIeH HHPOpMAIHel O BeTUIHHE

al;
L <0 lm IL(di,t) =0
Vi ona o6nagaer: 9d; | di—oo ;

al;
. — =0
3) ¢ poctoM BpeMeHH t MH(OPMHUPOBAHHOCTH MONYJISALUH 00 ydacTke i pacrer: ot :

lil‘[l I;i(d{,t} =1

=00

Hcxons W3 BBIMICTIEPEYHCICHHBIX CBOWCTB MEpbl MH()OPMUPOBAHHOCTH, MOKAa3aHO, YTO
dbynkums moae3Hocty (1) obmagaeT cieayroIMMu CBOHCTBAMU:

1) ¢ pocrom BpeMeHH t TOJE3HOCTh <«IUIOXOT0» YYacTKa YObIBaeT, a TIOJIE3HOCTb
«XOPOIIEro» y4acTKa pacTeT;

2) npu yBEIMYCHUU paccTOsiHKS Ui OT NOMYJISAILUK JI0 «XOPOIIET0» Y4acTKa | ero MOoJIe3HOCTh
yOBIBaeT;

3) npu yBenu4eHun paccTosiHus di OT MOMYJISAIMH 10 «XOPOIIEro» y4acTka | ero mojie3HoCTh
60 yObIBaeT, 1100 BO3pacTaeT.

PaccmatpuBaercst ciyvaii nByx ydactkoB Ay u Ay, st dyHkium mone3Hoctu (1) yuactka i
Ope/ulokeHbl  (YHKIMSA  3aTpaT Ha IepeMelleHHe K  HeMmy Ti(di) = ad;

Mmepa

4L

MH(OPMUPOBAHHOCTH 0 ero Kadecte Li = € T rje a — koa(duiment 3arpat, & — kosdduuuent
«3abpIBanus» nonyisnued napopmanuu 06 ydactke (Kupwmios, Jlanunosa, 2018), C — mapamerp,
OIpeIeNSIONINIl Mepy HHQOPMHPOBAHHOCTH B MOMEHT BpeMenn t = 0, a, £, C > 0.
Takum o6paszom, pyHkuus nmonesHocty (1) st IBYX y4acTKOB MPUHUMACT BU:
. il

!

Ui(d;,t) = Vie 70 + (1— e 70)V — ad?,i=1,2. @)

3. OcHOBHBIE Pe3yJabTAThI

Hcxons u3 csoiictB (yHkuuu nosneszHoctu (1), chpopmynrpoBanbl U 0000IIEHB! YCIOBUS
BbIOOpa momyisiuued ydacTka. BBeneHO MOHATHE O0JIACTH MPEANOYTUTENBHOM MOJE3HOCTH ¢
y4eToM 3aBuUcUMocTU GyHKIUH none3Hoctu (1) or Bpemenu t. Ha npumepe pyHK1nu nojae3Hoctu
(2) mocTpoeHs! 06JaCTH MPEANOYTUTENBLHON MOJIE3HOCTH /Ml IBYX ydacTKOB Ap M Ay, mokaszaHa
KMHeMaTHKa 3TUX obnacredl. CHopMyanupoBaHbl YCIOBHUS 3aXBaTa «ILIOXOr0» ydacTKa OOJIacThIO
IIPEANIOYTUTENBHOM MOJE3HOCTH «XOPOILIEro» y4acTKa.

4. 3akjaouenue

[IpenyiokeHHBIN TMOX0J] MO3BOJISIET OMHCATh YCJIOBHUS BbIOOpa MOMYJNSIIUEH ydacTKa C
y4eTOM HaKOIUICHHs] HH(POPMAIIMK O €T0 KaueCTBE C TCUSHHUEM BpEeMEHHU
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AHHOTAIHSA: PACCMATPUBACTCS MOJCIb OMOJIOTUYECKOTO COOOIIECTBA, COCTOSIIETO W3 JBYX BHIOB —
XHITHUKOB M XEPTB, MPUYEM >KEPTBHI HE MOKHIAIOT y4YacTOK, & XUIIHUKUA MUTPUPYIOT C ydacTKa IpH
HEJIOCTATOYHOM KOJIMYECTBE MUINU. [IOCTPOCHO TEPUOMYCCKOE VIIPABJICHUE, 3aK/IIOYaroleecs B
YepeOBaHUM H3BITUSL OCOOEH C HEU3bATHEM, MpPU KOTOPOM COXPAHSETCS BHAOBAas CTPYKTypa
6uocooOiiecTBa. Pa3paboTaH YKMCIEHHBIH METOJ JJISI HAXOXKICHHS BPEMEHHBIX MPOMEXYTKOB HU3BSITHS
0Cco0eH.

1. BBenenue

B pabote paccmarpuBaeTcsi OMOJIOTHYECKOEe COOOIIECTBO HEKOTOPOIO y4acTKa, COCTOsIIee
U3 JBYX BHIOB — XHWINHUKOB W JKCPTB, MNPUYCM IMONMYJIAOHA XKCPTB HE MOKHAACT Y4YaCTOK, a
MOMYJISIIMS XUIIHUKOB MUTPUPYET C ydacTKa B cllydyae HEJOCTaTKa JKEPTBbI HAa JAHHOM YYacTKe.
Pemaercss 3amaga coxpaHeHUs BUIOBOH CTPYKTYpPhI OMOCOOOIIECTBA y4acTKa 3a CUET H3BATHSL
ocobeii. IlocTpoeHo mepuogMUecKoe yIpaBICHHE, COXpaHSIOUIEe BHUAOBYIO CTPYKTYpPY
o6uocoobmectBa. [IpemiokeH YMCIEHHBIH METON M CO3/IaHa IMporpamma, pa3paboTaHHBIC s
HAXO0XJICHUS BPEMEHHBIX MPOMEKYTKOB, COOTBETCTBYIOIINX U3BATUIO OCOOCH.

2. Ilepuoanyeckoe ynpasjieHue, COXpaHsiollee BUAOBYI0 CTPYKTYPY 0Mocoo01ecTBa

B pabote (Kupumios, 1999) kputepuem, 1o KOTOpPOMY OIpEeseTCs] MPUCYTCTBHE WIIH
OTCYTCTBHE XUIIIHMKOB Ha y4yacTKe, SIBJSETCS 3HaueHHe (PYHKIMHM BpPEMEHH, MMEIOIEH CMBICI
MUIIEBON TPUBJIEKATEIBHOCTU y4aCcTKa, KOTOPast ONPEENSIETCS BEIPAXKEHUEM BUIA

7 ﬁ(t)=/1+f0tx2(i—:— )at, 1)

rae t = 0 — MOMEHT BpEMEHH, B KOTOPHIH TOIMYJISIUS XUIIHUKOB HaXOUTCS Ha yyacTke; 0 < A =
71(0) — HavankHast MHIIEBas IPUBJIEKATENLHOCTD YUacTKa; X; = X1(t), X, = X, (t) — YUCIEHHOCTH
’KEPTB M XHIIHMKOB HA y4acTKe B MOMEHT BpeMeHH t = 0 coorBercrBeHHO; 0 < A — 3amaHHas
HOpOroBas IOCTOSHHAS, XapaKTEPU3YIOIIAasd MHHUMAIbLHOE KOJMYECTBO JKEPTB, HEOOXOIAUMOE
OpraHu3My XHWIIHHKA B €JMHHILy BPEMEHH JUIA IOJJIEPKAHHMSA BCEX JKM3HEHHBIX (YHKIIHIA.
[Ipenmnonaraercs, 4ro npu t > 0 XUIIHUKKU HaXOJATCS HA y4acTKe, €Cln

i(t) > 4; )

HaxXOMATCS BHE ydacTka, eciu 11(t) < A. Ipu 7i(t) = A noBeneHne NONyISAIHUN ONPEICISICTCS
3HAKOM HPOM3BOIHOM fi = x; — AX,. OTMETHM, 4TO B BRIPOXKEHHUH JUIs 7 yuTeHa ujes P. Apauty u
JI. Tuns0ypra (Arditi, Ginzburg, 1989, 2012) 0 BaKHOCTH paCCMOTPEHUS BEJTMYMHBI OTHOIICHHSI

X1 /X, TP OTIMCAHUM JUHAMHUKHU TOMYJISAIMIA U THIIOTE3a 0 «cTajae cebsumroones» (Hamilton, 1971),
COTJIACHO KOTOPOM BCE 0COOM TOMYJISAINH MOSBIISIOTCS Ha YIACTKE W IIOKUIAIOT €r0 OJHOBPEMEHHO.

[TponuddepenupoBar 1 1 MPeANOTOKNAB, UTO TMHAMHUKA MTOMYJISIINA Ha Y9aCTKE
omnuceiBaeTcst cucteMoit JlIorku—BonbpTeppa ¢ u3bATHEM 0COOEH, OTYIUM
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J'Cl =x1(a—bx2 _ul), J.CZ =x2(kbx1—m—u2), ﬁ=x1 _/1x2,

rae a, b, k,m — monoxutensueie noctosiHHbe (kK < 1); 0 < uy, U, — WHTEHCUBHOCTH H3BSTHS
oco0ell XKepPTB M XHIIHUKOB COOTBETCTBEHHO. [ MOJIOKUTEIBHOTO MPUPOCTA MOMYJISIHI
[PEIOIaraeTcs, 4To0 Uy, U, YAOBICTBOPSIOT orpanndenusam: 0 < uy < a, 0 < u,.

Peraercs 3aj1a4a HaXOKAEHUS KyCOYHO-IIOCTOSHHBIX QYHKIMU U4 (t), U, (t), IpU KOTOPBIX
BEITIONHSETCS ychoBue 2 mpu Jdodom t > 0, Ipyrumu clioBaMu, 00ECIEYMBAIOIINX COXPAHCHHE
BHI0BOT0 COCTaBa OMOCOOOIIECTBA.

B pabore (Kupumios, MBanoBa, 2015) mus HavanbHOW TOUkH My (X1g, X990, A) € I =
{(xq, x5, A)ix; — Axy, > 0,x, = %,8 <x,<a/b}, tme &>0, MOOCTPOCHO IMEPHOIAUIECKOE

yhnpaBieHue ¢ nepuogoM J, coxpaHsioniee BHUAOBYIO CTPYKTypy OuocooOiiectBa U
MpeACTaBIIsitolee co00l YepeioBaHnue U3bATUSL 0co0el ¢ Hen3bsaTHEM. [Iprdem T BBIYUCISIETCS TIO

bopmyie
T=(N+1)TM,) +D,

rne D = W+ial LN = [(H +f

T+t,
.

X1 —sz)dt)/lAl], [.] - cumBon memoii wactu umcia, H =

(%19 — Ax30)T, 0 < T — ANMHA HAYalIbHOIO BPEMEHHOI'O MPOMEXKYTKAa HU3BATUS O0CO0eH, t, =
maxF — 1, F = {t:t € [t,T + T(M,)), x1(t) — Ax,(t) = 0}, T(My) — mepuo peueHus] CUCTEMBI
Jlotku—Bombreppa (x1(t), x,(t)) mpu u; = u, = 0, npuuem (xl(O),xz(O)) = (%10, X20), A=

a/bT (M) (a—"; - z).

Jlist peanu3anuu MOCTPOCHHOTO MEePHOIUYECKOTO YIIPABIICHUS BO3HHKAET HEOOXOIUMOCTh
T+t
pa3paboTKu YUCIEHHOTO MeTona HaxoxaeHus T (M,) u uHTerpana fr ?(x; — Ax,)dt. B pabore

C.-[. u (Shih, 1997) npuBoautcs msate MetonoB Beruucienus T(M,), B yacTHOCTH MeTon B.
Bonbreppa, B kotopoMm T(M,) BBIUUCISETCS Kak CyMMa 4YeThIpeX aOCOIOTHO CXOISIIUXCS
HECOOCTBEHHBIX MHTETPAJIOB, TIPU BBIUMCIIEHUH KOTOPHIX BO3HUKAIOT JOTIOJTHUTEIBHBIC TPYAHOCTH.
B nacrosueit pabote npeanoxena Mmoaudukanus merona B. Boasteppa, a umenno: T (M) niercs
KaKk CyMMa 4eThlpeX COOCTBEHHBIX HMHTErpaJioB, NpUYEM JUIsI BBIYUCICHHS HHTErPaloB

npeajaracTcsa OpI/ITI/IHaJIBHHﬁ YHCICHHBIN METOM, KOTOpBIﬁ MOXET OBITh MCIOJIB30BaH npu

T+t
(

BBIYKMCJIEHHM WHTerpaia | X1 — Axy)dt. Co3maHa mporpamma, TNpeJHa3HAYCHHAs IS

T
YHUCICHHOM pam3anui MNOCTPOCHHOI'0 IMCPUOJUYUCCKOTO YIIPABJICHUA. I[pyTI/IMI/I CJIOBaMH,

IporpaMMa Mo3BOJIIET HaXOAUTh BpEMEHHbIE IPOMEXKYTKH, COOTBETCTBYIOIINE UZBATUIO OCOOECH.
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AHHOTAIHUSA: PACCMATPUBAIOTCA PE3YIbTAThl CICHAPHOTO MOJICIUPOBAHUS MHOTOJCTHEH TUHAMUKH
rmokazatejieii TPOCTPAHCTBCHHON W BO3PACTHOW CTPYKTYPhI TAaCKHBIX JICCOB C HCIOJB30BaHUCM
nmutannoHHo  momenmn FORRUS-S.  Kaxngperii  cuenapuii  yrecomoib3oBaHus — (3KCTEHCHBHOE,
HHTEHCUBHOE, BLIOOPOYHBIC PYOKH, 3aMOBEHBIA PEXUM) OKa3bIBACT MOJOKUTEIBHOE BIMSHHUE HA OJHU
MoKa3aTenu W OTpPHUIATeNIbHOe — Ha Jpyrue. llokasarend CTPYKTYPHOTO pPa3HOOOpa3usi HE MOryT
MPUMEHATHCS POPMATTBHO U IOJDKHBI HCIOIB30BATHCS TOJIBKO B KOMILIEKCE.

1. BBenenue

Bbuonornueckoe pazHoOOpazue paccMaTpUBAETCS KaK YCIOBHE JJISl BBIMOJHEHHUS JIECOM
skocucteMHbix ¢yHkiuii (Byrnes et al.,, 2014). C nogaepxaHueM YpOBHS OHMOJIOTHYECKOIO
pa3HoOOpa3usi MpH XO3SIMCTBEHHOW JEATENBHOCTH CBSI3aH PsAJl KPUTEPUEB CHCTEMBI JIECHOU
ceprudukanyu (HarmonaneHbii cTanaapt. .., 2020). B cBsa3u ¢ 3TUM nokasarenu 6uopa3sHooOpas3us
paccMaTpUBAIOTCS OTACIBHBIM OJOKOM IPH TOJITOCPOYHOM CIIEHAPHOM MOJCITUPOBAHUH COCTOSTHUS
JIECOB U PEKMMOB JIECOTIOIb30BaHUS HA YPOBHE YUACTKOBBIX JIECCHUYECTB.

2. O0BeKThI 1 MeTOAbI HCCJICOBAHMMI

MonenupoBanue MPOBOIWIOCH C TpUMEHeHHWeM uMuTaiuonHoir moxaenun FORRUS-S
(Uymauenko, CmupHoBa, 2009) 17151 HECKOJIBKMX YYaCTKOBBIX JICCHUUECTB BOCTOKA JIGHUHTpaICKOit
obnactu. Cpok MojaenupoBaHus coctaBui 120 net, mar MoaeTupoBaHus — S5 JieT.

Ha ocHOBaHMM JaHHBIX TaKCALIMOHHBIX ONMUCAHUN MOJIEIb PACCUUTHIBACT Pl MEPBUYHBIX
MoKazareie g KaXJ0To BbIAENa: YMCIO BUAOB JIEPEBHEB, UMCIIO MOKOJIEHMHM Ka)XJ0ro BHAA,
IMaMeTp, BBICOTY U 3aIlac KaXa0ro JIeMeHTa jieca u Ap. Ha X oCHOBE ONMCHIBAETCS BEPTUKAJIbHAS
CTPYKTypa Bbl€Ja M BO3pacTHas CTPYKTypa LEHOMOMYJALUN JiecooOpasyromux mnopoxd. Jlis
JIECHOTO y4acTKa MOJIEIUPYETCS JUHAMUKA KOMIUIEKCHBIX CTPYKTYPHBIX IT0OKa3aTeNei:

1. Tlokazarenu BHIIOBOTO pPa3HOOOpa3usi: COOTHOIIEHWS IUIONIAJIEH MOHO-, OJUTO- U
IIOJINJOMMHAHTHBIX JIECOB; COOTHOLIEHMS ILIOIIAAEH BUJIOB C Pa3HOM MOMYJISALUMOHHON CTPAaTETHEN.

2. TlokazaTenu NPOCTPAHCTBEHHOW CTPYKTYpPBI: JOJSI OJHOSIPYCHBIX M MHOTOSPYCHBIX
HACaXJIEHUH; JOJSI OTKPBITHIX, MOTYOTKPBITHIX (HU3KOMONHOTHBIX) W 3aKpPBITHIX (CpelHe- Hu
BBICOKOTIOJIHOTHBIX ) JIAaHAIA(TOB.

3. Ioka3aTenu BO3PAaCTHON CTPYKTYpHI MOMYJSALUN MpeoOIalalonuX IPEBECHBIX MOPO:
TUIOLIA/IM, 3aHATHIX TOPOJIOM Ha Pa3HBIX BO3PACTHBIX CTA/IUAX, U UX COOTHOILICHUSI.

PaccmarpuBamuce 11 cueHapueB  XO3SMCTBEHHOW — JI€ATENBHOCTH, OTIMYAIOIIMUXCS
MPOLIEHTOM HCIIOJIb30BAHUSI PACUETHOM JIECOCEKH, J10JIe MCKYCCTBEHHOI'O JIECOBOCCTAHOBJICHUS U
PEeKMMOM yXOJa 3a CO3J4aBacMbIMU HacCaXAEHUsAMHU. [ 3alIMTHBIX JIECOB IPOCUUTHIBAJIACH
BO3MOKHOCTh TIPOBEJCHUSI BBIOOPOYHBIX pPyOOK. B KauecTBe 3TasioHa OBUT B3AT CIICHAPUMA
€CTECTBEHHOT'O PAa3BUTHUS HACAKICHHUH (3aTIOBEHBII PEKUM).

3. Pe3yabTaThl U 00CyKIeHUE

MogenupoBaHue €CTECTBEHHOTO Pa3BUTUS I10Ka3al0, 4YTO 3aKOHOMEPHO MPOMCXOIUT
YCIIOKHEHHE BEPTUKAIIBHON CTPYKTYPHI JiecHOro coobecTBa. COKpaIaroTes IUIOMAAH KaK MOHO-,
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TaKk W MOJUJIOMHHAHTHBIX COOOIIECTB C (POPMHPOBAHUEM XaPAKTEPHBIX JUIA CpEIHEH Talru
OJIMTOJOMHUHAHTHBIX JiecoB. llmomane, 3aHATasd KOHKYPEHTHBIMM BHJAMH, IIPEICTaBICHHbIE
UCKJIIOUUTENIBHO €51bl0, B ImepBble 40 JET yBEJIMUYMBAETCs, IOCIE YEro BBIXOAUT Ha IUIATO; €Jb
3aHUMAaeT Bce MPUrojHble MecTooOuTaHus. IIpoucxoaut crapeHue NOMyJSALMM, a K KOHIy CpoKa
MOJCJIIMPOBAaHUs — COKpALEHUE IUIOIIAAEH CTapOBO3PACTHBIX XBOMHBIX JIECOB; CJIEIOBATEIBLHO,
3allOBE/IHbI PEXXUM HE CHOCOOCTBYET B JJIMTEIbHON NEPCHEKTHBE COXPAHEHMIO 3TUX KIIFOUEBBIX
MECTOOOUTAHUIL.

DKCTEHCUBHOE JIECOIOJIb30BaHEe (PyOKH 0€3 MCKYCCTBEHHOI'O JIECOBOCCTAHOBIJIEHUS WIIU C
TAaKOBBIM, HO 0€3 yXxona 3a KyJbTypaMH) OKa3blBaeT HauOOJIbIIEEe OTPHULIATEIFHOE BIMSHUE HA
CYKLIECCHOHHBIH CTaTyc JIECHOTO MAacCUBa, IOCTOSHHO «OTOpachIBas» HKOCHUCTEMBbI Ha OoJee
paHHUE CTaJWU CYKIECCUH, W JaeT MaKCHUMaJbHbIE IUIOMIAJH HEBO30OHOBUBIIMXCS JIECOCEK
(OTKPBITHIX TPOCTPAHCTB).

WMHTEHCUBHOE JIECONOJIb30BaHUE (IIOJPa3yMEBAET MCKYCCTBEHHOE JIECOBOCCTAHOBJIECHUE U
pYOKHM yX0/1a) 3aKOHOMEPHO MPUBOJIUT K HIMPOKOMY PACHPOCTPAHEHUIO JIECHBIX MOHOKYJIBTYp C
NPUMUTHBHON BEPTUKAIBHON CTPYKTYpOM, OJIHAKO, OHO MO3BOJSAET CHOPMUPOBATH ONM3KHH K
IIOJIHOYWJIEHHOMY BO3PAacTHOM CIEKTp MONYJISLUU COCHbl. CTapoBO3pacTHBIE XBOWHBIE Jieca IIPU
3TOM COXPAHSIOTCS TOJBKO Ha y4acTKaxX 3alIMTHBIX JecoB. Co3aanne OOIBIINX IUIOMIaeii JECHBIX
KyJIbTyp el (OpMaJIbHO IO3BOJIAET HOJJEPKUBAaTh CTA0MIIBHOE COOTHOUICHHE MEXIY
IIMOHEPHBIMM M IIO3/IHECYKLIECCCHOHHBIMU BHJIAMH, HO TaKHE «KBAa3U-II03HECYKIIECCHOHHBIE)
eJIbHUKH, c(pOpMUPOBaHHbBIE B OTCYTCTBUE PaHHUX CTaJuil, HEe 00JIaAal0T CBOWCTBAMM HACTOSIINX
MO3/THECYKIIECCHOHHBIX COOOIIECTB.

[Tpu BBIOOPOYHBIX pPYOKax, KOTOpbIE MPOINAraHAMPYIOTCS KaK MHCTPYMEHT YCTOWYMBOIO
JIECOTIOJIb30BaHUs, YBEIMYMBACTCA JOJI IOJIUAOMHHAHTHBIX HACAKJICHHWM, HO CHMKAKOTCHA, IIO
CPaBHEHHIO C €CTECTBECHHOM JMHAMMKOW, IUIOIIAAM BUIOB-KOHKYpPEHTOB. Pacrter nons
OJTHOSIPYCHBIX HACAKIACHHM, XOTS CHUYKEHHE MOJTHOTHI JTOJKHO CIIOCOOCTBOBATh PA3BUTHIO HUKHHUX
apycoB. BpiOOpouHble pyOKHM pe3KO COKpamlaloT IUIOIAAM ¢ MpeodiiaJlaHueM COCHBI: OHHU
HaKJIaJbIBAlOTCS Ha €CTECTBEHHBIM pacmaj ydacTKOB, HE 3aTPOHYTHIX BBIPDYOKOW, U He
KOMIIEHCUPYETCS HU CO3JaHUEM KYJIbTYp, HH MOJICEIEHUEM MOJIPOCTa B 00pa3yIoIInecs OKHa.

M3meHeHnne NMpoCTPaHCTBEHHOW M BO3PACTHOM CTPYKTYpPBI Y€pE3 YCIOBHS OCBELIEHHOCTH
BJIMSIET HA COCTaB U OOWJIME BHUJOB, MPEJCTABISAIONIUX IIEHHOCTh B Ka4eCTBE MUILEBBIX PECYPCOB.
JI1st HUX ONTUMAaIbHOM OKAa3bIBACTCS MHTEHCHUBHAS MOJIEIb BEJICHUS XO34KUCTBA.

4. 3akaoueHue

KomruiekcHbIe CTpYKTYpHBIE MTOKa3aTedn OMOJIOTHYECKOr0 pa3HOO0pa3usi YyBCTBUTEIbHBI K
M3MEHEHHUIO PEeXHMOB JiecOomoyib3oBaHusl. KakIplii U3 ClieHapueB JIECONOJIb30BAHUS OKa3bIBAET
MOJIOKUTEIBHOE BIIMSIHUE HAa OJHW TMOKa3aTeau M OTpulaTelbHoe — Ha japyrue. [lokazartenu
CTPYKTYpPHOTO pa3HOOOpa3us He MOTYT MPUMEHSATHCS (POPMaIbHO U M0 OTJEIBHOCTH BO M30€KaHUE
HX HEBEPHOU TPAKTOBKHU.

Bri6opounast ¢opma xo34iicTBa B TOM BHJE, KaK OHa Obljla MpEICTAaBIIEHAa B MOJIEIH, HE
OTIPaBJbIBACT OXKUAAHHUHA MO MOAJEPKAHUIO CTPYKTYPHOTO pa3zHOOOpa3us. 3amoBEIHBIA PEKUM B
JUITTEIbHON MEPCIEKTUBE HE 00ECIIeUnBaET COXPAHEHHUE CTAPOBO3PACTHBIX JIECOB.

Kpureprem 3KoI0rHueckoil ycTOMuYMBOCTH OyJeT OTKa3 OT CLIEHApUEeB, KOTOPbIE MPUBEAYT
K YXYALLIEHUIO OOJBIIMHCTBA MOKa3aTele CTPYKTYPHOrO pa3HOOOpa3us WK KaTacTpohudeckomy
CHIDKEHHIO XOTs ObI OZIHOTO U3 HHUX.

BaaropapHocTn

ABTOpHI BhIpaxatoT OnaromapHocTh kommanuu MKEA 3a mpegocraBieHue (aKTHYECKUX
MaTepuaioB U (PMHAHCOBYIO TOJJIEPIKKY HCCIICTOBAHUM.
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YYETOM OCBEHIEHHOCTH HA YPOBHE HAITOYBEHHOI'O IIOKPOBA

Konbuesa A.AL 2, UymaueHko cut 2, Kucenesa B.B.Z, ATr0nb110B A.IO.Z, Kapmunos B.H.Y 2,
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AHHoTanusi: B paboTe mnpencTaBieH MOAXOJ ydyeTa YPOXKAWHOCTH UYEPHUKH, OPYCHHUKH, MAaJMHBI
METOJaMH HMHTAIlMOHHOTO MOJICJMPOBAHUS AMHAMUKHU JiecHOro ¢uroneHo3a. C ero npUMEHEHHUEM
BO3MOJKEH pacueT MPOTyKTUBHOCTH STOJ B CJIOXKHBIX U CMEIIAHHBIX HACAKICHUAX, a TaK K€ ¢ HAINYHEeM
HoJpocTa U mMojulecka. I'TaBHOW OCOOCHHOCTBIO MOAXOJA SIBJISETCS HCIOJIB30BAHHE JIHMMUTHPYIOIIETO
(baxTOpa MPOLYKTUBHOCTH JIECHBIX SITO/I — OCBEIICHHOCTH Ha YPOBHE HAIIOYBEHHOI'O TIOKPOBA.

B nacrosimiee Bpemst Ha TeppuTopun Poccun ydeT sSiITOMHUKOB TP TaKCallUUd HE TPOBOIUTCS
Ha JIOJDKHOM YpPOBHE, MOATOMY BOIPOC OIpeAeTeHHs MOTEHIMAIbHBIX 3alacoB JIECHBIX STOJ
OCTaeTCsl OTKPBITBIM. JIJIsl TIPOCTBIX YHMCTOMOPOIHBIX HACAKIECHUU TMOIXOIAT CYIIECTBYIOIINE
METOJIMKH C TpuMeHeHHueM «TakcallMOHHOTO CIpaBOYHUKA IO JIECHBIM pecypcam Poccum (3a
uckimoueHnem apeecunsbl)» (Kypmosuy, 2018), a anda HacakIEeHUW CO CIOXKHBIM COCTaBOM H
HaJIMYMEM MOJPOCTa U MOJAJECKA TaKOM mojaxoj He mpuMeHuM. Ommbka B pacueTax MPOUCXOIUT
M3-32 HEKOPPEKTHOCTH MCIIOJb30BAHUS B KAUECTBE JIMMUTUPYIOMIETO (paKTOpa MOIHOTHI IPEBOCTOS.
Tak kak NMpu OJUHAKOBOM MOJHOTE B MPOCTOM UYHUCTOMOPOJHOM HACAXKICHUM M HACAKICHUHU C
HECKOJIbKUMHU SIPyCaMH M TIOJPOCTOM IOJIECKOM JIO HAIOYBEHHOTO IOKPOBA JOXOAHUT pPa3HOE
KOJIMYECTBO CBETA, OMPEENSIIONIET0 XapakTep IMI0J0HOIIeHHs aronHukoB ([lymuna, YymadeHko,
2018).

Hcxons w3 crnenuduYHOCTH pOCTa M PA3BUTUS JIECHBIX (DUTOIIEHO30B, MPOBEACHUE
JIOJITOCPOYHBIX IKCIIEPUMEHTOB TPYIOEMKO M BBICOKO3aTpaTHO. MCIoap30BaHe MaTeMaTUYECKOTO
MOJEJIIMPOBAHUS TO3BOJSET ¢ HAMMEHBUIMMH 3aTpaTaMH MPOCIEAUTh XOJ POCTa BCEHl JIECHOM
PaCTUTENBPHOCTH M PACCMOTPETh BIHUSHHUE PA3TUYHBIX THUIIOB E€CTECTBEHHOTO W JK30TE€HHOTO

pa3BUTHA.
[lens uccnenoBaHus — cPOPMHUPOBATH MOJXOJ pacuera YpOXKalHOCTU JIECHBIX STOf C
UCIOJIb30BaHUEM JIUMUTHUPYIOHIET0 (hakTopa MPOAYKTUBHOCTH — OCBEUICHHOCTH Ha YPOBHE

HAaIO4YBEHHOTO TTOKPOBA, UCTIOIB3YSI METObl UMUTAIIMOHHOTO MOICTUPOBAHUS.

Pabora BeimonHeHa Ha 0aze Momenu xoma pocta HacaxnaeHuid FORRUS-S. Bxoaneimu
JAHHBIMH  pabOTBl MOJAENW SBJSIOTCS CTAaHAAPTHHIE TAaKCAI[MOHHBIC OIUCAHMS, TaK JKe
JIOTIOJTHUTENbHBIE CIIPaBOYHBIE 0a3bl IS OCHOBHBIX JIECOOOpPAa3yIOIUX TOPOJ JIEPEBBEB:
OMOMETPUYECKHE XapaKTEPUCTHUKHU KPOHBI, TPeOOBAaTEIHLHOCTh K CBETY, NPOCBETHI B TOJIOTE,
K03 (HUIIMEHT IPOIMyCKaHMs CBETa KPOHOH, pacCTOSIHHE pa3HOCa CEMSH, TIOPOCTeBasi CIOCOOHOCTD,
BO3pacTHBIE KOA(D(DHUITMEHTHI ONPEACIIAIONINE OHTOTCHETHYECKOE COCTOsTHUE, TAOJIUIIBI X0/Ia POCTa
OJTHOBUJIOBBIX HACaXJCHUU, MOTeHuHuanbHbie OoHHUTETH (Uymauenko, 2007). IIpoBomutcs
JIOJITOCPOYHBIN MPOrHO3, Ha epuo 100 et ¢ marom MoaeIupoBaHus — S JeT.

s paGoThl BBIOpaHb HamboJee MIMPOKO pPACIpPOCTpaHEHHBbIE Ha TeppuTtopuu Poccum
JIECHBIE STOJBI: YEepHUKA, OpycHWKa, ManuHa. [IpoaHamu3upoBaHbl (PAKTOPHI, OKa3BIBAIOIIUE
BIIMSAHME Ha POCT M Pa3BUTHE KYCTAPHUUYKOB M MOJYKYCTAPHUYKOB. BBISBIEHBI NPEIUKTOPHI,
KOTOpBIE OMPEAEISAIOT BO3MOXKXHOCTh MPOU3PACTAHUA SITOIHHMKOB: JieCOpacTUTeNbHas 30Ha, TJIY,
JpeBeCHasi MOpPO/a U BO3pacT. Y CTAHOBJIEHO, YTO HA MPOJYKTUBHOCTh MPSIMOE BIUSHUE OKAa3bIBAET
OCBEIICHHOCTh Ha YPOBHE HAMIOYBEHHOTO MOKpoBa (ManmuHoBCcKkuX, 2016,2017).
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B monenu FORRUS-S BbINOSHEH pacdyeT OCBEIIEHHOCTH Ha YPOBHE HAIlOYBEHHOT'O ITOKPOBA
C HCIOJb30BaHUEM KO3((UIMEHTOB MPOIYCKAHUS CBETA. BBIJIO BBINOJHEHO CONOCTaBIECHUE
3HAYEHUH TOJHOTHI M OCBEIICHHOCTH Ui YHCTOIOPOJIHBIX HACAKICHHHA. YCTAaHOBJIEHO, YTO B
3aBUCUMOCTH OT IOPO/IbI IIPU WACHTUYHBIX MTOJHOTAX KOJMUYECTBO CBETA HA YPOBHE HAIIOUYBEHHOI'O
MOKPOBa pa3IMyYHbl, HAMMEHBIINE 3HAYCHUS y €M, HauOOJIbIINE Y OCHHBI U Oepe3bl. Takum
o0pa3oM, Ui Kax/10i opoJibl MOKHO 3aMEHUTh 3HaYEHHUs IIOJTHOTHI HA OCBELIEHHOCTb.

[To wumerommmcst cnpaBounbiM 3HadeHusM (Kypmouu, 2018) Obputn 3aduKCHpOBaHbBI
YPOXKallHOCTH ATOJHUKOB JJI Pa3JIMYHBIX YUCTOMOPOAHBIX JAPEBOCTOEB, B 3aBUCHUMOCTHU OT
ocsenieHHocTH. [locie paccTaHoBKY ToYeK (PUCYHOK 1) oOHapyKeHBI 3aBUCUMOCTH, ITO3BOJISIOINE
UCXO/ U3 UCXOMA U3 IKOJOTHYECKUX XapPAKTEPUCTUK MPOU3PACTAHUS SATOJHUKOB COPMHUPOBATH
rpaduKy 3aBUCIMOCTH UX MPOAYKTUBHOCTH OT OCBEIICHHOCTH.

YepHuKa BpycHuKa ManuHa

*he o
ST, +

OCBEUIEHHOCTE, % OCBeLEHHOCTD, ¥

Pucynok 1 — I'pauku 3aBUCUMOCTH yPOKaHHOCTH OT OCBEIIEHHOCTH ISl JIECHBIX SITOJ:
OpaHXXEBbIE TOUKU — CIIPAaBOYHBIEC 3HAUEHUS YPOKANHOCTH, YEPHBIEC — PE3YJIBTATHI ANNIPOKCUMALINH

BriBeneHHBIE 3aBUCHMOCTH, MMEIOT BBICOKHE R? or 0,7259 mo 0,9563, uro moka3pIBaeT
CWJIBHYIO CBSI3bI0 MEXIy 3HAUEHHUSIMM YPOXKAWHOCTH M OCBELIEHHOCTU. YCJIOBUAMM IS HX
IIPUMEHEHHUS SIBISIETCS KOMIUIEKC XapaKTEPUCTHK: THII JIECOPACTUTEIBHBIX YCIOBHI; IOpPOJA;
Ko3puuueHT coctaBa Oosiee 4; MaKCHUMalbHbIi M MHMHUMAJIBHBIA BO3PACTBl; NMPH KOTOPBIX
yYpaBHEHHUS MOTYT paboTaTh; MaKCUMallbHAsi U MUHUMAaJIbHAsl OCBEIIEHHOCTH, IIPU KOTOPHIX paboTa
YPaBHEHUI HE IPOTUBOPEUYUT 3KOJOTUUECKUM JINMUTAM IIPOU3PACTAHUS SITOJHUKOB. Y YUTHIBAS ITY
COBOKYITHOCTH (DAaKTOpOB, IMOSBISETCS BO3MOKHOCTH CIPOTHO3UPOBATh YPOXKAMHOCTH STOJHUKOB
pu J1I000M 3HaYEHUHU OCBEIEHHOCTH.

1 cMelmaHHBIX JPEBOCTOEB CIIOKHOTO COCTaBa ONPENEIEH MOAXO0J, YYUTHIBAIOLIUN
KOKIYI0 NMopoAy Ha Bbiaene. CHadaja BBINOJIHSETCA pacyeT NPOAYKTMBHOCTH STOJ ISl IIEPBOM
MOpO/bI Ha BBbIENE, 3aTeM JUIsl BTOPOM M Tak Jajee. 3aTeM HCXOJsd W3 IUIOUIaJu 3aHMMaeMOM
KaXJIOM IOPOJOW, BBICUUTBHIBAETCSA YpOXKal SATOJHMKOB, IIPOMU3PACTAOMIMK mox HeW. Tak xe
YUMTBIBAECTCS BIMSHHUE IMOAPOCTAa M IOJUIECKA, TaK KaK y4eT OCBEIIEHHOCTH OCYILECTBIISIETCS C
HCMOJIb30BaHUEM KOA((HUIIMEHTOB MPOMYCKAHUS CBETA BCEX 3JIEMEHTOB JIECHOTO (pUTOILIEHO3A.

Takum o00pa3om, NpPEACTaBICHHBIM IOIXO0J, OCHOBAHHBIM Ha WCIOJb30BAaHUU MOJICTH
FORRUS-S, mno3Bonser paccudThIBaTh NOTEHIHAT YPOXKAHHOCTH JIECHBIX STOJAHUKOB JUIS
CMEILIaHHBIX JIPEBOCTOEB U JPEBOCTOEB CIIO)KHOTO COCTaBa, 3aHUMAIOMIMX OOJIBIIYIO YacTh
TEpPUTOpUU eBporeiickon yactu Poccnn.

Baarogapuoctu. PabGora BemmonHeHa B pamkax Tembl roc3amanus L[[OIIJI PAH
«MeTtoaudeckre MOaX0bl K OIIEHKE CTPYKTYPHOW OpraHu3aiud ¥ (YHKIIMOHUPOBAHUS JIECHBIX
aKOCUCTEM» (HOMEp rocynapcTBeHHoU peructpannn AAAA-A18-118052400130-7).
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Annoranusi: IlpoBenena onenka Oamanca CO, Ha TeppUTOPUM TPOEKTOB HCKYCCTBEHHOTO
JIECOBOCCTaHOBJICHUS C IIPOTrHO30M Ha 50 JleT [JIs IBYX CLIEHApUEB: IIPU OTCYTCTBUM IpoekTa (6azoBasd
JIMHUSL — €CTECTBEHHOE BO300OHOBIICHHE Oepe3bl MOBHCION M OCHHBI) W NPU MX pealu3anud (co3raHne
KyJIbTYp COCHBI OOBIKHOBEHHOW). IlomydeHHBIE TIPOTHO3BI HAa TEPPUTOPHUH  IIPOEKTOB IO
necoBoccTaHoBleHNI0 B KpacHosipckoMm kpae m MpkyTckoil 00macTd MOKa3bIBalOT, YTO JOCTHUTHYTHIA
YPOBEHb BEIOPOCOB OOJIbIIIE, & YPOBEHB MOTTIOMIEHHST — MEHBIIIE TIPH PEATN3ALNN IPOEKTA IT0 CPABHEHUIO
¢ 0OazoBoii nmuuMed. C Touku 3penus mnoryomieHuss CO, co3maHHe JECHBIX KYJIbTYp COCHBI MEHeEe
3(Q}eKTUBHO 1O CpPaBHEHHIO C €CTECTBEHHBIM BO30OHOBJIEHHEM. B paccMOTpeHHOM cilydae
HCKYCCTBEHHOE JIECOBOCCTAHOBJIEHUE HE MOXKET CUMTATHCS JIECOKIIMMATHYECKUM ITPOEKTOM.

B Hacrosiiee BpeMsi G0JbIIYI0 MOMYISPHOCTh MPUOOPETAIOT JIECOKINMATUYECKUE TIPOEKTHI,
HaNpaBJICHHBIC HAa YCHJICHHE YIIIEPOIJCTIOHUPYIOMEH (YHKIHMH JIECHBIX 3KocucteM. K umciy
OCHOBHBIX TpeOOBaHMI K TaKUM MPOEKTaM OTHOCSTCS pacCMOTpeHHe 0a30BOW JIMHUU U MPUHIUIA
JOMOJTHUTEIBHOCTH. bazoBas IMHUS OIpenenseTcss Ha OCHOBE CLEHapusi BHIOPOCOB/TIOTIIONICHUS
NAapHUKOBBIX Ta30B, OTPAKAIOMIMX MX JWHAMMKY TpU OTCYTCTBUM MpoekTa. [IpuHuun
JIOTIOJIHUTENBHOCTU  TpeAmnojiaraeT  0oOOCHOBAHHWE  Mep  JIOMOJHUTEIBHOTO  BO3JAEHUCTBHUA,
HaNpaBJICHHOTO0 HAa YBEJIWYEHHE IMOTJIOMICHUS MapHUKOBBIX Ta30B IPU peau3alliil MPOEKTa.
Enunaunbl cokpamieHus: BBIOPOCOB B pe3yJbTaTe BBIMOJIHEHMSI NMPOEKTa PAaCCUUTHIBAIOTCS Kak
pasHHIAa MEXKY pPe3ylbTaTaMU IPOEKTHOM JIeSATENbHOCTH U Oa30BbIM CLIEHAPHEM.

OObexTaMH HCCIICAOBAaHUS TOCIY)KWIN JIECHBIE KYyJIbTYpPbl coCHbI Pinus sylvestris
(MJIOTHOCTh TMOCAJKU — OKOJO 4 ThICAY CesHIEB Ha | ra), 3ajlo’)KeHHbIE Ha y4yacTKax rapem
(Kpacnosipckuii kpaii, [{3epxunckoe necHnyecTBo — miomaas 120 ra, 2019 r.; Upkyrckas o6nacts,
KupoBckoe necHnuectBo — momaap 125 ra, 2019 r.; Hpkyrckas obnacts, ['opoxoBckoe
JecCHUYecTBO — Iutomans 28 ra, 2020 r.), a Takke MNpWIErarolile Y4acTKH C €CTECTBEHHBIM
Bo3oOHOBIeHHEeM Oepe3bl (Betula pendula) u ocumer (Populus tremula). Tlocaaku cesHieB
npoBeeHsl noj med KomecoBa mo mpenBapUTENbHO Hape3aHHbIM 0O0po3jiaM, pa3MelleHHBIMU
paBHOMepHO uepe3 4 M, mar nocaaku — 0,6 M. Bce ydacTku JIeCHBIX KYJIbTYp OTHOCATCS K
CpenHecnOMpCcKOMY MOJATaeKHO-JIECOCTEITHOMY pailoHy JIecOCTENHOM 30HbI. B KauecTBe HCXOIHBIX
JaHHBIX  JUII  pacyeToB  NOCIyXuiaa  HMHQOpMamust M3  HPOEKTOB  HCKYCCTBEHHOI'O
JIECOBOCCTAHOBJIEHUS! HAa KaX/blil Y4acTOK, MpPeNOCTaBlieHHAass OpraHaMy YIPaBJICHUS JIECHBIM
xo3siictBoM Kpacnosipckoro kpast u Mpkyrckoii o6nactu. JonomaurensHo B Mae 2020 r. 6buin
MPOBEJEHBl TMOJEeBble pabOThl MO BBIOOPOYHOIN OIIEHKE COCTOSHUSL JIECHBIX KYIBTYp U
€CTECTBEHHOTO B0300HOBIEHHs. JOMONMHUTENBHO OBUIM TOJY4YEeHbl JaHHble 00 o0Obemax
C)KMTaeMOTro MCKOMAaeMOro TOIUIMBA U TEXHHUKE, TPUMEHSIEMOH NP MOATOTOBKE Y4acTKOB, a TaK¥kKe
O MOTEHIMAJIBHBIX OOHUTETaX U COCTABE JIECHBIX KYJIBTYP.

B kadecTBe OCHOBBI JUIsl OLIGHKM H3MEHEHHUS 3amacoB yriepoaa B (uromacce ObUIN
MCMOJIb30BaHbl TaOIHUIBI OHooruueckoi mpoayktuBHocTH (LlIBuaenko u ap., 2008) ¢ mompaBkoi
Ha MOTEHIUAIBHBI OOHUTET W TOJIHOTY HacCaXICeHHH. J[JI1 MPOTHO3HBIX OIEHOK HMCIOJIh30BaJIach
KOMOMHAIMST MOJICTHN JUHAMHUKHU OpraHudeckoro pemiecTBa mouBsl Romul Hum [Komarov et al.,
2017; Chertov et al., 2017] u momenu nouBerHoro kiaumara SCLISS [beixosem u ap., 2002].
[IpoBenena HacTpolika MAaTEMaTUYECKUX MOJENEH Ui OLEHKM KOJIMYECTBA  YIVIEPOJa,
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aKKyMYJIUPYEMOTO pa3IMYHbIMH TynamMu (puromacca, NOACTWIKA, JeOpPHC, OpPraHUYECKOe
BELIECTBO II0YBBI) HCKYCCTBEHHBIX HACAKICHUI COCHbI M MEJKOJIMCTBEHHBIX HACaXICHUN
€CTECTBEHHOTO NPOHCXOXAEHUS. VICXOMHBIN CIIeHapHii METEOyCIOBHUN OBLT MOIy4eH Ha OCHOBE
JaHHBIX ¢ reorpaduyecku  OMMKAMIIMX ~ METEOCTAHIMH, TmoJiydeHHbIx Bo BHUU
THJIPOMETEOpPOSIOTHYECKO HuHpopMaimn — MupoBom 1nentpe nanabeix (BHUUTMU-MI)
Pocrugpomera. BrIOpochl MapHUKOBBIX Ta3oB OT paboTaroliell TeXHUKU ObUTM pPacCUUTaHBI C
ucrnonb3zoBanuem meroauku MI'OUK.

[TpoBenena oneHka 6anaHca yriepojaa Ha TEPPUTOPUU IPOEKTOB JIECOBOCCTAHOBIICHUS TIPU
OTCYTCTBHH TIpoeKTa (0a30Basi THMHHS — ECTECTBEHHOE BO3OOHOBIICHUE Oepe3bl MMOBUCIION U OCUHBI)
U TIpU UX peanu3auuu (Co3JaHHe KYJIbTYp COCHBbI OOBIKHOBEHHOI) ¢ mporHo3om Ha 50 et
(pucynok). IlonmydeHHble NPOTrHO3bI HA TEPPUTOPUM THPOEKTOB I10 JIECOBOCCTAHOBJIEHUIO B
KpacHnosipckom kpae u MpkyTckoil o0nacTé MOKa3bIBalOT, YTO JOCTUTHYTHIH YPOBEHb BHIOPOCOB
Ooublie, a ypOBEHb HOTJIONIEHUS — MEHBIIIE MPH PEANH3aluu MPOEKTa M0 CPaBHEHUIO ¢ 0a30BOM
muaueit. C Touku 3peHus nornoimieHus CO, B MOIYy4eHHOM TOpU30HTE MporHozuposanus (50 ner)
CO3JIaHME JIECHBIX KYJIbTYp COCHBI MeHee J((EKTUBHO 10 CpPaBHEHHIO C €CTECTBEHHBIM
BO300OHOBJICHHEM, OIHAKO OCYIIECTBICHHE MPOEKTOB MO HCKYCCTBEHHOMY JIECOBOCCTAHOBJICHHIO
MO>KET UMETh CYIIECTBEHHOE 3HAYE€HUE JJI1 BOCIPOU3BOCTBA LIEHHBIX JIECHBIX PECYPCOB.

Mornowenwue (+)/ebibpoc (-) CO,, T

.....

.....

Pucynoxk — IIporao3 cymMmmapHOro HETTO-IIOTJIOIIECHHS JUOKCUA YTIIEPO1a Ha TEPPUTOPUHU
MIPOEKTOB (CyMMapHas miomia s 273 ra) 1o JecoBoCCTaHOBICHUIO B KpacHOsIpcKoM Kkpae
WpxkyTtckoii 001acTy B pe3yabTaTe NPOEKTHON AesITENbHOCTH, OTCYTCTBHS MPoeKTa (6a3zoBast

JIMHUSA), BETMUYMHBI aHTPOIIOTEHHOT'O CYMMAapHOTo HeTTo-BbIOpoca CO; 1o pa3HHIle JOCTUTHYTOTO
YpOBHS MOTJIOLIEHUS U 0a30BOT0 YPOBHS
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AHHOTaUMsi: TOPHBIA cycnuk - Spermophilus musicus, sBisieTcs OCHOBHBIM HOCHUTEIEM YyMbI B
LenrpanpHo-KaBka3ckoM BEICOKOTOPHOM IIPUPOAHOM o4are. Ha 0CHOBE MOIEIHpOBaHNS 3KOJIOTHIECKON
HHILH, BBIOJIHCHHOTO B mporpamme MaxEnt, mpoBeeHa OLeHKa POCTPAHCTBEHHOTO PacIpOCTPaHEHHS
BHJIA ¥ 30HA MOTCHIMAILHOTO PHCKA PACIIPOCTPAHEHHUS YYMBI, B CITy4ae BOSHUKHOBEHHS SITH300THH.

1. BBenenue

Apean ropuoro cyciuka Spermophilus musicus (Menetries, 1832) mnpoctupaercs OT
BepxoBbi p. Kybanb 1o p. Uepek-besenruiickuii. [Ipu kaprorpadgupoBanuu, npoBeaeHHoM B 1973 —
1976 rr., BeIsBIIEHO 234 mOCEICHHS 3TOr0 BHaa OOIIeH INIOmanpo okoao 97.5 Teic. ra. Ilmomans
apearna cyciMka Mo KpallHUM ToceleHHsiM cocTaBiseT 6onee 331.1 Thic. ra, B mpejenax BBICOT
1150-3200 m n.y.mM. (I'puropses, 1998). I'mobanbHBIE KIMMATHYCCKHEC H3MCHCHHSI OKAa3bIBAOT
3HAYUTENIbHOE BIIMSHHE HA Ha3eMHBbIE JKOCHCTEMbI. V3MEeHEeHHE CTPYKTYpbl pacTUTEIbHBIX
COOOIIECTB BIMSICT HA YACICHHOCTh M MPOCTPAHCTBCHHOE PACIIPEICIICHHE TPABOSTHBIX TPHI3YHOB.
M3MeHeHne TPOIYKTHBHOCTH PACTUTEIBHBIX COOOIIECTB, KIUMATHYCCKHEC H3MCHCHHS, a TaKkKe
aHTPOTIOTEHHAs] Harpy3ka MOTYT OKa3blBaTh BJIMSHHE Ha IMPOCTPAHCTBEHHOE pacIpeielieHue U
YHCIIEHHOCTh TOPHOTO CYCIIMKA, SIBJISIOIICTOCS OCHOBHBIM HOCHUTENeM dYymbl B LleHTpanmbHO-
KaBka3ckoM BBICOKOTOPHOM MPUPOJHOM ouare. B cBSI3W ¢ 3TUM MOHUTOPHHT M MOJETUPOBAHUE
M3MEHEHHS apeaya JaHHOTO BUJA, IPECTABIsIET COOOW aKTyalbHYIO 3a/1a4y.

2. MaTepuaJjibl 4 METOAbI

B KkadecTBe WCXOJHBIX JAHHBIX JUISI TIOCTPOCHHUS MOJEIH HCIOJB30BAUCH PE3YIbTaThl
AMU300TOJIOTUYECKOTO MOHUTOPHUHTA MOMYJISIIIUA TOPHOTO CYCIUKa (TOYKH MPUCYTCTBHS BUIA), B
nepuog ¢ 2016 mo 2020 roxel u naHHBIE 00 OKpysKarolled cpene. B kauecTBe KIMMaTHUECKUX
JaHHBIX OBUT UCHONB30BaH Habop u3 19 OwoknuMatudecknx mnepemMeHHbx Worldclim ¢
http://www.worldclim.org, ¢ mpocTpaHCTBEHHBIM paspenieHueM ~ 1 KM?. AHAIN3 TOYCUHBIX
JAHHBIX 1 OMOKIMMATUYECKUX MMEPEMEHHBIX ObLI BHIMIOJIHEH B MporpaMMHOM obecrieuennn MaxEnt
v 3.4.4. (Phillips et al., 2017). Bxiag kaXaod NEpEeMEHHOW B MOJENb PACIPOCTPAHCHHS
OLICHUBAJICS TpeMsl croco0aMu — TyTeM MPSMOM OLEHKH BKJIaJa B TPOIIEHTHOM OTHOIICHUU,
OIICHKU TIOCJIE TIEpMyTallud, M ¢ Hcmoyib3oBaHueM wmetona jackknife. {mst oOyuenus momenu
UCIIONB30BATNCh 75% crmydaiitHO BBIOpaHHBIX ToueK, a 25% JaHHBIX HUCHOJB30BAIKCH IS €€
TectupoBanus. CpaBHEHHE M MPOBEPKY PE3yIbTAaTOB MOJEIH OCYIIECCTBISUIH C HCIIOJIb30BAaHUEM
craructudeckux napamerpos ROC (AUC).
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3. Pe3yabTarThl

Jis cozmanHusi MOJETH MPOCTPAHCTBEHHOTO PACIPOCTPAHEHUS MCIIONB30BAJICS MCXOHBIN
HaOOp JaHHBIX, coctosBIMi M3 204 Touek mpucyrcTBus. [lomydeHHbIE B pe3yiabTaTe IaHHBIC,
OTpaXKarolllie MPUTOJHOCTh PA3JIMYHBIX 00JIacTel Juisi 0OUTaHUSI TOPHOTO CYCIIMKA, IPEICTaBICHbI
Ha Pucynke. OOnactu HamOojee OnarompusTHBIC ISl PACIPOCTPAHEHHUs BUJA PACIONIATAOTCS B
npejienax TpeX BICOTHBIX MOSICOB, TOPHO-CTEIHOT0, CyOaIbIIUIICKOTO U albIIHICKOTO.

IIpsimast oueHKa BKJIa1a IEPEMEHHBIX cpelbl B Moiesib MaxEnt, B IpOLIEHTHOM OTHOILIEHUH,
MoKaszajia, 4YTo HauOoJIbliee 3HAUYCHHUE JJISi MOJEIH IPEAINOoIaraeMoro pacupoCTPaHEeHUs TOPHOTO
cycnuka umeror cienyromue 3HadeHus: BIO18 (Ocanku camoro teruioro kBaptana) — 46, 3 %,
BIO15 (Ce3onnocth ocankoB (kodddunuent Bapuanmu)) — 19,0 %, BIO1 (Cpemneromosas
temneparypa) — 18,4%, BIO16 (Ocaaku B camom BiaxkHoMm kBaptane) — 3,9% u BIO7 (I'onoBoii
nuana3oH temrepatyp (BIO5-BIO6)) — 3,1%. Ouenka nepeMeHHbIX MMOCie MepMyTalluy, oKa3asa
n3mMeHeHue poiib nepeMeHHbix BIO16 —9,4% u BIO7 — 5,5%, koTopble BHIIUIM Ha BTOPOE U TPETHE
MecTo, cooTBeTcTBeHHO. [Ipu onenke meronom jackknife Bkiiaga mepeMeHHBIX B OKOHYATEIBHYIO
MOJieTIb, YCTaHOBJIEHO, 4TO mepemenHas BIOS5 (MakcumanbHas Temmeparypa CcaMOro TEIUIOro
Mecsia), TOKa3bIBaeT HAauOOJIbIIee YCHICHHE MOJICIU MPH MCIIOJIb30BaHUH M30JI1poBaHo, a BIO18
OOJIbIIIE BCErO CHMKACT KAYECTBO MOJICIIH IIPH € OTCYTCTBHM.

PucyHok - [IpocTpaHCTBEHHOE pacipocTpaneHue S. MUSicus Ha Tepputopun LieHTpanbHO-
KaBka3ckoro BEICOKOrOpHOTO MPUPOAHOTO OYara YyMbl, CMOAETUPOBAHHOE MTPH TOMOIIN
nporpammbl MaxEnt. O6nacts kpacHoro uera (0,709-1,000), npencrasisier 30Hy HauboJee
MPUTOIHYIO JIJIsl oOuTaHus S. musicus, 3enenoro mnsera (0,199-0,398) HaumeHee NPUTOAHYIO.

4. O6cy:xkneHue

s onpeneneHus S5KOJIOrHYECKON HUIIU TOPHOIO CYCIUKA OJHO M3 PELIArOIIUX 3HAYCHUHN
UMEIOT  KiIuMaTudeckue (aktopsl. MoaenupoBaHue MOTEHIMAJIBHOTO apeana BHIA C
HCIIOJIb30BaHUEM IIPOTPaMMHOI0 obecrieueHus MaxEnt, [I03BOJINIIO OIIPEJIEIUTh
IIPOCTPAHCTBEHHYIO CTPYKTYpY €ro apeaiga M IIOTEHIWAJbHbIE 30HBI PHUCKA, CBA3aHHBIE C
BO3MOKHOCTh PaclpOCTpaHEHUs BO30YIUTENsT YyMbl, OCHOBHBIM HOCUTENEM KOTOPOIO SIBJISIETCS
TOPHBIN CYCIUK.
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BBISIBJIEHUE NHBAPUAHTHBIX COCTOSIHUM AT POJTAHAIIA®TOB HA OCHOBE
HNEPAPXHYECKOI'O ®PAKTOPHOI'O AHAJIM3A JTUCTAHIIMOHHOU
NHOOPMALIUN
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AnHoranusi: [Ipemnaraemas pa®oTa TOKa3bIBaeT BO3MOXKHOCTH aHAJIKW3a BpPEMCHHBIX  PSIOB
MYJBTUCIIEKTPAIBHBIX KOCMHUYECKHX CHHUMKOB CPEJHEr0 pa3pellieHusi JJIsl BBISBICHUS WHBapUAHTHBIX
MIPOCTPAHCTBEHHBIX CTPYKTYp B YCJOBHSIX CHJIBHOTO AaHTPONOTI€HHOTO Bo3jaelicTBui. Ha mnpumepe
MHoOToNeTHUX psinoB naHHbix LANDSAT mnokazaHa mpoueaypa BBLAENEHUS MPOCTPAHCTBEHHBIX
nHBapuanT. [Ipomemypa ocHOBaHAa Ha INPHMEHEHHH METOIAa HEPapXHIEeCKOro (PaKTOPHOTO aHAIH3a
MHOTOMEPHOTO IPOCTPAHCTBAa HCXOIHBIX MEPEMEHHBIX H CETMEHTAlMH IONyYCeHHOTO (haKTOpHOTO
MIPOCTPAHCTBA HAa IUCKPETHBIE COCTOSHUA. Tak Kak KakIoe MYJIbTHCHEKTPAIbHOE N300pakeHHe — Cpe3
COCTOSIHUS JTAHAMA()THOTO MMOKPOBA M €ro CIOCOOHOCTH TPeoOpa3OBBIBATE CONHEYHYIO YHEPTHIO, TO Y
KaXIOTO TaKOrO cpe3a JODKeH OBITh COOCTBEHHBIH Ha0Op MPOCTPaHCTBEHHBIX WHBApUAHT,
OTHCHIBAIONINX OOIBIIYI0 YacTh WHPOPMAIUU O paboTe MOBEPXHOCTH. B HaHHOW CTaThe C MOMOIIBIO
3TOTO MOJXO0/a MCCIeaytoTes arponanmmadTer JHxusakckoir obmactu Y30ekucrana. JleMoHCTpupyercs
BBICOKAs ITOBTOPSAEMOCTH IMCKPETHBIX IMPOCTPAHCTBEHHBIX MHBAPHMAHT B IIPOCTPAHCTBE HMHTETPAIBHBIX
(akTOpOB I BPEMCHHBIX PSJ/IOB, pa3[eiicHHBIX BO BpemeHu Ha 20 jer. HesaBucuMo mpoBECHHBIC
TIOJICBBIC HCCJICAOBAHUA TO3BOJIAIOT YTBECPIKIAATh, YTO BBIACJICHHBLIC CTAllMOHAPHBLIC COCTOAHHSA MOTYT
6LITI) COOTHECCHBI C TUIIAMU I10YB.

[TpoGiieMa opraHm3amyil  CIOKHBIX  IPOCTPAHCTBEHHO-BPEMEHHBIX TeorpaduuecKux
JUHAMHYECKUX CHUCTEM SIBJISETCS OJHOM U3 KIIOUEBBIX MpOOJIeM COBPEMEHHOM reorpadum.
Bbiaenenuio  yCTOWYUBBIX COOTHOIIEHHMH MEXIYy MHOXECTBOM HAOJIIOJaeMbIX CBOMCTB C
UCIOJIb30BaHUEM JUCTAHIIMOHHOW MH(OPMAILIUU, B TOM YHCIIE U AJIS arpoaHaadToB, MOCBSIIIEHO
MHOkecTBO padoT (Yufeng et al., 2011; Stasyuk et al., 2017; Nawar et al., 2015; [Ty3auenko u np.,
2003). MynbpTUCHIEKTpaibHasl JUCTAHIIMOHHAS WHGOpPMAIUS MPEACTABISAET COO0M YHUKATBHBIN IS
COBPEMEHHOW Teorpauu WHCTPYMEHT, MO3BOJISIIONIUN C HCIOJIb30BAHMEM BPEMEHHBIX PSJIOB
MPOCJEINUTh TPOCTPAHCTBEHHO-BPEMEHHYIO TMHAMUKY OTPa)KaTeIbHON CIOCOOHOCTH MOBEPXHOCTH.
Ucxonst u3 mpencraBinenus o reorpaduueckoM MPOCTPAHCTBE KaK OTKPHITOW TEPMOJIUHAMHYECKOM
JVICCUIIAaTUBHON HepaBHOBecHOU cucteMe (Jorgensen, Svirezhev, 2004; Ilyzauenko u ap., 2019),
MOHO pacCMaTpUBaTh OTPAXKATEIBHYI) CIIOCOOHOCTH TMOBEPXHOCTH KaK IMPOSBIEHHWE OCHOBHBIX
O0no(U3NUeCKUX MapaMeTpOB, BRIPAKEHHBIX B MPEOOPa30BaHUN COTHEYHON dHEpruu. Bo3MOXKHOCTh
OJIHOBPEMEHHO HAOJI0/IaTh M3MEHEHHE XapaKTEPUCTUK MOBEPXHOCTH KAaK BO BPEMEHH, TaK U B
MIPOCTPAHCTBE 32 CUET UCIOIB30BaHUS JUCTAHIIMOHHOW MH(OpPMAILINK MTO3BOJISIET pacCMaTpUBATh €€
KaK OCHOBY CTaTUCTHYECKOTO MOJEIMPOBAHUS IIMPOKOTO CHEKTpa OHOCHEpHBIX MPOIECCOB
(Kpenke u ap., 2011; Ily3auenko u gap., 2006). AHanu3 JIUTENbHBIX BPEMEHHBIX PSIOB
MYJIBTUCTIEKTPATBHBIX JAHHBIX IO3BOJISIET ONMHUCATh COCTOSIHUE W TIOBEACHHE HIKOCHUCTEMBI TIO
BpeMeHU. MHTepnperalus 3TUX JaHHBIX JA€T BO3MOXKHOCTb OMNPENEIUTh CTPOECHUE IKOCUCTEMBI,
OIICHUTH €€ (PYHKIIMOHAIbHBIC XapPaKTEPUCTUKH, B KOHEYHOM CYETE — OMHUCATh €€ CTPYKTYpY H
CBONCTBA.

B  nmamHOM paboTe JOEMOHCTpHpYETCS TOAXOJA  PpelIeHWs TaKoW 3adadd IS
CENIbCKOXO3SCTBEHHBIX 3€MEINb, T. €. TEPPUTOPH, CYIIECTBEHHO MPEOOPa30BAHHBIX YEIOBEKOM.
OCHOBHBIM YCJIOBHEM pEIICHUS TaKOW 3a/ladyd SBISIETCS paslielieHue «IUHAMHUYECKHX» U
«CTaIMOHAPHBIX» KOMIIOHEHT OpraHM3aluu JaHamapTHoro TmokpoBa. K nuHamMudeckum
KOMIIOHEHTaM MOYXHO OTHECTH  YEJOBEYECKYIO JIEITCJBHOCTh, PE3yJbTaThl  IOTOTHOMN
W3MEHYUBOCTH U T. M., TOTJIa KaK CTAIIMOHAPHBIE KOMIIOHEHThI OTPAXKalOT FEHETUYECKHUE CBOMCTBA
nauamadTa. OCHOBHBIM 3aTPyJHEHHUEM B BBIJICJICHUN CTAIMOHAPHBIX CTPYKTYp arpojiaHamadToB,
o0nafalomux YCTOMYMBOH BO BPEMEHH COBOKYITHOCTBIO CBOWCTB, C TOMOIIBIO JIaHHBIX
JUCTAHLIMOHHOTO  30HAMPOBAaHUS  SBISIETCS BBICOKas M3MEHUMBOCTh HX  OTpa)kaTeIbHOU
criocoObHOoCTH. MOXXHO CKa3aTh, YTO BPEMEHHBIE CEPUU JAHHBIX AMCTAHIIMOHHOTO 30HIMPOBAHUS U
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JMOOBIX TPOW3BOAHBIX MOXKHO paccMaTpuUBaTh KaK OTOOpaXEHHE JUHAMUYECKOH CHCTEMBI
na"amadra. MHOXECTBO 3a(MKCUPOBAHHBIX COCTOSIHUH OTpaXkaloT IpeoOpa3oBaHUE CBOMCTB
nanamagdTa Kak B IpOCTPAHCTBE, TaK U BO BpeMeHU. C Apyroi CTOPOHBI, HA JOCTATOYHO OOJIBIIOM
Habope HaOMI0IeHUI U UHTEpBaJle BPEMEHH MOKHO IIPOCIIEANTh YaCcTh HEN3MEHHONW HH(POPMALIUU —
MHBAapUAHTHYI0 KO BPEMEHM COCTABJISIONIYIO, OTPAKAIOLIYI0 YCTONYMBBIE IPOCTPAHCTBEHHbIE
CTPYKTYPBI.

3anaua BBIACTICHUS CTALlMOHAPHBIX KOMIIOHEHT B MOJ0OHBIX Ha0Opax NaHHBIX MOXET OBITH
pellieHa MO3TalHbIM MPUMEHEHUEM IPOLEAYp COKpAIlleHHs pa3MEpHOCTU MM HEepapXHUecKOro
¢dakropHoro ananmmza. CyTb Takoro moaxoa — B IO3TAaHOM O0000mEHHH (HaKTOPHOTO
IPOCTPAHCTBA: OT (DAKTOPOB, OMHUCHIBAIOIIMX OTAEIBHYIO CIEHY, K (akTopaM, OMMCHIBAIOILUM
COBOKYIIHOCTb CLIEH 3a HcciaeayeMblil nepuoi. JlaHHas mpolenypa HO3BOJIIET B TOM 4HCIE
OCYLIECTBIIATh MPSIMbIE CPAaBHEHMs PA3JIMYHBIX BHJIOB CIyTHHUKOBBIX JaHHBIX, HallpUMeEp AAHHBIX
LANDSAT 5 u LANDSAT 8. Takum 00pa3oM, OTKPBIBAETCSI BOSMOXKHOCTH JIETaIbHOTO aHAIN3a
M3MEHEHMH JTaHmadTHOrO MOKPOBAa Ha BCIO INIYOMHY apXMBHBIX JAQHHBIX MYJIbTHCIEKTPaIbHON
CheMKH. B pesynbpTaTe IpOBENCHHOTO0 TakUM 00pa3oM (aKTOPHOTO aHajdu3a HMCXOAHBIA HAa0Op
NEPEMEHHBIX 3aMEHSETCsS JPYIMM, MEHbIIUM HAaOOpOM MEpPEMEHHBIX, B MaKCUMAaJIbHON CTENEHU
OTNMCHIBAIONINM (MHTETPUPYIOIIMM) HCXOIHBIE. B paMkax (hakTOpHOTO aHalM3a Ha OCHOBE
perpeccuoHHbIX ((PpaKTOPHBIX) KOI(DHUIMEHTOB A KaXJI0W TOUKH TEPPUTOPUU PACCUUTHIBAKOTCS
3Ha4eHUs1 (PAKTOPOB, NPU3HAHHBIX HMHTETPAIBHBIMU JUIS TPYHNI CBOWCTB. Jlamee mpoBoamTCs
UHTerpauus (pPakTopoB, ONMCHIBAIOIIMX OTAENbHBIE CPOKM ChEMKH B 00oOmiaromue (akTopsl, U
MOBTOPSIETCS MpoLeAypa 0TOOpa Hanboee 3HaYaluX U3 HUX: U3 3TUX (aKTOPOB OTOMpAIOTCS Te,
KOTOPbIE UMEIOT BBICOKYIO CTEIIEHb CBSI3U C KaX/IbIM CpOKOM HaOiroaeHus. Kak mpasuio, nepsbie
nBa (akTtopa JUISI BCEX IEPHOAOB IOKA3bIBAIOT BBICOKYIO CTEIEHb CBSI3aHHOCTH CO BCEMH
COOTBETCTBYIOLIMMHU CpOKaMU. Takum o0pazoMm, moixydaercs Habop NEpeMEHHbIX, ONMHUCHIBAIOLIMI
CTallUOHApHbIE XapaKTEPUCTUKH 3€Mellb 3a KOHKPETHBIM mepuoJ (Kak MpaBHIO, TpeX-
YeThIPEXJIETHUI TUana3oH). TOT HabOp MEPEeMEHHbIX PAacCMaTPUBAETCS KaK WHBApUAHTHBIN Ui
JNaHHOU TeppuTopuu. [pyras rpynmna 3HauuMbIX (aKTOpPOB — AMHAMUYECKas, 3TO Takue (akTophl,
KOTOpBbIE TaK)K€ COAEP)KAT 3HAYUTENbHYIO MH(OpMAIMIo, HO MPH 3TOM HMEIOT HEpaBHOMEPHYIO
cucTeMy KO3 QHUIIMEHTOB, CBA3BIBAIOIINX WX C UCXOAHBIMH JaHHBIMH. Takue (pakTopbl ONMCHIBAIOT
M3MEHYMBOCTh COCTOSIHUM pacCMaTpUBAaeMOW TEPPUTOPUH 3a B3ATHIN MEepHOA HAOIIOACHUH.

CormacHo wmetonuke Juisi Tepputopuu Jxuzakckod oOmactu Y30ekucrtaHa, ObUIH
paccuMTaHbl MHTErpalbHble (aKTOpbl s JBYX INepuoaoB: coBpeMeHHbIH (2018—2020 rr.) u
perpocnekTuBHbIM (1990-2000 rr.). Arpo3KoJIOTHYECKHE Pa3HOCTU ObUIM TMOJTYYEHBI HA OCHOBE
KJacCU(UKALMU  HUHTETpajbHbIX (PAKTOPOB  «COBPEMEHHOT0» Iepuoja Uil HECKOJIbKUX
HUepapXUUeCcKUX  YpOBHEH  JUXOTOMHYECKOM  Kiaccudukamuu  K-cpeaHux. [lomydeHHas
kjaccuukanus ObUla MOABEPTHYTA MPOLENYpe TUCKPUMUHAHTHOTO aHAIU3a C HUCHOJIb30BAHHUEM
PETPOCHEKTUBHOIO TMepuoja Kak pedepaTuBHOro. JIMCKPUMHHAHTHBIM aHaiW3 IOKa3bIBAET
XOPOIIYI0 BOCIIPOU3BOAUMOCTD MOMYYEHHOM KiaccupUKaIMu Ui cocTostHus 10-1eTHelt JaBHOCTH:
o0Imiee Ka4ecTBO pacro3HaBaHUs JUIsl 8 KiaccoB coctaBwio 72.3 % a mis 16 xiracco — 64.9 %.
MOHO 3aKJIIOUYHUTh, YTO MOJIYUYEHHBIE KJIacChl OMHMCHIBAIOT CTAllMOHAPHBIE s/Ipa MPOCTPAHCTBEHHBIX
naHAmAadTHRIX COCTOSIHUM, WM B TJAaHHOM CJIy4ae arpo’KOJIOTMYECKUX pPa3HOCTEH, MOBTOPSIOLIUXCS
Ha OOJIBIIIOM OTpEe3Ke BPEMEHHU.

KnroueBbIM ~ pe3ynbTaToM  MPEACTABIEHHOTO  COOOILIEHUS  SBJSETCS  BBIJCIECHUE
IIPOCTPAHCTBEHHBIX ~CTPYKTYp, HAaJEXKHO TOBTOPSIOUIMXCS BO BpPEMEHM M  00JIAJAIOLINX
MHTEpIpeTHpyeMon ceManTukon. To, 4To Kinaccudukaiys, moyyeHHas HA OCHOBE MHTETPAJIbHBIX
¢dakTopoB 3a TpexyeTHuid nepuon 2017-2019 rr., ¢ BBICOKONH TOYHOCTHIO BOCIPOM3BOJIUTCS depe3
uHTerpanbubie Gaktopsl 1990-2000 rr., 03HA4aeT, 4TO yepe3 psAAbl AUCTAaHIIMOHHOM MHpOopManun
JOCTaTOYHOM JUIMHBI MOKHO BBLAETHUTH CTAllMOHApHBIE CTPYKTYpPHI JAaxe [UIs TEPPUTOPUN C
CWJIBHOU CIIEKTPaJIbHOW M3MEHUMBOCTBIO BO BpeMEHH. Takke 3TO JIOKa3blBaeT CYIECTBOBAHHUE
MPOCTPAHCTBEHHBIX HMHBAPHAHT, KOMOMHUPYIOIIMX AHTPOIIOTEHHBIE M €CTECTBEHHBIC (HaKTOPHI
mupdepeHnmanyy  JaHAMAPTOB, OTPaXEHHWE KOTOPBIX  COJNEPKHUTCS B  JUCTAHIITMOHHOM

63



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

nHpopmanuu. [TomydueHHBICE HHBAPUAHTHI MOTYT HCIIOIB30BATHCS Kak 0a30Basi CTPYKTypa, KOTOPYIO
MOXHO COOTHOCHUTHh KaK C BapbHPOBAHHEM BHYTPHU MOPOHMBIICTO €€ BPEMEHHOTO psija, TaKk M C
BapbUPOBAHUEM OTHOCHUTEIBHO OoOJiee MIMPOKOro HaOII0JaeMoro jauama3oHa. Takum o0pazom
peliaeTcs BaKHas 3ajia4a pa3ieieHUs] OTHOCUTEIBHO CTAI[MOHAPHBIX U THHAMHYCCKUX KOMIIOHEHT
arponanamagdToB.

Jlureparypa

Kpenke A.H., ITyzagenxo M.IO., ITy3auenko I0.I'. YTouneHne conepkaHns TEMaTHYECKUX KapT HA OCHOBE JaHHBIX
JUCTaHIIMOHHOTO 30HAMpoBanus // U3Bectus Poccuiickoii akagemuu Hayk. Cep. reorp. 2011. Ne 4. C. 86-96.

[Tyzauenko M.1O., ITy3auenxo 10.I"., Koznos I.H., ®exsera M.B. KaprorpadupoBaHrue MOITHOCTH OPraHOI'€HHOTO U
I'YMYCOBOT'O TOPH30HTOB JIECHBIX ITOYB M OOJIOT FO’)KHOTaeXKHOTO JtaHamadTa (roro-3anan Bangaickoi
BO3BBIIICHHOCTH) Ha OCHOBE TPEXMEpPHOH Mojienu peibeda u nuctanunonHoi nadopmanun (LANDSAT 7) //
HUccnenosanue 3emiu u3 kocmoca. 2006. Ne 4. C. 70-79.

[Ty3auenxo FO.I"., Baitbap A.C., Bapnarua A.B. u ap. TenmoBoe moie 103kHO-TaeKHOTO JaHamadTa Pycckoit
paBuuHE // U3Bectus Poccuiickoit akanemun Hayk. Cep. reorp. 2019a. Ne 2. C. 51-68.

[Ty3augenxo HO.I"., Kperke A.H., [Ty3auerko M.IO. u np. OneHka TepMOJMHAMHUYECKUX TapaMeTPOB JTaHAMAPTHOTO
MIOKPOBA IT0 MYJIBTHCIICKTPAIbHBIM U3MEPEHUSIM OTP)KEHHOM coHedHol panuanu (landsat) Ha ocHOBe
HEOKCTEHCHBHOH CTaTHCTHIECKOM MexaHuku // lokmaner Akagemun Hayk. 2019 6. T. 487. Ne 3. C. 310-316.

[Ty3augenxo FO.I'., Xopomer A.B., Anemenko .M. AHanu3 opranu3anuy TaHamadra Ha OCHOBE KOCMIYECKOTO
cHuMmKa // UcenenoBanue 3emin u3 kocmoca. 2003. Ne 3. C. 63-71.

Jorgensen S.E., Svirezhev Yu.M. Towards a Thermodynamic Theory for Ecological Systems. Oxford: Elsever, 2004.
366 p.

Nawar S., Buddenbaum H., Hill J. Digital Mapping of Soil Properties Using Multivariate Statistical Analysis and
ASTER Data in an Arid Region // Remote Sensing. 2015. Vol. 7 (2). P. 1181-1205.

Stasyuk N.V., Tseits M.A., Konyushkova M.V., Marechek M.S. Verification of predicted dynamics of soil degradation
using satelite imagery // Moscow University Soil Science Bulletin. 2017. Vol. 72 (4). P. 161-164.

Yufeng Ge, Thomasson J., Ruixiu Sui. Remote Sensing of Soil Properties in Precision Agriculture: A Review //
Frontiers of Earth Science. 2011. Vol. 5. P. 229-238.

64



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

AUHAMHUKA CTPYKTYPbl COOBLIIECTBA KOJLIEMBO.JI: MOJAEJIN PAHI'OBBIX
PACHIPEJEJIEHUHU

Kysuenosa H.A.Y, Cyxoonscrkmii I'.C.2, Koanes A.B.%, BaGenko A.B.*

1 y . .
Mockosckuii nedacoeuneckuii 2cocyoapcmeennwiii ynusepcumem, Mockea, Poccus

mpnk@yandex.ru
2HHcmumym neca um. B. H. Cykauesa CO PAH, Kpacnosapck, Poccus
soukhovolsky@yandex.ru

3@edepaﬂbﬂbzﬁ uccneoosamenvckuil yenmp KHI] CO PAH, Kpacnospck, Poccus
sunhi.prime@gmail.com

4
Uncmumym npobaem sxonozuu u 38oatoyuu PAH um. A.H. Cesepyosa, Mockea, Poccus

Isdc@mail.ru

AHHOTalIl/Iﬁ: MHOT'OJICTHH I MOHHUTOPUHT COO6H_ICCTBa MEJIKMX YJICHUCTOHOTHX-KOJIeMOOJI IMPpOBO NN
OTACIBbHO AJI pa3IMYHbIX CJIOCB MNOACTHUIIKA XBOMHOTO JIeca. I[J'I?[ Kaxaoro cJjiod nNpuBEACHbI YPABHCHUA
CBSI3U MCIKAY PAHTOM BUJA U €TO IIIOTHOCTBIO. BCTpC‘IaeMOCTL BHUA 3aBUCUT OT €TI0 paHra B ri00aaIpHOM
pacnpeacjacHuu. CBs3u MCIKAY JIOKaJIbHBIM H ri00aabHBIM paHraMum BUaa MOTryT OBITh KCIIOJB30BAHbI
JUI1 OLICHKH TEKYIICTO COCTOAHUS COO6H.ICCTB KOJIJIEMOOJL.

Unenncronorue u3 kiacca kosmiemOoin(Collembola) Hacensror MOACTMIIKY M BEpXHHE
ropu3oHThl 1OoYB. KomnemOosbl CIOCOOCTBYIOT —pa3liOKEHHIO0, MPEBpPAlICHHI0 B TyMyC |
MUHEpAIN3alUU PACTUTEIBHBIX OCTAaTKOB M HMIPAIOT BAXXHYIO POJb B IOYBOOOpa3oBaHUH (0030p
Potapov et al., 2020). AHanu3 AMHAMHUKN YUCIEHHOCTU MOMYISAUUN KOJUIEMOOJ MOTEHIUAIBHO
MOJKET JaTh MH(OPMAIMIO O TpoIeccax, MPOUCXOAANX B moyBe. OMHAKO OLIEHKA MPOLECCOB B
MOYBE MO YUCICHHOCTH KOJIJIEMOON 3aTpyJHHUTENbHA, TaK KaK HEOOXOAUMO OTIEIUTh M3MEHEHUS
IUIOTHOCTH TOMYJISIMA KOJUIEMOOJ BCJIEACTBHE HM3MEHEHHWH B XOJ€ IOYBEHHBIX IPOIECCOB,
HK30TCHHBIX BHEIIHUX BO3JICHCTBUN Ha HUX WM HEPETYJSPHBIX TMOCTYIUICHUSX B MOYBY MMHILEBOTO
cyOcTpaTta OT COOCTBEHHON JHAOTEHHOW NMHAMUKHM YWCICHHOCTH KOJIJIEMOOJ B CTallMOHAPHOU
cpene.

B mHactosmeil paboTe paccMOTpeHa BO3MOXKHOCTh OILIGHKHM COCTOSIHUSL cooOlIecTBa
KOJIJIEMOOJ 10 XapaKTepUCTUKAM PAHTOBOTO paclpe/ieIeHHs BUIOB.

3ajaya  OLEHKM  XapaKTEpUCTUK  COOOIIECTB  KOIeMOOd  paccMmarpuBaiach ¢
MCIOJIb30BaHUEM JIAHHBIX MHOTOJIETHUX YY€TOB YHCIeHHOCTH 70 BHIIOB KOJUIEMOON Ha MpPOOHOM
IUIOUIA/IA JIMIO-EJIbHUKA 3€JIEHOMOIIHNKA BOJIOCUCTOOCOKOBOrO B MOCKOBCKOH 00i. ¢ aBrycra
1973 r. mo ¢epans 1977 r., onucanusix panee (KysueroBa, babenko, 1984). Bcero 3a Bpems
WccheoBaHUM ObUTO Tpom3BeneHO 399 yd4eTOB UYHCIEHHOCTH JTHX BHIOB CO CpEIHEH
NEPUOJIMYHOCTBIO 7 pa3 B rof (IpuMepHo uepes 49 nuei).

VY4erbl KoeMO0 MPOBOIWINA B OTAEIBHO B3SATHIX CHOSIX JecHOoM moactunku: L (omax), F
(bepmenTatuBHeblit), H (rymycublit). [[ns aHanmM3a COOTHOIICHHUS YHCIEHHOCTEW pPa3HBIX BHUJIOB B
ATUX CIOSX OBUTM PACCMOTPEHBI PAHTOBBIE PACHPEICICHUS, XapAKTEPHU3YIOIIUE CBSI3U MEXKIY
paHrom (HOMEpOM BHJIA B Psii€ YUCICHHOCTEH, HauMHasl C BU/Ia C MAKCUMAaJIbHOM BCTPEYaeMOCThIO,
KOTOpOMY TMpHUCBaMBaeTcs paHr 1, 10 BHAAa ¢ MHUHUMAIbHOM BCTpPEUaeMOCThIO (paHr n)) u
BCTPEYAEMOCTHIO 0COOEH pa3HBIX BUIOB B MPOOE.

PaccmaTtpuBanuce paHroBble pacrpeaeneHusi BunoB kouiem6on B rpynme (L, F wim H) B
OTJIEIbHOM y4eTe Ha JaTy t U CyMMapHbI€ paHTOBbIE pacHpeIesIeHNs BUIOB KOJIJIEMOOII 110 TaHHBIM
MHOTOJICTHUX y4eToB. CBsI3b MEXIy BeJIMYMHON panra | Buma u jposieii P(i) ocobeit aToro Buaa
BbIpa3uTCs crenyomuM ypaBHeHueM (Zipf, 1949; S6nouckuii, 1975; CyxoBonbckuii, 2004;
CyxoBoubckuii, IBanoBa, 2013):

Pi)= 15 (1),
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rae A = p(1) — nomast ocobeit mepBoro mo paHry Bujia, b — ko3 puirueHT, XapakTepU3yrOIui
KOHKYPEHLIUIO MEXIY BUIAMH.

B nBoiiHpIX norapuMUUECKUX KOOpAMHATaX OTHOCUTENbHOE pacmpexaenenue llapero
MpeJicTaBiIsieT co0ol mpsaMyto, 1 ypaBHeHue (1) MOKHO 3aBUCaTh B clieAyrollei ¢popme:

Inp(i)=a-b-Ini, (2)

rae | - panr rpymmsl, P(i) — OTHOCHTENIbHAST YHMCIEHHOCTh 3ToW rpymmbl, @ = IN Au b -
KOHCTaHTBHI.

Bonee TouHas Monaens paHTroOBOro pacrpejaencHus Obuia npeanoxkeHa b.ManaensOpoTom
(Mangensopor, 1973, 2004; Mandelbrot, 1963) B cnenytromeit hopme:

. C
p(i) (Bri) 3)

rae B — koadgdunment panrosoro uckaxkenus. Eciu B = 0, To ypaBHenue (3) nmepexoaur B
ypaBHenue (1).

Ecnu koaddunment B He oueHb BenUK, TO ypaBHEHUs (3) MOXKHO pa3ioxuTh B pan Teiinopa
(CyxoBoabckuii, 1996) u Toraa, orpaHu4YMBasICh JTUHEHHBIM YWIEHOM, MOKHO 3aIIUCaTh:
Inp(i)=a-hi 4)

U PaHrOBOE pacrpenesieHne OyIeT IPeACTaBIsATh COO0H MPSAMYIO B MOTyJIOrapu(MUIECKAX
KoopauHartax {i, In M(i)}.

s Bcex rpynn Kosiem00id, YYTeHHbIX B TeueHue 1973 — 1977 rr., Opuia Hamucana
mporpaMMa Juisi aBTOMATHYECKOT'O BBIYHMCICHUS MapaMeTPOB PAHTOBBIX paCHpeeNeHun i
KaX/IOTO y4eTa W PAHTOBBIX PACIpEeNIeHN CyMMapHBIX BEJIMYMH IUIOTHOCTH BHJOB B TPyIIax
BUJIOB 32 BCE BpPEMs Y4ETOB.

BerpedaemocTh B mpobax ocoOeil OONBIIMHCTBA BHIOB KOJIEMOOJ HU3KA M B OTACIBHBIX
ydeTax BCTPEYAIOTCS JajeKo HEe BCE BHJBI W3 CIIUMCKA, COCTABJICHHOTO I10 pe3yJbTaTaM
MHOTOJIETHUX y4eTOB. TeM He MeHee, COOTHOIICHHE MEXIY PaHTOM BHJA M €r0 IJIOTHOCTBHIO
CTaTUCTHYECKH JIOCTOBEPHO OMHUCHIBAECTCS ypaBHEHUAMH (2) min (4) Kak B X0/1€ OTJEJIBHOTO y4eTa,
TaKk W TpU aHaATU3€ JJaHHBIX TJIO00ATBHBIX MHOTOJETHHX YYeTOB. BeposTHOCTh HailTH B
orpeJieIeHHON mpobe ocolOeit TOro WM MHOTO BHJA 3aBHCUT OT TOTO, KAKOB paHr 3TOrO BHJA B
r7100aTbHOM PAaHTOBOM pacmpeneneHnd. [Ipy 3TOM CyHmIeCTBYIOT CBSI3M MEXAY JOKaJIbHBIM W
r00anbHBIM paHTaMU BHJIA. JTU CBA3M M OTKJIOHEHHUS OT HUX MOTYT OBITh HCIOJB30BaHBI IS
OIICHKU TEKYIIETO COCTOSIHUS COOOIIECTB KOJIIEMOOJT.
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AHHOTanusi: B MaTpuuHBIX MOJENSIX IWHAMHKM IOMYJSIOMI TIaBHYIO pPOJb HMIPAcT JIOMHHAHTHOE
cobctBennoe uuciao Ay(L) «mpoekuuonHO#H» MaTpuipl (L) — 0ObeKTHBHas KOJMYECTBEHHAs Mepa
MIPUCTIOCOOIEHHOCTH MOMYJIANUY, chennuyHas 10 HPOCTPAHCTBY M BPEMEHH M JAAIOINAs IIPOTHO3
®u3HecnocobHoctu momysiuu. [lonoxkenne Ai(L) oTHOCHTENnsHO | MO3BOJSIET BBISICHUTH UHOUKAMOD
nomenyuanbHo pocma — siBHast GyHkuus R(L) MaTpUYHBIX JIEMEHTOB, KOTOpask o0ecleYrBacT HYXKHYIO
MHIMKAINIO CBOMM KOJIHYECTBEHHBIM 3HAUCHHEM.

1. BBenenue

B Teopuum M mnpakTHKe MAaTpUYHBIX MOJENeH JWHAMMKM TMONYISIUMA € JUCKPETHOH
CTPYKTYPO#l TJIaBHYIO pOJIb MIPAcT JIOMHHAHTHOE COOCTBeHHOE 4mciio Aj(L) «IpoeKIuoHHON»
MaTpulbl L — 00beKTUBHAS KOJIMUYECTBEHHAsI MEPA MPUCIIOCOOIEHHOCTH MOMYJISINH, clienupuuHas
[0 MPOCTPAHCTBY M BPEMEHM U Jaollas IPOrHO3 KU3HECIOCOOHOCTH MOMYJSIUHU: POCT,
BBIMHUPAHUE WM CTa0min3anus, korjaa coorBerctBeHHo Aj(L) >, < wmm = 1. [ToaToMy BO3HHKAIOT
CUTYyalllH, KOTJIa HYXHO/BaXXHO BBIICHHUTH (urOuyuposams) nonoxenue Ai(L) orHocutenbHO 1
Ipexae, 4YeM (WM BMECTO TOrO, YTOOBI) BBIYMCIATH/OLEHUBATh ero 3HaueHue. C Takol 3amaueit
CIIPABISICTCS. UHOUKAMOP nomenyuaibho pocma — siBHas GyHkuus R(L) MaTpu4HBIX 371€MEHTOB,
KOTOpasi 00ecreunBaeT Hy)KHYIO HH/IUKAIIMI0 CBOUM KOJIMUECTBEHHBIM 3HAYCHUEM.

Ucropuuecku niepBoiit unouxamop nomenyuanrvho pocma (UIIP) monynsuuu ¢ TUCKpPETHON
CTPYKTYPOM MOSBWICA BMECTE C MOJENBIO Jlecau s mpoCTeHIIero ciy4asi TakOM CTPYKTYpBhI —
CTPYKTYyphI Bo3pacTHoi (CBupexes, Jloroder, 1978), — xora cam tepmun UIIP u dopmanbHOe
onpeaerIcHue

< <
RIL) 1=l & a(L)l=l )
> >

nmosiBIIIMCH ropasao nosnuee (Jloroger, benora, 2007), kak 0000IIEHUE UHOUKAMOPHO2O CBOUCMBA
(1) nByx m3BecTHbIX GyHKIMi. [lepBoit u3 HUX ObUIA yucmas ckxopocms gocnpoussoocmea (Net
reproduction rate, Cushing, Yikang, 1994), nomynspHas B COBPEMEHHOW HSKOJIOTHYECKOM
nmutepatype (Caswell, 2001):

Ro(L) = p([F(1-T)™]), ()

rae L = T + F — npencraBnenne B BUJIe MAaTPUIIBI «CTAPESHUS» U TIJIOJIOBUTOCTH COOTBETCTBEHHO, |
— Marpuua-eJuHuIa, o(...) — CHEKTPaJbHBIA paanyc MaTpuibl. Bropoit ¢ynkmueir cran WUIIP,
npeuiokeHHbIN aBTopoM (Jloroder, benosa, 2007) B Bune

Ry(L) = 1 — det(l — L), (3)
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BMECTE C O0Ka3aTCIbCTBOM €I0 MHAHUKATOPHOI'O CBOMCTBA IJIs1 MaTpuIl HOFO(l)eTa (KJ’IO‘IKOB&,
2004).

2. Ipocrora BeruuciaeHusi Ri(L) nporus oduHocTH cTpoenus L B Ro(L)

Briuucnenue omnpenenuTens MaTpulbl TOpa3go MNpPOLIE, YeM CIEKTPAJbHOIO paauyca, U

cpaBuuBas Gopmyisl (2) u (3), mbl Buaum, urto Ri(L) BecbMa mpocT B BIYUCIUTEILHOM IU1aHe. K

coxainenuro, Ri(L) mpourpeiBaeT B 0OIIHOCTH CTPOCHHSI MaTpHIbl L, Ui KOTOPOTro CripaBeaIuBo
€ro MHAMKATOPHOE CBOMCTBO. YPOBEHB 3TON OOLIHOCTH, HAYABIIUCH CO CTPOEHUs MaTpuibl Jlecau
(mpocteifiero cpeaud MaTpUYHBIX MoOJENed MONYJISIMKA) MOCTENEHHO IMOBBIIAICS, JOCTUTHYB
CBOEr0 MaKCHMyMa Ha TaKOM CTpoeHHH L, mpu koTopoM paHr marpuisl miogoButoctu F pasen 1
(Protasov, Logofet, 2014), nanpumep, korjga F uMeeT TOJIbKO OJHY HEHYJICBYIO CTPOKY WIJIA OJUH
HEHYJIEBOH cronber (T.e. B )KU3HEHHOM IIHKJIE 0cO0ei ecTh HECKOIBKO PENpOAYKTUBHBIX CTa/INH,
HO HX IIOTOMCTBO PpErUCTPUPYETCSI TOJIBKO B OJHOM MOJIOAOM CTaauu, JIMOO MOTOMCTBO
€AVMHCTBEHHON PENPOAYKTUBHON CTAaIUU PETMCTPUPYETCS B OAHOW WJIM HECKOJIBKHUX CTaIUNHBIX
rpynnax). Ho ypoBenb odminoctu Ro(L) 3aMeTHO BbIle: Hy)KHA JIUIIb 00patumMocTh MaTpuibl (I —
T) !, ;15 4ero OCTATOUHO, HATIPUMED, CyOCTOXACTHYHOCTH MATPHIIH epexo1oB T.

Pucynox 1 cxemarmdecku wu300pakaeT UCTOPUIO TOTrO, Kak ypoBeHb oOmmHoctH Rj(L)
MIOCTENIEHHO MOBBIIIAICA 10 CBOET0 MakcuMyMma. HacTosuuii npopblB B 3TOM UCTOPUU CIIydmiIcs B
2020 r. ¢ MOSABIEHHWEM IMOHATUA uHOuxamopa cmadburvrocmu (PazxeBalikuH, TBHIPTHIIIHUKOB,
2020), o6o6mratomiero UITP Ro(L) u Ri(L). Mumukatop PazxeBaiikuna—TwipThiniHukoBa Rrr(A)
BBIUUCIIICTCSI IO  OINpPENEJIEHHOMY aIrOpUTMYy, KOTOpPBbIM Jomyckaer Jioboe CTpoeHHe
HEOTpULATEeNIbHOM MaTpullbl A, B 4YaCTHOCTHU, MOJAENbHOM MaTpuusl L, oTBewaromel 000t
CTPYKTYpE XKMU3HEHHOTO ITMKJIAa OpPraHMu3MOB HM3y4aeMoro Bujaa. Hampumep, /uisd nukia BeHHHKA
Calamagrostis epigeios, BeIxojsmero 3a paMku 1-panroBoit koppekimu T, Rgr(L) mpunsn Bua
NOJMHOMHUAIIBHOHM (pyHKIMU OT nmeMenToB L He Boime 3-ii crenenu (Logofet, Razzhevaikin, 2021).
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Pucynox 1 — Ucropus paspadborku teopuu WUITP
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3. 3akiaouenue

C paspabotkoii anroputma PazxeBaiikinHa—TBIPTHIITHIKOBA JJIS1 MOCTPOSHHSI MHAWKATOpA
RrT(A) mo 3amanHol HeorpuuarenbHoi Marpuie A teoputo UITP MOXHO cuMTaTh 3aBEpILICHHOM.
Tem caMbIM CHUMAIOTCS CTPYKTYPHBIE OTPaHHYEHUS C MHOXECTBA CHTYallUi, Iie HY)KHO/BaXXHO

WHUIMPOBATH IMOJOXKEHUE A1 OTHOCUTEIHHO 1, MPEeX/Ie YeM BBIYHUCIISATE/OIICHUBATH €TI0 3HAYCHHE.
baarogapuoctu
Pa6ota Jlorodera /1.0. nonnepxkana PODU, rpant Ne 19-04-01227
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Annotanusi: C NOMOIIBI0 MaTEMaTHYECKOTO MOZIEINPOBAHUS CAeIaHa OleHKa BKJIaJa Pa3IMuHbIX TPYIII
MHUKpPOOPTIaHM3MOB B Pa3JIOKEHHE OPraHMYecKoro BeulecTBa Topda B MHKYOAIIMOHHBIX SKCIIEPIMEHTaX C
oOpasuamu, oToOpaHHBIMU JieToM U oceHbto 2017 u 2018 rr. ¢ pa3nu4HbIX TIyOMH M3 00JI0T 3amagHoi
Cubupu. IIpemnoxen Haubosee BEepOATHBIN IyTh 00pa3oBaHMs MeTaHa M OOBSACHEHO HaONIOAaBIIEECS
COOTHOLICHHE YIJICKHCIIOr0 ra3a i MeTaHa.

Jlunamuueckast MoJienb, paspadorannas panee (Lokshina et al., 2019; Vavilin et al., 2018) u
BKJIIOYAIOIasi B ce0sl CTEXMOMETPHUYECKHE PEaKIMH IPOIECCOB, MPOUCXOIAIINX C Y4aCTHEM
MHUKPOOPTraHU3MOB, AH(QepeHInaIbHbIe YPaBHEHHS, OMUCHIBAIOIINE CKOPOCTH POCTa OMOMAcChl U
CKOpPOCTH M3MEHEHHSI KOHLIEHTPAIMH BEIIECTB, BIUSIONINX HA TUHAMUKY CUCTEMBbI, YUUTHIBAIOIINE
mporecchl Tra3oo0MeHa W OINUCHIBAIOUIME JWHAMUKY W3MEHEHHS KOHIICHTPAlMii BEUIECTB,
comepammx u30Tonmsl C, GbUIA NPUMEHEHA JUIS HMCCICIOBAHWS aHAPOOHOTO DANOKCHHS B
MHKYOAIIMOHHBIX SKCIIEPUMEHTAxX ¢ oOpasuamu Topda, orodopanasiMu B 2017 1 2018 rr. ¢ riryOuHbI
15-20 cm u 40-50 cm HuXKe ypOoBHS OOJIOTHBIX BOJ U3 YEThIpeX y4acTKoB 0oJoT 3anaaHoit Cubupu:
ABYX ONUTOTpOodHBIX, Me30TpodHOTOo U 3BTpodHOrO (Glagolev et al., 2018). B moaenu cunTaiocs,
41O OO0JIbIIAs YaCTh UCXOAHOTO cyOcTpaTa MpeAcTaBiseT coO00H LEeT0I03y U UCI0JIb30BaHa cXemMa
METAaHOTeHe3a, BKJIIOYAoUas TUAPOJIN3, KUCIOTOTE€HE3, alleTOreHe3, TIOMOAleToreHe3 u
METaHOTEHE3.

M3BecTHO, 4YTO MOTOK MeTaHa B arMocepy u3 Oonor 3amaaHoil Cubupu BHOCHUT
CYIIECTBEHHBIN BKJIaJ B OOIMHA TMOTOK METaHa M3 €CTeCTBeHHBIX JaHamadroB. [loTok 3TOT
HEOJIHOPOAHBIN U 3aBUCUT OT TaKUX MPUPOJHBIX (AKTOPOB, KaK TeMIIepaTypa OKpYyKarollel cpeibl
U TOYBBI, XUMHUUECKUH cocTaB TOp(da, TUIl pacTUTEIBLHOCTU U JApyrue. B mocnenHue rojsl cranu
MOSIBJISITHCSI pabOThI, YKa3bIBAIOLIME HA TO, YTO MUKPOOHOE COOOIECTBO, pa3jararolee BeIecTBO
Top(a B aHA3POOHBIX YCIOBUAX, TAK)KE MOXKET OKa3bIBaTh CYIIECTBEHHOE BIUSHUE Ha 3TOT MOTOK.
KonnyectBo MeraHa, BbIIENSAIONIETOcs B atMochepy, CHIBHO 3aBUCHUT OT IyTH, MO KOTOPOMY
MPOUCXOIUT pa3NoKeHHe Topha MHUKPOOPraHM3MaMH, M BaXKHBIM MHIUKATOPOM JTOTO MYyTH
cuMTaeTcs HaOMIoJaromeecss B OKCHEPUMEHTAaX COOTHOIIEHHE BBIACISAIOMIMXCS MeTaHa |
yriekuciaoro rasza. OOmee CTEXMOMETPHUYECKOE YypaBHEHHE  KIJIACCHMUYECKOro  mpoliecca
METaHOI'€He3a, T.C. YPaBHEHHE pA3JIO0KEHHs LEIUII0JIO3bl MHUKPOOPraHM3MaMH 1O METaHa H
YTJIEKUCIIOTO Ta3a, MPEeAIonaraeT, 4To JOKHBI BBIICIATHCS PAaBHBIE KOJIMYECTBA ITUX BellecTB. B
AKCIIEPUMEHTAX K€ HaONI0/Ial0TCs OTKJIOHEHHs, KaKk B OOJbIIYIO, TaK U B MEHBIIYIO CTOpOHY. B
MPEABIAYIINX HCCIAEAOBAHUAX TMPEIIArajiich JBE€ OCHOBHBIE NPUYMHBI OSTOTO SBJICHHUS —
MPUCYTCTBUE albTEPHATUBHBIX AKLENTOPOB AJIEKTPOHOB M HEIMOJIHOE pas3iiokeHue cybcrpara. B
JTaHHOM paboTe MOKa3bIBaeTCs, YTO B pacCMaTPUBAEMBIX CHCTEMaxX NPUYMHOM HaOII0AaeMBIX
SIBJICHHUI SIBJISICTCSL HETIOJIHOE PA3JIO’KEHHE NCXOIHOTO CyOCTpaTa v MPOMEKYTOUHBIX BEIIECTB.

70


mailto:vavilin@iwp.ru
mailto:litty-yuriy@mail.ru

MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

Ha pucynke npeacraBieHbl pe3yiabTaTbl MOJCIMPOBAHHS KOHTPOJBHBIX 3KCIEPUMEHTOB C
obpasiamu, oroOpanabpiMU B 2017 1. BuauMelil BIX01 METaHa MPEBHIIIAT BBIXO]T YTICKUCIIOTO Ta3a
Be3/le, KpoMe o00pas3moB u3 Me3oTpodHoro Oomora. MeTan 00pa3oBBIBANICS W3 BOJOpPOAA B
ME30TPO(HOM U OJHOM U3 OJUTOTPO(GHBIX OO0JIOT, TOMOAIETOTCHHBIE OaKTEepHH MPUCYTCTBOBAIIN
Be3/ie, OJHAKO, METaH OOpPa30BBIBAJICS MPEHMYIIECTBEHHO Yepe3 TOMOAIETOreHe3 W aIrerar B
3BTpo(hHOM 60J10TE, BOJOPOAOTPOdHBIN METaHOTeHEe3 Mpeodiagan B OJHOM U3 OJIUTOTPOHBIX U B
Me3otpodHOM OooTe, B JpyroM oJaurorpodHomM OosoTe NyTh 00pa3oBaHUs MeTaHa OBLI
TPaIUIMOHHBIM, TO ecTh 30% MeTana nmpousBoamiock u3 Hy/ CO, u 70% - u3 anerata. Kpome toro,
M3MEHEHUsS B CKOpocTH oOpa3oBanus metaHa B 2017 u 2018 rr. B MHKYOAIlMOHHBIX 3KCIIEPUMEHTaX
U Ha MecTax orOopa mHpod KOpPEeIupoBajd, YTO MOXKET YKa3blBaTh Ha CHJIBHOE BIIMSHHE
MUKPOOHOTO COOOIIECTBA HAa BEIXOJ METaHa Ha MecTax 0Toopa mpoo.
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Pucynoxk — JIlunamuka paznoxxenus Topda B oopasziax 2017 roga. Ob6o3Hauenus: oOpasisl Topha
onurorpodroro yuactka bakdapckoro 6osnota (60°53.4'c.u1., 68°40.8'.1.) — OLI2; Mme3oTpodHOrO
ydacTka Toro e 6onora (56°51.277° c.ur., 82°50.858’ B.11.) - MES; aBTpodHOTO GoNIOTA
«brmmxueey (56°50.9° c.ur., 83°04.167° B.1.) — EFT; onurorpoduoro yuactka 6010ta MyxpruHo
(60°53.4'c.m1., 68°40.8'B.1.) — OLI1. Onmcanue MecT, Mporeaypsl 0TO0Opa Mpod 1 NHKYOAITMOHHBIX
IKCIIEPUMEHTOB TpezcTaBiieHbl B padote Glagolev et al. (2018).

VYuer u3MeHeHUs KOHIEHTPAUN U30TOI - COAEPKAINX KOMIIOHEHTOB IMO3BOJINII BBISICHUTh
BKJIAJ] pa3IUYHBIX TPYII MHKPOOPTAaHU3MOB B Mporiecc 00pa3oBaHUs METaHA U TPEIOKHUTh
Han0oJiee BEpOSTHBIN MyTh pa3ioKeHHUs Top(da B KaXKJIOM U3 HCCIICTOBAHHBIX TUIIOB OOJIOT.

Baaropapnoctn. Pabota nognepxana Poccuiickum Hayunsim @onom (mpoekt Ne 17-17-
01204).
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MOJIEJIMPOBAHME BJIUSHUS CBOVICTB JIECHOI'O IIOJIOTA HA BUIMMOCTH
PACHIOJIOXKEHHOI'O HA 3EMJIE INTAMEHHU CKBO3b KPOHbI IEPEBBLEB

Marenenok U.B.}
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AHHOTAIUSA: PACCMOTPEHBI BONPOCH! aHAIKM3a BUIUMOCTH MajbIX BO3TOpaHHil C BO3AyXa uepe3 MOJIoT
neca. Ha ocHOBe JaHHBIX O CBOMCTBAX JIECHOTO IOJIOTa MOCTPOEHBI €r0 TpexXMepHbIe Mojenu. Moaenu B
COCTaBe BHUPTYaJbHBIX CIEH HCIONb30BaHBl B BBIUUCIUTEIbHBIX JKCIHEPUMEHTAaX JUIl OLIEHKU
MIPOCTPAaHCTBEHHOW U3MEHYMBOCTH KO3()(HUIMEHTA MPOIYCKaHUSI M3JIYyYeHUsI 04ara TOpPEeHHUs TI0JIOTOM |
OTIpEJETICHUs] BUANMOCTH INITAMEHH IIPU Pa3HOH I'€OMETPHH BU3HPOBAHHS.

Pannee oOHapykeHHE BO3TOpaHUI B JIECHBIX MAacCHUBaX SIBISIETCS BA)KHBIM YCIOBHEM IS
CBOCBPEMEHHOTO TMPUHATUS Mep MO HEJOMYIICHUIO pa3BUTUS TMOXKapOB U CHOCOOCTBYET
YMEHBIICHUIO 3aTpaT Ha JIMKBUIAIMIO HEKOHTPOJIMPYEMOro roperus. HecMoTpsi Ha MMeEronmiics
OTBIT MPUMEHEHHUs [JIsl OMEpPaTHBHOTO KOHTPOIS MPEANONKapHOM OOCTAHOBKHM W MOHHTOPHHIA
M0’KapoB  OecnWJIOTHBIX  JerarenbHblx — ammaparoB  (BIIJIA), oOcCHalmeHHBIX CHEMOYHBIM
obopynoBanuem Bugumoro u UK nuanazonos (Ambrosia, Zajkowski, 2015; Sudhakar et al., 2020),
MO-TIPEKHEMY HEIOCTaTOYHO M3YYEHHBIM OCTAETCSl BOIPOC OICHKH BUAWMOCTH PACIIOIOKEHHOTO
Mo/l KpOHaMH IUIaMeHHU HeOonbiioro pasmepa ¢ 6opta BIIJIA mpu pa3HbIX CBOMCTBaxX JECHOTO
nojiora. Hacrosimast pabora HaleneHa Ha MmoJiydeHHe JaHHBIX O BIMSIHUN XapaKTEPUCTUK MOJIora Ha
BO3MOXXHOCTh OOHAapy)KEHUS PACIOJIOKEHHOTO MOJ HUM od4ara TOpeHHs ¢ Bo3ayxa. Bauay
CIIO)KHOCTM  OPTaHM3aldd  TIOJIEBBIX OSKCIIEPUMEHTOB BHUAMMOCTH IUIAMEHH  HCCIETyeTCs
MOCPEJICTBOM IPOBE/IEHUSI KOMITBIOTEPHOTO MOJAEIMPOBAHUS PACIIPOCTPAHEHUSI U3ITyYEHUsI CKBO3b
TIOJIOT.

B kauyectBe OOBEKTOB-OPUTMHAIOB BBIOpAaHBI JEPEBbSl JIBYX pPACHPOCTPAHEHHBIX Ha
tepputopun Poccuiickoit Denepanyn BUIOB (JIMCTBEHHBIX MOpoja) — Oepesbl mosucioi (Betula
pendula) u ocunbl oObikHOBeHHOM (Populus tremula). [Ins mocTpoeHHs NPUTOAHBIX IS
CHUMYIISILIMU TIEpEHOCA M3ITyYEHHsI TPEXMEPHBIX MOJEJIeH moJiora ObUT BHITOJIHEH cOOp JaHHBIX IO
XapaKTepUCTHKaM TIIOCIE€AHEro, B HAWOONIbLIEH CTENeHM BIUSIONIMM Ha paclpocTpaHeHHE
U3JIyYeHHs B PACTUTEIBHOCTH: paclpesieiieHun JIMCTheB 1o yrinam HakioHa (Pisek et al., 2013),
uHAeKcy auctoBoi mosepxHoctu (JIM), ¢popme u comkHyroctH KpoH. Co3gaHbl MOJAETH IOJIora
TpPEeX THIIOB: MOJEIH B BHJE OJIOKOB-TIAPAJUICITICTIUIIEAOB, B BHJIE MAaCCHBA KPOH-3JUTUIICOMIOB H
MOJIENIM, COCTOSIIME W3 Kapkaca, B pOJM KOToporo BbicTymaeT L-cuctema, u obsaka
ACCOIIMMPOBAHHBIX ¢ HeW JucTtheB (pucyHok 1). [lns reHepamuu Mojeneil HCIONIb30BaH
nporpaMMHbIM Koa Ha s3bike R. Co3laHHBIE € TOMOIIBI0 HEro MOJENu ObUTM BHEJPEHBI B
BUPTyaJIbHBIE CIICHBI, COJEpKAIlUe Tak)Ke MOJIENH oOdYara TOPEHHs, MOJEIN €CTECTBEHHOTO
OCBEIICHUSI U MOJEIH CHCTEMbl CEHCOPOB (UYyBCTBUTENIBHBIX IMOBEPXHOCTEH), PErHCTPUPYIOIINX
MMOBEPXHOCTHYIO ITUIOTHOCTh ToTOka wm3aydeHus (Matelenok et al., 2021). BwruucnutensHbIC
HKCHEPUMEHTHI C HUCIOJIb30BaHUEM C(HOPMHPOBAHHBIX CIIEH M 00pabOTKa MX Pe3yiabTaToOB ObLIH
BHIMIOJIHEHBI C  TIOMOINBIO  CIEIHATU3UPOBAHHOTO  MPOTPaMMHOTO  oOecredeHust  Juis
cBeroTexHuueckux pacyeroB or DIAL GmbH wu sa3sika nporpammupoBanuss R. B xoze
MOJICIIMPOBAHUS OIIPENEISIINCh 3HaUeHHs K0d(h(UIIMeHTa MPONyCKaHUs U3TyYEeHHUsS TIOJIOTOM Y, U
Ha OCHOBE 3TUX OIICHOK JIETAJIUCh BHIBOJIbI O BUAMMOCTH TUIAMEHH CKBO3b KPOHBI.

BerauciuTensHbie  OKCIIEPUMEHTHI  TTO3BOJIMIIN  3apETHCTPUPOBATh TIIyOOKHE KoJeOaHUs
MOBEPXHOCTHOM IUIOTHOCTH IOTOKA M3JIYYEHHsS M Y, CBS3aHHBbIE C HAJIMYHEM Ha MYyTH Jyyel OT
oyara TOpPEHHS K 4YyBCTBUTEIFHBIM TIIOBEPXHOCTSIM TIperpamx — QHUTORIIEMEHTOB. B  xonme
MOJICIIMPOBAHUS OBUIO MOKAa3aHO, YTO UMEIOIIMECS Pa3InyMs B XapaKTepe paclpeaesieHus JTUCTHEB
JIepeBbEB JBYX BHJIOB [0 yIJIaM HAaKJIOHA HaxoJsAT cliaboe OTpakeHHe B BapHaOeIbHOCTU
CIOCOOHOCTH KPOH MpOMycKaTh u3nyueHue. HanbomnbIas pasHocTs 3HaueHuii v st Betula pendula
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u Populus tremula dukcupyercs npu BU3MpoBaHUM B Haaup U Maibix 3HaueHusx JIW (Ha yrioBoi
BBICOTE€ MPUEMHHMKA HM3JIydeHUs 85° MpU MOJHOCTbIO COMKHYTHIX KpoHax W JIM, paBHom 1,7,
pasHocTb cocrtasisier 0,1). bonee BblpaxkeHHOE BIMSHME Ha IPOIYCKaHUE H3JIyYEHHUS I10JIOIOM
(ocoOeHHO MpU HAKIOHHOM cheMmke) okasbiBaeT JIM, ¢opma M COMKHYTOCTh KPOH. YBEIHYEHHE
OTHOIIEHUS BBICOTHI K JUAMETPy KpPOHBI IPU COXPAHEHUU MEXKPOHOBOI'O PACCTOSHUSA, KaK M
YBEIMYEHUE COMKHYTOCTH KpPOH, IPUBOAUT K YMEHBIIECHUIO BEPOATHOCTH IIEPECEUCHUS
M3IyYCHHUEM Pa3peKEHHBIX 00JIaCTe! MoJIora M CHIKEHHIO YCPEAHEHHBIX 110 YIIIOBBIM HHTEpBaIaM
3HA4YeHUs Y, 4TO 3aTPyIHSAET OOHAapyXKeHHEe IUIaMeHH C Bo3ayxa. Kak Mmoka3zaHO Ha pHCyHKe 2,
JMana3oHbl YIJIOB BU3UPOBAHUS, KOTOPBIM COOTBETCTBYIOT BBICOKHE 3HAUEHUS Y, OTIIMYAKOTCS IS
cucTeM KpoH pa3Hoi ¢opmbl. [losiokeHrne MaKCUMYMOB Y U MX BBIPQ)KEHHOCTh TAKXKE€ 3aBHCHUT OT
CMeEILEHUsI M oyara ropeHusi OTHOCUTEIBHO LEHTPOB MPOEKIUI KPOH Ha MIOBEPXHOCTb 3EMIIU.
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Pucynok 2 — 3aBucuMocTé K0O3QPUIIEHTA TPOMTyCKaHUS Y U3JIyUYEHHUs TIOJIOTOM OT YTIIOBOM
BBICOTHI TIPUEMHHUKA U3ydeHHst N py pa3HOW BETHUYUHE CMEIIEHHs M 0vara TOpeHus
OTHOCHUTEIILHO KPOH JIJIS CITydast TPOXOXKIACHHSI U3ITyUCHUS Yepe3 MACCUB U3 TPEX KPOH-
smunconoB Populus tremula ¢ quamerpom 3 M 1 oTHOMIEHHEM JUTHH mTonyocei 4:3:3 (a) u 8:3:3
O©)mpuJIN=25;1-m=0Mm,2-m=1,0mM,3-m=20mM4-m=3,0mMm

OTMedeHHbIE OCOOCHHOCTH JOKPAaHUPOBAaHUS W3IIYYCHHUS 3aTPYAHSIOT TPUMEHEHUE
HaKJIOHHOW ChEMKH JIJisi TIOMCKA BO3TOPAHUM TOJ T'YCTBIM TOJIOTOM, C(HOPMHUPOBAHHBIM 3PEITBIMU
JIEPEBBSIMU C BBITAHYTHIMU 1O BEPTUKAIM KPOHAMH. Pe3ynbTaThl SKCHEPUMEHTOB IO3BOJISIFOT
MIPEATIONOXHUTh, YTO OONBITYI0 3(PGEKTUBHOCTh NETEKTUPOBAHMS IUIAMEHH TIPH CHhEMKE depes
MOJIOT MOXHO OXHJIaTh MPH UCTOJIH30BAaHUM KaMep C MIMPOKOYTOJIbHBIMU OObekTHBamMu. OIHAKO
HEO0OXOMMO OTMETUTD, YTO BO3MOKHOCTh OOHAPYKEHHSI BO3TOPAaHUI OYIET 3aBUCETh HE TOJIBKO OT
OCOOCHHOCTEH T'eOMETPUH BH3UPOBAaHUS W CBOWCTB TIOJIOTA, HO M OT YCIOBUH OCBELICHUS
MMOBEPXHOCTEH, OKPYKAIOIIHNX JCTEKTUPYEMbIA OOBEKT.

Pabora Bemomnena npu mnoxanepxkke CoBera mo rpantam Ilpesugentra Poccuiickoit
Oenepanu Ui TOCYIAPCTBEHHOW TOAJACPKKHA  MOJIOJBIX POCCHUHCKUX YYEHBIX M IO
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1004.2020.5).
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HNOACHYET CEBEPHbBIX O.JIE!-IEFI B CKOILVIEHUAX C UCITOJIB30BAHUEM
CBEPTOYHOU HEMPOHHOU CETHU APXUTEKTYPbI MASK R-CNN
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AHHOTAIMsI: pacCMaTpUBAETCSl ABTOMATU3UPOBAHHBIA IMPOTrPaMMHBIA KOMIUIEKC, pELIAIOIMN 3axady
pacIio3HaBaHUS U MOJCUYETA CEBEPHBIX OJICHEH B CTaAax IO adpo(OTOCHUMKAM C ITOMOIIBIO CBEPTOUHOM
HelpoHHO# cetn apxutekTypbl Mask R-CNN.

Hcnonp3yemple B HAcToslIee BpeMs METOAMKM Yy4yeTa YHCICHHOCTH AMKUX CEBEPHBIX
OJICHEW TYHJPOBBIX TMOMYJSIIIUNA OCHOBBIBAIOTCSI HA 9SKOJIOTHYECKOM OCOOEHHOCTH BHJIOB,
COCTOSIILIEN B TOM, YTO OJIEHH B JKapKyl0 IIOrOJly BO BpEMS BbUIETAa KPOBOCOCYIIMX HACEKOMBIX
COOHMPAIOTCSI B MHOTOTBHICSYHBIE CKOIJICHHS HAa OTPAHWYCHHOH TEPPUTOPHH B CEBEPHOW YACTU HX
netHero apeana (3eipsHoB u ap., 1971; KommamwmkoB u ap., 1999). Craga B ckormieHUsX
¢dororpadupyrOTCs U KOJTUYECTBO KUBOTHBIE B HUX IMOJCYUTHIBAIOTCS HAMPSIMYIO - «I10 TOJIOBAM.
Takoit moaxon obOecrieunBaer 0oJjiee BBICOKYIO TOYHOCTh OLIGHKM YHCIEHHOCTH OJIEHEH 10
CPaBHEHHUIO € allIpOKCUMallMOHHbIMU MeTofamu (Yenunues, 2000).

Creruduka mMaccruBa a3popOTOCHUMKOB COCTOUT B TOM, UTO JKUBOTHBIE Ha HUX BUJIHBI 110]T
pasHBIMHU YIJIaMH, [IPH Pa3IMYHOM yJaJIeHUH OT Kamephl, Ha pa3HbIX JaHAmadTax u mpu pazHoM
OCBEIICHUH, U300paKEHUsI OJIEHEH MOTYT MepeKpbIBaTh JApyr Jpyra. Pyunas o0paboTka CHUMKOB
3aHMMaeT JI0 HECKOJIbKMX MecsleB. B cBs3u ¢ 3TuM Obula MOCTaBiI€HA 3ajaya aBTOMAaTH3alUU
nporenypsl 00paboTKH a’pOo(OTOCHUMKOB JUIS COKpAIIEHUS BPEMEHM IOJIyYEHHs pe3yJIbTaToB
aBUAYYeTOB.

Mertoarka pacmo3HaBaHUsl M IOJICUETa OJIEHEH MO a’poOTOCHUMKAM OCHOBBIBAETCS Ha
UCIOJIb30BaHMU ammapara uckyccTBeHHbIX HelpoHHbIX ceredt (MHC). MHC, ucnonb3yemas nmis
pacrio3HaBaHMs M MOJCYeTa, MPUHAIICKUT K Kiaccy cBEPTOUHbIX HeWpoHHbIX ceteir (CHC).
JlaHHBIN KJIACC apXUTEKTYp MOIXOIUT MPEXKIe BCEro A paboThl ¢ M300paXEHUSIMU U MHBIMU
JaHHBIMH, KOTOpbIE BO3MOXHO MpPEACTaBUTh B MaTpu4yHOM Buze. KirodeBol 0cOOEHHOCTBIO
JAHHOTO KJlacca apXUTEKTYp SIBISIETCS Haluuue ocoObIX CBEPTOUHBIX cio€B B apxutektype MHC.
OpraHuzanust 3TUX CJIOEB MO3BOJIAET NpU 00pabOTKE NAaHHBIX MAaTPUYHOTO BUJAA YUUTHIBATh HE
TOJIBKO 3HAUEHUs, MTOCTYNAIOIINE OT KOHKPETHBIX BXOJHBIX HEHPOHOB, HO U CBSA3M MEXIY 3TUMU
3HayeHussMu. Takum obOpazom, B oriauuue oT npounx MHC, CHC cnocoOHBI aHanu3upoBaTh
KOHTEKCTHO-3aBUCHMBbIE JaHHbIE. JTO JeNaeT JaHHBIA KIacC apXUTEKTYp >(PQPEKTUBHBIMH MpU
aHajuu3e M300paXeHUH, B KOTOPBIX KIIIOYEBOM HMH(OpMaIUel SBISIOTCS HE CTOJIBKO 3HAu€HUS
KOHKPETHBIX MHKCeNlel N300pakeHUs, CKOJIBKO UX PacloI0KeHNE OTHOCUTENBHO JIPYT Apyra.

Jns pemieHus MOCTaBICHHOM 3anaun Oblia BbIOpaHa apxuTekTypa Mask Regions with
Convolution Neural Networks (MRCNN) (He et. al.,.2017). B pe3ynbrate coBmerienus B MRCNN
apxutektypsl Faster R-CNN ¢ monynem Mask Head, nannas apxurekTypa Hambosee YCIEHIHO
CIIPABIISICTCS C 3aJjaYaMH CEMaHTHUYECKOI 1 00BEKTHOW cerMeHTanuu u3oopaxenuit (Ganesh et. al.,
2019; Zhao et. al., 2020)

OcHoBHbIM MaccuBoMm o0yueHus it MRCNN cran maccuB uzobpaxenuit MS COCO
dataset (Microsoft Common Objects in Context). /laHHbIiI HAOOp AaHHBIX COCTOUT U3 328 ThICIY
n3o0paxeHuit u ucnonb3yercs g ooyuenuss CHC pemenuto 3aau 0OHapy>KE€HUSI U CErMEHTallUU.
Hcnonb3oBanue naHHOro MaccuBa Juist 0azoBoro o0yuernss MRCNN no3BosisieT 3a1ath AJ1s He€ Bce
OCHOBHBIE KOHLEMNIMU DPA3JINYHBIX KJIAacCOB OOBEKTOB, B TOM 4YHCJIE€ M KHUBOTHBIX. OJHAKO,
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n300paxkeHus: ceBepHBIX oyieHed He BXomsaT B MS COCO dataset 1 MRCNN mo ymonm4anuio He
CHOCOOHA OTIMYUTD UX OT PAJa IPYTUX KUBOTHBIX (OBEIl, ra3eneii, KOpoB, JIOIIAEH ).

Ha Bropom stare, MRCNN noo0yvanack Ha MaccuBe a’dpo()OTOCHHUMKOB CTaJ| CEBEPHBIX
onienedt. [l 9ToM 1enu ObLT MOATOTOBJIEH BXOJHOW MAcCHB JIaHHBIX, COAEpXKalIUil 00ydarolryro
BbIOOpKY M3 100 pazMedeHHBIX a’dpO()OTOCHUMKOB CTaJ] M TECTOBYIO BBIOOPKY M3 30 HMCXOMHBIX
CHUMKOB CTa/l, HE BKIIFOUEHHBIX B 00YyJalOIyI0 BEIOOPKY.

CHC Opima oOyuena Ha 20 smoxax, ¢ 60 mraramu oOydeHHs B 3IMOXE, CO CKOPOCTHIO
o0yuenus 0.0058 u ¢ moporoMm mnpomycka obHapyxkenusi 0.7. Ha TectoBoM MaccuBe IaHHBIX
oOydeHHasi MOJIeJIb KOPPEKTHO pacrio3HaBaia B cpeareM 82% oJieHeH.

Jns pa3paboTaHHOTO NPOrpPaMMHOrO KoMmIuiekca co3faH BeO-unTepderic (HTL[ MKT
CIIMUPAH, 2021), a cama mnporpamMma BBEJ€HAa B OTPaHMYCHHYIO OKCIUTyaTanuio. Jlis
BepUpUKALMK IPOrPaMMHOI0 KOMILIEKca ObUTH KCIONIb30BaHbl 10 a3poOTOCHUMKOB CTaj TUKHUX
CEBEPHBIX OJICHEH, CHIENaHHBIX INPH PAa3IMYHBIX YCIOBUSAX CHhEMKH. B KauecTBe mpumepa Ha
pucyHke | mpuBeneHa ojaHa U3 Bepu(UKAUMOHHBIX (oTorpaduit. CHUMOK 3anrymiieH (POHOBBIMU
00BEKTaMU — JIy’)KaMH, 03epKaMu, OyropkaMu, oJMronaMu 1 T.1. Ommoka pacrio3HaBaHUS OJICHEH
coctaBuiia okoso 17%. IIpu 3ToM cuctema HU pa3y He IPUHSIIA 32 0JIEHS 00BEKT, KOTOPBIH OJIeHEM

HEC ABJIACTCA.

Pucynok 1 — CHUMOK cTajzia, Ha KOTOPOM IOMEUYEHBI PACIIO3HAHHBIC CHCTEMOM OJIEHU

Cpennsis  BeMMYMHA OMIMOKM  OLEHKM YHCICHHOCTH JKMBOTHBIX B CTajax Ha
BepUpUKaLMOHHON BBIOOpKE cocTaBmiia 0koio 13%. IlpuumHa »TOrO0, Ha Hall B3I, COCTOUT B
HE/IOCTaTOYHOM o00Bbeme oOywaromeil BbIOOpkH. OObeM BBIOOPKH JIOJMKEH OBITh YBEJIWYEH HE
MeHee, 4eM B 2-3 paza (10 200-300 moMeueHHBIX a3pOPOTOCHUMKOB CTaI).
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COOTHOHEHUS ®OTOCUHTE3A U TPAHCITUPALIUN Y COCHBI U EJIN B
PA3HBIX YCJIOBHUAX OKPYXAIOIIEUN CPE/IbI
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AnnoTtanus: Lenpio rcciaenoBanuii OblIa OIICHKA BIMSIHAS OKpY’Karomiei cpeabl Ha (POTOCHHTETHICCKIE
W TPaHCIHMpPAIMOHHbIE TIOKA3aTelM JBYX XBOWHBIX MOpoia: cBertomobmBoit (Pinus sylvestris L.) u
TeneBbHOCTMBOM (Picea abies L.). Tlo maHHBIM 3KOIOTO-(QHU3HOIOTHYECKOTO MOHMTOPUHIA OBLIH
OLICHCHBl ONTHMAJbHBIC IIOKA3aTeId HHTCHCHBHOCTH (OTOCHHTE3a W TPAHCIUPALMHA OTHX MOPOZ.
Pe3ynbTaThl CpaBHEHHS MHTCHCHBHOCTH (DOTOCHHTE3a W TPAHCIHPALMH B €CTECTBEHHBIX YCIOBHUSIX MPU
ONTUMAJIBHON BIAXXHOCTH MOYBBI B Hayale BETCTALMOHHOIO MEpHOMA MOKAa3alH, YTO HHTCHCHBHOCTH
doTocuHTe3a 3a MaNOOONAYHbIA JAeHb ObLIa BhIlIE Y COCHBI — Ha 88% BbIlIe, YeM y enu. B obma4nsiit
JICHb pazinuuusi ObutM HHMKe — Tonbko Ha 20%. B ManooOia4yHeli M B MacMypHBIM JHU Pa3iudus B
WHTEHCHBHOCTH TPAHCIHMPALUH y 000MX 1mopo] 0butn MeHbiie Ha 18,5% u 20%, cOOTBETCTBEHHO

B eBpomeiickoii yactu Poccum 3a mocnenHee BpeMs INPOUCXOAMT YChIXaHUE €U Ha
3HAYUTENIBHON TEppUTOpUM. MHOrue J1ecoBOJbl MpeJiaraldT B MECTaX YCOXIIUX EJIOBBIX
JPEBOCTOEB PAa3BOJUTH COCHOBBIE. B CBs3M C 3TUM HEOOXOAMMO HPOBOJUTH CPABHUTEIIBHBIE
UCCIIEIOBAHMSI 110 U3YUYEHUIO IIPOAYKTUBHOCTH COCHBI U €JTH.

B pa6ore (Sharew et al., 1996) cpaBHHBaNUCh POTOCHHTETUYCCKUE XAPAKTEPUCTHUKH JBYX
XBOMHBIX mopon Juniperus processra, u Afrocarpus gracilior. Juniperus processra Obut
KJ1accu(UIIMPOBAH KaK HE BHIHOCSIICH 3aTEHEHHS, IOTOMY YTO OH HE BOCCTAaHABIMBACTCS B TCHH, a
€ro CakCHLbl HE MOT'YT IPOHUKHYTh uepe3 IIyOOKUH CIOW I'ymMyca Ha MOBEPXHOCTH IOYBHI. A.
gracilior  cumTaercss TEHEBBIHOCIUBBIM, IOTOMY 4YTO OH €CTECTBEHHBIM  00pa3om
BOCCTAHABIIMBAETCS B HETPOHYTOM 4acTH jeca. boiee BEpOsATHO, YTO UX PA3INYHOE paclpeecHue
OTpaXaeT pazluyMsi B YCIOBUSX, KOTOpPbIE MM HEOOXOIWMMBI Ui HpOpacTaHus CEMSH WU
YKOpPEHEHUS IPOPOCTKOB

[lenpto HaAmMMX WCCIEAOBAaHMNM Oblla OLIEHKA BIMSHUA OKpYyXarolleil cpeasl Ha
(OTOCUHTETHYECKHE U TPAHCHHUPAIMOHHBIE TMOKA3aTeNN JBYX XBOMHBIX MOPOJ — CBETOJIOOMBOMN
cocubl (Pinus sylvestris L.) u TeneBbiHocnuBoit enu (Picea abies L.). Ha ocHoBe pe3ynbTaToB
HKOJIOT0-(hM3UOJIOTHYECKOT0O MOHUTOPUHIA OLIEHUBAIM ONTHUMAJIbHBIE MOKa3aTeI MHTEHCUBHOCTU
(dboToCcuHTE3a ¥ TPAaHCIHMPALUU 3TUX TTOPOJ] IEPEBBEB.

HccnenoBanust npooauiun B CepeOpsHOOOPCKOM ONBITHOM JieCHHYecTBe MHcTUTyTa
necoBeneHuss PAH Ha yuacTke Haxonsmemca B 1 kM Mexay MOCKOBCKON KOJIBLIEBOM JOpOroin
(MKA/l) u PyGneBckum 1mocce. M3mepeHUs: MHTEHCHUBHOCTH (DOTOCHMHTE3a M TPAaHCHUPALUH
npoBoAwsin B Mae B 140-1eTHeM COCHSIKE pa3HOTpPAaBHO-4epHUYHOM | kilacca OoHUTETa U B
npouspacTaroniei psaoM 60-1eTHeN KypTHHE €Iu.

HNHTeHCUBHOCTh (POTOCHHTE3a U TPAHCIUPALIMK COCHBI U3MEPSUIM Ha OXBOEHHBIX MMOOerax B
CBETOBOM 4acTH B CepeIMHE KPOHBI Ha BHICOTE 22 M, y €11 — B BEPXHEH yacTu KPOHBI Ha BhicoTe 18
M. M3mepenne MHTEHCHUBHOCTH (POTOCHHTE3a M TPAaHCIUPALMKU MPOBOJIWIM C MOMOIIBIO METoja
HKCHO3MIIMOHHBIX KaMep MO OTKPBITOM cXeMe Ha OXBOeHHOM mobere. Takylo cxemy MHOTHE
MCCIIEI0OBATEN UCTIONB3YIOT /IS OLIEHKU MHTEeHCHBHOCTH razooomena (Edwards, 1973; Monganos,
2007). B xoxe skcriepuMeHTa MOIJEPKUBAICSA MOCTOSHHBIM MPOTOK OKPY)KAIOILIETO0 HAPYXKHOTO
BO3JIyXa 4epe3 KaMepwl co cpeaHeit ckopocthio 1,0 -1,5 na/muH. ['a3000MeH OXBOCHHBIX MOOETOB
paccUMThIBaIM Kak (YHKIHIO pa3HOCTH KoHIeHTpauuil CO; MexIy BBIXOIIIIMM U3 Kamepbl U
BXOJIALIMM B HE€ HAPY>KHBIM BO3/YyXOM, CKOPOCTH BO3AYIIHOIO MOTOKA U IUIOUIAX MOBEPXHOCTU
xBoH (Momuanos, 2020; Momuanos, Onbues, 2020).

B3anmocBs3p cpeAHECYTOYHOM HWHTEHCHUBHOCTH TpaHCHHUpaUuu U (OTOCHUHTE3a TpuU
ONTUMAJILHON BJIA)KHOCTHU IIOYBBI B Ma€ MECSILE Y COCHBI JOBOJBHO XOpOIIast R’=0.75, Toraa Kak y
e oueHb ciadas R?=0.15, K02 (pPUIMEeHT Koppesaiuu cooTBeTcTBEHHO cocTaBmi 0.85 u 0.29.
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B ecTecTBeHHBIX YCIOBHUSAX, IO OTIEIHHOCTH 3aBUCHUMOCTh (POTOCHHTE3a COCHBI M €JIH OT
TeMIIepaTypbl BO3JlyXa M COJHEYHOW paJMalMK JajJeKko OT uuaeanbHoi. [lo 3Toi mpuumHe MbI
OILICHUM KaK BJIUSFOT 3TU MapaMeTPhl B COBOKYITHOCTH.

Ha ocHOBe NOJNYy4EHHBIX SKCHEPHUMEHTAIBHBIX JaHHBIX OBLUIM pPAaCCYUTAHBI YpaBHEHUS
3aBUCHMOCTH CPEIHECYTOYHOW HMHTEHCUBHOCTH (OTOCHHTE3a OT CPEIHECYTOYHOW COJTHEUYHOMN
paauaiuu, CpeTHECYTOUHON TeMITepaTyphl.

3aBucHMMOCTh UHTEHCHBHOCTH ra3oo0MeHa CO; (Ph) cocHBI M €1 OT COJIHEYHOW paauanuu
(I u Temmeparypsi Bo3ayxa (T,) paccuuTbiBaiu 1mo Gpopmyse 1:

Ph= (a*1/(1+b*1)-c)+(d*T,> +e*T,+f) (1)

3aBHCUMOCTh HHTEHCHBHOCTH TpaHctupaiwu (Tp) cocHbI 1 enn oT coaHeuHoi paguanuu (1)
u TemnepaTtypsl Bozayxa (Ta) mpoBoawiu o popmymnam 2 (cocHa) u 3 (enb):

Tp=(a*Ta? +b*T,) +(c*1+d*I) (2)

Tp=(d*T"2+e*T+f) +(a*1"2+b*1+C),a (3)

Paccuntannbie k03(pPUIMEHTHI B ypaBHEHHUSX MpeAcTaBlieHbl B Tabmuue 1. AnHamu3
B3aMIMOCBSI3M PACUETHBIX JaHHBIX razooomena CO; U TpaHCIUPALUHY, BEIYUCICHHBIX TI0 (opMyiaM
U TOJYYEHHBIX IO SKCIEPUMEHTAIBHBIM JaHHBIM MPU Pa3HBIX BHEUIHUX YCJIOBHSIX, MOKAa3bIBAET,
9TO pacyeTHble aaHHble razooOmeHa CO; M cocHBI Oojiee ONHM3KH K AKCICPUMCHTAIBHBIM
3HAYCHMAM, YeM JUIs elu; KodpduuueHt aucrepcuu s cocHbl paBeH 0.70, a misa enmu — 0.66.
B3anMocCBsI3b pacueTHBIX M IKCIIEPUMEHTAIBHBIX TAHHBIX IS TPAHCIIHPAIUH Y e1i 00Jiee TecHas ¢
AKCIIEPUMEHTATIbHBIM 3HAYEHUSIM, YeM y COCHBI; KoadduuueHT aucnepcun st enu paseH 0.94, a
st cocabl — 0.79.

Tabmuua 1. KoaddunmenTsl, ucnonbp30BaHHbIC B YPAaBHEHHSIX

Koadduumentsr
ITopona IToka3arenn a b c d e
Cocha razooomen CO, | 795,1708 2,22957 | 178,677 | -0,0638 | 1,49935 | -179,29
CocHa TpaHCcTIIpaIus -0062 1.27754 | -0.0005 | 0.11198
Enp razooomen CO; 26,195 0,65231 | 363897 | -4,0539 -30,22
Enb Tpancimpanys 9,1Y-05 0,03069 | -1,8945 | -0,0405 1,2445 -1,8257

Tpexmepuble rpaduku 3aBucuMoctu razooomeHa CO, u HoO ot conHeuHo# paauanuu u
TEMIIEpPATyphl BO3/lyXa JJIsl COCHBI ITOKA3bIBAIOT, YTO C YBEIMUYEHUEM TEMIIepaTypbl Bo3ayxa 10 12
°C wuHTeHCHBHOCTH razoo0Mena CO, ysenuumBaercs, a yxe npu 16 °C cpemHe- CyTOYHOM
TEMIIEpaTyphl BO3AyXa HAYMHAET CHUXKAThCS. 3aBUCUMOCTH razoodmMeHa CO; OT MHTEHCHBHOCTH
COJIHEYHOHM paJualyuy y COCHBI MaJI0 MEHSIETCS NPU BCEX AMANa3oOHaX TEMIEpPATyphl, TOJIBKO IpU
temneparype 0-4 °C yBenmuuMBaeTCss HECKONLKO ciabee, ueM Npu 0ojiee BLICOKOM TEMIIEpaType
Bo3ayxa. Jlns enu MHTEHCHBHOCTh razooomeHa CO; pe3Ko yBEIMUMBAETCS C YBEIMUYCHHE
CPEIHECYTOUYHOM pajualiid OJHAKO TeMreparypa Bosayxa ra razoodMeH CO2 mpakTHUeCKH He
BiuseT. Ha TpaHcnMpalinio cOCHBI IPU HU3KKMX 3HAUYEHUSAX COJHEYHOH paJualyu 3a CBETOBOU JI€Hb
MaJio BIUSIET, HO MPH IepeMEHHON 00JIayHOCTH, IPU CPETHECYTOUHOMN paauanuu cBbime 150 Br/m?
pe3sko yBenuuuBaeTcs. C yBelIMYEHHEM TeMIepaTypbl BO3AyXa TpaHCIHUpalMs CTaOHIBHO
yYBEIWYMBAETCA. [[ €I HMHTEHCHMBHOCTH COJIHEYHOM pagualuyd M TeMIEpaTypbl JEUCTBYIOT
OJINHAKOBA, C YBEJIMUEHUEM BO BCEX JIMAIIa30HAX NHTEHCUBHOCTH TPAHCIIUPALIMH YBEINYUBAETCS

Pe3ynbrarhl cpaBHEHHS] MHTEHCUBHOCTH (DOTOCHMHTE3a M TPAHCIHUPALMU B €CTECTBEHHBIX
YCIIOBUSIX NPU ONTHUMAJIBHOM BJIAKHOCTH IOYBBI B HaYaJI€ BETE€TALMOHHOIO NIEPHO/A TOKA3aJH, YTO
MHTEHCUBHOCTh (DOTOCHMHTE3a 3a MaJIoOOJauHbli JeHb Obljla BBILIE Y COCHBI Ooyiee ueM Ha 88%
BbIIIIE, YeM y €. B oOnauHblii NeHb pa3inuuus ObUIM 3HAYMTENBHO HIKE, TOsbKO Ha 20%. B
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Maj000JavYHbI U B MACMYPHBIN JHU Pa3IMuusi B MHTCHCUBHOCTH TPAHCIUPAIMU y O0OHUX MOPOA
obun MeHbIe Ha 18,5% 1 20% cOOTBETCTBEHHO.
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TPEXMEPHOE MOJIEJIMPOBAHUE BEPTUKAJIBHBIX 1 TOPU30OHTAJIBHBIX
MOTOKOB JUOKCHUJIA YIJIEPOJA MEKIY BEPXOBBIM BOJIOTOM U
ATMOC®EPOU

MyxapTtoBa 10.B. 12 Onbues A.B.2 Kypb6aroBa 10.A2

MI'Y umenu M.B. Jlomonocosa, @uzuueckui gaxynemem, Mockea, Poccutickas @edepayus
muhartova@yandex.ru

2 MI'Y umenu M.B. Jlomonocosa, I eoepaguueckuii haxynomem, Mockea, Poccutickas @edepayus
aoltche@gmail.com

® Unemumym Ipo6rem Dronoeuu u deomoyuu um. A.H. Cesepyosa PAH, Mockea, Poccuiickas Pedepayus
kurbatova.j@gmail.com

AHHoOTanusi: boioTa WrparmT 3HAYUTENBHYIO POJb B (DOPMHPOBAHWH JIOKANBHBIX M PETHOHAIBHBIX
NIOTOAHBIX M KIMMAaTUYECKUX YCIOBUM, BJIMSAS HAa PaJUALMOHHBIN, TEIJIOBOM, BOJHBIA U YIJIIEPOAHBII
OanaHC 3eMHOH MOBEpXHOCTH. B pamkax AaHHOro HMcclieoBaHus Obula pa3paboTaHa TPEXMEpHask MOJENb
NepeHoca MapHUKOBBIX T'a30B B MPH3EMHOM CJO€ aTMoc(epbl MeXIy HEOAHOPOAHOW MOACTHIIAIOLICH
MOBEPXHOCThI0 U arMocdepoi. C TOMOIIBI0 MoOJeNU Obula OIpenelieHa IPOCTPAHCTBEHHAS
HEOJHOPOJHOCTh TOTOKOB JMOKCHJA yIJIepoja AJisi BHIOPAHHOTO B KauecTBEe OOBEKTa HCCIENOBaHMS
BepxoBoro jecHoro 6onora Crapocesnbckuii MoX (TBepckast 00JIaCTh) M OLICHCHA PENPE3CHTATUBHOCTH
IIPOBOANMBIX Ha 00JIOTE N3MEPEHNUI TOTOKOB IIAPHUKOBBIX I'a30B METOAOM TYPOYJIEHTHBIX ITyJIbCallii.

Jns monutopunra norokoB CO, M omucaHus ero nepeHoca B armocdepe B Hacrosimee
BpEeMsI UCIOJIB3YETCs IUPOKUHN CIIEKTP SKCIIEPUMEHTAIBHBIX MeTo0B (Aubinet et al 2012; Burba
2013; MBanoB u ap 2017; Norman et al 1997; Olchev et al 2013) u MoOAeIbHBIX IMOAXOI0B
pa3IMYHOM CTENeHH CI0XKHOCTH U MaciiuTaba (Sogachev, Panferov 2006; Mukhartova et al 2019). B
nocjeHee BpeMsi 0coObIi HHTEPEC Y UCCIIEIOBATENICH BhI3bIBACT KOJIMYSCTBEHHAS OIICHKA BIIUSHUS
TOPHU30HTAILHOW HEOJHOPOAHOCTH PACTHUTEIBHOTO MOKPOBAa U peibeda Ha MOTOKH MapHHUKOBBIX
ra3oB B JIOKaJbHOM W PETHOHAIBHOM MacmiTabe. ITo HeoOXOoauMo i 0oJjiee TOYHOH OICHKU
BKJIaJla PACTUTEIIbHOCTH B MHTErPaibHbIC IMOTOKHM IMAapUKOBBIX Ta30B HaJl HEOIHOPOIHOMN
MOJICTHJIAIONICH TMOBEPXHOCThIO, a TaKkXKe W JUISl MHTEPIPETAllMi CYIICCTBYIOIIUX JaHHBIX
W3MEPEHHI MO MOTOKaM M OLEHKH BO3MOYKHBIX IMOTPEITHOCTEN ATUX U3MEPEHUI.

HeoqHOpOAHBIH pacTHTENBHBIH TOKPOB BHYTPH W BOKPYT HCCIIEIyEMOTO0 BEPXOBOTO
necHoro Oomora Crapocenbckuii Mox (TBepckas o001acTh) JenaeT HEBO3MOMKHBIM IPOCTYIO
WHTEPIOJISAIMIO JaHHBIX TOYCUHBIX M3MEPEHUH B OTICIBHBIX YacTsAX O0JIOTa Ha BCIO ILIONIAh
OOJIOTHOrO MacCHBa, W TpeOyeT NPHUMEHCHHS MHOTOMEPHBIX IPOIECC-OPHEHTUPOBAHHBIX
MOJIEJIbHBIX TIOAX0,10B. [IpH cOo31aHuU TPEXMEPHOI MOJIENIN TIEPEHOCA HUCTIOIB30BaICS KOMIIPOMHUCC
MEXTY MOJICIIEHON CIIOKHOCTBIO (BO3MOXHOCTBIO OIMCAHUS TPOIECCOB TMEPEHOCa C TTOMOIIBIO
MO/IeJIeH BBICOKOTO TOPSIIKA 3aMBIKAHHS ), TOYHOCTHIO MTPOBOJIUMBIX OIEHOK MTOTOKOB, HMEIOIIUXCS
AKCICPUMEHTAIBHBIX ~JaHHBIX O BHYTPH- MW MEKBHIOBOM Ppa3HOOOpasWu MapaMeTpoB,
xapakTtepusyromux smuccuio CO; 1 ero norioieHue npu GOTOCUHTE3E PACTUTEILHOCTHIO PA3HBIX
BHJIOB, BO3PACTa U COCTOSTHHUSI, a TAK)KE TPEOYEMbIMH 3aTpaTaMi MallIMHHOTO BPEMEHH.

B ocHoBe paspabortanHoit 3D-momenu JIeKHUT CHUCTeMa yCpeIHEHHBIX ypaBHeHHE HaBbe-
Crokca ¥ Hepa3pbIBHOCTH (ITOCIIE pa3lioKeHUs PelHOoNb/Ica) ¢ UCIOIB30BAHUEM «ITOJIYTOPHOTOY
nopsiyika 3ambikanust (Mukhartova et al 2019):

TV IN = 2vp-| SV S+ SV |4 F g, diw =0, (1)

ot Lo OX oy 0z

rie V ={U,\7,V_\l} — OCpEeIHEHHass COCTABJIAIONIAas CKOPOCTH, \7'={u’,v’,vv’} — IyJbCalyu

CKOPOCTH, po — CpEeIHss IIIOTHOCTHh Bo3nyxa, P — maBnenue Bo3myxa, F° — cuma Kopuonuca,
g — yckopenme cBoGomHOro mnajeHms, F® — cuIoa CONPOTHBIECHHS PACTHTEIHLHOCTH,
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h(x,y)
NpONOpIHOHabHas IoTHOCTH (uTomaccsl PLAD(X,y,z), rae PLAI(X,y)= _[ PLAD(x,Y,z)dz,
0

PLAlI — unngekc dortocurTesupyromieii 1 HepoToCHHTE3Mpyromiek ¢Gpuromaccs, h(X,y) — BeicoTa
pPacTUTENILHOCTH B TOUKE (X,Y).

Jns pemieHusl CHUCTEMBI ypaBHEHHH B pabore wucronb3oBaHo E — @ 3ambikanme, npu
KOTOPOM Ui TypOYyJIEHTHOH KHHETHYecKoW osHeprun E u  dynkium w=¢/E  rtakxke

dbopMynupyroTcs ypaBHeHUs Tuna “muddy3us-peakius-aaBeKkius’. B kauecTBe BXOTHBIX JTaHHBIX
UCIOJIb30Bajach MHGOpMALUg O TOPU3OHTAIBLHOM U BEPTUKAIBHOM CTPYKTYype PacTUTEILHOTO
MOKPOBa, JAMHAMHYECKOM CKOpPOCTH, CPEJHEH CKOpPOCTH BETpa HaJa KPOHAMH JIEPEBHEB U €0
npeo0JiaaronieM HalpaBIeHUU, BIAKHOCTH U TEMIepaType BO3AyXa, a TaKKe CKOPOCTH SMHUCCUU
MApHUKOBBIX Ta30B C TIOBEPXHOCTH MOYBBI U DJIEMEHTOB PACTUTEIILHOCTH.

Pacnpenenenne KOHIEHTpallMU AUOKCHIA YTIIEPO/ia OMUCHIBACTCS YpaBHEHUEM 2!

%+(\7,V)C=div(KCVC)+ F—F,. @)
rne K — xosddunment typOynentnoir muddysuun mis C, Fp ommceiBaer ucrounuku COg,
OOYCIIOBIICHHBIE IIOYBEHHBIM [bIXaHUEM U aBTOTPO(QHBIM JbIXaHMEM pacTeHuid, a Fpy
xapakrepusyer mnorjomenne CO; pactutenbHOCTBIO TpH  dorocuHTese. llpu  m3BecTHOM
MIPOCTPAHCTBEHHOM pacmpeneneHuu KoHeHTpanuu CO, TypOyleHTHBIM U aJBEKTHUBHBIA MOTOKU
MOTYT OBITh OIICHEHBI CICAYIONUM 00Pa30M:

""" =—K.VC, g =0 sgn(U)%, 9" =v sgn(V)%, g =v‘vsgn(v‘v)%, ®3)

X y

rze sgn( ) pasHo 1, eciu BeIpakeHUE B CKOOKaX MOJIOKUTEIBHO, U MUHYC 1, €Clii OTpULaTeIbHO.

C nmomo1rpio pa3paboTaHHON MOZENN ObUIM BBIUYKCIEHBI TOPU30HTAIbHBIE U BEPTUKAIbHBIC
notoku CO, Ha HECKOJNbKUX (PMKCHUPOBAHHBIX BbIcoTax. HanbombIas HEOAHOPOAHOCTh MOTOKOB
oTMevaeTcs BOJIM3U IpaHUL] pa3IMYHbIX PACTUTEIbHBIX COOOIIECTB.

CpaBHEHHE CMOJEIUPOBAHHBIX IOTOKOB C H3MEPEHHUSMHU METOJOM TYypOYJIEHTHBIX
MyJbCAalUi MPOJIEMOHCTPUPOBAIO JIOCTATOYHO XOPOILEE COIJACOBAaHHME HKCHEPUMEHTANIbHBIX U
MOJIETIbHBIX JAaHHBIX, NPUYEM OTJIMYME H3MEPEHHBIX M BBIUMCIICHHBIX BEPTHUKAJIbHBIX IOTOKOB
UMEeT TNOpANOK TOPU3OHTAJIBHOIO IIOTOKA, HE YYUTHIBAEMOIO IPH HU3MEPEHUSX METOAO0M
TypOYJIEHTHBIX MyJIbCALUH.
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MATEMATHUYECKASA MOJEJb ROMUL: AHAJIN3 TUHAMUKHU OPTAHUYECKOI'O
BEIMECTBA JIMTO3EMOB CYBAHTAPKTUKH
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AHHOTanusi: Pe3ynbTaThl MOJICTUPOBAHMS [MOKA3aM: a) a/[eKBATHbIC HATYPHBIM MOYBEHHYIO YMUCCHIO
CO2, cTpykTypy opraHomnpoQuiei JTUTO3eMOB C MOBEPXHOCTHBIM M MMOBEPXHOCTHO-BHYTPUIIOUBEHHBIM
OMajioM 3€JCHBIX MXOB U IMYYKH aHTAPKTUYECKOW TNpH pa3HOil OpPHUTOICHHOW Harpyske; O0)
CTaOUIM3ALUI0 3a1aCOB MOJICTHIKH M OPraHHYECKOIr0 BEIECTBA MHHEPAILHOTO mpoduiis Turo3eMa 3a
200 u 500 yieT, COOTBETCTBEHHO; B) AC(UIIUT MOJICBBIX TAHHBIX O KAYECTBE M 3aracax MOACTHIIKH.

1. BBenenue

[TouBsl CyOaHTapKTHYECKHX OEpEroBBIX 30H XapaKTEPH3YIOTCS 3HAYUTEIBHBIMHU 3aracaMu
opraHudeckoro BeuectBa. lIpodunpHoe pacmpeneneHre W KauecTBO OPraHUYECKOIO BEIECTBa
nouyB ([IOB) — wHIUKATOPBI CPENHECPOUYHBIX (IAECATKU JIET) M3MEHEHHH (haKTOPOB Cpelbl — B
AHTapKTUKE HU3y4eHbl HEIOCTATOYHO. MaTeMaThdyeckue MOJENU SBISIOTCA OOIIeNPU3HAHHBIM
MHCTPYMEHTOM  JJIi  aHaju3a 3KOoJormyeckoro cocrossHuss mnouB. Mogens ROMUL
(Mopnenuposanue..., 2007) O6bula IpUMEHEHa B pa3HbIX reorpaMueckux 30Hax, T.K. €6 OCHOBHBIE
KodQpunueHTsl  (MHHEpalM3alud W TyMUQUKAUH) ONpelesieHbl B KOHTPOJIUPYEMBIX
naboparopubix ycnoBusix. IlpoBenennsie (Haamopoxkckas u  ap., 2017) BbMHCIUTENbHBIC
skcriepuMeHThl ¢ Mojenbio ROMUL mno anamm3y aunamuku [1OB merpo3ema u nuTo3ema
(bennmuucraysen, nm-os ®arnnnc, o. Kunr-Jlxopmk, apxunenar Oxueie llletnanackue ocTposa,
3amagHas AHTapKTHAA) TOKa3ajiH, YTO IPU POCTe CpeIHErofoBbIx Temmneparyp Ha 1,6 °C 3a 40 ner
3anacel [IOB u smuccus CO2 u3MeHsUIMCh HE3HAYUTENbHO, CTPYKTYpa OpraHONpOQUIIs JINTO3eMa
BOCIPOU3BOJMIIACh KOppeKTHee, 4eM merpo3ema. OTmeueH Oe(ULUT JaHHBIX O KayecTBY U
KOJIMYECTBY OIa/1a, BOAHO-TEPMUYECKOMY PEKUMY MOYBBL. B 11€710M IE€pBBIil ONBIT MOAEIUPOBAHNUS
OBLIT IPU3HAH YIOBJIETBOPUTEIBHBIM, PAOOTy MPOAOIKIIIH C LIENbI0 onpeaeneHus oTkiarka [I0B Ha
BapbUpPOBAaHUE TPHUPOJIHBIX (AKTOpOB. AKTyaJdbHAa TaKXe pPEBU3MA HKCIEPUMEHTAIbHBIX
MaTepuaios 1o noysam CyOaHTapKTHKH.

2. O0bEeKTBI H METOIBI

BbruncnuTenbHble  3KCOEPUMEHTH NPOBOAMIM ¢  JuTo3eMamMu 0. Kunr-Jlxopmxk,
dbopmupyronmecs Ha MaTOMOIIHBIX (10 30 M) PBIXJIBIX OTIOKEHHSX, MOJCTHUIIAEMBIX MAaCCUBHOM
IUTUTOM, TOJ| 3€J€HOMOIIHBIM WM 3JaKOBBIM (IIy4Ka aHTApKTUYECKas) MOKPOBAaMH, C Y4ETOM
BJIMSIHUS OpPHUTOTEHHOro (akropa. [y KIMMaTHYECKMX CIIEHApUEB MCIIOJIb30BaHbl JaHHbBIE MO
TeMIeparype no4ssl Ha riyouHe 10 cM 1moa MOXOBBIM IOKPOBOM M HIYYKOM aHTapKTUYECKOM 3a
nepuog 25.03.2008 — 03.03.2009 (AbakymoB, 2011) u manHble HaOmoaeHUN cT. bennuHcraysex
(temmeparypa Bo3ayxa) c¢ cailta AAHUU (Ilognporpamma..., 2021) 3a To ke Bpems. [us
MMUTAlMM MEXT0J0BOM M3MEHUYMBOCTH TEMIIEpaTypbl MOYBBl B S0-JETHUX BBIYMCIUTEIBHBIX
SKCIIEPUMEHTaX HCIOJb30BAaJIM CpEIHUE MeCAYHble JaHHblE CTAaHLUMU bennuHcrayseH 1o
temneparype Bo3ayxa 3a 1971-2020 rr. YtoObl mnpoBepuTh, BIMAET JM Ha pe3yJabTaThl
MOJIETTMPOBAHUSl y4eT MEXKCYTOYHOM HM3MEHUMBOCTH TEMIIEpaTyp aHTApKTUYECKOro JieTa, ObUIn
COCTaBJICHBI CLIEHAPUU C CYTOYHBIM I1aroM. BoaHblil pexxum — 0e3 nedunura uim nu30bITKa BIATH.
HUcxogHsle 3amackl B JIMTO3EME IIOA 3€I€HBIMH MXaMH: mojucthika 3,0 KF/MZ, C/N 30, I10B
rymycoBoro ropusonta 1,5 xr/m, C/N 7,5 (Haamoposxckas u ap., 2017). B kadectBe 6a30BOro
CLIEHapHs OIaJia MCIOJIb30BAIM JaHHbBIE [0 ONaay 3€JIE€HOr0 MXa, MOJIyY€HHbIE paHee METOJIOM
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peleHus 06paTHON 3azaun (spin-up) 55 r/(mM® rox). KoamdecTBo omaja IydkH aHTApKTHYECKOM
IPUHSUIA PaBHBIM Macce OIaja 3eJIeHbIX MxoB. CTpyKTypa omana urydku: Ha mousy 11 r/(m” rox),
omaja KopHed mo 22 r/(M2 roJl) pacrpeaeiisuicss MeXIy MOACTHIKOM W OpraHOo-MHHEPATbHBIM
ropu3oHToM nopoBHy. Coxepxkanue N (%) B omaze 3eJeHbIX MXOB B 0a30BOM CIICHAPHH OBLIO
0,7%. Ilpm wumMHTaUMU OpPHUTOreHHOro BIUsAHUS cojepxkanue N (%) B omage Opamu 10
(Fabiszewski, Wojtun, 2000): nryuka ctednu 1.40 u 2.61; mryuka kopau 0.90 u 2.28; 3eneHple MxXu
1.00 1 1.65 — dpon u 50 M OT THE3IOBSI TUHTBHHOB, COOTBETCTBEHHO.

3. Pe3yabTaThl U 00CyXK/1eHUE

BoruncnuTenbHbIE SKCIIEPUMEHTHI 110 aHTAPKTUYECKUM JIMTO3EMAaM 0] 3€JIEHBIMU MXaMU U
IIYYKOHM, NpH BCEH HEONPEIENCHHOCTH MCXOJAHBIX JAaHHBIX, MOKA3aJd PEAIUCTHUYHYIO JUHAMUKY
zarmacoB [1OB, BamoBwix C/N, mouBeHHOW smuccuu CO2. [leTadpbHOCTh ydeTa TeMIepaTypbl
(Mcnonp30BaHUE CPEAHECYTOUHBIX MM CPEJHEMECAUYHBIX 3HAUEHUIT) ci1ab0 BIMSAET HA pe3yJbTaThl
pacueroB. IlokazaHo, 4TO pa3Has JOKadM3alus oOmaja MOJA 3€JICHBIMH MXaMH U IIY4KOH
AHTApPKTHUECKOW (GOpMUPYET pa3IMyHbIe N0 CTPYKTYpe U KauecTBy opranonpoduiau. Odoramenue
a30TOM TKaHEH pacTeHUil 3a CuUeT >KU3HEAEATEIbHOCTU MUHTBUHOB, MOBBIIIAET WHTEHCHBHOCTh
TpaHchopMalMM omajga M ycuiauBaeT rymudukanuio. PesynbraTsl cpeanecpouHoil (50-ierHeil)
uMuTanuu auHamuku 3anacoB [IOB nuTo3eMOB ¢ pa3HON OPHUTOTEHHOM HArpy3KoW HaYyMHAIOT
CYIIECTBEHHO pa3IMYyaroTCs IpU CMEHE THIA PACTUTEIbHOCTH M YBEIMUYEHUH KOHLIEHTPALMH a30Ta
B omaje. [Jonrocpounsie (MpU MOCTOSIHHBIX KJIMMAaTe€ U OMaJ€) BBIYMCIUTEIIbHBIE SKCIIEPUMEHTHI
MoKa3aJid, 4TO CTa0WIM3alUs 3alacoB MOACTWIOK U rymyca B YycioBusx CyOaHTapKTHKU
npoucxomut yepe3 200 u 500 ner coorBeTcTBEHHO. PaccuntanHyio nouBeHHyo smuccuio CO2 B
MOJIJIUPYEMBIX JAMana3zoHax (aKTOpoB MOYBOOOPA30BAHUS MOKHO CUMTATh COOTBETCTBYOILEH
pe3ysbTaTaM IOJIEBBIX M3MEPEHHUH IpU YCIOBUHM, 4YTO OOJbIIas YacTh BaJOBOIO JIbIXaHUS
obecreyeHa pacTUTEIbHBIM IOKPOBOM.

4. JakaoueHue

Crieruduixa HeornpeeIEHHOCTH MPOBEACHUS BBIYMCIUTENbHBIX 3KCIIEPUMEHTOB /IS MOYB
CyOaHTapKTHKH CBsI3aHA C SIPKO BBIPAKEHHBIM JAE(PHUIIMTOM IOJIEBBIX JaHHBIX M MPOCTPAHCTBEHHOM
HEOJJHOPOAHOCTBIO MOYBEHHO-PACTUTENBHOIO MOKpoBa. CaMbIM BaXKHBIM B HACTOSIIIUH MOMEHT
SBIISIETCS JIO-y4eT 3aracoB W KadecTBa MOACTHIOK MOITHOCTBIO 10 10 cM. Takxke BakHO BHIOpaTh
eIMHYI0 MEXTYHapOAHYIO ()OPMY OMUCAHUS KIIFOUEBBbIX Y4aCTKOB.

Pabora BemmonHeHa B pamkax npoekra PO®U 19-54-18003 boar_a.

Jluteparypa

I'eopyx A.B., MuponoB A.H. buoreorpagus ruaporepm CpeanHHO-ATIAHTHYECKOTO XpeOTa // DKOCHCTEMBI
arnanTuueckux rugporepm. OTB. pen. Bunorpanos M.E., Bepemaxka A.JI. In-T okeanonoruu uM. ILIT.
IMupmosa PAH. M.: Hayka, 2006. C. 119-162.

WBanos 1.1, ITetpoB A.A., Cunopos U.B. UccrenoBanne npoueccos teuenus // 138. AH CCCP. Cep. «O». 1982. Ne
2. C.71-77.

Kammpuaa H.1., Jlaxno B.JI. OnHOLIeHTpOBas M IBYXIEHTPOBAast Mojiesn Ounossipona XoscreitHa // Maremarnaeckas
6uonorus u ouonnpopmaruka: Jloknaaer VI Mexaynapoanoit konpepenunu. M.: MakcIIPECC, 2016. C. 10—
11.

IIpoxopos U.B. Uccnenosanue npoueccos. M.: Hayka, 1978. 321c.

Hanna B.H. UMuTannoHHOE MOJIETMPOBaHNE THHAMHKH JIECHBIX SKOCHUCTEM IIPU Pa3IMYHBIX JIECOXO3IHCTBEHHBIX U
KJIMMaTHYECKUX cleHapusix. A/ped. nuc. kana. onon. Hayk. CeikteiBkap: b Komu HIL YpO PAH, 2011. 18 c.

[xoss! Mo Maremarudeckoit Ononoruu. URL: http://ecomodelling.ru/molchanov/pages.php-id=mathbioschools.htm
(mata obpamenus 28.02.2017).

Adams J. The habitat and feeding ecology of woodland harvestmen (Opiliones) in England // Oikos. 1984. V. 42. Ne 3.
P. 361-370.

85



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

MOJIEJMPOBAHHUE KJIMMATOPEI'YJUPYIOIIEN IIJIACTUYHOCTH JIECHBIX
JAHAITAD®TOB

Hemuunosa A.B.

Aemonomnasn HEKoMmepYecCKas opearusayusl «lleHmp He3a6UCUMbBIX COUYUOTIOCUUECKUX

uccredosanuily (LIHCH), 2. Cankm-Ilemepoype, Poccust
nemanvic@rambler.ru

Annoranust: [IpoaHanu3upoBaHbl U3MEHEHUSI METEOPOJIOTHYECKHX XapaKTEPUCTHUK JBYX JIaHIIA(TOB C
Pa3JIMYHON COXPAaHHOCTBIO €CTECTBEHHBIX JIECOB. BBISBIEHHBIE pa3iuuusi IMPEACTAaBICHB B MOJEIH
TEOpPHU KaTacTpod, AEMOHCTPHUPYIOUIEH KIMMAaTOPEryIHPYIOIIyl0 IUIACTUYHOCTh JIAHIMAPTOB Kak
CHOCOOHOCTh TEPEeXOAUTHh II0 COCTOSHUSIM PABHOBECHS B OTBET Ha BO3MYILIEHUS OT BBIPYOOK WU
W3MEHEHHH KiuMaTa O0e3 pa3pyIIeHHs BHYTPEHHHX CBs3ei. OTo oOecrmedmBaeTcsi CTPYKTypHOU
OpraHu3anyei J1ecoB, KOMIIETCHTHBIX ITOJCPKUBATh KINMATHICCKHNA PEHKHM.

1. BBenenue

HccnenoBanus cBsized OMOTHI M KJIMMaTa XapaKTEepPHU3YIOTCS JBYMS albTepHATHUBHBIMU
MOAXOJaMU C Pa3HBIM MPUOPUTETOM UX B3auMo3aBUcHUMOCTU. KilmMmaroperynupyroias pojib OUOThI
negoonenuBaercs (['opmkoB, MakapseBa, 2006). He pemien Bompoc pa3nuuusi MEXaHU3MOB
KJIIMMAaTHYECKOTO peryaupoBaHusi ectectBeHHbIMU jiecamu (EJI) u BoccTaHaBIMBAIOIIUMUCS TTOCIIE
BbIpyOOKk 1ecoB (BJI). Llenp wuccrnegoBanusi — U3ydyeHUE NPOSBICHUN (YHKIIMOHATHLHOU
IUTACTUYHOCTH JICCHBIX JKOCHUCTEM Ha MPUMEPE IBYX JaHAMAPTOB C Pa3HOH COXPAHHOCTHIO
€CTECTBEHHBIX TaeXXHbIX JiecoB B Oacceitne CeBepHOU J[BUHBI.

2. MeToanbl

AHann3 W3MEHEHUH METEOPOJOTHYECKMX XapaKTePUCTHK METOJaMU  OMHCaTeIbHOU
CTaTUCTHKH, JUCIIEPCHOHHOTO M PErpecCHOHHOro aHanmmza Meteoganueix (Global..., 2021;
NOAA's..., 2019) B makere mporpamm Statistical(). Ananu3 o0igayHOCTH Haj JaHAahTamMd Ha
cuenax Landsat (apxuB USGS EROS).

3. Pe3yabTaThl

Pacuemwvr  memeoxapaxmepucmuk. Iloka3aHbl TpUMEpbl ACHHXPOHHOW JMHAMMKHU
KIIMMaTHYeCKHUX TMOKa3aTeneil Ha cpaBHMBaeMbIx nanamadTax (HemumnoBa u np., 2020). Ob6mas
KapTUHA Pe3y/IbTaTOB — MPOSBICHUE MOCTENEHHBIX U CKAUKOOOPa3HbIX UX U3MEHEHUH, yBETMUEHHE
IIMPOT aMIUIUTYA M TEpHOJO0B KojeOaHWil, (OpMUpOBAHME HOBBIX O0JACTeH MPUTKEHMUS.
[TonydeHbl CBUAETENHCTBA OMOTUYECKOTO PETYJIMPOBAHUS TEIUIOBOIO U BETPOBOIO PEKHUMOB,
BJIQKHOCTH U 00JaYHOCTH.

Onucanue npumensemou Mmooenu. BBISBICHHbIE pa3IU4Msl TOBEICHHUSI JIBYX CHCTEM
MIPOaHAIM3UPOBAHbl MPUMEHEHHEM MO TeOpUH KaracTpod, MMeHyeMoil ckiankoil (Jones,
1975). OcobeHHOCTH CTPYKTYpHOW OpraHU3alliid E€CTECTBEHHBIX JIeCOB (TIOJHOWICHHOCTH
BO3PACTHON CTPYKTYpBI, CTapOBO3PACTHOCTb, MOJIMIOMMHAHTHOCTh M mpod. (Hemuumnosa, 2014),
orpeziesnisieM napaMeTpaMH MOJEIH, a BBIOOPKU BEIMUYMH KIMMATHUECKUX MEPEMEHHBIX — OLlEHKaMu
THX TapaMeTpoB. YJaJlleHHWe 4YacTH JIECHOTO IIOKpoBa B JaHAamadre crabuiansupyercs
OTPHUIIATENILHON OOpaTHOM CBSI3BI0 UYEpe3 JIECOBOCCTAHOBJIEHHWE W JAIBHEHIIYIO JIEMYTaIlUIo
(pynkumonanbHelii oTBeT). ectabunusupyromnie 3¢ ¢GeKTsl — yepe3 MOJI0KUTENbHYI0 00paTHYIO
CBSI3b JMHAMUKHM YHUCTOM MPOAYKUMH W HW3MEHEHHUS MHTEHCHUBHOCTH HCIIAPEHUS U TEeMIIepaTypbl
(ITy3auenko, 2010), myreM peryiaupoBaHUs JeCOM aib0eno, BO3AYLIHBIX MOTOKOB W MpOY., B
3aBHUCHUMOCTH OT TapaMeTpOB MX CTPYKTYpPHOH OpraHu3aluy W KojeOaHUN B KIMMaTHYECKOM
ocrmsTope (uncnennsiid orBetT (Holling, 1973)). B Bu3yanusupoBanHOM BUe MOJIENb KaTacTpod
— rpaduK IOCIIEA0BAaTEIbHOIO HM3MEHEHUS COCTOSIHUH paBHOBECUS SKOCHCTEMBI BJIOJIb OCEH
NepEeMEHHBIX B BUJIC KPUBOW MHOXKECTBA TOUEK paBHOBecHst Mf, KoTopble yI0OBIETBOPSIOT YCIOBHIO
f(x; p) =0, (Jones, 1975). Tpackropust Mf 3BOTIOIIOHUPYET B COOTBETCTBHH C YPAaBHEHUEM:
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dx/dt = f(x; p) @
B Hekotopoe cocrostHue X*, tae f(x*; p) = 0, rme X — kiroueBas mNepeMeHHas WU
0000IIEHHBIN (CKAIAPHBIN) KIMMAaTHUECKUI MHIIEKC, P — COCTOSHHE MapaMeTpOB SKOCHCTEMBI BO
Bpemenu. [Ipu yBennueHuu P cucTeMa JABHIXKETCS MO MHOTOOOPasHI0 M B TOYKE CHHTYJISPHOCTHU
COBEpIIAET KaTaCTPO(PUUECKUI «IIPBIKOK» Ha BEPXHIOIO BETBb. Pa3pbIBHOCTH Kak CBOWCTBO MOJICNIU
(xeddepc,1981) mokaspiBaeTcs B HAIICH MOJEIHM Yyepe3 KOMILIEKC KIMMAaTHUYECKUX TOCIICICTBUM
HapylleHui. ['ncrepesuc kak peakius CUCTEM Ha BO3MYILEHUS — B BUJI€ AMHAMUKYU KIMMATHUYECKUX
MIEPEeMEHHBIX TI0 Pa3HBIM MYTSAM BO3BpaTa MOCie peBepcupoBaHus. J(UBepreHuus IposBIIETCS KakK
HBOJIIOIMOHUPOBAHHUE CXOHOTO HAYaJIbHOTO COCTOSHUS JIAaHAMA(PTOB K COCTOSIHUSAM, Pa3/IeIeHHBIM
HeycTolunBbIM  paBHOBecweM (Scheffer, 2001). bumomambHOCTH, BBIpaKaeM Kak JOJIIO
ecTeCcTBeHHBIX JiecoB B manamagdrax (0 u 25%). @opmyna MHOrowIeHa, KOTOPBI SKBUBAICHTEH U
obecrieunBaeT ckiIanky karactpodsl, (Jones, 1975):
f; p) =—(—x + p). )
"Cxiaaku" BosHukatoT, korma df/dx =0. ITombop dhopmysn MHOTOYICHOB M HMX TpadUKOB
[I0Ka3aj, 4YTO IIOBEJIEHUE MOJIEJIM BapbUpPyeT B 3aBUCUMOCTH OT 3HAYEHUH P U YIJIOBBIX
koaddunmento. s onucanus EJI mogxoast rpaduku ¢ KpUBOM OTKIIMKA, «CKIIABIBAIOIICHCS)
noJ1 60Jiee KPyThIM HAaKJIOHOM, YTO MILUTIOCTPUPYET BHICOKYIO UYBCTBHTEIBHOCTH K BOZMYIICHHUAM (K
HapyLICHUSM JIECHOTO TOKpOBa H/WIM K WM3MEHEHHMSIM KJIMMara) M TMPOSBICHHE YIPYroi
ycroitunBoctu (Cupexes, Jloroger, 1978). ns EJI moxxoasT MHOTOWIEHBI BU/A:
= —(ax*—x+1),a=1.0, 2.0. (3)
Ha BJI nposiBisieTcss pe3uCTEHTHAST YCTOWYHBOCTD, M MOAXOAIT Tpaduku ¢ 60Jee MOJIOTHM
pacCToOJIOKEHUEM  aTTPAKTOPOB, WIUTIOCTPUPYIONIME HWHEPTHOCTh dSKocucTembl. [loaxomst
MHOTOYJICHBI:
y = —(¢=bx +c), (b, ¢) = (3.0, 1.0); (3.0, 2.0); (2.0, 1.0). 4)
Kpaitnuii ciydail, korja peBepcuBHasl JIMHUSA OacceiiHa NPUTSKEHHs MHapajielbHa OCU
abcruce, 03HayaeT HEBO3MOXHOCTh BO3BpaTa Ha IMpPEJbIAyLIMi YpOBEHb, KaK U B 3KOCHUCTEME C
HapYIICHHBIMH BHYTPEHHUMH CBSI3IMHU TEPSIETCS KOMIIETEHTHOCTD TOJIEPKUBATh KITMMATHIECKHN
PEXUM.

4. JakaoueHue

Pa3znas knmumaToperynupyromas miacTHYHOCTh JIECHBIX 9KOCHCTEM MOXKET OBITh MOKa3aHa
Ha rpauKax «CKIAIKU» MOJACIN KaTacTpo(d, OTIMYAIOIIMXCS pa3HBIM BPEMEHEM TEepeXo/ia K TOUKE
Oudypkanuu, BEIUYUHON pa3pbiBa MPU CKAayke, TMOJOTOCThI0O BEpxXHEH BeTBU OacceifHa
MIPUTSKEHUSI.

PabGora BeimonmHsieTcss B paMkax mnpoekta "Co3maHue — MapTHEPCTBA  MEXKAY
HEKOMMEPUYECKHUMH OpTaHU3alMsIMH, YHUBEPCUTETAMH M MECTHBIMH COOOIIECTBAMH B IIEJSIX
MH()OPMHUPOBAHHOCTH M TMOUCKA MyTed ajanTanuu K u3MeHeHuro kiammara' (2019-2021rr.), mpu
noanepxke EK EBpocorosza. ABTop BeIpakaet OnarogapHoctb koiieram: A.A. KymnscoBoit u ap.
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PEKOHCTPYKIHMSI HCTOPUU HAKOIIJIEHUSI TIOYBEHHO-OCAJTOYHOM TOJIIIA
OctpoymoB B.E.!

1
Hucmumym ¢huzuxo-xumuueckux u ouonozuyeckux npodiem nougogedenuss PAH, I[1Iywuno,

Poccus
v.ostroumov@rambler.ru

AHHoTanusi: PaccmatpuBaercst Monens popMHUpPOBaHHS MOYBEHHO-OCAJOYHBIX ITOCIEIOBATENEHOCTHEH,
IpeAHa3sHaYCHHas U1 PEKOHCTPYKIMHM HCTOPHM CEIUMEHTOTCHE3a M 3BOJIONHMH OMOKIMMAaTHYECKHX
YCIIOBUH HaKOIUIEHHWS KOHTHHEHTAIBHBIX OCAJ0YHBIX OOpa3oBaHWi. [IpoTOTHH MOnENM ONHCHIBAET
00pa3zoBaHNe MOCIEA0BATEILHOCTH KaK PE3YyNbTaT OCAJAKOHAKOIICHUS W TpaHC(HOPMAIMU OCajgka IMpH
MI0YBOOOPa30BaHUU, CKOPOCTH KOTOPBIX M3MEHSIOTCS BO BpeMeHH. J[aHHbBIE, MOJIy4YEeHHBIE C MOMOIIBIO
NPOTOTHUIA, B LIEJIOM COOTBETCTBYIOT M3MEPEHHBIM DPAacCHpelesICHUsIM CBOWCTB MaTepHaia 1o TiIyOuHe
nociuenoBarensHocTell. OHAKO, €r0 UCMONIb30BaHUE NMPUBOAUT K MOTEpEe OTAEIbHBIX MUKOB HAa KPUBBIX
pacnpeneneHus cBoicTB. BeposTHas mpUYMHA TaKMX MIOTEPh CBA3aHA C TE€M, YTO B MPOTOTHIIE CBOICTBa
ocajika, TOCTYMAIOIIEr0 Ha TOBEPXHOCTh MOYBBI, IPHHUMAIOTCS HEM3MEHHBIMH. UTOOBI MpenoTBpaTUTh
MOTEPHU MOJIENb AONOJTHEHA MOIYNEM ydeTa AMHAMHUKHU CBOICTB OCAJOYHOTO BEIECTBA, MOCTYIAIOIIEro
Ha TIOBEPXHOCTh Ha CTapTe MOYBOOOPA30BATENHHON CTaIMH SBOJIONMHU MaTepHalia IOCIe 0BATEIbHOCTH.
Mopgens ¢ m00aBIEHHBIM MOJYJIEM JAWHAMHUKH CBOWMCTBA ITOCTYMAIOIIETO HAa IIOBEPXHOCTH OCaIKa
II03BOJISIET OoJIee TOYHO, YEM NPOTOTHII, PACCMATPUBATH 33/1a4y O HAaKOIUICHUH M OYBOOOpa30BaTEIbHON
TpaHcopManmny  KOHTHHEHTAJIBHOTO  Ocajka Npu  (HOPMHPOBAHMH  ITOYBEHHO-0CAJIO0YHBIX
MOCIIEI0BATENBHOCTEN.

1. BBenenue

[TouBeHHO-OCaI0UHasT MOCIEIOBATENBHOCTh — COBOKYIHOCTh CJIOEB KOHTHHEHTAJIBHOI'O
OCaJIOYHOTO Marepuana, B OOJbIICH WIM MEHBIIEH CTENeHH TPaHC(HOPMHUPOBAHHOTO TIPH
noyBooOpa3zoBaHuu. Tommy ocajskoB, 00pa3yOMIMX MOYBEHHO-OCAJ0YHBIE MOCIEI0BATEIbHOCTH,
4acTO CJIOKEHBI AJIEBPUTOBBIM MATEpUAIOM, a TAKKE€ MOTYT UMETh JIPYroil IpaHyJIOMETPUYECKHN
coctaB. OHM HaKalUIMBAIOTCA B CyOa’pajbHBIX M CYOaKBaJbHBIX YCIOBUSAX M, pa3BUBasACh Ha
I0YBOO0OPA30BATENBHOM CTaNKM CBOEH 3BOJIIOLMHU B 30HE JEHCTBUS (AKTOPOB MOYBOOOPA30BAHMUS,
TpaHC(OPMUPYIOTCA BIIOTH JO COCTOSHUS 3peNbIX IOYBEHHBIX THEBHBIX MJIM IMOTPeOEHHBIX
npoduen. [TouBeHHO-OCaI04HBIE 10CJIEI0BATENBHOCTH coJepaar HOJPOOHBIE
NAJICOKIMMAaTUYECKHE 3alIUCH, @ UICTOPUS UX HAKOIUJICHHS OTPAYKAET dBOJIOLUIO CEAUMEHTOIEeHE3a U
JTUHAMUKH OMOKIMMATHYECKUX YCIOBUU. [[J151 pEKOHCTPYKIIMU UCTOPHUH (HOPMHUPOBAHUS TIOYBEHHO-
OCaJI0YHBIX IOCJIEJOBATEIILHOCTEH Ha KOJMYECTBEHHOH OCHOBE TpPEOYIOTCS MOJAEIH, KOTOpbIE
MMO3BOJISUIM OBl HUHTCPHNPETUPOBATE MHOI'OYHCJICHHBIC W PAa3HOPOJHBIC OAHHBIE O COCTaB€ U
CBOMCTBAX MX MaTepuaja C Y4eTOM CYLIECTBEHHON HEJIMHEHHOCTU KakK pPAcIpeneieHUsl 3THUX
CBOMCTB 110 pa3pe3y, TaK U JUHAMHUKH OMOKJIMMAaTHYECKUX YCIOBUN BO BPEMEHHU.

2. IIpororun Moaeu (pOPMHUPOBAHUS IIOYBEHHO-0CAI0YHBIX MIOCIEA0BATEIbLHOCTEH

Pa3pabarbiBaeTcst Mozienb (OPMUPOBAHUS MOYBEHHO-0CAJOUHBIX IOCIIEI0BATEIHLHOCTEN B
KOHTHHEHTAJIbHBIX 0Ca/I0uHBIX OacceitHax. B nmpororune monenu (Octpoymos, 2019) obpazoBanue
ITOCJIEI0BATEIbHOCTH OMMCHIBAECTCS KaK PE3yJbTaT ABYX B3aUMOJECUCTBYIONIUX MporeccoB. [lepBsrii
U3 HUX — IOCTYIUIEHHE Ha IIOBEPXHOCTh IIOYBBI OCAJOYHOIO MaTepuaja C HEMOCTOSHHOM BO
BpEMEHHM MHTEHCHBHOCTBIO OTOKA. BTopoil mpornecc — Tpancopmariuisi 0cajouHOTO BEIIeCTBa PH
MOYBOOOpA30BaHMHU, KOTJA €ro COCTaB M CBOMCTBA M3MEHSIOTCS TOJ| BIMSHUEM (aKTOPOB
nouBooOpazoBanusi. CKOpPOCTh MOYBOOOpPA30BaTEIbHONW TpaHCHOpPMAIMU TaKKE HEMOCTOSHHA BO
BPEMEHH.
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3. lIpssmast 1 oOpaTHasi 3a]a4¥ 0 HAKOIUICHMH W NO4YB0O0Opa3oBaTeIbHON TpaHchopManuu
KOHTHHEHTAJIbHBIX 0CAJIKOB

Mozenp 10o3BOJII€T paccMaTpUBaTh Kak MPsIMYIO, TaK M OOpaTHYIO 3a/la4d O HAKOIUIEHUH
noyBoOoOpa3oBarenbHON  TpaHcopmanmu ocaaka. [Ipsmas 3amada mpexacrtaBiseT  coOou
HaXOXKJCHHUE paclpeseseHns IoKa3aTeneld CBONCTB MaTepuala B Ipoduiie MOYBEHHO-OCAI0UHON
IIOCJICZI0BATEIBHOCT 1O 33JaHHBIM IapamMeTpaM JHMHAMUKM WHTEHCHBHOCTH IIOTOKa OCajKa,
MOCTYMAIOUIEr0 Ha IOBEPXHOCTh, M JWHAMMKM CKOPOCTH €ro I0YBOOOpa3oBaTeIbHON
TpaHcopmanuu. B ciyuae oOpaTHOH 3agaud MOAENb IIO3BOJIAET OIPEAENATh IOKa3aTelH
JUHAMUKH MHTEHCHUBHOCTH IOTOKA OCaJKa U JUHAMHMKHM CKOPOCTH €ro I04BOOOpa3zoBaTeIbHOM
TpaHchopMalMK 0 U3MEPEHHOMY pacIpeleIeHUI0 TOKa3aTesiell CBOMCTB B MpOo(uie MOYBEHHO-
0CaI04HOM 110CIIe10BaTEIbHOCTH.

4. CucremaTuyeckasi moTepsi MUKOB B pacnpede/ieHUM IOKa3arejeil CBOWCTB Marepuasa
MOYBEHHO-0CAJ0YHOI MOCJIe10BATEJILHOCTH NIPH UCIOJIb30BAHUU MPOTOTHIIA MOIEJIH

TectupoBaHue NPOTOTHIIA HA pa3pe3ax IOCIEIOBATEIBHOCTEH BEPXHEIUIEHCTOLEHOBOIO
BO3pacTa IIOKa3aJlo, 4YTO MOJENb I03BOJIAET ONMCHIBaTh OOIIMH  XapakTep JUHAMUKU
MHTEHCUBHOCTU IIOTOKAa OCaJKa U JMHAMKH CKOPOCTH IOYBOOOpa3oBaTENbHOM TpaHCchOpMalLUu.
Pacnpenenenus mnokasareneil CBOMCTB B MNpOQUIAX MOCIEIOBATEIbHOCTEH, pPACCUUTAHHBIE C
IIOMOUIbI0 MPOTOTUIIA MOJEIH, B II€JIOM COOTBETCTBYIOT H3MEPEHHBIM pACIpPENEICHUSIM U
OTpaXKaroT OOLIMI XapakTep peXHMa OCaJKOHAKOIUICHUS W HMCTOPUM OMOKIMMATHYECKHUX
U3MEHEHUH B pailoHaX HaKOIUIEHUs MocienoBaTeabHocTed. OJHAaKo, MpPU HCIOJIb30BaHUU
IPOTOTUNA, B PACUETHBIX KPHUBBIX CHUCTEMAaTHYECKU TepseTcs psJi BaXKHBIX OCOOCHHOCTEH
M3MEPEHHBIX PACIIPECIICHUH MOKa3aTeael CBOMCTB MaTepHalla IociIe10BaTeIbHOCTeN. BeposTHas
IIPUYMHA [IOTEPh CBS3aHA C TEM, YTO B MPOTOTHUIIE MOJENM IMPUHUMAETCS, YTO MOCTYNAIOUIUI Ha
MOBEPXHOCTh 0CAJI0OK UMEET MTOCTOSIHHBIE BO BPEMEHHU COCTaB U CBOMCTBA.

5. Moayab ydyera TMHHAMHKH I0Ka3aTeJsieii CBOICTB ocaaKa

Jns ydera M3MEHEHHMM BO BPEMEHM CBOWCTB OCAJIKa, IOCTYIAOIIETO Ha IOBEPXHOCTb,
IIPOTOTUII MOJEIU JOINOJHEH MOJIYJEM, KOTOPHI ONMCHIBAET JMHAMUKY IIOKa3aTeslell CBOMCTB
ocCaJlka IMpH €ro MOCTYIVICHUH Ha IMOBCPXHOCTD. BXOI[HBIG JaHHBIC MOAYJIA MOT'YT OBITH 3a/laHbl B
Tabmu4HOM popme min B BUe QYHKIMH, alIPOKCUMUPYIOIUX TUHAMUKY U3MEHEHUs TIoKa3aTenen
CBOMCTB ocanka. Ha Bwixome monyns GopMupyercs MacCuB CTeneHed TpaHchopMmaluu ocajka,
JaHHbIE M3 KOTOPOTO YUYMTBHIBAIOTCA B MOJAYJISAX pacyeTa CTENeHH TpaHCPOpPMALUU B MOYBEHHOM
npodune. Mojenabr ¢ 3TUM MOJYJEM ONKCHIBaeT (opMHpOBaHME MMOYBEHHO-0CAJOYHOM
MIOCJIE0BATENBHOCTH HE TOJBKO 3@ CUET IOCTYIUIEHUS HA MOBEPXHOCTh OCAZOYHOIO Marepuaia u
€ro Mo4YBooOpa3zoBaTelbHON TpaHCc(hOpMalMK, Kak B NPOTOTUIIE, HO MU C YYETOM BPEMEHHOM
M3MEHYMBOCTH CBOMCTB BhINajarolero ocaaka. [Ipumep pacnpeneneHus crerneHd TpaHchopManuu
0CaJIKa, BEIYMCICHHOMN C TTOMOIIIbIO MPOTOTUIIA MOJIENIN U C UCTIOIb30BaHUEM J100aBOYHOTO MOAYJIS,
IIOKa3aH Ha PUCYHKE.

VY4yer HemocTOsIHCTBa COCTaBa OCajJKa Ha CTapTe NOYBOOOPA30BATEIbHOM CTAaIUU €ro
pa3BUTHA TIO3BOJIAET BOCIIPOU3BOIUTE MPOCTPAHCTBEHHBIE HEOAHOPOJHOCTHU MOCIEI0BATEIBHOCTH,
KOTOPBIC TEPAIOTCA IMPU UCITOJIB30BAHUU IIPOTOTHUIIA.

6. PekOHCTPYKUMS NOYBEHHO-O0CAA0YHON IMOCJeI0BATEJIbHOCTH € YYeTOM HEINOCTOSHCTBA
CBOIICTB 0Ca/1KA NPH €ro NOCTYNJICHNH HA IOBEPXHOCTh

Pabora mozenu paccMOTpeHa Ha MpPUMEpPE MMOYBEHHO-OCATOYHON TOCIEI0BATEIBHOCTH
TOJIIIN TUICHCTOIIEHOBBIX OCAJKOB, BCKPBITHIX B 0OOHakeHnn «Bosomapka». «Bonogapkay - oquH U3
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HamOoJee MOJTHO W BCECTOPOHHE HW3YYCHHBIX OMOPHBIX pPa3pe3oB IwieicTroneHa tora Cubupu
(ApxumnoB u np., 1973; bonbmakos, 2007: T'osoBuna, Bonkosa, 2011; 3wikuna, 3bikuH, 2012;
Heprauesa, [Tonomapes, 2014) ¢ 3adukcupoBaHHONW WHBepcHei MarHUTHOTO mous (Bonbinakos,
2007, 2015) w nppyrumMu TOAPOOHBIMH CEAUMEHTOJIOTHUYECKUMH M TMaJCOKIMMATHYCCKUMHU
3amucsMu. ToOIIa CIIOKEeHA CYTJIIMHKOM C Cepuedl MOTrpeOCHHBIX MOYB M FOKHBIM KapOOHATHBIM
CPEIHEMOITHBIM YePHO3EMOM Ha JHEBHOM noBepxHOCTH ([lepraueBa, [Tonomapes, 2014).

Pacnipenenenust creneHu TpaHCHOpPMAIUU, BBIYHCICHHBIC C IOMOIIBI0 MPOTOTUIA U C
HCIIOJIb30BaHUEM JI00aBIIEHHOTO MOJYJIS, CPaBHHBAJIM C BEIUYMHAMU CTENEHH TpaHcOpMaluu
ocaJika, HaJEHHBIMHU MO U3MEPEHHBIM 3HAYCHHUSM ONTHUYECKOMN IJIOTHOCTU. YUYET HEMOCTOSHCTBA
cocTaBa oOCaJKka Ha CTapTe [OYBOOOpPA30BATEIbHOW CTaJAMM €ro pPa3BUTHS  MO3BOJSET
BOCIIPOM3BOJUTh HAa MOJICIbHBIX KPHUBBIX THKH, KOTOPBIE TEPAIOTCS TMPU pacyerax «C
MCIOJIb30BaHUEM MPOTOTUIIA MOJIEIIH.

CreneHb TpaHCcpOpMaLMM MaTepuana NocAea0BaTeENbHOCTU
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Pucynok — Pacnipenenenue crenenu TpanchopMaiy MaTepuana 1o riryouHe mo4BeHHO-0CaI0YHON
MIOCJIEIOBATEIBEHOCTH, BBIYMCICHHOE C TIOMOIIBIO IIPOTOTHIIA MOAETH (ITyHKTHUP), H C YIETOM
U3MEHYMBOCTH COCTaBa OCAJOYHOI0 BEIIECTBA MIPH €ro MOCTYIUIEHUH Ha IOBEPXHOCTH MOYBbI

(crimomrHas KpuBas)

B kadectBe cBoiicTBa MaTepuana IOCJIEIOBATEIbHOCTH, OTPAXKAIOIIETO CTENEHb
TpaHcopMaIlMi BEIIeCTBA 3a CYET MOYBOOOpa3oBaHUS, B MPUMEPE HCIIOJIIb30BaHA OMTHYECKas
IJIOTHOCTh TOYBBI. 3HAYEHUS ONTHYECKOW IUIOTHOCTH HM3MEPSUIUCh KaK OOpaTHBIC BEIIMYHUHBI
SPKOCTH TO4YeK Ha Qororpaduu TONmM B oOHakeHWU. HalimeHHBbIE TakuM 0Opa3oM BEIUYUHBI
ONTHUYECKOW TUIOTHOCTH CBSI3aHBI C COJCP)KaHUEM OPTraHUYECKOrO YIJIepoJa B COBPEMEHHBIX U
MorpeOeHHBIX MOYBaX YEPHO3EMHOTO psifa, KOTOPbIE BXOMAAT B IMOCIEAOBATEIbHOCTh. JlaHHBIE TO
OpraHWYECKOMY VTIJIEpPOIy B pa3pe3ax, CBSI3aHHBIX C JTHEBHOW M TOTPEOCHHBIMH TOYBAMU
MOCIIeI0BaTeIbHOCTH, B3ATHI B pabore M. U. Jleprauesoit u C. FO. [Tonomapesa (2014). Cas3b
MEX1y ONTHYECKOHN IJIOTHOCTBIO U COAEpKAHHEM OPraHUYECKOTo yriepoia B U3y4aeMOW TOJIIIIe
XOpOWIO AMMPOKCUMUPYETCS] TMOJIMHOMOM 2-H CTENEeHU (R2=0.905). Onrtuueckast TIOTHOCTD,
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u3MepeHHas no (¢otorpaduu, UMEET Majao OOMIEro ¢ (PU3NYECKUMHU CIEKTPAMU OTPAKCHHS HITU
MOTJIOLICHUS] TTOYBBl MJIM €€ OpPraHMYeCKMX KOMIOHEHTOB. OIHAaKO, TECHash CBA3b ONTHYECKOMN
IUIOTHOCTH C COJEP)KAaHHEM OPTaHWYECKOrO YIJIepoja I03BOJIAET HCIOJIBb30BaTh ONTHYECKYIO
IUIOTHOCTh B KaueCTBE IOKa3aTelsl CTENEeHH TpaHC(HOPMALMHM OCagKa IPH ITOYBOOOPAa30BAaHHU B
NPAaKTUYECKUX LENAX. B oTiauume oT coxepkaHHsi OPraHMYECKOro BEIIECTBA M MHOTHX APYTHX
MOKa3aTeNel CBOWCTB IOYBBI, M3MEPEHHE ONTHYECKOW IIOTHOCTH HE TpeOyeT TPYyJOeMKHUX
nabopaTOpHBIX pabOT M JIETKO BHIMONHAETCS MO (oTorpaduu HatypHOro odowvekra. Ilpocrora n
XOpo1asi BOCIPOU3BOAUMOCTD H3MEPEHHUH B JAHHOM CIIydae J1aeT BO3MOXKHOCTB ITOJTy4aTh MHOTHE
COTHHM 3aMepoB Ui TOJIIM, B Ipeleiax KOTOPOW MMeeTcss He Oojblle JBYX AECATKOB TOYEK
OIIPEAETICHUSI CO/CPKAHUSI OPraHMYECKOro yriepoxaa. lcroiap3oBaHHE ONTHYECKOH IUIOTHOCTH,
M3MEepeHHOW 1o (oTorpaduu, CyImeCTBEHHO YBEIHMUYMBACT JETAIbHOCTH PACIpEeICHUs] CBOWCTB
Marepraza IMOYBEHHO-OCAJOYHON TOJIIM W OOECIeYMBacT NOIyYeHHE MacCHBa H3MEPEHHBIX
JTAaHHBIX, IOCTATOYHOTO JUIs pabOTHI ¢ MOJEIIBIO.

7. 3aKjI0ueHne

PexkoHcTpykuust ~— MexaHu3Ma M yCIOBUM  00pa3oBaHHsS ~ IOYBEHHO-OCAJOYHBIX
rocjeioBaTenbHOCTEN TpeOyeT ydeTa BpeMEHHON M3MEHYMBOCTH CBOWMCTB OCaJIKa, MOCTYIAIOIIEro
Ha TOBEPXHOCTHh IMOYBHI B Hayalle MMOYBOOOPA30BATENLHONW CTaguu (DOPMUPOBAHHS OCATOYHOTO
Mmarepuara.

[TporoTun Mozaenu oOpa3oBaHMsI KOHTUHEHTAJIILHOTO OCaJKa U €ro MoYBoOOpa3oBaTeIbHON
TpaHc(hopMalMM JIOTIOJIHEH MOJYJIEeM, KOTOpbI ONUCBhIBa€T AMHAMHUKY CBOMCTBAa BEIECTBa,
MIOCTYHAIOIIET0 Ha TOBEPXHOCTh MTOYBHI IPU 0CAJKOHAKOTIJICHUH.

Mozaynb JOUHAMUKM CBOWCTBA IOCTYHAIOIIEr0 Ha IIOBEPXHOCTh OCaJKa IO3BOJSET
YUUTBHIBaTh HEOJHOPOJHOCTH paclpeiielieHusi CBOMCTBA MaTepualla B pa3pe3e TOJIIH, KOTOPbIE HE
CBS3aHBl ¢ TpaHchopMmalued ocajaka TMpud IOYBOOOpa30BaHMM Ha MecTe 00pa3oBaHUs
MOCJIEZI0BATEIBHOCTH, @ ONpEAENIEHbl COCTAaBOM M CTPOCHHMEM OCaJKa IpPHU €ro MOCTYIJICHHH Ha
MOBEPXHOCTh Ha CTapTe MOYBOOOPA30BATEIBHON CTAIMH.

Mopnens ¢ pA00aBIEHHBIM B Hee MOAYJIEM JUHAMHKU CBOWCTBA IIOCTYIAIOLIEro Ha
MOBEPXHOCTh OCaJKa TO3BOJsIET Oojee TOYHO, YeM MPOTOTHII, pacCMaTpUBaTh 3aqadyy o
HakKOIUICHWH U T0YBOOOpA30BaTEIbHON TpaHC(OpMAallM¥ KOHTUHEHTAJIBHOTO OCajgka IpHU
(bopMHpPOBaHNUN TOYBEHHO-0CAJOYHBIX MTOCIIEI0BATEILHOCTEN.

BaaromapuocTu. PaGora BeimonHeHa mo Teme roc3amanus AAAA-A18-118013190181-6
«DKOCHCTEMBI BEUHOI Mep3NOThl APKTHKU U AHTAPKTUIBI B YCIOBUSIX U3MEHSIONIETOCs KITUMaTay
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Annoranus: [Ipoanamm3upoBaHa AWHAMUKa (IIYKTyallii KOHIEHTpamui OOIIero conxep>kaHus 030Ha
(OCO) nax tepputopueii rora AHrapo-Ennceiickoro Makpopernona 3a nepuoy 1974-2017 r.r. B TeueHue
BEreTal[IOHHBIX NEPUOAOB (Mali-aBrycT) IJIs OLIEHKU YPOBHS Yrpo3 Bo3jeiicTBus Y @P-B Ha OuocucteMsl.
[Nokazanus Ha craHuusx KpacHosipck n MpKyTcK, pactonoKeHHbIX Ha paccTosHuH 850 KM, U3MEHSIOTCA
cuaxpoHHo (r = 0.95). Bennunna ¢urykryanuii OCO TecHO CBsi3aHa C TEMIIEPATYpPHBIM PEXUMOM (T = -
0.78).

1. BBenenue

CocTosiHME PACTUTEIBHOIO IOKPOBA KPYIHBIX TEPPUTOPHM sBIsETCA OMOMHIMKATOPOM
IIPOLIECCOB B OKpy»Karoleil cpene. B mocnenHue necsaTuiieTuss HCCIeNOBaTeNs MU Ha BCEX
KOHTMHEHTAX CEBEPHOIO IOJIYIIApUS OTMEYANIOCh SBJICHUE YCBIXaHUS TEMHOXBOWHBIX JIECOB
(Manbko, I'mankoa, 2001). Kakue mpoueccsl B OKpyKarolled cpeie UHAMLUPYET YChIXaHue
TeMHOXBOHHBIX JiecoB FOxHoi Cubupu? Hanbonee nomyinsipHbIMU FMIIOTE3aMU O MPUYMHAX 3TOTO
SBJICHUS. MOYKHO CUUTaThb MCCYIIEHUE KJIMMara, aHTPONOr€HHOE IPOMBIIUIEHHOE 3arps3HEHHE
BO3/yXa (KUCIOTHBIE JOXK/M ), UHBA3UN HACEKOMBIX U (PUTOMATOTE€HOB.

['moOanbHbI (HUPKYMIIOJISIPHBIN) XapaKTep SBJIEHUS YCbIXaHHs TEMHOXBOMHBIX BHJIOB
HABOJUT Ha MBICIIb O TOM, YTO M MPUYMHA JOJDKHA OBITh TAKOTO )K€, KPYITHOTO KOHTUHEHTAIbHOTO
Macmraba. C 3TOH TOYKM 3pEeHHUs CIelyeT OOpaTUTh BHHMaHUE Ha Takue arMoc(epHble (GaKTOpbl
Kak cTpaTtocepHblit 030H U xecTkull ynbrpaduoner (UV-B). M3BecTHO, uTo cTpatocdepHblil 030H
ABJIAETCA (UIBTPOM, 3ALIMILAIOLIUM BCE KHUBOE (M HEXHBOE) OT T'yOUTENIbHOIO BO3AEHCTBUSA
xKecTkoro yneTpaduoneroBoro wuznydenus (buomnmukamus..., 2006; Kamkun u gp., 2015).
Kectkuit ynprpadpuoner (A ~ 290-315 HM) BBI3bIBAaCT y 4elOBEKAa M KUBOTHBIX OOJIE3HU I1a3 U
KOXXH, @ Y paCTeHUH MOBpexJaeT (POTOCUHTETHUECKUN U reHepaTuBHBIN annapaT (Solomon, 2008).
W3 stOoro cnemyer, 4To BEreTallMOHHBIA (TEIUIBbIN) NEpuoj SBJISETCS HaubOoyiee ONMacHbIM IS
BO3JCUCTBUS YIbTPa(UOIETOBOrO W3IydeHUs. B cepeauHe mNpomuioro Beka co3/laHa CUCTEMa
CTaHUMU CclIekeHus 3a ypoBHeM UV-B 1 onepaTuBHOrO NpenynpekaeHUs ONACHBIX CUTYallHi,
T.K. nagenue sennunabl OCO, HanpuMep, Ha 5% MOXKET BbI3BaTh YBEJIUYEHHE HHTEHCUBHOCTU Y D-
B na 20%. B paborax (3yeB u np., 2009; 3yeB u ap., 2017) B xauecTBe NMPUYMHBI YCBHIXaHUS
TEMHOXBOWHBIX JiecoB B perrone rop lOxnoit Cubupu BeiiBuraetcs ucromenue OCO.

[lenpto Hamrel pa®oThl OBUIO MPOAHATM3MPOBATH TUHAMHUKY (IIYKTyalui KOHIIEHTpaLUil
OCO na mereoctanuusx B pernone rop FOxunoit Cubupu Ui OLIEHKH YPOBHS yIpo3 BO3JEHCTBUS
Y ®-B Ha GuocucTeMmsl.

2. O0BbEeKTBI H METOIbI

CymiecTByeT MHpOBasi CeTh peryisipHbIX HaOmroneHuil 3a konueHtpamuein OCO u YO-B
(WOUDC - World Ozone and Ultraviolet Data Center: https://woudc.org/data/explore.php) Ha
JIOKAJIBbHBIX CTaHIMAX, HO Ha Tepputopun CuOupu oHa OYeHb penkas. Mbl UCTIONB30BaIH JTaHHBIC
JIBYX CTaHUWM, HaXOASAIIMXCS HA IOre PEerHoHa MMEHIUX psabl gaHHbIX ¢ 1974 mo 2018 r.r.:
Wpkyrek (52,26°c.ur; 104,35°8.1.; 467 M) u Kpacuospek (56,00%c.ur.; 92,88%8.1.; 274 m). s
KOKIOW CTaHIIMM M3 BCETO MAacCHBa JAHHBIX OBUTM BBIOpaHbl CpeIHEMECSYHbIE TaHHBIE 3a
BEreTallMOHHBIN nepro]l (Maii-aBrycT) U HalJI€Hbl X OTKJIOHEHHUS (B %) OTHOCUTENIBHO CpeaHel 3a
BECh MEePHO] HAOIIOIEHNH, B paMKax BereTallMoHHOro nepuojaa. Ha puc. 1. mokasanbl BeTUYHUHBI U
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3Haku otkioHeHnid OCO perucTpupyemMoro mecsia u rojaa. Takxke ObUT MPOBEICH COMPSKCHHBIN
anamu3 OCO co cpelHEeMECSYHbIMU BEIMYMHAMHU TEMIIEPAaTyp M OCaJIKOB, HaOIIOJacMbIMH Ha
CTAHIIHSIX.

3. Pe3yabTaTsl U 00CyKI1eHUE

Ha pucynke 1 mokasansl oTkiaoHeHUs (% OT cpelHel) CpeIHEMECSYHBIX KOHIIEHTpalui
OCO 3a nepuon 1974-2017 r.r. (1eTHHE MeCSIBI — Mak-aBrycT) MO cTaHOusIM KpacHOsIpck u
Wpkyrck. OueBuaHO, uT0 Hanbombimue orpunarensusie anoMamnu OCO Habmonanucy Ha 00enx
cranuusax B 1974, 1977, 1978, 1980, 1991, 1996, 1998, 2004, 2006, 2010, 2014 u 2015 ronax.
UroObl cBsI3aTh YCBIXaHHE IPEBOCTOEB, Hampumep, Ha Xp. Xamap-/laban ¢ dakramu cHIDKEHHS
OCO, TpebyroTcsi MaccoBbI€ LIE€JIECHANIPABICHHbIC HAOMIOJEHUSA, T.K. CYIIECTBYIOT CIIO)KHOCTU C
TOYHOM JAaTUPOBKOW mopaxkeHus. Puykryaumu Ha craHnusax KpacHospek u HMpkyrck
ckoppenupoBanbl Ha (0.95). Ilpu sTom 3a mnepuox HAOMIONEHMM MOXHO OTMETUTH CJIAa0bII
otrpunarensHelil Tper OCO.

30.0

20.0 ’ : +

LT
R Ll
A R B

=
o

5

L T ]

54

I-l.‘.l

-20.0

Pucynok 1 — @nykryaunu OCO (B % oT cpenneii) Ha ctaniusax KpacHosipck (CUHUI 1BET) U
NpxkyTtck (kpacHBIif 1BET)

Onykryaniun OCO (pUCYHOK 2) CBs3aHBl OTPUIIATEIIHHON CBSI3BI0 CO CpPEIHEMECSIYHOM
temrepatypoit (r = -0.78) u ¢ MecsuHo#t cymmoi ocaakoB (I = -0.32), 4T0O MOXeET MPHUBECTH K
ucromennto OCO, a, 3HAYUT, YCUJICHUIO OTpHIlaTeNIbHOTO BiHsHUS Y®P-B Ha OuocucreMsl npu
MIPOTHO3UPYEMOM IMOTEIJIEHUU KJIMMATa K KOHITY BEKa.

d OO0k %%

4 00, %

T Cpex_Mec., rpaC OCANEN 1 MICHL, MA

Pucynok 2 — Cs3b otkinonenuit OCO (B % oT cpeaneit) co cpeieMecsTYHbIMU TeMIIEpaTypamMu
(creBa) 1 MeCSYHON CyMMOM ocaakoB (crpaBa) aiist craniuu KpacHospek
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Baaropapuoctu. VccnenoBanue BBIMOJHEHO Tpu (UHAHCOBOUM mojaaepxkke Poccuiickoro
donna gpyngameHtanpHbIX HccaenoBanui, [IpaButensctBa KpacHosipckoro kpas, KpacHospckoro
KpaeBoro (oHIa HAyKH B pamMKax HaydHoro mpoekra Nel9-45-240004p a «llpoenos skonozo-
IKOHOMUYECKO20 NOMEHYUANLA BO3MONCHBIX «KAUMAMUYECKUx» muepayutl 8 Aneapo-EHucelickom
Maxpope2uone 8 mensoujemcs kiumame 2 1-20 gexa» u rpanra POOU No20-05-00540.
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NPUMEHEHUE AHCAMBJIEBOT' O IIOJXO/IA JIJISI CO3JAHUSA MOIEJEN _
JANHAMMUMKHU APEAJIOB CAMBIX OITACHBIX THBA3UOHHBIX BU/I0B PACTEHUU
POCCHH B YCJIOBUAX I''TOBAJIBHBIX KIMMATHYECKHAX U3MEHEHU

[Terpocsan B.I.}, Ocunos ®.A., Kpusomenna M.I.Y HepryHnoBa H.H.Y, Xosm LAY
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AHHOTaNMsI: TIPEICTABJICHBI PE3yIbTaThl OIEHOK IMHAMHMKH apeajloB CaMbIX OIACHBIX HWHBAa3WBHBIX
BU/IOB pacTeHnil Poccuy n cpaBHUTEIBHOTO aHANIN3a 3KOJIOTHUECKUX HUII B HATHBHOW M WHBa3HMOHHOU
YacTSX MX apeayioB, NMOJYYEHHbBIE ITyTEM HCIIOIb30BAHMS Pa3INYHBIX THUIIOB MOZEIEH M X aHcamOien
JUTSL YCIIOBMH COBPEMEHHOTO KJIMMaTa, a TAKXKE IPH Pa3IMYHBIX CIIEHApHUSIX €ro TI00aNbHBIX H3MEHEHUH
B paMKax MexayHapogHoro mporokosa CIMP 6.

1. BBenenue

M3MeHeHMe KiIMMaTa U BO3/IeHCTBHE HHBA3MOHHBIX BUA0B (VIB) mupoko npu3HaHbl BO BCEM
MHUpE Kak yrpo3sl OHOpa3HOOOpa3uio, 3KocucTeMaM M Osarononyuuio mroaeid. CoBMmecTHOE
BO3/JICHCTBUE INI00ATBLHOrO U3MEHEHUs KinMaTta u VB cylecTBEeHHO yCHIIMBAEeT 3TH yrpo3bl, YTO
TpeOyeT MNPHUHATHA HEOTVIOKHBIX Mep JUIi MHUHMMH3ALUU OTPULATENbHBIX IOCIEACTBUHA B
HKOJIOTUYECKUX, COIMAIbHO-3KOHOMUYECKHX W MEIUIMHCKHX cdepax. DTO ompenenseT 0codyro
BaXHOCTb IIPOTHO3a OMOJIOTMYECKUX MHBA3UN pacTeHUl, KOTOpble HAHOCSAT CYIIECTBEHHBIN yiiepo
IPUPOJHBIM U HCKYCCTBEHHBIM SKOCHUCTEMAaM, 3J0POBbIO0 HACEJIEHUS U SKOHOMMKE CTpaHbl. B
JIOKJIaJI€ TIPEJCTABIIEHBI PE3YJIbTAaThl MOJAECINPOBAHUM apeasioB 29 cambIx onacHbIX VB cocynucThix
pactennii u3 cnucka TOII-100 (Camblie ..., 2018) npu anbTepHATUBHBIX CLEHAPUSAX HU3MEHEHMS
rio0anbpHOro KJIMMaTa Ha 6aze aHcaMmOuis Mojienei rio0anbHOro KiuMaTa HoBoi renepanuu (CMIP
6). Llenmp paboTrel — co3maHWe aHCAMOJEBBIX TPOTHO3HBIX MOJIENEH MPOCTPAHCTBEHHOTO
pacrpenenenus BuaoB (ESDM) u mumessix mozaeneit (EENM) npu anbTepHaTHBHBIX CLEHApHUSIX
M3MEHEHHUs KiuMaTa U 3emiienonb3oBanus B 2021-2100 rr. ¢ marom 20 ner.

2. MaTepuaJjibl 1 METOAUKA HCCIeT0BAHUM

Ha ocHoBe n3yuyeHus My3eHHBIX 00pa3loB, 3amucel u3 0a3bl JAHHBIX MEXKIYHAPOJHBIX
1eHTpoB kosutektuBHOro nosib3oBanus (GBIF, CABI, Early detection and distribution mapping
system) 1Mo 6MOpa3zHOOOpa3UI0 U OMYOJUKOBAHHBIX C HAITUM y4yacTueM JaHHbIX (Cambie ..., 2018)
MBI pa3paboTaiy BEKTOPHO-PAcTpOBYIO 06a3y AaHHBIX Touek Haxoaok (TH) pactenuii B HaTUBHOU U
MHBa3HOHHBIX 4YacTAx apeaynoB (28576 m 12649 TH cooTBeTCTBEHHO) M & ClI0EB MPEIUKTOPHBIX
MEPEMEHHBIX MO KIUMaTy, penbedy U 3eMIIenob30BaHH0. HaTuBHBIE YacTu apeanoB pacTeHUM
pacnosnoxensl B CeBepHoit u LlentpansHoit Amepuke, B EBpore, Ha KaBkaze u B Azuu (Cesepo-
BocTouHOM, LlenTpanbHoil, Bocrounoil, B I'umanasx u Snonum). [locne ananuza 40 mopeneit
robanpHOr0 M3MeHeHus: knumata (CIMP 6) Obutk BBIACNIEHBI TPU TPYIIIBI MOJENEH: BBICOKO-,
CpelHe- U HU3KO YYBCTBUTEIbHBIE. /{51 KaXk0l rpynIbl MOJIENEH CO3/1aHbl PACTPOBBIE CIIOM CEMH
OMOKJIMMATHYECKUX MPEIUKTOPOB JJIsl YETHIPEX clieHapueB ssp-126, 245, 370, 585 ¢ marom 20 ner
st nepuoaa 2020-2100 rr. Mogenu 3emIlenonab30BaHus MPU PA3NTUYHBIX CLHEHAPUSAX U3MEHEHUS
KJIUMaTa TOoJy4eHbl ¢ momotisio rnobansHo Moaenmun IMAGE3 (Integrated Assessment.., 2014).
AncambOneBble Mogenu apeaioB (ESDM) co3manel ¢ ucnonb3oBaHMeM Habopa wu3 7
unauBuayanpHbix monene (GLM, GAM, GBM; RF, FDA, ANN, MaxEnt). Ilpu co3znanuun
ancam0OneBeix Mogeneii ESDM wucnonb3oBamu 10 3amyckoB HHIUBUAYAJTbHBIX MOZETEH €O
ciydaiiHbIM BbIOOpoM TecToBbIX (70%) u oOyuaromux BeiOOpok (30%). Moaenu peann3oBaHHBIX
HKOJIOTUYECKUX HHII BUAOB IMOCTPOEHBI C MCIIOIB30BaHUEM OOl KOHIEMNIINHY, IPEICTaBICHHON B
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paborax (Petrosyan et al., 2019, 2020). OueHka NEpPeKPHITUS HUII MPOBOJWIACH HAa OCHOBE
nnaekcoB [llonepca (Schoener’s) (D). UToObl 0XapakTepu30BaTh U3MEHEHHUS DKOJIOTHICCKUX HUIII B
MHOTOMEPHOM JKOJIOTHYECKOM TIPOCTPAHCTBE B YCJIOBUSAX TEKYIIETO KJIMMAaTa, JUIsl Ka)JI0Tro
MHBa3HMOHHOTO BUJA PACCUMTHIBAIN TPU IOKa3aTels: MHAEKC CTaOWUIbHOCTH (S) - 3TO JOJS HUII,
MCIOJIb3YEMBIX BUJIOM B HHBA3MOHHOMW YacTH €ro apeasa, KOTopas B MHOTOMEPHOM 3KOJIOTHYECKOM
MIPOCTPAHCTBE IE€peceKaeTcs C MPHUCYTCTBHEM BHAAa B YCIOBHUSX TEKYHIEro KIMMAaTa; WHICKC
pacmpenust (E) - 3To mois HUII, OCBOCHHBIX BHJOM B HWHBAa3MOHHOW YacTH apeayia, HO
HEHCIOJb30BaHHBIX B YCJIOBUAX TEKYILEro KinMara; uuaekc HesanonneHus (U) - 3To gons Hu,
HE3aHATHIX BHJIOM B UHBA3MOHHOW YaCcTH apealia BUJa, HO KOTOPHIE OCBOCHBI B YCIIOBHUSIX TEKYIIETO
kiuMaTa. [TockonbKy 5T HMHIEKCHl OIEHUBAIOTCS B MPOCTPAHCTBE BAXKHEHUIINUX IMEPEMEHHBIX,
OTIPECTISIONIUX XapaKTep MPOCTPAHCTBEHHOTO PACHPECICHUS BHIIOB, TO WHACKC PaCIIUPCHUS
XapakTepu3yeT CIABUTM HUII B WHBAa3MOHHOM dYacTh apeana. TOYHOCTh MPUTOJHOCTH
WHIUBUIYAIbHBIX Mojened SDM u ancambuesix moxened ESDM mnpuBoaunum ¢ MOMOIIBEO
ungekca boiica (Petrosyan et al., 2020). Bce ouenku mnpoomuwiuch B cpene R v. 3.6.2 ¢
UCTOJIb30BaHNEM 0a30BBIX, cremualbHbIX R-makeroB (Biomod2, Raster, Ecospat, ENMTools) u
JOTIOJTHUTENBHBIX (PYHKIINNA, CO3JaHHBIX HAMU JIJIS1 OLIEHKU MIPUTOJHOCTH MOJIETEH.

3. Pe3yabTaThl U 00CyKI1eHUe

JUis mOHMMaHMS MPOLECCOB OCBOEHUS HOBBIX TEPPUTOPHI HMHBA3MOHHBIMH BHUIAMHU MbI
IIPOBEJIU KOJIMYECTBEHHYIO OLIEHKY IEPEKPhIBAaHUS HUII B YCIOBUSIX TEKYIIETO KIMMara U JJajee BO
BPEMEHU MPU PA3INYHBIX CLIEHAPUAX U3MEHEHUS KJIMMaTa ¢ UCIOJIb30BaHUEM aHcaMOJIe Moienel.
IlepBast u BTOpass KOMIIOHEHThI, KOTOpbIe OOBIACHSIOT 84% o0O0uel Bapualuu MNPEIUKTOPHBIX
IEPEMEHHBIX, 3TO CyTOYHas amIuTyzaa temieparypsl (R=0.32) u cymma ocasikoB Ccyxoro mecsua
roga (R=0.52). OcranpHble TepEeMEHHBIE OOBSICHAIOT JHIIb HE3HAYUTENBHYIO JIONI0 OOIIei
BapHalluy U HE BKJIIOUEHBI B CPaBHUTEIbHBIN aHanu3. Hamm pe3ynpratsl ¢ ucnoias3zoBanneM ESDM
u EENM noka3zanu, 4to as pacTeHUN HHAEKC CTaOUIILHOCTH BapbupyeTcs B cpeareM oT 39% 1o
99% B 3aBHCHUMOCTH OT pEalM3allMd THUIIA MOJAETM M CIEHAapHeB W3MEHEeHMs Kiaumara. J[is
BBICOKOUYBCTBUTENBHBIX Mozeneil (Hsens) npu peanusanuu cuenapuu ssp585 k 2010 rony unaexc
CTaOMIIBHOCTU cOCcTaBUT S=68 %, a unnexkc pacmupenuss E=32 %. Jlnsa cpenne- (Msens) U HU3KO-
(Lsens) 4yBCTBUTENBHBIX MoOJENEH MpH peanusauuu cueHapuun ssp585 k 2100 rony
BBIIIIEYKA3aHHbIE HHJEKCHl cocTaBAT: Msens: S=81%, E=19%; Lsens: S=92%; E=8%.
PexkopacMeHOM 1O BO3MOXHOMY DACIIMPEHUIO apeasioB IMpH MOTEIJICHUH KiUMara sBIISeTCs
Ambrosia trifida (amOpo3usi TpexpasjienbHas), AJasi KOTOPOW MPOIECHTHI PACIIUPEHUSI apeaoB K
2100 roxy xapakTepusyroTcs cieayomumu 3HaueHussMu: Hsens: S=61%, E=39%; Msens: S=67%,
E=33%; Lsens: S=80%, E=20%. HecmoTpss Ha BbICOKHME MOKa3aTeaud S, HMHJAEKCHl CXOACTBA
[onepca nuszkue (D=0.37+0.09), u runores3a cxoACTBa IKOJIOTUYECKUX HUII MOATBEPKIACTCS AJIs
25 BugoB. B urore Ha ocHoBe ananuza ESDM u EENM Mopenell moka3zaHo, 4TO pacHIMpEHHE
apeajia M3yYEHHBIX BUJIOB MpH peaiu3anuu Moneneil m3meHnenus kauMata (Hsens, Msens, Lsens)
COITPOBO’KIAETCS MOBBIIIEHUEM IJIOTHOCTH BUOB MPH clieHapuu sspl26, a mpu Ipyrux CleHapusx
(ssp245, ssp370 wm ssp585): Kak TOBBIMICHHEM TUIOTHOCTH, TaK M PACIIUPEHUEM apeajoB B
IIMPOTHOM (C FOora Ha CEBEp) U JIOJITOTHOM (C 3a1ajia Ha BOCTOK) HAIpaBJIECHUSIX.

HccenoBanus mojyiep kanbl rpanToM Poccriickoro HayaHoro @onma Ne 21-14-00123.
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AHHOTanusi: B Hameil paboTe MBI CpPaBHWIM pe3yJbTaThl BBIICICHHS BETPOBAIBHBIX OKOH Ha
noctostHHOM npo6Hoi momanu (IIT1IT) B 3anmosennuke "Kamyxckue 3acekn” AByMs pa3HbIMU METOIAMU
(aspochéMKa M Ha3zeMHBIC HM3MEpCHHs). Mbl OOHAPYXHWIH, YTO a’3podoTOChEMKa pacKphiBacT Ooiiee
CIIOKHYIO CTPYKTYpY OKOH, IO CPaBHEHHIO C pE3ylbTaTaMH, IOJYyYCHHBIMH C ITOMOIIBIO HA3eMHBIX
N3MEPEHUH, Y4TO 3TO OOYCIOBIMBACT OMpENENEHHBIE PACXOXKICHUS B (popMe M IUIONIATN BBIACICHHBIX
OKOH.

BBenenne

BerpoBaibHbIMM OKHaMHU Ha3bIBAalOT Pa3pbIBbl JIECHOTO I10JIOTA, BBI3BAHHBIE BHIBAJIOM
JIEPEBbEB IIEPBOro sipyca. Takne HapylIeHHs HUMEIOT CYIIECTBEHHOE DKOJIOTMUECKOE 3HAYCHHE,
MIOCKOJIbKY B HHMX, TI0O CPABHEHMIO C I10JIOTOM, HAOIIOAAIOTCS IpYTHe yCIOBUs (B MEPBYIO OUYEpPEh
OCBEIIEHHOCTh), U MOXXET MPOUCXOIUTh BO30OHOBJIEHHE CBETONIOOMBBIX BHJOB, KOTOPBIE O]
MoJIOroM He B0o300HOBIIsItOTCS (BocTounoeponeiickue..., 1994, c. 69).

Ilenpto Hamielt paboThl OBIJIO OLIEHUTh PACHOJIOKEHUE U IUIONIA/lb BETPOBAIBHBIX OKOH Ha
MOCTOSIHHOM NpOoOHOM miomaau B 3anoBenHuke "Kamyxckue 3aceku', mpuMmeHss Kak Ha3eMHbIE,
TaK U JUCTAHLMOHHBIE METO/bI, U CPABHUTH IIOJIYYEHHBIE C UX IIOMOIIBIO PE3YJILTATHI.

OO0BLEKTHI H METOADI

[IpobGHast 1ulomIagh 3ajlO)KEHa Ha YYacTKe CTapOBO3PACTHOTO IMOJMJAOMUHAHTHOIO
IIMPOKOJIUCTBEHHOTO Jieca B 1986-88 romax moj pykooactsom O.B. CmupHoBoi, B 2016-18 6bu1
MpOBeJIeH MOBTOPHBIN mepeuér. Pazmep nmpoOHoit mimomaau 10.8 ra (200 x 540 m). [dpeBocroii
UMEET SIPYCHYIO CTPYKTYpY M cocTouT u3 ayda (Quercus robur L.), scens (Fraxinus excelsior L.),
munel (Tilia cordata Mill.), kimena ocrpommctaoro (Acer platanoides L.) u momeBoro (Acer
campestre L.), Ba3a (UImus glabra Huds.), 6epessr (Betula L.) u ocunst (Populus tremula L.).

Jlnsg aHanM3a WCHOJIb30BaHA CEpUSl Pa3HOCE30HHBIX OPTO(QOTOIUIAHOB, IOIYYEHHBIX B
pe3yabTare a’poOoTOChEMKU MpH MOMOIIM KBajapokonTepa. OmnpezneneHue ¢GopMbl U pa3MepOB
BETPOBAIBHBIX OKOH MO JaHHBIM a’3pO(OTOCHEMKH MBI OCYHIECTBISUIA B HECKOJBKO IIIaroB.
Chauvana no ¢ororpadpusm B mporpamme Agisoft Metashape (Agisoft, LLC, 2021) ctpounu
uugposyro Mozaens nosepxHoctu — DEM (Digital elevation model). [anee oOpabaTeiBaniu ee B
nporpamme QGIS (QGIS development team, 2021) ¢ momompto “Kampkynsropa pacTpoB’.
HopmupoBany BbICOTBI TOYEK: U3 BBICOTHI KQXKI0W TOUKU BBIUUTAIN MUHUMAJIBHYIO BBICOTY, TAKUM
00pa3oM BBICOTHI MEPEBOAMIN U3 CUCTEMBI OTCUETA, CBA3AHHOM C YPOBHEM MODPS, B JIOKAIbHYIO.
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,)Ianee JJI1 OICHKH ITOPOT'OBBIX 3HA4YCHUN JJIs1 BBIACJIICHUA OKOH B ITOJIOI'C JIECa C IIOMOIIBIO A3bIKA R
(R Core Team, 2021) cTpousiu TUCTOTpaMMBbI paclpeieNieHUs! BBICOT JIpeBocTos (puc. 1)

M arpens N1 20 e 1)

ey
000 390
T

¥ opmrcy

o anpens 213 Aesalps. 2019

Pucynok 1. ['ucrorpaMMbl pactipeiesieHust BRICOT APEBOCTOS Ha TPOOHOH TUIOIA !, IOTYICHHEIC B
pa3HbIE CE30HBI.

Ha ocHoBanum Habm0aeMbpIX Ha TUCTOrpaMMax pacrnpeaeiaeHuid, Mbl cHopMyIHUpOBaAIU
TUIIOTE3y O CYIIECTBOBAHWU HECKOJIBKHMX KJIACCOB OKOH, C 0OoJyiee BBICOKMM U 0Ooyiee HHU3KHM
MOJIPOCTOM, TPEAINOJIOKUTENBHO, pa3Inyaomuxcs Bo3pacToM. Ha 3akioyMTenbHOM JTame ¢
nomoteio “Kanbkynsaropa pacTpoB” Mbl pa3ouBaiu (aiil Ha TpU KJlacca 1o BeIcoTe mozpocra: 0-
10, 10-15 u 15-20 merpoB. Ha pucynke 2 3Tu kjaccsl 0003Hau€Hbl KpacHbIM, (PUOJIETOBBIM U
CHHHM IIBETaMH COOTBETCTBEHHO. [10y4eHHBIN pe3yabTaT BEeKTOPH30BAJIH, BCE HE HHTEPECYIOITHE
Hac (He OTHOCSILIMEeCS K OKHaM) TOYKM M3 Hero yaamsuid. Takum oOpa3oM, ObUIM IOJTYyYEHbI
BEKTOpHBIE (DalJIbI C PaCIONOKEHUEM OKOH IS HECKOJBKUX JIET M CE30HOB, M pacCUMTaHa MX

momaas ¢ nomoubeto "Kanskynaropa noneit" QGIS.
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Pucynok 2. Cxema pacrosiokeHusi OKOH Ha IMTOCTOSTHHOM MPOOHOM TUIOMIAH, BBIJICTCHHBIX 110
nanHbIM a’podoTtochéMku 04.06.2021. KpacHslii 1BeT — BbIcOTa ApeBOCTOs MeHbIe 10 MeTpoB,
duonerossiit — 10-15, cunmii — 15-20, 3enéuspiii — 6ombine 20.

Kpome Toro, Ha TmOCTOSHHONH NPOOHON  IUIOMIAAUM  TPOBEACHO  BBHIOOPOYHOE
KapTorpagupoBaHue OKOH Ha3zeMHBIMH MeTofgamu. Ompenenenue (GpopMbl W pa3Mepa OKHA NpU
MTOMOIIHM TOJIEBBIX M3MEPEHUI MPOU3BOAMIN OT OMOPHOIN TOUYKU. B KadecTBe 3TON TOUKH BHYTPH
BETPOBAJILHOTO OKHA (MaKCHMaJbHO OJIM3KO K €ro MPEAIoJIaraéMOMYy T'€OMETPHUECKOMY IICHTPY)
BbIOMpanu opueHTHp. Tak kak OoJiblllas 4YacTh JEpPEBbEB IOCTOSIHHONW MPOOHOM IUIOIIa U
MIPOHYMEPOBAHBI U UX KOOPAUHATHI 3a()UKCUPOBAHBI, OOBIYHO 3TO OBLIO OJHO U3 TAaKUX M3BECTHBIX
nepeBbeB. B ciiydae OTCyTCTBUSI MOOJIM30CTH OT TE€OMETPUYECKOrO IIEHTpAa OKHA CTOSIIMX
JIePEBHEB, MOT UCIIOJIb30BATHCS BU3YaIbHO PAa3IMUMMBIN Ha OpTO(OTOIUIaHE BAJIEXK C 3aIMCAaHHBIMU
KOOpJUHATaMH. 3aTeM OT JaHHOW OIMOPHOM TOYKM OCYIIECTBIISIIM H3MEPEHHE PACCTOSIHUM /10
rpanui] okHa 1o 8§ MarHUuTHBIM azumyTtam (oT 0 o 360 rpamycos, ¢ marom B 45). ['panuiisl okHa
OTIpEACTSUINCh HaMU JKCIEPTHO, MO TpaHUIlaM MPOEKIUU KPOH JiepeBbeB mepBoro sipyca. Ilocme
3TOTrO BHYTPH OKHA M3MEPSUTH BBICOTHI IPUMEYATEIBHBIX JCPEBHEB U 3aMMUCHIBAIN UX HOMEpA, WIIH,
B Cly4yae OTCYTCTBHMSI HOMEPOB, OMKCHIBAIM pacmoiiokeHue. Beero kaprorpadupoBano 11 okon
pasHoro pa3Mepa, BO3pacTa U COCTaBa MmoaApocTa (IoIecKa).

[Tocne 3TOro BBIMONHSIIA COIMOCTABJIEHUE PE3Y/IbTATOB MOJEBbIX WU3MEPEHHH W JaHHBIX,
MIOJIYUEHHBIX B pe3yjbTaTe 00pabOTKHM MaTepuaioB a’3po(oTOCHEMKH, MPOBEAEHHON B XOAE TOIO
ke mojeBoro Beie3na. s storo B mporpamme QGIS ompenensnacek miuomanbs okoH. B cioyuae
Ha3eMHON CHEMKM KaXX[0€ OKHO CTPOWJIOCh KaK OAWH TOJWIOH W IUIOUIaJb OKHA SBIISIETCS
IUIOUIA/IBI0 ATOTO TMOJHMIOHA, CIPOCHMPOBAHHOTO HA COOTBETCTBYIOIIYIO CHCTEMY KOOPAHMHAT
(WGS84 UTM 36N). B ciiyuae aspooToChEMKH TUIOMIAb OMPEISIsUIach KaKk CyMMa TUIOIIaaei
MIOJIUTOHOB, PACIIOJIOKEHHBIX B 9KCIIEPTHO ONpPe/IeNEHHBIX TPAaHULAX OKHA.

Pe3yabTaThl M MX 00Cy:KIEeHUE

bbu1o BBISICHEHO, YTO a3poOoTOCHEMKA MO3BOJISIET BBIABUTH 3HAUUTEIBHO 00JIEe CIOKHYIO
CTPYKTYpy OKOH, yeM Ha3eMmHas. Ha nudpoBoil Mojenu MOBEpXHOCTH BHJHO, YTO OKHA 4acTo
MEPEXO/IAT OJHO B IPYroe yepe3 y3Kue Mnepemeik, UMeroT HeOOoJIbIINe BKPAIUIEHHUS OKOH JPYroro
ypoBHs. J[peBocToit BbicOoTO# 15-20 MeTpoB (CHHUIT IIBET HA CHUMKE) BOOOIIE 00pa3yeT OTPOMHYIO
HENPEPBIBHYIO JIAOMPUHTONOJO0HYIO CTPYKTYpPY, OXBaThIBAIOIIYI0 INPAKTUYECKH BCIO FOKHYIO
MIOJIOBUHY MTOCTOSIHHOM MPOOHOI II0111a11.

YuuTheiBasi 3TO, TMOHSTHE TPAHUI] OKHA B KOHTEKCTE a’podoTOCHhEMKU sIBIsETCS Ooiiee
Pa3MbITBIM, YeM IPU Ha3eMHOM ChEMKE M 3aTpYAHSAET comocTaBiieHHe. HeckolbKO OKOH SBISIOTCA
4acTbi0 3TOro JaOuWpHHTa 0€3 BHJIMMBIX TPaHUIl U UX OTAEIbHYIO IUIOIIAJAb OLIEHUTh He
NPEJCTaBISAETCS BO3MOXKHBIM. B OOJBIIMHCTBE OCTaNbHBIX CIydyaeB JUIsI 3TOrO0 M3 pacuéra
MIPUXOIUTCS HCKIIFOYHTH Y4aCTKH c JPEBOCTOEM BBICOTOU 15-20 METPOB.
[Tomy4yenHble MyTéM aHamW3a MOJXYYEHHOW U3 PE3YNbTAaTOB a’pOPOTOCHEMKHU IUIOLIAAN OKOH
COCTaBISIIOT B cpemHeM 97% oOT 1uiomaneld, MOJYYeHHBIX TMPHU HAa3eMHOM ChEMKE, HO C OYeHb
oonpmuM pazopocom (ot 45% mo 169%). Ilnomamu cymectBeHHo menee 100% sBisiroTCS
PE3yJIbTaTOM HCKJIFOUEHUS! YJacTKOB € BbICOTOM mosiora 15-20 M, B To Bpems Kak Iuiouiaau 6osee
100% — pe3ynbTaTOM HENPaBHIBHOTO ONpeieieHus (opMbl OKHA IIPU Ha3eMHOM ChEMKe.

BriBOaBI
Takum 00pa3om, MBI MPUIILIN K BBIBOAY, YTO JIJIi HA3€MHOTO ONpPENENICHUS TPAHHI] OKOH

HCOGXO,[[I/IMI:I 60HCC TOYHBIC MCTOABI, YEM HpHMeHéHHBIﬁ HaMH MCTOI OMPCACIICHHUA 10 TPOCKINN
KPOH JIEPEBBEB MEPBOTO sIpyca.
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AHHOTaNMsI: PAcIpeAeiICHHEe MEIKHX MAJOIOABIKHBIX WICHHCTOHOTHUX-KOJIIEMOOT B OXHOPOIHOM
MIAXOTHOM TMOYBE M3YyYaJnd METOAOM MYJIbTHMACIITA0HOTO ydeTa. Y OTICNIBHBIX BHIOB OOHApYKEHBI
arperamyy pasMepoM OT HECKOJBKHX ACHHMETPOB 0 METPOB, HE KOPPEIHPYIOMHNE ¢ aOHOTHIECKUMHU
¢daktopamu cpenpl. Ilpexnomaraercs Beaymias ponb CIy4aWHOCTH B TpoleccaXx BBDKHBAHUSA,
Pa3sMHOXKEHUSI M PacCeleHHUs, YTO BHOCHT BKJIAJ B IOHMMAaHHWE MPOCTPAHCTBCHHOW OpTaHH3aLUH
TIOIYJIAIMH MOJIe3HON (ayHbI arpoIlCHO30B.

1. BBenenue

OOBeKT HalMX HUCCIEJOBaHMM - MeJkhe (0Koso | MM) IOYBEHHBIE YJIEHMCTOHOTHE-
KOJIJIeMOOJIbI, yJacTBYIOIIME B ITPOLECccax AECTPYKIMM OPraHUYECKOIro BEIIeCTBa KaK MOTpeduTen
rpuboB u np. (Hopkin, 1997). U3BecTHO, YTO TpaAMIIMOHHBIE CETLCKOXO3SHCTBEHHBIC MPAKTUKU
OOBIYHO COKpPALIAIOT Pa3HOOOpa3ue M YUCIEHHOCTh KojuleMOoi. OnHako 3TOH rpymie yaaercs
COXPAHSATh Ha TOJISAX JIOCTATOYHO BBICOKHE IICHOTHYECKHe mokazarenu (Bengtsson et al., 2005). B
JAHHOM paboTe MbI MPOBEPSUIM MPEAINON0KEHHE, YTO OTHOCHUTENIbHAS YCHEIIHOCTh KOJIeMOos B
3TUX MPeoOpa30BaHHBIX MECTOOOMTAHMSIX OCHOBAaHA HAa IMPOCTPAHCTBEHHOM DPa3/eI€HUHN PECYPCOB.
IlokazarenemM Takoro pasfejieHuss MOXKHO paccMaTpuBaTh HAJIWYME CKOIUIEHUH pa3HBIX BHJIOB
KOJJIEMOOJI B pa3HbIX JIOKYCaxX MPOCTPaHCTBA.

2. MaTepuaJj 1 MeTOAbI

Hamu wucnons3oBaH MynbTHUMAcIITaOHBI THE3J0BOW JAM3ailH ydeToB, ONM3KUHA K
¢pakranbHomMy (Marsh, Ewers, 2013). IlpoOsl W uX Trpynmbsl pacmojarald B BepIIMHAX
PaBHOCTOPOHHUX TPEYTrOJIbHUKOB cO cTopoHoir 10 cM, 30 cM u 10 M, 4TO TO3BOJISIIO BBHISBIATH
arperaiiuu KosiemOon paszHoro macmraba (Capaea u np., 2015). Beero B 2019 u 2020 rr.
ob0cnenoBano 12 moneit B Kamyxckoi 00J1. ¢ pa3IMuHBIMU CUCTEMAaMH 3€MJICJIEIHS: TPATUITHOHHON
(xuMuyeckue ynoOpeHus, repOUlIu/Ibl, BCTIAIKa) U OpraHnueckol (6e3 XMMHUKATOB), TOCTEAHSS - B
BapHaHTaX CO BCMAMKOW W AWcKoBaHMeM. OnHa ydeTHas cepusi Biimodana 81 mpoOy, kaxmas
IIOMmAB0 8 cM” 10 Tiry6HHB T0uBEl 15 cM. Beero B3sTo 972 mpo6bl, W3 KOTOPEIX SKJIEKTOPHBIM
meroaoMm (IToramos, Kysznemosa, 2011) Obuto momyderno 9670 k3. komutem6on. [ns oOpasmos
MOYBBl  OLEHMBAJIM  BIAXHOCTh, COJEpXKaHHE Yriepoja M a30Ta, KHCIOTHOCTh U
IPAaHYJIOMETPUYECKHI COCTaB.

Hanuuwue arperarnuii BugoB onpenensuiu o uaaekcy Keticu, Ic (Cassie, 1963):

S2—M

v

rne M — cpeaHee 4Mcao ocobel JaHHOTO BUAa B mpole, S mucriepcust. IC > 0 moxa3eiBaeT
Hajmuyue arperanuid, 0 — pacnpezaenenune ciydaitnoe, < 0 — paBHomepHoe. Cpennne 3HaueHus IC
pacCYMTHIBAIIM 7Sl YYaCTKOB Pa3HOTO pa3Mepa: ACHUMETPOBBIX (ITPYIIBI U3 TPeX MPo0), HECKOIBKO
JIenuMeTpoB (3 rpynmsl U3 Tpoek mpol) U MeTpoBhIX (3 rpymnmsl u3 9 npod). g Bceit mpoOHOI
wiomanan 10x10 M pacuer IC mpoBoaunum anst 3 rpynn u3 27 npod Kaxaas.

Ic =
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3. Pe3yabTaThl M 00CyXK/AeHHE

Pacripenenenne oOmieli 4MCIICHHOCTH KOJUIEMOON Ha IMOJSAX ObUIO OJMHM3KO K CIlydaHOMY
WK claboarperupoBaHHOMY Ha BcexX MacmTabax paccMoTpeHus. JJocTaTOYHO MHOTOYHCICHHBIMU
IUIS aHanM3a okasanuch 13 BumoB. Menkue arperamy, IUIOMIafbl0 HECKOJIBKO KB. CM, HE OBUIH
XapaKTepHBI U1 U3YYEHHBIX BUAOB. IHOTIa 0TMEedYanu cpeiHue arperainuu, pa3sMepoM okojo 1 KB.
oM. Mernkue U cpeHHe CKOIUICHHS OOBIYHO OOBSCHAIOT OMOJIOTMYECKUMU OCOOCHHOCTSIMU BHJIOB!
COBMECTHBIE JINHBKH, TPYIIIOBBIEC KJIAAKH, KJIAIKH U3 MHOTHX SUI] OJHOI ocoObio (UepHoBa, 1982).
Ha w3ydeHHBIX HamMM MOJSAX TaKMX arperanuii Mano, XOTsS Pa3MHOXKCHHE BHJIOB IPOUCXOIHUT
MOCTOSIHHO.

VY GonpIIMHCTBA BUAOB OOHAPYKUIM KPYIHBIE (HECKOJIBKO JCHIMETPOB) U OYEHb KPYITHBIC
(Metp u OoJiee) CKOIUICHHS XOTs Obl B OfHON w3 cepuil. CuibHas arperupoBaHHOCTh (1C>5)
OTMEYeHa y ABYX BHJOB, BbicoKas (IC 3-5) — y mectn, cpeansst (Ic 1-3) — y tpex u ciabas (Ic 0,5-1)
— y IBYX BUAOB. CBSI3b CTETIEHU T€TEPOTEHHOCTH PACTIPE/ICICHUS BUOB C TOM MM MHON CHCTEMOU
3eMIIe/IeNusl He POCIIeKUBaIack. Arperaiuy KpyImHOTro pa3Mepa CBSI3bIBAIOT CO CBOMCTBAMU CPEJIbI
(UepHoga, 1982). Ognako HaM He yanoch OOHAPYKUTh CBSI3U KPYIHBIX CKOIJIEHUH CO 3HAUMMbIMU
U1 KOJu1eMOoN (PU3UKO-XMMHUYECKHMMHU CBOMCTBaMH TIOYB WM daadudeckuMu (aktopamu. Bee
M3yYeHHBIE XapaKTEPUCTHKU OYEHb ci1ab0 BapbHpOBaJIM B Tpeaenax NpoOHbIX rmiomaneil. K
CXOJHBIM BBIBOJIAM TIPUIIUIM W JPYTHE aBTOPBI NPH HM3YYEHUH PpACIpPEeNCHHs KOJIeMOOn B
MacIiTabe 1ecITKOB METPOB Ha moje Kykypyssl (Liu et al., 2019).

[lpyuuHBl KPYNHBIX CKOIUIEHMH BHAOB, TakUM o00pa3oM, ClIeAyeT WCKaTh Cpelu
OuosornYeckux (axTOpoB. BiHSHMSA JTOKaTBbHOTO BBIETAHHS KOJUIEMOOJ XHUIIHUKaMHu (MypaBbH,
xyxemunsl 1 np.) (Hopkin, 1997) Henocrato4Ho, MOCKOIBKY CXOAHBIE IO pa3MepaM arperamnuu
00pa3ylOT HE TOJBKO JOCTYIHBIC XHUIIHUKAaM ITOBEPXHOCTHO-OOMTAIONINE, HO U COOCTBEHHO
no4yBeHHbIE (opMbl. KOHKYpEeHIMIO MOKHO Tpeanonarath JHIIb Yy BUAOB OJHOH >KM3HEHHOM
(GopMbI, CBSI3aHHON C ONpENEeNeHHOM IIyOMHON oOWTaHus B NOYBEHHOM mpoduie. B Hamem
Matepuaie Obl1 OOHapy>KeH JIUIb OJMH Clyyail 0JIHOBPEMEHHO MHOTOUYHMCIECHHBIX BUI0B OJHOM U
TOM e KUIHEHHON (POPMBI C OYEHb KPYITHBIMHU arperalusMi B pa3HbIX JIOKyCaX MPOCTPAHCTBA.

4. 3akiaouenue

BriepBrie mpOCTpaHCTBEHHOE pacmpeiesieHne KOUIeMOOJI B arponeHo3ax H3ydeHo Ooiee
yeMm JJis IByX MmacmtaboB. [loka3aHo, 4To y pa3HBIX BHIOB BCTPEYAIOTCS CKOTUICHHUS ILIOMIAIBIO
HECKOJIbKO KBaJIpaTHBIX JIEIMMETPOB M METPOB. DTHU arperamuud He KOPPeIUpyrT ¢ (PU3HKO-
XUMHUYECKUMH CBOMCTBAMU TIOYB, OTpaxkas, MO-BHAUMOMY, CIydailHbIE MPOIECCHl JIOKATHHOTO
BBEDKHBAHMSI, PA3MHOXKEHHUS W TIOCIEAYIONIET0 MEIJICHHOTO paccelieHus BUAOB. Hecopmanmaromiue
PUCYHKH CKOTUICHUH Pa3HBIX BUOB OJTHOM JKU3HEHHOH (hOPMBI MOKA3bIBAIOT BOZMOXKHYIO, HO U3-32
PEIKOCTH CIIy4aeB BTOPOCTENEHHYIO, POJIb KOHKYPEHTHBIX OTHOILICHHU B pAaCHpEICICHUU BUJIOB.
MynsTUMacIITa0HBIA Y4eT MOKa3al, YTO JAJS KOJMYECTBEHHOW OLIEHKH TOMYISLIUNA U COOOIIECTB
KOJIeMOOJT Ha TIOJSX JKENAaTeNbHO pacroyiaraTh OTACIbHBIE NMPOOBI B CEPHHM HAa PACCTOSHHUH
HECKOJIbKUX METPOB JPYT OT JpyTa.

Pa6ora nomneprxana rpaarom PODU 19-516-60002.
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AnHotanusi: B pasButne mnouBeHHoi Mozenn Romul Hum paspabotan airoputM OLEHKH
pusocdepHoro npariMUHT-3QPEeKTa, CBSI3AHHOTO C IIOCTYIUIEHHMEM B II0YBY KOPHEBBIX JKCYAATOB.
AJNropuT™ N03BOJIsieT BRIMOJHATH olleHKu C-CO; (retepoTpodHOE AbIXaHWE) U TOCTYITHOTO PaCTEHUSIM
a30Ta ¢ y4eToM KonudecTBa U cocraBa (C:N) KOPHEBBIX IKCYIAaTOB, CTPYKTYPhl MUKPOOHOIO COO0IIECTBa
U MOYBEHHBIX YCJIOBHUM. TecTOBbIE IKCIIEPUMEHTHI MOKA3aJIH BBICOKYIO 3aBUCHMOCTH PE3yJIbTHPYIOLIUX
OILIEHOK OT KOJIMYECTBA MOCTYMAOLINX B TI0YBY KOPHEBBIX SKCYAATOB M COOTBETCTBYIOIINX MM BEIHMYNH
C:N, 4To HoATBEPKIACTCS HKCIIEPUMEHTATIbHBIMHU JTAHHBIMHU.

1. BBenenue

B mouBeHHBIX MOJENAX AMHAMHUKH opranuyeckoro BemectBa (OB) B kauectBe (pakuuit
oraja JUIst JIECHBIX TI0YB PACCMATPHBAIOTCS JIMCTBA/XBOSI, BETBH, KOpa M OTHAJl TOHKHX KopHed. Ho
B IIPOIECCe POCTa PACTEHUH B MOYBY MOCTYMAeT 3HAYUTEILHOE KOJIUYECTBO MPUKHUIHEHHBIX
KOPHEBBIX BBIJICJICHUI — PH30JIEMO3UTOB, B YUCIO KOTOPBIX BXOJAAT KOpHEBBIC SKCynaThl. Jlois
9KCyIaToB B 001Iei skocucteMuon npoaykuuu (NPP) Bapbeupyer o pasubim onenkam ot 1 10 12%
B mepecuere Ha yriepon (Phillips et al., 2008; Jones et al., 2009). I[locTymieHue B TOYBY
JETKOJOCTYMHBIX ~ COCAUHEHHM, BXOMAAIIMX B COCTaB KOPHEBBIX OJKCYJAaTOB M JIPYTUX
PHU30JIETIO3UTOB, BEIET K POCTY AaKTUBHOCTH TMOYBEHHBIX MHUKpoopranm3moB (MO), ompenenss
KOMILIEKC OMOXHMMHYECKUX IPOLECCOB, OOBEAMHAEMBIX TEPMHHOM «HpaMUHT-3GdexT» (I19)
(Blagodatskaya, Kuzyakov, 2008). B pesynbrare I1D9 mpoucxogut poct smuccuu CO; u
MuHepanuzauun OB mouyB M 3aTparuBaroOTCs JIpYrue KOMIIOHEHTHI MOYBEHHBIX IHMKIOB C u N
(Bengtson et al, 2012). Bxmouenue I[1D B wmozenu nuHamuku OB mouB mpesmonaraet
UCIONIb30BaHWE HWHBIX IMOAXOJI0B, Ye€M Te€, YTO WCIONB3YIOTCA [UIsl OMHCAaHUs TPOILIECCOB
munepanuzanuu OB (Manzoni, Porporato, 2009; Blagodatsky et a., 2010).

2. ITogxoabl 1 METOIBI

B passutne wmomemun Romul Hum (Komarov et al., 2017) mnpemioxeH anroputm
COBMECTHOI'O OIUCaHUs puszocdepHoro mpanMuHr-agpdexra u mpoueccos Tpanchopmanuu OB B
MOYBEHHBIX muIIeBbIX ceTsax (food webs). Anroputm mo3BossieT BbINOAHATH oreHkn C-CO;
(rerepoTrpodHOE NBIXaHWE) W JOCTYIHOTO a30Ta, OOpa3yroIIuXxcs B CHCTeMe «puszochepa —
MHUKPOOPTaHW3MBI — IIOYBEHHas ¢ayHa — pusocdepHas MOYBa», C YYETOM KOJIMYECTBA H
XHUMHAYECKOTO COCTaBa (Xapakrepu3yromierocs oTHomeHueM C:N) KOpHEBBIX 3KCYIaTOB, CTPYKTYPHI
MHKpOOHOTO coobiectBa (Bacteria vs Fungi) u mouBeHHBIX ycioBuil (00beM pu3ochepHOl OYBBI,
3amacel OB u azora, C:N u ap.). B ocHOBY airopuTMma MOJO0XKEHBI MPHUHIUIBI CTEXHOMETPUUA U
TEOPUH JIOCTYITHOCTH PECYpCOB, IPEAINOJararleif, B TOM 4YHcie, y4eT TpeOOBaHUN pas3HBIX
(YHKIIMOHATBHBIX TPYMH OHOTHI B dJeMeHTax nurTaHus. OnucaHue anropuTMa (Jajnee MOJENN)
MO>KHO Haiftu B pabote (Chertov et al., 2021).

Mogens TOCIEIOBAaTENIbHO pPacCMaTPUBACT KOMIUIEKC COMPSDKEHHBIX OHMOXMMUYECKHUX
MPOIIECCOB, CBA3aHHBIX C (1) pocTom 6uomaccel puzochepusix MO 3a cuet nerkogpoctynHbix C u N
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KOPHEBBIX 3KCYIATOB; (2) IOMOJHHUTENBHBIM pocToM Omomaccsl MO 3a cueT He 00ecreYeHHOTro
a30TOM «ocTaToyHOro» C 3KCyaaToB U JErKoAOCTYnHOro N, 00pa3yrouierocs npu MUHEpaTu3aiuu
OB mnouBbsl B pe3yiabTaTe IMpoiecca «ao0buu» azora (nitrogen mining); (3) morpebiacHueM
6uomaccel MO mOYBEHHOM (hayHOU C TOCIETYIOUMM 00pa30BaHUEM B MUILEBBIX CETSIX MPOIYKTOB
UX KH3HEACATEILHOCTH —KCKPEMEHTOB M MOPTMACCHI, a TaK)Xe JOCTYITHOTO KOPHSIM pacTECHHI
aAMMOHHUS JKUJIKUX 9KCKPETOB MPOCTEUIINX U HEMATOI.

Banmupanust Mojenu BBITIOJIHEHA 1O JaHHBIM JKCIIEPUMEHTAIBHBIX HccienoBanmii (Qiao et
al., 2016). Jlns aHanm3a 4YyBCTBUTEIHLHOCTH MOJEIM K HEONPEICICHHOCTH B OIEHKaxX ee
rapamMeTpOB MCIIOJIB30BaH MOIXO0/I, PeIIoKeHHbIN B paboTe (Saltelli, Annoni, 2010).

TecToBble UMUTAIIMOHHBIE HSKCIIEPUMEHTHI BBIIIOJHEHBI Ha MPUMEpPE OPraHOMHHEPATHHOTO
TOPHU30HTA JIEPHOBO-TIOJ30JIUCTON MOYBHI (ITO/30HA FOKHOW Taiiru, JleHWMHrpanckas o0i1.): 3amac
OB — 691 «kr [C] M, B T.4., B puzocdepnoit nmouse — 90.1 r [C] M % C:N = 14. B TecToBbIX
3aIycKax MOJIEIN aHAIM3UPOBAIOCH BIMSHUE Pa3HBIX COUETaHUI HaOOpa BXOJHBIX [1apaMeTPOB Ha
nokazarenu smuccun CO; u oOpa3oBaHHe AOCTYIHOTO a30Ta (B pe3yjibTaTe€ €ro «I00bIYm» W3
nouBeHHoro OB). KonnuectBo skcynaToB BapbupoBasio B auamazoHe ot 0.5 go 2.0 r [C] M 2B
nenb, C:N skcymatoB — ot 10 go 80. 3nauenust C:N 6uomaccsl MO B Mojaenu ompesensercs
MOYBEHHBIMH ycloBusiMH (2 mMmeHHO, C:N pusocdepHoil mouBbl). J(Manma3oH pacCUUTHIBAEMBIX
BennunH C:N Ouomaccel MO cooTBeTcTBYeT (DaKTHUECKUM 3HAYCHHSIM JUIsi OaKTepUAIbHBIX U
rpubHbIX coobmect (Cleveland, Liptzin, 2007). Ouenku 119 n apyrux nokasareneld BHIIIOJIHEHBI
JUIS CEpelMHbl BETreTAallMOHHOT'O CE30HA, M3 pacyeTa €XKEIHEBHOrO TIOCTYIUICHHUS KOPHEBBIX
skcynaroB B teueHue 20 gHeidl. Munepanuszanuss OB nmous B orcyrcrBuu IID mpussita paBHOI
0.00018 menp - (Komarov et al., 2017).

3. Pe3yabTartsl

TecToBble OLIEHKH MTOATBEPAMNIIN BBICOKYIO 3aBUCUMOCTh MHTEHCUBHOCTH I1D oT KonnuecTBa
MOCTYHAIOIINX B [TOYBY 3KCCYAATOB, U 0cOOEHHO OT BesnuuHbl C:N 3KCyZaToOB, KOTOpas OTpakaeT
WX HaCBIIIEHHOCTh a30TOM. B cpaBHeHuu ¢ muHepanmsanueid OB Bcero opraHoMuHepanabHOTO
ropusonTa, oOpasoBanue CO; B pesynprate I[ID cocraBnsno 5-20% npu NOCTYIUIEHHH B
pusochepHyro 4yacTh MOUYBbI KOpHEBBIX dKccynaToB ¢ C:N=10 u mocturano 30-65% mpu C:N=80
(Pucynok). To ectb., I3 Tem Bblle, yeM MeHbIle coiepkaHue N B KOPHEBBIX 3KCyAaTax, 4To
cooTBeTcTBYET BhicoKuM 3HaueHussM C:N skcynaros (Qiao et al., 2016).
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Pucynok 1 — Pe3ynbTarhl onieHoOK MHTEeHCUBHOCTH 19 B cpaBHeHuU ¢ MuHepanu3amnueid OB Bo Bcem
OpraHOMUHEPATLHOM F'OPU30HTE MOYBBI B 3aBUCUMOCTH OT KosmdecTBa U C:N KOPHEBBIX IKCYJaTOB

OnHOBpEMEHHO € 3TUM MoKa3aHo, 4to [12 u munepanmzanmus OB pusochepHOil TOUYBHI B
pe3yabTare «A00bBIYM» a30Ta CHUXKAIOTCA, €CIM B MHUKPOOHOM cooOIIecTBE MpeodsafaroT
OpPraHu3Mbl C HHU3KOM NOTPEOHOCTHIO B a30T€, K KOTOPHIM OTHOCSATCS B OCHOBHOM TPHOBI
(xapakTepu3yroLMecs NOoBbILIEHHBIMU 3HaueHusIMU C:N Gromacchl U npeodiaaroniie B oyBax ¢
BbicOKMM cojaepkanneMm C:N). HamportuB, MukpobHOoe coobmiectBo ¢ Hu3kuM C:N Ouomacch (B
OCHOBHOM, 3TO 0aKTepHH, npeodiiafaroliue B 1ouBax ¢ HU3KUM oTHoueHneM C:N) umeeT BbICOKYIO
noTpeOHOCTh B a30T€, YTO MPUBOIUT K 0Obmemy 113.

Taxoke, MOJe/IbHBIE OLIEHKHM IIOKa3bIBAIOT, YTO KOJUYECTBO JIOCTYIIHOTO PACTEHMSM a30Ta,
BBIJIETISIEMOT0 B IMHUIIEBBIX CETAX, CPABHUMO C IysoM N B 3KCCyJIaTaxX M IPEBBIIIAET KOJUYECTBO
a3ota, obpa3zymomerocs npu MuHepanuzauuu OB B pusochepHoil mouBe B OTCYTCTBUU IpPadMHUHI-

s dekra.

4. 3akaoueHue

TectupoBaHue aiaropuT™Ma IOKA3al0 aJEKBATHOCTH BOCHPOM3BEACHUS B MOJCIBHBIX
OLICHKAaX KOJIMYECTBEHHBIX I1OKA3aTeNIeil MpOLECCOB, CBA3aHHBIX C PU30CHEPHBIM NpAMUHT-
spdexrom. Peanmzanus anropurMa B BHIE MOIYJS, COBMECTHMOTO C TIOYBEHHOW MOEIBIO
Romul Hum, 1no3BoiuT BBINONHATE MMHMTALMOHHBIE oLieHKUM I[ID u ero BKiIaga B NOYBEHHYIO
smuccuio CO2 Ha 3KOCHCTEMHOM YPOBHE JUISl Pa3HbIX MOYBEHHO-KJIMMATHUECKUX YCIOBHM, YTO
0COOEHHO aKTyalbHO B CBSA3M € MPOOIEeMOil H3MEHEHHsI KiIuMara.

Bbaaronapuoctu. lccrnenoBaHust BBIMONHSIOTCS Tpu  (QUHAHCOBOM momaepxkke PHO
(mpoext Ne 18-14-00362-11).
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MNPOCTPAHCTBEHHO-BPEMEHHBIE UHBAPUAHTHBIE U IUHAMUWYECKHUE
HAPAMETPBI MOPSIIKA JAH/JIIIA®THOI'O IIOKPOBA I10 JAHHBIM LANDSAT
4-8

[Ty3auenko M.1O.}

1HHcmumym eeoepaguu PAH, Mockea, Poccus
m.yu.puzachenko@igras.ru

AHHOTanus: PaccMOTpeHO BbIJENIeHHE MapaMeTpoB MOPsIKa MO JAaHHBIM JUCTAHIIMOHHBIX ChEMOYHBIX
cucrem Landsat 4-8 3a neprox 1987-2019 ronos aist tepputopuu LleHTpanbHO-IECHOTO 3aI0BETHUKA Ha
OCHOBE MeTOJ]a IJIaBHBIX KOMIOHEHT. C MOMOINBI0 TOCJIEAOBAaTEILHOIO COKpAlleHUs Pa3MEpPHOCTH
BBIICNSIOTCS OCHOBHBIE IIPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH OTPaKEHHUS COJIHEUHOU
pamualuM W W3IyYeHHWs B JaJbHEM HH(PAKPAaCHOM AMAIa3oOHE CHEKTpa JaHAMA(THBIM ITOKPOBOM,
onpefeisieMble  Pa3IMYMAMH B (YHKIMOHMPOBAaHWM €ro 4YacTe W JWHAMHKOH, OIpeAenseMoit
N3MEHEHUSMH B (YHKIMOHMUPOBAHMH. B pe3ynbrare, BBIACIEHO UYCTHIPE WHBAPHUAHTHBIX IAPAMETPOB
MOpsiIKa JIaHAMA(THOrO MOKPOBA, OMPENENAIONNX pa3nuuus B (YHKIHOHMPOBAHWH €r0 dYacTei Mo
O6romMacce, akTHUBHOCTH (DOTOCHHTE3a, BIarOCOAEPKAHUH U TEINIOBOM IMIOTOKE, M MX CE30HHOM XOJI€, 1 1Ba
JMHAMUYECKUX, OINMCHIBAIOIIMX TPEHIBl WX M3MEHCHHMH 3a WHCclexyeMblii mnepuoa. B menowm,
HHTErpalbHble MHBAPHAHTBI M TPeHIbl coxaepkaT 60-70% HCXOTHOrO BapbUPOBAaHUS BCEX KaHAJOB
ChEMKH 32 BCE BpeMs, YTO IO3BOJIAET Ha MX OCHOBE CEIMEHTHUPOBATh JaHANIA(THBIA MOKPOB KaK C
BBIJICJICHUEM €r0 HWHBAPHAHTHOW CTPYKTYpBIl, TaK MU C Y4ETOM MPOUCXOAANIMX H3MEHEHUH ero
(YHKIIMOHUPOBAHUSL.

Jlnis uccnenoBaHusl HCIOIb30BaHbI Bce 0€300/1a4Hble CLIEHBI UMEIOIINECS 3a MEPHOJ] ChEMKHU
Ha Tepputoputo LIJIT'E3. B pesynbrare ncnons3osano 22 cuenst ¢ 1987 no 2019 roapr. [lonHocThio
OTCYTCTBYIOT 0e3007auHble CLEHBI C OKTAOps IO sHBapp W 3a uroyb. Haubousbliee uucio
0e300JIaYHBIX CIIEH CHSTO B ampenie, WIOHE W (eBpaje, B OCTaJIbHBIE MECSIBI CHATO 1O 2
0e3005auHbIX cleHbl. J[I9 yacTM CIeH TeIUIOBOW KaHall COAEpXKHUT apTe(dakThl CHEMKH, B
pe3yJibTaTe Yero, B aHaJIM3€ OCTaBJIEHbI 19 CPOKOB ChEMKH I TEIUIOBOTO KaHana. Takum o6pazom,
B QHAJIM3€E UCIIONIb30BaHbl 151 nepemenHas.

Jlis KaX/10ro CHUMKA MPOBOJUTCS CHUKEHHE Pa3MEPHOCTU C IMOMOILBIO METOJa TJIaBHBIX
komrnoHeHT (MI'K) 11 Bcex KaHaloB COBMECTHO 3a HCKJIIOYEHHEM TEMJIOBOTO, KOTOPBIH
uccienyercs oTAenbHo. Jlanee riiaBHble KOMIOHEHTB CHUMKOB ((haKTOphbI), CO CXOJAHBIMHU CBSA3SIMU
C KaHaJlaMU ChEMKH, COBMECTHO 06o6matoTcst MI'K ¢ Bbliennenuem yacTHbIX MHBapuaHTHbIX (UN)
n guHamuueckux (Y1) mapamerpoB mopsiaka (IIII). IHox YMIIII mogpasymeBaroTcs (QaxTopsl,
O0bEIUHSIOIINE BCE WM 3HAYUTENBHYIO YacTh CLEH, HAllpUMeEp, M0 Ce30HHOMY Npu3Haky. Eciu
(bakTop MMEeT pa3NIUyHbIe 3HAKU CBSI3M CO CIIEHaMU B Hayalle M B KOHIIE NEpUOAa CbEMKU — OH
BeIgensgercs kak YAIIII.

Ha cnenyromem stane Bce nomyuennbie YU u YT o6o6mmaroress MI'K ¢ Boigenennem
uHTerpanbHbiX nHBapuaHTHBIX (M) n unTerpansupix aunamuueckux (M) II1, cooTBeTcTBeHHO.
TennoBoil kaHasl aHaMM3UPYeETCsl CXOAHBIM 00pazoM u obodmaercs MI'K ¢ pesynbratamu aHamusa
JUIS OCTAJIbHBIX KaHaJIOB Ha (PMHAIBHOM JTalle aHalIu3a.

Takum 06pa3oM, C MOMOIIIBIO MTOCIEI0BATEIBLHOIO COKpAIIEHHUs] pa3MEPHOCTH BBIJCISIOTCS
OCHOBHBIE TNPOCTPAHCTBEHHO-BPEMEHHbIE 3aKOHOMEPHOCTH OTPAKEHUSI COJHEYHOM paauanuu u
U3IY4YeHUsT B JaJbHEM HH(QPAaKpacHOM JMama3oHe CHeKTpa JaHAMWA(PTHBIM IOKPOBOM,
ornpesieNisieMble pa3InyusIMU B (YHKIIMOHHPOBAHUM €ro 4acTed M JAMHAMUKOHW, OMpeesseMoit
M3MEHEHUSMHU B (YHKLIMOHUPOBAHUH, YTO COOTBETCTBYET KOHIIETILIMU cuHepreTuku (Xaken, 2001).

Jlns kaxao0i CleHbl ChbeMKH BBIAENSETCS TPU MEPBBIX (PaKTOpa OMUCHIBAIOIIMX B KaXKIOM
ciyyae Oonee 97% BappupoBaHMs KaHajioB. IlomydeHo uTo, mepBbId (haKkTOp, ONMpEIENSIONMN
oOlIyI0 SIPKOCTH JUIsI BCEX KaHAJIOB, OCTA€Tcs BEOyLIIMM Ha MPOTSHKEHHUH BCEro Troja IpH
YMEHBIIEHUH €0 BKJIa/Ja B OMMCAHME BAPbUPOBAHUS KAHAJIOB B IEPHOJ BET€TALMU U CHUKEHUEM
ypoBHsl cBsA3u ¢ OmmkHuM MK kanamoM. BTopeiM (axTopom, B nmepuoja Bereranuu, CTaHOBUTCA
¢dakTop, cBsazanublii ¢ OmmkHuM WK kananom. B 3uMHuil mepuog 3TOT (GaxkTop MpaKTHYECKH
OTCYTCTBYET, @ Ha €ro MecTO BcTaeT (hakTop CBs3aHHBIN co cpennnmu MK kanamamu, KOTOpPBIH
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HaXOJUTCSI Ha TPEThEM MeECTe B Iepuoj Bererauuu. Jljis BCEX paccMaTpuBaeMbIX CHUMKOB
BbIZIeNIeHBl 22 (hakTopa obmel spkoctd u cpennux MK kananoB m 19 dakropos 6mmxaero MK
KaHaJja.

Jis (akTOpOB, HHTETPUPYIOIIUX OOILYIO SIPKOCTH Ul BCEX KAHAJIOB ChbEMKM, BBIIEIAETCS
Tpu oOmmx ¢Qakropa omuceiBaommx 83 % OT MX MCXOAHOrO BapbupoBaHus. [lepBblil 0OUIMiIA
(bakTop SAPKOCTH IOJIOKUTEIBHO CBA3aH CO BCEMHU CPOKaMH ChEMKH M OIHUCHIBAET OKOJIO 68 %
BapbHUpoBaHus. Bropoii obmwmii ¢akTop Hambosiee CBA3aH C SIPKOCTHIO KaHAJIOB B arpese-Hadaie
Masl U ONUCHIBAET OKO0JIO 9 % BappupoBanusa. TpeTuil OTpULATENBHO CBA3AaH C IEPUOJIOM CHEMKH C
1987 o 2002 roas! u nosoxutenbHo ¢ nepuoaoM ¢ 2009 o 2019 roas! onuckiBas nopsaka 6%
BapbupoBaHus. Takum o0pazom, Beiensercs YUIIII spkocTeli Bcex KaHAIOB 3a BCE CPOKH ChEMKH
, HUIIII sapxocreit Bcex kaHanoB 3a anpenb U Y/IIIII apkocrelt Bcex KaHaIOB 3a BCE CPOKU CHEMKH,
OTpaXKaIOIIU YBEIMUYEHHUE IPKOCTH BCEX KaHAJIOB 3a IEPUO]] HAOIIOICHHUH.

@DakTOpbl CHUMKOB, onpenaenseMbie ommxanM MK xaHamoM, HHTErpUpYIOTCS B TPpU OOIINX
¢dakTopa onMchiBaromux 68 % 0T mcxomHoro BapbupoBaHus. IlepBbiif (akTop HHTErpupyer c
IIPOTUBOINOJIOKHBIMHA 3HAKAMU JIETHUE U BECEHHE-OCEHHUE CPOKHU ChEMKH C BKJIAJIOM B ONMCAHUE
o01ero BapbupoBaHus 0koiio 35%. BTopoil (hakTop MHTErpUpyeT BCe CPOKU CHEMKH M OIUCHIBACT
okoJio 21 % BapeupoBanus. TpeTuii hakTop OTPUIIATEILHO CBS3aH CO CPOKaMH CheMKH ¢ 1988 1o
2007 roxg u momnoxutenbHo ¢ 2015 roma mo 2017 rox ommceiBas okoio 12% ot oOmiero
BapbupoBanusa. Takum oOpazom, BeiaensitoTcs asa YUIIIT Omuxuero MK kanama - ce30HHBIN,
OTpaXKAIOIIUK Pa3JINUMs B JICTHUX M BECEHHE-OCEHHUX CpoKax cheMku, oomuii 1 YJIIIIT 6mmkHero
UK kanana, orpaxkarouuii ysenunuenue sipkoctu UK kanana 3a nepuosa HaOmo1eHUN.

@dakTopbl CHUMKOB, ompenensemble cpeaHuMu MK kanamamu, o600mIaroTCsl B 4YeThIpe
¢dakTopa ommceBaromUX 62 % OT WX HMCXOTHOTO BapbupoBaHus. llepBbiii ¢akTop cBsA3aH C
OOJIBIIMHCTBOM CPOKOB ChEMKH, KpoMe anperneid, koHua ceHts0pst 2007 roja U cepeluHbl aBrycra
2010 roma, omuceiBasg okosio 24% ot oOuiero BapbupoBaHHs. BTOpoil ¢akTop MOJ0XKHUTEIHHO
CBSI3aH C 3MMHHMH MeCSJaMM M OTPHMLATENIBHO C JITHUMM, ONMCHIBas okojo 16% or oburero
BapbupoBaHus. TpeTuil QakTop MOJOXKUTENBHO CBSI3aH C aNpesiMU OmuchiBasg okoyo 15% ot
ob1iero BappupoBaHus. YeTBEPTHIN (akTOp OTPHUIATENBHO CBA3aH CO CpOKaMH cheMkH ¢ 1988 1o
2000 roapl M MONOXKHUTEIBHO C OOJBIIMHCTBOM JIETHUX CPOKOB CHEMKH, B OCTAJIbHON INEpUOJ
U3MEpEeHUH, onuckiBasg okojo 7% oT obmero BappupoBaHus. TakuMm o0pa3oM, BBIIENAIOTCS TPU
YUIIII cpenuux MK kaHanoB, 00NN, CE30HHBIN, OMUCHIBAIOIINN pa3inyuns B OTPAXKEHUN 3UMOU U
netoM, u anpensckuit 1 YT cpennnx UK kaHanos, oTpaxaromuil yBEIMUEHUE IPKOCTU CPETHUX
UK xananoB 3a nepuo1 HaOIIOACHUH.

Jnsa naneHero MK kaHana 3a Bce CPOKM ChEMKH BBIJENSETCS Tpu 00oOmaomux (Gpakropa
OMHCHIBAIOITUX OKOJIO 78% o0miero BapbupoBaHus. [lepBeiii (hakTOp MOJOKUTETHHO CBSI3aH CO
BCEMH CpoKamMHu cheMkH Kpome ¢eBpans 2007 roga m mapra 2001 roga, ¢ KOTOpPBIMH CBSI3aH
OTpHUILATEeNbHO, ONUCHIBasg O0K0OJIO 62% oT olmiero BappupoBanus. Bropoii ¢akTop monoxutenbHO
CBSI3aH C JISTHUMU CPOKaMH M OTPULIATENIFHO ¢ OOJIBIIMHCTBOM BECEHHE-OCEHHHX, OMUCHIBAsI OKOJIO
10% ot o6miero BapbupoBanus. Tpetuii pakTop OTpUIIATEIHLHO CBsA3aH co cpokamu ¢ 1988 roma mo
2001 rox u nonoxxkutensHo ¢ 2018 mo 2019 rozpl, onuckiBast 0koj0 6 % OT 00IIEro BapbUPOBAHHUSL.
Takum ob6pazom, mns mameHero UK kanama Beigensercs UUIII oGoOmiaromuii GOIBITHHCTBO
CPOKOB cbeMKH, ce30HHbIM UUIIII, oTpaxaromuil pa3inuus MEX1y JETHUMU U BECEHHE-OCEHHUMHU
cpokamu ceeMku n YJIIII, oTpaxkarommii yBenndeHue sipkoctu ganbHero MK kanana 3a nepuon
HaOI0ACHUH.

Hessarp Beimenennbix YUIIIT ob6obmatorcst B uetsipe MUIII omuckBaromux 88% oT mx
obmero BapsupoBanus. Ilepserii WUIIIL, omuceiBas oxomo 33% oOmiero BapbUpOBaHUS,
noJIoKUTeNbHO cBsizaH ¢ ce3oHHbIM YUIIIT 6nmxnero UK kanana, YUIII cpenqnux MK kananos,
YUIIIT obuieit sipkoctu B ampene U oTpumarensbHo - ¢ oboumu YMUIIIT mampnero UMK kanana.
Bropoit UUIIIT nonoxurensuo cBszan ¢ YUIIIT o6mieit sspkoctu, YNUIII nansuero MK kanama u
YUIIIT cpennux MK kananoB B amperne, onucbiBas okosno 30% oOuiero BapbupoBaHus. Tperuit
NUTIII monoxurensHo cBsizad ¢ ce3oHHBIM YUIIII cpenanx UK kananos u YUIII 6amxaero MK
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KaHaja, onuceiBas okoso 16% BapbupoBanus. Yerséproiit MUIIII nonoxurensHo cBsazan ¢ YUIII
obmeit sipkoctu B ampene u orpunarenbHo ¢ UUIIII cpennux MK kanamoB B ampese, onuchiBas
0K0110 9% OoT 0011IeT0 BapbUPOBAHHUSL.

[Tpu o606menun YJIIII Beigeneno asa MIIIT onuceiBarommx okono 72 % ot ux olIiero
BapbupoBanus. [lepseiii I nonoxurensHo cBsizan ¢ YU mansrero MK kanana, cpennux
UK xanamoB u oOmei spkocTH, omucbiBas okosno 47% BapbupoBanus. Bropoit W/IIIT
nosioxkutenbHo cBsizan ¢ YT 6mmxrero MK kanana u oOmieit spkocTH, omuckiBas okoio 25%
00I1ero BapbUPOBAHUS.

B pesynbrare, Boeigeneno uersipe MUIII nanamadTHOrO MOKpOBa ONPENENSIONIUX €ro
muddepeHnnalnoo, CBI3aHHY0 ¢ OMOMAaccol, aKTUBHOCTBIO (DOTOCHHTE3a, BIArOCOAEPKaHUEM U
TEINIOBbIM 1OTOKOM, M naBa W/IIIII, onuceiBaromux TPEeHABI MX W3MEHEHHM 3a HCCIENLYyEMBII
nepuoa. B nenom, MUIIIT u UATII conepxar 60-70 % ncxoaHOro BapbUpOBaHUS BCEX KaHAJIOB
CBhEMKH 3a BCE BpeMs, UTO IO3BOJIIET HA UX OCHOBE CErMEHTHUPOBATh JIAHIIA(THBIN TOKPOB KaK C
BBIJICJICHUEM €r0 WMHBAPUAHTHOM CTPYKTYPBI, TaK U C Y4ETOM MPOUCXOASAIIMX HM3MEHEHUW €ro
(byHKIMOHUPOBAHUSI.

Bbaarogapuocru. lccinenoBanus BBINOJNHEHB! 10 TeMe ['ocymapcTBeHHoro 3samganus MIT
PAH Ne 0148-2019-0007.

Jlureparypa

Xaxken I'. [IprHIATIBL paOOTHI TOJIOBHOTO MO3Ta. CHHEPTeTHIECKUH MOX0 ] K aKTHBHOCTH MO3Ta, TIOBEICHHUIO U
KOTHATHBHOH nestenpHocTd. M.: ITEP C3, 2001. 352c.
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KOPPEJIALNA U ®PA3OBAA CUHXPOHU3ALUA - JONNOJTHAIOIUE APYT IPYT'A
METOAbI OHEHKHU I'MAPOIKOJIOI'MYECKHUX ITOKA3ATEJIEU

PycakoB A.B.l, AnamMoBuy E.B.Z, Kykosa A.A.Z, MeaBUHCKUM A.E.l, MuxeeBa T.M.Z, Hypuesa
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AHHOTAIUsI: TIPEAJIOKEHO COYETaHHOE HCIIOJb30BaHHE METOAa paHroBod Koppeisiunud CrnupMmeHa u
METOo/ia OLIEHKH (ha30BOM CHHXPOHHU3ALMH JISl BBISBICHUS B3aMMOCBS3EH MEXAY I'MIPOIKOIOTNIECKUMHU
XapaKTEepUCTUKAaMH O3EPHBIX 3KocucTeM.KoppessinoHHbIH aHaau3 — OJMH M3 HauOoJjee HOIYJSPHBIX
CTaTHYECKHX METOJMOB B 9KoJoruu. OJHAKO 3a4acTyio, NMPU BO3MOMKHOCTH XOpPOILIEH OIIEHKH CBS3U
NoKasaTeJiell B IIMPOKOM JHaIa3oHe 3HaYCHUH (HampuMep, MeXIy PasHbIMHU 03€paMu), OH OKa3bIBaeTCs
ropasio MeHee YyBCTBUTEIICH IIPH OLICHKE CBS3H ITOKa3aTesell B OJHOM 03epe BO BPEMEHHOM MaciuTabe
(Adamovich et al., 2019). B aToMm ciry4gae, MOXeT OBITH ITOJIE3¢H METO] OIICHKH (Da30BOW CHHXPOHH3AIINH.
B naHHOI paboTe MBI CPaBHIIM Pa3HbIC IO CBOEMY XapaKTepy METOABI, a MMEHHO - METOJ PaHTOBOM
koppemsiiur CriIpMeHa W METOJ YHCIICHHOH OIeHKH (a30BOW CHHXPOHH3ALMH, C LENbI0 aHalHu3a
B3aMMOCBSI3eH MEXIy XapaKTePHCTHKAMHU THAPOIKOJOTHYECKUX mporeccoB B Hapodanckux o3épax
(Bemopyccusi). Panee ¢ mOMOIIBI0 MeTOIa paHroBoit koppessinuu CrnupMmeHa OBLIO IMOKAa3aHO, 4YTO
WHBAa3Hs MOJLTIOCKA

Dreissena polymorpha Pallas B sxocucremy Hapouanckux o3ep BbI3Basia TUBEPIrEHIMIO THHAMUAKA
xJI0po(uiIa, YTO MPOSIBUIIOCH B PE3KOM YMEHBILIEHUU KOPPENIALINN MEXTy KOJIeOaHUIMU
KOHIIEHTPALUH XJIOpOopHIUIa B KaXJI0OM U3 03ep (AxamMoBuy u ap., 2015).

Pacuer panroBoii koppemsuuu CoupMeHa TpUMEHsSETCS ISl aHaiu3a JaHHBIX, HE
MOIYUHSIOUINXCS 3aKOHY HOPMAJIBHOTO paclpeieeHts], U 3aKiIovaercs B pacuere koddduunenrta

KOppensuud  1us  OBYX  BBIOOpok L T (@1 @2y y@n) Y= (Y1, Y2, Un):

630, (M; — 8;)*

p=1 . ,
nd —n , tne M; - paHr I-ro smemeHTa X, Sij - paHr I-To »yieMeHTa Vi
CTaTU4yecKas 3HAaYUMOCTh KoddduimeHTa P omnpeAensercs npu mnoMmomm {-kputepus,
—_—
" ‘n—2
= px,'l 1 _ _';'_]I‘?'
paccYMTaHHOTO TIO Cclienyromel Gopmyie: . Koo dunuent p npuHuMaeT 3HaYCHUS

u3 otpeska [-1;1]. PaBencTBo p= 1 ykaspIiBaeT Ha CTPOTYIO MIPSIMYIO TUHEHHYIO 3aBUCMOCTD, P= -1
Ha oOparHyto. HyneBoe 3HaueHHE TTOKa3bIBAET, UTO BEIOOPKH HE3aBUCUMEIL. B manHO# paboTe HaMu
NPEAJIOKEHO  JOMOJIHUTh  HCCIAEAOBAaHUE  B3aMMOCBSA3EH  MEXKIY  THUAPOIKOIOTUYECKUMHU
xapaktepucTukamMu  HapouaHCkoil  03epHOM  DKOCHCTEMBI  METOJAOM  pacyera  (ha3oBOM
CUHXpOHU3aIMHU. J[aHHBI METOJ MO3BOJIAET OLUEHUTh CHHXPOHHOCTh M3MEHEHHMI HCCIIEyeMBbIX
XapaKTepUCTHK BO BpeMeHH. J{71s1 aToro Beiumcisgercs (asza KoneGaHU aMIUIUTY b M KaKI0M U3
HCCIIEAYEMbIX XapaKTePUCTHUK:

t—¢
¢(t)=2mr(n+ —) vty <t <ty

tﬂ+l — ¥n , TIe

t (k=n, n+1)x moyoxkeHnEe COCEHNX MAKCUMyMOB Ha BPEMEHHOI mikase. J{Jsi OLleHKH CTereH
CHHXPOHM3AIINHU JBYX MPOIECCOB MCIOJIb3yeTCs MHEKC 3axBara (asbl (PLI):
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N - KOJIM4eCTBO U3MEPEHUH, Ag. pasHHIa MEXTy (azaMu KoJaeOaHUH JBYX HCCIIETyEeMBIX
npoiieccoB. 3HaueHue unaekca PLI naxonures B nuanaszoune [0;1], rae 1 nonnas cuaxponusanus,
— ee OTCyTCTBHUE. 3HaueHus unjekca PLI mpu ananuze skcriepMMeHTa bHBIX TaHHBIX U IaHHBIX,
MOJIyYEHHBIX B Pe3yJIbTaTe HaTypHBIX HAOIIOCHUI, PEAKO JOCTUTAIOT MPEAETbHBIX 3HAYCHHUH U
Haxoasatces Mmexxay 0 u 1. /1 Toro utoObl yOeIuThCS B TOM, UTO 3HAUEHHUE MHICKCA

PLI oTpaxaeT peaibHyrO B3aMOCBSI3b MEX/Ty UCCIIETYEMBIMH MTPOIECCAMH, HCIIOIB3YIOT METOT
cypporatubix nanubix (Kantz, Schreiber, 1997), koTopblii 3akitouaeTcsi B CpaBHEHUU HHJIEKCA

PLI 11t ICXOAHBIX JaHHBIX U JAHHBIX, TOJYYSHHBIX MyTeM CIIy4aiiHOTO MEpEeMEIINBaHUS MECTaMU
3HAYCHHUH B KQXKJIOM M3 3THX BPEMEHHBIX PsAI0B. AHAIM3 MHOTOJIETHUX HaOmoaeHui (1978 — 2018
IT.) 32 U3MEHEHUSAMHU KOHLEHTPALMH I'MIPO3KOJIOrMYECKUX XapakTepucTuk B Hapouanckoi
IKOCHUCTEME, COCTOsIIeH U3 Tpex o3ep: batopuno, Msictpo nu Hapoub, H37105K€HHBIMU BbIILIE
METOAAaMH, IT0Ka3aj, YTO HaOJII0JAal0TCsl YEThIPE BO3MOXKHBIX BapUaHTA: HAIMYKUE WK OTCYTCTBHE
KaK paHroBoi koppemsinuu CrnupMeHa, Tak u (ha30BOW CHHXPOHHU3AIMH MEKIY CPaBHUBACMbBIMH
BPEMEHHBIMH PSZIAMH, & TAaKXKe JTHO0 HaTHMYUe TOJIBKO KOPPENALNH, THOO0 TOIBKO CHHXPOHU3AIUH.
B ToMm ciryuae, korzma 06a MeToa Jar0T OAWHAKOBBIN pe3yJIbTaT, MOXKHO TOBOPHUTH O B3aMMOCBSI3U
(MM ee OTCYTCTBHHM) IBYX M3Y4aeMbIX IMapaMeTpoB. B cirydae, korja oTCyTCTBYET KOPPEISIHS, HO
€CTh CUHXPOHM3alMs (HallpuMep, CECTOH U TeMIlepaTypa, XJIOpopHIUT U 00U yTriaepo/,
xJIopouIuT ¥ TemnepaTypa B o3epax Msctpo u batoprHo) MOXKHO MPEANONIOKUTh, YTO
CYIIECTBYET OIOCPEI0BaHHASL B3aUMOCBSI3b MEXKAY U3y4aeMbIMU XapaKTEepUCTUKAMHU Yepe3 TPETHIO
XapaKTepUCTHUKY, KOTOpasi COXpaHsIeT CXOKYI0 JUHAMUKY B IJIaHE MOJI0KEHNU MaKCUMYMOB Ha
BpeMEHHOH mmiKaje. B ciydae, Koria OTCyTCTBYeT CHHXPOHH3AIMS, HO €CTh KOPPEIISIIHS
(manpumep, xsopoduut u oduuit hochop B o3epe batopuHo), HamuUNE KOPPEIAIUNA MOXKET ObITh
BBI3BAHO MPUCYTCTBHEM TPEHIOB BO BPEMEHHBIX psax Ha OONBIINX BPEMEHHBIX MacIiTadax, a Tak
e BIMSTHHEM OO0JIBIIIOTO KOJMYECTBa (DAaKTOPOB HAa BHYTPUTOJIOBBIE KOHIICHTPALIUU XJIOPOpHILIA.
YucneHnHas orieHKa K03 UIMEHTOB KOPPEIISINH ITO3BOJISIET CYAUTh O JIMHEHHBIX 3aBUCUMOCTSIX
MeX Ty uccineayembimu npoueccamu (Pemsep, 1967). OqHako 3K0I0THYECKUE TPOLIECCH B
MOJIABJIAIONIEM OOJIBIIMHCTBE SABISAIOTCS HeMMHEeHHbIMU (MenBuHckuit u 1p, 2019). Yuér pazoBbix
xapakTtepuctuk (Pikovsky, Rosenblum, Kurths, 2001) mo3Bosser ¢ moMoIbi0 YUCICHHBIX OLIEHOK
MHJIeKca 3axBara ¢asbl,

PLI (Kuramoto, 1984), cyauTs 0 B3aMMOCBS35X MEX/y HETUHEHHBIMU KOJICOAHUSIMHU.
IIpencraBneHHble B JaHHOM paboTe METO/IbI aHAIM3a MACCUBOB JIaHHBIX, KOTOPBIE SBIISIOTCS
pe3yabTaTOM MHOTOJIETHUX IOJIEBBIX HAOMIOIEHHH, 1at0T BO3MOXKHOCTb MOJy4aTh HH(POPMAIIHIO O
Pa3MMYHBIX CTOPOHAX MCCIIEIYEMbIX THIPOIKOIOTHYECKHX TPOIIECCOB U TAKMM 00pa3oM 3TH
METO/IbI B3aUMHO JIOMOJHSIOT JIPYT JIpyTa.

Pabota BrmonHeHa B pamkax ['ocymapctBenHoro 3amanust Ne 075-00381-21-00 u monnepkana
rpanToM POD®U 20-54-00017 ben_a u rpantom benopycckoro pecrydnmkanckoro Gonaa
byHaaMeHTanIbHBIX HcciaenoBanuii (rpant B20P — 273).
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AHHOTAIMsI: paccMaTpHUBAETCsl KIMMATOPETYJIMpYomas yciayra JaHAmadTHOrO IOKPOBa IO JBYM
cpokaM MynbTucHekTpanbHOW cbeMkun MODIS ¢ pasnuneit B 16 ner. KomnuecTBeHHO OIleHEH BKIal
JHEPreTUUECKUX XapaKTepUCTUK B IPOCTPAHCTBEHHOE BapbUPOBAaHHE OCHOBHBIX MHOTOJIETHHX
XapaKTepUCTUK KinMmara. Ha oOCHOBE MMCKPUMHHAHTHOTO M (DaKTOPHOTO aHAIW30B pa3paboTaHa
METOJMKA KOJIMIECTBEHHOH OIEHKU BIMSHUSA N3MCHEHUH B JaHAMIA()THOM IIOKpOBE Ha KJIMMAT U CII0co0
nx KaprorpadupoBaHusl.

1. BBenenue

Ha coBpeMeHHOM ypoBHE pa3BUTHS MHCTPYMEHTapus B PErHOHAIBHOM MaciiTalde
OCHOBHBIM HCTOYHMKOM HMH(OpPMAIMM O COCTOSHUM 3KOCHCTEM W MX YCIYT SBISIOTCS JaHHbIE
JUCTAaHLIIMOHHOTO 30HAMPOBaHUA. OHM TNO3BOJIAIOT B LIMPOKOM JUANa30HE MaclITabOB OLIEHUTH
OCHOBHBIE IapaMeTpbl MpPeoOpa3oBaHMUs COJHEYHOH SHEpruM JaHAMA(QTHBIM IOKPOBOM W,
COOTBETCTBEHHO, OLIEHUTb U IPOCTPAHCTBEHHYIO HEOJAHOPOJHOCTh JaHAAPTHOW CTPYKTYPHI,
OIPENICJIAIONIYI0 MECTHYI0 LUPKYJSILHI0 BO3AyXa (KIMMaToOperyiupymolas yciyra). AHanu3
mupoBEIX Mojeneil penbeda MO3BONSET ONEHUTh BKIAA penbeda B (HOPMUPOBAHHE OSTHX
napameTpoB. PacdeT CBsI3M KIMMAaTHYECKUX MapaMeTpOB M3 CIELUUAIbHBIX 0a3 JaHHBIX MO3BOJISIET
OLICHWUTh BKJIAJ PA3JIMYHBIX THUIIOB PACTUTEIBHOCTH W HMX COYETaHUH B (OPMHUPOBAHME OIS
TeMIeparyp U ocaakoB. CpaBHEHHE 3aBUCUMOCTEH MEXIy KIMMAaTHYECKMMM IapaMeTpamu U
napaMmerpamu npeoOpa3zoBaHUs YHEPTUH (I10IEPKHUBAIOIINE SKOCUCTEMHBIE YCIYTH) 3a pa3inyHbIe
CPOKH MO3BOJISIET MOJYYUTh TUHAMUKY OTHOILIEHHH B cHcTeMe «JIaHIAa(THBINA MTOKPOB — KIMMAT.
B nHacTosmem cooOuieHny MpearnpuHsITa MOMNbITKAa OLIEHKH MOAJEPKUBAIOLIUX U PEryIHPYIOIINX
ycayr no mynstucnekTpanbHbiM JaHHBIM MODIS TERRA ¢ paspemenunem 1x1 km i yuacTka
Pycckoii paBHUHBI 1 uX JuHaMKKHU B iepuo ¢ 2002 o 2017 1.

2. MaTepuaJjibl 4 METOAbI

B nepByro ouepenp, B KauecTBE MOIACPKHUBAKOMIMX M PETYIHUPYIOIIUX YCIYT CIELyeT
BBIIETIUTh OLICHKY OJHEpPreTHMYecKOro OanaHca TEPpUTOPUM M OIKCEPruu, KOTopas OTpakaeT
MOJIE3HYIO PabOTy SKOCHCTEMBI Ha YPOBHE JIEMEHTapHOW TePPUTOPUAIIEHON €AMHUIIBI (TIUKCENs), B
MIEPBYIO OYEpEe/lb, ITO 3aTPaThl TEIUIa Ha UcnapeHue. Ha ocCHOBE COOTHOIIEHUS AaIbHETO KPACHOIO
U OJDKHEro KPacHOrO KaHAJIOB PAaCCUMTHIBACTCS HOPMAIM30BAaHHBIN Nu(p(depeHnanbHbIii HHIEKC
pactutensHOCTH (NDVI), mpsMo cBsi3aHHBIM ¢ OMOJIOTHYECKON MPOAYKTUBHOCTHIO. MeTonuka
OLIEHKU JHEPreTHYEeCKUX MEPEeMEHHBIX Y)Ke armpoOupoBaHa Hamu i gaHHbIXx MODIS TERRA
(Puzachenko et al., 2016).Takum oOpa3oM, Ha OCHOBE MYJIbTUCIIEKTPAILHON CHEMKH OIEHUBAIOTCS
OCHOBHBIE IapaMeTpbl IpeoOpa3oBaHUs COJHEYHONW OSHEPruM JaHAMA(QTHBIM MNOKpoBOM. B
KaueCcTBe MCTOYHUKA JaHHBIX O penbede Obutn ucnosb3oBanbl nanHbie [[MP SRTM ¢ ucxogabsiM
paspemienueM 90 x 90 M. Crpomnachk perpeccuoHHasi MOJENb, CBA3BIBAIONIAS COCTABIISIOIINE
paauanronHoro Oamanca u NDVI ¢ mopdomerpuueckumu XapakTepucTUKaMu penbeda Ha
pa3NUYHBIX HepapXUyecKuX ypoBHAX. Eciu penbed okaspIiBaeT nepepacnpenensionee BIusHue, TO
ero macmTad U xapakTep JAEeUCTBUS OTpakaeTcs B Mojelu. B pe3ynbrare nmoiaydaemM BO3MOKHOCTh
OLIEHUTH COCTOSIHUS ATUX NEPEMEHHBIX BHE CBSI3M C TEKYIIIMM COCTOSHUEM PACTHTEIBHOCTH U J1aTh
(bakTUYECKH MPOCTPAHCTBEHHYIO OIICHKY TMOAJEPKUBAIOIIMX YycIayr penbeda. Knumarnueckue
naHHble ObutH B3sATHI HamMu u3 npoekrta Worldclim (https://www.worldclim.org/), B xoTopom
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IIPE/CTaBIEHbl TPUABl [0 TeMIlepaType (CpeaHsis, MHUHHUMajbHas, MaKCUMaJlbHas), OCaJKaM,
MPUXO/ASIIEH COTHEYHOW pajuanuu, CKOPOCTU BETpa U JaBJIECHUIO BOJSHOIO Mapa C pa3pelieHueM
1x1 kM Ha MmectHOCTH (1970 — 2000 rT.).

Jl1s OLIeHKW KJIMMaTOperylIupyrolled ycayru JaHAmadTHOTO MOKpPOoBa ObLI OCYHIECTBIICH
aHaJIU3 3aBUCHMOCTH KJIMMAaTHYECKUX IEPEMEHHBIX OT TEPMOAMHAMHUYECKUX XapaKTEPUCTUK
nanamadTHOro Mokpoa. Jljig cocTaBieHUsI KapTOCXEM COCTOSHUH JIaHIa(THOTO MOKpOBa ObUIH
MCTOJIb30BAHBI METOJl TJIABHBIX KOMIIOHEHT M JUXOTOMHYECKas KiaccH(uKauus Ui KaKIOoro
cpoka. s daxTopoB, o0oOmIarONIMX BapbUPOBAaHHE KIMMATHUECKUX MEPEMEHHBIX, a TaKXKe IS
KITIOYEBBIX NTEPEMEHHBIX (SHBAPh M MIOHB) OBUIM MOCTPOEHBI PETPECCHOHHBIE MOJICIN OT OCHOBHBIX
SHEpreTHYecKux mnepeMeHHbIX. OlleHKa M3MEHeHuH B JaHAmadTHOM IMOKpoBe 3a 16 yer Obuia
II0JIy4€Ha METOJIOM pacyeTa NPsSMbIX pa3HOCTEN MeXy KaHallaMu cheMKHU. [lonydyeHHble pasHOCTH
ObuUTM TIpeoOpa3oBaHbl METOJOM TIJIABHBIX KOMIIOHEHT B TpH (akTopa, MO KOTOPHIM OBLIN
BBITIOJIHEHBI JAMXOTOMHUYECKHE Kiaccuukanum B MeTpukax EBkmmaa (mMacmTad M3MEHEHUH) U
bynsikoBckoro (momobue wusmeHeHuit). [lomydeHHble KOMIOHEHTHI OBUIM HCCIEIOBaHBI B
3aBHUCUMOCTH OT KJIMMaTH4ecKux mnepeMeHHbix Worldclim u  ¢akTopoB, ob6obOmaromumx ux
BapbupoBaHue. [ kaxaoro u3 GakTopoB MOCTPOCHBI PErPECCUOHHBIE MOAETHU OT KIMMAaTUYECKUX
nepeMeHHbIX. PazHocTH Mexay QakTopaMu, OO0OOIIAIOMIMMHU KIMMAaTHYECKHUE TIepEeMEHHBIE,
Mpe/icKa3aHHble M0 TEPMOJMHAMUYECKUM TIEPEMEHHBIM JIByX CpPOKOB, 1O CYTH SBIISIFOTCS
OTpaXEHHEM JMHAMHUKHM KJIMMaroperyiaupytomeil ycayru. IlomydeHHble pa3HocTH — ObLIn
MOJIBEPrHYThl JUXOTOMHUYECKON Kiaccudukamuu B wMerpuke EBkimumga u  ByHsikoBckoro,
COOTBETCTBEHHO  OBUIM  BBIIEJCHBI  KJIACChl C  pa3iM4YHBIM  MaclmTaboM  M3MEHEHUM
kiuMaToperynupyieit yeayru. [lo gakropam, 0600mammmuM KIMMaTHYECKHE TEPEeMEHHbIE, Oblia
OCyllleCTBI€Ha  Kjaccu(UKalMs  TEPpUTOpUH, T.€. IOJIy4€HAa CXE€Ma  KIMMaTH4eCKOIo
paifonupoBanus. s AByX ypoBHeH KiaccuuKanuy ObLTO BBIOJHEHO PAcliO3HAaBaHUE KJIACCOB
KJIUMaTa OT TepMOJUHaMHUecKuX nepemMeHHbIX A Mas 2002 u 2017 rogos. CiocoOoM OIeHKH
PaBHOBECHOCTH KJIMMaTa M JaHIMAa(THOrO MOKpPOBA SBISETCA Hpoleaypa, oOpaTHas ONMCAHHOU
BBIIIIE — PAcllO3HABaHWE THUIOB JIAHAMA(THOTO MOKPOBA, BBIAEIECHHBIX MO TEPMOJAWHAMUYECKUM
NEPEMEHHBIM, KIUMAaTHUYeCKMMU TEpeMEHHbIMH Wi  ¢dakTopamMH, OO0OOINAIOMIMMU  HX
BapbUpPOBaHUE.

3. Pe3yabTartsl

OrneHka paBHOBECHOCTH COCTOSIHMSI JIaHIIA(THOTO MOKPOBAa B pa3jIMYHbIE CPOKH KIUMATy
METOJIOM JTMCKPUMHUHAHTHOIO aHAJIM3a MO3BOJIMIN MOJYyYUTh JAUHAMUKY KIMMaTOPEryaupyrouei
¢byHkuuu na"amadTHOro nmokposa. Jls KonMyecTBEHHON OIIEHKH BKJIaJa JIaHAmadTHOTO MOKPOBa
B KJIIMMaTHYECKYI0 CUCTEMY TEPPUTOPHHM M aHaIM3a €€ JUHAMHUKU TPEIJIOKEHO HCIOJIb30BaHHE
KJIacCU(UKALUMU TEPPUTOPUM MO 3HAYCHUSM JAUCKPUMHHHUPYIOIMIMX (QYHKUIUH, OTOOpaKarolIux
CBSI3b MEXJ1y COCTOSIHHEM JIaHamadra u knuMmarom. Takas, kinaccudukaiys BbIACISET pa3IudHbIe
YCTOWYMBBIE THUIIBI OTHOIICHUH MEXAy KIMMAaTHYECKUMH MEPEMEHHBIMH M  COCTOSHHSIMHU
naHAmagdTHOrO MOKPOBa, CBOETO poja JaHAmadTHO-KIMMAaTHYECKHEe pernoHsl. B cBoro ouepenp,
HEOIPEICIEHHOCTh PAclo3HaBaHUs (BEPOSATHOCTh MPAaBUIBHOTO OTHECEHMs) KJIAcCa COCTOSHUS
KJIMMaTHYE€CKONH CHCTEMbl AUCKPUMMHAHTHBIM aHAJIMW30M MO TEPMOJMHAMUYECKUM IMEPEMEHHBIM
JaHIMa(THOTO MOKPOBA SBISETCS MOKa3aTeNIeM HEPABHOBECHBIX OTHOILEHHM MEXIy KIMMAaTOM U
nanamwagpToM. COOTBETCTBEHHO, OCYIIECTBIEHA KOJIMYECTBEHHAs OIEHKa pPaBHOBECHOCTH, a,
ClIeZIOBAaTeNbHO, M YCTOMUMBOCTH JIaHAIA(PTHO-KIMMATHYECKONW CHCTEMBI PerHoHa
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AHHOTAIMA: JI00as MaTeMaTHyecKas MOJENb SBIACTCA OTPAKECHHEM B3HAHHUH O MOJACIHPYEMOM
peamsHOM 0OBekTe. B paboTe moka3zaHO, Kak HaKOIUIGHHWE MaHHBIX W 3HaHWH o maHaemun Covid-
19 nmpuBogMT K YTOYHEHHIO MAaTEeMAaTHYeCKHX MOJENed, K paclHpeHHto o0lacTh ux
HCIIOJIb30BAaHUA. HpI/IBOI[HTC)I PE3YJIbTAThI HCIIOJIb30BaHUA TCXHOJIOTHH C6aﬂaHCHpOBaHHOI7[
uaeHTH(GUKALUKN A1 MOHUTOPHHTA U MporHo3upoBanus naniaemun Covid-19 Ha mpumepe AaHHBIX IO
3aboseBaeMocTH B MocKBe.

BBenenune

JluHaMuKa 3MuAeMun onpeaesnseTcs npoleccaMy B3auMOICHCTBHSI BUpYcCa, YEJI0BEYECKOTO
opranusMa, HpupoAsl u oOmiectBa. PasnmuuHbie Tpomecchl MMEIOT pPA3IUYHBIE XapaKTepHbIE
BpeMeHa, Ipu4eM, yeM OoJbllie XapaKTepHOE BpeMs Ipoliecca, TeM OoJibllie BpeMEHHM Tpedyercs
IUIL €ro TpPOSIBJICHUS, M TeM JUIMHHEE JOJDKHBI OBITh PsAbl HAOMIOACHUN, HEOOXOIUMBIE IS
OIpEeJICJICHUS €0 XapaKTEPUCTHUK.

Takum oOpa3zom, 1o Mepe HAOIIOACHWS 3a TMaHIEMHEH B JOCTYIMHBIX psgax JaHHBIX
IOPOSBISUIUCH  paziauuHble  3(GQEeKTbl, YTO  MO3BOJSUIO  YCIOXKHITH  COOTBETCTBYIOIIME
MaTeMaTHYecKue MoJielnu. TakoMy yCII0KHEHHUIO CIIOCOOCTBOBAJIO M MOSBJIEHUE HOBBIX 3HAaHUN 00
UCCIIEyEMBIX ITpoLieccax.

1. MaTepuaJjibl, METOABI H MO/IEJIH

[Ipy mocTpoeHUM MoJienel HCIONb30BAIUCH OOLIENOCTYIIHbIE JlaHHBIE: HOBBIE Cllydau
3apakeHMs], KOJMYECTBO IPOBEJIEHHBIX TECTOB, NPOLIEHT HOCHUTENIEH aHTUTEI U KOJIMYECTBO
BaKIIMHUPOBAHHBIX.

Jlnis BeIOOpa MoJienelt, COOTBETCTBYIOLIMX KOJIMYECTBY M KaUE€CTBY JIaHHBIX, UCIIOJIB30BAJICS
Meros coOamancupoBanHoW uneHtudukanuu (Sokolov, Voloshinov, 2020) u cooTBeTcTBYyIOMIAs
nHbOpMallMOHHAs TEXHOJIOTHs, co3faHHas B LleHTpe pacmpeneneHHbIX BbluMciaeHui MHcTHTyTa
[Ipobnem Ilepenaun Wudbopmamuu PAH. B Hacrosmmii MOMEHT JOCTyIHA MpOTrpaMMHas
peanusarus rexnosioruu (GitHub, 2021).

B TepmuHax mNpUHATBHIX 0003HAYECHHM SMUAEMHUOJIOTHYECKUX MOJENe (CM., Hampumep,
Brauer et. al, 2019) wucnome3ytorcs paznuunble Moaupukamum wmoneneit SIR u  SIRS,
OTIUYUTEIHLHOW O0COOEHHOCTHIO KOTOPBIX SIBISETCS pa3dbueHne MHPUIMUPOBaHHBIX Ha 15 rpynm, B
COOTBETCTBHM C JIUTENbHOCTHIO 3abosieBanus (Age of Infection Model). B Tepmunax mopeneit
MOMYJSAIIMOHHON JWHAMHKKA € JeMorpaduu HUCMONB3YIOTCsA (MaTpuuHble) wMoxaenu Jlecnu
(CBupexes, Jloroder, 1978) u monenu Makkenapuka—pon dépcrepa (McKendrick—Von Foerster,
D06emuHT U 11p., 2001).

2. Pe3yabTaThl M NIPOTrHO3bI
Ha navanbHOM sTame, korja o0beM 3HAHUM M CTATHUCTUYECKUX JAaHHBIX ObLT HEBETUK U
HEHAJIe’)KEH, Mbl OTPAHMYWINCH LEIbI0 IIOMCKA 3aKOHOMEPHOCTEH B3aUMOJIEHCTBUS BHpYyca U

YeJoBeKa (3apa3HOCTH M MaHUQecTaluu BHUpyca Kak (YHKIUH UIMTENBHOCTH 3a00JIeBaHUS) U
OIMCAaHUSI HEKOTOPBIX COLMAIBHBIX MEXaHW3MOB YIPABICHUS JMUAEMHUEH: KOJINYECTBA KOHTAKTOB
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U n3oisuu 3apaxkeHHbIX (Sokolov, Sokolova, 2020). 3aTem, Mo Mepe HaKOIUICHHUS ONbITa (aHATH3
TPAeKTOPUN MOJIEIN U CPaBHEHHE MX C JAHHBIMH), 3HAHUM U CTAaTUCTHUYECKON MH(pOpMaIuu, ObLI
MPOBEACH psA MOIU(HUKAIMIA, TO3BOJIMBUIMX YYECTh 0OJiee MEJIEHHBIE MPOIECCH (¢ OONbIIMMU
XapakTepHbIMU BpeMeHaMu): 3(G(EKTUBHOCTh H3OJSIUN 3apaXCHHBIX B BHJE (DYHKIMH OT
KOJINYECTBA POBOJUMBIX TECTOB, €CTECTBEHHBI UMMYHHUTET NEpeOOIEBIINX, TOTEPI0O UMMYHHUTETA
B BUJIE (PYHKIINH, 3aBUCSILEH OT BpEMEHH, ITPOLIEIET0 C MOMEHTA 3apa)XEHUS M BaKLIMHAIUIO.

[ToctpoeHHnass B pe3ynbTaTe MOJENb HCIOJIB30BaJach Uil MOJNY4YeHHS IPOrHo30B. B
YaCTHOCTH, Ha PUCYHKE MIPUBEACHBI PE3yJIbTaThl POTHO3a TPEThEH BOJHBI AMUEMUH B I. MOCKBa.
MogenpHasi TpaeKTOpPHs HOBBIX CilydaeB (KpacHas KpuBas) Oblla NOCTPOCHA 10 JAaHHBIM,
coOpannbM 10 15 ampens 2021r. (cuaune Toukn). CpaBHEHHE MOJIEH C MMOJTYYEHHBIMHU TO3XKE (HE
MCIOJIb30BAHHBIMU TIPH MOCTPOCHUM MOJEIH) JaHHBIMHU (3€JI€HbIE TOYKH) IMOKa3bIBACT HEIIOX0e
KaueCTBEHHOE COTJIACOBAHUE B TEUEHUE HECKOJIBKUX MECSIIEB.

nC-HoBble cny4aun(Teic.4en.)

- verification set
8 e B .’x - teaching set
& TN $t% e nC model
4 -
2
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0 . |
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Pucynok. Ilpumep mporHosa «rperbeid BOJHB» B Mockse. HoBele ciaydan 3apakeHUs.
Otcuer BpeMeHHU OT Havasia nanaemMuu — 19 mapra 2020

3. 3akJouenue

[To Mepe HaOmiofeHMs 3a TNaHAEMHUEH B HCCIEAYEMBIX pslax JaHHBIX MPOSBISUINCH
paznuunble 3¢ dexTsl. X ydeT nmo3BosuiI nocae10BaTeNbHO (1Iar 3a M1aroM) yCJIoXKHATh MoJienb. B
pe3yabTaTe yAAIoCh MOCTPOUTh MOJEIb, YAOBIETBOPUTEIILHO OMKUCHIBAIONIYIO BECh NOJIOBOM LMK
snunemMun. OcTaloch MOAOXKIaTh, KOI/la BO BPEMEHHBIX psJiaX (CTAaTUCTHUECKUX JIAHHBIX)
oTpa3arcs H(PQeKTbl MOTepH HUMMYHHUTETAa OT BaKUMHAIMKM — CJEIYIOIas CyIIeCTBEHHas
MoUUKAIM MOJIEH Bpsi/L 1M oTpedyeTcst panblie ocenu 2021.

WccnenoBanue BbINONHEHO TNpu ¢uHAHCOBOM mnojaepxkke PODM B pamkax HaydHbBIX
npoekToB 20-57-82004 u 20-07-00701
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AnHoranusi: OOparHasi 3ajgaya IO3BOJIIET HACTPOMTH IIapaMeTpPbl MOJENU B COOTBETCTBUH C
XapaKTepUCTUKaMH KaxJoro Tuma skocucteM. Moznens T&P Obira mapameTpu3npoBaHa 10 pe3yiabTaTaM
M3MEPEHNH AbIXaHUS MOYBHI U3 JEPHOBO-TIOA30JI0B Ha BannaiickoM MOMMIoHe W TUMWYHBIX YEPHO3EMOB
Ha Kypckoit 6nochepnoii cranmmm. B mogenn RothC mo manHpIM HaOmro#eHMT Ha 3aexax Ha JEPHOBO-
MOJ30/1aX, CEPbIX M TEMHO-CEPBIX II0YBaX M JINTEPATypHBIM HCTOYHHMKAM OBUIM CKOPPEKTUPOBAHBI
KOHCTAaHTBI CKOPOCTH PA3JI0KEHHS ¥ COOTHOLICHHE YTIIEPOJHBIX ITyJIOB.

1. BBenenue

B 6onpmMHCTBE HECIOXKHBIX, HO IIMPOKO NMPUMEHSIEMBIX UMUTALMOHHBIX MOJEINAX LIMKIIA
yriepoja HCHOJIb3yeTCsl YHU(PHUIMPOBAHHBIX IMOJIXOJ K ONPEAEICHUI0 IapaMeTpoB NOYBEHHOI'O
1oKpoBa. i nmony4eHus TOYHbIX Pe3ysIbTaToOB TPeOyeTcs UX HACTPOIKa JAJis KaXKJI0r0 OTAEIbHOTO
TUIIA 3KOCUCTEM. 3aJjaud TaKoro poja Ha3bIBAIOTCS OOpaTHBIMM, KOIJa IapaMeTpbl MOJENH
(k03 purreHTs MpaBol YacTH ypaBHEHUS) KOPPEKTUPYIOTCS Ha OCHOBE AKCIEPUMEHTAIbHBIX
JAHHBIX.

2. MaTepuaJjibl 1 METOAbI

bbuin BBIOpaHBI JBE paclpOCTpaHEHHbIE MOJEIH, MO3BOJIAIONIME OIEHMBATh JbIXaHUE
nouBsl: T&P u RothC. [Ina xoppexktupoBku T&P wucnonb30Banuce pe3ysibTaThl IOJIEBBIX
U3MEpEHUIl JbIXaHHs TOYBBI: W3 THUNMYHBIX dYepHo3eMoB Ha Kypckoit OuochepHoil craHIus
Wucturyra reorpadpuu PAH u u3 nepHoBo-110130710B Ha nonuroxe «Jlor TaexHsiit»y Bangaiickoro
¢unuana ['ocymapcTBEeHHOro THApOJOTHYECKOro uHcTuTyTa. g mapamerpusaruu  RothC
HCII0JIb30BAINCH JIAaHHBIE 110 COJEPKaHMI0 opranndeckoro yriaepoaa (Copr) B yriaeposa MUKpOOHOR
oromacchl (Cyyx) B 3a7I€KHBIX XPOHOPAZIAX Ha JIEPHOBO-TIO/I30J1aX, CEPHIX JIECHBIX U TEMHO-CEPHIX
JecHbIX nouBax. [locTyruienne pacTUTENBHOIO MaTepuaia B IIOYBY U €ro HAKOIUIEHUE OIPENEIIsIn
10 UH(pOpPMALMK TUTEPATYPHBIX HCTOYHHUKOB.

3. Pe3yabTarbl

PesynbraTtel pemeHust oOpatHoM 3amaun MojenupoBanHus s T&P mpencraBieHsl B
tabnuue 1. J{ns Bcex skocucteMm 3HaueHus koapdumuenta Ry (apixanue moussl npu 0°C) ObLn
HEMHOT'0 BbIIIe UcXoaHoro. Hanbompime n3MeHeHust KocHynuch ko3dduuuenta Q (3aBHCUMOCTh
JbIXaHUS MOYBBI OT TeMIieparypsl): 1 Kypckoi cTaHIMM OH mody4uics Bble B 2,3-2,6 pasa, a
s Banpaiickoro nonurona — B 1,5-2,1 paza. PasHuna mexay o0beKTaMu MOXKET ObITh 00bICHEHA
TE€M, YTO B CEBEpPHBIX MIMPOTaX H3-3a MOHMKEHHBIX TEMIIEpaTyp MpPOLECCHl B MOYBE UAYT MEHEE
uHTeHcuBHO. B Kypckoit o0macty, kak B 30He HEyCTOWYMBOIO YBJIQXKHEHUS, TapaMeTPHU30BaHHAs
KOHCTaHTa K (3aBUCUMOCTH JBIXaHUS MOUYBBI OT KOJIMYECTBA OCAKOB) HUXKE, ueM B HoBropozckoi
00acTH, r1ie yBIaKHEHHE U30BITOYHOE.
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Ta6muma 1 — Iapamerpuzamnus moaenu T&P

Koncranra | Ucxomnas | Kypckas 6mocdepHas cranmus Bannmaiickuii monurox
BEPCUS Jlecoctenb | fAceneBwii | Mosionas | bosorto BeiBann | EnoBsrit
jec 3aJIEKb Jec
Ro 1,250 1,25385 1,25528 1,25606 1,25176 | 1,25425 | 1,25328
Q 0,05452 0,12334 0,13338 0,14212 0,08025 | 0,11494 | 0,10249
K 4,259 4,25841 4,25832 4,25825 4,25883 | 4,25859 | 4,25867

Ta6mmma 2 — [ToToku yriepo/ia B 3aJIeKHBIX SKOCHCTEMax

JlutepaTypHble TaHHbIE [ToneBrle TaHHbIE Omuccust CO,
[Toctymienne | HakoruieHue
ObnacTp 1 pactutenpHOro | pacturenbHoro | Hakorenwe | Hakoruienue Pasnuna
THUII [1I0YB Marepuana B Marepuania B Chnx Copr (mOrpenHocTh)
MIOYBY OYBE
KocTpomckas,
JICPHOBO- 7,767 0,411 0,020 0,834 6,209 | 0,293
T10/130JIBI
MockoBckas, 7,160 0,698 0,016 0,316 5,960 | 0,170
CepbIe JICCHBIE
benropoackas,
TEMHO-CEphIe 7,875 0,570 0,009 0,255 6,844 | 0,178
JIECHBIE
Ta6muma 3 — [apamerpuzanus moaenu RothC
O6acTh ¥ TUIT TOYBBI
Kocrpomckasi, MockoBckas, benropoackas,
[TapameTpsl Ucxonnas JIEPHOBO- cepble JIECHBIC TEMHO-CEpPbIe
BepcuUs IIO/130JIbI JIECHBIE
TemnepaTypHbIit
k03 durent (a) - 0,804 0,938 1,125
BrnaxxnoctHoit
k03 durent (b) - 0,759 0,804 0,746
Jons Cyyx B Copy 0,46 0,023 0,048 0,034
Jonst Copr B Cop 0,54 0,977 0,952 0,966
Houst amuccun CO»
0,778 0,879 0,947 0,963

Hous yraepona,
HAKaIUTUBAIOILETO B 0,222 0,121 0,053 0,037
1104B€ (CyutCopr)
K 17151 pacTUTEIBHOTO
Marepuaia 0,30 0,106 0,211 0,133
K utst Chix 0,66 0,106 0,029 0,008
K mast Copr 0,02 0,062 0,020 0,006

B cootBerctBun ¢ mpunnumamu mozaenu RothC, yriepon, mocrymaromuii B MOuYBy €
PaCTUTEIBHBIMA OCTaTKaMH, PACHPENESCTCS B HEH MEXAY IyJlaMH PacTUTEIBbHOIO MaTepuaia,
Cuux 1 Copr, @ Taxoke yxoaut B armocdepy B Bune CO,. YpaBHeHus OanaHca yriepoja B 3al€XKHBIX
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MOYBaX yAaJIOCh BOCCTAHOBUTH MO JAHHBIM JIUTEPATYPHBIX MCTOYHHUKOB M TOJEBBIX M3MEPEHHN
(Tabmuna 2). Taxke ObUTM pacCUMTaHbI CPEHUE MHOTOJICTHHE KOA(DPHUITMEHTHI: TeMITepaTypHbIN a
U BIAXHOCTHOM D. B mousax 3anexeil noms Copr M0 CpaBHEHUIO C Cyy TOPA3T0 BBINIE, 4 YaCTh
yriaepoja, TepsSeMOro C JbIXaHWEM, MPEBBIACT HMCXOIHBIM IMOKa3aTellb JJIsl MaxOTHBIX I10YB
(rabnuua 3). KoHCTaHTBI CKOpPOCTH pa3iokeHHs K Ui pacTUTENbHOrO MaTepualia U COJACpIKaHUe
Cuuc Ha 3a/eKax HWKE, YeM Ha MamHAX, XOoTd 3HadeHHe K it Copr Ha JIEPHOBO-TOA30JaX
Koctpomckoii obnactu Beimie B 3 pasa.

4. BuiBOaBI

[To pe3ynbTaraM MHOTOJIETHUX U3MEPEHUI BIXaHUS MOYBBI B JIECHOH U JIECOCTEIHOM 30HaX
ObuTa apamerpusupoBana mozenb T&P. Tlo manHbIM HaOMIOEHMI Ha 3alie)Kax pasHBIX BO3PACTOB

6BIJ'II/I CKOPPCKTUPOBAHbI KOHCTAHTBI PA3JIOKCHUA WU COOTHOIICHUC erIepO,Z[HBIX HyJ'IOB B MOACIn
RothC.

BaarogapuocTu. Padora BeimonHena npu ¢punancoBoii nmognepxke PH® rpant Ne 20-76-
00023 (mapameTpuzainus Mojeneil), a Takke B pamkax roczananus UI' PAH Ne 0148-2019-0007
(u3mepenus Ha Kypckoit Ouocdepnoii cranuuu u Bangaiickom nonurone «Jlor TaexHbiiiy) u OUIL]
[THIIBM PAH Ne AAAA-A18-118013190177-9 (onpeneneHue mynoB yriepojaa B 3alexax).
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OIIEHKA COCTOSIHUSI CEBEPHBIX OJIEHEM 11O JUCTAHIIMOHHBIM JJAHHBIM

Cyx0BOJIbCKHUI B.F.l, CaByeHKO A.H.Z, Kogaies A.B.3, CaBueHKO H.A.Z, MypaBbeB A.H.Z,
Jly6unros C.A.% Ucauenko A.M.*
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AHHOTaUHUsI: PACCMOTPEHA BO3MOXKHOCTH OIICHKH IEPEMEIIEHHUs W COCTOSIHUSI CEBEPHBIX OJICHEH ¢
UCITIOIb30BaHUEM PAIMOONICHHUKOB U IMCTAHIIMOHHBIX JAHHBIX IO COCTOSHHUIO OMOTHI HAa MapiipyTe
JBHOKCHUS.

BBenenune

TaiimbIpckas momyssius AUKUX CeBepHbIX oneHeir Rangifer tarandus sibiricus (Murrey,
1886) ocBamBaeT OrpOMHYIO Tegpmopmo CeBepa Cpennedd n yactnyHo 3amamHoit Cubupu u
SIkytun mwomaaeio 1.5 muH. kM“ (Bormaps, Konmamukos, 2018). B mpenenax 3Toro o0mmMpHOTo
pEeruoHa >KMBOTHBIE pAaCIpPECIICHbl HEPABHOMEPHO M pPa3MEUIEHHWE UX KpaiHe M3MEHYHBO, YTO
CBSI3aHO C CE30HHOCTBHIO HCIIOJIH30BaHMs MAcTOUII M MOCTOSHHBIMU TepeMelnieHusIMu. J[Ba paza B
roqy (BECHOW M OCEHBIO) AT MEpeMEIleHUs] TPUOOPETAIOT MAaCCOBBII M HaIlpaBJICHHBIN XapakTep.
[IpoTsKeHHOCTh MUTPALIMOHHBIX NyTeW oJjieHed mpeBbimaeT 1500 KM — OT apKTHYECKUX TYHJIP
nobepexbs TaltMbIpa 0 ceBepHOU Taiiru DBeHKuU U SkyTtuu. B mocnennue roasl 00JbIIas 4acTh
MOMYJSIIUK cocpefoTaunBaetcs Ha LlenTpansHoM U Bocrounom Taiimeipe (okoso 70 %). Paiionsl
KOHIICHTPAIlUU >KUBOTHBIX 3HAYUTEIHHO H3MEHSAIOTCS B 3aBUCHUMOCTU OT TOTOJHBIX YCiIoBHil. B
MEepHoJ] MaKCUMAJIbHON KOHIIGHTpAIlMK (BTOpas TMOJIOBUHA WIOJNS) IJIOTHOCTh TOMYJSIIUU
YKUBOTHBIX Ha HEMPOJIOJDKUTEITFHOE BpeMsi JocTuraeT 4-6 Thic. ToJ0oB Ha 10 KM,

[Tonynauust TUKUX CEBEPHBIX oJieHel Ha TaliMbIpe U B DBEHKUU — OJIHA U3 SKOJOTUYECKUX
«wKeMuyxuH» Poccuu m 3amava 3akirodaercs B €€ TMOAAECpPXKAHUU B yCTOWYMBOM COCTOSIHUM B
YCIOBUSX U3MEHSIIOIIETOCS KIIMMaTa M BO3/IEHCTBUS TEXHOT€HHBIX U aHTPOIOT€HHBIX (DaKTOPOB.

OO0BLEKTHI H METOADI

PaccmMoTpeHa BO3MOXKHOCTH HCIIOJIB30BaHHUSI B KadeCTBE CONPSDKEHHBIX KOCBEHHBIX
nokaszaTesel COCTOSHUS OCOOM JUCTAaHLMOHHBIX JAHHBIX O TepeMelleHuH ocoleil u
XapaKTepUCTHKaX penbeda, MOroAbl U COCTOSIHUS PACTUTENBHOCTH IO MapuIpyTaM JBHKEHUS
oneHell. [lyig onpeseneHus nepeMeIleHns 0JIEHEH MCIIOoIb30BaHbl PaJUOOIIEHHNUKH, TIO3BOJISIONINE
OTIpeICTUTh U3MEHEHHS] KOOPJIMHAT OJIEHsS B Mpoliecce ABMKEHUs. 3Hasi TMHAMUKY MepeMEIIeHuUs,
BO3MO>KHO OLICHUTb HalpaBJIEHUE JBUKEHUS, IPOUIEHHOE PACCTOSHUE, CKOPOCTD JBUKEHHUSI OJICHS.
PaccmaTpuBasi Tpa€KTOpUIO €ro ABMXKEHHUS, MOXKHO TaKKe ONpPEAETUTh MO JaHHBIM CITyTHHUKOBBIX
U3MepeHuil penbed MECTHOCTH (BBICOTY HaJl YPOBHEM MOPS), XapaKTEPUCTHKH BETETATUBHOTO
nHjaekca NDVI u remneparyps! noacrunaromen mopepxHoct LST oTaenbsHON TOUKH HA MapuIpyTe
(Soukhovolsky et al., 2020).

Jl71s1 MOHUTOPHHTa COCTOSIHUSI CPEJIbl BEIOOP OBLI clieaH B MOJb3y CyTHUKOB Terra/Aqua,
neiicrByronux B pamkax nporpammbl NASA EOS (Earth Observing System). OGopynoBaHue 3THUX
IBYX CIYTHUKOB B JIOCTaTOYHOW CTENEHM AyOIMpYyeTcsi, 4TO I03BOJIIET BOCCTAHABIMBATh
nojryqaeMyro nHpopmaluioo, youpas atMocepHble TOMEXHU JUIsl OJHOTO U3 CIYTHUKOB. McxoaHbIe
JAHHbIE TUCTAHIMOHHOIO 30HAMPOBAaHUSA 3eMIM cO CcHyTHUKOB Terra/Aqua AOCTYHHBI AJIs
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cBoOogHOTO cKaunBaHus Ha cepBepe NASA. OcHoBHbIM npubopoM cOopa HEOOXOIMMOI
nHpOpMalMd Ha CHYTHHKE SBJSIETCS CHEKTPOPaauoOMETp cpenHero pazpemenuss MODIS
(Moderate-Resolution Imaging Spectroradiometer). Jlns ompenesieHus TEKYIIMX BBICOT IO
MapHipyTy JIBM)KCHHS oJieHed wucnoib3oBayics kKomiuiekc ASTER/GDEM. Cencop ASTER
(YCOBepIICHCTBOBAHHBIN CIYTHHKOBBI DPAagUOMETp TEIUIOBOTO H3IYyYCHHS M OTPAXKEHHS /
Advanced Spaceborne Thermal Emission and Reflection Radiometer) Opln 3amymen Ha OoOpTy
cnytauka NASA Terra. GDEM — paccunTannasi Mo Moxy4eHHBIM JaHHBIM I7100aimbHast nugpoBas
mozeinb penbeda (Global Digital Elevation Model). Craructuuecku ASTER/GDEM cootBetcTByeT
MpeABapUTEIIbHON OIleHKEe TOYHOCTH B 20 MeTpoB (IOBepHUTENbHBIA HMHTEpBal 95%) mo Bcemy

MUDY.

Pe3yabTaThl 1 00Cy:KI€eHHE

Hcnonb3ys 3TU 1aHHBIE, MBI ITIOKA3AJIH:

- NpU MUTpAIlMM OJEHEeW C ceBepa Ha IOr 0COOM BBIOMPAIOT JOCTATOYHO Y3KHUI
IIPOCTPAHCTBEHHBIN KOPUAOpP, 110 KOTOPOMY OHHU ABMXKYTCSl. 3HAHUE 3TOr0 KOPUJOpa MO3BOJIAET
OLICHUTh PUCKU TEXHOTCHHBIX U AHTPOIIOT€HHBIX BO3JCHCTBUI HA MMOMYJIALNY;

- P MHUTPALUU B TpeesiaX FOKHOW TpaHUIlbl apeayia JBM)KEHHE OOJIBIIMHCTBA OJICHEU
MOKHO OXapaKTepU30BaTh KaK OJIM3KOE K clydyailHOMY OJy>KIaHHIO;

- IpM MUIpAaLlMM C CEBepa Ha IOr cpefHsas (Kpelcepckas) CKOPOCTh MUIpaluu
cyOnomynsuuii ojieHel HOoCTaTo4HO mocTosiHHa. [Ipu 3TOM Kpelcepckass CKOPOCTh MUTpAIUU
BOCTOYHOW CcyOmomymsiiuu oJieHe mnpumepHo Ha 20 % MeHbIle, 4yeM Kpencepckas CKOpPOCTb
MUTpaluu 3anaaHoil cyononymsiiuu. Ha HadaneHOM 3Tare HampaBlIEHHOM MUTpAIMU Kpencepckas
CKOPOCTh CHMJKA€TCs, a 3aTeM IoBbIaerca. Kpelicepckas CKOPOCTh MUTpAllUy OJICHEH Ha HOXKHOU
rpaHuIle apeaa U3MEHTCA B X0/1e HaOIroAeHui 1 6JmKe K BeCHE YMEHBIIAeTCs;

- 3aMETHOM 3aBHCHMOCTH CKOPOCTH [JIBHJKEHHMsS OT TEMIEepaTypsl IOACTHIAIOLICH
MOBEpXHOCTU He Habmogaercs. [lo Bcell BUAMMOCTH, OJIEHH SBOJIOLMOHHO aJalTHPOBAaHbI K
ITIOHVIKEHHBIM TEMIIepaTypaM M He CIEeAyeT OXKMJATh BJIMSHHUSA IOrOJbI HA CKOPOCTh JBHKCHHUS
OJICHEH;

- MCIOJIb30BAaHUE JAHHBIX JUCTAHLIMOHHOTO 30HAWPOBAHUS ITO3BOJWIO H3YyYUTh CBS3H
MEXJY CKOPOCTbIO, HAIlPaBICHHEM [BM)KEHHUS OJIeHEH M penbe)oM MECTHOCTH IO MapLIpyTy
IBUKEHMSI, TemIepaTypoil mnoxactuiaromeid nosepxHocTtd LST, mHaexkcoM (OTOCHHTETHYECKON
aktuBHOCTH NDVI, olileHuBaeMbIMU € UCTIOJIb30BaHUEM CITYTHUKOBBIX HAOIOICHHIA;

- A3y4EHA 3aBUCUMOCTb CKOPOCTH JBHKEHHS OT YKJIOHA MECTHOCTH, YCTAHOBJIEHO, YTO
MaKCUMaJlbHasi CKOPOCTh NEPEMENICHHS] XapakTepHa JJii MECTHOCTH C MHUHUMAJIbHBIM YKIOHOM.
MOKHO IIPEMIOKUTh PaCCMaTPUBAaTh CKOPOCTH JBHKEHHUs KaK IIPU MOABEME, TaK U IIPHU CITYCKe, a
TaKK€ MaKCUMaJIbHYIO CKOPOCTb IIPU JBMXKCHHUM 10 POBHOM MECTHOCTH B KaueCTBE ITOKa3aTesleu
(U3HOIOrHYECKOTr0 COCTOSIHUS OJIEHEH;

- BBISIBJICHA HEMOHOTOHHAs CBSI3b CKOPOCTH JBUKEHHUs C CE30HHBIM MakcumMyMoM NDVI Ha
JAHHOM y4acCTKe MapLIpyTa.

BriBoabI

[lony4yeHHble pacyueTHbIE [JaHHbIE B M3BECTHOM CTENEHU COBMANAIOT C HATypHBIMHU
WCCIEIOBAHUSIMU, HO HEOOXOIMMO NaibHEHIee yBeIHMYeHHe 0a3bl JAaHHBIX MJIs OLICHKH CBS3€i
CKOPOCTHU JBUKEHHUS, PA3MHOXKEHHUS, MUTAHUS U TIP. C COCTOSTHUEM NPHUPOIHOM cpendbl, a, B
KOHCYHOM CUCTEC, OJId MIOHNUMAaHUA CTpaTeTuun ananmunﬁ oJIeHeH K MCHAIOIHUMCA YCIIOBUSM.

PaGota BeImonHEeHa npu GUHAHCOBOM MOAAEPKKE APKTHUUECKOTO Hay4dHOro IeHTpa (AHILI)
B pamkax cornamieHus Mmexay PAO Pocaedts u AHII.

Jlureparypa
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MMPOCTPAHCTBEHHO-BPEMEHHAS TUHAMUKA MONYJIALNA JECHBIX
HACEKOMBIX
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AHHOTalIl/ISI: pacCMOTPECHBI  MOAXOAbI K  MOACJIUMPOBAHWUIO JUHAMUKHU  YHUCICHHOCTH  JICCHBIX
HacekoMbiX. Ha ocHoBe MPEAIOKCHHBIX MoKa3aTejeu MPOBOAUTCA CPABHECHUE PA3JINIHBIX BUIOB JICCHBIX
HaCCKOMBIX: CI/I6I/IpCKOI"O mIeJKonpsiia, HCEIMApHOro MICJIKOoIpsAAa, COCHOBOM A ACHUIBI, cepoiz'l
JINCTBCHHUYHOH JIMCTOBCPTKH, MO HUX XaAPAKTCPUCTHKAM. PaCCManI/IBaIOTCH paszaius MEXAy
XapaKTCpUCTHKaMM BHAOB, AAarOIIMX BCIBIIIKK MAacCCOBOI'O0 PAa3MHOXCHUA, U BHAOB CO CTaOUJIBLHO
PAa3pCIKECHHBIM TUIIOM JUHAMHWKH YHUCJIICHHOCTH.

Jlecuble HacekomMble — OAMH U3 HauOojee NEPCIEeKTUBHBIX JJI MOJIEIMPOBAHUS
9KOJIOrHYecKUX 00beKTOB. CylIeCTBYeT LENblid psii BUAOB, AJsl KOTOPBIX U3BECTHHI Oojee yem §0-
JICTHHE BpEMEHHBIC psabl IioTHOocTH nomyasiuu (Isaev et al., 2017). OaHako CI0XHOCTD
MOJICTTUPOBAHUS MOMYJISIUI JTE€CHBIX HACEKOMBIX CBSI3aHA C OTCYTCTBHEM CUCTEMHBIX JAHHBIX I10
HACEKOMBIM: TUIOTHOCTEH MOIYJISIUI Mapa3suToOB U XUIIHUKOB, 00beMa M Ka4yecTBa KOpMa, BIUSHUS
TakuX MOJIUMUUIUPYIOIUX (PaKTOPOB, KaK MOro/1a, pacipeesieHns 0co0eil B MpOCTPaHCTBE.

HenocraTok cucremHoil mH(popMaluu 3aTpyAHSAET MOCTPOEHUE KIACCUYECKUX TOUYEHHBIX
Mojenel monynsiui, mogooHsix Moaenu Jlotku—Bonbreppa (basbikun, 1985, 2003). loctatouHo
CIIO)KHBIMHU TIPEJICTABIIETCS HCIOJb30BaHUE MOJENEeW B YAaCTHBIX IMPOU3BOJIHBIX JJISl ONUCAHUS
JMHAMUKU PACCeNIeHUs] HACEeKOMBIX IO TEPPUTOPUU B CBSI3U C PA3BUTHEM OYaroB BCIBILIEK
MacCOBOTO Pa3MHOXEHUs, TOJT00HBIX «KiIaccuueckoi» moaenu (Kommoropos u np., 1937).

B Hacroseit paboTe paccMOTpPEHBI MOJIXObl K MOJICIMPOBAHUIO AUHAMHUKHU YHCIEHHOCTH
JIECHBIX HACEKOMBIX, CBSI3aHHBIE C HCIIOJIb30BAHMEM TOYEUHBIX MoJesel (a30BbIX MEpPEXO0B
MEPBOTO POJIA, XapAKTEPU3YIOLINX KPUTHUUYECKHE MIIOTHOCTH MOMYIISILINHU, IO JOCTHKEHUIO KOTOPBIX
HaumHaeTcs Benbimka (CyxoBoabckuit u np., 2020), ADL (autoregressive distributed lag)-moneneit
(Isaev et al., 2017), mozereit «BXOJ — BBIXO/1», MO3BOJISIONIMX PACCUUTATh EPEIaTOYHbIC (PYHKIIUH
MOMYJISILIUK, MOJIEJIE B MEPEMEHHBIX COCTOSIHUS. PacCMOTpeHHbIE MOAXO0/bl TO3BOJISIOT OLEHUTh
CBOMCTBA pAJOB YMCICHHOCTH IOIYJSALUN, ONPENEIUTh 3ama3iplBaHue B cucreme. Ha ocHoBe
PacCMOTPEHHBIX MoJeNell 00CyKIaroTcs 3ajjaud OLEHKH 3araca YCTOMYMBOCTH, CTPYKTYpHOMU
YCTOWYMBOCTH U pajyca YCTOMUYMBOCTH MOMYJSIUN MpU HAIMYUKM HEONPEAENEHHOCTH B OLIEHKaX
MOMYJISUOHHON TUIOTHOCTH, @ TAK)KE 3a7[aul OLEHKH UMITYJIbCHON NepeX0oaHON (PYHKIIUH CHCTEMbI
U OIpeAeNieHUs] peakluyd MOMYJISIUN Ha pe3KHe M3MEHEHHUs BHEUIHHX YCJIOBHM, BO3MOXHOCTh
OLIEHKU aMIUTUTYIHOU U (a30BOM XapaKTEPUCTUK MOMYJISAIIHH.

Ha ocHoBe mpensiokeHHBIX MoKa3aTele MPOBOIUTCS CPaBHEHUE Pa3IMYHBIX BUJOB JIECHBIX
HAaCEKOMBIX — CHOHMPCKOTO HIETKONPsAa, HEMApPHOTO MIETKONpPsAa, COCHOBOM MSJEHMIBI, Cepon
JUCTBEHHUYHOM JIMCTOBEPTKU IO HX XapaKTEpUCTHKAM, PACCMATPUBAIOTCS Pa3IUUHs MEXIY
XapaKTepUCTUKAMU BHJIOB, JAIOIIMX BCHBIIIKKM MAacCOBOI'O Pa3MHOXEHHS M BUJIOB CO CTaOMIIBHO-
pa3peKeHHbIM TUIIOM TMHAMUKH YUCIIEHHOCTH.

[lpy  aHanuM3e  NPOCTPAHCTBEHHOTO  pACHpENENICHUS  MOMYNSIUNl  HACEKOMBIX
paccMaTpuBalOTCd MOJIETM MHKpopaclpeaeneHuss ocobeid B mpenenax NHpOOHOM IUIOMagu C
UCMOJb30BaHUE Mozenei (a3oBbix mepexonoB BToporo poxaa (CyxoBosmbekuit u ap., 2020), u
MaKpONPOCTPAHCTBEHHBIE MOJIETN PA3BUTHUS OUYAaroB MAacCOBOTO PAa3MHOXKEHUS C HMCIOIb30BaHHEM
JaHHBIX auctaHiumoHHoro 3oHaupoBanHus (Kosanes, 2021), wmoxeneil «BSI3KUX MaJIbLIEBY
(CyxoBonbckuii u ap., 2008), dunXpro-Harymo (Anumenko u np., 2003) u Mmozenei GppakTaabHOMU
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cTpykTypsl ouaroB (Ilpenep, 2001) , yTo MO3BOISAET OLUEHUTH PUCKU pa3BUTUs oudaroB (VBaHOBa,
Kosases, 2021).

Paboma evinoanena npu coemecmmuoii noddepixcke PODU u Kpachnospckoeo kpaesozo
¢onoa nayku (epanm Ne 19-44-240003 p_a).
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AHHOTAIHUS: HA OCHOBAHMWHW CIIYTHHKOBBIX CHHUMKOB Sentinel-2 ¢ MOMOIIBIO CBEPTOYHBIX HEHPOHHBIX
cerell st pernoHa o6uiei miomaapo 6.07 Mra, pacrofio)keHHOro B cpeiHei Taiire 3anagnoit Cubupw,
co3/1aHa KapTa paclpoCTPaHEeHUS IMOJIEH CUIIOB - aKTUBHBIX €CTECTBEHHBIX UCTOUHMKOB CH4. DT moss
MPEACTABISIIOT cOOOM IIIOCKHE HE MOKPBITHIE PACTUTEIBHOCTHIO YYACTKH HACBIIIEHHOTO BOOH TpyHTA C
MHOTOYHMCJICHHBIMU OTBCPCTUAMHU, BOPOHKaMH, KpaT€paMH, H3 KOTOPBLIX BLIXOJIAT BOJa, OC&I[O‘{HI)Iﬁ
MaTepHuai U Iy3bIpbKHU rasa.

1. BBenenue

[Toiimennsle sKkocucTeMbl 3amagHod CuOUpH SBISAIOTCA aKTUBHBIM — €CTECTBEHHBIM
MCTOYHUKOM METaHa, BaXHOro mnapHukoBoro raza (Terentieva et al., 2019). HenmaBuue
uccienoBanus noiiM pek O6m u HpThilna npuBend K OOHApYKEHHIO HOBOI'O HMHTEHCHBHOI'O
ncrounnka merana — cunos (Glagolev et al. 2011). Onu crienudUYHBL ISl JAHHOTO PErHOHA U
IPEJCTABISAIOT COO0M «ropsiure TOUYKU» SMUCCHU € TOTOKaMHU, Jocturarommmu coren MrCHy B ac
(Sabrekov et al., 2020).

YroObl OIIEHWTh BKJAJ METAHOBBIX CHIIOB B PETHOHAIBHYIO SMHCCHIO, HEOOXOIMMa
uH(popMalysg O IUIOIIAJAX UX pacnpocTpaHeHus. Pasmepsl rpynn (rosieil) CUIOB CONOCTAaBUM C
paspemieHneM cHuMKOB Sentinel-2 (10 M), uyTo 3aTpynHseT WX KapTorpapupoBaHHE C MOMOIIBIO
OOBIYHBIX TIOMHMKCENTBHBIX METONOB. HampoTuB, Hambojee COBpPEMEHHBIE METOJbI, TaKHe Kak
CBEpTOYHbIE HEHPOHHBIE CETH, UMEIOT BBICOKHUI MOTEHLIMAJI IPUMEHEHHUS 32 CUET y4yeTa TeKCTYpPhI U
(hopMBbI 0OBEKTOB, a TAK)KE BRICOKOW TOYHOCTH.

Takum o0pa3oM, 1eNbI0 JaHHOW padOoThl CTAJI0 CO3/]aHUE KapThl MOJIEH CUIIOB PEervoHa UX
pacrpoCTpaHEHHsT C TMOMOIIBIO CBEPTOYHBIX HEHPOHHBIX CETe Ha OCHOBAaHHMH CITyTHHKOBBIX
CHMMKOB Sentinel-2.

2. O0BeKThI 1 MeTOALI HCCJIeI0BAHNSA

[Tomst METaHOBBIX CHIIOB TMPEACTABISIOT COOOW IJIOCKHWE HE MOKPBITHIC PACTHUTEIHHOCTHIO
YYaCTKHU HACBIIIEHHOTO BOJIOM IPYHTa C MHOTOYUCJIEHHBIMH OTBEPCTUSIMHU, BOPOHKAMH, KpaTEpPaMH,
13 KOTOPBIX BBIXOJSAT TPYHTOBBIE BOJbI, OCAOYHBIA MaTepuaid U My3bIpbKH Ta3a. OOBIYHO «IIOJIS
cunoB» (HOPMUPYIOT JAJIUHHBIE M Y3KHE yYaCTKU BJIOJIb pycell IUIOMIAAbI0 A0 JECSATH ThICSY M2
KaXKJ10€.

Pervon wuccnepoBaHuii orpaHuyeH c iora mnocenkoMm JlembsHka, ¢ BOCTOKa — T.
HwxHeBapToBCck 1 ¢ ceBepo-3anaga — T. [IpuoOre. B menom, miomans pernoHa ucciaeI0BaHHN
cocrasiseT 6.07 Mra.

Jns oumeHKM IIOMIAAEH IOJIEW CHIIOB HCIOJIb30BAJIACH IIOJTHOCBSI3HAS CBEPTOYHAsS
HeifponHas cetb U-Net (Stoian et al., 2019). OOyuaromasi BbIOOpKa CTpoMach Ha OCHOBaHHUHU
JaHHBIX TOJIeBbIX HccaenoBanuii 2014-2020 romoB /uid Tpex KiIaccoB: 1) mosis CUIOB, 2) OTKpHITas
BoAa, 3) mpoune 00bekThl. CymMMapHO ObLIO BhIAENeHO Oosiee 800 MOJUTOHOB U JIMHUHN C CUITAMHU.

BxonHbpIMH JaHHBIMU JJI1 HEUPOHHOM CETH ABJSUIMCH KBaapathl 64 Ha 64 mukcens, rie
nepBeie 4 KaHama TPEJICTaBISIOT cOOOW MenuaHHBIM KoMmo3uT Sentinel-2 3a neTHe-oceHHMIA
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nepuoy mocie monoBoabs (¢ 205 mo 275 news, paspemenue 10 wmetpom). s oOyueHus
ucnoJibzoBagock 2500 kBaaparoB ¢ nossiMmua cumno, 3000 kBaagpaToB ¢ OTKpbITOM Bomoil, S000
KBaJIpaTOB 0€3 IEIEBBIX OOBEKTOB.

OO0yueHne IIUII0Ch 10 BBIX0J1a KpHBOM oOydeHus Ha miaTto (okono 10 smox mo 500 maros).
Ckopoctb o0yuenust HaunmHanach ¢ 0.0015 u ocranaBmuBanace npu goctikeHun 0.00001. Bein
UCIIOJIb30BaH aJrOpUTM ONTHUMM3AIMK AlaMa U «sparse categorical crossentropy» B KauecTBe
¢byHKMU 1oTeph. OlLlEHKa TOYHOCTH HTOTOBOW KapThl MPOU3BOJIWIACH C TOMOIIBIO MAaTPHIIBI
omuOok Ha ocHoBaHUHU 6000 cydaliHBIX TOYEK.

3. Pe3yJbTaThl U 00CyXK/AeHUE

B pesynbrare kaprorpadupoBaHUs TOJEH CHIIOB C MOMOIIBIO CBEPTOYHBIX HEHPOHHBIX
ceTeil OBUIO OMpeeNIeHO, YTO TaHHbIE 0OBEKTHI B ccieayeMoM perrnoHe 3anuMarot 0.048 Mra, uto
cocraBisier 0.8% ot oOmeit ero momanu (puc. 1). Ilpm 3TOM mniom@aau OTKPBHITON BOJbI
(BKITIOYAIOIIEH PeKH, MOWMEHHBIC U BOJIOpa3/eibHbIC 03€pa) B MO3IHEICTHUI MIEPHO COCTABIISIOT
0.518 Mra WIH 8.5% oT oOu1eit 1011 pervoxa.
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Pucynok 1. Kapra pacripoctpanenus nojei CunoB

TakuMm 00pa3zom, TUIOMIATL PACTIPOCTPAHEHHS] METAHOBBIX CHUIIOB B PETHOHE MCCIEAOBaHUN
okasaniachk B 10 pa3 MeHbIIE TUIOMIAJN OTKPBITHIX BOJHBIX 00HEKTOB. [I0CKONBKY HaHHBIA OOBEKT
SIBJISIETCSL «TOPSIYE€ TOUKON» 3MHUCCUHM MeTaHa — oT 15 1o 2727 mr-m2at e MEJIHaHHBIM 3HauYCHUEM
B 340 Mrom 2yt (Sabrekov et al., 2020), To gaxe NMpU OTHOCHUTEIBHO MaJbIX TUIOMIAASX MOXKET
HaOII0IaTHCS BBICOKAs 00INasi IMHUCCHUS 33 CUET aKTMBHOTO M BO3MOYKHO BCECE30HHOTO BBIICIICHUS
MeraHa. [lomumo mpouero, HaM HEM3BECTHA peajbHas TUIONIAJb PACIPOCTPAHEHUS JTAHHOTO
¢denomena Ha teppuropun 3C. Takxke HETOYUYTEHBI MOMMBI MajbIX PEK M PYYbeB C pazMepamu
TIOJIEH CUTIOB MEHBIIIE pa3penieHrsi CHUMKOB Sentinel-2.

Jlis OLIEHKH YCHEIIHOCTH MCIOJIb30BaHUS CBEPTOYHOM HEWPOHHOU CeTH, OBbUIO MPOBEICHO
CpaBHEHUE Pe3yJbTaTOB KapTorpadupoBaHus MOJIEH CUIIOB C €€ TOMOIIBIO U C MOMOUILI0 OJHOTO
U3 JIYYIIMX TONHMKCENbHBIX MeToJ0B Kiaccu¢pukamun Random Forest. OOmasi oneHKa TOYHOCTH
KapThl cumnoB coctaBuna 82.6% u 71.9%, a xoddpdumnuent kanma — 73.8% u 57.9% nnsa
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CBEPTOYHOH HelpoHHOM ceTn U Metoga Random Forest, coorBercTBeHHO. UTO Kacaercs LEIeBBIX
KJIACCOB, TO P UCIHOJIb30BaHUU HEHPOHHOM ceTu 71% Touek peanbHBIX CUIOB ObUIM OIpeeiIeHbI
BepHO. [laHHbIM mokazatens pocturan jumb 42% mnpu kiaccupukamuu ¢ mnomouibio Random
Forest. Takum 006pa3zom, HECMOTPS Ha BBICOKYIO OOIIYIO TOYHOCTh 000uX MeToa0B, Random Forest
YCTYyIaeT CBEPTOYHOU HEUPOHHOM CETH IIPU OLICHKE IIIOMIAAEH LENEeBOro KiIacca CUIIOB.

duHaHcoBasgs mNoadep:xKka. lcciaenoBaHue BBINOJHEHO 3a CY€T rpaHTra Poccuiickoro
Hay4yaoro ¢gouzaa (mpoekt Ne 19-77-10074).
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IMPOAYKTUBHOCTD TPABAHBIX 9dKOCUCTEM TYBbI — BPEMSA U
INPOCTPAHCTBO

TursiHoBa A.A.Y, [[unbapena CB!

‘opryH Hncmumym nousoseodenus u acpoxumuu CO PAH, Hosocubupck, Poccus
atitlyanova@mail.ru

AuHoTanus: Ha ocHOBaHWMM H3y4deHHs NPONYKTHBHOCTH IECATH NACTOMIN B CyXuUX CTensx TyBHI,
JeXKAIMUX B PasHBIX KOTJIOBMHAX, U MHOTOJICTHUX HAaOJIIONCHUH dYeThIpeX MacTOMIl B YOCYyHYpCKOH
KOTJIOBHHE OBLTa OIICHEHa BapHabeNbHOCTh IMOKa3aTeled OMOTHYeCKOro KpyroBopota. Ilokazano, 9To
NPOCTPAHCTBEHHAs U BPeMEHHAss H3MEHYHUBOCTh 3aIlaCOB PACTUTENILHOIO BEIECTBA W BEIMYMH YHUCTON
MIEPBUYHOM MTPOIYKIUH B IPOCTPAHCTBE U BO BPEMEHH IIPAKTHYECKH OJIMHAKOBBI.

Bce nmoxazaTtenu npoayKIMOHHOIO MPOLECCAa U3MEHSIOTCS B IIPOCTPAHCTBE U BO BPEMEHHU.
OKOCUCTEMBI OJHOTO THIIA, HANPUMEp CyXas CTelb, MOIYT HaXOAMTHCSA B Pa3HBIX TOUYKAX
MPOCTPAHCTBA: HA PAa3HBIX IIUPOTAX M JOJITOTaX, HA Pa3HBIX AJIEMEHTax peibeda (paBHUHHBIN,
YBAJUCTBI M TOpHBIM JNaHAmadThl) M Ha Pa3IMYHbIX MO3MLIMAX KaTeHbl. Ha ocu BpemeHu
MIOKa3aTelu MPOAYKIMOHHOIO IpolLecca B OJHOM M TOH K€ DKOCHCTEME H3MEHSIIOTCSI TaKKe B
3aBUCUMOCTH OT METEOYCJIOBMM Tekymiero ce3oHa. Kakas M3MEHYMBOCTH Oonblie —
IIPOCTPAHCTBEHHAs WM BpeMEHHas?

Jlnis aHanmu3a npoCTPaHCTBEHHON M3MEHUYMBOCTH PACCMOTPUM MOKA3aTeIN MPOIyKIIMOHHOTO
mporiecca s YeThipex mactoum. Bece macTOMIa OTHOCATCS K THITY CYXUX CTENe W XapaKTepHBI
i1 YOCYHYPCKOH KOTJIOBHMHBI, HO JIe)KAaT Ha Pa3HbIX IEMEHTax penbeda, OTIMYarOTCs BUIOBBIM
COCTaBOM (PUTOIICHO30B, HAXOATCS TOJ] Pa3IMYHON MaCTOMIITHON HAarpy3Koi (Tabnmma 1).

Tabnuma 2 — CpeHYE BETMYMHBI 3a11aCOB HA/I36MHOM U TIOA3EMHOI uToMacchl (T/ra) u
MpOAyKIMH (T/Ta B TOJ) YEThIpEeX MacToOuNl Y OCYHYpCKOM KOTIOBUHBI

aTeHcuBHOCTE
Harpy3Ku
[TacTOuma G max | D+L B V ANP BNP NPP
OnHuaaman ITonmxeHHas 11 2,5 10,9 17,8 2,2 12 14,2
SImaanwir ITonmxenuast 0,8 2,6 13,2 19,5 1,6 12,6 14,2
Yooreit OnruManbHas 11 2 11,1 18,2 1,4 12 13,4
Op3uH Bricokast 0,5 0,8 7.8 11,4 0,6 6,3 6,9

O6o03nauenust: G Max - MakCUMaJIbHBIN 3anac 3eneHol guromaccsr; (D+L) — Beroms + noactuika; B u V — 3anacst
JKHUBBIX U MEPTBBIX MOJ3EMHBIX OpraHoB pacteHuit; NPP — ooOmias, ANP — nagzemnas u BNP — noa3emHuas uncras
MepBUYHAS TPOIYKIIHS

Hecmotpst Ha pa3Hyr0 Harpys3Ky BBIIENSIOTCS OO0IIHME 4epThl OMOTUYECKOTO0 KPYyroBOpOTa,
XapaKkTepHbIE ISl CYXUX CTernel ¢ macTOumHoN Harpy3koil. 3anac B 6oxbiie G max B 10-15 pas,
3anac B menpmie V B 1,5 paza, BNP npeBocxoautr ANP B 7-10 pa3. B To xe BpeMsi abCONIOTHBIE
3HAYEHUS JJIs pa3HbIX nactoumy ommmyatores: Gmax — B 2, (D+L) -8 3, B—-8 1.5, V-8B 2, ANP —
B 3, BNP — B 2 pa3za.

130



MaTtepuanbsl Ceabmon KoHpepeHunn «MaTemaTnieckoe MogenMpoBaHne B 3KOSTOrnny
OkoMatMoga-2021, r. MywwuHo, Poccus

Kak Bumum, Onu3kHe MO KIMMATHYECKUM YCIOBHSM M MPHHAIICKANINE K OJHOMY THILY
crernel (cyxue) nacTOuina OTINYaTCs M0 MoKa3aTeasiM OMOTHYECKOro Kpyrosopora B 1.5-3 pasa.
CnenoBaTenbHO, MPOCTPAHCTBEHHAs M3MEHYMBOCTh XapaKTEPUCTHK IPOJYKIIMOHHOIO IIpolecca
BEJIUKA.

Jlnst cpaBHEHUSI IPOCTPAHCTBEHHOW M BPEMEHHOM M3MEHUYMBOCTU PACCMOTPHUM I1OKA3aTeln
IPOAYKIIMOHHOIO IpolLiecca Ha MAacTOMINAX, PACIOJOKEHHbIX B 30He cyxux crened Tyebl. B
KayecTBe OOBEKTOB BO3BMEM CpPEIAHME BEIMUYMHBI 1O JECATH CYXUM CTEIIsIM, JISKAIIMX B Pa3HbIX
KOTJIOBUHAaX M Ha pPAa3sHOW BBICOTE HAJ YPOBHEM MOpsA, a TAaKXKEe M3MEHEHMs II0Ka3aTeled
OMOTHYECKOTO KPYrOBOpPOTa B TEUEHHUE LIECTH JIeT Ha mactoumie OHuanaan. MI3MeHunBOCTh OyaeT
XapaKTepu30BaTbCs CPEAHUMHU BEJIMYMHAMM IOKa3aTened M Ko3((UIMEHTOM H3MEHYUBOCTH,
paBHBIM Xmax — Xmin /XcpenHee, rae Xmax, Xmin 1 XcpeaHee — MakKCUMallbHasi, MUHUMAaJIbHAS
U CpeIHsisl BeM4MHa nokaszarens (Tabnauua 2). CpaBHUM cpelHUE BEJIMYMHBI I0Ka3aTesel, a TakKe
KOd(QPUIHMEHT HM3MEHYMBOCTH. YUeM MeHbIIe KOXPQPHUIMEHT HW3MEHYMBOCTH M PAa3sHHUIA MEXKIY
a0COJIIOTHBIMU BEJIMYMHAMM ITOKa3aTesel, TeM OJnxkKe 9T J1Ba TUIIa U3MEHYMBOCTH.

Tabmuia 2 — CpegHuie nokasatea NPOTYKTUBHOCTU U KOOPPUIIMEHT X U3MEHYUBOCTH

3amachl,
T/Ta
[TokazaTenu [Ipoxykmus, T/Ta B TOA
Gmax D+L B V ANP BNP NPP
Cyxue crenu 1,2 2,2 10,5 10,4 2,1 17,1 19,2
[MactOume Oxyanaan 11 2,5 11,0 18,2 2,2 12,0 14,2

N3MeHInBOCTSD, (Xmax — Xmin /Xepeonee)

Cyxue crenu 1,0 0,8 1,1 1,2 15 1,1 0,9

[MactOume Oxyanaan 0,5 0,7 1,1 0,8 1,3 1,2 0,8

AHanu3 cpeAHMX BEJIWYMH 3arlacoB, MPOAYKIUU U KOIP(PUIMEHTOB UX H3MEHYMBOCTHU
MOKa3bIBAET, YTO HaMMEHee BapraOelbHbBIMU BETMYMHAMU B IPOCTPAHCTBE M BO BPEMEHU SIBIISIOTCS
(D+L), B, ANP, npu 3TOM cpeiHHEe BETUUYHMHBI 3a11aCOB B CyXHX CTEIAX B MOMEHT MaKCHUMaJIbHOTO
Pa3sBUTHS TPABOCTOSI OJJMHAKOBBI (BBIJENIEHBI 3€IEHBIM 1IBeTOM). KpacHbIil — 3amachkl 0JJMHAKOBBI,
HO KO3(QUIMEHTH! Pa3IMYyaloTCs; CUHUNH — 3amachl pa3jinyaroTcs, HO KOA(PGUIUEHTHl ONM3KH;
YepHBIN — U 3amachl, U K03()(PUIHMEHTHI 3HAYUTETBHO Pa3IHYAOTCS.

Campblil HU3KMH K03()PUIIMEHT U3MEHYMBOCTU XapakTepeH uis Gmax BO BPEMEHHOM pAIY
(0,5). Camplii BBICOKHI KO3 PHUIMEHT N3MEHYUBOCTU HaiijieH /i BennuuHbl ANP B 00oux psaax
(1,3-1,5). Manas wu3MeHYHMBOCTh BenuuuHbl (Gmax oOTMedYansach HEOJHOKPATHO — PSIOM
uccinenosareneil [bazunesud u ap., 1988; Tutnanosa, Cam0Oyy, 2016; daprymmna, 1986], HO 10
CHX IOp HE HAXOJUT COOTBETCTBYIOMIETO 00bsicHeHHs. Camasi BbICOKasi BapraOeIbHOCTh BETUUYUHBI
HAJ3€MHOM MPOJIYKIUH CBSI3aHA C TEM, YTO B Pa3HbIE IOJbl B OJHOM U TOH )K€ DKOCUCTEME WIIU B
pa3HbIX 3KOCHCTEMax B OJIHOM M TOM € ToJly YHUCIIO MEPHOJIOB IMPUPOCTa 3€JICHON (PUTOMACCHI
MOKET MEHATHCS OT 1 10 3-X.

PaccmaTpuBasg Bech INpUBEINCHHBIMA MarTepual B  LEJIOM, MOXKHO CKa3aTb, 4YTO
IIPOCTPAHCTBEHHAas: M BpEMEHHas W3MEHYMBOCTH IIOKa3aTeNeil MpOAYKTHBHOCTH (HUTOIICHO3a
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IIPAaKTUYECKU OJUHAKOBBlL. [IpuBEnEeHHBIN MaTepuan MMEET HE TOJbKO TEOPETHYECKOE, HO H
[IpaKkTU4YecKoe 3HadeHue. M3yuas NMpOAYKLUMOHHBIM MpOLECC B MPOCTPAHCTBE 3a MEPUOJ HIOHb-
UI0JIb (MAaKCUMYM pa3BUTHS (PUTOLIEHO3a) MOXKHO TOJIYYUTH JaHHBIC O MATH-IIECTH (PUTOICHO3aX.
W3yuas npoayKLMOHHBIM MpoOLlECC BO BPEMEHHU IOHAJOOUTCS HE MEHEe IMATHU IOJHBIX CE30HOB
(arpenb-oKTAOpB) Ui TpeX-4eThlpeX (UTOIEHO30B. s M3ydeHUs MPOAYKLIMOHHOTO Mpolecca
OJTHOBPEMEHHO U BO BPEMEHU U B IIPOCTPAHCTBE HE XBATUT HU pabouuX PyK, HU JICHET.
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3KOJIOI'vsl, S5KOHOMHUKA U 3TUKA COOBIIECTB ITPOCTEMIIINAX
COIUAJIBHBIX OPI'AHU3MOB

Tonax A.T'.:

tooo "Bbropo ['unepoopes”, Cankm-Ilemepoype, Poccus
alex.topaj@gmail.com

AHHOTaNuUsI: B JIOKIAJE MOCJIEAOBATEIHFHO PAcCMAaTPHUBACTCSI HECKOJIIBKO acTeKTOB 0a30BOW MOJEINH,
MPEATOKEHHON JUIA  ONMHCAaHMS DBONIONHUOHHO-CTAOMIIBHOM CTpaTeTMH TEeTEPOTeHHOW KOJOHWHU
COLMATBHBIX OJHOKIETOYHBIX OPTaHW3MOB, (DOPMHUPYIOIIUX 0OIIEe MIOLOBOE TEIO B )KU3HECHHOM LIUKIIE
pasMHOXeHUs. CTaBATCS M pEIIAIOTCS BOMPOCHI, KACAIOMUECH <(GTHUECKUX» M «IKOHOMHUIECKUX)
AHAJIOTUH aHATM3UPYEMOW MOJENIN KOIBOIIOLMH COOOIIECTBA MPOCTEHIINX OPraHn3MOB

1. BBenenue

TpaauLnoHHO, B KauyecTBE CyOBEKTOB KOONEPAaTUBHOI'O MOBEACHUS OPraHU3MOB B JKHUBOM
MPUPOJIE TPUHATO PacCMaTPUBATh WIIM BBICIIUX MJICKOMHUTAIONINX WM 3yCOIHMAIbHBIX HACEKOMBIX.
JUis BBICHIMX JKMBOTHBIX TOCIIOJCTBYIOLIEH Teopueil, oObsACHSAIOMENH yCTOWYMBOCTh HATTEPHOB
COIVIACOBAHHOT'O  B3aMMOBBIFOJTHOTO  COTPYAHHYECTBA, BBICTYHNACT TEOPUS PELUIPOKHOTO
aJIbTpyH3Ma B UIpax ¢ HeHyJeBoi cymMmmoi. Heo0X0oauMbIM yCIOBHEM peau3alii U 3aKperIeHHs
JaHHBIX CTPATETWH MOJ MPECCOM eCTECTBEHHOTO OTOOpa SBISETCS BBHICOKHHA YPOBEHb DPa3BHTHUS
HEPBHOI CHUCTEMbI — HaJIM4KEe CIIOCOOHOCTEH K 3allOMMHAHUIO MPOLUIOTO MOBEIEHUS KOHKPETHBIX
WH/IMBUYYMOB U BBIpaOaThIBAHUIO MEXaHHU3MOB (POpPMUPOBaHUS CBOEOOPa3HOH «OOIIECTBEHHON
penytauuny. Iloxanyii, Hanbosiee copep)kaTelbHBIM MPUMEPOM M BIEYATISAIOIIEH MOJENBI0 B
JaHHOW O00JaCTH MOJKET CIY)KUTh OpraHu3oBaHHoe PobeproM AKCenbpogoM COpPEeBHOBaHHE
KOMIIBIOTEPHBIX MPOrpaMM IO IMOCIEI0BaTEIbHON UIpe B «IuiIeMMy 3akimrouéHHoro» (Axelrod,
Hamilton, 1984). Jlnsg 00IIeCTBEHHBIX HACEKOMBIX, TJ€ KXKIYI OTIEIbHYIO KOJOHHIO MOXKHO
paccMaTpuBaTh KaK €AMHBINA CyNeporpaHu3M, IIaBHOM TMIOTe301, OOBSICHSIOIEH COTIaCOBAHHOE U
ATBTPYUCTUYHOE TIOBEACHUE KAXI0H 0COOM B MHTEpecax olIiero 0jara, CIIyuT 0a30BO€ MPABUIIO
poactBenHoro oroopa ['amunsrona (Hamilton, 1964).

Opnako B JMTEpaType BCTpedaercss OOJbIIOe KOJIMYECTBO YAUBUTENIBHBIX IMPUMEPOB
MPOSIBJIICHUSI COTJIACOBAHHOTO KOOMNEPAaTHMBHOTO TOBEICHUS MPOCTEHIIMMHM, B TOM YHUCIIE,
OTHOKJICTOYHBIMH OpraHu3MaMH. 10 €cTh B YCIOBHUSIX, TA€ TPYIAHO TMPOCIEIUTh BIUSHUE
POACTBEHHOro 0TOOpa (BO B3aMMOJEHCTBYIOLIEH TIpyIie MOTyT OJHOBPEMEHHO HPUCYTCTBOBATH
pa3NUYHBIE KJIOHBI M JIa)Ke Pa3InYHbIE BHBI MUKPOOPTaHW3MOB) U, TEM OoJiee, HaJMune BBICIICH
HEpBHOM aedrenbHOCTU. IlprMepaMu Takoro MOBEAEHUS MOXKET CIY)KUTh >KHU3HEHHBIM IMKII
napasuTa JaHueroBuaHol AByycTku (Dawkins, 1982), puzobuii B mporecce CUMOMOTHYECKON
azorukcaun (AOpamoBa, Tomax, 2018) HIM KOJOHMHM COLMAIBHBIX aMEO — CIHM3EBHKOB.
HecmoTpst Ha psin crienuuYecKkdx 4YepT, BCE ITH TPUMEPHI MOTYT OBITh CBEICHBI K OIHOMY
CMEeLUAIbHOMY KJIACCY MaTeMaTHMYeCKUX MoJeleil, CX0KeMy ¢ UIpoil B «oOliecTBeHHOe Oiaroy,
KOTOPBIH HCCIelyeTcs B HACTOSIIEM JI0KIIaIe.

2. MaTtepuaJjibl 1 METOAbI

B kmaccuueckoii cratbe (Matsuda, Harada, 1990) mpemnoxkena u uccinenoBana 0azoBas
MOJICJIb KOJIOHWHM COIMAIbHBIX aM&0, W TOJy4YeHa SBOJIOIMOHHO-CTAOWIBHAS CTpaTeTus B BHUC
BKJIaJ]a KaXJIOTO TEHETHYECKOrO0 KIOHA, MPHUCYTCTBYIONIETO B  TMOMYJSIHH, B MYI
HEPa3MHOXKAIOIIUXCS OPTraHu3MOB («HOXKHW» OOIIEro IUIOAOBOTO TeJa), TOBBIIIAOIIETO
CYMMapHYyI0 TIPHUCIIOCOOJIEHHOCTh BCEX OCTalbHBIX oOpranu3mMoB. OHa CBOOUTCS K 3ajaue
OJTHOBPEMEHHOW MaKCHUMH3allUd CUCTEMbI (PYHKITUH, OMUCHIBAIOIIMX YHCIIO TOTOMKOB Ka)KIOTO
KJIOHA B CJIEIYIOIIEM IMOKOJCHUU:
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rae Nj — o01iee 4ncIio KJIETOK TeHOTHIIA I, Nj — YUCIIO0 KIETOK FEHOTHUIA |, «IeIerupyeMoey B
HOJKKY IUIOZIOBOTO Tella, TO €CTh UCKI0YaeMoe U3 pa3MHOkeHHs, N u N — ol1iee 4nuciio KJIETOK B
HOXKE M HUINKE IUI0JOBOro Tena, f — oOmas s Bcex KIETOK (YHKIMS WHAWBUAYaTbHON
IPUCIIOCOOTIEHHOCTH, 3aBHCALIAs OT pa3Mepa U CTPYKTYpbI IJIOJJOBOT'O Teja.

[Ipo3pauHoii aHanorueil MNPeNIOKEHHOW MOJENU CIYXHT THpolieMa OmpeaeseHHs
palMOHAIBHOIO YPOBHS HAJIOrooOJIOKEHUS B SKOHOMHUKE, HANpaBIsIEMOr0 Ha pa3BUTHE OOLICH
UHOPPACTPYKTYPHl. YAUBUTENBHBIM DPE3YJIbTAaTOM, IOJYYCHHBIM aBTOPaMHM B XOJI€ aHAIM3a HX
IIPOCTOM MOJIENH, SBISAETCS TO, YTO 3BOJIIOLIMOHHO-CTAOMIBHOM cTpaTerueil, To ectb Hambosee
palOHaIbHON MTOJINTUKOM B CMBICIIE MAaKCUMU3AallMM UHMBUYalbHONW PENPOAYKLINN OKa3bIBAETCA
HE MPOIOPIHOHAIBHAS WM JakKe MPOrpecCUBHAs IIKajla HAJOroOOJ0XKEHUs, a NPUHYIUTEIbHOE
BBIPAaBHUBAHHUE JIMYHOTO <«JI0X0Ja» KaXKIIOTO KIIOHA, TO €CTh M3BATHE B IOJIb3Y OOIIECTBEHHOTO
Ojara BCeX «U3JIMILKOBY» CBbIIIE ONPEAEIEHHOTO HIpefena. DTOT BbIBOJ, KOTOPbIM €CTECTBEHHO
MHTEPIPETUPOBATh KaK JOBOJ B II0JIb3y 3KOHOMHUKH «BOEHHOIO KOMMYHH3Ma», BbI3bIBAET
MHTYUTUBHOE OTTOP)KEHHE, OCOOEHHO ¢ TOYKM 3pEHUs ujeosnoruu aubdeprapuanctsa. IlosTomy B
JIOKJIaJIe TIOCJIEI0BATEIbHO PAacCMAaTPUBAETCS HECKOJIBKO acHeKTOB 0a30BOM MOJENIH, TO €CTh
CTaBATCA W pEUIAloTCs CJEIYIOLIUE BOIPOCHI, KACAIOIIMECS <«OTHUECKUX» M «IKOHOMHUYECKUX)»
aHAJIOTUH aHAIM3UPYEMON MOJIEIN KOIBOIIOIMHM COOOIIECTBA TPOCTEHIIIMX OPraHU3MOB:

e lHTepnperanus BHyTPEHHEH CYIIHOCTH paCCMOTPEHHOM OCTAHOBKHU U IIPABOMEPHOCTH €€
JIOCJIIOBHOT'O IIEPEHOCAa Ha COLMAIbHO-3KOHOMUYECKUE peaini. B yacTHOCTH, MOXKHO
[I0Ka3aTh, YTO B YCJIOBUAX IPSIMOI0 IPONOPLIUOHAIBLHOTO BIUSHUS Pa3BUTOCTHU OOIIEH
MHOPACTPYKTYPbl HA UHBECTULIMOHHBINA KIMMAT KOHLENIHS HEMPOIOPLHUOHAIBHOTO
OO0JIBIIIETO OTHOCHTEIBHOTO BKJIaZa B HEE¢ «OOraThIX» CyOBEKTOB HE IPOTUBOPEUHT JIOTHKE
WH/IMBUYaIbHOM BBITOJIBI.

e  OTaenbHBIM BONIPOCOM, TPEOYIOUIUM MOAPOOHOI0 UCCIIEJOBAHMUS, SBISETCS TO, KAKUM
00pa3oM cioxkHast mporpamma (GopMaJIbHO ONTUMAIBHOTO COLIMAIBHOTO MOBEIEHUS MOXKET
OBITh peajr30BaHa B BHJI€ HACJIEAYyEMbIX T€HETUYECKUX UHCTPYKIIMHA Ka)KJJOTO OT/IE€JIbHOTO
opranusma. B kauecTBe BO3MOXKHBIX [TOXO0I0B IIOCTPOEHBI U UCCIIEJOBAHBI MOJIENH
MIOCJIEZI0BATEIBHOTO JUHAMHYECKOTr0 (POPMHUPOBAHMSI IIJI0JIOBOTO T€Ja Ha OCHOBE
«TIEPErOBOPOB» U CUTHAJILHOMU perynsiuuy, npeioxenHslie B (Uchinomiya, Iwasa, 2013).

e JlocTpoeHue u uccie10BaHNE UMUTALIMOHHON MOJIENIN COOTBETCTBYIOIIEHN 3BOJIIOLIMOHHON
UTPBI IOKA3BIBAET, UTO JIAXKE B paMKax MPEUI0KEHHON (popManu3aliy CylieCTBEHHOE
BJIMSIHME HAa KaYeCTBEHHBIN BUJI pelieHns ((PUHAIBHOIO paBHOBECHOTO PACIIpEIeIICHUS
CTpaTeruii BHyTpHU MOIMYJISILIUK YePe3 MHOTO OKOJIEHUH ) BIUSIOT Takue GaKkToOpbl Kak
HavyaJlbHOE pacIpeeeHue YUCICHHOCTEe! KIIOHOB, B (yHKimn f (Hanmame wimu
OTCYTCTBHE Yy HE€ TOUKHU Iepernda), BO3MOKHOCTh 00OpaTHOTO MOoToKa (AuddepeHnnanum
KJIETOK) B IMHAMHYECKOM IPOLIECCE «IIEPErOBOPOB) KIIOHOB B X0/1€ (POPMUPOBAHUS
CTPYKTYpHI IIJIOJIOBOTO T€Ja B KaXKJIOM IMOKOJIEHUHU U T.JI.

e OTaenbHO UCCIIEA0BaHa IOCTAaHOBKA, KOT/1a TEHETUYECKasi MHCTPYKIIMSI IIOBEEHUS KaXK10T0
OpraHu3Ma MOXKeT ObITh IIPEJCTAaBICHA B BUIE€ HAclIeayeMOol npeonpeaeaéHHoN 10Iu
KJIETOK KJIOHA WJIK BEPOATHOCTH KaXKIOW €AMHUYHOM KIIETKH KJIOHA 0Ka3aThbCs B «HOMKKE»
IUTOIOBOTO TeJa, TO €CTh MOXKEPTBOBAThH 000 panu obiero Oxara. 3agada perragach Kak
MPSIMBIM UHTETPUPOBAHUEM PEIUITMKATOPHOTO YPAaBHEHHUS, TaK U B paMKax CIEIHAIBLHO
MOCTPOSHHOM areHTHOM MMUTALMOHHOM MoJienu. [Ipu aToM ObLIO MOKa3aHO, YTO JUIS
KOHKpETHOTO BUa QyHKImH f prHATBEHOE yCTOWYMBOE pacpe/ie]ieHHe MOXKET
MPEJCTABIATH CO00M CMECh KIIOHOB C Pa3INYHBIMU YaCTHBIMU CTPATETMSIMHU TOBEJCHHUS, TO
ectb EvolutionaryStableSet, uro coriacyercs ¢ TeopeTHUECKUMH pe3yIbTaTaMH,
usnoxennbiMu B (Gorban, 2007).
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3. Pe3yJbTaTrhbl U BHIBOJBI

Kpatko pe3roMupys pe3yJibTaThl, IOJYYEHHBIE B X0/I€ UCCIIEIOBAHUS IIEPEUHUCIICHHBIX BBIIIE
MOJIeTICH U MMOCTAHOBOK, MOXHO CJI€JIaTh OCHOBHOM BBIBOJ O TOM, YTO K MATEMaTHICCKUM
pe3ynbraTtam, Moxy4eHHbIM B cratbe (Matsuda, Harada, 1990), mocBsméHHOM Hccae10BaHUIO
IIEJIOTO KJIacca MoJIeNiel «00IIeCTBEHHOTO)» OJara Juis IpOCTEHIINX OPraHUu3MOB, HE MOXKET OBITh
BBICKa3aHO (OPMaTbHBIX MpeTeH3ui. OJHAKO UX MHTEPIPETALUS MOXKET ObITh HEOTHO3HAYHOH, a
BO3MOYKHOCTh HX IEPEHOCA Ha COIMATbHO-DKOHOMUYECKHIE MTPUIIOKCHHUS BBI3bIBAET COMHCHHUSI.
Kpome Toro, oTienbHOro yriryoia€HHOTO HCCIIeIOBAHNUS 3aCITy’)KUBAET OMOJIOTHYECKas CYITHOCTh H
000CHOBAHHOCTB TIOJIOXKECHUH, TTOJIOKEHHBIX B OCHOBY MCCIIEIyeMO MaTeMaTUIeCKONH MOICIIH.
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AHHOTalIl/Iﬂ: KIIFOYEBBIC CJIOBA: OCCIJIBIC OpraHU3Mbl, MCKBHAOBAsA KOHKYPCHIHSA, KOHKYPEHTHOC
HCKIIFOUYCHUE, COCYIIECTBOBAHNE BU0OB, MHANBUAYAJIbHBIE MOIEIIN.

B naHHOM HCCIENOBAaHMM  aHAIM3UPYETCAd JUHAMUKA MaTeMaTHMYEeCKOW  MOJENIU
9KOJIOTUYECKON CUCTEMBI, COCTOSIILEN U3 IBYX KOHKYPHPYIOLIMX MHOTOJIETHUX BUJIOB, KaXIbIi U3
KOTOPBIX BEIET OCEIbI 00pa3 JKM3HU. DTO WHAMBHIYyAIbHAs MOJENb, B KOTOPOH OMHMCHIBACTCS
poct kaxaoi ocodbu. CKOPOCTh 3TOTO pocTa OCNAONIAETCs KOHKYPEHIIMEH CO CTOPOHBI COCETHUX
ocobeii. Cuma BIUSHHA KOHKYPEHTOB 3aBHCUT OT HX pa3Mepa M pacCTOSHHS JI0 HHX.
[IpeaycMoTpeHbl yClOBHS, MPU KOTOPBIX MUMEET MECTO KOHKYPEHTHOE MCKIOYEHHE OIHOTO W3
KOHKYPEHTOB WJIM OJHOBPEMEHHOE COCYIIECTBOBaHHME O0OMX KOHKYpEeHTOB. lIpoaHanm3mpoBaHO
BJIMSHHE NIAPAMETPOB, ONPEACISAIOIIMNX CHIIYy KOHKYPEHIIMHU, CTETIEHb €€ aCUMMETPHUH, a TAKXKE y4eT
3HQYUMOCTH OTJAEIBHBIX JJEMEHTOB IIPOCTPAHCTBEHHOM CTPYKTYPBI JAHHOM 3KOJOTMYECKON
CUCTEMBI Ha pe3yJIbTaTaX KOHKYPEHIIMH.
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AnHotanusi: B cpene NetLogo paspaborana areHTHass MOZETb AWHAMHUKH YHCICHHOCTH MOIYJISIIMH
(UTOMIIHKTOHA, OOWTAIOMIETO B YCIOBHSIX DPAa3[eNCHMS TOJIIM BOIABI HA 1Ba cliod. B BepxHeMm cioe
BO3MOKHO TOJBKO IIOIVIOIIEHME CBE€Ta, B HUXHEM — TOJBKO MHHEPAJIbHBIX  BEILIECTB.
IIpogeMoHCTpHUpOBaHA BO3MOKHOCTh NIPUCYTCTBUS B BEPXHEM CJIO€ KIETOK, aJallTUPOBAaHHBIX K TEMHOTE,
a B HIDKHEM — KJICTOK, a/IaiTUPOBAHHBIX K CBETY

MonenupoBanue AMHAMUKH MPUPOJHOTO (UTOIJIAHKTOHA SBJIAETCS OOWIMPHOW U
IIOCTOSIHHO pa3BHUBAroLIeiicss 00siacThi0 MareMatudeckoi Ouosoruu. llpumensercs mupokuit
CHEKTpP MaTeMaTHYeCKMX METOJ0B, MOJETUPYIOTCS KaK JIUHAMHUKA OTIENIbHBIX BHJIOB WU
TaKCOHOMHYECKUX TPYII, TaK M LENbIX (UTOIUIAHKTOHHBIX coodmectB. Ilpu stom OGobioe
BHUMaHUE YICNAIOT XapaKTepUCTHKaM BOJIHOHN cpeabl. B Hacrosimel pabore mpencTaBieHa
MpeIBapUTEIIbHAS areHTHAas MOJEIh MOMYJSIIUKA (UTOILNIAHKTOHA, YYHTHIBAIOMIAsS OCOOCHHOCTH
HEKOTOPBIX CEBEPHBIX MOpPEH, B YaCTHOCTH, FOKHOM M BocTOuHOI uactu Kapckoro mops. B stom
pEeruoHe pacIpeelieHue COJICHOCTH U IUIOTHOCTH BOJBI OOYCIIOBJICHBI OOJBIIMM CTOKOM PEYHBIX
Boa U TasHueM JiboB (AAHWMU, 2021). JletoM cONEHOCTh OT HU3KMX 3HAYEHUW HA IMOBEPXHOCTH
(10-20%0) pe3ko moBsimiaercss ¢ rayounoi (mo 29-30%o0) Ha ropusontax 10-15m. [lamee
MIPOUCXOAUT IUIABHOE YBEJIMYEHUE N0 3HaueHud y paHa 34-35%o. Pacnpenenenue coieHOCTH
OTIpe/ieNIsieT paclpesielieHle IJIOTHOCTH BOJbl. JleroM miIoTHOCTh BepxHero cnost (5-10m)
MOHIKEHA, €€ yBeNWYeHHe M0 TIyOMHE MPOUCXOIUT OYEeHb PE3KHUM CKAuKOM, MPOUCXOAUT
«pazJiesIeHrne» TOJIIIM BOJIbI HA JBa ciosl. TakuM 00pa3oM, CKIIaIbIBalOTCS CieU(PUUECKUEe YCIOBUS
oOuTaHusl GUTOIMIAHKTOHA: B BEPXHEM CIIO€ I MUKPOOPTaHU3MOB JOCTYIIEH COJIHEUHBIN CBET, a B
HIDKHEM — HEOOXOIUMBIE JIEMEHTHI MUHEPAIbHOTO NUTaHus. [1lo JaHHBIM MOHUTOPHUHTA HA YaCTH
CTaHIMI ObUTH 3aUMKCUPOBAHBI pacmpeseNienns xjJopoduiia ¢ AByMs MakcuMymamu. [lpu sTom
uccienoBaHue Mpod (IyopecleHTHBIMU METOJIaMH I0Ka3ajlo, YTO CPeAM KJIETOK (PUTOIJIaHKTOHA
U3 BEPXHETO CJIOS MPHUCYTCTBYIOT OPraHU3MBI, aJanTHpOBaHHbIE K TeMHOoTe. M1 HaobopoT, yacTh
KJIETOK, TIOJTHATHIX C TJIYOHMHBI, IEMOHCTPUPOBAIIA aIallTUPOBAHHOCTH K CBETY. PaHee HEKOTOpPhIMU
uccnenosarensimu  (Crynxac, CamoxknukoB, 2000) BbICKa3bIBalach THUIIOTE3a O TOM, 4YTO
nepeMenieHne KOJIOHWH (PUTOTUTAHKTOHA U3 HIDKHUX CJIOEB B BEPXHHE BO3MOYKHO 3a CUET Ta30BbIX
My3bIpbKOB. OTHAKO, TOTHOTO OOBSICHEHUSI HAOII0JaeMBIM SIBIICHUSIM TI0Ka HE JaHO.

Jns wu3ydeHuWs W aHaNWM3a BO3MOXKHBIX MEXaHHU3MOB CYIIIECTBOBAHHUS OIKMCAHHOTO
(UTOMIIAHKTOHHOTO COOOIeCTBa Hadara pa3paboTka areHTHoW wMonenn B cpeae NetLogo
(NetLogo, 2021). MopenbHass KOMMBIOTEpHAS TOMYJSAINAS COCTOUT U3 COBOKYIMHOCTH KJIETOK-
arenToB. Cpema oOuTaHUs TPEACTaBIAET COOOW JBYMEPHYIO LEJIOYUCICHHYIO pPEIIETKY,
pazneneHHyr0 Ha 2 cnos. Kaxmas suelika pemeTKH XapaKTepU3yeTCs IBYMs BEIUYWHAMU:
MHTEHCUBHOCTBIO CBETa W COJIEP)KAaHMEM IUTATEIbHBIX BEUIECTB. B BepxHeM cioe coaep:kaHue
MATATEIBHBIX BEIIECTB MPUHUMAETCSI PAaBHBIM HYJII0, HHTCHCUBHOCTh CBETA MAIa€T 10 BEPTUKAIH B
COOTBETCTBUHU C DKCIIOHEHIMAJIbHBIM 3aKOHOM. B HM)KHEM CIlI0€ OCBEIIEHHOCTh OTCYTCTBYET,
MATATEbHBIE BEIIECTBA pacmlpeieleHbl paBHOMEPHO. [IpUHSTO, 4TO BCE «pPecypchl» HAXOMSTCS B
M30BITKE, WX COJAEp)KaHHWE B sUelKe HE H3MEHSETCS NpU MOTPEOJICHUU KIIeTKaMH-areHTaMH.
[Tonmynsmus KJI€TOK BOIOPOCTH pa3duTa Ha 2 CyONMOMyNSIUN — KJICTKH, HAXOSAIINECS B BEPXHEM
cimoe cpenbl (UpS) u HmwkHem (downs). CocTosiHME KaXKIOro areHTa OIUCBIBACTCS JIBYMS
XapaKTepUCTUKAMH, OTPaHWYEHHBIMU CBEpXY: YIEIbHOW IIJIOTHOCTBIO M BHYTPHUKJIETOYHBIM
COJIep’)KaHUEM MHUHEpATbHBIX BemecTB. Kpome TOro, areHTy mpUCBauWBaeTcs ocodas
XapaKTEePUCTUKA «aJanTaius K CBETY/TEMHOTE», ompenenstomas 3HPeKTUBHOCTh PabOTHI
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(OTOCHHTETHUYECKOTO ammapara KIeTKd. [IpOoTOTHIIOM areHTOB MOJIENH SIBISIOTCS KJICTKH
JIMATOMOBBIX MMKPOBOJOPOCIEH, MMEIIINUX TBEPAbIM KIETOYHBIA «IaHUUPbY», COCTOSIIMN U3
JUOKCHJIa KPEMHHSI, TIO9TOMY 00bEeM KJICTKH B HAIIed HAYATBbHOW MOJICIH IOJIaraeM MOCTOSHHBIM.
Jig Kaxaol KIETKH BO3MOXHBI CIEAYIOIIUE JCHCTBUS: yBeJIUYCHHE/YMEHBIICHHE YIEIbHON
IUIOTHOCTH; 3alacaHue/pacxoJJOBaHUE MHMHEPAJIbHBIX BEUIECTB; JCNCHHE; CMEpPTh; IEepexoja u3
OJTHOM CyOmomyssiiui B APYTylO; MEepeMElIeHHe; CMEHAa «aJanTaluu» 4epe3 HEKOTOpPOe Bpems
mociie cMeHbl cyomnomymsimuu (pucyHok 1). Kierku UPS moriomaroT CBET, (OTOCUHTE3UPYIOT
(co3maroT opraHMYecKHe BEIIeCTBA) YBEIMUYMBAs YICIbHYIO IIOTHOCTb, MPU 3TOM PACXOIYIOT
BHYTPHUKJICTOYHbIE MHHEpajbHbIe BemiecTBa. Kiierku OOWNS TOMONHSIOT 3a CYET CPEebl
BHYTPUKJIETOYHOE COJIEp>)KaHUE MHUHEPAJIbHBIX BEIIECTB W OCYLIECTBISIIOT OCHOBHOW OOMEH
BEIIECTB, pacxoays cBoio buomaccy. [Ipu 3ToM ymeHbInaeTcs ux yaenabHas IIOTHOCTh. KieTku ups
nepexoiIT B cyononyssuuo dOWNs, Koraa yaenbHas IIOTHOCTh JOCTHIAEeT BEPXHETO MOPOrOBOrO
3HaueHus. [Ipu 3TOM HX TMOJOXKEHHE B HUIXKHEM CJIO€ MO BEPTHKAIU OMPENETSETCS CIy4alHbIM
obpasom. Kierkn downs mepexoasat B CyOnmomy s UPS, KOria yaeabHas MIIOTHOCTh CHUXKACTCS
JI0 HWYKHETO MMOPOTrOBOro 3HaueHusd. B pesynbprare nmepexoaa KJI€TKa OKa3blBACTCS B CAMOW BEPXHEN
sueliKe pemeTky. B npenenax cBoero cios KJIETKU MepeMENIaloTcs B CIy4ailHOM HalpaBJiIeHUH.

e wn

Pucynok 1. UnTepdeiic arenTHOM Mosienu. Pazmep Ki1eTOK yKa3bIBaeT Ha TEKYIYIO YAEIbHYIO
IUIOTHOCTB, IIBET — HA YPOBEHb BHYTPUKIIETOUYHOI'O COIEP KaHMsI MUHEPAJIbHBIX BelecTB. KpacHbIM
LIBETOM BBIJIENICHBI KJIETKH, Y KOTOPBIX «aJaITalys» He COOTBETCTBYET CYOION Y ISILUH

MopnenbHble pacueThl IOKa3bIBalOT, YTO CO BPEMEHEM B KaXJI0M cyOmomynsuuu
YCTaHABIIMBAETCSI HEKOTOPBIN YPOBEHD JIOJIHU «MHAYE» aJalTUPOBAHHBIX KJIETOK. DTOT YPOBEHb TEM
BbIIIIE, YeM OO0JIbIlle BPEMEHH HE0OXOUMO KaXKJOW KJIETKE JJIs aJanTalii K HOBBIM yclIOBUSIM. B
JanpHeleM OyJaeT MpOBEACHO YTOYHEHUE 3aBUCHUMOCTEH IS KaXKJ0TO YYUTHIBAEMOI'O B MOJENHU
mpolecca, a Takke MX MapaMeTpu3alus Ha OCHOBE JAaHHBIX MOHHUTOPHHTA U (DU3HOJIOTHUYECKHUX
XapaKTEPUCTUK KJIETOK MUKPOBOIOPOCIEH.

HccenenoBanue BBIMOJHEHO B PAMKaxX HAYYHOIO MPOEKTa rOCYJapCTBEHHOrO 3aaanus MI'Y
Nel121032500060-0.
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AHHOTANUsA: Ha puMepe BogoéMoB [ICKOBCKOW 00NAacCTH paccMaTpUBACTCsS BO3MOXKHOCTh MPUMEHECHHUS
METOJIOB MAITHHHOTO OOYYEHUS ISl aBTOMAaTHIECKOTO SKOJIOTHYECKOTO0 MOHUTOPHHTA BOJHBIX OOBEKTOB.
[ToxazaHo, 9TO UCKYCCTBCHHBIC HCHPOHHBIC CETH U KIACCU(PHUKATOP THIIA «CIYIalHBIN J1ec)» 3 (HEeKTUBHBI
JUIs  BBISIBJICHUS TOKCHYECKOrO JEHCTBUS TSKENBIX MeTauioB 1o mnapamerpam JIP-tecra. Jlns
ONpeeCHUs] HaIM4Ms LUaHoOakTepuil Oosiee MHPOPMATHBHBIM OKa3aJiCsi HHUCHAJAOIIMH y4acTOK
KPHUBOH MHIYKLIUH (IIyOpECIICHIINH.

1. BBenenue

CoBpeMeHHbIE TEXHOJIOTHHU MO3BOJISIOT B HEMPEPHIBHOM PEXHUME KOHTPOJIUPOBATh OOJIBIIOE
YUCJIO TIOKa3aTesled (PUTOIIAHKTOHHOTO COOOIIECTBA W HAKOMUTHh OOJBIION MAacCHB JTaHHBIX,
XapaKTepU3yIUX JAWHAMHUKY (HU3MOJIOrMYECKMX T[OKa3zaTeleil U OTBeT Ha pa3iuyHble
BO3jeicTBUs. J{si aBTOMaTu3auu o0pabOTKH M aHajdu3a JaHHBIX IE€J€CO00pa3HO HMCIOIb30BaTh
METObl MALTMHHOTO 00y4eHus. [IpuMeHeHne Takoro moaxoa B 3ajaue OMOMHIUKAIIMY TO3BOJIMT B
HETPEPHIBHOM PEXHUME KOHTPOJIMPOBATH OJIATOTONYYHE SKOJOTUYECKON CHUTYyaIllMil B BOJOEMAX C
HCIOJIb30BAHUEM pacIIpe/IeIeHHONW CeTH aBTOMAaTHU3UPOBAHHBIX U3MEPUTENbHBIX CTAHIIUH.

B xadecTBe OCHOBHBIX 3JIEMEHTOB 3arps3HEHHSI HAMH PACCMOTPEHBI JBa THIIA 3arpsi3HEHUH.
B nepByio ouepenb, 3TO TDKENbIE METallbl, MONAJAOLIME B BOJOEMBI CO CTOYHBIMU BOJAMH.
OnmHOM W3 OCHOBHBIX MHUIICHEH JEWCTBUS THKENBIX METAUIOB B  KIETKaX  SIBISETCS
¢orocunternueckuit ammapar (PCA). Bropoil Tum 3arpsi3sHeHHs — BBICOKAs KOHLIEHTpAIMs B
(DUTOTUTAHKTOHHOM COOOIIEeCTBE ITMAHOOAKTEPH (CHHE-3eIeHBIX BOjopociel). TOKCHYHOCTH
[IUaHOOAKTEepPHI BBI3BIBACT BCE OONBIIYI0O 03a00UEHHOCTh YYEHBIX M OOILIECTBEHHOCTH BO BCEM
mupe (Plaas and Paerl, 2021; Wang et al., 2021).

B kauecTBe OCHOBHOTO Cpe/iCTBa OLIEHKH (DYHKIIMOHAIBHOTO COCTOSHHMS (PUTOIIAHKTOHA
MPEIoIaracTcs HCIOJIb30BaTh aBTOMATHYECKHH KOMIUIEKC, B ABTOMAaTHUYECKOM pEXHAME
OCYILIECTBISIONMNNA 0TOOp MpoObI U3 BOIOEMA, alaNTallui0 €€ K TEMHOTE M PErHCTPALUI0 KPUBBIX
WHAYKIUN W 3aryxaHus (iayopecreHnuu xjopopmmia a. Merox WHAYKIHH (BIyopecreHInn
IIMPOKO NMPUMEHATCS Ui OlleHKU (QyHKuuoHanbHOro cocrosuus ®CA (Strasser et al., 2004). B
OCHOBE METOJa JIG)KHT aHAM3 JTUHAMHAKA W3MEHEHHs WHTEHCHBHOCTH (IyOpeCIeHIHH
xJiopouiuia mpu AEHCTBUM CUIBHOIO CBETa Ha aJlaTHPOBAHHBIE K TEMHOTe 00pasibl. ClioxkHas
dbopmMa MHIYKIIMOHHON KPHBOHW IMO3BOJISET KOJMYECTBEHHO OXapaKTePH30BaTh OTICIFHBIC CTaUU
NepeHoca IEKTPOHA B (POTOCUHTETHUECKON AIIEKTPOH-TPAHCIIOPTHOM LIETIH.
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2. O0LEeKTBI U MeTOAbI

HccnenoBaniu JelcTBUE CoOJieH TSOKENBIX METAUIOB HAa MpoObl (UTOMIIAHKTOHA U3
HECKOJIbKUX Pa3HOTHUIIHBIX BOJOEMOB IIckoBckol o0nacTi. Meronrka NpoBeIeHUs SKCIIEPUMEHTOB
noapobHo ommcana B (XpymeB u ap., 2021). Kunetuky cBeToBOM HMHAYKUIMHU (hiyopecrieHInu
xnopodmmia (OJIP-kpuBsie) peructpupoBain ¢ nomoiisio ¢uryopumerpa AquaPen-C AP-C 100
(Photon System Instruments, Yexus) npu ocBemnieHuu KpacHbIM cBeToM (630 uM, 1000 MKMOJIB
(bOTOHOB/(MZ‘C) B TeueHue 2 c. Jlns pacu€ra mapamerpoB JIP-tecta (Strasser et al., 2004)
UCTOJB30BAJM BCTPOEHHOE BO (IyopUMETp HporpaMMHoe obecneueHue. HWaeHTHUKALIUIO
MHUKPOBOJIOPOCIICH MPOU3BOAMIIH C MOMOIIIBI0 MUKpockona «Carl Zeiss Axio Lab Al (I'epmanust) u
kamepsl Haxorra nocie ¢ukcaun mpoosr 40% pactBopom GopmanuHa.

3. Pe3yabTaTsl U 00CyKI1eHUE

OcHoBHoOlf HaOop AaHHBIX coctosul u3 13 mapamerpoB JIP-tecra, paccuntannbix ans 369
WHIYKIIMOHHBIX KpUBBIX. bbimm ynanensl «BbiOpoch» (12 KpuBBIX). AHall3 METOJIOM TIJIaBHBIX
KOMITOHEHT IOKa3all, 4To mepBas komrnoHeHTa (40% nHabmromaeMol QUCHEpCHu) KOPPEIUpyeT ¢
nozoii K,Cr,O7; HA 0/1HAa U3 KOMITOHCHT HE TOKa3aja 3HA4YUTeNbHOU Koppensauu ¢ qo3oi CdSOq4
WJIM MacCOBOM noJeit nuanobaktepuii. Kinacrepusamnus mo anropurmy HDBSCAN (Mclnnes et al.,
2017) He BBIIBMIA KaKOH-TUOO CTPYKTYpHl B JAaHHBIX, TO €CTh WM3MEHEHHE (YHKIHOHAIHLHOTO
cocrosiHusi ®CA mpu TOKCHYECKOM ACUCTBUU TSKEIBIX METAIJIOB MPOMCXOAUT HEMPEPHIBHBIM
oOpazom. Tem He MeHee, MPUMEHEHHUE HEHPOCETEBOM MOIETH TIO3BOJIMIIO ONPEACTUTh HATUYKNE WIH
orcyrcTBre Tokcuueckoro aeictBust KoCr,O7 unu CdSO4 o mapamerpam JIP-tecta ¢ TOUHOCTHIO
10 90% (Xpywe u gp., 2021). AHajoruusHble pe3yJabTaTbl IOJIY4Y€Hbl M C IIOMOIIbIO
KJIacCU(UKaTOpa THITA «CaydaiHblid Jiec» (Breiman, 2001). [IpumeHeHre 3THX METOOB B CHCTEME
aBTOMATHYECKOT0 3KOJOTMYE€CKOI0 MOHUTOPHUHTA MPEJCTABIIAETCS BECbMa NEPCIEKTUBHbBIM.

Cpenu paccMOTPEHHBIX BOJHBIX OOBEKTOB TOJIBKO B ABYX J0JIs IHaHOOAKTEepHii o Onomacce
npesbinana 5%, B CBA3M € YEM PE3yJIbTaThl aHAJIN3a 110 3TOMY IapaMeTpy CIEAYET pacCMaTpUBATh
KaK mpeaBapuTenbHble. B Bogoémax ¢ OosbIION MaccoBOM aoisiel HuaHOOaKTepuil HaOnroaanuch
CpaBHHUTENbHO Ooibinas BenuuumHa ¢uyopecuenuuu B (aze I OJIP-kpuBoit u OGosnee ObicTpoe
YMEHbILIEHHE HMHTEHCUBHOCTH (piyopecieHlnn mocie JjaocTiwkeHus nuka P. HauOomnbias
koppemsauus (R=-0.6) Mexy HOpMUPOBAaHHONH HAa MakCUMYyM HMHTEHCHUBHOCTBIO ()IIyOpECLEHIMU U
MaccoBOil foiel nuaHoOakTepuil B mpoOe BBIABICHA Ha CMAJaloLIeM y4yacTKe KpuBOU (uepes3 2 ¢
I0CJIe Havyajia OCBEIIEHHs), HA HapacTaloIIeM yJacTKe Koppessiuusa MakcumanbsHa B gase IP (R =0.4).

HccenenoBanue BBINOJHEHO B PAMKAax HaAyYHOI'O IIPOEKTa rOCYJAapCTBEHHOrO 3amanus MI'Y
Nel121032500060-0 mpu wactuuynoii momnmepkke rpanta PH® No 20-64-46018 (IIckoBckwmii
roCy/1apCTBEHHBIN YHUBEPCUTET).
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CTENEHb THIPOMOP®W3MA U T'IJIPOJIOTTYECKHUHA PEXXHAM ITIOYB.
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AnHoTanusi: /[Ba BogocOopa B JIECOCTENH UMEIOT YYaCTKH C BHICOKMM YPOBHEM IpyHTOBBIX BoJ (YI'B).
MbI pUMEHWIIN ypaBHEHHE HEpa3pbIBHOCTH Uil KaTeH B pacdere YI'B. IlepBoe mpubnmkenue ObL1O
OCHOBaHO Ha 3KCIIEPTHOM KapTe CTeNeHH ruapoMopdu3Ma nmouBbl. [t KOPPEKTHPOBKU MapaMeTpoB U
YMEHBLICHUS HEONPEIEJICHHOCTH TPOBE/ICHO YcBOoeHUE. CBsI3b Mekay MOP(OIOrHIeCKUMH NPU3HAKAMU
rugpomMopdmma u YI'B sBisieTcs perHoHAIBHO yCTOWIHBOH.

Hcropuueckue MouBeHHbIE KapThl, OCHOBaHHbIE HA MOP(OIOrMYECKOM ONMHUCAHUM Mpoduis,
UMEIOT OYEBHJIHYIO MOJIE3HOCTh JUIsl 3KOJOrO-THAPOJIOTHYECKOTO MOJETUPOBaHUsL. DTO 0COOEHHO
aKTyaJIbHO B palilOHaxX ¢ OJU3KHUM 3aJIETaHHEM TPYHTOBBIX BOJ, TJI€ BOAOCOOPHI HMEIOT KaK CyXue,
TaK U BJIQ)XHbBIE YACTH, C JIOMOJHUTEIbHBIM NOCTYIVIEHUEM BJIard HAa BEPXHEW WJIM HUXKHEHW yacTH
ckioHa. OgHaKO HE CyIIECTBYeT YAOOHOTO MeTojaa IpeoOpa3oBaHUs KapT B TEPEMEHHBIC
COCTOSIHMSI THUJIPOJOTMYECKOM MOJEIH. 3Jechb Mbl IIpeajgaraeM IapamMeTpu30BaTh ypaBHEHUE
HEepa3pbIBHOCTU B (popMe KMHEMATHYECKOH BOJIHBI, MCIIOJb3Ysl SKCHEPTHbIE 3HAHUS O TUIMYHOM
ypoBHe TpyHTOBbIX BoJ (YI'B) mns mouB ¢ paznuuHOW cTeneHbio ruapoMopdu3Ma Ha OCHOBE
MOP(OJOTHUECKUX MPU3HAKOB, CBSI3aHHBIX C OKHMCIMTEIbHO-BOCCTAHOBUTEIbHBIM IOTEHIIMAIOM.
Jlis TecTUpOBaHMSA MOJXO0Ja IyTeM aBTOMAaTHU3allMM JAWCKPETHU3alUU U THUIIHM3alUU BOJOCOOPOB
ObUIO IMOJIy4EHO HIECTh BBIYUCIUTEIbHBIX €IMHUIl pacuera (KaTeH) Ha OCHOBE CKIOHOB pPY4YbeEB
Camoseny u N36epaeit B TamboBckoit obnactu (Poccus). IlaTh U3 1mecTH kaTeH HaYMHAJINCh Ha
IJI0XO JPEHUPOBAHHBIX IUIOCKUX MEXIYPEUHBIX YYaCTKAaX C PAa3IMYHOM CTENEHbIO HACBHIIIEHUS
MoYB OJIM3KO PACMONIOKEHHBIMU T'PYHTOBBIMH BOJAaMH, a OJHA Ha4YMHAJIach Ha XOPOIIO
JIPEHUPOBAHHOM YydYacTKe BoOJocOOpa. MBI pPYKOBOACTBOBAINCH TMapameTpHu3aluend MoJenu
KMHEMAaTUYECKON BOJIHBI IO KPUTHUYECKOMY IMana3soHy YI'B, KOTOpbIH, COOTBETCTBYET KaXIOW
rpyIIe MoYB Ha UCTOPUUYECKON MOYBEHHOM KapTe cTeneHu ruapomopousma. I[IpuMeHneHne Tonbko
HKCHEPTHBIX 3HAHUH J1aJI0 IUPOKUIl Tuana3oH BO3MOXKHbIX 3HaueHuil YI'B (nmanpumep, 1,5-5 m s
MOJNYTUAPOMOPGHON  MOYBBI) IS KaXIOro OOBbEKTa TMOYBBL, HO CBS3bIBAHHE KaTEHBI
(GyH1aMeHTaJIbHBIM (PU3MYECKUM yCIOBHUEM HEPa3pbIBHOCTH MO3BOJIMIIO CYy3UTh auamna3oH jo 0,2-1
M, TEM CaMbIM yMeHbIlas ero npuomauzutenbHo Ha 80%. Mbl TOMOJHUTENBHO MPOTECTHPOBAIU
OINMCaHUE BIIMSHUS TPYHTOBBIX BOJ Ha MOYBEHHBIH MpOGMIb U JaTepalibHble TOTOKU B JKOJIOTO-
TUIpoJIoTHYecKoi TByMepHOl (kaTeHapHo) Moaenn WASA-SED. Pe3ynbrarhl MOKa3bIBalOT, YTO
3TOT MOAXOJ MOXET CYUIECTBEHHO YJIYUYLIUTh TOYHOCTH PAcyeTOB Ul YIPABJICHUS YPOXKaeM M
BOJIONOJIb30BaHUEM. TakXke JAloTCs MepBbIe Pe3ylbTaThl MOJEIHUPOBAHUS YIIIEPOAHOTO OanaHca
JIECOCTEMHBIX KaTeH C YYEeTOM CTeNeHH TruapoMopdusMa, W HUX BepuHUKalUs Ha OCHOBE
HMIIUPUYECKOT0 KO PHUIMEHTa CTENEeHU TuapoMopdhu3ma
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